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PREFACE

Dear governor, dear rector, dear vice rector, dear deans, dear protocol, dear
participant, dear guests from either inland or abroad, you are all welcome to International
symposium on light alloys and composite materials- on behalf of the committee of ISLACI18,

I salute all of you with respect. Karabiik, our city has the heritage city and
district of Safranbolu. In Karabiik, there are lots of precious places and properties such as
Hadrianapolis Ancient city and jungle. And our city Karabiik is the same time industrial city
with its KARDEMIR that is a first iron steel plant of TURKEY, an integrated and very
important and strategic plant.

Karabiik has another important precious which this is Karabiik university.
Karabiik university is gaining lots of advantage for Karabiik and has lots of nice aims for
Karabiik. One of these aims of the Karabiik university is to make Karabiik is a science, a
congress and symposium city. Yes, Karabiik has this potential.

Hepiniz hos geldiniz, UHAKS18 organizasyon ekibi adina hepinizi saygi ile
selamliyorum. Yaklagik 1 yillik ¢aligmanin ve emegin {iriinii olarak hafif alagimlar ve
kompozit malzemeler sempozyumunu organize ettik. Ve simdide agilis ve baglangicini
yapiyoruz. Hayirlara vesile olmasini hepinizin ve hepimizin istifadesini temenni ediyorum.

Sn. Rektoriimiiz Refik Polat beyin KARABUK; sahip oldugu turizm
potansiyeli ve sanayi sehri hiiviyeti ile kongre ve sempozyum sehri olmay1 hakediyor
diistinceleri ile ortaya koyduklar1 vizyon, meslegimizin getirdigi sorumluluk ve iilkemizin
ihtiyaclar1 dogrultusunda bir misyon tistlenerek; UHAKS18- ISLAC18’in ilk diisiincelerini
Organizasyon komitemizin ilk {iyesi Volkan KILICLI hocam ile olusturduk ve kollar1 sivadik.

Akademik yonii giiclii ve Universite sanayi Is birligi icerisinde bir sempozyum
yapma iradesi ile yola ¢iktik. Sempozyum Ekibimiz kartopu misali zaman igerisinde oldukca
biiyiik bir aileye doniistii. Organizasyon komitesini farkli {iniversitelerimizden olugturarak
yaygin ve homojen bir yapilanma saglamaya calistik. Biitiin ekibimizle birlikte UHAKS18
olgunlastirdik. Sempozyumlar i¢in liniversitelerin anlami ¢ok biiyliktiir, bunun degerini
bilmemiz gerektigini diisiiniiyorum. Arkamizda ¢ok gii¢lii dostlarimiz ve sponsorlarimiz
oldugunu gérdiik. UHAKS18- ISLAC18 Istanbul maden ve Metal Thracatgilar Birliginin ana
sponsorlugu, Leica, Mak Elektronik, ICON Kaynak’m sponsorluklar1 ve KBU kongre
koordinasyon merkezinin lojistigi ile gerceklestirilmektedir. Kendilerine ¢ok tesekkiir ederim.
ISLAC’18’e yaklasik 17 iilkeden 397 bildiri ile 667 si Tiirkiye’den 70 tanesi yurt disindan
olmak tizere 737 bilim insaninin direkt veya dolayli katilimi1 s6z konusudur. Sempozyumda
sunulan bildiriler ayrica akademik uluslararasi dergilerde yayinlanacaktir. Sempozyumdan
sonra bu bildirilerin tam metinlerini dergi planlamasi ve se¢imlere gore isteyecegiz.

Bilim insanlarin1 ve geng nesli tesvik etmek i¢in 6diil organize ettik, bunlari

vefa borcumuz olarak Sayin Prof. Dr. Siileyman SARITAS ve Prof. Dr. Yiicel BIROL
beylerin onurlarina kabul edilmesini istitham ediyorum. Onlar bu iilkeye ve alanlarina ¢ok sey
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kattilar. Alagimlar ve kompozitler en az bir ortak noktaya sahiptir. Alasim ve kompozit
malzemeler, en az iki bilesenin bir karigimindan olusur. Alagimlar ve kompozitler, ayni
zamanda, bunlar1 yapmak i¢in kullanilan materyallerle iliskili 6zelliklerden farkli 6zellikler
sergilemeleri bakimindan da benzerdir. Yapilan yeni ¢aligmalar ve saglanan gelismeler ile
Hafif alagimlar ve kompozit malzemeler dayanimin 6zgiil agirliga orani agisindan ¢cok onemli
avantajlar saglamakta bizlere yeni kapilar ve imkanlar agmakta ve insanoglunun sinirlarini
genisletmektedir. Light weight — agirlikta hafif malzemeler olarak ifade ettigimiz bu
malzemeler ekolojik ve tasarim harikasi yapitlar tiretmemize sinirlar1 zorlamamiza imkan
vermektedirler.

Sizlerin huzurunda; Organizasyon ve bilim komitesine ve sekretaryadaki ¢ok
degerli arkadaslarima ¢ok tesekkiir ederim. Sempozyumu diizenlerken bizimle birlikte olan
lojistigimizi saglayan Rektdr yardimcimiz Mustafa YASAR bey ve Universitemiz genel
sekreteri Prof. Dr. Miicahit Coskun beylerin sahislarinda KBU kongre koordinasyon merkezi
yonetici ve ¢alisanlarina, bildiri ile akademik katki saglayan siz degerli katilimcilara ve gorev
alan degerli 6grencilerimize ve 6zellikle kadim dostum Demir Celik Enstitiisii Miidiirii Prof.
Dr. Yavuz SUN bey ve Demir Celik Enstitiisiiniin giizide ekibine, Miihendislik ve Teknoloji
Fakiiltelerinin degerli dekan ve calisanlarina, destek ve paydasliklarindan dolay: tesekkiirii bir
borg bilirim.

Son olarak éngérdiigiimiiz “Geng Bilim Adami1” ve “En Iyi Poster” ddiillerini
kahraman kolluk kuvvetlerimiz, gazi ve sehitlerimiz ile {iniversitelerimizde eser birakmis
aramizdan ayrilmis biitiin bilim adamlaria ithaf etmek istiyorum. Ozelliklede rahmetli Sayin
Prof. Dr. Siileyman SARITAS ve Prof. Dr. Yiicel BIROL beylerin onurlarina kabul
edilmesini istirham ediyorum. Onlar bu iilkeye ve alanlarina ¢ok sey kattilar, yilmaz bir
inangla ¢alistilar deger oldular, deger trettiler. Yarinlar1 aydinlik iilkem, 151k sacan bilim ve
olgunlagsmis miitevazi aydin bilim insani, kendine degil topluma ¢aligan bilim insan
temennilerimle UHAKS18- ISLAC18 komiteleri ve sekreteryast adina hepinizi saygi ile
selamliyorum.

Chair

Prof. Dr. Bilge DEMIR

vil
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Investigation of Wear and Friction Behavior of High
Density Polyethylene (HDPE)/Zinc Borate
Composites
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Abstract— In this experimental study, tribological behaviors of
pure high density polyethylene (HDPE) and HDPE composites
filled with zinc borate (ZnBr) inorganic filler material in different
ratios (5%, 10% and 15%) were investigated. Friction and wear
tests were carried out in dry ambient conditions at room
temperature and 50% humidity conditions in a pin-on-disc wear
device. The tests were carried out against AISI 316L stainless steel
disc material under the load of 100N and at three different speeds
(1.0, 2.0 and 3.0 m/s). The sliding distance was chosen as 2000m.
As a result of the friction and wear tests, the friction coefficients
and specific wear rates of the pure HDPE polymer and HDPE
based polymer composite materials used in the experiments were
determined. In the experiments, the effect of ZnBr filler addition
ratio and sliding speed on the specific wear rate and friction
coefficient values were investigated. The highest specific wear rate
was determined in the HDPE+15% ZnBr polymer composite
while the lowest wear rate was observed in the pure HDPE
polymer. Wear surface investigations of HDPE polymer and
HDPE based composite materials were examined using optical
microscope.

Keywords— Tribology, HDPE, Zinc borate, friction, wear,
composite

Ozet— Bu deneysel calisjmada yiiksek yogunluklu polietilen
(YYPE) ile farkh oranlarda (%5,%10 ve %15) cinko borat (ZnBr)
katkilh YYPE kompozitlerin tribolojik davramslar: incelenmistir.
Asinma ve siirtiinme deneyleri, kuru ortam, 23° oda sicakhiginda
ve %50 nem sartlarinda pim-disk asinma cihazinda
gerceklestirilmistir. Deneyler 100N yiik altinda ve ii¢ farkhh hizda
(1.0 2.0 ve 3.0 m/s gibi) AISI 316L paslanmaz celik disk malzemeye
kars1 2000m kayma yolunda yapilmistir. Asinma ve siirtiinme
deneyleri sonucunda deneylerde kullanilan polimer ve kompozit
malzemelerin siirtiinme katsayilar1 ve spesifik asinma oranlari
tespit edilmistir. Deneylerde asinma oram ve siirtiinme
katsayisina YYPE polimerine ilave edilen ZnBr katki oram ile
birlikte kayma hizinin etkisi de arastirllmistir. Deneylerde en
yiiksek asinma oram1 YYPE+%15ZnBr polimer kompozitinde
tespit edilirken, en diisiik asinma orani ise saf YYPE polimerinde
gozlenmistir. YYPE polimer ve kompozit malzemelerin asinma
yiizey incelemeleri ise optik mikroskop kullanilarak incelenmistir.

Anahtar Kelimeler— Triboloji, YYPE, Cinko borat, siirtiinme,
asinma, kompozit

1. INTRODUCTION

Although the use of polymer materials in the world and in
our country has increased a lot, many metal and metal based
materials in different areas of the industry continue to take their
places and become alternative materials. However, physical,
mechanical, thermal and chemical properties of pure polymers
are not desirable. For this reason, glass fibers, carbon fibers,
aramid fibers and wood fibers etc. can be used to improve these
weak properties of polymers. such as strength enhancers, glass
balls, glass spheres, wollastonite, calcite (CaCO3), talc, kaolin,
zinc oxide, zinc borate, alumina, graphite and filler and cost-
reducing additives are added. There are many studies in the
literature on polymer based composites. Some of these are as
follows. Manjunath et al. [1] studied the tribological properties
of coconut shell powder reinforced and glass fiber reinforced
epoxy resin has been investigated. Maysa et al. [2] investigated
the effects of CaCO3 mineral filler on the mechanical
properties of high density polyethylene (HDPE)/ethylene
propylene diene elastomer (EPDM) polymer blend. Kocabas et
al. [3] produced phenolic based composite material by adding
5%, 10%, 20% and 30% by weight of mussel shell powder into
the composite material consisting of copper, phenolic resin,
barite, alumina and graphite investigated the effect of mussel
shell powder on the tribological and mechanical properties of
these composites. As a result of the tribological tests, a slight
increase in the rate of wear was observed with the effect of
mussel shell powder. They also found a reduction in friction
coefficient. In addition, as a result of the hardness tests, it was
determined that as the addition of mussel shell powder in the
composite material increased, the hardness values increased.
Tasdemir et al. [4] studied the effect of fillers such as talc,
calcite, glass fiber and talc/calcite additives in 5%, 10%, 15%
and 20% separately to the high density polyethylene polymer.
The hardness, impact and tribology properties of the HDPE
based composite materials were investigated. As a result of the
hardness tests, it was found that all the additives added to the
HDPE polymer increased the hardness of the composites. The
highest hardness value was found in 20% glass fiber doped
HDPE composite (60 shore D), while the lowest hardness value
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was determined in HDPE composite with calcite/talc. In
addition, the impact strength of composite materials decreased
with the addition of talc, calcite, glass fiber and talc/calcite
admixtures added into the HDPE polymer material. When the
abrasion test results are examined, the highest wear rate is
determined in 20% glass fiber reinforced HDPE polymer
composite [4]. In another study, Qu et al. [5] performed copper
and silicon dioxide (Si02) in 0.1% to 0.6% by weight of poly-
tetra-fluoro-ethylene (PTFE) polymer and carried out a 30-
minute wear test at 3950N load at 1450 rpm. As a result of the
experiments, while the rate of additive added to the PTFE
polymer increased, the wear rate decreased, while the friction
coefficient of SiO2 filled poly-tetra-fluor-ethylene composite
decreased slightly, but a slight increase was observed in the
others. In recent years, the use of zinc based mineral additives
in polymers has also increased. A limited number of studies on
zinc additives have been studied in recent years. Some of these
are as follows. Naga et al. [6] produced composite material by
adding nano-sized ZnO filler at 1%, 2%, 4% and 6% by weight
to the polyethylene (PE) polymer. Pin-on-disc wear test
machine was used in the experiments. ZnO filled PE composite
pin materials were used against steel disc and tribological tests
were performed. 5-20N applied loads were used in friction and
wear tests. As a result of all experiments, a slight increase was
observed in the wear rate of PE based composites with addition
of nano-size ZnO. The highest wear rate was determined in PE
composite material with 6% ZnO content. At the same time, an
increase in the specific wear rate was observed with increasing
applied load. Simonsen et al. [7] investigated the mechanical
properties of high density polyethylene (HDPE) composite
with varying proportions of zinc borate (ZnBr) at 10% to 60%
by weight. As a result of the experiments, it was observed that

the specific wear rate increased with increasing applied load [6].

As a result of the experiments carried out, it was found that the
tensile strength, elastic modulus and% elongation values of the
composite were decreased with the increase of zinc borate
additive ratio in the composite. When the results of the above
literature are examined, mechanical, physical and tribological
properties of many different polymer and polymer based
composite materials including HDPE polymer were
investigated. However, in the literature, a study on the
mechanical and tribological properties of a few zinc-reinforced
composite materials has been studied.

In this study, the friction and wear behaviors of zinc borate
powder filled HDPE polymer composites were investigated in
order to eliminate the deficiency in the literature. In the study,
tribological experiments were performed under 100N load, in
the sliding speed range of 1.0-3.0 m/s. The experiments were
carried out at 23 £ 1 °C room temperature, 58 + 2% humidity
condition and 2000m sliding distance. As a result of the
tribological experiments, zinc borate added to the HDPE
polymer caused the coefficient of friction of the composite to
decrease, while the specific wear rate increased. In addition, it
was observed that zinc borate inorganic filler material in the
composite caused abrasive wear.
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II. EXPERIMENTAL

A. Materials

In this experimental study, YI666UV commercial coded
high density polyethylene material was used as polymer matrix
material. HDPE polymer material was obtained from PETKIM,
Izmir, Turkey. Zinc borate additive SC-467 with commercial
code was supplied by Jinan ShiChao Chemical Company Ltd,
Shandong, China. In the study firstlyy, HDPE polymer
composites with zinc borate were produced in a granular form
by mixing in various proportions (5%, 10% and 15wt.%) in a
twin screw extruder. Then, the wear test specimens were
produced by Injection moulding machine using the molds
prepared according to the standards. The injection molding
machine is Turkish and Yonca brand and it has 400 grams
capacity.

B. Sample preparation

The friction and wear tests of HDPE polymer and HDPE
based polymer composite materials which are prepared in
accordance with ASTM G99 standard against AISI 316L
stainless steel material have been carried out. Tribological
experiments were performed on a pin-disc wear device. Pin
materials used in the experiments are manufactured by injection
molding method with 6 mm diameter and 50 mm length. The
disc materials were first turned 100 mm in diameter and 5 mm
in thickness and then surface grinded. The surface roughness of
the steel disc was measured by surface profile and the surface
roughness was measured as 0.35 pm, Ra. The hardness of
Brinell of stainless steel disc is maximum 217. In tribological
experiments, friction coefficient and specific wear rate values
were determined. The coefficient of friction is calculated by the
formula p = Fs/ Fn where Fs is friction force and Fn is normal
force. The specific wear rate was calculated with the formula
Ws = Am / pxLxN where Am is weight loss before and after
wear test, p is density of polymer or composites, L is sliding
distance and N is normal load applied to the polymer pin sample
in the wear test.

IITI. RESULTS AND DISCUSSIONS

Figure 1 shows the relationship between friction coefficient
and sliding speed for pure HDPE polymer and different amount
(5, 10 and 15wt.%) of zinc borate inorganic filler filled HDPE
composites. The friction coefficients increased with the
increment of sliding speed by 300% for pure HDPE polymer
and HDPE composite materials filled with 5, 10 and 15wt.%
zinc borate powder. While the ratio of increase in friction
coefficient was found to be 18.9% for pure HDPE polymer, the
increasing ratio in coefficient of friction for HDPE composites
with 5%, 10% and 15% zinc borate powder were determined
about 19.8%, 14.5% and 12.5%, respectively. The friction
coefficient of the 15% ZnBr filled HDPE composite was
determined to decrease by approximately 12.7% when
compared to that of pure HDPE polymer.
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Figure 2 shows the relationship between friction coefficient
and sliding distance of pure HDPE polymer and its composites
used in the experiments. When the figure is carefully examined,
the coefficient of friction has stabilized approximately 400m
sliding distance when the pure HDPE polymer and zinc borate
powder filled HDPE composites work on a stainless steel disc.
As a result of the experiments carried out at 100N load and 1.0
m/s sliding speed, the friction coefficient of HDPE composites
with 15% zinc borate powder was determined to be
approximately 0.17. The average friction coefficients of HDPE
composites with 5% and 10% zinc borate powder were
determined as 0.18 and 0.19, respectively.

Figure 3 shows the relationship between specific wear rate
and the sliding speed of HDPE composites filled with different
ratios of zinc borate powder under 100N applied load. As seen
in this figure that the specific wear rate increased with the
increase in sliding speed. By increasing the sliding speed by
300%, the specific wear rates of HDPE polymer and HDPE
composites filled with 5%, 10% and 15% zinc borate powder
increased by 70.6%, 105%, 108% and 113%, respectively. As
shown in the figure that, the addition of zinc borate additive
into the HDPE polymer composite increases the specific wear
rate of the polymer composite materials. Among the materials
used in the experiments, the lowest specific wear rate was
obtained in the pure HDPE polymer while the highest specific
wear rate was obtained in 15% zinc borate powder filled HDPE
composite. The reason for the higher specific wear rate of the
composite by the addition of zinc borate powder filler into the
HDPE polymer can be explained by the fact that the zinc borate
additive surface is unmodified or there is no surface
modification to interface link the zinc borate additive with
polymer such as amino-silane coupling agent.

Figure 4 presents the wear surface image of the HDPE+15%
ZnBr polymer composite which shows the highest specific
wear rate. As shown in the micrographs that the abrasion
mechanism of the HDPE based composite material can be
expressed as abrasive wear according to the results of the wear
and friction test performed at high speed such as 3.0 m/s.
Continuous and deep traces are observed on the composite
surface. Moreover, the wear surface shows worn polymer
particles, but no adhesion to the composite wear surface has
been observed.
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Figure 1. The relationship between friction coefficient and sliding speed of
pure HDPE polymer and different amount of (5%-15wt.%) zinc borate
powder filled HDPE composites (applied load: 100N)
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Figure 2. The relationship between friction coefficient and sliding distance of

pure HDPE polymer and different amount of (5%-15wt.%) zinc borate
powder filled HDPE composites (applied load: 100N and sliding speed:1.0m/s)
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Figure 3. The relationship between specific wear rate and sliding speed of pure
HDPE polymer and different amount of (5%-15wt.%) zinc borate powder
filled HDPE composites (applied load: 100N)

Figure 4. Microstructural images of optical microscope under the dry sliding
conditions of HDPE + 15% ZnBr composite (Sliding speed: 3.0m/s, applied
load: 100N)
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IV.CONCLUSIONS

1. The specific wear rate values of both the pure HDPE polymer
and the zinc borate powder filled HDPE polymer composites in
different ratios (5-15% by weight) increased with increasing
speed.

2. The lowest specific wear rate was obtained in pure HDPE
polymer material, while the highest specific wear rate was
obtained in 15wt.% ZnBr powder filled HDPE composite under
the load of 100N and at the sliding speed of 3.0 m/s.

3. By increasing sliding speed, the coefficient of friction values
increased with different amount of zinc borate powder filled
HDPE composite.

4. The highest coefficient of friction was obtained in the pure
HDPE polymer material, while the lowest coefficient of friction
was determined under the load of 100 N and at the sliding speed
of 3.0 m/s in the 15wt.% ZnBr powder filled HDPE polymer
composite.

5. The friction coefficient and the specific wear rate are highly
influenced by the material combination and the sliding speed.
6. The wear mechanism of the 15wt.% zinc borate filled HDPE
composite at a sliding speed of 3.0m/s and under 100 N load
can be characterized as abrasive wear.
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Abstract— 1t is well known that the homogeneous incorporation
of a small concentration of carbon nanotubes (CNTSs) in epoxy
matrices can enhance the mechanical properties of the
composites. However, CNT has a tendency to aggregate during
mixing with epoxy resin due to the high van der Waals
interaction energy between CNT particles. In order to overcome
this problem surfactants are used during sonication to promote
the homogenous dispersion of CNT in suspension.MWCNT-
epoxy composites were prepared by mixing MWCNT in epoxy
matrix by sonification as shown schematically in Figure 1.In this
study, different surfactants were used in suspensions with
different sonication time to examine their effects on
homogeneous dispersion of multi-walled carbon nanotubes
(MWCNT) in the epoxy matrix. Homogeneous dispersion of
MWCNTs in the epoxy matrix were evaluated by optical
microscope. The developed nanocomposites were also
characterized mechanically by tensile test. The morphology of
the fractured surfaces of neat carbon fibre reinforced polymeric
(CFRP) composites and CNT reinforced CFRP nanocomposites
after the tensile test was investigated using SEM.The
experimental results showed that the good dispersion stability of
MWCNTs is obtained with addition of BYK 9077 and BYK9076
as a surfactants and the increase of ultrasonication time
improves the dispersion stability.Best result were obtained for 2
hours of sonication and 80 % sonication amplitude. It has been
observed that the addition of MWCNT to CFRP composites
improves the mechanical strength of the composite material.
Optical images of MWCNT-epoxy nanocomposites are shown in
Figure 7, and SEM images of fracture surfaces of MWCNT-
epoxy-CF composites are shown in Figure 10.

Keywords— carbon fibre reinforced polymeric (CFRP),
multi-walled carbon nanotubes (MWCNT), surfactant, BYK
9077, BYK9076

I. INTRODUCTION

Engineering polymers are used in a wide number of
applications due to their high flexibility, processability and
relatively low cost. However, many polymers have low
absolute strength and poor fracture toughness, limiting their
applications in structural components [1]. The introduction of

CNTs into conventional fiber-reinforced polymer composites
is thus assumed to significantly improve composite
performance [2,3]. Paucity of structural defects in association
with extraordinary high elastic modulus and strength, and
exceptional high aspect ratio propels the use of carbon
nanotube (CNT) in polymeric composites for applications like
aerospace, automobile, sports goods, and energy [4]. Do we
have to achieve a structure of completely separated CNTs
homogeneously dispersed in the epoxy matrix or not? Fact is,
that a good impregnation of the nanofillers is the prerequisite
for an efficient exploitation of the potential benefit from
CNTs as structural reinforcement. A combination of
impregnated agglomerates and isolated nanotubes can be
considered to be a favourable state of dispersion for at least
some purposes [2].

The performance of carbon/epoxy is significantly improved
if uniform dispersion of carbon nanofillers in the matrix, and
strong interfacial bonding between the matrix and the filler are
achieved. Weak interfacial bonding limits load transfer from
the epoxy matrix to the fillers. Therefore, strong interfacial
bonding and homogeneous dispersion of fillers are critical for
maximizing reinforcement. However, carbon nanomaterials
usually tend to re-aggregate and stack because of the strong
van der Waals force and/or high surface area, restricting their
applications in polymer nanocomposites [5]. To overcome
these challenges, ultrasonication, high shear mixing,
surfactants, chemical treatments using weak acids, and
functionalization have been applied [6]. Effective strategies to
improve the dispersion and interface interaction of carbon
nanomaterials in a polymeric matrix have been systematically
reviewed by many researchers [7]. There are two approaches
for CNTs functionalization including covalent
functionalization and noncovalent functionalization [8]. The
covalent functionalization is wusually characterized by
oxidizing CNTs in an acid in order to attach carboxylic or
hydroxyl groups to the end-caps or defect sites of CNTs [9]. It
can dramatically improve the interfacial interaction between
the nanotubes and polymer matrices via direct chemical
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bonding [10]. Noncovalent functionalization is an alternative
method for modifying the wall of CNTs [11].

Each method has its benefits and limitations. Mechanical
methods do not permanently stabilize the dispersion and may
shorten the CNTs if the excessive ultrasonication is used.
Covalent methods, such as incorporating —OH or —COOH
groups onto CNT surface are efficient in stabilizing the
dispersions, but can result in the creation of a large number of
defects on the CNT surface, and in some extreme cases, the
fragmentation of CNTs. These damaging effects lead to
degradation in mechanical properties of CNTs. In contrast, the
physical surface treatment of CNTs is particularly attractive,
as it assists in retaining the original mechanical (and electrical)
properties of the CNTs. In the physical surface treatment,
CNTs are dispersed in a solvent solution with the aid of
dispersants and ultrasonication, prior to the addition of the
epoxy resin. During the sonication, while CNT bundles break
down to individual CNTs, dispersant molecules adsorb on the
surface of the CNT [12]

Lukas Schlagenhauf et al. [13] observed that strong
agglomeration occurred at >5% CNT content and
concomitantly the mechanical properties degraded. Therefore
They used the optimal concentration of around one percent.

Loos et al. [14] reported that the L 7602 and BYK 9077
copolymers were suitable for homogeneously dispersed and
long-term stable suspensions of CNTs. They also investigated
the combination of dispersing agents to develop the properties
of CNT—epoxy systems and concluded that the combination of
dispersing agents did not show any advantage over a single
dispersing agent.

Zhao and Gao [15] reported high levels of stability and
self-dispersion of CNTs in the presence of BYK copolymers.
They believed that relatively higher dispersion degrees of
CNTs in the epoxy resin could be attributed to less
agglomeration of CNTs provided by the strong steric
stabilization of the lengthy hydrocarbon chain on the
dispersant. Although they stated that the strong steric
repulsion of adsorbed dispersant molecules on the CNT
surface could explain the high time dependent dispersion
degree of CNT in solvent, the interaction between the
dispersant molecules is not only dependent on steric repulsion.
While interactions between dispersant molecules can arise
from steric repulsion, the electrostatic repulsion forces can
also be responsible, and little has been studied on the effect of
such a repulsive force on CNT dispersion.

Koroyem et al.[13] reported that an increase in
sonication energy initially leads to more CNT dispersion,
although after a certain value of sonication energy, the level of
dispersion remains constant. the lower interaction energy of
CNTs with larger (4060 nm) diameter, compared to those
with smaller diameter (10-20 nm), the larger diameter
nanotubes showed a great ability to be dispersed, while CNT
length showed no significant effect on the degree of
dispersion. For greater CNT dispersion additives were
incorporated. Copolymers which were able to disperse the
CNTs primarily by steric repulsion were found to be more
influential than those which dispersed the CNTs mainly by
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electrostatic repulsion, such as oleic acid. A sample of 0.1 wt.%
CNT-epoxy composites demonstrates the optimal CNT
dispersion for thematerials and parameters investigated in this
work, and lead to a modest improvement in mechanical
properties. Incorporation of 0.1 wt.% CNT into epoxy lead to
enhancement of about 10% and 10% in epoxy strength and
Young’s modulus respectively compared to that of pure
epoxywithout reduction at elongation at breakage.

Lin et al. [16] Reported that the good dispersion stability
of MWCNTs is obtained with addition of sodium
dodecylbenzene sulfonate (SDBS) as a surfactant, and the
increase of ultrasonication time improves the dispersion
stability. Dispersion stability of multi-walled carbon
nanotubes in refrigerant with addition of surfactant.

Rezazadeh et al. Reported that The visual inspection of
CNT dispersion in xylene revealed that combining
thedispersant and ultrasonication may be considered as an
effective method for improving nanotube dispersion and
obtaining dispersion stability for at least 48 h [17].

Dhiraj Kumar et al. was prepared Workpiece specimen by
using woven type glass fiber of 600 gsm. A Symmetric
laminates were prepared using twelve layer of glass fiber, of
stacking order [45/-45],[45/-45], [30/-60], [30/-60], [30/-60],
[0/90] // [0/90], [30/-60], [30/-60], [30/-60] [45/-45], [45/-
5].For the mechanical properties of specimen, two types of
test has been carried out flexural strength test and inter-
laminar shear strength (ILSS) test. They reported that amount
of MWCNT (%0.5,%1,%1,5) increased mechanical properties
of GFRP [18].

Subhra Gantayat et al.[19] explained that Substantial
enhancement of Young’s modulus and tensile strength was
observed with incorporation of -MWCNT into epoxy resin.
Maximum increases in both the properties were achieved at
0.6% of -MWCNT loading.

Jeamin Cha et al. [20] reported that at 3wt% and Swt% M-
CNT/Epoxy nanocomposite,modulus and strength were
reduced due to agglomeration of CNTs in epoxy matrix.

II. EXPERIMENTAL

A. Material

The epoxy resin and hardener (EPOSIS 120) was
purchased from OMNIS composite Turkey. Resin/Hardener
ratio was 100:60.The (-COOH) Functionalized Multi Walled
Carbon Nano Tubes were supplied by Grafen Chemical
Industries Co. Turkey with outside diameter 10-20 nm, length
5-10 pm and purity> 96%. The dispersant (BYK9077 and
BYK9076) was supplied from Pinar Kimya Co ,Turkey.
Ethanol as solvent was purchased from Cakir Kimya
Co,Turkey.Carbon fiber fabric was supported from METXY
Composite Co,Turkey.

B. Preparation of the MWCNT —epoxy nanocomposites

In this study; Three different kind of MWCNT
as %0.5,%1,%1.5 were used. Various surfactants such as
BYK9077, BYK9076 were applied for mixture. The
homogeneous distribution of MWCNT is the main parameters
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of sonication time and the use of surfactant. In order to
investigate the effect of sonication time and understand the
effect of dispersant agents on the CNT dispersion, two types
of surfactant and three different ratio of MWCNT were used
to prepare samples.

As shown in Fig. 1; Multi-walled carbon nanotube
composite were prepared in two steps. In order to obtain a
plate with dimensions of 300x300 mm; at the first stage, the
mixture was prepared,composed with respect to the following
formulation. For sample were computed seperately such
as %0.5, %1 and %1.5 MWCNT (1.5 gr, 3 gr, 4,5 gr) percent
of weight of 300 gr epoxy resin, besides this surfactant
(3gr,6gr,9gr) of 2:1 ratio of proportion of gravity of
MWCNT, all these added in 200 ml ethanol. This solution was
stired for 15 min on the hot plate, subsequently. An ultrasonic
mixer (UIP2000hdT, Hielscher) was used to disperse the
MWCNT and disperdant into solvent. Immediately after 300
gr epoxy resin was added in the mixture and sonicated 1 more
hour at fixed 80 % sonication amplitude.
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At the second stage, in order to evaporate the ethanol
from the solution,the mixture @ was hold on at room
temperature at 96 hours.Hardener was added into the mixture
at weight ratio to epoxy, 60:100 and stired for 10 min. The
mixture was then placed in a vacuum oven at 15 min. for
degassing stage. The mixture was directly transferred onto the
surface of +45/-45 carbon fiber fabric by vacum infuusion
process and cured for 48 h at room temperature. Table I shows
the details of the prepared samples with composition
“specimens’’.
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Fig. 1 Schematic diagram of the fabrication process for the MWCNT-epoxy composites

TABLE I
DETAILS OF THE PREPARED SAMPLES WiTH COMPOSITION “SPECIMENS’’

Samples Samples Matrix MWCNT Surfactant Reinforcement

Number

1 Epoxy resin. Ep Oxy %0 %0 45/-45 Carbon Fabric

Resin

MWCNT- Enox

2 reinforced RE siny %0.5 %0 45/-45 Carbon Fabric
€poxy resin.
MWCNT- Enox

3 reinforced Rgsmy %0.5 BYK9077 45/-45 Carbon Fabric
epoxy resin.
MWCNT- Enox

4 reinforced stiny %1 BYK9077 45/-45 Carbon Fabric
epoxy resin.
MWCNT- Enox

5 reinforced stiny %1.5 BYK9077 45/-45 Carbon Fabric
epoxy resin.
MWCNT- Enox

6 reinforced Rgsiny %0.5 BYK9076 45/-45 Carbon Fabric
€poxy resin.




Vacuum infusion technique was used to produce the
fiber-reinforced composites (Fig. 2). Six laminates in
dimensions of 300 mm x 300 mm x 1 mm with different
MWCNT concentrations and carbon fiber orientation were
manufactured according to ASTM D3039 standard (Fig.3).
The laminates were cut with a water-cooled circular
diamond saw; six samples with 250 mm long and 25 mm
width were obtained from each composite plate in
accordance with the ASTM D3039. End-tabs are attached
to the prepared samples to prevent possible failure from the
grip regions.

Fig. 2 Vacuum infusion technique

Fig. 3 Sample of ASTM D3039 standard
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C. Mechanical Testing

All tensile tests were conducted in an INSTRON 8801
servo-hydraulic machine, rated to 100 kN (Fig. 4). At least
Five samples of specimens were tested, for reproducibility
assessment. Tensile tested mechanical properties include
tensile strength, tensile strain. video extensometer was
used to measure the axial strain of the specimens.

D. Results and Discussions

1) Homogeneous Distribution of MWCNT: This mixture
was further homogenised using a variety of dispersing tools
including sonication time and surfactant (Fig. 5). The
effects of sonication time on MWCOCNT dispersion in
solution as well as on the breakage of MWCNTs, are
investigated using visual observation such as;optical
microscope and SEM. The model IMM 901 series
metallurgical microscopes are used for identification and
analysis of the different structures made from composites,
metals and various alloys. The IMM 901 are equiped with a
10x,20x,40x and 100x objectives lens (Fig. 6).

Fig. 4 Tension Tests with INSTRON 8801 servo-hydraulic test machine
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Fig. 5 Stability of MWCNT dispersions a) t:1 hour b)2 hour (a:MWCNT, Fig. 6 Optical Microscope
surfactant,ethanol b:MWCNT,surfactant,resin)

a)10x b)10x

c)10x d)10x

e)20x €)20x

Fig. 7 Optical images recorded on MWCNT-dispersion a) after MWCNT and ethanol were mixed for | h at Hielscher Ultrasonic b) immediately after the resin
was mixed for 1 h c) after the BYK9077, MWCNT,ethanol were mixed for 1 h at Hielscher Ultrasonic d)immediately after the resin was mixed for 1 h then
ethanol was evaporated e) after the BYK9076,MWCNT,ethanol were mixed for 1 h at Hielscher Ultrasonic f)immediately after the resin was mixed for 1 h then
ethanol was evaporated



Fig. 7 (a) shows the optical image of the microstructure
of MWCNT and ethanol dispersion without surfactant that
were mixed for 1 hour at Hielscher Ultrasonic sonicator.
Fig. 7 (b) shows the microstructure of resin added mixture
without the surfactant that was mixed for 1 hour again. It is
clear that without the surfactant, MWCNTs immediately
start to re-agglomerate after 2 hours due to the strong
interparticle van der Waals interactions. Therefore,
ultrasonication time alone is not able to provide
homogeneous distribution in solution. Fig. 7(c) and (e)
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illustrate the evolution of BYK 9077 and BYK 9076 in
ethanol solution corresponding to 1 h sonication times,
respectively. It was not sufficient for dispersion. In Fig. 7
(d) and (f), it is clearly visible that; The mixtures were
homogeneously distributed after 2 hours sonication time.
Thus, it seems that 2 hours sonication time is sufficient to
disperse the MWCNT particles efficiently.Fig. 8 shows the
SEM images of table I samples.

Fig. 8 SEM images of table I samples a)Sample 1 b)Sample 3 c-d)sample 2 e)sample 4 f)sample 5

E. Mechanical Properties

The effect of MWCNT concentration on the shear
strength of carbon fiber reinforced MWCNT/epoxy matrix
composites is shown in Fig. 9. There is an overall increase
of the shear strength with increasing MWCNT contents up
to 0.5 wt%-MWCNT, with a maximum value of
aproximately 24 MPa (which is 50 % higher than in the
absence of MWCNT).However, it was observed that there
is not increase of the shear strength value by adding
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surfactant(BYK9077) to solution comparing to pure epoxy.
The Shear Strength of 1 wt.%6MWCNT-BYK9077 epoxy
composite and 1,5 wt.%MWCNT-BYK9077 epoxy
composite are 14.5 MPa and 12.8 MPa recpectively.As
can be seen that the shear strength value decrease with
increasing MWCNT contents and adding dispersant when
compared with pure epoxy resin. The reinforcing efficiency
of the MCNTs in this study is comparable with those
reported in literature.



25

20

15 —

Shear Strength (Mpa)

%0.5 %0.5 %1 %1.5
MWCNT MWCNT MWCNT MWCNT
BYK9077 BYK9077 BYK9077

Pure
Epoxy

Fig. 9 The effect of MWCNT concentration on the Shear Strength of
carbon fiber reinforced MWCNT/epoxy matrix composites

(Fig.10 a) shows that the fracture plane seems to have
smooth surface after fracture, indicating complete
debonding along the CF/epoxy interphase. Moreover, the
observed interphase cracks suggest that these cracks most
probably initiated in the form of debonding at the interface,
propagated through the interphase, and then transferred to
the matrix and eventually to final failure. These are similar
with Moaseri et al’s reulsts [21]. These observations show
that the onset of damaging sites at various locations along
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the fiber/matrix interface suggests the presence of poor
interfacial bonding [22]. Fig. 10.b shows the results of the
sample containing deposition of MWCNTs. In comparison
to neat epoxy deposition of MWCNTSs on carbon fibers
decrease the carbon fiber pull-out which may be attributed
to more energy dissipation due to improved adhesion in the
interphase. Addition of MWCNT in the matrix has
increased the extent of fiber/polymer adhesion as can be
observed in sample 2 composite.

The deposited-MWCNTs may lead to mechanical
interlocking between the reinforcement and the matrix
which can increase the interfacial friction and decrease the
phase movements in the interphase. This is simiar to the
observations in a preovious study [21]. Substantial area of
fiber surface is still adhered with the matrix at Fig 10.b.
However observations in of Fig. 10.c,d,e reveal that the
matrix deformation is higher in samples 1,3,4,5 composites
as compared to sample 2 composite.These composite
samples showed matrix deponding and fibers pull out.

Fig. 10 SEM images of fructure surface of Table 1. samples a)Sample 1 b)Sample 2 c)sample3 d)sample 4 e-f)sample 5
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III. CONCLUSIONS

The good dispersion equality of MWCNTs in epoxy is
achieved with addition of BYK9077 and BYK9076 due to
their excellent adsorption capability on the MWCNT surface.
In order to obtain homogeneous dispersion of MWCNT in
solvent and epoxy matrices, it is important to use a set of
compatible key parameters such as sufficient sonication time,
a strong dispersant, together with appropriate MWCNTs. We
found that the sonication time has a significant influence on
the MWCNT dispersion up to a certain value of sonication
time. The results of optic microscop showed that the quality of
MWCNT dispersion is dependant to sonication time.Time
duration of about 2 hours is efficient enough to disperse the
MWCNTs. This study shows that the incorporation of %0.5
MWCNT as matrix filler in carbon fiber reinforced epoxy
results in improvement on mechanical properties. 2 wt.%
BYK9077 of % MWCNT reduces mechanical properties of
nanocomposite.Adding of %1 and %1.5 MWCNT to solution
reduce mechanical performance of BYK9077-
nanocomposite.we supposed that ratio of surfactant into
suspension can be excessive therefore the binding energy of
the material may be reduced.
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Abstract -- In this study, the effect of shot peening process on the 11. DENEYSEL CALISMALAR
corrosion resistance, microstructure analysis, roughness and
hardness parameters of the extruded AZ31, AZ31 + 0.2% La Kullanilan AZ31 ve AZ31+%0,2 La iceren Mg plakalarinin
containing Mg alloy hot rolled plates was investigated. kimyasal analizinden elde edilen sonuglar Tablo.1’de
.. verilmistir.

I.  GIRIS
Diisik yogunlugu ve sahip oldugu o6zel mukavemeti
(mukavemet/agirlik) sayesinde genis kullanim alanina sahip
Magnezyum (Mg) alasimlarn ilgi ¢ekici malzemeler

Tablo 1. AZ31 ve AZ31+%0,2 La Kalite Mg Plakalarmin
Kimyasal Kompozisyonlari

. . .o . Al V4 M L M
arasindadir. Buna ragmen Mg malzemelerin disiik sertlik n n " . ! 2 £
degerleri ve zayif korozyon direncleri uygulama alanlarini AZ31 72,9 7098 | %2.13 ) Bal.

daraltmaktadir [1]. Sicak haddeleme islemi uygulanmis Mg AZ31+%02 | %291 | %102 | %0,15 | %022 | Bal.

plakalarin sertlik degerlerini ve korozyon direncini arttirmak La
icin film kaplamalar1 [2,3], shot peening ve alasim elementi

ilaveleri ile s6z konusu olabilmektedir. 4. Shot Peening

Shot peening isleminde, S110-AISI1070 standardinin g¢elik
bilya kullanilmis olup, islem 10 dakika, 20 dakika ve 30
dakika boyunca 8 bar basing altinda, 10 cm nozul mesafesinde
gerceklestirilmistir (Sekil 2).

Sekil 2. Kullanilan bilyalar ve Shot peening cihazi

Sekil 1. AZ31 ve AZ31+%0,2 La iceren Mg plakalar B Piiriizliiliik Testi

Bu ¢alisma da kullanilan AZ31 ve AZ31+%0,2 La i¢ceren Mg
plakalarina uygulanan shot peening ve alasim elementi ilavesi
islemlerinin deneysel sonuglara etkisini incelenmistir. Ayni
zamanda shot peening isleminde piiskiirtme siiresini literatiir
kaynakli ¢aligmalar 1g1ginda degistirerek yaptigimiz deneysel
caligmalara etkisi gozlemlenmistir [4].

Atis isleminden sonra, yiizeyde olusan piirizliligi 6lgmek
icin yiizey piuriizliligii testi SV-3100 marka test cihaziyla
yapilmustir (Sekil 3).
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Sekil 3. Surface roughness (Evaluation type Surface Roughness
Measurement Surface test SV-3100)

C. Sertlik Testi

Sertlik testi saglikli sonu¢ almak amaciyla 2 ayri test cihazi
olan SHIMADZU ve QNEES marka cihazlarla 0,05 kg yiik
altinda yapilmistir.  Sertlik 6l¢timleri her bir numune igin
yilizeyden 30 um igerde 100 um araliklarla 500 pm derinlige
kadar ol¢llmiistiir. Her bir derinlik mesafesinden en az 5’er
kez 6l¢lim yapilmis ve ortalamalart alinmistir.

D. Korozyon

Korozyon direncini belirlemek icin daldirma ydntemi ile
korozyon uygulanmistir. Daldirma 24 saat boyunca %3,5
NaCl ve damitilmis su ile gergeklestirilmistir.

III. DENEYSEL CALISMALARIN SONUCLARI

A.  Optik Mikroskop Sonuglart

Optik mikroskop analizinde hadde sonrasi alinan goriintiiler
de literatiir kaynakli yapilan ¢alismalar baz alinarak yeniden
ikizlenmelerin  oldugu

kristallesmis taneler ve tahmin

edilmektedir (Sekil 4).

Sekil 4. Optik Mikroskop Goriintiileri a)AZ31 b)AZ31+%0,2 La

B.  Piiriizliiliik Testi Sonuc¢lart

Piirtizliillik testi sonuglarinda her iki malzemede de shot
peening isleminin piiriizliligi arttirdigr gorilmistir. AZ31
kalite malzeme icin 20.dk’da malzemenin tiim yiizeyinin
maksimum piriizlilige ulastigl belirlenmistir. Bu durum
AZ31+%0,2 La malzeme i¢in 30. dk’da gozlemlenmistir
(Sekil 5).

14

I*" International Symposium on Light Alloys and Composite Materials (ISLAC’18)

March 22-24, 2018Karabiik, Turkey

1,6
= 1,4
© 1+ H [slem gdrmemis
o«
g 0,8 -
§ 06 - =10 dk
N
2 04 20 dk
2 02

0 | ! 30 dk
AZ31 AZ31+0,2 La
Alagimlar

Sekil 5: Piiriizliiliik testi sonug grafigi
C. Sertlik Testi Sonuglar

Alman sertlik degerleri sonucunda her iki malzemede de shot
peening isleminin 10.dk’sindan  20.dk’sina efektif bir
yiikselme goézlemlenmistir (Sekil 6). 30.dk’da bir miktar da
diisme goriilmiistir. Bunun sebebi asir1 shot peening’den
kaynakli kismi bir yumusama olabilecegi diistiniilmektedir.
Soguk  deformasyon  sonrasi bu  kadar  diismesi
beklenilmemekte olup; bu diisiis mikroyap1 ile arasinda ki
bagimsiz farkliliklardan yani tane ikizlenmesi ve/veya tane
irilesmesi gibi durumlardan kaynaklanabilecegi
diistiniilmektedir. AZ31 kalite Mg plakaya %0,2 La elementi
ilaveli malzemeye yaptigimiz shot peening isleminin sertligi
olumsuz yonde etkiledigi belirlenmistir [6].

160
140 AZ31-
sp10 min
120
el AZ31-
. 100 sp20 min
=
T 80 —
z — —a
2 60
C
T a0
(T
T
20
0
100 200 300 400 500
Distance (um)
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—~ el 0,2 |a-
> 100 - sp20min
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Sekil 6. Sertlik sonucu grafikleri a) Schimadzu b) Qnees test
cihazinda yapilan test sonuglari
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D. Korozyon Testi Sonuglart

Incelenen alagimlarin korozyon testi sonuglar1 Sekil 7’de
gosterilmistir. Shot peening islemi yogunlastikca korozyon
olumsuz yonde etkilenmistir. Bunun nedeni de literatiir
kaynakli yaptigimiz aragtirmalar da shot peeningin etkisiyle
plriizlilliigiin arttigi dolayisiyla yiizey alanmi arttirdigi igin
korozyona kars1 direng azalir. 0,2 La ilaveli Mg esash
malzemenin  korozyona karst daha direngli oldugu
gozlemlenmistir. Bu durum La elementinin ilavesinden
kaynaklidir [6,7].

—— AL
_—E— AZ11-10min
—ile— AFAT-20min
& o0 | —— ATI1-30min Y

[a¥e L3

2 Ll = S 1M 12 & 18 15 2 22 24 M
Tirmne( hours )

(2)

—— .28

—— 0. 21a.-90min
=il (], 2 8 -20emin
o odo —— 0, 2L a-3min

0048 -

o0 -

'Euum-
E ot -

= 0can— g __———;';i

£ 0,015 E
= ¥ =
o
umn-(‘_-‘k’)’—l
3 4 B B 18 12 M 8 1& D 2 W 2
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Sekil 7. Korozyon testi sonuglari a) AZ31 Mg alagimi
b) AZ31-%0,2 La Alasimi

15

March 22-24, 2018Karabiik, Turkey
Tesekkiir
Bu calisma TUBITAK 2209-A Universite Ogrencileri Arastirma
Projeleri Destekleme Programi kapsaminda 1919B011701874 numarali
proje olarak desteklenmistir.

Referanslar

[1] FuyongCao, ZhimingShi, Guang-LingSong, MingLiu, Matthew S.

Dargusch, AndrejAtrens, Influence of hot rolling on the corrosion

behavior of several Mg—X alloys, CorrosionScience, Volume 90,

(January 2015), Pages 176-191

Dejiu SHEN, Haojie MA, Changhong GUO, Jingrui CAI, Guolong

LI, Donglei HE, Qingxiang YANG, Effect of Cerium and

Lanthanum additives on plasma electrolytic oxidation of AZ31

Magnesium alloy, Journal of Rare Earths, Volume 31, Issue 12,

(December 2013), Pages 1208-1213

[3] Hu, Henry, XueyuanNie, andYueyuMa. "Corrosion and Surface
Treatment of Magnesium Alloys." Magnesium Alloys—Properties
in Solid and Liquid States, In-Tech, Croatia (2014): 67-108

[4] Unal, O. (2011). Bilyali Dévme Isleminin Tane Boyutuna Etkisinin
Deneysel Incelenmesi. Bartin Universitesi, Fen Bilimleri
Enstitiisti, Yiiksek Lisans Tezi, 93s, Bartin.

[5] A. Pardo, M.C. Merino, A.E. Coy, R. Arrabal, F. Viejo, E. M
Atykina, Corrosion behaviour of Magnesium/Aluminium alloys in
3.5 wt. % NaCl, CorrosionScience, Volume 50, Issue 3, March
2008, Pages 823-834

[6] Kara, 1. H., Ahlatgr, H., Tiiren, Y., & Sun, Y. (2018).
Microstructure and corrosion properties of lanthanum-added AZ31
Mg alloys. Arabian Journal of Geosciences, 11(18), 535.

[7] Secgin G.O., Ikiz Merdaneli Siirekli Dokiim Yéntemi ile Uretilmis
AZ31 Magnezyum  Alasgimmm  Korozyon  Davraniginin
Incelenmesi, Doktora Tezi, (2012)

[2

—



I*" International Symposium on Light Alloys and Composite Materials (ISLAC’18)

March 22-24, 2018Karabiik, Turkey

Al S1v1 Metal Infiltrasyon I¢cin Makro Poroz
Silisyum Karbur Kopiiklerin Sinterleme
Davranmisina Silisik Asidin Etkisi
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Ozet—Bu ¢ahsmada metal matriksli kompozit iiretmek icin
aliiminyum s1v1 metal infiltrasyonunda kullamlacak makroporoz
seramik kopiiklerin iiretimi hedeflenmektedir. Ana malzemesi
olarak partikiil formda silisynm karbiir, siv1 faz olusturucu katia
olarak MgO, ALOs, SiOz, NaQ;, stabilizor olarak silisik asit tiirevi
soliisyon kullamilmstir. Hazirlanan seramik ¢camuru kullanilarak
replikasyon yontemi ile seramik képiikler iiretilmistir. Cahsmanin
odak noktasim seramik képiigiin sinterleme davramisma silisik asit
tiirev katlasinin etkisi ve nihai iiriiniin baglanti kollarnin
morfolojisine, mukavemetine etkisinin incelenmesidir. Yapilan
e¢alismalannuzdan elde edilen verilere gore optimum olarak
belirlenen sinterleme sicakhigi 1200 °C' de 90 dakikadir.
Sinterlenen numunelerin karakterizasyonu Makro Stereo
Mikroskop kullanilarak gerceklestirilmis olup goézenek ¢apinin
artagi ve strut duovarlannun  sekillerini  korudugu
gorilmiistiir.Optimum elde edilen seramik kiopiigiin basma
mukavemet degeri 145 N’dur.

Anahtar Kelimeler— Seramik Kopiik, Metal Matrisli Kompozt,
Silisyum Karbiir, Polimerik Siinger, Replikasyon Yontemi

Abstract—In this study, it is aimed to produce macroporous
ceramic foams to be used in aluminum liquid metal infiltration for
the fabrication of aluminiuml matrix composite. Silicon carbide in
particalate form as a starting material and MgO, Al:Os, SiOz, NaO;
as the liquid phase forming additives was used to obtained a strut
structure. Silicic acid derivatives was added to the slurry
composition as stabilizer. Ceramic foams were produced by
replication method using the prepared ceramic clay. The aim of
this study was to investigate the effect of silicic acid derivative on
the sintering behavior of ceramic foam, and the morphology and
strength of the net shape connecting arms. Results of the work
showed that the optimum sintering temperature was 90 minutes at
1200°C. Investigation of Stereo Microscope was revealed that
increase in the ration of silisic acid derivative in the sintered
samples enhanced the pore diameter and caused a ligthly change in
shape of strut walls. The comipression strength of optimum ceramic
foam was obtained 145 N.

Keywords— Ceramic Foam, Metal Matrix Composite, Silicon
Carbide, Polymeric Sponge, Replication Method

1. GIRIS
Gozenekli seramikler sekillerine gore iki kategoride

smiflandirilabilir. Bunlar bal petek sekilli (honeycomb) ve
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kopik (foam) sekilli seramiklerdir. Kopiik seramikler
birbirleriyle temas halindeki agik bosluklarin devamli bir
seramik bag ile baglanmast sonucu olusan {i¢ boyutlu
gozenekli malzemelerdir. [1] Son yillarda asirt gozenekli
seramik malzemelerin tiretimi ve kullanimi konusunda énemli
bir ilgi artist olmaktadir. Bu tiir malzemeler yiiksek yiizey
alani, yiiksek gegirgenlik, diisiik yogunluk, diisiik 6zgiil 1s1 ve
yiiksek yalitmi gibi 0Ozelliklerinden dolayr tercih
edilmektedir. [2] Rastgele dagilmis partikiil yapisina sahip
kopiik seramikler poroz yapida olup metal infiltrasyonunda
takviye (glglendirici) gorevi gorliip kompozit malzeme
iretiminde  kullanilmaktadir.[3]K6piik seramik {iretiminde
SiC’nin tercih edilme nedeni diisiik 1s1l genlesme katsayisi,
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termal iletkenlik ve mekanik mukavemet oOzellikleridir.[4]
Seramiklerin bagka kullanim alanlari; sicak gaz filtreleri,
petrokimya endiistrisinde kullanilan katalitik destekler ve
dizel motor egzos filtreleridir.[5]

Kopiik seramik iiretim yontemlerinin baslicalari; polimer
siinger metodu(replikasyonyontemi), direk kdpiiklestirme ve
karbon preformlarin CVD/CVI (Chemical Vapour Deposition/
Chemical Vapour Infiltration) yontemleriyle kaplanmasidir. [4]

Polimer siinger metodu, 1963’ te ¢ikarilan ilk patent olan,
kontrollii makroporoziteli seramik iiretimi i¢in gelistirilen ilk
imalat tekniklerinden biridir. Bununla birlikte, hala endiistride
en yaygin kullanilan tekniktir.Replikasyon yonteminde bircok
farkli polimer kullanilabilir; bunlar poliiiretan (PU), poli (vinil
kloriir) (PVC), polistiren (PS) ve seliiloz igerir. Islem acik
hiicreli  bir polimer seramik c¢amurlar ile
kaplanmasini igerir. ¢amurun polimerden
uzaklagtirilmasi ve kurutulmasiyla, polimer yanar ve seramik
tek bir asamada sinterlenir.Akis semasit Sekil 1. ’ de
gosterilmektedir. [2]

malzemesi
Fazla
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Emdirma lglami

[yakma Igleml)

Sinterleme

=d

SiC Seramik Képlk

Sekil 1. Replikasyon prosesinin akim semast [8]

II. DENEYSEL CALISMALAR

A. Regetenin Olusturulmasi

Silisyum karbiir esasli kdpiik seramik filtre {iretiminde
iskelet yapiyr teskil edecek polimer malzemesi olarak
Kurtoglu Filtre Otomotiv Paz. San. Tic.Ltd. Sti’ den temin
edilen 10 PPI (Inc basina diisen por) gézenek yogunlugundaki
poliiiretan siingerler kullanilmustir. iskelet yapiy1 olusturacak
ince ve kalin SiC tozlar1 Fetag Metalurji’ den % 99.5 safiyette
temin edilen tozlar, toz boyutu Ol¢liimleri sonucunda
tozlarin % 50’ sini olusturan toz boyut aralig sirasiyla 5 pm
ve 77 pum olarak belirlenmistir. Sekil 2. > de SiC tozunun
SEM goriintiisii ve EDS analiz sonucu gosterilmistir.

Seramik camur i¢in hazirladigimiz numuneler kullanilan
baglayict ve malzeme cinsine ve miktarlarina gore
siniflandirilmis ve kodlar verilmistir. Bu kodlar; hazirlanan
SiC seramik c¢amur iginde kattigimiz malzemeler bentonit,
magnezyum oksit , aliminyum oksit ve silika olan malzeme
cinsine gore adlandirilmaktadir. Agirlikca % 30 Bentonit SiC
tozuna eklediginildiginde 1B ve belirtilen 1B seramik
camurun icine agirlikca totalde % 5 magnezyum oksit,
aliminyum oksit ve silika (MAS) ekledigimizde 1BMAS
oldugunu belirtmektedir. Bu kodlarin sonunda bulunan 9, 12
ve 25 rakamlar ise hazirlanan ¢amurun igindeki formiilize
edilmis silisik asit ylizdelerini gostermektedir. Hazirlanan
seramik camurlarinin bilesimleri Tablo I. de gdsterilmektedir.

Tablo I. Formiilize Ettigimiz Silisik Asit Tirevinin Ag. % Orant

Bentonit | SiC | MAS | Silisik
Asit
Tiirevi
1B 30 70
1BMAS 30 70 5
1BMAS9 30 70 5 9
1BMAS12 30 70 5 12
1BMAS25 30 70 5 25
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B. SiC Tozun Karakterizasyonu

(®)
Sekil 2. SiC tozlarmim SEM gorintiisii (a) ve EDS analizi (b)

C. Poliiiretan Siingerin Emdirilmesi ve Sinterlemesi

SiC esasli camurun akigkanligi SiC ve diger katki
hammaddelerin yiiksek olmasindan dolay1 kaplama istenildigi
kalinlikta ve esit bir sekilde olmamistir. Bunun ig¢in
partikiillerin askida kalmasi icin formiilize ettigimiz silisik ait
tirevi katarak elde edilen bu soliisyonla, daldirma yontemi ile
polimer siinger iizerine homojen kaplama yapilarak numuneler
elde edilip Sekil 3. > de gosterilmektedir. Ayrica kaplama
kalinligint arttirmak amaciyla ayni regeteyle hazirlanmis
sollisyona siinger belli periyotlarla tekrar (2 veya 3 kez)
daldirilmustir.
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Sekil 3. Polimer siingerin seramik ¢camura daldirmast ile olusan yas seramik
kopiik eldesi

Sinterleme islemleri yatay tiip firrninda 2 °C/ dk 1sitma
hizinda 450 °C’ ye kadar ve bu sicaklikta 30 dk bekletilip
5°C/ dk sitma hizinda 1200 °C’ ye kadar isitilarak ve bu
sicaklikta 90 dk bekletilerek gerceklestirilmistir. Altun ve
arkadaglar1  tarafindan gergeklestirilmis olan bir ¢alismada
farkli baslangic tozlari kullanilarak 1350 °C kosullarinda
gozenekli seramik kopiik iiretimi yapilmistir. S6z konusu
caligmadan farkli olarak sadece malzeme cinsinin farkl
olmasi seramik kopiik iiretimini 1350 °C sicakliginin altinda
gerceklestirilmesine  sebep olmustur. Bunun
mukavemeti bu ¢alismadakinden daha az olsada basarili bir
seramik kopiik elde edilmistir.[6] Sinterleme sonrasi elde
edilen nihai triinler Makro Stereo Mikroskop ile incelenip
makro goriintiileri Sekil 4. * de verilmistir.

sonucunda

2000 Lim
p—y

(b)

March 22-24, 2018Karabiik, Turkey

(©
Sekil 4. Deney Numunelerinin sinterleme sonrasi makro goriintiileri; (a)
IBMASO9, (b) IBMASI12, (c) IBMAS25

Aliiminyum sivi metal infiltrasyonunda kullanilmak {izere
seramik filtre tretimine yonelik bu calismada elde edilen
seramik  kopiiklerin - mukavemetleri, silisik asit tiirev
soliisyonlariin agirlikga yiizde oranlarinin artmasi sonucu
seramik kopiik hiicre duvarlari ve kollarinda homojen bir
dagilma olmadigindan topaklanma olmus bu da catlak
olusumuna sebep vermistir. Catlak olusumu sonucunda
seramik  kopligin  mukavemetinde  azalma  oldugu
gozlenmektedir. Seramik kopiik iiretiminde optimum oran
formiilize silisik asit katki oran1 % 9 olan seramik kopiiktiir.
Daha homojen bir yap1 oldugundan gecisler daha diizgiin ve
catlak olusumu daha azdir. Replikasyon yonteminin yegane
kusuru olan i¢ kisimlardaki tiggensel bos yap1 bu oranda az
bulunmaktadir ama bu kusurun dagilimi énlenememistir. Koh
ve arkadaslarinin yaptig1 ¢aligmada bu polimer siingerin {izeri
karbon siyahiyla kaplanarak bu yegane kusurunun dagilmasi
onlenmistir. [7] Yaptigimiz caligmaya bu yontemle daha iyi
mukavemet kazandirilanabilir

D. Seramik Képiigiin Basma Testi

Sinterlenme sonucu elde edilen % 9, % 12 ve % 25 seramik
kopiiklere basma testi uygulamasi Sekil 5. ° de oldugu gibi

gerceklestirilmistir.

Seramik kopiik

Sekil 5. Uretilen seramik kopiiklere basma testi uygulamasi
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Basma testi sonucu seramik kopiik iretiminde optimum
formiilize edilmis silisik asit katki orani olarak % 9
oranindaki seramik kopik oldugu Sekil 6. ° da
gosterilmektedir. Elde edilen optimum seramik kopiigiin
basma mukavemeti ise 145 N dir. Nangrejo and Edirisinghe
yaptig1 caligmaya kiyasla yaptigimiz c¢alismadaki solvent
etkisini basma mukaveti testinde gormekteyiz. Sekil 3’ deki
makro yapida goriildiigii gibi catlak ve topaklanma olmadan
ideal kaplama kalinligima ulasildi. Dolayisiyla seramik
kaplama malzemesinin kalinligt ve miktar1 mukavemet
degerlerinde biiyiikk 6nem arz etmektedir. [8]
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Sekil 6. Seramik kopiiklerin basma mukavemetleri (a) ag. % 9 (b) ag. % 12
(c)ag. %25
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Seramik kopiik {iretiminde basma mukavemetlerinden iyi

sonu¢ alinabilmesi i¢in polimer siingerin seramik ¢amurla
hiicre duvarlarina ve kollarina  esit sekilde kaplamast
yapilmalidir. Literatiirde yapilan c¢alismalara bakildiginda
daha once yapilmamis olan , seramik c¢amura katki
hammadelerinden formiilize edilmis silisik asit katilarak,
camurun akigkanhigini  artirdigimi  ve topaklanmasini
onledigini % 9 katki oranindaki seramik kopiikle elde edilerek
ulagilmstir.

III. SONUCLAR
Bu ¢alismada replikasyon yontemi ile kompozit malzeme
yapiminda kullanilmak iizere silisyum karbiir esasli seramik
filtre amaglanmistir. SiC farkl
kompozisyonlardaki seramik ¢amurlara reolojik 6zelliklerini

uretimi esasl

gelistirmek ve seramik camurun kararliligi saglamak igin
katilan formiilize edilmis silisik asit tlirevi kullanilmistir.
Yapilan deneysel g¢alismalarin sonucunda optimum seramik
kopiik tiretiminde agirlikga % 9 oranindaki katki orani oldugu
gozlenmistir. Silisik asit tiirev solisyonlarinin agirlik¢a yiizde
oranlariin artmasiyla beraber seramik kopiik hiicre duvarlari
ve kollarinda {iniform bir dagilma olmadigindan topaklanma
olmus bunun sonucunda da ¢atlaklar meydana gelmistir.
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Abstract— In this experimental study, the tribological
performance of glass fiber reinforced poly-ether-ketone (PEEK)
composite against long glass fiber reinforced unsaturated
polyester composite and steel under dry sliding condition were
evaluated. Wear tests were carried out on a pin-on-disc
arrangement and under 0.707, 1.41 and 2.12 MPa applied
pressures and 0.5 m/s sliding speed condition. As a disc materials,
AISI 316L stainless steel and 20wt.% glass fiber reinforced and
15wt.% calcium carbonate mineral filler filled unsaturated
polyester (UPET+20wt.%GF+15wt.%CaCO3) composite were
used. The results present that the coefficient of friction and wear
rates for 30wt.% glass fibre reinforced PEEK composite
(PEEK+30wt.%GF) against long glass fiber reinforced
unsaturated polyester composite and stainless steel increases
slightly with the increase in applied pressure values. Finally, the
wear rates for PEEK polymer composite against long glass fiber
reinforced unsaturated polyester composite and stainless steel
under dry sliding conditions are in the order of 10 and 10!
m?/N, respectively. The results suggested that it is more convenient
to use glass fiber reinforced poly-ether-ketone composite against
stainless steel for tribological applications.

Keywords— Polymer,
Polyester

composite, wear, PEEK, Thermoset,

Ozet— Bu deneysel cahsmada cam fiber takviyeli poly-ether-
ketone (PEEK) kompozitin, uzun cam fiber takviyeli doymamis
poliester kompoziti ve celik malzemeye karst kuru kayma
sartlarindaki tribolojik davramslari incelenmistir. Tribolojik
testlerde pin-on-disk asinma test cihazi kullamlmstir. Siirtiinme
ve asinma testleri oda sicakhifinda gerceklestirilmistir. Tribolojik
testler, 0.5 m/ s kayma hizlarinda ve 0.707, 1.41 and 2.12 MPa yiik
altinda yapilmustir. Disk olarak %20 cam fiber takviyeli ve %15
Kalsiyum karbonat dolgulu doymamus polyester
kompozit(UPET+%20CF+%15CaCO3) ve AISI 316L paslanmaz
celik malzemesi kullamlmistir. Deney sonucunda, uygulanan
basincin artmasi ile %30 Cam Fiber takviyeli PEEK kompozitinin
Uzun Cam Fiber Takviyeli Doymamis Kompozitine ve paslanmaz
celige karsi calismasi durumunda artan uygulama basinc ile
Siirtiinme katsayis1 ve spesifik asinma oranlar arttigi
goriillmiistiir. %30 Cam Fiber takviyeli PEEK kompozitinin Uzun
Cam Fiber Takviyeli Doymamis Kompozitine ve paslanmaz ¢elige
kars1 kuru ortam sartlarinda spesifik asinma oranlar1 sirasiyla
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10 ve 10> m%N olarak belirlenmistir. Gerceklestirilen asinma
deney sonuclarindan, PEEK+30CF kompozit/paslanmaz celik
ciftinin asginma ve siirtiinme uygulamalarinda kullanilabilecek en
iyi malzeme c¢ifti oldugu tespit edilmistir.

Anahtar Kelimeler— Polimer, kompozit, asinma, PEEK,
Termoset, Poliester
I. INTRODUCTION
Poly-ether-ether-ketone (PEEK) is a typical high

performance semi-crystalline thermoplastic polymer. It has
received significant attention in recent years. PEEK polymer
has high mechanical strength and chemical resistance, high
stiffness, very high maximum allowable service temperature,
easy processing, and excellent wear resistance and frictional
properties. Due to the excellent properties making PEEK
polymer the most popular advanced polymer material. So,
PEEK polymer plays a more important role as a bearing and
sliding material [1-2]. Many studies on the tribological
properties of PEEK have been reported [3—11]. Most
investigations published were in the friction and wear of
polymers sliding against steels in dry conditions. The
coefficient of friction can, generally, be reduced, and the wear
resistance can be improved by selecting the right material
combinations [12—13]. Usually, friction and wear phenomena
lead to a loss of mechanical efficiency. Therefore, the accurate
knowledge of the influence of sliding speed, contact
temperature, and load value on the wear and friction is
extremely important [13]. In the literature, there are lots of
investigations about the PEEK polymer and PEEK composites
against steel counterparts but there is a little study about the
PEEK and its composites versus polymer counterpart materials.

The purposes of this investigation are to clarify the
tribological characteristics of glass fiber reinforced PEEK
composite sliding against long glass fiber reinforced and
calcium carbonate mineral filler filled unsaturated polyester
composite and steel under dry sliding conditions. Tribological
tests versus 30wt.% glass fiber reinforced PEEK composite
were carried out on a pin-on-disc arrangement. Tribological
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tests were at room temperature under 0.707MPa, 1.42MPa and
2.12MPa applied pressure and at 0.5 m/s sliding speed. The
specific wear rates were realized from mass loss and were
reported.

II. EXPERIMENTAL

A. Materials

In this study, the pin material used is 30wt.% glass fiber
reinforced PEEK composite. The glass fiber reinforced PEEK
composite with trade name Ketron GF30 is supplied by
Quadrand Engineering Plastics, Istanbul.

B. Sample preparation

Friction and wear tests were conducted in a pin-on-disc
apparatus, in which the stationary polymer pin was in contact
with a rotating 316 L stainless steel disc material or 20wt.%
glass fiber reinforced and 15wt.% calcium carbonate mineral
filler filled unsaturated polyester
(UPET+20wt.%GF+15wt.%CaCO3) composite discs. The
schematic friction and wear test apparatus are shown in Figure
1. 20wt.% glass fiber reinforced and 15wt.% calcium carbonate
mineral filler filled unsaturated polyester composite were
firstly mixed in a mixer and then manufactured by using a hot
press with a temperature of 160°C. PEEK polymer samples of
six mm in diameter flat-ended pins of PEEK+30wt.%GF
composite were machined by a revolver machine. The 5 mm in
thickness and 100 mm in diameter disc materials are stainless
steel and calcium carbonate filled and glass fiber reinforced
unsaturated polyester composite material. 5 mm thick and 100
mm diameter steel disc material was first cut by saw. It is then
turned and ground for proper surface roughness. Before and
after each test, PEEK pin polymer and disc materials were
cleaned with acetone. In this experimental study, the specific
test conditions are summarized in Tables 1. All tests were
repeated three times and the average values were plotted. The
disc materials used in the experiments on the rotating disc with
the drive of an electric motor are fixed with a screw. 6 mm in
diameter polymer pin is connected to the sleeve by a
mechanism on the handle. When the machine is operated, the
arm apparatus to which the pin sample is connected by moving
the pin sample to the disk wishes to move in the direction of
rotation of the disc. This forward movement gives the frictional
force. This frictional force was measured by a load cell. The
received data is also stored directly in the Excel program on the
computer. In the experiments, 1000 frictional load data per
minute is taken and at the same time it is divided into the
applied load used in the experiments and graphed in the Excel
program. The coefficient of friction (COF) is expressed as the
ratio of the frictional force to the normal applied force and is
calculated by the following formula.

COF = Fs/FN
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where FN is the normal load on the glass fiber reinforced
PEEK composite pin material.

The specific wear rate (Wsp) values were also calculated
using the following formula.

Wsp= Am/pxLx FN

Where Am is the weight loss of the sample before and after the
experiment, p is the density of PEEK polymer pin composite
material, L is the sliding distance of the pin sample during the
wear test, and FN is the normal load applied on the pin sample.

TABLE L.

TEST CONDITIONS OF THE SAMPLES

Parameters Experimental conditions
Applied pressure (MPa) 0.707, 1.41,2.12
Sliding speed (m/s) 0.50
Temperature (°C) 22+2
Humidity (%) 5942
Sliding distance (m) 1000
Surface roughness (Ra, um) 0.35-0.40

MM

Whmhblc/L%igggs

Figure 1. The schematic diagram of wear test apparatus

III. RESULTS AND DISCUSSIONS

Figures 2 shows the variation of coefficients of friction with
contact pressure for 30wt.%GF reinforced PEEK composite
against AISI 316L stainless steel and 20wt.% glass fiber
reinforced and 15% calcium carbonate mineral filler filled
unsaturated  polyester =~ UPET+20wt.%GF+15wt.%CaCO3
composite discs under dry sliding conditions, respectively. It is
clear from this figure that the coefficients of friction values of
30wt.% glass fiber reinforced PEEK composite are influenced
by the change in applied pressure and different rubbing surface
materials. The coefficient of friction increases slightly with the
increment of applied pressure values against stainless steel and
UPET+20wt.%GF+15wt.%CaCO3 composite discs under dry
sliding conditions. By increasing the load by 200%, the
coefficient of friction of 30wt.%GF reinforced PEEK
composite against steel disc and UPET counter-part disc
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materials increased by 8% and 30%, respectively. The results
are consistent with previous studies in the literature [3,6,9,10]
Figures 3 illustrates the variation of specific wear rate with
applied pressure values for 30% glass fiber reinforced PEEK
composite against AISI 316L stainless steel and 20wt.% glass
fiber reinforced and 15% calcium carbonate mineral filler filled
unsaturated  polyester  UPET+20wt.%GF+15wt.%CaCO3
composite discs under dry sliding conditions, respectively. The
specific wear rate for PEEK+30wt.%GF increases with the
increase in applied pressure values. By increasing the load by
200%, the specific wear rate value of 30wt.%GF reinforced
PEEK composite against steel disc and UPET counter-part disc
materials increased by 60% and 400%, respectively. The wear
resistance of PEEK+30wt.%GF/AISI 316L stainless steel pair
7 times higher than that of UPET+20wt.%GF+15wt.%CaCO3
composite material pair. As a result of this study, glass fiber
reinforced PEEK composite/AISI 316L stainless steel pair
illustrates the best tribological performance.
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Figure 3. The variation of wear rate and contact pressure for 30%GF reinforced
PEEK composites

IV.CONCLUSIONS
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The study of friction and wear performance of 30% glass fiber
reinforced poly-ether-ether ketone polymer composite in use in
electrical applications showed that:

1. The maximum friction coefficient of poly-ether-ether ketone
polymer composite reinforced with 30% glass fiber against
20wt.% glass fiber reinforced and 15% calcium carbonate
mineral filler filled wunsaturated polyester composite
(UPET+20%GF+15%CaCO3) disc material is about 0.31.

2. The friction coefficient of poly-ether-ether ketone polymer
composite reinforced with 30% glass fiber against stainless
steel disc is about 0.24.

3. The coefficient of friction is both large sensitive to material
combinations and applied pressure.

4. The maximum specific wear rate for PEEK+30% glass fiber
reinforced composite against UPET+20wt.%GF+15%CaCO3
composite disc material is about 5.0x107'* m?/N.

5. The minimum specific wear rate for PEEK+30wt.%glass
fiber composite against AISI 316L stainless steel disc material
under the applied pressure of 0.707 MPa is about 0.5x10-14
m?/N.

6. PEEK+30wt.%GF/AISI 316L stainless steel disc material
combination showed the best tribological performance for use
in tribological applications.
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Abstract— 1In this experimental study, the tribological
performance of 30wt.% short carbon fiber reinforced poly-ether-
ketone (PEEK+30wt.%CF) high performance thermoplastic
composite against a stainless steel (SS) and a high performance
thermoplastic engineering polymer material such as 40wt.% glass
fiber  reinforced poly-phenylene-sulphide (PPS+40%GF)
composite materials under dry sliding condition were evaluated.
Tribological tests were carried out on a pin-disc wear test rig and
under the sliding speed of 0.5 m/s and the applied pressures of
0.707, 1.41 and 2.12MPa conditions. The results show that the
friction coefficient for carbon fiber reinforced PEEK composite
against PPS+40%GF polymer composite and stainless steel
materials increases slightly with the increment of applied pressure
values. Furthermore, the specific wear rate for carbon fiber
reinforced PEEK composite against PPS+40wt.%GF composite
increases but it decreases against stainless steel with the increment
of applied pressure values. Finally, the wear rates for carbon fiber
reinforced PEEK polymer composite against PPS+40wt.%GF
composite and stainless steel materials under dry sliding
conditions are in the order of 10 and 1075 m*N, respectively.
The results suggested that PEEK+30wt.%CF/stainless steel is the
best material pair for use in friction and wear applications in the
study.

Keywords— Polymer, tribology, PEEK, carbon fiber, PPS,
composite

Ozet— Bu deneysel cahsmada, %30 oraminda kisa karbon fiber
takviyeli poli-eter-keton (PEEK+%30KF) yiiksek performansh
termoplastik kompozitin paslanmaz ¢elik (SS) ve %40 oraninda
cam elyaf takviyeli poli-fenilen-siilfit (PPS+%40KF) kompozit
malzemesine karsi ¢alismasi durumundaki tribolojik ozellikleri
kuru kayma sartlarinda ve oda sicakhginda incelenmistir.
Tribolojik testler, pim-disk asinma test techizatinda 0.5 m /s
kayma hizinda ve 0.707, 1.41 ve 2.12MPa basing¢lar altinda
gerceklestirilmistir. Calisma sonucunda, PPS +%40KF polimer
kompozit malzemenin ve paslanmaz celik malzemelere karsi
calisan karbon fiber takviyeli PEEK kompozitin siirtiinme
katsayis1 degerleri uygulanan basin¢ degerlerinin artmasiyla
birlikte hafif artmustir. Ayrica, karbon fiber takviyeli PEEK
kompozitin PPS+%40KF kompozitine karsi c¢alismasi
durumundaki spesifik asinma hizi uygulanan basin¢ degerinin
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artmasiyla artarken paslanmaz ¢elik karsi disk malzemesiyle
caliymasi durumunda azalir. Son olarak, PPS +%40KF kompozit
ve paslanmaz celik karsi disk malzemelere, karbon fiber takviyeli
PEEK polimer kompozitin spesifik asinma hizlari sirasiyla 104 ve
10" m?*N arasindadir. Gerceklestirilen asinma  deney
sonu¢larindan, PEEK+30KE kompozit/paslanmaz ¢elik ciftinin
elektrik endiistrisinde asinma ve siirtiinme uygulamalarinda
kullanilabilecek en iyi malzeme cifti oldugu tespit edilmistir.

Anahtar Kelimeler— Polimer, Triboloji, PEEK, Karbon Fiber,
PPS, Kompozit

I. INTRODUCTION

Unreinforced polymer material applications have been
greatly limited for its mechanical properties, bad thermal
properties and lower wear resistance. Therefore various
reinforcements are frequently added into the unfilled polymer
materials to improve the mechanical, thermal and tribological
properties. Polymer composites are generally manufactured by
injection molding and are valued for their good mechanical,
thermal and tribological properties. So, reinforced polymer
composites are preferred for many industrial applications and
sectors such as electrical/electronic, automotive, aircraft, and
household applications. These composites are poly-ether-ether-
ketone (PEEK), poly-phenylene-sulphide (PPS), polyamides
such as polyamide 6 (PA 6), polyamide 66 (PA 66), polyamide
46 (PA 46) polymers. PEEK thermoplastic polymer, a typical
high performance semi-crystalline material, has received
significant attention in recent years. This is due to its high
mechanical strength and elastic modulus, high melting
temperature, chemical inertness, high toughness, easy
processing, and wear resistance. So, PEEK polymer material
plays a more important role as a bearing and sliding material,
especially under dry sliding and a water lubricated environment
[1,2]. Many studies on the tribological properties of PEEK have
been reported in previous literature [3-11]. Most investigations
published were in the friction and wear of polymers sliding
against steels in dry conditions. The friction coefficient can be
generally reduced, and the wear rate value can be decreased by
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selecting the true material combinations [12-13]. Some of the
researchers observed that the friction coefficient of polymers
rubbing against steel materials decreases with the increment of
applied loads while other of some researchers showed that its
value increases with the increment of applied load.

The purposes of this investigation are to clarify the
tribological characteristics of 30wt.% carbon fiber reinforced
PEEK composite sliding against stainless steel and 40wt.%
glass fiber reinforced poly-phenylene-sulphide composite
under dry sliding conditions. Tribological tests were at room
temperature under 0.707, 1.41 and 2.12 MPa applied pressures
and at 0.5 m/s sliding speed. The specific wear rates were
realized from mass loss and were reported.

II. EXPERIMENTAL
A. Materials

In this study, the pin material used is 30wt.% carbon fiber
reinforced PEEK composite. The carbon fiber reinforced PEEK
composite with trade name Ketron CA30 is supplied by
Quadrand Engineering Plastics, Istanbul, Turkey. The polymer
composite disc material used is 40wt.% glass fiber reinforced
poly-phenylene sulphide composite material. 40wt.% glass
fiber reinforced PPS composite with granule form purchased
from Chevron Phillips Chemical Co. Istanbul, Turkey.

B. Sample preparation

Friction and wear tests were conducted in a pin-on-disc
apparatus, in which the stationary polymer pin was in contact
with a rotating AISI 316L stainless steel disc material and 40wt.%
glass fiber reinforced poly-phenylene-sulphide composite discs.
Samples of 6 mm in diameter flat-ended pins of 30% carbon
fiber reinforced PEEK composite were machined by a revolver
machine. The 100 mm in diameter and 5 mm in thickness disc
materials were used. Stainless steel disc was first turned and
then ground. PPS+40wt%GF composite disc material were
produced by an ordinary injection molding machine. In this
experimental study, the specific test conditions are summarized
as follows: Test temperature and relative humidity is 23+2 °C
and 61+1%, respectively Surface roughness for steel and
PPS+40wt%GF composite disc materials is about 0,35 um Ra.
The tribological tests at 0.707, 1.41 and 2.42 MPa applied
pressure and sliding speed of 0.5 m/s and a sliding distance of
1000 m. For tribological tests, a pin-on-disc wear test apparatus
connected to a computer is used. During the wear tests, a
transducer mounted on the loading arm measured the friction
force of material pair. The friction force readings are taken an
average 30 readings for every 60 seconds. A microprocessor
controlled data-acquisition system was used for this purpose.
Each test was done for 33 minute. Coefficient of friction and
specific wear rate values were obtained from the tribological
tests. The coefficient of friction values of the 30wt.% carbon
fiber reinforced PEEK composites were obtained from the
equipment that records the p value by using following
relationship:

b
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where Frare frictional force and F, is the applied load on the
sample. The specific wear rate is defined as a wear volume by
the normal load and the sliding distance The mass loss was
measured after each set of run and volume loss (V), V=m/p,
was found by using density (p) of PEEK composite pin sample.
The following relationship was used to estimate the specific
wear rate (WR) of 30wt.% carbon fiber reinforced PEEK
composites;

L)
Wr=——
R F

where L is the sliding distance of the pin material. Moreover,
to ensure the reliability in the friction and wear results, all tests
were repeated three times and the average values were plotted.
Prior to the friction and wear tests, both PEEK composite pin
samples and PPS+40wt.%GF composite disc, and stainless
steel disc materials were cleaned with ethyl alcohol and then
they dried in dry air.

III. RESULTS AND DISCUSSIONS

Figure 1 presents the variation of coefficients of friction with
applied pressure for 30wt.% carbon fiber reinforced PEEK
composite against both AISI 316L stainless steel and
PPS+40%GF composite discs under dry sliding conditions. It
is clear from figure 1 that the coefficients of friction values of
30wt.% carbon fiber reinforced PEEK composite are
influenced by the variation in applied pressure and rubbing
surface materials. The coefficient of friction increases slightly
with the increase in applied pressure values against both AISI
316L stainless steel disc and PPS+40wt%GF polymer
composite disc under dry sliding conditions. The average
friction coefficient of 30wt.% carbon fiber reinforced PEEK
composite rubbing against steel and PPS composite disc
materials used in the study is between 0.22 and 0.26. The
average increasing ratio in coefficient of friction for carbon
fiber reinforced PEEK composite against AISI 316L stainless
steel is 9% while the average increasing ratio in coefficient of
friction is about 18% against PPS+40wt.%GF composite discs.
It is well known that the tribological behavior of polymer
materials and polymer composite materials can be associated to
their visco-elastic and temperature-related properties. It is
known that the sliding contact of two materials results in heat
generation at asperities and hence increases in temperature. The
amount of rises in temperature is influenced by the amount of
heat flow. If the increase in surface temperature is high in
comparison to heat deformation temperature of the material,
this influences the visco-elastic property which causes
softening of the materials. This causes the rubbing of fibers of
faced materials or fiber against polymer; therefore reflect the
friction and wear performance of materials. So, the increase in
the coefficient of friction occurs as rubbing carbon fiber
reinforced PEEK polymer composite with both steel and
polymer composite.

Figures 2 shows the variation of specific wear rate with
applied pressure values for 30wt.% carbon fiber reinforced
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PEEK composite against AISI 316L stainless steel and
PPS+40wt.%GF composite discs under dry sliding conditions.
The specific wear rate for PEEK+wt.30%CF composite against
AISI 316L stainless steel disc decreases with the increase in
applied pressure values. The decreasing ratio in specific wear
rate from 0707 MPa to 2.12 MPa is about 30%. But the specific
wear rate values for PEEK+30wt.%CF composite against
PPS+40wt.%GF composite discs increases with the increase in
applied pressure values. The increasing ratio in specific wear
rate from 0707 MPa to 2.12 MPa is about 49%. In this study,
the best tribological performance for use in electrical
application is obtained for PEEK+30wt.%CF composite
against AISI 316L stainless steel pair.
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Figure 1. The variation of coefficient of friction and contact pressure for
30%CF reinforced PEEK composites
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Figure 2. The variation of specific wear rate and contact pressure for 30%CF
reinforced PEEK composites

IV.CONCLUSIONS

The study of tribological performance of PEEK+30wt.%CF
composite in use in electrical applications showed that:

1. The friction coefficient of 30wt.%carbon fiber reinforced
poly-ether-ether ketone polymer composite against AIST 316L
stainless steel disc is about 0.222.

2. The maximum friction coefficient of 30wt.%carbon fiber
reinforced poly-ether-ether ketone polymer composite against
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40wt.% glass fiber reinforced poly-phenylene-sulphide
composite disc is about 0.26.

3. The coefficient of friction is both large sensitive to material
combinations and applied pressure.

4. The maximum specific wear rate for PEEK+30wt.%CF
composite against PPS+40wt.%GF polymer composite disc
material is about 1.0x107'3 m?/N.

5. The minimum specific wear rate for PEEK+30wt.%CF
composite against AISI 316L stainless steel disc material under
the applied pressure of 1.41 MPa is about 0.6x107'*m?/N.

6. PEEK+30wt.%CF/AISI 316L stainless steel disc material
combination showed the best tribological performance for use
in electrical industry.
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Abstract— In this experimental study, the tribological behaviour
of polyamide-6 (PA-6) polymer, 10wt.%graphite filled polyamide-
6 (PA-6+10%G) composite, polyamide-6 with wax (PA-6+6%W)
and both 10wt.% graphite and 6wt.%wax filled polyamide-6 (PA-
6+10%G+6%W) composites against steel under dry sliding
condition were studied. Pin-on-disc wear test rig was used for the
tribological tests. Friction and wear tests were studied at room
temperature. Tribological tests were done at the sliding speeds of
0.4, 0.8 and 1.6m/s and under the load of 100N. As a disc material,
AISI 440C stainless steel were used. The results show that the
specific wear rates for all polymer and polymer composites used
against steel increases slightly with the increment of sliding speed
values. In addition, the coefficient of friction for polyamide-6 with
wax polymer and graphite/wax filled polyamide-6 composite
increase slightly, but it is decreases slightly with the increment of
sliding speed for graphite filled polyamide 6 composite. Finally,
the specific wear rates for PA-6 polymer, PA-6+10%G composite,
PA-6+6%W and PA-6+10%G+6%W composite against steel
under dry sliding conditions are in the order of 1074, 10", 10-'
and 1015 m?*/N, respectively. The results suggested that it is more
convenient to use PA-6+10%G+6%W composite against steel for
tribological applications in the study.

Keywords—  Polyamide-6,
thermoplastic, sliding speed

composite,  tribology, wax,

Ozet—Bu deneysel cahsmada, poliamid-6 (PA-6) polimeri,
agirhikea %10 oraninda grafit tozu katkih poliamid-6 (PA-6 +%
10 G) kompoziti, wax katkili poliamid-6 (PA-6 +%6w) ve %10
grafit ve%6 oranminda vaks katkih poliamid-6 (PA-
6+%10G+%6W) kompozitlerinin kuru kayma sartlarindaki
tribolojik davramslar incelenmistir. Tribolojik testlerde pin-on-
disk asinma test cihazi kullamlmistir. Siirtiinme ve asinma testleri
oda sicakhiginda gerceklestirilmistir. Tribolojik testler, 0.4, 0.8 ve
1.6m / s kayma hizlarinda ve 100N yiik altinda yapilmistir. Disk
olarak AISI 440C paslanmaz celik malzemesi kullanilmustir.
Deney sonucunda, kullamlan tiim polimer ve polimer
kompozitlerin celige kars1 ¢calismasi durumunda spesifik asinma
oranlarimin artan hiz ile arttig1 tespit edilmistir. Buna ilaveten,
vaks katkili poliamid-6 ile grafit ve vaks katkili poliamit-6 katkili
kompozitlerin siirtiinme katsayisi biraz artar, ancak grafit katkil
poliamid 6 kompoziti icin kayma hizinin hafif arttigi tespit
edilmistir. Sonug olarak, PA-6 polimeri, PA-6+%10G kompoziti,
PA-6+%6W ve PA-6+%10G+% 6W kompozitinin kuru kayma
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sartlarindaki spesifik asinma oranlari sirasiyla 10-14, 10-14, 10-15
ve 10-15 m2/N olarak belirlenmistir. Calismada, PA-6 +% 10G
+% 6W Kkompoziti/paslanmaz celik c¢iftinin makine endiistrisi
alaminda kullamlmasinda en iyi malzeme olarak ifade edilebilir.
Anahtar Kelimeler— Polamid-6, kompozit, wax,
termoplastik, kayma hizi

triboloji,

1. INTRODUCTION

Polymer and polymer composites have been widely used in
various industrial applications such as aerospace, automotive,
electrical/electronic, machine, textile, household and chemical
industries. This is because these composite materials provide
high strength/weight ratio in comparison to classic materials
and self-lubricant conditions. However, applications of classic
polymer materials are limited because of their bad mechanical,
thermal and friction and wear performance. Therefore some
additives and reinforcements are used to improve their
properties. The used reinforcement and additives in polymer
base materials are kaolin [1] talc [2,3], wollastonite [4], and
mica [5,6] fillers and MoS,, graphite, wax and poly-tetra-
fluoro-ethylene (PTFE), solid lubricants [7,8] and glass, carbon
and aramid fibers. Solid lubricants were proved to be generally
helpful in developing continuous transfer film between the two
counterparts and accordingly reduce the coefficient of friction
[9]. PA-6 polymer is an engineering plastic that is used in
electrical/ electronics, automobile, packaging, textiles and
consumer applications because of its excellent mechanical
properties [10-12]. However, it shows some limitations in
mechanical properties, thermal properties, and dimensional
instability. So, the usage of pure polyamide-6 is limit for use in
wide range of applications. Hence, some solid lubricants were
added into the PA-6 polymer to widen and to increase its
industrial application range. PA-6 filled with graphite, carbon
and wax have found their application in field high velocity
applications, without the need for exterior lubrication [7,8]. In
fact, the friction and wear behavior of polymers is affected by
environmental, operating conditions and by the type, size,
amount, shape and orientation of the fiber and fillers. A
relationship between the wear of the polymers composite
content filler and operating parameters is desirable to obtain a
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better understanding of the wear behavior. There have been
some investigations exploring the influence of filler content,
test conditions and environment on the friction and wear
behavior of polymers. Hooke et al. [13] said that the friction
coefficient can be reduced and the wear resistance increased by
selecting the true material combinations. Zhang et al. [14] and
Anderson [15] observed that the friction coefficient of
polymers rubbing against metals decreases with the increment
of'load while Unal et al [16] and Shangguan et al. [17] reported
that its value increases with the increment of load. In addition,
some researchers showed that the coefficient of friction values
and wear rate values decreased with the addition of solid
lubricants.

In order to study the influence of graphite and wax on the
tribological properties of polyamide-6, PA-6 composites,
materials used in the study were compounded by a twin-screw
extruder and then molded by using an injection molding
machine. Materials contents were pure polyamide 6, PA-
6+10%G, PA6+6%wax and PA6+10%G+6%wax composite.
Friction and wear tests vs. AISI 440C stainless steel disc were
used on a pin-on-disc wear test rig at dry conditions. Influence
of graphite and wax solid lubricants, and sliding speed (0.4—1.6
m/s) was explored and evaluated.

1I. EXPERIMENTAL
A. Materials

For this study, PA-6, graphite and wax materials were
supplied from manufacturers. The matrix material polyamide 6
(Domamid) with 1.13 g cm® density and melt flow index (2.16
kg, 230 °C) 4 g per 10 min was obtained from Domopolymers
in Belgium. The graphite was supplied by Sovitec and the wax
was supplied by Omya Mining, Egypt.

B. Sample preparation

In sample preparation process, the graphite and wax were
added to polyamide-6 with 6 wt%, and 10 wt% ratios. The
composite granules were prepared using a twin screw extruder
at temperatures ranging from 220 to 255°C. The specimens of
polyamide-6 and its composites were moulded by using an
injection molding machine at temperatures from 220 to 250 °C.
The friction and wear tests were conducted on a pin-on-disc
tribometer. In this test, pin size is @6mmx50 mm and AISI
440C stainless steel disc was machined and prepared in @100
mmx5 mm size dimensions with an average surface roughness
between 0.31 and 0.36 mm Ra. Before each test, PA-6 and its
composite pin materials were fixed on a tribometer and rubbed
against a metallographic abrasive paper placed on the rotating
disc. This pre-rubbing process ensured a full contact of the pin
and disc surfaces. Furthermore before each test all samples
were ultrasonically cleaned in acetone and then dried. The
friction and wear tests were performed at room temperature in
an ambient atmosphere. Applied load of 100 N, the sliding
speeds ranged from 0.4 m/s to 1.6 m/s, and sliding distance was
4000 m. All tests were repeated three times and the average
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values were plotted. In this experimental study, the specific test
conditions are summarized in Table 1.

TABLE L.

TEST CONDITIONS OF THE SAMPLES

Parameters Experimental conditions
Sliding speed (m/s) 0.4,0.8 and 1.6
Applied loads (N) 100
Temperature (°C) 21+2

Humidity (%) 5047
Sliding distance (m) 4000

III. RESULTS AND DISCUSSIONS

Figure 1 presents the variation of friction coefficient of pure
PA-6, PA6+10%G, PA6+6%wax and PA-6+10%G+6%W
composite under 100N applied load and at 0.4 m/s and 1.6 m/s
sliding speeds, respectively. Apart from PA-6 polymer, the
coefficient of friction of PA6+6%wax and PA-6+10%G+6%W
composite materials increases with the increase in sliding speed
values. However, the coefficient of friction of PA6+10% G
composite decreases with the increment of sliding speed. As it
is known polymers show a visco-elastic behavior and their
deformation under applied load is visco-elastic. So, the
variation of friction coefficient with load or pressure follows
the equation p=K x L(n-1) where m is the coefficient of friction,
K constant and n is also a constant, its value is 0.66 <n< 1 and
L is the load.

Figure 2 shows the variation of specific wear rate with
sliding speed for pure PA-6, PA6+10%G, PA6+6%wax and
PA-6+10%G+6%W composite under 100 N load values. It is
clear from this figure that the specific wear rate values increase
with the increase in sliding speed values. In summary, the
friction and wear of tested materials are much sensitive to
change in sliding speed. The addition of graphite and wax
resulted in large improvement in lowering friction coefficient
and specific wear rate of polyamide based polymer composite.
It is well known that graphite filler is a potential candidate
which could form a transfer film on the sliding counterpart.
Furthermore, graphite atoms were arranged in a hexagonal unit
cell within each layer and these layers are linked by weak van
der waals bonds, which may be easily broken by shear force
under sliding conditions. In general, the abundant filler debris
pulled out from the matrix during the sample sliding against the
steel counterpart might stick together because of the repeated
plastic deformation in the periodic sliding process. So, uniform
film was formed on the worn sample surface and reduces the
adhesion between the materials and counterparts, which led to
decrease in wear rate and in friction coefficient. Again wax
form a more stable and active transfer film on the counterpart
disc which led to a higher drop in wear rate of the material. It
is seen that among tested polyamide and polyamide composite
materials, the lowest wear rate is for PA-6+6% wax with a
value of 5.5x107"> m?N followed by PA-6+10%G+ 6% wax
with 6.9x10°"° m?/N and PA-6+10%G with 1.1x10"'* m?*N and
the highest value is 2.2x10"1* m*N for pure PA-6.This means
that wax and graphite filler presence in the composite shows 75%
and 68% lower than that of pure polyamide-6 polymer.
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Figure 2. The variation of specific wear rate and sliding speed for pure PA6,
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(Applied load: 100N)

IV.CONCLUSIONS

The following items may be deducted from the results obtained
from the tribological tests;
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1. For PA6+6%wax and PA-6+10%G+6%W polymer
materials, the coefficient of friction increase slightly with the
increase in sliding speed.
2. For pure PA6, PA6+10%G, PA6+6%wax and
PA6+10%G+6%wax polymer materials, the specific wear rate
values increased with the increase in sliding speed.
3. The lowest wear rate is for PA6+6%wax with a value of
5.5x107"® m?N. The highest specific wear rate is for PA-6
polymer with a value of 2.2x10"'* m?/N.
4. From point view of tribological performance, PA6+6%wax
is a more suitable polymer material for machine industry
applications.
5. Finally, wax being a lot cheaper product than graphite,
adding it to PA-6 means a high drop in the cost of the PA-6
composite material.
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Abstract—The joints on tubular composites were
experimentally characterised in terms material type and
connection types in this study. The joints on composite
tubes were manufactured with carbon fibre epoxy
composite, aluminium 6061 series, and 3d printed ABS
polymers in order to meet required strength in structural
components. As a type of mechanical fastener, aluminium
pop rivets and as an adhesive bonding material, a structural
epoxy glue were applied to composite tubes. Adhesive joints
have an advantage of weight and higher structural
efficiency. They decrease stress concentrations with the
joints which not seen in multiple rivet fasteners. In terms of
shear properties under flexural and compression load, epoxy
adhesive connections appear to be more favourable results
when the tubes are combined. Multiple rivet fasteners
showed lower results compared to results obtained with
epoxy glued joints and both type connection applied joints

Keywords— CFRP Composite Tubes, Joints, Fasteners, Shear
Properties

I. INTRODUCTION

Carbon fibre reinforced composites are generally 30%
lighter than aluminium and 50% lighter than steel [1].
Fabrication of car components with composite materials,
however, needs specially designed joints in assemblies of
structural components. In this respect, joints have crucial
importance because they act as a transfer member where high
stress concentrations and potential failures can occur during
fatigue life of joined structures [2].

The design of joints strongly depends on geometrical
parameters, joint materials and their properties (stiffness,
strength) and properties of fasteners (rivets, bolts, pins) and
adhesive materials (epoxy). Lap joints were commonly
characterised by different design factors in laminar composites.
However, the limited numbers of study are available with these
design parameters in tubular composites. Previous studies
calculated theoretical analysis of tubular lab joints in tension
load and investigated the effect of adhesive layer thickness in
terms of shear and normal stresses. They showed the infinite
number of shear and normal stresses in overlapping ends.
However, most of the study was limited to isotropic material
properties in FEM and analytical results [3, 4]. Jena and

Pradhan were also applied FEM model adhesively connected
joints on composite tubes in terms of thickness, overlap length
and adhesive end fillets. They showed that optimum overlap
length of 20-25 mm. The stress concentration values in CFRP
composites were found less than isotropic material when an
overlap length is more than to be of 20 mm. The optimum
adhesive thickness also found to be 0,25 mm. The triangle and
elliptical shape of end fillets of adhesive enhanced the joint
strength [5].

II. EXPERIMENTAL STUDY

A. Material

The joints on tubular composites were experimentally
characterised in terms material type and connection types in
this study. The material selection was made by going out on the
tube diameters and strength values to be used for the sections
exposed to the load were determined in the automobile industry.
The roll wrapped carbon fibre epoxy composite tubes in 2 mm
thickness were required by Dost Kimya, Turkey. The joints on
composite tubes were manufactured with carbon fibre epoxy
composite, aluminium 6061 series, and 3d printed ABS
polymers in order to meet required strength in structural
components. The connection of the composites tubes with the
different types of joints was applied with mechanical fasteners
and adhesive bonding material. As a type of mechanical
fastener, aluminium pop rivets and as an adhesive bonding
material, a structural epoxy glue (Tiechem g550) were applied
to composite tubes., the joints connected with multiple rivets,
epoxy and both rivet and epoxy on composite tubes were shown
in Figure 1. The multiple rivets in vertically applied in opposite
direction (four number in total) to the joints and composite tube
connection in order to provide homogeneous load distribution
and magnitude. The epoxy glue was however applied to overlap
area of the inner surface of the joints and the sandpapered outer
surface of composite tubes considering the same overlap length
size of 25 mm.
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Fig. 1. Carbon epoxy composite tubes combined to different types of joint
materials by multiple rivets, epoxy glue and both of them.

B. Test Methods

Compression and flexural test experiments were
carried out on an MTS Criterion model 45 brand universal
testing machine. ASTM C364-99 has been used for the
application of shear failure under compression loading.
According to this standard, samples applied to the specimens is
2.0 mm/min. This test method includes the properties of
pressing in the direction parallel to the pipe. ASTM C393-00
standard has been used for the application of interfacial short
beam shear testing. According to this standard, the moving
point feed rate applied to the specimens is 2 mm/min. This test
method is used to determine the shear failure under the flexural
load of the tubes, the maximum loads and displacement in
connections between joints and composite tubes.

III. RESULTS AND DISCUSSION

Table 1. Shear properties under compression of various type of fastener on
different types of tubular structures.

March 22-24, 2018Karabiik, Turkey
strengths and maximum load, multiple rivet fasteners showed
lower results compared to results obtained with epoxy glued
joints and both type connection applied joints

Table 2. Shear properties flexural load of various type of fastener on
different types of tubular structures.

. . Maximum Deflection Max
Material Joint . .
Load in max deflection
types types N) load (mm) (mm)
Epoxy 1681 7.37 11.53
Rivet 1177 7.81 15.33
CFRP Epoxy &
Rivet 1726 7.81 16.05
Epoxy 4040 8.66 12.51
Aluminium Rivet 3244 4.10 19.96
6061 Epoxy &
Rivet 3031 12.97 18.19
Epoxy 601 1.91 2.39
3d printed Rivet 360 2.51 2.83
ABS Epoxy &
Rivet 302 1.62 1.63

According to the flexural test results (Table 2), the highest
maximum load value is 4040 N at the test sample where epoxy
glue applied between the CFRP tubes and the aluminium joints.
The lowest maximum stress value was determined to be 302 N
in epoxy & rivet connections where ABS joints are connected
to CFRP tubes. Connection elements only with epoxy and rivet
joints usually give high maximum load values. However, both
epoxy and rivet fastener applied connections of ABS pipes
showed the lowest maximum deflection value. The test system
in which aluminium joints were connected to carbon fibre
epoxy composite tubes with rivet fasteners performed the

maximum deflection value. The shear properties under flexural

Moad are likely to show similar results to the shear properties

under compression load. Epoxy adhesive connections appear to

be more favourable results when the tubes are combined.

In terms of failure modes of the joints on composite tubes,
shear out and bearing tension modes can be observed in failed

test samples. Bearing type of failure mode give higher strength
results and mostly observed in epoxy adhesive connections.
The rivet fasteners as connection element showed shear out

Material Joint Shear Strain Load Maximu
types types strength failure [N] strain
[MPa]  [%] [%]
Epoxy 1.99 1.17 4482  2.01
Rivet 1.71 17.52 3783 2448
CFRP Epoxy & 175 1267 3941  20.79
Rivet
Epoxy 1.43 0.48 3215 1.63
Aluminium  Rivet 0.64 12.67 1432 23.77
6061 Epoxy & 1.28 0.95 2897  9.72
Rivet
Epoxy 1.65 12.67 3711 19.96
3d printed  Rivet 1.48 8.92 3321  16.56
ABS Epoxy & 2.97 5.63 6616  7.82
Rivet

type of failure mode under compression and flexural load.
Damaged at the contact area of joint and composite tubes
induced rivet bending as well. This leads to increasing
delamination of composite tubes and resulted in higher strain

According to the results given above in Table 1, the highest
result in terms of shear strength under compressive load is
obtained with application of both epoxy and multiple rivets in
combination on 3d printed ABS joints with the value of 2.97
MPa. The lowest shear strength is obtained to with value of 0.64
MPa, resulting in the removal of rivets on aluminium joints on
carbon epoxy composite tubes. Particularly in terms of
connection elements, among three different types of connection
have significantly affected on strength properties. In this
respect, although multiple riveted fasteners generally exhibit
higher strain ratios than those of epoxy glue, in terms of shear

ratios in failure. The multiple rivets also showed complex
behaviour for understanding of failure mode because the rivets
were not equally shared the load and failed differently.

IV. CONCLUSIONS

Adhesive joints have an advantage of weight and higher
structural efficiency. They decrease stress concentrations with
the joints which not seen in multiple rivet fasteners. Stress-
strain behaviour of the adhesive and fastener joints also showed
in non-uniform stress state. In future, the experimental results
of this study will be supported by FEM modelling taking into
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account the other design parameters such as the bonding
thickness, bonding length and different shape of joints in

composite connections.
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Abstract— WPCs are fiber-reinforced composites produced
by mixing wood components and polymers. The use of
recycled chemically treated raw materials can also help to
increase these properties for harsh environmental
conditions. In this study, mechanical properties of treated
and untreated wood flour filled polylactic acid composites
were characterised. Results showed that the tensile
modulus increased from 1490 MPa to 1874 MPa when the
amount loading of wood flour increased from 30% to 50%.
Similar trend was also observed in flexural modulus.
However, the decrease in flexural and tensile strength was
obtained due to the limited bonding between the cellulose
fibres and the PLA matrix. The impact strength has highest
value at 30% wood flour loading (2.67 kj/m?)

Keywords— WPC , PLA, Treated wood, Mechanical Properties

I. INTRODUCTION

Wood plastic composites as an alternative to traditional
wood and wood based composites can be used outdoor
applications with higher physical and biological properties such
as durability and higher resistant to fungi, biocides. In a WPC,
a polymer forms a continuous matrix that surrounds the
reinforcing wood components. The low price and high stiffness
of wood make it an attractive reinforcement for the commodity
plastics [1]. he way of processing of WPCs is similar to the
plastic, there are several appropriate manufacturing
technologies available for WPCs. In spite of the fact that, the
majority of WPC products are extruded, injection and
compression molding are other major technologies used in
WPC production [2].

Many polymers are used as the matrix material in wood
plastic composites manufacturing, for examples, polyethene
(PE), polypropene (PP), polyvinyl chloride (PVC), polystyrene
(PS). However, bioderived matrices, e.g. polylactide (PLA),
cellulose esters and polylactates that have gained increased
interest in recent years, which are made partly or fully from
renewable resources [3]. In WPCs, the wood components are
surrounded by the continuous polymer matrix. In general, the
development of high quality WPCs is limited by two physical
factors: the difference between the surface energy of the
polymer matrix and wood components, and the upper
temperature at which wood can be processed. There are several
ways to offset or minimize these limitations and to improve the
general performance of the WPC. The most common approach

involves the incorporation of different types of additives.
Examples of additives used in WPCs are coupling agents,
lubricants, stabilizers, inorganic fillers, biocides, and flame
retardants [4-6].

II. MATERIALS AND METHODS

A. Materials

Figure 1. The manufactured wood plastic composites

The composite manufacturing consist of three main step;
raw materials, mixture, compounding and compression
molding, respectively. The raw materials formulation for the
composites in this study were summarised in Table 1 and
composition are given for polylactic acid (PLA) and Scotch
pine (Pinus sylverstris L.) wood flour (30%, 40%, 50% wt) and,
also maleic anhydride grafted by polyethylene (MAPE) (3%).
The wood floor was dried for 24 h at 70 °C before composite
preparation. Then it was mixed with the PLA and MAPE in a
high-intensity laboratory mixer. This mixture was compounded
in a twin-screw laboratory extruder. The seven-barrel
temperature zones of the extruder were maintained from 170 °C
to 195°C (from the feed zone to die zone with rising 5 °C at
each barrel) during the production and the rotor speed was set
at 100 rpm. Extruded samples were collected, cooled in cold
water and pelletized with pelletizer. The pellets were poured
into a metal frame to form the experimental composite panels
via compression molding (carver) in a hot press for 4 min at
195 °C

Table 1. The compositions of the different wood plastic composites

Group ID W‘;fﬁdvfzt‘)’“’ PLA(% wt) MAPE(% wi)
W30M3 30 70 3
W40MS3 40 60 3
W50M3 50 50 3
W50MO 50 50 0
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B. Test Methods

In this experimental study, tensile and flexural test

experiments were carried out on a Zwick/Roell Z010 brand
universal testing machine according to ASTM D790 and
ASTM D683 standards, respectively. The speed of cross head
for both tests is of 5 mm/min. In tension test, elongation (strain)
of the specimen was measured over a 25 mm gage length using
an extensometer. In flexural testing, span length was
determined as 16 times the thickness of the specimen
(approximately 80 mm), as mentioned in the flexural properties
standard. Moreover, the Izod impact strength was determined
according to ASTM D256 standard using a HITS.5P testing
machine manufactured by Zwick Inc.. All impact samples were
notched in the centre according to the standard. Six replicate
samples were tested for each test group.
Morphology of the fractured composites after tensile testing
was observed using a scanning electron microscope (SEM)
(ZEISS EVO LS10, Germany) under an accelerating voltage of
5Kv and 250x magnification. A gold layer of a few nanometers
in thickness was coated onto the fracture surfaces.

III. RESULTS AND DISCUSSION

Table 2. Mechanical properties of wood PLA composites

Groups | Tensile Tensile Flexural | Flexural | Impact
strength(MPa) | modulus | Stress Modulus | Strength
(MPa)
W30M3 | 26.32+0.96 1490 + | 5231 + | 3946 + | 2,67 =+
117 2.07 234 0.27
W40M3 | 19.01 £2.71 1568 + | 36.50 = | 4799 =+ | 2,13 =+
99 4.60 131 0,30
W50M3 | 25.03+£2.25 1874 & | 48.17 £ | 5427 + | 242 &
75 6.31 238 0.41
W50MO | 16.70 +0.59 1714 + | 37.00 + | 5338 + | 228 =+
36 2.58 294 0.50

According to the results shown in Table 2, the tensile
modulus increases with increasing loading of wood flour. The
tensile modulus increased from 1490 MPa to 1874 MPa when
the amount loading of wood flour increased from 30% to 50%.
However, the tensile strength has the highest value of 26,32
MPa at 30% of wood flour loading and the lowest at 50%
loading (16.70 MPa). As the amount of loading wood flour
increased, the weak interfacial area between the filler and the
matrix increased, which consequently decreased the tensile
strength. The addition of MAPE coupling agent to wood flour
PLA composites also showed significant increase in tensile
strength of the composites by improving interfacial adhesion.
Ashori & Nourbakhsh [7] also observed this. An increase in the
wood content increases the micro spaces between the filler and
the matrix, which weaken the filler—matrix interfacial adhesion.
As a result, the values of tensile strength show a decreasing
trend with increasing filler content in the composite. The
flexural modulus and strength follow a similar trend as the
tensile properties. The flexural modulus increased from 3946
MPa to 5427 MPa by 37.5% when wood flour increased from
30% to 50%. The flexure strength has the highest value of 52.31
MPa at 30% of wood flour loading. A similar finding was also
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reported by Ndiaye et al. [8], Bhaskar et al. [9]. The decrease
in flexural and tensile strength was probably due to the limited
bonding between the cellulose fibres and the PLA matrix. The
impact strength has highest value at 30% wood flour loading
(2.67 kj/m?) and lowest at 40% (2.13 kj/m?) loading of the wood
flour. Addition of MAPE also showed significant increase in
flexural and impact properties of composites. The fracture
surfaces after failed in tension test observed by SEM in Figure
2. The wood flour PLA composite samples with 3% of MAPE
at 50% of wood flour content compared with wood flour PLA
composites without MAPE in the same ratio of wood flour
content.
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Figure 2. SEM images of wood flour-PLA composite with and without
MAPE % at 250x

REFERENCES

[1]  [1] Clemons, C. (2008). Raw materials for wood-polymer composites.
In: Oksman Niska K and Sain M (Eds.). Wood-Polymer Composites.
Cambridge, CRC Press.

[2]  [2] Godavarti, S. (2005). Thermoplastic wood fiber composites. In:
Mohanty A, Misra M, and Drzal L (Eds.). Natural Fibers, Biopolymers,
and Biocomposites.CRC Press, FL, US, pp. 348-386.

[3] [3] Faruk., O, Bledzki., K, and Nicolais L. (2012). Wood plastic
composite: Present and future. Wiley Encyclopedia of Composites: 1-20.

[4]  [4] English, W. and Falk, H. (1996). Factors that Affect the Application
of Wood Fiber Plastic Composites. Wood Fiber-Plastic Composites,
7293, p.189-194.



1st International Symposium on Light Alloys and Composite Materials (ISLAC’18)

[5] Farsi, M. (2000). Thermoplastic Matrix Reinforced with Natural
Fibers: A Study on Interfacial Behavior. In Some Critical Issues for
Injection Molding. pp. 225-247.

[6] George, J., Sreekala, M.S. and Thomas, S., 2001. A Review on
Interface Modification and Characterization of Natural Fiber Reinforced
Plastic Composites. Polymer Engneering and Sceince, 41(9), pp.1471—
1484.

[7] Ashori, A and Nourbakhsh, A. (2009). Characteristics of wood —
fiber plastic composites made of recycled materials. Waste Management,
29(4), pp.1291-1295.

(8]

(9]

34

March 22-24, 2018Karabiik, Turkey

[8] Ndiaye D, Matuana LM (2011) Thermal and mechanical properties
of polypropylene/wood-flour composites Applied polymer Sci
119,3321-8.

[9] Bhaskar ,J., Haq.S. and Yadaw.S. (2012).Evaluation and testing of
mechanical properties of wood plastic composite. J Thermoplast
Compos Mater. 25(4), pp. 391-401.



1st International Symposium on Light Alloys and Composite Materials (ISLAC’18)

March 22-24, 2018Karabiik, Turkey

Characterization of Poly (Ethylene
Terephthalate)/Poly (Butylene Terephthalate)
Based Nanocomposites Reinforced with Reduced
Graphene Oxide
(ISLAC’18/UHAKSI18)

Seda Hazer' Mehmet Ozdemir' and Ayse Aytac '»2*

! Department of Polymer Science and Technology, Kocaeli University, Kocaeli, 41380, Turkey

2 Department of Chemical Engineering, Kocaeli University, Kocaeli, 41380, Turkey

*Corresponding author: aaytac@kocaeli.edu.tr

Abstract—The blending of poly (ethylene terephthalate) (PET)
and poly (butylene terephthalate) (PBT) offers the potential of
improvements property between PET and PBT to obtain a new
material with comprehensive properties. Considerable attention
has been given to the graphene/polymer nanocomposites, which
greatly improve the electrical and thermal conductivity,
mechanical, thermal stability, and flame retardant properties of
polymers. Similar to the other nanofillers, dispersion and
interfacial interactions are the two main parameters of
graphene/polymer nanocomposites. Because these parameters
directly influence the properties of the prepared nanocomposites.
In this work, a series of reduced graphene oxide (RGO) reinforced
PET/PBT-blend based nanocomposites were prepared in a
laboratory scale co-rotating extruder by melt mixing method. Two
different loading level of RGO were used as 0.5 and 1 wt.%. The
mechanical, thermal and thermomechanical properties of
composites were characterized by using tensile tests, dynamic
mechanical analyzer (DMA), differential scanning calorimeter
(DSC) thermal gravimetric analysis (TGA) and scanning electron
microscope (SEM). As the increased amount of reduced graphene
oxide increases crystallization and melting temperature
PET/PBT-blends. The elongation at break values of
nanocomposites decreased and the tensile strength value of the
nanocomposites slightly changed with the increasing loading level
of RGO.

Keywords— poly (butylene terephthalate) (PBT), poly (ethylene
terephthalate) (PET), reduced graphene oxide (RGO)

I. INTRODUCTION

Poly (ethylene terephthalate) (PET) and poly (butylene
terephthalate) (PBT) are the members of the most important
commercial thermoplastic polyesters. PBT has the advantages
of rapid crystallization rate and good mouldability properties
compared with the PET, while heat-deflection temperature and
rigidity of PET are superior to those of PBT. However, the
processing of PET is difficult because of its low melt strength
and slow rate of crystallization. PBT has the advantages of
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rapid crystallization rate and good moldability. In general, the
mechanical properties as well as chemical resistance
characteristics are comparable for both PET and PBT. The
blending of PET and PBT offers the potential of improvements
property between PET and PBT to obtain a new material with
comprehensive properties [1]. Theoretical compatibility of PET
and PBT blends through thermodynamic considerations have
been worked [2]. Also in a study indicate that PET is
compatible with PBT in the amorphous phase, but in crystals
phase they create separate crystal forms rather than co-crystals
[3]. PBT-PET blends can have different properties than PET or
PBT, according to the different blending ratio and processing
conditions.

Graphene is a potential nanofiller, a single layer of carbon
atoms arranged in a honeycomb network that can dramatically
improve the properties of polymeric materials at a very low
loading. Recently studies show that with an edition of the small
amount of the graphene polymeric materials can gain better
electronic [4]-[6], thermal [7], and mechanical properties [8].
More than one techniques have been improving for graphene
production such as chemical [9] and mechanical exfoliation
[10], alkali metals intercalation and expansion [11], microwave
chemical vapor deposition, substrate-based thermal
decomposition [6], and thermal exfoliation of graphite oxide
[12]. The thermal exfoliation and in situ reduction method
much more suitable for mass production of graphene. After
thermal exfoliation of graphite oxide; graphene still contained
some oxygen-containing groups [12], which will facilitate the
dispersion of the nanosheets in polar polymers [13]. Graphene
oxide is an oxygen enriched state of graphene. Its single layer
of carbon atoms has such as epoxide and hydroxyl groups, and
its edge layer with carbonyl and carboxyl groups [14]. Because
of these functional groups GO gain hydrophilic character,
which can improve interfacial interaction between GO and
some polymers. So that GO has been extensively used for
various polymer composition. Because of oxygen rich
functional groups attached to the GO surface; GO is showing
less electrically and thermally conductive polymer composites
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than graphene. To make insulating GO conductive, an efficient
reduction process must be carried out. Generally, such
processes involve high temperature thermal annealing or low
temperature chemical reduction. The resulting reduced
graphene oxide (RGO) with higher conductivity is a promising
filler for conductive composites. In this study, a series of
reduced graphene oxide (RGO) reinforced PET/PBT-blend
based nanocomposites were prepared in a laboratory scale co-
rotating extruder by using a melt mixing method. Two different
loading level of RGO were used as 0.5 and 1 wt. %. The
mechanical, thermal and thermomechanical properties of
composites were characterized by using tensile tests, dynamic
mechanical analyzer (DMA) and differential scanning
calorimeter (DSC), thermal gravimetric analysis (TGA) and
scanning electron microscope (SEM).

II. MATERIAL AND METHODS

A. Material

Poly (ethylene terephthalate) (PET Density: ~1,38g/cm?,
Melting Point: ~260 °C), poly (butylene terephthalate) (PBT
Density:1,18g/cm?®, Melting Point: ~240 °C) and the reduced
graphene oxide was supported from Hazerfen Kimya Malzeme
ve Enerji Tek. San A.S for research purpose.

B. Methods

PET and PBT were dried under vacuum oven at 160 °C for
12h before processing. PET-PBT (95:5) and (70:30) blends
were prepared as control samples and after that two different
RGO ratio added to these blends as 0.5 wt.% and 1 wt.%
respectively. All composites were compounded on a laboratory
scale co-rotating Twin-Screw Mini-Extruder (Micro-
Compounder 15 ml) at 280 °C 100 rpm 3 min. The melt was
directly transferred to the cylinder of DSM Xplore 10 ml
laboratory-scale injection molding machine® to produce
80x10x2 mm? bars injection pressure. The prepared sample
codes and a compounding ratio of blends are summarized in
Table I.

TABLE 1
PREPARED SAMPLE CODES AND COMPOUNDING RATIO OF BLENDS

Element PET %wt PBT %wt RGO%wt
PET 100 0 0
PBT 0 100 0
95:5 PET-PBT 95 5 0
70:30 PET-PBT 70 30 0
95:5-0.5GO 95 5 0.5
95:5-1GO 95 5 1
70:30-0.5GO 70 30 0.5
70:30-1GO 70 30 1

Tensile tests were performed by using Instron (2712-020)
trademark of the universal testing machine, according to ISO
527 5 A standards. The rate of straining is 5 mm/min.

Metravib-01dB-DMA test machine was used for DMA of
PET/PBT blends and composites. Storage modulus (E’’) was
measured. The frequency of 1 Hz, ramp rate of 10°C/min
temperature from 25 °C to 200 °C.
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(DSC) an analysis was performed in Mettler Toledo DSC 1
machine under the nitrogen atmosphere for measuring glass
transition temperature (Tg), melting temperature (Tm) and heat
of fusion (AHmarix). The temperature was changed from 25 °C
to 280 °C with 10°C/min heating rate. The degree of
crystallinity (Xc) of prepared sample was calculated according
to PET by using thermal properties with the following equation
(D). [15]

o . AH, —-AH,
Xc(Ycrystallinity) @) IR "

Thermal Gravimetric Analysis (TGA) was conducted in
Mettler Toledo machine under the nitrogen atmosphere.
Heating rate of the samples was 10°C/min and the temperature
was increased 25 °C to 750 °C.

SEM (JOEL JSM 6510) analysis was performed to
investigate the fracture surfaces of tensile testing samples at an
accelerating voltage 10.0 kV; zoom in 500X.

C. RESULT AND DISCUSSION

1) Mechanical Characteristics: The different compositions
were prepared for PET-PBT blends and RGO reinforced PET-
PBT composites between 95:5 wt. % and 70:30 wt.% (Table I).
The mechanical tests were performed to the prepared PET-PBT
blends and composites. Tensile strength and strain values of
blends and composites were obtained from tensile tests. The
mechanical properties of all blends and nanocomposites are
shown in Table II. In addition, the tensile stress and strain
graphic of the samples are given in Fig.1. The maximum tensile
stress at max. load value was observed for 95:5 PET-PBT
sample as 59.7 MPa. The tensile strength value of the
nanocomposites slightly decreased between 8% and 16% with
the increasing loading level of RGO. The elongation at break
values of nanocomposites decreased considerably.

TABLE II
MECHANICAL PROPERTIES OF NANOCOMPOSITES

Tensile Stress at Elengation

Element Max Load at Break

(Mpa) Values
(%)
PET 58.0 491
PBT 51.2 366
95:5 PET-PBT 59.7 489
70:30 PET-PBT 59.4 494
95:5-0.5RGO 54.9 6.0
95:5-1RGO 52.7 6.0
70:30-0.5RGO 51.3 5.8
70:30- 1RGO 49.6 5.3
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Fig. 1 The tensile stress and strain graphic of the 95:5 PET-PBT sample
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Fig. 2 The tensile stress and strain graphic of the 95:5-0.5RGO sample
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Fig.3 The tensile stress and strain graphic of the 95:5-1RGO sample

2) Differential Scanning Calorimetry (DSC): Thermal
properties of the blends and their nanocomposites such as glass
transition temperature (Ty) melting temperature (Tm),
crystallization enthalpy (AHc) and melting enthalpy (AHm)
were obtained from DSC analysis. DSC results and
thermograms were given in Table III and Fig.4, respectively.
The glass transition temperature of PET is 70-80 °C
approximately [16]. Tg value of PBT is determined as 49 °C.
The addition of PBT the PET caused a decrement in T,. This
reduction is slightly recovered as a result of the incorporation
of RGO to the PET. The melting temperature values (Tr) of all
formulations were slightly changed. The degree of crystallinity
was obtained from the melting enthalpy (melting peak areas)
referred to the theoretical value of the melting enthalpy of
100% crystalline PET and PBT (12.56xJ/kg and 14.34xJ/kg)
respectively [15]. Crystallinity (Xc) value of the 95:5 PET-PBT
unaffected by the addition of Swt.% PBT. The addition of RGO
to polymer system increased the crystallinity due to the
nucleating agent of RGO. The maximum % crystallinity value
was observed for the 1wt.% RGO including 70:30 PET-PBT
composites in DSC analysis.
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TABLE IIT
DSC RESULTS FOR PREPARED SAMPLES

Element T, T AHm AHc Xe
CO | CO | g (J/g) %

PET 77 259 32 17 12

PBT 49 224 11 8 2

95:5 PET-PBT 66 255 22 8 11
70:30 PET-PBT 67 254 28 20 9
95:5-0.5RGO 75 259 42 24 15
95:5-1RGO 76 261 30 16 12
70:30-0.5RGO 65 258 27 10 19
70:30-1RGO 61 261 40 18 25

-35 T
25 75

125 175 225 275
Temperature (°C)

e SPBT-95PET-1GO e 30PBT-70PET-1GO
e 30PBT-70PET-05GO e PBT

e PET e 30PBT-70PET
s SPBT-95PET

Fig. 4 DSC thermograms for all Prepared Samples

3) Thermal Gravimetric Analysis (TGA): Thermal stability
of the PET, PBT, PET-PBT blends and composites were
conducted by TGA analysis. TGA results were summarized in
Table IV. Onset temperature values for PET and PBT were
measured 405 and 367 °C respectively. The similar onset values
were obtained for PET-PBT blends and composites. TGA
results indicate that one step degradation curve and 95:5-1GO
has the most char residue. As it was expected the percentage of
char residue increased with the increasing RGO ratio within the
matrix.

TABLE IV
TGA RESULTS FOR PREPARED SAMPLES

%50Mass %C Char

Element Onset | Lose Temp Endset Residue

(°C) €0 °0) (740°C)
PET 405 427 441 13
PBT 367 393 408 11
95:5 PET-PBT 384 412 437 12
70:30 PET-PBT 396 424 439 17
95:5-0.5GO 398 426 441 19
95:5-1GO 394 425 439 21
70:30-0.5GO 384 413 436 13
70:30-1GO 390 423 440 19
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4) Dynamic Mechanical analysis (DMA): The storage
modulus (E”) value of the blends and composites were given in
Figure 5. According to Fig 5, among the composites, maximum
storage modulus value was observed 95:5-0.5RGO. In addition,
storage modulus value of nanocomposites increased compared
to the blends.

6,00E+13 - Storage Modulus (E")

easmme PBT

e PET

e 95:5 PET-PBT
4,00E+13 -

e 95:5-0.5RGO
e 95:5-1RGO
@ 70:30 PET-PBT

2,00E+13 -
e 70:30- 0.5RGO

e 70:30- IRGO

0,00E+00
75 Temperature (°C) 100 125

Fig. 5 DMA thermograms for all Prepared Samples

5) Scanning Electron Microscope (SEM): Figure 6 shows
scanning electron micrographs for the PET-PBT blends and
composites. The morphology of the 95:5 and 70:30 PET-PBT
blend compositions compared in Fig 6. The PET-rich 95:5
composition show slightly higher deformation on the fracture
surface compared to the deformation surface of the 70:30 PET-
PBT blend. It was seen that the macro cracks returned to the
micro cracks. It was concluded that RGO has been changed all
PET-PBT composite breaking point morphology.

M

a) 70:30 PET-PBT _ ©)70:30-1RGO

b) 70:30-0.5RGO

Fig. 6 Scanning electron micrographs of fracture surfaces of samples based on
95:5 PET-PBT, 70:30 PET-PBT and composites.

D. Figure Captions

Fig. 1 The tensile stress and strain graphic of the 95PET-5PBT
sample
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Fig. 2 The tensile stress and strain graphic of the SPBT-0.5RGO
sample

Fig.3 The tensile stress and strain graphic of the SPBT-1RGO
sample

Fig 4. DSC thermograms for all Prepared Samples

Fig 5. DMA thermograms for all Prepared Samples

Fig 6. Scanning electron micrographs of fracture surfaces of
samples based on 95:5 PET-PBT, 70:30 PET-PBT and
composites.

E. Table Captions

Table 1. Prepared Sample Codes Sample Codes and
Compounding Ratio of Blends

Table 2. Mechanical Properties of Nanocomposites

Table 3. DSC Results for Prepared Samples

Table 4. TGA Results for Prepared Samples

III. CONCLUSIONS

In this study, the characteristic of PET/PBT blends and RGO
reinforced PET/PBT  composites were investigated.
Mechanical test results showed that the tensile strength value
of the nanocomposites slightly changed with the increasing
loading level of RGO. Elongation at break values of RGO PET-
PBT composites has decreased dramatically. The maximum
crystallinity was observed for the 1% RGO including 70:30
PET-PBT composites in DSC analysis. TGA results indicate
that one step degradation curve and 95:5-1RGO has the most
char residue. The storage modulus value of the blends increased
with the addition 1wt.% RGO. As expected RGO addition on
the PET-PBT composites increased the percent crystallinity. It
was seen in the SEM micrographs that RGO changed all PET-
PBT composite breaking point morphology.
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Farkh Yaglayicilarla Ogiitiilen On Karisimh
Alumix 123 Tozlarmm Sicak Preslenmesiyle T/M
Parca Uretimi
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Ozet- Bu calismada 6n karisimh Alumix 123 tozuna, agirhkea %
1,5 Cinko Stearat ve % 2 Stearik Asit kati yaglayicis1 ilave
edilerek 10 saat siireyle yiiksek enerjili atritorde mekanik
alasimlama (MA) islemine tabi tutularak égiitiilmiistiir. Alumix
123 baslangi¢ tozun bilesimi agirlik¢a % 4,5 Cu, % 0,7 Si, % 0,5
Mg ve kalam aliiminyum tozu icermektedir. Azot gazi
atmosferinde 10 mm ¢apinda bilyalar kullanilarak yapilan MA
isleminde bilya /toz oram 10:1 ve devir 400 dev/dk sec¢ilmistir. 10
saatlik MA islemi sonunda cinko stereat iceren 6n karisimh
tozun ortalama boyutu 45,2um, stearik asitle islem yapilan tozun
ortalama boyutu ise 37um dur. Bu tozlar bir kahp icinde 300
MPa on presleme basimncinda oda sicakh@inda tek eksenli
preslenmistir. Daha sonra aym kalip icinde 300, 350, 400, 450 °C
sicakliklarda 15’er dakika siireyle bekletilerek toplamda 1 saat
yaglayic giderme islemi uygulanmistir. Yaglayici giderme islemi
devaminda 540 °C sicakhikta 50 MPa basin¢ altinda 30 dakika
siireyle sicak olarak preslenerek toz metal (T/M) numuneler
iiretilmistir. Stearik asitle islem goren tozlardan iiretilen TM
numunede teta fazi (CuAlz) orammmin daha fazla oldugu tespit
edilmistir. Sertlik degerlerinin mekanik alasimlama islemiyle
arttig1 goriilmiis, en yiiksek sertlik degerine Stearik asitle islem
goren tozlarla iiretilen TM numunede ulasilmstir.

Anahtar Kelimeler — Toz Metalurjisi, Sicak presleme, Mekanik
Alasimlama, Yaglayici, Alumix123

P/M Part Production by Hot Pressing of Pre-
Mixed Alumix 123 Powders Milled with
Different Lubricants

Abstract - In this study, premixed Alumix 123 powder was milled
by mechanical alloying (MA) treatment in a high-energy attritors
for 10 hours with 1.5 wt.% Zinc Stearate and 2 wt.% Stearic
Acid solid lubricant added. The starting powder composition of
Alumix 123 contains 4.5wt% Cu, 0.7wt% Si, 0.5wt% Mg and the
rest of aluminum powder. MA process was performed at 400
rpm in a nitrogen gas atmosphere by using balls 10 mm in
diameter and 10:1 ball/powder ratio. At the end of 10 hours MA
operation, the pre-mixed powder containing zinc stearate has an
average size of 45.2 pm and the average size of the powder
treated with stearic acid is 37 pm. These powders were

compacted at 300 MPa pre-pressing pressure at room
temperature. And then, in the same mold at 300, 350, 400, 450°C
for 15 minutes, a total of 1 hour, lubricant removal process was
applied. After lubricant removal process, hot pressed powder
metal (P/M) samples were produced under 50 MPa pressure at
540 ° C for 30 minutes. The teta phase (CuAl) ratio was found to
be higher in the P/M sample produced from the stearic acid
treated powders. The hardness values were found to increase
with the mechanical alloying process and the highest hardness
value was reached in the PM sample produced with stearic acid
treated powders.

Keywords- Powder Metallurgy, Hot Pressing, Mechanical
Alloying, Lubricant, Alumix123

I. GIRIS
Aliiminyum diger metallere oranla diisiik maliyetli, hafif bir
metaldir ve 1s1l isleme uygulanabilme avantajma sahiptir,
ozellikle yiksek performans malzemelerinden en kolay
sekilde tiretilenlerden biridir [1]. Aliiminyum-Bakir alagimlari
(2000 serisi), havacilik sanayinde kullanilan birincil alagim
tiriidiir ve belirli 1s1l islemler uygulanarak kullanilir [1-2].
Mekanik alagimlama (MA) yiiksek enerjili bir bilyali
degirmende kat1 halde toz partikiillerinin tekrarlanan kaynak,
kirlma ve yeniden kaynaklanmasini igeren toz isleme
teknigidir[3-6]. Bu yontem sonraki islemler i¢in daha kiigiik
pargacik boyutu imkani saglar ve bu yontemle elde edilen
tozlarin toz metalurjisi siireci ile kompakt pargalar elde
edilmesinde sicak presleme aktif sinterleme ydnteminin
kullanilmasi ise parg¢a yogunlugunu %100’¢ yaklastirabilir [7].
Sinterleme yontemlerinden biri olan sicak presleme yontemi,
ayni kalip icerisinde hem sikistirma hem de sinterleme
islemine iglemine olanak saglamaktadir. Bu islemde, toz
malzemenin yiiksek sicaklik deformasyon mekanizmalari,
gelistirilmis  iglem sicakligimin  ve basincin  eszamanlt
uygulanmasiyla aktive edilir [7-8]. Bu yontemde, presleme ve
sinterleme isleminin birlikte yapilmast soguk presleme
islemine gore yliksek dayanim, sertlik ve yogunluk yaninda
par¢ada diisiik gozenek miktari ve biiziilmenin daha diisiik
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olmasi gibi istiinliikler saglamaktadir [9]. Bu degerler ise
baslangic  pargactk  boyutlarina  gore  degiskenlik
gostermektedir [10]. Uretilen T/M malzemelerin mikro yapisi
ve mekanik ozellikleri; baslangic parca boyutuna, sinterleme
sicakligina, presleme basincina, sinterleme sonrasi yapilan 1sil
islemlere, fazlarin kimyasal yapist ve mikro yapidaki
miktarina, kompakt i¢indeki gdzenek miktar1 ve geometrisine
bagli olarak da degisim gosterir [11-15].

Bu ¢alismada, 6n karisimli Alumix 123 tozuna ve ayri ayri
agirlikea %1,5 Cinko Stearat ve % 2 oraninda Stearik Asit
yaglayicilart eklenerek 10 saat siireyle yiiksek enerjili
atritorde mekanik alasimlama islemi uygulanmis, ti¢ farkl
karisim toz elde edilmistir. Elde edilen bu tozlar ve MA islemi
uygulanmamis Alumix 123 toz karisimi, bir kalip i¢inde 300
MPa 6n presleme basincinda oda sicakliginda tek eksenli
preslenmigtir. Daha sonra ayni kalip i¢inde 300, 350, 400,
450°C sicakliklarda 15°er dakika siireyle bekletilerek
toplamda 1 saat yaglayici giderme islemi uygulanmistir.
Yaglayic1 giderme islemi devaminda 540 °C sicaklikta 50
MPa basing altinda 30 dakika siireyle sicak olarak preslenerek
toz metal (T/M) numuneler iiretilmis, MA isleminin numune
ozelliklerine etkisi arastirilmistir.

II. DENEYSEL CALISMALAR
A. Malzeme

Bu calismada Eckart Granulers (Almanya) tarafindan
iretilen Ecka Alumix 123 olarak bilinen 06n-karigimlt
aliminyum esasli tozlar kullanilmistir. Alumix 123 tozuna
agirlikca %2 stearik asit (CH3(CH2)1sCOOH ) ve %1,5 ¢inko
stearat ( Zn(Ci3H350,), ) yaglayicilart kullanilarak iki farkli
karistm toz hazirlanmistir. Alumix 123 tozunun baslangic
ortalama pargacik boyut degeri dos = 114,44 um’dir.
Kullanilan tozun igerigi % Agirlik olarak Tablo 1 ’de
verilmistir.

Tablo I. Toz malzemenin kimyasal bilesimi (% agirlik)

Al
94,3

Cu
4,5

Si
0,7

Alasim Elm.
Alumix 123

Mg
0,5

Islem sonrasi elde edilen parcacik boyut degerleri,
¢inko stereat iceren on karisimli toz igin ortalama boyutu
45,2um, stearik asitle islem yapilan toz i¢in ortalama boyutu
ise 37um dur.

B. Metod

Aliiminyum esasli Alumix 123 6n karisimli tozlarina ayri
ayrt %]1,5 ¢inko stearat (C3sH7004Zn) ve %2 stearik asit
(CH3(CH2)16COOH) yaglayicilart ilave edilerek; mekanik
alagimlama islemi uygulanmistir. Mekanik alasimlama
islemi, su sogutmali atritor tipi cihazda azot (N,) gazi
atmosferinde, dev/dk hizda 4, 8 ve 10 saat siireler ile
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gergeklestirilmistir. MA isleminde ¢elik kazan, @10 mm
capinda ¢elik bilye, g¢elik karistiricr kol kullanilmistir ve
bilya/toz oran1 10/1dir.

MA yontemi ile elde edilen tozlar ve islem gdérmemis
Alumix 123 toz karigimi bir kalip igerisinde, 300 MPa 6n
presleme basincinda oda sicakliginda tek eksenli preslenmistir.
Daha sonra ayni kalip iginde 300, 350, 400, 450 °C
sicakliklarda 15’er dakika siireyle bekletilerek toplamda 1 saat
yaglayict giderme islemi uygulanmistir. Yaglayict giderme
islemi devaminda 540 °C sicaklikta 50 MPa basing altinda 30
dakika siireyle sicak olarak preslenerek toz metal numuneler
uretilmistir.

T/M pargalarin fiziksel 6zelliklerinin belirlenmesi igin
Arsimed prensibine gore yogunluk 6l¢iimleri ve Brinell sertlik
Ol¢iimleri yapilmistir. Numunelerin metalografik muayeneleri
yapilarak optik mikroskop caligmalar1 gerceklestirilmistir. Faz
doniistimlerini  tanimlamak amaciyla XRD  analizleri
gerceklestirilmistir.

Deney numunelerinin yogunluk &lgimleri Arsimet prensibine
gore g¢alisan, 0,0001 g hassasiyetteki lizerinde yogunluk kiti
bulunan Sartorius marka dijital terazide Ol¢iilmiistiir. Deney
numunelerinin  teorik  yogunluklart  pajumixi23=2,974/cm®
hesaplanmis ve bu caligmadaki yogunluk degerleri Es.1
kullamlarak verilmistir. Esitlikte belirtilen “gggeqr, “ degeri,
deneysel calismalarda elde edilen yogunluk degerini, “x”
degeri yiizde yogunluk degerini belirtmektedir.

HMoigil

]

Deney numunelerinin sertlik Olgtimlerinde, Brinell sertlik
degerleri elde edilmistir. Brinell sertlik testinde; 2,5 mm capli
u¢ kullanilmis ve 31,25 kg yiik uygulanmustir.

III.  DENEY SONUCLARI VE TARTISMA
A. Optik Mikroskop Calismalari

Sekil 1°de, islemsiz Alumix 123 6n karisimli tozdan ve
sicak presleme ile {tiretilen T/M malzemenin mikroyapist
(MAO), cinko stearat katkili MA islemi uygulanmig tozdan
elde edilen numunenin (CSMA10) mikroyapist ve stearik asit
katkilt MA islemi uygulanmis tozdan elde edilen numunenin
(SAMA10) mikroyapist verilmistir.

Sekil 1a’da islemsiz Alumix 123 6n karisimli tozdan
sicak presleme ile iiretilen T/M malzemenin mikroyapist
verilmigtir. Al matris iginde tamamen ¢Oziinmemis Cu
parcaciklar acikca goriilmektedir. Ayrica yer yer Al-Si
otektigi ve farkli geometrilerde bakirca zengin fazlar
mevcuttur.
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Sekil 1. Yaglayici tiiriiniin sicak preslenmis TM numune
mikroyapilarina etkisi a) Islemsiz numune (MAO) b)Cinko
Stearat katkili (CSMA10) c)Stearik Asit katkili (SAMA10)

Sekil 1b ve Sekil 1c¢’de verilen MA islemli tozlardan

elde edilen mikroyapilar incelendiginde, islemsiz TM
malzeme mikroyapisina gore faz dagilimlarinin homojen
oldugu soylenebilir. Bununla birlikte, MA islemi siireci
sonunda elde edilen karigim tozun morfolojisinin mikroyapiya
yansidig1 goriilmektedir.
Sekil 1c’de, MA stirecinde bakir parcaciklarla etkilesime giren
Al parcaciklarinin  olusturdugu bakirca zengin Al-Cu
intermetalik fazlar kahverengi renk tonundadir. Beyaz renkli
uzun taneler ise aliiminyumca zengin bolgelerdir. Mekanik
alasimlama isleminin parcaciklarin sekilleri tizerindeki etkisi,
en/boy orant artmis ve deforme olmus pulsu taneler ile
gozlemlenmistir. Cinko stearat igeren CSMA10 numunesinin,
stearik asit igeren SAMA10 numunesine gore daha ince taneli
mikroyaptya sahip oldugu soylenebilir.
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C. XRD Analizleri

Stearik asit ve ¢inko stearat igeren MA islemi uygulanmis
tozlardan sicak presleme yontemiyle elde edilen numunelerin
(SAMA10, CSMA10) XRD grafikleri tanimlanarak Sekil 2°de
verilmistir.

.
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Sekil 2. CSMA10 ve SAMA 10 numunelerinin XRD verileri

Buna gore, SAMA10 ve CSMA10 numunelerinin yapilari
icerisinde; Al (PDF 00-004-787), CuAlx(0), Mg:Si, Mg,Al; ve
Mgi7Al» fazlarinin varligr tespit edilmistir [16-20]. CSMA10
numunesinde CuAlx(0) pik siddeti daha fazladir fakat belirgin
bir fark mevcut degildir.

D. Yogunluk Olgiimleri
100 -
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Numune icerigi

Sekil 3. MA iglemi ve yaglayici tiiriinin T/M numune
yogunluklarina etkisi.

Teorik yogunluk ile dl¢iilen yogunluklarin yiizde uygunluklari
Sekil 3°deki gibidir. MA iglemiyle ogiitiilen tozlarla iiretilen
T/M par¢a yogunluklarinda &nemli artis elde edilmesi
beklenirken, bu farkliliga Alumix 123 6n karigimli tozun Al
ve Cu toz parcgaciklarinin homojen karisimda olmayiginin
sebep oldugu disiinilmektedir. Zira Al’a gore 06zgiil
yogunlugu {i¢ kat daha fazla olan Cu pargaciklarin karisim toz
y1ginimin altinda kalma olasiliginin yiiksek olmasi agirlikga %
4,5 Cu igeren alasim oranini saglayacak teorik yogunluk
hesabinin  pratikte  uygulanamamasina sebep  oldugu
sOylenebilir.

E. Sertlik Ol¢iimleri
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Sekil 4’de MA islemi ve yaglayict tiiriiniin T/M numune
sertlik degerlerine etkisi.

Sekil 4’de numunelerin sertlik degerleri standart sapma
degerleriyle verilmistir. Genel olarak mekanik alagimlama
isleminin T/M pargalarimn sertlik degerlerinde 6nemli artisa yol
actig1 goriilmiistlir. Al-Cu alasimlarinda CuAl, fazi ile sertlik
degerinde artisa yol agtigi bilinmektedir, islem gormemis
tozlardan elde edilen MAO numunesi ile MA islemi
uygulanmis numuneler arasindaki sertlik degeri farkinin
muhtemel fazin olusumu ve miktarryla ilgili oldugu
diisiiniilmektedir. 1ki farkli yaglayici tiirii kullanilarak
uygulanan islemlerden elde edilen sertlik degerleri, stearik asit

yaglayicisinin kullaniminin avantaj sagladigini gostermektedir.

V. SONUCLAR

1. Tslemsiz Alumix 123 6n karisimli tozdan sicak
presleme ile dretilen T/M  malzemenin
mikroyapisinda Al matris i¢inde tamamen
¢Oziinmemis Cu parcaciklar mevcuttur.

2. Mekanik  alagimlama  islemi  uygulanmis
numunelerde ise bu durum s6z konusu degildir.
Stireg  sonunda elde edilen karistm tozun
morfolojisi iretilen ™ malzemenin
mikroyapisina yansimistir.

3. En yiiksek yogunluk degeri islemsiz Alumix 123

tozundan elde edilmistir. MA islemi siirecinde,
0zgiil yogunlugu yiiksek Cu pargaciklarin ¢evreye
bulagsmasiyla olusan Cu kiitle kaybinin, teorik
yogunluga gore {retilen T/M

yogunluklarini disiirdiigii sdylenebilir.

4. MA islemi ile iiretilen sicak preslenmis T/M
pargalardaki faz doniisiimlerine ve faz oranlarina
yaglayici tiirliniin bir
belirlenememistir.

5. Stearik asit yaglayicist kullanilarak mekanik
alasimlama islemi uygulanan tozlardan elde edilen
T/M numuneden bu c¢alisma icin en yiiksek sertlik
degerine ulagilmustir.

pargalarin

Onemli etkisi
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Abstract— In this study, the effect of graphene nanoparticles on
the friction and wear of epoxy composites is examined. The
tribological behavior of epoxy composites with different
graphene addition ratios produced by molding technique was
investigated using a pin on disc wear tester under similar test
conditions. The results from the wear test indicated that GNP
addition results in decrease in friction coefficient and wear. The
best results were obtained with materials containing 0.5% by
weight GNP compared to the epoxy matrix.

Keywords— Graphene nanoparticle, epoxy composite, wear

Introduction

Today, polymers and composites are widely used as
structural materials in various machine elements and
engineering systems due to their superior specific properties.
However, their use is restricted due to reasons related to
surface properties such as tribological behavior and low wear
resistance. Recent research has shown that the wear properties
of composite materials can be improved by the addition of
nanoparticles to composite materials and their homogeneous
dispersion in the matrix [1]. To improve the tribological
performance of the epoxy resins, the nanoparticles such as
ZrOy [2], SiO; [3], SiC [4], TiO2 [5], boron nitride [6],
nanoclay [7], carbon nanotubes [6, 8] are often employed.

Graphene, which is very effective in reducing friction and
protecting the surfaces from wear, is one of the most
important of these nano additives with its solid lubricating
property, low friction coefficient and hard structure [9, 10]. In
the literature survey made on graphene added nanocomposites,
changes in graphene addition ratios can be observed. These
ratios generally range from 0.08% to 4% by weight. There are
no rules in determining the proportions, and especially in
epoxy studies, 0.05-1 ratio is preferred because the
homogeneous distribution of the graphene in epoxy becomes
difficult as the addition rates increase [11]. Since there is not
always a direct correlation between the mechanical properties
of the material and its wear properties, the additive
proportions that improve the mechanical properties can
deteriorate the wear properties or not improve at the same
level.

In this study, the aim is to determine the most appropriate
graphene additive ratio which will be applied to
graphene/epoxy nanocomposites and improve wear resistance
and to transfer these ratios to fiber reinforced composites in
future works.

I. MATERIALS AND METHODS

A. Preparation of Samples

In the production of composites, as an epoxy resin, MGS
H160 curing agent with Momentive’s MGS L160 lamination
resin was obtained from Dost Kimya Sanayi Hammaddeler
San. Tic. Ltd. Sti, the graphene nanoparticles (Graphene
Nanoplatelet, 99.5 +%, 6 nm, S.A.: 150 m?/g Dia: 5um) were
obtained from the Nanografi Turkey. Pure epoxy and
graphene added epoxy blends with a ratio of 0.1 to 0.5% by
weight were prepared and cast into 90 mm circular molds
designed for the production of materials for use in pin-on-disc
experiments (e.g. Fig. 1).

A tipped sonicator was used to distribute graphene particles
homogeneously in epoxy. First, the amount of epoxy resin
was determined, then the graphene particles were weighed in
an amount corresponding to 0.1, 0.2, 0.3, 0.4 and 0.5 wt% of
the epoxy resin. The mixtures were mixed in a sonicator for
20 minutes in 5 minute intervals and mixed with mechanical
agitator after addition of 25% curing agent and then cast into
molds. The pure epoxy and grafted admixtures poured into the
mold were initially cured at room temperature for 24 hours
and then at 80 ° C for 15 hours.

B. Wear Test

Wear tests were carried out on a pin-on-disk wear tester
(ASTM-G99) (e.g. Fig. 2). A steel ball with a diameter of 6
mm and a hardness of 55 HRC was used as an abrasive.
Experiments were carried out at 0.75 m/s sliding velocities
under constant load of 10 N over 2000 m distance.

After the tests, the weights of the samples were measured
with the help of the sensitive scale and the weight losses were
determined. Equation 1 was used in the calculation of the
wear rate.
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Fig. 1 Preparation of graphene/epoxy nanocomposites
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Here; Am represents the weight loss (gr) of the worn sample,
Fy applied load (N), L sliding distance (m) and p density of
the specimen in gr / mm?>.

Fig. 2 Pin-on-disk test stand

II. RESULTS AND DISCUSSIONS

The pure epoxy sample is initially at room temperature,
the polymer strength is high and accordingly it has a high
coefficient of friction. As the sliding continues, the interface

temperature increases, the polymer softens and the friction falls.

Due to the increased contact between the sliding bodies formed
due to the further softening of the epoxy, an increase in friction
may be observed.

As the graphene content increased, the friction fluctuations
decreased. In similar studies, the reason why the increased
graphene contribution can stabilize the friction coefficient is
explained by the fact that the graphene can reduce the surface
temperature by increasing the thermal conductivity of the bulk
material and prevent the softening and degradation of the
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epoxy. For this reason, the coefficient of friction approaches a
constant value as the graphene contribution increases. This
behavior can be explained on the basis of the lubricity
provided by the graphene, improved thermal conductivity and
atomic bonding. As the graphene content increases, the epoxy
thermal conductivity increases, which reduces the interface
temperature.
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Fig. 3 Mean friction coefficient of composites

According to the results, the highest wear and weight loss
occur in pure epoxy sample while this is followed by 0.5%
graphene added epoxy composite. The weight loss
continuously decreases until 0.4% graphene added sample and
the lowest value is obtained in this ratio. When the additive
ratio is increased to 0.5%, weight loss and paralelly wear
increase, but the values are still below the weight loss of pure
epoxy.
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Fig. 4 Wear rates of epoxies for various graphene concentrations

In the graph in Figure 5, the wear rates of the samples are
given. Wear of composites decreases as the graphene
concentration increases. The greatest reduction in wear rate is
seen in 0.4% graphene added composites, where wear is
reduced by almost 12 times. The wear rate is lower in the
other additive groups compared to pure epoxy. When the
additive ratio was increased to 0.5%, the wear rate decreased
by about 2.5 times compared to pure epoxy, but this was still
an increase with respect to other samples. The increase in
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wear rate after a certain percentage of additive is due to the
inability to distribute the graphene homogeneously in epoxy.
From the test results it can be clearly expressed that the
graphene additive improves the wear behavior of pure epoxy
and has an effect on decreasing wear.

III. CONCLUSIONS

The effects of graphene additives on tribological behavior of
epoxy composites were systematically investigated using pin-
on-disk test. The wear test results indicated that the increased
graphene content decreased the friction and wear of the epoxy
composites due to the solid lubricating effect of graphene
nanoparticles.
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Stlfolanmis ZSM-5 zeolitinin kullanildigr kompozit
katalitik membran tiretimi1 ve karakterizasyonu

Nazli Yenihan!, Filiz Ugur Nigiz!, Niliifer Durmaz Hilmioglu'

! Kimya Miihendisligi Boliimii,
Kocaeli Universitesi, Kocaeli, 41380, Tiirkiye

Abstract— In this study, ZSM-5 reinforced composite
PVA membranes were prepared as a catalytic composite
membrane and it was aimed to be used as catalyst in the
production of isopropyl acetate. To improve the catalytic
effect of the ZSM-5 zeolite, the sulfation was carried out.
It was found that the catalytic property of the PVA

Ozet— Bu c¢ahsmada Kkatalitik kompozit bir membran
olarak ZSM-5 katkih kompozit PVA membranlari
hazirlanarak izopropil asetat iiretiminde katalizor olarak
kullanilmas1 amac¢lanmistir. ZSM-5 zeolitinin katalitik
etkisini arttirmak icin siilfolama islemi gerceklestirilmistir.
Katalizor eklenerek Kkatalitik ozellik kazandirilmis PVA
kompozit membranh reaksiyon doniisiim degeri serbest
katalizorlii reaksiyona gore daha yiiksek oldugu
goriillmiistiir.

Anahtar Kelimeler— Membran reaktor, esterlesme reaksiyonu,
katalizor, izopropil asetat.

1.GIiRiS

Membran reaktorler geleneksel ayirma yontemlerine kiyasla
diisiik reaksiyon siiresi, minimum reaksiyon kosullari, enerji
tasarrufu, performansa gore diisiik maliyet, yiiksek segicilik
gibi avantajlara sahiptir. Farklt sivi karigimlar igin segici
membranlarin kullanildigit membran reaktorler son yillarda
enerji agisindan verimli ve ¢evre dostu bir ayirma teknolojisi
olarak kimya endiistrisinde  biiyik ilgi  gormiistiir.
Pervaporasyon membran reaktérlerde sivi karisimlar, membran
ylizeyinin bir tarafina temas ederler ve buhar halinde diger
taraftan ayrilmasi igin membran boyunca secici olarak
dagilirlar. Ayrilan buhar fazi uygun bir vakum uygulanmasi ya
da buharin yogusturulmast ile sistemden uzaklastirilir. Béylece
sistemdeki denge sinir1 {riinler yoniine kaydirilmis olur.
Membran reaktorlerde uygun membranlar kullanarak
gerceklestirilen esterlesme reaksiyonlari esnasinda, katalize
edilmis reaksiyon ortamindan iiriin olarak esterin veya yan iiriin
olarak suyun uzaklastirilmasi, maliyeti ve enerji tiiketimini
diiglirir. Bu durum da geleneksel ayirma methodlar: ile
karsilagtirildiginda; reaksiyon siiresinin azalmasi, reaksiyon
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composite membrane with the addition of catalyst was
higher than the free catalyst reaction.

Key words— Membrane
Catalyst, Isopropyl Acetate

Reactor, Esterification Reactions,

doniistimiin istenilen yonde artmasi, maliyet gibi parametreleri
olumlu yonde etkiler.

Membran  prosesleri  endistriyel alanlarda  siklikla
kullanilirlar. Membran esasli denge ayirma prosesleri
ultrafilitrasyon(UF), nanofilitrasyon(NF), ters osmoz(RO),
mikrofilitrasyon(MF), elektrodiyaliz(ED), pervaporasyon(PV),
gaz ayirma, membran distilasyon vb. seklindedir.!"’

Membran  reaktorlerde  gerceklestirilen  esterlesme
reaksiyonlar1 bir¢ok farkli karboksilik asit-alkol sistemi igin
kullanilabilir. Literatiirde siklikla yapilan bu reaksiyonlardan;
oleik asit-etanol,asetik asit-etanol, asetik asit-metanol, asetik
asit-izopropanol ve asetik asit-nbutanol, propiyonik asit-
propanol ve 2-propanol; tartarik asit-etanol; valerik asit-etanol;
laktik asit-etanol; salisilik asit-metanol bazilaridir.

Esterlesme, kimya endistrisinde gergeklestirilen 6nemli
reaksiyonlardan biridir. Esterlesme reaksiyonlari temel olarak;
bir asit ile bir alkoliin uygun kosullarda tepkimesi ile su ve ester
olusturan reaksiyonlardir. Izopropil alkol ve asetik asitin
reaksiyonu da organik sentez esasli olan Onemli bir
reaksiyondur. Ancak bu reaksiyon termodinamik denge ile
siirlidir ve reaksiyon hizi oldukg¢a yavastir. Termodinamik
dengesizligin tistesinden gelmek ya da dengeyi degistirmek igin
reaktanlardan birinin miktar1 artirilabilecegi gibi sistemden
suyun uzaklastirilmas: islemi de yapilabilir 2. Esterlesme
reaksiyonlarinda c¢ogunlukla Kkiller, zeolitler, heterojen veya
homojen yapili katalizorler kullanilir. Sistem aktivitesinin
artmasi kullanilan katalizor, kil ya da zeolitin kimyasal ve
fiziksel yapisina baglidir. Asit katalizli katalizor kullanilmasi
reaksiyon doniisiimiinii arttirabilecegi gibi; hidrath yap1
bulunduran katalizor kullanilmas1 reaksiyon doniistimiini
azaltacaktir.
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Mallada R. ve ark 2007; asetik asitin etanol ile esterlesmesini
zeolit katkilt membran reaktdrde (mordenit ve zeolit A) ve
katalizor olarak da Amberlystl5 kullanmislardir. Mordenit
katkilt membranlarin asetik reaksiyon ortamina kars1 biiyiik bir
direng gosterdigini ve reaksiyon doniistimiinii %90 seviyesine
cikardigini gormiislerdir)

Korkmaz S. Ve ark. 2009; PVMR’de PDMS membrani iki
farkli katalizor kullanarak hazirlamiglar ve izobiitil asectat
dretimi icin kullanmiglardir. Katalizoér konsantrasyonunu
arttirarak ve daha ince yapida membranlar kullanarak reaksiyon
doniisiim oraninin arttigini gézlemlemislerdir. Dowex S0W-X8
ile katalize edilen reaksiyonun doniisimii PVMR’de daha
yavas gergeklesirken H,SO,4 katalizori kullanilan reaksiyona
gore doniisimiin daha uzun siirede ve daha yiiksek verimde
oldugu gdzlemlenmistir 1.

Kamal A. Ve ark. 2009; Kinoksalinlerin sentezi i¢in oldukca
verimli, gevreye duyarli, zararli solvent icermeyen, yesil ve geri
dontigimlii bir katalizor olan Amberlite IR-120H reginesi
kullanmislaridir. Amberlite IR-120H katalizoriiniin
reaksiyonun tamamlanmasindan sonra geri kazanilabilir ve
Amberlite IR-120H katalitik o6zelligi dort kere tekrarlanan
reaksiyon da bile bozunmadigimi bdylelikle de yeniden
kullanilabilir ~ 6zelliginin  yiliksek seviyelerde oldugunu
gozlemlemislerdirl™.

Altinokka M. R. ve ark. 2012; Amberlyst 36 varliginda asetik
asidin 1-oktanol ile esterifikasyon kinetigi incelemisler ve
Eley-Rediel kinetik modelini ¢ikarmiglardir. Bu sonugla
birlikte, Amberlyst 36n literatiirde bildirilen titanyum
tetraklorlir kompleks katalizoriinden daha etkili oldugunu
ispatlamislar ve sonug olarak, Amberlyst 36 nin, katyonik iyon
degistirici bir regine olarak, asetik asidin 1-oktanol ile
esterifikasyonu i¢in uygun bir katalizor oldugu kanisina
varmuslardir [©].

Son yillarda kompozit membranlarin membran reaktorde
heterojen katalizor gibi kullanildig1 ve esterlesme reaksiyonu
gerceklestirildigi birgok caligma vardir. Kompozit membranlar
genel olarak organik-inorganik kompozit membranlar seklinde
tanimlanabilirler. Endiistriyel alanda kullanilan kompozit
membranlar; yiiksek segicilik ve aki, termal kararlilik gibi
ozellikleri iyilestirmek amaciyla gelistirilmistir. Polimerik
kompozit membranlar ise en ¢ok tercih edilen tiirdiir. Polimer
tabanli  kompozit membranlarda  siklikla  kullanilan
polimerlerden  bazilar1  poliakrilonitril(PAN),  seliiloz
asetat(CA), polietilen(PE), polisiilfon(PS), polietersiilfon(PES),
polivinilalkol(PVA), polidimetilsiloksan(PDMS) v.b.
seklindedir. Hidrofilik polimerik malzemelerden polivinil alkol
(PVA), istin hidrofilik o6zelligi ve kimyasal stabilitesi
nedeniyle kompozit membran olusturmak amaci ile en ¢ok
calisilan  polimerlerden  birisidir’”.  Membran  ayirma
islemlerinde ¢ogunlukla zeolit katkili polimerik kompozit
malzemeler kullanilmaktadir.

Bu ¢alismada katalitik kompozit bir membran olarak ZSM-5
katkili kompozit PVA membranlar1 hazirlanarak izopropil
asetat iretiminde katalizor olarak kullanilmasi amaglanmustir.
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ZSM-5 zeolitinin katalitik etkisini arttirmak igin siilfolama
islemi gergeklestirilmistir.

2.MATERYAL VE METHOD
2.1.Materyaller

Esterlesme  reaksiyonu i¢in  kullanilan  izopropil
alkol( = %99.5 saflikta) ve asetik asit (= %99 saflikta) merck
firmasindan temin edilmistir. Membran hazirlamada
kullanilacak PVA katis1 ticari adi Mowiol( Mw~125.000 )
olarak sigma-aldrich firmasindan temin edilmistir.

2.2. ZSM-5 Siilfolama Teknigi

ZSM-5 zeolitin Kkatalizor etkinliginin arttirilmasi i¢in
kuvvetli asit alanlarina sahip HoSO4 homojen katalizorii ile
muameleye tabii tutulmustur. Belirli bir orandaki zeolit dnce
hidratl yapisindan arindirilmak tizere 500 °C’ lik kiil firminda
4 saat kurutulmus ve sonrasinda bir miktar homojen 5M’lik
H>SO4 emdirilmistir.

2.3. Membran Hazirlama Yontemi

Membran; ¢ozeltiden dokme ve buharlastirma yontemi ile
hazirlanmistir. Bunun i¢in dncelikle kiitlece %6’lik PVA ile
¢Ozelti hazirlanmistir. Coziicii olarak distile su kullanilmistir.
Hazirlanan ¢ozelti dort saat siire ile 400 rpm devirde ve 85 °C
karistirilarak homojen bir ¢ozelti elde edilmis, siilfolanmis
ZSM-5 eklenerek olusturulan membran ¢ozeltisi, 14cm caplt
cam petriye dokiilerek kurumaya birakilmistir.

2.4.Esterlesme Reaksiyonu ve Kesikli Reaktérde Uygulanmast

Izopropil alkol ile Asetik asitin esterlesme reaksiyonu Sekil
1 deki gibidir. Bu reaksiyon bir asit ve bir alkoliin asit katalizli
ortamda olusan reaksiyonudur.

C
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.n H—C—L! & S :
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Sekil 1. Izopropil Asetat sentezi

Bu reaksiyonda alkol-asit molar oranlart 1:1, 2:1 ve 3:1
olacak sekilde hazirlanmigtir. Reaksiyon siireleri dogru
karsilagtirma agisindan alt1 saat olarak belirlenmis ve reaksiyon
sicakliklar1 60°C, 70°C ve 80°C olarak secilmistir.

Sisteme molar oranlar1 1:1, 2:1 ve 3:1 olacak sekilde alkol-
asit beslemesi yapilmistir ve reaktanlar istenilen sicakliga
ulaginca kiitlece %2’lik katalizor eklemesi ile reaksiyon
baslatilmistir. Sisteme katalizor eklemesi reaksiyon sicakliklart
saglandiktan sonra yapilmistir. Bunun en Onemli nedeni
reaksiyondaki sicakliga bagli olarak katalizor etkinliginin
belirlenmesidir. Geri sogutucu sistem reaksiyon siiresi boyunca
calistirilmigtir. Bunun baslica nedeni buhar fazina gecebilecek
olan reaktan kayiplarinin 6niine gegilmek istenmesidir.



1st International Symposium on Light Alloys and Composite Materials (ISLAC’18)

3.SONUCLAR VE TARTISMA

2.1.Karakterizasyon Sonuglar

Sekil 2’de goriildiigii gibi ZSM-5 eklenen polimerdeki
bozunma orani azalmistir. Eklenen siilfo gruplari ise bu oram
bir miktar disiirmiistiir. Ayrica esterlesme reaksiyonunun
gerceklestigi sicaklikta herhangi bir kiitle kayb1 olmadigi i¢gin
kompozit katalitk ~membranlarin  reaksiyon ortamina
dayanacagi ve bozulmayacagi 6ngoriilmiistiir.
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Sekil 2. Saf, siilfolanmamus ve siilfolanmis kompozit membranlarin TGA
analizi

Sekil 3°’de ise 1400 cm- bolgesinde Ozellikle
siilfolanmig ZSM-5 igeren membranda pik alaninda bir artig
goriilmektedir ve bunun siilfolanan zeolitler dolayistyla oldugu
anlasilmaktadir.

(]

Sekil 3 . FTIR analizi ; --- PVA, ---PVA - MA — Siilfolanmig ZSM-5

Sekil 5. T= 80 °C; Katalizér miktart %30 (PVA’ya gore)
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3.2.S1caklhigin Asit Doniisiime Etkisi

Sekil 4°de esit molar beslemede ve ZSM-5 katalizoriiniin
toplam ¢ozeltiye oran1 %30 iken artan sicakliin asetik asit
doniistimiine etkisi goriilmektedir. Sicaklik 60 °C’* den 80 °C’
ye arttikea doniisiim %16.7’den %51.2 ye belirgin bir sekilde
arttig1 gorilmiistlir. Endotermik ve tersinir olan bu reaksiyonun
sicakligy arttikca reaksiyon hiz sabiti artmakta ve doniisiim
artmaktadir.

W

. Art Lonirsamug

m £ ]

Sieakiik ')
Sekil 4. M:1; Katalizor miktar1 %30 (PVA’ya gore)

3.3.Alkol/Asit Molar Oraninin Asit Déniisiime Etkisi

Sekil 5°de 80 C sicaklikta ve ZSM-5 katalizoriiniin toplam
¢ozeltiye orant %30 iken artan alkol/asit molar besleme
oraninin asetik asit dontlistimiine etkisi goriilmektedir. Besleme
orani 1 den 3 e arttik¢a dontlisiim %51.2 den %68.2 ye artmistir.
Ayni reaksiyon ayni kosullarda membrana eklenen ZSM-5
katalizorii ile de yapilmis ve doniisiimlerin serbest katalizore
gore yiiksek oldugu gorilmistiir.
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Hidrofilik membranin katalizor olarak kullanilmasindan
dolayt bir miktar da artis beklenebilmektedir. Reaksiyon
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siiresince esterle birlikte su olusmaktadir. Membran suyu
cektikce tersinir reaksiyonun doniisiimii de artmaktadir.

SONUCLAR

Bu caligmada, izopropil alkol ile asetik asitin esterlesme
reaksiyonu = siilfolanmis ZSM-5 varliginda ve farkli
sicakliklarda gerceklestirilmistir.

Elde edilen veriler neticesinde katalitik membranl
reaksiyonda gergeklesen esterlesme reaksiyonu sirasinda agiga
¢tkan su molekiillerinin sistemde birikmesi membranin
hidrofilitesi sayesinde azaltilmis ve reaksiyon doniisiimiiniin
serbest katalizorlii reaksiyona gore daha yiiksek oldugu
gorilmiistiir.

Sonu¢ olarak bu deneyde kullanilan siilfolanmis ZSM-5
katkii PVA dan olusan katalitik membranin etkinliginin
serbest katalizorlii reaksiyona gore daha yiliksek oldugu
saptanmistir.

KAYNAKLAR

[1]  Mulder M. 1996. Basic Principles of Membrane Technology. KLUWER
ACADEMIC PUBLISHERS, pp 14-18 Netherlands.

[2]  Li W., Liu W,, Xing W., Xu N. 2013. Esterification of Acetic Acid and
n-Propanol with Vapor Permeation Using NaA Zeolite Membrane.
Industrial And Engineering Chemistry Research, Vol.52, pp 6336—6342.

[3] Mallada R.Iglesia O., Menendez M., Coronas J. 2007. Continuous
zeolite membrane reactor for esterification of ethanol and acetic acid.
Chemical Engineering Journal. Vol.131, pp 35-39.

[4] Korkmazs$., Salt Y., Hasanoglu A.M., Ozkan S., Salt ., Dinger S. 2009.
Pervaporation membrane reactor study for the esterification of acetic
acid and isobutanol using polydimethylsiloxane membran. APPLIED
CATALYSIS A-GENERAL, Vol.366, pp 102-107.

[5] Kamal A., BabuK. S., Hussaini S. M. A. a, Mahesh R. , Alarifi A. 2015.
Amberlite IR-120H, an efficient and recyclable solid phase catalyst for
the synthesis of quinoxalines: a greener approach. Tetrahedron Letters.
Vol.56, pp 2803-2808.

[6] Altokka M. R., Akyal¢in S. 2012. Kinetics of esterification of acetic
acid with 1-octanol in the presence of Amberlyst 36. Applied Catalysis
A: General. Vol.429— 430, pp 79— 84.FLEXChip Signal Processor
(MC68175/D), Motorola, 1996.

[7]1 1 Wangqin Jin, Gongping Liu, Nanping Xu, POLYMER/CERAMIC
COMPOSITE MEMBRANES, Editors: Ralph T. Yang, Organic-
Inorganic Composite Membranes for Molecular Separation, 1st ed.,
Singapore, 18-79, 2017.

50



1st International Symposium on Light Alloys and Composite Materials (ISLAC’18)

March 22-24, 2018Karabiik, Turkey

TIG Kaynagi ile Birlestirilen 7075 Aliiminyum
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Ozet—Aliiminyum ve alagimlarimin  geleneksel kaynak
yontemleri ile birlestirilmesi olduk¢a zordur. Ozellikle
yiiksek mukavemetli 7xxx serisi aliiminyum alasimlar

ergitmeli kaynak yontemleri ile birlestirilmesinde
giicliiklerle Kkarsilasilmaktadir. Bu calismada, 3 mm
kalinhginda 7075 aliiminyum alasimi  malzemeler

Tungsten Inert Gaz (TIG) kaynak yontemi ile farkh
kaynak akimlar1 kullanilarak birlestirilmistir. Elde edilen
kaynakh baglantilarin kaynak boélgesi sertlik ve mikroyapi
ozellikleri incelenmistir.

Anahtar Kelimeler — 7075 aliiminyum alasimi, TIG kaynag,
mikroyapi, sertlik

Abstract— Weldability of aluminium alloys are difficult by
conventional welding processes. Particularly joining of the
7xxx series aluminium alloys are problematic. In this
study, 3 mm thickness 7075 aluminium alloys joined by
Tungsten Inert Gas (TIG) welding at the different welding
current. Hardness and microstructure of the welded parts
were investigated.

Keywords—7075  aluminium alloy, TIG  welding,
microstructure, hardness
I. GIRIS

Aliiminyum, dogada en ¢ok bulunan metal esasli elementtir.

Giliniimiiz endiistrisinde metal olarak celikten sonra en fazla
aliminyum kullanilmaktadir [1]. Aliiminyum ve alasimlari
hem endiistride hem de giinlik yasamda kullanilan birgok
malzemenin yerini almaya devam etmektedir. Bunun nedeni
miithendis ve tasarimcilari cazip kilan bazi {istiin 6zellikleridir
[1-4]. Ozellikle hafif olmalari, iyi 1s11 ve elektrik iletkenlikleri,
arttirllabilen  mekanik  ozellikleri ve korozyona karsi
gosterdikleri direng en énemli ve {istiin 6zellikleridir [1,2,5-8].
Endiistride kullanilan aliiminyum alagimlar1 ddvme ve dokiim
alasimlart olarak iki gruba ayrilmaktadir. Dévme aliiminyum
ve aliminyum alasimlart 1s1l islem uygulanamayan soguk
sekil degistirmeli ve 1s1l iglem uygulanabilen (¢cokelme
yoluyla sertlesmeli) bircok tiiri tasit imalat endiistrisinde,
gemi yapim endiistrisinde, havacilik ve uzay sanayinde yer
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almaktadir. Endistride en c¢ok talep goren aliiminyum
alasimlar1 2xxx, 5xxX, 6xxx ve 7xxx serisi alagimlardir [5,9-
12].

7075 aliminyum alasimlar1 havacilik sanayinde yaygin
olarak kullanilan, ¢dkelme ile sertlestirilmis malzemelerdir.
7075 aliminyum alagiminda agirlik olarak % 5-6 Zn, % 2-3
Mg, yaklasik olarak % 1,5 Cu ve ¢ok az miktarlarda Cr, Mn,
Ti ve Ag icerebilmektedir [1,5,10-12]. Bu alagim diisiik 6zgiil
yogunlukla birlikte yiikksek bir dayanima sahiptir ve bu
iistinliiklerinden dolay1r ucak yapi malzemesi olarak yaygin
bir sekilde kullanilmaktadir [1,11,12]. 7075 aliminyum
alasimlarin en yiiksek sertlik degeri T6 1sil islemi ile elde
edilir. T651 1s1l islemi ile de ¢ozeltiye alinarak kontrollii
miktarda germe ile gerilim giderme ve yapay olarak
yaslandirma yapilir [1,8,11].

Al ve alagimlar geleneksel kaynak yontemleri (MIG, TIG
etc.) ile birlestirilebilir [2,3]. Ancak aliiminyum alagimlarinin
kaynak kabiliyeti ¢eliklerle kiyaslandiginda daha kotiidiir.
Aliminyum ve alagimlarinin geleneksel yontemlerle kaynagi
yapilirken kendine has bazi ozellikleri dikkate alinmalidir.
Aliiminyum malzemeler, ¢eliklere gore daha yiiksek 1sil
iletkenlige sahiptir [2-5]. Bu 6zellik aliminyumun ergimesini
zorlastirdig1 i¢in kaynak kabiliyetini olumsuz etkiler. Sonug
olarak, aliiminyum malzemeler gec ergiyip hizli katilagtigt
icin kaynak dikisinde yetersiz ergime ve goézenekler olusabilir
[3-7].

Bu calismada, geleneksel ergitmeli kaynak yontemleri ile
birlestirilmesi sorunlu olan ve Ozellikle havacilik, uzay ve
savunma sanayi gibi alanlarda yaygin olarak kullanilan 7075-
T651 aliiminyum alasimi malzemeler, TIG kaynak yontemi ile
birlestirilmistir. Elde edilen baglantilarin ara kesitinden alinan
numuneler iizerinde makro ve mikroyapisal inceleme ile
sertlik testi yapilmistir. Yapilan testler sonucunda elde edilen
bulgular literatiir 15181nda degerlendirilmis ve yorumlanmustir.

II. DENEYSEL CALISMALAR
Bu calisgmada, 80x30x3 mm boyutlarindaki 7075-T651

aliminyum alasimi malzemeler TIG kaynak yontemi ile alin
alma birlestirilmistir.  7075-T651  aliiminyum alasimin
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mikroyapist Sekil 1°de kimyasal bilesimi ise Tablo 1’de
verilmistir. Kaynak oncesi numuneler hi¢ bosluk olmayacak
sekilde alin alma getirilerek puntalanmistir. Kaynak
islemlerinde piring (CuZn37) plaka altlik malzemesi olarak
kullanilmistir. Birlestirme islemleri ilave tel kullanilmadan
AC/DC pulse ozellikli ve sinerjik programlanabilir TIG
kaynak makinesinde Tablo 2’de verilen parametreler segilerek
AC akimda tek tarafli olarak yapilmistir. Kaynak isleminden
sonra numuneler piring altlik lizerinde sogumaya birakilmistir.

Sekil 1. 7075-T651 Al alasimi1 mikroyapisi

Tablo 1. 7075 aliminyum alagimmin kimyasal kompozisyonu

Zn Mg Cu Cr Mn Al
5,1-6,1 | 2,1-29 1,2-2 0,18-0,28 <=0,30 Kalan
Tablo 2. Kaynak parametreleri
Tungsten Amper Voltaj Koruyucu gaz | Gaz akis
elektrot (A) V) debisi
cap1 (mm) (It/dak)
3.2 60 20+2 Argon 14
3.2 80 25+2 Argon 14
3.2 100 30+2 Argon 14

TIG kaynagi ile birlestirilen numuneler {izerinde mikro yap1
incelemesi yapilmis ve birlesme 6zellikleri incelenmistir. Bu
amagcla kaynak yoniine dik kesitten alinan numuneleri 600,
800, 1000 ve 1200 nolu zimparalar ile zimparalanmistir. Daha
sonra numuneler lpm parlatma kegesinde 3 pum’lik elmas
pasta ile parlatilmistir. Keller Reaktifi (150 ml H20, 3 ml
HNO3, 6 ml HF) ile numuneler yaklasim 60-90 saniye
arasinda daglanmistir. Mikroyap1 incelemeleri, Metkon
Inverted Tip Metal Mikroskobu ile yapilmistir. Mikro
goriintiiler kaynak merkezi ile kaynagin gecis golgelerinden
almmustir. Sertlik deneyleri kaynak yoniine dik kesitten alinan
numuneler iizerinde yatay dogrultuda yapilmistir. Deneylerde
Time TH 300 marka sertlik test cihazi ile 1/16" ¢elik bilye ile
100 kgf yiik 10 s siire ile uygulanarak 6l¢timler yapilmistir.
Sertlik olgtimleri kaynak merkezinden baslamak iizere
malzeme kesit kalinligimin merkezi boyunca her iki tarafa 2
mm araliklarla toplam 17 noktadan alinmustir.
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III. SONUCLAR VE TARTISMA

Sekil  2’de  farkli  kaynak  akimlarinda  yapilan
birlestirmelerin ~ mikroyapilart  gosterilmistir. ~ Kaynaklt
birlestirmelerde ITAB’lar ve kaynak ergime sinirma bitisik
bolgeler birbirlerine benzer goriintiller olusmustur. Kaynak
bolgelerinin - mikroyapr incelemelerinde 1sinin  etkisiyle
levhalarin st ylizeyine dogru genisleyen kaynak cekirdegi
olusmustur. Bu duruma levhalarm iist bolgesinde maksimum
1s1, levhalarin alt kisminda ise daha disiik 1sinin etkilemesi
neden olmaktadir. Deformasyonla hadde dogrultusunda
yonlenmis ana malzemenin yassi ve uzun mikro taneleri
kaynak sirasinda ergimenin ve 1s1 girdisinin etkisiyle daha
biiyikk boyutlu es eksenli tanelere doniismistiir. Bu durum
kaynak dikislerinin gecis bolgelerinde (GB) net bir sekilde
goriilmektedir. Kaynak siirecinde akim siddetinin artmasiyla
olusan 1s1 girdisi nedeniyle kaynak merkezi (KM) tane
boyutunu arttirdigi belirlenmistir.

Gl A

Sekil 2. Kaynak bolgesi mikroyapilart

Kaynak dikislerinin mikroyap1 taramasinda ozellikle
kaynak dikislerinin kok kisimlarinda levhalarin birlesme
yerlerinde mikro catlaklarin olustugu gozlemlenmistir. Bu
catlaklari katilagma sirasinda alt yiizeyin birlesme bdlgelerinin
baslattigr diisiiniilmektedir. Cokelme sertlesmeli aliiminyum
alagimlarmin ergitmeli kaynak yontemleriyle
birlestirilmesinde ¢atlama ve gozenek olusumu gibi sorunlar
ortaya c¢ikmaktadir. Aliminyum alasimlarimin katilagma
sicaklik araliklarinin  genis olmasit ve 1sil  genlesme
katsayilarinin yiiksek olmasi catlak olusumunun en onemli
nedenidir [3,5,7-9]. Bu durum levhalarin alt yiizeylerinde
catlagin baslamasmna 1s1l genlesme nedeniyle de kaynak
cekirdeginin i¢ine dogru ilerlemesine neden olmustur.
Aliiminyum alagimlarinin kaynak dikisinde ¢atlak olusumuna
neden olan diger bir faktdr ark kaynaklarindaki yiiksek 1s1
girdisidir. Ayrica yiiksek 1s1  girdisi, Ozellikle yiiksek
mukavemetli aliiminyum alagimlarinda 1s1 tesiri altindaki
bolgede (ITAB) tane sinirlarinda diisiik ergime sicaklikli
fazlarin olusumuna ve dolayisiyla bu bolgede tane sinirlarinda
katilagsma esnasinda ¢atlamaya neden olabilmektedir [3,5,7].

Akim siddetinin artmasi birlesme bdolgesindeki sertlik
dagilimma etkilemistir. Kaynak merkezinde sertlik degeri 60
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A akim degerinde 53 HRB, 80 A akim degerinde 46 HRB,
100 A akim degerinde ise 44 HRB’ dir. Kaynak merkezinden
8 mm uzaklikta (ITAB) alinan o&lgiimlerde 60 A akim
degerinde 70 HRB, 80 A akim degerinde 66 HRB, 100 A
akim degerinde ise 62 HRB olarak 6l¢iilmiistiir. Ana metalin
sertlik degeri ise 85 HRB’dir. Bu sonuglara goére kaynak
bolgesinin sertlik degerlerinin artan akim siddeti ile azaldigt
goriilmektedir. Bunun nedeni kaynak akim siddetinin
artmasiyla kaynak bolgesinde daha fazla 1s1 olugsmasindandir.
Yiiksek 1s1 girdisi ¢okelti fazlarini ¢dzerek kaynak bolgesinde
ve ITAB’ta sertlik diisiisiine neden olmustur. 7075 Al
alasimlarina iiretim asamasinda sertlik ve mukavemet artist
icin 530 °C’lerde T6/T6511s1l islemi uygulanmaktadir [3,5,8-
10]. Lokal olarak isinan ve ergiyen kaynak bolgesinde GP
bolgeleri ¢oziiniir ve 7075 Al alasimlarinda sertlestirici 1
(MgZn,) ¢okeltileri ¢ozlinerek daha az sertlestirici 6zellikteki
n MgAls, AlnZngg ve AlL,Cu) gokeltilerine dondisiir [1,8-13].
Literatiirde kaynak bolgesindeki sertlik diisiisiiniin nedeni
maruz kalinan yiiksek sicakliklarla birlikte dislokasyonlarin
azalmast ve mukavemetlendirici ¢Ozeltilerin —sertlestirici
etkilerinin azalmasi olarak bilinmektedir [3,5,9-14].

IV.SONUCLAR

7075-T651 Al alagimi levhalar TIG kaynak yontemi ile
farkli kaynak akimlart kullanilarak birlestirilmis ve kaynakli
baglantilarin mikroyap1 ve mekanik Ozellikleri incelenmis
olup elde edilen sonuglar asagida 6zetlenmistir;

1. 7075-T651 Al alasimi levhalar tek taraftan %100
niifuziyet ile ilave tel kullanmadan
birlestirilebilmistir.

2. Ergime nedeniyle esas metalin yassi ve uzun
taneleri kaynak cekirdeginde daha iri ve eseksenli
tanelere dontigmustiir. Artan kaynak akimina baglh
olusan 1s1 girdisi nedeniyle kaynak c¢ekirdeginde
daha iri taneler olusmustur.

3. Tim numunelerin kaynak metali sertliginin HAZ
ve esas metalden diisiik oldugu goriilmiistiir. Artan
kaynak akimi ile kaynak merkezi sertliginde
azalma tespit edilmistir.

TESEKKUR
Yazar, 2018.24.03.713 nolu BAP projesi ile bu ¢alismay:
destekleyen Diizce Universitesi Rektorliigii bilimsel Arastirma
Projeleri birimine tesekkiir eder.
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Ozet- Bu ¢alismada, hafiflik ve yiiksek dayamkhhk
ozelliklerinden dolayr otomotiv ve elektronik
endiistrisinde sik¢ca kullanilmakta olan AZ31B
(magnezyum) levhalar TIG kaynagl yontemi ile
birlestirilmistir. Farkl akim degerlerinde darbeli akim
yontemi kullamilarak yapilan deneysel ¢alismalarda
akim degeri arttik¢ca ana metalden kaynak metaline
geciste ve mekanik ozelliklerde olusan farkhhiklar
incelenmistir. Deneysel caliymalar sonunda, TIG
kaynak yontemiyle magnezyum malzemelerin saghkh
bir sekilde birlestirilebildigi ve artan akim degerleriyle
birlikte kaynak metali tanelerinin soguma yoniine
paralel olustugu goriilmiistiir. Magnezyumun dokiimii
sirasinda malzeme icinde kalan gazlarin olusturdugu
gozeneklerin  mikroyapr goriintiilleri de tespit
edilmistir. Akim degerlerinin artistyla beraber sertlik
degerlerinde bir azalma meydana geldigi tespit
edilmistir. Ancak, kaynak akiminin artmasiyla cekme
degerlerinin de arttigi goriilmiistiir. Yapilan biitiin
¢ekme deneylerinin sonucunda kopmalar ITAB
bolgesinde meydana gelmistir.

Anahtar Kelimeler- Magnezyum,
Mikroyapi, Sertlik, Cekme deneyi.

TIG kaynagi,

Abstract- In this study, AZ31B (magnesium) plates
which are mainly used in automeotive and electronic
industries owing to lightness and stability features were
compounded with TIG welding method. During
experimental studies, conducted through pulsed
current method on different current values, differences
in transition from base metal to welding metal and
mechanic features with increasing current value were
examined. After experimental studies, it was seen that
magnesium materials could be compounded healthily
by TIG welding method and during increasing current
values welding metal grains were formed parallel as
disaffection direction. In addition to this,
microstructure images of pores which were composed
by the gases left in the material during casting of
magnesium. It was determined there were a decrease
in hardness value with increase of current values.
Nevertheless, it was seen that tensile values increased
with increasing welding current. After all tension tests
raptures occurred on HAZ area.
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Keywords- Magnesium, TIG welding, Microstructure,
Hardness, Tensile test.
1. GIRIS

Insan viicudunun mineral olarak gereksinim
duydugu magnezyuma endiistride de bir malzeme
gesidi  olarak  onemli derecede  gereksinim
duyulmaktadir. Giingegtikge magnezyum geleneksel
olarak endiistriyel uygulamalarda kullanilan demir,
aliminyum gibi metallerin yerini almaya baslamigtir
[1]. Magnezyumun endiistride bu denli énemli bir
yere gelmesinin en Onemli sebepleri diisiik
yogunlugu (1,74 g/cm®) ve yiiksek dayamkliligidir
(35-260 KNmv/kg) [2,3].

Magnezyum endiistride uzay ve havacilik
sektoriinde ucak kanatlarinda, fiize pargalarinda ve
yakit tanklarinda; otomobil sektdriinde sanziman
kutulari, motor bloklar1 ve direksiyon simidi
imalatinda; laptop, televizyon, cep telefonu gibi
elektronik pargalarin iretiminde sikca
kullanilmaktadir [4,5].

Endiistride magnezyumun kullanilirlig: arttik¢a
buna paralel olarak farkli kaynak yontemleriyle
birlestirilmesi i¢in yapilan caligmalarda artmistir.
Magnezyum pargalarin kaynakli birlestirilmelerinde
MIG, siirtiinme kaynagi, lazer kaynagi, elektro 1sin
kaynagi, elektrik diren¢ kaynagi gibi yontemlerin
yani swra TIG kaynagi yontemide sikga
kullanilmaktadir [7,8].

Klasik olarak TIG kaynagi, kaynak icin gerekli
1sinin, tikenmeyen bir elektrod (tungsten elektrod)
ile is parcasi arasinda olugan ark sayesinde ortaya
ciktigr bir ark kaynak yontemdir. Koruyucu gaz
olarak argon, helyum yada bu iki gazin karigimi olan
soygazlar kullanilir. Koruyucu gazin gérevi tungsten
elektrodu, kaynak banyosunu, arki ve is pargasinin
kaynaga yakin bolgelerini, atmosferin zararli
etkilerinden korumaktir [9-11].

TIG kaynak yonteminin 6nemli avantajlarmdan
birisi, darbeli akim kullanilarak diisiik 1s1 girdisiyle
miikemmel kaynakli baglantilar elde edilebilmesidir
[12]. Yiksek ve diisiik akim degerleri, bu degerlerin
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siiresi ve darbe frekansindan olusan darbeli akim
parametreleri, arkin kararliligini, kaynak kalitesini,
kaynak dikisi gOriiniimiinii ve kaynak dikis
geometrisini onemli 6l¢iide etkilemektedir.

Darbeli ark, kaynak akiminin yiiksek akim ile
disik akim arasinda hizli  bigimde artip
azalmasindan olusmaktadir. Kaynak ¢izgisinde
birbiri istiine binmis puntolar bigiminde goriintii
elde edilmektedir. Bu parametrelerin uygunsuz
secimi diizensiz dikis yilizeyi goriiniimii basta olmak
iizere ergime bosluklarina, yanma oyuklarina ve
yetersiz niifuziyete neden olabilmektedir. Bu yiizden
iyi bir kaynak icin darbeli akim parametrelerinin
uygun olarak se¢imi ¢ok Onemlidir. Kaynak
isleminde darbeli akim parametreleri birbirine bagh
ve karmagik olmasi sebebiyle, kabul edilebilir
ozellikte bir kaynakli birlestirme elde etmek icin bu
parametrelerin  birbiriyle uyum iginde olmalar1
gerekmektedir [13-15].

Bu caligmada, AZ31B magnezyum levhalar TIG
kaynak yontemi ile darbeli akim kullanilarak, farkli
akim degerleri ile birlestirilmis ve uygulanan farkl
akim degerlerinin birlestirmeler iizerindeki etkisini
incelemek amaciyla mikroyap1, ¢cekme dayanimi ve
sertlik 6zellikleri incelenmistir.

1. DENEYSEL METOD

TIG kaynak yonteminin kullanildigi  bu
calismada, 1,75 mm kalinliga sahip hadde mamulii
ticari AZ31B, magnezyum levhalar darbeli akimda
farkli, diisiik ve yiiksek akim degerleri kullanilarak
birlestirilmis ve birlestirmelerin mikroyap1, ¢ekme

dayanimi  ve sertlik Ozellikleri arastirilmustir.
Deneylerde kullanilan AZ31B magnezyumun
kimyasal bilesimi Tablo 1°de  verilmistir.

Birlestirilecek olan magnezyum levhalar giyotin
makas kullanilarak  200x50 mm ebatlarinda
hazirlandiktan sonra yiizeyleri temizlenmistir. Biitiin
kaynak islemlerinde 1s1 kaybimi Onlemek icin
magnezyum malzemeler paslanmaz celik bir altlik
kullanilarak iskence ile sabitlenip kaynaga hazir hale
getirilmistir. Kaynak iglemlerinde koruyucu gaz
olarak argon gazi kullanilmis olup kaynak bdlgesinin
altininda korunmasi igin bir aparat yardimiyla
malzemenin alt kismina da argon gazi verilmistir.
Koruyucu gazin  malzemenin alt kismina
uygulanmast Sekil 1’de gosterilmistir. Kaynak
diizeneginin hazirlanmasiyla birlikte farkli akim
degerleri kullanilarak 3 adet kaynakli birlestirme
yapilmistir. Deneyler esnasinda kullanilan kaynak
parametreleri Tablo 2’de verilmistir.

TABLO 1

MAGNEZYUM AZ31B KIMYASAL BILESIMI

Kimyasal Bilesim (%)

Al Zn Mn Si
29 1093 | 036 | 0.013
Ni Cu Fe

0.00072 | 0.0073 | 0.0024
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Sekil 1 Kaynaklanan malzemeye koruyucu gazin uygulanmasi

TABLO 2

BIRLESTIRME ISLEMINDE KULLANILAN PARAMETRELER

PARAMETRE Numune | Numune | Numune
1 2 3
Voltaj (V) 25
Ust amper (A) 75 80 85
Alt amper (A) 35 40 45
Darbe frekansi (Hz) 5
Darbe zamani (%) 50
Is1 girdisi (kj/mm) 98 | 98 [ 98
Koruyucu gaz Argon
Gaz akis orani1 (I/dk) 15
Kaynak hizi((mm/dk) 150
Elektrod ¢ap1 (mm) 2,4
ilave metal (mm) 2

Farkli kaynak akimi degerlerinin kaynak metali
ve ITAB mikroyapisina olan etkilerini incelemek
icin kaynakli parcalardan mikroyapt numuneleri
hazirlanmistir.  Hazirlanan  numuneler gémme
isleminden sonra standart metalografik numune
hazirlama islemine tabi tutulmuslardir. Bu
numuneler daha sonra 10 ml asetik asit, 3 gr pikrik
asit, 5 ml saf su, 50 ml etanol ¢dzeltisinden olusan
daglayici ile daglanmis ve mikroyap1 incelemesi i¢in
hazir hale getirilmislerdir. Hazirlanan numuneler
Leika DM 4000M optik mikroskopta incelenerek
gerekli yerlerden mikroyapi goriintiileri alinmustir.

Hazirlanan mikroyap1 numuneleri kullanilarak
ana metal, kaynak bdlgesi ve yine ana metal olacak
sekilde 13 noktadan, 0,5 kg yiik altinda Shimadzu
HMV  mikrosertlik cihaz1 kullanilarak sertlik
6lgtimleri yapilmistir.

Farkli kaynak akim degerlerinin, birlestirilen
parcalarin kaynak metali ¢ekme dayanimina olan
etkilerini gérmek amaci ile ana malzemeden ve her
akim degerinden 3 adet olmak i{izere ¢cekme deney
numuneleri hazirlanmig ve teste tabi tutulmustur.
Test islemleri oda sicakliginda gerceklestirilmistir.
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1. DENEY SONUCLARI VE TARTISMA

A. Mikro Yapt Sonuglari

Darbeli akim kullanilarak TIG kaynak yontemi ile
birlestirilen numunelerden ayni biiylitme oranlarinda
elde edilen ITAB bolgesinden kaynak metaline
gecisin mikroyap1 goriintiileri Sekil 2 a-b-c’de
verilmistir.  Yine Sekil 3 a-b-c’de kaynak
metallerinin mikroyap1 goriintiileri verilmistir.

Sekil 2. Artan akim degerlerine gore kaynak metalinden ITAB’a
gecislerin mikroyap1 goriintiileri
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Sekil 3. Artan akim degerlerine gore kaynak metallerinin
mikroyap1 goriintiileri

Amper degerinin artigina paralel olarak artan 1s1
girdisiyle kaynak metali tanelerinin irilestigi ve
soguma yoniine paralel olarak olustugu goriilmiistiir.
Mikroyapt fotograflar1 incelendiginde gozenekli
yap1 dikkat c¢ekmektedir. Gozeneklerin sebebini
aragtirmak icin yapilan literatiir arastirmasinda
F.Mert ve arkadaslar1 [16] yapmis olduklar
calismada  magnezyum  alasimli  parcalarin
tiretiminde kullanilan en yaygin yontemin basingh
dokiim oldugunu ve bu yontemde pargalarin hizli
sogumasi ile ince taneli yap1 olusmasi saglanirken,
gazlarin  kagmasii  zorlastirdigindan  dolay1
gozeneklilige yol agabildigi sdylenmistir.

B.  Sertlik Sonuglar

Sekil 4’de farkli akim degerlerinde darbeli akim
kullanilarak TIG kaynak yontemi ile birlestirilen
kaynakli baglantilar iizerinde alinan sertlik dagilim
grafigi verilmistir.
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Sekil 4. Farkli amper degerlerindeki numunelerin sertlik degerleri
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Sertlik grafigi incelendiginde, en yiiksek sertlik
degerleri ana metalde Olctliirken, onu sirasiyla
kaynak bolgesi ve ITAB bdlgesinin takip ettigi
goriilmiistiir. En disiik sertlik degerinin ITAB’da
meydana gelmesinin sebebi kaynak islemi sirasinda
ITAB’daki mikro yap1 degisimi sirasinda olusan tane
irilesmesinden kaynaklanmaktadir. Hong-tao Liu ve
arkadagslarida [17] yapmis olduklari g¢aligmalarda
buna benzer sonuglara ulamislardir. Ayrica farkli
akim degerleriyle ile birlestirilen numunelerde en
yiiksek sertlik degeri en diigiik akim degerinin
kullanildig1 kaynak isleminde elde edilmistir. Bunun
nedeni akim degeri arttik¢a 1s1 girdisinin artmasi ve
malzemenin daha yavas sogumasindan
kaynaklanmaktadir [18].

C. Cekme Dayanimi Test Sonuglari

TIG kaynak yontemi ile farkli akim degerlerinde
darbeli akim kullanilarak birlestirilen kaynakl

baglantilara ait ¢ekme grafikleri Sekil 5’de
verilmigtir.
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Sekil 5. Farkli amper degerlerindeki numunelerin ¢gekme grafigi

Darbeli akimda farkli akim degerleri kullanilarak
yapilan  birlestirmelerde  kaynak  bdlgesinin
mukavemet 6zellikleri, ana malzemenin mukavemet
ozelliklerinden diisiik oldugu goriilmiis olup, kaynak
akiminin artmasiyla ¢ekme degerlerinin de arttig1
tespit edilmigtir. Yapilan deneyler sonrasinda
kopmalarin hepsi ITAB’dan olmustur. Sertlik
sonuglari da incelendiginde en diisiik sertligin ITAB
bolgesinde oldugu goriilmiis olup bundan dolay1 da
kopmalarin ITAB bolgesinde oldugu
disiiniilmektedir. Sekil 6’da ¢ekme testi sonrasi
ITAB bdlgesinden kopan bir numune Ornegi
verilmistir. Z.D. Zhang ve arkadaslart da [19]
yapmis olduklart ¢aligmalarda bu sonuca benzer
sonuglar bildirmiglerdir.
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Sekil 6. Cekme testi sonrasi ITAB bolgesinden kopan numune
ornegi

.  SONUCLAR VE ONERILER

Mikroyap1 c¢alismalar1 sonucunda; kaynak akimi
artisina paralel olarak artan 1s1 girdisiyle kaynak
metali tanelerinin irilestigi gorilmiistiir.

Sertlik grafigi incelendiginde, en yiiksek sertlik
degerleri ana metalde Olgiiliirken, onu sirasiyla
kaynak bdlgesi ve ITAB bolgesinin takip ettigi
gorilmiistiir.

Cekme testleri sonucunda ise; kaynak akiminin
artmasiyla ¢cekme dayanimmin da arttigi tespit
edilmistir. Ayrica bitiin numunelerde kopma ITAB’
da gerceklesmistir.
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Ozet- Titanyum ve titanyum alasimlari son zamanlarda
biyolojik uyumluluk nedeni ile saghk, korozyona karsi
olan dayanimi sebebi ile de endiistride kullanilan ve
adindan sik¢a soz ettirmekte olan hafif bir malzeme
tiiriidiir. Bu nedenllerden dolayr da, titanyum ve
alasimlarinin endiistride kullanim i¢in ¢esitli kaynak

yontemlerini kullanarak birlestirme ihtiyaci
dogmustur. Bu baglamda yapilan birlestirme
yontemlerinden patlama kaynak yontemi ile

gerceklestirilen birlestirmeler derlenmis olup, sonuclar
hakkinda degerlendirmeler yapilmistir.

Anahtar Kelimeler-
Patlama, Korozyon

Titanyum, Alasim, Kaynak,

Abstract- Titanium and titanium alloys are a kind of
light material which is used frequently in the industry
due to its resistance to corrosion and corrosion due to
its biological compatibility. For these reasons, there has
been a need to combine various welding methods for
the use of titanium and its alloys in industry. In this
context, the assemblies with the explosive welding
method were compiled from the joining methods and
the results were evaluated.

Keywords-
Corrosion

Titanium, Alloy, Welding, Explosive,

1. GIRIS

Aliminyum ve magnezyuma genel oOzellikleri
acisindan bakildiginda genellikle hafif metaller
olarak  bilinse de; titanyum, demir ile
karsilastirildiginda  yogunlugunun yaklasik % 60’1
kadar1 bir yogunluga sahip oldugu goriilmektedir.
Diinyada artik c¢ogu iilke, titanyum malzemenin
onemli oldugu kanaati olustugu igin arastirma,
gelistirme ve titanyumun uygulamaya yonelik
caligmalarina biiylik bir destek vermektedir.
Titanyum, miihendislik uygulamalarinda
kullanildig1r gibi, dis ve medikal uygulamalarda
oldukgea ilgi duyulan 6zel bir malzemedir [1,2].

Titanyum  malzemelerin  korozyona  karst
gostermis oldugu direng, paslanmaz ¢elik ve kobalt
ve alasimlan ile karsilastirildiginda daha fazladir.
Notral pH ve izotonik tuzlu suda titanyum
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malzemelerin korozyon olusmasi hemen hemen yok
denilecek kadar azdir. Aralik, taneler arasi ve
cukurcuk korozyonlarima karst direnci oldukca
yiiksek oldugu gorlilmektedir. Titanyum
malzemelerin hayvan deneylerinde ve insan hayatini
kolaylagtiracak uygulamalarda biyolojik
uyumluluklart konusunda simdiye kadar olumsuz
izlenimler vermemistir [3].

Uzay, niikleer ve kimyasal sanayii her gegen giin
gelismesiyle birlikte daha c¢ok paslanmazlik ve
asmnma direncine sahip olunan malzemelere olan
ihtiyag giin gectikge artmaktadir. Patlayicinin
kullananilmasiyla yapilan kaynak teknolojisi, bu
amagla kullanilan modern teknoloji yontemlerinden
biridir. Patlayict yardimiyla yapilan kaynak
uygulamasi, diger  kaynak  yontemleriyle
birlestirilebilmesi miimkiin olmayan malzemelerin
veya kompozitlerin kaynakla birlestirilebilmesinde
kullanilan bir teknoloji ¢esitidir [4-6].

Patlamali kaynak yontemi veya kaplama yontemi
iki metali patlayici kullanarak birlestirme islemini ya
da kaplamay1 gerceklestiren alistlmamis yani diger
kaynak yontemleriyle karsilastirildiginda oldukga
farkl1 bir yontemdir [7-9].

Patlamali birlestirme olarak da bilinen patlama
kaynagi, iki metal arasinda patlayicinin etkisi ile
olusan yiiksek hizdaki malzemelerin egimli bir
sekilde carpismasi sonucu meydana gelir. Patlama
kaynag1 veya kaplama yontemi; patlayicinin etkisi
ile elde edilen yiiksek basing yardimu ile iki ya da
daha fazla metali birlestirmek i¢in kullanilan bir kat1
hal kaynak yontemidir. Metal yliizeylerin
birbirleriyle carpismast sonucunda yeterli bir
carpisma enerjisinin meydana gelmesiyle, bu
yiizeylerde olusan ilk temaslarini birbirleri tizerinde
bir akis sergileyerek devam ettirirler ve sonugta, kati
hal birlesmesi gergeklesmis olur. Bu kaynak
yontemini uygularken disaridan herhangi 1s1
verilmediginden dolayr soguk bir teknik olarak
tamimlanmasina  ragmen, kaynak  isleminin
dinamiginden dolay1 kaynak ara yiizeyinde bolgesel
yiiksek sicakliklar meydana gelebilir. Buradaki
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patlayicinin infilak edilmesiyle birlikte 1s1 meydana
gelmesine ragmen, metal parcalar arasinda 1s1
transferinin gergeklesmesi i¢in gerekli zaman yoktur
ve metallerde 1s1 akisinin olmadigi goriiliir [10-13].

Patlamali kaynak veya kaplama yonteminin ii¢
temel elemani vardir. Bunlar; taban malzemesi, tist
parca ve patlayicidir. Kaynak islemi sirasinda taban
malzemesi sabit bir sekilde durur ve iist par¢a sabit
duran malzemeye kaynaklanir. Ayn1 zamanda, taban
malzemesi de biiylik bir althk yardimiyla
destektelenmelidir. Ust plaka da kaynak sirasinda
patlayicinin etkisi ile taban malzemesi iizerine dogru
hareket ettirilir. Birlestirilecek olunan iist parca
genellikle taban malzemesine paralel bir konumda
bulunmaktadir. Buna ilaveten bazi 6zel birlestirme
uygulamalarinda her parca ig¢in ayr1 ayri acilar
olusturularak gergeklestirilen kaynak islemleri
vardir. Patlamali kaynak ya da kaplama yonteminde
bir altlik iizerine sirasiyla: ana malzeme (taban
malzemesi), belirli bir oranda bosluk, ana metale
gore egimli ya da paralel olarak yerlestirilmis
kaplama malzemesi (iist parca), malzemelerin
kaplanma sirasinda hasara ugramasini Onleyen
tampon tabaka, patlayici malzeme ve patlatict
yerlestirilmektedir. Sekil 1 ve Sekil 2’ de patlamali
kaynak yonteminin paralel ve egik diizlemlerdeki
seklini gostermektedir [14-17].
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Sekil 1. Patlamali kaynak yonteminde paralel diizlem sematik
gosterimi [15].
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Sekil 2. Paralel kaynak yonteminde egik diizlemde sematik
gosterimi [15].

Metalik yiizeylerin carpismasi sonucunda, yeterli
bir oranda g¢arpisma enerjisi ortaya c¢iktiginda, bu
metalik yiizeyler arasinda olusan ilk temas
sonugunda birbirleri tizerinde bir akis sergileyerek
devam ederler ve bu olay sonugunda bir kat1 hal
birlesmesi meydana gelmis olur [18-22]. Patlamali
kaynak esnasinda temas yiizeylerinde olusan basing
oldukga yiiksektir ve iist tabakanin etkisiyle olusan
kinetik enerji arayiizeyde dalgali bir birlestirme
goriintiisii  olusturur. Bu darbenin olusmast ile
birlikte malzemelerin iki ylizeyi birbirine mekanik
olarak kilitler. Burada gergeklesen mekanik
birlesmenin etkisi ile de gerceklesen plastik
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deformasyon sonucu, soguk basin¢ kaynag: olusur
[14,23]. Bu islem, kaynak esnasi sirasinda digaridan
herhangi bir 1s1 verilmedigi i¢in soguk teknik olarak
tanimlanmasina ragmen islemin dinamiginden
dolay1r kaynak arayiizeyinde bolgesel olarak yiiksek
sicakliklar olusabilir.

Egimli diizlemde gerceklesen c¢arpisma, metal
yiizeylerden bir tabakanin metal jeti seklinde,
carpisma arayiizey bolgesinden uzaklagmasina sebep
olur. Carpisma sirasinda yilizeyden metal jeti
seklinde figskiran bu tabakanin kalinligr genellikle
0,05mm’den daha azdir. Patlamanin etkisi
sonugunda metal jeti digar1 atilirken, ayn1 zamanda
carpisan  metalik  ylizeylerin  temizligi  de
gerceklestirilmis olunur. Kaynak yapilacak metal
yiizeyinde bulunan oksit, yag, kir, pas gibi kaynak
i¢in zararli olan etkiler, olusan jet ile birlikte disari
atilmaktadirlar [24,25]. Bu olayin sematik gdsterimi
Sekil 3’ de gosterilmistir.
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Sekil 3. Patlama kaynaginda fiskirma olay1

Patlamali kaynak yonteminde kaliteli bir
birlestirme elde edebilmek i¢in, kaynak islemini
kontrol  altinda  tutabilecek  parametrelerin
belirlenmesi  gerekmektedir. Birlestirme islemi
sonucunda, arayiizeyi ve kaynak kalitesini etkileyen
bazi kaynak parametreleri vardir. Bu parametreler;
ara bosluk mesafesi (s), egimli diizenlemelerde
baslangic agisi (paralel diizenlemeler ig¢in bu deger
a=0 dir) (a), patlayic1 oran1 (patlayici kiitlesini iist
levha kiitlesine orani) (R), patlayicinin patlama hizi
(Vd), iist levhanin ¢carpma hiz1 (Vp), carpisma agist
(B), kaynak hiz1 (¢arpigma noktasi hizi), (Vw) egik
diizlemlerde carpma agis1 a, altlik, fiinye ve patlayici
olarak siralanabilir [26,27]. Sekil 4’de patlamali
kaynak yontemi parametreleri sematik olarak
gosterilmistir.

ANNNREETN NN

Sekil 4. Kaynak parametrelerinin sematik gosterimi
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I YAPILAN CALISMLAR

Xia ve arkadaglari, patlamali kaynak yontemini
kullanarak, titanyum ile aliiminyum levhalar
birlestirerek mekanik ve mikroyap1 ozelliklerini
incelemislerdir. Birlesme arayiizeyi bdlgesinde
dalgali bir sekil olustugu tespit edilmistir. 180° ¢ift
yonlii egme testleri sonrasinda, numunelerde ayrilma
veya kirilma goriilmedigi, patlamali kaynak yontemi
ile birlestirilen TA2/2A12 kompozit malzemelerin
giivenli oldugu, X-1is1mm1 Spektrometre (EDS)
sonuglarina gore, arayiizeyde higbir intermetalik
bilesigin  goriilmedigi, goriilmesi durumunda
araylizey bdlgesinde sert ve kirtllgan
intermetaliklerden dolay1 ¢atlamanin
gerceklesebilecegini bildirmislerdir. Mikro sertlik
degerlerinin araylizeyden uzaklastikca azaldigi
gozlenmistir [28].

Song ve arkadaglari, titanyum ile celik plakalari
patlamali kaynak yontemini kullanarak kaplamis ve
mikroyapist elektron mikroskopu ile incelenerek
egme testleri gerceklestirmiglerdir. Kaynak arayiizey
bolgesinin incelemeler sonucunda dalgali bir
arayiizeye sahip oldugu belirlenmistir. Yapilan bu
mikro Olgekli incelemelerde, dalgali arayiizey
bolgesinin ~ hemen  disarisinda  intermetalik
inkliizyonlarin oldugu gozlenmistir. Sekil 5°te

olusan inkliizyonlar (a) ve inkliizyonlarin etkisi ile
olusan catlaklar (b) gosterilmistir. 90° egme testleri
hicbir

sonugunda,  birlestirmelerde
goriilmedigi tespit edilmistir [29].

ayrilma

L 314 T R o
Sekil 5. (a) Dalgali bolgede goriilen ve cogunlukla celik tarafinda
olusan inkliizyonlar, (b) Intermetaliklerden dolay1 olusan mikro
catlaklar

Kahraman, titanyum-paslanmaz celik, titanyum-
disiik karbonlu celik ve titanyum-aliiminyum,
patlamali kaynak yontemi ile bilestirmistir.
Birlestirilen numunelere; sertlik, egme ve kesme-
makaslama testleri ile SEM ve mikroyapi ¢aligmalari
gerceklestirilmistir. Ayrica deniz suyu ortaminda
olusan korozyon degisimlerinin belirlenmesi i¢in
caligmalar yapilmistir. Patlayict oraninin  R=1
kullanildig1 durumda titanyum-paslanmaz gelik ve
titanyum-diisiik ~ karbonlu  ¢elikte  birlesme
gergeklesmezken, titanyum-aliiminyum arasinda
gerekli basing saglandigindan birlesme olumlu
sonu¢lanmustir. Birlestirilen kompozitlere
uygulanan ¢ekme-makaslama testi sonucunda higbir
kompozitte  siyrilma  gdzlenmemistir.  Optik
mikroskop ile inceleme yapildiginda diisiik patlayici
oranlarinda  gergeklesen birlesmede arayiizey
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goriintiisti diiz bir sekilde goriilirken, patlayict
oraninin artmastyla dalgali bir arayiizey olusmakta
ve dalgalarin  boy ve genisliginde artiglar
gozlenmektedir. 180° ¢ift yonli egme testleri
sonrasinda, kaynak araylizeyinde ayrilma ya da
yirtilma gibi olumsuzluklar gériilmemistir. Kaynak
numunelerinin  SEM ile incelenmesi sonucunda
birlesme araylizeyinde herhangi bir birlesme hatasi
gozlenmemistir.  Sertlik  olglim  degerlerine
bakildiginda soguk deformasyonun etkisi ile
kaynakli numunelerde olan sertlik degerlerinin
orijinal malzemelere gore daha fazla oldugu tespit
edilmistir. Kompozitlere uygulanan korozyon testi
sonucunda ise en dayanikli malzeme ¢ifti olarak
titanyum-paslanmaz ¢elik oldugu belirlenmistir [14].

Kahraman ve arkadaslari, titanyum ile paslanmaz
celigi egik diizlemde patlamali kaynak yontemini
kullanarak birlestirmislerdir. Birlestirilen kaynakli
numunelere; TEM, ¢ekme-makaslama, biikme,
sertlik ve korozyon testleri uygulanmistir. Optik ve
SEM incelemelerinde patlayici oranmin artmasi ile
plriizsiiz olan arayiizey bolgesinin dalgali bir
arayiizey sekline doniistiigii gozlenmistir. Cekme-
makaslama testinde kaynakli numunelerde siyrilma
tespit edilmemistir. Patlatma orani arttik¢a sertlik
degerinin arttig1 ve en yiiksek sertlik dl¢timlerinin
araylizeyde ve araylizeye yakin bdlgelerde
o6l¢iildiigi belirtilmistir. Paslanmaz ¢elik ve titanyum
malzemelerde oksit tabakasi patlayict oraninin
artmast ile korozyon dayanimmin ters orantili
oldugu sonucuna varilmistir. Ayrica; egme testi
sonucunda, yirtilma, ayrilma veya kirilma gibi
durumlar gézlenmemistir (Sekil 6) [30].

Sekil 6. Egme testi goriintiisi

Kahraman ve arkadaslari, titanium ile
aliminyumu, ¢esitli patlayici yiiklerini kullanarak
patlamali kaynak yontemi ile birlestirmis ve
birlestirilen kaynakli numunelere; egme, sertlik,
mikroyapi, korozyon ve ¢ekme-makaslama testleri
uygulamislardir. Cekme-makaslama testi sonucunda
kaynakli numunelerde herhangi bir ayrilma
gbozlenmemistir. Egme testi sonucunda, c¢atlama
veya yirtilma olayr tespit edilmemistir. Sertlik
degerleri  Olglildiigiinde arayiizey bolgesindeki
sertlik degerlerinin orijinal malzemeye gore arttigi
belirtilmistir. SEM ve optik mikroskop ¢alismasinda
patlayict oraninin artmastyla (Sekil 7) arayiizeyde
olusan dalga boyu ve genisliginde artis oldugu tespit
edilmis olup korozyon incelemesinde ise patlayict
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oraninin artigl ile korozyon dayaniminin diistigi
tespit edilmigtir [8].

[l | ;
Sekil 7. SEM goriintiileri(a) R=1 ve (b) R=2.5 patlayici yiikii.

Yan ve arkadaslari, NiTi/NiTi sekil hafizali
alasimlart patlamali kaynak yontemini kullanarak
birlestirmis ve mikrosertlik testi uygulamiglardir.
Kaynakli numunelere yapilan mikrosertlik testleri
sonucunda, patlamali kaynak sirasinda, patlayici
yiikiinden  dolayr  yiiksek  darbe  hizlarina
ulasildigindan ve bu hizin etkisi nedeni ile kaynak
sirasinda soguk plastik deformasyondan olayinin
gerceklestigi, sertlik degerlerinin Slgiildiigiinde ise
araylizeye yakin bolgelerde en yiiksek sertlik

degerleri ve ince tane yapist elde edildigi
bildirilmistir [31].
Mousavi ve arkadaglari, yapmig olduklar

calismada Titanyum ve 304 paslanmaz celigi
patlamali kaynak yontemi ile birlestirmislerdir.
Kaynakli baglantilarin arayiizeyleri incelendiginde,
diisiik patlayici oranlarinda arayiizeyin diiz oldugu
fakat patlayici oranmin artmasiyla da araylizeyin
dalgali bir yapida oldugu belirtmislerdir. SEM ile
yapilan g¢alismalarda ise Fe,Ti, Fe,TisO ve CrpTi
intermetalik fazlarin oldugu tespit edilmistir [32].

Manikandana ve arkadaslari, yapmis olduklari
¢alismada titanyum ile paslanmaz c¢eligi patlamali
kaynak yontemi ile Dbirlestirmistir.  Yapilan
incelemeler sonucunda araylizeyde herhangi bir
intermetaligin olmadigi, plastik deformasyonun
olustugu ve arayiizeyde dalgali bir yapinin olustugu
belirtilmistir [33].

Sakhtemanian ve arkadasglari, Titanyum ve diisiik
karbonlu ¢elik levhalar1 patlamali kaynak yontemi
ile Dbirlestirmiglerdir. Plakalar farkli diizende
yerlestirilip deney yapildiginda Ti-St diizeninin St-
Ti diizenine gore daha 1iyi bir birlesme
gergeklestirildigi belirlenmistir [34].

Mali ve arkadaslari, yapmis olduklari ¢alismada
patlamali kaynak yontemini kullanarak Titanyum-
Nikel ¢ifti arasina Ta ve Cu tabakalari koyarak
kaynak islemini gerceklestirerek mikroyapt ve
mekanik 6zelliklerini incelemislerdir. SEM ile
yapilan inceleme de arayiizeyde dalgali bir yapinin
olustugu gozlenmistir. Kaynakli numunelerde
Olciilen sertlik degerleri baslangicta dlgiilen sertlik
degerlerinden daha ytiksek oldugu gézlenmistir. Ti-
Ta kismi ergime bdolgelerinde 6lgiilen sertlik degeri
Ta-Cu arasinda Olgiilen sertlik degerinden daha
yiiksek oldugu belirlenmistir. EDS ve SEM
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caligmalarinda  vorteks
belirlenmistir [35].
Kahraman ve arkadaslari, titanyum ve bakir
levhalar1 patlamali kaynak yontemi ile birlestirerek,
mekanik ve mikroyap1 Ozellikleri incelenmistir.

bolgelerinin  olustugu

Sertlik  degerleri  incelendiginde,  birlesme
bolgelerinde 6lgiilen degerlerin diger bolgelere gore
yiiksek oldugu belirlenmistir. Mikroyapi

incelemelerinde patlayict yiikiiniin artmasi ile
araylizeyde olusan dalgali formun biiyikligi ve
genigligi  artigt  tespit  edilmisti.  SEM
incelemelerinde arayiizeylerde intermetalik
bilesiklerin goriilmedigi belirtilmistir. Patlayict
miktar1 arttiginda her iki plakada da arttig1 tespit
edilmistir [36].

1. SONUCLAR VE ONERILER

Titanyumun patlamali kaynak yontemi ile
sorunsuz bir sekilde birlestirilebildigi belirlenmistir.
Yiiksek mukavemet ve hafif yapilara ihtiyac giin
gectikee artmaktadir. Bunun paralelinde
Titanyumun patlamali kaynak yontemi ile ¢esitli
metallerle birlestirilerek ozellikle ucak ve uzay

sanaayisinde kullanilan kompozitlerin {iretilme
imkant saglanmis olur.
Savunma sanayiinde kullanilan fiize

rampalarinda, fiize atisina bagli olarak olusan ig
kisimdaki aginmaya ¢6ziim olarak patlamali kaynak
yontemini kullanarak incelenebilinir.
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Abstract— In this study, artificial aging heat treatment was
applied to Mg containing AISi8Cu3Fe aluminium alloys at a
temperature of 200 °C for 2 hrs., 4 hrs. and 8 hrs. after the
solution heat treatment for 4 hrs at 540 °C. The effects of the
heat treatment on the mechanical properties of the alloys were
determined by the compression test. As a result of the applied
compression test, it was observed that better mechanical
properties were obtained at the aging duration of 4 hrs. and
above.
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L.

Aluminium alloys have wide spread application areas from
foil to wheel and also aluminium alloys have been the primary
material of choice for structural components of aircraft since
about 1930’s [1]. AISi8Cu3Fe is the most popular and
common choice for die casting. AlSi8Cu3Fe is known for
offering an ideal combination efficient material properties and
production workability. In addition, this material is commonly
used by industrial applications throughout the World. It is
suitable for large, intricate and thin walled castings in all types
of moulds, also used where corrosion resistance or ductility is
required. AlSi8Cu3Fe, being a hypoeutectic alloy close to Al—
Si eutectic composition [2]. The microstructure of this cast
alloy is composed of primary o-aluminium dendrites and
eutectic islands (acicular Si crystals in aluminium) [2].

INTRODUCTION

There are six property elements that compose the
AlSi8Cu3Fe aluminium alloys, these include: Silicon contains
the greatest impurity level in electrolytic commercial
aluminium (0.01 to 0.15%). Copper will allow the alloy to
react to solution heat treatment and subsequent aging with an
increase in strength and hardness and a decrease in elongation.
Magnesium shows an increase in the strength of aluminium
without unduly decreasing the ductility. Iron has a high
solubility in molten aluminium and is easily dissolved at all
molten stages of production. Manganese decreases
resistiveness while increasing strength in both solid solutions
and precipitated intermetallic states. Zinc provides the best
mix of tensile properties [3-7].

In this study, artificial aging heat treatment was applied to
AlSi8Cu3Fe aluminium alloys at a temperature of 200 °C for
2 hrs., 4 hrs. and 8 hrs. after application of the heat treatment
for 4 hrs at 540 °C. The effects on the mechanical properties
of these heat treatment applications were also tried to be
determined by the compression test.
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II. EXPERIMENTAL PROCEDURE

X-Ray Diffraction (XRD) analysis for phase identification
was carried out using Rigaku ULTRA IV Diffractometer with
Cu-Ka X-ray radiation under 40-kV acceleration voltage and
40 mA current. A scan speed of the measurements was 3
deg./min. and scan range was between 30° to 90°. ICDD
database was used to identify the phases of the X-ray
diffraction pattern of the alloys.

Detailed microstructural investigations of alloys are carried
out by Carl Zeiss ULTRA PLUS FESEM Field Emission
Scanning Electron Microscopy (FESEM).

Compression tests applied to understand the effect of aging
durations on the mechanical properties of the AlSi8Cu3Fe
aluminum alloy. Zwick/Roell Z600 Universal Testing
Machine was used for a a compression test. Test speed was
0.0005 1/min and pre-load was 20 N.

III. RESULTS AND DISCUSSION

As can be seen from the XRD graph given in Figure
1, it was determined that the phases were composed of Al and
Si phases. The reason for this is that many possible phases
overlap, especially with Al and Si peaks.
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Fig 1. XRD analyses result of sample aged at 200 °C for 8 hrs.
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SEM micrographs of the samples were given in Figure 2.
When the SEM micrographs of the samples were analyzed, it
is seen that the intermetallic particle size of 2 hrs. aged sample
is smaller than the intermetallic particle size of the 4 hrs. and
8 hrs. aged samples. There is no significant difference of
intermetallic particle size was observed between the 4 hrs. and
8 hrs. aged samples.

Fig 2. SEM micrographs of aged samples a) 2 hrs. b) 4 hrs. ¢) 8 hrs.

Compression test results were tabulated in Table 1. It can
be clearly observed that 2 hrs. aged sample absorbed much
less energy than the others, but there is no such obvious
difference between the 4 hrs. aged and 8 hrs. aged samples.
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The reason is that intermetallic particles become much
rougher after aging for 2 hours. The absence of such
significant differences in grain size between 4 hours and 8§
hours aged samples may explain the low energy difference
between these two samples. This difference can be understood
from the SEM images given in Figure 2.

TABLE 1
COMPRESSION TEST PARAMETERS AND RESULTS OF AGED
SAMPLES
Aging Aging Emax Go Gimax

Temperature | Duration | (dL/hg) | (N/mm?) | (N/mm?)

2 hrs. 0,50 197,3827 | 483,2112

200 °C 4 hrs. 0,50 352,8853 | 799,7354

8 hrs. 0,50 346,9872 | 647,7042

IV. CONCLUSIONS

In conclusion, the effects of aging parameters on the
mechanical properties of the AlSi8Cu3Fe alloy were
investigated. As a result of the applied compression test, it
was observed that better mechanical properties were
determined at the aging duration of 4 hrs. and above.
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Abstract— In this study, attempts have been made to determine
wear behavior of T6 heat treatment applied to commercially
produced Mg containing AlSi8Cu3Fe aluminum alloy. XRD
analysis, SEM investigations, Brinell hardness and wear tests
were applied to understand the effect of T6 heat treatment on the
aluminum alloy. Heat treatment was applied at a temperature of
200 °C for 2, 4 and 8 hrs. after solution heat treatment for 4
hours at 540 °C. Minimum weight loss after wear test was
detected in 200 °C 4 hrs aged sample. On the other hand, sample
aged at 200 °C 8 hrs. has the best Brinell hardness with 120.6
HB.

Keywords— Al-Si alloy, T6 heat treatment, wear properties

I. INTRODUCTION

In recent year’s aluminum, magnesium and similar
materials that have the high specific strength (strength/density)
have become the focus of attention by the aviation and
automotive industries where weight gain is important [1-3].
The weight gain in these areas will reduce fuel consumption
and therefore also reduce greenhouse gasses (GHGs)
emissions. It is important to improve the mechanical
properties of these materials in order to increase their use.
Alloying, thermo-mechanical processes, heat treatments etc.
are among the methods that can be applied to develop these
properties. One of the most preferred elements in the alloying
of aluminum metal is silicon. Due to the high fluidity
provided by the silicon, it is possible to produce parts with
complex and thin sections by casting. Silicon provides fluidity
to the liquid metal while also reducing the tendency to tear on
the spattered part [4]. Copper can be used up to 5% as an
alloying element when high strength values are required but
corrosion resistance is not very important [4]. Iron, which
forms intermetallic compounds with aluminum that are highly
stable but have brittle nature which, negatively affects the
ductility of the part and also reduces the corrosion resistance
[4]. To get rid of these harmful effects that iron creates, some
manganese or cobalt is added to the alloy.

The most preferred alloying method is casting. Casting is a
fast and cheap method that has been utilized for long for
producing structural parts in various sizes [5]. Cast products
generally contain a coarse grained microstructure, particularly
when the cooling rate is low. The grain morphology of gravity
cast aluminium alloys is typically dendritic [6]. In addition,
gas porosity is a common macro defect in cast pieces. These
defects render the material vulnerable in applications that
especially require mechanical strength or corrosion resistance.
Heat treatment is a solution to get rid of these harmful effects

of casting. After alloying by casting, T6 heat treatment
applied for the development of mechanical properties is one of
the most common methods. T6 heat treatment explains as
artificial aging is applied after the sample is subjected to heat
treatment [4].

In this study, attempts have been made to determine wear
behavior of T6 heat treatment applied to commercially
produced Mg containing AlSi8Cu3Fe aluminum alloy.
AlSi8Cu3Fe alloy has close eutectic composition including
relatively higher Si from A356 and A357 alloys. It has good
fluidity, pressure strength, hot cracking resistance, good
mechanical properties and is used to produce various
automotive components such as airbrake castings, gear boxes
and air cooled cylinder heads [7], [8].

II. EXPERIMENTAL PROCEDURE

Artificial aging heat treatment was applied at a temperature of
200 °C for 2, 4 and 8 hrs. after application of the heat treatment
for 4 hrs. at 540 °C. The chemical composition of the alloy was
given in Table 1. After the heat treatment, all specimens were
cooled in water.

TABLE I
CHEMICAL COMPOSITION OF AlSi8Cu3Fe ALUMINIUM ALLOY (IN
WT.%)
ISO Norm Fe Si Cu Mn Mg Zn Ni Ti
. 7.50-  3.00-
AlSi8Cu3Fe  1.00 900  4.00 0.50 030 1.00 020 0.20

X-Ray Diffraction (XRD) analysis for phase identification was
carried out using Rigaku ULTRA IV Diffractometer with Cu-Ka
X-ray radiation under 40-kV acceleration voltage and 40 mA
current. A scan speed of the measurements was 3 deg./min. and
scan range was between 30° to 90°. ICDD database was used to
identify the phases of the X-ray diffraction pattern of the alloys.

Detailed microstructural investigations of alloys are carried out
by Carl Zeiss ULTRA PLUS FESEM Field Emission Scanning
Electron Microscopy (FESEM). Also, Energy Dispersive
Spectroscopy (EDS) was performed to assess the chemical
compositions of the phases.

Brinell hardness test was performed via Q250 M QNESS macro
hardness test machine using 62.5 kg loads with a holding time of
20 seconds and 2.5 mm diameter indenter. Brinell hardness
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values of the specimens were the averages of measurements taken
at 5 different points at one indent per point.

Wear tests were conducted on UTS Tribometer T10/20 at
forward and reverse movement module. AISI 52100 steel
brand ball was used during the test. Wear tests were carried
out at 130 mm/s. test speed with a stroke distance of 10 mm. 5
N loads were applied to the samples and 500 meters distance
were taken. Lubricant was not used.

III. RESULTS AND DISCUSSION

Figure 1 shows SEM micrographs of aged alloys. Figure 2
shows EDS analyzed the region of aged at 200 °C 8 hrs. alloy
and EDS results of the phases in at.%.

Elhu._m

Fig 1. SEM micrographs of aged alloys 200 °C a) 2 hrs. b) 4 hrs. ¢) 8 hrs.

Matrix structure composed of Al, Si, Cu, and Fe. The light
grey structure is Si based intermetallic and dark grey
intermetallic structure is composed of Al, Si, Cu, Fe, Mg and
Mn elements. It can be clearly observed EDS analyses results
in Table 2, EDX spectrum points in Figure 2.
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Fig 2. SEM micrograph and EDS analyses results of aged at 200 °C 8 hrs.
alloy.

Table IT
EDX SPECTRUM RESULTS OF THE POINTS

Spectrum Al Si Cu Fe Mg | Mn
(at.%)

1 9499 | 1.16 | 2.00 | 0.59 | 0.00 | 0.00

2 2.17 | 97.61 | 0.00 | 0.10 | 0.00 | 0.00

3 63.40 | 11.93 | 4.17 | 15.09 | 5.02 | 5.02

Brinell hardness test was performed via Q250 M QNESS
macro hardness test machine using 62.5 kg loads and a
holding time of 20 seconds. Brinell hardness values of the
specimens were the averages of measurements taken at 5
different points at one indent per point. Brinell hardness’s of
specimens are 106.8 HB, 89.2 HB, and 120.6 HB with an
increasing aging duration, respectively.

| | l | h
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Fig 3. Graphical comparison of Brinell hardness values of the samples.
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Wear tests were conducted on UTS Tribometer T10/20 at
forward and reverse movement module. AISI 52100 brand
ball was used during the test. Wear tests were carried out at
130 mm/s. test speed with a stroke distance of 10 mm. 5 N
loads were applied to the samples and 500 meters distance
were taken. Wear loss of specimens are 1.9, 1.7 and 2.6 in mg
with an increasing aging duration, respectively.

While Figure 3 and Figure 4 compared, they follow a
similar trend. As aging duration increased from 2 hrs to 4 hrs
hardness values deceases and wear loss of the AlSi8Cu3Fe
alloy decreases. Further, increase in aging duration up to 8 hrs
both hardness values and wear weight losses increases as
compared to previous aging durations. The reason is that
intermetallic particles in the structures became larger with
aging duration from 2 hrs to 4 hrs after this duration Si-based
intermetallic grows faster than the other intermetallics. So,
these large particles on the surface resulted in more weight
loss due to the breakage during wear.

IV. CONCLUSIONS

In conclusion, aging heat treatment was applied at a
temperature of 200 °C for 2, 4 and 8 hrs. after application of
the heat treatment for 4 hours at 540 °C to the AlSi8Cu3Fe
aluminum alloy. Minimum weight loss after wear test was
detected in 200 °C 4 hrs aged sample. On the other hand,
sample aged at 200 °C 8 hrs. has the best Brinell hardness
with 120.6 HB.
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Abstract—Self-healing materials have the ability to heal
themselves when they micro damaged. Self-healing materials are
receiving increasing interest and promising for the future. In this
study, self-healing metals and known self-healing mechanisms
are summarized.
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I. GIRIS

Kendini onarabilen/iyilestirebilen malzemeler, dogal
biyolojik malzemelerden esinlenmis olup bu malzemeler
mikro hasara ugradiklarinda mikro ¢atlagi onarma/iyilestirme
ozelligine sahiptirler [1]. Tiim biyolojik organizmalar kiigiik
yaralanma ve kanamalar1 onarma yetenegine sahiptir. Kendini
onarabilen/iyilestirebilen inorganik malzemeler geligtirmek,
malzeme bilimcilerinin giderek artan ilgisini gormektedir.
Kendini onarabilen/iyilestirebilen malzemelerle ilgili son
yillardaki ¢aligmalarin ¢ogu metalik malzemelere gore tiretimi
daha kolay polimerler ve seramikler {izerine yogunlagmistir
[2-9]. Kendini onarabilen/iyilestirebilen malzemeler otonom
kendini iyilestirebilen malzemeler ve otonom olmayan kendini
tyilestirebilen malzemeler olarak iki grupta
smiflandirilmaktadir. Otonom olarak kendini iyilestirebilen
malzemeler sekil bellekli nano pargacik takviyeli metal
matrisli kompozitler ve tane sinirlarmin hareketine/gogiine
dayali metalik malzemeler olarak siniflandirilabilir [10,11].
Otonom olmayan kendini iyilestirebilen malzemelerin
simiflandirilmast  Sekil 1’de verilmistir. Otonom olmayan
kendini iyilestirmede, sicaklik, elektrik akimi, kuvvet gibi bir
iti glic gerekmektedir (Tablo 1) [12,13]. Son zamanlarda
kendini iyilestirebilen metaller ve metal matris kompozitler ile
ilgili yapilan ¢aligmalar otonom olmayan kendini iyilestirme
iizerine yogunlagmustir [12-19]. Bu c¢alismalarda sicaklik,
kuvvet veya deformasyon kendini iyilestirmeyi saglamada
tetikleyici/itici gii¢ olarak kullanilmistir.
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Sekil 1. Kendini onarabilen/iyilestirebilen metalik malzemelerin
siniflandiriimasi

Kendini iyilestirebilen/onarabilen metalik malzemelerle
ilgili ¢alismalar; ¢cogunlukla Al alasimlari, Zn alagimlari ve
Sn-Bi alagimlart {izerinde gergeklestirilmistir [17,20-23].
Kendini iyilestirebilen/onarabilen metal matris kompozitler,

sekil bellekli alasim tel takviyesi esasli iyilesme,
mikrokapsiilasyona dayali iyilesme olarak kategorize
edilebilir (Sekil 2).

Bu calismada, kendini iyilestirebilen/onarabilen metalik
malzemelerle ilgili ¢aligmalar ve bilinen kendini onarma
mekanizmalari anlatilmaya ¢aligilmustir.

II. METALLERDE KENDINi ONARMA
MEKANIZMALARI

A. Sekil bellekli alasim tel takviyesi esash onarma

Sekil bellekli alagim (NiTi alagimi) telleri takviye elemant
olarak kullanarak kendini iyilestirebilen metal matrisli dokiim
kompozitlerin elde edilmesi hedeflenmistir [15,21-23]. Hasarli
sekil bellekli alasim tel takviyeli bir kompozitte, sekil bellekli
alasim tellerde deformasyon etkisiyle gerinimli bdlgeler
olusmaktadir. Bu gerinimli bolgeler 1sitmanm etkisiyle
martensitten Ostenite faz doniisiimii sayesinde tel orijinal
boyutlarina donerek ¢atlak kapanmasini saglamaktadirlar
(Sekil 2).

TABLE 1. METALIK MALZEMELERDE BILINEN KENDINi ONARMA/iYILESTIRME
MEKANIZMASI VE TETIKLEYICILERI

Bilinen Kendini Onarma/lyilestirme Mekanizmast Tetikleyici / Itici
Gii¢

Sekil bellekli alasim esash iyilestirme Kuvvet / Sicaklik

Kapsiil esasli iyilestirme Kuvvet / Sicaklik

Asirt doymus alasimlarda ¢okelme (¢Okelme Sicaklik

esash) iyilestirme

Elektrik akimi esasli iyilestirme Elektrik akimi

Kaplama esasli iyilestirme Sicaklik

Otektik tabanl Sicaklik

Nano-sekil bellekli parcacik takviyesi esasl Deformasyon

B. Mikrokapsiil esasli onarma

Kapsiil esashi iyilestirme mekanizmasi [1,24-26], yiiksek
ergime derecesine sahip bir alasim icine gomiili olan i¢i bos
seramik (Al>,O3) mikrokapsiiller i¢ine diisiik erime noktali bir
alasimin  katilmasidir.  Biiyiiyen bir catlak, seramik
mikrokapsiiliin parcalanmasiyla, diisiik erime noktali alasimin
sivilagtirllmasina ve mikro catlaga akmasma izin verir.
Boylelikle catlak, iyilestirici ajan tarafindan doldurularak
ilerlemesi durdurulmus olur (Sekil 2).
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Sekil 2. Metalik malzemelerdeki iyi bilinen kendini iyilestirme
mekanizmalarinin sematik olarak gosterimi; a) Kapsiil esasli iyilestirme, b)
Asir1 doymus alagimlarda ¢okelme (¢cokelme esasli) iyilestirme ve ¢) Sekil

bellekli alagim tel takviyesi ile iyilestirme [1].

C. Cékelti esasli onarma

Cokelti esasli iyilesmede (Sekil 2.b), asir1 doymus ve
yaslandirilmamis alasimlarda olusacak ¢okeltiler, malzeme
icerisindeki mikro catlak veya bosluklara c¢ekirdeklenme
bolgeleri olarak gorev yapar. Yaslandirma sirasinda ¢okelecek

March 22-24, 2018Karabiik, Turkey

olan ¢okeltiler mikro kusurlara ve bosluklara difiize ederek bu
bolgeleri onarirlar/iyilestirirler [20, 27, 28]. Bununla birlikte,
bu ‘iyilesme’ yaslandirma sertlesmesinin dogal siirecine
benzer sekilde nanometre olgeginde gergeklesir ve biiyiik
catlaklart 1iyilestirme ozelligi yoktur. Alasim iyilesmeyi
saglamak icin belli bir yaglandirma sicakligina sitilir ve
cokeltiler bolgesel olarak yiiksek stresli ve mikro catlaklarin
yakininda ¢okelirler [18, 19].

D. Elektrik akimi esasli onarma

Kontrollii elektrik akimi altinda elektrolitik bir banyoda
catlak iceren bir alasimda metal iyonlarmin elektrolitik olarak
cokeltilmesiyle saglanan catlak iyilesmesi elektro-iyilesme

olarak tamimlanmaktadir [29]. 100 upm'Ye kadar olan
mikrometre boyutlarindaki catlaklar, elektro-iyilestirme
prosesi ile basarili  bir sekilde onarilabilmektedir.

Arastirmacilar bu islem vasitasiyla yaklasik %96 ¢ekme
dayaniminin geri kazanildigini bildirmektedirler [29].

E. Kaplama esasli onarma

Kaplama esasli iyilestirme/onarma yontemi, Leser ve
digerleri [30], 2,03 mm kalinliga sahip bir titanyum alagimi
yiizeyinde 0.005-0.015 mm kalinliga ve 124°C erime
noktasina sahip %60 In-%40 Sn (ag.-%) alasimdan olusan
kendini iyilestiren kaplama gelistirdi. Ti alasiminda bir yiizey
catlagt olugsmast durumunda, In-Sn alasimi erime noktasinin
istlinde 1sitildiginda (124°C), erimis olan In-Sn alasimi,
titanyum alasiminin  yiizeyindeki mikrogatlagi doldurur.
Arastirmacilar kendini iyilestirme siirecinden sonra onarilmis
catlagin onarimindan sonra, yorulma catlak biiylimesinin
durdurulabilecegini ve catlak biiyiime oraninin yaklasik% 50
oraninda azaltildigini bildirmektedir [30].

F. Otektik esasli onarma

Ruzek ve Rohatgi [17] tarafindan gelistirilen 6tektik esasl
iyilesme, kat1 dendritik yapiin biitiinliiglinii korudugu ve
dentritler arasindaki 6tektik yapinin iyilestirici bir yap1 olarak
kullanmaya dayanmaktadir. Onerilen bu yéntemde, kendini
iyilestirmeyi igin etkinlestirmek i¢in, alasim sicakligi,
dendritler arasi Otektik yapinin erimesini saglayacak bir
sicakliga 1sitilmast gerektirmektedir. Boylelikle, sivi haldeki
otektik, dendritler arasina veya yapida bulunan herhangi bir
mikro catlak veya bosluklara akarak doldurur. Alasimin
sogutulmasit sonrast, dendritler arast bolgelerdeki mikro
catlaklart doldurmus olan o&tektik katilasacak ve boylece
alasim onarilmis olacaktir. Arastirmacilar 6tektik sivinin
catlagin icine akmasi icin yeterli miktar ve akigkanliga sahip
olmasi, catlak yiizeyini 1slatmasi ve katilasma sonrasi catlak
ylizeyiyle iyi  bir bag olusturmasmin  gerektigini
bildirmektedirler [17].

G. Sekil bellekli nano parcacik takviyesi esasl onarma

Graboswski ve Tasan [10] tarafindan Onerilen sekil
bellekli nano parcacik takviyesi esasli onarma matris ile nano
parcacik arasinda gerilme uygulandiginda otonom olarak
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meydana gelecegi varsayilan bir onarma mekanizmasidir.
Burada, metalik matriste gekil bellekli alasim nano pargacik
cevresinde gerinme etkisiyle nanobosluk olusmasi sonucunda,
sekil bellekli alasim nano pargacigin bu gerinmenin etkisiyle
Ostenitten martensite dontiserek genlesmesi ve nano boslugu
doldurmasi/kapatmasi varsayilmistir. Bu onarma mekanizmasi
halen teorik olarak bilinmekte olup deneysel olarak
ispatlanmamustir.

I1I. DEGERLENDIRME

Kendini iyilestirebilen/onarabilen metal matrisli kompozit
malzemeler arastirma asamasindadir. Hali hazirda ticari
kendini iyilestiren metal malzeme bulunmamaktadir. Simdilik
pratik uygulama icin bir¢cok kisitlamalar bulunmaktadir.
Ancak kendini iyilestirebilen metalik malzemeler gelecek i¢in
olduk¢a umut vericidir. Kendini iyilestirebilen/onarabilen
metalik malzemelerin diisiik bakim maliyeti, uzun servis dmrii
ve hasarlar1 6nleme gibi bir¢ok c¢ekici avantajlarina ragmen,

gercek hayatta kullanilan yiik tasiyict  uygulamalarda
kullanimi1 heniiz miimkiin degildir. Kendini
iyilestirebilen/onarabilen metalik malzemelerde otonom
iyilesme mekanizmalarinin  gelistirilmesi  gerekmektedir.

Simdiye kadar gelistirilen iyilestirme mekanizmalarinin ¢ogu
sicaklik, deformasyon veya elektrik akimi gibi harici
tetikleyiciler gerektirmektedir. Ayrica yiiksek sicakliklara
dayanabilecek yeni kendini iyilestirici ajanlarin  veya
mekanizmalarin  gelistirilmesi ~ gerekmektedir.  Ayrica
mikrohasarli bdlgenin tespiti ve goriintiilenebilmesi, hasarin
kendini iyilestirebilmesi i¢in Onceden belirlenmesi gereken
baska bir arastirma konusudur.
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The use of magnesium alloys in aerospace, space, and automotive
industry as structural materials has grudally been increased. Tgable 1. The composition of the AZ31 and AZ31+0,5% La
Magnesium alloys producers are much less than the iron and steel investigated in this study.

producers in number due to the alloys are still not widely used and
their production cost are high. This is one of main reasons that the

. . . . Al Z M L M
prices of the alloys are expensive. In this study, adding La element - - 1 - 1 2 &
to AZ31 and compare to mechanical properties and surface AZ31 %2.9 %0,98 | %0,13 B Bal.
roughness behaviour.. AZ31 +%0,5 La %2,91 %1,02 %0,15 %0,51 Bal.

I.  INTRODUCTION A Shot Peening

Due to its low density and its special strength |p the shot peening process, steel ball of S110-AISI1070 quality
(strength/weight), magnesium (mg) alloys with wide gtandard was used and the process was performed at 10 cm

application area are among the most attractive materials. In  poz7]e distance under 10 bar, 20 min and 8 bar pressure for 30
spite of this, the low hardness values of Mg materials and poor  min_ (Figure 2).

corrosion resistance narrow the application areas. In order to
increase the hardness values and corrosion resistance of hot
rolled mg plates, film coatings, shot peening and alloying
elements may be involved [1,2].

In this study, the effects of the addition of peening and alloy
elements on AZ31 and AZ31 + 0.5% La containing Mg plates
were investigated. At the same time, the effect of spraying time
in the light of literature studies in the shot peening process has
been observed.

Flgre 2.Used balls and shot peening device

B.  Roughness Test

IL EXPERIMENTIAL STUDIES Roughness measurements of the orginal and shot peened
samples were done by using SV 3100 model Meassurement

The material used in this study are showed in Figure 1. The Surface Test Machine (Figure 3.)

compositions of the investigated AZ31 and AZ31+%0.5 La
alloys are given Table 1.

Figure 1. Plates of the AZ31 and AZ31+0,5% La investigated in this

study. Figure 3.Surface roughness (Evaluation type Surface Roughness

Measurement Surface test SV-3100)
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C. Hardness Test

The hardness test was carried out under 0.05 kg load. The
measurements were performed at least 5 times at each depth
and on average. Hardness measurements were measured from
the surface for each sample to the depth of 500 um at 100 um
intervals.

[II. RESULTS OF EXPERIMENTAL STUDIES
A. Optical Microscope Results

In the optical microscope analysis, the images taken after the
rolling process were estimated to be recrystallized grain and
twins based on [3,4] (Figure 4).

Figure 4.Optical Microscope Images a)AZ31 b)AZ31+%0,5La

B.  Roughness Test Results

Roughness test results show that both materials increase the
roughness of shot-peening process [5]. It was determined that
the entire surface of the material reached the maximum
roughness at 20 minutes for AZ31 quality material. This was
observed at 30 min for AZ31+0.5 La material (Figure 5).

- .._._1.|

—a— C.OLa

R

rr e A0 e
Tirme of Ehot Peaningimin)

Figure 5. Rougness Test Results.

C. Hardness Test Results

As a result of the hardness values obtained, an effective
increase was observed from the 10th minutes of the shot
peening process to the 20th minutes in both materials (Figure
6). There was a little bit of fall in the 30’s minutes. This may
be due to a partial softening caused by excessive shot peening
[5]. It has been determined that the shot peening process which
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we made with 0.5% La element added material to AZ31 quality
Mg plate adversely affects the hardness.

140 +
£ 120 -
S R
T 80 & A 2
g 60 -
£ 40 - =t=—AZ31-spl0 min
B 20 - = AZ31-sp20 min
= 0 AZ31-sp30 min
100 200 300 400 500
Distance (jim)
(a)
140 -
@ 120 -
S 100 -
Z 80 - - b0
@ 60 - 4= (),5La-sp10 min
< 40 —#—0,5La-20 min
< .
= 5 - 0,5La-sp30 min
0 T T T T 1
100 200 300 400 500
Distance (um)
(b)
Figure 6. Hardness Test Results of (a) AZ31 and (b)
AZ3140,5 % La alloys.
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Abstract— With the development of technology, light
engineering alloys have recently become a popular group of
material. The most important consideration in the development
of these alloys is production cost, applicability in technology,
temperature and composition. For this reason, in this study, the
effects on corrosion resistance of composition and annealing
parameters in light Al-based Al-Mg-Sb eutectic alloy systems
with commercial and industrial design were investigated
depending on precipitation and intermetallic phase distribution
in microstructure. Al based Mg-Al-Sb eutectic alloys were melted
by induction furnace, and were casted into kokil mould. Then,
samples were annealed at 573 K with vacuum furnace. Cyclic
Potentiostatic test was applied with the PARSTAT 4000 device
for corrosion rate. In the experiment, firstly, the change in
corrosion potentials between the working electrode and the
reference electrode since the dipped reference electrode and
working electrode into the 3.5% NaClI solution was measured as
mV versus time without passing current on the system. After
reaching the equilibrium potential (EKkor), potentiodynamic
polarization curves were recorded from the cathodic to anodic
direction. Measurements were carried out at open circuit
potential (15 min), and the graphs of the change of the potential
versus the current density were obtained, and the corrosion rates
were determined for the heat treatment and heat-free samples.

Keywords— Heat treatment, microstructure, corrosion rate, wear

I. INTRODUCTION

The second most common metal element in the land is
aluminum. Aluminum is recycled by the recycling circle.
Aluminum can be re-melted with only 5% of the energy
required for raw material production and can be used for
brand new products. The most commonly used aluminum and
aluminum alloys after steel in today’s industry are; they are
now an important material for engineers and designers due to
their low strength, good thermal and electrical conductivity,
increased strength properties and corrosion resistance.
Particularly in recent years, energy-saving efforts have been
the preferred materials in aluminum alloys, cars, buses, trains,
marine crafts, making the production of less fuel-efficient
lightweight and economical vehicles a priority. In fact, these
alloys have been used in the aviation industry for many years
and have been used in the defense industry due to their
increased strength and impact properties. For these reasons, it
is frequently used, especially where lightweight material is
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needed. Aluminum; high corrosion resistance in the
environment of many chemicals including air, water, salt
water and petrochemicals [1,2].

The very low solids (<0.01%) antimony is used as an alloy to
prevent hot fracture [9]. According to the investigations
conducted, grain contents of Al alloys were thinned by using
Sb in the amount of about 0.5%, which resulted in
improvement of mechanical properties, but more than 1%
resulted in negative results [3, 4]. According to another
research, it has been observed that it causes an increase in
magnetization [5]. In another study, antimony was added to
Mg-based Al alloys and it was found that the corrosion layer
of the oxide layer formed is very good against sea salt. The
eutectic point of Al-Sb systems is known as 1% Sb, 930 K [6].
In another study, the thermodynamic modeling of the Mg-Al-
Sb system is performed for the first time. Only Al-Sb and Mg-
Sb are reoptimized among these binary systems. While the
liquid phases are identified by the Redlich-Kister polynomial
model, the high temperature modification of the Mg;Sb,
compound in the Mg-Sb system is defined by the sub-
partitioning model. The generated database thermodynamic
properties are used to calculate and predict the binary phase
diagrams of Al-Sb and Mg-Sb and the liquid states of the
triplet derivative. The obtained Mg-Al-Sb database estimated
the closed triple liquid mix interval, six triple eutectic, two
triple peritectic, four E point and critical point. [4].

Mg-Al-Sb alloy is manufactured by arc melting system. When
microstructural analyzes was carried out, only Mg3Sb, and
AlISb phases were found for different heat treatment
conditions. Phase transitions were determined to be 580 °C,
partial melting according to DTA analysis and supported by
literature studies. Resistance results have shown that metallic
and semiconductor type behavior is dependent on the heat
treatment temperatures. Heat conductivity measurements were
carried out at 2-300 K and the data were analyzed by sum of
cage and carrier. The thermo-force data are negative and
positive, indicating the sign of total carriers. The linear
dependence of the thermo-power on temperature was shown
to be the metallic type characteristics of the samples. The
mechanical properties of the samples showed two types of
hardness values depending on the heat treatment temperature.

[7].
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In this study; the effects of composition and annealing
parameters on the corrosion resistance and wear properties of
Al-Mg-Sb eutectic alloy systems with lightweight Al base
with commercial and industrial design have been investigated
depending on the precipitate and intermetallic phase
distribution in the microstructure.

II. EXPERIMENTAL PROCEDURE

Alloys with Al-Mg-Sb eutectic composition with Al based
will be melted in SiC pot by using vacuum melting furnace,

melted cocil mold will be poured and samples will be obtained.

Then a portion of the specimen will be annealed for 1.5 hours
in the annealing furnace.

For Corrosion Resistance Cyclic Potentiostatic test with
PARSTAT 4000 device will be applied. Cold bakalite will be
taken before the sample. After peeling, the sample will have
"bottom surface" and "top surface" areas. The bottom surface
is the surface that will undergo corrosion. On the upper
surface, a hole corresponding to a 2.5 mm (or 3 mm) flat-
bottomed screw inlet shall be drilled to keep the sample stable
during the test. The surface (bottom surface) area to be
subjected to corrosion must have a highly measurable high
symmetry. 400, 800, 1200 and 3000 grid silicon carbide (SiC)
sanding will be applied on the surface which will be subject to
corrosion. The sample holder electrode with a flat base screw
end is screwed into the sample. The test is then placed in the
cell. Two graphite electrodes and one reference electrode
(SCE: Saturated Calomel Electrode or Ag / AgC electrode)
are placed in the cell. Then add enough solution (%3,5 NaCl
solution) to cover half of the sample. Before all tests, the
surface of the sample is measured at the open circuit potential
in the corrosive environment. Then a corrosion test is carried
out.

Fig. 1 PARSTAT 4000 Corrosion Test Devices and Corrosion Tubes

Using the UTS TRIBOMETER TI10 / 20 device (Fig. 2),
abrasion test was applied to the samples prepared on the
surface of the mirror under 10N and 20N loads. After the test,
the loss of wear in the material was calculated by calculating
the mass and volume loss.
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Fig. 2. UTS TRIBOMETER T10/20 Cihazi

I1I. CONCLUSIONS

Six samples as 62.86% Al-37.13% Mg-0.01% Sb (% wt.);
57.6% Al-42.4% Mg-0.001% Sb (% wt.) and 90.2% Al-9.3%
-Gg- 0.5% Sb. are applied for corrosion test for both heat
treated and non-heat treated. The potentiodynamic graphs of
all samples are given in fig. 3.

5

Carrzrd Deesiry rmdsam ™)

I 11 T2 | I§ 1] iR LI
Postenbiml (%)

Fig. 1 Potentiodynamic Test Results for all of samples.

For 9%62.86A1-%37.13Mg-%0.01Sb (%wt.); %57.6 Al-
%42.4 Mg-%0.001 Sb (%wt.) ve 9%90.2A1-%9.3Mg-
%0.5Sb.(%wt.), Corrosion test data on 6 samples with heat
treatment and non-heat treatment of alloy alloys given in
Table 1.
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Table 1. Corrosion current and corrosion versus areas of
samples prepared for corrosion testing

Samples Surface Corrosion Corrosion
Area Current Rate
(em?) (nA) (pm/year)
Sample 1- Heat Treated- 1.06 1.55 21.80
(%62.86A1-%37.13Mg-%0.01Sb)
Sample 6- Heat Free-(%62.86Al- 1.02 8.21 121.52
%37.13Mg-%0.01Sb)
Sample 2- Heat Free- (%57,6Al- 1.02 5.34 58.85
%42,4Mg-%0,001 Sb)
Sample 5- Heat Treated -(%57,6Al- 0.66 0.94 15.80
%42,4Mg-%0,001 Sb)
Sample 3- Heat Free-(%90.2Al- 0.37 2.65 155.70
%9.3Mg-%0.5Sb)
Sample 4- Heat Treated-(%90.2Al- 0.8 1.10 29.89
%9.3Mg-%0.5Sb)

According to the results of the corrosion test, the mass loss in
the heat treated samples and the samples with less antimony
content was less and the oxidation increased in the structure as
a result of the test.

Abrasion test was carried out under two loads, 10 N and 20 N.
The pressure applied in the abrasion test increases as wear
increases. It has been observed that the applied heat treatment
has a positive effect on wear. As a result of the heat treatment
applied, it was observed that the amount of wear decreased
and the wear lines were more prominent. Reductions in tears
and ruptures occur. Al ratio has gained more importance on
the amount of abrasion, increase in Mg and Sb amount caused
by tearing and ruptures in abrasions.
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Alumix 123 On Karisimh Tozlarin Mekanik
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Ozet- Bu ¢ahismada, 6n karisimhi Al + Cu tozlarimin mekanik
alasimlama (MA) siirecine % 1,5 Cinko Stearat ve % 2 Stearik

process was investigated by x-ray diffraction (XRD) analysis.
However, a new phase formed at the end of 10 hours of MA with

Asit kat1 yaglayicilarin etkisi arastirilmistir. Agirhikea % 4,5 Cu, % both lubricants could not be detected. When the grinding process

0,7 Si, % 0,5 Mg iceren 6n karisim oranindaki ticari Alumix 123
yaglayici ilave edilerek, dikey tip yiiksek hizl atritorde Azot gazi
ortaminda mekanik alasimlamaya cahsilmistir. Paslanmaz celik
tank, celik karistirici kol ve 10 mm c¢apinda celik bilyalar
kullanilarak mekanik alasimlama islemi uygulanmistir. Bilya/toz
oram1 10:1 olarak yapilan MA islemi, 400 dev/dk hizda 4 saat
(MA4), 8 saat (MA8) ve 10 saat (MA10) siirelerle
gerceklestirilmistir. Ogiitiillen karisim tozlarin boyutlar1 lazer
parcacik boyut 6l¢iim cihaz ile 6giitiilen toz morfolojisi, Al-Cu faz
etkilesimleri ise optik ve tarama elektron mikroskop (SEM)
caliymalar: ile karakterize edilmistir. 10 saatlik MA siirecinde
yaglayicl tiiriiniin faz doniisiimlerine etkisi x-i1sinlar1 kirimmmm
(XRD) analizi ile incelenmistir. Ancak her iki yaglayici ile yapilan
10 saatlik MA sonunda olusmus yeni bir faz belirlenememistir. Bu
durumda tozlarin o6giitillme islemi incelendiginde, karisim
tozlarin baslangi¢ parcacik boyutu ortalamasi do,s= 114,4 pm dir.
Bu tozlarin 4 saatlik siire sonundaki parcacik boyutu Cinko
Stearat iceren numune icin dos=151,2 pm, Stearik Asit iceren
numune ic¢in dos=85,1 pm’dir. Cinko Stearat iceren numunenin
parcacik boyutunda kaynaklanmalar sonucunda 4 ve 8 saatlerde
artis gozlenmis, 10 saatlik siire¢ sonucunda daha diisiik degere
ulagilmistir. Stearik asit iceren numunenin parc¢acik boyutunda
ise siireye bagh olarak lineer diisiis gozlemlenmis, baslangi¢
parcacik boyutlarina gore ise sonucta Stearik Asit iceren
numunede daha kii¢iik parcacik boyutu elde edilmistir.

Anahtar Kelimeler — Toz Metalurjisi, Alumix123, Mekanik
Alasimlama, Yaglayici

The Effect of Lubricants on Mechanical Alloying
Process of Alumix123 Pre-Mixed Powders

Abstract - In this study, the effects of 1.5% Zinc Stearate and
2% Stearic Acid solid lubricants on the mechanical alloying (MA)
process of premixed Al + Cu powders were investigated. By
adding a commercial Alumix-123 lubricant with a pre-mix ratio
of 4.5% Cu, 0.7% Si, 0.5% Mg by weight, vertical type high-speed
atomizer tried to alloy the mechanics in the atmosphere of
nitrogen gas. Mechanical alloying was applied using a stainless
steel tank, a steel stirrer arm and steel balls with a diameter of 10
mm. The MA process with the ball-to-powder weight ratio (BPR)
was 10/1 was carried out for 4 hours (MA4), 8 hours (MAS8) and
10 hours (MA10) at 400 rpm. size of the milled powder mixture
with a laser particle size analyzer, the milled powder morphology
of the Al-Cu phase interaction of optical and scanning electron
microscopy (SEM) were characterized by studies. The effect of
phase transformation on the lubricant species in the 10 hour MA

of powders is examined in this case, the average particle size of the
mixture powders is dos= 114,4 um. This is the grain size of the
powders at the end of 4 hour period for the sample containing Zinc
Stearate do,s=151,2 pm is do,s=85,1 pm for the samples containing
stearic acid. As a result of grain size welding of the sample
containing zinc stearate, an increase was observed at 4 and 8 hours
and a lower value was reached as a result of the 10 hour process.
In the samples containing stearic acid was observed grain size
decreases linearly depending on the time and according to the
initial grain size of the resulting samples containing stearic acid as
a smaller particle size.

Keywords- Powder Metallurgy, Mechanical Alloying, Alumix123,
Lubricant

I. GIRIS

Mekanik alasimlama (MA) yiiksek enerjili bir bilyali
degirmende kati halde toz partikiillerinin tekrarlanan kaynak,
kirllma ve yeniden kaynaklanmasini igeren toz isleme
teknigidir [1-4]. MA; oda sicakliginda uygulanabilir olmasinin
yanisira, baslangi¢ tane boyutundan bagimsiz olarak ince
tozlar1 homojen bir sekilde iiretmeyi de miimkiin kilan
avantajlara  sahiptir [5]. Baslangicta ve sonrasinda
parcaciklarda farkli sekillerde degisimler gormek miimkiindiir.
MA isleminin baslangicinda, tekrar eden kirilma ve soguk
kaynaklanma tekrarli mekanizmalarin sonucunda ¢oklu
katmanlardan olusan bir toz olusur. Bu kuvvetin olusturdugu
plastik deformasyonun etkisiyle, toz partikiilleri sertlesir ve
kirilmalarina neden olur [6,7]. llerleyen siirelerle birlikte
pargacik boyut ve morfolojilerinde degisim gozlemlenmektedir.
Bu siiregte yaglayici ilavesi ise ¢arpisma sirasinda parcaciklar
arasindaki kaynaklanmalar1 o6nleyerek reaksiyon hizini
yavaslatir ve pargacik boyutunu distiriir [6-8]. MA siirecinde
kullanilan bu yaglayicilar, ozellikle soguk kaynaklanma
etkisini azaltir [5-10]. Partikiiller arasindaki topaklanmay1
engeller ve kullanilan yaglayici tiirli, miktar1 ve 6giitme sekli;
tozlarm son tane boyutunu, seklini ve saflik derecesini
belirmede 6nemli rol oynar. Bir¢ok yaglayicininin kullanimi da
MA siirecinde son tane boyutunu azaltir [6].

Bu calismada, mekanik alasimlama siirecine yaglayicilarin
etkisini aragtirmak amaciyla ayni parametreler ile iki farkli
yaglayict ile islem uygulanmis yaglayict tiiriiniin siirece etkisi
aragtirtlmistir. Bunun i¢in, 6n karigimli Alumix 123 tozuna ayr1
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ayrt agirlikga %1,5 Cinko Stearat ve %2 oraninda Stearik Asit
yaglayicilar1 eklenerek mekanik alagimlama siirecine etkileri
arastirtlmistir. Bu calismada da kullanilan yaglayicilar, MA
stirecinde yaygin olarak kullanilan yaglayicilardandir [11].
Mekanik alagimlama iglemi su sogutmali atritor tipi cihazda
azot (N) gazi atmosferinde gerceklestirilmistir. Mekanik
alasimlama islemi, 400 dev/dk hizda 4, 8 ve 10 saat siireler ile
gergeklestirilmistir. MA isleminde ¢elik kazan, @10 mm
capinda celik bilye, ¢elik karistirici kol kullanilmistir ve
bilya/toz orami 10/1°dir. Ogiitiilen karigim tozlarin boyutlari
lazer pargacik boyut dl¢iim cihazi ile 6l¢iilmiis, 6giitlilen toz
morfolojisi ve Al-Cu faz etkilesimleri ise optik ve tarama

elektron mikroskop (SEM) ¢alismalari ile karakterize edilmistir.

10 saatlik MA siirecinde yaglayici tiiriinlin faz doniistimlerine
etkisi X-1g1nlar1 kirinimi (XRD) analizi ile incelenmistir.

II. DENEYSEL CALISMALAR

A. Malzeme

Bu caligmada Eckart Granulers (Almanya) tarafindan
iretilen Ecka Alumix 123 olarak bilinen 06n-karigimli
aliminyum esasli tozlar kullanilmistir. Alumix 123 tozuna
agirlikca %2 stearik asit(CH3(CH,)1sCOOH ) ve %]1,5 ¢inko
stearat( Zn(CigH3s02), ) yaglayicilart kullanilarak iki farkl
karisim toz hazirlanmistir. Alumix 123 tozunun baslangi¢
ortalama pargactk boyut degeri dos = 114,44 pm’dir.
Kullanilan tozun igerigi % Agirlik olarak Tablo 1 ’de
verilmistir.

Tablo I. Alumix123 malzemenin kimyasal bilesimi (% agirlik)
Alasim Al Cu Si Mg

Alumix 123 94,3 4,5 0,7 0,5

B.Metod

Aliiminyum esasli Alumix 123 6n karisimli tozlarina ayri
ayrt %1,5 c¢inko stearat (C3sH7004Zn) ve %2 stearik asit
(CH3(CH2)1sCOOH)  yaglayicilart ilave edilerek Turbula
cihazinda 30 dakika karistirma islemine tabi tutulmustur. Bu
karisim tozlara dikey tip Union Process Marka Patch HDO1
model su sogutmali yiiksek hizli atritorde Azot (N») gazi
ortaminda mekanik alagimlama islemi uygulanmistir. Mekanik
alasimlama iglemi paslanmaz gelik tank, ¢elik karistirici kol ve
10 mm ¢apinda ¢elik bilyeler kullanilarak gerceklestirilmistir.
Bilye/toz orani 10:1 olarak yapilan MA islemi her iki karigim
icinde, 400 dev/dk hizda 4 saat (MA4), 8 saat (MAS) ve 10 saat
(MA10) stirelerle gergeklestirilmistir. Deneydeki numuneler
cinko stearat katkili 10 saat siireyle mekanik alasimlama iglemi
uygulanan karisim i¢in “CSMA10”, stearik katkili olan i¢in ise
“SAMAI10” olarak kodlanmigtir. Bu caligmada kullanilan
biitiin karisim tozlara uygulanacak islemler Oncesinde ve
sonrasinda pargacik boyut dl¢iimii uygulanmigtir. Alumix 123
baslangi¢ tozunu,yaglayicilari ve mekanik alagimlama islemi
sonras1 toz karigimini karakterize etmek amaciyla sterio
mikroskop, optik mikroskop ve taramali elektron
mikroskobunda incelemeler gergeklestirilmistir. Bu islemler
ile tozu genel karakterize etmek ve faz tanimlamalarina
yardime1 olmast amacglanmistir. 10 saat mekanik alagimlama

March 22-24, 2018Karabiik, Turkey

islemi  sonrasinda toz karigimlarina XRD  analizi

uygulanmustir.
III.  DENEY SONUCLARI VE TARTISMA
A. Pargacik Boyut Analizleri

Sekil-1’de farkli yaglayici iceren Alumix 123 tozlarin MA
siiresine bagli parcacik boyut degisimleri verilmistir. Sekil
1.’de verilen grafige gore yaglayict tiirlerinin toz parcgacik
boyutuna etkisi incelendiginde, karisim tozlarin baslangig
pargacik boyutu ortalamasi dos= 114,4 um ‘dir. Bu tozlarin 4
saatlik stire sonundaki pargacik boyutu Cinko Stearat igeren
numune i¢in dos=151,2 um, Stearik Asit iceren numune i¢in
dos=85,1 pm’dir. 4 saatlik siire¢ icin, ¢inko stearat igeren
numunenin pargacik boyutunda muhtemel kaynaklanmalar
sonucunda artis gozlemlenmistir(Sekil 1). Stearik asit igeren
numunede ise; kaynaklanma siireci gosteren pargacik boyut
artig1 yerine azalma goriilmektedir.

160 149,86 136.45
140
2 120 .
<100 118,99 "-.,
= 108,6  °e,
80 e
z -,
> 60 43,9
S 40 ’
20 35,91
0
0 4 8 10
——a&— Cinko Stearat e +# << Stearik Asit
islem Siiresi (sa)

Sekil 1. Kat1 yaglayici tiirti ve MA siiresinin toz boyutuna etkisi

Baslangi¢ pargacik boyutlarina goére ise 10 saatlik siire¢
sonucunda stearik asit iceren numunede daha diisiik degere
ulagilmustir. Stearik asit igeren numunenin pargacik boyutunda
ise siireye bagli olarak lineer diisiis goézlemlenmistir, ¢inko
stearat igeren numune i¢in ise bu durum gegerli degildir.

Siire¢ sonucunda ulasilan degerler ise; Cinko Stearat igeren
numune i¢in dos=45,2 pm, Stearik Asit iceren numune igin
do,s=37 pm’dir. MA islemi siirecinde stearik asidin, toz 6giitme
islemine olumlu etkisi oldugu sdylenebilir.

B. Sterio Mikroskop Calismalari

Sekil 2°de ayni bilyilitme degerlerinde islemsiz Alumix 123,
10 sa ogiitiilmiis Cinko Stearat iceren(CSMA10) ve Stearik
Asit iceren(SAMAI10) toz karigimlariin sterio mikroskop
goriintiileri verilmistir.
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Sekil 2. Karisim tozlarin sterio 151k mikroskobu goriintiileri
a) Islemsiz Alumix 123 b) CSMA10 ¢) SAMAI10

Sekil 2a’da goriintiisii  verilen islemsiz  Alumix 123
numunesinde toz boyut dagilimi ¢ok degiskendir ve 6zellikle
iri Al pargaciklar1 goriilmektedir. Sekil 2.b.’de verilen
CSMAI10 numunesinde ise halen kirilmamis kaynakli iri
pargaciklar mevcuttur. Sekil 2c’deki SAMA10 numunesinde
ise genel olarak ince ve homojen toz boyut dagilimi
goriilmektedir. Ayrica stearik asit numunesi ile islem goren toz
karisiminda daha kiigiik boyutlara ulasildigi gozlemlenmistir.

C. Optik Mikroskop Calismalar

Sekil-3’de mekanik alagimlama islemi uygulanmamis
islemsiz tozun farkli biiytitmelerde optik mikroskop goriintiileri
verilmistir.
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Sekil 3. Islemsiz tozun (Alumix 123) farkli biiyiitmelerde optik

mikroskop goriintiileri. a) Genel Goriiniim b) Al pargacik

mikroyapisi

Sekil 3a’da verilen mikroyap:r goriintiisiinde 6n karisiml
Alumix 123 tozunun biiyiikk bir bdliimiinii muhtemel su
atomizasyonu ile tretilen Aliiminyum toz pargacik oraninin
fazla oldugu goriliirken, elektroliz ile iretilen Cu
pargaciklariin dendiritik halde bulundugu ve yiiksek saflikta
oldugu bilinmektedir. Sekil tizerinde belirtildigi sekilde, Al-Si
alastmi parcacik goriilmektedir. Alumix 123 tozuna yapilan
optik mikroskop incelemeleri ve EDS analizleri ile yapidaki
silisyum alagim oraninin agirlikca % 15 Si igeren 6n alasimli
olarak karisim toz i¢inde bulundugu, magnezyumun ise Al-
40Mg 6n alagimli halde bulundugu tespit edilmistir. Sekil
3b’de ise ortalama 60 pum boyutundaki bir Al pargacigin
mikroyapist goriilmektedir. Bu pargacigin ise ortalama 8§ pm
boyutlarinda ¢ok sayida taneden meyadan geldigi agikca
goriilmektedir. Hizli katilasma ile olsan bu tane yapisi ve
pargacigin yumrusal formu, Al pargaciklarin su atomizasyonu
ile tiretilme ihtimalini artirmaktadir.

D. Elektron Mikroskobu Calismalar

Sekil 4’te islemsiz Alumix 123 tozunun ve yaglayict
tiirlerinin elektron mikroskobu goriintiileri verilmistir.
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Sekil 4. Islemsiz tozun ve yaglayic tiirlerinin SEM goriintiileri
(a) Alumix123 (b) Cinko Stearat (c) Stearik Asit

Sekil 3a’da islemsiz Alumix 123 tozunun genel olarak boyut
dagiliminin degisken oldugu goriilmiistiir. Sekil 3b ve Sekil
3c’de verilen goriintiilerde ¢inko stearat yaglayicisinin pargacik
boyutu olarak stearik asit yaglayicisindan daha kiigiik
pargaciklara sahip oldugu ve daha farkli boyut araliklari
icerdigi, stearik asidin ise neredeyse kiiresel sekle yakin oldugu
goriilmiistiir.

Alumix 123 tozunda 6n alasimlanmis Al-12Si tozlar1 oldugu
bilinmektedir [12] ve Alumix 123 6n karisimli tozuna EDS
analizleri yapilarak tanmimlanmistir. Sekil 5°de EDS analizi
yapilan parcaciklar ve goriintii lizerinde yiizdesel olarak EDS
analizi sonuglari verilmistir.

Al - 1585i -
,f’ g : 1“__?, Al 40

Vs

Sekil 5. Alumix 123 tozunun genel gériiniimii SEM/EDS
gorintiisi

EDS analizlerinin sonuglarina gére Resim 5.4° de gosterilen
Alumix 123 karisim tozu olusturan pargaciklar analiz
edildiginde, iri ve yumrusal formda olan pargaciklarin
aliminyum toz parcaciklari oldugu, dendiritik bicimde olan
parcacilarin bakir toz pargaciklart oldugu, kdseli prizmatik olan
parcaciklarin Al-Mg alagimi oldugu ve yaklasik %40 Mg igeren
6n alasimli toz pargaciklart oldugu, yine koseli bigimdeki
pargaciklarin ise yaklagik % 15 Si i¢eren, Al-Si 6n alagimli toz
parcaciklar oldugu belirlenmistir.

10 sa mekanik alagimlama iglemi uygulanmis toz karigimlarin
(CSMA10 ve SAMA10) SEM goriintiileri Sekil 6 ve Sekil 7°de
verilmistir.

Sekil 6. 10 sa MA iglemi sonrasi tozlarin sem goriintiileri (a)
Cinko stearat igeren (b) Stearik asit igeren
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Sekil 7. 10 sa MA islemi sonrasi tozlarin SEM goriintiileri (a)
Cinko stearat iceren (b) Stearik asit igeren

Sekil 6a’da verilen CSMA10 numunesinin genel goriinimi
incelendiginde, tane boyutlarinin farkl araliklar icerdigi ve
yumrusal bigimlerde oldugu goriilmistir. MA etkisini ise
gerek boyut dagilim degiskenligi, gerekse Sekil 7a’daki
gorlintide goérmek miimkiindiir. SEM goriintiileri verilen
tozlarin genel olarak hala 6gilitme siirecinin tamamlanmadigt
goriilmistiir. Tozlarin heniiz kaynaklanma siirecinde oldugu
ancak kaynaklanma siirecinde iri pargaciklarin tizerine kii¢iik
parcaciklarin sivanma seklinde yapistig1 belirlenmistir. MA
islemi siirecinde beklenen deformasyonla pulsu yapilar yerine
yumrusal formlardaki baslangi¢c parcaciklarinin bigimlerini
genel olarak korudugu goriilmektedir. Sekil 6b’de verilen
SAMA10 numunesinin genel goriiniimiinii incelendiginde,
ogiitme isleminin gergeklestigi, plastik deformasyonla farkl
boyutlarda ve geometrilerde pargaciklarin  olustugu
goriilmiigtiir. Sekil 7b’de kaynaklanmis, yassilasmis ve pulsu
geometride toz parcaciklar: goriilmektedir.

V. SONUCLAR

Tozlarin 6giitiilme islemi incelendiginde, 4 saatlik
siire sonundaki tane boyutu Cinko Stearat igeren
numune i¢in dos=151,2 pm, Stearik Asit iceren
numune i¢in dos=85,1 pm’dir. Bu durum kisa siireli
MA isleminde dahi toz 6giitme siirecine sterarik
asit yaglayicisimin - 6nemli  etkisi  oldugunu
gostermektedir.
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Cinko Stearat igeren numunenin toz pargacik
boyutunda kaynaklanmalar sonucunda 4 ve 8§
saatlere kadar artis gdzlenmis, 10 saatlik siire¢
sonucunda ancak toz boyutlart Snemli oranda
kiictilmeye baslamustir.

Stearik asit iceren numunenin pargacik boyutunda
ise siireye bagli olarak lineer diisiis gézlemlenmis,
baslangi¢ tane boyutlarina gore ise sonugta Stearik
Asit igeren numunede daha kiiglik tane boyutu elde
edilmistir.

Genel olarak ¢inko stearatin aksine, stearik asit
katkilt MA isleminde kaynaklanma ve pargacik
irilesme siireci olugsmaksizin  6giitme  islemi
gerceklesmistir. Bu durumda stearik asit’in, Al
parcaciklarin kaynaklanmalarina engel olabilecegi
sOylenebilir.
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Ogiitiilmiis Cu + SiC Takviyesiyle Al Esash
MMK, Malzeme Uretimi ve Karakterizasyonu
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Ozet- Bu ¢ahsmada farkh siirelerde égiitiillen Cu + SiC karisim
tozlarin, Al-Cu alasimi matris ve SiC takviye iceren metal matrisli
kompozit (MMK}) malzeme iiretimine etkisi arastirilmistir. Bu
amacla, agirhkca % 67 Cu ve %33 SiC tozlar1 ii¢ boyutlu
karistirma cihazinda (Turbula) paslanmaz celik kap icinde 15 mm
capinda zirkonya bilyeler vasitasiyla 5 (MS5), 10 (M10) ve 15 (M15)
saat siirelerle dgiitiilmiistiir. Ogiitiilen karisim tozlar agirhkea %
4,7 Cu+ % 2,3 SiC iceren oranda Al tozu ile 45 dakika Turbula’da
karistirlmistir. Bu toz karisinn 20 MPa basingta soguk
preslendikten sonra, 500°C °de 200 MPa basin¢ta 30 dakika
siireyle sicak preslenerek MMK, malzemeler iiretilmistir. Toz
metaliirjisi (TM) yontemiyle iiretilen MMK, malzemelerin
mikroyapilar1 ve fazlar1 SEM/EDS analizleri ile XRD calismalari
yapilarak tammmlanmstir. Mekanik ve fiziksel ozellikleri ise
sertlik, capraz kirilma deneyi ve yogunluk olciimleri ile
karakterize edilmistir. Genel olarak, uzun siireli 6giitiilmiis

CutSiC tozlariyla takviyelendirilen MMK, malzemelerin
yogunlugunda kismi diisiiy olmasina ragmen mekanik
ozelliklerinde artis Dbelirlenmistir. Islemsiz (M0) MMK,

malzemenin gercek yogunlugunun teorik yogunluga oram %99,5
dir. Ancak, M10 ve M15 katkih MMKjp’lerdeki yogunluk orani
sirasiyla %96,3 ve %98,6 olarak olciilmiistiir. M15 katkih
MMKjp,’de en yiiksek capraz kirilma dayanimm (212 MPa)
belirlenmis ve islemsiz MMK,’ye gore yaklasik %20 oramnda
artis saglanmistir. Uretilen kompozit malzeme sertliklerinde ise
islemsiz malzemeye oranla M15 malzemede % 46 artisi
saglanmstir.

Anahtar Kelimeler — Toz Metalurjisi, Mekanik Ogiitme, Metal
Matrisli Kompozit, Karakterizasyon

Production and Characterization of Al-Based
MMC Materials Reinforced By Milled Cu + SiC
Powders

Abstract - In this study, the effects of Cu + SiC mixture powders
milled at different times on the production of metal matrix
composite (MMC,) materials containing Al-Cu Alloyed matrix

and SiC reinforcement were investigated. For this purpose, 67
wt.% Cu and 33 wt.% SiC powders were milled in a three-
dimensional mixing apparatus (Turbula) in a stainless steel vessel
with zirconia balls of 15 mm diameter for 5 (M5), 10 (M10) and 15
(M15) hours. The milled mixture powders were mixed in a
Turbula for 45 minutes with aluminum powder containing 4.7
wt.% Cu + 2.3 wt.% SiC. This mixtured powder was cold
compacted at 20 MPa Pressure and then hot pressed at 500 °C
under 200 MPa pressure for 30 minutes to produce MMCp
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materials. Microstructures and phases of MMC, materials

produced by powder metallurgy (PM) route were determined
by XRD analyzes with SEM / EDS studies. Mechanical and
physical properties of MMC, materials were characterized by

Brinell hardness, transverse rupture strength (TRS) tests and
density measurements. In general, an increase in the mechanical
properties has been determined although there is a partial
reduction in the density of MMC, materials reinforced with M15
powders. The ratio of the actual density of unprocessed (MO0)
MMC, material to the theoretical density is 99.5%. However, the
density ratios in MMC, reinforced with M10 and M15 were
measured as 96.3% and 98.6% respectively. The highest
transverse rupture strength (212 MPa) was determined in M15
reinforced MMC, and an increase of about 20% was achieved.

The hardness of the produced composite materials doped M15 was
increased by 46% compared with the M0 material.

Keywords- Powder Metallurgy, Milling, MMC,, Characterization

I. GIRIS

Kompozit malzemeler, kimyasal bilesimi ve 6zellikleri farkli
olan iki veya daha fazla malzemenin makro diizeyde
birlestirilmesiyle ~ elde  edilen = malzemeler  olarak
tamimlanmaktadir.[1] Kompoziti olusturan malzemeler ara
yiizeylerle birbirlerinden ayrilir ve yap1 iginde kendi
6zelliklerini korurlar. Ancak kompozit malzemenin 6zellikleri,
kendisini olusturan malzemelerin 6zelliklerinden iistiindiir.[2]

Malzeme iiretim ydntemlerindeki gelismelerle birlikte
degisik uygulama alanlarinda kullanilmak iizere farkl
ozelliklerde malzemelerin gelistirilmesi siireci de devam
etmektedir. Toz metalurjisi yontemi de halen gelisme siireci
devam eden iiretim yontemlerinden biridir [3-4].

Son zamanlarda TM ile malzeme iiretimi en hizli gelisen
imalat yontemlerinden birisi olmustur. TM ile tiretim yontemi,
karistirtlmis metal tozlarinin, oda sicakliginda veya yiiksek
sicakliklarda, iiretilecek parca sekli ve boyutlarina sahip kalip
icinde preslenerek sekillendirme ve ardindan belirli bir
sicaklikta sinterleme ile gergeklestirilen bir imalat yontemidir
[5]. Toz metal pargalar haddeleme, dokiim gibi geleneksel
imalat yontemleri ile iiretilen malzemelere gore bazi degisik ve
avantajli 6zelliklere sahiptir. Bu avantajlar, iretimi zor olan
alasimlar1 daha kolay tiretme, karmagik sekilli parcalarin imalat
kolaylig1, yogunluk kontrolii ve ekonomiklik gibi 6zelliklerdir
[6].

Aliminyum ve alasimlari, bazi korozif ortamlarda
bozulmaya karsi iyi mekanik Ozellik direnci ile disiik
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yogunluklarindan dolayr kimya, otomotiv, gida, havacilik ve
denizcilik endiistrisindeki birgok uygulamada istenen ve
kullanilan malzemelerdir [7]. Al matrisli partikiil takviyeli
kompozitlerin, ticari Al alasimlar ile kiyaslandiginda artan
sertlik, yiiksek asimma direnci, mukavemetinin uygunlugu,
titresim azaltict ve disiik 1s1l yaymim katsayist gibi
malzemelerde istenilen {istiin  Ozellikleri  bir  arada
bulundurmast nedeniyle bu malzemeler daha da oOnemli
olmustur [8]. Aliiminyum alasimlari giinimiizde ¢elikten sonra
en ¢ok kullanilan metalik mithendislik malzemeleridir [9].

Kompozit malzemelerin iiretiminde karsilasilan temel
problem, matris ile takviye malzemeleri arasinda etkili bir
baglanmanimn  elde edilememesidir.  Nispeten  diisiik
sicakliklarda yapilan TM dretim yontemi, teorik olarak
araylizey kinetiginin daha iyi kontrol edilmesini saglar [7].

Mekanik 6giitme (MO) ydntemi kullanarak matrisi olusturan
metal ile seramik partikiilleri, mekanik olarak birbirine
baglayacak prosesin uygulanmasinin, ara ylizey bag
kuvvetlerini arttirdigina dair ¢alismalar mevcuttur. Uygulanan
mekanik 6glitme prosesinin MMKp iiretiminde kullanilmasi,
iiretilen kompozit malzemenin mekanik 6zelliklerini arttirdig1
yapilan ¢alismalarda gozlemlenmektedir.

Bu amag dogrultusunda matris partikiil ara yiizey baglarim
kuvvetlendirmek i¢in mekanik 6glitme yontemi kullanilmistir.
Al’'u alagimlandirmak amaciyla kullanilan Cu tozlarn ile
seramik SiC tozlar1 belli siireler ile 6giitiilmiistiir. Cu takviye
elemant ile SiC-Al ara yiizeyinde adhesiv etkileri arttirilmaya
calisilmigtir. SiC parcaciklariin yiizeylerini Cu siinek faz ile
kaplamaya calisiimustir.

SiC+Al alagimi matrisli kompozit malzeme iiretim siirecinde;
Cu ve SiC pargaciklart ii¢ boyutlu karistiricida (Turbola)
mekanik olarak 45 dakika bilyasiz, 5, 10, 15 saat bilyali
karigtirtlmistir.  Ardindan bu karisim tozlar Al tozlar ile
karigtirtlarak Cu’in Al’u difiize olarak alasimlandirmast ayni
zamanda seramik partikiillerin yilizeyinde mekanik baglantili
Cu kaplanmasi ve kompozit malzemenin baglarinin arttirilmast
hedeflenmistir. TM yontemi ve sicak presleme ile Al+%4,7Cu
Matris alagiminda %2,3SiC takviye iceren MMKp iiretimi
gerceklestirilmeye ¢alisiimustir.

II. DENEYSEL CALISMALAR

A. Malzeme

Deneysel calismalarda, atomizasyon  yoOntemiyle
retilmis %99,7 saflikta aliiminyum ve %99 saflikta elektroliz
yontemi ile {retilmis dentiritik bakir tozlari kullanilmistir.
Al-%4,7Cu toz karisiminda Al toz tane boyutu 160 um altinda,
Cu toz tane boyutu ise 140 um altinda ve ortalama olarak 40
pm’ dur.

B.Metod

Agirlikea %67 Cu ve %33 SiC toz karigimi 45 dakika
siireyle turbula cihazinda 6n karistirma yapilmistir. Devaminda
bu karisim toz, 5, 10, 15 saat siirelerde paslanmaz ¢elik kap
icinde 10 mm ¢apinda zirkonya bilyalar kullanilarak turbulada
mekanik 6giitme iglemine tabi tutulmustur. Bu sayede mekanik
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ogitiilmiis CutSiC toz karigimlari elde edilmistir. Devaminda
agirlikga %7 oraninda Cu+SiC 6giitlilmiis toz ile %93 Al tozu
turbula da 45 dakika karistirilarak agirlikea %4,7Cu, %2,3 SiC
ve %93 Al karisim tozu elde edilmistir. Bu toz karigimi 30x50
mm? lik kalip igerisine alinarak oda sicakliginda on
sekillendirme i¢in 20MPa 6n yiik uygulanmig ve devaminda
500 °C kalip sicakliginda ve 200 MPa basing altinda 30 dk stire
ile tek yonlii sicak preslenerek kompozit numune haline
getirilmistir. Bu sayede 30x50x13 mm?® kesitli MMK, blok
numuneler Uretilmistir. Sadece 6n karistirilmis tozlardan
tiretilmis MMK,,, ile birlikte 5, 10 ve 15 saat 6giitme siireleriyle
elde edilen dgiitiilmiis tozlardan tiretilen MMKp numuneler M5,
M10 ve M 15 olarak kodlanmstir.

Numuneler tel erezyon kesim yontemi ile dikey olarak
kesilip 6,5x50x13mm?* kesitli her numuneden 4’er blok
numuneler elde edilmistir.

Parcalarin makro sertlik 6lgtimleri ASTM E 10’a uygun
olarak alinmistir. Emco marka DuraVision 200 model sertlik
6l¢iim cihazinda BSD30 sertlik degerleri dl¢iilmiistiir. Yapilan
sertlik degerlerindeki giivenilirligi saglayabilmek amaci ile ii¢
noktadan Ol¢im yapilmigtir. Alinan bu degerlerin aritmetik
ortalamalar1 hesaplanarak sertlik degerleri belirlenmistir.
Sertlik dl¢iimleri numunelere presleme yoniine dik yiizeyden
yapilmustir.

Kompozitlerin ¢apraz kirilma dayanimlari agagida verilen
ASTM B528-05’de belirtilen esitlik kullanilarak hesaplandi.
Deney, GUTF Metaliirji ve Malzeme Miihendisligi Mekanik
Testler Laboratuvarinda INSTRON marka, 50 kN kapasiteli,
¢cekme ve egme testi yapabilen bilgisayar kontrollii cihazda
yapilmistir.

3.F.L
- MPa

w

Capraz Kirilma Davanmm (TRES) =

MMKp numunelerinin = yogunluk 6lgiimleri  Arsimet
prensibine gore calisan, 0,0001 g hassasiyetteki iizerinde
yogunluk kiti bulunan Sartorius marka dijital terazide
Olciilmiistiir. Asagidaki asamalar uygulanarak yogunluk
hesaplanmuistir.

» Numunenin havadaki agirhigmin l¢timi (W)
» Dara alma

» Suiginde agirlik dlgiimii (G )

» Malzemenin yogunlugu ( g )

» Yiizde yogunluk (% g)

Deney numunelerinin = yogunluk dlglimleri  Arsimet
prensibine goére c¢alisan, 0,0001 g hassasiyetteki {izerinde
yogunluk kiti bulunan Sartorius marka dijital terazide
Olglilmiistiir.

Agirlikga %93A1 +%4,7 Cu+%2,3 SiC tozlan ile iiretilen
MMKp malzemenin teorik yogunlugu;

> dCu=8,92x %4,7=041924 ................. (1

» dAI=27x%93=2511......ccccceiiiininn. (2)

» dSiIC=3,20x%2,3=0,0736 .........cevven.... 3)
+

> dCu+ dAl+dSiC=3,004 g/cm® ............... )

Deney numunelerinin teorik yogunluklari d=3,004g/cm?
olarak hesaplanmustir.
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I1I. DENEY SONUCLARI VE TARTISMA

A. Capraz Kirilma Dayanimi (CKD)

Sekil 1’ de iiretilen MMKp malzemelerin capraz kirilma
dayanimlar1  (CKD)  gosterilmistir. Mekanik — 6giitme
yapilmadan iiretilen kompozit malzemenin (MO) ¢apraz kirilma
dayaniminin 178 MPa ile en diisiik oldugu, 6giitme siiresinin
arttirtlmasi ile ¢apraz kirilma dayaniminda artis oldugu ve en
yiiksek dayanimin 15 saat 6giitiilen M15 numunesinde 212
MPa’a artig gosterdigi  belirlenmistir. Capraz kirilma
dayaniminin &giitme siiresi ile artig gosterdigi ve bu durumun
azalan Cu parcacik boyutu ile artan SiC ve Cu girisimine
baglandigi soylenebilir.

MO M5 M10 M15

Sekil 1. Karisim toz 6gilitme siiresinin MMK,, malzemelerin
¢apraz kirilma dayanimina etkisi

220

210
200

190

(CKD)- MPa

180

170

Capraz Kirilma Dayanimi

160

B. Sertlik Degisimi

Sekil 1 ve Sekil 2°de verilen her iki grafikten de anlasilacagi
gibi, agirlikca ayn1 Cu ve SiC; igerigine ragmen, artan 6glitme
stiresiyle elde edilen karisim tozun katkisi, lretilen metal
matrisli kompozitin gerek sertligini ve gerekse ¢apraz kirilma
dayanimini arttirmastir [7,8].

MO M5 M10 M15

Sekil 2. Karigim toz 6glitme siiresinin MMKp malzemelerin
sertliklerine etkisi
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Ogiitme siiresindeki artisla mekanik 6zelliklerde saglanan bu
avantajin, artan Ogiitme siiresiyle azalan SiC ve Cu parcacik
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boyutlarindan kaynaklandigi séylenebilir. Zira kiigiikk Cu
parcacik boyutu, sinter siirecinde Al-Cu alagimlanma oranini
arttirirken, daha kiiciik SiC boyutu ise matrisin dayanimini
MMKp malzemenin dayanimint arttirmada katki saglamistir.
Kurt ve arkadaglari, Mg katkist ve Si katkisinin Al-Cu
elementel karisimlarmin mekanik 6zelliklerine artisa sebep
oldugunu rapor etmislerdir. [10-15].

Gupta ve Ling, aliminyuma yapilan silisyum ilavesinin
mikroyapt ve mekanik Ozelliklere etkisini incelemisler ve

Otektik-isti ~ ve  Otektik-altt  alasimlarmm  metaliijik
karakterizasyonunu  gerceklestirmislerdir.  Elde  ettikleri
sonuglara gore, silisyum ilavesi sertlik ve yaslanma

kabiliyetinde artisa neden olmustur. [16]

C. Yogunluk Degisimleri

MO M5 M10 M15

Sekil 3. Karigim toz 6giitme siiresinin MMKp malzemelerin
yogunluklarina etkisi

2,8
2,78
2,76
2,74

2,72

Yogunluk ( d, g/cm3)

2,7

2,68

Teorik yogunluk 1ile dlgilen yogunluklarin yiizde
uygunluklar1 ~ Sekil ~3’deki gibidir. Uretilen MMK,
malzemelerin teorik yogunluklar1 d=3 g/cm® olarak dért nolu
esitlikle hesaplanmis olmasina ragmen, Olgiilen en fazla
yogunluk 2,787 g/ cm® civarinda M5 ve M15 numunelerinde
belirlenmistir. M10 numunesi yogunlugu ise 2,72 g/ cm’
civarindadir.  Bu durumda ulasilan en yiiksek yogunluk
orant %93 en diisiik ise %91 civarindadir ve bu oranlar sicak
presleme ile iiretilen MMK, malzemeler i¢in diisiiktiir. Zira
sicak presleme aktif sinterleme islemi ile %99 yogunluklara
ulasilabilmektedir. Yogunlugun artmasi ise mekanik 6zellikleri
iyilestirmektedir [17]. Mekanik 6giitme Oncesi veya cesitli
stirelerdeki 6giitme sonrasi agirlikga %93 oraninda Al tozlari
ile karistirilan agirlikca %7 oraninda Cu+SiC karisim tozu
iceriginden kaynaklandig:1 diistiniilmektedir.  Karis1 tozun
aslinda %67 Cu ve %33 SiC igeriginde olmas1 gerekirken 7 g
alinan toz igeriginde Cu oranmin daha olmasi muhtemeldir.
Zira, Cu+SiC karigimi belirtilen oranda homojen karigmamistir
ve Cu pargaciklara girisim yapmis yogun SiC pargaciklari
bulunmaktadir. Bu durum ise karisimdaki Cu oranint
azaltmaktadir. Ayrica Cu 06zgiil yogunlugunun fazla olmasi
sebebiyle karisim toz kiitlesinin altinda kalarak bir nolu
esitlikte hesaba katilan Cu oraninin saglanamadigini
gostermektedir.
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D. MMKp Numunelerin Optik Mikroskop Gériintiileri

Cu’ca zengin pargacik
ve Al difiizyon gradyantlan

“CupSiCy

Sic
p

Cup+SiC;y

Sekil 4. A)YMO, B)MS5, C)M10, D)M15 Mikroyapilar

85

March 22-24, 2018Karabiik, Turkey

Sekil 4.’de 6gilitme prosesinin tozlarin boyutlarina, Cu+SiC
etkilesimlerine ve malzemenin morfolojisine etkisi acikca
gorlilmektedir. Sekil 4.A’da goriilen mikroyapida Al-Cu
yaymimt ile olugmusg yayinim (diflizyon) gradyantlariin farkl
renk tonlamalarindaki Cu’ca zengin parcacilar1 ve SiC’iin iri
parcaciklari goriilmektedir. Sekil 4.B’de ise bes saatlik 6giitme
siirecinde deforme olmus ve Cu pargacigl etrafina yapismis
ogitiilmiis SiC parcaciklart goriilmektedir. 15 saatlik 6glitme
ile saglanan Cu+SiC etkilesiminde daha ince dagilimli SiC
parcaciklarin, 6giitme siirecinde deforme olan Cu gevresinde
siralandig1 belirlenmistir. Al matris i¢inde de yer yer homojen
denebilecek dagilimda SiC mevcuttur (Sekil 4.C). Sekil 4.D’de
ise 15 saat 6glitmenin etkisiyle genel olarak daha kii¢iik boyutlu
Cu ve SiC etkilesimleri mevcuttur. Daha ince SiC parcaciklarin
Cu ile etkilesimi ile olusan karisimla birlikte daha iri SiC
parcaciklarin Al matriste dagildigi goriilmektedir. Bununla
birlikte MO ve M5 metal matris kompozit malzemelerdeki Cu
parcaciklarda goriilen Al-Cu yaymim gradyantlart M10 ve M 15
malzemelerde genel olarak mevcut degildir. Ancak iri Cu
parcaciklarda bu etki halen mevcuttur. Bu durum, sicak
presleme siirecinde Al-Cu ve Cu-Al yaymimlarinin
tamamlanmadiginin belirtisi olarak goriilebilir[18, 19].

E. MMK, Malzeme ve Kirik Yiizey SEM Incelemeleri

Sekil 5. M15 katkili metal matrisli kompozit malzemenin ve
kirik ylizeyin SEM goriintiisii.
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Sekil 5.A)’daki 15 saatlik 6giitmeyle hazirlanmis karigim
katkisiyla tiretilen MMK,, malzemenin SEM goriintiisiinde, Al-
Cu alagimi1 matris i¢indeki SiC, goriilmektedir. Bununla birlikte
M15 o6giitme siirecinde Cu pargacik i¢inde yerlesmis ve sicak
presleme siirecinde Al matriste tamamen ¢oziinmemis Cu’ca
zengin pargaciktaki [9,21] seramik pargaciklar da dikkat
¢ekmektedir. Ayrica, Cu—Al arayiizeyinde, 6giitme siirecinde
Cu pargaciga yapismis farkli boyutlarda ¢ok sayida seramik
pargaciklar mevcuttur. Ogiitme islemi sonucunda SiC
partikiilleri Cu pargacik etrafim  neredeyse kaplamis
durumdadir. Cu’in etrafin1 saran SiC partikiillerinin Al-Cu
yaymimin1 engelledigi veya yavaslattigi diistiniilmektedir.
Sicak presleme siirecine ragmen Al matris i¢cinde Cu oraninin
diisiik c¢ikmasmin sebebinin bu etki olabilir. Cu ve SiC
parcaciklarin mekanik karigtirtlip 6giitiillmesindeki amag, SiC
parcaciklarmn Cu ca zengin bir katmanla kaplanmasin
saglamak ve bu sayede Al matrisle seramik pargacik-
aluminyum metal matris arayiizey bagini arttirmaktir. Bununla
birlikte, yaslandirma 1sil islemi ile c¢okelti sertlesmesi
saglayabilecek Al-Cu alasimi matris olusturmak diger bir
hedeftir. Ancak ulasilabilen en fazla 15 saatlik 0giitme
isleminde, Cu pargaciklarin yogun olarak SiC pargaciklarla
adeta kaplandigi soylenebilir. Ancak arttirilan daha uzun
siireyle 6glitme islemi ile belirtilen hedeflere ulasilabilecegi
sOylenebilir.

Sekil 5.B’de iiretilen MMKp malzemenin CKD sonundaki
kirik ylizey SEM goriintiisii verilmistir. Burada goriilen SiC
parcacigin Al-Cu alasimi matrisle yer yer gii¢lii adhesiv bagla
baglandigi soylenebilir. Bu durum, g¢alismanin hedefleri
bakiminda olumlu etkiler olusturabilecegini gostermektedir.

F. XRD Analizi

Sekil 6’da verilen XRD c¢alismalarinda, 6giitmesiz (MO0), 15
saatlik Ogiitme ile elde edilen CutSiC karisim tozlar
kullanilarak tretilen Al-Cu alasimi matrisli ve SiC takviyeli
MMK, malzemesinde (M15) olusan fazlar tanimlanmustir.
XRD analiz sonuglarinin yorumlarinda yola ¢ikarak
calismamizda muhtemel fazlar kesinlestirilmistir. Norbert ve
arkadaslar1 yaptiklart calismada Al-Cu faz dengesini incelemis
ve Al-Cu intermetaliklerinin XRD iizerindeki bdolgelerinden
bahsetmislerdir. [22]. T/M ile {iretilmis Al-%4,7 Cu alagiminda

mevcut fazlar : 0-CuAl, , a-Al, n,—Cu 9Als olarak belirlenmistir.

MI15 saat Ogiitme sonucunda {iretilen metal matrisli
kompozitlerin 0 - CuAl; fazi oraninin MO numunesine gore
arttig1 pik siddetlerinden goriilmektedir. Elementel Si pikinin
varligi ilgi cekici olmakla birlikte, M15 numunesinde MO
numunesine oranla daha belirgin oldugu goériilmektedir.
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Sekil 6. Karisim MO Numunesi ve M15 Numunesinin XRD
sonuglari

1v. SONUCLAR

Tozlarin baslangi¢ boyutlarina gore, artan 6giitme
siiresi ile toz boyutlar1 azalirken, deforme olmus
pulsu pargaciklarin orani artmustir. Ogiitme islemi
sonrast Cu pargacik ylizeylerine SiC seramik
parcaciklarin yapistigi belirlenmistir.

Ogiitme islemi ile elde edilen karisim tozlarla
tiretilen kompozitlerin sertlikleri, islemsiz (MO)
kompozitlere gore daha yiiksektir. Artan &giitme
stiresiyle hazirlanmis Cu+SiC karigim tozla tiretilen
kompozitlerin sertlikleri 6glitme siiresiyle artmustir.
Yine artan 6glitme siiresi ile tiretilen MMKp” lerin
capraz kirtlma dayaniminin da arttig1 gézlenmistir.
Onbes saat ogiitiilmiis (M15) Cu+SiC karisimla
iretilen Al matrisli MMK’lerdeki kirik ylizey
incelemeleri, SiC takviye par¢aciklarinin Al-Cu
alasimi matris ile arayiizey baginin yeterince giiglii
oldugunu goéstermistir.
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Cu + SiC Karisim Tozun Ogiitme Siiresinin
Metal-Seramik Etkilesimine, Toz Boyutuna ve
Morfolojisine EtKisi

Ezgican Atar *, Damla Saridemir ve Yusuf Ozcatalbas
ezgican.atar@gazi.edu.tr, damla.saridemirQ6(@hotmail.com, yusufoz@gazi.edu.tr

Metalurji ve Malzeme Miihendisligi, Teknoloji Fakiiltesi, Gazi Universitesi, 06560, Ankara, Tiirkiye

Ozet- Bu ¢cahismada, Cu + SiC karisim tozlarin égiitiilme siiresinin,
tozlarin yapisina, morfolojisine ve boyutlarina etkisi arastirildi.
Bu amacla, agirhk¢a %67 Cu ve %33 SiC tozlar ii¢ boyutlu
karistirma cihazinda (Turbula) paslanmaz ¢elik kap icinde 15 mm
capinda zirkonya bilyeler vasitasiyla ogiitiilmiistiir. Ortalama
bilye/toz oram1 10:1 olarak yapilan 6giitme islemi, 80 dev/dak
hizda ve 5 (M5), 10 (M10) ve 15 (M15) saat siirelerle
gerceklestirilmistir. Ogiitiillen karisim tozlarin boyutlari lazer
parcacik boyut dl¢iim cihaz ile morfolojisi ve CuSiC etkilesimleri
ise optik ve tarama elektron mikroskop (SEM) calismalar: ile
karakterize edilmistir. Bakir ve silisyum Kkarbiir tozlarimin
baslangi¢ ortalama tane boyutu (do,s) sirasiyla 44,8pm ve 13,4pm
olarak belirlenmistir. Bu tozlarin belirtilen karisim oranlarindaki
tane boyutu ise dos=21,9 pm dur. Bes saatlik 6giitme sonunda
karisim toz tane boyutu d0,5=14,6 pm’ye diiserken artan égiitme
siiresiyle 10 saatte d0,5=30,8 pm yiikselmistir. Ogiitme siiresi 15
saate ulastiginda ise karisim toz tane boyutu dos=26 pm diisiis
gostermistir. Diisiik 6giitme siiresinde, iri Cu parcaciklara (Cup)
mekanik olarak girisim yapmus kiiciik tane boyutunda SiC
parcaciklari (SiCp) belirlenmistir. 15 saatlik 6giitme sonunda ise
Cu parcaciklarin kismen pulcuksu sekle doniistiigii ve Cu-SiC
girisim orammin azaldigi belirlenmistir. 15 saatlik 6giitiilmiis
tozun SEM incelemesinde ise SiCp’lerin yiizeylerine yapismis
mikron alt1 ve birka¢c mikron boyutlarinda Cup’lerle kaplandig:
belirlenmistir.

Anahtar Kelimeler — Toz Metalurjisi, Ogiitme, Cu+SiC, Metal-
Seramik Etkilesimi

The Effect of Milling Time of Cu + SiC Mixed
Powders on Powder Size, Morphology and
Metal-Ceramic Interaction

Abstract -In the current research, effect of milling time on the
structure, particle size and morphology of Cu + SiC mixed
powders was investigated. For this purpose, 67 wt% Cu and 33 wt
SiC powders were milled in zirconia balls with a diameter of 15
mm in a stainless steel vessel at a three-dimensional mixing
apparatus (Turbula). The milling operation at ball-to-powder
ratio of 10:1 was carried out at 80 rpm for 5 (M5), 10 (M10) and
15 (M15) hours. The dimensions of the milled mixture powders
were characterized by laser particle size meter and, morphology
and Cu-SiC interactions of milled powders were investigated by
optical and scanning electron microscope (SEM). The initial
average particle size (d0,5) of copper and silicon carbide powders
was determined as 44.8pm and 13.4pm, respectively. The particle

%
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size of these powders at the specified mixing ratios was d0.5 =21.9
pm. At the end of the five-hours milling, the powder particle size
decreased to d0.5 = 14.6 pm and then particle size increased (d0.5
= 30.8 pm for 10 hours) with increasing milling time. When the
milling time reached 15 hours, the mixed powder particle size
decreased to d0.5 = 26 pm. At the low milling time, smaller SiC
particles (SiCp ) were mechanically penetrated to coarse Cu
particles (Cup). At the end of the 15-hour milling, Cu particles
were partially converted to flake-like shape and Cu-SiC
penetration ratio decreased. In the SEM study of the 15-hours
milled powder, it was determined that the Cu particles with
submicron and several micron sizes were deposited on the surfaces
of the SiC particles.

Keywords- Powder Metallurgy, Milling, Cu+SiC, Metal-Ceramic
Interaction

I. GIRris

Metal Matrisli Kompozit (MMK) malzemeler miihendislik
uygulamalarinda yiiksek dayang ve diisiik 6zgiil yogunluk
istenen yerlerde yaygin olarak kullanilmaktadir. Ozellikle
parcacik takviyeli ve Aluminyum alasimi metal matris
yapistyla tretilen kompozit malzemeler, yiiksek asinma direnci
ve Ozgil dayanim gerektiren miihendislik uygulamalarinda
kullanilir. Metal matrisli pargacik takviyeli kompozit (MMK,)
malzemelerde seramik pargacik ve metal matris arayiizyinde
yeterince bag olusturmak iiretilen MMK, malzemenin
performanst bakimindan 6nem arz eder [1-3].

Metal matris ve seramik takviye pargacigi arayiizey baginin
gelistirilmesi halen c¢aligilan arastirma konularindandir. Bu
amag dogrultusunda seramik parcaciklarin matrisle metalurjij
bag kurabilecek Cu, Ni vb. Metallerin elektroliz vb.
Yontemlerle  kaplanmasi  [4], seramik  parcaciklarin
yilizeylerinin kimyasal aktivasyonunu arttirma islemleri,
iiretilen MMK,, malzemeye uygulanan ekstriizyon, haddeleme
gibi sicak deformasyon islemlerinin uygulanmasi gibi iglemler
uygulanir. Bununla birlikte in-situ yontemi ile kompozit
malzeme lretimi [1] bu amagla uygulanan diger bir MMKp
iretim yontemidir. Yapilan uygulamada genellikle seramik
parcacik ile metal matris arasinda adhesive bag olusur. Bu
bagin 6zellikleri, baglanan malzemelerin 6zellikleriyle ilgilidir
[5-7]. MMK malzeme iiretiminde bu araylizeyde genellikle
kimyasal reaksiyonlarla ve her iki pargacigin atomlarindan
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olusan intermetalikler ise kirilganliklar1 sebebiyle istenmezler
(8, 9].

Son zamanlarda Toz Metalurjisi (T/M) yontemi ile MMK,
malzeme {iiretimi en hizli gelisen imalat yontemlerinden birisi
olmustur. TM ile tiretim yontemi, karistirilmig metal tozlarmin,
oda sicakliginda veya yiiksek sicakliklarda, iiretilecek parga
sekli ve boyutlarina sahip kalip icinde preslenerek
sekillendirme ve ardindan belirli bir sicaklikta sinterleme ile
gerceklestirilen bir imalat yontemidir. Toz metal pargalar
haddeleme, dokiim gibi geleneksel imalat ydntemleri ile
iiretilen malzemelere gore bazi degisik ve avantajli 6zelliklere
sahiptir. Bu avantajlar, iiretimi zor olan alagimlari daha kolay
iretme, karmasik sekilli parcalarin imalat kolayligi, yogunluk
kontrolii ve ekonomiklik gibi 6zelliklerdir [10-12].

Aliiminyum ve alagimlari, baz1 korozif ortamlarda
bozulmaya karst iyi mekanik o6zellik direnci ile diisiik
yogunluklarindan dolay1 kimya, otomotiv, gida, havacilik ve
denizcilik endistrisindeki bir¢gok uygulamada istenen ve
kullanilan malzemelerdir [13]. Al matrisli partikiil takviyeli
kompozitlerin, ticari Al alagimlar ile kiyaslandiginda artan
sertlik, yiiksek asinma direnci, mukavemetinin uygunlugu,
titresim azaltict ve disiik 1s1l yaymim katsayist gibi
malzemelerde istenilen Ustiin  Ozellikleri bir arada
bulundurmast nedeniyle bu malzemeler daha da onemli
olmustur. Kompozit malzemelerin tiretiminde karsilasilan
temel problem, matris ile takviye malzemeleri arasinda etkili
bir baglanmanin elde edilememesidir. Nispeten diisiik
sicakliklarda yapilan TM dretim yontemi, teorik olarak
araylizey kinetiginin daha iyi kontrol edilmesini saglar [14,15].

Mekanik 6giitme (MO) ydntemi kullanarak matrisi olusturan
metal ile seramik partikiilleri, mekanik ve adhesiv bag ile
birbirine baglayacak prosesin uygulanmasinin, ara yiizey
bagini arttirdigina dair c¢aligmalar mevcuttur. Uygulanan
mekanik 6glitme prosesinin MMKp {iretiminde kullanilmast,
iiretilen kompozit malzemenin mekanik 6zelliklerini arttirdigt
yapilan ¢alismalarda gézlemlenmektedir [16,17].

Bu ¢alismanin amaci dogrultusunda matris partikiil ara
ylizey baglarimi kuvvetlendirmek i¢in Cu+SiC karisimina
belirli stirelerde mekanik 6giitme uygulanmistir. Bu sayede
ogitilen ve kirllan SiC yiizeylerindeki aktiflikten de
yararlanarak Cu parcaciklarla kaplanmaya (sivanmaya)
calistlmistir. Bu yontemle Cu kaplanmis SiC seramik
pargaciklar ile Al matris arasinda ise sinter siirecinde Al+Cu
alim1 matris olugturulmak istenmistir.

II. DENEYSEL CALISMALAR
A. Malzeme

Deneysel calismalarda, atomizasyon yontemiyle
iretilmis  %99,7 saflikta aliminyum ve %99,6 saflikta
elektroliz yontemi ile Tretilmis dentiritik bakir tozlart
kullanilmigtir. Cu toz tane boyutu ise 140 pm altinda ve
ortalama olarak dos=45 pm’ dur. SiC tozu ise 90 um alt1 ve
ortalama dos=13 um dir.

B.Metot
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Bu amagla, agirlikga %67 Cu ve %33 SiC tozlari ii¢ boyutlu
karistirma cihazinda (Turbula) paslanmaz ¢elik kap icinde 15
mm c¢apinda zirkonya bilyeler vasitasiyla oOgiitilmistiir.
Ortalama bilye/toz oran1 10:1 olarak yapilan dgiitme islemi, 80
dev/dak hizda ve 5 (M5), 10 (M10) ve 15 (M15) saat stirelerle
gerceklestirilmistir. Ogiitiilen karisim tozlarin boyutlar1 lazer
parcacik boyut Ol¢lim cihazi ile morfolojisi ve Cu-SiC
etkilesimleri ise optik ve tarama elektron mikroskop (SEM)
calismalari ile karakterize edilmistir.

111 DENEY SONUCLARI VE TARTISMA

A. Baslangi¢ Tozlarin Karakterizasyonu

Sekil 1. Ogiitmede kullanilan Cu toz pargaciklar

Sekil 1’de 6giitme Oncesi Cu parcaciklarin optik mikroskop
gortintiileri verilmistir. Epoksi regineye gomiilerek yapilan
parlatma sonras1 goriintiide, yer yer Cu pargacik dentiritleri
arasi bosluklar koyu renk tonunda goriilmektedir.

B. Cu+SiC Karisim Tozun Ogiitme Siiresine Bagh Toz
Morfolojisindeki Degigim

Sekil.2’de agirlikga %67 Cu ve %33 SiC igeren toz
karisimin, 5, 10 ve 15 saat siiresince 6gitiilmesi sonucu elde
edilen tozlarin optik mikroskop goriintiileri verilmistir. Bes saat
oglitme yapilan (M5) karisimda heniiz belirgin 6glitme etkisi
mevcut degildir. Ozellikle Cu parcaciklar genel olarak iri ve
yumrusal formdadir. Bununla birlikte az oranda da olsa
deforme olmusg yass1 pargaciklar da mevcuttur. Artan 6glitme
siiresiyle birlikte (M10) yassi kiigiik Cu pargaciklarin orani
artmaktadir. Ayrica SiC pargaciklarinda (koyu gri) 6giitmenin
daha etkin oldugu goriilmektedir. Zira M10 islemi ile daha
kiiglik boyuttaki SiC oraninda artis olmustur. Onbes saatlik
oglitme (M 15) sonunda ise 6zellikle Cu parcacik morfolojisinin
baslangig toz bigi¢ ve boyutuna gore 6nemli oranda degistigi ve
yasst kiigiik Cu parcaciklara doniistiigii agik¢a goriilmektedir.
Bu 6gilitme siiresinde SiC parcaciklarmin da 6nemli oranda
oglitmeden etkilendigi ve pargacik boyutunun dnemli oranda
kiictildigli goriilmektedir.
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Sekil 2. Cu+SiC Karigim tozun oglitme siiresine bagli
morfolojisindeki degisim a)M5 b)M10 ve c)M15

Artan 6glitme siiresiyle birlikte zirkonya bilyalarin kinetik
enerjisine maruz kalan ve bu sayede plastik deforme olan Cu
parcaciklarla birlikte SiC pargaciklarin da kirilarak &giittildiigi
goriilmiistiir. Bu siire¢ i¢cinde Cu/SiC/Cu, Cu/Cu ve Cu/SiC
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etkilesimleri belirlenmistir. Elektroliz yontemiyle iiretilmis Cu
parcaciklarin dentirit kollar1 arasina yerlesen ozellikle kiigiik
boyutlu SiC pargaciklarinin Cu/SiC/Cu etkilesimi gosterdigi
Sekil 3’de oklarla gosterilmistir. Bunun disinda yogun olarak
Cu parcaciklarin ylizeyine mekanik girisim yapmis bir dizi
kiiciik boyutlu SiC pargaciklarinin ise Cu/SiC etkilesimi
gosterdigi ve bu durumun daha yaygin oldugu belirlenmistir
(Sekil 3).

Sekil 3. 15 saat 6giitme islemi sonunda Cu/SiC etkilesimi

C. Ogiitme Stiresine Bagh Toz Tane Boyut Degisimi

Sekil 4’de baslangi¢ tozlarin, karisim tozlarm ve ogilitme
siiresinin Cu+SiC karigim tozun tane boyut dagilimlari
verilmistir.

dog dhun

dos=13um

Has=22um
:les. T

dnn=3Zum

tlae=2 5um

mue

Pargacik Boywt, dium)
Sekil 4. Ogiitme siiresinin toz tane boyut dagilimina etkisi
Burada, en biiyiik pargacik dagiliminin Cu tozlarda oldugu

ve d0,5 ortalama toz dagiliminin 45um civarinda oldugu
gorlilmektedir. SiC toz ilavesi ile 6glitmesiz karisim tozun (MO)
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toz dagiliminin, agirlik¢a Cu tozu etkin olmasina ragmen, SiC
tozun diisiik 6zgiil yogunlugu sebebiyle artan hacimce SiC
orani, Cu+SiC karigim tozunda toz boyut dagilimini sola dogru
kaydirmistir (Sekil 4). Bu sayede MO tozun ortalama toz boyutu
22um civarindadir. Bu karigimin bes saatlik dgiitme islemi
sonunda, iri toz oraninin azaldig1 kiigiik toz oraninin ise artarak
ortalama toz boyutunun 15pm’a diistigti gortilmektedir (Sekil
4 ve Seckil 5). Bu durumun muhtemel olarak iri SiC
pargaciklarin 6giitiillmesinden kaynaklandig: diisiiniilmektedir.
Artan dgiitme siiresiyle birlikte (M10) kaynaklanan Cu tozlar
sebebiyle iri toz oraninda artig gozlenirken yaklasik 20pum alti
toz oraninda azalma goriilmiistiir. 15 saatlik 6giitme sonunda
ise, iri toz orami artarken iri toz boyutunun kiciildigi
goriilmektedir. Bu siire¢ ise 0glitmede kirilma siireci olarak
degerlendirilebilir.
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Sekil 5. Baslangic ve karigim 6giitlilmiis tozlarin ortalama toz
tane boyut dagilimi.

D. Ogiitiilmiis Tozlarin SEM/EDS Incelemeleri

Sekil 6’da 15 saat 6giitlilmiis Cu+SiC karisim tozlarin SEM
goriintiisi ve bazi pargaciklarin EDS analizleri verilmistir.
Genel olarak burada dikkat c¢eken esas husus, SiC
pargaciklarinda belirli oranlarda Cu igerigi bulunmasidir. 1
nolu analiz noktasinda yaklagik %13 Cu belirlenmistir. Bu
bolgede SiC pargacigl tamamen Cu’la kaplanmamis dahi olsa,
mikron alti boyutlarda Cu varligi mevcuttur. SiC pargacigin
daha kalmn ve belirgin miktarda Cu’la kaplandigr bolge 2
numarali analiz bolgesidir. Buradaki agik gri tonlamali pargacik
muhtemel Cu’ca zengin pargaciktir ve adhesiv etkiyle SiC
parcacik yiizeyine baglanmistir.

Bununla birlikte iri Cu pargaciklarin ylizeylerine mekanik
veya adhesiv etkiyle baglanmis SiC parcaciklar1 Cu/SiC
etkilesimi yapmustir. Sekil 7’de gosterilen durum, birkag
mikrometreden mikron alti boyutlara kadar farkli boyut
araligindaki SiC pargaciklarin Cu yiizeyinde yogun olarak
tutundugu goriilmektedir. ~ Ogiitme siirecinde bu tiir Cu
parcaciklardan kopan veya ayrilan SiC pargaciklarin
olusturdugu adhesiv etkiye gore, belirli oranlarda Cu igeriyor
olmast muhtemeldir.
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Sekil 6. M15 6giitiilmiis tozun SEM/EDS analizleri

Sekil 7. M 15 giitiilmiis tozda Cu/SiC etkilesimi

1V.

SONUCLAR

Ogiitmenin  ilk  siirecinde  ozellikle iri  SiC
parcaciklarin kirilarak karigim tozun ortalama tane
boyutunun azaldigi belirlenmistir. Artan 06giitme
siireciyle  birlikte, 0Ozellikle Cu parcaciklarin
kaynagsmasi ve/veya iri Cu parcaciklarin ylizeyine
ince  SiC parcaciklarin yapigmasi ile ortalama
pargacik tane boyutu artmistir.
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e Tozlarin baslangi¢ boyutlarina gore; artan 6giitme
stiresi ile toz boyutlarinin azaldig1 goriilmiigtiir. Onbes
saate kadar artan 6gilitme stireci sonunda ortalama tane
boyutunun azalmaya basladigi, Cu parcaciklarda
pulcuksu formlarin olustugu gorilmistiir.

* 15 saat 6giitme igleminde SiC parcaciklarin yiizeyine
yapismis birkac mikrometre boyutlarinda Cu
tabakaciklara veya SiC parcaciklarda Cu’ca zengin
ylizeylere rastlanmistir.
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Abstract— In this study, it is aimed to form alloys by combining
Sn and Zn elements by casting method. Microstructural
properties of Sn-50 wt.% Zn and Sn-80 wt.% Zn alloys were
examined with SEM, EDX, XRD devices. Average micro
hardness values of Sn-[x] wt. % Zn [x=50 and 80] alloys were
measured to be 62.1 and 49.2 (Hv,gs). According to these results,
micro hardness values only depend on the composition, and
decrease with increasing of Zn composition. Mechanical
properties (yield, elongation, elongation) were also obtained by
using a tensile tester. The tensile test results for Sn-50 wt.% Zn
and Sn-80 wt.% Zn indicating that the sample with the best
mechanical properties is Sn-50 wt.% Zn. In addition, the tensile
value obtained for the Sn-50 wt.% Zn sample is 78.26 MPa, the
unit strain is 5.8% and the yield stress is 53.76 MPa. Also, the
corrosion behavior of Sn-50 wt.% Zn and Sn-80 wt.% Zn alloys
was determined by applying the mass loss corrosion test.

Keywords— Mechanical properties, Microstructure, Corrosion

I. INTRODUCTION

Sn-Zn based alloys are an alloy group of particular interest as
lead-free solder in the electronics industry. Considering the
characteristics of solder alloys, they are producible, their
reliability and environmental suitability are remarkable; such
as melting temperatures, solder ability, flow ability, density,
thermal and electrical properties, corrosion and oxidation
behaviour, surface tension, rework ability and cost. Lead-free
solder alloys are also sensitive to environmental and human
health and are among the main reasons for preferring these
alloys. Sn-Zn solders have a variety of fascinating properties
such as low melting temperature at 198 °C. In addition to
these, it includes most of the physical properties of the solder
alloy related to soldering, such as melting degree, solderability,
flowability, density, thermal and electrical properties,
corrosion and oxidation behaviour, surface tension, rework
ability and cost. The reliability of a solder alloy to be first and
second level packaging is based on the elastic modulus, tensile
stress, and shear strength, fatigue and creep behaviour, mainly
the coefficient of thermal expansion.

In addition, in the metal coating industry, Zn-Sn alloys are
now used as protective coatings on ferrous base metals. Low
cost Zn-Sn coatings show high corrosion resistance and are
seen as promising candidates to replace toxic cadmium and
allergenic nickel coatings [1-3].
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Il. EXPERIMENTAL PROCEDURE

The cavity mould cavity is set for four cylindrical samples.
The mould cavity dimensions for each sample are @ = 20 mm,
h =170 mm. The amounts of the tin (Sn) and zinc (Zn) metals
were calculated and melted in the melting furnace in the
graphite crucible. The melting was heated to about 100 °C
from the melting temperature of the sample. After mixing
several times, the homogenous molten obtained was poured
into the mould.

A. Microstructure Properties

Surface morphology and composition analysis of the samples
were investigated Zeiss Ultra Plus SEM) and (EDX)
spectrometer, respectively. To obtain the SEM images, Struers
brand Discotom 100 and Secotom 50 devices were used to cut
the samples. With Tegramin 30 automatic sanding and
polishing device, transverse sections were ground flat with
SiC papers and mechanically polished using 6 um, 3 um, 1
pum, and 1/4 pm diamond paste. Then, etching was carried out
with a mixture of 49% H,0, 1% H,SO, and 2 g CrO;. Ratio of
chemical compositions was measured by an EDX
spectrometer attached to the SEM.

B. Mechanical and Microhardness Properties

The axial and variable forces are applied to circle or
rectangular test piece with dimensions compatible with
standards by installing to the traction device. The pulling
device is mainly; It consists of two jaws that can move up and
down relative to each other, two jaws to which the test piece is
connected, and units that measure these two sizes, which give
them movement or strength. In order to apply the tensile test
to the samples, firstly, the specimen was processed to be a
specimen of the tensile test, which has a diameter of (dg) =
10.2 mm, cross-sectional area (Ao) = 81.71 mm2, length (L) =
160 mm and round section according to the standards in the
CNC machine. The tensile test of the specimen prepared
according to the standards was carried out at room
temperature (25 °C) with a Zwick / Roell Z600 tensile testing
device.
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The Vickers hardness value is the portion of the test load
expressed in kg (mm?) to the trace area. Vickers hardness
values of the samples were determined by QNESS Q10 A +
brand Hardness Tester. After the load is removed, the
hardness value is calculated by making the measurement
diagonal.

_ 2Fssin (¢/2)

M

where @ is the indenter apex angle, F is the applied load and d
is the average length of diagonals. For micro hardness
measurements, 100 g load was applied for 15 seconds.

C. Corrosion Properties

Firstly, the initial mass and area of the samples are
calculated. Then, 3.5% salt is added to the pure water and
saline solution is prepared. Samples prepared for corrosion are
immersed in solution and removed every 2 days. It is dried
after removal. In order to attenuate the corrosion particles
present on the surface, it is first kept in 250 ml of ethyl
alcohol for 1 minute, then kept in 250 ml of acetone for 1
minute and removed. After removal, the sample surface is
cleaned with a toothbrush. Then all these operations are
applied every 2 days for 10 days. At the end of every 2 days,
the weight is measured and the mass loss is calculated.

I11. CONCLUSIONS

The microstructures of Sn- [x] wt.% Zn [x = 50 and 80]
were visualized with SEM and SEM images with a
magnification factor of 2,000x. are given in Fig.1. According
to the Zn ratio, Zn grains are formed as islets. The
composition analysis was determined from light grey (1) and
dark grey (2) regions. However, Zn was activated by oxygen
in the casting stage and some oxygen was mixed in the
structure and showed accumulation in the grain boundaries.

Sns0wt. %zn  [| IS N AN 7|
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Fig. 1 SEM images and EDX analyses of Sn-x wt. % Zn [x=
50, 80] alloys.

Two tensile samples were prepared for each composition of
Sn-x wt. % Zn [x=50 and 80] and subjected to tensile testing.
The average values of 2 separate results were determined and
the applied load, tensile strength, elongation amount and yield
strength of the alloys were determined and given in Table 1.
Accordingly, the tensile and yield strength of the Sn-50% wit.
Zn alloy is higher than the tensile and yield strength of the Sn-
80% alloy. That is, as the amount of Zn in the alloy increases,
the tensile strength and yield strength of the alloy are reduced.

Table 1. Mechanical Properties of Sn-x wt. % Zn [x=50 and
80] alloys.

Samples Peak Peak | Elongation | Yield
Load | Stress
(kN) | (MPa)
Sn-50 wt.% Zn | 5.60 71.4 0.030 47.02
Sn-80 wt.% Zn | 4.36 55.5 0.016 39.45

Micro hardness measurements of Sn-[x] wt.% Zn [x=50 and
80] alloys were calculated to be average values of micro
hardness measurements of Sn and Zn phases, and Sn-Zn grain
boundaries in microstructures. Solidification conditions of Sn-
[X] wt% Zn [x=50 and 80] alloys are same. So, micro
hardness values only depend on the composition, and increase
with increasing of Zn composition. Vickers micro hardness
values were calculated by taking 5 measurements for each
sample and given in Table 2.

Table 2. Microhardness values of Sn-[x] wt.% Zn [x=50 and
80] alloys.

Micro Hardness Scale | Hardness
Sn-50 wt%. Zn | HvV (5 62.7
Sn-80 wt%. Zn | Hv (g5 49.1
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For Sn-50 wt.% Zn alloy, we initially weighed 1.9623 g and
have 1.8378 cm?’ area, for Sn-80 wt.% Zn alloy, initially
2.0553 g weight and 2.1205 cm? area samples. Corrosion rates
were calculated by measuring the mass losses of the samples
in %3.5 salt water for every 2 days and are given in Fig.2.
According to this, Sn-80 wt.% Zn alloy has a higher resistance
to corrosion than Sn-50 wt.% Zn alloy. That is, as the amount
of Zn in the alloy increases, the corrosion resistance of the
alloy increases.
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Fig. 2. Corrosion Rates of Sn-x wt.% Zn [x= 50, 80]
alloys.
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Abstract—In this study, the effect of carbon nanotubes (CNTs)
addition on the mechanical properties of glass fiber reinforced
composite materials was investigated. Multi walled carbon
nanotubes (MWCNTs)/glass fiber/epoxy resin were used to fabricate
the thermoset composites using resin transfer molding (RTM)
method. As a result of this study, it was observed that samples
containing of MWCNTs in the 0° direction had a higher tensile
strength of 14% compared to those without MWCNTs. At the same
time, samples with MWCNTs in the 90° direction were found to have
the best bending modulus, strength, and 97% and 58% increase in
flexural modulus and strength compared to samples without
MWCNT5.

Keywords— Glass fiber, carbon nanotube, mechanical properties,
composite materials

I. INTRODUCTION

Nanocomposite materials are obtained as a dispersion in a
nanometer dimension within one second phase and are defined
as at least two phase material groups. Carbon nanotube is an
allotropic form of carbon element [1]. In other words, they are
obtained by cylindrical wrapping of plates in the form of honey
pellets. In shapely carbon nanotube structures, atoms are
connected to each other by sp2 (like graphite), atoms form
hexagonal geometry, and each atom has only three neighbours.
Carbon nanotubes have high resistance to impacts such as
compression, bending, twisting due to hole structures and high
length / diameter ratios [2]. Nanotubes can have diameters
changing from 1 to 100 nm and lengths in micronmeters [3].
There are single-layer (single-walled) or multi-layer (multi-
walled) carbon nanotubes. Previous scientific investigations
have demonstrated that multi-walled carbon nanotubes
(MWCNTs) have higher resistance to chemicals than single-
walled carbon nanotubes (SWCNTSs) [4]. Carbon nanotubes are
one hundred times stronger than steel, and weight is one sixth.
Steel is harder at the same time, but as flexible as plastic.
Therefore, it is the most robust material known to have high
corrosion resistance [5]. The measured specific tensile strength
of a single layer of a multi-walled carbon nanotube can be as
high as 100 times compared to steel [6]. Because of these
properties, CNTs have been used. In addition, if we look at the
structure and properties of Epoxy; the low molecular weight of
liquid immature epoxy resins gives them superior molecular
mobility during processing. High strength thermoset polymers

such as epoxy are added to glass fiber to increase mechanical
strength and thermal stability. The addition of nanoparticles
lead to increases in inter fibre fracture strength of up to 16% [7].
This important feature allows the liquid epoxy resins to be
quickly wetted to the surface. Fiber reinforced materials
generally have more resistant structure than unreinforced
materials. As the glass fiber ratio increases, the strength of the
material increases. The addition of MWCNTs not only
increases the tensile strength of the epoxy matrix but also
increases fracture toughness [8]. Furthermore, it has been
demonstrated that the inner layers of an MWCNT can be
effectively deformed only through the direct application of
tensile or shear forces, not through van der Waals interactions
[4]. There are some studies on the improvement of interfacial
and mechanical properties of thermoset composites by
incorporating of CNTs into composites by fiber coating.

In the literature, it was found no research about the
mechanical properties of the glass fiber/epoxy resi/MWCNTs
integrated thermoset composites. The purpose of this research
was to study the effect of the MWCNTSs incorporation on the
flexural properties of the thermoset composites fabricated by
the resin transfer method (RTM). The tensile and flexural
properties of 0.0 wt% and 0.2 wt% MWCNTSs incorporated
specimens in the 0° and 90° directions were investigated.

II. EXPERIMENTAL PROCEDURE

Multi-walled carbon nanotubes (MWCNTSs) were supplied
by Ege Nanotek Kimya Sanayi Limited Sirketi,
[zmir/TURKEY. Biaxial warp-knitted fabrics were supplied by
Metyx Composites Corporation, Istanbul/Turkey. Epoxy resin
(Araldite LY 3598) and hardener (Aradur 349) were supplied
by Huntsman from Germany. The fibers were cut to size of 750
mm x 350 mm. Both faces of the four layers of the fabrics were
coated by the prepared solution of ethanol and MWCNTs (i.e.
four faces of the fabrics were coated with each prepared
solution). Figure 1 shows the fabrics after coating, respectively.
The cut glass fibers were placed in the mold cavity of resin
transfer molding (RTM) device in a symmetrical stacking
sequence ([90wa/Owe/90wa/Owe]s) (Figure 2). Epoxy and hardener
were mixed at a ratio of 100/22. The CNT integrated composite
materials with biaxial warp-knitted fabric were fabricated by
the RTM. The CNTs weight percentages were 0.2 wt% in
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fabricated composite panels. The produced composites were
tested by using the INSTRON 5982 100 KN flexural tests at
Ondokuz Mayis University (OMU) Central Laboratory
(KITAM). Test span lengths for flexural tests are 48 and 64 mm
depending on the specimen thickness utilized. In the flexural
tests three specimens were tested both in 0° and 90° directions
for each type of composite panels.
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Fig. 1 Four layers 0.2% CNT integrated fabrics
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Fig. 2 Schematic drawing of four layers fabrics

After fabricating of the composites, burn off method in a
muffle furnace was performed in order to determine the
percentages of each of the constituents (volume fraction of
fibers) in the thermoset composites. Table I and Table II shows
parameters of the biaxial warp-knitted (BWK) fabric
reinforcements and Table I1I shows the volume fraction of the
fibers.

Table 1 Parameters of the biaxial warp-knitted (BWK) fabric

E Glass Sample 0°(Warp) Fiber (Tex) | 90°(Weft) Fiber (Tex)
LT1200 (0 wt% CNT) | 2400 1200

LT1200 (0.2  wt% | 2400 1200

CNT)

Table II Parameters of the biaxial warp-knitted (BWK) fabric

Area weight of 0° warp | Area weight of 90° | Fabric weight (gr/m?)
fibers(gr/m?) weft fiber (gr/m?)

614 (0 wt% CNT) 7 1187

614 (02 W% CNT) | 7 1187

Table I1I The volume fraction of the fibers in composites
Weft fiber volume | Warp fiber volume | Stitch fiber volume
fraction (V£ %) fraction (V£ %) fraction (Vf %)
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18.5 (0 wt% CNT)
19.8 (0.2 wt% CNT)

17.1
18.2

0.70
0.30

Figure 3 and 4 show the scanning electron microscope (SEM)
images of morphology of MWCNTs and MWCNTs coated
fabrics. Figure 4 proved how the nanotubes were
homogenously distributed on the surface of the reinforcement.

Fig. 4 SEM of 0.2% CNTs coated BWK fabric (X20.000)

III. RESULTS AND DiSCUSSIONS

Figure 5 represents the results of the flexural modulus and
strength of the specimens. The composites without CNTs in 0°
direction had higher flexural modulus and strength (15.5 GPa
and 433.1 MPa) compared to that was in 90° direction (12.1
GPa and 356.5 MPa). Since the volume fraction of weft fibers
(18.5%) is higher than warp fibers (17.1%), for composites
without CNTs, the specimen tested in 0° direction has a greater
flexural modulus and strength than those in 90° direction.
Furthermore, composites with CNTs in both 0° and 90°
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directions showed higher flexural modulus and strength
compared to that was without CNT. The interfacial properties
between fiber and epoxy matrix could be improved by coating
of the fiber surface with CNTs nano particles and this might be
the possible reason of the improvement of the flexural
properties of composites.

@ Flexural Strength (MPa) @ Flexural Modules (GPa)

600

500

5637
475.4
39 §
433.1
400 565 20
15.5 154
300 - 15
12.1
200 - 10
100 + 5
0 T 0

NONE 90° CNT 90° NONE 0° CNT 0°

Flexural Strength (MPa)
Flexural Modules (GPa)

Fig. 5 The results of the flexural modulus and strength of the specimens

IV. CONCLUSIONS

In thermoset composites, the effect of MWCNTs integration
on the mechanical properties of the samples were evaluated.
Our study revealed that the three-point flexural properties of the
thermoset composites with glass fiber reinforcements could be
improved by incorporating 0.2 wt% percentages of the
MWCNTs at the interface of fabric layers. The specimens with
0.2 wt% MWCNTs in 90 direction showed the best results in
terms of the flexural modulus and strength among the other
specimens. In particular, the thickness values of epoxy/fiber/
MWCNT added composite samples have less thickness when
compared to the epoxy/fiber composite. Thus, it has shown us
that the interfacial alignment in CNT samples has improved.
Our study showed that the bending properties of thermosetting
composites with glass fiber reinforcements can be improved by
adding nano materials.
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Abstract—In this study, glass fiber/epoxy resin/multi-walled
carbon nanotubes (MWCNTs) were used to fabricate the
thermoset composite materials with biaxial warp-knitted
fabrics. Thermoset composites were fabricated using resin
transfer molding (RTM) methods. The fabricated samples
were tested with compression after impact (CAI) tests. CNT
integrated specimens showed 17% improvement of CAI
strength against specimens without CNTs from CAI ftests.

Keywords— Non-crimp fabric, thermosets composites, carbon
nanotubes, compression after impact properties.

I. INTRODUCTION

Nanocomposite materials are obtained as a dispersion in a
nanometer dimension within one second phase and are defined
as at least two phase material groups. Carbon Nanotube is an
allotropic of carbon element [1]. In other words, they are
obtained by cylindrical wrapping of plates in the form of honey
pellets. In shapely carbon nanotube structures, atoms are
connected to each other by sp2 (like graphite), atoms form
hexagonal geometry, and each atom has only three neighbours.
Carbon nanotubes have high resistance to impacts such as
compression, bending, twisting due to hole structures and high
length / diameter ratios [2]. There are single-layer (single-
walled) or multi-layer (multi-walled) carbon nanotubes.
Previous scientific investigations have demonstrated that multi-
walled CNTs (MWCNTs) have higher resistance to chemicals
than single-walled CNTs (SWCNTSs). Carbon nanotubes are
one hundred times stronger than steel, and weight is one sixth.
Steel is harder at the same time, but as flexible as plastic.
Therefore, it is the most robust material known to have high
corrosion resistance [3]

Because of these properties, CNTs have been used. In
addition, if we look at the structure and properties of Epoxy;
the low molecular weight of liquid immature epoxy resins gives
them superior molecular mobility during processing. High
strength thermoset polymers such as epoxy are added to glass
fiber to increase mechanical strength and thermal stability [4].

This important feature allows the liquid epoxy resins to be
quickly wetted to the surface. Fiber reinforced materials
generally have more resistant structure than unreinforced
materials. As the glass fiber ratio increases, the strength of the

material increases [5]. Adding more fibers can increase tensile
and impact strength, while layer delamination occurs under
tensile, compressive and shear loading [4].

There are some studies on the improvement of interfacial and
mechanical properties of thermoset composites by
incorporating CNT into composites by fiber coating. From here
it is aimed to increase the compression after impact (CAI)
properties of the new nanocomposites, which we will produce
by improving the interface between resin and fiber, thus
reaching new areas of use.

II. EXPERIMENTAL PROCEDURE

Multi-walled carbon nanotubes (MWCNTSs) were supplied
by Ege Nanotek Kimya Sanayi Limited Sirketi,
[zmir/TURKEY. Biaxial warp-knitted fabrics were supplied by
Metyx Composites Corporation, Istanbul/Turkey. Epoxy resin
(Araldite LY 3598) and hardener (Aradur 349) were supplied
by Huntsman from Germany. The fibers were cut to size of 750
mm x 350 mm. Both faces of the four layers of the fabrics were
coated by the prepared solution of ethanol and MWCNTs (i.e.
four faces of the fabrics were coated with each prepared
solution). Figure 1 shows the fabrics after coating, respectively.
The cut glass fibers were placed in the mold cavity of resin
transfer molding (RTM) device in a symmetrical stacking
sequence ([90wa/Owe/90wa/Owe]s) (Figure 2). Epoxy and hardener
were mixed at a ratio of 100/22. The CNT integrated composite
materials with biaxial warp-knitted fabric were fabricated by
the RTM. The CNTs weight percentages were 0.2% in
fabricated composite panels.

The produced composites were tested by using the Zwick in
Mirarge Laboratory, Istanbul/Turkey. The size of the
specimens was 100 mm x 150 mm. In order to characterize the
thermoset composites, low energy impact tests were conducted
at 43 J to evaluate the damage resistance of composites. Zwick
Roell Z250 KN Universal test equipment was used for CAI
tests. Once the low energy impacts were completed, the
damaged samples were used for the CAI tests with constant
displacement of 0.5 mm/min and a 250 kN unit cell. The EN
6038 test standard was used to perform the CAI tests and three
specimens were tested.
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Fig. 1 four layers 0.2% CNT integrated fabrics.
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Fig. 2 Schematic drawing of four layers fabrics.

After fabricating of the composites, burn off method in a muffle
furnace was performed in order to determine the percentages of
each of the constituents (volume fraction of fibers) in the
thermoset composites. Table 1 and 2 shows parameters of the
biaxial warp knitted (BWK) fabric reinforcements and Table 3
shows volume fraction of the fibers in composites.

Table 1 Parameters of the biaxial warp-knitted (BWK) fabric

E Glass Sample 0°(Warp) Fiber (Tex) | 90°(Weft) Fiber (Tex)
LT1200 (0 wt% CNT) 2400 1200

LT1200 (0.2 wt% | 2400 1200

CNT)

Table 11 Parameters of the biaxial warp-knitted (BWK) fabric

Area weight of 0° warp | Area weight of 90° | Fabric weight (gr/m?)
fibers(gr/m?) weft fiber (gr/m?)

614 (0 wi% CNT) 7 1187

614 (0.2 wt% CNT) 7 1187

Table III The volume fraction of the fibers in composites

E Glass Sample Weft Warp Stitch | Total | Thickness
V% V% V% | V% | (mm)

LTI1200 (0 wt% | 18.5 17.1 0.7 363 | 5.0

CNT)

LT1200 (0.2 wt% | 19.8 18.2 0.3 383 | 4.8

CNT)

Figure 3 and 4 show the scanning electron microscope (SEM)
images of morphology of MWCNTs and MWCNTs coated
fabrics. Figure 4 proved how the nanotubes were
homogenously distributed on the surface of the reinforcement.

Fig. 4 SEM of 0.2% CNTs coated BWK fabric (X20.000)

IITI. RESULTS AND DISCUSSION

It was expected that composites with CNTs could represent
higher compression after impact properties compared to that
was without CNT. Figure 5 shows the results of the CAI test on
thermoset composites with 0 wt% and 0.2 wt% CNTs. The CAI
strength of the specimens with 0 wt% and 0.2 wt% MWCNTs
were 142.8 MPa and 172.8 MPa. CNT integrated specimens
showed 17% improvement of CAI strength against specimens
without CNTs from CAI tests.
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Fig. 5 Results of the CAI test on thermoset composites with 0 wt% and
0.2 wt% CNTs

The interfacial properties between fiber and epoxy matrix could
be improved by coating of the fiber surface with CNTs nano
particles and this might be the possible reason of the
improvement of the compression after impact properties of
composites.

IV.CONCLUSIONS

Our study showed that composites with CNTs could represent
higher compression after impact properties compared to that
was without CNTs. Addition of CNTS on the surface of the
reinforcements improved CAI test results of the specimens.
CNT integrated specimens showed 17% improvement of CAI
strength againts specimens without CNTs from CAI tests.
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Abstract— In this study, the effect of carbon nanotubes (CNTs)
addition on the mechanical properties of glass fiber reinforced
thermoplastic composite materials was investigated. Composites
have been obtained from biaxial weft-knitted (BWK) fabrics with
different knit structures (interlock, tuck and tuck-miss) and with
CNTs. Multi walled carbon nanotubes (MWCNT) were used in 0.4
wt% in glass fiber/polypropylene thermoplastic composites.
Thermoplastic composites were fabricated by using hot press
method. As a result of this study, with the contribution of
MWCNT, the highest bending strength and modulus were
obtained from interlock and tuck-miss.

Keywords— Biaxial weft-knitted fabric,
thermoplastic composite, bending properties

carbon nanotube,

I. INTRODUCTION

Thermoplastics materials can be melted and shaped when
heated. The thermoplastic polymers do not have covalent bonds
as compared to the thermosets. In structural polymeric
composite applications, textiles (e.g., unidirectional, woven
fabrics) are commonly applied as reinforcement because of the
high fiber volume fractions and the possibility to tailor the load
bearing capacity through the fiber lay-up. Nowadays,
thermoplastic composites are being used in various industries
such as automotive, wind turbines, and so on. Thermoplastic
polymers have potential for rapid, low cost, and mass
production of reinforced composites. The very high viscosity
of thermoplastic composites makes the processing of
thermoplastic matrix composites difficult. Therefore, some
techniques, such as commingled yarns, were developed in order
to improve processability of thermoplastic composites [1]. The
commingled yarn consists of a blended combination of
reinforcement fibers and matrix filaments spun from the bulk
polymers. In the commingled state, the different filaments
scatter amongst one another, as a result, the resin flow distance
for impregnation and consequently the applied pressure and
time are limited, leading to a saving in manufacturing cost [2],
[3]. The attractive properties, such as those requiring high-
energy absorption or good impact resistance, or in cases where
the component is complex in shape and demands exceptional
formability, can be achieved by using knitted composites [4].
Additional yarns can be added to increase the mechanical
properties of the fabrics. With the additional yarns, the fabrics
can take forms and shapes. Reinforcing yarns, for example,
glass fiber (GF) or aramid fiber, can be used within all yarn
systems in biaxial weft-knitted (BWK) fabrics [5]. The tensile

properties of the BWK thermoset composites was reported by
Demircan et al. [6]. Knitted fabric-reinforced thermoplastic
composites with commingled fibers were studied by some
researchers. Tensile properties of multilayer-connected biaxial
weft knitted fabric reinforced composites for carbon fibers
investigated by Yexiong et al. [7]. They found that the carbon
fiber volume fraction has significant effect on tensile strength
of MBWHK fabrics reinforced composites. The tensile properties
of knitted fabric-reinforced composites made from GF/PP
commingled yarn with different loop densities were
investigated by Zaixia et al. [8]. The ballistic impact behavior
of biaxial weft-knitted UHMWPE composites has been
investigated by Liang et al. [9]. It was found that ballistic
performances were influenced by the pressing pressure. Effects
of biaxial deformation of the knitted glass preform on the in-
plane mechanical properties of the composite invastigated by
Khondker et al. [10]. They found that the tensile properties
were affected by the stretching of the knitted fabric.

In this study, the bending properties of MWCNTs integrated
thermoplastic composites with biaxial weft-knitted fabrics
(BWK) were investigated. In the literature, some studies on the
effect of MWCNTs integration in the mechanical properties of
thermoplastic composites were reported. However, to the best
of the authors’ knowledge, it was found no work the addition
of MWSNTs on the effect of bending properties of
thermoplastic composites reinforced with biaxial weft-knitting
fabric.

II. EXPERIMENTAL PROCEDURE

Materials, multi-walled carbon nanotubes (MWCNT)
supplied by Ege Nanotek Kimya Sanayi Limited Sirketi, izmir
TURKEY. Biaxial-weft knitted fabris with glass and
Polypropylene (PP) commingled fibers were supplied by Shima
Seiki, Wakayama / JAPAN. The fibers were cut to size of 230
mm x 160 mm. Both faces of the eight layers of the fabrics were
coated by the prepared solution of ethanol and 0.4 wt%
MWCNTs (i.e. 16 faces of the fabrics will be coated with each
prepared solution). In this study, the BWK fabrics of interlock,
tuck and tuck&miss were used as a reinforcement. MWCNT
was sprayed on the fabrics, which had size of 230x160 mm?. It
was mixed by adding 0.4 wt% MWCNT to 400 g ethanol. This
ratio was sprayed evenly on a total of 16 surfaces.

The GF/PP-commingled yarns were used as warp (410 tex),
weft (410 tex), and stitch yarns (138 tex) in the BWK fabrics.
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The volume content of the GFs was 52% and that was for the
PP fibers 48% in the warp and weft commingled yarns. The
volume content of the GFs was 27% and that was 73% for the
PP fibers in the stitch commingled yarns.
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Fig. 1 Photographs of the BWK fabrics: (a) Interlock, (b) tuck, (c) tuck-miss

tuck miss
Fig. 2 Schematic drawings of the BWK fabrics: (a) interlock, (b) tuck, (c)
tuck-miss

Figure 1a-c shows the photographs of the BWK fabrics. The
schematic drawings of the BWK fabrics are shown in Figure
2a-c.

Interlock fabrics are obtained by interconnecting two
separate 1x1 rib structures. The looped legs are clearly visible
on the anterior and posterior sides of the interlock. The
appearance of both sides of the fabric is like the front of the
plain fabric. Tuck, the characteristic appearance of the hanger
is the yarn which is folded in the direction of the elongated loop.
Hangers increase the weight and thickness of the fabric as the

March 22-24, 2018Karabiik, Turkey

straps are placed on normal loops without creating a new row.
Tuck-miss, pattern can be created by repeating a jumping
structure, a single needle or a pair of needles next to each other
in the form of a transverse yarn investment in the middle of a
fabric that is elongated in the fabric.

The eight layers fabric with symmetric laminate sequence
(Figure 3) were placed in the mold of hot press machine. CNT
integrated thermoplastic composite materials with biaxial weft-
knitted fabric were fabricated by the Compression Molding
Method (Figure 4). The produced composites were tested by
using the INSTRON 5982 100KN Flexural Tests at Ondokuz
Mayi1s University (OMU) Central Laboratory (KITAM). In the
flexural tests three specimens were tested in weft directions for
each type of composite panels. The fabricated plates were cut
in 80x15 mm? dimensions in the weft direction.
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Fig. 3 Schematic drawing of eight layers fabrics.
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Fig. 4 Schematic drawing of compression molding method

The molding pressure, temperature, and time were 4 MPa,
165 °C, and 30 min. Later, mold was cooled until it comes to
the room temperature around 40°C. Fiber V{s were found out
by performing burn-out tests. In the combustion test, three
samples of each composite were sampled. The dimensions of
the specimens were 1x1 cm. The specimens were weighed at
625 °C for 4 hours. The fiber volume ratio was determined after
burn-out tests. Table 1 shows the fiber Vf and thickness of §
layers-BWK composites.

Table 1 Fiber Vf and thickness of 8 layers-BWK composites

Weft Warp Stitch Total | Thickness
Samples Vi (%) Vi (%) Vi (%) | ¥ (%) (mm)
0.4 wt% | 18.3 7.89 14.2 40.4 3.11
MWCNTs
Interlock
0.4 wt% | 9.08 8.21 14.7 31.9 3.48
MWCNTSs
Tuck
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0.4 wt%
MWCNTs
Tuck-miss

12.3 7.03 3.68

III. RESULTS AND DISCUSSION

Figures 5 (a) and (b) shows the results from the three-point
bending test with various knitting types with MWCNT and
without MWCNT. According to the test results (Figures 5 (a)),
the interlock and tuck-miss composites with 0.4 wt%
MWCNTs had almost same bending strength (about 199.9
MPa). The tuck with 0.4 wt% MWCNTs composites had the
lowest bending strength (141.8 MPa). Since the knitting
structures of fabrics were changed, they had different
mechanical properties with the same amount of the MWCNTs.
By changing knitting structures, the volume fraction of the
fibers were changed. According to the results of burning test,
the BWK composites with 0.4 wt% MWCNTs with the
interlock and tuck-miss had higher weft fiber Vf (18.3% and
12.3 %) compared to the BWK composites with 0.4 wt%
MWCNTs with the tuck (9.08 %).

(a)

H Bending Modulus (GPa) H Bending Strength (MPa)
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Fig. 5 Results from three-point bending tests: (a) with MWCNT, (b) without
MWCNT [1]

Due to had a higher fiber volume fractions of the composites
with interlock and tuck-miss with 0.4 wt% MWCNTs, they had
higher bending properties compared to the that was with tuck
composites. Almost same bending strength and modulus were
obtained from eight layers with MWCNTS (Figures 5 (a))
compared to that was ten layers without MWCNTs [1] (Figures
5 (b)).

March 22-24, 2018Karabiik, Turkey

IV. CONCLUSIONS

In our study, we investigated the bending properties of
biaxial weft-knitted fabrics with different knitting structures
and with MWCNTs. The effect of MWCNTSs on the strength of
the materials was observed. The effect of fiber volume ratio was
observed as a result of the three point bending test. According
to the result of the test the samples with the highest bending
resistances was obtained with interlock and tuck & miss. The
bending strength obtained from ten layers of BWK fabrics
according to the works done in the literature was obtained by
using eight layers of BWK fabrics in our work.
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Abstract— In this study, the mechanical properties of
alloys with different compositions of Al-based Al-Mn
alloys were determined by Vickers Hardness Tester,
Tensile Test and the effect of heat treatment was
discussed. Accordingly, the average hardness values of Al-
X Mn (x = 0.1, 0.2, 0.3) alloys were measured as 47.7, 50.8
and 53.3 for the samples not subjected to heat treatment
and 50.2, 54.1 and 81 for the samples subjected to heat
treatment, respectively. According to the tensile test
results, the order of Al-x Mn (x = 0.1, 0.2, 0.3) alloys is
max. tensile strength 87.9, 97.4, 101.23 MPa, heat treated
samples 101.15, 106.6, 125.4. SEM, EDX and XRD and
microstructural and surface morphologies related to the
composition were investigated.

Keywords— Heat treatment, Tensile strength, microstructure,
micro hardness

I. INTRODUCTION

Aluminum, which is in the light metal category due to the
development of technology and the technical features it
possesses, is widely used in many fields of industry. In
practice, the ratio of the strength to the weight (specific
strength property) is very large; the soft and one-third the
weight of steel. When alloying elements are added, the
mechanical properties can be increased to be comparable to
steel; this makes aluminum usable for medicine, construction,
food, automotive and aerospace industries [1-5].

Aluminum alloys have a wide range of light structural
properties. Addition of secondary elements has become an
inevitable way to become a commercially available material
because of its density, tensile strength, lightweight structural
properties in terms of ductility. All the hardening elements
added to aluminum reduce thermal and electrical conductivity
and elongation. The applied heat treatments change plasticize
and hardness. The manganese has an effect of increasing the
toughness and ductility properties, but it has become an

essential element in the secondary additions by increasing the
tensile strength without reducing the corrosion resistance [5-8].

Il. EXPERIMENTAL PROCEDURE

For Al-Mn alloy, Al and Mn ingots with 99% purity were
used. The composition of Al-x Mn (x = 0.1, 0.2, 0.3) was
prepared and in the Protherm brand oven, after melting the
aluminum for two hours at 670 °C, the manganese was added
to the aluminum at a certain rate and the temperature of the
oven was increased to 1350 °C and kept for two and a half
hours. The casting process was then carried out in the mold.
This track is repeated for each alloy. Samples for heat
treatment were heat treated at 450 °C in Protherm brand heat
treatment furnace for 4.5 hours. After heat treatment, all
samples were taken with the help of lathe machine. Secotom
50 brand spiral disc cutting device with samples of the test in
the desired standards tensile test, microhardness, SEM +
EDX, XRD samples were prepared. Samples prepared for
XRD and micro hardness tests were polished and sanded with
Tegramin 30 branded device, and samples prepared for SEM
and EDX analysis were made by polishing with CitoPress 10
brand balancing device.

I11. CONCLUSION

The tensile test was divided into two as heat treatment and
heat treatment and a total of 6 samples were examined,
respectively, 0.1, 0.2, 0.3. According to the tensile test results,
the order of Al-x Mn (x = 0.1, 0.2, 0.3) alloys is max. tensile
strength 87.9, 97.4, 101.23 MPa, for heat-treated samples
101.15, 106.6, 125.4. The mean stress values of Al-x Mn (x =
0.1, 0.2, 0.3) alloys were measured as 4.3, 16.2 and 21.5 for
non-heat treated samples, and 18.7, 16.4 and 12.6 for heat
treated samples, respectively. The mean peak voltage of the
Al-x Mn (x = 0.1, 0.2, 0.3) alloys was 87.9, 125.4 and 106.6
for non-heat-treated samples, and 101.15, 97.4 and 101.23 for
heat-treated samples, respectively. The increasing manganese
content and the increase in tensile and elongation values of the
sample after the heat treatment is noteworthy. The results are
given in Table 1.
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‘ 1sil islemli Alx-Mn (x=0.1)

alloys isil islemsiz Alx-Mn (x=0.1)
Alx-Mn Peak Peak Yield Strain 120001 * >
(x=0.1,0.2,0,3) I(_'Sa()j (Stressj 16000 ] | .
N MPa
Alx-Mn (x=0.1) | 9.020 87.9 47.310 4.3 80001 *
without heat @ 60004 [ ] N
treatment woo] b

Alx-Mn (x=0.1) 7.943 101.15 59.32 18.7 - T .
with heat 2000 N
treatment ol — [ .~ -

Alx-Mn (x=0.2) | 7.788 | 974 3174 | 162 N .

. 10 20 30 40 S0 60 70 80 20
without heat A
treatment :

Alx-Mn (x=0.2) | 14.188 | 1254 | 41.884 | 164 000, ol iiamaiz AbeN, Dot 2)
with heat wao00 ] T *en
treatment * Ao

Alx-Mn (x=0.3) | 10412 | 101.23 | 40402 | 215 1200 | T B

without heat 100001 L 1 *
treatment @ 5007

Alx-Mn (x=0.3) 6.808 106.06 44,953 22.6 6000+
with heat 4000
treatment 2000 .

| + N .
04 k

Accordingly, Al-xMn (x = 0.1, 0.2, 0.3) in the amount of
Mn in the alloy and heat treatment with the strength of the
samples were observed to be higher.

The average hardness values of Al-xMn (x = 0.1, 0.2, 0.3)
alloys were measured as 47.7, 50.8 and 53.3 for non-heat
treated samples and measured as 50.2, 54.1 and 81.0 for heat
treated samples, respectively. According to these results, it
can be said that manganese added to aluminum positively
affects the hardness together with the increasing composition
value as well as the heat treatment supports this increase.

Al - xMn (x = 0.1, 0.2, 0.3) in the structural characterization
of the sample containing x = 0.1 Mn 26=45° degrees in the
AlgMn compound is not seen after the heat treatment, at
20=65° Al peak after the heat treatment is quite high we can
say that increased. A significant increase in Al and Mn peaks
was observed for the sample containing 0.2% Mn by weight.
In the specimen containing 0.3% Mn by weight, the AlgMn
peak was more pronounced after heat treatment and XRD
results were obtained and given in Fig.1l. In addition, the
intermetallic phase of AlgMn with the effect of heat treatment
is more pronounced in the grain boundaries and increased the
mechanical and microhardness of the samples.

i1sil iglemli Alx-Mn (x=0.3)

* * I1sll islemsiz Alx-Mn (x=0.3)
16000 - [ * 4 * A
14000 ' * A =M
12000 | & = AEMn
10000
o 8000+
6000
4000
2000 . A
* *
04 2 _*
~2000

10 20 30 40 50 &0 70 80 20

A
Fig. 1. XRD results of Al-x Mn (x = 0.1, 0.2, 0.3) alloys

SEM and EDX analyses of Al-xMn (x = 0.1, 0.2, 0.3)
alloys are given in Fig.2. When SEM images were examined,
increased Mn ratio and heat treatment resulted in more
structural observed clearly at grain boundaries.
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Alx-Mn (x=0.1) with heat treatment

SE MAG: 15000 x

Mn
0.0

Alx-Mn (x=0.3) with heat treatment
SE MAG: 15000 x

Alx-Mn (x= O 3) without heat treatment

SE MAG: 5000 x

Fig. 2. SEM and EDX analyses of Al-x Mn (x = 0.1, 0.2, 0.3)

alloys
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Ozet— Bu calismada, A12014 aliiminyum alasimimin kaplamasiz
sementit karbiir takim ile delinmesinde itme kuvveti deneysel ve
niimerik olarak elde edilmistir. Caliysmanin ilk asamasinda, farkl
seviyelerde kesme parametreleri (kesme hizi ve ilerleme miktar)
icin itme kuvvetini 6lcmek amaciyla CNC isleme merkezinde
delme islemleri yapilmustir. ikinci asamada, sonlu elemanlar
yontemine dayalh kesme simiilasyonu yapilan ThirdWave
Advantedge programiyla itme kuvveti i¢in niimerik analizler
gerceklestirilmistir. Degerlendirmeler sonucunda, deneysel
olarak ol¢iilen itme kuvveti ile simiilasyon sonucunda elde edilen
kuvvet degerleri arasinda ortalama %7’lik bir fark oldugu
belirlenmistir. Sonu¢ olarak, delme isleminde sonlu elemanlar
yonteminin uygulanabilirligi kanitlanmistir.

Anahtar Kelimeler— Al2014, Kesme kuvveti, Sonlu elemanlar
yontemi, Simiilasyon

Abstract—In this study, thrust force was obtained experimentally
and numerically in the drilling of Al2014 aluminum alloy with
uncoated cemented carbide tool. In the first phase of the study,
drilling operations were performed in the CNC machining center
to measure the thrust force at different levels of cutting
parameters (cutting speed and feed rate). In the second stage,
numerical analyzes for the thrust force were performed by using
the ThirdWave Advantedge program, which is made the cutting
simulations based on the finite element method. In the result of the
evaluations, it was determined that there was an average
difference of 7% between the experimentally measured thrust
force and the force values obtained by the simulation.
Consequently, the applicability of the finite element model in
drilling operation was proved.

Keywords— Al12014, Thrust force, Finite element method,
Simulation

I. GIRIS
Teknoloji ve endiistrinin hizla gelismesi ile yiiksek
mukavemetli, hafif ve milkemmel asinma direncine sahip
yapisal malzemelere olan talep siirekli artmaktadir [1,2]. Bu
malzemelerin iiretimden ¢ikip son hallerini almalari i¢in bazi
plastik deformasyon islemlerinden gegmeleri gerekmektedir.
Bu islemlerin en donemleri arasinda talagli imalat yontemleri

gelmektedir. Talagli imalat islemleri genel olarak tornalama,
delme ve frezelemeden olugsmaktadir. Delme islemi sirasinda
meydana gelen talas olusumu kesme kuvvetlerini, kesme
sicakligii ve dolayli olarak deligin yiizey kalitesini ve 6lgii
tamhigini etkilemektedir. Ayrica, delme islemleri sirasinda
talasin atilabilirligi delik kalitesini dogrudan etkilemekte olup,
bu siire¢ kesme parametrelerine (kesme hizi, ilerleme miktari
vb.) gore degigsmektedir. Kesme hiz1 ve ilerleme miktar1 delik
delmedeki en Snemli parametrelerdir. Bunlar kesme islemi
sirasinda meydana gelen sicaklik ve kesme kuvvetlerini
dogrudan etkilemekte olup, kesici takimin (matkap ucu)
performansini belirleyen unsurlardir [3,4].

Kesici takimin daha uzun siire kullanilabilmesi ve is
pargasinin istenilen kalitede islenerek hammadde israfini
Oonlemeye yonelik olarak, kesme simiilasyonlart ve
modellemeleri yapilmaktadir. Bu modellemeler ile talasl
imalatin bir pargasi olan delme isleminde yapilan iyilestirmeler
imalat maliyetinin diisiiriilmesi ve rekabet edebilme sansinin
dogmasi agisindan dnemlidir. Yapilan her bir iyilestirme talaslh
imalatta sonuca en kisa yoldan ulasma anlamima gelmektedir.
Bu da rekabet ortaminda ireticilerin rekabet edebilme
sanslarimi arttiracak ve malzeme israfin1 6nlemis olacagindan
iilkemiz ekonomisine katki saglamis olacaktir [5]. Bu baglamda,
Yang ve Sun Ti6Al4V alasimi i¢in ii¢ boyutlu sonlu eleman
modeline dayali delme islemini ger¢eklestirmiglerdir. Tahmin
edilen kesme kuvvetinin deneysel degerlerle karsilastirilmasi
sonlu eleman modelinin kullanilabilirligini gostermistir. Delme
islemi sirasindaki Von-Mises gerilmesi ve sicakligi, ilk basta
artig gosterip maksimum degere ulasmis, fakat daha sonra
delme iglemi stabil hale geldiginde, delik delinene kadar
kademeli olarak azalmistir [6]. Isbilir ve Gassamaeh,
ABAQUS/Explicit ticari sonlu elemanlar yazilimi kullanarak
bir 3D model gelistirmislerdir. Onerilen model, matkap ucu ve
is parcast ile proses parametreleri arasindaki arayiizde bir temas
modeli olan is parcast malzemesinin hasar baslangici ve
biiyiimesi dikkate alinarak delme islemini simiile etmektedir.
Simiilasyonlarin sonuglari, isleme parametrelerinin delme
tizerindeki etkilerini gostermektedir. Sonuglar ayrica delme
stirecinin sonlu elemanlar simiilasyonunun dogrulugunu ve
avantajint dogrulamaktadir [7]. Muhammad ve arkadaslari,
AISI 1010 ¢eliginin delme islemi i¢in MSC MARC MENTAT
ticari kodu kullanilarak 3 boyutlu termo-mekanik sonlu
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elemanlar modeli gelistirmiglerdir [8]. Giincellenmis
Lagrangian yontem analizi, modeldeki elasto-plastik malzeme
icin gecici analiz saglamak adina kullanilmistir. Johnson-Cook
malzeme modeli elasto-plastik malzeme deformasyonu igin
kullanilir [9]. Modelde kesme parametrelerinin (kesme hizi,
ilerleme miktar1) itme kuvveti ve tork Ttizerindeki etkisi
incelenmistir. Diizeltilmis kayma siirtinme modeli, delme
islemi sirasinda yaglama ve itme kuvveti lzerindeki
yaglamanin etkisini arastirmak i¢in kullanilmistir [8]. Ucun
calismasinda, Al7075-T6 aliminyum alasiminin  delme
isleminde iki ve ¢ agizli matkaplarin performanslarin
deneysel ve niimerik olarak incelemistir. Deney agamasinda, ii¢
farkli ilerleme miktarinda (0.05, 0.1, 0.2 mm/dev) ve dort farkl
kesme hizinda (60, 90, 120, 150 m/dak) delme islemleri
gerceklestirilmigtir. Delme islemleri sirasinda meydana gelen

itme kuvvetleri Kistler 9257B tipi dinamometre ile dl¢iilmiistiir.

Niimerik olarak, delme isleminin 3D sonlu elemanlar modeli
DEFORM-3D yazilimi ile gergeklestirilmistir. Delme
isleminin sonlu elemanlar analizi sirasinda, itme kuvvetleri
sayisal olarak elde edilmis ve deneysel itme kuvvetleri ile
kargilagtirilmistir. Ayrica delme isleminde meydana gelen tork
ve takim gerilmesi niimerik olarak belirlenmistir. Calismanin
sonunda, deneysel ve niimerik sonuglar arasinda yiiksek oranda
benzerlik oldugu vurgulanmistir. Buna ek olarak, iki agizh
matkap ile elde edilen itme kuvveti, tork ve takim gerilmesinin
3 agizli matkabinkinden daha az oldugu belirlenmistir [10].
GOk ve arkadaslari, distal femurun Salter-Harris (SH) tip-3
epifiz kiriklarimin azaltilmasindan sonra stabilizasyon igin
Kirschner teli (K-teli) ile delme islemi yapmislardir. Calisma
hem deneysel hem de niimerik olarak incelenmistir. Sayisal
analizler DEFORM-3D yazilimi kullanilarak sonlu elemanlar
yontemi ile yapilmistir. Deney sonuglart ve sonlu elemanlar
analizi (FEA) sonuglari arasinda iyi bir tutarlilik elde edilmistir.
Bu durum, bu modelin delme islemlerinde giivenilir bir sekilde
kullanilabilecegini gostermistir [11]. Bu calismada, Al2014
aliminyum alagiminin kaplamasiz sementit karbiir matkap ile
delinmesi sonucunda itme kuvvetinin deneysel ve sonlu
elemanlar modeline dayali delme islemi sonuglari
kiyaslanmistir.

II. MALZEME VE YONTEM

AA2014 aliminyum alagimi i¢in delme deneyleri ve
simiilasyonlarda ilerleme miktar1 ve kesme hizinin ¢ farkli
seviyesi kullanilmis olup, bu seviyeler ilgili literatiir caligmalari
dikkate alinarak segilmistir. Kesici takim olarak, iki kesme
kenarli 14 mm ¢apinda yekpare (solid) helisel karbiir matkaplar
kullanilmustir. {tme kuvvetini deneysel olarak belirlemek igin
Kistler 9272 tipi dinamometre ve Kistler Type 5070 amplifier
kullanilmis olup, delme deneyleri Johnford VMC-550 marka
CNC dik isleme merkezinde yapilmustir.

Isleme simiilasyonlar1 igin yaygin olarak kullanilan [12]
Johnson-Cook malzeme modeli Esitlik 1'de verilmektedir.
Malzeme modeli agirlikli olarak yiiksek gerilme orani
metallerinde deformasyon davranisi i¢in uygundur. Genellikle
plastik deformasyon siireglerinin adyabatik gecici dinamik
analizinde kullanilmaktadir. Bu modele gore sertlesme, akma
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gerilmesinin 60 olarak kabul edildigi belirli bir izotropik
sertlesme tiirtidiir [13]:

o= asmen(ive @)1-=5))

Esitlik 1°de A, B, C, n ve m olan mekanik testler yardimiyla
elde edilen malzeme parametreleri sirasiyla oda sicakligimin
altinda akma gerilmesi, gerinim sertlesmesi, gerinim hizi sabiti,
gerinim sertlesme sabiti ve 1s1l yumusama sabitidir. Diger
parametreler, sirastyla esdeger plastik gerinim, plastik gerinme
orani, referans gerinim orani, oda sicakligi, erime sicakligi ve
referans sicakligi olan &7, £, £, 1,1, 17dir. A12014 alagimi
icin Johnson-Cook parametreleri ve diger malzeme
parametreleri sirastyla Cizelge 1 ve Cizelge 2’de verilmektedir.

CizZELGE 1.
Al2014 alasiminin Johnson-Cook parametreleri
A B T Tm .
(MPa) | (MPa) | © nolm e | o |
345 780 0.0083 | 0.17 1.7 27 638 1
CIZELGE 2.
Al2014 alasimi i¢in diger malzeme parametreleri
Yosunluk | Poisson Elastik _Termal Ozgiil Termal
( %cm?ﬁ) orant Modiilii | Iletkenlik Is1 Genlesme
g (GPa) | (WmK) | (/kg°C) | (10°°C)
2.8 0.33 73.1 121 875 24.7

Itme kuvveti icin delme simiilasyonlar1 Advantedge yazilimu ile
sonlu elemanlar yontemine dayali olarak gerceklestirilmistir.
Simiilasyonun ilk asamasinda, is parcasi malzemesinin
uzunlugu (17mm), genisligi (17 mm) ve yiiksekligi (6 mm)
belirlenmektedir. Tkinci asamada, takim geometrisi (helis ag1si,
uc acis1 ve kesme agzi sayisi) ve takim malzemesi parametreleri
tanimlanmaktadir. Son asamada, ilerleme miktari, kesme
uzunlugu ve kesme hizi gibi gerekli delme simiilasyonu
parametreleri ve silirtinme katsayisi tanimlanarak delme
simillasyonu gergeklestirilmektedir. Takim ve is parcasi
arasindaki araytlizey durumu i¢in Coulomb modeli kullanilmis
olup, siirtiinme katsayisi 0.6 olarak secilmistir. Mesh
parametreleri sirasiyla maksimum ve minimum eleman
boyutlari i¢in 0.1 mm ve 0.02 mm olarak kullanilmigtir (Sekil
1). Delme deneyleri ve simiilasyonlarinda kullanilan kesme
parametreleri Cizelge 3te verilmistir. Al2014 alasiminin
delinmesinde olusan itme kuvvetlerini tahmin edebilmek igin
delme simiilasyonlarinda takim 60° dondiiriilerek is pargasi
7.33 mm kesilmistir.
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Sekil 1. Kesici takim ag yapisi

CIZELGE 3.
Kesme parametreleri 1250 u Deney m Analiz
Parametre Seviye 4
1 2 3 =
ilerleme miktari (f, mm/dev) 0.1 0.2 0.3 g 1000
Kesme hiz1 (V, m/dak) 170 200 230 iﬁ
g 750
1II. BULGULAR VE TARTISMA
Belirlenen delme parametreleri 1s18inda gerceklestirilen 200
. . S . 170 200 230
deneyler ile sonlu elemanlar modeline dayali niimerik analizler
karsilastirildiginda, itme kuvvetleri arasinda ortalama %?7°lik Kesme hizi, m/dak a)
bir fark belirlenmistir. Sekil 2°deki grafikler incelenecek olursa,
genellikle delme simiilasyonu sonucunda elde edilen itme 1250 EDeney  MAnaliz
kuvvetlerinin yiiksek oldugu goriilebilir. Bu sonucun, biiyiik Z
oranda Al2014 alasimi Johnson-Cook malzeme modeli g
parametrelerine bagli oldugu diisiiniilmektedir. Ayrica, g 1000
ilerleme miktarinin artmastyla itme kuvvetleri artarken, kesme 2
hizinin artmasiyla kuvvet degerlerinin azaldig: belirlenmis olup, Q
bu sonug literatiirle paralellik gostermektedir. Sekil 2’deki E. 750
grafiklerde, deneyler ve simiilasyonlar sonucunda elde edilen
kesme kuvvetlerinin kesme hiz1 ve ilerleme miktarma gore 500
degisimleri verilmistir. Sekil 2a’da goriildiigii lizere, ilerleme 170 200 230

miktar1 0.1 mm/dev iken, kesme hizinin 170 m/dak’dan 230
m/dak’ya ¢ikarilmastyla kesme kuvveti %10 azalmistir. Benzer
durum Sekil 2b ve 2¢’de goriilmiis olup, ilerleme miktar: 0.2 ve
0.3 mm/dev’de sabit tutuldugunda kesme hizi 170 m/dak’dan 1250
230 m/dak’ya ¢ikarildiginda kesme kuvvetleri sirasiyla %13.2
ve %17.3 azalmustir.

Diger yandan, Sekil 2a-2c incelendiginde, kesme hizinin
kesme kuvveti lizerinde azaltici bir etkisi oldugu gorilmektedir.
Bu  grafiklere = gore  ilerleme  miktarinin  etkisi
degerlendirildiginde, 170 m/dak sabit kesme hizinda ilerleme
miktarinin 0.1 mm/dev’den 0.3 mm/dev’e artirilmasiyla kesme
kuvveti %22.9 artmistir. 200 m/dak ve 230 m/dak kesme 500
hizlarinda, ilerleme miktarinin 0.1 mm/dev’den 0.3 mm/dev’e 170 200 230
artmastyla kesme kuvveti sirasiyla %17.6 ve %13 artmustir. Kesme hizi, m/dak ¢)
Tim sonuglar dikkate alindiginda, itme kuvveti iizerinde
ilerleme miktarinin kesme hizina oranla daha etkin parametre
oldugu soylenebilir.

Kesme hizi, m/dak b)

B Deney H Analiz

1000

750

ftme kuvveti, N

Sekil 2. Fz’nin karsilastirilmast; a) f= 0.1 mm/rev, b) f= 0.2 mm/rev, c) f=
0.3 mm/rev
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IV. SONUCLAR

Bu calismada, Al2014 aliiminyum alasgimmin kaplamasiz
sementit karbiir takim ile delinmesi sonucunda itme kuvvetinin
deneysel ve simiilasyon sonuglari karsilagtirilmistir. Elde
edilen sonuclar asagida 6zetlenmistir.

. [lerleme miktarinimn (f) artmasi ile hem deneysel hem
de niimerik analiz sonuglarinda itme kuvvetinin (Fz) arttig
gozlenirken, kesme hizinin artmasi ile itme kuvvetinin (Fz)
azaldig belirlenmistir.

. Deneysel ve simiilasyon sonuglart arasinda
ortalama %7°lik bir sapma oldugu tespit edilmistir. Bu sonug,
sonlu elemanlar modeline dayali delme simiilasyonlarinda itme
kuvvetinin tahmin edilebilecegini gostermistir.

. Bu sonuglara gore, itme kuvveti tahmini igin
gelistirilecek matematiksel modele bagh olarak farkli delme
parametreleri i¢in Fz degerleri hesaplanabilir.
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Abstract: Electroless nickel coatings can be preferred in wear
resistant applications like firearms with good lubricity properties.
In this study, a widely-used magnesium alloy, AZ91D both as-cast
and precipitation-hardened conditions were coated with nickel
phosphorus/nickel boron duplex coatings by the electroless
deposition method. Solution treatment (W) of the alloy was carried
out at 415 °C for 22 h in carbon powder followed by water
quenched at 25 °C. Aging treatment (T6) of the solution-treated
samples was performed at 216 °C for 6 h. The microstructures,
elemental distributions and phase analysis of the obtained coatings
were characterized by scanning electron microscopy (SEM),
energy dispersive X-ray spectrometry (EDS) and X-ray diffraction
(XRD) analysis. According to the XRD analysis, the obtained
coatings have an amorphous character and subsequent to this, a
crystallization process to the sample is carried out at 350 °C. The
friction and wear properties of the coating are studied by means
of ball-on-disc experiments at room temperature under 10N
applied loads at 0.1 m/s sliding speed using alumina balls as
counterparts. The friction coefficient of the sample was compared
with each other from friction coefficient-distance graphics. The
wear rates were determined by measuring the depth of the track
with an 3D-optical microscope (3D-OM). Characterization of the
wear tracks was performed by SEM and EDS.

Keywords: Electroless nickel coatings, Wear, AZ91D, electroless
bath, SEM

L INTRODUCTION

Magnesium alloys have an important place in the defense
industry and transportation sector due to their lightness and high
specific strength properties (Strength / density). When
unalloyed, magnesium alloys have low strength and toughness
values, thus it is used by alloying. AZ91D is composed of three
main phases according to Al distribution found in the structure
of magnesium alloy, these are primary o phase, eutectic a phase
(Al-rich), B phase which is chemical and heterogeneous
depending on. B phase eutectic a is more cathodic than primary
o phase.

Several studies have shown that the accumulation of Ni-P
coating is nucleated on the position of  phase and that eutectic-
o and primary-o phase are dispersed in the coating process. The
initial accumulation in the electroless plating bath is severely
affected by the galvanic couple between B phase and a phase.
Hence, the aging process results in the precipitation of B phase
along the grain boundaries of the homogenized AZ91D
magnesium alloy, and § phase acts as a physical barrier against
the active cathode or corrosion. Clark reported an aging
mechanism in the AZ91 series magnesium alloy,and found that
both continuous and discontinuous P precipitates occurred [1].
For this, T6 treatment was deemed suitable before plating. The
most difficult and critical part of the magnesium alloy is
pretreatment to obtain high anti-corrosion resistance, substrate
surface adhesion performance, mechanical properties and high-
performance coating. Therefore, the oxide layer should be
removed before the electroless plating process. In general, there
is a superior adhesion strength when electroless coatings are
applied in comparison with the electroplating method which is
due to the presence of a strong metal-metal bond during plating.
Electroless Ni-P alloy coating on magnesium is an effective
method to change the wear and corrosion resistance of substrate
materials as it shows good corrosion resistance. The Ni alloy is
cathodic to the magnesium alloy base and acts as a physical
barrier against corrosion of the bottom layer. However,
electroless Ni-P coatings have superior properties such as high
hardness, high abrasion resistance, excellent solderability and
good conductivity in comparison with the Ni-B coatings.
Electroless Ni-B coatings are less porous compared to
electrolytic coatings. Ni-B coatings are obtained by reduction
of borohydride ions or amine-borane ions, the structure and
properties vary depending on the amount of boron incorporated
into the coating.

For any tribology-based application, the purpose of the
coating is to reduce friction coefficient and improve abrasion
resistance by imparting smoothness and hardness to the surface.
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Since boron is one of the most important amorphous elements,
it is prepared to look for superior qualities in various alloys.

Vitry et al. thoroughly investigated the wear behaviors of
extruded Ni-B coatings, but they have been extensively focused
on Taber abrasion and scratching [2].

The procedure we have developed in this study is to obtain
a smooth, well adherent and abrasion-resistant layer with
electroless Ni-B process using uncoated T6 alloyed AZ91D and
AZ91D cast alloy with coating. It has been shown that the
findings improve the wear rate and durability life of the coating.
Furthermore, the coating obtained on the AZ91D alloy base has
a better abrasion resistance than the T6 treated uncoated alloy.

II. EXPERIMENTAL PROCEDURE
A. Sample Preparation

AZ91D magnesium alloy was used in the substrate of
30x20x5 mm® dimensions. Before the pretreatment, substrate
was ground with metallographic operation up_to by 1200 grid
SiC emery paper and polished with 0.3 pm alumina. When
magnesium contacts with air or water, oxide and hydroxide
layer on the surface of the magnesium alloys form due to the
fact that it is one of the most active metals, electrochemically.
Therefore, in this study AZ91D Mg alloy was cleaned with
acetone for 5 minutes, then followed by alkaline solution for 15
minutes. However, these cleaners are not enough to remove
oxide and similar layers on the surface of the AZ91D Mg alloy.
Hence, surfaces of samples were treated with 20 s HCI/H3PO4
and 40 s HF acids in second stages. Thus, AZ91D Mg alloy
matrix corrosion can be prevented by this pretreatment.

B. Bath Preparation And Operating Conditions

Ni-P was coated in the solution of the nickel sulfate 14 gr/L,
sodium hypophosphite, 15 gr/L, sodium acetate 12 gr/L,
ammonium bi fluoride 8 gr/L, HF 1,8 mL , thallium acetate 0,02
gr at the temperature of 65°C for 20 min. and then Ni-B coatings
was realized on the pre-NiP coated samples in the solution of
nickel chloride 20 gr/L, sodium borohydride 1,05 gr/L,
ethylenediamine 13.5 mL , sodium hydroxide 100 gr/L,
thallium acetate 0,11 gr/L at 90°C for 90 minutes at 400 rpm
magnetic stirrer. In an alkaline bath, sodium borohydride is
used as a reducing agent and nickel chloride is used as a nickel
source to prepare a eclectroless Ni-B bath. Nickel source and
sodium borohydride as well as the appropriate amount of
coating binder ethylenediamine is included to the coating bath.
Thallium acetate is used as the stabilizer. Reduction of sodium
borohydride is much higher than that of sodium hypophosphite
and dimethylamine borane. The pH value of the alkaline
coating bath has been increased to 12, due to the easy
dissolution of sodium borohydride easily in the acidic or neutral
environment. Therefore, pH value of electroless Ni-B coating
bath was chosen as 13.
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Zhang et.al. used thiourea as the stabilizer in Ni-P / Ni-B
coating on AZ91D magnesium [3]. In the present study,
thallium acetate was used in both baths and seen the same effect
in the shorter time.

Table 1. Solution concentration and operation conditions of electroless coating

Ni-P
Bath composition

Nickel Sulfate 14 gr/L
Sodyum Hipofosfit 15 gr/L
Sodium Acetate 12 gr/LL
HF 1,8 mL
Ammonium bifluoride 8 gr/L
Thallium acetate 0,02 gr

Temperature 65C

pH 6-6,5

Table 2. Solution concentration and operation conditions of electroless coating

Ni-B
Bath composition
Nickel chloride 20 gr/L

Sodium borohydride 1,05 gr/L

Ethylenediamine 13,5mL

Sodium hydroxide 100 gr/L

Thallium acetate 0,11 gr/L
Operating conditions

pH 13
Temperature 90°C

C. Coating Characterization

SEM was used to assess the surface microstructure of Ni—
P/NiB duplex coatings. Wear tracks of coatings were performed
by SEM and EDS. Phase analysis of samples performed at heat
treatment 350 °C for | h. was characterized by XRD. A ball-on-
disk method was used to determine the friction and wear
characteristics of un-coated and Ni-P / Ni-B dublex coated
surfaces. Applied load was 10 N and sliding distance was 250
m. Sliding speed, wear scar diameter and the rotational speed
of the disc was fixed at 0.1 m/s. The experiments were
performed at about 35% relative humidity and 25°C heat
degree.

After the wear test, the surfaces of the sample was cleaned
in an ultrasonic agitator for approximately 8 minutes in acetone
to remove abrasive particles on the surface. In addition, wear
volume realized on the worn sample was calculated from the
wear track cross-section area determined by optical
profilometer and sliding distance using by eq.1

=1

where, 1 is the circumference of the wear track and A is the
cross-sectional wear track area.

Wear track was examined using by Jeol 6060 Lv scanning
electron microscopy (SEM). Table 2 presents the parameters
used in the wear test. 3D imaging of the wear track was
performed using the Huvitz HR-SPLG4 profilometer.
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Table 2 Electroless Ni-B coating conditions of the wear test.

Parameter Ball-on-disk test

Ball diameter (mm) 10.45
Moving sample Sample
Applied force (N) 10
Sliding velocity (m/s) 0.1
Humidity 35
Motion Unidirectional
Temperature 25

Test length (m) 250
Test Ball AlLOs

I1I. RESULTS AND DISCUSSIONS

D. Coating Characteristics

The surface morphology of the Ni-P coating is shown in the
Figure 1. The Ni-P coating is very compact and it has even been
seen that there are no defects such as halls and cracks on the
surface. As shown from the Figure 1, Ni-P coating on AZ91D
magnesium alloy has been successfully carried out. There are
significant boundaries in the nodules. As shown from the Figure
1 (b), coating layer includes Ni and P elements.

Mi

(b)

Fig. 1 (a) SEM images and (b) EDS analysis of the electroless Ni—P
deposition on AZ91D substrate

A typical ’nodular-like’ structure or ‘cauliflower’ -like
structure provides a natural slippery texture in scanning
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electron microscopy images of the electroless double layer Ni-
P / Ni-B coatings as shown in Figure 2. It exposes a properly
coated surface that includes nodules whose dimensions ranging
between a few microns. On the morphological surface of the
duplex coating, the Ni-B coating dominates, but the Ni-P
adheres very well to the bottom layer. As can be seen from the
SEM-images, the double-layer coating seems to have less
porosity and rough surface. Kanta et al. observed that after
coating, the surface roughness of the electroless coating was
significantly higher [4].
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(b)
Fig. 2. (a) SEM image and (b) EDS analysis of Ni-B coatings realized on pre-
NiP coated AZ91D magnesium alloy

EDS analysis was performed to determine the chemical
composition of the coatings. The electroless Ni-P / Ni-B coated
sample includes Ni, Tl and B elements as shown in Figure 2 (b).

Cross-sectional SEM image of the Ni-P / Ni-B coating
formed on the AZ91D Mg alloy was shown in Figure 3. The
coating layer was compact, porosity-free and rough. The
coating layer were well bonded on the AZ91D alloy. The
coating layer average thickness was 29.3+4.2 um.
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Fig. 3. The cross-sectional image of the dublex NiP/NiB coating.

The X-ray diffraction pattern of the electroless Ni-B coating
shows a single broad peak indicating the amorphous nature of
the coating as coat. Theoretically, an irregularity in the ordering
of the atoms also manifests itself as a broad peak at the XRD.
Post crystallization heat treatment caused to crystallization of
the amorphous coating to be formed composite structure
includes Ni matrix and Ni3;B precipitates. XRD patterns of
electroless Ni-B coatings post-crystallization heat treated for 1
h in 350°C, confirms the formation of NisB precipitate phase
together with Ni matrix, see Figure 4.
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Figure 4. XRD analysis of electroless Ni-B coatings.

E. Wear Mechanism Of The Coatings

In the Fig. 5 (a), SEM image of the Ni-P/Ni-B coating
showed that wear track showed a adhesive wear with micro-
abrasive scratch. Wear mod was micro abrasive adhesive
coating. As seen from the Figure 5 (b-d), EDS analysis of the
worn surface include oxygen besides the Ni and B elements.
Wear mod of the coting was oxidative adhesive and micro-
abrasive.
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Fig. 5. (a) Scanning electron micrograph and (b) EDS analysis of the wear
track of the NiP/NiB coating (Applied load: 10 N; Sliding distance: 250 m)

No significant adhesion is observed on the counter alumina
ball during the along the wear, as can be seen in Figure 6.
During the wear test, at the initial period of the test, top surface
of the coating layer was polished and rough surface was getting
smooth layer on the wear track. The Ni-P/Ni-B coating with a
smooth surface breaks into the rough top regions during wear
test in the running in 50 m sliding distance. As defined in the
EDS analysis, there are partially covered oxide particles in
some areas on the wear surface of the duplex coating. The
presence of oxygen on the wear track is probably due to the
oxidation of the Ni-B based coating during the wear test.

The friction coefficient of the T6 heat treated AZ91D alloy
and Ni-P/Ni-B dublex coatings realized on the T6 heat treated
samples were measured under the dry sliding conditions.

As shown from Figure 7 that T6 heat treated samples was
getting steady-state behavior in the running in period of 10m.
Whereas, Ni-P/Ni-B coated samples friction coefficient was
getting increase slightly during the wear test. Friction behavior
of the coated samples increases sharply up to 20m sliding
distance and then was getting increase slightly during the all
wear test. Friction coefficient of T6 heat treated samples and
the coated samples were getting increase up to 0.33um and
0.57um, respectively. E. Correa et.al was studied about the NiB
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electroless coatings’ versus Al,O3 ball for S0m sliding distance
[5]. As shown from Figure 7 in the present study, friction
coefficient values were similar and increase in sliding distance
caused to increase during the wear test. In addition that, in the
present study, wear test was applied for 250 m sliding distance
and friction coefficient value increased during the wear test up
to 0.57um value.

It was seen from the Figures 8 and 9 that the optical 3D
profiles and cross-sectional view of the wear tracks of the T6
heat treated AZ91D alloy and T6 heat treated and Ni-P/Ni-B
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dublex coated samples, respectively. Wear volume of the worn
samples were calculated from the cross-sectional area of the
worn samples wear tracks using the formula o f Eq. 1. As
shown from the Figure 10 that the wear rates of the dublex
coating was 97.74 % lower than that of the T6 heat treated
AZ91D alloy. E. Correa et.al’s study showed that the wear rate
of the dublex NiP/Ni-B coatings was 98,67 % lower than that
of the AZ91D alloy [5].
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Fig. 7. Evolution of Coefficient of friction with sliding duration

Fig 8. 3D optical profilometer image and crossectional area of the worn track of T6 heat treated AZ91D alloy
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Fig 9. 3D optical profilometer image and crossectional area of the worn track of T6 heat treated and Ni-P/Ni-B dublex coatings of AZ91D alloy
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Fig 10. Wear rate values of surfaces uncoated and Ni-P / Ni-B coated

IV. CONCLUSIONS

It is observed that the Ni-P / Ni-B coating has a
favorable as tribological effect on the T6 heat treated
specimen. General results obtained without work;

1-The sample which is Ni-P/Ni-B coated exposed to the
wear test, has been subjected to the a certain load but no
coating is completely removed from the surface.

2-Ni-P / Ni-B coating layer is located on the entire
surface of the AZ91D magnesium alloy substrate,
exhibiting a partially smooth, pore-free, nodular
structure.

3-The presence of abrasion residues in the undercoating
conditions , confirms the adhesive wear mechanism.

4-Duplex Ni-P / Ni-B coating with the lowest wear rate
increases wear resistance of T6 heat treated AZ91D
alloy.
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5- The wear rate of the Ni-P / Ni-B duplex coatings is
lower than that from the T6 heat treated sample and not
observed significant changes in the friction coefficients.

6-As wear testing results show , of the Ni-B coating is
well adhered to the Ni-P layer coating and both of them
exhibit coherent to each other.
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Abstract— TiO: coatings were fabricated by thermal oxidation on
a Ti-6Al-4V alloy substrate. Thermal oxidation was carried out in
varied temperature/time conditions (temperature: 600, 650 °C,
time: 1-2-4-8-16-24-48-72 h). The effects of temperatures on
structure properties of TiO: were studied by X-ray diffraction
(XRD) and microhardness. Thermal oxidation parameters
affected hardness of the obtained oxide layers, which increased
along with oxidation time and temperature.

Keywords—Thermal oxidation, Oxide layers, Ti-6Al-4V, Rutile,
Hardness.

I. INTRODUCTION

Owing to its excellent mechanical properties and corrosion
resistance, Ti-6A1-4V alloy has been widely used in different
industrial fields, including aerospace components, chemical
processing, and military fields [1-3]. However, titanium and its
alloys limit to their various applications such as engineering
components because they exhibit poor tribological properties
[2,4,5]. These properties were improved by using some surface
engineering to produce TiO, on alloy. There are various
methods to deposit TiO; thin film such as sputtering, sol-gel,
dip coating and spin coating, filtered arc deposition and laser
deposition [2,6,7].

The aim of this study was to determine the influence of
thermal oxidation parameters on morphology, hardness of
oxide layers formed on Ti-6Al-4V alloy. The TiO2 films were
characterized using X-ray diffraction (XRD), scanning electron
microscopy (SEM), and energy-dispersive spectrometry
analyses (EDS).

II. EXPERIMENTAL DETAILS

Ti-6Al-4V was used as the thermal oxidation treatnent. The
samples were machined to be plates with a 1 mm X 15 mm X
60 mm in dimension. The process was conducted at 600, 650 °C
for 1-2-4-8-16-24-48-72 h. Before the start of the oxidation
process the specimen surfaces were ground with abrasive paper
with gradation up to 1200.

Phase structures of the coatings were analyzed by a Rigaku
XRD-6060 X-ray diffractometer (XRD) with Cu Ko radiation.
Microstructure observation and elemental analysis of the
coatings were carried out by a (JEOL 6060) scanning electron
microscope (SEM) equipped and EDS analysis. The
microhardness were measured using a Vickers microhardness
tester with a Vickers diamond indenter under a load of 50 g.

III. RESULTS AND DISCUSSION

The results of observations of the surface layer after thermal
oxidation at 600 and 650 °C are shown in Figs. 1.

As seen in Fig. 1 for 600°C samples, the oxidized surface of
specimen is relatively flat. No nodular oxide appears at the
surface. The oxide layer obtained at 650 °C was composed of
fine oxide particles (Fig.1f) and it covered the oxidised layer to
a varying degree depending on the oxidation time. An analysis
of microscope images has shown that the non-uniform oxide
layer coverage of the specimen surface is especially visible
after oxidation at 650 °C for 8 h.

(a) (b)
(©) (d)
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Fig. 1 SEM surface micrographs after thermal oxidation treatment (a) 600°C 1
h (b) 650°C 1h (c) 600°C 8 h (d) 650°C 8 h (e) 600°C 48 h (f) 650°C 48 h (g)
600°C 72 h (h) 650°C 72 h

Fig. 2 EDS analysis results of the surface of 600°C-72h

Fig. 3 EDS analysis results of the surface of 650°C-72h
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The surface morphologies and elemental maps of the MAO
72 h treated coatings for 600°C and 650°C are shown in Figs.
2 and 3. The EDS result shows that the main elemental
composition of the MAO coating was Ti, Al, and O elements.

The results of measurements of microhardness of oxide
layers on a cross section as a function of distance from the
surface, for specified oxidation parameters, are shown in Fig. 4.
An analysis of the results of microhardness measurements has
shown a significant influence of oxidation parameters on the
hardness of oxide layers obtained on Ti-6Al-4V alloy. It has
been found that hardness increases along with an increase in
temperature and oxidation time. The increase in hardness was
most likely caused by the formation, on the surface of the alloy,
of hard oxide layers and strains evolved during the dissolution
of oxygen beneath the oxide layer of the substrate.
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Fig. 4 Microhardness of oxide layers obtained at 600 and 650 °C (1-8-48-
72h) as a function of distance from the surface

Fig. 5 presents the XRD patterns of the 48h after thermal
oxidation at 600 and 650 °C, respectively. All of the coatings
were composed of anatase, rutile, as well as the Ti substrate.

Both of the samples showed rutile TiO, peaks, as the
oxidation temperature increased, the content of the rutile phase
increased. The phase transformation from metastable anatase
into stable rutile occurred during the treatment.
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Fig. 5 XRD patterns of the samples oxidized at 600 °C and 650 °C for 48h.
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IV. CONCLUSION

The influence of thermal oxidation parameters on
morphology, thickness and hardness of oxide layers formed on
the surface of titanium Ti-6Al-4V and the results were given;

Thickness of oxide layers and hardness increases along with
an increase in temperature and time of oxidation. The oxide
layer with the highest hardness (850 HVy.05) was obtained after
oxidation at 650 °C for 72 h. Nearly 3 times increase in
hardness compared to the non-oxidised Ti-6Al-4V.

Ti-6Al-4V alloy oxidized at 650 °C exhibits the formation of
a thick oxide film that consists of more rutile phase and anatase
whereas Ti-6Al1-4V alloy oxidized at 600 °C with low intense
of anatase and rutile phase peaks.
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Abstract— Abrasion perfomans of the cemented carbide inserts
coated by using Atomic Layer Deposition (ALD) and the
uncoated cemented carbide inserts have been compared. A1203
and ZnO were coated as a single layer at 10 and 150 nm
thickness with ALD coating technique, which is one of the thin
film synthesis methods. In order to determine of -chip
morphology and the effects of surface roughness on the part,
machinability tests were carried out using the turning method
without cooling liquid. Diamond tipped surface roughness meter
was used for surface roughness tribological (abrasion, friction,
lubrication) characteristics of cutting edge abrasions, which were
compared by scanning electron microscope (SEM) analysis and
samples were examined by using light microscope for chip
morphology.

Keywords— ALD, Cutting Tool
Nanotechnology

Coating, Machinability,

I. INTRODUCTION

Cutting tips are one of the largest inputs in determining the

part costs for machining of products in the machining industry.

The service life is inversely proportional to the cutting speed
of the inserts, the feed rate, and the amount of wear depending
on the depth of the chip in each pass. One of the methods of
increasing the tribological properties of cutting inserts is to
improve the coating methods. Hard-coated cutting tools are
used in the manufacturing sector for more than fifty years, and
in today’s machining industry, about 85% of the cemented
carbide cutting tools are covered cutting tools. Due to the
developing technology and accordingly the use of new
materials in the production industry, production processes
have also been diversified [1]. Thin hard coatings have high
wear resistance, low coefficient of friction and good thermal
stability. While the performance of these coatings is limited
due to their feasibility and cost factors, their ability has been
enhanced by developing multilayer coating configurations [2].

The purpose of the coatings applied to the cutting tools is to
increase the reliability of the materials and tools during the
long machining process and to ensure that they are long
lasting. With the development of different coating techniques,
the deposition of thin hard layers with good wear resistance on

the surfaces of the cutting tools has become one of the
different effective ways to improve the performance of the
cutting tools. Today, the two main coating techniques that are
widely used to extend the life of cutting tools and allow the
deposition of protective films on cutting tools are Chemical
Vapor Deposition and Physical Vapor Deposition. Atomic
Layer Deposition (ALD) method used in experimental part of
the study is a thin film coating method in hard structure such
as chemical vapor deposition and physical vapor deposition
techniques. CVD, PVD, and ALD methods vary in
tribological properties depending on coating thickness,
temperature and surface qualities. While the thickness of the
coating made by CVD method is between 4-20 pum, the
thickness of the coatings made by PVD method is 1-10 um.
However, by using ALD coating method, coatings can be
achieved by forming a layer with a thickness of 10’s nm.
Another difference between these three methods is the coating
temperature. In CVD, the coating temperature is in the range
of 850-1000 ° C, whereas in PVD the coating temperature
requires a lower coating temperature of 150-500 ° C. In the
ALD method, it is possible to coat at lower temperatures (160-
200 °C). Since, coating temperatures higher than 800 ° C
adversely affect the desired coating form due to high thermal
loads and material flexibility, temperatures in ALD technique
one of the advantage for obtained structures [3,4,5,6].

In recent years, ALD has been increasingly applied widely
in semiconductors and nano electronics fields as well as in
durability enhancement subjects. ALD technique is a kind of
chemical vapor deposition method in which the reaction
reaches saturation after the formation of a single atomic layer.
In this way, it is possible to control the coating thickness, to
achieve a homogeneous coating and to conformally coat even
the most difficult geometric surfaces.

Most ALD reactions use two chemicals called precursors.
This reactant reacts in a sequential manner with the precursor
material surface in a self-limiting manner. A thin film is
slowly deposited with repeated exposures to different
precursors in succession. ALD offers advantages over other
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thin film coating technologies such as chemical or physical
vapor deposition (CVD / PVD) or sputtering. Other thin film
methods are resource controlled accumulation and ALD is
surface controlled. In the source controlled method, the
antecedents react to the surface without collision. For this
reason, the resulting film is not homogeneous or sufficiently
protective and cannot grow properly on very small surface
details such as deep cavities in silicon wafers. In addition,
cracks and pores on the film prevent corrosion. Control of
film thickness at atomic level by conventional methods is also
impossible. ALD can enhance the quality of other films - for
example, ALD can be a filler on thicker layers produced by
PVD, and the underlying PVD closes the pores in the film.
ALD is more sensitive to the surface than the ion
bombardment-based coating [7].

The aim of the present study is to improve the
machinability properties of the cutting tools by coating with
the desired oxide materials. The study was carried out with
parameters such as oxide type and thickness. At the end of the
study, it was understood that the technique can be improved
and can be applied any kind of cutting tool attachment.

II. MATERIAL AND METHOD

In the machining experiments, AISI 1050 steel that is
suitable for surface hardening was used [8]. Chemical and
mechanical properties of AISI 1050 steel were given in Table
2.1 and Table 2.2.

Al O3 (Trimethylaluminum) (TMA) pre-chemically coated
with nano-sized coatings. Coating parameters were
determined under a vacuum (145mTorr), 200 °C and 20 sccm
carrier gas flow. In order to coat the cutting tools we use the
ALD system with the specially designed 3D chamber cover
and specially designed specimen holders by Okyay
Technology Company. Samples were coated with AI203 at
thicknesses of 10 and 250 nm. The device was a 1.29A
coating standard in one cycle. These coated inserts were
carried out with 770 cycles, 1923 cycles, respectively. Cutting
tools with ZnO thicknesses of 10 and 250 nm were coated in
ALD using DEZ (Dietilzinc) precursor at 200 “C temperature.

Turning experiments were performed for oxide coated
cementite carbide tools and uncoated cemented carbide tools
on lateral surface wear and performance behavior, chip
morphology and surface roughness on the part without cooling
liquid. ALD method, BAILDONIT CNMG 120404-SM SM25
/ P25 quality cementitious carbide inserts were coated with
ApO; and ZnO as single layer at 10, 250 nm thickness.
VORGEN DCLNR 2525 M12 was used as the holder. The
cutting speed was fixed at 120 m / min. For machining tests,
AISI 1050 steel material with a length of 200 mm and a
diameter of 50 mm were used with various cutting parameters
(seen in Table 2.3) by using a HYUNDAI WIA L230LA
model with constant feed speed of 0.1 mm /rev. The CNC
lathe was also subjected to machining tests by turning one step
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for 180 mm. Cutting edge abrasions were investigated by FEI
QUANTA 650 Marked Electron Microscope (SEM) and their
surface roughness tribological (abrasion, friction, lubrication)
properties were examined using Surftest-211 (MITUTOYO)
diamond tip surface roughness meter.

TABLE 2.1
CHEMICAL PROPERTIES OF AIST 1050 STEEL [8].

Composition (%)
C Mn Si P S
0,5 1 0,2-0,4 0,04 0,05
TABLE 2.2
MECHANICAL PROPERTIES OF AIST 1050 STEEL [8].
AISI 1050 Cold shrinkage
Mechanical Properties
Dimeter (mm) 13-29 29-100
Tensile strenght Rm (N/mm? ) 700-850 700-850
%0.2 Yeild point Rpo.2 475 435
% Elongation Min. 10 Min.10
Hardness (HB) 201-255 201-255

TABLE 2.3
CUTTING PARAMETERS USED IN CNC TURNING
Parameters with Baildonit cutting tool
Cutting speed 120 m/min
Rev count 796-794
Chip depth 2 mm
forwardness 0.1 mm/rev
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III. RESULT OF DISCUSSION

SEM images of 10 nm ALD coated inserts cannot be taken
clearly, because they are in very small reductions. In Fig 3.1
a-b, however, SEM images are shown without coating and
after 250 nm coating. It seems that the surface of the tool is
covered with sintering which is not very good quality. It was
said that the coating was homogeneous.

XRD analysis was performed to determine the Al,O3 and
ZnO coating materials on the cutting edge. It can be said that
the peaks shown in Fig 3.2 and Fig 3.3 represent tipically
Al,O3 and ZnO coated of the surface of the material.

Fig 3.1. SEM image of cementitious carbide cutting tools;
a) uncoated; b) 250 nm AL,O; coated
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Fig 3.2. XRD diffractions of Al,O; coating.
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Fig 3.3. XRD diffractions of ZnO coating.

It is seen in the SEM images of the cutter side surface of
the stacked chip form after machining with uncoated inserts
(Fig. 3.4b). It is known that this massive sawdust, which acts
as a cutting edge, changes the cutting angle [9,10,11].
Although the turning operation is performed for a short time,
it is observed at the cutting edges used in the experiment that
wear is started on uncoated tools. It is observed that the
roughness of the surface increased due to the tool wear due to
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the increase of the cutting time when Ra = 0,93 pum in 0,1
progression in turning operations performed for a short time.

Fig 3.4. Uncoated Cementite Carbide cutting tool at a cutting speed of 120 m /
min, a) top view; b) cutting side surface.

Al Os-coated carbide with 10 nm ALD method showed no
tendency to chipping and / or sticking after cutting (Fig. 3.5a-
b). No tool wear is observed on the cutting edge and side
surface. No deterioration effects of the cutting edge form
observed in the uncoated carbide tool were observed. 0.1 was
measured to be higher than that of uncoated tools with Ra =
1.58 um in surface roughness tests performed on the surface
of the treated workpiece. However, the surface roughness
value remained stable over standard values, as there was no
wear on the tool during long turning operations. It can be
considered that the coating will also provide a longer quality
of the roughness quality of the work surface, depending on the
time, at the cutting quality.

Fig 3.5. 10 nmALO; coated Cementite Carbide Cutting tool with a cutting
speed of 120 m / min, a) top view; b) the cutting side surface

At the end of turning with a 10 nm ZnO coated insert, more
agglomerated sawdust was observed from the uncoated insert
(Fig. 3.6a). The cutting edge is seen in the SEM image that
acts like a cutting surface, taking sharp shape due to stacking
chip. (Figure 3.6b). It can be said that the machinability of
ZnO with all coating thicknesses worsened by the ALD
method. The surface roughness was measured as Ra = 1.58
pm. It is thought that the high value of this value is also
contributed by the continuous winding of the piece. For this
reason, processing images of ZnO coated specimens with a
thickness of 250 nm were not used. Investigating the optimum
values of ZnO coated tools continues by changing the feed
and other parameters.
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Fig 3.6. SEM image of Cutting tool with 10 nm ZnO coated cementitious
carbide cutting tool turning result; a) the cutting side surface; b) the cutting

tip.

It has been observed that as the coating thicknesses of the
tools coated with the ALD method increase, the cutting
performance decreases. As can be seen in Figures 3.7a-b, 250
nm AlOs-coated tools were observed to accumulate
agglomerate chips and cut sheet at the cutter side surface. This
deteriorates the cutting properties of the cutting edge. In the
ALD method, it is considered that the resistance in the oxide
structure decreases by coating with about 1900 cycles. This
effect is further enhanced by the fact that the surface qualities
of carbide tools, which have never been cut, are not good. For
this reason, this method has been observed in experimental
studies in which the effect is corrected positively in smaller
coating thicknesses. In surface roughness measurements, the
surface roughness of the workpiece was measured as Ra =
1.70 pm with the formation of continuous sawdust similar to
that of ZnO-coated materials.

Fig 3.7. SEM image of Cutting tool with a 250 nm AI203 coated
cementitious carbide cutting tool turning result; a) the cutting side surface; b)
top view.

The thickness of the coating and the shape of the chips after
turning according to the type are shown in Table 3.1. The best
chip forms were uncoated and processed with 10 nm AlO3
coated cutting inserts. However, continuous sawdust
formation was observed due to the effect of agglomerated
sawdust adhering to the tool after the turning operation with
turning heads made of machining inserts without machining
residue, thereby reducing the angle of the cutting plane. In the
case of 10 nm Al,Oj coated inserts, there was no change in the
form of tool chip breaker, so the intermittent chip formation
remained stable. Continuous chip formation was observed
with increasing coating thickness in both AlO3 and ZnO
coated inserts.
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TABLE 3.1
MACHINING IMAGES WITH UNCOATED AND COVERED INSERTS RESULTING IN
MACHINING.
Cutting tool coatin, . .
uthing ool & Chip shapes after turning
material
Uncoated
10 nm AlO3
10 nm ZnO
250 nm Al>0O3
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IV. CONCLUSIONS

It has been determined that coating with ALD method is
casier and more advantageous than other methods. Best
cutting performance was observed in 10 nm AI203 coated
tools. Short chip and surface quality have been achieved in
long-term processes. Although the surface roughness is lower
than uncoated tools, it has been determined that the tool
cutting quality does not decrease with increasing processing
time. On uncoated tools, it was observed that after machining,
chips were formed and adhered to the cutting surface. For this
reason, continuous chip formation was observed. It was
observed that the machinability performance of the tools
coated with ALD method was higher than that of uncoated
tools. However, it can be said that the quality of ZnO-coated
materials is poor in these processing parameters. Experimental
studies have also shown that processing performance is
improved by changing other processing parameters outside the
ZnO coating thickness.

It can be said that it is an open method to be investigated
and developed because there are already many parametric
processes. Our team is continuing the oxide coating by using
other oxides. In addition, the exposure mode and coating
recipe will be developed in the 3D coating, and the quality and
types of coating will continue to be increased.
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Abstract— Epoxy based fiber reinforced composites are widely
utilized in the aerospace application due to mechanical
properties, thermal stability and, chemical resistance. However,
it is known that materials become brittle and due to the poor
crack resist restricts their applications at low temperatures. The
purpose of this paper is to experimentally investigate the
cryogenic temperatures’ effect on the low velocity impact (LVI)
test of composite laminates. The LVI tests were conducted at RT
(room temperature), 0 °C, -50 °C, -150 °C and -196 °C (liquid
nitrogen temperature) on the composite laminates to measure
influence on their energy absorption capacity. LVI tests
performed according to ASTM-D-7136 standard under 10, 20
and 30 J impact energy levels.

Keywords—  Glass fiber, Epoxy
temperature, Low velocity impact

composite, Cryogenic

I. INTRODUCTION

With the progress in science and technology, the use of
polymer composites has become increasingly widespread for
both scientific research and engineering applications.
Especially, glass and carbon fiber/epoxy composites are
increasingly demanding for structural applications in
aerospace, automotive and marine industries due to their
excellent mechanical performance and design advantages over
conventional materials [1]. At the same time, the dynamic
behavior of composites under impact loading is one of the
major concerns in the use of the industry as it is highly
susceptible to impact loads which cause significant damage
such as cracking of the matrix, delamination and breakage of
the fibers [2].

Fiber composites have the potential for extensive use in
space applications, such as solar arrays, antennas, optical
platforms and supports for cryogenic tanks [3]. However, the
composites utilization and material selection for low-
temperature applications is often obstructed by the
inconsistency of material properties of its components [4].
Because thermal contractions of fiber and matrix due to the
cool conditions on the composite structure the give rise to
thermal residual stresses and strains which influence most of
the mechanical properties. The general of used matrices are
brittle and do not allow the release of residual stresses at low
temperatures [5] and the toughness degradation induced by

low temperatures can lead to structural damages in the form of
microcracks or delamination [6].

Some studies performed to investigate the impact properties
of laminated composites at low temperature but the reports
about lowest temperature (down to — 60 °C) is scarce.
Laminated composites become rigid with high stiffness at low
temperatures (—50 °C to 120 °C) so as their deflections in
impact tests were small [S]. Damage areas also smaller and
higher perforation threshold resulted for laminates subjected
to a low-velocity impact at low temperature (—60 °C to 20 °C)
condition [8]. However, comparatively little work has been
done to understand of the cryogenic temperatures of laminated
composites. Therefore, in this work, the cryogenic behaviours
of glass/epoxy composites are reported in terms of the LVI
impact properties.

II. EXPERIMENTAL

In this study, the low velocity impact (LVI) behaviors of
glass/epoxy nanocomposite laminates were investigated using
a drop weight impact test. Having been used for LVI tests,
neat and nano SiO; (silica) added glass/epoxy laminates were
produced as 10 layers. Adding 4 wt% SiO, nanoparticles were
preferred as nano-reinforcements according to literature
survey to perform matrix modification [12-14]. The epoxy
resin system used was a bisphenol-A (DGEBA) from
Momentive Hexion, Inc. Fibers was supplied from Dost
Kimya Company in Istanbul, respectively. The LVI tests
were repeated tree times under 10, 20, 30 Joule (J) impact
energy levels and at the RT, 0 °C, -50 °C, -150 °C
temperatures. In order to reach cryogenic temperature, the
composite specimens were immersed in liquid nitrogen and
bargain for 10 min to reach the liquid nitrogen temperature [9].
Details of experimental procedures are available in our
previous studies [13-15]. Title and Author Details

III. RESULTS AND DISCUSSIONS

Fig. 1 compares the contact force-time and force-
displacement curves of the neat composite specimens with the
different impact energy levels. The results show that the
contact force increases significantly with the decrease of the
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Fig. 1. Force-time and force-displacement curves at different impact energy levels
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temperatures. Meanwhile, we compared the displacements
of different temperatures in Fig. 2. It can be found that the
displacements at liquid nitrogen temperature are reduced
significantly than that of at RT. Here, diminish of
displacement values occur due to the declined contact duration
at low temperatures than that at RT.

The characteristic impact parameters: peak contact force
and absorbed energy for composite laminate are presented in
Table 1. The peak contact force at liquid nitrogen temperature
is the highest for all impact energy levels. Under the 10 J
impact energy, comparing at RT to 0 °C, -50 °C, -150 °C and
-196 °C the energy absorption capacity are decreased by 0.3%,
13.46%, 17.53% and 25.74% respectively. On the other hand,
under the 30 J impact energy comparing at room temperature,
energy absorption capacity are decreased by 23.68%, 27.09%,
28.81% and 30.42% respectively.

Table 1. LVI properties of 10, 20 and 30 ] impacted
composites at RT, 0 °C, -50 °C, -150 °C and -196 °C.

Impact Temp. Contact Absorbed
Energy Condition F(();;e %1 Energy (J) %l
RT 3143 - 2,95 -
-50°C 3198 1,75 2,94 -0,34
10] -100 °C 3334 6,08 2,6 -13,46
-150°C 3375 7,38 2,51 -17,53
-196 °C 3452 9,83 2,35 -25,74
RT 4700 - 9,27 -
-50°C 4885 3,93 9,26 -0,10
20] -100°C 4971 5,76 8,71 -6,04
-150°C 5043 7,29 81 -12,62
-196 °C 5381 14,48 7,9 -14,77
RT 4980 26,13 -
-50°C 5185 4,12 19,94 -23,68
30] -100 °C 5359 7,61 19,05 -27,09
-150 °C 5635 13,15 18,6 -28,81
-196 °C 6357 27,65 18,18 -30,42
3500 + 10J
3000 -
Modified
2500 - @RT
% 2000 - “é‘_’f;gidc
S 1500 - Neat
@RT
1000 - Neat @-
500 - 196 °C
0 T T )
0 0,005 0,01 0,015
Time (s)
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Fig. 2 shows the force-time and force-displacement
histories of neat and 0.4 wt% nano SiO; reinforced for
different energy levels. In the graphs, no significant change
was observed with the addition of SiO, nanoparticles for 10
and 20- joule energy levels while average contact force value
increased significantly depending on the addition of SiO»
nanoparticles for 30-joule energy level. The change in the
impact properties of the nanoparticle-added specimens is
given in Table 2. It is seen that peak forces are not affected
much by the temperature under the low impact energy while it
affected depending on temperature. The ratio of percentage
change of peak contact force under the 30-joule energy level
are observed 13% and 24.8% for SiO2 nanoparticle added
composites, respectively.

Table 2. LVI properties of 10, 20 and 30 ] impacted
composites at RT, 0 °C, -50 °C, -150 °C and -196 °C.

wT_ . AT s

3500 - 10J
3000 -
Modified
2500 - @RT
Z 2000 Modified
3 @-196 °C
Pt
S 1500 - Neat @RT
1000 -
/ Neat @-196
4 °C
500 - //
0 . . .
0 0,005 0,01 0,015

Displacement (m)

Fig. 2. Force-time and force-displacement curves of neat and modified composites at different impact energy levels
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Fig. 2. Force-time and force-displacement curves of neat and modified composites at different
impact energy levels (continue)

IV. CONLUSION

In this study; low velocity impact responses of glass fiber
reinforced neat epoxy composite and 4% (wt) SiO»
modified epoxy composite laminates were investigated at
different temperatures. From the results of this
experimental study, the following conclusions can be
drawn:

. The maximum contact forces decrease under
cryogenic temperatures.

. Small energy absorptions were showed under
cryogenic temperatures.

. It is clear that nanoparticle addition has an effect
on slightly higher energy levels as opposed to low energy
levels.
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Abstract— In this work, two different grain sized (micro and nano)
magnesium powders were utilized as matrix materials to produce
silicon carbide reinforced metal matrix composite through
powder metallurgy route. Nanocrystalline matrix powders were
prepared by mechanical milling of microcrystalline magnesium
powders. Sintering operations were carried out in a hot press
machine. Two different group of samples were compared in terms
of density, grain size and compression test results. Samples,
produced with nano grained matrix powder, exhibited higher
compressive yield strength and ductility which is attributed to
high amount of grain boundaries and higher diffusion coefficient
of finer grains of matrix material.

Keywords— Magnesium; metal matrix composites; hot press
sintering; nanostructural materials; powder metallurgy

I. INTRODUCTION

Magnesium (Mg) has a density of 1.74 g/cm3, which is
known as the lightest structural metal [1]. This significant
characteristic makes Mg a good candidate for potential
applications in automotive and aerospace industries to reduce
fuel consumption and carbon emission [2]. There are also many
advantages of Mg such as good castability and machinability,
high damping capacity and superior specific strength [3]-[5].
However, poor mechanical properties of Mg such as low elastic
module, limited strength, low ductility, low impact toughness
and creep resistance at elevated temperature, restrict
application of Mg [4]. Many efforts have been made by
researchers in order to improve these weak features of Mg for
decades. Some of the researchers have focused on grain
refinement of Mg alloys [6-8], texture [9] and magnesium
matrix composites (MMC) [10]-[12].

Magnesium matrix composites have many benefits such as
high strength and elastic module, excellent wear and creep
resistance compared to monolithic Mg. Enhancement in
strength due to the addition of particle reinforcement, usually
decreases ductility of material in conventional coarse particle
reinforced composites which limits application potential of
MMC [13]. Although many researcher achieved increase in
both strength and ductility by using nano-scaled reinforcements
[14], [15], there is no attempt to reduce the grain size of the

matrix in order to achieve increase in both strength and ductility.

It is well known that nanocrystalline materials have lower
diffusion activation energy and much higher diffusion
coefficient, it can be considered to have a potential to yield a
high density and good interface bonding with reinforcements in
MMC’s. Nanocrystalline metals also have higher ductility than
coarse grained metals, hence nanocrystalline matrix can be
used to compensate the low ductility of MMC'’s. In this work,
two different grain sized matrix materials were utilized to
investigate the effect of the grain size of the matrix material on
mechanical properties on MMC.

II. MATERIALS AND METHODS

The overall procedure is summarized in the flowchart of
Figure 1. Commercially pure Mg (99.1%, dparticle ~ 46 um) and
SiC (dparticle ~ 60 pm) powders were used as starting materials.
Initially, Mg powders were subjected to mechanical milling
process for 5h duration. Milling operation was carried out under
argon atmosphere, with a 20:1 ball to powder weight ratio at
300 rpm in a Fritsch Pulverisette 6 plenatary milling machine.
Prior to milling, 2 wt. % stearic acid was added to Mg powder
as a process controlling agent (PCA) to prevent excessive cold
welding, and the mixture was then blended for 15 min. at 150
rpm in the absence of a milling medium. Stainless steel vial and
carbon steel (100Cr6 bearing steel) balls of 15 mm diameter
were used as milling medium. Subsequent to milling, Mg and
SiC (10 wt. %) powders were mixed for 15 min in the milling
machine without milling medium. As-received Mg and SiC
powders were also blended in the same route. Both of the
powder mixtures were consolidated in a hot press furnace.
Sintering temperature, pressure and time were set as 500 °C, 25
MPa, 30 min., respectively. Both powders and sintered bulk
samples were analysed by a Rigaku Miniflex 600 X-ray
diffractometer with CuKa radiation (A=1.540562 A) operated
at 40 kV and 15 mA and a scanning rate of 0.5 °/min in order
to calculate grain sizes. Grain size of milled powders and milled
sintered samples were calculated by using the Scherer equation
[16].
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where, A is the wavelength of the X-ray radiation, © is the
Bragg angle, Bg is the breadth at half the maximum intensity of
the peak and d is the average grain size.

Grain size of the coarse grained (> 500 nm) powders and
samples reaching a grain size exceeding 500 nm after sintering
couldn’t be relatively calculated by the Scherer equation, due
to the size limitation of the method. Thus, grain size of as-
received powders (Figure 2a) and matrix of sintered samples
produced with as-received powders (Figure 3a) were measured
from optical microscopy images, directly by image analysing
method. Optical microstructural image of the milled powders
and sintered samples produced with milled powders were also
displayed in Figure 2b and Figure 3b. Optical microscopy (OM)
observations were carried out using a Nikon Eclipse MA100
and image analyses were performed by Imagel software in
order to measure grain sizes. Density measurements of all
sintered samples were carried out geometrically. Dimensions of
compression test specimens were 10 mm in diameter and 10
mm in length. Compression tests were performed with an
Instron-5967 testing machine at a strain rate of 0.005 m/m.min
according to ASTM E9 standard. The average of three valid
tests was used to calculate the compressive strength of the
samples.

Fine grained
Mggfmiifed) +5iC

Cinirve grammed
Mygfae-received+5iC

J sy PA ”
Mg SiC l;-;L;'itm'r:wu.I:l i
| | [ |
I I
Blending Blending
Meghist | [ sic
[ ) |
|
Blending
]

Hat Press Sintering

Tests und Cheracterzations

Fig. 1 Flowchart of synthesis and characterization methodology

III. RESULTS AND DISCUSSION

XRD pattern obtained from powders and sintered samples
are displayed in Figure 2. Table 1 shows grain size of Mg
powders and matrix of sintered samples in addition to average
amount of porosity and density of the sintered samples,
respectively. It can be seen that while as-received powders have
a coarse average grain size which are in microcrystalline range
(> 1 um), milled powders are in nanocrystalline range (< 100
nm). Coarse grains of as-received powders can be seen in
Figure 3a. Although grains of milled powders unable to be seen
in optical image, the microstructure of milled powders is
exhibited in Figure 3b. Grain growth occurred in both as-
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received and milled powders after sintering process. Post-
sintering grain size calculations showed that although the 5h
milled samples were no longer in the nanocrystalline range, fine
grained structure was remained. Post-sintering microstructures
of matrix materials are also exhibited in Figure 4.

TABLE I

GRAIN SIZE OF THE MAGNESIUM POWDERS AND MATRIX OF SINTERED
SAMPLES, DENSITY AND POROSITY OF SINTERED SAMPLES

. Grain
Grain size of
size of Porosity Density
the
. the . of of
Matrix matrix . .
powders sintered sintered
Type . of the
prior to . samples samples
. . sintered o 3
sintering (%) (g/em’)
(nm) samples
(nm)
As- 8850 10800 11.02 1.71
received
Milled 43.27 221.94 11,00 1.71
_§ 2
S =
- |
_.n_._.-,'._' \ A enalled {simared)
i "
I L A s-received
- [sintered)
-
< i
;:
|.| / '|| A
) '—*'r|- A ~ milled | powder)
\ | l
o -I\__._’l ki 7 ns-recetved
{powader)

10 35 Al 45 <11 55
2 theta {degree)

Fig. 2 XRD patterns of as-received powders, milled powders, sintered
sample produced with as-received powders and sintered sample produced with
milled powders
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Fig. 3 Microstructure of powders; a) as-received b) milled. Fig. 4 Microstructures of matrix of sintered samples a) as-received b)
milled

According to the results of density measurement, both types
of samples have similar density values accompanying high
amount of porosity. Generally, high amount of porosities may
be indicative of insufficient sintering parameters for
achievement of nearly full densities. Further study on
optimization of sintering parameters such as sintering pressure,
temperature and time is necessary to improve densities.
Moreover, more effective sintering methods such as spark
plasma sintering, microwave sintering should be considered as
potential alternatives to hot press sintering so as to improve
density values with limited grain growth.

Stress-strain curves and average compressive yield strength
(CYS) of the sintered samples are exhibited in Figure 5, clearly.
When the stress-strain curves and yield strength of as-received
and milled matrix are compered, fine grained matrix has a
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remarkable effect on both CYS and ductility, obviously. It is
well known that grain refinement increases yield strength of
metals which is generally explained by Hall-Petch relation [17].
Grain boundaries behave as obstacles impeding further
dislocation propagation. Grain refinement enhances the amount
of grain boundaries in the matrix structure which means
increase of the barriers against dislocation motion. Thus, finer
grain size leads to higher yield strength. The relation between
matrix grain size and the increase in yield strength (Hall-Petch
equation) can be expressed as:
1

@, =g + k.d < (2)
where oy is the friction stress, k is a constant of yielding and d
is the average grain size of the matrix.

Also, there are many studies showing that grain refinement
increases ductility [18], [19]. Yamashita et al. reported a
remarkable augmentation in both ductility and strength of pure
Mg and Mg9Al alloy by grain refinement. They have attributed
the increase in ductility to accompanying of increased number
of grains to macroscopic plastic deformation [6]. It should be
noted that grain refinement begets to suppression of twin
formation during plastic deformation and lead to higher
mechanical properties [7], [8,] [20]. Microstructural images of
compressed samples taken from region in the vicinity of matrix
demonstrate a great many of twin formations in coarse grained
matrix (Figure 6a). On the other hand, twin formation cannot
be seen in fine grained matrix (Figure 6b) which is consistent
with literature. Therefore, one of the possible reasons for high
ductility of samples with a fine grained matrix may be
annihilation of twin generation throughout plastic deformation.
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Fig. 5 Compression test results of sintered samples
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Fig. 6 Microstructures of compressed samples a) as-received b) milled

Should the interfacial bonding between matrix and
reinforcement is strong, the load transfer mechanism is
activated. Modified shear lag model expresses increase in yield
strength by load transfer mechanism as [21]:

4, = 0,5. fery (3)
where f is volume fraction of reinforcement and om is the yield
strength of the matrix. Another possible reason for the higher
mechanical properties of the milled matrix may be higher
activity of load transfer mechanism. The fine grained matrix
may have established a better interface bonding with the
reinforcement due to its own higher diffusion coefficient
compare to coarse grained matrix.

Mg is a highly chemically active metal and surface of the Mg
particles are generally coated with an oxide layer which
behaves as a diffusion barrier during sintering process. Beside
grain refinement, mechanical milling process may have also
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broken the considerably detrimental oxide layer located on the
surface of the Mg particles with collusions and revealed clean
metallic surfaces. In Figure 7, optical images of sintered
samples of both as-received and 5h milled powders, taken from
matrix-reinforcement interface, may support the idea behind
the study. Milled sample exhibited a remarkable thickness of
matrix-reinforcement interlayer, which may be an indicative of
a high quality of interface bonding and an effective diffusion

process.

Fig. 7 Microstructures of the sintered samples a) as-received b) milled

IV. CONCLUSIONS

The influence of grain size of matrix on mechanical
properties of silicon carbide reinforced magnesium matrix
material produced through powder metallurgy route was
investigated in the present study. The following conclusions
can be drawn:

March 22-24, 2018Karabiik, Turkey

1-  Nanocystalline matrix powders with a 43.27 nm
average crystal size were synthesized successfully by
mechanical milling process.

2-  Limited grain growth was observed after sintering
milled samples preserved its fine grained structures.

3-  Samples produced with nanocrystalline matrix
powder gave significantly higher compressive yield strength
and ductility results which are attributed to Hall-Petch effect,
different deformation mode and more effective load transfer
mechanism.

4-  Microstructural investigations of compressed samples
revealed that a great many of twin structures were observed in
coarse grained matrix samples whereas twin formation was
totally suppressed in fine grained matrix.

5-  Samples produced with nanocrystalline matrix
powder exhibited remarkable thickness of matrix-
reinforcement interlayer in the microstructural images compare
to coarse grained samples which may point out a high quality
of interface bonding and effective diffusion process.
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Abstract— Powder metallurgy is a method of producing material
by sintering by pressing in cold press after homogenous mixing
of particulate metal powders. In the study, 95% Fe and 5% Mg
metal powders were homogenously mixed and sintered in tube
oven at 530 °C. Sintered samples were piped in an oven
atmosphere at 900 °C for 2 hours using Ekabor 2 powder. The
layer thickness of the boronized sample was measured by optical
microscope and found to be 11 pm. XRD analysis was performed
for phase analysis of boride layer. FeB, Fe:B and Fe phases were
obtained as a result of analysis. In addition, the abrasion test of
the ball-type wear device was applied to the surfaces of the
boronized specimens at a shear rate of 0.3 m / s at a shear
distance of 2.5 N under a load of 250 and 500 m in a dry
environment. As a result of the test, the wear depths of the
materials were measured. It was found that the traces of the
abrasion test fell below the layer, at the end of the 250 m shear
distance, the average was 19.8 pm and the mean depth at the end
of the shear distance was 25.3 pm. It was observed that the
amount of wear increased with increasing slip distance.

Keywords— Powder metallurgy, sintering, boring, wear

I. GIRIS
Borlama, yiizeylerinde bor tabaklart olusturmak i¢in ana
malzemenin  yilizeyine  bor  tozlarimin  difiizyonunu

gergeklestiren termokimyasal bir difiizyon islemidir [1-3].
Borlama islemi 800-1100 °C sicaklik araliginda, 1-12 saat
sire  araliklarinda  kati, sivi  ve gaz ortamlarda
gerceklestirilmektedir [4-7].

Asinma, siirtinme halindeki yiizeylerde dis etkenlerin
etkisiyle zamanla meydana gelen malzeme kaybidir [8,9]. Bu
durum, calisan mekanizmalarda istenmeyen bir durumdur.
Malzemelerde asimnma problemini ortadan kaldirmak igin
malzeme ylizeylerine borlama gibi termokimyasal iglemler
yapilmaktadir [10-12].

Borlama islemi sonrasinda malzeme yiizeyleri asginmaya
karst dayanikli hale gelmektedir. En ¢ok asinma siirtiinen
ylizeylerde ortaya ¢ikmaktadir. Bundan dolayi, toz metalurjisi
yontemiyle liretilmis olan malzemelerin yiizeylerini borlama

gibi yontemlerle daha dayanikli hale getirmek miimkiindiir
[13-15].

Gergeklesen bu calismada, toz metalurjisi yontemiyle
iiretilmis Fe-Mg alagimlarina borlama islemi yapilmistir. Bu
islem sonrasinda XRD ve optik mikroskop gibi metalografik
analizlerin yani sira aginma testi uygulanmistir. Calismanin
amact ise, borlanmig Fe-Mg alagimlarinin asinmaya karsi
dayanimlarini 6lgmektir.

II. MATERYAL VE METOT

Bu c¢aligsmada, % 95 Fe-% 5 Mg alasim malzemelerini elde
etmek icin % 99 saflia sahip Fe ve Mg metal tozlar
kullanilmistir. Fe-Mg metalik tozlarin sinterleme sonrasinda
tane yapilarinin iyi bir sekilde yapismast i¢in tozlar tek fazl
karistiricidda 24 saat siireyle karistirma islemi yapilmustir.
Karistirilan tozlar, 6zel olarak tasarlanmis soguk kaliba
dokiilerek tek eksenli preste yaklasik 300 bar basing altinda
preslenmistir. ~ Preslenerek  elde  edilen  numunelerin
dayanimlarint arttirmak i¢in koruyucu atmosferik ortama
sahip tiip firinda 530 °C sicaklikta 2 saat siireyle sinterleme
islemi uygulanmustir.

Sinterlenerek elde edilen numunelere borlama islemi
gergeklestirilmistir. Bu islemim amaci, tretilen numunelerin
dayanikliligimi arttirmaktir. Borlama isleminde, 6zel olarak
hazirlanmis kutu bir kap kullanilmaktadir. Kabin igerisine
numunelerin altina ve tizerine ticari Ekabor II toz karisimlari
dokilmiistiir. Kabin iizeri ve kapagi samot ¢amuru ile hava
almayacak sekilde kapatilmistir (Sekil 1) [16,17]. Firin
ortaminda 900 °C sicaklikta 2 saat siire araliginda i1sitmaya
tabi tutulmuslardir. Bu siireler sonrasinda numuneler firindan
cikarilarak sogumaya birakilmistir.
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Sekil 1. Borlama isleminin yapilist [16-17].

A. XRD Analizi
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Sekil 2. Borlanmis Fe-Mg alasimina yapilan XRD analizi

Sekil 2'de 900 °C’de 2 saat siireyle borlanmig Fe-Mg
alasimina uygulanan XRD analiz sonucu goriilmektedir. En
yiiksek degerleri FeB ve Fe,B fazlart gostermistir. Bu
degerleri takiben Fe faz degeri ortaya ¢ikmistir. FeB ve Fe,B
fazlar1 borlamanin olustugunu goéstermektedir.

B. Asinma Testi
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Sekil 3. Kayma mesafesine bagli olarak aginma hacmi ve
stirtiinme katsayisinin degisimi.
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Sekil 3 ‘te aginma testi sonucuna gore olusan asinma hacmi
ve slirtlinme katsayisi oranlar1 goriilmektedir. Bu grafige gore
kayma mesafesi arttikca Fe-Mg alasiminda meydana gelen
aginmada artmaktadir. 250 m kayma mesafesinde 0,7 mm3
olan aginma hacmi 500 m mesafede yaklasik olarak iki katina
¢ikmustir.

a 025 o5
Area of the hole

(a)

12659 g2

T T T T T T T T T
qAr5 1 125

19247 pmiz

—TT T T
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(b)
Sekil 4. Asinma iz derinlikleri a) 250 m, b) 500 m

Sekil 4te aginma testi sonucu olusan aginma iz derinlikleri
goriilmektedir. Kayma mesafesi ve asmma hacminin
artmasina bagli olarak asmnma iz derinlikleri de artig
gostermistir. 250 m kayma mesafesinde yaklagik olarak 10 pm
iz derinligi ortaya c¢ikarken bu deger 500 m kayma
mesafesinde yaklagik olarak 18 pm degerine kadar ¢ikmustir.

C. Optik Mikroskop
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Sekil 5. Asinma izlerinin optik mikroskop goriintiisii, a)
250 m, b) 500 m

Sekil 5te aginma testi sonucu malzeme yiizeyinde olusan
asinma izlerinin optik mikroskop goriintiileri goriilmektedir.
Kayma mesafesine bagli olarak malzeme yiizeylerinde
abrasyon aginmasi meydana gelmistir. Bu durum 500 m
kayma mesafesinde ger¢eklesen malzeme yiizeyinde daha net
bir sekilde gorilmektedir. Ayrica yiizeylerde catlaklar
seklinde olusan delaminasyon asinmasi da olusmustur.

III. TARTISMA

530 °C’de sinterlenerek iiretilen numunelere borlama islemi
sonrasi elde edilen sonuglar asagida verilmistir:

» Fe %95-Mg %5 kompozisyonuna yapilan borlama
islemi sonrasinda elde edilen borlama kalinlig: 11
pm olarak 6l¢iilmiistiir.

» Yapilan XRD analizi sonrasinda FeB, Fe,B ve Fe
faz degerleri ortaya ¢ikmustir.

» Asmma testi sonrasinda 250 m kayma mesafesi
ilerleme sonucunda ortalama 19,8 pum, 500 m
kayma mesafesi sonucunda ise 25,3 pum iz
derinligi olustugu tespit edilmistir.

March 22-24, 2018Karabiik, Turkey

» Kayma mesafesinin artmasina bagli olarak aginma
miktarinin da arttig1 gézlenmistir.

» Asmma testi sonrasinda numune yiizeylerinde
abrazif asinma ve sonrasinda da delaminasyon
asmmanin olustugu ortaya ¢ikmustir.
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Abstract— In this study, dispersion of nano SiO: in epoxy
composite aged in seawater and its effect on mechanical
properties were studied. The SiOz-epoxy polymer nanocomposite
materials were kept in seawater for a total of six months to be
tested every two months. Tensile and bending tests were applied
to composite materials as a mechanical test. According to the
mechanical test results, there was less decrease in strength in
SiO2-epoxy polymer nanocomposite material compared to
unmodified material. In usage of seawater, the mechanical
properties were observed to be the best in 2 % added SiO2-epoxy
nanocomposite material.

Keywords— Epoxy, nanocomposites, nano SiO2, seawater, tensile,
bending

I. INTRODUCTION

Epoxy resins are thermoset materials used widely in
structural and composite materials due to their properties such
as high strength, low shrinkage, effective electrical insulation,
excellent adhesion, chemical and solvent resistance, low
toxicity and low cost. Also, epoxy resins are banally used as
coatings, casting materials, binders and adhesives application
[1]. The use of nanoparticles is a common method used to
improve the strength of epoxy resins. Nanoparticles can
enhance interfacial area between fillers and polymer [2]. Thus,
an increment in performance on the properties of epoxy resin
is observed [2, 3]. In the literature, boron nitride, CNT [4],
nano clay [5], silica [6], graphene [7] nanoparticles are
commonly used to improve composite material properties. It
is known that polymeric resins can be influenced by water.
The interface of filler-polymer or fiber-polymer may weaken
when the resin absorbs water [8] [4]. The articles on the
disintegration of polymeric composites due to water
absorption can be found in the literature [9-12]. As a result,
these studies have shown a decrease in mechanical properties
due to water absorption.

In this research, the influence of seawater aging on the
mechanical performance of epoxy nanocomposites filled with
different proportions from 1 wt % to 5 wt % of nano-SiO»
have been studied. The nanocomposites were submerged in
seawater for up to six months at room temperature. The
specimens were mechanically examined every two months.

Tensile and bending tests were evaluated as mechanical
properties according to the related standard methods. The
experimental results illustrate that the SiO» nanoparticles left a
positive influence on the mechanical performance of the
nanocomposites in the sea water conditioning.

II. MATERIAL AND METHODS

A. Production of Composites

Nanocomposite materials were manufactured at rates of 1
wt % to 5 wt % nano- SiO». Epoxy and powdered nano-SiO»
were mixed with the ultrasonicator for 30 minutes in the ice
bath. After dispersing process curing agent was added in to
epoxy and the mixture was degassed at 25 °C and 0.6 bar at
approximately 20 min. Steel molds are covered with mold
release in Fig 1(a). The epoxy mixture was cast into steel
molds. Curing was performed firstly at 80 °C for
approximately 1 h, then at 120 °C at approximately 2 h. After
that it was slowly cooled to room temperature in the oven.
Subsequently, the specimens were removed from the steel
molds in Fig 1(b). All samples conventionally polished with
SiC sandpapers with grit numbers of 800 to minimize effect
stress concentration caused by sharp edges. The produced
composite materials were transported to seawater environment
and kept in seawater for 6 months.

Fig. 1 a) Steel mold b) Test specimens

B. Test procedure
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Bending and tensile tests were performed as a mechanical
test in the study. The ASTM D7264/ D7264M-07 standards
were used for the bending test and the ASTM D4762 - 11a
standards for the tensile test, respectively. The specimens
were tested every two months. Shimadzu test machine which
has 1 kN load cell was used for mechanical test. Tensile tests
were carried out with 2 mm'min’' tensile speed and bending

tests were performed under 1 mm-min™'.

III. RESULTS AND DISCUSSIONS

In a previous study we did, reinforcement of nano-SiO; had
improved the mechanical properties of epoxy composite in dry
condition [13]. Tensile and Bending curves for SiO»/Epoxy
nanocomposites are shown in Figure 2. Then, the composites,

aged under sea water condition, were tested every two months.

Figure 3 illustrated that result of tensile and bending tests for
Si0»/Epoxy nanocomposite.It is clear that the nanocomposites
are negatively affected by sea water when the results are
examined. In spite of this situation, reinforcement of nano-
SiO, tried to protect properties of the epoxy matrix. However,
nanoparticle-matrix interface may be affected by sea water.
According to all curves, reinforcement of 2 wt. % SiO2/Epoxy
has better mechanical performance than the other difference
proportions. In the end of 6th month, we did not get any
results for bending test, due to excessive displacement in the
nanocomposites.
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Fig 2. (a) Tensile curve (b) Bending curve in dry condition [13]
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Fig 3. Tensile and Bending Curves in sea water condition for SiO,/Epoxy
nanocomposite
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Compared to 0 wt. % SiO»/Epoxy composite, the
mechanical properties of 2 wt. % SiO»/Epoxy nanocomposite
are presented in Table 1. Though SiO, nanoparticles are
enhanced the performance of tensile strength and load bending
capacity in dry condition, the particles cannot be prevented
decrement of these mechanical performances after aging due
to the detrimental effect of the absorbed seawater.
Nevertheless, SiO, nanoparticles are succeeded in delaying
the damage mechanisms when the numerical results in Table 1
are considered.

Table 1. Results of mechanical test for 0 wt. % and 2 wt. % SiO,/Epoxy
nanocomposite.

Condition

Dry Sea water

Mechanical Properties Nanocomposites

2nd 4th 6th

65.2 59.4 54.9 0 wt.% SiO2/Epoxy
Tensile Strength (MPa)

93.9 90.8 87.4 84.4 2 wt.% SiO2/Epoxy

233 2135 1212 - 0 wt.% SiO2/Epoxy

Bending Force (N)

438.5 3937 2779 - 2 wt.% SiO2/Epoxy

IV. CONCLUSIONS

Consequently, the studies on the mechanical properties
show that the reinforcement of SiO, nanoparticles in the
epoxy matrix polymer has significant positive or negative
influences on nanocomposites for both of dry and seawater
conditions. From the results of this study, the following
conclusions can be drawn:

. High proportions of SiO» nanoparticles (e.g. 4-5
wt. %) have shown weak performance in load capacity due to
agglomeration of particles.

. The other proportions of SiO, nanoparticles in epoxy
matrix polymer are demonstrated superior properties in both
of condition.

. According to result of mechanical test, sea water
absorption is weaken both tensile strength and bending force.
But, SiO, added nanocomposites are less affected after aging
than the others.

. At the end of the sixth month of bending test results,
a displacement exceeding the device capacity has occurred.
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Abstract— Aluminum alloys attract attention due to their
lightweight and sufficient strength. Hence, they are used in
aerospace and automotive industries in addition to other
structural applications.

Powder metallurgy has been employed for producing parts
having net shapes. In the present study, effect of Mg powder
addition on microstructure and mechanical properties of Al4Cu
alloy has been investigated. Mg is known to enhance sintering of
aluminium alloys, by reacting with Al2O3 layer which is present
on the surfaces of the aluminium particles.

In the present study, Mg in powder form was added into Al, Cu
(4 wt.%) powders in 1-10 wt % range. After weighing, mixing
was performed in dry form. Mixed powders were shaped by
pressing at 600 MPa pressure in a tool steel die. Pressed samples
were sintered in nitrogen atmosphere. Sintering was conducted
at 610 °C for the samples that did not contain Mg, on the other
hand samples having Mg addition were sintered at 590 °C.
Sintered samples were subjected to density and hardness
measurements. Optical microscope was utilized for
microstructure examinations, after cutting, grinding and
polishing of the samples. Three point bending tests were
conducted with a Shimadzu universal testing unit.

As compared to the samples that did not contain Mg, samples
having Mg presented higher density values. Density values were
in 95-97 % of the theoretical density. There was a slight increase
in density with the addition of Mg. This can be taken as an
indication that Mg enhances sintering of aluminium particles.
Hardness values of the sintered samples were about 50 HB10,
without Mg addition. Mg addition was seen to increase the
hardness of the sintered samples. Hardness values of samples
containing 1 and 2 % Mg were in 60-70 HB10 range. Higher
amounts of Mg resulted in a slight decrease in hardness. Three
point bending strength values of the sintered samples were 320
MPa without Mg addition. Addition of Mg was seen to increase
the bending strength. Bending strength values were 370 MPa
with 1 wt. % Mg addition and 430 MPa with S % Mg addition.

It was seen in optical microscopy examinations that there was
small amount of porosity when Mg amount was in 1-3 wt %
range. However it was inferred from the microstructural
examinations of the sintered samples having 5 and 10 wt% Mg
that high amounts of Mg result in large pores in the structure. In
addition, intermetallic compounds which are believed to be
composed of Al, Cu and Mg were present in the structure of the
sintered samples.

Keywords— Aluminum-%4 Cu alloy, Mg alloying, powder
metallurgy, sintering, mechanical properties

I. INTRODUCTION

Aluminum alloys attract attention due to their lightweight
and sufficient strength. Hence, they are used in aerospace and
automotive industries in addition to other structural
applications [1]. In the present study, effect of Mg powder
addition on microstructure and mechanical properties of
Al4Cu alloy has been investigated. Mg is known to enhance
sintering of aluminium alloys, by reacting with AlOs layer
which is present on the surfaces of the aluminium particles
[2,3]. Aluminum is widely used as a matrix material in metal
matrix composites, thanks to its lightweight and adequate
mechanical properties.

Powder metallurgy was chosen for the preparation of
aluminium alloy articles. Powder metallurgy has the
advantage of obtaining near net shaped parts having
homogeneous microstructure and high density. Powder
metallurgy has widely been utilized in the production of
composites also.

In the present study, Mg in powder form was added into Al,
Cu (4 wt.%) powders in 1-10 wt % range. After pressing and
sintering, effect of Mg addition was investigated by subjecting
the products to microstructural examinations and mechanical
characterization.

II. MATERIALS AND METHODS

Preparation of the alloy samples was conducted by powder
metallurgy technique that consisted of mixing, pressing and
sintering of the samples. After mixing aluminium (Merck) and
copper (Alfa Aesar) and Mg (Merck) in powder form,
pressing was performed in a tool steel die.

Mg in powder form was added into Al and Cu (4 wt.%)
powders in 1-10 wt % range. After weighing, mixing was
performed in dry condition. Mixed powders were shaped by
pressing at 600 MPa pressure. Pressed samples were sintered
in nitrogen atmosphere for 30 minutes. Sintering was
conducted at 610 °C for the samples that did not contain Mg,
on the other hand samples having Mg addition were sintered
at 590 °C. In the sintering operations, heating and cooling
rates of 6 °C/min were employed.

Sintered samples were subjected to density and hardness
measurements. Optical microscope was utilized for
microstructure examinations (Nikon Eclipse LV150) after
cutting, grinding and polishing of the samples. Three point
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bending tests were conducted with a universal mechanical
tester having 50 kN capacity (Shimadzu AG-IC). Hardness
tests were performed with a Brinell hardness tester (Bulut
Makina).

III. RESULTS AND DISCUSSION

A. Microstructural Examinations

Microstructure of the Al4Cu alloy, which was sintered at
610 °C is presented in Figure 1. Some particles of Al,Cu
intermetallic compound were observed in the microstructure
of this sample. These are the darker regions, on the boundaries
of Al grains. It was seen in the optical microscopy
examinations that this sample contained little or no porosity.

e

o

Fig. 1 Microstructure of the Al4Cu alloy, sintered at 610 °C

Microstructures of the Al4Cu alloy containing 1 wt.% Mg
is presented in Figure 2. The sizes of the intermetallic
compounds, which are believed to be composed of Al, Cu and
Mg [4], were seen to increase, when Mg is present in the
structure (dark regions). This sample also contained little or
no porosity, according to optical microscope examinations.

£ ¥ I »
= : & 2
. -.- -
5
- r
Fig. 2 Microstructure of the Al4Cu alloy, containing 1 wt.% Mg, sintered at
590 °C
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Microstructures of the Al4Cu alloy containing 5 wt.% Mg
is presented in Figure 3. The sizes of the intermetallic
compounds were seen to increase considerably. In addition,
amount of porosity in the structure increased. These pores are
believed to be originated from the diffusion of Mg in
aluminium.

Fig. 3 Microstructure of the Al4Cu alloy, containing 5 wt.% Mg, sintered at
590 °C

Microstructures of the Al4Cu alloy containing 10 wt.% Mg
is presented in Figure 4. The sizes of the pores compounds
were seen to increase considerably. It can be inferred that
increasing the amount of Mg particles in the starting mixture
results in an increase in the size and amount of the pores.

e
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Fig. 4 Microstructure of the Al4Cu alloy, containing 10 wt.% Mg, sintered at
590 °C

B. Density

Percent theoretical density values of the Al4Cu samples
containing 0, 1, 2, 3 and 5 wt.% Mg are presented in Figure 5.
Density values of the samples were in 95-97 % range. There
was a slight increase in density with the addition of Mg. On
the other hand, the density of the sample containing 10 wt.%
Mg could not be determined since it contained too many large
pores in the structure. Nonetheless, its density is believed to
be much lower than the density of the samples containing less
amount of Mg.
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Fig. 5 Percent theoretical density values of the Al4Cu samples containing 0, 1,
2,3 and 5 wt.% Mg

C. Mechanical Properties

Al-4%Cu alloy and alloys containing 1, 2, 3, 5, 10 wt. %
Mg were subjected to mechanical tests, such as hardness test
and 3 point bending test.

Results of the hardness measurements are presented in
Figure 6. The hardness value of the Al-4%Cu alloy was about
50 HB10. It can be seen that, hardness of the alloys increased
with the addition of Mg, up to 1 wt.% Mg and then decreased.
In any case, the hardness values of the alloys containing Mg
were higher than the Al4Cu alloy. The highest attained
hardness value was about 70 HB10.

The increase in the hardness of the alloys can be attributed
to the restraint of the aluminum due to the presence of the Mg
atoms or due to the presence of the intermetallic compounds
containing Mg. These make the deformation of aluminium
more difficult.
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Fig. 6 Hardness values of the unreinforced Al-4Cu alloy and samples
containing 1, 2, 5 and 10 wt.% Mg

Bending strength and strain values of the Al-4%Cu alloy
and alloys containing 1, 2, 3, 5, 10 wt. % Mg are presented in
Figures 7 and 8, respectively. Strength values were higher
than Al4Cu alloy for the samples containing Mg up to 5 wt.%.
Highest strength was attained in the sample having 5 wt.% Mg,
with a value of about 430 MPa. The lower strength value of
the sample having 10 wt.% Mg can be attributed to the
presence of high amount of large pores in the structure.
Bending strain values of the alloys containing Mg were
slightly lower than Al4Cu alloy.
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Fig. 7 Bending strength values of the Al-4Cu alloy containing 0, 1, 2, 3, 5 and
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Fig. 8 Bending strain values of the Al-4Cu alloy containing 0, 1, 2, 3, 5 and
10 wt.% Mg.

Stress-strain curves of the the Al-4%Cu alloy and alloys
containing 1, 2, 3, 5, 10 wt. % Mg are presented in Figures 9.
These plots are obtained as a result of 3-point bending tests. It
can be observed that Al4Cu alloy has a bending strength of
320 MPa. Bending strength values of the alloys can be seen to
be higher in the alloys having Mg up to 5 wt.%. However,
there is some loss of ductility in the alloys when Mg is present.

Lo
— 1% Mr

dall — HE 5 W g

an — SRy 1% Wi
e — SHN= i

T M

& Al — 10% Mg ."_,_.. a”“
= — b o B

Ll -
b |
m L
& |

| n g
13 2 q b -3 I 1l

Strain (%)

Fig. 8 Stress-strain plots of the Al-4Cu alloy containing 0, 1, 2, 3, 5 and 10
wt.% Mg.

147



1st International Symposium on Light Alloys and Composite Materials (ISLAC’18)

IV. CONCLUSIONS

It was seen in optical microscopy examinations that there
was small amount of porosity when Mg amount was in 1-3
wt. % range. However it was inferred from the microstructural
examinations of the sintered samples having 5 and 10 wt%
Mg that high amounts of Mg result in large pores in the
structure. In addition, intermetallic compounds which are
believed to be composed of Al, Cu and Mg were present in the
structure of the sintered samples.

Hardness of the alloys increased with the addition of Mg. In
addition, bending strength values were higher than Al4Cu
when alloys contained Mg up to 5 wt.%. However, there was a
slight decrease in bending strain of the alloys containing Mg,
indicating some decrease in ductility.
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Abstract— Aluminum is widely used as a matrix material in
metal matrix composites, thanks to its lightweight and adequate
mechanical properties. Utilization of aluminium is limited, due to
its low hardness and low wear resistance. In order to improve
these properties, reinforcements are introduced into aluminum
generally in particulate form, forming metal matrix composites.
Ceramic particles are mostly utilized as reinforcements, due to
their high hardness.

In the present study, ALO3 particles were used as reinforcement
in aluminum matrix. As a result, aluminum matrix composites
having 0-20 vol.% ALOs particles were obtained. Matrix alloy
was aluminum having 4 wt.% Cu. Preparation of the composites
via powder metallurgical routes consisted of mixing, pressing
and sintering. After mixing Al:O3, aluminum and copper in
powder form, pressing was performed in steel die set with 600
MPa pressure. Sintering of the pressed samples was conducted at
600 °C for 30 min in flowing nitrogen. Heating and cooling rates
were about 6 °C/min.

Samples were cut, polished and were subjected to metallographic
examinations with an optical microscope. Hardness tests were
performed with a Brinell hardness tester. Three point bending
tests were conducted with a universal mechanical tester having
50 kN capacity.

It was found by optical microscopy examinations that the Al,Os
particles were homogenously distributed in the aluminum
matrix. Prepared composites had almost full density. Al:O3
addition was seen to increase hardness of the obtained
composites. Unreinforced Al-4%Cu alloy had a hardness of
about 45 HB10 and the composite having 10 vol.% ALO:3
presented a hardness value of 51 HB10. Three point bending
strength was 335 MPa in the composite containing 20 vol.%
ALOs. Unreinforced sample presented higher bending strength
values. Therefore, obtained composites provided an increase in
the hardness values, whereas there was a reduction in the three
point bending strength of the composite structures.

Keywords— Aluminum matrix composites, ALOs, particulate
reinforcement, powder metallurgy, sintering

I. INTRODUCTION

Aluminum is widely used as a matrix material in metal
matrix composites, as a result of its light weight and sufficient
mechanical properties.

However, unreinforced aluminium has low hardness and
low wear resistance, which make utilization aluminium
difficult for many applications. In order to improve the
hardness and wear resistance of aluminum, reinforcements are

introduced generally in particulate form, forming metal matrix
composites. Ceramic particles are mostly utilized as
reinforcements, due to their high hardness [1,2].

In aluminium matrix composites, matrix alloy is generally
preferred as aluminum having 4 wt.% Cu. This matrix is
selected since it provides liquid phase sintering, in addition to
precipitation hardening.

Powder metallurgy was chosen for the preparation of Al,O3
reinforced aluminum matrix composites. Powder metallurgy
has the advantage of obtaining a homogenous distribution of
the reinforcement particles in the metal matrix. In addition,
metal matrix composites with a high range of reinforcement
particle amount can be obtained by this method. Also, near net
shapes can be obtained by powder metallurgy.

Liquid phase techniques such as stir casting were also
employed in the literature for forming Al,Os3 reinforced
aluminum matrix composites. In the study of Beygi, et al.,
nano and micron sized ALOs; particles were used as
reinforcements in A386 aluminium cast alloy. There was a
slight increase in tensile strength of the alloy when AlLO3
micron sized particles were added [3]. Casting techniques
have the disadvantages of resulting in inhomogeneous
structure of the formed composite and insufficient wetting of
the reinforcement particles [4].

In the present study, Al,Os; particles were used as
reinforcement in aluminum matrix. As a result, aluminum
matrix composites having 0-20 vol. % Al,Os particles were
obtained.

II. MATERIALS AND METHODS

Preparation of the composites via powder metallurgical
routes consisted of mixing, pressing and sintering. After
mixing ALOs (Merck), aluminium (Merck) and copper (Alfa
Aesar) in powder form, pressing was performed in steel die
set with 600 MPa pressure.

Sintering of the pressed samples was conducted at 600 °C
for 30 min in flowing nitrogen. Heating and cooling rates
were about 6 °C/min.

After preparation, the samples were cut, ground on emery
paper (Metkon), polished and they were subjected to
metallographic examinations with an optical microscope
(Nikon Eclipse LV150).

Hardness tests were performed with a Brinell hardness
tester (Bulut Makina). Three point bending tests were
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conducted with a universal mechanical tester having 50 kN
capacity (Shimadzu AG-IC).

III. RESULTS AND DISCUSSION

A. Microstructural Examinations

Unreinforced Al-4%Cu alloy samples and composite
samples containing Al-4%Cu matrix alloy and 5, 10 and 20
vol. % AlLOs were produced. Microstructure of the
unreinforced Al-4%Cu alloy is presented in Figure 1. It can be
seen that the microstructure is clean. In higher magnifications,
intermetallic Al,Cu phase, in the shape of rod-like particles on
the grain boundaries of the aluminium grains could be
observed, during the optical microscopy examinations.
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Fig. 1 Microstructure of the Al-4%Cu matrix alloy, after sintering at 600 °C.

Microstructures of the composites containing 5, 10 and 20
vol. % AlOs are presented in Figure 2 — Figure 4. The dark
particles observed in these micrographs are AlOs particles.
The light, continuous structure is the Al-4%Cu matrix alloy. It
can be seen that Al,Oj; particles are homogenously distributed
in the microstructure of the composites. This can be counted

as an advantage of the employed powder metallurgy technique.

The sizes of the Al,Os particles were mostly 20-25 microns.
However, there were some particles smaller than 20 microns.
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Fig. 2 Microstructure of the composite sample containing 5 vol. % ALOs,
after sintering at 600 °C.
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Fig. 3 Microstructure of the composite sample containing 10 vol. % ALOs,
after sintering at 600 °C.

Fig. 4 Microstructure of the composite sample containing 20 vol. % Al,Os,
after sintering at 600 °C.

B. Mechanical Properties

Unreinforced Al-4%Cu matrix alloy and composites
containing 5, 10 and 20 vol. % AlLO; were subjected to
mechanical tests, such as hardness test and 3 point bending
test.

Results of the hardness measurements are presented in
Figure 5. The hardness value of the unreinforced Al-4%Cu
alloy was about 45 HB10. It can be seen that, hardness of the
composites increased with the addition of AlbOs, until 10 %
AlOj; addition. The highest attained hardness value was about
51 HB10.

The increase in the hardness of the composites can be
attributed to the restraint of the matrix due to the presence of
the ALO; particles. AlbO; particles render the Al-4%Cu
matrix harder to deform plastically.
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Fig. 5 Hardness values of the unreinforced Al-4Cu matrix alloy and
composite samples reinforced with 5, 10 and 20 vol. % Al,Os particles.

Stress-strain curves (3 point bending) of the unreinforced
Al-4%Cu alloy and composite samples containing 5, 10 and
20 vol. % ALO; are presented in Figure 6. Three point
bending strength was 335 MPa in the composite containing 20
vol.% AlLO;. Unreinforced sample presented higher bending
strength values. This can be attributed to the weak interface
between the aluminium matrix and Al,O; particles.
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Fig. 6 Stress-strain plots of the unreinforced Al-4Cu matrix alloy and
composite samples reinforced with 5, 10 and 20 vol. % Al,O5 particles.

IV. CONCLUSIONS

Obtained AlO; reinforced Al-4%Cu matrix composites
provided an increase in the hardness values, whereas there
was a reduction in the three point bending strength of the
composite structures. AlLOs reinforcement is believed to
enhance wear resistance of the base Al-4%Cu alloy.
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Abstract— In this study, Cu—-Mo composite coatings were
produced on copper substrate by plasma spray technique.
Electrical conductivity and microstructure properties of the
composite coatings were investigated. Microstructure and phase
composition of the coatings were examined by using optical
microscopy (OM), scanning electron microscope (SEM), X-ray
diffraction (XRD), and energy-dispersive X-ray spectroscopy
(EDS). The microhardness experiments were also performed by
using a microhardness machine. The electrical conductivity
properties of the coatings were evaluated with eddy current
instruments. Although the electrical conductivities of the coatings
are very small compared to the substrate, it has been determined
that the coatings exhibit a very good hardness values in
comparison to the substrate.

Keywords—  Cu-Mo electrical

microstructure

coatings; conductivity;

I. INTRODUCTION

The reason for the copper to remain as the most important
engineering materials every day is; high corrosion resistance,
excellent electrical and thermal conductivity, attractive
appearance, high ductility and ease of forming. Pure copper is
widely used in the transmission of electric current in places
related to cables, wires, electrical contacts and other electrical
works. Copper and some alloys are used in automotive radiators,
heat exchangers, home heating systems, panels for solar energy
absorption, and applications where heat is required to quickly
transfer from one point of metal to another [1]. Despite the high
electrical, thermal conductivity and good corrosion resistance
of copper, properties such as low hardness, yield strength, creep
resistance and low wear resistance limit the use of copper.
Because pure copper recrystallizes at temperatures close to
500 °C, even if hardened by cold forming, and therefore quickly
loses its strength. A lot of work has been done in the literature
to come from above. Most of the researchers have focused on
the production of ceramic reinforced copper matrix composites.
In the literature, Al,Os, SiC, TiB,, TiC, B4C and WC particles
are usually added to the Cu matrix [2-6]. In these previous
studies, pore formation reveals the negative side of the studies.
As is known, pore formation adversely affects the mechanical

properties as well as the electrical conductivity properties.
Junjie et al. [7] studied the hardness and electrical conductivity
of Cu-matrix nanocomposites reinforced with in-situ TiC
fabricated using long-term ball milling and hot pressing. It has
been detected that as the ball milling time increased, the
hardness and electrical conductivity increased. Chenchen et al.
[8] reported that microstructures, mechanical and electrical
properties of ZrB, microparticles reinforced Cu composites
prepared by hot-pressed sintering. The results indicated that the
relative density and electrical conductivity of the composites
decrease with increasing ZrB, content. Huanchao et al. [9]
added a new generation of graphite into the copper. The Gr/Cu
composites were produced by using ball milling and cold
compacting sintering process. The mechanical and
physicochemical properties including hardness, relative density,
conductivity and oxidation resistance were tested. The relative
density, hardness, oxidation weight gain and IACS of the
materials obtained by the optimum process parameters were
90.0%, 53.4HB, 1.6 mg cm 2 and 76.2%, respectively.

In this study, we tried to improve the hardness properties
without compromising the electrical conductivity of the copper
material too much. For this purpose, a Cu + Mo coating layer
with different ratios was produced on copper substrate using
plasma spraying method. Molybdenum is a typical refractory
metal with body-centered cubic (BCC) lattice structure. The
high melting point (2610 °C) is characterized by low thermal
expansion coefficient and high thermal/electrical conductivity
[10]. In the literature, the use of Mo in copper alloys is very
limited, and coating production is not available. Plasma
spraying is effectively and economically applied to various
machine parts to reduce surface defects [11]. In this method,
the complete or partial melting of the powders varies depending
on their thermal properties. The controllability of the system at
extremely high heating and cooling rates makes it possible to
produce coatings made of metallic, non-metallic and ceramics
and combinations with this method [12].

II. MATERIALS AND METHODS

Pure copper plates at 20 mm x 60 mm x 5 mm and 99.9%
purity were selected as the substrate. Cu and Mo powders with
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-90+45 um and -75+45 pm grain sizes respectively were coated
on the substrate using plasma spray method. Mo was added to
Cu in proportions of 10, 25 and 50% by weight. In the
production of the coating layers, a Sulzer Metco F4-MB model
plasma spray coating system with a power of 55 kW was used.
The principle scheme of the plasma spray coating process is
shown in Fig. 1. The production parameters of the coatings are
summarized in Table 1. The flow rate of the argon gas used to
produce the plasma beam was set at 35 1 / min in all coatings.
Spraying was made at a distance of 80 mm. The coating
powders are injected externally into the gun. The injected
powders are oriented parallel to the plasma flow. The coating
powder feed rate was set to 50 g/min, the H» gas flow rate to 10
1/min and the carrier gas rate to 3 I/min.

Ar = Hz inpul

Figure 1. Sulzer Metco F4-MB model plasma spray coating system

Table 1: Production parameters

Parameters

Gun type Sulzer-Metco F4
Current (A) 580

Volt (V) 60-65

Ar gas flow (I/min) 35

Hz gas flow (I/min) 10

Spray distance (mm) 80

The amount of powder feed (g/min) 50

Carrier gas (Ar) flow (1/min) 3.0

The microstructure and phase formation properties of the
coatings were determined by SEM-EDS and XRD analyses.
The hardness was measured under a load of 300 grams with a
microhardness device and at a waiting time of 15 seconds by
using SHIMADZU HMV-G21 model microhardness machine.
The electrical conductivities of coatings (Cu-Mo) and substrate
(Cu) were measured according to ASTM E1004-02 standard
with eddy current principle.

III. RESULTS AND DISCUSSION

Fig. 2 illustrates optical images of coatings. The thickness of
the interlayer coating is 300 pum. It is seen that the coating layers
are homogeneous. As the Mo content increased, the porosity
increased. The bond between the coating and the substrate is
compatible. There is a covering layer in the appearance of a
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laminated structure. In all coatings, a lamellar microstructure is
observed, which is well known in thermal spray coatings and is
formed by molten metal droplets impacting the substrate and
continuously wetting it [13, 14]. The lamellar structure occurs
in the form of impingement of molten particles on the substrate,
deformation, and solidification. [15]. According to Kuroda and
Kobayashi [16] the lamella is formed parallel to the substrate
and the middle part of the lamella is thick and the thickness is
decreased towards the end parts.

Figure 2. (a) Cu-10 Mo coating (b) Cu-25 Mo coating, (¢) Cu-50 Mo coating.

The EDS analysis of the Cu-50% Mo coating produced by
the plasma spray method on the Cu substrate is given in Fig. 3.
The chemical compositions of different lamellae are formed in
the coating. When the area from the coating layer EDS is
examined, it is seen that the coating represents the Cu-50 wt.%
Mo content. The MAP analysis of Fig. 4 shows that all three
coatings with relatively homogeneous distribution of the
elements present in the coating layer. The distribution of the
elements in the coating affects the electrical conductivity and
mechanical properties.
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(©
Figure 4. SEM-MAP analyses of coatings; (a) Cu-10 Mo coating (b) Cu-25 Mo
coating, (c) Cu-50 Mo coating.

Fig. 5 illustrates the XRD graphic of Cu-Mo composite
coatings which are produced with plasma spray. Cu and Mo
phases are present in the coating layers. No oxide formation has
occurred in the coatings and substrate. No phase formation
occurred between Cu and Mo. According to the Cu-Mo phase
diagram, this is normal. Because the Cu-Mo phase diagram is a
monotectic diagram [17]. The result is that Cu-Mo coatings are
mechanical mixtures of the refractory metal Mo and Cu with a
face-centered cubic structure.
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Figure 5. XRD graphic of Cu-Mo composite coatings

The hardness graph of the coatings is given in Fig. 6a. Six
hardness measurements were taken from each sample.
Averages of hardness were taken and evaluated. The hardness
was increased by coating with Cu substrate (56-91%). As the

addition of Mo increases, the hardness of the coatings increases.

This is due to the natural hardness of Mo. The electrical
conductivity graph of the coatings is given in Fig. 6b. With the
increase of molybdenum, the electrical conductivities of the
coatings decreased. This is due to the fact that the electrical
conductivity of Mo is lower than that of Cu and the porosity is
increased by the addition of Mo.
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Figure 6. (a) Hardness graph and (b) Electrical conductivity graph

Coating of Cu substrate with Cu-Mo powder mixture
resulted in a significant increase in the hardness. The electrical
conductivity of the Cu substrate is measured as 90% IACS,
while the electrical conductivities of the coatings are in the
range of 57-80% IACS. These coatings can be used in areas
where the electrical conductivity value is not too high than 57-
80% IACS and the hardness is high.

IV.CONCLUSIONS
)

« Coating of Cu substrate with Cu-Mo powder mixture
resulted in a significant increase in the hardness.

« The electrical conductivity of the Cu substrate is measured
as 90% IACS, while the electrical conductivities of the
coatings are in the range of 57-80% IACS.

« Although the electrical conductivities of the coatings are
very small compared to the substrate, it has been
determined that the coatings exhibit a very good hardness
values in comparison to the substrate.

« These coatings can be used in areas where the electrical

conductivity value is not too high than 57-80% IACS and

the hardness is high.
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Abstract— After the implantation of a biomaterial, it is exposed to
mechanical loads and body fluids continuously or periodically
according to the implantation area. Hence, the most important
expectancy of biomaterials is to be biocompatible; not to cause a
reaction or impede natural growth of the tissue, bone and organ.
Ceramic materials with excellent mechanical, corrosion and
abrasion resistance is set in terms of features such as biomaterials.
In this study, ceramic coatings were produced on AISI 316L
stainless steel by the plasma spray method. It was aimed to
investigate microstructure and biocompatibility properties of
coatings. Scanning electron microscope (SEM) analysis and X-ray
diffraction (XRD) phase analysis were used to determine the
microstructure and phase composition properties. The
biocompatibility properties of coatings have been tried to be
determined by analyzing cytotoxicity and viability.

Keywords— Ceramic coatings, biocompatibility, microstructure

I. INTRODUCTION

Biomaterials are natural or synthetically obtainable
materials which are used for prosthetic, diagnostic or
therapeutic purposes and which are in contact with tissue, blood
and other body fluids within the body [1, 2]. The performances
of the materials used in the body are important. The
performances of the materials placed inside the body can be
examined from different angles. Depending on the area in
which the problem is to be solved, a classification can be made
at the tissue-organ level or according to the materials used [3].
Biomaterials can be used for a long time or for a short time. The
most basic feature that implants should provide is that they are
not allergenic or toxic. In addition, biomaterials, designs and
mechanical behaviour are important qualities. Ceramics are
usually blends of metals formed by non-metallic elements. The
interatomic bond is ionic or covalent. Ceramic materials have
been used as medical materials for many years despite their
fragility, porous structure, low tensile strength and low impact
strength. With the recent development of new methods,
ceramics are used in many different fields of biomolecules.
Thus, ceramics and composites have begun to be applied as
biomaterials instead of bone in the body. Ceramic materials

used as implants are preferred in medical applications due to
their inertity to body fluids and the advantages of high
compression strengths. Some carbon-based ceramics are used
as heart valves because they do not interfere with blood fluid.
The characteristics of bioceramics are: they are not toxic,
biocompatible and have no allergic effects [4, 5].

Plasma spraying method is spraying of powder on the
surface of the material to be coated at a plasma temperature
which is ionized and can reach up to 15.000 ° C-25.000 ° C,
while the diatomic gases (argon-hydrogen mixture) passing
between a tungsten (cathode (-)) and a copper nozzle [6-8].
Plasma spraying is effectively and economically applied to
various machine parts to reduce surface defects [9]. In this
method, the complete or partial melting of the powders varies
depending on their thermal properties. The controllability of the
system at extremely high heating and cooling rates makes it
possible to produce coatings made of metallic, non-metallic and
ceramics and combinations with this method [10]. Ceramic
(especially oxide based) powders are used more frequently than
metallic powders in the plasma spray method due to their high
chemical stability at high temperatures, excellent wear
resistance and corrosion resistance [11]. Ceramic materials
with high resistance to corrosive and thermal conditions,
relatively low density and high hardness are preferred over
polymeric and metallic materials due to their existing properties.
Ceramic materials such as aluminum oxide, zirconium oxide,
titanium oxide, chromium oxide, silicon oxide and yttrium
oxide are widely used as surface coating materials to improve
wear, erosion, cavitation and corrosion resistance of materials.
Such materials are particularly needed in applications where
resistance to wear and corrosion is desired [12, 13].

In this study, Al,O3, Al,O3 - 40% TiO2, ZrO; - 8% Y03 and
Cr,03 - 40% TiO, oxide coatings were produced by plasma
spraying on AISI 316L stainless steel surface. Microstructure
and biocompatibility properties were experimentally
investigated. Microstructure, microhardness and phase
properties were determined by scanning electron microscopy
(SEM), energy dispersive spectrometry (EDS) and X-ray
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diffractogram (XRD) analyzes. The microhardness change was
measured from the top of the coating layer. The
biocompatibility properties of coatings have been tried to be
determined by cytotoxicity and viability analysis.

II. MATERIALS AND METHODS

AISI 316L stainless steel was used as substrate and Al,Os,
A1203 -40% TiOz, ZI‘Oz -8% Y203 and CI‘203 -40% TiOz were
used as coating powders. A Sulzer Metco 9IMB atmospheric
plasma spray coating system with 80 kVA of power was used
to produce the coating layer. For metallographic investigations,
the samples were sanded by passing through coarse and fine
sanding steps, respectively. The sanded samples were polished
using diamond solutions and etched using a solution of HNO;
(40 pct.) + CoHsOH (60 pct.). SEM-EDS analyzes were
performed to determine the chemical composition of the
microstructure. X-ray analysis was carried out to determine the
phases formed in the microstructure.

The hardness measurement was made with SHIMADZU
HMV-G21 brand microhardness device with a waiting period
of 15 sec and a load of 200 gr. The biocompatibility properties
of coatings have been tried to be determined by cytotoxicity and
viability analysis. Cytotoxicity tests of the prepared materials
were performed by in vitro tests based on cell viability. MTT
[3-  (4,5-dimethyldiyazol-2-yl) -2,5-diphenyl tetrazolium
bromide] test, based on measuring cell viability and
mitochondrial dehydrogenase activity, was used in cytotoxicity
assays.

III. RESULTS AND DISCUSSION

Microstructure images of ceramic-based coatings produced
by plasma spray method are shown in Fig. 1. The coating layer
is connected to the bottom material as compatible. This is a
positive result of the strength of the coatings against
mechanical forces. The porosity in the coating layers came to
fruition. Although this is negative for mechanical properties, it
is considered to be favourable in terms of biocompatibility.
Pore formation is inevitable in studies carried out in the
literature. Fig. 2 shows the XRD analyzes of the coatings.
Phases seen in coatings represent powders before coating.
Besides this, it is formed in ternary phases and binary phases.

Figure 1. (2) ALO; (b) ALO; - 40% TiOs, (c) ZrO; - 8% Y20; and (d) Cr,0; -
40% TiO,.
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Figure 2. XRD analyses: (a) ALOs (b) ALO; - 40% TiO,, (c) ZrO, - 8% Y,0;
and (d) Cr,0; - 40% TiO,.

In Figure 3, the microhardness values of the substrate and
coating layers are given. The coating was also taken from six
different regions from the layers and taken from the upper
surface of the coatings. Evaluation was made by taking the
average of the values received. While the hardness of the
bottom layer is 215 HV0.2, the hardness values of the coating
layers are 905 HVy.,, 760 HVo2, 950 HVy2 and 1215 HVyo,,
respectively, which are 3.5-5.6 times higher than the lower
layer. These increases in hardness are due to the natural
hardness of the ceramic materials. During this hardness
measurement, no cracks were formed in the ceramic coatings.
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Figure 3. Microhardness values of the substrate and coating layers

13y

[

BEhdendazis 00

VA FA
Sxanpime

MLk A B 5

Mitochondrial activities and viability of the proliferating
cells were followed by MTT assay. For this test, a 6-well petri
dish was used depending on the size of the samples. 4.5 ml of
freshly prepared medium was added to Petrin’s wells and 0.5
ml MTT kit was added to provide 10% concentration. Each
well was placed in a carbondioxide incubator for 4 hours with
samples placed. However, one of the wells was not used as an
example and the mediocre was used as blind. At the end of the
incubation, the formation of formazan crystals was examined
in the inverted microscope. Subsequently, the dark blue
formazan crystals were dissolved in MTT solvent and the color
intensity was measured at 570 nm on a UV-spectrophotometer.
The MTT tests applied to the cultures were repeated three times
and the mean values of three different measurements were
taken and plotted against the days (Fig. 4). In general, it was
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observed that cell viability did not change much in all ceramic
coatings and the highest absorbance value was obtained on the
7th day. In addition, although it is clear that biocompatibility
due to cell viability shows similar values for all coatings, the
most compatible and consistent results in terms of cytotoxicity
were obtained in the coating of aluminum oxide-titania.
According to quantitative analyzes, the cell viability of the
alloy with Zirconium oxide coating was generally preserved in
the cell culture lasting 14 days and decreased by 35% on the
14th day. In chromium oxide titanium oxide coating, this
change was calculated to be 31%, 24% for aluminum oxide-
titanium oxide coating, and 13% for aluminum oxide coating.
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IV. CONCLUSIONS

According to SEM studies, the coating layers are connected
to the substrate in accordance. This is a positive result of the
strength of the coatings against mechanical forces. The
elements in the coatings are homogeneously distributed. From
the XRD analysis it is understood that the phases in the coatings
represent the powders before coating. Besides this, it is formed
in triple phases in addition to binary phases. The hardness of
the coatings varied between 760-1215 HV, and there was a
3.5-5.6-fold increase compared to the substrate. Although it is
clear that biocompatibility depends on cell viability, similar
results are obtained in all coatings, but the most compatible and
consistent results in terms of cytotoxicity were obtained with
aluminum oxide-titanium oxide coating.
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Abstract — The main purpose of this study is to analyze the
bending stress and deflection behaviors of layered functionally
graded square plates under clamped boundary conditions using
uniform distributed loading (pressure). The layered FG plate
was considered to vary according to a simple rule of mixture of
composite materials in terms of the volume fractions of the
constituents. Layer positions of the plates were carried out based
on Taguchi L16 (4*) orthogonal array design and mechanical
properties of layers were considered as control factors.
Numerical bending and deflection analyses were performed
using finite element software ANSYS V13 (Mechanical APDL).
Optimum layers were determined using analysis of signal-to-
noise (S/N) ratio in order to obtain minimum bending stress and
deflection result. The layers and their percent contributions on
the numerical results are evaluated using Analysis of Variance
(ANOVA).

Keywords— Finite element method, Bending Stress, Deflection,
Functionally graded materials

I. INTRODUCTION

Plates are of major significance in the engineering fields
and plates with different properties can be needed for various
usage environments. A new material type named Functionally
Graded Material (FGM) was presented in 1984 [1] and many
studies consisting of FGM have been successfully published
since that year. In literature, there are a lot of studies for static
analysis of FG plates. Talha and Singh [2] observed the static
and free vibration behaviors of plates prepared using FGM in
which material properties vary to thickness direction and they
used higher order shear deformation theory for analysis.
Abrate [3] analyzed the free vibration behavior, buckling
response and static deflection of plates designed using FGM.
Ferreira, Batra, Roque, Qian and Martins [4] investigated the
static behavior of plates formed using FGM with ceramic and
metal materials and they used shear deformation theory and
meshless method to perform static analysis of the plates.
Zenkour [5] observed the static response of the plates formed
using FGM with ceramic and metal materials under simply

supported boundary condition using a transverse uniform load.
They used generalized shear deformation theory. Bhandari
and Purohit [6] evaluated the static analysis of plate with
FGM consisting of ceramic and metal materials under
transverse load according to varying aspect ratio. Daouadji
and Tounsi [7] presented a work including the static analysis
of plates which having FGM with ceramic and metal materials
using a new higher order shear deformation model. In this
study, bending stress and deflection analysis of layered
functionally graded square plates were investigated using
finite element software ANSYS V13 based on Taguchi L16
orthogonal array. In addition, the effects of ceramic and metal
materials on the responses were evaluated

II. MATERIALS AND METHODS

A. Materials

The numerical analyses were performed using two different
materials. One of these materials is Alumina (Al,O3) and was
used as ceramic. Other is Aluminium (Al) and was used as
metal. Material properties of these materials is tabled in Table
1.

TABLE 1
MATERIAL PROPERTIES [2]

Materials Symbol | Unit | ALO3 Al Symbol
Young's E GPa | 380 70 E
modulus
Poisson’s

Ratio v - 0.3 0.3 v

B. Methods

Bending stress and deflection analyses were carried out
using layered functionally graded plates. Layer arrangements
of the FG plates are modelled using Taguchi L16 orthogonal
array with four control factors and four levels. Each layer
considered to be the control factor. Control factors and the
levels were given in Table 2.
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Levels of Control Factors

12% Al203-88% Al

18% Al203-82% Al

24% Al203-76% Al

36% ALO3-64% Al

42% Al203-58% Al

48% A03-52% Al

60% A1203-40% Al

66% A1203-34% Al

72% Al203-28% Al

Control Factors
Layer 1 6% A03-94% Al
Layer 2 30% ALO3-70% Al
Layer 3 54% Al203-46% Al
Layer 4 78% Al203-22% Al

84% A,03-16% Al

90% Al03-10% Al

96% Al203-4% Al

Layer 1 and Layer 4 are top layer and bottom layer,
respectively. According to Table 2, each layer has different
percent volume fraction of the ceramic and metal materials,
based on 6% Al>,O3 increasing. Thus the layers have different
mechanical properties. The effective material properties P for
each layer of the plates, such as Young’s modulus E.s, and
poisson’s ratio v, were calculated using a simple rule of
mixture of composite materials as shown in Equation 1 [8],

P = z B Vg, (1)
i=1

Pi and Vg denote the mechanical properties and volume
fraction of the constituent material i respectively. The sum of
the volume fractions of all the constituent materials is found
as one, as shown in Equation 2.

D V=1 @
i-1

v was considered to be constant. Mechanical properties of
the layers of the layered functionally graded plates were
calculated using Equations 1 and 2 and control factors are
obtained. Numerical results obtained using finite element
software ANSYS V13 (Mechanical APDL) were investigated
using Minitab R15 statistic software according to “smaller is
better” characteristic as Equation 3 [9].

ms = —10.log(n-’z yf] G)

i=1
where, n denote number of analysis in a trial and yi
illustrates investigated ith data.

III. FINITE ELEMENT APPROXIMATION

Numerical deflection and bending analysis were performed
using functionally graded square plates with 1.4 m side length.
The plates were designed to be four layers along the thickness
(z axis direction) and each layer has 1.4 mm thickness. Thus
total thicknesses of layered functionally graded square plates
were considered as 5.6 mm. All sides of the plates have
clamped boundary condition. Analysis was performed under
900 Pa pressure as uniform distributed load on Layer 1 using
finite element software ANSYS V13 (Mechanical APDL). In
numerical analysis, UX, UY, UZ, ROTX, ROTY, and ROTZ
were selected as degrees of freedom. Problem dimensionality

was determined as 3-D. SHELL181 element type for bending
and deflection analysis was used with a 4 node element which
having 6 degrees of freedom for each node: translations for
the x, y, and z directions, and rotations about the x, y, and z
axes. Comprehensive information for this element can be
obtained from ANSYS help menu. 100x100 mesh size was
used based global element sizes and mapped mesh type.
Bending stresses for maximum value were carried out
according to von Mises stress. The layered functionally
graded square plate with all sides clamped boundary condition
was shown in Figure 1.

Fig. 1 Layered functionally graded square plate with all sides clamped
boundary condition

IV.RESULTS AND DISCUSSIONS

Numerical bending stress and deflection analysis of layered
functionally graded square plates were carried out using finite
element software ANSYS V13 parametric design language
based on L16 Taguchi’s orthogonal array. Bending stress and
deflections results obtained were tabulated in Table 3.
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TABLE 3
BENDING STRESS AND DEFLECTION RESULTS
Control Factors Results
Trial Numeric S/N Ratio (dB)
Layerl Layer2 Layer3 Layer4
o (MPa) 6 (mm) n for o n for &
1 (Layerl) (Layer2): (Layer3) (Layer4) 21.0 1.622 -26.4444 -3.19134
2 (Layerl) (Layer2)2 (Layer3)2 (Layer4)z 213 1.549 -26.5676 -2.86030
3 (Layer1) (Layer2)3 (Layer3)s (Layer4)s 21.5 1.483 -26.6488 -2.33879
4 (Layer1) (Layer2)4 (Layer3)4 (Layer4)s 21.7 1.422 -26.7292 -2.36529
5 (Layerl)2 (Layer2): (Layer3)2 (Layer4)s 20.8 1.433 -26.3613 -2.47050
6 (Layerl)2 (Layer2)> (Layer3)1 (Layer4)s 21.1 1.380 -26.4856 -2.54858
7 (Layerl)2 (Layer2)s (Layer3)s (Layer4) 19.7 1.444 -25.8893 -2.15098
8 (Layerl)2 (Layer2)4 (Layer3); (Layer4): 20.0 1.390 -26.0206 -2.25210
9 (Layerl)s (Layer2) (Layer3)3 (Layer4)4 20.2 1.309 -26.1070 -1.57638
10 (Layerl)s (Layer2)> (Layer3)4 (Layer4)s 19.7 1.313 -25.8893 -1.66288
11 (Layerl)s (Layer2)s (Layer3) (Layer4)a 19.5 1.329 -25.8007 -3.19134
12 (Layerl)s (Layer2)4 (Layer3)2 (Layer4): 19.0 1.341 -25.5751 -2.86030
13 (Layerl)4 (Layer2)1 (Layer3)4 (Layer4)a 18.7 1.281 -25.4368 -2.33879
14 (Layer1)4 (Layer2)2 (Layer3)s (Layer4) 18.3 1.296 -25.2490 -2.36529
15 (Layer1)4 (Layer2)s (Layer3)2 (Layer4)s 19.4 1.199 -25.7560 -2.47050
16 (Layer])4 (Layer2)4 (Layer3) (Layer4)s 19.1 1.211 -25.6207 -2.54858
Overall Means, (T) 20.1 1.375

C. Detect of Optimum Layers and Their Levels

In order to carried out the optimum layer levels of layered
functionally graded plate, average values of bending stress
and deflection results for each level of each layer were
calculated using raw data. The average data and S/N ratio
value of each layer level based on bending stress and
deflection behaviors were tabled in Table 4 and Table 5,
respectively. According to Table 4, optimum layer levels of
layered functionally graded plates for minimum bending stress
value were obtained using fourth levels of Layer 1, Layer 2,
and Layer 3 and first level of Layer 4. Rank and delta values
demonstrate that maximum influences on the bending stress
analysis was found for Layer 1. It was followed by Layer 4,
Layer 3, and Layer 2. It can be seen from Table 5 that the
optimum layer levels for minimum deflection value of layered
functionally graded plates were determined as fourth levels of
all layers. In addition, the rank and delta data values illustrate
that the Layer 1 has the maximum influence on the deflection
analysis and was followed by Layer 4, Layer 2, and Layer 3 in
that order.

D. Effects of Layers

In order to assess the effect of each layer of layered
functionally graded square plates on the bending stress and
deflection behaviors, average data of bending stress and
deflection behavior for each layer at all levels based on raw
data were plotted in Figure 2 and Figure 3, respectively. These
values were taken from Table 4 and Table 5. According to

Figure 2, the increasing of the ceramic content in Layer I,
Layer 2, and Layer 3 decreases the bending stress. But Layer
4 has opposite effect according to other layers. In order word,
the increasing of the ceramic contents in Layer 4 increases the
bending stress. Figure 3 shows that the increasing of the
ceramic contents in all layers decreases deflection values.

E. Analysis of Variance

In order to investigate the level of importance of the layers
towards the bending stress and deflection behavior, Analysis
of Variance (ANOVA) at 95% confidence level is performed
using raw data. ANOVA results obtained were given in Table
6. ANOVA results show that the layers on bending stress
analysis are significant control parameters for p < 0.05 value.
Layer 1, Layer 2, and Layer 4 on deflection behavior were
determined as significant control parameters for p < 0.05
whereas Layer 3 is non-significant control parameter
according to p value < 0.05. In addition, the percent effects of
layers on the responses were shown in Figure 4. According to
Figure 4, the most effective layers on the bending stress
analysis were determined as Layer 1 with 82.21 %, Layer 4
with 16.29 %, Layer 3 with 0.79 %, and Layer 2 with 0.67 %,
respectively. In addition, the most effective layers on the
deflection analysis were found as Layer 1 with 83.33 %, Layer
4 with 10.52 %, Layer 2 with 5.43 %, and Layer 3 with
0.55 %, respectively
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TABLE 4
RESPONSE FOR BENDING STRESS
Level S/N Ratio (dB) Means (MPa)
eve!
Layerl Layer2 Layer3 Layer4 Layerl Layer2 Layer3 Layer4
1 -26.6 -26.09 -26.09 -25.79 21.38 20.17 20.18 19.50
2 -26.19 -26.05 -26.06 -25.96 20.40 20.10 20.13 19.88
3 -25.84 -26.02 -26.01 -26.13 19.60 20.02 20.00 20.27
4 -25.52 -25.99 -25.99 -26.27 18.88 19.95 19.95 20.60
Delta 1.08 0.1 0.1 0.48 2.5 0.22 0.23 1.1
Rank 1 4 3 2 1 4 3 2
TABLE 5
RESPONSE FOR DEFLECTION
S/N Ratio (dB) Means (mm)
Level
Layerl Layer2 Layer3 Layer4 Layerl Layer2 Layer3 Layer4
1 -3.621 -2.954 -2.783 -3.048 1.519 1.411 1.386 1.426
2 -2.994 -2.804 -2.763 -2.821 1.412 1.385 1.381 1.387
3 -2.431 -2.665 -2.719 -2.644 1.323 1.364 1.370 1.360
4 -1.911 -2.532 -2.691 -2.443 1.247 1.341 1.365 1.327
Delta 1.71 0.421 0.092 0.606 0.272 0.07 0.021 0.098
Rank 1 3 4 2 1 3 4 2
Control Factors Control Factors
s Layerl Layer2 Layer3 Layer4 Lssd Layerl Layer2 Layer3 Layer4
= 21.0+ _ 1.50+
&~
g
gv: 20,54 / = 4
§ E 1.40+
“Es 200 .\.\\.\- .\.\\.\n i \ .\'\\v\. \
g / 5 ™ \
§ 19.54 =
1.30+
19.0+
1.25+4
PSS S PSS T A S PRSP AP I T A S ASS
R A AN R U S R U S VA A S AN
%Al Volume Fraction %Al Volume Fraction
Fig. 2 Main effects plot for bending stress Fig. 3 Main effects plot for deflection behaviour
TABLE 6
ANOVA RESULTS FOR BENDING STRESS AND DEFLECTION BEHAVIOR
Source ANOVA for Bending Stress ANOVA for Deflection Behaviour
DF Seq SS Variance F P DF Seq SS Variance F P
Layerl 3 13.8425 4.6142 1845.67 0 3 0.164954 0.054985 481.97 0
Layer2 3 0.1125 0.0375 15.00 0.026 3 0.010747 0.003582 31.40 0.009
Layer3 3 0.1325 0.0442 17.67 0.021 3 0.001083 0.000361 3.16 0.185
Layer4 3 2.7425 0.9142 365.67 0 3 0.020827 0.006942 60.85 0.003
Error 3 0.0075 0.0025 3 0.000342 0.000114
Total 15 16.8375 15 0.197954
S =0.05, R-Sq =99.96 %, R-Sq(adj) = 99.78 % S =0.0106810, R-Sq = 99.83 %, R-Sq(adj) = 99.14%
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i
a

Fig. 4 The effects of layers on bending stress and deflection behavior

F. Estimation of Numerical Results

In order to calculate the optimum results of bending stress
and deflection values, optimum levels of all layers were used.
The predicted results of the bending stress and deflection can
be calculated based on Equation 4 and Equation 5,
respectively [9].

u, = Layerl; + Layer24 + Layer3; + Layer4, — 3T (4)

where, Layerl,=18.88, Layer24=19.95, Layer3,=19.95, and
Layer4,=19.5 represent the average values of Layerl, Layer2,
Layer 3 at level 4 and Layer4 at level 1, respectively. These
values were obtained from Table 4. T=20.1 refers to overall
mean of 16 analysis based on L16 orthogonal array is taken
from Table 3. Thus ,, is calculated as 17.98 MPa.

ug = Layerl, + Layer2; + Layer34 + Layerd; — 3T  (5)

where, Layerls=1.247, Layer24,=1.341, Layer341.365, and
Layer44=1.327 denote the average results of Layerl, Layer2,
Layer 3, and Layer4 for fourth level respectively. These
values were taken from Table 5. T=1.375 is the average result
of 16 analysis using L16 orthogonal array and is taken from
Table 3 and so ,, is calculated as 1.155 mm. Predicted results
obtained Equation 4 and Equation 5 and ANSYS results were

given in Table 5.

TABLE 7
OPTIMUM RESULTS
.. | Predicted | ANSYS %
Response | Symbol | Unit Results Results | Different
Bending G MPa | 17.98 18.20 1.21
Stress
Deflection mm 1.155 1.18 2.12

ANSYS results obtained for bending stress and deflection
analysis using optimum layers were illustrated in Figure 5. It
can be said from Figure 5 that maximum bending stress was
occurred middle sides of the plates. In addition, maximum
deflection was detected for middle point of the plate.
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Fig. 5 Optimum results for a) bending stress and b) deflection

V. CONCLUSIONS

Results obtained show that the increasing of ceramic
contents in Layer 1, Layer 2, and Layer 3 decrease the
bending stress, whereas the increasing of ceramic content in
Layer 4 increases. The deflection values increase with
increasing of the metal content in layers. Percent contributions
of Layer 1, Layer 2, Layer 3, and Layer 4 on the bending
stress analysis are carried out as 82.21 %, 0.67 %, 0.79 %, and
16.29 %, respectively. Percent contributions on deflection
analysis are obtained as Layer 1 with 83.33 %, Layer 4 with
10.52 %, Layer 2 with 5.43 %, and Layer 3 with 0.55 %
respectively. Percent difference between predicted and
ANSYS results for bending stress and deflection are detected
as 1.21 and 2.12 % respectively. According to p value < 0.05,
the layers have significant effects on bending stress. Layer 1,
Layer 2 and Layer 4 have significant influences on deflection
analysis and Layer 3 has non-significant effect for p < 0.05.
Maximum bending stress is occurred on middle side of plates,
whereas middle point of the plate has maximum deflection
value. Optimum levels of layers for minimum bending stress
value is obtained using fourth level of Layer 1, Layer 2 and
Layer 3, and first level of Layer 4, whereas minimum
deflection value is found using layers with level 4.
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Abstract— 1In this study silicotungstic acid loaded -chitosan
membrane was prepared and characterized. The prepared
membrane was characterized by FTIR, TGA and SEM. The
presence of silicotungstic acid hydrate in the chitosan membrane
was shown by FTIR analysis. TGA analysis is used to determine
degradation temperatures of hybrid membrane. Structure of
membrane was found stable to 200°C. In SEM analysis, the
surface image of the hybrid membrane was investigated for the
determination of the distribution of silicotungstic acid hydrate in
the membrane. The sorption properties of different silicotungstic
acid hydrate loaded chitosan membranes were first investigated
on pure components water, ethanol, butanol and isopropanol.
The highest sorption degree was observed in water due to the
hydrophilic nature of the chitosan membrane. Then the sorption
properties of the hybrid membrane were examined for binary
mixtures. Separation performance of the hybrid membrane was
investigated by preparing different concentrations of ethanol-
water, butanol-water and isopropanol-water  mixtures.
Increasing the amorphous region by the silicotungstic acid
results in increment of selective sorption with hydrophilicity. It is
concluded that silicotungstic acid hydrate-loaded chitosan hybrid
membrane is a good candidate for removing water from aqueous
solutions at the end of the experimental studies.

Keywords— Chitosan, hybrid membrane, silicotungstic acid
hydrate, sorption degree

I. GIRIS

Ayirma teknolojisinde, membran prosesleri geleneksel
ayirma yontemlerine gore daha disiik maliyete sahip
olmalarindan dolay1 son yillarda biiyiik ilgi goérmektedir.
Membranlar segici bir sekilde ayirmanin ve taginimin
gerceklestigi  engellerdir. Membranlarda ayirma islemi
konsantrasyon, basing, elektriksel potansiyel gibi bir itici
giicin varliginda gerceklesir [1]. Bunun yaninda ayirma,
membranin  morfolojik yapisina (gozenekli, asimetrik,
simetrik, gozeneksiz vs...), ayrilacak bilesenin molekiiler
boyutuna ve membranin yapildigt malzemeye baghdir.
Membranlar gozenekli, yogun ve kompozit membranlar
olarak smiflandirilabilir [2]. Kompozit membranlarda
gozenekli alt yapmin iizerinde genellikle baska bir
malzemeden yapilan gbzeneksiz yogun ince bir iist tabaka

vardir ya da polimerik matris icerisine inorganik bir katki
maddesi ilave edilerek hazirlanirlar [3].

Kompozit membranlar, saf membranlara gére daha yiiksek
ayirma faktoriine sahiptirler ve hibrit membran olarak da
adlandirilan bu membranlar ayirma islemlerinde son yillarda
biiytik ilgi gormektedirler. Bu hibrit yapilar, farkli organik-
inorganik malzemeler arasindaki sinerjik etkiden yararlanarak
hazirlanirlar.  Zeolitler, silikalar, heteropoliasitler, hibrit
membran malzemeleri i¢in inorganik dolgu maddeleri olarak
kullanilmaktadir. Fosfotungstik asit, fosfomolibdik asit ve
silikotungstik asit hidrat gibi heteropoliasitler, giiglii hidrofilik
ve asidik ozelliklerden dolay: tercih edilmektedirler. Hibrit
malzemelerin hidrofilik ve amorf bolgesi, polimer matriksine
heteropoliasit ilavesiyle artar. Hidrofilite ve amorf bolge,
hibrit malzemelerin sorpsiyon 6zellikleri i¢in Snemli
noktalardir [4-5].

Bu calismada, polimer matriks igerisine silikotungstik asit
eklenmesi ile organik-inorganik hibrit membranlarin
hazirlanmasi i¢in kitosan ve silikotungstik asitin uygunlugu
aragtirtlmigtir. Kitosan iyi film olusturma, yiiksek hidrofiliklik
ve ylksek kimyasal direng gibi dzellikleri nedeniyle membran
yapiminda tercih edilmektedir[6]. Kitosan dogal, toksik
olmayan, biyobozunur bir polimerdir. Kitosan hidroksil
gruplarla birlikte biiyiik miktarda reaktif amin gruplari iceren
cok fonksiyonlu bir polimerdir. Yapisindaki bu gruplar
kitosanin hidrofilik &zellik kazanmasint saglamaktadir. Bu
Ozellik milkemmel su sorpsiyonunda ve membran arasindan
bilesenin difiizyonunda 6nemli rol oynamaktadir [7]. Kitosan
membran suda siser. Bu ylizden hem mekanik dayanimini
arttirmak hem de seciciligini arttirmak i¢in uygun bir ajanla
capraz baglanmaktadir [8]. Sik sik kullanilan ¢apraz baglayici
ajanlari; glutaraldehit, epiklorohidrin, siilfiirik asit, dialdehit
nisasta vb.dir [7].

Silikotungstik asit hidrat Keggin yapismna sahip bir
heteropoliasittir. Guiglii asidite ve termal dayanima sahiptir.
Silikotungstik asit; Si, oksijen ve W30z birimlerine sahiptir.
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Su molekiilleri silikotungstik asit hidratin yapisina zayifga
baglanmislardir [9].

Silikotungstik asit hidratin yiizeyindeki —OH gruplari,
kitosanin yapisindaki -OH veya -NH, gruplar1 ile H-baglari
olusturmaktadir. Bu nedenle, kitosanin amorf bolgesi,
silikotungstik asit hidratin ilavesi ile arttirilabilir ve kitosan
membranlarinin performansi iyilestirilmis olur [4].

Silikotungstik asit hidrat yiiklii kitosan hibrit membran bu
calismada ¢ozeltiden dokim yontemi ile hazirlanmistir.
Membranin yapisi ve morfolojisi SEM, FTIR ve TGA ile
karakterize edilmistir. Membranin sorpsiyon ozellikleri saf
bilesenlerde ve ikili alkol-su karigimlarinda incelenmistir.
STA igeriginin, beslemedeki su konsantrasyonunun
membranin sorpsiyon derecesine etkisi incelenerek optimum
kosullar belirlenmistir.

II. DENEYSEL CALISMALAR

A. Kullanilan malzemeler

Hibrit membranin hazirlanmasinda kullanilan silikotungstik
asit ve kitosan malzemeleri Sigma Aldrich firmasindan temin
edilmistir. %99 saflikta etanol, biitanol ve izopropanol
kimyasallar1 ise Merck'ten tedarik edilmistir. Ayrica deneysel
calismalarda ytiksek saflikta su da kullanilmistir.

B. Silikotungstik asit hidrat yiiklii kitosan hibrit membranin
hazirlanmasi

Silikotungstik asit hidrat yiiklii kitosan hibrit membran
¢ozeltiden dokim yontemi ile hazirlanmigtir. Kitosan
agirhikca %2 asetik asit igeren sulu c¢ozeltide ¢ozlinerek
polimerik ¢ozelti hazirlanmistir. Agirlikga %2, 4, 6, 8 ve 10
silikotungstik asit hidrat ¢ozeltiye ilave dilip 24 saat kadar
karistirllmistir. Homojen dagilimi saglamak igin ultrasonik
karigtiricida  da  iki saat karigtirilan  ¢ozelti sonrasinda
polimetilmetakrilat  ylizeye dokilerek 40°Cde etiivde
kurumaya birakilmstir.

C. Silikotungstik asit hidrat yiiklii kitosan hibrit membranin
karakterizasyonu

Hazirlanan membranin yapist SEM, FTIR ve TGA
yontemleri kullanilarak karakterize edilmistir. Taramali
elektron mikroskoplart ile polimerik membran yiizeyinde
olusan yapilar incelenmistir. Membranlarin SEM analizleri
JEOL JSM-6335 F “Field emission scanning electron” model
mikroskop ile Tiibitak Marmara Arastirma Merkezi’nde
yaptirtlmistir. Hazirlanan katkili membranin bag yapilart ve
yapidaki dolgu maddeleri FTIR cihazi ile analiz edilmistir.
FTIR analizi Kocaeli Universitesi Kimya Miihendisligi
Boliimii Polimer Laboratuari’ndaki Perkin Elmer marka cihaz
ile yapilmistir. Malzemelerin sicakliga bagli olarak kiitle
degisimleri ise Kocaeli Universitesi Kimya Miihendisligi
Boliimii Polimer Laboratuari’nda incelenmistir.
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D. Silikotungstik asit hidrat yiiklii kitosan hibrit membranin
sorpsiyon testleri

Coziici ve membran arasindaki etkilesimi belirlemek igin
sorpsiyon deneyleri yapilmistir. Membranlar kiiciik parcalar
halinde kesilmis ve tartimlari alinmistir. Kuru agirliklar
belirlenen membranlar belirli zaman araliklarinda vezin
kaplarindan alimmig ve tartimi yapilmustir. Bu islem
cozeltideki membran agirligr sabit kalincaya kadar devam
etmistir ve Esitlik 1 kullanilarak sorpsiyon degerleri
bulunmustur.

W, - W
Sisme Derecesi (%) = Td* 100 Q)

d
Wy, kuru membran agirligt ve W, sismis membranin

agirhigidir.
III. DENEY SONUCLARININ DEGERLENDIRILMESI

A. Silikotungstik asit hidrat yiiklii kitosan hibrit membranin
karakterizasyon sonuglart

1) FTIR: Silikotungstik asit hidrat yiiklii kitosan hibrit
membranin FTIR spektras: Sekil 1’de gosterilmektedir.

A

000

AL 200

cm™

Sekil 1 Silikotungstik asit hidrat yiikli kitosan hibrit membranin FTIR
spektrumu

896, 1025, 1060 cm'deki pikler silikotungstik asit hidrat
yapisindaki Keggin birimlerini gostermektedir [4]. 3309 cm™!
civarindaki pikler ise Silikotungstik asit hidrattaki OH
baglarini isaret etmektedir. N—H baglarinin absorbansi 1555.9
cm "deki pikte goriilmektedir. 1376.5 cm ’deki pik ise C-H
baginin spesifik absorbanslarini gostermektedir [10-11].

2) SEM: SEM analizleri, saf kitosan membran ve
silikotungstik asit hidrat yiklii kitosan hibrit membrandan
alinan ornekler ile yapilmistir. Sekil 2’de saf ve katkili
membranin yiizey goriintiileri gosterilmistir.
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Sekil 2 Saf (a) ve katkili (b) membranin yiizey gériintiileri

Sekil 2(a)dan da gorildigi lizere saf kitosan polimeri ile
hazirlanan membranin yiizeyi olduk¢a diizgindiir. Sekil
2(b)de ise silikotungstik asit hidrat yiikli kitosan hibrit
membranin yiizeyinde silikotungstik asit hidrat dolgu maddesi
acikca goriinmektedir. Yiizeyde yiikleme islemi basari ile
gerceklestirilmistir.

3) TGA: Silikotungstik asit hidrat yiikli kitosan hibrit
membranin termal dayanimi Sekil 3°te verilmistir.
1 4
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Sekil 3 Silikotungstik asit hidrat yiiklii kitosan hibrit membranin TGA egrisi

iki temel kiitle kayb: yaklasik olarak 40-200°C ve 200-600°C
sicaklik araliginda gozlenmistir. Ik gozlenen kiitle kayb1 40-
200°C’de, fiziksel olarak absorblanmis su ve asetik asit gibi
kiigiik molekiillerin buharlagmasindan ileri gelmektedir. Ikinci
kiitle kaybr kitosanin ve silikotungstik asit hidrat katki
maddesinin bozunmas: ile ilgilidir. Bu bozunma polimerik
agm termal bozunmasi ve kitosan ve silikotungstik asit
hidratin yapisal bozulmasi ile ilgilidir. Silikotungstik asit
hidrat yiiklii kitosan hibrit membran iyi termal dayanim
sergilemigtir [12].

B. Silikotungstik asit hidrat yiiklii kitosan hibrit membrann
saf bilesen sorpsiyon performansinin incelenmesi

Silikotungstik asit hidrat yiiklii kitosan hibrit membranin saf
bilesenlerdeki  sorpsiyon  ozelliklerini  belirlemek igin
sorpsiyon testleri yapilmistir. Sekil 4’te silikotungstik asit
hidrat (STA) ytikli kitosan hibrit membranin saf bilesenlerde
sisme derecesinin STA miktar1 ile degisimi verilmistir.
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Sekil 4 Saf bilesenlerde sigme derecesinin STA miktar1 ile degisimi

Membran suda en yiiksek sorpsiyon derecesine sahiptir.
Ardindan sirasiyla etanol, biitanol ve izopropanolde sisme
gostermistir. Kitosan membranin hidrofilik  6zelliginden
dolayr sisme derecesi suda en yiiksek degerdedir. Sudaki
sisme derecesi %570 iken, etanol, biitanol ve izopropanoldeki
sisme dereceleri sirasiyla %25, %23 ve %20°dir. Ayrica STA
igerigi arttikga sorpsiyon derecesinin arttigi gozlenmistir. Saf
kitosan membranin suyu sorplama derecesi %150 iken, %10
STA yiikli membranda bu deger %570’¢ ulagmistir. STA
icerigi arttikca membranin saf bilesenleri sorplama kapasitesi
yaklasik 5 kat artmistir. Bu durum silikotungstik asit hidrat
yiiklii kitosan hibrit membranin hidrofiliklik 6zelliginin ve
amorf bolgesinin artan STA igerigi ile arttigin1 gostermektedir

[4].

C. Silikotungstik asit hidrat yiiklii kitosan hibrit membranin
ikili karisimlarda sorpsiyon performansinin incelenmesi

1)  Etanol/su ikili karisimi: Silikotungstik asit hidrat yiikli
kitosan hibrit membranin etanol/su ikili karisiminda besleme
su miktar1 ve STA igerigi ile sorpsiyon davranist Sekil 5°te
gosterilmistir.
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Sekil 5 Besleme su konsantrasyonunun etanol-su karisimlarinda farkli STA
oranlarinda sorpsiyon derecesine etkisi

Membranin  sorpsiyon  Ozelliklerine beslemedeki su
konsantrasyonunun etkisi agirlikga %5, 10, 15 ve 20 igeren
etanol/su  karisimlarinda  incelenmistir.  Besleme  su
konsantrasyonu arttikga membranin sorpsiyon derecesinin
artti@i gorilmiistir. Kitosanin hidrofilik dogasi yiiksek su
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sorpsiyonuna neden olmaktadir. Bunun sebebi su molekiilleri
ile kitosan arasinda kurulan hidrojen baglaridir. Su
konsantrasyonu arttik¢a kitosan membran siserek membranin
daha fazla su sorplamasina neden olacaktir [13].  Saf
kitosanda %5 su igeren besleme konsantrasyonunda
membranin sigme derecesi %5 iken, %20 su igeren besleme
konsantrasyonunda %13 ’tiir.

STA’nin membrana katilmasi da membranin sorpsiyon
performansint etkilemektedir. STA, membranin hidrofilitesini
arttir [4]. Bu sebeple STA igerigi arttikca membranin
sorpsiyon derecesi artmistir. Beslemede %35 oraninda su
bulundugu kosulda gergeklestirilen sorpsiyon
deneylerinde, %2 STA ig¢eren membranin sorpsiyon
derecesi %9 iken, %10 STA igeren membranin sorpsiyon
derecesi %18.5 olarak elde edilmistir.

2) Biitanol/su ikili karisumi: Silikotungstik asit hidrat yiikli
kitosan hibrit membranin biitanol/su ikili karisiminda besleme
su miktart ve STA igerigi ile sorpsiyon davranisi Sekil 6’da
gosterilmistir.
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Sekil 6 Besleme su konsantrasyonunun biitanol-su karigimlarinda farkli STA
oranlarinda sorpsiyon derecesine etkisi

Membranin  sorpsiyon  Ozelliklerine beslemedeki su
konsantrasyonunun etkisi agirlikca %5, 10, 15 ve 20 igeren
biitanol/su  karisimlarinda incelenmistir. Beslemedeki su
konsantrasyonu %5’ten %15’e arttirildiginda membranin
sorpsiyon derecesinde belirgin bir artig oldugu goriilmiistiir.
Ancak su konsantrasyonu %]15’ten %20’ye arttirildiginda
sorpsiyon derecesinin belirgin bir degisim gézlenmemistir. Bu
durum membranin maksimum su tutma kapasitesine ulastigini
gostermektedir. Doygunluga ulasan membran daha fazla
sisememektedir. Katkisiz kitosan membranda beslemedeki su
konsantrasyonu %15 iken sorpsiyon derecesi % 5.5 iken, su
konsantrasyonu %20’ye ¢ikarildiginda sorpsiyon derecesi %
6.8 olarak elde edilmistir.

STA igerigi arttik¢a sorpsiyon derecesinde belirgin bir artis
oldugu gozlenmistir. Kitosanin hidrofilik 6zelliginin yaninda
STA’nin da ilavesi membranin hidrofilikligini arttirmis daha
yiikksek sorpsiyon derecesi ile sonuglanmistir [4]. %5 su
konsantrasyonuna sahip besleme karisiminda %2 STA igeren
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membranin sorpsiyon derecesi %5 iken, %10 STA igeren
membranin sorpsiyon derecesi %17°dir.

3) Izopropanol/su ikili karisimi: Silikotungstik asit hidrat
yiklii  kitosan hibrit membranin izopropanol/su ikili
karisiminda besleme su miktar: ve STA igerigi ile sorpsiyon
davranisi Sekil 7°de gosterilmistir.
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Sekil 7 Besleme su konsantrasyonunun izopropanol-su karigimlarinda farkl
STA oranlarinda sorpsiyon derecesine etkisi

Beslemedeki su miktarinin sorpsiyon derecesine etkisine
bakildiginda su miktar1 arttik¢a sorpsiyon derecesinin arttig
goriilmistiir. Kitosan membran daha o6nce de belirtildigi gibi
hidrofilik yapidadir. Membranin yapisindaki —OH gruplar1 ve
besleme karigimindaki su molekiilleri arasindaki etkilesimden
dolayr sorpsiyon derecesi beslemedeki su miktart ile artar.
Beslemede artan su konsantrasyonu, membranin daha fazla
sismesi ve polimer zincirlerinin daha esnek olmasi ile
sonuglanir [14-15]. Saf kitosanda %35 su igceren besleme
konsantrasyonunda membranin  gisme derecesi  %1.5
iken, %20 su iceren besleme konsantrasyonunda %5.70’tir.

Membranin hidrofiliklik 6zelligini iyilestirmek i¢in ilave
edilen STA miktarinin  sorpsiyon derecesine etkisi
incelendiginde STA miktar1 arttikga sorpsiyon derecesinin
arttig1 gortlmiistiir. Diger ikili alkol/su karigimlarinda oldugu
gibi beklenen benzer sonuglar elde edilmistir. %5 su igeren
izopropanol-su karigimlarinda %3.8 STA igeren membranin
sorpsiyon derecesi %5 iken, %10 STA iceren membranin
sorpsiyon derecesi %15.20°dir.

IV. SONUCLAR

Bu c¢alismada kitosan polimeri kullanilarak saf ve
silikotungstik asit hidrat yikli kitosan hibrit membranlar
hazirlanmisgtir. Cozeltiden dokiim yontemi ile hazirlanan saf
ve hibrit membranlar FTIR ve SEM ile karakterize edilerek
membranin  yapisina ilave edilen STA’larin  varlig
ispatlanmistir. Ayrica hibrit membranin termal dayanimi TGA
analizi ile belirlenmis ve polimer ve katki maddesi STA’nin
yiiksek  sicaklikta bozunma  gosterdigi  belirlenmistir.
Silikotungstik asit hidrat yiikli kitosan hibrit membranin
sisme testi ilk olarak solvent absorpsiyonu yontemi
kullanilarak gerceklestirilmistir. Su, etanol, biitanol ve
izopropanol i¢in saf kitosan membranin sigsme dereceleri
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strastyla %150, %S5, %3 ve %1 iken, %10 STA katkilt hibrit
kitosan membran ile %570, %25, %23 ve %20 sorpsiyon
dereceleri elde edilmistir. Kitosanin hidrofilik yapist geregi
yapisinda bulunan —OH gruplarindan dolayr membran en fazla
suya ilgi duyar ve bu nedenle de yiiksek su sorpsiyonu elde
edilir. Ikili alkol/su karisimlarinda da membranin sorpsiyon
ozellikleri incelenmis ve su konsantrasyonu arttik¢a sorpsiyon
derecesinin arttigi gozlenmistir. Bu durum su molekiilleri ile
kitosan  arasinda  kurulan  hidrojen  baglart  ile
agiklanabilmektedir. STA miktarinin da hibrit membranin
sorpsiyon  Ozelliklerine  etkisi  incelenmigtir.  STA’nin
membranin  amorf  bdlgesini  arttirarak, = membranin
hidrofilikligini arttirdig1, bu nedenle STA igerigi arttikca her
ic ikili karigiminda da sorpsiyon derecesinin  arttigi
goriilmiistiir. Caligma sonunda silikotungstik asit hidrat yiiklii
kitosan  hibrit membranin alkol su  karisimlarinin
saflastirilmasinda kullanilabilecegi goriilmiistiir.
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Abstract— In this study, Sn-1 wt.% Zn, Sn-9 wt.% Zn and Sn-
14 wt.% Zn alloys were cast into the kokil mould.
Microstructures and composition analyses of the
obtained alloys were obtained by using SEM and EDX,
devices. The variation of Zn amount has a great impact
on flake or needle shape distributions of Zn phase in Sn
matrix result in different effects on hardness. Mechanical
properties (yield, elongation, elongation and breakage)
were also obtained by using a tensile tester. The tensile
test results for Sn-1 wt.% Zn, Sn-9 wt.% Zn and Sn-14
wt.%Zn indicating that the sample with the best
mechanical properties is Sn-9 wt.% Zn. In addition, the
tensile value obtained for the Sn-9 wt.% Zn sample is
105.8 MPa, the unit strain is 12.8% and the yield stress is
85.548 MPa. Average micro hardness values of Sn-[x]
wt. % Zn [x=1, 9, 14] only depend on the composition,
and increase with increasing of Zn composition.

Keywords— Sn-Zn alloys, SEM, EDX, XRD, mechanical
properties

I. INTRODUCTION

Pb and Pb-containing compounds are prohibited to use in
European Union, because of damaging the environment and
human health. Limitation of lead used in the industry for more
appropriate development policies to protect the environment is
emphasized by most countries. In this context, great efforts for
the development of lead-free alternative alloys instead of Pb-
Sn eutectic solder alloy is shown [1-2]. Both economically
and in terms of other physical and chemical requirements of
lead-free solder alloy is required to meet. Sn-Zn eutectic alloy
of lead-free solder alloy as prominently provides electronic
merge without any modification and is expected to be one of
the best alternatives to maintain the existing production line
[3-4]. In addition, both micromechanical and metallurgical
properties in terms of controlling the microstructure, strength,
a casting alloy is complex in terms of silence and ductility.
Thermal variables and their impact on the microstructure
morphology depending on the heat transfer solidification
conditions are influenced by the temperature and composition
and are affected all the features as a direct result [5-7]. Since
studies related to effect of temperature, Zn composition, micro
hardness and used method, the electrical and thermal
properties are rarely available in literature. In this study, our

purpose is examined mechanical, structural and corrosion
properties and the results are discussed.

Il. EXPERIMENTAL PROCEDURE

The cavity mold is set for four cylindrical samples. The mold
cavity dimensions for each sample are @ = 20 mm, h = 170
mm Her. The amounts of the tin (Sn) and zinc (Zn) metals
were calculated and melted in the melting furnace in the
graphite crucible. The mold was heated more about 100 °C
than the melting temperature of the sample. After mixing
several times, the homogenous molten obtained was poured
into the mold.

A. Microstructure Properties

Surface morphology and composition analysis of the
samples were investigated Zeiss Ultra Plus SEM and EDX
spectrometer, respectively. To obtain the SEM images,
Struers brand Discotom 100 and Secotom 50 devices were
used to cut to samples. With Tegramin 30 automatic sanding
and polishing device, transverse sections were ground flat
with SiC papers and mechanically polished using 6 um, 3 pm,
1 um, and 1/4 um diamond paste. Then, the etching process
was performed with 49% H,O, 1% H,SO, and 2g CrO;
mixture. Ratio of chemical compositions was measured by an
EDX spectrometer attached to the SEM.

B. Mechanical and Microhardness Properties

The axial and variable forces are applied to the circle or
rectangular test pieces with dimensions compatible to
standards by the traction device. The pulling device is mainly;
It consists of two jaws that can move up and down relative to
each other, two jaws to which the test piece is connected, and
units that measure these two sizes, which give them
movement or strength. In order to apply the tensile test to the
samples, firstly, the specimen was processed to be a specimen
of the tensile test, which has a diameter of (dy) = 10.2 mm,
cross-sectional area (Ao) = 81.71 mm?, length (L) = 160 mm
and round section according to the standards in the CNC
machine. The tensile test of the specimen prepared according
to the standards was carried out at room temperature (25 °C)
with a Zwick / Roell Z600 tensile testing device.

The Vickers hardness value is the portion of the test load
expressed in kg (mm?) to the trace area. Vickers hardness
values of the samples were determined by QNESS Q10 A +
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brand Hardness Tester. After the load is removed, the
hardness value is calculated by making the measurement
diagonal.

2Fsin (¢/2
_ dz(qﬁ/ ) M

where @ is the indenter apex angle, F is the applied load
and d is the average length of diagonals. 100 g load is applied
for 15 seconds for micro hardness values.

Hy

I11. CONCLUSIONS

Surface morphologies are explored by SEM with 20.000x
magnification, and presented in Fig. 1. According to the SEM

analyzes, the surfaces is made up of different-sized spherically.

cps/eV.
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EDX profile and the elemental analysis, it is confirmed that
the phase consisted of Sn and Zn, and presented in Fig. 1.

Microhardness measurements of Sn-[x] wt. % Zn [x=1, 9, 14]
alloys were calculated to be average values of microhardness
measurements of Sn and Zn phases, and Sn-Zn grain
boundaries in microstructures. Solidification conditions of Sn-
[X] wt. % Zn [x=1, 9, 14] alloys are same. So, microhardness
values only depend on the composition, and increase with
increasing of Zn composition. Average micro hardness values
of Sn-[x] wt. % Zn [x=1, 9, 14] alloys were given Fig. 2. The
variation of Zn amount has a great impact on the grain size,
and flake or needle shape distributions of Zn phase in Sn
matrix result in different effects on hardness.

22

Sn-1wt. % Zn
B

1.28 | 97.47 1.25

wt %

R ~ e
- . —
- .-\\‘. -"‘:" \‘ N

O Sn zZn
89.97 | 8.61

Fig. 1 SEM images and EDX analyses of Sn-x wt. % Zn (x=
1,9, 14) alloys.

grains tend to be spherical shape, and a small amount of
dissolved needle-like eutectic structure, which also contains
Zn phase, is located along the grain boundaries. From the

85.96 | 12.44

Grain sizes increased for dissolve in each other by the increase
of Zn composition. The grain boundaries between two
different phases also forms a barrier against the movement of
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dislocations, and dislocations in the grain boundaries with
large-angle are accumulated in the grain boundaries, and play
an important role in increasing the microhardness of the alloy.

Hv0.01)
[ S =
MmO M O
L L L L L )

'
|

VickersMicrohardness|

=]

[=]
=

Sn-1wt % Zn Sn-9wt % Zn Sn-14wt. % Zn

Fig. 2 Microhardness analyses of Sn-x wt. % Zn (x=1, 9, 14)
alloys.

3 tensile samples were prepared and subjected to tensile
testing for each composition of the For Sn-x wt. % Zn [x=1,
9, 14], alloys. The mechanical properties of the alloys were
determined by taking the mean values of 3 separate results and
given in Table 1. Accordingly, the maximum tensile strength
(about 105 MPa) and the lowest elongation (about 12%) were
obtained for Sn-9 wt.% Zn eutectic alloy.

Samples Peak Peak Elongation Yield
Load Stress
(kN) (MPa)
Sn-1 wt.% 3.324 42.3 0.480 36.050
Zn
Sn-9 wt.% 8.315 105.8 0.126 85.548
Zn
Sn-14 4,742 60.4 0.499 46.249
wt.% Zn
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Abstract—The objective of this study was to determine the
Tensile-Shear Stress of Friction Stir Welded (FSW) Lap Joints of
Aluminium Alloys. FSW lap joints of AA 2014 aluminium alloy
plates were performed on a conventional semiautomatic milling
machine. Defect free FSW lap joints were produced on alloy
plates. Tensile-Shear Stress of FSW lap joints were obtained
from the results of shearing tensile tests.

New empirical equations were developed for Tensile-Shear Stress
based on the relation between the hardness and Tensile-Shear
Stress values. Tensile-Shear Stress of FSW lap joints increase
exponentially as the hardness reduces. The results of the
experiments showed that the amount of Si content in Al alloys
affects the Tensile-Shear Stress the FSW lap joints.

Keywords— Friction stir welding, Lap joints, Tensile-Shear
Stress, 2014 aluminium alloys

I. INTRODUCTION

Friction stir welding (FSW) offers a new, low cost
alternative to fusion welding procedures due to the low power
requirements [1, 2, 3]. Aluminium alloys with good heat
transfer, high strength, good formability and weight saving are
being used for acrospace structure, shipbuilding, railway cars
etc [4]. The specific properties that affect the welding of
aluminium and its alloys are its oxide characteristics, the
solubility of hydrogen in molten aluminium, its thermal,
electrical and non-magnetic characteristics, and its wide range
of mechanical properties and melting point [5-8].

In FSW process, the strength of the metal of the interface
between the rotating tool and work piece falls below the
applied shear stress as the temperature rises, so that plasticized
material is extruded from the leading side to the trailing side
of the tool. The tool is then steadily moved along the joint line
giving a continuous weld [9, 10]. The plates to be welded are
secured to prevent the butted joint faces from being forced
apart as the probe passes through and along the seam. The

heat affected zone is much wider at top surface (in contact
with shoulder) and tapers down [11].

In literature there are some studies which explain the
mechanical properties of FSW. However, there are only a few
them, which investigates the shear tensile stress of FSW joints.
Lack of comprehensive study for assessing the shear tensile
stress of FSW joints has led to the present work to be carried
out. In this study, shear tensile stress of lap joints that
obtained with FSW was investigated. FSW joints that
investigated were performed on similar and dissimilar Al
alloys. Fracture performance of FSW weld joints was assessed
with the account of the test results.

II. EXPERIMENTAL

Commercial AA 2014 and AA 6063 aluminium alloy
materials were used in this study. The thicknesses of these
aluminium alloy plates were 4.35mm for AA2014 and 5.44
mm for AA6063. The plates were machined out in 200 mm
lengths and 100 mm widths. The composition Table I and
mechanical properties of the studied material are listed in
Table II.

The shoulder diameter and threaded pin height of the tool
were 15 and 6 mm, respectively. The diameter of the threaded
pin was 5 mm (M5 screw). The shoulder was formed as a
strait surface. Schematic illustration of the FSW tool and lap
joint application, which was used in this study, is given in Fig.
1(a). The pre-machined plates were fixed rigidly on the table
of the vertical semiautomatic milling machine for lap joint
FSW as seen in Fig. 1 (b) and (c). Then tool was moved along
the joint line. All of the FSW lap joints were obtained with
1200 rpm tool rotation and 60 mm/min traverse speed. Lap
joints were welded as AA2014+ AA2014, AA6063+ AA6063
and AA6063+ AA2014 combinations. Ten shearing samples
were extracted from the lap welded plates.

A special tensile shearing test device was designed as seen
in Fig. 2 (a) and (b) and manufactured to perform shearing

173



1st International Symposium on Light Alloys and Composite Materials (ISLAC’18)
March 22-24, 2018Karabiik, Turkey

tensile tests on FSW lap joints. The dimensions of the aluminium alloy plates used in the study were 4.35mm (t1),
shearing tensile test specimens that were machined from the for AA 2014 and 5.44mm (t2) for AA 6063. D is the diameter
FSW lap welded joints are given in Fig. 3 and 4. Surface of of the pin (M5 = 5Smm).

the weld was cleaned by milling. The thicknesses of

TABLE I
CHEMICAL PROPERTIES OF ALUMINIUM ALLOYS.

Chemical Composition wt. %
Al Mg | Si | Mn | Zn | Fe |Ti |[Cu| Cr | Sn

AA 2014 | Balance | 0.68 | 0.83 | 0.58 | - |0.24| - |44 0.04 | 0.03
AA 6063 | Balance | 0.7 | 04 | 0.1 | 0.1 |0.35/0.1]0.1]| 0.1 -
TABLE I
MECHANICAL PROPERTIES OF ALUMINIUM ALLOYS.
Mechanical Properties
Materials | Yield strength Ultimate tensile Relative Vickers
(MPa) strength(MPa) elongation(%) HardnessHV,
(MPa)

AA 2014 360 410 7 105
AA 6063 130 170 8 26

Fig. 1Schematic illustration of FSW lap joints and FSW application on conventional vertical milling machine, (a) Schematic illustration of FSW lap joints
performed in the study (SZ: stirring zone, TMAZ: thermo-mechanically affected zone — transition zone, UZ: unaffected zone — base metal, AS: advancing side,
RS: retreating side), (b) Dimensions of the FSW tool, (¢) FSW application on conventional vertical milling machine and fixed plates

TN

Eeclion A-A T Hpecimen

(b)

Fig. 2Shearing tensile test device; (a) Three-dimensional model, (b) Sectional view of shearing tensile test device
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Fig. 3Lap welded joint specimen (The thicknesses of aluminium alloy plates used in the study were 4.35mm (t1), for AA
2014 and 5.44mm (t2) for AA 6063. D is the diameter of the pin (M5 = Smm))

Fig. 4Shearing tensile test specimens machined out from FSW lap joints. All of the FSW lap joints were obtained with 1200 rpm tool rotation and 60 mm/min
traverse speed (1,2,3,4 samples are AA2014+ AA2014; 5,6,7,8,9 samples are AA6063+ AA6063 and 11,12,13,14 samples are AA6063+ AA2014 combinations)

30 . .

T T T T T T
Hardness of FSW joints were measured on the weld centre O_AA 6063-AA 6063 FSW Lap Joints||

of sheared surfaces after shearing tensile tests. The sheared Ensien 7230+ Kool
surfaces were polished with 80 — 1000 mesh abrasive paper

N
(&)
T

0 7.24141
A 4120,69229

and etched using Keller’s etching then the hardness was L s
measured with Vickers hardness tester using 1.96N (HVy»>). 20 Raneraco L —

The metal of the welded plates is stirred up at the interface of
the plates. Stirring of two metal caused hardness difference at
the joint interface of two metals. Hardness difference can be
explained with the different stirring effect between advancing
side and retreating side of welding. Hardness values of studied
materials before welding are given in Table 2. Hardness
values measured on the sheared surfaces of joints are given in
Fig. Fig. 5,6, 7, 8 and 9.

-
o
T

Shear-Tensile Stress S, (MPa)
o o

T T

1

I1I. RESULTS 0 N T

. L . . . 25 30 35 40 45 ‘ 50
The variation of shear tensile stress with the Vickers Vickers Hard H. (MP
hardness HV0.2 measured on the sheared surface is given in ) ) ickers .ar. ness. » (MPa) )
Fig. 5, 6, 7, 8 and 9. The metal of the welded plates is stirred ~ Fig. 5Shear tensile stress variation with hardness in FSW lap
up at the interface of the plates. This situation explains that the joints of AA 6063-AA 6063
stirring of the metal at the interface of the two plates affects
the hardness of the stirred metal.
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Fig. 6Shear tensile stress variation with hardness in FSW lap
joints of AA 6063-AA 6063 and AA 6063-AA 2014
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Plot RR
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Fig. 7Shear tensile stress variation with hardness in FSW lap
joints of AA 6063-AA 2014
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Fig. 8Shear tensile stress variation with hardness in FSW lap
joints of AA 2014-AA 2014
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Fig. 9Shear tensile stress variation with hardness in FSW lap
joints of AA 2014-AA 2014 and AA 6063-AA 2014

IV. CONCLUSIONS

From the results given above, the following conclusions
can be drawn.

. The amount of Si alloy element affects the shear
tensile stress of the FSW lap joints.

. Increase in the Si ratio in Al alloy reduces the shear
tensile stress.

. Stirring of the materials at the interface of welded
plates affects the shear tensile stress of lap joints.
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ézet—Diikiimhanelerde, haddehanelerde sicak slab ve Kiitiik
yiizeyinin sogutulmasi sirasinda yiiksek sicakhik ve oksitleyici
ortam nedeniyle kiitiik, slab ve ingot yiizeylerinde oksit tabakasi
olusmaktadir. Demir c¢elik fabrikalarina yiizeyinde tufal
tabakasiyla gelen hammaddeler veya yar1 mamiil malzemeler
belirli metodlarla yiizeyleri temizlenerek tufalden
arindirlmaktadir. Atik olarak kabul edilen tufal fabrikalarin
belirli yerlerinde biriktirilerek bedelsiz veya ¢ok az bir fiyata
fabrikadan uzaklastirilmaktadir. Bu calismada, tufalin makine
imalat sanayinde yiizey temizleme islemlerinden birisi olan
kumlama tekniginde, agindirici malzemesi olarak
kullanilabilirligi arastirilmistir. Deneysel ¢calismada, ¢elik plaka
yiizeyleri kumlama malzemesi olan Al203 ve tufal ile kumlama
teknigi ile temizlenmistir. Temizlenen yiizeylere boyama
uygulamas1 yapilarak boyalara yapisma mukavemeti testi
(ASTM D4541 - 09el) uygulanmustir. En iyi boya yapisma
dayanimu tufal ile temizlenen yiizeylerde elde edilmistir. Yapilan
calismanin sonuclari, atik malzeme niteliginde olan tufalin yiizey
temizleme teknigi olan kumlama isleminde asindirici olarak
kullamlarak degerlendirilebilecegini ortaya koymaktadir.

Anahtar Kelimeler—Kumlama, Tufal, Yiizey temizleme, Boya
yapisma testi

Abstract— During the cooling of the hot slab and the billet
surface in the casting mills, oxide layers are formed on the billet,
slab and ingot surfaces due to the high temperature and
oxidizing environment. Scale layer on the surface of raw
materials or semifinished materials coming from iron industry
are cleaned by certain methods.

The scale, which is accepted as waste, is collected at
certain places of the factories and is removed without charge or
very little price. In this study, the usability of scale as abrasive
material in sandblasting technique which is one of the surface

cleaning processes in the machine manufacturing industry was
investigated.

In the experimental work, the steel plate surfaces were
cleaned with blasting technique using Al:Os and scale abrasives.
The paint adhesion test (ASTM D4541 - 09e1) was applied to the
cleaned surfaces. The best paint adhesion strength is obtained on
the surfaces cleaned with scale abrasives. The results of the study
show that scale which is a waste material can be evaluated as
abrasive in sandblasting techniques.

Keywords— Sand blasting, Scale, Surface cleaning, Paint pul off
test

I. GIRIS

Kumlamanin amaci, malzemelerin iizerinde biriken kir, yag,
pas boya ve tufal gibi atiklar1 yiizeyden arindirmak veya
malzeme ylizeyini boyama islemine hazirlik i¢in arzu edilen
formda piiriizlendirmektir. Malzeme ylizeyinin temizlenmesi
ve piriizlendirilmesi, agindiricinin malzeme yiizeyine belirli
bir basing ve ag1 ile piskirtilmesi ile gerceklestirilir.
Kumlama yaygin, etkin ve ekonomik olmasi nedeniyle en ¢ok
kullanilan yiizey temizleme yontemlerindendir [1]. Sekil 1 de
kumlama tekniginin uygulamasi verilmistir.
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Sekil 1 Kumlama tekniginin uygulamasi [2]
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Celik yapilarin yiizeyleri kumlama teknigi ile temizlenirken,

elde edilecek yiizeyin 6zellikleri asindirict ¢esidi, blyiikliigii,
firlatma basinci veya hizi, pliskiirtme agisi, is parcasi ilerleme
degeri, kumlama siiresi vb. gibi parametrelere baglidir [3].
Kambham ve arkadaslari, yapmig olduklar1 calismada isleme
parametrelerinin ylizey kalitesine etkisini belirlemek igin
asindirict  olarak  bakir  clirufu  kullanmuglardir  [4].
Caligmalarinda, kumlama islemlerinde asindirict ciirufun
puskiirtme basincini 80, 100 ve 120 PSI, firlatma miktarini ise
180, 240 ve 360 kg/saat olarak kullanmislardir. Yapmis
olduklar1 deneyler sonucunda, asindirict piiskiirtme basinct ve
firlatma miktar1 arttikga ylizey piriizliliginin arttigini
belirlemislerdir. Abrasif piiskiirtme yontemleri basingh
havanin itici etkisiyle piiskiirtme ve bir tiirbin vasitasiyla
santrifiij etkisiyle puskiirtme olmak iizere iki sekilde
yapilmaktadir. Bu ¢aligmada basingli hava ile plskiirtme
yontemi kullanilmigtir. Basingli hava ile piiskiirtmede, basingh
havanin basing enerjisinin, basing diistimilyle kinetik enerjiye
doniigmesi sonucu beraberinde tasidigi asindirict partikiillere
kinetik enerji kazandirmasi yoluyla olmaktadir. Asindirict
partikiiller genellikle havanin itici etkisiyle Sekil 1 de sematik
gosterimi verilen sistem boyunca tasinmakta ve bir nozul
vasitasiyla puskiirtiilmektedir. Kumlama isleminde elde
edilecek yilizey ozelliklerine etki eden en Onemli parametre
asindirict olarak kullanilan malzemenin fiziksel 6zellikleridir.
Hazirlanacak ylizey Ozellikleri dikkate alinarak agsindirici
tanelerinin sertligi temizleme hizina, temizlenmesi gereken
malzemenin Ozelliklerine, istenen ylizey pilriizliliigline ve
belirlenen isletme giderlerine gore degisiklik gosterir [5].
Firlatilan taneciklerin sertligi arttikca daha az oranda deforme
olurken, parga yiizeyi lizerinde daha fazla is yaparlar. Sekil 2
de goriildi gibi kumlanacak malzemeye de bagl olarak belirli
bir sertligin altindaki asindiricilarin - kumlama amaciyla
kullanilmamasi gerekir [5]. Kumlama islemi i¢in uygun
asindirict piliskiirtme hizi 80 m/sn dir. Basingli hava ile
kumlamada uygun asindirict hizini temin etmek i¢in nozuldaki
hava basinct 5 bar olmalidir [6].

Dogru sertlikte bir gelik bilya

€3

Yetersiz sertlikte bir celik bilya
Sekil 2 Asindiricr sertligine bagl olarak agindirict partikiil ve parca
yiizeyi arasindaki iliski[5]

Tufaller, gelik iiretimi yapilan tesislerde tavlama sonucu
olusan ince oksit tabakadir. Basingli su piskiirtiilmesiyle
iriinden ayristirtlir. Tavlamanin sicakligina, firin atmosferine
ve siliresine bagli olarak isimlendirilmektedir [7]. Tufal;
haddehanelerde yanma olaymda gereginden fazla olarak
verilen hava, yanmanin anormal olmasini, firinin sogumasini,
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yakit tliketim miktarinin artmasina neden olmaktadir.
Sicaklik-zaman ve oksijen Olciisii basta olmak tizere celik
malzemenin oksidasyonuna birtakim nedenler etkendir. Fe-C
alagimlarinin tavlanmasi sirasinda yiizeyde olusan 3 ayri
demir oksit fazi katmanli bir yapi1 olusturarak meydana
gelerek metalden ayrilmaya calisirlar. Bu tabaka Tufal olarak
tamimlanmaktadir. Tiirkiye’deki haddehanelerde miktar1 tam
olarak bilinmemekle birlikte iiretilen geligin %4-5’1 oraninda
tufal olustugu varsayilmaktadir. En basit tufal demir oksit
(FeO)’dur. Isitilan yiizey sicakligt 900 °C yi gegtigi anda
tufallesme de hizlanir. Meydana gelen tufal kalinligimin %80
wiistit, %18 Manyetit ile %2 si a-Hematit’tir. Sekil 3 de demir
esasli malzemelerin yiizeyinde olusan tufal tabakasi ve yapisi
gosterilmektedir [8].

Atmosfgr Bilesim
, ny....-..—..%q..-u-.h --qﬂﬂ ]:'E'EUJ
e p— - —— Felo"'
A
Tabaka
Bng.lu klar
Celik

Sekil 3 Tufal tabakasi ve yapisi[8]

Tufal diistik 1s1 iletkenliginden dolay1 ¢elik yart mamuliin
151 kaybini azaltmak i¢in izolasyon rolii oynar. Tavlanan ¢elik
yar1 Urliniin ylizeyindeki kiigiik hatalar olusan tufal ile
kaybolur [9].

Metal ylizeyinden itibaren sirasiyla asagida belirtilen
tabakalar olusmaktadir.

Wiistit (FeO); metale en yakin yiizeyde olusan, diisiik
oksijen miktarina sahip olan oksit tabakasidir. Tufaldeki
miktar1 sicaklik artmasiyla artmaktadir. Celik ylizey sicaklig
700 °C yi astiginda tufal tabakasinin %95’ini ihtiva eder.
Celik ve tufalin diger fazlarina gore 1370-1425 °C distik
ergime fazlarina sahiptir. Tabakanin ¢elik yiizeyinde erimesi,
tufallesme hizin1 arttirarak yiizey kalitesini bozar ayni
zamanda yakit sarfiyatini arttirarak firin verimligini azaltir.

Manyetit (Fe2Os); tufal katmanlarinda bir ara fazdir. Celik
yiizey sicakligi 500 oC altinda oldugunda tufal agirlikli olarak
manyetitten olusur. Sicaklik 700 °C nin istline ¢iktiginda
wistit olusumu baslar. Yiiksek sicakliklarda manyetit, tufal
yapisinin = %4 iinii olusturur. Manyetit Wiistitten daha
asindiricidir ve serttir.

Hematit (Fe203); tufalin dis yiizey tabakasidir. Hematit,
celik yilizey sicakligi 880 °C’ye eristigi zaman olusur. Tufal
tabakasini %1’ini olugturur. Manyetit gibi, hematit de sert ve
agidiricidir [10].

Bu c¢alismada makine imalat sanayinde kumlama
tekniginde kullanilan asindirici malzemelere alternatif olarak
tufal adim verdigimiz belirli bir sertlikteki atik malzemenin
kullanilabilirligi arastirilmistir.
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II. MATERYAL VE YONTEM

Celik {iiretim tesislerinde, dokiim, tavlama ve haddeleme
sirasinda malzeme yiizeyinde olusan tufal tabakasi, malzeme
kullanilmadan o6nce ylizeyinden uzaklastirilir. Atik madde
olarak elde edilen tufalin geri doniisiimiinii saglayan herhangi
bir entegre tesis bulunmamaktadir. Bu ¢alismada atik madde
tufalin  kumlama malzemesi olarak kullanilabilirliginin
¢aligmalar1 yapilmistir. Bu amagla demir esasli filmasinlerin
iizerinde bulunan tufal tabakalari incelenmistir. Filmagin
iizerinde olusan atik madde tufalden 6rnek alinip boyut ve
kimyasal analizleri yapilmistir. Analiz sonuglart Sekil 4 de
verilmistir. Yapilan kuru elek analizi; konileme dortleme
yontemi ile 100 gr malzeme tartilarak, Retzsch marka AS200
basic model sarsici elek cihazinda elekler kullamlarak
yapilmistir. Elekler 80 Hertz frekansi ile 15 dakika siirekli
titresimle gergeklestirilmistir. Bu analize gore tufalin tane
boyutunun 0,05 ile 0,50 mm araliginda oldugu goriilmiistir.
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Sekil 4 Elekte kalan numunelerin agirlikga oranlar

Tufalin kimyasal analizi icin SHIMADZU XRD-6000
cihazi ile Cu X-Isin1 tiipi (A=1.5405 Angstrom) kullanilmistir.
Kalitatif ve kantitatif analiz sonuglarma gore tufal iriin
dagilimi asagida gibi tespit edilmistir. Tufal tabakalarinin
olusumuna gore sertlik degerleri ¢izelge 1 de verilmistir.

1-  Wistit, FeO %35,2
2-  Magnetit Fe;O4  %53,1
3- Hematit, Fe,O;  %11,7
CIZELGEI
TUFAL TABAKALARIN SERTLIK DEGERLER]
Wustit 50-55 HRC
Magnetit 60-65 HRC
Hematit 60-65 HRC

Atik madde olarak ortaya ¢ikan tufalin kumlama malzemesi
olarak kullanilabilirligini aragtirmak amaciyla piyasada
kumlama yapmak i¢in yaygin olarak kullanilan havali
kumlama Sekil 5 de verilen kumlama makinasi kullanilmistir.

Sekil 5. Havali Kumlama Makinast

Bu makinenin depo kismina asindirict kumlama malzemesi
doldurulur ve basingli hava yardimiyla pastan, kirden
arindirilmak istenen yiizeye asindirici malzeme yollanir.
Boylece parga yiizeyinde istenilen temizlik elde edilmis olur.
Bu caligmada aynmi ebatlarda kesilen 3 adet yiizeyi pash
plakanin birincisini havali kumlama makinesi kullanilarak
kumlama malzemesi olan aliminyum oksit (AlO3)

kullamlarak temizlenmistir. Ikinci pash plaka kumlama
malzemesine alternatif olarak kullanacagimiz atik madde tufal
kullanilarak temizlenmistir. Ugiincii pasli plakaya higbir islem
uygulanmamustir. Sekil 6 de atik madde tufal ile temizlenmis a
pargasinin, kumlama malzemesi olan aliiminyum oksit ile
higbir

temizlenmis b parcasinin, ve iizerinde islem

uygulanmamis ¢ pargasinin resimleri verilmistir.

n [ C
Sekil 9 (a) tufal ile temizlenmis, (b) aliminyum oksit ile temizlenmis
(ALLOs), (c) hicbir islem uygulanmamis parca resimleri

Yiizey temizligi islemi yapildiktan sonra ayni oranlarda
boyama islemine tabii tutulmus sac levhalar iizerindeki
boyalara ASTM D4541 - 09el standardina gore, boya
yapisma mukavemeti testi uygulanmistir. Sekil 7 de boyama
islemine tutulmus pargalarin resimleri verilmistir.

Sekil 7. a) Tufal ile temizlenerek boyama islemine tabi tutulmus parga
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Sekil 7. b) Aliminyum oksit ile temizlenerek boyama islemine tabi
tutulmus parca

Sekil 7 ¢) Higbir islem uygulanmadan boyama iglemine tabi tutulmus
parga

Boya yapisma mukavemeti testi cihazi, kaplamalarin, metal,
ahsap, beton ya da benzer yiizeyler iizerindeki yapismalarini
test eder. Tufal ile temizlenmis numuneye 40 MPa degerinde
bir yik wuygulandiginda boyanin kalktigi saptanmistir.
Aliiminyum oksitle temizlenmis numunede ise 22 MPa ’lik bir
kuvvete maruz kaldiginda boyanin kalktig1 saptanmustir.
Uzerinde herhangi bir kumlama islemine tabi tutulmamis pash
levhada ise boyamaya elverisliligi son derece kotii ve okunan
degerin 0 MPa oldugu goriilmiistiir. Yapilan deneyin sonuglar1
sekil 8 de gosterilmistir.

4

1 T.1.2: Tufal e temizlenmis parga

-A.T P: Aliminyum okst ile temizlenmis perga
H.1.P: Highiristem uygulanmamis parca

LT N 7
L

Yk Deger{Mpa)
| Pea
== wn

D N - - —
TR ATP HIP

Sekil 8 Boya yapisma mukavemeti test sonuglart

III. TARTISMA VE SONUC

Ulkemizde celik iiretim tesislerinde dokiim tavlama ve
haddeleme sirasinda agiga ¢ikan tufalin geri doniisimiini
saglayan herhangi bir entegre tesis bulunmamaktadir. Yapilan
boya yapisma mukavemet test sonuglarina gore isletmelerde
ortaya ¢ikan ve kullanilmayan atik madde olan tufalin
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kumlama malzemesi olarak kullanilan aliiminyum oksitten
daha etkili oldugu ortaya ¢ikmustir. Tufal ile temizlenen ¢elik
sac yiizeyine uygulanan boyanin yapisma mukavemet degeri
40 MPa, ALOs ile temizlenen yiizeydeki boyanin yapigma
mukavemet degeri 20 MPa dir. Deneysel calismanin sonuglari
tufalin ylizey temizleme iglemlerinde kullanilan asindiricilar
yerine kullanilarak degerlendirilebilecegini gostermektedir.

TESEKKUR

Giiney Celik Hasir ve Demir Mam. San. Tic. A.§ ’ ye
calismaya vermis olduklari destek i¢in tesekkiir ederiz.

REFERANSLAR

[1]  US Army Corps of Engineers. “Surface Preparation Painting,” New
Construction and Maintenance, Washington,ABD., 4-15, 1995.

[2] The Researchgate website (18.04.2017). [Online]. Available:
https://www.researchgate.net/profile/Nourredine Bouaouadja/publicati
on/248455726/figure/fig2/AS:298300168261636@1448131710606/Fi
g-2-Schematic-representation-of-the-used-sandblasting-apparatus.png

[3]  Celik Graniil Sanayii A.S.,“Etkin temizlik i¢in agindirict se¢imi,” Celik
Graniil Sanayii A.S. Teknik Biilten, 2: 1-4, 2002.

[4] K.Kambham,S. Sangameswaran, S.R. Datar,B. Kura,“Copper slag:
Optimization of productivity and consumptionfor cleaner production in
dry abressive blasting.” Journal of CleanProduction, 15: 465-473,
2007.

[5] M. E.Satic,“Kumlama isleminin ve bu isleme etkiyen parametrelerin
incelenmesi,”, Yiiksek Lisans Tezi,istanbul Teknik Universitesi,
Turkiye,2004.

[6] The Guide to Impact Treament,Metabrasive Limited Manufacturers of
High Performance Metallic Abrasives Carponfield Works,Bilston,
West Midlands,England

[71  A. O. Saud,“Recycling steel mill scale as fine aggregate in cement
mortars,” European Journal of Scientific Research ISSN 1450-216X
Vol.24 No.3, pp.332-338, 2008.

[8] O. L. Cakiroglu, Sanayi tav firmnlarinda celik yiizey oksidasyonu ve
verimlilige etkileri, Istanbul Teknik Universitesi doktora tezi, 1995.

[9] W.Haitao, Reduction Kinetics of Iron Ore Concentrate Particles

Relevant to A Novel Green Ironmaking Process, 2011.

G., Onkibar, Entegre demir-gelik tesisi tufalinden dogrudan

rediiklenme yontemi ile ham demir dretimi, Yiiksek Lisans Tezi,

Sakarya Universitesi, 2006.

[10]

181



1st International Symposium on Light Alloys and Composite Materials (ISLAC’18)

March 22-24, 2018Karabiik, Turkey

Thermal Energy Storage Properties of Vermiculite
Based-Composite PCM With Carbon Nanotubes
Additive For Thermoregulation of Buildings

Ahmet SARI***, Gékhan HEKIMOGLU*", Alper BICER®

“Karadeniz Technical University, Metallurgical and Material Engineering, 61080, Trabzon, Turkey
bCenters of Research Excellence, Renewable Energy Research Institute, KFUPM, 31261, Dhahran, KSA
“Department of Chemistry, Gaziosmanpasa University, 60240 Tokat, Turkey
*Corresponding authors: ghekimoglu@ktu.edu.tr; G. Hekimoglu; ahmet.sari@ktu.edu.tr (A.Sari)

Abstract- As different from the literature, our challenge is to find
an effective key for leakage problem and low thermal
conductivity drawback without noticeably changing LHTES
capacity of fatty acid eutectic mixture (FAcEM) (capric

acid(CA)-stearic acid(SA)) used as phase change material (PCM).

Expanded vermiculite (ExpV) was selected as good supporting
material for this PCM because of many advantageous properties
such as high surface area, excellent compatibility, light
weightiness, porosity and low cost etc [34-36]. The effects of
CNTs additive on the chemical/morphological structures and
LHTES properties of the thermal enhanced composite PCMs

(CPCMs) were investigated by SEM, FT-IR, and DSC techniques.

The DSC results showed that the ExpV/FAcEM/CNTs have
melting temperature in the range of 24.35-24.64°C and latent
heat between 76.32 and 73.13 J/g. The thermal conductivity of
the ExpV/FAcEM/CNTs was increased as 83.3%, 125.0% and
258.3% by CNTs doping, 1, 3 and 5 wt%. The enhanced thermal
conductivity also reduced appreciably the heat charging and
discharging times of the CPCMs without notably influencing
their LHTES properties. Furthermore, the thermal cycling test
and TGA findings proved that all fabricated composites had
admirable thermal durability, cycling LHTES performance and
chemical stability. In addition to these beneficial properties, the
ExpV/FAcEM/CNTs produced as CPCMs can be integrated with
ordinary construction materials to produce different building
elements used in radiant floor heating systems, insulation and
ceiling panels or walls for passive solar cooling purposes
depending on the climatic circumstances.

Keywords—Fatty acid, eutectic mixture, CNTs, expanded
vermiculite, PCM, thermal conductivity, thermal energy storage

I. INTRODUCTION
In recent years, with the rapid economic development, energy
shortage and environmental issues have become increasingly
serious. Therefore, it is an important topic to improve energy
utilization efficiency and protect environment. Energy storage
is an essential method to match the thermal energy supply and
demand in time or space. Latent heat thermal energy storage
(LHTES) can achieve a higher energy storage density a
smaller size of the system and a narrower temperature range
during the melting and freezing process of phase change
materials (PCMs). PCMs have attracted much attention for
their various thermal energy storage (TES) applications in

building energy efficiency, solar heating systems and air-
conditioning systems [1,2].

Fatty acids or eutectic mixtures of them have been preferred
as organic PCMs for passive solar TES applications because
of their favored and re-obtainable LHTES properties [3].
However, direct operation of these PCMs not only allows
chemical interaction with near environment but also leads to
leakage problem during solid-liquid phase change. To avoid
this intricacy, they have been prepared in macro or
microcapsule [4]. However, the synthesis of such type capsule
materials is relatively more complex and needed high cost and
generally resulted in PCMs with low LHTES capacity.
Another option is creating leakage-resistive composite PCMs
by combination of them with lightweight, porous and low cost
construction materials. On the other hand, another drawback
of fatty acids is low thermal conductivity (0.16-0.20 W/mK),
which strongly influences their heat charging-discharging
rates [5]. Moreover, their incorporation with especially clay
based-building matrixes in stabilized form can cause a
significant decrease in thermal conductivity. Therefore, the
doping of such a type composite with high thermal
conductivity materials is an effective approach in terms of
enhancing its thermal conductivity. On the other hand, low
density, large surface, high stability and resistance for
corrosion and ultrahigh thermal conductivity (reach up 4000
/m.K for Single-walled CNTs (SWCNTSs) and 2000 W/mK for
multi-walled CNTs (MWCNTs) play important role on their
usage as doping agents for heat transfer enhancement within
PCMs or composite PCMs [6].

In this work, the effects of CNTs additive on the
chemical/morphological structures and LHTES properties of
the ExpV/FACEM/CNTs prepared as thermal enhanced
composite PCMs (CPCMs) were investigated. The fabricated
CPCMs were characterized by SEM, FT-IR, and DSC
techniques. The thermal conductivity ~ of  the
ExpV/FAcEM/CNTs was increased by CNTs doping, 1, 3 and
5 wt%. The enhanced thermal conductivity was also also
verified by comparing heat charging and discharging times of
the CPCMs with/without CNTs. Furthermore, the thermal
cycling test was subjected to the CPCMs and thermal cycling
reliability and chemical stability were studied.
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II. EXPERIMENTAL

In the first stage, the ExpV/FACEM/CNTs composites were
prepared using vacuum impregnation method in different
mass fractions of FACEM from 20 to 50%. The maximum
holding ratio of FACEM was determined by applying leakage
test. After this test, the maximum mass fraction of FACEM
into the prepared form-stable CPCMs corresponds to 40wt%.

In the second step, the ExpV/FACEM/CNTs composites
were prepared. The CNTs in the specified amount was
dispersed in acetone under intensive ultrasonic treatment.
Then, the previously prepared form-stable ExpV/FAcEM
composite was added to CNTs/acetone suspension. To
guarantee the dispersion of CNTs uniformly into
ExpV/FACEM composite, the suspension was continually
stirred for 3 h with a magnetic stirrer. In order to remove the
acetone thoroughly, the obtained mixture was maintained in
an oven at 60°C for 6h. Three kind of composite PCM were
prepared ExpV/FAcEM/CNTs (1wt%),
ExpV/FAcEM/CNTs(3wt%) and ExpV/FACEM/CNTs (5wt%)
by arranging the amount of the added CNTs. The leakage test
results confirmed that the composite PCM including 40 wt%
FACcEM did not show any leakage behavior.

The chemical characterizations of the ExpV, the
developed FACEM, ExpV/FAcEM and ExpV/FAcEM/CNTs
composites were made by using Jasco 430 model FT-IR
spectrometer. The sample was prepared by mixing the
composite with KBr. The spectrum was obtained at
wavenumber range between 4000 and 400 cm!' with
resolution of 4 cm™.

The microstructures of the prepared CPCMs were
investigated by using a LEO 440 model SEM instrument.
Before the SEM analysis, tiny amount of sample was adhered
on a copper SEM stub by conductive adhesive and gold-
coated in a high vacuum evaporation coating machine.

The LHTES properties of the eutectic mixture and the
fabricated ExpV/FACcEM/CNTs were measured at the same
heating/cooling rate of 3°C min! by DSC technique (Perkin
Elmer-JADE model). The measurement was repeated three
times and the accuracy in the temperature and enthalpy data
was calculated as £0.01°C and +0.61 J/g, respectively.

By using a thermal cycler (BIOER TC-25/H model), the
developed CPCM was subjected to a thermal cycling test
including 500 melting/freezing cycles. After 500 cycling
treatments, the DSC analyses for CPCMs were repeated under
the same analysis conditions applied for the uncycled
composite samples. The possible changes in the LHTES
properties after the cycling test were determined by DSC
analysis. To have information about the chemical stability of
CPCMs, the FT-IR spectrum bands taken before and after the
cycling test were compared.

III. RESULTS AND DISCUSSIONS

A. Characterization of the CPCMs
Figure 1 (a-c) shows that the SEM analysis results of SF
and CPCM doped with 5.0 wt% CNT.
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Fig. 1. SEM photographs of (a)ExpV, (b)CNTs (¢) ExpV/FACEM/CNTs

As shown in Fig. 1, the ExpV surface is mainly composed of
micro- and nano-sized cracks and pores. As can be clearly
seen from the microstructure of CPCMs containing 5.0 wt.%
CNTs. FACEM has effectively holded into the cracks of the
structure of ExpV and no leakage was observed despite the
sample being heated as a result of electron beams during SEM
analysis. Thus, the hybrid structure consisted of SF and CNTs
to prevent FACEM leakage due to capillary and surface
tension forces between them.
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Figure 2 shows the FT-IR spectra of the prepared CPCM
and its pure components. According to the ExpV spectrum,
the characteristic peaks observed at 3200-3600 cm™ and 1652
cm’! are considered to be the stretching and bending
vibrations of the OH group, respectively. The stretching
vibration bands of Si-O and of Si-O-Si are detected at 1096
cm! and 463cm™. As clearly observed from the spectrum of
FACEM, the peaks at 2938 cm™' and 2876 cm™! are attributed
to the symmetrical stretching bands of -CHj3 and -CH, bands,
respectively.
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Fig. 2. FT-IR spectra of the CPCM and its pure components

The symmetrical stretching vibration band at 1712 cm’!,
while the peaks at 1469 and 1318 and 942 cm™ are related
with C=0 group. In the spectrum of CNTs, the bands at 3456
cm!, 2842cm™! and 2921 cm! are evaluated by the symmetric
and asymmetric stretching vibration of O-H and C-H groups.
Furthermore, the peaks at 1628 cm™ and 1032 cm™ refer to
asymmetric stretching vibrations of the -C=C- and C-O
groups. The minor changes in the wave length of some
characteristic bands are due to poor physical electrostatic
attractions. Moreover, there is no new peak, suggesting that
there is no chemical reaction between the components of the
CPCM.

B. LHTES properties and cycling reliability of the CPCMs

Fig. 4 shows the DSC curves of DSC curves of FACEM and
ExpV/FACEM/CNTs . According to the DSC thermograms
and Table 1, the melting and freezing temperatures of the
prepared CPCM were measured in the range of 24.35-24.54°C.
Compared with FACEM, the phase change temperatures of
ExpV/FAcEM and ExpV/FACEM/CNTs were slightly
decreased because of the interaction forces between FACEM
molecules and ExpV [8-10]. As also seen from the LHTES
data in Table 1, its latent heat capacity was measured in the
range of about 73-76 J/g. Consequently, the LHTES properties
make them suitable materials for regulating/controlling indoor
temperature of buildings.
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Fig. 3. DSC curves of FACEM and ExpV/FAcEM/CNTs

TABLE 1.
The measured LHTES data of ExpV/FAcEM and ExpV/FAcEM/CNTs
; Meltng, Latent hear of  Freoring Latent heat of
Material teperanirs  melfing (1) tanpenanie freering {1g)
) o)
TACTN 24.72 TH4.43 502 =183.12
Exp¥FackM 2454 .32 3m M50
Toap W T ACEMANTY 24,75 73,12 i | 117

On the other hand, when compared with other composites
reported in literature, it can be remarkably noted that the
ExpV/FAcEM/CNTs have higher latent heat capacity than
most of the prepared CPCMs in this work.

C. Long-term thermal and cycling stability of the CPCMs

After the cycling test including 500 heating/cooling processes,
the chemical structure, phase change temperatures and latent
heat capacities of the the ExpV/FACEM/CNTs were compared
by examining the FTIR and DSC results.
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Fig. 4. DSC results of the ExpV/FACEM/CNTs after thermal cycling
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Figure 4 and Figure 5 shows the FT-IR results of the
ExpV/FACEM/CNTs obtained after 500 thermal cycling,
respectively.

= - o N _

2000
Wiavenurmber{sm')

el e [ 400

Fig. 5. FT-IR results of ExpV/FACEM/CNTs after thermal cycling

Based on Figure 4, it was remarkably noted that the changes
occurred in the LHTES after cycling process are not in
considerable level for building TES applications. Moreover,
As seen from the FT-IR spectra of the ExpV/FACEM/CNTs, it
was observed no change in the wavenumber values and shape
in the main characteristic bands meaning that it has excellent
chemical structure stability.

D. Thermal conductivity enhancement and its verification

Considering this fact, ExpV/FACEM composite was doped by
CNTs in three different mass fractions of 1.0, 3.0 and 5.0
wt%. The thermal conductivity was measured as 0.15 W / mK
for FAcEM; 0.22, 037 and 043 W/mK for
ExpV/FAcEM/CNTs (1.0% by weight), ExpV/FAcCEM/CNTs
(3.0 wt%) and ExpV/FACEM/CNTs(5wt%), respectively. This
further development could be attributed to the high thermal
conductivity of the CNTs.

TABLE 2.
The reductions occurred in the hating charging and discharging times of the
CPCMs with CNTs
EREAEM CMs ST 0N o)
Vgt W m T
DisshargigTineags i Bl 17 i

On the other hand, in order to evidently see the influence of
the increment in the thermal conductivities on the heat
absorbing and releasing times of CPCMs were recorded vs
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time (Table 2). Compared to the CPCM, the reductions
occurred in the times are clear evidence of the enhancement in
their thermal conductivities.

IV. CONCLUSIONS

The FACEM eutectic mixture was impregnated into ExpV in
maximum fraction of 40 wt% by vacuum technique. Three
kinds of thermal enhanced CPCMs (in mass fraction of 1, 3
and 5 wt%) were prepared by doping CNTs. The composite
PCM with/without CNTs exhibited worthy cycling chemical
stability and LHTES performance. The thermal conductivity
of form-stable CPCM was increased significantly. It was also
concluded that especially fabricated thermal enhanced CPCMs
have a great potential for the fabrication of new construction
materials in different types for thermoregulation of building
envelopes.
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Abstract- The integration of a eutectic mixture of two fatty acids
with a lightweight traditional construction material in form-
stable combination results in a composite PCM with TES ability
in solar heating and cooling aims in building envelopes. In this
sense, this study presents the preparation of eutectic mixture of
capric acid (CA) and lauric acid (LA) and then impregnation of
them into attapulgite acted as supporting material by means of
vacuum technique. The chemical and morphological properties
of newly developed attapulgite/(CA-LA) composites were
investigated using XRD analysis, SEM and FTIR techniques. The
LHTES properties and thermal reliability of the fabricated form-
stable composite PCMs (F-SCPCMs) were analyzed by
differential scanning calorimetry (DSC). The chemical and
morphological results indicate that the attapulgite provided well
capillary to the fatty acid eutectics for uniformly adsorption. The
optimum absorption ratio of CA-LA was confined by attapulgite
in the mass fraction of 46 wt% without observing their melted
leakage. The eutectic mixture was hold into the attapulgite by
only physical attraction instead of any chemical reaction. As seen
from Fig. 1, the DSC analysis results revealed that the produced
melting temperatures of the attapulgite/(CA-LA) composite PCM
were measured as 21.97°C and the latent heat capacities of them
were determined 66.24 J/g. These LHTES properties were
suitable for heating and cooling purposes in buildings The
produced F-SCPCM shows good thermal and chemical reliability
after 500 times thermal cycling test. Based on all results, it was
also concluded that the created three type F-SCPCMs are
considered an effective LHTES building materials to reduce
energy consumption.

Keywords—Lauric acid, Capric acid, eutectic mixture, PCM,
thermal energy storage

I. INTRODUCTION
Solar energy can be used through a thermal storage medium
like phase change material (PCM) and decrease active energy
consumption through heating, ventilation and air conditioning
(HVAC) systems in buildings. This could be possible by
applying the best suitable thermal energy storage technique
(TES) to building envelopes or compartments of building such
as floors, walls and ceilings [1]. TES can be applied in the
form of chemical energy using latent heat and a reversible
chemical reaction using phase-changeable media, which
makes sense by using solid or liquid media. Precise heat
storage by heating or cooling of materials is easy to do, but its
use is limited to low heat storage capacity and the large

weight or volume requirement of the material used; Chemical
energy storage has not yet been widely applied in practice due
to both technical and economic issues. To date, most research
and promising applications of TES are based on latent heat
storage using PCMs.

Fatty acids as solid-liquid (S-L) PCMs are gaining
attraction for TES applications in buildings because of good
latent heat thermal energy storage (LHTES) characteristics
such as high latent heat, suitable S-L phase change
temperature, good thermal stability and thermal reliability, no
phase separation, slightly subcooling, relatively little
corrosivity and low price [2]. The eutectic mixtures of such
type PCMs allow for tailoring their phase change temperatures
according to different passive solar TES targets. Moreover,
the addition of a two-fatty acid mixture with a light traditional
building material into a form-stable combination aims at
creating envelopes resulting in a composite PCM with TES
ability to heat and cool with solar energy [3,4].

This study presents the preparation of the eutectic mixture
of capric acid (CA) and lauric acid (LA) and then
impregnating it into the attapulgite, which acts as a support
material with the vacuum technique. Chemical and
morphological properties of newly developed attapulgite /
(CA-LA) composites were investigated using XRD analysis,
SEM and FTIR techniques. LHTES properties and thermal
reliability of form-stable composite PCMs (F-S CPCMs) were
analyzed by differential scanning calorimetry (DSC).

II. EXPERIMENTAL

A. Materials

Capric acid (CA) and lauric acid (LA) were obtained from
Sigma-Aldrich Company (Germany). Attapulgite was
obtained by Karaman mines Company (Turkey). According to
the manufacturer, it has weight composition of 83.4% SiO»,
5.60% AlOs, 1.0% CaO, | 1.0% Fe;O3, 0.7 % nad other
mineral oxides (KO, Na,O, TiO;). The clay sample was
sieved through 150 mesh. It was dried at 105 °C for 24 h
before use.

B. Preparation of attapulgite/(CA-LA) as F-SCPCMs

In the first stage of the experimental procedure, the
attapulgite/(CA-LA) composite was prepared by conducting
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vacuum infiltration process. The experimental procedure was
shown schematically in Fig. 1.

Firstly, the specified amount of attapulgite is placed in a
bottle connected to a vacuum pump. Vacuum treatment was
maintained at 0.18 MPa for 30 minutes; The eutectic mixture
in liquid state (CA-LA) was flowed gradually into the flask
using a funnel. The vacuum was then broken and allowed to
air for 30 minutes to provide easy infiltration. The prepared
attapulgite/(CA-LA) composite was cooled to 10 °C to ensure
complete crystallization of CA-LA to the porous attapulgit
network. This procedure ranged from 15 to 40% for different
weight combinations. In the second stage, leakage test was
performed and optimal infiltration rate was established. The
prepared composite was placed on a filter paper and heated
above the melting temperature of the considered eutectic
mixture. The leakage condition of the Attapulgit / (CA-LA)
composite was controlled by controlling the filter paper by
heating.

C. Characterization of Attapulgite / (CA-LA)

Chemical characterization of Attapulgit and developed
attapulgite/(CA-LA) composites was performed using the
Jasco 430 model FT-IR spectrometer. The microstructures of
the prepared F-S CPCMs were investigated using a LEO 440
model SEM. X-ray diffraction (XRD) analyzes of the
produced attapulgite/CA-LA composites were made using a
PANalytical X*-Pert3 powder diffractometer (45 kv, 40 mA)
with a width Cu (Ko = 1.5406 A). The LHTES properties of
the eutectic mixture and the manufactured F-SCPCM were
measured by the DSC technique at the same heating/cooling
rate as 3 °C min' (Perkin Elmer-JADE model). The
measurement was repeated three times and the accuracy in the
temperature and enthalpy data were calculated to be = 0.012
°C and £0.59 J / g, respectively.

By using a thermal cycler (BIOER TC-25/H model), the
developed CPCM was subjected to a thermal cycling test
including 500 melting/freezing cycles. To have information
about hermal cycling reliability and chemical stability of F-
SCPCMs, the DSC and FT-IR analysis were conducted again.

III. RESULTS AND DISCUSSIONS

A. Characterization of the CPCMs

The photographs of the prepared attapulgite/(CA-LA)
composite are shown in Fig. 1. As shown form the photograph
images, the maximum absorption of CA-LA by the attapulgite
in the mass fraction of 46 wt% without observing their melted
leakage. Thus, this composite was called as F-S CPCM. The
microstructures of attapulgite and the prepared F-SCPC were
shown on in Fig. 2. As seen from the SEM photographs, the
surface of attapulgite is consisted of the arbitrary-shaped
particles and most of them have needle structure.
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Fig. 1. The photographs of composites above/below the form-stable
combination ratio

As also seen from the SEM images of the F-SCPCM, the CA-
LA eutectic mixture was homogenously dispersed throughout
the surface. It was due to the structural resistance of cement
and the capillary/surface tension forces in whole matrix.
These results proved the existence of excellent physical
compatibility among the component of the F-SCPCM.
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Fig. 2. The microstructures of the attapulgite and F-SCPCM

The FTIR analysis was performed to describe the probable
specific interactions between attapulgite and CA-MA eutectic
mixture. As seen from the FT-IR spectrum of attapulgite in
Fig. 3, the band in the range of 3200-3750 cm™' is assigned by
the asymmetrical stretching of hydrogen bonded OH groups.
The band in the range of 1090 cm™ is characterized as
stretching vibrations of Si-O-Si and bending vibrations.
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Fig. 3. The FT-IR spectrum of attapulgite and F-SCPCM

In case of the attapulgite/CA-LA composite, the stretching
vibration and bending vibrations of Si-OH bands are seen at
about 3200-3700 cm and 1046 cm’'. These bands are the
presence of the attapulgite component of the composite PCM.
Moreover, in the FT-IR spectrum of the eutectic mixtures, the
bands at 3100-3600 ¢cm™' was regarded with the stretching
vibration of OH group as the bands at 933 cm™ and 732 cm’!
are due to the bending vibration of this group. The
asymmetrical and symmetrical stretching bands at 2980-2850
cm! and 1470 cm™ are responsible for the alkyl groups (-CH,
and -CHj;). The bands in the range of 1704 cm™ are identified
as at the stretching band of C=0. The stretching band of C-O
groups at was over layered by bending vibrations of Si-O,
Mg-O and Si-O-Al groups). These results are attributed to the
characteristic groups of the CA-LA eutectic mixture
components of the composite PCM. Additionally; any new
peak is not monitored in the spectrum. This result confirms
the fact that any chemical reaction is not carried out between
the components of F-SCPCM. However, the little shifts
observed in some characteristic bands of the F-SCPCM can be
attributed to the probable intermolecular physical attractions
between the characteristics groups of CA-LA eutectic mixture
and attapulgite.

The XRD patterns of the attapulgit/CA-LA composite
prepared as F-SCPCMs are shown in Fig. 3. As seen from
these findings, the XRD patterns of the attapulgite/CA-LA
composites prepared as F-SCPCM contains all crystal
diffraction peaks of its pure components. Moreover, some of
the peaks are overlapped because their 26 values are close
each other.

On the other hand, the little shifts in ‘26 values were
observed and the change in peak intensities of the CA-LA
eutectic mixture. It does not mean that its crystal structure is
not destroyed after impregnation process and these results
may be due to the capillary and the tension forces.
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Fig.4. The XRD results of the attapulgite and F-SCPCMs
B. The LHTES characteristics of the developed F-S CPCMs

By taking account of these considerations in the DSC
thermograms (Fig. 5) the eutectic weight composition, melting
temperature and the latent heat capacity of the CA-LA
mixture were determined as 43:57 wt% 22.88°C and 147.21,
respectively.
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Fig. 5. DSC thermograms of CA-LA mixtures prepared at diffrent weight
combinations

TABLE 1.
The LHTES properties of form-stable attapulgite/ CA-LA composite
PCM Melting Solidification ~ Heat of Heat of
temperature  temperature fusion solidification
(@9 (€9 (J/g) J/g)
CA 31.04 30.94 190.21 -188.65
LA 43.97 43.27 200.18 -198.34
CA-LA 22.88 22.39 147.21 -145.12
F-SCPCM 21.97 66.24 22.77 -65.74

Fig. 6 indicated the DSC thermogram of the fabricated
attapulgite/(CA-LA) composite with combination of 46 wt%,
respectively. The LHTES data derived from this thermogram
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was also presented in Table 1. As clearly observed from these
results, the prepared form-stable attapulgite/(CA-LA)
composite melts and solidifies at 21.97 °C and 22.77 °C,
respectively. Moreover, its melting and freezing LHTES
capacity were measured to be 66.24 and -65.74 J/g,
respectively.
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Fig. 6. DSC thermogram of F-SCPCM

On the other hand, when compared to the CA-LA eutectic
mixture, the phase change temperature of the F-SCPCM
decreased as -0.91°C for melting and 0.38 °C for freezing
process. Although little deviations were observed in the phase
change temperatures, the F-SCPCM can be evaluated as
fitting LHTES material to regulate indoor temperature of
building envelopes.

C. Thermal and chemical cycling stability of the F-S CPCM

For practical building applications, it is important to
investigate the thermal cycling stability of the F-SCPCM
within their operating temperature range [5-8]. Therefore, the
accelerated melting/freezing experiments were conducted to
investigate the thermal cycling stability of the fabricated F-
SCPCM. After the cycling test including 500 heating/cooling
processes, the chemical structure, phase change temperatures
and latent heat capacities of the F-S CPCM were compared by
examining the FTIR and DSC results.

As seen from the FT-IR spectra (Fig. 7), in the
wavenumber values and shape of the main characteristic
bands any change were not observed after cycling period. This
means that the long-term cycling process has no damage
effect on the chemical structure of F-SCPCM. The melting
and freezing temperatures of the attapulgite/(CA-LA)
composite PCM was diminished in the range of -0.06-0.12°C.
0 as its LHTES capacity was decreased as little as 4.1-5.7%.
Based on these results that the changes occurred in the
LHTES of the prepared F-SCPCM cycling are not in
considerable level for building TES applications even they are
subjected to repeated 500 cycles.
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Fig. 7. The FTIR analysis results of F-SCPCM after 500 thermal cycling

CONCLUSIONS

The CA-LA eutectic mixture was impregnated into attapulgite
by vacuum technique. The DSC analysis results revealed that
the produced melting temperatures of the attapulgite/(CA-LA)
composite were measured as 21.97 °C and the latent heat
capacity as 66.24 J/g. These LHTES properties were suitable
for heating, cooling ventilating and air conditioning (HVAC)
purposes in building envelopes. The produced F-SCPCM
shows good thermal and chemical reliability after thermal
cycling test. Based on all results, it was also concluded that
the created F-SCPCM is considered an effective LHTES
building material to reduce energy consumption.
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PATERN KAYNAK YONTEMI ILE 15N20 VE
1075 KALITE CELIKLERI KULLANILARAK
URETILEN DAMASCUS CELIGININ EGMELI
YORULMA DAVRANISININ INCELENMESI
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Abstract- In this study, microstructure analysis, vickers hardness
values, pulse-notch energy values and endless fatigue life and
wohler curve obtained from fatigue tests with samples prepared
by standards were determined.

L. GIRIS

Incelenen damascus ¢eligi korozyon dayamimlarr ve mekanik
ozellikleri birbirinden farklt olan 1075 ve 15N20 kalite
celiklerinden patern kaynagi yontemiyle imal edildiginden
dolay1 tabakali ¢elik-celik kompozit bir yapiya sahiptir [1-6].
Yiksek  mukavemetli  geliklerin  alternatifi ~ olarak
diistiniilebilecek damascus ¢eliginin hareli (tabakali) yapisinin
dinamik yiikler karsisinda sergileyecegi yorulma davranisinin
belirlenmesi amaciyla plaka yorulma deneyi suana kadar baska
bir ¢aligmada yapilmamistir
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Sekil 1. Plaka Yorulma Test Cihazinin Ustten ve Onden Gériiniisii.

Glinlimiizde iiretilen ve bu calisma kapsaminda kullanilan
damascus celiklerinin biiylik ¢cogunlugu katlamali teknik ile
iiretilmektedir. Bu teknikle damascus celigi iiretebilmek icin
korozyon dayanimlari farklr iki tip ¢elik kullanilir. Korozyon
dayanimlarimin farkli olmasindaki amag asitleme isleminden
sonra olusacak hareleri belirgin kilmaktir.

1L DENEYSEL CALISMALAR

Kullanilan bu gelikler hem patern kaynagina uyumlu hem de
korozyon dayanimlari farkli olmasi gerektigi icin iretilen
damascus ¢eliklerinde genellikle 1075 ve 15N20 gelik tiirleri
kullanilmistir. Damascus ¢eliginin imalinde kullanilan bu iki

Tablo 1. 1075 ve 15N20 Kalite Celiklerin Kimyasal Kompozisyonlar:

celik tlirliniin kimyasal kompozisyonlart da Tablo.1’de

verilmigtir (Tablo 1).

C Mn Ni P S Si
1075 %0,7 | %0,4- % 0,04 % 0,05
0,7 max max
15N20 | %0,7 | %04 %2 %0,025 %0,01 %0,25
max max

A. Mikroyap: Karakterizasyonu

Uretilen Damascus ¢eliginin mikroyapi karakterizasyonu igin
numuneler standart metalografik asamalar olan zimparalama ve
parlatma kademelerinden gecirildikten sonra hidroklorik asit ve
nitrik asitin 3:1 oraninda gore karistirilmasiyla elde edilen kral
suyu ile daglama gergeklestirildi. Ardindan Leica marka optik
mikroskop ile 5X, 10X, 20X ve 40X biiyiitmelerde goriintiiler
alind1.

B. HV Sertlik Olgiimleri ve Cekme Deneyi

Sertlik degerleri i¢in Shimadzu marka HMV2 Mikro Sertlik
Deney Cihazi kullanilmistir. Testlerde vickers HV 10 skalasi
kullanilmistir. Sertlik degerleri, en az 5 Olglimiin ortalamasi
almarak tespit edilmistir.

Mekanik ozellikleri ASTM 6891-1 ve ASTM 6892-2
standartlarina gére 100 KN kapasiteli MTS marka ¢ekme test
cihazi ile belirlenmistir. Cekme testi oda sicakliginda
yapilmustir.
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C. Diizlemsel Egme Gerilmeli Yorulma Deneyi

Yorulma testleri diizlemsel egme gerilmeli yorulma test cihazi
(Sekil 1-2) kullanilarak ASTM E 466 standartlarca hazirlanan
dikdortgen kesitli numunelerin tekrarli egme gerilmelerine
maruz birakilmasiyla yapilmistir.

Her bir numune i¢in farkli birim yer degistirme (sehim)
parametreleri altinda yorulma testleri gergeklestirilmis olup
celigin yorulma dayanim siniri, % deformasyon oranlari ve
S-N egrisi belirlenmistir (Tablo 2).

Sekil 2. Diizlemsel Egme Gerilmeli Yorulma Deney Cihazi

Tablo 2. Deneylerin Yapildigi Ortalama Test Frekansi ve Sehim
Parametreleri

Ortalama Test Frekansi (Hertz) | Sehim (Y)
0,40 mm
0,50 mm
0,60 mm
0,87 mm

1,25 mm

3,5Hz

Damascus  ¢eligi  katlamali  bir  teknikle doviilerek
iiretildiginden dolay1 yorulma deneyinin yapidaki harelere (kat)
etkisini gérmek igin Karabiik Universitesi Demir-Celik
Enstitiisii  biinyesinde kirik yiizey {izerinde SEM-EDX
calismasi yapilmustir.

I1I. DENEYSEL CALISMALARIN SONUCLARI

A.  Mikroyapi Karakterizasyonu Sonuglar

Damascus ¢eliginin mikro yapis, ferritik ve perlitik yapilardan
olugmaktadir. Cok yiiksek C igeren 1075 kalite ¢elik perlitik
yap1 sergilerken yiiksek Ni iceren 15N20 kalite celikle ferritik
yap1 sergilemektedir. Bu g¢alismada 1075 ve 15N20 kalite
gelikleri birbirine patern kaynagi yontemiyle kaynatilmis ve
farkli desenler olusturmak igin belli katlama yontemleri
kullanilmustir. Mikro yap1 goriintiilemesi sirasinda 1075 gelige
ait kisimlar yiliksek C igerdiginden dolay1 daha koyu, 15N20
celige ait olan kisimlar ise Ni i¢erdiginden daha parlak ve agik
renkli gortlmustiir (Sekil 3).
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Sekil 3. Damascus Celiginin 5X ve 10X Biiyiitmedeki Mikroyap1
Goriintiileri.

B. Sertlik Olgiimleri ve Cekme Deney Sonuglart

Patern kaynak yontemiyle 1075 ve 15N20 kalite gelikleri
kullanilarak imal edilmis damascus ¢eliginin Vickers sertlik
Olctimleri ve degeri ile birlikte ¢ekme deneyinden belirlenen
akma-cekme dayanimlar1 Tablo 3’de belirtildigi gibidir. Daha
once de belirtildigi iizere damascus celigi iki farkl gelik tiirii
olan 1075 wve [15N20 kalite ¢eliklerinin bilesiminden
olustugundan dolay1 hareli(tabakali) bir yapiya sahip olup bu
harelerin  sertlik degerleri birbirinden bagimsiz olarak
belirlenmistir

Tablo 3. 15N20 ve 1075 Kalite Celiklerinden Imal Edilen Damascus
Celiginin Sertlik-Darbe/Centik-Cekme Deneylerinden Elde Edilen Veriler.

LT Alirmn Cekme Tsainy

J__d_,--" Berllik(IIV10 | Davaoumn | Deayauucg (Vi)
| Mp) DMpa)

15N M Ferritik) 7482 i S -

1075P erlitili) EEE el SRR e

C. Diizlemsel Egme Gerilmeli Yorulma Deneyi
Sonuclart

Diizlemsel egme gerilmeli yorulma deney cihazindan elde
edilen veriler 1s18inda asagida Dbelirtilen formiiller
yardimiyla numunelerin deney sirasinda maruz kaldig:
gerilimler ve olusan deformasyonlar hesaplanmuistir.

Denklem 1 : Max Gerilme Degerinin Hesabinda Kullanilan Denklem

P = Kmweef(N)

L = {Hgit Boyimm)

B = Numunenin Ewifnn)
i = Namune Kalrmlgnimm)

T masic = .f, i an-mm’!‘mfﬂ'.ﬂa L

B *IF

Denklem 2 : Yorulma Deney Sirasinda Olusan % Deformasyon Miktar1

e Y= Rehimimm)
& (%eDel) =u_ﬂ “ 100 H = Numune Kalmhgr
e L = ¢l Boyu

Max. ve min. gerilme degerlerini hesaplamak i¢in numuneye
uygulanan max. ve min. kuvvetler lizerinden ayr1 ayr1 hesaplar
yapilmistir.
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Yorulma deneyleri sonrasi elde edilen maksimum sekil
degistirme-cevrim sayis1 grafigi Sekil 5°te verilmistir. Wohler
egrisi tizerinden yorulma birim sekil degistirme dayanim sinir1
0,41 olarak belirlenmis olup bu deger malzemenin giivenle
dayanacag1 yorulma dayanim sinirini olugturmaktadir
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Cevrim 5ayis

Sekil 5. Wahler Egrisi (S-N).

Yorulma dayanim smirmin altindaki genlik degerlerinde
yapilan ¢alismalarda Sekil 5’te goriilebilecegi gibi 10° ¢evrim
sayisint ge¢melerine ragmen olusan deformasyon, kirilma veya
catlak olusumu meydana getirmemis olup yorulma egrisi 10°
tekrar sayisindan sonra yatay hale gelmistir.

Sekil 6’da hesaplanan bu degerlerden Sekil 7°deki siitun grafigi
olusturulmus olup her bir numunenin maruz kaldigr max. ve
min. gerilme degerleri belirtilmistir. Bu grafikten hareketle
diizlemsel egme gerilmelerine maruz birakilan numunelerin (+)
yondeki egme gerilmelerinin (-) yondeki egme gerilmelerine
nazaran daha yliksek degerler kaydettigi goriilmektedir.

Sekil 8 de gosterilen gorselde ki SEM goriintiileri tek bir hare
izerinden alinmig olup sag tarafta gosterilen 5000X
biiytitmedeki SEM goriintiisiinde birbirinin ard1 sira yonlenmis
paralel izlerin varligindan sdz etmek miimkiindiir ayrica
tabakalar arasinda kaynamanin(birlesmenin) tam olarak
gerceklestigi goriilmekte olup bir kez daha 1075 ve 15N20
kalite celiklerin ocak kaynagina olan miikemmel uyumu teyit
edilmistir.

RIRILMA AN

TS

kg

Sekil 6. 3,07 Hertz Degerinde Test Edilen ve 180547 Cevrim Sonunda
Kirilma Gosteren Numunenin Yiik(kg)-Siire(sn) iliskili Siniizoidal Egrisi
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Sekil 7. Gerilme- % Birim Sekil Degistirme Grafigi

Sekil 8. Hare Uzerinde Belirlenen Yorulma Izlerinin SEM Gériintiisii
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Abstract— In this study, waste bronze chips were recycled
by using different methods. The mechanical properties of
the transformed metal matrix composite materials were
determined and compared with each other. Cold pressing
post sintering method which is widely known as the
production method and hot pressing methods under high
pressure have been used. Pore, density and micro vickers
(HV) hardness values were taken into consideration in
determining the mechanical properties. As a result of the
mechanical tests, more porous structures were obtained in
the sintering method and values close to each other were
obtained.

Keywords— metal matrix composite, recycle, bronze, hot
pressing, sintering.

I. INTRODUCTION

With the increase of the world population, the dependence
on energy increases. The evaluation of waste materials after
these uses is very important nowadays. The recycling of waste
metals is generally based on the melting method. During this
process, the high energy consumed and the occurrence of
unwanted wastes reduce the efficiency [1-3]. In this study, the
mechanical properties of bronze chips recycled by different
production methods were compared with cast bronze. Hot

pressing and sintering methods are used as production

methods. These two production methods are used in a wide
area today [4,5]. Different production methods can be selected
depending on the production costs and the conditions of use of
the produced materials [6-8]. Production by hot pressing was
carried out at a temperature of 450 ° C and a pressure of 820
MPa. In the sintering method, pre-forming before sintering
was applied first by pressure of 955 MPa and then by 1146
MPa in reverse direction [9]. Sintered at 875 ° C after
compression. The mechanical properties of bronze materials
produced by two different methods were compared with cast

bronze.

II. MATERIALS AND METHODS

In this study, CuSnlO tin bronze was used as bronze
material. Two different production methods were used in the
production of waste bronze chips. Bronze chips are arranged
by means of ball mills and sieves before production. Then
weights are weighed in the weights determined by precision
scales. Figure 1 shows the production units used for the
recycling of waste bronze materials. Fig. la also shows the
ash furnace sintered to the bronze chips compressed by the
one-way press. In Fig.1b there is a production unit where

bronze chips are produced by hot pressing. Prior to the
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sintering process shown in Figure la, the bronze chips were
first pressed to 955 MPa and then inverted at a pressure of
1146 MPa and heat treated. In the other production method,
this process was carried out with the help of double acting
press under high pressure and temperature without sintering

process.

Figure.1 Different production units for the production of waste
bronze chips

III. RESULTS AND DISCUSSIONS

The mechanical properties of the produced bronze
chips are shown in Table.1. In determination of
mechanical properties, porosity, density and hardness
values were taken into consideration. The porosity and
density tests of the produced bronze materials were
carried out via the Archimedes’ scale. After the
measurements, the hardness values of the materials were
determined in the microvickers hardness instrument.
When the data in Table.l1 are examined, there is no
significant difference in the hardness of the materials.
When we look at the pore and density values, it is much
more than the porosity of the bronze produced by hot
pressing in the pore amounts of the materials produced
by sintering. Again, density amounts change in this

context, density decreases as the pore increases. The

March 22-24, 2018Karabiik, Turkey

reason for this can be explained as the effect of hot and

pressure on materials due to production methods [10].

Tablo.1 Uretilen malzemelerin mekanik 6zellikleri

Gozeneklilik (%) |
%1-3

Yogunluk (gr/cm3) | Brinell Sertlik (HV)
87 | 245-255
400°C
8,2 gr/cm3
875°C
7,779 |

Dokim Bronz

5,70% | 219-224

Sinterleme

221-230

|

Sicak Presl
|
10,59% |
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Abstract— Automobile is an indispensable tool of our lives and
crash box is important safety part of automobile. In this study,
materials and geometry effects on the crash performance of
crash box were investigated. DP600, AZ31, Al 2024 were used.

Keywords— Automobile, Thin-Walled Structure, Crash box,
Crash performance, Safety components

I.  INTRODUCTION

Automobiles had been beginning to enter our lives in the
early 20" century, was becoming widespread in the middle,
and from the end of 20" century, has become an indispensable
tool of our lives. As a result, the automotive industry is one of
the biggest industries of our era. As the other sectors, the trend
in the automobile industry is determined by needs and
consumer demands. At the end of the 20th century, fuel
consumption problems arose in the automotive industry.
Because of environmental awareness and CO; emission effect
on the global warming, automobile manufactures started
investigate to reduce of automobile weight. Because reduction
in automobile weight also reduce fuel consumption. For this
reason, automobile manufactures tend to low density materials
such as aluminium, titanium, magnesium, composite instead
of steel. For example, Audi uses significant amount of
aluminium components in A8 [1]. Nowadays, automobile
designers focus on two issues when designing security
components ; reduce the weight, increase the performance of
safety. In this study, the effects of utilization of low density
metals and different geometries on the crash performance of
crash box were investigated.

II. CRASH BOX

Crash box is one of the important safety components. The
main task of crash box is to return kinetic energy to
deformation energy at low and medium speed accidents.
Nowadays, many different types of crash box are used, such
as cylinder, hexagon, rectangular, square. Cylindrical model is
most widely used. For assessing the performance of crash box,
five important criteria are used. These are, total absorbed
energy, specific energy, maximum force, mean force and
efficiency of crash force [2].

A. Total Absorbed Energy

The total amount of energy that the collision box absorb
during the collision [2-3].
EA=|(x)d

B. Specific Energy
The total absorbed energy by unit weight(kg) [2-3].
SEA=E /m

C. Maximum Force

The maximum force in the crash direction. If this force
reaches to critical value, crash box can’t absorb energy, total
of force is transmitted to body [2-3].

D. Mean Force

Mean force is ratio of total absorbed energy and amount of
crush [2-3].
P=E =ld|(x)d

E. Efficiency of Crash Force

Efficiency of crash force is ratio of mean force and
maximum force [2].
Il:F mean/Fmax

Fig.1 Crash box.

III. MATERIAL AND METHOD

In this study, three different metal materials were used
(table 1), these are DP600, AZ31 and Al 2024[4-6]. Five
different types of crash box(cylinder, hexagon, square,
rectangular, triangle) were investigated. Crash box
dimensions were chosen equally. Quad mesh type was
used, mesh size was 2Zmm*2mm.
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TABLE I
PROPERTIES OF MATERIALS

Material DP600 AL2024-T4 AZ31
Young Modulus(GPa) 205 73.1 44.8
Poisson 0.3 0.33 0.35

Yield Strength(MPa) 400 324 200
Density(g/cm?®) 7.86 2.78 1.77

Analysis was performed explicit and non-linear.

IV. RESULTS
Analysis results is showed bottom (figure 2-7, table 2).
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Fig.2 Displacement-total absorbed energy graph Al 2024.
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Fig.3 Displacement-total absorbed energy graph for DP 600
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TABLE IL

SAMPLE DATA AND ANALYSIS RESULTS

Geometry
Material Thickness Mass Cylinder Square Hexagon
TAE(kJ)" SE(kJ)™ MF(KN)™ TAE SE MF TAE SE MF
DP600 1.2 150 4.69 31.24 127.08 3.65 24.33 114.25 3.86 25.73 123.05
AL2024 1.2 53.5 2.79 52.15 77.10 1.99 37.20 74.80 2.10 39.40 74.80
AZ31 1.2 33.9 1.66 48.97 46.51 1.19 35.10 42.10 1.32 38.94 44.40

IV. CONCLUSIONS

Results show that cylindrical model gave the best outcome
in all material types. DP 600 has the largest total absorbed
energy capacity, on the other hand Al 2024 has the largest
specific energy. In addition AZ31 has larger specific energy
than DP 600 too. Also maximum force values of Al 2024 and
AZ 31 lower than DP 600. As a result, aluminum and
magnesium have very important characteristics for
performance of crash therefore these materials are alternative
to steel. In the future, these low density materials replace steel
in the automotive industry highly likely.
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Abstract— In this study, waste bronze (CuSnl10) chips were
recycled and their mechanical properties were investigated
together with pure bronze casting. Then, the recycled bronze
material was compared with the cast bronze material. Powder
metallurgy method, which is widely used in the recycling of waste
chips, has been used after cold pressing sintering method. In
determining the mechanical properties, the porosity, density and
hardness values of the materials were taken into consideration.
In addition to these mechanical tests, the materials produced by
microscopy were compared. After evaluations, it was determined
that the recycled bronze materials had mechanical properties

close to pure bronze material.

Keywords— metal matrisli kompozit, bronze, recycle, sintering,
cold pressing

I. INTRODUCTION

Nowadays, many metal materials are found as waste after
machining. It is very important to recycle these materials and
develop different production techniques [1-7]. In the recycling
of waste chip, common melting method is used. However, due
to the low efficiency in the use of this method, the losses are
very high.

The most common materials used in the process starting
with industrialization, especially metals, aluminum, steel,
bronze and iron are the most common method of recycling
methods of melting. The scrapes recovered from the factories
are reused according to the application areas and according to

the desired properties, melting in the furnace (melting in the

pot, melting in the cupola, melting in the flame furnace,
melting in electric arc furnaces, melting in induction furnaces,
melting in induction furnaces in electric resistance furnaces)
are re-used. However, these processes require very large
energy and are a very inefficient process. One of the main
reasons for this inefficiency is that the oxide layers on the
surface behave as thermal insulator on the material and reduce
the heat conduction. In addition, the air pockets between the
material also make the heat conduction very difficult. This
makes it difficult to melt the material. In addition to energy
inefficiencies, toxic gases released from melting (cutting
fluids used during machining) are released directly into the
atmosphere, which adversely affects the ecological balance.
On average, 10% of the chips used in a melting process can be
recycled to 8% cast iron waste, 18% on extrusion losses and

10% on melting losses.
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II. MATERIALS AND METHODS

In the studies, composite materials were produced by cold
pressing and sintering at the determined pressures after
turning the waste bronze (CuSnl0) chips into appropriate
dimensions [8]. It has been passed through the sieves after
homogenous mixing of waste bronze chips with different
diameters. Sieves were selected by means of 1mm and 2 mm
sieves. Then, as shown in Figure 1, the one-way cold press
was used to pre-deform the bronze chips in the cylindrical
mold by first pressing 955 MPa, then inverted at 1146 MPa.
After the cold pressing process, sintering processes were
performed in the ash furnace. The sintering time was
determined based on the literature and it was determined that
the desired temperature should be at 45 min for one hour and
then allowed to cool in the oven. It took about 12 hours for the
cool to

sample in the oven to

room temperature.

Figure.1 Production steps

III. RESULS AND DISCUSSIONS

The density, brinell hardness, porosity and microstructure
properties of the materials were examined and compared with
the bronze produced by the casting method. A second active
parameter is observed in the recycling of waste bronze
shavings made at three different sintering temperatures
together with bronze chips. As can be seen in Table.1, there
was a significant increase in pore quantities due to the
reproduction of waste bronze chips compared to cast bronze
materials. As the amount of pores increased, the density

values decreased. The determination of the appropriate

March 22-24, 2018Karabiik, Turkey

sintering temperature and the expected mechanical properties
of the produced materials are important [9]. When we look at
the hardness results, the hardness values increased with
increasing sintering temperature. It is observed that the bronze
material produced by the sintering at 875 ° C is quite close to

the hardness values of the bronze material produced in the cast

form.
Table.1 Mechanical properties of materials
eboo K fodirikicns] SRR RN
TokinEas H1: a7 5.165
o TR T PR U PO RN PTG HEY) TR I T a'l
I R R RS PRI O R R TR (R P

Furthermore, when we look at the microscope images
in Figure 2, it is seen that the decrease in pore amounts is
observed with increasing temperature. The sintering process at
increasing temperatures causes this decrease in the pore

amount.

Figure.2. Microstructure of MMC material after sintering
a) B100D0-T800/500x b) B100D0-T875/1000x
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Abstract In this study, the mechanical properties and
fatigue behavior of the aluminium-steel-aluminium layer
composite produced by explosive welding technique will
be examined. In the construction of composites, 1110
grade steel sheet with 0.5 mm thickness and 1050 grade
aluminum sheet with 1.0 mm thickness were used.
Layered composite materials to be investigated are
provided for the project work and it is seen that
aluminum-steel-aluminum layered composite has a flat
interface at macro size in the micro structure studies
carried out during preliminary studies. It is expected to
exhibit much higher yield and tensile strength than 1050
grade aluminum without significant reduction in
composite ductility and impact resistance.

l. GIRIS
Patlamali kaynak teknigi genel olarak, ucuz bir
malzeme ylizeyini nispeten daha pahali bir

malzemeyle kaplama islemidir. Geleneksel kaynak
yontemleriyle belirlestirilemeyen farkli metallerin
kaynagi bu ydntemle vyapilabilmektedir. Metal
ylzeylerin ¢arpismasi sonucu yeterli bir ¢arpisma
enerjisi meydana geldiginde, bu ylizeyler olusan ilk
temaslarini birbirleri Gzerinde bir akis sergileyerek
devam ettirirler ve sonugta bir kati hal birlesmesi
meydana gelir.

Fiinye

Patlayict
Ust Plaka

Patlayict

Tampon  Fuaye

e
R SRy

Sekil 1. Patlamali kaynak yontemi

Bu yontemle elde edilen isi degistiriciler herhangi
bir sizinti olmaksizin en zor kosullarda da ¢alisabilme
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yetenegine sahiptir. Kaynak bdlgesi en az ana
malzemenin dayanimi kadar bir dayanima sahiptir
ve en zor ¢alisma gerilmelerine karsi mukavemet
ozellikleri iyidir [1].

Bilindigi gibi aliminyum alasimlari, uygulanan
tekrarli ylklemeler karsisinda sirekli azalan bir
omdr sergilerken gelikler belirli bir gerilmeden sonra
sonsuz 6mre sahiptirler. Bu proje sayesinde Tirkiye
sektoriinde patlamali kaynakla dretilen aliiminyum-
celik- aliminyum tabakali kompozitin yorulma
omrinl inceleyerek Tirk imalat sektoriinde
kullanilmasi amaglanmistir [2].

Bu calismada, patlamali kaynak teknigi ile Gretilmis
aliminyum-gelik-aliminyum tabakali kompozit
numunelerin, plaka yorulma cihazi ile yorulma
davranisi incelenmistir. Tabakali kompozitlerle imal
edilen plaka pargalar dinamik ylklemelere maruz
kaldigi igin yorulma davraniginin bilinmesi 6nem arz
etmektedir.

Il DENEYSEL CALISMALAR

Kompozit yapiminda, 0.5 mm kalinhginda 1110
kalite celik sac ve 1.0 mm kalinhiginda 1050 kalite
aliminyum sac kullaniimigtir.

Sekil 2. Patlamali kaynak yontemiyle Uretilen
kompozit.
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Metalografik prosediir, numuneleri 180, 400, 600,
800, 1000 ve 1200 mesh zimparalarla zimparalama
ve ardindan elmas sollsyonla parlatma islemleri
yapilmistir. Mikro yapi ¢alismasi, Leica marka DM
ILM model optik 1sik mikroskobunda daglanmamis
numuneler {zerinden ¢ekilmistir. Metalografik
olarak incelenen numuneler 500 gramlik bir yiik
altinda Shimadzu marka mikro sertlik test cihazi ile
sertlik 6l¢limU gergeklesmistir.

ileri geri egmeli plaka yorulma deneyi, béliimiimiz
tarafindan tasarlanan ve imal edilen c¢alisma
mekanizmasl saya¢ motoru, sabit ve hareketli
ceneden olusan (Sekil 3) test cihazi kullanilmistir.
Deneyler sirasinda ortalama frekans degerleri
kullanihp ileri-geri  yuklemelerin  etki ettigi
deformasyon miktari 0.2-0.9 araligindadir. Cihaza
bagli olan loadcell yardimiyla etki eden vyikler
okunmustur.

Hareketli Bolge Sabit Bolge

| Esas malzemenin kopma bdlgesi |

Sekil 3. Yorulma deney cihazi

. DENEYSEL SONUCLAR
A.  MIKROYAPI SONUGLARI

Patlamali kaynak yontemi ile tiretilen 1050 Al-1110
celik-1050 Al tabakali kompozitin kesit mikro yapisi
Sekil 4’de gorulmektedir. Al-gelik-Al  tabakali
kompoziti diz bir birlesme ara  yuzeyi
sergilemektedir.

Sekil 4. 1050 Al-1110 celik-1050 Al tabakali
kompozitin kesit mikro yapisi

B. SERTLIK SONUCLARI

Sekil
taramasi

5'de malzeme kesitinde yapilan sertlik
verilmistir.  Bu tarama neticesinde
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kompozitlerin mekanik olarak farklari net bir sekilde
gorilmektedir. Orijinal durumda Al alagimi ve
celigin sertlikleri sirasiyla 46HV ve 120HV’dir.
Birlesme ara ylizeyine yakin bolgelerde Al alagiminin
sertligi 50HV ve celigin sertligi 150HV degerlerinde
olup, Al alasiminin sertliginde %10 ve c¢eligin
sertliginde %25 oraninda bir artis gézlemlenmistir.
Sertliklerdeki bu artis patlama islemi sirasinda Al ve
celigin soguk plastik deformasyona ugramasindan
kaynaklandigi distinilmektedir [1].

1050 Al

>
P >

1050 Al

<t >t

1110 Celik

—— Koanpozit
—8—Ogeal |

Senllk HV g cop
.

0+ . - — - '
900 700 300 -0 -100 100 300 00 Nk 900
Mesafe (pm)

Sekil 5. incelenen kompozitin sertlik deneyi
sonuglari

C. AKMA VE CEKME SONUCLARI

Tablo 1’de incelenen kompozitin ¢ekme deneyi
sonrasl elde edilen akma ve ¢ekme mukavemeti
degerleri verilmistir. Bu tablodan gorilecegi Gzere
yogunlugu 2,64 gr/cm? olan 1050 aliiminyum ve
yogunlugu 7,75 gr/cm? olan 1110 celik malzemeden
Uretilen kompozit malzeme 3,38 gr/cm? gibi diisiik
yogunluguna ragmen vyiksek bir mukavemet
sergilemektedir [3].

Tablo 1. incelenen kompozitin mukavemet degerleri

Akma Cekme
Malzeme | Mukavemeti | Mukavemeti

(MPa) (MPa)
1050 o0 115
1110 250 340
Kompozit 145 195

D. YORULMA SONUCLARI

Belirli bir yer degistirme miktarina karsilik zaman ile
Olculen vyuk grafigi Sekil 6-7'de verilmistir.
Sekillerden gozlendigi gibi yorulma deneyleri
sirasinda once 1050 kalite Al sac malzemesi hasara
ugramakta olup, ardindan 1110 kalite c¢elik
malzemesi kirilarak ayrilmistir. Test baslangicinda
kompozit malzeme +5,5/-2,5 kg yuk araliginda
cevrimsel zorlamaya maruz kalmakta iken,
kompozitin aliminyum bileseni kirildiginda zamana
karsilik okunan yik cevrimi +0,7/-1,2 kg’dir. Diger
yliklemeler icin de ¢cevrim sayilari 6l¢lilmUstar.
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Sekil 6. 1050Al numunesinin kirildigr anini gosteren Yk
(kg)-Zaman (sn) grafigi

YUK (ke)

86000 Seril
AMAN (sn)

Sekil 7. 1110Fe numunesinin kirldigi anini gésteren Yk
(kg)-Zaman (sn) grafigi

incelenen kompozitin yorulma deneyleri sonrasi

elde edilen S-N (Wohler) egrisi Sekil 8'de
gosterilmistir.
Maksimum
1 Deformasyon
0,8 ?
06 o 1110Fe
04 = 01050 AL
- -— s =
0,2 | [}
0 - T J ¥ " Gevrim Sayist |
0 400.000 800.000 1.200.0001.600.000 2.000.000

Sekil 8. incelenen kompozitlerin S-N egrisi
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Bu diyagram, farkli sabit gerilmeler altinda
malzemenin kag ¢evrim sonunda ¢atlayacagini veya
kirllacagini gosteren bagintiyr verir.  Sekil 8’in
Gzerinde kesikli ¢izgi kompozitin aliminyum
bileseninin kirildigi cevrimi gosterirken diiz gizgi ise
kompozitin gelik bileseninin kirildigi ¢cevrim sayisini
verir. Test baslangicinda kompozit malzeme +5,5/-
2,5 kg yuk arahginda ¢evrimsel zorlamaya maruz
kalmakta iken kompozitin aliminyum bileseni
kinldiginda zamana karsilik okunan yuk cevrimi
+0,7/-1,2 kg’dur.
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Failure Analysis of Adhesively Patch Repaired Composite Plates
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Abstract— In this study, the failure analysis of
adhesively-patch repaired notched composites
were investigated experimentally. In the
experimental study, eight-layered woven glass
fiber reinforced epoxy resin matrix composite
plates and epoxy based adhesive were used as
materials. Notch types variations, double side
repair and single side repair were used as a
parameter. The composite plates and patches were
used from same materials and the fiber reinforced
angle and layer arrangement was taking as [0°]s.
Four notch types were used in the experimental
study. Double side patch application on edge
notched samples have more increasing strength
compering to double side application on central
notched samples.

Keywords— Laminar  composite  plates,
progressive failure analysis, repair with patch
and adhesive.

GiRis

This template, modified in MS Word 2007 and saved as
a Glinlimiizde artan malzeme ihtiyaci ve azalan kaynaklardan
Otliri malzeme talebini karsilamak amaciyla, gelisen
teknolojiyle uyumlu yeni malzemelerin kesfine ihtiyag
duyulmustur. Farkli malzemelerin istenilen &zelliklere
uyacak sekilde bir araya getirilmesiyle elde edilen kompozit
malzemeler  gliniimiiz  ihtiyaglarmi ~ tam  olarak
karsilamaktadir. Cilinkii kompozitler sinirsiz taleplere sinirsiz
iretim segenekleriyle cevap vermektedir. Kompozit
malzemeler; giiglil, sert fiberlerin daha zayif ve daha az kati
matris malzemeler igerisinde sikica sarilmasiyla elde edilir.
Bu birlesim sonucunda gii¢lii, sert ve siklikla diigiik
yogunlukta yapilar olusur.(1)

Kompozitler istenmeyen dis etmenlerden kaynakli veya
yap1 elemani olabilmek igin g¢entiklere maruz kalabilir.
Centikler gerilme yigilmasi gibi biiyiik bir problemi de
beraberinde getirir. Centik geometrisi ve kompozitlerin fiber
takviye acilar1 hasar olusumunda en belirleyici
etkenlerdendir. Soutis ve Hu (1997) yama ile tamir edilmis
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kompozit levhalarin basma yiikii altinda mekanik
davranislarini incelemislerdir. Kritik baglanti parametrelerini
belirlemek icin ¢ift tesirli baglanti tizerinde lineer olamayan
gerilme analizi uygulamislardir. Yapmis olduklar1 deneysel
ve sayisal caligmalar sonucunda, tamir edilmis hasarli
kompozit levhalarin mukavemetinin saglam kompozit
levhalarin mukavemetine % 80 oraninda yaklastigini
gozlemlemiglerdir. (2) Charalambides ve ark. (1998) dis
kismindan yama ve yapistirict kullanilarak tamir edilmis
kompozit levhalarin hasar davramglarinin dig etmenlere baglh
analizini deneysel ve sayisal yontemlerle
gerceklestirmiglerdir. Hem yapistirict hem de kompozit
levhalar igin lineer elastik ve lineer elastik-plastik olmak
tizere iki farkli model kullanmislardir Lineer elastoplastik
modelin lineer elastik modelden hasar tahmini i¢in daha
dogru sonu¢ verdigini gormiislerdir. Yapmus olduklar
calismayla deneysel ve sayisal hasar tiplerinin hasar yiiklerini
tespitte benzer sonuglar verdiklerini ortaya koymuslardir. (3)
Charalambides ve ark. (1998) epoksi film (redux319)
yapistirict kullanilarak yapistirilmis karbon fiber takviyeli
epoksi recineli levhalarin (T300/914) tamir baglantilarini
statik ve yorulma yiikleri altinda calismiglardir. Tamir
baglantilar1 50 C0’de 16 ay siiresince damitilmig suda
bekletilmis ve sicak/nemli ¢evrenin statik ve yorulma
mukavemetleri lizerindeki etkileri incelenmistir. Bu
¢alismada uygulanan parametrelerin tamir edilmis kompozit
levhalarin statik ¢ekme mukavemetleri iizerine biiylik bir
etkisinin olmadig1 tespit edilmis fakat hasar tiplerinde
degisimler gozlenmistir. (4) Her ve ark. (1999) tek ve c¢ift
tesirli  yapisma  baglantilarinin  hasar  davraniglarin
arastirmislardir. Tek ve ¢ift tesirli yapistirict baglantisini
modellemek i¢in basitlestirilmis tek boyutlu bir yaklagim
gelistirilmistir. Basit bir sayisal ¢6ziim elde edilmis ve iki
boyutlu sonlu eleman sonuglariyla karsilastirilmustir.
Sonuglarin  uyumlu oldugu goriilmistir. Kullanilan
yaklagimin basit ama dogru sonuglar veren bir yaklagim
oldugu, bundan dolay1 baglant1 tiiriiniin se¢imi i¢in ¢ok
onemli oldugu vurgulanmistir. (5) Achour ve ark. (2003)
yanal yarim daire ¢entikli kompozitlerin boron epoksi yama

ile tamirini gerilme yigilmalarin1 azaltmaya yonelik
calismislardir.  Yapistirict  Ozelliklerinin -~ ¢entik  ug
kisimlarinda  gerilme  yigilmalar1  {izerindeki etkileri
incelenmistir. Yapistirict  dzelliklerinin  yama tamirinin
performansim1  arttirmada  biiylik bir etken oldugu
belirtilmistir. Yapistirict se¢imi gerilmeyi yamaya tastyacak
ve yapistirict seviyesindeki gerilmeyi arttirmak igin
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adhezyon hasarindan kaginacak sekilde olmasi gerektigi
vurgulanmistir (6)

Bu ¢alismada tek ve ¢ift yiiziinden tamir edilmis merkezi
centikli ve kenar centikli kompozit levhalarin hasar
davramislar1 deneysel olarak ¢alisilmistir. [00]8 cam fiber
takviyeli epoksi matrisli kompozit levhalar ¢ekme yiikii
altinda incelenmistir. Geometrik parametre olarak dort farkl
centik tipi, tek ve ¢ift yiliziinden yama islemi se¢ilmistir.
Yapilan deneyler sonucunda merkezi ¢entik tipinin yamasiz
ve yama tamirath numunelerinin g¢ekme mukavemet
degerlerini ¢ok fazla etkiledigi goriilmiistiir.

Il. DENEYSEL CALISMA

Deneysel caligmada orgiilii cam elyaf takviyeli epoksi
matriks regineli 180 mm uzunlugunda ve 30 mm genisliginde
kompozit levhalar kullanilmigtir. Hasari modellemek igin
oncelikle levhalarin merkezlerine ve kenarlarina sekil 1 ‘de
goriildiigi gibi gentikler agilmistir. Sekil 1°de gorildiigi lizere
centik tiirlerine gére numuneler Tipl, Tip2, Tip3 ve Tip4
olarak isimlendirilmistir

a)Tip | b) Tip 1l
U . /
v v
A f
c) Tip I d) Tip IV

Sekil 1. Deneysel ¢alismada kullanilmak tizere iiretilen
gentik tipleri [8,9].

Sekil 2°’de deneysel ¢alismada kullanilan yama
islemleri uygulanmis numuneler ve Olgiileri goriilmektedir.
Tek ve c¢ift yiiziinden yama islemi TY ve CY olarak
isimlendirilmigtir. Tamir i¢in aynt kompozit malzemeden
30mm x 30mm boyutlarinda yamalar ve epoksi esasli
yapistirict kullanilmis olup yapistirict kalinligi Tha= 1.0 mm
olarak almmustir. Her bir parametre i¢in esit kosullarda tiger
adet numune tiretilmistir.

, . Yama Boyu

' ' '
b 0mm —sa— 25mm Wmm 5mm Wmm —l

'
i '
'

i '
H H 30mm
'

i '

'

' Yapistnci Kalinhg
LO0mm

—
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Sekil 2. Yama uygulamalar1 ve problemin tanimu. [8]

Biitin numuneler u¢ kisimlarindan ¢enelere
sabitlenerek Sekil 3’deki 100 KN’luk instron ¢ekme cihaziyla
ASTM (1982) standartlarina goére oda sicakliginda ¢ekme
testine tabi tutulmustur.(7) Ortam neminin malzeme
Ozellikleri iizerinde etkisinin olmadigi kabul edilmistir.
Cekme testi i¢in hiz 1 mm/dk uygulanmigtir. Test cihazinin
iistteki ¢enesi sabit ve alttaki ¢enesi hareketlidir. Numuneler
baglanirken eksenlemeye dikkat edilmis ve ¢ene basinglar
esit uygulanmistir. Her bir numunenin ¢ekme testi esnasinda
sekil degisimleri, soyulmalar1 ve kirilmalar1 gzlemlenmis,
yapilan gdzlemler not edilmistir. Numuneler test edilirken
hasar yiikleri ve yer degistirmeler bilgisayara otomatik olarak
kaydedilmis ve bu veriler istenilen grafiklerde kullanilmistir.

Deneyler sonucunda, tamir edilmemis ¢entikli, tek
ylizlinden tamir edilmis ve ¢ift yiiziinden tamir edilmis
numuneler i¢in elde edilen yiik-uzama grafikleri Sekil 4’te
sunulmustur. [00]8 fiber takviye a¢ili numunelerde grafik
egrileri lineer olarak artmakta ve anlik kirilmayla levhalar
hasara ugramaktadir.
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—Tpl 10
—Tpl 20
Tpl 30

Trama (mm)

8000
7000 ——
6000 — 4

Il

1000
0
0 2 4

Urama (mm)

b) Tip 11

B R | —
z ]
2 4000 —4fH+—————————
#3000 —§

2000

c) Tip I

00 —
L e ESE———

—Tp3 107
—Tp3 207
Tpd 30

Tzama (um)

d) Tip IV

4000
3500 +
3000
52
= 1500 +—
1000 |-
0
0 1 2
Uzama (mm)

= 2500
z
s00 4f

—Tipd 17
—Tipt 20
Tpt 30

Sekil 4 . Yamasiz ¢entikli numunelerin deneysel ¢caligma yiik-

uzama grafikleri [8,9].

Yamasiz c¢entikli numuneler yamali numunelere goére

grafiklerde daha dogrusal bir egim vermektedir.

a)Tip |
4000 ——MM
2000 —mm————
10000

b) Tip Il

14000

Ny

Z 5000
—Tip TY1 Thal 0 Z —Tip2 TY1 That 0
= 5000 S ) E
= ) —Tip] TY2 Thal 0 2
4000 / I Tip] TY3 Thal 0
2000 |/ .
o ¥
0 1 2 3
Uzama (mm)
12000 12000
10000 10000 +
8000 _. 5000 +
z 3
_: 6000 =——Tip3 TY1 Thal .0 'l 6000 —Tipd TY1 Thal 0
= 000 ——Tip3 TY2 Thal 0 00 —Tipt TY2 Thal 0
Tip3 TY3 Thal 0 Tipd TY3 Thal 0

2000 4!'
o
0 1

Uzama (mm)

3

1 1

Uzama (mm)

Sekil 5. Tek yiliz yamali numunelerin deneysel ¢alisma yiik-
uzama grafikleri[8,9].

Sekil 5°te goriildiigli iizere tek yiliz yama baglantili
numunelerde kademeli kirtlma gergeklesmemistir. Biitiin
tiplerde yamanin bulundugu bolgede c¢ekme esnasinda ig
biikey egilme meydana gelmis ve yama uglardan soyulmaya

baslaylp tamamen
gergeklesmistir.

islevini

kaybettigi

anda

kirilma
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14000 14o0e

12000 1

10000 i
Z w000 £ — T2 C¥1 Tal 0
= —Tipl €Y g an :
£ 6000 / Tiel CYLThal 0 = — T2 €2 Thal
= ——Tipl G¥2 Thal 0 4000 Tipd C¥3 Thal 0

4000 Tipl CY3 Thal 0 00—

2000 od

| v
R — Ueams ()
Uzama (mm)

16000 | 16000

14000 + 1000

12000 12000
10000 = 10000
z 5 000 —Tipd V1 Thal 0
5 sm0 / —Tip3 C¥1 Thal 0 |-y /1 —TpiCYaThal0
#6000 + —Tip3 Y2 Thal 0 w000 Tipd O3 Thal 0

4000 + Tip3 CY3 Thal 0 2000 —F

2000 | s

7 012 3
0 L. s Uzama (mm)
Vzama (mm)

Sekil 6 . Cift yliz yamali numunelerin deneysel ¢aligma yiik-
uzama grafikleri [8,9].

Sekil 6’da yer alan grafiklerden goriildiigii tizere tamir
edilmemis levhalar belirli bir yiik degerinde aniden kirilarak
hasara ugramustir. Tek ve ¢ift yiiziinden tamir edilmis
levhalarda ise yiiklerin belirli bir degerinde yiikler aniden
disiis gosterdikten sonra tekrar yilikselmeye devam
etmektedir. Deneyin baslamasi ile birlikte yama ve levha
arasindaki yiik transferi yapistirici {lizerinden gerceklesir.
Yikiin belirli bir degere ulasmasi ile yapistirict hasara
ugradigr i¢in yiikler diiser fakat heniliz levha kirtlmamis
oldugu icin yiikler artmaya devam eder ve belirli bir yiik
degerine ulasildiginda levha ile yapistirici hasara ugrar. Levha
kirildigt i¢inde yiikler aniden diisiis gosterir.

SONUCLAR VE TARTISMA

18000

16000

14000

12000

10000

§000
6000
4000
2000

0

Has ar Yiikii (N)

Tipl

Tip2

Tip3

Tip4

mm Tek yiiz

7137.79

§866.1

9782.15

7879.52

. Cift yiiz

9302.24

10515.77

10776.81

9238.64

Yamasiz

336555

6502.22

729733

343726

= (Centiksiz

15348.05

15348.05

15348.05

15348.05

Sekil 7. [00]8 Tipl1,2,3,4 tek yliziinden ve ¢ift yiiziinden tamir

igleminin hasar yiikii iizerine etkisi grafigi [8,9].

Sekil 7°de ¢entikli numunelere yama uygulamalarimin
hasar yiikii olarak etkileri goriilmektedir. En biiytik hasar ytikii
degeri Tip3 ¢ift yliz yama uygulamasi i¢in 10776.81 (N)
olarak dlciiliirken en diisiik hasar yiikii Tipl tek yliz yama
uygulamasi i¢in 7137.79 (N) olarak dl¢lilmiistiir.
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Centik Tipi
Tamir | Karsilastir . . ) )
Tipi ma Tipl | Tip2 | Tip3 | Tip4
Centiksiz ] ]
-0, 0
Tek | Revmaya | 9653 | gy | gz | %048
yliziinde gO1C
n tamir Centikli
edilmis | Yamasz | % | 4963 | +%3 | +%12
Levhaya 112 6 4 9
gore
Centiksiz ] ]
-0, 0
Cift Legglriya %39 | 401 | opag | %39
YIRS | i
edilmis Yamasiz +%17 | +%6 | +%4 | +%16
Levhaya 6 1 7 8
gore

Tablo 8. [00]8 Tipl1,2,3,4 tek yliziinden ve ¢ift yliziinden
tamir edilmis levha i¢in elde edilen hasar yiikleri artig oranlari
tablosu. [8,9].

Tablo 8’de tek yiiz yama tamiratinda c¢entiksiz
levhalara kiyasla hasar yiikiinde en biiylik diisiis oran1 Tipl
gentik tiiri tek yiiz yama uygulamasi i¢in %53 olarak
Olciiliirken en kiigiik diisiis oran1 Tip3 ¢entik tiirli tek yiiz
yama uygulamasi i¢in % 36 olarak dl¢iilmiistiir. Tek yiiz yama
tamiratinda ¢entikli levhalara kiyasla hasar yiikiinde en biiyiik
artis oran1 Tip4 centik tiirli tek yiiz yama uygulamas igin
%129 olarak olgiiliirken en kiigiik artig oran1 Tip3 ¢entik tiirii
tek yiiz yama uygulamasi igin %34 olarak 6l¢iilmiistiir.

Cift yliz yama tamiratinda ¢entiksiz levhalara kiyasla
hasar yiikiinde en biiyiik diisiis oran1 Tip1 veTip4 centik tiirii
¢ift yliz yama uygulamasi i¢in %39 olarak olgiiliirken en
kiigiik diistis orant Tip3 g¢entik tiirli tek yiiz yama uyulamasi
icin % 29 olarak Ol¢iilmiistiir. Cift yliz yama tamiratinda
¢entikli levhalara kiyasla hasar yiikiinde en biiyiik artis orani
Tipl gentik tiirli ¢ift yliz yama uygulamasi i¢in %176 olarak
Olgiiliirken en kiigiik artis orani Tip3 ¢entik tiirii tek yiiz yama
uygulamasi i¢in %47 olarak dl¢iilmiistiir.

IV. DEGERLENDiRMELER

* Levhalara agilan g¢entikler ¢entiksiz levhalara gore
%40 ile %78 arasinda degisen oranlarda hasar
yiikiinii diistirmiistir.

Kiicik boyutlu orta ¢entikli levhalarin hasar
yiiklerinin kiiciik boyutlu kenar gentikli levhalarin

hasar ytiklerinden biiyiik oldugu belirlenmistir.

V.
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Biiyilk boyutlu kenar ¢entikli levhalarin hasar
yiiklerinin biiyiikk boyutlu orta ¢entikli levhalarin
hasar yiiklerinden biiyiik oldugu belirlenmistir.

Cift yiiz yama uygulamasi kenar ¢entiklerde merkezi

¢entiklere gore daha fazla oranda mukavemet artist
saglamigtir.

Tip2 ve Tip3 ¢entik alani olarak esit fakat farkli
konumlarindan dolayr farkli hasar yiiklerine
ulagsmuslardir. Tip3 merkezi ¢entik oldugundan bu
levhalarin hasar yiikleri Tip2’den daha yiiksektir.

Tipl ve Tip4 ¢entik tiirleri arasindaki iliskinin
benzeri Tip2 ve Tip3 ¢entik tiirlerinde de mevcuttur.
Tipl levha merkezinde yer alan bir c¢entigi
gosterirken Tip4 kenarda yer alan bir ¢entik tiiriinii
gostermektedir. Centik boyutlar1 ayn: olmasina
ragmen Tipl merkezi c¢entik oldugundan daha
yiiksek hasar yiikiine ulagmasi beklenirken tam tersi
Tip4 daha yiiksek hasar yiikiine ulasmustir.

Yama bolgesinde ¢ekmeyle beraber egilme ve sekil
degisimi baslamaktadir. Yamayi tutan yapistiricinin iglevini
tamamen yitirdigi anda yama herhangi bir hasara ugramadan
yerinden ¢ikmakta ve kirtlma sonlanmaktadir.
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