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PREFACE

The 2nd International Light Alloys and Composite Materials (UHAKS'22) was held by

Karabuk University Iron-Steel Institute and KBU congress coordination center between 31

March - 02 April 2022 in the Iron-Steel Institute Conference Hall and online.

Thanks to the symposium, which we organized for the second time this year, universities and

industrial organizations come together, leading to the emergence of new ideas and new

collaborations on behalf of the current situation and future goals. A total of 86 papers were sent

to the symposium. Most of the submitted papers were prepared by engineers, R&D personnel

working in our industrial establishments and academic personnel at universities.

We would like to thank my colleagues who contributed greatly to the preparation of this sym-

posium, and all our sponsors (Sağlam Metal, Mak Elektronik, Marzinc, and Ünal Mühendislik), 

and most importantly, I would like to express my gratitude to our University Rector Prof. Dr. 

Refik POLAT. We would like to see you again at the 3rd International Light Alloys and Com-

posite Materials Symposium.

Chairs

Prof. Dr. LBilge DEMİR 

Prof. Dr. Yavuz SUN

http://tureng.com/tr/turkce-ingilizce/potential
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UHAKS’22  Full Programme 

 31.03.2022 LOCATION 

Zoom Link: 
https://us02web.zoom.us/j/9107633276?pwd=M2VUL3RNWGMvMFZCU1Zuemt6QnU3Zz09 

 

Meeting ID: 910 763 3276 

Passcode: 12345 

 

10:00-

10:05 

Saygı Duruşu ve İstiklal Marşı  

 

 

 

Karabük Üniversitesi 

Mühendislik Fakültesi Hamit 

Çepni Konferans Salonu 

10:05-

10:15 

Tanıtım Filmlerinin Gösterimi 

10:15-

11:15 

Açılış ve Protokol Konuşmaları 

11:15-

11:45 

Sempozyum Davetli Konuşmacı 

Prof.Dr.Burak DİKİCİ, Atataürk Üniversitesi
‘‘ Metalik biyomalzemelerde yeni trend uygulamalar ve gelecek 

beklentileri ’’

 

11:45-

12:00 

Dış Ticaret Elçileri Uyum Programı Sertifika ve 

Plaket Töreni 

12:00-

13:30 

Öğle Arası 

 
DAY 1 31.03.2022 LOCATION 

Session Chair: Dr. M. Emre TURAN 

Zoom Link: 

https://us02web.zoom.us/j/9107633276?pwd=M2VUL3RNWGMvMFZCU1Zuemt6QnU3Zz09 
Meeting ID: 910 763 3276 

Passcode:  12345 

14:30-

15:00 

Invited Speker 

Dr. Martin Tauber, Chairman of the European Committee of 

the IMA 
‘‘The Global Magnesium Market - Challenges & Opportunities  ’’ 

 

 

 

 

 

 

Karabük Üniversitesi 

Demir Çelik Enstitüsü, 

ZOOM 

15:05-

15:35 

Invited Speker 

Prof. Dr. Nakai Masaaki,  Kındai University 
‘‘ Effect of dimple texture on wear behaviors of β-type Ti-Nb-Ta-Zr and 

(α+β)-type Ti-6Al-4V ELI alloys in contact with zirconia for biomedical 

applications’’ 

15:40-

16:10 

Invited Speker 

Prof. Dr. Mohamed A.H. Gepreel, Egypt-Japan University of 

Science and Technology 
‘‘Recent Progress in the Development of Novel Low-Cost Ti Bio-

Implants’’ 

16:15-

16:45 
Invited Speker

Assoc. Prof. Dr. Nermin Demirkol, Kocaeli University
 

‘‘Ceramics as a reinforcement material and a case study’’

16:50-

17:20 

Invited Speker 

Assoc. Prof.Dr.Mevlüt GÜRBÜZ, Ondokuz Mayıs 

University 
‘‘New Light Metal Alloy Composites and Entrepreneurship Case’’ 
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ORAL PRESENTATIONS 

SESSION 1

 Room: 31.03.2022 -(14:00-15:40)
Session Chair: Dr. İsmail Hakkı KARA

 

 

Microsoft Teams: 
https://teams.microsoft.com/l/channel/19%3aTqb3pQNCZFyL381ktgu0pzIUnKwBUDNBioA6Ev8LxM
Q1%40thread.tacv2/Genel?groupId=bf4960a7-bda5-4a34-a9ad-1fbdcf5766a9&tenantId=d348f9ab-

4879-4a60-ab50-5c420b11470c 
 

Team Code: 32c7hnk 
Paper ID Title  Authors 

1 ABD matrix material models help in the efficient 3D 

study of laminate structures using Laminator 

Mansingh Yadav 

2 Numerical simulation of CH3NH3GeI3 based 

perovskite solar cell 

Assiya Haddout 

3 The Effect of Internal Stresses in Coated Fiber 

Composite Materials: Numerical Analysis. 

Sara Ramdoum 
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5 Shot Peening Effect on Reduced Graphene Oxide-

based AA1070 Alloys Produced by Stir Casting 

Technique 

İremnur Bülbül, Remzi Varol and 

Mehmet Fahri Saraç 

6 Particle size evolution of NiO/Al powders during 

high-energy ball milling 

Nor El-Houda Berramdan, Hafida 

Boutefnouchet and Mosbah Zidani 

 

 

 Room: 31.03.2022 -(16.00-17:20)
Session Chair: Dr. Alper İNCESU

 

 

 
Microsoft Teams: 

https://teams.microsoft.com/l/channel/19%3aTqb3pQNCZFyL381ktgu0pzIUnKwBUDNBioA6Ev8LxM
Q1%40thread.tacv2/Genel?groupId=bf4960a7-bda5-4a34-a9ad-1fbdcf5766a9&tenantId=d348f9ab-

4879-4a60-ab50-5c420b11470c 
 

Team Code: 32c7hnk 
 

Paper ID Title  Authors 

7 The evaluation of the force vs time graphics of 

punching process of AZ31 Mg alloy as shearing steps 

via experiment and Finite element analysis 

Fadell Said Ahmed Aboshba, Bilge 

Demir, Hakan Gürün and Khalil 

Belras Ali 

8 Mechanical Behaviour of the Auxetic Tubular 

Structure under High-speed Loading Conditions 

Shao-Ho Huang and Fevzi Bedİr 

9 The effect of particle type on wear and corrosion 

behaviour of MAO coatings on AZ31 alloy 

Abubaker Ibrahım Elsadawi and 

Fatih Aydin 

10 Investıgatıon Of Bıodegradabılıty Of Mechanıcal 

Alloyed Mg-Zn Powders Produced By Powder 

Metallurgy 

Keriman Melis Halıcı and Rasim 

İpek 

11 Wear Rate of Aged Mg-2.5Al-1.0Sn-0.3Mn-0.4La-

0.66Gd Alloy 

Esra Özsoy and İsmail Hakkı Kara 
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https://unis.karabuk.edu.tr/akademisyen/bdemir
https://unis.karabuk.edu.tr/akademisyen/bdemir
https://avesis.gazi.edu.tr/hgurun
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SESSION 2 

 Room: ZOOM-01.04.2022 -(09:00-10:15) 
Session Chair: Dr.Engin ÇEVİK 

 

 

Zoom Link: 
https://us02web.zoom.us/j/9107633276?pwd=M2VUL3RNWGMvMFZCU1Zuemt6QnU3Zz09 

 
Meeting ID: 910 763 3276  

Passcode: 12345 
 

Paper ID Title  Authors 

12 Wear Behavior of Homogenized Mg-2.5Al-1.0Sn0.3Mn-

0.4La-0.66Gd Mg Alloy 

İsmail Hakkı Kara 

13 POLYPROPYLENE MATRIX E-GLASS REINFORCED 

THERMOPLASTIC COMPOSITES AS AN 

ALTERNATIVE MATERIAL FOR LIGHT WEIGHT 

APPLICATIONS 

Halenur Konbul, Aylin Altınbay 

Bekem and Ahmet Ünal 

14 CORROSION PERFORMANCE OF CHROMIUM (III) 

COATED ON AA2024 USED IN AEROSPACE 

INDUSTRY 

Cansel Pehlivanoglu, Emir Zafer 

Hosgun and Mustafa Ozgur 

Oteyaka 

16 Selection of Aluminium Used as Heating Element Tube 

Material in Resistance Production 

Mehmet Sahin, Fikri Negis, Sİnan 

Akbas, Salih Bektaş and Yunus 

Emre Dervis 

17 Atomistic insight into the density effect on dynamic 

properties in 45S5 Melts 

Youssef Ouldhnini, Achraf Atila, 

Said Ouaskit and Abdallatif 

Hasnaoui 

 

 

 Room: ZOOM-01.04.2022 -(10:30-12:15) 
Session Chair: Dr.Safa POLAT 

 

 

Zoom Link:  
https://us02web.zoom.us/j/9107633276?pwd=M2VUL3RNWGMvMFZCU1Zuemt6QnU3Zz09 

 
Meeting ID: 910 763 3276 

Passcode: 12345 
 

Paper ID Title  Authors 

18 The wear behavior of SiC reinforced waste aluminum 

matrix composites 

Özgür Yılmaz and Mevlüt Gürbüz 

19 Fabrication of Ti6Al4V Composite Foams and Their 

Characterization 

Ömür Ekrem Güntürk and Mevlüt 

Gürbüz 

21 Investigating the Dynamic Compression Response of a 

Novel Lattice Topology via Finite Element Analyses 
Hubannur Seremet and Nazim 

Babacan 

22 Effects of La addition to Mg-2Zn-1Mn alloys Halil Ahmet Gören, Mehmet Ünal, 

Yunus Türen and Hayrettin Ahlatçi 

23 Investigation of Stress Distribution and Deformation 

Zones in Composite Sleepers by Finite Element Method 

Mustafa Dursunlar, Musa Yılmaz, 

Ozan Yazar and İsmail Aykut 

Karamanlı 

24 Cryogenic treatment effect on the mechanical and 

corrosion properties of 2024 aluminum alloy 

Kamil Burak Göçmen and Mustafa 

Özgür Öteyaka 
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 Room: ZOOM-01.04.2022 -(14.30-16.00) 
Session Chair: Dr.Fatih AYDIN 

 

 

Zoom Link: 
https://us02web.zoom.us/j/9107633276?pwd=M2VUL3RNWGMvMFZCU1Zuemt6QnU3Zz09 

 
Meeting ID: 910 763 3276 

Passcode:   12345 
Paper ID Title  Authors 

27 Production and Characterization of Ti-Al Alloys by 

Powder Bed Electron Beam Melting 

Emre Kocakusakli, Ozkan 

Gokcekaya, Burak Dikici, Faiz 

Muhaffel, Murat Baydogan, 

Takayoshi Nakano and Hakan 

Yilmazer 

28 Design and Manufacture of Dual Asymmetric Centrifuge 

Homogenizer 

Fatih Huzeyfe Öztürk and Özkan 

Öz 

29 Comparative Microstructure of Additively Manufactured 

Ti-6Al-4V Alloy by Electron Beam Melting and Selective 

Laser Melting 

Yusuf Atilla Sadıkoğlu, Şeyma 

Küçük, Hakan Yılmazer, Özkan 

Gökçekaya and Takayoshi Nakano 

30 A Review for Weight Reduction in Automobiles: 

Lightening the Center Floor Panel 

Ali Karafakıoğlu, Mustafa 

Kocaman, Fevzi Bedir, Sevil İnan 

Öz and Burak Dikici 

31 The production method of titanium-based biocomposite 

scaffolds reinforced with hydroxyapatite-zirconia: A 

patent analysis 

Mehmet Topuz, Mehmet Gavgali 

and Burak Dikici 

32 Investigation of nano hydroxyapatite composite doped 

with nano zinc oxide in terms of bioactivity and 

mechanical properties 

Büşranur Yildirim and Nermin 

Demirkol 

 

 Room: ZOOM-01.04.2022 -(16.30-18:15) 
Session Chair: Dr.Yasin AKGÜL 

 

 

Zoom Link: 
https://us02web.zoom.us/j/9107633276?pwd=M2VUL3RNWGMvMFZCU1Zuemt6QnU3Zz09 

 
Meeting ID: 910 763 3276 

Passcode:  12345 
 

Paper ID Title  Authors 

34 INVESTIGATION ON THE EFFECT OF LEATHER 

SAWDUST ON MECHANICAL PROPERTİES OF 

EPOXY MATRIX COMPOSITES 

Abdullah Dagdeviren, Muhammet 

Mevlüt Karaca and Yasin Akgül 

36 Experimental Investigations on the Mechanical Properties, 

Wear analysis and Microstructure of CuAlNi/B4C 

Composites Synthesized Using Powder Metallurgy Route 

Berhan Şahin, Tayfun Çetin, 

Muhammet Emre Turan and 

Mustafa Yaşar 

38 INVESTIGATION OF HYDROXYAPATITE COATED 

MAGNESIUM AND TITANIUM ALLOYS BY SOL-

GEL METHOD 

Ece Duran, Hasan Durmaz, Esma 

Keskin, Bengü Akin, Hayreddin 

Boztaş, Aysun Işıkgül, Hayrettin 

Ahlatci, İsmail Esen and Yunus 

Türen 
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ORAL PRESENTATIONS (FACE TO FACE) 
 

 Room: 01.04.2022 -(14:30-16:00) 
Session Chair: Dr. M. Emre TURAN 

Location: Karabuk University 
Iron and Steel Instıtute 

 

Paper ID Title Authors 

15 Production and morphological investigation of Al6xxx- 

10Bi-3Mn alloy 

Bünyamin Çiçek 

20 Particle-reinforced multi-hybrid aluminium composite 

production and morphological analysis 
Tuna Aydoğmuş 

35 INFLUENCE OF TOOL ROTATION SPEED AND 

RATE ON THE CHARACTERIZATION OF FRICTION 

STIR WELDED DISSIMILAR SHEETS 

Emir Tabanlioglu, Emre 

Yigitoglu and Mehtap Hidiroglu 

39 Theoretical modelling of the Mg-Dia interface with

nitride compounds for high thermal conductivity

Safa Polat, Muwafaq Mashrah 

 

Poster Presentations 
 

 31.03.2022 Location: Iron and Steel 
Instıtute 

 

Paper ID Title Authors 

33 An Investigation on PMMA-PC Composite 

Transparencies 

Rıfat Yapıcı, Damla 

Köroğlu and Özlem Eker 

37 An investigation The Effect of Cure Temperature on 

Carbon Fibre Composites 

Damla Köroğlu, Engin 

Yörük and Yusuf Önalan 
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Roll-Over Analysis of Commercial Vehicles  
Osman Aydemir*, Ahmet Sinan Öktem+, Ahmet Semih Ertürk# 

*Department of Mechanical Engineering, Gebze Technical University, Kocaeli, Turkey,  

osmanaydemir@gtu.edu.tr 
+Department of Mechanical Engineering, Gebze Technical University, Kocaeli, Turkey,  

sinan.oktem@gtu.edu.tr 
#Department of Industrial and Materials Science, Chalmers University of Technology, Gothenburg, Sweden,  

erturk@chalmers.se 

 
Abstract— Nowadays, the use of commercial vehicles has been increasing day by day to reduce environmental 

pollution. Therefore, a significant increase is observed in the number of accidents and injuries caused by 

commercial vehicles. This increase in the world has led to the emergence of various regulations in order to 

ensure passenger safety in commercial vehicles. The ECE-R66 regulation has been published and become 

mandatory by European Commission for rollover accidents that cause death and injury. The requirements of 

this regulation can be provided by experiments. However, as it is known, there are various disadvantages such 

as high test costs and time-consuming procedures. Thanks to the development of technology, by using virtual 

analysis and finite element method, regulation conditions can be controlled in a faster and cheaper way than 

an experiment. Material models used in finite element simulations are of great importance and directly affect 

the simulation results. In addition, yield strength, strain, and strain-rate hardening parameters defined in the 

material model are crucial for the analysis to be carried out as close to the real experiment results. In this study, 

the finite element model was validated by performing a roll-over test for a section of a commercial vehicle. By 

using the tensile test results of the material, the material model was calibrated and implemented in the 

simulation. Furthermore, the strain-rate effects are investigated. As a result of the study, it is observed that 

values closer to the test data are obtained as a result of the simulations containing the material model calibrated 

using the tensile test. When the strain-rate effect is added to the material model, the simulation results are 

further improved and values quite close to the test data.  

 

Keywords— Finite element method; calibration; material model; strain-rate; hardening parameters 
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Abstract— The shot peening effects of reduced graphene oxide 
(rGO) additive on the structural, residual stress, hardness and 
surface roughness of AA1070 composites were investigated and 
reported in detail for the first time. It can be said that with 
increasing amounts of rGO added into AA1070 alloy, rGO is 
randomly distributed into the Al matrix with increasing amounts. 
The XRD analysis shows that there is no trace of carbon in the Al 
matrix, showing the the carbon structure did not diffuse into Al 
matrix during casting. However, in the EDS analysis, it was 
determined that the carbon value increased due to the increased 
presence of rGO. Although it has been studied according to the 
differences in ball diameters, it has been observed that the relative 
differences between the ball forging times affect the surface 
roughness changes in the samples. It was also observed that the 
hardness values were directly related to the ball forging times. On 
the other hand, the surface area of the forged matrix decreases in 
the presence of increasing rGO. While the hardness should 
increase after shot peening, cold deformation is not expected on 
the surface with the increase in the presence of rGO, and 
therefore, a decrease in the hardness value of the shot peened 
surface occurs. This is compatible with the residual stress results 
as well. 
 
Keywords— reduced graphene oxide, AA1070, stir casting, severe 
shot peening 

I. INTRODUCTION 
Graphite oxides as reinforcement material in different 

composite structures has become very popular in recent years 
[1,2]. Due to its high surface area and superior mechanical 
properties make the use of this structure for aluminium matrix 
composites much more interesting. It is also of great 
importance for applications in the automotive components 
where excessive motion is occurred, such as cylinder liners, 
crankshaft, tappets, pistons in order to increase the desired 
properties such as lightweight surface hardness and mechanical 
strength in aluminium matrix composites (AMC) using a very 
small amount of reinforcement material [3]. 

Due to the structural dissimilarity of graphene oxide in the 
aluminium matrix, there are difficulties in its homogeneous 
distribution in the matrix. For that reason, the studies on surface 
strengthening of graphene oxide added AMC have been carried 
out by using techniques such as stirred casting, liquid metal 
impregnation, sprayed deposition casting and so on [4-8]. 

However, no study has been found on the rGO-added AMCs 
with stirred casting so far using surface hardening processes 
like shot peening [9-12]. 

With the shot peening process, the surface of the reduced 
graphene oxide structured AMC will be hardened by a massive 
amount of high hardness and high-speed kinetic energy 
projectiles [13-15]. After shot peening, residual stress field and 
microstructure enhance its fatigue, surface hardness, resistance 
to stress corrosion cracks or high temperature oxidation 
resistance. However, residual stress distribution, 
microstructure and surface roughness will also differ depending 
on shot peening properties such as diameter of balls, Almen 
intensity, time and projectile material [16,17]. In this study, the 
effect of shot peening with increasing graphene oxide (0.25%, 
0.5% and 1% wt.) on AA1070 composites were empirically 
investigated by scanning electron microscopy, microhardness, 
residual stress and surface roughness. 

II. MATERIAL AND METHOD 

A. Material 
AA1070 was purchased from ISM Foreign Trade, Turkey 

and its chemical composition of the AA1070 alloy is presented 
in Table 1. The main reason for choosing the specified alloy is 
to examine the interaction of aluminum with the highest 
possible purity against graphene oxide. In the synthesis of 
graphene oxide, graphite (<20 μm powder), sulfuric acid 
(H2SO4.98%), sodium nitrate (NaNO3), hydrogen peroxide 
(H2O2,30%) and potassium permanganate (KMnO4, 98%) were 
obtained from Sigma Aldrich. 

 
TABLE I 

CHEMICAL COMPOSITION OF AA1070 ALLOY, % WEIGHT 

Element Al Cu Fe Mg Mn Si Ti V Zn 
% wt rmn 0.04 0.25 0.03 0.03 0.2 0.03 0.05 0.04 

 

B. Method 
Reduced graphene oxide was produced by the modified 

Hummers method [18].  To explain shortly, 3 g of natural 
graphite was mixed with sodium nitrate (1.2 g) for 30 minutes 
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in a beaker placed in an ice bath at 1°C, and 150 mL of sulfuric 
acid was then added. Afterwards, potassium permanganate (12 
g) was added to oxidize the graphite. After the resulting 
solution was removed from the ice bath, it was subjected to 
magnetic stirring at 35°C for 90 minutes. So, it was observed 
that a rapid increase in temperature occurred with the addition 
of ultrapure water. The temperature was kept below 100°C. 
After these procedures, the solution, which is stirred for another 
30 minutes, is diluted with 300 mL of ultrapure water and the 
reaction is terminated by adding 20 mL of 30% hydrogen 
peroxide. Finally, the mixture is washed sequentially with HCl 
and H2O, then centrifuged at 4000 rpm for 10 minutes to 
separate the solid and dried under vacuum at 80°C overnight to 
yield graphene oxide powder. 

Reduced graphene oxide with 0.25%, 0.5% and 1% (wt.) was 
separately added to the melted AA1070 alloy in a graphite 
crucible with a graphite probe, and after mixing at 4000 rpm for 
5 minutes. Afterwards, a melted sample poured into the mold 
of a tubular shape of 10 mm in diameter and 10 cm in length 
and waited for cooling. Afterwards, each sample with a length 
of 10 mm was cut and made ready for structural and mechanical 
tests. 

Severe shot peening process were applied with three Almen 
intensities of A10-12, A14-16 and A16-18 with other 
parameters remain constant. Severe shot peening treatment was 
conducted in accordance with MIL-13165 standard under the 
conditions shown in Table 2. 

TABLE III 
SEVERE SHOT PEENING PARAMETERS 

Almen 
Intensity 

Ball type 
and 

related 
hardness 

Air 
pressure 

(bar) 

Flow 
rate 

(kg/dk
) 

Saturation 
rate 

Shot 
peening 
time (sn) 

A10-12 S110, 45-
52 HRc 4.5 5.0 100% 35 

A14-16 S170, 45-
52 HRc 5.5 5.5 100% 31 

A16-18 S230, 45-
52 HRc 5.5 5.0 100% 42 

III. RESULTS AND DISCUSSION 
The average shot peened layer under three different Almen 

intensity was illustrated in Fig 1. The shot peened layer is 
increased gradually from 0.74mm to 1.08mm. Almen intensity 
depends on the shot peening parameters. Ball or called 
projectile diameter, air pressure, saturation rate and shot 
peening time especially affect shot peening intensity. In this 
study, Almen intensity values were determined using A strips. 
As the Forging Intensity values increase, the shot peened layer 
thickness increases. As the Almen intensity increases, the 
kinetic energy value transferred to the forged material by the 
balls used in forging increases. Therefore, the forged or shot 
peened layer thickness increases. This result is compatible with 
the literature. 

 

 
Fig. 1 Average Shot Peened Microstructure of a)0.25%, b)0.5% and c) 1% wt. 

of rGO added AA1070 samples after shot peening 

For selected 0.25%wt. of rGO added AA1070 samples, the 
surface roughnesses with four different shot peening treatments 
were shown in Fig 2. The surface roughness of sample at 
unpeened condition was 2.8 and gradually is increased 
gradually from 7.5 to 9.2µm. Afterwards, the surface roughness 
suddenly decreases to 8.8 µm under A16-18 Almen instensity. 
At the A16-18 Almen intensity, the forging time was 42 
seconds. By using S230 ball, the increase in this time causes the 
improvement of the surface quality. In the case of using S170 
ball, since the applied air pressure value is the same, the impact 
speed was lower because the mass of the S230 ball was higher. 
As a result, the surface quality was obtained better than the 
surface quality obtained under forging conditions using S170 
ball diameter. 

 
Fig. 2 Average surface roughness of selected 0.25%wt. of rGO added 

AA1070 samples under different Almen intensity 

As seen in Fig 3., xrd analysis of pure and rGO added 
AA1070 matrix composite shows a single-phase structure of 
pure aluminium phase identification (JCPDS card no. 04-0787) 
which are present at 2θ equal to 38.47°, 44.74° and 65.13°, 
78.23° and 82.43°. There is no trace of carbon in the Al matrix, 
so it is an evidence that there is no second phase such as Al3C 
in the matrix. So, the rGO has not enough time to react with Al 
matrix during stir casting.  
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Fig. 1  XRD analysis of pure and rGO added AA1070 composites 

SEM images and SEM-EDS analysis of pure and rGO added 
AA1070 samples were shown in Fig 4. It is clearly seen that 
rGO particles were randomly distributed into Al matrix and the 
presence of rGO increases with increasing amount of rGO into 
the Al matrix. It is also seen at the EDS analysis that carbon is 
observed even at 0.25%wt. of rGO added AA1070 samples and 
gradually increases from 1.78 %wt to 8.88 %wt of carbon. 
Apart from AA1070 sample, rGO particles are clearly visible 
(marked as red circle) on the Al matrix which is compatible 
with the EDS analysis. 

 

 
Fig. 4 SEM and EDS analysis of pure and rGO added AA1070 samples 

As it seen in Fig 5., the hardness values were decreased with 
increasing amount of rGO under various shot peening intensity. 
This observation can be concluded that even 0.25%wt. of rGO 
amount is still higher because it is not closer to pure AA1070 
sample. It could be interpreted that rGO particles were 

agglomerated during the casting process and lower the hardness 
at the end. During the shot peening treatment, at least 99% of 
the surface is struck by the balls. However, as the amount of 
rGO added into the matrix material (AA1070) increases, the 
surface area of the forged material decreases. Essentially, it is 
the hardening that occurs during cold deformation of the 
surface of the shot peened material that reveals the increase in 
hardness. However, hardening of rGO should not be expected. 
Therefore, as the amount of rGO increases, the decrease in the 
hardness value of the shot peened surface is considered for this 
situation. 

 
Fig. 5 XRD analysis of pure and rGO added AA1070 composites 

X-ray diffraction residual stress measurements was applied 
to all samples under different shot peening treatments, as seen 
in Table 3. 0.25%wt. of rGO added AA1070 with increasing 
shot peening intensity decreases the residual stress which verify 
that surface area of rGO over 0.25% addition did not make any 
distinctive change against other samples. Residual stress results 
match exactly with the hardness values. This shows that the 
hardening effect is highly dependent on the residual stress as 
well. 

TABLE IIIII 
RESIDUAL STRESS OF REDUCED GRAPHENE OXIDE ADDED AA1070 SAMPLES 

UNDER THREE DIFFERENT ALMEN INTENSITY 

Residual Stress (MPa) 
Almen 

Intensity Pure %0.25GrO %0.5GrO %1GrO 

A10-12 -37.3±1.8 -44.7±1.6 -37.2±1.1 -36.3±1.9 
A14-16 -41.1±1.1 -38.5±2.0 -41.0±1.7 -30.3±4.0 
A16-18 -32.7±1.5 -35.5±0.9 -32.6±1.2 -30.3±1.8 

 

IV. CONCLUSIONS 
Pure and three different ratios (0.25, 0.5 and 1%wt.) of rGO 

added AA1070 composites were produced by stir casting and 
afterwards, severe shot peening applied for all samples. Under 
three different Almen intensity, the shot thickness and surface 
roughness increase up to A14-16 and then decreases. These 
phenomena are also observed at the hardness and residual stress 
values. Depending on the various Almen intensity and relative 
shot time differences, it can be interpreted that A14-16 Almen 
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intensity is the optimum shot intensity value should be used for 
rGO added AA1070 samples. On the other hand, there is no 
trace of carbon reacted with Al matrix which is verified by xrd 
analysis. For SEM observation, rGO is randomly distributed 
into Al matrix and increases with increasing amount of rGO 
added into AA1070. Finally, residul stress of 0.25 %wt. of rGO 
added AA1070 was gradually decreased with incrasing Almen 
intensity while other samples show drastic change. This is a 
similar situation observed in the change of hardness and surface 
roughness due to the hardening phenomena observed in 
presence of rGO added into Al matrix. 
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Abstract— This paper investigates the particles size evolution 

during high-energy ball milling of the NiO/Al system. Starting 

powders were milled under air for different milling times and 

speeds. All samples were characterized using scanning electron 

microscopy (SEM) and X-ray diffraction. However, XRD results 

show that with increasing milling time and/or speed NiO and Al 

peaks intensities were reduced, and their peaks width became 

larger. Furthermore, the broadening of XRD peaks is related to 

the decrease in particles size and lattice strain enhancement. The 

calculations of products particle size were done using the 

Williamson hall plot method. Scanning electron microscopy 

(SEM) of pure and milled powders was investigated. 

 
Keywords— Particle size, high-energy ball mill, NiO-Al system, 

Williamson Hall Plot. 
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Abstract—Auxetic structure or material that obtains negative 

Poisson’s ratio(NPR) gives us a great opportunity to 

manufacture more fascinating products. When Auxetic structure 

bearing compressive loading auxetic structure would contract 

rather expand and acts oppositely under tensile. This behavior 

performs differently from normal structures and because of this 

specialty, auxetic structure applies spectacular ability for 

enduring compacts, good indentation resistance, energy 

absorption capability, and shear resistance.  To achieve 

improved properties for engineering submissions, there are 

plenty existed pieces of articles that demonstrated the possibility 

of auxetic structures. Different material-based specimens, 

providing subtle differences in composition or combining 

different types are the most common methodologies. However, 

most research only mentioned the behaviors that occur under 

loading in beam shape or 2D sketches. In real applications, 

tubular structures are also essential for building significant 

products. As a result, the two most studied geometries; re-

entrant structure and tetrachiral structure are selected as the 

unit cell configuration to build the auxetic tubular structure. The 

main idea in this paper is to observe the kinematics of the auxetic 

tubular structure when bearing different loadings, the result 

complies with the research which studied the in-plane properties 

under the impact of auxetic structures, however,  when the 

loading exceeds significant quantity, the behaviors of auxetic 

tubular structure gives a unique result.  

 

Keywords—auxetic structure, NPR, tubular structure, re-

entrant, tetrachiral 

I. INTRODUCTION 

The first time that the noun of auxetic structure can be 

traced back to 1991 was written by Evans[1]. This kind of 

structure introduces opposite physical behaviour from normal 

materials due to its negative Poisson ratio (NPR). Auxetic 

structure expands when being pulled and contracts under 

pressure[2] which gives a certainly unlike physical 

performance. Based on our knowledge, Poisson’s ratio v is the 

negative ratio of transverse strain to axial strain. When normal 

material is applied compression stress axial strain reduces, the 

meanwhile transverse strain increases, and when normal 

material is applied tensile stress, axial strain increases then 

transverse strain reduces. The auxetic structure however 

obtains an opposite characteristic from normal materials. 

People have noticed this special structure due to engineering 

needs for over 30 years, however, there is still not much 

investigation in this area, which means this topic is still quite 

new. Yet the topic is new, there are plentiful natural auxetic 

materials exist in nature for a long time. For example, the 

auxetic structural skin of salamander gives it a good ability to 

escape from its predators[3]. This feature also appears on the 

skin of cats, snakes, and cow teats which helps them behaving 

some abnormal motion.   

NPR specialty gives us a promising opportunity to produce 

products with lighter weight and better performance when 

bearing force which is because many material properties are 

related to the value of v. For example, The indentation 

resistance had been discussed that enhanced with an auxetic 

structure based on the theory that the indentation resistance is 

proportional to [(1 – v2)/E]-1[4], [5]. since v is a value which 

only performs between -1 and 0.5, and most normal materials 

only obtain positive Poisson’s ratio which means generally 

this fact can slightly affect material properties. The auxetic 

structure however through subtle adjustment might meet 

Poisson’s ratio between -1 to -1/2, which leads (1 – v2) to 

approach 0 when v approaching -1, as a result, it can lead to 

indentation resistance infinity. Under loading makes normal 

material density reduce, however, for auxetic structure loading 

causes contraction which can enhance the indentation of the 

structure. The NPR specialty can also increase the toughness 

under compression in re-entrant foam[6], [7], which 

introduced auxetic structure into foam shape through ejecting 

foam into the preheated metallic cube and under compression 

then heat for a determined time. The result that had been 

shown indicated the auxetic structure can promise a good 

application. Enhancing the localized impulsive loads has also 

been confirmed that can be achieved in auxetic 

structures(Xiao, Chen, Li, Wu, &Fang, 2019).  

There are numerous forms of auxetic structure[10]. First of 

all, the auxetic structure can be divided into two types 

according to the source: natural and synthetic or we can call it 

man-made. Natural auxetic material has two forms: biological 

and mineral. As for synthetic auxetic structure, according to 

deformation way when bearing loads may be split into two 

main assemblies: two-dimensional and three-dimensional. 

Though natural auxetic materials are also important for many 

aspects, this paper’s focus will be on synthetic structure 

introduction rather natural one. Synthetic structures can be 

divided into two groups: 2-dimensional and 3-dimensional 

structures. The 2-dimensional structure contains the missing-

rib type[11], perforated plates[12], rotating units[13], and 

composites[14]. As for 3-dimensional structure, open-cell 

foams[15], crumpled sheets[16], Miura-ori folded 

structure[17], and entangled single wire model[18] are 

included. Except for the structures that are mentioned above, 

re-entrant[19], and chiral[20] which are widely researched 
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both in 2-dimensional structure and 3-dimensional structure 

are the main unit cell geometries in this paper. The re-entrant 

construction is labelled as a tension functioned on a side of the 

solid in a way that outcomes in the extension of the adjacent 

edges[21]. The re-entrant structure is a basic geometry that has 

an angle in a polygon, larger than 1800, or a negative angle. 

The re-entrant structure is one of the most studied auxetic 

structures. To improve the structure strength, there are many 

different types had been implemented. For re-entrant structure, 

one of the methods that are applied to strengthen the 

structure’s stiffness is to add firming up rib into regular 

auxetic unit cells in a direction vertical to the re-entrant 

direction [22], this article indicated that it is possible to 

enhance Young’s modulus and shear modulus through 

adjusting the range of relative density. Another research also 

presented that changing the gap geometry is also a 

methodology to improve energy absorption capability[23]. Or 

some other subtle differences between cells are implemented 

such as angle adjustment may have a chance to advance the 

performance when bearing loads[24], [25]. Furthermore, the 

thickness of the re-entrant structure also plays an important 

role to affect the NPR behaviour[26]. Both thick-walled and 

thin-walled re-entrant structures exhibit NPR behaviour, 

however, the thickness of the re-entrant structures can affect 

the deformation mode of it, which may influence the 

structure’s performance. If a structure or geometry after 

rotating translating cannot be superposed to its mirror image, 

we can call it has chirality[27]. Many different design 

concepts of the chiral type have been introduced since the first 

designed chiral geometry came out[28]. The chiral structure 

can illustrate the relationship between local rotation, 

substance deformation, and bending, therefore providing that 

explanation for the derivation of many uncommon 

performances such as NPR of chiral materials The chiral unit 

cell is consisting of an arrangement of spherical cross-section 

cylinders of alike radius connected by ligaments of identical 

measurement, ligaments are tangentially connected in the end. 

this kind of auxetic structure is the same as the re-entrant 

structure that can both be applied to 2D and 3D applications. 

Even in the natural, there are plenty sorts of chiral structures 

that exist for instance: human left-hand and right-hand, DNA, 

etc. The chiral structure is like a re-entrant structure, lots of 

variations are proposed such as hexachiral, trichiral, anti-

trichiral, tetrachiral, and anti-tetrachiral[29]. The chiral 

structure can be divided into three main groups: anti-chiral, 

chiral, and meta-chiral[27]. The re-entrant and chiral 

structures are proved to have significant mechanical behaviour 

in many literary works, however, the properties exhibited in 

written papers are mostly focused on in-plane behaviours in 

beam shape.  

In this paper, the tubular structure which is relatively little 

studied specimen form in auxetic structure area is applied low 

impact to observe the kinematics of the structures. The two 

base geometries, re-entrant and tetrachiral are designed as the 

unit cell to become tubular constructions that exhibit no 

dangling ends. With no dangling ends efficiently allows every 

unit cell affects one another.  

II. DESIGN AND BOUNDARY CONDITIONS 

A. Geometry of Specimens 

In this paper, there are two kinds of auxetic being discussed, 

Re-entrant and tetrachiral tubular structures. Two structures 

are in the same thickness height, radius. the model will be 

manufactured in 60 mm to trial the mechanical properties. Re-

entrant and tetrachiral cells shown in Fig. 1 are selected to be 

the base geometry. The asymmetrical graph is adopted to 

achieve the most similar magnitude of both re-entrant and 

tetrachiral tubular structures. The radius ratio of the tetrachiral 

unit cell is 0.33 [30]. Each tubular structure consists of 5 

layers[26]. These two geometries are designed by 

SOLIDWORK 2020, and the simulation process is executed 

by LS-DYNA with explicit dynamic simulation to understand 

the kinematic of structures.  

Fig. 1. 2D schemes of (a) Tetrachiral unit cell (b) Re-entrant unit cell (c) 

Tubular structure front view (d) Tubular structure top view.  

B. LS-DYNA Pre-Post 

In this chapter numerical simulations which are made from 

LS-DYNA software and the result of specimens under 

impulsive test will be discussed. The main purpose is to 

observe the structural behaviours under impact. The following 

contents describe the steps of setting data for the simulation. 

Specimens with the parameters shown in Table 1 are 

employed with the ABS-M30 of material. A solid part made 

plate in 128 elements and 243 nodes which is set by 
MAT_003-PLASTIC_KINEMATIC provides the impact to 

the specimens. The velocities that are provided to the plate 

through the VELOCITY_GENERATION card dominate the 

desired velocities to provide specimens impact. The velocities 

are changed in VY, which is the longitudinal direction along 

with the specimen. The velocities of the plate are used to be 

the numerical analysis with 277 mm/s, 833 mm/s, 1388 mm/s, 

1944 mm/s, 2500 mm/s respectively, and the bottom nodes of 

the specimens are set displacement in VY. The determination 
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time is set as 0.04 seconds to observe the structural changes in 

this duration, and the procedure is divided into 10 pieces when 

progressing the simulation as shown below.   

Table 1. 

Parameters of specimens. 

III. SIMULATION ANALYSIS 

A. Re-entrant Structure Analysis 

In this section, the results that are obtained from the 

simulations are compared by different applied velocities. The 

analysis is focused on the stress distribution, deformation state, 

and the NPR behaviour of the auxetic tubular structure. The 

Poisson’s ratio is calculated by the following formula[31] 

𝑣𝑖 = −
ε𝑥𝑧

𝜀𝑦

= −
Δ𝑑𝑖/𝐷 

Δ𝑦𝑖/𝑌𝑖  
  (1 ≤ 𝑖 ≤ 5) 

�̅� =
1

5
× ∑ 𝑣𝑖  (1 ≤ 𝑖 ≤ 5)

5

1

 

Where Δ𝑑𝑖 =
𝑑𝑖+𝑑𝑖+1

2
− 𝐷 , , Δ𝑦𝑖 = 𝑦𝑖 − 𝑌 . D is the 

diameter of the auxetic tubular structure before deformation, 

𝑑𝑖 is the ith layer diameter of the auxetic tubular structure after 

deformation, Y is the height of the unit cell before deformation, 

and yi is the height of ith layer after deformation. 

The following content is discussing the stress distribution 

of the re-entrant structure, Fig. 3 shows the strain-stress curve, 

and Fig. 4 shows the schemes of the re-entrant structure under 

various loading when the loading is applied to the structure, 

the upper layers bear the most stress at the beginning, and after 

a few moments later, the stress is concentrated to the lower 

part,  due to the amount of velocity is not very big, there is no 

obvious deformation. However, through the stress distribution 

figure can find that the structural behaviour follows the beam 

shape auxetic structure under the impact, and because of the 

tubular structure, the stress concentrates to the center rather 

than expansion. When the loading that applied on the re-

entrant structure gradually increased, the deformation mode of 

the bulking structure starts to become not harmonious due to 

the bending of horizontal struts affecting the longitudinal 

struts plastically. 

Fig 2. Calculating Poisson’s ratio using an imaging processing method from 

two perspective views: (a) top view; (b) front view.  

Fig 3. Strain-stress curves of the re-entrant structure under loadings. 

The stress distribution indicates the NPR behaviour does 

not occur in each layer on separate timing, this reaction mode 

perfectly meets the result of sandwich beam form auxetic 

structure under impulsive loadings[9]. The impulsive wave 

affects the top layers of the auxetic structure, and the number 

of affected layers is depending on the amount of velocity. 

Initially, the loading applies stress on the inclined struts, 

which causes the longitudinal deformation then the inclined 

struts bring the horizontal struts to concentrate toward the 

central part of the structure and behave the NPR specialty. 

According to the expansion stress mode, the stress gradually 

distributes from the upper layers to the lower layers, and from 

the outer face to the interface. This bulking mode gives 

promising agreement with the re-entrant structural behaviour 

of thick thickness type[26]. From the horizontal deformation 

extent of the re-entrant structure, the NPR behaviour can be 

observed, except the 2500 mm/s of velocity loading which 

makes an excessive deformation inside the structure and 

makes unit cells behave abnormally. Due to the malformation 

of the re-entrant structure, the most stressed top layer, and 

bottom layer display differently from smaller velocity loading. 

The next section is about to discuss the Poisson’s ratio which 

is the most important part of the auxetic structure. As shown 

in Fig. 5, except for the 2500 mm/s of loading velocity cure, 

the NPR behaviour does not appear at the initial time point, 

and the amount of velocity decides the NPR behaviour during 

the middle of the time frame, after a certain duration the 

Structure 
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increasing rapidity of the Poisson’s ratio become slower.  

Fig. 4. Schemes of the re-entrant structure under (a)277 mm/s (b) 833 mm/s 

(c) 1388 mm/s (d) 1944 mm/s (e) 2500 mm/s velocity loading. 

Fig. 5. Poisson’s ratio in each loading velocity during impact. 

The result indicates that Poisson’s ratio is inversely 

proportional to the loading velocity. Through the stress 

distribution figures, a small amount of loading velocity 

conducts stress to the bottom part averagely, and until the end 

of the time frame, the stress remains in the lower parts and the 

most severe stress occurs on inter structure which is the path 

of central concentration. Increasing velocities lead to 

additionally abnormal deformation of unit cells when the 

structure condenses to the limitation of the unit cell which 

means the horizontal part of the unit cells squeezes and 

interferes with the deformation mode of each unit cell. The 

interference of unit cells as shown in Fig. 6 leads to the 

Poisson’s ratio reduction of the bulking structure. 

 

 Fig. 6. Scheme of re-entrant structure with abnormal deformation. 

B. Tetrachiral Structure Analysis 

Tetrachiral structure is the main subject that is discussed in 

this part, as the same as re-entrant structure, tetrachiral 

structure is also a well-known auxetic structure that has been 

proved to perform NPR behaviour under loading. In this part, 

the stress distribution, deforming mode, and the Poisson’s 

ratio it obtains are discussed. Fig. 7 shows the Strain-Stress 

curve of the tetrachiral structure and Fig. 8 shows the schemes 

of the tetrachiral structure under various loading, the figures 

display a different performance of stress distribution from re-

entrant structure, and the deformation pattern meets the in-

plane deformation pattern. The stress distribution figures that 

are presented below showing when the stress is applied to the 

structure, the first layer which is the first contacted layer 

enduring the most stress at the initial moment, however, 

different from the re-entrant structure, tetrachiral structure 

transfers stress through inter part to the lower layer, which is 

related to the unit cell deformation pattern. Tetrachiral 

structure deforms under loading with “Z” mode which has a 

good agreement with in-plane crushing deformation mode[30], 

the tubular structure however rotates rather squishes. The 

upper layer and the bottom layer rotate in an opposite direction 

which leads the middle layers to contract toward the central 

part and it helps to perform NPR behaviour. Fig. 8 also 

indicates except for the first layer; other layers deform to a 

certain extent the deformation ceases. Which is also meeting 

Fig. 7. Strain-stress curves of the re-entrant structure under loading  
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the in-plane crushing behaviour of the tetrachiral structure. 

According to the figures shown above, the deformation pattern 

of the tetrachiral structure shows the first layer constantly 

undertake stress, the deformation mode is regardless of 

applied stresses, even if the loading amount becomes larger, 

the unit cell deformation patterns maintain a specific mode 

and last until a specific range then the first layer is the only 

layer deforms which can be observed more clearly through 

figures below. 

Fig. 8. Schemes of the tetrachiral structure under (a)277 mm/s (b) 833 mm/s 

(c) 1388 mm/s (d) 1944 mm/s (e) 2500 mm/s velocity loading. 

Fig. 9. Poisson’s ratio in each loading velocity during impact. 
As Fig. 9 shows, tetrachiral structure performs positive 

Poisson’s ratio at the initial time frame no matter how large 

the loading is, which indicates tetrachiral structure requires a 

certain amount of loading to bend the longitudinal struts which 

leads the bulking structure contracts to the central part. 

Furthermore, according to its horizontal deformation data, the 

tetrachiral structure obtains a limitation of NPR behaviour. 

Once the loading reaches critical speed, unit cells are hindered 

and stop shrinking. At this moment, the bulking mode starts 

expanding rather than contracting as shown in Fig. 10.   

Fig. 10. Scheme of tetrachiral structure with expending layer.  

IV. CONCLUSION REMARKS 

In this study, two auxetic tubular structures with different 

unit cell structures are made to simulate the mechanical 

behaviour that occurs under different compulsive loading 

conditions. The same parameter and same loading velocities 

are applied to investigate the kinematics of the structures.  

a) Both re-entrant and tetrachiral structures are complying 

with the in-plane mechanical behaviours that have been 

studied when the specimens endure lower-speed impulsive 

loadings.  

b) An explicit difference of deformation mode occurs when 

the re-entrant structure bearing a loading velocity exceeds 

1944 mm/s, as for tetrachiral structure, the lower parts stop 

to deform in the horizontal direction.   

c) NPR behaviour of re-entrant structure displays worse due 

to the abnormal deformation of the unit cell which leads to 

the expansion of the central part when the loading speed 

exceeds the limitation that the structure can accept.  

d) NPR behaviour of the tetrachiral structure performs of 

poorer quality because of the stationary horizontal 

deformation of the lower parts and the longitudinal 

deformation deforms constantly. When the tetrachiral 

structure bears excessive loading speed, the deformation 

mode is opposite to the re-entrant structure, when the 

loading speed occurs too large, the bulking structure 

expands the top and bottom layer rather than the central 

part.  

The auxetic tubular structure exhibits a distinct mechanical 

behaviour compared to the beam shape or other researched 

papers, the results show a good NPR behaviour when the 

auxetic structures sustain loadings, though the NPR behaviour 

decreases when the loadings increase, it is possible to improve 

the performance of the auxetic tubular structure through the 

thickness or radius of the bulking structure.  
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ABSTRACT 

The micro-arc oxidation is widely used to improve the wear and corrosion performance of 

magnesium alloys. In this study, the surface layers were formed by micro-arc oxidation in the 

electrolyte containing nano-sized particles of TiO2, TiC and TiN. The surface morphology, 

phase analysis and chemical composition of the coatings were examined by Scanning electron 

microscopy, Fourier transform infrared spectroscopy, X-ray diffraction, X-ray photoelectron 

spectroscopy and Raman analyses. It was seen that the pore size and diameter of the coatings 

reduced with the addition of nanoparticles. The wear performance of the samples was studied 

by reciprocating wear tests under different loads for dry sliding conditions. The 

electrochemical corrosion performance (potentiodynamic polarization and electrochemical 

impedance spectroscopy) was also studied in 3.5 wt.% NaCl solution. The worn and corroded 

surfaces were investigated by SEM to reveal dominant failure mechanisms. As a result, the 

nanoparticle providing the best performance was determined. 

 

Keywords:  AZ31 alloy, wear, corrosion, micro-arc oxidation 
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Abstract— The hazardous greenhouse gases are the extreme threat 

around the world originated from mainly automotive and 

aerospace like vehicles consuming fossil fuel. The lightweight 

metals can be the best choice for restricting the unhealthy gases 

emissions. Mg-Al-Sn (AT) base Mg alloy is a candidate for solving 

the mentioned threat due to their low density (1.74 g/cm3) and 

excellent specific strength (strength/density). This study targeted 

the development of the AT31 Mg alloys room temperature wear 

properties by using the light Lanthanum (La) and Gadolinium 

(Gd) elements. Aging heat treatment has been exposed at 200°C 

during 2,4,6 and 8 hours. The wear tests were applied at 25°C 

temperature. Three different loads (10,20 and 30 N) have been 

applied to obtain the wear behavior of investigated specimens.  

 
Keywords— Mg-Al-Sn (AT), La, Gd, Wear, Aging.  

I. INTRODUCTION 

Recently, magnesium (Mg) alloys are increasingly being 

used in the automotive, aerospace, and electronic and energy 

industries because of their low density, high specific strength-

stiffness, and castability [1]. The AT(Mg-Al-Sn) series mostly 

is utilized in industry, although the elevated temperature 

applications of AT series were inhibited that could relate to the 

poor wear properties at room temperatures [2]. Because the 

Mg17Al12 type secondary phase is coarsening during high 

temperature wherein the solving of this difficulty was 

suggested as fully removing the Mg17Al12 secondary phase 

from the matrix or reducing the volume fraction of it [3]. The 

rare earth elements (REEs) are known as the suppressing 

formation of Mg17Al12 phase and they positively affect the 

mechanical properties and corrosion resistance of Mg alloys 

wherein the stable Al11Re3 type secondary phases were 

introduced to diminish the Mg17Al12 phase or removing all of 

them from matrix [3]. Moreover, it is reported that Lanthanum 

(La) suppress the Mg17Al12 phase formation by replaced the 

highly stable Al11La3 phase that results from the solubility of 

La in Mg is low in this way La including secondary phases 

introduce in matrix [4]. Further, the La was used to improve the 

mechanical properties or corrosion resistance of Mg alloys like 

Mg-Zn, Mg-Zn-Al [5]. Nevertheless, the systematic approach 

by adding the amount in the range of 0.4La+0.66 Gd wt.% is 

needing for learn how the effect of the La and Gd amount on 

wear properties both at room temperature at room temperature 

of AT31 Mg alloys. The aim of this study is to investigate the 

critical La and Gd amount to clarify the effect on wear 

properties at room temperature of AT31 Mg alloys. 

II. EXPERIMENTAL STUDIES 

Experimental materials were prepared in an electric 

resistance furnace under protection of Ar gas. Pure Mg, Al and 

Zn metals and Mg-30wt%La and Mg-10wt%Mn master alloys 

were melted at 775°C. The melted alloys were injected into the 

steel mold with a temperature of 350°C in low 2-3 atm pressure 

under protection CO2+1vol% SF6 mixed gas. Chemical 

compositions of alloys were determined by X-ray fluorescence 

(XRF- Machine: Rigaku ZSX Primus II) and were obtained as 

Mg-2.5Al-1.0Sn-0.3Mn-0.4La-0.66Gd. The homogenization 

treatment was conducted at 350°C for 12 hours. Aging heat 

treatment has been employed at 200°C during 2,4,6 and 8 hours. 

 

According to ASTM G-133 standard, reciprocating wear 

tests (UTS-Tribometer Tester) in a dry environment were 

performed under 1,2 and 3 kg loads. The stroke distance of 

8mm was adjusted and the samples were subjected to the 

abrasion test for a total of 100 m. The volumetric loss after wear 

was determined using a profilometer device. Five 

measurements were taken from each sample in the direction 

perpendicular to the wear track. The amount of eroded volume 

was found by multiplying the 2D dimensional profilometer 

curves with the total trace length [6]. 

III. RESULTS 

The dry wear test results are given in Fig.1 and Table 1. As 

to applied load, the wear rate of specimens is similar for all, 

where the rising of load resulted in decreasing of wear rate. 

However, the lowest wear rate has been obtained with the 

specimen of 2 hours aged one under 10N load. The rising of 

applied loads changed the lowest wear rate to 4 hours specimen. 
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Table 1. The wear rate values of specimens (mm3/N.m). 

Aging 

Time 10N 20N 30N 

2 0,001656 0,001270 0,001036 

4 0,001676 0,001054 0,000940 

6 0,002060 0,001328 0,001065 

8 0,001836 0,001186 0,000984 

  

 

 
Fig.1. The wear results of specimens. 

ACKNOWLEDGMENT 

This work was financially supported by the Scientific 

Research Projects Coordination Unit of Karabük University, 

Project Number: KBÜBAP-22-YL-014 

REFERENCES 

[1]  İ. H. Kara, H. Ahlatcı, Y. Türen ve Y. Sun, 

«Microstructure and corrosion properties of lanthanum-

added AZ31 Mg alloys,» Arabian Journal of 

Geosciences, cilt 11, p. 535, 2018.  

[2]  I. Kara ve A. Incesu, «Microstructural, Mechanical, and 

Tribological Properties of Mg-3Al-1Sn-1Nd-Mn Alloy,» 

Journal of Materials Engineering and Performance , cilt 

30, pp. 1674-1682, 2021.  

[3]  A. Prasad, Y. Chiu, S. Singh, N. Gosvami ve J. Jain, 

«Role of La addition for enhancing the corrosion 

resistance of Mg–Dy alloy,» The International Journal 

of Corrosion Processes and Corrosion Control, cilt 56, 

no. 6, pp. 575-583 , 2021.  

[4]  A. Kumar, G. Meenashisundaram, V. Manakari, G. 

Parande ve M. Gupta, «Lanthanum effect on improving 

CTE, damping, hardness and tensile response of Mg-3Al 

alloy,» Journal of Alloys and Compounds, cilt 695, pp. 

3612-3620, 2017.  

[5]  C. Wang, L. Zeng, W. Ding ve T. Liang, «ffects of 

minor RE (Y, La) on microstructure and corrosion 

behavior of TX31 alloys,» J. Mater. Res. Technol., cilt 

14, pp. 69-80, 2021.  

[6]  ASTM, Evaluation of Wear Testing, San Francisco: 

American Society for Testing and Materials, 1968.  

 

 
 

20

2nd International Symposium on Light Alloys and Composite Materials 
(UHAKS’22) 31 March - 02 April, 2022 Karabük, Turkey



Wear Behavior of Homogenized Mg-2.5Al-1.0Sn-

0.3Mn-0.4La-0.66Gd Mg Alloy 
İsmail Hakkı KARA* 

* Metallurgy and Materials Engineering Department, Karabük University  

Karabük, Turkey 

ihakkikara@karabuk.edu.tr  

 

 
Abstract— Interest in magnesium alloys is increasing day by day. 

The most important reason for this is the low density and high 

special strengths of magnesium alloys. However, the use of 

magnesium alloys is very limited. Poor wear performance reduces 

the use of magnesium products. Alloying is a preferred method to 

increase the wear resistance of magnesium alloys. In recent years, 

rare earth elements have been used as alloying elements in 

magnesium alloys, and as a result, both mechanical properties and 

corrosion resistance have been improved. Mg17Al12 secondary 

phase in the Mg-Al binary system has found a wide usage area due 

to its contribution to strength and corrosion. In this study, Mg-

2.5Al-1.0Sn-0.3Mn-0.4La-0.66Gd alloys were produced using an 

induction melting casting method. After casting, homogenization 

heat treatment was applied at 350°C for 4,8, and 12 hours. 

Microstructure of homogenized alloys examined by using light 

optical microscopy (LOM) and EDS-assisted scanning electron 

microscopy (SEM). Dry wear test carried out by reciprocating 

wear at 25°C with the load of 1kg, 2kg, and 3kg according to 

ASTM-G133. The hardness measurement of the samples was 

made according to the Brinell method using a universal hardness 

device (2.5 mm diameter steel ball, 187.5 kg load - 10 sec. dwell 

time).  

 
Keywords— Mg-Al-Sn- La-Gd, Microstructure, Wear, 

Homogenization.  

I. INTRODUCTION 

Interest in magnesium alloys is increasing day by day. The 

most important reason for this is the low density and high 

special strengths of magnesium alloys [1]. However, the use of 

magnesium alloys is very limited [2]. Poor wear performance 

reduces the use of magnesium products. Alloying is a preferred 

method to increase the wear resistance of magnesium alloys. In 

recent years, rare earth elements have been used as alloying 

elements in magnesium alloys, and as a result, both mechanical 

properties and corrosion resistance have been improved. 

Mg17Al12 secondary phase in the Mg-Al binary system has 

found a wide usage area due to its contribution to strength and 

corrosion [3]. but the Mg17Al12 phase is unstable at high 

temperatures. Tin was added to obtain a phase resistant to high 

temperatures and positive results were obtained. High 

temperature strength and creep studies focused on Mg-Al-Sn 

alloy. However, studies on rare earth element added Mg-Al-Sn 

alloys are very scarce [4]. The corrosion resistance of 

lanthanum added magnesium alloys is quite good [5]. The 

addition of gadolinium improves the strength properties of 

magnesium alloys [6]. Especially in the literature, there is 

almost no study on the wear resistance of La and Gd modified 

Mg-Al-Sn alloys. 

 

In this study, Mg-2.5Al-1.0Sn-0.4La-0.66Gd alloy was 

produced by low pressure permanent mold casting technique. 

Then homogenization heat treatment was applied at 350°C for 

4, 8 and 12 hours. Hardness measurements were made from the 

samples using the Brinell hardness method. Dry wear test 

carried out by reciprocating wear at 25°C with the load of 1kg, 

2kg, and 3kg. The effect of homogenization heat treatment on 

microstructure was investigated by LOM, SEM and XRD 

methods. The wear mechanisms of the alloys, whose wear rates 

are compared, depending on the changing load were 

investigated. 

II. EXPERIMENTAL STUDIES 

Mg-2.5Al-1.0Sn-0.3Mn-0.4La-0.66Gd alloy was produced 

by low pressure die casting (LPDC) method using an electric 

resistance furnace. Pure Mg, Al and Sn were first loaded into 

the furnace. Mg-Mn, Mg-La and Mg-Gd master alloys were 

added to the materials melted at 750 °C for 1 hour. 1-2 atm. into 

stainless steel molds preheated to 350 °C. The molten metal 

was injected by means of pressure. The chemical composition 

of the produced alloy (2.5%Al, 1.0%Sn, 0.3%Mn, 0.4%La and 

0.66% Gd remaining Mg (wt.)) was determined by XRF device. 

Samples with dimensions of 10x10x10 mm were subjected to 

homogenization heat treatment in a heat treatment furnace at 

350 °C for 4, 8 and 12 hours. Expired samples were cooled by 

quenching. Before microstructural characterization, sanding 

(600-2500 grit), polishing (1µm diamond suspension) and 

etching (picral) processes were performed and metallographic 

processes were completed. Optical microscopes (LOM- Carl 

Zeiss light optical microscope) and electron microscope (Carl 

Zeiss Ultra Plus scanning electron microscope) were used to 

reveal the change of grains and secondary phases, respectively. 

XRD was used to identify the secondary phases. Average grain 

sizes were calculated from optical microscope images 

according to ASTM E112 standard. According to ASTM G-133 

standard, back and forth wear tests (UTS-Tribometer Tester) in 

a dry environment were performed under 1,2 and 3 kg loads. 

The stroke distance of 13 mm was adjusted and the samples 

were subjected to the abrasion test for a total of 100 m. The 

volumetric loss after wear was determined using a profilometer 

device. Five measurements were taken from each sample in the 

direction perpendicular to the wear track. The amount of eroded 
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volume was found by multiplying the 2D dimensional 

profilometer curves with the total trace length [7].After the 

wear test, the changing alloy element amount and the wear 

mechanism depending on the wear load were found using EDX 

(energy distribution X-ray spectrometry) supported SEM 

device. The hardness measurement of the samples was made 

according to the Brinell method using a universal hardness 

device (2.5 mm diameter steel ball, 187.5 kg load - 10 sec. 

dwell time). 

III. RESULTS 

 

Fig. 1 demonstrates the LOM micrographs of homogenized 

Mg-2.5Al-1.0Sn-0.4La-0.66Gd specimens. The non 

homogenous equiaxed grains were characterized after 

homogenization heat treatment. However, the average grain 

size was measured by different values of 42, 33 and 27µm for 

4, 8 and 12 hours duration of Mg-2.5Al-1.0Sn-0.4La-0.66Gd 

alloy, respectively. 

 

 
Fig.1. The LOM micrographs of homogenized specimens for 

a)4h, b)8h and c)12h. 

 

Fig.2 illustrates the SEM micrographs of Mg-2.5Al-1.0Sn-

0.4La-0.66Gd specimens which were homogenized during 4, 8 

and 12 hours at 350°C. The SEM images enable to see 

secondary phases containing oval, acicular and complex 

shapes. Oval secondary phases were introduced on the 

microstructure of all specimens. However, the size of them is 

altered when the duration of homogenization is changed. The 4 

hours homogenized sample includes finer sized oval secondary 

phases (4.2µm) that distributed homogeneously on the 

microstructure. Moreover, the thin short acicular secondary 

phases were placed in different locations of 4 hours 

homogenized sample. When the duration is 8 hours, the coarse 

oval (2.7µm) and longer and thicker acicular secondary phases 

occupy the microstructure densely. However, the 12 hours 

homogenization time influenced the acicular secondary phases 

which were observed as thinner but as well as longer. 

 

 
Fig.2. The SEM micrographs of homogenized specimens for 

a)4h, b)8h and c)12h. 

 

Fig. 3 shows the HBW values of homogenized Mg-2.5Al-

1.0Sn-0.4La-0.66Gd specimens. The lowest hardness is 

obtained at 4 hours homogenized specimen as 51.8 HBW. 8 

hours homogenized specimen is following the 4 hours one with 

the 52.1 HBW value. The highest hardness is measured as 54.6 

HBW in 12 hours homogenized specimen. The hardness 

properties of investigated specimens is different based on the 

microstructure properties such as average grain size or 

secondary size types. As seen from hardness results and SEM 

micrographs, the size of secondary phases is influenced by the 

hardness values, where coarse and thicker ones imparted to 

lower hardness. However, the finer size oval shaped and short 

acicular type secondary phases give rise to highest hardness 

values. 

 

  
Fig.3. The Brinell Hardness values of homogenized specimens 

for a)4h, b)8h and c)12h. 

 

Dry wear test was performed at room temperature and under 

load of 1kg, 2kg and 3kg, and volumetric losses for samples 

applied with different homogenization times are given in Fig.4. 

The metal loss values of investigated specimens is not 

confirmed with the hardness values in 1 kg load, where the 

highest metal loss was obtained by 12 hours homogenized 

specimen followed by 8 and 4 hours with decreased values. 

This is probably the secondary phase that demonstrated that the 

matrix was collected by a steel ball thus resulting in more metal 

loss [8].  2 kg and 3 kg loads conditions give rise to close 

similarity with 4 and 8 hours homogenized specimens which 

showed hardness values of 51.8 and 52.1 HBW, respectively. 

However, the 12 hours homogenized specimen imparted the 

highest metal loss at 2 kg load and the intermediate value at 3 

kg load. The reason probably was obtained by occurring 

difference wear mechanisms which enable to diverse wear 

behavior during wear test [1]. 

 

 

(a) (b) (c) 

(a) (b) (c) 
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Fig.4. Metal loss of homogenized specimens for a)4h, b)8h and 

c)12h at 1,2 and 3 kg loads. 

IV. CONCLUSIONS 

 

The metal loss of homogenized Mg-2.5Al-1.0Sn-0.4La-

0.66Gd alloy is diverse based on the homogenization time, 

where different type secondary phases and grains were formed. 

The hardness and wear resistance of studied specimens is not 

confirm due to probably different   wear mechanisms such as 

oxidation, abrasive and delamination during wear test. 
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Abstract—Thermoplastics composites usage is increasing day by 

day because its low production cycle, easy to storage, low cost and 

reusable features. In this study, E-glass/PP prepreg laminates 

were tested to search an alternative other thermoplastics which 

using aircraft industry.  

 
Keywords— Polypropylene composites, PP/E-glass prepregs, 

mechanical characterization 

I. INTRODUCTION 

Polypropylene (PP) is the third largest polyolefin material by 

volume and is one of the largest plastic families in the world  

[1]. It has one of the lowest density of all thermoplastics. This 

condition also, combined with strength, hardness and excellent 

fatigue and chemical resistance properties make this material 

attractive for many situations. [2] On the other hand, glass fibre 

has been used both in the past and today in high performance 

applications such as non-structural areas in aircraft, rocket 

engine cases and pressure vessels, due to its affordability, high  

strength, and ease of processing. The most widely used 

fiberglass is known as E-glass, a  fiberglass that has a beneficial 

balance of mechanical, chemical and electrical properties at a  

very reasonable cost. [3]  

Thermoplastic composites first entered the aviation world 

with semi-crystalline PEEK in the 1980s. This initiative was 

followed by PEI in the 1990s, PPS in the late 1990s, and PEKK 

in 2005. PEEK, PEI, PPS, PEKK and PAEK widely used in 

aviation industry and their properties shown in Table I.  
 

TABLE I 
AVIATION TERMOPLASTICS AND THEIR PROPERTIES [4] [5], [6], 

[7], [8] 

  
PEEK PEI PPS PEKK 

Structure Crys. Amorph. Crys. Crys. 

Mechanical 
Properties 

++ + + ++ 

Material Price - + + o 

Melting 

Temp., ℃ 

343 310 280 331 

Process 

Temp., ℃ 

370-400 315 330 380 

Glass 

Transition 

Temp., ℃ 

143 210 90 162 

Chemical 

Resistance 

+ - ++ + 

Adhesion - + - + 

Place of use 
Primary 

structure 

Cabin 

interior 

Secondary 

Structure 

Primary 

structure 

Density, g/cm³ 1.30  1.27 1.35 1.31 

List of Advantages: 0 < - < + < ++ 

 

  In Table II, the properties of polypropylene resin are given.  

Although melting and processing temperatures are lower in PP 

than other aviation thermoplastics, it’s density is relatively 

lower. So this made PP a good candidate for non-structural 

aircraft parts. 

TABLE II 

PP RESIN PROPERTIES [9][10][11] 

Properties Values 

Melting Temperature, ℃ 162 – 165 

Process Temperature, ℃ 200 – 298 

Glass Transition Temperature, ℃ 106 

Density, g/cm³ 0.90  

 

   While air transport is increasing day by day, fast production 

technologies and lighter aircrafts are required to respond to this 

situation [4]. Based on this situation, compared to the resins 

which are used in aviation industry, polypropylene has a lower 

density and a lower processing temperature than others.  

   On the other hand, galvanic compatibility is very important 

in aerospace applications. Glass fibre is galvanically 

compatible with many metals and their surface finishes. 

Considering all this information, determined to investigate 

glass fibre/PP (GFPP) composites because better galvanic 

compatibility, lower cost and lower density compare with other 

thermoplastic resins. 

In this study, GFPP laminate were produced and mechanical 

performance was determined via tensile testing. Results were 

evaluated considering fibre direction.  
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II. EXPERIMENTAL 

A. Materials 

The GFPP prepregs were provided by Baycomp Inc. The 

fibre content was measured according to ISO 1172 and 

determined as ~35 vol%. The prepreg rolls were 165 mm wide. 

The nominal thickness was 350 µm.  

B. Sample Preparation 

The GFPP prepregs at 165 mm long with 0° and 0°/90° fibre 

directions were placed in Teflon films. Depending on the 

stacking sequence of lamina or laminate, stacks were placed in 

the 165x165 cavity of single or double 0.36 mm Teflon films 

to prevent the spreading of fibres in the prepreg. Stacks, as seen 

in Figure 1, were pressed for 5 minutes at 180°C and 80 bar. 

 

 
Figure 1. Stacks in the cavity of Teflon films before pressing. 

 

C. Testing 

Tensile tests were performed according to ISO 527-4 on an 

Instron 3369. The load cell was 50 kN and the rate applied was 

5mm/min. To cut off specimens from lamina/laminate, cutting 

mould in the shape of dog-bone was used. 

Four types of specimens were taken as seen in Figure 2. 

These were neat prepreg (NP), processed prepreg (PP), cross-

ply (CP), angle-ply (AP). At least 5 specimens were tested for 

each type. 

 
Figure 2. Various types of tensile specimens. 

 

III. RESULTS AND DISCUSSIONS 

 

Fibre volume fractions were determined for all specimens to 

control if there was any change with processing. However, not 

a significant change was detected, which proved the processing 

did not harm the orientation of the prepreg.    

Lamina at 0° and laminate at 0°/90° were obtained after 

pressing as seen in Figure 2. Thanks to the polypropylene 

matrix being transparent, fibre distribution visually could be 

observed. It seems that the fibre orientation was homogenous 

in NP. After the processing, the orientation of fibres in PP 

seems to be good and there was no distortion in the shape of the 

specimens. However, some buckling and slight misalignments 

were also detected. In CP (0/90) laminate (Figure 3.b), 

curvature distortion was observed. Due to anisotropic structure, 

0° and 90° laminas had different linear thermal expansion 

coefficients, which forced the well-bonded laminate to bend 

towards the lamina with the lower coefficient of expansion [12]. 

A similar case was seen AP (±45) laminate, where specimens 

were taken from CP laminate at 45°. As seen in Figure 3, AP  

specimens had twisted shapes, again stresses occur due to 

differences in thermal expansion coefficients. These were 

inherent results for non-symmetrical laminates that ensure good 

bonding between laminas. 
 

 
Figure 3. a) 0° lamina, b) 0°/90° laminate after pressing. 

 

Tensile curves for NP, PP, CP and AP were shown in Figure 

4-7. Three important results with standard deviations that were 

calculated from the stress-strain curves were given in Table III. 

The ultimate tensile stress (UTS) was the peak stress, which  

could also be called the strength value of the specimens. The 

strain at which this UTS occurred wa s “ε at UTS”. The third 

result was the modulus of Elasticity (E), which was regarding 

the stiffness of composites.  

 

 
Figure 4. Tensile curve of NP. 
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Figure 5. Tensile curve of PP. 

 

 
Figure 6. Tensile curve of CP. 

 

 
Figure 7. Tensile curve of AP. 

 

All the results of PP were slightly higher than NP, although 

some disorders in fibre orientation were observed with  

processing. A higher degree of impregnation had possibly 

occurred during processing which caused improvement in 

fibre/matrix bonding. The strength and modulus were 

decreased significantly in CP because the half-section consisted 

of non-loading carrier 90° fibres. That is why strength 

decreased to almost half. However, the decrease in strain values 

was not high as other results which was an indicator of well -

bonding between fibre and matrix. A sharp decline in strength 

and stiffness was seen in AP, while an extensive strain increase 

occurred.  
 

TABLE III 

TENSILE TEST RESULTS 

UTS (MPa) ε at UTS (%) E (GPa)  

NP 472.12±44.81 5.10±0.62  14.38±0.28 

PP 532.53±61.23 5.37±1.53  14.61±4.12 
CP 245.54±17.12 4.97±0.43  6.49±0.22 
AP 72.18±3.68 54.93±3.09 0.88±0.12 

 

The fracture in NP and PP occurs gradually. As seen in 

Figure 4 and 5, specimens continued to elongate after UTS. 

However, some of the fibre bundles had already been damaged. 

At the final fracture, a  multi-partial fracture was observed in 

these samples For CP and AP, the tensile stress drops vertically 

after the UTS has been reached and a two-piece fracture was 

obtained in both types. The fracture was realized at 90° in CP, 

while it was at ±45° in AP. Also, huge elongation was observed 

in AP. The final appearance for each type of specimen were 

seen in Figure 8. 

 

 
Figure 8. Various types of specimens after test. 

IV. CONCLUSIONS 

The aim of the study was to research and develop a cheap 

alternative with high galvanic compatibility to most used 

thermoplastics. With this aim, GFPP is a good candidate with 

moderate performance, lower density and lower price. In this 

study, mechanical performance via tensile testing of various 

lamina and laminate was determined. As received prepreg was 

first tested as a single unidirectional lamina and it was 

compared with processed lamina to see whether processing 

damaged the structure. Although some misalignment was 

observed on fibres, better results were taken from the processed 

lamina. Then 0/90 cross-ply and ±45 angle-ply were produced 

to examine the directional behaviour of laminate. As expected, 

UTS and modulus decreased almost to half in CP, and the 

maximum decline was obta ined in AP. However, a  significant 

increase in elongation was seen in AP, which gains in 

toughness and ductility. 
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Abstract 

 

The aluminum alloy AA2024-T3 was widely employed in the aerospace industry 

because of its lightweight, good mechanical properties, and corrosion properties. To enhance 

the corrosion properties of aluminum alloy, the chromium (VI) coating conversion was applied 

to the surface of produced parts. However, the toxicity of the chromium (VI) limit their usage 

and chromium (III) conversion began to replace the previous coating. In this study, the AA202-

T3 was coated with both coating Cr+3 and Cr+6, and their corrosion performance were evaluated 

in the 3.5 wt % NaCl solution. For this purpose, electrochemical tests such as free corrosion 

potential measurement, potentiodynamic test, and electrochemical impedance spectroscopy 

(EIS). The findings showed that a passivation zone and the protective zone finished around at 

– 500 mV were observed for all samples. However, the corrosion potential measured was -1000 

mV for Cr+3 coated sample which was more anodic compared to Cr+6 and the original sample. 

Moreover, the free corrosion potential behavior also confirmed that the Cr+3 coating was more 

anodic compared to other samples after 1 h of immersion. On the other hand, the EIS analysis 

showed that the uncoated sample had higher impedance resistance compared to coated samples 

followed by Cr+3 with double semi-circle and Cr+6.     

 

Keywords: Aluminum alloy, AA2024, Chromium (III) coating, Corrosion.  
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Abstract— In this study, an alloying was done in vacuum arc 

melting furnace. For the Al6xxx-10Bi-3Mn ternary alloy, the 

powder materials were subjected to a basic mixing process. After 

a simple pressing, the powders held together were melted 4 times 

in a mini arc furnace. After solidification, homogenization heat 

treatment was applied. Microstructural analysis was performed 

on the obtained sample under a scanning electron microscope 

(SEM). Energy Dispersive X-Ray (EDX) was applied to different 

phase regions detected in the sample and their elemental ratios 

were determined. As a result, the production and basic 

microstructural evolution of an Aluminium alloy with a different 

production method were investigated. 

 
Keywords— Aluminium, bismuth, manganese, alloy, arc melting. 

I. INTRODUCTION 

Aluminium; it is a metal that is frequently used in 

applications where lightness is important. It is an indispensable 

element for tribology, mechanical and corrosive industries. 

However, when Al is used purely, it cannot show sufficient 

experimental resistances. Therefore, it gives better results as a 

result of alloying with some elements. In addition, it gives very 

successful experimental results with Mg, Si, Zn and Mn 

elements [1-4]. 

 

Considering its surface central cubic atomic structure, Al can 

form solid solutions with many elements. Thus, the matrix can 

be found in the secondary phases as well as the Al phase. β 

phases can be formed by providing sufficient amount of 

elements at the atomic level. Experimental resistances improve 

with intermetallic phases formed after alloying. In addition to 

binary alloy groups, ternary alloy groups are also frequently 

used. Thus, the structure becomes more usable with the help of 

secondary phases formed as a result of alloying [1, 5-7]. 

 

In this study, Al6xxx-10Bi-3Mn ternary alloy was prepared 

in a mini arc furnace. Besides the production details, the basic 

microstructure of the alloy was taken with the help of SEM. 

The elemental balances of the observed phases were examined 

by EDX analysis. As a result, an Al-Bi-Mn ternary alloy with 

α-β phase equilibrium was obtained. 

 

 

 

 

II. MATERIALS AND METHODS 

SEM images of the powders used in the alloying process 

under 100 microns and with a purity of 99.5% are given in 

Figure 1. Al, Mg, Si elements were used for Al6xxx alloy and 

Bi and Mn elements were used for this study. The powders were 

first prepared as a total of 5 g. The powders were mixed for 5 

minutes in a mini-cabinet with a simple rotational motion. It 

was subjected to basic compression at a load of 20 MPa/mm2 

under a 16 mm diameter press. 

 

 
Fig. 1. Basic powder metals; 

(a) Al, (b) Mg, (c) Si, (d) Bi, and (e) Mn 

 

The powders compressed in the Buhler Arc Melting MAM-

1 arc furnace (Figure 2) were subjected to repeat melting at least 

4 times. Before the process, the arc chamber was vacuumed and 

melting was done in an Ar gas atmosphere. After solidification, 

homogenization heat treatment was applied to the sample at 

350C/12h conditions. 

 

After the classical metallographic preparation after the heat 

treatment, the sample was examined in the SEM device. EDX 

analysis of the phases was performed on the obtained 

microstructure. For the Al6xxx+10Bi+3Mn alloy, the pre-

production wt% ratios are given in Table 1. 

 
Table 1. Elements rate pre-production 

Al6xxx Si Mg Bi Mn Al 

% wt 0,6 1,1 10 3 balance 
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Fig. 2 Mini arc melting furnace 

 

III. RESULTS AND DISCUSSIONS 

The basic SEM microstructure obtained from the Al6xxx-

10Bi-3Mn ternary alloy is given in Figure 3. 

 

 
Fig. 3 SEM microstructure and EDX analyses 

 

When the basic microstructure is examined, dispersed 

intermetallic structures appear in the α-Al matrix. Intermetallic 

structures were found at grain boundaries, revealing grain 

appearance. The accumulation of secondary β phases at grain 

boundaries is a known result in the literature [1, 3, 5, 6, 8, 9]. 

 

Elements added to the Al matrix were detected in the EDX 

analysis of the intermetallic formations at the grain boundaries. 

With the support of the literature [1, 3, 5, 6, 8-12], it can be said 

that these secondary phases are Al6Mn, Mg2Si, Mg3Bi2 and 

AlBi compounds. 

 

As a result, the manufacturability of Al-Bi-Mn alloy in mini 

arc furnace is discussed in this study. The basic microstructure 

of the alloy was investigated. The phases that may occur in the 

triple equilibrium of Al-10Bi-3Mn have been examined. 

 

IV. CONCLUSIONS 

 

The alloy formed between Al-Bi-Mn was produced in a mini 

arc furnace and the following results were obtained. 

1- The alloy has been successfully formed in the mini arc 

furnace with the required parameters. 

2- In the microstructure examination, intermetallic phases 

dispersed in the matrix phase were observed. 

3- It was observed that the intermetallic phases formed in the 

alloy accumulated at the grain boundaries. 

4- Intermetallic phases were interpreted as Al6Mn, Mg2Si, 

Mg3Bi2 and AlBi with the support of the literature. 
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 Bioactive glasses liberate ions when they are inserted into the human body. Regardless, a 

surplus of the released ions can produce anomalies related to cytotoxicity. Controlling ion release 

is considered one of the main challenges in developing new bioactive glasses. In this work, we use 

molecular dynamics (MD) simulations to investigate the effect of density on the dynamics of soda-

lime phosphosilicate (45S5) systems. The diffusion coefficient illustrates three regimes as the 

density increases. The modifiers' mobility is significantly correlated with the increase of the 

density, especially Na atoms, in comparison to other elements. We use a modified Arrhenian 

equation to evaluate the complex dynamic behaviour of 45S5 melts and correlate it to the 

changes in the structural features by evaluating the network connectivity and pair-excess 

entropy. 
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Abstract— In the study; SiC reinforced (1-9 wt. %) aluminum 

matrix composites from waste beverage cans were fabricated by 

stir casting method. The effect of reinforcement ratio on the 

experimental density, hardness, the compressive and tensile 

strength of the composites was investigated. The crystal structures 

and microstructure of the composite materials were analyzed by 

X-ray diffraction (XRD) method and scanning electron 

microscopy (SEM). From the results, the hardness of composites 

increased from 70,81 HV (pure Al alloy)  to 89,80 HV (for 9 wt. %  

SiC). When the wear test results of SiC reinforced composites 

under different loads are evaluated, the least mass loss (∆m=11 

mg) and the lowest wear rate (W= 4.22x10-5 mm3/Nm) were 

obtained for AlSiC9 composite under the same load (20 N). 

 

 
Keywords— SiC; waste aluminum; stir casting; composite; wear 

I. INTRODUCTION 

Depending on today's technological developments, 

composite materials have been started to be produced in order 

to meet the desired material properties. Composite materials 

have been developed from their superior properties such as low 

density, high mechanical properties, high wear and corrosion 

resistance [1-3]. Composite materials are divided into three 

main classes depending on the matrix type: polymer matrix 

composite (PMC), ceramic matrix composite (CMC) and metal 

matrix composite (MMC)[4]. MMCs are composites that use 

metal as matrix material and ceramic or organic material as 

reinforcing element. Metals and alloys such as Al, Ti, Mg, Ni, 

Cu, Co and Zn are generally used as matrix materials in MMC 

[5]. 

Aluminum and its alloys, which are widely used in the 

aerospace industry, automotive industry, construction industry, 

and transportation, are important matrix materials in MMC. 

These alloys are preferred because of their low densities, low 

melting temperatures, easy forming and wetting of many 

ceramic reinforcement elements. [6]. Aluminum and its alloys 

are close to 100% and one of the most preferred metals because 

they can be recycled more easily than other metals. Beverage 

cans are one of the most widely used areas of aluminum and a 

cornerstone of the aluminum recycling market. Aluminum 

beverage cans are widely used around the world and can be 

recycled. While the collection rate of aluminum beverage cans 

is 69.1% in the world, it is 70% in Europe. This rate is 54.7% 

in America, 52% in England, 91% in Germany, 99.5% in China, 

75% in Japan and 92.7% in Turkey[7],[8] . 

The reinforcement element is one of the most important 

elements that make up the composite material. In a composite 

material, the reinforcing element carries the load, increasing the 

stiffness and strength of the matrix. Particulate reinforcement 

elements such as SiC, B4C, TiC, Si3N4 and carbon-based 

(graphene, carbon nanotube) are generally used to improve the 

mechanical properties of the matrix material [9],[10]. SiC 

provides composites with higher hardness, pressure behavior 

and tribology properties due to its high wear resistance, low 

coefficient of friction, high thermal shock resistance, adequate 

thermal expansion and thermal conductivity coefficient [11]-

[13]. Although MMC is usually produced by solid or liquid 

phase methods, particle reinforced aluminum matrix 

composites (AMC) are more easily produced with the liquid 

phase. Mixed casting, which is one of the most used methods 

in liquid phase production techniques, is preferred because of 

its low cost and simple method[6]. 

  Manufacturing and characterization of SiC reinforced (1-9% 

by weight) aluminum matrix composites from waste beverage 

cans were carried out. The effect of the reinforcement ratio on 

the experimental density, hardness and wear of the composites 

was evaluated in detail. 

II. EXPERIMENTAL 

 

In this study, instead of primary aluminum materials or 

aluminum powders, waste beverage cans and SiC (44 µm in 

average size from particle size analyzer with laser diffraction ) 

have been used as Al matrix and reinforcement element. SiC 

reinforced aluminum composites with 1%, 3%, 5%, 7% and 9%  

ratios by weight have been produced  by stir casting method. 

The schematic representation of the method is given in Fig. 1. 

The codes of casted composites are given in Table 1.  
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Figure 1.  The schematic illustration of composite fabrication 

 

 

Table 1. Sample code of the materials 

 

Material Code 

Pure Al Al-0SiC 

Al- 1% SiC Al-1SiC 

Al- 3% SiC Al-3SiC 

Al- 5% SiC Al-5SiC 

Al- 7% SiC Al-7SiC 

Al- 9% SiC Al-9SiC 

 

  

The manufactured composites and SiC microstructures have 

been analyzed by scanning electron microscope (SEM, Leol 

JSM-6610LV) and X-Ray diffraction (XRD, Rikagu Rint 2200) 

device. Densities of the specimens have been measured by 

using Archimedes’ principle. Harnesses of the unreinforced 

matrix material and aluminum composites with SiC reinforced 

specimens determined by using TMTECK-HV-1000B device 

with principles Vickers hardness test. For doing that, 1.96N 

(200g) load has been applied for 20 seconds for every one of 

each specimen for five times and for every specimen, average 

hardness value has been calculated. In addition, wear test was 

applied to determine the wear resistance of matrix material and 

SiC reinforced composites under dry conditions. 

 

III. RESULTS AND DISCUSSION 

A. Density 

In Fig. 2, the highest experimental density (2.66 g/cm3) 

among Al-SiC composites were measured for 5 wt. % SiC 

content. The improvement of experimental density with SiC 

addition can be explained that homogeneous dispersion of the 

powder, higher experimental density of SiC particles than 

aluminum alloy. Increasing experimental density can be 

explained with homogeny distributed SiC for low content, the 

higher experimental density of SiC particles.  
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Figure 2. Experimental density and open porosity results of SiC 

reinforced composites 

 

B. Hardness 

Fig. 3 gives the micro Vickers hardness of Al-SiC 

composites. The highest hardness (89.8 HV) is observed for Al-

9SiC composites. Increasing SiC content has a positive effect 

on hardness due to its homogeny particle dispersion in a matrix 

and its outstanding hardness compared al alloy. Theoretically, 

the hardness increase can be explained with the rule of mixtures 

by Eq.(1) [14].  

                               

                            Hc = Hmfm + Hr fr                                    (1) 
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Figure 3. The Vickers hardness of SiC reinforced composites 

 

C. Wear Behavior 

In this study, a 20 mm radius disc made of 2379 cold tool 

steel was used as abrasive disc. The hardness of the abrasive 

disc is 60-65 HRC. The rotational speed (n) of the disc is 200 

rpm. The abrasion test time (t) applied to the samples is 20 

minutes. Accordingly, the shear distance (L) is calculated as 

500 m using equation 2. 

                                  𝐿 = 2 ∗ 𝜋 ∗ 𝑅 ∗ 𝑛 ∗ 𝑡 (m)                      (2) 

 

The volume of eroded material (∆V) is given in 3 as the ratio 

of the mass loss (∆m) of the sample to the composite density 

(ρ). 
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                              ∆𝑉 = ∆𝑚⁄ ρ (mm 3)                              (3) 

 

Wear rate (W), including the load P (N) applied to the 

materials, is calculated with equality 4 [14]. 

                           𝑊 = ∆𝑉 (𝑃 ∗ 𝐿) ⁄ (mm3 / N.m)                   (4) 

 

As a result of the wear test performed on SiC reinforced 

aluminum composite materials, the mass change depending on 

the load is given in Figure 4. In the wear tests, it was determined 

that the mass loss (∆m) increased depending on the applied load. 

The highest mass loss occurred in the 5% SiC reinforced 

composite material under 20 N load. It has been observed that 

the least mass loss under the same load is 9% SiC reinforced 

composite. 
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Figure  4. Mass loss variation in Al/SiC composite structures 

 

 

As a result of the wear test, the wear rates (W) under load (P) 

for non-reinforced and SiC reinforced composite structures are 

given in Figure 5. The lowest wear rate under both loads was 

observed in the 9% SiC reinforced composite. However, the 

wear rate increased with the increasing reinforcement rate. The 

reason for this is that the reinforcement element tends to 

agglomerate and SiC clusters begin to form in the matrix. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Wear rate change in Al/SiC composite structures 

 

The wear traces of pure Al, Al-Grf composite structures under 

P=20 N load in dry conditions are given in Figure 6. When the 

abrasive wear marks were examined, it was observed that the 

minimum deformation occurred in the AlSiC9 composite 

structure. Due to the hard structure and abrasive nature of SiC, 

it has been determined that the wear is reduced with SiC 

additive, and scanning electron microscopy wear marks 

confirm the wear tests. When the load is increased based on the 

same materials, it has been determined that the traces become 

deeper, in other words, the deformation and wear increase 

(Figure 5.16). 

 

 

Figure 6. Wear marks of (a) Al0, (b) AlSiC, (c) AlSiC5, (d) 

AlSiC9 composites (100 X magnification, under P=20N load) 

 

D. Characterization of the composites 

 

Table 2 gives the EDX analyses of the fabricated aluminum 

alloy ingot from waste aluminum which includes the Si, Mg, 

Mn instead of Al. These alloying elements positively affect the 

mechanical properties of the composites. 

 

 Table 2. EDX analyses of pure beverage cans and casted 

aluminum alloy 

 

 

SEM-EDS elemental mapping images of the produced Al-

SiC composite structures are given in Figure 7. In these 

analyzes, each element is shown with a different color, and it 

can be determined which elements are present in the internal 

structure and how these elements are distributed. Since Al alloy 

was used as the matrix material, the presence of Mg and Mn 

 Al Si Mg Mn 

Pure Beverage 

Cans (wt.%) 

94.72 3.62 0.78 0.88 

Casted 

Samples (wt.%) 

93.85 4.18 0.76 1.21 
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was also seen in the structure in addition to aluminum in the 

elemental memory images.  

 

 
Figure 7. Elemental distribution analysis of Al-SiC composites 

by SEM-EDS mapping 

 

Also, the XRD patterns of SiC reinforced aluminum 

composites are given in Fig. 8. As clearly seen, all diffractions 

possess pure Al and SiC.  In addition, second phases such as 

aluminum carbide (Al4C3) peak is not detected for all Al-SiC 

samples due to the low-temperature casting which is not 

activated to react Al with Si-C. 

 
Figure 8. XRD analysis of the SiC reinforced Al composites 

IV.  CONCLUSIONS 

In this study, SiC reinforced aluminum composites were 

prepared by stir casting method. Experimental density, 

hardness, tensile/compressive strength and microstructure of 

the composites were evaluated. According to the results, the 

highest experimental density (2.66 g/cm3) among Al-SiC 

composites were measured for 5 wt. % SiC content. The highest 

hardness (89.8 HV) is found for Al-9SiC composites. The best 

wear rate (W= 4.22x10-5 mm3/Nm for 20N) was measured at 9 

wt. % SiC reinforced composites. In SEM and XRD analysis, 

homogeneously distributed SiC and secondary phases were not 

formed.  
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Abstract—In this study; graphene reinforced Ti6Al4V foam 

matrix composites were produced by powder metallurgy method. 

Shaping work was carried out using Ti6Al4V foam. Studies were 

carried out between 50-100 bar as forming pressure. The best 

forming pressure was determined as 80 bar. Studies were carried 

out at different sintering temperatures and times using Ti6Al4V 

powder. According to the obtained results, the best sintering time 

was determined as 120 minutes and the sintering temperature was 

1250°C. According to the results, over 91% and 30% density was 

obtained for dense and foam materials. The foam wall hardness 

value increased up to about 405 HV with increasing temperature. 

Density values over 93% and 30% for dense and foamed sample. 

The foam wall hardness increased up to 438 HV for graphene 

reinforced Ti6Al4V foam.  

 

 
Keywords— Ti6Al4V; graphene; powder metallurgy; composite; 

foam 

I. INTRODUCTION 

Composites consist of a combination of two or more 

materials, the main phase to which the reinforcement is added 

and the reinforcement phase. High hardness and strength 

advantages make composite materials frequently preferred. 

Composite materials have emerged as a result of our need for 

materials that are low in cost, light and with better mechanical 

properties [1-3]. Metal matrix composite materials, which are a 

kind of composite materials; It is used in many industries such 

as aviation, health and automotive because it has features such 

as high strength, good fatigue and wear resistance, high 

hardness [1]-[4]. Titanium and its alloys are one of the most 

preferred metal matrix composites. Metals are hard and strong, 

whereas foam materials are light, inexpensive and have 

adjustable density [5-7]. The most common technique for 

preparing metallic foam is to sinter with the spacer method. 

First, the space-holding material is mixed with the metallic 

powder to be used, the second operation is compression and 

finally, it is removed from the structure before or during the 

sintering process [8]-[9].  

Powder metallurgy is the best method for processing 

titanium foams [10]. Powder metallurgy generally consists of 

powder preparation, mixing, compression, sintering and final 

processing steps [11]. When we examine the studies in the 

literature, we encounter that graphene is used as a 

reinforcement element to develop titanium and its alloys. 

Mutuk T. and Gürbüz M. investigated the hardness and 

compressive strength of hybrid titanium composites reinforced 

with S3N4 and graphene binary powder in their study. They 

added 3% by weight silicon nitride (Si3N4) powder and varying 

amounts of graphene to the titanium matrix. At the end of the 

study, they found improvement in mechanical properties. The 

highest hardness value (634 HV) and compressive strength 

(1458 MPa) values were measured in hybrid composites with 

0.15 wt% graphene and 3 wt% silicon nitride (Si3N4) added [12]. 

Due to its mechanical, electrical and thermal properties, the 

demand for graphene has tended to increase in recent years [13]. 

Graphene, which is very effective in improving the mechanical 

properties of metals, has a honeycomb-like microstructure [14]. 

In this study, Ti6Al4V foam samples and Ti6Al4V foam 

composite samples with graphene at different rates were 

prepared using the powder metallurgy method. Mechanical 

tests of the produced samples were carried out. In the study, 

shaping optimization was performed. Mechanical properties of 

Ti6Al4V foam composites, both pure and graphene at different 

rates, were investigated depending on different temperatures 

and times. In the study, urea was used as spacer  to obtain the 

foam structure. Thanks to the high mechanical properties of 

graphene, it is aimed to improve the mechanical properties of 

the composite structure. 

 

II. EXPERIMENTAL 

 

In this study, Ti6Al4V and graphene powders were first 

mixed in an ultrasonic bath at 25°C for 30 minutes in order to 

prevent agglomeration. In the next step, it was mixed in a ball 

mill at 800 rpm for a total of 30 minutes in order to ensure that 

the powders mix better and become homogeneous. The 

powders homogenized in the ball mill were filtered and dried. 

In order to get the final form of the powders, they were sieving 

and mixed with urea. The powders mixed with urea were 

shaped and the sintering process was carried out by purifying 

the urea. The shaping process was done at 80 bar. The sintering 

process was carried out at 1250°C and 120 minutes under an 
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argon gas atmosphere. The schematic representation of the 

method is given in Fig. 1. The codes of composites are given in 

Table 1. 

 

 
Figure 1. The schematic illustration of composite fabrication 

 
Table 1. Sample Code of The Materials 

 

Material Code 

Pure Ti6Al4V Foam Ti64-0Gr-F 

Ti6Al4V- 0,15% Gr Foam Ti64-0,15Gr-F 

Ti6Al4V- 0,30% Gr Foam Ti64-0,30Gr-F 

Ti6Al4V- 0,45% Gr Foam Ti64-0,45Gr-F 

Ti6Al4V- 0,60% Gr Foam Ti64-0,60Gr-F 

 

Ti6Al4V properties are given in Table 2. 

 
Table 2. Ti6Al4V Properties 

 

 

In the study, forming optimization studies were carried out 

under 50-60-70-80-100 bar. Shaping work is given in figure 2. 

 

As a result of the studies, it was observed that the urea 

powder mixture did not form at 60 bar and below. In the 

experiments carried out between 60-80 bar, it was determined 

that the desired density could not be reached and at the same 

time, it was determined that the raw samples obtained were not 

fully formed. In studies carried out above 80 bar, laminar crack 

lines were detected in the raw samples. As a result of shaping 

optimization, it was determined that the most suitable shaping 

value was 80 bar. 

 

 
Figure 2. Ti6Al4V shaping work 

 

Sintering process was applied to the shaped samples in an 

argon gas atmosphere at 1000, 1100, 1200, 1250°C and 60, 120, 

180 minutes. 

The properties of graphene are given in Table 3. 

 
Table 3. Graphene Properties 

 

Graphene  
Properties 

Value 

Hybrid shape 
Number of layers 
crystal structure 
Actual density (g/cm3) 
Thickness (nm) 
Surface area (m2/g) 
Thermal conductivity (WK-1/m) 
Modulus of elasticity (TPa) 

sp2 
Single layer 
Hexagonal 
2,25 
5-8 
2600 
4840-5300 
1 

 

III. RESULTS AND DISCUSSION 

A. Density 

 The variation of the density values of the pure and dense 

samples produced by powder metallurgy method depending on 

the sinter time (60, 120, 180 minutes) was investigated. The 

variation of the density for dense samples depending on the 

sintering time is given in figure 3. The best sintering time was 

determined as 120 minutes. As a result of the sintering process 

performed on Ti6Al4V samples in 120 minutes, the best density 

value was found to be 4.01 g/cm3. 

The results of the study, in which the variation of the density 

depending on the sinter temperature (1000, 1100, 1200, 1250°C) 

was examined, is given in figure 4. It was observed that the best 

sintering temperature was 1250°C and the best density value 

obtained as a result of the sintering process performed at this 

temperature was 4.06 g/cm3. 

 

Ti6Al4V-
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Powders
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Mixing In Ball
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Urea Removal Sintering
Sample and 

Mehanial 
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1190001900r1l
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2190001900r1l

2190001900r1l

0190001900r1l20190001900r1l9190001900r2l29190001900r2l20190001900r3l9190001900r4l29190001900r4l

D
en

si
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 (
g/

cm
3 )

Shaping (Bar)

Ti6Al4V Foam Shaping Optimization

Ti6Al4V Properties Value 
Density (g/cm3) 4,43 

Melting Temperature (°C) 1650 

Yield Strength (MPa) 820 

Hardness (HV) 330-370 

Thermal Condutivity (W/mK) 7 

Modulus of Elasticity (GPa) 100-130 

Tensile Strength (MPa) 960-1270 
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Figure 3. Sintering time study for dense samples 

 

 
Figure 4. Density variation of Ti6Al4V samples with temperature for 

dense samples 

 

Density values of Ti6Al4V dense composites without 

additives and graphene at different rates are given in Figure 5. 

When the results were examined, it was seen that the best 

density value (4.14 g/cm3) was obtained in 0.15% graphene 

added Ti6Al4V composite composition. 

 

 
 

Figure 5. Ti6Al4V density variation without reinforcement and at different 

graphene ratios 

B. Hardness of foam wall 

The foam samples is given on the hardness chart. The 

hardness values of Ti6Al4V foam wall samples, depending on 

the temperature change (1000, 1100, 1200, 125°C) in a constant 

time, were investigated. The best hardness value was obtained 

from the samples sintered at 1250°C (405 HV). The obtained 

vickers hardness values are given in figure 6. Hardness values 

are taken from the walls between the gaps. 

 

 
Figure 6. Ti6Al4V foam-wall hardness results 

 

Hardness values of pure Ti6Al4V foam and graphene added 

Ti6Al4V foam composites at different rates were examined. 

The best foam wall hardness values (438 HV) were achieved in 

the composite composition with 0.15% graphene. The obtained 

values are given in figure 7. The reduction of the properties can 

be explained with the agglomeration tendency of the graphene. 

It does not act as reinforcement element for high content 

graphene. It shifts to solid lubricant materials due to 

agglomeration which causes the easy sliding during plastic 

deformation. It led to deterioration of properties of the 

composites [12,14].   

 

 
Figure 7. Hardness values of unreinforced Ti6Al4V foam and graphene 

reinforced Ti6Al4V foam composites at different rates 

 

IV. CONCLUSIONS 

In this study, the best forming pressure was determined as 80 

bar. For the sintering time, 120 minutes was determined as the 
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best sintering process time. In the sintering processes 

performed at different temperatures, the best density (4.06 

g/cm3) and the best Vickers hardness value (405 HV) were 

obtained in the sintering processes at 1250°C. 

It has been observed that the composition, in which the best 

density and hardness value of graphene, which is the 

reinforcement element, is obtained, is Ti6Al4V foam 

composite with 0.15% graphene doped. At this additive ratio, 

the best density dense value of 4.14g/cm3 and the best vickers 

hardness value of 438 HV were obtained. 
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Abstract — In this study, a multi-hybrid composite material was 

produced with 10% SiC and 10% B4C particles added to the 

matrix aluminium structure. An Al7075 series alloy was formed 

by adding Cu, Fe, Mg, Zn and Si to the structure together with 

pure aluminium. Both Al7075 alloy and multi-hybrid composite 

were investigated separately in this study. First, the mixing and 

pressing process of high-purity powder materials has been 

completed. Then, the tablet powder mixture was melted in a mini 

arc furnace and a metal matrix composite material was 

produced. After solidification, the sample was subjected to 

homogenization heat treatment at 400C/12h conditions. After 

sample preparation, images were taken in scanning electron 

microscopy (SEM) and its morphological structure was 

examined. Finally, Vickers hardness values were taken from the 

samples and analysed. As a result, it was observed that the 

hardness value increased by 93% with the production of a multi-

hybrid composite material. 

 
Keywords— Aluminium, SiC, B4C alloy, arc melting. 

I. INTRODUCTION 

 

Al alloys are a material that is frequently used in the 

industry due to the density difference. However, these alloys 

have negative aspects against tribological, corrosive and 

mechanical effects. Therefore, materials using composite 

structures, in which aluminium alloys are used as matrix, have 

taken their place in the industry [1-3]. 

 

Composites are structures reinforced with particles, fibres, 

whiskers, etc. within the framework of a metal matrix. In this 

framework, composite materials are produced with single 

and/or multiple reinforcement elements added to the matrix Al 

alloy. Thus, the structure can become more resistant to service 

conditions without increasing the density [2, 4, 5]. 

 

The reinforcement products used in composite materials are 

selected from materials that give more successful results than 

the matrix phase. At the beginning of these structures, carbide 

structures, hard fibres and glassy particles are frequently used. 

As a result, matrix structure with the support of rigid 

reinforcement elements gives more successful results in many 

experiments [6, 7]. 

 

In this study, a composite material was produced by adding 

10%SiC and 10%B4C particles to a matrix structure in the 

Al7075 series. Metal matrix composite material production 

was completed by melting the compressed powders in a mini 

arc furnace. Afterwards, the obtained sample was examined in 

SEM environment and micro hardness tests were carried out.  

 

II. MATERIALS AND METHODS 

 

This study started with the compression of powder raw 

materials under a simple press and mould. Afterwards, the 

moulded powders were melted in the form of a mini tablet in a 

Buhler Arc Melter MAM-1 brand arc furnace for 5 repetitions. 

Samples were expected to solidify at each melting repetition. 

The melting processes were completed in a lantern filled with 

Argon gas by vacuuming. Afterwards, the obtained samples 

were subjected to homogenization heat treatment at 400C/12h 

conditions. Thus, the homogeneous distribution of the 

particles and the processes of possible phases are completed. 

 

Al7075 alloy used during alloy preparation was formed 

with Al, Cu, Fe, Mg, Zn, and Si elements (Table 1). Powders 

are carbide materials with a purity of at least 99.5% at the 

micron level. 10%SiC and 10%B4C particles were added to 

Al7075 alloy to form composite. Thus, Al7075 alloy and 

Al7075 multi-hybrid composite (Al7075MHC) structure were 

compared. SEM images of all powders and carbides used are 

given in Figure 1. 

 
Table 1. Al7075 composition 

 

Al7075 Cu Fe Mg Zn Si Al 

% wt 1,35 0,30 2,3 5,5 0,3 balance 
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Fig. 1. Powder materials; 

(a) Al, (b) Cu, (c) Fe, (d) Mg, (e) Zn, (f) Si, (g) SiC, and (h) B4C 

The prepared samples were taken into SEM analysis after 

the classical metallographic steps. Afterwards, Vickers micro 

hardness test was applied under 1000 g load. The average 

value was used by taking 10 measurement values from the far 

points of the hardness. 

III. RESULTS AND DISCUSSIONS 

The basic SEM microstructure obtained from the Al7075 

and Al7075MHC is given in Figure 2. 

 

 
Fig. 2 SEM microstructures (a) Al7075 and (b) Al7075MHC 

 

When the basic microstructures are examined, it is seen that 

an Al7075 alloy is consistent with the literature [8]. Particles 

are observed in the matrix phase in the composite sample. It is 

similar to the studies producing an Al matrix composite 

material [4]. Thus, the production of alloy and composite 

materials was completed in an arc melting system from 

powder materials. 

 

The hardness test was reported as the average of 10 

measurements. While the hardness value in the sample 

without reinforcement particles was 57 HV on average, this 

value reached an average of 110 HV in the produced 

composite. Diagonal measurement images obtained during the 

hardness test are given in Figure 3 [3, 9].  

 

 
Fig. 2 Hardness test images (a) Al7075 and (b) Al7075MHC 

 

Considering the trace image, the amount of diagonal area in 

different sizes shows that the hardness value is higher. Thus, 

the hardness value increased by 93% with the effect of particle 

reinforcement added to the Al matrix. 

 

Particles added to the matrix structure caused the formation 

of different phases in the structure at high temperatures in the 

mini arc furnace. Since the bond energies of the new phases 

formed with the help of reinforcement particles are higher, the 

reaction of the hardness stinging tip has changed [10]. Due to 

this reason, an increase in hardness has occurred [2, 6, 8]. 

IV. CONCLUSIONS 

 

In this study, a multi-hybrid composite was produced with 

SiC and B4C reinforcement materials added to the Al7075 

structure and this structure was compared with the base alloy. 

As a result of the production method and basic investigations, 

the following conclusions were reached. 

1- A composite structure has been successfully formed with 

reinforcement elements in a mini arc furnace. 

2- According to the microstructure images taken from the 

samples obtained, a composite material in which the particles 

are homogeneously dispersed was produced. 

3- As a result of the micro hardness examination, an 

increase of 93% was observed in the composite material 

compared to the basic Al7075 alloy. 
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Abstract—Selective laser melting (SLM) method, which is among 

the most popular metal additive manufacturing technologies, is 

used to fabricate complex lattice structures that are difficult to 

manufacture with conventional manufacturing technologies. As 

one of complex structures, lattice geometries have shown great 

potential in a wide variety of engineering applications due to their 

high specific strength, rigidity and energy absorbing ability. The 

unit-cell topology of these structures is one of the main parameters 

that determine their mechanical performance; hence, it is crucial. 

In this study a novel unit-cell design, named as BCCZZ was 

created by adding extra interior vertical struts to BCCZ structure. 

As a comparison, body-centered cubic (BCC) and BCCZ lattice 

types were also designed. Ti-6Al-4V alloy, which is a very popular 

metal alloy produced with SLM was chosen as a material.  Finite 

element analyses were done to simulate the dynamic compressive 

behavior of selected lattice structures. Resulting stress-strain 

curves and collapse response of the structures were compared and 

the findings showed that BCCZZ, the novel design, exhibits the 

best performance in terms of specific strength compared to BCC 

and BCCZ samples. Therefore, this geometry could be potential 

in the load-bearing applications where the lightweight is 

important.  

 
Keywords— selective laser melting, Ti-6Al-4V, lattice structures, 

mechanical properties, finite element analysis 

I. INTRODUCTION 

Lattice structures with regular cell topologies have attracted 

significant attention in recent years. Due to their high specific 

strength, high specific modulus, and energy absorption 

capabilities, these parts can be a used in many industrial areas 

such as automobile and aerospace applications [1–4]. Additive 

manufacturing (AM) technology shows great advantage in 

fabricating complex three-dimensional (3D) structures, 

providing an efficient way to prepare and optimize lattice 

materials [5-8]. Selective laser melting (SLM) or in other terms; 

laser powder bed fusion (LPBF) technology, as the pioneering 

in AM, scans the metal powders laid on a construction platform 

with the laser beam until it creates the designed geometry [9]. 

Compared to traditional production techniques, it has a higher 

level of flexibility, higher material usage rate, and a production 

close to net shape without relying on expensive molds. It also 

provides excellent control over the internal morphology of the 

lattice structures, enabling the production of complex 

geometries and the processing of materials with high hardness 

and high melting point [10-14]. The most commonly used SLM 

metallic materials, Ti alloys, or more specifically Ti-6Al-4V, 

have undergone extensive research due to their low density, 

high strength and good corrosion resistance [15-18]. 

Body-centered cubic (BCC) and body-centered cubic with 

vertical strut structures (BCCZ) are among the most common 

strut-based cell topologies [19, 20]. Gümrük and Mines [21] 

studied the behavior of stainless-steel BCC lattice structures 

under compression and found that a localized deformation 

occurs at the center of the lattice structure as the surrounding 

struts gradually crush. In addition, Lei et al. [22] compared the 

compressive behavior of BCC and BCCZ AlSi10Mg lattice 

structures and it was seen that the vertical increase the 

compressive strength. Although the relative density of the 

BCCZ samples increased slightly, the compressive modulus 

and initial crush strength increased by 1.7 and 2.5 times, 

respectively compared to the BCC samples. Therefore, 

modifications in the cell topology such as adding extra vertical 

struts could be a good option to provide a significant increase 

in mechanical strength and stiffness without significantly 

increasing the weight of these lattice structures.  

In addition to experiments, one of the most used methods to 

examine the mechanical properties of lattice structures is finite 

element analysis. This numerical method is an alternative 

and/or supporting tool for predicting the mechanical behavior 

of the complex structures which is experimentally costly and 

time-consuming [23]. Johnson-Cook strength and failure model 

is one of the most popular and frequently used models in order 

to simulate the dynamical behavior of the materials [24]. This 

model enables to predict the mechanical behavior of the 

materials by considering many parameters such as yield 

strength, strain rate, geometrical features and temperature. 

In this study, a novel lightweight lattice structure design 

(namely; BCCZZ) which could be efficient in terms of specific 

strength and stiffness was created. Load-bearing capacity of 

BCCZZ Ti-6Al-4V alloy were evaluated via FE method under 

dynamic compressive loads by utilizing Johnson-Cook material 

model. Similarly BCC and BCCZ lattice structures were 

modelled and analysed as a comparison. Finally, stress-strain 

curves of these structures as well as deformation behavior were 

discussed to reveal the efficiency of the novel design.  
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II. MATERIALS AND METHOD 

A. Design of Lattice Structures 

Three-dimensional models of the BCC, BCCZ and BCCZZ 

mesh material were developed in Solidworks software. The unit 

cell dimensions and the strut diameter of all structures were 

chosen as 5×5×5 mm3 and 0.8 mm, respectively as seen in Fig. 

1. Unit cell repeats periodically along the x, y, and z axes of a 

cartesian, and the number of cells in each direction is 4. 

Relative densities (the parameter shows how much dense the 

structure relative to a fully dense structure) of the designed 

BCC, BCCZ and BCCZZ structures are 0.119, 0.134 and 0.164, 

respectively. 

 

Fig. 1  Unit cell and dimensions of lattice structures (a) BCC, (b) BCCZ, (c) 

BCCZZ 

B. Finite Element Modelling 

Johnson-Cook materials model parameters of Ti-6Al-4V 

alloy were adapted from the study of Jin et al. [25]. These 

parameters are presented in Table 1.  

Dynamic numerical analyses were done using 

Ansys/Explicit Dynamic. Structural steel plates with 0.5 mm 

thickness were added as bottom and top plates to simulate the 

compression test response of the lattice structures more realistic. 

0.2 frictional coefficient was defined between the plates and the 

lattice geometry. While linear tetrahedron elements were used 

to mesh the lattice parts, top and bottom plates were meshed 

with hexagon elements. Element size was chosen as 0.35 mm 

after implementing a mesh dependency study. Finite element 

meshes of whole structures in 2D as well as highlighted models 

of unit cells are shown in Fig. 2. The bottom plate was fixed in 

all directions and 6 m/s downward speed was applied to the top 

plate to simulate dynamic compressive response of the lattice 

structures as seen in Fig. 3.  

 

TABLE I 

Johnson-Cook Strength and Damage Parameters of Ti-6Al-4V used in this 

study [25] 

A B C m n 

1288 321 0.0127 0.718 1.184 

D1 D2 D3 D4 D5 

0.116 7.296 -8.692 0.0111 1.53 

 

 

Fig. 3 Applied boundary conditions in the dynamic compression tests 

III. RESULTS AND DISCUSSIONS 

Firstly, a validation study was done to see the effectiveness 

of the model used for this study. Therefore, stress-strain curves 

obtained from the numerical dynamic compression tests were 

compared with the experimental and numerical results (Ls-

Dyna) obtained by Jin et al. [25] as seen in Fig. 4. It should be 

noted that the geometrical parameters of BCC lattice and the 

boundary conditions used in this study are exactly same with 

the aforementioned work. 

 

  

 

Fig. 2  2D view of meshed structures of each model (a unit cell was highlighted in each model) (a) BCC, (b) BCCZ, (c) BCCZZ 

d=0.8 mm

(a) (c)(b)

d=0.8 mm d=0.8 mm v = 6 m/s 

Fixed

(a) (b)

(c)
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While the maximum stress value achieved in this work and 

the numerical study in [25] are almost same, initial slopes are 

slightly different. On the other hand, the maximum 

experimental stress values in [25] are lower compared to both 

numerical results. This discrepancy was attributed to the rough 

surfaces and pore defects occurred by SLM. Nevertheless, it is 

seen that our model more successfully simulated the near-

constant progression of the stress after reaching the highest 

value. As a conclusion, it has proven that the trend of the 

numerically estimated stress-strain curve is consistent with the 

experimental results and the FE model used in this model is 

reliable. 

 

 

Fig. 4 Nominal stress-strain curves obtained from the numerical dynamic 

compression tests of BCC, BCCZ and BCCZZ lattice structures. (The 
numerical and experimental curves belong to study of [25] are also added for 

comparison.) 

The elastic modulus and initial peak stress values of BCCZ 

structure are higher compared to BCC as expected. The most 

interesting result of this study is the high mechanical properties 

belong to the novel BCCZZ design. While the initial peak stress 

is close to 70 MPa which is almost 1.7 times of that of BCC, a 

higher elastic modulus was obtained compared to counterparts. 

Although the relative density of BCCZZ is 1.22 times higher 

than BCCZ, the strength ratio is much larger. Thus, BCCZZ 

lattice design has the highest specific strength capability among 

all three lattice structures.  

In order to better understand the dynamic compressive 

response of these lattice structures, their deformation behavior 

under 10% and 20% applied strain values are compared by 

considering equivalent von Mises stress distribution as seen in 

Fig. 5 and 6, respectively. BCC lattice sample deformed more 

homogenously without exhibiting any localized failure 

different than the BCCZ and BCCZZ samples. The main failure 

mode of BCC sample is the collapse of the top and bottom cells   

However, BCCZ structure show localized buckling during the 

deformation through its vertical struts of and shear bands 

occurred at the angle of 45° as the strain was increased as 

highlighted with red rectangles in Fig. 6 (b). In other terms, 

local buckling in the BCCZ structure results in global buckling 

at 20% strain along the diagonal line of the specimen. Similar 

collapse response was also observed in the studies of Smith et 

al. [26] and Maconachie et al. [27]. Although local buckling of 

the vertical struts is present in BCCZZ sample, it is not as 

prominent as in BCCZ sample by showing the strengthening 

effect of additional vertical struts in the novel design. The 

highest collapse is seen in the vertical struts at very right and 

left of the structure.  

The highest stress values are seen at the node intersections 

of BCC sample as evidenced in Figs. 5 and 6 (a). Stress values 

at the side node intersections are higher compared to middle 

ones. However, von Mises stress values at the vertical struts are 

the highest in BCCZ lattice structure and difference in the stress 

between vertical and oblique struts is more prominent 

especially at 10% strain value. As the strain progress, local 

buckling becomes more dominant and stress values decrease 

which is also observed in the overall stress-strain curve located 

in Fig. 4. On the other hand, the maximum stress values are 

observed in the interior vertical struts which were added in this 

novel design. It demonstrates the effective load-bearing 

capacity of these struts and, thus the effectiveness of the novel 

design.  

 

 
Fig.5 Collapse behavior of the (a) BCC, (b) BCCZ, (c) BCCZZ lattice 

structures under 10% compressive strain by presenting equivalent (von Mises) 

stress distribution  
 

 

 
Fig. 6 Collapse behavior of the (a) BCC, (b) BCCZ, (c) BCCZZ lattice 

structures under 20% compressive strain by presenting equivalent (von Mises) 

stress distribution 

IV. CONCLUSIONS 

This study has shown the dynamic numerical response of the 

novel BCCZZ lattice structure by comparison with frequently 
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used BCC and BCCZ structures. The outcomes include the 

following: 

 

• BCCZZ structure exhibited the superior specific strength 

that proves the its potential load-bearing capacity for 

lightweight applications. 

• Although local buckling is seen in BCCZZ structure, it is 

not as pronounced as observed in BCCZ lattice. BCC 

showed the most stable collapse behavior. 

• Additional interior vertical struts in the novel design are 

exposed to highest stress values, while BCC and BCCZ 

exhibit the maximum stresses at the node intersections 

and vertical struts, respectively. 
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Abstract—In this study, 0.5% by weight Lanthanum element was 

added to Mg-2Zn-1Mn alloy. The effect of this element on the 

microstructure and mechanical properties of the alloys was 

investigated. The alloys was cast into a metal mold with a graphite 

crucible in an induction furnace. Casting, homogenization and 

then rolling were done. MgZn, MgZn2, MgZn3, MnZn3 phases 

were detected in the alloys. With the addition of 0.5La, LaZn2 and 

LaMg3 phases were formed. Intermetallic phases increased with 

the addition of La in the microstructure. The hardness increased 

with the addition of La and rolling. Addition of La as casting 

reduced the strength properties. Strength increased with rolling. 

 

 
Keywords— Magnesium, Mg-2Zn-1Mn, Casting, La, Rolling 

I. INTRODUCTION 

Mg alloys are widely preferred by aerospace, automotive, 

electronics and various other industries due to their light weight 

and high specific strength [1]. Magnesium is a very effective 

material due to its superior properties such as strength and 

machinability, and it has good castability under controlled 

atmosphere [2]. 

 Recently, Mg-Zn series alloys containing non-toxic 

elements and therefore not requiring surface treatment have 

shown great potential as implant materials. However, the 

addition of large amounts of alloying elements significantly 

reduces corrosion resistance. especially when the Zn content is 

greater than 3% by weight [3]. 

 Among magnesium alloys, Mg-Zn based alloys are one of 

the most widely used magnesium alloys [4,5]. The addition of 

Zn plays a role in solution hardening. Ying et al. investigated 

the thermal properties of Mg-Zn alloys in their study and found 

that the thermal conductivity of the alloys decreased 

significantly with increasing Zn composition [6]. 

There are few studies in the literature on Mg-2Zn-1Mn alloy 

with the addition of lanthanum. However, there are studies on 

different alloys with the addition of La [7]. In this paper, 

samples of cast, homogenized and rolled Mg-2Zn-1Mn alloys 

were prepared. Microstructure and mechanical properties have 

been studied. 

II. EXPERIMENTAL STUDİES 

Alloys were poured into a metal mold at 250°C with a 

graphite crucible in an induction furnace at 750°C using 

shielding gases Argon and CO2+1SF6. Then, a part of the cast 

part was homogenized at 400°C, 16h [8]. It was then rolled with 

a rolling ratio of 80%, a rolling speed of 4.7, and a constant 

degree of deformation of (φ= 0.2). 

Prior to the OM and SEM observations, mechanically 

ground and polished samples were etched with a mixture of 6 g 

picric acid, 5 ml acetic acid, 10 ml distilled water and 100 ml 

ethanol. Microstructure observations were then performed by a 

Nikon optical microscope (OM). (SEM), (XRD), (XRF) tests 

were performed. 

The chemical compositions of the produced alloys after 

casting were determined by XRF (X-Ray Fluorescence) 

method using a Rigaku ZSX Primus II brand device. 

In the Vickers hardness test, it was kept under a 0.3 kg load 

with a pyramid-shaped penetrating tip for 15 seconds and the 

hardness values were determined by measuring the trace 

diameters. Tensile tests on the samples were carried out on a 

Zwick/Roell Z600 tensile device, at a tensile speed of 1.67x10-

3 s-1 and at room temperature. At least 3 samples were prepared 

for the tensile test from all alloys. 

 

III. EXPERIMENTAL RESULTS 

A. XRF Results 

In this method, the weight % ratios of alloying elements were 

determined by making use of secondary radiations with 

different wavelengths specific to each element, called 

fluorescence. The chemical compositions of the alloys were 

obtained as a result of the XRF tests applied to the samples after 

casting and are presented in Table 1. 

 
TABLE I. Cemical composition of alloys 

 

 
 

B. XRD Results 

The results of the XRD test performed on the samples taken 

as cast from Mg-2Zn-1Mn alloys are given in Figure 3. The 

presence of MgZn, MgZn2, MgZn3, MnZn3, LaZn2, LaMg3 

binary phases was determined in the microstructure of the 

alloys. 
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Fig. 1  XRD results of Mg-2Zn-1Mn-alloys 

C. Microstructure Results 

When the microstructure of the cast Mg-2Zn-1Mn alloy is 

examined in Figure 2, it is seen that the α-Mg phase turns into 

a finer grain structure with the effect of recrystallization formed 

by rolling. 

When the microstructure of the Mg-Zn-Mn-La alloy seen in 

Figure 3 is examined, LaZn2, LaMg3 phases were formed in 

addition to the previous phases. 

While a coarser grain structure is observed in the La added 

alloy as casting, it is seen to have a finer grain structure as 

rolling. 

 

 

 
 

Fig. 2 Microstructure images of Mg-2Zn-1Mn alloys 

 

 
 

Fig. 3 Microstructure images of Mg-2Zn-1Mn-0.5La alloys 

 

D. SEM Results 

When the SEM images of the Mg-2Zn-1Mn alloy seen in 

Figure 4 are examined as casting and rolling, it is seen that 

intermetallic phases such as MgZn, MgZn2, MgZn3, MnZn3 are 

distributed along the grain boundaries. 

   When the images in Figure 5 are examined, LaZn2, LaMg3 

intermetallic phases are formed with the addition of La. 

It has been observed that the phases formed in the grain 

boundaries and matrix elongate along the rolling direction with 

the effect of recrystallization. 
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Fig. 4 SEM images of Mg-2Zn-1Mn alloys 

 

 
 

Fig. 5 SEM images of Mg-2Zn-1Mn-0.5La alloys 

 

 

E. Hardness Test Results 

Vickers hardness (HV) values of the alloys are given in 

Figure 6 below. It was observed that the hardness increased at 

each stage with the addition of La. It was also observed that 

refining the grain size with the effect of recrystallization by 

rolling increased the hardness. 

 

 
 

Fig. 6 Hardness (HV) results of alloys 

 

F. Tensile Test Results 

When the tensile test results are examined, the addition of 

0.5% La to the Mg-2Zn-1Mn alloy as casting in Figure 7 shows 

that the Tensile test decreased by 21.76%, the yield strength 

decreased by 30.72%, and the Elongation decreased by 36.23%. 

The Tensile value of the Rolled Mg-2Zn-1Mn alloy in Figure 

8 increased by 58.82% compared to Figure 7. It was observed 

that the Tensile strength value of the rolled Mg-2Zn-1Mn-

0.5La alloy in Figure 8 increased by 96.99% compared to 

Figure 7. 

With the addition of La to the rolled Mg-2Zn-1Mn alloy in 

Figure 8, the Tensile Strength decreased by 3%, the yield 

strength increased by 7.14% and the Elongation value 

decreased by 36.23%. 

 

   
 

Fig. 7 Tensile stress (Mpa), Yield stress (Mpa), % Elongation 

results of as-cast alloys 
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Fig. 8 Tensile stress (Mpa), Yield stress (Mpa), % Elongation 

results of as-rolled alloys 

 

IV. CONCLUSIONS 

 

MgZn, MgZn2, MgZn3, MnZn3 phases were detected in Mg-

2Zn-1Zn alloy and additional LaZn2, LaMg3 phases were 

formed in Mg-2Zn-1Zn-0.5La alloy. 

When the microstructure was examined, it was observed that 

the intermetallic phases increased with La addition and the 

grain structure was refined as a result of recrystallization by 

rolling. 

The hardness increased with the addition of La and rolling. 

With the addition of La as casting, Tensile strength, Yield 

strength, % Elongation values have decreased. As rolled 

Tensile strength, % Elongation values decreased and Yield 

strength increased. 
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Abstract—In this study, the stress distribution and deformation 

regions of the composite sleepers was investigated using the finite 

element method. The composite sleepers in the study was 

computer-aided modeled with different matrix, fiber and tilt angle 

combinations. The loads applied to the composite sleepers was 

examined in terms of total deformation and stress with the help of 

ANSYS program. According to the results of the analysis, the 

stress values occur only in and around the load-applied parts of 

the composite sleepers. The most deformed regions are the upper 

layers, and the deformation decreases as one goes to the lower 

layers. The stress and deformation values in the middle and edge 

regions of the sleepers is close to zero, and these values are 

concentrated in the contact surface region of the rail and the 

sleepers. Finally, it is more appropriate to work on improving the 

design of the composite sleepers and increasing its lifespan, in 

areas where there are fasteners at the contact points of the rail and 

the sleepers. 

 
Keywords—Composite, Sleepers, Stress Analysis, Total 

Deformation, Finite Element Method 

I. INTRODUCTION 

Railway sleepers, described as beams that run under the 

tracks and support the road, are traditionally made of wood, 

steel and concrete. The main functions of the sleepers is to 

transfer the load from the wheels from the rails to the subfloor 

with track ballast and to hold the rails at the correct height [1]. 

Due to the fact that railways play an important role in 

transport systems, the demand for sleepers is growing day by 

day. The premature failure of even perfectly ballasted sleepers 

has become a source of great interest in the last two decades. 

Wood, concrete and steel have been used as materials for 

sleepers for many years, with expected lifetimes of 20, 50 and 

50 years respectively. It is estimated that there are currently 

about 3 billion sleepers on the world's rail networks. Over 400 

million of these sleepers is made of concrete and 2-5% of them 

need to be replaced every year due to premature failure [2]. 

The ability of a sleepers to resist cracking, oxidation, 

chemical degradation, delamination and abrasion for a certain 

period of time under appropriate loading conditions and certain 

environmental conditions is critical. That's why new research 

and innovation is focused on the durability of sleepers [3]. 

An accurate study of the causes of premature failure of 

sleepers is necessary to minimize the cost of maintaining roads 

and increase their efficiency. The Australian Railways (ROA) 

studied 2,200 wooden sleepers on Queensland railway tracks to 

understand the causes and patterns of damage to wooden 

sleepers and analyzed 2,200 wooden sleepers for damage to the 

sleepers such as fungal rot, split ends, termites, stagnant 

sapwood, bombardment, cutting rails, weather conditions, 

studding and various causes found, including knots [4]. Of 

these types of damage, fungal rot (53%) [5], top splitting (10%) 

[6] and termite attacks (7%) [7] were identified as the main 

causes of sleepers damage.  

The many advantages of concrete technology led to its use 

for sleepers in the 1950s. Today, about 500 million railway 

sleepers is made from prestressed concrete in the world's 

railway networks, and the demand for them annually accounts 

for more than 50% of the total demand [2]. According to the 

results of researchers from all over the world, the most common 

causes of concrete sleepers failures are; rail saddle deformation, 

center damage, derailment and impact damage [8], [9], [10] 

[11]. However, these types of failures can vary from country to 

country as the geometry and methods of operation differ. 

Several studies have been carried out on damage to steel 

sleepers. The risk of corrosion, high electrical conductivity, 

fatigue cracking in the rail saddle area and the difficulty of 

filling with ballast make steel a less preferred material for 

sleepers [12], [13]. 

Investigation of the potential causes of the aforementioned 

failures of railway sleepers has shown that conventional 

materials do not meet the requirements of resistance to 

mechanical, biological and chemical degradation [14]. For this 

reason, researchers have focused on the research and 

development of new and efficient alternative sleepers 

technologies for the railway industry. 

Today, the global market for composites is growing rapidly 

due to many advantages such as high strength-to-weight ratio, 

excellent resistance to corrosion, moisture and insects, and 

thermal conductivity [15]. This material can be developed 

according to the specific requirements of railway sleepers. 

Therefore, it is believed that composite railway sleepers may 

be a suitable alternative to existing concrete, steel and 

especially wood sleepers on both mainline and heavy-duty 

railway networks [16]. There are various classifications based 

on the number, length and direction of fibers in composite 

railroad sleepers which include technologies that are available 

or still under research and development [17, 18]. 

This study investigates the changes in stress magnitudes and 

strain magnitudes resulting from changes in matrix materials 
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and fibers of different strengths and fiber laying angles in 

composite railroad sleepers that has been developed and widely 

used due to recent research. This is the guiding study for fatigue 

analysis and design improvements to be carried out later by 

determining the highest and lowest points of stress and strain. 

II. MATERIAL AND METHODS 

In the study, composite sleepers was obtained by combining 

2 different epoxy matrices with 230 GPa and 395 GPa modulus 

of elasticity and 3 different carbon fibers with 230, 290 and 395 

GPa modulus of elasticity at different tilt angles. These angle 

values for each combination are 150, 300 and 450. The sleepers 

created has the dimensions of 2135mmx230mmx115mm in 

accordance with the original [19]. The sleepers is designed as 

10 layers with each layer thickness of 11.5 mm. The 2021 

Academic version of the ANSYS Workbench program was 

used in the design. 

Railway standards were taken into account while creating 

the loads. According to the standards, the maximum axle load 

of the rail vehicles used in the railways in our country is 22.5 

tons [20]. Accordingly, since an axle is connected to two 

wheels, the maximum force acting on the sleepers from a 

railway wheel is divided by half of the axle load and can be 

accepted as 110,258 kN. It is also known that there is an angle 

of 1:40 between the contact surface of the rail and the sleepers 

[21]. This angle causes a shear force in the tavern. The forces 

acting on the sleepers is shown in Table I. In addition, the forces 

acting on the sleepers is schematically expressed in Figure 1. 

 

Table I Forces acting on the sleepers 

Force 

Direction 

Force 

Direction 

Force 

Dimension 

(kN) 

X-axis -X/+X 4.814 

Y-axis -Y 110.258 

 

 
Fig. I Forces acting on the sleepers 

 

In the analyses, the forces were acted on the surfaces where 

the rail contacted the sleepers. These surfaces are shown in 

Figure 2. Stress and total deformation analyzes were performed. 

 

 
Fig. 2 Force application areas 

III. IRESULTS 

The maximum stress and total deformation values obtained 

as a result of the analyzes are shown in Table II. 

 

Table II Maximum stress and total deformation values 

obtained as a result of the analyzes 
EPOXY 

ELASTICITY 

MODULE 

(GPA) 

FIBER 

ELASTICITY 

MODULE 

(GPA) 

ANGLE OF 

TILT 

(DEGREES) 

MAX 

STRESS 

(MPA) 

MAX TOTAL 

DEFORMATION 

(mm) 

230 230 15 0,77893 0,0014949 

230 230 30 0,76991 0,0016031 

230 230 45 0,63079 0,001707 

230 290 15 0,78023 0,0014688 

230 290 30 0,65246 0,0015936 

230 290 45 0,65329 0,0017029 

230 395 15 0,85601 0,004798 

230 395 30 0,82007 0,0049783 

230 395 45 0,90085 0,0055778 

395 230 15 0,63681 0,0015077 

395 230 30 0,63652 0,0017034 

395 230 45 0,63149 0,001707 

395 290 15 0,74896 0,0015224 

395 290 30 0,64687 0,0016049 

395 290 45 0,64784 0,0017026 

395 395 15 0,85601 0,004798 

395 395 30 0,82007 0,0049183 

395 395 45 0,84197 0,0053135 

 

Figure 3 and Figure 4 show the stress values and distribution 

obtained as a result of the analyzes performed on the sleepers. 

Accordingly, while the highest stress values are observed in the 

upper layers of the regions where the force is affected, the stress 

values decrease as one descends to the lower layers and moves 

away from the force effect region. 
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Fig. 3 Tension values and distribution of the sleepers, 

whose top view is given 

 

 
Fig. 4 Tension values and distribution of the sleepers, 

whose side view is given 

 

Parallel to the stress value, the deformations are more intense 

in the force-affected regions of the sleepers and in the upper 

layers of these regions. As you move away from the mentioned 

regions and go down to the lower layers, the total deformation 

value also decreases. Total deformation values and distribution 

are shown in Figure 5 and Figure 6. 

 

 
Fig. 5 The deformation values and distribution of the 

sleepers, whose top view is given 

 
Fig. 6 Deformation values and distribution of the sleepers, 

which is given a side view 

IV. CONCLUSIONS 

In this study, composite sleepers was created with 2 different 

matrices, 3 different carbon fiber fibers and 3 different tilt 

angles. A total of 18 analyzes were made. As a result of the 

analysis; 

• There is no tension in the edges and middle parts of the 

sleepers. The stresses are only seen in and around the areas 

where the load is applied. This means that in future studies 

to increase parameters such as strength and life; shows that 

it is necessary to concentrate on the regions and their 

surroundings where the load affects. 

• Deformation values remained at acceptable levels in all 

analyses. 

• While the stress created by the loading is most visible in 

the top layer, this effect decreases as you go to the lower 

layers and reaches negligible values. This shows that 

improvement works should be concentrated in the upper 

layers. 

• As the elasticity modulus of the fiber fibers increases, the 

deformation and stress values also increase. 

In this study, the stress and deformation values of a 

composite sleepers under load was investigated. The data 

obtained as a result of the study show parallelism with similar 

studies in the literature. In addition, this study will be a stepping 

stone for further improvement studies. 
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Abstract---Aluminum alloy was widely employed in aviation because of its lightweight, good mechanical properties, and 

corrosion resistance. In this study, deep cryogenic treatment with different treatment times was used to enhance the 

mechanical properties and corrosion resistance of 2024 aluminum alloy. For this purpose, tensile test, and 

electrochemical tests such as open circuit potential, potentiodynamic, and electrochemical impedance spectroscopy were 

performed on cryogenically treated samples. The findings showed an improvement of 8.3 % after 24 h of cryogenic 

treatment on the hardness of 2024- T3. However, the hardness decreased by 8.6 % for the sample 2024-T0 after a similar 

treatment. Regarding strength, the ultimate strength slightly increased for both samples following a cryogenic treatment 

of 8 h. On the other hand, the elongation was higher for the sample 2024-T0 for 8 h of cryogenic treatment. The free 

corrosion potential of untreated alloys performed more anodic behavior compared to treated alloy after 1 h of 

immersion in the 3.5 wt. % NaCl. The impedance resistance of the cryogenically treated sample was better compared 

to the untreated sample for both samples. The resistance of the oxide layer was improved after treatment of 8 h and 24 

h for 2024-T0 and 2024-T3 alloys, respectively.   

 

Keywords---Aluminum alloy, 2024 alloy, tensile test, corrosion.  
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Abstract— Proper mixing of particles is an essential requirement 

especially for medical laboratories and composite industry. 

Asymmetric centrifuge homogenizers were used to meet this 

requirement. In this study, unlike the similar devices in the 

market, a dual asymmetric centrifuge homogenizer with an 

independent mixing bowl speed was designed and manufactured. 

The efficiency of this new designed homogenizer was determined 

through mixing two component paste epoxy adhesive and carbon 

black. Two different mixing speed ratio and six different mixing 

bowl speed were considered in the mixing processes. As a result, 

the most proper mixing was achieved for the ratio of 1:-2 with 

mixing bowl speed of 800 rpm. 

 
Keywords— Homogenizer, asymmetric centrifuge, mixing 

I. INTRODUCTION 

Mixing of materials is an important process step in a wide 

variety of industrial applications such as ceramics, metallurgy, 

chemistry, food, cosmetics, composites and pharmaceuticals 

[1-2]. In the mixing process, the mechanism of the mixer, 

properties of the mixed materials, mixing parameters and 

mixing principle are important for the quality of the final 

products [3]. 

In this study, a dual asymmetric centrifuge homogenizer was 

designed and manufactured for mixing or separation of 

particles. Compared to existing devices, the most important 

advantage of this device is that the rotation of the mixing bowl 

can be changed or stopped. This feature will allow the device 

to be used both as a homogenizer and a separator. Two 

component paste-like epoxy adhesive and carbon black were 

chosen as the materials to be mixed. Optimum mixing 

parameters were determined by visually examining the 

mixtures.  

II. MATERIAL AND DESIGN 

A. Design and Manufacturing 

Within the scope of the study, a dual asymmetric centrifuge 

device was designed and manufactured to mix the materials 

which have different physical properties. The device performs 

rotational motion based on centrifugal motion. The basic 

principle of mixing and separation in this device depends on the 

rotation of the mixing bowl. This new design device can be 

used as a separator by stopping the rotation of the mixing bowls, 

or it can be used as a homogenizer if the mixing bowls are 

rotated. Proper mixing parameters can be obtained by adjusting 

the rotational speed of the main shaft and mixing bowls. To the 

best of our knowledge, asymmetric centrifuge homogenizers 

are not produced in Turkey and are supplied from abroad at 

very high costs. In addition, the mixing bowl speed of the 

existing devices cannot be changed. In existing devices, the 

rotational movement of the mixing bowl is provided by a gear 

wheel or pulley system connected to the main shaft. Unlike its 

counterparts, this new design can perform both mixing and 

separation processes and the mixing bowl speed can be 

controlled. Fig. 1 shows the dual asymmetric centrifuge 

homogenizer that was designed in Autodesk Fusion 360 

program. 

 

 

Fig. 1 Design of dual asymmetric centrifuge homogenizer 

As shown in Fig. 1, mixing bowls with an angle of 45 

degrees rotate around their own axis at speed ranges controlled 

by a driver. Mixing bowls and main shaft speeds can be 

independently controlled by the drives. The collector ring was 

fixed to the main body with bolts from the right and left sides 

with L profiles as shown as number 1 in Fig. 1. The inner part 

of the ring (number 2) rotates at a maximum speed of 2000 rpm.  

During the rotation of the main shaft, the lower part of the ring 

and the main cable that moves the mixing bowl motors 

connected to the lower part remain motionless. 

 

The produced dual asymmetric centrifugal homogenizer is 

shown in Fig. 2. 
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Fig. 2 Dual asymmetric centrifugal homogenizer 

B. Preparation of Samples 

Structural two-component paste-like epoxy adhesive 

Araldite AV138 M-1 (Huntsman, Salt Lake, USA) and 

Monarch® 580 (Cabot Corporation Boston, USA) carbon black 

were used as raw materials. The properties of the adhesive and 

carbon black are given in Table I and Table II. 

TABLE I 

PROPERTIES OF ADHESIVE [4] 

Property AV 138 M-1 

(Resin) 

HV 998-1 

(Hardener) 

Mixed adhesive 

Color (visual)  beige  grey grey 

Specific gravity ca. 1.7 ca. 1.6 ca. 1.7 

Viscosity (Pas) thixotropic  thixotropic  thixotropic  

Mix ratio (parts 

by weight) 

100 40 - 

TABLE III 

PROPERTIES OF CARBON BLACK [5] 

Density g/cm3  Color  Specific weight g/cm3 

1.7-1.9 Black 0.02- 0.38 

 

In mixing processes, adhesive mixture was prepared using 

mixing bowls of the dual asymmetric centrifugal homogenizer 

as shown in Fig.3. The total weight of the mixture was 50 gr. 

Weight of adhesive and carbon black is 45 gr. and 5 gr., 

respectively. 

 

 

Fig. 3 Mixing process 

Table III shows the mixing parameters of the homogenizer. 

The mixing times were kept constant as 5 min for all samples. 

The speed of mixing bowls and speed ratio were taken as a 

variable. In Table III, the speed ratio indicates the ratio between 

the rotational speed of the main shaft and mixing bowls. 

TABLE IIII 

MIXING PARAMETERS 

Samples Speed ratio Mixing bowl 

speed (rpm) 

Time 

(min) 

A 1:-1 300 5 

B 1:-1 600 5 

C 1:-1 1200 5 

D 1:-2 200 5 

E 1:-2 400 5 

F 1:-2 800 5 
(-) sign in speed ratios indicates that the bowl rotation direction is opposite to the main shaft 

rotation 

III. RESULT 

Fig. 4 shows the samples which was mixed at the ratio of 1:1. 

 

 
a) A 

 
b) B 

 
c) C 

Fig. 4 A, B and C samples after mixing 

For the speed ratio of 1:-1, grey and beige colors were 

observed in the mixtures. It can be concluded that the speed 

ratio of 1:-1 was not sufficient in the mixing of adhesive and 

carbon black. As the engine speed increased, it was observed 
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that separation was more pronounced in samples B and C. 

These results showed that a speed ratio of 1:-1 could not be used 

in the mixing process. 

Fig. 5 shows the samples which was mixed at the ratio of 1:-

2. 

 
a) D  

 
b) E  

 
c) F  

Fig. 5 D, E and F samples after mixing 

For the ratio of 1:2, it was observed that the sample D did 

not mix properly. In the case of Sample E, carbon black was 

visually observed in the mixture. This observation indicated 

that the proper mixing was not achieved for the sample E.  

Sample F mixed with the speed ratio of 1:-2 and bowl speed of 

800 rpm gave the most proper mixing among all the samples 

mixed. The grey colored homogeneous appearance obtained for 

sample F is the evidence of the proper mixing. 

IV. CONCLUSION 

In this study, a low-cost double asymmetric centrifugal 

homogenizer device based on the centrifugal movement 

principle, which provides homogeneous mixing and separation 

of materials, was designed, and produced. The efficiency of this 

new designed homogenizer was determined through mixing 

two component paste-like epoxy adhesive and carbon black. 

Two different mixing speed ratio and six different mixing bowl 

speed were considered in mixing processes. As a result, the 

most proper mixing was achieved for the ratio of 1:-2 with a 

mixing speed of 800 rpm.  
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Abstract— Additive manufacturing (3D printing) has many 

advantages over traditional production methods. Thanks to 

additive manufacturing, complex parts can be produced with low 

buy-to-fly rates. In this study, the optimization of production 

parameters and microstructure analysis of Ti-6Al-4V alloy 

produced by powder bed printing techniques, such as Electron 

Beam Melting (EBM) and Selective Laser Melting (SLM) methods 

were investigated. In both techniques, the pores can be reduced by 

optimizing the production parameters. When these techniques are 

compared, it is seen that the relative densities of the parts 

produced with SLM are higher than those produced with EBM, 

besides microstructure of SLMed parts is more needle-like. The 

microstructure analyses were carried out  by optic microscope and 

scanning electron microscope investigations. Archimedes test was 

applied for relative density measurement. 

Keywords—Additive Manufacturing, Powder Bed Fusion (PBF), 

Electron Beam Melting (EBM), Selective Laser Melting (SLM), 

Ti-6Al-4V alloy 

I. INTRODUCTION 

Additive Manufacturing (AM) has significant advantages in 

comparison to traditional manufacturing (TM) methods. AM 

provides the ability to manufacture complicated parts with 

unique shapes and structures and developing functional 

materials to alter the characteristics of a single part in strategic 

locations. In addition to the manufacture of materials with more 

than two pieces, AM can integrate two similar or dissimilar 

metals in one piece [1]. AM is a more cost-effective strategy 

that produces less waste material than TM. The unused powders 

from AM can be reused [2] and the raw material/part weight 

(buy-to-fly ratio) is low, while the buy-to-fly ratio varies 

between 10-20 in TM. This value can drop to 1 in parts 

produced with AM. It can be listed as not requiring any mold 

for the production of parts, thus saving time and cost [3]. 

 

Ti-6Al-4V is a titanium alloy containing 6 wt.% Al and 4 wt.% 

V in pure Ti matrix. The addition of an α stabilizer (Al) and β 

stabilizer (V) allows Ti-6Al-4V to keep dual-phase α+β at 

ambient temperature. However, the phase change of Ti64 is 

highly dependent on the temperature history and cooling rates 

generated by the manufacturing process. In manufacturing 

procedures that involve complete melting and solidification, 

Ti64 may experience the liquid→β→α+β or liquid→β→α’. 

The α+β dual phase exists only during a slow solidification 

process with a diffusional phase transformation. Rapid cooling 

via diffusionless transformation results in the creation of the α’ 

martensite phase [1]. 
 

Selective Laser Melting, an powder bed AM process, is one of 

the most favored ways for producing Ti64 parts due to its 

superior performance compared to other techniques, good 

surface quality, and ability to work in argon atmosphere [1]. 

SLM is controlled by four basic parameters such as laser power, 

scanning speed, hatch space, and layer thickness [4]. Another 

powder bed AM process is electron beam melting (EBM). This 

procedure is carried out in a vacuum of around 10-4 mbar. It 

uses the same additive manufacturing steps as SLM. However, 

the temperature of the build chamber is higher (500-800°C) 

than in SLM technology. EBM technology is employed in the 

manufacturing of high-value-added metals with dimensionally 

small to medium volumes [5].  

 

In EBM technology, electrons accelerated between 0.1 and 0.4 

times the speed of light are used as an energy source. The 

tungsten filament in the electron gun generates these electrons 

[6]. 

 

The microstructure of Ti64 parts produced by AM methods 

such as SLM and EBM is much finer than the microstructures 

obtained by conventional manufacturing. While the 

microstructure of Ti64 parts produced by conventional 

production is uniform, the microstructure of the parts produced 

by additive manufacturing is needle form. The typical 

microstructure of additive manufactured Ti64 consists of 

columnar prior beta grains that grow epitaxially, across several 

layers. When cooling below the β transus temperature α phase 

starts to form, first at the β grain boundaries and then, 

depending on cooling rate, the α phase grows along the β grain 

boundaries or into the β grains in a platelet form followed by 

the formation of the Widmanstätten alfa plates. The 

Widmanstätten α can nucleate in packets of similarly arranged 

platelets called colonies or as basketweave structures. The 

extent of alpha phase at the prior β grain boundaries as well as 

the size and distribution of α laths inside the prior β grains 

depend on cooling rate. Little or no α phase formation can be 
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Figure 1: After polishing, optical microscope images at x10 

magnification of A) EBM-1, B) EBM-2, and C) EBM-3 samples 

seen at the grain boundaries of the prior β phase under rapid 

cooling conditions. Ratio (length/thickness) of individual α 

laths decreases with increasing cooling rate [7]. Regarding the 

cooling rate, the completeness of α′ martensite formation 

depends on specific cooling rate ranges. Cooling rates above 

410 °C/s-1 will create a full α′ martensite morphology, while 

cooling rates between 410°C/s-1 and 20°C/s-1 will lead to a 

partial α′ morphology, and cooling rates below 20 °C/s-1 will 

not develop α′ structures [1].    
 
 

II. PROCEDURES 

 

A. Sample preparation 

Commercial Ti64 alloy powders which is fabricated for AM by 

gas atomization.  The Microstructure investigation was 

performed on Ti64 samples powder bed melting samples with 

a dimension of 10x10x20 mm was fabricated by SLM and EBM 

3D printer, with energy density of 12.5, 25, and 37.5 (J/mm3). 

 

Hereafter, the EBMed Ti64 samples are EBM-1, EBM-2, and 

EBM-3 for EBM in order of 12.5, 25, and 37.5 (J/mm3), while 

the SLM process parameters were design to have energy 

density of 20.8, 41.7, and 62.5 J/mm3. However, due to the 

expected 60% efficiency of laser process, it is design in this 

energy range to be comparable to EBM process. So, 60% of 

20.8, 41.7, and 62.5 J/mm3 is equal to 12.5, 25, and 37,5 

J/mm3. 

 

 

B. Characterizations  

The specimens for the optic microscope (OM) analysis were 

mechanically polished and then etched in a Kroll’s reagent 

consisting of 2 vol. % HF, 6 vol. % HNO3, and 92 vol. % H2O. 

 

Microstructure investigations have been carried out by (OM) 

and scanning electron microscope (SEM). Archimedes 

methods have been applied to measure the relative density of 

the samples. 

 

 

III. RESULTS AND DISCUSSION 

 

In theory, AM techniques can generate full-density structures, 

but porosity occurs in the structure due to inappropriate process 

parameters and the powder generation process [3], [7], 
[12],[14]. There are three types of porosity: spherical gas pores, 

gas pores with filled molten powder, and irregularly shaped 

pores generated by lack of fusion.  

 

Figure 1 shows optical microscope images of EBM-1, EBM-2, 

and EBM-3 samples after polishing at 10X magnification. It 

showed when the energy volume increases, the number and size 

of the pores decrease.  

 

EBM technique, the energy volume depends on the applied 

current value. Also, much finer grains and much denser parts 

are produced with an increase in the current value. In parts 

produced with  

EBM, the thermal history takes place in a more complex way. 

Because PBF is produced in layer by layer, a molten layer is 

formed on solidified layer. This causes the formation of 

different heat zones on the part. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The same is available for SLM-produced parts. Figure 2 shows 

optical microscope pictures of SLM-1, SLM-2, and SLM-3 

samples after polishing at x10 magnification. Pores in the SLM-

1 and SLM-2 are caused by improper process parameters and 

trapped gas. When compared to SLM-1 and SLM-2, SLM-3 

had smaller gas holes. In SLM-3 did not show irregular gas 

pores. It showed that a combination of high laser power and low 

scanning speed would result in a denser part. SLM technique, 

the energy volume depends on the laser power and scan speed. 

Also, much denser parts are produced with an increase in the 

energy power. The combination of high scanning speed and low 

laser power in the SLM technique causes a faster cooling. 

Sample produced with SLM have the highest relative density. 

In the SLM technique, the best results were obtained from the 

sample using low scanning speed and high laser power (SLM-

3).  
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Figure 2: After polishing, optical microscope images at x10 

magnification of A) SLM-1, B) SLM-2, and C) SLM-3 samples 

Figure 4: a) EBM, b) SLM OM pictures x100 magnifications 
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In order to show the effect of the pores on the sample density, 

the relative densities of the samples were calculated as a 

percentage using the Archimedean technique. It is seen in 

Figure 3. In both techniques, denser parts can be produced by 

increasing the energy volume value. At the same energy 

volume values, parts produced with SLM have a much higher 

relative density than parts produced with EBM. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Measured density of the sample fabricated by EBM and 

SLM 

 

The thermal history of Ti64 samples produced with EBM can 

be summarized in three stages. In the first stage, diffusionless 

transformation occurs due to high-speed cooling from the 

molten state from about 1900°C to the building chamber 

temperature of 650°C. For this reason, α' martensite structure is 

formed because of rapid cooling. Due to the cooling rate is 

faster than 410°C/sec for first stage. In the second stage, 

between 650-750°C, α' martensite turns into α+β phase as a 

result of slow cooling. In the third step, the build platform is 

slowly cooled from the chamber temperature to room 

temperature. Since this cooling rate is slower than 20 °C/sec, 

the α+β phase remains in the structure without any 

transformation at room temperature. These three cooling stages 

determine the microstructures obtained by the EBM process. 

[11].  
 

The thermal history of the Ti64 part produced with the SLM 

technique during the production phase consists of 5 cycles. The 

first and second cycles are cooling above the liquidus 

temperature, the third cycle is the cooling between the solidus 

temperature and the β transformation temperature, the fourth 

cycle is the cooling between the β transformation temperature 

and the martensite initial temperature, and the fifth last cycle is 

the cooling below the martensitic initial temperature. Each 

thermal cycle affects the phase transformations in the 

microstructure of the part [1]. 

 

Figure 4 shows the images of the Ti64 sample produced with 

EBM and SLM, taken with an optical microscope at 100X 

magnifications. α platelets are more needle-like in the SLM 

technique, as a faster cooling occurs compared to the EBM. 

While there is a partial conversion to α grains at the grain 

boundaries of the prior β grain boundaries in the EBM 

technique, α phase formation is not seen at the grain boundaries 

in the SLM technique, the grain boundaries consist of the prior 

β phase. This situation is seen in figure 4. 

 

 

                          

 

 

 

 

 

 

 

 

 

 

IV. CONCLUSIONS 

 

1. The microstructure of as-built Ti-6Al-4V by EBM 

consist of columnar prior β grains delineated by wavy 

grain boundary α and transformed α/β structures with 

both colony and basket-wave morphology as well as 

numerous singular α platelets within the prior β grains. 

 

2. The microstructure of as-built Ti-6Al-4V by SLM is 

dominated by columnar β grains and α’ martensite laths 

because of high cooling rate. 

 

3. Sample produced with EBM have the lowest relative 

density (EBM-1).  

 

4. Sample produced with SLM have the highest relative 

density (SLM-3).  
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Abstract—Aluminum alloys have a crucial role in replacing 

auto parts in the near future. Its material properties give it 

some advantages and pioneer the way for new applications in 

the automotive industry. Besides the most important of these 

light materials is their use in automobile body applications. Car 

bodies consist of nearly 25% of the total weight of a car.  In this 

study, the center floor panel, which is a dash panel connected 

to the front part and a rear panel to the rear part, are installed 

on the center floor driver's seat and passenger seat. While 

driving a vehicle, the center floor panel protects both 

passengers by absorbing shock in the event of a side collision 

and supports vehicle rigidity, and prevents the noise and 

outdoor foreign substances from entering the vehicle. 

 

Keywords—Weight Reduction, Center Floor Panel, 

Automotive industry, Aluminum alloy, manufacturing. 

 

I. INTRODUCTION 

 

In the transportation sector, it is very important to 

improve fuel efficiency to reduce environmental pollution. 

Lightening studies in vehicles is an important technology 

[1]. There has been a trend towards electric vehicles to 

reduce fuel consumption and exhaust emissions. Many 

engineers are researching how to increase the battery 

capacity to increase vehicle mileage. However, the electric 

vehicle has an extraordinary problem in use, because the car 

is very heavy due to the battery weight and body structure 

and therefore the electric vehicle mileage is reduced. 

Unfortunately, how to reduce weight is a topic that has been 

studied for a long time [2]-[5].   

Car bodies contribute approximately 25% of the total 

weight and a suitable solution is required to break this cycle. 

Light metals and composite hybrid structures are seen as a 

promising opportunity for the stable lightening of the Body 

in White. The increasing use of metals such as aluminum 

and magnesium in the automotive industry shows that they 

still exist. Estimates come from aluminum's contribution to 

total vehicle weight from 6% to over 10% after turning [6]. 

This study aims to develop a mixed-use center floor module 

for heterogeneous materials for SUVs, which has a weight 

reduction of more than 25% and equivalent rigidity 

compared to existing parts. 

 

II.   DESIGN PROPOSAL 

 

The center floor is a dash panel connected to the front part 

and a rear panel to the rear part, as shown in Fig. 1. The floor 

module is connected. The driver's seat and passenger seat are 

installed on the center floor, and when driving a vehicle, it 

protects passengers by absorbing shock in the event of a side 

collision and supports vehicle rigidity.  

 

 

 
 

Fig. 1 Center Floor Module 

 

Existing material center floor modules are center floor 

panels, center floor reinforcements, and side sill inners. The 

center floor panel has a tunnel part that protrudes in an 

inverted U shape so that the exhaust system can pass to the 

center. The seat cross member is provided on both sides of 

the tunnel part of the center floor panel to allow the vehicle 

seat to be mounted and to reduce the impact force generated 

in the side collision. The reinforcement is reinforced on the 

upper part of the tunnel part of the center floor panel to 

improve the vehicle front collision characteristics. The 

lower part of the center floor panel is provided with the 

tunnel part of the panel and the center floor side members at 

the left and right ends of the center floor panel. To secure 

the structure. 
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After molding, it is assembled by joining parts with 

multiple spot welding. Recently, as the weight reduction of 

body parts is accelerating due to tightening regulations on 

the automobile environment and fuel economy, the 

development and sales of SUVs that have increased fuel 

efficiency and convenience are increasing. Lightweight 

materials that are currently being researched in place of the 

existing mild steel materials include high-strength/ultrahigh-

strength steel materials, non-ferrous metal materials such as 

Al/Mg, and polymer materials.  

The energy consumption of a vehicle during use is the 

sum of the fuel consumption for travel and the energy spent 

for gasoline production. According to statistics, the annual 

mileage is 10,057 km and the average usage is 9.12 years, 

resulting in total mileage of 91,720 km. As shown in Fig. 2, 

it was calculated a relationship between vehicle weight and 

actual fuel efficiency using automobile catalogs and studies. 

 

Here; 

Y=1/(6E-5*X+0.0174)  

X: Vehicle weight (kg),  

Y: Real fuel efficiency (km/l) 

 

A steel vehicle weighing 1,380 kg had a fuel efficiency of 

9.98 km/l and a CFRP vehicle weighing 881 kg had a fuel 

efficiency of 14.23 km/l. Lifetime gasoline consumption is 

9,190 liters and 6,446 liters, respectively [1]. 

 
Fig. 2 Relation between vehicle weight and real fuel efficiency 

 

 

In recent years, research on the application of multi-

materials to use in the right place according to the properties 

required for parts by taking advantage of lightweight 

materials has been conducted.  In addition, it is necessary to 

study various production technologies such as forming and 

joining parts to solve the difficulty formation and the 

difficulty bonding, which are common characteristics of 

lightweight materials by mixing different materials.  The 

center floor module, which is currently being developed in 

domestic and overseas markets, is expanding the application 

of high tensile steel with the high tensile strength to increase 

strength, rigidity, and lightweight. However, there is a limit 

to breakthrough weight reduction, as shown in Fig 3.   

 

 
 

Fig. 3 Schematic diagram of the development center floor module 

 

This project aims to develop a mixed-use center floor 

module for heterogeneous materials for SUVs, which has a 

weight reduction of more than 25% and equivalent rigidity 

compared to existing parts. The development center floor 

module consists of an integrated center floor panel with 

CFRP made of UD / Fabric material and high-strength steel 

applied parts of 7xxx series aluminum / 590 ~ 900MPa class. 

The goal is to develop a center floor module that has less 

than the amount of deflection and torsion of the existing 

center floor module, as shown in Fig. 4. 

 

 

 
 

Fig. 4 Development material and bonding method 

 

 

Key technologies in design are as follows; 

 Structural Design Analysis of Mixed Material Center 

Floor Module, 

 Development of part molding technology for different 

material types, 

 Development of high strength bonding technology 

between different materials (CFRP + Al, CFRP + Steel, 

Steel + Al), 

To secure structural optimization design analysis 

technology by mixing various lightweight materials in the 

center floor module; 
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 As it uses various lightweight materials, it is necessary 

to build basic property data for structural design and 

analysis, because each material has different physical 

properties and different deformation behavior, it is 

necessary to optimize structural shape design and precise 

analysis technology by using different materials to 

secure optimal performance.  

To develop molding technology for center floor module 

components applied to lightweight materials; 

 To secure CFRP high-efficiency part molding 

technology. 

 Aluminum parts are to be molded by applying the 

extrusion method. Expected to have Extrusion has the 

advantage of speeding up the production of products by 

continuously producing some types of parts such as 

bumper back beams 

 High-strength steel parts are manufactured by press 

molding, and they want to realize precise parts molding 

while minimizing spring back, as shown in Fig. 5. 

 

 

 
 
Fig. 5 Example of development of molding technology for parts with 

lightweight materials 

 

To develop high strength dissimilar material joining 

technology by mixing various lightweight materials; 

 CFRP / aluminum / tensile steel is different from each 

other in melting point, solidification point, structure, etc. 

Applying adhesive application technology that can have 

excellent bonding strength between metal and nonmetal 

and riveting which is a kind of mechanical bonding, we 

developed high strength bonding technology for Al + 

high tensile steel, Al + CFRP, CFRP + high tensile steel 

materials.  

This ultra-light center floor module technology for SUVs 

through the use of heterogeneous materials is a leading 

technology with insufficient development of related 

technologies in Turkey. 

III. CONCLUSIONS 

 

Weight reduction of body parts is very important for CO2 

emission regulations on the automobile industry and fuel 

economy. Lightweight materials that are currently being 

researched in place of the existing mild steel materials 

include high-strength/ultrahigh-strength steel materials, 

non-ferrous metal materials such as Al/Mg, and polymer 

materials. The energy consumption of a vehicle during use 

is the sum of the fuel consumption for travel and the energy 

spent for gasoline production. The center floor module, 

which is currently being developed in domestic and overseas 

markets, is expanding the application of high tensile steel 

with the high tensile strength to increase strength, rigidity, 

and lightweight. The center floor module for heterogeneous 

materials has a weight reduction of more than 25% and 

equivalent rigidity compared to existing parts. The 

development center floor module consists of an integrated 

center floor panel with CFRP made of UD / Fabric material 

and high-strength steel applied parts of 7xxx series 

aluminum/590 ~ 900MPa class. The goal is to develop a 

center floor module that has the same mechanical strength 

with a new design and less weight to compare with the 

existing center floor module.  
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Though most of the cases the purpose of using nano-biomaterials is to reinforce and improve the structural 

stability. Hydroxyapatite (HA) is commonly used as an efficient biomaterial owing to its well-documented 

ability for defective bone treatment. This work was aiming to produce novel hot pressed biocomposite 

material based on nano hydroxyapatite and nano zinc oxide. 90 wt.% nano hydroxyapatite and 10 wt. % 

nano zinc oxide mechanically alloyed for 4 hours. XRD and particle size analyses were carried out to 

determine mixture properties. Then the mixture was subjected to sintering by hot pressing. Sintering was 

carried out at 760ºC for 30 minutes. Mean density was obtained as 2,94 g/cm3. The phase analyses of the 

samples obtained after sintering were determined by XRD and their microstructures were examined with 

SEM. Strength and hardness values were determined by mechanical tests. The bioactivity property was 

determined by in vitro bioactivity test. The results were compared with the literature.  

 

Key Words: Nano, hydroxyapatite, zinc oxide, composite, bioactivity, mechanical properties. 
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ABSTRACT

In this study, lamination of different type of helicopter transparencies which are polycarbonate (PC) and acrylic (PMMA)

with thermoplastic polyurethane (TPU) and their individuals are inspected in terms of light transmittance and

mechanical properties. Light transmittance values of transparencies made of PC, PMMA and their combination have

been measured for different wavelengths in wide spectrum. In addition to that, important aviation mechanical

properties which are impact toughness, crack propagation resistance and abrasion resistance of PC, PMMA and their

combination are compared.

Keywords: Acrylic, Polycarbonate, Thermoplastic Polyurethane, Composite, Lamination

1. INTRODUCTION

PC and PMMA materials are used for manufacturing of windshields, windows and canopies in today’s aviation industry.

Energy toughness and crack propagation resistance properties of PC materials are significantly more considerable than

PMMA materials. On the other hand; when light transmittance and abrasion resistance properties are taken into

consideration, PMMA materials is better choice than PC materials. Acrylic and polycarbonate materials have different

superior properties compared to each other. Therefore, composite material which is combination of these two

materials with aid of TPU interlayer material fulfils the requirement helicopter transparencies.

2. EXPERIMENTAL PROCEDURES

First of all, 50mm x 50mm samples are prepared from PC and PMMA materials which are identical in terms of

thickness, 3mm. Afterwards, light transmittance values are measured between 250nm and 850nm wavelengths for

each sample according to the ASTM D1003 standard. . This measurement is performed with PerkinElmer Lambda 850

spectrophotometer device and taken data are processed with a suitable software. For mechanical properties of these

materials are taken and inspected from Helicopter Transparent Enclosures – Volume I – Design Handbook – Bruce F. Kay

– January 1979.

3. EXPERIMENTAL RESULTS AND DISCUSSION

Light transmittance measurement of clear polycarbonate material is presented in the following figure.

Light transmittance measurement of clear acrylic material is presented in the following figure.

Light transmittance measurement of clear PMMA and clear PC composite material is presented in the following figure.

Comparison of these three is presented in the following figure.

4. CONCLUSION

PC and PMMA materials are widely used in the aviation industry as aircraft transparencies because of their optical and

mechanical properties. Design parameters of these are selected according to aircraft requirements. Although optical

properties of composite helicopter transparencies are lower than monolayer PMMA material, composite helicopter

transparencies are preferred nearly all helicopter windshields because of windshields violent requirements. Generally, these

requirements are anti-icing and de-fogging function, bird strike compatibility, in other words high impact toughness, anti-spall

and light transmittance value higher than 65% in the visible region.

Anti-icing and de-fogging functions of transparencies can only be achieved by conductive coating or resistance wires. These

heater materials must not be exposed to air. In order to achieve that composite transparencies are used and these heater

materials are applied between PC and PMMA plies by the aid of TPU.

General configuration for a front windshield of a helicopter is PC+TPU+PMMA. PC material is in the inside of the helicopter.

PC material is a ductile and PMMA material is a brittle material. Laminating PMMA with PC by TPU increases the anti-spall

function of the composite due to the ductility of PC and TPU when a bird strike case occurs.
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INVESTIGATION ON THE EFFECT OF LEATHER SAWDUST 

ON MECHANICAL PROPERTIES OF EPOXY MATRIX 

COMPOSITES 

 

Abdullah DAĞDEVİREN, Muhammet Mevlüt KARACA, Yasin AKGÜL 

Iron and Steel Institute, Karabük University, TURKEY 

 

This study aims to investigate the effect of different weight fractions (1%, 3%, and 5%) of 

Leather Sawdust (LS) on the mechanical properties of epoxy matrix composites. The samples 

were fabricated using the hand lay-up method. To investigate the mechanical properties of 

pure epoxy and composites (Epoxy-LS), tensile, 3-point bending, and impact tests were 

conducted. The result of this study reveals that the flexural strength and yield strength of 

epoxy-based composite with 1 wt. % LS were higher than the pure epoxy nearly by 30% and 

50%, respectively. However, When the reinforcement ratio was increased from 1% to 5%, the 

mentioned properties decreased below the values of pure epoxy. Also, the tensile and impact 

absorbing properties of the epoxy decreased with the LS reinforcement. Therefore, it can be 

said that using Leather Sawdust at lower ratios (up to 1%) is effective for epoxy matrix 

composites. 

 

Keywords: Leather Sawdust, Polymer Composites , Mechanical Properties 
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Abstract— In recent years, friction stir welding (FSW) demand 

has become a viable manufacturing technology for the structural 

assembly of plate materials due to its light weight and thermal 

properties in many industrial applications as automotive sector. 

In this study, the effect of tool travel rate on the welding quality of 

4mm thick friction stir welded 6061 series aluminium sheets was 

investigated. The effect of the test matrix formed with different 

tool travel rates on the mechanical performance and interface 

properties of the joint was evaluated with the help of macro/micro 

interface optic examinations and tensile test results. A friction 

welding machine with pressure control function was preferred in 

order to prevent the effect of plate thickness changes caused by 

extruded plate production and fixture/equipment deformation 

during the welding process. The effects of 3 different travel speed 

parameter values on the tensile test results investigated. 

 
Keywords— Fricton stir welding, 6061 T6, Mechanical 

characterization. 

I. INTRODUCTION 

   Friction stir welding (FSW) is a solid-state joining process. 

The advantage of this method is joining of the metals is 

achieved without melting [1]-[4]. Among the benefits of this 

method are no weld solidification effects as porosity, shrinkage, 

hot cracking, weld fume,  reducing distortion with low heat 

input, low energy consumption and have fine grain 

microstructure. 

 

The advantages of solid-state FSW processes also include 
better mechanical properties, low residual stress and 

deformation, weight, and reduced defects [5].   In particular, 

FSW has been widely used in recent years for joining non-

ferrous metals foremost Al. FSW is also preferred because 

haven't been affect the heat transfer in the battery housing 

components and cooling plates of electric vehicles as much as 

in the fusion welding zones. 

 

Currently, the FSW study has mainly focused on joining Al 

alloy plate, which has the greatest demand in various industries 

compared to conventional welding processes [6]. 

 
In this study, T6 heat treated Al 6061 material was welded 

by friction stir welding method and the effects of welding travel 

speed parameters on the mechanical properties of the joint were 

investigated. 

II. MATERIAL AND METHOD 

The composition of the chemical alloy Al6061-T6 can be 

seen in table 1.  Al 6061-T6 plate with dimensions of 300mm x 

300mm x 4mm. Welding parameters are shown in Table 2. 
 

TABLE I 

CHEMICAL COMPOSITION OF 6061-T6 ALUMINIUM ALLOY. 

 

TABLE 2 

WELDING PARAMETERS USED IN THE STUDY. 

 

 

 

  
 

 

 

 

 

Fig. 1  FSW tool used in the study. 

 

The plates were joined with a butt joint configuration with 

the tool seen Fig.1. The rotating pin (pin Ø = 5 mm) was y 

pushed into the Al-6061-T6 sheets until the pin tip entered (tool 
offset) 0.1 mm into the plates. The shoulder diameter of the tool 

used was12 mm. A friction welding machine with pressure 

control function was preferred in order to prevent the effect of 

plate thickness changes and fixture/equipment deformation 

during the welding process. Welded samples were taken from 

the FSW machine manufactured by Bejing FSW Technology 

Co., Ltd, model LM-BL20-2D. 

% (wt) Al Cr Cu Fe Ga Mg Mn Si 

AA-6061-T6 97.8 0.19 0.24 0.44 0.015 0.92 0.05 0.56 

SAMPLE 
Rotation 

Speed (rpm) 

Weld Speed 

(mm/min) 
Force (kN) 

Tilt angle  

(o) 

N1  

2000 

400 

8 3 N2  600 

N3  800 
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III. RESULTS AND DISCUSSION 

 

A. Macro and Microstructures analysis and results 

 
Macro images of the weld seams are given in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Fig. 2 Macro view of welded plates. 

 

Welded samples were first visually inspected within the 

scope of the following 4 items. 

 

1. Whether or not any macro-scale surface defects are 

encountered in the weld seams 

2. Whether burrs and corrugations are formed on the 

retraction side of the weld seams in the produced welded plates. 

3. Whether or not there is a tunnel defect in the root parts. 
4. Whether or not there is an open crack on the surface. 

 

When the samples seen in Figure 2 were visually examined 

within the scope of these 4 items, no macro weld defects were 

found. 

 

Specimens were mechanically polished first with 600, 800, 

1200 grit and 2500 grit SiC paper and then with 3 mm and 1 

mm diamond paste. The final polishing of these specimens was 

accomplished using colloidal silica. After polishing, specimens 

were etched in a nitric Keller’s solution (150 ml H2O, 3 ml 
HNO3, 6 ml HF) at 273 K. After these treatments, they were 

prepared for optical microscopic observation.  Sample surfaces 

were examined with a Nikon Epiphot 200 Inverted model 

optical microscope and macro-micro images were taken. The 

macro section images taken from the samples of all welded 

plates (produced with 3 different travel speed parameters) are 

given in Figure 3.  A typical optical cross-sections have seen 

for all samples with four weld zone as the stir zone (SZ), thermo 

mechanically affected zone (TMAZ), heat affected zone (HAZ) 

and base material (BM). 

Figure 4 shows the base metal microstructure. In Figure 5, 

the weld metal microstructures of samples N1, N2 and N3 can 

be seen. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Macro view section of joints. 

 

 

 

 

 
 

 

 

 

 

Fig. 4 Microstructure of base metal. 

N1 N3 N2 

N1 

N2 

N3 
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Fig. 5 Microstructure of weld metals. 

 

 

 

 

 

 

Fig. 6 Microstructure of weld metals. 

 

Fig. 6 shows that grain refining took place in the recrystallized 

region of AA6061-T6 plates. However, grain refining shows 

that when a higher travel speed (800 mm/min) is used, a finer 

grained microstructure is formed due to lower heat input. 

 

B. Hardness Test  and Results 

 

HV5 hardness measurements were carried out with the QNESS 

brand Q01450812 model hardness device. The hardness traces 

taken in Fig.7 are numbered. Hardness measurement results of 

HAZ, SZ and BM are given in Table 3. 

 
 

 

 

 

 

 

 

 

 

Fig. 7 Hardness test specimen “N1”. 

 TABLE III 

HARDNESS TEST RESULTS 

 

 
 

 

 

 

C. Tensile Test  and Results 

 
The test results of friction stir welded tensile specimens are 

shown in figure 7 and table IV. Average tensile strength values 

were calculated by cutting at least 3 test specimens from each 

welded plate. Tensile tests were performed on Instron brand 

5989 L3619 model tensile device at 3Mpa/min tensile test 

speed in accordance with TS EN ISO 6892-1 standard. 

 

TABLE IV 

CHEMICAL COMPOSITION OF 6061-T6 ALUMINIUM ALLOY. 

 
Sample 

Code 

Maximum 

Load (kN) 

Tensile 

stress at 
maximum 

Load 

(Mpa) 

Tensile 
stress at 

yield 

(offset 

0.2%) 
(Mpa) 

Tensile 

strain at 
Break 

(standard) 

(%) 

Average 
of Tensile 

stress at 

maximum 

Load 
(Mpa) 

N1a 22,64 228,11 175,29 3,9 

227,33 N1b 22,52 227,39 168,12 3,2 

N1c 22,71 226,49 181,91 3,08 

N2a 23,07 229,47 178,73 3,46 

231,05 N2b 23,14 231,17 175,42 3,58 

N2c 23,03 232,53 188,84 3,34 

N3a 22,24 225,12 180,56 2,81 

220,9 N3b 22,33 223,24 190,08 2,74 

N3c 21,3 214,29 187,04 2,27 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Fig. 7 One example of tensile test result graph of each parameters. 

 HAZ 
Stir Zone 

(Weld Nugget) 
Base Metal 

N1 60,8 71,4 105 

N2 63,4 73,2 102,8 

N3 67,1 76,6 103,7 

N1 N2 N3 

N1 
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The average tensile strength of the sample N1 was measured 

as 227.33 Mpa, while the N2 numbered sample was 231.05 

Mpa and N3 was 220.09 Mpa. As seen in Figure 8, fracture 

occurred in HAZ in all of the tensile test specimens. (Fracture 

occurred at the edge of the weld seam) The tensile results and 

the hardness measurements given in Figure Y are compatible 

with each other. 

 

 

 

 
Fig. 8 The tensile test results show the fractures occurred in the HAZ region 

at the edge of the weld seam. 

 

D.  Conclusions 

In this study, 6061-T6 sheets were successfully joined by the 
FSW method using the appropriate mixer tool. Welding faults 

were not found in all of the welded joints obtained.  

Grain refining (fine grain structure formation) resulting from 

dynamic recrystallization was observed in the weld seam of all 

welded joints. Minimum hardness values in all welded 

specimens were observed in the HAZ with excessive aging.  

The tensile strength of the base material is 292.26 Mpa. In N1, 

N2 and N3 welded samples, 78%, 80%, and 76% joint strength 

were obtained, respectively. 
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This paper presents the investigation of synthesizing CuAlNi/ (B4C) 

composite by powder metallurgy route. Four various weight 

percentages of B4C (2.5, 5, 7.5 & 10) were reinforced with CuAlNi 

matrix (Cu-20 %Al-4 %Ni). The prepared powders were mixed with 

the TURBULA device for 1 hour. After the mixing process, the 

powders were pressed with a hot press. This compact was prepared at 

850 °C 5 minutes waiting in a vacuum atmosphere using a PLC 

controlled hot press machine. The effect of B4C on hardness and wear 

resistance was analyzed. Optical microscope and scanning electron 

microscope (SEM-EDS) were used to determine the microstructures 

of the produced samples, X-ray diffraction method (XRD) and X-ray 

fluorescence (XRF) were used to determine the phases formed in the 

internal structures.  From the microstructure results, it was determined 

that the B4C particles were homogeneously dispersed in the structure. 

Microhardness (HV5) was taken to determine the effect of B4C 

particles on hardness. The hardness values of the produced samples 

increased due to the increasing amount of B4C. In addition, as a result 

of the experiments, the highest hardness value was measured as 303.3 

HV5 in the sample with 10% B4C added. When the wear results were 

examined, it was observed that the wear rate of the B4C reinforced 

composite was lower than that of the pure CuAlNi alloy. 

 
Powder Metallurgy, Wear Resistance, B4C, CuAlNi 

 
Introduction 

 
Composites have been used in a wide variety of applications 

as they have a number of necessary and variable properties such 

as high hardness, high-temperature flexibility, increased wear 

resistance, and low coefficient of thermal expansion. Metal 

matrix composite (MMC) is a composite type that has a metal 

matrix and reinforcement material. Matrix and reinforcement 

are combined in order to improve mechanical, thermal, and 

physical properties [1]. Various techniques are used for the 

production of composite depend upon reinforcement, such as 

compo casting [2], liquid phase infiltration [3], squeeze casting, 

and spray co-deposition [4]. The Shape Memory Effect, which 

is the phenomenon of some alloys changing their shape with 

the effect of temperature change and strain, and regaining their 

original shape by reverse transformation, is widely used in 

today's industry [5, 6]. Powder metallurgy (PM) is a suitable 

method for composite production because of the uniform 

distribution of reinforcement in the matrix, homogeneous 

matrix structure, and less adverse reaction between matrix and 

reinforcement at high temperature compared to casting [7, 8].  

 

Composite materials with high mechanical properties are 

produced with Cu-Al-Ni alloys, which are successful in terms 

of lightness and strength. Cu-Al-Ni alloys are preferred as high 

engineering alloys for aerospace, automotive, and biomedical 

applications due to their excellent heat resistance, corrosion 

resistance, toughness, and strength [9-14]. In addition, these 

materials are used in industrial and medical applications as well 

as advanced applications, such as electronic devices, spacecraft, 

and many products that facilitate daily life, such as super-elastic 

eyeglass frames and telephone antennas [15,16]. However, 

when Cu-Al-Ni alloys are used in industry, their mechanical 

and wear properties are insufficient [17]. 

In this study, composite material with better mechanical and 

wear properties was produced by reinforcing B4C particles to 

Cu-Al-Ni alloy. This paper also analyses the effect of boron 

carbide, and the composites were also subjected to SEM and 

EDS analysis.  

 

Materials and methods 

 

Synthesis of B4C reinforced Cu-Al-Ni composite 

 

Copper-Aluminum-Nickel (Cu-84%, Al-12%, Ni-4%) powder 

was used for matrix material, and boron carbide (B4C) was used 

for reinforcement.  Four different weight percentages of boron 

carbide (2.5, 5, 7.5 & 10 wt.%) are reinforced with copper, 

aluminum, and nickel powders using the powder metallurgy. 

The required weight percentage of Cu-84 %Al-12 % Ni-4% and 

B4C were mixed with a TURBULA brand mixer for 1 hour. In 

order to bulk up mixed powders, they were kept at 850 
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centigrade degrees for 5 minutes by using a graphite 

rectangular prism mold in PLC controlled and vacuum 

atmospheres hot press machine.  Produced samples and hot 

press machine are shown in Figure 1a and Figure 1b. 

 

 

 

Fig. 1a. Produced Samples and Figure 1b. Hot Press Machine. 

 
Results and Discussions 

 

SEM Analysis of The Produced Composite 

 

Figure 2 shows the SEM analysis result and macro image of the 

pure CuAlNi alloy sample. Figure 3-6 are show the SEM 

analysis results and macro images of weight percentages of B4C 

2.5, 5, 7.5, and 10, respectively. Copper, aluminum, nickel and 

B4C powders of 325 mesh size were used to synthesize 

composites. The purity values of powders; Cu and Al = 

%99.99, Ni and B4C=%99.95. 

 

 

 

Fig. 2. Pure CuAlNi alloy a) Optical microscope and b) SEM 

images 

The CuAlNi matrix structure is clearly seen from the optical 

microscope and SEM image in Figure 2. Partially cracks and 

pores may be observed due to the powder metallurgy 

production method in the samples produced. 

 

 

 

Fig. 3. CuAlNi reinforced with 2,5% B4C composite a) 

Optical microscope and b) SEM images 
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Fig. 4. CuAlNi reinforced with 5% B4C composite a) Optical 

microscope and b) SEM images 

 

 

 
Fig. 5. CuAlNi reinforced with 7,5% B4C composite a) Optical 

microscope and b) SEM images 

 

 

 
Fig. 6. CuAlNi reinforced with 10% B4C composite a) Optical 

microscope and b) SEM images 

 

When the given optical microscope and SEM images are 

examined, it is clearly seen that as the percentage of B4C in the 

matrix increases, the amount also increases. It is thought that 

the homogeneous distribution of CuAlNi and B4C in the 

internal structure is caused by 3 dimensional mixer and hot 

sintering. SEM-EDS analysis results of the samples are shown 

in Figure 7-11. When the SEM-EDS analysis results of the 

samples are examined, it is observed that there is no 

contamination in the composition. The EDS analysis result 

supports the chemical composition of the produced sample.  
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Figure 7. Pure CuAlNi alloy SEM-EDS analysis result 

  

 
Fig. 8. CuAlNi-2,5% B4C composite SEM-EDS analysis 

result 

 

 
Fig. 9. CuAlNi-5% B4C composite SEM-EDS analysis result 

 

 
Fig. 10. CuAlNi-7,5% B4C composite SEM-EDS analysis 

result 

 

 
Fig. 11. CuAlNi- 10% B4C composite SEM-EDS analysis 

result 

 

XRF results of CuAlNi-B4C reinforced samples produced by 

the powder metallurgy method are given in Table 1. B4C could 

not be detected in the structure, as B and C were difficult 

elements to detect in XRF analysis, but B4C was observed in 

XRD and EDS analyses. 
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Table1. XRF analysis results 
 Cu (%) Al (%) Ni 

(%) 

Si (%) Fe 

(%) 

CuAlNi 67,628 29,123 3,247 - - 

CuAlNi-B4C 62,762 33,383 2,825 0,859 0,171 

 

XRD analysis results of CuAlNi and CuAlNi-B4C reinforced 

samples produced by the powder metallurgy method are given 

in Figure 12. 

 

 
Fig. 12. XRD results 

 

When the XRD graphs given in Figure 12 were examined, it 

was determined that CuAlNi and similar phases were also 

formed, as well as B4C phases. In addition, it is clearly seen that 

the Cu-Al phase is dominant. During the sintering process, 

Cu4Al, Cu9Al44, Cu3Al intermetallic phases were formed 

between CuAlNi and B4C particles. In general, when the given 

XRD graphs were examined, it was determined that the 

intensity of the formed intermetallic phases increased as the 

amount of B4C increased. 

 

Microhardness Analysis 

 

The microhardness graphs of the samples are shown in Figure 

13. Microhardness measurements of the produced samples 

were taken from the sample surface along a line at 100 μm 

intervals.  

 

 
Fig. 13. The microhardness of the samples 

 

CuAlNi produced by the method of powder metallurgy, and 

%2,5, %5, %7,5, %10 Micro hardness graphs of B4C reinforced 

CuAlNi samples are given in Figure 5.11. Microhardness 

measurements of the produced samples were taken from the 

sample surface along a line at 100 μm intervals.  The hardness 

of the CuAlNi sample, which we define as pure, is on average 

214 hv5. The hardness values of the samples reinforced with 

2.5% B4C, 5% B4C, 7.5% B4C and 10% B4C were determined 

as 229 HV5, 283.3 HV5, 300.3 HV5 and 303.3 HV5, 

respectively. The hardness of B4C reinforced samples is higher 

than that of non-reinforced sample. This increase is associated 

with the presence of carbide, which increases by % in volume, 

and the resulting hard phases. 

 

Wear Analysis 

 

The graph of the wear results of CuAlNi and 5% and 10% B4C 

reinforced CuAlNi samples produced by powder metallurgy 

method by applying 20 and 40 N loads is given in Figure 5.12. 

Parameters such as sliding speed, applied load, sliding distance 

and reinforcement element ratio are effective on the wear 

behavior of composite materials. In the abrasion tests AISI 

52100 ball with 6 mm diameter and 62 HRC hardness was used 

as abrasive material. 

 

Table 2. Wear analysis results 

 
Wear Depth 

(mm) 

Wear Volume 

Loss 

(mm3) 

Wear Rate 

(mm3/m) 

CuNiAl-20N 0,14 1,12 0,00448 

%5B4C-20N 0,085 0,885 0,00354 

%10B4C-20N 0,03 0,65 0,0026 

CuNiAl-40N 0,18 1,77 0,00708 

%5B4C-40N 0,1385 1,305 0,00522 

%10B4C-40N 0,097 0,84 0,00336 

 

 

Fig. 14 The wear rates of the samples 

 

When the wear results were examined, it was observed that 

the wear rates of B4C reinforced composites were lower than 

that of pure CuAlNi composite. The hardness value of boron 

carbide is higher than other elements (Cu, Al, Ni) in the 

composite. Looking at the microhardness results, the hardness 

values of 5% and 10% B4C reinforced composites were 

measured as 283 HV5 and 303 HV5, respectively. When the 

wear rate results are examined, it is seen that the samples with 
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high hardness value are more resistant to abrasion. When the 

wear graph is examined, it is seen that the wear rates increase 

in direct proportion to the increasing load. As a result of the 

literature review, it is known that the relationship between 

hardness and wear resistance is directly proportional. 

 

Conclusion 

 

In this study, CuAlNi and CuAlNi-B4C composites were 

successfully produced by powder metallurgy (TM) method. 

Optical microscope, scanning electron microscope (SEM-EDS), 

X-ray diffractogram (XRD), X-ray fluorescence (XRF) 

microhardness test and wear test were successfully applied to 

the produced samples. The report of the experimental results 

can be summarized as follows. 

 

In this study, CuAlNi and CuAlNi-B4C composites were 

successfully produced by powder metallurgy (TM) method. 

Optical microscope, scanning electron microscope (SEM-EDS), 

X-ray diffractogram (XRD), X-ray fluorescence (XRF) 

microhardness test and wear test were successfully applied to 

the produced samples. The report of the experimental results 

can be summarized as follows. 

 

• It has been reported that the B4C particles are uniformly 

distributed in the optical microscope and SEM images taken 

from the samples.  

 

• In the EDS analysis results, the chemical compositions of 

the produced samples were supported and FR was found that 

there are different ratios of Cu, Al, Ni, B and C in the internal 

structures of the samples. 

 

• When the XRD graph was examined, peaks belonging to 

Cu, Al, Ni, B4C and Cu4Al, Cu9Al44, Cu3Al intermetallics were 

detected. 

 

• As a result of the microhardness test, it was found that the 

hardness of B4C reinforced samples was higher than that of the 

non-reinforced sample. There has been an increase in hardness 

values due to the increased amount of B4C. The best 

microhardness value was measured as 303.3 HV5 in the sample 

to which 10% B4C was added. 

 

• In the wear analysis results, it was found that the wear rate of 

a 10% B4C reinforced sample was less than that of non-

reinforced and 5% reinforced sample. There has been a 

decrease in the wear rate values due to the increased amount of 

B4C. Considering the results of micro-hardness, the hardness 

values of 5% and 10% B4C reinforced composites were 

measured as 283 HV5 and 303 HV5, respectively. As a result of 

literature reviews, it is known that the relationship between 

hardness and wear resistance is directly proportional. 
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Abstract— High thermal conductivity (TC) materials are needed in electronic devices developed in recent years. For this purpose, 

traditional metal alloys such as copper, aluminium and magnesium and synthetic diamond particles with very high thermal 

conductivity (1800 W/mK) are widely used. However, poor wettability between diamond and metals poses a significant problem. 

So, it is necessary to experiment by adding different components at the interface, which is a disadvantage in terms of time and 

cost. However, in this context, TC values of such composites can be examined theoretically with accepted models. In this study, 

the presence of nitride compounds of different thicknesses at the magnesium and diamond interface was investigated. Acoustic 

mismatch model (AMM), extended diffusion mismatch model (DMM) and differential effect medium scheme (DEM) were used 

to calculate the TC value of the composites. While AlN, Si3N4 and TiN are used as interface components, their thicknesses were 

adjusted to increase from 10 nm to 2000 nm. According to the calculated results, while the TC value of Mg-Dia was expected to 

be 488 W/mK if there was no interfacial wettability problem, it was calculated that AlN, Si3N4 and TiN would be 516, 515 and 

517 W/mK, respectively, at 10 nm thickness. However, when the thickness of these components increased to 250 nm, the TC 

values decreased to 501, 440, and 474 W/mK, respectively. The component that was least affected by the thickness increase was 

determined as AlN and could remain above the Mg-Dia TC limit up to about 500 nm. For this reason, for the Mg-Dia interface, 

if the interface thickness can be controlled, Si3N4 and TiN can be used, but if the thickness sensitivity cannot be achieved, the use 

of AlN can be recommended. 

 

 

 
Keywords— Diamond, Magnesium, Nitrides, Thermal conductivity 

81

2nd International Symposium on Light Alloys and Composite Materials 
(UHAKS’22) 31 March - 02 April, 2022 Karabük, Turkey

mailto:safapolat@karabuk.edu.tr


INVESTIGATION OF HYDROXYAPATITE 

COATED MAGNESIUM AND TITANIUM 

ALLOYS BY SOL-GEL METHOD 

 

Ece DURAN1, Hasan DURMAZ1, Esma KESKİN1, Bengü AKIN1, Hayreddin BOZTAŞ1, Aysun 

IŞIKGÜL2, Hayrettin AHLATCI1, İsmail ESEN1, Yunus TÜREN1 

 

1 Karabuk University, Faculty of Engineering, Metallurgical and Materials Engineering 

2 Kardemir A.Ş., R&D Center 

 

 

Abstract— In recent years, it has been aimed to 

prevent increasing environmental pollution by using 

limited energy resources efficiently and to provide an 

economic advantage in sectors such as production, 

labor and transportation. In the studies carried out for 

this purpose; It is seen that light metals (Al, Ti, Mg) 

with a wide range of use are used. The main reason why 

light metals and their alloys are so popular can be 

defined as their very good mechanical properties, good 

castability, easy processing, possible recovery and ease 

of use. However, with these advantages, the low 

corrosion and wear resistance of light metals and alloys 

limit the life of the parts. In order to make this 

disadvantage more innovative, different coating 

methods are applied to the surface. Sol-gel, which is 

one of the most effective and advanced technology 

coating methods, enables the production of thin films 

consisting of a wide variety of organic, inorganic, 

hybrid and nanocomposite materials developed in the 

1800s. Among the reasons why this process is 

preferred, there are low cost, ease of processing, low 

application temperature, high purity of the product, 

physical and chemical homogeneity, submicron 

thickness, controllability of the composition and 

enabling the coating of all complex shaped substrates. 

Due to these advantages, it is superior to conventional 

coating methods. In this method, the solution is 

prepared and then the solvent in the gelled solution is 

removed from the system and glass-ceramic, ceramic, 

glass or composite materials can be produced. The 

general steps of the method are described as gel 

formation, aging, drying and sintering. 

Hydroxyapatite (HA) coating material is widely used 

for repairing bone defects and improving the coating 

for the use of dental and orthopedic implants. 

Hydroxyapatite (HA, (Ca10(PO4)6(OH)2) is a calcium 

phosphate found naturally in bones and teeth, mainly 

containing calcium (Ca) and phosphorus (P) elements 

in a stoichiometric ratio of 1.67. AZ91, Ti6Al4V, Mg 

and Ti are among the light metals and alloys used in 

bone, dental and orthopedic implant applications and 

whose properties have been improved by the sol-gel 

coating method. The decrease in the corrosion rate of 

AZ91 alloy coated with Hydroxyapatite with the sol-gel 

method is based on the decrease in the distance 

between cracks and the crack area with the increase in 

the coating thickness of the cracks formed during the 

coating. The deterioration of the corrosion resistance 

of materials with Hydroxyapatite (HAP) coating was 

found to depend on the pH value of the solution, the 

composition of the Ringer solution (high Cl content and 

absence of phosphate and carbonate ions), and low 

HAP layer thickness. 

 

Keywords— AZ91, Ti6Al4V, Ti, Mg, Sol-gel, 

Hydroxyapatite (HAP), Corrosion. 
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