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Sixth International Iron and Steel Symposium (UDCS°23) 11-13 May 2023
Karabuk University, Karabuk, TURKIYE

ONSOZ

Tiirkiye’de ilk ve tek olan Karabiik Universitesi Demir-Celik Enstitiisii 2013 yilinda hizmet
vermeye baslamistir. Enstitlimiiziin kurulus amact; “boélgemizdeki ve tilke genelindeki demir-
celik sektorii basta olmak {izere, tiim metal alasimlari tireten sektdrlerin ihtiyag duyduklari
akredite test ve kalite kontrol hizmetleri vermek, {iniversite-sanayi is birligi kapsaminda ArGe
calismalarina destek olmak™ seklinde ifade edilebilir.

Universite sanayi is birliginin iki temel ayagi bulunmaktadir. Bunlardan ilki {iniversite ve
sanayinin ortak projeler gelistirmesi ve bu sayede yeni, yerli, katma degeri yiiksek tirtinler
ortaya ¢ikarmasidir. Enstitiimiiz, 2020 yilindan beri yaklasik 60 farkli sanayi kurulusuna ve
16 farkli tiniversiteye hizmet vererek bolgemiz ve iilkemiz i¢in ne kadar énemli bir kurum
haline geldigini gostermistir. Kuruldugu ilk giinden beri liniversitesanayi is birligine biiyilik
Onem veren enstitiimiiz, bu kapsamda gerek 6zel sektor gerekse kamu kuruluglariyla farkl
projeler ger¢eklestirmektedir. Bunlara 6rnek olarak, Kardemir ile birlikte gerceklestirdigimiz
“Mantar1 Sertlestirilmis Ray Projesi” ve Cevre Bakanligi ile sonuglandirdigimiz “Entegre
Kirlilik Onleme EKOK” projesi verilebilir.

Universite-sanayi is birliginin ikinci temel ayagi, farkli organizasyonlar diizenleyerek
sanayiciler 1ile tiniversitedeki akademisyenlerin bir araya getirilmesidir. Bu sayede
sanayicilerin yasadiklar1 problemler ve akademisyenlerin ¢6ziim 6nerileri, farkli projeler ve is
birlikleri ortaya ¢ikmaktadir. Enstitiimiiz tarafindan diizenlenen “Uluslararasi Demir-Celik
Sempozyumu” tamda bu ortami saglamak amaciyla diizenlenmeye baslanmistir. Bu konuyla
ilgilide sevindirici geri donuisler almaktayiz.

Bu sene 6. diizenledigimiz sempozyum sayesinde {iniversite ve sanayi kuruluslar1 bir araya
gelmekte, mevcut durum ve gelecek hedefleri adina yeni fikirler, yeni is birliklerinin
dogmasina onciiliik etmektedir. Bu sene diizenledigimiz sempozyuma yaklasik 81 adet bildiri
gonderilmistir. Bu bildirilerin 26 tanesi 8 farkli sanayi kuruluslarimizda gérev yapan
mithendis ve Ar-Ge personeli tarafindan hazirlanmistir. Geri kalan1 16 farkli tiniversitede
gorev yapan akademisyenler tarafindan gonderilmistir. 3 adette uluslararasi {iniversitelerden
katilim olmustur.

Bu sempozyumu basarili bir sekilde organize etmemize destek olan, Karabiik Universitesi
Rektorliigiine, Kongre Koordinasyon birimi c¢alisanlarina, Demir-Celik enstitiisiinde gorev
yapan tiim calisma arkadaslarima, sempozyuma bildiri gonderen tiim katilimcilara ve basta
TUBITAK olmak iizere destegini esirgemeyen tiim sponsorlarimiza sonsuz tesekkiirler.

May1s 2023
Prof.Dr.Yavuz SUN
Sempozyum Bagkani
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UDCS’23 Full Programme

11.05.2023 LOCATION
10:00-10:05 Sayg1 Durusu ve Istiklal Marsi
10:05-10:15 Tanitim Filmlerinin Gosterimi
10:15-11:00 Acilis ve Protokol Konusmalari }
11:00-11:30 Invited Speker Karabiik Universitesi Mithendislik
Prof. Dr. Pasquale Daniele Cavaliere, Universita del Fakiiltesi Hamit Cepni Konferans
Salento, ITALY Salonu
“’Hydrogen direct reduction of pellets for ironmaking”’
11:30-12:30 Acilis Kokteyli
DAY 1 | 11.05.2023 LOCATION
DAVETLI KONUSMACILAR
Moderator: Dr. Safa POLAT
SAGLAM METAL San. ve Tic. A.S.
Dr. Marta Michalska-Domanska, Military University of
Technology, POLAND
“’Morphology and application of anodic oxide growth on
FeAl”
Prof.Dr.Hiiseyin Cimenoglu, Istanbul Technical )
University, TURKIYE Karabiik Universitesi Demir Celik
“Failure Analysis of Welded Steel Structures”’ Enstitiisti Konferans Salonu
14:00-18:00
Prof.Dr.Ali KALKANLI, Middle East Technical
University, TURKIYE
““Thin Slab Permanent Mould Casting of Steel Alloys’’
Prof. Dr.Mehmet EROGLU, Firat University, TURKIYE
“Effect of Tempering Heat Treatment on Medium
Manganese Steels”
Ibrahim TOZLU, MATIL Malzeme Test ve Inovasyon
Laboratuvarlar1 A.S, TURKIYE
ORAL PRESENTATIONS
SESSION 1
11.05.2023-(13:45-15:15) ROOM 1
Session Chair: Dr.Yasin AKGUL
Paper ID Title Authors
1 Increasing Energy Efficiency in 4th Blast Furnace Stoves Fikret FURTUN, Gokhan
After the Investment of Kardemir A.S. DOGANTEPE, Abdulrezzak
ERDEM, Fatih ARSLAN
5 Process Parameters Of Leveling And Taking Liquid Fikret FURTUN, Abdulrezzak
Salamander For Kardemir Blast Furnace No. 1 Reline ERDEM
3 A Study on the Carbon Footprint Calculation in Fener Erhan Yavasci, Sahay Ok, Murat
Gear Production Canbaz, Mehmet Dingsoy, Recep
Demirs6z
4 Continuous Casting Plant Revision Study Erhan Yavasci, Recep Demir,
Mehmet Dingsoy, Ayberk
Ozduman, Murat Canbaz, Recep
Demirséz
5 The Effect of Gas Nitration Process on The Wear

Behavior of Steel Casting Crankshaft

Emre Kiigiik, Ibrahim UGUR,
Hayrettin Ahlatci, Yavuz Sun




Room: 11.05.2023-(13:45-15:15) ROOM 2
Session Chair: Dr.Betiil ERCAN
Paper ID Title Authors
6 38Si7 ve 54SiCr6 YAY CELIKLERININ ISIL iSLEM N]Eelliggﬁll;ll\;l;iiisﬁ Q%CIL“X;ZS?‘
PARAMETRELERININ INCELENMESI ’ . ’
Aysun Isikgiil
7 INVESTIGATION OF TAPHOLE CLAY Mert Orkun HEKIM, Abdulrezzak
APPLICATIONS AND PERFORMANCE IN BLAST ERDEM, Hayrettin AHLATCI
FURNACES
8 A Study on Conversioq of Online Dedusting Filter to Fatih Kulaksiz, Recep Demirsoz,
Offline System Mehmet Tayyip Ozdemir, Abdullah
Ugur, Murat Canbaz
9 Effects of Vulcanized Welding Process and Vulcanization Tugge Danisman Cebi, Recep
Time on Belt Strength _ Demirsoz, Mehmet Tayyip
Ozdemir, Ahmet Emrah Erdogdu,
Mehmet Dingsoy
10 Effect of Coefficient of Friction on Part Thickness Due to Erding EFENDI, Selahaddin
Stresses Occured in Forming Process YAZICI
11.05.2023-(13:45-15:15) ROOM 3
Session Chair: Dr. M.Yunus ASKIN
Paper ID Title Authors
11 The Effectiveness of Incentives in the Innovation and 0zGUL CAVUS
Export Performance of the Turkish Manufacturing
Industry on R&D Center Support and TURQUALITY
Program Support
12 EFFECT OF TEMPERATURE ON WEAR BEHAVIOR Volkan KARAKURT, Orgun
OF 1.2344 and WP7V HOT WORK TOOL STEELS ZIGINDERE, Talip CITRAK,
Remzi Cagatay DEMIRCI,
Tolga DANISMAN
13 Production of high nitrogen austenitic steels by high Ozge Ararat, Ersoy Erisir, Mutlu
temperature solution nitriding Cagn Yigit
14 Cyclic Spheroidizing of an AISI 4140 Grade Low Alloyed Akin Kiitmen, Erdem Balci, Burak
Steel Used in Automotive Industry Bayram, Mertcan Kaba, Faiz
Muhaffel, Murat Baydogan
15 Hot Dip Aluminizing of ASP 2012 and ASP 2005 PM Burak Bilim, Burak Kiiciikelyas,
Tool Steels Mertcan Kaba, Faiz Muhaffel, Anil
Caligkan, Harun Mindivan, Yakup
Yiirektiirk, Murat Baydogan
16 Effect of Temper Embrittlement on Fatigue Behaviour of | Go6zde Kaya, Burak Bayram, Erdem

AISI 4140 Steel

Balci, Mertcan Kaba, Dogukan
Cetiner, Faiz Muhaffel, Murat
Baydogan




SESSION 2

11.05.2023 -(15:45-17:15) ROOM 1
Session Chair: Dr. Alper INCESU
Paper ID Title Authors
17 Effects of Sample Geometry and Gauge Length on Tensile Billent Aydemir
Test Results
18 Traceability Need of Eaﬂhquake Isolator Performance Bulent Aydemir, Ufuk Kuru
Test Machine
| g Ve Ko N At KAVUKCU, Sali Loen
o . AKTUG, Metin USTA
Deposition Technique
21 The cryogenic trea;ln‘:teélri1 gfi i};esltisee;r weld junctions of Yusuf OZDEMIR, Bilge DEMIR,
Hayrettin AHLATCI, Yavuz SUN,
Mustafa YASAR
70 Comparison of the Hardness Results of Low Carbon Ozgiir Galip Dikbas, Bilge Demir
Reinforced Concrete Steel Produced by the Tempcore
System and High Carbon Reinforced Concrete Steel
Produced by Hot Rolling
73 Kontinii Hadde Merdane Yataklarinda Alternatif Gres Baris Cakiroglu, Cengiz Ozer,
Kullanimi Uzerine Bir Calisma Semih Dogan, Recep Demirsoz
11.05.2023 -(15:45-17:15) ROOM 2
Session Chair: Dr. Fatih AYDIN
Paper ID Title Authors
22 Fabrication and Characterization of a Stainless Steel E Slar. Kiirsat U Alt
Cylindrical Part by Wire Arc Additive Manufacturing rean Gaglar, srsat ygar Aftun,
Yusuf Ayan, Nizamettin Kahraman
Method
23 Investigation of Manufacturability of a Bi-Material Yusuf A
Cylindrical Part by Wire Arc Additive Manufacturing usut Ayan
24 Effects of Strain-ageing on Hardness and Yield Strength of | Bilal COLAK, Zahoor AHMED
ERD 6112 Grade Steel Sheets
25 Effect of Fiber Laser welding parameters on Ali YORUK
microstructure and mechanical properties of AA 5754
aluminum alloy
26 Importance and Economic Analysis of Waste Heat Omer TURKAY
Recovery in Combustion Gas in Iron and Steel Industry
11.05.2023 -(15:45-17:15) ROOM 3
Session Chair: Dr. Engin CEVIK
Paper ID Title Authors
27 Experimental Investigation of The Effects of Different Tip M. Alperen COBAN, ihsan
Types on Cutting Forces in The Drilling Process on KORKUT
Inclined Surfaces
28 A Comparison Between TIG Welding Of Selective Laser Mehtap Hidiroglu, Oguz Kaan

Melted AlISi10Mg With Different Welding Wires

Oztiirk, Nizamettin Kahraman




29

DEVELOPMENT OF ULTRA HIGH STRENGTH
STEEL FOR HOT STAMPING PROCESS

Tanya A. Bager, Ahmet Onayli,
Adem Kargi, Metin Calli, Emre
Yigitoglu

30

The Potential of TBF Steel Cycle for the
Production of High-Strength Automotive Components by
Hot Stamping Process

Mustafa UZUNBOY, Oguz Giirkan
BILIR, Ersoy ERISIR

31

Austenitic Transformation in Duplex Stainless Steel using
High Temperature Solution Nitriding

Mutlu Cagr1 YIGIT, Ozge
ARARAT, Ersoy ERISIR

74

Tav Firmi1 Kapali Devre Goriintiileme Sistemleri ve itmeli
Bir Tav Firminda Uygulama Ornegi

Okan Celik, Fatih Ozkan, Bircan
Sanli, Semih Dogan, Recep
Demirsoz

CAGRILI BIiLDIRILER

DAY 2

12.05.2023

LOCATION

Session Chair: Dr.Bilge DEMIR

09:15-11:30

Tekafos Teknolojik Sistemler Tic. Ltd. Sti., TURKIYE

Davetli Konusmaci
Senior Lecturer, Michael Oluwatosin Bodunrin, University
of the Witwatersrand, SOUTH AFRICA
“’Exploring the resilience and versatility of steel for
environmental sustainability and healthy living”’

Canderim ONDER, NETFORM Miihendislik Makine
Metal, TURKIYE

Prof.Dr.Mustafa ACARER, Selguk University, TURKIYE
“’Yiiksek sicaklik uygulamalari icin celik secimi’’

Karabiik Universitesi Demir Celik
Enstitiisti Konferans Salonu

DAY 2

12.05.2023

LOCATION

Session Chair: Dr. M.Emre TURAN

14:00-15:20

MAK ELEKTRONIK Malzeme Analiz ve Kalite Kontrol
Cihazlar1 Dis. Tic. Ltd. Sti., TURKIYE

Prof.Dr.Hayrettin AHLATCI, Karabuk University,
TURKIYE

“’Characteristics Of Construction Profiles Applied with
Accelerate Cooling and Self-Tempering Heat Treatment’’

Dr.Alper INCESU, KO- Faktor Teknoloji ve Miihendislik,
TURKIYE

BANT BORU SAN. VE TIC. A.S., TURKIYE

Aziz KILIC, BCS Enerji Miihendislik ve Endiistriyel
Urtinler San. Tic. Ltd. Sti., TURKIYE

Karabiik Universitesi Demir Celik
Enstitiisii Konferans Salonu




ORAL PRESENTATIONS
SESSION 3

DAY 2 12.05.2023 -(09:15-10:45) ROOM 1
Session Chair: Dr. Sedef SISMANOGLU
Paper ID Title Authors
32 The Theoretical Description for the Electrochemical Volodymyr V. Tkach, Marta V.
Synthesis of an Economic and Green CoO(OH)-based Kushnir, José Inacio Ferrdo
Hybrid Composite for Steel Corrosion Protection Martins, Jarem R. Garcia, Petro 1.
Yagodynets
33 o e . Zeynep Sude Ozdemir, Semanur
Reducing die change time in friction press machine Geng, Seleuk Ozcan
34 6000 SERiSI ALUMINYUM ALASIMLARINDA Emre Yigitoglu
DOGAL YASLANMA SURESININ MIKROYAPIYA
ETKISININ INCELENMESI
33 Evaluation of Isothermal Oxidation Behaviours of Yasin Ozgiirliik
Thermal Barrier Coatings Containing Magnesium Oxide
(MgO)
36 Investigation of Oxidation Behaviour of WC-Co-Cr Abdullah Cahit Karaoglanli
Coatings Deposited by High Velocity Oxy Fuel (HVOF)
Technique
12.05.2023 -(09:15-10:45) ROOM 2
Session Chair: Dr.Harun Cug
Paper ID Title Authors
37 Crystallization Properties of Lime-Alumina Based Mould | Mustafa Seyrek, Bunyamin Cicek,
Powders Tuna Aydogmus, Yavuz SUN
38 Development of Mould Powders for Casting of High-Al | Mustafa Seyrek, Bunyamin Cicek,
Steels: Approaches and Strategies Yavuz SUN
39 The Analytical Calculation of Hertz Contact Pressure for Esad K.
the ASTM G99 Type Wear Test sad Baya
40 The Determination of Microstructural and Mechanical Esad Kaya
Properties of Surface Alloyed Cold Work Tool Steels
| Dt ofieclows et LR i ks s
svstem: A Taeuchi approach KORKUT, Faik YILAN, Levent
ysiem: A Jagteii app URTEKIN
76 Additives Used in Biogas Production: Availability of Iron Rahman CALHAN

and Steel Slags




SESSION 4

12.05.2023 -(11:00-12:15) ROOM 1
Session Chair: Dr.Hamza SIMSIR
Paper ID Title Authors
42 Production and Characterization of Stainless Steels Hasan Durmaz, Mehmet Akif
Containing Graphite in Three Different Ratios by Powder Erden, Hamza Simsir
Metallurgy
= Using The Scoring System for Passed/Failed Fatigue Tests Fazil HUSEM
Applied to Rail Steels in TS EN ISO 13674 Standart
44 The investigation of mechamc.al.pro.pertles of 32CrB4 Emre Nayir, Fatih Aydmn
steel by spheroidization
45 Environmental Evaluation of Current and Potential Enes Ozkok
Beneficial Use Options for Steel Slag as an Aggregate in
Construction Sector
46 AA6061 ALUMINYUM MATRISLI SiC TAKVIYELI Fatma KOZ, Yavuz SUN
KOMPOZITLERIN ASINMA DAVRANISLARININ
INCELENMESI
7 Hidrotermal Karbonizasyon Yontemi ile Cay Tesis Mustafa BOYRAZLI, Mustafa
Atiklarindan Aktif Karbon Uretimi SUNER, Emrah CELIK, Firat
ELIBOL
72 Tufal - Dusiik Tenorlit Hematit Cevheri ve Linyit Mustafa BOYRAZLI, Firat
Karisimindan Olusan Kompozit Peletlerin Rediiksiyonu ELIBOL, Emrah CELIK, Mustafa
SUNER
12.05.2023 -(11:00-12:15) ROOM 2
Session Chair: Dr. Hiiseyin DEMIRTAS
Paper ID Title Authors
47 EFFECT OF GRINDING SURFACE OF BILLET Nuri OZTEKIN, Hayrettin
CONTAINING MANGANESE AND BORON THE AHLATCI, Aysun Isikgiil, Ali
PROPERTIES OF WIRE ROD Yagiz SAHIN
48 INVESTIGATION OF WEAR PROPERTIES OF DIN Nurullah Sahin, Hayrettin Ahlatci,
20MnCr5 STEEL BARS AS A RESULT OF BOX Aysun Isikgiil, ismail Esen,
BORING Stileyman Yasin
49 Investigation of Iron And Steel Structures Effects in Urban Mohammed Alsudani, Turgut
For 6G Signal Propagation Ozturk
50 AISI 1045 CELIGININ TERMOREAKTIF DIFUZYON Necdet Ersel CETINKAYA and
(TRD) YONTEMI ILE TiC KAPLANABILIRLIGININ Cemal CARBOGA
ARASTIRILMASI
31 Lot-sizing problem with the Lack of Homogeneity in the Muammer DOLMACI, Cagr1 SEL
Casting Industry: Scenario Analysis Using Fuzzy Logic
Approach
75 Investigation of the Effect of Reduction Applied at

Ozan KOYUNCU, Burak CELIK,




Different Speeds and Constant Rates on the Mechanical
Properties of Brake Pipes

Yasin AKGUL, Alper INCESU

SESSION 5
12.05.2023 -(14:00-15:30) ROOM 1
Session Chair: Dr. Giildane Ertugrul
Paper ID Title Authors
19 EFFECT OF SPHEROIDIZING HEAT TREATMENT Emre Cakar, Volkan Eskizeybek
ON STRRUCTURAL AND MECHANICAL
PROPERTIES OF Mn AND B ALLOY BOLTING
STEELS
52 Joining HX420LAD+Z100 Sheet Steel by Spot Resistance Arzu Altinpinar, Hakan Erdem
Welding and Effects of Welding Parameters on
Microstructure and Hardness
53 INVESTIGATION OF CORROSION RESISTANCE OF Burhan Oguz, Mustafa YASAR
Qste 690 AND S355J2 STEELS COATED WITH
CATAPHORESIA AND ALKALINE ZINC NICKEL
COATED BY BALL FORGING
>4 Case Studies on the Role of Inclusions in the Failure of Mertcan Kaba, Huseyin Cimenoglu
Engineering Components Made of Steels
33 Impact-Sliding Wear Behaviour of the Low Temperature Tufan Giimiislii, Mertcan Kaba,
Nitrided M2 Tool Steel Erdem Atar, Hiiseyin Cimenoglu
56 Borulu Rezistans Uretiminde Paslanmaz Kilif Malzeme Mehmet SAHIN, Sinan AKBAS,
Se¢imi Salih BEKTAS, Beyza Nur
OGRETMEN , Yunus Emre
DERVIS , Mehtap GUNALDI,
Cengiz Efe DIRIKER, Oguz Kaan
KESKIN
12.05.2023 -(14:00-15:30) ROOM 2
Session Chair: Dr. Hiiseyin DEMIRTAS
Paper ID Title Authors
57 Investigation of the Effect of Alloying Elements on the Atakan Oguz Ocak, Mustafa Boz,
Mechanical Properties of AZ91 Magnesium Alloy Mehmet Akkas
58 Hot Pressing of AZ91 Powder Produced By Gas Kagan Hazar Simsir, Atakan Oguz
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Abstract— This paper presents the hydrogen reduction behaviour
of industrial pellets designed for the efficient hydrogen based
direct reduction. The pellets were provided with very low non
ferrous oxides percentage (0.52 of basicity index) and with the
absence on TiO2 oxides. The pellets measured diameters in the
range 1.14-1.72 mm and were characterized in terms of porosity,
pores size, tortuosity and compression strength. The pellets were
reduced in hydrogen atmosphere in a laboratory shaft furnace in
the temperature ranges of 600-1200°C at the pressures of 1 and 5§
bar. The pellets’ reduction behaviour was analysed in terms of
time to reduction, rate of reduction and kinetics constant. All the
obtained results were analysed through the employment of a
commercial multi-objective optimization tool (modeFrontier) in
order to precisely define the effect of each single parameter on the
pellets’ reduction. It was also defined the effect of the ongoing
reduction rate of the final metallization of the starting iron oxides.

Keywords— Direct reduction; Hydrogen; Kinetics; Entropy;
Processing parameters; Metallization degree.

I. INTRODUCTION

Many evolutions are going to be faced by the ironmaking
and steelmaking industries at the present times and other
important revolutions are expected to be faced in the very next
future. These changes are due to the fundamental aspect that the
traditional integrated route has always been accompanied with
high levels of green house gases emissions. In 2021, the global
steel production accounts for 1951 million tons (Mt) where the
traditional blast furnace-basic oxygen furnace covers the 70%
of the overall crude steel [1].

Per each ton of crude steel, 1.8 ton of carbon dioxide is
produced with the traditional integrated route. Now, given the
continuous growing of the global steel production, the
greenhouse gases emissions are destined to grow if only the
integrated route is retained as production technologies. Given
all this, the only way to reduce dangerous emissions is the deep

application of the so-called best available techniques (BAT) [2].

Among BAT, direct reduction (DR) is considered the most
advanced technology to reduce the emissions during the
primary ironmaking production. Globally, the most employed
technologies are based on shaft furnaces of the type Midrex and
HYL [3, 4].

Here, the processes were designed to employ syngas as the
main reducing agent but remarkable differences in the plants
configurations can be underlined [5]. This is driven by the
aspect that many inconveniences must be managed for the

optimal reduction kinetics of iron oxides in the CO-H2-CO2-
H20 atmosphere generated in the shaft furnace [6, 7]. This is
because potential kinetics decelerations could lead to very high
gas consumptions with consequent high energy needing for the
overall oxides reduction [8, 9]. The precise understanding of
the pellets reduction behaviour as a function of the gas
composition and processing parameters is fundamental to
increase the overall process efficiency accompanied with high
quality of the produced material [10]. Depending on the
reducing atmosphere and temperature, the performance of the
technology, such as the reduction rate, metallisation degree,
and behaviour of the iron ore, can be significantly modified
[11].

All these variables conduce to important complications in
the development of affordable models capable of providing
robust previsions for the precise reduction of iron oxide pellets
in various compositional, physical and processing conditions
[12, 13].

Most of the models available in the scientific literature focus
on the direct reduction through a gas mixture of hydrogen and
carbon monoxide. This leads to a simplification of all the
thermo-chemical and thermo-physical phenomena developing
during the reduction stages [14-16].

During the direct reduction processes, the gases lead to the
transformation of iron oxide pellets to elemental iron enriched
with the metals of the previously incorporated oxides. The final
reduced material is known as directly reduced iron (DRI). The
reducing gases are typically hydrogen and natural gas leading
to H2+CO reducing atmosphere. The generation of this gas
occurs through methane reforming, which can be done in a
reformer or inside the reduction shaft with the sponge iron as a
catalyst [17]. By moving to the direct reduction based on only
hydrogen atmosphere, this allows to have a carbon free process
with only water vapor as by-product [18]. This allows for the
total carbon free primary ironmaking process [19]. The
hydrogen-based direct reduction process includes multiple
types of chemical reactions, solid state and defect-mediated
diffusion (of oxygen and hydrogen species), several phase
transformations, as well as massive volume shrinkage and
mechanical stress buildup [20]. By considering the physical
modifications, during reduction the pellets volume increases
and some crucial swelling phenomena could cause abnormal
reduction leading to a decrease in the pellets permeability and
in some cases to the collapse of the burden [21]. For these



reasons, the swelling behaviour of the starting pellets must be
carefully characterized [22]. Now, swelling occurs during the
transformation of wustite into iron. During this phenomenon,
limited nucleation occurs, and these nuclei grow like needles
causing a volume increase, which is seen as swelling This
coincides with a low compression strength of this structure,
with the opportunity to generate fines. Anyway, Pellets in H2
rich atmosphere passed the wustite stage rapidly and swelling
is consequently weakened. Hydrogen-based direct reduction
reveals complex physical-chemical-mechanical interactions
leading to very complex reduction mechanisms characterized
by on-going steps with respect to mass transport and volume
modifications [23]. The different oxides transformations are
characterized by very different rates with kinetics behaviour of
order of magnitudes in the reduction times all influencing the
final pellets metallization [24].

Many are the analytical models described in the literature on
the kinetics behaviour during direct reduction processes taking
into account the physical and processing parameters governing
the overall process [25, 26]. So, the reduction process is
influenced by the shaft furnace environment (gas composition,
temperature and pressure) and by the pellets properties
(composition, density, pores size, pores tortuosity) [27, 28]. All
these very different parameters often falling in very broad
ranges lead to the uncertainty of many presented results. For all
these reasons, many models present a balance between simple
development and acceptable accuracy that can give results
comparable with the experimental evidences [29, 30].

The scientific attention on the direct reduction processes has
continuously grown in the recent past. This was also due to the
industrial needing for greenhouse gas reduction as well as to
the prices peaks for the reforming of natural gas [31].

So, the precise behaviour of the reactions kinetics of direct
reduction of industrial pellets has immediate consequences on
the process performances of high volume of treated oxides [32,
33]. In addition, the starting pellets properties and the
processing  conditions influence the final product
characteristics and the further melting operations in terms of
melting temperatures and slag formation [34].

Generally, hydrogen-based direct reduction allows for the
fastest transformation of industrial pellets, the time to reduction
results increased in the case of the employment of a carbon
monoxide atmosphere with intermediate reduction times in the
case of these two gases mixing; obviously the trend is not linear
[35]. The employment of a given gas type leads to strong
modifications in the overall energy consumption of the process
[36]. This is deeply related to the molecular dimensions of the
reducing gases and to their diffusion inside the pellets. This
obviously at the same level of temperature whose increase leads
to the acceleration of the reduction phenomena [37]. In the case
of employment of gas mixtures, the kinetics increase as the
temperature and the hydrogen content in the gas mixture
increase [38].

As a matter of fact, the addition of hydrogen leads to the
process acceleration. Even if, the hydrogen production is high
energy expensive and it produces many variations in the
thermodynamic behaviour of the reduction process because of
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the development of endothermic reactions. So, large volumes
and high pressures are needed to overcome the heat losses [39,
40]. In fact, hydrogen based direct reduction is endothermic,
whereas with carbon monoxide the reduction is exothermic.
Above 800 °C, however, thermodynamics are more favorable
with hydrogen than with carbon monoxide, where the reduction
rate with H2 is much higher than the case with CO at 850 -C.

Many papers are presented in the literature on the hydrogen
direct reduction of iron ore fines with accepted general
consensus on the main results [41]. On the contrary, in the case
of industrial pellets, results are sometimes incoherent especially
with respect to the precise kinetics behaviour for different type
of pellets reduced in various temperature and pressure
conditions. As a matter of fact, the starting pellets composition,
the pellets density and the pores dimensions and shape have
large influence on the reduction behaviour. So, a final
agreement on the effect that all these aspects have on the
process development has not been achieved yet. As a results,
many discrepancies can be underlined in the available literature
also because many experimental evidences are related to just
one type of pellets in terms of composition and porosity [42].

Another important industrial aspect is that sponge iron
generally requires a carbon content in the range 1.5-4.5% that
is fundamental for the further melting operations. Now, the
pellets reduced via pure hydrogen are carbon free leading to an
increase in the melting temperature of the sponge iron (1538°C).
As a consequence, carburization is needed [43]. DR under CO
atmosphere is often accompanied by carbon deposition due to
an inverse Boudouard reaction at temperatures <1000 °C.

The direct reduction reaction are chemically non-catalytic
solid-gas reactions. During the process, as the chemical
reactions between the gas and the different kind of metal oxides
occur many structural modifications in the pellets take place
[44]. Actually, as the structural changes take place, the further
interaction with the unreduced structure changes leading to
modifications in the gas solid reactions [45]. All this dynamic
behaviour leads to complications in the precise analytical
analyses of the overall reduction process. This aspect is
described in the results and discussion section where we tried
to correlate the different stages of the reduction process by
analysing the numerical behaviour of the reducing indexes at
different stages of the reduction.

For a global understanding of the reduction behaviour of the
industrial pellets, the complexity results increased because of
the variability of composition, pellets dimensions and porosity
[46].

In addition, many can be the rate limiting steps of the overall
process. The nature of these limiting steps can be diffusive,
chemical or both leading to different microscopic reduction
phenomena. This depends on the pellets properties such as
porosity and pores geometry, density, size, oxides composition
and by the employed processing conditions in terms of gas
mixing, gas pressure and temperature and flow rate [47].

The hematite reduction in hydrogen atmosphere follows
these steps: Fe203-Fe304-FeO-Fe. In the case of industrial
pellets the chemical transformations of the oxides are not the
only limiting steps of the process. For this reason, many



kinetics parameters are presented in literature as belonging to
the Arrhenius type behaviour. This can lead to confusions in the
industrial set-up of the shaft furnaces operations.

During the direct reduction of porous industrial pellets
through hydrogen the following main steps can be taken into
account.

-mass transfer of the hydrogen from the stream to the surface
of the pellets,

-diffusion of the approaching gas through the tick film
surrounding the pellet,

-diffusion inside the surface pores,

-adsorption of hydrogen at the different oxides interphases,

-consequent oxygen removal through phase boundary
reactions,

-formation of water vapour, iron oxides and ferrous iron,

-desorption of all the gases belonging to the reactions,

-solid state diffusion of the reacted products,

-diffusion of gaseous products back toward the pellet surface,

-mass transfer of the gaseous product toward the stream.

They are all interconnected and so further steps can be
largely influenced by the previous taking place ones.

Given all these phenomena, the main factor influencing the
process is the pellets porosity in terms of dimensions, tortuosity
and pores distribution. This is related to the specific hydrogen
volume reacting with the pellet internal surface. This is why, in
the case of low porosity and low surface pores dimensions, the
gas finds many obstacles to penetrate inside the pellet. In this
case, the solid state diffusion from the surface starts to become
more important but it results different orders of magnitude
slower than the gas diffusion. So, all the chemical reactions are
driven by the hydrogen adsorbed at the pellet surface [48].

As well-known, the chemical reactions kinetics depend on
the temperature levels. As the reduction temperature decreases,
the chemical reactions start to be the overall rate limiting step.
As the temperature increases, the dependence is exponentially
dependent on the reduction rate and can be easily described by
the Arrhenius equation (Eq.1):

Ea
k=Ae R (1)

where k is the kinetic constant, A is the Arrhenius constant,
Ea is the activation energy, R is the universal gas constant and
T is the absolute temperature.

So, as the temperature increases, the rate-limiting step is
represented by the mass transfer. This is why the chemical
reactions tend to be faster with respect to the transport of
reactants and reactions by-products [49, 50].

Here, the effective diffusion coefficient is influenced by the
gas physical properties and by the temperature. As both
temperature and hydrogen content are increased, the diffusion
coefficient increases. With respect to the carbon monoxide
reduction, hydrogen-based reduction effective diffusion
coefficient is higher because of the reduced molecular
dimension.

Another difference with respect to the carbon monoxide
reduction is that in the case of hydrogen based direct reduction
pressure is fundamental for the increase of the reduction rate.
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As a matter of fact, in the industrial shaft furnaces from HYL,
the reactor pressure is close to 8 bar in order to reduce the
volatility of the reducing gas [51].

Another aspect resulting as fundamental for the direct
reduction behaviour is the pellet composition in terms of iron
oxides, different metals oxides, gangue and impurities.
Obviously, the reduction rate is largely influenced on the oxides
percentage and on their type [52]. The oxides present in the
industrial pellets are typically CaO, TiO2, Si02, A1203, MnO,
MgO. Normally the content of alumina largely influences the
reduction rate. The so-called basicity index (normally
calculated as the rate CaO/SiO2) largely influences the
reduction rate, the swelling behaviour and the pellets strength
[53].

Another fundamental aspect is that porosity tends to increase
as the reduction processes take place. This phenomenon tends
to lead to an acceleration of the reaction kinetics as the
reduction process advances.

Given that the diffusion can be the rate-limiting step,
porosity and pores dimensions have a remarkable influence on
the reduction process. This is due to the fact that both porosity
and pores size influence the specific area of the pellets then
defining the available surface for the reactions development.
This aspect is crucial and must be precisely defined in a model
that would soundly describe the evolution of these systems.

The tortuosity factor of the pores is another remarkable
parameter. This influences the gas path and so the rate of the
gas-oxides interaction. When the tortuosity factor increases, the
gas flow is more and more turbulent, so, as the tortuosity
increases, the reduction rate decreases [54]. Both porosity and
tortuosity depend on the pelletizing procedure. Tortuosity can
vary in the range 1-10 even if the main pelletizing procedures
allow to obtain tortuosity in the range 2-6.

The aim of the present paper is the description of the kinetics
behaviour of industrial iron oxide pellets during the hydrogen
based direct reduction. The experimental-numerical
investigations are finalized to the definition of the effect that
each single parameter (pellets properties and processing
conditions) has on the overall reduction behaviour of each
single pellet. In addition, an analyses of the intermediate
reducing conditions on the further reduction behaviour was
provided.

II. EXPERIMENTAL PROCEDURE

A. Mining and pelletizing procedure

The studied pellets were provided by VALE (Brazil). The
starting ores characteristics are listed in Table 1.

TABLEI
ORES PROPERTIES

Size % Fe SiO | Al2 P Mn | PP
retain 2 (03} C
ed

- G | 2449 489 | 26.8 | 0.44 | 0.05 | 0.17 | 2.3

50+6 | 1 6 5 4 2




3

mm

- G | 11.78 554 | 17.1 | 0.63 | 0.05 | 033 | 2.2

6.3+ |2 4 4 7 8 4

1 mm

- G | 1229 404 | 394 [ 062 | 0.04 | 0.19 | 1.6

1+0. 3 6 2 2 8

15

mm

-0.15 | G | 5146 36.1 | 451 [ 1.15 | 0.03 | 0.12 | 1.5

mm 4 7 7 9 3 6

Total 100 42.1 | 36.6 | 0.86 | 0.04 | 0.16 | 1.8
0 8 5 9 3

The pelletizing flow diagram is shown in figure 1.

Process Flow Diagram
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Fig. 1 Pellets production flow diagram.

The specifications of the grinding procedure were: 70% solid,
30~32% ball load, 25mm@ (changing to 30) top size of
grinding balls. The capacity of the plant is 550t/h per Ball Mill
(2 Ball Mills). The quality parameter was referred to Specific
Surface (blaine) from 500~700 to 1500~1600cm?¥g. After
grinding, the material is vacuum filtered; the filters are 2,7m of
diameter, 115m? of filtering area. After filtering, the material is
subjected to HPGR — High Pressure Grinding Rolls with the
following characteristics: 1500~1600cm?/g to 1800~1950cm?/g
with a total capacity of 1200 t/h and rolls 2,0m of diameter,
1,5m of width. Then the material is sent to the pelletizing disks
with the capacity of 90~160t/h per disc (11 discs) with disks
and screen 7,5m of diameter / 2,2m and 1,7m of width (screens).
Then the material is subjected to the endurance processing with
the procedure schematized in figure 2.
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Fig. 2 Endurance procedure schematic with (in scale) the indication of the
different stage temperatures.

Finally, the pellets are filtered in order to eliminate fines (<5
mm).

B. Characterization procedure

The composition of the pellets was measured through EDS
in a Zeiss EVO 60 scanning electron microscope. The pellets
density was measured by taking seven diameters of the pellets
and after the average diameter calculation, this was used to
calculate the density after weighing the pellets with a precision
balance (resolution 0.0001 g). The surface microstructure of the
pellets was analyzed with Scanning electron microscope in
order to measure the surface pores.

The compressive strength of the pellets was evaluated with a
Zwick/Roell Z100 standard testing machine at the speed of 0.5
mm/min. The pellets reduction experiments were performed in
an in-house designed and developed shaft furnace shown in
Figure 3.



Fig. 3 Customized shaft furnace.

The direct reduction experiments were carried out in the
temperature range The temperature of the furnace was in the
range 600-1200°C with 100°C of delta. The gas composition
was 100% H2 hydrogen. The employed hydrogen pressures
were 1 and 5 bar. The pellets starting diameter and the pellets
mass were measured before and after the reduction. The pellets
porosity was analysed by microtomography by employing a
Phoenix v/tome/x s (General Electric).

From the reduction curves (reduction percentage vs. time to
reduction) they were calculated the kinetics constants and the
rates of reduction.

The kinetic constant was calculated through the three
dimensional diffusion model (Eq.2):

1
—(1-q)372
fo = DRl (lta)3] 2)

and through the three dimensional phase boundary
controlled reaction (Eq.3):

1
_1-(1-a)3
- t

k 3)

where a is the fraction reacted (0-1) and t is the time at which
a given fraction of the material reacts [55].

The reduction rate is analysed through the definition of two
indexes described in Equations 4 and 5:
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with 195, t80, t60 and t30 being the time required to reduce
the pellets by 95, 80, 60 and 30%. This is schematized in Figure
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Fig. 4 Rates of reduction indexes calculation.

C. Modelling procedure

The data belonging to the reduction experiments in terms of
pellets properties, processing parameters and results were
analysed through the multi-objective software modeFrontier. It
allows to obtain the so called “Pareto Frontier” that is known
as the best trade-off between all the objective functions.
modeFRONTIER’s optimization algorithms identify the
solutions which lie on the trade-off Pareto Frontier. This allows
for the identification of the best possible solutions that become
the optimal solutions. The analyses performed through
modeFrontier goes through the gradient methods where the
algorithms search for either the minimum or the maximum of
an objective function, depending on the goal. So, the first
important result to be gained is the suitable weighted effect of
each considered single input parameter on a given output. So,
this immediately allows to determine which are the most
effective parameters influencing the studied process.

This allows also to separate the objectives in the case of the
optimization step. Naturally, in the case of very complex
analyses (many inputs and many outputs) the optimization will
result a deep compromise among many potential optimal
solutions. So, the final optimization algorithm will present
many results lying on the trade-off Pareto Frontier. These
solutions all have the characteristic that none of the objectives
can be improved without prejudicing another [56, 57]. The
software offers wide-ranging toolbox, allowing the user to
perform sophisticated statistical analysis and data visualization.
It provides a strong tool to design and to analyse experiments,

40



it eliminates redundant observations and reduces the time and
the resources to make experiments. In our previous experiences,
the software was very successfully applied to the analyses of
ironmaking and steelmaking processes [58-60].

Starting from a database built with experimental results,
computational models were developed (virtual n-dimensional
surfaces) able to reproduce at best the actual process. The
method used for the creation of meta-models to simulate the
actual process through the use of physical laws with appropriate
coefficients to be calibrated was that of the response surfaces
(RS). This method consists of creating n-dimensional surfaces
that are “trained” on the basis of actual input and output. These
surfaces trained on a large experimental data can give the
output numbers that reflect the real process.

The reduction process through the analysis performed by
Mode FRONTIER is summarized in the Workflow of Fig. 5.
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Fig. 5 Description of the Workflow indicating the correlation between input
and output.

The workflow is divided into data flow (solid lines) and logic
flow (dashed lines) that have the computer node as their
common node. Here physical and mathematical functions
representing the reduction process are introduced. In the data
flow all input parameters optimized in the numerical
simulations are included:

-Reduction temperature,

-Reduction pressure,

-Pellet diameter,

-Pores size,

-Pellet density,

-Tortuosity factor,

and those outputs:

-kinetic constant (k),

-reduction rates (from equations 4 and 5),

-Time to 95 % reduction.

These were used to define the so-called scatter matrix where
immediately the weight of each input on the variation of a given
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output is numerically defined between -1 and +1. If the
correlation factor is -1 it means that the input and the output are
perfectly inversely proportional. On the contrary, if the
correlation factor is +1, the input and the output are perfectly
directly proportional.

III. RESULTS AND DISCUSSION

By reducing iron oxides through hydrogen, the rate of
chemical reactions and consequently the reduction speed
increases with respect to the traditional natural gas-based
processes. The employed pellets had a composition listed in
Table 2.

TABLE III
PELLETS COMPOSITION
TFe (%) | CaO (%) | Mn ALO3 SiO2 P (%)
(%) (%) (%)
67.24 1.02 0.144 0.38 1.97 0.031

Iron content is high revealing the good quality of the pellets.
This will allow to produce more steel with the same raw
materials volumes. In addition, the time for the direct reduction
con be reduced by largely influencing the energy consumption
of the overall process [61]. Binary basicity is also known as a
factor leading to low reduction of the swelling index [62]

The basicity index of the pellets resulted to be 0.52. The
composition of the pellets largely influences the reduction
behaviour. In particular, the basicity index is related to the time
to reduction. In general, it tends to decrease as the basicity
index decreases up to a minimum time to reduction for a
basicity index close to 1, then the time to reduction tends to
increase as the basicity index increases [61]. It is suggested that
the basicity index should be retained at an appropriate level in
order to reduce the time for the reduction of the pellets. In
addition, in the case of basicity index close to 1, complex
calcium ferrite compounds are detecting limiting the reduction
behaviour [63]. This aspect is emphasised in the case of a huge
quantity of CaO. The presence of this oxide is also related to
the brittleness of the pellets that can lead to difficulties in the
handling and in the optimal positioning of the pellets in the
shaft furnaces [64]. In addition, an increase of the basicity index
leads to a strong drop in the swelling behaviour that is
eliminated for basicity indexes close to 0.6 [65]. This is
consistent with previous studies indicating the basicity index
between 0.4 and 0.6 as lowering the melting point slags formed
and corresponded to the highest reduced swelling index [66].

The pellets dimensions ranged between 1.14 and 1.72 cm
(Figure 6).
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10 mm

Fig. 6 Different pellets employed in the present study.

The surface aspect of the pellets is shown in Figure 7.

Fig. 8 Surface pores measurements: a) 1.72 cm in diameter, b) 1.36 cm in
diameter and c) 1.14 cm in diameter.

The distribution of the pores size is shown in figure 9.
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Fig. 7 Surface pellets aspect: a) 1.72 cm in diameter, b) 1.36 cm in diameter § Ak
and c) 1.14 ¢cm in diameter. & s
o :
As can be seen in figure 7, the pellets show a very different 1 | s :

1,00 1,25 1.50 1,75 2,00

aspect in terms of granulometry and granules distribution with
Peliets diameter (cm)

the finest aspect revealed for the medium size pellets (1.36 cm).

The pellets density was 2.6, 3.5 and 3.4 for the pellets with
1.14, 1.36 and 1.72 cm in diameter respectively.

The pellets’ surface was statistically analysed in order to
measure the medium size of the surface pores as shown in The pores dimensions tend to decrease from the larger pellet
figure 8. to the medium one to increase again for the pellet with the

smallest diameter. It is believed that both density and porosity
as well as the pellets strength is largely influenced by the
starting particles to be pelletized [67]. This obviously has large
influence on the further reduction behaviour.

The compressive resistance of the pellets is shown in figure
10.

Fig. 9 Statistical analyses of surfaces pores size.
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Fig. 12 Reduction percentage vs. reduction time in different conditions of
temperature, pressure and pellets tortuosity.

The aspect of the pellets after hydrogen reduction is shown
in Figure 13.

10 mm

Fig. 11 Maximum force exhibited during the compression tests of the pellets as
a function of the pellet diameter.

In general, pellets with a basicity close to 0.6 are
characterized by high strength but high levels of shattering.
This is accompanied with a high reduction swelling behaviour
and a large presence of surface cracks. This is consistent with

Fig. 13 Pellets reduced in hydrogen at 1000°C.

previous studies indicating a basicity close to 0.6 as an optimal The dimensions evolution and the weight of the pellets after
condition for high strength pellets [68]. and before the reduction at 1000°C is shown in Table 3.
Some examples of the reduction curves are shown in Figure
12. TABLE I1ITI
REDUCTION BEHAVIOUR
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Tempera | Reduct | Initial | Final | Initi | Fin | Mass
ture (°C) | ion diame | diame | al al variati
time ter ter mas | ma | on
(min) (cm) (cm) s(g) | ss (%)
(4]
950 90 1,36 1,18 398 | 2,8 |29
3
950 90 1,3 1,2 398 | 2,8 | 28,9
3
950 90 1,46 1,41 5,65 | 4 28,6
950 90 1,5 1,41 5,9 42 | 289
950 90 1,85 1,72 104 | 7,4 | 29,1
9 3
950 90 1,8 1,74 10,1 | 7,2 | 28,6
3
1000 90 1,37 1,17 4,08 | 2,8 | 29,36
8
1000 90 1,74 1,6 9,32 1 6,5 | 29,92
3
1000 30 1,62 1,51 7,83 |55 |29
6
1000 30 1,4 1,3 4,3 3,0 | 289
6
1000 5 1,4 1,3 4,3 3,1 | 288
1000 5 1,43 1,32 5 3,5 | 288
5
1000 20 1,29 1,15 3,68 | 2,6 | 28,95
1000 20 1,55 1,41 6,1 43 | 28,9
1000 20 2 1,87 13,7 1 9,7 | 28,9
6

As an example, figure 14 shows the aspect of the pellets with
different size in the unreduced and reduced conditions.

Fig. 14 Microtomography observation of the pellets before and after reduction
at 1000°C in pure hydrogen, Al, A2 1,14 c¢m in starting diameter unreduced ,
A3, A4 1,14 cm starting diameter reduced; B1, B2 1,36 cm in starting diameter
unreduced , B3, B4 1,36 cm starting diameter reduced; C1, C2 1,72 cm in
starting diameter unreduced , C3, C4 1,72 cm starting diameter reduced.

The main observable results are that as the hydrogen
reduction is performed, porosity increases and the pores
dimensions increase.

The porosity variation as a function of the initial pellets
diameter is shown in figure 15.

150 | b d
145}
140 |

135

Porosity variation (%)

130 +

125}

L L
1.1 12 13 14 15 16 17 18
Initial pellet diameter (cm)




Fig. 15 Porosity variation after reduction as a function of the starting
diameter of the analysed pellets.

The biggest pores in the center of the pellets tend to increase
more with respect to the smallest ones, as shown in figure 16.

Fig. 16 Pores aspect for the pellet with starting diameter of 1,72 cm before A)
and after B) reduction; 1,36 cm before C) and after D) reduction; 1,14 cm before
E) and after F) reduction.

The whole database is visible as supplementary material.
Here all the studied conditions and the resulting data are
available.

The developed database was analysed through the multi
objective optimization software (modeFrontier). First of all, it
was underlined the weight that each single input parameter has
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on each corresponding output. This aspect can be viewed
through the so called scatter matrix in Figure 17.

Fig. 17 Scatter matrix of the hydrogen direct reduction of the VALE pellets.

By considering the time to 95% of reduction it is clear how
the main influencing factor is the pellet diameter, then the pellet
density (all with a direct correlation) and the gas temperature
and the pores size (with an inverse correlation), the less
influencing factor is the pores tortuosity (with a direct
correlation).

As a general behaviour, as the pellets dimension varies the
effect of density is different. If the pellet has a high density, the
pellets’ diameter effect decreases, the contrary is revealed in
the case of large particles for which the effect of the density is
reduced.

The relationships between the time to 95% reduction and the
input parameters are shown in figure 18.

Fig. 18 Time to 95% reduction as a function of the different input parameters.



So, obviously, the time needed to reach 95% of reduction is
first of all dependent on the surface pores size. The larger these
pores are, the faster the pellets can reduce. This is obviously
dependent on the pellet density describing the behaviour of
pores in the pellets bulk, in fact, as the pellet density increases
the time to reduction increases. For a single pore, also the pores
tortuosity influences the time to reduction because at the same
pores size the time to 95% reduction increases as the tortuosity
increases. In the case of high pellets density the reactions of
reduction are known to evolve stepwise that can be modelled
through a shrinking core description. In this case the reduction
time is higher and is directly proportional to the pellets
dimensions. This aspect can be particularly underlined for the
pellets of 1.72 and 1.36 mm in diameter that having a very
similar density reduce with a direct proportion to their diameter.
In the case of low density pellets, the gas diffuses very fast and
the reduction times are significantly reduced. So, the time to 95%
reduction is lower for all those pellets with low density that in
this particular case are also characterized by an intermediate
surface pores dimensions.

Taking into account the tortuosity factor inside the pellets,
the time to reduction increases as the tortuosity of the pores
increases, as the porosity decreases (increased density) and the
pores dimensions decrease. This is why from the energy point
of view, these parameters largely lead to variations in the
entropy generated during all the reduction phases [69]. Entropy
starts to increase in the first stages of the direct reduction as a
consequence of the heat transfer between the heated hydrogen
and the pellets surface. The entropy tends to increase as the
porosity and the gas ration decrease because of the reduction of
the exchange surfaces. The entropy generation is then further
increased as the pores tortuosity increases. This is due to the
fact that tortuosity is an obstacle for the gas flowing and for its
ideal path inside the pellet. Basically, this reduces the overall
gas diffusion and, as a consequence, its reduction effect.

Entropy generation has two main contributes from the
chemical reactions and from the mass transfer. By considering
the entropy generation contributions as separate, as the porosity
in the pellet decreases the entropy generation due to heat
transfer increases. Here, the entropy increases immediately
during the first stage of reduction because of the temperature
gradient between the pellet surface and the heated hydrogen.
After this, entropy decreases up to a steady state and it remains
constant because the thermal gradient tends to decrease as the
reduction process proceeds.

By considering pellets where the porosity increases, the
resistance to the gas penetration inside the pellets decreases. As
a consequence of the easy gas penetration, the entropy
generation decreases. The second contribution is the entropy
generation due to the chemical reactions. Here, the entropy
generation tends to rapidly increase in the first reaction stages
but in this case it decreases up to a zero value as the chemical
reactions proceeds. Also in this case, as the porosity of the
pellets increases, the entropy generation decreases. Obviously,
the entropy generation leads to increased energy expenses for
the overall reduction process [70].
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The other contribution to the entropy generation comes from
the mass transfer. This contribution shows a fast increase in the
first stages of reduction and then it decreases up to a plateau
value. In the case of high porous pellets, this contribution can
approach the zero value after the peak increase because of the
reduction to the gas penetration inside the pellets. Anyway, the
entropy is never null because of the compositional gradient
between the pellet surface and the not already reduced bulk. To
give an idea of the total contribution, we can say that the highest
effect is due to the heat transfer, an intermediate effect is due to
the chemical reactions while the lowest effect is due to the mass
transfer [71, 72]. So, during the initial stages of reduction the
process is controlled by both the chemical reaction and the gas
diffusion while in the second stage of reduction the rate limiting
step is the interfacial chemical reactions.

Now, let’s go to examine the different stages of the hydrogen
direct reduction. The first stage (rapid) of reduction is generally
evaluated through the calculation of the dR/dt40 index. The
dependence of the dR/dt40 parameter on the various inputs
shows that it is mainly related to the gas temperature (direct
proportionality), then to the pellet density and diameter (inverse
proportionality), then to the pore size (direct proportionality)
and finally to the tortuosity and gas pressure (inverse
proportionality).

The dependence of the dR/dt40 parameter with respect to the
different processing parameters is shown in figure 19.

Fig. 19 dR/dt40 as a function of the different input parameters.

The dR/dt90 is largely related to the dR/dt40 parameter as it
will be discussed later.

By observing the kinetics parameters, it is clear how they are
firstly influenced by pellets diameter and density (with inverse
proportionality) then they are influenced by temperature and



pore size (with direct proportionality) and finally by tortuosity
and gas pressure (with inverse proportionality).

The first kinetic parameter behaviour as a function of the
various inputs is shown in figure 20.

Fig. 20 k three dimensional diffusion as a function of the different input
parameters.

By observing the behaviour of the pellets reduction in terms
of the kinetic constant variations, in the case of hydrogen direct
reduction a hierarchy of phenomena can be underlined all
determining the overall reduction in the time and space
domains [73]. The phenomena developed in an industrial shaft
furnace, in fact, depend on the kinetics behaviour and on the
heat and mass transfer from the macroscopic scale to the atomic
one (in different times) involving catalytic processes, diffusion,
dissociation up to transfer of charges [24]. In addition, these
phenomena are characterized by a non-linear interplay among
them. This needs the employment of very different
characterization and modelling instruments to be addressed. So,
the macroscopic gas transportation and diffusion plays different
roles at different scales of the process that is strictly related to
the pellets microstructure and chemical-physical properties
[74]. Al microscale, the process kinetics are determined by
both micro and atomic scale phenomena because of the
different oxides involved transformations, of the crystal defects
and of the local compositions [75].

Given a kinetic behaviour of the reduction process due to the
processing conditions and pellets composition as well as
density and porosity size, tortuosity largely influence the
reduction. First of all, as toruosity increases, the kinetic
constants decrease. This is due to the fact that in the same
conditions of pressure and temperature and then of mass
transfer, less hydrogen atoms interact with the material bulk as
the tortuosity increases. So, the final effect is that for very
tortuous pellets, the kinetics of the reactions are reduced (both
again in the time and space domains).
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The tortuosity factor has also large implications of the
overall entropy behaviour and then on the energy input during
the direct reduction process [76]. In addition, the tortuosity is
more influencing as the pellet diameter increases. As a matter
of fact, the pellet diameter is the input that results most
influencing the kinetic constants (Figure 21).
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Fig. 21 Scatter matrix relative to the dependence of the kinetic parameter (Eq.
2) on the different input parameters.

Here it is clear how as both the pellet diameter and the
tortuosity increase (Figure 22a), the kinetic constant largely
decreases. This phenomenon is much more pronounced in the
case of high density pellets (Figure 22b) and is reduced in the
case of large surface pores (Figure 22c¢).

.

Fig. 22 Kinetic constant behaviour as a function of tortuosity and a) pellet
diameter, b) pellet density and c¢) pore size.

Generally, as the tortuosity increases, the entropy generation
and then the energy consumption increase. In addition, the
entropy generation tend to increase with a non-linear behaviour
especially in the final stages of reduction as the tortuosity of the
pellets is very pronounced.

A particular discussion is needed for the dR/dt90 behaviour.
Now, it is largely influenced by the dR/dt40 (that is referred to
the first linear stage of the reduction curve) and obviously by



the pellets properties that vary during the reduction process as
the oxides transformations take place. In this view it was
defined a new scatter matrix taking into account also dR/dt40
as input parameter by considering only dR/dt90 as output. The
results are shown in figure 23.

Fig. 23 Scatter matrix considering dR/dt90 as the only output parameter.

It is immediately clear how the dr/dt90 ir related to the
dR/dt40 with a direct proportionality so the time to reach the
deep metallization decreases as the time of the first reduction
stages decrease. Then dR/dt90 is mainly influenced by the
pellet density and the pellet diameter (with inverse
proportionality), then by the gas temperature and pores size
(with direct proportionality), then by the tortuosity (with
inverse proportionality) and finally by the gas pressure (with
direct proportionality). This means that the final stage of the
reduction is first of all influenced by the volume to be reduced
and then by the gas path inside the pellet. The behaviour of the
dR/dt90 with the various inputs is shown in figure 24.
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Fig. 24 dR/dt90 as a function of dr/dt40 and the other input parameters.

Another factor influencing the ongoing reduction behaviour
is the surface conditions; in the case of very small surface pores
and then a denser surface, a very hard iron layer form on the
surface. If this very hard dense iron layers develop during
reduction this strongly tends to lower the reduction rate. This,
in fact, limits the gas penetration inside the pellet by reducing
the effect of the hydrogen. In the case of very hard layers
rapidly formed on the surface the reactions tend to be governed
by the solid-state diffusion. The gas penetration through the
hard iron layers can be improved at higher levels of temperature.
The inconvenience is due to the softening of the pellets as the
temperature increases. This can reduce the pellets porosity by
consequently reducing the reduction rates.

So, the behaviour of the two indexes (referring to two
different sections of the reduction curves) are completely
different in terms of dependence on the processing parameters;
even if the dR/dt90 index is strictly related to the dR/dt40 one.
The different dependence on the pellets properties and on the
processing parameter is due to the fundamental aspect that they
refer to different transformations taking place at different
reduction steps (different oxides reduction) and to the fact that
the material composition and pellets shape tends to vary as the
reduction process is carried out. So, the two indexes are
indicative of how the reduction of the different iron oxides are



going to be reduced condition by condition. So, the dependence
of the single index on the different processing parameters
changes. The different stages of reduction indicate the
behaviour of different reactions taking place in the pellet, so,
the absolute values and the influence of the input parameters
vary. As going from the dR/dt40 to the dR/dt90 index, the effect
of all the processing parameters decreases while it increases the
dependence of dR/dt90 on dR/dt40. As a matter of fact, the
dependence of the dR/dt90 parameter on the dR/dt40, as shown
in the scatter matrix in figure 21 is very high (0.758). So, by
looking at the correlation matrix among the different
parameters (Figure 25), it is clear how the correlation between
each reduction index and each processing parameter varies.
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Fig. 25 Correlation matrix among the different parameters.

That actually can be visualized through the 3D maps in
Figure 26.
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Fig. 26 Relationship among the two reduction indexes and the different pellets
and processing parameters.

Here it is clear how the temperature is fundamental in the
final stage of the reduction in order to gain a complete
metallization of the pellets. Tortuosity reduces the metallization
behaviour when reaching high values. Pore size increase
favours both the indexes, while pellet diameter leads to a
reduction of the metallization rate. This is mainly due to the
effect of temperature whose increase leads to improvement of
the driving force for diffusion in the inner layers of the pellets.
Obviously, as already mentioned, the pore size is very
influencing the dR/dt40 index and it has lower influence on the
final stages of reduction. This is due to the not-negligible aspect
that the pores dimension and pores geometry tend to modify as
the reduction proceeds. So, in the final stages of reduction the
pores from which the gas continues to penetrate the pellet are
different from the beginning of the process. By considering the
entropy generation and then the energy consumption, the peak
is reached with inverse proportionality to porosity and pores
size. After this, pores tend to increase in dimension and then the
entropy generation decreases. So, also the energy consumption
tend to decrease as the pores dimensions vary by going from
dR/dt40 to dR/dt90.

The final aspect that was analysed was the degree of
metallization of the pellets in different conditions. Here, the
parameter absolutely most influencing the metallization
behaviour is the reduction temperature (Figure 27).

Fig. 27 Scatter matrix considering metallization degree as the only output
parameter.

The metallization degree as a function of the different input
parameters is shown in figure 28. The metallization degree is
dependent on temperature, then on tortuosity, then on gas
temperature and pellet diameter and finally on density and pore
size.
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Fig. 28 Pellet diameter as a function of the different input parameters.

Given the provided results of the present research, it can be
stated that first of all the same pelletizing procedure leads to
different shaped pellets with various densities and porosity
geometry and distribution. This immediately has consequences
on the strength behaviour of the pellets that results fundamental
during the processing operations in the industrial direct
reduction shaft furnaces. As a matter of fact, high compressive
strength is required in order to avoid the collapse of the pellets
in the shaft by retaining a high porosity for the gas penetration
during the reduction. Obviously, all the physical and
compositional properties of the starting pellets have severe
influences on the reduction behaviour. Now, different
processing parameters were taken into account to evaluate the
reduction behaviour in different conditions. As a matter of fact,
the time to 95% reduction is mainly influenced by the pellet
diameter and density and then by the gas temperature. This
behaviour is obviously very similar to that of the reduction rates
even if the rate of reduction in the last stages of the process is
largely influenced by the rate of reduction in the first stages.
This is also confirmed by the kinetics behaviour analyses that
remarks the aspect related to the porosity, pores size and
distribution and tortuosity as fundamental aspect in governing
the reduction behaviour of industrial pellets in hydrogen
atmosphere.

IV. CONCLUSIONS

The paper presents the main results on the hydrogen direct
reduction of industrial pellets performed by employing various
processing conditions. The analysed pellets had an intermediate
basicity index (0.52) and low different types of non-ferrous
oxides. The pellets were selected in terms of their mean
diameter. By considering different pellets, the surface
morphology and the surface porosity resulted very different.
This had a remarkable effect on the compressive strength that
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is related to the pellets’ density and porosity geometries.
Obviously, this influenced the reduction behaviour under
hydrogen atmosphere performed at various temperatures and
different pressures. In particular, for all the temperatures and
pressures, employed during the experiments, as the pellet
diameter increases the reduction time increased. The analyses
of the weights that each single parameter has on the time to
reduction and on the rate and kinetics of the reduction allowed
to conclude that, the time to 95% reduction is mainly influenced
by the pellets diameter and density and then by the reduction
temperature. The rate of reduction in the first stages is mainly
influenced by the reduction temperature and then by the pellets
physical properties. The kinetic constants show an intermediate
behaviour.
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Ozet— Insaat, asma koprii, tiinel, celik konstriiksiyon gibi yapisal ve bircok endiistriyel alanda S275JR ve S355JR Kkalitesinde farkh
geometrilerdeki yapi profilleri sik¢a kullanilmaktadir. Bu profillerin diisiik yiiklemeli endiistriyel kullanim alani icin sahip olduklar:
mukavemet degerleri uygundur. Ancak, yiiksek yiiklemeli uygulamalar icin et kalinhig1 fazla profillerin veya yiiksek alasiml profillerin
iiretilmesi gerekmektedir. Ancak, bu durumda hem agirhlk hem de maliyet artmaktadir. Bu nedenle, Diinya’nin sayil celik
iireticilerinden biri olan ArcelorMittal firmasinin agir profil haddesine “Su Verme ve Kendini Temperleme' (QST, Quenching and
self-tempering) iinitesi kurulmus ve 30 yildan beri isletim halindedir. Buradan yola ¢ikarak, 6zgiil mukavemette iyilesme saglamak yani
hem hafif hem de mukavim profil iiretimi icin HE profillere 1s1l islem kademesinde “Hizlandirilmis Sogutma ve Kendini Temperleme
(HS-KT)” islemi uygulanarak hem mukavemet degerlerinde artis hem de toklukta iyilesme saglanmasi planlanmaktadir. Ozellikle, HE
profilinin fiyatlar biiyiikliiklerine gore degismektedir ve ortalama fiyati 1.0008$/ton’dur. QST y6ntemiyle iiretilen H profil grubu i¢in
ortalama fiyati ise 1300$/ton’dur. Ortalama olarak fiyat oram1 %30’dan yiiksektir. Bu sebeple, tiim profillerin bu kapsamda iiretildigi
diisiildiigiinde bayle bir sistemin kurulumuna ait “Yatirim Getirisi” sinin (ROI, Return on Investment) 3 y1l olacag1 6ngoriilmektedir.
Bu bilgiler dogrultusunda ¢alismada, hava+su karisimin piiliiverize sekilde profil yiizeyine piiskiirten 6zel tasarlanmis ve imal edilmis
sistemle HS-KT 1s1l islemi gerceklestirilmis ve HE geometrisine sahip S27S5JR Kkalite celik profillerin mikroyapi ve mekanik
ozelliklerinde meydana gelen degisiklikleri incelenmistir.

Anahtar Kelimeler— Y api profilleri, hizlandirilmis sogutma, kendi kendini temperleme, 1s1l islem.

Tesekkiir: Bu calisma Tibitak 222M441 nolu proje kapsaminda desteklenmekte olup, hazirlik ¢alismalari olarak KBUBAP 22 KP 084 nolu
proje kodu ile Karabiik Universitesinden destek alinmustir.
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Abstract— Medium Mn steels, whose importance has increased
especially for the automotive industry in recent years, are also
considered as new generation advanced high strength steels. The
superior properties exhibited by these steels depend on the
chemical composition, preforming method and thermal cycles.
Conventional, intercritical and tempering heat treatments and
combinations of these thermal processes have frequently been the
subject of research for these steels. In this study, conventional
heat treatment and tempering were applied together and their
effects on the microstructure and mechanical properties of mid-
Mn steels were investigated. The effect of tempering heat
treatment on medium Mn steels was investigated by correlating
the data obtained from SEM, EDS and XRD analyses with the
results of tensile and hardness tests.

Keywords— AHSS, Medium-Mn, Heat treatment, Tempering,
Retained austenite

Not: Bu bildirinin tam metni makale olarak Celik Arastirma ve
Gelistirme Dergisi (Journal of Steel Research and
Development)’nde yaymlanmistir.
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Abstract— Photocatalysis is an important area of research and
technology because of the transition to green energy (e.g., water
splitting for hydrogen generation) and environmental protection
(e.g., purification of drinking water). The key advantage of
photocatalysis is the capacity to utilize solar energy, offering a
good substitute for the energy-intensive conventional technologies.
On the other hand, their main disadvantage is that currently used
materials work in a relatively narrow wavelength range. For
example, the bandgap of typical photocatalyst, the TiO2 is in the
range of 3.02 — 3.20 eV (A ~ 385-405 nm), depending on the
crystallographic phases of titanium oxide. This part of sunlight
corresponding to UV region, which cover only around 5% of sun
spectrum. To increase utilization of applications based on
photocatalysts, the range of wavelength of their photoactivity
must be extend.

Anodization is a relatively inexpensive, simple, and quick method
to produce nanostructured oxide on a surface of valve metals and
their alloys. Moreover, the anodizing conditions applied during
process, influence the morphological features (i.e., geometry and
arrangement of nanopores or nanostructures) and thus properties
of the resulting nanostructured oxide.

It was discovered that during electrochemical oxidation of FeAl
intermetallic phase, on the top of that alloy the mixed anodic
aluminium-iron oxide is fabricated. Interestingly, that anodic
oxide is one of the new promising materials which could find
application in photocatalysis, including potential in environment
applications. In that study, the morphology and photoactivity of
anodic oxide fabricated on FeAl alloy will be demonstrated.
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Abstract

Researchers have continued to examine steel, while new metallic materials with better mechanical
properties are being explored. However, global warming has necessitated the increase in the demand
of lighter and stronger materials. Therefore, alloys of titanium, magnesium, and aluminum have been
favoured in a variety of engineering applications. This study presents experimental findings on the
competitiveness of creep-exhausted steel and low-density stainless steel against emerging high
entropy alloys and other conventional metallic materials. The article makes the case that steel will
remain the top metallic material for many years to come due to its accessibility, adaptability, and
affordability. Additionally, it gives examples of how steel benefits the general health of the elderly
population and environmental sustainability.
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Abstract - It is an unavoidable fact that blast furnace of
energy are needed in steel production, where preheating
of blast furnace stoves for iron production is one of the
most energy-intensive processes. It is possible to say the
following about the working principles of stoves in blast
furnaces. The system, which consists of at least three
separate stoves, consists of ignition mechanism, gas
injection line and refractory brick inside. Structurally
completed stoves are systematically prepared
individually. It is divided into 3 as heating and resting
according to the furnace cycle. Due to the working
principles of blast furnaces, it is necessary to make
revisions in a period of 10 to 15 years. In this study, it is
mentioned to increase energy efficiency by improving the
functioning of stoves in order to increase energy
efficiency.

I. INTRODUCTION

Before the No. 4 Blast Furnace reline, the stove domes
were opened for inspection and a slag layer was observed
on the stove checker brick. As a result, the stoves must be
cooled into the reline and the structure on the checker
brick must be cleaned. The aim of this study is to cool the
stoves, clean the surfaces of the checker bricks, remove
the clogged bricks and replace them with new ones, and
reactivate the stoves by heating.

II. EXPERIMENTAL STUDIES

After the furnace was placed in the re-line stop position,
the chimneys of the stoves were opened and allowed to
cool by itself at 600°C. Then, the manholes of the stoves
were opened and cooling was continued. Manhole covers
and hot air valves were closed and chimneys were started
to be cooled with stove fan air. Measured dome
temperatures for cooling are given in Table 1.
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Tablo 1. Dome temperature before and after cooling.

Stove number Dome Temperature

before cooling

Dome Temperature
after cooling

41 NO. Stove 490 209
42 NO. Stove 564 238
43 NO. Stove 549 252

It was observed that the checker bricks were completely
covered with a slag-like structure as shown in Figure 1 in
the stoves. The appearance of the checker brick after
removing the slag structure is given in Figure 2. For the
efficiency of the stoves, the slag layer and the refractory
bricks were changed.

R STk
Figure 1. Slag structure in the stoves
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Figure 2. Brick appearance of the stoves after slag
cleaning Figure 4. Stove Drying Curve No. 41
After the brick removal process, the masonry completed R
was with a new refractory brick and the picture is given in o L
Figure 3. After these steps, the commissioning works were A -
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Figure 5. Stove Drying Curve No. 42
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Figure 3. The stove after refractery knitting. {’A/ﬁ;
Drying graphs of the stoves are given in the chart below. -
The drying processes were completed by heating the
stoves within the stipulated time. - b :
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Figure 6. Stove Drying Curve No. 43
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When the blast furnace was commissioned after each
completed operation, the stove efficiency was reviewed
and serious energy efficiency was determined after the
revision.

IL. RESULT AND DISCUSSIONS

In order to increase the efficiency of the stoves, the slag
layer and refractory bricks were changed.

After removing the brick, the masonry was completed
with a new refractory bricks.

After this revision, more (40-45%) blast furnace gas was
burned to the 4th Blast Furnace stoves. In this way, the
blowing temperature of 1000 degrees was increased to
1150 degrees, allowing the stoves to heat more efficiently
in a unit of time. When the blowing temperature was
increased to 150 oC, 15 kg of coke was saved per ton of
liquid iron in the 4th blast furnace. Thus, while the post-
reline capacity is 1600 tons/day, less than 8,520 tons of
metallurgical coke will be used per year in the 4YF. In
these days when the efficient use of energy resources is
very important, an important energy item has been saved
in blast furnaces where intense energy consumption is
required.

Annual consumption of 8520tons of Coke will be less
than 15kg x1600tons for 24 tons/day and 24x355 days.
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Abstract-—- In this paper, a study was conducted to
determine the level reduction process parameters of the
Blast Furnace No 1, which was put into operation on
April 14, 2011, after 10 years, by placing it in the re-
line,modernizations position. According to the monitored
process parameters, the amount of air in the furnace was
reduced and the sound level was measured and this value
was measured as 15.60 m. On 17.11.2021 at 00:00, after
the blowdown (snort) valve was opened 100%, the blast
furnace no. 2 was commissioned. The furnace, which was
separated from January 1, was stopped. As a result, a total
of 4,083,816 tons of liquid raw iron was produced in the
10 years from Blast Furnace No. 1 to lowering the level
and purchasing salamanders.

Key Words : Blast Furnace, Liquid Cast Iron, Top
Pressure, Salamander

I.  INTRODUCTION

A salamander refers to all the liquid and solidified
materials found at the bottom of a blast furnace, casting
hole. The salamander contains liquid raw iron and slag
and solid iron, slag and coke/carbon mixtures. During the
normal operation of the blast furnace, the bottom of the
furnace is called the dead zone, namely the salamander.

When the blast furnace was to be re-modernised in this
study, all components of the furnace must be removed and
completely emptied. Removal of the salamander was
necessary during partial re-lining of the furnace or repairs
to the spigot. Tha salamander casting was generally
preferably done in the blast furnace at the lowest level that
liquid iron could be expected.

II. EXPERIMENTAL STUDIES

The blast furnace no.1 was taken to a preliminary stop
with the Operation Performed Before the Leveling
Process. 4 NITROUS (N2 ), 4 water (H20 ) studs to cool
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the furnace body before the level reduction process starts.
In addition, the furnace bunkers were emptied by
reducing the minimum number before this stop.

Moreover;

* Level measurement equipment has been converted from
chain to rope.

* Tuyere and stave tests were carried out.

» Reline water valve and reline nitrogen valve were
checked.

* Sounding no. 1 has been accelerated.

* Radar sounding connections have been made.

After the preliminary stop, the furnace was started with
14,000 Nm3 of air per hour. The amount of air has been
increased to 30.000 Nm3 by making adjustments in the
amount of air as the process conditions of the facility
allow. By measuring the top temperature, it was seen that
it was 406 °C. Therefore, 20 tons of water was opened to
the top by adjusting the valve at 30% opening.

During the level drop, the levels and radar measurement
system were checked with both measuring equipment. As
the peak temperature increased as expected, the furnace
was disconnected from the gas network and started
working into the atmosphere.

At partial time intervals, the amount of air in the furnace
was reduced and the temperature was reduced from
950°C to 860°C. The value taken with the last
measurement for level control was 15.60 m. Since the
furnace would be stopped at 00:00 on 17.11.2021, the
blowdown valve has begun to open.

After this time, the top water was turned off, the
blowdown valve was opened 100%, the stove was
disconnected and the furnace was stopped. The analysis



of the liquid mineral and slag of the first casting taken
after the preliminary stop is given in Table 1.

Table 1. Mineral analysis of the No. 1 casting during
level drop.

Mineral Analysis

Si Mn S C P

231 [1,23 |o05 |448 [009

Slag Analysis

Si02 | CaO Al203 | MgO | MnO | S Fe K20 | Na20 | TiO2 | KBAZ | BBAZ

38,09 | 3408 | 13,45 | 731 | 159 [(083]027 |05 [0,22 |05 | 0,895 [ 0,803

After the level started to decrease, No.l casting was
opened and the end of the casting was stopped. While
performing the level lowering process, the amount of air
and the amount of head water were increased or decreased
at the desired setting so that the level does not fall. Data
taken every 10 minutes was recorded. After the necessary
preparations were made to take the salamander, the armor
was started to be cut at 01:02 h in the day and after the
armor was removed, the furnace armor was started to be
cut with O2 (oxygen) at 05:15 h in the day after the
machine maintenance unit was completed at the
salamander channel mouths. In the Salamander hole, at
06:30 h in the day, liquid mine came from a depth of 80
cm and a total of 140 tons of liquid metal was taken.

II.  CONCLUSION

* The production target was achieved at a rate of 90-95%
until the purchase of the salamander.

« It was aimed to stop at 15 meters in the Blast Furnace
and the furnace was stopped at 15,60 meters.

» After the salamander hole was determined, the bottom
of the furnace armor was reached at the target time and
the expected mine was taken in the target time.
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Abstract— In the warming of the earth, water vapor, methane, carbon dioxide, nitrous oxide etc. increases in the amount
of gases play an important role. The main factor in this increase is the activities of people. Human activities cause an
increase in the emission of greenhouse gases, either directly or indirectly. The amount of equivalent carbon dioxide
emitted into the atmosphere as a result of lighting, heating, transportation, animal husbandry activities and activities
of industrial facilities is increasing day by day. The carbon footprint of the greenhouse gases released into the
atmosphere by a person, an organization or a country's activities is called carbon footprint. CO2 is one of the important
greenhouse gases accumulating in the atmosphere and causes important ecological problems such as the acidification
of the oceans together with climate change, which is one of the most important environmental problems in human
history. The sector with the largest share in carbon footprint is the electricity generation sector. In addition, different
sectors such as manufacturing industry, construction, imports, transportation, non-electrical housing and services are
also influential. In this study, it is aimed to determine the carbon footprint that occurs during the production of lantern
gears, which are produced in KARDOKMAK A.S. As a result of the studies, the CO2-based carbon footprint that
emerged at each stage of the production process was calculated and studies were put forward to reduce carbon
emissions.

Keywords— Carbon,carbon footprint, emissions,climate change,greenhouse
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Ozet—Yeryiiziiniin isinmasinda su buhari, metan, karbondioksit, diazot monoksit vb. gazlarin miktarlarmm artislar
onemli bir rol oynamaktadir. Bu artista ana etken insanlarin faaliyetleridir. insan faaliyetleri dolayli veya dogrudan
sera gazlarinin saliminin artisina neden olmaktadir. Aydinlatma, 1sinma, ulasim, hayvancilik faaliyetleri ve endiistriyel
tesislerin faaliyetleri sonucu atmosfere salinan esdeger karbondioksit miktari giinden giine artmaktadir. Bir sahsin, bir
kurulusun veya bir iilkenin devam ettirdigi faaliyetler ile atmosfere saldigi sera gazlarinin karbondioksit cinsinden
karsihgi karbon ayak izi olarak isimlendirilmektedir. CO: atmosferde biriken 6nemli sera gazlarindan olup, insanhk
tarihinin en 6nemli ¢cevre sorunlarindan olan iklim degisikligi ile beraber okyanuslarin asitlenmesi gibi nemli ekolojik
problemlere de sebep olmaktadir. Karbon ayak izi konusunda en biiyitk paya sahip olan sektor elektrik iiretim
sektoriidiir. Bunun yaninda imalat sanayii, insaat, ithalat, ulastirma, elektrik dis1 konut ve hizmetler gibi farkh
sektorler de etkilidir. Bu ¢calismada imalat sanayisinde yer alan KARDOKMAK A.S firmasinda iiretilen ve cimento
sektoriinde doner firinlarda kullanilmakta olan fener dislilerin iiretimi esnasinda ortaya ¢ikan karbon ayak izinin tespit
edilmesi amag¢lanmistir. Calismalar sonucunda iiretim siirecinin her bir asamasinda ortaya ¢ikan CO2 temelli karbon

ayak izi hesaplanmis ve karbon emisyonun azaltilmasina yonelik calismalar ortaya konulmustur.
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Continuous Casting Plant Revision Study
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Abstract— The continuous casting process is used to produce construction steel, rail, profile, sheet, etc., in the
subsequent rolling plants of the molten metal. It is the process in which semi-finished products are obtained by
solidifying in the form of billet, bloom or slab in order to produce the products. It is the most commonly used method
for casting not only steel but also aluminum and copper alloys. The method began to be used after the widespread use
of steel from the middle of the twentieth century and is a method developed for higher yields, higher quality, higher
productivity and lower cost. Kardemir A.S company is an integrated iron and steel factory. Continuous casting
facilities (SDM) are indispensable in the production flow of integrated iron and steel production facilities. Currently,
there are four SDMs in the factory and their capacities are respectively SDM1 - 1.100.000 tons/year, SDM2 - 430.000
tons/year, SDM3 - 1.250.000 tons/year and SDM4 - 1.200.000 tons/year. In order for the products produced in SDM2,
which has completed its economic life, to be produced in SDM3, revision studies were started in 2021 and these studies
were completed in 2022. Within the scope of the works, the casting paths with a radius of 10 m were increased to 12
m, and as a result of the revisions, an increase of up to 40% was achieved in the production quantities of the profile

draft BB 280x360x90 and bloom BL 260x360 products.

Keywords— Continuous casting,stell,rail,profile,iron and stell.
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Ozet—Siirekli dokiim prosesi, ergimis metalin takip eden haddeleme tesislerinde insaat ¢eligi, ray, profil, sac vb. iiriinlerin
tiretilebilmesi icin kiitiik, blum veya slab halinde katilastirilarak yart mamullerin elde edildigi prosestir. Sadece geligin degil,
aliminyum ve bakir alagimlarmin da dokimi icin en sik kullanilan yontemdir. Yoéntem, yirminci yiizyilin ortalarindan
itibaren celik kullanimmin yayginlagsmasindan sonra kullanilmaya baslanmis olup, daha yiiksek verim, daha yiiksek kalite,
daha yiiksek tiretkenlik ve daha diigiik maliyet igin gelistirilmis bir yontemdir. Kardemir A.S sirketi entegre bir demir ve gelik
fabrikasidir. Entegre demir ve gelik tretim tesislerinde iretim akisi icerisinde siirekli dokiim tesisleri (SDM) olmazsa
olmazlardandir. Mevcutta fabrika biinyesinde dort adet SDM bulunmakta olup kapasiteleri sirast ile SDM1 - 1.100.000
ton/y1l, SDM2 - 430.000 ton/y1l, SDM3 - 1.250.000 ton/y1l ve SDM4 - 1.200.000 ton/y1l’dir. Ekonomik émriinti tamamlayan
SDM2’de iiretilen iriinlerin SDM3°de iiretilebilmesi icin 2021 yilinda revizyon calismalarina baslanmis ve bu galismalar
2022 yilinda tamamlanmistir. Calismalar kapsaminda 10m radyusa sahip dokiim yollart 12m’ye ¢ikartilmig ve revizyonlar
neticesinde profil taslagi BB 280x360x90 ve blum BL 260x360 iiriinlerinde tiretim miktarlarinda yaklagik %40 oranlarina

varan artiglar saglanmistir.

Anahtar Kelimeler— Sirekli Dokiim,celik,ray,profil,demir gelik
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The Effect of Gas Nitration Process on The Wear
Behavior of Steel Casting Crankshaft

Ozet— Bu ¢ahsmada; krank miline uygulanan gaz nitrasyon
isleminin asinma davramisina etkisi incelenmistir. Bu amacla
krank mili 520°C sicaklikta 15 saat gaz nitrasyon islemine maruz
birakilmistir. Uygulanan gaz nitrasyonu sonucu nitrasyonsuz ve
nitrasyonlu numunelerden ayr1 ayr1 sertlik ve mikro yapi
karakterizasyonu ¢alismalari yapilmistir. incelenen numunelerin
asinma testleri, ileri-geri asinma test cihazinda, 20N ve 60N yiik
altinda gerceklestirilmistir. Test sonuclar1 gidilen mesafe ve
uygulanan yiike bagh olarak farkhlik gostermektedir. Asindirici
olarak 100Cr6 bilye kullanilirken, karst malzeme olarak
nitrasyonlu ve nitrasyonsuz krank mili kullanilmistir. Yapilan
testler sonucunda, krank millerine uygulanan nitrasyon islemi
incelenen numunelerinin asinma direnclerinde yaklasik %20
oraninda bir artisa neden oldugu tespit edilmistir.

Anahtar Sézciikler— Gaz nitrasyon, asinma, mikroyapi, sertlik

Abstract— In this study, the effect of the gas nitration process on
the wear behavior of the crankshaft was investigated. For this
purpose, 15 hours of gas nitration was applied to the crankshaft at
a temperature of 5200C. As a result of the gas nitration, the
hardness and microstructure images were taken separately from
the nitrided and nitrided samples. In order to compare the
abrasion behavior of nitrided and nitrided samples, back and
forth abrasion test was applied. 20N and 60N were determined as
the load and subjected to abrasive wear test. Test results vary
depending on distance traveled and load applied. 100Cr6 balls are
used as abrasive and nitrided and nitrided crankshaft is used as
counter material. Compared to the wear resistance of nitrided
crankshaft samples, an increase in wear resistance of about 20%
was observed in nitrated samples.

Keywords— Gas nitriding, abrasion wear, microstructure,
hardness

Not: Bu bildirinin tam metni makale olarak Celik Arastirma ve
Gelistirme Dergisi (Journal of Steel Research and
Development)’nde yaymlanmistir.
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Ozet--- Bu galismada, 38si7 ve 54SiCr6 yay celiklerinin
kimyasal 6zelliklerinin yaninda 6zellik ve performanslarmi
belirlemek ve gelistirmek igin 1s1l igleme tabi tutulmustur.
Uygun deney standartlarina goére hazirlanan numuneler
metalografik incelemeler icin 240-2000 mesh araliginda
zimpara kagidi isleminden gegirilmistir. Aliimina ¢ozeltisi ile
yapilan  parlatma isleminin ardindan %3 Nital ¢ozeltisi
kullanilarak daglama islemine tabi tutulmustur. Uygun
ebatlarda kesilen 38si7 ve 54Sicr6 yay ¢eliklerine 850 °C de
40 dk bekletildikten sonra su verme 1s1l isleminin ve ardindan
400 °C’de temperleme 1s1l islemi uygulanmigtir. Uygulanan
su verme 1s1l islemlerine sogutma ortami olarak hava-su ve
yag kullanildiginda nasil tepki verdigi incelenmistir.

.GIRIS

Yay ¢elikleri uygulanan kuvvet etkisini depolayan elastik bir
mithendislik malzemesidir. Bu 6zelligi sayesinde uygulanan
onemli biikiilme, burulma kuvvetlerinin uygulanmasi
sonrasinda uygulanan yiikiin kaldirilmasiyla tekrar eski haline
donebilme 6zelligine sahiptir. Bu yiizden diinya tizerinde en
fazla kullanilan alasim olan ¢elik, kati ¢6zeltide baska bir
element atomlarryla birleserek cok farkli 6zellikler sergileyen
Silisyum elementi ilavesiyle g¢eliklere belirli oranlarda
eklendiginde endistride ¢eligin yay c¢eligi olarak
kullanilmasinda gerekli mekanik 6zellikleri saglamakta dnem
tasir. Genelde bu celikler silisyum yay celikleri olarak
siiflandirilir. Celiklerin kimyasal karakterin disinda 6zellik
ve performanslarini belirlemek, diizenlemek ve gelistirmek
icin 1s1l islemler uygulanir. Bu 1sil islemler farkli amaglarla
farkli yontemlerle yapilmaktadir. Bu caligmada, 38Si7 ve
54SiCr6 silisyum iceren yay celiklerinin tiretildiginde sahip
oldugu sertligin daha sonra ani sogutma yontemlerinde hava-
su-yag kullanildiginda nasil tepki verdigi sertlestirme iglemi
akabinde temperleme ile nihai sertlik ve i¢ yapilar
incelenmistir.

II. DENEYSEL CALISMALAR

Bu boliimde deneysel calismalarda kullanilan 38Si7 ve
54SiCr6 c¢elik malzemeler, test cihazlart ve uygulanan
yontemler hakkinda bilgi verilmistir. Deneysel ¢alismalarda
kullanilan 38Si7 ve 54SiCr6 alasimli geliklerin kimyasal
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analizleri asagidaki Tablo 1'de verilmistir.

Tablo 1. 38Si7 ve 54SiCr6 Kimyasal Ozellikler.

KIMYASAL ANALIZLER

C Si Mn Pmax Smax Cr
38Si7 0,35-0,42 | 1,59-1,80 | 0,80-0,50 0,05 0,05
54SiCr6 0,51-0,59 | 1,20-1,60 | 0,50-0,80 | 0,025 0,025 | 0,50-0,80

38Si7 ve 54SiCr6 ¢elik numuneler, 13 mm uzunlugunda ve 20
mm ¢apindaki ¢ubuk kesitinden dilimlenmis ve alinan
numuneler, metalografik inceleme icin 240-2000 mesh
araliginda ayr1 ayr1 zimparalama islemi her bir numune i¢in
yapilmistir. Zmmparalama islemi tamamlandiktan sonra,
parlatma islemine gecilerek daha onceden hazirlanan , 3pm
alimina ¢ozeltisi parlatilmis ve numuneler, %3 Nital
soliisyonu kullanilarak S5sn kadar daglanmistir. Numuneler
dilimlendikten sonra 38Si7 ve 54SiCr6 ¢elik parcalar1 1sil
islem i¢in oda sicakliginda soguk firma yerlestirilmistir.

Sertlestirme i¢in 1s1l iglem firinda 850 °C'de 40 dakika ve 400
°C'de 2 saat tavlama yapilmistir. Sertlestirme isleminin
basarili olabilmesi i¢in numunelerin 1s1l islem firin1 tarafindan
belirlenen sicakliklara ulastiktan sonra hizli bir sekilde
sogutulma islemi icin firindan alinan numunelere su verme
islemi uygulanmistir. Sondiirme islemleri i¢in durgun su (oda
sicaklig1 °C)-hava (oda sicakligi 25°C) ve hazne iginde yagda
sogutma teknikleri secilmistir. Universal mikrosertlik test
cihazi (Shimadzu) ile tim numunelerin sertlik degerleri ti¢ kez
Olciilerek ortalama degerleri alinarak kayit altina alinmistir.
Optik mikroskop ve electron mikroskobu (Scanner electron
microscope) ile cesitli biiylitmelerde mikroyap1 goriintiileri
almmustir. Isil islem gormiis, 1s1l islem sonrasi temperlenmis
ve islem gormemis numuneler yukarida acgiklanan
metalografik islemlerle incelenmistir. Asagidki gorsellerde
numuneler ait optik goriintiilerin 50x biiyiitmeleri ve SEM
goriintiilerinin 2K boyutlart verilmistir.
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Sekil 1. 38Si7 54SiCr6 (a) orijinal (b) Hava (c) Yag Sogutmalarina ait 50x
Goruntiileri

Sekil 3. 38Si7 (a) orijinal (b) Hava (c) Yag
Sogutmalarina ait 2Kx Goriintiileri

Sekil 2. 54SiCr6 (a) orijinal (b) Hava (c) Yag Sogutmalarina ait 50x
Goruntiileri
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(c)
Sekil 4. 54SiCr6 (a) orijinal (b) Hava (c/5Kx) Yag Sogutmalarina ait 2Kx
Gorintiileri

I11. SONUCLAR
Mikro yapi sonuglarinda optik ve sem gorintiileri
incelendiginde 54SiCr6 orjinal numune goriintllerinin ince
kaba perlitik yapida oldugu gézlemlenmistir.

54SiCr6 yagda sogutulan numunede daha ince ignemsi yapi
olustugu gozlemlenmistir.

38Si7 havada sogutulmus numunede tane yapisinda kaba
ferrit ve kaba perlitik yapi gérilmustir.

6th International Iron and Steel Symposium

385i7 Sertlik grafigi

Sekil 5. 38Si7 ve 54SiCr6 Kalite Celiklerin Sertlik Degerler Grafigi

38Si7 suda sogutulan numunenin yagda sogutulan numuneye
gore daha ince taneli yapida oldugu gézlemlenmistir.

Sertlik deneyi sonuglari incelendiginde her iki numunede de
suda sogutulduktan sonra sertlik degerlerinde artig
gorulmiistir.

54SiCr6 incelendiginde numunede ¢atlak olustugu
gozlemlenmistir.
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Mert Orkun HEKIM', Abdulrezzak ERDEM', Hayrettin AHLATCI'*,

Karabik University, Department of Metallurgy and Materials Engineering, Karabiik 78000 Turkey
*Corresponding author: hahlatci@karabuk.edu.tr

Abstract--- In this study, the performance of 3 different refractory
materials used in Kardemir Sth blast furnace casting hole was
examined and it was aimed to reduce their harmful effects. As the
blast furnace data, the physical and chemical properties of the
taphole clay were examined and the effect and specific
consumption of the sludge on the casting time, flow state, taphole
clay pumping ability, length of the taphole and specific
consumption were investigated.

I. INTRODUCTION

The blast furnace process results in liquid iron and slag being
produced. These two liquids drip down into the coke-filled
hearth of the blast furnace where they wait to be tapped, or cast,
from the furnace. The densities of the two liquids are quite
different; with iron (7,2 t/m?), being three times that of slag (2,4
t/m?). This difference leads to very good separation between the
iron and the slag once it is outside the furnace, given the correct
trough dimensions, but also means that separation will occur
inside the hearth before the liquids are tapped, see Figure 1[1].

Maden

Mantar Ciiruf

| Olusum

5 _ -
~ lm I I

Ciruf Kanal Maden Kanah
Sifon Képriisd

u
Dokiim Deligi

S R S

i

Figure 1 Slag and iron separation in the iron runner, or trough.

The main iron runner will contain liquid material from the
previous casting. When the casting is started, the flowing iron
will flow over the remaining material and pass through the
siphon. Pig iron passing through the siphon will be poured into
the torpedoes via the movable chute. The slag moves over the
pig iron. For this reason, when it comes to the siphon section,
the pig iron will move from below and the slag will be diverted
to the slag runner and decomposed. After the slag separation is
achieved, it will be directed to granulation or it will be
discharged into the slag pot. In processes using slag
granulation, no peak should be mixed in the slag. If mixed, it
can cause explosions in the slag pool. The pouring hole is
located below the hearth, so that the existing liquid material is
taken as much as possible by casting. The lower part, known as
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the salamander , is only tapped at the end of a campaign, to
allow for access to the pad for demolition and replacement.

Figure 2 The Blast Furnace Hearth

The regular removal of liquids from the hearth is done through
the taphole, or tapholes. The number of tapholes can range from
one to five, depending on the size and output of the furnace.
The majoritiy of modern high productivity blast furnaces have
been between 2 and 4 tapholes. In normal operation of a furnace
with two or more tapholes, the tapholes will be used alternately,
with one cast being on one taphole, and the next cast being on
the other. This also applies to furnace with up to five tapholes.
The reason for the extra tapholes is to ensure that there are
always two tapholes in operation, even through times of
casthouse repair, or emergency breakdown.

The tapholes are openings in the Blast furnace shell with special
refractory constructions built into the hearth sidewall. The
tapholes are opened by either drilling through the refractory or
by placing a bar in the refractory that is later removed. The
holes are closed by forcing a plug of malleable refractory clay
into the hole, which quickly hardens to securely seal the hole.
In normal operation this taphole clay will extend into the
hearth, forming a taphole mushroom that will protect the
original refractory construction (see Figure 3).

Figure 3 Over the taphole campaign, the original lining will gradually be
worn away and replaced by taphole clay.



The casting hole undergoes wear during casting. Especially
when the slag starts to flow, the wear may be more. Despite a
good pouring regime, variations in the level of the sump fluid
can occur. The quality of the slurry mud is determined by its
resistance to slag attack. The length of the spigot is determined
by the amount of sludge injected. Generally, more sludge is
injected than the required refractory sludge requirement.
Excess sludge injection forces the inside, causing the formation
of a mushroom. This fungus formation provides protection
against corrosion in the spigot section. In large furnaces, the
formation of fungus is greater and longer casting holes are
formed. While it is expected to have a spigot length of 2.5
meters in furnaces with a chamber diameter of 11 meters,
furnaces with a chamber diameter of 14 meters may have a
taphole length of 3 meters.

A blast furnace will be cast between 8 and 14 times per day.
These casts may last between 90 and 180 minutes, with the end
of the cast indicated by a spraying of the liquids caused by gas
from the raceway escaping out of the taphole. In this time the
furnace processes a considerable part of its working volume.

The material charged in the oven stays in the oven for 6-8 hours.
It is understood that 1/3 of the material in the furnace turns into
liquid iron and slag, if the casting is taken for 2 hours. Figure 4
shows the regular casting of the furnace with two casting holes,
respectively.

Taphaole 1 |—|__ | dag) | T ol
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Taphole 3 | J [ : S | | l
Taphole 4 | ! |
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Figure 4 Typical casting regimes with a two taphole furcane, showing iron
run times with slag above them.

When the tapholes are closed, or one is open but the stream of
liquid exiting has a low flow rate, then the liquid level in the
hearth will increase. That is to say, the production rate is higher
than the tapping rate. If this continues for long enough, then the
increased liquid level in the hearth can affect the blast furnace
process in the following ways:

1. The upward force on the submerged coke deadman is
increased by the increased liquid level. This increase in the
upward force will slow down the burden descent.

2. If the slag level is so high that it reaches the tuyeres then the
gas flow will be severely affected, with increased gas flow up
the wall. This can result in poor reduction of the burden and
therefore a chilling furnace.

3. The slag can be blown high up in the active coke zone,
impeding normal gas distribution.
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4. If the hot metal level is so high that it reached the tuyeres,
then it is possible a cut tuyere will be the result, causing water
leakage into the furnace. In the worst case scenario the tuyere
will burn severely or a blow-pipe will fail. This will then lead
to a blow-out of coke and a very critical emergency stop.

To avoid these problems, the liquid level in the hearth should
be kept under control. The process is carried out within this
chassis by controlling the amount of hot metal and slag in
modern furnaces [2].

The liquid level in the reservoir should always be kept as low
as possible. The hearth should never be used as a buffer zone
for the residues of the liquid material produced. For this reason,
when the normal level is exceeded, the process is directly
affected.

The liquid level in the hearth will exert an upward force along
with the blowing pressure in the blast furnace. Allowing this
force to increase will slow down the downward movement of
the material. Figure 5 shows the increase in the hopper level.

Figure 5 Consequences of increased liquid level.

As shown, an increase in the liquid level in the hearth will
deflect the blown air and concentrate it towards the walls. The
coke in front of the tuyere will be drained along with the slag,
resulting in less gas production in front of the tuyére. In this
example, the bosh region will be exposed to a higher heat load
than normal and the smell of the cohesive region will increase.
But at the same time, the cohesive zone in the center of the
furnace will fall. Because the amount of gas passing through
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the center will decrease. The blowing pressure will also be high
and the material movement will slow down. In these cases, the
oven may hang. In the event of a subsequent slip, there may be
a danger of slag filling the tuyeres.

In addition to these, an increase in temperature will be observed
in the wall regions of the body. The gas inside the furnace will
move close to the wall areas. There will be an increase in
temperature due to the increase in temperature in the coolers in
these regions. This will increase the heat losses, and the furnace
will be in danger of cooling down together with the losses in
the furnace efficiency. In such a scenario, the casting must be
opened without delay in order to stabilize the process again.

Observing blowing in the spigot often leads to considering the
furnace hearth as empty or not. Although it is a good indication,
it should not be considered as a definitive observation. Blowing
in the spigot may simply indicate that the area around the spigot
is emptying. This does not inform us about other parts of the
chamber. If the areas far away from the pouring hole are low,
liquid material may come in low enough to allow blowing in
the areas close to the casting hole. However, in this case, it may
mislead about the fact that there is liquid material in other
remote areas. In such a scenario the casting should still be
closed. However, casting should be considered as incompletely
drained casting. This is not always easy to detect.

The symptoms of empty hearth can be summarized as follows;

1. Observing blowing from the taphole

2. Receiving sufficient liquid iron and slag in proportion to the
production amount

3. Control parameters indicate that the chamber is empty
(charge rate and pressure are normal)

4. The ability to close the oven without any problems. (Without
splashing slag or liquid metal on the feathers)

The last criterion mentioned above is often one of the most
important reasons for the case when the furnace has to be turned
off in a short pouring time.

A good analysis of the spigot conditions and performance can
be achieved through comprehensive information gathering.
Some of the recorded information is as follows;

* Number of castings,

* Drilling,

« Flow status,

* Length of the taphole,

* Taphole diameter,

* Casting and slag removal time,

» The amount of mud used to cover the taphole,

* Mudball injection (pressing ability),

* Observation of blowing from the taphole,

* Specific consumption,

» Furnace process parameters (hot metal temperature,

slag basicity, slag volume, etc.)
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The control parameters mentioned above can be easily
interpreted by transferring to information. Graphs can be
obtained by creating an information source.

II. EXPERIMENTAL STUDIES

During the experimental studies, the quality of the casting hole
muds with different qualities; The effects on casting drilling
performance, first opening moment, flow state, hole diameter
enlargement, hole length, mud pumping ability and specific
consumption were examined and performance comparison was
made by following foundry applications.

All of the experimental studies and performance comparisons
of the data related to the studies were made in the Blast Furnace
No. 5 with a volume of 1650 m?, which is the largest of the blast
furnaces in Kardemir. There are 2 foundries in the blast furnace
no. 5 depending on the production capacity. These are West
Foundry (casthouse 1) and South Foundry (casthouse 2). Blast
Furnace No. 5 casting hole has a total taphole length of 200 cm
with 50 cm flange and 150 cm carbon refractory. With the
prediction of 50 cm minimum mushroom (mushroom)
formation, the taphole length target in Blast Furnace No. 5 is
minimum 250 cm.

In Blast Furnace No. 5, casting is generally opened with a 40
mm bar. 50 — 64 mm bar+xbit is used in emergencies or for
business purposes. There are 6 TCPs in both casting hole
refractories and online temperature measurement is made
around the casting hole. After starting the test samples in which,
the experimental studies are carried out, if there is no problem
caused by the casting hole mud, the use is continued until the
trial tonnage is exhausted. In case the hole length is 2 meters or
less, the trial is stopped as of that casting. In order to see the
real performance, it should be able to be cast with the casting
hole mud, where a minimum of 3 castings are tried in a row. If
the casting has to be closed as a result of uncontrolled flow due
to excessive expansion in the hole during casting, and if the
splashing flow lasts more than 2 minutes after the casting is
opened and / or if the splash starts again after the slag comes,
the trial is stopped. If the casting opens by itself after the casting
is closed, the attempt is not continued. If the casting hole mud
hardens in the mud ball and cleaning due to this hardening is
required and/or the mud cannot be pressed into the hole, the
trial is stopped.

The technical specifications of 3 different products (A-B-C
quality) supplied from the company are given in Table 1.
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A B c DOKUM DELIGI CAMURU RAPORU / TAPHOLE CLAY SHEET
Kategori 5.YUKSEK FIRIN/BLAST FURNACE 5 - A KALITE DOKUM DELIGI CAMURU
VERILER / DATAS
Ortalama Dedetl Toplam ;‘.’.’I’:fm " "
dma Degericr Dékiim | Camur oxum ) _ t/dk ) Ciiruf | Ciiruf
NoJ/ Agrhay Siiresi/ | Tonaj/ | Tiiketim/ Casting Delik Boyu/ | Bazitesi/| Hacmi/
Cast No.| Total Clay Tot.al Tonnage | Consumption Velocity Length (cm) Slflg. Slag
. Casting Basicity | Volume
Weight (k8| 1ime (min)
Bauxite - quwn ms?d Corgt}du.. 11504 | 169 165 603 280 3,65 270 | 0,796 | 274
Slicon Carbid alumina- Silicon Silicon 11509 | 169 140 | 429 394 3,06 270 | 0,731 | 274
1licon Laroide Carbide Carbide 11510 | 169 140 | 589 287 421 270 | 0,752 | 274
Temel malzemeler (Boksit. . i 11512 | 169 115 433 390 3,77 250 | 0835 | 274
Silisvum (Kahverengi | (Korindon 11513 | 169 115 | 423 400 3,68 260 | 0,750 | 274
: y" Alﬁminyum Oksit - Silisyum 11518 | 169 95 410 412 432 300 | 0758 | 274
I\arbur) Silisvum Karbi Karhi 11519 | 169 115 416 406 3,62 270 | 0755 | 274
1lisyum Karbiir arbi) 11520 | 169 105 | 407 415 388 | 300 | 072 | 271
11525 | 169 115 429 394 3,73 250 | 0,764 | 271
11529 | 169 130 434 389 334 300 | 0,755 | 269
Tane boyutu (mm) 3 3 3 11530 | 169 140 528 320 3,77 290 | 0,725 | 269
11531 | 169 110 434 389 395 270 | o711 | 269
Ham viém vosuntuzu (ke/m 11532 | 169 170 590 286 347 260 | 0762 | 269
yigm yogunlugu (gim’) 30 1430 310 11535 | 169 160 580 291 3,63 240 | 0,773 | 269
11537 | 169 115 441 383 3,83 280 078 | 274
Ki L Ozellk] 11538 | 169 110 425 398 3,86 240 | 0,762 | 274
nyasal VZelikier Ortalama Degerler 11543 169 | 165 | 569 | 297 | 345 | 290 | 0746 | 274
11544 | 169 160 533 317 333 270 | 0713 | 274
ALO: (%) 4 £ 5 ’ ’
! 11545 | 169 130 442 382 3,40 270 | 0,762 | 268
$i0, %) " % % 11551 | 169 125 587 288 4770 300 | 0744 | 268
ORT. | 169 131 485 348 3,73 273 [ 0,755 | 272
Fea0s (%) 25 45 4)
! ! ’ Table 2 A- Quality Taphole Clay Performance.
- y
Ti0: (%) 2 1) 1) I
T DOKUM DELIGi CAMURU RAPORU / TAPHOLE CLAY SHEET
SiC (%) 15 17 16 5.YOKSEK FIRIN/BLAST FURNACE 5 - B KALITE DOKUM DELiGi CAMURU
. , . VERILER / DATAS
Kizdirma Kayb1 750°C (%) 1 2 i Topim
Toplam et " "
_— Dikiim Ciiruf | Ciiruf
D;I;u/m 15;::2:/ Siiresi/ | Tonaj/ | Tiiketim/ C:l/sdtli(ng Delik Boyu/|Bazitesi/| Hacmi/
. A . . . Total |Tonnage |Consumption . |Length (cm)| Slag Slag
FlZlksel Oze]hkler Ortalama Degerler CastNo. ;:itgallntc(ll‘:‘g) Casting Velocity Basicity | Volume
Time (min)
° (0
Usucu madde 800 °C (%) 10 1 98 11611 | 225 125 | 378 595 3,02 260 | 0828 | 243
o 11613 | 225 130 481 468 3,70 280 | 0,785 | 248
. 3 5 >
Ylgln)ogunlugu (kg/m ) 1900 2100 2030 11614 | 225 175 523 430 2,99 280 | 0,788 | 248
Aglk gﬁzeneklilik %) 2 30 % 11617 | 225 165 492 457 298 240 | 0,792 | 264
11618 | 225 90 268 840 2,98 250 | 0813 | 264
Soguk kirtlma mukavemeti (Mpa) 55 5 6 1621 | 225 120 [ 502 | 448 [ 418 | 240 0757 | 271
: - - 11623 | 225 150 377 597 251 250 | 0,782 | 275
Plastik olma durumu 40 °C (kglem’) | 220260 180-220 180-220 11624 | 225 160 | 470 479 [ 294 | 250 [ogs2]| 275
11626 | 225 120 522 43] 435 240 | 0854 | 274
11627 | 225 110 498 452 453 240 | 0845 | 274
11628 | 225 115 463 486 403 260 | 0884 | 275
Table 1 Technical Properties of A-B-C Quality Taphole Clays. 11630 225 180 532 423 2,96 250 0938 | 275
11631 | 275 155 542 507 3,50 180 | 0,891 | 275
. . . . . 11632 | 250 240 799 313 333 240 | 0887 | 275
Be;tween 17 - 2.8 April 2019, a trial was carried out in the spigot e | 225 55 Y 129 339 250 0878 | 273
with A-C .quallty clays. In total, 12 tons of taphole. clays were 1634 | 225 35 156 1442 1.84 250 | 0853 | 273
used. continuously. Between 18 - 24 June 2019, trials of A-B 11636 275 170 441 510 259 230 0837 | 273
quality taphole clays were carried out. In total, 10.5 tons of [11638] 225 125 | 365 616 292 | 250 | 0824 | 273
clays were used continuously. The days when the trial started; | 11639 | 225 160 | 432 521 270 | 230 | 0875 | 213
Since the clay character will not be fully reflected in the [11641] 225 85 295 763 347 220 ] 0835 | 273
taphole, it has been excluded from the evaluation. LRIE | 2ot I
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Table 3 B- Quality Taphole Clay Performance.




DOKUM DELIGi CAMURU RAPORU / TAPHOLE CLAY SHEET
5.YUKSEK FIRIN/BLAST FURNACE 5 - C KALITE DOKUM DELIGi CAMURU
VERILER / DATAS

Toplam

Diskiim g‘:ﬁf Df?l:‘ﬁ?‘ I tdk | Ciiruf | Ciiruf

NoJ Agirig/ Siiresi/ | Tonaj/ Tuketlm-/ Casting Delik Boyu/ | Bazitesi/| Hacmi/
Cast No.| Total Clay Tot.al Tonnage | Consumption Velocity Length (cm) Slf\g. Slag

Weight (kg) Castmg Basicity | Volume

Time (min)

11180 195 155 433 450 2,79 230 0,732 | 289
11181 195 165 249 783 1,51 260 0,735 | 293
11182 195 115 367 531 3,19 250 0,719 | 293
11183 195 100 373 523 3,73 230 0,718 | 293
11185 195 100 369 528 3,69 220 0,745 | 293
11187 195 175 563 346 322 260 0,736 | 293
11189 175 130 404 433 3,11 270 0,713 | 296
11190 175 120 412 425 343 250 0,711 | 296
11191 175 175 550 318 3,14 240 0,715 | 296
11192 175 190 570 307 3,00 230 0,739 | 296
11193 175 150 780 224 5,20 250 0,722 | 296
11194 175 150 478 366 3,19 200 0,730 | 292
11195 175 170 617 284 3,63 260 0,702 | 292
11197 175 90 415 422 4,61 230 0,744 | 290
11199 175 170 702 249 4,13 270 0,744 | 289
11200 175 155 550 318 3,55 260 0,709 | 289
11201 175 130 470 372 3,62 250 0,685 | 291
11202 175 130 371 472 2,85 260 0,650 | 291
11208 175 175 570 307 3,26 280 0,732 | 291
11209 175 115 377 464 3,28 270 0,731 | 291
ORT. 181 143 481 376 3,41 249 0,721 | 292

Table 4 C- Quality Taphole Clay Performance.

In Table 2, Table 3 and Table 4, all possible parameters known
during the A-B-C quality taphole clay trials were examined and
recorded. According to this;

DRILLING: In terms of casting drilling, A quality casting hole
mud showed the best performance. The good drilling
performance has contributed to the flow quality in a positive
way, not only that the drill, which is the drilling equipment, is
not forced and the consumables do not increase, and more
importantly, the cracks that may occur in the hole during
drilling do not occur. Studs occurred during intermediate
drilling in the C quality casting hole mud, increasing the
material consumption.

FIRST MOMENT OF OPENING: Dust emission and metal
spatter that may occur during the first puncture can negatively
affect the environment and more importantly, the refractory life
used in the main duct due to spatter.

With a few exceptions, the flow returned to normal within 2-3
minutes in all 3 quality casting hole muds. It is within
acceptable limits.

FLOW: There was no flow-related problem in the A-B quality
taphole clay during the trial. The flow is very smooth from the
moment of the first puncture to the closing of the air coming in.
In C quality taphole clay, flow disturbance was experienced due
to 2-3 casting hole diameter enlargement.
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CLOSING (INJECTION WITH MUD GUN): No problems
were encountered during or after pressing during the trial.
However, a casting was opened spontaneously in the C quality
taphole clay, thus jeopardizing the operational safety.

TAPHOLE LENGTH: The taphole carbon block in the 5th
Blast Furnace is 2000 mm. However, when defining the casting
hole size, it is defined not only with the carbon block size but
also with the cork that the casting hole mud should form inside
the furnace. In the 5th Blast Furnace, the target hole length is
minimum 2500 mm. Hole size is a very important parameter
for the furnace operation, which is constantly emphasized and
monitored, as it directly affects the furnace performance and
the casting hole carbon block in the long run. A quality spigot
mud showed the best performance with 2730 mm. For B quality
casting hole mud, the length of the casting hole is min. the
target is below the hole size. The trial average was 2445 mm.
In C, the taphole lengths are generally good and the trial
average was 2490 mm.

TAPHOLE DIAMETER: In the 5th Blast Furnace, the
casting hole is opened with 40 or 50mm tips. Depending on the
quality of the casting hole mud, expansions occur in the hole
after the casting is opened and especially when the slag starts
to flow. However, the enlargement should remain within
acceptable limits. Occasionally, hole enlargements were
observed in the B grade slurry. Expansion is within acceptable
limits. The C grade borehole clay performed poorly due to hole
enlargement.

SPECIFIC CONSUMPTION: The taphole clay consumption
is tracked as how many grams are used per ton of liquid raw
iron on a daily-monthly-yearly basis (gr/thm). In the 5. Blast
Furnace, taphole clays of various companies have been used
before and different performances have been obtained. While
there is a general average of 475 gr/thm specific consumption,
it is 348 gr/thm for A quality slurry and 505 gr/thm for B quality
slurry. During the use of C quality taphole clay, it was 376
gr/thm. However, it should be noted that specific consumption
is not a parameter by itself. Evaluation should be made taking
into account all the above-mentioned parameters.

III. RESULT AND DISCUSSIONS

In the 5th Blast Furnace casting hole of Kardemir's Blast
Furnace Department, tests of 3 different quality casting hole
muds were carried out and as a result of the comparison made
within the scope of the obtained data, A quality taphole clay
showed the best performance. The results obtained as a result
of the comparison between A and B quality taphole clays are
given below.

* It showed similar performance in both clays in
taphole length catching. However, when B quality
taphole clay was used, it was below the target with an
average of 245 cm.

* A is better in terms of drilling performance.



« It showed the same character in both clays in terms of taphole
enlargement.

* In terms of pouring time, A average of 131 minutes, B average
of 141 minutes. During the period used in B, the casting time
was prolonged by an average of 10 minutes.

» Casting closing character is close to each other and very good
in both taphole clays.

* Flow performance is close and very good in both taphole
clays.

* When we look at the specific consumption, it is 348 gr/ton for
A quality clay and 505 gr/ton for B quality clay. In the period
when B quality clay was used, 157 g more clay was consumed
per 1 ton of liquid iron. Consumption was above the general
average.

The results obtained as a result of the comparison between A
and C quality taphole clays are given below.

* It showed similar performance in both muds in hole length
catching. However, in the period when C quality mud was used,
it was below the target with an average of 249 cm.

* A quality taphole clay is better in terms of drilling
performance. In C quality clay, stabbings occurred from time
to time during drilling and increased material consumption.

» Expansion has been detected in a few castings within
acceptable limits in the use of C quality clay. There was no
problem in terms of expansion in A quality clay.

* In terms of pouring time, A average of 131 minutes and C
average of 143 minutes. In the period when C quality mud was
used, the casting time was extended by an average of 12
minutes.

* Casting closing character is better in A quality tap hole mud.
In the period when C quality taphole clay was used, a casting
was opened by itself, jeopardizing the operational safety.

* Flow performance 2-3 castings performed poorly due to hole
enlargement in C quality clay.

* When we look at the specific consumption, it is 348 gr/ton for
A quality clay and 376 gr/ton for C quality clay. In the period
when C quality clay was used, 28 g more clay was consumed
per 1 ton of liquid iron. However, the overall average
performance is within acceptable limits.

Table 5 shows the performance averages of A-B and C quality
taphole clays.
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D':;:g Toplam Toplam Tonai Spesifik Akig Delik
Camur v(;ar‘r‘\ur Dokiim Siiresi (ton) Tiiketim Miktan Boyu
Kalitesi Agirhgi (kg) (dk.) (gr/tshd) | (ton /dk) (em)
A 169 131 485 348,38 3,73 273
B 229 141 453 504,91 3,24 245
C 181 143 481 376,30 3,39 249

Table 5 A-B-C- Quality Taphole Clays Performance Averages.

Specific consumption (gr/thm) of A-B and C quality taphole
clay is given in Table 6, and taphole length performance is
given in Table 7.

Spesifik Tiiketim (gr/tshd)

1921 23 25 37 29 31 33 37 39 41 43

o a—f

Table 6 Specific Consumption Performance of A-B and C-Quality Taphole
Clays (gr/thm).

Delik Boyu (em)

4

35 7 983150 25 27 29 31 33 35 37 39 41 43

Dikiim Sayist

— — C

Table 7 A-B and C- Quality Taphole Clays Length of Taphole Performance.

When all the results obtained were compared, it was seen that
better results were obtained in all performances and analyzes
compared to B and C quality of A quality clay. The specific
consumption and taphole length performance of A quality clay
compared to B-C quality clays were above expectations. In
order to produce alternative suppliers, trial studies are currently
ongoing within the scope of casting taphole clays.

The company to be tested must prove the performance of its
products. Products that have not been tested are not technically
suitable for operational safety reasons. A quality clay is
currently being used in the 4th and 5th blast furnaces. The
casting taphole clays used in blast furnaces are supplied from
abroad. Despite many trials with domestic refractory
companies, they could not show the expected performance.



Some properties are sought in refractories that are resistant to
high temperatures and are not easily subject to deformation.
The properties expected to be in a good refractory; We can say
that there is no structural change in the internal temperature of
the furnace, resistant to abrasion, having a low expansion
coefficient, resistant to slag and various gases that may occur
in the furnace, good heat conduction, cost-effective and high
quality. It is necessary to consider the chemical reactions that
may occur in the furnace in the selection of suitable refractory
materials. For this reason, it is highly important to know the
content and physical properties of the refractory materials to be
used. Considering our country in general, there are 3 integrated
facilities producing iron and steel, and the importance of the
subject is better understood when considering the iron and steel
production of approximately 11.5 million tons/year and the
diversity of refractory usage areas.
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Abstract— The most important cause of air pollution is dust and gases released into the atmosphere uncontrollably. In industrial
facilities, dust particles that occur during production or during operation, depending on production, threaten both the environment
and employee (human) health. These dusts, which are invisible and spread especially in the working area, cause damage to human
health. For the health of humans and the environment, dust collection is of great importance in the collection and removal of dust
dispersed in the environment. With dust collection systems, dust, gas, smoke, etc. air pollutants in the air are absorbed and separated
from the clean air. The air brought to the standards that will not harm the environment and human health is transferred to the outside
environment. In the first stage of this study; The main parts and auxiliary systems of the Blast Furnace unit, which has the dust
collection system to be revised in Kardemir, are explained. After the Blast Furnace is explained, the part about dust collection systems
and types is explained. Then, the dust collection unit used for filtering the dust and gases generated during the transfer of the liquid
raw iron produced in the Blast Furnace-1 facility to the torpedoes (casting) was examined. The online dust collection filter used in the
dumping path in this facility is the online dust collection filter, and due to the working principle of the filter, in case of malfunction or
maintenance, it causes the plant to stop or production in an unhealthy environment. In this study, the working principle of the online
dust collection unit used in the casting part of Kardemir A.S Blast Furnace-1 facility and the malfunctions that may occur during
operation are mentioned. In case of malfunction or maintenance in the dust collection unit, the unit must stop and this causes the
production to continue in an unhealthy environment. The thing that needs to be done in order not to continue working in an unhealthy
environment is to stop the facility in a planned manner and fix the malfunction. In this case, it causes loss of production. The online
dust collection unit used in this part of the facility was converted into an offline dust collection unit by making the necessary revisions
and modifications. As a result, malfunctions or maintenance that may occur in the unit due to the working principle of the offline dust
collection system are eliminated by closing the compartments locally. As a result, the production loss and unhealthy working
environment caused by the dust collection unit have been eliminated.

Keywords— Dust collection systems, bag filter systems, pulse jet filter, online offline filter, filter equipment.
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Abstract— In today's technology, the power of mechanization has emerged in places where manpower is insufficient to meet the
increasing needs for many facilities. With the conveyor systems, the transportation of the material from one point to another in the
facilities has become much easier in terms of time, distance and capacity. Since belt conveyors are a reliable and cost-effective system
in material handling, the quality of the belt used should be carefully selected. It is important that wear and tear on the belt over time
are repaired quickly and effectively so as not to prolong plant downtime, and prompt repair is essential so that a minor damage detected
does not lead to more inconveniences. In this study, vulcanization time, which is one of the parameters affecting the belt strength in belt
splicing made by vulcanized welding method, is discussed. By examining the effect of time on strength, it is aimed to extend the life of
the belt splicing. In the study, general characteristics of belt conveyors, belt conveyor types, belt structure and properties, vulcanization
definition, splicing process steps with vulcanized welding method and experimental studies to examine the effect of vulcanization applied
at different times were examined. According to the test results, it has been observed that the vulcanization time has a positive effect on
the belt strength and it has been observed that the welding machine used also saves time in terms of returning the belt to use faster in
the facility.

Keywords— Vulcanization, belt conveyor, strength, welding, belt structure.
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Siirtiinme Katsayisinin Sekillendirme Sirasinda Olusan Gerilmelere Bagh Olarak Parca
Kalinhigina Olan Etkisi
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OZET

Soguk sekillendirme, metallerin i¢yapisini degistirmeden, yiiksek hiz ve basing kullanilarak
yapilan sekil verme islemidir. Soguk sekillendirmede amag, sac yiizeyinde catlak veya yirtiklar
olusturmadan malzemeye tiniform sekil vermektir. Bu yiizden malzeme soguk sekillendirmeye
ugratilmadan 6nce gerekli analizlerin yapilmasi olduk¢a 6nemlidir. Fazla uygulanan basing
veya yiiksek oranlardan meydana gelen lokal plastik deformasyon malzemeye istenilen seklin
verilememesine neden olmaktadir. Bu amagla, aginim sacinda soguk sekillendirme ile olusacak
stres bolgelerinin analizinde en sik kullanilan simiilasyon programlarindan biri Autoform’dur.
Bu calismada da ara¢ tavan pargasinin sekillendirilmesinde kullanilan 2mm kalinligindaki
diisiik karbonlu HX420LAD sacin Autoform programi ile soguk sekillendirme simiilasyonu
yapilmistir. Uygulanan kuvvete bagli olarak sac kesitinde incelme ve yirtilma olusmasi
muhtemel bolgelerin tespiti yapilmistir. Ardindan Autoform programinda bu bolge lizerinde
teoride siirtiinme katsayisi orani diistiriilerek stres bolgeleri azaltilmistir. Pratikte de aginim saci

tizerine farkli yaglayicilar uygulanarak incelmenin 6niine gegilmeye c¢alisilmis ve oldukca
basarili sonuglar elde edilmistir.

Anahtar Kelimeler: Soguk sekillendirme, sac sekillendirme, diisiik karbonlu ¢elik, otomotiv
celikleri

Effect of Coefficient of Friction on Part Thickness Due to Stresses Occured in Forming
Process

ABSTRACT

Cold forming is the process of forming using high speed and pressure without changing the
internal structure of metals. The aim in cold forming is to give the material a uniform shape
without creating cracks or tears on the sheet surface. Therefore, it is very important to make the
needed analyzes before the material is cold formed. Local plastic deformation caused by
excessive applied pressure or high rates causes the material not to be given the desired shape.
For this purpose, Autoform is one of the most frequently used simulation programs in the
analysis of stress zones to be formed by cold forming in the raw sheet. In this study, cold
forming simulation of the 2mm thick low carbon HX420LAD sheet used in the shaping of the
vehicle roof part was carried out with the Autoform program. Depending on the applied force,
the areas where thinning and tearing may occur in the sheet metal section were determined.
Then, in the Autoform program, the friction coefficient ratio was reduced in theory on this

region and the stress regions were reduced. In practice, thinning has been tried to be prevented
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by applying different lubricants on the expansion sheet and very successful results have been

obtained.

Keywords: Cold forming, sheet metal forming, low carbon steel, automotive steels
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Ar-Ge Merkezi Destegi ve TURQUALITY
Program Destegi Uzerinde Tiirk Imalat
Sanayisinin Inovasyon ve Thracat
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Performansinda Tesviklerin Etkinligi
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Orcid / 0000-0002-9881-8892 / ozgul cavus@hotmail.com

Ozet--Diinyanin bircok iilkesinde ulusal iiretim, ihracat ve inovasyon kapasitesini arttirmak icin farkl alanlarda
ozellesmis tesvik programlari uygulanmaktadir (Ardig¢,1994). Tesvikler, Ar-Ge ve teknolojiyi gelistirmek, yatirimi
artirarak isletmelere rekabet giicii kazandirmak, ihracati desteklemek, yabanci yatirimin gelmesini saglamak, bolgesel
dengesizligi azaltmak, nitelikli insan giicii saglamak, kaliteyi ve verimliligi arttirmak, KOBI’leri desteklemek gibi
bircok alanda uygulanmaktadir (Duran, 2003). Tiirkiye, ekonomisinin biiyiikliigiine gore bircok alanda tesvik
programlar1 uygulanmaktadir (Durgun, 2003). Tiirkiye’de 2000 sonrasi donemde ulusal ihracat kapasitesinin
arttirilmas1 amaciyla KOBI, inovasyon, Ar Ge, markalasma, tasarim, bdlgesel kalkinma gibi 6zellesmis alanlara
yayllmistir (Devlet Planlama Teskilati, 2003). “Ar-Ge Merkezi Destegi”, firmalarin Ar Ge kapasitesini artirarak yeni
teknolojiler gelistirilmesini tesvik eden bir Ar-Ge destegi, “TURQUALITY Destek Programi” ise firmalarin
uluslararasi pazarda tutunmasini tesvik eden bir markalasma destegidir(Aktepe,2019). Ayrica, her iki destekte de iiriin
tasarim1 ve gelistirme faaliyetleri dolayll olarak tesvik edilmektedir (Aktepe,2019).Bu kapsamda, Ar-Ge ve
markalasmaya yonelik uygulanan tesvikler olan “Ar-Ge Merkezi Destegi” ile “TURQUALITY Destek Programinin”
Tiirkiye’de imalat sanayinin alt sektdrlerinin ihracat ve inovasyon performansi iizerindeki etkisi bu calismada
arastirllmistir. “Ar-Ge Merkezi Destegi” ile “TURQUALITY Destek Programinin” se¢mis olmamin sebebi her iki
destek programinin amacinda iilke ekonomisinin uluslararasi diizeyde rekabet edebilir bir yapiya kavusturulmasi ve
ihracatin artirlmasi seklinde hedeflerinin olmasidir. Uriin tasarimi ve gelistirme faaliyetlerinin, “Ar-Ge Merkezi
Destegi” kapsaminda Ar-Ge ana bashg altinda, “TURQUALITY Destek Programi1” kapsaminda ise markalasma ana
bashg altinda dolayl bir sekilde tesvik ediliyor olmasidir (A¢ikel, 2018).Ar-Ge Merkezi Destegi”, firmalarin inovasyon
kapasitesini artirarak katma degeri yiiksek iiriinler iiretmelerini, “TURQUALITY Destek Programi” ise firmalarin
yurtdisinda organizasyon Kkapasitesini artirarak markalasmalarini  destekleyen yapida bir tiir tesvik
uygulamalaridir(Aktepe,2019). Her iki destek programinda teknolojiyi ve markalasmayi destekleyen bir unsur vardir
ve bu yonde dolayh olarak desteklenen tasarim faaliyetlerinin ihracat ve inovasyon ile iliskisi oldugu goriilmektedir
(Aktepe,2019)“Ar-Ge Merkezi Destegi” ile “TURQUALITY Destek Programimin”, ihracata dayali hizli biiyiiyen
iilkelerin tesvik politikalarinda yaptiklar1 gibi yiiksek teknolojili sektorlere yonelik uygulamalar gerceklestirdigi
goriilmektedir. (Acikel, 2018). Bu durum, dogrudan teknolojiyi destekleyen destek mekanizmalarinin, sektérlerin
inovasyon kapasitelerini artirmalarmmin  yam1 sira  ihracatlarmi  da artirmalarinda  etkili olduklar:
goriilmektedir(Askin,2016). Dolayisiyla, ihracata dayali biiyiimenin desteklenmesi amaciyla uygulanan destek

mekanizmalarmin sektorlerin tanitim, pazarlama, lojistik, vb. tutundurma faaliyetlerinin Gtesinde sektdrlerin teknoloji
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kapasitesini artirarak katma degeri yiiksek ihracat yapmalarmi saglayacak nitelikte olabilecegi de diisiiniilmektedir
(Askin,2016)Biiyiik bir kalkinma basaris1 gosteren iilkelerin basarilarmin altinda yatan esas unsurun, optimal sayida
ve siirede tesvik uygulamalarii hayata gecirerek bu tesvikleri belli kurallar ile yaptirbmlar cercevesinde takip ettikleri
oldugu goriilmiistiir. Tesviklerin verimli bir sekilde yonetilebilmesi, s6z konusu tesviklerin belirli kurallar kapsaminda
idaresine ve s6z konusu tesviklere iliskin verilerin sistematik bir sekilde takibiyle ilgilidir. Boylelikle, tesviklerin verimi

analiz edilebilir, uluslararasi kiyaslamasi yapilabilir ve bunun neticesinde etkinligi dl¢iilebilir.

The Effectiveness of Incentives in the
Innovation and Export Performance of the
Turkish Manufacturing Industry on R&D

Center Support and TURQUALITY

Program Support

Abstract--In many countries of the world, special incentive programs are implemented in different fields to increase
national production, export and innovation capacity (Ardig, 1994). Incentives are applied in many areas such as
developing R&D and technology, increasing investment, giving businesses competitiveness, supporting exports,
ensuring foreign investment, reducing regional imbalance, providing qualified manpower, increasing quality and
productivity, and supporting SMEs (Duran, 2003). According to the size of Turkey's economy, incentive programs are
implemented in many areas (Durgun, 2003). In order to increase the national export capacity in Turkey in the post-2000
period, SME spread to specialized fields such as innovation, R&D, branding, design, regional development (State
Planning Organization, 2003).“R&D Center Support” is an R&D support that encourages the development of new
technologies by increasing the R&D capacity of companies, and the “TURQUALITY Support Program” is a branding
support that encourages companies to hold on to the international market (Aktepe, 2019).In addition, product design
and development activities are indirectly encouraged in both supports (Aktepe, 2019).It is seen that the ""R&D Center
Support" and the "TURQUALITY Support Program'' have implemented applications for high-tech sectors, as they do
in the incentive policies of export-based fast-growing countries. (A¢ikel, 2018). In this situation, it is seen that support
mechanisms that directly support technology are effective in increasing the innovation capacities of the sectors as well
as increasing their exports. Therefore, the support mechanisms applied in order to support export-led growth should
be applied to the promotion, marketing, logistics, etc. of the sectors.(Askin, 2016). It is thought that beyond the
promotion activities, it may be of a quality that will increase the technology capacity of the sectors and enable them to
export with high added value (Askin, 2016).It has been seen that the main factor underlying the success of the countries

with great development success is that they implement incentive practices in optimal number and time and follow these
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incentives within the framework of certain rules and sanctions. The efficient management of incentives is related to the
administration of these incentives under certain rules and systematically monitoring the data on these incentives. In this
way, the efficiency of incentives can be analyzed, international comparisons can be made, and as a result, their

effectiveness can be measured.
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Abstract- As the focus of the industrial sector shifts towards the
use of new, lightweight, high-strength materials, the requirements
for tool properties are also changing. The demand for tools with
high wear resistance is increasing.

Tools and molds used in hot metal forming can be exposed to
high contact pressures combined with high temperatures, causing
different types of tool damage. The most critical damages are wear
and fatigue damages.

In this study, the wear life of DIN 1.2344 and Dérrenberg
patented WP7V quality hot work tool steels, which are frequently
used in tools and molds in the industry, were investigated. Samples
were prepared from heat treated 1.2344 and WP7V hot work tool
steels under the same conditions. Using 6 mm diameter 100Cr6
steel balls, pin-on-disc wear tests were carried out at 25°C- 400°C
in a dry environment at 300rpm under 20 N force load. The wear
test results of the examined materials were compared.

Keywords— Din 1.2344, WP7V, Wear Behaviour, Heat Treatment,
Hardness, Microstructure

Not: Bu bildirinin tam metni makale olarak Celik Arastirma ve

Gelistirme Dergisi (Journal of Steel Research and
Development)’nde yaymlanmistir.
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Abstract— High nitrogen austenitic steels have excellent mechanical properties and corrosion resistance. Nitrogen is an
austenite stabilizer element thereby it can reduce the formation of ferrite and martensite during solidification. The dissolution
of nitrogen on the metal surface provides the formation of a thicker and more protective passive film by nitrate ions. Thus,
nitrogen addition improves corrosion resistance. On the other hand, nitrogen has a strong solid solution strengthening effect,
leading to obtaining higher mechanical properties. Despite the better properties of high nitrogen steels, their fabrication is
challenging. The production of high nitrogen austenitic steels includes the implementation of two methods. The first is liquid
state treatment, which involves melting the steel in an atmosphere of high-pressure nitrogen. The second method is solid state
treatment, also known as high temperature solution nitriding, whereby the steel surface undergoes absorption of nitrogen gas.
The pressurized melting process has high production costs and also causes poor workability. The solid state treatment is more
suitable for the production of high nitrogen steels. In the solid state, high temperature treatment allows the dissolution of higher
nitrogen contents in the austenite than in the liquid state. In this present study, Cr-Mn type high nitrogen austenitic steel is
produced by high temperature solution nitriding method applied at 1200 °C under different pressure values for different times.
In order to conduct microstructural characterization, a variety of methods including light microscopy, scanning electron
microscopy, LECO analysis, and the X-ray diffraction method were employed.

Keywords— High nitrogen austenitic steels, high temperature solution nitriding, austenitic stainless steels, nitrogen alloying,
microstructure
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AISI 4140 grade medium carbon steels are frequently used in the automotive industry after
being subjected to a fine blanking process. Medium carbon steels have a ferritic, pearlitic
microstructure in the as-received and normalized condition, whereas the cementite in pearlite
has a lamellar morphology. Such a lamellar morphology of cementite results in a rougher
fracture surface after the parts are blanked, which may initiate a fatigue crack from the blanked
edge. In order to obtain a smoother morphology at the blanked edges and thus diminish the
possibility of fatigue crack initiation during use, spheroidizing annealing is mostly preferred,
which makes the cementite globular. Spheriodizing annealing can be performed in several
ways, including a single-stage spheroidizing and a cyclic spheroidizing, where the
spheroidizing is successively performed between an upper and a lower temperature.

Therefore, it was aimed in this study to optimize the parameters of cyclic spheroidizing and
compare the results with those obtained after a single-stage spheroidizing. Before the cyclic
spheroidizing annealing, Acl and Ac3 critical transformation temperatures were estimated
using appropriate equations reported in the literature. As a result, cyclic spheroidizing annealing
parameters were upper and lower temperatures, holding duration at each temperature, and a
number of repetitions of the process, i.e. cyclic number.

Following spheroidizing heat treatments, the microstructures were examined by optical and
scanning electron microscopes. The globular cementite morphology was quantified by using
Clemex image analysis software, and hardness was measured. The results revealed that ten
successive spheroidizing cycles performed at 800 and 680 °C with 10 min holding for each
temperature give the best results regarding the number of globular cementite particles. These
optimized parameters also resulted in a complete shear surface after being subjected to an
industrial fine blanking process, which is preferred over conventional cutting surfaces with a
rougher morphology.

Keywords: AISI 4140 Steel; Cementite; Fine Blanking,; Spheroidizing Annealing.
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ASP 2012 and ASP 2005 are powder metallurgy tool steels used in plastic injection molding,
forming, hot forming, and machining applications. Both steels exhibit good mechanical
properties due to homogeneously dispersed carbides in their microstructures, providing wear
resistance and tensile strength. The surface of tool steels is crucial as it interacts with the
environment leading to failures such as corrosion, wear, fatigue, and oxidation. Various surface
modification methods can effectively reduce the possibility of such failures. Among them, Hot
Dip Aluminizing (HDA) is a very effective and economical surface coating method, which is
frequently used in combination with a subsequent diffusion annealing (DA) heat treatment.
HDA and subsequent DA processes, when applied to steels, an aluminum-rich and iron-rich
intermetallics form on the surface, which protect the steels against wear, oxidation and
corrosion.

This study aims to investigate the feasibility of HDA and the subsequent DA processes on the
microstructure of the coating as well as the wear and corrosion resistances of ASP 2005 and
ASP 2012 grade PM tool steels. In this context, the HDA process was performed in a molten
Al-12 wt.% Si bath at 700 °C for 3 min, followed by diffusion annealing at 1100 °C and 1070
°C for 1 h for AISI 2005 and ASP 2012 steels, respectively. The coating morphology and
structure were examined by optical microscope, scanning electron microscope (SEM) equipped
with energy dispersive spectroscope (EDS) and X-ray diffractometer (XRD). In addition, the
wear behaviour of the samples was analysed by reciprocating wear tests using a pin-on-flat
configuration, and the corrosion behaviour was evaluated by electrochemical corrosion tests
performed in 3.5 wt.% NaCl solution. The experiments were repeated for as-received,
quenched, and tempered (QT) samples, and the results were comparatively evaluated.

The results showed that FesAl, FeAl and FeAl, intermetallics formed on the surface of both
steels regardless of the steel grade. However, a thicker coating layer was obtained in ASP 2005
grade tool steel, having higher alloying elements than ASP 2012 grade steel. ASP 2005 grade
steel in QT condition exhibited the best wear resistance due to its highest hardness. From the
viewpoint of corrosion performance, HDA and the subsequent DA processes provided better
corrosion resistance for both steels with respect to their as-received and QT counterparts. On
the other hand, the corrosion resistance of ASP 2012 steel was better than that of ASP 2005
steel after the HA and DA process. This was attributed to the wider FeAl, layer in the coating
of ASP 2012 steel.

Keywords: Tool steels; Hot Dip Aluminizing (HDA), Diffusion Annealing (DA); Wear
Behavior; Corrosion Resistance.
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AISI 4140 steel is a medium carbon low alloy steel commonly used in automotive and aircraft
industries due to its good mechanical properties and hardenability. The steel is often used in a
quenched and tempered (QT) condition, providing the optimum combination of hardness,
strength and toughness to perform well against static and dynamic loads during application
without failure. However, tempering heat treatment may diminish the toughness of the steel
when applied to certain temperature intervals. This mechanism is known as temper
embrittlement and is divided into two sub-categories such as tempered martensite embrittlement
and temper embrittlement, depending on the tempering temperature. Because AISI 4140 steel
is mostly used after tempering and is also subjected to dynamic loading conditions during use,
the steel is prone to temper embrittlement and fatigue failure. In this context, the effect of
temper embrittlement on fatigue behaviour should be considered to avoid fatigue-related
failures due to the insufficient toughness of the steel.

Therefore, this study aimed to investigate the effect of temper embrittlement on the high cycle
fatigue behaviour of an AISI 4140 steel. The samples were tempered in the 200 - 600 °C range
in 50 °C intervals after being austenitized at 830 °C for 30 min and quenched in oil. The
microstructure was examined by an optical microscope, and Rockwell C hardness tests were
performed. Charpy V-notched impact tests of the tempered samples were conducted at room
temperature, and the variation of impact energy depending on the tempering temperature was
determined. The results showed that the samples tempered at 300 °C have the lowest impact
energy, indicating that tempered martensite embrittlement occurs at this temperature. In order
to evaluate the effect of temper embrittlement on fatigue behaviour, the samples tempered at
300 °C were subjected to rotating bending fatigue tests. The samples tempered at 200 °C and
400 °C were also subjected to fatigue tests for comparison. The fatigue test results revealed that
the samples tempered at 200 °C had a significantly higher fatigue life than the others when all
tested at the same stress amplitude. However, the difference in the fatigue lives of 300 °C, and
400 °C tempered samples was close with the samples tested at 400 °C has slightly lower fatigue
lives. Finally, it was concluded that the fatigue lives of AISI 4140 steels in quenched and
temperature conditions decrease with the increase in tempering temperature. The steel is
subjected to tempered martensite embrittlement when tempered at 300 °C. However, the
tempered martensite embrittlement does not have a distinct effect on the fatigue of AISI 4140
QT steel.

Keywords: AISI 4140 Steel; Fatigue, Quenching, Tempering, Temper Embrittlement.
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Abstract — When the tensile test of a material is requested, the
results may be encountered when the tests of commonly used
metallic materials are performed in accordance with the
international tensile test standard. However, many different
metallic material tensile tests are used in the world. Differences in
sample geometry and size definitions of these standards affect the
tensile test results. In this study, sample shape, geometry, and size
differences are defined and their effects are presented. In the
result, the reasons for the sample geometry and the gauge length
differences of the people who interpret the tensile test results are
explained.

Keywords— Tensile test, sample geometry, gauge length, size effect

I. GIRiS

Cekme testi, sac metallerin bigimlendirme ve yapisal
davranigin1 karakterize eder. Test, iyi tanimlanmis bir sekle
sahip bir numunenin eksen boyunca gerilimde, genellikle
kirillma noktasma kadar yiiklenmesini ve gesitli mekanik
ozelliklerin hesaplanmasi i¢in ortaya c¢ikan yiikiin ve yer
degistirmenin kaydedilmesini igerir.

Cekme testinde makina ¢eneleri numunenin kenarlarindan
uygun basingta sikigtirir. Test ilerledikge, ¢eneler bagli kuvvet
oleme cihazi ile kuvvet degeri ve bir ekstansometre ile 6l¢ii
uzunlugu icindeki yer degistirme veya uzama miktari izlenir.
Cekme testi sirasinda, test numunesinin uzunlugu arttikca
numune genigligi ve kalinligi kiigtilir. Numuneler kirilana
kadar g¢ekme kuvveti uygulanir. Kirllma sonrasinda test
tamamlanir. Cekme testi sonucunda, dikey eksende gerilme ve
yatay eksende birim uzamay:! gosteren mithendislik gerilme-
uzama egrisi elde edilir, Bu gerilme-uzama egrisinden, ¢ekme
testi sonucu olan ve malzemelerin mekanik 6zeliklerini
gosteren cok sayida parametre elde edilir.

II. CEKME TESTi SONUCLARINI ETKILEYEN PARAMETRELER

Cekme testi sonucunda elde edilen sonuglari temel etkileyen

parametreler olarak asagidaki parametreler sayilabilir.
e  Numune Biiytiklugii ve Sekli, Yonu

Test Hizinin Etkisi
Cekme Testi Prosediirii
Cekme Test Ekipmaninin (aparat ve makina) Etkisi

Bu parametrelere farkli maddeler ve etkiler eklenebilir[1-5].
Ancak genel olarak deney sonuglarina etkisi olan parametreler
ile 6zetlenebilir.

Cekme test hizinin etkisi incelendiginde gerilim-uzama
egrileri, test hiziyla birlikte degisir ve hiz arttik¢a genel olarak
artarlar. Bu hiz degerindekindeki degisim biiyiikliigtine bagl
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olarak etkisi degisebilir. Yiiksek c¢ekme hizlarinda ¢ekme
tepkisini karakterize etmeye calisirken ©nemli zorluklarla
karsilagilabilir. Karsilasabilecek zorluklar olarak, uygun hizi
saglayabilen test makinasi, uygun veri toplama yetenekleri ve
uygun tutturma pargalari sayilabilir.

Geleneksel c¢ekme testi, '"yar1 statik" test olarak
adlandirilacak kadar yavas uzama hizlarinda yapilir. Bu hizlar,
bir carpisma olay1 sirasinda yasanan durumdan birkag kat daha
yavasg olan deformasyon degisimlerine neden olur.

Cekme test sonuglarini etkileyen diger bir parametre olarak
tutturma aparatlarmin etkisi sayilabilir. Ozellikle yiiksek
mukavemetli celikler(AHSS) test cihazlarint zorlayabilirler.
Kuvvet ve yer degistirme tepkisi, yalnizca numunenin
degerlerini yansitmali ve makina govdesi ve diger test
ekipmanindan etkilenmemelidir. AHSS pargalar1 preslenirken
yeterince sert olmayan kalip par¢alarinin esnemesi gibi, cekme
testi cihazinin gévdesi de benzer sekilde esneyebilir ve bu da
kuvvet-yer degistirme dlgtimlerinde yanligliklara neden olabilir.

AHSS numunelerini test edilirken kavrama giicti de kritik
hale gelir. Yiiksek mukavemeti metal numunelerin ¢ekme
testinde ¢enelerden kaymasini 6nlemek i¢in daha fazla kavrama
basinct gerektirir. Pnomatik ¢eneler ve hatta bazi mekanik
ceneler gerekli basici olusturmayabilir. Mukavemet arttik¢a
hidrolik olarak calisan ¢eneler gerekli olabilir.

Numunenin hadde yoniine bagli olarak ¢ekme yoniiniin
degistirilmesi, malzemenin ¢ekme testi sirasinda olusan
gerilmeleri ve deformasyonlar1 degistirebilir.

Bu caligmada, 6l¢ti boyunun farkliliklart ve ayni standart
malzemeden imal edilmis farkli geometrilerde veya boyutlarda
numuneler test edildiginde ¢ekme sonuglarinin etkilenip
etkilenmedigini arastirllmistir. Olgli uzunlugu farkhiliginin
sonuglara etkisi ve hangi 6l¢ii boyunun segilmesi gerektigi bu
calismada incelenmistir. Cekme testi sonuglarini etkileyen
diger parametrelere bu ¢aligmada yer verilmemistir.

I1I. GLCU BOYU VE NUMUNE GEOMETRISININ CEKME TESTI
SONUGLARINA ETKISI

Bu bolimde 6l¢ii boyunun tanimlamasindan sonra uygun
Ol¢ti boyu segimleri ve dl¢iim boyu farkliliklarmin gekme test
sonuglar1 tlizerine etkisi agiklanmistir. ilave olarak farkli
boyutlu numunelerinde ¢ekme test sonuglarinin degisimleri de
ayr1 bir madde olarak verilmistir.

A. Olgii uzunlugu

'Olcii uzunlugu, gosterge uzunlugu' terimi, test numunesinin,
¢ekme testi sirasinda ger¢ek uzama agisindan lgiilen kismint



ifade eder. Test edilen malzemeye ve kullanilan ASTM veya
ISO standardina bagli olarak, 6l¢ii uzunlugu, c¢ekme test
makinesinin ¢eneleri arasindaki mesafe veya 6rnegin bir uzama
Olciim cihazi (ekstansometre) tarafindan 6lgiilen numune kismi

olarak almabilir[6-8].
So do
\
-
| I
L.
LC

L.I..

Z,
m

L

ao, yasst deney parcasinin baglangigtaki kalinlig1 veya borunun et
kallig:

bo, yass1 bir deney parcasinin ilk gévde genisligi

Lc, paralel uzunluk

Lo, ilk dl¢ii uzunlugu

Lt, deney parg¢asi toplam uzunlugu

Lu, kirllmadan sonraki son 6l¢ii uzunlugu

So, paralel uzunlugun baslangigtaki kesit alant

1, kavrama, tutma uglari

Sekil 1. ISO 6892-standardinda tammlanan ¢ekme numunesi

ISO 6892-1 standardinda ¢ekme numunesi sekil 1 deki gibi
verilmis ve 6l¢ti boyu ile ilgili tanimlarda asagidaki sekilde
ifade edilmistir.

e Olgii uzunlugu, L, deney parcasmin, deney sirasinda
herhangi bir anda iizerinde uzama 6l¢timii yapilan paralel
kisminin uzunlugu
Ik 6lgii uzunlugu, Lo, deneye baslamadan 6nce oda
sicakhiginda olgiilen deney pargasi iizerindeki 6lgii
uzunlugu isaretleri arasindaki mesafe
Kirilmadan sonraki son 6l¢ii uzunlugu, Lu, oda
sicakliginda, kirilmadan sonra, iki parca eksenleri ayni
dogru iizerinde olacak sekilde dikkatle yeniden bir araya
getirildikten sonra Olciilen 6lcti uzunlugu isaretleri
arasindaki mesafe
Paralel uzunluk, Lc, deney pargasinin paralel kesiti
daralmis kismimin uzunlugu olarak tanimlanir.

Uzama Ol¢iimii hesaplamasinin bir parcasi olarak '6lcii
uzunlugu' da kullanilir. Bu durumda terim, test baslamadan
once numunenin ilk 6l¢ti uzunlugunu ifade eder[6-7].

Olgii uzunluklari, kullanilan numunenin boyutuna ve tiiriine
gore standartlagtirilmaya ¢alisilir. Pek ¢ok test standardi, en
yaygin olani kopek kemigi seklindeki ve diiz (paralel) 6rnekler
olmak iizere birden ¢ok numune seklini tanimlar. Képek kemigi
numune  sekli, kavrama kolayligt ve test cihazi
uyumlulugundan daha az etkilenmeyi saglar. Bir basma
testinde, test numunesi ayni yiikseklikte bagladigindan 6lgii
yiiksekligi ve gosterge uzunlugu her zaman ayni olacaktir.

Bir ¢ekme testinde 6Slgiilen yiizde uzama degeri(A), 6l¢i
uzunlugu ad1 verilen bir baslangi¢ referans uzunluguna kiyasla
uzunluktaki artis olarak tanimlanir. Uzama sonucu, yalnizca
¢ekme testi numunesinin belirli sekli ve olgiildiigi Olcii
uzunlugu ile ilgilidir.
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[Ik 6l¢ii uzunlugu, kirilmadan sonraki yiizde uzama degeri A
simgesinin k, “orant1 veya orantililik katsayis1” n1 gosteren bir
alt indis ile gosterilir. Ornegin, orantili test pargalari igin,
So’nin paralel uzunlugun ilk kesit alan1 oldugu durumda ilk
Ol¢ti uzunlugu (Lo) asagidaki sekilde gosterilir (Denklem 1, 2).
Ayrica A simgesinin alt indisi olarak kullanilan deger yiizde
uzama degerinin hesabinda kullanilan 6l¢ii uzunlugunun mm
birimdeki degerini gosterir(Denklem 3).

Ases = Lo = 5,65,/Sp (1)
Ayyz - Lo =113/S, )
Agyp = Ly = 80mm 3)

Test numunesi boyutlari, test sonuglarini etkileyebilir.
Silindirik veya dikdortgen numuneler igin, test numunesi
boyutunun degistirilmesinin genellikle akma ve c¢ekme
gerilmesi (dayanimi) iizerinde ihmal edilebilir bir etkisi vardir,
ancak varsa iist akma gerilmesini ve alana bagli uzama ve kesit
daralmas1  degerlerini  etkileyebilir. Farkli  numuneler
kullanilarak belirlenen uzama degerlerinin karsilagtirilmasinda,
asagidaki k oranti katsayilarinin kontrol edilmesi gerekir.

Tablo 1. k degerlerinin degisimi

Ly=k{So = k=1Lo/\[Sy  Lo=kDy—k=Ly/Dy
Numune tipi k degerleri
umunetip ASTM E8 | ingiltere | Almanya
Sac, dikdortgen, 45 565 13
(Lo/+[So) ' ' ’
Cubuk, silindirik
(Lo/Do) 4,0 5,00 10,0

Kullanilan standarda bagl olarak 6l¢ii uzunlugu boyunca
silindirik veya dikdortgen bir kesitte standart bir numune
hazirlanir. Numunelerin her iki ucu ise, test sirasinda sikica
kavranacak sekilde yeterli uzunluga ve yiizey kalitesine sahip
olmalidir. ik 6lgii uzunlugu Lo standartlastirilmistir (birkag
iilkede) ve listelendigi gibi numunenin ¢apina (Do) veya enine
kesit alanina (So) gore degisir (Tablo 1).

Daha kiigiik (Lo/NSo) oranlarina sahip numuneler genellikle
daha fazla uzama ve kesit daralmasi degerleri saglar. Bu,
ornegin dikdortgen bir gekme test numunesinin genisligi veya
kalinligr arttirildiginda ortaya cikar.

(Lo/NSo) oranini sabit tutmak farkliliklari en aza indirir
ancak bazen bu durum miimkiin olmayabilir. Malzemeye ve
test kosullarina bagli olarak, orantili numunenin boyutunu
artirmas! ile uzama ve kesit daralmasi degerlerinin biraz
artirdig1 veya azalttig1 bulunabilir[9-14].

Ayrica 6l¢ii uzunlugunda, izin verilen % 1 sinira kadar bir
koniklik kullanilmasi, daha diisik uzama degerlerine neden
olabilir. % 1'lik bir koniklik i¢in uzama degerlerinde % 15'e
varan azalmalar gézlenmistir[2].

B. Farkii Ol¢ii Boylarimin Etkisi:

Ayni malzemeden yapilmis iki farkli 6l¢ti uzunluguna sahip
Sekil 2 deki gibi iki numunenin test sonuglarini karsilastiriimasi
su sekilde yapilabilir. Sekil 2’deki Numune A 6l¢ii uzunlugu
Numune B’nin 6l¢ti uzunlugundan biiytiktiir. Cekme testi
baslatildiginda ve Numune A veya Numune B gekildiginde,



uzama, maksimum kuvvete ulasilan ve boyun vermenin
basladigi  noktaya kadar Ol¢i  uzunlugu  boyunca
homojendir. Her bir malzemedeki uzama bu noktaya kadar
tiniform oldugu kabul edilir. Sonrasinda, sekil 3’teki gerilim-
uzama egrisinde gosterildigi gibi kuvvet diismeye baslayacak
ve alandaki azalma arttk malzemedeki uzama miktarryla
orantili olmayacaktir.

I

Sekil 3. Siinek malzeme ¢ekme test numunesi sekil
degisimi ve grafigi

Specimen 8

Specimen 4

Sekil 2. Farkl
ol¢ti uzunluklu
cekme numunesi

Biiziilme bolgesi bityiikliigii kiyaslandiginda, Numune A'nin
2 inglik 6l¢ti uzunlugunun kapladigi alana kiyasla Numune
B'nin 1 inglik 6l¢ii uzunlugunun ¢ok daha biiyiik bir bolimiinti
kapsamaktadir. Test bittiginde ve numunelerin iki kirik ucu
birlestirildiginde, daha kiigiik 6l¢ii uzunluguna sahip Numune
B'nin olgiilen uzama yiizdesi, daha biiyiik 6l¢ii uzunluguna
sahip Numune A'nin yiizde uzamasindan daha biiyiik olacaktir.

A=100.AL /L, “)

Burada; Loilk ol¢ti uzunlugu, AL ilk o6l¢ti uzunlugundaki
degisim degeridir. Formiile gore ilk 6l¢ii uzunlugu arttikca,
ylizde uzama azalir.

Konunun daha iyi anlasilmasi igin, 6l¢ii uzunlugu 10 esit
parcaya boliinmiis bir ¢ekme ¢ubugu oldugunu diisiinelim.
(Sekil 4A). Cekme testi sirasinda ¢ekme gubugu uzadikca,
boliimlerin her biri genisler. Tiim boliimler diizgiin bir sekilde
genislerse, referans ol¢ti uzunlugunuz icin hangi ilk bolimii
sectiginizin bir nemi olmayacaktir (Sekil 4B).

m\——‘_q ;i

: .
8 |
: g j\ |
:
-,
+o > [
g
3
——H

Sekil 4. (4) Bir cekme cubugu 10 egit
boliime boliinmiis bir dl¢ii uzunluguna
sahiptir. (B) Uzama swrasinda tiim
boliimler esit sekilde genislerse,
referans olgii uzunlugu icin ilk boliimiin
secimi onemli degildir. (C) Ancak, en
biiyiik uzama degerleri kirilan yerin
vakmmda yogunlaswr (kirmizi ile
gosterildigi gibi).

Ancak, en biiyiik uzamalar kirilan yerin yakininda
yogunlastig1 goriilmektedir. Sekil 4C'de gosterilen Ornekte,

Sekil 5. Cekme numunesinin
oleii uzunlugu boyunca konum
ile bolgesel uzamanin degisimi
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6l¢ti uzunlugunun merkezinde kirilma meydana gelecektir. 10
bolgenin tiimiinii kapsayacak bir 6l¢lim uzunlugu secildigi igin,
tim aralik boyunca uzamalarin ortalama degeri gozlemlenir.
Bu, merkez bolge yiiksek uzama alanlarin1 ve kenarlardaki
duisiik uzama alanlarmni igerir. Bu 6rnegi kullanarak, ¢gubugu ilk
uzunlugunun ¢ektikten sonraki uzunlugu karsilastirirken,
uzunluktaki % 50'lik bir artis1 gorsel olarak tahmin edebilir.

Cekme ¢ubugunda 10 egit boliimiin tamamin1 6l¢ii uzunlugu
olarak almak yerine, yalnizca merkezi iki bolimii (Sekil 4C'de
kirmiz1 ile gosterilen) dikkate alinirsa, ilk bolimlere kiyasla
uzunlukta % 100'liik bir artis oldugunu tahmin edilebilir. Daha
kiigiik bir bélgenin ortalamasi alindigi igin, dlgiilen uzamalar
artmaktadir(Sekil 5). Bu sebepten 6l¢ti uzunlugu degerinin
se¢imi olduk¢a 6nemlidir.

C. Farkli Kesit ve Numune Seklinin Etkisi

Her iilke veya bolgenin standart test prosediirlerini
yazmaktan sorumlu bir kurumu vardir. Tiirkiye’de Tirk
Standartlar1 Enstitiisii(TSE), Avrupa birliginde International
Organization for Standardization(ISO), Amerika Birlesik
Devletlerinde American Society for Testing and Materials
(ASTM) sorumludur. Diger kuruluglar arasinda DIN
(Almanya), JIS (Japonya) ve BS (Ingiltere) bulunmaktadir. Her
birinden metalik sac iriinleri test etmek i¢cin uygun g¢ekme
numunesi sekilleri verilmistir. ISO, ASTM, DIN ve JIS
numune sekilleri i¢in Tip I, II ve III olarak tanimlama
yapmiglardir[6-8,15].

Metal levhalarin ¢ekme testi igin tam boyutlu numuneler,
test makinesi tutma c¢eneleri tarafindan kavranmasi igin
kenarlarinda dikdortgen kisimlar vardir. Orta bolge alanin
genisligi azaltmak, izlenen bolgede kirilmanin olugmasini
saglar. Bu geometrik 6zelliklere sahip numune, bir kopek
kemigine benzemesi sebebiyle genellikle bu isimle tanimlanir.

Kopek kemigi numunelerinin boyutlari, kullanilan ¢ekme
testi standardi ile iligkilidir. ISO standardindaki Tip I, II ve III
sirastyla ASTM A-24, DIN D-19 ve JIS J-15 sekillerine karsilik
gelir. Sekil 6’da farkli standartlarda tanimlanmis, genislik ve
6l¢ii uzunlugunun vurgulandigi kopek kemigi numune sekilleri
verilmigtir. Bu ¢ekme c¢ubugu sekilleri, genislik ve olcii
uzunlugunda o©nemli farkliliklar sergiler. ASTM ve JIS
cubuklari benzer 6l¢ii uzunluguna sahip olsa da, JIS cubugunun
genisligi ASTM cubugunun yaklasik iki katidir. ASTM ve DIN
cubuklari, 6l¢ti uzunlugunun genislige 4:1 oranina sahip iken
JIS gubugunda bu oran 2:1 olarak goriiliir.

0.s ml

| 2.0in, T
- >

ASTM Speciemen

JIS #5 Speciemen
20m ml

e

S —
’ 80 mm ,T

DIN 20X80 Speciemen

o

Sekil 6. Belirli test standardi organizasyonuna bagli olarak ¢cekme cubuklari,
Jfarkl genisliklere ve 6l¢gii uzunluklarina sahiptir.
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Bu sekil farkliliklari, ayni malzemeyi test ederken bile
kullanilan test numunesi standardina ve sekline bagli olarak
uzama performansinin degisecegi anlamina gelir. En kisa 6l¢t
uzunlugu ve en genis numunenin sekli ile JIS ¢ubuklarindan
elde edilen uzama degerleri tipik olarak diger sekillerden elde
edilenden daha yiiksek olacaktir.

Akma mukavemeti ve ¢ekme mukavemeti, ¢ekme
¢ubugunun sekline bagli olarak degisim gostermezler.
Mukavemet degeri uygulanan kuvvetin kesit alanina bélimi
olarak tanimlanir. Bu durum, numunelerin her biri farkli bir
numune genisligine (ve dolayisiyla farkli bir enine kesite) sahip
olsa da kuvvet degerine boliinduigii i¢in, numune seklinden
farkliliklar1 ortadan kaldiracak sekilde normallestirilir[16-17].

Numune sekil farkliliklari, ayn1 malzemeyi test ederken bile
kullanilan test numunesi standardina bagh olarak hesaplanan
uzama degerinin degistigi anlamma gelir. En kisa 6lgii
uzunlugu ve en genis numune boyutlarindaki (sekil 6) JIS
numunelerinden elde edilen uzama genel olarak diger
sekillerden elde edilenden daha yiiksektir[15].

1990'larda, basta Japonya ve Almanya olmak iizere yeni
yerli otomobil iireticileri, Amerika Birlesik Devletleri'ndeki
tiretimi artirdi. Birgok nedenden dolay1, kendi iilkelerinden sac
metal ithal etmek yerine ABD merkezli gelik iireticilerinden
6nemli miktarda malzeme tedarik ettiler. Tiim treticiler i¢in
ihtiyag duyulan c¢elik kaliteleri i¢in gereksinimler, farkl
otomobil ireticileri agisindan 6nemli dl¢iide bir fark yoktu.
Ancak farkli olan sac levha nasil ve hangi metoda goére test
edilmis olmasidir. ASTM/JIS/DIN ¢ekme numunelerinin hem
sekli hem de haddeleme yoniine gore oryantasyonu test
sonuglari i¢in 6nemlidir.

Bir JIS ¢ekme numunesi, bir ASTM ¢ekme numunesinden
yiizde uzama degeri olarak daha yiiksek bir deger iiretecektir.
Bu deger test sonuglarindaki sagilma ile birlestiginde miisteri
performansini kargilamayabilir.

Metal sac malzeme satin alirken, aldiginiz iiriiniin sectiginiz
standartlara uygun olarak test edildiginden emin olmak icin
malzemenin sertifikasi kontrol edilmelidir. Eger malzeme
sertifikali degil ise hazirlanan numuneleri akredite bir
laboratuvarda tercih ettiginiz standarda gore test ettirilmesi
oldukga 6nemlidir.

ilave olarak, numune hazirlama sirasinda kesme veya
zimbalama, ¢ekme numunesinin kenarlarini isleyerek
sertlestirebilir ve bu da metal levhanin mekanik 6zelliklerinin
yanlis bir sekilde temsil edilmesine yol agabilir. Test
Standartlari, numune hazirlama sirasinda olusan kenar hasarini
onlemesini ifade ederler.

IV.SONUCLAR

Cekme testi metodunu ve sartlarini tanimlayan pek cok
standart kullanilmaktadir. Bu standartlarda hedeflenenler su
sekilde siralanabilir:
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o  Tekrarlanabilir sonuglar elde etmek
o Tekrar tiretilebilir sonuglar elde etmek
e Dogru sonuglar elde etmektir.

Hedeflere ulagsmak i¢in numune sekli, malzemenin imalat
yonil ve test sartlari (test cihazi, test hizi, vb.) gibi parametreler
etkili olmaktadir. Bu etkiler dogru sekilde belirlendiginde
malzemelerin ¢ekme testi sonucunda belirlenen mekanik
ozelliklerdeki ~ degisimler  minimize  edilebilir  ve
karsilastirilabilir sonuglar bulunmus olur.

Cekme testi sonuglarindan uzama degerleri {izerinde
numune geometrisi ve 6l¢ti uzunlugunun énemli etkisi vardir.
Olgii uzunlugu ilgili standartlara uygun olarak secilmeli ve
uygun cihazla ol¢tiimii gergeklestirilmesi gerekmektedir. Bu
sayede karsilagtirilabilir cekme testi sonuglari elde edebilir.
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Abstract— Seismic isolators can be used in buildings, bridges,
nuclear power plants, and other structures to prevent damage
during earthquakes. Seismic isolators used in buildings reduce
damage to structures during earthquakes and protect people's
lives.

In order to obtain accurate and reliable measurement results from
force measuring devices, these devices must be calibrated to
international force standards. In this study, information on the
structure and calibration of seismic isolator test machines, which
is one of the industrial application areas where force
measurements are made, and the traceability required for
accurate force measurements at MN level will be discussed.

Keywords— Seismic isolator, force measurement, calibration,
traceability

I. GIRIS

Kuvvet olgtimleri, tasarimi yapilan sistemin imalat
asamasindan, kalite Kkontroliine ve iiriin testlerine kadar
endiistrinin bir¢ok alaninda ¢ok genis kullanim alani bulurlar.
Bu alanlar ugak, insaat, makine, gemi, savunma, otomotiv gibi
birgok miihendislik ¢aligmalari, tip ve medikal uygulamalari
kapsayip gergeklestirilen tasarimlarin imal edilmeden 6nceki
prototiplerine uygulanan kuvvetler, tiriin gelistirildikten sonra
kalite kontrol ve test caligmalarini ve daha pek ¢ok alandaki
uygulamalar1 kapsamaktadir.

Endiistride yasanan rekabet ve ilerleyen teknoloji nedeniyle
daha kaliteli ve giivenilir tirtinleri tiikketiciye sunmak ve boylece
pazar payini artirmak isteyen ireticiler, malzeme ve tiriinlerine
cesitli testler uygularlar. Malzeme testleri, endiistriyel
griinlerde  kullanilan ~ malzemelerin ~ uygunluklarmin
belirlenmesi amact hedefler. Boylece uygun olmayan malzeme
kullanimindan kaginilmis olur. Malzeme testleriyle 6zellikleri
belirlenen malzemeleri kullanmak, dizayn asamasindan {riin
asamasina kadar olan ttim proseste, ekonomik ve daha giivenilir
trtinlerin gelistirilmesini ve imalatini saglar. Kuvvet ol¢timleri
ayrica, kalite kontrol dl¢timlerinde, tiretim hatlarmdaki proses
kontroliinde, robot teknolojisinde, ugak, insaat, makine, gemi,
otomotiv gibi birgok mithendislik dalinda, emniyet
mithendisligi, tip (ortopedi), askeri alanda, uzay caligmalarinda
ve her tirlii agirhik olgiimlerinde ¢ok yaygin olarak
kullanilmakta ve bu nedenle hassas ve dogru dlgiilmesi bityiik
o6nem tagimaktadir. Endiistri, bilim ve teknolojideki gelismeye
paralel olarak yiiksek dogruluklu kuvvet 6lgme cihazlarinin
gelistirilmesi  saglanmig ve buna bagli olarak kuvvet
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Sl¢timiiniin 6nemi ve kullanimi daha da artmigtir. Bu cihazlarin
kullanilmas1 ile yapilacak c¢aligmalarin kalitesi, cihazlarin
uluslararas1  standartlara  izlenebilir  kalibrasyonlarmin
yapilmasiyla miimkiin olabilmektedir.[1]

Glintimiizde yiiksek kapasiteli kuvvet olgtimlerine olan
ihtiyag her gegen giin artarak devam etmektedir. Ozellikle
havacilik ve uzay endiistrisi, demiryolu endiistrisi ve demir-
¢elik endiistrisi 100 MN’a (yaklasik 100.000 tonf) ¢ikan
mertebelerde kuvvet Olgiimiine ihtiyag duymaktadir [2].
Ornegin uzay araglar1 itme kuvvetini olgerek gerekli roket
tasarimlart igin 30 MN seviyesindeki kuvvetler, riizgar, buhar
tiirbini ve hidroelektrik santrallerinde kullanilan tiirbinlerin 3
milyar yiik cevrimine maruz kalan yatak ve rulmanlarmin
gelistirilmesi  igin 5 MN’luk kuvvetlere, demir-gelik
endiistrisinde kullanilan dovme, haddeleme, sekillendirme pres
ve c¢ekiclerinin uyguladigi kuvvetlerin o6l¢iilmesi, preslerin
kontrolii ve gelistirilmesi i¢in kullanilan kuvvet olgme
cihazlarinin kapasiteleri ise 100 MN mertebelerine kadar
¢ikmaktadir. Ayrica gelistirilen ¢elik malzemeler ve iiriinlerin
mekanik testleri i¢in ise 30 MN’a kadar olan kuvvetlerin
6lciilmesi gerekmektedir (Sekil 1) [1-4].
KUVVET GLCOMLERININ CETVEL

(el endiistris

Ugak ve haveacrlik endiistrtsd
Endiitrivel gvimes kootrol

I I

1kN 10kN
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10MN

Pl
=

-
I r 4

100 kN

f
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Sekil 1. Kuvvet olctimlerinin farkli sektorlerde kullanim
araliklari

Kuvvet ol¢iim cihazlarindan dogru ve giivenilir 6lgiim
sonuglart alabilmek igin bu cihazlarin uluslararasi kuvvet
standartlarina (kuvvet standardi makineleri) izlenebilir
kalibrasyonlarinin yapilmast gerekmektedir. Bu ¢alismada,
kuvvet Olctimlerinin  yapildigr  endiistriyel uygulama
alanlarindan olan sismik izolatér test makinalarinin yapisi,
kalibrasyonu ve MN seviyesindeki dogru kuvvet dl¢iimleri icin
gerekli olan izlenebilirlik konusundaki bilgiler ele alinacaktir.




1. SISMIK iZOLASYON VE TEST SISTEMLERI

Sismik izolasyon, isminden de anlasilabilecegi tizere binalar1
depremden ve depremin zararl etkilerinden yalitan teknolojidir.
Nasil ki su yalitim1 suyun gegisine engel oluyorsa ya da 1s1
yalitimi 1s1 gegisine engel oluyorsa sismik izolasyon da
depremin, yer sarsintisinin zararl etkilerinin binaya gegmesine
engel olan teknolojidir. Sismik izolasyon igin binalarin temel
seviyesinde kullanilan, sismik izolatorleri, deprem sirasinda
binanin saga sola sallanmasina engel olur. Boylelikle binalar
hasar almadan depremi atlatabilirler. Yalnizca tagiyici sistemler,
yani kolonlar ve kirigler degil, sismik izolasyonlu binalarda
icerideki insanlar, esyalar, higbir zarar almadan depremi
atlatabilirler.

Sismik izolatorlerin yapisi, ince kauguk tabakalar ve gelik
plakalar sirasiyla katmanlanarak diisey dogrultuda yiiksek ve
yatay yonde diisiik rijitlik sunan bir performans sergiler.
Diiseyde binay1 destekleme ve yatayda deprem sarsintisini
soniimleme Kkabiliyetine sahiptir. Izolatoriin diisey rijitligi
yapimnin agirligint giivenle tasirken, yatay yondeki elastik
davranig yetenegi deprem binadaki yavas
salinimlara dontistiirtir[5-7].

3

sarsintisini

Sekil 2. Sismik izolatorlerin kullanim Alanlart

Deprem izolator test sistemleri, deprem izolatorleri tizerinde
EN 1337-1 ve EN 15129 vb. standartlara gore rutin iiretim
kontrol testleri ile izolatér tasarim parametrelerini
degerlendirmek  amaciyla  uygulanan tip  testlerini
gerceklestirmek icin gelistirilmis 6zel test sistemleridir[8-9].
Deprem izolator test sistemleri, en az cift eksenli (diisey ve
yatay eksenlerde) yiik uygulayabilen (diisey olarak 100 kN ile
20 MN ve iizeri/yatay olarak 5 kN ile 5 MN ve iizeri) ve
senkronize caligabilen, yliksek mekanik tasarim kriterlerine
(govde rijitligi, stirtiinmesi minimuma indirgenmis 6zel
aktiiator ve sarsma tablasi parametreleri vb. ) sahip, yiiksek
hizli veri transferine (data acquisition rate) (en az 1000 veri/s
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ile 10000 veri/s) sahip elektronik kontrol birimleri ile kontrol
edilebilen ve uzun deprem izolator tasarim deformasyonlarina
sahip izolatorlerde dahi (1500 mm ve daha yiiksek boyutlarda) %
150’ye kadar makaslama (shear displacement) hareketini
dongiisel (cycling) olarak, yiiksek hizlarda (10 mm/s ile 2000
mm/s) gerceklestirebilir yapidadir[10].

Gelisen teknoloji ve endiistride yasanan rekabet nedeniyle
daha kaliteli ve giivenilir tirtinleri tiiketiciye sunmak ve boylece
pazar payini artirmak isteyen iireticiler, malzeme ve iiriinlerine
cesitli testler uygularlar. Malzeme testleri, endiistriyel
griinlerde  kullanilan ~ malzemelerin =~ uygunluklarmin
belirlenmesini amaglar. Bdylece uygun olmayan malzeme
kullanimindan kag¢milmig olur. Malzeme testleriyle 6zellikleri
belirlenen malzemeleri kullanmak, tasarim agamasindan tirtin
asamasina kadar olan tiim proseste, ekonomik ve daha giivenilir
driinlerin gelistirilmesini ve imalatin1 saglar. Bu testlerde
kullanilan diizenekler ve makinalar, kuvvetin uygulanmasi ve
Ol¢iilmesi prensibiyle galisirlar.

I11. SISMIK iZOLATOR TEST MAKINALARININ
KUVVETI SISTEMININ KALIBRASYONU

Her hangi bir cihazin dogru 6lgtiigiinii ispatlayabilmek i¢in
kalibrasyon yaptirilmasi gereklidir. Kalibrasyon isleminde
degeri bilinen bir referans cihaz ile kalibrasyon i¢in getirilen
cihazin kalibrasyon islemi gergeklestirilir. Kalibrasyon
sonucunda belirli bir standarda uygun olarak yapilan
ol¢iimlerin sonuglar1 ve ol¢tim belirsizlik degerini igeren bir
kalibrasyon sertifikasi diizenlenir.

Deprem izolatorlerindeki referans kuvvet dlgiim cihazinin
kalibrasyonu ISO 7500-1 ve ASTM E4 standartlarina gore
yapilabilir[11-12]. Bu g¢alismada ISO 7500-1 standardi esas
alinarak kalibrasyon yontemi agiklanmigtir. ISO 7500-1
standardina gore tek eksenli statik malzeme test makinalarinin
kuvvet olgme cihazlarinin kalibrasyonu kisaca asagidaki
sekilde gergeklestirilir.

Oncelikle, kalibrasyonu yapilacak malzeme test makinasinin
kuvvet 6lcme sisteminin genel bir muayenesi gergeklestirilir.
Ardindan, kalibrasyonda kuvvetin eksenel uygulanmasina
imkén verecek ve calisma giivenligini bozmayacak bir sekilde,
referans kuvvet Olgme cihazi, gerekli basma aparatlar
kullanilarak tek eksenli statik malzeme test makinasina
yerlestirilir(Sekil 4). Kalibrasyon oncesi, referans kuvvet
Olgme cihazinin kararli bir sicakliga ulagabilmesi igin yeterli bir
stirenin gecmesi beklenir. ISO 376 standardina gore bu stire 30
dakikadan az olmamalidir[13]. Kalibrasyon 10 °C ile 35 °C
arasinda bir sicaklikta yapilir. Kuvvet 6lgme cihazinin sicakligi
her kalibrasyon islemi sirasinda en fazla £ 2 °C araliginda
degisim gosterebilir.

Referans kuvvet 6lgme cihazini tek eksenli statik malzeme
test makinasina yerlestirdikten sonra kalibrasyonda istenen
maksimum kuvvet degerine kadar ©on yiikleme amaciyla
yiiklenir. Daha sonra yiik kaldirilir ve bu islem ii¢ defa daha
tekrarlanir. On yiikleme olarak adlandirilan bu islem
kapsaminda, maksimum kuvvet degerine yiikleme yapmadan
once ve sonra gostergedeki sifir degeri ve maksimum kuvvet
degeri her seferinde okunup kaydedilir. Tek eksenli statik
malzeme test makinasinin kuvvet dogrulama kalibrasyonu igin



uygulanacak kuvvet degerleri artan kuvvet adimlart bigiminde
3 seri seklinde gerceklestirilir. Her bir serideki kuvvet
basamaklari, makinanin belirlenen maksimum kuvvet
degerinin % 20 ile % 100 arasinda en az bes esit kuvvet adimina
boliinmesi suretiyle belirlenir.

Genellikle kuvvet kalibrasyon laboratuvarlar1 10 esit adim
olacak sekilde kuvvet degerleri belirleyerek kalibrasyonlarmi
gerceklestirirler. Kalibrasyon dongiisiinii gosteren uygulanan
kuvvet ile zaman grafigi sekil 5 te verilmistir. Her bir seri
arasinda referans kuvvet doniistiiriici  120° ag1 ile
dondiirtilebilir(Sekil 6). Her dondiirmeden sonra 1 adet 6n
yiikleme uygulanmasi da gereklidir. Ancak referans kuvvet
doniistiiriictiniin dondiirtilmesi zorunlu olmadig1 icin pek ¢ok
kalibrasyon laboratuvar1 dondiirmeksizin ayni konumda 3 seri
olctim gergeklestirir. Ayrica, gerekli oldugu durumlarda veya
misteri tersinebilirlik dl¢timii talep ediyorsa ilave bir artan
azalan 6l¢tim serisi uygulanabilir. Tek eksenli statik malzeme
test makinasinin referans kuvvet 6lgme cihazina her kuvvet
adiminda referans kuvvet doniistiiriiciisiine bagli gosterge
elemanmin kuvvet degeri (F) ve malzeme test makinasinin
gostergesinden okunan kuvvet degeri (Fi) ayni anda okunup
kaydedilir. Her bir 6l¢iim adimi igin, gostergelerden takip
edilen ol¢iim degerleri, ayni siirelerde alinir. Her 6lgiim serisi
baslangicinda gostergelerden okunan sifir degerleri kuvvet
kaldirildiktan en az 30 saniye sonrasinda iki gostergeden de
aynt anda kaydedilir. Sifir degerleri her seri bitiminde
kaydedilir[14, 1-3].

Sekil 4. Referans kuvvet doniistiiriiciiniin test makinasina

yerlestirilmesi

Kuvvet(kN)
0° Konum
Yl‘jklbelr-lneler Artan At ann  laman
Seri Seri Serl

Sekil 5. ISO 7500-1 standardina gore kuvvet-zaman grafigi
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Sekil 6. ISO 7500-1 standardina gore referans kuvvet
doniistiiriicii ile test makinasi kalibrasyonu

IV.DENEY SONUCLARI VE IRDELENMESI

ISO 7500-1 standardina uygun olarak alinan verilerden
standartta tanimlanan hata degerleri hesaplanir ve smif
degerlendirmesi ile belirsizlik degeri hesaplanir. Tiim bu
bilgiler cihazin kalibrasyon sertifikasinda raporlanir[1]. (Sekil
7).

Kalibrasyon
Sertifikast Analiz

BT TN ey
| Kalibrasyon l—“"| Sonuglar F’W s

Sekil 7. ISO 7500-1 standardina gore kalibrasyon
sertifikasini olusturan bilgilerin sematik gosterimi

ISO 7500-1 standardina gore yapilan kalibrasyon sonucunda
Ol¢iim sonuglarindan hata degerleri ve 6lgiim belirsizligi degeri
bulunmustur. Makinanin smifi ISO 7500-1 standardina gore
sinif 0,5 olarak belirlenmistir.

Birimin tanimindan tast 6l¢limlerine kadar olan izlenebilirlik
zincirinin sematik resmi sekil 8 de verilmistir[ 15]. Diizenlenen
sertifika sonucunda kuvvet alanindaki izlenebilirlik zinciride
sekil 9’da verildigi sekilde olusur. Kuvvet biriminin tanimi
ulusal metroloji enstitiileri tarafindan saglanan referans cihazlar
ile birincil seviyede saglanir. Referans kuvvet makinalarina
kuvvet standardi makinasi adi verilir. Ulkemizde TUBITAK
Ulusal Metroloji Enstitiisii olarak 0,5 N dan 3 MN kadar kuvvet
standardi makinalar1 ile kuvvet kalibrasyon hizmeti
verilmektedir. Ancak sismik izolator test makinalari daha
buytk kuvvet degerlerine ihtiyac duyarlar. Genellikle
kapasiteleri 10 MN veya 20 MN seviyesinde kuvvet
degerleridir. Bu seviyede kuvvet degerlerine ¢ikmak kuvvet
laboratuvarinin hedefleri igindedir. TUBITAK UME kuvvet
laboratuvar: olarak su an izlenebilirlik degerini yurtdisi
enstitiiden aldigimiz 10 MN kapasiteli referans kuvvet dlgiim



cihazi ile hizmet vermekteyiz. Bu referansi kuvvet 6l¢gme cihazi
kullanarak sismik izolator test makinalarinin kalibrasyonlari
gerceklestirilmektedir. Yapilan kalibrasyon sonucunda + %
0,16 olctim belirsizligi degerini sismik izolator test cihazinin
kalibrasyonu sonucunda belirlenmistir. Bu cihaza sahip 6zel
laboratuvar ve iiretici firmalar trtinlerini £ % 0,5 belirsizlik
degeri ile test edebilmektedir.

BIPM
(Uluslararas: Olgler ve
Agirliklar Markezi)

BiRiMiN TANIM

ULUSAL BIRINCIL
STANDARTLAR

YURTDISINDAK] ULUSAL
BiRINCIL STANDARTLAR

Ulusal metroloji
anslitileri veya
yetkilendirilmig kuruluslar

Kalibrasyon laboratuvarlar, ‘ REFERANS STANDART

genelde akredite olanlar
I
GALISMA STANDARTLARI

{ OLCOMLER

< IZLENEBILIALIK ZINCIRINDE ASAG! INILDIKCE BELIRSIZLIK ARTAR »

Endiistri, akademi,
resmi kurumiar, hastaneler

Son kullanicilar

[:l ulusal
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Sekil 8. Izlenebilirlik zincirinin sematik gosterimi
Kuvvet Olgiim Biiyiikiigii Newton (N)’nun Sanayiye Yaygmlastinimasi
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Sekil 9. Kuvvet dl¢tim biiytikliigiiniin sanayiye aktarilmasi
ve belirsizlik seviyeleri — Kuvvet izlenebilirlik zinciri

V. SONUCLAR

Uriinlerin kontroliinde kullanilan degerleri olgiilmesi ve
kullanim alanlarinda dogru ve giivenilir olgtimler ile {iriin
kalitesinin tekrarli sekilde tiretilmelerinin miimkiin olmas1 hem
iiretici hem de kullanici agisindan ¢ok o6nemlidir. MN
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(MegaNewton) seviyesinde biiyilk kuvvet degerlerinin
Olgtilmesi de bu kuvvetlere ihtiyag duyan endistriler igin
gerekliliktir. Bilindigi gibi 6l¢timlerin dogrulugu ve gtivenirligi,
izlenebilirlige sahip kalibrasyon cihazlarm kullanilarak yapilan
ve sonucunda kalibrasyon sertifikasi diizenlenmesi ile
saglanabilir. izlenebilirlik zinciri birimin tanimin1 saglamakla
gorevli olan ulusal metroloji enstitiileri ile baslar. Kalibrasyon
laboratuvarlari ile devam eder ve sonrasinda yapilan 6lg¢tim
seviyesine gelir.

Ulkemizde deprem izolatérii iiretici firmalar bulunmaktadir.
Urettikleri riinlerin performansini test etmek iizere test
makinalart hem reticilerin elinde hem de bagimsiz
laboratuvarlarda bulunmaktadir. Bu cihazlarin kalibrasyonu
icin MN seviyesinde kuvvet olcebilen referans cihazlarin
kullanarak gerceklestirilmesi gereklidir. TUBITAK UME
kuvvet laboratuvari olarak bu cihazlarin kalibrasyon hizmetini
basar1 ile gergeklestirmektedir. Bu alanda {ilkemizde MN
seviyesinde kuvvet izlenebilirligini saglamaktadir.
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ABSTRACT

The heat treatment process consists of 3 basic parts. These;
heating, holding and cooling processes. The reason for heat
treatment of the wire rod to be used in the production of bolts
and nuts; to eliminate the defects that may occur by removing
the thick lamellae pearlitic structures and the residues that
may occur with sudden cooling by creating a new
microstructure with a larger grain size, lower hardness value,
higher toughness value, higher formability value, and higher %
section elongation value. Otherwise, problems such as cracks
in bolts caused by microstructure, problems experienced in
threading during production and low fatigue strength rate due
to high hardness value after production, etc. arise. The
globalization process for the 23MnB4 and 30MnB4 quality
wire rods used in the study was carried out by heating for 17
hours at approximately 700-750 °C and producing them with
8 hours of cooling as oscillating.

Keywords; Spherodization Heat Treatment; 23MnB4
mechanical properties ; 30MnB4 mechanical properties;
Medium Carbon Steel, Machinability Microstructure

I. INTRODUCTION

1.1. What is Bolt?

Bolts and nuts are soluble fasteners that are very widely
used in industrial industry. In the construction and machinery
industry, steel alloy bolts are mostly used. Bolts as fasteners
consist of 3 separate parts. These; bolts, nuts and studs.

Fig. 1 A-)Bolts B-) Nuts C-) Studs[1]

1.2. Manufacturing Methods of Bolts

Bolt and nut production is carried out with 3 processes.
These are cold forging, hot forging and machining processes.
In these processes, cold forging is more preferred. The reason
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is that compared to the machining process, there is less waste
and energy consumption is lower. The surface quality is also

quite good. The production speed in the cold forming method
is quite high.

1.2.1. Cold Forging

It consists of 3 different parts. These parts are the
propellant shaft, fixed main die and movable head mold. It is
the process of forging and shaping the material with the
moving head.

MALZEME
H
fTict sir. ANA KALIP KAFA KALIBI
(SABIT ) (HAREKETLI)

Fig. 2 Cold Forging Method [2]

Not every bolt and nut can be produced on the same
machine. Machine molds and stations are produced according
to the diameter of the bolt. For example; M18 and M8 bolts
cannot be expected to be produced with the same machine
mold and station.

1.3. Globalization Annealing

The biggest factor that increases the hardness of steel is the
carbon element it has. The increase and decrease in the
proportion of carbon in liquid steel affects the machinability
and formability properties.

In the microstructure of steel there are several phases.
These phases affect the machinability of steel. The spherical
pearlitic structure formed in the steel subjected to the
globalization process gave better formability and
machinability results than the lamellar pearlite that was not
globalized. [3]. The machinability and formability of medium
and high carbon steels is difficult and costly. Therefore, it is
annealed and cooled for a long time around Acl temperatures
and changes occur in cross-sectional narrowing, formability,
toughness and hardness values. The mechanical properties of
steels vary with changes in microstructure. [4]

Between temperatures of 400 °C and 700 °C, Fe3C
(cementite) particles have low free energy, and when
annealing to these temperatures begins, the phases grow
spherically. With these spherical phases, the yield and tensile
strengths decrease slightly, the toughness increases and most
importantly, the steel gains the ability to be shaped. [5]



In their experiment, Naylor and Bellot said that the lamellar
pearlitic structure formed by the annealing process in medium
carbon alloy and unalloyed steels has the best formability and
machinability. Medium carbon steel, which has been
globalized and reduced in strength value, has a better
processing property than steel that has not undergone
globalization process, which has a coarse-grained pearlitic
structure. [6,7].

Kiligli has carried out studies on the surface roughness and
chip removal properties of AISI 414, steel, which has
undergone a globalization process. It has been shown that the
surface roughness of the steel subjected to the globalization
process increases with the increase in globalization time. The
temperature applied and the time applied are an important
factor in globalization annealing. Although there was no
significant effect on the chip removal property, good chip
removal occurred at all cutting speeds suitable for the cutting
process. [8].

Kiligl conducted another experiment on the surface
roughness of the commonly used steel 4140. In this
experiment, he selected two different temperatures below and
above Acl (723 °C) and subjected the 4140 steel to a
spherization process with a duration of 2, 4 and 8 hours
respectively. Increasing temperatures and durations have all
been observed to increase surface roughness. [9]

Adali annealed AISI/SAE 5140 quality steel up to 870 °C
and quenched it. At 720 °C, globalization annealing was
applied for 2, 4, 8, 16, 24 hours respectively, and globalization
began at the 2nd hour, and at the 4th hour the structure
became completely spherical. In previously annealed samples,
globalization in microstructure began with the 8th hour. [10]
In their study, Zhang and Kelly examined the cementite
morphology formed in the microstructure as a result of
globalization annealing. They stated that the cementites in the
structure as a result of globalization annealing were not
spherical, but rather in the form of short rods and polygons,
and some of them were not separated from each other at all.
The same experiment was tried with tempered martensite and
at 400-605 °C it was stated that the cementite phases in the
structure were closer to the spherical shape. From here, he
revealed that the microstructure formed as a result of
globalization and tempering is different. [11]

Karadeniz has conducted studies on cold forming after the
globalization process and examined the microstructures
formed. AISI 4140 steel was first annealed for a long time on
Acl 723 °C. Secondly, AISI 4140 steel was annealed under
Acl temperature for 4, 8, 12, 24, 48 hours. The obtained
samples were cold forming. The hardness, cross-sectional
narrowing values of each sample were taken into
consideration and it was obtained that the sample subjected to
12 hours of globalization annealing gave the best results. [12]

II. RESEARCH DATA
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2.1. Chemical Composition of 23MnB4 and 30MnB4
Qualities

The chemical compositions of the 23MnB4 and 30Mnb4
castings used in this study are shown in Fig. 3 As seen in the
chemical composition of 2qualities, %Mn, %Al, %Cr, %Ti
and %B values were studied in the same reference range.
Between these two qualities will be the %C ratio, which
changes the hardness value.

Liquid Steel Analysis

QUALITY %C| %Mn|  %si %P %s| %cu| %Al %B
0. 0. o] 0.0 o0 0./ 0.0 o.00
23MNB4 24| 102 10 08 03 03 29 40

30MnB4 30 98 19 05 03 05 33 45

Fig. 3 Chemical Composition of 23MnB4 and 30MnB4 Qualities

2.2. Globalization Annealing

The 23MnB4 and 30MnB4 grades, whose chemical
composition is shown in Fig.3 were annealed for 17 hours at a
temperature of 740 °C and cooled for 8 hours as shown in
Fig.4 This process is aimed at increasing the formability and
machinability of these two grades used in the production of
bolts and nuts.

. HEATING COOLING
QUALITY |TEMPERATURE (*C ) TIME(HOUR) | TIME(HOUR)
13MNB4 740 17 B
JOMNEA 740 17 8§

Fig. 4 Heating and Cooling Time

2.3. Hardness Values of 23MnB4 and 30MnB4 Grades
Before and After Globalization Annealing

Fig.5 shows the hardness values before and after
globalization annealing. The purpose of the globalization
process; to reduce hardness and increase the machinability and
formability of the material

The grades 23MnB4 and 30MnB4 were annealed for 17
hours under 740 °C and cooled for 8 hours as shown in Fig.4
Coarse-grained perlite and cemetite phases have been shown
to occur in short rods, spherical phases or polygonal phases
with the globalization annealing. With the new phases, the
hardness value is reduced.
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QUALITY

HARDNESS
BEFORE
CGLOBALIZATION

HARDNESS AFTER
GLOBALIZATION
ANNEALING (HRB)

ANNEALING (HRB)

1AINB4 7 68,2

JMNB4 83

Fig. 5 Hardness Value

2.4. Changing Mechanical Values of 23MnB4 and 30MnB4
Grades Before and After Globalization Annealing

Samples taken from wire rods before and after
globalization annealing were tensile tested. The values found
as a result of this test are shown in Fig.6 and Fig.7.

After globalization annealing, a decrease in the yield and
tensile strength of the 23MnB4 and 30MnB4 quality wire rods
cut after globalization annealing was observed, while the
elongation and increase in %sectional contraction values was
observed. The main reason for this is; With globalization
annealing, the thick and coarse phases in the material are
replaced by thinner and spherical phases. The main purpose of
this new phase is; to reduce hardness and increase toughness.
With this increased toughness, the machinability and
formability of the material will increase.

6th International Iron and Steel Symposium

shown in the figures below. The thick and coarse phases in the
microstructure can be seen by looking at the blackness. Our
aim in the annealing process will be to break down these
coarse and thick phases and to obtain a new microstructure by
forming thinner and spherical new phases instead.

2.5. Microstructure of 23MnB4 and 30MnB4 Grades After

Samples taken from 23MnB4 and 30MnB4 quality wire
rods after globalization annealing are shown in the following
figures with 500X microstructure images with the help of an

BEFORE GLOBALIZATION ANNEALING
YIELD TENSILE
QUALITY STRENGTH STRENGTH | %ELONGATION | %CONSTRICTION
(MPa) (MPa)
23MNB4| 3137 5472 93| 6
JOMNB4| 360,5] 628,35 282 57
Fig. 6 Mechanical Properties of Before Globalization Annealing Fig. 9 500 X 30MnB4 Before Globalization Annealing
AFTER GLOBALIZATION ANNEALING
YIELD TENSILE Globalization Annealing
QUALITY STRENGTH STRENGTH | WELONGATION | %CONSTRICTION
(MPa) (MPa)
2IMNB4| 2713 4533 38 73
JOMNB4 2614 ATS| 422 63||

Fig. 7 Mechanical Properties of After Globalization Annealing

2.5. Microstructure of 23MnB4 and 30MnB4 Grades Before
Globalization Annealing

The 500X microstructure images of the samples taken
from 23MnB4 and 30MnB4 quality wire rods before
globalization annealing by means of optical microscope are
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optical microscope. By looking at the microstructure, instead
of the coarse and thick phases being broken down, thinner and
spherical new phases were obtained. With these new phases,
the formability of the material is increased.



Fig. 11 500X 30MnB4 After Globalization Annealing

III. CONCLUSIONS

As a result of the studies carried out, we can collect the
results obtained with the globalization heat treatment of
23MnB4 and 30MnB4 quality wire rods to be used in bolt and
nut production under 3 headings.

1-) Changes in mechanical properties have been observed
after globalization heat treatment in wire rods. In both grades,
a decrease in yield, tensile strength and hardness values was
observed. With these decreasing values, an increase in the
toughness and malleability values of the material was
observed.

2-) In the new microstructures formed after spheroidizing
heat treatment, it was observed that the coarse and thick
lamellar structure was replaced by spherical and thin lamellar
structures. An increase in the grain size values in the
microstructure was observed after spheroidizing heat
treatment.

3-) By looking at the chemical compositions of 23MnB4
and 30MnB4 grades; it will be seen
that %Mn, %Cr, %Ni, %Cu, %Ti, %Al and %B values are in
the same reference range in both grades. However, it was
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observed that yield strength, tensile strength and hardness
values increased with increasing %C value..
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Abstract— Forging, extrusion, die, and tooling materials play a crucial role in achieving the necessary mechanical requirements and
qualifications in the metal forming industry. H13 is an important tool steel that is widely used as a die material in various sectors due to its
durability against high levels of stresses and loads. However, under harsh abrasive conditions, improvement in mechanical properties is required
to maintain the steel's working performance. According to studies on steel surface modification, it is well known that depositing metal carbide
to produce a hard coating layer on a tool steel substrate can enhance its wear resistance and hardness. Among the surface modification techniques,
the electro-spark deposition (ESD) technique stands out with its versatility and feasibility in forming a metal carbide layer on steel substrates.
ESD utilizes short-duration, high-current electrical pulses to melt and transfer material from an electrode to a substrate surface, resulting in the
production of a coating layer. In this study, the wear characteristics of tungsten carbide (WC) coating on H13 steel by ESD were studied. The
presence of tungsten carbide phases on the surface was confirmed by XRD analysis. The coating structure was characterized by scanning
electron microscopy (SEM) combined with energy-dispersive X-ray spectroscopy (EDS or EDX). It was detected that WC was successfully
deposited onto the H13 steel surface. The deposition of WC onto the H13 tool steel using ESD resulted in a significant 85% decrease in friction
coefficient during dry sliding wear tests. Moreover, based on microhardness measurements, the coating layer was found to be five times harder
than the substrate material. The results revealed that the ESD technique can improve the wear resistance of the steel surface by depositing WC.

Keywords— WC Coating, H13 steel, electro-spark deposition, dry sliding wear test, micro-hardness analysis.
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ABSTRACT

In this study, the effect of cryogenic treatment on the hardness and
wear properties of HSLA quality commercial automotive sheet welded
joints was investigated. Laser welding processes; It was applied as a
solid state laser source with a laser beam power of 1 kW and a feed
rate of 250 mm.s-1. This welding process was performed on both sides
in the butt position and without filler metal. Cryogenic treatment has
been applied to HSLA quality steels before and after welding and has
been grouped as such. Cryogenic processes -196°C for 24 hours 1
oC/min. cooling was applied at the heating rate. Abrasion tests were
carried out on a linear back and forth abrasion test device under 10N
and 20N loads at a total distance of 600 m. The steps were created as
200 m and weight measurements and friction coefficients were
determined for each step. In the experimental results, the laser welded
sample showed the best wear performance under 10 N load, while the
20 N decreased wear performance with increasing load. In addition, it
was found that at increasing load, the cryogenic treatment also
increased the wear resistance, and the DCT applied after laser welding
showed good performance among welded specimens for wear.
Keywords: Laser welding, wear, HSLA, cryogenic treatment,

OZET

Bu calismada, kriyojenik islemin HSLA kalite ticari otomotiv sac
kaynakli birlestirmelerinin sertlik ve asinma 6zelliklerine etkisi
incelenmistir. Lazer kaynak islemleri; kati hal lazer kaynag: olarak, 1
kW lazer 151n giiciinde ve 250 mm.s™! ilerleme hizinda uygulanmistir.
Bu kaynak islemi alin (butt) pozisyonunda ve dolgu metalsiz olarak
cift tarafli gerceklestirilmistir.  Kriyojenik islem, HSLA kalite
celiklere, kaynak oncesi, kaynak sonrasi olacak sekilde uygulanmis ve
bu sekilde gruplandirilmistir. Kriyojenik islemler -196°C derece 24
saat stireyle 1 °C/min. sogutma 1sitma hiziyla uygulanmistir. Asinma
testleri lineer ileri geri asindirma test cihazinda 10N ve 20N yiik
altinda toplam 600 m mesafe olarak gerceklestirilmistir. Adimlar 200
m olarak olusturulmus olup her adimda agirlik 6l¢timleri ve siirtinme
katsayilart tespit edilmistir. Deneysel sonuglarda lazer kaynakli
numune 10 N yiik altinda en iyi asinma performansim gosterirken
artan yiik olan 20 N en diisiis asinma performansini gostermistir. ilave
olarak artan yiikte, kriyojenik islemin de aginma direncini artirdigini
ve lazer kaynak islem sonrast uygulanan DCT’nin aginma igin
kaynakli numuneler arasinda iyi performans: gosterdigi tespit
edilmistir.

Anahtar kelimeler: Lazer kaynagi, asinma, HSLA,
kriyojenik islem

Not: Bu bildirinin tam metni makale olarak Celik
Arastirma ve Gelistirme Dergisi (Journal of Steel Research
and Development)’nde yaymlanmistir.
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Abstract— The use and importance of the wire arc additive
manufacturing (WAAM) method has been increasing in recent
years. The advantages of the method have been a factor
supporting this proceed. One of these advantages is that a metal
part, which is not available in the market or cannot be supplied as
a standard, can be produced by the method. In this study, as an
example, a cylindrical part was produced with the WAAM
technique. This part, which can be described as relatively
medium-sized, had a diameter of approximately 100 mm and a
height of 120 mm. Macrostructure, tensile test, bending test,
microstructure and microhardness studies were carried out with
the samples taken from the produced part. No defects were found
in the part during the macrostructure examinations. The tensile
strength of the part was calculated as 540-550 MPa and the
elongation was 39%. In the microstructure studies, it was
observed that the structure mainly consists of the austenite phase,
but also contains the & ferrite phase. The hardness of the
manufactured part was measured as 212 HV on average.

Keywords— additive manufacturing, TAEL cylinder, steel,
mechanical properties

Not: Bu bildirinin tam metni makale olarak Celik Arastirma ve
Gelistirme Dergisi (Journal of Steel Research and
Development)’nde yaymlanmistir.
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Abstract— One of the most important advantages of the additive
manufacturing (AM) is that it allows the production of parts that
cannot be fabricated with traditional manufacturing methods.
Wire arc additive manufacturing (WAAM), which is one of the
metal AM techniques, has made it possible to create components
with different material content. The technique also provides the
opportunity to process many different types of materials thanks to
its ease of application. This study focuses on the fabrication of a
cylindrical part, the inner and outer sides of which are made of
two different steel materials, using the WAAM. The inner surface
of the part is made of stainless steel and the outer side is made of
low alloy steel. Thus, instead of using the more costly material in
the desired part, it is intended to use only as much of the costly
material as required. The microstructure of the fabricated
structure was characterized, and its hardness properties were
investigated. Since two different materials are used in the part, the
bonding interface is examined. In addition, the elemental content
of the important regions on the cylindrical part was determined
by EDS analysis. It was concluded that the cylindrical part, which
consists of entirely costly material, can be produced with two less
costly materials as an alternative.

Keywords— additive manufacturing, WAAM, cylinder, steel, bi-
material.

68



6th International Iron and Steel Symposium

Effects of Strain-ageing on Hardness and Yield Strength
of ERD 6112 Grade Steel Sheets

Bilal COLAK
Zahoor AHMED

Karabuk University, Eskipazar Vocational School
Bahcepinar Mah. Hastane Cad. No:37 Eskipazar, Karabuk, Tiirkiye
bilalcolak@karabuk.edu.tr

zahoorjamali02@gmail.com

ERD 6112-grade steel is suitable for deep drawing and has wide usage areas, especially in the
automotive and white goods sector. Surface properties are very important in these products. The sheet
surface should not only have a certain surface roughness, precise size, and flatness but also should not
contain any surface defects such as stretcher strain marks caused by the discontinuous yielding
phenomenon. For the ERD 6112-grade sheet, if it is used within 8 days from the date of shipment, the
maximum yield strength value guaranteed by the manufacturer is 280 MPa, it is recommended to be
used within 6 weeks, and the shelf life is given as 3 months in terms of aging time. In this study, it was
investigated whether this is the case for 6112-grade materials. It should be known how these values
change in terms of formability. When the material shows the minimum yield strength and has not yet
reached its maximum hardness, it should be given its final shape for ease of shaping and to avoid
stretcher strain marks on the material surface.

During aging, the mechanical properties of the material change and it is necessary to know what kind
of result these changes will have. To detect these changes, the samples were annealed at around 600°C
for 3 minutes and then subjected to a rolling process at room temperature with 5% and 10% reduction
ratios. Then, the rolled samples were subjected to the microhardness and tensile tests at one-month
intervals and the results obtained were compared.

It was determined that with 5% and 10% thickness reduction, the hardness of the rolled material
increased in the first two months; reached its maximum value at the end of the second month (170HV),
and then decreased again. This means that ERD 6112-grade sheets should be given their final shape
within two months after rolling for ease of shaping. In addition, no big difference was observed in the
hardness change during aging in the rolled samples with 5% and 10% thickness reductions.

It was observed that the yield strength of the rolled samples at a 10% reduction ratio increased
gradually, starting from the initial hardness of 348 MPa and reaching 390 MPa in three months. In this
case, the guaranteed maximum yield stress of 280 MPa could not be achieved. In addition, the material
should be given its final shape as soon as possible before it hardens due to strain aging. Rolled samples
with a 5% thickness reduction exhibited a slight decrease in yield strength during the first month rather
than immediately after rolling, unlike those rolled with a 10% thickness reduction. At the end of the first
month, it had reached a minimum value of 335 MPa, which could not meet the maximum yield strength
requirement of 280 MPa. The yield strength started to increase after the first month and reached a
maximum value of 370 MPa at the end of the third month. This shows that a reduction ratio of 10% is
more suitable to give the desired mechanical properties to the ERD 6112-grade material.

Keywords: rolling, residual stress, strain aging, thickness reduction, hardness, yield strength
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Abstract— Due to its low density and high corrosion resistance,
aluminum and its alloys are of great interest in industries such as
aircraft and automotive industry, which are the locomotive of the
industry. However, welding of aluminum and its alloys is difficult
due to its high thermal conductivity and oxide layer on its surface.
Although many new welding methods have been developed to solve
these problems, the problems of hot crack formation and pore
Jformation have not been fully resolved yet. Therefore, carried out in
this study, AA 5754 aluminum alloy, which is used in many fields,
especially in the automotive industry, was joined at different laser
welding powers and microstructures of the joints as well as hardness,

tensile and bending behaviors were investigated.

Keywords— Laser welding, AA 5754, Microstructure, Mechanical
Properties

I. INTRODUCTION

The biggest problem of our age is environmental pollution
and the environmental problems it causes. The biggest
factor causing environmental pollution is carbon monoxide
gas released by transportation vehicles. For this reason,
companies producing transportation vehicles have sought
lighter metals instead of steel in order to reduce both
exhaust emission rates and costs [1]. head of these metals,
aluminum and its alloys are at the forefront. Aluminum and
its alloys are a candidate to replace steel in many areas in
the production sector with their high thermal and electrical
conductivity, excellent corrosion resistance and good
strength properties [2]. Due to its high corrosion resistance
and light weight, 5754 aluminum alloy is used in many
areas such as the production of pressure vessels, fuel tanks,
especially in the construction of marina vehicles [3].

The increase in the usage areas of aluminum and its alloys
has brought with it the necessity of joining this metal.
Aluminum and its alloys can be joined by fusion welding
methods such as GMAW, GTAW, as well as by solid state
welding methods such as friction stir welding [4,5]. Another
method used in welding aluminum and its alloys is laser
welding. Laser welding is one of the welding methods in
which high-strength joints can be obtained due to less heat-
affected zones and less microstructure changes due to the
low heat input [6,7]. Laser welding is used in many areas,
especially in the automotive sector, with its superior
features such as being fast, low heat input, etc. [8]. Laser
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source can be classified as carbon dioxide gas (CO2) laser,
YAG laser, diode laser (LD), LD pumped solid laser, fiber
laser and disc laser [9]. Among these laser welding methods,
Fiber laser welding method is the most preferred in
industrial production due to its low maintenance costs [5].

When we compare laser welding with other arc welding
techniques, laser beam can be obtained in a small spot after
being centered by a lens, determining the correct welding
position, high processing speed, good quality welding,
predictable distortion due to low heat input and low cost
features. [10]. In recent years, laser welding has been used
in many areas from the automotive industry to the aerospace
industry for joining ferrous and non-ferrous metals. One of
these usage areas is the welding of aluminum alloys.
Aluminum alloys with laser welding are used in many areas
such as the automotive industry, aircraft and space industry,
and electronics industry [11].

Despite being such a new technology, laser welding, which
has a wide range of uses, has attracted the attention of
academic circles and has led to studies in this field.
Examples of these practices are given here. Hussien et al. In
their study where they welded AISI 304 stainless steels with
laser welding, they reported that the weld penetration depth
increased from 121 pm to 753 pm by increasing the laser
power from 800 W to 1000 W [12]. Ventrella et al. They
combined laser welding with AISI 316L stainless steel and
in their examination on the tensile strength of the joints,
they stated that the tensile strength first increased with the
increase of the impact energy and then decreased [13]. Yu
et al. They joined the SA06 aluminum alloy by fiber laser
welding method and investigated the reasons for the
formation of porosity in the joints. As a result of this study,
they stated that the gas void formation is closely related to
the keyhole stability and fluctuation in the weld pool [14].
Kawabhito et al. In their study in which they joined AISI 304
stainless steel and A 5052 aluminum alloy with fiber laser
source, they reported that the maximum penetration depths
reached on the steel and aluminum sides were 13.1 and 15
mm, and the fusion zone on the A 5052 aluminum side was
more than twice that of the AISI 304 stainless steel side [15].
Borrisutthekul et al. They combined AZ31B magnesium
alloy and A5052 aluminum alloy with laser welding and lap
welding and reported that the molten metal could achieve



shallow penetration depth into the bottom plate, which
could be effective to reduce the reaction between the two
metals and the subsequent formation of intermetallic
compounds [16]. Casalino et al. In the study where they
joined AA6061 aluminum alloy and Ti6Al4V titanium
alloy with fiber laser welding and examined the
microstructure and mechanical properties of the joints, they
stated that they found martensitic transformation in the weld
zone of the Titanium side and hard compounds precipitated
on the Al side [17]. Liu et al. They joined 1050 Al alloy
with laser PET welding method and reported that the ratio
of the depths to the widths of the grooves formed in the
tissue affects the tensile strength [18]. Zhang et al. In their
study investigating the optimization of a deep penetration
laser source of thick stainless steel with a 10 kW fiber laser,
they reported that the microstructures in the fusion region
include columnar dendrites growing from the interface to
the center and coaxial dendrites in the center [19]. Zulkiflee
and Zakaria, in their study in which they combined
neodymium yttrium with aluminum garnetti laser welding,
stated that high welding strength in both welding
combinations was affected by high welding energy due to
penetration depth [20].

The aim of this study is to investigate the effects of laser
welding parameters on the microstructure and mechanical
properties of aluminum alloys, which are constantly in use,
in order to contribute to environmental cleanliness. For this
purpose, AA 5754 aluminum alloy was joined at different
laser welding powers and the metallographic and
mechanical properties of the joints were investigated. While
macro and microstructure examinations were performed as
metallographic examination, hardness, tensile and bending
tests were applied to determine mechanical properties. Then,
the obtained data were interpreted with the help of the
literature.

II. EXPERIMENTAL STUDY

A. Material

In this study, AA 5754 aluminum alloy materials were made
ready for welding after cutting with guillotine shears in
200*100*2 mm dimensions and cleaning the foreign materials
that may prevent welding on them by brushing and sanding.
The chemical composition and mechanical properties of AA
5754 aluminum alloy are given in Table 1.

TABLEI
CHEMICAL COMPOSITION AND SOME MECHANICAL PROPERTIES OF AA 5754
MATERIAL,
EN DIN ETIiB Si Fe Cu Mn Mg Cr Zn Ti Kalan
AW ANK
5754 AlMg ETIA 040 04 010 05 26- 03 020 015 Al
AlMg 3 L-53 3,6
Alas1 Temp Akma Cekme Mukavemeti Uzama Sertlik
m er mukavemeti (Mpa) (%50) (Brinel)
Tiirii (MPa) min-max min-max min-max
min-max
5754 O/HI11 80 -100 190 -240 24 50 -55
AlMg 1
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B. Method

As in Figure 1, AA 5754 aluminum alloy was brought face-
to-face with a weld gap of 1 mm between them and joined by
fiber laser welding method using the welding parameters given
in table 2.

Fig 1. Preparation for welding

TABLE 2.
WELDING PARAMETERS.
Numune No  Gii¢c (W)  Salimim Hizi Salinim  Frekans (Hz)
(Hz) Arahgi [mm]
L1 750 150 1,5 5000
L2 900 150 1,5 5000
L3 1050 150 1,5 5000

After joining, metallographic and mechanical tests were
performed on the samples. While macro and microstructure
studies were performed on the samples as metallographic test,
hardness, tensile and bending tests were applied on the samples
as mechanical tests.

Test specimens were produced from the weld section
perpendicular to the joining direction for macro and
microstructure investigations from the specimens joined by
fiber laser welding method. The test specimens produced were
then polished with 220,380,600,800,1200,1500 and 2000 grit
sandpapers and etched for 30 seconds with Keller etching
reagent (2ml HF + 3ml HCl + 5ml HNO3 + 190ml Water).
After etching, microstructure images were taken with a Metal
Microscope and examined.

Test specimens were prepared perpendicular to the weld
section from each welded specimen produced for the hardness
tests, and as seen in Figure 2, 1 point from the weld metal, the
center of the weld, and 2 points with 0.5 mm spacing on both
sides, from both sides of the HAZ. Hardness measurements
were made from 3 points with 0.5 mm intervals and 2 points
from the main materials, a total of 13 points.

Base
*%

Base
*

Fig 2. Hardness measurement method

Samples for the tensile test Tensile test samples were
prepared as 3 pieces of each sample in the dimensions in Figure



3. The average of these 3 samples was taken while plotting the
tensile and elongation graphs. The obtained data were
interpreted in the light of the literature.

-

e

.

i

178

Fig 3 Dimensions of the tensile test specimen

The bending test was carried out in two ways: root bending
and cap bending. For this reason, 2 samples of 200%20*2 mm
dimensions were prepared from each welded joint and they
were subjected to 180° bending tests.

III. RESULTS AND DISCUSSION

A. Microstructure Studies

Microstructure studies were carried out to examine the
effects of laser welding power on the microstructure. Among
the images obtained as a result of the microstructural studies,
those of the base metal are given in Figure 4, while those of the
welded joints are given in Figure 5.

Fig. 4 Base metal

When the microstructure of the parent material was
examined, it was seen that it consisted of equiaxed grains and
homogeneously distributed precipitates. Farzad et al., in their
study where they joined 5000 series aluminum alloys with
friction stir welding, stated that the base metal was composed
of coaxial grains and precipitates [21]. When the
microstructures of the welded joints produced with the base
metal were compared, it was seen that the weld metal contains
dendrites due to the effect of laser welding power on the
microstructure. Likewise, Xiaobing et al., in their study in
which they joined aluminum alloys with fiber laser welding,
stated that the weld metal was composed of dentrics that were
irregularly distributed [22]. In a previous study by Yiice et al.,
it was stated that the weld metal contains columnar dendritics
[23]. It was observed that the microstructure of ITAB exhibited
a microstructure similar to the weld metal.
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Transation Zone Weld Metal Transation Zone

Fig 5. Microstructure images a) L1,b) L2, ¢) L3

When the effects of laser welding power on the
microstructures of the joints were examined, it was observed
that the grains in the microstructure became coarser and the
dendritic structure decreased with increasing laser power.
Casalino et al., in their study in which they joined 5754
aluminum alloy with laser hybrid welding, reported that
dendritics became coarser with increasing laser power [24]. As
it is known, in welded joints, the microstructure of the weld
metal is shaped by the amount of heat entering the weld zone
during the welding process and the cooling rate depending on
the amount of heat input. For this reason, it is thought that this
change in the microstructure is caused by increasing laser
power and increasing heat input. Increasing laser power
increased the heat input entering the weld zone. The cooling
rate slowed down due to increased heat input. As a result,
coarsening occurred in the microstructure of the weld metal. He
et al., in their study in which they combined 2019 aluminum
alloy with fiber laser welding method, stated that the increased
laser power caused the grain structure to grow in the
microstructure [25].

When the microstructure of ITAB was examined, it was
determined that it showed a similar feature to the weld metal. It
has been observed that the grain structure of ITAB has also
become coarser due to the increased heat input with increasing
laser welding power. Chu et al., in their study in which they
combined 6061 aluminum alloy with laser welding method,
stated that the increased heat input coarsened the grain structure
of HAZ [26].

B. Microhardness

Hardness measurement studies were carried out to
investigate the effects of laser welding power on the hardness
of the produced samples. The hardness graph drawn by using
the data obtained as a result of the studies is given in Figure 6.



Kaynak Merkezinden Uzaklik (mm)

Fig 6. Hardness measurement results

When the data obtained as a result of the hardness
measurement were examined, ITAB was the hardest region in
all three welded joints, followed by the weld metal and base
metal. Xiaobing et al., in their study in which they joined
aluminum alloy with fiber laser welding method, stated that the
hardness of both the weld metal and HAZ was higher than the
base metal [26]. While the highest hardness value obtained in
HAZ was obtained in the L1 coded sample with 75.9 HV, the
lowest hardness value was obtained in the L3 coded sample
with 56.52 HV. While the highest hardness obtained in the weld
metal was obtained in the L1 coded sample with 59.13 HV, the
lowest hardness was obtained in the L3 coded sample with
52.56 HV.

Another important result revealed by the hardness
measurement chart is the decrease in hardness values as the
laser welding power increases. The increase in laser power
caused an increase in the heat input entering the weld zone.
Increasing heat input also caused a decrease in the cooling rate
of the welded joints produced. The decreasing cooling rate also
allowed the time required for the growth of the grains in the
microstructure, and as a result, the grains became coarser. It
caused a decrease in hardness in the coarsened grains. Akkurt
et al., in their study where they joined 2024 aluminum alloy
with laser welding, stated that the heat input increased with the
increase in welding power and this increased heat input caused
an increase in the heat-affected zone, increasing the volume of
the coarse-grained zone of the heat-affected zone, and this
caused a decrease in hardness [6].

C. Tensile Test Results

A tensile test was carried out to determine the effects of laser
power on tensile strength. The tensile graph drawn by using the
data obtained as a result of the experiment performed for this
purpose is given in Figure 7.

When the tensile test results are examined, the highest tensile
strength was obtained in the base material with 239.98 MPa,
while the lowest tensile strength was obtained in the L3 coded
sample with 231.59 MPa. In welded joints, it is desired that the
tensile strength be close to the tensile strength of the base
material. As a result of the tensile tests performed in this study,
the lowest tensile strength was determined to be 96.5% of the
tensile strength of the main material, while the highest tensile
strength was determined to be 97.73% of the tensile strength of
the main material. Shangren et al. reported that the tensile
strengths of the welded joints were approximately 94% and
71.8% of the tensile strength of the main material in the study
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where they joined 5083 aluminum alloy with laser welding and
applied tensile test to the produced samples [27].
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Fig 7. Tensile test results

When the effects of laser power on the tensile strength of
welded joints were examined, it was observed that the tensile
strength decreased with increasing laser power. This decrease
in tensile strength was caused by increased laser power and
increased heat input, resulting in increased grain structure.
Akkurt et al., in their study in which they joined laser welding
and 2024 aluminum alloy, stated that the heat input increased
with the increase in welding power and this negatively affected
the tensile strength [6].

The images of the rupture regions of the samples after the
tensile tests are given in Figure 8. When the rupture images
were examined, it was seen that the samples broke from the
source interface and ITAB. It is thought that the occurrence of
ruptures at the weld interface is due to the not use of additional
metal during the welding process and the micropores formed in
the weld metal. SeungGu and Joonghan in their study in which
they joined 5052 aluminum alloy with laser welding, stated that
the ruptures occurred in the fusion region and that this was due
to the formation of pores [28].

Fig 8. Rupture images

When the performed hardness measurements and tensile
tests were compared with each other, it was seen that the results
of both tests were compatible with each other, and these results
were also supported by the results of microstructure studies.
Changes in the microstructure due to heat input caused changes
in both hardness values and tensile strength.

D. Bending Test Results

In order to observe the resistance of welded joints against
bending, 180° root and cap bending tests were applied to the



produced samples. The images obtained as a result of the tests
are given in Figure 9.

Fig 9. Bending test results a) cap bending b) root bending

As a result of the root bending and cap bending tests applied
to the samples, the welded joints were successfully bent by 180°
without any cracking or breaking.

IV. CONCLUSIONS

Using different laser welding power, 5754 aluminum alloy
was successfully joined and the following results were obtained
as a result of microstructure studies and tests.

* The increased laser power caused changes in the
microstructure because it affected the amount of heat entering
the weld area.

* In the hardness measurement results, it was determined that
the hardest zone was ITAB in all three welded joints, while the
hardness values of the increased laser power decreased.

» While the highest tensile strength was determined in the
base material in the tensile test results, it was determined that
the tensile strength decreased as the laser power increased due
to the increased laser power in the hardness results, causing the
grain structure to grow.

* No cracking, breakage or rupture was observed in 180° cap
and root bending tests.
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Abstract— The rapidly increasing global population and rapidly
developing industrialization are causing countries' energy needs
to increase. Energy dependence is increasing day by day, and
therefore, countries are trying to reduce rising energy costs.

The iron and steel industry is one of the largest energy consumers
in the world, with a significant portion of this energy being lost as
waste heat. Waste heat recovery technologies have been developed
to capture and use this waste heat, thereby reducing energy
consumption and increasing efficiency.

In this study, CFD analyses of standard industrial type burners
and recuperative burners were examined using Siemens FLoEFD
program. Their efficiencies were calculated and compared based
on the temperature analysis results. In addition, the annual
consumption costs of standard industrial burners and
recuperative burners were calculated.

Keywords— Waste Heat, CFD, Energy Efficiency, Recuperative,
Waste Heat Recovery, Energy Costs.

I. INTRODUCTION

In recent years, due to the rapid population growth and
industrial developments in both the world and our country,
energy consumption has been increasing day by day. The
existing energy sources have become insufficient to meet the
increasing energy demand. As a result, the concept of energy
efficiency has emerged. Energy efficiency refers to reducing
the amount of energy used to the minimum level without
negatively affecting economic developments and social welfare,
and without decreasing the quantity and quality of the products
obtained.

It is assumed that approximately one-fourth of the energy
consumed by many industrial facilities around the world is lost
through waste heat discharged into the atmosphere through flue

gas [2].

The increasing population and industrialization day by day
also increase the demand for energy. According to research and
evaluations, it is estimated that global energy consumption will
increase by more than 50% by 2050 (KPMG, 2021). In Turkey,
per capita electricity consumption has increased by 23% in the
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last 10 years. In addition, the Turkish Statistical Institute (TUIK)
reported that the share of electricity generated from thermal
power plants decreased by 9%, while the share of electricity
generated from renewable and waste energy sources increased
by 13% (TUIK, 2021).

When the hot flue gases that occur as a result of combustion
in industrial facilities are discharged into the atmosphere, a
significant amount of energy is also wasted. Recovering a
certain part of this energy economically will result in a gain that
will affect the efficiency of the facility. The exhaust gas
temperature resulting from combustion in a furnace is higher
than the temperature of the heated product. Flue gases carry 30-
40% of the energy out of the chimney [3].

In a study by Tokgoz and Ozgiin (2019), previous studies on
waste heat recovery systems were classified and examined. In
addition, a case study was conducted to investigate the potential
for flue gas heat recovery for a natural gas-fired boiler, and a
heat recovery system (recuperator) was designed to utilize the
heat in waste flue gas. Energy analyses, heat transfer analyses,
and economic analyses were performed for the designed system,
and the fuel savings that the system will provide throughout its
15-year economic life were calculate [1].

In a study conducted by Canka Kiligc (2017), energy
efficiency studies were presented for a natural gas-fired boiler
with a nominal steam production capacity of 4200 kg/h at 7 bar
pressure and 185 °C in an industrial establishment [5].

In a study by Eyidogan et al. (2014), an energy efficiency
study was conducted in an LNG (liquefied natural gas)-fired
rolling mill furnace of an industrial establishment. In this
context, temperature, pressure, velocity, and combustion gas
measurements were taken while the furnace was operating
under operating conditions, and mass and energy balances were
established using the measurement data. In the calculations, the
overall efficiency of the furnace was found to be 52.76%. The
main efficiency losses were excessive air factor of the furnace,
low radiation heat transfer coefficient, and heat loss from the
furnace walls [4].



II. MATERIAL AND METHOD

In this study, exhaust gas temperature flow analyses of a
recuperative burner and a standard industrial burner were
conducted using Siemens FIoEFD software, which is a CFD
program.

III. FINDINGS AND DISCUSSION

In the first analysis study, it was observed that the flue gas
temperatures of a recuperative burner decreased from around
800°C to 427.9°C during the analysis.
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qA=0,0462xAx*((Tfg-TI)

Efficiency for standard industrial system;
qA =0,0462 x 1,17 x (750-15) = %42,43
Combustion efficiency = 100 - 39,72 = %60,28

Efficiency for recuperative system;
qA =0,0462 x 1,17 x (427,9-15) = %22,86
Combustion efficiency = 100 - 22,86 = %77,14

TABLE I. ANNUAL NATURAL GAS CONSUMPTION

Fig3.1. Analysis of Recuperative Burner Temperature

Daily Annual
. Natural Gas . .
Product Capacity . 5 | Consumption | Consumption
Consumption(m?) 5 5
(m?) (m?)
Standard
Industrial 350kW 36,48 875,52 319565
Burner
Recuperative [ 35, v 30,33 727,92 265691
Burner

In the second analysis study, it was observed that the flue
gas temperatures of a standard industrial type burner were
around 750°C.

Fig 3.2. Analysis of Industrial Burmer Temperature

If we consider that the flue gas temperatures decrease to
427.9°C in a process at 800°C in the recuperative burner, it is
concluded that there is a heat recovery advantage of
approximately (800-427.9)°C = 372.1°C.

The loss in combustion efficiency can be calculated using
the following formula.

Tfg: Flue Gas Temperature

TI: Feed Air Temperature

A: Lambda Coefficient

gA: Flue Gas Efficiency Loss
qA: (f/CO2, max).((21%)/(21%-02)].(tFG-tL))
qA=(0,46262/11,67)x(21/21-3)x(Tfg-T1)

(Natural gas =8250kcal/Nm?)

(1m? gas unit price TUIK 2022 2,95TL)

(TCMB December 2022 1$:18,70TL)

(The annual consumption amount is calculated by assuming
that the burner undertakes 24 hours a day.)

Compared to a standard industrial burner with the same
capacity, a recuperative burner has consumed 53,874 m? less
natural gas per year. The annual profit is observed as $8,498.83.

IV. CONCLUSIONS

According to the calculated combustion efficiency values
from the analysis studies, it has been observed that recuperative
burners are more efficient compared to industrial burners.
While the efficiency provided by a standard industrial burner is
60.28%, the efficiency provided by a recuperative burner is
77.14%. Therefore, a recuperative burner can perform the same
job with 16.86% less fuel or can do more work with the same
amount of fuel.

Recuperative burners provide more efficient heat recovery
than conventional industrial burners used in the iron and steel
industry. Therefore, the use of recuperative burners saves
energy in the iron and steel production process and reduces the
energy consumption. Thus, it provides advantages such as
benefiting from energy and being a sustainable production.

In conclusion, the importance of recuperative combustors for
the iron and steel industry is linked to energy savings,
production advantages and sustainability. Therefore, the use of
recuperative burners in the iron and steel industry reduces fuel
consumption and energy costs.
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Abstract— In this study, the effects of different drill bits and
cutting parameters on cutting forces were investigated in holes
drilled on inclined surfaces. AISI 1050 type manufacturing steel,
which is also used in gear manufacturing, was used as workpiece
material for experiments. The thickness and curve of the test
sample were taken in equal measure with the thickness and curve
of the 16-B sprocket. In the experiments, three different drills
were used: a drill with a 140° angle, a shaft drill with a 180° angle,
and a U-Drill. All the bits used are multilayer-coated
(AITiN/TiAIN) cemented carbide. Kistler 9272-A 4-component
dynamometer and Kistler 5070-A multi-channel amplifier were
utilized to measure the cutting forces. Experimental studies were
made on the Johnford VMC-850 brand CNC vertical machining
machine. Three different drill geometries, feeds, and cutting
speeds were used as control factors. The effects of control factors
on cutting forces and moment values were analysed, and the most
suitable cutting parameters were determined using the obtained
experimental data and Gray Relational Analysis (GRA).
Optimum results were obtained from a test combination at which
a 90m/min cutting speed and a 0.11mm/rev feed rate for the drill
with an angle of 140° were implemented.

Keywords— Drilling on curved surfaces, Cutting forces, CNC
machining center, Drill Geometry, Gray Relational Analysis

I. INTRODUCTION

Malzemelerin  sekillendirilerek  nihai  iriiniin ~ elde
edilmesinde talagh imalat en 6nemli yontemlerden biridir. Bu
yonteminin ise %33’tinii delik delme prosesi olusturmaktadir.
Delme islemi sonrasinda istenilen tolerans degerlerinin
yakalanmasi, kesici takim geometrisi, kesme hizi, ilerleme,
sogutma vb. talagli imalat parametrelerinin dogru secilmesi ile
miimkiindiir. Egimli ylizeylere ise delik delmek istendiginde
kesici takimin is parcasina dalma agisi degistiginden, ug
geometrisindeki degisimin etkileri daha da o©nemli hale
gelmektedir.

Deney deseni matkap geometrisi, kesme hizi ve ilerleme
miktar1 olmak tizere ti¢ farkli kontrol faktorii ile bir Taguchi
Deney Tasarim1 olusturmugslar ve ilerlemenin en diisiik oldugu
ve kesme hizinin en yiiksek oldugu kesme parametreleri ise
kontrol faktorlerinin optimum seviyeleri olarak belirlemislerdir
[1]. Bir bagka aragtirmada, kesme esnasinda olusan ilerleme

79

kuvveti, moment ve yiizey piiriizliliigii gibi deney ¢iktilari ile,
optimum kesme parametrelerini belirlemislerdir. Kesme
hizinin moment degerleri iizerinde fazla bir etkiye sahip
olmadigimi saptamislardir. Ayrica ilerleme kuvvetini etkileyen
en onemli parametrenin ilerleme hizi oldugunu gormislerdir
[2]. Arastirmacilar takim geometrilerinin delik delme
performansi tizerindeki etkilerini arastirmis ve ideal kesme
parametrelerini  belirlemek igin Taguchi deney tasarimi
kullanmiglardir. Anova analizi ile baslangi¢ parametrelerinin
elde edilen sonuglar itizerindeki etkisini istatistiksel olarak
ortaya koymuslardir [3]. Arastirmacilar, delik kalitesinin ve
kesme kuvvetlerinin tayini igin delme isleminin dinamigine ve
mekanigine dayali yeni bir matematiksel model
gelistirmislerdir. Bu model ile onlar, kuvvetleri tahmin etmenin
yant sira, delinmis delik profillerinin 3 boyutlu olarak
modellenmesine ve gerekli toleranslarda imal etmek i¢in kesme
parametrelerin uygun secilmesini saglamislardir [4]. Bagka bir
arastirmada ise matkap kaplamalarinin delik kalitesine
etkilerini deneysel olarak incelemislerdir.  Aliiminyum
titanyum nitriir (AITiN/TiAIN) kaplama tipine sahip karbiir
matkabin deligin boyutsal dogrulugu agisindan en iyi
performanst gosterdigini belirlemislerdir. Matkap
kaplamalarinin, isleme esnasinda olugan sicakliklara ve deligin
ylizey kalitesine etki etmedigini saptamislardir [5]. AISI 1050
celiginin delik delme performansini arastirilmislar ve elde
edilen deney verileri kullanilarak Taguchi Metodu yardimiyla
en uygun kesme parametreleri belirlemislerdir. En uygun
parametrenin kaplamali takim i¢in, kesme hizi 90 m/dak ve
ilerleme hiz1 ise 0,15 mm/dev olarak bulmuslardir. [6].

Bu calismada ise farkli matkap geometrileri ve kesme

parametrelerinin  kesme kuvvetlerine  etkileri, egimli
ylizeylerde delme islemi esnasinda deneysel olarak
incelenmistir.

II. METHOD

A. Test Sample

Deneylerde is parcasi malzemesi olarak disli imalatinda da
kullanilan 1050 imalat ¢eligi kullanilmigtir.
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TABLEI TABLE III
0/ Qi o Fosk % Kiikii Geometri Tipi Gérsel Ticari adt Ozellikleri
% Karbon 76 Silisy % Mangan 70 Fosfor vo Kkt Uil WDX140D2520 @14mm U-Drill Matkap
(Max) (Max) (Max) b WDXT042004-G-ACP300|  Govdesi ve Uc Takimi
0.45-055 |  0.40 0.6-0.9 0.035 0.035 o T
TiAl

Deney numunesinin kalinligi ve egrisi 16-B zincir disli
kalinlik ve egrisi ile esit dlgiilerde olup, gerekli malzemeden
torna tezgahinda islenmistir (e.g. Fig. 1), (e.g. Fig. 2).

Fig. 1 16B Zincir Disli Ham Teknik Resmi

Fig. 1 Deliklerin Delindigi Deney Numunesi

B. Cutting Tools ve Cutting Parameters

Delik delme islemini, delme performansini ve yiizey
kalitesini etkileyen onemli faktorlerden birisi de matkap
geometrisidir. Matkap ug¢ geometrisi ile buna bagli olarak
olusturulan matkap kanal formlari matkabin en kritik tasarim
sekilleridir. Bu geometrilerdeki en kiiciik degisiklik dahi talas
kaldirma performansint 6nemli Olgiide etkilemektedir[7].
Deneylerde {i¢ farkli kesme agzina sahip @14 matkap uclar
kullanilacaktir. Bunlar 140° agil1 geleneksel matkap, 180° acili
diz matkap, U-Diril govdeli matkap seklindedir. Uglar
sementit karbiir olup, TiAIN kaplama tipine sahiptir.
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Kesme hizi ve ilerleme olarak iki farkli kesme parametresi
kullanilmistir. Katalog degerlerine gore secilen kesme hizlari,
her bir u¢ geometrisi i¢in ayni degerlerde kullanilamadigi i¢in,
distik orta ve yiiksek seklinde kendi iglerinde ayrilarak
secilmistir. ilerleme hizlar1 ise ii¢ seviye seklinde ayni
secilmistir.

TABLE IIIIT
Kontrol Faktoreri Seviye 1 Seviye 2 Seviye 3
Kesme Hizt (Ve, m/dak) Diigiik Orta Hizh
Tlerleme (£, mm/dev) 0,11 0,13 0,15
Matkap Geometrisi U-Drill 180° 140°

C. Machining Tool

Acil yiizeylere delik delme isleminde Gazi Universitesi
Teknoloji Fakiiltesi Imalat Miihendisligi Anabilim Dali
laboratuvarlarinda bulunan Johnford VMC—850 marka CNC
dik isleme tezgahi kullanilmistir.

D. Measuring Cutting Forces

Kesme kuvvetlerinin ve momentin deneysel olarak
belirlenmesi igin Gazi Universitesi Teknoloji Fakiiltesi Makine
Egitimi ~ Bolimii  Talash ~ Uretim  Anabilim  Dali
laboratuvarlarindaki dik isleme merkezine baglanan, kesme
kuvveti bilesenini (Fz) ve momenti (Mz) ayni1 anda 6lgme
kapasitesine sahip dinamometre kullanilmistir. Deney setinin
tasariminda; Kistler 9272-A 4 bilesenli piezoelektrik
dinamometre, dinamometreden gelen sinyallerin veri okuma
kartina aktarilmasinda Kistler 5070-A sinyal yiikseltici, RS-
232C arakablo kullanilmistir. Verilerin islenmesi ve grafiklerin
elde edilmesi i¢in Windows isletim sistemi ile uyumlu Kistler
Dynoware 2825A-02 programi kullanilmistir (e.g. Fig. 3).

Fig. 2 Deney Seti



Deney setinin yapist itibariyle Fz kuvvetlerinin kesme iglemi
sirasinca ortalamasi oOlgiiliirken, Mz moment degerinin ise
deney sirasindaki en yiiksek degeri hesaba katilmistir.

TABLE IV
Deney Kontrol Faktorleri i
No Matkap Kesme Hizi llerleme Fz(N) M (N.cm)
Geometrisi | (Vc, m/dak) | (f,mm/dev)
1 U-Drill Dusiik (100) 0,11 1340 7432
2 U-Drill Duisuik (100) 0,13 1611 8125
3 U-Drill Duigtik (100) 0,15 1608 10605
4 U-Drill Orta (112) 0,11 1229 7969
5 U-Drill Orta (112) 0,13 1409 8984
6 U-Drill Orta (112) 0,15 1501 8984
7 U-Drill Yuksek (130) 0,11 1204 7666
8 U-Drill Yuksek (130) 0,13 1349 8799
9 U-Drill Yuksek (130) 0,15 1454 9121
10 180° Diistik (60) 0,11 967 8857
11 180° Duisiik (60) 0,13 1047 9961
12 180° Diiguk (60) 0,15 1146 10762
13 180° Orta (67) 0,11 972 8555
14 180° Orta (67) 0,13 1016 9453
15 180° Orta (67) 0,15 1119 10605
16 180° Yiksek (78) 0,11 1123 8203
17 180° Yuksek (78) 0,13 1029 8604
18 180° Yiksek (78) 0,15 1125 9707
19 140° Diistk (80) 0,11 987 5381
20 140° Diisiik (80) 0,13 1107 5576
21 140° Duistik (80) 0,15 1120 5723
22 140° Orta (90) 0,11 944 4795
23 140° Orta (90) 0,13 1042 5703
24 140° Orta (90) 0,15 1083 5605
25 140° Yuksek (104) 0,11 1028 5098
26 140° Yuksek (104) 0,13 1090 5322
27 140° Yuksek (104) 0,15 1148 5615

E. Gray Relational Analysis (GRA)

Gri iligkiler analizi yontemi ¢oklu diizey sayismin oldugu ve
faktér sayisinin fazla oldugu problemlerin ¢dziimiinde
kullanilan yontemdir. Bu yontemde; en ideal degere gore
uzaklik ve yakinlik iligkisi kurarak en iyi secimin yapilmasina
olanak saglar [8]. GRA da ilk adim olan normalizasyon
Isleminde, deney yapildiktan sonra elde edilen faktorlerin
degerleri farkli birimlerde olgiildiiginden ilk 6nce bu faktor
degerlerinin ayni birime doniismesi gerekmektedir. Yapilan bu
normalizasyon islemine “gri iligki olusum” adi werilir.
Normalizasyon iglemi yapilacak olan serinin hangi faktoriin
“daha diisiik daha iyi” ve “daha biiyiik daha iyi” hangi faktore
uygun oldugunun iyi secilmesi gerekir. Secilen seri “daha
diisiik daha iyi” ise normalizasyon yapilirken kiiciik degerler “1”
degerine yakin, biiyilk degerler icinse degerler 0’a
yaklagmaktadir [9].

En diisiik en iyi ise orijinal dizin 1’e gére normalize edilir;

yi (k)=max xi (k)—xi (k)/max xi (k)-minxi (k) (1)

Burada yi (k) gri iligkiler analizi normallestirme degerini, xi
(k) degerinin maksimum degeri max xi (k), minimum degeri
ise min xi (k)’dir. xi (k) ise 6lgiilen degeri temsil eder.

GRA da ikinci adim gri iligki katsayisinin tespitidir. Bu
tespit icin once 2 ile uzaklik matrisi degerleri bulunur.

ai (k) = max yi (k) —yi (k) 2)

Burada ai (k) uzaklik matrisi degerini, yi (k) degerinin
maksimum degeri max yi (k)’dir. Gri iliski katsayis1 degerleri
3 ile hesaplanr.

81

6th International Iron and Steel Symposium

Gi (k)=min ai (k)+g max ai (k)/ai (k)+¢ max ai (k) (3)

Burada Gi (k) gri iliski katsayisini, ai (k) degerinin minimum
degeri min ai (k), maksimum degeri max ai (k)’dir. ¢ degeri ise
GRA da ayirt edici katsayidir. Ayirt edici katsayr 0 ile 1
arasinda segilmelidir. Ilgili deney deseni i¢in 0,5 olarak hesaba
katilacaktir[10].

GRA da tiglincii adim ise gri iliski derecesinin tespitidir. Gri
iliski derecesi, gri iliski katsayilarmin ortalamasi alinarak
bulunabilir ve 4 numarali formiil ile ifade edilir.

vi=1lmn Xk Ci(k) “)

Burada n, normalize edilmis deney sonuglarindan elde edilen
gri iligkisel katsay1 sayisidir. yi ise gri iligski derecesidir. Gri
iliski derecesi, gri iliski katsayilarinin arasindaki geometrik
benzerlige verilen 6lgiidiir. GRA degerinin bityiikliigi xi ile x0
birbiri i¢inde olan yiiksek derecede bir alaka oldugunu gosterir.
Gri iligki derecesi en yiiksek olan deger, en ideal dlgiit olarak
belirlenir ve siralama bu degerlere gore yapilir[11].

IIT. GRAY RELATIONAL ANALYSIS RESULTS AND DISCUSSIONS

Bu caligmada ii¢ farkli matkap geometrisi, kesici takimlara
uygun ii¢ farkli kesme hizi (Vc) ve ti¢ farkli ilerleme(f)
kullanilarak egimli yiizeylere delik delme deneyleri
gergeklestirilmistir. ilgili deneyler sirasinda kesme kuvvetleri
(Fz) ve moment degerleri (Mz) olgiilmiistir. Elde edilen
verilerin optimizasyonu igin gri iliskiler analizi yontemi
kullanilmistir. Ol¢iim sonuglarinn GRA ya gére normalize
edilmis degerlerine karsilik hesaplanan uzaklhik matrisi
degerleri ve gri iliskiler analizi siralama sonuglar1 asagida
verilmistir.

TABLE V
Deney |G i| Deney Sonuglan | Normalizasyon Uzakhik Matrisi | Gri iliski Katsayst | G jligki o

No Tipi FON) [M©Nem)| FON) [M©Nem| FO) [M©Nem)| F@) [M (Nem)| Derecesi

1 U-Drill | 1380 | 7432 | 04063 | osss1 | 05937 | 0a419 [ 04572 | osios | 04940 20
2 U-Drill | 1611 | 8125 | 00000 | 04419 | 10000 | osss1 [ 03333 | 04126 | 04029 2%
3 U-Dril | 1608 | 10605 | 00045 | 00263 | 09955 | 09737 | 03343 | 03393 | 03368 27
4 U-Dril [ 1229 | 7969 | 05727 | 04681 | 04273 | 05319 | 05392 | 04845 | 05119 18
5 U-Drill | 1409 | 8984 | 03028 | 02080 | 06972 | 07020 | 04177 | 0160 | odies 23
6 U-Drill | 1501 | sosa | 01649 | 02980 | 08351 | 07020 | 03745 | 04160 | 03952 26
7 U-Dril [ 1204 | 7666 | 06102 | 05189 | 03898 | 04811 | 05619 | 05096 | 05358 16
8 U-Drill | 1349 | 8709 | 03928 | 03290 | 06072 | 06710 [ 04516 | 04270 | 04393 2
9 U-Drill | 1454 | 9121 | 02354 | 02750 | 07646 | 07250 | 03954 | odos2 | odoig 25
10 180° 967 8857 | 09655 | 03193 | 00345 | 06807 [ 09355 | 04235 [ 06795 11
11 180° 1047 | 9961 | 08456 | 01342 | 01544 | 08658 [ 07640 | 03661 05651 14
12 180° 146 | 10762 | 06972 | 00000 [ 03028 | 10000 [ 06208 | 03333 | 04781 21
13 180° o 8555 | 09580 | 03699 | 00420 | 06301 | 09225 | 04424 | o825 10
14 180° 1006 | 9453 | 08921 | 02194 [ 01079 | 07806 | 08224 | 03904 | 06064 13
15 180° 1119 | 10605 | 07376 | 00263 | 02624 | 09737 [ 06559 | 03393 | 04976 19
16 180° 1123 | 8203 | 07316 | 04289 | 02684 | 05711 | 06507 | odess | 0ssss 15
17 180° 1029 | 8604 | 08726 | 03617 | 01274 | 06383 | 07969 | 04392 [ o181 12
18 180° 1125 | 9707 | 07286 | 01768 | 02714 | 08232 [ oess2 | 03779 [ 05130 17
19 140° 987 5381 | 09355 | 09018 | 00645 | 00982 | 08sss | 08358 | 08608 2
20 140° 1107 | ss76 | 07556 | oseor | 02444 | 01309 [ 06717 | 07925 | o721 7
21 140° 1120 | 5723 | 0761 | 08445 [ 02639 | 01555 [ o6s46 | 07628 | 07087 3
22 140° 944 | 4795 | 10000 | 10000 | 00000 | 00000 | 10000 | 10000 | 10000 1
23 140° 1042 | 5703 | o853t | osars | 0ades | 01522 | 07729 | 07667 | 07698 5
24 140° 1083 | se05 | 07916 | 08643 [ 02084 | 01357 | o70s8 | 07865 | 0761 6
25 140° 1028 | 5098 | 08741 | 09492 | 01259 | 00508 | 07988 | 09078 | 08533 3
26 140° 1000 | 5322 | o711 | 09117 [ 0218 | 00883 [ 0695 | o0sa99 | 07727 4
27 140° 1148 | se1s | 06942 | ose2 | 03058 | 01374 [ 06205 | 07844 | 07024 9

Deneylerde gri iliski derecelerine bakildiginda 140° agili
matkap ile yapilan delme islemlerinde en dusiik kesme
kuvvetleri ve moment degerleri ortaya cikmaktadir. Bunu



sirayla 180° agili matkap ve U-Drill govdeli matkap takip
etmektedir. 140° agili matkap ile egimli yiizeylerde delik delme
islemi sirasinda, kesme kuvvetleri ve moment degerleri
incelendiginde en ideal talas kaldirma yonteminin 22 numarali
deney oldugu sonucuna varilmigtir. Tlgili deney parametreleri
f=0,1 lmm/dev, Vc=90m/dak seklindedir. 180° a¢ili matkap ile
en ideal talag kaldirma yonteminin 13 numarali deney oldugu
sonucuna varilmistir. [lgili deney parametreleri £=0,1 1mm/dev,
Vce=67m/dak seklindedir. U-Drill gévdeli matkap ile ideal
kesme parametrelerinin 7 numarali deney oldugu sonucuna
varilmistir.  Ilgili deney parametreleri =0,11mm/dev,
Vc=130m/dak seklindedir.

IV.CONCLUSIONS

Egimli yiizeylere delik delinmesi isleminde kesme
parametrelerinin kesme kuvvetleri ve moment degerleri {izerine
etkilerinin arastirildigi bu c¢alismayla elde edilen sonuglar
asagidaki gibidir;

Gri lliski Analizi yoéntemi kullanilarak  yapilan
optimizasyonda; 140° agili matkap, 0,1 lmm/dev ilerleme hizi
ve 90m/dak kesme hizi, en uygun deney parametresi olarak
belirlenmistir.

Farkli u¢ geometrilerine sahip takimlarla yapilan deneylerin
tamaminda ilerleme hizi arttikca kesme kuvvetlerinde ve
moment degerlerinde artig olmaktadir.

Kesme hizi arttirlldiginda ise kesme kuvvetlerinde ve
moment degerlerinde azalma meydana gelmektedir.

Delik delme prosesi bir ¢ok arastirmaci tarafindan
arastirllmis  ve optimizasyon yapimistir. Ancak egimli
ylizeylerde kesme parametreleri optimizasyonu bu ¢alismanin
farkidir.
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A Comparison Between TIG Welding of Selective
Laser Melted AIS110Mg with Different Welding
Wires
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Abstract— Metal-based additive manufacturing (AM), which
enables the production of structural and functional parts by
adding material layer by layer, is a potentially disruptive
technology in many industries such as defence, medical and
automotive. Comparison between Tungsten Inert Gas (TIG)
welding of selective laser melted (SLMed) plates with different
welding wires was performed in this paper. The welding defects,
morphology, microstructure, and mechanical properties were
studied. Pores are the main defect in welding SLMed AISi10Mg.
The high susceptibility of hydrogen pores is one of the most
important problems encountered in the fusion welding process of
SLM AISi10Mg alloys. The effect of welding wire alloy on joint
strength and pore defect was observed.

Keywords— TIG welding, SLM, AlSil0Mg, AA 7075 -T6, AA
5754-H111,

I. INTRODUCTION

Selective laser melting (SLM) is an additive manufacturing
technique which can directly fabricate parts using laser beam
melting metal powder [1-3].

In recent years, SLMed Al-Si alloy has received increasing
attention due to its high corrosion resistance, high specific
strength, and good flowability properties. There are many
studies in the literature focusing on optimization of processing
parameters [4,5], dimensional accuracy and surface roughness
[6], microstructure and mechanical properties [7-12]. However,
only a few studies have been conducted so far on the
weldability of parts printed by SLM technology.

TIG welding is the main welding process for aluminium alloy.
TIG welding can be used in various positions of parts and is
easy to operate in different situations. In this study, the
weldability, microstructure and mechanical properties of TIG
welding of SLMed and cast AISilOMg using different
additional metal wires were investigated.
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II. MATERIAL AND METHODS

The chemical composition of the powder in Tablel, and the
mechanical properties of SLMed plates are seen in Table2.

The SLM experiments were conducted on SLM® system
solutions 280 2.0 machine. The spot size of the laser was about
80 um. All plates were fabricated in an argon atmosphere with
the concentration of O controlled below 100 ppm. All plates
were fabricated under the same processing condition and the
porosity was controlled below 0.2%. The production was done
at 700W laser power and 60 um layer thickness.

TABLEI
CHEMICAL COMPOSITION OF THE SLM POWDER

My | W ™ ™ n n " B

AN as t 045 045 010 A5 005 005 L5 FEST

TABLE IIIII
MECHANICAL PROPERTIES OF SLMED PLATES

Microhardness
Hvys
123

Tensile Strength
(MPe)
41

Alloy Elongation (%)

ASiOMg 8

Several rectangular specimens with a dimension of
150x50%1,5 mm were produced by SLM technology. To
remove the oxides and contaminants, prior to welding, 0.2 mm
of the material was removed from welding surfaces of the plates
by hand grinding. Then the plates were cleaned by acetone to
remove the impurities and blow-dried.

For TIG welding, the experiments were conducted on
LINCOLN-275 AC/DC pulsed TIG welding machine. The
filler wires was Sample (A) AA4043 and Sample (B) AA5356,
the wires diameter was 1 mm, the welding current was 62 A,
66A respectively. The tungsten electrode diameter was 2 mm,
and the torch nozzle inner diameter was 10 mm. The argon gas
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flow rate of the upper nozzle was 30 min. The chemical Fig. 7 Sample B weld metal weld metal, heat affected zone
compositions of the wires are presented in Table 3. (HAZ) and base material (BM). Macro-section examinations
and pore measurements are shown in Figures 3 and 4.

TABLEIVVVI
CHEMICAL COMPOSITION OF THE OF TIG WIRES

Wire Type Si Cr Mg Mn Al
4043 5.00 - - 0.05 94.95
5356 - 0.10 4.75 - 95.15

The image of the TIG welding machines and screens during
the production of the samples is given in Fig.1. Images of the
plates after welding are shared in Fig.2.

Fig. 5 Sample A macro weld metal and HAZ optic images.

Fig. 2 Image of the TIG welded samples, (a) AA4043 and (b) AA5356.

III. RESULTS AND DISCUSSION

A. Macro and Microstructures analysis and results

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 H20, 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. A
typical optical cross-sections have seen for all samples with

84



Fig. 7 Sample B macro and HAZ optic images.

The microstructures seen above present typical welded
aluminium alloy equiaxed grains structures.

It is known from the literature that the surface of aluminium
alloy powder is porous. It is easy to oxidize and the metal
powder has a larger specific surface area than solid plate. Its
effect on weld porosity formation is thought to be greater than
that of AlsilOMg base metal micro voids.

B. Hardness Test and Results

HVS5 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
Weld metal, HAZ, and BM are given in Fig.3.

Fig. 8 Sample A weld metal and HAZ.
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C. Tensile Test and Results

The test results of TIG welded tensile specimens are shown
in Figure 8. Tensile tests were performed on Shimadzu AG-IS
50kN universal tensile device at 2mm/min tensile test speed in
accordance with TS EN ISO 6892-1 standard.

Fig. 10 Sample A during tensile test.

The elongations of specimens A and B are low, averaging
1.35% and 1.33%. This can be attributed to the pores in the
weld. Pores are thought to reduce effective elongation. The
presence of HAZ pores may have caused susceptibility to
plastic deformation and accelerated crack propagation with
local stress concentration.
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Fig. 11 a) and b) of specimen A, c) and d) Triple tensile graphs of B coded
specimens.

Figure 9 shows the welded test specimens before welding, 10
shows the specimens during tensile test and 12 shows the
specimens after tensile test. In Fig.12, it is seen that both specimens
fractured in the HAZ. Figure 11 shows the offset (a, ¢) and
overlapped (b, d) tensile test result graphs of specimens A and B.



Fig. 12 Rupture images of welded specimens after tensile test a) specimens
coded A and b) specimens coded B.

D. Conclusions

- Pores are the main defect in welding SLMed AlISil0Mg.

The biggest difficulty of welding SLMed AlSi10Mg is porosity.

Although the welding processing parameters have been
optimized there are still a large number of pores in the weld.

- For SLMed to SLMed welded samples by TIG welding, the
large pores are distributed on the weld boundary.

- Compared with the AA4043 filler metal, AA5356 filler
metal has very high porosity susceptibility. The total pore
diameter value for specimen A with AA4043 filler metal is 1.56
mm, while this value is 2.6 mm for specimen B with AA5356
filler metal.

- At the weld metal, the TIG weld presents coarse equiaxed
grains.

- While a similar hardness decrease was observed in the HAZ
of the specimens produced with both different filler metals. In
specimen A, the weld metal hardness increased converging to
the base material. However, in sample B, the weld metal
hardness exhibited a decrease of approximately 30% compared
to the base material.

- It was found that the average tensile strength values and
elongation values of the specimens produced with both
different filler metals were very close.
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DEVELOPMENT OF ULTRA HIGH STRENGTH STEEL FOR HOT STAMPING PROCESS
Tanya A. Baser', Ahmet Onayli’, Adem Karsi', Metin Calli', Emre Yigitoglu'
!Coskuniéz CKM R&D Center, Bursa, Ti urkey

Weight reduction studies are crucial for the automotive industry to reduced CO; emissions in a certain level. 25%
of the factors that cause vehicle fuel consumption due to the vehicle weight. According to the light weight targets,
vehicle manufacturers carry out intensive R&D studies on new designs, different production methods and new
generation materials. Hot stamping process (also called press hardening) is an innovative way to manufacture
complex-shaped components of ultra-high strength steel (UHSS) sheet with a minimum of spring back during
forming. The energy absorption capacity of the formed parts can be also improved by hot stamping. Especially for
suspension parts; fatigue life against dynamic loads is required as well as deformation without breaking in sudden
crashes. Conventional hot-stamped materials (boron steels) have a limited elongation values after hot forming
operations. Therefore, it has been necessary to develop a new material that can meet these requirements. In this
study, comparison of a newly developed hot stamping steel to commercial hot stamping alloy is presented. This
included the determination of the S-N curves as well as the buckling performance. The mechanical behavior of
newly developed press hardened steels was characterized. In addition, detailed microstructural investigation was
performed.

Keywords: hot stamping steels, hot stamping, martensite, newly developed material, light-weighting.
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High stable austenite
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Figure 1. Schematic illustration of the rapid heating flash hot stamping process.

Materials Thickness Fatigue Cycles Comparison
v Strength~780 MPa
+ Formability
CP STEEL 4 mm 300,000 / Fatigue (250 000 cycle)
¥ High el ion >10%
¥ High Strength>1500 Mpa
¥ Farmability
BORON STEEL 3mm 28,000 / Fatigue (250 000 cycle)
X Highelongation >10%
¥ High Strength=1500 Mpa
¥ Formability
DE::"LEL:ED S SRy ¥ Fatigue (600 000 cycle)
b ¥ High elongation >10%
¥ %25 weight reduction

Figure 2. Comparison of the fatigue behavior on the press hardened control arm for the different materials.
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The Potential of TBF Steel Cycle for the
Production of High-Strength Automotive
Components by Hot Stamping Process
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*Kocaeli University, Department of Metallurgy and Materials Engineering, Kocaeli, Turkey

Hot stamping is a popular process for the manufacturing of high-strength automotive components. In this study, an application of the
transformation induced plasticity aided bainitic ferrite (TBF) steel cycle to the hot stamping process is investigated. The TBF approach is a
relatively new technique that has shown great potential to produce advanced high-strength steels with excellent combinations of strength and
ductility. The TBF process involves a two-step heat treatment, where the steel is first heated to an austenitic temperature and then quenched to
a temperature above Ms temperature. The steel is then hold isothermally at the same temperature to form a mixture of retained austenite and
bainite, which provides an additional source of ductility and toughness. During the cooling to the isothermal holding temperature, some ferrite
can also be formed. In this study, we use a hot stamping simulator to produce prototypes of a C-Mn-Si-Nb TBF steel with a thickness of 2 mm.
The prototypes are processed using different TBF routes, including isothermal holding temperature and cooling rate. Microstructural
investigations are performed using scanning electron microscopy (SEM). The SEM images show that the TBF process produces a bainitic
microstructure with retained austenite, martensite, and polygonal/quasi-polygonal ferrite. The tensile test results reveal that the TBF process
results in a significant improvement in both strength and ductility, with a similar tensile strength between 1340-1459 MPa and higher total
elongation of % 10-13 compared to the conventional hot stamping process.

Keywords— TBF steels, hot stamping, phase transformations, microstructure, mechanical properties
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Austenitic Transformation in Duplex Stainless
Steel using High Temperature Solution Nitriding

Mutlu Cagr1 YIGIT"*, Ozge ARARAT", Ersoy ERISIR",

* Mutlu Cagn1 Yigit, mutlucagriyigit@gmail.com
*Kocaeli University, Department of Metallurgy and Materials Engineering, Kocaeli, Turkey

In this study, High Temperature Solution Nitriding (HTSN) process was applied on a duplex stainless steel to obtain an
austenitic microstructure. Duplex stainless steel containing high chromium and manganese was produced by vacuum
induction melting method. After casting, a homogenization annealing was applied to the steel at 1200 °C for 48 hours
followed by hot and cold rolling. The HTSN process of cold rolled duplex steel was carried out in a furnace at 2.5 bar N:
pressure at 1200°C. The microstructural investigations using a light microscope on the samples after HTSN revealed a
complete transformation of the original duplex microstructure to an austenitic microstructure. The thermodynamical
calculations using ThermoCalc and diffusion calculations using DICTRA were performed to predict the phases formed
during the HTSN process and the diffusion behaviour of nitrogen. The ThermoCalc calculations predicted the phase
transformations and formation of nitrides. The DICTRA calculations revealed that the diffusion of nitrogen is relatively
fast in the half thickness of cold rolled duplex steel sheet. The Vickers hardness of the austenitic steel was found to be
significantly higher than the original duplex stainless steel.

Keywords— duplex stainless steels, solution nitriding, phase transformations, microstructure
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Abstract— In this work, the synthesis of a novel economic and Considering the toxicity of the mushroom and its
green anticorrosive composite material, based on cobalt (IIl) component, it cannot be eaten cooked. Nevertheless, the
oxyhyflroxide and a poisonous mushroom .pl.lenol. The con}pf)site phenolic compounds from Agaricus xanthodermus may be
material formed may be thereb'y partly oxidized or overoxidized. interesting as monomers for conducting polymers, and the
The correspondent mathematical model analysis confirms the .

proper mushroom — as an economic and green renewable

efficiency of the electro synthetical process, despite the high . . .
probability of the oscillatory behavior. natural source fqr the conngt1pg ma.terljals [11-14], Wh}ch
Keywords— corrosion protection; circular economy; Agaricus 1eeds a theoretical a priori investigation. The resulting

Xanthodermus; conducting polymer; cobalt(IIl) oxyhydroxide; composite material may be efficiently used for corrosion

stable steady-state protection of iron, steel and other metallic pieces.
Generally, the conducting polymers are obtained
L. INTRODUCTION from purely synthetic monomers, which may be

Agaricus is one of Europe's most cultivated environmentally unfriendly. Also, the synthetic monomers
mushroom genus [1-4]. Two of them (Agaricus bisporus and preparation and electropolymerization may be expensive for a
Agaricus campestris), correspondent to button and field different reason, and the mushroom solves both problems. The
mushrooms, are edible and are known by the common name mushroom provides a rapidly renewed green source for the
champignon. There are so popular that in some languages, the  polyfunctional composite material, in which the organic phase
name champignon corresponds to the meaning “edible is deposited over an inorganic oxide, augmenting its
mushroom”. conductivity [15-21].

Nevertheless, one of the Agaricus species is a toxic Therefore, the goal of this work is the theoretical
mushroom Agaricus xanthodermus, popularly known as a description for 4-4’-dihydroxyazobenzene electrochemical
yellow stainer. It is toxic when consumed, and it may be polymerization over cobalt (III)-oxyhydroxide modified
readily grown among the edible Agaricus mushrooms sharing electrode. This leads to the economic and environmentally
the same mycelium. Its toxicity and color are caused by the friendly composite, capable of being used in sensors, energy
presence of the phenolic compounds (Fig. 1), including 4-4’-  storage, and material science. Also, this synthesis is compared
dihydroxyazobenzene, a unique endogenous natural azo dye with similar systems [22-28].
[5—-10]. In the mushroom pulp, the phenols act as antioxidants.

II. SYSTEM AND ITS MODELING

OH OH O o OH
©/ /@ O D/ The  electrochemical  oxidation  of  4-4'-
HO

N dihydroxyazobenzene over CoO(OH)/CoO, redox pair is
Ho /©/ interesting from both electroanalytical and electrosynthetical
HO point of view, and its electroanalytical function has already
Figure 1. Agaricus xanthodermus phenols. been investigated in [20,21].
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The complete schematic description for this process,
including the micro- and macromolecular monomer oxidation,
like also quinone-hydroquinonic polymer oxidation, is
depicted in the Fig. 2. Taking into account that the quinone-
hydroquinonic oxidation may be reversible, poly(4-4’-
dihydroxyazobenzene) and its polyquinone may be proton and
electron transfer mediators for either cathodic or anodic
processes, which permits their wide use in electroanalytics
and electrocatalysis. This polymer may also form a matrix for
heavy metal ions recuperation and removal, like also for the
MOF and other hybrid materials.

Both direct and indirect electropolymerization may
be used to polymerize 4-4’-dihydroxyazobenzene. Indirect
electropolymerization, in this case, is initiated by in situ
formed cobalt dioxide, a product of cobalt (III) oxyhydroxide
electrooxidation (1 - 2):

CoO(OH) + OH - > C00, + H,0 (1)

@

or
CoO(OH) - > CoO, + H*

OH

4-4’-dihydroxyazobenzene
(hydroquinonic)

CoO(OH)
cobalt oxyhydroxide

4-4’-azoquinone
(quinonic)

H/OQQ\
* N=N
* /op\
n col
X
OH * N—N
A\
::\

(0]

CoO.

2
balt dioxide
*
n

poly(4-4’-dihydroxyazobenzene)
(hydroquinonic,
more conductive)
poly(4-4"azoquinone)
(quinonic,
less conductive)

Figure 2. Schematical description for CoO(OH)/CoO, —
assisted 4-4’-dihydroxyazobenzene and its polymer
electrooxidation.

The resulting material will be CoO(OH)-based
hybrid polymer composite, which may tend to -either
reversible  (quinone-hydroquinonic)  and  irreversible
(overoxidation) electrochemical oxidation, depending on the
potential, reason why in the present model, the resulting
composite material will be considered.

Therefore, to describe the behavior of this system,

considering some assumptions taken in [15-21], we
investigate the bivariant equation-set (3):
dp 2 (P
P E(E(pﬂ —-p)—n —Tp)
d 3)
c 1
T E(rp —To1— roz)
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In which p is the phenolic compound concentration
in the pre-surface layer; po its bulk concentration, P is its
diffusion coefficient, § the pre-surface layer thickness, c is the
composite material surface coverage degree, C is the
composite maximal surface concentration and the parameters r
are the correspondent reaction rates, capable of being
calculated as (4 — 7):

1 = k;p(1—c)* exp(—ap) 4)
= kppx(l —c)” exp(—ap) (5
To1 = Ko1C exp Zn:;oo (6)

Toz = koaC €xp w;;oo (7

Herein, the parameters k are the correspondent
reaction rate constants, X, and y are polymerization reaction
orders, n is the polymer average chain length, w is the number
of electrons transferred during the composite overoxidation, F
is the Faraday number, ¢, is the zero-charge-related potential
slope in the double electric layer (DEL), R is the universal gas
constant, and T is the absolute temperature.

Considering that all four reactions composing the
process affect the DEL, the oscillatory and monotonic
instability will be highly probable. Nevertheless, the electro
synthetical system will be efficient, as shown below.

ITII. RESULTS AND DISCUSSION

We describe the electrochemical syntesis of poly(4-
4’-dihydroxyazobenzene)/CoO(OH) composite applying the
linear stability theory to the equation set (4). The steady-state
Jacobian matrix may be described as:

a1 Q12
(a21 azz) (8)’
In which:
11 = %(_g — k(1 = c)?* exp(—ap) + ak,p(1 —

)2 exp(—ap) — xk,p* (1 — ¢)” exp(—ap) +
ak,p*(1—c)” exp(—ap))  (9)

Ay, = %(Zklp(l —c) exp(—ap) + yk,p*(1 -
¢)” L exp(—ap)) (10)

@21 = 2 (xkyp* (1 = ©)? exp(—ap) — ale,p*(1 -
¢)” exp(~ap)) (11)

Qa2 = %(_Ykppx(l —c)? ' exp(—ap) — ko, exp Zn:T(pO -
. ' . 2nF
ko, exp WR;?O + j(kozcexp WR;?O + kmcexp%)) (12)

The main singular point conditions for the bivariant
systems may be joined in Table 1:

Table 1. The main singular point conditions for bivariant
equation-sets.



Singular point Condition Effect
Hopf bifurcation Tr J = 0, Det | Oscillatory behavior
>0
Saddle-node Tr J < 0, Det | Steady-state stability
bifurcation J=0 margin
Steady-state Tr J < 0, Det | Rapid  steady-state
stability >0 formation
To simplify the determinant, we introduce new
variables, rewriting the determinant as (13):
2 |-Kk—F P
scl 2 —p-0 (13)

Observing the main-diagonal elements (9) and (12),
we may confirm that the oscillatory behavior in this system is
possible. Moreover, it is of high probability.

It’s known that the Hopf bifurcation may be realized
if the main diagonal contains the positive addendums,
corresponding to the positive callback. These addendums are
ak,p(1—c)?exp(—ap) >0 , ak,p*(1—c)? exp(—ap) >

0, if >0 and j (kopC exp 2 2E00) > 0, if j>0

correspondent to DEL capacitance and conductivity influences
of chemical and electrochemical reactions. The oscillation
amplitude depends on the Dbackground electrolyte
composition, including pH. Mathematically, the oscillatory
behavior conditions will be described as (14):

2 - 1 _
—Sw+5) -2 (P+0)=0
;—C(KP+K.Q+E.Q) >0

To obtain the steady-state stability requirement, we
apply the general condition Tr J<0, Det J>0. For this system,
it will be exposed as (15):

—2(+E)-=(P+2) <0
;—C(xp+m+5ﬂ) >0

As the parameters k¥ and P may only have positive
values, the condition (15) is readily satisfied if the parameters
E and Q are also positive. It occurs if the DEL capacitance
impacts aren’t strong enough to destabilize the system.

Really, if >0 and Q>0, the left side of the first
inequity will be shifted to more negative values, and the
second expression will remain more positive, describing a
diffusion-controlled electroanalytical system with a vast
parameter region, correspondent to the easy formation and
maintenance of the steady-state, providing the well-developed
polymer composite surface formation. The resulting polymer
composite may be an efficient electrode modifier for
electroanalytical and electro synthetical processes.

The monotonic instability, correspondent to the N-
shaped part of the voltammogram, delimits the margin
between the stable steady-states and unstable states. Its
condition for the bivariant systems is Tr J <0, Det J = 0.

2+ —=(P+0) <0
;—C(xp+m+5m >0

+ koicexp

(14)

(15)

(16)
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As for the composite synthesis in galvanostatic and
potentiodynamic modes, it foresees a somehow more dynamic
behavior. In this case, the trivariant equation set, including the
electrode charge balance, has to be analyzed. This set will be
described in one of our next works.

IV. CONCLUSIONS

From the theoretical analysis of CoO(OH)/CoO,-
assisted 4-4’-dihydroxyazobenzene electrochemical
polymerization, it was possible to conclude that either the
polymerization or the resulting polymer reversible and
irreversible oxidation may be responsible for the oscillatory
behavior in this system. The oscillation frequency and
amplitude depend strongly on the background electrolyte
composition, including pH. Nevertheless, the polymer
synthesis may be efficient, yielding a well-developed
composite  material used in  electroanalysis  and
electrocatalytical processes and in heavy metal removal.
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Abstract— Companies have two conflicting goals, both to produce
a wide variety of products and to reduce machine downtime
during the transition between products. Since the first goal will
not be abandoned, solutions have been seeking to achieve the
second goal. At this point, the concept of Single Minute Exchange
of Dies (SMED), one of the lean manufacturing techniques, comes
to the fore. SMED is a method aimed at minimizing die change
times. In this study, die change times in the friction machine were
analyzed. In the current situation, the die change process has been
analyzed, and the entire job takes 118 minutes. Work on the future
situation has been planned, and with the improvements made in
the mould change process, the mould change time has been
reduced to 108 minutes. This period is thought to be further
reduced with the new changes noticed during the study.

Keywords— Lean, SMED, Exchange of Dies, Kaizen, Productivity

I. INTRODUCTION

The aim of the lean production philosophy is to identify the
wastes that occur while producing products or services. Then,
the detected wastes should be eliminated as much as possible.
The word production should not come to mind only the
process in which the products are changed. Lean philosophy
considers this process by starting this process from the
moment the customer order arrives until the product is
delivered to the customer. It even examines the process until
the launch of the product that is not on the market. In all of
these processes, lean production philosophy, material,
operator, machine etc. It reveals waste by examining
production resources such as Waste in lean production;
anything that does not benefit the person using the product or
service. Waste is divided into seven. These; errors,
overproduction, inventories, waiting, unnecessary work,
unnecessary movements, unnecessary transportation. Opposite
the concept of waste is the concept of value. Adding value to
the material; is to make the changes requested by the customer
on the material. Therefore, the lean philosophy aims that all
the time spent for production is time that adds value, and that
waste does not exist in the production environment. Within
the scope of lean manufacturing, there are some techniques to
detect and eliminate waste. For example, continuous
improvement of processes by eliminating waste is called
Kaizen, examining the flow of material, Value Stream
Mapping, carrying out maintenance activities in a planned
manner, Total Productive Maintenance, regular and clean
working environment 5S, reducing mould change times in
machines are called Single Minute Exchange of Dies
(SMED). Within the scope of lean production, many
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techniques have been applied in many companies in the world
for about fifty years.

In this study, the die change times of a friction press
machine in the metal sector are examined, that is, an SMED
application is presented. In the following sections, first the
SMED method will be explained theoretically and examples
from the literature will be given. The next section will
describe in detail what is done in practice. In the last part, the
results obtained at the end of the study will be shared.

II. METHOD

The idea of reducing mould change times was first conceived
by Shigeo Shingo in 1950 during the mould change of 350, 750
and 800 ton presses at the Mazda Hiroshima plant [1]. After 19
years, Shingo worked at Toyota Motor Company to reduce the
mould change time from 4 hours to 3 minutes. Later, Toyota
implemented the reduction of mould change times as a policy
under the name SMED in all its factories.

SMED aims to increase the usage time of the machines, to
reduce the in-production times, to reduce the stocks, to reduce
the idle time of the machine.

The stages of SMED application are as follows:

1.Establishment of business activity level and working area

2.Analysis of the current state of the machines

3.Determination of internal and external adjustment sections

4.Ensuring the conversion of the activities determined as
internal setting to external setting

5.Measuring effectiveness

The process of setting the machine for production, that is,
making it ready for production, is examined within the scope of
SMED. These operations are called adjustment operations.
Adjustment operations; are the operations carried out before or
after the start of production of each batch or product group in
order to make the product ready for production.

Adjustment operations are divided into two. These are
internal and external settings. Internal tuning; when the
machine is turned off, the external setting; It is carried out while
the machine is running. In production, most of the adjustment
work can be performed while the machine is running.

In order to realize this, all processes should be examined and
internal-external distinction should be made.

After that, the goal is to ensure that all the work can be done
as an external setting.



Filiz explained lean manufacturing techniques and SMED
technique. SMED was applied in a paper food packaging
company and the results were presented [2]. Celik applied
SMED in the cold drawing line of a bright steel factory and
shared the results [3]. Hiilagii shared the results he achieved
with SMED in the steel pipe business in the heavy industry
sector [4]. Demir applied SMED in a company producing white
goods and explained the improvements achieved in issues such
as efficiency, cost and delivery [5]. Basri et al. have
demonstrated how to reduce the installation process by
applying SMED in an automotive stamping press line [6].
Murugan reduced machine setup time with SMED at an
aluminum die casting company [7]. Ani et al. conducted a study
to increase productivity in CNC machines with the SMED
technique. SMED studies are widely studied in the metal
production sector [8].

In this study, it was carried out with its own solutions,
inspired by the studies in the literature.

II1. APPLICATION

In this section, first of all, the part where the problem is
handled, and the machine will be mentioned. Afterwards, the
proposed solution to this problem will be presented in detail.

A. Forging Section

It is the deformation process in which the forging material is
compressed and shaped between two dies. In the workshop
where the application is made, the forging process takes place
in automatic and manual presses. The hot forging process is
applied to reduce the strength of the part sample and increase
its ductility, which requires deformation. In automatic pressing
forging process; core moulds are used. Before forging, the size
of the core and the position of the mould are adjusted. After the
position of the mould and cores is adjusted, the lead material,
called lead printing, is hammered and the printing process takes
place in order to see the final shape of the product. The selection
of the appropriate method depends on the material to be forged,
the mould design and the product shape. Forging in automatic
presses is done by two methods. These methods are;
Continuous and Discontinuous are printing methods. In these
presses, there are apparatuses that affect the suitable method for
the placement of dies and forging. These; Dovetail, vertical
pressure and drum apparatus. With the help of these
apparatuses, the mould and the fixed or movable cores in the
mould function properly as a result of the adjustment.

B. SMED on Dovetail, Drum and Large Moulds

The SMED study was carried out on the Friction Press
workbench in the forging section of the factory. Changes made
will be presented with photographs.
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BEFORE AFTER

Fig. 1 Improvements to the plate

Two extra slides and shoe gaps were opened on the front and
sides of the plate used to place the mould, and the slides were
placed. Thus, the work of the workers became easier and the
time was shortened while placing the moulds on the workbench.

BEFORE

Fig. 2 Improvements for transportation

Slides were mounted on the moulds, springs and balls were
attached. In this way, the transport time of the moulds from the
mould carrying stand to the workbench was reduced. Bars have
been added to the front to prevent the moulds from tipping over
during transport. A similar method was used in other transport
stands.



BEFORE

Fig. 3 Improvements for the plate

For the dovetail apparatus connected to the friction bench to
be placed on the workbench and removed from the workbench,
ball stands will be ready behind the workbench. In the previous
case, when the apparatus was to be kept in another place and
used, it was carried to the workbench. Since the migration was
cancelled, the migration time was eliminated and contributed to
the reduction of the total time. In the last case, the apparatus is
placed on the stand.

BEFORE

Fig. 4 58S study for moulds

Within the scope of the project, a 5S study was carried out
in the area where the moulds are located. The moulds of friction
and eccentric presses prepared in the moulding room were
placed on the ground and given ready for production. Moulds
placed on the ground caused an irregular appearance. It took a
certain amount of time to find the pattern to be used. This
increased the changeover time. Shelves were made for all
moulds and the moulds were placed on the shelves in an order.
In addition, shelf definitions were made, enabling operators to
find the moulds in a short time. With the 58S study, space gain
was achieved on the right and left of the shelves.
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Fig. 5 Improvement in heating of moulds

In the previous case, the moulds were heated on the bench.
As a result of the experiments, it was observed that the heating
time was reduced by half when the moulds were heated on the
trays by using upside-down bandages with the help of
thermoregulators before entering the workbench. Accordingly,
the revision of the bandages was initiated. When these revision
processes are completely finished, the mould heating time will
be reduced and it will have a positive effect on reducing the
total mould change time.

IV. CONCLUSIONS

At the end of the changes, the time change in the mould
change is shared in Table 1.

TABLE1
CURRENT SITUATION
INFORMATIONS PAST NEW
ABOUT MOULD SITUATION SITUATION
CHANGE
Annual Friction Presses 118 108
Setting Average Time Minutes Minutes
Friction Presses Labor 2 2
+ Workbench Cost Euro/Minutes Euro/Minutes
FR2001 Average 240 240
Number of Setups/Year Setup/Year Setup/Year
56640 51840
Annual Cost Euro/Year Euro/Year

With the changes made in the mold change time of the
friction press bench, ten minutes of savings were achieved. In
Table 1, cost information is also given. Considering the amount
of investments made, recycling will be provided in
approximately twenty months. In addition, when the molds are
started to be heated in series with the thermoregulator, the setup
time will continue to decrease further.
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OZET

Elektrikli ara¢ iiretimi ve satiglarinin artmasi aliiminyum alasimlarinin otomotiv endiistrisinde
kullanim miktarina tetikleyici etki yaratmistir. Aliminyum Celik alasimlarina gore dusiik 6zkiitlesi
nedeni ile hafiflik avantaji sunarken, iyi sekillenebilirlik, iyi korozyon direnci ve iyi
kaynaklanabilirlik 6zellikleri nedeni ile de tercih nedeni olmustur. Araglarda dis gévde hareketli
pargalarda genel olarak 1s1l islem uygulanabilen 6000 serisi aliminyum levha alasimlari icerisinde
6016 alasimi tercih edilmektedir. 6016 alasimlari ¢ozeltiye alma tavi sonrasinda oda sicakliginda
bekleme dogal yaslanmaya ugramaktadir. Dogal yaslanma siiresine bagli olarak dayanim artisi
gozlenmekte bu da 6016 aliiminyum levhalarin pres altinda sekillenebilme yetenegini olumsuz
etkilemektedir. Bu ¢alismada 6016 aliiminyum alasimlarinda ¢6zeltiye alma tavindan hemen sonra
oda sicakliginda dogal yaslanma siirelerinin mikroyapiya etkisi incelenmistir. Dogal yaslanma
stirelerine bagli olarak olusan ¢okeltiler taramali kalorimetre (DSC) ile analiz edilerek 6016
alasimlarinda ¢okelme davranisi arastirilarak, olusan ¢okeltilerin taramali elektron mikroskobu ile
(SEM) karakterizasyonu yapilmistir.

Anahtar kelimeler: 6016 aliminyum alasimlari, dogal yaslanma, otomotiv uygulamalari.
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Abstract—Magnesium oxide stabilized thermal barrier coatings
are used in the aerospace industry to protect heat-resistant
materials. Magnesium oxide is a durable material at high
temperatures and when added to the coating material, it increases
the temperature resistance. These coatings protect the interior of
the material and extend the life of components by forming a
thermal barrier when exposed to high temperatures. They are
ideal for aircraft and spacecraft engines, exhaust systems,
combustion chambers, and other high-temperature components.
The development of thermal barrier coatings stabilized with
magnesium oxide helps make aircraft and spacecraft safer, more
durable, and longer lasting. In this study, metallic bond coatings
containing CoNiCrAlY were produced by the high-velocity oxy-
fuel (HVOF) coating method on nickel-based Inconel 718
substrate, which is frequently used in the aerospace industry.
Zirconia-based ceramic top coatings stabilized with magnesium
oxide on the bond coatings produced by thermal spray coating
methods were deposited by the atmospheric plasma spray (APS)
method. Thermal Barrier Coating (TBC) systems, whose bond
coatings and top coatings are produced, were subjected to
isothermal oxidation tests at 750° C temperatures for 25, 50, and
75 hours. The obtained results were characterized and evaluated
by Scanning electron microscopy (SEM), X-ray Diffraction
(XRD), and Energy Dispersion Spectrometer (EDS) analyses.

Keywords— Thermal spray coatings, Oxidation, MgO-ZrO:, High
velocity oxy fuel (HVOF), Atmospheric Plasma Spray (APS)

Ozet—Magnezyum oksit stabilize termal bariyer kaplamalar,
havacihk ve uzay endiistrisinde 1siya dayamikli malzemeleri
korumak icin kullanilmaktadir. Magnezyum oksit yiiksek
sicakliklarda dayanikh bir malzemedir ve kaplama malzemesine
eklendiginde sicakhk dayanimmmi arttirir. Bu kaplamalar
malzemenin icini korur ve yiiksek sicakliklara maruz kaldiginda
termal bir bariyer olusturarak bilesenlerin 6mriinii uzatir. Ugak
ve uzay araci motorlari, egzoz sistemleri, yanma odalari ve diger
yiiksek sicaklik bilesenleri icin idealdirler. Magnezyum oksit ile
stabilize edilmis termal bariyer kaplamalarin gelistirilmesi, ucak
ve uzay aracinin daha giivenli, daha dayanikh ve daha uzun
omiirlii olmasina yardimei olur. Bu ¢calismada, havacilik ve uzay
endiistrisinde sikhikla kullanilan nikel bazh Inconel 718 alttas
iizerine yiiksek hizhh oksi-yakit (HVOF) kaplama ydntemi ile
CoNiCrAlY iceren metalik bag kaplamalar iiretilmistir. Termal
sprey kaplama yontemleri ile iiretilen bag kaplamalarin iizerine
magnezyum oksit ile stabilize edilen zirkonya esash seramik iist

kaplamalar, atmosferik plazma sprey (APS) yontemi ile
biriktirilmistir. Bag kaplamalar1 ve iist kaplamalar: iiretilen
Termal Bariyer Kaplama (TBC) sistemleri 750° C sicaklikta 25,
50 ve 75 saat izotermal oksidasyon testlerine tabi tutulmustur.
Elde edilen sonuclar Taramal elektron mikroskobu (SEM), X-
isin1 Kirmimi (XRD) ve Enerji Dagilimi Spektrometresi (EDS)
analizleri ile karakterize edilmis ve degerlendirilmistir.

Anahtar Kelimeler—Termal sprey kaplamalar, Oksidasyon, MgO-
Zr0y, Yiiksek hizh oksi yakit (HVOF), Atmosferik Plazma Sprey
(APS)

I. GIRIS

TBC' lerin en yaygin kullanim alanlarindan biri havacilik ve
uzay endiistrisidir. Yiiksek sicakliklara maruz kalan motor
pargalari, turbosarjlar, yanma odalari, nozullar ve diger
bilesenler, TBC'ler kullanilarak korunabilir. TBC'ler ayrica
enerji tiretiminde kullanilan tiirbinlerde, ¢imento endiistrisinde,
petrokimya endiistrisinde, denizcilik sektoriinde ve diger
endiistrilerde de yaygin olarak kullanilir [1-3].

Termal sprey kaplama yontemleriyle {retilen TBC
sistemlerinde  genellikle yiiksek sicakliklara dayanikli
malzemeler olan nikel esasli altlik malzemeler kullanilmaktadir.
Tabakali bir yapiya sahip olan TBC sistemlerinin iiretiminde
bag kaplama olarak da MCrALlY igerikli metalik bag kaplamalar
kullanilir. Ust kaplama olarak da yiiksek sicakliklara dayanikli
seramik esasli malzemeler tercih edilmektedir [4-7].

TBC'lerin iiretiminde, kaplama malzemesinin segimi
onemlidir. Kaplama malzemeleri, yiiksek sicaklikta stabil
olmali ve yiiksek sicaklikta oksitlenmemelidir. Bu nedenle,
seramikler ve metal oksitler gibi yiiksek sicaklikta stabil
malzemelerin kullanimi yaygindir. Kaplama malzemeleri,
genellikle piiskiirtme yontemiyle uygulanir. Puskiirtme
yontemi, malzemenin ylizeye ince bir tabaka halinde
uygulanmasi icin sikistirilmis gazlar veya plazma yardimiyla
gergeklestirilir [8, 9].

Genellikle yiiksek sicaklik  uygulamalarinda  althik
malzemelere iletilen sicakliklarin diistiriilmesinde kullanilan
TBC sistemlerinde en ¢ok tercih edilen seramik iist kaplama
malzemesi yitria ile stabilize edilmis zirkonya esasl
malzemelerdir. Nadir toprak elementlerinden olan yitria
malzemesinin piyasada az olmasi ve {iretiminin zor olmasindan
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kaynakli olarak yiizey ve malzeme miihendisleri havacilik ve
uzay sanayisinde kullanilmak tizere yeni tip malzeme arayigina
gitmisglerdir. Son yillarda yaygm olarak MgO ile stabilize
edilmis zirkonya esasli malzemelerin kullanim1 da bu sebepten
dolayr artmistir. Ist iletkenliginin disik olmasi, yiiksek
sicakliklarda oksidasyon ve sicak korozyona kars1 dayaniminin
iyi olmasindan dolayr da MgO-ZrO, seramik st kaplama
malzemesinin kullanimin1 arttirmigtir [10-12].

Gergeklestirilen bu ¢alismada, nikel esash siiper alagim
malzeme olan Inconel 718 iizerine HVOF yontemiyle
CoNiCrAlY igerigine sahip metalik bag kaplamalar
biriktirilmistir. Bag kaplamalari {iretilen numunelerin {izerine
APS yontemiyle MgO-ZrO, igerigine sahip seramik {ist
kaplamalar biriktirilmis ve yeni nesil TBC sistemleri
tiretilmistir. Uretilen TBC sistemleri izotermal oksidasyon
testlerine maruz birakilmasmin ardindan testler oncesi ve
sonrast gerceklestirilen karakterizasyonlar neticesinde TBC
sistemlerinin oksidasyon davraniglar1 incelenmistir.

II. MALZEME VE YONTEM

TBC sistemlerinin iiretimleri igin Inconel 718 nikel esash
stiper alagim altlik malzemeler tercih edilmistir. Genellikle
yiiksek sicaklik uygulamalarinda kullanilan siiper alagim
malzemeler 1 in¢ ¢apinda ve yaklagik Smm kalinliklarda
kesilerek kaplama islemi oncesinde 2-2,5bar basing altinda
asindirict  partikiiller esliginde kumlama islemine tabi
tutulmustur. Kumlama islemlerinin ardindan termal sprey
kaplama yontemlerinden biri olan HVOF teknigi ile tiim altlik
numuneler CoNiCrAlY igerigine sahip metalik esasli kompozit
tozlarla yaklagik olarak 100pm kalinliklarda kaplanmistir. Bag
kaplamalarinin tiretimlerinin ardindan yaklasik olarak 300um
kalinlhiklarda yine termal sprey kaplama yontemlerinden birisi
olan APS teknigi ile MgO-ZrO; igerigine sahip seramik esasli
iist kaplama malzemesi ile kaplanmis ve TBC sistemlerinin
tretimleri tamamlanmistir. TBC sistemlerinin tiretimlerinde
kullanilan termal sprey kaplama yontemlerinin parametreleri
tablo 1’de verilmistir.

TABLE I
TBC SISTEMLERININ URETIMLERINDE KULLANILAN TERMAL
SPREY KAPLAMA YONTEMLERININ PARAMETRELERI

Yontem Malzemeler Yanma Gaz akis Toz Tabanca Toz
Gazlan hizx tastyici hizi besleme
gaz hizi
HVOF CoNiCrAlY C3Hs (80 15-20 N2 (6,5 20 mm/s 20 g/min
bag kaplama slpm) slpm slpm)
tozlart 02 (250
slpm)
Air (700
slpm)
Yontem Malzemeler Ark Elektrik Argon Hidrojen Toz
Akim giicii akis hizi akis izi besleme
hizi
APS MgO-ZrO; st 600 A 40 kW 65 slpm 14 slpm 30 g/min
kaplama
tozlar

A. Oksidasyon Testleri

Bu calismada, yiiksek sicakliklarda Inconel 718 siiper alagim
malzemesini oksidasyona kargi korumak amaciyla HVOF
yontemiyle CoNiCrAlY metalik bag kaplamasi, APS
yontemiyle MgO-ZrO, seramik {ist kaplamasi tiretilen TBC
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sistemlerinin oksidasyon hasar mekanizmasi incelenmistir.
Uretilen TBC sistemleri 750°C'de atmosfere acik bir elektrikli
firina (Proterm) yerlestirilmistir. Kaplama numuneleri firinda
25, 50 ve 75 saat boyunca izotermal oksidasyon testlerine tabi
tutulmustur. Oksidasyon hasar mekanizmasini belirlemek i¢in
XRD (Rigaku Dmax 2200 PC, Cu Ka radyasyon, Rigaku,
Japonya), SEM (Tescan, MAIA3 XMU, Cek Cumhuriyeti) ve
mapping analizleri kullanilmistir. Tim kaplama numuneleri
tizerinde oksidasyon testlerinden Once ve sonra analizler
gerceklestirilmistir.

III. DENEYSEL BULGULAR VE TARTISMA

A. MgO-ZrO; I¢erikli TBC Sistemlerinin Oksidasyon Testleri
Oncesi Karakterizasyonu

HVOF yontemiyle tiretilen CoNiCrAlY kaplama, yiiksek
sicaklik dayanimi, korozyon direnci ve yapisma ozellikleri
nedeniyle yaygin olarak kullanilan bir bag kaplamasidir. Bu
kaplama, yiiksek sicakliklarda bile yiizeyin korunmasina
yardimec1 olur. Ancak, CoNiCrAlY kaplamanin yiiksek
sicakliklarda oksidasyona karsi direnci siirhdir ve uzun siireli
kullanimlarda yiizeyde oksidasyon olusabilir. MgO-ZrO,
seramik icerigine sahip iist kaplama ise, APS yontemiyle
iiretilir. Bu kaplama, yiiksek sicaklik dayanimi ve termal sok
direnci nedeniyle TBC uygulamalarinda yaygin olarak
kullanilir [10-12]. MgO-ZrO> kaplama, yiizeyin oksidasyona
kars1i korunmasina yardimci olur. Gergeklestirilen bu ¢alismada,
HVOF teknigi ile bag kaplamasi tiretilen ve APS yontemiyle
ist kaplamasit biriktirilerek tretilen TBC sistemlerinin
oksidasyon testleri oncesinde kesit ylizey goriintiileri alinmistir.
Oksidasyon testi dncesi elde edilen MgO-ZrO» seramik icerikli
TBC sistemine ait kesit SEM goriintiisii sekil 1’de verilmistir.

-
e = =y

Sekil 1 MgO-ZrO, seramik igerikli TBC sistemine oksidasyon oncesi kesit
SEM gortintiisii

HVOF yontemiyle iretilen CoNiCrAlY igerikli bag
kaplamasi, yiiksek sicaklik dayanimi, korozyon direnci, yiiksek
yapisma ozellikleri ve gézeneksiz bir yapiya sahiptir. Kaplama
tabakast yogun, homojen ve gozeneksiz bir yapiya sahiptir.
CoNiCrAlY kaplama, yiiksek sicakliklarda bile yiizeyin
korunmasina yardimct olur. Kaplama tabakasmin yiiksek
sicaklik dayanimi, uzun 6miirlii ve dayanikli bir kaplama saglar.
Ust kaplama tabakasinda ise, APS yonteminin oksitli ve
poroziteli ve laminar bir mikroyap1 gériilmektedir. Oksidasyon
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testleri ©oncesinde {retilen TBC sisteminin elementel
dagiliminin net bir sekilde goriilebilmesi igin elementel
haritalama analizi gergeklestirilmistir. ~ Gergeklestirilen
elementel haritalama analizi ise sekil 2’de verilmistir.
Elementel haritalama analizine gore iist kaplama yapisi
icerisinde Mg, Zr ve oksijen bulunurken bag kaplamada ise, Co,
Ni, Cr, Al ve Y elementleri bulunmaktadir.

CoNiCralY

Sekil 2 MgO-ZrO, seramik icerikli TBC sisteminin oksidasyon oncesi
elementel haritalama analizi goriintiisi

B. MgO-ZrO:; I¢erikli TBC Sistemlerinde Oksidasyon
Etkisi

Izotermal oksidasyon testlerinin ardindan elde edilen SEM
kesit goriintiileri sekil 3’de verilmistir. Ilerleyen oksidasyon
stiresine bagli olarak TBC sistemlerinin iist kaplamalarindaki
gozeneklerinde sinterlesmenin etkisine bagli olarak azalmalar
meydana  gelmistir.  Yap1  igerisindeki  gozeneklerin
azalmasindan dolay1 sistemin termal iletkenliginden artiglar
meydana gelecektir. Ancak, 750° C’de gerceklestirilen bu
testler neticesinde sistemde herhangi bir hasar gorilmemistir.

CoNiCrAlY

Inconel 718

Sekil 3 MgO-ZrO, seramik igerikli TBC sisteminin 25, 50 ve 75 saat izotermal
oksidasyon testleri sonrasinda elde edilen kesit SEM goriintiileri
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Sekil 4'de 75 saat izotermal oksidasyon testine maruz
birakilan MgO ile stabilize edilmis zirkonya esasli {ist
kaplamaya sahip TBC sisteminin elementel haritalama analizi
verilmistir. Gergeklestirilen elementel haritalama analizinde
ist kaplama tabakasinda herhangi bir bozulmanin veya
kopmanin meydana gelmedigi sadece APS yOnteminin
karakteristik 6zelligi olan poroziteli yapidaki bosluklarin
kapanmaya basladigi goriilmiistiir. Ust kaplama yapisi
icerisinde yogun olarak Mg, Zr ve O elementlerine
rastlanilmaktadir. Ayni analiz igerisinde yer alan bag kaplama
tabakasinda ise, oksijen elementinin yogunlugunun az oldugu
goriilmektedir.  Yiiksek  sicakliklarda meydana gelen
oksidasyon hasar mekanizmasina kars1 tist kaplanin yeterince
koruma sagladig1 ve etkinin bag kaplama ve altliga ¢ok fazla
etki etmedigi goriilmektedir. Bag kaplama elementlerinin
yogunlugu ise, Co, Ni, Cr, Al elementlerinden olusmaktadir.
Ayrica, oksidasyon siiresinin daha da uzamasi neticesinde bag
kaplama tabakasinin  iist kisminda Al  elementinin
yogunlasmaya baslayacagi analizdeki ¢izgi seklinde goriilen Al
yogunlugundan anlasilmaktadir. Ancak, testlerin
gerceklestirildigi 750°C ve 75 saatlik siire igerisinde TBC
sistemlerinde herhangi bir oksidasyon etkisinin olmadig1
goriilmektedir. Bu sebepten dolay1 bu sicaklik ve siireler igin
MgO ile stabilize edilmis zirkonya esasl iist kaplamaya ve
CoNiCrAlY icerikli bag kaplamaya sahip TBC sistemleri net
bir koruma saglayacagi diisiiniilmektedir.

CoNiCrAlY

[ e

Sekil 4 Izotermal oksidasyon testlerinden sonra MgO ile stabilize edilmis
zirkonya esasli tst kaplamaya sahip TBC sisteminin elementel haritalama
analizi

TBC sistemlerinin oksidasyon testleri sonucunda elde edilen
faz analizlerinin sonuglar1 Sekil 5'de verilmistir. Oksidasyon
testleri 6ncesinde tetragonal zirkonya ve monoklinik zirkonya
faz yapisina sahip TBC sistemlerinin ilerleyen oksidasyon
stirecine bagli olarak faz yapilarinda ¢ok fazla bir degisiklik
meydana gelmemistir. Bilindigi tizere allotropik doéntisiim
sergilen zirkonya malzemesi normal sartlarda oda sicaklig1 ve
yiiksek sicaklikli ortamlarda farkli faz yapilarina sahiptir [13-
15]. Bu faz doéniistimleri TBC sistemleri i¢erisinde bozulmalar
meydana getirmektedir. Bu sebepten dolay1 TBC sistemlerinin

101



st kaplamalart tiretilirken zirkonya malzemesinin stabil hale
getirilmesi gerekmektedir. MgO ile stabil hale getirilen
zirkonya malzemesi oda sicakliginda ve yiiksek sicakliklarda
genellikle tetragonal fazda stabilitesini korumaktadir.
Oksidasyon Oncesi, 25 saat oksidasyon sonrasi, 50 saat
oksidasyon sonrast ve 75 saat oksidasyon sonrasi
gerceklestirilen faz analizleri de TBC sistemlerinin yogunluk

olarak tetragonal faz yapisinda stabilitesini korudugu
goriilmiistiir.
+ Terrugonal Zr0,
& Manaklinik Zriry
-
TEh Oksidasyen
-
- i S0k Oksidasyeon
- * * -
§ - £ -
b 25h Oksidasyen
‘LLR A e -
s As-sprayed
& -
:J M
T T T T T T 1
20 30 40 50 80 70 80 g0

20 (derece)

Sekil 5 TBC sistemlerinin oksidasyon oncesinde ve oksidasyon sonrasinda
gergeklestirilen faz analizleri

IV.CONCLUSIONS

CoNiCrAlY icerigine sahip bag kaplamalart HVOF
yontemiyle MgO ile stabilize edilmis zirkonya esash {ist
kaplamalar1 APS yontemiyle tiretilen TBC sistemleri 750°C” de
25, 50 ve 75 saat boyunca izotermal oksidasyon testlerine
maruz brrakilmistir. Inconel 718 nikel esasl altlik kullanilarak
elde edilen TBC sistemleri basarili bir sekilde tretilmistir.
Atmosfer kosullarina acik elektrikli kil  firminda
gerceklestirilen  oksidasyon testleri neticesinde TBC
sistemlerinde herhangi bir bozulma, ayrilma veya doékiilme
meydana gelmemistir. Oksidasyon oncesinde ve oksidasyon
sonrasinda faz yogunlugunun tetragonal faz yapisinda stabil
olarak kalmistir. Gergeklestirilen bu c¢alisma neticesinde,
gretilen bu TBC sistemlerinin 750°C ve 75 saatlik
oksidasyonlara karsi dayanabildigi goriilmiistiir. ilerleyen
calismalarda ise, daha yiiksek sicaklik ve daha uzun siirelerde
gretilen bu TBC sistemlerinin oksidasyon hasarlarina karsi
dayanimlari test edilmelidir.
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Abstract—The high velocity oxy fuel (HVOF) method is a new-
generation thermal spray coating method that provides oxide and
porosity free coating production in many industries, especially in
the aerospace industry. With this method, high-quality, hard, and
durable coatings are obtained on the surfaces. WC-Co-Cr is a
coating material composed of tungsten carbide, cobalt, and
chromium, providing high temperature and wear resistance. This
material is an ideal option for coatings applied to surfaces used in
industrial applications. WC-Co-Cr materials coated with the
HVOF method are generally used for the protection of surfaces
used in high-temperature and corrosive environments. For
example, they are widely used in applications such as aircraft
engines, oil fields, and mining equipment. WC-Co-Cr coatings
applied with the HVOF method provide high-density,
homogeneous, and high-temperature-resistant coatings. In
addition, coatings applied with this method provide excellent
bonding to surfaces and provide long-term durability. In this
study, the coating material containing WC-Co-Cr was coated on
316L stainless steel substrate with the HVOF technique.
Isothermal oxidation tests of the coated samples were carried out
at 750 °C for 5, 25, and 50 hours. Before and after the oxidation
tests, the test samples were analyzed using scanning electron
microscopy (SEM), X-ray diffractometry (XRD), and elemental
mapping analysis methods and contributed to the literature.

Keywords— Thermal spray coatings, Oxidation, WC-Co-Cr, High
velocity oxy fuel (HVOF)

Ozet— Yiiksek hizhi oksi yakit (HVOF) yontemi, basta havacilik
sektorii olmak lizere bircok sektorde oksitsiz ve gozeneksiz
kaplama iiretimi saglayan yeni nesil termal sprey kaplama
yontemidir. Bu yontemle yiizeylerde Kkaliteli, sert ve dayanikh
kaplamalar elde edilir. WC-Co-Cr, tungsten karbiir, kobalt ve
kromdan olusan, yiiksek sicaklik ve asinma direnci saglayan bir
kaplama malzemesidir. Bu malzeme, endiistriyel uygulamalarda
kullanilan yiizeylere uygulanan kaplamalar icin ideal bir
secenektir. HVOF yontemi ile kaplanan WC-Co-Cr malzemeleri
genellikle yiiksek sicaklikli ve korozif ortamlarda kullanilan
yiizeylerin korunmasinda kullamlmaktadir. Ornegin, ucak
motorlari, petrol sahalar1 ve madencilik ekipmanlar1 gibi
uygulamalarda yaygin olarak kullanilirlar. HVOF yontemi ile

uygulanan WC-Co-Cr kaplamalar, yiiksek yogunluklu, homojen
ve yiiksek sicakhiga dayanikh kaplamalar saglar. Ayrica bu
yontemle uygulanan kaplamalar yiizeylere miikemmel yapisma
saglayarak uzun siireli dayaniklilik saglar. Bu ¢calismada WC-Co-
Cr iceren kaplama malzemesi 316L paslanmaz ¢elik althk iizerine
HVOF teknigi ile kaplanmistir. Kaplanan numunelerin izotermal
oksidasyon testleri 750 °C'de S, 25 ve 50 saat siireyle
gerceklestirilmistir. Oksidasyon testleri 6ncesi ve sonrasinda test
numuneleri taramali elektron mikroskobu (SEM), X-ray
difraktometri (XRD) ve elemental mapping analiz yontemleri
kullanilarak analiz edilerek literatiire katki saglanmistir.

Anahtar Kelimeler—Termal sprey kaplamalar, Oksidasyon, WC-
Co-Cr, Yiiksek hizh oksi yakit (HVOF)

L. GIRIS

Kaplama uygulamalari, ylizeylerin zarar gérmesini onlemek,
¢izilmeye, asinmaya, kimyasallara, 1stya ve suya kars1 koruma
saglamak amaciyla kullanilan koruma yontemleri arasindadir.
Yiizeylerin goriiniimiinii veya estetigini gelistirmek icin de
kullanilan kaplamalar 6zellikle yiiksek sicakliklarda kullanilan
parcalarin korunmasinda da tercih edilmektedir [1-3].

Havacilik, uzay ve otomotiv sektoérlerinde yiiksek sicaklik
uygulamalarinda kullanilan malzemelerin korunmasi igin
genellikle termal sprey kaplama yontemleri tercih edilmektedir.
Ergimis ya da yar1 ergimis formda malzemelerin altlik yiizeyine
gonderildigi termal sprey kaplama yontemleri arasinda
atmosferik plazma sprey (APS), vakum plazma sprey (VPS),
soguk gaz dinamik sprey (CGDS), alev sprey, detanasyon
tabancasi (D-gun), stipersonik plazma sprey (SSPS) ve yiiksek
hizli oksi yakit (HVOF) teknikleri en g¢ok tercih edilen ve
bilinen yontemler arasindadir [4-6].

Termal sprey kaplama yontemlerinde son yillarda tercih
edilen malzeme tiirleri arasinda yeni nesil sert dayanikli
malzemeler yer almaktadir [7]. WC-Co-Cr malzemesi, termal
sprey kaplama teknigi kullanilarak tiretilen ve yiiksek asinma
direnci ve yiiksek sicaklik dayanimi gerektiren uygulamalarda
kullanilan bir malzemedir. Yiiksek sicakliklara dayanabilecek
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sekilde tasarlanmistir ve bu nedenle yiiksek sicaklik
uygulamalarinda kullanilabilir [8, 9]. Ornegin, ugak motoru
parcalari, firmlar, yakit hiicreleri ve endiistriyel firinlar gibi
yiiksek sicaklik uygulamalarinda kullanilir. WC-Co-Cr, yiiksek
asinma direnci saglayan tungsten karbiir bilesenine sahiptir. Bu
malzeme, siirtiinme, ¢izik ve korozyondan kaynaklanan
hasarlara karsi miikemmel bir diren¢ saglar. Bu nedenle,
matkap uglari, pompa ve valf pargalari, tibbi aletler ve savunma
sanayinde kullanilan diger pargalar igin idealdir. WC-Co-Cr,
yiiksek sertligi ile bilinir ve bu nedenle g¢esitli asinma
uygulamalari i¢in idealdir. Yiiksek sertligi, bu malzemeyi diger
malzemelerin yiizeylerine kaplamak icin ideal hale getirir.
Kobalt ve krom gibi kimyasal olarak dayanikli bilesenlere
sahiptir ve ¢esitli kimyasal ortamlara karsi direncglidir. Bu
ozellik, bu malzemenin diger malzemelerden daha uzun 6miirli
ve daha az bakim gerektiren uygulamalarda kullaniimasini
saglar [7-10].

Gergeklestirilen bu ¢alismada, yeni nesil termal sprey
kaplama yo6ntemlerinden birisi olan HVOF yontemiyle 316L
paslanmaz ¢elik malzeme yiizeyine WC-Co-Cr kaplama
malzemesi kaplanmistir. Kaplanan malzemeler yiiksek
sicakliklarda oksidasyon testlerine maruz birakilmis ve elde
edilen sonuglar ileri diizey karakterizsyon testleri ile literatiir
kapsaminda degerlendirilmistir.

II. MALZEME VE YONTEM

Kaplamalarin ~ iiretimi  igin  oncelikle 25x25x10mm?
olciilerinde 316L paslanmaz ¢elik altlik malzemeleri satin
alinmigtir. Alt tabaka malzemeleri, yiizeylerdeki kir ve oksit
kaplamalar1 uzaklastirmak, ptiriizlendirmek ve kaplama
islemine hazirlamak i¢in yaklasik 1,5-2 bar basingta Al,Oj3 toz
partikiilleri ile kumlanmistir. GTV firmasindan %99 saflikta ve
agirhikca 86-10-4 oranlarma sahip WC-Co-Cr tozlar1 temin
edilen tozlar HVOF kaplama yontemiyle 3161 paslanmaz gelik
althk numunelerin yiizeyine kaplanmistir. HVOF kaplama
isleminde kullanilan parametreler ve tastyici gazlar Tablo 1'de
verilmistir.

TABLE1
HVOF TERMAL SPREY KAPLAMA YONTEMINDE KULLANILAN
PARAMETRELER
Malzemeler Yontemde Yontemde | Malzeme | Kaplama
kullamlan kullamlan besleme mesafesi
yanici gazlar tasiyici hiz
gazlar
WC-Co-Cr 0, (235-245 N, (4-5 13-14 245-265
tozlari slpm) slpm) g/min. mm
CHj4 (90-95
slpm)

WC-Co-Cr malzemesi ile kaplanan 316L paslanmaz gelik
malzemelerin oksidasyon testleri oncesinde 6lgiilen porozite,
ylizey purtzluligi ve sertlik degerleri sirasiyla image-J
gozeneklilik ol¢tim uygulamasi, Mitutoyo SJ-310 (Japonya)
marka ylizey piirtizluliigt ekipmani ve Qness Q10 (Avusturya)
marka mikrosertlik cihazi kullanilarak ¢lgiilmiistiir. Elde edilen
veriler tablo 2’de verilmistir.
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TABLE II
HVOF TEKNIGI ILE KAPLANMIS WC-CO-CR KAPLAMA
MALZEMELERININ PURUZLULUK, GOZENEKLILIK VE SERTLIK

DEGERLERI
Sertlik (Hv) Porozite(%) Piiriizliiliik (Ra
pm)
WC-Co-Cr 1570-1580 0.39+0.15 2.17-3.15
malzeme

A. Oksidasyon Testleri

Oksidasyon hasar mekanizmasiin incelendigi bu ¢aligmada,
316L paslanmaz gelik, yiiksek sicakliklarda oksidasyona karsi
korumak igin WC-Co-Cr kaplama malzemesi ile kaplanmistir.
Yiiksek sicaklikta ¢alisma ortamini simiile etmek i¢in HVOF
yontemi ile kaplanan 316 paslanmaz ¢elik altlik malzemesi 4
esit parcaya boliinerek 750°C'de atmosfere agik elektrikli firina
(Proterm) yerlestirilmistir. Kaplama numuneleri firinda 5, 25
ve 50 saat izotermal oksidasyon testlerine tabi tutulmustur.
Orneklere etki eden oksidasyon hasar mekanizmasini
belirlemek i¢in XRD (Rigaku Dmax 2200 PC, Cu Ka
radyasyon, Rigaku, Japonya), SEM (Tescan, MAIA3 XMU,
Cek Cumbhuriyeti) ve mapping analizleri yapilmistir.
oksidasyon testlerinden 6nce ve sonra tiim kaplama numuneleri
tizerinde gerceklestirilmistir.

III. DENEYSEL BULGULAR VE TARTISMA

A. WC-Co-Cr Kaplamaya Sahip 316L Paslanmaz Celik
Malzemenin Oksidasyon Testi Oncesi Karakterizasyonu

Havacilik, uzay, gemi, otomotiv gibi birgok sektorde yaygin
olarak kullanilan HVOF kaplama yontemi oksit igermeyen,
gozeneksiz ve yogun bir kaplama tabakasi saglar. Sekil 1'de
WC-Co-Cr ile kaplanmig 316L paslanmaz g¢elik malzemenin
kesit SEM goriintiisii  verilmektedir. Kaplama tabakasmin
tamamen HVOF yonteminin karakteristik ozelliklerini

3161 Paslanmaz
Celik

Sekil 1 HVOF teknigi ile WC-Co-Cr kaplanmis 316L paslanmaz gelik
malzemenin oksidasyon oncesi kesit goruntiisii

WC-Co-Cr malzemesi ile kaplanan 316L paslanmaz celik
malzemenin oksidasyon testi 6ncesi gerceklestirilen elementel
haritalama analizi sekil 2’de verilmistir. Fe, C, Cr ve Co
elementleri 316L paslanmaz ¢elik altlik malzemesinde yogun
olarak bulunur.
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Sekil 2 HVOF teknigi ile WC-Co-Cr kaplanmis 316L paslanmaz ¢elik
malzemenin oksidasyon oncesi elementel haritalama analizi

B. WC-Co-Cr Kaplamalarda Oksidasyon Etkisi

HVOF kaplama yontemi ile malzemelere diizgiin yiizey
kalitesi, yiitksek yogunluk, diisiik gozeneklilik ve diisiik oksit
icerigi saglanmaktadir. Ayrica bu teknik sayesinde malzemeler
iyi oksidasyon ve aginma direnci kazanir. 750°C'de oksidasyon
testi yapilan WC-Co-Cr kaplama sisteminin kesitsel SEM
gorimtiileri  Sekil 3'de verilmistir. izotermal oksidasyon
testlerinde kaplama numunelerinde yiiksek sicakliklardan
dolay1 bozulma goézlenmistir. Kaplama kalinliklart ilerleyen
oksidasyon siiresi ile azalmigtir. 5 saatlik oksidasyon testinin
ardindan kaplama yapisinda gozenekler gozlendi. 25 saatlik
izotermal testin ardindan kaplama ile altligin ara yiizeyindeki
gozenekler sinterleme etkisiyle yapidan ayrilmaya baslamistir.
Kaplamadaki sinterleme etkisi malzemenin 1s1l iletkenligini
arttirmis ve kaplama araytiziinde 1sil genlesmeler meydana
gelmis ve catlak baslangici olugsmaya baslamistir. 50 saat sonra
elde edilen oksidasyon goriintiisiinde, altligin ana bileseni olan
Fe elementi kaplama yiizeyine kadar difiize olmus ve {ist
ylizeyde Fe,Os, Fe;O4 gibi oksitlenmis yapilar olusturmustur.
Kaplama bilesimindeki Co ve Cr elementlerinin oksijene karsi
cok yiiksek afiniteye sahip oldugu bilinen bir gergektir.
Ellingham diyagramina gore Cr elementi kaplama yapisinda
oksitlenmis ve kaplama yapisindan ayrigtirilmigtir. Bunu
takiben Co elementinin kaplama yapisindan ayristigi
gozlenmistir. Ayrica kaplama tabakasinin ana malzemesi olan
WC tabakasinin altlik ylizeyine gogtuigii soylenebilir. Kaplama
tabakasi ile altlik arasindaki arayiizde kendi kendine olusan
oksit tabakasi gézlenmedi. Bunun nedeninin ise altlik malzeme
olan 316L paslanmaz g¢elik malzemenin alagimli ¢elik olmast
ve igindeki elementlerin difiizyonla kaplama yiizeyine dogru
hareket etmesi oldugu diistiniilmektedir. Ust yiizeye go¢ eden
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elementler, kaplama tabakasinda bozulma olusumuna katkida
bulunur. Ilerleyen oksidasyon siireci dikkate alindiginda
kaplama kalinliginda gozle gorilir bir azalma oldugu
anlasilmaktadir. Kaplama kalinhigindaki bu azalmanin bir diger
sebebinin de kaplama tabakasindaki WC-Co-Cr bilesimlerinin
ayrismast oldugu disiinilmektedir. Sermet yapiya sahip olan
kaplama malzemesinde WC-W,C faz doniisimii oldugu
diistintilmektedir.

Sekil 3 HVOF teknigi ile WC-Co-Cr kaplanmig 316L paslanmaz celik
malzemenin oksidasyon testleri sonrasi elde edilen kesit goriintiileri

Sekil 4'de WC-Co-Cr kaplama sisteminin izotermal
oksidasyon testleri sonrasinda elde edilen enine kesit elementel
haritalama analizi verilmistir. Oksidasyon testlerinden sonra
kaplama ara yiizeyinde ayrilmalar meydana gelmistir. Bu
ayrigsmalarin yiiksek sicakligin etkisiyle kaplamada meydana
gelen faz degisimlerinden kaynaklandigi diistiniilmektedir.
Oksidasyon hasarin1 belirlemek igin althik yiizeyinde kalan
kaplama kalintilar1 tizerinde haritalama analizleri yapilmistir.
Testler sonucunda kaplamalardaki kalinlik azalmalari, kaplama
tabakasinin  yapidan tabakalar halinde ayrilmasindan
kaynaklanmaktadir. {lk 5 saatlik oksidasyon testinin ardindan
ilk olarak kaplama kalinliginda azalmalar gozlendi. Althk
malzeme bilesiminde bulunan Ni, Cr ve Fe elementlerinin altlik
icinde kaplama tabakasima gore daha yogZun oldugu
gortilmektedir. Kaplama tabakasimda W, C ve Co
elementlerinin  yogunlugu goriilirken, Cr elementinin
yogunlugunun diisitk oldugu anlasilmaktadir. Ayrica atmosfer
ortaminda kaplama sistemine dahil olan oksijen elementinin
tim kesit boyunca var oldugu ve yiizeyde homojen olarak
dagildig1 goriilmektedir. flerleyen oksidasyon sirasinda, althik
icinde yogunlasan alasim elementlerinin yiiksek sicakligin
etkisiyle tist kisimlara dogru go¢ ederek burada oksitlenmis
yapilar olusturdugu diisiiniilmektedir. Ozellikle 50 saatlik
oksidasyon testinden sonra iist tabakada olusan koyu renkli
yapmin demir oksit igeren bir bilesik oldugu mapping
analizinden agikga anlagiimigtir. 50 saatlik harita analizinde W
elementinin de alt tabakaya dogru gog ettigi goriilmektedir.
Literatiirde de bulunan TBC sistemlerinin oksidasyonu ile ilgili
diger c¢alismalarda da benzer sonuglarin elde edildigi
goriilmektedir [11, 12].
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Sekil 4 HVOF teknigi ile WC-Co-Cr kaplanmis 316L paslanmaz celik
malzemenin oksidasyon testleri sonrasi elde edilen elementel haritalama
analizleri

Oksidasyon testleri sonucunda elde edilen faz analizlerinin
sonuglart Sekil 5'de verilmistir. Oksidasyon testleri 6ncesinde
WC ve Co fazlarinin yogunlugu goriilmektedir. Yiiksek
sicakliklarda oksidasyonun etkisi sonucunda faz ayrigmalari
gozlenmistir. WC faz yapisi W2C yapisina ayristirilirken,
kaplama yapisinda agirlik orani olduk¢a diisik olan Co
elementi oksidasyon ile yapidan ayrilmaya baglamistir.
Kaplama tabakasiin kalinliginin azalmasi ve alt tabakadaki Fe
elementinin iist kaplamaya dogru gogii ile olusan Fe,O3 ve
Fe;0, faz yapilar1 da ilerleyici korozyon siireci nedeniyle
ortaya ¢ikmaya baslamistir.
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Sekil 5 HVOF teknigi ile WC-Co-Cr kaplanmis 316L paslanmaz gelik
malzemenin oksidasyon testleri oncesi ve sonrasi elde edilen XRD analizleri
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IV. CONCLUSIONS

Yenilik¢i bir termal sprey kaplama yontemi olan HVOF
teknigi ile, WC-Co-Cr gelismis sert sermet kaplama
malzemeleri, 316L paslanmaz c¢elik alt tabaka malzemesi
tizerine basariyla kaplandi. Kaplama mikro yapisi oksit igermez,
gozeneksiz ve yogundur. WC-Co-Cr kaplama tabakasi, yiiksek
sicakliklarda ortamdan gelen oksijenin etkisiyle oksidasyon
hasar mekanizmasinda faz doniistimii gostermistir. Oksidasyon
testleri sonrasinda kaplama tabakasinin bazi kisimlar1 ayrilmis
ve kaplama tabakasinin kalinligi azalmistir.50h oksidasyon
testinden sonra WC-Co-Cr kaplama tabakasindaki WC faz
yapist, yliksek sicakligin etkisiyle altlik malzemeye dogru goc
etmistir. Altlk malzemesindeki Fe elementleri, kaplama
tabakasinin arayiiziine dogru hareket etti. Gog ettikleri
bolgelerde oksit formlar1 olusturmuslardir. XRD analizi
sonucunda Fe elementinin  oksitlenmis  bilesiklerinin
oksidasyon hasar mekanizmasinda meydana geldigi
gozlenmistir. Asinmaya karsi dayanikli oldugu bilinen WC-Co-
Cr sert sermet malzemesinin oksidasyona karsi davranisinin
oldukga zayif oldugu goriilmiistiir.
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This review paper provides an overview of recent advancements in the crystallisation of lime-
alumina based mould powders for continuous casting of high-aluminium steels. Mould powders based
on lime-alumina have been developed to prevent molten steel/slag interaction, which affects the surface
quality of cast slabs. However, the mould slag crystallises easily, causing the mould lubrication and
casting process to deteriorate. Several efforts have been made to improve the crystallization behaviour
of Ca0-Al>O; based mould powders, including changing the lime/alumina ratio, adding MnO or B,0s,
and introducing Li,O and Na,O as fluxing agents. The review also emphasizes the shortfall of research
on the crystallization behaviour of lime-alumina based mould powders. The paper concludes that
appropriate amounts of fluidiser should be added to adjust the lubrication and crystallisation properties
of the mould powder, and that Li,O and Na,O may play an important role in crystallisation inhibition.
The purpose of this paper is to provide recommendations for designing and optimizing lime-alumina
based mould powders for casting high-aluminium steels.
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The demand for advanced high-strength steels (AHSS) with improved mechanical properties for
automobile manufacturing has led to the development of new grades of steel. High-Aluminium steels are a
significant class of AHSS that exhibit excellent strength, formability and ductility. However, conventional mould
powders cannot be used for the casting of high-Al steels due to the reactions between reducible oxides and
aluminium that change the physicochemical properties of the mould powders, leading to insufficient lubrication
and non-uniform heat transfer.

Various approaches have been proposed to produce new mould powders for high-aluminium steels,
including low basicity, low viscosity lime-silica based mould powders, and non-reactive lime-alumina based
mould powders. Strategies for minimizing alumina pick-up in mould powders have also been investigated. In this
paper, we review the chemical compositions and properties of various mould powders designed for casting high-
aluminium steels. Furthermore, the viscosity, crystalinity and heat transfer behaviour of lime-alumina based
mould powders are discussed. This review provides insights into the challenges and opportunities of developing
mould powders for casting high-aluminium steels, which can help guide future research and development efforts
in this area.

108



6th International Iron and Steel Symposium

The Analytical Calculation of Hertz Contact Pressure
for the ASTM G99 Type Wear Test

Esad Kaya®

Research Assistant
Eskisehir Osmangazi University, Mechanical Engineering Department
esatkaya @ogu.edu.tr

Abstract— This study aims to determine the analytically
Hertzian contact pressure on the wear test. Tool steel has been
chosen as the substrate material. The modulus of elasticity and
Poisson ratio are averaged according to the cold work tool
steels. A WC sphere with a diameter of 3 mm was chosen as
the abrasive counter body. Modulus of elasticity and Poisson
ratio were chosen for WC material. The analytical solution
through the Hertz contact theory shows the critical stress that
occurs in the wear tests.

Keywords— Hertz Contact Pressure, Wear Test, ASTM G99, Elastic
Contacts, Cold Work Tool Steel

109



6th International Iron and Steel Symposium

The Determination of Microstructural and
Mechanical Properties of Surface Alloyed Cold
Work Tool Steels

Esad Kaya®

Research Assistant
Eskisehir Osmangazi University, Mechanical Engineering Department
esatkaya @ogu.edu.tr

Abstract— This study aims to determine the micro-mechanical
properties of cold work tool steel surfaces modified by the
direct plasma energy deposition technique. Microstructure,
microhardness, and micro-indentation tests were performed for
two different powder content and lean heat input conditions. As
a result of the tests, microhardness, contact depth, and
indentation modules of all samples were calculated. The results
showed that harder and more rigid structures were obtained in
the powder content coating samples compared to the lean heat
input condition. The feasibility of the method was tested by
experimental analysis.

Keywords— Cold Work Tool Steel, Oliver-Pharr Technique, Micro
indentation, Microstructure, Microhardness

I. INTRODUCTION

Cold work tool steels are one of the most widely used materials
in manufacturing different metallic-based machine parts.
Operations such as pressing, punching, drilling, and cutting,
used in sheet metal forming, are among the most common use
areas [1]. For this reason, extreme wear resistance, high
hardness, and dimensional stability needs are mainly expected
in cold work tool steels. Machine parts are mostly exposed to
severe wear due to the high pressure and minimal contact area
during manufacturing. Workpieces made of cold work tool
steel groups can easily endure these operations loads up to
300°C [2]. Since they are not produced at high temperatures,
their practical use becomes very narrow when the process
temperature rises above 300 °C. For this reason, the selection
of feasible materials, the heat treatment process, and the
development of steel surface properties directly affect the life
span of the cold work tool steel molds and dies [3]. The
structures that provide high strength in cold work tool steels are
due to the microstructure's high carbon content and other
carbide former elements [4]. The tribological properties of tool
steels can be improved considerably according to the
microstructure's eutectic carbide content and morphology [5].
Therefore, it is vital to represent secondary and tertiary alloying
elements that provide superior hardness in the microstructure.

The primary cause of damage to tool steel surfaces is wear.
Wear directly limits the life span of the tool steels. Also, the
wear resistance directly depends on the microstructural

properties of the carbides in the structure of tool steels. Among
these properties are morphology, hardness, and chemical
composition. [1]. Wear types on tool steels can be of different
mechanisms. The most common wear types are those with
abrasive and adhesive characteristics. Solutions are available to
prevent or reduce wear. Among them is to use additives to
increase surface hardness with different coatings [3-6]. Tool
steel surfaces can be coated with different techniques. These
include different applications such as HVOF, plasma, and laser.
Apart from these applications, there are also innovative
methods for improving cost-oriented surface properties known
as cladding. In this method, surfaces are alloyed by the welding
method. Surfaces are formed as eutectic structures due to rapid
solidification. These eutectic structures formed are in dendritic
form. These formed dendrite formations increase the surface
hardness of the material. Also, carbide or boride powders could
be added to the molten surfaces during the welding process.
Between these formed dendrite, reinforcement phases are can
be found in the semi-melt form. In this way, a metal matrix
composite structure is formed on the cold work tool steel
surfaces. The surface properties of tool steel are improved.

This study aimed to characterize the micromechanical
properties of cold work tool steels whose surfaces were
modified by direct energy deposition technique using boron-
containing powders. This study analyzed the microstructure,
microhardness and micromechanical properties of the surfaces
with different tests. Appropriate coating material has been
suggested.

II. MATERIAL AND METHODS

90MnCrV8 cold work tool steel was used in the study. This
material is an oil-hardening cold work tool steel. 10x20x100
mm? samples were produced for welding operation. TiB, and
B4C powders were used for steel samples. The average powder
size is 3um and 30pm, respectively. All welding processes
were performed on the Fronius plasma transfer arc welder. Arc
current is 100 A, arc voltage is 18-22V, shielding gas flow rate
is 10 1/min, plasma gas flow rate is 0.5 I/min, welding traveling
speed is 40 mm/s, and welding distance is 2.5 mm.
Microstructure analyses of the samples were made under Nikon
Clemex optical microscope. Hardness tests were carried out on
a Future Tech FM 700 microhardness measuring device with a
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load of 100 gf) in a 10-second dwell time. Micro-indentation
tests of the samples were performed on the Bruker UMT
device—applied load selected as SN. Vickers type indenter was
used. The indentation loading speed was chosen as 0.005
mm/sec. The Oliver-Pharr technique was used in the
calculations. The samples' contact depth, hardness, and
Indentation modules were calculated.

III. RESULTS AND DISCUSSION

Figure 1 shows the microstructure photographs of the
coating samples. As can be seen, the internal microstructures
are homogeneous and have no inclusions, void, or porosity. The
microstructures are in dendritic form and contain eutectic
formations.

TiB: Composite Coating

iified

Fig. 1 Microstructural analysis of the coatings

Figure 2 shows the microhardness distribution of the
coatings from the surface to the precise depth. As can be seen
from the figure, there is a striking increase in hardness
compared to lean heat input samples. The increase in hardness
is thought to be due to the carbides and borides formed between
the eutectic structure.
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Fig. 2 Microhardness analysis of the coatings

The indentation modules of the samples were calculated
using the Oliver-Pharr technique. The equations related to the
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calculation technique are given below. h. is the calculated
contact depth after the applied load. A is the actual contact area
that occurs due to the indentation experiment. P is the
maximum applied load, H is the indentation hardness, S is the
slope of the unloading curve that read from the P-h curves, and
E; is the modulus of elasticity of the contact point. With the
calculation made, the indentation modulus of the sample (E;) is
calculated.

h( = hmax _S(Q)
N

A4=24.5044(n,)’

£
dh

[ Nms ),
E"_(zﬁﬂ , B =1.050

2 2
SRR I el Y el , V.=028,7,=0.07, E, = 1147 GPa
E E. E

Figure 3 shows the P-h curves of the samples. As can be seen,
the contact depth decreases in powder-content alloyed samples.
The maximum load was obtained at shallower depths in
powder-content alloyed samples. That is, it has been observed
that higher loads are required at the same deformation rate. This
situation shows that the powder content improves the strength
of the samples. In addition, it is seen that the slope of the
unloading curve in the lean heat input sample is respectively
low. By examining the visual, it can be said that the curve with
a lowsslope may also have low strength.
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Fig. 3 The P-h curve of the coating samples

Table 1 shows the results obtained in the micro indentation
tests. As can be seen, the contact depths, hardness, and
calculated indentation modulus of the samples with alloyed
surfaces with carbide and boride powders are higher.
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Table 1. The calculated results of the coatings
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Figure 6 shows the calculated indentation modulus of the
samples. The highest stiffness value of 249.763 GPa was
observed in the B4C sample. The indentation modulus value
was calculated as 233.835 GPa in the TiB; alloy sample. As can

be-seens-these two values are close to each other. It can be said

Contact Indentation Indentation
Sample de (::: (acm) Hardness Modulus
Pt (w (GPa) (GPa)
B4C 11.203465 1.625618 249.763800
TiB, 10.168077 1.973551 233.835400
As Plasma 19.003609 0.565200 123.983759

Figure 4 shows the contact depths of the coatings under an
applied load of 5 N. As can be seen, the lowest contact depth
was obtained in the TiB; alloy sample. The B4C coated sample
has the second highest value with a low difference. The highest
contact depth is seen in the lean heat input sample. This result

also shows that this sample has the lowest stiffness.
21+
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Fig. 4 The contact depths of the coating samples

Figure 5 shows the indentation hardness values of the
samples. As can be seen, the alloying technique was successful.
Compared to the sample with lean heat input, the hardness
value depends on the contact depth inversely. The highest value
was measured in the TiB; content sample as 1,973 GPa. This
value is approximately 3 times the average steel hardness. For
samples containing B4C, the indentation hardness was
calculated as 1.625 GPa. The average hardness value was
calculated as 0.565 GPa in the lean heat input sample. All
samples showed an increase in hardness compared to the as-
received steel sample. In alloyed samples, the hardness

improvement rate varies between 2.9 and 3.5 times.
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Fig. 5 The indentation hardness of the coating samples

that the stiffness values of these two coatings are close to each
other. The indentation modulus was calculated as 123,983 GPa
in the lean heat input sample. It is seen that the rigidity is
increased more than 2 times for powder-content surface
alloying.
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Fig. 6 The indentation modulus of the coating samples

IV. CONCLUSIONS

With the study, cold work tool steel surfaces were
successfully alloyed. The following results were obtained from
the experimental analyzes.

e  Eutectic carbides and borides were formed between
the dendrites in the alloyed samples with powder
additives.

e In the microhardness measurements, it was
determined that the hardness depth was higher in
powder content samples.

e As aresult of micro indentation analysis, powder-
content samples were more rigid.

e  The indentation module has been increased by 2 to
3 times with alloying.
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Abstract— Titanium metal injection molding (Ti-MEK) has been
practiced since the late 1980s. Although Ti-MEK is a favorite
research topic today, designers still have a problem with the
rheology (the so-called kitchen part) part before the Ti injection
phase. The most important reason for this is the limited
information disclosed about connectors. In this case, it prevents
their adoption by engineering designs. In this study, the
determination of the optimum mixture value for different binder
mixtures is provided by the use of the Taguchi method. In this
paper, titanium powder was used with binder consisting of
naphthalene, polyethylene (PE) and SA (Stearic Acid).
Accordingly, it can be estimated that the best melt flow index can
be obtained under parameter conditions where the melt flow index
is 260 (°C) and the mixing ratio is 48%.

Keywords— Metal injection molding, Binder system, Rheology
properties, Taguchi approach, Optimization
I. GIRIS

Titanyum alasimlari, yiksek o©zgil mukavemet ve
miilkemmel korozyon direncinin benzersiz kombinasyonundan
dolay1 biiytik ilgi goren malzemelerdir [1][2][3]. Bu alagimlar
her zaman havacilik, tibbi ekipman, kimyasal iiretim ve askeri
imalat sektorlerinde her zaman 6nemli bir rol oynamistir [4].
Bununla birlikte, titanyum alagimlarini iglemek i¢in daha diisiik
maliyetli yontemler gelistirilmeye artan ilgi vardir. Ozellikle
toz metaliirjisi {iretim siirecinde basarili sonuglar ortaya
koymaktadir [5].

Toz metaliirjisi terimi, toz (TEK) veya metal (MEK)
kaliplama, orta ila kii¢iik boyutlu ve karmasik sekilli pargalarin
seri iiretimi i¢in ideal olan birinci smif bir sekillendirme
yontemidir [6]. Bu yontemler dort ana isleme adimini
icermektedir. Bunlar; hammadde formiilasyonu, enjeksiyon
kaliplama, baglayici giderme ve sinterleme’dir [7]. Bir toz
hammaddenin  homojenligi, MEK isleme icin ¢ok
onemlidir. Karistirma adimi sirasinda kalan kabarciklar da

dahil olmak tizere herhangi bir homojensizlik, sonraki isleme
adimlarina tagimacaktir. Homojen olmayan bir besleme stoku
genellikle kaliplama sirasinda zayif bir akig davranisina ve
nihai iirtinlerde yogunlastirma ve boyutsal kararlilik gii¢liigiine
yol agar. Homojen bir hammadde elde etmek icin baglayici
seciminin 6nemi ne kadar vurgulansa azdir.

PIM siirecinde, basarili bir akis ve sorunsuz bir kaliplama
besleme stokunun reolojik davranisina ve viskozitesine baghidir.
Viskozite Denklem 1’de verilen baginti yardimiyla
hesaplanmaktadir. Burada n viskozite, T kayma gerilmesini ve
¥ kesme hizini ifade etmektedir.

T
n= 5 M

TEK siirecinde akis tipinin psddoplastik akigkan sergilemesi
istenilen bir durumdur [8][9]. Bu akis davranigsinda kayma hizi
artarken viskozite azalir ve kaliplar1 doldurmada, enjeksiyon
izlerinin  azaltilmasinda, farkli bilesenlerin  sekillerini
korumada daha iyi performans gosterir. Bu nedenle, kabul
edilebilir fiziksel ve mekanik 6zelliklere sahip deformasyon
olmayan pargalar tiretmek icin baglayici/toz ozelliklerinin
degerlendirilmesi oldukg¢a 6nemlidir. Wei ve ark. [10], bir
polipropilen (PP)/parafin mumu (PW)/stearik asit (SA)
karigimindan olusan hammaddeler kullandilar ve malzemelerin
optimum sicaklig1 olan 170 oC'de psodoplastik davranis elde
ettiler. Urtekin ve ark. [11], ana baglayici polietilen glikol
(PEG4000) degistirilmeden, iskelet baglayici olarak iki farkli
polipropilen/polietilen (PP/PE) baglayici ile optimum toz
yiiklemesinin hacimce %55 oldugunu belirtmislerdir. Optimum
yiikleme gosteren her iki hammaddede de viskozite degeri 1000
Pa.s'nin altindadir.

Taguchi yontemi istatistiksel bir yaklasim olup, belirli bir
slirecte bir parametreyi sabit tutup diger parametreleri her
seferinde degistirerek veri elde etmektir. Taguchi yontemi ile
laboratuvar ortaminda yapilacak deneysel ¢aligma sayisi en aza
indirilmektedir. Boylece deneysel maliyet azalir. Ji ve ark. [12],
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Taguchi yontemini kullanarak dort sinterleme faktériintin nihai
yogunluk tizerindeki etkisini bildirdi. Wang ve ark. [13], stearin
ve polietilen baglayici sistemini, Taguchi tarafindan L18
ortogonal dizisinde birkag enjeksiyon parametresiyle optimize
etti. Bu baglamda bu c¢alismanin temel amacit Taguchi
yontemidir. Bununla birlikte, yontemin toz metaliirjisi
tizerindeki etkisi Kaynak [14]'de detaylandirilmistir.

Toz miktarinin artmasi baglayicilarin azalmasi ile optimum
toz/baglayici karisimlari elde edilir. Fakat bu karigim kalip
dolumu ve sonrasinda baglayici giderme ve sinterleme
siireglerini olumsuz etkilememelidir. Viskozitenin 100-1000
Pa.s araliginda olmast beklenir. Toz/baglayici orani
ise %50-%50 oraninda olmasi tercih edilir. Kritik toz
yiiklemesinin ise %2-5 oraninin altinda optimum toz yiiklemesi
olarak kullanilmasi kaliplama ve final tiretim siireglerine ciddi
katkis1 olmaktadir [15]. Belirtilen gerekcelerden dolay1 reolojik
caligmasi biilyilk oneme sahiptir. Bu reolojik ¢aligmasinda
toz/baglayic1 karisim oranini belirlemek ciddi bir emek ve
tecriibe gerektirmektedir. Bu c¢aligmada Taguchi analizi
yapilarak reolojik deneylerinin 6n analizleri yapilamasi ve daha
kisa siirede (maliyet ve enerji tasarrufu) gergek¢i sonuglara
ulagsmasi beklenmektedir. Bu ¢alismadan elde edilen verilerin
ileriki ¢alismalarda moldflow simiilasyon analizine aktarilarak
kalip tasarimi, kalip dolumu, ¢ekme payr ve sicaklik
parametreleri secilerek uygulamada saglikli sonuglar alinmasi
beklenmektedir. Calismada farkli baglayict icin optimum
karigim degerinin belirlenmesi saglanmistir.

2. MATERYAL VE METOT

Reoloji deneyleri ASTM D1238 standartlarina uygun olarak
Protherm marka reometre cihazi (kapiler reometre) kullanilarak
yapilmistir (bknz Sekil 1). Bu cihazin 6zellikleri; silindir
uzunlugu 115 mm, i¢ ¢ap1 10 mm, piston uzunlugu 6,35 mm,
kalip uzunlugu 8 mm ve ¢ap1 2 mm'dir. Deneylere baglamadan
once cihaz oncelikle temizlendi. Daha sonra silindir ve piston
sicakligr 80-260+0,5 °C’de 15 dakika sabit tutularak deney
stiresince  sicaklik degerinde bir degisiklik olmamasi
saglanmistir. Belli bir stire sonra silindir igerisine konulan
baglayicilardan akan ilk pargalar ve icerisinde olusan hava
kabarciklar1 uzaklastirilir. Uygun besleme stoklari (en az iig)
daha sonra sirasiyla mg hassasiyetinde tartilir ve ortalama bir
agirhik belirlenir. En biiyiik ve en kiiciik degerler arasindaki
fark ortalama agirligin %10'undan fazla ise test sonuglari ihmal
edilir ve deneyler yeni baglayici sistemlerle tekrarlanir. Dort
farkli baglayici karigimi i¢in %47-60 arasinda degisen hacimsel
karisim oranlart hazirlanmis ve hazirlanan karigimlar
ekstruderden gecirilerek graniile edilmigtir. Graniile edilmis
karigimlar, bir kilcal reometreden gegirildi ve her besleme
stogunun reolojik karakteri belirlendi. Farkli hammadde icin
erime akis indeksleri ve viskozite degerleri hesaplanmistir.

Tablo 1. Taguchi parametreleri

} Seviyeler
Faktorler 1 > 3 4
Sicaklik 230 240 250 260
O
Karisim 48 50 51 -
orant (%)
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Sekil 1. Reometre cihazi

Tablo 2. Segilen L, deneysel plant

Deney Deneysel degerler
Besleme stoku numarasi

Sicaklik (°C) Mixing
rate (%)

1 230 48

2 230 50

3 230 51

4 240 48

5 240 50

Naftalin/PE/SA 6 240 51

7 250 48

8 250 50

9 250 51

10 260 48

11 260 50

12 260 51

3. BULGULAR

3.1. Varyans analizi

Deneysel verileri analiz etmek ve parametre etki oranlarini
hesaplamak igin varyans analizi (ANOVA) istatistiksel
yontemi kullanilir. ANOVA, test edilen parga gruplarmimn
ortalama performanslarini karsilagtirmak i¢in kullanilan
istatistiksel bir tekniktir. ANOVA ile her bir siirecin hangi
faktorlerden ve ne Oolgiide etkilendigi istatistiksel olarak
belirlenebilir. Varyans analizi, aragtirilan faktorlerin kaliteyi
olgmek i¢in kullanilan ¢ikti degerlerini nasil etkiledigini ve
cesitli seviyelerin degiskenlige nasil katkida bulundugunu
gostermeyi amaglar [17].

Tablo 3. Erime akis indeksi igin anova analiz sonucu(g/10dk.)

F- P- %
Kaynak |DF| Adj SS | Adj MS | Degeri | Degeri | Katkisi
Sicaklik (°C)| 3 | 88433 | 29478 | 14,95 | 0,003 |28,30155
Karisim orant
(%) 2 [212200] 106100 | 53,79 0 6791117
Hata 6 [ 11834 | 1972 - - 3,78728
Toplam 11312467 - - - 100
R-Sq. =94,77 % R-Sq. (adj) =93,61 % R-sq(pred)=89,22%

Tablo 2°de besleme stoku i¢in sicaklik istatiksel olarak erime
akis indeksi tizerinde %28,3, karigim orani ise %67,91 etkiye
sahip olduklar1 goriilmektedir. Dolayistyla karigim oranin ¢ok
daha etkili oldugunu P degerine bakildiginda da (P<0)
anlasilmaktadir. Regresyon analizi deneysel calismalarda
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kontrol faktorleri ile deneysel faktorler arasindaki iliskiyi
esitlik 2°de gortilmektedir.

Erime akis indeksi (10min . ) @

= 3814 + 7,53 Sicaklik (°C)
— 106,36 Karisim orant (%)

Bu denklem yardimiyla hesaplanan degerler ile gergek
Olctim sonuglar arasindaki iligski incelenmistir. Denklem 3’te
R2=89,22 gibi olduk¢a yiiksek oranda dogru tahminler
yapmaktadir. Dolayisiyla, bundan sonraki ¢aligmalarda deney
yapmadan erime akis indeksi igin bu denklem kullanilarak
sicaklik ve karigim oraninin herhangi bir seviyesi igin tahminler
yapilabilir.

Tablo 4. Viskozite i¢in anova analiz sonucu (Pa.s)
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Tablo 5. Erime akig indeksi sinyal-giiriiltii oranlari (g/10dk.)

Seviye Sicaklik (°C) Karisim orani (%)
1 4781 54,70
2 49,71 49,96
3 52,36 47,50
4 53,00
Delta 5,19 7,20
Rank 2 1

Main Effects Plot for SN ratios

Data Means

Sicakiile (*C)

Kangun oram {%a)

F- P- % Katkist
Kaynak |DF| Adj SS | Adj MS | Degeri | Degeri
Sicaklik (°C)| 3 | 445283 | 148428 | 2,83 | 0,129 | 2391985
Karigim
orani (%) [ 2 |1101174| 550587 | 10,48 | 0,011 59,1532
Hata 6 | 315106 | 52518 - - 16,92696
Toplam | 11[1861563 - - - 100
R-Sq.=71,19 % R-Sq. (adj) =64,79 % R-sq(pred)=43,36%

Tablo 4’te besleme stoku i¢in sicakhigin viskozite
tizerinde %67,99 karigim orani ise %25,08 etkiye sahip
olduklar1 gériilmektedir. F-oraninin daha yiiksek degeri, islem
parametresindeki herhangi bir kiigiik degisikligin performans
ozellikleri iizerinde biiyilk bir etki yaratabilecegini
gosterir. Sicakligin viskozite tizerinde en ¢ok biiyiik etkiye
sahip oldugu anlasilmaktadir. Regresyon analizi deneysel
calismalarda kontrol faktérleri ile deneysel faktorler arasindaki
iliskiyi esitlik 3’te goriilmektedir.

Viskozite(Pa.s) = —5606 — 17,12 Sicaklik (°C)
+ 217,8 Karisim orant (%)

)

Denklem’de R2=43,36% gibi diisiik oranda dogru tahminler
yapmaktadir. Dolayistyla, bundan sonraki ¢alismalarda deney
yapmadan viskozite i¢in bu denklem kullanilarak sicaklik ve
karigim oranimin herhangi bir seviyesi i¢in tahminler yapilmasi
tavsiye edilmeyebilir.

3.2. Taguchi analizi

Belirlenen parametrelerle deneylerin planlanmasi, deneysel
parametrelerin elde edilen test sonuglari tizerindeki etki
derecesinin belirlenmesi ve optimal test parametrelerinin
belirlenmesi Taguchi'nin yontemi kullanilarak
yapilabilmektedir [17]. Taguchi, kontrol faktorii seviyesinin
faktore karst performans ozelliklerini 6lgmek icin amag
fonksiyonu degerini bir sinyal-giiriilti oranina (S/N)
doniistiirdi. S/N orani, istenmeyen rastgele giiriiltti degerine
istenen sinyal orani olarak tanimlanir ve deneysel verilerin bir
kalite 6zelligini gosterir. Deneysel sonuglar1 degerlendirmek
icin Taguchi'yi kullanmanin birkag piif noktasi vardir. Bu
tekniklerden biri bu c¢aligmada viskozite i¢in "diistik iyidir",

eriyik akis indeksi i¢in "en biiyiik iyidir" olarak tercih edilmistir.

Menn of SN ratios

230 240 250 260 48 a0 51

Stgnai-ro-nelse; Daha DGR deaha v

Sekil 2. Taguchi analizi: Erime akis indeksi (g/10dk.)

Sekil 2’te erime akis indeksi i¢in S/N orani igin ana etki
grafigi gosterilmektedir. Sekil incelendiginde erime akis
indeksi i¢in 260 (°C) ve karisim oranin %48 oldugu parametre
kosullarinda en iyi erime akig indeksi elde edebilecegi tahmin
edilebilir.

Tablo 6. Viskozite sinyal-guiriiltii oranlar1 (Pa.s)

Seviye Sicaklik (°C) Karigim orani (%)
1 61,43 -57,06
2 -60,52 -59,08
3 -58,91 -62,76
4 -57,69 -
Delta 3,74 5,70
Rank 2 1

Main Effects Plot for SN ratios
Data Means

Sicalkhk (°C) Kargum oran: (%)

.
=81 \

Mean of SN ratios
2

230 240 250 260 48 50 5l

Signal-to-noise: Daha kigiik daha ivi

Sekil 3. Taguchi analizi: Viskozite (Pa.s)

Sekil 3’te viskozite igin S/N orani i¢in ana etki grafigi
gosterilmektedir. Sekil incelendiginde sicaklik igin 230 (°C) ve
karigim oranin %51 oldugu parametre kosullarinda en iyi
viskozite elde edilebilir.

Sekil 2 ve 3 sicaklik ve karigim oraninin erime akis indeksi
tizerindeki etkisini gostermektedir. Renk kodlamasina gore
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yanit aralig1 da Sekil 4 ve 5’te gosterilmektedir. Sicakligin 256-
260°C oldugu durumda erime akig indeksi karigim
oraninin %48 oldugunda > 700 (g/10dk.), %50’de 300-400
(g/10dk.), %51°de 300-400 (g/10dk) arasinda olmaktadir.
Diisiik karisim orani degeri ve yiiksek sicaklik degerinde
maksimum erime akis indeksi gosterir.

Conteur Plot of Evime Akas indek vs Sieaklik (°C); Karsim orany (%)

Erime Alag
Indeksi
(g/10dakika)

< 200
300
400
300
00
700
700

W 200
300
400

W so0

W 500

|

Sweaklik (*Cy

-

382 287 102 487 50,2 0.7

Kansmm oram (%)

Sekil 4. Erime akis indeksi i¢in kontur grafigi

Sekil 4’te sicaklik ve karisim oraninin viskozite iizerindeki
etkisini gostermektedir. Renk kodlamasina gore yanit araligi da
Sekil 4’da gosterilmektedir. Sicakligin 230-236 °C oldugu
durumda viskozite’de karigim oraninin %48 oldugunda < 600
(Pa.s), %50’de 900-1200 (Pa.s), %51°de 900-1200 (Pa.s)
arasinda olmaktadir.

Contour Plot of Viskozite (Pa.s) vs Sicakhbik {(°C); Kansun oram (%a)

Viskozite
{Pas)
= 600
W 6w - 900
B o00 — 1200
1200 — 1500
W 1500 - 1800
n = 1800

Sicaklik {°C)

48.2 48,7 40.2 497 502 30.7
Kansmm ovam (%6}

Sekil 5. Viskozite icin kontur grafigi

4. TARTISMA VE SONUC

Reoloji calismasi TEK yonteminin en kritik asamasidir.

Toz/baglayici karigimi ile elde edilen besleme stoklarinin akis

ozelliklerini belirlemek gerekmektedir. Bu c¢alismadan su

sonuglara vartyoruz:

e Sicaklik icin 230 (°C) ve karisim oranin %51 oldugu

parametre kosullarinda en iyi viskozite elde edilebilir.

e Erime akis indeksi i¢in 260 (°C) ve Kkarisim

oranin %48 oldugu parametre kosullarinda en iyi

erime akig indeksi elde edebilecegi tahmin edilebilir.

e Optimum yiikleme sergileyen besleme stoku iginde

viskozite degeri uygun sicaklikta 1000 Pa.s’nin

altindadir. Akis tipi newtonien olmayan akis olup,

psodoplastiktir. Kayma hizi arttikca viskozite
azalmaktadir.

6th International Iron and Steel Symposium

e Besleme stoku i¢cin optimum toz yiiklemesinde erime
davranig indeksi 1’den dusiiktiir
Toz ve baglayic1 miktarini optimize ederek elde edilen bilgi,
miithendislerin, sanayicilerin ve bilim adamlarinin zamandan,
malzemeden ve enerjiden tasarruf etmesine yardimei olur.
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Abstract— Stainless steel materials are preferred in many
different application areas because they have significant
properties such as high tensile and fracture resistance,
production diversity, electrical conductivity, and corrosion
resistance. To improve the mechanical and chemical properties
of the stainless-steel various metal, ceramic, and carbon-based
reinforcements have been used. In this study, graphite at three
different rates (0.25, 0.50, and 1.00 wt.%) was added into
stainless steel and the samples were obtained by powder
metallurgy method. The mixed powders were compressed in the
form of a tensile sample in the mold produced at a pressing
pressure of 750 MPa in one direction and turned into blocks. The
sintering process started with heating the samples to the
sintering temperature at a rate of S °C/min. After the
temperature reached the sintering temperature of 1260°C, the
samples were kept at this temperature for 3 hours and then
cooled to room temperature at a rate of 5 °C /min. The density,
porosity, microstructure, and ferrite-perlite ratio of the samples,
which were ground, polished, and etched, were calculated and
thus the structural properties of the samples were characterized.
It was observed that the amount of perlite increased with the
increasing graphite content, and the grain size decreased
gradually. However, it was observed that agglomerated carbons
were formed with the addition of 1.00 wt.% graphite. The
mechanical properties of the samples were characterized by
tensile tests. It was determined that the ultimate tensile strength
value of the stainless-steel sample, which was 211 MPa, reached
389 and 412 Mpa, adding 0.25 and 0.50 wt.% graphite
respectively, and the amount of elongation gradually decreased.
In the SEM-EDX analysis, it was determined that CrC, MnC,
and NiC solid precipitates formed at the matrix and grain
boundaries. This mechanism, known as precipitation and
dispersion hardening, with the increase in the amount of perlite
and the decrease in the grain size, improved the mechanical
properties of the samples. But, with the addition of 1.00 wt.%
graphite, it was determined that the homogeneous load
distribution did not occur due to agglomeration, and therefore
the ultimate tensile strength value was as 302 Mpa restricted.

Keywords— Powder metallurgy, stainless-stell, graphite,
mechanical properties.
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Abstract— Ensuring the quality of test results is important for the
progress of the process to take place. Test results should fall within
the specified value range in the standard. Therefore, to ensure the
validity of test results, they should be evaluated by taking into
account the measured value, calibration values, repeatability,
reproducibility, and measurement uncertainty. However, due to
the result-oriented approach in Passed/Failed testing, many
parameters are neglected. In this study, a sample scoring table
that can be used for the fatigue test specified in the product
standard TS EN 13674 for rail steels has been created. With the
help of this table, the role of all mechanical measurements and
results obtained throughout the test in the validity of the test has
been determined.

Keywords— Measurement Uncertainty, Rail Steels, TS EN
ISO13674, Fatigue Test

I. INTRODUCTION

In evaluating the accuracy of test results, measurement
uncertainty plays an important role. In repeatable tests like
fatigue testing, evaluating factors such as the repeatability and
measurement uncertainty of the results can increase the
reliability of the obtained results. Measurement uncertainty is a
measure of the closeness of the measured value to the true value,
and determining this measure allows for calculating how close
the measured value is to the true value. Therefore, determining
the measurement uncertainty in critical applications like fatigue
testing is an important step in evaluating the accuracy of the
results.

Compliance with the standard gains importance especially in
the production of products with high added value such as rail
steels. It is very important to ensure the quality of the products
produced and the accuracy of the mechanical tests. Performing
the tests correctly, measuring the measured values correctly,
and calculating the calculated results directly affect the quality
class of the product. Incorrect performance of a test in the
product standard or incorrect evaluation of some parameters
can have great negative effects.

II. EXPERIMENTAL

For rail steels, the fatigue test specified in TS EN ISO 13674
standard refers to ISO 1099 standard. A strain-controlled
fatigue test with £0.00135 mm/mm strain is performed. When

examining test dynamics, it can be seen that many different
parameters have a significant impact on the test. Therefore,
even in tests where only a pass/fail value is given, uncertainties
are important in determining test parameters during the test
itself.

A. Determination of Uncertainty Parameters

When performing a strain-controlled fatigue test, the
calibration certificate of the extensometer used should be
reviewed first. The uncertainty from the calibration certificate
should be included in the uncertainty calculations.

Before the start of the test, gain settings for dynamic servo-
hydraulic testing machines should be adjusted. For this purpose,
a specimen with the same composition and dimensions as the
test specimen should be used. The wave type and amplitude to
be used for the test should be selected. Since the traverse
motion is important here, the traverse motion calibration must
have been performed.

The location where the specimen will be taken on the rail is
determined (Fig. 1). Therefore, if there are any uncertainties
arising from not taking the specimen into account, they should
be considered. The accuracy of the location where the specimen
is taken should be confirmed.
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Fig. 1 Specimen for determining fatigue initiation life
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The specimen dimensions being used are specified in the TS
EN ISO 13674 standard. The measuring instrument used to
control the specimen dimensions should have been calibrated.

The compliance with the instructions and procedures
required for laboratory accreditation should be ensured. This

can be achieved through internal audits and external inspections.

The competence of personnel and quality practices should be
controlled in accordance with the TS EN ISO 17025 standard.

TABLEI
DETERMINATION OF UNCERTAINTY PARAMETERS
Parameter Passed | Failed impact Ratio
Extansometer
Calibration O 5%
Gain Settings X O 5%
Material Sampling O 5%
Preparation of
StandaIr)d Test Pieces X O %
Caliper Calibraion O 5%
Repeatability O 5%
Reproductibility X O 5%
Validation O 5%
Interlaboratory
Comparison X O 5%
Participation
Complianc.e with 0 59%
Instruction
Current Standard X 0O 59%
Usage
Compliance with the O 59
Procedure
EnViro'rlmfzntal 0 59%
Monitoring
Cleaning O 5%
Device Maintenance ] 5%
Control of Records [l 5%
Laboratory Safety [ 5%
Personnel Competence [l 5%
Internal Audit Studies [l 5%
Device Calibration [l 5%
Grand total 100%

When the TS EN ISO 13674 standard is examined, we see
that it refers to the ISO 1099 standard for fatigue testing. For
the test to be valid, it must complete 5x10° cycles. There should
be no errors or defects on the sample. In this way, the test can
be considered valid. However; A checklist can be made as in
Table 1 for the reliability of the test's working process and
quality. With the scoring made on this list, it can be checked
whether the test will be valid or not.

When Table 1 is examined, it is seen that the determined
parameters are not independent from each other. It allows us to
check whether we can get the same result from the same
standard test performed on the same type of sample with
interlaboratory comparison tests.
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Reproducibility and reproducibility studies ensure the
correct performance and quality of the test device and the test
personnel.

It is ensured that the device maintenance is carried out within
the specified period. The results obtained and the calibration of
the equipment used give us quality assurance.

III. CONCLUSIONS

Using control tables in interpreted tests such as fatigue tests
on rail steels provides information about uncertainty budget and
demonstrates that all parameters, not just machine values, are
influential for the validity of the test. The validity of the tests
carried out in this way is determined by the device to be tested,
device adequacy, personnel performing the test, personnel
competence, control of the records, cleanliness of the test
environment, provision of the necessary air conditioning
conditions for the test, calibration values, quality studies, etc. It
will not be sufficient to control the sample only as a result of
the test, as it will affect the test result. All parameters should be
considered as a whole. Even though the fatigue test is generally
used for life determination, the accuracy of strain, force and
displacement values used during the test requires control.

When the control parameters are examined, it is seen that
these are the parameters that affect the measurement
uncertainty. The parameters that affect the measurement results
show whether the test is done correctly or not.

By giving a ratio to each of the influencing parameters, their
effects in performing the test and calculating the values can be
examined. In this way, it is checked whether the test is
comparatively measured or not.
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Abstract— In this study, the microstructure and mechanical
properties of 32CrB4 steel were examined after spheroidization
heat treatment. The spheroidization annealing was carried out at
700 °C for 10 h, followed by cooling in the furnace. For
microstructure characterization, optical microscopy, SEM and
EDS analyzes were performed. Hardness and tensile tests were
carried out to determine the mechanical properties.
Microstructure characterization showed that spheroidal carbides
are present in the structure after spheroidization. For
spheroidized steel, tensile strength and hardness values decreased

by 12% and 9%, respectively. Fracture surface investigations
showed that the dominant failure mechanism was brittle fracture
due to the presence of cleavage facets.

Keywords— 32CrB4 steel, microstructure, mechanical properties,
spheroidization.
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Abstract— Steel slags are the primary by-products of the processes
carried out in basic oxygen and electric arc furnaces. In literature,
numerous research papers investigating different utilization
techniques for steel slag over a large spectrum of categories can be
found, namely, current and novel uses as a carbon dioxide
sequestration medium, a cement binder, a raw material in ceramic
manufacturing, an adsorbent in water treatment, an aggregate in
concrete and asphalt production and road filling. However,
considering the enormous amount of steel slag generated by the
steelmaking industry worldwide, the only meaningful option to
sustainably manage this type of waste is to reuse steel slag in the
construction sector. Although the mechanical properties of steel
slag are usually satisfactory at first glance, its inherent chemical
properties render its use challenging as a replacement for natural
granular materials. The volumetric expansion, high alkalinity
generation, and leaching of heavy metals from slag upon its
contact with water are the major problems. All these are
predominantly due to steel slag’s highly reactive free calcium and
magnesium oxide contents. Approaches (i.e., prior aging with
passive leachate treatment, utilization in asphalt concrete
production, and amending with alum-based water treatment
residual) that circumvent these problems and alleviate associated
environmental concerns were discussed in this study.

Keywords— Steel slag, alkalinity, heavy metal leaching, volumetric
expansion, sustainable waste management

I. INTRODUCTION

Steel, a key ingredient of our modern civilization, is one of
the most abundantly produced man-made materials, along with
cement, plastics, and synthetic fertilizers [1]. In 2021, the
global steel output was 1.95 billion metric tons [2]. Highly
energy-intensive steelmaking industries depend heavily on
fossil fuels and emit between 7% to 9% of global anthropogenic
CO; emissions [3]. In addition to its extensive energy use and
CO; and process gas emissions, the other major environmental
impact is generating slags as solid by-products in vast
quantities. Worldwide annual slag generation was estimated to
be 493—645 million tons based on 2018 data [4]. Other types of
solid by-products are generated in steelmaking processes, such
as dusts and sludges that predominantly come from air
pollution abatement and wastewater treatment units, but slags
account for %90 (by weight) of the total solids [5]. Sustainable
management of slags through finding added value is important
for reducing the environmental impact of the steelmaking
industry and advancing toward a circular economy that aims to
create zero waste to landfill.

Two main categories of slags compose the majority of slags
generated during steelmaking; iron slag and steel slag. Iron slag
is formed in blast furnaces (BF) from the fluxing agents
(limestone or dolomite) added to the molten iron ore to remove
silica and other impurities during the first step of primary steel
production. In the next step, steel slag is formed in basic oxygen
furnaces (BOF) through the fusion of charged fluxing agents
and impurities in the molten pig iron transferred from blast
furnaces. Steel slag is also co-produced in electric arc furnaces
(EAF) during secondary steel production from scraps. On
average, 275 kilograms of iron slag in BFs, 126 kilograms of
steel slag in BOFs, and 169 kilograms in EAFs are produced
per metric ton of crude steel output [5]. Both slag types are rich
in calcium oxides with vastly different chemistries. The high
silica content of the ore is retained in iron slag, and hence
calcium oxides in iron slag are in the form of Ca-silicates,
whereas steel slag has a lower silica content, and some of its
calcium is in the form of uncomplexed free lime [6].

Utilization routes for iron slag, also referred to as BF slag,
are straightforward, without any significant technical or
commercial impediments, and utilization rates are close to
100% around the world [7]. Air-cooled BF slag is used as a
synthetic aggregate to substitute natural aggregates. When hot
BF slag is rapidly quenched using large volumes of high-
pressure water, it solidifies as a sand-like material called
granulated BF slag with good pozzolanic properties [8]. It is
sold as a substitute for Portland cement in concrete mixes or
raw material for clinker commanding much higher prices [4].

Steel slag is a durable and dense material due to its
significant iron content; it has a high bearing capacity, good
abrasion resistance, and excellent frictional properties [9].
Although steel slag bears physical features, its use as an
aggregate is hampered mainly by free lime content [7].
Hydration of very reactive free lime content of steel slag in the
presence of air moisture or water causes pristine steel slag mass
to volumetrically expand [6]. Additionally, the products of the
hydration reactions cause generation of hyperalkaline leachates
(pH<12) and mobilization of toxic trace elements in the
composition of steel slag [ 10]. The common practice applied by
the industry to alleviate expansive behavior, often called
“aging”, is to allow steel slag piles to weather through exposure
to atmospheric conditions over months to hydrate and expand
the steel slag prior to utilization in construction [11]. However,
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this means harmful alkaline seepage formation is guaranteed
after the rainwater flows through exposed slag piles.

Despite these challenges, the primary conventional method
of beneficial use for it is utilized in civil engineering
applications as an aggregate [4]. Steel slag has a low silica
content, and its use in the cement industry is limited [12]. There
are many other methods to utilize steel slag, such as soil
stabilization; ceramics and slag wool production; neutralization
of acid mine drainages; and removal of heavy metals and P
from wastewater [13]-[16]. Nevertheless, none of these niche
applications are very common and can compete with slag used
as a natural aggregate substitude, considering that constructing
a single kilometer of a new road requires 30,000 tons of
aggregates [17]. Lately, atmospheric CO, sequestration
utilizing the rich CaO content of steel slag has attracted
attention [18]. Unfortunately, to reach high-efficiency rates, the
slag has to be ground into a powder, enclosed tanks fed with
pure CO2 gas must be operated at high temperatures and
pressures, and there is no existing commercial application.

This review first discusses the environmental impact of steel
slag use in the construction sector. Next, selected approaches
that mitigate environmental risks and enable more steel slag
utilization as aggregates were presented.

II. ASSOCIATED ENVIRONMENTAL IMPACT

Calcium oxides in steel slags (30—65% based on dry weight)
are found in different mineral phases; free calcium oxide,
calcium silicates, and calcium aluminoferrites [19]. These Ca-
bearing compounds have the potential to hydrate to generate
Ca(OH), in the presence of water or moisture at varying
reaction rates. Free lime reacts rapidly, but some of it can be
present as small pockets buried in slag particles and can not
hydrate until fractures form and water reaches them [6]. The
free lime content of steel slags can be over 10% by weight in
some cases [20]. Subsequent disassociation of Ca(OH),
releases great amounts of hydroxide alkalinity to the
environment, and hydration rate of steel slag is stimulated at
high pH [21]. Also, free MgO can be present in steel slag, and
it hydrates over months and years [6]. The weathering products
of Ca-silicates, such as rankinite, can also provide a source of
Ca(OH); in the long term [22].

Overall, the gradual weathering of its constituents provides
steel slag an immense capacity to produce highly alkaline
leachates (pH<12), creating a major potential environmental
risk [23]. Uncontrolled seepage from steel slag was reported to
impair the quality of receiving surface waters and aquifers for
decades during its permanent or interim stockpiling in large
quantities [10], [24]. Additionally, extreme alkaline conditions
stimulate toxic trace element leaching from steel slags, which
contain heavy metals (antimony, arsenic, barium, beryllium,
cadmium, chromium, cobalt, copper, lead, mercury, nickel,
selenium, thallium, vanadium) at concentrations higher than
those in background soils, especially Cr and V in the form of
oxyanions, which are more mobilized under alkaline conditions
[25].

The potential environmental impact that may be caused by
releasing extreme alkalinity and pollutants and the volumetric
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instability can impede the beneficial use of steel slag as an
aggregate in large quantities. However, the experiences from
real-life applications suggest that steel slag is safe to use in road
construction when steel slag is appropriately aged and
precautions are taken to avoid water contact [8], [26]. The
chemical composition of the samples from the 10-year-old road
base showed no significant difference compared to the original
steel slag that was used; hydration and carbonation effects were
minimal, and the leachate pH of the aged slag was 11.6 (initial
pH value was 12.2 prior to application) [27]. It should be noted
that all roads are designed and built with elements diverting
rainwater and groundwater away to sustain the structure’s
longevity. It can be concluded that stockpiling the steel slag and
not utilizing it in construction is the worst case in terms of
creating an adverse environmental impact.

II1. METHODS TO MITIGATE ENVIRONMENTAL RISKS

A. Aging with Leachate Control

Volumetric instability is the primary limitation of steel slag
utilization. Aging allows open-air stockpiled steel slag to
weather through adequate exposure to atmospheric conditions
over a period of months to partially hydrate and expand the steel
slag prior to utilization in construction. During the aging period,
piles of steel slag are gradually weathered, and labile CaO and
MgO in steel slag are reacted through hydration, carbonation,
and oxidation reactions [11]. Although carbonation and
oxidation reactions in steel slag are expansive, their impact on
swelling is negligible compared to hydration reactions [11].
Proper aging ensures that a significant portion of the hydration
reactions occurs before using steel slag. The duration of aging
varies considerably depending on the content of free lime and
can extend up to 18 months for optimal results [26].

The aging process can be accelerated through techniques
such as steam application, high-pressure water jets, or agitation
of the slag, but it is crucial to minimize the cost of the aging
process to ensure the competitiveness of slag as a road
construction material compared to natural aggregates from an
economic standpoint [28]. Due to their relatively low unit
values, steel slags generally only compete with natural
aggregates in market regions near operational iron and steel
furnaces or slag banks, and the required hauling distances are
lower than natural aggregates [4].

While aging is a widespread practice, the chemical changes
during this process are often insufficiently considered, with the
primary focus being mitigating swelling. However, extended
weathering can give rise to circumstances that lead to
heightened leaching of toxic elements. Suer et al. [27]
conducted accelerated aging experiments on steel slag samples
and observed reduced leaching of Ca, Cu, Ba, Fe, Mn, and Pb,
but increased leaching of V, Si, and Al. Therefore, the leachates
produced during aging should be carefully collected and treated.
Lining the ground with impervious materials, installing a
drainage system on the site, and treating the leachates will
create additional capital and operational costs. Nevertheless,
the alternative is not to control the leachates or not to utilize the
slag; both routes will adversely affect the environment through
contamination. When treatment is involved, using steel slag
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may require subsidies from local governments to achieve cost
neutrality.

Gomes et al. [29] proposed a treatment passive treatment
configuration where slag leachates flow (by a pump or gravity-
driven) through a cascade into a settling tank connected to a
constructed wetland; and calculated that this method would
have the lowest environmental impact compared to other
methods. Others were active treatment methods involving
H>S04, CaCl,, or pressurized CO; gas dosing. The Ca ions in
the alkaline slag leachate would be aerated/carbonated in the
cascade, and then they would precipitate in the settling tank in
the form of calcite (CaCOs). The metals in the buffered leachate
will have less pH and alkalinity, and the leachate may become
harmless to surrounding waters after it passes through the
constructed wetland system. In a previous study, Mayes et al.
[10] showed that natural wetlands could provide buffering for
the steel slag leachate and metal sequestration. It should be
noted that there is a potential to capture some CO; from the air
through CaCOj3 generation in the settling tank [30]. Calcite may
be recovered from the settling tank and reused elsewhere.

B. Utilization in Asphalt Concrete Production

Asphalt concrete containing steel slags have reported having
improved resistance to cracking at low temperatures, moisture
susceptibility,  high-temperature  stability, = deformation
resistance, and antiskid function compared to ordinary asphalt
mixtures [31]. Steel slag particles bond with bitumen (asphalt
binder) more tightly due to their porous, rough surface texture
and lime content compared to natural aggregates [31], [32].
Shen et al. [32] recommended 100% coarse aggregate
substitution with coarse BOF slags in porous asphalt mixtures.
After nearly 1.5 years of service, Diaz-Piloneta et al. [28]
reported that surface pavement built by replacing 15% of the
coarse aggregates with BOF slag showed excellent
performance without rutting, cracking, or spalling.

When used as an asphalt aggregate, bitumen coating formed
on aged slag particles limits the hydration of the calcium and
magnesium oxides due to reduced water contact [23]; and
suppresses the volumetric expansion of steel slag in asphalt
mixture [33]. Sel slags have highly porous surfaces and can
absorb slightly more bitumen than natural aggregates [28]. As
expected, bitumen coating also reduces elemental leaching
from the steel slag particles. Bitumen coating significantly
alleviates the leaching of calcium from steel slag and decreases
pH and alkalinity of the contacting water by creating a partial
seal around slag particles. Batch-type leach test results from
Ozkok et al. [23] demonstrated that mixing BOF slag aged for
six months with bitumen (4 to 6% by mass) resulted in ~75%
reduction in Ca release; ~50% reduction in alkalinity of the
leachate. Sorlini et al. [34] investigated metal leaching from
bitumen/aged steel slag mixtures. They found that releases of
all measured pollutants were generally lower than that of steel
slag alone, but dissolved organic carbon (DOC) concentrations
were very close to limits set by the Italian code, and V leaching
seemed not to be affected by the presence of bitumen binder
around slag particles. Sorlini et al. [34] claimed that EAF slag
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should be aged 2-3 months to decrease swelling to an
acceptable level (0.5%).

C. Amending with Alum-based Water Treatment Residual

Aluminum sulfate (alum) is a widely used coagulant in
drinking water treatment to remove suspended solids, and
alum-based water treatment residual (WTR) is the by-product.
Ozkok et al. [23], [35] observed that 10% (dry wt) WTR-
addition to steel slag (aged for six months) resulted in a ~80%
reduction in Ca release and ~70% in leachate alkalinity in
batch-type and column water leach tests. Ca(OH), solubility-
governed alkalinity production in hydrated steel slag was
altered by WTR-modification, shifting the control of Ca(II) and
hydroxide release to calcium sulfoaluminate phases formed as
secondary mineral phases [35]. Additionally, WTR addition to
aged slag alleviated the overall volumetric expansion rate
compared to the original material [33]. The reduced alkalinity
of the leachate was more easily neutralized by the receiving
natural soils in the subgrade, and dissolved Al from WTR and
other trace elements in the leachates diminished due to
precipitation once the pH was neutralized [36]. Overall,
amending WTR to steel slag provides a simple method
involving only mixing two solid wastes in locations where
WTR is readily available, and the effect lasts long without
requiring WTR replenishment.

IV. CONCLUSIONS

In addition to increasing the annual generation rate, large
amounts of steel slag stockpiled near the operational and closed
steel mills are still waiting to be handled for final disposal. With
the current technology, using aged steel slag in road
construction appears to be the most viable option to increase
the beneficial use of steel slag. Using steel slag instead of
natural aggregates will preserve natural resources, reduce CO»
emissions and contribute to the circular economy through better
waste management.

Adequately aging the steel slag alleviates the problem of
volumetric instability. However, the hyper-alkaline leachate
loaded with dissolved Ca and trace metals produced during
aging must be treated to reduce the environmental impact.
Nonetheless, aging does not entirely solve the alkaline leachate
production problem after slag is applied, so the methods
presented here can be used. Also, using a subgrade soil below
the slag layer with a large alkalinity neutralizing capacity or
replacing a small portion of the natural aggregates can give
satisfactory outcomes.
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OZET

Altiminyum giiniimiiziin en 6énemli mithendislik malzemelerinden birisi olmasinin sebebi, onu var eden hafiflik,
dayaniklilik, fonksiyonel kullanim1 ve yiiksek derecede korozyon direncine sahip olmasidir. Aliiminyum sadece
bu 6zellikleriyle bile kullanilmaya deger bir malzeme olmakla birlikte son derece esnek yapisi, mitkemmel elektrik
iletkenligi ve yiizeyinde olusturdugu c¢ok ince fakat cok giiglii oksit tabakasina sahip oldugu da bilinmektedir.
Altiminyum sahip oldugu bu ozellikler ile modern insaat, havacilik, enerji, gida gibi sektérlerde eksikligi
duisiiniilmeyecek kadar 6nemli hale gelmistir. Ancak gelisimini siirekli davam ettiren teknolojinin, ihtiyaglarini
karsilamakta yetersiz kalan bazi tek islevli malzemeler, bagl olduklar1 uygulama alanlarindaki yerlerini yavas
yavas kompozit malzemelere birakmaktalar. Kompozit malzemeler, alaninda ¢ok yogun arastirmalarin yapildigi,
stirekli olarak yeni bilesimlerin kesfedildigi ve bunlarin meydana getirdigi tiriinlerle desteklenen bir alandir. Metal
matrisli kompozitler, malzeme 6zelliklerinin birincil derecede onemli oldugu otomotiv, savunma sanayii ve
uzay/havacilik gibi yiiksek mukavemet/hafiflik, yiiksek korozyon dayanimi, iyi derecede elektrik ve 1s1 iletkenligi,
diistik 1511 genlesme katsayist ve en 6nemlisi ¢ok iyi aginma direnci gerektiren alanlarda kullanilmaktalar.

Bu calisma kapsaminda giiglii endiistriyel uygulamalar da sik¢a yer almasinin yani sira giinliik yasantimizin da her
aninda yer edinmis aliiminyum metaline, ergiyik halde iken ilave edilecek olan SiC (seramik partikiil takviyesi)
ile metal matrisli kompozit bir malzeme elde edilecektir. Kompozit tiretiminde yapi icinde takviye eleman hacmini
en yiiksek oranda tutma imkani veren basingh infiltrasyon yontemi kullamilacaktir. Uretilen metal matrisli
kompozitlere asinma deneyi uygulanarak, iretilen kompozitlerin asinma 6zelliklerinin incelenmesi
amaglanmaktadir.

Bu ¢alisma, Karabiik Universitesi, Bilimsel Arastirma Projelerini Destekleme (BAP) Koordinatorliigii tarafindan
FYL-2020-2192 proje numarast ile desteklenmistir.

Anahtar Kelimler: Aluminyum alagimi, SiC, metal matrisli kompozit, aginma
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EFFECT OF GRINDING SURFACE OF BILLET
CONTAINING MANGANESE AND BORON THE
PROPERTIES OF WIRE ROD

Ozet— Ozellikle son yillarda ki otomotiv sanayisindeki gelismeler,
sektordeki o6zel alasimh baglanti elemanlarmma olan ihtiyac
arttirmistir. Bu ihtiya¢c aynm1 zamanda baglanti elemanlarinin
iiretildigi yar1 mamullerdeki celik temizligini de Gnemli hale
getirmistir. Bu calismada Mn ve B ihtiva eden baglanti elemanlari
kaliteleri icin gerekli filmasinlerin iiretiminde kullanilan yari
mamul Kkiitiiklerin yilizey Kkalitesinin nihai mamullerin
ozelliklerine etkisi arastirllmistir.  Yiizeyi taslanmis ve
taslanmamis yar1 mamullerden iiretilen filmasinlerin mikroyapi
ile makroyapilar1 incelenmis ve basma testi uygulanarak
aralarinda kiyaslama yapilmistir. Bu calisma sonucunda taslama
yapilmayan numunelerde 15 mm’ye kadar catlaklarin olustugu
taslama yapilan numunelerde ise daha yiiksek yiiklere dayandig:
bulunmustur.

Anahtar Sozciikler— Kiitiik, kiitiik taslama, baglanti elemani,
filmasin

Abstract— Developments in the automotive and space industry,
especially in recent years, have increased the need for special alloy
fasteners in the industry. This need has also made it important to
clean the steel in the semi-finished products where the fasteners
are produced. In this study, the effect of the surface quality of the
semi-finished billets used in the production of wire rods required
for the quality of fasteners containing Mn and B on the properties
of the final products was investigated. The microstructure and
macrostructure of wire rods produced from semi-finished and
non-ground semi-finished products were examined and a
comparison was made between them by applying the compression
test. As a result of this study, it was found that cracks up to 15 mm
occurred in the samples that were not grinded, and that they
withstand higher loads in the samples that were grinded.

Keywords— Billet, billet grinding, fasteners, wire rod
I. Giris
Otomotiv, havacilik, mithendislik ve benzeri endiistrilerde
nihai ¢elik itirtinlerin giderek artan siki kalite ve performans

gereklilikleri nedeniyle, ¢elik tiretim siirecindeki toplam kalite
kontroliiniin 6nemi giderek artmaktadir. En modern dékiim
tesislerinde iretilen g¢elik levhalarin  ve  Kkiitiiklerin,
haddehanelere sarj edilmeden yiizey kalitelerinin onaylanmasi
ve yiiksek kalitede haddelenmis iiriin elde etmek igin yiizey
taglama tesisleri onemli bir aractir.

Enine ¢atlaklar, kiitiiklerin muayenesinde her zaman tespit
edilmese de haddelenmis iiriinde ciddi kusurlara yol agar. Bu
catlaklar tipik olarak iirtiniin haddeleme yoniindeki gerilimler
nedeniyle goriiniir. Genellikle enine ¢atlaklar, derin olmamalar1
kosuluyla standartta izin verilen simirlar iginde kiitiik yiizeyi
taglanarak giderilir. Enine catlaklar, (I) termal gerilimler, (II)
meniskiis seviyesindeki degisimler, (III) segregasyon varlig1 ve
(IV) kalip i¢indeki kiittigtin stirttinmesi nedeniyle goriiniir [1-
3]. Disuik karbonlu g¢elik kiitikler yagla yaglama ile
dokuldiigiinde yaygin olarak karsilagilan iki kusur ile
karsilagilir: enine catlaklar ve igne delikleri.

Siirekli dokiim makinalarinda tiretilen kare kesitli kiitiiklerin
ylizeyinde veya yiizey altinda olusabilecek sorunlar sicak
haddeleme ile iiretilen filmasinlerin mekanik ozelliklerini
olumsuz yonde etkilemektedir. Hem malzeme verimliligi hem
de urtin kalitesinin arttirilmasi igin yart mamul yiizeyine
glinimiiz teknolojileri ile ¢6ziim aramaya baglanmistir. Bunun
sonucunda yar1 mamiillerin yiizey temizligini saglamak icin
ekipmanlar geligtirilmigtir. Bunlardan biri de kiitik taslama
makineleridir.

II. DENEYSEL CALISMALAR

Fabrikada devreye alinan yar1 mamul taglama makinasi,
kiitiik, blum ve yuvarlak kesitli yar1t mamulleri taslayabilecek
kapasitede olup, taslanmis kiitiiklere o6rnek Sekil 1°de
verilmistir [4, 5].
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Sekil 1. Incelenen Mn ve B igeren yari mamullerin taglanmasi.

Mekanik ozelliklerine etkisi arastirilmak tizere taglanmis ve
taglanmamig yar1t mamul kiitiiklerden iiretilmis Mn-B igeren
filmaginler basma deneylerine tabi tutulmustur. Basma testleri
iki sekilde uygulanmustir. {lk olarak, numunelerin bir kismina
load cell icermeyen bir pres yardimiyla agili bir sekilde
yayilarak sigmesine izin verilmeyecek kadar kontrol altinda
basma yiikii uygulanmistir. Bu ilk testte numunelere dikey
eksenden esit uzaklikta sisme gostermesine izin verilmektedir.
Diger basma testinde ise numuneler Zwick/Roell Z600 model
load cell sistemli ¢gekme basma test cihazi yardimi ile serbest
olarak ezilmistir. Bu ¢aligmada uygulanan ilk test ile cubuklarmn
yiizeylerinde hasar olusup olusmadigi, ikinci test ile de
istenilen  oranda  deformasyonla  yilk  gereksinimi
belirlenmektedir. Ik testte pres altinda 30 mm ¢apinda 45 mm
yiiksekliginde ve ikinci testte Zwick/Roell Z600 cihazi igin 10
mm ¢apinda 15 mm yiiksekliginde numuneler hazirlanmis %66
oraninda deformasyon uygulanmasi i¢in numunelerin
yiikseklikleri sirastyla 15 mm ve 5 mm’ye diistiriilmiistiir.

III. DENEYSEL SONUCLAR

Taglanmig ve taglanmamis numunelerin optik mikroyapi
gortintiileri Sekil 2’de verilmistir. Sekil 2, Mn ve B iceren
crvatalik filmaginin mikroyapisinda yaklasik %30 perlit fazinin
yer aldigini gostermektedir. Bu sonug Mn ve B igeren civatalik
celigin 1s11  iglemle sertlesebilir nitelikte oldugunu
gostermektedir. Ayrica, dinamik olan fabrika kosullarindan
dolay1 taglanmig ve taglanmamis yart mamullerinin sicak
haddeleme sonrasi sogutma kosullarinin degistirilmek zorunda
kalinmasi mikroyapida degisiklik meydana getirmistir. Daha
yavag soguma kosullarina maruz kalan taglanmis yart mamul en
son teknoloji iretilen iriin olup es eksenli ferrit+perlit
tanelerine sahiptir. Taglanmamis yar1 mamul ise fabrikanin ilk
kurulum yar1 mamulii olup nispeten daha hizli soguma
kosullarina maruz kaldigindan banth bir mikro yapiya sahiptir.

R

Sekil 2. (a) Taslanmis ve (b) taslanmamis yart mamullerden tiretilen Mn ve B
iceren filmasinlerin mikroyapisi.

incelenen yari mamullerden iiretilen Mn ve B igeren
filmaginlerin ylizeylerine ait makroyapilar1 Sekil 3’te
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gosterilmistir.  Sekil 3’de taglanmig kiitiiklerden {iretilen
¢ubuklarin ylizeylerinde c¢atlak baslangict goézlenmezken,
taglanmamis kiitiiklerden iiretilen gubuklarin yiizeyinden igeri
dogru yaklasik 10 mm’nin {izerinde uzunluga sahip c¢atlaklar
gortilmektedir.

(a) (b)

Sekil 3. (a) Taglanmis ve (b) taslanmamis yar1 mamullerden tiretilen Mn ve B
iceren cubuklarin yiizeylerine ait makro goriintim.

Sekil 4’te Zwick/Roell Z600 cihazi altinda gercgeklestirilen
basma deney sonuglar1 verilmektedir. Taglanmig numunelere
kiyasla taslanmamis numuneleri deforme ederken daha diisiik
kuvvet gereksinimi ¢atlak olusumu ile numuneleri uygulanan
yiike kars1 koyacak direnglerinin azalmasina dayandirilmistir.
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Sekil 4. Zwick/Roell Z600 cihaz1 yardimi ile yapilan basma deney sonuglari.

IV. GENEL SONUCLAR

Bu calisma sonucunda yart mamul kiitiikten (iiretilen
cubuklara makine imalati sirasinda uygulanacak bir
deformasyon sonrasinda hasar gostermemesi kiitiiklere
uygulanan taslama ile onlenebildigi ve servis yiiklerine karsi
direnci iyilestirildigi tespit edilmistir.

TESEKKUR
Yazarlar desteginden dolay1 Karabiik Universitesi Bilimsel

Arastirmalar Proje Koordinatorliigiine (KBUBAP-23-YL-010)
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INVESTIGATION OF WEAR PROPERTIES OF
DIN 20MnCr5 STEEL BARS AS A RESULT OF
BOX BORING

Ozet— Bu calismada, bakla ve halka gibi zincir elemanlarinda,
civata gibi baglanti elemanlarinda kullanilan @11 ¢apindaki DIN
20MnCrS sementasyon celik ¢cubuga, 9500C borlama sicakhginda,
2,5 ve 7,5 saat farkh borlama siirelerinde borlama islemi
gerceklestirilmistir. Borlanan yiizeyde borlama siiresine bagh
olarak boriir tabakasinin olusumu ve olusan boriir tabakasinin
metalografik yapisi, yiizeyden merkeze mikrosertlik degerleri ve
adhezif asinma ozellikleri incelenmistir. Kutu borlama sonucu,
@11 mm capindaki 2,5 saat borlama sonucu boriir kaplama
kalinhig1 ortalama 195,6 pm ve 7,5 saat borlama sonucu ortalama
371.5 pm olciilmiistiir. Sertlik degerlerinde ise 2,5 saat borlama
sonucu yiizeyde 1780 HV0,3 ve 7,5 saat borlama sonucu yiizeyde
2272 HVO0,3 sertlik ol¢iilmiistiir. Adhezif asinma deneyine gore
islemsiz @11 mm c¢apindaki DIN 20MnCrS c¢elik cubuk
numunesinde 5,256 g agirhik kaybi, 2,5 saat borlama sonucu
0,0071 g ve 7,5 saat borlama sonucu 0,0047 g agirhk kaybi
meydana gelmistir.

Anahtar Sozciikler— DIN 20MnCr5, kutu borlama, sertlik,
adhezif asinma ve mikroyap

Abstract— In this study, boriding process was carried out on 911
diameter DIN 20MnCr5 cementation steel bar used in chain
elements such as links and rings and fasteners such as bolts, at
9500C boronizing temperature, at different boriding times of 2.5
and 7.5 hours. Depending on the boriding time on the boronized
surface, the formation of the boride layer and the metallographic
structure of the formed boride layer, microhardness values from
the surface to the center and adhesive wear properties were
investigated. As a result of box boriding, boride coating thickness
of @11 mm diameter was measured as an average of 195.6 pm
after 2.5 hours of boronizing, and 371.5 pm after 7.5 hours of
boronizing. In the hardness values, 1780 HV0.3 hardness was
measured on the surface after 2.5 hours of boronizing and 2272
HV0.3 hardness was measured on the surface after 7.5 hours of
boronizing. According to the adhesive wear test, 5.256 g weight
loss occurred in the untreated @11 mm diameter DIN 20MnCr5
steel bar sample, 0.0071 g after 2.5 hours boronizing, and 0.0047 g
after 7.5 hours boriding.

Keywords— DIN 20MnCrS5, box boriding, hardness, adhesive wear
and microstructure

I. GIRIS

DIN 20MnCr5 geligine yonelik yapilan kutu borlama
calismalarina bakildiginda, bakla ve halka gibi zincir
uygulamalarinda kullanilan DIN 20MnCr5 ¢ubuklara yonelik
bilimsel ¢aligmalarin eksik kaldig1 goriilmektedir [1-3]. Bu
durum g6z oniine alinarak bu ¢alismada @11 mm c¢apindaki
DIN 20MnCr5 ¢elik cubuklara borlama islemi ile farkli
stirelerde kaplama yaparak adhezif asinma deneyi ile asinma
dayanimlar1 incelenmistir. Borlama islemi, bor elementinin
700-1000 °C araliginda, 1-12 saat borlama siirelerinde, metal
ylizeyine yayinmasi ile yiizeyde sert boriir tabakasinin elde
edildigi termokimyasal bir yiizey islemidir [4-8]. Bor
kaplanmis malzemeler, gostermis olduklari {istiin 6zellikler
sebebiyle genis bir endiistriyel kullanim alanina sahiptir bu
nedenle borlama, bu amaglar i¢in uygulanan yiizey islemleri
icerisinde stiinliikleri olan bir yiizey iglemidir [9-11].

II. DENEYSEL CALISMALAR

Bu calisma kapsaminda @11 mm ¢apindaki DIN 20MnCr5
sementasyon ¢elik cubuklar kullanilmistir. Cizelge 1.’de DIN
20MnCr5 celik ¢ubuklarin kimyasal kompozisyonu verilmistir.
Endiistride biiyiik bir oneme sahip olan @11 mm ¢apindaki DIN
20MnCr5 ¢elik ¢ubuklara 950 oC sicaklikta 2,5 ve 7,5 saat
farkli borlama stiresinde kutu borlama prosesi ile ylizeyini bor
kaplayarak mikroyapi, sertlik ve asinma 6zelliklerinin degisimi
incelenmistir.

Cizelge 1. DIN 20MnCrS celik gubuklarin kimyasal kompozisyonu.

KIMYASAL BILESIM (%)
C Mn Si S P Cr
0,199 | 0,68 | 0,217 | 0,016 | 0.017 | 1,003
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III. DENEYSEL SONUCLAR

Sekil 1.’de 950 oC sicaklikta 2,5 ve 7,5 saat farkli borlama
stirelerinde borlanmig DIN 20MnCr5 ¢elik ¢ubuklarin optik
mikro yapilari, Cizelge 2.’de kaplama tabakalarinin kalinliklari
verilmistir. DIN 20MnCr5 ¢elik ¢ubuklarin borlama siiresinin
artmastyla bortir kaplama kalinlig1 artmigtir.

Sekil 1. 950 °C'de (a) 2,5 saat ve (b) 7,5 saat borlanan @11 mm ¢apindaki
DIN 20MnCr5 ¢elik ¢ubuklarin optik mikroyapisi ve tabaka kalinliklari.

Cizelge 2. Kutu borlama sonrast DIN 20MnCr5 ¢eligin boriir tabakasi

kalinlig1.
Celik Kalitesi Kaplama Tabaka Kalinliklar1 (um)
2,5 saat 7,5 saat
DIN 20MnCr5 Ort: 195.6 Ort: 371.5

DIN 20MnCrS5 geligi iizerinde olusan boriir tabakasmin
sertligi (Sekil 2) 2,5 saat borlama sonucu 1780 HV ve 7,5 saat
borlama sonucu 2272 HV dir. Bununla birlikte matrisin sertligi
ise ortalama 244 HV olarak bulunmustur.@11 mm ¢apindaki
celik gubugun sabit sicaklikta artan borlama siiresiyle boriir
tabakasimin sertliginin arttig1 goriilmiistiir.

@1 min - 15 Saul —e— 011 mm - 7.8 Sant

%
X B

g
A

1000 N

2
/

[

L 4

MICRO SERTLIK . 1Y,

T 100 150 e =0
VOZEVDEN UZAKLTR (MIKRON)

Sekil 2. ©11 mm ¢apindaki DIN 20MnCr5 geliginin 950 oC sicaklikta 2,5
saat ve 7,5 saat kutu borlama sonucu mikro sertlik egrileri.

aug T

Sekil 3’te islem gormemis ve 9500C sicaklikta farkl
stirelerde borlanan numunelerin agirlik kayiplarmim 10000 m
kayma mesafesinde ve 20 N yiik altindaki degisim degerleri
verilmistir. Sekil 3.”e gore islemsiz numunelerin aginma sonucu
agirlik kayiplart borlama islemi uygulanmig numunelere
kiyasla daha yiiksektir. Burada borlama islemi ile birlikte
asinma sonucu numunelerin agirhk kaybinda bir azalma
goriilmiis olup borlama sonucu malzemenin asinma
dayaniminin arttig1 goriilmektedir.
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Islemsiz

MNurnunie;

0,008

Agirhk Kayhbi(g)

0,006

0,004

0,002

0

Sekil 3. Incelenen numunelerin asmma sonuglari.

IV. GENEL SONUCLAR

Bu ¢alisma sonucunda;

1. Optik mikro yap1 goriintiilerine gére 9500C’de 2,5 saat
borlanan @11 mm ¢apindaki numunenin boriir kaplama
kalinligr 195.6 p ve 9500C’de 7,5 saat borlanan @11 mm
¢apmdaki numunenin boriir kaplama kalmligi 371.5 p oldugu
goriilmiistiir. Islem gérmemis @11 mm numunesinin sertligi
244 HV olgtilmiistiir.

2. Ana matris ile boriir kaplama ara yiizeyi artan kaplama
tabaka kalinlig1 ile birlikte diiz bir ara yiizeyden siireksiz
dalgali ara yiizey morfolojisine gegis olmustur.

3.9500C’de 2,5 saat borlanan @1 1mm ¢apindaki numunenin
boriir kaplama sertligi 1780 HV ve 9500C’de 7,5 saat borlanan
011 mm ¢apindaki numunenin boriir kaplama sertligi 2272 HV
oldugu goriilmiistiir.

4. Asinma sonuglarina gore 9500C sicaklikta 7,5 saatte
borlanan @11 mm numunesinin agirlik kaybi en diisiik ( 0.0047
2), islemsiz @11 mm numunesinin ise (5.26 g ) en yiiksek
¢ikmistir ve asinma sonuglarinin sertlik sonuglarina parallel
oldugu saptanmustir.
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Abstract— The advent of 6G technology can potentially transform
how we communicate and access information. However, the
deployment of 6G networks is facing many challenges, including
the impact of metal bulks on signal transmission. Metal bulks,
such as buildings, bridges, and tunnels, can cause signal
attenuation, reflection, and interference, leading to reduced signal
coverage, increased noise, and degraded signal quality. In this
paper, we discuss the challenges posed by metal bulks on 6G signal
transmission and propose potential solutions that can be employed
to mitigate these challenges. These solutions include using
intelligent reflecting surfaces, deploying small cells, optimizing
antenna placement, and using beamforming techniques. We
present the results of experimental studies conducted to evaluate
the effectiveness of these solutions, and we conclude that
combining these techniques can significantly improve 6G signal
transmission in metal-rich environments.

Keywords— 6G technology, metal bulks, signal transmission,
challenges, potential solutions.

I. INTRODUCTION

In the past few decades, wireless communication
technologies have experienced rapid advancements, with each
generation (G) delivering enhanced capabilities to meet the
growing demands of the modern world. The journey began with
1G in the 1980s, which introduced the era of analog cellular
communication, followed by 2G in the 1990s, facilitating
digital voice transmission and text messaging. The turn of the
century brought 3G, enabling mobile internet access, while 4G,
introduced in the 2010s, revolutionized the landscape with
high-speed mobile data transmission and LTE networks. As 5G
networks are being deployed worldwide, researchers are
already investigating the requirements and possibilities of 6G
communication systems, aiming to enhance data rates, reduce
latency, and enable novel applications. One critical aspect of
these advanced networks is signal propagation in urban
environments, particularly when considering the interaction
between signals and large iron and steel structures. This paper
delves into the impact of iron and steel structures on 6G signal
propagation in urban settings to provide valuable insights to
optimize network design, improve coverage, and enhance
overall performance. [1, 2]

As shown in figure 1, Terahertz (THz) and millimeter - wave
bands, which have higher frequencies, are becoming more
prevalent in communication systems.

1 M-z 100 MHx 1 GHe 10 GHz 100 GHz 1THe 10 THz

10 Mz

Fig.1. Spectrum for mobile phones ranges from 1G (1980s)
to 6G (anticipated for 2030).

This paper aims to investigate the effect of metal bulks on
transmitting 6G signals, delving into the various factors
contributing to signal degradation in such obstacles. We
provide a comprehensive overview of 6G technology, its key
features, and its potential applications, setting the stage for
understanding the importance of optimizing signal
transmission in various contexts. Next, we discuss the
fundamental principles of signal propagation in wireless
communication systems, highlighting the challenges posed by
the higher frequency bands utilized in 6G networks.

Finally, we summarize our findings and outline future
research directions that can further enhance the performance of
6G communication systems in the presence of metal bulks. By
shedding light on the complex interplay between 6G signals
and metallic obstacles, this paper aims to provide valuable
insights and guidance for researchers, engineers, and
policymakers working on developing and deploying next-
generation wireless communication networks.
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II. 6G ANTENNAS AND TOPOLOGY

6G communication systems are expected to operate at higher
frequencies and incorporate advanced technologies,
necessitating novel antenna designs and network topologies to
ensure optimal performance. In urban environments, large
metal bulks, such as iron and steel structures, can significantly
affect signal propagation and overall network efficiency. This
paper investigates the impact of metal bulks on 6G antennas
and topology, focusing on understanding the challenges and
opportunities for signal transmission and reception.[3]

The paper evaluates various antenna designs, including
Intelligent Reflecting Surfaces, Signal repeaters, hybrid
beamforming techniques, MIMO techniques, Smart antennas,
and free space optics, to determine their effectiveness in
overcoming signal degradation caused by metal bulks.
Additionally, it examines network topologies that consider the
complex urban landscape, incorporating technologies such as
small cell deployment, intelligent reflecting surfaces, and
heterogeneous networks to enhance signal coverage and
minimize interference.

By analyzing the interplay between 6G antennas, network
topology, and metal bulks, this paper aims to provide valuable
insights into developing innovative solutions for overcoming
signal propagation challenges in urban environments. The
findings will contribute to designing robust 6G communication
systems capable of delivering ultra-fast connectivity, low
latency, and seamless user experiences in the face of complex
structural interference.

A. Effect of metal bulks on 6G signal transmission

The emergence of 6G technology promises to transform
communication networks with its ultra-high frequency
spectrum and extremely low latency. However, the impact of
metal bulks on 6G antenna performance presents a critical
obstacle in deploying these advanced networks. Metal bulks,
commonly found in urban settings and large constructions, can
cause significant signal degradation due to their inherent
electromagnetic properties.[4]

When a 6G antenna is close to metal bulks, the high-
frequency signals can be attenuated and distorted through three
primary mechanisms: reflection, scattering, and absorption.
Reflection of the signal occurs when it encounters a metal
surface, causing a portion of the signal to bounce back and
create interference. Scattering results from irregularities in the
metal surfaces, which can disperse the signal energy in multiple
directions and reduce the antenna's effective gain. On the other
hand, absorption is the conversion of signal energy into heat
within the metal bulk, leading to further signal loss.

These mechanisms can severely impact the performance of
6G antennas, resulting in poor connectivity, reduced data rates,
and increased latency. To fully harness the potential of 6G
technology, finding a solution that mitigates the negative
impact of metal bulks on antenna performance is essential. This
paper explores using metamaterials as a promising approach to
address this challenge.[5]
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B. Determinations and proposed approaches

1) Material properties: Metal bulks' electrical conductivity
and permeability impact their interaction with
electromagnetic waves, affecting signal attenuation and
reflection.[6]

2)  Geometry and size: The dimensions and shape of metal
structures influence the degree of signal obstruction,
scattering, and multipath propagation.[7]

3) Antenna positioning and orientation: The relative
location and direction of antennas concerning metal
bulks can affect signal reception and transmission

quality.[8]

4) Operating frequency: Higher frequency signals used in
6G systems are more prone to attenuation and reflection
when interacting with metal structures.[9]

5) Environmental factors: The presence of other
obstructions, such as buildings or vegetation, can
exacerbate the effects of metal bulks on signal
propagation.[10]

C. Proposed approaches to mitigate metal bulk effect:

1) Several potential solutions can be employed to mitigate
the impact of metal bulks on 6G signal transmission. These
solutions included the following:

2) Intelligent Reflecting Surfaces (IRS): Intelligent
Reflecting Surfaces (IRS) have emerged as a potential solution
to address the challenges faced by 6G antenna systems,
particularly regarding signal propagation, coverage, and
interference management. By leveraging the capabilities of
reconfigurable and programmable metasurfaces, IRS can
adaptively modify the electromagnetic properties of incident
signals, resulting in improved signal quality and
performance.[11]

As shown in the architecture of the IRS in Figure 2

Metasurface

L

Tunable element 2o -=Nge

Controller chip IRS controller

Fig. 2. The architecture of the IRS

3) Using Signal repeaters: can amplify the signal and
bypass metal bulks. Signal repeaters can be installed in areas
with weak signal coverage to improve signal strength and
reduce the interference caused by metal bulks.[12]
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As shown network-controlled repeater (NCR) in figure 3
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Fig.3. a network-controlled repeater (NCR). a is the angular
separation of the two panels

4)  Utilizing millimeter-wave frequencies: Millimeter-wave
frequencies can penetrate metal bulks better than lower
frequencies, making them ideal for 6G signal transmission in
metal-rich environments. The signal can bypass the metal bulk
by using higher frequencies, reducing signal attenuation and
reflection.[13]

As shown Millimeter-Wave and Terahertz Spectrum for 6G
Wireless in figure 4
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Fig 4. Millimeter-Wave and Terahertz Spectrum for 6G
Wireless concerning frequencies in the band 10GHz-
1000THz

5) Using  hybrid  beamforming techniques: Hybrid
beamforming involves combining analog and digital
beamforming to focus the signal toward the desired direction.
Using hybrid beamforming, the signal can be directed toward
the receiver, bypassing the metal bulk and reducing
interference and signal degradation.[14]

As shown hybrid beamforming techniques in figure 5
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Fig.5. Block diagram of hybrid precoder and combiner-
based transmitter and receiver
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6) MIMO (Multiple-Input Multiple-Output) technology:
MIMO technology uses multiple antennas to transmit and
receive signals, which can help to improve signal quality and
reduce the impact of metal bulks. This approach involves using
multiple antennas to transmit and receive signals
simultaneously, which can avoid interference from metal bulks
and improve signal quality.[1]

As shown in MIMO technology in figure 6

MIMO

Fig.6. MIMO technology used multiple antennas to
transmit and receive signals.

7) Smart antennas Smart antennas can automatically adjust
their direction and shape to optimize signal quality. This
approach involves using antennas that can adapt to the
environment and adjust their direction and shape to avoid
interference from metal bulks and improve signal quality.[14]

8) smart antennas: Smart antennas can automatically
adjust their direction and shape to optimize signal quality. This
approach involves using antennas that can adapt to the
environment and adjust their direction and shape to avoid
interference from metal bulks and improve signal quality.[15]

9) Use of free space optics: Free space optics (FSO) is a
wireless communication technology that uses light to transmit
data through the air. FSO can transmit data through areas
where metal bulks may interfere with traditional wireless
signals. FSO can provide high-speed data transmission over
short distances, making it ideal for use in urban environments
where metal bulks are common. [16]

As shown, Free space optics (FSO) in figure 7

(3]

Fig.7. Wireless optical communications
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The following table compares these strategies, shedding
light on their benefits and limitations and serving as a basis for
informed decision-making in network design and deployment.

TABLE I. advantages and disadvantages of potential
solutions to mitigate the impact of metal bulks on 6G signal

transmission
Element Advantages Disadvantages
Intelligent Redirects & shapes Requires precise
Reflecting signals, custom control, complex
Surfaces propagation paths configuration
Signal Extends coverage, lel.ted capaciiy,
. increased
Repeaters cost-effective . .
interference
Heterogeneous Improved coverage, Complex network
capacity & management,
Networks .
performance increased cost
Millimeter- .
. Susceptible to
wave Higher data rates, :
. . attenuation, shorter
Frequencies larger bandwidth
range
Hybrid Combines analog & Implementation
Beamforming digital complexity,
Techniques beamforming, cost- hardware
effective limitations
MIMO Increased capacity, Requires multiple
Technology improved signal antennas, increased
quality complexity
Adaptive
Smart beamforming, Complex
Antenna interference algorithms,
Systems reduction.Alphabetic increased cost
numbering
Weather
Free Space High data rates, dependency, line-
Optics secure transmission of-sight
requirement

[II. CONCLUSION

In conclusion, deploying 6G networks faces significant
challenges due to metal bulks, which can adversely impact
signal transmission. To overcome these obstacles, this paper
has presented various potential solutions to mitigate signal
attenuation, reflection, and interference caused by metal bulks.
These strategies include intelligent reflecting surfaces, signal
repeaters, millimeter-wave frequencies, hybrid beamforming
techniques, MIMO technology, smart antenna systems, and the
utilization of free space optics. By leveraging these innovative
techniques, experimental studies have demonstrated
considerable improvements in 6G signal transmission within
metal-rich environments. This research paves the way for the
successful implementation of 6G networks, ensuring robust and
reliable connectivity even in challenging scenarios.

(2]

(3]

(4]

(3]

(6]

(7]

(8]
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AISI 1045 CELIGININ TERMOREAKTIF DIFUZYON (TRD) YONTEMI
ILE TiC KAPLANABILIRLIGININ ARASTIRILMASI
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Ozet

Bu tez ¢alismasinda, AISI 1045 (C45) imalat ¢eligine, Termoreaktif Diflizyon (TRD) kaplama
yontemi kullanilarak TiC kaplama yapilmistir. Kaplama islemi 1000, 1050 ve 1100 °C’lik
sicakliklarda, 1, 2 ve 3 saat bekleme siirelerinde gerceklestirilmistir. Kaplanacak malzemeler
oncelikli olarak istenilen ebatlarda hazirlanmig ve yiizeyleri parlatilmistir. Daha sonrasinda
belirlenen parametrelerde kaplama islemi uygulanmistir. Kaplama yapilan malzemelerin tim
ylizeylerine zimparalama islemi yapilarak numuneler bakalite alinmistir. Bakalite alinan
numunelere parlatma ve daglama islemleri uygulanarak testlere hazir hale getirilmistir. Analiz
icin hazir hale getirilen numuneler 151k mikroskobu, SEM, XRD ve sertlik analizlerine tabi
tutulmustur. Morfoloji incelemelerinde, 6-21 mikron araliginda kaplama kalinlig: tespit edilmis
olup olusan kaplamanin homojenlik gosterdigi tespit edilmistir. Kaplamanin bulundugu yiizey
bolgeden gergeklestirilen XRD analizinde Ti kaynakli fazlar goriilmiistiir. Vickers sertlik
analizinde ise ana malzeme sertligi 230 HV civar1 iken kaplama sonrasi en yiiksek sertlik 2300
HV degerlerine kadar yiikselmistir. Yapilan analizler ve degerlendirmeler sonucunda TRD
teknigi ile kaplanan, AISI 1045 (C45) imalat celiginde en uygun TiC kaplama parametresi

belirlenmistir.

Anahtar Kelimeler: TRD, AISI1045 Celigi, TiC, Kaplama
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Abstract— The management of lot sizing with lack of homogeneity
in the foundry sector is a critical issue for improving production
efficiency and product quality. This paper proposes a scenario
analysis using fuzzy logic approach to address this problem. Fuzzy
logic can effectively capture the uncertainty and imprecision in
production processes and provide a more flexible decision-making
framework. The proposed approach enables the foundry
managers to evaluate different scenarios for lot-sizing with
homogeneity level and identify the optimal production plan
considering various factors such as cost, production capacity, and
scrap usage. The results indicate that the fuzzy logic approach can
provide valuable insights and guidance for the foundry industry
to improve their production operations and competitiveness.

Lot

Keywords— Production Planning, Lack of

Homogeneity, Fuzzy Logic, Casting

sizing,

I. INTRODUCTION

In the casting industry in our country, high levels of fossil
fuels are used to generate the energy required for production.
Due to the high melting temperatures of metals in the casting
process, a significant amount of energy is consumed, resulting
in high carbon emissions. Efficient planning and production are
necessary to minimize harmful gas emissions. Effective use of
raw materials without compromising quality standards in
production will reduce both energy use and emissions.

The nature of the raw materials used in casting varies,
making it difficult to maintain product homogeneity during the
production process. In particular, the use of scrap material and
production excess in casting can disrupt homogeneity. The
production process in casting also leads to a lack of
homogeneity. The molten metal is transferred from the furnace
to the pots on the production line. A certain amount of the
molten mixture used in production remains in the furnace and
pots due to cooling. To prevent cooling, a certain amount of the
mixture needs to remain in a molten state in the furnace and
pots. This situation prevents the fulfillment of product
specifications and leads to a lack of homogeneity.

In this study, the aim was to minimize energy and production
costs and address lack of homogeneity caused by uncertainty in

the production process and product when determining the
production lot size in the casting industry.

A. Literature Review

Lack of homogeneity in production refers to the uncertainty
that arises from the nature of raw materials and production
processes in the manufacturing industry. Even if the inputs used
are homogeneous, the operations involved can introduce
heterogeneity into the characteristics of the outputs [1]. In this
context, the concept of lack of homogeneity has been studied in
different sectors. It has been categorized based on product,
process, and lot size in the literature.

The concept of lack of homogeneity in production has been
mainly studied in the ceramics and food industries. In the
ceramics industry, where raw materials are variable, it is
desired for the produced products to be homogeneous and for
the products in batch size to be similar in shape and pattern [2—
4]. In the food industry, products are inherently not
homogeneous [5].

In the casting industry, Sakalli et al. were pioneers in
expressing the lack of homogeneity in production as stochastic
due to the raw material of the produced product [6]. In the food
industry, a study that stochastically expressed the lack of
homogeneity in the process and batch size was among the first
to define the lack of homogeneity brought about by the
uncertainty in the process in yogurt production [7].

Lack of homogeneity in production also appears in areas
other than the batch size determination problem. Campana et al.
examined how the mechanical characteristics of AISi7 alloy as
metallic foam varied due to the lack of homogeneity in the foam
[8]. Marsico et al. examined the lack of homogeneity in the
production of bovine embryos in a laboratory environment and
its effect on production [9]. Proveda showed how the lack of
homogeneity caused by biogenic amines and free amino acids
in beer production fluctuated in supply and affected the process
using multivariate statistical analyses [10].

Different methods have been used in the literature to
determine lack of homogeneity. While Alemany et al.
expressed the uncertainty as fuzzy, Sel et al. approached it
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stochastically [2,7]. Studies that use both fuzzy logic and
stochastic methods together also exist in the literature [11].

Studies determining the production lot size in
remanufacturing generally aim to minimize the total production
cost, except for various purposes. In the literature, reusable
products and excess demand returns were discussed. There is
still a need to study the raw materials that will be reused. The
uncertainty caused by lack of homogeneity in the production of
reused raw materials creates uncertainty. This uncertainty has
been studied in this study according to the cases chosen by the
decision-maker in terms of product, process, and lot size in the
total cost.

II. PROBLEM DEFINITION

In the casting process, the raw materials and scrap to be used
in production should be gathered from inventory to prepare for
the melting operation. Then, the scrap obtained from external
sources and the scrap generated from production are loaded into
the induction furnace for melting. The mixture that melts in the
furnace is mixed with ore to meet the desired standards of the
products. After the obtained melt is checked, it is transferred to
the pots on the production line. The melt is poured into molds
that come to the production line. The products removed from
the mold are packaged and delivered to the customer after
passing the final quality control.

A. Mathematical Model

The objective is to minimize the total costs of energy
consumption, holding, production, purchasing, order delay, and
casting preparation in the given order. The energy cost for
producing a product is calculated based on the average energy
consumption of the induction furnaces. The holding,
production, and purchasing costs are calculated based on the
average selling price of the product. The order delay cost is
assumed to be 5 times the holding cost. The casting preparation
cost is calculated based on the energy cost of the induction
furnace during idle time.

To balance inventory, the scrap generated during
production is transferred to the next period's inventory after
satisfying the demand from produced items, inventory carried
forward from the previous period, and orders delayed from the
previous period. To keep track the inventory of scrap bought
and scrap from production, we use two different inventory
balance formulation in the mathematical model. The amount of
produced product based on the externally purchased scrap, the
amount of scrap reused in production, and the alloy used to
meet specific product specifications. The scrap/ore ratio is
greater than or equal to the amount of ore required to meet the
product's specifications, taking into account the total amount of
scrap reused in production and externally purchased. The total
production quantity in each period does not exceed the
production capacity. Due to the continuous production, the
molten mixture in the furnace must be ready at a certain
temperature and specification. Therefore, the quantity of
product in the furnace should not be above the maximum
loading threshold or below the minimum loading threshold if
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the furnace is to be charged. The furnaces are charged at certain
intervals during each shift.

B. Fuzzy Approach

In the fuzzy numbers problem, the scrap/ore ratio is
represented by fuzzy numbers. Jimenez et al. and Peidro et al.
convert the fuzzy linear programming model into an a-
parametric linear programming model using equivalent crisp
equations [12,13]. The scrap/ore ratio is treated as fuzzy in the
o-parametric linear programming model using the following
equivalent crisp equation.

The membership function determines the fuzziness in a
fuzzy set and affects the performance of the fuzzy
representation. The membership function should be formulated
in a way that represents the problem data and the desired degree
of membership. Therefore, the shapes of the membership
function vary in the problem. Various membership functions
can be formulated using a triangular, trapezoidal, generalized
bell, or sigmoid function. Trapezoidal membership functions
are linear in form and can be modelled using a-parametric
linear programming formulation. In this study, the trapezoidal
membership function is used to ensure that the alloy ratio used
in the foundry sector remains within certain intervals. The
application of trapezoidal shapes is simple and fast for
computation. The membership function includes values or
degrees of membership that range from 0 to 1 and are used to
break the crisp modelling. The trapezoidal membership
function reflects low, medium, and high fuzziness using
straight lines. Four-degree and linear membership functions
have the advantage of simplicity. Trapezoidal shapes are one of
the most encountered membership functions in practice.
Therefore, we assume that the fuzziness can be represented by
parameters 01, 02, 63, and 64. Fuzzy numbers denoted by EI
(0) and expected range are calculated.

III. SCENARIO ANALYSIS

Changes in the decision maker's tendency to use low or high
scrap levels create differences in terms of total costs. In the low
scrap usage scenario, the decision maker prioritizes the product
specifications and production quality rather than the impact of
costs. In the high scrap usage scenario, the decision maker
chooses an economically viable production method while
meeting the specifications.

TABLEI
REUSED SCRAP AMOUNTS AND ENERGY COSTS WERE ANALYSED FOR THE
VALUES (0.2 AND 0.8) SELECTED IN THE BASIC CASE ANALYSIS WITH A
CAPACITY UTILIZATION RATE OF 75%

Total Total
Total Quantity of | Quantity Total Total
a” | Production Scrap of Scrap | Energy Cost
Quantity Usage from Usage Cost
Production Bought
13,613
0,2 1,052 tons 0.33 tons 175 tons 1,546 b b
0,8 1,052 tons 0 117 tons 1,545 b 15,;10

*Level of homogeneity
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The amount of scrap generated during production is
incorporated into production at low a values. This is because
the decision-maker prefers to use high scrap in production. In
the low scrap usage scenario, although the cost of purchasing
scrap from outside and the inventory costs of these scraps are
high, these scraps are preferred in production. However, when
the scrap generated during production is reintroduced into
production, it increases the energy costs that need to be incurred
again. The effect of the selected a values (0.2 and 0.8) on the
amount of scrap used in re-production and energy costs has
been examined in the basic case analysis where the capacity
utilization rate is 75%. In the low scrap usage scenario, no scrap
generated during production was used in re-production. In the
high scrap usage scenario, 0.33 tons of scrap generated during
production is included in re-production. The ratio of energy
costs to total costs is 9.83% in the low scrap usage scenario and
11.35% in the high scrap usage scenario. It is observed that re-
production increases energy costs. The results obtained are
presented in Table I.

The cases where energy costs increase day by day and the
supply of purchased scrap decreases due to disruptions in the
global supply chain have been examined. The impact of the
amount of remanufacturing on total costs has been investigated.
The results obtained are presented in Table II.

TABLE I
SCENARIO WHERE ENERGY COSTS ARE HIGH AND PURCHASED SCRAP IS LOW
Total Total
Total Quantity of | Quantity Total
. . Total
a Production Scrap of Scrap | Energy Cost
Quantity Usage from Usage Cost
Production Bought
11,563
0,2 1,052 tons 75.33 tons 100 tons 2,898 b b
0,8 1,052 tons 16.88 tons 100 tons 27750 12’;}‘00

*Level of homogeneity

In addition to the above scenarios, scenarios were examined
based on the selected a values (0.2 and 0.8) in the basic case
analysis where the capacity utilization rate is 75%. A scenario
was studied where energy costs increased by 80% and the
amount of purchased scrap decreased by 50%. As a result, in
the low scrap usage scenario, it was observed that a total of
16.88 tons of scrap generated from production was reused in
the production process. The energy cost has increased by 15%
compared to the basic case analysis. In the high scrap usage
scenario, a total of 75.33 tons of scrap generated from
production was reused in the production process. The ratio of
energy cost to total cost has increased by 11% compared to the
basic case analysis.

IV.CONCLUSIONS

In the casting industry, the nature of the raw material used
and its ability to be reused make it difficult to meet the required
specifications for production. The use of scrap metal needs to
be determined. Utilizing the knowledge of experts to determine
this ratio is important for cost and homogeneity. The benefit of
using scrap metal for cost can turn into a loss in product quality.
Therefore, the percentage of scrap metal in the composition is
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very important. The experts' knowledge needs to be
mathematically expressed and applied to production to provide
the decision-maker with the desired quality at the desired cost.
These criteria can be explained most easily and understandably
through fuzzy logic.

Scrap metal can be economically sourced externally. Raw
ore and alloys, on the other hand, are more valuable and costlier
than scrap metal. Therefore, in scenarios where capacity
utilization is variable, high use of scrap metal becomes
advantageous in reducing total costs. Increasing energy usage
and difficult external sourcing of scrap metal can lead to the use
of scrap metal generated from production. In this case, the
decision-maker should prefer low scrap metal usage to avoid
the high energy costs associated with reproduction. The reuse
of scrap metal generated from production contributes to melt
homogeneity as it is a purer material compared to externally
sourced scrap metal, making it easier to meet product
specifications. While the ratio of energy costs to total costs
increases in cases where reproduction occurs, homogeneity is
ensured in production, and total costs decrease.

Increasing costs in the manufacturing sector require different
production strategies to be pursued. These strategies can vary
depending on time and conditions. When the availability of
previously used products decreases, and supply becomes
difficult, utilizing available resources to continue production is
necessary. Recycling and reproduction are important for
sustainability and the environment. Reducing the energy spent
on extracting raw materials used in the world through efficient
production will make what is available more valuable and
contribute to the living conditions of future generations.

In this study, the aim was to minimize energy and production
costs and address lack of homogeneity caused by uncertainty in
the production process and product when determining the
production lot size in the casting industry. In line with this goal,
studies in the literature were examined. Studies determining the
production lot size in remanufacturing generally aim to
minimize the total production cost, except for various purposes.
In the literature, reusable products and excess demand returns
were discussed. There is still a need to study the raw materials
that will be reused. The uncertainty caused by lack of
homogeneity in the production of reused raw materials creates
uncertainty. This uncertainty has been studied in this study
according to the cases chosen by the decision-maker in terms
of product, process, and lot size in the total cost.

In the future research areas in the casting industry include
the investigation of new techniques to improve the
homogeneity of reused raw materials, exploring the effects of
different decision variables on the total cost in various
production scenarios, and considering the environmental
impact of production processes. Additionally, further research
could be conducted to examine the integration of production lot
size and scheduling problems, and to analyze the impact of
uncertainty on production planning and decision-making.
Overall, these research areas have the potential to contribute to
the development of more efficient and sustainable production
processes in the casting industry.
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HX420LAD+Z100 Sac Celiginin Nokta Diren¢c Kaynagi ile Birlestirilmesi ve Kaynak
Parametrelerinin Mikro Yap1 ve Sertlige Etkileri

Arzu Altinpinar, Hakan Erdem
CPS Pressform San. Tic. A. S., Kocaeli, TURKIYE
aaltinpinar@cpsform.com
Ozet

Sunulan bu ¢alismada; otomotiv sektoriinde yaygin kullanilan HX420+7100 sac ¢eliginin;
degisken kaynak akimi ve elektrot basinci kullanarak; nokta diren¢ kaynakli birlestirmeleri
gergeklestirilmis, elektrot basimcinin ve akimin mikroyapt ve sertlige olan etkileri
aragtirtlmistir. Kaynak parametrelerinden kaynak akimi 5, 7 ve 9 kA olarak ayarlanmus, elektrot
baski kuvveti her bir kaynak akimi i¢in sirasiyla; 1 ve 2 kN olacak sekilde uygulanmis ve
deneysel caligmalar yapilmistir. Kaynak islemi tamamlandiktan sonra, metalografik olarak
hazirlanan numunelerin kesit yilizeyinde Vickers sertlik testi yapilmis ve esas metal, 1s1 tesiri
altinda kalan bolge ve kaynak bolgeleri karsilastirmali olarak incelenmistir. Ayrica
numunelerin kesit yiizeyleri ; %3’ lik nital ¢ozeltisi ile daglanip ve 151k mikroskobunun
aydinlik alan goriintii kontrastinda kaynak yapilmis bolgeler incelenmistir. Yapilan incelemeler
sonucunda; numunelerin mekanik ve mikro yap1 6zelliklerinin artan kaynak akimi ve elektrot
basinciyla degistigi belirlenmistir. Artan 1s1 girdisine bagh olarak malzemenin hem sertliginde
artis oldugu hem de faz degisimi gergeklestigi belirlenmis ve sonuglart sunulmustur.

Anahtar Kelimeler: Diren¢ Nokta Kaynagi, Elektrot Basinci, HX420+Z100 Celik, Kaynak
Akimi, Otomotiv

Joining HX420LAD+Z100 Sheet Steel by Spot Resistance Welding and Effects of
Welding Parameters on Microstructure and Hardness

Abstract

In this presented study; HX420+Z100 sheet steel, which is widely used in the automotive
industry; using variable welding current and electrode pressure; resistance spot welded joints
were performed and the effects of electrode pressure and current on microstructure and hardness
were investigated. Welding current is set as 5, 7 and 9 kA from welding parameters, electrode
pressure force is respectively for each welding current; It was applied as 1 and 2 kN and
experimental studies were carried out. After the welding process was completed, Vickers
hardness test was carried out on the cross-sectional surface of the metallographically prepared
samples and the base metal, heat affected zone and weld zones were examined comparatively.
In addition, the cross-sectional surfaces of the samples; The areas etched with 3% nital solution
and welded in the bright field image contrast of the light microscope were examined. As a result
of the investigations; It was determined that the mechanical and microstructure properties of
the samples changed with increasing welding current and electrode pressure. Depending on the
increased heat input, it was determined that both the hardness of the material increased and the
phase change took place, and the results were presented.

Keywords: Resistance Spot Welding, Electrode Pressure, HX420+Z100 Steel, Welding
Current, Automotive
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Abstract

Two different grades (X and Y) of steel were subjected to the ball
forging process, and the coatings applied on these two grades without
any forging process (cataphoresis, zinc nickel) were comparatively
examined in terms of corrosion resistance. Shot forging was carried
out using S230 steel balls for 13 minutes in a drum shot blasting
machine. Later, these steel plates were subjected to cataphoresis
coating and alkaline zinc-nickel plating processes under factory
conditions. The coating thicknesses of the samples whose surface
coatings were performed were measured and evaluated as a table.
Then, surface adhesion tests of these parts were carried out after
cataphoresis coating.

Corrosion testing was performed on the samples in salt fog in
accordance with ASTM B 117/ DIN EN ISO 9227 for 1008 hours.

According to the results of the corrosion test, the corrosion resistance
of the parts exposed to the ball forging process decreased after
cathopheresis, and the corrosion resistance of the alkaline zinc nickel-
plated ones increased. The surface quality deteriorated as a result of
the ball forging process, which adversely aftected the cathopheresis
coating in terms of corrosion resistance. The results obtained from the
tests were compared with each other.

BIiLYALI DOVME SONRASI CESITLi YUZEY
KAPLAMALARI iLE QSTE 690 VE S$355J2
CELIGININ KOROZYON DIRENCININ
INCELENMESI

Anahtar Kelimeler

Bilyali dovme, kataforez, Alkali ¢inko nikel, Korozyon, Celik
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0zet

Bilyali dovme islemine tabi tutulmus iki farkl kalite (X ve Y)
celikleri ve bu iki kaliteye herhangi bir dovme islemi uygulanmamis
halleri tizerine uygulanan kaplamalar (kataforez, ¢inko nikel) ile
korozyon direngleri agisindan karsilastirmali olarak incelenmistir.
Bilyali dévme islemi S230 celik bilyalar kullanilarak 13 dakika
tamburlu kumlama makinasinda gergeklestirilmistir. Daha sonra bu
¢elik plakalar fabrika sartlarinda kataforez kaplama ve alkali ¢inko
nikel kaplama prosesine almmustir. Yiizey kaplamalari gergeklesen
numunelerin kaplama kalinliklar1 6l¢tilmiis tablo olarak verilip
degerlendirmeler yapilmisti. Daha sonra bu parcalarin kataforez
kaplama sonrasi ylizey yapisma testleri gergeklestirilmistir.

Numunelere tuz sisi i¢erisinde ASTM B 117 / DIN EN ISO 9227
metoduna uygun olarak korozyon testi 1008 saat olarak yapilmistir.

Korozyon testinin sonuglarma gore bilyali ddvme islemine maruz
kalan pargalarin katoferez sonrasi korozyon dayanimlart diismiis alkali
¢inko nikel kaplananlarin korozyon dayanimlari artmistir. Bilyali
dovme islemi sonucunda bozulan yiizey kalitesi katoferez kaplamay1
korozyon direnci bakimindan olumsuz etkilemistir.

Testlerden elde edilen sonuglar birbiriyle kiryaslanmigtir.

L Giris

2021 Diinya ¢elik iiretimi verilerine gore yilda 1,95 milyar
ton ¢elik tiretilmektedir [1]. Ancak, soy metaller haricindeki
metallerin  kag¢inilmaz problemi korozyon oldugundan
giiniimiizde demir-esashi {iriinlerin  yenilenmesi ve/veya
onarimi sebebiyle ¢eliklerden imal edilen malzemelerde
korozyon kaynakli ©onemli maddi kayiplar meydana
gelmektedir. Ulusal Korozyon Miihendisleri Birligi'nin
(NACE) 2016 yilinda yayinladigr korozyon teknolojisinin
(IMPACT) o6nlenmesi, uygulanmasi ve ekonomisine iliskin
uluslararas1 onlemler hakkindaki raporuna gore, 2,5 trilyon
ABD dolar1 (diinyanin gayri safi hasilasinin neredeyse
%3,4'tine esdeger), diinya ¢apinda korozyon korumasi igin
harcanmaktadir [2]. Celigin korozyona karsi direncinin
artirllmasi, mali kayiplarin onlenmesinin yani sira gesitli
kazalara yol agabileceginden olduk¢a onemlidir. Korozyon
olayinin genellikle baslangi¢ noktasi ortam ile temas halinde
bulunan yiizeydir. Bu amagla gelik yilizeyinde yiiksek korozyon
direncine sahip bir yiizey modifikasyonu veya kaplama
uygulamasi,  ¢eligin  korozyon  direncini  artirmada
alasimlamaya nazaran daha maliyet etkenli bir yaklagim saglar.

Metal malzemeleri korozyona karsi korumak icin yaygin
olarak, ¢inko ve ¢esitli alasim kaplamalar kullanir. Bu
kaplamalar genellikle korozyona karsi iyi bir direng gosterirler.
Ancak bu kaplamalara alternatif olarak kataforez yontemi de
(maliyet etkenli, yiiksek uygulama hizi, kompleks yiizeylerde
diizgiin ve yeterli kaplama, diisiik gevre kirliligi, yangin ve
saglik riski vb...) uistiinliiklerinden dolay1 sik tercih edilen bir
yontem haline gelmistir. Kataforez kaplama, otomotiv, beyaz
esya, havacilik ve denizcilik sektoriinde metal ytizeylerde
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kullanilan ilk kat (astar) kaplamadir. Elektrokimya
prensiplerine dayanarak metal yiizeylere yapilan su bazl astar
kaplamadir. Bu kaplama yontemi iletken 6zellik gosteren tiim
metal yiizeylere uygulanabilir

Malzeme iiretim siiregleri birgok iiretim siirecinden
meydana gelmesi sebebiyle malzemeler bir miktar kalinti
gerilmesi igerebilirler. Malzemede ki kalinti gerilmelerinin yok
edilmesi, malzemenin mekanik 6zelliklerinde (darbe, yorulma,
stirttinme vb.) iyilesme saglar. Yorulma dmriiniin iyilestirilmesi
icin bircok mekanik yontem kullanilmaktadir. Bilyali dovme
islemi artik kalint1 gerilmesi ve yorulma tizerinde biiyiik bir
etkiye sahiptir. Bilyali dovme islemi uygulamanin &nemli
avantajlarindan biride makine elemanlarinin hizmet 6mriint
uzatmak ve yorulma catlaklarinm biiytimesini engellemektir.
Bilyali ddvmenin yiizeyi temizleme ve yorulma mukavemetini
iyilestirme gibi olumlu &zelliklerine karsin, ylizey kalitesinin
bozulmast gibi olumsuz yonleri de vardir.

Bu calisma kapsaminda otomotiv imalat sektoriinde yaygin
olarak kullanilan iki farkli kalitede QSte 690 TM ve S355J2
¢elik malzemeye tamburlu bilyali dovme iglemi uygulanmistir.
Daha sonra, bilyali ddvme iglemi uygulanmis ve uygulanmamis
numunelere kataforez kaplama ve alkali ¢inko-nikel kaplama
islemleri uygulanmis. Bilyali dévme isleminin kataforez
kaplama ve alkali ¢inko-nikel kaplamalarin fiziksel, mekanik
ozellikler ve korozyon direnclerine etkisi karsilagtirmali olarak
incelenmistir. ~ Kaplamalarin ~ karakterizasyonu  kaplama
kalinlhiklarinin 6lgiilmesi , yiizey piiriizliiliiklerinin tespiti, kuru
ylizey yapisma testi ve tuz sisi icerisinde 1008 saat ASTM-
B114 korozyon testine tabi tutulmasi ile gerceklestirilmistir.
Elde edilen sonuglar dogrultusunda genel degerlendirme ve
oneriler sonug olarak verilmistir. Bu sonuglara gore korozyona
bagli yasanabilecek kayiplarin 6nlenmesi ya da siire olarak
geciktirilmesi dogru bir yiizey kaplama yontemi ile miimkiin
olacaktir.
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Bu calisma kapsaminda QSte TM 690 ve S355J2 yapi
celiklerine islem gormemis formda ve bilyali dévime islemi
uygulanmis formda kataforez ve alkali ¢inko nikel kaplama
yapilarak bilyali dévmenin korozyon dayanimi iizerindeki
etkisi incelenmistir. Deneysel ¢aligmalarda, 11,9 cm x 2,9 cm x
0,8 cm olgiilerinde ¢elik plakalar kullanilmistir. Celik plakalar
lazer kesim tezgahlarinda kesilerek temin edilmistir.

Kataforez kaplama ve alkali ¢inko-nikel kaplama
uygulamalari, yapigma testleri, kaplama kalinlik dlgiimleri ve
korozyon testleri KARAKAYA86 Kataforez Yiizey Kaplama
Sanayi Tic.A.S. Kocaeli, Gebze’de ar-ge laboratuvarlarinda
yapilmistir.

A. Celikler

Geligen iiretim olanaklar1 ve gelisen teknoloji sayesinde
farkli kalite ve ebatlardaki gelik konstriiksiyonlar artik daha
kolay temin edilebilmektedir. Ancak yliksek dayanimli ¢elikler
kullanilirken malzemeyi etkileyen gerilmelerin neden oldugu
titresim  genlikleri ve deformasyon ig¢in  Ongoriilen
toleranslarinda dikkate alinmasi gerekmektedir [3].

Cesitli alagimlama yontemleri ile, imalatta kullanilan
geliklerin  kullanim  &zelliklerinin  (manyetik  6zellikler,
stineklik, aginma direnci, tokluk, sertlesebilirlik, vb.) ayrica
imalat vasiflarinin (korozyon direnci, tane kiigliltme etkisi,
elektrik giicti, yiiksek sicaklik direnci vb.) olumlu yonde
gelistirilmesi miimkiin olabilir [3].

1) Gste 690 tm (Termomekanik Olarak Haddelenmis Ince
Taneli Celikler) Celikler: Milkkemmel akma dayanimina sahip
soguk sekillendirme ¢elikleridir. Elastikiyet, plastisite, sertlik,
mukavemet, darbe toklugu, yorulma mukavemeti ve kirilma
toklugu birincil mekanik niteliklerdir [4]. Kullanilan ¢eligin
kimyasal analizi Tablo 1’de verilmistir.

1. Yontem
TABLO L.
QSTE 690 TM CELiGiNiN KIMYASAL ANALIZI
% Kimyasal Bilesim
C Ma Si P S Mo Al Ti Ni Cu Cr Fe
0,09 2,14 0,60 0,02 0,005 0,15 0,03 0,11 0,1 0,3 0,32 96,7

2)  S355j2 Yapi Celikleri: Cekme gerilmesi ve akma sinir
degerleri dikkate alindiginda, ¢ekme mukavemetine gore ifade
edilen yapi ¢elikleri, gelik konstriiksiyonlar, koprii insaatlari ve
ekipmanlari, makine imalat ve otomotiv sanayisinde tercih
edilmektedir. Bu celikler dusiik sicaklik toklugu, akma ve
¢cekme mukavemeti ile yapilir [S]. Siklikla alasimsiz gelikler
olarak

adlandirilan bu gelikler, mevcut karbon miktarindan daha ¢ok

etkilenen mekanik ozelliklere sahiptir, ancak ozellikle
hammaddelerde ve imalat siireglerinde bulunan manganez,
silikon, bakir ve kiikiirt gibi elementlerim yan1 sira azot ve
fosfor gibi elementlerde ¢ok faydalidir. Kullanilan geligin
kimyasal analizi Tablo 2’de verilmistir

TABLO 1L
S355J2 YAPI CELIGININ KIMYASAL ANALIZI

| Celik Sembolii |

Kimyasal Bilesim (%)
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0,18

0,01

0,005

1,38

0,23

0,03

0,06

98,0

B. Bilyali Dévme

Bilyalr dovme iglemi, S230 ¢elik bilyalar kullanilarak 13
dakika tamburlu kumlama makinasinda gerceklestirilmisgtir.

S230 ¢elik bilya boyutlari 06-09 mm arasindadir. 40-50 HRC
kullanim sonrasi sertlige sahip ve beynitik mikroyapidadir.
Celik bilyanin kimyasal bilesimi Tablo .3’de verilmistir.

TABLO III.
S230 CELIK BILYANIN KIMYASAL BILESIMI
% Kimyasal Bilesim
Fe C Mn Si S P
Kalan | 0,10-0,20 | 1,00-1,50 | 0,10-0,25 | Max 0,035 | Max 0,035

Bilyali dovme isleminden sonra parcalarin, déviilmiis ve
islemsiz gorselleri verilmistir. Sekil 1. (a)’da islemsiz S355J2,
Sekil 1. (b)’de S355J2 ¢eliginin bilyali dévme islemi
uygulanmis plakalar gosterilmistir. Bir sonraki gorselde ise
Sekil 2 (a)’da QSte TM 690 ¢eliginin, islemsiz ve (b) bilyal
dovme islemi uygulanmis plakalar verilmistir.

Sekil 1 (a) S355J2 yapi celiginin islemsiz plaka, (b) S355J2 yapi celiginin
bilyali dsvme islemi uygulanmis

Sekil 2 QSte TM 690 ¢eliginin, (a) islemsiz ve (b) bilyali dovme islemi
uygulanmis

C. Kataforez ve Alkali Cinko Nikel Kaplama

Cinko-nikel alagimli kaplamalar, ¢inko ve diger ¢inko
alasimli kaplamalara kiyasla daha yiiksek korozyon direncine
ve daha iyi mekanik ozelliklere sahip olduklari i¢in ¢ok ilgi
¢ekmistir. Cinko-nikel kaplamalar, nispeten agresif ortamlarda
celikler igin gelistirilmis korozyon korumasi saglar. Nikel
iceriginin %12 ile %15 arasinda olmasi ile maksimum koruma
kabiliyetine ulagilabilecegi tespit edilmistir [6].

Kataforez kaplama ve alkali ¢inko nikel kaplama
uygulamalar1 fabrika sartlarinda standart iiretim akis semasi
izlenerek proses tamamlanmistir. Numunelere 6zel farkli bir
islem yapilmamistir. Islem sirasi su sekilde uygulanmistir. On
yikama, daldirma ile yag alma, durulama, yiizey aktivasyon,
fosfatlama, durulama, pasivasyon, durulama, kataforez
kaplama, durulama, siiziilme ve firinlama iglemleri yapilmistir.
Sekil 3. numunelerin kaplama oncesi, Sekil 4 kaplama sonrasi
durumlar1 gosterilmistir.

wl et ¥

Sekil 4 Numunelerin kaplama sonrasi
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D. Kaplama Uygunluk Testleri

1) VYiizey Piriizliiliik Olgiimii: Test parcalarmin yiizey
ptirtizliilik 6l¢timleri Surftest SJ-210 [mm]"R2um; 0,75mN"
cihazla 0,5 mm/sn hizinda ve 12 mm uzunlugu boyunca
yapilmistir. Ra Yiizey Piirtizliliigii: Malzemenin merkezinden
yukart dogru uzanan profil dalgalanmalarmm mutlak
aritmetik ortalamasidir. Yiizey piiriizliilligiinti 6lgmek igin en
sik kullanilan parametredir. Rz ise drnekleme uzunlugundaki
en yilksek bes tepe ile en derin bes vadi arasindaki ortalama
mesafedir.

2)  Yapisma Testi: Kesici bir alet kullanilarak incelenecek
kaplanmis yiizey, kaplanmamis yiizeye inene kadar stirekli
bastirilarak diiz ve belirgin bir sekilde ¢izilir. Dilimlenen alan
yapigkan bantla (TESA 4657) kapatilir. Yapistirilan bant
ylizeyden elle yukariya dogru itilerek hizli bir sekilde
uzaklastirildiktan  sonra ylizey goriinimii  ve yiizey
degerlendirmeleri kriterlere uygun olarak incelenir.

Kuru yapigsma testi DIN EN ISO 2409 Standart, kaplamaya
dik bir aciyla alt tabakaya bir kafes modeli kesildiginde, boya
kaplamalarinin ve verniklerin (ahsap lekeleri dahil) alt
tabakalardan soyulmaya ne kadar iyi direng gosterdigini
belirlemek igin bir test prosediiriinii tanimlar. Kaplamanin
onceki kaplamaya veya alt tabakaya yapigmasi, bu ampirik test
islemi tarafindan belirlenen ozelligi etkileyen unsurlardan
biridir. Kuru yapisma testi DIN EN ISO 2409 standardina gore
yapilmis olup ve asagidaki verilen Cizelge 4’te verilen
tanimlara gore degerlendirilmistir. Kuru yapisma testi DIN EN

ISO 2409 numarali sartnamesine gore yapilmis ve
degerlendirilmistir. Testin basarili olabilmesi ig¢in AdO
olmalidir.
TABLO IV.
YAPISMA TESTI SONRASI YUZEY DEGERLENDIRME TABLOSU
Suflandurmea Tanum Giisterind
Keak kenarlar mikemmel bir bigmde diedir,
&d0 karelerde boya kalkmaa yok =
Keagne roktalannda lanlmig kigak parcalar,
karelenmig yizeyden %5 kalkma
Adl
Karelenn keagme noktalannds veya karelenmi
yizeyden %5 den firla, % 15"ten a= kalkma
Ad2 saana
Keak kenarlar boyunca kinimann kismi veya
Ad3 karelenrniy yizeyden %15"en fazla %635 tm az
kalkma - 1 4
’j:l'.l; $ﬂlt1’1 weya.-:-e..'r:kale.iuﬂ.m tamamen ':r:'a" :
Add karelenrrag yizeyden 935 ten farla %065" e az
kallorna
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3)  Krozyon: Numunelere tuz sisi igerisinde ASTM B 117
/ DIN EN ISO 9227 metoduna uygun olarak korozyon testi
1008 saat olarak yapilmistir. ASTM B 117 / DIN EN ISO 9227
metodunda ISO 4628-2 standardina gore malzemede blister
olusumu, ISO 4628-8 standardina gore ¢izik g¢evresindeki
korozyonu ve ISO 4628-1 standardina gore kenar korozyonu
belirlenmistir. Boylece korozyon dayanimlari belirlenmis olup
kullanima uygunluguna onay verilmistir. Belirtilen standarta
gore pas ilerlemesi 2 mm’den diisiik olmasi durumunda
korozyon direnci yiiksek olarak tanimlanabilmektedir. ISO
4628-8 standardinda 3 farkli durum s6z konusudur. Bunlar,
l.seviye (¢ok hafif-korozyon dayanimi yiiksek), 2.seviye
(hafif-korozyon dayanimi orta) ve 3.seviye ( agir-korozyon
dayanimi duisiik)’dir.

E. Tartisma ve Sonuglar

1) Kaplama Kalinliklar:: Tablo 5’de iglemsiz QSte 690
TM ve S355J2 numunelerinde kataforez kaplama sonrasi elde
edilen kalinlik degerleri verilmigtir. Bu kaplama kalinliklarimin
Ol¢timleri x-ray ol¢tim cihaziyla yapilmistir.

TABLO V.
KATAFOREZ ve ALKALI NIKEL CINKO
KAPLAMA KALINLIKLARI
. - ; | Alkali Cinko Nikel |
Numuneler Kataforez Kaplama . Kaplams

Islemsiz QSte 690 TM 31,33 mikron 23,80 mikron

Bl Dovme Uypuanms Q6. | 28,31 ilon 31,21 mikron
| fslemsiz $35512 31.36 mikron 23,29 mikron
| B P Tk 3 3] A0 4 H

Bilyal Dovme Uygulanmuz S35512 28,29 mikron 2713 mikron

Tablo 5°de goriildiigii lizere islemsiz QSte 690 TM ve
S355J2 numunelerinde kataforez kaplama sonrasi elde edilen
kalinhik degeri (sirastyla 31,33 ve 31,36 mikron), alkali nikel
¢inko kaplamaya gore (sirasiyla 23,80, 23,29 mikron) daha
yiiksektir.

Bilyali dovme islemi uygulanmis QSte 690 TM celikte
alkali c¢inko nikel kaplama sonucu 31,21 mikron kaplama
kalinhigt elde edilmisken, kataforez kaplama sonucu 28,31
mikron kaplama kaliligi elde edilmistir. Bilyali dovme islemi
uygulanmis S355J2 celikte kataforez kaplama sonucu elde
edilen kaplama kalinlik degeri (28,29 mikron), alkali ¢inko
nikel kaplamaya (27,33 mikron) gore daha yiiksektir.

Bilyali dovmenin kaplama kalinligina etkisine bakilacak
olursa, QSte 690 TM c¢eliginin islemsiz formda kataforez
kaplama kalinligi 31,33 mikrondan, bilyali dévme sonucu
kataforez kaplama kalinligi 28,31 mikrona diigmiistiir. Ancak
islemsiz formda alkali ¢inko nikel kaplama kalinlig1 23,80
mikrondan, bilyalt dévme sonucu alkali ¢inko nikel kaplama
kalinhigr 31,21 mikrona artmistir. S355J2 celiginin islemsiz
formda kataforez kaplama kalinlig1 31,36 mikrondan, bilyalt
dovme sonucu kataforez kaplama kalinligi 28,29 mikrona
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diismiistiir. Ancak islemsiz formda alkali ¢inko nikel kaplama
kalinlig1 23,29 mikrondan, bilyali d6vme sonucu alkali ¢inko
nikel kaplama kalinlig1 27,33 mikrona artmistir.

Burada her iki farkli kalite ¢elik icinde bilyali dévme
sonucu kataforez kaplama kalinliklarinin diigsmesi, alkali ¢inko
nikel kaplama kalinlhiginm artmast ile bilyali dovme islemi
uygulanmis alkali ¢inko nikel kaplanmig numunelerde
korozyona  karsi daha yiiksek dayanimin  olmasi
beklenmektedir. Bunun sebebi ise islemsiz ¢eligin ¢ginko nikel
kaplama kalinliklarmin diisiik iken bilyali dovme isleminden
sonra daha kalin bir kaplama elde edilmesidir. Bununla birlikte
bilyali dévme iglemi uygulanan QSte 690 TM celiginin 31,21
mikron ¢inko nikel kaplama kalinligi, bilyali dovme islemi
uygulanan S355J2 ¢eliginde 27,33 mikron ¢inko nikel kaplama
kalinhig1 6l¢iildiigiinden bilyali ddvme islemi uygulanmis QSte
690 TM c¢eliginin korozyon dayanimimin diger numunelere
gore daha yiiksek olmasi beklenmektedir. Bu beklentinin
sebebi ise daha yiiksek olan kaplama kalinliginin daha uzun
korozyon dayanim performansi gosterecek olmasidandir.

2)  VYiizey Piiriizliiliik Degerleri : Tablo 6’da gortldiigii
tizere Ra degerleri diistintildiigiinde, QSte 690 islemsiz
numunenin yiizey piiriizliiliik degerinin bilyali dovme islemi
uygulanmis numuneye gore daha diisiik (1/3 oraninda) oldugu
tespit edilmistir. Yani diger bir ifade ile, bilyali ddvme islemi
QSte 690 ¢eliginin Ra piiriizliilik degerinin 3 kat artirmistir.
Diger bir incelen numune olan S355J2 islemsiz numunesi ile
bilyali ddvme uygulanmis olan numune Ra degerleri arasindaki
oran yaklasik olarak 1/2 olarak goriilmektedir. Bu sonuglara
gore QSte 690 TM numunesinin, bilyali dévme islemi
sonucunda oransal olarak daha fazla yiizey kalitesi
bozulmustur. S355J2 islemli olan numune ise en yiiksek yiizey
puriizlilik degerine sahiptir ama oransal olarak QSte 690 TM
numunesine gore daha az yiizey kalitesi bozulmusgtur.

TABLO VL
NUMUNELERIN ORTALAMA Ra ve Rz DEGERLERI

SiraNo Pargaadi Ra um ortalama im | Ra um ortalama dlim
1| Qg6 T G697
L |60 el shotpeening) | 39 18517
3|S5 - : 2613 14639
4| 355 genil shotgeening 6037 083

3)  Korozyon: Islemsiz QSte 690 TM geliginin Sekil 5.1
(a)’da alkali ¢inko nikel kaplamali, Sekil 5.1 (b)’de kataforez
kaplamali numunelerin korozyon testi sonrasi yiizey
goriintiileri verilmistir. Sekil 5.1 (a)’da goruldiigii tizere
islemsiz QSte 690 TM c¢eliginin alkali ¢inko nikel kaplama
sonrasi ana metalde korozyon meydana gelmemistir.
Numunede 240 saat sonrasinda beyaz pas olusumu
goriilmistiir. Sekil 5.1 (a)’da soldaki parcadaki pas olusumu
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aski deligi kaynaklidir. Soldaki ve sagdaki numune korozyona
kars1 direngli oldugu, kullanima uygun oldugu belirlenmistir.
Sekil 5.1 (b)’de kataforez kapli numunenin korozyon testi
sonrasi yiizeyi gosterilmistir. ISO 4628-2 standartina gore
numunede blister olusumu gozlenmemistir. ISO 4628-8
standartina gore ¢izik ¢evresinde korozyon 1.seviye (¢ok hafif)
olarak belirlenmistir. Bununla birlikte 0.5 mm pas ilerlemesi
meydana gelmistir. ISO 4628-1 standartina gore kenar
korozyonu gortilmemistir.

Sekil 5.1 Islemsiz QSte 690 TM ¢eligin (a) alkali ¢inko nikel kaplama ve (b)
kataforez kaplamali numunelerin korozyon sonrasi yiizey gorintiileri

Bilyal1 ddvme iglemi uygulanan QSte 690 TM c¢eligin sekil
5.2 (a)’da alkali ¢inko nikel ve (b)’de kataforez kaplamali
numunelerin  korozyon testi sonrasi ylizey goriintiileri
verilmistir. Alkali ¢inko nikel kaplama sonrasi1 (Sekil 5.2 (a)),
ana metal korozyona ugramamistir. Sekil 5.2 (a)’da soldaki
parcada kiiciik olgekte kirmizi pas olusumu mevcuttur. Bu
nedenle ortadaki ve sagdaki numune kullanima uygundur. 240
saat sonrasinda beyaz pas olusumu goriilmiistiir. Kataforez
kaplama sonrasi sekil 5.2 (b), ISO 4628-2 standartina goére
blister olusumu goriilmemistir. 2.5 mm pas ilerlemesi meydana
gelmistir. ISO 4628-8 standartina gore c¢izik cevresinde
2.seviye (hafif) korozyon meydana gelmistir. Bu nedenle
kullanima uygun degildir. ISO 4628-1 standartina gore kenar
korozyonu goriilmemistir.

Sekil 5.2 Bilyal1 dovme islemi uygulanan QSte 690 TM celigin (a) alkali ¢inko
nikel kaplama ve (b) kataforez kaplama sonucu korozyon numuneleri
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Islemsiz S355J2 geliginin Sekil 5.3 (a)’da alkali ¢inko nikel,
Sekil 5.3 (b)’de kataforez kaplamali numunelerin korozyon
testi sonrasi yiizey gorintiileri verilmistir. Alkali ¢inko nikel
kapli numunelerde ana metalde korozyon meydana
gelmemigtir. Numunede 240 saat sonrasinda beyaz pas
olusumu goriilmiistiir. Sekil 5.3 (a)’da ortadaki pargada kiigiik
Olcekte kirmizi pas olusumu meydana gelmistir. Sekil 5.3
(a)’da soldaki ve sagdaki parcalar korozyona karsi dayanikli
olup, kullanima uygundur. Sekil 5.3 (b)’de kataforez kaplama
sonucu gosterilmistir. ISO 4628-2 standartina gore blister
olusumu gozlenmemistir. Kataforez kapli numunelerde pas
ilerlemesi 1.5 mm olup ISO 4628-8 standartina gore ¢izik
cevresinde korozyon 1.seviye (¢ok hafif) olarak belirlenmistir.
ISO 4628-1 standartina gore kenar korozyonu goriilmemistir.

‘.}""'- :
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Sekil 5.3 Islemsiz S355J2 celiginin (a) alkali ginko nikel kaplamali ve (b)
kataforez kaplamali numunelerin korozyon sonrasi yiizey goruntiileri

Bilyal1 dovme islemi uygulanan S355J2 celiginin Sekil 5.4
(a)’da alkali ¢inko nikel , Sekil 5.4 (b)’de kataforez kaplamali
numunelerin  korozyon testi sonrast ylizey goriintiileri
verilmistir. Alkali ¢inko nikel kapli numunelerde ana metalde
korozyon meydana gelmemistir. Numunede 240 saat sonrasinda
beyaz pas olusumu goriilmiustiir. Sekil 5.4 (a)’da ii¢ parcada
korozyona kars1 dayanikli olup, kullanima uygundur. Sekil 5.4
(b)’de kataforez kaplama sonucu gosterilmistir. ISO 4628-2
standardina gore blister olusumu gozlenmemistir. Kataforez
kapli numunelerde pas ilerlemesi 3.5 mm olup ISO 4628-8
standardina gore ¢izik ¢evresinde korozyon 3.seviye (cok agir)
olarak belirlenmistir. ISO 4628-1 standartina gore kenar
korozyonu goriilmemistir.
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Sekil 5.4 Bilyal1 dovme islemi uygulanan S355J2 ¢eliginin (a) alkali ¢inko
nikel kaplamali ve (b) kataforez kaplamali numunelerin korozyon sonrasi
ylizey goriintiileri

4)  Yapisma (Cizik) Testi: Sekil 6.1°deki ilk numune
bilyali dovme islemi yapilmamis QSte 690 TM g¢eliginin
kataforez kaplamadan hemen sonra kuru yapisma testi
uygulanmis gorselidir. Cizelge 4’de verilen tanimlara gore,
kesik kenarlar mitkemmel bir bi¢imde diizdiir; karelerde boya
kalkmast yoktur. QSte 690 TM islemsiz c¢eligin kataforez
kaplama kalinlhigi 31,33 mikron, yiizey piiriizlilik ortalama
degeri ise Ra 1,226 um ol¢tim degeridir. Kuru yapigma testi
DIN EN ISO 2409 standardina gore Ad0 (Bkz — Cizelge 4)
olarak degerlendirilmistir. Kaplama kalinliginda

Sekil 6.1 Islemsiz QSte 690 TM geliginin kataforez kaplama sonrast yapisma
test yiizeyi

Sekil 6.2 Bilyali dsvme uygulanmis QSte 690 TM ¢eliginin kataforez kaplama
sonras! yapisma test yiizeyi

Sekil 6.2°deki ikinci numune bilyali dévme islemi
uygulanmis QSte 690 TM celiginin kataforez kaplamadan
hemen sonra kuru yapisma testi uygulanmis gorselidir. Cizelge
4’de verilen tanimlara gore kesik kenarlar miikemmel bir
bicimde diizdiir; karelerde boya kalkmasi yoktur. QSte 690 TM
islemli ¢eligin kataforez kaplama kalinlig1 28,3 I mikron, yiizey
ptriizliilik ortalama degeri ise Ra 3,925 um 6l¢iim degeridir.
Kuru yapisma testi DIN EN ISO 2409 standardina gore
AdO(Bkz — Cizelge 4) olarak degerlendirilmistir. Yiizey
puriizlulik degeri artmis, kaplama kalinliginda bir miktar diistis
olmasina ragmen yapisma testinde bir olumsuzluk
goriilmemistir.
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Sekil 6.3 Islemsiz S355J2 celiginin kataforez kaplama sonrasi yapisma test
yiizeyi

Sekil 6.3’deki tglincii numune bilyali dévme islemi
yapilmamis S355J2 c¢eliginin, kataforez kaplamadan hemen
sonra kuru yapisma testi uygulanmis gorselidir. Cizelge 4’de
verilen tanimlara gore kesik kenarlar mitkemmel bir bigimde
diizdiir; karelerde boya kalkmasi yoktur. S355]2 islemsiz
celigin kataforez kaplama kalinligi 31,36 mikron, ylizey
ptiriizliilik ortalama degeri ise Ra 2,613 um 6l¢iim degeridir.
Kuru yapigma testi DIN EN ISO 2409 standardma gére AdO
(Bkz — Cizelge 4) olarak degerlendirilmistir. Yiizey piirtizliilitk
degeri, kaplama kalinlig1 ve yapigma testinde bir olumsuzluk
goriilmemistir.

Sekil 6.4 Bilyali dovme uygulanmis S355J2 celiginin kataforez sonrasi
yapigma test yiizeyl

Sekil 6.4’daki bilyali dovme islemi uygulanmis S355J2
celiginin kataforez kaplamadan hemen sonra kuru yapigma testi
uygulanmis gorselidir. Cizelge 4’de verilen tanimlara gore
kesisme noktalarinda kirilmis kiiciik parcalar; karelenmis
ylizeyden %S5 kalkma vardir. S355J2 islemli ¢eligin kataforez
kaplama kalinligt 28,29 mikron, yiizey piiriizliilik ortalama
degeri ise Ra 6,037 um o6l¢tiim degeridir. Kuru yapigma testi
DIN EN ISO 2409 standardina gore Adl(Bkz — Cizelge 4)
olarak degerlendirilmistir. Yiizey piiriizliilik degeri artmus,
kaplama kalinliginda bir miktar diisiis gézlemlenmis son olarak
test numunelerinin arasinda kataforez yapigsma degeri kotii
performans sergilemistir. Yiizey piiriizliiliik degeri en yiiksek
parca oldugu igin, ptriizlilik degerinin boya yapigma
kalitesine etkisinin ayrica degerlendirilmesi gerekmektedir.

F. Sonuclar ve Oneriler
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Bu c¢alisma kapsaminda QSte TM 690 ve S355J2 yapi
celiklerine islem gormemis formda ve bilyalt dévime islemi
uygulanmis formda kataforez ve alkali ¢inko nikel kaplama
yapilarak bilyalt dovmenin kaplama kalinhgi, yiizey
purtizlulugi, kaplamalarin adhezyonu ve korozyon dayanimi
tizerindeki etkisi incelenmistir.

QSte 690 TM islemsiz geligin kataforez kaplama kalinlig1
31,33 mikron, Alkali ¢inko-nikel kaplama kalnligi 23,80
mikron dlgtilmiistiir. Bu geligin yiizey piiriizliiliik degeri ise
ortalama Ra 1,226 pm 6l¢tim degeridir. QSte 690 TM ¢eligin
bilyali dovme isleminden sonraki kataforez kaplama kalinlig:
28,31 mikron, Alkali ¢inko- nikel kaplama kalinlhigr 31,21
mikron dl¢tilmiistiir. Bu geligin yilizey piiriizliilik degeri ise
ortalama Ra 3,925 pm 6l¢iim degeridir.

S355J2 islemsiz ¢eligin kataforez kaplama kalinlig1 31,36
mikron, Alkali ¢inko-nikel kaplama kalinligr 23,29 mikron
Ol¢tilmustiir. Bu ¢eligin yiizey piiriizliiliik degeri ise ortalama
Ra 2,613um o6l¢tim degeridir. S355J2 ¢eligin bilyali dovme
isleminden sonraki kataforez kaplama kalinlig1 28,29 mikron,
Alkali ¢inko- nikel kaplama kalinligi 27,33 mikron
olciilmiistiir. Bu ¢eligin ylizey ptiriizliilik degeri ise ortalama
Ra 6,037um o&l¢tim degeridir. Bu numunenin yiizey piiriizliiliik
degeri en yiiksek parca oldugu i¢in, piiriizliiliik degerinin boya
yapisma kalitesine etkisinin ayrica  degerlendirilmesi
gerekmektedir. Yiizey kalitesi kotii olan pargalarin kataforez
kaplamadaki olumsuzluklarindan dolay1, bu tiir parcalara ilk
kat astar olarak alkali ¢inko nikel kaplama uygulanmasi
korozyon direncini arttiracagi igin tercih sebebi olabilir.

Bu sonuglara 6neriler su sekilde siralanabilir.

Bilyali dovme isleminin yiizeyi temizleme ve yorulma
mukavemetini iyilestirme faydasi yaninda, kataforez
kaplamada olusturabilecegi olumsuzluklar da olmaktadir. Bu
nedenle kataforez 6n yiizey islemleri (yag alma , ¢inko fosfat)
bilyali dovme yapilmis parcalara 6zel olarak yapilmalidir.

Bilyali dovme yapilmis parcalarda malzeme ytizeyinde
celik bilyalardan gelen kirliklerin tespiti ayrica yiizey piiriizlik
degerinin kaplama oncesi kontrol edilmesi ve bu sonuglara gore
proses tasarimi olusturulmasi gerekmektedir.

Yiizey kalitesi bozuk olan parcalarin kataforez kaplamadaki
olumsuzluklarindan dolayt, bu tiir parcalara ilk kat astar olarak
alkali ¢inko nikel kaplama uygulanmasi tercih edilmelidir.

G. Arastirmacilarin Katkist

Bu arastirmada; Burhan OGUZ, bilimsel yayn arastirmast,
deneylerin yiiriitiilmesi ve sonuglarin raporlanmasi; Mustafa
YASAR, bilimsel yayin arastirmasi, makalenin olusturulmasi
konularinda katki saglamislardir.

H. Cikar Catismasi

Yazarlar tarafindan herhangi bir ¢ikar catigmasi beyan
edilmemistir.
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Calismalarimizda ekipmanlarindan yararlandigimiz,
KARAKAYA 86 Katoferez Yiizey Kaplama Sanayi TIC.A.S.
Yonetim kuruluna, ve Ar-Ge Laboratuvari personellerine
destek ve yardimlarindan dolay1 tesekkiirlerimi sunarim.
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Case Studies on the Role of Inclusions in the Failure of Engineering
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Inclusions, which are originated from steel making process, can be basically classified into two
groups as oxide and sulphide type inclusions. While the oxide type inclusions having globular
morphology are formed due to the addition of deoxidizing agents such as Al, Si and Ca in order
to remove excess oxygen from steel melt, the reaction between S and Mn or Fe caused the
formation of sulphide type inclusions. Apart from the oxide and sulphide type inclusions,
addition of a small amount of Ti to prevent grain growth during thermomechanical processes
and formation of boron nitride, which impedes hardenability of steels, also resulted in the
formation of TiN, TiC and TiCN type inclusions. Since inclusions play a crucial role on the
mechanical properties and fracture of steels, their volume fraction, size and distribution in the
microstructure should be precisely controlled.

This work focused on the failure analysis of engineering components made of steels. Two
different case studies revealed the role of inclusions on the failure of steel components.

Keywords: Failure analysis; Inclusion; Steel
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In the present work impact-sliding wear behaviour of the low temperature nitrided AISI M2
grade tool steel under dynamic loading conditions was investigated. The aim was to simulate
complex and harsh tribological contact conditions, which many engineering components are
exposed during their service life. Examined steels were nitrided in an atmosphere of 60 % NH3
and 40 % N> in a fluidized bed reactor. Two consecutive stages were utilized for the nitriding
process: Initially, the temperature was adjusted to 400 °C, followed by a reduction to 375 °C
for the second stage. The duration for each stage was 6 hours. X-ray diffractometer (XRD) was
used for the structural characterization of the samples. Dynamic loading condition was
simulated with a cyclic impact-sliding wear test rig against 10 mm diameter SAE 52100 grade
bearing steel balls. The wear tests were carried out using two distinct combinations of impact
and sliding loadings, specifically 20/120 N and 40/240 N. 500 impact and sliding loading cycles
were applied to the samples. Wear tracks were examined by a 2-D contact profilometer and a
scanning electron microscope (SEM) to evaluate wear rate and wear mechanism.

Keywords: Low temperature nitriding; AISI M2 tool steel; Impact-sliding wear
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Borulu Rezistans Uretiminde Paslanmaz Kilif
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Ozet—  Borulu  Rezistanslar, c¢ok cesitli  amagclarla
kullanilabilmektedir. En ¢ok kullanildig1 alanlar; hava, su, yag,
kimyasal ve korozif likitlerin isitilmasi, endiistriyel firinlarda
kaliplarin ve cesitli metallerin isitilmasinda yillardan beri giivenle
kullanilmaktadir. Bu tip rezistanslar degisik caplarda
iiretilebilmektedir. Standart cap olciileri; 6,5S mm -8,5 mm-11,5
mm-14,5 mm-16,00 mm’dir. Bu Tip rezistanslarin iiretiminde
cesitli kalitelerde paslanmaz celik malzemeler kullanilmaktadir.
Bunlardan baghcalari; AISI 201- AISI 304 - AISI 321- AISI 316 ve
incoloy 800 paslanmaz celiklerdir. Celik Kkaliteleri kullanim
yerlerine veya ozelliklerine gore cesitli sekilde simiflandirilir. Bu
siniflandirma kompozisyona, iiretim metotlarina, piyasaya arz
edildikleri kesit sekillerine, kalite niteligi belirleme durumuna ve
kullanim yerlerine gore bes farklh sekilde yapilir. Bu
siniflandirmaya istinaden amac belirlenerek malzeme secimine
karar verilmesi olduk¢a onemli olup bu ¢alisma kapsaminda
incelenmistir. Bunlarin disinda 6zel alasimhi paslanmaz borular
kullanilarak da iiretimi yapilabilmektedir. Bu malzemeler
Alloy800, Alloy825 ve Alloy600°’diir. Soguk haddenlenmis olarak
iiretilen seritlere makaralar yardimi ile form verilir ve TiG
kaynak yontemi ile kaynak yapilir. Rezistans iiretim
asamalarinda kullanilacak ortama gore rezistans kiif malzeme
secimi yapilmasinda problemler yasanmakaadir. Cahsma
kosullar1 ve calisma sicakliklar1 konusunda Kkriter belirlenmesi
rezistans iiretimi icin ¢cok onemlidir. Bu ¢alisma icerisinde AISI
201, AISI 304, AISI 316 ve incoloy 800 Kkalite paslanmaz
celiklerden rezistans iiretimi yapilmistir. Uretimi tamamlanan
rezistanslarda kuru (hava) ortalimda farkh sicakhiklarda
calistirilmis olup 201 Kalite iiriin icin giivenli ¢alisma noktasi
581°C  derece , 304 Kalite iiriin icin giivenli calisma noktasi
600°C Derece, 316 Kalite iiriin icin giivenli calisma noktasi1 625°C
Derece, incoloy800 Kalite iiriin icin giivenli calisma noktasi 650°C
Derece olarak belirlenmistir. Calisma siireleri sonrasinda
malzemelerin  yiiksek sicakhktaki oksidasyon direncleri
incelenmis olup rezistans kilif malzemesinin icerisinde bulunan
nikel oranlarmma bagh olarak nikel oranlarmmin yiiksek oldugu
AISI 316 kalite ve incoloy800 paslanmaz celiklerde daha az
oksitlenmeler oldugu SEM ve EDX analizleri ile tespit edilmistir.
Bu calisma sayesinde kuru ortamda ¢alisacak olan rezistanslarin
giivenli calisma bdélgeleri belirlenmis olup iist limit sicakhk
degerleri tayin edilmistir.

Anahtar Kelimeler — Rezistans, Paslanmaz celik, oksidasyon
I. GIRIS
Boru Rezistanslar, endiistriyel, ticari ve bilimsel alanlarda
genis bir kullanim imkanina sahiptir. Boru rezistanslar metal

kiif ve baglanti ucu gibi parcalardan olusmaktadir.
Rezistanslarin kolay sekil alabilmesi sayesinde her metal

ylizeye kaynak yapilabilmekte ve lehimlenebilmesini
saglanabilmektedir. Bu yoniiyle kolaylikla sistemlere entegre
edilebilmektedir. Boru rezistanslar, mansonlu, rekorlu ,flansli,
serpantinli, aliminyum kapli olarak istenilen sekilde diiz ve
kivrimli olarak kullanim alan1 ve yerine gére belirlenen ol¢ii ve
giigte tiretilebilmektedir. Ornek vermek gerekirse; Diiz gubuk,
U tipi, M tipi en yaygin kullanim sekilleridir.

Sanayi tipi olarak da gelistirilen boru tipi rezistanslar su, yag,
kimyasal ve korozif likitlerin 1sitilmasi i¢in birgok farkli alanda
tercih edilmektedir. Endiistriyel ortamlarda yer alan endiistriyel
sanayi tipi firinlarda kaliplarin ve farkli metal malzemelerin
isitilmast - igin -~ de  endiistriyel ~ boru  rezistanslari
kullanilmaktadir.

Yuvarlak Boru Tip Rezistanslarin disinda yass1  sekilli
degigsken Oolgiilerde iiretebilmektedir. Bu Rezistanslarin en
yaygin kullanim alanlari; Tren yollarinda makas 1siticilari,
Endiistriyel Fritozlerde yag isiticilart bazi 6zel spesifik
firinlarda kuru hava 1sitici olarak kullanilabilmektedir.

Boru Rezistans modelleri plastik endiistrisi, ambalaj
endiistrisi, ahsap igleme endiistrisi, yap1 endiistrisi ekipmanlari,
ev aletleri, dokiim endiistrisi, yiiksek vakum uygulamalari ve
laboratuvar ekipmanlar1 igerisinde sik¢a kullanilan rezistans
modelleridir.

Paslanmaz ¢elikler demir ve en az % 11 krom (Cr) igeren,
genellikle korozyon ve oksidasyon direnci yiiksek
malzemelerdir. Kimyasal bilesimine gore ferritik, Ostenitik,
martensitik ve dubleks paslanmaz celikler olmak tizere dort
grupta incelenir [1]-[2].

Ostenitik paslanmaz gelikler, en yaygmn kullanilan
paslanmaz ¢elik tiirleri arasindadir. Diisiik deformasyon
oranlarinda yiiksek deformasyon sertlesmesine ve diisiik 1sil
iletkenlige sahiplerdir. Yiiksek tokluk ve yiiksek siineklik,
ostenitik paslanmaz geliklerde siirekli uzun talasa ve adheziv
asinmaya neden olmaktadir [3]-[4]

Borulu rezistanslarda kullanim alanlarina goére korozyon en
onemli kriterlerden biridir. Korozyon, bir metal veya alasim ile
cevresindeki ortam arasindaki elektrokimyasal reaksiyonun
yikict sonucudur[5]. Korozyonun hizi, ortam kosullarina gére
degisir.

Oda kosullarinda olusan korozyon kadar yiiksek sicaklikta
¢alisma ortamlarinda ki korozyona Kkarsi direngleri de
malzemeler i¢in ¢ok 6nemlidir.

Bu ¢alismada AISI 201, AISI304, AISI316 ve Incoloy 800
normlu paslanmaz c¢elik malzemlerden iiretimi yapilan boru
tipli rezistaslarin iist sicaklik ¢aligma limitleri belirlenmistir.
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II. DENEYSEL CALISMALAR

1. Boru Uretim Prosesi

Bu c¢alismada gerit halinde tedarik edilen Tablol.’de
kimyasal kompozisyonlari verilen AISI 201, AISI304, AISI316
ve Incoloy 800 nomlu paslanmaz hammaddeyi Sekil 1.de
gosterilen makaralar yardimi ile ¢ap haline getirilerek TIG
kaynak yontemi ile birlestirilme saglanmis ve kilif malzemesi
olan paslanmaz boru iiretimi tamamlanmastir.

TABLO 1
KILIF MALZEMESI KIMYASAL KOMPOZISYONLARI

Paslanmaz Kilif Malzemeleri
Kalite Karbon Silisyum | M Fosfar Kukort Krom Flikal

AIS1 201 0.15 <100 | 5575 | <005 | <003 |135150| 3555
AIST 304 008 <100 | =200 | <0045 | =003 18-20 | 8,0-10,0
AIS| 316 0.07 =100 | =200 | <0045 | D015 18-20 | 10.0-13,0

1 18.0min. | 30.0 min.

1 =1 = =t 5 1

AlloyB00 - [ 0.05 min. —010 max 00 1.50 0 04 0ms T

2 o P
Sekil 1. Serit Hammaddenin Cap Halini Almasi

2. Tel Sarma Prosesi

Rezistans gii¢ degerlerini olugturan ohm degerlerine karsilik
gelen direng tellerini hazirlayarak; rezistans tellerini bir sonraki
operasyona hazir hale getirmek.Tel sarma islemleri Sekil2.” De
verilen makine tizerinde gerceklestirilmektedir..

Sekil 2. Tel Sarim Makinesi -
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3. Dolum Prosesi

Dolum makinesi, dairesel formdaki rezistans borusunun
icerisine yerlestirilecek olan 1 adet rezistans telini
merkezleyerek; aradaki bosluklara titresim yardimiyla tam
otomasyonlu sistemle MgO tozunun doldurulmasi iglemini
gergeklestirir. Rezistans telleri makine iizerinde bulunan
kilavuz borular1 yardimiyla; rezistans borusu icerisindeki
dengesiz hareketi engellenmis olur. Dolum islemi yapilacak
olan rezistans borusunun uzunlugu kontrol pano suna islenerek
dolum islemi rezistans borusu bittiginde durmus olacaktir.
Dolum prosesi Sekil3’ te verilmis olan makinede yapilmistir.

Sekil3. Dolum Proses Gorselleri
MgO, refrakter bir malzeme, yani yiiksek sicakliklarda
fiziksel ve kimyasal olarak stabil olan bir kati halli
malzemedir. Iki faydali 6zelligi vardur: yiiksek termal iletkenlik
ve disiik elektriksel iletkenlik. Dolum tozu gorseli Sekild’te
kimyasal kompozisyonu Tablo2.’de verilmistir.

Sekil4. Dolum Tozu Gorseli

TABLO 2
DOLUM TOZU KIMYASAL KOMPOZISYON TABLOSU

Dolum Tozu Kimyasal Kompozisyonu

Element M CaD 5102 FelO3 Al203
. =%96 <1.00 =2.00 =0.50 =0.50
%olgerik

4. Kalibre(Haddeleme) Prosesi

29,5mm olarak tiretilmis olan rezistans kilif malzemesi olan
borular1 dolum prosesinden sonra Sekil.5’te verilmis olan
kalibre(haddeleme)  makinesi ile ©82mm  ¢apma
dustirtilmiistiir. Sikistirma orani1 %15 olarak belirlenmistir. Bu
sikigtirma orani; geleneksel olarak tiretilen dairesel kesitli
wsiticilarin sikigtirma oranlarindan yola gikilarak elde edilmistir.
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Sonucun degerlendirilmesi i¢in numune imal edilip kesilmis; III. SONUCLAR
yapilan ko_ntrollerde sikigmanin yeterli oldugu g¢ lmstﬁr.

1. SEM Sonuclar:

-

o & : 5
Sekil7. 201 Kalite Kilif Malzemesi ile Yapilan 920W
Rezistans 440°C SEM-EDX-Haritalama Goriintiileri

-~

Ly &I I'I.

Sekil 6. Enerji Verme Gorselleri

Sekil.6’da  tiretimi  tamamlanan  rezistanslara oda
kosullarinda duragan hava ortaminda 220V enerji verilerek
cikabildikleri maksimum sicakliklara getirilmistir. Bu
sicakliklarda her tiriin 15 dakika bekletilmistir.

Sekil.8 201 Klite Kilif Mlzemesi ile Yapilan 1480W
Rezistans 480 °C SEM-EDX-Haritalama Goriintiileri
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Sekil.9 26 1 Kalite Kilif Malzmesi ile Yapilan 1700W
Rezistans 581°C SEM-EDX-Haritalama Goriintiileri

201 Kalite paslanmaz kilif malzemesi ile yapilan rezistanslarin
EDX ve haritalama analizleri incelendiginde oksitlenmenin
sicaklik arttikga arttigi ve en yiiksek sicaklik olan 581 °C’
de %66 ile max. Gordugii tespit edilmistir.

)

A0ufn

WG A i

Sekil.10 304 Kalite Kilif Malzemesi ile Yapilan 2OW
Rezistans 440°C SEM-EDX-Haritalama Gortintiileri
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Sekil.11 304 Kalite Kilif Malzemesi ile Yapilan 1480W
Rezistans 500°C SEM-EDX-Haritalama Goriintiileri

R,
A=

Sekil.12 304 Kalite Kilif Malzemesi ile Yapilan 1700W

Rezistans 600°C SEM-EDX-Haritalama Goriintiileri

304 Kalite paslanmaz kilif malzemesi ile yapilan rezistanslarin
EDX ve haritalama analizleri incelendiginde oksitlenmenin
sicaklik arttik¢a arttigi ve en yiiksek sicaklik olan 600 °C’
de %43 ile max. Gordugi tespit edilmistir.
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i 41 EHR Pl 4 400 M B
o 5 e Sekil.15 316 Kalite Kilif Malzemesi ile Yapilan 1700W

Sekil.13 316 Kalite Kilif Malzemesi ile Yapilan 920W Rezistans 630°C SEM-EDX-Haritalama Goriintiileri
Rezistans 480°C SEM-EDX-Haritalama Goriintiileri
316 Kalite paslanmaz kilif malzemesi ile yapilan rezistanslarin
EDX ve haritalama analizleri incelendiginde oksitlenmenin
sicaklik arttikga arttig1 ve en yiiksek sicaklik olan 630 °C’
de %39-40 ile max. Gordiigi tespit