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Oz

Bilindigi iizere endiistride kullanilan metal malzemelerin biiyiik bir boltimiinii
celikler olusturmaktadir. Celik malzemelerin yogun kullaniimasimin  baslica
sebepleri arasinda bol miktarda olmalari, ekonomik olarak sekillendirilmeleri ve
¢cok genis olciide mekanik 6zellik sunabilmeleri yer almaktadir. Celiklerin temel
alasim elementi karbon (C) olup icerisindeki bilesimine bagli olarak farkh
ozellikler gosterirler. Ayrica, alasim elementleri de ¢eligin mikroyapisinda farklik
yaratarak ¢ekme mukavemeti, akma siniri, darbe dayanimi, siineklik ve
islenebilirlik gibi bir takim mekanik 6zelliklerini 6nemli 6l¢iide etkilemektedir.

Bu calismada AISI 1008 ve 1040 ¢elikleri arasinda karbon oraninin, AISI 1040 ve
4140 celikleri arasinda da bazi alasim elementlerinin mikroyapi ve mekanik
ozellikleri nasil etkiledigi deneysel olarak incelenmistir. Inceleme siirecinde ii¢
farli ¢elik tiiriinden; ¢ekme testi, mikrosertlik testi ve stk metal mikroskobunda
mikroyapt goriintiileme icin stok haldeki c¢eliklerden herhangi bir isil islem
yapilmadan numuneler hazirlanmistir. Cekme testinde 1s1l islemin etkisini gérmek
amaciyla da ilave numuneler hazirlanmistir.

Hazirlanan numunelere yiik kontrollii ¢cekme testi, mikroVickers sertlik testi ve
mikroyapt goriintiileme islemleri gerceklestirilmistir. Sonu¢ olarak;, hem karbon
orammin hem de alasim elementlerinin etkisi ile akma ve ¢ekme dayaniminin
arttigi, % uzama ve % kesit daralmast degerlerinin diistiigii goriilmiistiir. Karbon
orani, ¢ekme dayamminda ve % kesit daralmasinda daha etkili iken, alasim
elementleri, akma dayammi ve % uzama iizerinde daha etkili oldugu tespit
edilmistir.
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Investigation of Microstructure and Mechanical Properties of
Heat Treatment, Carbon Ratio and Alloying Elements in
AISI 1008, 1040 and 4140 Steels

Abstract

Most of the metal materials used in the industry are made of steel. Among the main
reasons for the common use of steel materials are abundance, economical shaping
and a wide range of mechanical properties. The basic alloy element of the steels is
carbon (C) and shows different properties depending on its composition. In
addition, alloying elements significantly affect a number of mechanical properties
such as tensile strength, yield strength, impact strength, ductility and machinability
by making a difference in the microstructure of the steel.

In this study, the effect of carbon ratio between AISI 1008 and 1040 steel and some
alloying elements between AISI 1040 and 4140 steels were investigated
experimentally. During the analysis process, three different types of steel,
specimens were prepared without any heat treatment of the stock steels for tensile
testing, microhardness test and microstructural imaging of the light metal
microscope. Samples were also prepared in order to see the effect of heat treatment
in the tensile test.

Load-controlled tensile test, microVickers hardness test and microstructure
imaging were performed for the prepared samples. As a result; both the carbon
ratio and the effect of the alloying elements increase the yield and tensile strength,
and the % elongation and % section shrinkage values decrease. Carbon ratio is
more effective in tensile strength and % shrinkage, while alloying elements are
more effective in yield strength and % elongation.

Keywords: AISI 1008, AISI 1040, AISI 4140, Microstructure, Internal Structure,
Mechanical Properties.

Giris

Teknolojinin ilerlemesine bagli olarak yeni imalat ve iiretim teknolojileri
gelismekte ve bu teknolojilerin kullanilmasiyla yeni malzeme kompozisyonlar



AISI 1008 1040 ve 4140 Celiklerinde Isil Islem, Karbon Orani ve
Alasim Elementlerinin Mikroyapi ve Mekanik Ozelliklere Etkisinin Incelenmesi | 141

ortaya ¢cikmaktadir. Malzemelerin 6zelliklerini ve kullanim sartlarin1 belirleyen en
onemli faktorlerden birisi de mekanik 6zellikleridir. Mekanik 6zellikler, malzeme
seciminde biiyiik 6neme sahiptir ve celiklerde mekanik 6zellikleri arttirmanin en
bilinen yollar1 arasinda; karbon oranii arttirmak, alagimlama yapmak, 1s1l islem
yapmak gibi yontemler bulunmaktadir. Karbon ve diger elementlerin, ¢eliklerin
mekanik oOzelliklerine etkileri {izerine literatiirde yer alan bir¢ok arastirma
bulunmaktadir.

Demir esasli alagimlar olarak bilinen dokme demirler ve c¢elikler, diger
metal ve alasimlarina gore daha fazla kullanilmaktadir. Celik ve dokme demirlerin
endiistride yogun talep gormeleridir. Ayrica yeryliziinde bol miktarda bulunmalari,
cevher halinden ayristirilmasi siireciyle beraber {iretiminin goreceli olarak
ekonomik olmasi ve belki de en 6nemlisi gok genis bir aralikta mekanik 6zelliklere
sahip olabilme durumlaria baglidir (Callister, 2013). AISI-4140 ¢eligi, icerdigi Cr
ve Mo alasim elementleri nedeniyle, su verme 1sil islemi sonrasinda sert
martenzitik bir yap1 olusturabilmesi, mukavemet, siineklilik ve tokluk gibi mekanik
Ozelliklerin bir arada bulunmasina olanak saglamaktadir. Bu nedenlerden dolay1
AISI-4140 ¢eligi yaygin bir kullanim alanina sahiptir (Avner, 1986:315-336 ve
Choo vd., 2000:56-70).

Celiklerin temel alasim elementi Karbon (C) olup icerisindeki bilesimine
bagli olarak farkli ozellikler gosterirler. Disiik karbonlu celikler siinektir ve
islenmesi kolaydir. Karbon miktarina bagl olarak su verme ile sertlikleri artarken
islenebilirlik kabiliyetleri diiser. Karbonun yanisira ¢elik icerisinde bulunan diger
alasim elementleri de gelige farkli mekanik ozellikler kazandirmaktadir. Alasim
elementleri ¢eligin igyapisinda farklilik yaratarak ¢gekme mukavemeti, akma siniri,
darbe dayanimu, siineklik ve islenebilirlik gibi mekanik 6zelliklerinin degisiminde
onemli bir rol oynar (Thelning, K-E., 1984:45-93).

Karbon, celigin sertlesmesinde etkili olan elementlerden en 6nemlisidir.
Karbon miktarindaki artis sertlik ve ¢ekme dayanimini pozitif yonde etkiler. Buna
karsin, esnekligi, kaynak edilebilme kabiliyetini ve islenebilirligini olumsuz yonde
etkilemektedir. Ferrit yap1 icerisinde karbiir fazinin olusumu mukavemeti artirirken
stinekligi diisiirmektedir ( Krauss ve Grossmann, 1980:5-290, Parrish, 1980: 5-
270). Karbon igerigi Martensit yap1 sertligini ve sertlesme Ozelliklerini etkiler.
Karbon igerigi ¢eliklerin mikroyap1 ve mekanik 6zellikleri iizerinde 6nemli etkilere
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sahiptir. Farkli karbon igerigine sahip ¢elik numuneler, ikili faz bolgesinde farkli
sicakliklarda 1s1l isleme tabi tutuldugunda, farkli martenzit oranlarina sahip dual
fazli celikler elde edilmistir. Artan karbon igerigi ve martenzit hacim oramn sertligi
ve mukavemeti artirmaktadir (Valeria vd., 2015:1047-1056).

Demir-Karbon denge diyagramimna gore, karbon yiizdesindeki artigin,
Ostenit ve ferrit yapilarin bir arada bulundugu sicaklik araligim1 azalttig
bulunmustur. Bu da, yiiksek karbon icerigine sahip malzemelerin 1s1l islemlerde
sicaklik degisimlerine daha duyarli oldugunu ifade etmektedir. Ayrica, S3 ve S4
celiklerinde artan Mn ve Si igerikleri ikili bolge sicakliginin iist sinir ¢izgisini asagi
¢ekmektedir (Lorusso, 2009, 2011:165-176).

Alasim elementlerinin ¢eligin mekanik 6zelliklerine belli oranlarda yaptig1
pozitif etkiler bilinmektedir (Tablo 1). Mangan (Mn); karbon gibi ¢eligin yapisinda
iiretim islemlerinde yer alan bir elementtir ve ¢eligin mukavemetini pozitif yonde
arttiran etki gosterir. Ayrica celigin sertlesebilme ve kaynak edilebilirlik
kabiliyetlerini de artirir. Krom (Cr); geligin siinekliligini ¢ok diisiik bir miktarda
azaltmasina sebep olurken dayaniklilig1 arttiran bir alagim elementidir. Molibden
(Mo); malzeme yapisinda tane biiyiimesini engeller, sertlesebilme yetenegini
artirtr, temperleme gevrekligini giderir. Silisyum (Si); oksijen giderici olarak
kullanilir. Celigin akma, ¢ekme dayanimini ve siinekligini artirir. Celik yapisindaki
silisyum miktar1 azaldik¢a tufal yapma orami artar. Kiikiirt (S); akma ve ¢ekme
mukavemetine ¢ok az etkide bulunur. Buna ragmen malzemenin yiizde uzamasina
ve tokluguna etkisi azimsanmayacak kadar fazladir. Malzemenin tokluguna ve
stinek 6zelliginin zayiflamasina yol acar. Kaliteli olan 1slah ¢eliklerinde en yiiksek
kiikiirt miktar1 %0.045 iken asal 1slah geliklerinde bu %0,035’dir. Fosfor (P);
celiklerde olumsuz etkiler yaratan ve igeriginde bulunmasi istenilmeyen bir
elementtir. Celigin siinekligi ve toklugu iizerinde azzimsanmayacak derecede kotii
etkiler biraktig1 icin yaygin kullanimindan bahsedilemez
(http://www.atacelik.com/etkileri.ntml).
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Tablo 1. Celige alagim elementlerinin etkileri (http://www.atacelik.com/
etkileri.html)
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Celiklerde alasim elementleri ile kompozisyona bagli olarak ikili fazlarin
elde edilmesi ve kaynaklanabilirlik gibi teknolojik oOzellikleri tanimlanmaya
calisilmaktadir (Maffei vd., 2007:3325-3332). Bugiline kadar c¢eligin
kompozisyonuna bagli olarak ¢ok miktarda bilgi {iretilmesine ragmen, celiklerin
mekanik 6zelliklerinin karbon ile evrimi hakkinda tartismalar halen arastirma ve
degerlendirme agamasindadir.

Malzeme ve Metot
Numunelerin Hazirlanmasi

Malzemeler, talas kaldirma isleminin olumsuz o6zelliklerinden kaginmak
icin tretildikleri ¢aplarda dogrudan kullanilmistir. Stok halde bulunan AISI 1008
malzemesinden 14 mm capinda, AISI 1040 malzemesinden 16 mm capinda ve
AISI 4140 malzemesinden 14 mm ¢apinda ¢ekme testi, sertlik dlglimii ve mikro
yap1 goriintiilemesi i¢in numuneler hazirlanmigtir. Eregli Demir ve Celik Fab.
T.A.S. firmasindan temin edilen malzemelerin kimyasal bilesimleri Tablo 2’de
verilmistir.
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Tablo 2. Malzemelerin kimyasal bilesimleri (https://www.erdemir.com.tr)

Malzeme Karbon Mangan | Fosfor | Kiikiirt | Krom | Molibden | Silisyum
© (Mn) (P) (S) (Cr) (Mo) (Si)
AlSI
1008 0,02-0,1 <0,5 <0,03 | <0,035 0,15 0,06 0,1
AlSI 0,37-0,44 | 0,6-09 | <0,03 | <0,035 - - 0,15-0,35
1040 ’ ’ T - - ’ ’
AlSI
4140 0,38-0,43 0,75-1 | <0,035 | <0,04 | 0,8-1,1 | 0,15-0,25 | 0,15-0,25

Cekme testi numunelerine normalizasyon 1s1l islemi uygulanmistir. Bu
uygulama gerceklestirilirken 845 °C’de tavlanan numuneler durgun havada
sogumaya birakilmigtir. Boylelikle malzemelerin iiretim asamasinda olusmus
olabilecek homojensizlikler giderilmis ve mekanik 6zellikleri iyilestirilmistir.

Cekme Testi

Hazirlanan numunelerin ¢ekme testleri, 500 kN kapasiteli Instron 8803 tek
eksenli servohidrolik test sisteminde, 15 kN/dakika hizinda yiik kontrollii olarak
3’er numune ile gerceklestirilmistir. Cekme cihazi yardimiyla malzemelerin; akma
gerilmesi, ¢ekme gerilmesi, % uzama degerleri ve % kesit daralmasi degerleri
belirlenmis ve degerlerin ortalamalar1 hesaplanmustir.

Sertlik Ol¢iimii

Numunelerin sertlik Ol¢timleri Qness Q10 mikrosertlik test cihazinda,
mikroVickers yontemiyle gerceklestirilmistir. Test parametreleri olarak HV0,5
yiik, 10 saniye ana yiikleme degerleri belirlenmis, iz goriintiileri 40X lens
yardimiyla alinmistir.

Mikroyap1 incelemesi

3 farkli malzemeden 15 mm kalinliginda numuneler kesilmis, sicak bakalit
kaliba alinmistir. Daha sonra zimparalama, parlatma ve Nital-3 kimyasali ile
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daglama islemleri gergeklestirilmistir. Hazirlanan numunelerin, Nikon MA200 Isik
mikroskobu yardimiyla 100X, 200X, 500X ve 1000X biiyiitmelerde mikroyap1
goriintiileri alinmistir.

Test Sonuclari ve Tartisma
Cekme Testi Sonuclar

Cekme testinde tiim malzemeler c¢ekme cihazinin ¢eneleri arasinda
koparilmigtir. AIST 1008 ve AISI 4140 malzemelerinde boyun verme AISI 1040
malzemesine gore daha fazla gozlemlenmistir (Sekil 1).

espDBRDARBRAEEA L1

(b)

(©
Sekil 1. Cekme testi sonrast hasara ugrayan numuneler (a: AISI 1008, b: AISI
1040, c: AlSI 4140)

Sekil 2’de goriildiigii gibi tiim malzemelerde silinek kirilma yiizeyi
olugmustur. Instron 8803 tek eksenli servohidrolik test sisteminde gerceklestirilen
cekme testi sonuglar1 Tablo 3 ve Grafik 1’°de sunulmustur.
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a)

b)

c)

Sekil 2. Cekme testi sonrasi kopan ylizeylerin goriiniimii (a: AISI 1008, b: AISI

Tablo 3. Malzemelerin ¢gekme dayanimi degerleri

OZELLIK

Akma Gerilmesi
(MPa)

Cekme Gerilmesi
(MPa)

% Uzama

% Kesit
Daralmasi

1040, c: AISI 4140)

Numune No.
1

2

3
Ortalama
1

2

3
Ortalama
1

2

3
Ortalama
1

2

3
Ortalama

MALZEME
AISI 1008  AISI 1040
357 350
389 346
379 343
375,00 346,33
576 751
577 743
573 748
575,33 747,33
7,91 13,04
7,85 12,94
7,63 12,92
7,80 12,97
60,13 49,23
60,49 49,23
60,67 49,59
60,43 49,35

AISI 4140
411

387
393
397,00
734
735
740
736,33
11,68
11,56
11,50
11,58
63,14
63,31
64,00
63,48
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1
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B}
1C
AlSI 1008 AlSI 1040 AlSI 4140 AlSI 1008 AlSI 1040 AlSI 4140
Cekme Gerilmesi (MPa) % Kesit Daralmasi
;
- /\ \/
3:1'
500 -~
AlSI 1008 AlSI1040 AlSI 4140 AlS1 1008 AISI 1040 AlSI 4140

Grafik 1. AISI 1008, 1040 ve 4140 Malzemelerin mekanik 6zelliklerinin
karsilagtiriimasi.

Tablo 3 ve Grafik 1’deki akma gerilmesi degerleri incelendiginde, stok
halde alinan {iic malzemenin de birbirlerine yakin degerlere sahip oldugu
goriilmektedir. AISI 1008 malzemesi ortalama 375 MPa akma gerilmesine sahiptir.
AISI 1040 malzemesinin AISI 1008 malzemesine gore daha yiiksek dayanim
vermesi beklenirken yaklagik 346 MPa degeri Olgiilmiistiir. Stok halde bulunan
AISI 1040 malzemesine uygulanan 1s1l islem sonucunda bu degere sahip oldugu
degerlendirilmektedir. AISI 4140 malzemesi ise beklenildigi sekilde diger iki
malzemeye gore daha yiiksek deger sunmus olmasina ragmen, 397 MPa degeri de
AISI 4140 igin disiik bir degerdir.

Cekme gerilmesi degerleri incelendiginde ise; orta karbonlu alasimsiz ¢elik
olan AISI 1040 malzemesi, diisiik karbonlu alagimsiz c¢elik olan AISI 1008
malzemesine gére 6nemli oranda daha yliksek ¢ekme gerilmesi degerine sahiptir.
Artan karbon miktar1 ¢ekme gerilmesi degerinde O6nemli Olglide artisa sebep
olmustur. Ayni karbon oranlarina sahip, alasimsiz AISI 1040 ve alasimli AISI 4140
malzemeleri kiyaslanirsa; AISI 4140°1in 6zellikleri AISI 1040 a gore istlinliik
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gosterebilir. Ancak 1s1l isleme bagli olarak stok halde bulunan iki malzemenin
cekme gerilmesi degerleri birbirlerine yakin sonug¢ vermistir.

Karbon oraninin artmasi sonucu, mukavemetin artmasit ve siinekligin
azalmasi bilinen bir durumdur. Sonuglara bakildiginda; AISI 1040 malzemesinin
kesit daralmasinin beklenildigi gibi AISI 1008 malzemesine gore daha diisiik
ciktigr goriilmektedir. Ayni karbon oranma sahip AISI 1040 ve AISI 4140
malzemeleri kiyaslandiginda ise; benzer mukavemet Ozellikleri gdstermelerine
ragmen, alagim elementlerinin etkisi ile AISI 4140 malzemesinin daha siinek
oldugu goriilmektedir. AISI 4140 malzemesinin uzama degerinde %]1,5’ten daha
diisiik bir azalma varken, kesit daralmasinda %14’ten daha biiyiik artig
gozlemlenmektedir.

Isil igslemin etkisini gérmek igin firmm, 150 dakikada 845 °C sicakliga
cikacak sekilde ayarlanmis ve numuneler ayn1 sicaklikta 90 dakika siire bekletilmis
ve havada sogutulmustur. Isil islem uygulanmis numunelerin ¢ekme testi, diger
numuneler ile ayni parametrelerde gerceklestirilmis, sonuclar Grafik 2’de
sunulmustur.

Akma Gerilmesi (MPa

532 17
0 15
12,97
450 — 3 12 1158
400 375 - 1
346,33 351

350 — E 7.8

300 e 7 . 5,95
50 — 5 |

% Uzama

Isil Isil Islem Isi1l Isil Islem Isil Isil Islem Isil Islemsiz Isil Islem Isil Islemsiz Isil Islem Isil Islemsiz Isil 1slem
islemsiz Gormiis islemsiz Gormis | islemsiz  Gormis Gérmis Goérmis Goérmiig
AlSI 1008 AlSI 1040 AlISI 4140 AlS| 1008 AlSI 1040 AlSl 4140
Cekme Gerilmesi (MPa) % Kesit Daralmasi
10 1118 - 69,75
150 70
1050 63,48
950 65 60,43
oo 747,33 105 736,33 “:
650 57533 <0 49,35 47,62
oo 407 45
450
o0 a0 36,23
250 . 35 s—
Isil Isil Islem Isil Isil iglem Isil Isil Iglem Isil islemsiz Isil islem Isil islemsiz Isil islem Isil islemsiz Isil islem
islemsiz  Gormis | Islemsiz  Gormis | islemsiz  Gérmiis Gormuis Gormus Gormis
AlS| 1008 AlSI 1040 AlSI 4140 AlSI 1008 AlSI 1040 AlSI 4140

Grafik 2. AISI 1008, 1040 ve 4140 Malzemelerin 1s1l islem sonrasi
mekanik 6zelliklerinin karsilastirilmasi.
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Test Oncesi ayni uzunluga sahip numunelerin ¢ekme testi sonrasi
goriintiileri  Sekil 3’te gosterilmigtir. Ayni sartlarda 1sil igleme tabi tutulan
malzemelerde, karbon orani ve alagim elementlerinin etkileri daha belirgin bir
sekilde ortaya ¢ikmustir.

Karbon oraninin %0,3 artmasi ile yaklagik olarak; akma gerilmesinde %33
artma, cekme gerilmesinde %73 artma, uzama degerinde %23 diisme, kesit
daralmas1 degerinde % 32 diisme ortaya cikmistir. Tablo 2°de gosterilen alasim
elementlerinin etkisi ile yaklasik olarak; akma gerilmesinde %52 artma, ¢ekme
gerilmesinde %59 artma, uzama degerinde %50 diisme, kesit daralmasi degerinde
% 24 diisme ortaya cikmistir. AISI 1008, 1040 ve 4140 malzemeleri arasinda
sonuclara bakildiginda; karbon orani, gekme dayaniminda ve % kesit daralmasinda
daha etkili iken, alasim elementleri, akma dayanimi ve % uzamada daha etkili
oldugu soylenebilir.

~AISI 1008

AISI 1040

AISI 4140

Sekil 3: Isil islem sonrasi cekme testi numuneleri
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Sertlik Testi Sonuclari

Icyapr incelemeleri tamamlanan numuneler goriintii alman yiizeylerden
rastgele olacak sekilde 7 ayr1 6l¢iim yapilmis, bu dlglimlerin en diisiik ve en yliksek
degerleri dikkate alinmaksizin kalan 5 6lglimiin ortalamalar1 bulunmustur. Qness
Q10 mikrosertlik cihazinda malzemelerin sertlik lgtimleri Vickers olarak (HV)
elde edilmistir. Bu degerler sertlik doniisiim tablolarindan yararlanilarak Brinell
sertlik degerine (HB) doniistiiriilmistiir. Ayrica malzemelerin ¢gekme gerilmesi (o)
degerleri, Brinell sertlik degerlerine béliinerek “ 6,/ HB * oranlar1 hesaplanmustir.
Sonuglar Tablo 4’te, sunulmustur.

Tablo 4. Malzemelerin sertlik degerleri

Malzeme AlSI AISI 1040 AISI 4140
1008
Olciim 1 (HV) 190 234 224
Ol¢iim 2 (HV) 205 238 227
Ortalama Sertlik (HV) 197,5 236 225,5
Ortalama Sertlik (HB) 187,5 224 2145
o, (MPa) / Sertlik (HB) 3,07 3,34 3,43

Sertlik degerleri incelendiginde; ii¢ malzemenin sertlik degerlerinin
beklenildigi gibi ¢cekme gerilmesindeki artisa benzer sirasiyla yiikselen degerlere
sahip oldugu goriilmiistiir. Literatlirde yaklasik olarak “Cekme Gerilmesi (MPa) =
3,45 Brinell Sertlik Degeri (HB)” esitligi vardir (Callister, 2008). AISI 4140
malzemesi bu degere ¢cok yakin sonu¢ vermistir.

Mikroyapi incelemesi

Ug farkli malzemeye ait 100X ve 1000X biiyiitmelerdeki mikroyapi
goriintiileri Sekil 4’te sunulmustur.
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Sekil 4. ATIST 1008, 1040, 4140 geliklerine ait 100X ve 1000X
biiylitmelerde mikroyap1 goriintiileri (a:1008 100X, b:1040 100X, c:4140 100X,
d:1008 1000X, €:1040 1000X, f:4140 1000X)

— e

R 4 fr""’# - §
v
%

(b)
Sekil 5. AIST 1008 ve 1040 celiklerine ait 1000X biiyiitmelerde mikroyap1
goriintiileri (a:1008 1000X, b:1040 1000X)
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Sekil 5 — a incelendiginde; az karbonlu ¢eliklerde beklenildigi gibi AISI
1008 malzemesinde Ferritik yapmin (beyaz renkli kisimlar) hakim oldugu
goriilmektedir. Tane boyutlarina bakildiginda ayritlar ortalama 20 um civarindadir.
Orta karbonlu AISI 1040 malzemesinin goriintiisii incelendiginde ise (Sekil 5 —b),
A boliimii ile gosterilen bolgede Ferritik yapi, B boliimii ile gosterilen bolgede ise
Perlitik yap1 goriilmektedir. Artan karbon ile birlikte Ferritik yapinin bir kismi
Perlitik yapiya dontigmiistiir. AISI 1008 ile kiyaslandiginda tane boyutlarinda
kiiclilme goriilmektedir.

(b)
Sekil 6. AISI 1040 ve 4140 celiklerine ait 1000X biiyiitmelerde mikroyap1
yu yap
goriintiileri (a:1040 1000X, b:4140 1000X)

Sekil 6’da a ve b goriintiileri incelendiginde; AISI 4140 malzemesinin tane
boyutlarinin AISI 1040 malzemesine gore biraz daha kiiciildiigii goriilmektedir. iki
malzemede de benzer mikroyapilar mevcuttur.

Sonuclar

AISI 1008, 1040 ve 4140 malzemelerinden numuneler hazirlanmis, 1s1l
islem, ¢cekme testi, sertlik Ol¢limii ve yiizey goriintileme islemleri basarili bir
sekilde uygulanmis sonuglar agsagida sunulmustur.
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1. Stok halde bulunan malzemeler igin; daha once uygulanmis 1sil islemler
bilinmediginden, tahmin edilen mekanik 6zellikler gercek degerlerinden farklilik
gosterebilmektedir.

2. Dogru uygulanmis bir 1s1l islem sonrasinda mekanik ozellikler 6nemli
Olciide degismektedir.

3. Karbon oraninin artmasi sonucu, mukavemetin artmasi ve siinekligin
azalmasi bilinen bir durumdur. Sonuglara bakildiginda; AISI 1040 malzemesinin
kesit daralmasinin beklenildigi gibi AISI 1008 malzemesine gore daha diigiik
ciktig1 gorlilmektedir. Aym1 karbon oranina sahip AISI 1040 ve AISI 4140
malzemeleri kiyaslandiginda ise; benzer mukavemet oOzellikleri gostermelerine
ragmen, alasim elementlerinin etkisi ile AISI 4140 malzemesinin daha siinek
oldugu gorilmektedir.

4. Calismada karsilagtirilan ii¢ farklt malzeme tiirii igin; karbon orani, ¢ekme
dayanimimi ve % kesit daralmasinda daha etkili iken, alasim elementleri, akma
dayanimi ve % uzama degerlerinde daha etkilidir.

5. Karbon oraninin %0,3 artmasi ile yaklasik olarak; akma gerilmesinde %33
artma, c¢cekme gerilmesinde %73 artma, uzama degerinde %23 diisme, kesit
daralmasi degerinde % 32 diisme ortaya c¢ikmistir. Tablo 2°de gosterilen alasim
elementlerinin etkisi ile yaklagik olarak; akma gerilmesinde %52 artma, ¢cekme
gerilmesinde %59 artma, uzama degerinde %50 diisme, kesit daralmasi1 degerinde
% 24 disme ortaya c¢ikmistir. AISI 1008, 1040 ve 4140 malzemeleri arasinda
sonuglara bakildiginda; karbon orani, ¢ekme dayanimini ve % kesit daralmasinda
daha etkili iken, alagim elementleri, akma dayanimi ve % uzamada daha etkili
oldugu gozlemlenmistir.

6. Cekme gerilmesi ile sertlik arasindaki oran ii¢ malzemede de farklilik
gostermektedir.

Extended Summary
Introduction

Due to the development of technology, new manufacturing and production
technologies are developing and new material designs are emerging through the
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use of these technologies. Mechanical properties are one of the most important
factors determining the properties and usage conditions of materials. Mechanical
properties have a great advantage in material selection and among the most known
ways to improve mechanical properties in steels; increasing the carbon ratio,
alloying and heat treatment. There are many studies in the literature on the effects
of carbon and other elements on the mechanical properties of steels.

Cast irons and steels known as iron-based alloys are used more than other
metals and alloys. Intensive demand for steel and cast iron in the industry; their
abundance in the earth, the fact that their production is relatively economical, and
perhaps most importantly, their ability to have a wide range of mechanical
properties (Callister, 2013). The AISI-4140 steel is the most important feature
because it can constitute a hard martensitic structure after quenching heat treatment
due to the Cr and Mo alloying elements it contains and to provide mechanical
properties such as strength, ductility and toughness together. For these reasons, the
AISI-4140 steel has a widespread use (Avner, 1986: 315-336 and Choo et al.,
2000: 56-70).

The basic alloy element of the steels is carbon (C) and shows different
properties depending on its composition. Low carbon steels are easy to process and
have a ductile structure at the same time. Depending on the amount of carbon, the
hardenability increases with quenching, while the machinability decreases. In
addition to carbon, other alloying elements in the steel give different mechanical
properties to the steel. Alloying elements play an important role in the change of
mechanical properties such as tensile strength, yield limit, impact strength, ductility
and machinability (Thelning, KE, 1984: 45-93).

The positive effects of alloying elements on the mechanical properties of
steel are known (Table 1). Manganese (Mn): It is an element that is involved in the
production process of the steel structure and has the effect of increasing the
strength of the steel in the positive direction. It also increases hardenability and
weldability of the steel. Manganese is a stabilizing element. Chromium (Cr): It is
an alloy element that increases resistance and reduces the ductility of the steel.
Molybdenum (Mo): It prevents grain growth in the material structure, increases the
hardenability and eliminates tempering brittleness. Silisium (Si): It is used as
oxygen deactivator. Molybdenum increases the yield of steel, tensile strength and
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ductility. As the amount of silicon in the steel structure decreases, the rate of
corrosion increases.

Sulfur (S): It has little effect on yield strength and tensile strength. Despite
this, the effect of the material on the percentage of length and toughness is
considerably high. It leads to the reduction of toughness and ductility of the
material. The maximum amount of sulfur in quality Quenched and Tempered
Steels is 0.045%. For prime Quenched and Tempered Steels this ratio is 0,035%.
Phosphor (P): it is a kind of element which we do not want to have in the content
which creates undesirable effects in the steel. Because of the bad effects on the
ductility and toughness of the steel, they are not widely used
(http://www.atacelik.com/etkileri.ntml).

Table 1. Effect of alloy elements on steel (http://www.atacelik.com/ etkileri.html)

Properties / Alloying Elements

Tensile Strength

+ + + + + + + + +
Elongation A
Critical Cooling Rate J J + d N
Hardness Depth + + + + + + + + J,
Strength in Hot + + + + + + + + +
Temper strength N N + + N + + + RN
Wear Resistance + + + + 4 + + + >
Resistance to scaling \L N + + + J, RN + +
Machining LlL L Ll L e S
Corrosion Durability I 5 4+ + + + o+ +

Although much information has been produced up to now, depending on
the composition of the steel, the debate about the evolution of the mechanical
properties of steel with carbon is still ongoing.
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Material and Method
Preparation of Samples

The materials were used directly in the produced diameters to avoid the
negative features of the chip removal process. Samples of AlISI 1008 at a diameter
of 14 mm material were prepared for tensile testing, hardness measurement and
microstructure imaging. Samples of AISI 4140 at a diameter of 16 mm material
were prepared for tensile testing, hardness measurement and microstructure
imaging. The chemical compositions of the materials supplied by Eregli Demir ve
Celik Fab. T.A.S. are given in Table 2.

Table 2. Chemical compositions of materials (https://www.erdemir.com.tr)

Material Carbon | Manganese | Phosphor | Sulfur | Chromium | Molybdenum | Silicon
© (Mn) (P) (S) (cr (Mo) (si)

AISI
1008 | 20701 <05 <003 | <0035 015 0,06 01
AlSI 0,37— e
1040 0,44 06-0,9 <003 | <0035 o
AlSI 0,38— e
4140 043 0.75-1 <0035 | <004 | 0811 0.15-0,25 025

Tensile test specimens were subjected to normalization heat treatment.
When this application was carried out, the samples annealed at 845 °C were
allowed to cool down in air. In this way, the homogeneities that may have occurred
during the production of the materials have been eliminated and the mechanical
properties have been improved.

Tensile Test

The tensile tests of the prepared specimens were carried out in a 500 kN
capacity Instron 8803 uniaxial servo hydraulic test system with load control at a
rate of 15 kN / min with 3 samples. The tensile stress, yield stress, % elongation
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values and % section contraction values of the materials were determined using the
tensile test device. The averages of the obtained values were calculated.

Hardness Measurement

The hardness measurements of the samples were carried out on a Qness
Q10 micro hardness tester using the micro Vickers method. Test parameters HV0.5
load, 10 seconds main load values were determined, trace images were taken with
40X lens.

Microstructure Analysis

Samples of 15mm thickness were cut from 3 different materials, hot
bakalite mold was taken. Then sanding and polishing were done. Afterwards, Nital-
3 chemistry was used to carry out etching processes. Microstructure images of the
prepared samples were taken at 100X, 200X, 500X and 1000X magnifications with
Nikon MA200 Light microscope.

Test Results and Discussion
Tensile Test Results

In the tensile test, all materials were broken between the blades of the
tensile test device. In AISI 1008 and AISI 4140 materials necking was more
observed than in AISI 1040 material (Figure 1).

espDBRDARBRREEA 1Y

(b)
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(c)
Figure 1. Broken samples after tensile test (a: AISI 1008, b: AISI 1040, c: AlSI
4140)

Table 3. Mechanical properties of materials

PROPERTIES - MATERIAL
Specimen AISI 1008  AISI 1040  AISI 4140
1 357 350 411
Yield Stress 2 389 346 387
(MPa) 3 379 343 393
Average 375,00 346,33 397,00
1 576 751 734
Tensile Stress 2 577 743 735
(MPa) 3 573 748 740
Average 575,33 747,33 736,33
1 7,91 13,04 11,68
% Elongation 2 7,85 12,94 11,56
3 7,63 12,92 11,50
Average 7,80 12,97 11,58
1 60,13 49,23 63,14
% Section 2 60,49 49,23 63,31
Contraction 3 60,67 49,59 64,00

Average 60,43 49,35 63,48
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Yield Stress (MPa) % Elongation
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Graph 1. Comparison of mechanical properties of AISI 1008, 1040 and 4140 Materials

When the yield stress values in Table 3 and Graph 1 are examined, it is
seen that the three materials taken in stock have similar values to each other. The
AISI 1008 material has an average yield stress of 375 MPa. The AISI 1040
material was expected to give higher strength than the AISI 1008 material, and was
measured at about 346 MPa. It is estimated that this value is the result of the heat
treatment applied to the stock AISI 1040 material. The AISI 4140 material, as
expected, offers a higher value than the other two materials, but the 397 MPa is a
low value for the AISI 4140.

The increased amount of carbon has caused a significant increase in the
tensile strength value. It is a well-known fact that the increase in the carbon ratio
results in increased strength and reduced ductility. According to the results; AlSI
1040 material % section contraction is lower than that of AISI 1008 material as
expected.

To see the effect of heat treatment, the samples prepared from three
different materials were heated to 845 ° C in 150 minutes, kept at the same
temperature for 90 minutes and cooled in air. The tensile test of the heat treated
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samples was carried out in the same parameters as the other samples and the results
are presented in Graph 2.

Yield Stress (MPa) % Elongation
550 32 7
15,
500 15
12,97
450 13 12 1158
397 '
400 375 11
346,33 351

350 1 9 7.8
300 s . 7 . 5,95
250 — 5 |

Untreated Heat Untreated Heat Untreated Heat Untreated Heat Untreated Heat Untreated Heat

Treated Treated Treated Treated Treated Treated
AlSI 1008 AlSI 1040 AlSI 4140 AlSI 1008 AlSI 1040 AISI 4140
Tensile Stress (MPa) % Section Contraction
1250 1118 7 69,75
1150 70
50 63,48
950 &5 60,43
X N 60

BIS‘L 747,33 205 736,33
650 57533 w0 49,35 7,62
ff\L 407 45
350 40 36,23
u o

Untreated Heat Untreated Heat Untreated Heat Untreated Heat Untreated Heat Untreated Heat

Treated Treated Treated Treated Treated Treated
AlS| 1008 AISI 1040 AlSI 4140 AlSI 1008 AlSI 1040 AISI 4140

Graphic 2. Comparison of mechanical properties of AISI 1008, 1040 and
4140 materials after heat treatment

Approximately with a 0.3% increase in carbon content; a 33% increase in
yield stress, a 73% increase in tensile stress, a 23% decrease in elongation value,
and a 32% decrease in section contraction value. Approximately by the effect of
the alloying elements shown in Table 2; 52% increase in yield stress, 59% increase
in tensile stress, 50% decrease in elongation value, 24% decrease in section
contraction value. When looking at the results between AISI 1008, 1040 and 4140
materials; carbon ratio is more effective in tensile strength and % section
contraction, while alloying elements are more effective in yield strength and%
elongation.
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Hardness Test Results

Randomly 7 measurements were made after investigation of the
microstructure, and the average of the remaining 5 measurements was found
regardless of the lowest and highest values of these measurements. The hardness
measurements of the materials in the Qness Q10 micro hardness machine were
obtained as Vickers (HV). These values were converted to Brinell hardness value
(HB) using hardness conversion tables. In addition, the tensile strength (cy) values
of the materials were divided by the Brinell hardness values and the "o, / HB"
ratios were calculated. The results are presented in Table 4.

Table 4. Hardness values of materials

Material AISI 1008  AISI 1040  AISI 4140
Measurement 1 (HV) 190 234 224
Measurement 2 (HV) 205 238 227

Average Hardness (HV) 197,5 236 225,5
Average Hardness (HB) 187,5 224 214,5
o; (MPa) / Hardness (HB) 3,07 3,34 3,43

When the hardness values are examined; the hardness values of the three
materials were found to be proportional to the tensile stress as expected. In the
literature there is an approximation of "Tensile Strength (MPa) = 3.45 Brinell
Hardness Value (HB)" (Callister, 2008). The AISI 4140 material yielded very close
results.

Microstructure Analysis

Microstructure images at 100X and 1000X magnifications of three
different materials are presented in Fig. 2.
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(f)

Figure 2. Microstructure images at 100X and 1000X magnifications of
AISI 1008, 1040, 4140 steels, respectively. (a:1008 100X, b:1040 100X, c:4140
100X, d:1008 1000X, e:1040 1000X, f:4140 1000X)

@ (b)
Figure 3. Microstructure images at 1000X magnifications of AISI 1008
and 1040 steels (a:1008 1000X, b:1040 1000X)
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(b)
Figure 4. Microstructure images at 1000X magnifications of AISI 1040
and 4140 steels (a:1040 1000X, b:4140 1000X)

When the images a and b are examined in Fig 3 and Fig. 4, it is seen that the
grain sizes of AISI 4140 material are slightly smaller than those of AISI 1040
material. Similar microstructures are present in both materials.

Results

Samples of AISI 1008, 1040 and 4140 materials were prepared, heat
treatment, tensile test, hardness measurement and surface imaging were
successfully applied. The results obtained are presented below.

1. For materials in stock; Since previously applied heat treatments are not
known, the predicted mechanical properties may differ from their actual values.

2. Mechanical properties vary considerably after a correctly applied heat
treatment.

3. It is a well-known fact that the increase in the carbon ratio results in
increased strength and reduced ductility. According to the results; AISI 1040
material section contraction is lower than that of AISI 1008 material as expected.
When the AISI 1040 and AISI 4140 materials with the same carbon content are
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compared, it is seen that AISI 4140 material is more ductile with the effect of alloy
elements, although they show similar strength properties.

4. For three different types of materials compared in the study; carbon
ratio is more effective in tensile strength and % section contraction, while alloying
elements are more effective in yield strength and elongation values.

5. Approximately with a 0.3% increase in carbon content; a 33% increase
in yield stress, a 73% increase in tensile stress, a 23% decrease in elongation value,
and a 32% decrease in section contraction value. Approximately by the effect of
the alloying elements shown in Table 2; 52% increase in yield stress, 59% increase
in tensile stress, 50% decrease in elongation value, 24% decrease in section
contraction value. When looking at the results between AISI 1008, 1040 and 4140
materials; carbon ratio is more effective in tensile strength and % section
contraction, while alloying elements are more effective in yield strength and %
elongation.

6. The ratio between tensile stress and hardness also varies in the three
materials.
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