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ABSTRACT

In this study, retained austenite contents in carburized SAE 8620 (21NiCrMo2)
steel were investigated. Carburizing programs were carried out in gas atmosphere
at 940°C. X-ray diffraction was used to determine retained austenite contents in
the case-hardened microstructures of the carburized specimens. Test results
indicated that maximum retained austenite contents at the microstructures of the
carburized specimens that carburized 45 minute, 3 h and 5 h carburizing times at
940°C were 35.8%, 19.4% and 15%, respectively.
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SEMENTASYON YAPILAN SAE 8620 CELIGINDE MEYDANA GELEN KALINTI
OSTENIT MiKTARLARININ iNCELENMESI

OZET

Bu calismada, SAE 8620 (21NiCrMo2) sementasyon celiginde, sementasyon
igslemleri sonucunda meydana gelen kalintt Ostenit miktarlar1 incelenmistir.
Sementasyon islemleri gaz atmosferinde 940°C 'de yapilmistir. Numunelerin
kalint1 Ostenit miktarlart X-1s1m1 kirinimi metoduyla tespit edilmistir. Calisma
sonucunda, 940°C 'de 45 dakika, 3 saat ve 5 saat sementasyon islemi yapilan
numunelerin mikroyapisinda meydana gelen maksimum kalint1 dstenit miktarlari,

strastyla %35.8, %19.4 ve %15 olarak bulunmustur.

Anahtar Kelimeler : Sementasyon, Kalint1 6stenit, X-1gin1 kirmimi

1.GiRiS

Sementasyon; mil ve disli cark gibi yiiksek zorlamalara
maruz kalan makine parcalarinin yilizey Ozellikleri
iyilestirilerek, yiiksek yiizey sertligi, yorulma dayanimi ve
asinma dayanimi elde etmek icin kullanilan yaygin bir
yontemdir. Diisiik karbonlu ¢eliklerden (£ %0,25C)
iiretilen makine pargalari, karbonlama ile yiiksek karbonlu
bir kabuk (~%0,8-0,9C) ve diisiik karbonlu bir ¢ekirdege
sahip olur. Boyle bir parga sertlestirilir ise ylizeyi sert,
cekirdegi tok olur. Ayni zamanda, farkli zamanda soguma
ve farkli mikroyapidan dolayr i¢ gerilmeler olusur.
Genellikle yiizeyde ve kabuk bolgesinde basma, ¢ekirdek
bolgesinde ise ¢ekme kalinti gerilmeleri meydana gelir.
Yiizeyde olusan basma kalint1 gerilmeleri egme ve burma
zorlamalarinda faydali olmaktadir. Sementasyon islemi,
asinma, egilme ve burulma yorulma dayanimi ile temas
yorulma dayanimlarmnin yiiksek olmasini saglar (1). Isi
islem dogru uygulanmis bir celigin mikroyapist agirlikli
olarak temperlenmis martenzittir. Ancak ylizeyden
cekirdege dogru martenzitin yapisi, miktar1 ve 6zellikleri
degisir. Sementasyon islemi yapilmis geliklerin ylizey
kisminda ozelliklerini ciddi olarak etkileyen diger
mikroyapilar da meydana gelebilir. Bunlar; kalint1 dstenit,
kaba karbiirler, tane sinir1 karbiirleri, fosfor segregasyonu
ve ytizey oksitleri olabilir (2, 3). Cekirdek mikroyapilari,
sertlesebilirlige bagli olarak, temperlenmis martenzit,

1.INTRODUCTION

Carburizing is a remarkable method of enhancing the
surface properties of shafts and gears high stressed
machine parts to obtain very high surface hardness, fatigue
resistance and wear resistance. Machine parts fabricated
from low-carbon steel (<0.25%C) consist of a high-carbon
steel case (~0.8-0.9%C) and low-carbon steel core. If this
steel composite is hardened, its surface have high hardness
and its core have high toughness. Residual stresses are
developed by interactions between the case and core
during quenching. Generally, while residual compressive
stresses are developed in the case, residual tensile stresses
are developed in the core. Residual compressive stresses in
the surface layers are helpful at bending and torsional
stresses. Carburizing produces very high resistance to
wear, bending, torsional fatigue and rolling-contact fatigue
(1). Tempered martensite is the dominant microstructure
constituent of properly carburized steel. However, the
martensite changes in morphology, amount, and properties
as a function distance from the surface. Other
microstructural constituents may also be present and
significantly affect the performance of carburized parts.
These other microstructural components include retained
austenite, massive carbides, prior austenite grain
boundaries carbides, phosphorus segregation, and surface
oxides.(2, 3). Core microstructures depending on
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beynit veya ferrit ve perlitten meydana gelebilir. Olusan
bu kabuk ve c¢ekirdek mikroyapilar, ¢eligin
mikroyapisinda meydana gelen kalinti gerilmelerin
biiyiikliigiinli, malzemenin yorulma dayanimini, temas
yorulma dayanimini, sertlik ve asinma dayanimini etkiler

(4).

Sementasyon isleminden sonra, karbon miktari
genellikle yiizeyde en yiiksek olacak sekilde cekirdege
dogru azalir. Meydana gelen sertlik degerleri de karbon
miktarina baglh olarak degismektedir. Etkili sementasyon
derinligi, sementasyon isleminden sonra, belirli bir sertlik
degeri i¢in tarif edilir. TS 1719'a gore "etkili sementasyon
derinligi; Vickers sertligi 550 VSD olan karbonlanmig ve
sertlestirilmis tabaka ile ylizey arasindaki dikey uzaklik"
olarak tarif edilmektedir (5). Etkili sementasyon
derinligine etki eden faktorler; sementasyon sicakligi,
sementasyon siiresi, karbonlama ortaminin karbon
potansiyeli, ¢eligin kimyasal bilesimi, parcanin sekli ve
biiyiikliigii ve suverme esnasindaki sogutma hizidir (4, 6).

Kalint1  Gstenit; doniisim sertlestirmesi  esnasinda
martenzite doniismeyip, oda sicakligina kadar kalabilen
Ostenittir. Yiizey sertlestirilmesi yapilmis pargalarda
kalint1 Ostenitin meydana gelmesindeki en 6nemli faktor
Ostenitin martenzite doniisiim sicakliklar1 olan martenzit
baglama sicakligi (M) ve martenzit bitis sicakligidir (My)

(©).

Celiklerde, ostenit Ac3 ve Acm sicakliklarinin tizerinde
kararli haldedir. Bu sicakliklardan sogutmakla, Ostenit
¢eligin kimyasal bilesimine ve sogutma hizina bagli olarak
kararsiz ve yeni mikroyapilara doniisiir. Doniisiim
difiizyona miisaade edecek hizda olursa, ferrit, perlit ve
beynit gibi yapilar meydana gelir. Bunlar yiiksek sicaklik
doniisiim driinleridir. Disiik karbonlu ¢eliklerde bu
dontisimler Ac; ile 400 °C arasindaki sicakliklarda
meydana gelmektedir. Celiklerin sertlestirilmesinde ise,
Ostenitin  kritik soguma hizinin iizerindeki bir hizda
sogutulmasiyla (difiizyon icin gerekli zaman verilmeden)
martenzitik bir yapmin olugmasi hedeflenir. Martenzit
doniisiim bitis sicakligi (M), suverme ortam sicakliginin
altina  diiserse,  Ostenitin  martenzite  donisimii
tamamlanamaz. Karbon orami %0,5-0,6’dan fazla olan
celiklerde, yapinin tamamiyla martenzit olmasi igin
celigin sifirin altindaki sicakliklara kadar sogutulmasi
gerekir. Diisiik karbonlu az alagimli geliklerin martenzit
donitistim araligt (Mg-Mp) 450 ile 200 °C iken yiiksek
karbonlu ¢eliklerin martenzit doniigiim araligi ise 200 °C
ile -100 °C arasindadir. M; bazi ¢eliklerde -200°C’nin
altina kadar dismektedir (4,6). M; sicakliginin karbon
oranina bagli olarak oda sicakligmnin altina diismesi yapida
kalint1 §stenit miktarinin artmasina ve sertligin diigmesine
neden olmaktadir.

Sementasyon isleminde, ylizey tabakasinin karbon
konsantrasyonunun %0,7 C’nu asmasi M; sicakligini
olduk¢a asagiya c¢eker. % 0,7 karbonlu ¢elik i¢cin Mg
sicakligt 20°C’nin altinda oldugundan, oda sicakligina
sogutmakla Ostenitin martenzite doniigtimiiniin
tamamlanmasina  izin  verilmis  olmaz.  Sonugta
mikroyapida Ostenit kalir. Sekil 1'de mikroyapida bulunan
karbon miktarina bagli olarak kalinti Ostenit miktarmin
degisimi goriilmektedir. Boylece sementasyon yapilmis
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hardenability may consist of tempered martensite bainite,
or ferrite and pearlite. These case and core microstructures
affect residual stresses levels occured in the
microstructures, fatigue resistance, rolling-contact fatigue ,
hardness and wear resistance of steels (4).

After carburizing processes, carbon content that is
normally maximum level at the surface decrease with
distance into the specimen. Hardness level in the
microstructure also changes with carbon contents of the
specimens. The effective case depth is defined as the
distance below the surface where the hardness was equal
to 550 HV, as TS 1719 (5). The effective case depth is
influenced carburizing time, temperature, carbon content
of furnace atmospheres, chemical composition of steel,
product shape and size, and the rate of cooling (4, 6).

Retained austenite is defined as thermally stabilized
austenite that wasn’t  transformed isothermally to
martensite during a part is quenched to about room
temperature. The amount of the retained austenite in the
surface hardening parts is mainly influenced martensite
start temperature (M) and martensite finish temperature

My) (6).

In steels, austenite is stable at temperatures above the
Ac3 and Ac,, phase boundaries. On cooling from such
temperatures, it becomes unstable and decomposes to
some new constituent such as ferrite, pearlite, or bainite
depending on the chemical composition of the steel and
the rate of cooling. These resulting products are referred to
as high-temperature transformation products. In low-
carbon steels, these transformation take place at
temperatures between the Ac; and about 400 °C.
Martensite is formed by quenching at a rate above cooling
rate. If My temperature is lowered below the quenching
temperature, austenite does not transform to martensite.
Steel which contain above 0.5-0.6%C must be quenched to
subzero  temperatures to form all  martensite
microstructure. While M-M; range of low-carbon and
alloy steels is 450+200 °C temperatures, Ms-M; range of
high carbon contained steel is 200+100 °C temperatures.
In some steels, M; temperature lies below -200°C (4,6). M¢
temperature is below room temperature depending on
carbon content of case causes high retained austenite and
low hardness in the microstructure.

If a part have a high-carbon surface layer more than 0.7
%C, M; temperature decreases below room temperature.
Therefore, austenite doesn’t transform to martensite.
Finally, some of the austenite may survive. Influence of
carbon content on retained austenite content is shown in
Figure 1. Thus, carburized steels actually have composite
microstructures of tempered martensite and austenite.
Other microstructural components also may be present, but
after tempered martensite it is the retained austenite that
most affect properties. (4, 6).
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celiklerin mikroyapilari; temperlenmis martenzit ve kalinti
Ostenitten meydana gelmektedir. Diger mikroyapisal
bilesenler de bulunabilir; fakat mekanik 6zelliklere,
temperlenmis martenzitten sonra en ¢ok kalmti Ostenit
etkiler (4, 6).
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Figure 1. Influence of carbon content on retained austenite content (4)

Sekil 1. Kalint1 dstenit miktarina karbon oraninin etkisi (4)

Su verme esnasinda Ostenitten martenzit olusmaya
baglama sicakligt (M) celigin kimyasal kompozisyonunun
bir fonksiyonudur. M sicakligi cesitli  ampirik
bagintilardan elde edilmektedir. Bunlardan birisi de
asagida [1] esitliginde verilen Steven ve Hayness
formiiliidiir (4).

The temperature at which austenite starts to transform
martensite on quenching (M) is a function of chemical
composition of the steel. M can be obtained from several
sources. One of them is the Steven and Haynes formula,
which is given equation [1] as follows (4),

M; (°C) =561 - 474C - 33Mn - 17Ni - 17Cr - 21Mo [1]

Burada element miktarlar1 % agirlik olarak miktarlaridir.
Bu esitlik, maksimum % 0,6 C iceren orta karbonlu
celikler icin ¢ok iyi sonuglar vermektedir. Yiizey
sertlestirilmesi yapilmis bir ¢eligin verilen bir su verme
sicaklifina sogutmakla martenzitik yapiya doéniismeden
kalan kalinti Ostenitin hacim olarak miktari; martenzit
doniisiim baglama sicakligi (M) ile su verme sicakligina
(Ty) baghdir. Koistinen ve Marburger tarafindan tespit
edilen bu iligki, asagidaki [2] esitliginde verilmektedir (4).

V. =e

Y

Olusan martenzit miktar1 ise; V, = 1 - V, olur.
Yukaridaki [2] esitligine gore olusan martenzit miktari
zamana bagl degildir.

Kalint1  Gstenit miktariin  dlgiilmesinde  X-1g1n1
kirmmimi, kantitatif optik metalografi, elektrik direng,
magnetik gecirgenlik, dilatometre ve termal analiz gibi
birgok metot kullanilmaktadir. Ancak bunlardan X-igini
kirmmimi ve metalografi teknigi disindakiler daha g¢ok
doniisiim esnasinda var olan kalint1 dstenitin 6lgiilmesinde
kullanilir. Metalografi teknigi bu is i¢in uygun olmasina
ragmen bazi durumlarda fazlarin iyi ayrilamamasindan
(6zellikle optik mikroskopta) ve ¢ok zaman almasindan
dolay1 pratik degildir (7).

Bu calismada, sementasyon yapilmis SAE 8620
(2INiCrMo2) celiginde meydana gelen kalinti Ostenit

where the element amounts are in weight percent. This
equation reasonably accurate for steels containing up to
maximum 0.6% C. The volume of untransformed austenite
to martensite is related to both martensite start temperature
(My) and the quenchant temperature (T,). This relation
defined by Koistinen and Marburger is given equation [2]
below (4),

~1.10x107 (M,-T,)

(2]

Thus; the amount of martensite is : V,, = 1 -V, .

According to equation [2], note that the amount of
martensite that forms is not a function of time.
Retained austenite can be measured by X-ray

diffraction, quantitative optical metallography, electric
resistance, magnetic permeability, dilatometer and thermal
analysis. However, they can be used to measure austenite
which is stable during transformation, except X-ray
diffraction and metallography methods. Metallography
methods are not practical due to difficulty of observing
phases and to necessitate more researching time (7).

In this study, the amount of retained austenite in
carburized SAE 8620 steel was determined using X-ray
diffraction.
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miktarlari, X—smi1 ki metodu  kullanilarak
incelenmistir.
2. MATERYAL VE METOT

Disli ¢ark ve mil gibi makine pargalarmin yapiminda
yaygin olarak kullanilan SAE 8620 (21NiCrMo2,
Malzeme No: 1.6523) sementasyon ¢eliginin kiitle
spektreskopi cihazi ile elde edilen kimyasal bilesimi
Cizelge 1.'de verilmistir.

Table 1. The chemical composition of SAE 8620 steel (%)
Cizelge 1. SAE 8620 ¢eliginin kimyasal bilesimi (%)

G.U. J. Sci., 17(4):103-113 (2004)/ Osman ASI

2. MATERIAL and METHOD

A standard carburizing steel SAE 8620 (21NiCrMo2,
Material Number: 1.6523) has been used in this study,
which is widely used as a carburized steel (shafts, gears
etc.) The chemical composition of the steel is given in
Table 1.

C Si Mn P

S Cu Ni Cr Mo

0,197 0,207 0,714 0,015

0,0081

0,205 0,449 | 0,413 | 0,154

Sekil 2.'de dlgiileri verilen deney numuneleri, &16 mm'lik
cubuklar halinde kesilip, 1s1l islem firminda 920°C' de 1
saat normalizasyon tavlamasindan sonra, verilen boyutlara
tornalanmistir. Numuneler tornalama isleminden sonra,
ylizey piiriizliiliikklerini gidermek i¢in 200 ve 400 numara
zimpara kagidi ile zimparalanmustir.

After normalizing at 920°C, 1 hour, the 16 mm in
diameter steel bar was machined with lathe to get the
shape of the specimen described in Figure 2, and finished
by grinding using #200 and # 400 emery paper. Therefore,
the specimen does not have the structure anomalies near
the surface before carburizing treatment.

R=25
= | %
Q —
Q
30 30

30

Figure 2. Test specimen, dimensions in mm
Sekil 2. Deney numunesi

Numunelerin 1s1l islemi, ISTAS A.S. (Izmir) 1s1l islem
tesislerinde, gaz atmosferinde, Sekil 3'de verilen programa
gore yapilmistir. Sementasyon islemi yapilan numunelerin
1s1l iglem ortami, sicakligi ve siireleri Cizelge 2'de
verilmektedir.

Table 2. Heat treatment process of the specimens
Cizelge 2. Numunelerin 1s1l islem programi

Carburizing programs, as shown in Figure 3, were
carried out in gas atmosphere at heat treatment plant of
ISTAS A.S. The condition of heat treatment, time and
temperature of carburizing of the carburized specimens are
given in Table 2.
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E.Qo _,_‘3._‘8 N = == 3 O N = e == 8 n M~ SO EERS TN
5E 5 53§ 8 ES_EZ% 8588 REuvséT |E28588
< .2 O 9. 0 S o = . o B
53 = a, = H=17} = M REi= o — IZERZIL
=5 S 695 xS S S S 0322 = Zz
4 Z] 17}
=) = = O = g == = e 2 E 50 o ~ o o -
AL B ] = 5 S 5 S < =2 Qo ~ < © ~
Z @] M o2 M M — =
1 Gas atmospheres 940 °C Ya 15 2
2 Gas atmospheres 940 °C 3 30 2
3 Gas atmospheres 940 °C 5 30 2

Numunelerin sementasyon iglemindeki karbonlama gaz
atmosferi endotermik indirgeyici gaz (%33 H,, %28 CO,
%0,8 CH,;) ile propan (Cs;Hg) karisimi karbonlama
ortaminda yapilmistir. Gaz atmosferinde sementasyon
islemi yapilan numunelerde, hizli bir karbon diflizyonu
i¢in, ilk 6nce 940°C’de %1,2 C'lu bir ortamda, daha sonra
ylizey karbon miktarinin %0,8 C'u asmamasi i¢in
850°C’de %0,7 C'lu bir ortamda karbonlama islemi

Gas carburizing atmospheres consist of an endothermic
carrier gas (33% H,, 28 % CO, 0,8% CH,) that is enriched
by propan (C;Hg). During the carburizing process the
carbon potential of batch furnaces was adjusted to 1.2 % C
at 940°C for rapid carburizing rate and then reduced to
maintain the final surface carbon content of the specimens
below 0.8% C. Specimens were processed in the direct
quenched condition  from 940°C. After carburizing
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yaptlmistir.  Numuneler 850°C’den direkt sertlestirme
islemine tabi tutulmuslardir. Numuneler, gaz atmosferinde
karbonlama isleminden sonra, 60°C' deki ISORAPID
277THM hizli sogutma yaginda sertlestirildikten sonra
170°C 'de 2 saat temperlenmislerdir.

process, the specimens were quenched into high cooling
oil, named ISORAPID 277HM, at 60°C, and then were
tempered at 170°C for 2 hour.
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Tk : Carburizing temperature
Ts : Quenching temperature
Tr : Tempering temperature

/

Tk : Karbonlama sicaklig1

Ts : Suverme sicakligi

Tr: Temperleme sicakligt

Figure 3. Carburizing heat treatment cycle
Sekil 3. Sementasyon islemindeki 1s1l iglem programi

Numunelerin =~ mikrosertlik ~ degerlerinin,  optik
fotograflarmin ve kalint1 stenit miktarlarinin incelenmesi
icin numunelerin @ 6 mm ¢apindaki orta bolgesinden
numuneler alinarak incelemeler yapilmstir.

Numunelerin mikrosertlik degerleri, Officine Galileo
Microscan marka mikrosertlik cihazinda 9,81 N yik
altinda elde edilmistir.

Numunelerin ~ optik  fotograflari, Dokuz  Eyliil
Universitesi Miihendislik Fakiiltesi Metaliirji ve Malzeme
Miihendisligi Boliimii Malzeme Laboratuarindaki Nikon
Eclipse ME 600 marka metal mikroskobunda elde
edilmistir. Numuneler, mikroyapi incelemesi i¢in bakalite
alma isleminden sonra zimpara kagitlarryla
zimparalanmiglar ve kege ile parlatilmiglardir. Su verme
sonucu olugan sertlesmis bolgenin optik fotograflari,
numunelerin %2 Nital ¢ozeltisinde daglama isleminden
sonra ¢ekilmistir.

X-1s1m1 kirinimi metoduyla kalinti Sstenit miktarinin
belirlenmesi, bir malzeme X 1sinlartyla radyasyona
tabi tutulursa malzeme ig¢inde bulunan biitiin fazlarin
kristal yapilar1 tarafindan belirlenen karakteristik
difraksiyon paternleri elde edilir ve bu paternde olusan
fazlarin siddetleri (pik alanlar) malzeme i¢inde bulunan
fazlarin miktariyla orantilidir prensibine dayanmaktadir
(8,9). Asagida X-1911 kirinimi metoduyla kalmti stenit
miktarinin tespitinin genel prensipleri kisaca agiklanmistir.
X-1s1m1 kiriniminda martenzit fazlan ile ferrit fazlariin
siddetleri ayni oldugundan, asagida ferrit ve Ostenit fazlari
igin verilen esitlikler martenzit ve Ostenit fazlari iginde
gegerlidir(9). Ferrit ve Ostenit fazlarindan olusan bir
malzeme i¢in iki fazin pik siddetleri arasindaki oran,
asagidaki [3] esitligiyle verilmektedir.

Time (hour} » Zaman (b

t;: Carburizing time
t,: Holding time at quenching temperature
t;: Tempering time

t;: Karbonlama siiresi
t,: Suverme sicakliginda bekleme siiresi
t3: Temperleme siiresi

Microhardness test, optical microscopy and retained
austenite level examination were tested at 6 in mm
diameter section of the carburized specimens.

The cross-sectional microhardness of the specimens was
measured with Officine Galileo Microscan microhardness
tester with a 9,81 N load.

Optical microscopy of the specimens was obtained
using Nikon Eclipse ME 600 optical microscope at
Department of Metallurgical and Materials Engineering,
D.E.U. Optical view of case and core microstructures for
each steel were revealed by a 2 ptc nital etch on mounted
and polished specimen cross sections

In principles for retained austenite measurement by X-
ray diffraction, a unique X-ray diffraction pattern for
each crystalline phases is produced when the steel sample
is irradiated with x-irradiation due to steel contains
crystalline phases such as ferrite or martensite and
austenite. Austenite, due to its structural difference from
other phases in steel, produces a diffraction peak at
different locations than ferrite and martensite. The amount
of a phase in steel is proportional to the integrated
intensity of its diffraction peak (8,9). Measurement of
retained austenite using X-ray diffraction techniques is
briefly explained below. No distinction has been made
beetween ferrite and martensite phases due to the
theoretical X-ray diffraction intensities are nearly the
same. Here after, the term ferrite can also apply to
martensite (9). For steel contained ferrite and austenite, the
ratio of integrated intensity is given equation [3] below,
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hkl hkl
" _|[R,
hkl hkl
]7 R7
hkl hkl
Burada; [ o - Ferrit piklerinin alani, 1 y
Ostenit piklerinin alani
Va : Ferrit piklerinin hacim orani, V},:
Ostenit piklerinin hacim oran1
R ™ R ™ faktorleri  asagdaki  esitlikl
o ve ¥ aktorler1 asagidaki esitlikle
verilmektedir.
2 2M
hil IQF| pLPe )
R = 5
\%
2
Burada; |F | : Yapi faktorii. Kristal yapiya baghidir.
P : Multiplicity faktori
LP: Lorentz - polarizasyon faktori
1+cos” 26
(LP=—F—
sin” @cosd

e_ZM: Debye Waller veya sicaklik faktorii. Bu faktor,
Olgiilen siddet lizerine atomlarin termal titresimlerinin
etkisini hesaba katar. Bu esitlikte

(M = B(sin2 6’)//12 ) dir.

B : Malzeme sabitidir, 0.0037 alinabilir.
Ferrit veya martenzit ile dstenit faza sahip bir ¢elik i¢in;

Va + V}, = 1 oldugundan, yapidaki 6stenit miktari (Vy ),
asagidaki [4] esitliginden elde edilir (9).

B (Iy/Ry)
" | U,/R,)

X-15m1 kirinimi metodunda, X-iginlarmin sadece 5-10
pm derinlige kadar etkili olmasi nedeniyle, sementasyon
islemi yapilan numunelerin yiizeyindeki ve ylizeyden
istenilen derinlikteki kalintt &stenit miktarinin lgiilmesi
icin elektrolitik parlatma (electropolishing) ile istenilen
yiizey elde edilerek dlgtimler yapilmaktadir.

Bu ¢aligmadaki numunelerin kalint1 dstenit miktarlar
Proto Manufacturing Limited (Kanada) laboratuarlarinda
X-151m1 kirmimi metoduyla elde edilmistir. Numunelerin
kalint1 Gstenit miktarlarinin  Slglilmesinde  kullanilan
kirmim kosullar1 ve parametreleri;

Radyasyon : Cr,
Ka @ 2291 A,
Latis diizlemleri ve Bragg acilar :
Martenzit (200), 106°

v salinim agisi : 3°,
Filtre : Vanadyum
Ostenit (220), 128°,

3. BULGULAR VE TARTISMA

Sementasyon yapilan numunelerin yiizeyinde, yiizeye
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—= 3]

hkl
Where; [

oa
in the ferrite phase,

: integrated intensity of diffraction peak

hkl . . . . . .
1 , integrated intensity of diffraction peak in
the austenite phase

Va : Volume fraction of the ferrite plane,

Vy : Volume fraction of the austenite plane

hkl hkl
R . Ve R}, are given by,
2 -2M
il 1(1F| pLPe )
R = 5
v
2 .
Where; |F | : Structure factor, depend on crystalline
structure.
P : Multiplicity factor
LP. Lorentz - polarizasyon factor
1+cos” 26
(LP=——"—)
sin” @cosd
e_ZM : Debye - Waller or temperature factor, which is

function of (M = B(Sin2 H)/ 2,2)

B is a material constant (~0.0037 ).
For a steel which have only ferrite and martensite phases;

V,+V, =1
Then, the volume fraction of austenite (Vy) is obtained

equation [4] as follows (9),

S — [4]

Since the x-ray beam penetrates only a shallow (5-10
pm) depths beneath the exposed surface, retained austenite
distributions at surface and  subsurface layers of
carburized specimens are measured after removing layers
with electrolytic polishing.

In this study, X-ray diffraction was used to determine
retained austenite contents in the case hardened
microstructures of the carburized specimens at Proto
Manufacturing Limited (Canada) laboratories. Retained
austenite diffraction conditions and parameters of
specimens are;

Radiation : Cr,
Ko :2.291A,
Lattice plane & Bragg angles :
Martensite (200), 106°

y oscillation : 3°,
Filters : Vanadium
Austenite (220), 128°,

3. RESULTS and DISCUSSION

The hardness distribution through the carburized case
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yakin bolgelerinde ve c¢ekirdek bolgelerindeki sertlik
degerleri, etkili sementasyon derinligi, yiizeyde, yiizeye
yakin bolgelerdeki kalint1 dstenit miktarlar1 ile maksimum
kalint1 Ostenit miktarlar1 Cizelge 3.'de, numunelerin
yiizeyinden ¢ekirdegine dogru sertlik degisimleri ise
Sekil 4’de verilmektedir.

Gaz atmosferinde sementasyon yapilan numunelerin
ylizey sertlik degerleri genelde birbirine yakin olmasina
ragmen, kalintt Ostenit miktarnin fazla oldugu 1 nolu
numunedeki ylizey sertlik degeri digerlerine gore
diistiktiir. Ciinkli kalinti Ostenitin  sertligi martenzitin
sertliginden daha disgiiktiir (4, 6). Ancak, Cizelge 3 ve
Sekil 4’de goriildigii gibi, kalint1 Ostenit miktarmin en
yiiksek oldugu noktalarda numunelerin mikrosertlik
degerleri birbirine ¢ok yakin meydana gelmistir. Bunun
nedeni; mikroyapidaki metalurjiksel degisikliklerden
(karbiir vb.) kaynaklanabilir. Makalenin girig boliimiinde
aciklandigi  gibi, sementasyon islemi sonucunda
mikroyapida martenzit, kalint1 dstenit, kaba karbiirler, tane
siirt karbiirleri, fosfor segregasyonu ve ylizey oksitleri
meydana gelebilir. Kalint1 dstenit miktarinin en yiiksek
oldugu 1 nolu numunenin mikroyapisinda C miktarinin
yiiksek olmasindan dolay1 karbiirler meydana gelmis
olabilir. Bu nedenle, 1 nolu numunenin bahsedilen
noktadaki mikrosertlik degerleri diger numunelerin
mikrosertlik degerlerine ¢cok yakin ¢ikmus olabilir (1, 2, 4).
Numunelerin ¢ekirdek bolgesindeki sertlik degerleri,
numunelerin etkili sementasyon derinligi ile dogru orantilt
olarak artmustir.

and into the core, the effective case depth, retained
austenite contents at the surface and subsurface of
carburized specimens are given in Table 3, and the
hardness profile through the carburized case is shown in
Figure 4.

Although the hardness levels at the surface of gas
carburized specimens were similar to each other in
general, Specimen 1 contained high retained austenite
amounts have lower hardness level than other specimens.
Because, hardness of retained austenite is softer than
hardness of martensite (4, 6). But, as shown in Table 3 and
Figure 4, place where the retained austenite contents are
the maximum level, hardness level of specimens are very
similar to each other. This is probably due to metallurgical
transformation in the structures (as carbides). As explained
introduction of this article, martensite, retained austenite,
massive carbides, phosphorus segregation and surface
oxides may be present in the microstructures of carburized
steel. Carbides might be take place in the microstructures
of the Specimen 1 which have high retained austenite due
to high carbon content. For this reason, hardness level of
the Specimen 1 are probably similar to other specimens (1,
2, 4). There is a direct relationship between core hardness
level and the effective case depth of the carburized
specimens.

Table 3. Mechanical and metallurgical results in the microstructures of carburized specimens
Cizelge 3. Numunelerin sementasyon islemi sonras1 mikroyapida meydana gelen mekanik ve metalurjik degisiklikler

Hardness at 0.05 mm, HV1/0,05 mm’ deki sertlik]
Hardness at 0.08 mm, HV1/ 0,08 mm’ deki sertlik
Hardness at 0.1 mm, HV1 /0,1 mm’ deki sertlik

The effective case depth, (mm) / Etkili sementasyon|
Retained austenite content at surface, (%) / Yiizeydeki
Retained austenite content at 0.025 mm, (%) / 0,025
Retained austenite content at 0.08 mm, (%) / 0,08 mm’
Maximum retained austenite content, (%) / Maksimum|

S|Retained austenite content at 0.05 mm, (%) /0,05 mm’

> >
o o
b B0
.| 8] % S ls_ |5
Z ) 3 5 S S
g S E . = = = —
E | Z | 3 £ |Z2E |BE |BE |8<
g = & =~ = = = =
2 | g | z 5 (32 |SE |SE |Zk
N ~ : B = ~
2 '% i g é = :0 :0 ‘é‘
Z = 2 g 5 £ = = 5
= & kel = < = =] = 2
15} = Byt 0 A = _ :0
£ 8 = = = 3 E E =
8| £ | & |Es |23 |f5 | 2E |52 |57 |53 |53 |iE
— = — -—
& Z 3 & = & 3 G £ 3 3 g
1 740 402 740 700 660 039 30,5 358 8 256 |358
2 760 428 760 750 740 086 |156 |157 |194 |16 19,4
3 762 447 742 740 742 12 15 1,6 |11,8 |14 15
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Figure 4. Hardness profile through the carburized case of the specimens

Sekil 4. Numunelerin mikrosertlik egrileri

Sementasyon yapilan numunelerin mikroyapisinda
meydana gelen kalinti Ostenit miktarlar1 Sekil 5.’de
verilmigtir. 940°C 'de 45 dakika, 3 saat ve 5 saat
karbonlama ve ardindan su verilen numunelerin
mikroyapisinda meydana gelen maksimum kalint1 dstenit
miktarlari, sirasiyla %35.8, %19.4 ve %15 olarak
bulunmustur.

Gaz atmosferindeki sementasyon isleminde,
karbonlamadan sonraki 850°C 'de bekleme ortaminda
karbon miktarinin %0,8 C' dan daha disik diizeyde
olmasi ve dolayistyla numunelerin yiizeyindeki karbon
miktarinin diisiik olmasi nedeniyle, meydana gelen kalint1
Ostenit miktarlar1 diisiik diizeydedir. Sadece 1 nolu
numunenin mikroyapisindaki kalmtt  dstenit miktar:
fazladir. Bunun nedeni ise; 1 nolu numunede 850°C 'de
bekleme siiresinin kisa olmasindan dolay1 yiizeyin ve
ylizeye yakin bolgede karbon miktarinin %0,8 C
miktarinin altinda kalmasi igin yeterli siire verilmemis
olmasidir. Materyal ve metotta ayrintili olarak verildigi
gibi, 1 nolu numune ilk dnce 940°C’de % 1,2 C' Iu
ortamda 45 dakika karbonlama, daha sonra 850°C’de
%0,7 C' Iu ortamda 15 dakika bekletilerek ve ardindan su
vermek suretiyle sementasyon islemi yapilmisti. Bu
nedenle, numunenin kabuk bolgesindeki  karbon
miktarinin %0,8 C' dan diisiik olmasi i¢in yeterli siire
verilmediginden, yiizey ve yiizey alt1 karbon miktar1 %0,8
C' dan yiiksek olmustur. Kabuk bolgesindeki karbon
miktarinin %0,8 C' dan yiiksek olmasi nedeniyle, M; - My
sicaklik araligi disiik sicakliklara diismiis ve oda
sicakligina sogutmakla Ostenitin martenzite doniiglim
orani azaldigi i¢in mikroyapida meydana gelen kalinti
Ostenit miktar1 fazla olmustur.

Retained austenite amounts in the microstructures of
carburized specimens are shown in Figure 5. Test results
indicated that maximum retained austenite contents at the
microstructures of the carburized specimens that
carburized 45 minute, 3 h and 5 h carburizing times at
940°C were 35.8%, 19.4% and 15%, respectively.

Carburizing processes result in low amounts of retained
austenite in the surface microstructures all of the
carburized specimens due to low carbon content (< 0.8%
C) on quenching medium at 850°C. But, Specimen 1 has a
significantly higher retained austenite content than do the
other specimens. This can be accounted for in terms of the
carbon content over 0.8% C because of low holding time
at 850°C. As described material and method, during
carburizing processes of Specimen 1, the carbon potential
was adjusted to 1.2% C for 45 minimum at 940°C and
then reduced to 0.7 % C for the remaining time before
quenching. With this carburizing cycle, the final surface
carbon content of Specimen 1 may be over 0.8 % C.
Increasing carbon content of carburized case significantly
lower the martensite start temperature (M) and martensite
finish temperature (My) below room temperature. For this
reason, there were significant amounts of retained
austenite in the case of carburized Specimen 1 after they
had been quenched to room temperature.
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Figure 5. The distribution of retained austenite through the carburized case of the specimens
Sekil 5. Numunelerin mikroyapisinda meydana gelen kalinti dstenit miktarlar

Sekil 5’de gosterildigi  gibi, numunelerin
mikroyapisinda meydana gelen kalinti dstenit miktarlart
genel olarak ylizeyden igeriye dogru azalmaktadir. Bunun
nedeni; sementasyon islemi sonucunda numunelerin
mikroyapisindaki C miktarinin yiizeyden igeriye dogru
azalmasidir. Giris bolimiinde de anlatildigi  gibi,
mikroyapidaki C miktarinin  azalmasiyla martenzit
baslama ve bitis sicakliklar1 (M-My) yiikselmekte ve buna
bagl olarak da su verme sonucunda oda sicaklifina
sogutmakla mikroyapidaki kalinti  Ostenit miktar1
diismektedir. Ancak, 1 ve 2 no'lu numunelerde meydana
gelen kalinti Ostenit miktarmnin maksimum oldugu yer,
yiizeyden igerdedir. Bunun nedeni; yiizeyde meydana
gelen i¢c oksitlenme (Sementasyon islemi yapilmis
pargalarda, Cr, Si ve Mn gibi alasim elementlerinin
oksitlenmesi sonucu, yilizeyden ~5 - 30um derinlige kadar
olan mesafelerde, tane iglerinde veya tane smirlarinda,
FeOCr,03, (CruMn);04, Mn,SiO4 ve Mn,Cr;Og gibi oksit
tabakalarinin meydana gelmesine i¢ oksitlenme denir.),
dekarburizasyon ve karbiirlerden dolay: yiizeyde karbon
miktarinin bir miktar azalmasi olabilir (10, 11).

e ' 2 Y BTN =
Specimen 1/ 1nolu numune

Specimen 2/ 2 nolu numune

As shown in Figure 5, retained austenite contents of the
specimens decrease from the surface to core. This is due to
the decreasing of carbon content through carburized case.
As described introduction section, martensite start
temperature (M) and martensite finish temperature (My)
increase with decreasing carbon content of the specimens,
and then retained austenite content decreases by quenching
to room temperature. But, the maximum retained austenite
levels of Specimen 1 and Specimen 2 are just under the
surface. This is probably due to decreasing of carbon
content because of internal oxidation, decarburization
and/or precipitation of carbides at surface of specimens.
(The oxygen diffuses into carburized steel and combines
with Cr, Si, Mn alloying elements to form FeOCr,0;
(Cr;Mn);04, Mn,SiO,4 and Mn,Cr;Og which are named
internal oxidation. The oxides may form on austenite grain
boundaries or within austenite grains in ~5 - 30um depth)
10, 11).

;afh

Specimen 3/ 3 nolu numune

Figure 6. Optical microscopy view at just under surface of the carburized specimens.
Sekil 6. Sementasyon yapilan numunelerin yiizeyin hemen altindaki bolgedeki optik mikroskop gortintiileri
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Sekil 6'da sementasyon yapilmigs numunelerin optik
mikroyapilart goriilmektedir. Martenzit plakalar1 koyu,
kalintr Ostenit ise martenzit plakalar1 arasinda agik renkli
olarak goriilmektedir. Sekil 6’daki optik mikroskop
gortintiilerinde, 1 nolu numunenin mikroyapisinda
meydana gelen kalint1 dstenit miktarimin diger 2 nolu ve 3
nolu numunelerin mikroyapisindaki kalinti  ostenit
miktarlarindan yiiksek oldugu agik¢a goriilmektedir. Bu,
X-1sm1 kirmmimi metoduyla tespit edilen kalinti Ostenit
miktarlarinin sonuglartyla uyum saglamaktadir.

4. SONUCLAR

Gaz atmosferinde, 940°C 'de 45 dakika, 3 saat ve 5 saat
stireyle karbonlama yapilan ve ardindan su verilen
numunelerin mikroyapisinda meydana gelen maksimum
kalint1 &stenit miktarlari, sirasiyla %35.8, %19.4 ve %15
olarak bulunmugstur. Bu sonuglar, optik mikroskop
goriintiileriyle de uyum saglamaktadir. 45 dakika ve 3 saat
karbonlama yapilan ve ardindan su verilen numunelerde,
i¢ oksitlenme dekarburizasyon ve karbiirlerden dolay1
maksimum kalint1 Ostenit miktarlar1 yiizeyden icerde
meydana gelmistir. Kalinti Ostenit miktarinin yiiksek
olmast parcanin sertligini, asinma dayanimini ve yorulma
dayanimini azaltacagi igin, mikroyapidaki kalmti Gstenit
miktarinin  miimkiin oldugu kadar azaltilmasi gerekir.
Bunun i¢in ise; Kkarbiirleme islemi sonucunda
mikroyapidaki karbon miktarin %0.7 C’dan disiik
olmasina ve su verme sicakhiginin(T,), martenzit bitis
sicakliginin (My) altindaki sicakliklarda olmasina dikkat
edilmelidir.
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Optical microscopy view of case microstructure of
carburized specimen are shown in Figure 6. As shown, the
microstructures consist plate martensite (which appears
dark) and retained austenite (which appears white).
Differences in retained austenite are apparent: Specimen 1
has a significantly high retained austenite content than do
the Specimens 2 and Specimen 3. This results are
confirmed by the X-ray diffraction results.

4. CONCLUSIONS

Test results indicated that maximum retained austenite
contents in the microstructures of the carburized
specimens that carburized 45 minute, 3 h and 5 h
carburizing times at 940°C were 35.8%, 19.4% and 15%
respectively. This results are confirmed by the optical
microscopy view of the specimens. The maximum retained
austenite level of specimens, which were carburized 45
minute and 3 h carburizing time and quenched, are just
under the surface due to internal oxidation, decarburization
and/or precipition of carbides. Since high amounts of
retained austenite in the carburized case decrease the wear
resistance and fatigue limit of machine parts, it should be
kept to a minimum. Consequently, the carbon contents of
the machine parts must be lower than 0.7 % C level, and
quenching temperature (Ty) must be under the martensite
finish temperature (My).
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