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Study on Low-temperature Gas Carburlzlng of AISI304 Stainless Steel
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Abstract
Carburization is one of the surface
hardening techniques commonly wused in

industries, but the traditional high temperature
carburization (800°C~1100°C) will lead to the
precipitation of chromium carbides (Cr;Cs) onto
the grain boundaries, which will significantly
reduce the corrosion resistance of the stainless
steel.

To prevent the precipitation of the
chromium carbides, this research focuses on
utilizing a carburization technique with long
duration at low temperature, lower than or at
520°C, to increase the surface hardness of the
stainless steel. At low temperatures, substitutive

chromium atoms are not easy to move, but
interstitial carbon atoms can move more easily.
Therefore, carbon atoms can dissolve into the
stainless steel, which can increase its surface
hardness and wear resistance. In addition, the
chromium atoms within the stainless steel cannot
precipitate to become carbides; therefore,
preventing the decreasing of the corrosion
resistance of the stainless steel
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Fig 1. The diagram of activation and carburizing
for Swagelok process
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Tablel. Chemical composition of AISI 304 steel

[Elem. | C Si Mn Ni Cr Mo Fe

wt % [0.087 0.109 1.809 8.010 18.922 0.200 Bal.
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Fig 2. The microstructure of AISI 304 specimens carburized at 470°C for various time: (a) 5hr, (b) 20hr,

(¢) 40hr,(d) 60hr, (e) 8Ohr, (f) 100hr.

Fig 3. The microstructure of AISI 304 specimens carburized at 520°C for various time: (a) 5hr, (b) 20hr,

(¢) 40hr,(d) 60hr, (e) 80hr, (f) 100hr.
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Fig4. The relationship between carburized depth
and carburizing time.

4.2 FeRR T

15 1 304 1 SRS (TaEh Bk i Ay
TRUE 55 1 o H Iﬁ?ﬂ' 5(a) B HRIENE £ 470°C >
V205 20hr & o %fe?ﬁﬁ.ﬁ{l@ i'iE 650 HV g

130X 60hr I&ifgﬁﬁﬁ"ﬂ@ fi' 880 HV o * []
1% 100hr &%Fg"ﬁﬁ! i’a@ fi*3E 906 HV; ©
P R RO VIS » B
g Y A -

M S(b) £ 304 G 520°C BT Y
AR 01T IR i Bl

4= ﬁ}ﬁ& PRI 7Y e R TE'
H* ﬁ Wi 470 C%:ﬁ'[fj ﬂj‘ N I&FIJ’]{I

s ¥ 520°C V05 20hr Ao f@@ fi
$ 867 HV; ° i%ﬁr‘ 60hr Ti l:l $ 915H Vo, F’I
P 100h AT IOfIIE R 1021HV g ©

4.3 AT B TE
{5 ARSI TS 5 b
A PP B BRIES b5 7
A (Linesean) 579 ] FF - By il
éf%”a’m q%.']' 6 #4- AISI 304 %%‘f: 520°C
x80hr VRRALZE) e A BRSO 77 < 1)



[T > BER Spm RS fE 1.3wt%
I 6 R s bR e 5 2 UE%Z?% l
80 um EE[EE] 0. 1wt% ™ 7 o[ 6 iU )?E'r 7’} fii
E'hﬁ’ﬁ%ﬁ' 5 iR 5 Eﬁﬁg\y ASAHIR > it
Enﬁ‘? ‘{l@%%‘i E[”Fu“ﬁ i ﬁyﬂ, ,(u
FL%’E"* b ﬁ@*ﬂa“‘i” g1 = A IR
i%:ﬁwff M“{f{lfh FERESR T [f -
17 £%38H 55 520°C x100hr 0508 2R 51y
Linescan §§L?‘}‘*|JNF’T E[W\?%‘ﬁﬁﬁjﬁ =0 %
(el F U Hﬁilgh%ﬁlﬁﬂ AIPERL Bﬁ °
#—ﬁiﬁi AN E > 520°C it f ik
bRV I 2 B (" ?J”Jﬁfqﬁ 7y P&ﬁ#[
Er‘&uﬁlf ,;EFEJJ:H FOZR G 2 P
ARG
7 RS i
ﬁﬁlﬁﬂﬂé"”"ﬁ&iﬁ@ﬁ"? ’ %ﬁd‘i’?{ ‘;% a2
f\_ ﬁE‘IT “[ e - i e oA %W‘Lﬁ%
WIPH U#ﬁﬁﬂ/ ,Jeﬁ’%;lﬁi‘ﬁif FIEA
# U B AR -

_"'L

1000

9001 Specimen:AISI 304
"é 800 Carburized condition:
f 470Cx= 20hr
& 7007 —=—470°Cx 60hr
Z,’ 600 - —=—470Cx 100hr
o
_IE:' 5004
= 400

300 Saere

a
200 ( )

0 20 40 60 80 100 120
Distance from surface (p m)

1100
1000 Specimen:AlSI 304
"é 900+ Carburized condition:
>=' 800 - ——520C* 20hr
B 700 —=—520Cx 60hr
P 600 - —=—520Cx 100hr
2 5004
T 400
o
= 300
200 (b)
100

0 20 40 60 80 100 120
Distance from surface (p m)
Fig5. The microhardness profile of AISI 304
specimens carburized at (a) 470°C, and (b)
520°C.
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