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Influence of Acetylene Pressure of Low-Pressure Carburization on the
Carburizing Properties of AISI 4120 steel

Gi-Hoon Kwon"?, Yun-Ho Son?, Young-Kook Lee**, Kyoungil Moon"*
"Customized Manufacturing R&D Department R&D, Korea Institute of Industrial Technology,
Siheung 15014, Republic of Korea
2Yudin SMC Co., Korea
’Department of Materials Science and Engineering, Yonsei University, Korea

Abstract: Low pressure carburizing is an industrially adopted process to modify the mechanical properties
of the iron surface. Since acetylene gas is used as a carbon source, it has excellent carbon absorption and
uniform carburizing layer compared to other carburizing gas. The superiority of carburizing properties is
determined by the selection of process parameters such as acetylene flow rate and process pressure. The
aim of this study is to examine the effects of the pressure of acetylene as a carburizing gas on carbon trans-
fer and surface properties of carburized specimen. AlSI 4120 steel was carburized using pure acetylene at
flow rates of 10, 30 sccm and pressure conditions of 1, 5, 10, 15, 20 torr. In order to investigate the carbon
behavior according to the acetylene pressure, the mass gain of carbon was measured and the abnormal
structure formed on the surface was observed. With the experimental results, Abnormal layers such as soot
and cementite were not observed on the surface of the carburized specimens under the 10 sccm condition,
and there was no significant difference in carburizing properties according to pressure. On the other hand,
as the pressure increased under the condition of 30 sccm, the cementite fraction increased, and soot was
formed from 15 torr, reducing the overall hardness gradient.
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Table 1. Chemical composition of AISI 4120 (wt%)

o
o2
Y|
£l
o,
ne,

Compositions C Si Mn P

S Cu Ni Cr Mo Fe

AISI 4120 0.196 0.223 0.641 0.020

0.015

0.116 0.091 0.947 0.172 Bal.
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@} 1 um Diamond suspension= ©|-&3}o] HAntst &
3 % Nital §-Hof oF 1 7t FAAZ] & g3} dn|H
(MTDI, HRM-300)3} A} A2+ #wl7d (FEI Hong
Kong Company, NNS 450) o]-8-5}0] Thi ojA|x
A& Waskeitt. w5 34 el whet o
H Te2 k] Sl 2kt 24171 (Jobin Yvon,
LabRAM HR)E o851t}
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Fig. 1. Top views of carburized in specimens at 950°C according to acetylene pressures in the furnace: (a) 1 torr; (b) 5 torr;

(c) 10 torr; (d) 15 torr; (e) 20 torr.
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Fig. 2. Mass gain curves of AISI 4120 steel carburized for 300 s according to acetylene pressures: (a) 10 sccm; (b) 30 scem.
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Fig. 3. Vickers hardness distributions of AISI 4120 steel carburized for 300 s according to acetylene pressures: (a) 10 sccm;

(b) 30 sccm.
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Fig. 4. 2 Case of Carbon behavior according to acetylene pressures: (a) before abnormal layer formation; (b) after abnormal

layer formation.

Fig. 5. Optical cross-sectional metallographic pictures of the as carburized: (a) 10 scem, 1 torr; (b) 10 scem, 10 torr; (c) 10
scem, 20 torr; (d) 30 scem, 1 torr; (e) 30 scem, 10 torr; (f) 30 scem, 20 torr.
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Fig. 6. Effective case depth graph of the as-carburized specimens according to acetylene pressures: (a) 10 sccm; (b) 30
scem.

Fig. 7. Optical cross-sectional metallographic pictures of the as-carburized: (a) 10 sccm, 1 torr; (b) 10 scem, 10 torr; (¢) 10
scem, 20 torr; (d) 30 scem, 1 torr; (e) 30 scem, 10 torr; (f) 30 scem, 20 torr.

20 pm

Fig. 8. SEM images near the surface of the as-carburized specimens according to acetylene pressures: (a) 10 sccm, 1 torr;
(b) 10 sccm, 10 torr; (c) 10 scem, 20 torr; (d) 30 scem, 1 torr; (e) 30 scem, 10 torr; (f) 30 scem, 20 torr.
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