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Table 1 Element content of 316H austenitic stainless steel (w/%)

C Mn Si Cr Ni P S Mo Fe
0.04~0.10 <2.00 <0.75 16.0~18.0 10.0~14.0 <0.045 <0.03 2.0~3.0 Bal.
Liquid Na,SiOs and glass
5 powder mixture
AlLOs powder
Sample o
Chromizing agent
s
1 cm

B2 316H B AT T
Fig.2 Photograph of 316H austenitic stainless steel

K3 ik

Fig.3 Schematic illustration of pack cementation method
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Fig.4 Surface appearance of the chromizing specimens heated at
1090 °C holding for 0.5 h (a), 3 h (b), 6 h (¢), 9 h (d),
12 h (e), 15 h (f) and 20 h (g)
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Fig.5 OM images of specimens cross section heated at 1090 ‘C

for 0.5 h (a), 3 h (b), 6 h (c), 9 h (d), 12 h (¢) and 15 h (f)
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Table 2 Relationship between thickness (X) and chromizing

time (7) of 316H austenitic stainless steel heated at

1090 C

t/h 0.5 3 6 9 12 15 20

X/um 8.88 47.59 69.93 80.25 100.8 102.96 115.94
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Bl 6 316H B ICUAEEMLEE 1090 C T 52 LR 554 A
HAE &
Fig.6 Fitting of thickness and chromizing time of 316H austenitic

stainless steel heated at 1090 C
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Fig.7 EDS line scan (a) and mapping (b) of specimen cross

section heated at 1090 C for 0.5 h

8 WFEAE 1090 CLRIE 6 h (FIE EDS 2k 414 S 14
Fig.8 EDS line scan (a) and mapping (b) of specimen cross

section heated at 1090 ‘C for 6 h
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Fig.9 EDS line scan (a) and mapping (b) of specimen cross
section heated at 1090 °C for 12 h
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Fig.10 XRD patterns of specimen surface heated at 1090 'C for

different time
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Fig.11  Surface appearance of chromizing specimen heated at

750 C (a), 850 ‘C (b), 950 ‘C (c), 1050 ‘C (d), 1150 C (e)

holding for 10 h
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Fig.12 OM images of specimen cross section heated at 850 °C (a),
950 'C (b), 1050 C (c), 1150 C (d) for 10 h
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Fig.13 Fitting of thickness and chromizing temperature of 316H

austenitic stainless steel holding for 10 h
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Fig.14 EDS line scan (a) and mapping (b) of specimen cross
section heated at 950 'C for 10 h
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Fig.15 EDS line scan (a) and mapping (b) of specimen cross

section heated at 1050 ‘C for 10 h
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Fig.16 EDS line scan (a) and mapping (b) of specimen cross
section heated at 1150 ‘C for 10 h
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Fig.17 XRD patterns of specimen surface heated at 750~1150 C
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Fig.18 Surface appearance of different positions for chromizing
specimens heated at 1050 ‘C for 10 h: (a) surface, (b) 5 pm
beneath the surface, (c) 10 pm beneath the surface,
(d) 20 um beneath the surface, (¢) 30 um beneath the

surface, and (f) 40 pm beneath the surface
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Fig.19 XRD patterns of layer-by-layer thinning of the specimen
heated at 1050 C for 10 h

NH,I—NH;+HI (g) (D
2NH;—N,+H, (g) 2
2HI+Cr—Crl, (g) +H, (g) 3)
Crl,+Fe—Fel,+[Cr] GETERS R T 4
Crl,+H,—2HI+[Cr] (5)
Crl,—I,+[Cr] (6)

T TR A i 7 A S A B A A R T AR HL
WTE RS S IR B 22, PR I IT AR 17 N9, e
B AR SRR il N ITaa IR, C 7 I SR T Ak
5 Cr JCBRAEHEAR RN i 58 )2« T 316H A
BT C ErEib, ISR — R L REIA F
10 um ZiAdio M Wil B4 e Bl N I T E I, T
Fe Ml Cr (MRl F HLARET, AP Cr JR T 1 5



* 1750 «

My @A RS TRE

50 4%

Active chromium rich surface
“ |
Austenite matrix

Active chromium rich surface

| 4 —>
carbide layer

GV i‘ Fe-Cr solid solution
Decarburized zone

Active chromium rich surface ¢
Cr decrease

—>

Chromium

|
~y Fe-Cr solid solution Fe increase
N Austenite matrix Fe
d

Fe-Cr solid solution

K20 316H R ANHINEHZTE o s 2 K
Fig.20 Schematic diagram of forming process of chromizing

layer on 316H austenitic stainless steel
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Table 3 Friction coefficient of friction and wear test

Sample 1090 'C/0.5h 1090 'C/6 h 1090 °C/12 h Matrix 950°C/10 h 1050 'C/10 h 1150 ‘C/10 h
Friction coefficient 0.0583 0.0760 0.1584 0.0902 0.0867 0.1309 0.1371
14} 1.4} b
12+ 1.2 H
w 10 1.0H
E
2 08} 0.8 |
=}
-
2 06 0.6}
s
04 | 0.4
02 | 0.2F
0.0 L A V% 0.0 = 2
Matrix 1090 ‘C/0.5 h 1090 ‘C/6 h 1090 ‘C/12 h Matrix 950 ‘C/10h 1050 C/10h 1150 C/10 h

Sample

Specimen
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Fig.21

Mass loss of friction and wear of the specimens at 1090 °C for different time (a) and different temperatures for 10 h (b)
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Effect of Reaction Temperature and Time on Microstructure of Chromizing Layer on
Austenitic Stainless Steel Matrix

Li Longbo', Li Zhengxian"z, Liu Lintao®, He Fei?
(1. Northeastern University, Shenyang 110006, China)
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: Using solid powder embedding technique, 316H austenitic stainless steel was subjected to chemical heat treatment at 1090 °C for
0.5~20 h and 750~1150 °C for 10 h. The effects of different process parameters on the structure and wear resistance of the chromizing layer
were studied. Optical metallurgical microscope (OM), electron scanning microscope (SEM), Energy Dispersive X-Ray Spectroscopy (EDS) and
X-ray diffractometer (XRD) and other analytical methods were used to study the influence of holding time and reaction temperature on the
microstructure of the chromizing layer. The influence of different technological parameters on the wear resistance of chromizing layer was
studied using friction and wear testing machine. The results show that the reaction temperature has a significant effect on the thickness of the
chromizing layer. The thickness of the chromizing layer and the chromizing time are parabolic at the same chromizing temperature. The
chromizing layer is mainly composed of Cr;Cs, Cr2C and a-Fe-Cr solid solution. In the process of chromizing, a carbon chromium layer is
formed on the surface of the sample firstly. As the reaction temperature increases or the holding time is extended, a-Fe-Cr solid solution layer
will be formed under the carbon chromium compound layer. And further increasing the reaction temperature and holding time, the carbon
chromium compound layer will gradually disappear. After chromizing, the wear resistance of the sample is significantly improved. When
chromizing at the same temperature, the shorter the holding time of the sample, the better the wear resistance; under the same holding time, the
lower the reaction temperature of the sample, the better the wear resistance.

Key words: austenitic stainless steel; solid powder embedding; chromizing layer; microstructure; wear resistance
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