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Corrosion Behavior of 3161 Steel in Pseudocritical Region of
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Abstract: To study the corrosion behavior of metal materials in the pseudocritical region of
supercritical fluid and explain the corrosion intensification mechanism in such a region, the
corrosion experimental platform of supercritical fluid reactor was used for the static corrosion test
of 3161 austenitic stainless steel for 200h under three supercritical conditions (375.6 ‘C-22.5
MPa, 405.6 C-22.5 MPa, and 405.6 “C-28.6 MPa). The corrosion behaviors of the 316L
stainless steel were analyzed by weighing with electronic balance, scanning electron microscope,
energy dispersive X-Ray spectroscopy and X-Ray diffraction. The results show that 316L
stainless steel has the highest corrosion rate and the most complex corrosion products in the
pseudocritical region (375.6 ‘C-22.5 MPa). The corrosion products in such a region are two
layers, of which the outer layer is Fe;O, and Fe, O, and the inner layer is FeCr,O,. However,

only one layer of Fe; O, is formed in the supercritical high pressure parameter region (405.6 C-
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28.6 MPa), and the inner product film has not been formed. Through the analysis of corrosion

mechanism, it is found that the physical properties of supercritical water change dramatically and

the dynamic effect is enhanced in the pseudocritical region. This phenomenon accelerates the

migration of corrosive media such as oxygen to the material matrix, and intensifies the abscission

and dissociation of corrosion products. Therefore, the corrosion of materials in the pseudocritical

region is intensified. This study provides a scientific basis for improving the corrosion resistance

of materials in supercritical fluid environment and the safe operation of supercritical system in

China.
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Fig. 1 Reactor experimental system
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Table 1 Chemical composition of 3161 austenitic stainless steel
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Fig. 2 Experimental flow chart

1.4.2 FH IR

AR S 2 BRI S U A A SN S a5 B A Y I
TP &0 PO H e iz ok o L. B 3 45 T
JKAE 22. 5 MPa il 28. 6 MPa & J7 F 199y 4 b 5 B
7246, A LR WK I 25 BE R BE L LU IS A LR B
SE )R AE 1 TR UL S A B B R A 2R AR AL R
B BE e A B B R L R X 2 T GG S X0 S 5
B o B TR B2 v T AV 78 K L B IX (AR 5L X B
T B T ORI BEAIG L T AE K HE R IX 22 5 RO XD
JUT-ANBEREE S AL . b P A W i 5L DR 28 A X
BEAR TAE AV 55 B O S R E . 78 e ) i 24K
(28. 6 MPa) T , /K 1) 4% ¥ 1t 728 Ak W 5 kg - 2%

ERIE 3161 A 45 40 78 40 1w S DX 1) J5 ok o 2
LG ASEAS [k BE L He 0 00T 9 ok 2 5, AR S 3 )k

http: // zkxb. xjtu. edu. cn

BT 3 AMFRE TS0, BDE 3 g 00 1, T80 2 F1 T
B 3.3 LUK IES BN 2 FiR .

150 8001 — P 1100 22
ol f‘ 420
_125¢ | i |is
v 600} T~ | {80 |
M 100 J Il 16
T ~ ks 5 X 114
2 715 N 12
= 10°
I 50
S 8
25 6
0 4
12
_25 0
(a)22.5 MPa £ 1 F
35 1100 722
120
30
118
T; 25 80 lis
L 214
Tei 20 <
ﬁ 60512«
15 ¥
g S0
Y ) 48
w10 1o ],
5 4
0 20 J2

(b)28.6 MPa [ /3 F
&3 G A K LA W] T 9 1 b e EE Y AR Ak
Fig. 3 Experimental flow chart physical property change

curve of supercritical water under different pressures

2 LEmARSWHE
54

R E G &5
Bl 4Ca) 51T 3161 AEEMTE 375.6 °CL22.5
MPa,405. 6 C .22.5 MPa 4 & 405.6 °C .28. 6 MPa
3R LR Bl 200 b Y A ok 5 oL ] 4 ()
BT X A, AT LR L E L 3
I S X g 28R 58T bR ol 5 S 49 4
AN B T R, B R T R AR A T 2
I S 7K 2 ACAH DX 3161 AN 85 A9 1 8 ok A9 5 o Jal

2.1




100 [ 7 . ]

PN

&

1% 556 &

& ot Jo G I R R B A 3 R 40 A% s AR A
2.21 mm/y, fETO0 1 000G 5 X . 3161 A 458

F9 JE5 ok 155 D00 i Ay 7 L HG T ol R R R 8 RO XY
1. 67 .

K2 3R DU KgAK

Table 2 Physical properties of water under characteristic working conditions
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Fig. 4 Comparison of corrosion weight gain and corrosion
rate of 3161 stainless steel under three working

conditions
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Table 3 EDX element analysis of corrosion experiment of 3161 stainless steel under three working conditions
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Fig. 6 XRD composition analysis results of corrosion
experiment of 3161 stainless steel under three

working conditions
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Fig. 7 Brief description of corrosion mechanism of

iron-based materials
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