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Abstract: In order to investigate the stress corrosion cracking behavior of ultra-high strength stainless steel, the influence
of Nb microalloying on the corrosion fatigue properties of Cr-Co-Ni-Mo series ultra-high strength stainless steel was studied
by OM, XRD, TEM and other testing methods in combination with corrosion fatigue test. The results show that the steel
has stress corrosion sensitivity in 3. 5% NaCl solution, and the stress corrosion cracking mechanism of the steel was a
mixed mechanism involving hydrogen embrittlement and anodic dissolution. Niobium alloying improved the corrosion fa-
tigue performance of the steel, that is, the corrosion fatigue strength of steel increases from 440 MPa to 495 MPa after add-
ing 0. 11% Nb. The main reason is that niobium alloying refined the grain size of steel, promoted the precipitation of irre-
versible hydrogen trap of NbC in steel, and increased the amount of prior austenite grain boundaries, the proportion of low-
angle grain boundaries, the number of 33 grain boundaries, and the volume fraction of austenite in steel.
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Table 1  Chemical compositions of the experimental

steels %
IR C Cr Ni Mo Co Nb e
RN 0.12 1353 4.61 536 1455 - Bal

0.11%Nb4¥  0.12 1351 4.58 533 1457 0.11 Bal
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FE ST 12T AR NbC, A& 2(d) iR o
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Fig. 1 OM microstructures morphology of experimental

steels : (a) original steel , (b) 0. 11% Nb steel

B2 B R TEM RAESER : (a,b) IR (e, d) 0. 11%Nb
Fig. 2 TEM micrographs results of experimental steels : (a , b) original steel ; (¢ , d) 0. 11%Nb steel
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Fig. 3 XRD analysis results of the original steel and 0. 11%Nb

(110)

(311)y

0.11%Nb¥{

L (220) v

b

N

100 110 120

steel

N e dn & 4 iR, N 4 (a) Ha] LA Bl 1 0
W 7E 1000 ~ 680 MPa 141 [l A /1N, 95 57 Wi 224 Ji vk
N 4.0x10*THE 28 1.0 107, 23 A AN AE 23 <
() 52 55 38 B A 715 MPa. ML 2 T, JR 4R 89 78
3.5% NaCl ¥ T (0 9% 55 98 B I 28 B AIC, 9% 57 o JE
M 440 MPa, 29 Ry 25 KA T B 61.5 % . AHLAY
PR G R FE H BRAE 0.119%Nb 80, an &l 5 ik, Ho
0.119%Nb 0 75 25 5, Hh 1 3.5% NaCl 1% W& 9% 55 3
J& 43 51 & 800 MPa #1495 MPa. itk 7l UL, Nb 7T
F U AT DA ik 56 4N 7E 25 ORI 3.5% NaCl ¥
TR B 98 57 5 o X B A Nb BB Ingnde 1
LA, B T A AR Y R ARG AT
DL BH % 9% 55 40 24 800y P R, DT B8 5 A9 04 9% 57
PERE™
2.3 WrJEs

FILH SEM W 5 46 X 7E 25 S rh W B AL, 28
BE it R PG B 9% 57 I 24 4 R SR TR G R
JE i N AE 25 A3 (4 JL R L RL DR 11 5 40 141 6 T
Hrp E6(a) (d) (g) A J5 4k K% 57 Wi 11 24 S0 X Y
FEWIE AL, ] U 3R 1 W7 24 35 th R 5 1 5 6 6 (b)

700
(a) ; (b) * FEN
L * Al FiE ik
1000 * : ﬁﬂ
d
@ * <
E 900 E
: | :
E 300} =
R * =
= * * =
700 - ) * .
400 X . L
600 0 5.0x 10° 1.0x 10 0 5.0 10° 1.0x 10’
PEFREUN, PEFWBUN,
El4  JEHGE S-N 2k : (a)aR,, (b)3. 5% NaCl ¥
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Fig. 5 S-N curve for 0. 11%Nb steel : (a) air ,

(b) 3.5 % NaCl solution



- 106 - FFIR N

545 %

(e) (h) > ZE S0 XY Jay F8 GO T 35, AT U i s 44
FEZS TP W 2Rl R AR ) S e A
R I TREALJZ 51T B 6(e) () (1) A8y
J XU 5, AT WL 50 8 XA T 50 24 Sk o i 2 0K
FES

JFAR N AE 3.5% NaCl ¥ W H i 98 55 Wt 111 35
BI7 s BT AT, SRR B TE 3.5% NaCl i i Fl
23S P 57 W DB SRAFAE I 25 57 BNE 3.5%
NaCl I 1 284 = 2 02 R S b s | e, 4n &1
7(a) (d) () T o Bl 9% 57 2 nf IR B A , a0 2 1
SRR BAR AR R, A E T(b) (e) (h) fis o 1EAS7E
N7 0 PR P R T R % v e e g 4
FBOY R B CBi AR ) AN BRI (42 )8 36140 1
i o e b T 4 e R AR 1 PH B i ot AR
BRI % R AR AL R R . T
20y e B B W 0SB A 7 () BT 7R A b b
FUE SR A0 P 7(6) GO T 71 6 o fige LB 1 FE 300, 76 0T
fi BT 11 3 TR 3] ol L RN S84, i 2t v i AN A B
TE 241 HURVREAE | B 25 95 55 2 af IR RIS, BT 1 v —

WRLG 2, R T W 8 0 07 7 8 o L RRALE
B, B RLAS H AR AE 3.5% NaCl ¥ W H 1 17 7 J65 Tl
TFRLHLHR N B s i+ S BT R IR A L]

0.119%Nb 59 3 33| 725 LA 3.5% NaCl 7 W 1Y
P57 RSN 8 Frs . il 8 AT WL, 0.11%Nb i
1525 UM 3.5% NaCLIE R P B W 208 305 I 1R i —
2o, BIE S AOh Y B 22 el R T BRBE 51 L 3.5% NaCl
VAT A W 2R ph SR A e R
2.4 EBSD M4k

JELIR 9 A1 0.119%Nb 51 (1) EBSD 2 AE 25 543 51 4n
EIO~11 firzn . DAETO Hhml LU HY , 1 Al 06 4 1) i
22U TC WY I P T A A [ A 37 1 LY
0.119%Nb YA J B EC AR ity 5 (P P G R ) P o L
LR A=A LY Ll

K 10(a ~ o) s T PR S 4 1 SR 27 R AE
R A8 i SR C A B2 (0) 1Y E S, AT LK i 50 ol
XA/ S f B (Low-angle grain  boundaries,
LAGBs) . H £ {7+ (Medium-angle grain boundaries,
MAGBs) Fil K ffi i %+ (High-angle grain boundaries,

-
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Fig. 6 Fatigue fracture morphology of original steel in air: (a ,b ,¢) 1000 MPa;(d ,e ,f) 960 MPa; (g, h ,i) 920 MPa
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Fig. 7 Fatigue fracture morphology of original steel in 3. 5% NaCl solution : (a,b,c) 700 MPa; (d ,e ,f) 600 MPa; (g,h, i)
500 MPa
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Fig. 8 TFatigue fracture morphology of 0. 11%Nb steel in air and 3.5 wt. % NaCl solution: (a ,b ,¢) air; (d ,e ,f) 3.5% NaCl

solution
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Fig. 12 The schematic diagram of the effect of niobium alloy-

ing in ultra—high strength stainless steel on stress corrosion

cracking
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