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Abstract: Aiming at the problem on corrosion fatigue failure of heat exchange tube material for Concentrating solar thermal power
generation in molten aluminum silicon environment, surface modification with powder embedded aluminum and laser shock
technology is applied in AISI 321 stainless steel, and the corrosion fatigue performance under molten aluminum-silicon environment
is investigated. The results show that the aluminized layer mainly composed of FeAl intermediate compound, although can effectively
protect substrate from corrosive medium, but as a fatigue crack nucleation source, can lead to corrosion fatigue life reduced by 40%.
The surface hardness of aluminized steel is significantly improved after laser shock strengthening treatment with different power
densities, which delays fatigue crack initiation, improves corrosion resistance and reduces the influence of corrosion damage, thus
resulting in fatigue damage playing a dominant role, which increases the corrosion fatigue life of aluminized steel by 100%-200% .

Keywords: AISI 321 stainless steel; aluminizing; laser shock peening; corrosion fatigue

* K ARFIEIES (51675058, 52075048). MR AIH 114 (2018RS3073). WK 4 # & T LT 154 (21B0304) Ay B T K22 X — S RHHT 5L
EprEfEH e (20191C15) BEBHIH .
Fund: Supported by National Natural Science Foundation of China (51675058, 52075048) , Innovation Plan Project of Hunan (2018RS3073), Excellent Youth
Project of Hunan Provincial Education Department (21B0304), and Changsha University of Science and Technology Double First-Class Scientific Research
International Cooperation Expansion Project (20191C15).
20210803 W E¥fs, 20220126 W F & ik



52 1 A, S5 BEEGWOGI T 321 AN R o 55 1 R 0 R I 141

0

ol

Bt VAR T LR A, AR
PAIEIG K o 1T R AL G AT IR W HESR L,
ST R 3 ¥ R B I 1 T s 0 k. A
BT AR T TR AR R, B8 AR OK B b R R S
(Concentrating solar power, CSP) DL 4 = (it = K
LRSS, SR T AP B Y 5 I, 23 T RIS
N B ok HL 2 R R s i v e ek B g
AR RE A 4 A SR 5 . R H80% B R0 ik R
BEUFAEAR AR, & CSP BR[O R TR
CSP 11 2 LA A0 S PR IRA I R h, &%
FRCZ L 25 T T IR I 2 52 B o R B R B 45 1
JEUER], 5 S EHAE R (AISI 321 AR
A o

YEA M1k, T AR I e 2547 b (o
PR RIS AR TR T . XIANG 205 1y
75 02O SFUAIE %5 N1 (P FIE T R, BAe A0
T S AR LR T AL S, P30 HK30 4%
S FEan FBE T 4 50%. IGWEMEZIE %P5 iz gr
SRR B A LU R A S o W P A A B
JE R AR B S B E K R R % . cul )
ST S AR 5 B T o S5 A R I
SN, BLRE A A R I (A C4 F] CB)
F9R 55 a2 3 = (M 350 MPa %] 650 MPa), =i
N ER) B e 55 5 i 2 SRR T 7% 35%., MA 45
(05t E6Q0 A 7EIHFLEFR S b AL Sh Y
PG AR A A AT S RIS 2 T A - B P 4 1
FIVAR I B8k 25 A0 4 2 1) 2 B 9 30 . XU
iU IE 7 S S S IV A8 T LA R i e 2
A 7 B SR o R T N g B e R
JE A TR (2 5 8 IR R AT B AR TS 14 53 2 s
HLAPZA R IE 3 RGOS i T AR . ik, R
TS AL AISI 321 AERAN, 425 i R s
WAE R S R RS REFR AR A, 0 TR
CSP R4 e A RaE BT A A M i K- L T X,

HIIFEY, e T T A I A ey A 28R
BRI BT B A R e o ), o
LB AR T, A AR OBt T T
L R AN B DB
o, BT E PR T M, 1,
VR EAE B TR e R g 5 e e
OCAL 2D m 7 AISI 3161 A4B4N 1M 5] A
AI-BMg W2 G, A SIS SR RS T 10%,

e NaCl I (i e 25 SR EI4R 55 T 52%.
KT, HAN 226 1070 X80 403 Sk b It i
()T 24 Al-Zn 32, 5 X80 AMAREL, JLoEDy
T G A Wl 55 75 At T 50%F1 6 i . DIAB 25121
KA AR AZ3IB A4, 15 HRINGRE
J5, BHEHGRE S BT T 9.1%, TfifE NaCl BRE5
TR S A T R M. hBenl WL, B E
AR 10 55 e A7 Sk F SR B e AR

VB 5 A 1R G SR AR SR AR e
AN, L, RERE SRS
AR O Ay TR o S M R L T B . Ok
ik (Laser shock peening, LSP) 1k —FhdE%
il I T SR AR, SR s RO o s o 4
ST, ERE ST 5 NG A R ) R P 590 7
A5, DURTHRRHT 25 e AP0, LSP bk g
Sk e St VF 2 R 2 T e B R ki ik
B Sepr P il R BB
el AR R o P e, Hodr, D
PEROREI A e TR, TR B EE R E I (M 4.95 TF
%) 6.59 GW / cm®), BENIKI R (620 C) #T
PSR M 489 B T 524 MPa®, Jt4h, LSP &
T LI ok 404k o BRI 5 A 2 o B g g 2 g
EARHR Y . SCER[36]4E Y LSP BB s 5 4
1) 2 S PR A T S o £ AR 4% I )
R B AR B AR 2 . FLRT, i i
I 9T 3 Rl i Jg bl 25 7 T, S TR E A
LSP Jib HE AR AN 7 40 A BRI o i e 55 (0 9
A ARG . ASCLL AISI 321 B AR AERA MR 5T
K%, W HIBH TR A GIIBE  LSP AbTE, Uty
R R, HEAT R R A TR
TERB TR0 AN Tl e B S, 43 i
35O S AIWTE LI, A A b TS S 7 o )
FHURE, TP RERR H I 22 A2IB AT

IR R

11 H&EHE

KA AISI 321 B AR AN A i 50 JE A4 R
2z Ol 40 Wk 1 Pos. %8 (GB3075
—82 @l E 57 S TV, 9 7R )
Jy 4 mmx8mm, FrEEN 25 mm, HNET SR
FLHIT 10 —80 R P AT B S, FIR R i
PO ILHATB R BE, BRI HREEYE Fe-Al
K (68%). HHAEH] Al,Os (30%). BhiB7i NH4CI
AR (2%); AR IR SCHR[5] .



142 b =B X @ L #E

2022 4

F 1 AISI321 BREKARFRHLERS (RESE/ %)
Table 1 Chemical compositions of AISI 321 austenite
stainless steel (wt.%)

C Si Mn Cr Ni N P Ti Fe
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Fig. 1 Cross-sectional microstructure and phase analysis of AISI 321 with different surface treatment
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Table 2 Thickness of aluminized coating subjected to LSP

with a series of power densities
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Fig. 2 Distribution of microhardness along the thickness of
aluminized layer of material with different surface treatment
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Fig. 3 Corrosion-fatigue lives of AISI 321 stainless steel
encountered by combination of aluminizing and LSP in
molten Al-12Si environment under applied stress
level of 104 MPa at 620 C
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Fig. 4 Corrosion weight loss of different surface treatment materials
in molten Al-12Si environment under temperature of 620 “C
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Fig. 5 Corrosion-fatigue fracture morphologies of AISI 321 stainless steel under applied stress level of 104 MPa and temperature of 620 “C
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(e) Final fracture region

d4r Element Wit A% 2 Element Wit At
OK 06.68 12.37 OK 0372 | 0914
sk o ALK 5725 | 6287 15k , ALK 3020 | 4404 |
SiK 1023 | 1080 A SiK 0842 | 0637
oK 0670 | 0382 Crk 5283 | 3101
27 Fek 19.13 1015 1af FeK. 05.13 | 03.44
E _Matrix | Comection | ZAF E Matrix | Correction | ZAF
S ALLN S ] L — |
18F 09
09 05
si
|;;|IFe cr Fe
0710 200 300 300 500 600 7.00 800 900 106011001200 | | © 100 200 300 400 500 600 7.00 800 900 1000 1100 12.00
Enerzy (eV Energy /eV
() EDS analysis of point A in (b) {g) EDS analysis of point B in (b}

6 BRI k57 W LB Si(o = 104 MPa, T = 620 C)
Fig. 6 Corrosion-fatigue fracture morphologies of Aluminized steel under applied stress level of 104 MPa and temperature of 620 °C
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Fig. 7 Corrosion-fatigue fracture morphologies of aluminized steel subjected to 4.95 GW / cm? LSP under
applied stress level of 104 MPa and temperature of 620 ‘C
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Fig. 8 Corrosion-fatigue fracture morphologies of aluminized steel subjected to 6.59 GW / cm? LSP under

applied stress level of 104 MPa and temperature of 620 C
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Fig. 9 Schematic illustration of corrosion-fatigue performance under molten Al-12Si environment
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