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Abstract: Ferritic stainless steel 446, due to its good corrosion resistance and low cost, has broad application prospects in
fields such as fuel cell bipolar plates. However, extremely thin plates are prone to grain coarsening and post-welding defor-
mation during the welding process, limiting their application. This study aims to explore the effects of adding four activators
- Ce0,, TiO,, Si0,, Y,0; - during the pulsed laser welding process on the microstructure, electrochemical corrosion perfor-

mance, mechanical properties, and post-welding deformation of 0.1 mm thick ferritic stainless steel 446 welding joints. The
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research found that the addition of activators significantly improved the phenomenon of grain coarsening, among which TiO,
had the best effect, followed by CeO, and Y,0s, with SiO, having the weakest effect; the addition of Y,O; led to the forma-
tion of acicular ferrite structure. Activators enhanced the electrochemical corrosion performance of the welding joints, with
TiO, having the best effect, followed by CeO, and Y,0s, and SiO, having the weakest effect; activators promoted the forma-
tion of passivation films and inhibited the precipitation of carbides at the grain boundaries, improving the material's corro-
sion resistance. Activators reduced the microhardness of the welding joints, among which TiO, had the most significant ef-
fect, followed by CeO, and SiO,, while Y,0; increased hardness due to the formation of acicular ferrite; activators refined the
grains, reducing the hardening phenomenon, enhancing electrochemical corrosion performance and mechanical properties,
and decreasing post-welding deformation. Activators reduced the post-welding deformation of the welding joints, mainly at-
tributed to the fact that activators improved the material's absorption efficiency of laser energy, reducing the heat input during
welding, thereby reducing deformation caused by uneven heating. This study provides a theoretical basis and engineering ap-
plication scheme for grain refinement and performance improvement of ferritic stainless steel 446 welding joints.

Keywords: pulsed laser welding; 446 ferritic stainless steel; ultrathin plate; activating agent; grain refinement
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Table 1 Chemical Composition of 446 Ferritic Stainless Steel (wt. %)
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Table 2 Electrolyte composition (mol/L,pH=3. 5)
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Table 3 Penetration and width of different welded joints

AR JRAE TE R /mm JREEVRFE /mm
ARBN 0.39 0.16
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Table 5 Dynamic potential polarization parameters of different

welded joints
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Fig.9 Microhardness values of different welded joints
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Fig. 10 Macroscopic morphology of tensile fracture of different

welded joints
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Table 6 Shear strength of different welded joints
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Fig. 11 Post-weld deformation of different welded specimens

FERYAR I A28 A BTy )s , 2898 7™ B X A4t A
R A A ORI AR S o 3 AR RS2 W BO6 5 AR A
HAEM, B2 AR EOG RE B B ISR R Al A
AP AR TR X, PR AER R B
TiO- T AL G 5 1 A RLXAHBOGHE f IR, H i T
G BT IRRR R SRR % B, DTS i 42 5
FRIEIERN o (EASE R, HIE 6 AT LB,
FHIE AR AT ARSI A% I TR, 30 B IR 3R e AR 42
B AT IR B /N B BT o I A BRI, R
PR3 AR PO A R A B FE U/ | DT 2
T BEAA S S BRI A A

3 g

A SCEERF 0.1 mm R 446 4 A 455 5 i 3l
WAL T Ik op OGRS, b i AR Sk I 4 4
EYEfE, IEESERTINA CeO, . TiO, Si0, . Y0, PUFiE
R30I WFFE T 16 AL AR KR 1 S TMOUL A 2 FLfb 2

JE Bl PERE L 12 M RE A S AT RS R . XA AE
DL 446 Bk R ARG BVE hy MU A R} i) 1o FH 45 k0]
0, R IR AR T A e SR L L Tt (PEMIFC) €3k
T ACT I ART DA R R Ak 30 5 0 i e et 42
FESPERE , PR A I A7) B4 AR Sk U AR
M AT DL 2 R A T4 v rL b M R

(1) DU £ 035 0] LA ik o AR 42 3k 1) &y
R EI 40 AL, Hor TiO, & B AR i i B B, CeO,
Y,0, i kIR 22, Si0, 4L AU e 55 , Y,0, 16 1L 57
(S Il RSk P A AR R R AR

(2)Ce0,.TiO,.Si0,.Y,0; L K ARG HNiEG 4571 i
WS RS RN A 24 A AR TR] , AT ok
PERER AR o KR Sk W s AL 2= P Bl g 1 oW -
TiO, MR 3 >CeO SR 1 > Y, 0, S 2234 >Si0,
SR> O IR ek

(3)446 B2 A5 A 70 MR 12 B 23 1 B4 K it
BN G, A5 4 IX 5k (3 Rl 32 R < THO, AR 48 3k <
CeO, MR HZ 3k <Si0, M S <TC IR IR 2 4 3k <
Y0 St S o AR URE AR B A3 50 Ao T 24407
P Ah T4 3k PR e DX I, 30 Sk A Ak i S 350 e
Wi , 3253k BT VI3 R TiO, 445 >CeO, 44 35>
Si0, K H 4 3k > T WS IR B 1 3k > Y0, St B e 3k
Y0, MR S A IR R ARy 4R B T
475 °CHafb B4 T 80K 801, I Y,0, K442
SS AL IIEVARGEE N

(4) 5 AR AT AR = i RO g £ A TR A
B B T A v AR TR DR, DA TN AR

JRAE A

SE

[1] Carmezim M J, Simoes A M, Montemor M F, et al. Ca-
pacitance behaviour of passive films on ferritic and aus-
tenitic stainless steel [J]. Corrosion Science, 2005, 47
(3):581-591.

[2] SunM,LiuS,Cheng Y,et al. Microstructure character-
istics and mechanical properties of the thin—plate AISI
430 ferritic stainless steel joints by interrupted pulsed
arc welding[J].Journal of Materials Research and Tech-
nology,2022,21:4500-4511.

[3] Zhang Q, Liu J, Chi H, et al. Effect of beam oscillation
on the mechanical properties of fiber-laser—welded thin—
plate X2CrTiNb18 ferritic stainless—steel joints[J]. Op-



553 1]

BRI, 2 o AR AR 0] R AR K O R AR He Sk AR

PERERY SR 57

(5]

(8]

[11]

tics & Laser Technology,2022,156:108481.

TRELET, HERR, R, A5 L A AN 443 2R R
A A LUERERY W [T ], SR 42540, 2013, 34
(04):15-18+34.

ZHANG H X, PEI F F, WANG Z B, et al. Effect of heat
input on microstructure and mechanical properties of
ultra—thin 443 ferritic stainless steel[J]. Transactions of
The China Welding Institution, 2013,34(04) : 15-18+34.
Parshin S G, Parshin S S, Burkner G, et al. Effect of ul-
trafine particles of activating fluxes on the laser weld-
ing process [J]. Welding international, 2011, 25 (7) :
545-549.

Ma M, He C, Chen L, et al. Effect of W and Ce addi-
tions on the electrochemical corrosion behaviour of
444-type ferritic stainless steel[J]. Corrosion Engineer-
ing, Science and Technology,2018,53(3):199-205.
SKEEAERE VRIS, A UK R AORN AN AR
H kMR Stk vEe (1], 4%k, 2012,33(12)
18-22.

ZHANG Y,QIN Z X, XU H J, et al. Microstructure and
corrosion resistance of welding joints of economic fer-
ritic stainless steel[J]. Transactions of The China Weld-
ing Institution,2012,33(12) :18-22.

g 30, AL N, 45 ISR R AR AR 4N A-
TIG 42 3k I IR M AH 2L RB A9 (1] R 95 U LR,
2022,14(10):105-112.

ZHU J W, LI J,YANG C G, et al. Study on Penetration
Depth and Microstructure Properties of Ferritic Stain-
less Steel A-TIG Welding Joint [J]. Journal of Net-
shape Forming Engineering,2022,14(10):105-112.
Barbaro F J, Krauklis P, Easterling K E. Formation of
acicular ferrite at oxide particles in steels[J]. Mater Sci
Technol, 1989,5(11):1057

XS/INGE , TR, 220, 55 A A FRE v e X i
WEFIRER R AIE L 520 [T, JE st RHE R 2440
2012,34(05) : 535-540.

DENG X X, WANG X H,JIANG M, et al. Effect of in-
clusions on the formation of intra—granular acicular fer-
rite in steels containing rare earth elements[J]. Journal
of University of Science and Technology Beijing,2012,
34(05) :535-540.

FL Ml RATET , BRTT L 55 . B AL XS 00Cr21NiMnS
MO2N 5 5 F BURH AN 45 04 S 7 J22 10 FE ol 2 B 114 52 vl
(I 1. A g ok 5 B 4241, 2022, 42(06) : 1027-1033.
BAOY F,WU ZY,CHEN Z,et al. Effect of Sensitiza-

tion Treatment on Electrochemical Corrosion and Pit-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

ting Corrosion of 00Cr21NiMn5Mo2N Stainless Steel
[J]. Journal of Chinese Society For Corrosion and Pro-
tection,2022,42(06) : 1027-1033.

INECHN, ARFE, A df, A5 . =R HIASEE B9 A Jey 3
PRPERELT ] BOBHITIE A4, 2017,31(09) : 665-671.
SUNJL,ZOU D, JIN J, et al. Localized Corrosion Re-
sistance of Three Commonly-used Stainless Steels[J].
Chinese Journal of Materials Research,2017,31(09) :
665-671.

AL, 8K BRI, 55 i £OTER Y X 0Cr13 A
FAHL L E I ERERE I [T ]. 8B, 2010,45(04) «
65-67+79.

ZHAO L L, WANG J F,MA Y L, et al. Effect of Rare
Earth Y on Microstructure and Corrosion Property of
0Cr13 Stainless Steel[J]. Iron and Steel,2010,45(04) :
65-67+79.

W -, 2[RI, KSR S, 45 . A A XA FH 440 MPa
PARA 4 E R IR A L LR PERR 2 [T ). A58
2F4%,2023,44(08) : 74-82.

ZENG D P,AN T B, ZHENG S X, et al. Effect of heat
input on microstructure and properties of weld seam of
marine 440 MPa grade HSLA steel[J]. Transactions of
The China Welding Institution,2023,44(08) : 74-82.
W RS R, A SRR PR B AT S 0
[J]. &)@~ ,2020,56(04) : 601-618.

PENG Y, SONG L,ZHAO L, et al. Research Status of
Weldability of Advanced Steel [J]. Acta Metallurgica
Sinica,2020,56(04):601-618.

Yi P, Du X, Kan Y, et al. Modeling and experimental
study of laser welding distortion of thin metallic bipolar
plates for PEM fuel cells [J]. international journal of
hydrogen energy,2015,40(14) :4850-4860.

Ff ST BE . A e Tt AN 5 0 DU A SO B R T
ZWEFEID]. IR IR LT 2B, 2021

XIAO C Y. Research on the laser folding welding pro-
cess of the fuel cellstainless steel ultra—thin bipolar
plate [J].Hunan: Hunan Institute of Science and Tech-
nology,2021.

PG, M, SRR, 25 . TIO, TG PERI X A A O
T S5 B T AR R S SO B S e [ )RR
2016,37(10):109-112.

LUO Y, XIE X J,HAN J T, et al. Influence of TiO 2
activating flux on acoustic emission effect in pulsed la-
ser beam welding of stainless steel[J]. Transactions of
The China Welding Institution,2016,37(10):109-112.

i ML : http : //www.71dhj.com



