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Table 1 Chemical composition of TC4 titanium alloy (wt%)
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Fig.1 Dimension of the corrosion specimen
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Fig.2 Locations of residual stress measurement points
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Fig.3 Evolution of OCP of welded joints as a function of immersion

time under varying magnetic field intensities
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Fig.4 Nyquist plot of welded joints treated with different magnetic

field intensities
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Table 2 EIS fitting results of welded joints treated with different

magnetic field intensities

Qu R/
Parameter ~ R/Q-cm’ CPE-T/ CPE-P/ ’
S A0 P xpgt <107 @en

uT 59.327 8.778 9.232 0.4328
05T 58.962 7.561 9.174 1.387
1T 58.222 6.806 9.148 4.697
15T 59.625 6.645 9.418 5.296
2T 59.220 7.518 9.187 2.402
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Fig.5 Potentiodynamic polarization curves of welded joints treated

with different magnetic field intensities
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Table 3 Fitting results of potentiodynamic polarization curves of welded joints treated with different magnetic field intensities

Parameter UT 05T 1T 15T 2T
Ip/><10""A-cm’2 1.907 1.187 1.672 1.134 1.616
E J/V —-1.298 —1.142 —1.181 —0.886 -1.038
I,/x10°A-cm™ 1.118 1.315 1.724 0.7787 1.799
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Fig.6 Macroscopic corrosion morphologies of UT and 1.5 T-treated

specimens after corrosion for 20 d (a) and 40 d (b)
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Table 4 Mass loss of UT and 1.5 T-treated specimens before (M) and after (M,) HCl immersion for 20 and 40 d

20d 40d
Parameter - -
My/g M, /g Mass loss ratio/% My/g M, /g Mass loss ratio/%
uT 3.329 3.162 5.0 3.318 2.794 15.8
15T 3.090 2.989 33 3.515 3.322 5.5
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Fig.7 SEM images of corrosion morphologies of different regions in UT (a,—c,, a,—c,) and 1.5 T-treated (d,—f,, d,—f,) specimens after immersion
in 20% HCI for 20 d (a—f) and 40 d (a,—f,) (BM: base metal; HAZ: heat affected zone; FZ: fusion zone)
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Table 5 Residual stress in the x-direction before and after pulsed magnetic field treatment

Parameter Point ¢ /MPa o//MPa  Absolute value change/MPa  Ratio of absolute value change/%  Stress amplitude change

1 -110 -80 -30 -27.3 }

05T 2 24 -61 37 —154.2 i
3 -63 =51 -12 ~19.0 !

1 17 9 -8 —47.1 |

1T 2 19 18 -1 5.3 !
3 —74 -57 -17 -23.0 !

1 100 28 -72 -72.0 !

15T 2 —49 -67 18 36.7 1
3 -75 —64 —11 ~147 |

1 -21 9 -12 -57.1 |

2T 2 -76 -32 —44 -57.9 !
3 -107 -109 2 1.9 1

RO FOPHIAALIRRTE y 75 5k R N SR

Table 6 Residual stress in the y-direction before and after pulsed magnetic field treatment

Parameter ~ Point  ¢/MPa 0,/MPa  Absolute value change/MPa  Ratio of absolute value change/%  Stress amplitude change
1 57 46 ~11 -193 !
05T 2 149 135 ~14 9.4 !
3 -5 38 33 660.0 1
1 69 58 —11 -15.9 i
1T 2 187 178 -9 4.8 i
3 -33 -39 6 -18.2 i
1 75 58 -17 227 !
15T 2 112 112 0 0 -
3 -18 -17 -1 -5.6 !
1 20 12 -8 —40.0 i
2T 2 139 124 -15 -10.8 i
3 -36 -56 20 —55.6 i
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Fig.8 Variation of standard deviation of residual stress in welded joints along x (a) and y (b) directions before and after pulsed magnetic treatment
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Fig.9 KAM maps of different regions in TC4 welded joints before and after different pulsed magnetic field treatments: (a,—,) UT; (a,—¢,) 1.5 T
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Fig.10 KAM,_ & maps of welded joints before and after pulsed

magnetic field treatment
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Fig.11 Schematic diagram of extranuclear electron spin transitions

under pulsed magnetic field
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Fig.12 Distribution of low-angle grain boundaries (LAGBs) and high-angle grain boundaries (HAGBs) in TC4 welded joints before (a,—c,) and

after (a,—c,) pulsed magnetic field treatment
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Fig.13 Schematic diagrams of grain boundary corrosion in TC4 welded joints before (a,—c,) and after (a,—c,) pulsed magnetic field treatment

(blue-colored regions indicate the presence of microscopic residual stress (MRS) and the black area indicates microcracks)

4 25 i

D kg3 Ab B AT 2 35 T TCA Bk & S Ot IR B
I Pl e . A SIS R EE R T 0.5\ 1. 1.5.2 T i AL ¥R
JERPER T P R A B, R 1S TIOR3 . MR
TARMHRRE, 1.5 TR AL B BE (R DIRTE T 13 %,
1V ol R B B (U, ) PRI T 30.3% , 2450 L U5 (1)
FEAK T 40.5%, EEFRIZIE S50 F1 20 5 40 d H R B 2 43
B T 1.7%-10.3%.

2) [t A5 R 3% e P 3G N, BR AR L ) 43 A 1) DA #S B

i, BLFE IR 20T s MR s . #aim NGk
LTI B P B A AR BIR 1 U3 R 1.5 T,
T 35 2B A R A TR, T e e R 5 R A T YR A A
A, FE IR 20 S TR A ZEARRE XAl A
SRAETATAT AT FEEE A T P, Bl AR N D B A3 AT RO AR

3) ik i 3 308 3 R B e 2N B AR AL 5 4T HLBEL A7
RASE 7 BT AT RV K, A8 ) 8 - 34 i a) 72 (KAM, )
TEFERE B X R 7 4% 03 0] FEA1K 5.8%1.6.9% A1 6.0% ; 7>
FE RSB T 6.4%.6.3%.7.3%. XiLFEFEE
TR LG LR Y S , A B0 T AR T AL



* 2378 ¢

W] B RS TR

555 %

82 5 SV A RS il 2 v AR P e

SE 3

[11Gou J, Shen J Q, Hu S S et al. Journal of Manufacturing
Processes[J], 2019, 42: 41

[2] Wei G J, Tan M Y, Attarilar S et al. Journal of Materials Research
and Technology[J], 2023, 24: 5896

[3] Li Z, Zhao W, Xiao G C et al. Journal of Materials Research and
Technology[J], 2023, 24: 4300

References

[4] Fomin F, Horstmann M, Huber N et al. International Journal of

Fatigue[J], 2018, 116: 22

[5] Atapour M, Pilchak A L, Frankel G S et al. Metallurgical and
Materials Transactions A[J], 2010, 41: 2318

[6]Li C S, Du J H, Wang L et al. Materials Today Communica-
tions[J], 2025, 46: 112755

[71Xu Z Z, Dong Z Q, Yu Z H et al. Transactions of Nonferrous
Metals Society of China[J], 2020, 30(5): 1277

[8] SuR, Li H Z, Wang D R et al. Journal of Materials Research and

[12] Nicoletto G, Maisano S, Antolotti M et al. Procedia Structural
Integrity[J], 2017, 7: 133

[13] Cai Z P, Huang X Q. Materials Science and Engineering A[J],
2011, 528(19-20): 6287

[14] Xu Qingdong (¥4 45), Li Kejian(ZE 7 4&), Cai Zhipeng(%£ &)
et al. Acta Metallurgica Sinica(%:J&5HR)[J], 2019, 55(4): 489

[15]Luo S J, Yan P, Liu M et al International Journal of
Electrochemical Science[J], 2021, 16(9): 225

[16] Gong X J, Cui Y J, Wei D X et al. Corrosion Science[J], 2017,
127: 101

[17] Chen J R, Tsai W T. Electrochimica Acta[J], 2011, 56(4): 1746

[18]Shi R J, TuY Q, Gao K W et al. Corrosion Communications[J],
2022,5: 14

[19] Chen Zhe( [ &%), Xu Yangyang(75 #% 1), Yan Qiaosong( 5] 7%
¥A) et al. Rare Metal Materials and Engineering(%i i 4 J& # ¥l
5T, 2025, 54(3): 697

[20] Murr L E. Handbook of Materials Structures, Properties,
Processing and Performance[M]. Cham: Springer, 2015

[21] Liu F L, Chen Y, He C et al. Materials Science and Engineering
A[J], 2021, 811: 141049

[22] Yan M, Wang C, Luo T J et al. Acta Metallurgica Sinica-English
Letters[J], 2021, 34: 45

[23]Zeng B, Xie Z Q, Li Q et al. Rare Metal Materials and
Engineering[J], 2023, 52(12): 4055

Technology[J], 2024, 30: 6753
[9] Zhou Y, Wang K, Sun Z G et al. Journal of Materials Processing
Technology|[J], 2022, 306: 117607
[10] Santos L M S, Borrego L P, Ferreira J M A et al. Theoretical and
Applied Fracture Mechanics[J], 2019, 102: 10
[11] Xu W, Sun S, Elambasseril J et al. JOM[J], 2015, 67: 668

Effect of Pulsed Magnetic Field Treatment on Corrosion Resistance of TC4 Titanium
Alloy Laser-Welded Joints

Wu Biao', Zhu Ziyu', Zhong Yizhen®, Chen Zhe', Zhang Lin', Wu Mingxia', Liu Jian'
(1. School of Mechanical Engineering, Sichuan University, Chengdu 610065, China)
(2. AVIC Chengdu Aircraft Industry (Group) Co., Ltd, Chengdu 610000, China)

Abstract: The thermal effects of TC4 titanium alloy during laser welding induce microstructural heterogeneity and residual stress in the weld
joint, significantly compromising its corrosion resistance. This study investigated the influence of pulsed magnetic field treatment with varying
intensities (0.5, 1, 1.5, and 2 T) on the corrosion behavior of welded joints. Results show that magnetic field treatment effectively enhances
corrosion resistance, with optimal performance achieved at 1.5 T. Compared to untreated specimen, the 1.5 T-treated specimen exhibits remarkable
improvements: polarization resistance (R) increases by 13 times, corrosion current density (/,,,) decreases by 30.3%, passivation current density
(1,) reduces by 40.5%, while mass loss rates after HCl immersion for 20 and 40 d decrease by 1.7% and 10.3%, respectively. The decrease in
homogeneity index (D-value) of residual stress distribution show a trend of initial increase followed by decrease with ascending magnetic
intensity. At 1.5 T, the D-value reduction in x-direction reaches 27.92%, corresponding to optimal energy matching between magnetostrictive
effects and dislocation motion. Beyond 1.5 T, magnetostriction saturation induces lattice distortion and dislocation pile-ups, diminishing stress
redistribution efficiency. Magnetic treatment facilitates dislocation migration and annihilation, reducing local strain (5.8% —6.9% decrease in
KAM, ) and residual tensile stress (72.0% reduction). This process alleviates stress concentration and decreases the proportion of low-angle grain
boundary, effectively releasing type II internal stresses and decreasing corrosion susceptibility. This research proposes an innovative, cost-
effective, and eco-friendly post-processing strategy for titanium alloy welded structures.
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