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MIG surfacing welding process of 304L stainless steel on
T2 pure copper with addition of active flux

WANG Shuo, LIANG Jianming’, GAO Xiaogang, ZHAO Fang, LI Shuangqing
(School of Mechanical Engineering, Hebei University of Architecture, Zhangjiakou 075000, Hebei, China)

Abstract: In this paper, MIG welding was used to weld overlay 304L stainless steel on a T2 pure copper
substrate. Based on analyzing the influence of welding current and preheating temperature on the formation of the
surfacing layer, the active flux transition layer was further added. By analyzing the effect of the active flux on the
surfacing layer and the copper-stainless steel interface, it can be found that the active flux can effectively increase
the penetration depth and improve the bonding of the copper-stainless steel interface. It should be noted that Cr,O,
can not only produce arc shrinkage but also change the flow pattern of the molten pool, which is better than that
of NaF. After the addition of Cr,O, active flux, Cu-Fe in the copper-stainless steel bonding interface forms a
miscible zone, a spherical Fe-rich phase on the copper side, and a granular Cu-rich phase on the stainless steel
side. The diffusion of Cu-Fe can improve the bonding interface and avoid forming copper-infiltrated cracks. The
optimized process is as follows: adding Cr,0, active flux, the preheating temperature at 400 °C, and welding
current 320 A.

Keywords: T2 pure copper; 304L stainless steel; surfacing welding of dissimilar metals; active flux

s B H#A :2022-11-08; &[5 H A : 2023-02-12

ELTE LA 5 5 M R 2 F AR B 55 5530 H (2D2020201) 5 64 5 4 SE ARl 45 25 300 H (2021QNJS05) 53k kK rf
A RHEBIETRE 1 15 & LI H (22E50167D ) 5 W64 8 2 R E BRI 4R 2400 H (QN2020169)

BIEES PEHO972— ), B8, FEMFEHNCE SR T, &8 P RHE B R 5 HERE S AH DG T 9T TAE
E-mail:1jm19721972@163.com



% 14 5 %48

EBR L E R A E R 8 T2 S 4A MIG 3 1% 3041 REE4N T 2 519

FE PR HIE A, T2 S 2 [ N Ao & J T

BHIBE R IR T SR 6~8 15 , & iR e TAEIREE ]
FEAIR 500~600 °C, FH2ISRE [ [B] I 1] 46 %5 25 10 mm, % K
B AV 7 5k A 2 7 A1 R Al A g R
I8 GBI AT S | 5 il Ah 2 AR i, 3 S ™ o PR il
Sl Vo H R 25 1) 2, R 7 FH 3 R v 2T A D1
Jia] {1

B A B e A F R A% A O FH T 2R R SR AE T2
S LR T HEAR 3041 R, NE B HERZ T E T
P ] B I v AR 2 S T R AR
S 9 NI = A Y A S AP R NN A6 11 % N
T 5 BT HE AR 2 32 2 T4 o 32 I A R L T A
P T A Ak 2 A2 T R N B R
RS R KWK R IR RS Y B AR 2 5
L3l N L TE - T o N a1 O T B S N 20 e
T, ME LA A 1t [) BsF 5 1A 46 ) 5 7™ A 5 ] 284
o, 2 R AN G A S R BUR IR AL RS L) B R
T332

Sy 8 DR AN 5 0 S e 4 TR 5 TR M % i) A, S
PRAE T2 44 LR | HESE 3041 REEH , % FH MIG J&
(4 75 36 R AT ME R 08, JE R 98 AR B W O TR
FE 5 PR AR EE T R B 45 A BT S
A S 0 P ) e PR IR e R R A T i Bh
RS RO - AN 5 0 2 o 4 X LU 5 PR, BAIR
TR | 3k ™ A SEECHE T AR R - AN 5

SR L R T

1 SEIGERSY

1.1 ZHw

FEAAT RN T2 2l JRE R 10 mm, HAL2= 1505
W FTE . HERESLEE N TR R T RA% 4 300 mmx
100 mm=10 mm B3R o HE KR 2 A1 Rk B K PG 7
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WIEEFEAT Jo/K CaF, Cr,0, NaF ,CaCl,, (H A S5 i i 4
if fEh CaF, . CaCl, s KA il A AL B BTl 4, TR
Je P TR, A B T B SR R RS
Cr,0, . NaF Fil #J5 AN & A=A T, ] DL 2 A5 i T A
BRI 2% £ Cr,0, NaF M iG it 2 . 1%
PR ab U )2 R i M R AR A 3 o TR B e K L
RIS AR IR PR B R T iR - TR R
FEZ)28 0.5 mm, R N R B TC K £ B4% A fe BIVAT 52 91
W

R1 T2HAEENZERS
Table 1 Chemical composition of T2 pure copper

B 2 9o (J5 4 5340

JTE Cu Sn Bi Pb S P 0

/a\

99.90 —  0.001 0.005 0.005 — 0.04

-
TE " FORTF A AR IE T IR ER

F2 3ALAFENEELZERS

Table 2 Chemical composition of 304L stainless steel

EEVAAC S oig9)

JLE Ni Cr Si Mn C S p Fe
o 8.00~11.00 18.00~20.00 <1.00 <2.00 <0.03 <0.030 <0.035 Shr
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PR 2L IR 2R AR 40 1 T LU K AT 45 DR 3R B i R
LNAEH . B E R T 2 S HON Hi 400 °C,
FREEFLI 290 A, SRR 15 L/min, IR JEHE A58
P S TGRS FRTIOE AR5 5 A Cr, 0,
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Table 3 Parameters of overlaying welding experiment

SET S WHGEREE/C JREERTU/A T 1)
1 400 290 —
2 400 320 —
3 400 350 —
4 0 320 —
5 500 320 —
6 600 320 —
7 700 320 —
8 0 320 Cr,0,
9 400 320 Cr,0,
10 0 320 NaF
11 400 320 NaF
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JZ %8 b e 1R SR BMM-420V Dl 2% 5 73
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T2 SZN R 3% S 725 A% FIOR 1A WL b FOUR 25 A )2
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TR R, MEAR 2 S an 1 1 B . 4 17
ZHIRHE U 290 A B IE TR A 1.4 mm (& 1(a) ), 27
ZHAREE LN 320 A B AR R 2.7 mm (& 1(b)), 37
ZH AR N 350 A B E TR 4.0 mm (B 1(c) ).
FETUEGR BE R 400 °CHIRAS T, Bl & HL 3G RIa IR
BN, KR L K 30 A SR TRAS AL BE A AE 1.3 mm, i
HH L 5 B T HE AR 2 I TR i B . S e R E
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M pE 4 T R MEAE AR AR s B 1 (o) AT & Y, AR
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TE AR EE AT DA o R A A S O 2 0 HE R A A
B HE 1) A I, IR 350 A B, 7EHEAR
JE B b T PR MR 5 O [R] e A AR A o AR
WELRN KA 4 JE Ik, HERZ OB A R . itk f5
SLIY) LB PRIE T AR R, B 320 A

E1 AEBEFHEEEZENFIR: (a) 400 °C,290 A; (b) 400 °C,320 A;(c) 400 °C,350 A
Fig.1 Macroscopic morphology of surfacing layer at different currents:
(a) 400 °C,290 A; (b) 400 °C,320 A;(c) 400 °C,350 A
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JEE K 5] 500 °C A B, 5 V%t 2 185 0, 9 TR A T A
400 °CHAMI 1.2 mm , B 600 CRIE TR AR . 24Tl
PR B IR F 700 °CHY W5 TR BT H B0 T B L 256 HE AR
JRICART LA Y, G MR 208 98 W 2 1S . e
AR 2 (A5 A b 72 i, A MR X 3K AR B RN
B SR R 25 4 TG K I TR RIS, MERR 2T 0 S 3
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600 °CH , KR K, R TE LA B R 2 5 R 2
AP SIS, MR 2 m G . L, fER R
IS PEFIAIE BL T, TR B2 600 °CHE M 3AH

E2 AEMMEEHEEEEZINFI: (a) 0°C,320 A;(b) 400 °C,320 A;(c) 500 °C,320 A;
(d) 600 °C,320 A;(e) 700 °C,320 A
Fig.2 Macroscopic morphology of surfacing layer at different preheating temperatures: (a) 0 °C,320 A; (b) 400 °C,320 A;
(¢) 500 °C,320 A;(d) 600 °C,320 A;(e) 700 °C,320 A
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A5 b 7 R 28 11 A e S G e AR I ) O 4
WU e B e R EER R . ST 3(b)
5K 3(d), %00 Cr,0, 1 a X3 5N W, 23 2 Fhn g
BT , 156 B Cr, O, %45 1th 375 81 I 25 (1) 52 i A HE T NaF 52
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Cr,O, By HEAR 2 TR T8 LU A B, HE IR 2 5 40 R B B4
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(b) O

B3 AmmEEFIHEEEEMAIR: (a) 0°C,320 A,Cr,0,; (b) 400 °C,320 A,Cr,0,;
(¢) 0°C,320 A,NaF;(d) 400 °C,320 A,NaF
Fig.3 Macroscopic morphology of surfacing layer with addition of active flux: (a) 0 °C,320 A,Cr,0;;
(b) 400 °C,320 A, Cr,0,; (¢) 0°C,320 A,NaF;(d) 400 °C,320 A,NaF
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Fig.4 Penetration detection of surfacing layer
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Fig.5 Bonding interface between copper and stainless steel
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Fig.6 Cracks and Cu / Fe phase: (a) Copper infiltration crack; (b)Cu/Fe phase
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Table 4 Results of EDS analysis
A % (BT 4340

A B Si Cr Mn Fe Ni Cu Ta A1t
ey — 7.85 0.90 27.17 3.55 60.53 — 100.00
Cutfl — 0.89 0.81 1.80 90.27 2.31 100.00
Fe # 0.34 16.64 — 68.45 5.21 9.35 — 100.00
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Ah I RE A% O ) T S A X — Ty i Al LA
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Fig.7 Distribution of Cu/Fe in bonding interface
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