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Microstructure of friction stir welding lap joint between
pure copper and stainless steel

HE Di-qiu, XU Shao-hua, PENG Jian-hong, WANG Jian, HE Shu-jun
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Central South University, Changsha 410083, China)

Abstract: The dissimilar metals of copper (T2) and stainless steel (304) were jointed by friction stir welding (FSW), and

the lap joints with good appearance, small deformation were obtained. The microstructure of welded joint was studied by

optical microscopy and energy disperse spectroscopy (EDS). The results show that the copper metal with good ductility

of the retreating side in the lap joint flows from top to bottom, forms layered streamline. In the interfacial region, regional

organizations with vague boundaries are generated with stainless steel metal, which has poor plasticity. On the surface in

nugget, the organization shows fine equiaxed grain, the copper side in nugget shows coarse equiaxed grain due to the

long high temperature, while the stainless steel side in nugget shows the recrystallization grains originated from the effect

of the pin end, and the organization in the juncture shows eddy overlap shape. The organization in advanced side has two

morphologies: hybrid striped strap based on steel and hybrid striped strap based on copper. In copper and stainless steel

welding process, there are some element worn from the pin tool in the stainless steel base metal.
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Table 1 Main chemical composition of copper (T2) and

stainless steel (304)

Mass fraction/%
Material
Cu Sn Pb Zn
Copper (T2) =99.90 <0.002 <0.005 <0.005
Mass fraction/%
Material
C Si Mn Cr Ni
Stainless steel e <100 <200 18 9

(304)
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Fig. 1 Appearances of friction stir welded seam of pure

copper-stainless steel: (a) Top side; (b) Flank side
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Fig. 2 Macroscopic overview of cross-section in pure copper-

stainless steel FSW joint
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Fig. 3 Microstructures of base metals in pure copper-stainless

steel FSW joint: (a) Stainless steel; (b) Pure copper
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Fig. 4 Microstructures of advanced side of pure copper-
stainless steel FSW joint: (a) Central organization; (b) Junction

organization
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Fig. 5 Microstructures of center zone of pure copper-stainless steel FSW joint: (a) Squeeze shoulder area; (b) Copper side of center

zone; (c) Junction area; (d) Stainless steel side of center zone
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Fig. 6 Microstructures of retreating side of pure copper-
stainless steel FSW joint: (a) Central organization; (b) Junction

organization
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Fig. 7 SEM images of pure copper-stainless steel FSW joint:

(a) Copper side; (b) Stainless steel side

BATRIL O TR A, IX IR I BEPE BRI S 4%
S 5 ANVERAN T LU b aRE S 5% i S A BT R ) %A
B

p=}

3 Zig

1) SRS EEAGR T 1R IEAT S A0 5 AN R AN 4 %
PR RATH, A58 T RIS R AT/

Table 2 Chemical composition of different zones in copper-stainless steel FSW joint

Mole fraction/%
Zone No. Cu Ni Fe Cr Co Mo W Ti Mn
1 10.97 10.55 58.37 16.57 - 1.11 0.77 0.33 1.33
2 61.04 3.52 25.87 7.33 - 0.66 0.54 0.25 0.79
3 6.82 9.80 62.59 17.52 - 0.85 0.78 0.26 1.38
4 34.71 6.42 44.27 12.14 - 0.54 0.85 0.09 0.98
5 95.19 0.32 2.33 0.71 - - 1.35 0.03 0.07
6 - 22.80 45.98 18.39 4.02 4.413 2.50 1.17 1.01
7 - 51.50 1.64 18.93 10.70 9.36 4.53 3.21 0.13
8 - 7.27 71.31 18.47 0.70 0.39 0.41 0.02 1.43




522 B8 9 M PSR, A% A S ANERAN SRR R B R S B AL

2613

N
o

2) #kEEATR R IR M ATRE, FER T W]

B EIRGL, T HALRTREME B T PR ZE S
i HER 5 2 AN IR B 4l o SRR XN AT R IR
TR A0 /N5 R « RELOR A S5l 0 AT 5 b
FEAT SR T i TR I TS

3) BEATEM- AN R RIAPRR RIS, A2 A5

A7 AESEP Sk BE 5 IV (K 03 0)

REFERENCES
(11 FEEEZS BTG 2 B)M]. dbat HURT TR

#t, 1992

Chinese Welding Society. Welding manual(Volume 2)[M].
Beijing: Machinery Industry Press, 1992

M AT SRR AR B M. dE st BEE il Rk, 1990:
76-83

LIU Zhong-qing. Welding dissimilar materials [M].
Science Press, 1990: 76—83.

JIRE. REGE S S SRR IM]. dbat AU R,
1988.

Beijing:

ZHOU Zhen-feng. Welding metallurgy and welding of metal [M].
Beijing: Machinery Industry Press, 1988.

gRaE K, A A6, AESCH. S AN AN I GOTUR R 1) 2 A
LU T[] MU LR 5 A 301k, 2010, 10(5): 95-96.

ZHANG Zhi-ji, JI Hua, SHAO Wen-ming. Microstructure
analysis of argon arc welding joints of copper and stainless steel
[J]. Mechanical Engineering and Automation, 2010, 10(5):
95-96.

EAHE, W, SEHRUNE A R REROR, 2002, 6:
53-54.

WANG Xiang-tian, HAO Qing-yong. Welding red copper on
stainless steel [J]. Coal Technology, 2002, 6: 53—54.

FRRE R RN 5 R[], EEOR, 1979,
1:28-32.

WANG Zhi-de. Welding stainless steel with copper by interlayer
method [J]. Welding Technology, 1979, 1: 28—32.

HEE, U, FOl. 85 AENK D). #RREE
512, 2000, 8(2): 46-50.

LU Lian-chun, NIU Ji-tai, GUO Xu-ming. Welding red copper
on stainless steel [J]. Materials Science and Technology, 2000,

8(2): 46-50.

(8]

[10]

[11]

[12]

[13]

[14]

[15]

MRTte, R, L IR, PR A/ S iie g
PR LI B L), A A SR ARk, 2010, 20(1):
211-214.

CHEN Yu-hua, DONG Chun-lin, NI Quan, KE Li-ming.
Microstructure of friction stir welding joint between titanium and
aluminum dissimilar alloys [J]. The Chinese Journal of
Nonferrous Metals, 2010, 20(1): 211-214.

LEE W B, JUNG S B. The joint properties of copper by friction
stir welding [J]. Materials Letters, 2004, 58(6): 1041-1046.
HKNIC, Wy, FERRA. A SR SRRk BRI K i AL
5% Re]. T E A 8 R #A), 2005, 15(5): 700-704.
LIU Xiao-wen, YANG Ning-ning, MU Yao-zhao. Microstructure
and mechanical properties of friction-stir welded joint of pure
copper to brass [J]. The Chinese Journal of Nonferrous Metals,
2005, 15(5): 700—704.

EAUGE, RN, A . T2 SRS H2 TR R E
PP BEEIE T 2WEAE 0], 22 N E TR 22224k, 2007, 33(1):
29-33.

WANG Xi-jing, DA Zhao-bing, LI Jing. Investigation of the
technology of friction-stir welding for dissimilar materials of T2
copper to H62 brass [J]. Journal of Lanzhou University of
Technology, 2007, 33(1): 29-33.

N, 2, PIZEMH. (BN R e R Sk B
AL BT[], FRE24R, 2007, 28(2): 17-20.

XING Li, LI Lei, KE Li-ming. Microstructural investigation on
friction stir welds of dissimilar metals between mild steel and
copper [J]. Transactions of the China Welding Institution, 2007,
28(2): 17-20.

XUE P, XIAO B L, NI D R, MA Z Y. Enhanced mechanical
properties of friction stir welded dissimilar Al-Cu joint by
intermetallic compounds [J]. Materials Science and Engineering
A, 2010: 5723-5727.

CHEN A A Z, JOS S, RINZE B. Global and local mechanical
friction stir welds with
and/orthicknesses [J]. Materials and
Materials Transactions A, 2110: 3365-3378.

WoOBk KRR, BT, TGRSR E AR R R
HIRF SR S R BET]. FJE ML, 2010, 40(6): 53-56.

SHEN Lu, CHEN Ying, GE Ji-ping, SHEN Chang-bin. Research

properties and microstructure of

dissimilar materials

status and prospect on friction stir welding of dissimilar metals
[J]. Electric Welding Machine, 2010, 40(6): 53—56.

(mig  IF458)



