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Table 1 Chemical composition of base materials and
filler wires

R Ni Cr Mo Mn Si
316L 10.56 17.50 2.07 1.06 0.43

™ _ _ — <0.03

Cult#z — — <0.5 <0.5
307SifE2 8.78 19.3 6.57 0.86
R P S Sn Fe Cu
316L <0.03 <003 Ah 0.05
T <0.01 <0.01 — - Akt
Cufii#z — _ < 1.0 _ Ay
307Sif%  0.014  0.004 bk —
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Table 2 Welding experiment paraments
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Macroscopic morphology of the joints achieved
by two filler wire. (a) the joints by copper filler
wire; (b) the joints section by copper filler wire;
(c) the joints by 307Si filler wire; (d) the joints
section by 307Si filler wire

Fig. 1
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Fig. 2 Characteristic microstructure of the weld prod-
uced by Cu filler wire. (a) Fe-rich spherulite; (b) in-
ternal precipitate
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Table 3 EPMA quantitative analysis results of Fe-rich spherulite

) TER T a(%)
(ACH ] HEAH
Fe Cu Cr Ni Mo
A 10.2 80.4 4.2 1.5 3.6 H He-Cu
B 48.7 2.0 26.0 2.4 20.9 o
C 66. 1 5.6 18.9 3.9 5.4 a-(Fe, Cr)
D 2.8 95.1 0.7 1.3 0.0 &-Cu
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Fig. 3 Elemental distribution of precipitate in Fe-rich
spherulite
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Various shapes of precipitates in Fe-rich
spherulites. (a) nano-sized precipitates; (b) nano-
sized and bulky precipitates; (c) nano-sized and
coarsened bulky precipitates; (d) bulky preci-
pitates

Fig. 4
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Fig. 6 Morphology of joint produced by 307Si filler wire. (a) weld zone; (b) high-magnification image of orange box in
Fig. 6a; (c) weld/316L interface; (d) high-magnification image of black box in Fig. 6¢
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Table 4 EPMA quantitative analysis results in weld zone produced by 307Si filler wire

TR a(%)

£ A REAH
Fe Cu Cr Ni Mn Si
A 63.6 7.7 17.2 7.3 2.7 1.3 v-Fe
B 9.2 79.5 3.5 4.5 2.9 0.2 e-Cu
C 64.5 2.9 25.7 3.1 2.3 1.0 a-(Fe, Cr)
D 67.5 2.5 23.0 4.6 1.3 1.1 a-Fe
E 67.3 5.6 16.9 6.6 2.5 1.1 v-Fe
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Fig. 8 Fracture morphology and fracture path. (a) frac-
ture morphology of the tensile specimen pro-
duced by copper filler wire; (b) high-magnification
image of zone A Fig. 8a; (c) fracture path of the
tensile specimen produced by 307Si filler wire
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Fig. 9 Corrosion morphology of weld zone produced by
copper filler wire. (a) weld zone; (b) high-magnifi-
cation image of black box in Fig. 9a; (c) Fe-rich
dendrite; (d) Fe-rich spherulites
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Fig. 10 Corrosion morphology of joint produced by
307Si filler wire. (a) weld zone; (b) high-magnifi-
cation image of black box in Fig. 10a; (c) Cu/
weld interface; (d) high-magnification image of
black box in Fig. 10c
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Optical micrographs of weld after immersion
corrosion test achieved by: (a) Cu filler; (b) rela-
tive depth of corrosion in weld produced by Cu
filler; (c) 307Si filler; (d) relative depth of corro-
sion in weld produced by 307Si filler

Fig. 11
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Fig. 12 Polarization curves of base metals and welds
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Table 5 Electrochemical parameters simulated from the
polarization curves of base metals and welds
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Influence of Zn evaporation on wetting of Ag-Cu-Zn
brazing alloy on TiC-Ni cermet LI Yulongl’z, Wu
Haoyuel, LEI Min' (1. Key Lab for Robot and Welding
Automation of Jiangxi Province, Nanchang University,
Nanchang, 330031, China; 2. Center for Advanced Lifecycle
Engineering, University of Maryland, Maryland, 20742, USA).
pp 1-6

Abstract:  Wetting of Ag-Cu-Zn brazing alloy on TiC-Ni
cermet was performed. The results show that continuous (Cu,
Ni) layer forms at the interface of Ag-Cu-Zn/TiC-Ni cermet at
810 “Cfor 10 min with a heating rate of 22.5 “C/min in
vacuum. The whole wetting process contains an incubation
stage, a spreading stage, a pinning stage, a receding stage, and
an equilibrium stage. The equilibrium contact angel is 27.3°.
With the increase of heating rate from 10 °C/min to 30 °C/min,
the evaporation velocity of Zn strengthens; the lasting time of
the spreading process shortens, and the amount of (Cu, Ni) at
the interface decreases. As a result, the equilibrium contact
angel of Ag-Cu-Zn on TiC-Ni cermet increases with the
heating rate. The evaporation of Zn weakens in argon. Only a
little (Cu, Ni) forms at the interface of Ag-Cu-Zn/TiC-Ni
cermet in argon, although the Ag-Cu-Zn brazing alloy
dissolves a great amount of Ni matrix. So the base diameter
firstly increases and the contact angle decreases with time, then

the base diameter almost remains unchanged, and the contact

angle increases slightly.

Highlights: The effect of Zn evaporation on the wettability
of Ag-Cu-Zn brazing alloy on TiC-Ni surface was studied at

different rates in vacuum and argon atmosphere, respectively.

Key words: Ag-Cu-Zn; wetting; TiC-Ni cermet; interface;

evaporation

Effect of ultrasonic peening on fatigue performance of
aluminum alloy FSW joints with root defects ZHAN
Rui', WANG Dongpo'’, DENG Caiyan"’, CUI Lei'’,

GUAN Wei', LIANG Hang1 (1. Tianjin University, Tianjin,

300072, China; 2. Tianjin Key Laboratory of Advanced
Joining Technology, Tianjin, 300072, China). pp 7-12

Abstract:  Four-point bending fatigue tests were carried out
to investigate the effects of ultrasonic impact treatment (UIT),
ultrasonic peening (UP) and UIT + UP on the fatigue properties
of aluminum alloy FSW joints with root “ kissing bonding”
defects, and the mechanism of the fatigue performance
improvement was defect

explored by analyzing the

morphologies, microhardness values and residual stress
distributions of the samples before and after treatments.
Compared with the result that the fatigue strength of FSW
joints treated by ultrasonic impact treatment at the root is
improved only under 2 X 10° cycles, the results show that UP
and UIT + UP can significantly improve the high-cycle fatigue
performance, and the fatigue strength is increased by 13% and
40% respectively, corresponding to 2 X 10° cycles. UIT
combined with UP cannot only form the compact work
hardening layer at the root defects of the FSW joint, increase
the microhardness, but also introduce the wider compressive
residual stress region near the weld root by UP, eliminate the

fold defects probably caused by UIT, significantly improving

the fatigue performance.

Highlights: (1) Improvements of the fatigue life of FSW
joints with the root “kissing bonding” defects were accom-
plished by ultrasonic impact techniques.

(2) Mechanisms on the enhancement of the fatigue life of FSW

joints with the root “kissing bonding” defects were explained.

Key words: ultrasonic impact treatment; FSW; root kissing

bonding defect; fatigue performance; residual stress

Effect of filler metals on microstructure and properties of
T2 copper/316L stainless steel GTAW joint ZHU
Yuanhao, WU Baosheng, GUO Baizheng, LI Peng, DONG
Honggang (Dalian University of Technology, Dalian, 116024,
China). pp 13-21

Abstract: T2 copper/316L stainless steel dissimilar joints
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were produced by gas tungsten arc welding with Cu filler wire
and 307Si filler wire, respectively. The effect of filler metals
on microstructure, mechanical properties and corrosion
resistance of the joints was investigated. The microstructure of
copper/steel weld was largely affected by liquid phase
separation between iron and copper. When Cu filler wire was
used, Fe-rich spherulites formed by Fe-Cu primary liquid phase
separation distributed in the weld. Inside the Fe-rich

spherulites, minority Cu-rich spheres formed by secondary
liquid phase separation. However, when 307Si filler wire was
used, the primary liquid phase separated Cu-rich spherulites
showed no characteristic of secondary liquid phase separation.
The tensile specimens achieved by both filler wires fractured at
HAZ on the copper side, and the strength of each joints reached
at least 80% of Cu base metal. Dimples and stretched zone
were distributed on the fracture, showing the ductile fracture
mode. Compared to the joint achieved by 307Si filler wire, the
joint achieved by Cu filler had larger corrosion depth and
corrosion current density, showing an inferior corrosion

resistance.

Highlights: (1) Defect-free copper/steel GTAW joints were
produced by Cu filler wire and 307Si filler wire, respectively.
(2) The microstructure formation mechanism of copper/steel
joint was analyzed based on the Fe-Cu liquid phase separation
theory.

(3) The effect of microstructure inhomogeneity on corrosion

resistance of joints achieved by Cu filler wire and 307Si filler

wire was analyzed.

Key words: copper/steel dissimilar joint; gas tungsten arc
welding; microstructure; mechanical property; corrosion resist-

ance

Explosive welding and performance test of Aly;CoCrFeNi
high-entropy alloy/TA2 composite plate TIAN Qichao',
MA Honghao'”, SHEN Zhaowu', CHEN Zijun', ZHAO

Kai', Zhao Yang3 (1. Key Laboratory of Material Mechanics
Behavior and Design, Chinese Academy of Sciences,
University of Science and Technology of China, Hefei,
230027, China; 2. State Key Laboratory of Fire Science,

University of Science and Technology of China, Hefei,

230027, China; 3. National Key Laboratory for
Remanufacturing, Army Academy of Armored Forces, Beijing,
100072, China). pp 22-29

Abstract: High-entropy alloy (HEA) is an emerging material
which possesses great potential as a structure material, but
there are relatively few studies devoted to HEA joining
technology. The TA2 commercial pure titanium plate and
Aly ;CoCrFeNi HEA are joined by explosive welding
technology. The microstructure analysis and mechanical tests
of Aly ;CoCrFeNi/TA2 composite plate are conducted. These
results show that the Aly ;CoCrFeNi/TA2 composite plate
possesses a wavy bonding interface with a discontinuous
melted zone. Moreover, the melted zone presents a multi-
element mixed state, and a relatively uniform element
distribution occurs in the melted zone. The hardness of the
melting zone is greater than that of TA2 side and
Alj {CoCrFeNi HEA side. And it gradually decreases with the
increase of the distance from the interface. However, the
hardness of the composite plate is still higher than that of the
parent materials. Compared with the strength of the
Al {CoCrFeNi HEA plate (398 MPa), the strength of the
Aly CoCrFeNi/TA2 composite plate after explosive welding is
significantly increased (567 MPa). On the contrary, elongation
is reduced after explosive welding. The results tests show that
explosive welding is an effective method for joining TA2
commercial pure titanium with Al, ;CoCrFeNi high-entropy

alloy, and the welded composite plate shows great mechanical

performance.

Highlights: (1) The composite plate between high entropy al-
loy and titanium was fabricated by explosive welding.
(2) Through the process control of explosive welding process, a

large number of compounds at the interface are avoided.

Key words: explosive welding; high-entropy alloy; titanium

alloy; microstructure; mechanical properties

Research status and development trend of titanium/steel
bimetallic composite plates of welding HU Fengyal'z,
XU Guojing', CHEN Wei', LENG Xuesong', FU Kuijun’,
YAN Jiuchun' (1. State Key Laboratory of Advanced Welding

and Joining, Harbin Institute of Technology, Harbin, 150001,



