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Fig. 2 Characterization of the substrates by XPS. (a) Cu

substrate; (b) IMC substrate
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Fig. 3 Variation of contact angles and normalized contact radius with time of molten pure Sn on the surfaces of Cu and

IMC substrates. (a) contact angle v.s. ¢; (b) normalized contact radius v.s. ¢
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Fig. 4 Cross-sectional views of interfacial structure. (a) position close to triple line of Sn/Cu couple; (b) position at the
central interface of Sn/Cu couple; (c) position close to triple line of Sn/IMC couple; (d) position at the central
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thermal cycling were studied by in situ observation method
using laser confocal microscope. The results show that the
transformation from ferrite and pearlite to austenite is occurred
while the heating temperature rises to 860 ~ 980 °C during
thermal cycling. The austenite grain begins to grow obviously
while the temperature reaches 1 100 “C. At the temperature
range of 1 300 ~ 1 400 °C, the grain grows rapidly with the
form of combining. During cooling process, when the
temperature declines to 1 400 ~ 1 350 °C, the grain grows
slowly with the form of grain boundary migrating. When the
temperature decreases to 660 ~ 580 °C, the austenite transforms
rapidly to bainite. The content of HAZ is mainly composed of
bainite and ferrite. The size of austenite grain determines the
maximum size of bainite. The formation, transformation and
end temperature range of austenite and bainite decreases with
the prolongation of the high temperature residence time. The
content of proeutectoid ferrite decreases first and then
increases, the content of bainite decreases, the polygonal ferrite
disappears, and the cooling structure tends to be uniform and
coarse. During the welding process, the choosing of
appropriate high temperature residence time can increase the
content of IAF in HAZ and improve the mechanical properties
of the joints.

Key words: TiNbV microalloyed steel; welding heat

cycle; welding heat affected zone; grain growth; phase trans-

formation

Effect of ultrasonic power on microstructure and proper-
ties of 2219-T351 aluminum alloy friction stir welding joint
HE Digiu', HU Lei’, ZHAO Zhifeng’, LAI Ruilin’ (1. Li-
ght Alloy Research Institute, Central South University,
Changsha, 410083, China; 2. State Key Laboratory of High
Performance Complex Manufacturing, Changsha, 410083,
China). pp 23-28
Abstract: Aluminum alloy 2219-T351plates were
welded by friction stir welding and ultrasonic assisted friction
stir welding with different power. The welding temperature
and welding pressure were investigated. Microstructure,
microhardness and mechanical properties of welds under
different ultrasonic powers were analyzed. The microstructure
and material fluidity of the weld with different ultrasonic
power were researched. Experimental results showed that
Ultrasonic energy can reduce the welding temperature and
welding force. With the action of ultrasound, the
microstructure of the weld is more uniform, and the fluidity of
the bottom material is improved. There is more residual

reinforcement phase in the weld zone. The microhardness,

tensile strength and elongation of the welded joints are all

improved under ultrasonic. All the magnitudes reached the
highest when adding 2.25 kW ultrasonic power. The highest
tensile trength is 331 MPa, which can reach about 80% of the

base metal.
Key words: friction stir welding; ultrasonic; welding

temperature; microstructure; mechanical properties

Effect of different ultrasonic action stages on grain
CHEN Qihao'?, LIN
Sanbao', YANG Chunli', FAN Chengleil, YAN Jiuchun'

(1. State Key Laboratory of Advanced Welding and Joining,
Harbin Institute of Technology, Harbin, 150001, China; 2. Jia-
ngsu University of Science and Technology, Zhenjiang,

212003, China). pp 29-32,44

crystallization in TIG weld pool

Abstract: The mechanism of the grain crystallization
in TIG weld pool under different ultrasonic action is of great
significance for optimizing the ultrasonic assisted TIG welding
process. The grain distribution characteristics in the weld of
aluminum-lithium alloy is analyzed by changing the ultrasonic
action stage and style. The results showed that the edge of the
weld is the broken columnar grain and the center of the weld is
equiaxed grain with the ultrasonic action imposed after the arc
is extinguished. The grain is equiaxed grain when the

ultrasonic action is acted during whole welding process.
Continuous ultrasonic action and transient ultrasonic action
have different effects on crystal crystallization. Continuous
ultrasonic action mainly promotes heterogeneous nucleation of
grains in weld pool for the formation of equiaxed crystal.
Transient ultrasonic action mainly broken dendrites. Ultrasonic
refinement mechanism of the grain structure in the TIG weld of

Al-Li alloy is directly related to the stage of ultrasonic action.

Key words: weld pool; ultrasonic action; grain refine-

ment; aluminum lithium alloy

Wetting behavior of CusSns IMC by molten Sn LI
Fuxiang, WANG Jianbin, YE Changsheng, LIN Qiaoli
(State Key Laboratory of Advanced Processing and Recycling
of Non-ferrous Metal, Lanzhou University of Technology,
Lanzhou,730050, China). pp 33-37

Abstract:  Wetting behavior between the molten Sn
and CugSns and Cu under the temperature 350 ~ 450 °C was
studied using the modified sessile drop method in the high
vacuum. The results show that the IMCs substrates coated with
a thin Au film have the better wettability than that of Sn/Cu
system under the tested temperatures. The oxide film on the
surface of metallic substrate is the key factor for wetting

process. The thin passivation Au film on surface after ion-

sputtering can be an effective method to improve the



2020, Vol. 41, No. 3

TRANSACTIONS OF THE CHINA WELDING INSTITUTION I

wettability and control the IMC thickness at interface. The
mechanism of wettability improvement is the reaction between
Sn and the oxide film. The precipitated IMC at interface or the
melt process of IMC is not the main factor for spreading. All
spreading dynamics show the near-linear variation, which can
be described by the reaction-limited spreading model. The
calculated wetting activation energies are 20.469 kJ/mol and

22.270 kJ/mol for Sn/CugSns and Sn/Cu, respectively.

Key words: intermetallic compounds(IMCs); wettabil-

ity; soldering

Microstructure and mechanical properties of FSW joint of
Mg/Al clad sheets CHEN Hongshengl, WANG
Wenxian’, CHEN Wei’, ZHANG Tingting', LIU Runai,
YANG Tao' (1. Taiyuan University of Technology, Taiyuan,
030024, China; 2. Shanxi Key Laboratory of Advanced
Magnesium-based Materials, Taiyuan, 030024, China). pp 38-
44

Abstract: The welding by one side and by both sides
of Mg/Al clad sheets was conducted, and the microstructure
and mechanical properties of Mg/Al clad sheets butt joints was
tested using friction stir welding method. The results showed
that with the increase of welding and rotating speed, the
good weld surface appearance was obtained and no poros-
ities and cracks were observed. The joint phase was mainly
consisted of Mg;;Al;,, Mg,Al; and MgAl phases, the size of
grain is effectively refined and the dynamic recrystallization
takes place. The formation of brittle intermetallic compounds
is benefits to the formation of the recrystallization nucleus.
Compared with joints with friction stir welding by one side, the
joints of welding by both sides has much higher tensile strength
and elongation due to the different distribution and quality of
intermetallic compounds in welding joint. Inhibiting the
formation of intermetallic compounds at the joints is beneficial
to improve the performance of Mg/Al clad sheets of FSW
joints.

Key words: Mg/Al clad sheets; friction stir welding;

intermetallic compounds; tensile strength; elongation

Microstructure and mechanical properties of aluminum/
AlSiNi/steel joint by induction brazing XUE Hongyul,
LONG Weimin', JIU Yongtao', CHENG Zhan', HUANG

Guoqinz, ZHANG Fenglin3 (1. State Key Laboratory in

Advanced Brazing Filler Metals and Technologies, Zhengzhou
Research Institute of Mechanical Engineering Co., Ltd.,
Zhengzhou, 450001, China; 2. Huaqgiao University, Xiamen,
361021, China; 3. Guangdong University of Technology,
Guangzhou, 510006, China). pp 45-49

Abstract:  The brazing performance of brazing filler

metals AlSil2 and AISiNi was analyzed by means of wetting
test and thermal analysis. The microstructure, fracture

morphology, phase composition and mechanical property of
aluminum/steel joints brazed by AlSil2 and AISiNi were
analyzed by means of SEM, EDS and tensile strength test. The
results showed that the wettability of AISiNi filler metal is
better than that of AlSil2, but the melting regions slightly
enlarged. The thickness of the intermetallic compound layer in
the AISiNi brazing joint is 8.1 pm, which is thinner and more
uniformly distributed than that in the AlSi12 brazing joint. The
Ni-containing intermetallic compounds in AlSiNi brazing joint
have better plastic toughness and stronger bonding force with
steel. As a result, aluminum/steel brazing joint with AISiNi has

higher tensile strength than that with the AISil12 joint.
Key words: aluminum and steel brazing; Al-based
filler metal; composition and morphology; mechanical prop-

erty; intermetallic compound
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Abstract: The technology of filling keyhole based on
resistance welding (FKBRW) is a new filling technology for
friction stir welding (FSW) keyhole, which can not only
achieve the purpose of removing the keyhole but also has a
positive effect on the load bearing capacity of the FSW joint.
For studying the mechanism of FKBRW, the keyholes of
2024-T4 aluminum alloy friction stir spot welding of 1.5 mm +
1.5 mm were filled on a three-phase secondary rectification
resistance spot welding machine for test equipment, and a
device monitoring the filling force dynamic behavior was built
up. The results showed that there exits two boding forms
between the plug and wall of keyhole. The melting connection
zone is in the middle of the joints, and the solid phase
connection zone is on the both upper and bottom of the
joints. The FKBRW technology is a kind of composite welding
process that the filling force from upper electrode presses the
plug into the keyhole, and the plug goes through the process of
softening and pushing and metallurgical combines fully with

the wall of keyhole in the last time.
Key words: friction stir welding; resistance welding;

keyhole; aluminum alloy; technology of FKBRW
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