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Fig. 1
MPa; (c) 0.5 MPa

Polarization curves of different zones of welded joints under different ambient pressures. (a) 0.1 MPa; (b) 0.3
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Table 2 Fitting data of polarization curve
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Fig.2 SEM images of corrosion morphology of welded joints under different ambient pressures after immersion for
different periods in simulated seawater. (a) 0.1 MPa, 15 days; (b) 0.3 MPa, 15 days; (c) 0.5 MPa, 15 days;
(d) 0.1 MPa, 30 days; (e) 0.3 MPa, 30 days; (f) 0.5 MPa, 30 days; (g) 0.1 MPa, 60 days; (h) 0.3 MPa, 60 days;

(i) 0.5 MPa, 60 days
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Fig. 3 XRD spectrum of the collected corrosion pro-
ducts of the welded joints under different ambient
pressures for 60 days of immersion in simulated
seawater
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loses the support of the binder phase and is exposed, peeling
off under the continuous attack of erosive sand, forming many
small erosion pits. With the increase of the number of hard
phases peeling off, small erosion pits gradually develop into
large erosion pits, with greater weight loss and poor erosion

resistance.

Highlights: (1) The effect of impingement angle on the
erosion resistance of supersonic flame sprayed Cr;C,-NiCr cer-
met composite coating was studied.

(2) The effect of impingement angle on the impact resistance of

the coating was explained from the perspective of erosion

mechanism.

Key words: HVOF; Cr;C,-NiCr coating; impingement

angle; erosion mechanism

Effect of heat treatment on microstructure and high
temperature properties of IC10 superalloy TLP diffusion
welding under 80 pm gap LI Qi, LIU Fengmei, YUE
Xiong, XIONG Min, YI Yaoyong, GAO Haitao (China-
Ukraine Institute of Welding, Guangdong Academy of
Sciences, Guangdong Academy of Sciences Guangdong
Provincial Key Laboratory of Advanced Welding Technology,
Guangzhou, 510650, China). pp 36-44

Abstract: The IC10 superalloy with 80 pm gap was welded
by TLP diffusion welding. The microstructure, morphology,
modulus of elasticity, microhardness, high temperature tensile
strength, high temperature durability and fracture morphology
before and after heat treatment of IC10 joints were tested by
using scanning electron microscopy (SEM/EDS), nano-indenter
and high-temperature tensile testing machine. The results
showed that when SBM-3 was used as the intermediate solder
and the gap size of the weld was 80 pum, under the welding
process conditions of 1 250 °C, 5 MPa, and 6 h, the mor-
phology and base composition of the weld seam and the base
metal were similar. After heat treatment, the tensile strength

was 268 MPa, which higher than 97.5% of base metal (275

MPa) at the test temperature of 1 100 “C. The high temperature

durability of the IC10 joints were tested, the creep time of the
joints was more than 117 h under the condition of the
temperature of 1 100 °C and the stress of 36 MPa, which was
higher than 90% of the base material. In the joint structure, a
larger volume of y + y' phase existed in the weld, and the joint
structure transitioned smoothly from the base material to the
welded joints. In high-temperature tensile and high-tempera-
ture durability tests, cracks started to expand from at the edge
of the borides and carbides as well as the edge of the
v + v’ eutectic. Heat treatment increased the elastic modulus of
the base material while reduced the elastic modulus of the
weld. The reduction of the joint elastic modulus improves the
high-temperature mechanical strength of the TLP diffusion

welded joints.

Highlights: (1) A new Ni-based intermediate layer powder
was prepared and applied to IC10 superalloy TLP diffusion
welding with the gap of 80 pm.

(2) The influence of heat treatment on the microstructure and
high temperature mechanical properties of the IC10 joints were

discussed. The high temperature mechanical properties of the

IC10 joints after heat treatment were excellent.

Key words: IC10 superalloy; TLP diffusion welding; micro-

structure; high temperature tensile; high temperature durability

Corrosion behavior of X65 pipeline steel welded joints by
hyperbaric GMAW in simulated seawater ZHANG
Zhongmingl’z, XUE Longz, LI Qilongl, HUANG Jiqiangz,
XU Chunjie1 (1. Xi ’an University of Technology, Xi ’an,
710048, China; 2. Opto-mechatronic Equipment Technology
Beijing Area Major Laboratory, Beijing Institute of Petro-
chemical Technology, Beijing, 102617, China). pp 45-50

Abstract: Hyperbaric dry GMAW is widely employed
commercially in the fabrication and maintenance of submarine
oil and gas pipelines. The corrosion behaviors of welded joint
in seawater are therefore of utmost importance in security

operation of the pipelines. The corrosion performance and

mechanism of X65 pipeline steel welded joints by hyperbaric
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GMAW under different ambient pressures (0. 1, 0.3, 0.5 MPa)
were studied by polarization curves and immersion simulation
experiments in artificial seawater. It was found that compared
with the welding base metal and welded zone, the corrosion
resistance of heat affected zone is the worst, and the ambient
pressure has little effect on the corrosion resistance of the
welded joint. Corrosion morphology and corrosion product
shows that pitting corrosion is the main corrosion form for the
welded joints, and serious local pitting corrosion occurs at the
late immersion stage. The corrosion product is composed of
FeOOH, Fe,0; and Fe;04. The corrosion product on the
surface of the welded joints can mitigate the corrosion at the
initial immersion stage. With prolonged immersion durations,
the compactness of the corrosion products layer reduces, the
metal under the layer is vulnerable to the corrosion by CI , and

thus the local pitting corrosion process is promoted.

Highlights: (1) This paper describes corrosion performance
and behavior of X65 pipeline steel welded joints by hyperbaric
GMAW in simulated seawater. It was found that the corrosion
resistance of heat affected zone is the worst, and the ambient
pressure has little effect on the corrosion resistance of the wel-
ded joint.

(2) The study reveals corrosion mechanism of the welded joint

and role of corrosion products. It was found that pitting corro-

sion is the main corrosion form.

Key words: X65 pipeline steel; hyperbaric welding; gas met-

al arc welding; corrosion resistance

Effect mechanism of Ni-P coating on the structure and
properties of Cu/Al joints HUANG Junlan', LONG
Weimin', ZHONG Sujuan', GENG Jinfeng’, DING
Tianran', QIN Jian' (1. State Key Laboratory of Advanced
Brazing Filler Metals and Technology, Zhengzhou Research
Institute of Mechanical Engineering Co., Ltd., Zhengzhou,
450001, China; 2. State Grid Henan Electric Power Research
Institute, Zhengzhou, 450052, China). pp 51-56,70

Abstract: To investigate the influence of Ni-P coating on the

interfacial reaction of Cu/Al dissimilar metal brazing, two
brazing filler metals, Zn98Al and BA167CuSi, were first used
to braze 3003 aluminum alloy and T2 copper with or without
Ni-P coating. Four different brazing joints were obtained. The
Cu side interfacial microstructure, joint shear strength, joint
fracture morphology, joint microhardness and joint bending
morphology were systematically studied. Additionally, the
joints without Ni-P coating were also used for comparison.
The results showed that the interfacial structure of the
Cu/Zn98Al/Al brazed joint was Cu/diffusion layer+8.8 pm
thickness Cus ,Zn4 Al ;. After the preparation of the Ni-P
coating on the T2 copper surface, the interfacial structure
transformed into Ni-P coating+1.5 pum thickness Al3Ni, which
leaded to the higher strength and toughness. However, the
interfacial structure of the Cu/BAI67CuSi/Al brazed joint
changed from diffusion layer+15 pm thickness CuAl, to Ni-P
coating+1.8 pm thickness CusNiAlg, which leaded to the
higher toughness but the lower strength. The effect mechanism
of Ni-P coating on the interfacial reaction of Cu/Al joint was
clarified. The mechanical properties test results were

consistent with the microstructure transition of the Cu side
interface of the joint. Finally, the interfacial reaction model of
the Cu/Al joint was established, and the influence mechanism
of Ni-P coating on the interfacial structure and mechanical

properties of the Cu/Al joint was illustrated.

Highlights: (1) The indirect brazing method of 3003 alumin-
um alloy and T2 with Ni-P coating was designed;

(2) By improving the brittleness of Cu/Al joints, the Cu/Al

joints were obtained with high strength and toughness.

Key words: Ni-P coating; Cu/Al joint; interface structure;

strength; toughness

Effect of Zn on the shear properties of Sn0.5Ag0.7Cu/Cu
joints and the microstructure of aging joints ZHANG
Min, ZHU Ziyue, XU Huanrui, WANG Gang, DU Mingke,
WANG Boyu (Xi ’an University of Technology, Xi ’an,

710048, China). pp 57-64



