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Table 1 Main composition of copper tungsten alloy and

20 steel (/%)

Material Cu C Si Mn P S Ni Cr Fe W

WCu/ 30 - - - - - - - - Bal
20 steel 0.17 0.20 0.25 0.48 0.0130.013 0.03 0.04 Bal.
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Fig.1 Schematic diagram (a) and appearance (b) of tensile test

pieces
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Fig.2 OM interface structure (a) and XRD pattern of the
interface (b) of directly connected CuW/20 steel
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Fig.3 Interface microstructures of integral materials containing
Cu-Cr sandwich (a); cross section microstructure along the

A-A line in Fig.3a (b)
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Table 2 EDS analysis results of regions marked in Fig.3b
(/%)
Region C Fe Cr Cu W

B 12.89 75.11 0.34 10.22 0
C 10.45 8.01 0.21 77.98 0
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Fig.4 XRD pattern of the interface in Fig.3b
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Fig.5 Interface microstructures of CuW/20 steel containing Cu-2% Cr intermediate layer at temperature of 1200 C (a), 1250 C (b),

and 1380 C (¢)
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Fig.6 Testing locations of interface area microhardness
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Fig.7 Microhardness distribution of interface area in Fig.6
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Fig.8 Microhardness testing locations of transition layer
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layer at different temperaturesin Fig.8 (MPa)

Region 1200 C 1250 C 1380 C
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B 1638.56 1592.5 1664.04
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Fig.9 Stress-strain curves of tensile specimen
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Fig.11 Tensile fracture morphologies of CuW/20 steel integral material at different temperatures: (a) 1200 °C, (b) 1250 C, and (c) 1380 C
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Liquid Phase Diffusion Bonding of CuW/20 Steel Bimetals

Liu Yongding, Yang Xiaohong, Liu Zixian, Liu Jiahui, Xiao Peng, Liang Shuhua
(School of Materials Science and Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: The direct diffusion bonding of CuW alloy and 20 steel was investigated. Results show that the thin layer with brittle Fe; W
intermetallic compound is produced at the interface of CuW/20 steel integral material near the CuW alloy side, which deteriorates the joint
bonding quality. In order to solve this problem, Cu-2wt%Cr interlayer was introduced to into the CuW alloy/20 steel integral materials at
the temperature of 1200~1380 ‘C. After adding the interlayer, a complete metallurgical transition layer was formed at the interface
between CuW alloy and 20 steel, eliminating the thin layer of Fe,W brittle intermetallic compound generated during liquid phase diffusion
bonding. OM observation results show that the interface transition layers are composed of a dark vermicular structure surrounded by a light
matrix. XRD and EDS analysis results show that the light colored matrix is copper matrix, and the black vermicular structure is iron-rich
phase. With increasing the diffusion bonding temperature, the dark vermicular structure in the interface transition layer extends from one
side of 20 steel to the copper matrix and continues to grow. When diffusion bonding occurs at 1250 °C, the dark vermicular tissue is evenly
distributed throughout the transition layer. The mechanical properties of CuW alloy/20 steel bimetals prepared at different temperatures
were tested at room temperature. It is found that the interfacial strength reaches maximum value 145 MPa at 1250 °C. SEM tensile fracture
morphologies show that the overall interface is flat without dimples, and it consists of ductile tearing edges of copper phase and flat
rich-iron phase areas.

Key words: liquid phase diffusion bonding; intermetallic compounds; transition layer; rich-iron phase; copper tungsten alloy
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