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Table 1 Main physical properties of graphite[zo]

Fusing Thermal Surface
Property CTE Resistivity
point conductivity energy
Units °C x10°6/K W-(m-K)! mJ-m pQ'm
Graphite ~ 3650 1-3 1500-2000 40-50 7.5-50
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Figure 1 Cross section and distribution of C, Ag, Cu, and Ti elements
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Figure 2 Ultrasonic assisted brazing joint of graphite/Sn-Ag-Ti
brazing material/pure aluminum®
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Figure 7 (a) The Al4Cs phase (labeled as "a") in the
aluminum-graphite composite brazed joint; (b) Energy spectrum of
the aluminum-graphite composite brazed joint; (c) Cross-sectional
view of the laser brazed Al-Gr joint; (d) Fracture morphology of the
Al-Gr composite brazed joint!*]
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Figure 8 backscattered electron micrograph of graphite niobium

copper joint (a) Brazed joint of graphite/copper without interlayer (b)
Reaction layer formed beside the graphite substrate (¢) Brazed joint of

graphite/copper with copper interlayer (d) Brazed joint of
graphite/copper with niobium interlayer (¢) Microstructure of graphite
and niobium interlayer (f) Microstructure of niobium interlayer and

copper substrate[*$]
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Figure 9 (a) Interface morphology of Nb containing interlayer joint (b)
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Figure 10 (a) Interface morphology of Ta containing interlayer joint (b)
Ti element distribution (c) Cu element distribution (d) Ni element
distribution (e) Ta element distribution (f) C element distribution (g) V
element distribution”!
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Figure 12. Typical TEM images of the interface of the composite: (a)
overall view; (b) C-Cu interface; (c) Typical HRTEM image of the
interface of the composite; FFT results of the selected area of: (d)
copper; (e) interface; (f) crystalline graphite; (g) amorphous region!*’!
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Figure 13 Microstructure characteristics of joint interface brazed for
10 minutes at different temperatures (a) 1113 K, (b) 1143 K, (c) 1173
K, (d) 1203 K, (e) 1233 KI¢U
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Figure 14 (a) Interface microstructure of 1173 K brazed joint for 10

minutes (b) Cr element distribution (c) Ag element distribution (d) Cu

element distribution (¢) C element distribution(®"!
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Figure 17 (a) Microscopic photograph of the connection area between
chromium coated graphite and copper joint, (b) Ti element
distribution, (c) Cr element distribution, (d) Ag element distribution,

(e) Cu element distribution, (f) C element distribution, (g) EDS image

of the weld seam!™!
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Figure 18 (a) Microscopic image of the nickel coated graphite/copper
joint connection area (b) Ti element distribution (c) Ni element
distribution (d) Ag element distribution (e) Cu element distribution (f)

C element distribution (g) EDS image of the weld seam!""!
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Figure 19 (a) Microstructure of Ag Cu Ti solder metalized graphite
surface (b) Interface microstructure of brazed joint at 860 °C brazing
temperature (c) Thermal conductivity performance test results of
samplel’!!
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Figure 20 Interface evolution of brazed joint (a) Metalization (b)
Brazing (c) Diffusion (d) Solidification!™!
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Overview of Graphite and Metal Brazing
Xu Guoxuan', Chen Biwu!, Hong Xianzhi?, Chen Hui!, Li Yuanxing!*
(Key Laboratory of Advanced Technologies of Materials, Ministry of Education, School of Materials Science and Engineering, Southwest
Jiaotong University, Chengdu 610031, China)
(2. AVIC XT'AN AIRCRAFT INDUSTRY GROUP COMPANY LTD, Xi'an 710089, China)

Abstract:  Graphite is widely used in aerospace, nuclear energy, and electronic heat dissipation due to its many excellent properties, and it plays
an increasingly important role in modern industry. Achieving reliable connections between graphite, alloys, and metals is of great significance for
achieving complementary performance of heterogeneous materials and expanding application fields. However, there are some urgent problems to
be solved in the welding process between graphite and dissimilar materials, mainly including poor wetting of the brazing material, control of
interface formation of brittle phases, and alleviation of interface stress. This article reviews the research progress on brazing of graphite, alloys,
and metals, and elaborates on the effects of direct and indirect brazing methods on the joint performance of graphite and metals. It focuses on
analyzing the solutions to the problem of poor wetting of graphite using various brazing methods, and finally provides prospects for the connection
of dissimilar materials.
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Corresponding author: Li Yuanxing, Ph. D., Professor, School of Materials Science and Engineering, Southwest Jiaotong University, Chengdu

610031, P. R. China, Tel: 0086 28 87600722, E mail: yx1c8112@163.com



