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Hot isostatic pressing joining of W/CuCrZr alloy

WANG Qin, YANG Fa-zhan, ZHU Hai-long, LIAN You-yun, LI Zong-qin, LIU-Xiang, TONG Hong-hui, SHEN Li-ru

(Southwestern Institute of Physics, Chengdu 610041, China)

Abstract: The W/CuCrZr alloy divertor component module was manufactured by hot isostatic pressing (HIP) technique.
The interface properties of three modules which have the interlayers with 40 um thick Cu coating produced by PVD
method, 2 mm thick TU1Cu sheet and no interlayer, respectively, were investigated. The microstructure, welding defect,
shear strength and high heat load(HHL) test properties were tested by scanning electron microscope (SEM), ultrasonic
nondestructive testing (NDT) equipment, mechanical cupping machine and electron beam epuipment(EMS-60),
respectively. The results show that the joint performance of module with the interlayer of 40 pm thick Cu coating is the
best, the highest bonding strength and free defect are achieved under the HIP condition of (940 ‘C, 120 MPa, 2 h). After
the screening test with incident power density of 20 MW/m?, the module also has no failure. Therefore, the process can
be the optimal technique applied to the manufacturing of divertor component among the three techniques.
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Fig. 1 SEM images of different joint
interfaces: (a) W/TU1Cu/CuCtZr; (b) W/
PVD40 pmCu/CuCrZr; (¢) W/CuCrZr
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Fig. 2 Line scanning EDS analysis of
different joint interfaces: (a) W/TU1Cu/
CuCrZr; (b) W/PVD40 pm Cu/CuCrZr;
(c) W/CuCrZr
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Fig. 3 Shear test instrument of HIP joining and samples
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Table 1 Results of shear strength tests on bonded W and
CuCrZr

Shear
Module strength/ Fracture location
MPa
W/TU1Cuw/CuCrZr 146 W/TU1Cu
W/PVD40 pmCu/ 165 PVD40 pmCu/CuCrZr and
CuCrZr W side
W/CuCrZr 178 W/CuCrZr and W side
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Fig. 4 Ultrasonic NDT results of reference modules
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Fig. 5 Ultrasonic NDT results of joint interfaces using HIP
joining: (a) W/TU1Cuw/CuCrZr; (b) W/PVD40 pmCu/CuCrZr;
(c) W/CuCrZr
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Fig. 6 Changing curves of water temperature rise At and

absorbed power density P, with incident power density Py

1600 = — W/TU1Cu/CuCrZr
* — W/PVD40 pmCu/CuCrZr
1400+ &— W/CuCrZr

1200}
21000r
800+
600
400 -

10 12 14 16 18 20
P, /(MW +m72)
ISR INETE IV IR S P
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Fig. 8 NDT results of different joint interfaces after HHL test:
(a) W/TU1Cw/CuCrZr; (b) W/PVD40 pmCu/CuCrZr; (¢) W/CuCrZr
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