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Table 1 Nominal composition of Zr-4 alloy and 316SS (wt%)

Alloy Cr Ni Sn C Zr Fe
Zr-4 0.10 <0.05 1.50 0.02 Bal. 0.20
316SS 16.00-18.00 10.00-14.00 - <0.03 - Bal.
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Fig.1 XRD patterns of Zr-4 alloy and 316SS
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Table 2 Physical parameters of correlated phase used for finite element simulation

[19-23]

Material Temperature/ Density/ Elasticity Thermal Poisson Specific heat/ Pyroconductivity/

°C kg-m™ modulus/GPa expansivity/x10° K™ ratio T-(kg-K)™! W-(m-K)™
20 6490 70 0 0.33 282 13.6
200 - 67 1.8 0.36 303 14.7

Zr-4 400 - 60 2.9 0.41 320 16.4
600 - 53 4 0.44 341 18.7
800 - 45 5.2 0.47 360 21.8
10 7966 194 154 0.29 502 14.12
200 - 185 16.2 0.29 514 16.69

316SS 400 - 173 17.4 0.29 638 19.54
600 - 155 18.1 0.29 562 22.38
800 - 131 18.7 0.29 587 25.23
20 8570 122 8.5 0.33

Nb 200 - 119 9.7
600 - 95 11
800 - 76 12.3
20 8900 208 15.5 0.31

Ni 327 - 190 16.1
527 - 174 16.7
727 - 158 17.8
127 - 120 25
P-(Zr, Nb) 427 - 105 27

827 - 90 31

Ni,Nb - 8900 0.42 550 85




3108 * MAEEME S TR

54 34

Cr
20 20 pm

B3 Zr-4/Nb/Ni/316SS " HUZE Sk 19 EDS 76 2K [Hi 14 (820 "C/60 min/10 MPa)
Fig.3 EDS element mappings of Zr-4/Nb/Ni/316SS diffusion bonded joint (820 °C/60 min/10 MPa)
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Table 3 EDS analysis results of each point marked in Fig.3a (at%)

Point Zr Nb Ni Fe Cr Possible phase

A 83 91 06 06 02 Zr-4
B 770 150 29 32 11 B~(Zr, Nb)
C 37 894 41 17 09 Nb

D 13 266 712 05 04 Ni,Nb
E 05 04 977 08 06 Ni

F 03 01 89 716 192 316SS
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interlayer thicknesses (820 °C/60 min/10 MPa): (a, d) 10 um, (b, ¢) 30 pm, and (c, ) 50 pm

400
350t
300
2501
200
150
100+

501

Shear Strength/MPa

10 30 50
Ni Interlayer Thickness/pum

5 AR N ]2 RE TR Bk B i
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interlayer thicknesses
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Fig.9 Fracture path image (a) and XRD pattern (b) of joint under
effect of Ni interlayer thickness of 30 pm

P10 A [ N o ) 2 5 B Sk R i T 30
Figl0 Fracture morphologies of joint with different Ni interlayer thicknesses: (a) 10 um, (b) 30 um, and (c) 50 pm
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Influence of Ni Interlayer Thickness on the Microstructure and Properties
of Zr-4/Nb/Ni/316SS Diffusion Bonded Joint

Li Qianru, Zhang Fan, Niu Shiyu, Wang Ying, Yang Zhenwen
(Tianjin Key Laboratory of Advanced Joining Technology, Tianjin University, Tianjin 300350, China)

Abstract: The influence of Ni interlayer thickness on the microstructure, mechanical properties, and corrosion resistance of Zr-4/Nb/Ni/316SS
diffusion bonded joints was investigated. The results reveal that the typical interface microstructure of the joints consists of Zr-4/f-(Zr,Nb)/Nb/
Ni,Nb/Ni/316SS. The shear strength of the joints initially increases and subsequently decreases with the increase in Ni interlayer thickness,
reaching a peak value of 380 MPa at interlayer thickness of 30 um. To elucidate the effect of Ni interlayer thickness on the mechanical properties,
the microstructural characteristics of the joint interfaces were characterized, and Abaqus simulations were conducted to analyze the residual stress
distribution across the interfaces. The comparative analysis of the mechanical properties and fracture behavior, combined with simulation results,
indicates that the thicker Ni interlayers are more effective in alleviating residual stress, but excessively thick interlayers lead to a reduction in shear
strength due to their enhanced ductility. Additionally, the corrosion resistance of the joints was assessed by full immersion corrosion tests. The
results indicate that the corrosion rate decreases with a reduction in Ni interlayer thickness, and the optimum corrosion resistance of joint is
achieved at an interlayer thickness of 10 pm. In conclusion, it is recommended that the Ni interlayer thickness needs to be maintained between
10 pm and 30 um to achieve a balance between mechanical properties and corrosion resistance.
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