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Abstract: With the swift advancement of fourth-generation nuclear reactors and small modular reactors, the
operating conditions for nuclear fuel elements, including temperature and irradiation environment, have
become increasingly harsh, which in turn places higher demands on the performance of brazing materials.
To promote the high-quality and self-sufficient development of nuclear-grade Ni-based brazing paste, a
comprehensive and systematic investigation is carried out on the fundamental characteristics of imported
nuclear-grade Ni-Cr-P brazing pastes. The findings reveal that the brazing paste contains 12.7 % (mass
fraction, the same below) of a binder that decomposes or volatilizes at temperatures below 300 “C. The
residual amounts of nitrogen, oxygen, and sulfur are less than 0.015%, and the residual amount of carbon
is less than 0.055%. The filler powders are spherical particles within the mesh size range of 120-230,
composed of a Ni;P-type compound and a Ni-based solid solution. The filler composition is Ni-13Cr-
10.5P, and it has a hardness of (626+23) HV,;. When using this paste to braze nuclear-grade 3041
stainless steel, the joints mainly consist of a Fe-Ni-Cr solid solution and a Ni:P-type compound. At room
temperature, the joints demonstrate a tensile shear strength of (2264-14) MPa and a compressive shear
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strength of (184410) MPa. However, the tensile shear strength drops to (130+5) MPa at 350 C. All
fractures occur within the seam area and exhibit a brittle fracture mode. Under a stress ratio of 0.1 and a

stress amplitude of 0.45F ., the joint shows a fatigue life exceeding 10° cycles.

Key words: Cr-Ni-P brazing paste; fundamental characteristics; microstructure; joint strength; fatigue
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Fig.1 Schematic diagram of various samples

(a)I-beam block; (b)sample for tensile shear test; (c)sample for fatigue test; (d)sample for compressive shear test
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Table 1 Fundamental properties of brazing paste

Viscosity/(mPa+s) Binder content/%  Vickers hardness(HV,3) O residual/ % N residual/ % S residual/ % C residual/ %
67400 12.7 (626+23) 0.013 0.04 0.04 0.053
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Fig.3 Fundamental properties of brazing filler powder
(a)diameter distribution; (b)morphology ; (¢)analysis of melting point
R2 SRIMER ICP-OES T &R (REHE/ %)
Table 2 ICP-OES analysis results of brazing filler powder(mass fraction/ % )
Cr p Fe Co Si Zr Ti B Al Mo Sr Ni
13.15 10.48 0.039 0.038 0.020 0.013 0.011 0.010 0.003 0.008 0.012 Bal.
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Fig.4 Microstructure and elemental distribution of re-melted Ni-Cr-P brazing filler

(a)microstructure diagram; (b)element face distribution map
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Fig.5 Microstructure and elemental distribution of 304L joint using Ni-Cr-P brazing paste

(a)overall image and elemental distribution ; (b) magnified image of grain-boundary region
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Table 3 EDS analysis results of various regions in joint

Atomic fraciton/ %

Region Possible phase

Ni Cr P Fe
A 18.8 31.4 33.3 16.5 (Ni,Fe)CrP
B 38.9 16.5 2.1 42.5 (Fe,Ni,Cr)
C 8.2 21.4 0.6 69.8 304L
D 4.4 26.4 0.7 68.5 304L+Cr-P
E 4.5 27.9 2.3 65.3 304L+Cr-P
F 10.7 18.7 0.4 70.2 304L
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Fig.6  Shear test results of joint

(a)shear strength-displacement curves ; (b)macroscopic morphological variation of joint during testing process
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Fig.7 Fracture morphology of joint after tensile-shearing test

(a)-(c)fracture morphology at room temperature ; (d)-(f) fracture morphology at high temperature
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Fig.8 Fracture morphology of joint after compressive shearing test

(a)overall morphology of backscattering mode ; (b)overall morphology of secondary-electron mode ;

(¢)magnified image of compounds region; (d )magnified image nearby solid-solution
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Table 4 Test results of fatigue performance of joint

Number Maximal Siress ratio Maximum  Fatigue life/
force/kN stress/F,,.x  cycle

1-1 2.25 0.1 0.66 15118
1-2 2.25 0.1 0.66 26792
2-1 1.75 0.1 0.52 154758
2-2 1.75 0.1 0.52 300517
3-1 1.50 0.1 0.45 1351754
3-2 1.50 0.1 0.45 =>2000000
4-1 2.25 —1 0.66 3060
4-2 2.25 —1 0.66 5086
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