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Abstract: The vacuum brazed joints of nuclear grade 304L stainless steel and BNi-7 filler
metal show obvious intergranular corrosion behavior, but the relationship between the
brazing process and the corrosion resistance of the brazed joint was not fully studied. In
order to fully evaluate the sensitivity of intergranular corrosion and stress corrosion of
stainless steel vacuum brazed joints of the structural parts of PWR fuel assemblies, and
reduce the risk of corrosion failure, many trials and studies were conducted. In this
paper, the quantitative metallographic method was used to analyze the content of the
compound phase content of brazed joints by different brazing processes. The sulfuric
acid-ferric sulfate test method and the double loop electrochemical potentiokinetic reac-
tion (DL-EPR) test method were used to test the intergranular corrosion resistance.
The high-temperature and high-pressure water stress corrosion crack growth tests were
used to study the stress corrosion resistance of brazed joints, respectively. The results
show that increasing the brazing temperature, prolonging the holding time and decrea-
sing the clearance of the brazed joints can reduce the content of the compound phase con-

tent in the brazed joint. This might be related to the increase in diffusion of P element.
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But meanwhile, with the reduction of the compound phase, the intergranular corrosion
rate will also significantly increase. Metallographic photographs show that all the corro-
sions are caused in the nickel-based solid solution phase of the brazed joint. Both the
sulfate-ferric sulfate test method and the DL-EPR test method show such a trend. First-
ly, the stress corrosion cracking behavior in high-temperature and high-pressure water
was also confirmed by the high-temperature and high-pressure water stress corrosion
crack growth tests. But the relationship with the brazing process needs further experi-
mental research. Therefore, under the condition of ensuring the strength of the brazed
joint, the brazing temperature should be increased, the holding time should be extended
and the clearance of the brazed joints should be reduced to reduce the compound phase
content, thereby increasing the content of nickel-based solid solutions in the brazed
joints and reducing the tendency to the intergranular corrosion. In addition, within the
range of test parameters, the obvious tendency to intergranular corrosion in all the
brazed joints was observed. The lower the compound phase content in the brazed joints,
the more obvious the intergranular corrosion tendency, which is related to the fact that
intergranular corrosion is mainly caused by the dissolution of the solid solution phase of
the lean Cr. This study also confirmed that there is a stress corrosion tendency of brazed
joints in the PWR water environment, and the area where stress corrosion is generated
is mainly the solid solution phase. But the correlation between the degree of stress
corrosion and the brazing process needs to be further studied.

Key words: nuclear grade 3041 stainless steel; vacuum brazing; intergranular corro-

sion; stress corrosion
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Table 1 Chemical composition of 304L stainless steel and BNi-7 filler metal

Wk 4y H %
FHR . - : / ;
Si Mn Cr Ni S P C Fe HoAth
304L <1.0 <2.0 18. 0~20. 0 8.0~12.0 <0.03 <0. 045 <0. 035 S —
BNi-7 — — 13.0~15.0 A — 9.7~10.5 0. 10 — 0.5

x2 HRIZRBSH

Table 2 Parameters of brazing process test

gy WE/C 5 5] /min Ii] P52/ e
Bl1 950 30 50,100,150
B12 950 90 50,100,150
B13 950 150 50,100,150
B21 990 30 50,100,150
B22 990 90 50,100,150
B23 990 150 50,100,150
B31 1030 30 50,100,150
B32 1030 90 50,100,150
B33 1030 150 50,100,150
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Fig.3 Microstructure of brazed joints with different compound phase contents
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Fig. 7 Fracture morphology of brazed joint after stress corrosion test
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Table 3 Growth rate of stress corrosion crack

4151 #ff/ Ki/(MPa+ K,/(MPa- ZZY RHZE/
kN m~ /%) m~/2) (nm s 1)

S1 2 1.4 4. 64 5.25 0.337 0

S2 21 1.4 4.14 4. 20 0. 387 0

S3 4 1.4 4.48 4.57 0. 058 0

S1 21 2.1 6.83 7.43 0.226 6

S2 4 2.1 6. 28 >15.41 >2.0230

S3 4 2.1 6. 38 =>16. 46 =>2.090 0
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