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Abstract: To overcome the drawback of the brittle borides formed in the stainless steel joint brazed using
Ni-based filler metals and further improve the mechanical properties of the joint, a small amount of Cu
powders are added into the BNi-2 filler metal to suppress the formation of brittle borides in the joints. The
304 stainless steels are brazed using the BNi-2 and BNi-2 with Cu as filler metals, respectively. The
influences of holding time, brazing temperature, and Cu content on the microstructure and mechanical
properties of the brazed joints are investigated. The results indicate that for the BNi-2 filler metal,
increasing the brazing temperature and time are favorable for reducing the boride content formed in the joint
center. In addition, increasing the brazing temperature and time can accelerate the intergranular diffusion of
borides, thereby leading to a degradation of joint shear strength. For the BNi-2 filler metal with Cu, when
the Cu content is 1% (mass fraction, the same below) , the borides in the joint center are inhibited
remarkably, forming a full Ni-based solid solution in the joint center. The joint shear strength obtained is
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(713.9+16.4) MPa, which is 19% higher than that of the joint without Cu additive. The joint failure
occurs at the base metal/filler metal interface, recognized as a ductile fracture. However, when the Cu

content increases to 5%, the borides reprecipitate in the joint center, resulting in the reduction of shear

strength. In this case, the joint failure evolves to a composite mode with the co-existence of ductile and

brittle fracture.
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Fig.1 Schematic assembly diagrams of specimen shape(a) and shear test(b) of brazed joints
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Table 1 Chemical compositions of BNi-2 filler metal

(mass fraction/ %)
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Table 2 Composition and properties of testing brazing filler metal

Mass fraction of Cu/%  BNi-2 T./C T,/°C

0 Bal. 971.5 1017.6

1 Bal. 971.4 1014.8

3 Bal. 968.7 1013.9

5 Bal. 964.1 1013.7
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Fig.3 DSC curves of testing filler metals(a) and local area amplification(b)
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Fig.4 Low magnification(a) and high magnification(b) SEM images of stainless steel joints brazed at 1050 ‘C/10 min using BNi-2 filler metal
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Table 3 Chemical compositions of points marked in Fig.4(atom fraction/ %)

Point Fe Cr Ni Mn Si C B Possible phase
A 1.51 37.58 4.81 — 0.84 7.25 48.01 CrB

B 12.70 6.49 62.58 — 4.96 13.28 — Ni(Fe,Cr)

C 55.58 38.57 4.66 1.19 — — — o-FeCr

D 31.19 20.27 1.36 — 0.25 10.32 36.61 (Fe,Cr)B

E 68.07 20.00 9.66 1.10 1.17 — — SS304

H Fe .Crivgilifk#) (Fe,Cr)B.
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Fig.5 Microstructures of stainless steel joints brazed using BNi-2 filler metal at different brazing temperatures
(a)1050 “C;(b)1075 °C;(c)1100 °C
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Fig.6  Microstructures of stainless steel joints brazed using BNi-2 filler metal at different holding time
(a)10 min; (b)20 min; (¢)30 min

R4 ARFBIZTHEXMULY SEE
Table 4 Proportion of borides in filler zone under

different brazing processes

Brazing process Boride proportion in filler zone/ %

1050 “C/10 min 13.3
1075 °C/10 min 9.92
1100 “C/10 min 7.78
1050 “C/10 min 13.3
1050 °C/20 min 10.5
1050 “C/30 min 9.08
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Fig.7 Microstructure of stainless steel joints brazed using BNi-2 filler metal with different Cu contents
(a)1%Cu; (b)3%Cu; (¢)5%Cu; (d)corresponding EDS element distribution mappings
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Fig.8 Schematic diagram of microstructure evolution of stainless steel joints brazed using BNi-2 and BNi-2 with Cu
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Fig.10  Representative fracture morphologies of BNi-2 filler metals joints

(a)-(c)different brazing processes ; (d)-(f)different Cu contents; (g)high magnification image of region I in Fig.(d);

(h)high magnification image of region Il in Fig.(f) ; (i)high magnification image of region [l in Fig.(f)
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Fig.11 XRD pattern of joint brazed at 1050 °C for
10 min with BNi-2 filler
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