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Abstract The effect of IN738 additive powder on microstructure and mechanical properties of the wide-gap
region brazed with BNi-3 filler metal powder was investigated. The wide-gap brazing was conducted in-a
vacuum of 2x107 torr at 1200°C with various powder mixing ratios of additive to filler powders. The
microstructures of the wide-gap brazed region were analyzed by SEM and AES. The region brazed with only
BNi-3 filler metal powder had a microstructure consisted of proeutectic, binary eutectic and ternary eutectic
structure, while that brazed with a mixture of IN738 additive powder and BNi-3 filler metal powder had a
microstructure consisted of IN738 additive powder, binary eutectic of NizB-Ni solid solution and (Cr, W)B. The
fracture strength of the wide-gap brazed region was about 680 MPa regardless of the additive powder mixing
ratios. Cracks were initiated at the (Cr, W)B and binary eutectic of NizB-Ni solid solution, and propagated
through them in the wide-gap brazed region, which lowered the fracture strength of the region.

Key words wide-gap brazing, BNi-3 filler metal powder, IN738 additive powder, (Cr, W)B, binary eutectic of

NizB-Ni solid solution.
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Fig. 1. A schematic of tensile test specimen used in the present
research.
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Table 1. Chemical compositions of base metal, additive powder and filler powder
Element(wt.%) Ni Cr Co Ti Al W Ta B Si C Mo Nb Zr
Base metal IN738 61.2 16 8.5 34 34 2.6 1.7 0.3 0.2 1.7 0.9 0.1
(389) (174) 1) @0 (7.1) (08 (0.5 0.6) (0.9 (1.0) (05 (©.1
.. 66.1 16 8.5 34 3.4 2.6
Additive powder INT38 o oy (172) (8.1) (@0) (7.0) (0.8) - - ) - -
. . 924 3.1 4.5
Filler powder BNi-3 (77.9) - - - - (142) (1.9) - -

Numbers in parenthesis are in atomic %.
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Fig. 3. The partial liquidus projection of B-Ni-Si ternary alloy
phase diagram'”.
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Fig. 2. Microstructure of the region brazed with only BNi-3 AR A 2R o] FAEE= 7 4 Ao g weltl wide-gap B
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filler metal powder showing primary phase(P), binary ol Eeo] A} Bl Aol AUA AHED s =

eutectic(B) which consists of Bl and B2, ternary eutectic(T1, ArQ T':::;\ Hohoe 2 o .0 :
T2 and T3) and m which precipitated in Ni solid solution o, BNi-3 Alaseaton Hioly $AS A B
matrix; (a) low magnification(X200) and (b) high gol g7 % _% A NisB(P), NisB(B1)-Ni &3] (B2)2] ]
magnification(X2,000). 7%1 B) % 13B(T1)N1 ALEA(T2)-NisSiT3)S] 4
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Table 2. Results of AES composition analysis of phases in the Aaka), 42X ZFEAHb) 2 3o R o] FolH A
wide-gap region brazed with only BNi-3 filler metal powder oz E 4 9t} Fig 5% Fig 4(a)el c& H718 29
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i B s T e
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Fig. 4. SEM and AES element mapping results of the wide-gap region brazed with 60 wt.% additive powder and 40 wt.% filler
metal powder; (a) SEM image, (b) Ni, (c) Cr and (d) B.
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Fig. 5. High magnification(X2,000) micrograph and AES element mapping of an area marked as ¢ in Fig. 4(a) which consist
of ¢l and ¢2; (a) SEM image, (b) Ni and (c) B.
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Table 3. Results of AES composition analysis of the widé-gap region brazed with 60 wt.% additive powder and 40 wt.% BNi-

3 filler metal powder

Element (at.%)

Constituents Phase
Ni Cr B Co Al Ti Si W
surface 73.4 10.7 - 5.6 44 2.7 3.2 - i
a IN738 additive
center 66.2 10.6 - 9.0 53 3.5 2.8 2.5
b - 449 45.8 - - - - 9.3 (Cr, W)B
cl 69.6 23 23.2 - - 4.8 - -, Ni;B
C
c2 82.9 12.6 - - - 4.5 - - Ni solid solution
4 A3}, BNi-3 AYgEEToe £/ & A7 [ S | Heating rate: 10°C/min
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Fig. 7. Microstructure of the region brazed wﬁh different additive contents(wt.%); (a) BNi-3 'only, (b) 50wt.% additive+ 50 wt.%
BNi-3, (¢) 60wt.% additive+40 wt.% BNi-3, and (d) 70wt.% additive+30 wt.% BNi-3.
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Fig. 9. Fractographs of wide-gap region brazed with 60wt.% additive powder and 40wt.% BNi-3 filler metal powder after tensile
test at room temperature and 900°C showing cracks initiated at (a) Ni3B-Ni solid solution, (b) (Cr, W)B, (c) Ni3B-Ni solid solution

and (d) (Cr, W)B.

Table 4. Results of EDS composition analysis of phase in the tensile-fractured surface of the region brazed with 60 Wt.% additive

powder and 40 wt.% filler metal powder

Element (at.%)

Tensile Test Condition Phase ; -

Ni Cr Co Ti Al W 0

Ni3B-Ni solid solution 80.7 4.9 4.6 6.2 3.6 - -

Room Temperature :
(Cr, W)B - 954 - - - 4.6 -
© Ni;B-Ni solid solution 59.4 38 3.7 5.1 4.1 - 239
900

(Cr, W)B - 72.8 - - - 1.15 26.1
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Fig. 10. Cracks around HRC indentation showing their
propagation paths in the wide- gap region brazed with 60 wt.%
IN738 additive powder and 40 wt.% BNi-3 filler metal
powder; (a) Ni3B-Ni solid solution and (b) (Cr, W)B.
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