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Abstract: To meet the requirements of precision joining and high-temperature service of dissimilar Haynes 230 and Inconel
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617 superalloys, vacuum brazing experiments were carried out using amorphous nickel-based BNi2 filler metal. With the

holding time fixed at 15 min, two brazing temperatures of 1 015 °C and 1 035 °C were designed. Wetting tests, room-
temperature shear tests and high-temperature shear tests at 750 °C were performed to systematically investigate the effects of
brazing temperature on the wetting and spreading characteristics of the filler metal, as well as the room-temperature and
high-temperature mechanical properties of the dissimilar joints. The results reveal that increasing brazing temperature exerts
differentiated influences on the filler wetting behavior for the two base metals. Temperature rise significantly improves the
spreading performance of BNi2 filler on Haynes 230 substrate, while it imposes no obvious variation on the wetting property
over Inconel 617. The joint fabricated at the low-temperature process (1 015 °C/15 min) exhibits excellent room-temperature
shear strength and superior high-temperature mechanical stability, with an average room-temperature shear strength of
206.96 MPa and an average high-temperature shear strength of 126.88 MPa at 750 °C. Although the high-temperature pro-
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cess (1 035 °C/15 min) achieves more uniform spreading of the filler metal, the excessively thick interfacial diffusion layer

facilitates the formation of brittle phases, thereby deteriorating the high-temperature mechanical properties of the joint. The

correlation mechanism among brazing temperature, wetting behavior and mechanical properties is clarified based on experi-

mental data. This work can provide reliable data support for process optimization and engineering application of vacuum

brazing of dissimilar nickel-based superalloy joints.

Keywords: BNi2; Haynes 230 alloy; Inconel 617 alloy; vacuum brazing; wettability; mechanical properties
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Table 1 Chemical compositions of Haynes 230 and Inconel 617 alloys (wt. %)

JLE Ni Cr W Mo Co Al C Mn Si Fe La Cu S
Haynes 230 4yt 220 130 20 45 03 <010 01 <05 <075 <3.00 0.005-0.05 <0.03  <0.015
Inconel 617 A 200 <05 9 13 1.0 0.5 01 <10 <100 <3.00 — <050  <0.015
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Fig. 1 Schematic of shear specimen dimensions
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Fig.2 Heating curves for brazing
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Table 2 Wetting area test data of filler metal under different brazing

conditions
oy TATRUEED FATIRRED FATIRRES VY
ST bW . . . i
/mm /mm /mm /mm’
1015 °Cx
) Inconel 617 15.93 16.86 18.62 17.14
15 min
1035 °Cx
. Inconel 617 17.57 13.76 18.59 16.64
15 min
1015 °Cx
. Haynes 230 15.52 22.13 26.76 21.47
15 min
1035 °Cx
. Haynes 230 45.83 52.28 51.92 50.01
15 min

H 2 2 AT, M R T2 4500 F , BN2 4T BHE
Haynes 230 £ 4> 2% Ifif (19118 %2 17 £ 2 3% K F Inconel
617 A4, %W BNi2 5715 Haynes 230 (1) 5 Ifif i Fic
PEFEA . XFT Inconel 617 B144, FHIE AT E 1B M g
MR TE, 1015 °CH 1 035 °C R F-£4 3815 i AL A
P (17.14 mm?, 16.64 mm?) , {50 B9 B ms A 22
S, v i U T T AR sh O, B R
1 IR B BT RL A Sh M I BEHLEESE T . Inconel617
MR EE R IEA AN 3 Fs .

[ lom | _lon_
B3 BNi2 4417 Inconel 617 REHYIEEF 5 (al-cl)
1 015 °C{Ri& 15 min; (a2-¢2)1 035 °C{Ri& 15 min
Fig.3 Wetting morphologies of BNi2 filler metal on Inconel 617:
(al-c1)1 015 °C/15 min; (a2-¢2)1 035 °C/15 min

XJ T Haynes 230 BJAF , AT A5 19 $2 T 0 0
PERES RO B3 11 035 °C T2 T FH4 1
T A5 50.01 mm?, % 1 015 °C T2 (21.47 mm?) #2155
132.9% $& ThEF A5 5 B 7T R AIG BN2 W AH £ A
JE 3865 AT R D M 5 A TR B BCRE T, B
MO ST RHE Haynes 230 2 1 A9 6 R RIOR , THBRIGIR
TFUNBARTE S GRS . AT LR
1 035 °C/15 min T- 25 FRE AR O] ot i E AL T
{IRIR T2, Haynes 230 44 iR an & 4 Frs .
' (b)) i(c)

El4 BNi2$F#I7E Haynes230 RERIHER R : (al-cl)
1015 °C{Ri& 15 min; (a2-c2)1 035 °C{Rig& 15 min
Fig. 4 Wetting morphologies of BNi2 filler metal on Haynes 230:
(al-c1)1 015 °C/15 min; (a2-¢2)1 035 °C/15 min
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Table 3 Room-temperature shear strength test data and statistical re-
sults of brazed joints
WL iRkRE2 URE3 R4 REES MM

R
/MPa /MPa /MPa /MPa /MPa /MPa

1015 °Cx
. 160.7 159.7 240.8 2353 238.3 206.96
15 min
1035 °Cx
. 136.8 134.2 225.4 193.0 225.6 183
15 min

BB 4,1 015 °C/15 min T 2543k %
S HT Y15 B A 206.96 MPa, 1 035 °C/15 min T.2;
J3 183 MPa. 5 UJ i & K 5 U] 3 f W &1 5. 1 6 i
AR T2 & R Iy, MERE AR o

1 015 °CH23r BNi2 7 BHEAHZEE , 15 min &
T AT A AT 28 A T TR B EE 4 N
Cr S5 AR TT 2 5 W BE A4 T8 i 22 0% JC
MR &L A 2, SRR AR N J1/N, % iR e 1R
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Fig.5 Room-temperature shear fracture curves and shear strength of Haynes 230/Inconel 617 brazed joints under the 1 015 °C brazing condition
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Fig. 6 Room-temperature shear fracture curves and shear strength of Haynes 230/Inconel 617 brazed joints under the 1 035 °C brazing condition
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Table 4 Shear strength test data and statistical results of brazed joints

at 750 °C
Lo R R R RE4 REs M
FIRTZ
/MPa /MPa /MPa /MPa /MPa /MPa
1015 °Cx
114.5 139.6 137.3 121.1 121.9 126.88
15 min
1035 °Cx
100.0 104.1 155.5 93.0 112.6 113.04
15 min
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PEARTE 750 °Cran i 8y VI far il o 7= e i S5,
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TR T2 A RN RN PR A JCiE S
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Fig. 7 Shear fracture curves and shear strength of Haynes 230/Inconel 617 brazed joints at 750 °C under the 1015 °C brazing condition
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Fig. 8 Shear fracture curves and shear strength of Haynes 230/Inconel 617 brazed joints at 750 °C under the 1035 °C brazing condition
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Fig. 9 Microstructures of Haynes 230/Inconel 617 brazed joints: (a)
holding at 1 015 °C for 15 min; (b)holding at 1 035 °C for 15 min
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