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Abstract: To solve the problem that the brazing temperature of existing filler metals for joining the
superalloy GH4169 exceeds its & phase solid solution temperature, which leads to the dissolution of the &
phase during brazing and consequently degrades the high-temperature performance of the alloy, this work
conducts a study on a novel low-temperature Ni-based brazing filler for GH4169 and optimizes the brazing
process. The brazing temperature is set at 980 ‘C, which is comparable to the solid solution temperature of
the alloy, in order to achieve a good match between brazing and heat treatment temperatures. Based on the
binary phase diagrams, with Pd as the primary melting point depressant and B and Si as the secondary
melting point depressants, a novel Ni-based brazing filler of 36Pd-10Cr-3B-1Si-Ni is configured and
smelted. The melting point, wettability, and weldability of the novel filler on GH4169-GH536 butt joints
are investigated. The results show that the solidus and liquidus temperatures of the novel filler are in the
range of 828.82-961.43 °C, and the wetting angle is 7.8"at 980 °C for 15 min, demonstrating excellent
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wettability, thereby optimizing the brazing process parameters. Under the process conditions of 980 “C for

60 min and a joint clearance-free assembly, the maximum room-temperature tensile strength of the brazed

joint reaches 586 MPa, which exceeds that of the conventional BNi-2 brazing filler; the high-temperature

creep rupture performance at high temperature exceeds 10 h, and the joint is free of obvious defects.
Therefore, the novel low-melting Ni-based brazing filler of 36Pd-10Cr-3B-1Si-Ni can be used to achieve
effective brazing of GH4169 while preserving its original microstructure and properties.

Key words: Ni-based brazing filler metal; GH4169; tensile strength; high-temperature creep rupture

performance ; microstructure
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Fig.1 Microstructures of base metal GH4169(a) and GH536(b)
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Table 1 Chemical compositions of base metal GH4169 and
GH536 (mass fraction/ %)
Basemetal Cr Mo Co Nb Ti Al W Ni Fe
GH4169 180 3.0 — 50 09 05 — 54.0  Bal.
GH536 20.5 8.0 05 — — 0.1 0.2 Bal 17.0

Brazing/filer metall —,

K2 BB R AT R RC I

Fig.2 Assembly drawing of base metal and brazing filler metal
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Fig.3 Binary phase diagrams of Pd-Ni(a) ,Pd-B(b),and Pd-Si(c)
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Table 2 Chemical compositions of Pd-containing low-melting
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Table 3 Brazing process parameters

Ni-based brazing filler metal (mass fraction/’4) Brazing filler metal Welding process Assembly gap/mm
Value Pd Cr B Si Ni BNi-2 1040 °C/15 min No
Theoretical ~ 36.0 10.0 3.0 1.0 Bal. PdNi 970 °C/120 min 0.03
Measured 36.3 9.8 2.8 1.1 Bal. PdNi 980 °C/20 min+900 ‘C/30 min  No
PdNi 980 °C/60 min No

1.3 SE{RREETAE

Fie f8 3 2 PR oo R B AR BT i 7 B0 IS ol s 2 i
LW PR IS B 26 4 T 5 5T 7 PN TR 375 R v R R T gk
15 min, #8 J5 7ETAS W R S T U8 5 min, JRAHET 4%
BRIFURE B JRORE AR RO REJRURE I RORHR A1 5) B
TRZEARIUEE o RS 5 EA RS fERS
LI R T R S s e 4 IR IS BB B B 15 5, 1512
HJE LS BV R e B, B & AR SRS R
14 EF{HEXE

ET IR0 R ) LA SR 04T R R K] 2 3%

(a) “

{_7

L —

60

1.5 WMALRR HF R

ST} AR 28 % JH Netzsch-STA ¥ £ #EA TR, 5
BERF S BTG SR RO 2 21k FH Carl Zeiss 314 B g it
AT RAE 5 BT JR 4 3 P A M B+ HR GB/T 228.1—2021
£ Instron 8801 7B L #E4 703K s £F K548k il
F APEREF IR GB/T 2039—2012 7 RD-100 25 4% A
YA LI T, IR A 650 °C W 17K 200 MPa;
P AR AE S i A AR RST an i 4 r 7, B A0 i
A 3R
(b) o s
x i «

- -

13 |

12

20
46 "

¥

Fl4 g2l pHstRr (a) B i s A lRE (b) JUT RS R FE K

Fig.4 Schematic diagrams of geometric dimensions of room temperature tensile specimen(a) and high-temperature rupture specimen(b)
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&6 36Pd-10Cr-3B-1Si-Ni&FRHEM M (41 K GHA169)
Fig.6  Wetting angle of 36Pd-10Cr-3B-1Si-Ni brazing
filler metal (base metal is GH4169)
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Table 4 Mechanical properties and high-temperature creep
rupture performance of joints under brazing conditions
at 1040 °C for 30 min

Specimen  Tensile strength/MPa  High-temperature rupture/h
A 421 8.4
B 534 9.1
C 589 =10

' GH4169

7 BNi-2 5P %SO 81
Fig.7  Microstructure of BNi-2 brazed joint
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Table 5 Mechanical properties and high-temperature creep

rupture performance of joints under brazing conditions at 970 °C

Specimen  Tensile strength/MPa  High-temperature rupture/h
A 177 1.47
B 206 1.38
C 381 2.36
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Fig.8 Microstructures of joints at 970 °C/2 h
(a)joint morphology (including defects) ; (b)joint morphology (no defects) ; (¢)overall morphology of weld ; (d)compound phase morphology

6 980 'C/20 min+900 ‘C/30 min $HEHZ M THAMN N E MR R FRIF AR
Table 6 Mechanical properties and high-temperature creep rupture performance of joints under brazing conditions at
980 °C/20 min-+900 *C/30 min

Specimen Tensile strength/MPa High-temperature rupture/h
A 395 8.35
B 388 7.36
C 475 7.96

Brazing
filler
- metal

(@)

[E19 980 °C/20 min-+900 “C/30 min£F R4 K PP EHE A [FFE 2 oW ZL SEME (2)500 pmi; (b)800 pmi; (¢) 1000 pm;(d)2000 pm
Fig.9 SEM images of joints at 980 “C/20 min-+900 “C/30 min at different distances from the brazing filler metal filling point
(a)500 pm; (b)800 pm; (¢) 1000 pm;(d)2000 pm
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P10 980 °C/20 min—+900 ‘C/30 min T4k s AT (30
Fig.10  Spot scanning positions of brazing joints at 980 °C/20 min-+
900 “C/30 min

PSR BRI A HE 980 CAAE Y 41 F , K A R it
[HHEA 28 60 min. AR TR A 5P Re gk 8
s, AR B ml 35 %) 499 562 MPa LA K 586 MPa;
S35 B P75 BE Ry 549 MPa Bt 5 0] A Bk R B B0 BE
(690 MPa) 11 84.9% , T i it 1% 4t BNi-2 &1 B} i 45 4%
SHREE . MR SLAE 650 °C/200 MPa 14 F sl i A
PERESR L 10 hCRIT) , AT IR B IRAEEK

P& 11 2 980 °C/60 min ¥k O ZH L SEM [, F
T 11 (a) B A MRS X, o] DLAT BHELSE 7245, TP

(@)

&7 980 'C/20 min+900 C/30 min $7 /2L EDS AL R
(RESE/%)
Table 7 EDS spot scanning results of joints at 980 “C/20 min—+
900 “C/30 min(mass fraction/ %)

Spot Ni Pd Cr Si Mo Nb
1 91.7 3.7 4.3 0.1 0.1 0.1
2 93.4 3.5 3.1 — — —
3 2.1 0.8 89.4 0.3 7.2 0.2
4 4.7 67.6 0.2 27.4 — —
5 39.1 43.5 1.1 16.1 0.2 —

&8 980 'C/60 min EHEZ MU TR NFMHRER
BRI
Table 8 Mechanical properties and high-temperature
creep rupture performance of joints under brazing
conditions at 980 °C/60 min

Specimen  Tensile strength/MPa  High-temperature rupture/h
A 499 >10
B 562 >10
C 586 >10

SRERRE  RAE R R A, M 11(b)~(d) ] UL, Kag
KRR B HE 2 S, TRy 1 s
& 12 k22 980 °C/60 min #¢2 f5 GH4169 & 4 1Y

P11 980 °C/60 min T #5423k HIUR ST ARHAE A R 25 SO AL 21 SEM [£]
(a)500 pm; (b)800 pm; (¢)1000 pm;(d)2000 pm
Fig.11 SEM images of joints at 980 °C/60 min at different distances from the brazing filler metal filling point
(a)500 pm; (b)800 pmj; (¢) 1000 pm;(d)2000 pm
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GHA4169 £ 4 1Y BOVLZE SUR B3 T AR e i G W S A2 1k

HARVLEIR S AR B G , RIWZAT IR T A Stk
[ A IRl , BERS PR 15 11 b GHA169 By iR J1°~ 1R RE .
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P12 8980 °C/60 min ##4%J5 GH4169 & & HIHORAI S
Fig.12  Microstructure of GH4169 alloy after brazing
at 980 °C/60 min
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