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Abstract: With the rapid development of modern industry, conventional hard aggregate and steel brazing tools are gradually
unable to meet the needs of complex extreme working environments. To solve this problem, this paper studied the influence
of different brazing temperatures (860 °C~950 °C) on the microstructure of the vacuum brazing joint between YG6X ce-
mented carbide and GH4169 superalloy with AgCuNiMn filler metal, and tested the tensile strength of the sample at 860~
950 °C at room temperature and 227 °C the oretical working temperature, and the tensile strength of the samples (860 °C)
deep low temperature (-238 °C) was tested. The microstructure of the brazing seam is mainly composed of Ag based solid so-

lution and Cu based solid solution. With the increase of brazing temperature, the number of Cu based solid solution in the cen-
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ter of the brazing seam gradually decreases, the gap between the brazing seams gradually narrows, and the reaction layer of

Cu based solid solution at the interface on both sides gradually thickens, which improves the interface bonding strength be-

tween the filler metal and the base metal to some extent, but also increases the residual stress at the brazing seam. The tensile

strength of the brazed joint at room temperature shows a trend of first increasing and then decreasing. In the welding tempera-

ture range of 890 °C~950 °C, the tensile test temperature of 227 °C has little effect on the tensile strength of the joint. When

the brazing temperature is 890 °C, the average tensile strength reaches the highest value of 715.3 MPa. Under 860 °C welding

temperature, the average tensile strength of the joint is =238 °C tensile strength (474.8 MPa)>room temperature tensile
strength (430.2 MPa)>227 °C tensile strength (278 MPa). The tensile strength of the joint under deep and low temperature en-

vironment is about 10% higher than that under room temperature. As the weldly temperature at 860 °C is relatively low, the

dissolution and diffusion of solder and base metal are relative low, the solder is softened at 227 °C, resulting in a sharp drop in

tensile strength.

Keywords: vacuum brazing; deep low temperature; mechanical properties; cemented carbide; superalloy
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Table 1 Comoosition of base-metal and filler metal (wz. %)

L Ag Cu Ni Mn Cr
Ag4TAE 50~54 33~36 3~5 7~9 —
GH4169 — — 50~55 — 17~21

o Mo Nb Al Ti Fe
Ag4T — — — — —
GH4169  2.8~3.3 5~5.5 0.3~0.7 0.75~1.15  Axig

U0 VR R B s AR ER AR IRE i ol
860 °C .890 °C 920 °C 950 °C , {535 18] & 10 min.,
JER X AR A B HEA T IR VAL B, X8 5T A BEAF
PEATWERP AL B AR E AR 0.2 mm JEE (438 %
HAREHATFT S AP AR R T AR an & 1 o
7N, R 9 g SR IR ECse 3, O 1 I S A T v (I T
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ZURFE R ARRE T 2 2R DI E RS A FT OGS
K H] Phenom-XL 4714 B i (B WL SR F WL 21 41 5
EDS AETE 43 M7 , 2K FHAEAR HV-1000A S {3 i J32 S

T I A TR R
70
35
YG6X GH4169
=
1 — — !
Q 20
=
_H
“ 10.7

Bl bt

Fig. 1 Tensile specimen diagram
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Fig. 2 Microstructure and morphology of brazing seam at different
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brazing temperatures
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Table 2 Energy spectrum analysis results of Ag-rich phase at different

brazing temperatures (wt. %)

fLE Ag Cu Ni Mn
1 85.30 10.83 — 3.88
2 86.90 7.32 3.01 2.77
3 87.81 5.88 2.79 3.52
4 88.12 5.60 3.02 3.25

®R3 ARESHIERETE CutfgtiEnER (REHE, %)
Table 3 Energy spectrum analysis results of Cu-rich phase at different

brazing temperatures (wt. %)

fiEsS Ag Cu Ni Mn W  Co Fe Cr Nb
A 6.90 52.77 16.81 13.19 7.86 1.09 0.77 0.61 —

B 786 7366 726 973 — 082 — 0.68 —
C 6.47 5289 21.11 1480 — — 231 1.83 0.60
D 5.46 4826 23.77 1497 — 365 183 1.08 0.98
E 857 7473 728 1281 — 1.07 — — —
F 10.69 7457 5.67 8.16 — — 091 — —
G 586 4145 24.14 1642 541 255 196 141 0.79
H 5.68 6091 16.77 10.68 — 264 142 124 0.66
I 574 60.50 17.08 10.11 — 210 1.88 1.58 1.01
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Fig.3 Element transition line Scanning results of brazing seam

section when brazing temperature is 920 °C
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Fig. 4 Element transition surface scanning of brazing seam section when brazing temperature is 920 °C
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Fig. 5 Microhardness of different phases in brazing joints
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Fig. 6 Tensile strength of specimens at 860 °C brazing temperature
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Fig. 7 Room temperature tensile strength of the samples at the

brazing temperature of 860 °C~950 °C
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Fig. 8 Fracture micromorphology of tensile specimen at brazing tem-

perature of 950 °C
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Table 4 Tensile fracture energy spectrum analysis results (wz. %)

fiES Ag Cu Ni Mn w Cr C
I — — 5.95 — 8733 501 170
I 332 8213 216 383 7.6 1.51 —
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