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Effect of Vacuum Brazing Time on the Properties of
Vacuum Brazed WC/KDAT1 Tool Steel Joint
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Abstract

The vacuum brazing of Cemented Tungsten
Carbide (WC-Co) and KDA1 Hot Work steel
using the Cu-9Sn braze alloy has been studied.
The specimens were brazed at 1050°C for 5 to
15 minutes. At the end of brazing process, the
joints were cooled at furnace to room
temperature. The brazed specimens were
characterized by means of microstructural
analysis, microhardness measurements, and

shear tests. The experimental results show that

the shear strength of the joints is increased with
the increasing bond time and the maximum
shear strength among all testing conditions is
260 + 18 MPa for the KEI13/Cu-9Sn/KDAI
joint brazed at 1050°C for 15 min. The width of
brazed zone of the joints was obviously reduced
with increasing bond time, the microstructure of
brazed zone was the copper base solid solution
dispersed with white punctual separation

precipitate.

Keywords : Tungsten Carbide, Vacuum Brazing,
Vacuum Gas Quench, Shear Test,
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Chemical compositions

properties of WC-Co Cermet.[16]

- WC | Co | HE | 0%
(%) | (%) | (um) | (HRA)
KG3
A 89.1
(g | 91 9 2-3
+04
T
KE13
() 87 13 6-9 50
J[ [: -
+0.5
)
VA70
85.2
(it | 85 15 3-6
e, £0.5

Table.2 Chemical compositions of brazing filler.

wt. % Cu Sn P Pb
C52100
91.60 | 8.83 0.15 0.02
(Cu-9Sn)

Table.3 Chemical compositions of KDA1 steel.

wt.% C Si | Mn | ¢cr | cu | Mo \Y%

KDA1 | 032 [ 0.17 | 046 | 488 | 0.13 | 1.44 [ 0.47
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Fig.1 Schematic diagram of two-chamber
vacuum heat-treatment furnace in
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Fig.2 Schematic diagram of brazing specimens.
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(a)as-received

(¢)10min (d)15min
Fig.7 SEM micrographs of KG3 specimens
vacuum brazed at 1050°C in various

time durations. (3000X)

(b) 5min

(¢)10min

(d)15min

Fig.8 SEM micrographs of KE13 specimens
vacuum brazed at 1050°C in various

time durations. (3000X)



(¢)10min (d)15min
Fig.9 SEM micrographs of VA70 specimens
vacuum brazed at 1050°C in various

time durations. (3000X)

Table.4 Hardness of KG3,KE13,VA70
specimens vacuum brazed at 1050°C

in various time durations.

(c) 10min (d)15min
Fig.10 Optical micrographs of KDA1 specimens
by vacuum brazed at 1050°C in various

process time conditions. (500X)

Table.5 Hardness and ASTM grain size number
of KDA1 specimens vacuum brazed at

1050°C in various time durations.
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Fig.11 Optical micrographs of as-received

Cu-9Sn filler. (200X)
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Fig.12 SEM micrographs of interface (1000X)
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9Sn/KDA1 vacuum brazed joint at Fig.14 SEM micrographs of interface (1000X)
1050°C in various time durations. and precipitations(5000X) of VA70 /Cu-

9Sn/KDA1 vacuum brazed joint at

1050°C in various time durations.
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Fig.15 Elements distributed mapping and EPMA
line scan elements analysis of interface
of KG3/Cu-9Sn/KDA1 vacuum brazed
joint at 1050°C for 15min.
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Fig.16 Elements distributed mapping and EPMA
line scan elements analysis of interface
of KE13/Cu-9Sn/KDA1 vacuum brazed
joint at 1050°C for 15min.
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Fig.17 Elements distributed mapping and EPMA

line scan elements analysis of interface
of VA70/Cu-9Sn/KDA1 vacuum brazed
joint at 1050°C for 15min.
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Table.7 Chemical compositions of precipitate of 1050°Cin various time durations. (Width

KG3,KE13,VA70/Cu-9Sn/KDA1 vacuum of original filler were 150um.)
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Fig.18 Hardness of of braze zone of KG3,KE13
,VA70/Cu-9Sn/KDA1 vacuum brazed

joint at 1050°C in various time durations.
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Fig.19 Shear strength of KG3,KE13,VA70

/Cu-9Sn/KDAT1 vacuum brazed joint at

1050°C in various time durations.
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