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Technologies are developed to joint the dissimilar metals,
such as diffusion bonding[6], TIG brazing [7], electron beam
welding [8], etc. Brazing is one of the special techniques for
joining dissimilar metals, because the base metal is not melted,
and has low residual stress. The brazing process is affected by
heat input, filler metal, and characteristics of base metal. In
recent years, joining dissimilar metal have been studied.
Winardi (2018) [9] is researching the effect of post-brazed
heat treatment on the microstructure and shear strength of
cemented carbide and carbon steel using Ag-based alloy. The
torch brazing is used in the joining process, and the heat
treatment process is done in the induction furnace. The result
of the examination shows, the increasing temperature of heat
treatment leads to an increase in solid solution phase enrich
Cu. The maximum shear test is 214.14 MPa at 750 oC. Jing et
al ( 2014) [10] also investigated the joining of Titanium alloys
with steel using CuNi as filler metal. It was stated that at low
temperatures, the filler metal is difficult to formed to the based
metal. The higher the brazing temperature, the layer and solid
solution of the filler metal increases which can increase the
shear strength of the brazed joint, On the other hand, if a layer
and a less solid solution are formed on the surface of the base
metal, the mechanical strength decreases. Maximum strength
reaches 260 MPa when brazed at 910oC. Jiang et al (2016)
[11] investigated the joining of WC-CO and steel using Ag-Cu
filler metal. from the results of testing and observation, it was
found that, solid solution of Cu is widely dispersed in the filler
metal and has an important function to increase the strength of
the joint because it has high hardness. The joint strength
increases with the widening of the -Cu layer. With increasing
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I. INTRODUCTION

EMENTED carbide is one of the hard materials, wearresistant, and high temperature resistant. The advantages
of cemented carbides are used to make cutting tools. However,
cemented carbide is more expensive, because the main
composition is tungsten and cobalt. To reduce the cost
production of cutting tools, cemented carbide is joined with
steel. However, the joining cemented carbide to steel sis so
difficult by confensional fusion welding, because the two
materials are of different types. The main reason is due to the
difference in thermal expansion between the two materials [1]–
[5].
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brazing temperature and holding time, the total area and
amount of -Cu decreased. The results of the mechanical test
showed that the maximum shear strength of the joint was 366
MPa when brazed at a temperature of 770oC for 30 minutes.
Cu-Si is one of the Cu alloys widely used to filler metal
[12]-[14]. The lower melting temperature of CuSi makes it
ideal for joining Cu to steel, galvanized steel, and others. This
advantage is very interesting to be developed in the joining of
dissimilar metals. In addition, the CuSi is also suitable to TIG
process. So, the main contribution of this study is investigate
the dissimilar metal joint between cemented carbide and
carbon steel using CuSi alloy under TIG brazing. The
phenomena occurring around the joint will be investigated and
discussed.

steel. In the experimental, filler metal using CuSi alloy. The
chemical compositions of the base material and filler metals
are listed in Table 1. Before brazing, the surface of carbon
steel is clean with Sic paper. The arrangement of the joint is
shown in Figure 1. The surface gap of the specimen is
measured using a thickness gauge (0.1mm). The jointing
operation is done using the TIG process at 80 A. Ar at a 5L/m
flow rate is used as the shielding gas. After the brazing
process, the specimen is cut into 10x10x5 mm. The surface of
the brazed area is polished using SiC paper grid 400 to 2500
and then polished using metal polish paste. The microstructure
specimen is analyzed using a Scanning electron microscope
(SEM). The element of the microstructure is known by energy
dispersive spectroscopy (EDS). The hardness value is tested
using a Vickers hardness machine.

II. EXPERIMENTAL
The base materials with different properties are made as to
the specimen, namely, YG6 cemented carbide & SS400 carbon

Table 1. Chemical compositions of base materials and filler alloy.
CO
Fe
Cu
Si
Ti
Mn
2.43
1,45
2.54
-

Element
YG6

W
83.30

C
10.29

SS400

-

0.11

-

main

-

0.22

-

Filler

-

-

-

-

97

3

-

P
-

S
-

0.59

0.017

0.02

-

-

-

Alloy

Fig. 1 The arrangement of the brazed joint
III.

RESULT AND DISSCUSIONS

in the red mark in Figure 2. The high heat input causes the
steel surface to melt and mix with the filler metal. The
phenomenon is the same as that experienced by Lee
(2019)[15]. Two types of damaged parts can be seen (Figure
3) : the upper and lower sides of the base metal, which are
affected directly and indirectly by the arc. Usually, penetration
occurs on the underside of the lap joint due to the presence of
the HAZ with the arc pool.

After being brazed using CuSi alloy, the specimen surface
was cut and smoothed using sandpaper. The cross-section of
the brazed joint dissimilar metal between cemented carbide
and carbon steel is shown in Figure 2. During the brazing
process, Cu deposition has been successfully achieved. There
are no visible defects in the cross-section. During the brazing
process, the penetration that occurs into the surface of the base
metal (SS400) is very deep due to the influence of the brazing
current. The arc generated by the brazing current causes little
damage to the base metal. The location of the damage is shown
E-ISSN: 1998-4448
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Fig. 3 locations of damaged parts (Lee et al 2019)
To investigate the properties of the brazing layer, we
analyzed the microstructure of the brazed joint. Figure 2 shows
the microstructure of the dissimilatr metal between cemented
carbide and carbon steel brazed using a CuSi alloy.
Microstructure clearly visible that the interface is free from
defects, such as pores, cracks, incomplete solidification,
inclusions, and others. This indicates that the filler metal has
good wettability on the base metal

Fig. 2 Cross section of brazed joints using CuCi

SS400

B

C

A
YG6
Fig. 3 Microstructure of TIG brazed joints with CuSi
reaching 2.90%, and the smallest being Si at 1.46%,
In the image the microstructure is divided into 3 points, respectively.
namely light colors as shown in point A, and dark colors with
small textures are shown at point B, and dark colors with large
Table 2. EDS results at each point in Figure 2 (wt%)
textures are shown at point C. Any components contained in
W
CO
C
Fe
Cu
Si
4.32
94.92
0.76
A
each point were detected using EDS, and the percentage
62.95
33.86
3.19
B
results are listed in Table 2.
2.90
44.41
51.23
1.46
C
Based on the results of the EDS test, point A is a solid
solution of filler metal consisting of Cu (94.92%), element C Based on the EDS results in Table 2, it can be seen that the Fe
(4.32), and a small part of Si (0.76), and confirmed as a solid element is able to diffuse into the filler metal area. In addition
to Fe elements, there are also C elements released from the
solution of -Cu. At point B is a solid solution enriched with
base metal (SS400). Due to the high brazing current, the heat
Fe, Cu, and Si, where Fe elements reach 62.95%, Cu elements input to the base metal is also greater. This causes some of the
reach 33.86%, and a small portion of Si 3.19%. While at point base metal surface to melt and mix with filler metal deposits.
C, the highest content is Cu reaching 51.23%, Fe at 44.41%, C In addition to the influence of heat input, the degradation of
the base metal is also caused by the low brazing speed The
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brazing speed varies inversely with the heat input. Heat input
is very large at lower brazing speeds, and excess heat causes
deep penetration [16]-[18]. The thermal diffusivity of the base
metal is the most important for the penetration sensitivity due
to the cooling rate. Lee (2019) [12] stated that proper arc
current and velocity are required even if the brazing
temperature is more than the melting temperature of the base
metal. The smelting of the base metal and filler creates a fusion
zone, having a depth and width of penetration.
The mechanism for the formation of the microstructure
above cannot be separated from the action and interaction of
heat synthesized by the arc and the interaction between Cu, Fe,
and Si. During the TIG brazing process, the brazing arc
current causes high heat to be transferred continuously and hits
the steel surface, causing the steel surface to melt. Then some
of the Fe element is extruded out and settles around the
location of the area affected by the arc current, as shown in
Figure 3. On the other hand, some of the Fe elements mix with
the liquid metal Cu-Si to form a solid solution of CuFeSi. In
this case, the element Fe detected is very small.
To clarify the results of the analysis, element mapping using
EDS is shown in Figure 4. The green color is the result of
mapping the Cu element, the red color is the map of the Fe
element, the purple color is the image of the distribution of the
Si element, and the light blue color is the capture of the W
element. Based on Figure 4, the braze area is dominated by
Cu, Fe, and a small part of Si.

point' action causes the micro-iron particles to melt and
migrate, and are distributed throughout the filler metal zone
[19]. To determine the phase formation, the Fe-Si binary phase
diagram is studied, there are several possibilities for the
formation of compounds such as FeSi, FeSi2, Fe5Si3, Fe2Si,
and others [20]. The Fe-Si compounds will not be produced
and grow at the same time. It is important to determine the
Gibbs free energy and the diffusion coefficient of each
compound using thermodynamic calculations [21]-[22].
However, in the mapping in Figure 4 no compounds were
detected because the particles do not have enough energy to
form compounds
IV.

HARDNESS

The distribution of hardness values at the joints was
detected using Vickers Hardness measured from one end to the
other with a load of 30 gf for 30 seconds. The hardness value
in the connection area is 12.16 HV. In base metals, especially
carbon steels close to the brazed area, the hardness value is
smaller than the brazed area, which is 10.15 HV, and in
cemented carbide 70.21 HV. The diffusion of Fe and C
elements in the brazed area has a significant impact on the
brazed area. The hardness value of the brazed area is higher
than that of the base metal, especially carbon steel.
V.

CONCLUSION

This study was carried out to investigate the microstructure
and mechanical properties dissimilar metal cemented carbide
and carbon steel using CuSi alloy under TIG brazing. The
result obtained are summarized as follow:
1. The brazed layer consist matrix of Cu, and solid solutions
enriched Fe and Cu. The Fe and C element dissolution
from based metal especially carbon steel (SS400).
2. The diffusions of Fe and C element in the brazed area are
contributed to hardness. The hardness value in the
barazed area is greater than based metal.
For future work, the study is focused to investigate the
intermetallic compounds in the brazing area.
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