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The eta phases and mechanical properties of TIG welded
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Zhao Xiujuan, Yang Dexin, Wang Hao, Takazawa Kohji, Tagashira Kohsuke and Yamamori Hideaki
REW GES T W EEEE, BkEs, gy "

Abstract  The tungsten-inert-gas (TIG) arc welding experiments of cemented carbide YG30 and steel 45 were carried out

using the Ni-Fe-C filling alloys. The eta phases and mechanical properties of welded joints were analyzed by means of

scanning electronic microscope (SEM) , transmission electronic microscope ( TEM ) coupled with selected diffraction, electronic

probe microanalysis and bending strength methods. The experimental results show that the chemical composition of the filling
alloys affects eta phase formation. When the carbon and nickel contents in filling alloys are 0. 61 wt% and 55. 29 wt% ,
respectively, no eta phases form. And the joint bending strength is the highest to 1. 352 GPa. But if they are 0. 0lwt% and
55. 38ut% , the eta phases are formed at the boundaries of the cemented carbide and the weld, and the thickness of eta phase
layer is about 110 micrometers. And the joint bending strength is low. Usually, these eta phases are anomalously granular,

and easy to accumulate at the boundaries between cemented carbides and the weld. They are multiple M C rich in tungsten

and iron.
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0 Introduction

The demands for various kinds of tools made in WC-
Co cemented carbides are increasing because of their ex-
cellent properties in hardness, wear-resistance, tough-
ness, corrosion resistance and high heat durability. How-
ever, the fields of application are limited because of their
high cost and difficulty in their large-scale products with
complicated shape. Some of processes are used to joint ce-
mented carbides and steels as the effective methods. Bra-
zing, usually adopted at present, has low adhering
strength and suitable for lower using temperature than
400°Cct.

facilities and has some limitations both in size and in

Diffusion welding requires expensive production

shape for products. Meanwhile, the detrimental multiple
carbides, called eta (v, hereafter) phases, to the ben-
ding strength of the welded joints are easily formed at the
interface between cemented carbides and steels'>?). The

m phases here were normally pointed as the multicarbides
with M¢C, M,C and other types, including Co,W,C,

Co,W,C, CogW,C, Co,W,C-F, Co,W,C-14F, Co,W,C,,
Co,W,C, Co,W ,C, etc. in WC-Co cemented carbides* %!,
Co;W;C and Fe; W, C formed in sintering were called as m
phases in author’ s preliminary experiments!?’. When dif-
fusion welding is used to weld the cemented carbide and
steel, the carbon atoms in the cemented carbides would be
thought to diffuse to the steel, which would resulted in that
the carbon content decreased obviously and the n phases
were formed at the cemented carbide side of the interface
because the carbon range in the normal phase (WC + )
zone in the phase diagrams of the WC-Co alloy and the
WC-Fe alloy was all very narrow!?!,

Comparing with diffusion welding, the tungsten-inert-
gas (TIG) arc welding has many advantages. For exam-
ple, it is suitable for various kinds of positions of welding,
apt to realize the automation, high in welding speed, and

low in production cost, etc. Moreover, by changing the
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chemical compositions of the filling alloys, the formation of
1 phases could be restrained through decreasing the car-
bon diffusion. But the TIG welding of cemented carbide
and steel has been little researched, and the forming
mechanism of 7 phases in welding and their influence on
the properties are not clear.

In this article, the formation and microstructure of the
7 phases and the mechanical properties of the joints were
investigated by adjusting the chemical composition of the
filling alloys.

1 Experimental materials and methods

Cemented carhide YG30 { WC-30wt% Co) and car-
bon steel 45 (0.45wt% C) were used in the experiments,
and four kinds of Ni-Fe-C alloy as filling alloys in diameter
2 mm were used, which their essential compositions are

shown in Table 1.

Table 1 Chemical composition of filling alloys ( wt% )
No. Ni C Fe
1 55.38 = 39.97
2 55.29 0.61 39.45
3 34.70 0.62 60. 00
4 73.66 0.6l 21.15

Cemented carbide YG30 ( 50 mm x6 mm) and steel
45 (S0 mm x 6 mm) were cut in semicircular form for
one side welding of butt joints, respectively, and single V
groove of slope in 30 degree was cut along the direct side.
TIG welding for one-sided welding of butt joints in three
layers was carried through with every filling alloy. The
welding parameters are welding current of 90 A, pulse fre-
quency of 80 Hz, and the welding speed of 40 mm/min.

The cross section samples of welded bead were cut
vertically to prepare metallurgical analysis. The etchant
with 209% KOH + 20% K,[ Fe(CN),] +80% H,0 com-

position was used to reveal n phases and WC. By means
of JSM-6360LV scanning electron microscope(SEM ), the
microstructure, 1) phases, and the morphology of fracture

surface were analyzed. Element distribution near the inter-

face between cemented carbides and welds, and the com-
position of carbides were determined using JXA-8800R e-
lectron probe micro-analyzer. Transmission electronic mi-
croscope ( TEM) observations and analyses were carried
out on a Hitachi-800 with operating voltage of 200 kV.
The four-point bending tests were carried out to meas-

ure the bending strength (o) of the welded joints in the
way of Japanese Standard JISR1601-1996.

2 Experimental results and discussions
2.1 Microstructure of the welded joints

It was found that all the welded joints are well com-
bined metallurgically and there are not welding defects at
the interface in optical microscope. Fig. 1 shows the macro
image of sample No. 1. In the microstructure of sample
No. 1 shown in Fig.2a, m phases (the black) are ob-
served both at the heat-affected-zone (HAZ) of YG30 side
and at the interface of YG30 and weld bead. The thick-
ness of m phase layer is decreased gradually from the bot-
tom to the top of the whole slope, and the biggest thick-
ness of layer is about 110 pm. Most m phases are anoma-
lously granular and accumulated at the boundaries of ce-
mented carbides and the weld. Some of fine 1 phases are
formed both at the interface and in the HAZ of the YG30.
In the most of bigger m phases and a few of tiny 1 phases
there are obvious grain boundaries and WC ( white ).
These distribution and morphology of 1 phases suggested
that many 7 phases be formed by assembling some tiny 7
phases under the stirring condition in welding, and the
small  phases which has similar size with WC in cemen-
ted carbides are transformed from WC by atomic diffusion.

Fig.1 Image of welded joint

When the carbon content is 0. 61 wt % and other ele-
ments content in the filling alloy are constant (sample

No.2), no m phases are formed, as shown in Fig. 2b.
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When the carbon content is same as sample No.2, but Ni
content decreases from 55.29 wt% to 34. 70 wi% ( sam-
ple No.3) , there are only big m phases formed at the in-
terface. Sample No.4 also contains the same carbon con-
tent with sample No.2, while Ni content is increased from
55.29 wt % to 73.66wt% , no m phase is observed.

Fig.2 SEM backscattered electron morphologies of the
YG30/weld boundaries

2.2 Element redistribution near the interface

In the thermal cycle of welding process, the chemical
element distribution in weld would change significantly
whether in the liquid state or in the solid state. Because of
the difference of chemical compesition of filling alloys and
YG30, the Fe and Ni atoms would diffuse from filling al-
loys to YG30, and C, Co and W atoms in YG30 would
diffuse from YG30 to weld at same time. Especially, this
redistribution of some elements in melted alloys would be
promoted by the stirring action in the molten pool. The el-
emental distribution would affect the microstructure and
properties of the welded joints apparently. By means of e-
lectron probe microanalysis ( EPMA) , the element distri-
bution near the interface of YG30 and weld had been ana-

lyzed in the range of 500 pm. The thickness of W, C and
Co diffusing layer is about 70 ~ 100 pm, 100 wm, and
140 ~ 170 wm, respectively. Meanwhile, obvious diffusion
of the element Ni and Fe from the weld to YG30 was ob-
served at these diffusion layers,

From the analysis in sample No. 1 and No. 2 shown in
Fig.3, it was found that, in the carbides of both sample
No. 1 and No.2, the content of W, C, Co far away from
the interface were almost same. Moreover, the C content
(51at% ) is a bit higher than W (46 at% ), and Co con-
tent in the WC is about 3at% ~ 4at%. Comparing with
WC far away from the interface, the -composition of 7
phase in sample No.1 changes obviously. The content of
W and C in m phase decreases while that of Fe, Co, Ni
increases substantially. The decrease of C content is most
remarkable, from 51at% to 13at%. Besides, W content
reduces from 46at% to 41at% , and Fe, Co, Ni content
increases to 28at% , 10at% , 8at% , respectively. Gener-
ally, the m phase of M;C is the type of Co,W,C and
Fe,W,C"*). In theory, the carbon content of 7 phase in
M,C is 14at% and it is close to that of the v phase formed
in this experiment, this suggests that the n phase formed
in the experiment be multicarbides of M¢C rich in tungsten
and iron. At the interface of sample No.2 there is not m
phase formed, but WC at the interface contains almost
same content of Fe, Ni, about 2at% as sample No. 1, and
the content of W, C decrease a little. These results indi-
cate that when the content of Fe and Ni in the weld are

suitable, 7 phase formation depend on the carbon content
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Fig.3 Results of the composition analysis of carbides
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of the weld.

2.3 Formation mechanism of v phases

According to the composition analysis, it might be
thought that in the welding process Fe atoms in the weld
diffuse to the base material YG30 over the interface be-
tween the cemented carbide and the weld. At same time
some WC solutionized in Co phase. Therefore, it is possi-
ble to form Fe-W-C-Co system in some areas in Co phase.
If the activity of carbon atom in Co phase were higher than
that in the weld, C atoms would diffuse from YG30 to the
weld, As a result, the C content in Co phase would de-
crease and WC would continuously decompose to comple-
ment the loss of C in Co phases. In the equilibrium dia-
gram of system Co-W-C and Fe-W-C, the range of the
normal phase ( WC + +y) zone in system Fe-W-C is very
narrow, so v phase is very easy to form when the system
lost C slightly. From the analysis resulis of the element
diffusing at the boundary between YG30 and the weld by
means of EPMA, it was found that C atoms had diffused
from YG30 to weld in all four samples (from No. 1 to No.
4), but m phase was formed only in sample No. 1 with
lower C content (0, 01wt% )} and No.3 with lower Ni con-
tent (34. 70wt% ). Although C had diffused from YG30 to
weld in all four samples, they were in different cases. If
the difference of C content in Co phase and in weld were
small, the diffusion speed of C atoms would be slow and C
content decrease little in YG3(), therefore, WC would not
transform to v phase. For example, in Fig.3 the composi-
tion of WC at the boundary of sample No. 2 was shown,
and C content decrease was not resulted in 7 phase forma-
tion, These indicate that C content in the weld is the main
factor of the m phase formation. When Ni content is 55. 29
wt% and C content is higher than 0.6 wit% in the filling
alloy, 7 phase formation could be restrained. On the other
hand, when C content is 0. 6 wt% , m phase is easy to
form if Ni content is too low, such as sample No. 3. In the
system of Ni-W-C formed at the interface of the weld and
YG30, the range of C content in the normal phase zone is
wider than that in system Fe-W-C or Co-W-C according to
the equilibrium diagram of system Ni-W-C!”. Therefore
C loss is not sensitive to v phase formation in system Ni-
W-C.

2.4 Bending strength and fracture surface of the
welded joints
2.4.1 Bending strength of the welded joint

Fig. 4 shows the result of the four-point bending test.
The bending strength of the specimens in which no 7
phase exists are higher than that v phase does, they are
1.352 GPa and 0. 96 GPa for sample No.2 and No. 1, re-

spectively.
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Fig.4 Bending strength of welded joints

{b) Cemented carbide YG30

Fig.5 SEM backscattered electron images of
fracture surface
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2.4.2 Fracture surface analysis

Three types of the ruptures were observed, which are
(1) rupturing along the interface between YG30 and
weld, (2) originating from the interfaces and then sprea-
ding to YG30, and (3) destroying in weld.

SEM backscattered electron images of fracture surface
are shown in Fig. 5. Coarse v phases are seen in the frac-
ture surface of sample No. 1 in Fig. 5a. The existence of
coarsely granular 7 phases at the boundaries between
YG30 and the weld has lowered the bending strength of the
welded joint remarkably. When the crack is in the YG30,
which microstructure is WC and ~-Co solid solutions, the

fracture surface is fine as showed in Fig. 5b.

3 Conclusions

(1) The formation of v phases could be reduced or
restrained by increasing the content of C and Ni in the fill-
ing alloys properly.

(2) When C and Ni content are 0. 61wt% and
55.29 wt% in the filling alloy, respectively, no v phase
is observed. The bending strength of the welded joint is
the highest, 1.352 GPa. When C is free and Ni content is
55.38wt% , the n phases form at the boundary of the ce-
mented carbide YG30 and the weld. The thickness of 7
phases layer is about 70 ~ 100 pm which makes the ben-
ding strength of the welded joints decrease. #

(3) I coarse m phases exist at the boundaries of the
YG30 and the weld, the rupture occurred along the

boundary at bending test , and these are the main factor

that decreases the bending strength of the welded joint se-

riously.
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