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The Effect of Sintering Temperature on Mechanical
and Electrical Properties of a W-10Ti Alloy Prepared
by Hot Press Sintering
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W-10Ti alloy was prepared by hot press sintering using W-TiH, powders milled for 24 h under argon
atmosphere. The effect of sintering temperature on the phase constituents and the microstructure of the
alloys was characterized by x-ray diffraction (XRD), scanning electron microscopy (SEM), and transmis-
sion electron microscopy (TEM). The microhardness of W-rich phase, electrical resistivity and impurity (C,
O) contents of W-10Ti alloy were determined. The results show that the amount of W-Ti solid solution, the
microhardness of the W-rich solid solution and the resistance of W-10Ti alloy increase with an increase of
sintering temperature. At 1300 °C, W-10Ti alloy has the maximum microhardness value of 333 HV s, the

O content of 360 ppm and C content of 200 ppm.
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1. Introduction

Tungsten-titanium alloys and W-Ti thin films have been
extensively studied in the past two decades. It is reported that
W-Ti-N (Ref 1), W-Ti-C (Ref 2), and W-Ti-O (Ref 3) thin films
can be prepared by the additions of N, C, and O elements into
W-Ti alloys. Due to their good corrosion resistance and
mechanical properties, W-Ti-N thin films are suitable for
stamping or high speed cutting tool materials (Ref 4, 5). W-Ti-O
thin films, due to stable electrical and gas sensing properties
(Ref 3), can be used as gas sensors. In addition, W-Ti thin films
(Ref 6) are widely used in the microelectronic industry as
diffusion barrier layers between Al (Ref 7), Cu (Ref 8), and Ag
(Ref 9, 10) contact layers and a silicon substrate. Considering
the wide use of W-Ti thin films, it is necessary to study the
W-Ti alloys in depth. However, at present, most of published
studies in the literature (Ref 11, 12) are focused on the
properties of W-Ti thin films and there is scant information on
the processing and properties of W-Ti alloy by hot press
sintering of ball-milled powders. In the present investigation,
microhardness of W-rich phase, electrical resistivity and
impurity (C, O) contents of W-10Ti alloys were measured,
and it was found that W-rich precipitates can form in the Ti-rich
regions. The purpose of this investigation is to clarify the effect
of sintering temperature on mechanical and electrical properties
of a W-10Ti alloy prepared using ball-milled powders and hot
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press sintering in order to obtain good quality target material
which can be suitable for the preparation of W-Ti thin films.

2. Experimental

The purity, average particle size, and oxygen content of the
raw materials are shown in Table 1. W and TiH, powders with
the mass ratio of 9:1 were put into in a plastic container to mill
for 24 h at a ball-to-powder mass ratio of 20:1 under the
protection of Ar, and alcohol was added into the jar to balance
the cold welding and fracture among the powders as well. The
ball-milled W-TiH, powders were compacted into cylindrical
samples with a diameter of 21 and length of 6 mm in a TM-106
hydraulic machine, followed by sintering at 1100-1300 °C for
1 hin a self-modified hot press furnace under argon atmosphere
with the heating rate of 20-25 °C/min.

The phase compositions of the alloys were studied by XRD-
7000 and the microstructure of the alloys was characterized by
a JSM-6700F field emission scanning electron microscope and
a JEM-3010 transmission electron microscope. The microh-
ardness of W-rich phase was tested on TUKON-2100 Vickers.
The resistances were measured with a DM-V,, digital voltmeter
and a WYS-3 dc digital display current-stabilized regulator.
The sample sizes were 4 x 4 mm, the mean values were the
average of several measured values and the resistance mea-
surements were performed at room temperature. The compo-
sitions were determined by an EMGA-620W oxygen-nitrogen
analyzer and a CS-344 carbon-sulfur analyzer.

3. Results and Discussion

3.1 XRD Analysis

Figure 1 shows the XRD patterns of W-TiH, ball-milled
powders and W-10Ti alloy prepared at 1100 °C. It can be seen
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that W-TiH, ball-milled powders consists of Ti,W;_, phase (it
contains Ti-rich phase and W-rich phase) and a small amount of
TiH,. It suggests that TiH, cannot be decomposed during

Table 1 Parameters of raw materials

Average Oxygen
Material Purity, % particle size, pm content, ppm
W powder >999 6 < 600
TiH, powder >99.7 35 <2000
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Fig. 1 XRD patterns of W-TiH, ball-milled powders and W-10Ti
alloy prepared at 1100 °C

milling. However, no TiH, (111) diffraction peak was present in
W-10Ti alloy. This can be explained as follows. At elevated
temperatures and in the absence of oxygen and nitrogen, TiH,
can decompose via a series of complex reactions, and result in
the release of H,, and the formation of W-Ti solid solution.
Subsequently, no TiH, (111) and Ti (110) diffraction peaks
occur in the W-Ti alloy prepared at 1100 °C.

3.2 Microstructure

The scanning electron microscopic (SEM) images of
W-TiH, powders ball-milled for 24 h and W-10Ti alloys
prepared at 1100 and 1200 °C are shown in Fig. 2(a), 2(b), and
2(c), respectively. As seen from Fig. 2(a), W-TiH, ball-milled
powders exist in the form of lamellar and blocky shapes. At the
initial stage of ball milling, W and TiH, particles are broken and
their powder sizes decrease. With the progress of milling,
higher energy is generated among powders, and the alcohol
added can reduce the surface energy of powders, which inhibit
the cold welding effectively. Meanwhile, the liquid alcohol can
separate  W-TiH, powders, and prevent the edges of the
powders from fracturing.

W-10Ti alloy consisted of a large amount of W-rich and a
small amount of Ti-rich solid solution. The microstructure of
W-10Ti alloy has a main lamellar structure, the gray regions
represent W-rich solid solution while the black regions
represent Ti-rich solid solution. A large amount of W-Ti solid
solution can be seen, as ball milling process can refine crystal
grain and reduce diffusion distance, the diffusion between W
and Ti becomes easier and more sufficient. From Fig. 2(b), it
can be seen that some of the lamina are deformed obviously
under the action of pressure and temperature, the width of
lamina is about 1-5 um with the aspect ratio between 4:1 and
2:1 and a large amount of W-rich precipitates are formed in

Fig. 2 Secondary electron images of W-Ti powders milled for 24 h and W-10Ti alloys prepared at 1100 and 1200 °C (a) the ball-milled
powders, (b) the material sintered at 1100 °C, and (c) the material sintered at 1200 °C
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Fig. 3 (a) TEM micrograph and electron diffraction pattern of W-rich phase and (b) EDS spectra of black particle

Ti-rich regions. It is also found that W-Ti solid solution content
increases with increase of sintering temperature. After milling
for 24 h, both surface energy and micro-defects of W-Ti
powders increase, and thus, promotes the reaction between W
and Ti and the formation of a large amount of W-rich solid
solution with an increase of sintering temperature.

Figure 3 shows transmission electron microscopic (TEM)
image of W-10Ti alloy prepared at 1100 °C. As seen from
Fig. 3(a), bright area represents Ti-rich solid solution, and dark
grains are the W-rich phase. This can be determined by the
electron diffraction pattern (Fig. 3a) and EDS result (Fig. 3b).
The EDS result shows that the dark grains are consisted of a
large amount of W element and a small amount of Ti element,
indicating they may be W-rich phase, and this can be further
determined by the indexing of electron diffraction pattern. This
finding is in good accordance with the work of Lo et al. (Ref
13). According to W-Ti binary phase diagram, Ti and W can
form an infinite solid solution at above 1250 °C. With the
increase of sintering temperature, the diffusion occurs between
W and Ti, which results in the formation of W-Ti solid solution.
However, B-Ti will transform to hep-Ti structure during cooling
and the solid solution content of hcp-Ti and W is lower than
that of B-Ti and W, so W-rich precipitates are formed in the
Ti-rich phase.

3.3 Microhardness

Wh-rich phase is desired because the W-rich solid solution is
the mainly substance as W-Ti target material for sputtering. The
effect of sintering temperature on the microhardness of W-rich
solid solution is illustrated in Fig. 4. It can be seen that the
microhardness increases with an increase of sintering temper-
ature. At high temperature, W-10Ti alloy begins to soften, gas
releases continuously and different particle sites are rearranged.
Meanwhile, the voids and defects of W-10Ti alloy decrease
under the pressure. With the decrease of voids and the growth
of new inter-granular, the microhardness increases. During the
sintering process, substitution reaction happens between W and
Ti. Moreover, W and Ti atoms can fill these vacancies
continuously and higher temperature promotes the formation
of W-rich solid solution, which has a higher microhardness than
W matrix, and thus, improve the microhardness of W-rich
phase to some extent. As discussed above, with the increase of
sintering temperature, the formation of large amounts of W-rich
solid solution leads to larger microhardness.

Journal of Materials Engineering and Performance

340 1
320 1 ////////
300

280
260
240

L |
220 /

2004 "

Microhardness HVj o5

1100 1150 1200 1250 1300

Sintering Temperature T/°C

Fig. 4 Variation of microhardness with sintering temperature for
W-rich solid solution
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Fig. 5 Variation of electrical resistivity with W-Ti alloys prepared
at different sintering temperature

3.4 Electrical Resistivity

Figure 5 shows the electrical resistivity of W-10Ti alloy
prepared at different sintering temperatures. It can be seen that
the electrical resistivity of W-10Ti alloy increases with the
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increase of sintering temperature. Since the second-phase solute
(Ti) dissolve into solvent (W), the original crystal lattice is
destroyed and more distortions are generated, which destroys
the periodicity of lattice potential field and improves the prob-
ability of electron scattering, and finally increases the electrical
resistivity of W-10Ti alloy. In addition, with the increase of
sintering temperature, the thermal vibration of crystal lattice ion
and the electronic scattering effect of the foreign atom, the
dislocation and point defects are improved, which can reduce
the electrical conductibility of W-10Ti alloy.

3.5 Impurity Contents

It has been reported that the purity of target materials have a
great effect on the performance of sputtered thin films (Ref 11).
The higher the purity of the alloy, the better the performance of
the sputtered thin films will be. Hence, the impurity contents of
target materials and pollution source of thin films should be
reduced to improve the performance of thin films. In order to
clarify the purity contents of W-Ti alloys prepared at different
temperatures, the contents of C and O for W-10Ti alloy
prepared at 1100 and 1300 °C were measured, respectively. At
1100 °C, C and O contents are 280 and 430 ppm, respectively,
while, at 1300 °C, C and O contents are 200 and 360 ppm,
respectively. It is evident that impurity contents of W-10Ti alloy
will reduce with an increase of temperature. It can be explained
as follows. More H, can be decomposed from TiH, at higher
temperature, which can react with C and O, and the reaction
products (CxHy, H,O) can be removed with the floating Ar gas.
The results show that C and O contents decreased with the
increasing sintering temperature.

4. Conclusions

The effect of sintering temperature has a significant effect on
the microstructure, electrical resistivity, microhardness, and
impurity contents of W-10Ti alloy prepared by hot press
sintering. With the increasing sintering temperature, the
electrical resistivity of W-10Ti alloy and the microhardness of
We-rich solid solution are improved, while the impurity contents
decrease. W-10Ti alloy is mainly consisted of W-Ti solid
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solution phase, and the fraction of W-Ti solid increases with an
increase of sintering temperature. It is also found that W-rich
precipitates can form in the Ti-rich regions.
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