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Production of WCu electrical contact material via conventional
powder metallurgy method: Characterization, mechanical and
electrical properties
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Abstract

In this study, the effects of increase of sintering temperature and Cu amount on microstructure, mechanical and electrical
properties of WCu electrical contact materials fabricated via conventional powder metallurgy (P/M) method were investigated.
The powders obtained by adding copper at different ratios into the tungsten powders were cold pressed in a mold under 60 MPa
pressure. Samples were sintered at 1000 °C and 1100 °C using three different compositions (W-%10wtCu, W-%20wtCu- and W-
%30wtCu). Microstructures of the samples were investigated by scanning electron microscopy (SEM), energy dispersive x-ray
spectroscopy (EDX) and x-ray diffraction (XRD) analysis. Mechanical properties were determined by measuring hardness values
and electrical properties were determined by measuring electrical resistivity. When the effect of the copper ratio on the
microstructure, mechanical and electrical properties is analyzed, the reduction in the amount of copper has a positive effect on the
hardness, while the electrical conductivity is adversely affected. In addition, the application of the sintering temperature above
the melting temperature of copper has been effective in increasing the hardness and electrical conductivity values.
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WClu elektrik kontak malzemesinin konvansiyonel toz metalurjisi yontemiyle
iretimi: Karakterizasyon, mekanik ve elektriksel ozellikler

Ozet

Bu ¢alismada, geleneksel toz metaliirjisi (T/M) yontemiyle iiretilen WCu elektrik kontak malzemelerinin mikroyapi, mekanik
ve elektriksel ozelliklerine bakir miktar1 ve sinterleme sicakligi artigimin etkileri incelenmistir. Tungsten tozu igerisine farkli
oranlarda bakir ilavesi yapilarak elde edilen tozlar bir kalip icerisinde 60 MPa basing altinda soguk preslenmistir. Uc farkli
kompozisyon (WCu 90/10, WCu 80/20 ve WCu 70/30) kullanilarak numuneler 1000 °C ve 1100 °C sicakliklarinda
sinterlenmistir. Taramali elektron mikroskobu (SEM), enerji dagilimli x-151m1 spektroskopisi (EDX) ve x 111 kirmimi (XRD)
analizleri ile numunelerin mikroyapilari incelenmistir. Sertlik dlgiimleri yapilarak mekanik 6zelliklerin belirlenmesi, elektriksel
0z direng Olglimleri yapilarak da elektriksel ozelliklerin belirlenmesi saglanmistir. Bakir oraminin mikroyapi, mekanik ve
elektriksel ozelliklerine etkisi analiz edildiginde, bakir miktarindaki azalma sertlige olumlu etki ederken, elektriksel iletkenligi
olumsuz etkilemistir. Ayrica sinterleme sicakligmin bakirin ergime sicakligimn {izerinde uygulanmasi sertlik ve elektriksel
iletkenlik degerlerinin yiiksek ¢ikmasinda etkili olmustur.

Anahtar Kelimeler: Toz metaliitjisi; tungsten-bakir; mikroyapi; sertlik; elektriksel 6z direng

1. Introduction

Tungsten-copper (WCu) composites are used in many
applications such as moving or stationary current-cutting
electrical contact materials [1-4], heat sinks and electrodes
due to its low thermal expansion coefficient, high thermal
conductivity and high electrical conductivity properties [5-
8]. Especially electrical contact materials are forced in the
mechanical and electrical direction during the opening and
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closing of the current. The high melting temperature,
thermal and electrical conductivity of these materials is
important to ensure integrity during operation [1-4].

Due to the high melting temperature of tungsten, high
thermal and electrical conductivity of copper necessitate the
use of these materials together. However, it has been proved
that WCu composites are difficult to produce because W and
Cu are not completely mixed in both solid and liquid phases.
This is why powder metallurgy is the most effective way to
produce WCu composites [8, 9]. Criteria such as mechanical
alloying, mixing method and duration, pressing pressure and
duration, sintering temperature, sintering time, applied heat
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treatment are quite effective in the change of electrical,
thermal conductivity and mechanical properties of materials
produced through powder metallurgy method [5, 6, 10, 12].
The density changes and hardness values were positively
affected by increasing the sintering temperature [13, 14].
Addition of alloying elements of Cu, Ag, Ni, Co also caused
serious changes in mechanical, electrical, thermal and
corrosion properties of materials [12-16].

From studies on tungsten-copper composites, W-Cu
composites were prepared by mechanical alloying and the
effect of the ball agitation time on density of the tungsten-
copper composite was studied. In addition, the effects of Ni,
Fe, Pd and Zn alloys on the thermal and electrical properties
of W-Cu composites were investigated [17]. The prepared
W-Cu composite blends were sintered in liquid phase at
high temperature above the melting temperature of copper
and more dense WCu composites were obtained [18].
Wettability between copper and tungsten was improved by
the addition of Pd, Ni, Co, Fe and Zn to W-Cu composites
[19-22]. While producing tungsten and copper (WCu) based
composites, the effect of condensation in composite
depending on sintering under high pressure was investigated
on microstructure and micro hardness. The effect of the
tungsten (W) particle size on the sintering density is also
investigated [23]. In another study, it was generally stated
that composites made of tungsten powders coated with Cu
exhibited higher density, hardness, compressive strength and
electrical conductivity than composites made from elemental
powders [16].

The purpose of this study is to improve the mechanical
and electrical properties of the WCu electrical contact
materials used in many applications through P/M method.

2. Material and Method

WCu based mixtures were sintered at 1000 °C and 1100
°C temperatures in 3 different composites and 6 samples
were produced. The weight percent (%) compositions of the
WCu based metal powder mixtures are given in Table 1.
Powder mixtures prepared homogeneously in a container
with a mechanical stirrer were pressed into a rectangular
prism at a pressure of 60 MPa in a mold having a length of
40 mm and a width of 8 mm. Sintering processes of the raw
samples prepared by pressing were carried out in a pure
(99% pure) argon atmosphere tube furnace. Sintering was
applied to the pressed samples at a temperature of 1000 °C
and 1100 °C for 1.5 hours and the samples were allowed to
cool in a tube furnace. During the sintering, the argon gas
applied in the tube furnace was sent with a flow rate of 3 L/
min. After the sintering process, the metallographic analysis
of the samples were carried out using LEO 1430 VP SEM

Table 1. Chemical composition of WCu samples.

device. During SEM analysis, the surfaces were cleaned
with alcohol to obtain a better microstructure images. In
order to determine the elemental distributions and
percentage ratios, EDX analysis were performed on the
sample surfaces using a Rontec EDX instrument connected
to a SEM microscope. Inspections were carried out on the
Shimadzu LabX XRD device to determine the phases in our
WCu-based composite materials. Qualitative analysis was
performed by comparison with ICDD cards. Hardness
measurements were also made on the specimens prepared
for microstructure studies.

The average of the hardness values obtained from 5
different regions on each sample was used. The hardness
tests were performed with the Shimadzu HMV 2L brand
Vickers hardness tester. The hardness of the surface layers
of the samples was measured under a load of 4.903 N in a
micro vickers hardness (HV0.5) device. In addition, the
electrical resistivity values of the samples were measured
with a dielectric spectrometer.

3. Results and Discussion
3.1. SEM Analysis

SEM images (5 kx) of WCu composite samples are
given in Figure 1. Partially porous structures are found in
samples sintered at 1000 °C. Full wetting of the tungsten
grains can’t be achieved due to the absence of the Cu matrix
in the liquid phase at a 1000 °C sintering temperature. As a
result, the formation of the neck between the granules was
not seen at this temperature. The amount of pores in the
SEM image taken from the WCu-3 sample appears to be less
than the WCu-1 sample. This can be explained by the fact
that WCU-3 has a higher copper content.

Samples with the same composition (WCu-4, WCu-5
and WCu-6) with the increase of sintering temperature to
1100 oC have been reduced to have no porous structure.
When SEM images of the sintered samples are analyzed at
this temperature, it is understood that the copper forms a
liquid phase. The resulting liquid Cu phase allowed
complete diffusion of the surface of the W powders and
provided formation of necks between the tungsten grains.
Neck formations are more evident in samples sintered at
1100 °C, where the copper ratio is increased. Thus, the
metallic binding between grains in the microstructure has
been increased. This is thought to have a positive effect on
mechanical properties (Figure 5). During the sintering of the
samples at 1100 °C, the blanks in the microstructure were
filled with liquid Cu and the pores decreased in the
microstructure. Thereby, a more dense structure was
obtained with the W grains on the sample surface.

Sample Composition Sintering (Yowt)
Name Temperature

(°O) \ Cu
WCu-1 %90W%10Cu 1000 90 10
WCu-2 %80W%20Cu 1000 80 20
WCu-3 %70W%30Cu 1000 70 30
WCu-4 %90W%10Cu 1100 90 10
WCu-5 %80W%20Cu 1100 80 20
WCu-6 %70W%30Cu 1100 70 30
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Figure 1. SEM images of WClu electrical contact materials
3.2. EDX Analysis

Figure 2 shows the EDX images and elemental analysis
of WCu samples sintered under pure argon gas atmosphere
in conventional tube furnace. In the composite samples
sintered at 1000 oC (WCu-1, WCu-2 and WCu-3), a
heterogeneous pore structure of the Cu matrix was formed.
Depending on this situation, the amount of Cu on the surface
of the composite specimens increased. As can be seen from
the EDX analysis curve, the peak intensities of the amount
of Cu element at this sintering temperature are higher than
the peak intensities of element W. Therefore, samples

Cu-2

sintered at low temperature have a softer structure than
samples sintered at higher temperature. The hardness values
obtained also support this.

As the sintering temperature increased to 1100 °C, the
copper could converted into liquid phase, full wetting of the
tungsten grains was provided and neck formation occurred
between grains. EDX analysis of sintered samples (WCu-4,
WCu-5 and WCu-6) at 1100 °C with the same compositions
shows that the tungsten peak intensities are higher than
copper. This is thought to be effective in increasing
mechanical properties.
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Figure 2. EDX images of WCu electrical contact materials
3.3. XRD Analysis

X-ray diffraction analysis results of WCu-1, WCu-2 and
WCu-3 composites sintered at 1000 °C are given in Figure
3. Only W and Cu peaks were formed in XRD patterns of
WCu-1, WCu-2 and WCu-3 composite samples. The highest
peak intensity in the XRD pattern of all three composite
samples was W peaks. While the W peak intensity is the
highest and the Cu peak intensity is the lowest in the XRD
pattern of the WCu-1 composite, XRD pattern of the WCu-2
composite showed a decrease in the W peak intensity and an
increase in the Cu peak intensity. The lowest W peak
intensities and the highest Cu peak intensities are seen in the
XRD pattern of the WCu-3 composite, but the W peak
intensities are higher than the Cu peak intensities. In the
composite samples of XRD patterns in which W peak
intensity falls and Cu peak intensity increases, the micro
vickers hardness values decrease (Figure 5). It is seen that
the micro vickers hardness values are increased in the

composite samples of the XRD patterns in which W peak
intensity increases and Cu peak intensity decreases (Figure
5).

Figure 4 shows XRD patterns of WCu-4, WCu-5 and
WCu-6 composites sintered at 1100 °C. Only W and Cu
peaks were formed in these XRD patterns of these
composite samples, too. The highest peak intensity in the
XRD pattern of all three composite samples was W peaks.
XRD of WCu-4 composites showed the highest W peak
intensity and the lowest Cu peak intensity, whereas the XRD
graph of the WCu-5 composite showed a decrease in W
peak intensity and an increase in Cu peak intensity. W peak
intensities were higher for all three compositions than Cu
peak intensities, although the lowest W peak intensities and
highest Cu peak intensities were seen on the XRD patterns
of the WCu-6 composite. Generally higher hardness values
were obtained from samples with reduced Cu peak
intensities.
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Figure 3. XRD patterns of WCu-1, WCu-2 and WCu-3
samples sintered at 1000 °C temperature
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Figure 4. XRD patterns of WCu-4, WCu-5 and WCu-6
samples sintered at 1100 °C temperature

3.4. Micro Vickers Hardness Analysis

Micro-vickers hardness values of WCu electrical contact
materials sintered at both temperatures are given in Figure 5.
The values obtained indicate that the increase in the Cu
content leads to a decrease in hardness values. However, the
hardness values increased with the increase in the sintering
temperature. This is due to the fact that, at high temperature,
Cu forms a liquid phase to wet the W particles better, and
thus a more dense structure, as indicated in the SEM review.

Generally, as the Cu content increases in the samples,
the porous structures decrease and improve in the
microstructure was seen. However, the increase of Cu
amount has led to a decrease in hardness values. In another
study supporting this prediction, they obtained the lowest
hardness value in the W-%40wt Cu composite with the
highest Cu content [13].

The highest hardness value was obtained from the
WCU-4 sample. This value is around 355 HV. This is
because of the presence of high-strength W metal powders
and sintering at higher temperatures. Contrary to this, the
micro vickers hardness value of WCu-3 composite sample is
the lowest with 230 HV. In a study by Ibrahim et al. [16],
the hardness values were only obtained in the range of 220-
250 HV, although the sintering temperature was up to 1250
°C.
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Figure 5. Micro vickers hardness values of WCu samples
sintered at 1000 °C and 1100 °C temperatures.

3.5. Electrical Resistivity Analysis

Electrical resistivity values of WCu electrical contact
materials sintered at 1000 °C ve 1100 °C temperatures are
shown in Figure 6. The lowest electrical resistivity value
was obtained from WCu-6 samples sintered at 1100 °C
temperature while the highest electrical resistivity value in
WCu samples was obtained from WCu-1 sample sintered at
1000 °C. As the electrical resistivity value decreases,
electrical conductivity increases. It shows that the increase
in copper ratio and sintering temperature increases the
electrical conductivity. As a result of sintering at 1000 °C,
W particles were completely prevented from touching each
other because of that Cu matrix couldn’t convert into liquid
phase. Conduction of electrons between atoms became more
difficult. Compared to the samples sintered at 1000 °C, the
Cu matrix was able to convert to liquid phase at the sintering
temperature of 1100 °C. Thus, the contact surfaces of the
grains increased with each other, and accordingly, the
electrical conductivity of the samples sintered at high
temperature was higher. A study on the W-20% Cu and W-
30% Cu composites is similar to our experimental results
and supports the results obtained by decreasing the electrical
resistivity values in composites with increased Cu content
[16].
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Figure 6. Electrical resistivity values of WCu electrical
contact materials sintered at 1000 °C ve 1100 °C
temperatures

4. Conclusions
Generally, the increase in sintering temperature has a
positive effect on the increase of mechanical and electrical

properties. In the samples having the same content in the W
+ Cu system, the hardness values of the samples sintered at
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1100 °C are higher than the samples sintered at 1000 °C. In
addition, as the Cu ratio and sintering temperature increased,
the pores in microstructure decreased and development in
microstructure were seen in samples produced according to
the W+Cu system. However, the increase in the Cu content
led to a decrease in hardness values. Pressing pressure can
be increased to reduce porosity in samples which have low
copper content.

The increase in copper ratio positively affected the
increase in electrical conductivity. However, the electrical
resistivity values of the samples sintered at 1100 °C were
lower than the electrical resistivity values of the samples
sintered at 1000 °C. Namely, WCu electrical contact
materials with low electrical resistivity values are found to
be more conductive.

In future studies, alloying elements such as Ni, Co can
be added to increase the mechanical properties of high-
copper-content materials. In order to improve the electrical
properties of materials with high tungsten content, it is also
possible to add silver with better electrical conductivity than
copper.
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