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a b s t r a c t
W–30 wt%Cu composite powders were prepared by a novel precipitation process using ammonium meta
tungstate and copper nitrate as precursors. The initial precipitates were obtained by adding aqueous
ammonia to a mixture of ammonium meta tungstate and copper nitrate solutions and then heating
the solution up to 95 °C. In order to synthesis W–Cu composite powders, the dried precipitates were calcined in air at 500 °C and then reduced by hydrogen. The calcination temperature was determined by
thermogravimetry analysis. The powders were characterized by X-ray diffraction technique and scanning
electron microscopy analysis. The effect of sintering temperature was investigated on densiﬁcation of the
synthesized powders. Relative density over 98% was achieved for the samples which were sintered at
1150 °C. Good electrical conductivity and relatively high hardness were achieved for the samples which
sintered above melting point of copper.
Ó 2009 Elsevier Ltd. All rights reserved.

1. Introduction
W–Cu composites are widely used as arcing tips, resistance
welding electrodes, electrode materials for electro discharge
machining, heat sink materials for microelectronics packaging
and materials in MHD (magnetohydrodynamics) power generation
systems. These groups of composites combine the high hardness,
hot strength and wear resistance of tungsten with the outstanding
electrical and thermal conductivity of copper [1–3]. Generally,
these composites are produced by copper inﬁltration of tungsten
performs. However, this technique is not a net shape process and
does not result to a homogeneous microstructure [4]. Moreover,
it is known that W–Cu composites hardly reach full density without addition of a small amount of other elements such as Co and Ni
as sintering aids. But these elements deteriorate electrical and
thermal conductivity of W–Cu composites [5,6]. In recent years,
synthesis of W–Cu composites has been investigated by sintering
W–Cu composite powders. In these kinds of powders, without adding any additives nearly dense and homogenous composites could
be fabricated due to ﬁne dispersion of copper and tungsten. Several
methods like mechanothermochemical [7] mechanical alloying [8]
and mechanochemical [9] were used to synthesis W–Cu composite
powders so far. However, the mentioned techniques, especially the
last two ones include long time ball milling and the powders could
be contaminated during the process. Contamination causes a decrease in conductivity after sintering the powder compacts [10,11].
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In this study, in order to synthesis W–Cu composite powders,
ammonium meta tungstate and copper nitrate were used as raw
materials. The introduced synthesizing procedure does not include
mechanical milling so the prepared powders would not be contaminated from the milling media. Also, the effect of sintering temperature on consolidation, electrical conductivity and hardness of the
powders was investigated.

2. Experimental
White colored ammonium meta tungstate-AMT (H26N6O40W12 aq, >99.0% purity, Fluka, Germany) and blue colored copper nitrate
(Cu(NO3)2  3H2O, >99% purity, Merck, Germany) were used as raw
materials. In order to synthesis W–30 wt%Cu composites, AMT and
copper nitrate solutions were made separately in distilled water.
Subsequently, the two solutions added to each other and heated
at about 80 °C. Then for each 100 cm3 of the solution 3 cm3 aqueous ammonia were added to the solution. By heating the solution
up to 95 °C, ammonia evaporated completely and green precipitates formed. Worth mentioning that after the ﬁrst ﬁltration of
the solution, the above mentioned process (i.e. adding ammonia,
heating and ﬁltering the solution) should be repeated until the
solution became completely colorless. In this condition, pH was
in the range of 5–6. Then the obtained precipitates in each step,
washed, dried and simple mixed.
In order to determine the appropriate calcination temperature,
the dried precipitates were subjected to thermogravimetry analysis (TGA) (NETZSCH STA 409 PC/PG) up to 750 °C with a heating
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rate of 10 °C min1 in air atmosphere. The precipitates calcined at
500 °C for 2 h. The calcined precipitates reduced at 850 °C for 3 h in
hydrogen atmosphere (dew point 76 °C) in a tube-type electrical
furnace. The powders were characterized by X-ray diffraction
(XRD) technique (XRD–Jeol8030–Cu Ka). The reduced powders
were uni-axially compacted at a pressure of 200 MPa. The powder
compacts sintered in a tube-type electrical furnace in hydrogen
with a heating rate of 10 °C min1 to 1000–1150 °C for 1.5 h. The
densities of the sintered samples were determined by Archimedes
method. The electrical conductivity of the sintered powders was
evaluated by four probe DC method. Also, the hardness of the sintered specimens measured by a Vickers hardness tester. The morphologies of the powders and the microstructure of the sintered
samples were observed by scanning electron microscopy (SEM,
Cambridge S360).
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Fig. 2. TG curve of the initial precipitates up to 750 °C in air.

3. Results and discussion
3.1. Synthesis of W–Cu composite powders
Fig. 1 shows the SEM micrograph of the initial dried precipitates. This ﬁgure shows the precipitates have near spherical shapes
and have been partially agglomerated.
The thermogravimetry of the initial precipitates up to 750 °C in
air atmosphere is shown in Fig. 2. According to this ﬁgure, the
weight loss of the precipitates occurs up to 500 °C and above this
temperature no changes is detectable in TG curve. This result
shows that the volatile constituents such as water and ammonia
evaporated completely after heating at 500 °C.
The XRD pattern of the calcined precipitates at 500 °C is
shown in Fig. 3. According to this pattern, the calcined precipitates consisted of CuWO4x phase. Therefore, one can conclude
that the appropriate temperature for calcination of the initial precipitates is 500 °C. SEM micrograph of the calcined powders is
shown in Fig. 4. This ﬁgure shows that due to evaporation of
the volatile compounds, the calcined powders have a different
morphology compared to initial precipitates. Also, according to
this ﬁgure, the calcined powder has been agglomerated. Calcination at higher temperatures may result to further agglomeration
of the particles.
The XRD pattern of the reduced powders is shown in Fig. 5. This
pattern shows the reduced powders consisted of W and Cu phases.
SEM micrograph of these powders is presented in Fig. 6. This ﬁgure
shows that the particles are approximately worm shape and have
submicron size.

Fig. 3. XRD pattern of the calcined powders at 500 °C. The pattern shows only
CuWO4x peaks.

Fig. 4. SEM micrograph of the calcined powders at 500 °C.

3.2. Densiﬁcation of the reduced powders

Fig. 1. SEM micrograph of the initial dried precipitates.

The effect of sintering temperature on the relative density and
diametral shrinkage of the samples is shown in Fig. 7. The measured relative densities of the sintered specimens at 1000, 1100
and 1150 °C are 72.12, 96.7 and 98.08%, respectively. Also, diametral shrinkages of the samples at these temperatures are 6, 15.5
and 17.5%, respectively. Therefore one may conclude that melting
of copper has signiﬁcant inﬂuence on consolidation of the sintered
samples T mCu ¼ 1083  C. However, according to the results,
increasing of sintering temperature at about 1100 °C has not a considerable effect on the increase of relative density of the compacts,
but with increasing the temperature the density is improved.
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Fig. 8. SEM micrograph of the samples sintered at 1000 °C for 1.5 h.
Fig. 5. XRD pattern of the reduced powders.

Fig. 6. SEM micrograph of the reduced powders.

Fig. 7. Relative densities and diametral shrinkages of the samples versus sintering
temperature. The theoretical density is 14.33 g cm3.

Below melting point of copper, solid state sintering is the main
mechanism for densiﬁcation of W–Cu compacts. During solid state
sintering, diffusion of copper from the bulk of the composite particles resulted to formation of Cu necks between the composite particles. This phenomenon favors densiﬁcation in solid state sintering
according to Refs. [12,13]. The SEM micrograph of the sintered

Fig. 9a. SEM image of the sintered samples at 1100 °C.

samples at 1000 °C is shown in Fig. 8. This ﬁgure shows partially
sintered microstructure of W–Cu composite.
Above 1083 °C, liquid phase sintering was responsible for densiﬁcation of the compacted powders. In general, densiﬁcation during liquid phase sintering occurs through a combination of particle
rearrangement due to capillary forces, grain shape accommodation
by solution re-precipitation and sintering of tungsten by solid state
diffusion [14]. In the case of W–Cu composites, the low solubility of
tungsten and copper makes the contribution of solution re-precipitation negligible, so the dominant mechanism for densiﬁcation
seems to be the rearrangement of W particles. Similar observation
has been reported by other researchers [14,15]. The main restriction for rearrangement is the bonds between tungsten particles
which form during heating and sintering the compacts. The rearrangement of W particles occurs when the W skeleton network
is weaker than the capillary forces according to Johnson et al.
[14]. In the case of synthesized powders, although ﬁne particles
contributes to stronger WAW bonds, but the ﬁne distribution of
Cu and W phases increase the capillary forces which helps rearrangement of W phases during liquid phase sintering. Figs. 9a
and 9b show the SEM images of the sintered specimens at 1100
and 1150 °C.
3.3. Electrical conductivity and hardness of the sintered samples
Fig. 10 shows the effect of sintering temperatures on electrical
conductivity (in the term of percentage of International Annealed
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where dth, dc and dCu are the theoretical composite density
(14.33 g cm3), measured composite density and pure copper density (8.96 g cm3), respectively. As it shown in this ﬁgure, by
increasing the sintering temperature the electrical conductivity of
the samples enhanced to 41.7% IACS due to decrease in the volume
fraction of porosities. The theoretical electrical conductivity of this
composite is about 45% IACS [17].
The effect of sintering temperature on hardness of the sintered specimens is shown in Fig. 11. The hardness of the sintered
samples at 1000, 1100 and 1150 °C is 142,275 and 303 Vickers,
respectively. This should be related to higher relative density of
the samples which have been sintered at elevated temperatures.
It is worthy to note that the hardness of the composites which
were produced by conventional methods is 150 HB [1] which
is approximately half of the hardness of the synthesized
composite.
Fig. 9b. SEM image of the sintered samples at 1150 °C.

4. Conclusion
W–30 wt%Cu composite powders synthesized via precipitation
method using ammonium meta tungstate and copper nitrate as
raw materials. The process includes precipitation of W–Cu compounds, calcination of the initial precipitates in air, and reduction
of the calcined powders in hydrogen atmosphere. Due to ﬁne distribution of tungsten and copper phases, the synthesized powders
showed good sinter ability and high relative density especially
after sintering above melting point of copper. Over 300 Vickers
hardness and 41.7% IACS electrical conductivity obtained for the
sintered samples at 1150 °C.
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Fig. 10. The effect of sintering temperature on conductivity (reported as percentage
of International Annealed Copper Standard) and volume porosity of the sintered
samples.

Fig. 11. Vickers hardness versus sintering temperature for the samples sintered at
different temperatures.

Copper Standard – % IACS) and volume fraction porosity (X) of the
sintered samples. The volume fraction porosity of the samples can
be calculated as below [16]

X¼

dth  dc
dCu

ð1Þ
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