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Abstract—In this study homogeneous powders of CuWO, and WO; was produced from ammonium para-
tungstate (APT) and copper nitrate. Then, the product was used to prepare nano-sized W-Cu powder. Hence,
a mixture of ammonium paratungstate and copper nitrate with predetermined weight proportion was made
in distilled water, while the content of the beaker was being stirred at a certain speed to reach the desired com-
position of W-20 wt % Cu. Mixture was heated to 80—100°C for 6 h. Also, pH range was adjusted at about
3—4. The mixture was then evaporated and dried in the air. To reach W-Cu composite powder, the precursor
powders burned out at 520°C for 2 h in the air to form W-Cu oxide powder and then were ball milled and
reduced in H, atmosphere to convert it into W-Cu composite powder. The resulting powders were evaluated
using scanning electron microscopy, X-ray diffraction, thermogravimetric analysis and differential thermal
analysis techniques. The results showed that homogeneous powders of W-Cu with particle size of around
100 nm and a nearly spherical shape could be obtained by this process. Each particle include smaller parts

with size of around 20-30 nm.
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1. INTRODUCTION

Tungsten-base electrical contacts exhibit excellent
resistance to mechanical wear and electrical erosion.
Therefore, tungsten-copper (W/Cu) composites,
which benefit from the high thermal conductivity of
copper, have been used for many decades for applica-
tions such as current-carrying contacts, vacuum inter-
rupter, arcing tips, and electrical discharge machining
electrodes. Moreover, W/Cu composites benefit from
the low coefficient of thermal expansion of tungstate.
For this reason they have been recently used as heat
sinks, manufactured by powder metallurgy (PM) for
microprocessors, microwave modules, wireless tele-
communication devices, as well as other power and
radio frequency packages for the microelectronics
industry. The conventional methods for the fabrication
of W/Cu composites are infiltration of a porous tung-
sten skeleton with liquid copper. Infiltration is a two-
step process that wicks molten copper into the open
pores of a previously sintered tungsten porous struc-
ture. Since copper and tungsten are mutually insolu-
ble, alloying does not occur in the conditions (i.e.,
pressures and temperatures) usually employed in the
infiltration process. Following infiltration, the parts
are mechanically machined to the final dimensions.
Moreover, the infiltration process does not result in a
homogeneous microstructure and it is not a net shape
process, thus causing high production costs [1]. In
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order to reduce costs and to produce net shape com-
ponents with homogeneous structure, high-density
W/Cu parts can be produced by liquid-phase sintering
of composite powders characterized by very fine dis-
persions of both metals [1—3]. Such composite pow-
ders can be obtained by the reduction of copper and
tungsten oxides [4, 5]. The first step in this process
consists in producing cupric tungstate (CuWO,), via
solid state reaction of tungstate trioxide (WO;) or
ammonium tungstates (meta,(NH,)¢W,,05 -+ xH,O
with 0.75 <x<1.25 or para,(NH,),,W,,0,; - 5H,0) and
copper oxides (CuO or Cu,0) or copper hydroxide
(Cu(OH),) [6]. After the formation of the cupric tung-
state, powders are reduced in flowing hydrogen at
800°C to yield a fine W/Cu composite powder. If the
stoichiometric ratio of the starting components is
employed, only CuWO, will be formed, leading to a
W/Cu composite powder containing 25.7 wt % Cu. If
excess of WO; is present in the starting oxide mixture,
then metallic powders with lower copper process con-
sists in producing cupric tungstate (CuWO,), via solid
state reaction of tungstate trioxide (WO;) or ammo-
nium tungstates (meta,(NH,)¢W;,03 - xH,O with
0.75 £x<1.25 or para,(NH,),,W,0,4,; - 5SH,0) and cop-
per oxides (CuO or Cu,O) or copper hydroxide
(Cu(OH),) [6]. After the formation of the cupric tung-
state, powders are reduced in flowing hydrogen at
800°C to yield a fine W/Cu composite powder. If the
stoichiometric ratio of the starting components is
employed, only CuWO, will be formed, leading to a
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W/Cu composite powder containing 25.7 wt % Cu. If
excess of WOj is present in the starting oxide mixture,
then metallic powders with lower copper contents can
be obtained after the high-temperature reduction step
[6]. Currently, ammonium paratungstate (APT) is the
dominating raw material used for the manufacture of
tungsten-based products. The thermal decomposition
of crystalline APT and amorphous ammonium meta-
tungstate (AMT) has been investigated [7, 8]. AMT is
a material with good water-soluble tungsten chemicals
and larger molecular weight.

At 25°C, the solubility of AMT is 30 g/100 g water,
while that quantity for ammonium paratungstate is
1.5g/100 g water [9]. The decomposition of APT
showed that there are two transformations between
amorphous and crystalline phases from room temper-
ature to 450°C, that is, precursor (crystalline) —
amorphous powder — oxides (crystalline) [7, 8]. The
aim of the present study is to produce homogeneous
powders of CuWO, and WO; from APT and copper
nitrate to prepare nano-sized W-Cu powders.

2. EXPERIMENTAL
2.1. Materials and Precursor Synthesis

Experiments were carried out in a glass beaker of
300 ml volume equipped with a mechanical stirrer sub-
merged in a thermostatic bath. Mechanical stirrer
(Heidolf RZR 2020) had a controller unit and the bath
temperature was controlled using digital controller
(within £0.5°C). Firstly, 150 ml of double distilled
water was put into the beaker and when the desired tem-
perature of the beaker content was reached, a predeter-
mined amount of powder with defined size distribution
was added into the solution, while the content of the
beaker was being stirred at a certain speed of 250 rpm.
To fabricate W-20 wt % Cu composite powders, white
colored ammonium paratungstate (NH,)10W,,O,,; -
xH,O powder (>99% purity, Merck, Germany) with
mean particle size of 150 um and blue colored copper
nitrate (Cu(NO,), - 3H,0, >99% purity, Merck, Ger-
many) were used as raw materials. The beginning mix-
tures were prepared by mixing APT in an aqueous solu-
tion of copper nitrate in distilled water to achieve
desired composition of W-20wt %Cu. APT was slightly
soluble and suspended in a stirred reactor containing
water. The mixture was heated to 90—100°C for 6 h at
relatively constant volume, while maintaining the pH of
the slurry at about 3—4 by adding ammonia solution.
The volume was maintained constant by adding dis-
tilled water. At the end of the reaction, the slurry was
evaporated in the air to form a solid powder. The
obtained precursor powders were calcined at different
temperatures varying between 150 and 750°C for 2 h in
the air with a heating rate of 5 K min~', forming W-Cu
oxide powder. The W-Cu oxide composite powder was
ball milled for 6 h in the air with a ball/powder weight
ratio of 15 : 1. The milling process was carried out in a
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high-energy ball mill (Fritsch pulverisette-5 model)
with the selected rotation velocity of 250 rpm. The ball-
milled oxide powder was reduced in an H, atmosphere
through a two-stage reduction, the first being at the
400°C for 30 min and the second stage of reduction was
performed at 650, 700, 750, and 800°C at different
times, respectively. The fixed parameter quantities such
as stirring speed were selected according to our experi-
ences during the preliminary tests. Notice that since no
process which might change the copper content was
made, the composition of the powder after synthesis
practically remained unchanged and the copper con-
tent was identical to its initial content, which was con-
sidered stoichiometrically 20 wt %.

2.2. Characterization of the Powders

The thermal decomposition of the precursor pow-
der was studied by measuring the weight loss as a func-
tion of temperature in the air using TGA and DTA
instruments. The heating rate was 5 K min~' from
room temperature to 800°C. The dried precipitates,
the calcined precipitates, and the last W-Cu powder
were characterized by X-ray diffraction. Particle size
and microstructure of the precipitates, calcined,
milled, and reduced powders were observed by scan-
ning electron microscope (SEM).

3. RESULTS AND DISCUSSION
3. 1. Synthesis of W/Cu Oxide Composite Powder

Mixing ammonium paratungstate and aqueous
solution of copper was observed to form some colorful
precipitate, which once more resulted in the forma-
tion of a green precipitate at the end of the reaction.
The existence of ammonia was observed in the precip-
itation, and resulted in the formation of a complex
compound. However, when the precipitate is heated to
about 100°C, some of the ammonia evaporates. Figure 1
shows diffractogram of the dried precipitates. It indi-
cates that the powder with W/Cu ratio of 4 has a gen-
eral composition of (NH,),Cu;(NH;);H,W,,0,, -
xH,0, in which paratungstate anions are surrounded
by copper and ammonium ions, as well as water and
possibly ammonia molecules. According to SEM
micrograph of the dried precipitates (Fig. 2), it was
seen that the precipitates have granular shape with very
fine particle size (50—200 nm).

Figures 3 and 4 show TGA and DTA curves of dried
precipitates in the air. It is evident from the curves that
there are three reaction points for precursor powders
in the air atmosphere, which are: 100, 260, and 500°C,
respectively. In four steps, different amounts of water
and ammonia were released, and different weight
losses were obtained. As the first weight loss corre-
sponded to endothermic peaks at 100°C, the weight
loss accompanying this step suggests that it can be
attributed to loss of physisorbed water. The second
decomposition step takes place between 110 and
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Fig. 1. X-ray diffraction of raw materials (APT and Cu nitrate coprecipitation powder).

Fig. 2. SEM micrograph of the dried precipitates: (a) 5000x, (b) 30 000x.
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Fig. 3. TGA curve of dried precipitates.
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Fig. 5. XRD spectra of the powders calcined at different temperatures.

260°C, and amorphous powder starts to form in this
step.

XRD pattern (Fig. 5) of the decomposition product
obtained at 150°C, just after the first reaction point,
suggests the formation of (NH,),WO, - xH,O and
Cu(NO,),(NHj;),. The third decomposition step (Fig. 3),
reached to its maximum at 260°C, is also of exother-

RUSSIAN JOURNAL OF INORGANIC CHEMISTRY Vol. 55

mic nature. The combustion processes of NH; have
occurred in exothermic processes at 260°C, producing
H,O0, dinitrogen oxide (N,0), and nitrogen monoxide
(NO). The decomposition product obtained at tem-
perature 305°C between second and third reaction
points exhibits the diffractogram of CuWO, _ .
and WO,. It is seen that (NH,),WO, - xH,O and
Cu(NO,),(NHs;), phases disappeared and new phases
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Fig. 7. SEM micrograph of the powder calcined at 750°C.

of CuWO, _ , and WO; appeared when heated above the
temperature of 260°C. In this step, the product was
mainly composed of a crystalline powder. The appear-
ance of an amorphous phase has also been identified
by XRD. However, very small amount of amorphous
phase existed up to 50°C. The peaks of CuWO, and
WO; were observed in XRD pattern of the powders cal-
cined at 520°C. At higher temperatures, growing of the
crystallites takes place.

Figure 6 shows the SEM micrograph of calcined
powders at 520°C, from which could not be seen that
the precursor particle has broken into many small par-
ticles. The specific surface area decreased due to the
agglomeration of small particles during calcinations of
the samples at high temperatures and the particles still
maintained the shape of the precursor, as shown in
Fig. 7. Moreover, as shown in Fig. 6a, the oxidized
powders of about 1pum diameter have a highly porous
structure owing to removal of organic salt compo-
nents and oxidation, and still maintained the shell
structure of the precursor. It was expected that this
shell structure might cause residual pores or Cu
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pockets in sintered specimen. To avoid this problem,
the shell structure was crushed by milling of the oxide
powders. Figure 8 shows morphologies of the powders
milled in dry condition.

3.2. Preparation of Reduced W/Cu Composite Powder

The ball milled W-Cu oxide powder was effectively
reduced in hydrogen atmosphere in a two-stage pro-
cess minimizing the compositional segregation.
Figure 9 shows the XRD patterns of W-20 wt % Cu
powders which were fabricated by two stage reduction
process at 400°C for 30 min and 650, 700, 750, and
800°C for several times in H, (the weight of initial
powder was 5 g, and the height of powder bed was
2 mm). Cu oxide completely reduced at 400°C.

As shows in Fig. 10 the optimum temperature for
reduction is 750°C in 90 min. Figure 11 shows the
microstructure of reduced powders produced from
preliminary milled and unmilled oxide powders. As
the spherical shell structure was fragmented during
ball milling, the reduced powders had a less agglomer-
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Fig. 8. SEM micrograph of W/Cu oxide powders milled for 6 h in dry conditions.
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Fig. 9. X-ray diffraction patterns of W-20 wt % Cu powders reduced at different temperatures.
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Fig. 10. The fractional conversion, X, as a function of time during the isothermal reduction of oxide powders.
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Fig. 11. SEM micrographs of W/Cu composite powders at (a) milled, (b) unmilled conditions, and (¢) TEM micrographs of

milled sample.

ated structure than those powders without a prior mill-
ing. The microstructure of this sample includes parti-
cles with size of around 100 nm. As shows in Fig. 11c,
each particle include smaller parts with size of around
20—30 nm.

4. CONCLUSION

Based on the investigation made for the fabrication
of W-20 wt % Cu composite powder using coprecipi-
tation method, the following points may be high-
lighted. The W/Cu oxide ultrafine powder with a shell
structure could be produced by coprecipitation
method from APT and Cu nitrate. Particle sizes of
around 80—200 nm have been obtained in the powder
calcined at 520°C.The shell structure of oxide powder
could be destroyed by ball milling. Ball milling caused
reduced agglomerations and better dispersion of the
powder. W-20 wt % Cu composite powder with nano-
sized tungsten particles could be synthesized by reduc-
tion of the milled oxide powder.

RUSSIAN JOURNAL OF INORGANIC CHEMISTRY  Vol. 55

REFERENCES

. D. L. Houck, L. P. Dorfman, and M. Paliwal, Proceed-

ings of the 7th International Tungsten Symposium of the
International Tungsten Industry Association (Goslar,
Germany, 1996), p. 390.

. A.K.Basuand ER. Sale, J. Mater. Sci. 13, 2793 (1978).
3. J. S. Lee and TH. Kim, Nanostruct. Mater. 6, 691

(1995).

. L.P. Dorfman, M. J. Scheithauer, D. L. Houck, and

N. E. Kopatz, US Patent 5 468 457 (1995).

5. Idem., US Patent 5 470 549 (1995).
6. D. E. Jech, J. L. Sepulveda, and A. B. Traversone, US

Patent 5 686 676 (1997).

. G. J. French and E R. Sale, J. Mater. Sci. 16, 3427

(1981).

. A. K. Basu and E R. Sale, J. Mater. Sci. 12, 1115

(1977).

. J.E Li, J. Guangxi Metall. (China) 1, 39 (1991).

No. 2 2010




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


