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Materials that exhibit negative thermal expansion
(NTE) property are of considerable scientific and
technological interests [1-5]. Their use in composites
facilitates the control of bulk thermal expansion prop-
erties to avoid cracks or separation at interfaces be-
tween the two components, which is especially needed
for various applications in optics, electronics, and other
fields where exact positioning of parts is crucial [6, 7].
For use in composite, an ideal NTE material should
have isotropic and linear negative thermal expansion
properties during a large temperature range including
room temperature [8]. It is desirable that the material is
thermodynamically stable over its NTE range and can
be prepared in a low-cost and efficient way.

The most promising NTE material to date is
ZrW,0g family due to its’ isotropic NTE property over
a wide temperature range. The typical material,
ZrW,0g, undergoes isotropic NTE behavior from
0.3 K to 1050 K [9,10]. Unfortunately, for use in
composites, there are some drawbacks. For example,
ZrW,0g undergoes an order-disorder phase transition
around 430 K and the linear coefficient changed from —
8.8 x 10° K™ to —4.9 x 10° K~![11]. It also undergoes
a phase transition to a more dense structure (with a
significantly lower coefficient of NTE) at around
0.2 Gpa. While structurally related phases such as
ZrMo,0Og and ZrW,_Mo,Ogz solid solution do not
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undergo phase transition over the NTE temperature
range, which makes it desirable in preparing composite
materials [12-14].

Cubic ZrWMoOg is a typical ZrW, ,Mo,Og solid
solution. But it is difficult to prepare due to the vola-
tilization of WO5; and MoO; when conventional solid
state techniques is used. The breakthrough in this area
came when dehydration of the precursor method was
put forward [15]. But this method was far from optimal
because the solution usually was aged and gelatinized
for weeks. Recently, a rapid synthetic route, hydro-
thermal method was approached and highly crystal-
lized cubic ZrWMoOg powders were achieved without
the aging procedure [16]. As used as fillers in com-
posites, for decreasing the innerstress, proper mor-
phology is important. But to date, most NTE materials
have been synthesized as powders without controlling
in morphology due to the difficulty in synthesis.

In this paper, ZrWMoOg powders with different
morphologies were prepared by hydrothermal method
using HCI, HCIO,4, HNO3, H,SO4 and CH;COOH as
acid media respectively. The influence of the kind of
acid on the morphologies of the obtained ZrWMoOg
was also investigated. All the chemical reagents were
analytical grade purity without further purification. In
the typical procedure, zirconium oxynitrate [ZrO
(NO3), - SH,0], ammonium tungstate [NsHz7WgOp4 -
H,0] and ammonium molybdate [NsH37MogO»y -
H,0] were dissolved separately in distilled water
according to the mole ratio of Zr:W:Mo=1:1:1. First, W
solution and Mo solution were mixed, and then Zr
solution was added slowly under vigorous stirring.
After that, acid solution (HCI, HCIO4, HNO;, H,SOy,,
CH;COOH(HOAC)) was added slowly to the above
solution with continuous stirring for another 3 h. The
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mixture was finally loaded into a Teflon-lined Parr
bomb and heated at 180 °C for 15 h. After natural
cooling, the product was filtered, washed with distilled
water, and dried at 60 °C. Cubic ZrWMoOg powders
were obtained by calcining the precursor at a proper
temperature varying from 500 °C to 600 °C for 6 h.

Products were characterized by powder X-ray dif-
fraction using Cu Ka radiation (4=0.15418 nm) (D/
max2500, Rigaku). The XRD data were collected with
a scan speed of 5°(20)-min~" in the 20 range from 10° to
50° by continuum scanning method. The samples’
morphology and particle size were examined with
PHILIPS XL-30ESEM scanning electron microscopy.

Figure 1a shows the XRD pattern of the precursor
samples after hydrothermal treatment. In the present
case, well crystallized precursor ZrWMoO,(OH),
(H,0), (JCPDS No0.27-0994), an intermediate of the
final product ZrWMoOg, could be obtained in the HCI,
HCIO,4, HNO3, H,SO,4 and HOAc¢ media. No obvious
impurity can be detected. All the products after cal-
cining have the same crystal structure no matter what
the kind of acid used in synthesis of the precursor. The
XRD pattern is shown in Fig. 1b, in which all diffrac-
tion peaks could be indexed to cubic [-ZrW,Og
(JCPDS No.50-1868 ). The high intensity of the dif-
fraction peaks suggests that the products are well
crystallized.

The morphologies of the ZrWMoOg samples
obtained in the different acid medium were observed
by SEM and the images are shown in Fig. 2. It can be
seen that the morphology of ZrWMoOg particles was
quite sensitive to the kind of acid medium. As shown in
Fig. 2a, rod-like aggregates, which were made up by
several nanorods connected to each other were ob-
tained in the medium of HCL The length of the
products is up to 2 um while the diameter is about 100
200 nm. In Fig. 2b, it can be seen that similar rod-like
aggregates were obtained in the medium of HCIO,.
Relatively large rod-like particles were obtained in the
medium of HNOj as shown in Fig. 2c. The length is up

to 7 um and the diameter is about 500 nm. Irregular
short rod-like particles were obtained in the medium of
HOAc shown in Fig. 2d. When the acid medium
changed to H,SOy, hexagon prism ZrWMoOyg particles
with uniform size were obtained (Fig. 2e).

It is interesting to note that similar results were
obtained in the synthesis of TiO, using hydrothermal
route [17]. It was reported that inorganic acid played a
key role on the morphology of the resulted products,
and preferentially adsorption of the anion controlled
the growth rate of different crystal faces. In the present
case, a possible growth mechanism is that CI™ and ClO}
preferentially absorbed on the surfaces of ZrWMoOg
crystal parallel to the c-axis, which restrained the
growth in all directions except the c-axis, resulting in
nanorods. And the rod-like particles were the products
of the aggregation of those nanorods directed by high
specific forces. While SO;~ may be absorbed on the
side-surfaces at random tilt angles, cuboidal morphol-
ogy was resulted and the exact mechanism should be
further investigated.

Above discussions suggest that the morphology of
the final products could be manipulated by adopting
certain reaction conditions. In order to certify the ef-
fect of different anion on the morphology of final
products, H,SO, and HCI solutions were simulta-
neously used in the hydrothermal method. The mor-
phologies of products obtained in mixed acids with
different volume ratio were investigated. When volume
ratio of HCI:H,SO, changed from 0:1 to 1:1, the mor-
phologies of the resulted products changed from
hexagon prism to cuboid, as shown in Figs. 2e and 3a.
The mean diameter and length of the cuboid are about
1 pm and 2 pm. When volume ratio of HCl: H,SO,
changed from 1:1 to 3:1, similar cuboid ZrWMoOg with
an aspect ratio of 4 was obtained, while the average
length of the cuboid is from 3 to 5 um as shown in
Fig 3b. It is worth noting that the mean diameter of the
cuboid was approximately the same, while the corre-
sponding length increased with the increasing amount

Fig. 1 XRD patterns of (a)
precursor ZrWMoO,

(OH), - 2H,0 and (b) cubic
ZrWMoOg
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Fig. 2 SEM images of cubic
ZrWMoOg prepared in
different acid media: (a) HCI;
(b) HCIOy; () HNO3; (d)
HOAC; (e) H,SO,
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Fig. 3 SEM images of cubic
ZrWMoOg prepared in
different volume ratio of
HCI:H,SO, (a) 1:1; (b) 3:1

of HCL. These results indicate that it is possible to
design the shape and size of ZrWMoOg according to
their practical applications. However, the exact reason
still needed to be further investigated and elucidated.

To the best of our knowledge, this is the first report
of such hexagon prism and cuboid ZrWMoOQOg obtained
by controlling the acid media. This approach towards
controlling morphologies is promising, particularly
because the wide range of accessible kinds of acids to
be used.

@ Springer

In summary, pure phase cubic ZrWMoOg could be
synthesized by hydrothermal method. Different mor-
phologies of ZrWMoOg powders have been success-
fully achieved by changing the acid medium, and a
serious of rod-like, hexagon prism and cuboid were
obtained. These particles are promising candidates for
materials science due to the importance of the shape
and texture in determining various properties of
materials [18]. Based on the results presented in this
paper, it is speculated that the selective absorption on
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various crystallographitcs faces of polyhedral of ZrW-
MoOg are crucial for determining the morphology,
further work will be devoted to gain a deeper under-
standing on the detailed mechanism during this
hydrothermal process.

Acknowledgements The author thanks the National Natural
Science Foundation of China and the Natural Science Founda-
tion of Jiangsu for financial support.

References

1. Evans JSO, David WIF, Sleight AW (1999) Acta Crystallogr
B55:333

2. Sleight AW (1998) Curr Opin Solid State Mater Sci 3:128

3. Evans JSO, Mary TA, Sleight AW (1997) J Solid State Chem
133:580

4. Khosrovani N, Korthuis V, Sleight AW, Vogt T (1996) Inorg
Chem 35:485

13.
14.

15.
16.

17.
. Mann S, Ozin GA (1996) Nature 382:313

. Yamamura Y, Nakajima N, Tsuji T (2000) Solid State

Commun 114:453

. Holzer H, Dunand (1999) J Mater Res 14:780

. Yilmaz S (2002) Com Sci Technol 62:1835

. Sleight AW, Rew A (1998) Mater Sci 58:29

. Evans JSO, Mary TA, Vogt T, Subramanian MA, Sleight

AW (1996) Chem Mater 8:2809

. Sleight AW (1998) Inorg Chem 37:2854
. Mary TA, Evans JSO, Vogt T, Sleight AW (1996) Science

272:90

. Nakajima N, Yamamura Y, Tsuji T (2003) Solid State

Commun 128:193

Yamamura Y, Nakajima N, Tsuji T (2004) Phys Rev B
70:104107

Kameswari U, Sleight AW, Evans JSO (2002) Int J Inorg
Mate 2:333

Clearfield A, Blessing H (1972) J Inorg Nucl Chem 34:2643
Closmann C, Sleight AW, Haygarth J (1998) J Solid State
Chem 139:424

Wu MM, Lin G, Chen D et al (2002) Chem Mater 14:1974

@ Springer



	Preparation and characterization of ZrWMoO8 powders �with different morphologies using hydrothermal method
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


