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Abstract A new method conbining the foam fomation and heat treament for preparing the nanocrystalline W O; powders is presented

The structure and the morphology of the powder have been characterized by X -ray diffraction (XRD) and scanning electron m icroscopy
(SEM ). The nanocrystalline W O, powder is orthothombic structured with well-defined crystalline clusters bounded by 30~40 nm nan-
oparticles The WO; film on ITO is prepared by dip-coating method in W O; suspension in which nanocrystalline W O; powders are dis-

persed in distilled — deionised water The electrochem icalm easurem ents show that the W O3 filns have a good electrochrom ic reversibili-

ty and fast electrochrom ic response
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Tungsten trioxide (WO;) has been intensively in-

terested owing to its potential applications in gas sen-

. L1
sors smart windows and catalysis . As an electro
chrom ic material WO; can be prepared by physical

and chem ical methods
(6.7

such as chem ical vapor deposi-

! pulsed laser deposition (PLD)'™.  vacuum
0]

tion
. [9] .o [l

evaporation ', sputtering

et {121 . [14]

ring » solge » spray pyrolysis 5 hydrother-

12 . . [15—17

mal'”. electrochem ical deposmon[ SRS
.. (18]

deposition

> R-F- magnetron sputte-

electroless
and ultrasound irradiation -

The electrochrom ic (EC) perfomance of WO; de-
pends strongly on its morphology and structure Re-
cently many researchers have focused on the prepara-
tion of nanocrystallne WO,

[20—23]

ods - The WOj; nanocrystallites are bound together

using different meth-

with differing crystal orientation and a high density of
. . . 20
interfaces or grain boundaries -

of the EC behavior of the nanocrystalline W O; filns ex-

hibited a higher over selective optical m odulation. more

A comparative study

efficient in the near infrared region and less in the visi~
ble compared to
filns ™.

including a high porosity and large intemal volum e

the polycrystalline or amormphous

Such a fomation possesses many advantages

This paper reports the preparation of nanocrstalline

WO; by a novel method combining the foam fom ation
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and heat treament The electrochromic properties of

the nanocrystallne WO; were characterized

I Experinental

1.1 Preparaton ofWO; nanocrystllies

Tungsten containing solution was prepared by dis-

solving 3 g W in 30 mL 30% (9) hydrogen peroxide
(H,0,) aqueous solution'”’. The solution was brought
up to 100 mL with distilleddeionised water and ethanol
(P =30% ). After decomposing the excess H;0; by a
platinized Pt gauze 0.844 g of cetyltrmethyl amm oni-
um bromide (CTAB) were mixed with 2.74 mL tung-
stencontaining solution and a small quantity of Pt pow -
der a viscous paste was fomed 2mL ofH,0, (¢ =
30% ) was then added mmediately H,0, decomposes
by the induction of Pt and oxygen gas evolves at the
same tine A volum inous foam with bright yellow in
colour fomed spontaneously as reported for TiO,
foam'®" and V,0; foam'”’. The difference is that the
tungsten containing hom ogeneous solution was used as
precursor instead of the powder Only macrostructured
foam fomed using powder as pre(:ursof UL The
yellow foam was further subjected to a heat treamment at

500C for6h in order to remove the surfactants
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1.2 Preparaton of he WO, fim on ITO
( ndium -th oxide) ghss
The nanocrystalline W O; was pre-dispersed in dis-

tilled deionised wates a yellow green suspension was

obtamed: The WO; film on ITO glass was fomed by

the dip-coating method at a rate of 10 em min = and

dried at 80C . The glass was previously degreased and
cleaned as described elsewhere - Dip-coating and
heating treament procedures were repeated twice to ob-
tain hom ogeneous W O; filn- The as-deposited filn was
coated with a thin layer of Nafion filn on the top to pre-

" and

vent the dissolution of WO; in the electrolyte[16
was left m air ovemight before the characterization

The electrochem ical m easurem ents were perfom ed
in a threeelectrode cell with W O; /TTO electrode as a
working electrode A Pt wire and Ag/AgCl electrode
were used as the counter electrode and reference elec-
trode respectively A1l the tests were carried out in
0.5moldm ° H,SO, solution at room temperature Cy-
clic voltamm etric and potentiastatic investigations were
carried out on a Voltlab 80 Universal Electrochem ical
Laboratory (Radiometer Analytical France)-

The crystallinity of the nanocrystallne WO; was
confimed by the X —ray diffraction pattem- A X -ray dif~
fratom eter D Max-IIIA (R igaku Co , Japan)
CuKal (A =1.54056 X10 *an) as radiation source

was used- The mormphology of the WO; nanocrystallite

using

was observed by the scanning electron m icroscopy

(SEM) (LEO 1530 VP, Gemany)-

2 Resulis and D iscussion

2.1 Stuctralcharacterizaton

The structure of the W O3 nanocrystallite was iden-
tified by X -ray diffraction Fig-1 shows the X ray dif-
The d values

were compared with the standard JCPDS values and are
of the orthothombic

fractogram of the WO; nanocrystallite

structure

consistent with those
(JCPDS 20—1324).
400 ¢

Intensity(cps)

Fig-1  The X -ray diffraction pattemn of nanocrystalline W O,

The morphology of the W O; nanocrystallite was ob-
served by SEM. Fig-2 shows the SEM m ocrographs of
the W O3 nanocrystallites at differentm icroscopic magni-
tudes It is clear that the WO; powder is composed of
the well-defined crystal clusters with the nanocrystalline
size of less than 50 nm- Such stucture can provide
high surface area that is favorable for electrochrom ic
applicationn  The high surface area would significantly
accelerate the colouration/bleaching rate The results
revealed that the modified “ foam ” method in this study

could rapidly prepare the nanocrystalline W O;-

Fig-2 SEM mocrographs of the nanacrystalline W O at

different m icroscopic magnitudes

(left X3000; right >30000)

2.2 Cyclc vollammetry ofWO, /ITO ekctrode
The cyclic voltammogram of the WO, /ITO elec-

trode is shown i Fig-3 and the characteristic redox
5, 26]
- The

cathodic current is associated with the colouring process

peaks of WO; were as reported previouslyLl

(the fomation of hydrogen tungsten bronze H W O;)
and the blue colour appeared obviously Tungsten at
highest valence was reduced to lower valence states at
the first reductive peak and the blue colour was intensi-

fied with the further increase in the cathodic potential

Current density/mA-cm’

—400 0 400
Potential/mv vs Ag/AgCl

Fig-3 Cyclic voltamm ogram of a W Q; electrode in 0.5mol
dm * H,S0, solution scan rate 90 mV s " Inset a plot

of, the-anodficy peaks corrent densityl vy -séan rate
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The cathodic current at a given potential can be used as
a comparative indication of the amount of hydrogen in-
serted into the WO; filn and hence the degree of col
ouration The colouration /bleaching processes of the
the present

The mnset of

nanocrystalline WO; filns prepared by
method are reversible and repeatable
Fig-3 shows a linear relationship between anodic peak
current and scan rate below 100 mV s - The result
demonstrated that the redox reaction of the nanocrystal~
line WO; filn is controlled by the electrode surface re-
action in a Nemstian manner
2.3 Pofentalpulke response ofWO, /ITO

e kectrode

Fig-4 shows the current-tine response of a WO e-
lectrode under a periodical potential pulse from —0.6
V 10 0.6 V at the frequencies of 0-1 Hz From Fig-4 it
can be found that the response of the coloration and
bleaching of the WO; filn are very fast due to the por-
ous structure The peak currents produced during the
coloration and bleaching processes are hardly changed,
indicating the reversibility and stability of the WO,
fim- The results are significant since the mprovement
in the response tine is extremely mportant for the scale

up of the WO; based electrochrom ic devices
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Fig~4 Current-tine response of a W O; electrode under
potential pulse from —0.6 V 10 0.6 V
n0.5moldm ° H, SO, solution-

The morphologic analysis of the WO; powder indi-
cated that the WO; powder prepared by the present
method was nanocrystallites with a large area interfaces
or grain boundaries Such nanocrystallne WO; can pro-
vide good mntergranular contacts and provide more
channels for the ions in and out easier than that of other
foms ofWO; due to their high porosity and large inter-

nal volume

3 Conclusion

Nanocrystallne WO; powder which possesses a

high porosity. and, large intemal volume has been pre;

pared by a new method combining the foam fom ation in
the presence of the surfactants The asprepared W O;
powders were orthothom ibic structured SEM observa-
tion proved that the WO; powders in the fomm were of
well-defined crystal clusters with 30 —40 nm nanoparti-

”

cles The results revealed that the modified “ foam
method could be used to rapidly prepare nanocrystalline
WO;-

The results of the cyclic voltamm etric measure-
ments and the chronoam pem etric response of the W 0; /
ITO electrode showed that the nanocrystallne W Oj;
films possessed a good electrochrom ic reversibility and

faster coloration and bleaching rates
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