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ABSTRACT

WS, nano films have been elaborated from WO, layersgrown on glass
substrates using a simple and cheap technique. Several characterization
meansincluding classical and original protocols, like Vickers micro-hard-
ness test and Amlouk-Boubaker opto-thermal expansivity vy, . analyses
have been carried out. The results showed that the finally fabricated films
contained only WS,. This feature gives a meaningful advantage to the
process in the matter of product purity, as long as similar ones yielded

undesirable products such as WGQS,, and WQS,
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

WS, is one of the most known materials due to
photovoltaic, lubricous and tribological
propertiesi22226271  Several routes have been
established for the synthesi s of thiscompound 314457
under itstwo types (type-1, grownwith c-axis paral lel
to the deposition surface and type-Il with c-axis
perpendicular to surface). The present study focuseson
atwo-step fabrication process starting from asprayed
WO, material. Theideaof using thissprayed precursor
isnot new.*used mechanica ly ass sted ultrasonic spray
pyrolysis deposition technique (USP) to deposit
tungsten oxidethin filmsby spraying 2-:0 mM aqueous
ammonium metatunggtate solution onto amorphousglass
substrateskept at 250°C. A major inconvenient of this
method congists of the need of asubsequent annealing
at 400°C for a considerable duration. Ten years later'2
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succeeded toimplement aclaimed s mplesolvo-therma
cum chemical reduction route, with sodium tungstate
(Na,WO,) and cetyl trimethyl ammonium bromide
(C,,H,,NBr) as main reactants. The process didn’t
seemtobesmpleasit involved somecomplicated Seps
as sedling tubes and submerging theminto water baths
at 80°C for morethan 80 hours. The need of repeated
centrifugation and washing with distilled water wasaso
an additiond difficulty. In order to comparethe actua
protocol to those cited above, along with similar
methods used by!?°8 temperature ranges, cost and
effectson filmsmicrohardnesshave been discussed.

EXPERIMENTAL
Precursor Tungsten oxidethinfilmswere prepared

at asubstrate temperature of 500°C using (NH,), WO,.
1.0 um-thick thin films were obtained by performing
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deposition using afreshly prepared 0.01M solution.
Thicknesswas estimated using the protocol proposed
byl4sl,

After ashort annealing treatment Tungsten oxide
thinfilmswere annea ed in sulfur-rich atmosphere at
550° C inside a tube sealed under vacuum (102103
Pa). Thechemica processwhich occursafter thecho-

sen duration of 2 hoursislikely to bedescribed by the
theglobal reaction:

3
2S5, +WO, » WSZ+EO2

(d)

Asstated before, asimilar process has been pro-
posed earliert’829 but with a major inconvenient
which consists of two increment of high temperature
(760 and 920° C) along with the unavoidable ap-
pearance of an intermediary compounds such as
WOySZ_ymB] and tungsten oxy-sulphide WOy82[211
Nevertheless, the present protocol uses a simple
Spray setup at relatively low temperatures, and hence
leadsto alower cost.

The schematic representation of thewhole process
iIssummarizedin Figure 1.

i
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(@) Deposit of sprayed WO, on SiO, substrate (b) Sulphur vaporization under vacuum (c) Sealing in a sulphured medium (d)

Annealing phase.

Figurel: WS, nano-layerselaboration process.

RESULTSAND DISCUSSION

Theobtained WO, and WS, filmswere conjointly
investigated by X-ray diffractometry (XRD) usngaSi-
emensD500 Diffractometer (Figure 2-a) equippedwith
monochromatic CoK o radiation (A\=1,7903 A). The
acceleration voltagewas 45 kV and the current inten-
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sity was40 mA. Morphological aspects and surface
topography of thefilmswereexamined by scanningelec-
tron microscopy (SEM) using aJEOL 6400 high-reso-
lution apparatus, with beam voltages ranging from
0.2kV to 40 kV and beam currentsfrom 10 pA to 10
LA (Figure 2-b) and by atomic force microscopy (AFM
: Park Scientific Instrument) in contact mode (Figure 2-
c). Finally, optical measurements of the A-dependent
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transmittance and thereflectance were carried out in
thewavel ength range A (300 to 2500 nm) using unpo-
larized light in normd incidence by meansof acommon
spectrophotometer (Figure 2-d) equipped withanin-
tegrating sphere (LISR 3200). The spectrophotometer
cong stsof double-beam monochromator (UV-200S,
Shimazdu apparatus) with monochromatization per-
formed by twoflat slicon crystasinLauediffractionon

(a) XRD Diffractometer. (b) Scanning electron microscopy
(SEM) setup. (c) Atomic force microscopy (AFM) setup. (d)
Optical measurements spectrophotometer.

Figure2: Synopsisof theexperimental setups.

the(111) planein awidewave-length.

The obtained WO, and WS, filmswere conjointly
investigated by X-ray diffractometry (XRD) usngaSi-
emens D500 Diffractometer equipped with monochro-
matic CoKa radiation (A= 1,7903 A). The accelera-
tion voltagewas45 kV and the current intensity was
40 mA.. Morphol ogical aspectsand surface topogra-
phy of thefilmswere examined by scanning el ectron
microscopy (SEM) and by atomic force microscopy
(AFM). Findly, Optica measurementsof theA-depen-
dent transmittanceand thereflectance werecarried out
inthewavelength range A (300 to 2500 nm) using un-
polarized light in normal incidence by meansof aUV
3100 Sdoubl e-beam spectrophotometer equipped with
anintegrating sphere“LISR 3200”. Barium sulphate
and air weretaken asreferencesfor thereflection and
transmission measurementsrespectivey withina<100-
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Figure3: Conjoint XRD Diagramsof WO, and WS, nano-
films.

1800 nm>wavelength range.

XRD patternsof both findly produced WS,and WO,
precursor, gatheredin Figure 3, show that theinitidly de-
posited WO, layersmonitor an obviouspreferred orien-
tation of thecrystalliteswith respect to the (200) reflec-
tiondirectionwhich contrastswithtungsendisulfideXRD
pesksasstated by!?19 The r thoroughinvestigation con-
firmedthat smilar WS, materid arecrystallinewith pre-
dominantly hexagond (002) texturewhich monitorsbasa
planeswith c-axisorientated pardldl tothesubstrate sur-
face[(100) and (101) reflections]

From another sde, AFM and SEM patternsof the
WO, and WS, films (Figure4 and 5, respectively) de-
pict adrastic decrease of the mean surface roughness
(fromaround 41.0 nm for WO, to approximately 6.0
nmfor WS,). Thischangeis confirmed by the noticed
formation of sulphured clusters perpendicularly tothe
glass substrate plane, which resultsin better optical
transparency asalready recorded by!**12224 For giving
moreevidenceto the effectiveness of the protocol, two
additiona characterizationtestshave been carried out.
The tests concern Vickers micro-hardness and the
Amlouk-Boubaker opto-thermal expansivity v, I*
3101123 According to ASTM E-384, EN SO 6507,
and ASTM E-92 standards, Vickers Hardness test
specifiesmakingindentation witharangeof loadsusing
adiamond indenter which isthen measured and con-
verted to ahardnessvaue. Thistest was considered to
bevery useful for testing on awidetype of materials,
including metals, and ceramics, neverthe ess, itsappli-
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cationto layered structureisvery recent’®. Theload-
independent hardness measurements have been per-
formed by astandard Micro-Hardness Vickers (Hv)

0.0

Figure5: WS, nano-filmsAFM and SEM images.

apparatus.
In precedent studies?1°23, the Amlouk-Boubaker
opto-therma expansivity vy, . hasbeendefined by (Eq. 1)

Vs = % @
where D isthe thermal diffusivity and ** isthe

already defined effective absorptivity, defined in
APPENDIX. This parameter, expressed in m3s?, is
milated toa3D expansionve ocity of thetransmitted
hest insgdethematerid.

Theevolution of thevauesof theVickersHardness
and Amlouk-Boubaker opto-therma expansivity y .,
for thetwo studied layers, aregatheredin Figure 6.
Theevolution monitored in Figure 6isin concordance
with the precedent analyses. Infact, adecreaseinthe
Amlouk-Boubaker opto-therma expansivity y, . aong
withanincreaseinVickersMicro-Hardness confirms
the gppearance of abetter organizationinsdethenewly
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established crystallites of tungsten sulphide clusters.
Moreover, tungsten-re ated clusterspatternswerefound
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Figure6 : Evolution of Micro-HardnessVickers(Hv) and
Amlouk-Boubaker opto-ther mal expansivity v, ,

ingood agreement with those published by!16925,
APPENDI X

Theeffective absorptivity ¢ ,isthemean normalized

absorbanceweighted by 1(1),,,,,., thesolar standard
irradiance, withy, : thenormalized wave ength:

~ A=A
l‘= min
A’max _}’min
A min =100.0nM ;A =1800.0nm.
and:

(A2)

min

fl(X)AMl.sxu(X)dX
j I (X)AMl.de (AZ)

0

(=3

where: [ (&) .., i1Sthe Reference Solar Spectral Irradi-

ance, fitted using the Boubaker PolynomiadsExpansion
SchemeBPES:

Idh[zrﬁ

whereg,, aretheBoubaker polynomidsB, minima posi-
tiveroots, & aregiven coefficients, N isagiveninte-
ger, and o(A) isthenormalized absorbance spectrum.

The normalized absorbance spectrum a()) is
deduced from the BPES. According to this protocol, a
set of m experimental measured values of the
transmittance-reflectancevector

zogn 'B4n (ixBn )] y

0 n=1
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(r R (&, )] . versusthenormalized wavelength

%|_, isestablished. Thenthesystem (A 3) issat:

i=1.

R(X){z; Z°¢an4n(Xxﬁn)}

} (A3)

T(X){ '8 xB,, (AxB,)

2 0 n=1

Where g, arethe4n-Boubeker polynomiasB, minimal
positiveroots, N, isagiveninteger and ¢, and g, are

coefficientsdetermined through Boubaker Polynomids
Expansion SchemeBPES.

Finlly, thenormélized absorbancespectrum aA) is
cdculated usngtherelation (A.4) :

~ 1

A)= L
o d&\/
wheredisthelayer thickness.

Theeffectiveabsorptivity ¢, iscdculatedusngrobin
(Eg.A.2) and (Eqg. A .4).

1= R(x)|><

~=x[Ln (l_ R(X))2|
T |

T(A)

(A4

CONCLUSION

WO, nano-filmshavebeen grown on glasssubstrates
using an enhanced pyrol ytic spray setup. The obtained
filmswere subjected to sulfurisation under [ow pressure
at 550°C. Transmittance spectra showed that thin films
aretransparent a thevisibledomain concordantly with
theresultsrecorded in recent literature. The predomi-
nance of the c-axis preferential orientation of the ob-
tained compound (WS,) has been verified by severd
means. Thisresultisvery simulating sSinceardatively
costlessand s mplespray pyrolys stechniquecanbeused
to prepare such binary material s and open the way of
possibleva orisation of the prepared filmsin many opto-
electronicapplications. Further sudiesarein progressto
study the absorbance aswell astheeffectsof gradually
increased doping on the photol uminescenceand thed ec-
trica conductivity of these WS, nano-films.
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