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ABSTRACT

Nano size TiO, powder with anatase and rutile structure was prepaired by a
sol-gel method using TiCl4 ethanol solution. The TiCl, actsas precursor in
thisreaction. The obtained product was with grain size of 2.80 nm. The ob-
tained product consist of both rutile and anatase phases. These phase formed
after drying of gel at 80°C. The proportion of anatase to rutile was 6:8. The
high proportion of rutile phase responsible for higher gas sensitivity. The
thermal stability of nano product tested using TGA-DTA technique. The
nano size structure of TiO, was confirmed by X-Ray Diffraction Spectros-
copy (XRD), Field Emission Scanning Electron Microscopy (FESEM). The
gas sensitivity of material tested by preparing thick film by screen printing
technique for this the thixotropic paste of material was prepared by using
ethyl cellulose and butyl cellulose. The gas sensing performance of this
thick film was tested for gases like ethanol, CO,, H_S, NH,, CO, Cl.,, gases
and observed maximum sensitivity for H,S gas at 350°C.
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INTRODUCTION

Gas sensor devicesarein demand for measuring
amount of pollutant gases. For measuring pollutant gases
the metd based semiconductiong oxide have been ex-
tensively usedin recent year?. Themain advantages of
semiconductor metal oxide based sensor aretheir low
price, high sengitivity, small size, low power consump-
tion and simplemeasuring e ectronic®. Recently gas
sensor based on semiconductiong metal oxidesuch as
Zn0O, SnO,, TiO, havebeen foundto bevery useful for
detecting H,S, NH, and ethanol™* 2 3. Thegas sensitiv-

ity depends on operating temperature? type of mate-
rial® size of metal oxide’?. Sensor sensitivity can be
ggnificantly increased by usng materia withvery smal
grainsize®. TheTiQ, isthe n-type semiconductiong
metal oxidecontaining eectron aremgority chargecar-
rier’. When oxygen adsorb on metal oxide surfaceit
extract el ectron form surface thereby decreasing con-
ductivity. Whenreducing gasinteract with surfacewhich
gives el ectron back to surface that increases conduc-
tivity!?. Thustherate of adsorption and desorption of
oxygen during gas sensing determinethe sensitivity of
sensor materia™. When material having smaller size
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have high rate of adsorption and desorption of oxygen.
TheLu et a haveindicated that the SnO, sensor re-
sponseto 500 ppm CO increaseswith decreasing par-
ticlesizé™. The sensitivity increaseswith decreasing
Sizeof oxidematerial dueto changein surfaceaswell
ascatalytic property of material. Thick andthinfilmis
thetwo techniquesfor fabrication of semiconductiong
metal based gassensor. Thick film gassensor hasgreeter
advantageswith thinfilm such aslow cost, smplecon-
struction and greater sensitivity™™. In the present work
we have synthesized nano TiO, and bulk TiO, and its
gas sensitivity measured for NH, H2S,H2, Cl, SO,
CO, CO,, and Ethanol. The TiO, has three phases
Rutile, Anatase, Brookite. Therutile phaseisthermo-
dynamically stabl€® but Brookiteand Anatase are un-
stableat higher temperaturewhich transfer to Rutileat
higher temperature. The TiO, hasmany applicationin
day to day lifeduetoitsunique property such aswide
range of band gap3.2 ev,strong oxidative ability and
non toxicity!® such as Photo catalysismaterial, solar
cell materid™® pigment industries™ UV blocker®® medi-
ciné” Semiconductiong materid ingassensor?. Inthis
applicationthenano TiO, hasgreater effect than bulk
TiO,[¥ thusin recent year grester intension on synthe-
sisof nanoTiO,. Thier arevarious method was devel -
oped for synthesis of nano TiO, 1) Hydrothermal
Method*? 2)Solvothermal method*Y, 3)Ultrasonic
Method™, 4)Spray paralysis*¥, 5)Sol-Gel M ethod™
6) Chemical vapor deposition!*?. 7)Co precipitation(”,
8)Flamehydrolysis” Out of which the sol-Gel method
has greater advantages. In sol gel method the metal
a coxidehydrolysesby organic or inorganicreagentin
present of organic or inorganic solvent!” %12, |n sol-
Gd reaction hydrolyssand condensation reaction teke
placewhen metal alcoxidereact with hydrolyzing re-
agent®. Therate of hydrolysis and condensation de-
terminethesize of product. Thesetwo processesde-
pends on experimental condition such as PH®, con-
centration of reagent!¥, temperaturé?, stirring rate’®
etc. Thusby controlling thiscondition the size of prod-
uct can control in sol-gel method thusthis method has
greater advantages than other method!¥. In present
worksour research group target to synthesizenano TiO,
by two different sol gel route. We a so represent the
gas sensing property of thistwo product because the
sizeof product hasgreater effect on gas sensing prop-
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erty. X-ray diffraction (XRD), Fourier Transform In-
frared Spectroscopy (FTIR), ultraviolet diffusereflec-
tancespectroscopy (UV-DRS) Thermogrvimetry andy-
gs-Differentid Thermd andysis(TGA-DTA) technique
whereused for characterization of material.

EXPERIMENTAL

Synthesis

All thechemicd wereandytica grade.1.5mlI TiCl,
wasd owly added drop wiseinto 15 ml ethanol at room
temperature. A large amount of HCl gaswasexhausted
during the mixing process. A light yellow solution was
obtained and gelatinized for several daysto form sol-
gd. The sol-gd solution was vaporized at 80°C until a
dry gel wasobtained. Thedry gel precursor was cal-
cined a different temperaturefor definitetimeinair to
formTiO, powder.

Preparation of thick film

Thegassengtivity of prepaired materid wastested
by using thick film. The thick film of material was
prepaired on glass substrate using thixotropic paste of
materid. Thethixotropic pasteof materiad prepaired by
taking 0.1mg compound, 1 gm ethyl cellulose(Binder)
and 1 ml of organic solvent (4:3:3 Butylcellulose:
Butylcarbitolacetate: Terpenal). Thefilmwith uniform
thicknesswas prepaired by applying constant pressure
on screen printing. Thefilmswerefired at 350°c for
onehr. to remove organic part.

Char acterization

Thecrystd structureof materia werestudied usng
X-ray diffraction technique (XRD make BRUKER).
For analysis Cu- K radiation used with wavelength
1.5406A° with angular region 20-80°. Theband gap of
compound werecal culated using UV-diffusereflectance
spectroscopy(UV-DRS make) The prepaired materia
were confirmed by studying FTIR spectraof prepaired
materia. TheFTIR spectraweretaken on FTIR model
SHIMADZU no.2328). The surface morphology and
chemical composition of compound were studied on
scanning electron microscope (modd SEM, JEOL, JED
6300) coupled with energy dispersive spectrometer
(model EDS, JEOL, JED 2300). Thethermal stability
of two compound weretested using thermo gravimet-
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ricand differentia therma analysistechniquein pres-
ence of nitrogen gas(model Mettler Toledo Star 801).
Thetemperaturerangefor thermd anadysisare 25-800°c
at heating rate 10°c min*. The—AlO, used asrefer-
encefor thisanadyss.

RESULT AND DISCUSSION

X-Ray diffraction analysis

TheFigure 1 showsthe XRD pattern of sample.
The XRD pattern were matched with JCPDS card
N0.21-1272 XRD pattern. The XRD patternfor com-
pound revel sthat compound hastetragonal pahase. The
peak broadening aredueto nano size.
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Figurel: XRD pattern of nanosizeTiO,

Thecrystal Szewascal culated by applying sherrer
equation (Patterson, 1939)Clasfollows

KA

B coso

WhereL iscrystalitesize(nm)

K isconstant whosevalueisapproximately 0.9

A iswavelength of X-ray radiation source (0.1542
nmfor CuKa)

B islinewidth at half- maximum height (radian)

0 isthe Bragg’s angel at the position of the maxi-
mum peak

The percentage composition of Anatase (%X ,) and
Rutile (%X ) phasescal culated by Ligiang’s equation®
asfollows

L=

@)

%X:L

1+ 1.265:—R )

A

= PFylj Peper

And %X, =100-%X ,

Where %X , isthe percentage of Anatase phasein
TG,

%X, isthe percentage of RutilephaseinTiO,

|, istheintensity of Anatase peak at 20 =

| istheintensity of Rutile peak at 20 =

TheUnit Cdl Parameter(a,c,Unit Cell Volume) was
cdculated® asfollows

I h?2+k?+1?
@7 @ 3
And Unitcdl Volume
V=a’c 4)

Whered isthedistance between two | attice planes
(nm) which cdculated from Bragg’s law as follows
nA = 2dsin@ ©)

h,k,| arethe millerindiceswhichischaracteristics
vauefromeach 20

V istheunit cdl volume (nnv)

acisUnit cel sde(nm)

nistheinteger caled order of reflection (n=1)

A iswavelength of X-ray radiation source (0.1542
nmfor CuKa)

0 isthe Bragg’s angel at the position of the maxi-

mum peak

Field emission scanning electron microscopy
analysis

Thesamplefor thisanaysi swasprepared by coat-
ing the sampleof any thicknesson aluminastub. The
€l ectron beam scan over the surface of sampleto ob-
tain theimage of surface dueto thissize measured by
FESEM wasgreater than sizemeasured by TEM. The
result of thisandysisisrepresented in Figure. The SEM

TABLE1

Crystal % of % of Volume
gzey(nm) %, %o Gwo(0m) a(m) com)

1 2.80 60.64 80.58 0.1812 0.1902 0.4928 0.0178
alculated value form XRD data

image shows spherical nature of product and particle
dimension about 2.96nm. Theresult of EDSEnergy Dis-
persive Spectroscopy) anaysisshownin TABLE. From
graph of EDSanalysisit iscleared that the total per-
centage of oxygen speciswas 21.58% and Titanium
speciswas 78.42%
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Figure2: FESEM Imagesof nanosizeTiO,
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Figure3: EDSof NanoTiO,
Thermogravimetric and differential scanning
thermal analysis

Theprecipitatefrom solOgel processing of titania
wereamorphousin nature. A significant weight losswas
observed in TGA curvefor dried titaniagel at 741°c
undergoing total weight loss of 7.56% between two
analyzed temperature 100-800°c. Upto 441°c no sig-
nificant weight lossobserved inintitaniathat isup to
441°thesamplethermally sable. After 441°ctheweight
loss started and simpl e get decomposed between tem-
perature 442 -741°. The weight loss between 100-
44°% was due to removal of loosely bounded water
moleculein gel network. The decomposition step be-
tween 441-741° due to decomposition of chloride
speciesand dehydration of thegel. A DTA pattern was
complementary tothe TGA observation. Thevery smdl
exothermic peak centered around 5510c represent the
decomposition of chloride species. Along with dehy-
dration of titaniagel. Thiswassupported by correspond-
ingweight lossin TGA curve

TABLE?2
Element Weight% Atomic%
OK 21.58 45.17
Ti K 78.42 54.83
Total 100

Weight of Oxygen and Titanium in sample
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Figure4: TGA of NanoTiO,

Figure5: DTAof NanoTiO,
I R spectroscopic study

The Figurerepresentsthe FT-IR spectraof sol-
gd synthesized product. The peaksat 3400 and 1650
cm? inthe spectraare dueto the stretching and bend-
ing vibration of the—OH group. In the pure TiO, spec-
trum peak at 550cm* shows stretching vibration of
Ti-O and peak at 1450cm* shows stretching vibra-
tion of Ti-O-Ti .

UV-DRS spectroscopic study

The UV-DRStechniquewasused to determinethe
absorption pesk valuefor nano TiO,. Fromthe Figure
6. It is observed that absorption value was 330 nm.
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TheUV absorptionvauefor bulk TiO, wastakenform
reference and ti was around 410nm. From thisit is
cleared that thereisblue shift(shifting of wavelengthto
lower vaue). The band gap of compound was calcu-
lated by usngfollowing equation

_hc

TheBand gap vauefor nanaTiO, was 3.76nm
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Figure6: UV-DRSspectraof NanoTiO,
Gassensing performanceof Nano TiO,

Detailed of gas sensing system

The gassensing performance of thethick filmwas
measured by using static gas sensing unit Thisappara:
tus consists of heater plate fixed on the base plateto
heat the sample under set up to required temperature.
The Cr-Al thermocouplewas used to sensethe gas at
operating temperature of the sensor. Theoutput of ther-
mocoupl e was connected to adigital temperaturere-
corder. A gasinlet vavewasfitted at one of the port of
the base plate. Therequired gasconcentration inside
the static system was achieved by injecting the known
volume of atest gasusing gasinjecting syringe. A con-
stant voltagewas applied to the sensor and current was
measured by adigital Pico ammeter. Air wasallowed
to passinto every gasexposurecycle.

Gassensitivity of Nano TiO,

Thesensing mechanism of based on changein con-
ductance by exposi ng the gason semi conducting ma
teria. The TiO, isan n-type semiconductor. It consists
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Figure7: Satic gassensing unit
of electron as mgjority charge carrier. When O,
adsorbed at the surface it extract el ectron from sur-
face. Thusreducesthedectron in conduction band leed-
ing to decreasein conductivity of material. When O,
adsorbed on surfaceit convert to O-and O*. The H,S
gasisreducing gaswhich reduces speciesO and O? to
O, during thisprocess el ectron again given back to semi
conducting surface. Thus conductance of systemin-
creaseswhen H,Sgasexposed. Thefollowing reaction
taking place during adsorption and desorption process

Adsorption

O,+e —» 20

O, +& —» 702
Desorption

HxS + 207+ 0% ———— H,0 +S0, +¢°

ThusNH, possesshigh reducing property than other
gases. Thegas sensitivity of different gasesis deter-
mined between 100- 500 °C by passing the known
amount of gasin gas sensing system . At 350 °C ad-
sorption desorption rate was high than other tempera-
ture as compared to other temperaturehence al gases
shows good sensitivity at that temperature. gasesthe
H,Sgasshowshigh senstivity. ThegaseslikeH,S,NH,,
Cl, CO, CO,, and gaseous ethanol were tested and
the comparative study isshown in Figure. Thechange
in resistance before passing the gasand after passing
thegaswasmeasured for all gases. Fromthisdatathe
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sengitivity wascalculated by formulaas:
_(Ra—-Rg) _ARa
- Ra  Ra (6)

Where, Raand Rg aretheresistanceof asensorin
air and thetest gas, respectively

Thesensitivity wasdeterminedfor dl gasesand the

graph of sengtivity versustemperatureisplotted, which
indicatesthat, the highest sensitivity isfor H,Sgasat
350°C (Figure7)
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Figure8: Sengtivity of Nano TiO,
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Selectivity of Nano TiO,

Theability of sensor to respond to acertaingasin
the presence of other gasesisknown asselectivity. The
Figureshow gasselectivity for nano TiO,. Itiscleared
form graph thehighest selectivity for H,Sgasat 350°c

CONCLUSIONS

Sol-Ge methodinwhich TiCl ethanol solutionuse
as precursor are best method for synthesis of mixed
rutileand anatase phasenano TiO,. Thesize of product
controlled by controlling theconcentrationof TiCl,. The
H,Sgasresponseincreasewith increasing temperature
up to 350°c and after that response decreases.
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