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ABSTRACT

Zinc-Titanate powder (ZnTiO,) was synthesized by mechnochemical tech-
niqueusing TiO, and ZnO asadtarting material in 1.1 moleratio. The mixture
were ball milled and heated between temperature 200°c to 400°c for various
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time The ZnTiO, asap-type semiconductor and it isH,S gas sensor at 350°C
at concentration up to 100ppm.The XRD of this material shows crystalline
nature, SEM indicate 38nm size, IR peck at 789cmrtand 977cmrtindicating

formation of ZnTiO, material.

INTRODUCTION

In recent year gas monitoring devicesare demand
for argpidly growing range of application. Meta based
chemical sensor have been used extensively for thede-
tection of toxic pollutant gasessuchasNH, CO,H,S,Cl,
etc. The advantage of gas sensor islow prize, small
size, high sensitivity andlow power utilization. H,Sis
the mgjor pollutant gasin environment thusther thereis
aneed develop asensor for itsdetection. TheH_Sis
thetoxic gaswith thresholdlimit value 25 ppmfor long
term expose (6hr). Therefor gas sensor for detecting
H,Sarerequired for environmenta monitoringinchemi-
cal plant and research laboratories. Semiconductor
oxidesuch asZnO. TiO,,SnO, have been required for
detection of H,S.Theoperation of thissensor based on
reversiblechangein e ectrical conductance on expose
of H,Sgas. TiO2 isasemiconductor with aband gap
energy Eg=3,2 eV.If such material banded with an-
other metal such asZnthen the gas sensing property
increasesthan normal TiO,. Thier are several method
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for preparation of ZnTiO, compound such assolid state
reaction, sol-ge reaction and mechanochemica method.
Inthiswork we have synthesized it by mechnochemica
method becausesol-gd techniqueisexpensive. Thepre-
pared material tested for various gases on gas sensor
and chrectoriseby XRD,IR,SEM technique.

EXPERIMENTAL

Preparation of powder

TheZnTiO,powder prepared by mechnochemical
method from 99.99%pure ZnO and TiO, powder asa
gartingmaterid (Aldrich) Thegtarting materid takenin
1:1 moleratio and mixed in mortar for 1 hr. Thenthis
materid calcinated for varioustemperature. At 200°c
for 2 hr, 400°c for 2 hr,600°% for1/2 hr, 800°c for 1 hr
and 1000°cfor 2 hr. The XRD of thismateria istaken
for determining crystall ographic structurewith Cuk a-
pharadiation source. The FTIR techniqueidentifica-
tion of prepared material and SEM used to study sur-
face morphology of the prepared material. The pre-
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pared material were used for gas sensing application
by using thick film. Thethick film were prepared by
screen printing technique. The 100 mg ethyl cellulose
and 1 gm prepared materid ismixed properly then paste
is prepared by adding organic binder. The paste was
screen printed. The prepared film fired at 550°c for Y2
hr. Thegas sengitivity of materia isdetermineby
G,-G,
e

a

S

Where Ga—Resistance in presence of air.
Gg-Resistancein presence of test ges.

RESULT AND DISCUSSION

Analysisof powder

The powder where chrectorise by XRD for crys-
talinestructure (XRD Broker) using CuK dpharadia-
tion source. The average grain size of powder were
determined by Scherer formula. The average size of
particleis 56 nm. In IR spectraof compound shows
peak a 789 cm! dueto Ti-O vibrational stretchingalso
the peck at 977cm™ dueto Zn-Ti stretching. The sur-
face morphology of samplewasdetermineby scanning
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Figurel: XRD of ZnTiO,
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electron microscopy (SEM).Thesize of grain deter-
mine by SEM wasfound to be 38 nm.

Gas sensing

The sensing performance of thefilmwas observed
by using static gas sensing unit. The heater plate was
fixed onthe base plate to heat the sampleunder set up
to required temperature. The Cr-Al thermocouplewas
used to sense the operating temperature of the sensor.
Theoutput of thermocouplewas connectedto adigita
temperatureindicator. A gasinlet valve wasfitted at
one of the ports of the base plate. The required gas
concentration ins dethe static system wasachieved by
injecting the known volume of atest gasusing gasin-
jecting syringe. A constant voltagewas applied to the
sensor, and current was measured by adigital Pico
ammeter. Air wasalowed to passinto every gasexpo-

surecycle.
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Figure3: Gassensing unit.
Gas-sensing mechanism

TheZn-TiO, surfacelayer responsiblefor gassens-
ing property. Thereisalot of adsorbed oxygen O, on
thesurface of Zn-TiO, materia at room temperature.
The chemical reaction on surface changesthe the con-
centration of conduction el ectron that isresponsiblefor
gassensing property. Initialy thereislarge number of
chemiabsorb oxygen at the grain boundaries of
ZnTiO,.Thelossof such adsorbed O, increaseshefree
el ectron concentration of the surfaceandimparted the
film conductance dueto theincreasein free el ectron.
Thereaction of H,Sgasin gas sensor asfollows.

st + O_ad. + 02 —_——— > SOZ + Hzo + 3e_

The above chemical reactionisfor H,S gas as com-
parisonto other gasesH,S can easily donatethe el ec-
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tron by reacting it with adsorbed oxygen. After expos-
ingtheH_Sgasin sensor it react with adsorb oxygen
and conductance get increasesrapidly.

Gassensing performance
Senditivity with temperature

Thebellow fig. showsvariation of sensitivity for
H.S gas (100 ppm) with operating temperature rang-
ing from 50°c to 400°.It isnoted from graph that re-
sponseincreaseswith increasein temperature. It is
maximum at 350°c and further decreaseswith decrease
intemperature.
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Figure4: Effect of temperatureon sensitivity of ZnTiO,
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Figure 5 : Selectivity of ZnTiO,for H,S gas with other
gases at 350°c.
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CONCLUSON

Inthisstudy, the structures and sensing properties
of ZnTiQ, filmasan H_Sgas sensor obtained by mecha:
nochemica method. Thestructurd characteristicsshows
that crystalinenatureof ZnTiO,. The SEM result shows
that particlesizeintherangeof 38 nm duesuch sizethe
gas sengitivity get increase as compared to bulk zinc
Titanate. Themateria showsgood H,Ssengtivity upto
100ppm at 350°c.
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