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ABSTRACT

Nano-powders Zinc Oxides (ZnO) were synthesized using chemical bath deposition method. Powder s wer e then used
to make thick films on glass substrate by using standard screen printing technique. These films were dried and fired
at 400°C temperature for two hoursin air atmosphere. The Morphological, Compositional and Structural properties
of the ZnO thick films were performed by Scanning electron microscopy (SEM), Energy Dispersive Spectroscopy
(EDAX) and XRD technique respectively. Chemical composition of nano ZnO film samples changes with firing
temperature showing non-stoichiometric behaviours. XRD study indicated the formation of polycrystalline ZnO
films with hexagonal wurtzte structure. | have explored NH; sensing properties of the nano powders ZnO thick films
at 50 °C temperature.
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INTRODUCTION

Zinc Oxide is a wide-band gap semiconductor mexadeowith wide range of optical and electronic apgtions.
ZnO is an n-type semiconductor of wurtizite struetwith direct band gap of about 3.37eV at roomperature.
Polycrystalline ZnO has found numerous applicatiunsh as related to surface acoustic wave devigespelectric
devices, varistors, planar optical waveguides, sjparent electrodes, UV photo detectors, facial mos/dgas
sensors, etc. Out of these applications of ZnO, gEasor devices have the sensitivity to variousegakigh
chemical stability, and suitability for doping, rtoxicity and low cost [1, 2].

Zinc oxide (ZnO) is a multi functional material Wwita wide range of applications. ZnO films have aatied
considerable attention because they can be makavi high electrical conductivity, high infraredleetance and
high visible transmittance. Low resistive zinc axifilms have been achieved by doping with differgraup Il
elements like aluminium, boron, indium, gallium with group VII elements like fluorid®. Many techniques
including evaporation, chemical vapour depositgpray pyrolysis, sputtering, etc can be employedigfoosit these
films [2, 3, 4, 5]. Due to the transparency in the visitdnge, high electrical stability, direct band ¢agB7 eV),
absence of toxicity, abundance in nature, etc., Bn@ne of the versatile and technologically impode materials
[6]. Controlled synthesis of semiconductor nanagtres in terms of size and shape has been strongliyated
and novel applications can be investigated dependantheir structural properties [7-10]. Among wvas
semiconductor nanostructures, variety of nanosirastof ZnO has been investigated presentingrichest family
of nanostructures. It crystallizes in a wurtziteusture and exhibits n-type electrical conductiityl]. ZnO
nanomaterials with one-dimensional structure, sagmanowires or nanorods, are especially attradtixeto their
tunable electronic and opto-electronic propertéesl the potential applications in the nanoscaletrric and opto-
electronic devices [12].
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Window layer [13], varistor [14], gas sensor [15;1@&tc., are the reported applications. Researchezsnow
probing on this material as one of the alternagitietoanode for dye-sensitized solar cells [18-Z@jc oxide has
proven itself as one of the competitive and prongistandidates to replace expensive materials li#8,JdiO2,
GaN, SnO2, and In203 for applications such as swdls [21], photocatalysis [22], ultraviolet las@3, 24],
transparent conductive oxides [25], spintronicd,[26d gas sensors [27]. For gas sensor applicein6 has been
the most investigated material. However, ZnO istipalarly applicable to gas sensors because otyjécal
properties such as resistivity control over thegeardl0® to 10° c¢m, high electrochemical stability, absence of
toxicity, and abundance in nature [28].

Zinc Oxide nanostructures could be synthesized dyerml techniques such as vapor deposition, oxidati
sputtering, and pulse laser deposition.

Several deposition methods have been used to grmoped and doped ZnO films such as Spray pyrolysis,
evaporation, chemical vapour deposition, magnesmuittering, pulsed laser deposition, sol-gel tephej screen
printing technique [29].

The exposure of ammonia causes chronic lung diséagating and even burning the respiratory traekc.

Therefore all industries working on and for ammosfeuld have an alarm system detecting and warfing
dangerous ammonia concentration. It is therefoeegessary to monitor ammonia gas and to developrtiraonia
gas sensor.

The aim of present study is to prepare ZnO thitkdiof nano-powders by screen printing techniqueglatss
substrate and to investigate their sensing pragseftir NH gas.

MATERIALSAND METHODS

2.1 Synthesis of hano-powder ZnO.

Nano-powder ZnO were synthesized by CBD method lassgsubstrates at room temperature. The deposition
procedure consists of preparation of 0.1 M solutdéZnSQ, and 50% of NH Solution (Fisher Scientific, reagent
grade, without further purification). Zng@nd NHOH precursors were used for the deposition of Zi@sf ZnO
films had been deposited at room temperature andahli is 12., as deposited films consists of pixide and zinc
hydroxide, these films were annealed in air at”ZD@or 2 hours to get pure zinc oxide films then pgewof ZnO
were obtained from the films.

2.2 Thick Film Preparation

ZnO thick films were prepared on alumina substiateusing standard screen-printing technique. THeireted
nanosized ZnO powder was crushed and mixed wittsdlit and ethyl cellulose. The mixture was theéred with
butyl carbitol acetate to make the thixotropic paSthe paste was then screen printed on the alusnistrate. The
films were dried under IR-lamp for 30 min and ttieed at 408C for 2 hours.

2.3 Structural, Morphological and Gas sensing Studies.

The structural properties of ZnO films were invgated using X-ray diffraction analysis from 20%g®igaku
diffractometer (Miniflex Model, Rigaku, Japan) hagiCuKa, A=0.1542nm radiation] with 0.%/step (®) at the rate
of 2 sec/step. The scanning electron microscopASEOEL JED-2300) was employed to characterizestiréace
morphology. The Composition of ZnO thick film samphlere analyzed by Energy Dispersive spectronQéHEL -
JED 6360 LA). The thickness of the ZnO thick filmas measured by using Taylor-Hobson (Taly-step &jf§jem.
The thickness of the films was observed unifornthie range of 20um to 22um. The D.C. Resistancbefitms
was measured by using half bridge method in atrmergpht different temperatures. The gas sensindgestwdere
carried out on a static gas sensing system undenatdaboratory conditions. The gas response aktfilms was
studied in test assembly. The electrical resistamdethick film in air Ra) and in the presence of gdgg) were
measured to evaluate the gas respo8sgiyen by the relation,

S = memremeeneees (1)
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Where Ra is the resistances of the thick film saniplair and Rg is the resistances of the thiak lample in gas
atmosphere.

The ZnO thick films were characterized by X-rayfi€tion technique from 20-8(diffractometer (Miniflex
Model, Rigaku, Japan) with CwkA = 0.1542 nm radiation] with a 0.10/ste)2t the rate of 2 s/step. The average
crystallite size was determined using Scherrer foan30],

_ 0941
L cosf

@)

Where

D = average crystalline grain size,

B = Full angular width of diffraction peak at theftrmaximum peak intensity (FWHM)
A = wavelength of X-ray diffraction (1.542 A)

0 = angle of diffraction

The surface morphology and chemical compositiotheffilms were analyzed using a scanning electrmmascope
[SEM model JEOL 6300 (LA) Germany] coupled with emergy dispersive spectrometer (EDS JEOL, JED-2300,
Germany).

RESULTSAND DISCUSSION

3.1 Composition of ZnO thick film

Table-1 shows the composition of the films fired at 200The EDX spectrum showed the presence of onlgrith
Oxygen. From the analysis it was found that the Zih@®s are nonstoichiometric. The deficiency or ess of any
type of atom in the crystal results in a distorbeohd structure, with a corresponding increase mdaotivity. Tin

oxide looses oxygen on heating so that tin is theexcess. The oxygen, of course, evolves as atriekdly neutral
substance so that it is associated with each exgessn in the crystal; there will be two electethat remain
trapped in the solid material, thus leading to maiokiometry in the solid. This leads to the forioatof the n-type
semiconductor [31].

Table-1: Composition of the ZnO films at 400°C firing temper ature

Element| Mass % At.%

(0] 14.85 40.89

Zn 85.15 59.11
Total 100 100

3.2 X-ray diffraction analysis

Fig. 1 shows X-ray diffraction patterns of nano- powdeZscreen printed thick film deposited on glassstalte.
XRD pattern show the different peaks of ZnO phaftelsas been observed that [101] reflections cpwading to

20 = 36.17 is of maximum intensity for all film samples thbyea strong orientation with stacking of the plane
along the c-axis, which indicates ZnO film had prefd orientation in the direction of [101] plarkhe ZnO
diffraction peaks for (100), (002), (101), (102)10), (112) and (103) crystal orientation are idestt. The standard
interplaner spacing JCPDS data card Number 21-td&8hes with calculated valug2]. This clearly indicates
that the structure of ZnO film is polycrystallinemature. Besides except ZnO peaks, no other inygueak is seen,
suggesting formation of the single phasic ZnO.
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Fig.:1 X-ray Diffraction Pattern of ZnO Thick Film

The average crystallite size as per the calculatwas found to be ~50-80 nm (2 nm).

3.2 Scanning Electron Microscopy
The scanning electron microscopy is useful techmitpu observe surface morphology of deposited filBEM

images shows that the structure like porous anémtgpe. This is because of porosity of the filmdaposited at
room temperature. Figure-2 shows SEM images of stamcture ZnO thick film fired at 46Qin the air.
Microstructural characterization was carried outusyng scanning electron microscopy. SEM indicatedl type
nanostructure with porosity. However some residimifagranular porosity was seen. The film fired4@0°C has

good adhesion. Therefore it is used for gas sensing

Fig.2: SEM micrograph of nano ZnO Thick Film

3.3 Gas Sensing Response

3.3.1. NH3 Gas Sensing
Figure-3 shows the variation of response of pur® Zited at 400C to 500 ppm NH3 gas with operating

temperature. The gas response increases with tatnperfrom 25 to S and then decreases with a further
increase in temperature. The response of pure @i0H gas is 97.77 at 5G. In present work, every time prior to
exposing the ZnO film to N§lit was allowed to stabilize at an operating terapge for 15 min and the stabilized
resistance was taken as Ra. After exposing thetfilthe NH3 gas, the changed resistance was tak&gaNH3 is
reducing gas. It reacts with surface oxygen iontheffilm. Reduction of film increases the numbgfree carriers.

Therefore resistance of the film decreases witheed) gasef33, 34, 35].
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Fig.3. Variation of response with operating temperature for NH3 gasat 500 ppm

3.4.2. Gas Response and NH; Concentration

The variation of gas response of the ZnO film sampith NH3 gas concentration at °&0 temperature is
represented in Figure-4. This film was exposediff@r@nt gas concentrations of NH3. The sensitiviues were
observed to increase continuously with increadieggas concentration up to 500 ppm.
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Fig.4. Variation of gasresponse with gas concentration

3.4.3. Selectivity for NH3 against Other Gases
It is observed from Figure-5 that the ZnO samplewshmaximum response to NH3 (500 ppm) #fGG0Bample
showed highest selectivity for NH3 against all ottested gases viz: NOLPG. Ethanol vapours, GCH,S.
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Fig. 5 Selectivity of ZnO samplefor various gases

3.4.4. Response and Recovery Time

The response and recovery times of ZnO film sarapderepresented in Figure-6. The response wak @tit4 s)
to 500 ppm of NH3 while the recovery was fast (~s25The quick response may be due to faster dgidatf gas.
Its high volatility explains its quick response dadt recovery to its initial chemical status.
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Fig. 6 Response and recovery of ZnO sample
CONCLUSION

This work demonstrated the successful synthesiNarfio-powderszZinc Oxides (ZnO) using chemical bath
deposition. Obtained powders were then used to ntiak& films on glass substrate by using standamden
printing technique. Nano powders ZnO screen pditidéck film shows good adhesive to glass subseatploying

a simple, inexpensive method and capability of Zm® films for NH3 gas sensing. The film fired at02C
exhibited good sensing performance to NH3 alG@emperature.
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