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Abstract: Zinc oxide proves its usefulness in diverse fields. It can be synthesized by different physical as well as chemical methods. In
present work, Zinc oxide (ZnO) powder was prepared successfully by chemical combustion method. The prepared powder were analysed
by various instrumental techniques. The structural property was studied by using X-ray diffraction study. It is showed that ZnO exhibit
hexagonal wurtzite structure with crystalline size of 22.77 nm. SEM reveals that morphology of the synthesized powder exhibitporous
structure. The elemental composition was confirmed by EDAX analysis. Optical study showed that the band gap of synthesized ZnO is
3.2eV and it is in good agreement with reported value. Finally, Gas response characteristic of ZnO were systematically studied for LPG
at different operating temperatures and at different concentrations. ZnO shows maximum response of 54.3% at temperature 300°C for

10ppm LPG gas concentration.
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1. Introduction

Semiconducting metal oxides viz. SnO,, CuO, ZnO, TiO,
and Fe,O; founds promising roles in detection and
monitoring of hazardous gases. Among all them Zinc oxide
is versatile semiconducting material which is extensively
used for detection of gases NH;, CO, CHy[1]. ZnO is n-type
material having band gap 3.2eV at room temperature and
binding energy 60eV [2-3]. Today, gas sensor is very much
essential for detection of toxic, flammable, hazardous and
combustible gases which causes air pollution as well as
accidents [4]. A singh et.al [5], Nicolaebarsan et.al [6] and
Wen An [7] had reported commonly accepted mechanism of
gas sensor. in n-type semiconductor adsorption of oxygen at
the surface which involves trapping of electron from the
semiconductor that results in decrease of conductance.In the
presence of reducing gases like LPG, NH; H,S, H, etc. the
reaction of test gas with adsorbed oxygen returns the
electrons to the semiconductor which results into increase in
conductance but this reaction reversed in presence of
oxidizing gases like Cl,, NO, etc.

Zinc oxide synthesized by numerous methods like
Hydrothermal [8-9], Sol-gel [10], Chemical bath deposition
(CBD) [11], Successive ionic layer adsorption and reaction
(SILAR) [12], Spray Pyrolysis [13] etc. depending on the
various reaction condition various morphologies have been
reported viz. Nano belts [14-15], nanowires [16-17], Nano
flowers [18] and nanorods [19] etc. ZnO is extensively
studied for their optical, structural, morphological and
electrical properties for various applications [20-22]. ZnO is
also useful material for the detection of various reducing
gases like LPG [23], Hydrogen and Ethanol [24]. So, in this
work LPG gas sensing behavior of combustion method
synthesized ZnO has been reported.

2. Experimental

Precursors utilized for the synthesis of ZnO are Zinc Nitrate
[Zn(NOs),], Glycine [C,HsNO,] were used as source of Zink
and fuel respectively. All chemicals were purchased by
Thomas Baker and used without any purification.

ZnO was synthesized by a chemical combustion method. A
solutions of 0.3 N Zn(NO;), was mixed with 0.3N glycine
solution which acts as fuel. The mixed solution was taken in
a large crystallizing dish and kept over a hot plate for auto
combustion at 473 K. After the complete evaporation of
water, a reddish black colored thick gel was formed, which
was ignited and it was resulted into brown colored Zinc
oxide. The synthesized powdered sample was annealed for 2
hours at temperature 673K. Then prepared sample was
characterized by powder X-ray diffraction (XRD), Scanning
electron Microscopy (SEM), Energy Dispersive X Ray
Analysis (EDAX) then after samples were applied for gas
sensing measurement.

The LPG sensing properties of ZnO films were studied using
a “static gas -sensing system.” There were electrical feeds
through the base plate. The heater was fixed below the base
plate to heat the sample under test up to desired operating
temperatures. Al-Cr thermocouple was used to sense the
operating temperature of the sensors. The output of the
thermocouple was connected to digital temperature
indicators. A gas inlet valve was provided at one port of the
base plate. The required gas concentration inside the static
system was attained by injecting a known volume of test gas
using a gas-injecting syringe. For electrical measurements,
paste contacts were made on the ZnO sample of area 1 cmx1
cm. the silver contacts showed ohmic behavior. With this
instrumental arrangement gas response for ZnO was
measured.

3. Results and Discussion
3.1 Synthesis Mechanism

Nanoparticles growth involves two steps. In first step,
dissociation of nitrate salt of Zinc takes place in distilled
water. Appropriate concentrated solution of zinc nitrate has
been prepared in distilled water with continuous stirring.
After 5 min, stirred solutions were converted in to water
soluble hydroxides of Zinc. This reaction can be represented
by following reaction mechanism (1).
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In second step, above hydroxide solutions of Zinc was
mixed with the glycine which acts as fuel and heated over a
hot plate at temperature 473KAfter 2 hours wine red
coloured sol has been formed. Water vapours released
during complete combustion of reaction mixture. Finally,

Continuous heating of sol get ignited which resulted into
pale brown coloured Zinc oxide nanoparticles. Nanoparticles
so obtained were further subjected to annealing to remove
hydrated water contain and further growth of nanoparticle

Q).

Zn(NO3)+ H2O < [Zn** +2(0% = + H)loua +[2H"+2NO3 "] «—[Zn(OH)]  ...(1)

Zn (OH), + Glycine _473K
473K ZnO + 2H,0 +[0]

3.2 Structural Analysis

The powder X Ray Diffraction patterns of ZnO shown in
Figure 1. Synthesized sample was characterized by Philips
automated X-Ray diffractometer (PW-3710) equipped with
crystal monochromator employing Cu-Ko radiation of
wavelength 1.5406 A° in 20 range 15°- 80°. The XRD
pattern shows hexagonal wurtzite crystal structure of ZnO.
No reflections due to any secondary phase are detected in
the XRD pattern. The peaks are observed at 20 values of
31.81°, 34.54°, 36.29°, 47.53°, 56.58°, 62.85° and 67.92°
are corresponding to (100), (002), (101), (102), (110), (103),
(112). The obtained XRD spectra was confirmed by
matching with the JCPDS file [No. 36-1451] [19]. The
average particle sizes were calculated from X-ray line
broadening using the Scherer formula (1). The average
crystalline size calculated for ZnO is 22.77 nm.
D =KMBCOS ©
Where, K is constant called as the shape factor = 0.94, A is
the Wavelength, B is Full width at half maximum (FWHM)
given in radian, © = It is the Bragg’s angle,D = Nanoparticle
size in nanometer.
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Figure 1: X-Ray Diffraction pattern of ZnO sample
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3.3 SEM and EDAX

Surface morphological study of ZnO was carried out by
scanning electron microscopy (SEM). Figure 2 (a-c) shows
SEM micrographs at different magnifications. SEM depicts
interconnected porous web network. The uneven porosity
was observed in the whole picture. Such type of morphology
may be observed due to ignition at the end of reaction. This
morphology could be shows good agreement for surface
chemical reactions because it provides greater surface area
and such conditions are favorable for the sensing
mechanism.

Energy dispersive X-Ray analysis (EDAX) data in Fig 3
shows a sharp peak of ZnO without any impurity.
Compositional percentage of chemically synthesized ZnO
samples by Combustion methods is also found correct. It
clearly indicates that samples of Zn had been successfully
synthesized by chemical combustion method. The
composition values shows the weight % and atomic % of Zn
and O. The total % of Zn and O is 100 so it indicates that no
any other impurity was found in synthesized ZnO
nanoparticles.
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Figure 3: EDAX of ZnO and its elemental composition

3.4 UV-Visible Spectroscopy Study

The optical absorbance was recorded in the wavelength
range of 200-900 nm Zinc oxide is a direct band gap
material and the energy gap ( £, ) can thus be estimated by
assuming direct transition between conduction band and
valance bands. Theory of optical absorption gives the
relationship between the absorption coefficients a and the
photon energy (4v) as,

(ahv)*=A (hv—Eg )"’

Where, A is the function of index of refraction and
hole/electron effective masses [25] and o is the optical
absorbance and 'n' is a number equal to 4 for direct band gap
and 1 for the indirect band gap semiconductors. Figure 4
shows the Plot of (ahv)*against #v ZnO The observed value
of g E for ZnO is 3.2eV.
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Figure 4: Graph of (hv) verses (ahv)? of ZnO
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Fig.5 Variation of resistance Vs temperature for ZnO
Fig.6 Electrical resistivity of the films onto glass substrate
with reciprocal of temp (1000/T)

3.5Electrical Resistivity Measurement

In the present study, the electrical resistivity of ZnO films
was measured by conventional d. c. two-probe method in the
range of 300 to 600 K. A chromel-alumel thermocouple (24
gauge) was used to measure the temperature. The silver
paste contacts of 1 mm separated by 1 cm were used to form
Ohmic contacts.

Initially, the nature of electrical contact and film was
measured within = 10 V and it was found that in the above
voltage range, the electrical contacts showed the ohmic
behavior. Fig.5 shows resistance variation of the films with
temperaturein air atmosphere. There is decrease in resistance
with increase in temperature indicating semiconducting
behavior obeying R = R0 ¢™**" in the temperature range
300 K to 600 K.

Activation energy of ZnO film was calculated from
Arrhenius plot for low and high temperature regions.
Fig.6shows log p versus reciprocal of temperature (1000/T)
variation of the different samples.

R = Rye AT

Where, Ro = Resistance at constant temperature, AE = the
activation energy of the electron transport in the conduction
band, The room temperature resistivity of ZnO was found to
be 6.422 x 10 *> Q-cm. The activation energy in the lower
temperature region is 0.19¢V while it is 0.42¢V in the higher
temperature region
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3.6 Gas Response Characteristic

Mechanism for the gas sensing of n-type semiconducting
metal oxide is based on the electron transport between the
sensor surface and chemisorbed species that modify the
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surface conductivity of the sensor [26]. When the sensor is
exposed to air, the atmospheric oxygen speciess are
adsorbed on the surface of sensor, and then capture electrons
from the conduction band to form the chemisorbed oxygen
species (0, , 07, 0% depending on sensor temperature. Gas
sensitivity of synthesized ZnO was recorded in the form of
change in resistance on digital multimeter in the range of
Mega Ohm. followed by using the sensitivity formula [27-
28]. As the temperature strongly affects on sensor
performance, we systematically investigated effect of
temperature on sensing performance of ZnO film at the
interval of 25°C. Fig 5 clearly shows that gas responce
increases accordingly with respect to temperature. At
temperature 300°C highest gas sensitivity (S=54%) was
observed and It again decreases at temperature 325°C. So
for further analysis 300°C optimum gas operating
temperature was fixed.

It is evident from Fig 6 that as the LPG gas concentration
increases sensitivity of ZnO sensor also increases. For a

smaller concentration of gas, lower sensitivity is observed
due to lower surface coverage of gas molecules. An increase
in the gas concentration raises the surface reaction due to
larger surface coverage. A further increase in surface
reaction will be  stable when the saturation point of the
coverage of molecules is reached.It is well recognized that
LPG consists of CH,;, C;Hg, C4Ho, etc., and in these
molecules the reducing hydrogen species are attached to
carbon atoms. When the nano-sized ZnO is exposed to
reducing gas like LPG, the LPG responds with the
chemisorbed oxygen and thus releasing an electron back to
the conduction band which decreases the resistance of the
ZnO. The overall reaction of LPG molecules with adsorbed
oxygen can be shown in  equation (3)for
n=1.Subsequentlymethane reacts with this adsorbed oxygen
and produces H,O and CO,. [29-30]

CiHanir 20, ©2H,0 + CO; +4e
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Fig 7: Dynamic sensing transient of ammonia gas at
different operating temperature

Fig 8: Dynamic sensing transient of gas response at different
time.

Fig 9: Dynamic sensing transient for ZnO at different
ammonia gas concentration at temp. 300°C

Table 1: summary of ZnO gas sensor for LPG gas

Synthesis Operatin Gas e
/{/Iethod tfmp (K)g concentration Sensitivity |References
SILAR 300 1.6vol % 75% [31]
CBD 523 1.6 Vol.% 88% [32]
Hydrothermal 523 5000 ppm 15.3 [33]
Hydrothermal 423 100 ppp 20 [34]
Spray Pyrolysis 673 0.4 Vol. % 43% [35]
SILAR 673 0.4 Vol. % 28% [36]
CBD 673 0.2 Vol.% 28% [37]
Wet Chemical 548 200 ppm 2700 [38]
CBD 673 0.2 Vol.% 75% [39]
Ultrasonication 573 1000 ppm 1727 [40]
Mechanochemical R.T. 4 vol. % 12.3 [41]
Combustion 573 10 ppm 543 [Present
) Work]

4. Conclusion

ZnO nanoparticles have been synthesized successfully by
combustion method. Structural property shows hexagonal
wurtzite crystal structure with particle size 22.77 nm.
Morphology was observed with high porous cavity. The

Optical study shows that band gap 3.2 eV. was observed.
43% highest ammonia gas sensing response was recorded at
temperature 300°C for 100 ppm ammonia gas concentration.
Effect of gas concentration study shows that gas sensitivity
(S%) increases gradually with increase in gas concentration.
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