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Abstract

Semiconductor-based metal oxide gas detector of five mixed from
zinc chloride Z and tin chloride S salts Z:S ratio 0, 25, 50, 75 and
100% were fabricated on glass substrate by a spray pyrolysis
technique. With thickness were about 0.2 £0.05 um  using water
soluble as precursors at a glass substrate temperature 500 °C+5, 0.05
M, and their gas sensing properties toward CH,4, LPG and H,S gas at
different concentration (10, 100, 1000 ppm) in air were investigated
at room temperature which related with the petroleum refining
industry.

Furthermore structural and morphology properties were scrutinize.
Results shows that the mixing ratio affect the composition of
formative oxides were (ZnO, Zn,SnQ4, Zn,Sn04+ZnSN03, ZnSn0O3,
SnOy) ratios mentioned in the above respectively, and related with
the sensitivity of the reduction tested gases, best sensitivity was for
H,S gas, have sensitivity about 80.61% and a response time of 10
seconds for the binary oxides and 89.57% and a response time of
(5-2) seconds for the mixed ternary oxides.
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Introduction

The development of high important application areas of gas
performance solid state chemical sensor is petroleum refining industry
sensors is nowadays of outmost which employs a wide variety of
importance in  many advanced processes started with receipt of crude
technological fields[1]. One of for storage at the refinery and converts

50



Iraqi Journal of Physics, 2015

it into more than 2500 of refined
products. This processes liberation
large quantities of pollutants can occur
as a result of abnormal operation in a
refinery and potentially pose a major
local environmental hazard like
boilers, process heaters, and other
process equipment are responsible for
the emission of particulates, volatile
organic compounds (VOCs).
Numerous researches have shown that
a characteristic of solid-state gas
sensors is the reversible interaction of
the gas with the surface of a solid-state
material.  In  addition to the
conductivity change of gas-sensing
material, the detection of this reaction
can be performed by measuring the
change of capacitance, work function,
mass and optical characteristics or
reaction energy released by the
gas/solid interaction. Various
materials, synthesized in the form of
porous ceramics, and deposited in the
form of thick or thin films, are used as
active layers in such gas-sensing
devices [2]. Zinc stannate or zinc tin
oxide (ZTO) is a class of ternary
oxides that are known for their stable
properties under extreme conditions,
higher electron mobility compared to
its binary counterparts and other
interesting properties. The material is
thus ideal for applications from, gas
detector, solar cells to photocatalysts,
light-emitting diodes, field effect
transistors and (heterojunction and
homojunction) diodes[3]. In 2001,
Zakrzewska,  study  mixed-oxide
systems such as SnO,-WO3, TiO,-WO3
and SnO, -TiO; with the ultimate aim
of the application in gas sensing
devices and study dynamic changes in
the electrical resistance (R) of SnO,-
WO; thin films for samples deposited
at two different substrate temperatures,
100 and 300°C upon exposure it to
hydrogen at 400°C and CH, at 350 and
700 °C response time were more than
70 sec [3]. In 2003, Chowdbhuri, et al.,
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Study the response speed of SnO,
based H,S gas sensors with CuO
nanoparticles, CuO nanoparticles on
sputtered  SnO, thin-film surface
exhibit a fast response speed (14 sec)
and recovery time 61 sec for trace level
20 ppm HyS gas detection. The
sensitivity of the sensor (S ~2.06*10°)
is noted to be high at a low operating
temperature of 130 °C [4]. In 2004,
Gong et. al., study the SnO; nano film
which was fabricated with the
combination of polymeric sol-gel
chemistry and block copolymers used
as structure directing agents. The novel
hydrogen sensor has a fast response
time (2 sec) and quick recovery time
(10 sec), as well as good sensitivity (up
to 90), in comparing to other hydrogen
sensors developed. The working
temperature of the sensor developed
can be reduced as low as 100 °C [5]. In
2005, Batzill, Diebold, study the
surface and materials science of tin
oxide and describes the physical and
chemical properties that make tin oxide
a suitable material for gas sensor [6].
The goals of this paper is to fabricating
different semiconductor-based metal
oxide gas detector of five mixed film
by spray pyrolysis technique, and
study some of their structural
properties and sensitivity to some
pollutant gases.

Experimental work
The work includes four steps;

The first step: preparation of films
from an aqueous solution of zinc
chloride Z(ZnCl,) and tin chloride
S(SnCl,.2H,0) with purities 99.9%.
The concentrations was 0.05 M, salts
were mixed with five weight ratios 0,
25, 50, 75 and 100% by magnetic
stirrer (150 r.p.m), to study the effect
of mixing ratios on the compounds
formed. The acidity was maintained to
be =5.5 pH during spraying. The
preparing of the thin film is made by
spray  pyrolysis technique. The
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spraying apparatus was manufactured
locally. In this technique, the prepared
aqueous solutions were atomized by a
special nozzle glass sprayer at heated
collector glass fixed at thermostatic
controlled hot plate heater. Air was
used as a carrier gas to atomize the
spray solution with the help of an air
compressor with pressure (7 Bar) air
flow rate 8cm®sec(R.T). The glass

substrate (have thickness 0.1cm),
temperature was maintained at 500 °C
during spraying.

Atomization rate was about 1nm/s with
2.5 ml/min of feeding rate. The
distance between the collector and
spray nozzle was kept at 30 +1 cm the
volume of spray solution was 50 ml,
Number of sprayingl100 ,time between
two spraying 10 sec. The spray of the
aqueous solution yields the following
chemical reaction [7,8,9]:

ZnCly(s)+ 1/20, (g)—» ZnO |+Cl, (g) 1)
SnCl, .2H,0 (S) +O,— Sn0O, | +

Cl; (g)1 +2H;0 (g)1 2
2Zn** + Sn* + 80H —»  Zn,SnO,+
4H,0 (3)

ZnCl,+SnCl,.2H,0-2ZnSn05+2H,01+2Cl,1(4)
where sample Z and S represent
compounds ZnCl, and SnCl,.2H,0
respectively.

The second step: deposition of thin
film by spraying the solution on the
substrate and at temperature 500 £5°C.
The third step: After complete
deposition samples, by put the samples
inside  annealing  furnace  (type
nabertherm) at temperature 500°C for
60 min and cooling slowly inside
furnace.

The Forth step: is the measurement
which include:

1- X-ray diffraction with
diffractometer type CuKa ( A = 1.5406
A). This test is carried out in Advanced
Materials Research Center at the
Technology and Science Ministry, the
scanning speed was 3%.

2- Field Emission scanning electron
microscopy (FE-SEM) is basically a
type of electron microscope. The SEM
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study has been carried out by Electron
Gun  Tungsten heated filament,
Resolution 3 nm at 30kV, Accelerating
voltage 200 V to 30kV, Chamber
Internal size: 160 mm, the type of
coating is gold and the time of coating
is 20 sec, Model: TESCAN-
VEGA/USA.

3- In order to observe the surface
roughness and topography of deposited
thin films, Atomic Force Microscopy
(AFM) micrographs were taken with a
Digital Instruments. Typical data has
been taken from AFM height images
include root mean square (RMS) and
roughness. Made in USA, model
AA3000 220V.

4- The gas-sensing experiments were
carried out by introducing the thus
prepared devices into a home-made
test cell, which was consist of a
cylinder with cover to restrict prepared
gas as in Fig. 1. The gas was obtained
from reaction solution to escalate
predicted gases. Pollutant gases that
prepared (H2S, CHg) will be
explained in the following produce
from reactions equation: [10]
FeS+2HCI— FeCl,+H,S(q) (5)

CH3COONa+NaOH—>CH4(g)T+Na2003 (6)

LPG is a mixture largely of propane
and butane and small amounts of other
hydrocarbons gases[11]. This gas is
called bottle gas and it’s used directly
to measure the sensitivity of samples,
the response of samples for LPG gas is
measured in site (Al-Durra refinery).
The dilution were 0.01M
concentration, and solution was fixed
at 5ml, the same concentration of gases
were expected to be produced. The
gases  -sensing  properties  were
determined at different temperature by
measurement of the D.C. electrical
conductivity of the samples which was
exposed to various concentration of the
gases 10, 100 and 1000 ppm,. The
sensor response was calculated using

the following equation[12,13]:
Sensor response(%) = [(Ra—Rg)/Ra]x100% (7)
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where Ra and Rg are the electric.
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Fig. 1: Gas detection measurement system.

Results and discussion

The results of x-ray diffraction
which represent all mixing ratio (0, 25,
50, 75, 100)% for precipitation thin
films on glass substrates are shows in
Fig. 2 the XRD patterns result shows
match with standard value in JCPDS
card No. 36-1451 ZnO have wurtzite
type polycrystalline thin film with a
hexagonal system revealing that the
highly dominant c-axis oriented film
is grown, no characteristic peaks for
any other impurities were observed,
suggesting sample have high purity.
By comparing Fig. 2 with the stander
card, it's reveal that the relative
intensity of the (002) diffraction peak
at (34.409°) much higher compared to
the neighboring (100) and (101) peaks,
because the growth in this orientation
is higher than with other orientation,
and this is consistent with many of the
research for zinc oxide film [14,15].
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Fig. 2: XRD spectra of Z;:S¢/glass.
In Fig. 3 it can be seem that the
mixing (ZTO) of components di-zinc
stannate Zn,SnO, and scant traces of
zinc stannate  ZnSnOs. according to
standard cards (JCPDS card No.24-
1470 and No0.28-1486) respectively.
The Zn,SnO, have high appearance
comparing with ZnSnOj3; because of
large accoutrement of Zn ion in mixing
[16].
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All of the diffraction peaks well
match the standard diffraction pattern
of cubic spinal structure for Zn,SnQy,
while ZnSnO; has a perovskite face-
centered structure, coinciding with [17-
19]. No diffraction peaks from any
other impurities are observed. The
highest intensity peak (100%) of the
compound for Zn,SnO,4 is (311) at
(26=34.1384). One more weak
intensity peak (012) for ZnSnO3; was
observed at (20 =26.3902°).
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: XRD Spectra of Zo,75:SO,25/g|aSS.

A different mixing ratio of (ZTO) is
shown in Fig. 4 of components zinc
stannate  (ZnSnO3) and  di-zinic
stannate (Zn,SnQ,) return to show, by
more than one peak the mixture
homogenized showing  deposition
efficiency as well as the proper role of
annealing in the formation of both
two compounds according to stander
cards. The 100% peak intensity belong
to Zn,SnO, at (206=34.1384°), with
orientation (311), and the 100% peak
intensity belong to ZnSnO; at
(26=33.5053"), with orientation (110).
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Fig.4: XRD Spectra of Zy5:Sqs/glass.

Another mixing ratio (Zo25:So.75) IS
shown in Fig. 5 the ZnSnOs; is appear
and it have high appearance comparing
with Zn,SnOy4 because of large amount
of equipage of Sn ions in mixing. The
highest peaks for the compound
ZnSn03, and for Zn,SnO4 more than
one weak peaks was observed as
shown in table below.

012 (ZnSn0O3)

(ZnSnOs3)

311 (Zn2SnOs)

222 (ZmSnOy)
: 015 (ZnSnOs)

. 220 (Zn:SnOy)

= 110
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Fig. 5: XRD Spectra of Zy,s5:Sq 7s/glass.

Finally in Fig. 6, which is represent
mixing ratio of salts (0% for zinc oxide
and 100% for tin oxide). SnO, pattern
of film was much with standard card
(JCPDS No0.41-1445) have tetragonal
rutile structure, no characteristic peaks
for any other oxides or impurities were
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observed, suggesting sample have
high purity oxide. The highest peak at
(26=26.5586) for (110). Zinc stannate
oxides has been grown on glass
substrate with different mixing ratio
under invariant condition, typical SEM
images was studied. There are no
detectable cracks or pores in the films
structure, the film morphology depends
strongly on the purity and nature of the
used precursor.

Fig.6 XRD Spectra of Zozsllglas.

Fig. 7 shows ZnO (2D-images), the
film deposited with zinc is formed a
hexagonal, this is consistent with XRD
analysis. The latter corresponds to the
diffraction plane (002) in the
hexagonal Wurtzite structure of ZnO.
The appearance of the preferential
diffraction peak, assigned to the plane
(002), indicates that the film growth is
achieved along the axis c¢ of the
hexagonal structure normal to the
substrate surface Fig.7, this is good
concordance with the SEM observation
for (Lehraki et al) [20]. The ortho
stable form of zinc stannate (Zn,SnO,)
have tri-symmetric face-center cubic
spinel structure, SEM (2-D) images for
growth Zn,SnO,4 show the morphology
of microcubes at different
magnifications Fig. 8, this is good
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concordance with the SEM observation
for (Baruah and Dutta) [8]. SEM (2-D)
images for growth Zn,SnO, and
ZnSnO3; microcubes at different
magnifications are shown in Fig. 9.

EEM MAG: 10.00 kx  SEM HV: 16.00 kV

lame: 2-1
pate(m/ddy): 02/16/14

WD: 24.80 mm

Z1:So.

SEM MAG: 10.00 kx ~ SEM HV: 16.00 kV
lame: 3-2 ‘WD: 20.68 mm
Date(m/dAy): 02/16/14

Fig.8: (SEM) micrograph images for
Zo.75350.25

WD: 23.83 mm

Name: 0-4
[Datem/any): 02/15/14

Fig. 9: (SEM) micrograph images for
Zo5:So5-
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Zinc stannate (ZnSnOs3) has either
structure perovske, according to results
XRD the structure was perovske which
shows almost all the particles are
spherical in shape leaving some space
between them Fig. 10, this is good
concordance with the SEM observation
for (Singh et al.) [21]. SEM (2D-
images) obtained for Z,:S; represented
by SnO, pure film for sensor
application are shows in Fig. 11,

summarizes SEM analysis of the SnO,
deposit have a large area from the
deposit is

surface of the
homogeneous[17].

Fig.10: (SEM)
forz »5:So 7s.

micrograph  images

Fig. 11: (SEM) micrograph images for
Zo:Sl.

AFM is powerful technique to
investigate the surface morphology at
nano to microscale. The surface of the
films were shows in Figs.12, 13, 14, 15
and16) for mixing 100, 75, 50, 25, 0%
of Z respectively. Irregularities in the
film surface (top view) from the spray
technique, which benefited
tremendously for the gas sensing
properties [22]. The (3-D) AFM
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micrograph Figs. 12, 13, 14, 15, 16
confirms that the grains are uniformly
distributed within the scanning area
2014 nm X 2014 nm. This surface
characteristic  is  important  for
applications gas sensors [23]. In
Fig.12, for ZnO the roughness was
found 19.62 nm and Avg. diameter
76.06 nm. In Fig.13, for Zn,SnO4 the
roughness 18.14 nm and Average
diameter 91.33 nm, and in Fig.14, for
(Zn,SnO4and ZnSnO3) the roughness
was found 6.72 nm and Average
diameter 109.99 nm, Fig.15 shows
ZnSnO3 surface with roughness was
found 4.80 nm and Avg. diameter
81.20 nm and at last fig.16 shows
surface morphology of SnO, with
roughness 22.94 nm and Avg. diameter
68.31 nm. The best value of roughness
for higher value last one.

From the above it is clear that all the
films were crystalline and was higher
for pure binary than the ternary.

For the investigation of the gas
sensing properties of the Z:S Oxide
films, the optimum operation gas
temperature should be fixed Initially.
Fig. 17, it can see that increasing the
response of sensor by increased gas
concentration on the one hand and un
increased in response with variation of
Z:S mixed ratios, Which resulted in
change oxides consisting as it was see
in XRD results .In the presence of H,S
in air the sample’s resistance decreases
due to a Red/Ox process:

b HZS(gas) +30° b(ads) — b SOZ(gas) +b
HzO(gas) +3ae’ (8)
where :

H2S(gas) : Is the H,S molecule in the gas
phase,

O p(ads) :an atomic or molecular form
of chemisorbed oxygen.

e an electron release, that is injected
into the conduction band of the
semiconductor.

SO2gas), H20(gs):  the  molecular
reaction products desorbed from the
surface.
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Fig. 12: 3-D AFM images of the Z;: S Fig. 13: 3-D AFM images of the Z75: So.s

oxide mixed ratio thin film.

mixed oxide thin film.

Fig. 15: 3-D AFM images of the Zg,s: So.75
mixed oxide thin film.

Fig. 16: 3-D AFM images of the Z,: S;
mixed oxide thin film.

Hydrogen sulfide is a Bronsted acid,
i.e. heterolytic cleavage of the (S- H)
bond is quite easy, especially in the
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formation of new donor-acceptor
bonds. An increase in H,S adsorption
on the surface of Z:S oxide can be
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achieved with the introduction of
modifiers that increase the electron-
donor ability of surface basic centers
(oxygen anions) [24-25].

Growth of acidity of the ZnO and
SnO, surface has the opposite effect
causing difficulties for a heterolytic
break of the (H-S) bond in the H,S
molecule and a decrease of the H,S

Vol.13, No.27, PP. 50-62

increasing oxygen in  ZnSnO;3; and
Zn,Sn04 oxides ,by an increase in H,S
adsorption on the surface of film oxide
can be achieved with the increase the
electron (oxygen anions), increase the
efficiency of the reaction and the
concentration of reactants. For mixed
oxides, in addition to the effects of
structure, it have higher response

adsorption. comparing with other formed oxides as
For other oxides Z:S mixed ratios explained above.
formed increased response  with
100 -
90 -
80 -
70 Glass
< gg ——Z71:50
o —8-70.75:50.25
20 Z05:505
20 ==70.25:50.75
10 Z0:S1

O T T T T

0 200 400 600 800 1000 1200 1400
C PPM : Mix with air

Fig. 17: Gas sensitivity of H,S at different mixed.

It can be observed that sensors of ZnO
and SnO; show relatively low response
at the same operating temperature in
the range from (10 — 1000) ppm, with
the maximum response of 71.5% and
80.61% for ZnO and SnO,, at 1000
ppm respectively. Will sensor with
mixed oxides (Zn,;SnO4, ZnSnOj)
exhibits un increase of response to
reach the maximum value of 89.57%
at the 1000 pm concentration of H,S
gas for them [25,26]. Fig.18 shows the
Response time as a function of gas
concentration, it can be seen that the
time diminish by increased gas
concentration. And it is higher for pure
oxide and fewer for mixed oxides.
Less response time was 26-10 sec for

(10-1000 ppm), starting response times
for the pure oxide films (ZnO, SnO,)
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were estimated to be about 5 sec and
for mixed oxide less than 2 sec.

Fig.19 shows that increasing the
response of sensors with CH,; gas
concentration increased on the one
hand and un increased in response with
variation of Z:S Oxide ratio, which
resulted in change oxides consisting as
it was see in XRD results. It can be
observed that sensors based on pristine
ZnO and SnO; show relatively low
response at the operating temperature
in the range from 10-1000 ppm, with
the maximum response of 35.83 % and
40.18 % for ZnO and SnO, at 1000
ppm, respectively. In contrast, sensor
with mixed oxides Zn,SnO,4, ZnSnO3
exhibits un increase of response to
reach the maximum value of 45% at
the 1000 pm concentration of CH, gas
for them.
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100
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40

30 ¢
20 -
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=—9=71:S0

=—-70.75:50.25
Z205:505
==70.25:S50.75

—H=70:S1

0 200 400 600 800 1000 1200 1400
C PPM : Mix with air

Fig. 18: Response time of Z:S mixed ratio for H,S gas.

100 -
90 -
80 -
70 - Glass
60 4 ——71:S0
\O 50 4
) —8-70.75:S
40 1 0.25
30 - 205:505
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10 1§ —=4=70.25:S
0 T T T T T 1 0.75
0 200 400 600 800 1000 1200
C PPM : Mix with air

Fig. 19: Gas sensitivity of CH, at different mixed ratio.

Fig.20 shows the Response time as a
function of gas concentration, it can be
seen that the time diminish by
increased gas concentration. And it is
higher for pure oxide and fewer for
mixed oxides. Less response time was
23-12 sec for (10-1000 ppm), starting
response times for the pure oxide films
(ZnO, Sn0O,;) were estimated to be
about 6 sec and for mixed oxide less
than 3 sec.

In Fig.21, appear that increasing the
response of sensors by increased LPG
gas concentration on the one hand and
un increased in response with variation
of Zn:Sn oxide ratio, which resulted in
change oxides consisting as it was see
in XRD results. It can be observed that
sensors based on pristine ZnO and
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SnO; show relatively low response at
the operating temperature in the range
from 10 - 1000 ppm, with the
maximum response of 15.7 % and
16.01 % for ZnO and SnO, at 1000
ppm, respectively. In contrast, sensor
with mixed oxides Zn,SnO, and
ZnSnQO3) exhibits un increase of
response to reach the maximum value
of 20.8% at the 1000 pm concentration
of LPG gas for them. Fig.22 shows the
response time as a function of gas
concentration, it can be seen that the
time diminish by increased gas
concentration[26,27]. And it is higher
for pure oxide and fewer for mixed
oxides. Less response time was
33-22sec for 10-1000 ppm, starting
response times for the pure oxide films
Zn0O,Sn0O, were estimated to be about



Iragi Journal of Physics, 2015 Vol.13, No.27, PP. 50-62

4 sec and for mixed oxide less than

2sec.
100
90
80
70 Gl
~ 60 ass
2 ——Z1:S0
8 50
= 40 ~8-70.75:50.25
30 P\ — Z05:505
20 ] =>=70.25:50.75
10 ’ ==70:S1
0 T T T T T T T T
0 200 400 600 800 1000 1200 1400
C PPM : Mix with air
Fig. 20: Response time of Z:S mixed ratio for CH,4 gas.
100 -
90 -
80 -
70 - Glass
60 - —4—71:S0
X
S 20 1 ~8-70.75:50.25
40 1 Z05:505
30 -
20 - =>=70.25:50.75
10 ﬁ: =" “#=Z0:S1
0 T T T T T T T
0 200 400 600 800 1000 1200 1400
C PPM : Mix with air
Fig. 21: Gas sensitivity of LPG at different mixed ratio.
100
90
80 Glass
70 ——Z21:50
S 60
3 5 ~8-70.75:50.25
0 N — Z205:505
30 } =>=70.25:50.75
20 —=70:51
10
0 T T T T T T T T
0 200 400 600 800 1000 1200 1400
C PPM : Mix with air
Fig. 22: Response time of Z:S mixed ratio for LPG gas.
Conclusions
Build an sensor with several oxides on glass substrates to detect different
form of ZnO, Zn,Sn0O4, ZNSNO3, SNO, reduction gases.
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Mixing ratios chloride salts generate
different oxide compounds ternary and
binary with different responses for
different testing reduction gases. All
thin films shows homogenous surface
and crystalline structures; hexagonal,
tetragonal and cubic for oxides ZnO,
SnO,;,  2ZnSnO3 and  Zn,SnOy4
respectively, all the films were
crystalline and was higher for binary
than the ternary. Mixing oxides
Zn,Sn0O,4 and ZnSnO; showed the
highest response rate for all testing
gases at the best possible time, while
the best crystallization were for binary
oxides. Sensitivity for H,S, CH, and
LPG gases were about 80 , 35 and 15%
respectively and response time around
10, 12 and 22 sec respectively for the
binary oxides. While for the mixed
ternary oxides for the gases were 89,
45 and 20 % and response time of
(5-2), (6-3) and (4-2) sec respectively.
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