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Abstract: In this paper. SnO; nanostructures were synthesized by thermal evaporation
growth at 800 *C under atmospheric of nifrogen and oxygen gas for 3 hrs. using high

pure tin powder as the souice materials. The synthesized products were characterized by
X-rays diffraction (XRD) and scanning electron microscopy (SEM). XRD pattems
- indicate that the structure of prepared products are tetragonal in structures with laftice
parameters of a = 04718 nm and’ ¢ = 0.3187 ). SEM images show’ that SnO:;
nanowires are about tens of micrometers in length, 200 - 500 nm in width. The
diameters of SnO, microspheres vary from 10 4.0 100 prm.

Introduction: Tinn oxide (SnO,) is an important and inexp_ensive'Semiconductor with a
wide band gap (Eg = 3.6 eV, at room temperature). is well known for its potential
application in gas sensors, transparent conducting electrodes and solar cells [1-3].
Recently, several researchers have successfully synthesized nanostructures of SnOs by
thermal evaporation. For example. SnO:» nanostructures in the forms of nannowires and
bremched structures were prepared using the active carbon and SnQ; powder at low
temperature (700 °C) [4].  SnO; nanostructures form of needle- shaped have fabricated
by heating S$n powder in air flow at 900 °C [5]. Li et al. synthesized SnO: nanowires by
thetmal evaporation using a mixture of SnQ» powder and graphite as the source
materials [6]. Some reports indicate that SnO, nanobelts were synthesized under some
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special conditions [7-8]. In this research. we have been growth of $nQ: nanowires and
$nO: microspheres synthesized by thermal evaporation without any catalysts.

Methodology: Our experiment was carried out in a quartz tube furnace. A horizontal
quartz tube was located inside the fumace. The high-pure tin powder 1 g was placed on
alumina boat, which was loaded to the center of the quartz tube that was inserted in the
tube fumace. Then the furnace was heated up to 800 °C from room temperature under a
nitrogen gas flow at a rate of 1 L/min. then a flow of oxygen gas rate of 0.3 L/min and
kept for 3 lus. After evaporation, the furnace was cooled down to room femperature.
and then we took the sample products from the furnace. The synthesized products were
investigated by X-ray diffraction (XRD: Cu Ke ; radiation) (Philips X'pert MRD) and
scanning electron microscopy (SEM).

Results, Discussion and Conclusion: We can observe that the prepared products were
very clearly different from initial source materials. The prepared products were
characterized by XRD. Figure 1 indicate that the XRD pattern of products. the
diffraction peaks of the (110). (101), (200). (111), (210). 211). (220). (022). (310).
(112). (301). (202) and (321) planes can be readily indexed to the tetragonal structure of
SnOa, with lattice constants of a =0.4718 nm, ¢ = 0.3187 nm.
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Figure 1. The XRD pattems of the synthesized products

The morphology of the products were investigated by SEM. Figure 2 showed
typical SEM images of synthesized products. We can observe in Figure 2a that the
diameters of $nQ, microspheres vary from 10 ¢m. to 100 g m. Figure 2b indicated
that the morphology of SnO; nanowires are about tens of micrometers in length. 200 -
500 nm in width. These nanowires will be grown from one microsphere to the other.
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Figure 2 SEM 1image of the products as (a) SnO; microspheres and (b) SnO;
nanowires form on microspheres

The growth of SnO» nanowires is controlled by the vapor — liquid-solid (VLS)

mechanisny. the following chemical reaction will take place during the thermal
SVaporation progess:

25n0(g) = Sn(l) — SnO(s) (1
SnOa(s) =SnO(g) + 172 Ox(g) (2)

T
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The temperature was elevated up to the reaction temperature: fin source was
continueusly evaporated to from tin vapor. Then a large amount of tin vapor was
transported to the deposition zone by canying gas, in which tin atoms combined with oxygen
atoms to from tin oxide vapor, as the reaction (1) deseribed. Subsequently. the Sn0O;

nanowires grow by precipitation of SnQ; from the supe ersaturated droplets. the reaction
(2) is reversible [9-11].

In summary, SnO; nanowires and SnQ; microspheres have been successfully
synthesized by thermal evaporation growth at SO0 °C for 3 hrs, using high pure tin

powders as the source materials. The products were characterized by XRD and SEM
instrument. :
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Abstract. The SnO; nanostructures have been synthesized by carbon-assisted growth at 800 °C for
3 hours. Using high pure tin powder as the source materials. The syuthesized products were
investigated by stereo microscope, X-rays diffiaction (XRD) and scanning electron microscopy
(SEM). XRD pattems show that the preparad products are tetragonal-structures with the lattice
constant a = 0.4718 nm and ¢ = 0.3187 nm. SEM images indicate that $SnO; nanowires are about
tens of micrometers in length. SO 100 o in \xidth The diamerex of SnOa n'mopanicles vary from

gas at room tempemune.

Introduction

Tin dioxide ($n0,) is a very important n-type semiconductor with a wide band gap (Eg = 3.6 eV. at

room temperature) and for its potential applications in gas sensors. transparent. conducting

electrode. transistors and solar cells {1-3]. SnO; nanostructures have been successfully synthesized
by sevéral metliods. Recently, some reports indicate that SnO; nanowires have been prepared using
the active carbon reaction with the $n0Q» powder at 700° °C under atmosphere of nitrogen [4]. SnO:

" nanobelis have been synthesized by water-assisted using high pure Sn powder growth at §50.°C in
atmosphere of argon with' flow rate of 20 scem for 1 hour [5]. Xiangming et al prepared SnO;
nanobelts by thermal evaporation of $n foil at 1100 °C under atmospheric pressure. were very
sensitivity and response fo ethanel gas [6]. One-dimensional $n0Q; needle-shaped nanostructures
were prepacad by thermal evaporation of pure tin powder at high temperatures. a constant pressure
of air and kept flowing at 150 mTorr [7]. SnO; nanowires were formed by the CVD methed. using
pure Sn powder and single-crystal substrates of LaALO; heated at 200 °C under argon gas with the
rate of 30 mL/min and O, with flow rate of S0 mLénin for 30 min [§]. Ansark et al performed SnO;

- nanoparticles by so-gel method, were used in thick film to detect low concentration hydrogen gas.
very sensitively [9]. SnOs. thick filih doped with Pd using for sensor to study the CO-water
interaction on its surface [10]. " Jain- et al reported that SnQ;-thick film -LPG gas sensor were
effecting from grain size on Ni and. Al doping [11]. However, all of the above methods either
ne¢ded high temperatures or a mixture of catalysts and metal oxides before heating, .

In this wok., SnO, nanoparticles and nanowires were prepared by carbon-assisted 210\\111 at
800 °C using high pure tin powder as the source materials. These SnO: nanostructures were used for
investigating the sensitivity and the response time to ethanol gas at room temperature,

Experimental

Our experiment was carried out in quart fube fmace. a horizontal quart tube was mounted inside
the firnace. The mixtures of active carbon powder were prepared from coconut shell {12] and tin
powder (99.0 .. Aldrich) with ratio of 111 by weight as the starting materials. was placed in alumina
boat and the substrates for growth of nanostructures put on the source materials. Si substrates were
cleaned with ethano] several times. and then dried in air. The alumina boat was located in the
middle of a quartz tube that was inserted in the fumace. The fumace was heated under flowing
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nitrogen gas with the rate of 1 Limin when the temperature in the center of tuthe increase to §00 °C.
O: gas with flow rate of 0.3 Linuin was introduced and kept at this temperature for 3 howrs. After
the reaction completad. the quartz tube was cooled down to room temperanure. The morphologies of
the products were investigated by steréo microscope (image analyzer: OLYMPUS, SZX9).
seanning electron microscopy (SEM: JEOL 6400) and the crystal stucture of the products were
characterized by Xerav diffraction (XRD: Cu K radiation) (Philips X'pert MRD). The
syithesized products were dispersed in the ethanol. the materials decomposes 1o form nanoparticles
and nanowires, The gas sensors were fabricated as follow. SnO, nanoparticlss were grinded with
several drops of distilled water in a ceramic mortar to form a shury [13]. Then. the  slury was
painted onto the glass substrate with a wide of 4 mm and length of 5 mm. SnO» nanowires were
mixed with PVA (palyvinyl alcohold [14]. to form pasts before fabricating the sensor. The
nanewires and nanoparticles sensors were calcined at 200 °C for 2 hours. The glass substrate was
performed two electrodes using silver paint and Cu wires, the width between electrades was about 2
mm. The gas sensitivity properties were measured using a test system showed in Fig. 1. Fig. la. the
sensor was lacated at each end of the quartz tube. The temperature of the firnace was controlled at
27 °C. then an ethanal gas was flowed  into the testing tube by pump with flow rate of air about =
L min. while the temperature of heater vary from 40 °C to 70 °C.and the fime constant of air-
flowing of 10 s. The measwing electiic circuit showed in Fig. 1b. The circuir voltage (Ve = 10V)
was supplied across the sensor and the load rasistor (Ry = 1 MQ) was connected in series. The
siznal voltage across the load was measwred using manual method. The resistance of sensor was
measured in air and an  ethanol gas. The semsitivity () of semi- conducting gas sensor is
generally defined as = (R - Rz )'Ro Where Rupr and Rey, are the resistance of sensor in air and
in a test gas [14].

(b)

Figure 1. (2) Schiematic dingram of measurement systen () The electric cirenit of gas sensor (V..
circuit voltage: Ve signal voltage and Ry: load resistar).

Results and Discussion

After the furnace had cooled down to room temperature. the Sisubstrate was taken from the
alummma boat. We can saw the white color of products on Si substrate very clenly under naked eyes
observation. The products were investigated by image analyzer. XRD and SEM instruments. F 1z
2a. the image analyzers indicate that white layer products formed on the Si wafer and inner wall of
alumina boat. The structures of prepared products were characterized by XRD. Fig. 2b shows a
typical XRD pattem of the products on the substrate. The main diffraction peak in the patterns can
e indexed to the $nO- tetragonal structure, with lattice constants of a = 0.4718 nm. ¢ = 0.3187 nm.
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The diffractions are well in agreamznt with JCPDS file No. 41-1445. The morphologies of
swithesized products were investizated by SEM showed in Fig. 3a-3c. Fig. 3a. showed the low-
magnification SEM image of Sn0O: nanosuucturss. nanoparticles and nanowires. Fig. 3b-3c shows a
high-magnification SEM images. the diameter of SnO: nanopar ticles vary from 10 nm tol100 wmm
and the typical SnO; nanowires with the length of wires about tens of micrometers. §0-100 nm in
widty. There are two well-accepted mechanisins for the growth ot ane-dimensional nanostrucnures.
the vapor-liquid-solid (VLS) and the vapor-solid (17S) processes. The VLS growth is a catalyst-
assisted process. in which the catalyst pnmle acts as hlmd fonning agent [3.4]. The most
observing sign of the VLS mechanism. there is droplet observed at end of the prepared products,

Figure 3. SEM images of the praducts. (a) low-magnification. (b) andl (¢) high-magnification.

In this figure. SEM images indicate that there are some particlss on the nanowires tip as the growth
mechanisim. During the ‘thermal ev aporation process, the following chemical reactions will mppm
by 3 reactions. (1) Snsj — C(s) + Os(g} = $n0O(2)— COlg (2) 25n0(2) = Su(l) + SnO;(s}) ¢ and (3)
Sn0:(s) = Sn0O(g) + 172 Oa(g) These processes were explained by previously reports [3. 4.15]. The
syithesized ploduus were assembled into sensor for measuring their electric conductance. Fig. 4a.
xhov ed the changes in sensitivity of the prepared SnO: nanostructures affer a sensor was exposed to
methanol gas aud ethanol gas with various cone entrations. and with flow ratz of air about § L/min.
while the temperature of heater vary from 40 °C to 70 °C. We can found that SnO: nanoparticles
and SnO» nanowires had relatively high sensitivity o methanel gas. Su0; nanoparticles had higher
sensitivity to methanol gas. compared with SnO: nanowires. and the sensitiv ity of gas sensors to
methanol gas was higher than the atmospliere of ethanel gas.
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Figure 4. Sensitivities of products (a) to various temperature of ethanol and methanol gases. and (b)
censitivities of differential SnO» nanostructures in ethanol gas concentation 2t room temperature.

However. the response time of nanostructures o ethanol gas was faster than to methanol gas at
ool temperature, Here, response time was defined as the time needed for a sensor W attain the
00 6 of maximum change in resistance after the contact of test gas with sensor surface [16). Fig
40, shows the relationship betwsen the sensitivity of SnO: nanostructures and temperature of
ethanol from 40°C to 70°C. the sensitivity of sensors increased from 0.18 to 0.31 for SnO:
uanop’um‘le\ and increased from 0.03 to 0.12 for $nO: nanowires. then it slightly decreased to 0.07.
According to previous reports [16-18]. the sensitivity of gas sensor clepeud-*d on the ease of
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diffusion of gas molecules inside the sensor. Higher surface area could enhance the interaction
benween SnO» surface and gas molecules. These results were evident that SnO; nanoparticles had
better gas sensor practice than SnO: nanowires at room tempsrature and the sensitivity gradually
increases with increasing temperatures of test 2as. The sensor exhibited sensitivity and fast response
time of about 10 - 12 s when the testing ethanal gas was flowed.

Conclusion

© The synthesis of $nO2 nanowires and SnO: nanopartictes have been successfully synthesized by

carbon-assisted erowth at 800 °C for 3 hours, using high pure tin powders as the source materials.
The image analyzer, XRD and SEM instruments were studied. The prepared products were
tetragonal-structures with the lattice constant a = 0.4718 nm and ¢ = 03187 nm.  $nO» nanowires
are about tens of micrometers in length, §0-100 num in width. The diameter of $n0; nanoparticles
vary from 10 nm to100 nm. The synthesized products. $n0s nanostructured are high sensitivity and
fast response time to ethanol at roomn fempesature.
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Abstract: CuO nanowires were synthesized by thermal evaporation method using Cu

metal plate in air at temperature of 300 °C for 15, 20 and 24 lrs. The CuO
nanostructures were characterized by X-ray diffraction (XRD) and scanning electron
microscope (SEM). XRD pattemns showed the bicrystal nanostructures of CuO and
Cu,0. The niorphology and growth condition of CuO nanowires were studied by SEM
and length of CuO nanowires depended on time. The diameter of CuO nanowires vary
from 10 nm té 80 nm and length of several 10 micrometers. :

- Introduction: Copper oxide (CuO) has many interesting properties. It is p-type
seiniconductor with a narrow band gap (1.2 eV), and has a monoclinic crystal structure,
and a wide rang of application in gas-sensors, magnetic strong media, solar-energy,

~electronics, catalysis, batteries, semiconductor, varistors [1-4]. CuO nanostructure can
be svnthesized by using various techniques. CuO nanowires were synthesized by
thermal evaporation in oxygen ambient using Cu foils at the temperature from 300°C to
900°C [4]. Which prepared in air using Cu plate, were annealed at 400° C for 24 lus in
air [5] and. CuO nanorods can be synthesized by thermal decomposition of CuC,0,
chemmical reaction between Cu(CH;CO0):HO, and HxC204.HO: nonyl phenyl ether
(9)/(5)(NP-9/5) and NaCl flux [6].The ethanol sensing properties of CuO nanowires
prepared by oxidation reaction of copper plate, was annealed at 600°C in air [7]. In this
paper. CuO nanowires synthesized by thermal evaporation at 500°C in air using Cu
plate.
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Methodology: A lem » lem of Cu plate was rinsed by acetone and de-ionized by
water several time. After it has been dried by an air gun. to place in alumina boat. the
Cu plate was loaded into the middle of the tube furnace. and Leated at 300°C for LS, 20
and 24 lus i air. After evaporation, the furnace was cooled down to room temperature.
Copper nanowires were contained in the black ash-like top laver formed on the Cu
substrate. The Cu(® nanostructures were characterized by x-ray diffraction (XRD).
while . the morphology and growth condition of CuQ nanowires were studied by
scanning electron microscope (SEM).

.

Results, Discussion and Conclusion: The products were synthesized in air at 500°C
for 15. 20 and 24 lrs. Figure | showed the XRD pattern: of the heat treatment on the
black -ash like top layer. They indicated that CuO and Cu,O phases (JCPDS 03-0661)
are both found after thermal evaporation. Figure 2 shows morphologies of the product
prepared with different evaporation times at 5007C. Most of nanowires look like that
they have the same diameter. We can observe the evaporation time has been affect to
the length of the nanowires. The length of nanowires depended on more evaporation
time. For 15,20 and 24 hrs, the lengths of nanowires are 7. 10 and 16 pm respectively.

intensity [a.u]

T v T L T 1 L
peci] ; 3 ED) & a0 70 8
’ s2Theta

“Figurel. XRD pattern of the blacktop layer of products. showed CuO and Cu;O crystal
structures,

35™ Congress on Science and Technology of Thailand

[



Figure2. SEM image of the nano matenals black ash — like top laver m aur for (a) 15 hos
(b) 20 lus (c) 24 hrs

The SEM mmages show the nanowires stiuctures synthesized on Cu substrate. The
diameter of CuQ nanowires vary from 10 nm to 80 nm and their lengths are several 10
nucrometers

In summary. CuO nanowires have been synthesized by thermal evaporation at 500 °C
for 15, 20 and 24 lws i air. The structyres were characterized by XRD and QE\I
mstuments. The diameter of CuO nanowires vary from 10 mmn to 80 nm and their

lengths are several 10 micrometers. The growth condition and length of CuO nanowires
depended on timne.
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Abstract. CuO nanostiuctures were synthesized by thermal evaporation method. Using Cu metal
plate at temperature of 400°C for 24 hrs in one atmosphere of oxveen and studied structural and gas
sensing properties. The CuQ nanosiructured were jnvestigated by the stereo microscope (image
analyzer), X-ray diffraction, scanning electron microscope. The diameter of CuO nanowires vary
from 10 1 to 30 nm and length of several 10 micrometers. The sensitivity of CuO nanostiuctures
and response were performed at room temperature for ethanol and CO; sensor.

Introduction

Copper oxide (CuQ) is a p-type semiconductor with a narrow band gap (1.2 &V). It 15 very
important industrial materials and using for wide range of applications in gas sensor, magnetic
strong media, solar-energy, electronics. catalysis. batteries. semiconductor and vaustors [1.4-9].
Recently, CuO nanostructuges can be prepared various techniques such as thermal evaporation [2].
thennal decomposition {1-4], oxidatioi reaction and sol-gel [5]. CuO© nanorods were synthesized in
the circumstances ‘of various molten salts precursor and heat treatient temperatures {1-2]. CuO
nanorods with diameters of 3-15 nm and lengths of up to 400 mn were prepared by a simple wet-
chemical process [6]. The formation of CuQ nanowires were synthesized on copper foils oxidized
in wet air at temperatutes of 300 - 800.°C [7] and in atmosphere of oxygen at temperatures from

300 °C 10900 °C [8]. The paper reported that CuO nanowires prepared by an oxidation reaction of
copperzplate heat at 600°C m normal.atmosphere, the synthesized products can be studied for
ethanol sensor [3]. The CuO powders mixed with BiTi0: powders were pressed into disks heat at
773 K for 5 lws, these products were studied CO: gas senser [9]. Crystalline CuO was prepared by
heating copper (II) oxide to 900°C for 4 lus. grouniding and then it was: pressed mto pellets form.
these formations-were investigated poltution gas sensor. their response for CO and NO; [10]. In owr
paper. we svuthesized CuQ nanowires by thenmal evaporation process. The synthesized products
were characterized and studied for ethanol and CO, sensors, |

Experimental - , : :
Copper métal plate size I Lem was ficst cleaned by acetone, followed by rinsing with de-ionized
water several time and drving by air gun. It was put in alumina boat. and then loaded into the
middle of the tube furnace.The fumace was heated at 400°C for 24 hrs in one atmosphere of
oxygen with flow rate 2 L/min. After hear treatment, the furnace was cooled drown to room
temperature. The black layer on the substrate was peeled for charactetization and investigating 1o
ethanol and CO» gas sensor. The synthesized products were characterized by the stereo microscope
(image analyzer, OLYMPUS. SZX9), X-ray diffraction (XRD: Cu K, radiation) (Philips X'pert
MRD). scanningelectron microscope (SEM) (TEOL 6400). The peeled substrare was performed two
electrods using silver paint and copper wires for studying gas sensor. The gas sensing properties
were studied at room temperature. The system of gas sensing properties was shown in Fig. 1. Fig.
1a. the sensor was placed at each end of the quartz tube. The electronic circuit of sensor was applied
the cireuit voltage (V¢) 10 V. acrossed the sensor and the load resistor (Rp = 1 MQ). The signal

Al rights reserved. No pant of cantents of this paper may be reproduced or transmitted in any ferm or by any means without the written permission of he
publisher: Trans Tech Publications tid. Qwitzerland, wrav.tip.net. (10" 125.26.123 192.27/01/10.11:43:37)
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voltage, our put (Vo) was obserbed with time-various 310, 13,20, 25,30, 35s whle the CO» gas or
ethanol gas was flowed rate around 5 Lmin. The sensitivity. S. of semiconducting gas sensor 1s
generally defined as § = R, - R, where R, and R, are the resistance of zas sensor i atr and gas.
respectively [11]. '

Towvmr

\ y LT l[__";‘
£/ ‘. ;f‘ B
{(a) »4715') 7

Figure 1. The schematic of measuring eleetiic circuit for gas sensor. (a). and (b) CO; and ethanol
Sensor.

Results and Discussion

When the temperature was cooled down to room Rimperanre. nationally. The copper metal plate
was taken from the furnace. We can observed that somethings were occured on the substrate ceatlly
different from starting plate. The oxidation reaction 1§ a8 follow two steps (D4Ca + 0:=2Cw0
and (2) 2CWO = 05 = 4Cu0. These proceses were discussed by previous researches [3.6]. Fig. 2
image analvzer showed the formed layer. black ash-like. This black layer was carefully peeled for
studving the stuctwal and charactenzation.

i,

Figure 2. Stereo nueroscope image of the formed products o copper metal plate in one atnospliere
of oxveel.

The crvstal structure and phase composition were investizated by N-ray diffraction (XRD). The
measurements were carried out with a Philips X'pert diffractometer (Cuku: 7=1.540562. Cukal
filter. 40kv. 35mA). a scanning step of 0.02° Fig. 3. presented the XRD pattemns of the synthesized
products. The peak of CuO and Cw0 phases. (JCPDS 05-0661) are found in this Fig. 3. and CuO-
structures were single crystal monoclinie. We can observe the Cu phase in Fig. 3a. before heared
treatment. CuO and Cu=0 phase were found m Fig. 3b. after Leated treatment and oxidation
processes. The morphologies of CuO nanostructures were shown in Fig. 4. SEM images showed the
nanostructures materials on black ash-like top layer. the wire-like structutes. The dianieter of Cu®
nanowires vary from 10 nm to 50 nm and length of several 10 micrometers. SENL instrument was
seammed two areas on peeled substrate, We found different morphologies showed m Fig da. the
compact of nanewires and 4b. the clusters of nanowires. We studied the response of gas sensivity
wsing equation S = R, Ry where R and R, are the resistance of gas sensor i air and gas.
respectively. Fig 3a shows the resistance of Cu® nanostiucures sensor to an ethanol and CO- gas.
operating at room temperature. In atmosphere of nonual air. we observed that the measured output
voltage and calculated resistances were stll steady. When ethanol vapor or CO: zas was mjected
into the quarzt tube, For ethanol gas. the resistances were increasing during rang of time 5-35 5. but
under CO» gas, the resistances were decreasing at 153 and 35 ¢, We can observed that the
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time-injection Las been affect 1o the sensitvity of the CuO nanostructures. Fig. Sb opresents tyvpical - a“
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Figure 4. SEM image of the synthesized products under one atmosphere of oxygen. (a) compact
nanowires. and (b) cluster of nanowires,
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Figure 5. (a) The resistance of the CuO nanowites sensor at an ethanol and CO» gas. (b) The
sensitivity of the CuQ nanowires sensor at an ethanel and CO: gas.

variation in sensitiviry of the Cu®) nanowires sensor to an ethanol or CO; gas. operating at room
temperatwre. It is found that the sensitiviry of nanostructures depended on more time inject for
concentiation of ethanol gas. The seusutivity was inereasing compared with an increasing tine of the
detected ethanol gas. The sensitivity of CuO nanowires was decreasimg at 15 s and 35 s under CO;
aas. and nereasing during 5-35 ¢ i atmosphere of ethanol gas.
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time-injection has been affect to the sensitivity of the CuO nanostructures. Fig. S presents typrcal
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Figure 3. NXRD patterns of (a) copper plate before Lieat treatnent, and (b) the black-ash top layer of

copper plate after heat treatment.
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Figure 4. SEM mmage of the synthesized products under one atmospliere of oxygen. (a) compact

nanowires. and (b) cluster of nanowires.
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aas. and increasing during 5-35 .1 atmosphere of ethanol gas.
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Conclusion

In sumumary, CuQ nanowires have been swthesized by thermal evaporation at 400 *C under
atmosphere of oxygen. The structures characterized by the stereo microscope (image analyzer), X-
ray diffraction and scanning electron microscope. The diameter of Cu® nanowires very from 10
mm 1o 50 nm and lengths several 10 micrometers. The results showed the high sensitivity and
response of CuQ nanowires were perfonmed at room femperature for ethanol and CO; gas sensor.
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Abstract. SnO,-CuO nanocomposites have been synthesized with the simple co-precipitation method for gas sensing properties.
Sn and CuO powder were the starting materials. The synthesized products were investigated by X-ray diffraction (XRD) and
scanning electron microscopy (SEM). The results show that Sn0,-CuO nanocomposites have a tetragonal and monoclinic
structure, respectively. SEM images verify that the some microballs are up to 10 pm and nanorods have a diameter range from 10-

100 nm, while length ranges a few micrometers. The nanocomposite products were highly sensitivity to CO, gas at room

~ temperature. R ./ Y/i

Introduction °

Nanomaterials have attracted the attention of the scientific community -worldwide, especially one-dimension (1D)
semiconductor nanomaterials. This is because of t.heir promising potential in extensive applications such as semiconductors. SnO,,
a typical n-type semiconductor, has a wide band gap (Eg = 3.65 eV at 300 K). SnO, is an important functional material, which has
been exfénsively used in gas sensor, optoelectronic, transistor and solar cells [1-6]. CuO, a typical p-type 'semic_or_lductor with a
narrow band gap (Eg = 1.2 eV at 300 K) is widely used in catalysts, gas sensor, ﬂiermoelectric materials [7-10]. We know that
introducing another material to the synthesis of composites is an effective way to imﬁrove the physical and chemical propertiés. '
~ Some material;, such as SnO,, ZnO, 710,, TiO,, In,0, and CuO are introduced to enhance gas sensing property [11-12]. The
fundamental sensing mechanism of metal oxide based gas sensoré relies on a"charge in electrical conductivity. This éonductivity' is
due to the interaction process between the surface structures of reactive chemical species 0, 0", H and OH and the gas
molecules to be detected {13-14]. Many methods have been developed to prepare such nanostructures, such as vapor-liquid-solid
(VLS) growth [15-18] and solution-liquid-solid (SLS) method [19-21). The previous paper reported how $n0,-Cu0
nanocomposites were synthesized by impregnating SnO, nanowires with CuCl, solution at 1000 °C for | h with trace amounts of
0, introduced into furnace. Thereafter the product was submerged in a CuCl, solution (1 wt%). Afier air-drying, the sample was
heated to 900 °C and kept for 6 h in an air atmosphere [11]. In the simple co-precipitation method, SnCl,-5H,0 and CuSO,-5H,0
are mixed together in distilled water as starting materials. The solution obtained is continuously stirred at 80 °C while an NaOH
solution is added at a rate of 0.02 ml/s until complete precipitation (solution pH value above 11). After continuously stirring for
another 2 h, the precipitate is filtered and washed thoroughly with distilled water. Finally, the precipitate is dried at 105 °C,for2h
and calcined at 600 °C for 2 h to obtain CuO-SnO, nanocomposites [22].



In this work, Sn0O,-CuO nanocomposites have been synthesized by simple co-precipitation method. The nanocomposites are
to be used for their gas sensing properties. Sn and CuO powder are the starting materials. The gas sensitivity properties were

measured in the room temperature by using ethanol gas, CO, gas, and a mixture of the two gasses.

Experiments

Syntkesis of SnO,-CuO nanocomposites

Sn0O,-CuO nanocomposites have been synthesized by a simple co-precipitation method. Tin powder (99.0%, Aldrich) and
copper oxide powder, with ratio of 1:0.1 by weight, are mixed together in distilled water as the source materials. The obtained
solution is continuously stirred at 80 oC while a NaOH solution is added until complete precipitation (solution pH value above
11). After continuous stirring for another 2 h, the precipitate is filtered and cleaned with distilled water szveral times. Finally, the
precipitate is dried at 105 °C for 2 h and calcined at 600 °C for 2 h in normal air. The furnace was cooled down to room
temperature through free heat convection. The morphologies of the prepared products were investigated with scanning electron

microscopy (SEM; JEOL 6400) and the crystal structure of the products were characterized by X-Ray Diffraction (XRD; Cu Ui
radiation) (Philips x’ pert MRD).

Preparation of gas sensors

The gas sensors were fabricated by using SnO,-CuO nanocomposites powder and Polyethylene glycol (PEG) with ratio of
60%: 40% by weight. The two are mixed at 50 °C into slurry before fabricating the sensors [23]. The slurry was painted onto a
glass substrate with a size of 1 cm?. The nanocompésite products were calcined at 150 °C for 2 hours. The two electrodes are made
of copperplate on glass substrate. The distances between the electrodes are around 2 mm. The gas sensing properties were

measured at room temperature using ethanol gas, CO, gas, and a mixture of the two gasses. The sensitivity, S, of semiconducting

gas sensor is generally defined as:

Where R is the resistance of the sensor in atmospheric air, and R, is the resistance in the presence of reducing gas [24-26].

Results and Discussion

The morphology of SnO,-CuO nanocomposite were investigated by SEM as shown in Fig. 1. The high-magnification SEM
image of Fig. 1(a), showed that the SnO,-CuO nanocomposites had some clusters formed as nanorods with a diameter ranging

from 10 nm to 100 nm and a length of afew micrometers. Fig. 1(b) shows some microballs with a diameter of about 10 pm.

ikn_00B0BO" = v o) 264080
! i B JRSaT v



Fig. 1(2)-(b), SEM images of Sn02-CuO nanocomposite

The XRD pattern of $SnO,-CuO nanocomposite is shown in Fig. 2. All of the diffraction peaks were in good agreement with
tetragonal phase of SnO, (JCPDS No. 41-1445). This revealed that there were many planes of the prepared products corresponding
to SnQ, crystal planes of (110), (101), (200), (211), (220), (002), (310), (112), (202) and (321) respectively and monoctinic CuO
(JCPDS No. 05-0661), corresponding to CuO crystal planes of (-111), (111) and (-311) respectively. Percentage weight function

of SnO,: CuO are 95.09%: 5.01% respectively.

e
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Fig. 2, the XRD pattern of Sn0,-CuO nanocomposite.

The synthesized products were fabricated into sensor for measuring their electrical conductance. Fig. 3, shows changes in
sensitivity of the products after the sensors were exposed to ethanol gas, CO, gas, and a mixture of the two gasses. The exposure
was at a flow rate of approximately 5 L/min at the room temperature. SnO,-CuO nanocomposite had a higher sensitivity to

the pure CO, gas over the pure ethanol or the two gas mixture.
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Fig. 3 Sensitivity of SnO,-CuO nanocomposite of ethanol gas, CO, gas, and mixing ethanol with CO, gas at the room temperature.

Conclusion

The prcparatlon of Sn0,-CuO nanocomposites has been successfully synthesized by the simple co-precipitation method.
These nanaocompos:tes have shown to have good gas sensing propertles Sn and CuO powder are used as startmg ‘matérials. The
" synthesized products were quantlﬁed by X-ray diffraction (XRD) and scanning electron microscopy (SEM). The results show that
SnOz-CqO nanocomposites have a tetragonal and monoclinic structure, respectively. SEM images verify that the some microballs
have a size of 10 um and nanorods have a diamé;er range from 10-100 nm, with length ranging a few micrometers. The gas

- sensing p_roducts are highly sensit'ivi_ty to CO, gas at!r(_)_bm tcmp.eratur‘e‘ \
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