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Abstract

Acetone vapor is one of the most harmful VOCs to human health. To monitor the acetone vapor in the
environment, need a sensing material with good sensing properties. This study presented a successfully
synthesized nickel oxide composited with reduces graphene oxide (RGO/NiO) by hydrothermal method for the
development of a highly efficient sensor for the detection of acetone vapor, The formation of nanocomposite was
verified by X-ray diffraction (XRD) and Raman spectroscopic lechniques. The morphology of samples was
carried out using scanning electron microscopy (SEM). XRD analysis showed that all prepared samples
possess face-centered cubic (fce) crystal structures with the standard JCPDS file no. 00-004-0835. The average
particle sizes as indicated from SEM images were found to be about 15 nm for NiO. For the sensing fabrication,
the synthesized composite was deposited onto an alumina substrate interdigitated with gold electrodes to form a

film sensor by spin coating technique.

Keywords: Nickel oxide; Reduced graphene oxide; Nanocomposite; Hydrothermal

Background

Nowadays, the rapid development of human
society and many industries was producing various
toxic and hazardous gases in the environment and
harming physical human health [1, 2]. Acetone
vapor is one of the harmful volatile organic
compounds (VOCs) that have a high vapor pressure
at room temperature. It is mainly used as an
industrial solvent [3]. At high concentrations (>300
ppm), acetone vapor can obviously damage mucous
membranes [4]. Occupational Safety and Health
Administration (OSHA) limits the concentration of
acetone in a work environment was 1000 ppm every
8§ h [5]. In addition, the threshold limit value-time-
weighted average (TLV-TWA) of acetone vapor is
50 ppm [6]. To detect or monitor a low concentration
of acetone vapor in the environment need highly
responsive and highly selective sensors with long-
term stability.

Metal oxide semiconductors (MOSs)-base gas
sensors are well known as the most popular choice
in commercialization due to their high response, low
cost, simple integration, and non-toxic [7, 8]

At present, among the studied materials n-type
MOS-base pas sensor (Sn0; [9], TiO [1], WO3[10],
and ZnO [11]) has been further explored as VOCs
sensors, while few studies have been conducted for
p-type materials (CuQ [12], NiO [13] and Co010s
[14]). NiO is a p-type MOS and has drawn great

interest due to its ultra-wide energy band pap (E, =
3.6-42 eV) with a large specific surface area,
outstanding structural stability, and excellent
oxygen adoption capacity [13, 15]. Moreover, NiQ
has been used in several applications such as
catalysts [16], lithium-ion batteries [17], magnetic
material [18], and gas sensors [13]. However, the
sensing film from the non-modification NiO showed
a low response to target gases [19, 20]. Therefore, it
is necessary to improve the sensitivity of the NiO
gas sensors. Therefore, to enhance the sensing
properties of the NiQ sensors, reduced graphene
oxide (rGO) has been composited with NiO in this
study due to its advantages of large surface area and
excellent thermal and electrical properties.

Thus, in this study, we reported the successful
synthesis of pure NiO and NiO nanocomposite with
GO (rGO/NiO) by hydrothermal method.
Additionally, the sensing films of all samples were
prepared on an alumina gold electrode by spin
coating technique for application in acetone gas
S€nsors.

Materials and Methods

Pure nickel oxide (NiO) and Nickel oxide and
reduced graphene oxide (RGO/NiQ) nanocomposite
were prepared by hydrothermal route, Nickel(Il}
chloride hexahydrate(NiCl;6H20; Ajax Finechem,
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99%) and polyvinylpyrrolidone ({(CsHyNODa;
Aldrich) was dissolved in 100 mL deionized (DI)
water under constant stirring for 15 min. Then
dropwise WH4OH into the solution untilpH=11 and
stirred for 30 min. Subsequently, the solution was
transferred into the Teflon-lined stainless-steel
autoclave and heated at 180 °C for 6 h, and cool
down the solution was to room temperature. And the
product was then washed several times with
deionized water and collected by centrifugation then
dried at 60 °C ovemight. Finally, calcined the
precipitated product at 400 °C for 2 h and obtain
black precipitates of NiO NPs. The rGO/NiO was
prepared by 40 mg Graphene oxide (GO) dissolved
in 80mL DI water and ultra-sonicated for 30 min.
The NiO 160 mg and 80 mL GO solution was
dispersed in 300 mL DI water and ultra-sonicated for
1 h. Transferred the solution into the Teflon-lined
stainless-steel autoclave and heated at 180 °C for 12
h. Finally, the final product was then washed several
times with detonized water and collected by
centrifugation then dried at 60 °C overnight.

The chemical structure of NiQ and RGO/NiQ
nanocomposite were investigated by X-ray
diffraction (XRD; TTRAXIIl diffractometer,
Rigaku Corporation, Tokyo, Japan) within the 20
range was 20-80°. The morphologies of NiO and
nanocomposite were performed using a scanning
electron microscope (SEM). Moreover, the chemical
binding states of the synthesized nanocomposites
were identified using Raman spectroscopy
(LabRAM HR Evolution, Jobin-Yvon, Horiba,
France)

For sensing film fabrication, the disperse of
30 mg NiO and RGO/NiQ nanocomposites in a
binder solution comprising o-terpineol and ethyl
cellulose to produce a uniform paste. Next, a sensing
film was deposited on an alumina substrate with the
gold electrode and then annealed at 450 °C for 3 hat
a heating rate of 4 °C/min to remove the binder from
the sensing films.

Results and Discussion

The crystallographic performance of NiO and
tGO/MNIO samples was identified by the X-ray
diffraction (XRD) technique. Figure 1 shows the
XRD pattern of NiO and rGO/NiQ samples. In XRD
exhibited strong diffraction peaks at 28 of 37.35°,
43.42°,63.21°,75.21°, and 79.02°, which are related
to {111),(200), (220), (311), and (222) crystal planes
of'NiO in the face-centered cubic phase (JCPDS file
no. 00-004-0835), respectively. On the other hand,
the presence of an rGO peak in rGO/NIO
nanocomposite confirms the formation of binary
nanocomposite through the hydrothermal method.
The values of crystalline size of NiO and rGO/NiQ
nanccomposite were calculated from NiQ (200)
reflection using the Debye-Scherrer formula to be
6.30 and 6.83 nm respectively.

20 (degree)
Figure 1 XRD pattens of NiO and rGO/MNIO
nanocomposite
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To identify the chemical bond of specimens,
Fig. 2 shows Raman spectra of Ni0O and rGO/NiO
nanocomposite. Both NiO and 1GO/NiQ
nanocomposite clearly observed a characteristic
peak at ~495 cm™, which could be NiQ [24, 30].
There were two peaks located at ~1338 and
1573 cm™ for the rGO/NiO nanocomposite,
corresponding to the D and G bands of rGO [21, 22].

2000

1000

Intensity (a.0.)

200 1200 2200 3200
Raman shift (cm-1)

Figure 2 Raman spectra of NiO and rGO/MNiIO
nanccomposites.

The morphology of  hydrothermal-
synthesized NiQ and rGO/NIO nanocomposite are
characterized by an SEM, shown in Figs. 3a,b. The
NiO showed a spherical structure (Fig 3a) with an
average particle size of about 15 nm, and it exhibits
well dispersed on rGO sheets (Fig. 3b). The average

particle size was measured at twenty random
particles and calculated by Image J software
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Conclusion
In summary, the hydrothermal route
successfully synthesis NiO and rGO/NIO

nanocomposite. The XRD patterns showed that the
nanocomposite was highly crystalline, and the peak
can be confirmed to be the cubic face structure of
NiQ. SEM showed that NiO nanoparticles were
spherical in shape with a diameter of about 15 nm.
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Abstract

This paper aimed to develop SO gas sensors for the longan industry to enhance the value of agricultural
preducts and operational safety. The reduced graphene oxide-based indium oxide (rGO-Inz03) nanocomposites
loaded with Cu nanoparticles were used as the sensing film. These nanocomposites were synthesized by the facile
hydrothermal and impregnation method. Structural properties, chemical surface state, morphology, and element
composition of samples were carried out using X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS),
Raman spectroscopy, scanning electron microscopy (SEM), transmission electron microscopy (TEM) and energy
dispersive X-ray spectroscopy (EDX). The morphological characterisiics of the rGO-Inz0; nanocomposites were
examined by SEM. It revealed that primary particles had an ellipsoidal morphology similar to rice grains with
feature sizes in submicron to nanometer scales. The average particle size as indicated by SEM images was
measured at twenty random particles and calculated by Image J sofiware. It was found that the average diameters
and lengths were estimated to be about 200 nm and 600 nm respectively. The smaller particle size would augment
the surface and enhance the specific surface area of rGO-In;0s, providing more surface-active sites upon gas
exposure. Additionally, the nanocomposites were formed into sensing films by spin coat technique and tested
towards SO, pas ever the concentration ranging from 500 ppb to 100 ppm. 1t was found that 1.0 wt.%Cu loading
1(GO-Iny01 nanocomposite sensor shows the characteristics of high response, stability, and good selectivity toward
10 ppm SO; at low operating temperature (200 °C). Therefore, the 1.0 wt.%Cu loading rG(Q/In;0; sensor is ene
of the most promising candidates for highly sensitive and selective detection of SO> for the longan industry.

Keywords: Gas sensor; Sulfir dioxide; Reduce graphene oxide, Longan industry, Rice-like morphology
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Figure 1. SEM image of rGO-Inz0; nanocomposites sensing film.
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Abstract

Acetone vapor is one of the most harmful VOCs to human health. To monitor the acetone vapor in the
envirpnment, need a sensing material with good sensing properties, This study presented a successfully
synthesized nickel oxide cemposited with reduces graphene oxide (RGO/NiQO) by hydrothermal method for the
development of a highly efficient sensor for the detection of acetone vapor. The formation of nanocomposite was
verified by X-ray diffraction (XRD) and Raman spectroscopic techniques. The morphology of samples was
carried out using scanning electron microscopy (SEM). XRD analysis showed that all prepared samples
possess face-centered cubic (fee) crystal structures with the standard JCPDS file no. 00-004-0835. The average
particle sizes as indicated from SEM images were found to be about 15 nm for NiO. For the sensing fabrication,
the synthesized composite was deposited onto an alumina substrate interdigitated with gold electrodes to form a
film sensor by spin coating technique.

Keywords: Nickel oxide; Reduced graphene oxide; Nanocomposite; Hydrothermal
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