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Abstract

Metal oxide nano materials have huge scientific and industrial applications and proved to be
good as sensing devices. ZnO - TiO, nano composites were synthesized by sol-gel method and
tested as a chemi-resistive gas sensor. ZnO - TiO, nano composites with different weight
percentages were prepared. Anatase structure was confirmed by XRD and surface morphology
was confirmed by SEM. Dopant composition was analyzed by EDAX. Increased sensitivity was
observed with increase in butane concentration for all samples investigated. Extensive
experimentation for gas sensing with changing temperature was performed and optimum
operating temperature was found to be 363K.

1. Introduction

Due to the living standards of industrial field, it is a big challenge to detect the toxic and
hazardous gases which affect the environment and human health [1].It is necessary to synthesis
of new materials to enhance the capability of gas sensors. Gas sensors are the powerful and
effective devices used to detect inert and explosive gases. These are the essential devices, which
converts gas concentration into electrical signals [2].Due to their high sensitivity and fast
response time metal oxide semiconductors are used and have a great production for the gas
sensors. Metal Oxide Semiconductors are very interesting because of the intricate and amiable
nature of electrical properties. Metal oxides have various applications as solar cells,
optoelectronics, antibacterial activity, spintronics, piezo electric and gas sensors [3].The working
principle of semiconducting metal oxides is the change in the electrical properties with the
exposure of target gas. Due to their low cost and simple synthesizing methods metal oxide
semiconductors are gaining much attention in the field of gas sensing and also for the different
applications [4]. ZnO and TiO, are the n — type semiconducting materials and multifaceted
among the transition metal oxides and an effective consideration for several applications [5]. Due
to the high temperature stability of TiO,, it is most favorable material for gas sensing [6]. The
idiosyncratic technological properties and unique sensing, photo catalytic applications of TiO,
nano particles are engrossing in the recent research trend. TiO, has been investigated as an
anticipated material for gas sensing [7]. The accessibility for the synthesis of TiO, nano particles
has various morphologies like sheets, wires, rods, and aerogels through sol-gel method [8].
Enormous necessity of the emission of toxic gases, there is a great need in developing devices
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having vast electronic properties for the control of air pollution. In recent years semiconductor
oxides are used in research over other materials due to their ease of fabrication, low-cost, good
reliability/stability, high sensitivity and real time detection ability towards low concentration of
toxic gases [9].The important parameters which are significant for the sensing mechanism are the
grain size and crystallinity of metal oxides [10]. In these situations it is mandatory to put
enormous efforts in developing gas sensors to detect the exhaust gases in the fields of disease
diagnosis, military security, environmental and industrial production and additionally having a
great demand due to its applications [11]. Due to simple synthesis, high response and low cost,
semiconductor metal oxides are playing a dominant role in their applications [12].The design of
gas sensor should be adjustable for both high and low temperatures and it should be helpful to
detect toxic gases even at small concentration which is close to the oxygen partial pressure [13].
Because of its vast abundance and tolerance of harsh environments TiO, has a special attention
in the field of gas sensing. TiO, improves its gas sensing activity when it is doped with some
metals and with some non-metals [14]. An n-type semiconductor oxide with a large band gap is
zinc oxide (ZnO) (3.37 eV). Due to its high sensitivity, it can detect gases in a variety of
environmental settings. It is therefore frequently utilized in semiconductor oxide-type gas
sensors. There are many different morphologies of ZnO nano materials, including rods, spheres,
and flowers [15]. In this work one of the versatile semi conducting material ZnO with the weight
percentages of 1,10,15 and 20 is doped with the titanium dioxide through the sol-gel method to
detect the butane gas. Butane is a transparent, colorless liquid with a faint odor that is frequently
used in industrial production [16]. Butane vapor exposure to open flames or high temperatures
can result in combustion and explosion, which can lead to unintended harm or death [17].
Consequently, achieving early warning detection for butane sensors is crucial. These sensors
cannot detect lower concentrations, operate at high temperatures, and have poor selectivity.
Therefore, it's vital to develop better sensors to monitor butane performance.

2. Experimental Section:
2.1 Synthesis Procedure
(i) Synthesis of TiO:

Titanium dioxide and Zinc Oxide nano particles were synthesized by using sol-gel method. To
prepare TiO, Titanium tetra iso-propoxide (TTIP) solution was taken as precursor material. A 20
ml of TTIP solution was mixed to the solution of 10 ml of ethanol and 12ml of deionized water,
After 1 hour of constant stirring at the temperature of 80°C, concentrated nitric acid was added to
maintain the pH of the solution, then the stirring was continued for 6 hours at 60°C. White
colored nano powder of TiO, was obtained after the calcination at 350°C for 1.5 hours.

(i) Synthesis of ZnO:

Nano particles of ZnO were synthesized by considering Zinc nitrate and KOH as precursors.
(0.4M)KOH solution was added to the mixture of (0.3M)Zinc nitrate and de-ionized water at
room temperature with a continuous stirring of 20 minutes. Then the precipitate was washed with
Ethanol and calcinated at 600°C for 2 hours to obtain the ZnO nano powder.

(iii) Synthesis of ZnO - TiO, nano composites
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The nano composite with the weight percentage 1, 10, 15 and 20 of ZnO with respect to TiO,
was fabricated by using the sol-gel process. To obtain the precipitation, As synthesized ZnO and
TiO; nano particles with the proper weight ratio are dissolved in 20 ml of distilled water with the
agitation for 4 hours at room temperature. After being aged for 24 hours it is filtered, washed
with the distilled water, and dried for 12 hours at 150° C, the produced precipitate was then
used. The final step was calcining the resulting powder for 2.5 hours at 700° C.

2.2 Material Characterization

Bruker powder diffractometer (Shimadzu-7000) with mono chromatized Cu-K (1.5406) radiation
was used to characterize the synthesized ZnO-TiO, nano composites. The crystal size of the nano
composites was determined using the Scherer formula. FTIR was used to investigate the
stretching band frequencies. Scanning electron microscopy (SEM), a technique used to examine
the morphology of nano composites, was carried out using a Zeiss electron microscope. The
ability of the prepared nano composites to detect gases from an in-house gas sensing chamber
was tested.

2.3 Gas sensing Measurements

Butane gas was used to characterize the metal oxide nano composites' gas sensing properties.
The produced nano composite pellets' gas sensing abilities were tested using the flow through
method. All measurements were made in a sealed room that was kept at a constant 25 degrees C
humidity level. The operational temperature is ranged from 323 to 393K. The samples’ resistance
was continuously tracked. For testing the sensor's response to butane gas, the sensor was
subjected to a gas sample for three minutes before air flow was resumed [18].

3. Results and Discussion:

3.1 Morphological Analysis: The structural analysis was done using X-ray diffraction
analysis using Cu- Ka radiation (wavelengths of 1.5406). Fig 1 shows the ZnO - TiO, nano
composites' room temperature (RT) X-ray diffraction spectra in the 20 range of 10-90.
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Fig 1: XRD spectra of ZnO - TiO, nano composite
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Zn0O's hexagonal wurtzite structure has been depicted by the strong peaks at the planes of (100),
(102) (110) (107) with 2 Theta values of 31.73, 56.55, and 62.83 degrees (JCPDS Card No - 3-
888). Additionally, the plane's peaks (213) (103) (303) (402) matched TiO2's anatase phase
(JCPDS Card No - 1-562). The crystalline hexagonal phase of ZnTiO3 was also revealed by a
single diffraction peak at the 2 theta value of 35.25 degrees. The asymmetry in ionic radii caused
the corresponding TiO2 peaks to shift to higher 2 theta as the ZnO content increased. The
average particle size was measured by using Scherer’s equation.

KA
BCosb

D:

Where d is the particle's size, 0 is its glancing angle (20/2), B is its full width at half maximum, A
is the wavelength of X- ray's and K is the constant with a value of 0.89.

The range of the crystallite size measured by the Scherer’s equation was 15nm to 18nm.

Table.1- Crystallite size of ZnO-TiO; nano composites calculated by Debye’s Scherer’s Method

Percentage of samples Crystallite Size(nm)
1% ZnO- TiO, 18
10% ZnO- TiO; 16
15% ZnO- TiO, 15
20% ZnO- TiO, 15

3.2 Structural analysis

SEM image analysis was used to examine the prepared ZnO - TiO,'s structural investigation.
Surface morphology was found to be homogenous, and particle shape was found to have a web-
like structure. The photos revealed the particle aggregation. Fig 2 displays the high-
magnification SEM images of the ZnO - TiO, nano composite.
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Fig 2: SEM analysis of (2a)1%2Zn0, (2b) 10%Zn0, (2¢)15%Zn0 and (2d) 20% ZnO -TiO, nano

composite

5439

Eur. Chem. Bull. 2023,12(10), 5435-5445



Enhanced Butane Sensing performance of ZnO -TiO2 nano composites

Section A-Research paper

EDX spectra are used to show the chemical composition of the ZnO -TiO, nano composites, as

shown in the fig 3. The spectra show that Zn, Ti, and oxygen elements are present.
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Fig 3:

EDX analysis of 10%ZnO-TiO, nano composites

3.3 FTIR analysis
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Fourier Transformation Infrared Spectroscopy in the range of 400-4000 cm™ was used to
analyze the ZnO/TiO, nano composite. Different TiO; signatures were detected by FTIR analysis
at 493.53, 699.11, 1350.11, 2185.93, and 3433.88 cm-1. The IR peaks at 536.71, 692.65,
1590.01, and 3423.16 cm-1 represent the characteristic peaks of ZnO. The band at 3500 cm-1 is
related to the presence of hydroxyl groups, and the band close to 1590 cm-1 is related to H-O-H
bending vibration.

3.4 Gas sensing mechanism

The entire system of an internally constructed gas sensing chamber, including a synthetic
dry air unit and programmable DC power supply, is used for gas testing. The operating
temperature of the sensors has an impact on their sensitivity because a change in temperature
alters how the nanomaterials respond. By connecting a resistive wire through an electrode, the
DC power supply controls and regulates the temperature to which the sensor is adapted. The
digital multimeter displays and records the variation in the sensor's resistance during operation.
The sensor is impacted by the entry and exit of the target gas from the confined chamber, and the
magnitude of its resistance varies periodically. To test the sensing capabilities of the created
nano composites, butane gas is used as the target gas. The following factors determine how the
gas sensor reacts to the target gas:

S = [(Rg — Ra)/ Ra]x 100%

Where S denotes the gas sensor's sensitivity as well as its response value. Rq is the resistance
value shown by the test gas's gas sensor. R, is the resistance reading that the gas sensor in air
displays.

The performance of the metal oxide gas sensor is explained by the chemi resistance principle,
which peculiarly describes the change in electrical conductivity or resistivity of the samples upon
exposure to a target gas. The kind of majority carriers in the metal oxide thin film controls
whether or not the film's resistance rises or falls [19]. The properties of gas molecules and
semiconducting film in a natural environment, whether they are oxidizing or reducing. N-type
materials have thin films and have increased resistance to oxidising gases (acceptor) and
decreased resistance to reducing gases (donor). On the other hand, with regard to p-type
materials [20].

It has been studied how chemiresistor performance for explosive butane gas changes with operating
temperature, gas concentration, and room temperature. It was found that the resistance value was in the
200 MQ range. The butane gas response to various ZnO concentrations (1, 10, 15, and 20 c/o) of the
chemi resistor at room temperature is shown in the inset of Fig. 5 with 32.71, 36.25, 28.96, and 15.13
percentages of sensitivity, respectively.
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Fig.5: Different Wt percentage of ZnO Vs Sensitivity at room temperature

The results with butane gas concentrations ranging from 500 ppm to 2500 ppm versus sensitivity are
shown in Fig. 6(a). It is demonstrating the high sensitivity of the 37 c¢/o at 1500 ppm. The maximum
response to the butane gas to ZnO (10 c/o0) doped TiO2 is shown in Fig. 6(b) as a bar chart of selective
response to reducing gas (butane) as a function of operating temperature from 323K to 393K with 1500
ppm gas concentration. The optimal temperature was found to be 363 K.
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Figure 7 depicts the cyclic reaction to the butane-reducing gas at the ideal temperature of 363 K
with the surface concentration of gas absorbed (1500 ppm). The ZnO-TiO, nano composite
sensor displays good gas sensitive performance for butane gas in terms of operating temperature
when taking the results of the gas response. Its sensing response to butane gas at 1500 ppm was
investigated for 60 days, with changes being noted every 10 days. The sensing capacity of

manufactured samples was largely stable over the course of the time period, with only a very
slight loss of sensing response for this sensor.
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Fig 7: Stability analysis of (10%) ZnO-TiO2 nano composites at ideal temperature

5443
Eur. Chem. Bull. 2023,12(10), 5435-5445



Enhanced Butane Sensing performance of ZnO -TiO2 nano composites
Section A-Research paper

Conclusion

By using the sol-gel method and varying the weight percentage of ZnO, ZnO-TiO2 nano
composite materials of various crystallite sizes were successfully synthesized. By using XRD,
SEM, EDAX, and FTIR, the prepared samples were characterized. 15.19 to 17.93nm was found
to be the range for the average crystallite size. The temperature range of 323K to 393K was used
for the butane gas sensing studies. According to the sensing studies, the ZnO-TiO2 nano
composites' ability to detect butane gas is significantly influenced by ZnO concentration.
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