Materials Today: Proceedings Xxx (XXXX) XXX

Materials Today: Proceedings

journal homepage: www.elsevier.com/locate/matpr

=
Contents lists available at ScienceDirect

materialstoday:
PROCEEDINGS

Ecofriendly synthesis of pure and modified CuMnOs: It’s application as

gd4S sensor

Ganesh Dabhade **, Gaurav Daware ™*, Yennam Rajesh”, Lakshmana Rao Jeeru ¢, Shilpa Sangle ¢,
Yogita Shelke ¢, Ashok V. Borhade ¢

3 Department of Applied Science, K. K. Wagh I. E. E. and R. Nasik (MS), 422003, India’

b Department of Chemical Engineering, K. K. Wagh I. E. E. and R. Nasik (MS), 422003, India'
€School of Petroleum Technology, Pandit Deendayal Petroleum University, Gujarat 382426, India
d Department of Chemistry, HPT Arts and RYK Science College Nasik, India’

ARTICLE INFO

Article history:
Available online xxxx

Keywords:

Mixed metal oxide
Mechanochemical
Hydrothermal route
Gas sensor

ABSTRACT

Recently, novel materials like gas-sensing metal oxides, mixed metal oxides, and modified mixed metal
oxides have attracted great attention owing to their key roles in monitoring environmental pollution,
security in hospitals, homes, and public places, and hazardous emissions from industries and automobile
exhaust. Initially, the mechanochemical (MCh) method was employed for the synthesis of the
CuMnOs catalyst and then the modification of CuMnOs; through the hydrothermal route. These synthe-
sized catalysts were characterized by Ultraviolet Violet-Diffused Reflectance (UV-DRS) spectroscopy,
Fourier Transform Infrared Spectroscopy (FTIR), and Scanning Electron Microscopy (SEM). The average
particle size obtained for 3 % Fe/CuMnO3 was found to be 14-28 nm. The present work proclaimed that
among all the synthesized 1,3,5 % Fe/CuMnOs materials, the 3 % Fe modified CuMnO3 material shows sig-
nificant gas sensing properties towards highly toxic H,S gas released from sewage plants, oil, and natural
gas industries, among NHs, CO,, H,S, Hy, CO, and Cl, with moderate temperature requirements and

excellent selectivity.

Copyright © 2022 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Advances in Water
Treatment and Management (ICAWTM-22).

1. Introduction

In the last few decades, perovskite as a mixed metal oxide has
attracted wide attention owing to its several interesting properties
like superconductivity, insulator, ion conductor, dielectricity, and
ferroelectricity [1]. Perovskite also has promising significance in
different areas like microelectronic circuit fabrication, sensors,
piezoelectric devices, fuel cells, lasers, magnets, and efficient cata-
lysts [2-7]. For the synthesis of perovskite-type mixed metal oxide
(MMO) [8-10], numerous methods are used, all of which are labo-
rious, difficult, and time-consuming, so we used the simple, cost-
effective MCh method. The literature survey exhibits the metal-
Mn-O system shows diversified significance as an effective catalyst
in a wide area owning to its shape, size, and crystalline structure
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[11-15]. Furthermore, careful inspection of the literature specifies
time-consuming that the Cu-Mn-O system of MMO has very
remarkable significance in environmental cleaning owing to its
potential candidature for several catalytic reactions [16,17]. Hence,
author chose the most efficient and environmentally suitable Cu-
Mn-O system in the current study.

Recently, gas sensing metal oxides, mixed metal oxides, and
modified mixed metal oxides have gained great attraction owing
to their key role in monitoring environmental pollution carbon
credit, security in hospitals, homes, and public places, and haz-
ardous emissions from industries, and automobile exhaust. A liter-
ature survey reveals that metal oxides were used as gas sensing
materials to detect fatal poisonous gases such as Cl,, CO, H,S, Hj,
NHjs, CO,, etc., but a high-temperature requirement with low sen-
sitivity was noticed [18-22]. Hydrogen sulphide (H,S) is a highly
toxic and inflammable gas released from sewage plants, oil, and
natural gas industries. Different chemical industries and research
laboratories require large amounts of H,S gas. The occupational
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“exposure limit” is 20-100 ppb. The gas sensitivity of In,03 thick
film at 250 °C was reported by Xu et al. [23].

It includes preparation, analysis, and gas sensing application of
CuMnOs and a 3 % Fe/CuMnOs catalyst. Initially, the synthesis of
the CuMnOs catalyst (MCh method) was followed by the modifica-
tion of CuMnOs by the hydrothermal route. This synthesized cata-
lyst was characterized by different instrumental techniques like
UV-DRS, FTIR, and SEM. Among all synthesized pure and modified
CuMnOs; 3 % Fe/CuMnOs;; MMO shows significant gas sensing
properties towards highly toxic gas such as H,S gas among the
NH3, CO,, H,S, Hy, CO, and Cl with moderate temperature require-
ment with better sensitivity and excellent selectivity.

2. 2.Materials and methodology
2.1. Materials and methods

Pure CuO and MnO, (99.99 percent purity, Sigma-Aldrich) are
significantly used for the synthesis of MMO, and CuMnO3 without
any purification. All the chemicals are used at analytical grade. The
TMAX-KFB1100 is a CE-certified muffle furnace (maximum tem-
perature range of 1000 °C to 1100 °C) effectively used for calcina-
tion purposes. The Shimadzu IR-Affinity in the range of 4000-
500 cm~! was used to record the different vibrational modes,
and the surface morphology of the catalyst was obtained by
SEM-JSM-6300 (JEOL).

2.2. Synthesis of a catalyst

In the above-mentioned method, an A.R. grade equimolar (1:1)
amount of CuO (Lancaster) and MnO, (Merck) were mixed thor-
oughly, and the removal of some water-soluble impurities was
conducted by washing the powder with distilled water and drying
at 110 °C. The dried precursors were subjected to stepwise calcina-
tion (after every 3 h, the sample was removed from the furnace and
ground) by heating to terminal temperature. The muffle furnace
was programmed at a rate of 10 °C per minute. After heating at
180 °C for 3 h, the material was cooled and milled with an agate
mortar and pestle to obtain a fine crystalline powder. The obtained
product was further subjected to calcination at 900 °C for the next
20 h followed by grinding and milling in hot conditions. A poly-
crystalline black-colored powder of CuMnOs3 (98 % yield) was ana-
lyzed by the above-mentioned different analytical techniques
[24,25].

3. Result and discussion
3.1. Characterization of CuMnOsz and 3 % Fe/CuMnOs

The vibrational frequency below 700 cm~! shown by the infra-
red spectrum confirms (Fig. 1-a) that the Cu-O-Mn bond formation
and the peaks between 910 cm™~! and 1200 cm™! are due to the
stretching mode of vibration of new Fe-O-Mn (Fig. 1-b) confirms
the formation of the CuMnOs5 and Fe modified CuMnO3, SEM image
attribute the surface morphology of CuMnOs; and Fe modified
CuMnOs_ with uneven surface area shows excellent catalytic activ-
ity and is depicted in Fig. 2. The average particle size of 14-26 nm
was estimated by using the Debye-Scherrer equation [26,27].

3.2. Thick film preparation of pure and modified CuMnO3

The MCh synthesized pure CuMnOs; was ground for 1.5 h to get
a fine powder. Then the nanocrystalline CuMnO3; MMO was mixed
with separately ground ethyl cellulose (3:1 ratio of inorganic and
organic), and the mixture was again thoroughly mixed and milled
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for 1 h. Then 2 to 3 drops of organic binder (a mixture of terpinol,
butyl cellulose, and butyl sorbitol) were added in mixture —1 to get
a a thixotropic paste.The glass substrate was screen printed using
this paste [28,29].

Films were kept under IR for drying purposes, and then they
were fired at 400 °C for 45 min, which allowed cooling naturally
and gas inspection by using a steady state gas sensing system
(Fig. 3).

3.3. Selectivity of CuMnOs; and 3 % Fe/ CuMnOs thick film for various
gases

The sensitivity of CuMnOs and 3 % Fe/CuMnOs; doped CuMnO;
thick film for the various gases selected for study is NHs, CO,,
H,S, Cl,, CO, and H,, and the operating temperature range of 50—
400 °C for CuMnOs fired at 400 °C.

Among the various gases examined, the maximum response
was observed to H,S gas (100 ppm) with an operating temperature
of 200 °C (Fig. 4-a) for CuMnOs thick film. A careful inspection of
Fig. 4-a shows that the CuMnOs thick film sensor has the potential
to detect various gases at dissimilar temperatures with good selec-
tivity. This study reveals that, by using an appropriate tempera-
ture, one can apply the sensor for definite gas detection.

Similar observations are made by using a 3 % Fe/CuMnOj5 thick
film gas sensor for dissimilar operating temperatures (50-
400 °C). Fig. 4-b shows the change in gas response of H,S
(100 ppm) with an operating temperature of 200 °C. Fig. 4 (a and
b) show that the response goes on increasing with operating tem-
perature and reaches its highest at 200 °C for H,S gas. In compar-
ison, CuMnOs fired at 400 °Cshows a sensitivity of 63 at
200 °C but 3 % Fe/CuMnOs shows 78 at 200 °C for H,S gas. A firm
conclusion can be drawn from this study that modified
CuMnOs (3 % Fe/CuMnOs3) was observed to be more sensitive to

H,S gas than CuMnOs. The adsorbed oxygen species (0;,07, 0%)
on the surface of the sensors CuMnOs and 3 % Fe/CuMnOs increases
with temperature, and it reaches its highest and then lowers with a
further increase in operating temperature (50-400 °C).

The reason is that when a reducing gas (H,S) comes into contact
with the sensor surface, it gets oxidized. As more and more oxygen
gets adsorbed on the surface of the sensor, the oxidation rate also
increases, and it also depends on the nature of the gas to be
detected. Hence, more electrons are released when oxidation is
higher, and therefore excellent gas response.

3.4. Optimisation of operating and firing temperature

Various experiments were carried out to examine the sensitiv-
ity of CuMnOs and 3 % Fe/CuMnOs; with operating temperature in
order to examine the effect of the annealing temperature. In com-
parison, the H,S sensing behaviour of CuMnOsand 3 % Fe/
CuMnOs thick films at various temperatures was also examined
under similar experimental conditions. During the design of the
gas sensor, the annealing temperature plays an important role
[30,31].

The crystallinity and structure evaluations were obtained by
annealing the sensing material at various temperatures. The fine
crystalline material is obtained to attain the expected electronic
properties for applications of the gas sensor. The dependence of
the sensitivity of CuMnOs and 3 % Fe/CuMnOs to 100 ppm of H,S
at annealing temperature 200-450 °C was studied. Fig. 5 (a and
b) depicts variation in response to H,S gas (100 ppm) of the
CuMnOs and 3 % CuMnOs thick film. The sensitivity of both the
materials was noticed to be highest when the annealing tempera-
ture was 400 °C. The annealing temperature produces more oxygen
vacancies, which is responsible for enhancing the gas sensitivity.
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Fig. 1. FTIR spectrum of (a) CuMnOs;(b) 3 % Fe/ CuMnOs catalyst.

Fig. 2. SEM image (a and b) of CuMnO3 and 3 % Fe/CuMnOs,

Fig. 3. Photograph of steady gas sensing system.

The annealing temperature is responsible for obtaining high crys-
tallinity in both the sensors and is probably responsible for
improving the sensing properties of these thick films. Fig. 5 (a

and b) show that the sensitivity of both thick films increases from
50 to 200 °C and then decreases with an increase in operating tem-
perature. It is noticed that the highest sensitivity is 62 for
CuMnOs and 79 for 3 % Fe/CuMnOs at 400 °C annealing tempera-
ture with 200 °C as an operating temperature for the H,S gas to
100 ppm.

3.5. Sensitivity change with H,S gas concentration

The sensitivity of CuMnOs and 3 % Fe/CuMnOs as a function of
H,S gas concentration at an operating temperature of 200 °C is
depicted in Fig. 6. It is found that the sensitivity of both the synthe-
sized materials increases from 50 to 100 ppm and shows a further
decrease in sensitivity with an increase in H,S gas concentration.
At low concentrations of gas, there exists an appropriate number
of sensing sites on the thick films to act upon the H,S gas. The
lower gas concentration shows less surface available for gas mole-
cules and hence less surface reaction between adsorbed oxygen
entities and H,S gas molecules. An operating temperature of 200 °-
C for 100 ppm of H,S shows maximum sensitivity. Both thick films
show detection limits of 50 ppm H,S with considerable sensitivity
at an operating temperature of 200 °C.The overall conclusion
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Fig. 4. Sensitivity of various gases at different operating temperature for (a)CuMnO; and (b) 3 % Fe/CuMnOs,

shows that 3 % Fe/CuMnOs is a superior sensor with a sensitivity of
81 to that of CuMnOs sensitivity at an operating temperature of
200 °C with 100 ppm H,S.

3.6. Response and recovery of the CuMnO3 and 3 %Fe/CuMnOs3 sensor

Fig. 7. depicts the response and recovery time of the CuMnOs3
and 3 % Fe/CuMnOs at the 100 ppm concentration of fatal H,S
gas. The H,S gas response time and recovery time are very short,
12 sec and 20 sec for CuMnOs, while 5 sec and 18 sec for 3 % Fe/
CuMnOs (Fig. 7), respectively. The very quick response may be

attributed to the numerous pores present on the gas sensor
CuMnOs, which enhances the adsorption of oxygen ions on the sur-
face of the CuMnOs, which facilitates the oxidation process of HS
gas. In the case of the 3 % Fe/CuMnOs, the response and recovery
are owing to the increase in surface area of doped Fe, which ulti-
mately increases the adsorption of gas.

4. Conclusions

In the present work, CuMnOs catalysts were successfully pre-
pared by the MCh method and its modification by using different
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percent compositions of Fe through the hydrothermal route in
basic media. Synthesis and phase along with plane and particle size
of CuMnOs confirmed by different analytical techniques such as
UV-DRS, SEM and TEM. 3 % Fe/CuMnOs is proclaimed as a favour-
able MMO material for the very proper detection of the fatal H,S
among various gases. In addition, the modified CuMnOs3 shows bet-

90

Time (s)

Fig. 7. H,S response and recovery for 3 % Fe/CuMnOs5 gas sensor.

ter sensitivity with a high response to H,S gas than other gases at
150 °C. The 3 % Fe/CuMnOs gas sensor achieved good accuracy with
better stability even for 100 ppm H,S. The 3 % Fe/CuMnOs; may
facilitate response towards H,S, which is assignable due to the
drastic lattice distortion with high surface activity, which enhances
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the very strong interaction between surface active sites and H,S
gas.
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