International Journal of Research in Science and Technology http://www.ijrst.com

(RST) 2023, Vol. No. 13, Issue No. 3, Jul-Sep e-1SSN: 2249-0604, p-ISSN: 2454-180X

Cupric Oxide (CuQO) Doped Tin Oxide (SnO2) MOS Multilayer
CO; Gas Sensor

*Mankar S.S., **Lamdhade G.T., **Raulkar K.B
*Department of Physics, Shivramji Moghe Arts, Commerce and Science College, Kelapur, Pandharkawada, Dist.
Yavatmal, M.S. India
**Department of Physics, Vidya Bharati Mahavidyalaya, CK Naidu Road, Amravati, M.S. 444 602 India

DOI:10.37648/ijrst.v13i03.013

'Received: 14 August 2023; Accepted: 18 September 2023; Published: 23 September 2023

ABSTRACT

Nanoparticles of cupric oxide and tin oxide are synthesized via liquid-phase method. The samples are prepared in the
form of multilayer thick films by screen printing technique having based of alumina, samples having different mol %
of tin oxide and copper oxide.

CO; gas concentration increases from 600 ppm to 1500 ppm, there is little increase of sensitivity, from 600 ppm to
1100 ppm, sensitivity increases linearly and becomes maximum at 1100 ppm. With further increase in CO; gas
concentration, sensitivity increases by little amount. The XRD pattern of (CuO-SnO) system samples show
nanocrystalline form and found the desired peaks of composites. FESEM study reveals that the grain size of nanometer
order and shows nano- porous structure, which leads to exhibit large surface area, stability and highest response to
CO; gas. The response time is faster than recovery time. The sample A3 sensor (15CuQ:85Sn0,) offers high
sensitivity, rapid response and recovery to CO- gas.

Keywords: Nanoparticles; CuO-SnO.; multilayer thick films; CO, Gas Sensors
INTRODUCTION

Semiconductor gas sensor is known as metal oxide semiconductor gas sensors. Metal oxide Semiconductor sensors
(MOS) are also known as chemiresistive gas sensors and have been considered as solid-state gas-sensing materials [1-
3]. Khanidtha Jantasom et al. 2013 [4] studied gas sensing properties of SnO,-CuO Nanocomposites for CO; gas.
XRD and SEM shows that SnO,-CuO nanocomposites have a tetragonal and monoclinic structure respectively. It was
observed that the nanocomposite products were highly sensitivity to CO- gas at room temperature. Satyendra Singh
et al. 2014 [5] prepared CuO-SnO; nanocomposite by sol-gel route as a sensor by using screen printing methods are
used to fabricate thin and thick film samples respectively. For CuO-SnOs- thick and thin films maximum response.
Shravanti Joshi et al. 2015 [6] used simple hydrothermal route method to form heterojunction nanocomposites
between p-type CuO and n-type SnO, , which nanocomposite exhibited superior sensitivity with short
response/recovery times. Fumin Ren et al. 2015 [7] for selectively sensing BTEX (benzene, toluene, ethylbenzene,
and xylol) CuO/SnO, composites were prepared by a facile microwave-assisted approach. Gas sensing results shows
that the sensor based on 3 mol% CuO/SnO, composite has the best selectivity and sensitivity. Arindam Das and
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Dipankar Panda 2019 [8] prepared functional metal oxide of SnO; tailored by CuO via a coprecipitation chemical
route followed by annealing in air.

Many metal oxides are suitable for detecting combustible, reducing, or oxidizing gases by conductive measurements
Composite metal oxides usually show better gas response than the single component if the catalytic actions of the
components complement each other [9-10]. The main purpose of this work was to develop CuO doped SnO,, nano-
crystalline composites sensors which operate at relatively low temperature and sensitive in low possible detection
limit with better selectivity.

EXPERIMENTAL

In the present work of paper, we have used sol-gel method (which is under liquid phase synthesis) for the synthesis of
pristine nano-particles of CuO, SnO; and Al,O3 [11-13]. All the chemicals used in this study were of GR grade
purchase from Sd-fine, India (purity 99.99%). The chemicals are used without any further purification.

Synthesis of Cupric Oxide (CuQ)

In a cleaned round bottom flask, the aqueous solution of CuCl:6H,0 (0.2 M) was prepared. After addition of 1 ml of
glacial acetic acid to above aqueous solution it was heated to 100°C with constant stirring. 8 M NaOH was added to
above heated solution till its pH attains a value of 7. After this process immediately the color of the solution turned
from blue to black and the large amount of black precipitate was obtained. The obtained precipitate was centrifuged
and washed 3-4 times with de ionized water. The obtained powder was kept in vacuum oven at 70°C for 24 hours so
as to gets completely dried powder of CuO.

Synthesis of Tin Oxide (SnO3)

For Synthesis of SnO; Stannous chloride dehydrate (SnCl,.2H,0), Ammonia Solution and de ionised water were used
during reaction. All the chemicals used in this study were of GR grades are used without any further purification. 2 g
(0.1 M) of stannous chloride dehydrate (SnCl..2H,0) was dissolved in 100 ml water. When the complete dissolution
occurs about 4 ml ammonia solution was added to this aqueous solution with continuous magnetic stirring. After the
20 minutes of stirring white gel precipitate was formed. This precipitate was allowed to settle for 12 hours. After this
it was filtered and by using de-ionised water washed 2-3 times. The obtain precipitate were mixed with 0.27 g activated
charcoal (carbon black powder). Then the powder was kept in vacuum oven at 70°C for 24 hours so as to gets
completely dried SnO; powder.

Synthesis of Alumina (Al20z3)

All chemicals used were analytical grade. Aluminium chloride, AIClI; (MOLYCHEM), 25% NH; solution
(QUALIGEN Fine Chemicals) and polyvinyl alcohol (PVA) were used as raw materials for the synthesis of aluminium
oxide nanoparticles. 1M alcoholic AICI; solution was prepared, followed by addition of 25% ammonia solution. The
resulting solution turned to a white sol. This was followed by the addition of PVA (0.5M). The solution was stirred
continuously using a magnetic stirrer until it became a transparent sticky gel. The gel was allowed to mature for 24
hours at room temperature. The resultant gel was heat treated at 100°C for 24 hours which led to the formation of light
weight porous materials due to the enormous gas evolution. The dried gel was, then calcined at 1000°C for 4 hours
and finally, the calcined powders were crushed using mortar and pestle to get the fine homogeneous dense powder of
Alumina (Al;O3).

Fabrication of Sensors

Three series of the samples prepared were CuO:SnO. with Al,Oz base of multilayer sensors. The different
combinations are shown in tables 1.
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Table 1 Samples Codes of Series: CuO: SnO2/Al;03/GP

Sr. No. Sample Codes | Composition of CuO (mole %) Composition of SnO; (mole %)
1 Al 5 95

2 A2 10 90

3 A3 15 85

4 Ad 20 80

5 A5 25 75

6 A6 30 70

7 PC 100 0

8 PS 0 100

Out of various methods of sensors preparation, the screen-printing (thick film technology) is most widely used. Screen-
printing is the transfer of pastes though a fabric screen onto a substrate.

Multilayer preparation

Fig. 1 (a), and 1(b) show fabrication of interdigited electrodes, actual photographs of interdigited electrodes
respectively.

| 18 mm
i me
7mm Interdigited
electrodes j
|
3mm ] . ]
—
—] o =
1 mm 3mm
(@) (b)

Fig. 1 (a) Fabrication of interdigited Electrodes (b) Actual photograph of interdigited electrodes

Interdigited electrodes

Sensing layer —> I E——

I < Sandwich layer
AI205 layer —> I
I «——— Glass Plate

Fig.2 Design of multilayer Sensor

On clean glass plate, Al,O3 was deposited by using screen-printing technique and it was used as base of the sensor.
On Al,Ogs, the sample layers were prepared. Finally on the top, Interdigited electrodes were fabricated using
conducting silver paste as shown in the Fig. 1(b). Design of multilayer sensor is shown in Fig. 2.
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Preparation of Samples of Series: CuO: SnOz/ Al203/GP

The obtained product of fine nanopowder of CuO and SnO; are used for fabrication of thick films sensors by using
screen-printing technique. For this, the different X mole% CuO powder (X = 05, 10, 15, 20, 25, 30) was mixed
thoroughly with different X mole% of SnO, (X = 95, 90, 85, 80, 75, 70) along with Al,O3 base on glass plate (GP)
substrate the aid of acetone by using the mortar and pestle. The sample codes, mole% of powder, and thickness are
listed in the Table 2.. The mixed powder of CuO : SnO; system was further calcinated at temperature 800°C for 5hrs.
in the auto-controlled muffle furnace (Gayatri Scientific, Mumbai, India.) After, the calcinations again uniformly
mixed the powder using the grinder.

Table 2 Thickness of Multi-layers for Series: CuO: SnO, / Al,O3/GP Gas Sensors.

Sample Composition Thickness (x 10 cm)
Code Layers:---- Upper Al,Os Total
Upper /Al;Os/Glass plate (GP) Layer(1) Layer(2) (1+2)
Al 05Cu0:95Sn0,/ Al,03/GP 4.1 29.3 334
A2 10Cu0:90Sn0,/ Al,03/GP 3.8 28.5 32.3
A3 15Cu0:85Sn0,/ Al,03/GP 2.6 29.7 32.3
A4 20Cu0:80Sn0,/ Al,03/GP 3.9 28.8 32.7
A5 25Cu0:75Sn0,/ Al,03/GP 4.9 28.1 33
A6 30Cu0:70Sn0,/ Al,03/GP 4.1 30.2 34.3

Electrical Measurements

Electrical measurements were performed with a Keithley 6487 voltages source cum picoammeter using setup shown
in fig. 3. A constant voltage source in the range 1 to 10V is supplied to the sensor electrodes and the current through
the sensor measured. The sensor resistance can be calculated by using Ohm’s law. The range of voltage used is
between +10 V, in increment of 1V.

Sensor elerm ent

Fig.3 Circuit Configuration of Electrical Measurement

RESULTS AND DISCUSSION
XRD of CuO &SnO2 Nanomaterial and their dopings

The average crystallite size was calculated by Debye-Scherer’s equation with the help of XRD patterns as shown in
figure 4. The strong and sharp peak of CuO observed at 37° position with (1 1 1) indicates that the sample is having
high crystalline quality, and it is in the structure of monoclinic with lattice parameters a = 0.4685 nm, b = 0.3532 nm,
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and ¢ = 0.5121 nm, which is good agreement with JCPDS card number 88-2341. The average crystalline size was
_ _ KA
obtained 27 nm from Debye-Scherer’s equation, D=
[BcosO

Where, D = nanoparticles crystalline size, K = Scherrer constant (0.98), A= wavelength and B denotes the full width
at half maximum (FWHM).

All the peaks are showing very sharp; it observed that there is no impurities means the prepared sample is having high
purity. The peaks position and (h k I) values mentioned, some of the (h k I) values shows bar on the top, it means that
the negative direction of the corresponding (h k I). From table 3, it is exhibited that the A3 sample 15Cu0:85Sn0;
has small crystalline size [14].

LTffJ o
d J Pure CuO
= : :;'; P D
— — o & (=] =~
[e] <> O
- JL—JL« 05Cu0O:95Sn0O-
2 x_LLJUM
= |Ad 10C1u0:20SnO0-
1
g N j\ JL M_A_JL_}\_ 15Cu0:855n0>
JJ_J\W_,JL_A_JJ_}\A 25Cu0:75Sn0>
b )i ﬂ .ﬁ\. JL }\\,,. i L 30Cu0O: 705102
ﬁk Aﬂ JL J\W Jﬁk Pure SnO-2
0 10 20 40 S50 60 TFO 80 90 100
20 (in degree)
Fig.4. XRD spectra of Pure CuO, Pure SnO, and CuO doped with SnO, Nanomaterial
Table 3. Average crystallite size of CuO, SnO, and doping
Sample Maximum
Code Chemical Composition Intensity ~ Peak | FWHM Average _
_ Position Crystallite  Size
of CuO:Sn0O; (mole %) (20) degree (D) in nm
(20) degree
PC Pure CuO 43.32 0.1865 162.22
Al 05Cu0:955n0; 49.11 0.2522 122.45
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A2 10Cu0:90Sn0; 54.65 0.1934 153.31
A3 15Cu0:85Sn0: 55.71 0.2312 89.65
Ad 20Cu0:80Sn0; 55.02 0.1832 113.43
A5 25Cu0:75Sn0; 54.12 0.2433 154.18
A6 30Cu0:70Sn0; 54.44 0.2132 167.87
PS Pure SnO> 53.04 0.2823 132.34

Scanning electron microscopy (SEM) Analysis

From SEM picture (figure 5 (a) to (¢)), it is observed that all the samples viz. Al,O3, CuO, SnO; are porous in nature.
Porosity varies with sample to sample and among these material, SnO, showed more porosity (small size ~ 60 to 80
nm). Due to small pores size, its surface area is more [11-14] and it shows more sensing nature. Some portion of SEM
picture shows some rods with fine voids over them which helps to increase sensing properties. The surface morphology
of pure Al,O3, CuO, and SnO; , nano materials were studied by SEM and its picture is shown in the Fig. 5

i E F : b o i

. A
L S S e

Fig. 5 (b) SEM picture of CuO
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Fig. 6 (b) SEM picture of 10Cu0:90Sn0O;
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m B 5 1. 3 SEI
Fig. 6 (d) SEM picture of 20Cu0:80Sn0O-

Fig. 6 (e) SEM picture of 25CuQ:75Sn0,
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Fig. 6 (f) SEM picture of 30Cu0O:70SnO;

The surface morphologies of pure Al,O3, CuO, SnO>, and their dopings materials were studied by SEM and its picture
are shown in the figures 5 to 6. As shown in the SEM pictures, some pores are in the form of rods, some are the form
of circles and some are in conical shapes [14].

Table 4. shows the average diameter and number of pores per inch of pure Al,Os, CuO, SnO;, and their dopings.

Table 4. Average diameter of pore and number of pores per inch of pure samples and their dopings.

Sample Pure sample and their dopings (mole | Average diameter | Number of pores per inch
Code %) of pore (hm) (in x 2000 magnification)
PA Al03 95 154
PC CuO 80 172
PS SnO; 87 160
Al 05Cu0:95Sn0; 72 183
A2 10Cu0:90Sn0; 78 171
A3 15Cu0:85Sn0: 59 206
Ad 20Cu0:80Sn0; 69 192
A5 25Cu0:75Sn0, 65 195
A6 30Cu0:70Sn0; 75 157

From the SEM pictures (table 4), it is observed that 15Cu0:85Sn0O,, have more pores per inch (calculated for x 2,000
magnification for each composition) than other sensors. Thus, these sensors have more active surface areas and exhibit
more sensing nature [14-15]. It is also found that average diameter of pore in case of 15Cu0:85Sn0, are small as
compared to other doping. This also tends to exhibit large surface area and exhibited high response of the samples.

Detection of CO2 gas: Gas Sensing Properties

CO:, acts as an oxidizing agent in some chemical reactions, such as the production of carbonates. It can also participate
in redox reactions, where it can accept electrons and become reduced and hence its resistance increases with increase
of CO;gas concentration [16]. The sensitivity of the sensor is given by,

S = Rgas B Rair - AR
Rair Rair
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Where, Rgas = resistance of the sensor in presence of gas and
Rair = resistance of the sensor in air

The variations of sensitivities and sensors with concentration of CO, gas at room temperature are shown below.

Series 1: Sensitivity at 300 K

1.6

14

1.2

1.0

0.8

0.6

Sensitivity

0.4

0.2

0.0

Concentration of CO2 gas inppm

Fig. 7: The variations of sensitivity with CO2 gas concentration

Series 1: Sensitivity at 300 K

1.6 -
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o 1.2 0.993
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= L 0.822
o | 0712
% 0.8
2 06 -
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U-U L] L] L] L] L
Al A2 A3 Ad AS AB
Sensors

Fig. 8: Sensitivity of different sensors at 1100 ppm

From CO, gas detection [17-18] graphs (Fig. 7 and 8) it is observed and manifested that: As CO, gas concentration
increases from 600 ppm to 1500 ppm, there is little increase of sensitivity, from 600 ppm to 1100 ppm, sensitivity
increases linearly and becomes maximum at 1100 ppm. With further increase in CO gas concentration, sensitivity

increases by little amount. From Fig. 8, sensitivity was found to be 1.292 (maximum) for A3 sensor (15Cu0:85Sn0,)
amongst the prepared sensors.
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CONCLUSIONS

The XRD pattern of (CuO-Sn0O,) system samples shows nanocrystalline form and found the desired peaks of
composites. FESEM study reveals that the grain size of nanometer order and shows nano-porous structure, which
leads to exhibit large surface area, stability and highest response to CO. gas. The response time is faster than recovery
time therefore the A3 sensor (15Cu0:85Sn0,) is found to optimized sensor for CO; gas.
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