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1. Introduction 
 

According to recent data from the United Nation 
Environment Program (UNEP) there are 7 million 
premature deaths every year due to air pollution. The air 
pollution and climate change problems are closely related 
to each other and create the greatest environmental hazard 
to public health worldwide [1]. There are CO2, CO, H2S, 
NO2, SO2, Lead, Ammonia, Methane, Gasoline and various 
VOC (Volatile Organic Compounds) pollutants in the 
environment produced by urbanization and deforestation 
of nature, Those points have directly effect on the surface 
of water and soil to contaminate there purity hence they are 
very toxic and dangerous to living life on earth [2][3]. 
19th century Dr. Oliver Johanson invented the first modern 
catalytic gas sensor, which was introduced to the world for 
safety purposes [4]. After that, Silicon Valley first 
electronic company was established to prepare the first 
combined instrument which was a detector of both 
combustible gases and oxygen. The metal oxide 
semiconductor (MOS) was investigated in 1990 and after 
that, it will be reserve its place in the field of gas sensors 

and have a very important rank in the environmental gas 
detector era.[5]. 
The gas detectors were classified as electrochemical, 
catalytic beads, photoionization, infrared points, infrared 
imaging and semiconductors [6]. Nowadays, 
semiconducting materials consisting of metal oxides are 
wildly used as sensing materials in domestic, commercial 
and industrial fields [7-9]. 
The toxic and VOC containing gases, such as NO2 gas, it 
is easily absorbed in the lungs of living thing, due to its 
chemical and physical properties and cause heart failure 
due to inhalation [10]. If the concentration of NH3 in the 
blood increases, then it may be to associate with coma or 
convulsions [11]. Ethanol is a volatile organic compound, 
taking a high dose of it causes Hypothermia, 
Hypoglycaemia, and is extensor rigidity and also attributed 
to the development of malnutrition. Continued or everyday 
contact may result in a liver injury [12] [13]. Central 
nervous system and respiratory depression happened due 
to the toxicity of H2S gas, and most important information 
is that there is no verified antidote for this poisoning [14] 
[15]. Detecting such deadly toxic gases and saving lives 
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thing by utilizing the metal doped SnO2 material is really 
interesting to us. 
Recently, lots of metal doped semiconducting materials 
were used as gas sensors, such as at room temperature, the 
rutile structure with a tetragonal structure is the most 
common and extensively used SnO2 sensor [16]. Sn4 
occupies the top and center of the tetrahedron in the SnO2 
cell of the tetragonal rutile structure, while O2 occupies 
specified positions within the structure. Each SnO2 crystal 
cell is composed of 2 Sn and 4 O elements [17]. Many 
scientists in recent years have worked to improve the gas-
sensing capabilities of SnO2 materials by preparing them 
with novel materials. One-dimensional (1D) SnO2 
nanostructures, such as wires, rods, tubes, and belts, are 
promising for sensitive gas sensors due to their distinctive 
shape, structure, and surface area [18-22]. 
Introducing dopants is a typical method for improving gas 
sensor performance. Noble metal dopants, including Au, 
Ag, Pt, and Pd enhance gas sensing properties in SnO2, [23] 
but their expensive cost limits their practical usage. 
Consider using less expensive materials such as common 
transition metals (e.g., Fe, Co, Ni, and Cu) to improve 
sensing performance and minimize costs. 
The SnO2 gas sensing mechanism is based on the change 
in resistance that is generated by a change in the 
concentration of electrons that is caused by the adsorption 
or desorption of gas: The SnO2 material exhibits the ability 
to adsorb oxygen from the surrounding air and 
subsequently break it down into oxygen ions [24]. This 
process leads to a modification of the potential barrier 
between the grains of SnO2, thereby inducing a variation in 
the resistance (conductivity) of the gas sensor. When the 
sensor comes into contact with the gas to be detected, the 
molecules of the gas react with the oxygen anions that have 
been adsorbed by the sensor [25]. As a result of the oxygen 
electrons that had been trapped being released back into the 
conduction band of SnO2, the resistance of the SnO2 gas 
sensor has decreased [26][27]. However, the sensing 
performances of traditional SnO2-based gas sensors still 
have several drawbacks, including high working 
temperatures and low selectivity. These problems can be 
caused by a number of factors. The classic form of SnO2 
has less active sites, which limits the adherence of oxygen 
atoms to its surface. As a result, the sensing performance 
of this form of SnO2 is inadequate [28]. Therefore, in this 
article, we will go through the preparation methods for 
manufacturing nanostructured SnO2, as well as the 
detection of different types of gases and element doping. In 
this research work, we will discuss the work done by our 
group as well as the work done by other groups in the field 
of SnO2 sensors, as well as the current research 
development and the potential for SnO2 gas sensors in the 

future. The well-known n-type wide band gap 
semiconductor (Eg = 3.6 eV) rutile-structured SnO2 has 
attracted considerable attention due to its various potential 
applications [29]. 
In this work, we report the effective synthesis of Ni and Fe 
doped well aligned layered SnO2 nanoarrays by a co-
precipitation technique. Although the undoped SnO2 
nanostructure is effective as a gas sensor, it is limited by 
some restrictions, such as a high working temperature and 
low sensitivity. 

 
2. Experimental 
 
Synthesis of Ni and Fe doped SnO2 Nanomaterials 
Transition metal doped SnO2 nanoparticle were prepared 
by co-precipitation method [30]. To be prepared separately 
SnCl4 5H2O (1g) and Ni (NO3) H2O (1g) were dissolved in 
deionized distilled water with constant stirring at room 
temperature for 30 min to get the clear solution. Then add 
Ni (NO3) H2O solution dropwise in the colloidal solution 
of SnCl4 5H2O solution with constant stirring for 1h. After 
the proper mixing of these two solutions, add 5 mL of 
NH4OH to maintain the PH = 9 to 10 of the solution to make 
the solution basic, and the precipitate is obtained. Then the 
mixture was stir for 1 h to get the homogeneous precipitate. 
The precipitate mixture were filtered with simple filter 
paper, and after 3-4 times washing with distilled water, the 
precipitate was obtained. This precipitate was then dried in 
precipitate in oven for 2 h at 85οC. The dried sample were 
crushed in mortal and piston to prepare the fine powder and 
calcined at 500οC for 2 h in a muffle furnace under air. 
After the natural cooling, the powder were again grind in 
mortal and piston to get the Ni-doped SnO2 nanomaterial.   
Follow the same procedure for the preparation of Fe-doped 
SnO2 nanoparticles. 

 
Fabrication of Ni and Fe doped SnO2 
Screen printing is a cost effective technique where the 
mesh is used to prepare the thick film of the material on the 
substrate. Here we used the constant ratio 30:70 of organic 
to inorganic materials. Here, the organic material act as a 
binder which is made up of butyl carbitol acetate (BCA) 
and Ethyl cellulose (EC) those were used to fix the particle 
doped nanomaterial to the glass surface. To prepare the fine 
nanoparticles of Nickel doped SnO2. To take the 0.7g of Ni 
doped SnO2 in the mortar with the addition of a pinch of 
Ethyl cellulose (EC), grind for 30 min with the help of a 
piston. To make a smooth paste, add BCA dropwise in the 
mixture. Then take the cut piece of glass measuring 3cm 
by 1.5 cm, on which the pseudo plastic paste was spread 
over 20 thick layers of the same material. After that dry this 
film for 45 mins in Infra-red lamp and then heat it for 2 hr 
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at 500 0C in a muffle furnace. After the natural cooling the 
next day, thick film sensor materials were used for exciting 
gas sensing research. To repeat the same procedure for the 
preparation of thick film by using Fe dopant SnO2. 

 
3. Results and discussion 
 
Powder X-ray Diffraction 
The structural arrangements of Ni and Fe doped SnO2 
were studied using PXRD at the angle of 2θ between 10ο 
to 80ο. Figure 1 illustrate the XRD pattern of Ni and Fe 
doped SnO2.  The Ni doped SnO2 clearly indicate the main 
characteristic peaks (110), (101), (200) and (211) 
appeared at 2θ angels 26.57ο, 33.88ο, 37.93ο and 51.76ο 
respectively. The observed diffraction peak were noticed 
as tetragonal structure [31]. The Fe doped SnO2 report the 
2θ value 26.68ο, 33.95ο, 38.06ο, 51.85ο, 54.88ο, 64.78ο 
which indicate the miller indices (110), (101), (020), 
(121), (220) and (112) planes respectively. The plane 
(020) and (121) indicate the doping of Fe metal is 
successful. From the calculating the diffraction peak were 
observed orthorhombic structural geometry [32]. 
Apparent crystalline size were obtained by Scherrer 
equation [33] formula D = Kλ / β cos θ where K is 
the scherrer constant, λ is the wavelength of the x-ray 
beam, Full width at half maximum (FWHM) of the 
peak has represents β and θ is Bragg angel. Table 1 
shows the crystalline size of Ni doped SnO2 is 16.33 
nm and Fe doped SnO2 have 14.06 nm. 

 

 
Fig. 1. XRD pattern of (a) Ni doped SnO2 and (b) Fe doped 
SnO2. 
 

Table 1. Average crystallite sizes of material was determined by 
using Scherrer equation. 

Entry Sample Average 
crystallite size 

(nm) 

1 Ni doped SnO2 16.33 

2 Fe doped SnO2 14.06 

 
SEM and EDS Analysis 
 

 

 

 
 

Fig. 2. SEM images of (A) Undoped SnO2, (A2) Ni doped SnO2 
and (A3) Fe doped SnO2. 
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Fig. 3. EDS spectra of (F) Undoped SnO2, (F2) Ni doped SnO2 
and (F3) Fe doped SnO2. 
 
Scanning Electron Microscopy was employed to 
investigate the shape, size and surface morphology of the 
material with the help of scattered electron from the 

particle surface. In the figure 2 (A) show the undoped SnO2 
have small grains with agglomeration of particles on the 
surface. 
 

 
 

 
Fig. 4. EDS report of Mapped data (B2) Ni doped SnO2 and (B3) 
Fe doped SnO2 Nanoparticles. 

 
After the doping with Ni and Fe there morphology changes 
to show porous rock-like structure and which is effectively 
shown in figure 4. As per EDS analysis the Ni and Fe 
element having 15.48 wt % and 0.20 wt% respectively was 
doped in SnO2 separately shown in Table 2, the surface 
morphology indicate that the Ni-doped material was 
become more porous material shown in figure 2 (A2) and 
Fe-doped material generates the holes shown in figure 2 
(A3). However, the holes and porous material is helping to 
enhance the conductometric behaviour of synthesised 
material. Elemental mapping technique has been used for 
the visual identification of the spatial distribution of 
elements in the material shown with colours Figure 4 (B2) 
show the Ni-doped SnO2 and Figure 4 (B3) show the Fe- 
doped SnO2 EDS mapping analysis. This mapping images 
of EDS confirm the doping of the Ni and Fe elements in 
SnO2. 
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Table 2. EDS analysis of atom and weight percentage of elements. 
Compound Undoped SnO2 Ni-doped SnO2 Fe-doped SnO2 

Elements Atomic % Weight % Atomic % Weight % Atomic % Weight % 

Sn 29.49% 75.63% 19.07 56.45 22.01 67.59 

O 70.51% 24.37% 70.35 28.07 77.85 32.21 

Ni / Fe - - 10.58 15.48 0.14 0.20 

Total 100.00 100.00 100.00 100.00 100.00 100.00 

    
Gas sensing Properties: 
 
Optimum operating temperature 
 
The optimum operating temerature is the most effective 
term for checking gas sensing of toxic and volatile gases. 
The temperature and relative humadity both the terms are 
interconnected with each other in relation to gas sensing 
and responsible for the physiosorption and chemisorption 
reaction on the nanomaterial surface. When the 
temperature of the environment is increses then the water 
molecule holding capacity of the air is increses then 
relative humadity of the environment is decrese and vice 
varsa. Hence, these tems are directly proportinal to each 
other. The graphic depicts the best gas reaction during a 
cooling cycle at temperatures ranging from 200 to 40°C. 
The change in output voltage can be used to determine the 
increased resistance of the film sensor. When exposed to a 
specific oxidising or reducing gas, the resistance of the film 
sensor remains constant, and this resistance may be 
precisely determined using Ohm's law. In the Figure 5 gas 
sensor Ni doped SnO2 and Fe doped SnO2 give response to 
the H2S, C2H5OH, NO2 and NH3 gases at 80οC  and 160οC 
respectively. At this constant temerature these gases show 
the different sensitivity percentage. Herein, Ni-doped SnO2 
shows the H2S (78.20%), C2H5OH (42.20%), NO2 
(21.20%) and NH3 (11.30%) where as for Fe-doped SnO2 
shows the H2S (6.20%), C2H5OH (8.20%), NO2 
(72.20%)and NH3 (34.20%) sensitivity. As shown in Fig 2 
the Ni-doped SnO2 sensor gives excellent responses to 
H2S, with low responses to Ethanol, Nitric Oxide and 
Ammonia. Thus Ni, doped SnO2 has excellent selectivity 
towards the H2S gas as well as Fe-doped SnO2 sensors 
shows maximum response toward the NO2 gas. 

 

 
 
Fig. 5. Gas sensitivity of the Ni and Fe doped SnO2 sensors of 

optimised operating temperature. 
 

 
Fig. 6. Gas concentration in ppm variation for Ni-doped SnO2 

and Fe doped SnO2 

 

The gas concentration ranging from 100 to 500 ppm was 
utilized to assess the sensory capabilities of the generated 
doped nanoparticles. Where the Ni-doped SnO2 check for 
H2S gas to obtained 80% sensitivity and Fe doped SnO2 for 
NO2 gas to obtained 40% sensitivity shown in Figure 6. 
Here the sensing qualities of a semiconductor compound 
are based on the principle that when the compound is 
exposed to reducing or oxidizing gases, its conductivity or 
resistance changes. When reducing gases are used on an 
object, it makes it more conductive, while oxidizing gases 
make it more resistant [34]. 
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Fig. 7. Gas selectivity ppm variation for Ni-doped SnO2 and Fe-
doped SnO2 Sensors. 

 
The gas selectivity is a prime aspect of a gas sensor to 
perform for a particular gas at the desired temperature. 
Here, the maximum response in Ni-doped SnO2 gas 
sensors and Fe doped Gas sensors have been given by H2S 
gas vapors and NO2 gas vapors, respectively. The gas 
selectivity curves are represented in fig 4. The selectivity 
of other gases was calculated in ratio with the H2S gas 
vapors for the Ni doped SnO2 and the selectivity of the 
other gases was calculated in the ratio with NO2 gas vapors 
for the Fe doped SnO2. 
 

 
 

Fig. 8. Reusability graph of synthesized materials. 
 

Another crucial element that governs the real-world uses of 
gas sensors is stability. As shown in Fig.5 the response 
value of Ni-doped SnO2 and Fe-doped SnO2 sensor to 200 
ppm H2S was not changed much during the 10 days, and 
after 15 days, the Ni-doped sensor also showed excellent 
long-term stability, as shown in the graph indicating Ni-
doped SnO2 sensor has excellent short-term and long-term 
stability and repeatability. The values of reusability shown 
in Table 3. 
 
Table 3. Reusability test of doped SnO2 

Run Days of 
interval 

Ni-doped 
SnO2 

% Response 
of H2S 

Fe-doped 
SnO2 

% Response 
of NO2 

I 5 77 62.30 

II 10 77 62.30 

III 15 75 61.50 

IV 20 75 60.20 

V 25 74 60.20 

VI 30 74 59.60 

 
Response, recovery study for Ni-doped SnO2 and Fe-
doped SnO2 

 

There have been four types of methods investigated for the 
calculation of response and recovery time, such as the 
flow-through method, the membrane method, the lid 
method and the gate valve method [35-38]. Figure 9 shows 
that response time means recess between the immediate 
variation from clean air to standard H2S and NO2 gas is 22s 
and 30s for the Ni-doped SnO2 and Fe-doped SnO2 on the 
other side, recovery time means recess between the 
immediate variation from standard H2S and NO2 gas to 
clean air is 44s and 50s for the Ni-doped SnO2 and Fe-
doped SnO2 respectively. Sensitivity and response have the 
same meaning in gas sensing. 
 

 
Fig. 9. Transient Sensitivity/Response and recovery time curve 

of the doped gas sensors. 
 

4. Conclusion 
 
We prepared a Ni-doped SnO2 sensor and a Fe-doped SnO2 
sensor with ease. Co-precipitation procedure, the gas 
sensing experiment demonstrated the improved gas 
sensing efficacy of the Ni-doped SnO2 sensor and Fe-
doped SnO2 sensor. At 200 ppm H2S gas vapor, the 
sensitivity of sensors based on Ni-doped SnO2 Sensor is up 
to 80 οC. Such a gas sensor based on Ni-doped SnO2 could 
be used reliably for H2S gas detection. The gas sensitivity 
of the sensor indicated that it had a response of 78% 
(response/recovery) (44/50 s), whose response is 
significantly greater than that of the pure sample. This also 
provides an alternative material for detecting H2S gas. 
The gas sensing performance of Fe-doped SnO2 was also 
studied. The effect of the operating temperature on the gas 
responses of NO2, NH3, H2S and C2H5OH is analyzed. The 
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maximum sensitivity of the Fe-doped SnO2 sensor was 
shown towards NO2 at 200 and approximately 500 ppm. 
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