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Abstract. Tin oxide (SnO2) holds promise in thermoelectric applications. The paper explores the preparation 
of SnO2 nanoparticles by employing various methods. Synthesis of SnO2 material is carried out using a 
comparison of several methods, including the hydrothermal method, co-precipitation method, and co-
precipitation sonication. This comparison aims to identify the most efficient method for SnO2 synthesis with 
the best performance in thermoelectric applications. Characterization techniques such as SEM-EDX, XRD, 
and thermoelectric properties, electrical resistivity, electrical conductivity were utilized. Results obtained in 
the thermoelectric performance test, specifically electrical resistivity and electrical conductivity, showed a 
decrease in resistivity with increasing temperature for all three methods. In the hydrothermal method, 
excessively high temperatures led to difficulties in accurately measuring electrical resistivity. The co-
precipitation method proved to be the most effective for SnO2 synthesis. 

1 Introduction  

Low-grade residual heat energy in the current 
environment generates approximately 63% (<100°C) [1], 
[2] leading to climate issues and low energy utilization 
efficiency [1], [3]–[5]. About two-thirds of this heat 
energy is dissipated into the environment [6] causing 
environmental damage and adverse effects on human life, 
prompting many researchers to conduct studies on 
renewable energy to address these issues [7]–[9] of this 
residual heat can be converted into energy [10], [11], thus 
enabling the development of an environmentally friendly 
energy system [12], [13]. Alternative energy storage in 
electronic devices is used in renewable applications [14]–
[17]. In response to the increasing demand for alternative 
energy sources, thermoelectric performance [18]–[21] is 
utilized. Thermoelectricity has become one of the 
solutions to the current renewable energy crisis [22][23], 
converting heat energy into electrical energy [6], [24]–
[26]. 

The utilization of waste heat to generate electricity can 
reduce the harmful environmental impact [27]. 
Thermoelectric research has increased in the 20th century 
due to its adaptable nature [28]. Thermoelectricity is a 
renewable energy source that converts heat into electricity 
through the Seebeck effect [29]–[33], providing high 
efficiency [34]–[36] and reducing carbon dioxide 
emissions 48. Potential thermoelectric materials have 
electrical conductivity with low thermal conductivity, a 

large Seebeck coefficient, and dimensionless merit factor 
efficiency [30], [37], measured by power factor [38]. 
Thermoelectric materials have become the most 
environmentally friendly materials [39]. One 
environmentally friendly thermoelectric material with 
good thermal and electrical conductivity is SnO2 [40]. 

Thermoelectrics have attracted significant attention 
because they can convert heat energy into electrical 
energy (Seebeck effect) and convert electrical energy into 
heat energy (Peltier effect) [41]–[44] The abundance of 
thermoelectric materials makes it a promising area of 
research. The performance of thermoelectrics is 
influenced by three effects: the Seebeck effect, the Peltier 
effect, and the Thomson effect. The Seebeck effect is a 
thermoelectric phenomenon that occurs when there is a 
temperature difference between two different 
semiconductors, resulting in a voltage difference between 
them. The Peltier effect involves the presence of a cooler 
or heater with electrified junctions between two different 
conductors. Consequently, when current flows, heat is 
either released or absorbed at these junctions. The 
Thomson effect relates to the Peltier and Seebeck effects 
and refers to the heat release or absorption that can be 
reversed in a homogeneous material. The Thomson effect 
occurs in a system of a single substance, whereas the 
Peltier and Seebeck effects require the presence of two 
different materials since the Seebeck coefficient yields 
some voltage generated from the temperature difference, 

 ICETIA 2023
, 10004 (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202451710004517

   © The Authors,  published  by EDP Sciences.  This  is  an open  access  article distributed under the  terms of the Creative Commons Attribution License 4.0
 (http ://creativecommons.org/licenses/by/4.0/). s



 

and the Peltier coefficient yields some heat carried per 
unit charge [45][46]. 

Thermoelectrics combine high electrical conductivity 
with low electronic thermal conductivity. [14], [17]. 
Electrical conductivity is directly related to electronic 
thermal conductivity, so high electrical conductivity 
results in high electronic thermal conductivity [47]. Good 
thermoelectrics have low thermal conductivity and high 
electrical conductivity [48]–[50]. Efficiency in 
thermoelectrics is determined by the Fig of merit (ZT) 
[51], [52]  

 
ZT = S2σT/K    (1) 

 
For electrical resistivity determined by the equation 

ρ = V/I . A/t    (2) 
Electrical conductivity is determined by the equation 
              σ = 1/ ρ     (3) 
 

Tin oxide (SnO2) is an n-type semiconductor [53] and 
is one of the fundamental thermoelectric materials [54]. 
SnO2 has undergone significant commercialization due to 
its good thermal and electrical stability [55], [56]. In the 
crystal structure, SnO2 has 4 oxygen atoms and 2 tin 
atoms, with a bandgap energy of approximately ~3.6 eV 
[57]–[59]. Pure SnO2 exhibits n-type electrical transport 
[60]. Many studies have been conducted to synthesize 
SnO2 nanostructures using various methods, including 
spray pyrolysis [61], hydrothermal methods [62], sol-gel 
methods [63], [64], and co-precipitation. Many of these 
studies employ various doping methods to improve 
performance. To determine which method yields good 
thermoelectric performance, SnO2 synthesis was 
conducted using three methods: hydrothermal, co-
precipitation, and sonication-assisted co-precipitation. 

In maximizing the ZT value of a material, several 
criteria need to be considered as follows: (i) Low thermal 
conductivity to maintain a temperature difference 
between two materials. (ii) High electrical conductivity to 
reduce resistance in the material and produce Joule 
heating. (iii) High Seebeck coefficient to generate high 
power [42]. The Seebeck coefficient is a value measured 
based on the amount of electrical voltage generated from 
the temperature difference between two sides of a 
thermoelectric material. The Seebeck coefficient is used 
to assess the material's ability in thermoelectrics to create 
a temperature difference with electrical voltage. 
Measurements in thermoelectric materials depend on how 
the material can insulate or conduct. 

Metal oxide-based materials are considered good 
candidates for thermoelectrics due to their high ionic 
properties, abundance in nature, and non-toxic nature 
[65]. Tin oxide (SnO2) is a semiconductor material used 
in thermoelectrics and is of n-type. This thermoelectric 
material can be experimentally studied over a wide 
temperature range and is thus widely used in various 
applications such as lithium-ion batteries [54], sensors, 
supercapacitors [66], photocatalysts [67] due to its stable 
physical and chemical properties, high light sensitivity, 
and excellent electrical characteristics. The thermoelectric 
performance of SnO2 is limited by its high thermal 
conductivity [68], [69] and low intrinsic electrical 

conductivity. SnO2 is a widely used thermoelectric 
material, valued for its excellent properties, including its 
stability as a metal oxide semiconductor [61], [70]. The 
porous structure of SnO2 can enhance its thermoelectric 
performance compared to a dense structure by adding 
heavy metals to improve its thermoelectric properties. Its 
electrical conductivity combined with good thermal 
stability makes SnO2 a promising candidate for 
thermoelectric applications. 

In this research, experiments were conducted to 
synthesize SnO2 using three different methods to compare 
which method yields the best thermoelectric performance. 
This study aimed to determine the crystal structure, 
morphology, and thermoelectric performance electricity 
resistivity of SnO2 materials. 

2 Method  

2.1. Material and Equipment  

In this research, the materials used include SnCl2.2H2O 
(Merck), NaOH (Merck), Etanol, DI Water, and DD 
water. The equipment used consists of a digital balance, 
hotplate/stirrer, stainless steel spatula, magnetic stirrer, 
glass pipette, anatomical forceps, beaker glass, autoclave, 
oven, centrifuge, vacuum furnace, mortar, alumina 
crucible, and ultrasonic bath. 

2.2. Synthesis of SnO2 Hydrothermal Method 

In a glass beaker, tin chloride dihydrate SnCl2.2H2O was 
dissolved in 90.2 ml of deionized water using a magnetic 
stirrer and stirred for 40 minutes. In a separate glass 
beaker, NaOH was dissolved using a magnetic stirrer and 
stirred for 10 minutes. Then, the NaOH solution was 
added to the glass beaker with the SnCl2.2H2O solution 
and stirred for 30 minutes at 500 rpm until homogeneous. 
The mixture was then placed in an autoclave at a 
temperature of 140°C for 12 hours. After autoclaving, the 
mixture was centrifuged five times, with each 
centrifugation lasting for 10 minutes. It was then washed 
with deionized water and ethanol. The precipitate was 
then placed in an oven at 80°C for 4 hours. The resulting 
SnO2 powder, obtained through the hydrothermal 
synthesis method, is a yellow powder. 

2.3 Synthesis of SnO2 by Co-Precipitation 
Method  

In a glass beaker, tin chloride dihydrate SnCl2.2H2O was 
dissolved in 56.374 ml of double-distilled water using a 
magnetic stirrer and stirred for 40 minutes. In a separate 
glass beaker, NaOH was dissolved using a magnetic 
stirrer and stirred for 10 minutes. Then, the NaOH 
solution was added to the glass beaker with the 
SnCl2.2H2O solution and stirred for 2 hours at 500 rpm 
until homogeneous. The SnO2 solution was then subjected 
to centrifugation five times, with each centrifugation 
lasting for 10 minutes, followed by washing with double-
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distilled water and ethanol. The precipitate was then 
placed in an oven at 80°C for 4 hours and in a furnace at 
5000°C for 2 hours. The final result of the SnO2 synthesis 
using the co-precipitation method is a white powder. 

2.4 Synthesis of SnO2 by Co-Precipitation 
Sonication Method  

In a glass beaker, tin chloride dihydrate SnCl2.2H2O was 
dissolved in 56.374 ml of double-distilled water using a 
magnetic stirrer and stirred for 40 minutes. In a separate 
glass beaker, NaOH was dissolved using a magnetic 
stirrer and stirred for 10 minutes. After NaOH and 
SnCl2.2H2O were dissolved, they were sonicated for 20 
minutes. Then, the NaOH and SnCl2.2H2O solutions were 
mixed and stirred for 2 hours at 500 rpm. The resulting 
SnO2 solution was subjected to centrifugation five times, 
with each centrifugation lasting for 10 minutes, followed 
by washing with double-distilled water and ethanol. The 
precipitate was then placed in an oven at 80°C for 4 hours 
and in a furnace at 5000°C for 2 hours. The final result of 
the SnO2 synthesis using the co-precipitation sonication 
method is a white-colored powder. 

3 Results and Discussion 

3.1. Nanoparticle Characterization of SnO2 
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Fig 1. XRD pattern SnO2 via (a) hydrothermal method, (b) co-
precipitation method, and (c) co-precipitation sonication. 

The phase composition and crystal structure of all samples 
were characterized using XRD in the 4° to 80° range for 
SnO2, as shown in Fig 1. a using the hydrothermal 
method. Six diffraction peaks were obtained in this XRD 
data. The peaks at 26.52°, 32.54°, 51.07°, and 
64.2°correspond to (110), (101), (200), and (211). In the 
XRD of SnO2, there is a shift in peaks and the loss of 
several peaks, resulting in significantly different XRD 
results compared to other studies on SnO2 according to 
research by Aminuddin [71]. The shift in peaks and the 
presence of different peaks suggest the possibility that in 
the hydrothermal synthesis of SnO2, it may be necessary 
to repeat the synthesis and pay attention to the mass of 
each material during the synthesis of SnO2. The XRD 
results obtained for the hydrothermal method of SnO2 
showed the same as research by Pengyu Ren [72], with a 
total of four identified peaks. 

The phase composition and crystal structure of all 
samples were characterized using XRD, in the range of 4° 
to 90° for SnO2, employing the co-precipitation method 
as depicted in Fig 1b. In this XRD data, nine diffraction 
peaks were identified. The peaks at 26.56°, 33.93°, 
37.815°, 51.91°, 54.75°, 61.99°, 65.70°, 78.75°, and 
83.83° correspond to (110), (101), (200), (211), (220), 
(310), (301), (321), and (222). In the XRD of SnO2 using 
the co-precipitation method, the obtained results are 
consistent with previous research by Aminuddin [71] and 
research by in the same diffraction Diantoro [73], 
showing the same 2 theta values and peaks. The co-
precipitation method proves to be one of the effective 
techniques for synthesizing SnO2. 

The phase composition and crystal structure of all 
samples were characterized using XRD, in the range of 4° 
to 90° for SnO2, employing the co-precipitation-
sonication method as depicted in Fig 1c. In this XRD data, 
nine diffraction peaks were identified. The peaks at 
26.59°, 33.87°, 37.89°, 51.91°, 54.67°, 61.80°, 65.29°, 
78.84°, and 83.89° correspond to (110), (101), (200), 
(211), (220), (310), (301), (321), and (222). In the XRD 
of SnO2 using the co-precipitation-sonication method, the 
obtained results are consistent with previous research by 
Aminuddin [71], showing the same 2 theta values and 
peaks. The co-precipitation-sonication method proves to 
be one of the effective techniques for synthesizing SnO2, 
as evidenced by the 2 theta results not differing 
significantly from the XRD results obtained using the co-
precipitation method. The addition of sonication in the 
synthesis does not make a significant difference in the 
XRD characterization results compared to the co-
precipitation method. However, the addition of the 
sonication during synthesis resulted in peak shifts 
observed in the XRD results. This occurred because when 
sonication was applied, it led to faster reactions, thereby 
preventing complete nucleation and crystal development, 
as stated in research by Hala [74]. 

The observed peaks have agreed with the tetragonal 
rutile structure and are well-matched with standard values 
for bulk SnO2 (JCPDS card no. 41–1445) for co-
precipitation method and co-precipitation sonication 
method at Divya [75]. 
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SEM was used to characterize the surface morphology 
of nanoparticles, as shown in Fig 2. In the SnO2 sample 
synthesized using the hydrothermal method, small 
spherical shapes were observed, likely influenced by the 
rapid heating rate during the development phase. The 
surface morphology exhibits a porous arrangement, and 
SnO2 is often employed for doping additions due to the 
impact of oxygen vacancies on thermoelectric 
applications in the research of Ashfaq [7]. 
 

 

Fig 2. SEM images of SnO2 via hydrothermal method 

 

Fig 3. SEM images of SnO2 via co-precipitation method 

 

Fig 4. SEM images of SnO2 via co-precipitation sonication 
method 

Fig 3 depicts the morphology on the surface of SnO2. 
In this image, nanoparticles with good crystal properties 
are observed. The shape of SnO2 nanoparticles in the co-
precipitation method indicates the presence of strong 
hydrogen bonds during the synthesis process. Therefore, 
the SEM morphology in the co-precipitation method can 
be utilized for applications in thermoelectrics in research 
Divya [75]. 

The SEM image of SnO2 nanoparticles using the co-
precipitation-sonication method Fig 4 reveals the 
presence of powder agglomeration. The image shows a 
clustered morphological structure with homogeneous and 
uniform agglomeration as in the previous research by 
Chun Yu [76]. Agglomeration can occur during the 
synthesis process where unstable temperatures affect the 
sample's morphology. 

3.2. Resistivity and Conductivity Thermoelectric 
Properties Nanoparticle of SnO2 

To determine the thermoelectric properties of the 
synthesized samples, we turned the samples into pellet 
forms (1.00 × 1.00 cm). The thermoelectric properties 
were conducted by measuring the resistance of the SnO2 
samples while increasing the temperature from 30°C to 
100°C. These measurements were performed on each 
sample using three methods: hydrothermal, co-
precipitation, and co-precipitation sonication methods. 
The results of the electrical resistivity and electrical 
conductivity are shown in Table 1 and Table 2, 
accompanied by graphs obtained from each measurement 
in Fig 5 and Fig 6. 

Table 1. Electrical Resistivity of Nanoparticle SnO2 

T 
(°C) 

Hydrothermal 
Co-

Precipitation 

Co-
Precipitation 
Sonication 

30 30,8269 29,4218 13,1095 
40 29,75935 28,4955 11,61015 
50 29,05285 28,67605 11,4296 
60 - 28,2286 27,74975 
70 - 27,62415 - 
80 - 27,15315 - 

 

Fig 5a depicts the electrical resistivity, which is a 
thermoelectric parameter of the Hydrothermal SnO2 
sample. The results show that as the temperature 
increases, the resulting resistivity decreases, following the 
principles of thermoelectricity, where increasing 
temperature leads to a decrease in electrical resistivity. 
However, in the synthesis of SnO2, when the temperature 
reaches 60°C, the measured electrical resistance increases 
tenfold, as well as when the temperature reaches 70°C. 
When the temperature reaches 80°C, the electrical 
resistance cannot be measured as it reaches a value of 0. 
This may occur because the material has extremely high 
resistance, where as it should have a decreasing resistivity 
with increasing temperature. Therefore, the hydrothermal 
method used in this study may not be suitable for 
thermoelectric applications research by Ashfaq [7]. 
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The comparison of electrical resistivity with 
temperature, a thermoelectric parameter of the Co-
Precipitation SnO2 sample, is shown in Fig 5b. The results 
indicate that as the temperature increases, the resulting 
resistivity decreases, aligning with the principles of 
thermoelectricity, where an increase in temperature leads 
to a decrease in electrical resistivity. The SnO2 co-
precipitation exhibits relatively good resistivity, as with 
each temperature increase, the resulting resistivity 
decreases. At 50 °C, there is a slight increase in resistivity, 
possibly due to measurement inaccuracies or a room 
temperature rise. From 60°C to 80°C, the resistivity 
decreases again. However, at 90°C, there is a significant 
increase in temperature, which needs further 
investigation. In this study, the co-precipitation method 
proves to be the most effective for thermoelectric 
applications in SnO2 synthesis as in the preview research 
by Budi [77] [75]. 
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Fig 5. Temperature-dependent electrical resistivity SnO2 via (a) 
hydrothermal, (b) co-precipitation, and (c) co-precipitation 
sonication methods. 

The electrical resistivity of SnO2 using the co-
precipitation-sonication method is depicted in Fig 5c. 
Electrical resistivity is a thermoelectric parameter. The 
results show that as the temperature increases, the 
resulting resistivity decreases, following the principles of 
thermoelectricity where increasing temperature leads to a 
decrease in electrical resistivity. However, in the 
synthesis of SnO2 using the co-precipitation-sonication 
method, when the temperature reaches 60°C, there is a 
twofold increase in electrical resistance. Consequently, at 
70°C, there is a significant increase, reaching 10 times the 

resistivity at 60°C. This indicates that the co-precipitation 
sonication method needs further examination and 
experimentation to meet thermoelectric. 

The electrical resistivity of SnO2 using the co-
precipitation sonication method is depicted in Fig 5c. 
Electrical resistivity is a thermoelectric parameter. The 
results show that as the temperature increases, the 
resulting resistivity decreases, following the principles of 
thermoelectricity where increasing temperature leads to a 
decrease in electrical resistivity as in the preview of 
research by Chafia [78]. However, in the synthesis of SnO2 
using the co-precipitation sonication method, when the 
temperature reaches 60°C, there is a twofold increase in 
electrical resistance. Consequently, at 70°C, there is a 
significant increase, reaching 10 times the resistivity at 
60°C. This indicates that the co-precipitation-sonication 
method needs further examination and experimentation to 
meet thermoelectric parameters. The measurement of 
electrical resistivity in the comparison of three methods 
used in measuring SnO2 material for thermoelectric 
properties is presented in Table 1.  

Conclusion 

Thermoelectricity has emerged as a solution to the current 
renewable energy crisis, converting heat energy into 
electrical energy. Thermoelectric materials are considered 
the most environmentally friendly materials. One such 
environmentally friendly thermoelectric material with 
excellent thermal and electrical conductivity is SnO2. 
Using three different synthesis methods on SnO2 yields 
varying results in thermoelectric utilization. The co-
precipitation method, in particular, produces favorable 
outcomes in terms of XRD, SEM, and electrical resistivity 
for thermoelectric applications. 
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