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ARTICLE

Synthesis of In(Sn)-O and Sn(In)(Sb)-O System 

Nanoparticles Using DC Arc Plasma Method

Xie Bin,    Liu Guanpeng, Li Longteng, Zhao Yanfei, Yang Shuo, Xi Yulin

Luoyang Ship Material Research Institute, Luoyang 471023, China

Abstract: A new DC arc plasma concept was proposed to produce metal oxide nanoparticles by metal melting, blasting or 

gasification processes. It was exemplified by the preparation of single phase nanoparticles SnO

2

, In

2

O

3

 and SnO

2

, In

2

O

3

-based

composite nanoparticles such as In

2

O

3

:Sn (ITO), SnO

2

:Sb (ATO) and SnO

2

:In:Sb (IATO). X-ray diffraction (XRD) indicates that the 

doped SnO

2

 and In

2

O

3

 are single phase and there is no other secondary phase. The results of transmission electron microscopy (TEM) 

show that for the prepared single phase nanoparticles with good dispersion, the particle size ranges from 20 to 50 nm. The prepared 

ITO and ATO nanoparticles were utilized in ITO target and ATO electrode, and their density and electrical properties were tested. 

The prepared ITO target and ATO electrode have high density and low resistivity, and the ITO target has good film-forming effect, 

which implies that the ITO and ATO nanoparticles prepared by DC arc plasma can be applied to the field of flat panel displays and 

conductive electrodes.
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Tin oxide (SnO

2

) is an n-type semiconductor having a

rutile crystal structure. Studies have shown that several 

additives (cations such as In

[1]

, Sb

[2]

, Pd

[3]

….) influence the 

band gap of SnO

2

 nanoparticles, resulting in good 

transparency, conductivity and high sensitivity for 

applications such as gas sensors, transparent conducting 

electrode, transistor, solar cells, special coating for 

energy-conversion, Li ion batteries, low-emissivity 

windows, and nanoelectronic devices

[4-6]

. Indium oxide 

(In

2

O

3

) is a wide bandgap semiconductor (E

g

= 3.7 eV), 

well-known for its useful optoelectronic properties in both 

doped and undoped forms

[7,8]

. There are many similarities 

and intersections between indium oxide and tin oxide in the 

application of these materials

[9-11]

. Thus, a great deal of 

research work has been devoted to the method of 

synthesizing SnO

2

, In

2

O

3

 and ion-doped SnO

2

 and In

2

O

3

nanoparticles in a controllable manner.

Many methods have been developed to synthesis SnO

2

, 

In

2

O

3

 and ion-doped SnO

2

 and In

2

O

3

 nanoparticles, which 

are well known as sol-gel

[12,13]

, solvothermal

[14,15]

, chemical 

vapor deposition

[16,17]

, nonaqueous synthesis

[18]

, 

co-precipitation

[19]

, and laser ablation

[20]

 etc. However, most 

investigations of the synthesis of doped and undoped SnO

2

and In

2

O

3

 nanoparticles have involved batch solvothermal 

or hydrothermal methods which are time-consuming, often 

requiring at least 12 h to complete and produce large 

amounts of residue and waste water

 [21]

. At the same time, 

hydroxides of In, Sn, Sb and Ag are also produced due to 

the low reaction temperature.

These nanoparticles require calcination at temperatures 

above 300 °C to convert to SnO

2

, In

2

O

3

 or ion-doped SnO

2

and In

2

O

3

, often causing extensive particle growth or 

agglomeration, which may subsequently affect the overall 

properties of the final functional materials

[22]

.

In contrast to above-mentioned processes, this study 

provides a rapid, efficient and simpler way and uses a cost 

effective, environmental friendly, and convenient method to 

produce large scale production of SnO

2

, In

2

O

3

, ITO, ATO 

and IATO powders with uniform particle size distribution, 

well crystallization, easy dispersion, and high purity.

1 Experiment
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Fig.1 illustrates the DC arc plasma synthesis procedure 

for the production of nanoparticles. In our synthesis 

experiment, the key part shown in Fig.1 is a special and 

unobtrusive DC arc plasma reactor, which is connected to 

an AC generator with a maximum power of 300 kW and 

using about 245 kW of power. The reaction chamber was 

evacuated to 0.01 MPa and the dried and cooled air was 

filled with plasma gas. As for raw materials preparation, the 

purity > 99.99% of Sn, In ingots and InSn, SbSn, InSbSn 

alloy ingots (mass ratios of the raw materials are shown in 

Table 1) were heated to their melting points. Next, 

as-prepared precursors were injected into the water cooled 

plasma reactor. The molten raw materials can be 

immediately evaporated due to the high temperature of the 

thermal plasma, and the metal vapor is oxidized at the same 

time. A larger temperature gradient can be formed on the 

shell of the reactor by the cooling water circulation system, 

which facilitates crystallization. Finally, the formed 

nano-oxide particles escaped from the reactor chamber 

along with the cooled air.

The phase formation of the obtained SnO

2

, In

2

O

3

, ITO, ATO, 

and IATO nanoparticles was verified by X-ray diffractometer 

(XRD, DMAX 2500, Rigaku Co.) The morphology

Fig.1  Synthesis procedure of nanoparticles by DC arc plasma

Table 1  Mass ratio of raw materials (wt%)

Sample No. In Sn Sb

1 0 100 0

2 0 99 1

3 5 90 5

4 100 0 0

5 90 10 0

and particle size of the obtained particles were analyzed by

transmission electron microscopy (TEM, JEM-2100F, Jeol 

Co.) Additionally, the prepared ITO and ATO sample were

prepared as ITO target and SnO

2

-based ceramic electrode 

sample, respectively (Cylinder diameter Φ=100 mm and 

thickness about 10mm), and then the density and resistivity 

were measured by standard Archimedes method and 

four-probe method, respectively (MCP-T600, Mitsubishi 

Chemical). Scanning electron microscope (SEM, JEOL 

JSM-6400) was used to observe the morphology of the ITO 

target and the SnO

2

based ceramic electrode.

2  Results and Discussion

Fig.2 shows the XRD patterns of the synthesized SnO

2

, 

ATO, IATO, In

2

O

3

, ITO nanoparticles. The XRD patterns of 

samples exhibit sharp diffraction peaks, which indicate a 

good crystallinity of the samples. The peaks of sample 2 

and sample 3 display tetragonal rutile tin oxide as sample 1 

(PDF#70-4177) and no indium, antimony or their oxide 

peaks were observed. Similarly, sample 5 still keeps the 

bixbite crystal structure just as sample 4(PDF#71-2195). 

There is no diffraction peak of tin or tin oxide, suggesting 

that the doped cations were completely solvated in the 

parent phase. In this work, undoped SnO

2

 and In

2

O

3

 were 

referred as pure and used as control samples. It is clear 

between sample 1 and sample 2 that the 2θ of (110) plane 

changes from 26.75° in sample 1 to 26.50° in sample 2. The 

(101), (211) planes of sample 2 and sample 3 also shift to a 

lower angels relative to sample 1. In sample 2 and sample 3, 

the peak broadening was observed. J. Rockenberger et al

[23]

. 

reported that doping antimony into tin oxide and doping tin 

into indium oxide induces some changes in the diffraction 

pattern: the width of the peak increases and the location of 

the peak moves to lower angles. The ionic radius of 

antimony is 0.076 nm, which is larger than that of tin

(r=0.069 nm). The unit cell volume of tin oxide increases

with Sb

3+

 doping

[24]

. It is also clear between sample 4 and 

sample 5 that the 2θ of (222), (400), (440) and (622) planes

of sample 5 moves to a lower angels relative to sample 4. It 

is unable to explain this phenomenon by Bragg equation 

and the theory of quantum chemistry. The ionic radius of tin 

is 0.069 nm, which is smaller than that of indium (r=0.094 

nm). With the increase of doping content, the diffraction 

angle should be shifted to high angle instead of low 

angle, and the unit cell volume should be decreased

rather than increased. The above abnormal phenomenon 

appears because no new compound is formed with the 

doping of Sn

4+

, while the lattice distortion is caused by 

the substitution of In

3+

, and the ionic radius of Sn

4+

 is 

smaller than that of In

3+

, resulting in residual stress 

during the crystallization process. In addition, the 

repulsion between the excess positive charge of Sn

4+

may

create extra swelling in the rhombohedral structure

[25]

 .
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Fig.2 XRD patterns of the synthesized nanoparticles 

(a-sample 1, b-sample 2, c-sample 3, d-sample 4, and 

e-sample 5)

The prepared SnO

2

, In

2

O

3

, ITO, ATO, and IATO 

nanoparticles were characterized by TEM, the images are 

shown in Fig.3. The nanoparticles were well-defined, and 

most of which are spherical (sample 1, 2, 3, 5) and cubical 

(sample 4) with a size in the range of 20~50 nm, Indicating 

that the prepared nanoparticles have good dispersibility and 

no agglomeration. The size of the ITO nanoparticles 

prepared by the DC arc plasma method is smaller and more 

uniform than those in Fig.3a~3d.

In order to study the properties of ITO and ATO powders 

prepared by DC arc plasma, these two kinds of powders

were prepared as ITO target and SnO

2

 ceramic electrode. 

Firstly, a high solid content ITO slurry was prepared after 

the powder ball milling and granulating. Then the ITO 

slurry was put into a ceramic green body by slip casting. 

Finally, the ITO target was prepared after the degreasing 

and sintering process of the ceramic green body. The 

process of preparing SnO

2

 ceramic electrode is similar to 

the ITO target prepared in the present study. The difference 

is that the ATO nanoparticles used are doped with 1% ZnO 

and the particle size is about 50 nm.

Fig.4a shows the SEM images of the ITO target, it is 

found that ITO target prepared by DC arc plasma is very 

dense and the grain size is relatively small. Numerous small 

grains exist near the grain boundary, which are all

secondary phases In

4

Sn

3

O

12

[26]

. Additionally, the ITO thin 

film sample was synthesized by DC magnetron sputtering, 

and the prepared ITO target was used as a sputtering source. 

Fig.4b shows the optical properties of ITO thin films, the

transmittance of ITO thin films deposited under the 

conditions (Table 2) is over 85%. The results (Table 2 and 

Fig.4b) of the ITO thin film sample shows that the film has 

good optical and electrical properties, indicating that the 

ITO nanoparticles synthesized by the DC arc plasma 

method can be used for the preparation of ITO targets, and

Fig.3  TEM images of the synthesized nanoparticles: (a) sample 1, (b) sample 2, (c) sample 3, (d) sample 4, and (e) sample 5

Fig.4  SEM images of the ITO target (a) and optical transmittance of the film (b)
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Table 2  Preparation conditions and properties of the ITO thin film sample 

 

the various properties of the film meets the requirements of 

flat panel displays. 

Fig.5 shows the SEM images of SnO

2

 ceramic electrode. 

Grains on the cross section of the electrode tend to be 

smooth and arranged densely; voids within the grains are 

filled with small particles of doped ZnO. The doped ZnO in 

the parent phase is uniform and there is no segregation. 

Density and resistivity tests show that the density and 

resistivity of the prepared SnO

2

 electrode are 6.62 g/cm

3

 

and 88 Ω·cm, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5  SEM images of prepared SnO

2

 electrode 

 

3  Conclusions 

1) We have demonstrated a facile strategy for fast 

formation of single phase and doped metal oxides 

nanoparticles with uniform morphology and sizes of 20�

50 nm.  

2) ITO and ATO nanoparticles prepared by DC arc 

plasma were utilized in ITO target and SnO

2

 electrode, 

which have high density and low resistivity and can be 

applied to the field of flat panel displays and conductive 

electrodes. 
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