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Abstract: Antimony tin oxide (ATO) nano-particles doped with different Sb contents were prepared by co-precipitation method, 
using SnCl4·5H2O and SbCl3 as main raw materials. Microstructure, morphology and reflectivity curves were characterized by XRD, 
FESEM, UV-visible spectroscopy and laser, and the effects of Sb content on crystalline microstructure, crystal size and reflectivity 
curves of the ATO nano-particles were investigated systematically. The results show that the ATO nano-particles prepared by 
co-precipitation method have tetragonal rutile structure, with particle size distribution range of several decade nanometer. With the 
increase of Sb content, the grain size of ATO decreases, and the unit cell volume increases. Compared with the SnO2 particles without 
Sb, the 1.06 μm laser reflection of ATO nano-particles doped with Sb is obviously lower. With the increase of Sb content, the 
reflection increases first, then decreases; when the Sb content is 20 %, 1.06 μm laser reflection of ATO nano-particles is below 0.02%, 
and the laser reflection performance is the best. 
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1 Introduction 
 

With the rapid development of technology and 
equipments of laser detection and laser guidance, laser 
stealth technology becomes more and more important in 
military stealth field. Currently, the laser stealth 
technology focuses on the wavelength of 1.06, 1.54 and 
10.6 µm, scilicet the frequency of near-infrared and 
mid-infrared, among these 1.06 µm is the major and 
important working wave length as lasers [1−3]. For laser 
stealth, using the laser stealth materials is the most 
effective method [4,5], so exploring and researching on 
laser absorption on wave length 1.06 µm becomes an 
important work on laser research [6−8]. Antimony doped 
tin oxide is the solid solution of Sb-doped SnO2 and one 
of the n-type metal-semiconductor. The carrier 
concentration increases by donor atom Sb proportional 
doping in SnO2, changing the preparation parameters to 
control the carrier concentration of ATO and changing 
the absorption range and plasma wavelength can achieve 
the purpose of laser absorption [9−12]. ATO can be used 

as good laser absorption because of its strong absorbing 
and low reflective of 1.06 µm laser. 

The optical properties of ATO nano-particles are 
closely related to the Sb content, therefore, ATO nano- 
particles with different mole ratios of Sb to Sn will be 
prepared to research the laser reflection in the 1.06 µm 
laser. YANG et al [13] used sol−gel method to synthesize 
ATO nano-particles, and researched the effects of Sb 
content on the crystalline microstructure, the crystalline 
size and the resistivity of the ATO nano-particles, but 
they did not research the reflection of ATO. In this work, 
we used co-precipitation method to prepare the ATO 
nanoparticles because it is a simple process and easy to 
control [14,15], using SnCl4·5H2O and SbCl3 as main raw 
materials, and NH3·H2O as precipitation agent, and 
researched the effects of Sb content on the structure and 
laser reflection performance of ATO nano- particles 
under certain conditions of the pH, the co- precipitation 
temperature, the calcination temperature and the 
calcination time. And the prepared powders were 
processed by ball milling to provide guidance for 
practical application of large volume materials. 
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Fig. 1 Process of ATO powders by co-precipitation method 
 
 
2 Experimental 
 
2.1 Preparation 

ATO nano-particles with different mole ratios of Sb 
to Sn were prepared by co-precipitation, using 
SnCl4·5H2O and SbCl3 as main raw materials and 
NH3·H2O as precipitation agent. The preparation flow 
chart is shown in Fig. 1 
 
2.2 Characterization 

The obtained powders were analyzed for their 
structure, morphology, reflectivity curves and laser 
property. The X-ray diffraction analysis (XRD, Rigaku 
D/max 2500) was carried out with an ARL X-ray powder 
diffractometer using Cu Kα radiation. Surfaces and 
crystal size of ATO nano-particles were observed 
employing a field emission scanning electron microscope 
(FESEM). The reflectance spectra in the wavelength 
range of 900−1800 nm were measured and the reflection 
at 1.06 µm laser was recorded by an UV-visible 
spectroscope. 
 
3 Results and discussion 
 
3.1 Phase analysis 

Figure 2 shows the XRD patterns of the ATO 
powders prepared with different mole ratios of Sb to Sn 
(0/10, 1/10, 2/10, 4/10 respectively) at the 
co-precipitation room temperature, pH value 2, and 
calcination temperature 600 °C. The characteristic 
diffraction peaks of SnO2 appear in the XRD patterns of 
ATO nano-particles with different ratios of Sb to Sn, and 
no other characteristic diffraction peaks appear. The 
structure of ATO nano-particles is also SnO2 tetragonal 
rutile structure, but the intensity of SnO2 diffraction peak 
is lower than that of the ATO without Sb, and the crystal 
planes (112) and (301) do not appear. The crystallinity of 

the powders decreases with the doping of Sb. The 
widening phenomenon of diffraction peaks appears when 
the mole ratio of Sb to Sn is 2:10. This is because the 
lattice defect caused by Sb partial replacement of Sn 
hindered the growth rates of ATO grains. 
 

 
 
Fig. 2 XRD patterns of ATO powders obtained with various 
molar ratios of Sb to Sn 
 

The grain sizes of ATO powders obtained with 
various molar ratios of Sb to Sn gained by the JADE 
software are shown in Fig.3. The grain size is 24 nm for 
SnO2 powders without Sb, and decreases to 12 nm when 
the mole ratio of Sb to Sn is 1/10. The grain size of ATO 
nano-particles decreases gradually with the increase of 
mole ratio of Sb to Sn. 

Figure 4 shows the FESEM images of ATO 
nano-particles with the mole ratios of Sb to Sn of 1/10 
and 2/10. The structure of ATO nano-particles with 
different mole ratios of Sb to Sn is approximately 
spherical. When the mole ratio of Sb to Sn is 1/10, the 
range of particle size of ATO nano-particles is 40−60 nm. 
When the mole ratio of Sb to Sn is 2/10, the range of 
particle size of ATO nano-particles is 30−50 nm. 
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Fig. 3 Grain sizes of ATO powders obtained with various molar 
ratios of Sb to Sn 
 
3.2 Structural analysis 

The effects of Sb content on the structure are 
studied when the mole ratios of Sb to Sn are 0/10, 1/10, 
2/10 and 4/10, respectively. Table 1 shows the 
comparison of XRD data of ATO with different Sb 
contents and tetragonal SnO2. Compared with diffraction 
peaks of tetragonal SnO2, the diffraction peak position of 
ATO with different Sb contents shifted a small angle due 
to the fact that the lattice constant of SnO2 changed a 
little caused by doping Sb. Table 2 shows the variation of 
lattice constant/unit cell volume of ATO nano-particles 
with the content of Sb. The unit cell volume of ATO 
increases gradually with the increase of Sb, due to the 
increasing of lattice expansion with the increase of Sb. 

 
3.3 Analysis of laser reflectivity 

The laser reflection characteristics of ATO 
nano-particles with different Sb contents were tested by 

 

 
Fig. 4 FESEM images of ATO particles obtained with various 
mole ratios of Sb to Sn: (a) n(Sb):n(Sn)=1:10; (b) n(Sb):n(Sn)= 
2:10 
 
UV-visible spectroscopy. Figure 5 shows the reflectivity 
curves of ATO powders obtained with various mole 
ratios of Sb to Sn. Compared with SnO2 without Sb, the 
1.06 μm laser reflection of ATO nano-particles doped 
with Sb is obviously lower. The reason is that by doping 
with Sb, the positive charge center caused by Sb5+ (0.60 
nm) which replaced the position of Sn4+(0.69 nm) in 
SnO2 appears (the particles size decreases with the 
decrease of ionic radius), the excess electrons form the 
donor impurity level near the bottom of the conduction 
band, the carrier number greatly increases, and the  

 
Table 1 Comparison of XRD data between standard SnO2 and ATO samples obtained with various mole ratios of Sb to Sn 

2θ/(°) 
Sample 

(110) (101) (200) (211) (220) (310) (112) (301) 

Standard SnO2 26.61 33.89 37.95 51.78 54.76 61.87 64.72 65.94 

1/10 26.54 33.84 37.96 51.90 54.58 61.94 64.86 66.07 

2/10 26.48 34.08 38.02 51.80 54.78 62.10 64.88 66.12 ATO 

4/10 26.48 34.04 37.98 51.66 54.86 61.92 64.70 65.74 

 
Table 2 Lattice constant and cell volume along with different mole ratios of Sb to Sn 

Sample Lattice constant, a/nm Lattice constant, c/nm Unit cell volume, V/nm3 

Standard SnO2 0.4738 0.3187 0.07154 

 1/10 0.4737 0.3189 0.07156 

ATO 2/10 0.4736 0.3191 0.07157 

 4/10 0.4738 0.3190 0.07161  
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Fig. 5 Reflectivity curves of ATO powders obtained with 
various mole ratios of Sb to Sn 
 
plasmon effect generates, thus the near infrared (covering 
1.06 µm laser) absorption increases greatly; with the 
increase of n(Sb)/n(Sn), the reflection follows the trend 
of decreasing first and then increasing. When the mole 
ratio of Sb to Sn is 2/10, the 1.06 μm laser reflection of 
ATO nano-particles decreases to a minimum. But when 
the content of Sb is too high, the acceptor level formed 
by Sb3+(0.76 nm) which replaced the position of 
Sn4+(0.69 nm) with the decrease of Sb5+ to Sb3+ ratio 
compensates part of electronics produced by Sb5+ (the 
particles size increases with the increase of ionic radius), 
then the effective carrier concentration decreases, thus 
the 1.06 μm laser reflection of ATO nano-particles is 
relatively high. With the increase of Sb content, the size 
of ATO nano-particles decreases first and then increases, 
the laser reflection changes with the size of ATO 
nano-particles, that is to say, the property is largely 
decided by the structure. 

At the same time, the laser reflection values of ATO 
nano-particles with different Sb contents were tested by 
laser diode with the 1.06 μm emission wavelength. Table 
3 displays the 1.06 μm laser reflection of ATO 
nano-particles with different Sb contents. The value of 
1.06 μm laser reflection of ATO nano-particles tested by 
laser diode is similar to that of reflection tested by 
UV-visible spectroscopy, and the reflection law is 
accordant. 
 
Table 3 1.06 µm laser reflectivity of ATO powders obtained 
with different mole ratios of Sb to Sn 

n(Sb)/n(Sn) Incident 
energy, J0/mJ 

Reflection 
energy, J/uJ 

(R=J/J0)/%

0/10 16.88 59.08 0.350 

1/10 16.88 3.88 0.023 

2/10 16.88 3.04 0.018 

4/10 16.88 5.91 0.035 

 
4 Conclusions 
 

1) The ATO nano-particles prepared by 
co-precipitation method have tetragonal rutile structure, 
with the spheroidal micro-morphology, and the particle 
size distribution range was several decade nanometers. 

2) With the increase of Sb content, the lattice defect 
caused by Sb partial replacement of Sn hindered the 
growth rates of ATO grains. The grain size of ATO 
decreased, and the unit cell volume increased due to the 
lattice expansion. 

3) Compared with the SnO2 particles doped without 
Sb, the 1.06 μm laser reflection of ATO nano-particles 
doped with Sb was obviously lower. Because of the 
influence of the changed structure, with the increase of 
Sb content, the reflection increased first, and then 
decreased. 

4) When the the Sb content was 20%, 1.06 μm laser 
reflection of ATO nano-particles was below 0.02%, and 
the laser reflection performance achieved the best. 
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Sb 掺杂量对 ATO 纳米颗粒结构及 
激光吸收性能的影响 

 
张 晶，王丽熙，梁敏鹏，张其土 

 
南京工业大学 材料科学与工程学院，南京 210009 

 
摘  要：以 SnCl4·5H2O 和 SbCl3为原料，采用共沉淀法制备不同 Sb 掺杂量的氧化锡锑(ATO)纳米粉末。分别采用

XRD、FESEM、紫外可见分光光度计和激光器对晶体结构、形貌、激光反射率进行表征，研究 Sb 掺杂量对 ATO

纳米颗粒的结构、晶粒尺寸和激光反射性能的影响。结果表明：共沉淀法制备的 ATO 纳米颗粒为四方相金红石

结构，粒径大小约为几十纳米；随着 Sb 掺杂量的增加，ATO 的晶粒尺寸减小，晶胞体积则逐渐增大；与未掺杂

的 SnO2粉末相比，Sb 掺杂后的 ATO 粉末在 1.06 µm 激光波长处的反射率明显低于未掺杂的 SnO2的反射率；随

着 Sb 掺杂量的增加，反射率值呈先减小后增大的趋势，在 Sb 掺杂量为 20 %时， ATO 粉末在 1.06 µm 激光波长

处的反射率低于 0.02%，激光隐身性能最佳。 

关键词：氧化锡锑(ATO)；Sb 掺杂量；共沉淀法；激光隐身 
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