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Fig.1  XRD patterns of the products 
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Fig.2  SEM (a~c) and TEM (d~f) images of the products: (a, d) Rb
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, (b, e) Cs

x

WO

3
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Fig.3  EDS spectra of the products: (a) Rb

x

WO

3
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Table 1  EDS analysis results of the products 

Cs  Rb  O  W 
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Fig.4  Full spectra (a), Cs 3d partial spectra (b) and Rb 3d partial spectra (c) of (Cs, Rb)-WO
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Fig.5  UV-Vis-NIR spectra of the products 
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Table 2  Optical properties of the products 

Product T

Vis

/% S

NIR

/% K 

Cs

x

WO

3

 79.57 81.38 160.95 

Rb
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WO

3

 75.92 57.50 133.42 

(Cs, Rb)-WO

3

 84.59 72.75 157.34 
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Fig.6  Effect of powders doped with different elements on 

thermal insulation performance 
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Synthesis of Alkaline Tungsten Bronze Powder by Sol-Gel Method  

and Its Characterization 

 

Huang Chunbo, Zheng Weimeng, Wang Junsheng, Li Liangpu, Hua Yue, Zhou Qiaoting, Zhou Tianzi, Lv Weizhong 

(Shenzhen University, Shenzhen 518060, China) 

 

Abstract: Powders of alkali tungsten bronze (M

x

WO

3

, M=Cs, Rb) were synthesized by sol-gel method. The effects of caesium doping, 

rubidium doping and caesium/rubidium co-doping on the crystal phase and morphology of tungsten bronze powders were investigated. The 

X-ray diffractometer (XRD), X-ray energy spectrometer (EDS), scanning electron microscope (SEM), X-ray photoelectron spectroscopy 

(XPS), UV-visible near-infrared spectroscopy (UV-Vis-NIR) and thermal film temperature tester were used to characterize the structure, 

morphology, optical properties and thermal insulation properties of the synthesized alkali tungsten bronze powders. The results show that 

the alkali-tungsten bronze powders synthesized by sol-gel method possess good crystallinity and small particle size. Moreover, the 

transparent adiabatic index (K=157.34) of Cs/Rb co-doped tungsten bronze powders is 23.92 higher than that of the Rb doped tungsten 

bronze powders. Additionally, the transmission rate mutation at 1076 nm of Cs doped tungsten bronze powders is improved by Cs/Rb 

co-doping. Finally, the temperature difference of Cs/Rb co-doped tungsten bronze powders is 4.9 °C, lower than that of the Rb doped 

tungsten bronze powders (decreased by 5.7 °C). 

Key words: sol-gel method; alkali tungsten bronze; co-doping 
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