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In this study, a gel combustion method was used to prepare fluorine-doped tin oxide (FTO) nano 

powders. Stannous chloride dehydrate, hydrofluoric acid, and different fuels of glycine, urea, and citric 

acid were used to synthesize FTO nano powder, followed by calcination at 600 °C. The results showed 

that using citric acid as a fuel gives homogenous FTO nano powder with average particle size of 40 nm 

and round morphology. 
 

Keywords: Fluorine Doped Tin Oxide (FTO), Gel Combustion, Nano Powder, Citric Acid, Glycine, Urea. 
 

 PACS numbers: 61.46.Df, 61.05.cp 

 

 

                                                           
* F.dabir@modares.ac.ir  
† rsarrafm@modares.ac.ir  
‡ nriahi@nri.ac.ir  

1. INTRODUCTION 
 

Fluorine doped tin oxide (FTO) is a n-type semi-

conductor material with wide band gap within 3.0 to 

3.6 eV [1]. It is an advanced ceramic with many elec-

tro-optic applications due to its high electrical conduc-

tivity and transparency [2] and that’s why it has been 

used for preparing of transparent conductive coatings 

[1]. Typical applications of FTO include electrodes for 

LCD, solar cells, energy conserving architectural win-

dows, defogging aircraft, automobile windows, heat-

reflecting coatings, antistatic coatings, and wear re-

sistant layers on glass [2]. Various processes are re-

ported for synthesis of FTO nano powders such as co-

precipitation [3], vapor–liquid–solid (VLS) [4], sol–gel 

[5], emulsion technique [6], Pechini’s method [7], and 

sol-gel combustion method [2]. Sol–gel combustion 

method gives a homogenous, high purity and high 

quality nano powders due to the possibility of stochi-

ometric control [8]. C. H. Han et al. [2] synthesized 

FTO nano powder by sol–gel combustion method using 

acetylene black as a fuel. However, in this study, a gel 

combustion method was used to prepare FTO nano 

powder using glycine, urea, and citric acid as fuels.  

 

2. EXPERIMENTAL PROCEDURES 
 

SnCl2.2H2O, and HF 40% in water were used as 

starting materials. Urea, glycine, and citric acid were 

used as fuels. Table. 1 shows the characteristic of the 

raw materials. 

For the synthesis of FTO nano powder, 8.8 g of 

SnCl2.2H2O and 2 ml of HF 40% solution were dis-

solved in 40 ml of deionized water. Then, fuel was 

added to this solution. The molar ratio of fuel to metal 

was 1. After mixing and homogenizing of raw materi-

als, while heating the solution, the gel combustion 

process was carried out. The obtained powders were 

calcined at 600°C for 1 h. FTO nano powders were 

examined by XRD. Particle and size morphology were 

investigated by SEM. 

 

3. RESULTS AND DISCUSSION 
 

XRD patterns of samples using different fuels are 

shown in Figure 1. As the Figure 1 shows, in all of the 

samples, the characteristic peaks of cassiterite struc-

ture of SnO2 can be detected. Absence any impurity 

phases imply complete doping of fluorine atoms into 

SnO2 structure. The doping of fluorine to the SnO2 

structure, can promote more numbers of charge carri-

ers which results in increasing of the electrical con-

ductivity [1].  

Figure 2 shows the microstructure of samples us-

ing different fuels. The particle size and morphology 

of the synthesized FTO powders depend on the nature 

of the used fuel. Powders synthesized using urea, 

have the largest average particle size (~ 190 nm). This 

is due to a higher gel combustion rate in the presence 

of urea as a fuel [9]. When glycine was used, the re-

leased heat is more during combustion which yields a 

growth of the particle size (~ 175 nm). From the SEM 

images and XRD patterns, it is possible to find out 

that citric acid gives better results. It is likely due to 

the easier complex formation and homogenous gel 

using citric acid as a fuel [10]. Therefore, the for-

mation temperature of the FTO nano powder can be 

decreased which results the smallest average particle 

size in comparison to other fuels (~ 40 nm).  
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Table 1 – Characteristic of raw materials 
 

№ Raw Materials Fotmulation Product Number Manufacturer 

1 Stannous chloride dehydrate SnCl2.2H2O 107813 Merck 

3 Hydrofluoric Acid HF 40% 100338 Merck 

4 Urea NH2CONH2 818710 Merck 

5 Glycine NH2.CH2.COOH 101196X BDH 

6 Citric Acid C6H8O7.H2O 818707 Merck 
 

 
 

Fig. 1 – XRD patterns of FTO powders using different fuels, 

(A) Urea, (B) Glycine, (C) Citric acid 

 
 

Fig. 2 – SEM pictures of FTO powders using different fuels, 

(A) Urea, (B) Glycine, (C) Citric acid 

 

4. CONCLUSIONS 
 

It is possible to prepare FTO nano powder by gel 

combustion method. This method gives a homogenous, 
high purity and high quality nano powders. Citric acid acts 

as a fuel in the gel combustion method and makes a 

suitable FTO nano powder  with average particle size of 

40 nm and round morphology. 
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