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Abstract In this study, using a tin chloride solution as the raw material, a nano-sized tin oxide powder with an average particle

size below 50 nm is generated by a spray pyrolysis process. The properties of the tin oxide powder according to the nozzle

tip size are examined. Along with an increase in the nozzle tip size from 1 mm to 5 mm, the generated particles that appear

in the shape of droplets maintain an average particle size of 30 nm. When the nozzle tip size increases from 1 mm to 2 mm,

the average size of the generated particles is around 80-100 nm, and the ratio of the independent particles with a compact surface

structure increases significantly. When the nozzle tip size is at 3 mm, the majority of the generated particles maintain the droplet

shape, the average size of the droplet-shaped particles increases remarkably compared to the cases of other nozzle tip sizes,

and the particle size distribution also becomes extremely irregular. When the nozzle tip size is at 5 mm, the ratio of droplet-

shaped particles decreases significantly and most of the generated particles are independent ones with incompact surface

structures. Along with an increase in the nozzle tip size from 1 mm to 3 mm, the XRD peak intensity increases, whereas the

specific surface area decreases greatly. When the nozzle tip size increases up to 5 mm, the XRD peak intensity decreases

significantly, while the specific surface area increases remarkably.
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1. Introduction

In general, spray pyrolysis process is known to be

highly effective for making high-quality functional powder.

This method has advantages in the process such as: the

power production processes can be omitted by the reaction

including mixing and calcinations of the solid phase

powders and crushing them; the particle characteristics can

be controlled by pyrolysis conditions; and the possibility

of impurity incorporation is less. In addition, this method

is known as suitable for the manufacturing of highly

functional metal oxide powder particle because the par-

ticles have average diameter of approximately 1 µm or less,

and the powders can be made directly without agglom-

eration between particles. Presently, several manufactories,

such as Scimarec of Japan, Merck of German, and SSC

of USA manufacture highly functional ceramic powders

by using the spray pyrolysis method. Meanwhile, research

activities related to the spray pyrolysis method are being

conducted by Schiemnn,1) Yu,2,4-7) Yi,3) Elmasry,8) Majumdar,9)

Pluym10-12) and Messing,13) and the applications of this

method are expanding quickly.

Meanwhile, flat Panel Displays essentially employ trans-

parent electrodes with high permeability in visible light

area, excellent conductivity and electromagnetic shielding;

ITO thin films prepared from ITO(Indium Tin Oxide) by

sputtering method are mainly used as the electrodes. Typ-

ically the light-transmitting electromagnetic wave shielding

material is required to have the transmittance of light in

the visible region(380~780 nm) of 60 % or more and

shielding capacity of 20 dB or more; and ITO has high

electrical conductivity and the light transmittance of more

than 80 %. Consequently, research activities related to the

manufacture of ITO film and its property enhancement are

being conducted actively.14-16) However, studies are scarcely

performed on the high-volume manufacturing processes

of the nano-sized tin oxide powder4) and indium oxide

powder6) which constitutes ITO. In particular, researches
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on the manufacture of tin oxide nano-powders, except for

the ones conducted by this research team, are almost none

due to the difficulties in the process. In addition, our

studies were limited on the effects of reaction temperature,

concentration of the solution, and air pressure, etc. on the

manufacture of tin oxide nano-powder; so, the effect of

the nozzle tip size was not investigated.

In this study, by using tin chloride solution as the raw

material, a nano-sized tin oxide powder with the average

particle size below 50 nm is generated by spray pyrolysis

process. And, the properties of the generated tin oxide

powder depending on the nozzle tip size are examined. 

2. Experimental Procedure

Raw material used in this study for manufacturing tin

oxide powder with the average particle size of less than

50 nm using spray pyrolysis process is tin chloride solution

where tin ingredients exist in the form of quadrivalent

ions. The concentration of tin was adjusted first to ap-

proximately 400 g / L by dissolving tin powder with a

purity of 99.9 % or more in the 25 % HCl solution. Because

most tin components exist in the form of divalent ions in

this solution as in equation 7), the formation of solid-

phase tin oxide is impossible by pyrolysis reactions. For

this reason, in this study, all the tin elements in the form

of divalent ions were forced to oxidize to quadrivalent

ions by adding the right amount of hydrogen peroxide

(H2O2) components in the prepared solution. It was found

to be theoretically possible to form solid-phase tin oxides

by pyrolysis reactions as expressed in equation 14) when

tin compositions exist in the form of quadrivalent ions.

Prepared solution was heated to 100 oC to remove residual

hydrogen peroxide in solution as well as to adjust the

concentration of tin in the solution composition precisely

400 g/L. This solution was filtered three times with filter

paper to use as the final raw material for spray pyrolysis

reaction. The used raw solution has contained SiO2, P, Ca,

Cr and Cu components under 100 ppm. The manufactured

solution was nearly saturated, so this solution was diluted

with distilled water to adjust the concentration of tin com-

position in the finally prepared raw solution to 150 g/L. 

In order to produce the nano-sized tin oxide powder

with average particle size below 50 nm, a spray pyrolysis

system is specially designed and built for this study. The

schematic diagram of this system is shown in Fig. 1. This

system enables the following features: the raw material

solution can be sprayed into the reaction furnace after

being efficiently atomized, the produced powder can be

collected effectively by a powder collection device named

bag filter, and the toxic gases generated in the process

can also be cleansed by a scrubber.

In this study, the raw material solution is micronized

into ultra fine droplets through a nozzle made of titanium,

and is in turn sprayed into a reaction furnace with the

inside temperature maintained at 900 oC. Subsequently,

tin oxide powders with the particle size below 50 nm are

generated, and are collected by a bag filter. The raw

material solution is fed into an inlet of the nozzle by a

micro pump with the inflow speed adjusted to 20 ml/min.,

while the pressurized air supplied by an air compressor is

fed into the other inlet of the nozzle with pressure of

3 kg/cm2 so that the solution can be micronized. Titanium

nozzle is used as the atomization device of the solution,

Fig. 1. Schematic diagram of spray pyrolysis system.
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and the inner diameter of the tip was varied to 1, 2, 3

and 5 mm to identify the change in the characteristics of

the solid-state powder that is generated according to the

change of atomized droplet size. Given various nozzle tip

size, the properties of the correspondingly generated powder

are examined by TEM(JEM-2100F, JEOL Ltd.) analysis

(whether there is the generation of single crystal particles),

SEM(Quanta 200, FEI Ltd.) analysis(particle size distri-

bution and particle shape), XRD(D/Max-2500V, Rigaku

Ltd.) analysis(powder phase and composition), and the

measurement of specific surface area(ASAP 2020, micro-

meritics Ltd.).

3. Results and Discussion

3.1 Thermodynamic discussion on the pyrolysis

In case tin components exist in the form of divalent ions

in the raw solution, thermodynamic pyrolysis reaction equa-

tions to form a solid phase tin oxide can be represented

by the following reactions.17)

Sn(l) + Cl2(g) = SnCl2(l) 1)

∆Go = −333,046 + 118.4 T Joules

H2(l) + 1/2O2(g) = H2O(g) 2)

∆Go = −239,534 + 8.14 T ln T − 9.25 T Joules

Sn(l) + O2(g) = SnO2(s) 3)

∆Go = −586,513 + 215.56 T Joules

H2(g) + Cl2(g) = 2HCl(g)  4)

∆Go = −182,171 + 3.6 T ln T − 43.68 T Joules 

Subtracting equation 3) from equation 1), the following

equation can be obtained.

SnCl2(l) + O2(g) = SnO2(s) + Cl2(g)  5) 

∆Go = −253,467 + 97.16 T Joules 

Thermodynamic reaction expression 6) can be repre-

sented from the results of equations 5) and equation 2).

SnCl2(l) + 2H2O(g) = SnO2(s) + 2H2(g) + Cl2(g)  6)

∆Go = 225,601 − 16.28 T ln T + 115.66 T Joules

Therefore, adding equations 4) and 6), the thermodynamic

equation 7) can be obtained for the case that there is tin

composition in the form of divalent ions.

SnCl2(l) + 2H2O(g) = SnO2(s) + H2(g) + 2HCl(g)  7)

∆Go = 43,430 − 12.68T ln T + 71.98 T Joules

The standard free energy change values at the reaction

temperature of 800 oC and 1000 oC in equation 7) are both

positive as 25,721 Joules and 19,662 Joules respectively.

Therefore, it was confirmed that forming solid-phase tin

oxide by pyrolysis was impossible in case tin exists in

divalent ions.

Meanwhile, in case tin components exist in the form of

quadrivalent ions in the raw solution, the thermodynamic

pyrolysis reaction equation to form a solid phase of tin

oxide can be represented by the following processes.

Sn(l) + 2Cl2(g) = SnCl4(g) 8)

∆Go = −512,540 + 150.6 T Joules 

H2(l) + 1/2O2(g) = H2O(g)  9)

∆Go = −239,534 + 8.14 T ln T − 9.25 T Joules

Sn(l) + O2(g) = SnO2(s) 10)

∆Go = −586,513 + 215.56 T Joules

H2(g) + Cl2(g) = 2HCl(g) 11)

∆Go = −182,171 + 3.6 T ln T − 43.68 T Joules 

The following relation can be obtained by subtracting

equation 8) from equation 10).

SnCl4(g) + O2(g) = SnO2(s) + 2Cl2(g)  12)

The thermodynamic equation 13) can be represented

from the results of equation 12) and 10).

SnCl4(g) + 2H2O(g) = SnO2(s) + 2H2(g) + 2Cl2(g)  13)

∆Go = 405,095 − 16.28 T ln T + 83.46 T Joules

Accordingly, the thermodynamic equation can be ex-

pressed as equation 14) from the result of equations 13)

and (11) in case tin components exist in the form of

quadrivalent ions.

SnCl4(g) + 2H2O(g) = SnO2(s) + 4HCl(g)  14)

The standard free energy change values at the reaction

temperature of 800 oC and 1000 oC in equation 14) are

both negative as −31,419 Joules and −46,847 Joules re-

spectively. Therefore, it was confirmed that forming solid-

phase tin oxide by pyrolysis was possible in case tin exists

in quadrivalent ions. 

3.2 The influence of the nozzle tip size

Fig. 2 shows the changes in the properties of particles

magnified 30, 000 times by SEM as the nozzle tip size

varies from 1 mm to 5 mm in case the pyrolysis reaction

temperature is maintained at 900 oC, the concentration of

the solution at 150 g/L, the inlet flow rate of the solution

at 20 ml/min., and air pressure at 3 kg/cm2. In addition,

Fig. 3 shows the results, 200,000 times magnified by SEM,

of the changes in the characteristics of the powder

formed under the same conditions as in Fig. 2. 

When the nozzle tip size is 1 mm, a fraction of powders

formed by the pyrolysis reaction exist in the independent

form as in Fig. 2(a), while most of them maintain the

spherical shape of droplets micronized at the initial stage

of pyrolysis reaction. In this case, particle size distribution

of the shape of droplets is relatively uniform and the par-
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ticle size is smaller compared to the case of other nozzle

tip sizes. On the other hand, the result of Fig. 3(a) de-

monstrates that the droplet-shaped powders shown in Fig.

2(a) are constructed in coagulated form of very small

particles with average particle size of about 30 nm. This

phenomenon is considered as caused from the fact that, if

the tip size is as small as 1 mm, the size of the droplets

atomized by the nozzle is significantly small, thus the

burst of the droplets is reduced, so finally formed powder

maintains the initial atomized droplets with relatively uni-

form particle size distribution rather than the case of

independent particles. Also, in the case of droplet-shaped

powders, because sintering time after the pyrolysis reaction

decreases due to the increase of the evaporation time of

the solvent within droplets compared to independent par-

ticles, the very small particles of the average particle size

of about 30 nm exist in the coagulated form. When the

nozzle tip size increases to 2 mm, the size of the atomized

droplet significantly increases compared to the case of 1

mm, so the pressure inside the droplets increases as the

pyrolysis proceeds, thus droplets are eventually burst and

the particle size distribution of the formed powder appears

more irregular. As seen in Fig. 2(b), a portion of the powder

formed by pyrolysis reaction maintains the spherical initial

atomization droplet form, while the proportion of inde-

pendent particles shows a significant increase. In addition,

particle size distribution of the droplet-shaped powders is

significantly inhomogeneous compared to the case of 1

mm tip size, whereas the average particle size increases

significantly. These results is thought to be from the fact

that many particles is isolated in independent forms as

well as to increase the particle size of the droplet-shaped

powder due to the increases of the size of the atomized

droplets and burst of the droplets as the tip size increases.

On the other hand, Fig. 3(b) demonstrates that the droplet-

shaped powders shown in Fig. 2(b) are constructed with

particles with average particle size of about 30 nm, whereas

in the case of independent particles, the average particle

size significantly increases to 80-100 nm, as well as the

surface structure of the particles is relatively solid. This

result is believed to be from the fact that it takes more

time for the evaporation of the solvent in the droplets com-

Fig. 2. SEM photographs of produced powder according to nozzle tip size at 900
o
C, raw material solution of 150 g/l Sn, 20 ml/min. inflow

speed of the solution and 3 kg/cm2 air pressure. (× 30,000); (a) 1 mm, (b) 2 mm, (c) 3 mm and (d) 5 mm.



Infleunce of Nozzle Tip Size on the Preparation of Nano-Sized Tin Oxide Powder by Spray Pyrolysis Process 85

pared to independent particles, so, sintering time is not suf-

ficient after the pyrolysis reaction, while the average

particle size of the particles increases significantly, as

well as the particle surface is formed more solid. When

the nozzle tip size increases to 3 mm, the some powder

formed by the pyrolysis reaction exists in the form of

independent particles as shown in Fig. 2(c), but most of

the powder present as droplet shape. The particle size dis-

tribution of the droplet-shaped powders is very irregular;

average particle size increases significantly compared to

the other case of nozzle tip size. The result is considered

to be from the combined effect, due to the increase of tip

size to 3 mm, that the particle size distribution gets non-

uniform according to the increase of burst of the droplet

due to the increase droplet size, significant increase of

average particle size of the droplet-shaped powders ac-

cording to the increase of the atomized droplet size, and

the decrease of the burst of the droplet according to the

increase of the evaporation heat of the solvent due to the

increase of the atomized droplet size. On the other hand,

the results from Fig. 3(c) show that the droplet-shaped

powders in Fig. 2(c) are composed of nano-sized parti-

cles with average particle size of about 30 nm, whereas

in the case of independent particles, the surface of the

particles is dense rather than the case of droplet-shaped

powders, but the fine particles are not sintered to fully

dense form. The results are due to the facts that: the

increase of the nozzle tip size causes the atomized droplet

size increase, thus the increase of time taken for the

evaporation of the solvent within the droplets, the increase

of evaporation heat due to the evaporation of the solvent,

which causes the effects of the decrease of the sintering

time after the pyrolysis reaction and sintering temperature,

which prevents the growth of particles maintaining the

droplet-shaped powders as well as sufficient reaction of

independent particles, thus the particle surface is not dense

enough. As the nozzle tip size increases to 5 mm, the frac-

tion of the of droplet-shaped powders significantly decreases

as shown in Fig. 2(d); and the average particle size greatly

decreases compared to the case of 3 mm; and exist in the

almost independent form. This result is due to the combined

effects such as the effect of more severe burst of the droplet

Fig. 3. SEM photographs of produced powder according to nozzle tip size at 900 oC, raw material solution of 150 g/l Sn, 20 ml/min. inflow

speed of the solution and 3 kg/cm
2 

air pressure. (× 200,000); (a) 1 mm, (b) 2 mm, (c) 3 mm and (d) 5 mm. 
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due to significantly increased atomized droplet size ac-

cording to the further increased nozzle tip size; and the

decrease of sintering reaction due to the increase of the

heat of vaporization of the solvent as well as the increased

time required for the evaporation of solvent within the

droplets. The other hand, the results of Fig. 3(d) show that

the droplet-shaped powders shown in Fig. 2(d) consist of

nano-sized particles with the average particle size of about

30 nm, while some of the independent particles shows the

form of a single particle with particle surface of relatively

dense cohesive form, while most of the independent par-

ticles shows the coagulated form of fine particles. This

result is considered to be from the fact that, as the nozzle

tip size increases to 5 mm, the atomized droplet size sig-

nificantly increases, which causes very severe burst of the

droplets, so a fraction of the formed particles after pyrolysis

reaction maintaines the droplet from and most of them

keep fragmented independent form, but the surface do not

show dense single-particle form due to the decrease effect

of sintering reaction by the increase of the evaporation

time of solvent and evaporation heat of the solvent from

the increase of atomized droplet size, and the fine particles

with not sufficiently densified shows coagulated form. 

Fig. 4 is the result of TEM analysis, which shows the

structural property of the generated powder, and the dif-

fraction patterns of individual particles for identifying the

generation of single crystal. Because there are similar

patterns for other particles, the compact single crystal struc-

ture of the generated powders can be confirmed by this

analysis.

In Fig. 5, the results of XRD analysis under the same

reaction conditions as in Fig. 2, show the chemical forms

of the generated powder at different nozzle tip size, and

the corresponding Miller Index of each peak. Regardless

of the changes in nozzle tip size from 1 mm to 5 mm, tin

oxide is the only existing form of the powder. As the tip

size increases from 1 mm to 2 mm, the Miller Indexes

corresponding to the primary, secondary, and tertiary

peaks of the XRD are changed from (110), (101) and

(211) to (101), (110) and (211), and the intensities of the

peaks increase considerably. The results are from the fact

that the effect of the increase in the average particle size

of the droplet-shaped particles and other independently

formed particles that are finally formed due to the in-

crease of the atomized droplet size as the nozzle tip size

increases from 1 to 2 mm acts more greatly than the

effect of reduced portion of droplet-shaped particles and

the increase fraction of independent particles due to the

increase of the burst of the droplets as is shown in Fig. 2

and Fig. 3. When the nozzle tip size increases to 3 mm, the

Miller Indexes corresponding to the primary, secondary,

and tertiary peaks appear as (211), (101) and (110), and

the intensities of the peaks significantly increase. The

results are from the fact that the combined effect of the

effect of the significant increase in the average particle

size of the droplet-shaped powder due to the increase of

the atomized droplet size and the effect of decrease of

the burst of the droplets due to the increase of the

evaporation time and heat of the evaporation of solvent

as the nozzle tip size increases far more acts even more

greatly than the effect of the reduction of sintering

Fig. 5. XRD patterns of produced powder according to nozzle tip size

at 900
o
C, raw material solution of 150 g/l Sn, 20 ml/min. inflow

speed of the solution and 3 kg/cm
2 

air pressure; (a) 1 mm, (b) 2 mm,

(c) 3 mm and (d) 5 mm.

Fig. 4. TEM photographs of produced powder and selective dif-

fraction pattern of single particle at reaction temperature of 900
o
C,

raw material solution of 150 g/L Sn, 20 ml/min. inflow speed of the

solution, 2 mm nozzle tip size and 3 kg/cm2 air pressure. (a) TEM

photographs of produced powder and (b) Selective diffraction pattern

of single particle.
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reaction due to the increase of burst of the droplets and

evaporation heat of solvent from the increase of the

atomized droplet size as was shown in Fig. 2 and Fig. 3.

As the tip size increases to 5 mm, the Miller Indexes

corresponding to primary, secondary, and tertiary peaks

appear as (110), (101) and (211) as is in 1mm, the

intensity of the peaks decreases significantly differently

from other tip sizes. This result is due to the fact that, as

the tip size increases significantly, atomized droplet size

significantly increases accordingly to cause the burst of

the droplet very active, so the portion of droplet-shaped

powder due to the aggregation of the particles decreases

significantly, and the independent particles also cannot show

completely dense condition due to the reduced sintering

reaction from the increase of the evaporation heat of

solvent. 

Fig. 6 shows the changes in specific surface area of the

powder as the tip size increases under the same reaction

conditions as in Fig. 2. As the tip size increases from 1

mm to 2 mm, the specific surface area decreases rela-

tively large. As shown in Fig. 2 and Fig. 3, this is due to

the fact that the effect of the significant increase in

average particle size of the of independent particles and

the increase of the compaction of the particle surface that

appear as the tip size increases acts more significantly

than the effect of the decrease of the fraction of droplet-

shaped particles and the increase of independent particles

due to the increase of the burst of the droplets. When the

tip size increases to 3 mm, the specific surface area

significantly decreases. This result is believed from the

reason that the effect of the significant increase of the

average particle size of the droplet-shaped powder existed

with the aggregate form of formed particles after the

pyrolysis reaction due to the increase of the droplet size

according to the increase of the tip size and the effect of

the decrease of the burst of the droplets due to the in-

creased solvent evaporation are greater than the effect of

the reduction of the sintering reaction due to the increase

of the burst of the droplet and the increase in evaporation

heat of solvent from the increase in atomized droplet size.

When the tip size increases to 5 mm, the specific surface

area significantly increases compared to the other tip sizes.

This result is considered to be from the reason that the

surface of the particles does not show dense condition due

to the increase of the evaporation heat of solvent as well

as the fraction of the independent particles. increases sig-

nificantly due to the significant increase of the burst of

the droplet as the tip size increases far more.

4. Conclusion

In this study, tin oxide powders with the average particle

size of 50 nm or less are prepared by spray pyrolysis

process using tin chloride solution as a raw material, and

the change in the properties of particles are investigated

according to the nozzle tip size changes. 

When the nozzle tip size is 1 mm, the average particle

size is approximately 30 nm, and most formed particles

shows the shape of the droplet. When the tip size increases

to 2 mm, the formed particles shows the aggregated

droplet-shaped powder with particles of 30 nm in average

particle size, and also shows the independent form of the

average particle size of 80-100 nm and compact surface

structure. When the tip size increases to 3 mm, the fraction

of independent particles markedly decreases, and most

particles of 30 nm in average particle size forms aggre-

gated droplet-shaped powder. The average particle size of

the droplet-shaped powder increases significantly, and the

particle size distribution is very irregular. When the tip

size increases to 5 mm, the fraction of the droplet-shaped

powder decreases significantly. Most of the powder shows

independent form, and the surface structure is not dense

enough. 

As the nozzle tip size increased from 1 mm to 3 mm,

the XRD peak intensities increase whereas the specific

surface area decreases significantly. On the other hand,

when the tip size increases to 5 mm, the XRD peak in-

tensities significantly decrease, and the specific surface area

increase significantly. In particular, as the tip size increases

from 3 mm to 5 mm, the specific surface area increase

approximately three-fold.

Fig. 6. Specific surface areas of produced powder according to

nozzle tip size at 900 oC, raw material solution of 150 g/l Sn, 20 ml/

min. inflow speed of the solution and 3 kg/cm
2 

air pressure.
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