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요 약

본 연구에서는 폐 ITO 타겟을 염산에 용해시킴으로써 인듐- 주석 복합 산 용액을 제조하여 원료용액으로 사용하였다. 이 원료

용액으로부터 분무열분해 공정에 의하여 평균입도 30 nm 이하의 ITO 분체를 제조하였다. 또한 본 연구에서는 인듐-주석 산화물

(ITO) 형성을 위한 열역학적 수식들을 확립하였다. 반응온도가 800oC로부터 900oC로 증가됨에 따라 평균입도 30 nm 이하인 나노

입자들이 응집되어 있는 액적 형태의 비율 및 크기는 감소하는 반면 표면 조직은 더욱 치밀해짐을 알 수 있었다. 반응온도가 800oC

인 경우에는 생성된 분체의 평균입도는 약 20 nm이었으며, 현저한 소결 현상은 나타나지 않았다. 한편, 반응온도가 900oC인 경우에

는 노즐에 의하여 미립화되는 액적의 분열 현상은 800oC의 경우보다 심하게 나타났으며 액적 형태의 비율은 현저하게 감소하였다.

형성된 입자들의 평균 입도는 약 25 nm로서 800oC의 경우보다 약간 증가하였다. 반응온도에 관계없이 ITO 입자들은 단결정으로 구

성되어 있었다. XRD 분석 결과 분무열분해 공정에 의하여 염화물 상은 전혀 존재하지 않았으며 오직 ITO 상만이 형성되었음을 알

수 있었다. 반응온도가 800oC로부터 900oC로 증가함에 따라 비표면적은 약 30% 감소하였다.

주제어 : 폐 ITO 타겟, 인듐-주석 복합 산 용액, 나노 ITO 분체, 분무열분해, 평균입도

Abstract

In this study, waste ITO target is dissolved into hydrochloric acid to generate a complex indium-tin chloride solution. Nano

sized ITO powder with an average particle size below 30 nm are generated from these raw material solutions by spray pyrolysis

process. Also, in this study, thermodynamic equations for the formation of indium-tin oxide (ITO) are established. As the reaction

temperature increased from 800oC to 900oC, the proportion and size of the spherical droplet shape in which nano sized particles

aggregated gradually decreased, and the surface structure gradually became densified. When the reaction temperature was 800oC,

the average particle size of the generated powder was about 20 nm, and no significant sintering was observed. At a reaction tem-

perature of 900oC, the split of the droplet was more severe than at 800oC, and the rate of maintenance of the initial atomized

droplet shape decreased sharply. The average particle size of the powder formed was about 25 nm. The ITO particles were com-
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posed of single solid crystals, regardless of reaction temperature. XRD analysis showed that only the ITO phase was formed.

Remarkably, the specific surface area decreased by about 30% as the reaction temperature increased from 800°C to 900°C.

Key words : waste ITO target, complex indium-tin chloride solution, nano-sized ITO powder, spray pyrolysis process, average

particle size

1. Introduction

Along with the development of information and

telecommunication industry, several types of flat panel

display, such as liquid crystal display (LCD), electro-

luminescent display and field emission display (FED),

have been developed. For the manufacture of these flat

panel displays, a transparent electrode must be utilized,

and this electrode is required to have high electrical

transmissivity within the visible spectrum, and excellent

electrical conductivity and electromagnetic wave shield-

ing ability. ITO (Indium Tin Oxide) film made from

ITO target by sputtering method can satisfactorily serve

this purpose. Consequently, research activities related to

the manufacture of ITO film and its property enhance-

ment are being conducted actively. However, there hasn’t

been too much research effort regarding the effective

recycling of waste ITO target generated from the manu-

facturing process of ITO film.

Generally, the spray pyrolysis process1-9) is known to

be very effective in manufacturing high functional

powder. This method has a number of advantages. First,

dry method processes (including the mixing, calcination,

and milling of solid powder) can be omitted, making

the whole process comparatively simple. Second, since

it is much easier to remove impurities in a solution

state than in a solid state, impurities can be reduced,

and the properties of the generated particles can be

controlled depending on the different conditions of the

pyrolysis reaction.

The main purpose of this study is to develop an

effective recycling technology for waste ITO target using

a spray pyrolysis process. In this study, waste ITO target

is dissolved into hydrochloric acid to generate a complex

indium-tin chloride solution. Using this solution as raw

material, a nano-sized ITO powder with an average

particle size below 30 nm is generated by spray pyrolysis

process. Also, the influence of reaction temperature on

the properties of the generated powder is examined.

2. Experimental

In this study, through a spray pyrolysis process, waste

ITO target was utilized as a raw material for the manu-

facture of a nano-sized ITO powder. The purity of the

waste ITO target was greater than 99.9%, and the contents

of SiO2, P, Ca, Cr and Cu were less than 100 ppm.

Waste ITO target was first dissolved into an HCl

solution until the indium concentration of the solution

was adjusted to 300 g/L. Tin was added into the solution

so that the ratio between In2O3 and SnO2 in the generated

ITO powder was 9:1. The solution was triple-filtered

through filter paper, and the purified solution was utilized

as the raw material for the spray pyrolysis process. The

contents after purification are shown in Table 1.

In order to generate an ultra-fine solid powder with

uniform particle size and shape, an efficient spray

pyrolysis system was specially designed and built for

this study. A nozzle made of titanium was used as a

micronization device, and the inside diameter of the

nozzle tip was 2 mm. The raw material solution was

fed into an inlet of the nozzle using a micro-quantifying

pump with an inflow speed of 10 mL/min. Pressurized

air, supplied by an air compressor of 3 kg/cm2, was

fed into the other inlet of the nozzle so that the solution

was micronized into fine droplets. The raw material

Table 1. Contents of the impurities in indium-tin chloride

solution

Component Fe Si Ca Na Cr

Content 10 9 10 6 5



26 김동희 ·유재근

J. of Korean Inst. Resources Recycling Vol. 27, No. 2, 2018

solution was in turn sprayed into the reaction furnace,

where the inside temperature was adjustable from 800oC

to 900oC. Nano-sized ITO powder was subsequently

collected using cyclone and bag filter systems, respec-

tively, and the toxic gases generated in the process were

cleaned using a scrubber system. A schematic diagram

of this system is shown in Fig. 1.

The properties of the ITO powder generated were

examined. Variations in particle distribution, average

particle size, and particle shape were analyzed using

transmission electron microscopy (TEM, JEM 2100F,

JEOL) and scanning electron microscopy (SEM, Quanta

200, FEI). The variations of the phase and structure of

the powder were analyzed using an X-ray diffractometer

(XRD, DMAX-2500V, Regaku), and measurements of

specific surface area were also performed (ASP 2020,

Micromeritics).

3. Results and Discussion

3.1. Thermodynamics consideration for the

formation of ITO by spray pyrolysis process

When the indium component presents with trivalent

ions in raw material solution, thermodynamic pyrolysis

reactions for the production of solid indium oxide can

be reflected through the following reactions10,11).

2In(l) + 3/2O2(g) = In2O3(s) (1)

ΔGo = −901,861.2 + 303.88 T Joules (1-1)

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

ΔGo = −246,000 + 54.8 T Joules (2-1)

Subtraction of equation (2) multiplied by 3 from

equation (1) gives the following equation.

3H2O(v) + 2 In(l) = 3H2(g) + In2O3(s) (3)

ΔGo = −163,861.2 + 139.48 T Joules (3-1)

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

ΔGo = −188,200 − 12.8T Joules (4-1)

The sum of the equation (3) and equation (4) multiplied

by 3 gives the following equation.

3H2O(v) + 2 In(l) + 3Cl2(g) = In2O3(s) + 6HCl(g) (5)

ΔGo = −728,461.2 – 101.08T Joules (5-1)

Thus, the standard Gibbs free energy change for

equation (5-1) at 800oC, 900oC, 1000oC and 1100oC

Fig. 1. Schematic diagram of spray pyrolysis system. 
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are −836,920, −847,028, −857,136 and −867,244 Joules

respectively,

In(l) + 3/2Cl2(g) = InCl3(g) (6)

The standard Gibbs free energy change for equation

(6) at 800oC, 900oC, 1000oC and 1100oC are −312,902,

−306,694, −300,461 and −294,204 Joules respectively.

Subtraction of equation (6) multiplied by 2 from

equation (5) gives the following equation.

2InCl3(l) + 3H2O(v) = In2O3(s) + 6HCl(g) (7)

Thus, the standard Gibbs free energy change for

equation (7) at 800oC, 900oC, 1000oC and 1100oC are

−211,116, −233,640, −256,214 and −278,836 Joules

respectively.

Meanwhile, the thermodynamic equation can be

expressed as equation (8) in case tin components exist

in the form of tetravalent ions12).

SnCl4(g) + 2H2O(g) = SnO2(s) + 4HCl(g) (8)

ΔGo = 40753 – 9.08T ln T − 3.9 T Joules (8-1)

Thus, the standard free energy change values for

equation (8-1) at the reaction temperature of 800oC

900oC, 1000oC and 1100oC are −31,419 −39,095, −46,847

and −54,672 Joules respectively.

From the sum of the equation (7) and (8), overall

reaction scheme for the formation of ITO can be

expressed as equation (9).

2InCl3(l) + SnCl4(g) + 5H2O(v) = (In2O3·SnO2)(s) + 10HCl(g)

(9)

Thus, the standard free energy change values for

equation (9) at the reaction temperature of 800oC, 900oC,

1000oC and 1100oC are −242,535, −272,735, −303,061

and −333,508 joules respectively. Therefore, it is confirm-

ed that formation of the solid-phase ITO by spray

pyrolysis process is possible.

3.2. Properties of ITO powder formed by spray

pyrolysis

Fig. 2 shows the results of the property changes of

the particles magnified 2,000X, based on SEM when

the reaction temperature was varied from 800oC to 900oC

under the following conditions: indium concentration in

raw material solution was maintained at 300 g/L, inflow

speed was set at 10 ml/min, nozzle tip size was set at

2 mm, and air pressure was maintained at 3 kg/cm2.

Fig. 3 reflects the property changes of the powder magni-

fied 200,000X, based on SEM under the same conditions

as in Fig. 2.

As the reaction temperature increased from 800oC to

900oC, the ratio and size of the droplet shape with fine

Fig. 2. SEM photographs of 2,000X magnified ITO powder according to the reaction temperature at raw material solution of 300

g/L indium, 10 mL/min. inlet speed of solution, 2 mm nozzle tip size and 3 kg/cm2 air pressure. (a) 800oC, (b) 900oC
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particles aggregated gradually decreased, and the surface

structure gradually became denser. The raw material

solution was atomized by the nozzle to form a droplet.

When the droplet is introduced into the reaction furnace

and the pyrolysis reaction proceeds, the solid ITO

precipitates from the surface of the droplet. Therefore,

if the solvent in the droplet does not pass through the

surface of the droplet smoothly, the pressure inside the

droplet increases and eventually the droplet becomes split.

At 800oC, evaporation of the solvent on the surface of

the droplet occurs as soon as the atomized droplet enters

the reaction zone. However, since the reaction temperature

is relatively low, the concentration difference between

the surface and the center of the droplet is also relatively

low. This remains the case until the evaporation of the

solvent in the droplet is completed, with the result that

severe droplet split does not occur during the pyrolysis

process. 

Therefore, as shown in Fig. 2(a), the powder formed

at 800°C consisted of a relatively spherical atomized

droplet shape, the size of the droplet shape was larger,

and the particle size distribution was more uniform than

at 900°C. This is due to the lack of any significant

droplet split at 800°C. The droplet shape shown in Fig.

3(a) consists of nanoparticles with an average particle

size of about 20 nm, as can be seen in Fig. 4(a), but

no significant sintering was observed. This is because

the droplet split phenomenon is not severe enough to

prevent the final particles produced by the pyrolysis

reaction from exhibiting an independent form or from

coexisting in the initial atomized droplet. Since the

reaction temperature is not high, it is supposed that the

average particle size is very fine (about 20 nm).

In the case of the reaction temperature of 900°C, the

splitting of the droplet at the initial stage of the pyrolysis

reaction becomes more severe than at 800°C. As shown

in Fig. 2(b), the ratio of maintaining the spherical initial

atomized droplet shape decreased sharply, and most of

the particles were in a severely fractured shape. These

results suggest that most of the particles cannot be main-

tained in spherical droplet form due to severe droplet

split as the reaction temperature increases. As Fig. 3(b)

indicates, the average size of the particles produced by

the pyrolysis reaction was 20-30 nm, which was not

significantly higher than at 800°C. However, as the

reaction temperature increased, the particle surface became

more densely formed due to the faster sintering, and

the particle size at the initial stage of the reaction was

reduced by the severe droplet split. However, the sintering

reaction also progressed more rapidly, so that the surface

of the particles became more dense and the average

particle size increased slightly.

Fig. 4 shows the structural properties of the particle

at a reaction temperature of 800°C using TEM. Fig. 4(a)

Fig. 3. SEM photographs of 200,000X magnified ITO powder according to the reaction temperature at raw material solution of

300 g/L indium, 10 mL/min. inlet speed of solution, 2 mm nozzle tip size and 3 kg/cm2 air pressure. (a) 800oC, (b) 900oC
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and Fig. 4(b) show the particles magnified 200,000X

and 1,000,000X, respectively; the average particle size

was about 20 nm, indicating that the sintering did not

proceed densely. Fig. 5 shows the structural properties

of the particle at a reaction temperature of 900°C using

TEM. Fig. 5(a) and Fig. 5(b) show the particles magnified

200,000X and 1,000,000X, respectively; the average

particle size was about 20-30 nm, indicating that the

sintering proceeded more densely than at 800°C. Fig.

6 shows the selective diffraction pattern for two arbitrary

Fig. 4. TEM photographs of 200,000X and 1,000,000X magnified ITO powder at reaction temperature of 800oC, raw material

solution of 300 g/L indium, 10 mL/min. inlet speed of solution, 2 mm nozzle tip size and 3 kg/cm2 air pressure. (a)

200,000X, (b) 1,000,000X

Fig. 5. TEM photographs of 200,000X and 1,000,000X magnified ITO powder at reaction temperature of 900oC, raw material

solution of 300 g/L indium, 10 mL/min. inlet speed of solution, 2 mm nozzle tip size and 3 kg/cm2 air pressure. (a)

200,000X, (b) 1,000,000X
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particles, examined in order to confirm whether the ITO

particles produced were single crystals. The particles

showed almost the same pattern and were confirmed to

have a dense single-crystal structure.

Fig. 7 (the results of XRD analysis under the same

reaction conditions as in Fig. 2) shows the phases of

the generated powder relative to the change of reaction

temperature. It can be seen from Fig. 7 that only the

ITO phase exists regardless of the reaction temperature.

When the reaction temperature is 800°C, there are no

unreacted products of indium chloride and tin chloride.

Hence, it can be concluded that, within the temperature

range of the reaction furnace, the pyrolysis reaction is

fully completed, despite the short reaction time. As the

reaction temperature increased from 800°C to 900°C,

the intensity of the first peak at the Miller index (222)

increased significantly. This is due to the effects of the

more densified structure and the increase in the average

grain size of single crystals being more predominant

than the effect of the size of the droplet type that ate

aggregates of ITO single crystals as the reaction

temperature increased from 800°C to 900°C.

Table 2 shows the change in the specific surface area

of the powder produced as the reaction temperature

increased from 800°C to 900°C. Remarkably, the specific

surface area decreased by about 30%. As in the case

of the XRD results, this is due to the effects of the

more densified structure and the increase in average grain

size of single crystals predominating over the decreased

Fig. 6. Selective diffraction pattern for arbitrary two particles according to the reaction temperature at raw material solution of

300 g/L indium, 10 mL/min. inlet speed of solution, 2 mm nozzle tip size and 3 kg/cm2 air pressure. (a) 800oC, (b) 900oC

Fig. 7. XRD patterns of ITO powder according to the

reaction temperature at raw material solution of 300

g/L indium, 10 mL/min. inlet speed of solution, 2

mm nozzle tip size and 1 kg/cm2 air pressure. (a)

800oC, (b) 900oC
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effects of the size of droplet type that ate aggregates

of ITO single crystals as the reaction temperature

increased from 800°C to 900°C.

4. Conclusion

In this study, a complex acid solution made from

waste ITO target underwent a pyrolysis reaction to gene-

rate a nano-sized ITO powder with an average particle

size below 30 nm. Also, in this study, thermodynamic

equations for the formation of indium-tin oxide (ITO)

are established.

When the reaction temperature was 800oC, the average

particle size of the generated powder was about 20 nm,

and no significant sintering was observed. At 900oC,

the split of the droplet was more severe than at 800oC,

and the rate of maintaining the initial atomized droplet

shape decreased sharply. The average particle size of

the powder formed was about 25 nm, which did not

increase significantly compared to the case of 800oC.

ITO particles were composed of solid single crystals

regardless of the reaction temperature. XRD analysis

showed that only the ITO phase was formed regardless

of the reaction temperature. Remarkably, the specific

surface area decreased by about 30% as the reaction

temperature increased from 800°C to 900°C.
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Table 2. Specific surface areas of ITO powder according to

the increase of reaction temperature from 800oC to

900oC at raw material solution of 300 g/L indium,

10 mL/min. inlet speed of solution, 3 kg/cm2 air

pressure and 2 mm nozzle tip size

Reaction

Temperature
800oC 900oC

BET (m2/g) 41 28


