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Abstract: The optimized leaching techniques were studied by technical experiment and neural network optimization for improving 
indium leaching rate. Firstly, effect of single technical parameter on leaching rate was investigated experimentally with other 
parameters fixed as constants. The results show that increasing residual acidity can improve leaching rate of indium. Increasing the 
oxidant content can obviously increase leaching rate but the further addition of oxidant could not improve the leaching rate. The 
enhancement of temperature can improve the leaching rate while the further enhancement of temperature decreases it. Extension 
leaching time can improve the leaching rate. On this basis, a BPNN model was established to study the effects of multi-parameters on 
leaching rate. The results show that the relative error is extremely small, thus the BPNN model has a high prediction precision. At 
last, optimized technical parameters which can yield high leaching rate of 99.5% were obtained by experimental and BPNN studies: 
residual acidity 50−60 g/L, oxidant addition content 10%, leaching temperature 70 °C and leaching time 2 h. 
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1 Introduction 
 

Indium−tin oxide (ITO) thin film is a semiconductor 
optoelectronic material, possessing special physical 
properties of visible light transmission, electric 
conduction, high hardness and chemical stability. 
Therefore, the ITO film has been used in various 
optoelectronic equipments for transparent and conductive 
layer, such as liquid crystal display (LCD), plasma 
display panel (PDP), organic light emitting diode  
(OLED) and touch panel. All over the world, almost 60% 
indium production was used for the preparation of ITO 
films [1]. Usually, the ITO film was prepared by a DC 
magnetron sputtering technology using ITO targets. 
Nevertheless, 85% of the ITO target, which needs to be 
recovered, could not be utilized for magnetron sputtering 
process [2]. Moreover, the Sn element also existed in 
ITO target, because the ITO target is a compound of 
In2O3 and SnO2 with the mass ratio of 9:1. The other 
elements are less in the ITO film. It is also essential to 
separate tin from indium firstly, with the purpose of 
recovery of indium from waste ITO target [3]. 

Previous literatures have reported the recovery of 
indium from ITO target. TOMII and TSUCHIDA [4] 

described an effective leaching method for indium 
recovery. KRAJEWSKI and HANUSH [5] demonstrated 
a technology for solvent extraction of indium from acidic 
or alkaline hydrous solutions. HSIEH et al [6] developed 
an efficient and simple method for recovery of indium by 
hydrometallurgical and hot immersion. ZHANG et al [7] 
recovered indium using TiO2 particles to absorb indium 
ions from solution. LIU et al [8] recovered indium using 
2-ethylhexyl phosphoric acid mono ester. Overall, among 
the above methods, the leaching and precipitation 
method has a high recovery rate and high technical 
stability, thus it is suitable for industrial production. 
Therefore, studying the leaching principle and improving 
leaching rate are necessary. 

The usual leaching process uses hydrochloric acid 
to leach indium oxide. During the process, leaching rate 
was influenced by many factors which are very 
complicated and have coupling effect. The complex 
relationship between leaching rate and technical 
parameters, therefore, is non-linear and difficult to find 
its mathematical model, while the artificial neural 
network could be used to approach a non-linear   
system. The artificial neural network has the abilities of 
associative learning, parallel processing and        
fault tolerance. In recent years, back propagation neural  
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network (BPNN) has been widely used for processing 
optimization [9,10]. Based on this, BPNN was adopted to 
optimize the leaching techniques. 

In the present work, the effects of various technical 
parameters on indium leaching rate were experimentally 
studied. Based on experimental results, the prediction 
model of leaching rate was developed with BPNN. Then 
the optimal technical parameters for obtaining a maximal 
leaching rate were obtained and were experimentally 
verified. 
 
2 Experimental 
 

Figure 1 shows the flow chart of indium recovery of 
waste ITO target. The ITO target was firstly smashed and 
then leached using oxidant and hydrochloric acid. Figure 
2 shows the flow chart of indium recovery from tin 
residue which was obtained from acid leaching in Fig. 1. 
The relative density of waste ITO target was 98% and the 
chemical composition is listed in Table 1, which was 
measured by ICP-AES. The waste ITO target was 
processed by caustic washing, drying, and smashing, 
respectively. This experiment was conducted by heating 
water bath and the temperature was controlled by 
electronic thermostat instrument with the error of ±1 °C. 
The experimental process used motor agitation and 
vacuum pump filtration for liquid−solid separation. The 
material drying adopted electric heating oven with the 
temperature error of ±1 °C. 
 
3 Results and discussion 
 

The purpose of this experiment is to leach indium as 
much as possible. However, the residual content of HCl, 
the added oxidant amount, leaching temperature, 
leaching time and other factors all have marked influence 
on the leaching rate of indium. So, the following work is 
to study the influence of various factors on the leaching 
rates of indium, in order to leach the maximal amount of 
indium. 
 
3.1 Effect of residual acidity on leaching rate 

The residual acidity means the residual acid 
concentration in solution after chemical reaction of 
leaching. In this experiment, the added quantity of waste 
ITO target, added amount of oxidant, leaching 
temperature, leaching time were fixed as constants, while 
the added HCl content was varied, in order to investigate 
the effect of residual acidity on leaching rate.     
Figure 3 shows the effect of residual acidity on leaching 
rate. Improving residual acidity can enhance the leaching 
rate of indium. When the residual acidity increases to  
50 g/L, the leaching effect tends to be gentle and     
the increasing rate of leaching rate is not obvious. 

 

 
Fig. 1 Flow chart of recovery of indium from waste ITO target 
 
Simultaneously, with the further increase of HCl content, 
the corrosion of equipment aggravated, and the 
environment pollution was more serious. Thus, 
considering all factors, the residual acidity of 50−60 g/L 
can yield the high leaching rate. 
 
3.2 Effect of added oxidant content on leaching rate 

The amount of added ITO powder, residual acidity, 
reaction temperature and reaction time were fixed as 
constants, while the added oxidant content, which was 
proportional to amount of waste ITO powder, was varied. 
The effect of added oxidant content on leaching rate was 
studied, as shown in Fig. 4. Obviously, it can be seen that 
the addition of oxidant can pronouncedly increase 
leaching rate of indium from ITO waste target. When the 
oxidant content reached 10%, high leaching rate of 
99.7% was obtained. The further addition of oxidant 
could not obviously improve the leaching rate. Therefore, 
the added oxidant content of 10% can lead to a high 
leaching rate exceeding 97.0%. 
 
3.3 Effect of temperature on leaching rate 

Figure 5 shows the effect of leaching temperature 
on leaching rate. It is obvious that the leaching 
temperature has noticeably influence on leaching rate. In 
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Fig. 2 Flow chart of indium recovery from tin residual obtained 
by indium recovery from waste ITO target 
 
Table 1 Chemical composition of waste ITO target (mass 
fraction, %) 

In Sn Cu Pb Fe 

72.74 7.16 0.034 0.02 0.0065 

 

 
 
Fig. 3 Effect of residual acidity on leaching rate with other 
parameters fixed as constants 
 
the temperature range of 50−70 °C, the enhancement   
of temperature can significantly improve the leaching 
rate from 87% to 99%. However, at the temperature of 
70−80 °C, the further increase of temperature cannot 
increase the leaching rate. 

 

 
Fig. 4 Effect of oxidant content on leaching rate with other 
parameters fixed as constants 
 

 
Fig. 5 Effect of temperature on leaching rate with other 
parameters fixed as constants 
 
3.4 Effect of reaction time on leaching rate 

The effect of reaction time on leaching rate was 
studied, as shown in Fig. 6. It can be seen that the 
extension time improves the leaching rate. After 2 h, the 
reaction is basically completed thus the further extension 
reaction time cannot improve the leaching rate. Therefore, 
the optimal leaching time should be selected bellow 3 h, 
which can yield 99.5% of leaching rate. 
 
4 BPNN optimization for leaching technical 

parameters 
 

In the present work, the artificial neural network 
(ANN) with back-propagation (BP) learning algorithm 
was established to optimize the leaching technical 
parameters [11]. The residual acidity and oxidant content 
belong to leaching liquid composition and have very 
close relationship. Moreover, leaching temperature and 
time belong to chemical reaction kinetic parameters. 
Therefore, two BPNN models were established for 
optimizing leaching liquid composition and reaction  
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Fig. 6 Effect of leaching time on leaching rate with other 
parameters fixed as constants 
 
kinetic parameters, respectively. In the first BPNN, 
residual acidity and added oxidant content were used as 
input variables, while the leaching rate was taken as the 
output. In another BPNN, leaching temperature and 
leaching time were used as input variables with leaching 
rate as output. Table 2 and Table 3 show the input and 
output variables. 
 
Table 2 Effect of acidity and oxidant content on leaching rate 

Residual HCl 
acidity/(g·L−1) 

Oxidant content/% Leaching rate/%

20 15 92.0 

30 15 97.0 

40 15 97.5 

50 15 98.5 

60 15 98.7 

70 15 99.0 

45 0 78.0 

45 5 91.5 

45 10 99.0 

45 15 98.5 

45 20 98.5 
 

In order to speed up the convergence of the training 
network, the original data were transformed into the 
range of 0 to 1 by the following equation: 
 

minmax

min
norm XX

XXX
−

−
=                          (1) 

 
where X is the primary technical parameter; Xnorm, Xmax 
and Xmin are normalized, maximal and minimal values of 
X, respectively. 

In the output layer of BP model, a linear function 
was used as the transfer function. The transfer functions 
of hidden layers adopted tan-sigmoid and log-sigmoid  

Table 3 Effect of leaching time and temperature on leaching 
rate 

Leaching temperature/°C Leaching time/h Leaching rate/%

50 2.0 87.0 

55 2.0 92.0 

60 2.0 97.5 

65 2.0 98.0 

70 2.0 99.0 

75 2.0 98.6 

80 2.0 98.4 

66 1.0 92.8 

66 1.5 96.5 

66 2.0 98.4 

66 2.5 98.0 

66 3.0 98.8 

 
functions, which are as follows: 
 

f(x)=tansig x 1
)2exp(1

2
−

−+
=

x
                 (2) 

f(x)=lgsig x 1
)exp(1

1
−

−+
=

x
                   (3) 

 
The mean square error (MSE) was used to minimize 

the average squared error between the real output and 
desired values. The BPNN parameters were selected by 
trail-and-error, because there is no theoretical method to 
determine the values. Traditionally, the learning rate and 
the momentum constants are set to be 0 to 1 [12−14]. It 
is essential to select an appropriate learning rate. When 
the learning rate is too high, the calculation is quick but 
it may reach an unstable state. However, when the 
learning rate is too low, the calculation will need long 
time. Thus, it is important to select an appropriate 
learning rate which can guarantee the stability and 
training time simultaneously. In the present work, the 
learning rate of 0.1 was selected. 

By BPNN prediction, the effects of technical 
parameters on leaching rates were obtained. Figure 7 
shows the effects of leaching liquid composition and 
leaching kinetic parameters on leaching rates. Figure 8 
shows the contour maps of three-dimensional graph 
which also shows the effects of leaching liquid 
composition and leaching kinetic parameters on leaching 
rate. The optimal parameters can be revealed from which 
it can yield high leaching rate. It can be seen that the 
optimal leaching liquid composition are residual acidity 
50−60 g/L and oxidant content 10%−20%. The optimal 
leaching kinetic parameters are temperature 65−80 °C 
and 2.2−3 h. The above optimal technical parameters can 
yield high leaching rates exceeding 98.6%. 
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Fig. 7 Effects of technical parameters on leaching rates: (a) 
Leaching liquid composition; (b) Leaching kinetic parameters 
 
5 Verification for BPNN optimization 
 

By the BPNN optimization, the optimal leaching 
technical parameters were selected as follows: residual 
acidity 50−60 g/L, oxidant content 10%, leaching time 
2.2 h and leaching temperature 70 °C. In order to verify 
the optimal parameters, the leaching experiment was 
conducted using above optimal parameters. Two ITO 
materials of waste ITO powder and waste ITO target 
were selected. The composition of waste ITO powder is 
as follows: 74.95% In, 6.96% Sn, and trace elements of 
Pb, Cu and Fe. The composition of waste ITO target is as 
follows: 75.02% In, 5.77% Sn, and trace element of Pb, 
Cu and Fe. Before the leaching experiment, the ITO 
target was crashed. The detailed experimental conditions 
are listed in Tables 4 and 5. 

It can be seen that no matter ITO powder or ITO 
target, the optimal technical parameters can yield high 

 

 

Fig. 8 Contour maps showing effects of technical parameters 
on leaching rates: (a) Leaching liquid composition; (b) 
Leaching kinetic parameters 
 
leaching rates exceeding 99.5%. While the BPNN 
predicts the leaching rate of 98.6%. It can be seen the 
error is 1.0%−1.3%, which shows good agreement 
between the experimental and BPNN predicted results. 
 
6 Conclusions 
 

1) The effects of various single technical parameters 
on leaching rate were investigated with other parameters 
fixed as constants. Improving residual acidity can 
enhance the leaching rate of indium. Increasing the 
oxidant content can pronouncedly enhance the indium 
leaching rate but the further addition of oxidant cannot 

 
Table 4 Leaching condition of ITO powder 

Solution Slag 
Experiment No. 

ρ(In)/(g·L−1) ρ(Sn)/(g·L−1) ρ(HCl)/(g·L−1)
Residue 
rate/% w(In)/% w(Sn)/% 

In leaching 
rate/% 

1 100.49 1.88 48.8 7.11 0.40 46.36 99.62 

2 110.66 2.05 55.7 7.45 0.45 75.16 99.55 

3 109.77 2.11 50.4 8.02 0.31 76.45 99.67 

4 117.11 2.08 59.2 6.92 0.19 77.04 99.82 

Average 109.51 2.18 53.5 7.38 0.34 76.25 99.66 
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Table 5 Leaching condition of ITO target 
Solution Slag 

Experiment No. 
ρ(In)/(g·L−1) ρ(Sn)/(g·L−1) ρ(HCl)/(g·L−1)

Residue 
rate/% w(In)/% w(Sn)/% 

In leaching rate/%

1 110.52 2.35 56.3 7.75 0.81 72.27 99.88 
2 108.79 1.97 49.8 7.85 0.56 72.36 99.94 
3 110.34 2.01 50.9 8.09 0.67 73.35 99.93 
4 115.07 2.47 52.4 8.11 0.92 73.05 99.90 

Average 111.18 2.20 52.4 7.95 0.74 72.76 99.91 
 
improve it. In the temperature range of 50−70 °C, the 
enhancement can significantly improve the leaching rate 
from 87% to 99%, but the further increase of temperature 
cannot increase the leaching rate. Extension leaching 
time can improve the leaching rate. 

2) A BPNN model was established to predict the 
optimal indium leaching rate. The results show that the 
average relative error between the predicted and 
experimental leaching rates is small. Therefore, the 
BPNN model can be used as an accurate model for 
predicting of leaching rate. 

3) By the experimental and BPNN studies, the 
optimal leaching rate was obtained as follows: residual 
acidity of 50−60 g/L, oxidant addition content of 10%, 
leaching temperature of 70 °C, leaching time of 2 h. 
Using above technical parameters, a high leaching rate of 
99.5% can be obtained. 
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神经网络优化 ITO 废靶酸浸回收铟 
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摘  要：以提高铟浸出率为目标，通过工艺实验结合神经网络研究 ITO 废靶酸浸的优化工艺。首先，固定其他工

艺因素，进行单因素如残酸度、氧化剂加入量、酸浸温度及时间对铟浸出率影响的实验研究。结果表明，增大残

酸度可提高铟浸出率；氧化剂的加入可明显提高铟浸出率，但增加到一定程度后浸出率提高不明显；升高温度可

明显提高浸出率，但继续升高则会降低铟浸出率；延长浸出时间也可提高铟浸出率。通过反向传播算法的人工神

经网络(BPNN)研究多因素的综合作用对铟浸出率的影响规律，预测值与实验值相差很小，表明所建立的 BP 模型

铟浸出率能比较准确地预测。最终，通过 BPNN 预测以及实验验证，获得高达 99.5%浸出率的工艺参数：残酸度

50~60 g/L、氧化剂含量 10%、浸出温度 70 °C 和浸出时间 2 h。 
关键词：铟；浸出率；ITO 废靶；人工神经网络模型 

 (Edited by Xiang-qun LI) 


