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Abstract: An electrochemical study on the redox behavior of indium in the eutectic LiCl−KCl system at 450 °C was 
carried out with the transient techniques of cyclic voltammetry and chronopotentiometry on an inert molybdenum 
electrode. The reduction of In(III) was found to be a two-step process involving In(III)/In(I) and In(I)/In couples at the 
potentials of about −0.4 and −0.8 V versus Ag/AgCl, respectively. The redox mechanism was further confirmed by the 
theoretical evaluation of the number of transferred electrons based on cyclic voltammetry and characterizations of the 
precipitates generated by the potentiostatic electrolysis. The diffusion coefficients of indium ions in the eutectic 
LiCl−KCl melt at 450 °C were estimated by cyclic voltammetry and chronopotentiometry. The results obtained through 
the two methods are in fair agreement, delivering an average diffusion coefficient of approximately 1.8×10−5 cm2/s for 
In(III), and 1.4×10−4 cm2/s for In(I). 
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1 Introduction 
 

Indium is a rare and strategic metal due to its 
extremely low content in the earth crust, which is 
mainly obtained as a by-product from zinc sulfide 
ores processing [1−4]. Indium is currently widely 
used in many high-tech areas because varieties of 
indium compounds possess excellent semi- 
conductive or optoelectronic performance [5]. In 
particular, indium−tin oxide (ITO) film comprised 
of 90% In2O3 and 10% SnO2 has various favorable 
properties such as electrical conductivity, optical 
transparency, thermal reflection, and work 
functionality, making it an indispensable component 
of electrode in liquid crystal display (LCD) [6]. 
Therefore, production of ITO is currently the largest 
use of indium metal, accounting for approximately 

55%−85% of global indium generation [7]. 
Millions of electronic devices with LCD 

screens such as computers, mobile phones, laptops, 
and television sets are being produced and sold 
every year [8,9]. The huge production of the LCD 
electronic devices consequently leads to a 
tremendous increase in indium consumption of over 
150 t per year for the LCD fabrication. Based on the 
upper bound presumption, the demand for indium 
worldwide will reach as high as 350 t in      
2035 [10,11]. The rapidly increasing indium 
consumption has brought a great challenge to the 
considerably limited indium reserve base 
(approximately 16000 t) [9]. On the other hand, the 
short life cycles of the LCD electronic devices 
contribute to the increasing generation of end-of- 
life LCD. For instance, the average life cycle of 
television sets was reported to be 3−5 years, and 
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that of mobile phones and computers are even 
shorter [12,13]. In addition to be a sort of solid 
waste, the end-of-life LCD is one of the most 
favorable alternative indium resources considering 
its much higher indium content of up to 
1400×10−6 [14], compared to the ordinary sources 
for indium minerals such as sphalerite and 
chalcopyrite (10−20)×10−6) [9]. Therefore, efficient 
recovery of indium from end-of-life LCDs is of 
great significance for retaining the indium 
sustainability. 

Numerous attempts have been made to recover 
indium from the end-of-life LCDs via the 
pyrometallurgical and hydrometallurgical 
processes [15−17]. However, the traditional 
pyrometallurgical methods normally involve high 
temperature and vacuum system costs for 
quantitative recycling [11], and on the other hand, 
in hydrometallurgical processes, the acid leaching 
procedure always generates very dilute solutions 
with indium concentration of below 50 mg/L [18], 
which consequently results in difficulties in metallic 
indium recovery from the leaching solution. An 
electrochemical approach is considered to be a 
promising option for the development of 
sustainable recycling processes. The growth of 
demand for high purity indium and the low 
recycling rates of secondary indium resources 
inspire the research and development of new 
indium electrolytic recycling technologies. High 
temperature molten salt plays an important role in 
modern electrochemical scientific research as well 
as industrial practices. It has been recently proved 
that the electrochemical recycling of indium from 
scrap LCDs in a molten salt medium is technically 
feasible, representing the great potential of molten 
salt electrochemistry for application in secondary 
indium resources recycling [19]. 

It is one of the most important necessities of 
understanding the chemistry of indium in order to 
develop the optimal conditions for the 
electrochemical recycling process. Several attempts 
have been made to investigate the electrochemical 
behavior of indium in molten chloride media such 
as CaCl2−NaCl [20], ZnCl2−NaCl [21], NaCl−  
KCl [22], and LiCl−KCl [23−26], but no consensus 
on the redox mechanism has been found. The 
disagreement over the explanations on indium 
redox behavior suggests that further investigations 
on indium electrochemistry in molten chlorides are 

indispensable. In this work, a systematic study on 
indium electrochemical behavior in the eutectic 
LiCl−KCl system was carried out on an inert 
molybdenum electrode at 450 °C. The transient 
electrochemical techniques such as cyclic 
voltammetry and chronopotentiometry were 
employed to investigate the typical redox potentials 
of indium, reversibility and rate-determining step of 
the redox reactions, as well as diffusion coefficients 
of indium ions in the molten melt. The present 
study aims to provide profound understanding of 
indium electrochemistry in molten salt media, and 
more importantly, to serve new electrochemical 
technology development for the efficient indium 
recycling from secondary indium resources. 
 
2 Experimental 
 

The schematic diagram of the experimental 
set-up used in the present work is shown in Fig. 1. 
The three-electrode electrochemical cell was 
assembled in a corundum crucible, which was 
positioned within the constant temperature zone of 
a cylindrical corundum reactor and heated in an 
electric furnace. The temperature was determined 
by a Chromel-Alumel thermocouple with an 
accuracy of ±1 °C, and maintained at 450 °C with a 
proportional-integral-derivative (PID) thermal 
controller for each electrochemical measurement. 
Continuous argon gas circulation of 99.999% purity 
was applied to guaranteeing an inert atmosphere 
during the experiment. 

All the potentials in this work were with 
respect to a self-assembled Ag/AgCl (1.0 wt.%) 
reference electrode in a round bottom mullite tube. 
 

 
Fig. 1 Schematic diagram of experimental set-up (CE－

Counter electrode; RE－Reference electrode; WE－ 

Working electrode) 



Liang XU, et al/Trans. Nonferrous Met. Soc. China 31(2021) 1496−1505 

 

1498

A molybdenum wire (1 mm in diameter, 99.95% 
pure) and a graphite rod (6 mm in diameter, 
spectroscopically pure) were employed as the 
working and counter electrodes, respectively. The 
electrodes were polished with fine abrasive paper 
and subsequently washed in distilled water and 
anhydrous ethanol successively with ultrasound to 
remove impurities on the surface before each 
measurement. 

All the chemical reagents used in the present 
study were of analytical grade, which were stored in 
an inert argon atmosphere with the H2O and O2 
levels below 1×10−6 in a glove box before using. 
The eutectic mixture of LiCl−KCl with a mole ratio 
of 59:41 was initially dehydrated at 300 °C for over 
48 h and pre-melted at 550 °C for residual moisture 
removal, which played a role of supporting 
electrolyte for all the electrochemical measurements. 
The residual impurities were further removed from 
the molten salt system by pre-electrolysis at 2.8 V 
between two graphite electrodes for 2 h. Indium 
ions to be investigated were introduced into the 
melt in the form of InCl3 powders with the content 
of 1.0 wt.%. The three electrodes were inserted into 
the melt with an immersion area of 0.4788 cm2 for 
the molybdenum working electrode, and the 
Ag/AgCl reference electrode was positioned nearby 
the Mo wire to minimize the disturbance to the 
current distribution between the working and 
counter electrodes. The main experiments were 
allowed to be carried out after 2 h equilibrium 
between the electrodes and molten salt. 

All the electrochemical experiments were 
carried out with a Parstat 2273 potentiostat from 
Princeton Applied Research, and the PowerSuite 
2.58 software was used to achieve the data 
acquisition. The transient electrochemical 
techniques such as cyclic voltammetry and 
chronopotentiometry were applied to studying the 
electrochemical behavior of indium in the molten 
salt. X-ray diffraction (XRD, D8 Advance, Bruker 
axs) with the monochromatic target of Cu Kα was 
employed to study the crystal structure of the 
electrodeposited sample. 
 
3 Results and discussion 
 
3.1 Cyclic voltammetry in blank LiCl−KCl 

eutectic melt 
Electrochemical characterization of the blank 

LiCl−KCl eutectic melt was carried out to 
determine the electrochemical window of the 
molten salt system. Typical cyclic voltammograms 
were recorded during the cathodic and anodic 
polarization processes in the eutectic LiCl−KCl 
melt with a scan rate of 100 mV/s at 450 °C, as 
shown in Fig. 2. A graphite electrode was used as 
the working electrode instead of a Mo wire for the 
anodic polarization because the electrochemical 
dissolution of Mo will occur prior to chlorine 
evolution [20]. It is seen from Fig. 2 that during the 
cathodic polarization of the Mo electrode, the 
cathodic current increased rapidly when the 
potential was negatively swept beyond around 
−2.60 V, and the reversal of the potential sweep 
accordingly resulted in an anodic current wave. The 
redox reactions during the forward and reverse 
sweeps are attributed to the electrochemical 
deposition and dissolution of metallic lithium rather 
than potassium because Li+ is reduced prior to K+ in 
molten chlorides. On the other hand, the anodic 
polarization of a graphite electrode exhibited a 
steep increase in anodic current with the anodic 
potential sweeping over about 0.80 V, representing 
the onset of chlorine evolution from the molten salt. 
The linear portions of the CV curves during both 
the cathodic and anodic polarization processes are 
extrapolated to zero-current, and the reversible 
potentials of Li reduction and Cl2 evolution were 
accordingly obtained to be −2.70 and 0.94 V, 
respectively, indicating an electrochemical  
window of 3.64 V for the eutectic LiCl−KCl   
melt. The theoretical calculation of the reversible  
 

 
Fig. 2 Cyclic voltammograms of molybdenum (cathodic 

polarization) and graphite (anodic polarization) working 

electrodes in eutectic LiCl−KCl melt at 450 °C with scan 

rate of 100 mV/s (O－Oxidation peak; R－Reduction 

peak) 
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decomposition potential of lithium chloride at 
450 °C based on the Nernst equation delivered a 
result of 3.62 V, which agrees well with the 
experimental data determined by cyclic 
voltammetry. Moreover, the residual current within 
the electrochemical window of the eutectic 
LiCl−KCl melt is below 10 mA, suggesting that the 
effects of background disturbances from the 
supporting electrolyte are negligible for all the 
electrochemical measurements. 
 
3.2 Cyclic voltammetry with varied scan ranges 

A set of CV measurements were carried out 
within varied potential ranges at the scan rate of 
100 mV/s to study the redox mechanism of indium 
ions in the molten LiCl−KCl−InCl3 system, and the 
results are exhibited in Fig. 3. For the potential 
range of 0 to −0.2 V, no current peak was observed 
from the CV curve, indicating that no redox 
reaction involving indium ions occurred within this 
range. When the scan range was expanded over 
−0.3 V, the cathodic peak R1 started to appear in the 
CV curve and its corresponding anodic peak O2 was 
evident at about −0.3 V during the reversal of 
potential sweep. The peak shapes of R1 and O2   
are characteristics of soluble-soluble redox 
reactions [21], presumably related to the In(III)/In(I) 
exchange, derived as the partial reactions expressed 
in Eqs. (1) and (2):  
Peak R1: In(III)+2e→In(I)                  (1) 
Peak O2: In(I)→In(III)+2e                  (2) 
 

 

Fig. 3 Cyclic voltammograms in LiCl−KCl−InCl3 

(1.0 wt.%) melt at 450 °C with scan rate of 100 mV/s  

for varied scan ranges (working electrode: Mo (A= 

0.4788 cm2); counter electrode: graphite; reference 

electrode: Ag/AgCl) 

No significant current peak was noticed except 
the R1/O2 couple by further extending the potential 
range until −0.8 V, and thereafter a couple of redox 
peaks R2 and O1 began to appear in the CV curves. 
This couple of redox peaks became increasingly 
identified and no more current peak was further 
observed as the expansion of the scan range to 
−1.3 V. In contrast to cathodic peak R1, the peak 
current of R2 increased rapidly with the increase in 
electrode potential, which is characteristic of the 
formation of an insoluble substance. Its 
corresponding anodic peak O1 exhibits the 
characteristic of a stripping peak, with the current 
decay steeper than the rise, which further confirms 
that the reaction system involves an insoluble 
substance [20]. Therefore, it can be deduced that the 
redox peaks R2 and O1 are associated with the 
In(I)/In couple, as described in the partial reactions 
as Eqs. (3) and (4): 
 
Peak R2: In(I)+e→In                      (3) 
 
Peak O1: In→In(I)+e                      (4) 
 
3.3 Cyclic voltammetry with varied scan rates 

Cyclic voltammograms within a constant 
potential range of 0 to −1.3 V at varied scan rates 
between 100 and 900 mV/s with the step-size of 
100 mV/s are shown in Fig. 4. The current peaks O1, 
O2, R1 and R2 associated with the redox reactions of 
indium in the molten melt are clearly identified   
in the CV curve for each scan rate. In general, with  
 

 

Fig. 4 Cyclic voltammograms in LiCl−KCl−InCl3 

(1.0 wt.%) melt at 450 °C within scan range of 0 to 

−1.3 V at varied scan rates (working electrode: Mo 

(A=0.4788 cm2); counter electrode: graphite; reference 

electrode: Ag/AgCl) 
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the increase of the scan rate from 100 to 900 mV/s, 
all the redox peaks gradually intensified, and the 
cathodic peaks R1 and R2 negatively shifted to some 
extent, whereas the anodic peaks O1 and O2 moved 
to the positive side slightly. 

The reversibility of the redox reactions 
associated with indium in the molten melt was 
evaluated based on the relationship between scan 
rate and peak potential, as recorded in Fig. 5. It is 
seen that the cathodic peaks shifted 47 mV for R1, 
and 59 mV for R2 to the negative direction with the 
increase in scan rate (v) from 100 to 900 mV/s, and 
the peak potential changes of their corresponding 
anodic peaks were 32 and 49 mV towards the 
positive direction for O1 and O2, respectively. The 
minor potential changes of generally around 50 mV 
in a wide range of scan rate from 100 to 900 mV/s 
for all the current peaks involving indium indicate 
that the kinetics of In(III)/In(I) and In(I)/In is near 
to the limit for a reversible response [20]. Therefore, 
it can be concluded that the In(III)/In(I) and In(I)/In 
redox couples are of quasi-reversibility in the 
molten LiCl−KCl system. 
 

 
Fig. 5 Dependence of peak potential on natural logarithm 

of scan rate based on cyclic voltammetry 

 

For an electrochemical reaction system close 
to reversibility, the following equation is valid to 
theoretically calculate the number of transferred 
electrons of the electrode reactions: 
 
φp–φp/2=2.2RT/(nF)                       (5) 
 
where φp represents the peak potential, φp/2 means 
the half-peak potential, R is a molar gas constant 
(8.314 J/(molꞏK)), T is the thermodynamic 
temperature (723.15 K), n is the number of 
transferred electrons, and F is the Faraday constant 

(96485 C/mol). 
The number of transferred electrons (n) related 

to the cathodic peaks R1 and R2 were evaluated 
based on Eq. (5) at varied scan rates between 100 
and 900 mV/s. The results for peak R1 delivered an 
average n value of 1.86, indicating a two-electron 
exchange process of In(III)/In(I). The mean n value 
for peak R2 was calculated to be 1.23, which 
suggests that the reduction of In(I) to metallic In 
transferring one electron is the main electrode 
reaction at peak R2. These results show an excellent 
agreement with the conclusions obtained in Section 
3.2 that the redox process of indium follows a 
two-step mechanism of In(III)/In(I) and In(I)/In in 
the LiCl−KCl molten salt system. 

The peak currents of the redox peaks O1, O2, 
R1 and R2 were plotted with respect to the square 
root of the scan rate based on Fig. 4 to further 
evaluate the rate-determining step of the  
In(III)/In(I) and In(I)/In systems, as shown in Fig. 6. 
An excellent linear dependence was clearly evident 
for each current peak, indicating that all the redox 
reactions associated with indium in the eutectic 
LiCl−KCl melt follow the diffusion-controlled mass 
transfer. 
 

 
Fig. 6 Dependence of peak current on square root of scan 

rate based on cyclic voltammetry 

 

As a diffusion-controlled electrochemical 
system of close to reversibility, the diffusion 
coefficients of indium ions in the molten LiCl−KCl 
eutectic can be evaluated with the Randles− 
Shevchik equation as follows [27]: 
 
Ip=0.4463(nF)3/2(RT)−1/2AD1/2Cv1/2            (6) 
 
where D represents the diffusion coefficient  
(cm2/s), A is the surface area of the working 
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electrode (0.4788 cm2), and C is the bulk molar 
concentration of indium ions (mol/cm3). 

The diffusion coefficients of indium ions 
associated with the cathodic peaks R1 and R2 are 
theoretically calculated with Eq. (6), and the 
corresponding results are represented in Fig. 7. The 
deviation given in this figure depends on the varied 
scan rates of the CV analysis. As the cathodic peak 
R1 mainly involves the two-electron transfer 
reduction of In(III) to In(I), n=2 should be valid  
for In(III) diffusion coefficient evaluation. The 
result was calculated to be in the range of 
(1.1−2.5)×10−5 cm2/s with varying the scan rate 
from 100 to 900 mV/s, which gives a mean DIn(III) 
value of 1.5×10−5 cm2/s. Similarly, the cathodic 
peak R2 is associated with the reduction of In(I) to 
metallic In involving one-electron transfer, and 
thereby the DIn(I) value was obtained with n=1 based 
on Eq. (6), delivering an average diffusion 
coefficient of 9.7×10−5 cm2/s for In(I) ions in the 
eutectic LiCl−KCl melt at 450 °C. 
 

 

Fig. 7 Plots of diffusion coefficients of indium ions 

versus number of transferred electrons varying from 1 to 

3 evaluated based on cyclic voltammetry 

 
3.4 Chronopotentiometry 

The electrochemical behavior of indium in the 
eutectic LiCl−KCl molten salt system at 450 °C 
was further studied with chronopotentiometry. The 
typical chronopotentiograms were obtained by 
applying varied electrode currents from −10 to 
−45 mA with the step-size of 5 mA on the Mo 
working electrode, as shown in Fig. 8. 

Two transition time plateaus are clearly 
observed from the chronopotentiogram, indicating 
the two-step reduction process of In(III) in the 
eutectic LiCl−KCl melt. The plateau identified at 

 

 
Fig. 8 Typical chronopotentiograms in LiCl−KCl−InCl3 

(1.0 wt.%) melt at 450 °C for varied applied electrode 

currents (Working electrode: Mo (A=0.4788 cm2); 

counter electrode: graphite; reference electrode: 

Ag/AgCl) 

 
about −0.4 V corresponded to the cathodic peak R1 
in the cyclic voltammograms, relating to the 
two-electron transfer reduction of In(III) generating 
In(I). The plateau at approximately −0.8 V is 
attributed to the formation of metallic In by the 
one-electron transfer reduction of In(I), 
corresponding to the cathodic peak R2 in the 
aforementioned CV curves. In addition, it can be 
observed from the chronopotentiogram that the 
transient time (τ) decreased with the increase in the 
applied electrode current, which further confirms 
that the electro-reduction process is limited by the 
diffusion of indium ions in the melt. Therefore, the 
Sand’s law, which is valid for a diffusion-controlled 
electrochemical system, can be used to determine 
the diffusion coefficients of indium ions in the melt, 
as represented in Eq. (7) [27]: 
 
Iτ1/2=0.5nFCA(πD)1/2                      (7) 
 

The calculated results of diffusion coefficients 
of indium ions are plotted with respect to the 
number of transferred electrons in Fig. 9. The 
deviations of the results are owing to the varied 
applied electrode currents from −10 to −45 mA. 
Since the two transition time plateaus R1 and R2 are 
respectively associated with the In(III)/In(I) and 
In(I)/In couples, n=2 for plateau R1 and n=1 for 
plateau R2 are applied in Eq. (7) to evaluate the 
diffusion coefficients of In(III) and In (I), 
respectively. The theoretical calculations delivered 
a mean diffusion coefficient value of 2.0×10−5 cm2/s 
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Fig. 9 Plots of diffusion coefficients of indium ions 

versus number of transferred electrons varying from 1 to 

3 evaluated based on chronopotentiometry 
 
for In(III), and 1.8×10−4 cm2/s for In(I), which show 
a fairly agreement with the results obtained based 
on cyclic voltammetry in Section 3.3. 

The diffusion coefficients of In(III) and In(I) 
ions obtained in this study as well as that 
determined by the previously published research 
works in molten chlorides are summarized in 
Table 1. In general, the diffusion coefficients for 
indium ions at the valance state of +1 in the  
eutectic LiCl−KCl system can be hardly found from  

open literatures for comparison. BOUTEILLON       
et al [24,25] evaluated the diffusion coefficient of 
In(III) in the same molten salt system as that     
of this study by chronopotentiometry at varied 
temperatures. An increasing tendency of DIn(III) was 
clearly evidenced with the increase of temperature 
from 400 to 550 °C, because a higher temperature 
could effectively decrease the viscosity of the 
molten salt, which accordingly accelerated the 
diffusion of In(III) ions in the medium. The 
diffusion coefficient for 450 °C was given to be 
1.3×10−5 cm2/s, which accords closely with the 
corresponding result of the present study. 
BARBIER et al [22] investigated the electro- 
chemical behavior of indium in the NaCl−KCl 
medium. The results of DIn(III) were determined to 
be 4.2×10−5 cm2/s by the cyclic voltammetry, and 
4.5×10−5 cm2/s by the chronopotentiometry, which 
are similar to the data for the LiCl−KCl system. 
CASTRILLEJO et al [20, 21] utilized various 
methods such as cyclic voltammetry, semi-integral, 
chronopotentiometry, and chronoamperometry to 
evaluate the diffusion coefficients of In(III) and  
In(I) in the molten ZnCl2−NaCl and CaCl2−NaCl 
media at 450 and 550 °C, respectively. The results 
were turned out to be generally lower than that   
for the LiCl−KCl system, mainly due to the much 

 
Table 1 Comparison of diffusion coefficients of In(III) and In(I) determined in present study with literature 

Technique Molten salt 
Temperature/

°C 

DIn(III)/ 

(cm2ꞏs−1)
DIn(I)/ 

(cm2ꞏs−1)
Data source 

Cyclic voltammetry LiCl−KCl 450 1.5×10−5 9.7×10−5 This study 

Chronopotentiometry LiCl−KCl 450 2.0×10−5 1.8×10−4 This study 

Cyclic voltammetry CaCl2−NaCl 550 7.1×10−6 6.3×10−6 CASTRILLEJO et al [20] 

Semi-integral CaCl2−NaCl 550 7.0×10−6 7.6×10−6 CASTRILLEJO et al [20] 

Chronopotentiometry CaCl2−NaCl 550 6.7×10−6 − CASTRILLEJO et al [20] 

Cyclic voltammetry ZnCl2−NaCl 450 5.8×10−6 6.1×10−6 CASTRILLEJO et al [21] 

Semi-integral ZnCl2−NaCl 450 5.1×10−6 7.2×10−6 CASTRILLEJO et al [21] 

Chronopotentiometry ZnCl2−NaCl 450 6.4×10−6 6.2×10−6 CASTRILLEJO et al [21] 

Chronoamperometry ZnCl2−NaCl 450 5.3×10−6 5.5×10−6 CASTRILLEJO et al [21] 

Cyclic voltammetry NaCl−KCl 700 4.2×10−5 − BARBIER et al [22] 

Chronopotentiometry NaCl−KCl 700 4.5×10−5 − BARBIER et al [22] 

Chronopotentiometry LiCl−KCl 400 6.5×10−6 − BOUTEILLON et al [24,25] 

Chronopotentiometry LiCl−KCl 450 1.3×10−5 − BOUTEILLON et al [24,25] 

Chronopotentiometry LiCl−KCl 500 1.7×10−5 − BOUTEILLON et al [24,25] 

Chronopotentiometry LiCl−KCl 550 2.4×10−5 − BOUTEILLON et al [24,25] 
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smaller temperature difference of below 50 °C 
between the melting point of the molten melt and 
operation temperature, resulting in relatively high 
viscosities of the molten salt media and difficulties 
in mass transfer for indium ions. 
 
3.5 Potentiostatic deposition 

Potentiostatic electrolysis for indium (species) 
deposition on the molybdenum working electrode 
was carried out at the constant potentials of −0.5 
and −0.9 V, where the electrochemical signals (R1, 
R2) were detected in the cyclic voltammograms and 
chronopotentiograms during the cathodic processes 
of indium in the eutectic LiCl-KCl melt. After the 
potentiostatic electrolysis at −0.5 V, the solidified 
salt mixture was washed with distilled water and no 
insoluble residue was found, indicating a 
soluble-soluble reaction system at signal R1 in CV 
and CP curves, probably due to the In(III)/In(I) 
couple. Moreover, a small amount of yellow−red 
powders were observed on the cooling part of the 
corundum reactor sidewall and the internal surface 
of the furnace cover, which should be attributed to 
the condensation of the evaporated InCl from the 
molten salt medium during the electro-reduction 
process at −0.5 V and 450 °C [26], although the 
sample was not able to be quantitatively collected 
for further characterizations. This phenomenon 
further confirms that the signal R1 in the 
electrochemical measurements is associated with 
the two-electron transfer reduction of In(III) to In(I) 
in the eutectic LiCl−KCl melt. 

For the potentiostatic deposition at −0.9 V, 
some spherical metallic precipitates were collected 
in cathodic region of the molten salt mixture after 
electrolysis. This is considered to be due to the 
formation of liquid indium metal (melting point: 
156.6 °C) at the Mo cathode during the electrolytic 
reduction process which subsequently dropped into 
the molten melt by gravity. The obtained 
precipitates were characterized by XRD, and the 
result is shown in Fig. 10. As can be seen that the 
XRD pattern exactly matches the standard 
diffraction peaks of indium metal, representing the 
deposition of metallic indium by the potentiostatic 
electrolysis at the electrochemical signals R2 in CVs 
and CPs, mainly associated with the In(I)/In couple. 
The characterization results of the products 
obtained from the potentiostatic electrolytic 
processes accord well with the aforementioned 

cyclic voltammetry and chronopotentiometry 
analysis that the redox behavior of indium follows a 
two-step mechanism of In(III)/In(I) and In(I)/In in 
the eutectic LiCl−KCl molten salt system at 450 °C. 
 

 

Fig. 10 XRD pattern of precipitate by potentiostatic 

deposition at −0.9 V 

 
4 Conclusions 
 

(1) The cyclic voltammetry and chrono- 
potentiometry analysis results indicate that the 
redox reaction of indium in the eutectic LiCl−KCl 
melt at 450 °C is a diffusion-controlled process of 
quasi-reversibility. 

(2) The theoretical evaluation of the number of 
transferred electrons according to the cyclic 
voltammetry and characterizations of the 
precipitates from the potentiostatic electrolysis 
indicate that the reduction of In(III) follows a 
two-step mechanism of In(III)/In(I) and In(I)/In. 

(3) The diffusion coefficients of indium ions in 
the eutectic LiCl−KCl melt at 450 °C were 
theoretically evaluated based on cyclic voltammetry 
and chronopotentiometry. The results obtained 
through the both methods are in fair agreement, as 
to be DIn(III)=1.5×10−5 cm2/s and DIn(I)=9.7× 
10−5 cm2/s by cyclic voltammetry, and DIn(III)= 
2.0×10−5 cm2/s and DIn(I)=1.8×10−4 cm2/s based on 
chronopotentiometry. 
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铟在氯化物熔盐中的氧化还原行为 
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摘  要：采用循环伏安、计时电位等电化学分析测试手段对 450 °C 下 LiCl−KCl 共融盐中 In(III)在惰性钼电      

极上的电化学行为进行系统研究。结果表明：In(III)在熔盐中的还原是一个两步过程，电极反应 In(III)/In(I)和 

In(I)/In 分别发生在−0.4 V 和−0.8 V (vs Ag/AgCl)。结合还原过程电子转移数的理论计算以及恒电位沉积产物    

的表征进一步证明 In(III)在熔盐中的两步还原机制。此外，根据循环伏安和计时电位测试结果计算铟离子在 

450 °C 下 LiCl−KCl 共融盐中的扩散系数。采用两种方法得到的数据吻合良好，结果为 DIn(III)=1.8×10−5 cm2/s 和

DIn(I)=1.4×10−4 cm2/s。 

关键词：铟离子；氧化还原行为；LiCl−KCl 共融盐；废弃液晶显示屏；资源回收 
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