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Preparation of highr purity indium by electrorefining®
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Abstract: The application of indium requires high purity indium as material, and the high purity indium has been pre-

pared by electrorefining. The selection and preparation of electrolyte in electrorefining indium were investigated, and the
effect of component of electrolytic solution on electrolytic refining was also studied. Compared with electrolyte of InClsy

HCI, electrolyte of Iny(SO4) ¥ H2SO4 has higher stability and lower corrosivity, electrolytic solution can be heated at low

temperature, and bath is open and simple, which makes operation more convenient. T he results show that the voltage can
be kept at 0. 37 0.5 V, and the content of indium can exceed 99.999% when the content of indium( II) ion and sodium
chloride are 80 = 120 g/ L. The benclrscale test of electrolysis was carried out, and the product of indium reaches the na-

tional standard of 99.999% high purity indium.
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1 INTRODUCTION

The demands for indium have increased in recent
years because it is used in the ITO thirfilm, It V
semiconductor, fluorescent materials and metallorgan-
ic compound etc!"!. These applications need high pu-
rity indium as raw materials. The methods of purify-
ing indium include ionic exchange, vacuum distilla-
tion, region smelting, low halide and electrorefin-
ing!”'. Electrorefining, with short process flow,
simple and convenient operation and little invest-
ment, is a usual purification method. Both the selec
tion of electrolyte and control of component of elec
trolyte are very important for removing impurities,
which have been reported little in Chinal ">, The
selection and preparation of electrolyte and effect of
component of electrolyte on electrorefining were in-

vestigated in this paper.
2 EXPERIMENTAL

2.1 Principle of experiment

In electrorefining, the rude indium is used as an-
ode, the high purity indium as cathode, and
Iny(SO4) H2S04 solution as electrolyte. According
to the electrochemical theory, indium dissolves on the
anode:

In- 3e » In* ¥=-0.33V

The standard potentials of metals such as Fe,
Al, Zn and Ga are lower than that of indium, there
fore, these metals will dissolve in advance, and stay
in electrolyte. Metals like Ag, Cu, whose standard
potentials are higher than that of indium, will not
dissolve and drop into the bottom of the bath, settle
in the mud of the anode.

Indium deposits on cathode:

In** +3 - In ¥=-0.33V

Metals such as Fe, Al and Zn will not deposit on
the cathode and stay in electrolytic solution because of
their lower standard potentials and concentration.

2.2 Procedure of experiment

Some pre-purified indium( 99. 9% ) was dissolved
in low concentration solution of H>SOy4, then some
sulfocarbamide and gelatin solution were added into,
and pH value was adjusted to 2~ 3. The solution was
dropped into electrolytic bath with agitation. Elec
trolysis was done in different conditions and the elec
trolyzed products were dried by vacuum dry box made
by Shanghai Laboratory Apparatus Chief Works, 2K-
82B type. The acidity of solution was measured by
pH meter and the content of impurity of metals was

measured by ICP-AES.

®  Foundation item: Project(96 =119 =04 ~01) supported by Chinese Key Project of Science and T echnology

Received date: 2003 ~ 06 ~ 16; Accepted date: 2003 ~ 10 ~ 20

Correspondence: ZHOU Zhrhua; Tel: + 86-732-8290671; E-mail: zhouzhihuawy@ 163. com



- 638 * Trans. Nonferrous Met. Soc. China

Jun. 2004

3 RESULTS AND DISCUSSION

3.1 Selection and preparation of electrolytic solu
tion

In electrorefining of indium, the electrolyte is
InCl3'HC1 or Inz( SO4) 3H2S04. IHCI?,'HCI solution
has some disadvantages: the reaction of indium dis-
solving in HCI solution is very slow and the solution
must be heated; because of the volatilization of HCI,
the loss rate of HCI is large during the course of
preparing electrolyte; other new impurities will be
brought in electrolyte because of the fugitiveness and
corrosiveness of HCl; the bath must be sealed because
poisonous chlorine will be given off on anode.

Compared with electrolyte of InCl>-HCI, the
Iny(SO4) H2S04 solution has higher stability and
lower corrosiveness, the electrolytic solution can be
heated at low temperature, and the bath is open and sim-
ple, which make operation more convenient.

The concentration of H,SO4 solution must be low
because the solubility of Iny(SOy4) 3 is low in high con-
centration solution of HoSO4(Table 1). In addition,
the concentrated sulfuric acid has strong oxidisability,
and sulfur will form during preparing electrolytic so-
lution. Therefore, the concentration of H,SO4 should
be controlled at 20% ~ 40% . When pH value of elec
trolyte is excessively lower, NaOH should be portion
wise added into electrolyte and the solution shuld be
agitated so that In(OH)3 can be dissolved in time,
otherwise, a great deal of white deposition of In
(OH)3 will bring trouble for adjusting pH of elec

trolytic solution.

Table 1 Relation between solubility of indium
sulfate and concentration of sulfuric acid( %)

Concentration
of sulfuric
acid

3.6 10.3 20.2 25.3 28.2 41.3 53.4 90.2

Solubility
of indium 51.2 40.8 30.4 24.8 21.6 6.5 0.75 0.07

sulfate

3.2 Effect of concentration of In* on electrolysis

The influence of the content of In** on the effect
of electrolysis was investigated by changing the con-
tent of In>* in the conditions of 25 °C, bath voltage
0.370.5V, current density 100 A/m?. The result
is shown in Fig. 1.

It is shown that the suitable concentration of in-
dium is 80 7 120 g/ L, and the best is 100 g/L; the
quality of indium will be worse when its concentration
is too high or low. When the content of indium is too

low, the cathode potential will increase. T herefore,
the impurity will deposit in indium and the product of
indium will not be dense. When the content of indi
um is too high, the density and viscosity of electrolyte
will increase. Therefore, the anode mud and other
impurity grain in electrolyte will settle down slowly,
which leads to the content of impurity in the cathode
high, and the product can not meet the standard of
99.999% high-purity indium. The level of impurities
in product of indium in different contents of indium at
25 Cis shown in Table 2.

100

80

Removal of Cu/%
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Fig. 1 Relation between content of
In** and removal rate of Cu

Table 2 Level of impurity in indium in different
content of In** at 25 ‘C(mass fraction, 10~ %)

Content of In** /(g*L™ ")

Impurity
40 60 80 100 120 140 160

Cu 3.1 1.6 0.80 0.75 0.74 1.5 2.8
Fe 3.0 1.4 0.70 0.74 0.79 1.6 2.7
Pb 501 44 1.7 15 1.4 4.2 5.0
Ag 1.1 0.9 0.65 0.41 0.52 0.8 1.0
Sn 4.1 27 1.9 16 1.8 2.5 3.9
Cd 0.68 0.49 0.41 0.32 0.33 0.50 0.70
T1 2.4 1.7 0.8 0.71 0.75 1.6 2.7
Zn 2.5 1.8 1.0 072 1.3 1.7 2.4

3.3 Effect of pH on quality of product

Under the conditions of 25 ‘C, bath voltage 0. 3
~0.5V, current density 80 A/ m?, indium was elec
trolyzed at pH 1.0, 1.5, 2.0, 2.5, 3.0, 4.0 and 4.
5 respectively, and the content of tin in product indi-
um was measured. T he results are shown in Fig. 2.

When pH is between 2 and 3, the content of tin
is lower; when pH is lower than 2. 5, the content of
tin decreases with pH value increasing; when pH val-
ue is lower than 1.0, the discharging phenomenon of
H™ on the cathode is very serious and the product in-
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Fig. 2 Relation between pH and content of tin

dium looks like loose sponge, whose absorbability is
so strong that it can absorb insoluble materials such as
anode mud in the electrolytic solution; when pH is
higher than 2.5, the content of tin increases with pH
increasing. Because indium is easy to hydrolyze at
higher pH and is transformed into white deposition of
In(OH) 3, so some impurities such as Sn, Pb will de-
posit altogether with indium.

3.4 Effect of concentration of NaCl on electrolysis

NaCl is added as auxiliary electrolyte in order to
enhance the conductivity of electrolytic solution! ™.
The concentration of NaCl can affect the migration
velocity of ion. The influence of content of NaCl on
bath voltage was investigated by changing the content
of NaCl under the conditions of 25 C, current densi-

ty 100 A/ m*. The results are shown in Fig. 3.

When the content of NaCl is higher than 120
g/ L, the migration of ion is hindered, so the re
sistance of solution increases, therefore, the bath
voltage increases. When the content of NaCl is lower
than 80 g/ L, the transfer number of ions is smaller,
the conductivity decreases, and the bath voltage in-
creases. Therefore, the suitable concentration of Na-
Cl is 80 7120 g/ L, and the bath voltage will be 0. 3 ~
0.5V.

3.5 Effect of electrolysis

Impurities in indium can be removed through
twice electrolytic refining by controlling the compo-
nent of electrolyte and selecting suitable electrolytic
conditions. The XRD pattern( Fig. 4) of the product
is similar with 50641 minor correction. After twice
electrolytic refining, the product of indium was ana-
lyzed by ICP-AES. The results(see Table 3) show
that the impurity contents satisfy the national stan-

dard of 99.999% high purity indium!'%.

3.6 Benclrscale tests of electrolysis

The bench-scale tests of electrolysis was carried
out, and the conditions are shown in T able 4.

5000 g indium was refined, the product of inr
tial electrorefining was 1 985 g, the product of sec
ondary electrorefining was 3 103 g, and the loss rate
of indium was 0.21%. The technical data of bench-
scale tests of electrolysis are shown in Table 5, and
the contents of impurities in product are shown in
T able 6.

Table 6 shows that the level of initial electro-re-
fining product exceeds 99.99%, and the second
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Table 3 Level of impurity in indium in electrolytic refining( mass fraction, 10~ 6)
Impurity Ag Pb Cu Cd Al Fe Zn Sn Tl Mg Si S Ni As
Initial refining 0.3 1.5 07 03 05 07 06 1.4 15 05 15 1.2 0.5 0.5
Secondary refining 0.1 .0 0.1 01 03 0.4 04 1.0 1.0 0.1 1.0 1.0 0.4 0.5
Ir 05 Standard 0.5 1.0 0.4 0.5 0.5 0.5 0.5 1.5 1.0 0.5 1.0 1.0 0.5 0.5
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Table 4 Technical conditions of bench-scale tests of electrolysis
Process Cur(r(;n.tn(li? I;;lty/ Bath voltage/ V T emperature/ C pH ?éf;ﬁfgﬁg}e
Initial electrorefining 80~ 100 0.370.4 2835 2.073.0 80
Seconclary 5080 0.2-0.3 20- 30 2,0~2.5 70
electrorefining
Table S T echnical data of bench-scale tests of electrolysis
P Test N Recovery rate Current Bath Rate of anode Rate of residual Time of
oness SN0 of indium/ % efficiency/ % voltage/ V mud/ % electrode/ % electrolysis/ h
N 171 99.58 99.21 0.34 0.15 31.5 150
Toitidl 172 99. 67 99.35 0.36 0.20 34.2 140
electrorefining
1-3 99.36 99. 40 0.32 0.23 36.1 120
2-1 99.90 100 0.27 — 37.4 155
Secondary =g 99. 84 100 0.24 — 32.3 150
electrorefining
2-3 99. 68 100 0.21 0.03 35.8 144
Table 6 Content of impurity in product of indium( mass fraction, %)
Product Test No. Pb Cd Sn Zn Fe Al Tl Cu In
1-1 0.00024 0.00009 0.000 31 0.000 34 0.00040 0.00030 0.000 54 0.00005 99.998
Initial 1=2 0.000 37 0.000 07 0.000 28 0.00024 0.000 35 0.00028 0.000 47 0.00006 99.998
electrorefining 1=3 0.000 30 0.000 08 0.000 34 0.00028 0.00029 0.00034 0.000 44 0.000 04 99.996
1=4 0.000 40 0.000 07 0.000 32 0.00025 0.000 34 0.000 37 0.000 40 0.00007 99.997
2-1 0.000 15 0.000 03 0.000 14 0.000 08 0.000 07 0.000 04 0.000 14 0.000 03 99.999 3
2-2 0.000 12 0.000 05 0.000 12 0.000 06 0.000 06 0.000 03 0.000 10 0.000 02 99.999 4
Secondary
electrorefining 273 0.000 10 0.000 04 0.000 10 0.000 07 0.000 05 0.000 04 0.000 10 0.000 03 99.999 4
2-4 0.000 14 0.000 04 0.000 12 0.000 06 0.000 07 0.000 04 0.000 11 0.000 02 99.999 3
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