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Acid Leaching of Indium-Lead-Tin Alloy Wire Scrap

by

M.A. Barakat' and K. Koxs 1

ABSTRACT

Acid leaching of indium-lead-tin alloy wire scrap has been studied. An
experimental study was excuted to produce leaching liquor for subsequent sepa-
ration of the concerned metals from the scrap material. Two leaching solu-
tions were investigated ; hydrochloric acid and hydrochloric-nitric acid oxida-
tion leaching. Parameters affecting leaching processes such as time,
temperature, acid concentration and acid: scrap stoichiometric ratio have
been evaluated. Results obtained revealed that hydrochloric acid failed to
extract metals completely, the maximum extraction efficiency was in the order
of indium 97.1, lead 94.1 and tin 89.2% by using 5M HCI for 6 hours at 95°C,
HCl : scrap ratio was 5. Addition of nitric acid as oxidizing agent resulted in
complete extraction for metals, the optimum leaching conditions were con-
ducted by addition of 0.6 ml of 1:1 HNO; /g scrap to the leachate of 5M HCI
for 1.45 hours at 80°C with HCI : scrap ratio of 2.5. Another advantage for
using of HCI-HNO:; leaching was that about 719 of the lead content was sepa-
rated as pure crystals of PbCl: on cooling the resulting solution.
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1. INTRODUCTION

Different hydrometallurgical processes have been proposed for the leaching of indium, lead and
tin from their secondary resources.

Extraction of indium from alloy scrap using mineral acid leaching has been reported [1-3].
Hydrochloric acid (pH 1.2-1.4) was used [4, 5]. Yoshimura [6] used HCI-NH.Cl solution for dissolv-
ing indium scrap to remove tin after adjusting pH to (2.5-4.2). A fine fraction of scrap was
leached with aqueous solution of HCI containing H:O, as oxidizing agent at pH (0.5-1.5) to recover
indium [7]. Takahashi [8] and Abevova [9] investigated the recovery of indium from slag by
using H:SO4-H:0: and NaCl-H:SO;-H:0:-H-O systems respectively as leaching agents. Sulphuric acid
leaching was used to extract indium from Zn-leach residue and In-scrap [10, 11]. Goryachkin [12]
used H.SOs acid leaching in an autoclave with heating under pressurized oxygen to extract indium
from wastes. Alkaline leaching with NaOH was reported for recovery of indium and tin from a
flue dust containing Zn, As, Sb, Sn, Pb and In. [13]
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Chloride leaching for lead extraction from wastes as PbCl: has been reported. Sahoo [14] used
brine solution, Mulak [15] used FeCl;-NaCl solution while Ignat’eva [16] used aqueous solution of
NaCl after convertion of lead to PbSO:. for leaching. Both of HCI and H.SOs leaching for lead recov-
ery from a waste containing 37.2% Pb and 52.2% Zn has been investigated [17], the dissolution of
lead was 5.5 and 229% after leaching with HCl at 20°C for 24h, and with H.SOs at 20°C for 0.5h respec-
tively.

Extraction of lead and tin from dust was studied, H.SO. acid leaching was applied [18, 19]1,
Adamski [20] used 30-60% acetic acid for 6-15 h at 50-80°C, while Jackson [21] used a solution
contains HNO; , Fe (NOs), anthranilic acid and a tenside. Various extractants were tested for selec-
tive tin extraction from leachates ; HCl and HCI-CuCl: mixture were used [22, 23]. Vizsolyi and
Forward [24] used H.SO: with a slight oxygen over-pressure, while Lazarova [25] used both of H.S
Oy and HCL.

The aim of this work was to study the optimum leaching conditions such as acid concentration,
temperature and time for extraction of indium, lead and tin from alloy wire scrap material. The
work considered saving the energy consumption and economic expenses via simple extraction proce-
dure and low temperature application.

2. EXPERIMENTAL

In-Pb-Sn alloy wire scrap was obtained from a Sealing Company, Chemicals used in this work
were of chemically pure grade. Leaching experiments were carried out in a multi-neck 0.5 £ cylindri-
cal glass reaction vessel, immersed in a thermostatically controlled water bath. A 100 ml volume
of HCl was used for leaching.

One stoichiometric ratio of HCI : scrap was calculated according to the reaction of HCl with the
alloying metals as follows : -

In + 3HCL ----- - InCls + 1.5H, (1)
Sn + 2HCI ----- - SnCl + H: (2)
Pb + 4HCI ----- - H.(PbCly) + H. (3)

Metal content of the sample and extracted metals in solution were determined spectroscopically
using ICP spectrometer and Atomic Absorption spectrometer. Extraction percentage of metals was
evaluated according to the following equ. : Extraction % of metal

= (metal content in extracted solution,metal content in scrap) x 100

3. RESULTS AND DISCUSSION

Table (1) shows the chemical composition of the studied scrap. Figure (1) shows the effect of
leaching time on the extraction percentage of indium, lead and tin from the wire scrap using 2M
HCl with acid volume of 20ml“g scrap at 80 and 95°C. It can be seen that indium extraction

Table 1: Chemical composition of the used wire alloy scrap

Constituent Indium Lead Tin
Mass % 42.3 8.5 49.2
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Fig. (1) : Effect of leaching time on extraction percentage of indium, tin and lead from
wire alloy scrap using 2M HCI at different temperatures

increases gradually with time and temperature reaching a maximum after 6h with values of 24 and
279% at 80 and 95°C respectively, lead extraction increases slowly reaching a little significant value
of 4% after 6h at 95°C while tin is nearly disaffected. It is clear that there are different rates for
metals extraction in increasing order of tin, lead and indium respectively, however more amount of
the acid is required for all metals. Figures (2 & 3) show the effect of leaching time on extraction
% of metals by using 5M and 6M HCl with acid : scrap ratio of 5 and 6 respectively (20ml g
scrap) at 80 and 95°C. In figure (2) with 5M HCI, it is seen that the extraction % of metals is di-
rectly proportional to leaching time approaching a maximum after 6h at both of 80 and 95°C, maxi-
mum values were attained in decreasing order of In, Pb and Sn with values of 97.1, 94.1 and 89.2 %
at 95°C, and of 85.3, 79.4 and 76.1 % at 80°C respectively. This may indicate that the ability of the
acid to extract the metals increases with time and temperature, this ability decreases in the order of
In, Pb and Sn respectively. This behaviour can be explained as follows, the general level of the
metals reactivity may be evaluated from their positions in the electromotive series of elements,
where the standard potential values of the elments (E°) are:

E° Vv
In ----= In* -+ 3e- —0.3382 (4)
Pb----= Pb* + %" —0.126 (5)
Sn----= Sp**  + %6 —0.137 (6)

However, the bonding characteristics of indium influence the apparent reactivity of it, where the
bond of trivalent form of indium is relatively nonionic or covalent [26]. On the other hand with
tin and lead, the high hydrogen overvoltage at the metal surface inhibits further acid attacking with
both of Sn and Pb which require relatively vigorous conditions to occur, this explains the little
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Fig. {(2) : Effect of leaching time on extraction per-
centage of indium, tin and lead from
wire alloy scrap using oM HCI at differ-
ent temperatures

increasing in extraction % with increasing the
temperature from 80 to 95°C. In figure (3), the
change in extraction % of metals by using 6M
HCl is insignificant comparing to that with 5M
HCI specially at higher temperature and time.
Figure (4) demonstrates the extraction % as a
function of time by using 1M HCI, the used acid
volume (100 ml g scrap) corresponds to HCI :
scrap ratio of 5 which is equivalent to that ra-
tio of 5M HCI used in figure (1).
that the extraction efficiency of metals is
nearer to that obtained with 2M HCl (figure 1)
which is very low with respect to that of 5M,
this indicates that the leaching processes depend

It is obvious

mainly on the acid concentration rather than vol-
ume. Figures (5 & 6) illustrate the extraction
9% as affected by HCI concentration with con-
stant volume of the acid (20 ml,“g scrap) at 80
and 95°C after leaching for 3 and 6h respec-

tively. It can be seen that the extraction 9§
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Fig. (3) : Effect of leaching time on extraction per-
centage of indium, tin and lead from
wire alloy scrap using 6M HCI at differ-
ent temperatures
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Fig.{4) : Effect of leaching time on extraction per-

centage of indium, tin and lead from wire
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Fig. (6) : Extraction percentage of indium, tin

and lead from wire alloy scrap as af-
fected by HCl concentration after 6
hours leaching at different temperatures

increases gradually with HCl concentration up to 3M, while after that a sharp increasing in the
extraction % is attained up to 5M HCI with both of 3 and 6h leaching.
no remarkable change in the extraction with acid concentration more than 5M, maximum and con-
stant values for In, Pb and Sn extraction were attained with 5M HCI at 95°C for 6h leaching. The
drastic increasing in the extraction with HCl concentration more than 3M may be attributed to that

It is also clear that there is

the dilute acid can not resist the higher hydrogen overvoltage due to presence of large number of
hydrogen bonds in the formed hydration sphere in solution and so the intermolcular distances be-
With
increasing the concentration, the intermolcular distances decrease and consequently the probability

tween the molcules increase, consequently the attacking of the acid to the metals is low.
of chloride ions attacking to the metals increases. However complete attacking for the metals was
not varied which indicates that more vigorous leaching conditions are required. Figure (7) shows the
effect of leaching temperature on the extraction % of metals at the optimum conditions of HCI
leaching, it can be seen that temperature increasing favours the extraction % of In, Pb and Sn reach-
ing their maximum values at 95°C, also it is clear that the rate of metals extraction increases in the
order of Sn, Pb and In respectively at any leaching temperature which proves the different affinities
of acid attacking to the concerned metals.

Effect of nitric acid addition (to different volumes of 5M HCI leachate) on the extraction % is

shown in figure (8), the leaching processes were carried out for 3h at 80°C. It is seen that with HCl
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Fig. (7 : Effect of temperature on extraction per-  Fig. (8) : Extraction percentage of indium and
centage of indium, tin and lead from tin from wire alloy scrap as affected by
wire alloy scrap at the optimium condi- volume of both of HCl and HNO: in
tions of HCI leaching their solution mixture at constant time

and temperature

solution, the extraction % gradually increases with increasing HCl volume attaining maximum val-
ues of 56.3 and 54.1 % for In and Sn with acid volume of 20 ml,/g scrap. On the other hand a dras-
tic increasing in the extraction % is achieved by adding a little amount of HNOs to the HCl leachate.
This is attributed to the oxidizing effect of HNO; which overcome the hydrogen overvoltage at the
metal surface, and consequently a rapid attacking is achieved between the chloride ions and metals
in solution. The extraction % of indium and tin increases with increasing the volume of both of
HCI and HNO:s reaching a complete extraction for the metals with leaching solution composition of 8
ml of 5M HCl and 0.6 ml of 1:1 HNO;, g scrap. A complete extraction for lead also is attained at
these conditions, however on cooling the resulting solution, pure crystals of PbCl: are settled in
solution and this considered the first step of lead separation process. According to that at the
conditions of partial extraction, the extraction of lead selectively is difficult due to contamination
of the insoluble residue of scrap with the produced precipitate of PbCl: in solution which starts to
appear on hot.

H.(PbCL)  ------ ~ PbCL + 2HCI (7)

complex solution cooling ppt

Figure (9) shows the time of complete metals extraction as a function of volume of 5M HCl

containing a constant amount of 1:1 HNO; (0.6 ml g scrap) at 80 and 95°C. It can be seen that
the time of complete extraction decreases rapidly to 103 minutes with increasing HCl volume up to
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tures

10ml g (which is equivalent to HCI : scrap ratio of 2.5) and then with increasing HCl volume, no
remarkable change in time is recognized. Also it is clear that increasing temperature from 80 to 95
Figure (I0) shows the effect of leaching temperature on the extraction % of met-
It is shown that the extraction % increases
At lower

°C is insignificant.
als at the optimum conditions of HCI-HNO; leaching.
with temperature increasing reaching a complete extraction for the three metals at 80°C.
temperatures than 80°C, the extraction rate of metals increases in the order of Sn, Pb and In respec-

tively.
4, CONCLUSION

The output of this work reveals that indium, lead and tin can be extracted from alloy wire scrap

using simple acid leaching technique.
With hydrochloric acid leaching, the maximum extraction efficiency was 97.1, 94.1 and 89.2%

for In, Pb and Sn respectively by using 5M HCI for 6h at 95°C with HCl : scrap ratio of 5. With
HCI-HNO:; oxidation leaching, complete extraction for the metals (1009) is achieved. The opti-

mum leaching conditions are conducted by adding of 0.6 ml of 1:1 HNO;,“g scrap to the leachate of
5M HCI for 1.45 h at 80°C with HCI : scrap ratio of 2.5. The latter leaching solution insures the low
cost of the extraction processes via saving acid consumption, time and temperature. Pollution

hazards associating pyrometallurgical treatment disappeared.
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