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METALL-FORSCHUNG

Leaching of Tin and Copper
from used print circuit boards
In Hydrochloric acid

Orac D., Havlik T., Kukurugya F., Miskufova A., Takacova Z. (1)

This paper deals with the leaching of printed circuit boards (PCBs) from used per-
sonal computers for the purpose of investigating tin and copper extraction into
solution under different conditions. During the leaching process the influence of
the temperature, leaching agent concentration and leaching time on tin and copper
extraction was observed. The experimenis were performed at the temperatures
of 20, 40, 60 and 80 °C in the agueous solution of HCI at concentrations of 0.25M,
0.5M, 1M and 2M. Three fractions were used for the experiments. From the experi-
ments it results that the increase of temperature, HCI concentration and leaching
time causes the increase of tin extraction in contrast to copper, where the selected
conditions did not have any significant influence on the copper extraction into
the solution. In the case of all three fractions, the complete tin extraction into the
solution was achieved under the selected conditions (2M HCI, 80 °C, 360 min.).
However, only in the -8 +0 mm fraction the selective leaching of tin (without cop-
per passing into the solution) was reached. In the leaching of two other fractions
(-8 +3 mm, -3 +0 mm) around 5 % of copper passed into the solution.

n the European Union about 8§ mil-
lion tons of waste from electrical and
electronic equipment (WEEE) are
generated annually, with the annual
increase of 3 - 5 % [1]. From a global per-
spective it represents about 20 - 50 million
tons [2].
PCBsrepresent a significant part of WEEE.
In recent years, the average PCBs produc-
tion has grown by about 8.7 % worldwide,
whilst in China it has been as much as
14.4 %. PCBs represent approximately
6.5 % of the weight of a computer [3].
PCBs contain valuable metals such as gold,
silver, copper and others. When consider-
ing all components of a personal computer,
the highest amount of these metals is con-
tained in PCBs. The chemical composition
of PCBs is very variable, and the content of
certain metals is mostly given in a range of
values. The published contents of copper
[4 - 9] in PCBs vary from 3.7 to 25 %, tin
2 - 4%, silver 0.0003 - 0.2 %, gold 0.00025
-0.1%,lead 1.5-3 %, zinc 0.4 - 1.6 %, alu-
minium 2 - 28 % and nickel 0.31 - 2 %. The
metal content range depends on the PCB
type, producer and year of manufacture.
A very important fact is that the content of
these metals in PCBs is much higher than
in raw materials. In the case of gold and
silver the content in PCBs is a hundred
times higher and in the case of copper it is
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twenty times higher than in raw materials.
The high content of these metals as well as
their prices predetermine the use of PCBs
as an important secondary raw material,
as current amounts of primary raw mate-
rials for production of certain metals are
critical. For instance, the amount of pri-
mary raw materials for tin production at
the current ore mining rate of 333 000 t/y
is estimated for 17 years only, and accord-
ing to optimistic estimations for 33 years.
Moreover, 52 % of tin produced worldwide
are used in solder production, where tin
represents practically an irreplaceable
component [10].

The PCB processing methods can be gen-
erally divided into pyrometallurgical,
hydrometallurgical and combined meth-
ods. These methods can be preceded by
material pre-treatment through physical
or thermal processes. The aim of the pre-
treatment is mainly the reduction of input
material volumes, release of required com-
ponents and concentration of metals.

Oh etal. [11] describe the leaching of PCBs
using sulphuric acid (H,SO,) with the
addition of hydrogen peroxide (H,0,) as
an oxidizing agent. When using 2M H SO,
with the addition of 0.2M H, 0, at the tem-
perature of 85 °C, the extraction of zinc and
copper reached 100 % after 8 hours, while
the extraction of iron and nickel reached
95 % and the tin extraction was 20 % after 12
hours. After leaching in H,SO,, the leach-
ingin (NH,),5,0,, CuSO, and NH,OH fol-
lowed, with the aim to leach out gold and
silver. Silver was leached out entirely after
24 hours and the gold extraction reached
95 % after 48 hours. Consequently, the
solid residue was leached in NaCl solution
with the aim to leach lead. The lead extrac-
tion of 95 % was achieved after 2 hours in
the NaCl solution.

Rabah et al. [12] studied leaching of cop-
per, tin and lead from PCBs by means of
2M HNO,, at the leaching temperatures of
20, 50, 75 and 100 °C. The leaching time
was 60 minutes. The extraction of copper,
tin and lead increased with the increase
of temperature, and complete lixiviation
of these metals was reached at 100 °C. In
the paper also leaching (4M H,SO, and
HNO,) of the residue after the thermal
treatment was studied. The extraction of
copper and tin in H SO, reached 100 % at
the temperature of 100 °C after 60 min.,
whilst the lead extraction reached only
10 %. The complete lixiviation of cop-
per from the residue in HNO, at 100 °C
was achieved after 40 minutes; in case
of tin after 50 minutes and lead after
60 minutes.

Mecucci and Scott [13] leached crushed
PCBs in 1 to 6 M HNO, at two tempera-
tures of 23 and 80 °C. The sample weight
was 100 g and the volume of the leaching
solution was 300 ml. Lead was leached out
entirely after 360 minutes at all concentra-
tions of HNO; as for copper, only when
using 6M HNO,. The increase of the HNO,
concentration and temperature caused the
increase of the copper extraction. The
highest tin extraction, around 70 %, was
achieved in 2 M HNO.. The results of these
experiments indicated the need for crush-
ing the sample before leaching to ensure

Metal Sn [%] Cu [%] Au [%] Ag [%]
-8 +0 mm 5.94 21.3 0.007 0.01
fraction -8 +3 mm 1.32 8.62 0.020 0.05
-3 +0 mm 4.0 14.41 0.032 0.07

Tab. 1: The chemical composition of PCBs
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better access of the leaching solution to the
desired metals.

Orac et al. [14] leached crushed PCBs for the
purpose of leaching copper and tin in HCI
solutions. In that paper the effect of acid
concentration, temperature and liquid to
solid ratio was investigated. The highest tin
extraction, around 90 %, was achieved by
using 2M HCI, at the temperature of 80 °C.
The results of the experiments showed that
with the increase of temperature and acid
concentration the tin extraction increases
as well. The copper extraction was always
under 1 %, and the increase of tempera-
ture and acid concentration did not have
any effect on the copper extraction into the
solution.

In another paper Orac et al. [15] went on
with the study of the tin and copper extrac-

1200 —
fraction: -8 +0 mm
e Cu, ALO,
1000 5
a
800 -
=
= 600 -
400
200
20 30 40 50 60 70 80
Bragg’s angle, 2 theta
700
Cu fraction: -8 +3 mm
600
500 b
E 400 o
Pbg,
300 Cu
Sn
200 .
100 - ‘ - -
20 30 40 50 60 70 80
Bragg’s angle, 2 theta
fraction: -3 +0 nun
C
=
Cu Cu

rh,PhO,  Al03
SnFe, Nj

Fe, Ni Sn

20 30 40

Bragg's angle, 2 theta

50 60 70 80

Fig. 2 a - c: XRD patterns of individual fractions of PCBs

tion from PCBs in HCl solutions with the
aim to investigate the effect of the acid
concentration and granularity. The high-
est tin extraction was achieved in 2M HCI
and granularity of -0.24 +0 mm. From
the experiments it results that both the
increasingacid concentration and decreas-
ing granularity increase the tin extraction.
The acid concentration and granular-
ity changes did not have any significant
influence on the copper extraction, and
copper was practically not leached under
the selected conditions.

Oishi et al. [16] dealt with copper recov-
ering from PCBs. PCBs with the granu-
larity from 0.5 to 3 mm were leached in
[(NH,),50,] solution or in (NH,Cl) medi-
um, in the presence of Cu** ion.

The solution concentrations were 0.5, 1,
4 and 5M. Extractions of copper 21 %,
tin 0 %, lead 2.6 %, manganese 27 % and
zinc 11 % were achieved in the sulphate
environment. In the chloride environ-
ment the extractions were as follows: Cu
12 %, Sn 0 %, Pb 9.1 %, Mn 38 % and Zn
57'%.

212
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Fig. 3: The scheme of the leaching ap-
paratus [22]; 1 — mechanical stirrer; 2 -
propeller; 3 - leaching pulp; 4 — sampler;
5 — thermometer; 6 — feeder; 7 — water
thermostat; 8 - crushed PCBs

Kinoshita et al. [17] leached PCBs in HNO,
solution. PCBs were cutinto pieces with the
dimensions of 10 x 20 x 2 mm before leach-
ing. The highest extraction of metals was
reached using IM HNO, for 24 hours. Cop-
per and nickel extractions were 95 % and
99.9 % respectivelyat 80 °C. Gold remained
in the form of flakes and its extraction was
98 %.

Ping et al. [18] leached copper from PCBs.
First of all, PCBs were mechanically pre-
treated and separated in order to get two
fractions. The first fraction consisted of a

fine sample with the high copper content,
and the second sample consisted of non-
metallic material. The powder sample was
subject to leaching in concentrated H,SO,
with the addition of NaCl and CuSO,.
Moreover, air was blowing in. The sample
was subject to classic leaching as well as to
leaching with the aid of electrooxidation.
The results showed that during the clas-
sic leaching the copper extraction reached

100 % after 330 minutes, whilst with the
aid of electrooxidation the same extraction
was achieved after 210 minutes.

Castro and Martins [19] obtained tin and
copper from PCBs by leaching and precip-
itation. At first, PCBs were grinded, and
the obtained powder sample was leached
at the temperature of 60 °C with L:S ratio
= 10 for 120 minutes. The following solu-
tions: 2.18N H,SO,, 2.18N H,SO, + 3.0N
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Fig. 5 a - c: Kinetics curves of tin leaching at 80 °C, L:S ratio = 40, at different HCI con-

centrations and grain fractions of PCBs

Sn extraction | %]
L)
&

60 60
2M HClI 2ZM HCI
50 -8 +0 mm a 50 -8 +3 mm
120 min 120 min
P L:S=40 4 L:S=40 b

Sn extraction [%)]
Tad
=

20
10 10
0 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Leaching time [min| Leaching time [min)]
60
e 200c| IMHC
50 o 40%C -3 +0 mm
120 min C
= Y O60°C| g gp
s 40 A 80°C P
=
23
3 0
g
=20
w
10
0
0 20 40 60 80 100 120

Leaching time [min]

Fig. 4 a - c: Kinetics curves of tin leaching in 2M HCI, at L:S ratio = 40 at different tempe-

ratures and fractions of PCBs
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HCI, 3.0N HCland 3.0N HCI + 1.ON HNO,
were used as leaching reagents. The low-
est extractions (2.7 % Sn, 0.01% Cu) were
reached by using 2.18N H,SO,; and on the
contrary, the highest extractions (98 % Sn,
93 % Cu) were reached by using 3.0N HCI
+ L.ON HNO,. When using precipitation
with NaOH, a maximum of 4.3 % Sn and
1.3 % Cu was obtained from the solution
at pH =3.3.

Bari et al. [20] leached PCBs in order to
leach out Cu, Zn and Ni. NH, solution with
(NH4)ZSZOS was used as a leaching reagent,
The highest extractions of Cu (99 %), Zn
(60 %) and Ni (9 %) were reached after 360
minutes of leaching in 5M NH, + 0.5M
(NH,),S,0, solution. Consequently, the
solution was submitted to electrolysis after
leaching, where Cu with 99.97 purity % was
obtained.

Veglio et al. [21] were recovering metals by
leaching electronic and industrial waste.
They used 0.05 - 0.15M H_SO, solution for
the experiments. The temperature of the
process was from 30 °C to 90 °C. Copper
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Fig. 6: Kinetics curves of tin leaching at L:S ratio =
40 in 2M HCI at temperature 80 °G for different grain
fractions of PCBs

and nickel extractions reached 94 - 99 %
under these conditions after 120 minutes
ofleaching. The manganese extraction was
around 14 %.

This work focuses on the leaching of PCBs
or motherboards from used personal com-
puters in the hydrochloric acid medium
with the aim to observe tin and copper
passing into the solution under different
conditions and to find out optimal condi-
tions for their leaching.

Experimental
Material

The PCBs used in the experiments were
obtained from used personal computers
produced in the years 1985 to 2000.

73 kg of used motherboards were collected
before the leaching experiments. At first,
hazardous parts such as batteries and con-
densers were manually removed from the
PCBs. After that the PCBs were crushed on
a hammer mill. The representative sam-
ple of 2 kg was obtained from the crushed

Sn extraction [%]

100 200

Leaching time [min]

300 400

Fig. 7: Kinetics curves of tin leaching from PGBs in
2M HCI, at temperature 80 °C for 360 minutes for
different grain fractions

material by quartering. From that sample
(fraction -8 +0 mm, Fig. 1a) next sample
for chemical analysis was taken. Remain-
ing part was sieved into two fractions -8 +3
mm and -3 +0 mm (Fig. 1 b, ¢). Obtained
products were submitted to chemical anal-
ysis by atomic absorption spectrometry
(AAS), Tab. 1.

The phase composition was determined
by the X-ray diffraction qualitative phase
analysis. Fig. 2 a — ¢ shows XRD patterns
of the used grain fractions (-8 +0 mm, -8
+3 mm, -3 +0 mm). With respect to the fact
that it is practically impossible to get an
objective XRD pattern from such big parti-

leaching reagent. The volume of the leach-
ing reagent was 400 ml. The sample weight
10 g was used for the leaching, which repre-
sents liquid to solid ratio L:S = 40. All sam-
ples for each experiment were obtained by
manual quartering. Three granularities of
the material were used for the experiments.
The first fraction consisted of the original
PCB sample after crushing with the gran-
ularity of -8 +0 mm. Another two fractions
(-8 +3 mm, -3 +0 mm) were obtained by
sieving crushed PCBs on screen with the
aperture size of 3 mm. The total experiment
time was 120 minutes. The time period for
the withdrawal of liquid samples during
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Fig. 8 a — ¢: Kinetics curves of copper leaching at L:S ratio = 40 in 2M HCI, at different

temperatures and grain fractions of PCBs

cles, the samples were grinded on a vibrat-
ing mill, where a fine-grained homogene-
ous fraction was obtained, which was more
suitable for the XRD diffraction analysis.
The analyses were performed on the XRD
diffractometer Phillips PW 1710 equipped
with the X — Pert PRO system.

Leaching

The leaching experiments of PCBs were
performed in the apparatus, whose scheme
is shown in Fig. 3. The experiments were
carried out in glass reactors with the vol-
ume of 800 ml, dipped into water bath at
the temperatures of 20, 40, 60 and 80 °C
using constant stirring. The aqueous solu-
tion of hydrochloric acid at concentrations
of 0.25M, 0.5M, 1M a 2M was used as a

the experiment was 5, 10, 15, 30, 60, 90 and
120 minutes. The withdrawn samples with
the volume of 10 ml were analyzed for tin
and copper content by the atomic absorp-
tion spectrometry (Varian Spectrometer
AA 20+). All results were corrected due
to sample volume changes caused by sam-
pling and evaporation processes.

Results

Tin behavior in the leaching process
Influence of temperature

Fig. 4 a — ¢ show kinetics curves of tin
leaching from PCBs in 2M HCl at the tem-

peratures of 20, 40, 60 and 80 °C for three
grain fractions and at L:S ration = 40. From

5/2011 | 65. Jahrgang | MIETALL
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Fig. 9 a - c: Kinetics curves of copper leaching at 80 °C, L:S ratio = 40 for different HCI

concentrations and grain fractions of PCBs

the graphs it results that the temperature
change has a positive effect on the tin
extraction into the solution. The highest
tin extraction was achieved at 80 °C.

The tendency of the curves indicates that
the extension of the leaching time could
lead to a higher extraction. The leaching
time for these experiments is 120 minutes,
but in the next part the results of the leach-
ing time influence on the tin extraction for
selected experiments will be presented.

Influence of acid concentration

As the results of temperature influence
show, the highest tin extractions were
achieved at the temperature of 80 °C.
Therefore, only the results achieved at this
temperature are presented in the next part.
Fig. 5 a - ¢ show kinetics curves of tin leach-
ing at 80 °C, L:S ratio = 40, at different HCI
concentrations and grain fractions. From
the graphs it results that with the acid con-
centration increase the tin extraction into
the solution increases as well.

Influence of granularity

The results of the acid concentration influ-
ence imply that the highest tin extractions
were achieved in 2M HCl, and therefore only
the leaching results of PCBs at this concen-
tration will be presented in the next part.

Fig. 6 shows kinetics curves of the tin
leaching for three grain fractions of PCBs
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at 80 °C in 2M HCl for 120 minutes. From
the graphs below it results that the highest
tin extraction was achieved for the -8 + 0
mm grain fraction.

Influence of leaching time

The current results of the tin leaching from
PCBs were obtained after 120 minutes.
Therefore, some results with the extended
leaching time are presented in this part in
order to investigate the effect of this factor
on the tin extraction.

Fig 7 shows the kinetics curves of tin leach-
ing for three grain fractions for 360 min-
utes at 80 °C, in 2M HCl and L:S ratio = 40.
The results show that the extended leach-
ing time results in complete tin lixiviation
from all three grain fractions.

Copper behavior in the leaching
process

Influence of temperature

Fig. 8 a - ¢ show kinetics curves of cop-
per leaching in 2M HCl at the temperature
range from 20 to 80 °C and L:S ratio = 40.
From the graphs it results that increasing
the temperature does not have any influ-
ence on the copper extraction into the
solution. The copper extraction was up to
0.5 % and in some cases below 0.05 % at
all temperatures and grain fractions -8 +0
mm and -3 +0 mm. Higher copper extrac-

tion up to 3 % was observed only at fraction
-8 +3 mm.

Influence of acid concentration

Fig. 9 a - ¢ show kinetics curves of copper
leaching at 80 °C, L:S ratio = 40, at different
acid concentrations and grain fractions.
The change in hydrochloric acid concen-
tration did not have significant influence
on copper extraction into the solution.
Higher copper extraction was observed
only at the -8 +3 mm grain fraction.

Influence of granularity

Fig. 10 shows kinetics curves of the copper
leaching for three grain fractions of PCBs
at80°Cin 2M HCI, for 120 minutes. In case
of the grain fraction of -8 +3 mm copper
passes into the solution (3 %) whilst in case
of another fractions the copper extraction
was below 0.5 %.

Influence of leaching time

Fig. 11 shows kinetics curves of the cop-
per leaching for 360 minutes in 2M HCI,
at 80 °C for three grain fractions. From
the graph below it results that there was
increased copper extraction into the solu-
tion after 360 minutes for grain fractions
of -8 +3mma -3 +0 mm.

Discussion

From the leaching experiments of PCBs it
results that tin and copper behavior during
the leaching was different.

Hydrochloric acid is a non-oxidizing acid.
The XRD patterns showed that tin and
copper were present in the metallic form
in the PCBs, and therefore only this form
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fraction of PCBs
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was considered during calculations. From
the thermodynamic calculations of tin
and copper leaching for reactions (1) - (4)
it results that leaching of metallic tin can
also take place under non-oxidizing con-
ditions, unlike metallic copper. Tin leach-
ing reactions in hydrochloric acid, (1) and
(2), show a negative value of AG® (Tab. 2),
which means that from the thermody-
namic point of view they are likely to run
in the direction of product creation. This
fact is also confirmed by the results of tin
leaching experiments under different con-
ditions (Fig. 4 - 7). On the other hand, the
reactions of metallic copper leaching, (3)
and (4), show a positive value of AG® (Tab.
2), which means they will not run. This fact
is confirmed also by the results of copper
leaching in Fig. 8 a, c.

Sn + 2HCl(aq) = $nCl, (aq) + HZ(E) (1)
Sn +2H" + 4Cl = 8nClL > + H;y (2)
2Cu + ZHCI(W = ZCuClm) g P (3)
Cu+2HCl, = CuCl,, + H,,, @)

From theleachingexperimentsusingthe-8
+3 mm fraction it results that also a part of
copper passed into the solution, and there-
fore an accompanying phenomena must
occur, as the copper extraction was around
4 %, The elevated copper extraction values
can be explained in many ways.

Oxidizing conditions are required for the
process of copper passing into the solution,

andastheleachingexperimentsraninopen
atmosphere, it is probable that oxygen dif-
fusion from ambient air had occurred.
During the leaching process a peculiar
effect occurred, when a relatively thick
layer of fine particles was floated out on
the surface at grain fractions of -8 +0 mm
and -3 +0 mm. However, this layer did not
occur during the leaching of the -8 +3 mm
fraction, as this fraction does not contain
fine particles. This layer prevented the
access of oxygen from the ambient atmos-
phere, and therefore copper leaching did
not occur. On the other hand, this layer did
not occur in the -8 +3 mm fraction where
copper was leached, which means that the
layer did not prevent the access of oxygen
which participates in copper leaching; and
this fact can be described by the following
reactions:

2Cu+4HC]  +0, =2CuCl,  +
aq) 2(g) 2(ag)
2H,0 (5)
2Cu + 4H* + 2Cl + Oﬂg) =2CuCl" +
2H,0 (6)
2Cu + 4H* + 6Cl + O2(g) = 2CuCl* +
2H,0 @)
2Cu + 4H" + 8CI + O, , = 2CuCl* +
2H,0 ®)

The reactions of copper leaching in hydro-
chloric acid solutions at oxygen presence
(5) - (8) show a negative value of AG® (Tab.
3), and therefore from the thermodynami-
cal point of view it is probable that they will
run, as opposed to copper leaching without
the oxygen presence (reactions 3 and 4),
where the values of AG® were positive.
Another explanation for copper leaching
can be given by leaching of the oxidized
layer of copper, which was created as a
result of storing crushed PCBs. The reac-
tions of copper oxide formation (9) and (10)
show negative values of AG". Additionally,
leaching of copper oxides can run also
under non-oxidizing conditions, as shown
by the values of AG® for reactions (11) - (14)
in Tab. 4.

©)
(10)

2Cu + O, , =2Cu0
4Cu+0Q, = 2Cu30

2(g)

standard Gibbs free energy change AG® [kJ/mol]

(1)

Temperature [°C]|

2) 3 4)

80 -56.09

-59.42 26.75 5744

Tab. 2: The values of standard Gibbs free energy change for the reactions (1) — (4) [23]

CuO + ZHCI(Mﬂ +e =CuCl+H,0 +

€, (11)
CuO + 2HCl , = CuCl, + H20 (12)
Cu,0 +2HCl = 2CuCl+H,0 (13)
Cu,0 + 2H" + 4Cl = 2CuCl* + H,0  (14)

In case of long-time experiments, two sub-
sequent phenomena participating in cop-
per leaching can occur. At first, CuCl, is
formed in the process because of the oxygen
diffusion from the ambient atmosphere (3
hours) according to the reaction (5). After
the formation of the sufficient amount of
CuCl, in the solution, CuCl, participates
in coiyper leaching according to the reac-
tion (15). In addition, after leaching out
part of tin, an additional surface area of
copper was uncovered and reactive area
grown larger, whereby the trend of curves
in Fig. 11 can be explained.

Cu + CuCl,, = 2CuCl
AG°80 = -68.239 kJ/mol (15)
The reason why higher copper extractions
were not achieved may be caused by copper
cementation on metallic parts of less noble
metals, which occurs during the leaching
process. As all the metals in PCBs are
practically less noble than copper, except
for Au and Ag, this fact must be taken into
consideration.

A possible reaction between hydrochloric
acid and the organic phase can be consid-
ered a totally unexplored area, because
some compounds (epoxide, polyester,
nylon) contain oxygen within their poly-
mer chains. As the elevated copper extrac-
tion into the solution occurred only at
increased temperatures and in 2M HCI,
it is possible that oxygen from the poly-
meric chain could be released under these
aggressive conditions.

Conclusion

Based on the experiments it was found
out that the behavior of individual frac-
tions during the leaching is different, and
also tin and copper leaching run in differ-
ent ways. From the leaching of individual
grain fractions (-8+0 mm, -8 +3 mm,
-3 +0 mm) it results that the leaching proc-
ess of tin depends on temperature, hydro-
chloric acid concentration and on leaching
time, where tin extraction raises with the
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increase of temperature, acid concentra-
tion and leaching time. In case of copper
leaching, the increase of temperature, acid
concentration and leaching time do not
have any significant influence on the pass-
ing of copper into the solution.

The experimental study of -8 +0 mm frac-
tion shows that the highest tin extraction
(53 %) from this fraction, which contains
5.94 % of tin, was achieved after 120 min-
utes using 2M HCJ, at the temperature of
80 °Cand L:S ratio = 40. Copper extraction
was below 0.1 % under these conditions.
Entire tin lixiviation was reached after
240 minutes at 80 °C in 2M HCI and L:S
ratio = 40. Copper extraction was around
0.5 % under these conditions. Thus it may
be stated that selective tin lixiviation was
achieved.

In case of the leaching experiments using
the -8 +3 mm fraction, which contained
1.32 % of tin, the highest tin extraction
29.85 % was achieved after 120 minutes
in 2M HCI at 80 °C. However, during the
leaching also around 4 % of copper passed
into the solution, whichisnotverydesirable
from the practical point of view. Another
fact, which is not in favor of leaching this
fraction, is that the absolute amount of tin
to be leached out is lower than in -8 +0 mm
fraction. It was found out that during the
leaching of the -3 +0 mm fraction with tin
content of 4 %, the highest tin extraction
(40 %) was achieved after 120 minutes in
2M HCl, at 80 °C and L:S ratio = 40. Cop-
per extraction was under 0.1 % under these
conditions.

Following the results of leaching of three
fractions it can be stated that the sieving
of crushed PCBs in this process step with
the aim of selective tin leaching turned
out to be ineffective. The entire tin lixivi-
ation was reached after 360 minutes in all
three grain fractions; but in the -8 +3 mm
and -3 +0 mm fractions copper was pass-
ing into the solution as well. The selective
leaching of tin without copper passing into
the solution was achieved only in the -8 +0
mm fraction. This fact has a real impact
on the practical implementation, because
costs and energy consumed by sieving are
saved.
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