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Leaching of Tin and Copper
from used print circuit boards
in Hydrochloric acid
orac D , Havlikl, Kukurugya F., lvl skulOvaA. Takacova Z (1)

This paper deals with the leaching 0f printed circuit boards (PCBS) from used per-
sonal computers for the purpose 0f investigating tin and copper extraction into
solution under different conditions. During the leaching process the intluence of
the temperature,leaching agent concentration and leaching time on tin and copper
extraction was observed. The experiments were performed at the temperatures
of 20,40,60 and 80 'C in the aqueous solution of HCI at concentrations ol0,25M,
0.5M, 1M and 2M. Three fraclions 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 HCl,80'C,360 min.),
However, only in the -8 +0 mm lraction the selective leaching of tin (without cop-
per passing into the solution) was reached. In the leaching of two other fractions
G8 +3 mm, -3 +0 mm) around 5 % of copper passed into the solution.

n the European Union about 8 mil
lion tons ofwaste fiom electrical aird
electronic equipment (WEEE) are
generated annualll with the annual

increase of 3 - 5 7o [1]. Fron a global per-

spective it represents about 20 - 50 milhon

tons [2].
PCBs represent a significant part olWEEE.

In recent years, the average PCBs produc

tion has grown by about 8.7 70 worldwide,

whilst in China i t  has been as mucL as

14.4 70. PCBs represent approximately

6.5 % oflhe weight ofa computer [3].
PCBs contain vaiuable metals such as gold,

silver, copper and others. When consider

ing all components of a personal complrter,

the highest amount ofthese metais is con

tained in PCBs. The chemical composit ioi

ofPCBs is veryvariable, and the content of

ce r ta i n  me ld  5  i s  mor l l )  g i \ en  i n  a  range  c ' f

values. The published contents of copper

[4 - 9] in PCBS \.ary from 3.7 to 25 %, t in

2 4 %, si lver 0.0003 0.2 7o, gold 0.00025

0.1 7o, lead 1.5 - 3 %, zinc 0.4 - I .6 %, alu-

minium 2 28 o/o and nickel0.3l -  2 70. 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 ofcopper l t  1s

twenty times higher than in raw materials.
The high content ofthese 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

c r i t i ca l .  Fo r  i r s t ance .  t he  amounr  o f  p r i

mary raw materials for tin production at

the cuirent ore mining rate of 333 000 t/y
is estimated for 17 years onll and accord-
ing to optimist ic est imations for 33 years.

Moreover 52 % oftin 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 pyronetallurgical,

hydrometal lurgical and combined meth-

ods. These methods can be preceded by
material pre treatment through physicai

or thermal processes. The aim ofthe pre

treatment is mainly the reduction ofinput
material volumes, release ofre<luired com
ponents and concentration of metals.

Oh et al.  [11] describe the leaching ofPCBs

using sulphuric acid (H,SO,) rvith the

addition of hydrogen peroxide (H,O,) as

an oxidizingagent. When using2M H.SOa

with the addit ion of0.2M H,O, at the tem
peratureolS5'C, the extraction ofzinc and

copper reached 100 % after 8 hours, while

the extraction of iron and nickel reacleu

95 % and the tin extraction was 20 70 after 12

hours. After leaching in H,SO,, the leach

ing in (NH,),S.O,,, CuSO, and NH,OH fol

lowed, with the aim to leach out gold and

silver. Silver was leached out entirely alter

24 hours and the gold extraction reached

95 % after 48 hours- Consequently, the

solid residue was leached in NaCl solulron

with the aim to leach lead. Thelead extrac-

Itor of95 no lras achieved after 2 hours in

the NaCl solution.

Rabah et al.  [12] studied leaching of cop

per, t in and lead from PCBs by means of

2M HNO., at the leaching tenperatures of

20, 50, 75 and 100'C. The leaching t ime

was 60 minutes. The extraction ofcopper,

t in and lead increased with the increase

o '  r en rpe .a lu re .  and  comp le te  l i x i v i a r i on

ofthese 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 t in in H.SOa reached 100 0/o at
t he  t empera r r r r e  o f  100 'C  a f l e r  o0  m in . .

whilst the ledd extraction reached only

10 %. The complete l ixiviat ion of cop-

per from the residue in HNOr at 100 "C

was achieved after 40 minutes; in case

of tin alter 50 minutes and lead after

60 minutes.

Mecucci and Scott [13] leached crushed

PCBS in I to 6 M HNO. at two tempera-

tures of 23 and 80 'C. The sample weight

was  100  g  and  t he  ro l ume  o f  t he  l each ing

solution was 300 m1. Lead was leached out

entirely after 360 minutes at all concentra-

tions of HNOr; as for copper, only when

using6MHNO.. 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 ofthese

expe{iments indicated the need for crush

ing the sanple before leaching to ensure

Metal Sn [%] Cu [ozo] Au [o/o] As ["/"]

fraction

-8 +0 nlm s .94 2r.3 0.007 0.01
-8 +3 Dm 1.32 8.62 0.020 0.05
-3 +0 mm 4.0 t4.41 0.032 0.07
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Tab. 1: The chemical comoosition of PCBS
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better access oftheleaching solution to the

desired metals.

Orac et al. ll4l leached crushed PCBS for the

purpose ofleaching copper and tin in HCl

solutions. In that paper the effect of acid

concentration, tempemture and liquid to

solid ratio was investigated. Thehighesttin

extraction, around 90 %, was achieved by

using 2M HCl, at the temperature of80'C.

The results ofthe expeiments showed that

with the increase of temperature and acid

concentration the tin extraction increases

as well. The copper extraction was always

under 1 7o, 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

withthe study ofthe tin and copperextrac-

Fig. 1 a - c: Photographs of crushed PCBS

Fig. 2 a - cr XRD patterns of individual lraclions of PCBS

tion from PCBs in HCI 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
increasing acid 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. 116l dealt with copper recov-

ering from PCBs. PCBs with the granu

iarity from 0.5 to 3 mm were leached in
(NH,),SO.] solution or in (NHnCI) medi-
um, in the presence ofCu'1n ion.

The solut ion concentrat ions were 0.5, 1,

4 and 5M. Extractions of copper 21 %,
ti,n 0 /o, lead, 2.6 o/o, manganese 27 o/o and
zt']c 7l o/o werc achieved in the sulphate
environment. In the chloride envirol
ment the extractions were as follows: Cu
12 %, Sn 0 %, Pb 9.1 o/o,Mn38 o/o and Zn
57 o/o.
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f i ne  samp le  w i l h  l he  h igh  coppe r  con ten t .
and the second sample consisted of non
metallic material. The powder sample was
strbject to leaching in concentrated H,SO4
with the addition of NaCl and CuSOa.
Moreover, air was blowing in. The sample
was subject to classic leaching as well as to
l each ing  r r i t h  t he  a id  o fe l ec l r oox ida t i on .
The results showed that during the clas-
sic leaching the copper extraction reached

100 % after 330 minutes, whilst with the
aid ofelectrooxidation the same extraction
was achieved after 210 minutes.
Castro and Mart ins [19] obtained t in and
copper from PCBs by leaching and precip-
itation. At iirst, PCBS were grinded, and
the obtained powder sample was leached
at the temperature of60 .C with L:S ratio
= 10 for 120 minutes. The following solu_
tions: 2.18N H?SO4, 2.I8N H,SOa + 3.0N

Fig.3: The scheme of the teaching ap-
paratus [22]; 1 - mechanicat stirrer; 2 -
propeller; 3 - leaching pulpi 4 - sampler;
5 - thermometer; 6 - feeder; 7 - water
thermostat; 8- crushed PCBS

Kinoshitaet al. [17] leached PCBs in HNO,
solution. PCBSwere cut intopieces with the
dimensions of10x20 x2 mm before leach
ing. The highest extraction of metais was
reached using 1MHNO3 for24hours. Cop
per and nickel extractions were 95 % and
99.9 yo respectivelyat 80 'C. Gold remained
in the form offlakes and its extraction was
98 yo.

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

Fig. 4 a - c: Kinetics curves of tin teaching in 2M HCl, at L:S ratio = 40 at different tempe_
ratures and fiactions oI PCBS

Fig. 5 a - c: Kinetics curves of tin teaching at g0 "C, LrS ratio = 40, at different flCl con_
centrations and grain lractions 0f pCBs

HCl,3.0N HCI and 3.0N HCI + 1.0NHNOr
were used as leaching reagents. The low-
est extractions (2.7 % Sn, 0.01% Cu) were
reached by using 2.18N H,SOr; and on the
contrarl, the highest extractions (98 % Sn,
93 % Cu) were reached by using 3.0N HCI
+ 1.0N HNO]. When using precipitation
with NaOH, a maximum of 4.3 % Sn and
1.3 70 Cu was obtained from the solution
at pH = 3.3.

Bari et al. [20] leached PCBs in order to
leach outCu, Zn andNi. NHr solutionwith
(NI{),SrO, was used as a leaching reagent.
The highest extractions ol At p9 o/o), Zn
(60 %) and Ni (9 %) were reached after 360
minutes of leaching in 5M NHr + 0.5M
(NH,),SrOs solution. Consequently, the
solution was submitted to electrolysis after
leaching, where Cu with 99-97purity% was
obtained.

Veglio et al. 121l were recovering metals by
leach i rg  e l ec t ron i c  and  i ndu \ t r i a l  l r a \ t e .
They used 0.05 - 0.15M HrSOn solution for
the experiments. The temperature of the
proce55 wa( from J0 'C io 90.C. Copper
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material by quartering. Fron that sample
(fraction 8 +0 mm, Fig. la) iext sample
for  chemica l  ana l l s is  r .a '  taken.  Remain-
ing part was sieved into two fractions 8 +3
mm and 3 +0 mm (Fig. I b, c). Obtained
products were submitted to chemical anal-
ysis by atomic absorptioD spectrometry
(AAS), Tab. 1.
The phase composition was determined
by the X-ray diffraction qualitative phase
analysis. Fig. 2 a c shows XRD patterns
of the used grain fractions ( 8 +0 mm, -E

+3 mm, 3 +0 mm). With respect to the fact
that it is practically impossible to get an
objectiveXRD pattern from such big parti-

ieaching reagent. The volume ofthe leach-

i ng  reagen t  wdc  400  m l .  l  he  samp le  we igh t

10 gwas 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 materialwere used for the experiments.

The first fraction consisted ofthe original

PCB sample after crushing with the gran-

ularityof-8 +0 1nm. Another two fractions

G8 +3 mm, -3 +0 mm) were obtained by

sieving crushed PCBs on screen with the

apedure size of 3 mm. The total experiment

time was 120 minutes. The time period for

t he  w i t hd rawa l  o t  l i qu id  ramp les  du r i r g
Fig.6; Kinetics curves of tin leaching at L:S ratio =
40 in 2M HCI at temperature 80 "C for different grain
tractions oI PCBS

and nickel extractions reached 94 - 99 o/o

under these conditions after 120 minutes

of leaching. The manganese extraction was

around 14 7o.

This work focuses on the leaching ofPCBs

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 Llsed personal computers

produced in the years 1985 to 2000.

73 kg ofused motherboards were collected

before the leaching experiments. At first,

hazardous parts such as batteties and con-

densers were manually removed from the

PCBs. Afterthat the PCBswere crushed on

a hammer mill. The representative sam

ple of 2 kg was obtained from the crushed

Fig.7: Kinetics culves of tin leaching fr0m PCBS in
2M HCl. at temoerature 80 "C for 360 minutes for
ditf erent grain f ractions

Fig. I a - c: Kinetics curves 0f copper leaching at L:S ratio = 40 in 2M HCl, at diflerenl
temperatures and grain fractions ot PCBS

cles, the samples were grinded on a vibrat-
ing nill, where a fine-grained homogene-
ousfractioD was obtained, whichwas more
suitable for the XRD diffraction analysts.
The analyses *.ere 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 appamtus,rvhose 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 ofhydrochloric acid at concentrations
of 0.25M, 0.5M, lM 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

lrrflu enc e oJ temp etatute

Fig. 4 a c show kinetics curves of tin

leaching from PCBs in 2M HCI at the tem-

peratures of20, 40, 60 and 80'C for three

grain fractions and atL:S mtion = 40. From

20 .c
40 0c
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Fig.9 a - c: Kinetics curves of copper leaching at 80 'C, L:S ratio = 40 for different HCt
concentrations and grain fractions of PCBS

tion up to 3 7o was observed onlyat fraction
-8 +3 mm.

Influence of acid concentratiort

Fig. 9 a c show kinetics curves ofcopper
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  coppe r  ex t ra ( l i on  i n l o  t he  ro l u t i on .

Higher copper extraction was observed

only at the -8 +3 mm grain fraction.

InJTuen ce of yanul at ity

Fig. 10 shows kinetics curves ofthe copper

leaching for three grain fractions ofPCBS

at 80'Cin 2M HCl,for 120 minutes.lncase

of the grain fraction of 8 +3 mm copper
passes into the solution (3 7o) whilst in case
o fano the r  f r ac l i on5  l he  coppe r  ex t rac l i on
was below 0.5 %.

hrfluehce of leachiflg titne

Fig. 11 shows kinetics curves ofthe cop
per leaching for 360 minutes in 2M HCl,

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

o f  8 + 3 m m a - 3 + 0 m m .

Discussion

From the leaching experiments ofPCBs it
r esu l t s  t ha t  t i n  a  nd  coppe r  behav ro r  du r i ng

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 fonn

Fig. 10; Kinetics curves ot copper leaching at L:S
Jatio = 40 in 2M Hcl, at 80 "c for different grain
fraction 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 ofthe 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 ofthe leach-

ingtime influence on the tin extraction for
.ele(ted experimenls wil l  be pre'ented.

InJluence of acid concefitratiotr

As the results of temperature influence

show, the highest tin extractions were

achieved at the temperature of 80 "C.
Therefore, onlythe results achieved at this

temperature are presented in the nextpart.

Fig. 5 a - c show kinetics curves oftin leach

ing at 80 'C, L:S ratio = 40, at different HCI

concentrations and grain fractions. From

the graphs it results thatwith the acid con

centration increase the tin extraction into

the solution increases as well.

htTaeflce oJ gaflularity

The results ofthe acid concentration influ-

ence imply that the highest tin extractions

were achieved in 2M HCI, and therefore only

the leaching results ofPCBS at this concen-

tration will be presented in the next part.

Fig. 6 shows kinetics curves of the tin

leaching for three grain fractions ofPCBS

at 80 'C in 2M HCI for 120 minutes. Fronr
the graphs below it results that the highest
tin extraction was achieved for the 8 + 0
mm grain fraction.

lnf laenc e of le ach in g time

The current results ofthe 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 ofthis factor
on the tin extraction.

FigT shows thekinetics curves oftin leach
ing for three grain fract ions for JoO min-
utes at 80 'C, in 2M HCI and L:S ratio = 40.
The results show that the extended leach-
i ng  t rme  resu l t s  i n  comp le te  t i n  l i \ i v i a t i on
from all three grain fractions.

Gopper behavior in the leaching
pr0Gess

Infltence of t e upetat ute

Fig. 8 a c show kinetics crlrves of cop-
per leaching in 2M HCI 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 0/o and in some cases below 0.05 % at
all temperatures and grain fractions -8 +0
mm and -3 +0 mm. Higher copper extrac-

5

4

;

, ,

0

a -8 +0 nln LtS = 40

o -8+j mn 2MHCI

|  -3 +o mn 80{

100 120
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Fig. 12: Reduction of the impurities by gas purging (t
= 15 min, V = 2.2 Umin,
p = 0.8 bar, T = 1500 "C

was considered during calculations. From

the thermodynamic calculations of tin

and copper leaching foi reactions (l) - (4)

i t  results that leaching of metal l ic t in can

also take place under non-oxidizing con

ditions, unlike metallic copper. Tin leach

ing reactions in hydrochloric acid, (l) and
(2), show a negative value of AG" (Tab. 2),

rvhich means that ftom the thermody-

namic point ofview they are likely to run

in the direction of product creation. This

fact is also confirmed by the .esults of tin

leaching experiments under different con-

dit ions (Fig. 4 7). On the other hand, the

reactions of metallic copper leaching, (3)

and (4), show a positive value ofAG'(Tab.

2), which means theywill not run. This fact

is confirmed also by the results of copper

Ieaching in Fig. 8 a, c.

Sn + 2Hcl(aq) = Sncl,(a9) + H.,r,  (1)

Sn + 2H'+ 4C1 = Sncla' .r  H.(") (2)

2Cu + 2HCl(.d = 2CuC\,n, + H,,*, (3)

Cu t 2HCI,.,,, = CuCl.,"., + H,,r, (4)

From the leachingexperiments using the -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 extractionwas around

4 %. The elevated copper extraction values

can be explained in many ways.

Oxidizing conditions are required for the

process ofcopper passing into thesolution,

and as the Ieaching experiments ran in open

atmosphere, it is probable that oxygen dif-

fusion from ambie[t air had occurred.

During the leaching process a peculiar

effect occuued, 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 ofthe -8 +3 mm

f rac l i on ,  ds  t h i s  f r ac t ron  doe \  no l  . on la i n

fine particles. This layer prevented the

access ofoxygen from the ambient atmos

phere, and therefore copper leaching did

notoccur. On theotherhand, this iayer did

not occur in the -8 +3 mm fraction where

copper was leached, which means that the

layer did not prevent the access of oxlgen

which participates in copper leaching; and

lh i '  f ac l  .  dn  be  desc r i bed  by  t he  f o l l ow ing

reactions:

2Cu + 4HCl{.q) + O,(s, = 2CuCIr,"o, +

2H1O (s)

2Cu + 4H* + 2Cl + O,,r, = 2CuCI* +

2H.O (6)

2 C u + 4 H . + 6 C 1  +  O , ( s )  =  2 C u C r ' +
2H,O (7)

2Cu + 4H. + 8Cl + Or(.) = 2CuClr' +
2H,O (8)

The reactions ofcopper leaching in hydro-

chloric acid solutions at oxygen presence
(5) - (8) show a negative value ofAG" (Tab.

l).  and therefore from the thermodl nami

cal point ofview it is probable that theywill

run, as opposed to copper leachingwithout

the oxygen presence (reactioDs 3 and 4),

where the values olAG" were positive.

Another e\planatron for copper leac\ing

can be given by leaching of the oxidized

layer of copper, which was created as a

result of storing crushed PCBs. The reac-

tions ofcopper oxide formation (9) and (10)

show negative values ofAG". Additionally,

leaching of copper oxides can run also

under non oxidizing conditions, as shown

bythe values ofAG'for reactions (11) - (14)

in Tab. 4.

2Cu+O. , r ,=2CuO
4Cu+O, , . ,=2Cu,O

(e)
(10)

CuO+2Hcl ( ,q r+e  =  CuCl  +  H,O +
Cl ("q)

CuO + 2Hcl("qr = CUCI, + H2O

Cu,O + 2HC1,,,, = 2CuCl+ H:O

Cu,O+2H.+4C1 =  2CuCl '  +  H,O

( 11 )

03)

('t2\

(14)

In case oflong time experiments, two sub-

sequent phenomena participating in cop-

per leaching can occur. At first, CuCl, is

formed in rhe proce'.  becau'e of the oxygen

d i f i u " i on  i r om l he  amb ien t  a lmosphe re  ( J

hours) according to the reaction (5). Alter

the formation of the sufficient amount of

CuCI, in the solution, CuCl, participates

in copper leaching according to the reac-

t ion (15). In addit ion, after leaching out
part of tin, an additional surface area of

copper was uncovered and reactive area

grown larger, whereby the trend of cuNes

in Fig. 11 can be explained.

C u + C u C i . . = 2 C u C l

AG'80 = 68.239 k]/mol (15)

The reason why higher copper extractions

were not achieved maybe caused by copper

cementation on metallic parts ofless noble

metals, which occurs during the leaching

process. As all the metals in PCBs are

practical ly les. noble than copper. e\cept

for Au and Ag, this fact must be taken into

consideration.

A pocsible rea(l ion bet$een hydrochlori<

ac id  and  l he  o rSan i c  phase  can  be  con . i d

ered a totally unexplored area, because
\ome compound5 leporide, pol) e.ter.

n l l on )  con ta in  oxygen  w i t h i n  t he i r  po l y -

mer chains. As the elevated copper extrac-

tion into the solution occurred only at

increased temperatures and in 2M HCl,

i t  i ,  posrible 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

a l so  t r n  and  coppe r  l each ing  r r - r n  i n  d i f f e r -

ent ways. Irom the leaching of individual

grain fractions G8+0 mm, -8 +3 mm,
-3 +0 mm) it results thatthe leaching proc

ess oftin depends on temperature, hydro-

ch  l o r i c  a (  i d  concen l ra t i on  and  on  Jeach  i ng

time, where tin extraction raises with the

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

Temperature ["C] (t) 12) (3) (4)

80 -56.09 -59.42 26.75 57.44

Tab.2: The values of standard Gibbs free energy change for the reactions (1) - (4) [23]
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increase of temperature, acid concentta-
tioir and leachiDg time. In case of copper
leaching, the increase oftempetature, acid
concentration and leaching time do not
have any sigDificaDt influence on the pass
ing ofcopper into the solution.
The experimental study of 8 +0 mm frac-
tion shows that the highest tin extraction
(53 yo) fron this fraction, which contains
5 .94  o ,  o f r i n ,  was  ach ie \ed  d f l e r  120  m in

utes using 2M HCl, at the temperature of
80'C and L:S rat io = 40. Copper extract ion
ua .  be lo r l  0 .1  oo  unde r  t hese  cond i r i on : .
Entire tin lixiviation was reached afte.
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.

I n  ca "e  o f  t he  l ea .  h  i l l g  e ) ,  pe r imen l s  u  ' i ng

the -8 +3 mm fraction, which contained

1.32 o/o of IirL, the highest tin extraction
29.85 o/o was achieved after I20 minutes
in 2M HCI at 80 "C. Howevet during the
leaching also around 4 7o ofcopper passed

into the solution, which is not verydesirable

from the practical point of view. Another
fact, which is not in favor ofleaching this
fractiol], is that the absolute amount oftin
to be leached outislowerthan in -8 +0 r lrn
f rac t i on .  l t  r a r  f ound  ou t  r h . r t  du r i ng  Lhe
leaching ofthe -3 +0 mm fuaction with tin
content of 4 %, the highest tin exttaction
(40  %)  wa .  ach ie red  a i t e r  I 20  mrnu tes  i n
2M HCl, at 80 "C and L:S rat io = 40. Cop-
per extract ionwas under 0.1 % underthese

condit ions.

Following the results of leachiog of three
f rac l i ons  i l  can  be  5 ld ted  t ha l  t he . i ev i ng

of crushed PCBs iD this process step wrth
the aim of selective tin leaching turned
out to be ineffective. The entire tin lixrvr-
ation was reached after 360 minutes in ail
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 oftin 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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standard Gibbs ftee energy change AG. [kJ/mol]
Temperature ['C] (6) (7) (8)

80 170.88 t67.31 -148.09 -t28.79

Tab.3: The values of standard cibbs free energy change for the reactions (5) - (S) [231
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