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ABSTRACT

A series of processes has been developed to recover the pold from electronic scrap containing about 200~600 ppm Au. Firsl,

mechanical beneficiahon including shredding, crushing and screening was employed. Results showed that 99 percent of gold

component leaves m the Fraction of under 1 mm of crushed scrap and its concentration was enriched to abaut 300 ppm

without incineration. The crushed scrap was leached in 50% aqua regia solution and gold was completely dissolved at 60°C

within 2 hours Other valuable metals such as silver, copper, nickel and iron were also dissolved The resulting solution was

boiled (0 remove nitrous compounds in the leachate. Finally, a newly designed elecirolyzer was tested to recover the gold

metal. More than 99% of gold and silver were tecovered within an hour by clectrowinning process.

1. Imtroduction

Electrome scrap has been increasingly gencrated duc to a ra-
pud growth of the electromes indusiries. The scrap includes the
rejected products from IC (indegrated circuits) manufacturing
process and the computer mdustry as well as the disposal of
obsolete PCB (pinted circutt boards), conncctors, cabling, me-
tal cases, etc.” Among these, the amount of IC chip scrap in
Korea reached about 1,500 ton/vear in 1994 and has kept m-
creasing.” Despite a variety of gold cantent from 200 to 600
gfton depending on different forms and kinds of IC chip, this
scrap becomes an important secondary tesource for gold be-
cause the reclamation of metals 15 more easily achieved com-
pared to other electionic scrap.

Therefore, the recycling of valuable metals from this
scrap plays an important role censidering thal deposits of
precious metals are becoming scarcer. In addition. the in-
crease of the scrap cuuses a serious environmental problem
and this scrap has to be recycled according to covironment
protection law,

Several processes have been cmployed for the recovery of
gold from electronic scrap.™ Alfhough some drawbacks in
causing other types of paliution and increased metal loss are
involved, pyrometallurgical methods can treal all forms of
scrap. Usually, collector metals such as copper or iron were
smelted with or without flux and then the recovery of gold

was accomplished from (he slag or metal portion. On the olh-
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er hand, only small scale plants for hydrometallurgical
processes have been developed despite better environmental
profection, casier scparation and higher recovery rate. A var-
jety of ways to tecover valuable metals from leach liquor of
the scrap have been developed such as precipitation with Na,-
50, ion exchange methad,” supparied liquid membrane tech-
mque.” cementation,” solvent extrachon,” and electrolysis."”
Besides
biotechnology have been apphed lo enhance the gold recovery

these, processes involving electrochemistry and
and purity from the scrap.

The aim of this study was to develop a process which in-
cluded mechanical treatment, lcaching and electrowinning.
The complete recovery of pold component from the scrap is
accomplished using a newly designed electrolyzer which
enhances the mass transfer rate. Reaction chemistry during

electrolysis can be expressed as follows,

M"+ne =M
n €1 =n/Z Cl+ne

cathede

(L
@

where M indicates the metals to be electrodeposited and n

anode

is the number of electrons mvalved in electrochemical reac-

tion
2, Experimental

2,1. Sample preparation by physical separation
The metal composition of the scrap used in this ex-
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Table 1. Chemical analysis of metals m IC scrap
Element | Cu | Ni | Fe | So | Pb [ Al | Au | Ap

Content

(wi%%) 14.19) 3.86 | 536 | 1.46 | 0.52 [ 0.08 | 0.45 | 0.11

periment 1s shown in Table 1. Physical separation was per-
formed to reduce bulk and to classify the materiul fractions.
Cutter, hammer and ball mulls were used for size Teduction.
After grinding, crushed scrap was classified by ASTM stan-
dard sieve and chemical composition as a funetion of par-
hcle size was determined to optimize each unit process. The
chemical anulysis was carricd out by Inductively Coupled
Plasma Atomic Ernission Spectrophotometer (ICPA).

Samples for subsequent experiments were preparcd as fol-
lows: After size reduction down lo about 1 mm. crushed
scrap was separated by airflow classifier. The fraction under
1 mm in size was used for leaching and electrowinning ex-
periments and that over 1 mm for the magnetic separation
in which eross-belt magnetic scparator was used.

2.2. Aqua regia leaching

Leaching tests were carried out in a 1000 ml three-neck
flask which was kept in a constant temperature bath as
shown in Fig. 1. Croshed scrap was charged into 50% aqua
regia (3:1 mixture of concentrated HC] and HNQ,) and pulp
density was adjusted to 20 g/l. The rotation speed and reac-
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Fig. 1. Schematic diagram of leaching apparatus.

tion (emperature were kept constant during the reaction. In
order fo study the effect of temperature, temperatures were
varied from 15 to 60°C. A 5 ml aliquot of sample solution
was withdrawn at the regular time intervals for chemical
analysis using an [CPA,

2.3. Electrowinning

Synthetic solution as wcli as leach liquor from the leach-
ing of the scrap were tested to recover valuable metals from
the solution. The synthetic solutions were prepazed using
analytical grade HAuCI, - 4H.0 mixed CuSO. to the desir-
ed concentration and pH was adjusted with hydrochloric
acid The leach liquor from the leaching was heated up to
TU"C for 2 hours to boil off NO, priar 1o electrolysis.

Elecirowinning was performed at room temperature with
a newly designed electrolyzer using an inscluble anode
which evolves chlorme gas. The leach liquor was cyeled
with a pump and the concentration of various meta) jons
was measured wilh an atomic absorption spectrophatomeier
{(Perkut-Elmer 3100},

3. Results and Discussion

3.1. Mechanical separation

The optimization for the combination of unit operations,
such as shredding, crushing and grinding has been madc
through experiments.

The cutting mill reduced the scrap to about 5~7 mm in
size, hammer mill to less than 3 mm and ball mill to less
thun | mm. After grinding, the size distnbution of crushed
scrap was measured and the results are shown i Table 2.
Despite size reduction, 24 5% of scrap still remains over 1
mm in size, because the ductile metallic porton 1s not easi-
Iy crushed.

The metallic and gold conlent along with size distribution
is given in Table 3. Most of the metallic part of scrap re-

Table 2. Parlicle size distribution of crushed IC serap

Parficle size {mm) Distribution (wt%)
+3 730
3~1 17.0
106 240
0.6~035 129
05-03 14.1
1.3-025 4.00
0.25~0.21 350
-0.21 17.0
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Table 3. Distribulion of metals n crushed IC serap

Distrihutions Composition
Particic
size (mm) Metals Au Melals Au
W% | w% | ® | opm
+3 200 0.1 97.8 284
3~1 602 09 958 24.2
1~0.6 111 29.0 12.9 546
06~05 1.70 160 370 566
0.5~0.3 (44 170 087 535
{13~0.25 0.01 40 - 446
025021 - 30 - 387
-0.:21 - 300 - 750

ports to the fraction over 1 mm in size, however, the Au
conient is quite low. Mosl of gold {more than 99%}) remains
in the portion below | mm in size, cspecially more than
30% is found in the size fraction less than 0.21 mm. The
An confent of flus size fraction 15 756 ppm, which 1s the
highest of the sizc fraction. This is duc fo the fact that most
of Au arc present in the form of boading wire or thin film
which 15 cagily separaled dunng gnnding.

The chemical comiposition of the metallic fraction is
shown in Tablz 4. It maioly consists of Cu, Ni and Fe
which are easily separated by applying the magnetic field.
Based on the results, the optimized processes for mechan-
icul pretreatment arc shown mn Fig. 2

3.2. Leaching

For complete extraction of gold. agua regia was used and
leaching behavior was investigated with tespect to tem-
peraturc only The material used in this leaching tests was
the crushed scrap under | mm in size obtained through
mechanical treatment The chetmical analysis is shown in
Tabls 5

Fig. 3 shows that only 10~20% of metals were extracted
at 13°C even after 2 hours reaction in 50% aqua regia leach-
ing. When the temperature was increased to 40°C, all Cu
and about 85% of ather metals inclnding Au and Ag were
dissolved. Fimally. most of metals cxcept Ag were com-
pletely leached out at 60°C A lower extraction of silver in

Table 4. Chemicul composition of metals i crushed 1C scrap

|

Cutting
5~7 mm

Crushing

t

Fe-Ni Concentrate

-3 mm
1st Grimding
1 +1 mm
2nd Grinding
J‘ -1 mm
Aur Classificabion
Precious Melals
Melals j
Gold Leaching Magnetic
L Scparation |Cu Concentrate

Electrowinnmg
Fig. 2. Flowshect for recovery of metals from 1C scrap.

Tabie 5. Chemical composition of metals in crushed IC scrap

below 1 mtn m size
Au LAg

0074 i (089

Element Cu Ni Fe
Conlent (wi%) | 273 047 020

agua regia leaching can be explained by the precipitation of
silver chloride in strong chioride solution.

Because selectivity in the dissolution of metals was not
considered in this test, subsequent leaching experiments
were curriced out at 60°C.

3.3, Elecirowinning

Electrolysis was carried out with variations of the applied
poicntial and flow rale. Fig 4 shows the effect of flow rate
which was correlated in terms of linear velocity of solution
at the applied potential of 3.5 V and pH of 2.0. The linear
velocity was defined as e ratio of the flow rate to the
ctoss sectional arsa of inlet in the electrolyzer. The elec-

Elerment (wt 95} ) Al
Srze Cn Ni Fe Sn Pb Al (ppm) Ap
+3 mm 48.2 16.9 239 081 0.01 0.19 284 0.72
-3 mm 523 12.9 J 178 6.83 257 (.32 242 .28
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Fig. 3, Metals dissolution from the cmished IC scrap (20 g sohd/
1, 50% aqua regia).
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conditions to increasc the mags transfer rate. The con-
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Fig. 5. Gold content with varation of the apphed voltage (pH 2,
7 m/sec {low rate, room lemperature).
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Fig. 6. Metals recovery from leach liguor of crushed IC scrap
(pH 2, 7 m/sec flow rale. 3.5 V).

centration of Au and Cu drops almost exponentially and the
recovery of these metals excecds 99% within a hour.

The effcct of applied potential on Au rccovery 1s -
lustrated 1 Fig. 5, and the removal rate of metals from syn-
thefic solution increased with the applied potential. As
shown in this tigure, the rate of electrodeposition of metals
at 4.0 V is a little higher than that of 3.5 ¥, As a result, the
optimum applied potential would be 3 5 V with congidering
the energy consumption.

The leach liquor from the leaching of electronic scrap
was fested with an cleetrolyzer and the resulls are presented
in Fig. 4. The tnitial concentrations of various metals were:
Au 738 ppm, Ag 887 ppm. Cu 27.25 g/l. Ni 1.995 g/l and
Fe 4.72 g/l, respectively, Ninety nine percent ol the pre-
cious metals werc recovered within a hour. Durmg this
same period, 97% of Cu and less than 10% of Ni and Fe
were tecovercd. Although the selectivity for precious metals
ovel 1he base metals is not good enpugh, it might be pos-

Aol 2, A 6A A3 &, 1997
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giblc to scparate the precious metals from the base metals us-
ing a staged operation with different applied voltage in each
glecolyzer,

4. Conclusions

The series of processes has been developed to tecover the
gold from clectronic scrap coplaining initially about 200~
600 ppm Au. The followmng conclusions were made,

1. By the combmnation of unil processes such as shred-
ding. crushing and grnding, most metallic part of IC-
based scrup was classilied Into over 1 mm in sizc.
And more than 99% of Au remained in the portion of
below | mm

2. Cu, Ni and Fe weie casily sepmated by magnetic scpara-
fion for the fraction of crushed scrap over 1 mm in size.

3. The crushed scrap under 1 mm in size was leached in
50% aqua regla soluton and Au was completely dis-
sahved at 60°C within 2 howrs Other valuable metals
such as Ag, Cu, N1 and Fe were also dissolved.

4. The Au metal was recovered by a newly designed elec-
trolyzer which provides a highly twbulent flow con-
dition. The optmum applied potential and flow rale
are 3.3 V und 7 m/sec considering the energy con-
sumnption and recovery rate.
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5. Morc than 99% of Au and Ag were recovered from
the leach liquor of crushed scrap within an hour
through the electralyzer.
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