Complex Use of Mineral Resources. Ne3. 2019 ISSN-L 2616-6445, ISSN 2224-5243 (Print)

P Crossref

DOI: 10.31643/2019/6445.29
UDC 669.85/.86: 553.3/.4(574)
IRSTI 53.37.35

@creative
commons

https://creativecommons.org/licenses/by-nc-nd/3.0/

Silver, gold and palladium leaching from pre-prepared
electronic scrap using bromine-bromide solution

Kogan V.S., Berkovich L.V.

All Recycling Ltd, R&D Department, Petah Tikva, Israel
Received: 31 July 2019 / Peer reviewed: 14 August 2019 / Accepted: 04 September 2019

Abstract. The leaching of silver, gold, and palladium from printed circuit boards in the bromine - bromide
system after preliminary removal of the associated metals and copper has been investigated. It was
established experimentally that the dissolution of gold with a turnover of leaching solution from a previously
prepared PCB concentrate in comparison with the leaching of the original electronic scrap proceeds at a higher
rate and much more completely, so the average degree of gold extraction rose from 87.2 to 89.39%. The
consumption of bromine decreased from 20-32 to 12 kg Brz per ton of scrap. So by seven leaching stages, it
was possible to obtain a productive solution with the content, g - dm=3: 0.0652 Au, 0.015 Pb, 0.00052 Cu.
Pretreatment PCB concentrate also increases the rate and completeness of silver and palladium leaching.
At the same time, preliminary removal of the main part of copper allows reducing its content in the productive
solution by almost 10 times. Under the conditions of collective leaching of silver, gold and palladium with a
slightly acidic (pH = 1.98) bromine-bromide solution, with a content of 100.8 g - dm-2 of bromide ions, it is
possible to convert 98.64% Au, 97.23% Ag and 98.33% Pd to the solution. The kinetics of precipitation of gold,
silver and palladium from productive solutions using zinc dust, copper powder and hydrazine solution has been
studied. As a results it was to precipitate gold on zinc dust in the form of cement powder with a purity of 99.4%
and collective (Ag-Pd) and (Au-Ag-Pd) products using a 10% solution of hydrazine with content, mass. %: 1.18
Cu, 90.6 Ag, 7.2Pd and 1.2 Cu, 83.31Ag, 7.15 Pd, 7.95 Au, respectively.
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Introduction only using a slightly acid bromine - bromide solution,

which causes the dissolution of the accompanying
metals, especially copper and leads to an increased
consumption of bromine. In this regard, it was of
interest to study the behavior of silver, gold, and
palladium in the process of their bromine-bromide
leaching from PCB concentrate after preliminary
removal of accompanying metals and copper from it.
As the initial sample, a PCB ordinary concentrate
(Printed Circuit Boards) was used obtained as a

Previously [1], we have studied in detail the
thermodynamics and kinetics of leaching silver, gold,
palladium and platinum from the initial electronic
scrap represented by printed circuit boards in the
bromine-bromide system in the presence of a
phosphate buffer solution. The effect of pH noble
metals, concentration of active bromine, content of
bromide ions and concentration of buffer solution on
the speed and entirety of leaching was studied. It was

found that gold dissolves in the studied system
practically in an alkaline environment quite
selectively, fully and with a high speed. However,
silver and palladium can be converted into a solution

result of physical and mechanical processing of
dismantled electronic equipment by means of an
industrial application of the Israeli company All
Recycling Ltd (www.AllRecycling.co.il), of
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composition, wt.%: 26.15 Cu, 4.7 Al, 3.6 Sn, 2.92
Pb, 2.1 Fe, 1.8 Zn, 1.32Ni, 0.65 Cr, 0.163 Ag, 0.0150
Au, 0.0136 Pd, 0.007 Pt. This concentrate is
characterized by a complex composition, and,
along with copper, both ferrous (Fe, Cr) and non-
ferrous (Al, Sn, Pb, Zn, Ni) metals with different
chemical resistance are present as accompanying
metals. Speaking by their position in a number of
electrochemical tension of metals: Al <Zn <Fe
<Ni <Sn <Pb < H, <Cu <Ag <Pd <Au, most of
the present metals can be removed chemically
under non-oxidizing conditions [2-5]. Speaking
by the literature and our data, copper can be
selectively separated by treating the concentrate
with a solution of sulfuric acid in the presence of
hydrogen peroxide as an oxidizing agent [6-11].
In this regard, the study of the optimal conditions
for the leaching of gold, silver and palladium
from a partially unmetalized PCB concentrate in
the bromine - bromide system and the subsequent
isolation of noble metals from the bromide
solution is of theoretical and practical interest.
Thus, the present paper is devoted to:

»> the study of the conditions of selective
leaching of related metals and copper from
the provided PCB concentrate;

» the study of the kinetics of leaching of silver,
gold and palladium from pre-processed
concentrate of printed circuit boards in the
bromine-bromide system depending on pH,
the concentration of active bromine, the
concentration of bromide ions and the
content of phosphate buffer solution;

» the study of the kinetics of the deposition of
precious metals from bromide productive
solution using cement dust, copper powder
and a solution of hydrazine.

Testing. Devices and reagents

A series of experiments was prepared using the
PCB concentrate sample presented above, previously
grinded using a Retch GmbH laboratory hammer mill
to a particle size of 0.5-2 mm. As reagents used:
MgCl, (Fluka Israel), HCI (Fluka Israel), HNO;
(Fluka Israel), 10.6 mol - dm™ hydrogen peroxide
solution (Negev Peroxide, Israel), NaBr (Fluka
Israel), HBr (Fluka Israel) , NaH,PO4 (Fluka Israel)
and concentrated (434 g - dm> Br;) solution of
elemental bromine (Bromine Compound Israel).
Reagent solutions were prepared using bidistilled
water. Preliminary leaching of the accompanying
metals was carried out at 368 K, the ratio of the
contacting phases S:L = 1:3 with a hydrochloric acid
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solution containing additional magnesium chloride in
a liter flask with a mechanical stirrer (300 rpm.min -
g dm) and reflux condenser which was placed in a
thermostat, which allowed to control the temperature
of the liquid coolant within y 0.5-1,0° C. Copper was
leached at 348 K. For this purpose, 0.5 dm? of sulfate
leach solution of the desired composition was poured
into a liter flask installed with nozzles installed under
a tin electrode for monitoring the redox potential
(Eh), a mechanical stirrer (600 rpm.min - g dm™), for
supplying an oxidizing agent (H>O; solution), loading
solid material and sampling the solution. Bromine-
bromide leaching was carried out at 298.5 K, the ratio
of the contacting phases S:L. = 1:5 and the speed of
rotation of the stirrer 300 rpm. g - dm™. The required
amount of leaching solution containing 20 g - dm
NaBr and 70 g - dm™ NaH,PO4 H>O was poured into
a reaction vessel equipped with a mechanical stirrer
and electrodes for measuring pH and redox potential
(Eh), after which the required amount was poured
chopped scrap, then the vessel was placed in a Huber
GmbH Unistat thermostat and the temperature in the
reactor was adjusted to the desired value, after which
the stirrer, measuring instruments were turned on and
the pre-calculated amount of concentrated elemental
bromine solution (434 g - dm™) was supplied reading
recorded original redox - potential, hereinafter in the
course of the reaction, if necessary adjusting the pH
injected 20 g dm™ NaOH solution. The metal content
in the solution was analyzed on an ISP-OES set up.
Each leach residue was washed, dried, weighed, and
the whole sample was decomposed sequentially: first
with 6 mol - dm? with HNOs solution and then in
aqua regia solution at 303.5 K, the resulting solution
was analyzed by ISP-OES. Thus, the degree of
extraction of associated metals, copper, silver, gold
and palladium was determined by the material
balance.

Results and discussion
Leaching of associated metals

Non-oxidative leaching of the accompanying metals
was carried out with a solution of 2.5 mol - dm™ HCI
in the presence of 2.6 mol - dm™ MgCl,. The leaching
results are shown in Fig. 1. As can be seen from the
presented results, after 200 min of processing the
concentrate, it was possible to transfer the main part
of the initial aluminum, zinc and tin to the solution,%:
94.4 Al, 92.3 Sn, 89.2 Zn. Along the way, a
substantial part of iron, nickel and lead is extracted
into the solution,%: 75.8 Fe, 72.4 Ni, 44.8 Pb, with
the degree of dissolution of copper 1.2%, and silver
0.56%. Gold and palladium pretreatment are not
affected.
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The resulting hydrochloric acid solution
contained 11.6 g - dm * Sn. Due to the increased
demand for tin in the modern electronic industry and
areduction in the raw materials of this metal, its value
on the London Metal Exchange has noticeably
increased. The conditions for the extraction of tin
from chloride productive solutions were examined in
detail by us earlier [12].
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Figure 1 Results of preliminary leaching of the
accompanying metals with hydrochloric acid solution: 368 K
is temperature, the ratio of the contacting phases is S:L = 1:3,

the rotation speed of the stirrer is 300 rpm

Copper leaching

The PCB concentrate (chemical concentrate 1) thus
prepared was washed, dried to constant weight, and was
used to study the kinetics of oxidative leaching of copper
with a dilute solution of sulfuric acid in the presence of
hydrogen peroxide as an oxidizing agent with scrap
particle sizes ranging from 10-20 to 0.5-1 mm. As shown
in the experiments, the fineness of the grinding of the
material plays an important role, since electronic circuits
containing copper and copper alloys are located inside the
organic polymer material of the printed circuit board and
are often additionally insulated with a protective varnish
coating. Grinding scrap, especially in a ball mill, allows
solvent to access the surface of the copper parts of the
circuit. The experimental results are given in Table 1.

Table 1 The results of copper leaching with 1 mol - dm™
sulfuric acid solution at a controlled redox potential of 520-680
mV, depending on the size of the scrap particles. The conditions
of the experiments: temperature 348 K, the ratio of the
contacting phases L:S = 3 and the rotation speed of the
mechanical stirrer 600 rpm - min™.

Time, Cu extraction into solution,%
min 1020mm | 2-10mm | 0.5-1 mm
40 26.45 32.16 38.35
120 34.52 42.32 49.34
180 48.93 56.74 67.32
240 58.72 68.92 78.68
300 67.56 78.83 92.67

As a result of oxidative leaching, the results of
which are presented in Table 1, it is possible to finely
grind scrap to selectively transfer into solution up to
92.67% of the initial copper. At the same time, the
remainder of the iron and nickel pass into the solution.
Due to the reduction of material as a result of
preliminary leaching, the concentration of precious
metals increased by almost 1.4 times.

The resulting sulfate solution with a content of
68.5 g - dm of copper can be electrochemically
processed to obtain cathode copper suitable for
subsequent refining.

Bromine-bromide leaching of precious
metals

Chemical concentrate (2) obtained after sulfuric
acid leaching, which contained, mass. %: 4.08 Cu,
0.55 Sn, 0.34 Al, 0.125 Fe, 0.136 Zn, 0.43 Pb, 0.324
Ag, 0.0297Au, 0.027 Pd and 0.0012 Pt were used for
further experiments on the kinetics of gold leaching in
the bromine-bromide system at pH 6 and subsequent
leaching of silver and palladium from the residue at
pH 1.98. The experimental results are provided in
Tables 2 and 3. In the first case, experiments with the
circulation of the productive solution were carried out
on chemical concentrate 2.

Table 2 The results of the gold leaching in the bromine -
bromide system at an initial pH of 6.1, the ratio of phases
S:L = 3:1 with a revolution of the productive solution

s | B —| E

TlEE|IT 2 ab-1E-A R ERER =
I |34.26|26.5| - - - 19231(5.1{97(198|98.34
II [23.84(28.7| 1.6 | 1.0| 9.2 [932|5.2[176|266|96.56
IIT | 26.8 |22.5/ 1.8 1.2 12.4 |919]5.3]257|346|92.30
IV | 204 [18.6] 1.8 | 1.2 | 18.6 |917|5.2|342|428]90.65
V | 17.6 |143] 1.8 1.2 28.9 |9081|5.1|1389|472(86.58
VI | 13.2 |10.6] 1.8 | 1.2 28.6 |900(5.4|/478|568|82.67
VII| 96 |68 18| 1.2 28.6 |882(5.3|1572|652|78.63

Gold leaching with the circulation of the
productive solution from the previously prepared
scrap proceeds more fully, the average degree of gold
recovery rose from 87.2 to 89.39%. Moreover, as a
result of reducing the consumption of active bromine,
it was possible to increase the number of stages to 7.
The consumption of bromine per ton of scrap was
reduced, thanks to these factors, from 20-32 to 12 kg
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of Br; per ton of scrap. As a result of leaching, a
productive solution (1) was obtained with a content of
0.0652 g - dm™ Au, 0.0015 Pb, 0.00052 Cu.

Table 3 The results of the leaching of palladium and
silver from the residue from the leaching of gold in the
bromine - bromide system at an initial pH of 1.98, a
bromine solution volume of 16 ml, a phase ratio of S:L =
1:5 and a concentration of bromide ions of 100.5 g - dm™

. [Br2], Epd,
mime | O e st ool 0|
dme3 pp pp

0 29.86 | 922 |1.98

60 24,10 | 918 |[1.50| 300 |46.34| 15.46 |28.63
240 |21.54| 908 |1.40| 404 |62.34| 24.64 |45.26
300 |20.43| 912 |1.50| 567 |87.45| 37.86 |68.82
360 | 19.78 | 900 |1.30| 612 |94.32| 48.64 |89.15
420 | 19.13 | 899 [1.50| 625 |96.20| 53.08 |97.20

The experimental results provided in Table 3
show that as a result of preliminary treatment of scrap,
the speed and completeness of leaching of palladium
increases. It should be noted that, probably, due to the
easier conversion of the passivating AgBr film to the
well-soluble AgBr>— anion complex, silver dissolves
much faster than palladium. The resulting productive
solution (2) contained, g - dm™: 0.0053 Pd, 0.0625
Ag, 1.4 Cu, 0.00032 Fe, 0.0067 Pb. Thus, as a result
of preliminary dissolution of the bulk of the initial
copper, its content in the productive solution
decreased by almost 10 times.

Table 4 presents the results of experiments on the
kinetics of co-leaching of gold, palladium and silver
at pH 1.98.

Table 4 The results of gold leaching, palladium and silver
in a bromine - bromide system at a controlled pH of 1.98
and a redox potential of 920-908 mV, a bromine solution
volume of 20 ml, a phase ratio of S:L = 1:5 and 100.5 g -
dm™ Br

. [Brz], Epd,
Time, |50 |[Aul |, o TAGLl o | [Pd], |
min ppm ppm ppm
dm-
0 29.86
60 |23.72|34.95|58.84| 321 |49.62| 15.30 |28.32
240 |20.18|57.51/196.82| 430 |66.34| 25.10 |46.48
300 |19.64|58.41|98.34| 599 {92.40| 39.10 |72.34
360 |19.18]58.43|98.45| 626 |96.62| 47.88 |88.67
420 |18.44|58.56/98.64| 628 |97.23| 53.10 | 94.33
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The results of collective leaching of precious
metals are presented in table. 4 show that under the
presented conditions, silver and gold leach at close
rates and after 6 hours of contact of the phases pass
into the solution almost completely. Palladium also
exhibits a high degree of recovery, however, as a
result of passivation of the reaction surface, it
dissolves relatively more slowly. The resulting
solution (3) obtained by co-leaching contained, g -
dm3: 0.0059 Au, 0.0053 Pd, 0.0628 Ag, 1.8 Cu,
0.00032 Fe, 0.0067 Pb, 16.23 Br, and 110 Br.

Next, the conditions for the separation of gold,
palladium and silver from productive solutions (1), 2)
and (3) were studied.

Isolation of precious metals from
bromine-bromide solutions by cementation

The separation of precious metals from
productive solutions by cementation is complicated
by the presence in the final solutions of a residual
concentration of active bromine. In order to reduce the
Br, content and its regeneration, the final solutions
were evacuated before cementation. In this case, the
outgoing gaseous bromine was passed through a
solution with 100 g - dm™ NaBr, which absorbed up
to 80% bromine, the rest was hydrolyzed in an
alkaline solution trap.

soo 1

Absorbtion

600 +

400 T

200

Wavelength, nm

Figure 2 UV spectrum of a gold-containing
bromine-bromide solution

Regenerated bromine-bromide solution can be
used in the leaching stage.

In order to determine the composition of gold
anionic bromide complexes present in the productive
solution, the solution was analyzed using a UV
spectrophotometer. The resulting spectrum shown in
Fig. 2, it is characterized by a pronounced peak at 379
nm, which is usually associated with the presence of the
most stable tetrabromourate (III) AuBrs™ in the solution
under the studied conditions.
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Figure 3 and table 5 show the results of studying
the kinetics of gold deposition on zinc dust from solution
(1) after its preliminary evacuation and adjustment of the
corresponding pH value.

Cementation of gold on zinc dust in an alkaline
medium can be described by reaction (2):

NaAuBrs+ Zn + OH = Au + ZnBrs>+ NaOH (2)
3B + 3H,0 > BrOy +5Br + 6H'  (3)

In this case, hydrolysis of active bromine by
reaction (3) with the release of an H'-ion neutralizes
the formation of sodium hydroxide, which stabilizes
the pH of the medium.

E%
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Figure 3 The results of the cementation of gold on zinc
dust, depending on the initial pH of the productive
solution

As can be seen from the data presented (Figure 3 and
Table 5), gold cementation at zinc dust from

Table 5 Gold cementation results using zinc dust (-230
mesh) from bromine-bromide solution at pH 6 and a
temperature of 290 K

[Br2]7 [Au]
Time, min| g- |pH |Eh ’|Eauw,%| Solution color
dm-3 ppm
0 1.20 |4.30|701| 572 | 0O | Brilliant orange
Start | 0.86 [8.11]697| 567 | o [Brilliantorange
2 0.82 [8.19]650| 121 |78.66|Brilliant orange
15 0.80 |8.40[465|30.3|94.66| Light-yellow
20 0.76 8.23(305(28.4[94.99]  colorless
30 0.72 |8.21|286|23.3 [95.89|  colorless
60 0.65 |8.50\272| 1.2 [99.79|  colorless

a pre-evacuated bromide solution in a relatively
alkaline medium at pH 8, proceeds slowly and
practically does not end, since the hydrolysis of
dissolved zinc complicates the formation of cement
gold. In slightly alkaline solutions, gold cementation
occurs quickly and the bulk of the metal precipitates
during the first 15 minutes.

Figure 4 Results of SEM analysis of cement gold
extracted from bromine-bromide solution on zinc dust

MEM1 : 429—1

Figure 5 X-ray of cement gold isolated from bromine
bromide on zinc dust

The cement slurry obtained from the bromine -
bromide solution was analyzed using an X-ray phase
analyzer (see Fig. 4) and an electron microscope (see
Table 6). As can be seen from the results of the
analysis, by zinc cementation, gold can be isolated in
the form of a metal powder with a purity of 99.4%.
The main impurity (0.6%) is copper.

Tables 6 and 7 show the kinetics of the
deposition of precious metals from solutions (2) and
(3) after their preliminary evacuation. Given the high
content of copper ions in these solutions, preliminary
experiments were carried out on the cementation of
gold, palladium and silver on a copper powder, but no
positive results were obtained because active
bromine passivated the reaction surface of the

copper powder.
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Table 6 The results of the recovery of palladium
and silver from a bromide solution (2) 1 ml of 10%
solution of NoHs- H,O at pH 6, temperature is 278 K

Time, min| g[-Bdrfr]liS pH | Eh [;;i]l’ Eag,% E)I;)(ir]; E‘i;d’
0 632 | 1.9|734|625| 0 |53.00 0
Start 5.86 |8.101697|574| 0 |50.5 0

2 3.23 |8.23|650(141| 77.4|8.9| 82.3

15 1.86 |8.40|465(43.3| 93.1 | 2.7 | 94.6

20 1.23  [8.67{305(32.4| 94.8 | 1.9| 96.2

30 1.20 |8.72|286(28.3| 95.5|0.7| 98.6

60 1.18 |8.781272|8.2]98.7 0.6 | 98.8

Table 7 The results of the recovery of gold, palladium
and silver from solution (3) 1.3 ml of 10 solution of
hydrazine at pH 6 and temperature

Time, |P2H) N [Ag){Eag | 1Pd), | 5 | AU, | B
. g- | Eh N % o
min ppm | % | ppm ppm | %
dm-
0 116.23/9081628.0 0 | 53.0| 0O |590| O
Start | 7.23 |762(616.0] 0 | 52.0| O |57.8| O
2 6.12 |1332(197.7|67.8] 9.0 | 82.6 | 11.4 | 80.3
15 [4.341282(69.6|88.7| 2.5 | 952 | 43 |92.6
20 |3.56(223]147.2192.4] 2.1 [96.0| 2.2 | 96.2
30 |3.18234|22.3(96.4] 0.8 | 98.5|0.75 | 98.7
60 |2.76 |1216| 7.4 {98.8] 0.4 | 99.2 | 0.81 | 98.6
For precipitation of noble metals from a

bromide solution containing copper, a hydrazine
solution was chosen as a reducing agent. The data on
the separation of gold, palladium and silver from the
productive solutions (2) and (3), presented in tables 7
and 8, showed that noble metals can be extracted by
reduction with a 10% solution of NoHs- HO  with
high speed and almost completely. It was found that
the copper present in the solution is also reduced with
the successive formation of oxides Cu,O, CuO and
metallic copper. The resulting precipitates were
purified from copper by treating them at a temperature
of 313 K with a dilute sulfuric acid solution
containing 2.5 mol - dm~ H,SO;4 and 0.9 mol - dm"
H,0;. Chemical analysis of the obtained collective
products found that the final collective products
isolated from solutions (2) and (3) contained, mass.
%: 1.18 Cu, 90.6 Ag, 7.2 Pd, the rest is moisture, lead;
1.20 Cu, 83.31 Ag, 7.15 Pd, 7.95 Au, the rest is
moisture, lead.

60

Collective products obtained may be sent to a
refinery. Considering that from each ton of PCB
concentrate, usually sent to the refinery, using
bromine - bromide technology it is possible to obtain
only 10-15 kg of the collective product, the
advantages of hydrometallurgical processing
associated only with lowering the cost of refining and
reducing technological losses are obvious.

Findings

Within 180 minutes of treating the initial PCB
concentrate with a hydrochloric acid solution
containing 2.5 mol - dm HCI in the presence of 2.6
mol - dm? MgCl,, it is possible to transfer to the
solution,%: 94.4 Al, 92.3 Sn, 89.2 Zn, 75.8 Fe, 72.4
Ni, 44.8 Pb, while the degree of dissolution of copper
is 1.2%, and silver 0.56%. Gold and palladium
pretreatment are not affected.

As a result of oxidative leaching of the residue
from hydrochloric acid treatment, it is possible to
finely grind scrap of 0.5-1 mm scrap into the solution
to 92.67% of the initial copper.

The dissolution of gold with the circulation of
the leaching solution from a pre-prepared concentrate
of printed circuit boards in comparison with the
leaching of the initial electronic scrap proceeds with
a higher speed and much more complete, as the
average degree of gold recovery increased from 87.2
to 89.39%. Bromine consumption decreased from 20-
32 to 12 kg of Br, per tonne of scrap. Moreover, for 7
stages of leaching, it was possible to obtain a
productive solution with a content of, g - dm: 0.0652
Au, 0.015 Pb, 0.00052 Cu.

Pretreatment of scrap also increases the speed
and completeness of leaching of silver and palladium.

Under conditions of collective leaching of
silver, gold and palladium with a weakly acid (pH =
1.98) bromine-bromide solution containing 100.8 g -
dm?, bromide ions can be converted into a solution of
98.64% Au, 97.23% Ag and 98.33% Pd.

Gold cementation on zinc dust from a pre-
evacuated bromide solution proceeds quickly and the
bulk of the gold precipitates at pH 6 during the first
15 minutes. In this case, gold is released in the form
of a metal powder with a purity of 99.4%. The main
impurity (0.6%) is copper.

The deposition of gold, palladium and silver
from collective productive solutions by reducing
precious metals with a 10% solution of NoHs- H>O
proceeds with high speed and almost completely. In
this case, the copper present in the solution is also
reduced with the successive formation of oxides
Cu0, CuO and metallic copper. The resulting
precipitates can be purified from copper by treating
them at a temperature of 313 K with a dilute sulfuric
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acid solution containing 2.5 mol - dm™H>SO4 and 0.9 mol
- dm H,0,. Final collective products contain, mass. %:
-1.18 Cu, 90.6 Ag, 7.2 Pd, the rest is moisture, lead;
-1.20 Cu, 83.31 Ag, 7.15 Pd, 7.95 Au, the rest is
moisture, lead and suitable for refining.
The obtained experimental results made it
possible to recommend the proposed technological
methods for the design of a pilot plant for semi-

industrial ~ optimization = of  bromine-bromide

technology.
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Bbpom-0pomMuj epitingicin naliganana oTbIpbIN AJAbIH aJ1a JAHBIHIAJIFAH 3JI€KTPOH/BIK
JKMBIHABIIaH (CKPANTaH) KYMICTi, AJTHIHABI KoHEe MaJLUIaJuii epiTiHaiiey

Koran B. C., Bepkosuu HU. B.

Tyitinaeme. Byt xxymbIcTa inecrne MeTangap MEH MBICTBI aJlJIbIH aJla aJlblll TACTaFaHHAH KeiliH OpoM-OpoMu xKyHeciHaeri
Oacna miaranapblHaH KyMICTi, alThIH/IbI KoHE MAJUTaANN/L epiTIHAlIeY 3epTTeni. bacTankpl 37eKTPOHBIK )KUBIHIBIHBI
EpITIHAICYMEH CallBICTRIPFAH/a aJAblH ajla JaiiblHjanFaH Oaclia IJIaTalapblHBIH KOHIICHTPATBIHAH EPITIHALICY
epITIHAICIHIH KaWTapbhIMBIMEH aJTHIHABI €PITy MKOFaphl KBULAAM/IBIKIICH YKOHE alTapIIbIKTail TOJBIK ©TEIl, COHIBIKTaH
ANTHIHBI OOITIIT Ay AbIH opTama aopexeci 87.2-nen 89.39% - ra neiiiH ketepini. | TOHHA KUBIHIBIIAFEI OpOMHBIH Br)
WBIFBIEE 20-32 Kr-HaH 12 kr-ra neifin Keickapasl. COHBIMEH KaTap epiTiHaiIeyain 7 Ke3eHiHae KypaMbiaaa r-av: 0.0652
Au, 0.015 Pb, 0.00052 Cu 0Gap eHimmui epiTiHmi anbHabl. JKHBIHIABHBI alABIH ajla ©HACY KyMic IEeH MHaUIaauimi
epPITIHAUICYAIH KBUIIAMABIFEI MEH TOJBIK JKYPYiH apTTBIpagbl. Bys peTTe MBICTHIH HETi3Ti OJiriH aiIbplH ajla abIIl
TacTaFraHIa OHBIH OHIMII epiTiHmimeri KypamblH 10 ecere TemeHmeryre MyMKiHIIK Oepermi. Kymic, anTeiH koHe
namnaguiiai Kypameiaga 100.8 r-am® 6poMun MOHBI Gap onci3 KBIIKBLT OpoM-Opomup epitiHmicimen (pH=1.98)
OipikTipin epiTiHainerenae epirinuaire 98.64% Au, 97.23% Ag xone 98.33% Pd Oenyre 6osansl. MBIpBIII HIaHBIH, MBIC
YHTaFbIH KOHE FHAPA3MH ePITIHIICIH MakaaHa OTHIPHII, OHIMII SPITIHAIICPACH aIThIH/IbI, KYMICTI JKOHE MalIa il
TYHABIPY 3epTTengi. HoTvxkecinae 1eMeHT YHTaFrbl TYPiHAETT MBIPBILI IaHbIHAA Ta3abiFbl 99.4% 00JaThIH aNThIH XKOHE
10% ruapasuH epiTiHAICIH MaiaagaHbin Kypambiaaa maccaibik %: 1.18 Cu, 90.6 Ag, 7.2 Pd xone 1.2 Cu, 83.31 Ag, 7.15
Pd, 7.95 Au 6onarbiH yxeiMabIK (Ag-Pd) xone (Au-Ag-Pd) eHimaepi albIH/BL

Tyiiin ce3mep: anTblH TI'MIPOMETAJUTYPrHsCHl, OpOM-OpOMHUA IKyiHeciHIeri KyMiCTi, aiThIHJAbI JKOHE NalIanuiii
epiTiHainey, OpoMUI epiTIHAITIEPIHEeH KacalTFaH achll METAAAPAbl [IEMEHTAIUSIIAY.

BrimenaunBanue cepedpa, 30J0Ta M NAJIATUS U3 NPeIBAPUTEIHHO MOATOTOBIEHHOT0
3JIEeKTPOHHOTO CKPAMNa ¢ MCMoJb30BaHNeM OPOM-OPOMHIHOTO pacTBOpa

Koran B.C., Bepxosuu U.B.

Pedepar. V3yueHo BrllenadynBaHue cepedpa, 30J10Ta U NAIans U3 TIEUaTHBIX TUIaT B OpoM- OpOMUIHON CHUCTEMe
Iocje MPeABAPUTEIHHOTO YAAJICHUS COIYTCTBYIOMIMX METAJUIOB W MeOU. ODKCIEpUMEHTAIbHO YCTAHOBJICHO, YTO
pacTBOpeHHUe 30J10Ta C 0OOPOTOM BBIIIEIAYMBAIONIETO PACTBOPA M3 IPEABAPUTENHFHO IMOATOTOBICHHOTO KOHIICHTpaTa
MEYaTHBIX IJIAT B CPABHEHHWH C BHIIMIENAYMBAHHEM HCXOJHOTO AJIEKTPOHHOTO CKpama MpOTeKaeT ¢ 0ojiee BBICOKOM
CKOPOCTBIO M CYIIECTBEHHO TOJIHEE, TAK CPEIHSS CTETICHb M3BJICUEHUs 30J10Ta mogHsuiack ¢ 87.2 no 89.39%. Pacxon
6poma cokparmics ¢ 20-32 o 12 kr Br, Ha ToHHY ckpama. [Ipuuem 3a 7 cTaamii BEIETauyMBaHUs yJajJoCh HOITYYUTh
NPOJyKTUBHBIH PacTBOp ¢ cosiepxanreM, - aM~: 0.0652 Au, 0.015 Pb, 0.00052 Cu. TIpensaputensnas 06paboTka ckparna
YBEJIMYMBACT TAK)KE CKOPOCTH M MOJIHOTY BBIIIEIaYNBaHMs cepebpa u nayutaaus. IIpu aToM, peaBapuTeIbHOE YAaleHHe
OCHOBHOM 4YacTH MeJH, MO3BOJSET CHHU3UTHh €€ COJepKaHUE B MIPOJYKTHMBHOM pacTBOpe mpakrtudyecku B 10 pas.
B yciioBHsIX KOJUIEKTHBHOTO BBIIETauMBaHuUs cepeOpa, 30510Ta 1 naniagus cinabokucisiM (pH=1.98) 6pom-O6pomuaHbM
pacTtBopoM, ¢ coiepxkanuem 100.8 r-m® 6poMuI-MOHOB yaeTcs epeBecTH B pacTBop 98.64% Au, 97.23% Ag n 98.33%
Pd. M3y4eHo ocaxaeHue 30510Ta, cepedpa 1 nmajmiaans u3 NPOIyKTUBHBIX PACTBOPOB C HCIOJIB30BAHNEM IITHKOBO ITBLIH,
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MEJIHOTO TOpOIIKAa M pacTBOpa TMApa3uHa. B pesynbrare yaanoch BBLACIUTH 30JI0TO Ha LIMHKOBOM NBIIM B (opme
LIEMEHTHOr0 nopouka yucroroid 99.4% un xomextuBubie (Ag-Pd) u (Au-Ag-Pd) nponykrsl ¢ ucnonszoBanuem 10%
pacTBopa ruapasuHa ¢ cojepkanuem, macc. %: 1.18 Cu, 90.6 Ag, 7.2 Pd u 1.2 Cu, 83.31Ag, 7.15 Pd, 7.95 Au
COOTBETCTBEHHO.

KaioueBble ci1oBa: ruapoMeTaIyprus 30J0Ta, BBILENAYMBaHUE cepedpa, 30J0Ta W mawiagus B OpoM-OpoMuaHON
cucTeMe, LIEeMEHTALUsl OJIarOpOHBIX METAIJIOB U3 OPOMHUIHBIX PACTBOPOB.
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