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(57) ABSTRACT

The present invention relates to a method of concentrating
and recovering precious metals from waste mobile phone
PCBs and spent automotive catalysts using waste nonferrous
slag, in which precious metals such as gold, silver, platinum,
palladium or rhodium can be concentrated and recovered by
simultaneously treating different industrial wastes, including
waste nonferrous slag, waste mobile phone PCBs and spent
automotive catalysts, and industrial waste can be recycled as
resources. According to the present invention, it is possible to
maximize the utilization ratio of precious metal resources that
totally depend on the import in terms of the domestic situation
of'a poor-natural resources country. In addition, the industrial
waste can widely be utilized for the recovery of precious
metals in the fields of household appliance recycling and
electronic part manufacture, and the recycling of industrial
by-products discharged in the field of non-ferrous refinery.

5 Claims, 2 Drawing Sheets
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1
METHOD FOR CONCENTRATING AND
RECOVERING PRECIOUS METALS FROM
SPENT MOBILE PHONE PCBS AND SPENT
AUTO-CATALYSTS USING WASTE
NONFERROUS SLAG

TECHNICAL FIELD

The present invention relates to a method of recovering
precious metals, which are used as raw materials for high-
tech products, from waste mobile phone printed circuit
boards (PCBs) and spent automotive catalysts by a single
process using waste nonferrous slag that is classified as indus-
trial waste. More particularly, the present invention relates to
a method of concentrating and recovering precious metals
from waste mobile phone PCBs and spent automotive cata-
lysts using waste nonferrous slag, the method comprising
adding waste nonferrous slag, and caustic lime (CaO) as a
flux for controlling slag composition, to waste mobile phone
PCBs and spent automotive catalysts, followed by melting at
high temperature, whereby precious metals such as gold,
silver, platinum, palladium, and rhodium, contained in the
waste mobile phone PCBs and the spent automotive catalysts,
are captured and concentrated in metals such as iron, copper,
tin, and nickel, contained in the waste nonferrous slag and the
waste mobile phone PCBs, and recovering the captured and
concentrated precious metals. In the present invention, waste
nonferrous slag which is an industrial waste discharged from
aprocess for smelting nonferrous metals such as copper, lead,
and zinc can be used not only as fluxes for controlling slag
composition, but also as metals for capturing precious metals,
and a plastic component contained in waste mobile phone
PCBs can be used as a reducing agent, whereby the amount of
alloy phase produced can be increased to facilitate the sepa-
ration of the alloy phase from the slag phase, thus shortening
the process time while remarkably reducing the use of fluxes
such as alumina (Al,O;), caustic lime (CaO), magnesia
(MgO), iron oxide (FeO) and silica (Si0,), and the reducing
carbon, without using metals for capturing precious metals,
such as copper, iron, lead and nickel, and the reducing agent
carbon, which cause an increase in process cost. In addition,
according to the present invention, not only precious metals
such as gold, silver, platinum, palladium, and rhodium, but
also valuable metals such as iron, copper, nickel, and tin, can
be recovered from waste mobile phone PCBs and spent auto-
motive catalysts, and slag generated in the present invention
causes no environmental problem and can be recycled as
resources.

BACKGROUND ART

In general, printed circuit boards (PCBs) mounted in infor-
mation/telecommunication devices such as waste mobile
phones contain precious metals such as gold, silver, and pal-
ladium, as well as valuable metals such as copper, tin, and
nickel. Although the contents of the precious metals to be
recovered vary depending on the model and production year
of'mobile phones, it is known that the printed circuit boards of
mobile phones contain about 240-400 g/T of gold, about
2000-3000 g/T of silver, about 10-100 g/T of palladium,
about 5-15 wt % of copper, 0.1-0.2 wt % of nickel, and 0.3-0.7
wt % of tin. In addition, precious metals which are used as
catalysts for purifying automotive exhaust gases include
platinum, palladium and rhodium, which are distributed as
fine particles on the surface of honeycomb-type carriers at
specific ratios. When automobiles are scrapped, spent auto-
motive catalysts containing platinum, palladium, rhodium,
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and the like are generated, and the contents of these precious
metals slightly vary depending on the manufacturer, model
and production year of automobiles, but are about 55-790 g/T.

Meanwhile, as information/telecommunication devices
are rapidly developed and the replacement cycle of automo-
biles is shortened, the generation of industrial waste such as
waste mobile phone PCBs and spent automotive catalysts is
sharply increased, and the environmental pollution caused
thereby becomes a social issue.

However, precious metals contained in waste such as waste
mobile phone PCBs and spent automotive catalysts are
important as raw materials for high-tech products and are also
high priced and high value-added, and hence are too precious
to dispose of as waste. Thus, recovering and recycling such
precious metals contributes to the national economy and is
required in terms of effective utilization of resources.

A method for recovering precious metals from industrial
waste such as mobile phone PCBs and spent automotive
catalysts is broadly divided into a pyrometallurgical method
and a hydrometallurgical method.

Among them, the hydrometallurgical method is a method
of'recovering precious metals from waste mobile phone PCBs
and spent automotive catalysts by direct leaching using aqua
regia or hydrochloric acid solution. In this method, there are
disadvantages in that a large amount of wastewater is gener-
ated and the residue after recovery of precious metals is
difficult to dispose of. For this reason, the hydrometallurgical
method involves much difficulty in recovering precious met-
als from waste mobile phone PCBs and spent automotive
catalysts which have low precious metal contents. Thus, the
hydrometallurgical method has not yet been commercialized.

Meanwhile, the pyrometallurgical method includes a
method that employs a nonferrous metal smelting furnace,
and a method that employs an exclusive furnace.

The method that employs the nonferrous metal smelting
furnace is a method of concentrating, separating and recov-
ering precious metals as a nonferrous metal phase from waste
mobile phone PCBs by charging the waste mobile phone
PCBs together with nonferrous concentrate or copper matte
into the nonferrous metal smelting furnace and melting the
charged waste mobile phone PCBs at high temperature. This
method has advantages in that no wastewater is generated and
the generated slag can be effectively recycled because it has
little or no adverse effect on the environment. However, there
is a disadvantage in that a long working time is required. In
addition, this method cannot be applied to industrial waste
such as spent automotive catalysts which contain a large
amount of alumina (Al,O;) that increases the viscosity of
slag.

The method that employs the exclusive furnace can be
divided into two categories: one in which various fluxes for
controlling slag composition, such as alumina (Al,0;), caus-
tic lime (CaO), magnesia (MgO), iron oxide (FeO) or silica
(Si0,), a reducing agent such as carbon, and metals for cap-
turing precious metals, such as copper, iron, lead or nickel, are
added to waste mobile phone PCBs and spent automotive
catalysts, which are then melted at high temperature, thereby
recovering precious metals; and the other in which various
fluxes for controlling slag composition, such as alumina
(AL,0;), caustic lime (CaO), magnesia (MgO), iron oxide
(FeO) or silica (Si0,), and a reducing agent such as carbon,
are added to waste mobile phone PCBs and spent automotive
catalysts, which are then melted at high temperature, thereby
recovering precious metals.

The method that employs the exclusive furnace has advan-
tages in that no wastewater is generated and the generated slag
can be effectively recycled because it has little or no adverse
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effect on the environment. However, this method has a dis-
advantage in that it requires metals for capturing precious
metals, such as copper, nickel, iron or nickel, various fluxes
for controlling slag composition, such as alumina (Al,O;),
caustic lime (CaO), magnesia (MgO), iron oxide (FeO) or
silica (Si0,), and the reducing agent carbon in large amounts,
which increases production cost. In addition, the excusive
furnace-based method that does not employ the metals for
capturing precious metals, such as copper, iron, lead or
nickel, has a disadvantage in that, because the amount of alloy
phase obtained in the process is small, the alloy phase is
difficult to separate from the slag phase, resulting in an
increase in process time.

Accordingly, the present inventors have made extensive
efforts to solve the above-described problems occurring in the
prior art and, as a result, have found that, when small amounts
of waste nonferrous slag and caustic lime are added to waste
mobile phone PCBs and spent automotive catalysts, which
are then melted at high temperature, precious metals such as
gold, silver, platinum, palladium and rhodium contained, in
the waste mobile phone PCBs and the spent automotive cata-
lysts, can be captured and concentrated in metals such as iron,
copper, tin and nickel, contained in the waste nonferrous slag
and the waste mobile phone PCBs, and can be simultaneously
recovered. Based on this finding, the present invention has
been completed.

DISCLOSURE OF INVENTION

Technical Problem

The above-described method of concentrating and recov-
ering precious metals by simultaneously treating waste
mobile phone PCBs and spent automobile catalysts has a
disadvantages in that, because metals for capturing precious
metals, such as copper, nickel, iron or nickel, various fluxes
for controlling slag composition, such as alumina (Al,O;),
caustic lime (CaO), magnesia (MgO), iron oxide (FeO) or
silica (Si0,), and the reducing agent carbon are used in large
amounts, high treatment cost is required. In addition, the
process that does not use the metals for capturing precious
metals, such as copper, iron, lead or nickel, has a disadvantage
in that, because the amount of alloy phase produced is small,
the alloy phase is difficult to separate from the slag phase,
resulting in an increase in process time. Accordingly, the
present invention has been made in order to solve such prob-
lems, and it is an object of the present invention to provide a
method for recovering precious metals from waste mobile
phone PCBs and spent automotive catalysts, in which the iron
component contained in waste nonferrous slag which is dis-
charged as industrial waste from a process for smelting non-
ferrous metals such as copper, lead or zinc is used as an agent
for capturing precious metals, while the remaining compo-
nents contained in waste nonferrous slag are used as agents
for controlling slag composition, and the flux CaO is added to
supplement the deficiency of the flux component (slag com-
position controlling agent) of waste nonferrous slag. Thus,
waste nonferrous slag which is an industrial waste is used not
only as a flux for controlling slag composition, but also as an
agent for trapping precious metals.

In addition, in the present invention, the plastic component
contained in waste mobile phone PCBs are used as a reducing
agent, and metals for capturing precious metals, such as cop-
per, iron, lead or nickel, and the reducing agent carbon, which
increase the process cost, are not used. Furthermore, among
various agents for controlling slag compositions, such as
alumina (Al,0;), caustic lime (CaO), magnesia (Mg0O), iron
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oxide (FeO) or silica (Si0,), only caustic lime (CaO) is used,
and thus the process time can be shortened. Thus, an object of
the present invention is to provide a method of concentrating
and recovering precious metals from waste mobile phone
PCBs and spent automotive catalysts using waste nonferrous
slag, in which precious metals such as gold, platinum, palla-
dium or rhodium can be concentrated and recovered by simul-
taneously treating different industrial wastes, including waste
nonferrous slag, waste mobile phone PCBs and spent auto-
motive catalysts, and industrial waste can be recycled as
resources. In addition, another object of the present invention
is to provide a method in which iron oxide, silica and caustic
lime, which are contained in waste nonferrous slag, silica
contained in the waste mobile phone PCBs, and cordierite
contained in spent automobile catalysts, can be used as fluxes
for controlling slag composition, and valuable metals such as
iron, copper, tin or nickel can be recovered, and the resulting
slag causes no environmental problems and can be recycled
as resources.

Technical Solution

In order to achieve the above objects, the present invention
provides a method of concentrating and recovering precious
metals from waste mobile phone PCBs and spent automotive
catalysts using waste nonferrous slag, the method comprising
the steps of: (a) crushing waste nonferrous slag; (b) crushing
spent automotive catalysts; (¢) mixing caustic lime (CaO),
which is a flux for controlling slag composition, uniformly
with the waste nonferrous slag resulting from step (a), and
melting the mixture; (d) introducing waste mobile phone
PCBs and the spent automotive catalysts of step (b) into the
melt of step (¢), followed by melting; and (e) maintaining the
melt of step (d) for a predetermined time to separate the melt
into an alloy phase containing precious metals and a slag
phase containing no precious metal.

Other features and embodiments of the present invention
will be more apparent from the following detailed descrip-
tions and the appended claims.

Advantageous Effects

According to the present invention, the iron contained in
waste nonferrous slag and the metals (such as copper, iron, tin
or nickel) contained in waste mobile phone PCBs are used as
metals for capturing the precious metals (such as gold, silver,
platinum, palladium or rhodium) contained in waste mobile
phone PCBs and spent automotive catalysts, and the plastic
component contained in waste mobile phone PCBs is used as
a reducing agent, whereby the amount of an alloy phase can
be increased without having to add metals for capturing pre-
cious metals from waste mobile phone PCBs and spent auto-
motive catalysts, so that the process of separating the alloy
phase from the slag phase can be facilitated, thus remarkably
shortening the process time. In addition, iron oxide, silica and
caustic lime, which are contained in waste nonferrous slag,
and silica contained in waste mobile phone PCBs, and cordi-
erite contained in spent automobile catalysts, are used as
fluxes for controlling slag composition, thereby significantly
reducing the number and amount of fluxes for controlling slag
composition.

Furthermore, in the present invention, waste mobile phone
PCBs and spent automotive catalysts are not separately
treated to recover precious metals, but the waste mobile
phone PCBs and the spent automotive catalysts are simulta-
neously treated, whereby the precious metals can be recov-
ered at a recovery rate of 98% or more and the generated slag
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can be recycled. Thus, the present invention is energy-saving,
environmentally-friendly technology and enables precious
metals to be recovered simultaneously from different indus-
trial wastes, making it possible for the recovered precious
metals to be recycled as resources.

In addition, as information/telecommunication devices
have been rapidly developed and the replacement cycle of
automobiles has been shortened, the generation of industrial
waste such as waste mobile phone PCBs and spent automo-
tive catalysts is expected to be increased. The present inven-
tion can positively solve problems, such as the waste of
resources and environmental pollution problems, which are
caused by waste mobile phone PCBs and spent automotive
catalysts.

Meanwhile, according to the present invention, precious
metals can be concentrated and recovered from waste mobile
phone PCBs and spent automotive catalysts using the waste
nonferrous slag as industrial waste, which can significantly
reduce the number and amount of fluxes for controlling slag
composition, without using precious metal-capturing metals
and the reducing agent carbon, as well as valuable metals such
as iron, copper, nickel and tin can be recovered. Also, slag
generated in the present invention causes no environmental
problems and can be recycled as resources.

Therefore, the present invention is an energy-saving, envi-
ronmentally-friendly technology which does not result in
process residue that causes environmental pollution, while it
enables different industrial wastes to be simultaneously
treated in a single process so as to be utilized as resources.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram illustrating a process
according to the present invention; and

FIG. 2 is a flow block diagram illustrating a method of
recovering precious metals from waste mobile phone printed
circuit boards (PCBs) and spent automotive catalysts using
waste nonferrous slag according to the present invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

In one aspect, the present invention is directed to a method
of concentrating and recovering precious metals such as gold,
silver, platinum, palladium, and rhodium from waste mobile
phone PCBs and spent automotive catalysts using waste non-
ferrous slag which is an industrial waste discharged from a
process for smelting nonferrous metals such as copper, lead,
and zinc. The method includes the steps of: (a) crushing waste
nonferrous slag; (b) crushing spent automotive catalysts; (c)
mixing caustic lime (CaO), which is a flux for controlling slag
composition, uniformly with the waste nonferrous slag
resulting from step (a), and melting the mixture; (d) introduc-
ing waste mobile phone PCBs and the spent automotive cata-
lysts of step (b) into the melt of step (c), followed by melting;
and (e) maintaining the melt of step (d) for a predetermined
time to separate the melt into an alloy phase containing pre-
cious metals and a slag phase containing no precious metal.

In the present invention, in step (a), the waste nonferrous
slag may be crushed in such a fashion that waste nonferrous
slag discharged from a process for producing copper, lead,
and zinc is crushed into small particles with a diameter of
from 0.5 to 1.5 cm. If the particle diameter of the waste
nonferrous slag is less than 0.5 cm, the melting time is slightly
shortened, but the generation of dust is increased, and thus
there will be no advantage according to a reduction in the
particle diameter of the waste nonferrous slag. On the con-
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trary, if the particle diameter of the waste nonferrous slag
exceeds 1.5 cm, there is a disadvantage in that the melting
time is extended.

The waste nonferrous slag used in the present invention is
slag that is produced as a byproduct from a process for pro-
ducing nonferrous metals such as copper, lead, zinc, etc. The
waste nonferrous slag contains alumina (Al,O;), caustic lime
(Ca0), iron oxide (FeO), magnesia (MgO), and silica (SiO,)
as main components. In the present invention, among the
main components, FeO is contained in the largest amount
(i.e., in an amount of about 40-60% by weight) in the waste
nonferrous slag. [ron oxide contained in the waste nonferrous
slagis partially reduced such that it can be used as an agent for
capturing precious metals, and some of iron component exists
in the state of an iron oxide such that it can be used as agents
for controlling slag composition. Based on this fact, the waste
nonferrous slag was used as a main element of the present
invention.

In the present invention, in step (b), the spent automotive
catalysts may be crushed into small particles with a diameter
of from 0.5 to 1.0 cm. If the particle diameter of the spent
automotive catalysts is less than 0.5 cm, the melting time is
slightly shortened, but the generation of dust is increased, and
thus there will be no advantage according to a reduction in the
particle diameter of the spent automotive catalysts. Contrar-
ily, if the particle diameter of the spent automotive catalysts
exceeds 1.0 cm, there is a disadvantage in that the melting
time is extended.

In the present invention, in step (¢) of mixing caustic lime
(Ca0), which is a flux for controlling slag composition, uni-
formly with the waste nonferrous slag resulting from step (a),
and melting the mixture, the caustic lime (CaO) may be
uniformly mixed in an amount of 5 to 40 parts by weight
based on 100 parts by weight of the waste nonferrous slag,
and the mixture is charged into an electric furnace, followed
by melting at a temperature of from 1300 to 1450° C. for 10
to 20 minutes. In this case, the caustic lime (CaO) is charged
as an agent for controlling slag composition in steps (d) and
(e) into the electric furnace. If the amount of the caustic lime
added is less than 5 parts by weight based on 100 parts by
weight of the waste nonferrous slag or exceeds 40 parts by
weight based on 100 parts by weight of the waste nonferrous
slag, there is an disadvantage in that the melting temperature
of the mixture of the waste nonferrous slag and the caustic
lime is increased, leading to an increase in energy loss. In
addition, if the amount of the caustic lime added is less than 5
parts by weight based on 100 parts by weight of the waste
nonferrous slag or exceeds 40 parts by weight based on 100
parts by weight of the waste nonferrous slag, the viscosity of
the slag in step (d) is disadvantageously increased, leading to
a decrease in the recovery rate of the precious metals in step
(e).

Inthe present invention, iron oxide, silica and caustic lime,
which are contained in the waste nonferrous slag, silica con-
tained in the waste mobile phone PCBs, and cordierite con-
tained in the spent automobile catalysts, can be used as fluxes
for controlling slag composition.

Further, if the melting temperature of the mixture is less
than 1300° C., there is a disadvantage in that the mixture of
the waste nonferrous slag and the caustic lime is not com-
pletely melted. On the contrary, if the melting temperature of
the mixture exceeds 1450° C., the mixture of the waste non-
ferrous slag and the caustic lime is completely melted to form
a liquid melt, but the melting time is extended, leading to an
increase in energy loss.

In addition, ifthe melting time of the mixture is less than 10
minutes, there is a disadvantage in that the mixture of the
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waste nonferrous slag and the caustic lime is not completely
melted. On the contrary, if the melting time of the mixture
exceeds 20 minutes, the mixture of the waste nonferrous slag
and the caustic lime is completely melted to form a liquid
melt, but the melting time is extended, leading to an increase
in energy loss.

In the present invention, in the step (d) of introducing waste
mobile phone PCBs and the spent automotive catalysts of step
(b) into the melt of step (¢), followed by melting, the waste
mobile phone PCBs and the spent automotive catalysts may
be charged into an electric furnace in amounts of 40 to 70
parts by weight and 10 to 30 parts by weight, respectively,
based on 100 parts by weight of the waste nonferrous slag,
and followed by melting at a temperature of from 1300 to
1450° C. for 20 to 40 minutes. If the amount of the waste
mobile phone PCBs added is less than 40 parts by weight or
exceeds 70 parts by weight based on 100 parts by weight of
the waste nonferrous slag, the viscosity of the slag is disad-
vantageously increased, leading to a decrease in the recovery
rate of the precious metals in step (e). In addition, if the
amount of the spent automotive catalysts added is less than 10
parts by weight or exceeds 30 parts by weight based on 100
parts by weight of the waste nonferrous slag, the viscosity of
the slag is disadvantageously increased, leading to a decrease
in the recovery rate of the precious metals in step (e).

Preferably, the waste mobile phone PCBs is introduced
into the melt of step (¢) as it is without being ground, may be
introduced in the melt with cut divided into two or four parts
depending on the model of the mobile phone.

If'the melting temperature of the mixture is less than 1300°
C., there is a disadvantage in that the viscosity of the slag is
increased, leading to a decrease in the recovery rate of the
precious metals in step (e). On the contrary, if the melting
temperature of the mixture exceeds 1450° C., the viscosity of
the slag is decreased, leading to a slight increase in the recov-
ery rate of the precious metals in step (e), but there will be no
advantage according to an increase in the melting temperature
of the mixture.

If the melting time of the mixture is less than 20 minutes,
there is a disadvantage in that the reduction rate of iron oxide
contained in the waste nonferrous slag is low, which makes it
difficult to separate an alloy phase from a slag phase in step
(e), leading to an increase in the process time and a decrease
in the recovery rate of the precious metals. Contrarily, if the
melting time of the mixture exceeds 40 minutes, the reduction
rate of iron oxide contained in the waste nonferrous slag is
slightly increased, and thus there will be no advantage
according to an increase in the melting time.

In the present invention, in the step (e) of maintaining the
melt of step (d) for a predetermined time to separate the melt
into an alloy phase containing precious metals and a slag
phase containing no precious metal, the melt of step (d) may
be maintained in an electric furnace for 10-20 minutes with-
out additional supply of energy to separate the melt into the
alloy phase containing precious metals and the slag phase
containing no precious metal. If the maintaining time of the
melt is less than 10 minutes, the process time is shortened, but
the recovery rate of the precious metals is disadvantageously
decreased. Contrarily, if the maintaining time of the melt
exceeds 20 minutes, the recovery rate of the precious metals
as the alloy phase is increased, but the viscosity of the slag
phase is disadvantageously increased, making it difficult to
separate the alloy phase from the slag phase.

In this case, after the melt is separated into the alloy phase
and the slag phase, gold, platinum, palladium, rhodium, etc.,
are recovered and refined from the alloy phase in which the
precious metals are concentrated. The slag phase containing
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no precious metals are re-used for recovery of other precious
metals, or are used as raw materials of cement.

Resultantly, the present invention is aimed at presenting an
energy-saving, environmentally-friendly technology that
provides a method in which precious metals can be concen-
trated and recovered from the waste mobile phone PCBs and
the spent automotive catalysts using waste nonferrous slag as
industrial waste, valuable metals such as iron, copper, nickel,
and tin can be recovered, and slag generated can be recycled
as resources without causing no environmental problem,
thereby remarkably reducing the number and use amount of
fluxes even without additionally using metals for capturing
precious metals, and the reducing agent carbon, and that
enables industrial wastes disposed of to be utilized as
resources.

EXAMPLES

Hereinafter, the present invention will be described in fur-
ther detail with reference to examples. It will be obvious to
those skilled in the art that these examples are illustrative
purposes only and are not to be construed to limit the scope of
the present invention.

Example 1

Waste nonferrous slag and spent automotive catalysts were
crushed into small particles with a diameter of from 0.5t0 1.0
cm, respectively. The waste nonferrous slag thus crushed was
then mixed with caustic lime (CaO), which is a flux as an
agent for controlling slag composition. The caustic lime
(Ca0) was uniformly mixed in an amount of 40 parts by
weight based on 100 parts by weight of the waste nonferrous
slag by using a V-type mixer (Hanyang Science, Korea), and
the mixture was charged into an electric furnace, followed by
melting at 1300° C. for 20 minutes to obtain a melt. Waste
mobile phone PCBs and the crushed spent automotive cata-
lysts were charged into the melt thus obtained, and then were
melted at 1450° C. for 20 minutes to obtain a melt. At this
time, the amount of the waste mobile phone PCBs charged
was 67 parts by weight based on 100 parts by weight of the
waste nonferrous slag, and the amount of the spent automo-
tive catalysts charged was 20 parts by weight based on 100
parts by weight of the waste nonferrous slag. Thereafter, the
melt thus obtained was maintained in the electric furnace for
20 minutes without additional supply of energy to separate
the melt into the alloy phase containing precious metals and
the slag phase containing no precious metal.

As aresult, the amount of the precious metals contained in
100 g of the waste mobile phone PCBs and 30 g of the spent
automotive catalysts was as follows: gold-924.9 mg, silver-
1897.5 mg, palladium-387.2 mg, platinum-316.2 mg, and
rhodium-65.2 mg. The amount of the precious metals existing
in the alloy phase in which the precious metals recovered by
the present invention were trapped was as follows: gold-906.5
mg, silver-1877.8 mg, palladium-382.0 mg, platinum-310.8,
and rhodium-64.8 mg, which shows that gold, silver, palla-
dium, platinum, and rhodium were all more than 98% in
recovery rate.

Example 2

Waste nonferrous slag and spent automotive catalysts were
crushed into small particles with a diameter of from 0.5t0 1.0
cm, respectively. The waste nonferrous slag thus crushed was
then mixed with caustic lime (CaO), which is a flux as an
agent for controlling slag composition. The caustic lime



US 8,882,881 B2

9

(CaO) was uniformly mixed in an amount of 5 parts by weight
based on 100 parts by weight of the waste nonferrous slag by
using a V-type mixer (Hanyang Science, Korea), and the
mixture was charged into an electric furnace, followed by
melting at 1300° C. for 10 minutes to obtain a melt. Waste
mobile phone PCBs and the crushed spent automotive cata-
lysts were charged into the melt thus obtained, and then were
melted at 1300° C. for 40 minutes to obtain a melt. At this
time, the amount of the waste mobile phone PCBs charged
was 50 parts by weight based on 100 parts by weight of the
waste nonferrous slag, and the amount of the spent automo-
tive catalysts charged was 15 parts by weight based on 100
parts by weight of the waste nonferrous slag. Thereafter, the
melt thus obtained was maintained in the electric furnace for
15 minutes without additional supply of energy to separate
the melt into the alloy phase containing precious metals and
the slag phase containing no precious metal.

As aresult, the amount of the precious metals contained in
100 g of the waste mobile phone PCBs and 30 g of the spent
automotive catalysts was as follows: gold-927.7 mg, silver-
1954.6 mg, palladium-359.9 mg, platinum-282.7 mg, and
rhodium-32.7 mg. The amount of the precious metals existing
in the alloy phase in which the precious metals recovered by
the present invention were trapped was as follows: gold-909.5
mg, silver-1935 mg, palladium-354.8 mg, platinum-277.4,
and rhodium-32.3 mg, which shows that gold, silver, palla-
dium, platinum, and rhodium were all more than 98% in
recovery rate.

Example 3
Waste nonferrous slag and spent automotive catalysts were

crushed into small particles with a diameter of from 1.0to 1.5
cm and from 0.5 to 1.0 cm, respectively. The waste nonferrous
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slag thus crushed was then mixed with caustic lime (CaO),
which is a flux as an agent for controlling slag composition.
The caustic lime (CaO) was uniformly mixed in an amount of
25 parts by weight based on 100 parts by weight of the waste
nonferrous slag by using a V-type mixer (Hanyang Science,
Korea), and the mixture was charged into an electric furnace,
followed by melting at 1350° C. for 15 minutes to obtain a
melt. Waste mobile phone PCBs and the crushed spent auto-
motive catalysts were charged into the melt thus obtained, and
then were melted at 1400° C. for 30 minutes to obtain a melt.
At this time, the amount of the waste mobile phone PCBs
charged was 50 parts by weight based on 100 parts by weight
of the waste nonferrous slag, and the amount of the spent
automotive catalysts charged was 25 parts by weight based on
100 parts by weight of the waste nonferrous slag. Thereafter,
the melt thus obtained was maintained in the electric furnace
for 10 minutes without additional supply of energy to separate
the melt into the alloy phase containing precious metals and
the slag phase containing no precious metal.

As aresult, the amount of the precious metals contained in
100 g of the waste mobile phone PCBs and 50 g of the spent
automotive catalysts was as follows: gold-1028.4 mg, silver-
1777.9 mg, palladium-402.4 mg, platinum-331.1 mg, and
rhodium-52.5 mg. The amount of the precious metals existing
in the alloy phase in which the precious metals recovered by
the present invention were trapped was as follows: gold-
1008.3 mg, silver-1756.4 mg, palladium-396.8 mg, platinum-
325.3, and rhodium-52.0 mg, which shows that gold, silver,
palladium, platinum, and rhodium were all more than 98% in
recovery rate.

The amount of respective samples added and the recovery
rate in the above Examples 1, 2 and 3 were shown in Tables 1,
2 and 3 below.

TABLE 1
Samples added
Waste ‘Waste Spent
nonferrous Caustic mobile automotive
slag lime (CaO) phone PCBs catalysts

Ratio Amount Ratio Amount Ratio Amount Ratio Amount

Recovery rate (%)

) @ G @ ) (@ ) (9 Au  Ag Pd Pt Rh
44.1 150 17.6 60 29.4 100 8.8 30 98.0 99.0 987 983 994
TABLE 2

Samples added
Waste ‘Waste Spent
nonferrous Caustic mobile automotive
slag lime (CaO) phone PCBs catalysts
Ratio Amount Ratio Amount Ratio Amount Ratio Amount Recovery rate (%)
) @ G @ ) (@ ) (9 Au  Ag Pd Pt Rh
58.8 200 2.9 10 29.4 100 8.8 30 98.0 99.0 986 98.1 98.%8
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TABLE 3
Samples added
‘Waste Waste Spent
nonferrous Caustic mobile automotive
slag lime (CaQ) phone PCBs catalysts

Ratio Amount Ratio Amount Ratio Amount Ratio Amount

Recovery rate (%)

%) @ O @ % (@ % (@ A

Ag

Pd Pt Rh

50 200 12.5 50 25 100 12.5 50 98.0

98.8

98.6 982 99.0

INDUSTRIAL APPLICABILITY

As described above, according to the present invention, the
waste nonferrous slag, the waste mobile phone printed circuit
boards (PCBs), and the spent automotive catalysts are
together melted at high temperature to separate iron oxide
contained in the waste nonferrous slag by a reduction reaction
and simultaneously to separate copper, iron, tin, and nickel
contained in the waste mobile phone PCBs by the melting, so
that gold, silver, platinum, and palladium, rhodium, con-
tained in the waste mobile phone PCBs and the spent auto-
motive catalysts, can be concentrated and recovered in the
alloy phase by using the copper, iron, tin, and nickel alloy
produced as metals for capturing the precious metals. In
addition, waste nonferrous slag which is an industrial waste
discharged from a process for smelting nonferrous metals
such as copper, lead, and zinc can be used not only as fluxes
for controlling slag composition, but also as metals for cap-
turing precious metals, and a plastic component contained in
the waste mobile phone PCBs can be used as a reducing agent,
whereby the amount of alloy phase produced can be increased
to facilitate the separation of the alloy phase from the slag
phase, thus shortening the process time while minimizing the
use of fluxes such as alumina (Al,O;), caustic lime (CaO),
magnesia (Mg0O), iron oxide (FeO) and silica (Si0,), and the
reducing carbon, without using metals for capturing precious
metals, such as copper, iron, lead and nickel, which cause an
increase in the process cost. Thus, the precious metals such as
gold, silver, platinum, palladium or rhodium can be concen-
trated and recovered by a single process by simultaneously
treating different industrial wastes, including waste nonfer-
rous slag, waste mobile phone PCBs and spent automotive
catalysts, and industrial waste can be recycled as resources so
as to be utilized as raw materials for high-tech products,
thereby maximizing the utilization ratio of precious metal
resources that totally depend on the import in terms of the
domestic situation of Korea as a poor-natural resources coun-
try. Therefore, the industrial waste can widely be utilized for
the recovery of precious metals in the fields of household
appliance recycling and electronic part manufacture, and the
recycling of industrial by-products discharged in the field of
non-ferrous refinery.

Although the present invention has been described in detail
with reference to the specific features, it will be apparent to
those skilled in the art that this description is only for a
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preferred embodiment and does not limit the scope of the
present invention. Thus, the substantial scope of the present
invention will be defined by the appended claims and equiva-
lents thereof.

What is claimed is:

1. A method of concentrating and recovering precious met-
als from waste mobile phone PCBs (Printed Circuit Boards)
and spent automotive catalysts using waste nonferrous slag,
the method comprising the steps of:

(a) crushing waste nonferrous slag;

(b) crushing spent automotive catalysts;

(¢) uniformly mixing caustic lime (CaO), which is a flux

for controlling slag composition, with the waste nonfer-
rous slag resulting from step (a) thereby forming a mix-
ture, wherein the caustic lime is present in an amount of
510 40 parts by weight based on 100 parts by weight of
the waste nonferrous slag, the mixture being charged
into an electric furnace, followed by melting at a tem-
perature of from 1300 to 1450° C. for 10 to 20 minutes;

(d) introducing waste mobile phone PCBs and the spent

automotive catalysts of step (b) into the melt of step (c),
followed by melting; and

(e) maintaining the melt of step (d) for a predetermined

time to separate the melt into an alloy phase containing
precious metals and a slag phase containing no precious
metal.

2. The method of claim 1, wherein the waste nonferrous
slagis crushed into small particles with a diameter of from 0.5
to 1.5 cm.

3. The method of claim 1, wherein the spent automotive
catalysts are crushed into small particles with a diameter of
from 0.5 to 1.0 cm.

4. The method of claim 1, wherein in the step (d), the waste
mobile phone PCBs and the spent automotive catalysts are
charged into an electric furnace in amounts of 40 to 70 parts
by weight and 10to 30 parts by weight, respectively, based on
100 parts by weight of the waste nonferrous slag, and fol-
lowed by melting at a temperature of from 1300 to 1450° C.
for 20 to 40 minutes.

5. The method of claim 1, wherein in the step (e), the melt
of step (d) is maintained in an electric furnace for 10-20
minutes without additional supply of energy to separate the
melt into the alloy phase containing precious metals and the
slag phase containing no precious metal.
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