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(57) Abrege(suite)/Abstract(continued):

object, the Invention provides a separation process for platihnum group elements comprising: a step (A) for treating a material
containing selenium/tellurium and platinum group elements with alkali, a step (B) for leaching selenium/tellurium, and a step (C) for
separating the platinum group element-containing leaching residue and the selenium/tellurium leachate.
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ABSTRACT

One object of the present invention is to provide a separation process that enables
the efficient separation of selenium, tellurium, and platinum group elements from a
material containing selenium/tellurium and.platinum group elements. Inorder to achieve
this object, the invention provides a separation process for platinum group elements
comprising: a step (A) for treating a material contaiming selenium/tellurium and platinum
group elements with alkali, a step (B) for leaching selenium/tellurium, and a step (C) for

separating the platinum group element-containing leaching residue and the

selemium/tellurium leachate.
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DESCRIPTION
SEPARATION PROCESS FOR PLATINUM GROUP ELEMENTS

Thas application 1s a division of Canadian Patent Application Serial No. 2,507,370, filed
28 August 2003, and which has been submitted as the Canadian National Phase
Application Corresponding to International Patent Application No. PCT/JP2003/010950,
filed 28 August 2003.

TECHNICAL FIELD

The present invention relates to a treatment process that enables the efficient
separation of selenium, tellurium, and platinum group elements from a material
containing selenium/tellurium and platinum group elements. Furthermore, the present
Invention also relates to a separation process that enables the efficient precipitation and
separation of residual gold from a platinum group element-containing solution obtained
by treatment of the material containing selenium/tellurium and platinum group elements.
A separation process of the present invention is ideal for a process for separating and
recovering selenium, tellurium, and platinum group elements from the reduction
precipitate obtained by reduction treatment of a post-gold extraction liquid in a process
for recovering noble metals from a copper electrolysis slime.

In the present invention, a selenium/tellurium mixture refers to a mixture of
selenium and tellurium, and describes, for example, the precipitate produced by
neutralizing the filtrate obtained by filtering the residue containing platinum group
clements from a post-gold extraction liquid generated from a decoppered slime.
Furthermore, a material containing selenium/tellurium and platinum group elements
refers to a material that contains at least one of selenium and tellurium, together with

platinum group elements, and the term selenium/tellurium means selenium and/or

tellurtum.

BACKGROUND ART

In the copper electrolysis process conducted during copper smelting, impurities
that are insoluble 1n the electrolyte are also generated as a residual by-product. This by-
product contains significant quantities of platinum group elements such as Pt, Rh, Ir and
Ru, as well as selenium, tellurium, gold, silver and copper. Many processes have already
been proposed for separating and recovering these metals. For example, platinum group
clements are recovered from the silver anode slime produced during a silver refining step,
and from the slime generated by adding nitric acid to this slime, leaching out the metal

components other than gold, and then reducing the residue. Conventionally, in order to
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dissolve these slimes, dissolution in aqua regia, dissolution in hydrochloric acid and
hydrogen peroxide, or dissolution in hydrochloric acid under a stream of chlorine gas 1s
conducted.

However, in the case of a material containing selenium/tellurium and platinum
group elements, in which selenium and/or tellurium coexist with the platinum group
elements, 1f reduction 1s used to generate a precipitate, then the platinum group elements
form compounds with the selenium/tellurium, which are then very difficult to dissolve in
aqua regia, or hydrochloric acid and hydrogen peroxide, meaning separation and
recovery becomes impossible. Hydrogen peroxide decomposes on the surface of -
selenides, and 1s consequently effectively unable to function as an oxidizing agent.
Furthermore, a process for roasting these compounds to effect a vapor state separation of
selenium oxide and tellurtum oxide has also been proposed, although the toxicity of these
materials leads to significant environmental problems.

A process for separating plaﬁnurn group elements and selenium/tellurium
contained 1n a post-gold extraction liquid generated from a copper electrolysis slime, in
which the chlorine ion concentration in the liquid is maintained at no more than 1.5
mol/L, while sulfur dioxide gas with a concentration of 8 to 12% is bubbled through the
liquid at a temperature of 60 to 9(3°C, thus reducing and precipitating the platinum group
elements (Japanese Unexamined Patent Application, First Publication No. 2001-3 1673-'5),
and a process for obtaining the extraction residue produced by solvent extraction of gold
and platinum group elements from the hydrochloric acid leachate obtained from a copper
electrolysis slime, and then introducing sulfur dioxide to the post-extraction liquid to
reduce and precipitate the selenium/tellurium (Japanese Patent No. 3,087,758, and
Japanese Unexamined Patent Application, First Publication No. 2001-207223) are
already known.

However, in these processes, because a large number of parameters must be
controlled during the selentum reduction, such as the hydrochloric acid concentration, the
temperature, the sulfur dioxide gas concentration, and the sulfur dioxide gas flow rate,
control of the process is difficult, leading to a reduction in the recovery rates for the
platinum group elements and selenium/tellurium. In addition, managing the steps in the
two-stage reduction treatment using sulfur dioxide is extremely difficult, and some
incorporation of selenium/tellurium or platinum group elements in the precipitates is

unavoldable, meaning separation that relies solely on sulfur dioxide reduction is
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unsatisfactory. Furthermore, separating platinum group elements and selenium/tellurium
using solvent extraction is an expensive process, and the recovery treatment required
following the extraction is both complex and time-consuming.

A process 1n which, instead of using treatment with hydrochloric acid and sulfur
dioxide, the copper electrolysis slime is subjected to a leaching treatment in a sulfuric
acidic solution under pressurized oxygen-enriched gas (Japanese Unexamined Patent
Application, First Publication No. Hei 5-311258), and a process in which, following
leaching of the copper electrolysis slime in a sulfuric acidic solution under pressurized
oxygen-enriched gas, the leachate is desilvered by treatment with chlorine ions and a
sodium thiosultate solution, and copper is then added (Japanese Unexamined Patent
Application, First Publication No. Hei 5-311264) have also been proposed. However,
these types of processes that use copper under conditions of pressurized, oxygen-
enriched gas are difficult to manage and very costly, and are consequently impractical.

Other known processes include a process in which an oxidizing agent is used to
oxidize metallic selenium, and the resulting product is then neutralized with an alkali
metal carbonate or hydroxide, thus forming an alkali metal selenate (Japanese
Unexamined Patent Application, First Publication No. Sho 60-176908), a process in
which a selenium-containing material is reacted with an alkali metal carbonate to
generate an aqueous slurry, and this slurry is then baked in an oxidizing atmosphere to
produce pellets, which are then subjected to water leaching (Japanese Unexamined Patent
Application, First Publication No. Sho 56-5306), a process in which a tellurium-
containing shme 1s dissolved in a mineral acid in the presence of an oxidizing agent, an
alkali 1s then added to the solution to precipitate and separate the copper, and the
remaining solution is then neutralized to precipitate out the tellurium (Japanese
Unexamined Patent Application, First Publication No. Sho 56-84428), and a process in
which a raw material such as a copper electrolysis slime is treated with a strong acid such
as hydrochloric acid, and also with an oxidizing agent such as chlorine if the raw material
includes compounds, and butyl carbitol is then used as the solvent for extracting
tellurium (Japanese Unexamined Patent Application, First Publication No. 2000-239753).
However, all of these processes have a large number of steps, and the recovery rates for
selenmium/tellurium are also low.

The present invention solves the above problems associated with the conventional

technology, and has an object of providing a separation process which enables
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selentum/tellurium and platinum group elements to be easily and efficiently separated
from a material containing selenium/tellurium and platinum group elements.

Furthermore, as described above, when a separation process that relies on
vaporization by roasting is applied to selenium, a large proportion of the selenium
becomes hexavalent, which places a large load on the subsequent waste water treatment.

Accordingly, the present invention provides a process for dissolving a material
that contains both platinum group elements and selenium, which is capable of resolving
the above problems associated with conventional processes, by providing a dissolution
separation process that enables efficient leaching of selenium, thus enabling separation
from platinum grOup elements.

In addition, as described above, managing the steps in a two-stage reduction
treatment using Sulfur dioxide is extremely difficult, and some incorporation of selenium
or platinum group elements in the precipitates is unavoidable, meaning separation that
relies solely on sulfur dioxide reduction is unsatisfactory. Furthermore, processes in
which platinum group elements are removed by solvent extraction, and subsequently
separated from selenium and/or tellurium are expensive, and the recovery treatment
required following the extraction is time-consuming. Moreover, each of these processes
describes the separation of platinum group elements and selenium that already coexist
within a solution, and do not relate to the dissolution of a process precipitate that contains
platinum group elements and selenium and the like.

Each of the selenium and tellurium recovery processes described above is a
process in which the selenium and/or tellurium is oxidized and solubilized, but none of
these processes enables the separation of platinum group elements from selenium at the
dissolving stage.

Furthermore, in the recovery of rhodium, which is one of the platinum group
elements, rhodium is very suéceptible to oxidation, forming a very insoluble rhodium
oxide, and 1s consequently very difficult to dissolve. A process for separating thodium
from a precipitate that contains noble metals, in which the noble metal-containing
precipitate is heated with a carbon based reducing agent, and the resulting reduction
product is reacted with a sulfating agent, thus forming a rhodium sulfate is known
(Japanese Unexamined Patent Application, First Publication No. Hei 5-125461),

although this process suffers from low yields and the requirement for a high treatment

temperature.



CA 02730558 2011-02-01

d

The present invention provides a solution treatment process for a material that
contains both platinum group elements and selenium, which is capable of resolving the
above problems associated with conventional processes, by providing a treatment process
in which selenium is dissolved selectively and separated efficiently from platinum group
elements, and the platinum group elements remaining in the solid fraction are then
dissolved and recovered.

In addition to the processes described above, known tellurium recovery processes
include a process in which an anode slime produced during the electrolytic refining of
copper or nickel 15 subjected to a wet treatment to separate the insoluble silver
compounds, which are subsequently leached with ammonia or the like to separate the
silver, while the resulting residue that contains tellurium is leached with sodium
carbonate (Japanese Unexamined Patent Application, First Publication No. 2001-11547),
and a process in which the tellurtum-containing filtrate generated during the solvent
extraction of gold 1s reduced to precipitate the selenium, and the remaining filtrate is then
returned to sulfuric acid pressurized leaching conditions for leaching into the decoppered
leachate (Establishment of copper precipitate wet treatment technology, Journal of the
Mining and Materials Processing Institute of Japan, Vol. 116, p. 484, 2000). However,
processes for recovering tellurium from insoluble silver compounds suffer from poor
tellurtum migration rates. Fuﬁhermore, in processes in which the tellurium-containing
tiltrate 1s returned to pressurized leaching, the leaching rate is unsatisfactory if the
tellurtum 1s in metal form, causing an undesirable increase in the holdup volume in the
process.

The present invention resolves these problems associated with the conventional
treatment processes, by providing a treatment process in which a mixture of selenium and
tellurtum 1s alloyed with copper, fhis alloy 1s subjected to copper electrolysis to recover
electrolytic copper and generate a selenium and tellurium slime, and leaching of this
copper electrolysis slime is then used to leach out the tellurium and separate the selenium,
thus enabling the selenium and tellurium to be processed with good efficiency.

As described above, in the copper electrolysis process of a copper smelting
process, impurities that are insoluble in the electrolyte are generated as a residual by-
product. This by-product contains significant quantities of gold, silver, copper, platinum
group elements such as Pt, Rh and Ru, as well as Se and Te. Many processes have

already been proposed for separating and recovering these noble metals. For example, a
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decoppered slime can be subjected to chlorination leaching, with silver and lead being
recovered from the resulting residue, and gold being recovered from the leachate by a
solvent extraction process. The residual liquid following this gold extraction contains
platinum group elements, as well as Se and Te. This post-gold extraction liquid 1s then
subjected to a reduction treatment by introducing sulfur dioxide gas into the system, the
initial selenium precipitate that first 1s subjected to distillation to recover high purity
selenium, and the resulting distillation residue is subjected to alkali melt treatment to
effect a separation into a selenium-containing leachate and a platinum group element-
containing residue, whereas the tellurium that is precipitated by continuing the
introduction of sulfur dioxide gas into the above residual liquid is subjected to alkah
leaching treatment to effect a separation into a selenium/tellurium-containing leachate
and a platinum group element-containing residue, and selenium and tellurium, and the
platinum group elements are then recovered from this leachate and residue respectively.

In this type of noble metal recovery system, the gold recovery process has
conventionally employed a known solvent extraction process that uses dibutyl carbitol
(DBC) (Japanese Unexamined Patent Application, First Publication No. Sho 57-79135).
A process in which an aqueous solution of oxalic acid is added to the extracted solution
to reduce and precipitate the gold is also known (Japanese Unexamined Patent
Application, First Publication No. 2001-316735). However, solvent extraction processes
that use DBC typically leave approximately 0.3% of the solvent in the post-extraction
liquid. This residual solvent can be separated by distillation, but the small quantity of
gold contained in the solvent remains, and a process for efficiently removing this gold
during the subsequent steps is much sought after.

Furthermore, a process in which oxalic acid is added to the chlorination leachate
from a copper electrolysis slime, and the resulting precipitate is treated with nitric acid
and melted by heating (Japanese Examined Patent Application, Second Publication No.
Sho 64-3930), and a process in which bis(2-butoxyethyl) ether is mixed with the
chlorination leachate from a copper electrolysis slime, the gold is extracted into the
organic phase by adding ether, this organic phase is scrubbed with hydrochloric acid, and
then oxalic acid 1s added to reduce gold (Japanese Patent No. 3,087,758) are also known.
However, processes in which gold is selectively reduced using oxalic acid suffer from

extremely slow reaction rates in those cases where the chloride 1on concentration of the
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chlorination leachate from the copper electrolysis slime is high, making the gold
reduction step practically impossible.

On the other hand, a process that uses hydroxylamine hydrochloride, nitrous acid,
or sulfurous acid as the reducing agent for extracting gold from gold-containing materials
1s also known (Japanese Unexamined Patent Application, First Publication No. Hei 2-
97626). Furthermore, a process in which an alkylhydroxylamine is used as a complexing
agent during the electroplating of palladium and gold and the like has also been disclosed
(Japanese Unexamined Patent Application, First Publication No. Het 2-221392).
However, the quantity of gold remaining within the post-gold extraction liquid generated
from a decoppered slime is minimal, and the quantities of selenium, tellurium, and
platinum group elements are higher, and consequently even if hydroxylamine
hydrochloride or an alkylhydroxylamine is added directly to this post-gold extraction
liquid, an efficient recovery of gold is impossible.

The present invention seeks to overcome the above problems associated with
conventional processes for recovering gold from a matenal containing selenium/tellurium
and platinum group elements generated by treatment of the chlorination leachate from a
copper electrolysis slime, by providing a process that enables the efficient separation and

recovery of gold contained within such a material containing selenium/tellurium and

platinum group elements.

DISCLOSURE OF INVENTION -

In order to achieve the above objectives, the present invention provides a
separation process for platinum group elements comprising: a step (A) for treating a
material containing selenium/tellurium and platinum group elements with alkali, a step
(B) for leaching selenium/tellurium, and a step (C) for separating the platinum group
element-containing leaching residue and the selenium/tellurium leachate.

In the above separation .process, the step (A) for treating a material containing
selenium/tellurium and platinum group elements with alkali is preferably an alkali melt
process, wherein a flux comprising a mixture of caustic soda and sodium nitrate is added
to the material containing selenium/tellurium and platinum group elements, and the
mixture is melted by heating to a temperature exceeding the eutectic temperature of the
flux, the step (B) for leaching selenium/tellurium is preferably a water leaching step for

leaching the obtained melt with water, and the step (C) for separating the platinum group
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element-containing leaching residue and the selenium/tellurium leachate is preferably a
step for conducting a solid-liquid separation using water leaching, thus separating the
mixture into a hqud fraction containing sodium selenite, and a residue containing
platinum group elements.

In the above separation process, the molar ratio between the caustic soda and the
sodium nitrate 1s preferably within a range from 75:25 to 85:15.

In the above separation process, hydrogen peroxide and hydrochloric acid are
preterably added to the residue containing platinum group elements to dissolve the
platinum group elements.

In the above separation process, the material containing selentum/tellurium and
platinum group elements is preferably an extraction residue process precipitate left after a
solvent extraction has been used to separate gold from the hydrochloric acid leachate
from a decoppered slime.

In the above separation process, the aforementioned material containing
selenium/tellurium and platinum group elements is preferably a distillation residue
produced by converting a decoppered slime to a slurry by adding hydrochloric acid and
hydrogen peroxide, filtering this slurry to separate leaching residue containing primarily
silver, and a leachate containing gold, platinum group elements, selenium and tellurium,
subsequently adjusting the liquid characteristics of the leachate and using a solvent
extraction to extract gold from the leachate, adding sulfur dioxide to the post-extraction
liquid to sequentially reduce and precipitate out selenium and then tellurium, and then
heating the precipitated material containing platinum group elements and selenium to
concentrate the platinum group elements, while distilling and separating off selenium.

In the above separation process, the step (A) for treating a material containing
selenium/tellurium and platinum group elements with alkali, and the step (B) for leaching
selenum/tellurium are preferably conducted simultaneously as an alkali leaching process,
wherein the material containing selenium/tellurium and platinum group elements is
leached With alkali at high temperature, causing the selenium/tellurium to migrate into
the liquid, and a solid-liquid separation is then conducted to separate the mixture into a

sold traction containing platinum group elements, and a liquid fraction containing

selenium/tellurium.
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In the above separation process, an oxidizing agent 1s preferably added to the
separated solid fraction generated in the solid-liquid separation under acidic conditions
using hydrochloric acid, thus dissolving the platinum group elements.

In the above separation process, the material containing selenium/tellurtum and
platinum group elements is preferably leached with alkali at high temperature, causing
the tellurium to migrate into the liquid with the selenium, thus effecting a separation
from the platinum group elements.

In the above separation process, the material containing selentum/tellurium and

platinum group elements 1s preferably leached using an alkali which concentration is at

least 1 mol/L, at a temperature of at least 60°C.

In the above separation process, hydrochloric acid and either hydrogen peroxide
or chlorine gas are preferably added to the solid fraction from the solid-liquid separation
performed after the alkali leaching, thus dissolving the platinum group elements.

In the above separation process, the platinum group elements preferably comprise
one ot more of rhodium;. ruthenium, palladium and platinum.

In the above separation process, the material containing selenium/tellurium and
platinum group elements is preferably an extraction residue process precipitate left after a
solvent extraction has been used to separate gold from the hydrochloric acid leachate
from a decoppered slime.

~ In the above separation process, the aforementioned material containing
selenium/tellurium and platinum group elements is preferably a filtered precipitate
produced by converting a decoppered slime to a slurry by adding hydrochloric acid and
hydrogen peroxide, filtering this slurry to effect a separation into a residue containing
primarily silver, and a leachate containing gold, platinum group elements, selenium and
tellurium, subsequently adjusting the liquid characteristics of the leachate and using a
solvent extraction to separate gold from the leachate, adding sulfur dioxide to the post-
extraction liquid to precipitate either selenium or tellurium, and then subjecting this
precipitate to solid-liquid separation.

T'he above separation process preferably comprises:

an alkal1 melt process (1), comprising a step for adding a flux comprising a
mixture of caustic soda and sodium nitrate to a residue from a distillation treatment of a
material containing selenium/tellurium and platinum group elements, and then heating to

a temperature exceeding the melting (eutectic) temperature of the mixture, thus
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dissolving the selentum/tellurium as the aforementioned step (A) for conducting the
alkal treatment, a step for conducting water leaching as the aforementioned step (B) for
leaching selenium/tellurium, and further comprising the aforementioned step (C) for
separating the platinum group element-containing leaching residue and the
selentum/tellurium leachate, and

an alkali leaching process (i1), comprising a step for leaching a matenal
containing selenium/tellurium and platinum group elements with alkali at high
temperature as the aforementioned step (A) for conducting the alkali treatment and the
atorementioned step (B) for leaching selenium/tellurium, and further comprising the
atorementioned step (C) for separating the platinum group element-containing leaching
residue and the selentum/tellurium leachate.

In the above separation process, a solution containing selenium/tellurium and
platinum group elements is preferably subjected to a reduction treatment, and the residue
generated by subjecting a portion of the resulting reduction precipitate to distillation
treatment 1S then subjected to alkal melt treatment, while the residual reduction
precipitate 1s subjected to alkali leaching treatment.

In the above separation process, sulfur dioxide gas is introduced into a post-gold
extraction liquid of a noble metal recovery system for a copper electrolysis slime to
effect a reduction treatment, and the residue generated by subjecting the selenium that
precipitates first to distillation to effect a separation of high purity selenium is preferably
subjected to alkali melt treatment, whereas the tellurium that precipitates next is
preferably subjected to alkali leaching treatment.

In the above separation process described above, the leachate obtained in the
water leaching of the alkali melt process is preferably recycled to the alkali leaching
process, and subjected to alkali leaching together with the material containing
selenium/tellurium and platinum group elements.

In the above separation process, the leachate obtained in the alkali leaching
process is preferably neutralized by adding sulfuric acid or hydrochloric acid, thus
precipitating selenium/tellurium.

In the above separation process, hydrochloric acid 1s preferably added to the
leaching residue generated in the alkali leaching process and the alkali melt process in

the presence of an oxidizing agent, thus dissolving the platinum group elements.
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In the above separation process, a selenium/tellurium mixture is preferably
obtained from the aforementioned selenium/tellurium leachate, and the obtained
selenium/tellurium mixture is then introduced into a copper smelting and refining process
to generate an alloy of selenium and tellurium with copper, this alloy 1s subjected to
copper electrolysis to recover electrolytic copper, while accumulating selenium and
tellurium within the copper electrolysis slime, and this copper electrolysis slime is then
subjected to sulfuric acid oxidizing leaching, thus dissolving and separating the tellurrum
from the selentum which remains in the leaching residue.

In the above separation process, a selenium/tellurium mixture 1s preferably
obtained by adding sulfuric acid or hydrochloric acid to the selenium/tellurium leachate
obtained in the aforementioned alkali leaching process, thus neutralizing the leachate and
precipitating the selenium/tellurium mixture, and the obtained selenium/tellurium
mixture is then introduced into a copper refining process to generate an alloy of selenium
and tellurium with copper, this alloy is subjected to copper electrolysis to recover
electrolytic copper, while accumulating selenium and tellurium within the copper
electrolysis slime, and this copper electrolysis slime is then subjected to sulfuric acid
oxidizing leaching, thus dissolving and separating the tellurium from the selenium which
remains in the leaching residue.

In the above separation process, a selenium/tellurium mixture is preferably
obtained by adding the selenium/tellurium leachate obtained in the aforementioned alkali
melt process to the material containing selenium/tellurium and platinum group elements
used 1n the aforementioned alkali leaching process, conducting alkali leaching, and then
adding sulfuric acid or hydrochloric acid to the resulting leachate to neutralize the
leachate and precipitate the selenium/tellurium mixture, and the obtained
selenium/tellurium mixture is then introduced into a copper smelting and refining process
to generate an alloy of selenium and tellurium with copper, this alloy 1s subjected to
copper electrolysis to recover electrolytic copper, while accumulating selenium and
tellurtum within the copper electrolysis slime, and this copper electrolysis slime is then
subjected to sulfuric acid oxidizing leaching, thus dissolving and separating the tellurium
from the selentum, which remains in the leaching residue.

In the above separation process, the material containing selenium/tellurium and
platinum group elements is preferably a reduction precipitate produced by introducing

sulfur dioxide gas into a post-gold extraction liquid and conducting a reduction treatment.
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In the above separation process, following leaching of tellurium by sulfuric acid
oxidizing leaching ot the copper electrolysis slime, the leachate 1s preterably contacted
with metallic copper and the resulting copper telluride is recovered.

In the above separation process, hydrochloric acid is preferably added to the
obtained residue containing platinum group elements in the presence of an oxidizing
agent, a sohid-liquid separation is conducted, and hydroxylamine hydrochloride 1s then
added to the filtered platinum group element-containing solution to selectively reduce
and precipitate the gold.

In the above separation process, alkali treatment of the material containing
selenium/tellurium and platinum group elements is preferably conducted at high
temperature.

In the above separation process, hydrochloric acid is preferably added to the
obtained residue containing platinum group elements in the presence of an oxidizing
agent, a solid-liquid separation i1s conducted, and hydroxylamine hydrochloride 1s then
added to the filtered platinum group element-containing solution to selectively reduce
and precipitate the gold.

In the above separation process, the post-gold extraction liquid of a noble metal
recovery system for copper electrolysis slime is preferably used as the material
containing selenium/tellurium and platinum group elements, and sulfur dioxide gas is
introduced 1nto this post-extraction liquid to effect a reduction treatment, and the
distillation residue generated by subjecting the selenium that precipitates first to
distillation to effect a separation of high purity selenium is subjected to alkali melt
treatment fo separate a residue containing platinum group elements, whereas the
tellurium that precipitates on further sulfur dioxide gas introduction into the post-
extraction liquid 1s subjected to alkali leaching treatment to separate a residue containing
platinum group elements, and these residues containing platinum group elements are then

combined and used.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a process drawing showing an outline of a solution separation process of
the present invention, showing the steps for separating both selenium/tellurium and

platinum group elements from a material containing selenium/tellurium and platinum

group elements.
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FIG. 2 1s a process drawing showing an outline of the steps from treatment of a
decoppered slime through to the separation process shown in FIG. 1.

FIG. 3 is a process drawing showing an outline of a separation process of the
present invention, showing other steps for Separating both selenium/tellurium and
platinum group elements from a material containing selenium/tellurium and platinum
group elements.

FIG. 4 is a process drawing showing an outline of the steps from treatment of a
decoppered slime through to the separation process shown in FIG. 3.

FIG. 5 is a process drawing showing an outline of a separation process of the
present invention, showing other steps for separating both selenium/tellurium and
platinum group elements from a material containing selenium/tellurium and platinum
group elements.

FIG. 6 is a process drawing showing an outline of a separation process of the
present invention, showing steps for separating selenium and tellurium trom a
selenium/tellurium mixture.

FIG. 7 is a process drawing showing an outline of a separation process of the
present invention, showing steps for separating residual gold from a solution containing
platinum group elements. |

FIG. 8A, FIG. 8B and FIG. 8C are process drawings showing outlines of
separation processes of the present invention, showing the steps of a preferred

combination of separation processes of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

As follows 1s a more detailed description of a separation process of the present
invention.

A first separation process of the present invention is described using FIG. 1. As
shown 1n the figure, the first separation process of the present invention 1s a solution
treatment process for a material containing selenium and platinum group elements,
wherein a flux comprising a mixture of caustic soda and sodium nitrate 1s added to the
material containing selenium and platinum group elements, the mixture 1s melted by
heating to a temperature exceeding the eutectic temperature of the flux, and the resulting

melt 1s leached with water to effect a solid-liquid separation, thus separating the mixture
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into a liquid fraction containing sodium selenite, and a residue containing platinum group
elements.

The material containing selenium and platinum group elements can use, for
example, the extraction residue generated following solvent extraction of gold from the
hydrochloric acid leachate from a decoppered slime. This decoppered slime contains
large quantities of valuable metals such as gold, silver, platinum group elements,
selenium and tellurium. The treatment process for the slime is shown in F1G. 2. As
shown 1n the figure, the decoppered slime is converted to a slurry by adding hydrochloric
acid and hydrogen peroxide, and this slurry is then filtered to separate a leaching residue
containing primarily silver from a leachate containing gold, platinum group elements,
selenium and tellurium. Following adjustment of the liquid characteristics of the
leachate, a solvent extraction is used to extract gold from the leachate. The post-
extraction liquid contains the residual platinum group elements, selenium and tellurium.
Sulfur dioxide is then added to this post-extraction liquid to sequentially reduce and
precipitate out selenium and then tellurium. Tellurium has a lower reduction potential
than selenium, and tellurium precipitates out after the precipitation of selenium, and
thereby tellurium and selenium can be separated with each other. Due to this reduction,
platinum group elements are precipitated together with selenium, and the precipitate
containing platinum group elements and selenium can be heated to concentrate the
platinum group elements and distill off the selenium. The residue following distillation
and separation of selenium contains platinum group elements and undistilled selenium.

Materials containing selenium and platinum group elements, such as the above
distillation residue, are combined with a flux comprising a mixture of caustic soda
(NaOH) and sodium nitrate (NaNOs), and the resulting mixture is melted by heating to a
temperature exceeding the eutectic temperature of the flux. This heating and melting
converts the selenium to a mainly tetravalent state, generating sodium selenite (NaySeOs)
which subsequently dissolves. The reason for using a mixture of caustic soda and
sodium nitrate as the flux is that if only caustic soda is used, then supply of oxygen from
the atmosphere is inadequate, leading to the production of sodium selenide (Na,Se), and
this sodium selenide converts to metallic selenium and precipitates during water leaching,
meaning the platinum group elements and selenium cannot be physically separated.
Furthermore, 1f only sodium nitrate 1s used as the flux, then the oxidizing power becomes

overly strong, leading to an increase in the proportion of undesirable hexavalent selentum.
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In order to enable a reduction in the melting temperature, the composition of the
flux 1s preferably close to a eutectic composition. Specifically, the ratio of caustic soda:
sodium nitrate 1s preferably within a range from 75:25 to 85:1 5 (molar ratio).

Furthermore, the heating temperature must be at least the eutectic temperature of the flux

(258°C), and because the flux must have an adequate fluidity and be capable of leaching

the selenide materials, a temperature within a range from 350 to 450°C is preferred. At

temperatures within this range, the sodium nitrate (NaNOs) generates oxygen but is less
likely to generate NOx, whereas if the temperature exceeds the above range, the
proportion of NOx generation increases, and the oxidizing power also strengthens,
increasing the proportion of hexavalent selenium.

Following addition of the above flux to the material containing selenium and
platinum group elements, and subsequent heating to melt the flux, the melted product is
leached with water to effect a solid-liquid separation. Sodium selenite dissolves in water,
whereas the platinum group elements remain in the residue, and consequently by
conducting water leaching of the above melt and then filtering, the mixture can be
separated 1nto a filtrate containing sodium selenite and a solid residue containing
platinum group elements. The filtrate contains essentially no platinum group elements,
indicating an effective separation of selenium from the platinum group elements. The
platinum gi'oup elements contained within the solid residue are leached by adding an
oxidizing agent such as hydrb gen peroxide, together with hydrochloric acid. The
resulting mixture is then filtered to enable the recovery of a filtrate containing the
platinum group elements.

Accordingly, according to a first separation process of the present invention, the
type ot platinum group element selenide material that is essentially insoluble in
conventional industrial wet processes, can be almost completely dissolved, and the
production of hexavalent selenium, which remains a problem in dry processes, can be
suppressed to low levels. Furthermore, only water is required for dissolving the selenium
and leaching it from the melt, meaning the treatment costs can be reduced.

As tollows is a description of a second preferred separation process of the present
invention, using FIG. 3. As shown in FIG. 3, this second separation process of the
present invention is a separation process in which the material containing selenium and
platinum group elements is leached with alkali at high temperature, causing the selenium

and the like to migrate into the liquid, and a solid-liquid separation is then conducted to
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separate the mixture into a solid fraction containing platinum group elements and a liquid
fraction containing selenium and the like.

Another form ot the second separation process of the present invention further
comprises a platinum group element dissolution and separation process, wherein
hydrochloric acid and an oxidizing agent are added to the separated solid fraction
generated by alkali leaching, thus dissolving the platinum group elements. Furthermore,
the second separation process also includes a process wherein the high temperature alkali
leaching causes the migration of both selenium and tellurium into the liquid phase, thus
effecting a separation from the platinum group elements, and a process wherein the
platinum group elements comprise one or more of rhodium, ruthenium, patladium and
platinum. In the present invention, a material containing selenium and platinum group
elements refers to a material that contains platinum group elements such as rhodium,
together with selentum and the like. Furthermore, the expression "selenium and the like"
means selenium and/or tellurium.

As described above, the material containing selenium and platinum group
elements can use, for example, the process precipitate of an extraction residue generated
following solvent extraction of gold from the hydrochloric acid leachate from a
decoppered slime. This decoppered slime contains large quantities of valuable metals
such as gold, silver, platinum group elements, selenium and tellurium. The treatment
process for the slime 1s shown in FIG. 4. As shown in the figure, the decoppered slime is
converted to a slurry by adding hydrochloric acid and hydrogen peroxide, and this slurry
1s then filtered to effect a separation into a residue containing primarily silver, and a
leachate contamning gold, platinum group elements, selenium and tellurium. Following
adjustment of the liquid characteristics of the leachate, a solvent extraction is used to
extract gold from the leachate. The post-extraction liquid contains the residual platmum
group elements, selenium and tellurium. Sulfur dioxide is then added to this post-
extraction liquid to precipitate out the platinum group elements, selenium, and tellurium,
which are recovered as a process precipitate.

During the reduction and precipitation of selenium and tellurium from the above
post-extraction liquid by addition of sulfur dioxide, because tellurium has a lower
reduction potential than selenium, the tellurium precipitates out after the precipitation of
selenium, and consequently by filtering off the selenium precipitate and then adding

more sulfur dioxide to the filtrate to precipitate out the tellurium, the two elements can be
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separated and recovered. During this reduction process, the platinum group elements
precipitate out with both the selenium and the tellurium. The present Invention can use
the selenium precipitate or the tellurium precipitate as the target material containing
selenium/tellurium and platinum group elements. '

The alkah leaching of the material containing selentum and platinum group
elements 1s typically conducted under an alkali concentration of at least 1 mol/L, and
concentrations within a range from 5 mol/L to 8 mol/L are preferred. By ensuring that
the alkall concentration is at least 1 mol/L, a strong alkali environment of at least pH 14
1s achieved, which causes a reduction in the oxidation-reduction potential of selenium
and tellurium, meaning selenium and tellurium can be dissolved into the alkali solution at
normal pressure, without the need to use an oxidizing agent. Because the progress of this

selenium and tellurium dissolution reaction is slow at room temperature, the leaching is
typically conducted at a temperature of at least 60°C, and preferably at a temperature of

approximately 80°C.

The alkali leaching causes the selenium and tellurium to be dissolved into the
alkah solution, where they are dispersed in colloid form. In contrast, platinum group
elements such as rhodium and palladium are not dissolved and remain in the solid phase.
- Filtering the resulting mixture enables a separation into a dispersion containing selenium
and/or tellurium, and a solid fraction containing the platinum group elements.

Following the above solid-liquid separation, an oxidizing agent such as hydrogen
peroxide and hydrochloric acid are added to the filtered solid fraction, thus dissolving the
platinum group elements such as platinum, palladium, rhodium and ruthenium. The
platinum group elements are oxidized by hydrogen peroxide, and then form chloride
complexes with the chlorine ions, enabling them to be stabilized and dissolved in the
liquid phase. The hydrogen peroxide is added in the quantity required to convert the
platinum group elements into 1ons with stable oxidation numbers, namely, the quantity
required to convert platinum to a tetravalent form, palladium to a bivalent form, and
rhodium and ruthenium to trivalent forms. The quantity of hydrochloric acid used is

sufficient to generate PtCl", PdCls", RhClg”", and RuCl¢ respectively, as well as leave at
least 2 mol/L free hydrochloric acid. The reaction temperature is typically at least 60°C

in order to accelerate the reaction, and is typically no more than 80°C in order to

suppress decomposition of the hydrogen peroxide, and a temperature of approximately
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70°C is preferred. This dissolution treatment enables a hydrochloric acid solution

containing dissolved platinum, palladium, rhodium and ruthenium to be obtained.

According to the second separation process of the present invention, by
subjecting a material containing selenium and platinum group elements to alkali leaching
at a treatment temperature within a range from 60 to 80°C, selenium and tellurium can be
dissolved and separated from the platinum group elements at normal pressure, and
without the use of an oxidizing agent. Accordingly, selenium and tellurium can be
separated easily from a process precipitate containing selenium and tellurium as well as
platinum group elements, and the platinum group elements can be selectively recovered
with a yield of 95% or higher. Moreover, because the platinum group elements are not
oxidized during this alkali leaching, highly insoluble oxides such as rhodium oxide and
ruthenium oxide are not produced, meaning the platinum group elements can be
subsequently easily dissolved. The platinum group elements in the alkali leaching
residue can be subsequently oxidized in the presence of hydrochloric acid, thus forming
chloride complexes, and generating a platinum group element solution. The dissolved
selenium and tellurium are dispersed in colloid form, and can be precipitated as metals by
neutralizing the leachate, and consequently these two metals can also be recovered with
ease. Conventional alkali leaching processes that use an oxidizing agent require the
leaching to be conducted under pressurized conditions, and because they generate sodium
selenate and/or sodium selenite, subsequent recovery of the selenium is time-consuming.
In contrast, the treatment process of the present invention enables the dissolution of
selenium and tellurium, and enables the separation of these elements from the platinum
group elements to be conducted at normal pressure, without the use of an oxidizing agent,
meaning process control and the recovery treatment are much easier.

Next 1s a description of a third preferred separation process of the present
invention, using FIG. 5. As shown in the figure, this third separation process of the
present invention is a process for separating both selenium and platinum group elements
from a material contaiming selenium/tellurium and platinum group elements, which
comprises an alkali leaching process (11) for subjecting a material containing
seleniumy/tellurium and platinum group elements to alkali treatment at high temperature,
thus separating the material into a leachate containing selenium/tellurium and a leaching
residue containing platinum group elements, and an alkali melt process (i) for adding a

mixture of caustic soda and sodium nitrate to a residue from a distillation treatment ot a
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material containing selenium and platinum group elements, subsequently heating to a
temperature exceeding the melting (eutectic) temperature of the mixture, thus dissolving
the selentum/tellurium, and then performing water leaching to separate the mixture into a
leachate containing selenium/tellurtum and a leaching residue containing platinum group
elements.

[ Material containing selenium/tellurium and platinum group elements]

As described above, the material containing selenium/tellurium and platinum
group elements can use, for example, the reduction process precipitate of an extraction
residue generated following solvent extraction of gold from the hydrochloric acid
leachate from a decoppered slime. This decoppered slime contains large quantities of
valuable metals such as gold, silver, platinum group elements, selenium and tellurium.
Specifically, the material containing selentum/tellurium and platinum group elements 1s
obtained by treating the decoppered slime in the following manner. First, the decoppered
slime 1s converted to a slurry by adding hydrochloric acid and hydrogen peroxide, and
this slurry 1s then filtered to separate a residue containing primarily silver from a leachate
containing gold, platinum group elements, selenium and tellurium. Following
‘adjustment of the liquid characteristics of the leachate, a solvent extraction using DBC or
the like 15 used to extract gold from the leachate. The post-extraction liquid contains the
residual platinum group elements, as well as selenium and tellurium. Sulfur dioxide, and
more spectfically sulfur dioxide gas, is then introduced into this post-extraction liquid in
a quantity suificient to retain the selenium concentration in the liquid at a value of 3 g/L
or higher, thus reducing and precipitating the selenium, and effecting a séparation from
the remaining post-extraction liquid. Further sulfur dioxide is then introduced into the
remaining post-extraction liquid from which the selenium has been separated, thus
reducing and precipitating out the residual selenium, together with the tellurium, which
can be separated by subsequent filtration. ‘

The third separation process of the present invention can use the post-gold
extraction liquid described above as a liquid containing selenium/tellurium and platinum
group elements. Furthermore, the separation process can use the reduction precipitate
from the above post-gold extraction liquid, or the distillation residue generated upon
subsequent distillation, as the material containing selenium/tellurium and platinum group

elements. In addition, waste water from a plating factory, or other solutions containing
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selentum/tellurium and platinum group elements such as smelting waste water can also
be used as the material containing selenium/tellurium and platinum group liquid.

In the reduction treatment of the above post-gold extraction liquid, when the
selentum and the tellurium are reduced and precipitated, because tellurium has a lower
reduction potential than selenium, the tellurium precipitates after the precipitation of
selenium, and consequently by filtering off the selenium precipitate and then adding
more sulfur dioxide to the filtrate to precipitate the tellurium, the two elements can be
separated and recovered. During this reduction process, the platinum group elements
precipitate together with both the selenium and the tellurium.

The materials containing selenium/tellurium and platinum group elements
obtained 1n this manner are treated in a subsequent alkali leaching process and an alkali
melt process. In this case, the selenium that precipitates first on reduction of the
extraction residue is preferably subjected to distillation to enable the recovery of high
purity selenium, and the residue (distillation residue) is subjected to alkali melt treatment,
whereas the tellurium fhat 1s precipitated afterwards is preferably subjected to alkah
leaching treatment. The distillation residue includes compounds such as palladium
selenide, and is stable, and consequently selenium dissolution cannot be achieved by
alkali leaching. By subjecting the distillation residue to alkali melt treatment, the
selentum can be processed efficiently. In contrast, the rhodium and ruthenium
incorporated in the tellurium precipitate is of a relatively higher content than that
contained 1n the selenium precipitate, and consequently if the tellurium precipitate is
subjected to alkali melting, it is prone to forming insoluble oxides, making the
subsequent hydrochloric acid leaching step difficult. Accordingly, the tellurium
precipitate preferably undergoes alkali leaching treatment.
| Alkali melt process]

The above material containing selenium/tellurium and platinum group elements,
such as the selenium precipitate or the aforementioned selenium distillation residue
undergo alkali melt treatment. In this alkali melt treatment, a flux comprising a mixture
of caustic soda (NaOH) and sodium nitrate (NaNO3) is added to the selenium precipitate
or the selenium distillation residue, and the resulting mixture is melted by heating to a
temperature exceeding the melting point (eutectic temperature) of the flux. This heating
and melting converts the selenium to a mainly tetravalent state, generating sodium

selenite (Na>SeOj3) which subsequently dissolves. The reason for using a mixture of
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caustic soda and sodium nitrate as the flux is that if only caustic soda is used, then supply
of oxygen from the atmosphere 1s inadequate, leading to the production of sodium
selenide (Na;Se), and this sodium selenide converts to metallic selenium and precipitates
during water leaching, meaning the platinum group elements and selenium cannot be
physically separated. Furthermore, if only sodium nitrate 1s used as the flux, then the
ox1dizing power becomes overly strong, leading to an increase in the proportion of
undesirable hexavalent selenium.

In order to reduce the melting temperature, the composition of the flux is
preferably close to a eutectic composition. Specifically, the ratio of caustic soda: sodium
nitrate 1s preterably within a range from 75:25 to 85:15 (molar ratio). Furthermore, the
heating temperature must be at least the eutectic temperature of the flux (258°C), and

because the tlux must have an adequate fluidity and be capable of leaching the selenide

materials, a heating temperature within a range from 350 to 450°C is preferred. At

temperatures within this range, the sodium nitrate (NaNQO3) generates oxygen but is less
likely to generate NOx, whereas if the temperature exceeds the above range, the
proportion of NOXx generation increases, and the oxidizing power also strengthens,
increasing the proportion of hexavalent selenium.

Following addition of the above flux to the material containing selenium and
platinum group elements and subsequent heating to melt the flux, the melted product is
leached with water to effect a solid-liquid separation. Sodium selenite dissolves in water,
whereas the platinum group elements remain in the residue, and consequently by
conducting water leaching of the above melt and then filtering, the mixture can be
separated into a filtrate containing sodium selenite and a solid residue containing
platinum group elements. The ﬁltrate contains essentially no platinum group elements,
indicating an effective separation of selenium from the platinum group elements. The
platinum group elements contained in the solid residue are dissolved by adding
hydrochloric acid, together with an oxidizing agent such as hydrogen peroxide. The
resulting mixture is then filtered to enable the recovery of a filtrate containing the
platinum group elements.
| Alkali leaching process]

T'he material containing selenium/tellurium and platinum group elements
undergoes alkali leaching treatment. Alkali leaching is typically conducted under an

alkali concentration of at least 1 mol/L, and concentrations within a range from 5 mol/L
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to 8 mol/L are preferred. By ensuring that the alkali concentration is at least 1 mol/L, a
strong alkali environment of at least pH 14 is achieved, which causes a reduction 1n the
oxidation-reduction potential of selenium and tellurium, meaning selenium and tellurtum
can be dissolved into the alkali solution at normal pressure, without the need to use an
oxidizing agent. Because the progress of this selenium and tellurium dissolution reaction

1s slow at room temperature, the leaching is typically conducted at a temperature of at

least 60°C, and preferably at a temperature of approximately 80°C.

The alkal leaching causes the selenium and tellurium to be dissolved into the
alkali solution, where they are dispersed in colloid form. In contrast, platinum group
elements such as rhodium and palladiﬁm are not dissolved and remain in the solid phase.
Filtering the resulting mixture enables a separation into a leachate containing selenium
and/or tellurium, and a solid fraction containing the platinum group elements.

Following the above solid-liquid separation, if sulfuric acid or hydrochloric acid
1s added to the filtrate containing selenium/tellurium to effect a neutralization, a black
colored precipitate of metallic selenium and/or metallic tellurium develops, and the color
of the solution gradually lightens from a deep purple color, until the liquid becomes
transparent at around pH 7. The assay of this selenium precipitate and/or tellurium
précipitate 1s typically 99% or better, enabling the recovery of high quality metallic
Selenium and/or metallic tellurium. If nitric acid is used instead of the sulfuric acid or
hydrochloric acid, the oxidizing power of the nitric acid causes the selenium/tellurium to
oxidize and dissolve, meaning precipitation is not possible. Furthermore, the liquid
temperature 1s preferably from 60 to 80°C. If neutralization is conducted at a liguid
temperature within this range, metallic selenium with good filterability can be obtained.

An ox1idizing agent such as hydrogen peroxide, and hydrochloric acid are added
to the filtered solid fraction containing the platinum group elements, thus dissolving the
platinum group elements such as platinum, palladium, rhodium and ruthenium. The
platinum group elements are oxidized by hydrogen peroxide, and then form chloride
complexes with the chloride ions, enabling them to be stabilized and dissolved in the
liquid phase. The hydrogen peroxide is added in the quantity required to convert the
platinum group elements into ions with stable oxidation numbers, namely, the quantity
required to convert platinum to a tetravalent form, palladium to a bivalent form, and
rhodium and ruthenium to trivalent forms. The quantity of hydrochloric acid used is

preferably sufficient to generate PtClg’, PACl,", RhClg", and RuClg’ respectively, as well
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as leave at least 2 mol/L free hydrochloric acid. The reaction temperature is typically at
least 60°C in order to accelerate the reaction, and 1s typically no more than 80°C in order
to suppress decomposition of the hydrogen peroxide, and a temperature of approximately

70°C 1s preferred. This dissolution treatment enables a hydrochloric acid solution

containing dissolved platinum, palladium, rhodium and ruthenium to be obtained.
As described above, by subjecting a material containing selenium and platinum

group elements to alkah leaChing at a treatment temperature within a range from 60 to
80°C, selenium and tellurium can be dissolved and separated from the platinum group

elements at normal pressure, and without the use of an oxidizing agent. Accordingly,
selenium and tellurium can be separated easily from a process precipitate containing
selentum and tellurium as well as platinum group elements, and the platinum group
elements can be selectively recovered with a yield of 95% or higher. Moreover, because
the platinum group elements are not oxidized during this alkal1 leaching, highly insoluble
oxides such as rhodium oxide and ruthenium oxide are not produced, meaning the
platinum group elements can be subsequently easily dissolved. The platinum group
elements in the leaching residue can be recovered by oxidizing in the presence of
hydrochloric acid, thus forming chloride complexes, and generating a platinum group
element solution. The dissolved selenium and tellurium are dispersed in colloid form,
and can be precipitated as metals by neutralizing the leachate with either sulfuric acid or
hydrochloric acid, and consequently these two metals can also be recovered with ease.
Conventional alkali leaching processes that use an oxidizing agent require the leaching to
be conducted under pressurized conditions, and generate sodium selenate and/or sodium
selenite, and the presence of hexavalent selenium means the removal of selenium from
waste water 1s difficult. In contrast, the treatment process of the present invention
enables the dissolution of selenium and tellurium, and the separation of these elements
from the platinum group elements to be conducted af normal pressure, without the use of
an oxidizing agent, meaning process control and the recovery treatment can be completed
without the generation of hexavalent selenium.

As described above, 1n the alkali melt process, the selenium and/or tellurium is
dissolved in the water in the form of sodium selenite or sodium tellurite, and 1s
subsequently separated from the leaching residue that contains the platinum group
elements. However, the separated water leachate may still contain small residual

quantities of platinum group elements in addition to the selenium/tellurium, and
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consequently the water leachate 1s preferably recycled into the above alkali leaching
process, and subjected to alkali leaching together with the material containing
selentum/tellurium and platinum group elements. This recycling treatment concentrates
the selentum/tellurium.

On the other hand, the leaching residue containing platinum group elements
obtained in the alkali melt process is combined with an oxidizing agent such as hydrogen
peroxide together with hydrochloric acid, in the same manner as the residue from the
alkali leaching process, thus dissolving the platinum group elements such as platinum,
palladium, rhodium and ruthenium. The platinum group elements are oxidized by
hydrogen peroxide, and then form chloride complexes with the chlorine ions, enabling
them to be stably dissolved in the liquid phase. This dissolution treatment enables a
hydrochloric acid solution containing dissolved platinum, palladium, rhodium and
ruthenium to be obtained. This chlorination treatment is preferably conducted together
with the leaching residue obtained in the alkali leaching process.

According to the third separation process of the present invention, the material
containing selenium/tellurium and platinum group elements is treated using a
combination of an alkali leaching process, in which alkali leaching is conducted at high
temperature, and an alkali melt process, in which a mixture of caustic soda and sodium
nitrate 1s added, and the mixture is melted by heating to a temperature exceeding the
melting (eutectic) temperature to dissolve the selenium/tellurium, and as a result, the
selentum/tellurium and the platinum group elements can be concentrated and almost
entirely recovered, enabling an easily-refined hydrochloric acid solution to be supplied to
a subsequent refining step, and enabling platinum group elements and selenium/tellurium
to be separated simply, efficiently, and at low cost, from a material containing
selentum/tellurium and platinum group elements.

As follows 1s a description of a fourth preferred separation process of the present
invention, using FIG. 6.

The fourth separation process described below is a treatment process for
selentum/tellurtum in which a selenium/tellurium mixture is introduced into a copper
smelting and refining process to generate an alloy of selenium and tellurium with copper,
this alloy 1s subjected to copper electrolysis to recover electrolytic copper, while
accumulating selenium and tellurium within the copper electrolysis slime, and this

copper electrolysis slime is then subjected to sulfuric acid oxidizing leaching to dissolve
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the tellurium, thus enabling the tellurium to be separated from the selentum which
remains in the leaching residue.

More specifically, as shown by the treatment process shown in FIG. 6, an
aforementioned material containing selenium/tellurium and platinum group elements 1s
used as the selenium/tellurium mixture, and as described above, this material first passes
through the alkali leaching process, in which the mixture is. subjected to alkali leaching at
high temperature to effect a separation into a leachate containing seleniumy/tellurium and
a leaching residue containing platinum group elements. Sulfuric acid or hydrochloric

acid is then added to the leachate to neutralize the leachate and precipitate the

selentum/tellurium mixture, and this mixture 1s introduced into the copper refining
process to generate an alloy of selenium and tellurium with copper. This alloy 1s
subjected to copper electrolysis to recover electrolytic copper,. while accumulating
selentum and tellurium within the copper electrolysis slime, and this copper electrolysis
shime 1s then subjected to sulfuric acid oxidizing leaching to elute the tellurium, thus
enabling the tellurium to be separated from the selenium, which remains in the leaching
residue. -
[Selenium/tellurium mixture]

In the fourth separation process of the present invention, the selenium/tellurium
mixture can use a treated material containing selenium/tellurium and platinum group
elements from a copper process. Specifically, the type of materal containing
selentum/tellurium and platinum group elements that was used in the first through third
separation processes can be used.

This material containing selenium/tellurium and platinum group elements is then
treated 1n the alkali leaching process and alkali melt process described below. As was
the case in the above separation processes, in the fourth separation process, the selenium
that precipitates first on reduction of the post-extraction liquid is preferably subjected to
distillation to enable the recovery of high purity selenium, and the residue (distillation
residue) is subjected to alkali melt treatment, whereas the tellurium that is precipitated
afterwards 1s preterably subjected to alkali leaching treatment. The distillation residue
includes compounds such as palladium selenide, and is stable, and consequently
selentum dissolution cannot be achieved by alkali leaching. By subjecting the distillation
residue to alkali melt treatment, the selenium can be processed efficiently. In contrast,

the rhodium and ruthenium incorporated in the tellurium precipitate is of a relatively
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higher content than that contained in the selenium precipitate, and consequently if the
tellurlum precipitate is subjected to alkali melting, it is prone to forming insoluble oxides,
making the subsequent hydrochloric acid leaching step difficult. Accordingly, the
tellurium precipitate preferably undergoes alkali leaching treatment.

| Alkali leaching process]

As described 1n the separation process above, the material containing
selentum/tellurtum and platinum group elements undergoes alkali leaching treatment.
Alkali leaching is typically conducted under an alkali concentration of at least 1 mol/L,
and concentrations within a range from 5 mol/L to 8 mol/L are preferred. By ensuring
that the alkali concentration is at least 1 mol/L, a strong alkali environment of at least pH
14 1s achieved, which causes a reduction in the oxidation-reduction potential of selenium
and tellurium, meaning selenium and tellurium can be dissolved into the alkali solution at
normal pressure, without the need to use an OXidizing agent. Because the progress of this
selenium and tellurium dissolution reaction is slow at room temperature, the leaching is
typically conducted at a temperature of at least 60°C, and preferably at a temperature of
approximately 80°C.

The alkali leaching causes the selenium and tellurium to be dissolved into the
alkal1 solution, where they are dispersed in colloid form. In contrast, platinum group
clements such as rhodium and palladium are not dissolved and remain in the solid phase.
Filtering the resulting mixture enables a separation into a leachate containing selenium
and/or tellurium, and a solid fraction containing the platinum group elements.

The above alkali leaching may also be conducted on a combination of the
material containing selenium/tellurium and platinum group elements, and the leachate
obtained by subjecting the residue from the aforementioned distillation treatment to
alkali melt treatment. The selenium precipitate obtained by reduction treatment of the
material containing selenium/tellurium and platinum group elements, or the residue
obtained from distillation treatment of this reduced selenium precipitate is combined with
a flux comprising a mixture of caustic soda (NaOH) and sodium nitrate (NalNO3), and the
resulting mixture is melted by heating to a temperature exceeding the melting point
(eutectic temperature) of the flux. This heating and melting converts the selenium to a
mainly tetravalent state, generating sodium selenite (Na;SeO3) which subsequently
dissolves. This alkali melt treatment causes the selenium/tellurium to dissolve, and water

leaching 1s then used to separate the mixture into a leachate containing the
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selenium/tellurium, and a leaching residue containing the platinum group elements. This
leachate can be added to the alkali leaching process of materials containing
selentum/tellurium and platinum group elements, and subjected to alkali leaching, as
described above. Using the leachate obtained from this alkali melt process enables the
overall selentum/tellurium recovery rate for the entire treatment process to be improved.

Following the above solid-liquid separation of the alkali leaching, if sulfuric acid
or hydrochloric acid 1s added to the filtrate containing seleniumy/tellurium to effect a
neutralization, a black colored precipitate of metallic selenium and/or metallic tellurium
develops, and the color of the solution gradually lightens from a deep purple color, until
the liquid becomes transparent at around pH 7. By conducting a solid-liquid separation,
a mixture of metallic tellurtum and metallic selenium can be recovered. The assay of this
selenium/tellurium mixture 1s typically 99% or better, enabling the recovery of high
quality metallic selenium and/or metallic tellurium. If nitric acid is used instead of the
sulfuric acid or hydrochloric acid, the oxidizing power of the nitric acid causes the
selenium/tellurium to oxidize and dissolve, meaning precipitation is not possible. The
liquid temperature 1s preferably from 60 to 80°C. If neutralization is conducted at a
liquid temperature within this range, a selenium/tellurium mixture with good filterability
can be obtained.

In the fourth separation process of the present invention, the above
selentum/tellurtum mixture 1s introduced into the copper smelting and refining process to
generate an alloy of selenium and tellurium with copper, and this alloyed copper (crude
copper) then undergoes electrolysis to recover electrolytic copper, while the selenium
and tellurium are accumulated within the copper electrolysis slime, together with the
other 1nsoluble components. The copper electrolysis can be conducted under normal
copper electrolysis conditions. The copper electrolysis yields high purity electrolytic
copper, while the selenium and tellurium form a copper electrolysis slime with the other
insoluble components that were incorporated within the crude copper. By subjecting this
copper electrolysis slime to air oxidation in sulfuric acid and conducting a leaching
treatment (copper removal leaching), the majority of the copper and tellurium contained
within the slime can be dissolved. Sulfuric acid electrolyte can be used as the sulfuric
acid for this step. Bringing the dissolved copper leachate containing tellurium into
contact with metallic copper forms copper telluride, meaning the tellurium can be

recovered as copper telluride. From an industrial viewpoint, the dissolved copper
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leachate containing tellurium is preferably passed through a column packed with copper
chip to recover the copper telluride. On the other hand, the selenium remains in the
leaching residue (decoppered slime), and consequently this copper removal leaching can
be used to separate selenium and tellurium.

Following the above copper removal leaching, the leachate containing copper and
selenium 1s retuned to the copper electrolysis step, and the copper is recovered as
electrolytic copper. As described above, the selenium accumulates in the copper
electrolysis slime, and consequently by repeating the sulfuric acid oxidizing leaching
(copper removal leaching) of the copper electrolysis slime, the selenium becomes
concentrated within the decoppered slime. Furthermore, this decoppered slime also
contains large quantities of noble metals such as gold, silver, platinum group elements,
and lead, and consequently by conducting a chlorination leaching of the decoppered
slime by introducing an oxidizing agent such as hydrogen peroxide or chlorine gas
together with hydrochloric acid or the like, these noble metals can be dissolved, and then
recovered by employing treatment processes suited to recovery of each of the noble metal
clements. .

In one example of a process for recovering a noble metal, the silver and lead
contained in the slime are converted to insoluble chlorides through the above chlorination
leaching, while the gold, platinum group elements, selenium and tellurium are dissolved
in the leachate, a solid-liquid separation is then conducted to effect a separation into a
leaching filtrate containing gold and platinum group elements and the like, and a leaching
filtered residue containing silver and lead, and the treatment process described above 1s
then used to separate and recover silver and lead from this silver and lead-containing
residue. Furthermore, a solvent extraction can be used to extract gold from the leaching
filtrate containing tellurtum and platinum group elements and the like, and a subsequent
reduction then used to recover the gold, while the post-extraction liquid can be subjected
to distillation treatment, the selenium and the tellurium reduced, and the resulting
reduction precipitate used to repeat the treatment of the present invention, thus enabling
the selenium and tellurium to be concentrated, and recovered with a good level of
efficiency.

According to the fourth separation process of the present invention, a
selenium/tellurium mixture 1s introduced into a copper refining process to generate an

alloy of selemum and tellurium with copper, and this copper alloy is subjected to
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electrolysis to recover high purity electrolytic copper, while the selenium and tellurium
are accumulated in the copper electrolysis slime, and consequently by subjecting this
copper electrolysis slime to sulfuric acid oxidizing leaching (copper removal leaching),
the tellurium can be dissolved into the solution and separated from the selenium, and the
dissolved tellurium can be separated and recovered through contact with metallic copper
to generate copper telluride. Furthermore, the selenium that remains in the copper
leaching residue can be separated and recovered by reduction treatment, tollowing the
completion of noble metal recovery processes such as a gold extraction process.

As follows is a description of a fifth preferred separation process of the present
invention, using FIG. 7. As shown in FIG. 7, the fifth separation process 1s a treatment
process for separating gold from a solution containing platinum group elements, wherein
a material containing selenium/tellurium and platinum group elements is subjected to
alkali treatment to effect a separation into a leachate containing selenium/tellurium and a
residue containing platinum group elements, hydrochloric acid is added to this residue
containing the platinum group elements in the presence of an oxidizing agent, a solid-
liquid separation is conducted, and hydroxylamine hydrochloride is then added to the
filtered solution containing the platinum group elements to selectively reduce and
precipitate gold.

Even in this fifth separation process of the present invention, a material
containing selenium/tellurium and platinum group elements obtained in a copper

smelting process can be used, in a similar manner to that described in the first separation

Process.

[Alkah treatment}

The material containing selenium/tellurium and platinum group elements
undergoes alkali treatment, and is separated into a leachate containing selenium/tellurium
and a residue containing platinum group elements. As described above, this alkal
treatment can involve either an alkah leaching process or an alkali melt process, or may
include both processes. In those cases where both the alkali leaching process and the
alkali melt process are carried out, the selenium that precipitates first on reduction of the
aforementioned post-extraction liquid 1s preferably subjected to distillation to enable the
recovery of high purity selenium, and the residue (distillation residue) is subjected to
alkali melt treatment, whereas the tellurium that is precipitated afterwards is preferably

subjected to alkali leaching treatment. The distillation residue includes compounds such
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as palladium selenide, and is stable, and consequently seleniurn dissolution cannot be
achieved by alkali leaching. By subjecting the distillation residue to alkali melt treatment,
the selenium can be processed efficiently. In contrast, the rhodium and ruthenium
incorporated 1n the tellurium precipitate is of a relatively higher content than that
contained in the selenium precipitate, and consequently if the tellurium precipitate 1s
subjected to alkali melting, it is prone to forming insoluble oxides, making the
subsequent hydrochloric acid leaching step difficult. Accordingly, the tellurium
precipitate preferably undergoes alkali leaching treatment.
[Alkali melting]

In the alkali leaching treatment, the selentum precipitate obtained by reduction
treatment of the material containing selenium/tellurium and platinum group elements, or
the residue obtained from distillation treatment of this reduced selenium precipitate is
combined with a flux comprising a mixture of caustic soda (NaOH) and sodium nitrate
(NaNO3), and the résulting mixture 18 melted by heating to a temperature exceeding the
melting point (eutectic temperature) of the flux. This heating and melting converts the
selenium to a mainly tetravalent state, generating sodium selenite (Na;SeOs3) which
subsequently dissolves. This alkali melt treatment causes the sel entur/tellurium to
dissblve, and water leaching 1s then used to separate the mixture into a leachate
containing the selemum/tellurium, and a leaching residue containing the platinum group
elements. This leachate can be added to the alkali leaching process of materials
containing selenium/tellurium and platinum group elements, and subjected to alkali
leaching, as described above. Using the leachate obtained from this alkali melt process
enables the overall Selenium/tellurium recovery rate for the entire treatment process to be
improved.
| Alkali leaching]

Alkal1 Jeaching treatment of the material containing selenium/tellurium and
platinum group elements is typically conducted under an alkali concentration of at least 1
mol/L, and concentrations within a range from 5 mol/L to 8 mol/L are preferred. By
ensuring that the alkali concentration is at least 1 mol/L, a strong alkali environment of at
least pH 14 1s achieved, which causes a reduction in the oxidation-reduction potential of
selentum and tellurium, meaning selenium and tellurium can be dissolved into the alkali
solution at normal pressure, without the need to use an oxidizing agent. Because the

progress of this selemium and tellurium dissolution reaction is slow at room temperature,
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the leaching is typically conducted at a temperature of at least 60°C, and preferably at a

temperature of approximately 80°C.

The alkali leaching causes the selenium and tellurium to be dissolved into the
alkali solution, where they are dispersed in colloid form. In contrast, platinum group
elements such as rhodium and palladium are not dissolved and remain in the solid phase.
Filtering the resulting mixture enables a separation into a leachate containing selenium
and/or tellurtum, and a solid fraction containing the platinum group elements.

In the process of the present invention, hydroxylamine hydrochloride is added to
the solution containing the platinum group elements obtained in the alkal treatment
described above to selectively reduce and precipitate gold. Provided hydroxylamine
hydrochloride is used as the reducing agent, gold can be selectively reduced and
precipitated out, even if the platinum group element solution is hydrochloric acidic. The
quantity of hydroxylamine hydrochloride added is typically within arange from 1.3 to
1.6 equivalents relative to the quantity of gold. If this quantity is less than 1.3
equivalents, then the reduction of the gold is unsatisfactory, whereas 11 the quantity
exceeds 1.6 equivalents, then the platinum group elements, and particularly palladium,
are reduced together with the gold, meaning the gold cannot be selectively recovered.
The reduction temperature is preferably at least 60°C. At temperatures less than 60°C,
the reduction reaction is slow, making the process industrially unsuitable.

Hence, according to this separation process of the present invention, residual gold
contained in a platinum group element solution obtained by treating a material containing
selentum/tellurium and platinum group elements can be precipitated and separated with a
high level of efficiency. Accordingly, the separation process of the present invention is
1deal for use in a process for recovering noble metals from a copper electrolysis shme,
and 1s used for removing gold during the step for separating and recovering
selentum/tellurium and platinum group elements from the reduction precipitate generated
during reduction of a post-gold extraction liquid.

FIG. 8A, FIG. 8B and FIG. 8C are process drawings showing outlines of the
separation processes of the present invention, showing the steps within a preferred
combination of the first through fifth separation processes of the present invention.

As shown 1n FIG. 8, it is evident that by combining the preferred separation
processes described above, selenium, tellurium, platinum group elements, and gold and

the hike can be easily separated from a decoppered slime, and more particularly from a



CA 02730558 2011-02-01

32

material containing selenium/tellurium and platinum group elements that has been
separated from a decoppered slime.

Specifically, the first separation process corresponds substantially to the steps in
FIG. 8B from NaOH melting through to water leaching and filtration, and the second
separation process corresponds substantially to the steps froom NaOH elution through to
filtration. Furthermore, the steps from NaOH elution through to filtration, and the steps
from NaOH melting through to water leaching and filtration also correspond substantially
to the third separation process. The fourth separation process corresponds to the steps
from copper smelting through to tellurium removal in FIG. 8C. The fifth separation
process corresponds substantially to the steps in FIG. 8B from NaOH leaching through to
fiitration, and the steps for subjecting the leachate containing selenium/tellurium,
obtained 1in the steps from NaOH melting through to water leaching and filtration, to

chlorination, filtration, and subsequent gold removal and filtration.

As follows, a series of examples and comparative examples of the present
invention are described. Unless stated otherwise, the units %o refer to % by weight (wt%)

values.

Example 1

Using 20 g of a platinum group element-containing material, comprising
palladium selenide as the primary component, as a raw material, 21.7 g of caustic soda
and 11.5 g of sodium nitrate were mixed with the raw material, and the mixture was
heated for 2 hours at 400°C, forming a melt. Following cooling of the melt, 500 ml of
water was added, and the mixture was stirred for one hour and then filtered. 97.4 % of
the selentum from the above raw material had been leached into the filtrate. Furthermore,
platinum and palladium were not detected in the filtrate. The quantity of hexavalent
selenium 1n the filtrate was less than 10 %. Meanwhile, the filtered residue was repulped
with 3N hydrochloric acid, and was then oxidized with hydrogen peroxide. As a result,

95 % of the palladium and 99 % or greater of the platinum were leached into the solution.

Example 2

With the exception of using 20.3 g of caustic soda and 14.4 g of sodium nitrate,

the same method as the example 1 was used to heat and melt 20 g of the platinum group
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element-containing material comprising palladium selenide as the primary component,
and then subject this melt to water leaching and filtering. The leaching rate of selenium
into the filtrate was 98.2 %. Platinum and palladium were not detected in the filtrate.
Furthermore, the proportion of hexavalent selenium in the filtrate was less than 10 %.
Meanwhile, when the filtered residue was repulped with 3N hydrochleric acid, and then
oxidized with hydrogen peroxide, the leaching rate of palladium into the solution was

95 %, and the leaching rate for platinum was 99 % or greater.

Example 3

With the exception of using 23.0 g of caustic soda and 8.6 g of sodium nitrate, the
same method as the example 1 was used to heat and melt 20 g of the platinum group
element-containing material comprising palladium selenide as the primary component,
and then subject this melt to water leaching and filtering. The leaching rate of selenium
into the filtrate was 97.2 %. Platinum and palladium were not detected in the filtrate.
Furthermore, the proportion of hexavalent selenium in the filtrate was less than 10 %.
Meanwhile, when the filtered precipitate was repulped with 3N hydrochloric acid, and
then oxidized with hydrogen peroxide, the leaching rate of palladium into the solution

was 95 %, and the leaching rate for platinum was 99 % or greater.

Example 4

Following repulping of 5 kg of decoppered electrolysis slime in 5 L of
hydrochloric acid and 2 L of water, hydrogen peroxide was added gradually to the
mixture, and the temperature of the liquid was maintained at 70°C to effect oxidizing
leaching. Following cooling, the chlorination leaching residue was filtered, the acid
concentration of the filtrate was adjusted, and the filtrate was mixed with 1.5 L of dibutyl
carbitol, thus extracting the gold into the dibutyl carbitol. The respective concentration
levels within the post-extraction liquid were 30 mg/L for gold, 58.9 g/L for selenium, 15
mg/L for platinum, and 172 mg/L for palladium. Sulfur dioxide gas was bubbled through
this liquid to reduce the selenium at a liquid temperature of 80°C, and following cooling,
the liquid was filtered. 901 g of this selenium precipitate was distilled in the atmosphere
at 750°C to separate the selenium, and when the 6.9 g of distillation residue was

recovered and assayed, it was found to contain 45.2 % of palladium, 4.2 % of platinum,

15.3 % of gold, and 34.2 % of selenium. 5.7 g of caustic soda and 3.0 g of sodium nitrate
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were added to this distillation residue, and the same method as the example 1 was then
used to heat and melt the mixture, and then subject this melt to water leaching and
filtening. The leaching rate of selenium into the filtrate was 98.4 %. Platinum and
palladium were not detected in the filtrate. Furthermore, the proportion of hexavalent
selentum 1n the filtrate was less than 10%. Meanwhile, when the filtered precipitate was
repulped with 3N hydrochloric acid, and then oxidized with hydrogen peroxide, the
leaching rate of palladium into the solution was 95 %, and the leaching rate for platinum

was 99 % or greater.

Comparative Example 1

With the exception of replacing the mixture of caustic soda and sodium nitrate
with 27 g of only caustic soda, the same method as the example 1 was used to heat and
melt the platinum group element-containing material comprising palladium selenide as
the primary component, and then subject this melt to water leaching and filtering. The
leaching rate of selenium into the filtrate was 33.6 %, much lower than the value
observed in the example 1. Platinum and palladium were not detected in the filtrate.
Furthermore, the quantity of hexavalent selenium in the filtrate was less than 10 %.
Meanwhile, when the filtered residue was repulped with 3N hydrochloric acid, and then
oxidized with hydrogen peroxide, the leaching rate of palladium into the solution was

95 %, and the leaching rate for platinum was 99 % or greater.

Comparative Example 2

With the exception of replacing the mixture of caustic soda and sodium nitrate
with 57.6 g of only sodium nitrate, the same method as the examplé 1 was used to heat
and melt the platinum group element-containing material comprising palladium selenide
as the primary component, and then subject this melt to water leaching and filtering. The ‘
leaching rate of selenium into the filtrate was 98.5 %. Platinum and palladium were not
detected 1n the filtrate. However, the quantity of hexavalent selenium in the filtrate was
25 %, much higher than the value observed in the example 1. Meanwhile, when the
filtered residue was repulped with 3N hydrochloric acid, and then oxidized with
hydrogen peroxide, the leaching rate of palladium into the solution was 95 %, and the

leaching rate for platinum was 99 % or greater.
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Example 5

When 1 kg of a material containing selenium and platinum group elements (Se:

65%, Te: 30%, Pd: 5%, Pt: 0.5%, Rh: 0.2%, and Ru: 0.4%) was mixed with 10 L otfa 5
mol/L caustic soda solution, and then heated to 80°C and held at that temperature for 1

hour, the majonty of the matenial dissolved, yielding a dark purple colored liquid. The
liquid was cooled and filtered, and 65 g of residue was recovered. Analysis of this
residue revealed the platinum group elements Pd, Pt, Rh and Ru as the primary
components, and the assay results were Pd: 80%, Pt: 8%, Rh: 3%, and Ru: 6%. The
filtrate was a solution containing Se: 65 g/I. and Te: 30 g/L, although no platinum group

elements were detected.

Example 6

When 1 kg of a material containing selenium and platinum group elements (Se:
65%, Te: 30%, Pd: 5%, Pt: 0.5%, Rh: 0.2%, and Ru: 0.4%) was mixed with 10 L ofa 3
mol/L caustic soda solution, and then heated to 80°C and held at that temperaturé for 1
hour, the majority of the material dissolved, yielding a dark purple colored liquid. The
liquid was cooled and filtered, and 65 g of residue was recovered. The filtrate was a
solution contaming Se: 65 g/LL and Te: 30 g/L., although no platinum group elements
were detected. Analysis of the residue revealed the platinum group elements Pd, Pt, Rh
and Ru as the primary components, and the assay results were Pd: 80%, Pt: 8%, Rh: 3%,
Ru: 6%. This residue was repulped in 400 ml of hydrochloric acid and 100 ml of water,

and with the liquid temperature held at 70°C, 120 ml of hydrogen peroxide was added

gradually. Following completion of the hydrogen peroxide addition, the liquid was

cooled and filtered, and when the filtrate was analyzed, 1t was found to contain Pd: 74

g/L, Pt: 7 g/L, Rh: 2.8 g/L., and Ru: 5.5 g/L.

Example 7

With the exceptions of altering the concentration of the caustic soda solution to 1
mol/L, and extending the heating retention time to 5 hours, alkali leaching was conducted
in the same manner as the example 5. As a result, 75 g of residue was recovered. The
primary components within the residue were Pd, Pt, Rh and Ru, and the assay results
were Pd: 67%, Pt: 7%, Rh: 3%, and Ru: 5%. The filtrate was a solution containing Se:

63 g/L and Te: 28 g/L, although no platinum group elements were detected.
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With the exceptions of altering the concentration of the caustic soda solution to 8
mol/L, and setting the heating temperature to 60°C, alkali leaching was conducted 1n the

same manner as the example 5. As a result, 65 g of residue was recovered. The primary
components within the residue were Pd, Pt, Rh and Ru, and the assay results were Pd:

77%, Pt: 8%, Rh: 3%, and Ru: 6%. The filtrate was a solution containing Se: 64 g/L and

Te: 29 g/L, although no platinum group elemerﬁs were detected.

Comparative Examples 3 and 4

With the exception of altering the concentration of the caustic soda solution to 0.5
mol/L, alkali leaching was conducted in the same manner as the example 5, but the
selenium and tellurium did not dissolve, and the platinum group elements could not be
separated from the selenium and tellurium (comparative example 3).

Furthermore, with the exception of setting the reaction temperature to room
temperature, alkali leaching was conducted in the same manner as the example 5, but the
selenium and tellurium did not dissolve, and the platinum group elements could not be

separated {from the selenium and tellurium (comparative example 4).

Example 9

600 g of a distillation residue (selenium precipitate distillation residue; primary
component: palladium selenide) of a reduction precipitate obtained by reduction
treatment of the post-gold extraction liquid from a copper electrolysis slime was mixed

with 651 g of caustic soda and 345 g of sodium nitrate, and then allowed to react for 2

hours at 400°C. Following cooling, 15 L of water was added to the crucible, and the
resulting mixture was then stirred for 1 hour and filtered, yielding 15 L of filtrate and 348
g of a filtered residue. The concentration of Se in the filtrate was 10.4 g/L, indicating a
leaching rate of 97.4 % for the selenium from the distillation residue. Platinum and
palladium were not detected in the leachate. Furthermore, the proportion of hexavalent
selenium in the liquid was less than 10 %. Analysis of the composition of the filtered

residue revealed platinum group elements as the primary components, and the respective

concentration levels were Pd 44%, Pt 5%, Rh 0.3%, and Ru 1.0%.
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Next, when 1 kg of the tellurium precipitate (Se 65%, Te 30%, Pd 5%, Pt 0.5%,
Rh 0.2%, Ru 0.4%) from the above reduction precipitate was mixed with 10 L of a

caustic soda solution (concentration 5 mol/L), and then held at 80°C for 1 hour, the

solution turned a dark purple color. The liquid was then cooled and filtered, yielding 10
L of filtrate and 65 g of filtered residue. Analysis of the composition of the filtered
precipitate revealed platinum group elements as the primary components, and the
respective concentration values were Pd 80%, Pt 8%, Rh 3%, and Ru 6%. The Se
concentration in the filtrate was 65 g/L and the Te concentration was 30 g/L, although no
platinum group elements were detected.

Next, the filtered residue was mixed, 3N hydrochloric acid was added and the

mixture was repulped, and then hydrogen peroxide was introduced at 70°C to effect
oxidation. The resulting mixture was filtered, and the concentration levels of the
platinum group elements within the resulting hydrochloric acidic solution (filtrate) were

Pd 95 g/L (95%), Pt 8.5 g/L (99%), Rh 3.2 g/L. (95%), and Ru 0.5 g/L (at least 95%)

(wherein the values in parentheses are leaching rates).

Example 10

~ With the exception of using 609 g of caustic soda and 432 g of sodium nitrate, the
same method as the example 9 was used to subject 600 g of a selenium distillation
residue to heating and alkali melting, and the resulting melt was subsequently subjected
to water leaching and then filtering. The leaching rate of selenium into the filtrate was
98.2%. Platinum and palladium were not detected in the filtrate. Furthermore, the
proportion of hexavalent selenium in the filtrate was less than 10%. Analysis of the
composition of the filtered residue revealed platinum group elements as the primary
components, and the respective concentration were Pd 45%, Pt 5%, Rh 1%, and Ru 2%.

Next, when 1 kg of the tellurium precipitate from the above reduction precipitate

was mixed with 10 L of a caustic soda solution (concentration 5 mol/L), and then held at
80°C tor 1 hour, the solution turned a dark purple color. The liquid was then cooled and
filtered, yielding 10 L of filtrate and 65 g of filtered residue. The Se concentration in the
filtrate was 65 g/L and the Te concentration was 30 g/L, although no platinum group
elements were detected. Analysis of the composition of the filtered precipitate revealed

platinum group elements as the primary components, and the respective concentration

values were Pd 80%, Pt 8%, Rh 3%, and Ru 6%.
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Next, the filtered residue were mixed, 2 L of hydrochloric acid and 500 ml of

water were added and the mixture was repulped. With the liquid temperature maintained
at 70°C, 360 ml of hydrogen peroxide was added gradually to effect oxidation.

Following completion of the hydrogen peroxide addition, the mixture was cooled and

filtered. The concentration of the platinum group elements within the resulting filtrate

were Pd 81 g/L, Pt 7 g/LL, Rh 2.1 g/L., and Ru 2.4 g/L.

Example 11 _

The leachate (filtrate) obtained in the alkali leaching of the example 9 was held at
80°C, and as the filtrate was neutralized by adding sulfuric acid, a black precipitate began
to appear, until the liquid become transparent at around pH 7. The precipitate was
filtered off and recovered, and analysis of the composition revealed 68% metallic

selentum and 31% metallic tellurium.

Example 12

With the exception of using hydrochloric acid instead of sulfuric acid, the
example 11 was repeated, and a similar assay of metallic selenium and metallic tellurtum

was obtained.

Comparative Example 5

1 kg of a tellurium precipitate was mixed with 1085 g of caustic soda and 575 g
of sodium nitrate, and then allowed to react for 2 hours at 400°C, 1n the same manner as
the selenium distillation residue of the example 9. Following cooling, 25 L of water was
added to the crucible, and the resulting mixture was then stirred for 1 hour and filtered,
and the concentrations within the filtrate indicated a leaching rate of 97.4 wt% for Se and
08.1% for Te. Platinum and palladium were not detected in the filtrate. The filtered
residue was mixed, 3N hydrochloric acid was added and the mixture was repulped, and
then hydrogen peroxide was introduced at 70°C to effect oxidation. The resultiﬁg
mixture was filtered, and the concentration levels and leaching rates of the platinum
group elements within the resulting hydrochloric acidic solution (filtrate) were Pd 95 g/L
(957%), Pt 8.5 g/L (95%), Rh 1.3 g/L (39%), and Ru 1.5 g/L. (14%) (wherein the values in
parentheses are leaching rates), indicating a significant decrease in the leaching rates for

Rh and Ru in comparison with the example 9.
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Comparative Example 6
Instead of subjecting the selenium distillation residue from the example 9 to alkali

melting, 1 kg of the same selenium distillation residue was combined with 10 L of 5
mol/L caustic soda solution and the temperature was maintained at 80°C, but the

selenium underwent almost no dissolution.

Example 13

When a material containing selenium/tellurium and platinum group elements (Se
65%, Te 30%, Pd 5%, Pt 0.5%, Rh 0.2%, and Ru 0.4%) comprising 1 kg of a
selemum/tellurium reduction precipitate was mixed with 10 L of a 5 mol/L caustic soda
solution and then held at 80°C to conduct alkali leaching, the majority of the material
dissolved, yielding a dark purple colored liquid. The liquid was cooled and filtered, and
65 g of residue was recovered. The filtrate contained Se: 65 g/L and Te: 30 g/L, although
no platinum group elements were detected. With the temperature held at 80°C, sulfuric
acid (50% concentration) was added, and when neutralization was continued topH 7, a
black colored powder precipitated. The composition of this precipitate was Se: 68.5%,
Te: 31.5%. Furthermore, the concentrations of Se and Te left 1n the filtrate were 530
ppm and 210 ppm respectively. The precipitate was introduced into a copper smelting
process, electrolytic refining was conducted, and the anode shime was leached into the
sulfuric acidic electrolyte, with air bubbled through the electrolyte. The majority of the
Te within the anode slime was dissolved, and the Te assay of the slime following
leaching was 0.5%. Furthermore, because Se is not dissolved, no Se was detected in the
leachate, and the Se assay of the slime following leaching was 8.3%. The leachate was
passed through a column packed with copper chip, thus recovering the Te in the liquid as
copper telluride. Furthermore, the residual Se and gold in the slime was dissolved by
hydrochloric acid oxidizing leaching, and following solvent extraction of the gold, sulfur
dioxide was introduced into the post-extraction liquid to reduce and recover the selenium.
Analysis of the composition of the above alkali leaching residue revealed the platinum
group elements Pd, Pt, Rh and Ru as the primary components, and the respective assay
values were Pd 80%, Pt 8%, Rh 3%, and Ru 6%. This residue was repulped wi.th 2L of

hydrochloric acid and 500 ml of water, and with the liquid temperature maintained at

70°C, 360 ml of hydrogen peroxide was added gradually. Following completion of the
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hydrogen peroxide addition, the mixture was cooled and filtered, and subsequent analysis

of the resulting filtrate revealed concentration levels of Pd 81 g/L, Pt 7 g/, Rh 2.1 ¢/L,
and Ru 2.4 o/L. '

Fxample 14

600 g Qf a distillation residue (Se: 50%, Pd: 40%, Pt: 3%, Rh: 1%, and Ru: 2%)
obtained by reducing the post-gold extraction liquid from a copper electrolysis slime and
then performing distillation treatment was mixed with 651 ¢ of caustic soda and 345 g of
sodium nitrate, and then allowed to react for 2 hours at 400°C to effect alkali melting.
Following cooling, when 15 L of water was added to the mixture, and the resulting
mixture was then stirred for 1 hour and then filtered, 97.4% of the selenium had been
leached into the filtrate, whereas platinum and palladium were not detected. Furthermore,

the proportion of hexavalent selenium in the liquid was less than 10%.

Example 15

To 1 kg of a tellurium precipitate, obtained by introducing further sulfur dioxide
gas into the liquid remaining following separation of the selemum precipitate in the

example 14, was added 10 liters of a 5 mol/L caustic soda solution, and when alkali
leaching was conducted with the temperature maintained at 80°C, the majority of the
precipitate dissolved, and the solution turned a dark purple color. The liquid was then
cooled and filtered, yielding a residue of 65 g. Analysis of the residue revealed the
platinum group elements Pd, Pt, Rh and Ru as the primary components. This residue was
repulped 1n 2 liters of hydrochloric acid and 500 ml of water, and with the liqmd
temperature held at 70°C, 360 ml of hydrogen peroxide was added gradually. Following
completion of the hydrogen peroxide addition, the liquid was cooled and filtered.
Analysis of the filtrate revealed Pd 81 g/L, Pt 7 g/LL, Rh 2.1 g/[.,Ru 2.4 g/1,, and Au 3.8
g/L. 6.1 g of hydroxylamine hydrochloride was added to the solution as a reducing agent,
and the mixture was reacted for 1 hour at 60°C. Following cooling, reanalysis of the
noble metals in the solution revealed no changes in the dissolved quantities of Pd, Pt, Rh

and Ru, but the quantity of dissolved gold had decreased to 0.05 g/L, indicating that Au

had been selectively reduced.

Comparative Example 7
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When the example 15 was repeated and hydrazine was used as the reducing agent,

the Pd and Pt was reduced together with Au, meaning Au could not be separated from the

platinum group elements.

INDUSTRIAL APPLICABILITY

A separation process of the present invention enables metals including the
platinum group elements Pt, Rh, Ir and Ru, as well as selenium, tellurium, gold, silver
and copper and the like contained in, for example, the insoluble residue by-product that

forms in the electrolyte during the copper electrolysis step of a copper smelting and

refining process, to be separated and recovered simply, efficiently, and at low cost.
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CLAIMS

1. A separation process for platinum group elements comprising;

a step (A) for treating a material containing selentum/tellurium and platinum
group elements with alkali,

a step (B) for leaching selenium/tellurium, and

a step (C) for separating a platinum group element-containing leaching residue
and a selenium/tellurium leachate,
wherein

said step (A) for treating a material containing selenium/tellurium and platinum
group elements with alkali, and said step (B) for leaching selentum/tellurium are
conducted simultaneously as an alkali leaching process, in which said material
containing selenium/tellurium and platinum group elements is leached with alkal: at
high temperature in a range of from 60°C to 80°C, causing selentum/tellurium to
migrate into an alkali liquid, and a solid-liquid separation 1s then conducted to separate a
resulting mixture into a solid fraction containing platinum group elements, and a liquid

fraction containing selenium/tellurium.

2. The separation process according to claim 1, wherein
hydrochloric acid and an oxidizing agent are added to the separated solid fraction

generated in said solid-liquid separation, thus dissolving said platinum group elements.

3. The separation process according to claim 1, wherein
said material containing selenium/tellurium and platinum group elements 1s

leached using an alkali concentration of at least 1 mol/L.

4. The separation process according to claim 1, wherein
hydrochloric acid and either hydrogen peroxide or chlorine gas are added to said
solid fraction from said solid-liquid separation performed after said alkali leaching, thus

dissolving said platinum group elements.
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5. The separation process according to claim 1, wherein
sald platinum group elements comprise one or more of rhodium, ruthenium,

palladium and platinum.

6. The separation process according to claim 1, wherein
said material containing selenium/tellurium and platinum group elements is an
extraction residue process precipitate left after a solvent extraction has been used to

separate gold from a hydrochloric acid leachate from a decoppered slime.

7. The separation process according to claim 1, wherein

said material containing selenium/tellurium and platinum group elements is a
filtered precipitate produced by converting a decoppered slime to a slurry by adding
hydrochloric acid and hydrogen peroxide, filtering said slurry to effect a separation into
a leaching residue containing primarily silver, and a leachate containing gold, platinum
group elements, selenium and tellurium, subsequently adjusting liquid characteristics of
said leachate and then using a solvent extraction to separate gold from said leachate,
adding sulfur dioxide to a post-extraction liquid to precipitate either selenium/tellurium,
and then subjecting said precipitate to solid-liquid separation to produce said filtered

precipitate.

8. The separation process according to claim 1, wherein

a selenium/tellurium mixture is obtained by adding sulfuric acid or hydrochloric
acid to the selenium/tellurium leachate obtained in said alkali leaching process, thus
neutralizing said leachate and precipitating said selenium/tellurium mixture, and said
obtained selenium/tellurium mixture is then introduced into a copper refining process to
generate an alloy of selenium and tellurium with copper, said alloy is subjected to
copper electrolysis to recover electrolytic copper, while accumulating selenium and
tellurium within a copper electrolysis slime, and said copper electrolysis slime is then

subjected to sulfuric acid oxidizing leaching, thus dissolving and separating tellurium in

a leachate from selenium in a leaching residue.
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