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ABSTRACT OF THE DISCLOSURE

Cupric ammine complex is reduced to cuprous ammine
complex in aqueous solution by means of conventional
reducing agents such as Hy or CO. The cuprous complex
is then treated with a base, such as NaOH, to precipitate
cuprous oxide.

Cuprous oxide, Cu,0, is finding increasing use in a
number of commercial applications such as hydrometal-
lurgy, paints, catalysts, reducing agents, etc. Improved
techniques for its production, especially from aqueous
leach and waste solutions, is therefore of increasing im-
portance.

Prior art processes for production of Cu,O include (1)
heating a mixture of cupric oxide and copper to about
1030° C. and cooling in an inert atmosphere, (2) blowing
air through molten copper and removing the Cuy,O that
forms on the surface, and (3) electrolysis using copper
electrodes. All of these methods are, however, high cost
operations, and they do not provide a direct method for
recovery of Cu,O from aqueous copper solutions.

It has now been found, according to the process of
the invention, that CuyO can be conveniently and eco-
nomically recovered from aqueous copper (II), i.e. cupric,
solutions by means of a process comprising (1) forma-
tion of an ammine complex with the copper (II) ions
in solution, (2) reducing the copper (II) ammine com-
plex to copper (I), i.e. cuprous, ammine complex by
treatment of the solution with a reducing agent under
basic conditions and (3) precipitation of Cuy0O by addi-
tion of further base.

Aqueous copper feed solutions for treatment according
to the process of the invention may be obtained from a
variety of sources, including ore solution obtained by
treatment of ores with ammonia leaching solutions, solu-
tions from the dissolution of scrap copper or native cop-
per in ammonium carbonate-ammonia leachants, and solu-
tions prepared for the purpose as, for example, by the
addition of NH; or NH,OH to a solution of CuSOy. Such
solutions will generally contain copper in amounts of
about 1.0 to 150 g./l. Minor amounts, e.g. about 0.1
g./1.,, of other metals, such as zinc, nickel or cobalt, may
also be present without interfering with production of
the CuzO. The solutions may also contain one or more
of a variety of anions, such as sulfate, carbonate, or
chloride.

The pH of the feed solution is not critical and may
range from about 0 to 12.0, Ammonia is added, either
as ammonium hydroxide or as gaseous ammonia, in an
amount sufficient to form the cupric ammine complex.
This will usually result in a solution pH of about 9 to 11.
The _complex may contain one, two, three or four am-
monia groups per copper (II) ion, depending on such
factors as concentration of the copper and the ammonia
in the aqueous solution, other metals present, types of
anions, etc., and, accordingly, the amount of ammonia
required may vary considerably. Since, however, the es-
sential function of the complex is to maintain the copper
in solution as it is reduced under basic conditions, the
ammonia is simply added in an amount sufficient to
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achieve this purpose. Generally, the preferred amount of
ammonia is about 2 to 4 moles (based on NH,OH) per
mole of copper. Ambient conditions of temperature and
pressure are generally satisfactory for formation of th
complex. .

As stated above, the function of the complex is to
maintain the copper in solution as it is reduced. The
amine copper complex is unique for this purpose for
two reasons: (1) ligand released from the complex dur-
ing the reducing process becomes a conjugate acid of a
strong base, which enters into the reduction reaction as
well as the subsequent precipitation reaction and (2) the
ammine copper (I) complex has a higher stability con-
stant than the ammine copper (IT) complex so that the
diammine copper (I) complex is a stable species in
solution.

Reduction of the copper (IT) ammine complex to
copper (I) ammine complex is accomplished by treat-
ment of the solution with any of a variety of conven-
tional reducing agents such as hydrogen, carbon monox-
ide, sodium hydrosulfite, formaldehyde, sodium sulfox-
ylate formaldehyde, etc. Gaseous reducing agents such
as hydrogen or carbon monoxide are preferred. The
amount of reducing agent will usually be the stoichiomet-
ric amount required to completely reduce the copper (II)
complex to copper (I) complex, although an excess of
reducing agent may, in some cases, provide faster or
more efficient reduction. Again, ambient temperature and
pressure are usually satisfactory, although temperatures
as high as about 180° C. and pressures as high as about
200 p.s.i.g. may be used and will generally provide some
increase in the efficiency of the reduction reaction. It
is usnally best to avoid temperatures above 180° C. since
formation of appreciable amounts of metallic copper may
result at higher temperature. Reduction time is dependent
on temperature and pressure, as well as on the specific
reducing agent employed, but about 30 to 35 minutes
is usually sufficient.

Precipitation of CuyO from the solution of copper (I)
ammine complex is accomplished by addition of further
base such as sodium hydroxide or potassium hydroxide.
Simultaneously, ammonia is liberated for recycling to the
initial ammine complex-forming step in the process. The
amount of additional base employed is not critical, pro-
vided it is at least equal to the stoichiometric amount
required to precipitate the Cu,O. Preferably, the base is
employed in an amount of about 10 percent in excess
of the stoichiometric amount, i.e., in excess of the amount
required to react with the total complexed ammonia.
Again, ambient conditions of temperature and pressure
are generally satisfactory.

Recovery of the precipitated Cu,0 may be by any con-
ventional means such as filtration or centrifugal separa-
tion.

The invention will be more specifically illustrated by
the following example.

EXAMPLE

A solution containing 16.25 grams of copper, essen-
tially in Cu+2 form, and 6.8 grams of NH; was placed
in an autoclave at 200 p.si.g. of CO pressure and allowed
to react at 120° C. for 30 minutes. The pressure was re-
duced after cooling to 90° C., after which 100 ml. of a
25 percent solution (w./v.) of NaOH was added to the
resulting diammine copper (I) complex solution to pre-
cipitate CuyO. The autoclave was reheated under at-
mospheric pressure, and >>95 percent of the NH; was
expelled. The solution was filtered, and the precipitate
was washed and vacuum dried. The yellow. product Cu,0O

represented near quantitative recovery of copper from the
feed solution.
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