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This invention relates to the preparation of
cuprous oxide and more specifically to the separa-
tion of cupric oxide from a mixture of cuprous
and cupric oxides.

It has long been known that cupric ammonium
carbonate solutions containing an excess of am-
monium carbonate, will dissolve metallic copper
forming cuprous ammonium carbonate. Theo-
retically, it would be possible for a solution con-
taining one pound of copper as cupric ammonium
carbonate, to dissolve one pound of metallic cop-
per, and form, in solution, two pounds of copper
as cuprous ammonium carbonate. In practice
this rate of solution is never attained, but by ex-
ercising painstaking care it can be very nearly ap-
proached. This solution, containing most of the
copper in the cuprous state, on being distilled
to recover the copper value as the oxides, and,
barring any oxidation in distilling, yields an oxide
which is a mixture of cuprous and cupric oxides,
the proportions of each being approximately the
same as the cuprous to cupric copper ratio in
the solution before distilling.

For several years attempts have been made at
various times to produce a commercial grade of
cuprous oxide by the distillation of solutions of
copper ammonium carbonate that had been
highly reduced to the cuprous state by contact
with metallic copper. A satisfactory product has
never been made by this method.

T have now found, that if the mixed oxide pro-
duced by the above method be treated with cer-
tain water-soluble organic acids or water solu-
tions thereof (for example, acetic acid) under
conirolled conditions, the cupric oxide will be
dissolved forming the cupric salt of the acid used,
and leave undissolved, or practically so, the
cuprous oxide. The cuprous oxide may be sep-
arated by filtering, washed free of acid and salts,

“and dried. The cupric salt may be recovered by

conventional crystallization processes. The ex-
cess organic acid may be recovered by condensing
the vapors evolved in concentrating the filtrate
for crystallization, or by diluting it and placing
it on fresh mixed oxide and allowing it to dissolve
cupric oxide until practically all of the acid is
consumed in forming the copper salt.

As commercially practiced, the solution circu-
1ating in the leaching system is an aqueous solu-
fion of copper ammonium carbonate, with an .
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excess of ammonium carbonate, The copper in
this solution when used for leaching is oxidized
to the cupric state by air in an absorber tower.
This solution is then percolated through tanks
containing copper-bearing materials, The cupric
ammonium carbonate solution dissoives metallic
copper, thereby becoming reduced to form
cuprous ammonium carbonate. Theoretically, it.
is possible to dissolve one pound of copper metal
for every pound of copper already in solution as
cupric ammonium carbonate, but this limit is
never completely attained. A portion of this rich
solution from the tanks, containing copper in
amount equivalent to the metallic copper which
was dissolved, is distilled to decompose it into
copper oxides, ammonia and carbon dioxide.
Ammonia stills are used for this purpose, steam
entering at the bottom, and soluticn entering at
the top. The mixed copper oxides are discharged
at the bottom with waste liquor (water with a
trace of ammonia). The ammonia and carbon
dioxide with water vapor go to a condenser where
they are cooled to form an ammonium hydroxide-
ammonium carbconate solution (distillate). The
undistilled portion of the rich solution, and the
distillate are combined, water, carbon dioxide and
aQua ammonia are added as required and this
is oxidized with air to make up a new leach solu-
tion.

A typical leaching solution would contain 10
to 60, preferably 30 to 40 grams per liter, of cop-
per (90 to 100% oxidized—that is, in the cupric
state) ; 30 to 100, preierably about 60 grams per
liter, of ammonia; and 20 to 60, preferably about
40 grams per liter, of carbon dioxide. The rich
solution might in a usual case contain from 20
to 100 grams per liter of copper, with about the
same concentrations of ammonia and carbon
dioxide as in the leach solution. The amount of
copper dissolved determines the amount of copper
in the cuprous and the cupric state in the rich
solution.

In practice it is possible to obtain solutions con-
taining up to aboub 85 per cent of the copper in
the cuprous state, which on distilling yield a
mixed oxide containing up to about 92 per cent
of the copper as cuprous oxide, the balance being
cupric oxide. This oxide is not stable unless it
is immediately dried after filtering, as the pres-
ence of moisture and a trace of ammonia prob-
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ably accelerates the gradual oxidation of the
cuprous oxide to cupric oxide. To prevent this
oxidation, the oxide, after filtering, is immedi-
ately dried and ground in & hammer-mill with
flash drier apparatus. 'The cuprous oxide con-
tent of the dried oxide changes to cupric oxide
but slowly, thus being suitable for various com-
mercial purposes, and it is this oxide which, un-
less otherwise stated, has been used in preparing
cuprous oxide of a commercial grade by dissolving
out the relatively small amount of cupric oxide
with organic acide or seolutions of organic acids.

Other mixtures of cuprous oxide and cupric oxide-

containing predominantly cuprous oxide can be

sucecessfully treated, suitable mixtures containing-

at least one mol of Cu20 for each mol.of CuO.: I
prefer to treat mixtures of higher Cuz0 content

such as those indicated above containing 710% or-

more by weight,

I have found that acetic acid, and various
strength water solutions of acetic acid will .dis=
solve cupric oxide from mixtures of cupric oxide

and cuprous oxXide leaving most of the cuprous .

oxide unattacked. The. cuprous oxide is but
slightly affected by dilute solutions of acetic
acid, but considerably more so in more concen-
trated solutions, and in glacial acetic -acid; the
action of concentrated acetic acid on- cuprous
oxide bheing to precipitate -one-half of the copper
as finely divided copper and to dissolve the other
half 'as cupric acetate. Practical strengths of
solutions are from 5 to 50 ‘mols of H2O per mol of
acid, anhydrous basis. I prefer to use solutions
of from 10 to 20 per cent (by weight) acetic acid
in the process, this being optimum for fast -dis-
solution of the cupric oxide and inexcessive at-
tack - of cuprous oxide- by the acid.: These
strengths are based upon the idea that such'solu~
tions will' be added to the- dry oxide mixtures.
Adding part or all the water to the oxide mixture
and then adding a stronger ‘acid solution is an
equivalent procedure.

Although the cupric oxide is -dissolved-and a
satisfactory grade of cuprous oxide may be made
by allowing the reaction to proceed at room tem-=
perature, I prefer to perform the treatment at
from 70° C. to the boiling point of the solution,
This greatly accelerates the-dissolving reaction;
gives a cuprous oxide product having brighter

color, and increases the solubility 'of the cupric 5

acetate in the solution-so that lessvolume of solu-
tion is required. The solution in this case must
be separated from the product while hot to pre-
vent crystallization of the cupric acetate which
would occur on cooling.

The amount of acetic acid necessary to treat a
given amount of mixed oxide should bé the
amount necessary ‘to combine -with: all of- the
cupric -oxide present, plus-an excess-of at least
20:per cent. I prefer to use an excess of from
100 to 200: per cent or more to produce a good
grade of cuprous cxide in the minimum: time.
The excess acetic acid also assures the recovery
of the normal cupric acetate from  the -liquor,
The excess acid may then:be recovered in one. of
two ways: (1) By condensing the -acid when the
cupric acetate solution is concentrated by evapo-
ration; and (2) by diluting the  solution with
water and applying it on fresh mixed oxide to
allow . the excess acid to- dissclve more cupric
oxide until it is practically all consumed in form-
ing cupric acetate.

- The volume of solution used for theé solution of
the cupric oxide is of importance in-thaf enough
solution must be used to retain in solution all of
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4
the cupric acetate that is formed:; otherwise
the cupric acetate will start to crystallize, and
on filtering will contaminate the cuprous oxide
and prove difficult to wash out. This can be

-overcome by diluting the acid liquor with water

near the end of the reaction should crystals start
forming in the mixture.

Other organic fatty acids were used in the
same manner as acetic acid to determine whether
they had the same effect in preferentially dis-
solving out the cupric oxide from cuprous and
cupric oxide mixtures. Those used were formic,
propionic, butyric; caproic;-caprylic, and lauric.
While it was found that all of these acids dis-
solved cupric oxide quantitatively before react-
ing: with cuprous oxide and this latter reaction
taking ‘place only very slowly, there was a de-
crease-in their -effectiveness with an increase in
the number of carbon atoms in the acid. Formic
acid 'gave the best results, and lauric acid the
least satisfactory. While it is possible to preduce
a:.fair. grade of cuprous oxide from the higher
acids -with the necessary time and pains, it is
felt that only the water soluble acids are of
economic importance in‘producing cuprous oxide
by this method; viz., formic- acid; acetic aeid,
pbropionic-acid, and butyric acid.” Butyric-acid.is
less ‘desirable -due to its-lower solubility in water,
and because of the lower solubility -of its copper
salt. To make cuprous oxide from mixed- oxide
with formic, acetic, or' propionic-acids, the pro-
cedure is identical -except that the amount of
acid: necessary for solution of the cupric oxide
will- vary -as -the ‘molecular weights of the -acids.

Organic acids -other than the fatty acids were
also-tried; namely, benzoic,” oxXalic; lactic; gallic,
tartaric, suceiric, citric, and salieylie. Of these
ldetic acid was found: to produce a fine grade of
cuprous -oxide by dissolving out the-cupric oxide.
Okalic acid:had-the same-effect;, but the product
contained cupric oxdlate -which  had to- be re-
moved.. Tartaric acid showed: the desired: pref-
erential solubility for cupric oxide, but proved
less -desirable: because  of a-considerably slower
rate -of reaction.

The-cuprous oxide prodiuced by this method is
a- biick red. to:orange color, deépending  on the
fineness of the particles.: Mosh of the-tests were
made using oxide that had been dried-and ground
immediately after filtering, and so retained ‘its
high' cuprous oxide ccontent, Simples of freshly
preeipitated-wet filter cake oxide were ‘also used:
It was found that with freshly precipitated:oxide
the cupric oxide -disselved oUb more rapidiy -and
gave g product .of slightly higher .cuprous oxide
content; however, it: was a:darkér red-color, pre~
sumably because of the larger particle size. On
grinding this material it was found that the color
could be changed from brick red to lighter red,
or to.orange, by fiher grinding.

Id practicing my irivention, a solution of acetie
acitd (10 t0'20%) is placed in a vessel eguipped
with a reflux:condenser, agitator, and a source
of -external heat.. To' this-the mixed- oxide is
added and the mixture agitated and heated, and
allowed to reflux.until a sambple taken from it
indicates that all of the cupric oxide has dissolved
and:the remaining cuprous oxide is brick red in
color.. Should :any -copper acetate. crystals be
apparent in the sample, water is added ahd the
agitation and heating ‘continued until-the crys-
tals have dissolved. The solution. is then fltered
hot :(in-the absence of air), washed with warm
water until free of aeid-and ‘eupric acetate, and
finally -with -cold waber to-cool -thé -oxide before
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discharging from the filter. The oxide is then
dried at 60 to 70° C. in air, or preferably in a
vacuum.

The filtrate is evaporated to concentrate the
cupric acetate, the vapor being condensed to re-
cover the excess acetic acid. The cupric acetate
is recovered by crystallizing.

The following specific example will serve to il-
lustrate the invention:

Example

One kilogram of mixed oxide, 83.95% total
copper, 78.81% cuprous oxide, was treated as fol-
lows: A solution made up of 750 ml. glacial acetic
acid (99.8% HAc) and four liters of water was
added to the oxide, the mixture stirred and grad-
ually heated to a maximum temperature of 64°
C. and kept at this temperature for two hours
with intermittent stirring. Toward the end of
this period, crystals of cupric acetate started to
form on the surface of the liquid, and water was
added just sufficient in amount to keep the cupric
acetate in solution. The oxide after two hours
was a bright red color, and was separated from
the liguor by filtering on a Buchner funnel,
washed free of acetates with warm water, and
dried in air at 60-70° C. The oxide produced had
a, total copper content of 87.63 per cent, with a
total reducing power as cuprous oxide of 98.30
per cent. The filtrate assayed 13.68 grams per
liter copper, or approximately 39 grams per liter
cupric acetate. 812 grams of cuprous oxide was
obtained, or 81.2 per cent of the original mate-
rial. The filtrate from the test was evaporated

and the cupric acetate separated by crystallizing. .

The crystals assayed 31.76 per cent copper.

Having thus described my invention, what I
claim is:

1. In a process for producing cuprous oxide the
steps of treating a mixture of cuprous oxide and
cupric oxide containing at least one mol of Cu20
for each mol of CuO with a low molecular weight,
water soluble organic acid of the class consisting
of formie, acetic, propionic, butyric, oxalic, tar-
taric and lactic acids in agueous medium, the
amount of acid being in excess of the theoretical
required to react with the cupric oxide present
by at least 209 and the amount of water being
from 5 to 50 mols per mol of acid, anhydrous basis,

until the cupric oxide has been dissolved and then ¢

separating the liquid portion of the reaction mix-
ture from the CuzO which remains undissolved.

2. In a process for producing cuprous oxide the
steps of treating a mixture of cuprous and cupric
oxides containing at least 70% by weight Cuz0
with acetic acid in aqueous medium, the amount
of acid being from 1.2 to 3 times the theoretical
quantity required to dissolve the cupric oxide con-
tent of the mixture and the amount of water be-
ing from 5 to 50 mols of water for each mol of
acid, until the cupric oxide has been dissolved
and then separating the liquid portion of the
reaction mixture from the Cu20 which remains
undissolved.
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3. In a process for producing cuprous oxide the
steps of distilling a mixture of cuprous ammo-
nium carbonate and cupric ammonium carbonate
in which the copper is not less than approximate-
ly 70% in the cuprous state at a temperature to
remove ammonia and COq, filtering the resulting
mixture of cuprous and cupric oxides and dry-
ing the same immediately after filtering, treat-
ing the resulting mixture with a low molecular
weight, water soluble organic acid of the class
consisting of formic, acetic, propionic, butyric,
oxalic, tartaric and lactic acids in agueous me~
dium, the amount of acid being in excess of the
theoretical required to react with the cupric oxide
present by at least 20% and the amount of wa-
ter being from 5 to 50 mols per mol of acid until
the cupric oxide has been dissolved and then
separating the liquid portion of the reaction mix-
ture from the Cu20 which remains undissolved.

4. In a process for producing cuprous oxide the
steps of treating a mixture of cuprous and cupric
oxides containing at least 70% by weight Cu20
with acetic acid in aqueous medium, the amount
of acid being from 1.2 to 3 times the theoretical
quantity required to dissolve the cupric oxide con-
tent of the mixture and the amount of water be-
ing from 5 to 50 mols of water for each mol of
acid, until the cupric oxide has been dissolved and
then separating the liquid portion of the reac-
tion mixture from the Cu20 which remains un-
dissolved; the treatment with said acid being car-
ried out at a temperature bhetween 70° C. and
the boiling point of the mixture and the separa-
tion of the solid and liguid phases being carried
out at a temperature above that at which crystals
of cupric acetate would form.

5. In g process for producing cuprous oxide the
steps of contacting a mixture of cuprous oxide
and cupric oxide containing from 70% to 92% of
Cuz0 by weight with a low molecular weight, wa-
ter soluble organic acid of the class consisting of
formie, acetic, propionic, butyric, oxalic, tartaric
and lactic gcids in aquecus medium, the amount
of acid being from 1.2 to 3 times the theoretical
quantity to react with the cupric oxide present
and the amount of water being a number of mols
of water per mol of acid sufficient to produce a
109% to 20% solution by weight in the case of
acetic acid, until the cupric oxide has been dis-
solved and then separating the liquid portion of
the reaction mixture from the Cuw2Q which re-
mains undissolved.

6. The invention according to claim 5 wherein
further during the first recited step the tempera-
ture is maintained between 70° C. and the boiling
point of the solution.

LAWRENCE C. KLEIN.
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