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This invention relates to the production of
cuprous oxide and hag for its principal object to
provide a Process for recovering cuprous oxide
from solutions containing copper gmmonium car-
bonate.

Prior to my invention a pumber of methods
have been proposed for the production of cuprous
oxide but so far as T am aware none of these has
proved completely gatisfactory and no one has
to my knowledge disclosed a Drocess suitable for
recovering cuprous oxide from the commercially
available copper solutions which I propose 1o
employ.

1 have now discovered a Process for producing
cuprous oxide (or, optionally, cuprous hydroxide)
from solutions containing copber in the form of
cuprous ammonium carbonate or hoth cuprous
and cupric ammonium carbonate. I preferably
treat the solution (usually mixed bhecause of
the difficulty in obtaining a solution in which
the copper is entirely cuprous) if it contains
more than about 15% of the copper in cupric
form, to reduce the amount of cupric copper and
increase the amount of cuprous copper in solu-
tion. I have found that I am able to precipitate
a cuprous compound which. I believe to be cuprous
hydroxide (CuOH) from solutions containing 50%
or more (preferably 759 or more) of the copper
in solution in the form of cuprous ammonium
carbonate (the remainder being in the form of
cupric ammonium carbonate) and without pre-
cipitating an excessive quantity of cupric hydrox-
ide, and by a separate step to convert the cuprous

part of the small proportion of Cu(OH): pre-
cipitated.

T first contact an agqueous solution containing
cuprous and cupric ammonium carbonates in suit~

absence of air whereby to obtain a solution
wherein at least 50%, and preferably 76% or more,
of the copper is present as cuprous copper and
then treat such solution with an amount of alkali

cuprous copper in solution but insufficient to pre-
cipitate any gubstantial proportion of the cupric
copper. (The reduction of cupric copper to
cuprous copper may be omitted if the desired pro-
portion of cuprous copper js already present in
the starting solution). I then convert the pre-
cipitate to oxide by treatment with strong caustic.
The amount of alkali required for the prefer-
ential precipitation step can be determined by
caleulation. Thus, the cuprous ammonium car-
ponate and ammonium carbonate content of the
mixed copper solution being known from exper-
ijence with a closely controlled solution or by
analysis, the stoichiometric guantity can be cal-
culated according to the following reactions:

hydroxide into cuprous oxide and dissolve out a ,

able concentrations with metallic copper in the |

sufficient to precipitate substantially all the

[
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Cu2CO3.eNH3-+- 2NaOI—I—>2C‘uOI-I—I—NazCOz +-xNH3
(NH4) 2CO3+- 9NaOH-»N2a200s--2NH3 +-2H20

Less than the amount of caustic thus calculated
will give satisfactory results, that is, will precipi-
tate substantially all the cuprous CODDEr, and a
greater quantity can be tolerated, that is, will not
precipitate any great quantity of cupric copper.
The amounts of cupric copper precipitated when
greater amounts of caustic are employed depend
not only upon the concentration of cuprous am-
monium carbonate and ammonium carbonate but
also upon the concentration of cupric copper S0
that for solutions containing above 856% of the
copper in cuprous form, it is possible to utilize
greater proportions of caustic soda without pre-
cipitating a great deal of cupric copber. In any
case, the practical limits are more or less a matter
of choice since the considerations which actually
determine the limits are on the one hand the
amounts of cuprous copper which it is decided can
be allowed to remain unpreecipitated and on the
other hand the amounts of cupric copper which
can be allowed to be precipitated. I prefer to
use from 0.8 to 1.5 times the calculated proportion
of caustic required by the above formula. Stated
in terms of the final product, I prefer to use from
1 to 2 pounds of caustic soda (or the molecular
equivalent of KOH) for each pound of Cu:0 pro-
duced.

In the accompanying drawings the figure is a
flow sheet illustrating the preferred embodiment
of the invention.

The inifial copper ammonium carbonate solu-
tion preferably normally is one containing ap-
proximately 40 grams Der liter of COg, 60 grams
per liter of NHs, and 35 to 40 grams Der liter of
copper, a large part of which may be in the oX-
idized condition; i. e, cupric ammonium car-
bonate. A solution meeting these general re-
quirements is now produced commercially in a
process for dissolving copper from various types of
copper-bearing materials. This commercial com-
position may be expected to vary within limits as
follows: COz from 30 to 70 grams per liter; NH3
from 35 to 75 grams DPer liter; and copper from 10
to 50 grams per liter. Any of these solutions, and
others of similar composition, however produced,

~are suitable as starting solutions for my process,

the only restriction being that they must be suffi-
ciently low in copper to permit the subsequent
addition of copper in amounts sufficient to reduce
a large part of the cupric copper jnitially in solu-
tion to cuprous copper before this reduction is
inhibited by the limited solubility of copper in
solution.

As shown in the accompanying flow sheet, the
copper ammonium carbonate starting solution is
run into a closed tank or vessel 10 (provided with
a cover || whereby to exclude air) containing
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metallic copper in the form of scrap sheet, wire,
clippings, or other form Presenting a relatively
large surface area. Circulation of the copper so-
lution is induced in this tank by a pump or other
mechanical means 12 communicating with the
tank 10 through pipes 13 and 4. The net result
of such treatment is the production of -a copper
ammonium carbonate solution containing 50 per
cent or more of the dissolved copper in the re-
duced (cuprous) state. Although I prefer to
work in the higher ranges of cuprous content
(e. g. 85% to 99% or if found bracticable, which

]

10

is hardly likely, even 100% of the copper in cu- -

prous form) the reaction progresses satisfactorily
in the lower concentrations down to a minimum
of 50 per cent, A solution of this type (low cupric
content) might contain 40 grams per liter of COs,
60 grams per liter of NHz; and 60 grams per liter
of copper, the increase in copper over that in the
starting solution being -due to the dissolving of
metallic copper by action of cupric copper during
its reduction in the starting solution. Such g
solution should contain from 30 to 70 grams per
liter of COs, 35 to 75 grams per lter of NH;3, and
20 to 100 grams per liter of copper or even higher
up to the limit of solubility of copper in said solu-
tion. This wholly or partially reduced CODpET S0-
lution from the first step in the brocess is then
conveyed to a suitable closed vesse] {5, preferably
having a cone-shaped bottom. Prior to the intro-
duction of the cuprous copper enriched solution,
I introduce a solution of caustic soda (wherever
caustic soda is mentioned herein, KOH might be
used but caustic soda is preferred) into the tank
in calculated amounts as breviously described ap-
proximately those which are Just sufiicient to
combine with the CO2 content and precipitate all
or nearly all of the cuprous content of the solution
as a yellow precipitate of cuprous hydroxide (or
hydrated cuprous oxide) but insufficient to pre-
cipitate any large quantity of cupric copper. Al-
though I prefer to introduce the reduced copper
ammonium -carbonate solution inte the caustic,
the reaction proceeds satisfactorily when the so-
lution of caustic soda is added to the solution of
copper ammonium carbonates. The reaction be-
tween the caustic soda and the copper ammonium
carbonate solution may be suitably carried out at
room temperature, but some degree of heating,
such as that resulting from the contact between
the caustic alkali and the ammeoniacal solution, or
external heating, facilitates the rapid coagula-
tion and separation of the brecipitate. In either
case, the precipitate is permitted to settle and the
supernatant liquid is removed by decantation or
other suitable means. The values in this liquor
may be recovered as hereinafter stated. The
yellow precipitate of cuprous hydroxide may be
washed, in the absence of air insofar as practi-
cal, by any convenient method to remove from it
essentially all sodium salts, ammonia, and cupric
copper. .

The resulting yellow €uprous hydroxide in the
form of mud or thick slurry may be treated in
this same vessel or transferred into other suitable
equipment, such as g furnace 16 having a recep-
tacle 17, a stack 18 and fire box ocpening 18, where
additional caustic soda is added. The concentra-
tion of caustic is not critical, but concentrations
of 50 per cent or more are preferred in order to
reduce the period required to eliminate essentially
all of the water. Heat is applied to effect evapora-
tion of the water, and with increasing tempera-
ture the concentration of caustic is built up.
When a temperature of approximately 200° F, is
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reached, the conversion from cuprous hydroxide
10 cuprous oxide begins, as evidenced by a change
in the color of the slurry from vellow to red, and
as further water is evaporated and the caustic
concentration is increased, the reaction proceeds
until at about 300° ¥. the conversion appears to
have beeh completed. A temperature of 300°
however, is not a eritical upper limit, and heating
may be continued further (with consequent in-
crease in temperature) up to say 600° F. or even
higher. Alternatively the conversion may be ef-
fected by prolonged heating at temperatures be-
tween 200° F. and 250° F., The cuprous oxides
produced at different temperatures of conversion
have somewhat different Dhysical characteristics
with respect to particle size, color, etc., but tem-
perature does not appear to affect the cuprous
oxide content nor the total reducing power,

Atfter the cuprous hydroxide has been converted
to the cuprous oxide, water may be added to pre-
vent crystallization of the caustic alkali, and the
material transferred to any suitable vessel 29
where the cuprous oxide is washed free from
caustic. Tt is then filtered, and dried by any suit-
able method. :

My preference is always ‘to. work with solu-
tions in ‘which the greater part of the copper is
in the cuprous form, and when solutions contain-
ing more than 859 -of the copper in the euprous
form are employed the broduct is always of excel-~
lent quality. In cases where the solution contains
only 50% or 60% of the copper in the form of
cuprous ammonium carbonate, it is sometimes
desirable to boil ‘the fingl broduct in an excess of
caustic soda to dissolve out the cupric oxide and
thereby improve the DProduct. It is, of course,
vreferable to avoid this step by treating the ini-
tial solution to convert the cupric ammonium car-
bonate to the corresponding cuprous compound.
For example, note the following €xperimental re~
sults.

Table I

Reducing Power
of Produet After
eboiling with
NaOH

Reduecing
Power of
Product

Per Cent |

Total Cn,
Gm./L. .| Cuprous

Per Cent

Per Cent
59 98.76
60.75

92
55 90

In another series of experiments, sufficient
caustic was added during the initial Precipita-
tion to precipitate all the copper, both cuprous

and cupric.
Table I
ine| Beducing Power
No Total Cu,{ Per Cent Rgg}églgf of Product After
g Gm./L. | Cuprous Product eboiling with
NaOH
Per Cent Per Cent
) 60.7 55 56.5 98. 4
2 . 4.8 355 B5.6 |

In each of the above tables, reducing power
is expressed in percentage and is compared with
bure cuprous oxide gs 100%. 'The first two
columns refer to concentrations in the solution
from which the hydroxide is brecipitated. The
last columns indicate the result when the oxide
was reboiled with an excess of caustic soda. The
amount actually used was about equi-molecular
with the Cu20 inthe product.

From these tables it may be concluded that
the caustic not only converts the initial brecipi~
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tate (CuOH plus Cu(OH)2) to oxides but also
acts as a solvent for the cupric copper contained
in the precipitate. 'This effect of dissolving cuprie
copper compounds takes place to some extent
when the process is carried out under normal,
favorable conditions; that is, during the con-
version of the hydroxide to the oxide, and this,
as well as the effect of selective precipitation of
cuprous hydroxide, contributes to the excellence
of the product.

The recovery of the values from the decanted
liquors containing cupric copper, ammonia, caus-
tic, and carbon dioxide, is not essential to the
operation of my process, but is economically
desirable. This recovery might be accomplished
by various known methods; such as, distilling
the ammonia, precipitating the copper as cupric
oxide or carbonate, and evaporating the mother
liguor to obtain soda ash. These products are
not all immediately returnable to my process,
but may be utilized in related industry and it
is possible to utilize the caustic liquor from the
conversion of the hydroxide to Cu20 in precipita-
tion of further quantities of hydroxide.

The following specific example will serve to
illustrate the invention:

Example

One cubic meter of copper ammonium ear-
bonate solution was prepared containing 35 grams
per liter total copper, of which 30 grams per liter
was in the cupric state and 5 grams per liter in
the cuprous state. 'The solution contained 40
grams per liter of COz and 60 grams per liter of
NHs. This volume of copper ammonium car-
bonate solution was then introduced into a cylin=-
drical tank 10, having a capacity of 114 cubic
meters, which had been previously filled with
copper wire scrap. After closing the tank to ex-
clude essentially all air, the solution was circu-
lated through the bed of copper by pumping in
closed circuit 12, {3, 18, for 20 hours at room tem-
perature. At the end of the 20 hour period, the
solution assayed 55 grams per liter cuprous cop-
per, 5 grams per liter cupric copper, 40 grams per
liter CO3z, and 60 grams per lifer NHz. The solu-
tion was then pumped into an adjacent tank
15 having a capacity of 114 cubic meters and con-
structed with a cone-shaped bottom, into which
g solution of 50 per cent caustic soda, containing
185 pounds of NaOH (76% Naz20), had been
previously introduced. In order to intimately
mix the copper-bearing solution with the caustic
solution, and to avoid any oxidation, the prepared
copper ammonium carbonate solution was intro-
duced near the bottom of the cone under pump
pressure. Precipitation of the yellow cuprous hy-
droxide occurred almost instantaneously, and
after all of the copper ammonium carbonate solu-
tion had been introduced, was allowed to settle
for 8 hours.

The supernatant liquid above the precipitate
was drawn off, and assayed 4% grams per liter of
copper, 54 grams per liter N3, and an undeter-
mined quantity of sodium carbonate. This solu-
tion was treated in an evaporator, where the NH3
was expelled and the gas condensed as aqua am-
monia; the copper was recovered as oxide and
the remaining solution evaporated for the re-
covery of sodium carbonate.

The cuprous hydroxide slurry in the cone of
the reaction tank was washed with 200 gallons
of water by introducing the water under pressure
through the bottom of the cone. The precipitate
was again allowed to settle for 8 hours, after
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which the supernatant liguid above the precipi-
tate was drained off and discarded. The result-
ing cuprous hydroxide weighed 150 pounds. The
washed cuprous hydroxide slurry was introduced
into a cast iron caustic pot {7, into which had
beenn added 150 pounds of flake caustic soda
(76% Na20). The pot was supported in an oil-
fired, well-type furnace {8 and graduslly heated
for about one-half hour to avoid excess frothing
and boiling. During the initial heating the
greater part of the ammonia was expelled. When
the solution reached a temperature of 250° P,
conversion of the cuprous hydroxide to the cu-
prous oxide became evident as the color changed

radually from yellow to red. The temperature

as gradually increased over a period of 2 hours
to a maximum of 350° F., although the reaction
appeared to be complete at 300° ¥F. The slurry
was then diluted with water to approximately 50
per cent caustic and removed to a cone settling
tank. 'The cuprous oxide was allowed to settle
for 2 hours, after which the clear caustic solution
was decanted from the precipitate and placed in
storage for further use. The cuprous oxide pre-
cipitate was then washed free of solubles, filtered,
and dried. The .red cuprous - oxide recovered
weighed 136 pounds and was of a bright red color
with an extremely fine particle size.

Having thus described my invention, what I
claim is:

1. A process comprising the steps of mixing
with a caustic alkali of the class consisting of
sodium and potassium hydroxides an agueous,
ammoniacal copper carbonate solution, said so-
lution containing per liter on an analytical basis
from 30 to 70 grams COz, from 35 to 75 grams of
NH3 and from 20 grams per liter to saturation of
copper, said copper being present in cuprous
form in a major amount but also comprising a
substantial amount thereof in cupric form, the
caustic alkali being present in such concentra-
tion and such amounts that cuprous copper is
precipitated as cuprous hydroxide and substan-
tially all of the cupric copper remains in solu-
tion, and separating the precipitate of cuprous
hydroxide from the reaction mixture.

2. A process as defined in claim 1 further
characterized in that the amount of caustic al-
kali is from 0.8 to 1.5 times the molecular equiva-
lent of the COz content of the solution.

PERCY J. ROWE.
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