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brought {n from the aouth and unloaded and baled under the cranes.
We cannot, however, use the wholg 2leoctrclytic plant for storing

secondary even 1f we baled it all, a# wé éxp eot 't0 do now with
the two bdaling pressss. e
”ﬁ/" K

e should have a buildin rqr handllng secondary and it
ought really to be attached to somé'other“pldnt so that handling
will not have to be done twice. For thi!‘ﬁfﬁgai’ﬁé ‘Hdve not plen-
ned on doing any atripping to speak of but that cannot go on in-

i.definitely. All of our operetions will have to be carried om in
sowinter as-well.ap in summer. Under the present conditions we
cannod keep. sl ipment- separated sufficlently well nor can we al-
ways find material when we want it, We have a plan of the yard
showing the locations of all piles but even so we cannot always
reclaim them especially when the work has to go on during snow
storms,

To avoid rehandling it is advisable to store secondary
copper in pana or in some other suitedle receptacle - that is, a
container convenient for charging. We will need many more than
we now have,

You know that for some time I have been obsessed with
the idea that we should have our leaching plant adjacent to the
smelter so that all handling whether of material smelted or of
material leached gould bve done by the same crew. The present
method 1s decidedly wasteful. We could not, however, hope to
pay for a new leaching plant on the basis of savings made by
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more efficient handling;
eration to make it profitable, The fact that we could design a much
more compact leaching building, lower than the present type, and
that we could install square leachi tanks instead of round cones to
use space more effectively would saeve donsiderabl's money both in

Leat and in handling. The still house, of course, would be part of
the same building.

ARy Ao

‘While discussing this matter with Hr. Jones 1t ocourred
tc up .thet perhaps we wera overlooking a bet in not investigating
the: belt, oponveyor system of leaching more thoroughly. Neither Eod
Poull nor myself would heve time enough at our disposal tc do ex-
perimentel; work of that kind but it would take & man who could
design end install equipment and also supervise the operstion, I
approached George Oraig to: see' ift Lawrence Kleih might have any'’""
free; time: on his hands but: evidently he’ will' be' needed for ﬁho"‘“f
chemigal: plants at Temarack.  There is n¢ other person’ in” our or-
ganization capable of handling that sort of work. If a belt con-
veyor proved ortootivo 1% m!gnt ine itiolfﬁjﬂlt!fy tht ercotién Qf”
a ncwiplant. »ytie v menns of :
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thsere would need to be some other consid-
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ALE QUANTITATIVE
FLOW SHEET FOR THE PEOLUCTION OF CUPROUS OXIDE
FROM CALUMET AND HREJLA MIYED OYIDES
INTRODUCTION
S Attached in n >d o plant scale quantita—
! tive flow sheet for the produckion of cl:;pz‘ou:; cxide from Calumet and ‘
A . Heels mixed oxddes, o pllot seals |work has besn done upon this pro~
cess, The prossss is bo,s’avd up
i s 200,000 1bs, of CuC per
. ' ¢la nized oxides, 80%
Cug0 and 204 Cul,
. - DESCRIPTICE OF TRE ~ROCES3
v merdninolsd S .  Milliag snd
el F k& ‘ ' Hydrorake Classifier by
endt ceidiesr Meocgo - : means of a Herdinss 2ling 114920 1bs. (dry
‘ v aniald _'.‘A L e T basgis) of oxidss per dov. 10 %, in diameter, The
o ' ' coarse particles cra maked oul of bhe bhowl clossifier and sent to the
Havdinge continuous nenierl {sirw, £,5 Tt, in diameter and
) 2 ft. long). The to tho lydrorake claseifier,
. T where the c= saed $o the mill, The mill ie
) to be sealed i 3, or an inert gas is to be
e ) passed over cnarge to provanb JLon oi the cuprous oxide,
y . . The Jorr thickener, 6 b, in diamster, recolves the fines
RS _ from the classifier znd econoentrabzc| it o 60 solids, The watexr
. éiv . o from the tivickencr drops Into 2 sump|from which it is pumped baclk
PR -
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Into the élas‘aii‘ier.

The slurry fea

E
i
o
v
¥

{

can be smg Lo any ons of

Sulfuric Acid

O e
s GO

The

moenes 1o 66 deg, Be (93%),
and is storad in a sbosl bank, Ths awsvat requlred is 3136 1lbs, per
day, which tank is an 8t x &t lsad

lined wood - s2vor, A lead cooling colil

would be :

20 dnbo en St x & wood

sterage tonk

tank,

Sulfurie Acid Lesch

o

~ o
L3 i

The syl

w oars of wood, 19 ft. in

diameter and 10 i,

tor s used to mix the slurry,

.

Lhe colution is not to rise above

A cooling coll »f leod

40 deg. C,

leney, contzining 11,900 lbs, of

A

trough,
wolled; 41t must be within
2,5-3.0, The reactants must ba 2 for sowz time, estimated

to be about 8 hours,

The temperature of the 1 dting mixiurs must be controlledp
it must not rae above /0 deg. ¢, It coan be conbrolled by 1) circu-

2) contirol the rate of feed

lating cooling wabar through a 1




he rastent 3y i . . .
of the reachents and 3) the 41 furse zcld to some value

Fhat gt o aymed 2 4 " 3 i
go that at a speciflied rate of | supe willl never yise

above 40 deg, G, Any one of

=, oY any combination,

can be used to coubrol the ta

L bo the bank, thore must be

a dilabe oo

L, The golution is 1,650 1bs,

containing appeoi

mined, bub

ble to
water, 2) 2 pout

218

copper sulfate

Thres t

is belng e

Filtratlon

My, ey
The cupw

3 branafavred to & vacuum filter,

A rubber lined &t 1 or rubbor lined plpe lines are

recommendad to Lranasfor
£b, in diameter and

epnghrueblon, No tests

2 ft, long and

woere rm Lo daebaom
filter,

» containing 7,631 lbs,

of CuS0,,,5H,0 iz 2 weod storage tank. The

wounted agliator,

tank nust be hsated and have a

Cion Trom hoere s pumy to the COCS production

department, which ig 5 1bs, CuS0,,5Hp0 per day,

solution containing

It is necesssvy to reclreulate copper sul




* (this has not

206 1bs, of CuSO.,5H:0 to the yaaction tank,

The cake from Lhe vacuum filter is transferred to the wash

tanks by means of a conveyor,

Cuprous Cxlde Washing

The cuprous oxide calke is conveyod to one of the three wash
tanks, Thres wash tanks ars necessary: one tenk is being filled, one

is being emptiecd and ia the

vd Lhe cuprown oxide is being washed,
The tanks ars 8+ x B1 wood tanks » having a sweep agitator,

The oxide is weshad by decents

s, The amount of weter used and num-

from this sbep can be seat to the copper sulfate
gtorags or to the gewor, The wash wator st the end of the washing

stop may contaln & negliglble amswit of copper,

Tho last wash 1s to con 1 23.8 1ba, mineral oil, The

effect of any oil regidus romsining in the tank muy adversely affect

checked) the weshing of the next batch, In which
case, the oll addition will have to be done in a geparate tank,

The thick slurry from these tunks is then transferred by
means of a neoprese diaphragm pump to @ second vacuum filter, 3 ft,
in diameter and 2 £4, long, No work has been done to determine the
foasibility or capacity of this type of filter, The filtrate is dis-
carded, The filter cake is treansferred to the vacuum drier,

Drying the Cuprous Oxide

The oil coated cuprous oxide from the vacuum filter is con~
veyed to a Devine Mo, 4 vacumum votary drier, The rotary is 4 ft, in .

diameter and 12 ft. long end is to be steam heated to 80-120 deg, C,
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Two driers ars needed, one to be f1lling while the second is drying

vhe cake and belng emptied, Tt is nesumed that a 24-hour filling,

drying and wloading cycle ig zoryeeh,

:lble product, a calcinstion step is

v Fara ol - oy . E .
necessary, The product pricr to stion may most the standards

set by sales, Ths ealcivers apro

and to be heatod

required tomparsburs

ature wder an inert

atmosphere,

cining and unloading

the caleiner is on a 2-hour ey

The dry zupra

*

and transferred to a

based upon the work
done by the Hezezroh Lobon Jch no work has been dons

by the Develonment De
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AXEL A. HOFGREN

ERNEST A.WEGNER HOFGREN, WEGNER, ALLEN, STELLMAN & MCCORD
JOHN REX ALLEN
WILLIAM J.STELLMAN
JOHN B. McCORD
BRADFORD WILES
JAMES C. WOOD
STANLEY C. DALTON
RICHARD S. PHILLIPS
LLOYD W. MASON

TED E. KILLINGSWORTH
CHARLES L. ROWE
JAMES R.SWEENEY

TELEPHONE
FiINANCIAL 6-1630

20 NORTH WACKER DRIVE AREA CODE 312
CHICAGO 60606

THOMAS A. STANSBURY
J.R.STAPLETON
WILLIAM R.McNAIR
JOHN P. MILNAMOW
DILLIS V. ALLEN

January 18, 1965

Mr. A. E, Petermann
Calumet & Hecla, Inc.

122 South Michigan Avenue
Chicago 3, Illinois

Dear Mr. Petermann:

As requested in your letter of January 1l2th, we
have obtalned and are enclosing copiles of the 3 patents in-
volved in the recent assignment from Lake Chemical Co. to
Calumet & Hecla.

Yours very truly,

L=

ohn B. McCord

JBM: Js
Encls.
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PRODUCTION OF CUPROUS HYDROXIDE AND CUPROUS OXIDE

Filed Feb. 16, 1946

rxed sofution

cupric ammonnitn carbonate

and

cuprous ammonr:um carbonate

//\

/O ——]

reducing fank
corytdirun
metallic copper

AT

= e L

\ l

T

AR RLRLRALRAR R RV LRRDY

copper solution

I
/2

85%7% /oo/{ reduced

decantatle

NaOH
solution ¥ [ - cupric copper

Ne OH
strong \g)luhon

He O ——‘

/6 —

,or)"ec/ 1Tating and

e?fling ftarik

/8

Na OH
solutronn | 7uenc/}::1g
20— L

l——— Cua0

PERCY J. ROWE INVENTOR.

BYU%« K TBrem

/7/'/0 rney

476




2,474,497

3

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 14. 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 practicable, which
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 COsg,
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 a
solution should contain from 30 to 70 grams per
liter of COz2, 35 to 75 grams per liter of NH3, 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 copper so-
lution from the first step in the process is then
conveyed to a suitable closed vessel 15, 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, KO might be
used but caustic soda is preferred) into the tank

in calculated amounts as previously described ap- o

proximately those which are just sufiicient to
combine with the CO: content and precipitate ail
or nearly all of the cuprous content of the solution
as a yellow precipitate of cuprous hydroxide (or
hydrated cuprous oxide) but insufiicient to pre-
cipitate any large quantity of cupric copper. Al-
though I prefer to introduce the reduced copper
ammonium carbonate solution into 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 ammoniacal solution, or
external heating, facilitates the rapid coagula-
tion and separation of the precipitate. 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 cuprous hydroxide in the
form of mud or thick slurry may be treated in
this same vessel or transferred into other suitable
equipment, such as a furnace 16 having a recep-
tacle 11, a stack 18 and fire box opening {9, 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

10

45

50

60

G5

4

reached, the conversion from cuprous hydroxide
to cuprous oxide begins, as evidenced by a change
in the color of the slurry from yellow to red, and
as further water is evaporated and the caustic
concentration is increased, the reaction proceeds
until at about 300° F. the conversion appears to
have been completed. A temperature of 300° F.
however, is not a critical 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 physical 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.

After the cuprous hydroxide has been converte
to the cuprous oxide, water may be added to pre-
vent crystallization of the caustic alkali, and the
material transferred to any suitable vessel 2@
where the cuprous oxide is washed free from
caustic. It 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 85% of the copper in the cuprous
form are employed the product is always of excel-
Ient 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 final product in an excess of
caustic soda to dissolve out the cupric oxide and
thereby improve the product. It is, of course,
preferable to avoid this step by treating the ini-
tial solution to convert the cupric ammonium car-
bonate to the corresponding cuprous compound.

Follé example, note the following experimental re-
sults.

Table I
- Reducing Power
No. Total Cu,| Per Cent %g%%ﬁlgtg of Product After
Gm./L. | Cuprous Product Reboiling with
NaOH
Per Cent P 4
Lo 59 92 | Tog.g | e Ce
bR 60.75 55 90 9%”

In _another series of experiments, sufficient
caustic was added during the initial precipita-

tion to precipitate all the copper, both cuprous
and cupric.

Table 11

: Reducing Power
Feducing| o product After
Product Robg]inz with

a

No. Total Cu,| Per Cent
o Gm./L. | Cuprous

Per Cent
7 55 56. 5
8 35.5

Per Cent
................. 2 8.4

_ In each of the above tables, reducing power
Is expressed in percentage and is compared with
pure cuprous oxide as 100%. The first two
columns _refer to concentrations in the solution
from which the _hydroxide is precipitated. The
last colugnns ipdlcate the result when the oxide
was re?ouetd vsﬁth an excess of caustic soda. The
amount actually used was about equi- lar
with the Cuz0 in the product. aui-molecutar
From these tables it may be conclud

2 ed that

the caustic not only converts the initial precipi-

F%
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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 cupric
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 car-
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
NHs3. This volume of copper ammonium car-
bonate solution was then introduced into a cylin-
drical tank 10, having a capacity of 1% 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, 13, 14, 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 COs, and 60 grams per liter NHs. 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
a solution of 50 per cent caustic. soda, containing
185 pounds of NaOH (76% Na20), 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 NHz, and an undeter-
mined quantity of sodium carbonate. This solu-
tion was treated in an evaporator, where the NHs
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 liquid 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 11, into which had
heen added 150 pounds of flake caustic soda
(76% Na20). The pot was supported in an oil-
fired, well-type furnace 16 and gradually heated
for about one-half hour to aveid excess frothing
and boiling. During the initial heating the
greater part of the ammonia was expelled. When
the solution reached a temperature of 250° ¥.
conversion of the cuprous hydroxide to the cu-
prous oxide became evident as the color changed
gradually from yellow to red. The temperature
was gradually increased over a period of 2 hours
to a maximum of 350° F., although the reaction
appeared to be complete at 300° ¥. The slurry
was then diluted with woter 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 aqueous,
ammoniacal copper carbonate solution, said so-
lution containing per liter on an analytical basis
from 30 to 70 grams COzg, from 35 to 75 grams of
NH: 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.
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1

This invention relatés to .the .production .of -
cuprous oxide and has for its principal. object to. ..
provide a process. for recovering cuprous .oxide...
from solutions.containing copper ammeonium car-.
bhonate.

Prior to my invention a number of methods-.
have been proposed for the production of cuprous-
oxide but so far as I am aware none.of these has.:
proved completely satisfactory and no one has:
to my knowledge disclosed a process suitable for: 10
recovering cuprous oxide from the commercially
available copper solutions -which - I propose to
employ.

I have now discovered a process for producing :-
cuprous oxide (or, optionally, cuprous hydroxide) 15
from solutions containing copper in the form-of -
cuprous ammonium carbonate:or both cuprous::.
and cupric ammoniwn carbonate. .-I preferably - -
treat the solution (usually:mixed: because: of & -
the difficulty in obtaining:a solution in which 20
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 cepper in solu-
tion. I have found that I am able:to precipitate: 25
a cuprous compound which I believe to be cuprous
hydroxide (CuOH) from solutions containing 50%
or more (preferably 75% or more) of the copper
in solution in the form of cuprous ammonium
carbonate (the remainder beihg in the form:of 30
cupric ammonium carbonate) and without pre-
cipitating an excessive-quantity of cupric hydrox- -
ide, and by a separate step to convert the cuprous
hydroxide into cuprous oxide and -dissolve out a
part of the small proportion of Cu(OH):2.pre-
cipitated.

I first contact an aqueous' solution’ containing:
cuprous and cupric ammonium:carbonates i suit+..:
able concentrations with metallic copper in the -j,
absence of air whereby .to obtain a solution
wherein at least 50%, and preferably 75% or more,
of the copper is present as cuprous copper and
then treat such solution with:an amount of alkali
sufficient to precipitate substantially all the
cuprous copper in solution but insufficient.to pre- -
cipitate any. substantial proportion of the cupric
copper. (The reduction of cupric copper -to
cuprous copper may be omitted if the desired pro-
portion of cuprous copper is already present in 3
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 he ‘determined by " .
calculation. Thus, the cuprous ammonium car-" ;3
bonate and ammonium carbonate content.of the ...
mixed copper solution being known from exper-
ience with a closely controlled solution.or .by ...
analysis, the stoichiometric quantity. can .be cal-.
culated according to the following reactions: .. 60

BN

2
CuzCO3.2NH3+4-2NaOH-»>2CuOH+Na2C03+4 TNH; .
(NH4)2C03-}2NaOH->Na2C0z +2NH3+2H20" -

Less than the amount-of caustic thus calculated -
will give satisfactory results, that is, will precipi-.
tate :substantially all the cuprous copper, 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 so
that for solutions containing above 85% of the -
copper in cuprous form, it is possible to utilize
greater proportions of caustic soda without pre-
cipitating a great deal of cupric copper.- In any
case, the practical limits are more or less a matter-
of choice since the considerations which actually
detérmine the limits are on the one hand the
amounts of cuprous copper which it is decided can
be allowed to remain unprecipitated 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 produet, I prefer to use from
1 to 2 pounds of caustic soda (or the molecular
equivalent of KOH) fer each pound of Cu20 pro-
duced. .

In the accompanying drawings.the figure is a

flow sheet. illustrating the preferred embodiment . B

of the.invention. .
The initial capper -ammonium carbonate solu-

tion preferably normally is one containing ap-~ . -

proximately- 40 grams per liter of COz2, 60 grams
per liter of NH3, and 35 to 40 grams per liter.of .
copper,-a large part of which may be in the ox- -
idized . eondition;. i. e., cupric ammonium. car-.
bonate... ‘A solution meeting these general re-.
quirements .is now. produced commerecially in a.
process for:dissolving. copper from various types of -
copper-bearing materials. This commerecial com~- -
position. may be expected to vary within limits as

5 follows: . COz2 from 30 to 70 grams per liter; NH3 :

from 35 to 75 grams per 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 selutions 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. initially in solu-
tion..te cuprous-copper before this: reduction iz -
inhibited by the limited -solubility -of copper in
solution. -

As shown in the accompanying flow-sheet; the.

copper-ammonium carbonate starting selution:is : -

run into a.closed .tank or vessel: #0 ¢(provided with. .
a cover {1 whereby to exclude air).containing : .
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6 Claims.

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.

I 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
controlled 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-
lating in the leaching system is an aqueous solu-
tion 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 dissolves 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 solution 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 carbonate 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, preferably 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 about 95 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 a 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 solutions of organic acids.
Other mixtures of cuprous oxide and cupric oxide
containing predominantly cuprous oxide can be
successfully treated, suitable mixtures containing
at least one mol of Cu:0 for each mol of CuO. I
prefer to treat mixtures of higher CuzO content
such as those indicated above contalning 70% 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 oxide 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 being 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 H20 per mol of
acid, anhydrous basis. T prefer to use solutions
of from 19 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 :

acetate in the solution so that less volume 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 be 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 g good
grade of cuprous oxide 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 dissolve more cupric
oxide until it is practically all consumed in form-
ing cupric acetate.

The volun:e of solution used for the solution of
the cupric oxide is of importance in that enough
solution must be used to retain in solution all of
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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,
propionie, butyric, caproie, 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 produce
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 acid,
propionic acid, and butyric acid. Butyric acid is
less desirable due to its lower solublility in water,
and because of the lower solubility of its copper
salt. To make cuprous oxide from mixed oxide
with formie, 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, oxalic, lactic, gallic,
tartaric, succinic, citric, and salicylic. Of these
lactic acid was found to produce a fine grade of
cuprous oxide by dissolving out the cupric oxide.
Oxalic acid had the same effect, but the product
contained cupric oxalate 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 produced by this method is
a brick red to orange color, depending on the
fineness of the particles. Most of the tests were
made using oxide that had been dried and ground
immediately after filtering, and so retained its
high cuprous oxide content. Samples of freshly
precipitated wet filter cake oxide were also used.
It was found that with freshly precipitated oxide
the cupric oxide dissolved out more rapidly and
gave a product of slightly higher cuprous oxide
content; however, it was a darker 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
orIto orange, by finer grinding. ’

n practicing my invention, g solutio i
acid (10 t0 20%) is placed in a vessel cat s
with a reflux condenser, agitator, and a source
of external heat. To this the ‘mixXed oxide is
added and the mixture agitated and heated, and
allowed to refiux until a sample taken frc;m 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 and the
agitation and heating continued until the crys-
tals have dissolved. The solution is then filtereq
hot (in the absence of air), washed with warm
ng.ter unpil free of acid and ocupric acetate, and

ally with cold water to' cool the 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 concentrzie the
cupric acetate, the vapor being condensed to re-
cover the excess acetic acid. The cupric acctate
is recovered by crystallizing.

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

Ezxample

One kilogram of mixed oxide, 83.95% total
copper, 78.81 % cuprous oxide, was treated as fol-
lows: A solution made un of 750 ml. glacial acetic
acid (99.89% HAc) and iour 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 «:ipric 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 liquor by filtering cn 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 13.63 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 moi of CuO with a low molecular weight,
water soluble organic acid of the class consisting
of formic, acetic, propionic, butyric, oxalic, tar-
taric and lactic acids in aqueous medium, the
amount of acid being in excess of the theoretical
required to react with the cupric ozide present
by at least 20% and the amount of water being
from 5 to 50 mols per mo! of acid, anhydrous basis,

until the cupric oxide has becn dissolved and then !

separating the liquid portion of the reactipn mix-
ture from the Cu:0 which remains undissolved.
2. In a process for producing cuprous oxide the

steps of treating a mixture ol cuprous and cupric

oxides containing at least 70% by weight Cu20
with acetic acid in agueous 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 t‘:he
reaction mixture from the Cuz0 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
remn~ve ammonia and COs, 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 liguid portion of the reaction mix-
ture from the CuzO which remains undissolved.

4. In a process for pro.iucing 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-
dissoived; the treatment with said acid being car-
ried out at a temperature between 70° C. and
the boiling point of the mixture and the separa-
tion of the solid and liquid phases being carried
out at a temperature above that at which crystals
of cupric acetate would form.

5. In a process for producing cuprous oxide the
steps of contacting a mixture of cuprous oxide
and cupric oxide containing from 70% to 92% of
Cu20 by weight with a low molecular weight, wa -
ter scluble organic acid of the class consisting of
formic, acetic, propionic, butyric, oxalic, tartariec
and lactic acids in aqueous 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 cf water being a number of mols
of water per mol of acid sufficient to produce a
10% 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 fromn the Cu:C 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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from 80° #. to 140° F., a rangé from 100° to
120° F. being preferable. The length of time
during which the precipitate is allowed to re-
main in contact with the mother liquor exerts a
small but substantial effect on both the yield
and the density. Standing for less than one
hour, the yield is substantially lower than other-
wise, and the apparent density is substantially
higher than when the slurry is allowed to stand
for a ionger time. However, if the precipitate
remains in the mother liquor too long, the appar-
ent density again increases. The time of con-
tact is not particularly critical, but when a prod-
uct having an extremely low density is not re-
quired, the time of contact may be reduced to
15 minutes or less, but under these conditions
the yield is slightly less, but where coarser crys-
talline material is required a longer period of
contact is desirable, say, 1 to 8 hours. A very
substantial lowering of density in a combination
of conditions, making for satisfactory yield with
respect to copper, can be obtained by adding the
cupric ammonium carbonate solution to the
sodium hydroxide solution instead of the reverse.
The speed of addition of solution to alkali like-
wise exerts some effect on density and yield;
viz., when 500 ml. of cupric ammonium carbonate
solution containing 52.7 gpl of copper is added
immediately to 150 ml. of 309 NaOH solution,
stirred for 5 minutes, then allowed to settle for
30 minutes, the product has an apparent density
of 46 grams per hundred milliliters; whereas,
when the same volumes are added slowly over
a period of 5 minutes, stirred and allowed to
settle for 30 minutes, the apparent density of
the product is 40 grams per hundred milliliters.

The copper for the preparation of the copper
ammonium carbonate solution can be obtained
from various grades of copper, either virgin or
secondary, also copper clad and copper-contain-
ing materials including the cheaper grades of
scrap. For some purposes the cheaper forms of
scrap are entirely satisfactory while for products
of high purity it may be necessary to use selected
scrap or even pure metal. Some types of copper-
containing materials may contain valuable
metals other than copper which are insoluble
in ammonium carbonate solution and according-
ly are concentrated in a residue from which they
may be readily recovered.

To prepare a cupric ammonium carbonate
solution suitable for precipitating cupric hy-
droxide according to the invention I require first
a suitable solution of ammonium hydroxide. I
may use various concentrations but prefer to
produce, by dilution of agueous ammonia or by
absorption of ammonia gas in water, a solution
containing about 30 to 100 grams per liter of
NH3. I then add CO:z gas to such ammonium
hydroxide solution either by bubbling in CO:z gas
or by mixing in a tower the ammonium hy-
droxide solution with the CO2 gas as contained
in flue gas from the combustion of coke or in any
other feasible manner. I may use ammonium
carbonate solutions containing any amount of
CO2 up to saturation, but I prefer to use solu-
tions containing a ratio of about 2 parts of CO:
(grams per liter) and 3 parts of NH3 (grams per
liter); for example, an ammonium carbonate
solution containing 40 grams per liter of CO:
and 60 grams per liter of NH3. While it is pos-
gible to make use of an aqueous solution of am-
monium carbonate such as might be commer-
cially available or produced by dissolving am-
monium carbonate in water, I prefer to make my
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solution in the foregoing manner as in this way
I have practical control of the NH3 to CO= ratio
and it is less expenfive. I then add copper to
the ammonium carbonate solution and finally
add oxygen to form the cupric salt. The copper
may be added by contacting the copper metal
with the ammonium carbonate solution in a
suitable tank or vessel and then bubbling in air
or oxygen. Sufficient oxygen should be added Lo
convert all or nearly all the copper which is dis-
solved by the ammonium carbonate solution to
the cupric state. Some cuprous salt can be
tolerated but I prefer to use solutions contain-
ing as near as practicable 100% of the copper
in the cupric state. Various concentrations of
cupric ammonium carbonate can be employed
but for good yields and a satisfactory product I
have found it desirable to use those in which
the copper content approaches saturation. To
state the desired concentration in another way,
it is desirable to employ solutions in which the
copper concentration varies from about 50 grams
per liter to about 100 grams per liter, CO:z and
NH; varying from about 31 to 63 grams per
liter in the case of COz and from about 47 to 95
grams per liter in the case of NH3z. This would
represent a mol ratio of Cu to CO:z of about 1.0
to 0.9 and a mol ratio of Cu to NH3 of about 1
to 3.5.

In respect to the concentration of the sodium
hydroxide solution used as a precipitant, the
optimum conditions are indicated in Fig. 1 where
it will be seen that satisfactorily low density is
attained when the solution of sodium hydroxide
runs between 159 and 50% while a very satis-
factory concentration is between 20% and 30%.
If the concentratiton is too high it becomes
somewhat viscous and accordingly I prefer to
operate in the range of 20% to 30%, that is, in
about the upper two thirds of the density curve
as seen in Fig. 1. In respect to reaction tem-
perature, its very important effect is illustrated
in Fig. 2 where the apparent density curve is
seen to drop from about 75 to about 35 grams
per 100 cc. as the temperature increases from
80° to 140° ¥F. At the same time the yield in-
creases somewhat so that it is quite feasible to
take advantage of the lower density resulting
from the elevation of temperature.

In Fig. 3 I have shown the results of a study in-
volving the time during which the precipitate is
left in contact with the mother liquor. It will
be seen that a standing period of from 1 to 8
hours is beneficial both as to yield and lower
density while the maximum benefit is achieved
where the standing period is from 1% to 4 hours.
By reference to Fig. 4 it will be seen that very
material advantages in lower density of product
can be obtained by adding the copper solution to
the caustic precipitant instead of the reverse.
The heavy lines indicate the yield (using a solu-
tion containing 49.5 grams per liter of copper, 31
grams per liter of COz and 50 grams per liter of
NH3) and since it is desirable to obtain a yield of
85% to 95%, only the extreme upper ends of
the heavy lines can be considered to indicate de-
sirablg conditions of operation. Considering
the highest -point on the heavy line indicating
the addition of copper solution to the sodium
hydroxide solution, it will be seen that the yield
is in the order of 90% which is satisfactory and
that at this point the corresponding density is of
the order of 32 grams per 100 cc. whereas if the
precipitant had been added to the copper solu-
tion, the yield would be somewhat below 85%
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while the density would be in the order of 50
grams per 100 cc.

Properly prepared solutions of cupric am-
monium carbonate mixed with the proper amount
of caustic soda under the optimum conditions as
above indicated will yield about 1.1 pound cf
cunric hydroxide for each pound of caustic
(76% Na20). The amount used is essentially
that required to combine with the CO: present.
The precipitates formed can be filtered from the
solution and washed to remove sodium and am-
monium salts. They can be readily dried at a
moderate temperature lower than would convert
any of the hydrate to the oxide. However, if the
drying temperature is allowed to go too high some
of the hydrate will be converted to the oxide.
The temperature best suited for drying is a vari-
able depending on the contained moisture, the
density etc. It can be stated generally that the
drying temperature should not be allowed to
go materially higher than 160° F. and at the be-
ginning of the drying it should preferably be
considerably lower than 160° F., for example,
preferably, not above 130° F. As the moisture in
the material is driven off by the drying, the
cupric hydrate becomes powdery, and when dry
is entirely suitable without further grinding for
use in chemical processes and for other purposes.
Where extremely fine particle size requirements
must be met, the powder consisting of agglomer-
ated particles of finer cupric hyvdrate crystals
may be further broken up by grinding in suitable
equipment to the ultimate crystal size required.

After the precipitation, the mother liquor will
contain sodium carbonate, a small amount of
copper, ammonium carbonate and water. It
can be treated by heating the solution sufficiently
to drive off the ammonia and any CO: in excess
of that in stoichiometric proportion with the
Naz20 content which may be present in the solu-
tion. The ammonia and CO:2 gases along with
water vapor can be condensed, forming aqueous
ammonium carbonate. The residual copper can
then be precipitated as a compound such as
cupric oxide which can be flltered off. The re-
sulting solution, containing sodium carbonate
and water, can be treated by adding calcium hy-
droxide to reform sodium hydroxide. The re-
sulting calcium carbonate precipitate can be re-

moved and burned to produce CO2 which can ;

be absorbed in NH: solution, and calcium oxide,
which, when slaked, reforms calcium hydroxide.
It is seen that all reagents, except copper water
and air, entering the process are recoverable in
a form such that they may be directly returned
after suitable adjustment of concentration to the
process.

The following specific example will serve to
illustrate the invention:

Exzample

An ammonium carbonate solution was pre-
pared by adding CO: gas to an ammonium hy-
droxide solution containing 67 grams per liter of
NHs. The gassing was continued until the solu-
tion contained 40 grams per liter of CO2. The
resulting ammonium carbonate solution was con-
tacted with copper metal and air was blown in
until the copper content was 64 grams per liter,
an analysis at this point showed 64 grams per
liter of copper, 40 grams per liter of COz and 60
grams per liter of NH3. A sodium hydroxide
solution was prepared containing 252 grams per
liter of sodium hydroxide. 264 gallons of the
cupric ammonium carbonate solution were added
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to 95 gallons of the sodium hydroxide solution at
a temperature of 120 F. with violent agitation, the
addition being completed in 90 seconds. The
precipitate which formed was allowed to stand
in contact with the mother liquor for two hours
and then was removed by filtration. The pre-
cipitate so produced was dried at 120° F. for 10
hours and then at 160° F. for 3 hours until there
was no further loss of weight. The product was
found to be g cupric hydroxide having an appar-
ent density of 35, that is, a 100 ml. graduate filled
to the 100 ml. mark with the material as tightly
as would result from tapping the graduate on a
table top weighed 35 grams.

Having thus described my invention, what I
claim is:

1. A process of producing cupric hydroxide in
the form of a finely divided, light fluffy powder of
apparent density less than about 65 grams per
100 cc., said process including the steps of (1)
preparing an aqueous solution of cupric am-
monium carbonate containing from 50 to 100
grams per liter of Cu, 31 to 63 grams per liter of
COz, and 47 to 95 grams per liter of NH3; (2)
adding said aqueous solution to an aqueous solu-
tion of NaOH containing from 15% to 50%
NaOH by weight, the quantity of NaOH solution
employed being from 80% to 1209 of the quan-
tity theoreticaly required to precipitate all the
copper from the cupric ammonium carbonate
solution employed, the temperature of the re-
action mixture being maintained within the
range from 100° F. to 120° F'.; and (3) separating
the precipitate from the liquid portion of the re-
action mixture.

2. A process of producing cupric hydroxide in
the form of a finely divided, light fluffy powder
of apparent density less than about 65 grams per
100 cc., said process including the steps of (1)
preparing an aqueous solution of cupric am-
monium carbonate containing from 50 to 100
grams per liter of Cu, 31 to 63 grams per liter of
COg2, and 47 to 95 grams per liter of NH3; (2)
adding said aqueous solution to an aqueous solu-
tion of NaOH containing from 15% to 50% NaOH
by weight, the quantity of NaOH solution em-
ployed being from 80% to 120% of the quantity
theoretically required to precipitate all the cop-
per from the cupric ammonium carbonate solu-
tion employed, the temperature of the reaction
mixture being maintained within the range from
100° F. to 120° F.; (3) allowing the resulting pre-
cipitate to stand for a period of from 1 to 8 hours
in contact with the liquid portion of the reaction
mixture; and (4) separating the precipitate from
said liquid portion of the reaction mixture.
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This invention relates to methods for prepar-
ing cupric hydroxide ard has particular refer-
ence to processes involving the preparation of a
solution contairing cupric copper, ammonia and
carbon dioxide (herein for convenience called
cupric ammonium carbonate) and the precipita-
tion therefrom, by means of an alkali metal hy-
droxide precipitant, of cupric hydroxide in con-
trolled physical state, especiaily in the form of
a product of low apparent density suitable for
fungicide use, the manufacture of copper naph-
thenate and the like.

I have discovered -that by suitably controlling
the concentration of the copper in the cupric
ammonium carbonate solution, and also suitably
controlling certain additional factors, I am able
to produce a finely crystalline cupric hydroxide
of low apparent density without sacrificing the
yield to any extent. That is, I am able to pre-
cipitate a suitably high proportion of the copper
content of the cupric ammonium carbonate solu-
tion in the form of a cupric hydroxide of low
apparent density, the material being in the form
of very fine crystalline particles and not as a
more or less continuous gel, which is the general
conception of cupric hydroxide.

This cupric hydroxide is superior to the copper
carbonate formerly used as a raw material source
of copper in chemical processes for the manu-
facture of copper compounds because it is as
reactive as the finest of copper carbonates, par-
ticularly with organic acids, and in all cases is
superior in that no foaming due to evolution of
CO: attends the reactions. It has, therefore,
distinct advantages in the chemical process
industries. -

It has also definite high fungicidal action and
relatively low phytotoxicity, and has high value
as an insoluble copper fungicide, and because
of its basic nature can be used as an adjuvant
to other fungicides and insecticides.

Certain specific examples of the effect of con-
trolling such factors are illustrated in the ac-
companying drawings, wherein Fig. 1 is a
diggram showing the effect of varying the con-
centration of sodium hydroxide precipitant on
the yield and apparent density of the product;
Fig. 2 is a diagram cshowing the effect of tem=
perature on the yield and apparent density;
Fig. 3 is a diagram showing the effect on the
yield and apparent density of the time during
which the precipitate is left in the mother liquor;
and Fig. 4 is a diagram showing the effect on
yield and apparent density of the method of con-
tacting the copper solution with the precipitant
and also showing the effect of the amount of
precipitant used. In this connection, it is to be
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understood that when I refer to apparent density
this takes into account the various factors in-
fluencing apparent density; such as, fineness and
uniformity of particle size and degree of aggre-
gation.

The other factors referred to which are effec-
tive at optimum copper concentrations to reduce
the apparent density of the product without
rendering the yield unsatisfactory are as fol-
lows: first, the concentration of the sodium hy-
droxide (or potassium hydroxide which may be
used in equimolecular proportions as a substi-
tute for NaOH) which is used as a precipitant,
second, the manner of adding the precipitant,
that is, whether the cupric ammonium carbonate
is added to the precipitant or vice versa, third,
the amount of precipitant solution employed,
fourth, the reaction temperature, fifth, the time
consumed in completing the mixing of the cupric
ammonium carbonate solution with the precipi-
tant, and sixth the length of time the product
is left in the mother liquor. I find that it is
desirable to select conditions which will result
in the precipitation of most but not all of the
copper in solution. I regard 95% precipitation
as perhaps an optimum but in practice I may
operate very satisfactorily on lesser yields, for
example 85% to 95%. In order to obtain a high
yield, I find it desirable to utilize a copper con-
centration approaching saturation. This may be
varied as will be indicated below. I find it desir-
able also to maintain in these copper solutions
a ratio of essentially two parts of carbon dioxide
(grams per liter) to each three parts of NHj3
(grams per liter). This corresponds to a mol
ratio of 1 mol of CO: to 3.88 mols NHs.

Working in the range approximating the
optimum concentrations of Cu, CO2 and NH3
(which will be defined below), I find that the
concentration of the sodium hydroxide solution
used as a precipitant has only a slight effect
on the yield with respect to copper, but has a
more important effect on the apparent density
of the product. The sodium hydroxide solution
should be fairly concentrated for obtaining the
lowest apparent density. It may, for example,
vary from about 15% to 509% NaOH on a weight
basis and preferably is kept within the range
of from 20 to 30%. The quantity of NaOH
solution employed may be from 80% to 120% of
the quantity theoretically required to precipitate
all the copper from the cupric ammonium car-
bonate solution employed. The reaction tem-
perature has g substantial effect on the yield
with respect to copper and a very profound effect
upon the density of the resulting product. A
desirable temperature range for the reaction is
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PLAN VIEW - RECLAMATION OF ALLOUEZ SANDS

North End - . o4 -

%\
Calumet Mill . _ _ _

Pumping Details:

Elevating of Fines Pump at A
Elevation of Pipe ‘Discharge Line at A
Static Pumping Lead

Elevation of Pipe Discharge Line at B
Elevation of Pipe Discharge Line at C
Horizontal Distance A to B About
Horizontal Distance B to C "
Horizontal Distance CtoD "

95*
136!

41!
128'-6"
123'-1-1/2"
370
260"

200!

Plant

72\ [ 7% /e
Leaching l\’\,-/)( / ,/
/I 1/ /./D

Calumet Division - Calumet & Hecla, Inc.

Research Department

A, B. Landstrom March 12,

1956
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Products of the Mines

v

CALUMET DIVISION

Toll Secondary

Poor Rock Primary Ore ' Refined Cu
Stockaile Tailings Concent*rates L.ake Chemical
1 Y R { TBCS
Waste Sla Refined Copper COCS
E g - TE Cakes Cu Hydrate
Waste Ag Bearing
J— Arsenical
Prime Lake
Billets
bLP
Phosphorized

Li-innoculated
Tough Pitch
Ingots & Ingot Bars

Calumet Division - Calumet & Hecla,_Inc.

Research & Development Dept.
May 1, 1959

v

By Products
Copper Oxide

Steel

I.ead Carbonate

Hi Lead Residues

Cast Iron
 Nickel
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H. E. Day January 22, 1968
ce: LGS+
LRJ .

Reading File # 2

ThQ screen sizings and chemical analysis of various C & H products thgt.

you requested are as followss

SCREEN SIZI}

£=32§ Mesh, %£-200 Mesh,
Fertilizer "50" 90.4 - 95.2
Fertiliger "75" 98.4 99.2
Feed "75" 97.6 | ———
Hi Cu20 with chippings 97.6 : —
Hi Cug0 without chippings 98.8 —
Hi CuO with chippings 93.6 ' —_—
Hi CuO without chippings Sample not available this month.
N.C.D.B, "83" 98.8 —
# 1 Cuprie 98.8 —

CUPRIC_OXIDE (BLACK)
0.027% PBO

0.050% Fe

N.C.D.B,-83
Solubility 72 hours at pH 1.0 using HCL.
Total Cu 83.17%

Cu dissolved-w—we—=30,90%

Ms-o002
Box 1M
Tolder Q
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COPPER HYDRATE

Composite sample covering one month production.

78.53%

Total Cu 63.590%
OH 33.750%
Na~- 0.230%
NH3 0.084%
- €Oy 0.190%
- 80y, 0.250%
- NOy Nil
- CL~ 0.020%
* HNO3-inseluble~———-——— 0.006%
~Ca as Ca & Mg-e— 0.016%
Fo- 0.013%
* HgO 1.200%
"B" CIRCUIT COPPER OXIDE
CugO- 65.27% Cu-
CuO 25.22%
Met. Cu 0.11%
Insol in HNOj=-- Nil
€Oy 1.93%
PO 3. 66%
PBO 0.14%
Ni0 0.13%
Fey0q 0.14%
NH4 0.61%
Moisture 0.90%
Chlorides- _0.30%

Bal Na, K, Oy

98.71%
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Page 3
H. E. Day
January 22, 1968

In addition spectrographic analysis indicates Ag0, Ca0, MgO, MnO, NiO, s:.oz,
Nag0 and Liz0 in trace amounts less than 0.01%.

MOISTURE COCS

Date £ 10
Lot 370 1-3-68 3.6
Lot 371 1-4-68 3.6
Lot 372 1-5-68 4.0

C. Jl B"tian
CJBiamp
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M3-co

Box W4 (Calumet]]”
Folder R & Hecla

CALUMET A . ‘ . FORM 80043
SRS DI VISION R, ‘

RESEARCH PROJECT PROGRESS REPORT

PROJECT NO.
27-20-6
{lPORTING PERIOD

st Qtr.1968

PROJECT TITLE
Chemical Processing - CD-1916

TECHN!CAI. OBJUECTIVE ’ . Y
Process 1mprovement to reduce costs and improve product qpalltyo

PROJECT LEADER

L. C. Klein

. PROJECT AMOUNT AUTHORIZED| % EXPENDED | REPORT AUTHORIZED BY
Cor¥iniifg : $19,728 15 L. G. Stevens

PROGRESS ACHIEVED

Slight changes were made at the Tamarack leaching Plant to adapt the equlpment to

the production of Cal-Cop-10. Approximately 15,000 gallons of material was produced
during the last week in March. Time required for production of the material has beeh
reduced to less than one quarter the time required to produce the material at the
'Iake Linden Plant, and ammonia losses have been reduced considerably. Additional
savings will be made in packaging and handling the material at the Tamarack Plant.

Because of the work in disposing of the barium carbonate precipitate from the Lake
Linden Leaching lead removal circuit--about six barrels a day--the possibility of
reducing the amount of residue was investigated. 1Instead of filtering all of the
precipitate formed, somewhat more than half of it has been re-introduced into the
system to determine whether it would collect more lead, and the amount of barium
chloride used to form this precipitate has been reduced from 500 to 250 pounds per
day. It has been found that this practice is working satisfactorily with no loss
in lead removing efficiency. The. amount of precipitate taken from the process has
been reduced to two barrels per day, and a saving of $21.00 per day is being realize
from reduced reagent consumption, plus the labor saving in mixing reagents and
handlingthe sludge. The possibility of selling this sludge, which contains about
10% lead, up to 5% tin, copper, and barium carbonate is being investigated.

139

Preliminary equipment layouts, building design, equipment lists, and inventory lists
for a new chemical and leaching plant were developed during the quarter, and will be
reported on during the  first half of April.

A process for making COCS which derives most of its copper content from copper oxidef
was developed in the lab and a full scale run was made at Tamarack. The balance of
the copper content in the product comes from scrap copper. The product was satis-

factory, and the process is simple and straightforWard. The copper oxide used was

#1 Cupric but still chippings can also be used.

ACTION PLANNED NEXT PERIOD
Additional work on new chemical  and 1eaching facility.

Technical service on manufacture and packaging of Cal-Cop-10 and as requlred for
other chemical operations.

Complete testing of process for making COCS to thoroughly evaluate it in order
to prepare a production procedure,

-
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