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1

This invention relates to: the. conversion: of.
metals into metallic: compounds; and constitutes
a: continuation-inspart ofi my. copending: sppli-:
cation:Serial No. 488,323 filed:May: 25; 1943, now
abandoned.

The couveision: of metals into. metallic’ com=-
pounds:by the present ifivention finds importance
in the prepavation: of metallic:compounds tsable:
as:sitch:for industrial purposes, or uszble:as base:
substances:for-conversion: into :other compounds:
It is also useful for the separation and reedvery:
of physically associated: metals. By way of il-
lustration, copper may be conver ted from metallic
form. into. almost. colloidal size copper oxide
which, of it
terial. Altemative]y the. copper sheathing. or
coprer-clad- steel may. be covverted into- copper-
oxide while the ferrous base is-left: untou hed, 50
that the copper oxide may. be uséd: as such, or- it
may be smelied. iato copper,. and the ferrous.
base can be used.as ferrous meltmg serap. Thus
the iyivention is.applicable either-to makmg metal:
compounds. from. a: meual, or- for; separatmg'
physieally combined. . metals by converting one. of.
them. into a cémpound.

This invention differs from.ali knewn amethods
of. cenverting. metals. to. metallic. cempounds by
leaching or. like reactions, in that metal is. con-.
tinuously. reacted.in the pfesence.of: an electm—~
lyte and contnnuously nr ec1p1tated as 2 c@mpound/
at'the same time from the. same. body of electlo-
lyté without exhaustion of. the eTectrolyte

In all u§udl opeiations. of. leachin

is spent, or wiil no lofigér react with. metal The-

electiolyte is then processed to. recover. the-metal.
i cofitained., therein, -and:

compound” di§solved.
the electrolyte so ugéd i§ exhausted. It must be
constantly replenisheds With my process, except
for certain inevitable handling losses, the electro-
Iyte is_Usdble over aid.over withoiit. ;progessing,
in any wiy.

1\7Iy inventicn, has_béen successfully 4e~nployed>

with séveral metals siid.if the
cofnpounds, and’ aédordifg. t
following conditiong are Féquired:

(1) The eléctrolyte-used: must e .one: Whitk 457

corrodive to:thesmetal to: be:convettes
pounds.
the metal from. which the ecompounds.are. to.be
made.

(2 The process must be carned outin’a closed_

0" O]

aﬁmosphere atid 11qu1d in the enwronment may be
effecteds

self, is a desirable commercial ma-.

This;. -
so far as T.can,aseeriain, is a.new. phenomenon :
'y the. metal.is.
readted with the électrolyte. until :the eTectmlyter

A ifivéntion: the ;

That is, it will be capable of° a,ttackmgn’

1947, Serial No: 740,641
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(3) There must be present. in the- closed. en-
vnomnent or* 1eactor 2. gas: which enters into-
combination with the metal.

Essentially my ihvention- contemplates the
tumbling: of- the:metbal in: a corrosive liquid and
am abtmosphere: of. a: gas whieh: is- consumed: ifr-
the reaction so:thiat.the metal is-alternately im=
mersed: in the: liguid: dnd: exposed: to the: gas:.
Temperaiure: conditions gnd: the: concentration:

- off the electrolyte - may also in some: ¢gses control:
the characterof the:product.::

My invention may be more: fully: understood:
by reference to the agccomipanying: drawings;: in
which: the figure is:a view partly. in-section and’

- partly: inv elevation and: schematic:ir: charaeter
of-anrapparatus: embodying: and capable:of’ ef«-
fecting: my -invention.:.

In the drawing; 2 desighates an: enclosed. vess.
sel: or: reactor;. preferably: rectangular in.shape;
having: as trunnion. 3 at one end on: which:is a
pilley 4:by means of which the-vessel may beros
tated. 'The vessel' has: a' cover  mewmber 5 re-.
movably: sealed: théreto so” as:to be- liguidi and’
gas=tight; but: which affords: access: to- the® ifi=-
terior-of the vessel for charging ‘and discharging.
the: confents:of thé-vessel:: The vessel- is: alss-
shown asihaviligia drain:valve ¥:

At the other: end! of’ the' vessel’ i a- hollow:
trunnion § having: a gland: 8/ into which® ' gas
supplys pipe i9:isienfered: This pipe: (& is pro«
vidediwith:a cut-off: valve {4, o diaih valve 12,
a:pressure reguigting valve {2, and:an e‘xtensmn’
{4 With this arrangement the vessel' may- be
selectively corriected through a pressureregulator
and: maxnifold: to: one: or another gas storage:
vessek: 187 sothat when' one vessel®is exhaustéd;
another may. e lised while the frst is-replaced;
ors whem: netessary,. two- different’ gases: may be-
supplied simultaneously. or. successively to the
reactor.

I the draWwings; spray nozzles 29 are- shown
for: dlrectmg jets-of cosling flitid: agannst the but=
sidei of thé: drumi: Thé dfwm- may  be- p10v1ded
with heat dissipating fins, not- shown, te- aes

.- celerate the rate of: heat transfer. Water, or
even -air currents may. be. directed. thlough the
noZzles Oﬁhe1 nozzZles 21 may also. be Proy ed
fordifecting & héating fAuid’ such as steam aga
the redetor. It will’ be apparént. thai: various.

- othér teMpeiatute régulatitis or modifying méans.
may be used;

Tir the” operation’ of” the dévice, . thie. metal to.
be processed is charged into the drum The COF~-
rosive” liquid  ox elnctrolyte is  tHen mtroduced

55_irito; the: ceactor until the reactor is préférably,

from-a* Half ‘to- two-thirds full, after which the
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1lid 5 is sealed shut. The reactor is then set in-
to rotation, and gas is admitted to build up and
maintain a desired pressure therein. After a
period of time, depending upon the metal, the
amount of metal and the product to be produced,
the reactor is stopped and opened. The metal-
lic compound is present in the bottom of the
reactor as a sludge of very small particles. Usu-
ally the valve T is opened and the contents of
the reactor are run into a thickener or filter to
separate out the metallic compound which is
subsequently washed and dried, while the elec-
trelyte from which the compound is separated or
filtered is kept for reuse in the reactor. It will
be found that during the reaction the metal
compound is continuously formed and precipi-
tated without exhaustion of the electrolyte, and
that no matter how long the electrolyte.is used,
it will remain active. :

With the reactor sbout one foot in diameter
and about six inches long revolving at 72 R. P, M.,
the following are typical examples of my method.

Example 1

Black copper oxide was prepared by making a
soclution containing 160 grams of ammonium
carbonate-carbamate = (ammonium carbonate,
commercial grade) and 1000 ¢. e. of ammonium
hydroxide containing 28% NHs; and 2000 e¢. c.
of water. These proportions are not critical,
however. It will be noted that the solution is
corrosive to copper.

.This solution filled the reactor to about one-
third of its capacity. Commercial copper scrap
was then put into the reactor until it was about
two-thirds full. The amount of copper is not
critical. The cover was then sealed on and oxy-
gen from one of the tanks 15 was admitted, the
regulating valve being set to maintain a pres-
sure of 7 p. s. 1. in the reactor. Rotation of the
reactor was continued for about an hour, and
the sludge and electrolyte were then drawn off.
The sludge was separated by filtration, the elec-
trolyte recharged into the reactor with addi-
tional copper, and enough fresh solution to off-
set the amount that remained in the sludge was
added and the operation repeated. The elec-
trolyte lost none of its effectiveness.

While the operation could have continued un-
£il all of the metallic copper had been converted,
it is more efficient to replenish the copper from
time to time and so keep a good mass of metal
in the reactor.

The sludge was black copper oxide, 99-}% of
which was 1 micron or under in its greatest di-
mension. The temperature during reaction
reached between 165° P. and 175° F., the oxida-~
tion of the metal being an exothermic reaction.

Examyple 2

‘The same procedure was followed with the
metals cobalt, zinc, cadmium, nickel and silver,
with the production in each case of the corre-
sponding metal oxide.

Example 3

‘The ammonia concentration of the solution of
Example 1 was decreased about 50%, the same
amount of copper scrap was charged into the
reactor, the oxygen pressure was about the same,
small amounts of water were intermittently add-
ed, and the reactor was cooled to keep the con-
tents below 165° F. Copper hydroxide was pre-
cipitated as a sludge and the electrolyte reused
after the hydroxide was separated. Water was
added because the formation of the hydroxide
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tended to rémove water and increase the cor-
ceniration of the ammonia sclution. The elec-
trolyte was not depleted by use.

Ezample 4

Using the solution of Example 1 and a like
amount of copper, COz and oxygen were both in-
troduced in about equal amounts into the re-
actor. The gas pressure was around 7 p. s. L
and the temperature was of the order of 165° F.
Copper carbonate was precipitated.

Ezxampie 5

A solution was prepared with 300 grams of
commercial ammonium chloride and 2700 c. c.
of water. This was put into the reactor with
enough iron scrap to fill the reactor about two-
thirds full. Oxygen was supplied during reac-
tion at about 7 p. s. 1. pressure. Very finely di-
vided red iron oxide was produced. The elec-
trolyte was reused for the treatment of other
iron. The femperature reached was approxi-
mately 165° F'., no control being used. Magnetic
black iron oxide may be produced with slight
variation of this procedure, which consisted in
cubting of the oxygen after red oxide had bheen
produced, whereupon Fe:Os with additional un-
reacted iron in the reactor iron formed Fe3zOu.
Instead of using a solution of ammonium chlo-
ride, a corrosive liquid was prepared using sodi-
um chloride.

Example 6

A solution was prepared using 300 grams of

.. commercial ammonium chloride and 2700 c. c.

35

40

50

55

80

66

70

5

of water. If was put in the reactor with iron
scrap. Instead of oxygen, chlorine was intro-
duced into the reactor, and maintained at a pres-
sure ahout or slightly above 5 p. s. i. Iron chlo-
ride in finely divided form was precipitated. The
electrolyte was successfully reused.

The same procedure may be followed using so-
dium chloride as the corrosive agent, or by using
HCl or H:SO: solution, it being desirable where
an acid is used as the corrosive agent, to keep
the reactor open during the initial reaction
while hydrogen is being generated.

In the above example, fluorine may be used in
place of chlorine, tc produce fluorides. Other
gases are SOz and SO;. The gas in each case
must be an active one, that is, one which may
form salt or compounds of the metal to be con-’
verted, and the inert gases, such as helium, argon,
neon, ete. Gases such as HCI or HaS are not
used, because their reaction with metal will occur
directly and hydrogen is liberated. The gas
therefore is one which may be combined with
metal, but which in entering into the combina-
tion does not itself decompose.

Example 7

Into a larger reactor, for use in separating
copper or gilder’s metal from ferrous sheet metal
on which it is clad, there was charged 2240 Ibs.
of scrap containing 80% steel, carrying on its
surface 20% {(average) gilder’s mefal. A solution
was then introduced, made with:

370 1bs. of ammonium hydroxide 26° Bé.
66 1bs. of ammonium carbonate (commereial)

‘825 1bs. water

Puring rotation of the reactor over a period of
two hours, 1600 cubic feet of oxygen were con-
sumed, pressure being maintained at about 5
p. s. i. above atmospheric. After two hours, the
oxygen was shut off and the reactor rotated for



8,870,878

5

an ‘additionsl 'period -of time, ‘Ebout thes houts;
to ‘remuve: by rattrition copper ‘oxide ‘clinging “to
the:metal:serap. -Atthe:end of this'time, the fer-
rous:serap -was/élean and bright gand the:costing
metal-associated with it converted to oxide. The
solution, “which quickly ‘becomes ‘saturated with
copper oxide, was reused each time after the
sludge ‘of -copper oxide ‘was -separated from ‘it
with ‘only ssufficient \new solution to make up for
thixt ‘which was retained in the solid material.

After -separation ‘the preeipitate is svashed
with ‘water, and wdter used ‘in ‘washing ‘the pre-
cipitate ‘may - in all cases ‘be ‘used @s -make-up
water ‘for ‘fresh -solutionts, to thershy conseive
ele¢trolyte which ofherwise would ke lost. The
soiution -used -is highly - corrosive 4o ‘copper -or
gilder’s'metal, :-and-considerably ‘less ‘corrosive to
iron, so-that its adtion is sélective, and little, it
any iron oxide wasfound in- the precipitate.

‘Instead of ammonium ¢arbonate or ammonium
earbonate~carbamate, I 'may use ammonis com-
pounds that will-give Tree-ammonia ions. Some
such materials -are ammonium bicarbonate and
urea. I 'may -also use earbon-dioxide in place of
ammonium -carbonate, ‘with a eompensating -in-
crease in‘the ammonium hydroxide -employed.

‘In -all-cases, T have Tound that the electrolyte
is-one which-is corrosive'to the metal o be con-
verted ‘intoa-compound. In'all cases the meta]
compound ‘is ‘constantly -precipitated and new
compound is-constantly formed so that the elec-
trolyteis-not exhaused and continues to be usable
indefinitely, -only the gas in the reactor being
eonsumed. "Theprocess is preferably a eyclic one
in which the electrolyte ‘is used over -ahd over,
and-the selution’loss during each cycle should not
exceed more than 39%. »

With my 'invention a relutively small compact
plant can produce.metallic compounds of a high
quality and very fine particle .size more rapidly
and with .a much less expense for plant outlay
and materials than plants using conventional
leaching methods.

It is-of .course well known to use ammonium-
hydroxide—ammonium carbonate solutions for
preparation .of copper oxide by immersing the
metal in a tank containing the solution .and
blewing air through the same. Oxide is formed
which is dissolved in the solution until ‘the solu-
tion will take up no more oxide, when reasction
ceases,-and the electrolyte is proecessed to recover
the metallic oxide, but in such-case the electro-
lyke is destroyed. In such procedure much of the
ammonia in the solution is ecarried off ‘with the
air.constituents not used in the reactor, necessi~
tating expensive ammonia recovery facilities. In
distinction to this, with my process the same
electrolyte is used indefinitely; reaction does not
stop when saturation of the-solution-is reached; =
small body of solution will convert a large
amount of metal into metallic compound, the
metal cormpound s directly preeipitated, and by
using oxygen instead of air and having the re-
action proceed in a closed environment, no am-
monia or other valuable gas is carried away.

It is also known that ammonia solutions of
the kind described may be rubbed upon brass or
copper, as in brass polish, and upon drying, leave
a deposit that may be brushed or wiped off, but in
the evaporation of the solution, the electrolyte is
lost, which is contrary to my present invention
wherein precipitation occurs concurrently with
reaction and the solution remains continuously
in the liguid phase—a phenomenon effected
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6
through the tumblingror mechanical sgitaticn ot
the metal and ‘electrolyte dn w ‘closed envirdhe
meént *t6"which :a :constumable :gas ‘s Supplied.
“WhileI have been unableitoexhaist theHim-
ber.of metals and compounds $hat wiay-be pro-
duced, ‘the foregoing s ‘believed :to “adequately
inform those skilled: il the 4t df therprocedure
to-be followed ‘and ‘the practices Which-ave desii-
able 'in carrying -into ‘effset miy dnveition wnd
digcovery, and various modificstlotis in thewguip-
mentray be made to'faeilitate particular-spera-
tions -or ‘plant conditionis. Wetting agents such
as “‘Aerosol” may be used, ‘Particularly when Ehe:
metal o -be processed:is difty ‘origreasy. Inithe
exaniples given ‘above I Have inillicdted  aravttts
and pressures'which I have found to be sutisfae-
tory, but thesedre notieritical and may be varied
withinh ‘wide limits ‘with some vesulfing ‘change
in the speed “of ‘reacticn or the ‘guality -6f “the
oxide in ‘sore :¢ases, ‘and “while T hHave indicdted
that thegas-pressure be above stmosphsric Pres~
sure in the-reactor, it is possible o operate with
less than ‘atihospheric Pressure. - Pressures wre
preferably kept below 60 p.s. 1., -and préssurés ot

? the magnitude indicated as:around-5 to ¥ p.7s. .

are quite ‘satisfactory. Por ihe ‘purpose of éffi
ciency, I have indicated that the reactor beFrom
one-half ‘to two<thirds Tu1l, "but this again is rot
crifical. “"There 18 ‘no ‘advantage dH-operating it
with toorsmall acharge, and if ‘the reaetor istog
full, the alterndte ‘exposire ‘0l the nistal o “the
gas and itssubsequentiinimersion is less effeittive.

Iclaim: .

1. The method of rnaking a :miétdl compound
of the group consisting-of-an oxideand hydroxifte’
from pieces -of ‘the ‘raw wetal wWhish ‘comprises:
tumbling -the -metdl ‘pieces in ‘#n ‘envirchment:
closed against the:escape of @as and vapors-dur-
ing the tumbling process containing part liguid
and ‘part-gas so ‘that:in ‘the tunibling process-the
metal is ‘alternately immersed in the liguid #nd
then exposed ‘o ‘the gas, ‘the ‘gas “Being coms
mercial oxygen ‘and the liquid beitng &0 -

_ niacal -solution which ‘corrodes ‘the “metal, the

netal being a metdl of ‘the group ‘gonsisting ot
copper, - nickel, cobalt, ‘Zine, ‘irch, cathmium and
silver supplying additional -oxygen to ‘the en-
vircnment as the oxygen ‘is-consurisd thererron
and continuously during ‘such operition usitiy
the same anumonizeal “solution and ‘producing
during such -operation ‘a metallic compound of
said group consisting 6f the o¥ide and hydroxide
from the metal 50 treated, the sruncnis i the

5 amimoniacal solution remaining substantiafly
fixed as such in‘the solution thrsughout the proc-

ess ‘and recovering such métdllic cormpoiing So
formed.

2. "The method ‘of making a eopper “Gompound:
of the group consistinig 0f the ‘o¥ide and hydrox-
ide from pieces of copper WHicH Comprises tifm -
bling the-copper pieces i an ervironirent ¢losed
against the escape of gases and vapors diring the
tumbling process containing purt ligquid and part
gas so that in the tumbling process the metal
pleces are alternately immersed in the liquid and
then exposed to the gas, the gas being com-
mercial oxygen and the liquid being a solution
of an ammonium compound, and supplying ad-
ditional oxygen to the environment as the oxygen
is consumed therefrom continuously during such
operation precipitating the compound of the
group consisting of copper oxide and copper hy-
droxide from the one body of solutin, the am-
monia in the solution remaining substantially
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fixed in the solution as such during the process,
and thereafter recovering precipitate.

3. The method of forming & copper compound
of the group consisting of the oxide and hy-
droxide from ferrous metal having copper physi-
cally associated therewith for the separation
and recovery of copper and the refinement cf
the ferrous metal, which comprises tumbling the
metal pieces in an environment closed against
the escape of gases and vapors during the tum-
bling process containing part liquid and part gas
so that in the tumbling process the metal is al-
ternately immersed in the liquid and then ex-
posed to the gas, the gas being commercial
oxygen and the liquid being an aqueous solution
of an ammonium compound, and supplying ad-
ditional oxygen to the environment as the oxygen
is consumed continuously forming in said en-
vironment during the tumbling operation the

cuprous compound of the group consisting of the =

oxide and hydroxide as a Dprecipitate, the
strength of the ammonia solution remaining sub-
stantially constant and unaltered throughout the
process, and subsequently separating out said
precipitate and reusing the said ammonia solu-
tion so separated in a succeeding similar op-
eration. ’

4. The method of converting copper to its re-
spective oxides which comprises introducing

pieces of the metal to be converted into an en- -

vironment closed against the escape of gases, in-
troducing a starting aqueous solution of am-
monia ahd commercial ammonium carbonate in-
to said environment to partially fill it, mechan-
lcally tumbling the metal and solution aboui
within the environment, and introducing com-
mercial oxygen into the environment during such
tumbling centinuously precipitating the metsal
oxide -which is produced, the ammonia in the
ammonia solution remaining substantially fixed
as such in the solution throughout the process
and being retained in the solution without sub-
stantial depletion by the reaction.

5. The method of converting metals of the
group consisting of copper, nickel, cobalt, zing,
iron, cadmium and silver to their respective
compounds of the group consisting of the oxide
and hydroxide which comprises introducing a
charge of the metal pieces to be processed into
an environment closed against the escape of gases
and vapors, tumbling it in such environment into
and out of an agueous solution containing metal-
ammonia compounds of the metal being treated,
simultaneously intreducing commerecial grade
oxygen into the closed environment during such
tumbling, continuously forming and precipitat-

ing in the environment a compound of the metal, -

which compound is one of the group consisting of
the oxide and hydroxide, regulating the water
content of the solution to selectively produce the
oxide or hydroxide, the ammonisa in the ammonia
solution remaining substantially fixed as such in
the solution throughout the process and being

2,670,278
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8.
retained in the solution without substantial de-
pletion by the reaction, separating the precipitate
from the solution after substantial depletion of
the metal to recover the precipitate and re-using
the solution less only the precipitate in process-
ing other like metal to make more of said com-
pound. .
8. The method of stripping copper from cop-.
per clad steel by oxidation of the copper which
comprises introducing pieces of the clad metal
into an environment closed against the escape
of gas and vapors, said environment containing
a body of an agueous solution of a copper-am-
monium compound and containing an atmos-
phere of commercial grade oxygen, tumbling the
charge of metal pieces about in said environment
to alternately expose them to the oxygen and
immerse them in fthe solution and effect also
mechanieal motion of the pieces against one an-
other, whereby the copper on the metal pieces
is reacted and siripped, supplying additional
commercial grade oxygen to the environment as
it is consumed, precipitating in the environment
during such tumbling the compound so formed

> which is a compound of the group consisting of

copper oxide and copper hydroxide, the ammonia
in the ammonia solution remaining substantially
fixed as such in the solution throughout the
process and being retained in the solution with-
out substantial depletion by the reaction, termi-
nating the tumbling when the copper has been
so stripped and removed therefrom, subsequently
separatbing the compound from the solution to
recover such compound and re-using the solution
1o process more such metal.
JOHN E. MUNN.
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