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1

This invention relatés to: the. conversion: of.
metals into metaliic: compounds; and constitutes
a: continuation-in+part of: my: copendihg: appli-:
cation:Serial No. 488;323: filed:May: 25, 1943, now

abandoned:
The counvetsion: of metals into. metallic’ coms--
pounds:by the present ifivention finds importance

in: the preparation: of metallic:comypounds usable:

assuch:for indusfrisl purposes, .or usgble:as base
substances:for-conversion: itto :other compounds:
It is also useful for the separation and fseovery:
of physically associated: metals. By way of il-
lustration, cepper may be converted from metallic
form. inte. almost. colloidal’ size copper oxide

which, of itself, is a desirable commercial: ma-f

térial. Altematxve]y the. copper sheathing
coprer-clad. steel may. be converted. into- copper

oxide while the ferrous.base is-left: untou hed, so.-

that . the copper oxide may. be used: as such, -or- it

may be smelted. iito copper,. and the ferrous.

base can be used.as ferrous meltmg serap. Thus
the ixivention is applicabile eitherto making: metals

compounds from a. meual, or- for: separatmg‘-
physically combined, metals by converting one. of,

them. into a compound.
This invention differs from ali knewn ‘methods
of. cenverting. metals. {0 . metallic. compounds by

leaching or. like reactions, in that metal is. cons-
tinveusly. reacted. in the presence-of: an .electro--
lyte and contrnuously DY ec1p1tated s .2 compound.

at the same time from the same. body of elect1 O
lyté withoub exhaustion of.the eTectrolyte

is spent, or wiil no loiiger react with. metal The:

electrolyte is then. brogéssed ‘fo recover. the metal.
compound” dissolved. of eontained., -therein, -and:

the electrolyte so uséd is exhavisted. It must be
constantly replenisheédls With:my process, except
for certain inevitable handling losses, the electro-
Iyte is_usable over and over. withoiif. processing,
in any wiy.

1va invention, has_béeh suceessfully e*nployed\

with séversl metals end.if the'
coinpounds, and” aédoFding. to
following conditioéng are fequired:

g-0f. sever al,

(1) The eléctrolyte-used must-be.one: Whith 487

corrosive to:the:metsl to' be:convert:
pounds.
the metal from_which the compounds.are.ta.be
made.

%" The process must be carned out” m a closed

Cihtor eo

atmosphere atid 11qu1d in the enwronment may e
effected:

- inivéntiofi: the::

That is, it will be capable 6£° ajttackmg:
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’I‘hls;.»
so far as I-can aseértain, is 4. new. phenomenon :
In all usual opeiatioiis. of. leachmg, the mebal.is.
reacted with the électrolyte until the: eTectmlytef
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(8): There must: be present. in the- closed. en--
vnonment or: 1eactor 2- gas: which enters: into-
combination with the metal.

Essentially my invention- contemplates the
tumbling: of: the: metal in: a- corrosive liquid and
an: gbmosphere: of. a: gas. whieh: is. consumed: ifi-
the reaction so:thiat.the metal is alternately:ims=
mersed: in the: liouid: and: exposed: to the: gas:.
Temperaiure. conditions dnd: the: concentration:

- off the electrolyte:may also-in: some:¢gses-eontrol:

the chardcterof the: product.:

My invention may be more: fully: understood:
by-reference 6 the accompanyinhg: drawings;: in
which: the: figure is:a: view partly in-section and:

- partly- in elevation and:schematic!ir: chargecter

of an:apparatus: embodying: and capable: of’ ef+
fecting: my -invention..

In the drawing; 2:desighates -an: enclosed vess.
sel: or- reactor;: preferably: reetangular in:shape;
having: a: trunnion. 3 at: one end on: which:is g
polley 4:by means of which the vessel may bero=
tated. THe vessel' has: a cover member 5 re-.
movably. sealed: théreto so” as:to be- liquidi and:
gas=tight; but: which affords: access to- the: ifi=-
terior-of thevessel fof charging and discharzing.
the confents: of theé- vessel:: The vessel- is: also-
shown asihavihigra drainmvalve: §:

At the other: end! of® thie’ vessel’ is- a hollow:
trunnion- 8 having- a gland: §'intv which: 2 gas
supply: pipe i9:i5ientered: 'THis pipe: 16 iy pros
vidediwith:a- cut-off: valve {4, a draih valve 12;
a:pressure reguigting valve {2, andan eXtensmn
{4, With this arrangement the vessel® may. be’
selectivelyicoririected through a pressureregulator
and- manifeld: f{o: one: or another gas storage-
vessel: 187 sovthat” when' one vessel’is- exhaustéd;
another may. Be Uised while the first is:replaced;
ory when: neéessary,. two’ différent' gases: may be-
supplied simultaneously. or successively to the
reactor.

I thes drawings, spray nozzles 29 are- shown
for: dlrectmg jets-of codling fluid: agamst the out=
sider of: thé: drfumi: Thé dfum- may’ bé- p10v1ded
with heat dissipating fins, not- shown, te- aes
celerate the rate of: heat: transfer. Water, or
even air currents may. be. directed. through. the
nozzies: Oﬁhel nozz16s 21 may. also. bé provided: .
for‘dlrectmg‘ & héating Auid sueH as steam agamst
the redctor. It will' be apparent that various.

- other temperatute régulating or modifyifig méans.

may e used;

T the” operation of the dévide, . tHe. metal to.
be processed is charged into'the drum, The ¢of-
rosive: liquid o1 electrolyte is then introducéd
irto: the’ 1eactor until  the’ reactor i§ preferably
from- & half ‘to® two-thirds full, after which thié
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1id 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-
trolyte 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
solution containing 160 grams of ammonium
carbonate-carbamate = (ammonium carbonate,
commercial grade) and 1000 c¢. e. of ammonium
hydroxide containing 28% NXs; and 2000 c. 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. i. 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-
til 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° F. and 175° F., the oxida~
tion of the metal being an exothermic reaction.

Ezample 2

‘The same procedure was followed with the
metals cobalt, zine, 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° ¥. 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 cori-
centration of the ammonia solution. The elec-
trolyte was not depleted by use.

Example 4

Using the solution of Example 1 and a like
amount of copper, COz2 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.

Example 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. i. pressure. Very finely di-
vided red iron oxide was produced. The elec-
trolyte was reused for the treatment of other
iron. The temperature reached was approxi-
mately 165° F', no contrel being used. Magnetic
black iron oxide may be produced with slight
variation of this procedure, which consisted in
cutting of the oxygen after red oxide had been
produced, whereupon Fe:O3 with additional un-
reacted iron in the reactor iron formed FezOs.
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.
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of water. It was put in the reactor with iron
serap. Instead of oxygen, chlorine was intro-
duced into the reactor, and maintained at a pres-
sure about 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
HCI 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, to 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 H:S 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 lbs.
of scrap contfaining 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

During 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
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ansadditional period ‘of time, about thtee hours,
to remuve by rattrition "copper “oxide ‘¢clinging “to
themetal:scrap. -Atitheend of this!time, the fer-
rous:scrap -was:clean :and bright ‘and the:coating
metal-associated with:it-converted to oxide. The
solution, ‘which quickly ‘becomes :saturated with
copper oxide, was reused each time after ‘the
sludtge ‘of -copper oxide ‘was -separsdted :from ‘i,
with ‘only sufficient mew sélution 'to ‘make up for
that which was retained in the solid material.

After -separation ‘the ‘preeipitate s swashed
with water, and water used ‘in ‘washing ‘the pre-
cipitate may in all ecases ‘be “used @s -make-up
water “for ‘fresh solutions, to theréby conserve
electrolyte which ofherwise ‘would be lost. The
solubion -used is- highly - c¢orrosive ‘to ‘copper or
gilder’s metal, -and-considerakly ‘less -corrosive to
iron, so'that its acdtion is ‘sélective, ‘and :ittle, it
any iron oxide wasfound in the precipitate.

‘Instead of ammonium carbonate or ammonium
carbonate~-carbamate, I may use amimonia com-
pounds that will-give free-anmmonia ions. Some
such materials ‘-are ammonium bicgrbonate and
urea. I 'may also use earbon-dioxide in place of
ammonium carbonate, ‘with a compensating -in-
crease in‘the ammonium hydroxide employed.

‘In-all-eases, I have Tound-that the electrolyte
is-one which-is corrosive‘to the metal to be con-
verted ‘into a-compound. In all cases the metal
compound ‘is ‘constantly -precipitated ‘and mew
compound is-constantly formed so that the elec-
trolyte:is:not exhaused and continues to be usable
indefinitely, -only the gas in the reactor being
eonsumed. "The process is preferably s cyclic one

in which the electrolyte ‘is -used over -and over, :

and-the solution’loss during each eycle should not
exceed more than 3%. .

With my ‘invention a relatively small compact
plant can produce-metallic compeounds 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 conventionsl
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
blowing air through the same. Oxide is formed
which is dissolved in the solution until the :solu-
tien will take up no more oxide, when reaction
ceases,and the electrolyte is processed to recover
the metallic oxide, but in such-case the electro-
lybe is destroyed. In such procedure much of the
ammonia in the solution is carried off ‘with the
air-constituents not used .in the reactor, necessi-
tating expensive ammonia recovery facilities. .In
distinetion to this, with my process the same
electrolyte is used indefinitely; reaction does not
stop when saturation of the solution-is reached; g
small body of solution will convert a large
amount of metal into metallic compound, the
metal compound s ‘directly precipitated, 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 liquid phase—a phenomenon -effected
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6
through the tumbling’or: mechanical sgitaticnof
the metal and ‘electrolyte dn a ‘closed “environ-
ment -to which : a :constumable sgas Hs“supplied.

“While’I have been unableito:exhatist theim-
ber.of metals and compounds that wiay. be ipro-
duced, “the foregoing s ‘believed o “adequately
inform those skilledin thesitt 6f thHe proceduie
to-be followed :and the practices: wiich are desii
able 'in earrying into effeet iy dnveiiion wnd
discovery, and various niodifications in the
mrentimay be made to facilitate particuay:
tions-or ‘plant conditiofis. Wetting -agen
as ““Aerosol” may be used, ‘particularly when the:
metal ‘fo-We processed:is difty ‘origreasy. Inithe
exaniples given ‘above I-have inlicated amvurits
and pressureswhich I-have found to be sutisfac-
tory, but thesegyemoticritical anidmay beVaried
within ‘wide limits ‘with some ‘resulting “GHangeé
in the:speed <of ‘¥eacticn or the ‘quality -6f “bhe
oxide 'in ‘some ¢ases, ‘and while 1 have indicdted
that theigas pressure be above stmosphéric Pres-
sure in ghe-reaector, it is possible ‘to opérate with
less ‘than ‘atinospheric pressure. - Pressures uire
vreferably kept below 60 p.'s. i.,-and ‘préssurées 6t
the magnitude-indicated as:around-5 te ¥ p. s. i,
are quite satisfactory. Por the ‘purpose of éffiv
ciency, I have indicated that the reactor beFrom
one-half ‘to two<thirds Till, but this: agninis niot
critical. "There is ‘no advantage i -operafing it
with too smalla chage, and if ‘the veaetor is'tey
full, the ‘alterngte -expostre ‘Of the motsl ‘to “Ehe
gas and its‘subsequent immersion‘is less effestive.

I claim: .

1. The method of making a metsl compound
of the group consisting-of:an oxideand Bydroxide:
from pieces -of ‘the vaw metal which -comprises:
tumbling the metal ‘pieces ‘in ‘an ‘environmetit;
closed against theescape of as and vapors-dur-
ing the tunibling precess containing part ligeia
and ‘part-gas so ‘that-ih the tumbling ‘process tie
metal Is ‘alternatély immersed ‘in $he liguid Sni
then expesed ‘o ‘the gas, ‘the ‘gas Peihg coms
mereial oxygen ‘and the liquid being &n anro-

. niacal solution which ‘corrodes ‘the metal, the

metal being a metal of the growp consisting of
copper, - nickel, cobalt, ‘Zine, ‘irch, ‘cadmitum and
silver supplying additions] oxygen to ‘the en-
vircnment as the oxygén ‘is-consurmsd tHeretron:
and continuously during “such operation “usitie
the same amnonizeal solution and ‘producing
during such -operdtion ‘a metallic Conipotind. of
said group consisting ‘6f the oxide and hydroxide
from the ‘metal 50 treated, the mmmonis n the

5 ammoniacal -solution remaining substantially

fixed as such in‘the solution throughout the proc-
ess and recovering such meétallic compoling so
formed.

2. The methiod of making a copper ‘compond
of the group consisting ‘of ‘the ‘ogide and Hydrox-
ide from pieces of copper Which Comprises tiitn-
bling the-copper pieces in ax evivironment closed
against'the escape of ‘gases and vapors during the.
tumbling frocess containing part louid and vart
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 pleces 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 sclution
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 precipitate, 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 clesed against the escape of gases, in-
troducing a starting aqueous solution of am-
monia and commercial ammonium carbonate in-
to said environment to partially fill it, mechan-
ically tumbling the metal and solution about
within the environment, and introducing com-
mercial oxygen into the environment during such
tumbling continuously precipitating the metal
oxide -which is produced, the ammonia in the
ammonia sclution 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 aqueous solution containing metal-
ammonia compounds of the metal being treated,
simultaneously introducing commercial 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 ammonia in the ammonia
solution remaining substantially fixed as such in
the solution throughout the process and being
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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. :

6. 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 confaining
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 the solution and effect also
mechanical motion of the pieces against one an-
other, whereby the copper on the metal pieces
is reacted and stripped, supplying additional
commercial grade oxyvgen 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 refained in the solution with-
out substantial depletion by the reaction, termi-
nating the fumbling when the copper has been
so stripped and removed therefrom, subsequently
separating 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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