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The pr esent mventmn rela.tes to the separatlon
of metals'and more particularly to the separation’

in-a- substantially pure: state of iron; nickel, co- :
_balt, molybdenum; tungsten, or-other base’ metals .
5 capable of forming carbonyls; from letU.I‘ES such-
as ores; intermediate products and the’ hke con=-

tammg several of these elements m a free‘or ‘com=
bined-state:

“ for-effecting such' separation of metals, but all’ of

them are attended’ with- the disadvantage’ ‘that

they are- very troublesome:; usually: reqmrlng a’

very great number- of ‘different operat1ons~ and*

often' do not give satisfactory results;

vention makes use.of" a reaction which’ ‘has- not‘

hitherto been thought of when aiming at's sepa--

. ration- of metals- of the- kind  hereinbefore de-

fined.” Use-is'made according’ to-the present int -

20' - vention of the' capacity-of the aforesaid’ metals

of reacting- with carbon monoxide-or gases’ con~-.

taining’ carbon monoxide- w1th the- formatlon of‘
metal carbonyls. .

25,

forming  metal carbonyls. - -However, “difficulties’

have often been: experienced: in: carrying-through'
this reaction, due on the one hand‘to the fact that -

3 some metallic materials-of the'aforesaid kindire~

the  other hand due-to-thé:fact that' seme:of thie

metal carbonyls are very liable to suffér decom=:
position. - In view of this;’it Ras been customary -
to select rather specific’ conditions ‘for' the pro-
~ duction of- metal carbonyls; which conditions vary"
substantially; more particularly asto temperature{
- andi pressure; for:each- of: the various ‘métal’car~
It-would'therefore seetn: -
‘ i atmospheric pressures, though as'a rule the use

bonyls-to: be: producaed:
impossible- to find’ out‘conditions under which a:

plurality: of metals; each of whxch is‘capable of
forming-a metal carbonyl, can ‘Be’ converted:sit:

4

s
=

multaneotisly into:the:corresponding metaltcar-:
bonyls with a satisfactory” yield’ and at-a”speed”
of reaction which- a.llows of work on: an mdus-»

‘trial scale.

Contrary. to: expectatlon wei have found that )
the formation of° metal carboenyls can-be carried:
through successfully:within' a- very broad: rénge:
It i§ this® dis-*
‘covery that. the procéss accorditig to the present'

50\ of ‘temperatures and: pressures;

invention: is based:upon.

- ‘Ashas been set forthiin.our apphcatlon for'Pate:
ent; Ser.-No.: 255,182, filed-February 17th; 1928, of" ] ’
~are: employed’ for initial" materials which" regct’

‘5‘ which' this apphcatlon is a:contihuation: 1n2part
)

Numerous metallurgmal processes are known-

Now, the' process-according to the- présent in-

It -has‘been-known: prior. to' the: present 1nven~l
tion:that-the aforesaid’ metals are capable oft

act' very difficultly with’ carbon monoxide, and on

we have found:that the saidimetals: which form -

(Cl 23—-203)

“carbonyls can be recovered separately; in a very .

simple manner, and practically completely, from
mixtures.containing several of them, even, for ex-
ample,.from very low-grade ores; by treating the

mixtures, ‘after; if necessary; & suitable prepara~

tory treatment; ‘with carbon monoxide; and-sepa-
rating the metals by way of the resultmg car-
‘bonyls. 'The method:of workitig according to the
present invention consists in allowing the car-
bonyl compounds'to be formed simultaneously; 1f‘
desired after a suitable preliminary treatment of

the. initial. material, preferably under elevated

pressure,.at an elevated temperature, which gen=

10 -

erally ranges between about 50° and’ about 400°"

C., but:which may alSo be outside this range, since
it depends on the pressure of. the carbon’ mon-
oxide, and’ then separating them by fractional

dephlegmatmn fractional distillation’ or other’
suitablemethod; after: ‘which they are decomposed”

into pure metals and’ carbon monomde All of
these-methods of Separatlon of’ the carbonyls are
eqmva.lents for" the" purpose of” the present in-

vention' and are hereinafter referred to for the

sake-of’ brev1ty as “fractionating;

According’ to- the present invention, all’ sub—
stances which contain several metals capable” of
forming carbonyls as-for:example oxidie, sul-
phidic, and arseniferous. ores, metallurgical in-
termediate or’ waste products; serapings, sweep-

treatment; ‘such-as’roasting gnd reduction, that
the metals are present in the: material to be
treated‘with carbon monoxide in-a reactive form:
‘We shgll now: proceed to: expldin more in' de-
tail the condltlons under which we" carry through
the formation®of the-metal" carbonyls
This'reaction may be carried through even at.

of "higher- pressures: is a.dvantageous because
‘then-thé speed of reaction is greater and ‘there
is*less risk: of a decompos1t10n of - the' metal’
carbonyls taking place, The upper pressure limit
is' given-only by’ the resistance of the apparatus

used; " anid - thus--the  process: may be. carried
through-at: -pressures as-high as’ 50; 100; 200 500"

or-'even: more atmospheres

‘As‘Tiasi beer* pointed: out above, the tempera-
ture usually: ranges-between-about 50° and about
400°:C.  The lower temperatures- within this
rangeare used  when: treating -materials: which

higher temperatures within- the' order specified

rather-difficultly: . -In: the' caseof difficultly: re=

ings; and®’ spelss can- be treated:.  All' that is
-necessary i§ to- ensure, by suitable” preliminsry

readily redct with’ earbon: monoxide;  whereas’
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2

acting initial materials it is also advisable to
use very high pressures.

We shall now explain more in detail by way
of some specific examples, how the production of
the metal carbonyls may be carried through in
the process according to-the present invention. -

Example 1

a. A material containing the oxides of iron and
nickel in addition to calcium sulphate is reduced
by means of hydrogen at temperatures -below
500° C., whereafter it contains 20- per cent; by
weight, of iron and 20 per cent of nickel.
material is acted upon with a stream-of carbon
monoxide at 60° C. and atmospheric. pressure. In
the course of 3 days 80 per cent of the material
is converted into the corresponding carbonyls.

b. The same reduced initial material is treated
with a stream of carbon monoxide at 100° C. and
under a pressure of 10 atmospheres. Within 10
hours 90 per cent of the material is converted
into the corresponding carbonyis.

¢. The same reduced initial material is acted'
upon with a stream of carbon monoxide at 200° C..

and under a pressure of 200 atmospheres. Within
an hour 98 per cent of the material is converted
into the correspondlng carbonyls.

Example 2-

a. A material containing ‘12‘ per cent of ‘ixjon,
6 pér cent of nickel and 6 per cent of cobalt in
a reactive form in addition to gangue is treated

with a stream of carbon monoxide at 200° C. and.

under a pressure of 200 atmospheres. .90 per cent
of the material is converted into the correspond-
ing carbonyls in the course of 8 hours.

b. The same initial material is treated with a
stream of carbon monoxide at 240° C. and under
a pressure of 1000 atmospheres. In this case 90
per cent of .the material is converted into.the
corresponding carbonyls in the course of 4 hours.

In theése two experiments a mixture of metal
carbonyls is first obtained which is comparatively
rich in the carbonyls of iron and nickel, whereas
later a carbonyl mixture comparatlvely rich in
cobalt carbonyl is formed.

T Example 3
a. Aii initial material which “has been sub-

Jjected to reduction and then contains 10 per
cent of metallic iron, 22.5 pér cent of metallic..

nickel and 40 per. cent of metallic molybdenum
is acted upon with 4 stream of ¢arbon monoxide
at 200° C. and under a pressure of 200 atmos-
Thereby . 85 per cént of the iron and
nickel and 1 per cent of -the molybdenum: is
converted into the corresponding carbonyls

b. The same initial material is treated with a
stream of carbon monoxide at 220° C. and under
a pressure of 200 atmospheres. Thereby 85: per

cent of the iron and nickel and 5 per cent of:

the molybdenum is" ‘converted into. the corre-
sponding carbonyls. :

¢. The same initial material is acted upon w1th
a stream of carbon monox1de under a ‘pressure
of 200 atmosphere_s‘ while slowly increasing the

temperature from 220°.to. 300° C.; at-the same.

rate as. the formation of; the carbonyls tends. to
decrease. .At temperatures-above 240° C. only

'small amounts of the carbonyls of iron and

nickel are formed, but finally-13-per cent of the
molybdenum is converted into- carbonyl )

As will be seen from the foregoing examples the
temperature and pressure should preferably be

-selected. so that the material of lowest reactivity

'This
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reacts with the carbon monoxide at a satisfactory
speed. The same applies to the speed of the
gas current and its percentage in carbon monox-
ide, in case a gas mixture containing carbon mon-
oxide is used. Under such conditions also the
more reactive metals are .converted in a satis-
factory manner. It is only when one component
of the initial material is particularly reactive,
whereas another component has a very low re-
activity, that it is preferable to slowly increase
the reaction temperature, whereby two fractions
of metal carbonyls are obtained, of which the one
is compaxratively rich in the carbonyl of the high-
ly reactive metal, the other being comparatively
rich in the carbonyl of the other metal. Of
course, care should be taken that practicaliy no

decomposition of “the carbon monoxide takes
- place, and it is for this reason that the reaction

temperature should preferably not exceed about

' 400° C

In ,case the metals capable of forming metal
carbonyls are present in the initial material in
a form in which they do not react, or do not suffi-
ciently rapidly react, with carbon monoxide, the

initial material is first subjected to-a. suitable

pretreatment in the manner which is well known

. in the art from the production of single metal
carbonyls, and which therefore will not require

detailed explanation. As examples of such pre-
liminary treatments may be mentioned roasting
followed,. if necessary, by reduction in the case
of, for example, natural sulphides such as nickel
ores, or also oxidation .and, if. necessary, subse-
quent reduction, .

_We now come to the explanatlon of that ouep
in our process which has been referred to above
as “fractionating”. .

As has been set forth, this may be eﬁected
for example by fractional dephlegmation or frac-
tional distillation. Regard must be had in this
step to the properties of the several metal car-
bonyls, which are well known in the art, to avoid
a decomposition of the metal carbonyls. Accord-
ingly, the separation of the carbonyls by distilla-
tion is preferably effected in-an atmosphere of
stagnant or of flowing carbon monoxide which

' - will prevent decomposition, and if- desired under

elevated pressure.

Another method of “fractionating” consists in
effecting the separation of the metal carbonyls by
freezing out, if desired in the presence of solvents,

in which latter case the separation is effected by -

fractional crystallization. This method of “frac-
tionating” is based upon the surprising discovery
that the solubility of solid metal carbonyls in lig-

uid metal carbonyls strongly decreases .as the

temperature is reduced, and that from the liquid
mixtures pure metal carbonyls crystallize and
not, as might be expected, mixed crystals of sev-
eral metal carbonyls. The solid metal carbonyls
which have separated out, can easily be sep-

- arated from the liquid substances present, as for

example by decantation, filtration or centrifug-

" ing, and may then be decomposed: to. the free
- metals either directly or preferably after any ad--

hering liquid metal carbonyls have been removed
by -means of, preferably cooled, solvents. By the
said method it is also possible to separate several
solid metal carbonyls such as those of coball and.
molybdenum, either simultaneously or one after

- the other, from one or more liquid metal car-

bonyls, as for example mixtures of iron carbonyl
and nickel carbonyl. Mixtures of gzolid metal

carbonyls thus obtained may then bhe separated

further for example by fractional distillation.
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’ In some cases:and especially when the mixture to;
be separated contains large amounts of metal
‘carbonyls of higher melting point:such as cobalt

carbonyl and only small quantities of inetal car-

bonyls: of low melting. point such as nickel car- -

bonyl, it is-advantagecus to ‘dissolve the:mixture
in solvents:such as benzene; benzine; tetrahydro-
naphthalene or:carbon tetrachloridé; and then to
crystallize the difficultly soluble ca,rbonyl ‘or car-
bonyls by .cooling the solution.’ ‘
“Fractionating” - may also. be effected inany’
other.suitable manner;:as-for exaniple by frac-
tional decomposition, fractional absorption, frac-
tional diffusion, fra,ctlonal subhma.tlon ‘or.also by

" extraction..

The- following examples wxll serve to further
explain the: “fractlona.tlng” step A

i ' E:ca,mple4 . e
A xmxture of equal parts; by welght of iroh
carbonyl and nickel: carbonyl ‘is heated: at at-
mospheric pressure on a.watér bath kept-at 80° C

while passing through & currént of carbon mon-—

oxide.. The. vapors evolved are passed ‘through
a fractionating 'column: " At-28° C. practically
pure nickel carbonyl distils. off, pure iron -car-
bonyl bemg left 1n the: d1st11hng vessel

‘ Eacample 5 :
A m1xture of 30-per. cent, by weight, of coba,lt

carbonyl and:70-iper cent, by. weight, of nickel’

carbonyl ‘is ‘heated at atmospheric pressure. on
a water bath kept at 80° C;; while passing through
a. current - of - carbon' monoxide.: - The - vapors

evolved are:passed through :a:. fractionating. col-

umn. At 30% C. practically. pure nickel carbonyl
distils off, pure cobalt carbonyl bemg left "in
the dlstllhng Vessel : -

’ : Ewample 6‘

A mlxture of equal parts, by welght of iron
carbonyl and cobalt carbonyl:is heated on a wa=
ter-bath in'vacuo under-a pressure of 25 milli-
meters mercury ‘column, while passmg through
a current of  carbon  monoxide. . The vapors

evolvéd are passed through a fractlonatlng col-

umn. At 30°C, practmally pure iron ‘carbonyl
distils off, cobalt carbonyl with only about 0.2

. per cent of iron carbonyl bemg left ln the dis-

tilling vessel.
Ea:ample 7

A mixture of 65 parts by welght of iron car-
bonyl, 30 parts, by “weight, of nickel carbonyl

‘and 5 parts, by ‘weight, -of cobalt carbonyl is

filtered and then - distilled ‘at: ‘abmospheric “pres-
sure.” ' ‘The vapors” evolved “are passed through
a fractionating column. At & “temperature, in
the dephlegmator of the column of 42° C. pure
nickel carbonyl distils over.
tion which is obtained at 102°.C. consists of pure
iron carbonyl The residue 1éft in 'the distilla~
tion vessel consists of cobalt and the difficultly

. volatile cobalt tn-calbonyl and contams only
" small amounts of :iron or iron compounds

‘ Ea:ample 8"
A mlxture of equal parts, by welvht of iren

carbonyl and. cobalt tetracarbonyl is’ heated:to
120°.C. under a pressure of. 20 a.tmospheres in a

distilling vessel provided -.with o fractionating
column, while passing: through a-current of car-
bon . monoxide. Pure iron carbonyl distils off;

~cobalt tetracarbonyl with: only about 0.3 per cent

The second frac-.

of iron-; ca,rbonyl being ‘left- ii the  distillation
vessel

Ea:ample 9

2 parts, by welght of a mixture of 96 per cent,
by . weight, of cobalt carbonyl and 4 per cent,
by ‘'weight, ‘of ‘nickel carbonyl are cooled to 12°
below zero C. and are shaken twice each with
1 part of benzine likewise: coocled to 12° below
zero.C.  The bernzine is poured off and. the solid
cobalt carbonyl  obtained, is fresd from benzine
by suction while excluding air. 77 per cent of
the ‘cobalt carbonyl originally’ present are thus
obtained in g erystallized form practically free
from nickel. 'The remainder of the cobalt car-
bonyl can be recovered from the benzine solution
by distilling off the benzine and the nickel car-
bonyl in 8. current of carbon monoxide,

- Example 10 -

A slow current of carbon ‘monoxide is passed
at 115°'C. and under a pressure of 10 atmos-
pheres through a mixture of 40 parts, by weight,
of ‘cobalt carbonyl and 60 parts, by weight, of
iron:-carbonyl. - A suspension of cobalt and co-
balt tricarbonyl in iro#i carbonyl is formed, which
is then allowed to cool.-: The solid constituents
of the suspension are filtered. off and washed with
a little tetrahydronaphthalene
conta.mmg only small ‘amotnts of cobalt carbonyl
is -obtained, The mxxture of cobalt and cobalt
tricarbonyl ‘is subjected to thermal decomposi-
tion, whereby metallic .cobalt containing only
traces of iron is obtamed .

It will be seen'-from the foregomg that it is
possible according to ‘the- -bresent: invention to
broduce pure or practically pure metal carbonyls.
In‘case the free ‘metals are to be produced, the
metal carbonyls” are ‘then subjected to thermal
decomposition in any known or suitable manner,

as for example ‘according ‘to the U. S. Patents:

Nos. 1 ,757,659 and 1,759,661,

"While it will be clear from the foregoing, how
the several steps of our process are carried out
in practice, the whole series of steps will become
still clearer by the followmg examples.

Example 11

Wlute nlckel ore (chloantlrute) is heated to
5560° C.-in-g current of air and steam, to drive off
sulphur. and arsenic, -and is then reduced in a
current of hydrogen at 450° C. “The reduced ore
is next treated with a current of carbon monoxide

at -140° C. and under g pressure of 180 atmos-

pheres. The resulting reaction gas is passed
through a -receiver cooled to —20° C,in which a
mixture of the.carbonyls of nickel, iron and cobalt
condenses.: ‘During ‘the distillation of this mix-
ture in a current of carbon monoxide af ordinary
pressure, nickel carbonyl, containing 2.5 per cent
of iron carbonyl, passes-over first, at from 20°
to 46°.C.,, . followed at from:45° to 60°:C:., by a
mixture of 66.8 per cent of nickel carbonyl and
33 per cent of iron carbonyl. -The pure com-
pounds. are obtained by subjecting these liquid
carbonyl mixtures to a second fractional distilla-
tion at atmospheric pressure. .

The. residué from the first distillation consists
of & mixture of cobalt tricarbonyl and cobalt
tetracarbonyl, which is free from nickel and iron
carbonyl, but contains small quantities of solid
impurities carried over from the reaction furnace.
It is converted into pure tetracarbonyl in a cur-
rent of carbon monoxide at 150° C. and under g

pressure .of 200 atmospheres. and this product is

3

Iron carbonyl.
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then volatilized, thereby separating:it from the
other impurities.
the same elevated pressure of carbon monoxide in
a receiver cooled to 0° C. On decomposing the
recovered pure carbonyls of nickel, cobalt and

iron by heat, the metals are obtained in a high

state of purity. .
Example12 .

A metallurgical waste sludge containing cobalt,
iron, and zine is reduced with coal and then acted
upon with carbon monoxide at 150° C. and under
g pressure of 200 atmospheres. The resulting
mixture of the carbonyls of iron. and. cobalt is

T withdrawn from the high pressure apparatus in

the-liquid state at 55° C. and collected in 2 re-
ceiver cooled by means of a mixture of ice and
common salt. 75 per cent of the cobalt carbonyl
crystallize from the liquid mixture and are sepa-
rated therefrom by decantation and filtration by
suction. The cobalt carbonyl thus obtained is
practically pure.. The liquid portion of the car-
bonyl mixture may serve for taking up. further
batches of the carbonyl mixture withdrawn from
the high pressure apparatus.

’ Example 13
An initial material containing 13 per cent of

iron and 20 per cent of nickel in a reactive form

is acted upon with a stream of carbon monoxide
at between 200° and 250° C. and. under a pres-
sure of 300 atmospheres. 90 per cent of the metals
are converted into the carbonyls. - 'The resulting
carbonyl mixture is preheated to 60° C. and then

‘injected into the middle part of a bell-tray column

provided with a dephlegmator regulated to reflux
twice the amount of the distillate leaving the

column. In the upper part of the column a tem--

perature of 42° C. is maintained, while the tem-
perature in the lower part of the column is 102° C.
Pure nickel carbonyl is withdrawn at the top, and
pure iron carbonyl at the bottom of the column.
Only small amounts of a non-volatile residue are
left which contains mainly oil in addition to small
quantities of metals and decomposition products
of metal carbonyls; this residue may be worked
up by combustion, reduction and convers1on into
metal carbonyls.

While we have explained the process accordmg

 to the present invention by reference to specific

examples, we wish it to be understood -that our

invention i e .
vention.is not limited thereto, the scope of_theb metals, which comprises acting on said material,

invention being defined by the appended claims.

What we-claim is: - - v

1. The process for the separate recovery of
base metals capable of forming metal carbonyls
from a material containing at least two of such
metals, which comprises acting on said material,
while the same contains the said metals in a
form capable of reacting with carbon monoxide,
with carbon monoxide under conditions causing
reaction of at least two of said metals, thereby
forming the carbonyl compounds of said metals
simultaneously, and “fractlonatmg” the resulting
carbonyl mixture.

2. The process for the separate recovery of

base metals capable of forming metal carbonyls

from-a material containing at least two of such
metals, which comprises acting on said material,
while the same contains the said metals in a
form capable of reacting with carbon monoxide,
with carbon monoxide under conditions causing
reaction of each of said metals, thereby forming

: the carbonyl compounds of said metals simul-

Condensation is effected under
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taneously, and “fractmnatmg” the resulting car-
bonyl mixture.

3. The process for the separate recovery of
base metals capable of forming metal carbonyls
from a material containing at least two of such
metals, which comprises acting on said material,
while the same contains the said metals in a
form capable of reacting with carbon monoxide,
with carbon monoxide at a temperature between
about 50° and about 400° C. under conditions
causing reaction of at least two of said metals,
thereby forming the carbonyl compounds of said
metals simultaneously, and “fractionating” the
resulting carbonyl mixture.

4, The process for the separate recovery of
base metals capable of forming metal carbonyls
from a material containing at least two of such
metals, which comprises acting on said material,
while the same contains the said metals in a form
capable of reacting with carbon monoxide, with
carbon monoxide at a temperature between about
50° and .about 400° C. under conditions causing
reaction of each of said metals, thereby forming
the carbonyl compounds of said metals simul-
taneously, and “fractionating” the resulting car-
bonyl mixture. )

5. The process for the separate recovery of
base metals capable of forming metal carbonyls
from a material containing at least two of such
metals, which comprises acting on said material,
while the same contains the said metals in a form
capable of reacting with carbon monoxide, with
carbon monoxide under conditions causing re-
action of each of said metals, thereby forming
the carbonyl compounds of said metals simul-
taneously, and fractionally distilling the result-
ing carbonyl mixture.

6. The process for the separate recovery of
base metals capable of forming metal carbonyls
froin a material containing at least two of such
metals, which comprises acting on said material,
while the same contains the said metals in a
form capable of reacting with carbon monoxide,
with carbon monoxide at a temperature between
about 50° and about 400° C. under conditions
causing reaction of each of said metals, thereby
forming the carbonyl compounds of said metals

simultaneously, and fractionally dlstxlhng the re-.

sulting carbonyl mixture.

7. The process for the separate recovery of
base metals capable of forming metal carbonyls
from a material containing at least two of such

while the same contains the said metals in a
form capable of reacting with carbon monoxide,
with carbon monoxide under conditions causing
reaction of each of said metals, thereby forming
the carbonyl compounds of said metals simul-
taneously, and fractionally distilling the result-
ing carbonyl mixture in an atmosphere of car-
bon monoxide.

8. The process for the separate recovery of
base metals capable of forming metal carbonyls
from a material containing at least two of such
metals, which comprises acting on said material,
while the same contains the said metals in a form
capable of reacting with carbon monoxide, with
carbon monoxide at a temperature between about
50° and about 400° C. under conditions causing re-
action of each of said metals, thereby forming
the carbonyl compounds of said metals simul-
taneously, and fractionally distilling the resulting
carbonyl mixture in an atmosphere of carbon
monogxide. '

9. The process of.separating iron, nickel and
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cobalf from mafterials conta.lmng the same, which

comprises treating said- materials to place the
above metals in a condition in which they will
react .with .carbon monoxide, ' passing  carbon

"monoxide over the sotreated materials at g tem~

perature of about 140° C.'and.a pressure of about
180 atmospheres, cooling the resulting gas mixture
to condense the carbonyls of said metals, and sub-

- Jecting the condensaté to-a fractional distillation

10

“ 15

120

25

30

“to separate the iron; nickel and cobalt carbonyls

respectively. -

10. The process as defined- in clalm 9 wherein
the fractlonal distillation is effected by distilling
off nickel ‘carbonyl at a temperature of from 20°
to 45° €. and then distilling off the remaining
nickel carbonyl and the iron carbonyl at a tem-
perature of from 45° to 60° C; in 4 stream of car-
bon monoxide.

11. The process for the separate recovery of
base metals capable of forming metal carbonyls
from a material containing at least twoof such

" metals, which comprises acting on said material,
while the same contains the said metalsin a form

capable of reacting with carbon monoxide, with
carbon monoxide under conditions causing reac-
tion of each of said metals; thereby forming the

- earbonyl compounds-of 'said ‘metals simultane- -

ously, and fractionally crystallizing the resulting
carbonyl mixture. -
12. The process for the separate recovery of

base metals capable of ‘forming metal carbonyls

from a material- containing at least two of ‘such
‘metals, which compriSes acting on said matefial,

while the same contains the said m_eta,ls in a form"

5

capable of reacting with carbor monoxide, with
carbon monoxide at a temperature between about
50° and .about 400° C. under conditions causing
reaction of each of said metals, thereby forming
the carbonyl compounds of said metals simul-
taneously, and fractionally crystallizing the re-
sulting carbonyl mixture.

13. The process for the separate recovery of
base metals capable of forming ‘metal carbonyls
from a material containing at least two-of such
metals, which comprises acting on said material

while the same contains the said metals in a form’

capable of reacting with carbon monoxide, with
carbon monoxide under - conditions causing reac-
tion of ‘each of said metals, thereby forming the
carbonyl compounds of said metals simultaneous-~
ly, and fractionally decomposing the -resulting
carbonyl mixture.

~14. The process for the separate recovery of

base metals capable of forming metal carbonyls

from' a material containing at least two of such
‘metals, which comprises acting on said material,

while the same contains the said metals in a form
capable of reacting with carbon monoxide, with

-carbon monoxide at a temperature between about
- 50° and about 400°.C. under conditions causing re-

action of each of said metals, thereby forming
the carbonyl compounds of said metals simul-
taneously; and fractionally decomposmg the re-
sulting carbonyl mlxture
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