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This invention relates to improvements in the
manufacture of nickel and/or cobalt carbonyls,
and more particularly to an improved process
whereby these carbonyls are obtained at high
space-time yields from metal salts and carbon
monoxide.

The standard method for preparing metal car-
bonyls in the past has been by direct reaction
between the carbonyl-forming metal, e. g., nickel,
and carbon monoxide. This method has numer-
ous disadvantages from a practical standpoint.
For example, to obtain sufficiently high rates of
production it is essential to employ an “active
form” of the metal in a sufficiently fine state of
subdivision. Moreover, other well-known diffi-
culties, common to virtually all processes involv-
ing a reaction between a gas and a solid, are also
encountered. A high pressure method for con-
verting metal chlorides, bromides or iodides to
metal carbonyls in solution has recently been
proposed (Hieber, Die Chemie, vol. 55, pages 7-11
and 24-28, Jan. 3 and 17, 1942). 1In the latter
process a free metal, which may constitute the
autoclave wall or which may be introduced in the
form of powder, reacts with a metal halide and
with carbon monoxide to give a metal carbonyl.
One disadvantage of this process is that it also
requires an unduly long reaction time for the for-
mation of appreciable quantities of the car-
bonyl, especially when the halide used is either
the chloride or the bromide. Other processes for
making nickel carbonyl and other metal car-
bonyls have been proposed from time to time,
such as the direct treatment of nickel sulfide-con-
taining mixtures with a carbonaceous material
and carbon monoxide, preferably at high pres-
sures. 'The latter processes, in general, are not
well adapted to the synthesis of high quality
nickel or cobalt carbonyl, such as is required, for
example, in carrying out certain recently dis-
covered catalytic reactions in the field of organic
chemistry.

The need for improved methods for preparing
and recovering nickel and cobalt carbonyls has
become more important in recent years due to the
discovery of these new uses for nickel and cobalt
compounds in organic synthesis. The compounds
which are of greatest value in this respect are
nickel and cobalt compounds which are -soluble
in organic media, such as nickel and cobhalt car-
bonyl, and various complexes thereof. Organic
salts of nickel and cobalt are, of course, more
readily and more safely transported than nickel
and cobalt carbonyls, yet these metal carbonyls
are frequently preferred over these salts because
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the carbonyls have physical properties (volatility,
ete.) which make them extremely well adapted
for use in reaction systems involving recovery and
recycling of the catalyst. For example, it is dis-
closed in copending application S. N. 731,706 that
nickel carbonyl can be removed from a crude re-
action product (obtained by reacting a carboxylic
acid with an olefin and CO) by vaporization in a
stream of carbon monoxide, followed by scrubbing
the efffuent gas with an organic solvent such as
propionic acid. In many instances this is a less
costly operation than recovering a non-volatile
nickel or cobalt salt from a reaction mixture or
portion thereof (e. g. a tarry distillation residue).

An object of this invention is to overcome the
disadvantages of the previously known processes
for manufacturing nickel and cobalt carbonyls.
Another object is to provide a novel method for
making these carbonyls from readily available
starting materials. Still another object is to ob-
tain nickel or cobalt carbonyl at high space-time
yields from nickel or cobalt salts and carbon mon-
oxide. A further object is to obtain nickel or
cobalt carbonyls from reaction mixtures initially
containing dissolved, catalytically active nickel
or cobalt organic salts in such form that the said
nickel or cobalt carbonyl can be readily used as a
recovered catalyst in the same or similar reaction
mixtures. Thus, one of the objects is to provide
a method for converting organic salts of nickel
or cobalt to metal carbonyls, thereby taking ad-
vantage of the favorable characteristics of nickel
and cobalt carbony! catalysts (recoverability, ease
of recycling, ete.), while at the same time avoid-
ing the difficulties and dangers attending the
manufacture and transportation of these car-
bonyls by previously known methods. Other ob-
jects of the invention appear hereinafter.

These objects are accomplished in accord-
ance with this invention by reacting a nickel or
cobalt salt of an organic carboxylic acid with
carbon monoxide and hydrogen, whereby a mix-
ture from which the desired metal carbonyl can
be separated readily is produced. Best results
are obtained by carrying out the said reaction at
a pressure of 50 to 1200 atmospheres and a tem-~
perature of 100° to 375° C. in the presence of a
liquid organic solvent for the metal carbonyl (e. g.
an organic reaction mixture, in which both the
said salt, and the said metal carbonyl, are effec-
tive as catalysts), thereafter cooling the result-
ing mixture to a temperature in the range of
50° to 100° C., passing carbon monoxide gas
through the resulting liguid mixture at 50° to
100° C., and recovering the metal carbonyl from
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the effluent carbon monoxide by absorption in a
liguid organic solvent. The separation of the
metal carbonyl from the solution in which it is
formed is best accomplished by means of counter-
current stripping with carbon moneoxide under
etmospheric pressure. The subsequent absorp-
tion of the metal carbonyl in the organic liquid
solvent is preferably carried out at & tempera-
ture of —80° to +10° C., under about atmospheric
pressure. Preferably the mol ratio of H2:Ni in
the reaction mixture should be from 0.1 {0 2.0 and
the partial pressure of CO should be at least sev-
eral abtmospheres during the synthesis of the
metal carbonyl. The mol ratio of CO:H:2 pref-
erably should not be less than about 1:1, especially
if the total pressure is below about 50 atmos-
pheres. Outstanding resuits from g practical
standpoint, are obtained at 175° to 320° C. under
& carbon monoxide partial pressure of 100 to 1000
atmospheres, the initial mol ratio of H2:Ni being
from 1:1 to 3:1, and the initial mol ratio of
CO:H2 being from 25:1 to 500:1. Best resulis
are obtained when an organic liquid which is a
solvent for both the metal salt and the metal
carbonyl is employed as a diluent. Suitable
solvents include the liguid aliphatic carboxylic
acids, as well as other common organic liquids
such as esters, dioxanes, ketones, hydrocarbons,
anhydrides and the like. It is, In certain in-
stances, desirable that the solvent be inert to-
wards carbon monoxide under the nickel car-
bonyl-forming conditions, but this, of course,
does not precluc.: subsequent introduction of
one or more substances which can undergo re-
action in the presence of the metal carbonyl. For
example, the lower aliphatic carboxylic acids,
which ave the preferred solvents employed in
the practice of the invention, undergo reaction
when heated under pressure with carbon mon-
oxide and an olefin in the presence of soluble
nickel compounds to form anhydrides of car-
boxylic acids, as disclosed in copending applica-
tion S. N. 630,5640; if, for example, nickel pro-
pionate is employed as a catalyst for the syn-
thesis of propionic anhydride from propionic
acid, CO and ethylene, the nickel can be re-
covered and recycled as nickel carbonyl, as dis-
closed herein. After the nickel carbonyl is re-
turned to the reaction mixture, it may be in
whole or in part, converted to nickel propionate
by reaction with propionic acid, the extent of
the conversion to nickel propionate being de-
termined by the temperature and the carbon
monoxide pressure. Thus, the present invention
- is particularly directed to the Ni or Co carbonyl-
forming and recovery steps, in processes in which
an organic reaction, catalyzed by the Ni or Co
compounds, takes place subsequent to or simul-
taneously with the formation of the Ni or Co
carbonyl. ) :

The invention is based in part upon the dis-
covery that nickel carbonyl and cobalt carbonyl
can be produced in accordance with the follow-
ing reactions,

H24-Ni(Ac) 24-4CO->2HAC+Ni(CO) 4
Hz-+Co(Ac) 2-+4CO-»2HAC-Co(CO) 4

wherein Ac represents the acid radical of an or-
- ganic carboxylic acid. This is believed .to be &
novel reaction. Thus, it was indeed surprising
to discover that hydrogen, in suitable quantities,
is critically essential in the formation of nickel
carbonyl or cobalt carbonyl from the organic
salts and carbon monoxide. If, in the practice
of the invention, less than one mol of hydrogen
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is present per atom of M or Co the conversion
of nickel or cobalt salt to nickel or cobalt carbonyl
is limited because the quantity of hydrogen is
stoichiometrically insufficient. A large excess is
to be avoided, since this resuilts in undesirable
hydrogenation reactions taking place, and ne-
cessitates use of a relatively high pressure of car-
bon monoxide for complete conversion of Ni or
Co to carbonyl. For these reasons the quantity
of hydrogen present initially should be carefully
controlled. Furthermore, in processes in which
the nickel carbonyl or cobalt carbonyl is to be
employed as a catalyst for a subsequent reaction
involving the use of carbon monoxide, but not
hydrogen, as a reactant, it is of course desirable
to obtain the nickel or cobalt carbonyl in solu-
tion under a blanket of substantially hydrogen-
free carbon monoxide, and for this additional
reason it is ordinarily desirable to avoid too large
an excess of hydrogen in the metal carbonyl-
forming mixture, beyond the quantity stoichio-
metrically required for reaction with the Ni or
Co in the nickel salt. )

While any temperature within the range of
100° to 375° C. may be employed for tlie syn-
thesis of the metal carbonyls in the practice of
the invention, there is an advantage in employ-
ing temperatures which are sufficiently high to
insure a rapid reaction rate, but not so high as
to limit seriously the equilibrium concentration
of nickel carbonyl or cobalt carbonyl which can
be built up. Thus, the preferred temperatures
are in the range of 250° {o 320°, but somewhat
higher temperatures may be employed if the -
partial pressuire of carbon monoxide exceeds a
few hundred atmospheres. At temperatures not
exceeding about 300° to 330° C., good conversions
to nickel or cobalt carbonyl can be obtained at
partial pressure of carbon monoxide in the
range of 100 to 1000 atmospheres. The varia-
tion of conversion with temperature and pres-
sure is shown in the following table. To obtain
the most satisfactory results from the standpoint
of reaction rates, it is preferred to operate at
the maximum temperatures at which the reaction
equilibrium is favorable to high, or virtually com-~
plete, conversion to metal carbonyl, at the partic-
ular carbon monoxide pressure involved.

TaBLE I

Conversion of mnickel propionate io nickel car-
bonyl in propionic acid as solvent by reaction
with CO in the presence of about two mols of
Hz per mol of nickel propionaie

Conver- Partial q ;
h Mol Ratio | Tempera~
sion, Per- Pressure R °

cent  |of OO (atm)| CO:Ni | ture, °C
92.1 100 1:0.0034 275
92.7 100 1:0.0034 . 290
65. 5 100 1:0.0034 305
99, 36 200 1:0.0024
99.5 300 1:0.03 268

The metal carbonyl can be separated from the
mixture in which it is formed by contacting the
said mixture with a stream of carbon monoxide-
containing gas at a pressure of 1 to 5 atmospheres
at a temperature high enough to render the metal
carbonyl sufficiently volatile, yet not high enough
to cause decomposition of the metal carbonyl.
The temperature range within which this can be
done is surprisingly narrow, e. g. about 50° to
100° C. Indeed, it is rather remarkable that these
metal carbonyls can be removed from solution
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without decomposition at any temperature under
ordinary pressures, because distillation of these
substances is generally attended by therma} de-
composition to the free metal, unless g relatively
low pressure is employed. Moreover, at low pres-
sures, condensation of the distillate is difficult
even at very low temperatures.

The minimum quantity of carbon monoxide
which is required in stripping Ni or Co carbonyls
from solutions thereof at about atmospheric pres-
sure depends upon the temperature of the con-
tents of the stripping column. This can be illus-
trated, in a specific embodiment, by the follow-
ing table. It is significant that these experi-
mental data reveal no significant deviations
from the ordinary distribution laws, which indi-
cates that there is virtually no thermal decom-
position, or other interfering reaction, under the
conditions of the experiments. The data present-
ed in the table also illustrate the amount of ad-
sorbing liquid which should be used, in the sepa-
ration of the metal carbonyl from carbon monox-
ide by counter-current scrubbing. The latter op-
eration is generally conducted at s temperature
below 25° C. (preferably below 10° C.), under a
sressure of about 1 to 5 atmospheres.

TABRLE 11

Distribution of nickel carbonyl between carbon
« monozxide gas and liquid propionic acid at at-
* mospheric Pressure

Mol Fraction of] Mol Fraction of
Temperature, | "N (C0) 4in | Ni (CO)4 in
. Vapor Phase | Liquid Phase
—10 . 00105 . 061505
—10 . 0115 . 0151
—10 .05 .063
0 . 00185 . 001505
0 .0182 . 01505
0 .073 . 063
10 . 0031 L0015
10 . 0266 . 0151
10 . 1005 . 063
25 . 00684 L0015
25 . 051 . 0151
25 .165 063
50 .122 . 0151
50 .32 . 063
80 .29 .0151
80 .64 .063

The invention is illustrated further by means
of the following examples.

Example 1.—A mixture of 20 grams nickel
propionate and 100 cc. of propionic acid are
charged into a pressure-resistant copper-lined
reaction vessel, and hydrogen is injected into the
mixture until the pressure reaches 50 atmos-
pheres. Into the resulting mixture carbon mon-
oxide is injected and the mixture is heated until
the total pressure reaches 200 atmospheres at
200° C. The mol ratio of Hz:Ni in the reaction
mixture is initially about 7:1, and the mol ratio
of CO:Hz is 1.35:1. The mixture is heated for
0.5 hour at 200° C., after which the resulting prod-
uct, which is rich in nickel carbonyl, is cooled,
withdrawn from the reaction vessel, and an-
alyzed. The analysis shows that all but 0.075
gram of the Ni has been converted to nickel car-
bonyl. The experiment is repeated using suc-
cessively smaller initial quantities of hydrogen,
without a substanital decrease in the conversion
of nickel propionate to nickel carbonyl unti] the
initial mol ratio of H2:Ni approaches 1:1, but at
Hz:Ni ratios below 1:1 the conversion to nickel
carbonyl drops off gradually, and is virtually
zero when no hydrogen at all is initially present.
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Ezxample 2.—A solution of nickel propionate in
propionic acid (0.028 mols of nickel propionate
per mol of propionic acid) is pumped through a
reaction vessel along with carbon monoxide, eth-
ylene and hydrogen (relative quantities of re-
actants:2.5 pounds of propionic acid solution per
32 cubic feet carbon monoxide, 32 cubic feet eth-
ylene and 0.6 cubic feet of hydrogen, S. T. P.) at
275° C., under a pressure of 300 atmospheres, re-
action time being 10 minutes. The reaction prod-
uct containing propionic anhydride (formed by
the reaction

CH3;CH2COOH 4 CH3==CHz--CO +
He=CH3CH2COOCOCH:2H3)

Is continuously withdrawn and the pressure is
let down to about 1 atmosphere. The gas phase
in the resulting mixture contains about 0.2% by
volume of nickel carbonyl. The liquid phase is
withdrawn, and is passed at a temperature of
80° C., through a packed stripping column coun-
tercurrent to a stream of carbon monoxide at
about atmospheric pressure, whereby nickel car-
bonyl is removed from the liquid phase until
only 1.45% of the nickel originally charged re-
mains therein. The gas phase is then conducted
to an absorber where it comes in contact with a
counterflowing stream of propionic acid at about
atmospheric pressure at a temperature of 0° C.
The liquid efluent from this absorber provides
& solution of catalyst suitable for use in the pro-
pionic anhydride synthesis step.

It is to be understood that the sbove examples
are illustrative only and that many different em-
bodiments of the invention will occur to those
who are skilled in the art. The invention is, of
course, not iimited to the use of nickel propionate
as the metal salt, since other nickel or cobalt salts
of organic carboxylic acids may be employed, e. g.
nickel or cobalt acetate, butyrate, benzoate,
stearate, naphthenate, ete.

The reaction vessel employed in the practice
of the invention may be made of or lined with
any reasonably inert material such as inert met-
als, glass, porcelain, or the like. The reaction
may_ be conducted either batchwise or continu-
ously. Hydrogen may be produced in situ from
hydrogen donors, but generally this is neither
necessary nor desirable. In view of the fore-
going, it will be understood that the invention
is not limited except as set forth in the follow-
ing claims.

We claim:

1. The method for the synthesis of carbonyls
of metals of the class consisting of nickel and
cobalt which comprises simultaneously interact-
ing an organic carboxylate of the said metal with
carbon monoxide and hydrogen and thereafter
separating from the resulting mixture the metal
carbonyl produced by the said interaction.

2. In a process for the synthesis of metal car-
bonyls the step which consists in forming a metal
carbonyl of the class consisting of nickel carbonyl
and cobalt carbonyl by reacting a metal salt of
an organic carboxylic acid, said metal being a
member of the class consisting of nickel and co-
balt, with carbon monoxide and hydrogen at a
pressure of 50 to 3000 atmospheres and g tem-
perature of 100° to 375° C. in the presence of an
organic solvent for the said metal carbonyl.

3. The process of claim 2 in which the mol ratio
of Hz:Ni in the reaction mixture is from 0.1:1 to
5:1 and the mol ratic of CO:Hz is not. less
than 1:1.
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4. 'The process of claim 2 in which the said salt
is nickel acetate.

5. The process of claim 2 in which the said
nickel salt is nickel propionate.

6. The process of claim 2 in which the said
nickel salt is nickel naphthenate.

7. The process of claim 2 in which the organic
solvent is & normally liquid aliphatic carboxylic
acid.

8. A process for the synthesis of nickel carbonyl
which consists in reacting nickel propionate, ina
propionic acid solvent, with hydrogen and car-
bon monoxide at 175° to 320° C. under a carbon
monoxide partial pressure of 100 to 1000 atmos-
pheres, the initial moi ratio of Ha:Ni being from
1:1 to 2:1, and the initial mol ratio of CO:Hzs being
from 25:1 to 500:1, whereby a propionic acid solu~
tion of nickel carbonyl is obtained.

6. A process for synthesis of nickel carbonyl
and recovery of nickel-containing catalysts which
comprises introducing into & reaction vessel &
mixture of ethylene, carbon monoxide, propionic
acid, a catalytic quantity of nickel propionate,
and & quantity of hydrogen such that the mol
ratio of Ha to total Ni is from 1:1 to 2:1, heating

10

15

20

26

8
the said mixture at & temperature within the
range of 175° to 376° C. under a pressure of 100 to
1000 atmospheres, whereby a product containing
propionic anhydride and nickel carbonyl is pro-
duced, lowering the pressure on the said product
until a pressure within the range of 1 to 5 atmos-~
pheres is reached, separating & liquid phase from
the gas phase in the resulting mixture, contact-
ing the said liquid with a countercurrently fiow-
ing stream of carbon monoxide at a pressure of
from 1 to 5 atmospheres, at a temperature of 50°
to 100° C., whereby the nickel carbonyl is removed

from the liquid phase, conducting the said stream

of carbon monoxide, after it has been in contact
with the said lquid, into an absorber where it
comes in contact with a countercurrently fiow-
ing stream of liquid propionic acld at & tempera-
ture not greater than 25° C., whereby a solution
of nickel carbonyl in propionic acid is obtained.

WILLIAM F. GRESHAM.
JOHN V. E. HARDY.
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