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This invention relates to a process for the production of
oxygen-containing organic compounds by the catalyzed addition of carbon
menoxide and hydrogen to various unsaturated parent compounda. More -
particularly the invention relates to an improvement in the method of
cerrying cut the carbonylation of varicus materials dy the Oxo Process.

The Oxo Process provides a method for the synthesis of various
oxygerated compounds, including aldehydes, ketones, carbinols, acids
and esters, by the catalyzed addition of carbon momexide and bhydrogen
at the unsaturated bonds of various unsaturated organic compounds which
may be considered the parent compounds of the oxygenated compounds
produced, The parent ccmpounds are usually compounds such as hydrocarbons,
alcohols, aldehydes, ketones, acids, ethers, esters and amides having
one 61' mors ethylenic or acetylenic linkages; however, thes process is not
limited to the synthesis of cxygenated derivatives from such compounde
gince certain compounds having an unsaturated character, but no truedmdils bmd,
e.g. acetels and olefin cxides, can also be carbenylated.

In the Oxo Process the carbenylation iz caused to take place
by treating the perent unsatureted compound to be carbonylated with a
migturs of carbon monoxide and hydrogen in the presence of a suitable
catalyst. Water nnd/or carbon dioxide mey slao be added in same casesn
to influence the course of the reaction. The preferred catalyst is
cobalt. The temperature is usually above 130°C and usually between 150°C
and about 200°C,e.g. 150-180°C. The pressure is usually above about
50 atmospheres., The contact time varies comsiderably with the severity
of the conditions, the particular materisl belng carbonylated, and the
extent of reaction desired, but is gensrally between about 10 minuteas
and about 90 minutes.

The various types of compounds which may be carbenylated by
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the Oxo Process and the various reaction conditions applicable are known
in the art, and since these do not form part of the lnvention it will
suffice to refer to the prior art for further particulars regarding
these and related matters. Therefore, reference is particularly made to
the Petroleum Refiner 25, 503-504 (1946) and the following United States
patenta:

Gresham st al, U.S. 2,429,878, October 28, 1947

Greghsm et al, U.S. 2,402,133, June 18, 1946

Foelen, U.S. 2,327,066, August 17, 1943

Woodhouse, U.S. 2,003,477, June &, 1935

Schalch, U.S. 1,973,662, September 11, 1934

In one method for carrying out the Oxo Process the cobalt
catalyst in a finely divided condition is suspended as a slurry in the
1iguid unsaturated parent compound and carried with it to the carbon-
ylation zone. This so-called glurry method involves the drawback that
the catalyst suspension has 1o be transported at high presaures by means
of pusps. These puwpe are subjected to0 excessive wear. Also, the
catalyst tends to become more and zOTe finely divided with use and this
gives rise to difficulties in filtration. Also, the catalyst temds to
gettle and large amounts of gas guat be applied in order to maintain
it in suspension.

In order to avoid the above-mentioned difficulties it bas been
tried to carry out the Oxo Process with a fixed bed of caialyst in the
carbonylation reactor. In this method the catalytic metal is contin-

. uously removed from the reaction zone in solution in the reaction.
products., It was therefore noi only necessary io feed catalytic metal
40 the reaction space in the form of a soluble cobalt salt, but it was
plso neceassary to recover the cobalt from the reaction product. This
recovery and the reconversion of the recovered ¢cobalt to the soluble

gali considerably complicated the process.
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It hes also be_an suggented to supply the catalyst to the carbon-
ylation reaction zone in the form of cobalt carbonyl, The cobalt carbonyl

reacts, after an appreciable induction period, and catelyzes the deaired

carbonylation through a series of reactions which 1s incompletely understocd.
The amount of cobalt that can be supplied in this manner using the kmown
technique is, however, limlted and the induction period is a distinet dis-
advantage .

In copending application serial number 5T4,595 of the seme title
and filed of ‘even-date herswith 1t is shown how the Oxo Process may be
improved by continucusly supplying catalyst to the carbonylation reactor
with the carbon monoxide and hydrogen feed in the form of cobalt hydrocarbonyl.
As pointed out in seid application cobalt hydrocarbonyl is superior to cobalt
carbonyl and by contacting the carbon monoxide and hydrogen in a proper
ratio and under specific critical conditions with a cobalt-containing
material in a separate resction zone 1t is possible to produce concentra-
tions of cobalt hydroesrbonyl in the gas mixture equivalent to several
milligrams of cobalt per liter. Operation of the Oxo Process in the described
manner results in an appreciable improvement from both the chemical and the
engineering standpoint.

As pointed out in the said copending application the carbonylation
reactlion is carried out at temperatures in the range of 130°C. to about 200°C.
and usually in the range of 150°C. to 180°C., whereas the maximum concentrations
of cobalt hydrocarbonyl at pressures between 100 and 200 atmospheres are
obtained when the tempersture 1s between 95°C. and 110°C. © 5°C. (depending
upon the pressure), and the concentrations fall off sharply at temperatures
above and below tha critical temperature values. The concentration of cobalt
hydrocarbonyl continuously charged to the carbonylation reactor according

to the described method is therefore above the maximm concentration of cobalt

I
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hydrocarbonyl which can exist in the carbonylation reactor under the

carbonylation conditions.

The results obtained with the avove-described method of
operation led us to the hypothesis that some product of the decomposi-
"tion of the cobalt hydrocarbonyl is acting as a very active accelerator

* of the carbonylation reaction in this method. E'xperimen.ts were
made to test this hypotheais. Thus, if the hypotheais is correct a
typical carbonylation reaction should take place only slowly or no‘t;
at all if ‘it is atiempted to carry out the reaction under otherwige
favorasble conditions, but while ‘decreasing the temperature, since by
decreasing the temperature the conceniration of cobalt hydrocarbonyl -
is increasing and cobalt hydrocarbdnyl is not decompoaing. This was
found to be the csse. Tbus, when an active cobalt catalyst and an
olefin were heated o 250°C (a temperature slightly above ibat favorable
for the formylation), carbon monoxide and hydrogen then added and the
temperature slowly lowsred to 100*G, only a alight reaction was observed.
When the temperature wes then gradually increased again a very rapid
reaction set :m
- Further experimenis were made in which pure cobalt hydro-
carbonyl prepared by a known method (J.A.C.S. 62, 1192-3, 1540), was
tested in different concentrations as a catalyat for the carbonylation
‘ reaction. It was found that the carbonylation reaction is greatly
- accalerated when the concentration of cobalt hydrocarbenyl added is
- above that corvesponding to the equilibrium concentration under the
‘carbonylation reaction condiiions, e.g. 130°C-200°C and 200 atmospheres.
Regardless of whether or not the itheory is correct, 1t is navertheless
found that the carbonylation reaction may be greatly accelerated by

continuously charging to the carbonylation zone with the reactant

A
Ay
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Teed a concentration of cobalt hydrocarbonyl greater than that corresponding

to the equilibrium ccncentration under the carbonylation conditions. It wes
furthermore found that in this range of comcentrations the rate of the carbom-
Flation resotion depands considerably upon the concentratiom of the cobalt
hydrocarbenyl applied. Thus, by applying a suitably large concentratiom

of cobalt hydrocarbonyl we have cbtained subetantially complets carbonylation
in five minutes vhereas under ccmparable conditions using an active cobalt-
on-kieselgubr oatalyst over 30 minutes is required.

‘As pointed out in the a.boye and in sald copending application, _
the maximm concentration of cobalt hydrocarbomyl, cbtaineble by comtacting
carbon monexide and hydrogen in a proper ratio with cobalt or suitabie
cobalt compound, is cbtained at 200 atmoaphsres presaure at the specific
tewperature of 110°C (I 5°C) and {s equivalent to about 5 milligrams of
cobalt per liter of the gas mixture. At temperatures above and below this
value the concentration falle off sharply to less than 1 mil)igram per liter.
At other pressures the optimm temperature was found to vary scmevhat as
indicated by the maximum points shown 18 the following table: '

Pressures Tempetaturs Concentraticn
Atmo! res - ¢ mg/1iter
“100 95 3.5
1%0 102 k.1
200 110 5.0

It has now been found that the concentratiom of cobalt hydrocarbonyl
produced by the reaction of carbon monoxide and hydrogen in a auitable ratio
with gobalt or a suitable cobalt-containing masa in a separats reactiom zone
and continuously fed to the carbenylation reaction zoms with the roactaﬁt
fTasd may be increased, and consequently an improved carbomylation rate may be
realized, if the cerbon monoxide and hydrogen are contacted with the cobalt-

containing mass under suitabls conditions in the presence of an olefin.

Gk i
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© ~ inereased congentratiop abtalned in this way is due

.o combination of part of the cobalt hydrocurbonyl wlth

the olefin to Form a soluble complex. In order to favor
the complex formation and to avoid carbonylation the
temperatures in this case are preferably somewhat lower,
e.g, 80- 105% although temperatures from 50 °c up to 110 °c
may be employed., Regardless of the explanation, the car-
bonylation reaction can be greatly accelerated and tne
induction period usually observed can be eliminated.

Having pointed out and explained the more Funda-
mental aspects of the method of the invention, we will now
deseribe how the method of the invention is to be carried
into effect in the actual operation of the Oxo Process.To
aid in this description reference will be had to the
accompanying drawing which is a flow diagram of the per-
tinent part of an Oxo plant arranged to allow the present
method of operation, the important vessels being shown
dlagrammatlually.

Referring to the drawing, carbon monoxide and
hydrogen are introduced via lines 1 and 2, respectively,
in such relative amounts that the mixture contains 55%
hydrogen and L5% carbon monoxide, The mixture is com-
pressed to 150 atmospheres by compressor 3 and is then
preheated in preheater 4. The compressed and preheated
mixture then enters near the bottom of the so-called carbo-~
nyl reactor 5. This so-called carbonyl reactor is filled
with 2 mass consisting of cobalt deposited on granules of
pumice. Octylene is pumped in by pump 6 and, after being
preheated, is likewise charged to the so-called carbonyl
reactor 5. The gas mixture is charged at a rate corre-
sponding to a gaseous hourly space velocity of 2200 and
the octylene is charged at a rate correspending to a
liguid hourly space velocity of 2.2, The temperature in
the so-called carbonyl reactor is maintained at 80°C by
control of the preheat temperatures of the feeds, In
the case illustrated the gases and liquid are separately
withdrawn from 5 and passed by separate lines 7 and &
to the conventional Oxo reactor 9 wherein the carbonylation
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reacticn takes place. An additlonal amount nay, if desired, be introduced
via _ling 10 directly to the reactor. Reactor 9 is filled with 2.5 mm pleces
of catalyst containing about 8% by weight cobalt. The temperaturs in
reactor 9 is meintained at 160°C by means of auitable coils, the inlet ard
outlet of vhich ars shown at 11 and 12. The product, as well As unused

- gas leaves the carbenylation reactor 8 via line 13, and, after cooling in
cooloi‘_ 14, is passed to a separator 15. 'The unused gases are withdrawn
via line 16 and the liquid product comtaining aldehydes » alcchols and
minor amounte of other oxygenated products is vithirawn via line 17.

This product may be worked up and treated in any of the conventicmml
manners to recover the various cxygenated producta.

In the above the method of the inventicm has been deseribed
with reference to a spscific case. It will be understood that the invention
1s not limited to this specific cass. The ratio of hydrogen to carbon
monoxide in the gas mixture employed may vary from about 1:1.5 to about
2:1, but mixtures on the hydrogen-rich side up to a Kratio of about 1.8:1
are preferred. The process is not limited to the carbenylation of an
olefin but is applicable with any of the unsaturated reactants h:l.therto
used 1n the Oxo Procesa. In some cases where the unsaturatsd parent
compound is not an oclefin it may be desirable to a.d.d e small quantity,
e.g. 5%, of an olefin, e.g. pentens, or to charge a small smount of an
olefin via pump 6 and charge the total amount of the main other parent
compound vie line 10. In place of cobalt deposited upon pumice, any
other scurce: of oobalt wvhich will give cobalt hydrocerbonyl under the
described conditions and is not appreciably scluble in the olefin or
other applied perent GW may be provided in reactor 5. Thuas, cebalt
may be present deposited cn any other imert carrier subatance such as
kiessiguhr, ailica gel, alumina, ocruahed brick or the like, or it may be
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present in an alloy. Scme substantially insoluble cobalt compounds such

as chloride may alasc be used. In such cases it is advantagecus to also
provide anr acceptor capable of binding the liberated acid radicel.
Switeble acveptors are, for zxample, finely divided copper, silver,
or zins., Thus, for example, a mixture of an inaolubls cobalt salt with
finely divided ccpper may be used. For the reascms indicated the temper-
. /JJ,'uturo in reactor 5 is maintained between about 80°C and)5°C. These
't-porntural » 1t will bs noted, are cm:l.durably low those employed
when the cobalt hydrocarbonyl is produced in the absence ér the olefin,
In the present method the presaure is aleo not so critical. Thus, any
pressurs above about 50 atmospheres may be employed. The preferred
pressures ares, however, between about 50 etmospheres and about 250
" atmospheres. - 7 7
ELANFLE
A mixture of carben monoxide {45%) and hydrogen (55%) vas
proheated and passed through a so-called high pressure carbonyl reactor
.containing a mess consisting of 30% ccbalt deposited on pumice stome.
The gas rate was 2200 1iters per liter of the cobalt-containing mess per
hoor. There was also passed through the so-called carbouyl reactor a
c,, - Cg hydrocarbon fraction contalning 89% olefins and the remainder
essentially inert paraffins at a rate of 2.2 liters per liter of the
cobalt-containing mass per hour. The temperature in the so-called
carbonyl reactor was maintained at l80‘c and the pressure was maintained at
:'.':'r 150 atmospheres. The oclefin and gas leaving the so-called carbonyl reactor
wore immediately passed to a separate comventiomal Oxo reactor filled with
a carbonylation catalyst consisting of 8% cobalt deposited upon a pumice
carrier. The throughput rate of the olefin in thie reactor was 0.5 kg
per liter of catalyst per hour. m'preuuro ¥as 150 atmospheres. The
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carbonylation reaction is exothermic and the temperature in the carhonylation
zone vas maintained at 160°C (maximum) by suiteble cooling. The mixture
leaving the carbonylation reactor wes passed to a high pressure separator,
in vhich the mused gas vms separated from the liquid. The liguid product
was finally hydrogenated in a separate step at 180°C amd 200 ntmonpﬁorou
pressure with a nickel-cn-kieselguhr catalyst. The final product contained
25% by weight of lower boiling hydrocarbons, 64% by weight of ca-c9 alcohols
and 11% by veight of higher boiling oxygenated product. In this exsmple the
total amount of cobalt supplied to the carSomlation reactar with the reactant
Teed was about 16.6 grame per liter of the cobalt-containing mass per hour
and the carbonylation reaction proceeded at a fast rats with no appreciable
induction period. When the carbon monoxide and hydrogen are passed through
the so-called carbonylation reactor under the asme cenditions, but in the
absence of the olefin, the maximum amount of cobalt that cean be introduced
vith the reactant feed is only about 4.6 grams per liter of the cobalt-
containing mass per hour. If now, still in the absence of the clefin, the
temperature in ths so-called carbonyl reactor is inoreased to about 102°C
to give the maxiwou comcentration of cobalt hydrocarbomyl obtainmable by
this method the amomnt of cobalt introduced with the reactant feed is about

‘9 grams per liter of the ecbalt-containing mass per hour.



THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. In the synthesis of an oxygenated compound by the

carbonylation of an olefin with carbon monoxide and hydrogen wherein
the carbonylation is carried out 1n a carbonylation reactor with a
fixed bed of cobalt catalyst, the improvement which comprises
continuously supplying cobalt to the carbonylation reactor in the

form of cobalt hydrocarbonyl.

2. In the production of an oxygenated compound by the
carbonylation of an olefin with carbon monoxide and hydrogen with a
fixed bed of cobalt catalyst in a carbonylation reaction zone, and
wherein cobalt is continuously supplied to the reaction zone with
the feed, the improvement which comprises continuously passing the
hydrogen and carbon monoxide reactant feed in a ratio of from 1:1
to 1.8:1 through a cobe;lt—containing mass in the presence of the
liquid olefin resctant feed in a first zone maintained under a
pressure between 50 and 250 atmospberes and at a temperature of from
about 50°C. up to about 110°C. whereby cobalt hydrocarbonyl is formed

in the reacteant feed in the substantial absence of carbonylation.

5. In the production of an oxygensated compound by
carbonylation of an olefin with carbon monoxide and hydrogen wherein
carbonylation with carbon monoxide and hydrogen is effected with the
ald of a fixed bed-of a cobalt catalyst in a carbonylation reaction
zone, the improvement which comprises continuously passing tbe hydro-
gen and carbon homxide reactant feed in a ratic beiween 1:1 and 1.8:1
through a cobalt-contsining mass in the presence of a liquid olefin
reactant feed in a separate zone maintained under a pressure beiween 50
and -250 atmospheres and at & temperature of from about 50°C. up to
110°C., whereby cobait hydrocarbonyl is formed in the reactant feed in

the substaniial absence of carbonylation.

A
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4. In the continuous production of an oxygenated compound

by the carbonylation of an olefin with carbom monoxide and hydrogen
with & fixed bed of cobalt catalyst in & omrbonylatlon reaction zone,
the improvement which comprises passing at least & part of the carton
monoxide and hydrogen reactant feed to the process, and at least a
part of a liquid olefin reactant feed to the process, at a pressure
between about 100 atmospheres and 200 atmospheres through a separate
zone containing a cobalt-containing mass ai & temperature between
about 50°C. and about 110°C. vhich is below that causing carbonylation
" %o take place, vhereby cobalt hydrocarbonyl is forsed in said olefin

reactant feed.

5. In the continuous production of an oxygenated compound
by the carbonylation of an olefin with carbon monoxide and hydrogen
wvith s fixed bed of cobalt catalyst in a carbonylation zone, the
improvemant which comprises preventing the depletion of the cobalt
e'l.ta'lw;t"in the cerbonylation sone by supplying cobalt to said zone
‘with the liquid resctant feed, said cobalt being in the form of
. e@bnt_; hydrocarvonyl in the liquid olefin resctent feed.
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