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This invention relates to the synthesis of organic oxygen—
containing compounds and more particularly, is directed to a process
for the production of organié oxygen~containing ccmPounds employing -
as a catalyst for the reaction a cobalt compound which is insoluble
in the reactants and the products of the reaction. More specifically,
this invention contemplates the use of a cobalt cxide catalyst in
order to effect the reaction between compounds containing olefinic
unsaturation and carbon monoxide to yleld organic oxygen-containing
conmpounds.

7 Heretofors, the prior art has employed various catalysts for
catalyzing the reaction between olefinic compounds, carbon monoxide
and hydrogen such as, for example, cobalt carbonyl ag well as other
cobait containing compounds. The cobalt carbonyl catalyst used in
the prier art, while being advantageous in many ways, is also very

undesirable in many'respecté, one such undesirable characteristic

being the separate generation and handling of the toxic and unstable

. cobalt carbonyl. Another well known catalyst employed, in this type

of reaction, by the prior art is the Fischer-Tropsche cobalt-thoria-
magnesia-Xieselguhr catalyst. The use of this type of catalyst
requires a special high tempersture reduction in a hyﬁfogen cycle
during which a decrease in surfaco area of the catalyst is an unfavorable
chéracteristic, It requires s cumbersome quenching procedure to
'protect the pyrophoric metal against oxidation upon contact with air;
it entalls more costly and considerably less reproducible catalyst
preparations; and it complicates the recycling of unreacted cobalt by
necessitating the elimination of silica and other solid inerts.
According to this invention, it'has been found that cobalt
‘oxlde provides a catalyst for the process which greatly simplifles
thé process by aliminating guch difficult handling problems as the

ﬁreparation, high temperature reduction, quenching and pamping of
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pyrophoric and abrasive Fischer-Tropsche cobalt—thoria-magnesia~
Kieselguhr catalyst; or the separate generation and handling of the
toxic and unstable cobalt carbonyl.

Other prior art procedures employ various dissolved~type
metal salts to catalyze the reaction between an organic compound
containing an olefinic linkage and carbon monoxide and hydrogen. The
soluble metal salts employed in prior art procedures include, for
example, compounds such as the chlorides, acetates, naphthenates, and
phenolates of cobalt, copper and nickel. The prior art also employs
combinations of the above-mentioned catalysts either alone or in
gonjunction with promoters or buffers such as, for example, potassium
acetate and sodium prepionate. While the prior art procedures, referred
to above, employ catalysts which afford aceceptable yields of organic
oxygen~containing compounds, they suffer one serious disadvantage in
that the catalysts comprising soluble metal szlts result in the release
of corrodive acidic centaminants which complicate the product recovery
procedure. The process of this invention in contradistinction to prior
art_procedures employes an insoluble cobalt oxide catalyst which
reéﬁiras no speqial handling and which does not generate harmful con-
taminants. The greatsr inherent simplicity of the cobalt oxide catalyst
of this invention, which overcomes the special problems presented
when a Fischer-Tropache or when a dissolved catalyst is employed,
'provides a very distinct and useful improvement in the art.

Thus, this invention is directed to a process for the production
of organic oxygen—containing compounds which comprises reacting an
organic compound containing olefinic unsaturation with carbon monoxide
and hydrogen in the presence of a cob;lt oxide catalyst, and an object
of this invenbicn is to provide an improved method for the preparatien
of organic oxygen~containing compounds from compounds containing

olefinic unsaturation and carbon monoxide and hydrogen, and more
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particularly, this invention has as one of its objects the provision
of an improved process for the synthesis of aldehydes, such as butyr—
aldehyde and iscbutyraldehyde and other organic oxygen—containing

compounds from olefine, such as propylene, carbon monoxide and hydrogen

. in the presencé of & cobalt oxide cafalyst. A further object of this

inventien is to provide a catalyst which is relatively inert, very

1

stable and low inlcost and thus provide importaﬁt economic advantages
in l;rgelscale implementation of the process.

Compourids containing olefinic unsaturation suitable for use
in'the process of this invention include alkens hydrocarbons, esters
o% unsaturated acias énd the like, such as, for example, ethylene,
propylene, butylene, pentenes, hexenes, heptenes, diiscbutylene, tri-
pgbpylene, triiscbutylene, methylacrylate, ethyl crotonate, allylidene
diacetate, as well as olefinic hydrocarbon feads from oll and gas
cracking operations.

| In the practice of this invention ihé composition of the

reactants comprising carbon monoxide, hydrogen, and an\organic compound
éontaining olefinic unsaturation should provide approximately stodichio-
metric guantities te insure a complets reactions. In the production of
bﬁtyraldehydes, for example, high ylelds of product are obtained when
the mol ratio of Hp~CO synthesls gas to propylene is maintained in the
range of from about 1.1:1 to about 1.3:1, howsver, substantial excess
of any reactant may be empleyed if desired.

The procszss of this inventlon may be carried out at tempera-
tures in the range 130°C. to 250°C. but the cholce of an optimum
operating temperature varies with the reactivity of the unsaturated
compound subjected to hydroformylation.

Superatmospheric pressures afe advantageously employed in
the practice of this invention and more preferably, supsratmospheric

pressures in the rangs from 2000 to 9000 pounds per square inch afford
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acceptable conversions of clefinic compounds to oxygen—containing
‘compounds. ‘ 7
The cobalt oxide catal}st may be suitably preparad by heating
5 wet filber cake of cobalt earbonata.containing approximately fifty
5 per cent water for'sevgral Hours to drive off the water. The dry
material is then subjected to & temperatﬁré in the range 700°F. to

800°F. for eight hours and after cooling is ground down to a particle

i
.

size of approximately one micron.
The cobalt oxide catalyst prepared in the above-described
10 manner may be utilized meost effectively in the reaction by slurrying
in a liquid medium such‘as, for example, the olefinic féed stock,
mineral oil, toluense, butanol, the crude converter ﬁroduct, or any
suitable suspension medium. Desirably, the catalyst is introduced as
a1l to 3 percent slurry in the suspension medium in such guantity
15 that the rate of feed In pounds of catalyst per pound of olefinic
compound fed to the reaction falls in the range of from about 0.001 to
about 0.0l.
| Tha‘amounﬁrof cobalt oxide catalyst useﬁ in.the process of
the invention is not é critical feature of the invention, but the
. 20 ambunt necessary to catalyze the reaction will vary with the reactivity
of‘the olefinic feed. In the hydroformylation of propylene, for example,
it has been found that acceptable conversions of olefinic compound te
oxygen—~containing compoﬁnds are afforded if the amount of catalyst con—
tinucusly introduced with the reactants to the reaction vessel falls
25 in the range of from about 0.15 per cent to about 0.30 per cent, by
weight, based on the welght of olefinic compound charged.
Broadly, this invention is directed to bhe production of
organic oxygen-contalning coﬁpounds by effecting the reaction between
anp organic compound containing olefinic unsaturation and synthesls gas

.30 comprising carbon monoxide and hydrogen in the presence of a cobalt

. DM
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oxide catalyst at an elevated temperature and pressure.

One of the specific aspects of this invention is directed
to a process for the production of aldehydes, such as butyraldehyde
end iscbutyraldehyde which comprises reacting an olefin, such asg
propylene, with carbon monoxide and hydrogen in the presence of a
cobalt compound, which is insoluble in the reactants and reaction
productsg.

The invention may be practiced by heating the reactants in
any suitable pressuréwresistant vesssl, such as an autoclave or converter.
For reactions involwving corrosive reactants, such as unsaturated acids,
the steel presoure vessel may be suitably lined with a corroslen
resistant metal, such as stainless steel, hastalloy B, or silver. The
process may be carried out batch-wise or continuously, as desired. In
the continuous process the reactants may be introduced at one or more
points within the reaction vessel if desired.

The following Table I illustrates a serles of experiments in
which propylene was subjected to the action of carbon monoxide and
hydrogen in the presence of the cobalt oxide catalyst.

The reactants were mixed together in desired ratios and
preheated before being introduced into the reaction vessel at selected

temperatures and pressures while the ground cobalt oxide catalyst,

_ slurried in mineral oll, was pumped into the reaction vessel in such a

manner that the catalyst feed rate was maintained in ths range of from
about 0.0010 to about 0.0040% paund; of catalyst per pound of propylene
fod to the reaction vessel.

The products and unreacted gases were removed from the top of

the reaction vessel to be subsequently distilled and snalyzed.
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'TABLE I
» Butyr-
Propy-— Propy- alde=
lene lene hydes Other
Propy— space CATA= con— Butyr- and liquid

Pen empe L e ita hwde o1y acts
psd): (o¢) HiCO:CHH6 (@)  v/w/hr Cgls  (F)  _(2) (%) &
5000 204 “1024:1.32:1.0 8440 264 0.0523 95,8 64.0 4.6 0.8
5000 213 1.17:1.27:1.0 86L8 437 0.0032 ‘75.8 78.5  8L.0 5.9
5000 204 1.41:1.52:0.0 88,8 271 0.0018 98.9 65.7  79.3 11k
/5000 205 lZZl:;-Zé:isO 88.2 439 0.0016 63.8 83.5 86,3 1.5
5000 206 1.27:1.29:1.0 87.2 347 0.0016 95.0 80.5  B85.5 8.2
4000 212 1e15:1.24:1.0 90.1 448  0.0030 46.7 82.1  83.0 8.0
T4000 208 1.14:1.31:1.0 ah.é 412 0.0022 47.3 82.1 83.1 4.8
4500 201 1.07:1.18:1.0 85.0 44l 0.0026 69.6 86.0  87.4 6.1
5500 203 1.02:1.18:1.0 82.6 42h 0.0023 821 75.0 77,5 13.6
6000 216 1-25:1.51:1.0 96.8 505 0.00L7 98.4 68.8  76.3 13.5
6000 215 1.53:1.72:1.0 86.2 424 0.0020 98,7 73.9  79.0 16.2
6000 215 1.34:1.43:1.0 B3.3 '424 0.0020 99.1 64.9  73.6 13.9
5000 213 1.17:1.27:1.0- 86.8 437 0.0032 75.¢ 78.4  8L.0O 5.9
5000 205 1.21:1;26:1.0 88.2 439 0.0016 83.8 B83.5 86.3 1.5
4000 209 1.17:1.17:1.0 88.1 224 0.0020 63.6 80.2  80.2 10.8
LOOO 206 1.17:1:17:1.0 89.3 239 0.0019 95.0 78.5  85.1 10.6
4000 206 1.27:1.30:1.0 88.5 258 0.0018 98.9 72.1  B80.0 12.9
4500 202 1.41:1.74:1.0 86.4 257  0.0009 99.2 Th.l  86.0 11.0
4500 206 1.18:1.25:1.0 86.6 217 0.0018 96.9 78.9  82.0 4.8
5000 204 1.24:1.32:1.0 84.0 204 0.0023 95.9 640 Th.6 20.8
5000 204 Ll.41:1.52:1.0 88.8 271 0.0018 98.9 65.7  79.3 1ll.4
5500 198 1.31:2,41:1.0 85,1 258 0.0036 99.0 67.5  77.0 1.8
5000 210 1.22:1.33:1.0 86.0 207 0.0025 97.9 6L.1  66.9 24.0
6000 215 1.18:1.21:1.0 94.7 - 279 0.0022 95.6 61.1  73.6 19.4
w6000' 204 1e40:2.59:1.0. 80.8 212 0-005& 99.2 62.6 V2.4 17.5
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The following examples illustrate the general applicability
of the process of this invention to other unsaturated compounds other
than propylene.
EXAMPLE. L
A slurry of 0.5 per cent cobalt oxide in triisobutylene was
introduced into a high pressure resction vessel at a liguid space
velocity of 1.16 hours L and at a temperature of 220°C. An equimolar
carbon monoxide—hydrogen gas mixtbure was passed through the liquid
under a system pressure of 6000 pounds per square inch. Analysis of
the liguid effluent from the reactor indicated that the yield of C13
aldehyde and algohol was 35 per cenb on the basis of the triisobutylens
fed to the reactor.
EXAMPLE LT
Five hundred and fifty grams of ethyl crotonate in 275 grams
of an inert dilvent was reacted with an equimolar mlxture of carbon
monoxide and hydrogen at 155°C. and 4500 pounds per square inch pressure,
using 55 grams of cobalt oxide as & catalyst. Distillation of the crude
reaction product and chemical analyses of the fractions indicated a 9%
per cent conversiﬁﬁ of the ethylcrotonate and a 55 per cent yield of
hydroformylation product based on the ethyl crotonate charged. The
hydroformylation products included delta—valerclacetons, ethyl 5-hydroﬂ<.
xyvalerate, ethyl 2-formylbutyrate and ethyl h—formylbutyrate.
EXAMELZ IXI
4 slurry consisting of 30 grams of cobalt oxide, 80 grams
of toluene, and 3050 grams of allylidens diascetate was introduced into
a high pressure vessel through which an equimolar carbon monoxide=hydrogen
gas mixture was passed under a system pressure of 6000 pounds per square
inch. The gas cycle was maintained separately snd wasaiso used to

agitate the liguid phase in the reactor. The slurry was fed to the

" peactor at a liguid space velocity of 1.3 hours—L and reaction took
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place at 145°C., the crude reaction product being removed continucusly
through a liquid overflow line. The yield of }4,4-diacetoxybutyraldehyde
was 47% on the basis of the allylidens diacetate charged to the reactor.
EXAMPLE IV

An olefinic hydrocarbon feed consisting principally of Cpmono=
olefins was introduced to a high pressure reaction vessel, carbon monoxide
and hydrogen gas mixture being added as a separate feed. The gas space
velocities of the hydrocarbon, carbon monoxide and hydrogen were 221,
24,2 and 351 respectively. The catalyst, cobalt oxide, was introduced
as a 1 o 2 per cent slurry in mineral oll at a rate sufficient to
provide 0.0023 poundf of cobalt oxide per pound of olefin. The three
feed systems were passed through the reactor at 205°C. under a system
pressure of 6000 pounds per square inch. The product contained 87 per
cent pentanals and pentanols on an oil and gas free basis, representing

a yleld of 82.7 per cent based on the hydrocarbon feed.
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The embodiments of the invention in which an

exclusive property or privilege is claimed are defined as follows:

1. 4 process for the production of crgenic oxygen-
containing compounds whig:h conprises reacting an olefinic compound
+with ecarbon monoxide and hydrogen in the presence of = cobalt oxide
catalyst éuspended in a liquid wedium et a temperature in the range
of 130°C. to 250°C. under superatmospheric pressures in the range
2000 to 9000 pounds per square-inch, said cobalt oxide catalyst
baing derived from the thermal decomposition of cobali carbonate
st & temperature in the range of from ?OO°F. to BO0°F. and having a

particle size of approximately oue wicron.

2, The procesa ¢of cleim 1 1n which the olefinic

compound is propylene.

3. The process of claim 1 in which the olefinic

compound is tripropylene.

4. The process of claim 1 im which the olefinic

compound is triisobutylene.

5. The process of claim 1 in which the olefinic

compound 1§ allylidene diacetate.

6. The process of claim 1L in which the olefinic

compound is ethylcrotonate.

7. The procese of claim 1 in which the olefinic
compound is an olefinic hydrocarbon feed econsisting principally

of Cy, mono~olefins.

8. A process for the production of organic oxygen-

containing compounds which comprisea reacting an olefipic compound
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selected from the group consisting of ethylene, propylene, butylene,
pentenes, hexenes, heptenes, dilsobutylene, tripropylene,
triiscbutylene, methyl acrylate, ethyl crotonate and allylidene
diacetaete with carbon monoxide and hydrogen in the presence of a
cobalt oxide catalyst suspended in a liquid medium at a temperature
in the range of 130°C. to 250°C. under superatmospheric pressures
in the range 2000 to S000 pounds per square inch, said cobalt oxide
catalyst being derived from the thermal decomposition of cobalt
carbonate at a temperature in the range of from TOO°F. to 800°F.

and having a particle size of approximately one microm.

9. A process ;‘;‘or the production of organic oxygen-
containing compounds which comprises reacti'ng an olefinic compound
conta:l.lning from 2 through 12 carbon stoms with carbon monoxide and
hydrogen in the presence of a cobalt oxide catalysti suspended in a
liquid medium at a temperature in the rapge of 130°C. to 250°C. |
under superatmospheric pressures in the ranée 2000 to 9000 pounds
per square inch, said cobalt oxide catalyst belng derived from the
thermal decompoaltion of cobalt cerbonate st a tempersture in the
range of from 7OO°F. to 800°F. and having e particle size of

approximately one micron.






