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The invention relates to isprovements in the
production of aldehydes, alcohﬁls and other gynthetic
products from reaction mixtures comprising carbon
monoxide, hydrogen and olefins.

It is well known that by reacting olefins with
water gas at temperatures of about 80°C. - 170°C.
and at pressures of about 50-200 atmospheres, in ths
presence of a suitable catalyst, aldehydes are
obtainablg in good yields. Thus from mixtures of
carbon monoxids, hydrogen and othylene, it has been
found possible to obtain proplonaldehyde in yields
of 65% based bn the weight of ethylens employed.

When usiﬁg mixtures of ecarbon monoxide, hydrogen

and cetens, a product has bheen obbtalned whioch,

efter hydrogenation to convert aldehydss to alcohols,
gave Oy alcohols in B80% yleld, based on the WGight
of ocetene employed.

The ocatalysts usually “employed, in the process
hava, hifharto, been solid cobalt-containing materiala,
a typloal catalyst belng one containing by weight 100
parts of cobalt, & narts of thoria, 2 parts of magnasia
and 200 parts of Kieselguhr. Solid compounds of
cobalt auch as cobalt basic ocarbonates, cobult
naphthenate and ocobalt salts of fatbty ecids have also
been employed, generally in conjunction with a solid,
porous reactor packing.

The use of a golid slurry catalyst gives a
higher space-time yield than cther prior 0X0 processes,
but the vse in general of golid catalysts la attended
by a number of disadvantages. Thus the catalyat,
usually in powder or granular form, must be mixed with
the liquid feed and the slurry so Tormed pumpad to
high preasure. Furthermore, the method of the prior

art necesgsitates a Tiltering stape for the recovery



. 555223
of the solld catalyst from the reaction product. The
pumping and the filtering operations are both difficult
and cogtly,

We have found that these disedvantages, which
arige from the usge of zolid catalysts in the OKG
reaction, are eliminated by the use of fluid catalysts
ag herelnafter desdribed. ; “

Aocording.to the imnvention, a,éataiyst for the
0X0 reaction is formed in a process whiéh comprises
contacting a cobalt~containing material with carbon
monoxide at a pressure within a range of about 20-300
atmoapheres and removing the fluid oatalyfic product
obtained therebys Tt is preferred that the £luid
product be removed-either as a-solution in a sultadble
solvent or in admixture with a 'carrier gas. The
temparature of‘fhe catalyst-generating reaction is
generally malntained bstwéen;ﬁboc. and 250°C. "

If deslred, instead of carbon monoxide alons,
gagecus nmlxtures ocontaining carbon monoxide may be
employed. Where such miktures are smployed the
partial pressure of carbon mbnoxide ls malntalned
within a ‘range of obout 20 - 300 atmospheres.

' Thus, instead of carbon monoxide alone, |
there may be used mixtures of hydrogen'and aar535?°§&§§
as water geasg, which are in general oheaper and moxre
readily aveilable. So called Jbiue.water gas' ig a
particularly suitable gaseous nixture fér use in the
process of tha.invention. The preferred pregsure range
when using & carbon monoxide/hydrogen mixbure is 50~
250 atmospheres. Mixtures of carbon monoxide and
hydrogen ﬁﬁ#ing'a molar ratio in the range 1:3 to
1:0.5 are preferred, and partioularly mixtures

containing less hydrogen than corresponds to a
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CO:Hp ratio of 1:2.

 The solution or gaseous mixture obtained
according to the invention ls suitable for direct
use as a catelyst in the OX0 reaction. By operating
aecerding to the process of the invention; the 0X0
reaction ig carried out without dependence upon |
spaclal solid cobalt catalysts of the type
hereinbefore referréd to.

_ The fluid catalyﬁtvaccording to the invention
may be generated ffqm‘eny cenvenient souroe of'cobalt,
ineluding cobalt metal, and readily-obtaidéﬁie oobalt
compounds such ag cqbalt‘ciide, cobalt carbonate or
‘basic carbonate‘or'cebalﬁ sulphide. When metallic
cobalt is used it i1s ndvantageous that the metal be
elther finely divided er.dispersed over a suitable
supporting‘maﬁeriai suoh as pumioe or Kiemalgubr.
Oobalt exide, and bthe:ﬁolid compounds may, however
be uged in suitaﬁl?msized lumps, in pellep form, oxr
ln any other form convenient for oharginé“to the
‘vessel., Cobalt halides may be employed in ths
presenoe of a haIOgen aeceptor, for example; metallie
cOpner.

" Oobalt recovered from products of the 0X0
reaction may be coﬁverted to & fluid catmlytle meterial
aocordiné to the process of the invention. It has
also been found -that cobalt whioch has been deposited
in an 0X0 remctor is a suitable cobalt materisl for
use in the preeent process,

The cobalt compound employed in the production
of the fluid oatalyat 18 usunally subjeoted before
use to reduction in the presence of hydrogen.

Howsver, it la an important foature of the
invention that in the use of cobalt oxide apd carbon

monexide/hydrogen mixtures as the reactants for the
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process of the invention, a catalytic material is
obtained without prior reduction of the cobalt oxide
to metal, According to this feature of +the invention
pcatalytic materials for the OX0 reaction are obtainsd
from cheaper reactants and under milder and more
economical conditions than have hitherto been
oonéidered feasible.

The fluid catalyst may be prepared in the
form of a solutidﬁ By the use of any golvent which is

inert to the sald catalyst and which will not prevent

the subseguent use of the eatalyst in the 0X0 reactiom.

According to one method, the solvent and carbon
monoxide~containing gas may be pumped concurrently or
oountercﬁrrently, ovar a fixed bed of the cobalt-~
_‘containing materiél.

Suitable gsolvents have been found to be

hydrocarbons such as xylene, pardffins or oycloparaffins,

ethers, esters, alkanols, such as ootyl aloohol, and
high~boiling products obteined Iin the OX0 reaction.
If desired the high-bolling products may be
hydrogenated before being used as solvents for the
purpose desoribed.

- Aecording to one method of opsratilon, for
the productlon of a gaseoué oatalyst a vegsel is
packed with a ocobalt compound and maintained at a
temperature of between 30°C. and 250°C. A carbon
monoxide-containing gas'fadvantageously water gas)
is pasged through the vesgel to mmintain‘the partial
pressure of carbon monoxide within a range of about
20 - 300 atmospheres.

To pfoduca a liguid cmtaiysb, the above

procédure is’mo?ified by sinmultaneously pumping
a golvent through the vessel, when the catalyst is

obtained a8 a solubtion in the solvent.
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When the fluid cobalt compound is to be
amployed as catalyst in the (OXO reaction in the gaseous
atate, the carbon monoxide-c5ntaining gaé is preferably
a mixture of carbon monoxide and hydrogen having a
molar ratio at least 1:2. TUnder these conditions
these materials are present in the effluent gas from
the catalyst-generating zone in suitable proportions
for direct use in the subséquent synthesis.

This ie not, however, essential since the
proportions of Oo:ﬁé may be adjusted after catalyst
generation by blending-in further carbon monoxlde/
hydrogen mixtures., Thus, 1if the catalyst-forming
stage is operated to glve a very high cobalt content
in the effluent gas (for example, greater than
10mg./litre}, the small amount of‘gas pagsed through
the_géneration stage wlll have little effect upon the
compoaition of the total gas feed to the OX0 reactor.

When operating the ontalyst regeneration zons,
for the production of a gasecus pheass product, in the
temperature range of about 90-15000., 1t has been
found diffioult to keep the cobalt content of the
gagsous effluent constahr, probably on account of the
rapidity with which the ecobalt content of the gas
varies with temperature. .Marked variations in the
cobalt content of the gas are obviously inconveniernt
when the product is required for conblnuous use
in the OX0 reaction, sinoce the OX0 reaction rate is
roughly proportlonal to cobelt concentration, whloh in
turn has an effect on the reaotion gelectivity. When
feeding gas direct from a catalyst produocing zone
to an 0X0 reactlon zone 1t is therefors preferred to
operate the catalysﬁ—producing'zone at temperatures
below 80°C., or above about 130°C., since congtancy

of cobalt injection rate is more readily obtained in
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these ranges.

I desired however, a gaseous product obtained
in the catalysi-forming reaction may subsequently be
dissolved in a solvent and the solution employed as
catalyst in the 0X0 reacticn. Furthermore, solvenbs
may be employed which would be unsbable under the
conditions of the catalyst-forming reaction. By this
method the advantages attending ths use of a solvent

are retained while obbaining the advantages of the

vapour phase generation of the catalwst.

By operating in this menner it is not necessary
to pass the effluent zas from the catalyst
regeneratlon zone to‘the'oﬁo reaction zone, and carbon
monoxide gaseous mixturesMhich are not particularly
sultable for use in the X0 reaction may be employed.
Thus fluid cobalt catalysts have been successfully
prodused from gases having a hydrogen content of
25' -2 - 66%. However it éppears that the partial pressure
of the coball oompounds in the effluent gas is very
roughly proportional at constant tempermture teo the
carbon monoxide partial pressure, gso that producticn
ratio would be small with gases of very high hydrogen
contents {(for example, over about 70%), or
alternatively very high total pressures would be
needéd to effect the reaction.

A suitable carbon monoxide/hydrogen mixture
is obbained from effluent from the OX0 reaction zone in
which the hydrogan content is higher than in the feed
thersto, The effluent from the catalyst-gensration

Zone ia prafarably soerubbed for the removal of solid

cobalt compounds and thls gtage cen be combined with
{ , . the sorubbing of the effluent ges from 'the CX0
‘ reaotlon stage with sconomy of equipment.

Furthermore Ffluctuations in the cobalt content
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'of the catalyst passed to the 0X0 reactor may be

avoided slncs the solutiong so Drepared can be bulikad

'and a oatalyst of constant cobalt content thus obtained,

- The invention 1ncludes within its scope the

' applleatlon of the new ang improved catalyst

to the OXO reaction, Thus according to this aspect
of the invention, synthetic products are produced
from carbon monoxlde, hydrogen and olefins by a
process which compriges oontactlng carbon nonoxide
or a suitable gaseous mixture contalning carbon
‘monoxide with & solid ocobalt compound or cobalt
metal in = catalyst~ganerating zone at a temperature
within the range 30 - 250° C. and at a partial pregsure
of carbon monoxids of 20 - 500 atmospheres, in the
bregence of sbgence of a solvent, and basslng the
product of this zone to an QX0 reaotion zone operated
wlthout the 1ntroduot10n of g0lid cobalt tompounds in whioh
an’ olefin is contacted with sarbon monoxide and hydrogen
at an elevated tamperature, such as 100%. - 180%%.,
and at & pregsure of at leagt 50 atmospheres for the
produotion_of gynthetio produsts, The praferred pregsure
range in the oXo reaction zone is B0 - 250 atmosphereg
and mora partioularly 100 ~ 200 atmospheres.
\ Either the oatalysbnganeratlng zone or the
0X0 reaotion zons may be oparated continucusly or
batehwise, |

Preferably the catalyst and olefin Taeq
rates are adJusted to malnbain the weight of cobalt

(estinated ag metal) betwean 0. 01l% and 5%,

praferably botween 0,054 ang R%, of the weight of

the elafin Teed to the OX0 resotion zone.
Cobalt oontaineq in the effluent Trom the

0X0 reaction zone may be recovered according to
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conventional practice 1n operating the 0X0 reaction
and if desired, recycled to the catalyst-generating
zone, Thus the liguid product from the OXO
reaction may be passed over a porous material (suitably
pumice, Kieselguhr, silica-gel or active charcoal)} at
elevated temperatures in the presence of hydrogen
wheTeby the cobalt is retained upon the porous material.
The cobalt~ocontaining poroué material may then be
treated in the oataiyst-generating zZone.

It has been found that the cobalt in the
offluent from the OX0 reaction zZone may be recovered
without hydrogen treatment if the product is -subjected
to a temperatﬁre in the range 120°C, - 250°C. and a
pressure.of 50 - 500 1bs./sq.in. for a period of time
of at least 10 minutes.

Eor_butyraldehyde production, operation
of this stage at a temperature in the range 150°¢. -200°C.
and at a pressure of about 200 ~ 300 1b./sg.in. is preferred.’

If it 1g desglred thet the aldehyde conbained
1n the OX0 reaotion product shculd remain substantislly
unohalnged during the recovery of the cobali, the
temperature of this tfeatment ghould be in the range
8006.112000. and the pressure of hydrogen should not
gxcead 100 atmospheres.

If, however, 1t is intended to convert the
aldehydes to alochols, more dragstlo conditions may
bs employed, su&h a8 temperatures up to 200°¢. ana
hydrogen pressures up to 200 afmospheres or more.

In general, it 1lg preferred that contact time
1n the ecobalt-recovery stage should not exocesd 10
minutes and prafeiably 5 minutes, as in this way
loss of aldehydes by condensation reacticng is
reduoed.,

With feedstocks ylelding relatively low
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boiling'products, for example feestocks consisting

of ethylenre, propylene, and/or butenes, a modification
of the above procedure is practicable. In this

case the liquid redction product ig passed to a Tlash
digtillation stage, in which the aldehyde products

are flashed overhead. The stage is preferably operated

at a stlll-temperature not exceeding 50°c., ir necegsary

operating under reduced pressure. The operatlon is

generally acoompanied_by at least partlal decomposition

_of the fluid oobalt compounds present although pro-

.pionaldehyde may be removed without decomposing the

catalyst. The residus from this flash digtillation

is then pasged to ths cobalt-recovery stage.  Sinece

thé aldehyde product has alrsady been recovered, the
cobaltgreoovary otage can then be opsrated under the

more dragtic conditions indicated above. The

oobalt—free liquid affluent from thia stage nay

thett be used as reaotion medium or solvent, elther

with or without further hydrogenation. Alternatively

ﬁhe fesidue ffom‘tho flash distillation stage, containing
suspended oobalt, can be treated with carbon

monoxide undér the 6onditions indleated, regenerating

the oafalysﬁ in solution,

As the exit gas from the 0X0 reactor may contaln
signlflcant amounts of fluid cobalt compounds, 1t is
gconomiocal to gerub this exit gas in conventional

manner with either fresh olefin feed or reastion

medium in order to recover this cobalt in solution -
for re-usge. *
To the case where the feedstock is a lower

oleflin such ag ghiylena, propylene or butenes, the

#x1t gas may also conbain gignificant amounts of

unreaoted olefin. By operating thi géerubbing
stage with the reaction medium under Pressurs,

this olefin may be recovered with the ‘cobalt, ang



RN O N S

g

P o) &
5’5 LD% }"'f‘}

- 11 -

returned in solution to the resction with fresh feed.

As in practice the generaticn of catalyst
from recovered cobalt and from fresh cobalt ia
conveniently carried out in the seme vessel or
stage, it has been found advantageous that a
cobalt-containing compound be used gs the materisl
on which the cobalt is deposited. Cobalt oxide
can suitably be used for this purpose.

Reduction of the oxide and hydrbgen treatment of the
recoversd cobalt can this be effscted in one
operation. In this ocase it is advantagecus %o

pack the effluent end of the rscovery vessel with
abgorbent or filtering material, in order to avoid
carry-over of golid particles from the oxide or
other cobalt compounds with the effluent.

An additional advantage of this method of
operation is as follows: When cobalt is recoversd on a
porous support such as punlce, bauxite,. or aotivated
elunlna, the oobait oan be re-converted to fluid catalyat
by the methods outliped. Whilst the rate of
catalyst production from such materials is reasonably
constant over a gubstantial part of the operation,

a significant fall in the rate of ocatalygt formatlion
pocurs during the re-conversion of the last portions
of the macovered sobalt [mbout the last. 308, but
varylng somewhat with the conditilons). Thls fall

in the rats of catalyst formatlon can, however, be
avoided by depositing the cobalt on a cobélt oompound,
or alternatively on a mlxture of ocobalt compound and
porous support. The mebhod thus provides yet another
means of malntaining the cobalt-ilnput rate gubstantially
consténﬁ, whilat in thls casge obtaining the maximum
posgible roconverslon of recovered cobalt to fluid

catalyst.
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Ag gtated above it has been found that the
cobalt recoﬁered in the oobalt-recovery zone ig often
in a form which is only slowly converisd to fluid
catalyst. It has been foupd, however, that the rate
of catalysat formation is. greatly increased'by treating
such recoversd oobélt with hydrogen at.lso°c.~4oo°c.
and at low'pressures (suitably around 1 atmosphere)
prior to conversion to catalyst.

According te one method of operation two
reactors, packed with a porousg material, are employed
alternately for cobalt recovery and catalyst
regeneration. Preferably both stages are operated
at substantially the same temperature and
preferably within the range 130°C.-250°¢.

It will be undérstood that either the vapour
phase methed or the method using a solvent may be used

in cenverting reooveréd cobalt back to catalyst.
| The iavention is illustrated but in no way
limited By the followlng examples:-
- Example 1.

This exemple illustrates the production of a
liquid ocatalyst aocording to the invention.

Cobalt carbonate was precipltated from an
agueous solution of' the nitrate in the Pregence of
Kieselguhr, and the precipitate water-washed, dried at
110° C., grenulated and packed into a steel reactor.
The cobalt wag reduced to metal in a hydrogen stream
at 400°0.  After cooling in hydrogen to 110%.,
xylens was pumped over the mass ot a rate of 1 volume
per volume of occbelt-Kieselguhr preparation per hour,
water gas being gimultaneously pasged through at a
pressure of 100 mtmospheres. A solution contalning

12 g, of cobalt per litre was obtained as product.
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The rate of production of ocatalyst fell during this

.peribd, and the cobalt-Kleselguhr mixture was again treated

“-with hydrogen. Afteﬁ gooling, production was resuned
but the water gas was replaced by carbon monoxide., The
pressure was 100 atmOSpgeres, xyléhe rete 2 volumes per
folume of cobalt-Kieselguhr jar hour, the temperature
boing 120°C. A solution was obtained containing
‘3,86 g. of cobalt per litre in nine hours operation.
Examgle Zs

This example illustrates the production of &
gaseocus catalyst according to. the invention.

In this example the reduced cobalt—Kieselguhr
" oomposition describeﬁ in Example i-wés uged. The
conditions and results obbtailned were as shown in the

followlng Table :

Tempefatunei*?ressure Gas rate| Gobalt content of gxit
9. | 1Bs/sq.in. ] V/V/Bour gas/mg/ltr. (at 20
. 1 gauge. : and’ 760 mmua.
r- . . ‘. L N J
85 s o | e . L.2
R 850 l.2
e
© 100 | 1495 104 4.0
: ' - B4 4.0
18C 4,6 -

Gas voluﬁss-ére measured at 20001 and 760 mms.
Similar results were, obtalned on replacing -the
‘aobalt Kiesalguhr compositlon by cobalt oxide, the oxide
being raduced-wlbh hydrogen at 400 0. prior to use,
The cobalt oonﬁant of tha gag stream with a water gas
.praJsura of 1540 1bs. /sq. in., a reactor temperature

of 79°0.and a gas rate of 135 v./v./hour, was 4.7

mg./lltre of gas. - = £l

§
\.
o
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Example 3,

This example illustrates the batchwise cperation

.of the OXO0 reaction using ths liguid catalyst according

to the invention.
Octene-l was charged to a stirred bateh auto-

clave and liquid catalyst, prepared as described in

~Example 1, and containing 4.4 g. of cobalt per litre of

adlution, was added. The cobalt so charged (estimated
as metallié cobalt) was 0.05 per cent. by weoight of the
ootene-1 charged. Water gas was then added, and ‘the
reaction with the olefin occﬁrred at 150°%. and at a
Watar g€as pressure of 110 atmospheres. The reaction was
stopped after 100 minutes. Filuid oobalt compounds in
the product were deodmposed with hydrogen at 9600.-11400.,
the hydrogen pressure being 50-58 atmospheres, The
filtered cobalt-free product was then hydrogenated on
Raney nlckel at lEon. and 100 atmompheres of hydrogen.
Analysis of the hydrogenated product showed that after
allowlng for the cobtyl alcohol added as catalyst golvent,
11 peor ocent. of the octene-1 had reaoted to form aliphatic
aleohols,

"This exemple illuétrétes the operation of the
0X0 reaction in a aontinuous préduoar_using a liquid
catalyst, and an 0X0 reactor cohtaining non-absorbent
pﬁoking.

A stesl tube was packed with steel rings.
Through thls tube propylene was fed conourrently
downwards with water gag, and a solvent oatalysgt in Xylene,
prépared according to EBxample 1. In all of the tests
the xylene and propylene feed rates were kept substantlally
ccenatant, about 2 volumes of Xxylone per volume of

llguid propylene being pumped through. The water-gas
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‘rate was such that about l.6 mols. of carbon monoxide
per mol. of propylene Teed were passed through. The
reaction temperature was 135°C. and the total pressure
100 atmospheres. The residence time of the liguid feed

in the reactor was about 10 mimutes. The results

obtained for the variation of butyraldehyde production

rate with amount of oobalt added were as follows:i-

i Cobalt added, wh. por cent. Butyraldehyde Pro-
: of propylsne fed {egtimated duction Tate, g./hr.
: "jis metallic cobalt). = .
0015 2'0
i ! 0.2 . Bl
4 0.4 ?02
| ) 0.47 9.0
| 0.53 8.8
1.06 10.7
i 1.8 14.8
: 2.2 15.8

A proportlon of the oobalt separated in the

reactor in insoluble form. Thls was recoversd by

treating the reactor with carbon monoxide at s temperature
of 12500.—13500. and at a pressure of 50 atmosphefasf
f@f_ ' pumping xylene through the reactor.. The productﬂﬁas
g suit#ble for use as reoyecle satalyst and was used a9 a
-eatalyst in the followlng example 5,
Examplo 5.
This example illusﬁfates the uge of a solid

absorbent packing in the 0X0 reactor, wilth a liguid

catalyst.

The steel ring packing used in Example 4 waa
replaced by dried, granulated Xieselguhr. Running

o under otherwise the same conditions as in Example 4,

but wlth liguid catalyat‘ﬂddition at & rate of 0.7 per
A cent. by wt. of metallio cobalt on the olefin feed,
8 . a production rate of 11.5 g. of bubtyraldehyde per hour

wag obtained.
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Example 6.

This oxample illustrates the operation of a
cobalt-recovery zone.

The butyraldehyde products obtained in Examples
4 and 5 werse treatad. These products from the 0XC
reactor were let down to atmospherioc pressure after
cooling, the bulk of'the_dissolved-carbon monoxide
being released (this step is not regarded as eggential).,
The liguid was then pumped through a tube packed with
gramilated pumice conaﬁrrently with a hydrogen gtream,
the liquid—reSidence time being about 10 minutes.
The_conditions and degreo pf.cobalt removal obtained

wore ag follows:-

‘Temperature Pressure of hydrogen| Wt. per cent. of
S % Abs./sq. ih. gauge. cobalt in product
- removad.

=L

100 C aan o7
99 360 ' 96
99 11 9z

This example 1llustrates the operation of a
catalyst-recovery zona.; '

The cobalt recovexed on pumice as desgeribed in
Example 6 was used; .This was treated with carbon
monoxide at a pressure of 400 1bss/8q. in., gauge,
Xylene being pumped thrdﬁgh at a rate of 1 volume per
volume of pumica per hour, the temperature being 100°c.
A oatalyst solution in xylene was obtained containing
1.12 g. of oobalt per,litre'or solution,

By operating the 0x0 process‘as hereinbefore
described‘considefable improvement is to be found over
the methods of the prior art. Thus regulation of tha
rate of catalyst inbut le greatly facilitated with much




- 17 =

better control of the reaction ih-eonsequenoe. Side
reactions notably with the formetion of high-boiling
. products, are materially reduced.
| Exemple 8.
' This example illustrates the use of a'reducee
oebalt:oxide for the production of a gasseous catalyst
i accordlng to the 1nvention.

90 8. of granular cemmerclal black exlae of
-oobalt were charged to a hlgh pressure reaetor, and
reduced-w1th hydrogen-at a temperature of-400°0.,and
lat atmnogpheric pressure._ VWater gas containihg 40 per

rleent. by volume of oarbon monoxlde was then passed
bhrough the high pressure reactor under varloue conditions

3'of temperature and pressure. The cobalt content of the

'effluent gae wa's then determined the results being

BhOWn. j—n Table 4!. li.‘- R G e i T i .
. : - : o 1
- “gTeble ' |
. . !
' Temperature Gas Rate. Pressure |Cobalt Con- _!
of Cobalt. | ILitres/Hour | pounds peritent of Bklt '
- - : square Gas < mge !
inoh. Cobalt per i
‘ 7 ' Litre_of_@eeL
? L5 e
- 88 17,30 | 1400 4.1
| . 18.2 | 1880’ 4eB "
00 | 15.0 | 1500 10.9
: 16,7 | 1414 10,83
15,0 | 1365 9.1
15.0_ - 1300 849
125 14,4 1490. )
' 7.1 1350 1.0
14,7 1000 ‘ 0.55
l6.2 500 0.06

o

Gag volumes given are those moasured at 20°C.

and 760 . of mereury;» Thisg example illustrates that the

;ﬂ‘- A coptimum production of eobalt‘derivatives volatilised in the
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- gas stream ia at temperatures in the region of 100°,
when operating with a total Pressure of sbout 1500
pounds per sq. in., and alao that ﬁressures in the region
of 500 pounds per sg..in. #ive very low production rates.

Example 9.

‘The nmnaterials and method used here wers

glmilar to those used in Example 8. The results
&) -+ illustrate the fact that at low temperatures the cobalt

content of the gaseous effluent wasg very little affected

by gasg rate. The results are shown in Table 5.

Table 5.
I@mgerature Gan Rate Pressure Oobalt Content of
c. Litres/ lbs./sq., Exit Gas -mg./ :
,Hours. in. litre.
. S 104 - 205 | 10.6 1450 1046
_'I‘ . ' 1806 lo-l
R 17,5 10.3
30.8 12.3
48,0 10.9

Durlng these tests about 60% of the cobalt
ocharged to the reasctor was volatilised in the gas
gtreem, with a fall of only about 20% in the rate of

preduotior of volatile derivatives under the same

'fyq. ‘ ‘ conditions,

Example 10.

In this example, using the same method ag ip

anmples 8 and 9, but employlng the cobalt oxide
without prior reduction, 1t. was found that a satlisfactory
rate of production of volatile derivatives of cobalt was

;_.’ possible. The results are shown in Table 6.

Table 6,
5 ‘ Temperature Gas Rate Pressure Cobalt Content of
j o o¢. Litres/ ibs./sq., | | Bxit gas - mg.
’ . - hour. in. per litre,
i 99 15,5 15830 5.2
. 99 15,3 1465 4.5
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Operation for a few hours was reguired before
the cobalt content of the exit gas rose to the
values shown. ZPrior to thig nickel and iron (present

ag impurities in the cobalt oxide) were predominant

‘in the volatile mstallic compounds produded;

Example 11.
This.example illustrates the production of a

'géseous-phaéé cobaltfcatalyst in the temperature range

: 35 G.-BO C. and in the temperature range 1500 —850003

Water gas contalning ESa of carbon monoxlde

‘was passed over reduced cobalt oxide (1 volume) até
_pressure of 3,000 lbs. per 8q. in. gauga, the gas—faed

: r&ta being 1400 volumss/hour (measured at 20°C. and

760 mm, )

. Example 1. Example 2.
Tempefaturé, %. L 58 . *310

| obalﬁ GOntent of geLs, mg /litre C.? 0.8 

-

Examgle l
‘fﬂLThis example illustrates the production of

~gaseous-ph&se-oobalt oatalyst uging a feed gas oontaining

' carbon monoxide and hydrogen in the molar ratio 1:3.

Gharge. ' _200 g. of black cobalt oxide in’ %H .
. " pelletg,

Fosd Gas: ~ Mols, % 00 = 22.

N Mols. & Hp = 66.

. Temgarature'”laﬁ G,
- Pregsure: . 1335 . pounds per sq.:in. gauge.
Gas Rafe: BY litrea/hour {measured at BOOG.

ATter paasing the feed a8 over the oxlde fon

a fow hours_unda?'thase_eonditions, the affluanﬁ"gas

" iwas found to. havs & oobalt oontent of 2.3 mg./litre.

‘Exeample 13.
This example 1ilustratés the production of

“a liquld cabalyst from reduced oocbali oxilde.
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The solvent used was Xylens. 330 gramg of
black oxide of cobalt in the form of pellets wags
charged to the reactor and reduced with hydrogen
at a temperature of 400°%, and at atmospheric PTessure.
Xylens was then bumped over the cobalt at 200 cds. /hour
concurrently with water gas at a pregsure of 1500
pounds per square inch., In this Bxample the temperature
was 12500., and 5 litres of solution, containing 1 Eo
of cobalt {estimeted ag metal) per litre were prepared.
The concentration of cobait in the solution produced

fell continuously during the test. This fall wag

- less rapid with a reaction temperature of 110%c.

Example 14

The conditions employed were the same aa for
Exanmle 13, exvept that Z-sthylhexanocl was used ag
solvent and . the temperature was m&lntalned at 115%.-

120 a. The solution obtained contained 4, 4 & of cobalt
per litre,

Using'tho méthod of example 13, xylene (500
cos,/hr.) was pumped obnourrently with water gas over
300 greams. of cobalt. With a presgure of 1500 pounds

Por sq. inch and a bemperabure of 115°¢, 14 litres of

golubtion containing 2.3 g. of cobalt per litre were

obtalned.

On raising the pressure to 3000 rounds per sgq. inch

with the same reastion temperature, 9 litres of golublon

- containing 10.6 . of cobalt per 2itre were Qbfainedu

Exemple 16,

This example 1llustrates the conversion of
gag-phedgs cobalt catalyat to solution, and the uge of
the solutlon in the 0X0 rsactilon.

Cobalt oatalystucontaining ga.s was made by the

method orf Bxample 12, Cobals wa s washed from the oas
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by a scrubbing operatioﬁ of conventional type at room
temperature with di-isobutylens. A aolution of catalyst
in diuisobutylene wags tims obtained. The concentration
was adjusted by dilution with‘fresh olefin, and tésts

carried out pumping the solutlions so obtained through -

a coll reactor with water‘gds. The conditions used,

o ‘ and the Cg aldehyde-production rates obtained, are shown

in the following Table 7:-

 Zmble 7

.

Temperaturs, °C. 150 | 151 | 149 | 150
3 4/ . *

Progsure, ' 1500 | 15007 1480 | 1500 . |
© lbs.per sq. in_gauge; .

) Cobalt concentration, 0.70 | 1.3 | 0.423| 0.06
T g./litro, :
' Algehyde production rate,| 42 82 46 26
) g+ /hourflitre reaction”
gpace. . ..

¥

SRS % It should be noted that with this method, |

crganle peroxides are advantageously removed f£rom the

golvent for the catalyst, otherwiss partial pfecipitation
of -cobalt may coour. : | !
;f ' | ' . Exemple 17.
S ' Thla sxample i}lustrateg the uwss of a gaseous-
i

&fft |  phase catalyst for the OXO remotion on octene-l.

Volatlle defivati#es of cobalt were
producéd by the #apour-phase nethed, reacting watqr
tas (ooﬁtaining 35% of carbon monoxide) at a tempe;ature f'
of 75°C¢. and under a pressure of 1500 pounds per squére ;
1noh with ocbalt oxide. These derivatives sublimed in {.'
ji | ' the water.ges stream dlrectly into a resotion zone into which%.

ootene~-L wag pumped at a rate of 0,9 volumes per volume

of reactlon space per hour. The water gas was added
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in about 50 per cent. by weight excess of that- requ;red
for reaction of all the olefina. The reaction of

the olefin in this stage is carrled out at a temperature
of 135%.~138%, and at 8 pressure of 1400 pounds per .
square inch. 70% of the olefin feed- reacted, giving

. nonyl alcohols, equal to 60—70%\b§fﬁéighﬁ on tﬁe_@otal‘
olefinrfeed. The cobalt ad@eﬁ 1n_the wétar gasfstreém‘
was equlvalent to 0. 2f by-weightjof the total olefin
feed. : } | B .

| Examplo 18.

This illustrates the production of &

{ ' Vﬁf : catalytic solution from- molid cobalt compounds depoaited

'and water gas: were reacted to produce wldehydes. The
reactlon for the praparation of a oatalyst according -
to the anention.wgg ca;rled out with water gas 1n the-
presenee;Of'xyléne'aél601Vént The amount of oobalt

prasanﬁ in the reaotor 1s about g grams dispersed on

a Lessing Ring paoking, 300 cos. in volume.  Xylene
{100 ces. per hour) and ‘water gas were pumped through
this reactor the tempsrature being 120°¢, A dscline in
cabalyst Tormation rate occurred in over 4 hours, as

shown in the folloWLng figures.

- B e R e i S T a RN SIS - R

Hours on gtream 1 -
Cobalt in solu-~ 0483 0.52 0,55 0,28
tion g./litre. - . .

L]
[

Reaction at 130°C, under otherwise similar
oconditions, after treaﬁing whhe, deposited cobalt with
hydrognn?%oooc, gave the following results,

Hours on éﬁream | 1 4

Cobalt in solu- 0.48 0.7
tion g./litre. :

a product, which on hydrogenation furnished: a yiéid_of -

g - in & reactor during a continuous process in‘which‘olefin_
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The greater rate of decline in catalyst-
formetion rate at 1B0°C. as compared with 120°C., is
apparent, '
By operating the OX0O process as hereinbefore
described considerable improvement is to Be found over
the methods of the prior art. Thus regulation of the |
rate of catalyst-input is greatly facilitated with much
better control of the réaction in consequence.
Side reactions, particularly the formation of high

boiling products are matéria;ly reduced.

Example 19.
4, ; : . Uting the same conditions as for Example 13,
| but replacing the xylene by desulphurised White Spirit

fraction from petrolsumnm congisting mainly of paraffin

wag obtalne& contalning a 5% Z3. cobalt per libre°
Exzmplo 20.
This example illustrates the depoaition of cobalt
from bhe 0XC reactor on to cobalt oxide.

Charee to Reaotor

Jobalt oxide (}" pellets) 50 -ml.,
Pumice . 50 ml.
o ) Feeastook

Crude butyraldehyde xylene mixture,
products from the "0X0 reactlon on propylene
in xylene as solvent.
This was pumped downWards over the oobalt oxlido-
pumice mixture under conditions and with the resgults

shown in the followlng Table 8w

and naphthene hydrooarbona, a solution of cobalt catalyst

e —— T
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Table B.
Period 1 2 4
~qLiquid feed ml./hour | 950 . 1400 1475 -
Temperature, °C. 200 200 200"

. Presasure, pounds per 260 200 260
i . oo gguare inech gauge. ‘

Aldehyde in feed, 46.6 18.6 18,6
wt. per cent. -

j
P

Aldehyde in product, 45,5 18.4 18.2
wt. per cent. '

i Cobalt in Teed, _ 0.88 0,46 2.76 ;
i g./litre.

}'- Wt. per cent. cobalt 97 93 98.5

1 removed. '

15 g. of oobalt wore recovered from the liguid
i | product during th;se geries of tests.

| Expuple 21,

This exemple illustrates the recovery of

oobalt from the 0XO reaction product in the absence of

2 golid support and without hydrogen treatment.

Crude butyraldehydé products from the 0X0
reaction con propené, containing 85% of butyraldehydes
and 0.3 g. per litre of cobalt were pumped through a

ateel pipe at a temperatdre of 200°C, and at a pressurs

of 200 pounds per square inch gauge and &t a rate of
1 litre per hour, the pipe volume being 150 ml.  The
preducts were pasgsed to o settling vessel, and cobalt-
i free liquid product, still containing 85% of butyraldehyde, '
:f drawn from the upper portion of this vessel through ' ;
‘ a llme filter, and passed to a free fractlonator. 4
sediment of precipitated cobalt settled to the botiom
of the vegsgel, and was perlodically drained-off as a

: glurry from the base.
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The embodiments of the invention in which

an exclusive property or privilege is claimed are

defined as follows;-—

1. A continuous process for the production of

synthetie oxygen-containing compounds in which

aldehydes are produced in improved yields, which

comprises contacting a solid cobalt compound with

carbon monoxide and hydrogen in a catalyst-generating

zone at a temperature within the range 30° - 250°C,

and at a partial pressure of carbon monoxide of 20-

300 atmospheres and contlnuously passing as fluid

catalyat at least part of the product of this zone

to an OXO reaction zone, together with a continuous

feed comprising an olefin, carbon monoxide and

hydrogen, said 0X0 raéction zZone being operated at

elevated temperatures and at a pressure in the range

50~250 stmospheres without the introduction of solid

cobalt compounds, the feed rates of the fluid catalyst

and olefln being adjusfea to maintain the weight of

cobalt, detérmined as the metal, in the feed hetween

0.,01% and 2% based on the weight of the olefin in the

feed, |

2, A proceas accoréing to elaim 1, in which

the 50114 cobalt compound 1s contacted with a

mixture of carbon monoxide and hydrogen wherein the

mol ratio ls gragter than 1:2

3 A prooess according to clalm l,‘in which

the solld cobalt compound ls selected from the

group consisting of cobalt metal, cobalt oxide and

cobalt carbonstes,
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4, A process according to any ons of claims 1 o

4, in which the olefin is propvlens.

5. A process according to any one of claims 1 to 3, in
whioch the cobalt is removed fronm the OXO reaction product
by passage over aporous support in the vpresence of

lydrogen.

6. A pfocesé according to any ome of clains 1 to 3,
in whioh the cobalt is removed from the‘DXO reacuion
product by subjecting the product to a temperabure of
1200 -~ 2509C, at a pressure of 30-500 1lbs/sq.in. for

at least 10 minutes;

7 A process asccordlng to anyonaof'olaims 1 to 3,

in whioh the cobalt is remcved From the OG0 reaction

product by depogition on a cobalt—conﬁaining compound

and‘whwrein e recovored cobulit g0’ ohbalned is employed

togethor with the said cobalt-containing material for the i
.gen@ration.of fluid cobalt catalyat by regcﬁion with i ‘f

carbon monoxide and hydrogen,

8. A process according to any one of claims 1 to 5, o
in whioh effluent gas from the 0X0 resctor containing
carbon monoxide and hydrogen is recyclad to the caitalygt

generating zone, . C -

9. A process avccording to any ons of claims 1 to By

in Whidh the delin containg 2-4 carbon atons pexr molscule
rhareln the Liguld prodﬁct From the 0X0 reaction is
pavsed ho a flash distillation stafo operated st a still
bemporature not excesding 500C. in which aldehydes are
removed overhead and a cobalt-cdntuining material

recovered ag reaidue.

concvinnsd -~
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10. A process as specified in any oue of claims

1 %o 3, in which the olefinm is a nmono-olafin,

i1. A process as specilfied in any one of claims

1 tc 3, in which the olefin is an aliphetic olefin,

12. A process as specified in any one of clajims

1 to 3, in which the olsfin is a cyclic olefin.

13, 4 process as spzcified in claim 1, in which

the catalyst generating zone is operated in the
bresencs of a sgolven’t which is inert +o the catalyst
and a liguid produet is removed From the catalyst

generating zone and Fed to the O0X0 resction ZO6 .

i4, A process according to claim 13, in which the
solvent is gelocted from the group congisting of
aromatlic hydrocarbens, liguid olefins and high

boiling prodﬁota of the 0X0 reaction.

15. A procses as gpseified in any one of claims

1 to 3, in which the ﬁemperatura ol the 0X0 reaction
wous lies within the ranme 1009-160°C,

16, A process according to any cue of claims 1

to 3, in whioh the cobalt is rémoveﬁ from the X0
reaction product by deposition on cobalt metal and
wherein the recovered ochbalt so cblained is employed
togother with the said cobalt metal for the generation

of £luid cobalt catalyst by rsnotion with carbon

‘monoxide and hydrogen.

- continued -




17. A continuous process for the production of
synthetic oxygen containing compounds in which
aldehydes are produced‘in improved yields, which
éomprises contacting cobalt metal with carbon
monoxide aﬁd hydrogen in a#mo;ar ratio less than
1:0.5 and greater than 1:2 in a catalyst generating
zone ab & temperature within the range 300 - 25000,
and at a partial.pressure of carbon monoxide of Bd-
%00 atmospheres and 'passiﬁg as fiuid catalyst at
least part of the gaseous product, comprising
volaltile compounds of cobalt, to an OXC reaction

zoune operated in contlnuous ﬁanner and without the
itubroduction of soiid cobalt éompounds apd wherein
an aliphatic moncolefin is contacted with cerbon
monoxide and hydrogen at B pressure within the range
50-~250 atmospheres and & temperatuf@ within.tha“range
100% ~18000., the feed rates of the fluld cabalyst
and olefin beiﬁ&hadjusted to maintain the weight of
cobalt, detexmined 49 the metal, in the foed between
0,01% and_ﬁ% bdsad'on.the waight of the olelfin in the

feed. |

13. A continuous process for_thé production of
synthetio Dgygen«canbaining compound s in whicl alde-
ﬁydes are produced in impioved yields, which comprises
contacting carbon wonoxide and hydrogen with a solid
cobalt compound in a ocatalyst-generating zone at a
temperature withln the rangs 300-85000, and at a
parsial pressurs of cdrbon monoxilde of 20-300
atmoapheres, contimuously passing, as fluid cataelyst
at least part of the preduct of this zone, in the

gaseous phase, to an X0 reaction zone, together with

-~ cooblansd
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& conbinucus Teed comprising an clefin, carbon
monoxide and hydrogen, said OXO reaction zone teing
operated without the intwduction of solid coball
coempounds and at elevated temperature and a pressure
in the range 5C-250 atmospheres, and the feed rates
of the fluid catalyst and olefin being adjusted to
maintain the weight of cobalt, determined as the
metal, in the feed between 0.01% and 2% based on

the weight of the olefin in the feed, and separating

at lesast one aldehyde from the 0X0 reactlion product.

19. A continuous preceess for the production of
synthebic oxygen-contalning compounds in which alde-
hydes are produced in improved yields, whioch comprises
senblouously contacting carbon monoxide and hydrogen
with a solld cobalt compound in a catalyst-generating
wone at a temperature within the vange 300-2509C,

and at o partial prossure of carbon monoxice of

20-3500 atmospheres, and continuously passing, as fiuid
catulyst, at least part of the product of this zons

to an OX0 reaction zone, topether with a continuons

23

ed comprising an olefin, carbon monoxide snd hydrogen,

Zsaid 0XC reaction zdna veing operated without the
introductidn of'solid cobalt compounns and at elevdted
temporature and a pressure in the range 5H0-250
atmosphares, and the feed rates of tho ¢luid catalyst
and oléfin veing adjusted to maintain the welght of

the cobalt, deteenined aa tho metal, in the Teed betwesn
0.01% and 5% bused or the weipht of the olefin 1in the
faed, aﬁd separating at least ome aldehyde from the

CX0 reactlon product.

- conbinued -
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20. A process Tor the production of synthetic
oxygen~containing compounds in which aldshydes are
produced in good yields, in which a rluid cobalt
carbonyl is used ag catalyst and in which the
overall losses of cobalt are amall, which comprises
contacting solid cobalt metal with a gas consisting
‘at least in part of carbon monoxide in the absence
of olefin feed in a first zone whereby a fluid
-

cobalt oarboﬁyl is formed, passing at least part of the

said fluid cobalt carbonyl as catalyst through a second

A zone btogether with an olsfih, carbon monoxide and

hydrogen, the second zonse being operated in continuous

menner undsr the .conditions of the 0X0 reaction, said
fiuid oobalt carbonyl being the sole catalytic material

introdueced into the secondzone, withdrawing from the

e L TR S

e

gecond zerne a mixture comprising synthetic oxygen-

contbalnlng compounds and Tluid cobalt compounds,

?' cdntacting at least parf of'agid mixture in a third

i zouae with a solid support material under conditions for
% the decompeoaltion of the fluld cobalt compound with

‘g oo dopogition of cecbalt mebtal upon the support and with-

drawing the synthetic oxygen-coptainiig compound from

the third zone, and whereln tie flow through the gystem

batween the zones isﬂpariodioally reversed when
depletion of cobalb in fhe_first Z0ONe reaches a
prodetermined amount and condidtions 1n the system
adjuasted so that a fluld cchalt carbonyl is produced
ih the thlrd zowns and luid ccbalt ccmpounds are

decomposed in the fivst zoune, the lsed rates of Tluid

B b
]

- countinued -
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cobalt carboﬁyl and olefin to the synthssis resction
zore being adjusted to maintain the welght of cobalt,
determinéd as the metal, in the fesd between 0.01%
and 2.0% vased on the weight of the olefin in the

feed.

2l.. 4 process Tor the production of synthetic
oXygen—containing compounds in which aldenydes arve
produced in good-yields, in which cobalt compounds
are used as catalyst and in which the overail losses
of cobalt are small, which comprises ,contacting

30lid cohalt metal with carbon monoxide and hydrogen
in the absence of defin feed in a Tirat zone at

a Lemperature within the range 500 - £50C¢ and at a
partial preséure bf carbon monoxide within the range
£20-500 atmosgpheres for the production of a catalyst
compoged predemninantly of cobalt hydroearbonyl,
bagsiug at leaat part of the product of the First =zonae,
uomprising cobalt bydrocarbonyl, as catalyst, through
& 9eoond zZomne Logether with an aliphatic mono-olefin,

carbon monoxide and hydvogen, the szecond wzone being

operated in coatinuous manner et a pressure within

. the rangs 50-~250 atmospheres and a temperature

wlthin the range. 1009-180°C, said tluid catalyst
composed predominautl#fbf‘cobalt hydrocarbonyl Laing
the sole catalytio material introduced in the gecond

Zone.,

- continued -

i,
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a2, A process for tiie production of synthetic
oxygen¥containing compounds in which aldelyvdes are
produced in good yields by the reaction of olefinie
gompounds with carbon monoxide . and hidrogen, in which
a fluid cobalt cérbonyl is used as catalyst, which
comprises contacting sclid cobalt metal with a gas
comprising carbon monoxide, in the absence of clefin
feed, in a first zone whereby a fluid cokalt

carbonyl is formed, passing said fluid cobalt carbonyl

as cabalyst through a sscond wone together with an olefin,

carbon monoxide and hydrogen, bthe second zone being
operated in a continuous manner under the conditions of
the 0X0 reaction, asald fiuid cobalt carbonyl being the
sole catalytic material intwduced into the second zone,
withdrawing from the second wone a mixture comprising
synthetioc oxygen—uon%aining compounds and fluid cobalt
compounds, contacting said mixture in a third mene with

a solid support matéerial under sonditiong for the

decompogition of the fluld cobalt. compound with deposition

of cobalt motal upon the gupport and withdrawing the
synthetic oxygen-containing compound from the thirq%one,
and wherein the flow throush the system between the
#ones is periodically reversed when a predetermined
amount of coboalt has been deposited in the third zoﬁe
and conditlions in the system wdjuated so that a fluid
cobelt carbonyl 1s produced in the tihlrd zone and fiuld
cobalt compouwnds are decomposged 1n the £irst wone, the
soncsnbtrabion of cobalt in the second zous belng

reilntained within 0.1% to 0.%%.






