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Calif., a corporation of Delaware Lo '

Application October 17, 1950, Serial No, 190,523
In the Netherlands January 26, 1950 -

1 Claim. (CL 260—638)

This invention relates to an improvement in
the synthesis of carbinols by the catalyzed ad-
dition of carbon monoxide and hydrogen to ole-
fins or other compounds containing at least one
olefinic double bond, which process is generally
known as the Ozxo-process. More specifically,
this invention relates to an improvement in the
synthesis of carbinols by the Oxo-process of the
type in which the synthesis is carried out in steps

and the catalyst is carried through the separate ;o

reaction zones as g slurry in the liquid reaction
mixture.

The reaction conditions, reactants, catalysts
and such particulars applicable in the . Oxo-
process are well known and described in the art.
The method of operation in which the synthesis
is carried out in steps and the catalyst is carried
through the reaction zones in suspension in the
liquid reaction mixture is also well known and-
described in the art. .

In the multi-step Oxo-process the olefinic re-
actant, e. g. an olefin polymer or an olefinic con-~
cenfrate from a cracked hydrocarbon fraction, is
reacted with carbon monoxide and hydrogen in
a first step or stage to give a product which con-
sists largely of aldehydic products along with
minor amounts of higher boiling oxygenated
products (“thick oil”), carbinol, unreacted ole-
fin, diluents, soluble cobalt compounds and sus-
pended catalyst. This first stage is called the
carbonylation stage since it is in this stage that
the addition of the carbon monoxide takes place
along with the addition of part of the hydrogen.

As stated, the product from the carbonylation

- stage contains dissolved cobalt. This dissolved :

cobalt is defrimental in the subsequent hydro-
genation stage and, consequently, the product
irom the carbonylation stage is conventionally
passed through g decobalting stage wherein it is
subjected to conditions which cause the decom-
position of the soluble cobalt compounds with
the formation of insoluble metallic cobalt.
Following this decobalting stage, the product,
including the suspended cobalt, is finally passed
through a hydrogenation stage wherein the al-.

"dehydic intermediate products are converted to

the.carbinols. The product of this stage consists
largely of the desired carbinols with lesser
amounts of higher boiling oxygenated products
(“thick oil”), diluents and suspended catalyst.
This product is worked up to recover the desired
carbinol in the desired degree of purity and this
is effected at least in part by separating the sus-
pended catalyst (usually by filtration) followed
by fractional distillation.
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The catalyst used is cobalt, and it is generally
and preferably used in conjunection with a pow-
dered carrier material of which the diatomaceous
earth known under the trade name “Celite” is a
good example. Cobalt is an excellent catalyst
for both the carbonylation and the subsequent
hydrogenation, and, as described, it serves as the
catalyst for both stages in the process.

The catalyst declines in effectiveness at a slow
rate and, consequently, it is the practice to re-
cycle the catalyst, after separation from the
product, back to the carbonylation stage to ef-
fect synthesis of further amounts of product.
The amount of catalyst required to be supplied
with the feed is relatively small, e. g. 4% by
weight-based on'the olefinic reactant feed. Thus,
in the typical operation of the process the cata-
lyst filtered from the product is slurried in part
of the feed or in a portion of the “thick oil,” and
a small amount of the slurry sufficient to supply
the required amount of .cobalt is added to the
carbonylation stage, usually in suspension in the
olefinic reactant. )

However, the activity of the catalyst does de-

5 cline slowly with use and, consequently, it is the

practice to substantially continuously discard s
minor portion (e. g. 10%) of the recycled -cata-
lyst and replace it with fresh catalyst. This is
done in the obvious way which is to discard part
of the filter cake and add fresh catalyst at the
point where the remaining portion of the filter
cake is repulped preparatory to recycling it back
to the carbonylation stage.

‘We have now found that the described ususl
method of maintaining the activity of the cata-
lyst by replenishment with fresh catalyst is not
the best way to operate the process. We have
found that the process may be improved if the
fresh catalyst used for replenishment (replace-
ment) is added at a point just preceding the hy-
drogenation stage. We have found that when

" the fresh catalyst is added at that point, rather.

than just before the carbonylation stage, the yield
of product is improved and that this is due to a
lesser formation of the undesired heavy by-prod-
uets (thick oil). -

- The effect of fresh catalyst upon the forma-
tion of thick oil is illustrated by the following
data. 'The feed was a C6-C8 fraction containing
86% olefins. - The catalyst was cobalt mounted
on Celite and contained about 33% by weight
cobalt. The catalyst was supplied to the car-
bonylation zone as a slurry in the feed (about
The carbonylation was carried
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jacketed sections. Other conditions were con-
stant and as follows:

Pressure — . memm 200 atm.

Liquid hourly space velocity
calculated on both reac-

tor seetions. oo __ 1.08 1i/1./hr.
Entrance “gas rate.____.._ 1.58td m.3/sec.
High pressure gas bleed.__ 7Xx10—* Std. m.3/sec.
Temperature: . ’ o
Inlet o 97°C. . . -
Bottom section____.___ 145-160° C. gradient
Top section.......___2145C. S

Over a period of 108 hours:of: continuous opera-
tion fresh catalyst was supplied to the carbonyla~
tion zone; then over a period.of 217 hours only
recycled catalyst was supplied to-the:carbonyla-
tion zone. The results are shown in the following
table:

Table
1k 18tPeriod & 2nd-Period
# Olefin:conversionrpereént. - . oo l.- o - 299 3597
+-Yield percent.bywaight 0n.C6+C8feed____} -.5122 w121
“yield from -carbonylation stage intons/
.ton €6=C8:feed: . ’ :
2 Aldehydes. .o e meen .. :0.-58 --0:79
Corphiek ofly ool - T 0 0.19

(=]
Do
[=)

Yield after hydropenation.stage. in:tons
.ton.C6-C8.feed:- ) .

~"Aleobol - 0.85 - 0.89
- Thick ol I 0.22 2014
3.8 163

Tt will-be-observed:that,-although. the fresh cata-
i lyst-gave: asslightly-higher:conversion-and yield

of .oxygenated: products;-the-proportion -of heavy

~oxygenated:products: ¢thick 0il)- was- greater:and
. the actual production-of.the-desired -alcohol was
-less. o :

The: processof: thef:-inveﬁtion-: is-ifustrated by

- the following non-limiting:example-whichis: de-
- seribed - in-conjunction "with: the flow-diagram: il~
- Justrated in-the sccompanying drawing.

..Example

- Tn this-example:therfeed:is: obtained-by crack-
. ing-paraffin wax-and-separating: from-the-product
. of a Cs-Csifraction;having the.following cempo-

- sition: »

Qe pereent. by ‘weight- -l S 7748
Ci percent by weight ————— e 40
.Cs percent by weight_. - e 12

~Total olefif content _. .- —.__.=percent__ ""_87

CSulfur e G0 220102

"2 TThe catalyst-ispreparéd-by-precipitating: gobalt

- earbonate-on Célite 290: foltowed:-by reduction’at
% 500°°C in & stream of hydrogen-and:contains ap-
. proximately:34.5 % ‘Co-ahd 641 % "Celite.

= The-gas-supplied 1o the-¢carbonylationstage has

- ‘the following -coraposition-in: per:centsby volume:

L CO2 i i e __oipercent_- - 2
02 e e e O O
.Co - . _x=@o_._.=45
PH2 el e - 20— - 50
CrH2042 oo mm e O 2 24.0.8
5 N2 e i e R o [¢ JEROOS 2.2
S T :-mg#Std.m.3 <6 ¢

- Referring to ‘the-drawing, the olefinic feed isTin-
_troduced at a-rate’of 1300:kg7/hr. by line.i.” Re-

eycle hydrocarbon containing about 26 %" olefins

" is-introduced by-lineé 2 at a rate of ‘390 kg./hr.
“(Recyele ratio of 0.3:1.) ' Arcatalyst slurry pre-
- pared by. slurrying -the-catalyst separated. from
*the final product in g portion of the thick"oil to

4
a coricentration of 25% by welght is introduced
by line 3 at a rate of 307 kg./hr. (about 4.5% cat-
alyst by weight, based on the feed). Fresh syn-
thesis gas is introduced by line & under a pres-
§ sure of 200 atm. at a rate of 0.5 m.3/kg. of fresh
- olefinic feed. +This gas-is added :to the recycle
«:gas introduced by line T-at a rate of-0:75 m3/kg.
of fresh olefinic feed. The mixture of reactants
‘s:and catalyst is then passed by line 5 to the car-

. 10..honylation reactor 6.

“~The carbonylation reactor is divided into three
_sections by-baflers 9 and 8¢, and each section is
* .provided-with: a::coil—18, 10a and {8b—to allow

-independent control of the temperature in each

15 -section. “The-redctant mixture first passes up

.- through the lower or pretreating zone maintained
-~ 'ab a lowtemperature of about 110° C. The res-
idence.time in the pretreating section may be,
for -example, about 7 min. The pretreated mix-

20 ture then passes upward into the carbonylation
:ogenesiwhich:is maintained+at d-temperature of
- gbout160% C.2:Here the-carbonylationireaction: is
- initiated:and-earried out. The fop-section;dalled

«:phe<afters treating - sedtion,is-wmaintained “at a

25. lower'temperature, e- g:802C. ’ -

“The-reaction-préductfrom- the-carbonylation
stage isTwithdrawn from the-earbonylation reac-
tor-by-line .1 brand; dafter-eooling vin- a-cooler 42,
is: passed- to-theliigh-pressure separator  13.+* A

30- partiof:the:separated -gas “may-be-withdrawn

~fromy the system iff desited;sby line {4.7 Fhe-re-
mainder of the separated gas is recycled:b¥:-line
71,-as" deseribed. “*Thé Hquid-product-containing
~.suspended “catalystis® thenexpanded- through

35- valve i 5:into-thé low pressure-separator “46.* The

liberated: gas: is“withdrawn-by- line - 1. *The-lig~
uid product-is>thernr passed:by line-18-and-pump

i:49 :into- the decobgltizer 28 where it is heated-to
atemperature ‘ofagbout 190° C.

40 In the system illustrated:*the’ decobalting® is
- earried-out in: & unigue and -very-advantageous
~manner. © Fhe+-necessary -heatis - :supplied--by
-superheating and recycling- a-part-of the~deco-
.- halted-product; and this-recycle-is‘effected With-

45 gut ‘mechanically-pumping’ the-slurry.”*Thus; the
: -decobalted *product (¢slurry)--withdrawmn'-byline
299 jgz divided into “two~'streams. -One ‘stream
" (3800 %ke:/hr.) -is-passed by 1line 28 to an injector
~<94, ~Hydrogen+gas fronm-the subsequent hydro-

- 50-.genation stage'is passed-to the-injector by-iine

1495 “Fhig gas ‘circulates-the<slurry -threugh-the
“heater~26 and-back into-the-decobaltizer. “The
~mixture of ‘gas-and -decobaltized product is super-
~heated to-about 275°°C.and preferably enters the
55-Hottom of -the decobaltizer ‘through & nozzle’ 21
“which “mixes- it “with the~incoming feed. “Tt-is
essential-that g-hydrogen. pressure in the heater
=95 he maintained at about 10-@tm. or above.” In
the case illustrated,. a pressure -of "50. atm. ‘is
60 -maintained. “"The. gas is withdrawn fromi ‘the de-
- cobaltizer by line 2f.
The remaining decobalted product withdrawn
- by line.22 is cooled-and then expanded into sep-
. -arator 28. Released gas is vented and the slurry
65 js then passed to a mixing tank 28. “Heré fresh
catalyst is added “in” an” amount. sufficient"to
-maintain the catalyst at the desired.level of ac-
tivity, e. g.. 10% '0of the.catalyst being circulated.
. The slurry from mixing. tank "28.is pumpéd
70 through. the preheater 38 to. the hydrogenition
-reactor 31, ‘Here the hydrogenation.is effected
at 150 atm. pressure and 180°:C.~200° C. by.fresh
. hydrogen added by line’32. “"The- hydrogenated
product is cooled and -passed to a separator in
the conventional manner. "Part ‘of the unused
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hydrogen may be withdrawn by line 33 or re-
cycled to the system. A part of the hydrogen is
passed by line 25 to the injector 24 as described.
The hydrogenated slurry is passed from the sep-
arator to a filter 34. The liquid product is with-
drawn by line 25 and may be worked up in any
way desired. Part of the filter cake is withdrawn
from the system by line 36 and the remainder
is recycled to the carbonylation zone. Thus, part
of the catalyst is passed to the repulping tank 37
where it is mixed with “thick oil” and the con-
centrated slurry is passed to the carbonylation
zone by lines 3 and 5, as previously deseribed.

When working in this manner, 0.937 ton of
Cr~Cs alcohol may be obtained per ton of the
olefinic feed.

We claim as our invention:

In a process for the synthesis of a carbinol by
carbonylation using a cobalt catalyst which is

— bassed in suspension in the reaction mixture

through a first carbonylation stage and a sub-
sequent hydrogenation stage, the improved

20

method of maintaining the activity of the cata-
lyst at a desired level which comprises adding a
quantity of fresh catalyst to the reaction mix-
ture subsequent to said carbonylation stage and
prior to said hydrogenation stage, separating sus-
pended catalyst from the reaction mixture from
said hydrogenation stage, withdrawing and dis-
carding an amount of the separated catalyst
equal to the quantity of said fresh catalyst add~
ed, and recycling the remainder of the catalyst
to the carbonylation stage.
. PETER vaN 't SPIJKER.
MARIUS 't HART.
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