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COMPLETE SPECIFICATION

Improvements in or relating to the Synthesis of Oxygenated
Organic Compounds :

We, Stanparn On, DevErorment CoM-
PANY, a corporation duly organized and
oxisting under the laws of fhe State of
Delaware, TUaited States of Ameriea,

8 having an office at Elizabeth, New Jersoy,
Tnited States of America, do hereby
declare the nature of this invention and
in what manner the same is to be per-
formed, to be particularly deseribed and

10 ascertained inm and by the following
statement : —

The present invention relates to an
improved synthesis srocess for the pro-
duetion of oxygenated organic compounds

15 by reacting organic compounds having an
olefinic double bond with gas mixtures
containing carbon monoxide and hydro-
gen at high pressures and elevated tem-
peratures in the presence of suitable cata-

20 lysts, More particularly, the invention is
concerned with an improved methed for
removing dissolved metal carbonyl and
carbon monoxide from the oxygenated
synthesis produet prior to storage or

26 further treatment such as catalytic
hydrogenation. .

The synthesis of oxygenated organic
compounds from olefinic compounds and
mixtures of CO and H, is well known in

80 the art. The olefinie starting material is
reacted in the liquid state with CO and
H, in the presence of a metal catalyst,
usually an iron group metal catalyst such
as a suitable cobalt compound. The reac-

38 tion product consists essentially of organic
carbonyl compounds, mainly aldehydes,
and aleoliols having one carbon atom more
per molecule than the olefinic feed
.maferial. The oxygenated product may

40 be hydrogenated in o second catalytic
stage to convert the aldehydes to the
corresponding aleohols.

Practically all {ypes of organie com-
pounds having an olefinic double bond

45 may be used as the starting material,
inclnding aliphatic olefing and diolefins,
cyclo-olefins, aromatics with olefinie side-
chains, oxygenated compomuds having

[ Price 2[8]

olefinric double bonds, ete. The metal
catalyst may be present as a solid or in 50
the form of an crganic salt soluble in the
olefinic feedstock. Suitable reaction con-
ditions include temperatures of ahout
160—450° F., pressures of 100—3800
atmospheres, hydrogen to carhon mon- 55
oxide ratios of about 0.5—4.0:1, liguid
feed vates of about 0.1-—5.0 V/V /hr. and
gas feed rates of about 1000—45000 stan-
ard cu, ft. of gas mixture per barrel of

liquid olefinic feed. €0
Similar temperatures and pressures and
conventional ~hydrogenation catalysis

such as mickel, copper, tungsten, oxides

or sulfides of Group VI and Group VIII
metals, ete, may be employed in the 66
seeond stage for the hydrogenisation of
the carbonyl eompounds.

. The iron group metals used as cata-
lysiz in the first stage of the process react
with CO to form mefal carbonyls. This 70
iz particularly true for cobalt, the pre-
ferred and mdst active oxygenation
catalyst., This cobalt carbonyl whieh dis-
solves in the liquid oxygenated produect
tends to decompose nnder low CO partial 75
pressures even at relatively low tempera-
tures and very rapidly at clevated tem-
peratures, to form free CO angd inseluble
metallic cobalt. Metallie cobalt so separ-
ated seriously interferes with the further 80
processing o:<the oxygenated reaction
product beeause It may ecause excessive
pressure drop in the equipment due to
deposition of cobalt in lines and vessels

or it may deactivate the hydrogenation 85
catalyst of the second stage by surface .
deposition of cobalt. Since cobalt car-
bonyl slowly decomposes wnder low Co
pressures even on standing at atmospherie
pressure it should he removed as soon upon 90
the formation of the oxygenated product

as possible.

Prior_to the present inventiom it has
been suggested to remove cobalt ear
bouyl from the oxygenated product 95
Ly treating ‘with hydrogen at ele-

546



9 | 682,177

vated presgsures and temperatures in
a vessel which may be packed with
an inert solid on which the separated
cobalt is deposifed, and from which a
8 substantially carbonyl-free liquid product
may be withdrawn, the liberated CO
being removed with the hydrogen used for
treafing. In such treatment with hydre-
gen, pressures may be the same as or lower
than those obtaining in the synthesis reac-
tion zone or in the subsequent hydrogena-
tion zZone ; specifie pressure suggested have
been 100 to 500 pounds per square inch
- gange and ypwards to 6000 pounds per
15 square’ imell gange. Temperatnres
employed may be those at which the syn-
thesis product leaves the synthesis zone
which as previously indicated meay he
operated at 150 to 456° F. A purging
20 treatment with hydrogen as just described
is disclosed andy clatmed 1 our prior

" SBpecification No. 629,915, ]

The present invention is directed to

securing improvements in a metal car-

26 bonyl decompesition operation, particu-

larly the avoidanee of plugging and foul-

- ing of the system arismg from carbonyl

decomposition- and ‘the precipitation of

free metal. In general, theie improve-

80 ments are secured by carrying out the

- carbonyl decomposition operation under

closely correlated conditions of tempera-

-bure and pressure and by employing parti-

.cular mei?hods of supplying heat for such
35 operation, - :

Accordingly the invention provides a
process for removing dissolved metal car-
bonyl from the liquid oxygenated product
obtained from fhe conversion of organic

40 compounds having an olefinic double
bond with CO and H, in the presence of
carbonyl-forming metal catalysts, which
confprises subjecting said product in the
liquid phass in & treating zone o a tem-

-4b perature high enough to maintain a metal

- carbhonyl decomposition rate substantially

higher than the rate of condensation and
pc?ymerisation of aldehyde components of
said produet under the treating condi-
tions, and & pressure not substantially
greater than that required to prevent sub-
gtantial vaporization of liquid, maintain-
ing said temperature by passing & highly

- heated fluid in heat exchange relationshi

8b with said produei, and removing a 1iqui£
. substantially free of dissolved metal ear-
bonyl from said treating zone.

In accordance with our speeific embodi-
ment of the invention, plugging of the

80 decobalting system may be substantially
minimized or completely eliminated by
employing, as a method of supplying the
-heat required for cobalt ecarbonyl decom-

- position, the mixing of the cobalt car-
85 bonyl-containing produet ~with a pre-

19

50

heated cobalt earbonyl-free fuid. Other
methods of heat suppfy will appear here-
inafter. - T

The specific conditions of temperature
and pressure used in  the carbomyl 70
removal process of the invention depend
to a certain extent on the boiling range
of the lguid oxygenation produet
treated. For example it may he -stated
thai temperatures within the approxi- ¥
mate range of 200—400° F., preferably -
R50—350° F., and total pressures within -
the approximate range of 50—-150 Ibs. per”
5q. 1n. gauge are generally suitable for a
conventional  synthetic oxygenated, 80
cobalt carbonyl-containing product hav-
ing an average of 8 or more carhon atoras
per molecule. A cobalt carbonyl-contain-
ing product having an average of 9 or more
carbon atoms per moleculs may be treated 86
with good resulis, in which case pressures
ag low as 0—I00 Ibs. per sq. in. gange
may be used. -
- Having set forth its general nature, the
nventton will be best ynderstood frony the 50
following mors detailed deseription. in
which reference will he made to the
accompanying drawing wherein:— -

Figure 1 illustrates a systemn wherein
the heat required for car{onyl removal
i3 applied externally to 3 tube esrr ing
the oxygenated product io be treated.

Fig, 2 shows an arrangement iy which -
the cobalt varbonyl-containing liquid is
heated by direct contact with a preheated 10
fluid substantially free of cobalt carhonyl
and carbon monoxide;

95

and

Fig. 3isan ilustration of internal heat
supply through immersed heat transfer
surfaces. o T

‘Referring now in defail to Figure 1,
e system illustrated therein essentially
tomprises an oxygenation reacter (10), &
separator (18), 4 heater (30) and & soaking
vessel (40) whose functions and coopera. 110
tion will be forthwith explained using the - -
removal of cobalt carbonyl from ax oxy-
genated reaction product having an aver.
age of 7—9 carbon atoms per molecule gs
an “example. Tt should be wundersicod 115
however that the system may be. applied
to the freatment of heavier or lighter
oxygenated products containing the same
or a different metal carbonyl. :

In operation, the Hquid olefinic feed
stock having an average of about -8
carbon atoms per molecule and & gas mix.
ture containing CO and H, in the approxi-
mate ratios of 1:1 are introduced through .
ling (1) into the bottor of Teactor (10}, 185
The catalyst, preferably in the form of o
cobalt salt soluble in the feed, such as
cobalt paphthenate, stearate, oleate, ete.,

1056

120°

.may. be added to the liguid feed in con-

ceritrations of abint 0.1~3% by. weisht. 130 . -
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If desired, reactor (1)) may e provided
with u bed of cobalt catalyst supported
on an inert carrier such as silica gel,
pumice or the like.

Reactor (10) is operated at conventional
oxygenation conditions Including tem-
peratures of about 300—400" ¥'., pressures
of about 2500—3500 ibs. per gq. in., u
gas feed rate of about 3000—20000
standard cu. ft. per barrel of liguid
feed amd a liguid feed througput of
about 0.2 to 2 volumes per volume
of reactor space per hour.  The
reaction produets comsisting of liquid
oxygenated products cvontaiming about
0205 to 0.3% by weight of dissolved cobalt
mainly as eobalt carhonyl are removed,
together with unreacted gas, through line
(lf?), cooled to about 80--120° T, in cooler
(14) and passed through line (16) to a
liquid-gas separator (18). Gas separated
in separator (18) is withdrawn through
line (20} and may be recycled to line (1)
for reuse in reactor (10).

The liquid separated in separator (18),
still at the pressure of -reactor (10), 1s
withdrawn downwardly through line (22)
provided with pressure release valve (24).
The liguid product is mow under a low
pressure of about 50—150 Ibs. per sq. in.
at which the major portion of the pre-

. viously dissolved gas™ is released. This

4b

40

liguid-gas mixture is separated in low-
pressure separator (25), from which the
Fas is withdrawn through line (27). The
lquid withdrawn through line (26) is
mixed, if desired, with CO-free Lhydrogen
or inert gas supplied from line (28) in
amounts of ahout 50 to 500 standard cu.
ft. per barrel of liquid. The mixture of
oxygenated liquid produet apd hydrogen
enters heater (30) through hne (29).
Heater (30) may consist of one or more
pipes. (32) provided with a steam jacket

45 as indicated in the drawing. The tempera-

ture of heater (30} is so controlled that
the mixture flowing through pipe (82) is
heated to a temperature of aboui 300-
400° I, by the time it leaves heater (30).
The heated mixinre is now under vond:-
tions of femperature, total pressure and
CG partial pressure adequate to provids
for the rapid decomposition of colbalt
carbonyl, while appreciable beiling of the

55 liquid produce is prevented.

Cobal{ earbonyl decomposition starts in
heater (30). The mixture of gas and liguid
product now containing in addition to
dissolved coball carbonyl same suspended

60 metallic cobalt, flows through Hne (34) {o

soaking vessel- (40). Both line (34) and
vessel (40) may be provided with suitable
insulating means or steam jackets (36)
and (38), respectively, to prevent heat

65 losses, Scaking vessel (40) 15 s¢ dimen-

sioned that sufficient residesice time for

the liguid product is provided at the tem-
perature and pressure eonditions specified,
to permit substantially complete decom-
position of the cobalt carbonyl. Residence
times substantially below ome hour are
generally sufficient for this purpese. If
desired, vessel (40) may be provided with
baifles (42), ypreferably removable, fo
extend the path of the liguid. If required

3

70

75

any cohalt metal deposited on baffles (42)

may be pericdically removed to prevent
plugging of the system. A by-pass line
{15} is provided to permit by-passing of
the_ decobalting system during cleaning
periods or for other purposes.

The gas-liguid mixture now substanti-
ally free_ of cobalf carbonyl, and, as a
result of the low CO partial pressure, like-
wise substantially free of dissolved CO is
passed through Iine (46) to a vooler (48)
wherein it ia eooled to ahont 80—120° I,
the cooled mixture flows through line (50)
to a gas-liguid separator (52). A gas con-
sisting of hydrogen or inert gas and small
amounts of CO is withdrawn overbead
from separator (5) through Jine (54} to be
vented or used: J}or any suitable purpose.

The liquid product now comtaining less
than about 0.005% by weight of, cobalt
carbonyl is withdrawn downwardly frem
separator S:'\:'r?.) through line (58) and filter
{57} which removes suspended metallic
cobalt after which the liguid product is
passed through line (58) provided with a
pressure release valve (60) o a product
aceumulator (not shown) and to further
conventional processing’ by hydrogena-
tion, in a conventional catalytic hydro-
genator (61).

Systems of the type illustrated in
Tigure 1, when operated at the condi-
tions specified,, permit decobaltine of
oxygenated product within decnba?l‘t-ing’
times substantially below one hour, i.e.
short enough effactively to prevent alde-
hyde condensation. Tt has been observed
however that cobalt may deposit on the
ighty heated mefal surfaces of pipe (32),
which may cause plugging of pipe (32)
after runs of say about 1 or 2 days’ dura-
tion. This difficulty may be eliminated
by employing :the embodiment of +he
invention illustrated in Figure 2 whersin
like reference: numerals are wused  to
identify elements similar to those of
Figure 1.

Referring now specificaliy to Figure 2,
the operation of the system up to the pas-
sage of the liquid product through pres-
sure release valve (24) ig identical with
that deseribed in connection with Figure
1. The depressurized cobalt carbonyl-com-
faining liquid now passes at the tempera-
ture of separator (18) through line (26) to

35
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the top of soaking vessel (40) where it is
mixed with liquid oxygenated product
heated in heater (30) 1o a temperature of
about 300—400° ¥, and supplied through

5 line (38}, as will appear more clearly here-
inafter. The amount of heated liguid sup-
plied through line (33) is such that the
mixture in vessel (40) atfaing a tempera-
ture of about 250—350° I,

10 The thus heated liguid mixture flows
down through vessel {(10). By holding a
liquid level in vessel (40), and allowing
gos to separate from the liquid therein, it
is possible to eliminaie the separator (25),

13 in which case, however, it may be advan-
tageous to feed an imert stripping gas
such as niirogen, methans or CO-—free
hydrogen throngh line (28) in the
amounts specified before. However, de-

20 composition of cobalt carbony] takes
plade so rapidly in vessel (40) at the
favourable conditions specified, that the
inerf gas supply through line (28) may he
substantially redueed and even completely

25 eliminated, particularly at relatively low
cobalt carbonyl concentrations of the
quuyid of say not substantially above
0.2% .

A liquid product substantially free of

30 cobalt carbonyl is withdrawn downwardly
from vessel (40) through line (48). Ome
porfion of the withdrawn substantially
carhonyl-free liquid, corresponding to the
amount of lguid supplied through line

35 (26{ is passed on through line (46) to
coocler (48) and separator (52), as des-
cribed 1n connection with Ifigura 1. Sus-
pended cobali metal may be removed
from the liquid leaving separaior (52) by

40 fillering meansg (57).

The remainder of the carbonyl-fres
liquid in line (43) is passed through line
(47) provided with pump (49{_ to heater
(30) and from there through line (33) to

45 vessel (40) as described before. Because
no dissolved cobalt carbonyl is present in
heater (30) the latter may be operated at
‘any suitable femperature which may be
as high as 300—400° F., without any

50 danger of cobalt deposition en hot hester
surfaces. The actual decomposition of dis-
solved cobalt carbonyl {akes place exclu-
sively in vessel {(40) in the absence of hot-
heat-supplying gurfaces In this manner,

55 cobalt deposition on any hot heat-supply-
ing surfaces is avoided throughout the
system. Residence times in heater (30)
and vessel (40) mey be about 5—60
minutes, and may advantageously be

60 maintained between about I5 and 30
minutes. If desired, separated cobalt
metal may be removed from the liquid
Howing line (43) by a filter (62) arranged
on branch line (64), to avoid plugging

85 of gubsequent system elements.

The gases liberated in or introduced
into ‘vessel (40), containing traces of
vaporised liquid, are removed overhead
through line (46) and passed through .
cooler (B6) to a gas-liquid separator (63) @0
from which gas may be vented or
resovered overhead through line (70). Any
separated liguid, such as that carried by
entrainment in the gas leaving vessel (40)
or resulting from condensatiop of the 75
minor amounts of lignid vaporized in
vessel (40), is withdrawn downwardly
through line (72) to be recovered or re- .
eycled fo reactor (10). -

As a modification of the embodiment 80
of Tigure 2, the hot liguid supplied
through line 33 may be an extrameous
liquid, substantially irert to the aledhyde
product, for example, a hydrocarbon
liquid boiling higer than the liquid pro- 85
duct. This ligeid may be introduced
through line (44), in which case valve {4}
is closed and no produst is prmped to
heater (30). The extraneous lignid may be - -
separated from the product hy distilla- 90

tion, extraction, or other means, and Te-

eycled to line (44) if desired. _

In some instances an alternate embodi-
ment of the invention may be used, in
which the cool liquid entering vessel (40} 95
ig heated by admixture with lLeated gas.

In this case, referring again to Figure 2,
a relatively large volume of heated gas,
substantially C(O-free, is introduced
through Hue (28) thus eliminating a part 100
or all of the liquid heating otherwise
accomplished in heater (30). The gas may
be an -inert gas such as mitrogen or
methane, or it.may be one of the hydrogen
steams used elsewlhere in the process.

A farther embodiment of the invention,
designed to avoid plugging difficulties is
llustzated in a simplified manner by
Figure 3 which shows merely the .
decobalting means proper, all other sys- 110
tem elements which may be substantially
the same as those deseribed in conpection
with Figure 1 andfor 2 having been
omitted, '

The decobalting means of Figure 3 115
consists essentially of a single vessel (80)
which takes the place of heater (30) and
vessel (40) of Tigures 1 and 2. Vessel {80)
comprises an elongated relatively wide ..
tube (82) which may have a diameter of 120
say-about 16” and which may be provided
with a level indieator (81{. Arranged
within tube (82), essentially over its
entire length, is a steam ecoil (84) which
may be made of pipe having a diameter 125
of say about 3—§”. :

In operation, liguid oxygensted pro-
duct containing dissolved cobalt earbonyl
is supplied to the top of vessel (80)
through line (86) at a temperature of 130

105
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gbout 80—120° F. and a pressure of about
80—120 1bs. per sq. in, to substantially
completely fill vessel (80) as indicated by
level i, Meating steam is supplied
B through line (88} and withdrawn through
line (Y¢), in a manner adequate to heat
the liquid within vessel (80) to about
800—00° F, I# desired, CO-free hydro-
gen or inert gas may be supplied to the
10 bottomn of vessel (8() through line (92) in
the proportions specified in connection
with line {28) of Figures I and 2.
Carbony decomposition  proceeds
rapidly within residence times of about b
16 to 60 minutes, preferably 15—380 minuates,
which are not condueive to aldeliyde con-
densstion or polymerisation. Any sepaz-
ated cobalt meial which coileets in the
bottom of vessel (80) may bs withdrawn
20 through drain (94). While some cobalt
metal may be deposited on heating coil
(84) the free cross-sectional area of vessel
{80) is so much larger than that of the
pipe in heater (30) of Figure 1 that mno
25 plugging trouble will arise for an
extended period of fime. In addition any
cobalt deposited on the outer surface of
the heating eoils (84) may be more readily
removed tﬁan from. the 1nside surface of
30 the heating tube of heater (30) of
Figure 1.

Liquid oxjrg'enated product substanti-

‘ally free of dissolved cobalt carbonyl and

CO is withdrawn through line (36} from
the bottom of vessel (80} at a point above 35
drain (94). The withdrawn ligquid may be
freed of any residual cobalt metal in filter
{98), cooled in cooler (100) and passed te
storage through line (102) provided with
a level control valve (104). Separated gas 40
confaining only small amounts of vapor-
ized liquid is withdrawn overhead from
vessel (80) through line {46} 1o be further
treated in elements (66) and (88) as out-
lined in connection with Figure 2. 45
While hydrogen is preferable when-
ever 2 gas 13 to be used for stripping and
reduction of the CQO partial pressure in all
decobalting elements of the invention des-
cribed above, other gases inert to the 50
oxy%enated liguid produei may be
emp otyed, for example, methane, nilro-
gen, ete. :
The invention will be further illus-
trated by the following specific example 55
summarizing the results obtainable at
different operating conditions for an oxy-
genated product containing an average
of about 8 carbon atoms per molecule -
when using different embodiments of the 60
invention, .

Exavrrm,

65 Decobalting Vesgel Conditions:
Pressure, p.s.i.g. - -
Temperature, 'F. - -
Inlet Gas - - - ~
Inlet Gas Rate, CF/{BbLl. -

70 O=xo Aldehyde Produet:

Wi. % Soluble Coball
Before Decobalting Vessel
After Decobalting Vessel -

In Specification No. 672,880 there is

78 claimed a method for the econversion of
oarbon monoxide-confaining reactants at
elevated pressure and temperature by con-
tact with a catalyst of the irom group,
which comprises passing reactanis con-
80 taining carbon monoxide through a reac-
tion zone containing a eatalyst of an iron
group mefal, maintaining said reaction
zone at a temperature below 400° T, and

at a pressure above 15() pounds per square

85 inch, forming metal carbonyl during pas-
sage of reactants through said reaction
zone, effecting comversion of reactants in
the presence of said catalystand said meta]
carbonyl, passing an effiuent conisining

90 produets of conversion and said metal car-
bonyl from said reaction =zone into =z
secondary zone, maintaining said second-
ary zone at temperature approximately 50

to 100° F. above that of the reaction zone

9b and a pressure below 100 pounds per

1 r 35 1

Operation in accordanee with
Figure 2 - Hipure 8§

100 100 100 100
828 305 310 310

None Hydrogen Noune Hydrogen
0 800 o 500

0.18 0.08  (.083 0.107

0.001  €.000  0.006  0.005

square inch to decompose sajd metal car-
bonyl in said secondary zore, removing
from said secondary zone a product stream
substantially free from metal carbonyl,
and periodically reversing flow of said 100
reactants and said effluent with respect to

to said reaction zone and said secondary
zone,

What we claim is:-—

1. A process for removing dissolved 5

metal carbonyl from the liguid oxygen-
ated product obtained from the conversion
of grganic compounds having an olefinic
double bond with CO and H, in the pre-
sence of carbonyl-forming metal catalysts, 110
which comprises subjecting said produet
in the liquid phase in a treating zome to
a temperature high enough to maintain
a metal carionyl decomposition rate snb-
stantially higher than the rats of conden-~ 115
sation and polymerization of aldehyde
components of said product wnder the
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treating conditions, and a pressure ot
substantially greater than that required
to prevent substantial vaporization of
liguid, maintaining said temperature by
passing a highly heated fluid in heat
exchange relationship with said product
and removing s liguid substantially free
of dissolved metal carbonyl from said
treating zone. )

2. A proesss according to Claim 1,
wherein sald temperature is maintained
by mixing said product with 2 highly
heated inert fluid free from metal car-
bouyl and carbon monoxide.

3. A process according to Claim 2,
wherein said fluid 48 a liquid.

4. A process according to Claim 3,
wherein said liguid iz Hoquid ozygenated
reviously freed of dissolved
metal carbonyl.

5. A process according to Claim 3,
fs_rhe;gin said liguid is an extraneous
iguid.

wherein said fluid is hydrogen.
7. A process according to Claim 1,

wherein said temperature is maintained.

by passing said highly heated fnid

. A process according to Claim 2,

through & heat exchanger immersed in
the liquid product in said treating zone. 80

8. A process according fo any one of
Claims 1—7 ,wherein the oxygenated pro-
duct has an average of at least six ecarbon
atoms per molecule, the metal catalyst is
a cobalt catalyst and the temperature and 35
pressure in said ireating zome are in the
approximate ranges of 200—400° F. and
50—150 lbs. per sq. in. gauge respec-
tively.

8. A process according to any ome of 40
Claims 1-—7, wherein the oxygenated pro-
dust hias an average of at least nine carbon
atoms per molecule, the metal catalyst s
a cobalt catalyst, and femperatuve and
pressure in sald treating zone are in the 45
approximate range of 200—400° F. and
0-—100 1bs. per sq. in. gauge respectively.

10. A process according to any one of
the Frecedin claims, wherein the metal
catalyst is soluble in the feed to the con-~ 50
version operation. ’ .

Dated this 18th day of May, 1949,

D. YOUNG & CO.,
29, Sonthampton Buildings, -
Chancery Lane, London, W.C.2,-
Agents for the Applicants.

Leamington Spa: Printed for Her Majesty’s Stationery Offics, hy the Conrfer Press.—1952.
Published 2t The Pztent Office, 25, Southampton Buildings, London, W.C.8, from which
copies may be obisined.
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2 SHEETS  1pic drewling Is a reprodectian of
the Criginal on a reduced scale,
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