R.I. 4270

PRETACE -

The chemistry of the -additicon of carbon monoxide and hydrogen to unsat-
urated carben compounds to Form the corresponding aldshydes is the subject of
the review and critical discussion presented ih this paper. It is important
not-only because of the expanding horizons of possible industrisl synthesis
of aliphatic crganic compounds but also because the discussion of reaction
mechanisms contains ideas that are of value alsc in the analysis of probable
mechanisms for the Fischer-Tropsch synthesis.

Although olefinic and saturated paraffin hydrocarbons constitute the
bulk of the Fischer-Tropsch product, some alcohols and aldehydes usually are
obtained under normal operating cenditions. However, the product of the syn-
thesis at low temperatures (185°-190° C.} and with short contact times ob-

tained by recycling 25 to. 100 volumes of cend-gas per volume of fresh synthesis B

gas contains’large amounts.of alcohdls. It is possible that these mleohols
are formed by a mechanism similar té that described in this paper for the oxo
process. Tt Cem ' '

The oxo'?eébﬁﬁpn.appearsnto be a case of homogenous catalysis with cobalt
hydrocarbonyl as, the catalyst.-- There are sgveral outstanding characteristics
of the Fischéer-Tropsch process that cannot be explained on the basis of the
carbidic catbon’ - methylene polymerizdtion hypothesis proposed by F. Fischer,
but are necéSéaéy;qqnsequencestsf a mechaﬁism'similaf‘to that of the oxo syn-
thesis. Thue 'the 50 to 7O percent of alcohols obtained under conditions cited
above could be' formed by way of addition of carbon moncxide and hydrogen to an
olefin, as ih’the oko synthesis. The higher proportion of aldehydas in the
oxo product 1é'duc'lqrgely to the 4absence of dissceiatively adsorbed hydrogen,
as most of the 'Surfaces are poisoned by cobalt carbonyl. In the Fischer-
Tropsch synthesis “the Hydrogenating activity of the catalyst surface is only
partly poiscned, so that, although methane Fformation is retarded, the hydro-
genation of aldehydes to alcohols occurs at a suitable rate, Upon longer con-
tact time, thé albchols are.dehydrated to form olefins.

The concentfation of éthylene in Fischer-Tropsch products - relatively
very low - and-fhd;rgSpits.éf,experiments in which ethylene 1s added to the
synthesis gas ‘indicats. that some mechanibi consumes this olefin rapidly. The
unique positioh’of 'cthylene in.the synthesis may be due to the fact that it
is the first méiber of the olelin series and probably reacts rapidly in the
adsorted phase on'the gatalyst .surfade With carben menoxide and hydrogen to
ferm propyl aldolsT by a2 mechanism similar £o that of the oxo synthesis. The
initial production of the Steady-state concentration of ethylene in *he ad-
sorbed phase may proveed By way: of conversion, of an adsorption complex of hy-
drogen and carbon monmoxide to.ethylens and watekr. '

The carbidic carboh. intermediate postulatéd by F. Fischer and others in
digcussions'of the mechanism of the Fischer-Tropsch synthesis should permit
miltiple branching and growth of single branches to include geveral carbon
atoms. In fact, however, Fischer-Tropsch products contain virtually no mul-
tiply-branched hydrocarbons, and the branching is largely confined to = single
methyl group, If a mechanism similar to that of the oxod synthesls occurs on
the surface of Fischer-Tropsch catalysts, the analysis of the products
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obtained is easily explained. All branching amccording to this mechanism re-
asults from the addition of carbon monoxzide to 'a nonterminal carbon atom of
the olefin; branches larger than a methyl group are improbzble because the
oxo reaction is retarded owing to steri¢ hindrances -imposed by the first
branched carbon. More thsn one branch is impossible in the coxo reaction when
the reactant is a mono-olefin. - '

_ Tn addition to the scientific importance of discussions of the mechanism
of the oxo synthesis, the practical importance of this reaction is eclearly
cutlined in this paper. The.industrizl production of long-chain alcchols,
aldehydes, and fatty acids Trom olefin Tracbtions of Fischer-Tropsch products
or of petroleum products zppears now to be a matter of careful cost estimating
and sngineering design. A substantial pertion of the basic chemistry has been
disclosed. ' : : :

H. H. Storch

INTRCDUCTION,

The oxo reaction consists of catalytic conversion of olefins by reacting
the olefins with CO and HE (water gas) to aldehydes that contain one more
carbon gtom than the starting olefin., The aldehydes are then generally re-
duccd with hydrogen to primary alcohols in a second stage. The two-stage

. process is cglled the oxo process. The word "oxo" 1z derived from the German

LI

"oxierung" (kctonization); thus the exact English equivalent of "ozo" is
"keto", The oxo process may be applied to nearly all olefins.

A wide range of pressures and temperatures may he used in both stages.,
Thg pressure range usually emploved is 130 to 200 atmospheres. The tompera-
ture in the first stage is usually gbout 140° C. and in the second or hydro-

" genation stage sbout 180° €. Although a standsrd Fischer-Propsch catalyst

ray be used for both steps, cheaser catalyste have been utilized te effect
hydrogenation of the aldechydes.

Most of the information fer this report on the oxo process was gathered
from Technical 0il Mission microfilms., T.0.M. Reels 14, 55, and 134 were es-
Pecially veluable. T.C.M. Revort 6 by H. M. Weir was very kelpful. Informa-
tion on the oxo process 1s scattered throughout documents ceptured in enemy
territory, and the present report does nos include all the available data.

Somd of the information was procured by personal interview. Where, in the

body of this report, certain investigators are quoted, the source of the state-
ment is.cither personal interview or the T.0.M. reports.
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' DEVELOPMENT OF 0XO PROCESS

Dr. Otte Roelen, who is probably the discoverer of the modern cxo proc-
¢ss8, has siated that he first predicdted the possibility of the oxo synthesis
in 1938 but that reslization of the reactiocn had to await develcpment of s
suitable plant. A patent application relating to the oxo reaction itself was
filed by Dr. Roelen in Germany September 19, 1938, and was assignsd to Ruhr-

- chemie. This probably corresponds %o U. S, Patent 2,327,066, August 17, 1943,
Otto Roelen, inventor, unassigned but seized by U. 8. Alien Property Custo-
dian - application date, April 15, 1939. - '

Ruhrchemie A. G. and I. ¢. Farbenindustrie cooperated in the development

of the oxo process. Stock in the operating company, the Oxo Cesellschaft, was

held by these two companies, with some participation by Henkel & Cie. Offices
of the Cxo Cesellschaft were at Oberhausen-Rolter. Ruhrchemic conducted the
OX¢ Process batchwise on a semiplant scale, but I. G. Farben develcped a con-
timuous pracess and installed a Pilot plant for its operstion at Leuns. It
was generally agrecd that the I. G. Farben econtinlous process was morc effi-
cient than the RFuhrchemie intermittent operation. Although the capacity of
the Leuna plant was sbout 100 tons a month, it never produced more than 40
Tto 50 tens s month in it3 2 years of cperaticn. TIn May 1944, only 7 tone
wers produced, and production then ceased. Rularcheric's batchwice Plant at
Holten had an arnusl capacity of some &§,000 to 10,000 metric tons of product,
but the plant was never cperated at full capacity. TFron a chemical. stand-
point, there seccms tc have been no lack of contidence in the oxo procsss in
Germany. Progress was held up cnly by war conditions, ' ‘

RAW MATERTALS
Olefins_

Practical application of the oxo process in Germeny was directed mostly
toward processing olefins derived from Fischer-Tropsch oils in the boiling
range 180°-3200 (Cll—Cl carbon atoms) and to the proccssing of straight-chain
olefins with a terminal double bond. The latter were cbtained by cracking
Fischer-Tropsch paraffin gatsch (soft wnx} under mild conditions. Oxo alco-
hols were also prepared frem crucked gas oils and cracked gezolines of German,
Swedish, and Rumanian petioleun. Oxo alcchols alsc were chizined from Fsto-
nien, Swedish, and German shale cils and from brown-coal low-temperature car-
bonization products.,: Althcugh the oxo reaction was found to be fezasible with
most of these oils without previous refining, low-temperaeture carbornizatior
Products required pretrestment with 1ye and dilute acid or o refining orocess
with liguid 505 and butane te prevent the formatieon of strongly colored
products, -

The following are some of the unsatursted substances subjected to the
OX0 reaction:

2202 -4 .




‘ot ‘2 AJenagad
Sruayosyny £q psdedadqd ("seb sisayjufs |edp] jo 4315w DIGND | UG pasEq SpialL
"0 o00£-508Z pue ‘wie OZ 3 }sf|eied wodi buisn) -oxo y3rm ssa004d Jaydsi4 a0y BwWAYDG - - 8JnBy4

I'g] 62 10 [358[(]w—

02 al slouoary _
A== O..ln ‘Wb
o 9 S ousany o [1o 1asaig
% 06 .EJ 62
NOILYNIFOOHAAH
SISFHLNAS 3AAHIAY
whgg % 0F suyiong
‘whiy D% oL suysEQ
wh zal
LY E
w1 _ .
sob suiosnb 19 Aroay
‘wh ¢g “wh e ‘wh 564
%G %02 % 0L
FHNSSIUd  ONY  IHNLYHIGWIL Mo
SNINDYHD
oG5~ s0E¢ — GGl
. . » al||0sph 10 AADAY XM
Lee 29¢ BU1|0SDY L) 05 o ‘Wb b o
ws z2'¢32 wb gg wk ¢G5y
% 91 % 6¢ % S
7’20_21“,__551
) P, [ oM
il gl *5 puo moAIL.||o_Em.._c 2 puc pinki|
Am_ : ‘wb _mi
f
AUy Jed "wh ooy fpais
00l oot 1onpoud O uele uo
Kapwitid 3810
S1sayuis "L d
SUN
% 18d we 42Npo.d

) = ) -

-
o . TR T B " -y o v 0y




R.I. heTo

acetylens 211yl " alcohol ) diisobutylene %
ethylene dicyclopentadiene . octalin

Lropylens dipentane . oleic aleohol

butene 2,5 -dimethylbexadiene-1,5. cleic acid

cetene butadiene I ' linseed oil i
eyclohexene n-decene _ o rubber _ ' 1
n-octene n-dodecene-1 CL .~ vinyl sther :
i-nenens ' olefinic lubricating oil . tetrahydrofuran

styrene ' . ~ ethyl acrylate o :

tetramethylbutadiene !

Although it has been claimed that all of . these substances woere treated
successfully in the laboretory, careful reading of some of the experimental E
vork indicates that difficulties were encountered in rany cases, and it re- E
maing to be demonstrated that all olefins will undergo the reactior. Most i
hydrocarbon mono-clefins and many oxygen containing olefins were processed ;
with excellent (over 90 percent) vields of the expected primary alcohols. :

In 1940, the production of 40,000 tons per year of aluchols in the
C10-Coq range from Fischer-Tropsch clefins was visuwalized by Dr. Martin of i
Ruhrchemie. The scheme for this process ig outlined in Tigure 1, The heavy

i oll (1550-3300 C. beiling range) from the Fischer-Tropech process at 20 atmos- §

-k pheres (using an ¥e catalyst) was to Turnieh slightly more than half the raw

f materials, uné low-temperature and. low-prossure cracking of the Fischer-Tropsch  #

g Wax was to supply the rest of the oxo charge. The total charges consisted of %

; about 70 percent olefins and 30 percent varaffins. ' :
Dr. Martin stated that an 85—perceﬂt yield of clefins could be made by %

the thermal cracking of Fischer-Tropsch wex at 250° C. with only S-percent
Joss. At 2500 C., mostly terminal deuble bonds were produced. As the tem-.
perature of cracking was raised, the double bonds tended to warder toward the s
middle of the carbon chain and were almost entirciy in the middle of the chain
at a temperature of 350° (. : S

Water Cas

The presence of sulfur does not hinder thc oxo reaction but definitely. b
inhibits the hydrogenation of the aldehydes., While = ratic of 1 volume of i
CO to 1 wolume of_H? is usunlly emplerved in the oxo reaction, this ratio need i
fot be maintained closely, because a large excess of gas is always used. -

S BB e

Catslysts

Standerd Fischer-Tropsch catalysts were used in most of the cxperiments
on the oxo process, These catulysts were used for toth ateps mainly because

they were rendily availsble. It waos well znowx: that nickel and other cheaper i
catalysts could be used for the hydrogenation. A stardard Fischer-Tropsch EE
¢atalyst was reperted to have the following compesition:




Perscent

Cobalt .......iinennn.. 30
Thorium oxide cv.iveea.. 2
. Magnesinm oxide .,...... 2
Kieselguhr vvvvennen., . £6

Because cobalt was scarce, the cobalt content of the catalyst was decreased
Trom 30 percent to 25 percent with no deletericus effect on the oxe reaction.
Iron carbonyl slso catalyzed the reaction, but its activity was much lower
than that of the cobalt catalyst.

Although the cobalt catalyst was sensitive to sulfur in the gases ‘used
in the Fischer-Tropsch synthesis, the oxo reacticon @id not appear to he af-
fected by sulfur. Sulfur, however, definitely hindered hydrogenation of the
aldehyde in the second stage when cobalt catalyst was used. When, olefins or
oils‘boﬁtaining sulffur were used in the oxo reagction, the catalyst was fil--
tered from the products of the first-stage reaction and the hydrogenation
carrisd out'over'a catalyst not affected by sulfur ass fixed nickel-tungsten
sulfide. It is preferable to perform a Pertial hydrogenation of the crude
first-stage product beforc filtering to convert any cohalt carbonyl to ceobalt.

Both Dr. Roelen and Dr. Reppe believed that the reaction mechenism. in-
volved formation of cobalt hydrocarbonyl as the active catalyst. Both cobalt
and iron’ form hydrocarbonyls, and both catalyze the oxo reachion. Nickel, on
the other hand, does not form a hydrogarbonyl and does not catalyze the oxo -
reaction. Roelen has stated that cobalt could be introduced in several forms
and that reduced cobalt metal was not essential. Cobalt carbonyl, prepared

sepatatély, and fatty acld salts of cobmlt were good catalysts for all olefins. ¥

According to Dr. Hecht, assistant to Dr, Repve, ccbalt naphthenate was an cx- .
cellent oxo catalyst. It was even found pogsible to employ basic cobalt car-
bonate without preliminary reduction. : : S '

“A provortion of the cobalt goes into solution as cobalt carbonyl in the
Tirst stage. Some of this cobalt carbonyl is carricd away in the gas stream,
from which it_Qag be rccoversd by scrubbing with hydrocarbons. or oxo-process
al¢ohols. The loss of cobalt dus to its solution in the reaction products,
and particularly inm their Polymers, i3 much morc serious., However, upon hy-
drogenation, the cobalt is brecipitated nnd regensrated by treatment with hy-
drogen at 250°-270° C. Tn the intermittent proccss, the release of pressurc
after the_first_stage would result in_considerabla.volatilization_of cobalt
carbonyl.  In the continuous ﬁrocess, however, the cobalt carbonyl that dis-
solved in theé reaction_mixture is completely destroyed in the hydrogonation
step, and the Tvatalyst is then reéstored to the aetive condition. The contin- .
uons process is, therefore, particularly advantageous in respect to conserva-
tiorn of catalyst.

During the reaction with Co catalyst, some iron carbonyl is formed from
the walls of the reaction vessel. This contomingtes the Co catalyst, and it
is probable that a ‘complete recovery of the'bobalt'might_be necessary at some
stage to fres it from iron. ’ ; ' S
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Sore small-scale catalytic experimbnts were carried out to poison the
catalyst in such a manner as would still allow the oxo reaction but would
prevent the hydrogenation of aldehydies to alechols that occurs to some extent
in the first step. 1% was found that such a result could be achieved by add-
ing a small amount of an organie sulfur compound (carbon disulfide) to the
catalyst mixture. The hydrogenatlnp inkhibiting effect of the sulfur vas
sharp. )

Fxperiments to poison the catalyst by adding exactly messurcd amounts of
Ho5 during precipitation of the catalyst were unsuccessful. It 1s interescting
to note that, when an experlmeﬂt was perfermed in which bismuth was the poi-
soning agent, this metal exerted no poisoning action whatscever on the hydro-
gengtion; on the contrary, it strongly incressed hydrogenation of the olefins,

It would be of theoretical interest to learn if rhodium (atomic nunmber
h5) and iridivm (atomic number 77) could catalyze the oxo reaction. The car-
bonyls of these metals arc known and are quite stable, ard there is some evi-
dence that they hoth form hydrcearbonyls. - If these hydrocarbonyls ars more
stable than cobalt hydrocarbonyl, it may be possible to conduet the oxo rege-
tion with smaller partial pressiures of carbon menoxide in their presence.

CHEMISTRY CF TROCESS

Basic Oxn Bquation

Using a purc olefin, a mixlurs of aldshyes is obtained as ‘the product of
the oxo reaction. The aldehydie group adds to elthaer carbon of the double
bond:

R - CH=CHy + Bp+ CO— 3 R - CHy - CHy or R - CT - CH.
OHO oete)

As a general rule, sbout. 60 perce1+ n*anched— and k0 percent straight-chain
aldehydes are obta*ned.

This tendency toward s mixed product is increased furthsr by isomeriza-
of the olefin iz the presence of cobalt carbonyl, <hus:

R I
i |
CEIS - Cl - CH=CH =2 CEEB - C cH - CH 3

+ H + CO_ + HQ + co \\H\R\\K\\\
B k(///j

CHy -~ CH - CHp - CHp - CHO ~cE - Lw . cq3 CHy - c —- cqe - CHy
cao ca0

TR

Steric Effects

The reaction that predominates is the cne involving the least steric
CH3

hindrance. Using iscbutylens, more CHS - CH - CHy, - CHO is obtained than
2202 -7 -
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CH : . ey . . : T
CH3— © 3—— CEO. In a similar W@nnér; if_thé trimethy1pent¢n§s;thained~f;bm
polymerization of igcbutylense aere used as the oxo charge, the chiel products
will be those derived from CH3--? ~— Oy~ € == CH, isomer, as distinct
S CHy

. : (EH3 L (EH3 ‘ R i ' e
frqmloﬁg—- ? — CE=C — QHj_isomerl_ The only-ola#ina_completely unreac-
: ' CHsu : : . .

‘Five with water gas are those in wiicH the double bond is located between two
tertiary carbon atoms. Such olefins also resist hydrogenation.

+

Hature of Products

" The ald91ydes are comnlbfelv reduced to’ nvlmary ‘alcokiols in the hydrogen—
ation staﬂe. As 1s to be exnecued there are othe“ ‘products of the oxo reac—
tion ‘besides aldehydcs. The réactions occeurring may be listed in the Follows
ing mammer;

r

1. Primary reactions

ae Formatlon of aldehydes
‘B H CHECHO

‘R—CH = CHp + €O % Hy”
¥R- CH — CHy
T o tHO

b. Formation of ketones

/;%RCHQCHQCO CHoCHsR . -
SRCH = Cﬁé + CO + HQ‘”ﬂTPCHOCHﬂCO CH-R
CH3
R-CE-CO-CH-R
CHz CH3

=

2. B8econdary reactions

a. Formation of alcohols. Under the drastic conditicns of the
oxo reaction, some aldehydes are reduced to alcchols in the
first stage. Alcohols may also occur as the result of a
Cannizzarc-type reaction.

b. Formation of acids - acids may result from a Cennizzaro-type
regetion,

. ¢. Formation .of esters - acids are esterified by the alcohols
present in the mixture.

o

op02 . o -8 -
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d. Formation of acelals - aldehydes and alechcls prezent In the
© mixture give acetals. \ L . : L

e. High-molecular-weight compounds ere formed by polymeriza-
tion ard condensation reactlons.:

. Formation of saturated hydrocarbons - these arc nroduced
by hydrogenation of the double bond with no oxo reacticn
taking place. Practically no sgturated hydrocarbons are
formed in the presence of carbon monoxide.

Fy

The oxo proccss must be looked upon primerily as a source of alcchols
vather than eldehydes. Much work was done in an cffort to usc the regction
45 a source of aldehvdes, but the attempis were abandcned for the Tollowing
TEABONS ' '

1. In order to react the olefins completely, a sufficiently drastic
treatment with water gas must be used so that mich conversion of aldshyde to
slcohol tukes place in the first stage.

. 2. The aldehydes are very_reactive_and tend to polymerize, condense,
form acetals, etc., during the oxo reacticn. '

: 3. Attempts to separate the aléchydes (espcclally by distillation) re-
sult in great lesses and formation of much resid;e,

Tf aldehydes were desired, 1t probably would be hetter to produce the
alcohol by the oko reaction, isolate i%, and thzn use known methods to oxidize
the aleochol to the desired aidehyde.

When distilling crude oxo alcohols prepared from a sharp plefin cut,
there always remains a high-boiling residue {("Dicksl"), which can account for
a5 much as 20 percemt of the total crude product. Dickel has a high hydrozyl
mupber and therefore contains high-molecular-weight alcchols, rerhaps poly-
hydric ia character. These high-molecular-weight“alcohols mey be formed in
either or both of the following ways:

a. Twe olefin molecules react with 1 CO and 1 H, meleculs,
thus forming a ketone, which subssquently is reduced to
o secondary alcshol. :

. s
2 R-CH=CHp + CO + Hy —— R-CHE—CHE-CO—CHE—CHQ—R —_—

R-CH,,~CHp -CHOH-CHp - CELR

L. An aldol condensation of two monomeric aldehyde molecules
may have occurred. . :
CH HQ QH

| ;
R-CHp-CHC + R-CHg~CHQ ~—e-—> B"CHE—CHTGE—CHO-—;———é R—CHECH-QH-CHEOH

Such aldol condensations are known to occur Quring hydrogenation. For

2202 -9 -
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example, v. Braun {Ber., wol. &7, 1896} obtained the following byproducts
from the hydrogenation of aldehydes: .
5 R=Cll=CE,- ;H CH,0H

2R-CHpCH0 —> R~CHp~CH=C-CH,0H
R _
= R-CH, -CH-CH-CHy0H

CE R

.In a modification of the usual oxo process, it was endeavored to obtain
aldol condensation of oxo aldehydes gt the moment of formgtion by adding al-
kaline substances and by varying pressure and tempersture. Upeon hydrogens -
tion, compounds with double the number of original carbon atoms should result,
These products may be dicls, unsaturated primary alcohols, or saturated pri-
mary alcochols in case secondary OH groups are split off as H20 and the double .
bond formed is then hydrogensted. : ;

The following agents were tried: Agueous sodiuvm hydroxide, methyl alce-
helic sodium hydroxide, sodium ethylate, solid sodium hydroxide, calcium ox-
ide, sodium carbonate, and aguecus ammonia. However, no najor effect in the
desired direciion could be established. Varying the temperature and pressure
rather than the medla had s much grester effect on the quantity of high-boil-
ing material. Increasing both varisbles resulted in the production.of signif-
icantly larger amounts of higher-boiling material. The high-boiling residue
so obtained, however, contained few OH groups, and it is quite possible that
-the actual reaction did not take place via the aldol c¢ondensation.

It is poseible for an aldol condehsstion to occur in such = way that the
final product need not contain an hydroxyl group. Such a mechanism involves -
isomerization of the aldol initislly formed to a ketone. Thus, H, Fines and
V. N. Tpatief? (Jour. Am. Chem. Soc., vol. 69, 1947, p. 1337} have proposed
the isomerization of an a2ldcl in the presence of AlCl3 ~HC1 at 800 C. and a
carbor monoxide pressure of 125 atmosmnergs as xOllOWS.

. CH3 -
0 (0): ~H.0
4 _ ¥ | ; 2

CHB—?qu\ + -C Y CHS-FH—CH-?—CHO-*-uwwwm#}
H / |

CHS : | | CH3 CH3

CH3 . ..
| isomerization .

CEE-?=QH-?—CHO 7 CH3-9=CHv§-CH*CH3
AT _ / I

CHy  CHy CHs. CH3
The isomerization of an -aldshyde of the 2,2, trimethyl-3-pentens-l-al type
to a ketone as above by the use of sulfuric ecid (8. Danilow and E. Venus-
Danilova, Ber., vol. S9B, 1926, p. 377) and AlCl3 (H. Hopff, C. D. Nenitzescu,
D. A. Isacesceu, and I. F. Cantuniari, Ber., vol. 698, 1936, p. 22kk} as

2202 | - 10 -
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catalysfs has been reported. The catalyst - cobalt hydrocarbonyl - is a

strong agid, and the absence.of many OH groups after hydregenation may per-
haps be explained by the dehydration and subsequént isomerization of Lhe I
aidol. The pressures and temperatures used in the oxs reaction are higher %
than those used by Pines and Ipatief?, and it is probable that the isomeri- *
zation iz favored under these conditions. : '

As a rosult of the aldol experiments with different materials in the :

oxa reactor, two quite interesting cbservations werc rade: : i
. . E
. ]
aquecus ammonia; 85 percent of the original olefins were recovered unchanged.

‘1. The oxo-remction is almost completely inhibited in the preserce of #
|

This may be explained by assuming that the cobalt-ammine complex thus formed
1s more steble than the cobalt-carbonyl complex. The content of cechalt car-
bonyl in the catalyst required for the oxo reaction is thus decreased and the -
regcetion inhibited. This might well be proof, thus far lacking, that cobalt
carbonyl is required and essential For the oxo reaction.

2. In the presence of sodium methylate, the hydrogenation that cccurs
to some extent in the oxo reaction is comnpletely inhibited whils the oxo re-
action itsclf is not all affected., 4s little as 0.2 percent sodium methylate
~dnhibits hydrogenaticen. Although a strong base, such a2s methylate ion, tends
to promcte condensation of aldehydes, aporeciable quantities of aldehyde could
be fourd in the reaction products. T3 may be that the hydrogenation polsoning 11

agent is formic acid or sodium forrate.

Double-Bond Isomerizétion

The rearrangement or lsomerization of the double bond iz an important
fegture of' the oxo reaction. Table 1, tzken from T.0.M. Reel 1&, Frame 056&7,
effectively summarizes the experiments showlng migration of the double bond
with higher olsfins. Pure dodecenc-l was the olefin used, Examinaticn of.
the table and of oxo products reveal these facts: :

1. Cobalt catalyst in the presence of an incrt gas does not cause iso- . !
merization at 2000, the upper 1imit of the usual oxo temperature, If condi- }
tions are mainteined the same while the temperature is raised to 300° C., iso-
merization occurs, and all of the isomeric dedecenes are formed.

2. At temperatures below 250° C., cobalt carbonyl is responsible for it
isomerization. Tn the presence of either Fischer-Tropsch catalyst or cobalt
Zetal at tomperatures between 150°-2509 C. and 100 atmospheres of C0, all
dedecene isemers in almost equal ratios are formed. i

3. Using iroen pentacarbonyl as the catalyst at 150° C. and 100 atmos-
Pheres CC, all dodecene isomers are formed, but only 40-45 percent of the
original dodecene-1' iz isomerized. Under. the same conditions, using ndickel
metal, no lsomerization occurred. It may thercfore be coneluded that the i
three metuls, Co, Te, und Ni, catalyze the oxo reaction in mboulb the sane
order as their effectiveness in Isomcrizing the double bhond,

2202 - 11 -




