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Contalning QompoundS‘Starting'With Carbon
Monoxide and Hydrogen (Communicatlon From
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.~ It is already known that aldehydes and other oxygen
containing compounds can be produced from hydrocarbons and
carbon monoxide by means of aluminum chloride. Where the
carbon monoxide-is attached to form 2 carbon-hydrogen bond
accordingvtothe;egugtionaaﬁfﬁﬁt,QQ;i;,,RQHQg;TThis;rchﬁion,,.
nowever, produces an individual-aldehyde only in definite
eases,-Lor example, the conversion of benzene to benzaldehyde.
In the elinhatic seriés on the contrary other types of by-

products occur p:edominantlyo o

2)

It has now been found thal olefinic double donds at
elevated temperature and in the-nresence of catalysts will
_attach oarbon monoxide and hydrogen. Here each double bond
tekes up one mol. of carbon monoxide and a mol. of hydrogen
cend Trom the olefin there is produced the nex® higher aldehyde

according to the equationt .~ 4 e

T Ry CH-GHA, ¥ 00 ¥ Hy—pRyCHy-CHRG0HO T

The carbon monoxide attaches itself partly to one end partly
%o the other carbon atom of the double bond. From unsymmetrie
‘paraffins, therefore, both lsomers are obtained. For example, =
from propylene there is formed n-butyraldehyde and isobutyraldehyde.

CHg-CHcCH, + 00  Fp ~pCHz-Cig=CHyCHO '

| CHgOH:CH # 00 ¢ B> CHgrCcy -

The. proportional amount of tho two isomers is influenced by
. re&ction ‘ : conditionso vlw‘,‘ e . __ '.-:*‘..‘,.: - . o BN o .

14 nas furtier boen found thiat carbon monoxide and
“nydrogen; - instead-of-engaging. With one Mol i, ca ttach-

“ %o two: mols of “olefln “and~thereby:instead: om. the




Bl
pertinant’ketone'a¢coraing tb,the.équation X
2R-CH2CHp t CO t HazR-CH-CH=00=CH,~CHp-R

o For example, in the attachment of ¢arbon monoxide and.
hydrogen to ethylene, diethylketone 1is obtained, in additlon to
propyl aldehyde. Here alsc the proportional amount of the

two»rqaction‘products is denendent uponvieaction conditions.’

o In the manner described, olefins of the most varied:
neture can be converted into the next higher aldehydes. Thus,
for. example, we were able to produce aldehydes from the follow-
ing olefinic substances: ethylens, acetylene, propylene, :
butylene, higher primary olefins from carbon ‘monoxide hydrogene-
_tion, olefins obtained from cracking, olefins resulting through
polymerization, isooctene, olefinic lubricating olls, olefc
_aleohols, oleic acid, linseed oil, oil of turpentine, caoutchouc,
styrol, cyclohexene, etc. . R '

' It may therefore be assumed that this is a generally
‘applicgblevreaction which leads from olefins to OXO0 co@poundsu

3.) ..

. ..As catalysts for the new reaction, metals of the iron
group (iron-cobalt-nickel) have shown themselves to be suitable -
particularly in the finely divided or ectivated form. Nom~
specific catalysts, such es’active charcoel, are completely
ineffective. - ... ' ’

, To a vary slight degree, the reaction proceeds even
at normel pressure. However, reactlon velocity increases very
rapidly with rising pressure. At pressures.of 100 atm. and
over, for example, at 400 atm., we obtained space-time~yields
ahich can be technically valusble. L

- . The temperature: range within which the conversions
(takazplaeeﬂis'ndtablyWIOwa‘}Thaglqweat‘temperatgrg;at‘@hioh»~

we could attach water gas to ethylene was around 40°, ‘As is -
géneraliy‘true;‘infthis'casefalso~theqreaction-velocity_is o
~Tepondent ot onTy uvon-tempereture—but-elee—upon-She-asulviiy—
“of the ecatalyst. With highly active catalysh we obtained
_satisfactory conversions st 80-1200.° With other catalysts tho
~.peaction - temperaturqs@arewsomewhat;hignﬁﬁ;wiﬁ?;ﬁwqu;ﬁ§f§t°if;f;f
,14:0“16000 _, P v,. .' ) . ; BRI ‘ ; .
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s E7AtiestE 5T 61 dehydes T ron-olePins-oarbon-nonoxide-
“and’ hydrogen  procesds-in-general as-in the hydrocerbon synthesis.
“from cerbon monoxidé and-hydrosen most favorably within & ¥EI¥. .
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definite temperature range. If the temperature is too low,
conversion is too slight. If the temperature is too high, side
reactions take place.' In the pase_or;hydrocarbon,synthesis,‘ _
methene results from hydrogenation of carbon monoxide. In
the aldehyde synthesis, seturated compounds ‘oceur through—
-olefin hydrogenation, and alcohols through aldehyde hydrogena=
tion. In contrast to hydrocarbon synthesis in which the most
favoreble temperature raonge is very narrow, for example, amount ing
to around 8°, the permissible temperature range in the aldehyde
synthesis is greater and amounts to from 30-50%. - -

Aldehyde synthesis from olefin, carbon nonoxide and
hydrogen is highly exothormic. ‘- Since the reasction temperature
_must be_maintained within definite limits, provision must be
made for removal of heat in carrying out the reaction. Since - -
the reacstion is carried out under high pressure and at relatively
- low temperatures, control of the reaction temperature offers
no difficulties. : o B L R

The Teaction may be carried ot in varied ways so
_far. es-apparetus is concerred. Ythyleme and water gas can be
readily converted by charging the gas mixture over a rigidly
disposed‘catalystlwhich istlaced,wfor%the_purpose_of heat
‘transfer, in suitable reaction chambers, for example, in narrow-
tubes. 0lefins which are llquid under reaction conditions can
_ be adventageously converted, in that the catalyst is sludged
in these. olefins and the suspension is then treated with water:
. gas.--The. ligquid olefins can also be allowed -to trickle over a
fixed layer of catalyst, which, is treated af the Same time With
carbon monoxide and hydrogen. All three methods of operation
were accomplished without diffieulty. .~ -~ = . .

R The sbsorption of carbon monoxide and hydrogen, when
wreaeﬁionﬁconditionsfare,cprr99§l¥m§§&99§§§1Mﬁgkéswp;aoﬁ exacly
in the stoichiometric proportion of 1:1. Gaseous by-products.
‘sueh @8 methene or the like do not ocours Therefore, the wabexr
gas used in the reaction\can'be“recycled,until‘the,enrichMént
of inert geses becomes too great. . = - R SR

LTy the-attachment of- carbon-monozide ~and hydrogen...
“$o olef1ns various slde reactions may-ocour. For exeuple, tho
 reaction products may contain, socording to reagtlon comditions,
‘??ﬁﬁfﬁtﬁrfress*diSBO1vﬁﬁ“metﬂlw40risiﬁatinggrrgm.the_catalyst,a




e

féfféiéhﬁié;“ihfthé'rormfbrfcarbqnyl,compbﬁnds.‘ Freeing the
reaetion products from dissolved metal is easily possible,

a8 wo have found by treatment of the same with dilute aclds,
‘acld salts, sulfides or the. like. Under certain conditions the-

aldehydes, acenrding 4o our experience, were not altered by

. such treatment. -As alresly-mentioned, hydrogenatlon of the -
olefins to form saturated compounds can also occur as side
reaction, as well as the conversion of aldehydes to aleohols.

It has been found experimentally, however, that this is only

the case when thé reéaction temperature is too high. Of special
interest. in this connection_is the fact thet pure_hydrogen, -
under conditions of the QX0 synthesis (that is, 1000, 15 atm,

and with covbalt catalyst) is cavable of hydrogenating olefin -
‘hydrocarbons at apprecisbly lowsr temperatures than those atiwhich
’thé”QKO*Synthésiéfthké§?§15665iﬁfthéJﬁréSénb6*0f503rbon”monoxidet;ﬂ
It must, therefore, be assumed that carbon monoxide blankets

the catalyst and makes it inactive for 0léfin hydrogenation.

L Finally, the aldehydes have a tendency, even during
‘the synthesis, to form high molecular substences .such as o
polymers, aldols, estérs and the like. By suitable choice of -
"féﬁﬁﬁibﬁ“caﬁditiané;“however;“thefrormntion~of“suchwby-proauotsfa
cen be avoided to any appreciable amount. = - -

' 5)

e It is known that ‘aldehydes éan be.reduced 'to alcohols. .
with great ease. Accordingly, it is readily possible, by way. .
“of aldehyde’ synthesis; to-prepare ~the-next ,.higher..,.‘.prj_maryn s e
aleohols fron olefins, cerbon monoxide and hydrogen. A4S e
already mentiomed, this alcohol formetion at times tekes place
even during aldehyde synthesis as a slde reaction. For con-
“version'of>olefins;into]alcohols;~therefore,,one,may.proceed

g0 thet aldehydes are prenared from olefin and water gas In ‘
¢ pirst stage and then-sre-hydrogeneted with hydrogen .in.a ...
‘second stage.. However; alcohols can also be produced in one
~‘operation from olgfins,~carbon~monoxiderand~hydrogen‘for.which,,
such high temperatures are roquired that an apnreciable- \w
hydrogenation of olefin to the saturated compound is unavoidable.
—The-best— 1_pf-ale obtained ;. therefore, with the two
stage operation. Here the ylelds are exoellemt. — - -~ o

: '“f;?f”’jithfsuitable“oatalystS“thé~firstgandpsécbﬁd:stager,,m
“of ‘alcoliol production can be carried out-with the seme-eatelyst
gnd naturally also in the same contniner. In the hydrogenation
iﬁfﬁfﬁﬁ;ﬁiﬁﬁhy&tijeactidn*produots%wtﬁsQpreviously;mentioned,
‘dissolved-metal compounds ere destroyed whereby the metal™




precipitates again as such. Accordingly, if one starts fron
any pure olefin, then after attachment of carbon monoxide and
~hydrogen with subsequent hydrogenation, the catalyst can be
-easily filtered out and the pure alcohol is obtained directly
merely mixed with small amounts ot~higher boiling by-products.

The production of primary elcohols from olefins was
possible very simply in this manner.

'-s)

- "It 1is known thataldehydes can vory réadily be
oxidized to fatty acids. Accordingly, we were able to prepare
fatty acids from our synthetlc aldehydes by blowing in air or-
-oxygen - in- a-simple-menner.---It-1s-known-that-aldehydes -shsordb.
oxygen spontaneously at ordinary temperature. Therefore, the
oxidetion to  fatty aclds oan bs carried out at very low
‘temperatures, for example temperatures below 40° and without
catalysts with sufficient speed. These mild reaction conditions
meke it possible to carry out aldehyde oxidation in the presence
of hydrocerbons without attacking the latter, vhich facilitates

~the-preparation-and- puriflcation of the- fatty_aeids° -

;7)

0of speclal 1nterest is- the application of aldehyde
,'synth381s ‘to those olsfinic hydrocarbons which are obtained
from the catalytic hydrogenatlon ‘of earbon monoxide. Here
-%the-olefin hydrocarbons.cecur.exclusively. in mixtures. with
saturated hydrocarbons, Now it is a fact that up to. ‘Now. ﬁhere
has been no simple method of operation aside from extraction
with 505 to separate-the pure olefins from this mixture. It
18 therefore necessary,for the production of aldehydes, alcohols
~or fatty acids, to start with a mixture of olefinlc and gaseous
.,,vl,hydrocarbons, S S P e

o We have found theat the separation or reaotzon products
fron paraffin hydrocarhons ‘can be aocomplished relatlvely
simply by the following method of operation. In. the synthesis,
the- olefin hydroearbon is £irst converted into the next higher
homologous” ‘oxygen~containing compound. - This 15 combined WLTH
guch an appreciable inorease. in boiling point, ghat a smoother
“separation through distillation: becomes- -possible. - For. this..
“purpose the initial’ ‘hydrocarbon’ mixture ‘15850 broken: down by
‘fraetional ‘4istillation that after the reacﬁion the. highest o
*boiling*hydrocarbonwfraotion»st11L«boilsalowermthanumhewlqm st
boiling-reaction. product. ~The initial’ hydrooarbon_mixtu is
.best_ broken down S0 that eaoh fraction,contains orly
magnitude¢ Then gaps in boiling between ths paraffin hydr‘carbonS‘




‘..6...' ‘

and, for example; the”a1coho1s and ‘the fatty'acids‘aia obtained
which are So high (40-60°) that reaction products, free of
*ﬁéutral*oil;”are easily produced with moderate fractionation. .

. By the new syathesis not-only aldehydes in general, but

@lso numerous compounds of different types produceable from

the same are made relatively accessible; Ve have- already. prepared
several of them. Among others, starting with carbon monoxide

and  hydrogen-~-where the carbon monoxide was first hydrogenated
catalytically to olefins which were then converted into aldehydes
—and—then—into-alcohols==wie were @ble €0 produce-a-complete .

serieés of aliphatic primary alcohols from Cz=Caoge
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