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COMPLETE SPECIFICATION
Process for Producing Aldehydes

We, Gewmro Narta and Fxnrco Brarr,
both of Ttalian Nationality, Lotk of via
Mario Pagane, 54, Milan,.Itoly, do here-
by declnre the nature of this invention and

b in what mauner the same is in e per-

formed, to be particnlorly described and
aseortained in and by the following state-
men ; ~

This inventien relates to syutheses in

10 which n mixture of hydrogen aud carbon

15

monoxide rencts with compounds contain-
ing olefinic linkﬁgss to give prodocts hoy-
ing one more cnrhon atom in the moleculs
than the original compounds.

It is known that hydrogen and carbon
monoxide will react, in the presence of a
catalyst, with compounds whick contain
an olefinic linkage sach as the olefins
themeolves, or the unsaturated ecarb-
oxylic acids, to produce saturated alde-
hydes in which the aldelirde group be-
comes attached to one of the enrbon atoms
of the olefinir linksge.

In the processes hitherto deseribed, the
syunthesiy progresses hut slow]y af a pres-
sure as low as 20 atmospheres, and it has
hean customary to employ pressires in the
neighbourhood of 200" atmospheres in
order to obtain a satisfactory rate of re-
action.

The rate at which the synthesis takes
place is anparently determined hy the
rate of diffusion bhetween the gaseous and
liquid phases and the surface of the solid
phase represented by the catalyst. This
diffusion rate hecomes higher with in-
erease in pressure ginee at high pressure
the rate ni molecular bembardment is in-
creased. Tt hos now been found that the
same #ffeot may be achieved by subjecting
the reaction mixture to vigorous agitation
thereby making it possible to achieve a
satisfactory rate of synthesis ot pressures
as low as 10 atmospheres. )

The present invention provides a “pro-
cesg for the production of an aliphatic or
cycloaliphatic aldehvde which ecomprises
reacting hydrogen, rarbon monoxide and

[Price 2/-]

an olefin, a eyeleolefin, an olefinie coph-
oxylic acid in which the olefinie linkage 50
is not immediately ndjacent to the cnrb-
oxyl group, or an ester of sech an acid

at o temperature of at least 80° C. under 2
!wmuru of at least 1 atnrospleres bng
helow 50 atmospheres and with agitation 66
in the presence of a cobalt-containing
calalyst for the veaction, the olefin, ovelo-
oiefin, neid or ester having a snturation
vapour pressure of not more than onpe
atmosphere at the temperature of the re- 60
action and bLaving nt lenst one hydrogen
atem attached to eacl carbou atom of the
olefinic linkage.

The required degree of agitation may be
obtained either by fitting the reaction 65
vessel with an internal stirring device of
conventional design, or by confining e
liquid components with the catalyst in
suspension in n tall narrew tube, and fore-
ing the mixture of gases upwardly there- 70
throngh.

The cobalt-containing catalysis nsed in
the low pressure svnthesic of the present
invention are similar to thoss normally
used in reactions of this type, Tt is pre- 78
ferred however to use partially reduced
eobalt  oxide, activated with small
amounts (abont 2%) of another metaliio
oxide or oxides which is less easily redue-
ible than eobalt oxide. Ferric oxide is a 80
preferred aclivator. The ratalyst mav for
convenience be supported upon a finely
divided inert material. for example a
diafomaceous enrth such as kieselsuhr or
a"clay sueh ax benfonite. Traces of nickel 85
in the catalyst do uot uffect the svnthesis
but manganese oxide is definitely harm-
ful. The cobalt and ircn may be precipi-
fated simultancously upon the supporting
material as their basic corhonntes, which 90
can then be decomposed thermally to form
the asides, This thermal decomposition
mav, if desired, he carried out in a stream
of hvdrogen at 350° C, o that the cobalt

oxide is prepared and partially redueed in 9%
one operation,
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8 vapenr pressure of not

10

65

gnseous and low  bojlin
lignid olefing cannot; be reacted in woeord-
2ucy with the present invention, To Te.
act, the olefin musy have o saturntion
more - than one
almasphere at the temperaiure of the TR
aclion.  As the temiperature emploved is
preferably between 10° . gyl 110° (.
ouly thoswe alefins whicl; at atmospheri:
pressure boil at temperntures substunti-
ally within or above {his range may he
In generen) the moleeular weight of
mast of the olefins which may be naed i
i exerss of 100, The Jresence of substity-
ents or additional multiple linkages in
Lhe molecule may bave very  deleterinns
rextlts on the rafe, ar ay the course, of the
renction.  For instones, certain lydro-
aromatic compounds sueh as tetrahvdro.
miphthaleno, ns well 4s styrene sl sl
ene <how no  reaction. while hydrn-
wramatic compounds  laving o cyelo
ofefinie nuelens snely ne diliydranaphtha-
leve react readily, Compounds econtain.
ing alooholie or aldebrdie gpronps  either
fla not take part ju fle reaction, or are so
suseeptible 1o seeondlary reactions as to
render the process inapplicable in prae-
tice. This i< alse true of camponnds which
ave 3 curboxyl grraup immediately adjo.
cent to the double hayd, [f however the
ethylenic bond and o carhoxyl group are
witlely separated i the molecnle, the SV
thesis procoeds in the normal wav, and nt
a rate which s satisfactory for practicn|
purpasex.  This is especially trne when
the carboxyl HTOUD iz esferified as in the
methyl or glyeery] estors of oleie acid,

t temperatures between 81)° @, and
110° €2, the synthesis praceeds to the alde.
hyde stage with very little reduction of
the aldehyde group to an sleoholin group.
TANge of femperature s

Normally

he prefar
from 100° C. 44 1100° C., since below 100°
C. the synihesin proceeds only slowly.
en if is desired to ronvert the aldehydle
graup by reduetion, ta an aleaholi. aronyp,
the aldeligde product need net be Arst
lmriﬂed. It is only pecossary to inerense
he temperaturs iy the veaction vesse] fo
aliove 140° (2, while rontinuing fo main-
tain the gases ot their pressypo of from
10 to 20 atmespheres. Tnstead of confinu.
ing with the same gaseous mixinra ne was
weed in the aldehyde syuthesds g mivture
contaiuing an inerepsed proportion  aof
hydrogen, or pure hydrogey itself way he
substituted with advantage. Tt will he
noted that un change in the rom wsition
of the eatalyst has to he made when the
temperaturs is changed 10 ohtain redue-
tion, Fsters of hydrosy  acids,  from
which the arids themeelyes may e Jiber.
ated by saponifiention, may be obiniged
by this method,

The same catalyst preferably reduced
In amount, may also be used to oxidise the
aldehyde when desired, In this case the
aldehyde, mixed with solid catalyst, is
de. 70
the sus<.
the remain.
ing catalyst. This prooess is of particular
value for the simple and eeinomion) pro- 76
duction of half esters of diearhaxylie acis.
These half esters may he ponifed i
form the free dicarboxylic  arids which

may condensed witl, polvhyideie
aleohols fo produes valuable sonfhetic 80
resingus products,

The h uoand carlion  wonoxide

used in the synthesis are best mived in
approximately eqtimolar  propottiogs,

ey should be as free as pussitile fro g

ces of axygen which when Jresant bys
a retarding effect o the Proepse,

The following examples illnetentp {1l
manner in which the inventio way e
carvisd inte offect._..

Fxavrrn 7.

Tnto a tank hoving o caparity of ahout
3 litres, nravided with o mechanical sfjr.
ring deviee eoatrolled fron §)ha mtside
and eapable of withstonding a pireecure of
M uimnspleres, {hore is introduced 1 Jo,
of l-actadecene together withy 100 ar. of
entalvat, e eatalyat je resared by
simultaneays thermal decompasition and
partial reduction with hydrogen ot 250"
of 0 mixture of the busie earhonaips of
cohaly, M8%) and jron 2%). This mix.
tore is obtained by simnlaneons procipi.
tation from an aqueons solution of the cor.
repunding metallie witratos with potas. 106
sivm  carbonate 0 & support of
Kieselguhr,

A misture of carhon monoxide gud
brdrogen, at o pressure of 12 atmos.
pheres, and free from fraces of oxyeen, iz 110
Introduced into the fank. The mixtupe js
heated 10 Telween 100° O, and 110° ¢,
with the slirring deviee in operation and 4
further supply of the earbon  monngide
and hydrogen mixture i< added o« the 115
Intler is absorbed by the reaction. s a 4,
matntain the pressnr, between 15 and 20
atmospheres. " Tle nperation is enntinued
nutil uo more gas is ahsorbed.

e reackion Product eonsisix mainly of 199
s-methyl-octadecyl. ang nonaderyl-alde-
vdes, containing small quanfitios of fhe
corresponding aleoliols a4 impurities,
asterr TT.

By employing the same conditions as in 125
Example I, bn using, instead of aofg.
derena, vdroaramatie compounds gy
mg a cyelo-olefinie nuclens, auel gq
Diene o dibydmnphﬂm}cm. hydro-
aramatic aldehydes apg obtaived, which 130
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contain one more carbon sfom than the
hydrocarbons  from which they are

derived.
Exawrra II1.

‘I'ne catalyst weed 1n this case 1s pre-

pared by precipitation of a mixture of
98% basic cobalt carbonate and 29 basic
iron carbonate on a support of from 3 to
4 paris by weight of bentonite, Before use
the catalyat is dried and partially reduced
with hydrogen at 350° C,
_ kg. of methyl oleate, containing
in suspeneion 300 gr. of cnm'lyst, are in-
frodueed into a chrome-steel tube 3 metres
15 high having a bore of 40 mm. and capahle
of witbstauding u pressure of ut beast 20
atmospheres. The tube is heated {o be-
tween 100° and 110° C. by means of an
outer steam jacket. A pre-heated gaseons
mixture, consisting of one volunie of car-
bon monoxide and one volume of
hydrogeu, at 18 atmospheres pressure i3
circulnted ot the rate of 200 litres' per
bour. The circulation is maintained until
no further gas absorption is ohserved.

The reaction product is decanted and
filtered in order to separate the ecatalyst.
It consists mainly of a mixture o1 9
aldehydo- and 10 aldebydo-methyl stear.
ates. The reaction product, freed by de.
cantation from a psrt of the catalyst
(which can then be used for further oper-
ations), is oxidised with air which is
forced to bubble under pressure through
35 the liquid lept &t a temperature of about

100° to 150°. A mixture of methyl half
estera of diacida is formed without any
interruption in the chain of the erganie
molecule, For this purpose it is not neees-
sary to add a specific oxidation eotalyst,
ginee the eatalyst nsed for the former
operation acts alse in this manner.
- i Exmrualﬂrt.} i
to a b litre copper-lined steel pressure
45 tauk, fitted with o stirring du-ice.P are ju-
troduced 2 kg. olive oil and 300 gr. of
the same catalyst ac in the preceding ex-
ample.

A mixture of carbon monoxide and
hydrogen is introduced at a pressure of 12
atmosgherep and the whoale is heated to
110° C., giving a pressure of from 15 to
20 stmospheres, with operation of the stir.
ring device.  As the rveaction proceeds
more carbon monexide and hydrogen mix-
ture is supplied in order to maintain the
pressure in the reaction vessel. The opern-
tion is continued until mpo more gas is
absorbed. The product obtained consists
of glyverides of aldeliydo-stearic seids. By
incregging the temperatnre during or at
the end o% the operation up to 150"—160"
C., methylolstearic ncid elveerides nre
mostly obtained. Their prodection is
6 facilitated by adding hydrogen to the

o

10

carbon monoxide and hydrogen mixture
used in the first reaction, when the latter
is completed, and by raising the tempera-

ture,
Exawrers V.

Into a pressure tank, similar to the one
used in preceding example, are intro-
duced 2 kg. of grape-stons oil and 300 gr.
of eatalyst prepared as in Example [. The
carbon monoxide and hydrogen mixture i= 78
introduced as in Example II, heating
however to n temperature of 150° C.
When the absorption has uwenrly ceased.
the earbon monoxide and hydrogen mix-
ture is released and the vessel flushed with 80
hydrogen. Mydrogen is furved in nntil a
pressure of 18 to 20 atmospheres is
reached. The temperature is maintained
between 150° and 160° C. until no more
hydrogen is absorbed. The reaction pro. BB
duct consists of glycerides of hydroxy
acids, which on saponifiention with anda
al_.ul treatiment with dilute sn]]ﬂmr;n il
wield a mixture of free hydroxy acids ron-
taining ot lenst 19 rarbon atoms in the 90
molecule.

Huoving now particularly described nnd
ascertained the nature of our said inven-
Hion and in what moanoer the same is to
be performed, we declare thal what we 95
claim ia:—

1. A process for the production of an
aliphatic or eycloaliphatin  aldehyde
which comprises rencting hydrogen, car-
bon monoxide and an olefin, o eyelo. 100
olefin, an olefinic carboxvlic acid in which
the olefinio linkage is not immediately ad-
Jacent to the carboxyl group, or an ester
of .rmrh an acid at o tempernfue of at least

O under o pressure of at least 10106
atmospheres but below 50 atmospheres
and with agifation in the prosence of a
cobalt-containing catalyst for the reac.
tion, the olefin, eyele-olefin, acid or ester
having a saturation vapour pressurs of 110
not more than one atmospherr at the tem-
perature of the reaction and having at
least one hydrogen atom attached to sneh
carbon atom of the olefinic linkage.
whﬂi-ch thpmr;ﬁ_ncmlmn tt: ﬁhligx 1 w115

& Teaction irature is hetw
100° 0. and 110" C. . P
). A process according (o either of
claimg | or ¥ in which the pressure em-
ployed is between 10 and 20 agmospheres. 120

4 A process ncoording to any ome of
claims 1 to 3 in which the catalyst is
partly reduced robalt oxide activated with
another metallic oxide =uch as ferrie
oxide. 125
w}fic }:At mm lswt;orc!ing to clain 4 in

h the ¥st 1z sapported y
finely divided inart mnfm-inf.m i

- A prooess according to any one of
the preceding claims in which the agita. 130

70

BAD ORIGINAL




i 046,424

tion iy effected by forcing o mixiure of
L and carbon monoxide through
the liquid. .
7. A process aceording to any one of the
5 preceding claims in which the ester is s
wmethyl or glycerde ester.

#. ‘A process according to any one of the
preceding cloims in which an olefinic
carboxylic avid or an ester thereof is em-

10 ployed and the resulting aldehyde is
thereafter rediced with hydrogen in the
presenee of the same catalyst to the corres
ponding hydroxy acid or ester. )

9. A process ancording to elaim 8 in

16 which the hydrogen used for reduction is
mixed with rarbon menoxide.

10. A procesy acearding fo any ong of
claims 1 to 7 in which an olefinie carb-
oxylic acid or ester thereof is employed

20 ond the resulting aldehyde ix thereafter
oxidised with oxygen in the presence of ar
least part of the snme eatalyst to produce
the enrresponding  dicarboxylic acid o

half ester thereof.

11. A process according tu any oue of 5
the preceding claims in  whieh the iree
aldebydo-, hydroxy., or di- carboxylic
avid 15 prepared by saponifieation of its
eater,

12. The process as herein  deseribed 30
with reference fo any one of the
Exumples.

13. Aliphatic and cycloaliphatic alde-
hydes; hydroxy-, aldehyilo-, and dicarh-
oxylic acids and their esters; when pre- 35
pared hy the processes of  the preceding
elaims.

Dated this Tth day of August, M0

For GUILIO NATTA and
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