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It has been proposed to prepare aldehydes and
ketones by a catalytic reaction between unsatu-
rated hydrocarbons particularly alkenes, or al-
kene containing mixtures, and gas mixtures con-
talning carbon oxide and hydrogen, e. 2. water-
gas, at working pressures of over 50 atm, prefer-
ably 50-150 atm., and at temperatures below 200°
C (392° ), preferably between 50° C (122° B
and 200° C (392° . The folowing equations
illustrate these processes: '

n R—CH:CH—R+CO+H1=BfCHr—(iJH—Cg

(2)
2R—CH=CH—R4+CO+H=R—CH+—CH—CO—CH—-CHr—BR

(R being a hydrogen atom or any given organic
compound radical). The aldehydes and ketones
obtalned contaln at least one carbon-atom more
per molecule than the alkenes used for the re-
actlon. Through oxidation these compounds can
easily be converted Into fatty acids, while the
corresponding alcohols are obtalned through a
slight reduction, which can be effected, if desired
simultaneously with the additlon of watergas,
when using an excess of hydrogen. If from these
alcohols one separates one molecule of water,
alkenes are obtalned which contain one carbon-
atomn more per molecule than the alkenes used
as basic substances.

When in this way technical alkene mixtures,
such as the mixtures obtained by the cracking of
hydrocarbons or by the carbon oxide hydrogen-
ation are converted, the preparation of special
pure aldehydes and ketones, or of the correspond-
ing fatty aclds and alcohols, presents great diffi-
culties. The alkene mixtures always contaln a
large serles of different alkenes which during the
catalytic addition of watergas not only produce
a mixture of the corresponding aldehydes and
ketones, but also a large number of other oxygen
contalning compounds through subsidiary reac-
tions. Thereby the obtaining of the pure single
compounds is made very difficult, and In most
cases Is technically quite impossible.

These difficulties can be avolded when pure
single alkenes are used as baslc substances. In
that case essentially well defined final products
are obtalned, which can easily be lsolated from
the unconverted baslc substances.

However, this method 1s not applicable, since
no pure alkenes can be obtalned from the unsatu-
rated hydrocarbon mixtures procured in Industry.
In such mixtures, alkenes of different molecule
gizes are present in a mixture with a large num-
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ber of saturated hydrocarbons. The separation
of the alkenes from the paraffing is already ex-
tremely difficult. For this purpose it was sug-
gested that selective solvents ghould be used (e. g.
liquid sulphur dloxide), but in this way an eco-
nomical and satisfactory separation of alkenes
and parafins was not obtainable. But even from
an alkene mixture in which no paraffins are pres-
ent, until now a technically simple preparation of
pure, distinct alkenes, e. g. of a Cs- or a Cu-
alkene, has not been possible. One can, it 15 true,
by means of strong acids such as sulphurie acid,
affect an almost complete separation of primary
or secondary alkenes on the one hand, end ter-
tiary alkenes on the other., However, this meas-
ure does not result in the obtalning of pure final
products by means of the reactions in accordance
with the above conversion equations.

It has now been found that notwithstanding
the above mentioned difficulties, by the addition
of watergas to unsaturated, particularly alkenic,
hydrocarbon mixtures, one can obtain pure oxy-
gen containing derlvatives of aliphatic hydro-
carbons, If the hydrocarbon mixtures to be used
as starting materialg are divided beforehand Into
sultably HUmited single fractions. According to
the invention the fractionation of the hydrocar-
bon mixtures to be used, beiling e. g. between 150°
C, (302° F.) and 350° C. (662° ), Is undertaken
with reference to the expected final products.
In this connection one makes use of the fact that
an alkenle hydrocarbon always boils at a lower
temperature than the oxygen compound, which
is obtained from it by watergas addition.

These differences in boiling point between the
alkenes and the oxo-derivatives containing at
least one carhon-atom  more per molecule are
rather !mportant. Por example, in the nelgh-
bourhood of the Cs-alkenes and Ci-oxo-deriva-
tives they amount to about 100°-120° C.
(180°-216° F.) at atmospheric pressure. For the
Ciz-alkene and the Cis-0Xo-derivative a difference
of about 50° C. (90° F.) is observed, at a distilla-
tion pressure of 20 mm. mecury, and between
Cir-alkenes and Cis-oxo-derivatives there is still
a difference of about 25° €. (45° P.) in boiling
points at 5 mm. mercury.

While making use of the relationship of these
bolling polnts, in accordance with the invention
the alkenic hydrocarbon mixture used can be di-
vided into single fractions, in such s way that the
highest bofling alkene has a lower bolllng point
than the oxo-derivative obtalned from the lowest
bolling alkene. In this way the reaction mixture
obtained by the addifion of watergas can during
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distillation be easily divided Into three fractions
separated from each other by sufficiently great
differences in boiling points. The lowest boiling
fraction contains the unconveried hydrocarbons
(Cn); the next fraction contains the aldehydes
procured, in accordance with the first of the above
mentioned conversion equaticns, or the alcohols
obtained therefrom by the addition of watergas
Cay1); while the distillation residue contalns the
ketones (Cam41) obiained in a¢cordance with the
second equation, and higher reaction products
(such as acetales and the like).

Hereunder the way in which the new brocess is
carried out is described in greater detall for the
working up of a heavy oil fraction of synthetic or
natural origin, boiling between 165° C. (328° F.)
and 330° C, (626° F.).

Before the watergas additlon the original mix-
ture of alkenic hydrocarbons is divided In four
fractions with the following ranges of bolling
point:

1st fraction 165°-220° C, (329°-428° F.), C10—Ci2-
alkenes

2nd fraction 22¢0-255° C. (428-491° F.), C1z-Cus-
alkenes

drd fractlon 255-295° C. (491-5683° F.), Cis—Chs-
alkenes

4th fraction 295-330° C. (563-626° F.), C11—Cis-
alkenes

From these groups of hydrocarbon mixtures,
through the catalytic addition of watergas, oxo-
compounds are obtained of the following mole~
cule sizes respectively:

Prom the 1st fraction Cu-Cr-oxo-derivatives are
obtained

From the 2nd fraction Ci1s-Cis-oxo-derivatives are
obtained

From the 3rd fraction Cis-Ci17-oxo-derivatives are
obtained

From the 4th fraction Cis-Ca-0X0-derivatives are
obtained

The range of temperatures at which each frac-
tion of these oxocompounds bolls is much higher
than the highest boillng point of the correspond-
ing alkene-fraction used as bastc substance.
During the working up of the reaction products
obtained which, after removal of the catalyser

used and prefersbly after the subsequent reduec- !

tion of the aldehydes to slcohols, 1s earried out
through fractionated vacuum distillation, the
hydrocarbons present and the oxocompounds ob-
tained cannot overlap each other, so that the
aldehydes or alcohols are obtained in a pure stete.

The aldehydes or alcohols obtained are easily
oxidised to fatty acids in the usual way. Since
the alkenes originally used can be almost per-
fectly separated, when necessary into single mo-
lecular sizes, in this way quite distinet alcohols,
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aldehydes, and fatty acids can be obtained. For
industrial purposes, (for example for the prepara-
tion of washing materials), fractionation up to 3
molecule sizes is generally sufficlent. The hydro-
carbons left over in the treatment of the products
obtained by the addition of watergas can be re-
used as basic substances in the process.

As regards their purity, the fatty aclds ob-
tained as described above comply with all the re-
quirements for basic substances for the soap- and
washing means industry. They can also be used
for many purposes in the preparation of articles
of food. 'The -corresponding alcohols are par-
ticularly suitable ak solvents, or in the prepara-
tion of synthetic resins.

As basie substances for the present process all
unsaturated hydrocarbon mixtures of natural or
synthetie origin can be used, for example, frac-
tions of the thermic or eatalytic hydrocarbon-
cracking, or of the pressure-hydregenation. Be-
cause of ‘their high degree of purity, synthesis
products of carbon oxide hydrogenation are par-
ticularly suitable, )

Next to the preparation of valuable fatty acids
and alcohols the process as degcribed above can
also be used for the preparation of pure alkenes.
In this case the corresponding single alcchols
are first prepared, whereupon they are converted
to alkenes, for example by means of phosphoric
acld under removal of water. It is well known
from experience that alcohols can be very satis-
factorily separated from each other, so that In
this way even isomeric alkenes, with almost iden-
tical boiling points can be most satisfactorily
isolated. Since the additlon of watergds chiefly
results in producing side chains, in this way
ramifled alkenes, which are very valuable for
many applications, becaome easlly available,

In the separation of Cai-fractions, from the
possible Ci-alkenes, namely iscbutylene (iso-
butene, boililng point = —6° C. or 21° F.}, asym-
metrical butylene (butene- 1, bolling point
= —5° C, or 23° F.), and symmetrical butylene
(butene-2, boiling point = +1° C. or 34° F.), the
two first mentioned cannot be separated from
each other by distillation. If one converts the
Ca-alkkene mixture through the addition of water-
gas and subsequent reduction into the correspond-
ing Cs-alcohols, one obtains from isobutylene an
isoamylic alcohol (boiling point 130° C. or 266°
F.), or & secondary amylic alcohol (methyliso-
propylearbinel) bofling at 113° C. (235° F.), while
from the asymmetrical butylene (butene-1) the
normal, primary amylic alcohol, boiling at 138° C.
(280° F.) is obtalned. These Cs-alcohols can
eagily be separated from each other. Through
removal of water from these alcohols the cor-
responding pure Cs-alkenes are obtained.
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