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- 10 Claims.

This invention relates to the manufacture of
motor fuel and has to do more particularly with
the production of motor fuel, such as gasoline,
from mixtures of carbon monoxide and hydrogen.

In accordance with the invention, carbon
monoxide and hydrogen are converted into a
mixture of synthetic hydrocarbons. A normally
gaseous hydrocarbon fraction predominating in
hydrocarbons of two to five carbon atoms is sepa-
rated from the reaction products and fractionated
to produce a fraction rich in normasl butane and

(CL 196—10)

10

s fraction containing butylenes and, if desired,

lower boiling hydrocarbons, such as Cs hydrocar-
bons. 'The normal butane is converted by isom-
erization into isobutane which is alkylated by

. said butylénes to form saturated branch chain -

hydrocarbons of gasoline boiling range.
In the synthesis of hydrocarbons from carbon
monoxide and hydrogen, there is produced a
hydrocarbon mixture ranging from methane to
high boiling liquids and wax. The heavier con-
_ stituents of the normally gaseous hydrocarbons,
for example C: hydrocarbons or the Cs and Cs
hydrocarbons, are particularly suitable for al-
kylation in that they contain a high percentage
of propylene and butylene and are relatively free
from isobutylene. The normal butane may be
separated from such a mixture and subjected to
isomerization to produce isobutane which may
_then be alkylated by the butylenes and propylene.
The invention will be more fully understood

15
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The synthesis operation is well known in the
art and produces a complex mixture of hydro-
carbons, including both gaseous and liquid

- parafiins, olefins and solid parafiin wax. A typi-

cal product from such .a synthesis consists of
ahout 73% of condensable hydrocarbons of three
carbon atoms and above, about 18.5% of uncon-
densable hydrocarbons of one and two carbon
atoms and about 8.5% of wax. The condensable
hydrocarbons comprise about 90% _normally
liquid hydrocarbons and about 10% Ci and Ci

_hydrocarbons. The Ci and C: hydrocarbon frac- -

tion contains hydrocarbons of three and four
carbon atoms in about equal amounts and has
an unsaturation of about 50%.

The synthetic hydrocarbons are passed through
the line 4 to a separation operation 5 wherein
the Ci1 and C:z hydrocarbons are separated and
discharged through the line 7, the Cz and Cs hy-~
drocarbons through the line 8 and the liquids
and wax through the line 9. This separation

. may be acomplished by well known means such

25
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from the following description read in connec- .

tion with the accompanying drawing which shows
a flow diagram of one embodiment of the process
of the invention. -

. Carbon monoxide and hydrogen from sources
of supply (not shown, but are well known in the
art) are introduced through the lines { and 2
respectively and subjected to a synthesis opera-
tion represented dlagrammatxcally by the system
designated by the numeral 3. The carbon mon-
oxide and hydrogen should be charged .in the

as fractional distillation, solvent extraction, ete.
In case it is desired to segregate a fraction com-
prising essentially C: hydrocarbons instead of a -
mixture of C3 and Cs: hydrocarbons, such g frac-
tion may be separated and discharged through
the line 8 and the C3 hydrocarbons either sepa-
rated and discharged along with the C1 and C:
hydrocarbons through the line 7 or separated
and discharged separately by means not shown.

The C: and Cs: hydrocarbon fraction is sub-
jected to a further separation operation desig-
nated by the numeral {0 wherein the normal

35 butane is separated from the lighter hydrocar-

bons comprising butylenes and C; hydrocarbons
such as propane and propylene. The separation
may be effected by fractlonal d1st111at10n or other
suitable means. :

40 The normal butane is passed through a line {1

volume ratio of about one part of carbon monox-

ide to two parts of hydrogen. This ratio may be
varied somewhat and in general, on increasing

the amount of carbon monoxide, higher unsatu-

ration in the product usually results.

The synthesis operation is carried out by con-"

tacting the gases in “suitable reactors with a
catalyst comprising essentially cobalt and kiesel-
guhr together with small amounts of thorium
and magnesium oxides. The reaction is effected
at temperatures of about 330° to 392° F. and
under pressures ranging from about atmospheric

45

[

to an isomerization operation {2 wherej#® the
normal butane is partially conve;rted into iso-
butane. The isomerziation is preferably carried
out in the presence of an isomerization catalyst,
such as anhydrous metallic halide, for example,
aluminum chloride or aluminum bromide, pro-
moted by the corresponding hydrogen halides,
hydrogen chloride or hydrogen bromide. 'The
isomerization may be effected in the liquid or
vapor phase and at a temperature ranging from
about 100° to 400° F. and preferably about 175°
to 250° P. Under proper conditions, about 40 to
60% of the normal butane may be converted lnto~
isobutane in a single pass. N

up to about 140 pounds per square inch gauge. §8 The mixture ot 1sobutane -and normal -butane

s
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is transferred through the line (4 to a separa-
tion operation 15 wherein the isobutane may be
separated from the normal butane which may be
recycled through the line 16. The separation
may conveniently be carried out by fractional
distillation. The isobutane is passed through
the line 18 to an alkylation operation 20. In case
it is unnecessary or undesirable to separate the
isobutane from the normal butane, the total iso-
merization products may be conducted through
by-pass line 19 directly to the alkylation oper-
ation.

In the alkylation operation the 1sobutane is
commingled with the butylenes and propylenes
conducted thereto from the separation operation
10 through the line 21. The proportions of the
materials introduced into the alkylation opera-
tion are such as to maintain an excess of isobu-
tane over olefins, Suitable alkylation catalyst,
such as sulfuric acid of 90 to 100% strength, alu-
minum chloride or hydrated boron trifluoride
may be used. The operation is preferably car-
ried out in the liquid phase at a temperature be-
tween about zero and 100° F., preferably about
60° to 90° F. The alkylation reaction comprises
essentially the alkylation of the isobutane with
the olefins to produce saturated branch chain
hydrocarbons of gasoline boiling range.

The alkylation products are passed through
the line 25 to separation operation 26 which may
conveniently be one or more steps of fractiona-
tion. Normally liquid alkylate is separated and
withdrawn through the line 27, The excess iso-
butane may be segregated and recycled through
the line 28. In case C3 hydrocarbons are treated,
the residue therefrom will be principally propane,
which may be discharged from the system
through the line 28, Any normal butane which
is not retained in the alkylate may be separated
and recycled through the line 38 and line i6 to
the isomerization operation. _

As an example of the operation of the inven-
tion, a mixture containing hydrogen and carbon
monoxide in the ratio of about 2:1, is subjected
to conversion at about atmospheric pressure and
at a temperature of about 350° F, in the presence
of a catalyst consisting of about 30% cobalt, 609

v

in the liquid phase with 96% sulfuric acid at
about 60° F., whereby the isobutane is alkylated
by the olefins. A gasoline fraction amounting
to about 160% based on the olefins and having
an antiknock value around 85 is obtained. The
normally gaseous hydrocarbons are fractionated
to separate the excess isobutane which is re-
cycled, propane which is discharged from the
system and normal butane which is retumed to
the isomerization oberation.

QObviously many modifications and variations
of the invention, as hereinbefore set forth, may

_ be made without departing from the spirit and

15
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kieselguhr, 5% thorium oxide and 5% magnesium .,

oxide. About 85% of the carbon monoxide is
converied intc hydrocarbons showing about the
following analysis:

Per cent Per cent

1

Cn to Cis..

poomes i

PR
© Broon
2 XL X T

"The C: and Cs hydrocarbon fraction shows an
olefin content of about 50% and comprises about
equal amounts of C3 and Cs hydrocarbons. The

. Cs and Cs hydrocarbons comprise essentially pro-
pane, propylene, normal butylenes and normal .

butane. ' The C3 and C: fraction is fractionated
to separate the normal butane from the butylenes

60

60

63

and C3 hydrocarbons. The normal butane is iso~ .

-merized in the liquid phase at about 220° F. in

the présence of aluminum chloride and hydrogen

- chloride. A product containing the isobutane is

mixed with the butylenes and Cs hydrocarbons
in such proportion that the ratio of isobutane
to olefins is about 3:1, The mixture is ¢ontacted

i

70

scope thereof, and therefore only such limita-
tions should be imposed as are indicated in the
appended claims.

I claim:

1. A process for the manufacture of motor fuel
which comprises converting a mixture of carbon
monoxide and hydrogen into synthetic hydro-
carbons in the presence of a catalyst consisting
essentially of cobalt, kieselguhr and small
amounts of thorium and :aagnesium oxides at a
temperature of about 330 to 392° F. and under
low pressure, thereby obtaining a synthetic hy-
drocarbon mixture composed mainly of hydro-
carbons having from 1 to about 10 carbon atoms
per molecule, the C3-—Cs fraction thereof con-
sisting essentially of aliphatic hydrocarbons com-
posed largely of olefins and relatively free from
isobutylene, separating from the reaction prod-
ucts & normally gaseous hydrocarbon fraction
predominating in hydrocarbons between 2 and 5
carbon atoms, separating said fraction into a
fraction rich in normal butane and a fraction
rich in butylenes, converting by isomerization
said normal butane into isobutane, alkylating

" the isobutane with said butylenes and recovering
“from the alkylation product saturated branch

chain hydrocarbons of gasoline boiling range.

2. A process for the manufacture of motor fuel
which comprises converting a mixture of carbon
monoxide and hydrogen into synthetic hydro-
carbons in the presence of a catalyst consisting
essentially of cobalt, kieselguhr and small -
amounts of thorium and magnesium oxides at a
temperature of about 330 to 392° F. and under
low pressure, thereby obtaining a synthetic hy-
drocarbon mixture composed mainly of hydro-
carbons having from 1 to about 10 carbon atoms
per molecule, the C;—Cs fraction thereof con-
sisting essentially of aliphatic hydrocarbons com-
posed largely of olefins and relatively free from
isobutylene, separating from the reaction prod-
ucts a light gaseous fraction predominating in
hydrocarbons of less than 3 carbon atoms and a
heavier gaseous fraction predominating in hy-
drocarbons of 3'and 4 carbon atoms, fractionat-
ing the heavier fractions to separate the normal
butane from the other hydrocarbons including
butylenes, propane and propylene, converting by
isomerization the normal butane to isobutane,
alkylating the isobutane with the butylenes and
propylene and recovering from the alkylation
products saturated branch chain hydrocarbons
of gasoline boiling range.

"3. A process for the manufacture of motor fuel
which comprises converting a mixture of car-
bon monoxide and hydrogen into synthetic hy-
drocarbons in the presence of a catalyst consist-
ing essentially of cobalt, kieselguhr and small
amounts of thorium and magnesium oxides at a
tempe\ratu're of about 330 to 392° P. and under

- - low pressure, thereby obtaining a synthetic hy-

75

drocarbon mixture composed mainly of hydro-

>
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e .
~afPons having from 1 to about 10 carbon atoms
per” molecule, the C;—Ca fraction thereof con-
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sisting essentially of aliphatic hydrocarbons com- - -

pofed largely of olefins and relatively free from
isgutylene, separating from the reaction prod-
w 5 light gaseous fraction predominating in
h;grocarbons of less than 3 carbon afoms and
a +heavier gaseous fraction
hsgrocarbons of 3 and 4 carbon atoms, frac-
tionating the heavier fraction to separate the
n al butane from the other hydrocarbons in -
cliding butylenes, propane and propylene, par-
tisfly converting by isomerization the normal
b\%ne, to isobutene, separating the isobutane
fr unconverted normel butane, recycling the
u@onverted normal butane, alkylating the iso-
butane with the butylenes and propylene and
re@yvering from the alkylation products high
a@knock hydrocarbons of gasoline boiling
raage. .

4. A process for the manufacture of motor fuel
which comprises converting a mixture of car-
bon monoxide and hydrogen into synthetic hy-
drocarbons in the presence of a catalyst consist-
ing essentially of cobalt, kieselguhr and small
amounts of thorium and magnesium oxides at a
temperature of about 330 to 392° . and under
low pressure, thereby obtaining a synthetic hy-
drocarbon mixture composed mainly of hydro-
carbons having from 1 to about 10 carbon atoms
per molecule, the C:—Cq fraction thereof con-
sisting essentially of aliphatic hydrocarbons com-

posed largely of olefins and relatively free from -

isobutylene, separating from the reaction prod-
ucts a light gaseous fraction predominating in
hydrocarbons of less than 3 carbon atoms and
a heavier gaseous fraction predominating in hy-
drocarbons of 3 and 4 carbon atoms, fractionat-
ing the heavier fraction to separate the normal
butane from the other hydrocarbons including
butylenes, propane and propylene, partially con-
verting by isomerization the normal butane to
isobutane, commingling the isomerization prod-
ucts with said butylenes and propyiene, contact-
ing the mixture with an alkylation catalyst un-
der alkylating conditions while maintaining an
excess of isobutane whereby the - isobutane is
alkylated with the butylenes and propylene to

form saturated branch chain hydrocarbons of

gasoline boiling range, separating from the al-
kylation products a normally liquid alkylate and
recycling the excess isobutane to the alkylation
operation.

5. A process for the manufacture of motor fuel -

which comprises converting a mixture of carbon
monoxide and hydrogen into synthetic hydro-
carbons in the presence of a catalyst consist-
ing essentially of cobalt, kieselguhr and small

amounts of thorium and magnesium oxides at

a temperature of about 33¢ to 392° F. and under
low pressure, thereby obfaining a synthetic hy-
drocarbon mixture composed mainly of hydro-
. carbons having from 1 to about 10 carbon atoms
per molecule, the Ci—Cs fraction’ thereof con-
sisting essentially of aliphatic hydrocarbons com-
posed largely of olefins and relatively free from
isobutylene, separating from the reaction prod-
ucts a light gaseous fraction predominating in

predominating in’

H

3

{sobutane, commingling the isomerization prod-
ucts with said butylenes and propylene, contact-
ing the mixture with an alkylation catalyst un-
der alkylating conditions while maintaining an
excess of isobutane whereby the isobutane. is
alkylated with the butylenes and propylene to °
form saturated branch chain ‘hydrocarbens - of
_gasoline koiling range, separating from the al-~
kylation products a normally liquid alkylate, nor-
mal butane and excess ischutane, recycling the
excess isobutane to the alkylation operation and
returning the normal butane to the isomeriza-
tion operation, )

6. A process according to claim 5 in which the
propane is separated from the alkylation prod-
uets and discharged from the system, )

‘. In a process for the manufacture of high

- antiknock motor fuel hydrocarbons, the steps

20

“which comprise catalytically converting a mix-
ture of carbon monoxide and hydrogen to a syn-
thetic hydrocarbon mixture composed mainly of
hydrocarbons having from 1 to ahout 10 car-
bon atoms per molecule, the C5—Cs fraction of

_ which consists essentially of aliphatic hydrocar-

23
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bons composed largely of olefins and relatively
free from isobutylene, separating from said syn-
thetic mixture a fraction rich in norma] butane
and another fraction rich in normal butylenes,
subjecting said butane rich fraction to isomeri-
zation so as to form isobutane, separately react-
ing the resulting isobutane with said butylene.
rich fraction by contact with an alkylation cata-
lyst maintained under alkylating conditions and’

in the substantial absence of isobutylene, where- ‘
by isobutane is alkylated to produce normally
liquid saturated hydrocarbons having a high
antiknock value and ‘boiling within the range for

* motor fuel.

40
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hydrocarbons of less than 3 carbon atoms and

a heavier gaseous fraction predominating in hy-

70

‘drocarbons of 3 and 4 carbon atoms, fractionat- -

ing the heavier fraction to separate the normal
butane from the other hydrocarbons including
butylenes, propane and propylene, partially con-

verting by isomerization the normal butane to

5

8. In & process for the manufacture of high
antiknock motor fuel hydrocarbons, the steps
- which comprise catalytically converting a mixture
of carbon monoxide and hydrogen tc a synthetic
hydrocarbon mixture composed mainly of hydro-
carbons having from 1.to about 10 carbon atoms
per molecule, the C3—C: fraction of which con- -
sists essentially of aliphatic hydrocarbons com-
posed largely of olefins and relatively free from
isobutylene, separating from said synthetic mix-
ture a fraction rich in normal butane and an-.
other fraction rich in normal butylenes, subject-
ing said butane rich fraction to isomerization so
as to form isobutane, separately reacting the re-
sulting isobutane with said butylene rich frac-
tion by contact with concentrated sulfuric acid
maintained under alkylating conditions and in
the substantial absence of isobutylene, whereby
isobutane is alkylated to produce normally lig-
uid saturated hydrocarbons having a high anti-
knock value and boiling within the range for me-
tor fuel. -

9. In a process for the manufacture of high
antiknock motor fuel hydrocarbons, the. steps
which comprise catalytically converting a mix-
ture of carbon monoxide and hydrogen to a syn-
thetic hydrocarbon mixture composed mainly of
hydrocarbons having from 1 to 10 carbon atoms
per molecule, the C3—Cs4 fraction of which con-
sists essentially of aliphatic hydrocarbons .com-
‘posed largely of olefins and relatively free from -
isobutylene, separating from said synthetic mix-
ture a normally gaseous fraction rich in nor-
mal butane and another normally gaseous frac-
tion rich in normal olefins, subjecting said bu-

_tane rich fraction to isomerization so as to form
isobutane, separately reacting the resulting iso-

4y
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butane with said olefinrich fraction by contact

4 g 286,814

with concentrated sulfuric acid maintained un- .

der alkylating conditions and in the substantial

.absence of isobutylene, whereby isobutane is al-

kylated to produce normally liquid saturated hy-
drocarbons having a high antiknock value and
bolling within the range for motor fuel.

" 10. In a process for the manufacture of high

- antlknock motor fuel hydrocarbons, the steps

which comprise catalytically converting a mix-
ture of carbon monoxide ahd hydrogen to a syn-

thetic hydrocarbon mixture composed mainly of.

hydrocarbons having from 1 to about 10 carbon

* atoms per molecule, the C3-—Cs fraction of which

consists essentially of aliphatic hydrocarbons

10

15

.

composed largely of olefins and relatlvely free
from isobutylene, separating said Cs—C« fraction

from the synthetic mixture, separating normal
butane from said Cy—Ci fraction, subjecting said
normal butane t{o isomerization 5o as to form iso- .
butane, separately reacting the resulting isobu-

tane with olefinic constituents of said C»—C:
fraction by contact with concentrated sulfuric

acld maintained under alkylating conditions and
in the substantial absence of isobutylene, where-
by isobutane is alkylated to produce normally
lquid saturated hydrocarbons having a high
antiknock value a.nd boiling within the range for .

motor fuel.
LEBBEUS C. KEMP,



