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EXTRACTION OF ALCOHOLS FROM THE
F-T SYNTHESIS PRODUCT

Howard V. Hess, Beacon, and George B. Arnold,
Glenham, N. Y., assignors to The Texas Com-

pany, New York, N. Y.

ware

, & corporation of Dela-

Application September 13, 1946, Serial No. 696,912

1
" This invention relates to the production of
hydrocarbons and alcohols by the catalytic con-
version of carbon monoxide and hydrogen and to
the isolation of alcohols from their agueous solu-
tion. :

In accordance with the invention, synthesis
gas comprising carbon monoxide and hydrogen is
reacted in the presence of a catalyst to produce
a synthesis product containing hydrocarbons,
water and oxygen-containing compounds, the
major portion of hydrocarbons and oxygen-con-
taining compounds usually comprising compounds
having from one to 20 carbon atoms per
molecule. The synthesis reaction is advantage-
ously carried out with a synthesis catalyst of the
iron type at a temperature in the range of about
450 to 700° F, and at superatmospheric pressure,
for example, about 150 to 300 pounds per square
inch. Under these conditions, the synthesis
product may comprise about two liquid volumes
of water and one volume of normally liquid or-
ganic compounds. The oxygenated organic com-
pounds comprising mainly alcohols may amount
to from 5 to 20 volume per cent, approximate-
ly, of the total normally liquid product.

The reaction mixture is cooled to atmospheric
temperature, i. e., about 60 to 100° F. with the
accompanying condensation of the normally
liquid components of the mixture. Ordinarily
the mixture is also reduced to atmospheric pres-
sure. The normally liguid components separate
into two layers, one comprising a hydrocarbon-
rich phase containing substantially all of the
alcohols produced in the conversion which con-
tain more than five carbon atoms per molecule
in addition to a portion of the lower molecular
weight alcohols, and particularly the Cs4 and Cs
alcohols, and the other an aqueous phase which
contains substantially all of the C2 and Cs al-
cohols produced in the conversion and some of
the C4 and Cs alcohols. Small amounts of ketones
and aldehydes may be present in both phases
while practically all of the acids produced in the
catalytic conversion are present in the water
phase.

" The uncondensed normally gaseous products
of the synthesis reaction comprise unreacted car-
bon monoxide and hydrogen, carbon -dioxide and

. low boiling organic compounds such as methane,
ethane, low boiling oxygenated compounds, etc. ;

At least a portion of this gas stream is recycled
to the synthesis reaction zone for it is advan-
tageous to recycle carbon dioxide as well as un-
reacted carbon monoxide and hydrogen.

The liquid hydrocarbon phase, containing sub-
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stantially all of the alcoholic products of six or
more carbon atoms per molecule, is subjected to
solvent extraction with a selective solvent for the
higher boiling alcohols dissolved therein. This
selective solvent is substantially immiscible with
the hydrocarbons at extraction temperature
which lies in the range of 70 to 150° F. A pre-
ferred solvent for the extraction of Cs and higher
alcohols from the hydrocarbon phase is a mixture
of the water azeotropes of Cz and Cs alcohols ob-
tained from the aqueous phase. Other selective
solvents, such as glycols. which are immiscible -
with the hydrocarbon phase, may be used to effect
the extraction of the Cs and higher alcohols there-
from; methy! ethyl ketone, nitromethane and

- furfural, and water mixtures thereof, are ex-
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amples of such selective solvents.

In a preferred modification of the invention,
gasoline hydrocarbons boiling up to about 350°
F. are separated from the hydrocarbon phase
and alcohols are then extracted from the residual
hydrocarbon fraction. This gasoline fraction will
be substantially alcohol-free since the major por-
tion of the alcohols boiling below 350° F, are in
the water phase. This gasoline fraction may be
isomerized so as to effect an improvement in its
octane rating.

.As a result of the extraction of either the total
hydrocarbon phase, or the aforesaid residual hy-
drocarbon fraction, there is obtained a raffinate
phase comprising essentially alcohol-free hydro-
carbons. There is also obtained a solvent-rich
extract phase containing substantially all of the
Cs and higher alcohols, plus a portion of C+ and
Cs aleohols produced in the conversion. . The al-
cohols are separated from the extract phase and
may be separated into individual alcohols. The
solvent is then recycled to the extraction unit.

The alcohol-free hydrocarbon fraction is sub-
jected to further treatment depending upon its
contemplated use. A portion of this alcohol-free
hydrocarbon fraction may be used to extract the
lower boiling alcohols from an alcohol-water
azeotropic solution in & manner which will be in-
dicated hereafter.

Water azeotropes of the C2 to Cs alcohols are
distilled into two fractions from the water phase
of the products of synthesis gas conversion, one
fraction comprising the Cz and Cs alcohol azeo-
tropes, the other comprising the Cs+ and Cs al-
cohol azeotropes. . The residum from this dis-
tillation contains the acid products of conversion
and may be treated so as to recover the acids
therefrom. ]

A portion of this Cz2 and Cs alcohol azeotropic
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fraction is advantageously used to extract the
highter boiling alechols from the hydrocarbon
vhase of the synthesis products.

The remainder of the C2—C; alcohol azeotropic
fraction and the C+—Cs alcohol azeotropic frac-
tion are combined and the aggregate is then sub-
Jjected to liquid extraction with a selective solvent
for the lower boiling alcohols dissolved therein.
This selective solvent is substantially immiscible
with water at extraction temperature.’ The pre-
ferred solvent for this exiraction is the alcohol-
free hydrocarbon fraction which has been ob-
tained from the extraction of the hydrocarbon
phase as previously outlined; if an alcohol-free
hydrocarbon fraction of the products is used, the
extraction is advantageously performed at ele-
vated temperature, i. e., between about 300 and
400° F. and at elevated pressure, i. e., at about
150 to 300 pounds per square inch. This hydro-

carbon fraction of the product comprises mainly -

aliphatic hydrocarbons of high olefin content ang
the effect of elevated temperature and pressure
on the partition coefficient of alcohols between
an aqueous phase and this hydrocarbon fraction
is particularly advantageous.

As a result of the extraction, there is obtained
a raffinate phase comprising mainly water which
retains a small percentage of unextracted alco-
hols. Since this raffinate phase from the extrac-
tion of the alcohol-water azeotropes is not too
large, it may be recycled to the distillation from
which the alcohol-water azeotropes are obtained.
There is also obtained from the extraction a sol-
vent-rich extract phase which contains Ca to Cs
alcohol products of conversion. The alcoholic
products are separated from the solvent which

latter is recycled to the extraction of the alcohol-

water azeotropes.

The Cz2 to Cs alcohols may be further frac-
tionated into individual anhydrous normaj pri-
mary alcohols.

We have found that an aqueous azeotropic
mixture of the Cz and C: alcohols, distilled from
the aqueous phase which is separated from the
products of conversion at atmospheric tempera-
ture and pressure, is an excellent selective sol-
vent for the extraction of higher boiling alcohols
from the hydrocarbon phase of the conversion

products. We have further found that the alco-

hol-free hydrocarbons, obtained as a raffinate
from the -extraction of the hydrocarbon phase,
which is separated from the conversion products
at atmospheric temperature and pressure, serve
excellently as a selective solvent for extracting
the lower boiling alcohols from an azeotropic
mixture of the same.

In order to describe the invention in more de-
tall, reference will now be made to the accom-
panying drawing.

As indicated in the drawing, carbon monoxide
and hydrogen usually in the proportion of about
two mols of hydrogen to one mol of carbon mon-
oxide are obtained from a source not shown and
passed through a conduit 1 to a conventional
synthesis unit 2. In the conduit , the fresh
charge of synthesis gas may be supplemented by
the addition of normally gaseous products of the
synthesis reaction.

In the synthesis unit 2, the reactants may be
subjected to contact with a synthesis catalyst in
the form of a fluidized mass of solid particles or
powder. Preferably the catalyst contains iron as
the hydrogenating metal although other synthe-
sis catalysts using cobalt or nickel as hydrogenat-
ing metals may be used.

The synthesis reaction with an iron catalyst is
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usually carried out at a temperature in the range
of aboat 500 to 700° F. and under a pressure of
about 150 to 300 pounds per square inch. An iron
catalyst which has proven particularly effective
for synthesis of a mixture of hydrocarbons and
oxygenated hydrocarbon derivatives contains
about 96% iron, about 2 to 3% alumina and about
0.1 to 3% alkali metal oxides, such as potassium
oXide.

An efiuent stream comprising mainly reaction
products leaves the synthesis unit 2 through a
pipe 3 and is introduced into an exchanger 4. In
the exchanger 4, the efluent stream is reduced
to about atmospheric temperature, i. e., about
70 to 120° F. The product mixture may be ex-
panded o about atmospheric pressure to effect
further cooling. The total efluent then passes
into & separator § through a pipe 5. ,

In the separator 6, there is effected separation
of synthesis product into three phases: (1), a gas
phase comprising mainly unreacted synthesis gas,
carbon dioxide and normally gaseous hydrocar-
bon products, such as methane, ethane, propane
and low boiling oxygenated compounds; (2), a
hydrocarbon phase which is substantially free
from low molecular weight fatty acids and which
contains substantially all of the alcohols having
six or more carbon atoms per molecule and s

“portion of the lower alcohols and which also con-

tains small percentages of aldehydes and ketones N
(3), a water phase containing substantially all of
the remaining alcohols produced in the conver-
sion in addition to small percentages of the lower
boiling aldehydes and ketones and substantially
all of the low molecular weight fatty acids pro-
duced in the conversion.

‘The gas phase is withdrawn from the separator
§ through a pipe 7 through which at least a por-
tion of the gas phase may be recycled to the syn-
thesis unit 2. The pipe T connects with the
conduit § through which fresh synthesis feed is
introduced into the synthesis unit 2. ‘The non-
recycled portion of the gas phase Is discharged
from the pipe 1 through a vent 8.
. ' The hydrocarbon phase containing the higher
alcohols leaves the separator § through a pipe 10
and is introduced into a fractionating column {1,
In the fractionating column {1, the hydrocar-
bon phase is separated into two fractions, one
& gasoline fraction distilling below about 350° F.
and the other a gas oil fraction boiling above
about 350° F.

The gasoline fraction is substantially free of
alcoholic . constituents since the major portion

5 Of the alcohols produced in the conversion which

boil below about 350° F. is present in the agueous
Phase. The gasoline fraction is taken off over-
head through a pipe 12 and is passed to an iso-
merization unit {3 wherein it is subjected to in-
timate contact with a solid finely divided catalyst,
such as alumina or bauxite, at a temperature of
about 800° P. so as to effect isomerization of the
olefinic constituents of the gasoline fraction. An
octane improvement is realized through treat-
ment of the gasoline fraction in this manner and
gasoline of high octane rating is obtained from
the unit 13 through a pipe 4.

The gas oil fraction is withdrawn from the
fractionating column 11 through a pipe 11, is
cooled to atmospheric temperature in the ex-
changer 18 and is then introduced into the ex-
traction unit 28 through a pipe 19. In the ex-
traction unit 20, the gas oil fraction is subjected
to counter-current contact with a selective so}-
vent for the dissolved alcohols present therein.
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A mixture comprising a portion of the Cz and Cs
alcohol azetropes obtained from column 40 to
is advan-
tageously employed for the extraction of the
higher alcohols from the gas oil fraction. This
counter-current extraction is conducted at tem-
peratures in the range of 70 to 150° F. and with
proportions of about % to 4 volumes of solvent
per volume of gas oil fraction. Ordinarily the
ratio of one volume of soivent to one volume of
gas oil fraction is employed. '

An azeotropic mixture of Cz and Ci alcohols
is introduced into the upper portion of the ex-
traction unit 20 through a pipe 23. The solu-
bility of the C2—Cs azeotropic mixture in gas oil
may. be controlled by altering the amount of
propyl alcohol azeotrope in the mixture since it
contains about 28% water. As a result of the
counter-current contact of the gas oil fraction
with the solvent, a solvent-rich extract phase is
continuously drawn off from the extraction unit
20 through a pipe.24 snd is introduced into a
fractionating still 25 after heat exchange in an
exchanger 21. This extract phase contains Ce
and higher alcohols, and a portion of Cs and Cs
alcohols dissolved in the solvent.

In the fractionating still 25, the solvent, the
azeotropic mixture of Cz and Cz alcohols, which is
more volatile than the extracted higher alcohols,

is distilled through a pipe 26. After condensa--

tion in the exchanger 21, the solvent is returned
through 2 pipe 28 to the pipe 23 through which it
is reintroduced into the extraction unit 23.

The residual liquid, withdrawn from the frac-
tionating still 25, through a pipe 30, comprises
anhydrous Cs: and higher alcohols. This frac-
tion may be separated into individual alcohols by
further fracticnation. )

A raffinate phase consisting of substantially
aleohol-free gas oil hydrocarbons is continuously
withdrawn from the extraction unit 29 through a
pipe 32. This gas oil fraction is then subjected to
further treatment such as catalytic cracking,
etc., depending upon its contemplated use. Ad-
vantageously, however, at least a portion of this
gas oil fraction is used for the extraction of lower
boiling alcohols from an azeotropic mixture of
these alcohols with water and, to this end, is di-
verted from the pipe 32 through a pipe 33. A
detailed description of the use of this gas oil

fraction to extract alcohols from a water-alcohol,

azeotropic mixture is presented later.

Reference will now be made to the aqueous
phase separated from the product of synthesis
gas conversion at atmospheric temperature and
pressure in the separator 6. It is continuously
introduced through a pipe 39 into a fr ctionating
column 40. This aqueous phase co tains sub-
stantially all of the ethyl and propyl alcohol plus
a substantial portion of butyl and amyl alcohols
produced in the conversion. These alcohols are
almost exclusively normal primary alcohols.

Tn the column 40, water azeotropes of the C2
to Cs alcohols are distilled from the water phase.
As a result of this fractionation, there is obtained
substantially alcohol-free water residue which is

withdrawn from the column 40 through a pipe 4t."

This residual water solution is advantageously
heat-exchanged in the exchanger 42 with the

aqueous phase flowing into the column 40 j

through the pipe 39. After heat exchange, this
aqueous solution which contains substantially all

-of the organic acids present in the synthesis

products may be led through a pipe 43 to an acid-
recovery plant or otherwise disposed of.
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The water azeotropes of the Cz to Cs alcohols
are distilled from the column 40 into two frac-
tions; one comprises a mixture of the Cz and Cs
alecohol azeotropes and is distilled through the
pipe 44; the other comprises the Cs and Cs alcohol
azeotropes and is distilled through a pipe 45.

The C: and C: azeotropic mixture is divided
into two portions. One portion is diverted from
the pipe 43 into a pipe 46, is condensed in an ex-
changer 41 and is then introduced into the ex-
traction unit 20 through pipes 48 and 22. This
mixture cf the Cz2 and Cs azeotropes is a preferred
solvent for the extraction of the higher alcohols
from the gas oil fraction in the extraction unit 20.

The other portion of the Cz and Cs azeotropic
mixture is introduced without reduction in tem-
perature into a compressor 49 wherein it is raised
to a pressure of 150-300 pounds per square inch.
The mixture of Cs and Cs azectropes is also in-
troduced into the compressor 49 without reduc-
tion in temperature. The compresson.of the
combined azcotropic mixtures results in liquefac-
tion of substantialiy all of the distillate from the
fractionating tower 40. The liquefied mixture is
then introduced through a pipe 58 to an extrac-
tion unit 51, which is advantageously a vertical
packed tower, maintained at a temperature lying
between 200 and 350° F. and at a pressure lying
in the range of 100-350 pounds per square inch.

In the extraction unit 54, the azeotropic mix-
ture is subjected to countar-current contact with
a stream of gas oil hydrocarbons at a tempera-
ture of about 200 to 300° F. and a pressure of
about 150 to 300 pounds per square inch. As in- -
dicated previously, the gas oil hydrocarbons are
advantageously obtained from the hydrocarbon
phase of the products by the procedure which
has keen previously described. The solvent is
employed in the proportions of about % to 4 vol-
umes of solvent per volume of azeoiropic mix-
ture.

The gas oil hydrcearbons, from which the
higher boiiing alecchcls have keen substantially
removed, are introduced through the pipe 33 into
pump 52 wherein they are raised to a pressure
lying in the range of 100 to 300 pounds per square

“inch. The gas oil fraction then proceeds thrcugh

a pipe 53 into a heater 54 wherein its tempera-.
ture is adjusted to a temperature lying in the
range of 175 to 350° F. As a result of this treat-
ment, the gas oil fraction is introduced into the
extraction unit 51 through a pipe 55 at a tem-
perature and pressure substantially equivalent to
that prevailing therein.

As a result cf the extraction of the alcohol-
water azeotropes in the extraction unit 51 at ele-
vated temperature and pressure, there are formed
a raffinate. phase comprising substantially al-.
cohol-free water and a selvent-rich extract phase
containing dissolved therein Cz to Cs alcohols.
The raffinate phace is withdrawn from the ex-
traction unit 5( thrcugh a pipe 58 and may be
returned therethrough to the pipe 39 for recycl-
ing to the fractionat'nz tower 43 sinee this aque-
ous raffinate still contains small percentages of
aleohols dissolved therein. Alternatively, the raf-
finate may be reiected through the pipe 59.

The solvent-rich extract phase is esntinuously
withdrawn from the extraction unit 51 through
a pipe 62 and is introduced into a frastionat'ng
tower 64 after reducing to atmospheric pressure.
Therein the dissolved alcohols may be separated
from the gas oil hydrocarbon solvent by frac-
tionation. .

There is obtained from the tower 64 through
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the pipe 65 Cz to Cs alcohols in a substantially an-
hydrous state. This anhydrous alcohol fraction
may be separated into individual alcohols by frac-
tionation.

The residuum from the fractional distillation in
the tower 64 comprising gas oil hydrecarbons is
withdrawn from the tower 64 through a pipe 10
and while still at an elevated temperature, is in-
troduced into the pump 52 for elevation to a pres-
sure of 150 to 300 pounds per square inch. After
elevation to a pressure in this range, the gas oil
hydrocarbons are introduced through the pipe 55
into the extraction unit 51 at elevated tempera-
ture and pressure for the extraction of further
quantities of alcohol from the alcohol-water
azeotropes.

If the hydrocarbon fraction used to extract Cz
to Cs alcohols from an aqueous azectropic mix-
ture of the same comprices both gasoline hydro-
carbons boiling in the range of about 100° F. to
350° F. and gas cil hydrocarbons boiling above
about 350° F,, it will not be possible to separate
the alcohols from the hydrocarbon-rich extract
phase in which they are d:ssolved by distillation
because of the similarity in boiling points cf the
alcchols and the gasoline hydrocarbons. It will
be necessary to resort to a secondary extraction
of the alcohols from the hydrocarbon phase with
a solvent such as glycol which is immiscible in the
hydrocarbons.

If the total hydrocarbon phase is subject to sol-
vent extraction for the removal of dissclved al-
cohols therefrom, it is contemplated that the re-
sulting alcohol-frez hydrocarbon-rich raffinate
may be fractionated into two fracticns, one com-
prising the gasoline fraction boiling below about
375 to 400° F. and the other a gas oil fraction with
an initial boiling point of about 375 to 400° F.
The gas oil fraction is then employed to extract
alcohols from the aqueous azeotropic mixture of
Cz2 to Cs alcchols.

In the detailed description of the invention, a
preferred modification is depicted in which an
azeotropic mixture of C2 and C: alcohols, sep-
arated from the agueous phase of the products of
conversion, is used for the extraction of higher
boiling alcohols through the hydrocarbon phas>
and in which an alcohol-free hydrocarbon frac-
tion of the products is used to extract the lower
boiling alcohols from an aqueous azeotropic mix-
ture of the same. It is noted at this point that
the use of other solvents for the extraction of
alcohols from both the hydrocarbon phase of the
products and the aqueous azeotropic mixture is
contemplated.

Far the extraction of Cs and higher alcohols
from the hydrocarbon phase, it is contemplated
that there may be used other selective solvents,
among which may be listed glycols such as
ethylene. glycol, polyclefin glycols, polyhydric
alcohols such as glycerol, amines such as
ethanolamine and acids such as levulinie.

Alternative solvents for the liquid extraction
of low boiling alcohols from the alecohol-water
azeotropic mixture are aromatic hydrocarbons
such as alkyl benzenes, heavy cracked naphthas,
cycle gas oils, high molecular weight alcohols
which are insoluble in water and which may bz a
mixture of the higher boiling alcoholic products
of conversion, water insoluble ketones, nitro
aromatics, nitro aliphatics, water insoluble esters,
ethers and hydrocyclic compounds relatively in-
soluble in water.

(2]
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The synthesis ‘reaction is advantageously ef-
fetced with a fluidized mass of synthesis catalyst
in solid particle form, although it is contem-
Plated that the catalyst may be used in the form
of a stationary bed, a moving bed, or a suspen-
sion -of particles entrained in the reactants.
While specific temperatures and pressures have
been referred to, it is contemplated that these
will vary depending on what catalyst is employed
and what particular products are desired. For
example, the synthesis temperatures may range
from 250-700° F. and reaction pressure may vary
from atmospheric to about 1000 pounds per
square inch.

Obviously, many modifications and variations
of the invention, as hereinbefore set forth, may
be made without departing from the spirit and
scope thereof and, therefore, only such limita-
tions should be imposed as are indicated in the
appended claim.

We claim: . .

In the catalytic conversion of carbon monoxide
and hydrogen into a product mixture of water,
hydrocarbons and alcohols having from one to
about twenty carbon atoms per molecule at tem-
perature and pressure conditions effective for
said conversion, the improvement which com-
prises separating said product mixture at at-
mospheric conditions into a gas phase, a hydro-
carbon phase containing the major portion of
the alcohols having more than 5 carbon atoms
per molecule and a substantial portion of the Cs
and Cs alcohols and an aqueous phase containing
the remainder of the alcohols produced in said
conversion, subjecting said aqueous phase to dis-
tillation whereby there is formed g distillate con-
sisting of an aqueous azeotropic mixture of alco-
hols, extracting said hydrocarbon phase with a
C2—C;3 alcohol fraction of this aqueous azeotropic
mixture whereby there is formed a hydro-
carbon fraction substantially free of oxygenates,
subjecting the remainder of said aqueous
azeotropic mixture to countercurrent extraction
with a portion of said oxygenate-free hydrocar-
bon fraction at a temperature of about 175 to
350° F. and a pressure of about 100 to 300 pounds
ber square inch whereby there is formed an
aqueous phase of reduced alcohol content and a
hydrocarbon exiract phase containing alcohols
and separating said alcohols from said hydro-
carbon extract phase. .

: HOWARD V. HESS.
GEORGE B. ARNOLD.

REFERENCES CITED
The following references are of record in the

- file of this patent:

65

70

UNITED STATES PATENTS

Number Name Dafte
1,524,192 Mann, Jdr. ._________ Jan. 27, 1925
2,083,125 Scheuble __________ June 8, 1937
2,274,'150 Soenksen et al. ______ Mar, 3, 1942
2,417,164 Huber, Jr. ._________ Mar. 11, 1947
2,476,788 White ____________ July 19, 1949

OTHER REFERENCES
Fischer, Conversion of Coal Into Oils, pub. by
Ernest Benn, Ltd., London (1925) ., 241-6.

Navel Tech. Mission, pages 1, 73, 84, 85, 90
(1945) .



