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This inventionlrelétes to the production of hydro-
earbons and oxygenateq compounds from carbon monoxide and
hydrogen. | o : | ;

In accordance with the invention a synthesis gas
containing carbon monoxide and hydrogen is reacted to pro-
ducé a'éynthesis product mixtﬁre containing hydrocarbons,
water and oxygenated compounds, thé hydrocarbons and oxygen-
ated compounds usually comprising compounds ranging from 1
to about 20 carbon at.oms ﬁer molecule. The synthesis reactioﬁ
is advaﬁtageously carried out with a synthesis catalyst of
the iron type at a temperature in the range of about 500~
700°F. and under super atmospheric pressure, for example,
about 150-250 pounds per square inch gauge. Under these
conditions, the synthesis product mixture may comprise about
two liquid volumes of water and one volume of liquid organic
compounds. The oxygenated organic compounds may amount to
from 5 to 20 volume per cent of the total normally liquid
synthesis product.

The synthesis mixture is partially cooled, prefer--
ably to about 200-300°F. without substantial reduction in
pressure, so that two liquid ﬁhases form. One phase com-

prises a hydrocarbon-rich pnase containing substantially all

of the aliphatic alcohols of more than 2 carbon atoms per
molecule, and a large proportion of the ethyl alcohol. The
other liduid phase comprises a water-rich phase containing
the remainder of the ethyl alcohol. Small)amounts of ketones
and aldehydes may be present in both phases, while the bulk

of the acids will be present in the water phase.
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A gas phase comprising unreacted carbon monoxide and

hydrogen,‘carbon dioxide, and low boiling organic compound s,

;such ag methane and acetaldshyde, may be separated from the
ﬁsynthesis mixture, Unreacted carbon monoxide end hydrogen as .
E;10}011 as carbon dioxide may be removed from the gas phase and
;&acycled to the synthesis reaction.

i The aforementioned hydrocarbon-rich phese ie sub-
ﬁjeoted to solvent extraction with a water soluble solvent 29

i
‘1iquid, such as sthylene glyecol, having substentially complete

%solvent action upon the aloohols end being subgtantially im- }
ﬁiacible with hydrocarbons at ordinary temperaturss, for ?
%xample, in the range 70=-150°F. As a result of the extraction|
 &hore is obteined a second hydrocarbon-rich phase consisting
kssentially of hydrocarbons, and a solvent-rich phase consist-
ﬁng esgsentially of aleohols dissolved in the solvent. These
%hasés are separately removed for further treatment.

The second hydrocarbon-rich phasse, with or without
i ashing to remove traces of the solvent, cen be gubjscted to
contact with a catalyst such as bauxite, alumina, Faller's
serth, or other alumina or silice edsorptive materials at a
E[bamperature in the range of 700-900°F, so as to effeot mainly

hsomerization of oleflinio constituents of the hydrocarbon

ixture apd removel of lmpurities.

Preferably these hydrocarbons are f ractionated to
form a naphtha fraoction and a dlesel oil fraction., The naphthi
fraotion is then subjected to the catalytic treatment, '

The solvent-rich phase 13 subjected to fractional
distillation and other operations as will be described go as {9
Crreet‘separation of aleohols from the solvent, the latter

eing recycled to ths extraotion step.
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ﬁ The water phase initially separated from the synthe-

‘sls water mixture containing the minor proportion of the total

Qethyl alcohol produced is advantageously subjected to distilla-
ftion to recover the alcohol from the main body of water.
! We have found that by effecting the initial separa-

ﬁtion of a water phass from the synthesis effluent at a tempera-

iture in the range of mbout 200-300°F. and without substantial !
i peduotion in pressure substantially all of the alochols, and
particularly the G3 and higher, remain in the hydrocarbon

phase and only & small emount, maialy ethyl slcohol, remains

i in the water phese, Thus, the water phase separated at a tomn-
perature of 200°F. containa of the order of 1.0-2.0% oxygen- i
ated compounds whereas that separated at room temperature oonj
tains at least about 6,8%. The water phase separated at tem-
peratures above 200°F. containa still leass of these oxygenated

materials,

In dfﬁer to desoribe the operation in more detail,
reference will now be made to the accompanying drawing.
) As indicated in the drawing, oarbon monoxide and

hydrogen usually in the proportion of about 2 mols of hydrogag

to 1 mol of oarbon monoxide are obtained from a source not

ghown and passed through a condult 1 to a conventlonal synthes
gis unit 2. In the synthesis unit the reactents may be sub-
jected to contact with a synthesis catalyst in'the form of a
fluldized mass of sclid partioles or powder. Preferably, the
catalyst comprises iron, slthough other synthésis catalyats
comprising cobalt or nickel may be used.

The syntheals reaction with an iron catelyst 1s
usually‘oarried out at a temperature of adbout 500-6500F. and
under a pressure of about 200 pounds. An effeotlive iron cat-
alyat'contains about 2-3% alumina and about 0.1-3% alkall

métal expressed as potassium oxlde.
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An effluent stream of synthesis reaction mixture is

icontinuously passed through a conduit 3 and a cooler 4 to a
ﬁaepurator 5. The effluent streeam is advantageously reduced to
a temperature of about 200°F, without substantial reduction in
!pressure. In the separator, three phases form: {1} a gas '
%phase comprising unreacted gas, carbon dloxide, and normally
etc., {2) a hydrocarbon-rich phaae containing aliphatlic alco~-
hols oontaining 2 or more carhon atoms per molecule, and sub-%
‘stantially froe rrom fatty aclds; end (3) a water-rich phawe E
jcomprising water, a small amocunt of ethyl alcohol, and small
amounts of fatty acids, etc, The synthesis product is sub-
stantially free from methyl alcohol. ‘

These phases ares separatsly withdrawn from the sep-|
arator 5. As previously indiceated, the gas phase may be
treated to remove carbon monoxide, hydrogen and carbon dloxide

for reoycling to the synthesis unit 2.

!oxygenated compounds, is drawn off through a pipe/?, cooled
-as desired and pessed to an extractlon unit 8 which advanta-
geously comprises a vertioal packed tower.

TIn the extraction unit 8 the hydrocarbon~-rich phase
is subjected to countercurrent contact with a streem of 80lv-
ent 1iquid such as ethylene glycol at a temperature of sout
70-100°F. and in the proportions of about one half to four
volumes of aolvant per volume of hydroocarbon phaze,

A rarrinate phase or inscluble phase consisting es-
sentislly of hydrocarbons retalning a small amount of solvent
and slcohols is continuously drawn off through a pipa 10 and
conduoted to & wash tower 1) wherein the hydrocarbons are

subjJected to countercurreat washing with a stream of water

introduced through a plpe 12 in the proportion of about 0.1

'gaseoua hydrocarbona such as methane, ethane, propane, butaneﬁ'x

The hydrocarbon phase containing about 70-90% of the.

-~
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volume of water to 1.0 volume of hydrocarbons at atmospheric :

temperature., Thla washing effeots substantislly complete

© removal of residual solvent.

The washed hydrocarbons asre passed through a pipe

13 to a fractionating towsr 14 from which 1s produced a naph-;

' tha fraction and a dilesel oil fraction. The latter is dis-

charged through & pipe 15 while the naphtha fraotion is passo?
to an isomerizing unit 16 wherein it is subjectsd to 1nt1ma'ceI
i
contact with a solid finely-divided catalyst, such as alumina|
or bauxite at a temperature of about 800CF, s0 as to sffect E
isomserization of olefinic constituents of the hydrocarbon reeé
thereby effecting octane improvement. If desired, the total ?
hydrocarbon product from 11 mey be passed through brénch pipol
13a to unit 16 wherein it ocan undergo conversion into valuable
gasoline hydroparbons.

Removel of oxygenated compounds from the naphtha
prior to treatment of the naphtha with bauxite results in
some improvement in the yleld without any loass in cotane im-
provement., _

The used wash water 1s continuously drawn off from
the towsr 11 through a pipe 17 leading to a still or evaporﬁ-
tor 18 whereln water is distilled from £he wash mixture‘to
form 2 concentrate of solvent and aleohols. This concentrate
is drawn off through a plpe 19 and may be resycled through
plpe 20 to the top of the extraotion tower B.

The solvent or extrast phase obtained in the extrac-
tion unit is continuously drawn off through a pipe 21 to a
s8t1ll or evaporator 22. This phase contalns aliphatie aleo-
hols ranging from 2 up thiough 8 to 12 or more carbon atoms
par molecule. B
| In this gtill the alcoholaé?more volatile than the’

solvent, and any watexr present, are removed as a distillate.
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- These alcohols comprise normal primary alecohols having from
©2 to 7 carbon atoms per moleculs,

: The residual liquid drawn off from still 22 through

? pipe 23 comprises solvent and alcohols having about the same
boiling temperature as the sclvent as well as alochols of
evan higher boiling range. .

ﬂ This residual stream may be passed through a pipe-
2# into whioch water is introduced through a pipe 25,

ﬁ The water is added in sufficient amount at atmos-

,,pherio temperature so that upon introduection of the diluted ;

i mixture into a separator 26, dissolved aloohels are aeparated.

grrom the solvent, these alcohols comprising those having 8 or

more oarbon atoms per molecule as well as some Cn alcohols,

The alcohols are withdrawn as indicated through a

Pipe 27 while the residual weter and solvent, which may retain

a small amount of aloohols, is advantageously passed through ﬁ

plpe 28 to the previcusly mentioned separator 18, 3
A preferred method of treating the residual 1liguid

from the atill 22 is to pass it through a pipe 29 to a dis-

|
tilling column 30 wherein it is subjected to azeotroplo dis- i
tillation with the aid of steam introduced to the lower por-
tion of the column through a pipe 31. As & result of this
jdistillation there is obtained a distillate containing Cg and
higher alcohols in the form of azeotropes with water, which
distillate is drewn off through a pipe 32, ocooler 33 and
pessed to a separator 34 mainteined at about atmospheric tem- -
rerature, The distillate sepsrates into two phases in the
gseparator 3&; namely, a phase comprising substantially anhyd-
rous Cg and higher alcohels, and an aqueoua phase comprising
mainly water containing a small amount of aleohol. The alcobols
are discharged through & pipe 35, and the agueous phase 18 dls+
charged through pipe 36, The discharged aqueous phase 18 oon-

|
fducted through a heat exchanger 37 and from thers passed to the

,ﬁower portion of the column 30.

7=
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Solvent from which the aleohols have been distilled
is drawn off through the bottom of the column 30 through a

ipipe 38 and recycled to the extractor 8,

' The water phase intially separated from the synthe-
sis product containing less than about 2% oxygenated compounds
ia drawn off through a pipe 4O at a temperature of about 200°F.

ﬁto a 8til] L1 wherein the pressure 1a reduced to atmospheris

250 that ethyl alcohol azeotrope is removed as distillate

€Ethrough a pipe 42 leaving a residual body of water which 1s

!discharged through pipe 43, By the aforesaid reduotion in

Epressure advantage is taken of the sensible heat of the liquid‘

grlowing through pipe 40 to effeot the distillation.

? The alcohol distillate can be passed all or in part

through the plpe 44 to the effluent from still 22 or may be

discharged through pipe 45.

It 18 contemplated that the foregoipg extractions |

and separations may be effected under super-atmospheric pres-

I

sure, that 1s, at a pressure not substantislly lower then that
prevailing within the synthesls unit 2. If desired, the pres-\
!sure can be reduced progressively in successive stages to amoiﬁ
pumping. i

Instead of ethyleme glycol 1t i1s contemplated thet !
other solvents which diassolve a substantial emount of water ati

atmospheric temperature may be employed for effeoting liquia- g
|

liquid extraction of oxygenated compourds from the hydrocarbon
such other solvents including polyhydric alcohols, such as ElY? "f
cole and glycerols; ketones; aldshydes; aclds such as lewvulini
amines such as ethanclamines and ethylene diamine.

The synthesis reactlon 18 advantageously effected
with a fluldized mass of synthesis catalyst in solid partiole
form, slthough the catslyst may be used in the form of a ata-

tionary bed, or a moving bed, or a suspension im the reactanhs,

e ._w4&_

While aspecific temperatures and pressures have been referred

to, it is contemplated that these will vary depending on the |

i - %
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?;catalyst used as well as upon the particular products desired.;
]éFor example the synthesis temperatures may renge from 300-7009?.
:;and the pressure from atmospheric to several huadred pounds orf
i:;more.

Obviously meny modifications end variations of the
iinveution as above set forth may be made without departing frohm
.*the spirit and scope thereof, and therefore only such limitae- ;
jtions should be imposed as are indicated in the appended E

lolaims.
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The embodiments of the invention in which an exclu-

sive property or privilege is claimed are defined as follows:

l. In the catalytic conversion of carbon monoxide
and hydrogen into a preduct mixture comprising normally liquid
hydrocarbons, water and oxygen-containing organic compounds

including a mixture of aliphatic alcohols having from 2 to 20

carbon atoms per molecule, the improvement wiich comprises
separating said product mixture into a liquid hydrccarbon-
rich phase and a water-rich phase at an elevated temperature

over 200°F. and at superatmospheric pressure sufficient to

maintain said hydrocarbon-rich and said water-rich phases sub+

i +

stantially in the liquid phase whereby normally water-soluble

alcohols are concentrated in the hydrocarbon phase.

2. In the catalytic conversion of carbon monoxide
and hydrogen into a product mixture comprising normally liquid
hydrocarbons, water and oxygen-containing organic compounds
including a mixture of aliphatic alcohols having from 2 to 20
"carbon atoms per molecule, the improvement which comprises
separating said product mixture into a liquid hydrocarboen-
rich phase and a water-rich phase at an elevated temperature
over 200°F. and at a pressure over about 100 pounds per squarg
inch whereby normally water-soluble alcohols ars concentrated

in the hydrocarbon phase.

3. ‘lhe methed according to Claim 2 in which the
separation is effected at a temperature of about 200 to 300°¢F]

and at a pressure of 150 to 300 pounds per square inch.

L. In the catalytic conversion of carbon monoxide

and hydrogen into a product mixture comprising normally ligquic

h hydrocarbons, water and oxygen-containing organic compounds
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including a mixture of aliphatic alcohols having from 2 to 20
carbon atoms per molecule, the improvement which comprises
separating said product mixture into a liqﬁid hkydrocarbon-
rich phase and a water-rich phase st an elevated temperature
over 200°F, and at a pressure of at least 100 pounds per
square inch whereby substantially all of the 03 and higher
alcohols and a substantial portion of the 02 alcohols are con-
centrated in the hydrocarbon phase and separately removing

alcohols from said hydrocarbon and aqueous phases.
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Certified to be the drawings referved to
in the specification hereunto annexed.
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