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3 Claims,

This invention relates to the catalytic conver-
sion of carbon monoxide and hydrogen into hy-
drocarbons, oxygen-containing compounds and
the like. More particularly, the invention pro-
boses a method for recovering the oxygenated
compounds produced in said conversion, there-
by providing a hydrocarbon fraction substantially
iree from oxygenated compounds. The catalytic
conversion of carbon monoxide and hydrogen
ordinarily results in the formation of a complex
heterogeneous product consisting of water, nor-
mally liquid hydrocarbons, normally gaseous
products such as ethane, propane, carbon di-
oxide, etc., and oxygenated compounds compris-
ing aldehydes, ketones, alcohols, acids and esters.
The recovery of the oxygenated compounds from
the complex product of synthesis gas conversion
is important for two reasons: first, the oxygen-
ated compounds so produced are valuable in their
own right as many of them command a pre-
mium price; secondly, the presence of oxygenated
compounds may be detrimental in the hydro-
carbon fraction depending upon the contem-
plated use of the hydrocarbon, for example, the
presence of oxygenated compounds adversely af-
fects the cetane number of Diesel oil. This in-
vention provides a simple procedure whereby oxy-
genated compounds may be substantially com-
pletely recovered from the product of synthesis
gas conversion, )

In accordance with the invention synthesis gas
comprising carbon monoxide and hydrogen. is
catalytically converted at elevated temperature
and pressure and the resulting product mixture
comprising = hydrocarbons, . oxygen-containing
compounds, water and the like is separated into
an aqueous phase, a liquid hydrocarbon- phase
‘and a hydrogen-rich gas phase.. The oxygen-
ated hydrocarbons produced in.the conversion
are present in both the agueous phase and the
hydrocarbon phase with the lower boiling oxy-
genated compounds concentrated in the aqueous
phase and the higher boiling oxygenated com-
pounds concentrated in the hydrocarbon phase,
The agqueous phase is subjected to solvent ex-
traction with a hydrocarbon solvent at elevated
temperature and pressure with the resulting for-
mation of a water-rich phase containing organic
acids and a hydrocarbon-rich phase containing
nonacidic oxygenated compounds previously dis-
solved in the aqueous phase. Organic acids are.
recovered from the water-rich phase. . The hy-
drocarbon-rich phase is combined with the liquid
hydrocarbon phase originally sepgrated from the
product mixture and the combined hydrocarbon
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phases are subjected to secondary solvent extrac-
tion with a solvent immiseible with hydrocar-
bons at extraction conditions with the resulting
formation of a secondary hydrocarbon-rich raf=-
finate which is substantially free from oxygen~
ated hydrocarbons and a secondary. solvent-rich
extract phase containing by far the major por-
tion of the non-acidic oxygenated compounds
produced in the conversion. The oxygenated
compounds, comprising primarily alcohols, alde-
hydes and ketones are separated from the sec-
ondary solvent-rich extract phase and are then
subjected to mild catalytic hydrogenation. The
hydrogen-rich gas phase initially separated from
the product mixture is advantageously used as
the source of hydrogen for the catalytic hydro-
genation. Aldehydes and ketones are thereby
converted to alcohols which thereafter may be
separated into individual components by close
fractionation. At least a portion of the tail gas
from hydrogenation of the oxygenated com-
pounds may be recycled to the catalytic conver~
sion of synthesis gas.

In the preferred mode of operation, synthesis
gas comprising carbon monoxide and hydrogen
in the ratio of about 1:2 is converted by contact
with the catalyst at elevated temperatures in
the range of 200 to 750° F. and at pressures rang-
ing from atmospheric to about 2,000 pounds per
square inch into a complex product mixture
which is separated at an elevated temperature
in the range of about 175 to 300° F. and. at sub-
stantially reaction pressure, into an agueous
phase, a hydrocarbon phase and a gas phase.
The oxygenated products of conversion are dis-
placed more towards the hydrocarbon phase by
separation at an elevated temperature and pres-
sure than when the separation is effected at at-
mospheric conditions. A substantial portion of
the low boiling non-acidic oxygenated compounds,
which would be found in the aqueous phase which
separates at atmospheric conditions, migrate to
the hydrocarbon phase when high temperature
and- pressure separation is employed. ' There-
after the aqueous phase is subjected to. solvent
extraction with a hydrocarbon fraction whereby
residual non-acidic oxygenated compounds are
extracted from the aqueous phase. Effecting the
initial separation at elevated temperature and
pressure reduces the burden on the extraction
step and allows the use of smaller solvent dos-
ages, smaller extraction towers, ete., therein.

An essential feature of the invention resides
in the extraction of oxygerni-containing compounds
such as alcohols, aldehydes and ketones from the
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afueous phase of the products with a hydrocar-
bon liquid such as petroleum naphtha; advan-
tageously the hydrocarbon solvent comprises the
normally liquid hydrocarbons including naphtha
and higher boiling hydrocarbons which are pro-
duced in the synthesis of hydrocarbons from car-
bon monoxide and hydrogen. Synthesis naphtha
which consists essentially of aliphatic hydrocar-
bons and which is usually substantially free from
aromatic and naphthenic hydrocarbons has been
found effective for this purpose. It is contem-
plated that synthesis hydrocarbons boiling in the
range of gas oil are also suitable as extractive
soivents for the aqueous phase.

The gas phase from the catalytic conversion of
synthesis gas ordinarily contains an excess of
hydrogen when the synthesis gas contains hy-
drogen and carbon monoxide in the ratio of 1.5
to 1 or higher. We find that this gas stream
which contains a substantial proportion of hy-
drogen serves excellently as the source of hydro-
gen in the catalytic hydrogenation of the oxy-
genated products of conversion. Correspond-
ingly, at least a portion of the gas phase sep-
arated from the products of conversion is ad-
vantageously used for the catalytic hydrogena-
tion of the oxygenated products. Another por-
tion of this gas phase may be directly recycled
to the catalytic conversion of synthesis gas.

We also find that the tail gas from the cata-
lytic hydrogenation of oxygenated products
serves well as a recycle gas in the catalytic con-~
version of carbon monoxide and hydrogen. The
consumption of hydrogen during hydrogenation
results in the adjustment of the hydrogen (o
carbon monoxide ratio in this gas stream so
that the H2 to CO ratio more closely approxi-
mates the 2:1 ratio ordinarily used.

The oxygenated products preduced by the
catalytic conversion of synthesis gas are ordi-
narily discolored and characterized by an un-
pleasant odor. We have found that hydrogena-
tion of the oxygenated products in the manner
described in this invention results in clarifica-
tion of both the color and odor of the oxygenated
products. It appears that hydrogenation de-
stroys both the odoriferous and chromophoric
bodies.

As has been mentioned previously, hydrogena-
tion results in conversion of the aldehydes and
ketones into primary and secondary alcchols re-
spectively. The transformation of the aldehydes
and ketones into alcohols makes feasible the frac-
tionation of the oxygenated products into indi-
vidual components. |

After the hydrogenated oxygen-containing
products of conversion are separated into in-
dividual compounds by fractionation, an indi-
vidual primary or secondary alcohol thus isolated
may be oxidized to form an aldehyde or a ketone
respectively.

In order that the invention may be more fully
‘understood, it will now be described in connec-
tion with a flow diagram wherein a preferred
modification is depicted in detail.

Carbon monoxide and hydrogen in the molecu-
lar ratio of about 2 mols of hydrogen teo
about 1 mol of carbon monoxide are obtained
from a source not shown, through a pipe {, and
introduced into a synthesis unit 2. In the syn-
thesis 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.
A catalyst having iron as its main constituent
is advantageously used to effect this conversion
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although other synthesis catalysts containing
cobalt or nickel may be employed. The synthesis
catalyst may also comprise alkali metal com-
pounds and the oxides of metals such as thorium,
magnesium, aluminum, uranium and vanadium.

A catalyst having the composition of about 94
to 989 iron, about 2 to 3% alumina and about
0.1 to 3% alkali expressed as potassium oxide
has been found to be particularly effective for
the conversion. Synthesis reaction with such a
catalyst is usually carried out at a temperature
of about 500 to 700° F. and under a pressure of
about 150 to 300 pounds per square inch when
liquid hydrocarbons boiling within the gasoline
range are the primary product of conversion.

An effluent stream comprising unreacted syn-
thesis gas and products of synthesis reaction,
the organic portion of which comprises mainly
compounds having from 1 to 20 carbon atoms
per molecule, leaves the synthesis unit 2 through
a pipe 3 and is cooled to a temperature of about
175° to 300° F. and preferably to about 200° to
225° . in an exchanger 4. As has been indicated
previously, the efluent may be cooled to about
atmospheric temperature at this point but this
not only places an added burden on the extrac-
tion of the aqueous phase but also necessitates
the reheating of the agueous phase prior to its
extraction.

The total product is introduced through a pipe
5 into a separator 6 wherein the agqueous phase is
separated frcm both the normally liquid hydro-
carbon phase and the normally gaseous products
of conversion. The separator é is maintained,
for example, at a temperature of about 200° F.
and at a pressure of about 150 to 300 pounds per
square inch, which advantageously is substan-
tially equivalent to that existing in the synthesis
unit 2. The aqueous phase is withdrawn from
the separator 6§ through a conduit 7. Both the
gas phase and the liquid hydrocarbon phase are
removed from the upper portion of the separator
6 through a pipe § and are cooled and expanded
0 atmospheric conditions in the exchanger 18
prior to their introduction into a secondary sep-
argtor ({ which is maintained at atmospheric
conditions. In the separator (i, the liguid hy-
drocarbon phase is separated from the gas phase.
The liquid hydrocarbon phase is withdrawn from
the separator i{ through a pipe 12 and its fur-
ther treatment will be described more in detail
later. The gas phase containing normally gase-
ous products of conversion such as ethane, meth-
ane, carbon dioxide, etc., leaves the separator
{{ through a pipe i4. Some additional aqueous
phase separates in the secondary atmospherc
separator I{ and is withdrawn therefrom through
a pipe 3.

The gas phase is introduced into a scrubbing
tower 16 wherein it is advantageously washed
with a small quantity of water so as to separate
entrain water-soluble low boiling oxygenated
compounds such as acetaldehyde from the gas
phase. A portion of the water phase withdrawn
from the separator 8 can be used to wash the gas
phase. To this end, a portion of the water phase
can be diverted from the conduit 7 to a pipe 17
through which it is introduced into the upper.
portion of the scrubber 16 after having been
cooled in an exchanger {5. The washed gas
phase leaves the scrubbing tower {6 through &
pipe $18. The use of at least a portion of this gas
phase for the catalytic hydrogenation of the oxy-
gen-containing products will be described in de-
tail later. Another portion of this gas phase may
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be directly recycled to the synthesis unit through
pipes 18 and 28 which connect with the feed pipe
i to the converter 2. :

The water wash leaves the scrubbing tower 16
through & pipe 23 and combines with the water
separated in the secondary separator ti. The
combined water phases are heat exchanged in
the exchanger (0 and are raised o s pressure of
about 200 pounds per square inch in the pump 26
and thereafter flow into the conduit T wherein it
Joins the aqueous phase initially separated from
the products in the separator 6. The combined
agueous phases are then introduced into an ex-
traction tower 27.

In the extraction tower 27, the combined aque-
ous phases are subjected to countercurrent ex-
traction at about 200° F. and at about 200 pounds
per square inch with a hydrocarbon solvent such
as naphtha introduced therein through a pipe 30.
Under these conditions, non-acidic oxygenated
organic compounds are substantially extracted
from the water phase. As a result of the coun-
tercurrent extraction in the tower 271, there are
formed a hydrocarbon-rich extract phase con-
taining non-acidic oxygenated organic com-
pounds and a water-rich phase containing low
molecular weight organic acids.

The hot water-rich phase contains substantial-
ly all of the low molecular weight organic acids
which comprise acids containing up to 4 carbon
atoms per molecule and also low molecular weight
non-acidic oxygenated compounds, mainly ethyl
alcohol. This phase is withdrawn from the ex-
traction tower 27 through a pipe 3{ and the re-
sidual low boiling non-acidic oxygenated com-
pounds still dissolved therein may be removed. as
aqueous azeotropes by flashing in a flash tower,
not shown. - Thereafter, the water-rich phase can
be introduced into a fractionating tower, not
shown, in which the water may be distilled from
the ‘organic acids by azeotropic distiliation with
a hydrocarbon fraction. The organic acids may
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fractionation.

The hydrocarbon-rich extract phase contain-
ing extracted non-acidic oxygenated organic com-
pounds leaves the extraction tower 27 through &
pipe 32, This extract phase proceeds along the
pipe 32 and combines in the pipe 12 with the
hydrocarbon phase initially separated from the
products of conversion. The combined mixture
is advantageously cooled and expanded to atmos-
pheric conditions in ‘an exchanger 33 and is
thereafter introduced through a pipe 34 into &
secondary extraction tower 38.

The combined hydrocarbon phases, containing
substantially all of the non-acidic oxygenated
compounds produced in the conversion which in-
cludes aldehydes, ketones, alcohols and esters,
are subjected to extraction with a solvent for the
oxygenated compounds which is immiscible with
hydrocarbons under operating conditions. The
secondary extraction tower 35 is advantageously
packed with contact material. A solvent, such
as a glycol, is introduced into the extraction tow-
er 35 through a pipe 38 and therein is contacted
countercurrently with the hydrocarbon solution
-of oxygenated compounds flowing upwardly
therethrough. As a result of this secondary ex-
traction, there are formed a hydrocarbon-rich
raffinate which is substantially free from oxy-
genated compounds and a solvent-rich extract
phase containing most of the alcohols, aldehydes
and ketones produced in the process, in addition
to some of the ester products.
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Ethylene glycol has proved to b2 &#n eXcellent
solvent for effecting the extraction of aldehydes,
ketones and alcohols from the hydrocarbon solu-
tion. However, it is contemplated that other hy-
drocarbon-immiscible solvents such as polyolefin
glycols, aldehydes such as furfural, ketones such
as acetone, and nitro hydrocarbons such as ni-

* tro-methane may be employed for the solvent ex~

traction of the alcohols, aldehydes and ketones
from the hydrocarbon solution. In further ge-
scription of the invention, it will be assumed that
ethylene glycol has been used to effect the extrac-
tion of the oxygenated compounds from the hy-
drocarbon phase.

The hydrocarbon-rich rafinate is withdrawn
from the upper portion of the extraction tower 35
through a pipe 38 and is thereafter washed in a
wash tower 39 with water for the removal of any
glycol which may be dissolved therein. ' To this
end, water is introduced into the wash tower 38
through a pipe 40 in the ratio of about 1 volume
of water to 10 volumes of hydrocarbon. ‘The
washed hydrocarbons are withdrawn from the up-
per portion of the wash tower 39 through a pipe
41. . A portion of this hydrocarbon fraction which
is substantially free from oxygenated compounds
can be used to effect the extraction of oxygenat-
ed compounds from the water phase in the pri-
mary extraction tower 21. Accordingly, a por-
tion of the washed hydrocarbon solution is divert-
ed from the pipe 41 through a pipe 42 which pipe
communicates with pump 43 and exchanger 33
wherein the hydrocarbon fraction is raised to &
pressure of about 200 pounds per square inch and

5 a temperature of about 200° F. Thereafter this

hydrocarbon fraction. at elevated temperature
and pressure flows into the pipe 30 and from fthere
into the primary extraction tower 27. :

'The remainder of the washed hydrocarbons ob~
tained from the wash tower 39 pass through a
pipe 45 to storage, not shown. Thereafter they
may be fractionated to form gasoline and Diesel
fuel and subjected to such ether treatment as
will improve the quality of the fuel for commer-
cial uses. Lo )

Solvent-rich extract phase containing dis~
solved therein alcohols, aldehydes and ketones is
withdrawn from the lower section of the second-
ary extraction tower 35 through a pipe 47 and is
introduced into a fractionating tower 48. There-
in the alcohols up to and including C1 alcohols,
aldehydes and ketones distilling below the boil-
Ing point of ethylene glycol, viz.; about 385° F.
are separated by fractional distillation from the
solvent and from higher boiling oxygenated com-
pounds. The low boiling oxygenated compounds
are removed as a_ distillate from the fractionat-
ing tower 48 through a pipe 49. This distillate
combines with the higher boiling oxygenated
compounds which are separated from the glycol
solvent in a manner which will be immediately
hereafter described. o o

The glycol solution of -higher boiling oxygen-
ated compounds is removed from the bottom
portion of the fractionating tower 48 through a
pipe 51 and is introduced into a distilling tower
42. The wash water from the wash tower 39 con-
taining ethylene glycol and oxygenated com-
pounds Is also introduced into the distilling tow-
er 52 through a pipe 58 which communicates with.
the pipe §1. In the distilling tower §2 higher
boiling  alcohols, aldehydes and ketones are
steam distilled from the ethylene glycol solvent
as water azeotropes which leave the tower §2
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through a pipe 53 and fiow into a settler 55 after
condensation in an exchanger 54.

Glycol from which the higher boiling oxygen-
containing compounds have been steam distilled
is withdrawn from the distilling tower 52 through
& pipe 57 and is therethrough recycled to the sec-
ondary extraction tower 35. The pipe 57 com-
municates with the pipe 36 which serves as the
entry pipe for the hydrocarbon-immiscible sol-
vent.

Since the high boiling cxygenated compounds
are only sparingly. soluble in water, they are
readily separated from the condensate consisting
of water and high boiling oxygenaed compounds.
Water is withdrawn from the lower portion of
the settler 55 through a pipe 56. The higher
boiling - oxygenated compounds are withdrawn
from the settler 55 through a pipe 59 and there-
after combine in the pipe 48 with the low boil-
ing oxygenated compounds. The combined
stream comprises most of the alcohols, aldehydes
and ketones produced in the conversion, together
‘with minor amounts of esters.

A portion of the hydrogen-rich gas phase
which is withdrawn from the wash tower {8
through a pipe 18 can be added to the stream of
oxygenated products. As has been pointed out
- previously, this gas stream is rich in hydrogen
‘and serves excellently as a source of hydrogen
for the catalytic hydrogenation of aldehydes and
ketones to alcohols. Accordingly a portion of
the gas phase is diverted from the pipe {8 through
a pipe 60 and is added to the oxygenated com-

pounds in the conduit 49. In the pipe 69, there
is placed a compressor 8§71 wherein the Ha-con-
taining gas is raised to a pressure of about 200
to0 1,000 pounds per square inch since the hydro-
genation is advantageously effected at elevated
pressure. The pump 63 placed in the conduit 43
serves to raise the oxygenated compounds to an
equivalent pressure prior to the mingling of the
liquid and the gas streams.

The resulting mixture containing oxygenated
products is introduced into a hydrogenating ves-
sel 84. The vessel 64 is maintained at a tempera-~
ture of about 200 to 400° F. and at a pressure
in the range of 200 to 1,000 pounds per square
inch.

The precise operating conditions of tempera-
ture and pressure maintained in the vessel 64
depend upon the catalyst that is employed ta
effect the hydrogenation of aldehydes and ke-
tones to their alcoholic analogs. Among the
catalysts that may be employed to effect this hy-
drogenation are metailic type catalysts such as
nickel or platinum, supported metallic type cata-
lysts such as nickel on kieselguhr, metallic oxide
catalysts such as copper oxide or molybdena and
supported metallic oxide catalysts such as molyb-
dena on alumina or tungsten on alumina.

The hydrogenafion in the vessel §4 may be
effected either batch-wise or continuously. A
continuous mode of operation is represented in
the diagram. The hydrogenation results in clari-
fication of both the color and odor of the oxygen-
containing compounds.

The effluent from the vessel 64 comprises
mainly alcohols and gas, the latter being of re-
duced hydrogen content and containing carbon
monoxide, carbon dioxide, methane, ethane, ete.

The effluent from the vessel 64 is introduced
into an exchanger 66 through a pipe 65 wherein
the oxygenated products are condensed. There-
after the efiluent is introduced through g pipe 69
into a separator 10 in which condensed alcohols
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are separated from the normally gaseous com-
pounds.

The alcohols are withdrawn from the separa-
tor 10 through g pipe 12, Thereafter the alco-
hols comprising mainly primary alcohols and
some secondary alcohols are fractionated into
component compounds. The individual primary
alcohols may be converted later to the corre-
sponding aldehydes or acids by controlled oxida-
tion and the individual secondary alcohols may
liksewise be converted into corresponding ke-
tones.

The gas stream separated from the conden-
sate in the separator 10 and removed therefrom
through a pipe 15 contains g hydrogen to carbon
monoxide ratio which approximates that of the
fresh feed introduced into the synthesis unit
through the pipe f. Moreover, it contains a sub-
stantial percentage of carbon dioxide which is
an advantageous constituent of the feed to the
synthesis unit. Consequently, this gas stream
proves advantageous as a recycle gas to the syn-
thesis unit 2. To this end, the gas stream is
pumped through 2 pipe 15 by means of g pump
16 and is introduced into the pipe 20 through
which recycle gas is introduced into the synthesis
unit 2. A vent 17 provides means of withdraw-
ing any portion of this gas stream which is not
used for recycle.

While not specifically mentioned it is contem-
plated that the countercurrent extraction oper-
ations carried out in the extractors 271 and 35
may involve employment of extract recycle and
suitable temperature gradients in the extraction
towers. Solvent dosages may vary from those
mentioned as may the temperatures while suffi-
cient pressure is maintained to preserve sub-
stantially liquid phase operations.

The invention has been described in detail
with reference to a synthesis operation whose
primary objective is the production of hydro-
carbons, but it is contemplated that the inven-
tion may be utilized in connection with a syn-
thesis operation carried out under conditions
adapted primarily for the production of oxygen-
containing compounds. Nor is the synthesis re-
action confined to an operation employing a
fluidized mass of catalyst. The method pro-
posed in the invention for the recovery of oxy-
genated compounds applies equally well wheth-
er the catalyst is employed in the form of a sta-
tionary bed, a moving bed or a suspension in the
reactants.

It is further contemplated that the hydro-
genation of the oxygenated compounds may be
effected with a hydrogen-containing gas other
than the gas phase separated from the prod-
ucts; for example, synthesis gas itself or a gas
comprising essentially hydrogen may be used to
effect this hydrogenation. If synthesis gas is
used to effect the hydrogenation, the tail gas
therefrom may be recycled to the synthesis

“unit.

In the description of the invention, the glycol
extraction of the oxygenated compounds does
not effect removal of all the esters, but does re-
move the major portion of the aldehydes, ke-
tones and alcohols present in the hydrocarbon
solution. If the retention of esters in the hy-
drocarbons is undesired, they may be removed
therefrom by saponification whereby alcohols
and water-soluble salts of organic acids are
formed. The salts of the organic acids may be
removed by water washing and non-water solu-
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ble alcohols may be removed by glycol extrac-
tion as has been described.

The hydrogenation of the aldehydic and ke-
tonie products of conversion to aleohols has been
pictured in the detailed deséription of the inven-
tion as taking place subsequent to the separa-
tion of the oxygenated compounds from the sec-
ondary extract phase wherein they have been
placed by the extraction of the hydrocarhon

- solution; however, it is confemplated that this

hydrogenation step may be effected while oxy-
genated compounds are still dissolved in the ex-
tractive sclvent such as glycol which is used to
extract the oxygenated compounds from the hy-
droecarbon solution. If the hydrogenation is ef-
fected while the oxygenated products are still
dissolved in the extractive solvent, alcoholic
products are removed therefrom in the same
manner as has been described for the mixture
of oxygenated products, namely alcohols up to
and including C7 aleohols which distill below the
boiling point of glycol are directly fractionated
therefrom while the higher boiling alcohols are
steam distilled from the glycol solution.

Moreover, the hydrogenation of the oxygen-
ated products of conversion may be effected
while the oxygenated products are still dissolved
in the composite hydrocarbon phase. This pro-
cedure is ordinarily not followed when gasoline
hydrocarbons are the primary products of con-
version because hydrogenation of the composite
hydrocarbon phase not only econverts aldehydes
and ketones to alcohols but also converts olefins
of higher octane rating to paraffins of lower oc-
tane rating. However, if hydrogenation should
not deleteriously affect the quality of the hydro-
carbon solvens, it is feasible to hydrogenate the
oxygenated products while still present in the
hydrocarbon solution and such a procedure is in-
cluded within the scope of the invention.

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 claims.

We claim:

1. In the catalytic conversion of carbon mon-
oxide and hydrogen into a mixture of hydrocar-
bons, oxyzen-containing compounds, water and
the like, the method which comprises effecting

. eonversion of carbon monoxide and hydrogen at

elevated temperature and pressure in a reaction
zone into a product mixture comprising aforesaid
substances and including some aldehydes and ke-
fones, separating said product mixture into an
aqueous phase, & liquid hydrocarbon phase and a
gas phase at elevated temperature of about 175
to 300° F. and at a pressure sufficlent o substan-
tially maintain normally liquid products In the
liquid phase, subjecting said agueous phase econ-
taining a substantial portion of sald oxygen-
containing compounds to solvent extraction with

- & hydroearbon solvent in an extraction zone at an

elevated temperature of about 175 to 300° P. and
at a pressure sufficient to maintain normally
Hquid compounds in the liquid phase, thereby
forming a hydrocarbon-rich extract phase con-
taining non-acidic oxygen-containing organic
compounds and & water-rich phase containing or-
ganic acids, separating sald last two mentioned
phases, combining sald hydrocarbon-rich extract

10

phase with said liquid hydrocarbon phase initially
separated frem said product mixture, subjecting

- said combined hydrocarbon phases to catalytic

10

15

20

25

30

35

40

45

50

56

60

1]

70

hydrogenation with a portion of said gas phase
initially separated from said product mixture so
as to. convert aldehydes and ketones to alcohols
and separating alcohols from said combined hy-
drocarbon phases.

2. In the catalytic conversion of carbon mon-
oxide and hydrogen into a mixture of hydrocar-
bons, oxygen-containing compounds, water and
the like, the method which comprises effecting
conversion of carbon monoxide and hydrogen at
elevated temperature and pressure in a reaction
zone into a product mixture comprising aforesaid
substances and including some aldehydes and ke-
tones, separating said product mixture into an
aqueous phase, a liguid hydrocarbon phase and
a gas phase at elevated temperature of about 175
to 300° F'. and at a pressure sufficient to substan-
tially maintain normally liquid products in the
liquid phase, subjecting said aqueous phase con-
taining a substantial portion of said oxygen-con-
taining compounds to solvent extraction with &
hydrocarbon solvent in an extraction zone at an
elevated temperature of about 175 to 300° F. and
at a pressure sufficient to maintain normally
liquid compounds in the liquid phase, thereby
forming a hydrocarbon-rich extract phase con-
taining non-acidic oxygen-containing organic
compounds and a water-rich phase containing or-
ganic acids, separating said last two mentioned
phases, combining said hydrocarbon-rich extract
phase with said liquid hydrocarbon phase initially
separated from said product mixture, subjecting
said combined hydrocarbon phases to solvent ex-
traction with a hydrocarbon-immiscible organie
oxygen-containing solvenf, forming a solvent-
rich extract phase containing non-acidic oxygen-
containing compounds produced in the conversion
and & hydrocarbon-rich raffinate which is sub-
stantially free from oxygen-containing com-
pounds, subjecting said solvent-rich extract phase
to catalytic hydrogenation with a portion of said
gas phase initially separated from said product
mixture so as to convert aldehydes and ketones
to alcohols and separating aleohols from said ex-
tract phase.

3. A process according to claim 2 in which the
off-gas from the catalytic hydrogenation of the
solvent-rich extract phase is recycled to the re-
action zone wherein carbon monoxide and hydro-
gen are converted into hydrocarbons, oxygen-
containing compounds and the like,

GEORGE B. ARNOLD.
HOWARD V. HESS.
MEREDITH M. STEWART.
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