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1

This-invention relates to-a method: for treating
the product obtained in: the catalytic conversion
of synthesis gas-into synthetic:fuel. More specifi-
cally, the invention discloses a method for sepa-
rating oxygen-containing organic compounds
from synthesis. product.

In our copending application, Serial No. 68,463,
filed December 31, 1948, entitled: Treatment of
Entire Liquid Product in Vapor Phase with
Basic Compounds, there is disclosed a process
for treating the product-obtained by the catalytic
conversion:of carbon monoxide and hydrogen into
synthetic:fuel by contacting it in the vapor phase
at: a. temperature of 500 to-1,000° F. with a basic
material such as basic alkali metal compounds;
alkaline earth metal compounds and mixtures
thereof. The vapor phase basic treatment of
synthesis product. effects hydrolysis of esters to:
alcohols and acids and decarboxylation of acids
to- hydrocarbons  or ketones. The: recovery of
oxygen-containing: organic: compounds is ex-
pedited by conversion of esters-and: acids to:alco-
hols, hydrocarbons- and. ketones in: accordance
with the aforedescribed. vapor phase basic: treat-
ment of the synthesis product. In still another:
copending application, namely, Serial No. 60,234,
filed. November 16, 1948, and entitled Process: far:
Separating Liquid. Polar Compounds. from- Liess’
Polar Liquid Compounds, of which two: of us are
co-inventors, there is disclosed a process.far sepa-
rating polar liquid compounds from less: polar
liquid compounds by contacting a mixture there--
of in.the vapor phase with a particulate-adsorbent
which is: maintained in. a fluent state. Polarr
compounds:are adsorbed on: the particulate fluent
adsorbent and are recovered therefrom: by con-
tacting the adsorbent with-a desorbing gas after
the adsorbent has:been separated from the vapor-
ized mixture. This procediire: for separating:
polar compounds from less: polar compounds is.
particularly useful and applicable to the separa-
tion of oxygen-containing organic compounds:
from gascline and gas oil fractions. of a product
obtained by the catalytic conversion: of carbon
monoxide: and hydrogen into. synthetic- fuel.

This. invention combines the processes of the:
ahove two copending applications into an inte-
grated process eontaining several cooperative
features and thereby expedites the. recovery of
oxygen-containing organic-compounds from syn-
thesis product.

In accordanee with this invention, the total
synthesis product ehtained by the.catalytic con-
version: of earbon monoxide and hydrogen into:
synthetic fuel is separated into a gas phase and
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a. liquid phase; advantageously, this separation
into: gas -and liquid- phases is effected at a tem-
perature: between. 150 and 300° F. and at syn-
thesis pressure,; i. e, at a. pressure between 100
and. 500 pounds per square inch. The gas phase
is used: as: recycle to: the synthesis reaction. The
total liquid: phase:is contacted with a: basic com-
pound of an. alkali metal or of an alkaline earth
metal or with: mixtures of: such. basic compounds
whereby oil- and water-soluble esters: are hy-
drolyzed to alcohols and acids:and cil- and:water=
soluble acids'are decarboxylated: to. hydrocarbons
or ketones. The base-treated liquid phase: is
cooled and separated: into a water phase and an
oil phase. 'The oil phase is. then: vaporized. and
contacted with: an: adsorbent: maintained in. a
fluent.state whereby alcohols and:ketones present.
in the: oil: phase are adsorbed on the fluent ad-
sorbent; Advantageously, a. portion: of recycled
gas phase is.employed as a gaseous diluent to aid
in: the: fluidization of the adsorbent and to help
maintain the. hydrocarbon: phase in. the vapor
state in the adsorption zone.. The adsorbent:is
separated from- the vaporized. oil phase and is
introduced. into. a. desorption zone: wherein alco-
hols:and: ketones: are removed therefrom by con-
tacting the: adsorbent material: with: a. desorbing.
gas: at an. elevated temperature while the ad-
sorbent is maintained in a fluent state. Base-.
treated water phase which has been. converted:
into. steam: is: the preferred: gas: for: desorption: of
oil-soluble alecohols and ketones from the ad-.
sorbent. in; the: desorption. zone..

The: catalytic: conversion: of carbon monoxide
and hydrogen into: synthetic:fuel by contact with
a- fluidized iron catalyst at an elevated tempera~
ture of 500:to 750° F. and at a pressure of 100 to
500: pounds. per square inch results:in the forma-
tion of a.product mixture comprising a gas phase:
and a ligquid: phase, the latter consisting of ap-
proximately one. part oil phase and two ‘parts
water phase:; Oxygen-containing organic: com-
pounds. such as: alcohols, acids, esters, ketones
and aldehydes are distributed throughout the
two-phase: liquid: product; the molecular weight
of the oxygen-containing compounds determines
whether they are primarily found in the water
phase or in the oil phase.. The oxygen-contain-
ing’ organic compounds ordinarily found in the
water phase comprise lower molecular weight

_compounds such: as Ci:to. Cs alcohols, esters con--

taining up to-about 4 carbon atems, Cz to Cs or-
ganic acids and traces-of higher molecular weight
oxygenated compounds.. The oxygen-containing.
organic compounds ordinarily found in the oil
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phase comprise higher molecular weight com-
pounds such as C: and higher alcohols, esters
containing more than 3 carbon atoms, C3 and
higher organic acids and traces of lower mo-
lecular weight compounds. The substantial
overlapping in the distribution of the oxygen-
containing organic compounds is attributable to
the fact that compounds of intermediate molecu-
lar weight such as Cs alcohols are found in sub-
stantial portion in both oil and water phases.
The disposal of the water phase in large-scale
comimercial operations is a serious problem since
the oxygen-confaining organic compounds com-
prise as high as 20 per cent of the water phase
and their presence would seriously pollute the
stream into which the water phase is emptied.
Moreover, the oxygen-containing organic com-
pounds present in both oil and water phases are
in demand as chemicals of commerce. The pres-
ent invention provides an integrated process for
purifying the water phase so as to alleviate the
problem of its disposal and for recovering from
the synthesis product oxygen-containing organic
compounds primarily in the form of alcohols.

Treatment of synthesis product in accordance
with the combination process of this invention is
characterized by a plurality of advantages.
First, the reject water obtained by following the
combination process of this invention contains

less than 0.2 per cent oxygen-containing organic

compounds and can be disposed of without caus-
ing a serious pollution problem.

A second advantage resides in the fact that
the oxygen-containing compounds obtained as a
by-product in the formation of synthetic fuel are
substantially recovered in the form of alcohols
and ketones which greatly simplifies their reso-
lution into individual components. The oxygen-
containing compounds are obtained as a mixture

comprising approximately 85 per cent alcohols

and 15 per cent ketones as a consequence of the
combination process of this invention. The reso-
lution of such a mixture is markedly simpler
than the resolution of a mixture comprising al-
cohols, esters, ketones, aldehydes and acids.

A third advantage is realized by the use of a
portion of recycle gas phase initially separated
from the synthesis product as a diluent in the
adsorption zone. The maintenance of the ad-
sorbent in a fluent state and the preservation
of the oil phase in the vapor state are substan-
tially aided by the use of recycle gas phase as a
diluent.

The vapor phase treatment of the total liquid
product comprising oil and water phases with a
basic material is effected at a temperature be-
tween 500 and 1,000° . and preferably at a tem-
perature between 700 and 950° ¥. Atmospherie
pressure is advantageously employed for contact
of the total liquid phase with a basic material
in the vapor state but it is also favorable to em-
ploy a pressure corresponding to that used for
the conversion of synthesis gas into synthetic
fuel, that is, pressures between 100 and 500
pounds per square inch.

The basic material employed for the vapor
phase contacting of the liquid phase of synthesis
product is selected from basic alkali metal hy-
droxides, alkali metal oxides, alkali metal salts,
alkaline earth metal hydroxides, oxides, salts,
etc. Sodium carbonate, sodium phosphate, po-
tassium carbonate, potassium borate are exam-
ples of basic alkali metal compounds which can
be employed in the process of this invention;
calcium oxide, calcium carbonate, barium oxide
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are examples of basic alkaline earth metal com-
pounds used in this invention. Mixtures of alkali
metal and alkaline earth metal compounds may
also be employed for the vapor phase basic treat-
ment of the total liquid phase.

The vapor state contacting of the liquid phase
with a basic compound is effected at a space
velocity between 1 and 10 volumes of liquid
product per volume of solid basic material per
hour. Space velocities between about 2 and 5
are preferred.

Any of the several techniques for catalytic
vapor phase contacting can be employed for the
base treatment of the liquid synthesis product.
For example, the liquid phase of synthesis prod-
uet in vapor form can be contacted with a fixed
bed, fluidized fixed bed or a stirred hed of basic
particles.

The vapor phase base treatment of the liquid
synthesis product results in hydrolysis of oil- and
water-soluble esters to alcohols and acids and
decarboxylation of acids initially present and
those formed by ester hydrolysis to either hy-
drocarbons or ketones. Basic alkali metal com-
pounds effect decarboxylation of acids to hy-
drocarbons whereas basic alkaline earth metal
compounds decarboxylate acids to ketones. The
base treatment results in a substantial increase
in the alcohol content and a substantial decrease
in acid and ester contents of both oil and water
phases.

The base-treated liquid synthesis product is
cooled and separated into a water phase and an
cil phase which is diluted with a small amount
of gaseous hydrocarbons, such as ethane, meth-
ane, ethylene, propylene, propane, butane, bu-
tane, etec. which are produced in the base treat-
ment. Water-soluble alcohols and ketones are
separated from the water phase. The oil phase
is revaporized and contacted with a fluid bed of
adsorbent such as silica gel whereby oxygen-con-
taining organic compounds are separated there-
from by adsorption.

The base-treated oil phase is advantageously
separated into a gasoline fraction and a gas oil
fraction, each of which is independently contact~
ed with an adsorbent for the oxygen-containing
organic compounds contained therein. Separa-
tion of the oil phase into gasoline and gas oil
fractions and independent treatment of each with
a fluent adsorbent facilitates the adsorption and
recovery of the alcohols and ketones from the oil
phase.

The vaporized oil phase either in toto or, as
in the preferred modification, in separate gaso-
line and gas oil fractions is contacted with an
adsorbent which is maintained in a fluent state
in an adsorption zone. Fluent state is used to
describe maintenance of an adsorbent in a state
of continuous motion as distinguished from a sta~
tionary bed of the adsorbent. Fiuidized fixed
bed, suspension contaciing wherein the adsorbent
is substantially entrained in the vaporized oil
phase, and a moving bed are all modifications of
fluent operation.

The temperature is maintained hetween 400
and 700° ¥. in the adsorption zone. If the gaso-
line fraction is contacted separately with an ad-
sorbent, the temperature is advantageously main-
tained in the lower part of the aforedescrited
range, that is, hetween 400 and 500° . whereas
separate contacting of the gas oil fraction with
an adsorhent requires temperatures in the upper
part of the range, namely, between 550 and 700°
F. 1If the total oil fraction is contacted with the
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adsorbent, the temperature is advantageously
maintained between 600 and 700° F.

The pressure in the adsorption zone is prefer-
ably atmospheric but sub-atmospheric and super-
atmospheric pressures up to approximately 400
Ibs. per square inch can be employed. It is, of
course, more difficult to maintain the oil phase
in the vapaor state at pressures in the upper por-
tion of the aforedescribed range.

‘The vaporized oil phase is passed through the
adsorption zone at a space velocity of approxi-
mately 0.5 to 5.0 volumes of liguid oil phase per
volume of fluent adsorbent. The space velocity
is correlated with the particle size and density of
the adsorbent.

‘The particle size of the adsorbent depends upon
the type of fluent operation, adsorbent density
and vapor velocity that are employed. Particle
size of adsorbent for any particular operation is
determined by the vapor velocity; for example, in
a fluid bed type operation with vapor velocity of
akout 1 foot per second, the particle size should
be maintained between 50 and 150 mesh.

Fluent adsorbent containing adsorbed oxygen-
containing adsorbed compounds which are main-
ly aleohols and ketones is continuously separated
from the vaporized oil phase, removed from the
adsorption zone and introduced into the desorp-
tion zone. In the desorption zone oxygen-con-

taining organic compounds are desorbed from the

adsorbent by passage of a hot gas through the
adsorbent while it is maintained in a fluent state.
If the oil phase in toto is contacted with the ad-
sorbent it is advisable to employ a polar desorb-

ing gas such as super-heated steam; a portion of :

the water phase separated from the base treated
liguid synthesis produet is advantageously va-
porized and employed to effeet desorption of oxy-
gen-containing organic compounds from an ad-~
sorbent which has been confacted with the total
oil phase. Super-heated steam or vaporized
base-treated water phase is also the preferred
gas for desorbing oxygen-containing organie
compounds which have been separated from the
gas oil fraction of oil phase; the oxygen-contain-
ing organic compounds separated from the gas
oil fraction are practically insoluble in water so
that their separation from the condensed aque-
ous desorbing agent is readily effected. When
the gasoline fraction is separately contacted with
an adsorbent, a hot gas such as flue gas or syn~
thesis gas is advantageously used to desorb al-
cohols and ketones from the absorbent; using
such a desorbing agent, the low boiling oxygen-
containing compounds separated from the gaso-
line fraction are recovered free from water.

The adsorbent is continuously regenerated by
contact with the desorbing gas so that it can be
returned to the adsorption zone without further
treatment after separation therefrom.

In order that the invention may he more fully.

understood, reference will now he made ta the
accompanying figure wherein there is diagram-
matically presented a modification of the inven-
tion. .
Hydrogen and carbon monoxide are introduced
from a pipe { into & synthesis reactor 2 wherein
conversion of carbon monoxide and hydrogen
into liquid hydrocarhons is effected by contact
with an iron catalyst maintained in a fluent state
at. a temperature between 500 and 700° F. and at a
pressure between 100 and 500 pounds per square
inch. :

An effluent comprising unconverted hydrogen
and earbon monoxide, produets of reaction com-
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prising water, carbon dioxide, gaseous and lig-
uid hydrocarbons and oxygen-containing organic
compounds, issues from the synthesis reactor 2
through a pipe 3, is introduced into a heat ex~
changer 4 wherein the product is cooled to a tem-
perature between 150 and 400° F. and preferably
to a temperature between 200 and 300° F. without
any reduction in pressure. Thereafter, the syn-
thesis effluent is introduced through a pipe 5 into
a separator T maintained at a temperature be-
tween 150 and 400° F. and a pressure between
150 and 500 pounds per square inch. Advan-
tageously, the separator is maintained at a tem-
perature between 200 and 300° F. and at a pres-
sure substantially equivalent to that employed
in the synthesis reactor 2. The effiuent is sep-
arated into a gas phase and into a liquid phase
comprising oil and water phases in the separator
1. Separation of the synthesis product into a
gas phase and a liquid phase at elevated temper-
ature and pressure relieves the load on the heat
exchanger facilities since the liquid product is
immediately thereafter raised to a temperature
of 500 to 1,000° F. for the vapor phase basic
treatment thereof.

The gas phase leaves the separator T through
a2 pipe 8; a major portion thereof is recycled to
the synthesis reactor 2 so as to maintain a recycle
ratio of recycle gas to fresh feed between 1:1 and
5:1. A pipe 9 serves as a means of removing &
minor portion of this recycle gas for use as a
diluent in the vapor phase contacting of the oil
phase with adsorbent; draw-off pipe 10 is used
to remove unrecycled gas.

The two-phase liquid product is withdrawn
from the separator T through a pipe (2, intro-
duced into a heat exchanger (3 wherein it is
raised to a temperature sufficient to vaporize the
entire product, that is, a temperature of approxi-
mately 500 to 1,000° F. and generally between
700 and 1,000° P. The liquid product, still under
synthesis reaction pressure, is introduced through
a pipe 14 into a base-treater 15 containing a
basic material of the type heretofore described.

The contacting of the liquid product in the
vapor state in the base-treater 15 with a basic
compound of an alkali metal or of an alkaline
earth metal or of a mixture of such compounds
hydrolyzes oil- and water-soluble esters to alco-
hols and acids and decarboxylates acids initially
present together with those formed by ester hy-
drolysis to either hydrocarbons or ketones. Oil-
and water-soluble aldehydes present in the syn-
thesis product are polymerized by vapor phase
contact with the basic material and are there-
after partially cracked to smaller molecular
weight hydrocarbons and = oxygen-containing
hydrocarbons. The oil- and water-soluble alco-
hols and ketones are substantially unaffected by
the vapor phase basic treatment. The alcohol
and ketone eontent of the liquid product is sub-
stantially increased by the vapor phase basic
treatment. :

The base-treated liquid product with its acid,
ester and aldehyde contents substantially re-
duced but with an increased content of alcohols,
hydrocarbons and ketones, is introduced through
a pipe 1§ into a heat exchanger |71 wherein it is
cooled to a temperature of 150 to 460° F. and
preferably to approximately 250° F. ‘The cooled
base-treated product is then introduced through
a pipe 20 into a separator 21 wherein it is sepa-
rated into a gaseous fraction, an oil phase and a
water phase.

The base-treated liquid product is advantage~
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ously separated into an oil phase and a water
phase at an elevated temperature between 150
and 500 pounds per square inch and at an ele-
vated temperature hetween 150 and 400° F.
because normally water-soluble alcohols and ke-
tones are thereby displaced into the oil phase.
Moreover, the oil phase immediately after sepa-
ration is vaporized for contact with a fluent
adsorbent so that heat exchange facilities are
relieved by elevated temperature-pressure sepa-
ration of the base-treated liquid product.

The water phase containing alcohols and
ketones is withdrawn from the separator 2f
through a pipe 24. Its further treatment will be
described hereinafter.

The oil phase diluted with a small amount of
gaseous hydrocarbons such as ethane leaves the
separator 21 through a pipe 25 and is introduced
into a heat exchanger 26 wherein it is raised to a
temperature between 500 and 700° F. As indi-
cated previously the oil phase is advantageously
fractionated into gasoline and gas oil fractions
which are separately contacted with an adsorbent.
However, in the detailed description which fci-
lows, the total oil phase is contacted with a silica
gel in the interests of simplification. Vaporized
base-treated water phase is employed to desorb
the oxygen-containing organic conipounds sepa-
rated from the total oil phase. As indicated pre-

viously, hot flue gas and synthesis gas are the pre- &

ferred desorbing gases when the gasoline fraction
is treated separately; superheated steam and
vaporized base-treated water phase are preferred
desorbing gases when the gas oil is separately
contacted with an adsorbent.

The heated oil phase diluted with gas phase
leaves the heater 26 through a wive 27 and is
combined therein with a portion cf the recycle
gas phase separated from the tetal synthesis prod-
uct. This latter gas phase comprises mainly
carbon dioxide and hydrogen together with minor
quantities of carben monoxide and gassous hydro-
carbons.

Vaporized oil phase flows through the pipe 21
and is introduced into the adsorption zone 30.
A hopper 31 is connected with the pipe 27 through
2 pipe 32 and provides a means whereby fresh
silica gel adsorbent may be introduced into the
adsorption zone 39.

In the adsorption zone 30 alcohols and ketones
are separated from the vaporized oil phase by
adsorption on silica gel. Means are provided
for continuously separating the adsorbent from
the vaporized oil phase., A settling zone 35 and
a cycione separator 37 are illustrative of such
means.

An efluent from the adsorption zone 30 leaves
the separator 38 through a pipe 38. Entrained
silica gel is separated in the cyclone separator 27.
Thereafter, the efiuent, comprising gaseous dilu-
ent and vaporized oil phase substantially free of
oxygen-containing organic compounds, is intro-
duced through a pipe 39 into an exchanger 40
wherein it is cooled to atmospheric temperature.
The cooled efluent is then passed through pipe
4| into a separator 42 wherein the gaseous dilu-
ent is separated from the condensed oil phase.

Gas phase separated from the condensed oil
phase in the separator 42 is recycled through a
pipe 43 for further use as a gaseous diluent in
the adsorption zone 39. The pipe 43 connects
with the pipe 8 through which diluent gas is
jintroduced into the pipe 27 the conduit for intro-
ducing vaporized oil phase into adsorption zone
30.

16

Py}

48

o0

60

8

Condensed oil phase leaves the separator 42
through a pipe 45 and is introduced into a frac-
tionating zone 48 wherein it is separated into
gasoline and gas oil fractions. The gasoline frac-
tion is taken off overhead through a pipe 47;
the gas oil fraction is withdrawn from the lower
portion of the fractionating column 4% through a
pipe 48, Both the gasoline and gas oil fractions
are substantially free from oxygen-containing
organic compounds. The hydroxyl number of
both the gasoline and gas oil fractions is less than
1, indicating less than 0.5 weight per cent alcc-
hols. The acid and ester content is negligible.

Silica gel which is removed from vaporized
oil phase by means of settling zone 35 and cyclone
separator 31 is introduced into a conduit 52
through which it is passed into the desorption
zone; standpipes 50 and 51 connect settling zone
35 and cyclone separator 37, respectively, with
conduit 52 through which the silica gel contain-
ing adsorbed alcohols and ketones is passed into
the desorption zone 55. A hot gas carries the
silica gel saturated with alcohols and ketones
along the conduit 52 into desorption zone 55.

Gases such as methane, nitrogen, carbon di-
oxide, hydrogen and mixtures thereof may be
used to desorb alcohols and ketones from the
adsorbent and to simultaneously regenerate the
adsorbent. As was indicated previously, vapor-
ized base-treated water phase is a preferred gas
for desorbing alcchols and ketones from the ad-
sorbent.

Returning to the treatment of the base-treated
water phase after its separation from the base-
treated oil phase in the separator 21 and its dis-
charge therefrom through pipe 24, a major por-
tion thereof is introduced through pipe 24 into
a flash tower 57 wherein water-soluble alcohols
and ketones are flashed and taken off overhead
through a pipe 58 in the form of their aqueous
azeotropes. The aqueous azeotropes can be frac-
tionated into individual alcohols and ketones in
fractionating columns not shown. A reject water
phase is removed from the flash tower 5T through
a pipe 99 and may be disposed of by pouring into
a river without fear of polluting it. The reject
water phase contains less than 0.2 per cent oxy-
gen-containing organic compounds.

A minor portion of the base-treated water
phase is diverted from pipe 24 through pipe 60
to a heat exchanger 61 wherein it is vaporized
and raised to a temperature of approximately
500 to 800° F. Superheated steam containing
water-soluble alcohols and ketones leaves the
heat exchanger 61 through a pipe 62 and flows
into the pipe 52 through which silica gel con-
taining adsorbed oil-soluble alcohols and ketones
is transported from the adsorption zone 30 to
the desorption zone 55. The superheated steam
carries the adsorbent into the desorption zone 55
wherein alcohols and ketones are stripped from
the adsorbent by the superheated steam at a
temperature of about 600° ¥. The superheated
steam also regenerates the silica gel so that it
may be returned to the adsorption zone for sepa-
ration of further quantities of oil-soluble alco-
hols and ketones from the oil phase.

A settling zone 65 within the desorption zone 55
and a cyclone separator 66 are employed to sepa-
rate desorbed and regenerated adsorbent from
steam. Standpipes 68 and 69 connect settling
zone 65 and cyclone separator 66 respectively
with the pipe 27 through which vaporized oil
phase is introduced into the adsorption zone 30:
regenerated adsorbent is introduced into the pipe
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21 by means of standpipes 68 and 69 and is re-
turned through pipe 27 to the adsorption zone 30.

The effluent from the desorption zone §5 com-
prises steam, oil-soluble alcohols and ketones and
a small portion of water-soluble alcohols and ke-
tones. The effluent is introduced through a pipe
710 into the cyclone separator §5 wherein én-
trained silica gel is separated, and is thereafter
introduced info a heat exchanger Ti through a
pipe T12. The effiluent is cooled to atmospheric
temperature in the exchanger Ti and is intro-
duced through a pipe 13 into a separator 14 in
the form of a condensate. The pipe 82 serves
to remove uncondensed material from separator
714. Oil-soluble alcohols and ketones which are
substantially insoluble in water are withdrawn
from the separator T4 through a pipe 715. These
oil-soluble alcohols and ketones can be fraction-
ated into individual components in fractionating
apparatus not shown.

Water, containing water-soluble alcohols and

. ketones, is withdrawn from the separator 714

through pipe 6 and after having been heated in
an exchanger 77 is introduced through a pipe 18
into a flash tower 79. In the flash tower 19
water-soluble alcohols and ketones are flashed
from the water in the form of their alcohol- and
ketone-water azeotropes which are taken off over-
head through a pipe 80. Reject water is with-~
drawn from the flash tower 78 through a pipe
8i. 'This reject water phase also contains less
than 0.2 per cent oxygen-containing organic
compounds and can be disposed of without caus-
ing a pollution problem.

The foregoing detailed description presents a
modification of the combination process of the
present invention. It will be recognized that
many modifications may be made in the above
detailed description. Adsorbents other than
silica-gel, separation temperatures other than
those recommended are alternatives which may
be employed. Moreover, it is recommended that
the oil phase be separated into gasoline and gas
oil fractions which are separately contacted in
the vapor state with a fluent adsorbent.

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 limitations
should be imposed as are indicated in the ap-
pended claims.

We claim:

1. A process for treating a product containing
water, hydrocarbons and oxygen-containing or-
ganic compounds comprising alcohols, esters,
acids, aldehydes and ketones and which is
obtained by the catalytic conversion of carbon
monoxide and hydrogen into synthetic fuel which
comprises separating the synthesis product ob-
tained by catalytic conversion of synthesis gas
into a gas phase and a liquid phase comprising oil
and water phases, contacting said entire liquid
phase in the vapor state at a temperature of 560
to 1,000° F. with a solid basic material selected
from the group consisting of alkali metal com-
pounds, alkaline earth compounds and mixtures
thereof whereby esters are hydrolyzed to alcohols
and acids and acids are decarboxylated to hydro-
carbons and ketones, cooling said base-treated
liquid phase, separating said base-treated liquid
phase into an oil fraction and a water fraction,
vaporizing said oil fraction containing oxygenates
mainly in the form of aleohols and ketones, con-
tacting said oil fraction with a particulate ad-
sorbent at a temperature of 400 to 700° F.
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whereby said oxygen-containing organic com-
pounds, mainly alcohols and ketones, are ad-
sorbed on said adsorbent, separating said adsorb-
ent containing oxygen-containing organic com-
pounds adsorbed thereon from said vaporized oil
fraction and recovering oxygen-containing or=
ganic compounds comprising mainly alcohols and
ketones from said separated adsorberit.

2. A process according to-claim 1 in which the
particulate adsorbent is silica gel.

3. A process for treating a product containing
water, hydrocarbons and oxygen-containing or-
ganic compounds comprising alcohols, esters,
acids, aldehydes and ketones and which is ob=
tained by the catalytic conversion of carbon mon-
oxide and hydrogen into. synthetic fuel, which
comprises separating the synthesi$ product ob-
tained by catalytic conversion of synthesis gas
into a gas phase and a liquid phase comprising
oll and water phases, contacting said entire lig-
uid phase in the vapor state at a temperature 6f
500 to 1,000° F', with a solid basic material selected
from the group consisting of alkali metal com-
bounds, alkaline earth compounds and mixtures
thereof whereby esters are hydrolyzed to aléohols
and acids and acids are decarboxylated to hydro-
carbons and ketones, cooling said base-treated
ligquid phase, separating said base-treated liquid
phase into an oil fraction and a water fraction,
vaporizing said oil fraction containing oxygenates
mainly in the form of alcohols and ketones, con-
tacting said oil fraction with a particulate fluént
adsorbent at a temperature of 400 to 700° F.
whereby oxygen-containing organic compounds,

35 mainly alechols and ketones, are adsorbed on sald

adsorbent separating said adsorbent containing
oxygen-~containing organic compounds adsorbed
thereon from said vaporized oil fraction, intro-
ducing said adsorbent into a desorption zone, con-
tacting said adsorbent with a desorbing gas at
elevated temperature whereby oxygen-containing
organic compounds are desorbed from said ad-
sorbent and recovering said desorbed oxygen-

" containing organic compounds comprising mainly

alcohols and ketones,

4. A process according to claim 3 in which a
portion of vaporized base-treated water phase is
used as the desorbing gas at a temperature be-
tween 500 and 800° F'.

5. A process for treating a product containing
water, hydrocarbons and oxygen-containing or-
ga_nic compounds comprising alcohols, esters,
acids, aldehydes and ketones and which is ob-
tained by the catalytic conversion of carbon mon-

. oxide and hydrogen into synthetic fuel, which

comprises separating the synthesis product ob-
tained by catalytic conversion of synthesis gas
ir}to a gas phase and a liquid phase comprising
oil and water phases, contacting said entire liquid
phase in the vapor state at a temperature of 500
to 1,000° F, with a solid basic material selected
from the group consisting of alkali meta]l com-
pounds, alkaline earth compounds and mixtures
thereof whereby esters are hydrolyzed to alcohols
and acids and acids are decarboxylated to hydro-
carbons and ketones, cooling said base-treated
liquid phase, separating said base-treated liquid
bhase into an oil fraction and a water fraction,
vaporizing said oil fraction containing oxygenates
ma@nly in the form of alcohols and ketones, com~
bining a portion of said gas phase separated from
synthesis product with said vaporized oil fraction,
contacting said oil fraction and gas phase with a
particulate fluent adsorbent at a temperature of
400 to 700° F. whereby oxygen-containing organic
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compounds, mainly alcohols and ketones, are ad-
sorbed on said adsorbent, separating said adsorb-
ent from said vaporized oil phase, infroducing
said adsorbent into a desorption zone, contacting
said adsorbent with a vaporized portion of said
base-treated water fraction at an elevated tem-
perature of 500 to 800° F. whereby oxygen-con-
taining organic compounds are desorbed from
said adsorbent and recovering said desorbed oxy-
gen-containing organic compounds comprising
mainly alcohols and ketones.

6. A process for treating a product containing
water, hydrocarbons and oxygen-containing or-
ganic compounds comprising alcohols, esters,
acids, aldehydes and ketones and which is ob-
tained by the catalytic conversion of carbon mon-
oxide and hydrogen into synthetic fuel, which
comprises separating the synthesis product ob-
tained by catalytic conversion of synthesis gas
into a gas phase and a liquid phase comprising
oil and water phases, contacting said entire liquid
phase in the vapor state at a temperature of 500
to 1,000° F. with a solid basic material selected
from the group consisting of alkali metal com-
pounds, alkaline earth compounds and mixtures
thereof whereby esters are hydrolyzed to alcohols
and acids and acids are decarboxylated to hydro-
carbons and ketones, cooling said base-treated
liquid phase, separating base~treated liquid phase
into an oil fraction and a water fraction, dividing
said oil fraction into a gasoline fraction and a
gas oil fraction, vaporizing said gasoline and gas
oil fractions containing oxygenates mainly in
the form of alcohols and ketones, contacting said
gasoline fraction and said gas oil fraction indi-

[
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vidually with particulate fluent adsorbents, at a
temperature of 400 to 700° F. whereby oxygen-
containing organic compounds, mainly alcohols
and ketones, are adsorbed on said adsorbents,
separating said adsorbents from said gasoline
and gas oil fractions, separately treating the ad-
sorbents from the gasoline fraction and the gas
oil fractions in desorption zones with a vaporized
portion of said base-treated water fraction at an
elevated temperatures of 500 to 800° F. whereby
oxygen-containing organic compounds are de-
sorbed from said adsorbents and recovering said
desorbed oxygen-containing organic compounds
comprising mainly alcohols and ketones.
7. A process according to claim 6 in which the

adsorbent is silica gel.

HOWARD V. HESS.

GEORGE B. ARNOLD.

MARVIN L. DRABKIN.
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