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: 1 ,
This invention relates to a method of synthesis

gas conversion and more particularly to a meth-"

od of catalytically converting synthesis gas so
that a greater portion of the product comprises
liquid hydrocarbens in the gasoline boiling range.

In accordance with the invention, synthesis
gas comprising carbon monoxide and hydrogen
is catalytically converted in a reaction zone to a
product mixture comprising hydrocarbons, oxy-
gen-containing compounds and water, which
 mixture is separated into a gas phase, a liquid

hydrocarbon phase and a water phase, which lat-
ter two phases contain dissolved therein substan-
tial gquantities of oxygen-containing compounds.
The gas phase containing normally gaseous prod-
ucts of conversion and unreacted carbon mon-
oxide and hydrogen is recycled at least in part
to said reaction zone. The aqueous phase con-
taining dissolved therein mainly low molecular
weight oxygen-containing compounds is sub~
jected at elevated temperature and pressure to
extraction with a hydrocarbon solvent so as to
form a hydrocarbon-rich extract phase contain-
ing most of the non-acidic oxygen-containing
compounds and a water-rich phase containing
low molecular weight organic acids. The hydro-
‘carbon-rich extract phase is combined with the
lquid hydrocarbon phase which is initially sep-
arated from the products of conversion and
which, in general, contains oxygen-containing
compounds of higher molecular weight than the
aqueous phase. Thereafter the combined phases
are fractionated into two components, namely &
low boiling fraction distilling below about 200 to
245° F. and a high boiling fraction distilling above
the specified femperature. A substantial por-
tion of the low boiling fraction is recycled to the
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reaction zone so as to effect conversion of the -

low boiling oxygen-containing compounds con-
tained therein to liquid hydrocarbons in the gas-
oline range. .

The portion of the low boiling fraction which
i8 not recycled to the synthesis unit is combined
with the high boiling fraction and the composite
is subjected to extraction with a hydrocarbon-
immiscible solvent so as to extract oxygen-con-
" taining compounds from the hydrocarbon solu-
tion. As a result of the extraction, there are
formed & hydrocarbon raffinate which is substan-

tially free from oxygen-containing compounds

and & solvent-rich extract phase containing ex-
tracted oxygen-containing compounds. The hy-
drocarbon raffinate is then subjected to such fur-
ther treatment as will improve its quality in its
intended use. Oxygen-containing compounds
are separated from the extract phase.
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2 .
Even when the catalytic conversion of carbon
monoxide and hydrogen is directed mainly to-

‘wards the production of liquid hydrocarbons in

the gasoline range, the conversion is accompanied
by the formation of considerable quantities of
oxygen-containing organic compounds. These
oxygen-containing organic compounds comprise
alcohols, aldehydes, ketones, esters and organic
acids with the alcohols forming by far the great-
est portion of the oxygen-containing organic by-
products. In a typical synthesis operation di-
rected towards the production of gasoline hydro-
carbons, the oxygen-containing organic com-
pounds produced may amount to as much as 20
weight per cent of the total organic compounds
produced. The lower boiling oxygen-containing
organic compounds such as ethyl, propyl and
butyl alecohols, together with low boiling alde-
hydes such as ethanal, propanal and butanal, or-
dinarily comprise a large proportion of the totfal
oxygen-containing compounds produced. This .
invention provides a method of converting such
low boiling oxygen-containing compounds, which
are not as valuable economically as the higher
boiling oxygen-containing compounds, into liquid
hydrocarbons boiling in the gasoline range or
higher boiling oxygen-containing compounds. -

When the product of synthesis gas conversion
is separated into a gas phase, a liquid hydrocar-
bons phase and an aqueous phase at atmospheric
conditions, most of the low boiling oxygen-con-
taining compounds, that is, compounds contain-
ing 4 or less carbon atoms, are presen{ in the
aqueous phase. This invention provides a meth-
od of transferring these low boiling oxygen-con-
taining compounds to the hydrocarbon phase
whence they may be recycled, together with a low
bolling -hydrocarbon fraction, to the synthesis
unit.

The recycling of a part of the hydrocarbon
fraction of the products which boils below about
200 to 245° F. and which contains substantially
all of the non-acidic low boiling oxXygen-contain-
ing compounds produced in the conversion, has
a two-fold beneficial effect in increasing the yield
of gasoline hydrocarbons produced by the syn-
thesis reaction: first, the low boiling oxygen-con-
taining compounds which comprise the alcohols
produced in the conversion up to and including
butyl alcohol, aldehydes up to and including
pentanal and ketones up to and including methyl
propyl ketone are converted into gasoline hy-
drocarbons; further, low boiling olefins such as
propylenes, butylenes and ampylenes which are
present both in the recycle gas phase separated
from the products and in the recycle portion of
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' stmospheric temperature at this point but this

3 .
the low boiling hydrocarbon fraction, are con-
verted into compounds of higher mo]
weight in the synthesis zone so0 that a higher ulti-
mate yleld of product boiling in the gasoline
range is obtained. A further advantage resides
in the fact that the presence of liquid hydrocar-
bons boiling up to about 245° ¥. absorbs a con-
siderable portion of the liberated exothermic heat
of reaction, thereby minimizing the problem of
temperature control in the catalytic conversion
of carbon monoxide and hydrogen. The method
of the invention has an additional advantage
when a fluid dense phase type of catalytic con-
version is employed; the presence of a substan-
tial quantity of recycle hydrocarbons can be used
to offset at least to some extent the volume de-
crease accompanying the conversion of carbon
_monoxide and hydrogen into liquid hydrocarbons
and the like.
In continuous operation, the product of syn-
thesis gas conversion is initially separated into a

not only places an added burden on the extraction
of the aqueous phase, but also necessitates the
reheating of the aqueous phase prior to its ex-
traction with a liquid hydrocarbon fraction.

The total product is introduced through a pipe
§ into a separator § wherein the agueous phase
is separated from both the normally liquid hydro-

* carbon phase and the normally gaseous products
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gas phase, an aqueous phase and a liquid hydro- .

carbon phase at elevated temperature and pres-

sure. The separation of the product into these -

phases at elevated temperature and pressure re-
duces the heat requirements of the process since
it is not necessary to reheat the aqueous phase
prior to extraction with a hydrocarbon solvent.
Moreover, initial separation of the product at a
_temperature of about 200 to 300° F. and at a pres-
sure of about 150 to 300 pounds per square inch
displaces a portion of the lower. boiling oxygen-
containing compounds from the aqueous phase
to the hydrocarbon phase, thus minimizing the
burden in the solvent extraction of the aqueous
phase so that smaller solvent dosages and a small-
er extraction tower may be employed.

In order that the invention may be more ade-
quately described, reference will now be made to
the accompanying figure in which a preferred
modification of the process of the invention is
presented in detail.

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

A catalyst having a composition of about 93—
98 per cent iron, about 2-7 per cent alumina and
about 0.1 to 3 per cent alkali expressed as potas-
sium oxide has been found to be particularly ef-
fective for the conversion. The 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 persquareinch
in order to yield liquid hydrocarbons boiling in
the gasoline range as the primary product of
conversion.

An effluent stream comprising the products of
synthesis reaction and unreacted carbon monox-
ide and hydrogen 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° F. in an exchanger 4. As has been indicat-
ed previously, the efluent may be cooled to about
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of conversion. The separator § is maintained, for
example, at a temperature of about 200° F'. and at
8 pressure of about 150 to 300 pounds per square
inch. The aqueous phase is withdrawn from the
separator ¢ through a conduit 1. Both the gas
phase and the liquid hydrocarbon phase are re-
moved from the upper portion of the separator §
through a pipe 8 and are cooled to approximately
atmospheric conditions in the exchanger {8 prior
to introduction into a secondary separator |l
which is maintained at about atmospheric con-
ditions of temperature and pressure. In the sepe-
rator I, the liquid hydrocarbon phase is sepa-
rated from the gas phase. The liquid hydrocar-
bon phase is withdrawn from the separator 1
through a pipe {2 and its further treatment will
be described more in detail later. The gas phase,
containing unreacted synthesis gas and normal-
1y gaseous products of conversion, such as ethane,
methane, carbon dioxide, etc., leave the separator
i1 through a pipe 4. Some additional aqueous
phase separates in a secondary atmospheric sepa-
rator 11 and is withdrawn therefrom through a
pipe 13.

The gas phase withdrawn from the separator
i1 is recycled at least in part to the synthesis
unit 2. The portion of the gas phase which is
to be recycled proceeds along the pipe 14 and com-
bines with the fresh feed to the synthesis unit 2
in the pipe . There may be employed recycle ra-
tios of 0.25 to 4 wherein recycle ratio is expressed
as moles of recycle gas per moles of fresh feed.
A vent {5 serves as a means of withdrawing the
non-recycled portion of the gas phase which por-
tion may be treated so as to recover valuable con-
stituents such as butanes therefrom.

The additional water phase which separates in
the separator t1 flows through the pipe 13 into
the conduit T wherein it combines with the aque-
ous phase initially separated from the products
of conversion. Combined aqueous phases are then
introduced into a primary extraction tower 28
which is maintained at a temperature of about
200° F. and at a pressure of about 200 to 250
pounds per square inch. :

In the extraction tower 20, combined aqueous
phases are subjected to countercurrent extrac-
tion with a hydrocarbon solvent such as naphtha
which is introduced therein through a pipe 22.
Under the specified conditions of temperature
and pressure prevailing within the extraction
tower, the bulk of the non-acidic oxygen-con-
taining organic compounds are substantially ex-
tracted from the water phase. As a result of the
countercurrent extraction in the tower 20, there
are formed a hydrocarbon-rich extract phase
containing non-acidic oxygen-containing organic
compounds and a water-rich phase containing
low molecular weight organic acids.

The water-rich phase containing low molecu-
lar weight organic acids is withdrawn from the
extraction tower 20 through a pipe 23 and the .
residual low boiling non-acidic oxygen-contain-
ing compounds which are predominantly ethyl
alcohol may be removed as agueous azeotropes
by flashing in a flash tower 24. The aqueous
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azsotropes  comprising mainly ethyl alcohol-
water azeotrope which has a composition of about
95.5% aleohol and 4.56% water is recycled through
a pipe 26 to the synthesis unit for conversion
to hydrocarbons in the gasoline range.

Thereafter, the water-rich phase can be in-
troduced - through a pipe 2§ into a fractionat-
ing tower, not shown, in which the water may
be distilled from the organic acids by azeotropic
distillation with a hydrocarbon fraction. The

organic acids may then be separated into indi-

vidual. components by fractionation.
The hydrocarbon-rich extract phase contain-

* ing extracted non-acidic oxygen-containing or-

ganic compounds leaves the extraction tower 28

through & pipe 21. This extract phase proceeds

along the pipe 21 and combines in the pipe 12
with the hydrocarbon phase initially separated
from the products of conversion. The combined
mixture containing substantially all of the non-
acidic oxygen-containing compounds produced
in the conversion which includes aldehydes, ke-
tones, alcohols and esters is introduced into a
fractionating tower 28.

In the fractionating tower 28, the mixture of
hydrocarbons and oxygen-containing compounds
is divided into two fractions: a low boiling frac-
tion distilling below & temperature which lies
in the range of about 200 to 245° F. is taken off
overhead through a pipe 29; the residual frac-
tion, containing all the products of conversion
distilling above the chosen temperature of di-
vision, is withdrawn from the lower portion of
the fractionating tower 28 through .a pipe 80.
If 245° F. is chosen as the temperature at which
the mixture is split into fractions, the overhead

fraction will contain hydrocarbons containing up '

to and including about 8 carbon atoms per mole-
cule, alcohols up to and including butyl alcohol,
aldehydes up to and including pentanal and ke-
tones up to and including methyl propyl ketone.

The low boiling fraction which leaves the frac-
tionating tower 28 through the pipe 29 is divided
into two portions. 'The major portion is passed
along the pipe 3{ through which it is recycled
to the synthesis unit 2. This major portion
of the low boiling fraction of the products of
conversion flows through the pipe 81 into the
pipe {4 through which gaseous products of con-
version are recycled to the synthesis unit 2. In

‘the method of the invention, therefore, the total

feed.to the synthesis unit 2 comprises fresh syn-
thesis gas, normally gaseous products of con-
version comprising carbon dioxide, methane,
ethane, etc., and the major portion of the hydro-
carbons and oxygen-containing hydrocarbons
distilling below about 200 to 245° F.

As has been indicated, the paramount bene-
ficial effect accompanying the recycle of hydro-
carbons and oxygen-containing products distil-
ling below 200 to 245° F. is realized in the im-
proved yield of liquid hydrocarbons distilling
within the gasoline range thereby obtained. This
invention provides a simple expedient of con-
verting such oxygen-containing compounds to
high-grade fuel. The yield of gasoline hydro-
carbons may be increased as much as 10 per
cent when low boiling hydrocarbons and oxygen-
containing compounds are recycled to the syn-
thesis unit as described in this invention; such
an improvement is significant in & commercial
unit making about 5,000 barrels per day of gaso-
line hydrocarbons.

The minor portion of the low boiling hydro-
carbon and oxygen-containing products of con-
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version 1s diverted from the pipe 29 through a.
pipe 34 and combines with the high boiling re-
sidual hydrocarbon and oxygen-containing prod-
ucts which were withdrawn from the fractionat-
ing tower 28 through a pipe 30 and thereafter
cooled in the exchanger 35. The combined hy-
drocarbon phases are introduced through a pipe
36 into a secondary extraction tower 37 which
is advantageously packed with contact material.
Therein the combined hydrocarbon phases con-.
taining a minor portion of the oxygen-contain-
ing products of conversion distilling below 200 to
245° F. and substantially all of the oxygen-con-
taining compounds distilling above 245° F. are
subjected to extraction with a solvent for the
oxygen-containing compounds which is immis-
cible with hydrocarbons under operating. condi- -

"~ tions which are ususally atmospheric. A solvent
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‘such as ethylene glycol is introduced into the

extraction tower 37 through a pipe 38 and there-
in is contacted countercurrently with the hydro-
carbon solution of oxygen-containing compounds
flowing upwardly therethrough. As a result of
the secondary extraction, there are formed a hy-
drocarbon-rich rafinate which is substantially

-free from salcohols, aldehydes and ketones and

a solvent-rich extract phase containing most of
the unrecycled alcohols, aldehydes and ketones
produced in the process, together with some of
the ester products.

Ethylene glycol has proven to be an 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 nitro-
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methane may be employed for the solvent extrac-
tion of alcohols, aldehydes and ketones from the
hydrocarbon solution. In further description of
the invention, it will be assumed that ethylene
glycol has been used to effect the extraction of
the oxygen-containing compounds from the hy- -
drocarbon phase. :

The hydrocarbon-rich raffinate is withdrawn
from the upper portion of the extraction tower
37 through 2 pipe 40 and is thereafter water-
washed in a wash tower 4{ for the removal of any
residual glycols dissolved therein. To this end,
water is introduced into the wash tower 4{
through a pipe 42 in the ratio of about one vol-
ume of water to 10 volumes of hydrocarbon. The
washed hydrocarbons are withdrawn from the
upper portion of the wash tower 41 through a
pipe 43. A portion of this hydrocarbon fraction,
which is substantially free from oxygen-contain-
ing compounds, can be used to effeci the extrac-
tion of non-acidic oxygen-containing compounds
from the water phase in the primary extraction
tower 20. Accordingly a portion of the washed
hydrocarbon solution is diverted from the pipe
43 through a pipe 44 which laiter pipe communi-
cates with pump 45 and exchanger 46 wherein
the hydrocarbon fraction is raised to a pressure
of about 200 pounds per square inch and a tem-
perature of about 200° F. The pipe 44 communi-
cates with the pipe 22 and from there flows into
the primary extraction tower 20.

The remainder of the washed hydrocarbons
obtained from the wash tower 41 pass through
& pipe 41 to a fractionating tower 48 wherein
it is separated into a gasoline fraction and a diesel
fraction. The gasoline fraction is taken off over-
head from the fractionatihg tower 48 through a
pipe 49 and thereafter may be subjected to
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treatment with a material such as bauxite for
the improvement of its octane rating. The diesel
fraction is obtained from the fractionating tower

48 through a pipe §8 and may undergo treat-

ment such as contacting with silica gel which
will remove any residusl high molecular weight
oxygen-containing compounds still present there-
in. The diesel fraction may also be catalytically

ar thermally cracked to yleld more gasoline hy-.

drocarbons. The high boiling residuum is with-
draiwn from the fractionating tower 48 through

a pipe §i. .

" Solvent-rich extract phase containing dissolved
therein mainly aleohols, aldehydes and ketones
is withdrawn from the lower section of the sec-
ondary extraction tower 371 through a pipe 5§ and
is introduced into a fractionating tower B&§.
Therein alcohols up to and including Cz alcohols,
aldehydes and ketones distilling below the boil-
ing point of ethylene glycol, namely about 388°
F., are separated by fractional distillation from
the solvent and from the higher boiling oxygen-
containing compounds. - It should be noted that
the process of the invention produces only a small
quantity of such lower boiling alcohols, alde-
hydes and ketones because the major portion of
the oxygen-containing products distilling below
245° F. are converted into hydrocarbons in the
gasoline range by recycling them to the synthesis
unit.. The low boiling oxygen-containing com-
pounds are removed as & distillate from the frac-
tionating tower §6 through a pipe 57.

The glycol solution of high boiling oxygen-con-
taining compounds is removed from the bottom
portion of the fractionating tower §6 through
a pipe 58 and introduced into a distilling tower
59. The water from the wash tower 41 which
contains ethylene glycol and oxygen-containing
compounds which were washed from the hydro-
carbon raffinate is also introduced into the dis-
tilling tower 59 through pipes 66 and §8. In the
distilling tower 59, high boiling alcohols, alde-
hydes and ketones are steam distilled from the
ethylene glycol solvent as water azeotropes which
leave the tower §9 through a pipe 62 and flow into
a settler 65 after condensation in an exchanger
63.

Glycol from which higher boiling oxygen-con-
taining compounds have been steam-distilled is
withdrawn from the distilling tower 88 through
& pipe §4 and is therethrough recycled to the sec-
ondary extraction tower 31. The pipe 64 com-
municates with the pipe 38 which serves as the
entry pipe for the hydrocarbon-immiscible sol-
vent.

Since the high boiling oxygen-containing com-
pounds are only sparingly soluble in water, they

are readily separated from the condensate con- .

sisting of water and high boiling oxygen-contain-
ing compounds, Water is withdrawn from the
lower portion of the settler 6§ through a pipe §8.
The higher boiling oxygen-containing compounds
are withdrawn from the settler §§ through a pipe
§8. The combined alcohols, aldehydes and ke-
tones may be subjected to mild catalytic hydro-
genation in order to convert aldehydes and ke-
tones into alcohols. 'Since the oxygen-contain-
ing compounds are mainly in the form of alcohols
as a result of this treatment, they are readily
separated into individual compounds by close
fractionation. Individual alcohols may be re-
oxidized to aldehydes and ketones if such com-
pounds are desired.

In the description of the invention, the prod-
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a liquid hydrocarbon phase and an aqueous phase
at elevated temperature and pressure which
aqueous phase is then extracted with a hydro-
carbon solvent at elevated temperature and pres-
sure. It is contemplated that the initial separa-
tion of the.products of conversion into an aque-
ous phase and a hydrocarbon phase at elevated
temperature and pressure may effect such a dis-
placement of low boiling oxygen-containing com-
pounds from the aqueous phase to the liquid
hydrocarbon phase that the subsequent step of
separately extracting the aqueous phase with a
hydrocarbon solvent may not be necessary. Con-
sequently, the synthesis product may be sepa-
rated at elevated temperature and pressure into
an aqueous phase and a liquid hydrocarbon phase
which is directly introduced into a fractionating
tower for separation into a high-boiling fraction
and a low boiling fraction, a portion of which is
recycled to the synthesis unit. The extraction
of the aqueous phase with a hydrocarbon solvent
is eliminated in this instance.

It is contemplated that oxygen-containing
compounds may be recycled to the synthesis re-
action in the form of their aqueous azeotropes.
In the detailed description of the invention, there
i3 shown the recycle of ethyl alecohol to the syn-
thesis unit in the form of its aqueous azeotrope.
There is included within the scope of the inven-
tion the introduction of other low-boiling oxygen-
containing compounds in the form of the aqueous
azeotropes, in which form they are readily sepa-
rated from the aqueous phase by distillation.

It is further contemplated that low-boiling
oxygen-containing compounds can be recycled
to the synthesis unit without employing a hydro-
carbon carrier. This can be accomplished by
extracting the oxygen-containing compounds
from the hydrocarbon phase of the synthesis
product, then separating the oxygen-containing
compounds from the extract phase and recycling
a low boiling fraction of the oxygen-containing
compounds to the synthesis unit.

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 for the production of liquid
hydrocarbons in the gasoline range, the method
which comprises catalytically reacting carbon
monoxide and hydrogen in a conversion zone in
the vapor phase at a temperature of about 500
to 700° F., to form a product mixture comprising
mainly hydrocarbons, water and oxygen-contain-
ing organic compounds comprising alcohols, alde-
hydes, ketones, esters and acids, separating said
product mixture into a gas phase comprising nor-
mally gaseous products of conversion and unre- -
acted carbon monoxide and hydrogen, a liquid
hydrocarbon phase and an aqueous phase, sepa-
rating from said hydrocarbon phase and said
aqueous phase said oxygen-containing organic
compounds distilling below about 245° F. and re-
cycling at least a portion of said oxygen-contain-
ing compounds to said conversion zone so as to
increase the yield of liquid hydrocarbons in the
gasoline range.

2: In the catalytic conversion of carbon mon-
oxide and hydrogen for the production of liquid
hydrocarbons in the gasoline range, the method

uct of synthesis gas conversion is separated into T8 which comprises catalytically reacting carbon



2,568,841

monoxide and hydrogen in & conversion zone in
the vapor phase at & temperature of about 500
to 700° P. to form & product mixture comprising
mainly hydrocarbons, water and oxygen-contain-
ing organic compounds comprising alcohols, alde-

" hydes, ketones, esters and aclds, separating said

product misture into a gas phase comprising nor-
mally gaseous products of conversion and unre-

acted carbon monoxide and hydrogen, a liquld '

hydrocarbon phase and an agueous phase and
recycling a portion of seid liquid hydrocarbon
phase distilling below about 245° F. and contain-
ing low bolling oxygen-containing organic com-
pounds to said conversion zone so as to increase
the yield of liquid hydrocarbons in the gasoline
range.

3. In the catalytic conversion of carbon mon-

oxide and hydrogen for the production of liquid

hydrocarbons in the gasoline range, the method
which comprises catalytically reacting carbon
monoxide and hydrogen in a conversion zone in
the vapor phase at a temperature of about 500 to
700° F. to form a product mixture comprising
mainly hydrocarbons, water and oxygen-contain-
ing organic compounds comprising alcohols, al-
dehydes, ketones, esters and acids, separating
said product mixture into a gas phase compris-
ing normally gaseous products of conversion and
unreacted carbon monoxide and hydrogen, a lia-
uid hydrocarbon phase and an aqueous phase,
recycling at least a portion of said gas phase to
sald conversion zone and recycling at least a por-
tion of said liquid hydrocarbon phase distilling
below about 245° F. and containing low boiling
oxygen-containing organic compounds to said
conversion zone so-as to increase the yield of lig-
uid hydrocarbons boiling in the gasoline range.

4. In the catalytic conversion of carbon mon-
oxide and hydrogen for the production of liquid
hydrocarbons in the gasoline range, the method
which comprises catalytically reacting carbon

monoxide and hydrogen in a conversion zone in

the vapor phase at a-temperature of about 500
to '700° P. to form a product comprising mainly
hydrocarbons, water and oxygen-containing or-
ganic compounds comprising alcohols, aldehydes,
Ketones, esters and acids, separating said product
mixture at elevated temperature between 175 and
300° F. and elevated pressure of about 150 to
300 pounds per square inch into a gas phase com-
prising normally gaseous products of conversion
and unreacted carbon monoxide and hydrogen, a
liquid hydrocarbon phase and an aqueous phase,
recycling a major portion of said liquid hydrocar-
bon phase distilling below about 245° F. and con-
taining low boiling oxygen-containing organic
compounds to said conversion zone so as to in-
crease the yield of liquid hydrocarbons in the
gasoline range.

5. In the catalytic conversion of carbon mon-
oxide and hydrogen for the production of liquid

hydrocarbons in the gasoline range, the method:

which comprises catalytically reacting carbon
monoxide and hydrogen in a conversion zone in
the vapor phase at a temperature of about 500 to
700° F. to form a.roduct mixture comprising
mainly hydrocarbons, water and oxygen-con-
taining organic compounds comprising alcohols,
aldehydes, ketones, esters and acids, separating
- said product mixture into a gas phase compris-
ing normally gaseous products of conversion and
unreacted carbon monoxide and hydrogen, a liq-
uid hydrocarbon phase and an aqueous phase,
fractionating said liquid hydrocarbon phase into
a fraction distilling below about 245° F, and con-

_gasqline range. .

. ' 10 :
taining low boiling oxygen-containing organic
compounds and a fraction distilling above about
245° P, and recycling a portion of said low boil-
ing fraction to said conversion zone so as to in-
crease the . yleld of liquid hydrocarbons in the -

6. In the catalytic conversion of carbon mon-

i bxide and hydrogen for the production of lquid

10

15

20

26

30

35

45

50

655

60

85

hydrocarbons in the gasoline range, the method
which comprises catalytically reacting carbon
monoxide and hydrogen in a conversion zone in
the vapor phase at & temperature of 500 to 700°
F. to form a product mixture comprising mainiy
hydrocarbons, water and oxygen-containing or-
ganic compounds comprising alcohols, aldehydes,
ketones, esters and acids, separating said product
mixture at elevated temperature and elevated
pressure into a gas phase comprising normally
gaseous products of conversion and unreacted
carbon monoxide and hydrogen, a liquid hydro-
carbon phase and an aqueous phase, recycling at
least a portion of said gas phase to said con-
version zone, fractionating said liquid hydrocar-
bon phase at atmospheric pressure into a low
boiling fraction distilling below about 245° F. and
a high boiling fraction distilling above about 245°
P, and recycling a major portion of said low boil-
ing fraction to said conversion zone so as to in-
crease the yield of liquid hydrocarbons in the
gasoline range.

7. In the catalytic conversion of earbon mon-
oxide and hydrogen for the production of liquid
hydrocarbons in the gasoline range, the method
which comprises catalytically reacting carbon
monoxide and hydrogen in a conversion zone to
form a product mixture ‘comprising mainly hy-
drocarbons, oxygen-containing compounds and
water, separating said product mixture into a gas
phase comprising normally gaseous products of
conversion and unreacted carbon monoxide and
hydrogen, a liquid hydrocarbon phase and an
aqueous phase, both of the latter two phases con-
taining substantial quantities of oxygen-con-
taining hydrocarbons, recycling at least a portion
of said gas phase to said conversion zone, sub-
jecting said aqueous phase to extraction with a -
hydrocarbon solvent at elevated temperature and
pressure so as to form a hydrocarbon-rich ex-
tract phase -containing non-acidic oxygen-con-
taining hydrocarbons and a water-rich phase con~
taining organic acids, combining said extract
phase with said liquid hydrocarbon phase which
was initially separated from said product mix-
ture, fractionating said combined phases at at-
mospheric pressure into a low boiling fraction
distilling below about 245° F'. and a high boiling
fraction ‘distilling above about 245° F. and re-
cycling a portion of said low boiling fraction to
sald conversion zone so as to- increase the yield
of-lquid hydrocarbons in the gasoline range.

8. In the catalytic conversion of carbon mon- -
oxide and hydrogen for the production of liquid
hydrocarbons in the gasoline range, the method
which comprises catalytically reacting carbon
monoxide and hydrogen in a conversion zone to

. form a product mixture -comprising mainly hy-

drocarbons, oxygen-containing . compounds and

" water, separating said product mixture at ele-

70

%

vated temperature and elevated pressure into a
gas phase comprising normally gaseous prod-
ucts of conversion and unreacted carbon mon-
oxide and hydrogen, a liquid hydrocarbon phase
and an aqueous phase, both of the two phases
containing substantial quantities of oxygen-con-
taining hydrocarbons, recycling at least a portion
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of said gas phase to said conversion zone, sub-
Jecting said aqueous phase to extraction with a
aliphatic hydrocarbon solvent at elevated tem-
perature and pressure so as to form a hydrocar-
bon-rich extract phase containing non-acidic
oxygen-containing hydrocarbons and a water-
rich phase containing organic acids, combining
sald extract phase with said liquid hydrocarbon
phase which was initially separated from said
product mixture, fractionating said combined
phases into a low boiling fraction distilling be-
low about 245° F. and a high boiling fraction dis-~
tilling above about 245° F. and recycling a major
portion of said low boiling fraction to said con-
version zone so as to increase the yield of lquid
hydrocarbons in the gasoline range.

9. The method according to claim 8 in which
the separation of the product mixture and the
extraction of the aqueous phase are effected at

substantially equivalent conditions, namely about 20

175 to 300° F. and at about 150 to 300 pounds
per square inch. .
10. In the catalytic conversion of carbon mon~-
oxide and hydrogen to produce liquid hydrocar-
bons, the method which comprises catalytically
reacting carbon monoxide and hydrogen in a
conversion zone in the vapor phase at a tem-
perature of about 500 to 700° F. to form a prod-
uct mixture comprising mainly hydroearbons,

10

15

water and oxygen-containing organic compounds 30

comprising alcohols, aldehydes, ketones, esters
and acids, separating said oxygen-containing
compounds from said hydrocarbon phase and
sald water phase, and recycling at least a por-

12
tlon of said oxygen-containing compounds which
are vaporizable under reaction conditions to said
conversion zone so as to increase the yleld of
liquid hydrocarbons. o

11. In the catalytic conversion of carbon mon-
oxide and hydrogen to produce liquid hydrocar-
bons, the method which comprises catalytically
reacting carbon monoxide and hydrogen in a
conversion zone in the vapor phase at a tem-
perature of about 500 to 700° F. to form a prod-
uct mixture comprising mainly hydrocarbons,
water and oxygen-containing organic compounds
comprising alcohols, aldehydes, ketones, esters
and acids, separating said oxygen-containing
compounds from said hydrocarbon phase and
said water phase and recycling at least one of
said oxygen-containing compounds which are
vaporizable under reaction conditions in sub-
stantial amount to said conversion zone so as to
increase the yield of liquid hydrocarbons.

GEORGE B. ARNOLD.
HOWARD V. HESS.
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