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This invention relates to the catalytic conversion

ﬁof carbon nonoxide and hydrogen into hydrocerbons, oxygen-
i -

“containing compounds and the like. More particularly, the

invention propeoses a method for recovering the oxygzenated

icompounds produced in said conversion, thereby providing a
Ehydr’écarbon fraction substantlally free from oxygenated com-
pounds. The catalytic conversion of carbbn.monoxide and
hydrogen ordinarily fesults in the formation of a complex
heterogensous preduct consisting of water, normally ligquid
hydrﬁcarbons, normally gaseous products such as ethane,
propane, carben dioxide, ete., and oxygenated compounds com-

prising aldehydés, ketones, alcohols, acids and esters. The

recovery qf the'oxygenated compounds from the complex product
{of synthesls gas conversion is important for two rsasons:
first, thé'oxygenated conpounds so produced are valuable -in
thelr own right as meny of them command a prsmiumkprice;
gecondly, the presence of oxygenated compounds may be detri-
mental ip the hydrocarbon fraction depending upon the con-
templated use of‘fhe hydrocarbon, for exampls, the presencs
of , oxygenated compounds adversely affects the cetans number |
of diesel oll. This invention provides a simple ﬁrocedure
whereby oxygenated compounds may be substantially completely
_fecovered'from the product of synthesis gas conversion.

In accordance with tha»invention syntheais gas
¢comprising . carbon monoxide and hydrogen is catalyticélly
converted at elevated temperature and pressure and the re-
gulting product mixture comprising hydroecarbong, oxygen-con-
talning compounds, water and the like is separated into an
agueous phase, a liquid hydrocarbon phase and a hydrogen-rich

gas phase. The oxygenated hydrocarbons produced in the con-




bivese

; version are present in both the agueous phase and the hydro-
E carbon phase wlth the lower bLoilling oxygenated compounds con--
centfated in the agueous phase and the higher boiling oxygen-é
ated compounds concentrated in the hydroccarbon phase. The

agueous phasge is subjected to solvent extraction with a hy-
4 drccarbon solvent at elevated tempsrature and pressure with
the resulting formation of a water-rich phase containing !
organiec acids and a hydrocarbon-rich phase containlng non-

|
acidle oxygenated compounds previously dissclved in the i

agueous phase. Organic acids sre recovered from the water-
I
rich phass. The hydrocarbon-rich phase is combined with the |
: 1
liquid hydrocarbon phase originally separated from the i
]
[

product mixture and the combined hydrocarbon phases are sub-

' jected to secondary solvent extfaction with & solvent immis-
¢lble with hydrocarbons at extraction conditions with the
resulting formetlon of a secondary hydrocarbon-rich raffinate
which is substantially free from oxygenated hydrocarbons and |
a secondary solvent-rich extraect phase containlng by far the
major portlon of the non-scidio oxygenated compounds prbduced
In the conversion. The oxygenated compounds, comprising
primarily alcohols, aldeshydes and ketones are separated from
the secondary solvent-rich extract phase and are then sub-
jeoted to mild catalytic hydrogenation. The hydrogen-rich
gas phase inltislly separated from the product mixﬁure is
advantageously used as the source of hydrogen for the cata-
lytic hydrogenation, Aldehydes and ketones are thersby con-
verted to aleohols which thereafter may be separated into
individual components by close fractlonation. At least a
portion of the tall gas from hydrogenation of the oxygenated
compounds may be recyecled to the catalytic cqnversion of

syntnesis 2838,




| products with a hydrocarbon liquid such as petrolewm naphtha;

‘burden on the extraction step and allows the use of smaller
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In the preferred mcde of operation, synthesis gas
comprising carbon monoxide and hydrogen in the ratio of
about 1:2 is converted by contact with the catalyst at ele-
vated temperatures in the range of 200 to 750°F. and at
presgsures ranging from atmospheric to about 2,000 pounds per
sguare inch into a complex product mixture which ls separated
at an elevated temperature in the range of about 175 to 300°F.
and at substantially reaction pressure, inte an agueous phase,
a hydrocarbonr phase and a gas phase. The oxygenated products
of conversion are displaced more towards the hydrocarbon
phase by separation at an elevated temperature and pressure
than when the goparation ls effected at atmospheric condi-
tions. A substantial portion of the low boiling non-acidie
oxygenated compounds, whick would be fouund in the aguaous
phase which separates at atmospheric conditicons, migrate to
the hydrocarbon phase when hilgh temperature and pressure sep-
aration 1ls employed. Thersafter the agueous phase is sub-
Jected to solvent extraction with a hydrocarbvon fraction
whereby residual non-acidic oxygenated compounds ars ex-
tractéd from the agueous phase, Effscting the initial sep-

aratlon at slevated temperature and pressure reduces the

solvent ddsages, smaller extraction towers, stc., therein.
An essential feature of the invention resides in
the extractlion of oxygen-containing compounds such as alco-

hols, aldehydes and ketones from the agueous phasa'of the

advantageously the hydrocarbon solvent comprises the normallyi

ligquid hydrocarbohs including nephtha and higher boliling




|

~to the catalytic conversion of synthesis gas.
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hycrocarbons which are produced in the synthesis of hydro- i
i
carbons from carbon monoxide and hydrogen., Synthesis naphtha:

which consists esszentially of aliphatic hydrocarbons and I

which is usually substantially free frcm aromatic and naph- |
thenic hydrocarbons has been found effective for this purpose*
It is contemplated that synthesis hydrocarbons boliling in }
the range of gas 0il are also sultable as extractive solvents
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 hydrogen and carbon monoxide in
the ratio of 1.5 to 1 or higher. We find that this gzas
gtream which contains a substantlal proportien of hydrogen [
gerves excellently as the source of hydrogen in the catalytioE
hydrogenation of the oxygenated products of conversion,
Correspondingly, at least a portion of the gas phase sepér—
ated from the products of conversion is adventageously used

for the catalytic hydrogenatlon of the oxygenated products.

Another portion of this gas phase may be directly rsoyecled

We also find that the tail gas from the catalytice
hydrogenation of oxygenated products serves well as a recycle
gas in the catalytic conversion of carbon monoxide and hydro-

gen. The consumption of hydrogen during hydrogsnation re-

sults in the adjustment of the hydrogen to carbon monoxide Pt

ratio in this gas stream so that the H, te CO ratio more ,
closely approximatea the 2:1 ratio ordinsrily used.

The oxygenated products produced by the catalytic
conversion of synthesis gas are ordinarily discolored and

charasterized by an unpleasant odor. We have found that




- and introduced into a synthesis unit 2. In the synthesis
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hydrogenation of the oxygenated products in the manner des-
eribed in thils invention results in clarification of both
the color and odor of the oxygenated products. It appears

that hydrogenation destroys both the odoriferous and chromo-

phoric bodies,

As has been mentioned previously, hydrogenation
results in conversion of the aldshydes and ketones into pri-
mary and secondary alcchols respectively. The transforma-

ticn of the aldehydes and ketones into alcohols makes fTeasi-

ble the fractionation of the oxygenated products into indi-
vidual components.

After the hydrogenated oxygzen-containing products
of conversion are separatsd into individuel compounds by
fractionation, an individual primary or secondary aleohol
thus isolated may be oxidized to form an aldehyde or a
ketone respectlvely. :

In order that the invention may be more fully
understood, it will now be described in conmectlon with a
flow dlagram whereln a preferred modification is depicted in
detail.

Carbon monoxide and hydrogen in the molecular ratio

of about 2 mols of hydrogen to about 1 mol of carbon monox-

ide are obtained from a source not shown, through a pipe 1,

unit 2, the reactants may be subjected to contact with a
gynthesis catalyst in the form of a fluidlzed mass of solid
particles or powder. A catalyst having iron as its maln
constituent i1a advantageously used to effect this conversion
although other synthesié catalysts containing cobalt or

nickel may be employed. The synthesis catalyst may also

b
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jcomprise alkall metal compounds and the oxides of metals
sach as thoriuwm, megnesiwnm, aluminum, uranium and vanadium.
i A catalyst having the composition of about 94 to

98% iron, about 2 to 3% alumina and asbout 0.1 to 3% alkali

jexpresged as petassium coxide has been found to be particu-

»1arly effective for the conversion. Synthesis resctlon with
such a catalyst is usually carried out at a temperaturse of
about 500 to ?DOOFo and under a pressure of sbout 150 to 300
ipounds per square inch when liguid hydrocarbons boiling
within the gasoline range are the primery product of conver-
Lion.

An effluent stream comprising unrescted synthesis

%as and products of synthesis reaction, the organic portlon

of whioh comprises mainly ocompounds having from 1 to 20

|

Lnd preferably to about 200° to 225°F. in an exchanger 4.

&s has been indicated previously, the effluent may be cooled
to about atmoapheric tempsrature at this point but this not
only places an added burden on the extraction of the agueous
hase but alzo necessitates the reheating of the aqueous
hése prior to its extraction.

The total produect 18 introduced through a pipe 5
into a separator 6 wherein the aqueous phase is geparated
from both the normally liquld hydrocarbon phase and the
ormally gaseous vroducts of conversion. The separator 6 is

maintained, for example, at a temperature of about 200°F.

End et a presgure of about 150 to 300 pounds per square inch,
which advantageously is substentially equivalent to that

existing in the synthesis unlt 2. The aqueous phase is with-

carbon atoms per molecule, leaves the synthesis unit 2 through

L pipe 3 and is cooled to a temperature of about 1759 to 300°T.
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drawn from the separator 6 through a conduit 7. Both the
gas phese end the liguid hydrocarbon phase are removed from
the upper portion of the separator 6 through a pipe 9 and
are cooled and sxpanded to atwmospheric conditions in the ex-f
changer 10 prior to their introduction into a seccndary sepa-
rator 11 which is maintained at atmospheric conditions. In
the separator 11, the liguid hydrocarbon phase ig separated
from the gas phase. The liguid hydrocarbon phase is with-
drawn Trom the separator 11 through a plpe 12 and its further
troatment will be dsscribed more in detall later, The gas I
phase conteining normally gaseous products of conversion

such as ethane, methane, carbon dioxide, etoc., lesaves the

separator 11 through a plpe 14, Some additicnal agueous

phase separates in the secondary atmospheric separator 1l
and is withdrawn therefrom through a pipe 13.

The ges phase is introduced inte a serubbing tower |
16 wherein it is sdvantegeously washed with & small gquantity
of water so as to separate entrained water-soluble low boil-
ing oxygenated compounds such &S acetaldehyde from the gas
phase. A portion of the water phase withdrawn from the
separator 6 can be used to wash the gas phase. To tﬁis end,
g portion of the water phase can D diverted from the con-
duit 7 to & pipe 17 through whiech 1t is introduced:into the
upper portion of the scrubber 16 after having been cooled in
an exchanger 15. The washed gas phase leaves the scrubbing
tower 16 through a pipe 18. The use of at least a portion
of thls gas phase for the caetalytic hydrogenation of the

oxygen-containing products will be described in detall later.

Another portion of this gas phase may be dlrectly recycled




‘of the low molecular weight organic aclds which comprise

“acids containing up to L carbon atoms per molecule and also

517682

to the synthesis unit through pipes 19 and 20 which connect
with the Teed pipe 1 to the converter 2.

The water wash leaves the scrubbing tower 16
througn a pipe 23 and combines with the water separated in
the secondary separator 11. The combined water rhases are
heat exchaﬁged in the exechanger 10 and are raised to a
pressure of about 200 pounds per square inoh in the pump 26

and thereafter flow into the conduit 7 wherein it joins the

agusous phase initially separated from the products in the
separator 6. The combined agueous phases are then intro-
duced into an extraction tower 27. !
In the extraction tower 27, the combined agueous
phases are subjected to countercurrent extraction at about
2000F. and at about 200 pounds per square inch with a hydro- 1
carbon solvent such as naphtha introduced therein through a
pipe 30. Under these conditions, non-acidic oxygenated or-
ganic compounds are subgtantially extracted from the water
phnase. As a result of fhe countercurrent sxtraction in the
tower 27, there are formed a hydrocarbon-rich extract phase

containing non-acidic oxygenated organic compounds apd a

water-rich phase containing low molecular weight organic acids,

The hot water-rich phase contains substantially all

low molecular welght non-acidic oxygenated compounds, mainly
ethyl alcohol. This phase ls withdrawn from the extraction
tower 27 through a pipe 31 and the residual low boiling noun-
acldic oxygen&teﬁ compounds still dissolved therein may be
removed as aqueous azeotropes by flashing in a flash tower,
not shown. Thereafter, the wster-rich phasse can be lntro-

duced into a fractionating tower, not shown, in which the




-contacted{countercurrently with the hydrocarbon solution of °
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water may be distilled from the organic acid%;by azeotrople

distiliation with & hydrocarbon fraction. The organic acids%
may then be separated into individual components by frac- |
tionation. L

The hydrocarbon-rich extract phase containing ex- i
tracted non-acidic oxygenated organic compounds leaves the 1
extraction tower 27 throusgh a pipe 32. This extract phase %
procesds along the pipe 32 and combines in the pipe 12 with 1
the hydrocarbon phase initially separated from the products
of conversion. The combined mixture is advantageously
cooled and expanded to atmospheric conditions in an &X- |
changer 33 and is thereafter introduced through a pipe 34 |
into a secondary extraction tower 35.

The combined hydrocarbon phases, contailning suo-
stantially all of tﬁe non-acldic oxygenated compoundé pro-
duced in the conversion which includes aldenhydes, ketones,
aloohols and esters, ars subjected to extraction with &
solvent for the oxygenated compounds which is immiscible
with hydrocdrbons under operating conditions, The secondary
extraction towsr 35 is advantageously packed with contact
material, A solvent, such as & glycol, is introduced into

the extraction tower 35 through a pipe 36 and therein 1=

oxygenated compounds flowlng upwardly therethrough. As a
regult of thils secondary extraction, there are formed a
hydrocarbon-rich raffinate which is substentielly free from
oxygenated gompounds and & solvent-rich extract phase con-
taining most of the alcohols, aldehydes and ketones produced
in the process, in addltion to some of the sester products;
Bthylene glycol has proved to be an excellent sol-
vent Tor effecting the extraction of aldehydes, ketones and

alcohols from the hydrocarbon solution. However, 1t is

-t
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contemplated that other hydrocarbon-immiscible solvents such L
as polyolefin glycols, aldehydes sueh as furfurel, ketones E
such as acetone, and nifro hydrocarbons such as nitro-methane
may be employed for the solvent extraction of the alcohols,
aldehydes and ketones from the hydrocarbon soluticn. In
further description of the invention, it will be assumed
that ethylene glycol has been used to effect the extraction
of the oxygenated compounds from the nydrocarbon phase.

The hydrocarbon-rich raffinate is withdrawn!&rom
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 there-

| in. To this end, water is introduced into thse wash tower

39 through a plpe 4O in the ratic of abbut 1 volume of water
+o 10 volumes of hydrocarbon. The washed hydrocarbons are
withdrewn from the upper portion of the wash tower 39 through
a pilpe L1. A portion of this hydrocarbon fractlon which is
substantially free from oxygenated compounds oan be used to
offeot the extraction of oxygenated compounds from the water
phase in the primary extraction tower 27. Accordingly, &
portion of the washed nydrocarﬂonrsolution is diverted from
Ithe plpe 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 ilmch and
a temperature of about 200°F. Thereafter this hydrocarbon
fraction at elevated temperature and pressure flows into the
pipe 30 and from there into the primary extraction tower 27
The remainder of the waghed hydrocarbens obtained
from the wash tower 39 pase through a pipe 45 to storage,

not shown. Thereafter they may be fractionated to form

-]~
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gasoline and diesel fuel and subjected to such other treat-
| ment as will iwmprove the guality of the fuel for commercial
uses. ;
Solvent-rich extract phase conteaining dissolved
| therein alcohols, aldehydes and ketones is withdrawn from
the lower section of the secondary extraction tower 35
through a pipe 47 end is introduced into a fractionating
tower 4L&. Therein the alcohols up to and including C7 alco~
hols, aldehydes and ketones distilling below the boiling
point of ethylene glycol, viz., about 325%7, are separated
by fractional distillation from the sclvent and from higher
boiling oxygenated compounds. The low boiling oxygenated
compounds are removed as a distillate from the fractionating
tower 48 through a pipe 49. This distillate combines with
the higher boiling oxygenated compounds which are separated
from the glycol solvent in & menner which will be immediately
hersafter described.

The glycol solutlon of higher boiling oxygenated
compounds is removed from the bottom portion of the frac-~
ticnating tower 48 through a plpe 51 and is intreduced into
a distilling tower 52. The.wash watsr from the wash tower
39 containing ethylene glycol and oxygenated compounds is
algo introduced into the distilling tower 52 through a pipe
58 which communicates with the pipe 51. In the d4lstilling
tower 52 higher tolling alcohols, aldehydes and ketones are
steam distilled from the ethyleme glycol solvent as water
azeotropes whick leave the tower 52 through a pipe 53 and
'flow.into\a settler 55 after condensation in an exchanger 5l

' : Glyecol from which the higher Dboilling oxygen-con-
talning éompounds have been steam dlstilled is withdrawn

from the distilling tower 52 through a pipe 57 and is

.
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therethirough recycled to the secondary sxiraction tower 35,
The pipe 57 communicates with the plpe 36 which serves as
the entry pipe for the hydrocarbon-immiscible solvent.
Since tihe high bolling oxygenated compounds’are
only gparingly scluble in water, they arefreadily separated
from the condensate consisting of water and high boiling
oxygenated compounds. Water is withdrewn from the lower
portion of the settler 55 through a pipe 56. The higher
boillng oxygenated compounds are withdrawn from the settler
55 through & pipe 59 and thereafter cowbine in the plpe 49

with the low boiling oxygenated compounds. The combined !

i

gtrean comprises most of the alcohols, aldehydes and ketones
produced in the conversion, together with minor asmounts of
eaters. .

A portion of the hydrogen-rich gas phase whioh 1s
withdrawn from the wash tower 16 through a pipe 18 can be
added to the stream of oxygenated products. As has been
pointed out previcusly, this gas stream is rich in hydrogen
snd serves esxcellently as a.gource of hydrogen for the cata-
1ytic hydrogenation of aldehydes and Ketones to alcohols.
Accardingly a portion of the ges phase is diverted from the
pipa 18 through a pipe &0 and is added to the oxygenated
compounds‘in the condult 49. In the pipe 60, there is placed
a compressor 67 wherein the Hy-contalning gas is raised to a
pressurs of about 200 to 1,000 peounds per square inch since
the hydrogenation is advantageously sffected at elevated
prossure. The pump 63 placed In the conduit 49 serves to
ralge the oxygenated compounds to an equlvalent pressure
prior to the mingling of the liquld and the gas straaﬁs.

The resulting mixture containing oxygenated\@roducts
‘\

-13-
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ig introduced into a hydrogenating vessel 64. The veasel 64

18 maintained st a tenmperature of about 200 to ADOOF. and'at:

a pressure in the range of 200 to 1,000 pounds per sguare
inch.

The precise operating conditions of tewperaturs
gnd pressure maintained in the vessel 6l depend upon the cat;
alyst that iz employed %o effect the hydrogenation of alde-
hydes end ketones to their aleoholic analogs. Among the
catalysts that may be employed to effect this hydrogenation
are metallie type catmlysts such as nickel or platinum,
supported metallic type catalysts such as nickel on kiesel-

guhr, metalllc oxide catalysts such as copper oxide or moly-

bdena and supported metallic oxids caﬁalysts such as moly-
bdens on alumina or tungsten on alumina,

The hydrogenation in the vessel 64 may be effected
eilther batch-wlse or continucusly. A continuous mode of
operation 1s represented in the diagram., The hydrogenation
results in olarification of both the coler and odor of the
oxygen~containing compounds.

The effluent from the vessel 6, comprises malnly
alcohels snd gas, the latter belng of reduced hydrogen con-
 tent and containing carbon monoxidej carbon dioxide, methane,

ethane, etc.

The effluent from the vessel 64 is introduced into
an exchenger 66 through a pipe 65 wherein the oxygenated
products are condensed. Thereafter tha effluent is intro-
duced through a pipe 69 inte a separator 70 in which con-
densed alcohols are separated from the normally gaeseous

compounds.
The alcohols are withdrawn from the separator 70
through a pipe 72. Thereafter the alcohols comprising main-

1y primary alcohols and some Secondary alcohols are

=1l
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g |
j fractionated into component cowmpounds. The individual pri-
i

i mary alcohols may be converted later teo the corresponding
ﬁ aldehydes or acids by controlled oxidation and the indivi-
i'dual secondary aleohols maey likewise be converted into

corresponding kstones,

The gas stream separated from the condensate in

the separator 70 and rewoved therefrom through 2 pipe 75

containe a hydrogen to carbon monoxide ratio which approxi~

mates that of the fresh feed introduced into the synthesls
unit through the pipe 1. Morecver, it contains a substan-
tisl percentage of carbon dioxide which l1s an advantageous
constituent of the feed to Lhe synthesis unit. Consequently,!
this gas stream proves advantageous as & recycle gas to the
synthesis unlt 2. To this end, the gas strean is pumped

through a pipe 75 by means of a puup 76 and 1s introduced
into the pipe 20 through whioh recycle gas 1is introducsd
into the synthesis unit 2. A vent 77 provides means of
withdrawing any portion of this gas stream which is not used
for recyocle.

Wwhile not specifiecally mentioned, it is contem- !
plated that the countercurreant extraction operations carrled
out in the extractors 27 and 35 may involve employment of
extract recycle and sultable temperature gradients in the i
axtraction powers. Solvent dosages may vary from those men-
tloned as may the temperatures while sufficient pressure is
naintained to preserve substantiaily liguid phase operations.

The invention has been described in deteall with
reference to a synthesis operatlon whose primar§ objective

1s the production of hydrocarbons, but it is contemplated

that the invention may be utilized in connection with a

4.]_5_
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synthesis operation carried out under conditions sdapted
primarily for the production of oxygen~-containing compounds,

Nor is the synthesis reactlon coniined to an operation em-

ploying & fluidized mass of catalyst. 'The method proposed 1
in the invention for the recovery of cxygenated compounds
appiies egually well whether the catalyst is employed in the
form of a staticnary bed, a moving bed or a sugpension in
the reactants.

It is further contemplated that the hydrogenaticn

of the oxyzenated compounds may be effscted with a hydrogen-

containing gas other than the gas phase separated from the
products; for exaﬁple, synthesis .gas itself or a gas com-
prising ebséntially hydrogen may pe used to effect this hy-
Qyégqnétion;k Ir synthesis gas is used to effect the hydro-
.genétidh, %hé'téil gas therefrom may be recycled to the
sénthesis unit.

In the description of the lnvention, the glycol
extraCtion of the oxygenated compounds does not effect re-
moval of all the esters, but does remove tie major portion
of the aldehydes, ketonea and alcobols present in the hydro-
carbon solution. If the retention of esters in the hydro-
ecarbons is undesired, they may be removed therefrom by sapon-
:ification whereby alcohols and water-soluble saltsiof or-
ganic aclds are formed. The salts of the organic aclds may
be removed by water washlng and non-water soluble alcohols
may be removefl by glycol extraction as has been described.

The hydrogenation of the aldehydic and ketonic
products of gonversion to alcoheols has Deen pictured in the

detalled descripticon of the invention es taking place sub-

sequent to the separation of the oxygenated compounds from

~16-
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the secondary extract phase wherein thsy have been placed by
the extractlon of the hydrocarbon solution; however, it is
contemplated that this hydrogenation step may be effocted
while oxygenated compounds are still dissclved in the ex-
tractive solvent such as glycollwhioh iz uged to extract the

oxygenated compounds from the hydrocarbon solution. If the

hydrogenation is effected while the oxygenated products are
gtill aissolved in the extractive golvent, alcoholic pred-

gets are removed therefrom in the same nenner as has been

described for the mixture of oxygenated products, namely

alcohols up to and ineluding G alconols which distill below
the boiling point of glycol are directly fraotidnated there-
from while the higher boiling aloohols are steam distilled
from the glycol solution. '

Morsover, the hydrogenation of the oxygenated prod-

uets of converslon may be effected whnlle ths oxygenated prod-

uets amre gtill dissolved in the composite hydrocarbon phase. E
fThis procedure 1ls ordinarily not followed when gasollne

hydro~carbons are the primary products of conversion because

hydrogenation of the composite hydrocarbon phase not only
converts aldehydes and ketones to alcohols but also converts
olefins of higher octane rating to paraffins of lower octane |
rating. Howsever, 1T hydrogenation should not deleteriously
affect tne{quality of the hydrocarbon solvent, it is feas-
ible to‘hkdrogenate the oxygenated products while still !
present iﬁ'the hydrocarbon solution and such a procedure is
included within the scope of the invention.

obviocusly, many modifications and variations of the

invention, as hereinbefore set fortn, may be made without

17
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|
only such limitations should be imposed as are indicated in

|
|
’the appended claims,
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The embodiments of the invention in which an ex-
clusive property or privilege is claimed are defined as

follows:

1. In the catalytic conversion of carpon monoxide
and hydrogen into a mixture of hydrocarbons, oxygen-containing
compounds, water and the like, the method which comprises
effecting conversion of carbon monoxide and hydrogen at eleva-
ted temperabure and pressure in a reaction zone into a product
mixture comprising aforesaid substances and including some
aldehydes and ketones, separating said product mixture into
an aqueous phase, a liquid hydrocarbon phase and a gas phase
at elevated temperature of about 175 to BOOOF. and at a pres-
sure sufficient to substantially maintain normally liguid
products in the liquid phase, subjecting said aqueous phase
conbtaining a substantial portion of said oxygen-containing

compounds to solvent extraction with a hydrocarbon solvent in

an extraction zone at an elevated temperature of about 175 to

_3OOQF. ahd at a pressure sufficient to maintain normally

ligquid coﬁpounds in the liquid phase, thereby forming a
hyarocarbon;rich extract ?hase containing non-acidic oxygen-
containing organic compounds and a water-rich phase containing
ofganic acids, separating said last two mentioned phases, com-
bining said hydrocarbon-rich extract phase with said liguid

hydrocarbon phase initially separated from said product mix-

‘ture, subjecting said combined hydrocarbon phases te catalytic

lthydrogenation with a portion of said gas phase initially

geparated from said product mixture so as to convert aldehydes
and ketones to alcohols and separating alcohols from said com-

bined hydrocarbon phases.

/7
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z 2. In the catalytic conversicn of carbon'monoxide
iahd hydrogen into a mixture of hydrocarbons, oxygen~containing2
icompounds, water and the like, the method which comprises |
'ﬁeffecting conversion of carbon monexide and hydrogen at ele-
Evated vemperature and pressure in a reaction zone into a pro-
duct mixture comprising aloresaid substances and including some
aldehydes and ketones, separating sald product mixture into an
agueous phase, a liquid hydrocarbon phase and a gas phase at

elevated temperature of abeut 175 to BDOOF. and at a pressure
-éﬁfficient to substanéialiy maintain normally liquid products

in the liquid phase, subjecting said agueous phase containing

a substantial portion of said oxygen-containing compounds to
solvent extraction with a hydrocarbon solvent in an extraction
zone at an elevated temperature of about 175 to BOOOF. and at
a pressure sufficient to maintain normally liquid compounds in
the liquid phase, thereby forming a hydrocarbon-rich extract
‘phésegcontaining non-acidic oxygen-containing organic compounds
. aﬁd a water-rich phase containing organic acids, separating
sai& last two mentioned phases, combining said hydrocarbon-
rich extract phase with said liquid hydrocarbon phase initially
separated from said product mixture, subjecting said combined
ﬁydrocarbon phases to solvent extraction with a hydrocarbon-
immiscible organic oxygen-containing solvent, forming a solvent-
irich extract phase containing non-acidic oxygen-containing
compounds produced in the conversion and a hydrocarbeon-rich
raffinate which is substantially free from oxygen-containing

compounds, subjecting said solvent-rich extract phase to

catalytic hydrogenation with a portion of said gas phase
initially separated from sald product mixture so as to convert
aldehydes and ketones to alcohols and separating alcohols from

said extract phase.
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3. A process according to Claim 2 in which the off-

/ . y s
zas fram the catalytic hydrogenation of the sglvent-rich ex-

tract phase is recycled to the reaction zone wherein carbon

monoxide and hydrogen are converted into hydrocarbons, oxygen-

containing compounds and the like.
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Clertified to be the drawings referred to . f ‘ ) . :
in the specification hereunto annexed. at % @-Waa—
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