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The present invention is concerned with an improved hydro-
carbon synthesis procesa, It more particularly relates to an improved
hy@rocarbon synthesis operation wherein the r§spective atreams are
hendled in a menner to segregate and recover oxygenated compounds produced
in the feaction. By operating in accordance with the present process
higher yields of improved products are gecured, In accordance with
the present 1nventioﬁ, the reactant gases removed overhead from the
synthesis reactlon zone are cooled to condense the same. The condensate
is passed to a meparatlon zone wherein an oil layer end an aquecus layer
segregate. The aquecus layer 1s distilled in an Initial distillation
“zone under conditions to remove overhead an aleohol rich stream, The
bottoms from the initial distlllatlon zone are pasged to a secondary
diptillaticn zone and distilled under conditions to remove overhead an
aquacus stream containing scme oxygenated organic compounds and to remove
ag bottoms, & @treem containing lese volatile oxygenated compounds, This
aqpaoué overhead stream from the secondary distillation zone ia used to
countercurrently treat the oll stream segregated In the saparatibn ZONS .
By cperating in accordance with the present process, unexpected desirable
roaults are secured and improved yields of high guality producta are secured.

Tt 1o well lmown in the art to conduot hydroscarben synthesis
reacticne by contacting hydrogen and oxides of carbon with catalysts
under various temperature and pressure condltlona. The catalysts employed
are usually selected from the iron group metals, as, for exampls, lron,
cobalt and nickel. They are ubilized either alene or on sultable carriers
such as kieselguhr, diatomsceous earth, pumice, pynthetic gels, silica
and élumina. Promoters such as the carbonates or halides of the alkaldl
métals, particularly potassium, are used with the iron group metals. Thesse

eatalysts are employed either in fixed bed or 1n fluld catalyst operations.
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The temperatures smployed very widely, as, for gxample, in the
range from about 4OO°F. to about 80O°F. and ave generally in the range
from about S00°F, to abeut T00°F. The particular temperature employed
will depend upon, among othexr factors, the type of mon-gaseous hydrocarbon
product -desired, the character and the activity of the particular cata-
lyst utilized,ltha throughput and compesition of the synthesls gased and
upon the reaction pressure. For ingtance, when utilizing a mixture of
feed gases comprising carbon monoxide and hydrogen in the ratio of ons
mol of carbon monoxlde per two mole of hydrogen at prossured in the range
atmoapheric to 100 1lba. per aguare inch, and in the presence of & cobalt
catalyat, the reaction temperaturs 1a gonerally in the range from about
340°F, to about 500°F. .Qn_the other hand, if similer foed gages are |
utilized employing 300 1b, per gquare inch pressure and an iren catalyst,
the temperature is gonerally in the range from sbout 500° Lo about TOO°F.

The pressures llkewiss vary considerably and are a function of
other operativevcondibiona guch as catalyst employed, activity of the
catalyst, chavacter of the foed gases and the temperatures utilized.
pressures in the range from 1 to 100 atmospheres have been guggesgted.
Wwhen utilizing an iron typs catalyst, it has Deen propossd to wge pressures
in the range from about 25 to 750 1bs, gauge although preferred pressures
have been in the range below about 300 lba. gauge. When employing cobalt
catalysts, the pressures generally employed have Deen gomewhat lower,
generally around atmospheric pressure, and seldom in excess of 100 1ba.
per gquare Inch gauge. The character of the feed gases depends somewhat
upon the temporatures and prossures and upon the satalysts employad. For
example,‘;héh employing & cobalt type catalyat, 1t ig preferred to use
one mol’ of carbon monoxide to two mols of hydrogen, while, when an iron
catalyst la utilized, equal mols of hydrogen and carbon monoxlde in the
feed synthesls gasep are degirable. The volumes of feed gasea_utilized

per volume of catalysts likewlse vary considerably. In general, it i»s
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preferred to use from about 500 to 2000 volumsas of foed gases per volume
of catalyst per hour. Also, it 18 frequently desirable to recycle the
synthesis tall gas to the reactor. The recycle gas to fresh feed

ratio mey be from 0.5 %o 7.5 of recycle gas to one of fresh feed,

Operations such as described ars generally conducted under
condltione to secure the maximum yield of hydrocarbon constituents con-
taining four or more carbon atoms in the nolecule. However, undsr the
conditions of the operation, various side reactions occur which result
in the production of valuable oxygenated compounds. In accordance with
the invention, ve propose to recover and segregate those valuable
oxygenated compounds from the hydrocarbon constltuents in a manner to
gecure improved ylelds of the various reactlon products.

The process of the Inventlon may be readily underatood by
reference to the attached drawing illustrating one modification of the
pems. Feed gases comprising oxides of carbon and hydrogen are introduced
into reection zonme (1) by means of feed line {2). Temperature and
pressure conditions are maintained in reactlon zone (1) to secure the
desired reaction products, For the purpose of 111ustration 1t is assumed
that the catalyst comprises an lron type catalyst and that the temperaturs
in the reaction zone 1s maintained in the range from about 550°F, to
about 650°TF. and that the pressure is maintalined in the range from about
200 to about 300 pounds per square inch, After a sufficient time of
contact, the reaction gases are removed'overhaad from resction zone (1)
by meens of line (3), passed through oondensing zone (h) and introduced
into gaé separation zone (5). Uncopdenaeﬁdéaaes may be withdrawn from
the system by means of line (6). Bﬁwevar,'at lpast a portion of the |
unconﬁeﬁaed geoes are preferably recycled to reactlon zone (1) by means
of recycle lina (7) and controlled by means of control valve (8).

The condensate is withdrawn from gas separatlon zone (5)

through valve (9) and passed into a liquid separation zone (16) by means
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of 1ino (11). Segregation between the oil phase anﬁ the aqueous phase
oocurs 1n liguid separation zone (10), The aqueous phase ip withdrawn
from the bottom of liguid separation zone (10) by means of line (12)

and passed into Initisl distillatlon zone (13) . Temporature and
preseure conditions in initlal digtillation zone (13) are controlled so
as to remove overhead, by means of line {1%), an alocohol rich phess.
This aloohol rich overhead stream 15 cooled and condensed in condensing
zone {15) and passed into separation zone (16). Uncondensed constituents
are removed from separation zons (16) by means of line (17) while the
condensed stream comprieing pgsentially alcohols 1s removed from the
bottom of separation zone (16) by means of line (18}. These streams
removed Dy means of line (17) and (18) may be furthor treated or handled
in any manner desirable in order to pegrogate fractions of the desired
speclificatlon,

The bottom stream from initial dlstillation zone {13)- 1s
removed by means of line {19} and introduced inte secondary distillation
zons (20), Temperature end preseurs condltions are maintained in
secondary distillation zone {20) 8o as %o remove overhead, by means of
line (21), a phase rich in vatexr although containing some oxygenated
compounds., The ajuecus phase may be withdrawn from the gystem by means
of 1ine (22), but 1s preferably recycled by means of 1ine {23} and handled
in a manner aé nereafter descrided. A stresm contailning the higher
boiling oxygenated con;pounda is removed as & bottoms from pecondary
distillation zone (20) by nlmana of liné (24) and handled in any manner
desirable. Thi_gwfl}}rea:ﬁ‘may be further treated or distilled in & manner
to segregate various fractions having the deslred specificatlona.

In accordance with the preferred modification of the invention,
the oil phase segrogated in ligquid geparation zone (10) is romoved by

moans of line (27) and introduced into the botton of Initial countercurrent
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treating zone (28). The oil phase flows upwardly through zone (28)
and ia withdrawn by means of line (29) and intreduced inte the bottom
of pecondary countercurrent treating zone {30), The oll phase flows
upwardly through countercurrent treating zone (30) snd countercurrently
contacte the downflowing aqueous phase which is secured by condensing
at least a portion of the overhead from zone (20) in condensing zone
(25). This aqueoue condensed phase 1s introduced into the top of
countercurrent treating zone (30) by means of line (26). The trsated
o1l phase is withdrawn by means of lilne (31} and is substantially
completely free of oxygenated compounds, The aqueous phase ls with-
drawn from the bottom of secondary countercurrent treating zone (30)
by meens of line (32) and introduced into the top of initial counter-
current treating zone (28). This aqueous phase is withdrawn from
the bottom of initial countercurrent tremting zore (28) by means of
line (33} and recycled to initial distillation zone {13), by combining
this atieam with the liquid etream passing from liquid separation
zone (10) to initial distillation zone (13} by means of line (12).

The process of the present invention may be varied within
the scope described. The invention easentlally comprises condensing
the reactant gases removed overhead from the reaction zone and segregat-
ing an ofl phase and an agqueous thase. The aqueous phase ig dlatilled
in an initiel distillation zone to remove overhead & phaso comprising
- oggentially alcohola., The dbottom atream from the initial distillation
zone 1p dlatilled in a manner to remove overhead a stream comprising
egsentially water, and to segregate a bottom stream comprising essentially
hiéhef.boiling oxygonated compounds, The overhead atream from the
asecondary distillation zone 1a used to countercurrently treat the oil

phago and is recycled to the initiel distillation zone.
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By operdting in the desoribed manner, unexpected desireble
results are secured., The oxygenatad compounds produced during hydro-
carbon synthesis are distributed patween the oll and water phases in
an amount which 1s a function of the relative volume of product oil
and vater and the molecular weight and type of the oxygenated compounds
produded. The latter factor determines the relative solubllity of
the oxygenated compounds in the two pheses. In normal operatlons the
ratio of weter produced to oll produced may vary over the range from
about 0.8 to 3.0 volumss of water per volume of oil, depending upon
the operating conditions and catelyat amployed during the gynthesis
operation. Accordingly, there is & wlde varistion in the proporticn
of the total oxygenated compounds existing in the water phase and this
extenda over the range from about 33 to B0%. It is obvious, therofors,
that under certain conditions treatment of only the water phase for
recovery of oxygenated producte may reosult in large losses of these
valusble products. Accordingly, it 1s highly desirable to contact the
o1l with the water phase after substantially roducing its content of
oxygenated product. In order to most effectively transfer the oxygenated
producte from the oll to the water phape, the operation 1s carrisd out
countercurrently.

Another advantage in removing the oxygenated compouvnds from
the oil phase lies 1n the subssquent disposition of the oil. Since
the oxygenated producte in the oll phase are generally of higher mole-
cutar weight than those normally present in the water phase, it 1s
obvious that these will be present through the entire polling renge of
the. gagoline and therefore could not be removed by fractionation. Iy
removing these oxygenated compounde by the technique hexein described,
subsequent treating by a mothod such ap bauxite treating, in order to
mako & suitable gascline, may be oliminated or its severlty reduced ao

that treating losses will be smaller,
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Termeratured anfi pressures may vary considerably. It e
preferred tHat the temparﬁture in condenging zone {Ii) be maintained
in the rangs from about 40 to 1009F., preferably ih the range from
50 to 60°F. The preferred preseur; in zono (4) will be equal to the
operating pressure in the synthesls reactor zone {1). ThHe temperatures
and pressures In the initlal distillation zone and in the secondary
distillation zone likewise may vary appreclably. In general, it is
preferred that a pressure of about 1 atmosphere be employed in the
initial and secondery dlstillatlion zomes although in certain cases
it may be desirable to operate these zones at super-atmospheric pressure,
in man smount up to the pressure oxisting in the synthesis zone (1},

The temperature at the top of the initial distillation zone (13)

should be in the range from about 208°F. to about 212°F., preferably
in the range from about 210°F. to about 212°F, The temperatures at the
top of the secondery dietillatlon zome (20) should be in the range
from about 212'F..to about 220°F,, preferebly in the range from aﬁggétu
213°F. to about 215°F.

It is preferred that the overhead astream removed from the
secondary distillation zone be condensed and cooled to a temperature
of about 100*F. The amount of agueocus phage used to countercurrsntly
treat the oill streams in the countercurrent treating zones is prefor-
ably in the range of about 3 volumes to about 50 volumes of water per
volume of oll being treated. In general, 1t is deslred that these
units be run at a temperature 1n the range from about S0°F. to 150°F.
and at a presgure equal to about atmospheric pressure. In order to

illustrate the inventlen the followlng example 1s given:
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EXAMPLE 1

A sample of oil product was extracted in 10 successive
treatments, each treatment conslsting of 2 vola. of dlstilled water
per volume of oil. The following data illustrate the oxtent to
which the oxygenated compounds were romoved by the batch treatment
with water.

Extraction of Oxygenated Compounds From
0il Phase by Means of H.0

Total Wesh Oxygenated % Total Oxygenatod
Water Vol,/Vol. Compounds Oxygenated Compounds
of Original Content Compounds  Removed-cc /)
Dump # o1l of 011-Wt.% Ronoved of Converted
Food
0 0 5.8% 0 0
1l 2.0 2.0 L7 5.1
2 3.9 1.5 6l 6.8
5 9.6 0.6 a4 9.6
10 18.9 0. 90 11.5

The data show that after 5 dumpa 84% of the oxygenated matbriels

originally ﬁresent in the ol) phase had been removed.

The production of oxygenated compounds during the hyﬁrocarbon

syntyesis operation 1s affected greatly by both operating conditlons

and the type of catmlyst amployed Fot exdmple, the hydfogen content

of the total feed gas influences the type of oxygenated compounds priduced.

When using high concentratlorsof hydrogen the ylelds of alcohols are

increamged while at the same time lower yields of aldehydes and ketones

ars obtained, Likewise, increased operating presaure promotes the
"formation-of oxygenated compounde. Tomporature, recycle ratlo, comnveraion

and hydrogen to carbon monoxide fresh fesd ratic are alac factors In

determining the yleld of oxygeneted compounds. Ag mentioned, these

variables affect not only the total yleld and type of oxygenated com-

pounds, dbut also the molecular weight of the oxygenated product and,

therefore, the distribution of these compounds botwoen the oil
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and water phases, In view of the above, 1t will be appreclatod that
the following example Illustrating the Invention morely indicatos
one poesible set of reswults. It 1s obvicus that wnder aifforont
conditions, as indicated ebove, quite wildely different resulta mighL
be obtained.
EXAMPLE II

A hydrocarbon synthesis reactlion wes conducted at a tempoer-
ature of 525°F, and at a pressure of 300 pounda psr sguare inch., About
750 volumes of synthesls gee per volume of catalyst per hour was ussd.
The recycle ratio was approximately 2 volumes of recycle gas per
volume of fresh feed. The catalyst employed was an iron catalyst
promoted with 1-1/2% of potassium carbonate. The overhead reacting
gas stream was cooled to a temperaturs of sbout 60*F. The yield of
hydroearbons comprising % carbon atoms in the molecule and higher
boiling conatituents, including the oxygenated compounds thersin, was
175 cc.'s per cublc meter of hydrogen and carbon monoxide converted.
The yield of the agueous phase was about 235 cc.'s per cublc moter
of hydrogen and carbon monoxide converted. Tha temperature in the
 initiel digtillation zone was maintained to removo ovorhead constituents
whose agueous azeotropes boliled below about 212°F, The overheed
stream from the initlal distillation zono comprised about 16-1/2 volume
por cent of the aguecus phase and contained oxygenated compounds in
about 90% concentration. The oxygonated compounds comprised mainly
alcohols having 2, 3, 4 and 5 carbon atoms in the molecule, togethor
with some low bolling aldehydea and kotones. Specific alcohols are,
for example, othyl alcohol, propyl alcohol, butyl aloohol and amyl
slcohol, The acids were in the bottoms fractlon togethor with esotera
and other higher boiling alcohols, aldehydes and ketones. These higher
boiling oxygenated compounds in agueous solutlon pass to the secondary

distillation zone which wes malntalned at a temperature just sufficlent
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to remove water overheed. It la doslrable that both the initlal
and the sscondary diastillation zones have an officiency of apout 20
to 40 plates and that the roeflux ratio be in the range of about 5
to 10 volumos of reflux per volume of frosh feed.

The oxygen content of the oll initially soparated ffom the
water phase contdined about 6% by woight of oxygen. Thie represents
sbout 28 cc.'s por cubic meter of converted hydrogen and carbon moncoxide
consumed, calculated as 5 carbon atom compounds from the hydroxyl,
carbonyl, carboxyl and ember oxygen contents.

Tn accordance with our procees by troating the oil gtroam
with about B volumes of water per volume of oil at least 5% of
these oxygenated compounda are removed from the oil and thelr recovery
effected. Thus, with an oil yleld of 175 cc.'s per cubic meter of
nydrogen and carbon monoxide consumed, the quantity of oxygonated
product romoved from the oil stroam ig about 21 cc.’s por cubic
meter of hydrogen andé carbon monoxlde consumed., The oxygenated material
present In the water layer is about 35 cc.'s per cubic meter of
hydrogen and carbon monoxide conaumed. Thus, the total production
of oxygenated compounds is about 56 cc.'s per cubic mster of hydrogen
end carbon monoxide consumed in the synthesis reactlon. Thua, by
scrubbing the oll phase an increase of 60% in the recovery of oxygenatod
compounds was eecured,

As an i1llustration of the molecular welght end molecular
type of tho oxygenated products formed incidentel to the hydrocarbon
synthesis procoes, the following detailed analysis of the overhead

fraction leeving the initlal distillation zone 1s prosented bolow:
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Analysils of Oxygeneted Produot tfrom
Initial Dietillation Zone

Type of {ompound Wt. % (Dry Basis)
Acetaldehyde . 1.0
Acetone 2.0
Mothanol G.9
Mothyl Ethyl Ketono 1.6
Ethanol 37.0
Isopropanol 3.6
n-Fropancl 19,2
Sec.,-Butanol 1.7
n-Butanol 15.5
JAmyl + Bigher Alcohols 10.6
Eators 1.0
Acide (Mainly Acetic) 5.0
Unknown - 0.9
Total 100.0

It will be noted that ethyl alechol is the predominént
compound fn the above group., The progence of alcohols up to and
including the amyl alcohols in the overhead fraction from the initial
distillation zone operating at 2124F, is the rosult of their coming
ovef in the form of agueous azeotropes which boll considerably below
the boiling ﬁoint of the pure compounds.

The oxygenated cohpounds removed from the socond diatillation
zone ara as follows: -

Analysls of Oxygenated Product from
Secondary Distillation Zone

Type of _ VYolume %

Oxygonated Compound of Total

Alcohols 30%

‘Acida 20%

Aldohydesn & Kotonea - hsg

-Estors 7 5%
18-
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Tho oxygenated products removed from the secondary distil-
lation zone are much higher boiling than those removed from tho
inttial distillation zone and their boiling range is approximately
220*F. to 500°F.

The process of the invention 1a not to be 1imited by any
theory as to mode of opsration but only in and by the following
claims In which 1%t is desired to claim all novelty insofar as the

prior art permite.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An improved process for the segregation of
oxygenated hydrocarbons from the reaction products obtained by
the reaction of hydrogen and carbon monoxide which comprises
cooling said reaction products to separate normally liquild
compounds, separating an agueous phase from a nonagueous phase
thus formed by common settling in a separation zone, distilling
said agueous phase to separate at least two fractlons, a light
distillate fraction containing oxygenated hydrocarbons of boiling
point up to about that of water and a heavier fraction contalning
substantialily all the water in the agueous phase except that
ﬁhich distilled azeotropically at below 212°F. in sald light

fraction and higher boillng oxygenated hydrocarbons, then extract-

ing & substantial quantity of neutral oxygenated hydrocarbon from

said nonaqueous phase with sald heavlier fraction.

2. An improved process for the segregatlon of
oxygenated hydrocarbons according to clalm 1 in which said
heavier fraction after treating sald oll phase 1s distllled

with the said aqueous phase separated from the nonagueous phase.

3. An improved process for the segregation of
oxygenated hydrocarbons according to claim 1 in which sald 1light
distililate fractlon is obtalned by distlllatlon at atmospheric
pressure in a distillation zone, the overhead vapor temperature

in said distillation zone being from about 208°F. to about 212°F.

L




' oxygenated hydrocarbona distllled overhead from said distilltion

- zone at temperatures up to 212°F. includes mainly ethanol,

518757

4. A process according to claim 1 1n which a water-
rich distillate stream is distilled in a secondary distillation
zone from the heavier fractlon and 1s used to contact counter-
currently said nonaqueous phase to extract oxygenated hydrocarbon

from said nonaqueousz phase.

5. An improved process for separating and recovering
oxygenated hydrocarbons from liguld products formed by the
reaction of hydrogen and carbon monoxide in synthesizing
hydrocarbons, which comprises condensing the vapors of
hydrocarbon and oxygenated hydrocarbon products bolling as low
as HBO°F. together with water vapor from the reactlon, segregating
the resulting condensate by settling into a liquid oil phase and
a lbwer liguld aqueous phase, removing szid aqueous phase to a
distillation zone in whleh oxygenated hydrocarbons are dlstilled
overhead with ageotropic proportions of water abt temperatures up
to 212°F. and concentrating in the aqueous phase residue of said

distillation zone oxygenated hydrocarbons boillng about 220°F.

6. The process as described in claim 5, in which sald

propanols, butanols and amyl alcohols, and in which sald

oxygenated hydrocarbons bolling about 220°F. include mainly

aclds, aldehydes, ketones and esters.
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T+ An improved process for separating hydrocarvons and
oxygenated hydrocarbons cobtalned as the products of reactlion of
hydrogen and carbon monoxide which comprises cooling saild producb?
of reaction to separate normally liquid compounds, allowing sald
normally llquid compounds to settle, separating an aqueous phase
from an oil phase thus formed, passing sald aguecus phase to an
inltial distillation zone whereln a light fraction comprising
oxygenated hydrocarbons which boil In the presence of water at
temperatures in the range of %0° to 212°F. are separated from a
heavier fraction containing higher bolling oxygenated hydrocarbonb
than 1n sald light fraction and the remaining quantlty of water
in sald aqueous phase, passing sald heavier fraction to a second
digtillatlion zone to separate a light fractilon contalning
substantially all the water in saild fraction from said higher
boiling oxygenated hydrocarbonas, contacﬁiﬁé said o1l phase with
-sald aqueous fractlon from saild secondary distillation zone to
extract oxygenated hydrocarbons therefrom and recovering the

oxygenated hydrocarbons and hydrocarbons from respective phases.

e ,thl. 8. An improved process according to claim 7 in which

sald aqueous distillatlon fractlon from sald secondary zone

after contacting sald oll phase 1s returned to sald initial
distiliation zone.

9. An 1mproved process according to claim 7 in which
the temperature in saild initial distillation zone 1s in the range
from about 208°F. to 212°F. and the temprature in said secondary
distillation zone is from about 212°F. to 220°F. and in which
the pressures maintained in the dilstillation zones are

- approximately atmospheric pressure and in which sald agueous
fractlon from sald secondary dilstillation zone after contacting

sald o1l phase 1s returned to said initial distillation zone.
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10. In a procese for segregating oxypgenated hydrooarboné
from the vaporous products obtained by the hydrocarbon synthesis g
reaction of hydrogen with carbon monoxide, the improvement which
comprises cooling saild vaporous products at a temperature of bo®p,
to 100°F. to condense therefrom an oil phase and an aquecus phase,
separating from the oll phase the resulting agueous phase
condensate which contains acids, esters, aldehydes, ketones and
alecohols dissolved in water produced by the reaction, fractionally
distilling from the separated aqueous phase condensate at below
212°F. a light distillate fractlon of oxygenated hydrocarbons
containing mainly ethyl, propyl, butyl and amyl alcohols with watex
which dilstill azeotroplically therewlth at temperatureé up to above
208°F. but below 212°F., and recovering a hottoms fraction of said
agqueous phase condensate containing aclds wilth remaining
undistilled water of the agueous phase condensate, whereby the
aclds are retained in sald bottoms fraction wifh substantially
less waber than in sald agueous phase condensate from said

vaporous products.

11. In a process for segregating oxygenated hydrocarbong
from the vaporous products formed by the hydrocarbon synthesils
reaction of hydrogen with carbon monoxide, the limprovement which
comprisés cooling sald vaporous products at a temperature in the
range of 40°F. to 100°F. to condense from sald products an aqueous
phase and an oll phase that contains neutral and acld oxygenated
hydrocarbons dissolved in hydrocarbons, separating a remaining
uncondensed portion of sald vaporous products from the resulting
condensates, separating and removing from the oll phase the aqueous
phase which contains aclds, esaters, aldehydes, Ketones and
alcohols higher bolling than methanol dissclved in water produced
by the reaction, fractiocnally distilling from sald aqueous phase
at below 212°F. a light fraction containing mainly ethyl, propyl,
butyl and amyl alcohols with water which azeotropically distill
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therewith at temperatures up to above 208°F. to leave acilds !

undistilled and concentrated in a heavier bottoms fraction of sald!
!

aqueous phase, and contacting a portion of sald heavier agueous

fraction substantially freed of the Cy to C5 alcohols wath the oil!
Phase to extract neutral oxygenated hydrocarbons therefrom, the oi.

phase being separated and removed from sald aqueous phase,

12. In a process described by claim 11, recovering
neutral oxygenated hydrocarbons extracted from the 0ll phase by
sald contaect with said heavier agqueous fraction, by separating
and removing sald heavier aqueous fraction containing the extracted
cxygenated hydrocarbon from the oil phase, admixing this heavier
fraction containing the extracted neutral oxygenated hydrocarhbon
with additional quantities of saild agueous phasge separated and
removed from the oil phase, fractionally distilling this mixture
to obtain a light fraction of oxygenated hydrocarbons which
distlll with water azeotropically at below 212°F.
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13. In a process for separating and recovering neutral

and acld oxygenated hydrocarbon products present in a synthesis

vapor mixture of hydrocarbons and water formed by reaction of
hydrogen with carbon monoxide, the improvement which comprises
cooling sald synthesis vapor mlxture at 40°F. to 100°PR. to
condense therefrom an oll phase condensate containing oxygenated
hydrocarbons dissolved In hydrocarbons and also an aqueous phase
condensate containing malnly alcohols higher bolling than methanoll
dlssolved 1n sald water, removing uncondensed vapors from sald
condensatea, separatlng and removing the oil phase condensate
from the aguecus phase condensate, passing the separated aqueous

phase condensate into an 1mtlal distlllation zone wherein a light

fraction of C; to Cg oxygenated hydrocarbons that distill with
water at temperatures within the range of about 40°F. to 212°F.
are geparated from a heavier agueous fractlon containing acid
products of the reaction dissolved in sald aqueous phase
condenaate, passing said heavier fraction substantially free

of aleochols having up through 5 carbon atoms in the molecule to
a secondary distlillation zone wherein an aqueous distillation
fraction is distilled from a remaining residual fraction
containing higher bolling oxygenated hydrocarbons, contacting
the separated oil phase condensate, removed from said agqueous
phage condensate, wlth sald agueocus distillation fraction from
sald secondary distillatilon zone Lo extract oxygenated hydrocarbonpg
therefrom and recovering neutral oxygenated hydrocarbons that
are distllled from the initilal dlstillation zone, neutral
oxygenated hydrocarbong extracted from the oil phase, and acilds
concentrated in the residual fraction of the secondary

dlstillatlon zone.
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14. An improved process for the segregation of
oxygenated hydrocarbons from the vaporous reactlon products
obtained by the reaction of hydrogen and carbon monoxlide, which
comprilses condensing sald reaction products at temperatures in
the range of 40°F. to 100°F., separating an aqueous phase from a
nonagueous phase of the condensate thus formed, distilling said
aqueous phase to separate at least two distillate fractions
therefrom, the first of sald fractions being a light distillate
.fraction containing neutral oxygenated hydrocarbons including
Co through C5 alecohols which distill azeotropically up to above
208°F. but below 212°F., a second of said fractlons being a heavy
distillate fraction, rich in water, and containing higher bolling
oxygenated hydrocarbons that are distilled at temperatures
between 212°F. and 220°F., and recovering a residual fraction of
the agueous phase in whlch are concentrated free fatty acids

that boil above 220°F.

15. A process as described in claim 1%, in which said
heavy distlllate fraction of the aqueocus phase 1s used to extract
oxygenated hydrocarbons from said nonagueous phase separated and

removed from sald aqueous phase ag initially condensed.
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16. An improved process for the segregatlon of oxygenaté
hydrocarbons from the vaporous reactlon products obtained by the
reactlon of hydrogen and carbon monoxilde, which comprlses
condensing from sald reaction products an aguecus phase
contalning acetaldehyde, acetone, methanol with higher boillng
aldehydes, ketones, alcohols, esters and aclds but predominantly
ethanol with propancls, butanols, and amyl alcohols and an oil
phase containing substantlal amounts of such oxygenated
hydrocarbons dissolved in ligquld hydrocarbons, separating and
removing the agueous phase from the oil phase thus formed,
fractionally distilling from said agqueous phase a light distillate
fraction containing the acetaldehyde, acetone, methanol with Cop
through Og neutral oxygenated hydroecarbons Iincluding the amyl
alecohols which distill from the agueous phase up to a temperature
of about but not above 212°F. so as to leave a residual fraction
of the agueous phase substantlally freed of C; to Cg alcohols but
containing other higher bolling neubtral oxygenated hydrocarbons
and the aclds with substantially less water than contained in the

agqueous phase condensed from sald vaporous reaction products.

17. A process as described in claim 16, in which a
portion of the fractlonally distilled aqueous phase residue
gubstantlally free of the Cp to 05 alcohols is used for extracting
substantlal amounts of C; to Cg neutral oxygenated hydrocarbons

from the oil phase.




18757

18. A process as deseribed in claim 16, in which ¢y to

C6 neutral oxygenated hydrocarbons are extracted from the oil

phase by an agueous solution containing oxygenated hydrocarbons

bolling above 212°F. but substantially free of C1 to C§ neutral
oxygenated hydrocarbons when initially admixed with the oil phase,
and the resulting aqueous extract removed from the thus treated
oil phase is distilled to recover a distillate of €1 to Cg neutral
oxygenated hydrocarbons and an agqueous residue having a higher

concentration of oxygenated hydrocarbons than said agqueous solution.

19. A process for treating the product of hydrogenation
of oxides of carben wherein saild preoduct comprizes a mixbure of
hydrocarbongs, water-soluble and oil-soluble oxygenated organle
compounds, sald oxygenated compounds comprlsing organic acids and
non-acldic organic compounds, which comprises cooling sald product
to effect substantial condensation of normally liquid components
contained therein to form an oll product 1ilquild rhase and a water

product 1liquid phase, separating said phases, separately subjecting

U

sald oll product liquld phase to extractlion with a water from said
water product liquid phase substantially freed of C; through Cg

alcohols by distillation, said water acting as a solvent for
oxygenated organle compounds contained in said o1l phase to produce
; a raffinate comprising hydrocarbons and an extract comprising
water-gsoluble oxygenated organic compounds, comblning sald extract
wlth sald water product liquld phase to produce a mixture
comprising organic acids and non-acidlc organic compounds, and

separating acids from non-acidic components contalned in sald

mixture.
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20. A process as defined by elaim 19 wherein the

solvent 1s water.

2l. A process for treating the product of hydrogenatilon
of oxldes of carbon wherein such pfoducb comprises a mixture of
hydrocarbons, water-soluble and oil-soluble oxygenated organic
compounds, said oxygenated compounds comprising organic aclds
and non-acidle organic compounds, which comprises cooling saild
product to effect substantlal condensatlon of nmormally liquid
components contalned thereln to form an oil product 1liquid phase
and a water product liquld phase, separating sald phases,
separately subjecting saild oill product liquld phase to extraction
with an agueous sclvent for oxygenated organic compounds contained
in said oil phase to produce a raffinate comprising hydrocarbons
and an exfract comprlsing water-soluble oxygenated organie
compounds, sald agqueous solvent comprilsing essentially water free
of €1 through C5 aleohols, combining sald extract with said water
product liquid phase to produce a mixture comprising organic acids
and non-acldic compounds, and separating aclds from non-acldic
components contalned in said mixture by distilling the non-acildilc

components therefrom at temperatures In the range of 208°F. to

212°F,

1
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22. A process for treating the product of hydrogenation
of oxides of carbon wherein such product comprises a mixture of
hydrocarbons, water-soluble and oll-soluble oxygenated organic
compounds, sald oxygenated compounds comprising organic acids
and non-acidic organic compounds, whilch comprises cooling sald
pProduct to effect substantial condensation of normally liguid
components contained therein to form an 01l product liquid phase
and a water product liguid Phase, separating said phases,
separately subjecting said oil product liquid phase to extraction
with an aqueous solvent for oxygenated organic compounds contailned
in said oil phase to produce a raffinate comprlsing hydrocarbons
and an extract comprising water-soluble oxygenated organic
compounds, sald agqueous solvent comprising essentially water free
of Cq through C5 aleohols, combining said extract with said water
preoduct liguld phase to produce a mixture compfising organlec aclds
and non-acldic compounds, separating aclds from non-ascidic
components contained in sald mixture by dlstllling the non-acidie
components with water up to a temperature of about, but not above
212°F. to thereby concentrate the acids in the residual part of
the mixture, and further concentrating the aclds in sald residual
part of the mixture by separating water therefrom and using the
geparated water as mald agueous solvent in the extraction of

oxygenated organic compounds from the oil phase.
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23. 1In a process for the catalytic hydrogenation of
oxlides of carbon to produce organic compounds in which the
reaction product therefrom is treated to form an oil product
ligquild phase and a water product liguid phase, each of said phases
containing organic aclds and aleohols, the method for recovering
organic aclds and alcohols from said reaction product which
comprises: water-washing at least a portion of said oil product
1lquid phase to obtaln a mixture comprising organic acids and
alcohols; separating 8ald mixture from said oll product liguid
phase; combining the mixture thus separated with said water
product liquld phase; and dlstilling the resulting mixture to
obtain a relatively high-boiling fraction comprising organic
acids and a relatively low-boiling fraction comprising alcohols.
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Certified to be the drawings veferted to
in the specification hereunto annexed.
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