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Uxygen-Containing Organic Compounds from a Mixtare
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Containing Water

]
ERRATA

SPECIFICATION Xo. (45,924, _ 3
Page 3, line 46, for ' soild’ read

*f solid . , .
Page 5, lina 31, for ‘“ discarded ’° read

* discharged > o _ 5
Page 5, line 104, and pege 3, line llsc:’-

for ' pressure ' read ' pressures 7 .
Taz Pateyr OFFIcE, :

12t%, Merch, 1851:

Lozl JITERN 1R proauct. el g
wafer. by coaling to substentinlly atmo-

25 spherie  temiperature with or withour
reduction in pressure, in order to separate
the product into aqueons and non-agueous
layers respectively. The resulling layers
are then separated by decontation and

80 saporafely treated. such freatment involv-
ing substantislly conventional types of
dlstillation, extrartion, wasbhing. or salt-
ing cut. or o combination of auv of these
Feps.

35 The invention broadly contemplutes
separating nowe-acidie water-soluble oxy-
geu-containing comnounds sueh ax  ali-
pliatie aleohols from aqueous mixiures
eantaining them by extraction with a

40 normally lMguid hydrocarbon or hydre-
carbon  fraction sueh as uaphiha at
elevated temperoture and elevated pres-
sure in the liquid phase such that the
hydroenrbon exerts prefevential solvent

[Price i?'?fﬂcg %

g

SOLVENL 1§ e under colditicns 0 as to
formi a secondary extrach or solventrich
phase  comprising oxygen-containing
componids dissolved in the sceondary 70
solvent and o sevondary hydrocarbon.rich
phasze consisting essentially of hydro-
carbons.

These secondary phases ara removed.
Aleohals and  other oxygen-eontaining
componnds may  be removed from the
separared solvent-rich phase by fractional
distillation leaving secondary solvent for
re-use.  The secondory hydrocarbon-rick
phase van he separately treated tg remove R0
small amounts uf secondary solvent that
may be ussocinved] with it after which the
hydrecarbons or any portion therent ean
be wsed for tresting ndditjemgl fresh feed
ilxnture, g6

Ethylene glyeol is nn offective sacond.
ary solvent for effecting Lguid-liguid
extraction  of oxygen-containing com-

~
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COMPLETE

SPECITICATION

Improvements in or relating to Separation of Water-Soluble
Oxygen-Containing Organic Compounds from a Mixture
Containing Water

We, Texaco DevenorursT (CoORPORA-
row, a Corporation ergonized under {he
laws of the State uf Deleware, United
States of Amersica, of 1386, East 4%nd

& Streat, Wew Vork, State of Waw Tork,

United States of America, do hershy -
declars the naturs of {this invention and

in what manner the same is 1o be per-
formad, to be particularly describad ani

1) ageertained in and by the following state-
ment ;- —

This invention relales to separation of
oxygen-containing arganic compounds
from aqueous mizfures containing them

15 such ns obtained from the conversion of
carbor monoxide and hydrogen into
hydrocarbons, oxzygeu-coniaining cum-
pounds and the like.

Heretofors, in the catalytic hydrogena-

%0 tion of carbon monoxide to produce
hydrocarbous and oxygenated compounds,
it has heen cusfomary to condense the
resulting mixed produck, including
water, by eooling to substantially atmo-

¥5 spheric temperature with or without
reduction in pressure, in order to separate
the produet inbo agueous and non-aguecua
layera respectively. The resulting layers
_are then geparated by decantation and

30 separately treated. such ireatment invelve
ing substanlially econventionml types of
distillation, extraction, washing, or salt-
ing out, or o combination of any of these
steps. .

85 1e  invenlion broadly contemplafes

© aeparating non-acidie watber-soluble vxy-
gen-containing eompounds such as aﬂ-
phatie aleohels from aqueous mixtures
conjaining them by extraction with a

40 normally Hguid hydrocarbon or hydro-
ecarbon fraetion such as naphtha  ab
elevated temparatnre and elevaled pres-
gure in the Jignid phase such that the
hydrocarbon exerts praferential solvent

[2'rios ke 45 g

action upan such componnds. A hydra- 46
carbou selvent-rich phase is abtained con-
sisting essentially c>]fj hydrocarhnn solvent
and disselved oxygen-comfsining com-
pounds and z water phase  ponsisting
essenbially of water. Ozganie acidg present
inthe fead miztureare distrilmted hefween
the hydracarhon-rich phase and the water
phase on the.basis of fheir molecular
weight, that ig; low boiling erganic asids
up to O, acids ars in the water phase and 53
orgenie aeidy higher than O, acids are in
the hydrocerhon-rich solvent phase,

The ]i.g'droc&rhnn-rich vhuse ip separ
ated and subseguently treated with =
secondary solvent such as a glyepl which
advantageously has substaniially com-
plete solvent action npoa pxygon-contain-
ing cowpounds which iz suybstantially
immiscible with hydrecarboms af prdinary
temparatures, for example, hetween 70— 68
150° ¥, The treatment with the secondary
solvent is made under conditions so as to
fore o eecondary exlract or solvent-rich
phase  comprising  oxygen-contalning
compounds dissolved ir fthe secondary 70
solvent and a secondary hydrocsrbon-ric
phuse consisling  essentially of hydro-
carbous. -

Thess secondaty phaseg are removed.
Aleshols amd  other oxygen-comteining 78
pompounds may- be rerhoved Ifrmm the
separated, solvent-rich phass by fractional
distillation leaving sccondary solvent for
re-uge.  The secondary hydrocarhon-rich
phage can be separately freated fo remove BD
small amoants of ‘seeondary ‘solvent that
may be associated with ib aller which the
hydrocatbuns or any portion thereot van
he uzed for.treating agditinna,l fresh fead
mixture, o

Ethyleng g'lfycol is an effective second-
ery solvent for effecting liquid-lignid
extraction uf . oxygen-contaimng com-

[
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pounds from hydrocnrhons. altheugh
ather olefin glyecols including polyolefin
olycols may be used.  Other useful sol-
venfs are polyhydrie alechols swch as
b glycerols. Kelones and aldehydes mav be
used, ag well 25 amine compounds such as
ethanolamines angd ethylene diamine.

An essential fcatwre of the process of
this invention is the extraciion of oxygesn-

10 containing compounds such os aliphatie
oleohols, aldehydes and ketones from
agquecus mixbures with o hydrocarbon
liguid sueh as petrolemn mapiha or_the
normally liguid Lydrocarbons including

15 naptha ound higher boiling hydroearhons

roduced in {he synthesds of hydroearhons
rom carbon monoxide and hydrogen.
Synthesis naptha which consists essen.
tially of aliphatie hydrocarbonz and

20 which weually is substantially free from
aromalbic and naphthenie hydrnearbans
has heen found particularly effcetive for
this purpose. Tf is contemplated that
synthesis hydroearbons boiling in the

25 Tange of gas oil are suitable as o solvent
for this purpose. )

Tader liguid phase eonditions and at 2
temperature in the range of ahont 20—
300" F., naphtha hydroearbons such as

B0 obtained from the synthesig reastion exert
an  unespectedly high parfition cffect
belween woter om the one hand and ali-
phatic aleohols, aldehydes and ketones on
the other, For example, when counter-

B currently extracting an aqueous misture

confaining about 7 or 8% by weicht of
primary asliphafie aleohols having from
2 to 8 or more carbon atoms per molecule
at . temperature of 200° F. with naptha

40 in, the proportion of about 1 to 2 volumes
of naptha per volume nf agueous mixture.
substantally all of the alcohnls are dis-
solved in the hydrovszbon solvent and can
be removed from the extraction zome in

45 {he solvent phase, Teaving a water phase

conslsting cssentially of water.

The Invention is partieularly useful as
applied #n the freatment of agueons mix-
trres obtained in the conversion of carbon
monaxide snd hydrogen by contact with a
synfhesis catalyst. The produet of the
synibegis reaction wsuzlly comprises
hydrocarbons, oxygenated hydreearbons
and water. The oxygenated hydro-
carhors inelude alivhalic zleohels, alde-
hydes. ketones and organic avids, Tpon
coaling of the synthesis product. sepure-
tion into a liguid hydroecarbon phase and
& liquid water phase occuzs. The water
phase separated at atmospherie con-
ditions wususily contains the foregoing
asveenated compounds in  substantial
amonnt, the compounds renging mainly
frem 2 to & or more carhon afams per
€8 molecule,

50

1

In pecordanee with this ivvention, the
uforesaid water phase, obtained b eaals
ing synthesis receflon peolueks ™ about
atmospherie temperabuare, s extrasted
with. naptha uf a tempersiore of aboul
200° T, and under a pressure of ahomt
150 pounds or higher, Az a remult of this
extraction there is obiained o solvent.pivh
phase comprising oliphatic  alwohouls,
aldehydes, and hetenez dissplved in
anophibs, and & water phliase consisting
essentially of waber and low DLoiling
orrania seids. The water phaze alsy con-
tains some low hoiling nxyzen-cantzin-
ing. .componnds such as ethyl and propyl
aleohols, emectone, ete,

Tn {Le prefeered mode o3 u}mmi‘ou 1he
initia]l phase separation of the Lot sme
thesiz reaction produsts is effected at o
temperature i the range of abont 175
300° F, uad ut a pressure of abouf 150—
300 pounds per square inch, forming
maseous and liguid hydrocorbon phuses
as well as an agueous phaze, A swhstan-
tia] porlion of %he Iow boiling non-acidie
axygenated vompounds whirh would
otherwize e fonnd in the aqguneous phase
if scparafion were effected at abmospherie
vouditions, mdgrates to the Hani] hrdre-
carbon phase when high femycerature-
Ligh pressure sepaialica iz emnloyed.
The aguecus phase so ohtaizad iz sub-
jerted to solvent exiractlen with naphtha
or other hydrocarbon fragtion whersby
residual  non-acidie  oxygenated com-
pounds are extracted therefrom. Elret-
ing the initial separation af alevated fem-
perature snd pressure reduces the hur-
den ¢n the estraciion step azd allews the
uss of smaller sylvent dosages, gmaller
extriction towers, ste., vherein. In some
instances dizplocement af the low hoiling
non-gcidie compourds inte the hydracar-
bon phuse is sufficicatly large by initial
high temperature-high presgure scpara-
tion of the produets that subserqoant
extraction of the resuliing nquecns phase
with a hydroesrhon solvent at hiols tem-
peraturg and pressure mayx he eliminatel,

After the water and hgdrocarhen
phages are iniitully separated, low boil-
ing aecids may be recuvered from the
water if desired, The hvdrocarbon-rich
phase may ba treated with sodins hisul-
phite solutivn or other chemienl azent ta 120
effect removal of aldehyde and ketanes
therefrom, For example, freaiment with
a water soluilon of sodinm Disulphite
rexulis in the formaiion of eddstion com-
pornds of ketones and aldebydes whicrh 125
ran_ he separated from the so-trectel sol-
vent-rich phase,

Thereafter the ireated hydracavhon-
rich phase iz subjected to extraetion with
2 serpadary sulvest as provicusly referred 130
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to 50 as to effeel separation of the aleo-

hols from the hydrocarhon solvent, The

secondary exiractk phase comprising

mainly aleohols dlissolved in the rerond-
B ary solvent can be then subjected to froc-
tional distilletion or such other treatment
a8 necessary in order to recover the indi-
vidual aleohols therefrom,

For example, this secondary exfract
phase may be passed to a distilling
column or columus wherein it is sub-
jacted to fractiona] distillatien tn produea
therefrom €, and C; alcohels in the form
of their azeotropes with water, and O,—
16 ¢, aleghols in substentizily anhydrous
form. Residual water retained 1o the
aleohols solutions provides that required
for azeolrope formation, The distillafc
from this fractional distillation will
inrlude methyl aleoho] in areolrops form
.'th gugh is present in the sesondary extract
phase,

The residual fraction containing O,
and higher molecular weight alcohels as
well as gecondary solvent can be subjected
te geparate steam dietillation so ag te
separate these higher aleohols from the
solvent which latier can be recycled fo
the secondary golvent extraotion step.

Reference will now be made fo the
accompanying drawing ecomprising 2 flow
diegrem illustrating the application of
the process of the invention to the {freat-
mant of an aqueous mixzture oblained
from the conversion of carhom monoxide
and hydrogen.

Ag indicated in the drawing, carhon
manoxide dnd hydrogen in the proportion
for exampls, of 2 mols of hydrogen to |
mol of carhon monoxide and obtained
from & source nobt shown ars passed
through a vonduit 1 to a conventional
svnthesis unit 2. TIn tha synthesls unit
the reactants may ba subjectad to contach
45 with o synthesis catalyst in the form of

a fuidized mass of soild particles or pow-
der. Advantagcously the calalyst com-
prises iron, although other synthesis cabu-
lysts comprising cobalt or nicke]l may be
o0 nsed. The synihesies catalyst may com-
prise alkali metals or methl compounds
and oxides of thorium, magzesium and
aluminium ag promoters, T

For exomple, an effective jitn eatalyst
5 contains zbouwb 2 to 3% alumina and
ahout 0.1 to 3.0% =a¥keli (expressed as
potassinm: oxide). The syathesis reaction
with such a eafalyst, operating for the
produckion of hydrocarbons wmainly, is
usually carried oub at o tempersture of
about 500—860° ¥. and under a pressure
of about 200 pounds. .

An  efflusnt  siream  comprising
unreacted gynthesis gas, produoty of syn-

65 thesig reaction, the orgamic portion of

10

20

a5

80

85

40

w
T

r-.r]

which eomprises mainly eompounds hav-
ing from 1 {0 20 carbon aloms per mole-
cule, leaves the synthesiz unit 2 through
a pipe 3 and is cooled i0 o temperature
of about 175—500° F. and prefcrably to 70
ahout 200—225" F. in an exchanger 4
The effluent may he encled to 2bout atmo.
spheric ot this poinf but $his involves
less ceonomiey] operation. The total pro-
duct is introduced through o condult 5 78
to @ separator 8 wherein the agueous
phase is separated from both the nerm.
ally liguid hydrocarben phase and the
normaﬁy gudeous producly of evnversion,
The separator is maintained, for
example, at a temperature of about 200°
. and at a pressure of aboui 100---300
pounds per sguare inech whick advan-
tagecnsly is approximately “equivalent to
that existing in the gynthesig unit 2.

In the separator 6, thres phases are
formed, namely, (1} & gas phase compris-
ing unrencted gas, carbon dioxide aund
pormally gaseous hydrosarhbon such as
msthane, cthane, propane, butane, ef.,
(2) on initial hydrocarbon phase conbain-
ing the major portion of the oxygenated
compounds produced inm the conversiom,
and (3} a water-rich phase compricing
low hoiling organic acids and low hoiling €0
aliphatic aleohols, aldehydes and letoncs
such as ofhyl aleohel, propyl alcohod,
acetone, acetaldehyde, ete.

" These phases are separately -with-
drawn from the separitor 6. The gas 100
phase may be discharged through eonduit
7 and may he recycled in part to the syn-
thesia unit 2. This gas phase may also
he frentad to- remove ecarbon monoxide,

90

hydrogen "and esthon dioxide for 105
recyeling to the synithesis uwnif,
The waler phase 13 conbinuously

removed from, .the separator 6 through a
eonduit B o an extraction fower 8. A
heat exchanger 11, inscrted in the conduit 210
8, serves fo adjust the water phase to o
temperature of ahout 200 to 800° 1,
prior to ity intreduetion into the cxtrac-
tion tower £. In {he extraction tower 9 it
iy subjected to countercurrent oomtact 115
wilth naphtha or higher boiling hydre-
carbons abtained in a subsequent slep of
the proecess. When naphtha is used zs the
extracting wedium, the extraction is car-
ried out at a temperature of shout 200— 120
300° P. Blightly lower temperature may
he used, as for example 175" F., when
gag.oil is used as the extrasting medium.
This extraction is carried out at a pres-
sure approximately that employed for the 125
initial separation of the prodmet whirh iy
sufficiently ‘elevated to. maintain liquid
phase conditions within the exfracfion

tower, o
The hydrocarhon selvent is imtrodueed 130
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to the lower porficn of the tower and
rises therethrough counfercurrently, to
the Jownwardly flowlng feed mixlure. As
u result of the e}irartive freatment, a
5 stream of water substantially fre= from
aleohols, aldehydes snd kebomes i3 dis-
charged from the hoftom of {he tfower
through o conduit 10. This water will
retain at leust the buik of the low hoiling
14 acids present in the waler phase stream
flowing through the eonduit 8, Thus, the
organie anids in this water stresms, foken
as avetic acid, mav be ahout T to 395 by
weight baged o ihe water phase Alowing
15 through the ronduit 8. The hydroearbon-
vich phose removed from the top of the
tower O comprising meiniy aleohols, and
a relatively smal]l proportion of aldshydes
and Fetones dissolved in naphtha is con-
20 ducted throngh a eonduit 12 end may be
prssec therefrom inte a conduit 183 lead-
ivg from the previowsly mentioned
separator 6 to a vessel 14, The initial
hydrocarbon phase separating in the
25 separator 6 is alse conducted throngh the
condnit 13 and passed ta the vessel 14,

It is feasible to effect senaration of ihe
synthesis produet and the extraction
of the aguecus phase in u single vessel.

80 To this end, the synihesis produel at a
temperature of ahout 200 to 225° I, and
at a pressure of ahout 100 to 200 pounds
per square inch is introduced inte the
middle portinn of an elungnted eolumn as
vessel 6 wherein the synthesis product
geparates into o gas phase, a hiydrocurbon
phase and en agueows phase. As fhe
aqueous phase settles to the lower portion
of the eolumna, it is subjecied to connter-
eurvent contact withk o hydeocarbea frae-
tion ralatively lean in oxygen-contaluiag
compounds under similar conditions af
temperature and pressure zo us to extract
further portions of oxygen-containing
&5 compounds frem: the agueous phass, The
Jower portion of such column thus per-
forms the functivn of the tower 9.
A water solution of sodiam bisufphite
may be iniroduneed from & source not
B0 shown through a_pipe 16 and ihus com-
mingfod with the hydrorarbon phase fow-
ing through the conduit 13 into the ves-
gol 14, The hisulphite solution is added in
suffcient amount and i suifrble eoncen-
§& tration to react with aldehydes and
Letomes presemt in the mixvture fluwing
througt the cuonduit 13 and form addi-
tion compounds. The resulting mixture
contpining addition compounds fows into
§0 the wvessel 14 wherein the addiiiom cem-
pounds separafe as an agueous laxyer.
This aqueous lnyer is drawn off through a
pine 16 and subjected to such farther
tréniment as may be desired in order to
&5 recuver tha aldehvrdes and ketones, These

35

sldehydes and helfomes mny nmount fo
abont (& to 2 volumes per eenf. of the
eombired woter phase and hydrocarbou
pluse lenving the separator 6,

The hydrocarbon-rich phase containing T
alechols forming in the vessel 14 13 con-
finnously drawn off through tha conduil
17 and if desired passed to a fractionator
90 whereln the misture may be separated
{nto o distillate fraction bpiling within 79
the Tange of naphtha, for example wp to
ahout 400° F., and a residual fraction
comprising higher botling material, Both
fractions wil] thus comprise mixinres of
bydrocarbous #nd aleohols &

A distillate fraction Is remwuved from
the fractiomator throngh condwit 21 and
paszed tu a secondary extractor 23,

As indicated the fractiomator 20 may
he by-passed, in which case, lthe total 85
hydracarbon-aleghol  mixture  fowi
farough the eondwif 17 muy be diverte
through - condauit ITa, rommunieating
with conduit 21 and thus passing directly
to the sercmdary exiraclor 22, 51

In the secondary extractor the entering
mixture of hydrorarhons and aleohuls is
subjected to countereyrrent contaci with
& solvent louid such as ethylene glyeol,
The sclvent s infruduced ie the top of the 88
extractor thraugh conduit 23 (o which
reference will be made Jater, Conditions
are malptained within the estractor so
that the solvent exerts substantially enmn-
plete spivent action upon the uleohols and 10U
substantially, no, or only very litile, sol-
veuf action npon the hydroearhons,

The sceondary solvent may he charged
ot the rate of abuul 1 o I} volumnes per
volume:of feed mixture eutering through 104
the vénduit 21, The extraction may he
effectad at o femperaiure in the rongs of
T0—150° T°. Ag 5 result, there is oblauined
from the fop of the extractor, a secondary
hydeocurbon-rich  phase  guhstantially 110
free from pxygen-eontnining compounds
and eontaining a relalively swall ymount
uf solvent, This secondary hydrocarbon-
rich- phase is econtinucusly removed
through a conduit 24 to o washing tower 115
25 whereln #: iz scrubbed with water so
a5 to extract residual svlvent therefrom.
The residaal solvent dissolved in water is

" removed through rondait 26 and may be

passed to a distilling meavns or other 120
recovery nteans adapted fo recover (ke
solvent from the waler,

The washed or serubhed hydracarboms
are removed and condurted through con-
doit 27, A portion thereof is diverted 125
through conduif 28 and wsed as ihe sol-
veut 1n the wluoromentioned extraciion
tower 2. The hydrocarbons are raised to
o temperature of about 200 fo 300° F. in
2 heat exchanger 2§, situated in the con-18¢
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duit 28, prior fp their wse in the estrac-
tion tower 9. The portion not-so recycled
is passed {o a product recovery or prodyct
ireabing sysbem not shown, -For example,
thiz portion may be subjected to treat-
ment with clay, bauxite or other rontact
material for the purpuse of cunverting it
inte products of desired characteris-
ties including gusoline of high aoti-
kaock., :

Referring again to the fractionator 20,
the gas oil fraction removed therefrom as
o regidual fraction 18 conduveted through
# conduit 80 and mwy be passed to an
15 exfractor 31 similar to the axtractor 22, Tu
this extractor the mixbure of oil and aleo-
hols is likewise extracted with & selective
solvens. Conditions of ocperation in the
extraclor & may he substantially similar
to those in the sxiractor 22 sush ag to

e

20

effect substantially complete Temoval of

alechols from the gas vil,

To effect extrauction of the Lkigher hoil-
ing oxygenated compounds such ag ; to
C,, alcuhols, from the gas ml fraction, a
solvent is chosem which has substantially
complets solvent active upon these higher
beilg pxygenated commponnds and which
ig also-substantially immisicible with the
50 gas oil hydrocarboms at ordinary {em-
perature. The boiling point of this selee-
tive solvent is advantageously lower than
the temperature whic'ﬁ constitutes the
poing of demarcation between the pasgo-
Tine and gas oif fractions, Fxamplieg of
gelective solvents which have the desived
properties are nifro-mothane, aiiro-
ethane, methylethyl keivne, furfural,
ethyl aleohol, propyi alechol, or a mix-
tare of ethyl and w-propyl alechols
oblained from the extraot phase of ihe
gasoline sxtraciion, .

" A gas oll sizeam substuntially  fres
from oxygen-containing compounds ard
containing o relafively smell ameuny of
solvent 15 removed from the top of the
sxtractor 31 through a conduit 88 fo 2
sorubber 34 wherein it may -be washed
with water tg remove the residmal sol-
vent therefrom, {he residual solveni and
water being distarded through o pipe 35.

The washed gas oil siream is  dis-
charged through a pipe 86. In the event
that gas oil is being used ae the golvent in
ke extractor 8, a portion of the gas oil
flowing throngh pipe 36 may be diverbed
fhrough pipe 87, commuricating with the

revionsly mentioned pipe 28 by which
the hydrocarhon solvent is condmeted to
the tewer 9. - In thiz event, the strears
leaving the tup of the lower § through
pipe 12 is divertad through pipe 12a to
ihe exiractor 31. .

From the hottom of both exiractors 22 .
§5 and 31 are withdrawn exlract phage wmix-

28

85

4G

45

80

2]

80

-2 econduit 40, crommunjua.iﬁnﬁ
%

fures comprising aleohols dissplved in the
secondary solvent. The secondary extract
phaze from the tower 31 may be separa-
taly treated or may be condueted through

1 with a pou- T0
duit 41 thvough which the szecondary
extract phase Irom the extractor 22 is
withdrawn, Bath siveains then pass to en
alcoho] recovery unit 42.

The recovery unit 42 may comprise a
]J-].Ill‘ﬂ.ﬁt}’ of dwstilling eolummng smd auxi-
liury apparatus adapted-to offect sepera-
tion of the individual alechols from the
sacondary solveni-aleoho] -mixture,

Xor example, there may be ghtained 80
from the repovery unif 42, the following
products, the per cent. yieid being on the
hasiy of fotal -hydrocarbon phase and
waler phase léaving the separator 8:—

o . Volume 85
er ceat,

Bthyl alcohol-water azeotropep 10
N-propyl ulechol-waler -aseo-

i

_trope - - - = = - RE
N-bniyl aleokol (unhydrous) - 0.87 90
N-amyl aleohol (ankydrons} - 0.80
N-hexyl aleohol {anhydrons) - (.68
N-heptyl alschol ganhjrdrous - 0.6b
Higher alecfiols {anhydrous} - . .63

While not specifically meniioned, it is 95
contemplated that. the couﬁtereﬁrrgnt
extraction aperations carvied out in the
extractors 9,22 and 31 mauy Imvolve
employment of . suitable temperature
gradients through the extraction fowers.100
and exivact recycle, The solvent dosuges
may vary from those menjioned.  Tem-
peratures may vary frosw bhose memtioned
while the pressurg ure maintained suihi-
cignt for liguid phuse operations.

While the forepoing synthes 108

} iz reaction
has been desoribed wilh reforenge $o the
production of hydroesrbons as well as

Orygen-containing componnds, i i3 con-

fewplated that the synthesis operation 11g
may be carried out under conditions
adapted mainly for the production of pXy-
gen-gonluining compounds, . Synthests
reaciion temperatnres may range from
200-—700° F. and. pressure from atmo- 135

_spherie fo several bLundred pomuds or

more, Moreover the synthesiz reaction is
not necessarily confined te fhe employ-

-ment of a fluidized mass of gynthesis cata-

lyst. Tu other words, the synthesis cata-
Iyst may be nsed in other forms, as for
example in the form of a stationary bed,
A moving bed or a suspension in the
reqatants, .
Moreover, the extracting uperationg of 125
the preeeni invention sre nob Hmited o
the treatment of alechol-water mixtures
obtained Irom the conversion of carbon
mongxide and hydrogen but may be
employed to treat mixtures derived from 136

120
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other somroes,

While ethylene glycol has been men-

-tioned as a suitable sccondary exdraction

solvent, if is enwtempluted that other sol-
# venfs may be used ineluding high mole-

cular weight eompounds such 5s thoss
which msy be produced in the synthesis
unit and may be recoveved fvom the
recovery unlh 42.

Tt is contemplated that the solvent-rich
phase leaving the top of the exiraction
tower 8 can be separately exiraeted with
secondary solvent instead of being mixed
with the hydrocarbon phase mixture
15 leaving the sepavator 6. Such scparate

treatment would he in ovder where the
mixture of water and oxygen-containing
compounds s obfaimed from an
extranenus source. For eswmmple, when
30 the solveni-rich phase from the extrac-
fion tower 9 is separately treated with a
secondary solvens, and the resulting
sacondary extract phase passed tn a
recovery unit-such -as-the recovery unig
45 42, the followiag yields may be obtained
hasis feed mixture to extracior 81—
: Yolume
per cedmi.
Ethyl alcohol-water azeotrope 10

10

80 N-propyl aleohol-wafer azec-
trope - - - - - - -3
Nobutyl aleohol-weler ageo- -
frope I T ¢
Higher woleoular  weight
88 aleobols (anhydrous) - - - 5

1t is further contemplated that the bi-
sulphite treatment in the vessel 14 may
be omitted and aldehydes and ketones
produced in the conversion be separaled
from the hydrocarbon fractivn together
with aleoholy by the glycol extraction, In
such eveai the mixinre of sleohols, alde-
liydes and ketoues separated from the
hydrocarbon fraction may be subjected to
mild catalytic hydrogenation in order fo
aconvert the aldehydes and ketomes to
-aloohols, A portion of the gas phase
separated from the synthesis products wax
te used as the ssuree of hydeogen in
B¢ offacting the cutalyiic conversion of alde-
hydes and ketones into aleohols. Further,
'i.'hye gascous effluent from the ecatalytic
hydrogenation can be recyeled 1o the
synthesia unit. In the absenca of hisol-
55 phite freatment to separate aldehydes
and kefones, the hydrogenation of the
separuied vsygen-contelning compounds
g0 25 to convert aldehydes and ketones
into alecholz expediies the separution of
the oxygen-containing compounds into
individual components by minimising
nzectrope formation.
Having pow particularly described wid
ascertninad the nature of our sadd inven-
65 fion azid-in what manner the same is to

40

45

-phase and sald initial hy

be performed, we declare thut what we
claim fg:—

1. A procesg for the separation of non-
aeidie water-soluble oxygen-cuntaining
organiv componds, and mare particulazly T
eompeands oblaioed froin the synthesis of
carbon monvside and hydrogen, from a
mixture of said eompounds with water,
which comprises contagting the agueous
mixtare with & normally liguid -hydee- 75
earbon solveut, subjerting ithe mixture of
waler and sulveni tuv elevaied fempera-
ivre nnd elevited yressure sufficient to
waintain substantially liquid phase con-
diviong within the extraction zons aml o
eifecl a displacement of suld compouuds
from the waber io the solveni und therehy
forming a hydroearhon-rich phase and a
water phase and separaiing erganic com-
pounds from said  hydrocarbon-rich
phiase.

2. A proesss according to elaim I in
which the solvent consists essentially of
nermally liquid aliphatie hydrocarbons.
30 A process according to any ome of
the - preceding claims, wherein  said
exiraction is effected at a temperaturc
between 175—300° F, and under a pres
surg of about 100800 pounds per syuare
inch gauge.

¢, A provess for manufacturing hydro-
curbons und oxygen-containing ~organie
compounds by the catal{:ic conversion ol
carbon onozide and hydrogen which
comprises forming a mixturs comprising jpg
Liydrocarbons, oxygen-confaining com-
pounds, inehzling alipbatie aleahols, and
waier by the eatalytic conversion of canr
bon monoxide and hydrugen, separating
frek suld mixture ga inifial hydrocarbon [g;
phuse contuining soite oxygen-eontaining
compounde and o water phase containing
resaliing oxygen-containing ompounds,
removing separated water pﬁase, extraci-
ing  uxygen~colnining constituenis from 13p
said zemoved water plase in aecordance
with the proeess acenrding to either one
of claims 1 or 2, separating said hydro-
carbon-rick phase from said water phase,
subjeclizg both  said drocarbon-rich 115
] carbon phase
to extrastive contact with a sevvndary sol-
vent liquid, cliecting said contact at a
temperature such that the secondary sol-
vent has a relatively high solvent action jai
on- said  oxygen-eonteining compounds
and g relatively low solvent action an
Lydrocarbons forming a secondary extracy
phuse comprising oxygen-contiimng com-
poudds dissolred in scenndary solvens und 124
a non-exiract phase consisting mainly of

-

8t

3
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Iydroearboms,  separating  secondary
extract and noweextraet  phases und

Temoving okygen-containing  compounds
irem separated secondary exfract phase, 1430



" 846,095 | i

5. A process according to claim 4, in
which the initial phase separation iy made
at a temperature between abouwt L¥5—-
300° 1. and at a pressure of 10 to 300

8 pounds per square inch.

6. A process according to eleim 1 in
which t]l.lje hydrocurbon solvent is the

hydrocarbon phase of synthesis product

and the aqueous mixture of oxygen-con-
10 taining compounds is she agueous phase
of a syntheals product, which is extracied
at clevated temperature and pressure by
cooling soid synthesis produet offer 1%
lssnes Irown the synthesis renctor to o
16 temperature between about 200 and 300°
F. and elevated pressure whereby there is
formed a water phase and a hydrocarbon
phase containing substantislly all of C,
end higher oxygen-confeining eom-
20 pounds, which phases are separated for
removing all oxygen-containinge com-
pounds from each of gaid phases
saparately.

7. A process according to olaim 6,
wherein said convezsion of carbon mon-
oxide and hydrogen takes pluce under
super—a.tmospieric pressure and at an
clevated temperature Delwesn 200
700° 7.

8. A prucess according to either of
claimg 7 or 8, wherein the carbon mon-
oxide and hydrogen are comverted info a
mixtura colnprising hydrocarbons, water

oxygen~contalning cuizpow and
gaid mixbure is separated info -a waler
phase and a hydrocarbon phase at & tem-
peraturs of 175—350" ¥, and under o
pressure puilicicnt to maeintain  liquid
phage cunditious, said water ghuse con-
40 taining a minor percentage of the oxygen-
containing compeunds produced in the
conversion, waid  hydrocarbon  phage
ihereafter being aepurated inlo two frac-
tione, one of said fractions comprising
essentially gasoline hydrocarbons, the
other said fraction comprising cssentiall
gas ol hydrocarbons and each of Ba,ig
ydrocarbon fructions being separately
freated s0 as fo remuve oxypen-contain-
ing compounds therefrom,

9. A process for manufecturing hydro-
curbons and exygen-containing com-
pounds, which eomprises forming by con-
version of carbon menoxide and hydro
a synthesis preduet mizbure comprising
hy?rucarbons, oxXygen-conbaining  eom-

ounds includine aliphatio alechols, alde-
Eydas, ketones, organic acids and water,
said synthesis product misfure being
passed. inte the intermediate portion of a
separating column mainteined at a tem-
peraturs hetween 176—300° F, and under
pressure sufficient to maivtain substan-
tially liquid phase conditions forming in
a5 the fower pertion of said column a waber

25
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phase containing a residual portion of
said exygen-confaining compounds, intru-
ducing to the lower poriion of said
columzn a distinet hydrocarbon fraction
lean in oxygen-containing eompounds,
passing gaid distinet hydrocarbom frac-
tion in contact with said water phuse,
elfecting sclution of residual uxygen-con-
taining eompounds jn said distinet hydro-
garhon fraction, discharging from fhe
lower portion of said column water sub-
stantially free from sop-acidic vxygen-
containing compounds and econtalning
low Dhoiling organic acids, ferming in the
upper porticn of said column a hydro-
carbon-rich phase containing dissolved
oxygen-containing compoands and com-
prising suid disbinet hydroearhon frac.
tion and hydvocarbons initially sepaxai-
ing from the entering feed mixbure,
separately discherging said hydrocarben-
rich phase from the upper portion of said
column ond recovering dissulved oxygen-
combaining compounds thersfrom,

10, A process for the catalytic conver-
glon of ocurbon monoxide and hydrogan
into a mixters of hydrocarbons, oxygen-
containing organic compounds, water and
the like, whick comprises effeefiag con-
vergion of earbon monoxide and hydrogen
in a reaction zons inte a product mixtore
comprising - aforspaid substances includ-
ing some aldehydes and Lketones at
elovated {emperature and  pressure,
sgparating said produch mixture into an 1pg
agueous phase, & liquid hydrocarbom
phase and gse phase, suhjecting said
aquecus phase containing e substantial
portion of seid oxygen-vombalning com-
pounds to solvent extraction with = 108
hydrocarbon sclvent in an extraction zone
at elevated temperature and ul elevated
Dressure sufficient fo muaintain substan-
{ially liguid phase conditions, thereby
forming - a., hydrocarbon.vich ecxtwract 110
rhase containing non-ncidie uxygen-con-
taumm.i oiganic cowpoutds and a waier-
rich phase containing low hoiling crganic
acids, separating said last two mentioned
phases, combining said hydrocarbon-rich 115
oxtract phase with sald liguid hydrocar-
bon_pbase initially separated from said
product mixture, subjecting said com-
bined Thydrocarbon phases 1o zolvent
extraction with a golven} Luuniscible with 120
hydrooarbons at extraciion conditions,
forming g solvenbrich exfract phase con-
faining mnon.acidie  oxygen-conisining
gompounds produced in the conversion
and » hydrocarbon-rich raffinate which ia 125
substantially fres from oxygen-contain-
g compounds, separating said oxygen-
eontaining eompounds from gaid solvent-
rich exfraet phase, subjecking  gaid
separated oxygen-containing compounds 18

74
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to cafalytic hydrogemation so as {v con-
vert aldehydes and ketones to ualechols
an( thereby furming a Lydrogenated pro-
duct comprising essemtiaily alcohols.

& 11. A process sceording to clsim 16,
wherein sald separafion jnfo an agueous
phase, & liquid bkydrocarbon phase and a
gas phase is effected at clevated tempero-
fure and pressure sud wierein the indi-

10 vidual aleohels formed hy the colulyiia
hydrogenation are recovered by .ivue-

tionation of said bydrogenated preduct.
12. The provesz of separshing oxygen-

eontaining  organic  compsunds  from
ayuevus wixtures, substanfially as here-
inhefore described,
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