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1
Tl'us mventmn relates to the separatlon of or-
ganic compounds and relates more partmularly
" to the separation- of oxygenated organic com-
pounds from- the-reacticn  product obtained in
the catalytic hydrogenation of oxides of carbon
at elevated temperatures. Still ‘more particu-
larly, the invention relates to an improved proc-

“ess for ‘the separation and recovery of useful.
oxygenated organic compounds present-in the

reactor gas obtained in the hydrogenation of
oxides of carbon in the presence of a reducible

‘metal catalyst. These compounds comprise, es-

sentially, light and heavy alcohols and organic
acids, esters, aldehydes ketones and also hydro-
carbons.
It is an object, and. the process of this inven-
tion is directed, to provide: for an improved
method for the separation of oxygenated organic
_compounds present in the reactor gas obtained
in the catalytic hydrogenation of oxides of car-
bon, in order to effect efficient and economical
recovery of relatively high yields of such com-
pounds. Other objects and advantages will be
apparent from- the following more detailed dis-
closure.

The  accompanying drawing 111ustrates dia-

grammatically, one-form of the apparatus em-
ployed and capable of carrying out one embodi~
ment of the process of the invention. ~The in-
vention will be described in detail by reference
to a process employing the apparatus illustrated
in the drawing, but it should be noted that it is
not intended that the invention be limited to
- the-embodiment as illustrated but is-capable of
other embodiments which may extend beyond
‘the scope of the apparatus illustrated in the
drawing. : :
circulation cof liquids and vapors is illustrated
in the drawing by diagrammaitic representation
of the apparatus employed. Valves, pumps, com-
pressors, coolers and other mechanical elements
necessary to effect the transfer of liquids and
vapors and to maintain the conditions of tem-
perature and. pressure necessary to carry out the
function of the apparatus are omitted, in order
to simplify the description. It will be under=
stood, however, that much equipment of this
~nature is necessary and will be supplied by those
skilled in the art.
Referring to the drawmg, the product of the
/reactlon of ‘an oxide of ecarbon and hydrogen is
~ supplied through: line {i. This product is in

vapor form: substantially as it comes from the
reactor -at- temperatures varying -between ap-

proximately 300° F. to 700° F. and -is first cooled
to - condense substantially large quantities of
© normally liquid components. Conveniently, con-
densation may. be effected in a plurality of cool-
ing stages: which are represented diagrammati-

cally in the dra,wi_ng by cooler 12 with which 60

(CL 260—450)

Furthermore, - the ~distribution and

o
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line i{ connects. From cooler 12 the mixture
of condensate and uncondensed gas passes
through line 3 to a separator 14. In the latter,
the gases are withdrawn through line 15 and
the condensate separates as a lower agqueous
phase and an upper oil phase. . Both phases, thus
obtained, contain oxygenated organic com-
pounds, those of lower molecular weight tend-
ing to remain in the agueous phase, while those
of higher molecular weight tend to remain in
the oil phase. The aqueous phase is drawn off
from the bottom of separator 14 through line
{8, and the oil phase is drawn off at an inter-
mediate point through line 17. It should be noted
that apparatus. embodying more than one sepa=-
ration stage may be employed if desired; for.ex-- .
ample, primary and secondary separation stages
may -be introduced operating successively and
respectively at temperat.ures of about 150° F and
100° F.

The gases separated in separator 14 are pa,ssed,
through line 15 to a low point in a suitable scrub=
bing vessel 8. In this gas scrubber, the gases
are intimately contacted with water or with an
aqueous solution containing oxygenated organic
compounds introduced through line 19, in order
to absorb the more volatile oxysenated com-"
pounds in the water. The remaining gas, es-
sentially free of oxygenated compounds and con-
sisting essentially of light hydrocarbons, is with-
drawn overhead through line 20 for further
treatment or use outside the scope of the pres-
ent process.

The oil ‘phase separated ‘in separator l4 is
transferred through line (1 to a low point in an
oil ‘scrubber 21, in which the oil is contacted
intimately with water, to absorb in the water.
the oxygenated compounds which are dissolved.
in the oil and are relatively more soluble in water,
such as low boiling alcohols, ketones, aldehydes,
and acids. The water employed for this pur-
Dose conveniently may be the water employed
for scrubbing in gas scrubber 18, which is trans-
ferred from scrubber 18 to.the upper part of
oil scrubber 21 through line 22. The scrubbing
water, containing -dissolved oxygenated com-
pounds, is withdrawn from the bottom of oil
scrubber 2i through line 23, which conveniently
connects with line 16 for combining the scrubbing
water with the water phase withdrawn from
separator 14. It is also possible to transfer the
water, withdrawn from scrubber {8 through line
22, directly into line 16, through line 22a, with
whmh line 16 connects.

The scrubbed oil is withdrawn overhead from
oil scrubber 21 through line 24. This oil, com-
prising essentially & mixture of organic a.clds )
alcohols, - esters, aldehydes, ketones and hydro-
carbons is transferred through line 24 to a low
point in an extraction tower 25. In tower 25,
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the oil introduced through line 24 is subjected
to intimate countercurrent contact with a light
alcohol as a treating agent, such as methanol
or ethanol, which is introduced into tower 25
at an upper point through line 26. The treat-
ing agent and the oil introduced through line
24, are contacted in tower 25 under conditions
effective to absorb in the treating agent sub-
stantially all of the oxygenated compounds con-
tained in the oil and thus separate these oxy-
genated compounds from hydrocarbons present.
As a result of such treatment, a lower aqueous
alcohol layer and an upper hydrocarbon or oil
layer are formed in tower 25. Inasmuch as an-
hydrous light alcohols exhibit high solubilities
for hydrocarbons as well as for oxygenated com-
pounds, dilution of such alcohols will effect an
improvement in the seleciivity of extraction, so
that absorption of hydrocarbons in the alcohol
treating agent is substantially prevented. To
obtain such dilution, water is introduced into
tower 25 at an upper point above the alcohol in-
let through line 27. The use of water in the
manner described is effective not only for the
purpose of alcohol -diluticn, but its introduction
at -an upper point in fower 25, accomplishes the
result of washing the upper hydrocarbon or oil
layer free of the added alcohol treating agent.
Adueous methanol, used as a treating agent
in the instant example is not, however, com-
pletely selective in effecting total extraction of
oxygenated organic compounds from hydrocar-
bons present in tower 25. Hence, the liguid flow-
ing down tower 25§ will contain some hydrocar-
bons in solution in addition to oxygenated or-
ganic compounds. These hydrocarbons may
comprise a mixture of proportionately small
quantities of all the hydrocarbens present in the
oil stream entering tower 25 through line 24
and would render subsequent separation of pure
oxygenated compounds highly difficult. A light
hydrocarbon stream, functioning as a wash-oil,
is therefore introduced at a point near the bot-
tom of tower 25 through line 28. This hydro-
carbon stream effects the washing of the lower
aqueous methanol layer in tower 28, free of hy-
drocarbons contained therein, in that these hy-
drocarbons are displaced by dilution, leaving the
methanol layer saturated with the wash-oil. It
is desirable that this wash-oil be of suech com-
position that there are no components present
in & substantial amount, that are heavier than
the highest boiling hydrocarbon which forms an
azeotrope with the alcohol freating agent. The
boiling point of the wash-oil selected must, there-
fore, be substantially within or below the boiling
range of the oxygenated compounds that are to
be separated. Following the above-mentioned
wash-oil treatment, there is present in tower
25 an upper hydrocarbon or oil layer containing
substantially all the hydrocarbons that were
present in the oil stream entering tower 25
through line 24 and substantially large quanti-
ties of the wash-oil, and there is also present a
lower aqueous methanol layer saturated with
wash-o0il and containing extracted oxygenated
compounds. The upper hydrocarbon or oil layer
is withdrawn overhead as a raffinate from tower
25 through line 29 and is in condition for further
use or treatment outside the scope of the present
process. The lower aqueous methanol layer from
tower 25 is withdrawn as an extract through
line 30. It should be noted that it is also possible
to transfer the aforementioned oil phase from
separator 14 directly into tower 25 through line
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31, by-passing tower 21, for treatment in the
process described above. Where such procedure
is employed, low boiling alcohols, ketones and
aldehydes are subjected to treatment in tower
25 together with higher boiling components pres-
ent in the oil phase obtained from separator {4
and withdrawn through iine {7.

The lower aqueous methanol layer from tower
25, saturated with wash-oil and containing oxy-
genated compounds, is transferred through line
30 to a fractionation tower 32. Tower 32, func-
tioning as a methanol stripper, is operated under
conditions effective . to separate the adueous
methano! layer, introduced from tower 25
through line 36, into an overhead alcohol frac-
tion comprising essentially methanol and hy-
drocarbons which is withdrawn through line 28,
and a lower fraction normally consisting of two
phases, one phase comprising substantially oxy-
genated compounds and the other phase com-
prising substantially water, containing some dis-
solved oxygenated compounds. These combined
phases are withdrawn as bottoms through line
33. The overhead alcohol fraction from tower
32 is withdrawn through line 26 as a vapor, and
is cooled to liquefy methanol and hydrocarbon
components. The mixture of methanol and hy-
drocarbons thus liguefied, is transferred through
line 26 into tower 25 for repeated use as the
methanol treating agent in the process herein-
before described. Make-up methanol is intro-
duced through line 26 through line 34 with which
line 26 connects. Bottoms from tower 32, com-
prising essentially an aqueous mixture of dis-
solved oxygenated. compounds, namely, heavy
alcohols, aldehydes, ketones, and lesser amounts
of organic acids and esters, are transferred
through line 33 to g settler 35. In settler 35,
separation is effected between the aforemen-
tioned oxygenated compounds which are with-
drawn through line 36 as an upper oil layer, and
a lower water layer which is withdrawn through
line 27 for further use in the process hereinafter
described.

The above-mentioned oxygenated compounds,
withdrawn as an upper oil layer from settler
35 are transferred through line 36 to a caustic
treater 38. In treater 38, the oil layer intro-
duced through line 36 is treated with alkali to
neutralize any traces of organic acids present
that were not removed by the aleohol treating
agent in tower 25, and such alkali may also be
introduced in increased quantities under suit-
able conditions of temperature effective to sa-
ponify esters or polymerize aldehydes. Alkali
thus employed, converts organic acids contained
in the oil layer to their corresponding organic
salts. For this purpose, the oil, thus introduced
into tower 38, is intimately mixed with alkali,
in a suitable amount, introduced into tower 38
at an upper point through line 39. In order to
facilitate separation of excess alkali and the
various reaction products from the oil, the mix-
ture of oil and alkali is contacted with water in-
troduced into treater 38 at an upper point above
the introduction of the alkali, through line 48.
The amount of water is limited to the minimum
necessary to effect suitable separation of the
alkali from oil and other reaction products. In
order to facilitate separation of organic salts
present in the oil, which were obtained in the
above-mentioned conversion from their corre-
sponding acids, a light hydrocarbon stream, such
as n-pentane used as a treating agent, is intro-
duced at a point near the hottom of tower 38
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through line ‘41.
duced hydrocarbon stream with salts of organic
acids present in the oil, tends to confine these
“salts in the lower aqueous alcohol layer which
is present in" treater 28. The introduction of
the aforementioned light hydrocarbon stream
through line ‘4f, has the -additional advantage
of permitting the use of strong caustic solutions
in the process described above, without in-
creasing the quantity of water required for sepa-
rating the oil from alkali and other reaction
products in tower 38.. Hence, as a result of
treatment of the oil introduced into treater 38
through line 36, in the process described above,
there are present in tower 38 an upper hydro-
carbon or oil layer which is withdrawn overhead
through line 42 and a lower aqueous alcohol layer
containing salts of organic acids, which is with~
drawn as bottoms through line 43 for further
use or treatment in the process hereinafter
described.

“ The upper hydrocarbon or oil layer from treater
38, containing hydrocarbons, alcohols, aldehydes
and ketones is transferred through line 42 to a
distillation tower 44. Tower 44 is provided and
suitably equipped to separate the oil into rela-
tively low and high boiling hydrocarbon fractions.
This tower is operated under conditions effective
to separate the oil into an upper fraction, con-
taining vaporized light hydrocarbons, and a lower
fraction, comprising alechols, aldehydes and ke-
tones. The vaporized light hydrocarbons in tower
44 are withdrawn through line £1, cooled to liquefy
components present, and transférred to treater 38
for use as a treating agent in the process herein-
‘before described. Make-up treating agent is in-
troduced into tower 38 through line 45 with which
line 41 connects.. The lower fraction from tower
44, comprising alcohols, aldehydes and ketones, is
withdrawn through line 46 and may be trans-
ferred through line 47, with which line 46 con-
nects, for further tleat'nent outside the scope of
the present process, to obtain separation of indi-
vidual components. It is also possible to pass the
overhead oil-layer which is ‘withdrawn from
treater 38 through line 42, directly to the afore-
mentioned - aldehyde - ketone recovery system
through line 47 with which line 42 connects (by-
passing tower 44), in order to obtain separation
of individual aldehyde and ketone components.

It will be noted from the foregoing description
that there has been indicated the use of meth-
anol as a treating agent, intended to absorb there-
in such-oxygenated compounds that may be con-
tained in the oil stream entering tower 25 through
line 24. There also has been indicated the neces-
sity for proper aqueous dilution of the anhydrous
aleohol, which exhibits high solubilities for hydro-
‘carbons as well as for oxygenated compounds, so
that improvement in selectivity of extraction may
_ be attained, in that absorption of hydrocarbons
in the alcohol is substantially prevented. Accord-
ingly, it has been found that the use of methanol

and ‘water, in approximate proportions of 90%
“methanol and 10% water, is highly satisfactory
when: employed -in the extraction of oxygenated
compounds contained in the aforementioned oil
stream entering tower 25 through line 24. As
alcohol concentrations are increased, the quanti-

ties of hydrocarbons present in the extract are

proportionately increased, by reason of the re-
duced selectivity of the alcohol.  An increase in
the-quantities of wash-oil used to remove these
hydrocarbons from the extract, may therefore be
-necessary. .On the other -hand, as the-alcohol

The admixture of the intro-"

[}
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congentrations are decreased, quantities of wash~"
oil required to remove hydrocarbons present in
the extract, are also proportionately reduced by
reason of increased selectivity in the alcohol.
However, excessive dilution may result in incom-
plete extraction of oxygenated compounds and
will, therefore, necessitate an increase in the
quantities of aqueous alcohol in circulation. It
will, therefore, be noted that optimum benefits
will lie in the combined use of a wash-oil and an
agueous alcohol of such concentration which,
from an economical standpoint, will render the

E most substantial selectivity of the alcohol in ef--
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fecting total extraction of oxygenated compounds
from hydrocarbons. It will, therefore, be appar-
ent that the principal operating variables in tower-
25 are the rate of alcohol circulation, alcohol con-
cenfration and rate of wash-oil circulation. In
effecting a given extraction, one or more of these-
variables may be changed, if a compensatory
change is made in one or more of the other vari-
ables. ‘The most economical combination will be
chosen for any given case. It should he noted,
however, that the combination chosen may obvi-
ously be different as between different feed-stocks.

While it is preferred to use methanol as an
over-all generally suitable treating agent in the
process described, other light aleohols such as
ethanol or propanol may also be successfully em-
ployed. Ethanol and propanol are less selective
as solvents than methanol. However, their use
in combination with increased quantities of wa-
ter to improve their selectivity, may be desirable,
in that the size of tower 25 may be decreased,
effecting proportionate savings in the cost of
equipment.  In addition, it should be noted that it
is possible to use a mixture of light alcohols as a
treating agent in the process described, as well
as individual light alcohol treating agents.. In
addition, other types of alcohols, such as glycols,
may be successfully used as treating agents. Fur-
thermore, other types of oxygenated organic com-
pounds or mixtures of such compounds substan-
tially more volatile than the bulk.of oxygenated
compounds being recovered, may be used as treat~
ing agents. For example, such oxygenated or-
ganic compounds as ketones may be used, e, g.,
acetone or methyl ethyl ketone; aldehydes e. g.,
acetaldehyde; and esters e. g., ethyl acetate or.
methyl acetate. In addition, these compounds
may be employed individually or in combination

with the aforementioned -alcohols as treating

agents. In general, the selection of a suitable
treating agent will depend upon the use of such
oxygenated compounds as can easily be separated
from extracted chemicals.

It has been . indicated that the selection of a
suitable wash-oil, in the process described above,
is determined by using oil of such composition
that there are no components present in substan-
tial amounts, that are heavier than the highest
boiling hydrocarbon which forms. an azeotrope
with the treating agent. N-pentane has been
found to be generally satisfactory as a wash-oil.
However, it should be noted that other hydrocar-
bons having not more than eight carbon atoms
per molecule, such as butane, hexane, heptane or
octane, individually or- in mixtures thereof, may
be successfully employed. It is also possible to
employ other classes of hydrocarbons which form
an azeotrope with the solvent treating agent such
as certain olefins. - In this respect, it should also
ke noted that the aforermentioned light hydro-
carbon stream withdrawn from tower 44 through
line 4/ for use as a wash-oil in freaber -38, need
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7.
nof: be a. closely- fractionated product but may
contain: any hydrocarbon, or compination of hy-
drocarbons; that meets: the above-mentioned re-
quirements;

It: will be nated- that. the above-mentioned ex-
traction step has particular merit in the use. of
an alecohol as g treating agent in combination
with a wash-oil gs a single extraction step. The
resultant saving in cost. of equipment will be
apparent from the fact that when the hydrocar-
bon extract used as a wash-oil is mixed in one
tower with. the aforementioned oil stream used
as. g feed, an increase in the number of extrac-
tion: towers is obviated.

As described above, the agqueous phase with-
drawn as bottoms from separator i4, contains low
molecular weight oxygenated compounds, corm-
prising chiefly, light alcohols and light acids.
In addition, relatively small quantities of alde-
hydes, ketones, esters and heavier acids are: also
present, This aqueous phase from separator 14,
is next. transferred through line 16 to a distilla-
tion tower 48 which functions as an alcohol strip-
per. In tower 43, the mixture of oxygenated com-
pounds is heated under proper operating condi-
tions of temperature and pressure effective to dis-
till overhead alcohols, aldehydes, ketones, and
esters which are withdrawn through line 48.
Bottoms obtained from tower 48, comprising
agueous light organic acids, are withdrawn
through line 50 for further treatment in the
process hereinafter described.

The overhead from tower 48, comprising a mix-
ture of light alcohols, aldehydes, ketones and
esters is transferred through line 49 to a distilla-
tion tower §i. In tower §i the mixture is heated
under proper operating conditions oi tempera-
ture and pressure to distill overhead the lowest
boiling components of the mixture, which are
acetaldehyde and propionaldehyde and which
are withdrawn through line 52 for further use
outside the scope of this process. Bottoms ob-
tained from tower 5{, comprising a distillate of
substantially light alcohols and ketones, are with-
drawn through line §3. This distillate may con-
tain light alcohols having up to six carbon atoms
per molecule, aldehydes other than acetylalde-
hyde and propionaldehyde, and contains in ad-
dition, ketones, esters, traces of organic acids
and water. This distillate is next treated with
alkali in order to effect neutralization of traces
of organic acids present, and such alkali may also
ke introduced in increased quantities under suit-
able conditions of temperature effective to sapon-
ify esters or polymerize aldehydes. For this pur-
pose, the distillate is transferred from tower §i
through line 53 to a caustic treater 84, in which
it is intimately- mixed with alkali in a suitable
amount introduced through line 55. After the
components. of the mixture are maintained in
intimate contact for a time sufficient to effect
the. desired neutralization of traces of organic
acids present in the distillate from tower 5i, and
to effect polymerization of aldehydes and saponi-
fication of esters, the mixture is withdrawn from
caustic treater 54 through line 56. At this point,
where so desired, it is possible to transfer the
lower agqueous. layer obtained from setiler 35
(through line 37) and containing salts of heavy
organic acids, directly into caustic treater &4,
through line 51 with which line 37 connects, for
treatment in the process described -above. In
addition, it is also possible to transfer the afore-
mentioned lower agueous layer cbtained from
settler 35, via line 57, directly through line {8
(through line 58, with which line 16 connects)
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for subsequent treatment in. tower 48 in the proc~
ess. described above,.

The mixture from caustic treater 54, compris-.
ing an aqueous; mixture of salts. of heavy organic
acids, aldehyde. polymers, light alcohols having
up: to six carbon atoms per molecule, ketones;
relatively small quantites of hydrocarbons and
excess, alkali, is withdrawn through line 56. The
hydrocarbons preseng in the above mixfure must
be removed in: order to.eflect. the subsequent re-
covery. of pure alcohols. It has been found that.
the hydrocarbons tend to concentrate as their
homogeneous alcohol azeotropes in the distilla-
tion cuts taken between the various alcohols. In
such agueous. alcohol solutions, contaminating
hydrocarbons can be.removed efficiently and. eco-
nomically by means of one or more hydrocar-
In prineiple the process may be considered as.one
of dilution rather than extraction in that the
undesirable hydrocarbons are replaced by one.or
more of the aforementioned hydrocarbons that
may be readily eliminated.

Such. & hydrocarhon may be n-pentane. which,
is highly suitable in over-all use as applied, to the
aforementioned process and as evidenced by ex-
perimental laboratory data. It should be noted
that, the operation is not restricted to the sole use
of pentane for the purpose indicated, but that
other lighter or heavier hydrocarbons may also
be successfully employed such as butane or hep-
tane. Butane has the advantage of not being
known to form an azeotrope with methanol, al-
though it has a higher solubility in aqueous alco-
hol solutions. On the. other hand, it may be de-
sirgble to use heavier hydrocarbons as a solvent
such as hexane, the latter being less soluble than
pentane but requiring the stripping- of lighter
hydrocarbons out of the hexane as well as the
stripping: of hexane from the heavier hydrocar-
bons. The choice of a suitable hydrocarbon will
be influenced by its solubility, and by its boiling:
point or the boiling points of its azeotropes with
light alcohols.

To effeet the removal of sueh centaminating
hydrocarbons, the mixture from caustic: treater
54 is transferred through line 58 to an extraction
tower §9. In tower 59 the mixture introduced:
through line 58, is subjected to intimate counter-
current contact with pentane or other selected
suitable hydrocarbon treating agent, which is
introduced info- tower 89 at a low point through
line 8. The treating agent and the aforemen-
tioned: alcohol mixture, containing hydroecar-
bons; are contacted in tower 59 under eonditions
effective to absorb in the treating agent, the hy-
drocarbons present. In order to reduce the solu-
bility of the. treating agent in the resulting alco-
hol phase produced in tower 59, as well as to-
reduce the pentane requirements for effecting
total extraction of contaminating hydrocarbons;
water may be introduced: into tower 58 at an
upper poing through line 6f. The bottoms thus
produced in tower 59, comprising an aqueous
mixture of alcohels having up to-six carbon atoms
per molecule, salts of heavy organic acids, ke~
tones, excess: alkali and a portion of the pentane
t_rea,,ting; agent, is withdrawn as bottoms. through
line 62 for further treatment in the. process here-
inafter- described. The overhead from tower 59,
comprising: the bulk: of the pentane. treating
agent, higher hydrocarbons and substantially all
of the aldehyde polymers, together with small
quantities of alcohols, is transferred through line
28 for use as a, wash-oil in. tower 25, in the proe-
ess hereinbefore described;, Make-up quantities
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9
of wash-oil for use in tower 25 are introduced
‘through line 63.

The  bottoms from tower 59 is transferred
through line 62 to a distillation tower 64, to effect
.the removal of the pentane treating agent from
the alcohol stream. In tower 64 the mixture is
‘heated under proper conditions of temperature
and pressure, to distill overhead pentane-meth-
~.anol azeotropes which are withdrawn through Iine
'65. The pentane-free raffinate is withdrawn as
:bottoms through line 66 for further treatment in
the process hereinafter described.

The-overhead distillate from tower 64 compris-
ing .pentane-methanol azeotropes is cooled and
transferred through line §5 to a separator 67.
In order to effect phase separation, water is intro-
“duced into separator 61 through line 65a. In
separator -67, by means of settiing action, an
upper phase comprising pentane is withdrawn
through line 68 and is thus transferred to tower
.59 for further use of the pentane as a treating
agent. - Make-up pentane is introduced into line

60 through line 68 with which line 60-connects.

.. Bottoms from separator 67, comprising an
" aqueous alcohol stream containing small- quan-
.tities of pentane, are transferred through line 69
to combine with the extract from tower 59. The
-combined mixture is transferred through line 52
into tower 64 for further treatment in the process
herembefore described. It should be noted that
‘where so desired, it is possible to. transfer the
overheads withdrawn from tower 32 through line

26 (and which comprise, essentially, methanol and -
- hydrocarbons, as previously deseribed) to combine -

with bottoms from tower 58 and separator 67 and
. entering tower 64 through line 62. Conveniently,
this is accomplished by passing the overheads
from tower 32 into line 82 through line 18, with
- which line 62 connects.
The pentane-free raffinate, ,obtamed as bottoms
from tower 64 in the process described above and
- comprising a mixture of aqueous alcohols having
~up to six carbon atoms per molecule, salts of
heayv organic acids, ketones and excess alkali is
- transferred through line 66 to a distillation tower
In
, tower T1 the mixture is heated to distill overhead
" a mixture of alcohols and ketones which is with-
drawn through line 72. Bottoms from tower Ti,
comprising an aqueous mixture of salts of heavy
organic acids and excess alkali, are transferred
through line 73 for further treatment in the proc-
-ess hereinafter described. It should be noted that
o It is also-possible at this point, to transfer the
- combined bottoms from ‘settler 35 and caustic
treater 38 (comprising salts of heavy organic
acids, alcohols and water) directly into line 66
for treatment -in tower 7{, as described above.
Conveniently, this is accomplished by transferring
the bottoms thus combined, through line 74 into
* line 68 with which line 74 connects. Alternatively,
it “is possible to transfer the aforementioned
" stream. in line 74, directly into line 87 for treat-
~ment in caustic treater 54 in the process herein-
before described. This may be accomplished by
_transferring the stream in line ¥4 through line
75 into line §7, with which line 75 connects. Fur-
thermore, whers so desired, the treated mixture
“from caustic treater 54, which is withdrawn
through line 58, as hereinbefore described, may
be fransferred directly into line $6 for treatment
i-in:tower Ti, by-passing towers 59, 64 and sepa-

“.rator 66, for removal of hydrocarbon impurities,

in the manner described above. This may be
accomplished by transferring the stream in line
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56 through line T8 inito line 66, with which line
16 connects.

The overheads from tower 1l comprising an
aqueous mixture of alcohols and. ketones, are
transferred through line 72 to a distillation tower
11. In tower 77 the mixture is heated to distill

~overhead a mixture of the lowest boiling alcohol~

ketone components, namely, methanol, acetone
and methyl ethyl ketone, which are withdrawn
through line 78. Bottoms from tower 77, com-
brising Cz and higher alcohols, are withdrawn

.through line 78 for further treatment in the proc-

ess hereinafter deseribed. = The overheads from
tower 77, comprising a mixture of methanol, ace-
tone, and methyl ethyl ketone are transferred
through line .78 fo a distillation tower 80. In
tower 88 the mixture is heated, under proper oper-
ating ‘conditions ‘of temperature and inereased

_pressure, to distill overhead the lowest boiling

components of the mixture, namely, acétone and
methanol, which are withdrawn through line 8l.

‘Bottoms from tower 88, comprising methyl. ethyl

_ ketone, are recovered through line 82.
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The acetone-methanol overhead from tower 80
is transferred -through line 81 to a. distillatioh
tower 83. In tower 83 the mixture .is heated,
under proper operating conditions of temperature
and increased pressure, to distill overhead ace-
tone-methanol azeotropes, which are withdrawn
through line 84. Bottoms from tower - 83, com-
prising methanol-free -acetone, are -recovered
through line 85. The acetone-methanol ‘azeo-
tropes from tower 83 are transferred through line
84 to a distillation tower 86. . In tower 86 the mix--
ture is heated, under proper operating conditions
of temperature and atmospheric pressure, to dis-
till overhead acetone-methanol azeotropes which
are withdrawn through line 87. The mixture thus
obtained is recycled through line 87 into line 18
for use.in tower 80, as described above, . Bottoms
from tower 86, comprising methanol in a substan-
tially pure state, are recovered through line 88.

Bottoms from tower 11, comprising aqueous Ca
and higher alcohols, are transferred through line

~79 to a hydrogenation reactor:89. Reactor 89 is

provided for effecting catalytic hydrogenation, by
conventional methods, of aldehydes and ketones
that may be present in the alcohol .stream
obtained as bottoms from tower 7171.  Hydrogen
thus employed, is introduced . into reactor. 89 :

-through line 90. As a result of the conversion of

aldehydes and ketones into alcohols by hydrogen-
ation in reactor 88, the product of the reaction
is withdrawn as bottoms through line 81. . Bot-
toms thus obtained are cooled and transferred
through line 91 to a separator 92. In separator.
92, separation is obtained between alcohols, which - -
are withdrawn as bottoms through line 83, and
hydrogen,  which is recycled through. line .94
through line 99, with which Iine 84 connects. At
this point, it should ke noted: that it is also pos-

- sible to transfer aldehydes and ketones present
in Iine 471 (obtained in the process hereinbefore

described) directly into line 79 via line 94, for
conversion into aleohols by catalytic hy(_irogena-

- tion in reactor 89 as described above,

The aqueous mixture of Cz and hlgher alcohols

- obtained as bottoms from separator 92, is trans-

70

ferred through line 93 to a fractionation tower
88. Tower 96 is operated under proper condi-
tions of temperature and pressure effective to
distill overhead, aqueous ethanol which is re-

- covered through line 91. Bottoms from tower

it

96, comprising an aqueous mixture of C: and
higher alcohols, are withdrawn through line 98.
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It is possible at this point to dehydrate the
alcohol stream in line 98, through the propanol-
water azeotrope. Accordingly, the alcohol stream
in line 98 is transferred to a fractionation tower
99. Tower 99 is heated to distill overhead a pro-
panol-water azeotrope, which is withdrawn
through line 188 and transferred to a. distilla-
tion tower 18f. Tower 101 is provided to effect
‘the dehydration of propancl. A dehydrating
agent such as benzene, or toluene, is therefore
introduced into tower 10f through line 162, with
which line 100 connects. Tower 181 is next
heated under conditions effective to obtain wa-
ter-free propanol as bottoms, which are with-
drawn through line {03 for further use outside
the scope of this process. A portion of the wa-
ter-free propanol, thus obtained, may be trans-
ferred from line 103, via line 104, inte line 98
for reuse of propanol in effecting subsequent de-
hydration of additional quantities of alcohols en-
tering tower 99 in the process described above.
Overheads from tower (81 comprise water-con~
taining propancl and hydrocarbons. These over-
heads are withdrawn through line 185, cooled
and transferred to a separator [06. In separa-
tor 106, the agueous propanol hydrocarbon mix-
ture is separated into an upper phase, compris-
ing a propanol-hydrocarbon-water layer, rich in
hydrocarbons, which is withdrawn through line
101, and a lower phase, comprising a propanol-
hydrocarbon-water Tayer, rich in water, which is
withdrawn through line 108. The upper phase
from separator 106 is transferred through line
107 into line 100, with which line {87 connects,
for reuse of propanol in the process described
above. The lower phase from separator 108 is
transferred through line {08 to a distillation
tower 109, which functions as a propanol strip-
per. Tower {09 is heated to distill overhead,
a water-free propanol-hydrocarbon -mixture,
which is withdrawn through line 116. Bottoms
from tower 109, comprising excess water, are
withdrawn through line 1{{. The overhead from
tower 109, comprising a water-free hydrocarbon
mixture, is transferred through line {16 into line
{07 to combine with the upper phase from sepa-
rator 106 in line 107. The combined propanol-
hydrocarbon-water stream is then returned to
tower 10f through line 107 for further use in
the process described above. Bottoms from tower
99, comprising C: and higher alcohols, are with-~
drawn through line 112. These alcohols may be
next transferred through line {2 to any conven-
tional slecohol fractionation system, in which in-
dividual Ce¢ and higher alcohols may be recovered,
for further use or treatment outside the scope
of the present process. .
As hereinbefore described, there are present
in lines 47 and 95 a mixture of aldehydes and
ketones. It is, therefore, possible at this point
to transfer these combined aldehyde-ketone mix-
tures, via line 113, to a hydrogenation reactor
114. Reactor {14 is provided for effecting cat-
alytic hydrogenation, by conventional methods,
of aldehydes and ketones present in line (i3.
Hydrogen thus employed, is introduced into tower
114 through line i115. As a result of the conver-
sion of aldehydes and ketones into alcohols by
hydrogenation in reactor 114, the product of the
" reaction is withdrawn as bottoms through line
{16. Bottoms thus obtained, are cooled and
transferred through line 116 to a separator {{1.
In separator {11, separation is obtained between
€3 and higher alcohols which are withdrawn as
- pottoms through line 118, and hydrogen, which
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is recycled through line 119 into line ti5 with
which line 119 connects. At this point, it is also
possible to transfer the upper oil layer from set~
tler 35, in line 28, directly into line 113, via
line 2%, with which line {{3 connects. In line
{20 there is present a mixture of oxygenated
compounds, - comprising heavy alcohols, alde-
hydes, ketones, traces of organic acids, esters,
and water. Accordingly, this mixture may be
transferred through line 113 into reactor 114, in
order to convert aldehydes, ketones, esters and
acids into alcohols by catalytic hydrogenation
in the process described above. Bottoms with-
drawn from separator {iT, comprising aqueous
C3 and higher alcohols, may be transferred,
through line {{8, into line 98 to combine with
the alcohol stream obtained as bottoms from
tower 96. The combined stream may then be
subjected to further fractionation and treatment
in the process hereinbefore described.

The combined aqueous alcohol stream in line
88, comprising Cz and higher alcohols, may be
subjected-at this point to an alternative dehy-
dration step. Accordingly, this stream in line
98 is transferred through line {21, with which
line 68 connects, to a distillation tower {22. An
entrainer, such as ethylene dichloride or ace-
tone, is introduced into tower 22 through line
128. Tower (22 is heated under conditions effec-
tive to absorb in the entrainer, water that is
present in the alcohol stream entering tower 122
through line 121. Following treatment in tower
122, an overhead comprising a mixture of the
entraining agent and water, is withdrawn through
Bottoms from tower {22, comprising
dehydrated Ci; and higher alcohols, are with-
drawn through line {25. The alcohol stream in
line {25 is next transferred to a fractionation
tower 125. Tower 126 is operated under proper
conditions of temperature and pressure effective
to distill overhead anhydrous Cs alcohols which
are recovered through line 127. Bottoms from
tower {26, comprising anhydrous Ct+ and higher
alcohols are withdrawn through line (23. The
alcohol stream in line {28 may be next trans-
ferred into line {12, in which it is combined with
C: and higher alechols, and fransferred fo any
conventional alcohol fractionation system, in
which individual Cs and higher alcohols may
be recovered for further use or treatment out-
side the scope of the present process.

Overheads from tower (22, comprising a mix-
ture of the entraining agent and water, are cooled
and transferred through line i24 to a separator
{29. In separator {29 there are present an up-
per layer, comprising the entraining agent which
is withdrawn through line {23, and a lower aque-
ous layer containing proportionately smaller
quantities of the entraining agent, which are
withdrawn through line (38. The upper layer
from separator 129, comprising the entraining
agent, is recycled through line 123 to tower 22
for reuse. . Make-up quantities of entraining
agent are introduced into line 123 through line
131, with which line (23 connects.

The lower agueous layer from separator 28,
containing .proportionately small quantities of
entraining agent, is transferred through line 139
to a distillation tower 132. Tower 132 is oper-
ated under conditions of temperature and pres-
sure effective to distill overhead the entraining
agent and small guantities of water, which are
withdrawn through line {33. Water obtained as
bottoms from tower (32 is withdrawn through
line 134. The overhead from tower (32, com-
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prising the entraining agent and small quanti-
ties of water, may be transferred through line
133 into line 124, with which line (33 connects,
for separation of entraining agent and water in
separator 129, in the process described above.
‘As a result of the process, hereinbefore de-
scribed, bottoms from fower Ti withdrawn
through line 73, comprise an aqueous mixture of
salts of organic acids and excess alkali. In ac-
cordance with the process of the invention, the
mixture is subjected to further treatment in
order to release organic acids present in the
mixture from their salts. The aqueous mixture
‘of organic acids and excess alkali is, therefore,

transferred through line 13 to a mixer {35. A

‘high - boiling inorganic acid having a boiling

- point higher than that of water, such as sulfuric.
acid, or an inorganic acid which forms a maxi-

mum boiling azeotrope with water, such as hy- -

~drochloric acid, is introduced through line 138§
and combined with the aqueous mixture of or-
ganic ‘acids and excess alkali in line 73 which
enters mixer 135. Mixer (35 is provided to in-
timately mix the agueous alkali mixture of salts
of organic acids with the introduced inorganic
acid; in order to effect neutralization of these
salﬁs. -The resulting mixgture from mixer (85,
comprises free organic acids and salts of the in-
troduced inorganic acid which are withdrawn
through line {37, The aqueous mixture of free
organic acids and inorganic salts is transferred
through line {37 to a separator 138. In separator

138 the heavier organic acids will separate from

- the water solution by reason of their insolubility

and will contain a portion of the lighter water-

soluble organic acids by reason of the solvent

action of the heavier acids on the lighter acids.

‘These acids, comprising an upper -acid-rich
phase in separator 138, are withdrawn through
line 139. - The lower water-rich phase in sepa-
rator 138, comprising inorganic salts, the in-
troduced inorganic acid and some of the lighter
organic acids, are withdrawn as bottoms through
line 140 and transferred to a distillation tower
{41 which functions as an acid stripper. Tower
{41 is heated under conditions effective to dis~
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till overhead, organic acids as their water azeo- -

‘tropes, having three or more carbon atoms per
molecule. - The latter are withdrawn from tower

©f4{ through line 142 and are thus transferred

to line {39 to combine with the acids withdrawn
as an upper phase from separator i38 through
line £39. The combined stream is transferred
through line (389 to combine with the aqueous
solution of light organic acids obtained as bot-
toms from tower 48 through line 53, as herein-
before ‘described. The bottoms from tower {4d,
comprising inorganic salts, excess quantities of
the introduced inorganic acid and excess water,
‘are withdrawn through line {43 for further use
outside the scope of this process. If so desired;
it is possible to transfer the lower water-rich
‘phage withdrawn from separator (38 through line
149, into line 138 via line 144 (by-passing tower
{41), ‘and thus combine this phase with the
-aqueous stream of light organic acids in line 50,
for further use or treatment in the process here-
inafter described. It should be noted, that it is
“‘also possible to transfer the agueous stream of
.light-organic acids in line 58 into line 18, via line
.145, for use in scrubber i8 in the process herein-
before described.
.. In order to ebtain recovery of water-free or-
_ganic- acids, the total stream of aqueous organic
acids in line 50 is next transferred, in accordance
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with the process of the invention, to an extrac-
tion tower 146. In tower 146 the stream intro-
duced through line 59, is subjected to intimate
countercurrent contact with a solvent treating
agent, such as ethyl acetate, which is introduced
into tower 146 through line 147, The treating
agent and the aqueous stream of organic acids,
are contacted in tower 148 under conditions ef-
fective to absorb in the treating agent a large
proportion of the water contained in the aque-
ous stream of organic acids passing through line
§50. The extract thus produced, comprises an
acid-rich mixture containing organic acids, ex-
cess solvent treating agent, and proportionately
small quantities of water, and is .withdrawn
overhead from tower 14§ through line 148. Bot-
toms from tower {45, comprising a raffinate con-
taining the solvent treating agent and propor-
tionately large quantities of water, are with-
drawn from tower 145 through line {489,

The extract from tower (46 comprising an
acid-rich mixture containing organic acids, ex-
cess solvent treating agent and proportionately
small quantities of water, is withdrawn overhead
through line 148 and is transferred to a distilla-
tion tower {59, which functions as a stripper for
the solvent treating agent. Tower {50 is heated
under conditions effective to distill overhead a
mixture of the solvent treating agent and water
which is withdrawn through line i8{.. Botioms,
comprising both anhydrous light and heavy or-
ganic acids, solvent-free,. are withdrawn from
tower 160 through line (52. These bottoms are .
next transferred through line {52 to a fractiona-

‘tion tower 153. Tower 153 is operated under con-

ditions of temperature and pressure effective to
distill overhead substantially anhydrous acetic
acid, which is withdrawn through line {54. “Bot-
toms from tower 153, comprising Cs3 and higher
acids may be next transferred, through line 155;
to any conventional acid fractionation system in
which individual C3 and higher acids may be re-
covered for further use outside the scope of this
process.

As hereinbefore described, the raffinate from
tower 146 contains the solvent treating agent
and proportionately large quantities of water.
This raffinate is then transferred through line
149 to a distillation tower 158. Tower 156 is
heated under conditions of temperature and
pressure effective to distill overhead, water-azeo-

‘tropes of the solvent treating agent which are

withdrawn through line (57. Bottoms from

“tower {58, comprising excess water, are with-

drawn through line 15§8. The water-azeotropes
of the solvent treating agent, which are with-
drawn overhead from tower {56, through line 157,
are transferred into line 15f, with which line
§87 connects. In line i5f, the overheads from
tower {58 are combined with the overheads from
tower (58, which comprises a .mixture of the
solvent treating agent and water. The com-
bined mixture is then transferred through line
{51 to a separator 158. In separator I53 separa-
tion is effected between an upper layer, compris-
ing the solvent treating agent, and a lower water
layer, which is withdrawn as bottoms through
line {689 and which is transferred via line {48,
for treatment in tower 156 in the process de-
The upper layer from separator
159, comprising the solvent treating agent, is

1w1thdra.wn through line 147 for further use in

tower 148 as described above. Make-up solvent
is introduced through line 61.

Tt should be noted, that whlle I prefer to. use
ethyl acetate as a solvent in the aforementioned
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acid extraction. step, the invention is not limited
solely to its. use; other solvents may be advan-
tageously employed, such asethyl ether, isopropyl
ether, isopropyl chloride and the like. Ethyl
ether may have particular desirability in in-
stances where cross-esterification and hydrolysis
are-encountered, when ethyl acetate is used as a
solvent. Where such. is the case and ethyl ether
is used as a solvent; an appreciably larger volume
of solvent would be required. In order to obiain
an anhydrous stream where ethyl ether is used,
the ether-water azeotrope can best be removed
at a pressure of approximately 160 pounds per
square. inch absolute. In addition to using sol-
vents, lower boiling than the acids.to be extracted,
it is also possible to use high boiling alcohols,
ketones and organic.acids in the process described
above.

It should be noted, that where so- desirved, it is
possible to transfer the upper acid-rich phase in
separator 138, directly into tower 158 which func-
tions as a solvent stripper in the process de-
seribed above: Conveniently, this may be accom-
plished by transferring the aforementioned upper
phase from separator 138 through line i85, via
line (48, for treatment in tower {59. Such pro-
cedure may have a particular advantage, in that
the upper acid-rich phase from separator 138,
comprising proportionately larger quantities of
the. heavier organic acids than lighter organic
acids, may be transferred directly into tower 150,
by=-passing the aforementioned solvent extraction
step in tower- {46, the separation step in separator
159 and the distillation step in tower #5§. This
procedure is made possible by reason of the
heavier organic acids separating from the water
solution in separator (38 because of their in-
solubility, and containing portions of the lighter
water-soluble organic acids by reason of the sol-
vent action of the heavier acids on the lighter
acids:

As an alternative. method for recovering water-
free organic acids from the total stream of
agueous organic acids in line §9, it is possible to
recover such water-free acids by means of the
solvent action: of the heavier acids on the lighter
acids. Accordingly; the total stream of aqueous
organic acids in.line 56 may be transferred, via
line 162, to an extraction tower {63. In tower
{83 the stream introduced through line 162, is
subjected to intimate countercurrent contact with
one or more heavier organic acids, comprising Cr
or higher organic acids, which are introduced into
tower {€3 through line 164 as a.solvent treating
agent. This treating agent, conveniently, may be
one: or more of the Cr or higher organic acids
which have been recovered from the acid frac-
tionation system, into. which the stream of or-
ganic. acids in line {55 has been introduced, in
the process hereinbefore described.

‘The solvent treating agent in line 164 and the
total stream of aqueous organic acids in line 162
are contacted in tower 183 under conditions ef-
fective to absorb in the treating agent, the lighter
water-soluble acids. by reason of the solvent ac-~
tion of the heavier acids (solvent treating agent)
on the lighter acids. Following treatment in
tower 163, overheads are obbained comprising a
mixture of light and heavy organic acids and
small quantities of water. These overheads are
withdrawn - through line '168. DBottoms from
tower 183, comprising excess waber, are with-
drawn through line [18T.

The overheads from fower 163, comprising a
mixture of light and heavy organic acids and
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small quantities of water, are transferred through
line 166 to a distillation tower 168. Tower 168 is
provided to effect dehydration of acids introduced
through line 168. An entrainer, such as ethyl
acetate, butyl acetate, ethyl ether, isopropyl ether,
isopropyl chloride or the like, is introduced into
tower 168 through line {§9. Tower 168 is next
heated under conditions effective to absorb in the
entraining agent, water that is present in the
organic acid stream entering tower €8 through
line [86. The entraining agent thus used, serves
to dehydrate not only the aqueous light organic
acids introduced inte tower 183 through line {62,
but also effects dehydration of any quantities of
water that may be present in the heavier organic
acids. introduced into tower 182 through line (84
as the solvent treating agent.

Following treatment in tower 168, an overhead
comprising a mixture of the entraining agent and
watber is withdrawn through line 479. Bottoms
from tower 88, comprising dehydrated light and
heavy organic acids, are withdrawn through line
IT1. The dehydrated acids in line {71 may next
be transferred into line 155, with which line 171
connects, from which they may be further trans-
ferred to any conventional acid fractionation
system, in which individual C: and higher acids
are recovered for further wuse, as hereinbefore
described.

The overheads from tower 1§8, comprising a
mixture of the entraining agent and water, are
cooled and transferred through line 178 to a sepa~
rator 172. In separator 172 there are present an
upper iayer, comprising the entraining agent
which s withdrawn through line 169, and a lower
aqueous layer containing proportionately smaller
quantities of the entraining agent, which is with-
drawn through line 173. The upper layer from
separator 172, comprising the entraining agent,
is recycled through line 189 to tower i68 for reuse.
Make-up quantities of entraining agent are intro-
duced info line 189, through line 174 with which
line 189 connects.

The lower agueous layer from separator 172,
containing proportionately small quantities of en-
tralning agent, is transferred through line 173 to
a distillation tower 175. Tower {75 is operated
under conditions of temperature and pressure ef-
fective to distill overhead the entraining agent
and small quantities of water, which are with-
drawn through line {76. Water obtained as hot-
toms from tower 175, is withdrawn through line
171, The overhead from tower (75, comprising
the entraining agent and small quantities of
water, may be transferred through line 176 into
line 178, with which line 176 connects, for separa-
tion of enfraining agent and water in separator
172, in the process described above.

To recapitulate, this invention is directed to a
process for the separation of oxygenated or-
ganic compounds present in the reactor gas ob-
tained in the catalytic hydrogenation of oxides
of carbon, where such compounds may comprise,
essentially, light and heavy alcohols and organie
acids, esters, aldehydes, ketones and hydrocar-
bons. However, while the invention has a par-
ticular applicability to the separation of such
compounds from the source indicated, the process
of the invention is not necessarily restricted to
effecting the desired separation of these com-
pounds as derived from the aforementioned
source. The process of the invention may be also
successfully applied to the separation of any mix-
tures of the aforementioned compounds, without
regard to the source from which these mixtures
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may have been derived, and without regard to
the composition of such mixtures.

In addition, while a particular embodiment of
the invention has been described, for purposes
of illustration, it should be understood that vari-
ous modifications and adaptations thereof, which
will be obvious to one skilled in the art, may be
made within the spirit of the invention as set
forth in the appended claims.

I claim:

1. A process for recovering the products of
hydrogenation of oxides of carbon wherein said
products comprise hydrocarbons, organic acids
and non-acid oxygenated organic. compounds
which comprises cooling said products to effect
substantial condensation of normally liquid com-
ponents to form an oil product liquid phase con-
taining at least a portion of said oxygenated or-
ganic compounds and a water product liquid
phase, separating said phases, subjecting said
oil product liquid phase to extraction treatment
with an agueous solution of a solvent comprising
5 light alcohol to obtain a raffinate containing
hydrocarbons and an extract containing oxy-
genated organic compounds, subjecting the ex-
tract thus obtained to distillation to obtain a
relatively low boiling fraction comprising solvent
and a relatively high boiling fraction comprising
oxygenated organic compounds, separating oxy-
genated organic compounds from said relatively
high boiling fraction, combining oxygenated or-
ganic compounds separated from said relatively
high boiling fraction with said water product
liquid phase, and subjecting the resulting mix-
ture. to distillation to obtain a relatively low
boiling fraction comprising non-acid oxygenated
organic compounds and a relatively high boiling
fraction comprising organic acids.

9. The process of claim 1 in which the solvent
is methanol.

3. The process of claim 1 in which the solvent
is ethanol. . .

4. A process for recovering the products of
hydrogenation of oxides of carbon wherein said
products comprise hydrocarbons, organie acids
and non-acid oxygenated organic compounds
which comprises cooling ‘said products to effect
substantial condensation of normally liquid com-
ponents to form an oil product liquid phase con-
taining at least a portion of said oxygenated or-
ganic compounds and a water product liquid
phase, separating said phases, subjecting said oil
product liguid phase to extraction treatment with
an aqueous solution of a solvent comprising a
light alcohol to obtain a rafinate containing hy-
drocarbons and an extract containing oxygenated
organic compounds, contacting said extract with
a liquid hydrocarbon wash-oil which is readily
separable from said oxygenated compounds by
distillation, subjecting the extract thus treated
to distillation to obtain a relatively low boiling
fraction comprising a solvent and a relatively
high boiling fraction comprising oxygenated or-
ganic compounds, separating oxygenated organic
compounds from said relatively high boiling frac-
tion, combining oxygenated organic compounds
separated from said relatively high boiling frac-
tion with said water product liquid phase, and
subjecting the resulting mixture to distillation to
obtain a relatively low boiling fraction compris-
ing non-acid oxygenated organic compounds and
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a relatively high boiling fraction comprising oi-
ganic acids.

5. The process of claim 4 in which said wash-
oil is a hydrocarbon whose boiling point is sub-
stantially within the boiling range of said oxy-
genated organic compounds.

6. The process of claim 4 in which said wash-
oil is a hydrocarbon whose boiling point is sub-
stantially below the boiling range of said oxy-
genated organic compounds.

1. The process of claim 4 in which said wash-
oil is a hydrocarbon having from 5 to 8 carbon
atoms per molecule.

8. A process for recovering the products of
hydrogenation of oxides of carbon wherein said
products comprise hydrocarbons, organic acids
and non-acid oxygenated organic compounds
which comprises cooling said products to effect
substantial condensation of normally liquid com-
ponents to form an oil product liquid phase con-
taining at least a portion of said oxygenated or- .
ganic compounds and a water product liquid
phase, separating said phases, subjecting said oil
product liquid phase to extraction treatment with
an aqueous solution of a solvent comprising
methanol to obtain a raffinate containing hydro-
carbons and an. extract containing oxygenated
organic compounds, contacting said extract with
pentane, subjecting the extract thus treated to
distillation to obtain a relatively low boiling frac-
tion comprising solvent and a relatively high boil-
ing fraction comprising oxygenated organic com-~
pounds, separating oxygenated organic com-
pounds from said relatively high boiling fraction,
combining oxygenated organic compounds sepa-
rated from said relatively high boiling fraction

. with said water product liquid phase, and sub-

jecting the resulting mixture to distillation to ob-
tain a relatively low boiling fraction comprising
non-acid oxygenated organic compounds and &

 _relatively high boiling fraction comprising or-
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