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This invention relates to the hydrogenation of
oxygenated organic compounds. In one aspect,
the invention relates to a process for the hydro-
genation of aldehydes and ketones to their corre-
sponding alcohols. More particularly, in this as-
pect, the invention relates to a process for hydro-
genating aldehydes and ketones to their corre-
sponding alcohols, wherein these ‘aldehydes and
ketones are obtained as products from the hydro-
genation of oxides of carbon. Still more particu-
larly, in this aspect, the invention relates to a
process for the hydrogenation of aldehydes and
ketones present in both a hydrocarbon-rich phase
and a watber-rich phase obtained from the con-~
densation of the reaction efluent produced in the
catalytic hydrogenation of oxides of carbon.

Tt is known that hydrogen and oxides of carbon,
particularly carbon monoxide, may be made tore-
act exothermically in the presence of certain cat-
alysts and under specific reaction conditions to
form hydrocarbons having more than one carbon
atom per molecule and oxygenated organic com-
pounds, comprising alcohols, aldehydes and
ketones, and which may also comprise acids and
esters as additional components. In general, the
synthesis of hydrocarbons and oxygenated or-
ganic compounds by the hydrogenation of carbon
monoxide, is accomplished in the presence of a
metal or an oxide of a metal, such as one chosen
from group VIII of the periodic table, as a catalyst
at pressures below about 500 pounds per square
inch gage and at temperatures below about
750° I, i ’ ’

Various methods had been practiced to effect
the reaction ¢f hydrogen and carbon monoxide to
produce organic compounds: Among these meth~
ods, are those known as fixed-bed catalyst opera-
tions and fluid-bed catalyst operations.. The
fixed-bed operation comprises passing a reaction
mixture of hydrogen and carbon monoxide
through a stationary bed of catalyst in a reaction
zone, and the fluid-bed operation comprises pass-
ing a reaction mixture through a finely divided
catalyst mass suspended in the reaction mixture
in the reaction zone undexr conditions such that a
so-called pseudo-liguid dense phase of golids is
formed. Characteristically, certain reaction con-
ditions are necessary for each of these processes
and for the particular catalyst used.  The syn-
thesis feed gas or reaction mixture comptrises -a
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mixture of about 1 to 5 mols of hydrogen per mol
of carbon monoxide and may be prepared by vari-
ous means including the catalytic conversion of
natural gas, steam, and carbon dioxide. It will be
uriderstood, however, that while the hydrogena-
tion of carbon monoxide has been referred to spe-
cifically, such above-referred hydrogenation is of
wider application and ineludes within its scope
the hydrogenation of any suitable carbon oxide.
The reaction efluent thus produced in the
aforementioned hydrogenation of an oxide of car-
bon, comprising hydrocarbons, alcohols, alde-
hydes, ketones (and which may also comprise
other oxygenated organic compounds such as
acids or esters as additional components) is ob-
tained in the vapor state in the form of reactor
outlet gases. These gases are generally passed
through one or more condensation zones in which
they are cooled to temperatures within the range
from about 40° F. and about 150° F. The result-
ing condensate then separates into a hydrocar-
bon-rich phase, & water-rich phase and an uncon-
densed gas phase, each phase containing the
aforementioned oxygenated compounds. In
treating the respective phases for the separation
of these oxygenated compounds, it has been found
highly desirable from an economic standpoint, to
convert the total chemicals to alcohols, thus
simplifying their recovery which otherwise would
normally entail subjecting the total chemicals to
o, series of diversified treatments in order to ob-
tain the separation of individual classes of oxy-
genated organic compounds present. In accord-
ance with the aforementicned procedure, the un-

. condensed gas phase is generally water-scrubbed

in one stage of the chemicals recovery, in order
to absorb the more volatile oxygenated -com~
pounds in the water, which are withdrawn as
agiiecus bottoms, while the remaining tail-gas, es-
sentially free of oxygenated compounds; is with-
drawn overhead and either reeycled to the syn-
thesis feed or discarded. ’ '

Laboratory analyses of the tail-gas thus ob-
tained, disclose a proportionately high hydrogen
content, which may vary from approximately
409% to 70% or even higher. The following table
shows representative data obtained from analyses
of these tail-gases, indicating that hydrogen con-
stitutes a major component of these gases, with
hydrocarbons, carbon monoxide and carhon di-
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oxide present as additional gaseous components in
relatively smaller proportions and which may also
contain traces of nitrogen.

Table
Analysis No. He co COs Hydro-
Mol Per- | Mol Per-| Mol Per-

cent cent cent Mol Percent
40 16 30 14
438 4 23 25
50 5 25 20
52 19 17 12
71 15 9 5

In view of the unusually high hydrogen con-
tent of the tail-gases thus obtained from the
aforementioned hydrogenation, the process of the
present invention contemplates the utilization
of these tail-gases as a source of hydrogen for
effecting the aforementioned conversion of alde-
hydes and ketones (which may also include or-
ganic acids or esters) to their corresponding al-
cohols as products of the process, and obtained
as mixtures of oxygenated organic cempounds
frem the aforementioned hydrocarbon-rich, wa-
ter-rich and uncondensed gas phases produced
in the catalytic hydrogenation of oxides of car-
bon. Such hydrogenation of the aforementioned
aldehydes and ketones may be carried out under

varying conditions, for example, at temperatures

varying between about 75° ¥. and about 500° .,
at pressures between about 15 and asbout 5000
pounds per square inch absolute, in the presence
of one or mare hydrogenation catalysts such as
iron, nickel, cobalt or copper oxi‘de—chromium
oxide. However, it should be noted that other
conditions of temperature and pressure and other
hydrogenation cataiysts may also be employed
in contacting the aforementioned mixture, com-

prising aldehydes ang ketones, with the afore- °

mentioned tail-gas for conversion of these oxy-
genated organic compounds to their correspond-~
ing alcchols.

The tail-gases obtained from the scrubbing of
the aforementioned uncondensed gas phase may
contain in addition to hydrogen, varying quan-
tities of carbon monoxide, carbon dioxide and
hydrocarbons in the gaseous state. The presence
of carbon monoxide and hydrocarbons in these

tail-gases will not ordinarily effect the opergbil~ ¢

ity of the present process in so far as the hydro-
genation of aldehydes, ketones or other oxygen-
ated organic compounds to theip corresponding
alcohols is concerned. However, the presence of
carbon monoxide may in some instances poison
the hydrogenation catalyst, so that its activity
or selectivity in converting the aldehydes, ketones
and other oxygenated compounds to alcohols
may be impaired.. .

In order to eliminate the presence of carbon
monoxide in these tail-gases prior to the afore-
mentioned: aldehyde and_ketone hydrogenation, I
have found that carken monoxide present. may
be converted to methane or carbon dioxide. In
effecting the conversion. of carbon monoxide to
methane, the tail-gas may be. passed over a cat-
alyst such as nickel or cobalt, at temperatures
within the range from ahout 400° . and about
650° F. In effecting the conversion of carbon
monoxide to carbon dioxide, steam may be added
to the tail-gas and the resulting mixture con-
tacted with a water-gas shift catalyst. such as
nickel, iron-chromium or cobalt, at a tempera-
ture between about 605° ¥, and about 700° F.
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The thus formed methane or carbon dioxide may
subsequently he further utilized, following the
aforementicned aldehyde-ketone conversion to
alcohols, by recycling the remaining gases to the
gas-making step when methane is formed, or
either to the gas-making or synthesis step when
carbon dioxide is formed.

The accompanying drawing illustrates dia-
grammatically one form of the apparatus em-
ployed and capable of carrying out one embodi-
ment of the process of the.invention. ‘While the
invention will be described in detail by reference
to the one embodiment of the brocess employing
the apparatus illustrated in the drawing, it should
be noted that it is not intended that the inven-
tion be limited to the embodiment as illustrated,
but is capable of other embodiments which may
extend beyond the scope of the apparatus illus-
trated. Some of the mechanical elements nec-
essary to effect the transfer of liquids, vapors and
reaction products, and to maintain the conditions
of temperature and pressure necessary to carry
out the function of the apparatus, have been
omitted in order to simplify the description. It
will be understood, however, that much equip-~
ment of this nature is necessary and will be sup-
plied by those skilled in: the axt.

Referring to the drawing, a synthesis feed
comprising a reaction mixture of hydrogen and
an oxide of carbon, such as earbon monoxide,
at. varying mol ratios such as 2:1, is supplied
through line 18 and transferregd through this
line to a synthesis reaction vessel; represented
in the drawing by reactor (f. In reactor if,

33 the reaction mixture is contacted with a hydro-

genation catalyst, such as a reduced iron. or
cobalt catalyst, at temperatures varying between
about 300° P. and about 700° @ and at pres-
sures varying between about atmospheric pres-

& sure and about 500 pounds per square inch, and

is carried out according to conventional fixed-
bed or fluid-bed operations. The resulting re-
action. product obtained from reactor I is with-
drawn through line 12. This product is inr the
vapor form, substantially as it comes from the
reactor within the aforementioned temperature
range, containing water, hydrocarbons, alde-
hydes, ketones and may include other oxygen-
ated organie compounds such as alcohols, acids
or esters and is first cooled to condense sub-
stantially large quantities of normally liguid
components. Conveniently, condensation may
be effeeted in & plurality of cooling stages which
are represented diagrammatieally in the draw-
ing by cooler 13 with which line {2 connects.
From cooler {3 the resulting mixture of con-
densate and uncondensed gases passes through
line 14 to a separator 15. In separator {5 un-~
condensed gases are withdrawn through line (8.
The condensate in separator {5 separates as a
lower agqueous phase and an upper oil phase.
The. agueous. or water~produet liquid phase is
drawn off from the bottom of separator I8
through line: IT and the oil-product. liquid phase
is drawn off af; an intermediate point from sepa-
rator - 15 through. line {8, for further use. and
treatment. in the process hereinafter described.
It should be noted at this point that apparatus
embodying more than one separation stage may
be employed if desired; for example, primary
and secondary stages may be introduced, operat-
ing successively and respectively at tempera-
tures of about 150° F. and about 100° F.

The uncondensed gases separated in separator
15 are passed through line 16 to a low point
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in & suitable scrubbing vessel {9. In this gas
serubber, the gases are intimately contacted with
water in order to extract the oxygenated com-
pounds present. For this purpose, water is in-
troduced into scrubber 19 through line 20. The
remaining gas, essentially free of oxygenated or-
ganic. compounds and comprising a proportion-
ately high percentage of hydrogen and relatively
smaller proportions of carbon monoxide, carbon
dioxide and hydrocarbons, is withdrawn over-
head through line 21. The remaining mixture
of oxygenated organic compounds comprising al-
cohols, aldehydes, ketones, acids and esters is
transferred from scrubber {9 through line 22
and combined with the aqueous phase withdrawn
from separator {5 through line 11, for further
treatinent in the process hereinafter described.
As indicated above, the remaining tail-gas
from scrubber 198, withdrawn through line 21,
comprises a proportionately high percentage of
hydrogen and relatively smaller proportions of
" carbon monoxide, carbon dioxide and hydrocar-
bons and may also contain traces of nitrogen.
This gas is next treated to convert carbon mon-
oxide present into either methane or carbon
dioxide, in order to. avoid impairment of the
catalyst in subsequent hydrogenation of alde-
hydes and ketones to their corresponding alco-
nols. For this purpose the gas in line 21 is next
transferred to a suitable reaction zone, repre-
sented diagrammatically in the drawing by re-
actor 23. In reactor 23 the tail-gas in line 21
is passed over a catalyst such as nickel at a
temperature within the aforementioned range
from about 400° F. and about 600° F. (although
a temperature of approximately 450° ¥ is pre-
ferred) in order to convert carbon monoxide
present to methane. 1f desired, steam may be
added to the tail-gas and the resulting mixture
contacted with a water-gas shift catalyst such
as nickel, iron-chromium or cobalt, at a tem-
perature within the aforementioned range be-
tween about 600° F. and about 700° F. in order
to convert carbon monoxide present to carbon
dioxide and hydrogen. For this purpose, the
tail-gas in line 21, may pbe contacted with steam
introduced into line 21 through line 24 or into
reactor 23 through line 25. As a result of the
treatment in reactor 23 there is obtained a gase-
ous effiuent comprising hydrogen in relatively
large quantities and also containing carbon di-
oxide and hydrocarbons in minor proportions
and traces of nitrogen. This effluent is with-
drawn from reactor 23 through line 26 for fur-
ther use in the process hereinafter described.
Returning to the aforementioned oil-product
liquid phase withdrawn from separator 18
through line i8 and comprising alcohols, alde-
hydes, ketones and - other oxygenated organic
compounds (such as acids or esters) in addi-
tion to hydrocarbons, this oil phase is next trans-
ferred through line 18 to a low point in an. oil
scrubber 27, in which the oil is contacted in-
timately with water to absorb in the water the
oxygenated compounds which are dissolved in
the oil and which are relatively more . soluble
in. water, such as the relatively low-boiling al-
cohols, aldehydes, ketones and acids. Water em-
ployed for this purpose is introduced to the
upper part of scrubber 97 through line 28. The
serubbing water containing dissolved oxygenated
compounds is withdrawn from the bottom of oil
scrubber 27 through line 28 and is combined
with the aforementioned water product liquid
phase withdrawn from separator {5 through line
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‘of alcohol dilution,

i1, with which line 28 connects, for further treat-
ment in the process hereinafter described.

The serubbed oil is withdrawn overhead from
oil scrubber 21 through line 39. 'This oil com-~
prising - essentially ‘a mixture of alcohols, alde-
hydes, ketones, acids and hydrocarbons is next
transferred through line 38 to a low point in an
extraction tower 3i. In tower 31 the oil in-
froduced through line 86 is subjected to intimate
countercurrent contact with a relatively light
alcohol as a treating agent, such as methanol,
which is introduced into tower 31 at an upper
point through line 32. The alcohol treating
agent and the oil are contacted in tower 3i
under conditions effective to absorb in the treat-
ing agent substantially all of the oxygenated
compounds contained in the oil and thus effect
separation of these oxygenated compounds from
hydrocarbons present. As a result of such
treatment, a lower agueous alcohol layer and an
upper hydrocarbon or oil layer are formed in
tower 31. Inasmuch as anhydrous light al-
cohols exhibit high solubilities for hydrocarbons
as well as for oxygenated compounds, dilution of
such alcohols will effect an improvement in the
selectivity of extraction, so that absorption of
hydrocarbons in the alecohol treating agent is
substantially prevented. To obtain such dilution,
water is introduced into tower 31 at an upper
point above the aforementioned alcohol inlet
through line 33. The use of water in the manner
deseribed is effective not only for the purpose
put its introduction at an
upper point in tower 31 accomplishes the result
of washing the upper hydrocarbon or oil layer
free of the added alcohol treating agent.

Aqueous methanol used as & treating agent
in the present embodiment of the invention is
not, however, completely selective in effecting
total extraction of oxygenated organic com-
pounds from hydrocarbons present in tower 38{.
Hence, the liquid flowing down tower 31 will con-
tain some hydrocarbons in solution in addition
to oxygenated compounds. These hydrocarbons
may comprise a mixture of proportionately small
quantities of all' the hydrocarbons present in
the oil stream entering tower 3{ through line
30 and would render separation of .pure OXy-
genated compounds highly difficult. A relative-
ly light hydrocarbon stream functioning as a
wash-oil is, therefore, jntroduced at a point near
the bottom of tower 3! through line 34. This
hydrocarbon stream effects the washing of the
lower adqueous methanol layer in tower 81, free
of the hydrocarbons contained therein, leaving
the methanol layer saturated with the wash-oil.
Tt is desirable that this wash-oil be of such com-
position that there are 1no components present
in a substantial amount, that are heavier than
the highest boiling hydrocarbon which forms an
azeotrope with the aforementioned alcohol treat-
ing agent. The boiling point of the wash-oil
selected must, therefore, be substantially within
or below the boiling range of the oxygenated
compounds that are to be separated. Hence, such
wash-oils may be used as butene, pentane,
hexane, or heptane or any mixtures thereof.
Tollowing the above-mentioned wash-oil treat-
ment, there is present in tower 31 an upper hy-
drocarbon or oil layer containing substantially
all the hydrocarbons that were present in the
oil stream entering tower 31 through line 39
and a portion of the wash-oil; and there is also
present a lower aqueous methanol layer satur-
ated with wash-oil and containing extracted
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oxygenated compounds. 'The upper hydrocar-
bon or oil layer is withdrawn ‘overhead as a
raffinate from tower 3 through lihe 35 and is
in’ condition for further use or treatment out-
side the scope of the present process. The lower
aqueous methanol layer is withdrawn as an ex-
tract through line 38. :

The lower aqueous msthanol iayer from tower
34, saturated with wash-oil and containing the
aforementioned extracted oxygenated compounds
comprising a mixture of aldehydes, ketones, al-
cohols, acids and esters, is next transferred
through line 35 to a fractionation tower 37. Tow-
er 31, functicning as a methanol stripper, is op-
erated under conditions effective to separate the
aqueous methano] layer transferrsd from tower
3¢, info an overhead alcohol fraction comprising
cssentially methanol and wash-oil which is with-
drawn through line 32, and a lower fraction
normally consisting of two phases, one phase
comprising oxygenated compounds and the other
phage comprising water containing some dis-
solved oxygenated compounds. These combined
phases are withdrawn as bottoms through line
38. The overhead alcohol fraction from tower
37 is withdrawn through line 32 as a vapor and
is cooled to lquefy methanol and hydrocarbon
components present. The mixture of methanol
and hydrocarbons thus liguefied is transferred
through line 32 into tower 3 for repeated use
as the methanol treating agent in the process
hereinbefore described. Make-up methanol is
Introduced into line 22 via line 38, with which
line 32 connects. - Bottoms from tower 27, com-
prising an aguecus mixture of oxygenated organic
compounds, namely, alechols, aldehydes, ketones,
acids and esters are cooled and transferred
through line 89 to g hydrogenation reactor 48.
Reactor 49 is provided for effecting catalytic
hydrogenation by convensional methods, as pre-
viously indicated, of aldehydes and ketones pres-
ent in the aforementioned mixture to their cor-
regponding alcohols. The source for hydrogen
thus employed in reactor 48 is obtained from the
aforementicned gaseous efluent withdrawn from
reactor 28 through line 26, which enters reactor
48 at an upper point. Following the conversion
of aldehydes and kefones into alcohols in reactor
80, the product of the reaction is withdrawn
as bottoms through line §f{. The bottoms thus
obtained are cooled and transferred through line
4i to a separator 42. In separator 42, separation
is obtained between alcohols and other oxygen-
ated organic compounds which are withdrawn
as a lower phase through line 43, as products
of the process, for further use or treatment out-
side the scope of the present process. - Excess
hydrogen and other zasecus ccmponents from
separator 42 are withdrawn through line 44 and
are recycled through this line to reactor 40 via
line 26, with which line 24 connects, for further
use in reactor 8. In order to prevent build-up
of undesirable gases in line 44, such as methane
or nitrogen, these gases may be vented through
line 3 with which line 44 connects. )

‘Returning to the water-product liguid phase
withdrawn as bottoms from separator {§ through
line {7, this phase contains relatively low molec-
ular weight oxygenated organic compounds com-
prising alcohols, aldehydes, ketones, acids and
esters. This agueous phase from separator 15,
combined with the aforementioned mixture of
alechols, aldehydes, ketones and other oxygenat-
ed compounds in line 22, is next transferred
through line 17 to a distillation tower 46 which
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{unctions. as an alcohol stripper. In tower 46
the mixture of oxygenated compounds is heated
under preoper operating conditions of tempera-
ture and pressure effective to distill overhead
alcohols, aldehydes, ketones and esters which
are withdrawn through valved line 47. Bottoms
obtained from tower 43, comprising an aqueous
solution of organic acids, are withdrawn through
line 48 for further use or treatment outside the
scope of the present process. ’

The overhead from tower 48, comprising a mix-
ture of relatively light alcohols, aldehydes, ke-
tones and esters, is next cooled and transferred
thirough line 47, via valved-line 49, to a hydro-
genation reactor 59. Reactor 50 is provided for
effecting catalytic hydrogenation by conventional
methods, as previously indicated; of aldehydes
and ketones present in the aforementioned mix-
ture to their corresponding alcohols. 'The source
for hydrogen thus employed in reactor 59 is
cbtained from the aforementioned gaseous
eflluent withdrawn from réactor 23 through line
25 via valved-line 51, which enters reactor 50
at an upper point. Following the conversion of
aldehydes and ketones into alcohols in reactor
58, the product of the reaction is withdrawn as
bottoms through line 52. These bottoms are
cocled and transferred through line 52 to g sepa-
rator 83. In separator 53, separation is obtained
between alcohols and other oxygenated organic
compounds which are withdrawn as a lower phase
through line 54 as products of the process for
further use or treatment outside the scope of
the present’ process. If desired, alcohols and
other oxygenated organic compounds present in
line 54 may be combined with the aforementioned
alcchols and other oxygenated organic compounds
in line 43 by transfer through valved-line 55,
which connects lines 43 and 54. Similarly, the
pbroduct in line 48 may bhe transferred through
ine 5% to combine with the product in line 54,
and the streams thus combined can be withdrawn
through line 54. ] )

Excess hydrogen and other gaseous components
from separator 53 are withdrawn through line
86 and are recycled through this line to reactor
59 via line 51, with which line 56 connects, for
further use in reactor 59. In order to prevent
build-up of undesirable gases in line 55, such as
methane or nitrogen, these gases may be vented
through line 57 with which line 85 connects.

At this point, it should be noted that it is pos-
sible to hydrogenste the aforementioned alde-
hydes and ketones present in line 47 in the same
reactor in which the aforementioned aldehydes
and ketones present in line 39 are hydrogenated
t¢that is, in reactor 48). For this purpose, the
mixture in line 47 may be transferred into re-
actor 40, via line 39 with which line 47 connects,
thus by-passing reactor 5. .

In the foregoing embodiment of the process of
the invention, it has heen indicated that the
overhead frem tower 45 comprises 2 mixture of
alcohols, aldehydes, ketones and esters which are
withdrawn through valved-line 47.  In processes
for the recovery of oxygenated organic compounds
obtained by the catalytic hydrogenation of oxides
of carbon, it is often desirable to obtain recovery
of such relatively low boiling compounds ag
acetaldehyde, propionaldehyde, methanol, methyl
ethyl ketone and acetonz. For this purpose, the
overhead from tower 4§ may be transferred
through valved-line §8, with which line 47 con-
nects, to a distillation tower 59. In tower 59
the mixture is heated under broper operating con-
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ditions of temperature and pressure effective to
distill overhead the lowest boiling components
of the mixture which may be the aforementioned
acetaldehyde, propionaldehyde,
ethyl ketone and acetone, and which are with~
drawn through line 60. Bottoms from tower 59,
comprising relatively light alcohols, ketones and
aldehydes, are withdrawn through line 6f. These
bottoms may contain alcohols having up to eight
or more carbon atoms per molecule, aldehydes
boiling higher than propionaldehyde; and may
contain in addition, ketones, esters, traces of
organic acids and water and may be transferred
into line 41 with which line 61 connects for fur-
ther treatment in either reactors 40 or 50 in the
process hereinbefore described. The overhead
from tower 59 may next be transferred through
line 60 to a distillation tower 62. Tower 62 is
heated under proper operating conditions of
temperature and pressure effective to distill over-
head the lowest boiling components of the mix-
ture which boil not higher than propionalde-
hyde. These components may be withdrawn
through line 64, via line 63, with which line 64
connects, for further use or treatment. outside
the scope of the present process; or they may
pe transferred through line 63 into line 47, with
which line 63 connects, for further treatment in
the process as hereinbefore described. Bottoms
from tower 62, comprising those oxygenated
organic compounds poiling not higher than the
poiling point of methyl ethyl ketone (and which
may include methanol and acetone), are with-
drawn through line 65 for further use or treat-
ment also outside the scope of the present process.

While a particular embodiment of the present
invention has been deseribed for the purpose of
illustrating the utilization of the aforementioned
tail-gas as a source of hydrogen for effecting the
aforementioned conversion of aldehydes, ketones
and other oxygenated organic compounds to their
corresponding alcohols as products of the process,
it should be understood that various modifica-
tions and adaptations thereof, which will be obvi-
ous to one skilled in the art, may be made within
the spirit of the invention and set forth in the
appended claims. R

Having thus described my invention, I claim:

1. A process for producing aleohols which com-
prises: hydrogenating an oxide of ¢arhon to pro-
duce an efluent comprising aldehydes and ketones
and including carbon monoxide and unreacted
hydrogen; treating said effluent to obtain a liquid
phase comprising aldehydes and ketones and a
gas phase containing hydrogen as a major com-
ponent, carbon monoxide and water-soluble

methanol, methyl
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oxygenated organic compounds; serubbing said

gas phase with substantially pure water to re-
cover oxygenated organic compounds contained
therein and obtain said gas phase substantially
free from oxygenated organic compounds; sepa-
rating aldehydes and ketones from said liquid
phase; contacting said water-scrubbed gas phase
with a catalyst at a temperature between about
409° F. and about 700° F. to convert carbon mon-
oxide to & product comprising a substantial pro-
portion of & compound selected from the group
consisting of carbon dioxide and methane; admix-
ing said thus-treated gas phase with said sepa-
rated aldehydes and ketones; subjecting the re-
sulting mixture to hydrogenation to convert said
aldehydes and ketones to their corresponding
alcohols; and recovering said alcohols as products
of the process.

2. A process for producing alcohols which com-
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tween about 600°

10

prises: hydrogenating an oxide of carbon to pro-
duce an effluent comprising aldehydes and ketones
and including carbon monoxide and unreacted
hydrogen; treating said efiuent to obtain a liquid
phase comprising aldehydes and ketones and a
gas phase containing hydrogen as a major com-
ponent, carbon monoxide and water-soluble OXy-
genated organic compounds; scrubbing said gas
phase with substantially pure- water to recover
oxygenated organic compounds contained therein
and obtain said gas phase substantially free from
oxygenated organic compounds; separating alde-
hydes and ketones from said liquid phase; con-
tacting said water scrubbed gas with a hydro-
genation catalyst at a temperature between about
400° F. and about 650° F. to convert  carbon
monoxide to a product comprising a substantial
proportion of methane; admixing said - thus-
treated gas phase with said separated aldehydes
and ketones; subjecting the resulting mixture to
hydrogenation to convert said aldehydes and ke-
tones to their corresponding alcohols; and re-
covering said alcohols as products of the process.

3. A process for producing alcohols which com-
prises: hydrogenating an oxide of earbon to pro-

“duce an efffuent comprising aldehydes and ke-

tones and including carbon monoxide and un-
reacted hydrogen; treating said effluent to ob-
tain a liquid phase comprising aldehydes and ke~
tones and:a gas phase containing hydrogen as a
major component, carbon monoxide and water-
soluble oxygenated organic compounds; scrub-
bing said gas phase with substantially pure water
to recover oxygenated organic compounds con-
tained therein and obtain said gas phase substan-
tially free from oxygenated organic compounds;
separating aldehydes and ketones from said liquid
phase; admizing said water-scrubbed gas phase
with steam; contacting the resulting mixture with
2 water-gas shift catalyst at a temperature be-
. and about 700° F. to convert
carbon monoxide to a product comprising & sub-
stantial proportion of carbon dioxide; admixing
said thus-treated gas phase with said separated
aldehydes and ketones; subjecting the resulting
mixture to hydrogenation to convert said alde-
hydes and ketones to their corresponding alco-
hols; and recovering said alecohols as products of
the process. :

4. A process for producing alcohols which com-

_prises: hydrogenating an oxide of carbon to pro-
“duce an effluent comprising aldehydes and ketones

and including carbon monoxide and unreacted
hydrogen; treating said efiuent to form an oil-
product_liquid phase comprising aldehydes and

ketones and a gas phase containing hydrogen
as a major component, carbon monoxide and

_water-soluble oxygenated organic compounds;

serubbing said gas phase with substantially pure

‘water to recover oxygenated organic compounds
_contained therein and obtain said gas phase sub-

stantially free from oxygenated organic com-
pounds; separating aldehydes and ketones from
said oil-product liquid phase; contacting said
water-scrubbed gas phase with a hydrogenation
catalyst at a temperature between about 400° F.
and about 650° F. to convert carbon monoxide to
a product comprising a substantial proportion of
methane; admixing said thus-treated gas phase
with said separated aldehydes and ketones; sub-
jecting the resulting mixture to hydrogenation
to convert said aldehydes and ketones to their
cqrresponding alcohols; and recovering said al-
cohols as products of the process.

5. A process for producing alcohols which com-
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prises: hydrogenating an oxide of carbon fo pro-
duce an effluent comprising aldehydes and ketones
and including carbon monoxide and unreacted
hydrogen; treating said efluent to form s water-
product liquid phase comprising aldehydes and
ketones and a gas phase containing hydrogen as
a major component, carbon monoxide and water-
soluble oxygenated organic compounds; scrub-
bing said gas phase with substantially pure water
to recover oxygenated organic compounds con-
tained therein and obtain said gas. phase sub-
stantially free from oxygenated. organic .com-
pounds; -separating aldehydes and ketones from
said water-product liquid phase; contacting said
water-scrubbed gas phase with a hydrogenation
catalyst at a temperature between about 400° p.
and about 650° F. to convert carbon monoxide
to .a product comprising a substantial propor-
tion of methane; admixing said thus-treated gas
phase with said separated aldehydes and ketones;
subjecting the resulting mixture to hydrogena-
tion to convert said aldehydes and ketones to
their corresponding alcohols ; and recovering said
alcohols as products of the process.

6. A process for producing alcohols which com-
prises: hydrogenating an oxide of carbon to pro-
duce an efluent comprising aldehydes and
ketones  and -inciuding carbon monoxide and
unreacted hydrogen; treating said efiluent to form
an oil-product liguid phase comprising aldehydes
and ketones and a gas phase containing hydrogen
as a major component, carbon monoxide and
water-soluble oxygenated organic compounds;
scrubbing said gas phase with substantially pure
water to recover oxygenated organic compounds
contained therein and obtain said gas phase sub-
stantially free from oxXygenated organic com-
bounds; separating aldehydes and ketones from
said oil-product -liquid pbhase; admixing said
water-scrubbed gas phase with steam; contacting
the resulting mixture with g water-gas shift cata-
lyst at a temperature between about 600° F. and
about 700° F. to convert carbon monoxide to a
broduct comprising g substantial: proportion of
carbon dioxide; admixing said thus-treated gas
bhase with said separated aldehydes and ketones;
subjecting the resulting mixture to hydrogenation
to convert said aldehydes- and ketones to their
corresponding alcohols; and recovering said-alco-
hols as products of the process, '

7. A process for producing alcohols which com-
prises: hydrogenating an oxide of carbon to pro-
duce an efiluent comprising aldehydes and
ketones and including carbon monoxide and
unreacted hydrogen; treating said efiluent to form
a water-product liquid phase comprising alde-
hydes and ketones and g gas phase containing
hydregen as g major component, carbon monox-
ide and water-soluble oxXygenated organic com-
bounds; scrubbing said gas phase with substan-
tially pure water to Tecovery oxygenated organic
compounds contained therein and obtain said gas
bhase substantially free from oxygenated organic
compounds; separating aldehydes and ketones
irom said water-product liquid phase; admixing
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Said water-scrubbed gas phase with steam; con-
tacting the resulting mixture with a water-gas
shift catalyst. at a temperature bhetween about
600° F. and about 700° F. to convert carbon mon-
oxide to a product comprising a substantial pro-
portion of carbon dioxide; admixing said thus-
reated gas phase with said separated aldehydes
and ketones; subjecting the resulting mixture to
hydrogenation to convert saild aldehydes and
ketones ‘to their corresponding. alcohols; --.and
recovering said alcohols as products. of the proc-
ess. - S :

8. A process for producing alcohols which com-
prises: hydrogenating an oxide of carbon to
produce an efflient comprising aldehydes and
ketones and including carbon monoxide and
unreacted hydrogen; treating said effluerit to form
an oil-product liquid phase and a water-product
liquid phase, each of said phases comprising alde-
hydes and ketones, and a gas phase containing
hydrogen as a major component, carbon monox-
ide and water-soluble oxygenated organic com-
pounds; scrubbing said gas bhase with substan-
tially pure water to recover oxygenated organic
compounds contained therein and obtain said gas
vhase substantially free from oxygenated organic
compounds; separating aldehydes ‘and ketones
from said oil product liquid phase and said
water product liguid phase; combining aldehydes
and ketones thus separated; contacting said
water-scrubbed gas phase with a catalyst at g
temperature between about 400° F. and about, 700°
. to convert carbon monoxide to a product com-
prising a substantial proportion of a compound
selected from the group consisting of carbon
dioxide and methane; admixing said thus-treated
gas phase with said combined aldehydes and
ketones; subjecting the resulting mixture to
hydrogenation to convert said aldehydes and
ketones to their corresponding alcohols; and
recovering said alcohols ag broducts of the proc-
€ss.

BENJAMINT. KAUFMAN.
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