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COMPLETE SPECIFICATION

Improvements in or relating to a Process for Recovering the
Products of Catalytic Hydrogenation of Oxides of Carbon

We, Tus M. W. Errigcg COMPANY, 4
corporation organized under the laws of
the State of Delaware, United States of
Ameriea, of Foot of Danforth Avenue,

5 Jersey City, New Jersey, United States of
America, (Assignees of Hexey Grobe®
McoGarre), do hereby declare the naturs
of this invention and in what manner the
same 13 to be performed, to be particularly
described and ascertained in and by the
following statement ;—-
This invention relates to the separation
of oxygenated organic compounds from
the reaction product cbfained in the cata-
15 Iytic hydrogenation of oxides of carbon at
elevated temperatures, Still more parti-
cularly, the invention relates %0 an
improved process for the separation and
recovery of useful oxygenated organic
20 compounds and hydrocarhons present in
the reactor gas obtained in the hydrogena-
tion of oxides of carbon in the presence
of a redueible metal catalyst. These com-
pounds comprise, essentially, light and
95 heavy alcohols and organic acids, esters,
aldehydes, ketones and also hydrocarbons.

It 1z amn object, and the process of this
invention, is éirected, e provide for an
improved method for the separation of

30 oxygenated organic compounds present in
the reactor gas obtained In the catalytic
hydrogenation of oxides of carbom, in
order to effect efficlent and ecomomical
recovery of relatively high yields of such

35 compounds, Other objects and advantages
will be apparent from the following more
detailed disclosure. ]

The accompanying drawings (Figs. la
and Ib) illustrate, diagrammatieally, one

40 form of the apparaius employed and cap-
able of carrying out one embodiment of
the process of the invention, The invention
will be deseribed in defail by referencs

. to a process cmploying the apparatus

46 illustrated in the drawing. but it showuld

be noted that it is not intended that the
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invention be limited to the embodiment as
illusirated but is capable of other embodi-
ments which may extend beyond the scope
of the apparatus illustrated in the draw-
ing., Furthermore, the distribution and
ciroulation of liguids and vapors is illus-
trated in the drawings by diagrammatic
representation of the apparatus employed.
Valves, pumps, compressors, coclers and 55
other mechgnical elemenfs necessary to
eftect the tramsfer of liguids and vapors
and to maintain the conditions of tempera-
ture and pressure necessary to carry out
the function of the apparatug are omitted, G0
in order to simplify the deseription. It will
be understood, however, that much equip-
ment of this pature is necessary and will
be supplied by those skilled in the art.
Reterring to the drawings, the product
of the reaction of an ozide of carbon and
hydrogen is supplied through line 11 (Tig.
ia). 'this product is in vapor form sub-
stantially as it comes from the reactor at
temperatures varying between approxi- 70
mately 300° F. to 700° F. and 1s first
cooled to condense substantially large
guantities of normally liquid components,
Conveniently, condensation may be
effected in a plurality of cooling stages
which are represented diagrammatically in
the drawing by cooler 12 with which line
11 connects. From cooler 12 the mixture
of condensate and wncondensed gas passes
through line 13 fo a separator 14, In the 80
latter, the gases are withdrawn through
line 15 and the condevsate separates as a
lower aqueous phase and an upper oil
phase, Both phases, thus obtained, con-
tain oxymrenated organic compounds, those
of lower molecular weight tending to
remain in the agueous phase, while those
of higher molecular weight tend to
remain in the oil*phase, The agueocus
phase is drawn off from the bottomm of
separator 14 through line 16, and the o0il
phase iz drawn off at an Intermediate

50

.

75

86

90



2 . _—— e — -

682,154

- . .pojnt through lins 17, Tt should be noted
that apparatus €ribodying more than one
separaiion .stage may be employed if
desired for example, primary and second-

& ary separation stages may he introduced
vperating successively and respeetively at
temperatures of about 160° T, and 100° F.

The gases separated in separator 14 are
passed through line 16 to a low point in a
10 suifable scrubbing vessel 18, Tn this gas
scrubber, the gases are infimately con-
+' Yacted with water or with 21 agueous solu-
tion containing exygenated orgamic com-
pounds infroduced through lne 19, in
15 order to absorb the more volatile oxygen-
ated compounds in the water. The remain-
ing gas, essentially free of oxygenated
compounds and consisting essentially of
light hydrocarbons; is withdrawn over-
20 head throagh line 20 for further treatment
or use outside the scope of the present
process, . .
- - The oil phase separated in separator 14,
ig-transferred through line 17 fo a low
20 point in ap bil serubber 21, in which the
oil is gontacted intimately with water, to
absorh in the water the oxygenated com-
pounds which are dissolved in the oil and
are relatively more soluble in water, such
30 as low hoiling alcohols, Iketones, ~alde-

hydes,-and acids. The water employed for-

this purpese conveniently may be the
waler .employed for scrubbing in gas
scrubber 18, which is iransferrey from
serubber .18 fo the wupper part of oil
serubber 21 -thtough line 22, The. serub-
bing water, containing dissolved oxygen-
dted compomnds, is withdrawn from the
bottom -of oil serubber 21 through line 23,
" 40 which conveniently connects with line 16
- for combining the scrubbing water with
the water phase withdrawn from separator
14. Itis also possible to fransfer the water,
withdrawn from scrubber 18 through line
22, divectly into line 16, through line 22a,
with which line 16 connects,- .

The serubbed oi] is withdrawn overhead
from oil strubber 21 through line 24. This
oil, comprising essentially 5 mixture of

50 organic acids; alechols, esters, aldehydes,
: ketones and hydrocarbons i transferred

" .. through line 24 to a low point in an extrac-

- tion fower 25, In tower 25, the oil intro-
duced through line 24 is subjected to inti-
mafte counter-current contsct with an
aqueous light aleohol as a treating agent,
= such as methanol or ethanol, the alcohol

being introduced into tower 25 at an upper
- point through line 26. The treating agent
60 and the oi} introduced through line 24, are
contacted in tower 25. under conditions
effective f0-absorb in the treating agent
substantially all of the oxygenated com-
pounds contained im the oil and thus
6o separate these oxygenated comapounds

35

46
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from hydrocarbons present. As & resuls

"of such {reatment, a Iower aquecus alcohol

layer and an upper hydrocarbon or -eil
layer are formed in tower 25. Inasmuch
as anhydrous light aleohols exhibit hizh 70

solubilities for hydrocarbons as well as for . -

oxygenated compounds, dilution of such
alcohols effests an improvement in the
selectivity of extraction. so that- absorp-
tion of hydrocarbons i the aleohol treat- 75

. ing agent is substantially prevented and
-to obtain such dilution, water Js intro-
. duced into tower

25 at ap. ‘upper point -
above the alcehol inlet through. line 27. A
The use of water in the mmanner described 80
is effective not only for the pumpose of
aleohol dilution, but its introduction at
an upper point in tower 25, accomplishes
the result of washing the upper hydro-
carbon or oil layér free of the added 85
alcohol treating agent, -
Agqueous methanol, used as & ireating
agént in the instant example is nob, how-
over, complefely selective in effecting fotal -
extraction of oxygenated organic com- g
pounds from hydrocarbons present in

tower 25, Hence, the liguid-flowing down .-

tower 25 Wwill contain some hydrocarbons
in solution in addition to oxymenated

-organic compounds, These hydrocarbons 45

mey comprise a mixture of propor-
tionately small quantities of all the hydro-
carbons present in the 01l sfream entering
tower 25 through line 24- and -would
reader subsequent wseparation of ‘pure 100
oxygenated comipounds highly difficult,

- A light hydrocarbon, stream  functioning

as a wash-oil is therefore introduced at 5 -
poiut near the hottom of tower 25 through
Line 28.. This hydrocarhon stresm effects 195
the washing of the lower aqueons metha-

nol layer in tower 25, free of hydrocarbons
contaimed therein,-in that these hydro-
carbons are displaced by dilution, leaving

the methanol layer saturated with the 110
wash-otl. This wash-oil should be of such
camposition that there are no components
present in 2 substantial amount, that are.
heavier than the highest hoiling hydro-
carbon which forms an azeotrope with the 115 -
aleohol treating agent. The hoiling poind.

of ‘the wash-0il seleeted must, therefors, .
be within or below the hoiling range of

the oxygenated compounds that are io be
separated. Following the above-mentioned 120
wash-0il treatment there ig present m
tower 25 an upper hydrocarbon or oil layer -
containing substantially all the hydro- .-
carbons that were present in tha oil stream
entering tower 25 through line 24 and sub- 195
sta'ntia,ﬂy large quantities of the wash-oil,

and _there is also present a idwer agueous
méthanol Jayer saturated with wash-oil
and  containing extrarted, oxygenated
compounds, The upper hydrocarhon. or 130
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oil layer is withdrawn overhead as a rafii-
uate from tower 25 through line 29 and is
in condition for further use or {reatment
outside the scope of the present process.
5 The lower aqueous methanol layer from
tower 25 is withdrawn as sn extract
through line 3¢. It should be noted that
it is also possible to transfer the afore-
mentioned oil phase from separator 14
10 directly into tower 25 through Iine 31, by-
passing tower 21 for treatment in the pro-
vess described above, Where such pro-
cedure is employed, low boiling alcchols,
ketones and aldehydes are subjected  to
15 treutment in tower 25 tagether with
higher boiling components present in the
pil phase oblained from separator 14 and
withdrawn through line 1T,

The lower agueous methanol layer from
tower 25, saturated with wash-oil and
confaining oxygensted compounds, is
transferred through line 30 to a fraction-
ation tower 32. Tower 32, functioning as
2 methanol stripper, is operaed under
o5 conditions effective to separate the agueous

methanol layer, iniroduced from tower 25
through line 30, into a low boiling over-
head alcolol fraction comprising essen-
tially methomol and hydrocarbon wagh-oil
439 which is withdrawn ihrough line 26, and
a high beiling fraction normally consist-
ing of two phases, one phase comprising
substantially oxygenated compounds and
the other phase comprising substantially
43 Water, containing some dissolved oxygen-
ated compounds, These combined phases
are withdrawn as bottoms through line 33.
The overbead aleoliol fraction from tower
42 ig withdrawn throegh line 26 as a vapor
and is cocled to liquely methanol and

20

4}

hydrocarbon components. The mixture of

methanol aand hydrocarbons thus liguefied
is tronsferred through line 26 into fower
25 for repeated use us the methano] treat-
45 ing ugent in the process hereinbefore des-
cribed. Make-up methanol is introduced
inta line 26 through line 84 with which
line Y€ connects. Dottoms from tower 32,
com prising essentially an agueous mixture
50 of dissolved oxygenmated compounds,
namely, heavy alcohols, aldehydes,
ketones, and lesser amounts of organie
acids and esters, are transferred through
line 33 to a settler 35. In settler 35, sepa-
55 ration is effected between the aforemen-
tioned oxygenated compounds which are
withdrawn through line 36 as an upper oil
layer, and a lower water layer which is
withdrawn through line 37 for further use

B0 in the process hereinafter deseribed.
The above-mentioned oxygenated com-
pounds, withdrawn as an upper oil layer
from settler 35 are transferred through
Jine 36 to o canstic freater 38. In freater
g5 38, the oil layer introduced through line

38 is trented with alkali to neutralize any
rraces of organic acids present thab were
not removed by the aleoiol treating agent
in tower 25, and such alkali may also be
introdaced in, inereased guanitties under 70
suitable conditions of temperature effec-
tive to saponily esters or polymerize
aldebiydes. Alkali thus employed, con-
verts organic acids contained in the oil
layer to their corresponding organic salts,
For this purpose, the oil, thus mtroduced
into tower 38, is intimately mixzed with
alkali, in a suitable amount, introduced
into tower 38 gt an upper peint through
line 39. In order to facilitate separation 80
of excess alkali and the various reaction
producis from the oil, the mixture of oil
and aikali is contacted with water intro-
dueed into treater 38 at an upper point
above the infroduction of the alkali,
through line 40. The amgunt of water is
limited to the minimum necessary to effect
suitable separation of the alkali from oil
and other reaction products. In order fo
facilitate separation of organic salts pre-
sent in the oil, which were obtained in the
above-mentioned conversion from their
gorresponding aclds, a light hydrocarbon
stream, such as n-pentane used as a treat-
ing agent, is infroduced at a point near
the hottom of tower 38 through line 41,
The admixture of the infroduced hydro-
carbon stream with salts of organic acids
presant in the 6il, tends to confine thege
salts in the lower agueous aleohol layer
whicly is present. ju treater 38. The intro-
duction of the aforementioned light hydro-
carbon stream through line 41, has the
additional advantage of permitting the
use of strong caustic solutions in the pro- 105
Less described above, without increasing
the guantity of water required for separat-
ing the ¢il fromialkali and other reaction
products in tower 38. Hemnce, as a resuld
of treatment of the oil introduced into
treater 38 through line 38, in the process
described above, there are present in
tower 38 an upper hydrocarbon or oil
layer which is withdrawn overhead
tirough line 42 and & lower aqueons alce- 115
lio} layer containing salts of organic acids
which is withdrawn ag bottoms throungh
line 43 for further use or treatment in the
process lLiereinafter described, .
The npper hydrocarbon or oil layer from 3120
treater 38, coniaining hydrocarhons, aleo-
hols, aldehydes and ketones is transferred
through line 42'to a distillation tower 44.
Tower 44 is provided and suitably .
equipped to separate the oi] into relatively 125
low and high boiling hydrocarbon frac-
tions. This tower is operated under condi-
tions effective ‘to separnte the oil info a
lower hoiling fraction, confaining vapor-

ized Iight hydrocarbons and a higher boil- 136
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ing fraction, comprising alcohols, alde-
hydes and ketones. The vaporized light
hydrocarbons in tower 44 arg withdrawn
through line 41, cooled t¢ liguely com-
ponents present, and transferred fo treater
38 for use as s treating agent in the pro-
cess hereinbefore described, Make-up
treating agent is introduced into tower 38
.through line 45 with which line 41 con-
nects. The lower fraction from tower 44,
comprising aleohols, aldehydes and
Iretones, is withdrawn through line 46 and
may be transferred through line 47, with
which lins 46 onnects, for further treat-
ment outside the scope of the present pro-
cess, to obtain separation of individual
components, It iz also possible to pass the
overhead oil layer which is withdrawn
from treater 88 through line 42 directly
to the aforementioned aldehyde-ketone
recovery system through line 47 with
which line 42 connects, (by-passing tower
44}, in order to obtain separaiion of indi-
vidual aldehyde and ketone compenents.
Tt will be noted from. the foregoing des-
cription that there has been indicated the
use of methanol as a treating agent,
/intended to absorb therein such oxygen-
ated compounds that may he contained in
the oil stream entering tower 25 through
line 24, There alao has beex indicated the
necessity for proper agueous dilution of
the anhydrous aleohol, which exhihits
high soluhbilities for hydrocarbons as well
35 es for oxygenated compounds, so that
improvement in selectivity of extraction
may be attained, in thut absorption of
hydrocarbons in the alechol is substan-
tially prevented. Accordingly, it has been
foungd that the use of methanal and water,
in approximate proportions of 909 metha~
nol and 10% water, is highly satisfactory
when employed in the exiraction of oxy-
genated compounds contained in the afore-
mentiored o]i%l stream entering tower 25
through line 24, As alcohel concentra-
tions are incressed, the gquantities of
hydrocarbons present in the extract are
proportionately increased, by reason of the
reduced selectivity of the aleohol., An
inerease in the quantities of wash-oil used
to remove these hydrocarbong from the
extract, may therefore he necessary. On
the other hand, as the alcohol concentra-
tions are decreased, quantities of wash-pil
required to remove hydrocarhons present
in the extract, are also proportionately
reduced by reason of increased selectivity
in' the aleohol, However, excessive dilu-
tion may result in incomplete extraction
of oxygenated compounds ang will, there-
fore, necessitate an increase in the quan-
tities of agqueous alcohol in circulation. Tt
will, _therefore, be noted that optirgum
65 benefits will Lic in the combined use of a

oh

10

15

20

30

40

45

80

bb

60

wash-oil 4nd an aqueous alecohol of such
concentration which, from an economical
standpoint, will render the most subsian-
tal selectivity of the aleohol in effecting
total gxtraction of oxygenated compounds 70
from hydrocarbons. It will, therefore, be
apparent that the principal operating
yariables in tower 25 are the rate of aleo-
hol circulation, aleohol concentration and
rate ‘of wash-o1l giveulation. TIn effect. 78
ing & given extraction, one or “mors of
these variables may be changed, if 5 eom-
pensatory change i1s made in one or more

of the other variables, The most economi.
cdl combination will be chosen for any 80 -
grven case, It should be noted, however,
that the combination - chosen.  may
obviously be different as between different
feed-stocks, .

Wikile it is prefered to use methanol 23 83
an over-all generally snitable non acid sol-
veut in the process described, ofher light
alcohols such as ethanol or propanol may
also be suoccessiully employed, Ethano!
and propanol are less selective as solvents
than methanol, However, their use in
combination with ineressed quartifes of
water to improve their selectivity, may
be desirable, in that the size of tower 25
xay be decreased, effecting proportionate 95
savings in the cost of equipment. Tn
addition, it shonld be noted that it ig pos-
sible to wse & mixture of light aleokols as
the"..soivt_ant in the process desoribed. as
well-as individual light alechol treating 100
agents. In addition, other types of alco-
hols, such as glyeols, may be successfully
used, Furthermore, other types of non-
acid oxygenated organic compounds or
mixtures of such compounds substantially
more velatile than the bull of oxygenated
compgunds being recavered, may he used.
For sxample, such oxygenated organic
compounds as ketones may be nsed, e.g.,
acetone or methyl ethyl ketome aldehydes
e-g., acetaldehyde; ang esters o.g., ethyl
acefabe or methyl acetate. In addition,
these compounds may be employed indi-
vidually or in combination with the afore-
nentioned aloghols as treating agents, In 116
general, the selection of & suriable solvent
w1l depend upen. the use of such OXygen-
ated compounds as can easily he separated
from extracted chemiesls.

It has been indicated that the selection 120
of a suitable wash-oil, in the process des-
cribed above, is determined by using ol
of such eomposition that there are no com-
ponenis present in substantip] amounts,
that ‘are heavier than the highest boiling 125
hydrocarhon which formg an azeotrope
with - the treating agent. n-pentane has
been found to be generally satisfactory ag
a wash-oil, However, it should be Toted
that other hydrecarhons having not more 130
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than eight carbon afoms per moleeule,
such as butane. hexane, heptane or octane,
individually or in mixtures thereof, may
be successfuly employed, It is also pos-
5 sibie to employ otlljler classes of hydro-
earbons which form an azeotrope with the
solvent freating agent such as certain
olefins such as isobuf:{l-ene_ batylene. ~en-
tene or hexene. In this respeet, it should
10 3lso he noted that the aforementionad
licht hydroearbon streamn withdrawn from
tower 44 through line 41 for use as a
wash-0il In treaier 38, need mnot be a
closely fractionated product but may con-
tain anv hydrocarbon, or combination of
hvdrocarbons, that meets the above-men-
tioned requirementa.
It will be noted that the above-men-
Honed extraction step has particular merit
U in the use of nn acuenus aleohol as a treat-
ing acent in rombination with & wash-bil
as a sinzle extraction step. The resultant
savine in cost of equipment will ke appa-
rent from the faet that when the hydro-
carbon extract used as a wash-oil is mixed
in gne tower with the aforementioned oil
siream used as a feed. an increase in the
number of extraciion fowers is cbviated.
As described above, the agueous phase
30 withdrawn as bottoms from separator 14.
contains low molepilar weight oxygenated
eommounds, comprisine chiefly. light
aleohols and lizht aeids, Tan addibionm,
relatively small quanfities of aldehydes,
ketones, ester« and heavier acids are also
present, This aquecus phase from sepa-
rator 14, is next transferred throuch line
16 to a distillation tower 48 which fune-
tions ag an aleohol giripper, Tn tower 48,
40 the mixture of oxygenated compounds is
heated under proper operating conditions
of ternperature and pressure effective to
digtill  overhead aleohols, aldehydes,
_letones, angd esters which are withdrawn
43 through line 49. Bottoms obfained from
tower 48, comprising agueous light
organic acids, having at least two carbon
atoms per molecule, are withdrawn
through Tine 50 for further {reatment in
50 the process hereinafter deseribed,
The overhead from tower 48, comprising
a migture of light alechols, aldehydes,
ketones and esters is transferred fthrough
line 48 tp a distillation tower 51. Imn
55 tower 51 the mixbure is heated under
proper operating conditions of tempera-
ture and pressure to distill over head the
lowest boiling components of the mixture,
which are acetaldelvde and propionalde-
60 hyde and which are withdrawn through
line 52 for further use outsids the scope
of this process. Botloms obtained from

tower 51. comprising a residue of substan- .

tially light alcohols and ketones, are with~
66 drawn throngh line 53. This residue may

contain light aleohols having up to six
carbon atoms per molecule, aldehydes
other than acetaldebyde and propionalde-
hyde, and contains in addition, ketones,
esters, traceg of organic acids and water. 70
This residue iz next treated with atkali in
order to effect neutralization of traces of
organic aeids present, and such alkali may
also be introduced in inereased guantities
under suitable conditions of temperature
effective t0 saponify esters ar polymerize
aldehydes. For this purpose, the residue
ig transferred from tower 51 through line
53 to a caustic treater 54, in which it is
intimately mized with alkrali in a suit-
able amount introduced through line &5.
After the components of the mizture are
maintained in intimate contact for a time
sufficient to effect the desired neutraliza-
tion of traces of organic aecids present in
the distillate from fower 51, and to effect
pelymerization of aldebhydes and saponi-
fleation of esters, the mixture iz with-
drawn from caustic freater 54 through
line 56. At this point, where so desired,
it is possible to transfer the lower agueous
layer containng light alcohols obtained
from settler 35 (through line 37) in com-
bination with salts of heavy organic acids
in line 48, directly into caustic treater 54,
through line 57 with which line 87 con-
neects, for treatment in the process des-
cribed above. In addition, it is also pos-
sible to transfer the aforementioned lower
aqueous layer obtained from setiler 35, 100
via ling b7, directly through line 16
(through line 58, with which 1ine 16 con-
neets) for subsequent treatment in tower .
48 in the process described above.

The mixture from.. caustic ireater 54, 106
comprising an agueous mixture of salts of
heavy organic acids, aldehyde polymers,
light aleohals -having up to six carhon
atoms per molecule, kefomes, relatively
small guantities of  hydrocarbons and 110
excess alkali, is withdrawn through line
58, The hydrocarboms present in the
above mixture must be removed in order
o effect the subsequent recovery of pure
alcohols. Tt has beem found that the
hydrocarbons tend to concentrate as their
homogeneous aleohol azeotropes n the dis-
tillation cuts faken between the wvarious
aleohels. In such agueous alechol solu-
tlons, contaminating hydroearbons can be
removed efficiently and economically by
means of one or more low boiling hydéro-
carbong which are themselves readily re-
movable. In principle the process may be
cousidered as one of dilution rather than 125
extraction in that the undesirable hydro-
carbons are replaced by one or more of the
aforementioned hydrecarbons that may be
readily eliminated. "

Such a hydrocarbon may he n-pentane 130
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which is highly snitable in over-all-use as
applied to the aforementioned process and
as evidenced by experimenial- laberatory
data, i should be noteq that the opera-
9 tion is not restricted to the sole use of pen-
tane for the purpose indicated but that
other lighter or heavier hydroearbons may
also be sucoessfully employed such as
tutane or heplane,-Butane has the advan.
tage of not being known to form an azeo-
trope with metﬁanol, although it has a
higher solubility in agueous aleokol solu-
tons, On the other hand, it may be
desirable to use heavier hydrocarbons as
15 a solvent such ag hexane, the latter being
less soluble than pentane- but requiring
the stripping of lighter hydroearbons ont
of the hexane as well as the stripping of
hexane from, the - heavier hydrocarbons,
20 The choice of a suitable hydrocarbon will
be influenced.by its solubility. in- the
aqueous aleohol, and-by its boiling point
or the boiling points of its azeotropes with
Yight alcohals. .

10

25
nating hydrocarhons, the mixture from
caustic, tredter 84 is transferred throungh
ling 56 fo an extraction tower 59, .In tower
5% the mixture infroduged through line

30 56, is subjecteq to intimate countercur-

rent contact with pentane or other selected

suitable hydrocarbon treating agent,

which iz introduced inio tower 59 at. n

low point through line 0. .The treating

agent and the aforementioned aleohol
mixture, containing hydroearbons, are
contacted in tower 59 under .conditions
effective to absorb in the treating agent,
the hydrocarbons present.

A0 reduce the solubility of the treating agent

1 in the vesulting aleohol phase produced in
tower 58, as well as to reduce the pentane
requirements for effecting total extraction

.:. 0of contaminating hydrocarbons, water

" 45 may be infroduced into tower 59 at an

" upper point through line 61. The hottoms
thus produced in tower 59 comprising an
agueous mixture of alcohols having up to
six carbon atoms per molecule, salts of

bU heavy organic acids, ketones, excess alkali

. and a portion of the pentane treating

agent, is withdrawn as bottoms through

line 62 for further treatment in the pro-
cess hereinafter deseribed. The overhead
558 from tower 59, comprising the bulk of the
pentane fréating agent, higher Lydro-
carbons and substantially all of the alde-
hyde polymers, together with small guan-
tites of aleohols, is transferred through
60 line 28 for use as o wash-oil in tower 25, in
the process hereinhefore deseribed. Male-
up quantities of waskh-oil for use in tower

25 are introduced through line 63.
The bottoms from tower 59 is irans-
B0 ferred through lime 62 to 2 distillation

- To effect the.removal of such contami-

In order to

tower-64, to effect the removal of the pen-
fane treating agent from the alcohol
stream. In tower 64 the misture- is
heated- under proper conditions of fem- .
perature ang pressuve, to distill overhead
pentane-methanol azeoiropes: whish are
withdrawn through line 65. The pen-
tane-free raflinate 1s withdrawn as hotioms
through: line 66 for further trestment in
the process hereinafier deseribed. - -
The overhoad distillate- from “tower 64
comprising peniane-methanol azeotropes
ig covled and transferred through 1ine 65
to a separator 67 In order 1o effect phase .
separation, water is infrodnced into sepa-
rator 47 ’ciirough line B5%, Im separator
67, by means of settling action, an wpper
phase comprising pentane is withdrawn

75

. through line 60 angd is thus-travsterred 1o

tower 58 for further use of the pentans as
 treating agent, -- Make-up ‘pentane is
introduced into line 60 through- line 68
with which-line 60 conneets. . . - . - ..
- Bottores from separator 67, comprising
an -aquesus -aleobol stream coniaiming
small quantities of pentane, are traps:
ferred through-line 69 to combine with the
extract from tower 5%  The combined
mixture is transferred througlline 62 into
tower 64 for further treatment in the pro-
cess hereinbefore deseribed. I+ showld be
nated that where so. desired, it is possible
to transfer the overheads-withdrawn from
tower .82. through.line 26 (and-- which
comprise, essentially,- methanol and hydre: 100
earhons, ‘as previously described) to com-
bine with bottoms from tower 59 and
separator . 67 and entering tower 64

80

90

95

through line 62, -Conveniently, this is
"agcomplished by passing the overleads

105
70, with which line 62 counects, | .

- The. pentane-fres rafinate; obtained as
bottoms irom, tower-64 in the process des-
ctibed. above and comprising a mixture of 110
agueous zlocohols having up to six carbon
atoms per molecule, salts of heavy organic
acids, ketones and excess alkali is trans.
Jeared through line. 66 .1t0.a distillation
tower 71, which functions as-an alcohol
stripper. In tower 71 .the mixture is
heated to distill. overhead.-a. mixture of
aleohols angd ketones which is withdrawy.
through line 72. Bottoms.from tower 71
comprising an aqueous mixture of salts 120)
of heavy organic acids and excess alkali,
are transferred throngh line 73 for-further.
treatment in the process hereinafter des--
eribad, . Tt should be noted that it is also
possible at this peint; to transfer the com--
bihed bottoms from settler 35 and caustic.
treater. 38 {comprising salts of hLeavy
organic acids, alechols and water) directly
mtbo, line 66 for treatment in {ower 71,

from .tower 32 into line 62 throngh line

116

as; described above, - Conveniently, Fhis 130
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is accomplished by transferring the bot-
toms thus combined, through line 74 1nto
lize 66 with which line ¥4 connects.
Altevpatively, it is possible to iransfer
5 the aforementioned stream In line 74,
directly inte line 57 for treatment in
caustic treater 54 in the process herein.
before deseribed, This may be accom-
plished by transferring the stream i line
\0 74 through line 75 into line 57, with
whicl, line 75 connects. Furthermore,
where so desired, the treated mixture from
caustie treater 54, which is withdrawn
through line &6, as hercinbefore des-
16 cribed, may be transferred directly into
line 66 for treatment in tower 71, by-pass-
ing towers 59, 64 and separater 66, for
removal of hydrocarbon impurities, in the
manner deseribed above. This may be
20 accomplished by transferring the siream
in line 56 through line 76 into line 66,
with which line 76 eonnects,
The overheads from tower 71, com-
prising an agueous mixture of aleohols
%5 and ketones, are transferred through line
72 to a distillation tower 77.  In tower
77 the mixture is heated to distill over-
liead a mixture of the lowest boiling aleo-
hol-ketone components, mamely, metha-
30 nol,” acetone and methyl ethyl ketone,
which nre withdrawn through line 78.
Rottoms from tower 77, comprisimg C.
and bigher alcohols, arve withdrawn
through line 79 for further treatment in
the process hereinafter deseribed, The
overheads from tower 77, e,(}mpns.mﬁl a
mixture of methancl, acetone, and methyl
ethyl ketone are transferred through line
78 to n distillation fower 80 In {ower
40 80 the mixture is heated, wnder proper
operating conditions of temperature and
inereased pressure, to distill overhead the
lowest boiling components of the mixture,
namely, acetone and methanol, which are
4 withdrawn through line 81. Bottoms
from tower 80, comprising methyl ethyl
ketone, are recovered through line 82.
The acetone-methanol overhead from
tower 80 iz transferred through Iline 81
60 to a distillation tower 83. In tower 83
the mixture is heated, under proper oper-
afing conditions of témperature and
incrensed pressure, to distill overhead
apetone-methanol azeotropes, which are
53 withdrawn through line 84. Dottoms
from tower 83, comprising methanol-free
acetone, are recovered through line 385.
The acetone-methanol azeotropes from
tower 83 are iransferred through line 84
8 ta a distillation fower 86. In fower 86
the mixture is heated, under proper oper-
ating conditions of temperature and
atmospheric pressure to distill overhead
acetone-methariol azeotropes which ave
66 withdrawn through line &7.

35

The mix-

ture thus obtained is recycled through
line 87 into line 78 for use in tower 80,

as described above. Bottows from tower
86, comprising methanol in a substanti-
ally pure state, are recovered through 70
line 88. _

Bottoms from tower 77, comprising
aqueous C, and higher alechols, are trans-
ferred through line 79 to a hydrogenation
reactor 89, Reaetor 89 is provided for
affecting catalytic hydrogenation, by con-
ventional methods, of aldehydes "and
ketones that may be present in the alco-
hol stream obtained as bottoms from tower
77. Hydrogen thus employed, is intro- 80
duced into reactor 89 through line 90. As
a resuli of the conversion of aldehydes
and ketones into aleohols by hydrogenation
in reactor 89, the product of the reaction
i withdrawn as bottoms through line 91.
Bottoms thus obtained are cooled and
transferred through line 91 to a separa-
tor 92. In separator 92, separation is
obtained between alcohols, which are with-
drawn as bottoms through line 98, and 96
hydrogen, whicli'is recycled through line
94 through line 90, with which line 94
connects, At this point, it should bhe
noted that it is alse possible to transfer
aldehydes and ketones present in line 47 95
{obtained in the process hereinbefore des-
cribed) direcily.into Hne 79 via line 94,
for conversion into aleohols by ecatalytic
Lydrogenation in reactor 82 as described
above.

The aqueous mixture of ¢, and higher
alcohols obtained as bottoms from separ-
ator 92, is transferred through line 93 to
a fractionation tower 96. Tower 96 is
operated under proper conditions of tem- 105
peraturg and pressure effective to distill
overhead, agueous ethanol which is
recovered through ling 97, Bottoms
from tower 96~ comprising an agueous
mixture of {} dnd higher alcohols, are
withdrawn through line 98. It is pos-
sible at this point to dehydrate the alco-
hol stream in line 88, through the pro-
panol-water ~azeotrope. Accordingly,
the aleohol stream in line 98 is transferred
o a fractionation tower 99, Tower 99 is
heated to distill overhead a propamcl-
water azeoirope; which is withdrawn
through line 100 and transferred to a dis-
tillation tower 101, Tower 101 is pro-
vided to effect the dehydration of propa-
mol. A dehydrating agent such as ben-
zene, or toluene, is therefore introduced
inte tower 101 through line 102, with
which line 10{ connects. Tower 101 is
uext heated under conditions effective to
obtain water-free propanol as bottoms,
which are withdrawn through line 103 for
further use outside the scope of this pro-
cess. A portion of the water-free pro- 130
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panol, thus obtained, may be transferred

from line 108, +wia line 104, into line 953

for reuse of propanol in effecting subse-

quent dehydration of additional quantities
& of aleohols entering tower 99 in the pro-
cess deseribed above,

Overheads from tower 101 comprise
water-confaining propanol and hydrocar-
bons, These overheads are withdrawn
through line 105, cooled and transferred
to o separator 106.  Im separator 108, the
agueons propanol hydrocarbon mixture is
separated info an upper phase, compris-
ing a propancl-hydrocarbon-water layer,
15 rich in hydroearhons, which is withdrawn

through line 107, and s lower phase, com-
prising a propamol-hydrcearbon-water
layer, vich in Wafer‘ which is withdrawn
through line 108. The upper phase from
20 separator 106 is transferred through line
107 into line 100, with which line 107
connects, for reuse of propanol in the pro-
cess described above. The lower phage
from separator 106 is transferred through
25 line 108 to a distillation tower 109, which
functions as a propanal stripper. Tower
109 is heated to distill overhead, a water-
free  propanoi-hydrocarbon  mixture,
which 1s withdrawn through lLine 110.
30 Bottoms from tower 100, comprising
excess water, are withdrawn through line
111, The overhead from tower 109, com-
prising a water-fres pmpa.noLhyd.roca‘r-
Eon mixturs, is transferreg throungh lne
35 110 into line 107 to combine with the
upper phase from separstor 106 in line
107.- The combined propanol-hydrocar-
bon-water stream is then retnrned to
tower 101 through line 107 for further use
4 in the process deseribed above, Bottoms
from tower 99 comprising O, and higher
aleohols, are withdrawn through line 112.
These alcohols may be next transferred
through Iine 112 to any cenventional aleo-
45 hol fractionation system, in which indj-
vidval C, and higher alcchols may be
recovered, for further wse oy treafment
outside the scope of the pregent process.
As hereinhefore described, thereare pre-
50 sent in lines 47 and 95 a mixture of alde-
hydes and ketones, It is, therefore, pos-
sible at this point to fransfer these com-
bined aldehyde-ketone mixfures, via line
113, %o a hydrogenation reactor 114.
40 Reactor 114 is provided for effecting cata-
Iytic' hydrogenation, by conventional
methods, of aldehydes and ketones pre-
sent in line 113. Hydrogen thus
employed, is introduced info tower 114
60 throngh line 115, As g result of the con-
version. of aldehydes and ketones inio aleo.
hols by hydrogenation in reactor 114, the
product of the reaction is withdrawn as
bottoms through line 116.  Botioms thas
60 obtained, are cooled and tiransferred

19

through line 116 to a sepazafor 117. Ta
separator 117, separation is obiained
between ; and higher aleshols which are
withdrawn as bottoms through line 118,
and hydrogen, which is reeyeled through
line 118 into lineg 115 with which line 119
connects, At this point, it is also pos-
sible to-transfer the upper oil layer from
settler 85, in line 36, directly into line
113, via line 120, with which line 113 con-
nsets.  Inlime 120 there is present g mix-
ture of oxygenated compounds, compris-
ing heavy alcohols, aldehydes, ketones,
traces of organic acids, esters, and water.
Accordingly, this mixture may bes trans-
ferred throush line 113 into reactor 114,
in order to convert aldehydes, ketomes,
esters and acids into aleohols by catalytic
hvdrogenation in the process desoribed
above.  Bottoms withdrawn from separa~
tor 117 comprising aqueous €, and higher
alcohols, may be transferred. through line
118, into line 98 to combine with the aleo-
hol stream obtained ag botioms from
tower 96. The combined stream may 90
then be subjected to further fractions- .

tion and freatment in the process hevein~
hefore described.

The combined agueous aloohol stream in
line 98, comprising 0, and higher aleo-
hols, may be subjected at this point to an
alternative . dehydration step. Accord-
ingly, this stream in line 98 is transferred
through line 121, with which line 98 con-
nects,"to a distillation tower 192 (Fig. 100
18}, ‘An entrainer, such as ethylene
dichloride or acefone, is introduced into
tower 122 through line 128. ‘Tower 129
iy heated under conditions effective o
absorb in the entrainer, water that is pre-
sent in the alecho] stream entering tower
122 through line 121. Following treat-
ment in tower 122, an overhead eompTis-
Ing a mixture of the entraining agent and
water, is withdrawn through line 124. 110
Bottomy  from . tower 122, comprising
dehydrated €, and higher alcohols, are
withdrawn through line 125. The alco-
hol stream in line 125 is next transterred
to a fractionation tower 126. Tower 126 115
is operated under proper conditions of
temperafure and pressurs effective 4p dig-
til} overhead anhydrous O, alechols which
are recovered through line 127. Bottoms
from tower 126, comyprising sanhydrous ¢, 120
and ~ higher alcghols are withdrawn
through line 128, The alechol skream in
line 128 may be next transferved into line
112, in which it is combined with ¢, and
higher aleohols, and transferred o any 125
conventional sleohol fractionation Bys~
tem, in which’ individual 0, and higher
aleohols may be recovered for farther vse
or tregtment outside the s ope of the pre-
sent process, - -1

70

78

80

8

9%

1056



682,154 ' 9

Overheads from tower 122, comprising
a mixture of the entraining agent and
water, are cooled and transferrved through
line 124 to gz separator 124, In separa-

5 tor 129 there ars preseut an upper layer,
comprising the entraining agent which is
withdrawn through line 123, and a Jower
agueous layer containing proportionately
smaller quantities of the gntraining agent,

10 whick are withdrawn through line 130.
The upper layer from separator 134, com-
vrising the eniraining agent, is recycled
through line 123 to tower 122 for reuse.
Make-up quantities of entraining agent

15 are introduced intp ling 123 through iine
131, with which line 123 connects.

The lower agueous layer from separator
129, containing proportionately small
yuantitleg of entraming agent, is trans-

9y ferred through line 130 te a distillation
tower 132,  Tower 132 is operated under
conditions of femperature and pressure
effective to distill overhead the entraining
agent and small guantities of water, which

25 are withdrawn through line 133. Water
obiained as bottoms from tower 182 is
withdrawn through line 134, The over-
head from tower 182, comprising the
entraining agent and small guantities of

30 water, may be transferred through line
133 into line 124, with which line 158 con-
nects, for separation of enfraining agent
and water in separator 124, in the pro-
cess described above,

35 As a result of the proeess, hereinbefore
described, bottoms from tower 71 with-
drawn, through line 73, comprise an aque-
ous mixture of salts of organic acids and
excess alkali, In accordance with the

40 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 agueous
mixture of organic acids and excess alkali

45.1s, therefore, transferred through line 73
to a mixer 185. 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 maximum

50 boiling azeotrope with water, such as
hydrochloric acid, is introduced through
ling 136 and combined with the agueous
mixture of organic acids and excess alkali
in line 73 which enters mixer 135. Mixzer

55135 is provided to intimately mix the
agueous alkall mixture of salts of organic
acids with the introduced inorgamic acid,
in order to effect meutralizatjon of these
salts, The resulting mixture from mixer

60 185, comprizes free organic acids and salts

—=of the introduced inorganic acid which
are withdrawn, through line 137, The
aqueous misture of free organic acids and
inorganie salts is transferred through line

85 187 to a separator 138, In separator 138

the heavier organic acids will separale
from the water solution by reason, of their
insolubility and will contain a portion of
the lighter water-soluble organic acids by
reasor of the selvent action of the beavier 70
acids on the lighter acids, These acids,
comprising an upper acid-rich phase in
sepurator 198, are withdrawn. through line
139, The Jower water-rich phase in sepa-
rator 138, comprising inorganic salts, the 75
introduced inorganie aseid and some of the
lighter organic acids, are withdrawn as
bottoms through line 140 and transferred

to g distiilation tower 141 which func-
tions as an acid stripper.  Tower 141 is gg
Leated under conditions effective to dis-
iill overhead_ organie acids as their water
azeotropes, hoving three or mrore carbon
atomg per molesule,  The lagter aze with-
drawn from fower 11l through line 142 85
and are thms fransferred to line 139 to
combing with the acids withdrawn as an
upper phase from separator 138 fhrough
line 149, ‘Lhe combined siream is trans-
ferred through line 139 to combine with 90
the aqueons selution of light organic acids
obtained as bottoms from tower 48
through line 50, as hereinbefore des-
cribed, The bottoms from tower 141,
comprising jnorganic salts, excess quanti- 95
ties of the introduced inorganic acid and
excess water, are withdrawn through line
143 for further use outside the scope of
this process. If so desived, it is possible

1o transfer the lower water-rich phase 10y
withdrawn from separator 138 through
line 140, into line 139 via ling 144, (by-
passing tower 141} and thus combine this
phase with the aqueous stream of light
organic acids in line 80, for further use 105
or treatment in flie provess hereinafier
described. It should be noted that it is
also possible to transfer the agueous
gtream of light organie acids in line 50
intg line 19, via line 1456, for use in 11y
serubber 18 in the process hereinbefore
described,

Tn order to obtain recovery of water-
free organic acids, the fotal slream of
agueous organic acids in line 50 is next 115
transferred, in accordance with the pro-
cesg of the invention, to an extraction
tower 148, Tz tower 146 the siream intro-
duced through line 50, is subjected to inti-
mate countercurrent contact with a sol- 120
vent treating agent, such as ethyl acetate,
which is introdueced info tower 146
throngh line 147, The treating agent
and the agueous gtream of organic acids,
are contacted in tower 146 under condi- 135
fions effective to absord in the freating
agent a large proportion of the water con-
tained in the aqueous siream of organic
acids passing through line 500 The
extract thus produced, comprises an acid- 139
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rich mixture conteining orgamic acids,

excess solvent treating agent, and pro- -

portionately small quantities of water,
and . is withdrawn overhead from tower
5 146, through line 148. Botfoms from
tower 146, comprising a raffinate contain-
ing the solvent treafing agent and propor-
tionately, large guantities of water, are
__ withdrawn from tower 146 through line
10 149 ) ’
The extract from tower 146 comprisiaz
- an acid-rich mixture containing organie
acids, excess solvent treating agent aud
proportionately small quantities of water,
1518 withdrawn overhead through line 148
and is transferrsd to a distillation tower
150, which functions as a stripper for the
solvent treating agent. Tower 150 is
heated under conditions effective to dis-
?0 #ill overhead a mixture of the solvent
treating agent and water which is with-
drawn through line 151.  Bottoms, com-
prising both anbydrous light and heavy
organic acids, solvent-free, sre withdrawn
25 irom tower 150 through line 152. These
- bottoms are next transferred through line
152 fo a fractionation tower 153. Tower
153 is operated under conditions of tem-
perature and pressure effective fo distill
30 overhead substantially ankydrous acetic
acid, which is withdrawn through line
154, Bottoms from tower 153, compris-
ing C, and higher acids may be nexi
transferred, through line 155, fo any con-
35 ventional ‘acid fractionation system in
which individual C, and higher acids may
- be recovered for further use outside the
scope of this process.
As hereinbefore described. the raffinate
40 from fower 146 contains the solvent treat-
ing agent and proportionately large
- quantities of water, = This raffinate is
then transferred through line 149 to a dis-
tillation tovwer 156. Tower 158 is heated
45 under conditions of temperature and pres-
sure effective to distill averhead, water-
azeotropes of the solvent freating agent
which are withdrawn through line 157.
Bottoms from tower 158, cOmprising
50 excess water, are withdrawn through Line
158. The water-agzeotropes of the solvent
ireating agent, which are withdrawn over-
head from tower 156, through line 157,
are transferred into lime 151, with whick
55 ling 157 connects,  Im line 151, the over-
" heads from tower 156 are combined with
the overheads from tower 150, which com-
prises o mixture of the solvent treating
agent and water. The combined mixture
60 is then transferved through line 151 to 2
separator 150,  In separator 159 separa-
tion is effected between an upper layer.
eomprising the solvent treating agent,
and a lower water layer, which is with-

(6 drawn as- bottoms through line 160 snd.

which is tramsferred via ling 148, for
treatment in tower 166 in the process des-
cribed above, _The upper layer ({rom
separator 159, compriging the. solvent
treating agent, is withdrawn throngh line 70
L4 for further use in tower 146 as des -
cribed above, .Make-up solvent is iztro.
duced through line 161, . =~
1t should, be noted, that while I prefar :
to use ¢thyl acelate as a solvent in the 75 -
aforementioned acid extraction -step, the
invention is not limited solely to"ifs use;,
other” solvents may be .advantagequsly
employed, such gs ethyl ether, isopropyl
ether or‘isopropyl chloride, . Jthyl ether. gg
wmay have particular desirability in
instances where cross-esterification and
hydrolysis are emcomntered, when ethyl
acetate is useq as a solvent.  Where such
18 the case and et]l¥l sther is used a5 a s0l- g5
vent, an appreciably larger vilume of sol-
vent would be requived, In order to
obtain an anhydrous stream whepe ethyl
ether is nsed, the ethermwagter,'a}qeotrgge:
can best be removed at. u pressure of o
approximately 100 pounds per square mneh,
absolute, In addition to uging solvents,

Jower boiling “than the acids o .be

extracted, it is alsy pessible to use high
boiling alcohols, ketones and  organic g
acids m the process deseribed above. .
It should be. noted, that whers #0.
desired, it is possible to ttangfer the
upper aecid-rich phage in separator 138,
directly into tower 160 which functions as
& solvent stripper in the provess des-
cribed above.  Conveniently, this may:
be accomplished by {ransferring the afore-
mentioned upper phase from - separator
138 through line 165, +via line. 148 for 105
ireatment in tower 160. Such procedure .
may have a particular advantage, in that-
the upper acid-rich phase fiom separator
138, comprising proportiomately - lsrger
quantities of the heavier organic acids 110
then of lighter. organie acids; may be
transferred directly into .tower 150, by~
Dassing' the aforementiomed ~ solven:
extraction step i tower 146, the separa-
tion step m separator 159 and the distil. 116
lation sfep in tower 156. This pracedyrs =
18 ‘made possible by reason of the heavier.
organic acids separating from the water
solution in separator 138 because-of their” - .
insolubility, and containing portions of 1920
the Lighter water-soluble ‘organic acids by
reason of the folvent action of the heavicr
acids on the lighter acids. -
. As an alternative method for recover-
ing wafer-free organic acids from the 125
total stream of agueous organic. acids in
line 50, it- is possible to recover such.
water-free acids by means of the-solvent
action of the heavier acids on {he Lighter:
acids.  Accordingly, .the total styearn180

100



of agueous organie acids in line 50 may be
transferred, via line 162, to an extraction
tower 163. In tower 163 the siream
introduced through line 162, is subjected
§ 1u intlmate countercurrent contact with
one or more Leavier organie acids, com-
prising C, or higher organic acids, whick
are introduced into tower 163 through line
161 as a soivent treating agent,  This

10 ireating agent, conveniently, may be cne
vz more of the G, or higher organie acids
whicl have been tecovered from the acid
fractionation system, inte which the
stream of organic aelds in line 155 has

16 been intreduced, in the process herein-
before described.

The solvent treating agent in Jine 164
and the total stream of agueous organic
acids in line 162 are contacted in tower

20 163 under conditions effective fu absorb
in the treating agent, the lighter water-
soluble acids by reuson of the solvent
action of the heavier acids (solvent treat-
ing agent) on the lighter acids. Follow-

2§ ing trentment in tower 163, overheuds are
obtained vomprising a mixture of light
and heavy organic acids and small guanti-
ties of water. These overheads are with-
drawn through line 166. Bottoms from

80 tower 163, comprising excess wafer, are
withdrawn through line 167.

The oaverheads from tower 163, com-
prising a mixiure of light and heavy
organie aeids and small quantities of

85 water, are transferred through line 166 to
o distillation tower 168. Tower 168 is
provided to effeet dehydration of acids
introduced through limne 166, An
entrainer, such as ethyl acetate, buiyl

40 acetate, ethyl ether, isopropyl ether or iso-
propyl ehloride, is introduced into tower
168 through line 16Y. Tower 168 is next
heated under conditions effective to absorh
in the entraining agent, water that ia pre-

4p sent in the orgunic scid stream entering
tower 168 throngh line 166, The entrain-
ing agent thus used, serves to dehydrate
not only the agueouns light organic acids
introduced into jower 163 through line

B0 162, but also effects the removal of any
gquantities of water that may be preseni
in the heavier orgamnic acids introduced
into tower 183 through line 164 as the sol-
vent treating agent.

56 Tollowing treatment in tower 168, an
overhead comprising a mixiure of the
entraining agent and water is withdrawn
through line 170,  Botioms from tower
168 comprising dehydrated light and

60 heavy organic acids, are withdrawn
throagh lina 171. The dehydrated acids
in line 171 may next be transferred into
line 155, with which line 171 connects.
from which they may be further frans-

4 ferred to any conventional acid fraction-
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ation system, in which individual C, and
higher acids aer recovered for further use,
as hereinbefore deseribed. _

The overheads from tower 168, compris-
ing a mixture of the entraining agent and 70
water, are covled and transfecred through
line 170 to a separator 172,  In separator
172 there are present an upper layer, com-
prising the entraining ageni which is
withdrawn through line 169, and a lower 75
aqueons layer containing proportionately
smaller quantities of the entraining agent,
which is withdrawn througlh line 178. The
upper layer from separator 172, compris-
ing the entraining agent, is recycled 30
through line 169 to tower 168 for reuse.
Muke-up guantiiies of gntraining agent
are ittroduced info line 169, Jtt?'llruu;_?;h
ling 171 with which line 169 connects.

The lower agueous Jayer from separator 8
172, containing proportionafely small
quantities of entramming agent, 15 trans-
ferred through line 173 lo a distillation
tower 175. Tower 175 is operated wnder
conditions of temperature and pressure Y{)
effective to distill overhead the entrain-
ing agent and smal]l guantities of water,
whick are withdrawn through line 176.
Water obtained as bottoms from tower
175, is withdrawn through line 177. The 93
overhead from tower 175. comprising the
entraining agent and.swmall quantities of
water, may be-transferred through line
176 into Line 170, with which line 176
conneets, for' separation of enfraining 100
agent and water in separator 172, in the
process described above.

Having now particularly described and
ascertained the nafure of our said inven-
tion and in what manner the same s to
be performed, we declare that what we
claim is:—

1. A process for recovering the pro-
duots of catalytic hydrogenation of oxides
of carbon which comprises cooling said 110
products fo effect substantial condensa-
tion of normally liquid components of said
products to form an o0il produet lguid
phase and a water product liguid phase,
subjecting the oil product liguid phase 115
to extraction treatment with an agueous
solution of a non-acid solvent for oxygen-
ated organic compounds to obtain a raffin-
ate containing hydrocarbons and an-
extract eontaining oxygenated com- 120
pounds, sokvent angd water, subjecting said
extract to distillation to obtain a fraction
containing said oxygenabed .compounds
and water and 4 fraction containing said
golvent, ang separating said oxygenated 125
compounds from said water.

9, A process according to Claim 1
which includes reeycling the solvent eon-
taining fraction to the frst-mentioned
extraction step. -- 130
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3. A protess according to Claim 1, in
which the solvent is an. aleohol.

4. A process according to Claim 1, in
which the solvent is methancl.

5 6. A process according to Claim I, in
which prior to being subjected to distilla-
tion the extract obtained by extraction
freatment of the oil product liquid phase
is subjeoted to treatment with a hydrocaz-

10 bon wash-oil which is veadily separable
from said oxygensted compounds by dis-

tillation,
6. A process according to (laims 1 and

§ in which the iraciion containing said
15 oxygenated compounds and water is
treated with alkali %o convert organic
acids combained therein fo their salis, and
said salts are separated from said high
boiling fraction.

. A process according to Claim 3
which inc]?udes treating the fraction con-
taining said oxygenated compounds and
watber with alkali to convert organic acids
contained therein to their organic aalts,
acidifying said salis with an inorganic
acid which has a boiling point higher than
that of waber or forms a maximum boil-
ing azeotrope with water to convert said
?sirts to the prganic acids, and combining
80 said organic acids with agmeous ligh

organic aecids distilled from fhe water

product liguid phase for further treat-
ment. -
8. A process according to (flaim 7 in

35 whick the combined organic acids are sub-
jected to extraction treatment with a sol-
vent treating agent, such as ethyl acetats,
to obtain, d};-}gn:ydra.tion of the agueous light
organic acids, said acids ave distilled to

40 obtain solvent-free anhydrous acids, and
the solvent distillate thus obtained is
passed to a solvent recovery step for reuse
of said solvent,

9. A process sccording to Claim 5 in

4b which the wash-oil comprises a hydrocar-
hon whose boiling point is within the hoil-
ing range of the oxygenated compounds,
16. A process according to Claim 5 in
which the wash-oil cymprises a bydroear-

50 bon whose boiling point is below the boil-
ing range of the oxygenated compounds.

11. A process for recovering the pro-
duets of catalytic hydrogenation of oxides
of earhon whick comprises cooling said

50 products to effect substantial condensation
of fiormally liguid ‘components of said
produets to form an oﬁ product Houid
phage and a water product liguid phase,
subjecting the oil produet Haouid phase

60 to_exiraction treatment with an aqueous
solution of a non-acid solvent for oxygen-
ated organic compounds to obfain a raff-
nate containing hydrocarbons and an

<20

extract containing oxygenated com-
pounds, solvent ang water, subjecting
said extract to treatment with a hydyo-
carbon wash-0il which is readily sepax-

able from said oxygenated compounds by .

distillation, subjecting the extract thus
treated to distillation to separate an
aqueous solution eomprising aleohols con-
tained in said extraet, and combining the
agueous alcohols thus recovered with said
water product liquid phase.

12. A process according to Claim 1,

in which the water product liguid phase
is fractionated intg a relatively higly boil-
mg fraction comprising acids having at
least ¥wo carbon atoms per molecule and
a relatively low boiling #raction compris-
ing aleokols having not more than six car.
bon afoms per molecule, and aleokols thus
separated from the water produet liguid
phasg are combined with alcohols separ-
ated from the oil produet liguid phase by
extraction. '
. 18. A process according to Claim 12,
In which said cﬂmbinedlgjuohol' nixture
is subjected to extraction treatment with.
& low boiling hydrocarbon to extract rela-
tively high boiling hydrocarbons, ang the
relatively high~ boiling hydrocarhon
extract thus recovered is recycled to the
extraction treatment of the oil product
liquid phase.

14. A process according to (laim 13
in. which the low beiling hydrocarbon is
n-pentane,

15, A proecess ascording to (laim 1, in
which the waler prodnct liquid phase is
separately fractionated into a relatively
high boiling fraction and a relatively low
boiling fraction, said low hoiling frac-
tion 1 subjected fo alkali treatment to
convert low boiling organic acids con-
tained therein to their corresponding
organic salts and to polymerize aldehydes
and the produet of alkali freatment is
separated into an agueous lower phase
containing said organic salts and a non-
agueous upper phase containing aldehyde
polymers, .

16. A process for recovering the pro-
ducts of eatalytic hydrogenation of oxides
of carbon substentially as hereinhefore
described with reference to the apcom-
panying drawings,

%ated this 12th day of Fehiuary, 1948,
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