= e
RE S

PATENT SPECIFICATION

Ne, 7418750,

T TN T
ST N

o

684.968

Date of Appitcation and filing Complets Specification March 24, 1950,

Applicatlon made in United States of America on April 13, 1949,
Complete Specification Published Dec, 31, 1952

Index at acceptance ;—Class 32, A2(b: d).

2565

COMPLETE SPECIFICATION

Separating Organic Oxygen Compounds from Aqueous Mixtures
by Extractive Distillation

We, Sraxorann Om. axp Gas CoMpany,
a eorporation grganised under the laws ol
the State of Delaware, United States of
America, of Stanolind Building, City of

5 Tulsa, State of Oklahoma, United States
of America, do hereby declare the inven-
tion, for which we pray that a patent may
be granted to us, and the method by which
it g8 to be performed, to be particularly

10 described in and by the following state-
ment 1 —-

Our invention relates to o _method for
separating organic compounds from one
another and from complex organic mix-

15 tures in which at least some of the com-
ponents thereof form azeotropes with one
or more of the constituents present there-
in. More particularly, it relates to the
separation of ethanol, isopropamcl, and

20 methyl eth){l ketone from one another and
from complex agueous mixtures confain-
ing these and other organic compounds.

In accordance with the present inven-
tion. there is provided a provess for the

25 recovery of etltanol from aguesusmixtures
containing isopropapol together with at
least one other oxygenated orgaunic com-
pound eapable of forming an azeotrope
with ethanol, which comprises subject-

30 ing said mixture to fractional distillation
in a column, in which a heat input of
from about 100 to about 150 B.t.w. [pound
of botioms is employed to give a botiom
column femperature of from. about 90° to

35 about 98° C. and an overhead femperature
of from about 73° to_about 88° C., intro-
ducing water into said column counter-
currently to the flow of the vaporized mix-
ture in an amount such that the concen-

40 tration of water in the liquid af any point

in the column is from about 90 to about
99 mol per cent, and withdrawing an
aqueous bottom stream containing the
bulk of the ethanol originally present and

15 an overhead fraction.containing from about
1 to about 20 weight per cent of ethanol,
based on the concentration thereof in the
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original mixture, together with isopro-
panol and at least one other oxygenated
organic compound capable of forming an 50
azeolrape with ethano?.

The present invention further provides
a process for the separate recovery of
ethanol and isopropancl from. an agueous
mixture containing buiyraldehyde, ethyl 58
acetate, and methyl ethyl ketone, whieh
process gomprises subjecting said mixture
to fractional distillation in 2 column in
which a heat input of from 80 to 120
B.tu/pound of bottoms is employed, 60
introducing water into said column
countercurrently o the flow of the
vaporized mixzture in an amoun$ such
that the concentration of water in the
lignid at any point in the column is from 66
about 80 to about 99 mel per cent and
withdrawing a botiorus stream containing
methyl ethyl ketone, ethancl, and iso-
propanc] and an overhead fraction com-
prising butyraldehyde and ethyl acetate. 70

Mixtures of the type contemplated by
our invention are encountered in the
water soluble chemicals fraction obtained
in the now generally known hydrocarbon
synthesis process involving the reduction 75
of carbon monoxide with hydrogen in the
presence of a fluidized iron catalyst. In
the hydrocarbon synthesis plants now
designed for commercial purposes, having
capacities of the order of 6000 barrels of 80
liquid hydrecarbons per day, the chemi-
cals present in mixtures of the fype con-
templated by the process of our invention
constitute appromimately 30 per cent of
the total water soluble chemicals produced 8p
or ahout 140,000 poundg per day. Accord-
ingly, for ecoriomic and other reasons, it
is essential that these chemicals he
recovered, each in as highly purified form
as possible. e 90

Mixtures typical of those with which
we are concerned and the relative concen-
trations in which each component thereof
is present are indicated helow;—
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Component Wt % tion to provide a process for obtaining -
Batyraldehyde - - - 4.0 highly purified ethanol from mixturesof -
Ethyl aeetate - - - - 1.4 the aforesaid type, which meets A.C.S. -
. Methyl ethyl ketone - - 111 purity requirements with respect to isp= - *

5 Methyl propyl ketone - - 1.7 prapancl, i.e., not more than 30: parts of 70 -
Ethanol- - - - - - 740 isopropanol per million parts of ethanol; 2
Isopropamol - - - - 14 We have now discovered that the fore- -
Water ~ - - - - - 6.3 going and other objects can be accom-
Other impurities - - - 0.1 plished by subjecting crude mixtires of

10 “Some appreciation of the diﬂip'ultiea
encouutered In atbempting to obtain any
or all of the above-mentioned oxygenated

‘organie compounds in a substantially pure

form. when present in such mixtures may
18 be realized by reference to the boiling
poiuts of the pure compounds, as well as
to their azeotropes either in the agueous
or anhydrous state.
Boiling points of

20 pure chemieals B.E. °C.
. Butyraldehyde - - - - 75.7
" Ethyl acetate . ~ - - - 7.1
-Bthanol - -~ - - - 784
. Methyl othyl ketone - - 79.6
25 TJTesopropanol -~ - - - 824
" Methyl propyl ketone - - 102.0
+ . Boiling peints of .
. azeotropes B.P. °C.
Butyraldehyde - ethanol -
30 water ~- - - - - 67.2
Butyraldehyde-water - -  68.0
. Bihawol-ethyl acetate-water  70.3
Bthyl acetate-water - -  70.4
Ethyl acetate-sthanol - -  71.8
36 ° Ethanel - methyl ethyl
ketone-water - - - 732
o Methyl ethyl ketone-water  73.5
Ethanpl «- methyl ethyl
- .ketone - -+ « ~ - 74.8
# . Ethyl avetate-methyl ethyl
- ketone -~ - - - - 76.7
- Ethanol - methyl propyl
ketone - - - - - 7.7
- Bthanel - methyl propyl
£5 ketone-water ~- - - 781
- Bthanol-water - - - 78.2
. Tsopropanel-water - - 804
Methyl propy!l ketone-water 82.9

It will be readily apparent to ome

60 skilled in the art fo which the invention
relates, that the separafion in substanti-
ally pure form of even a single component
from aqueoug mixture of the above type
presents a formidable recovery problem.

55 Even if water were removed from this
mix one of several methods,
fractionation of the anhydrous chemicals
to yield pure products would not be

. practicable. )

60 Tt is an object of the invention to pre-
vide an efficient method for the separation
of ethancl, isopropsmol, methyl ethyl
ketone, and methyl propyl kefone from
complex mixtures of the. type referred to

g5 above, T4 is o further objeet of our inven-

the type described above to a° series of 75 .
extractive distillations with water umder.
controlled conditions of water comeentra—
tlon and heat input deseribed hereinbelow,
According to the process of the invention,
a crude mixture of the aforesaig type is §0
extractively distilled with waiér, whereby -
the bulk of the ethanol is washed down
the column in the form of a dilute
aqueons solution. Jn this step the frac- -
tionating tower is operated nnder condi- g5
tions such that an aqueous overhead frac-
tiom is secured which contains butralde-
hyde, ethyl acetate, methy! ethyl ketome,”
methyl propyl ketone, isopropancl, and.
some ethanol. The most difficult cofu- g
ponent to separate -from the ethamol .-
ts isopropanol, and we have found
that by faking overhead a rela~
tively small percentage of the ethamol
at this point in the process the isgpropanol ys
in-the bottoms ethancl can be reduced 1o -
about 30 parts per million or less. We-
have.found that in order to effect a satis. .
factory separation, dilution water shoukd
be added to the eolumn in an amount such 100
that - the councentration of water i the - -
liguid within the column is from, about
90 to 99 mol per cent, preferably in the
range -of 95 mol per cent. The amount of
net distillate drawoff is carefully con- 105
trolled so that sthanol of the desired
purity 1s preduced. The awmount of heat
supplied to the column is normally in the -
range of 100 to 150 B.t.u./pound .of
betto_ms. A minimum amount of heaf is 110
required tp secure satisfactory stripping .
of isopropanol and traces of other impuri--
res, especially unsaturatéd components
which deleteriously affect purity of the
gthanol. The use of excessive amapnis of. 116
heat beyond the siripping requirement
1mpairs the efficiency of the soluwr due
primarily to decreasing water concentra- .
tion within the columu. The temperatures
employed may vary widely, bul for the 120
mejority of feeds we have found that the
tower Dottom temperatures range from
about 90—98° C., preferably about 96°
C, (corrected to atmospheric pressure) and
the overhead temperatures range from 125
about.78—88° O, preferably about 76° C.
The quantity of ethanol withdrawn in
the overhead stream will vary with the
composition of the original feed and the ‘
efficiency of the fractionating ecolumn 136
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employed. Thus, with feeds of the type

encountered in the separation of the non-

acid water soluble chemicals obtained in

the conventional hydrocarbon synthesis
5 process, the ethanol content will generally
be found fo be in the neighborhood of 60
to 80 per cent of fhe tota] chemicals pre-
sent, while isopropanol is generally pre-
sent in a concentration of from about 1
to 3 per cent, Accordingly, we have found
that with mixtures of the aforesaid type
a satisfactory separation of the isopro-
panol from the bulk of the ethanol may
be effected by taking overhead in the
16 initial distillation step a quantity of
ethanol ecorresponding to from abnut 1 to
about 10 weight per eent of that in the
original feed mixzture. This, for example,
with a fractionating column having 65
plates and operating at an efficiency of 50
to 60 per cent, we have abserved that by
taking overhead only about 1.3 weight
per cent of the ethanel eriginally present
In the feed, a highly purified form of
25 ethanol (comtaining about 10 parts per
million of isopropanol} can be obiained.
‘With more efficient fractionating columns
the amount of ethanol required to be taken
overhend becomes less than 1 weight per
cont. However, as the conceniration of
ethanol in the feed deereases or the rela-
tive percentage ol isopropanel in the feed
inereases, (with a given column and other
operating conditions remaining constant)
38 it becomes necessary to withdraw higher
percentage of ethancl in the overhead in
order to ingure a substantially complefe
separption of the isopropanol from the
ethanol in the bottoms., For example,
with feeds in which the ratic of
ethanol to isopropano! is of the order of 10
to 1 instead of about 30 to 1, as is gener-
ally the proportion in the case of hydve-
carbon synthesis water-soluble-chemicals
45 mixtures, The amount of ethanol with-
drawn in the overhead may correspond to
as much as ahout 20 weight per cent of
that present in the original feed in order
that a satisfactory removal of isopropanocl
may he achieved.

The dilute agueous ethanol solution
from the base of the columm is sent fo &
eonventional fraetionating eolumn where-
in a constant hoiling mixture of ethanol
65 and water of high purity is removed as
diztillate, The bottoms, which iz essenti.
ally water. iz reeycled to provide dilution
water for the exirazetive distillation oper-
ation described above. A portion of this
water is comntinuously rejected tn the
sewer to provide a purge for any heavy
imnurities in the system,

The crade. distillate from the above
extractive distillation operstion is then
65 sybjected to a second extractive distilla-

Hij

20

80

60

fion with water whereby methyl ethyl
ketone, methyl propyl Lketone, ethanol,
and isopropanol sre washed down the
column and an agueous mixiure of buty-
raldehyde and ethyl acetate is taken over- §0
head ag distillate.

In general, it may be said that in order
to effect o satisfactory separatiom of
butyraldehyde and ethyl acetate from
methyl ethyl ketome, methyl propyl
kelone, ethanol, and isopropanol at this
point, the dilution water should be added
to the eolummn ih an amount snch that the
conceniration of water in the Houid at
any point in'the column is from about 90 80
to 99 mol per cent and preferably about
95 mol per cent. The avount of net over-
head withdravwn should be carefully con-
trolled fo avoid forcing methyl ethyl
ketone, ethanol, or isopropanol overhead 85
or butyraldehyde and ethyl ncetate into
the bobtoms at this stage. Ordinarily the
heat input should be in the range of 30—
120 B.t.u./pound of bottoms, preferably
about 90 B.t.u. /pound of bottoms. Tt has
heen our observatiom, however, that the
use of an excessive amount of heat impairs
the efficiency of the column since ynder
sueh conditions the concentration of water
in the column falls below the value we
have found suitable for effecting the
desired separation. In this comnection,
the temperaiures employed may vary
rather widely. For the majority of feeds,
however, we have found that bottom tower 100
temperateres of from 82° to about 94° C.
(corrected to -gtmospherie pressure), pre-
ferably about 85° C. and top tower fem-
peratures of from about 63° {o about
77° C, preferably 71° (, are satisfactory, 105
Thke overhead stream obtained in this
operation iz an agueous mixzture of buty-
raldehyde and ethyl acetafe which may,

i d.esu-ed. be further separated into its

individual components. The bottoms por- 110
tion obtained as a result of this distillation
gtep contains ethanol, isoprepancl, methyl
ethyl ketone, and methyl propyl ketone
in a total concentration of the order of 1
mol per cent. The dilute bottoms fraction
containing these chemieals is intreduced
at an infermediate noint in another frac-
tionaling column where a third extractive
distillation operation is effected. ¥n this
separation step. however, the water azeo-
tropes of methyl ethvl ketone and methvl
propyl ketone free of alcoliols are col-
lected as an overhead stream, a dilute
(from about 2.to 10 weight per ocemt)
aguecus solution of isopropsnol and
ethanal is withdrawn from the column as
a side stream: bhelow the point at which
the feed is introduced, while water is
withdrawn from the bettom of the eolumn
and reeycled to the previons columa. In 130
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effecting this separation dilution water is
intreduced at the top of the solumn in an
amount such that the concentration of
water in the liquid at any point in the
5 column above the point of side stream
withdrawal ranges between about 80 and
99 mol per cens, preferably betwean about
95 and 99 mol per cent. It the concentra-
tion of water above the point of side
10 stream withdrawal is between 80 and 09
mol per cenf, the coneentration of water
at any level below the point of sidesiream
withdrawal world necessarily be above 80
mol per cent. In instances whers it is not
15 considered necessary or desirable to effect
a sharp separation of methyl propyl
ketone from ethancl and isopropyl aleo-
hol, the minimum concentration of water
in. the colums may be lower than 85 mol
20 per cent and still resul} in a satisfactory
separation of the methyl ethyl ketone
from the aforesaid alcohols. Thus, in mix-
tures of the type here involved and which
contain varying amounts of methyl propyl
25 ketone, a substantially complete separa-
tion of methyl elhyl ketone from, the
remaining components of the mixture can
be accomplished through the use of as
Iittle as about 70 mol per cent water in
30 the column. Heat input to the column will
normally be between 125—300 B.t.u.f
pound of bottoms. Under these conditions
isopropanol and ethanol relatively free
from. ketones can be withdrawn in the
35 form of an agueous solution as a side
sirsam below the point at which the feed
is introduced. The observations relative to
heat input. discussed above are equally
pertinent to the separation of methyl
10 ebhyl ketone, methyl propyl ketone, and
water irom .isopropamnol, ethanol, and
water. ‘While .the actual iemperatures
employed at this stage of the process may
vary widely, we have found thai in the
45 majority of instances the bottom tempera-
tures will be. the boiling point of water,
while top temperatures may be in the
range of from about 73° to 83° C..and

preferably about 74°. C, The temperature

50 at which the side stream. of agueous iso-
propanol and ethanoel is withdrawn should
generally range between about 92° and
about 99° C. (corrected to atmospheric
pressure} depending on the concentration

55 selected for the drawoff stream. ..

_ If desired, the methyl ethyl ketone and
methyl propyl ketone contained .in the

distillate from this operation can be.

separated by first removing the azeotropic
80 water and then separating the anhydrous

Lketones by means. of conventional frac-

tional distillation. . . .

- Thy dilute aqueons side stream. of iso-

propanol and ethanol is next. introduced
65 gt an infermediate point of still apother

extractive distillation ecolumn where iso-
propaxidl is taken off overhead ang sthanol
18 withdrawn as a bottoms stream, Theiso-
propaniol is removed in the form of am -
azeotrope with waler by introducing the 70
dilution water at a point substantially
below the take-of level for the squeous
isopropanol. In this distillation the guan-
tity of water introduced is such that the
concentration in the liquid at any point in 75
the column below the point of water intro-
duction is in the range of from about 90
1o 99 mol per cent, preferably 95 mol per
cent. The aqueouns ethanel solufion -
obtained from the base of this column is 80
recycled o supply a portdon of the dilu-
tion water for the column imitially des-
cribed in the process of the invention,
Bottoms temperatures may range from
90° to 98° C. (corrected to atmespheric 85
pressure), but are generally preferably
beld to about 97° C, while the top tower
temperature is about 80.6° C. sorrespond-
ing to the boiling point of the isopro~
panol-water azeotrope., Heat input is pre-
ferably in the range of 100—150 B.tu.|
pound.of bottoms, : :
On¢. embodiment of the invention is
illustrated diagrammatieally by -the
sccompanying drawing, Refexring fo the 95
drawing, a charging stock comprising
essentially an agueous solution of buty-
raldehyde, ethy'[l1 acetate, methyl ethyl
ketone, methy! propyl -ketome, izopro-
panol, and ethano! oblained, for example,
in- the hydrogenation of carbon monoxide
in the presence of 2 fAuidized iron-caialyst,
is infroduced through line 2 into an inter-
mediate section of columm 4 where it is
fractionally distilled: The- vapors rising 1q5
through the column- encounter a stream
of waler- introduced at #ie top thereof
through line 6 TUnder these conditions
ethanol is selectively washed - down the
column and withdrawn therefrom through j14
line 8 after which ihis solution is intro-
duced into column 10 -where a constant
boiling mixture of ethanol and water is
withdrawn overhead through line 12, part
of which is returned to the top of the 135
colurny through line 14 as regux. Tke
botloms, which -consists- essentially of
watér; is withdrawn threugh line 16 and
a portion-thereof fransferred through line-
18 to the top of column-4-to-be recycled 120
as dilution water. The remaining bottoms
water 1 withdrawn -through line 17 and
run-to:the sewer. The overhead fraction
from column 4 which contains. butyralde- '
hyde, ethyl - acetats, methyl " ethyl 195
ketove,, methyl propyl- - ketone, iso-
propanol, water, and a relatively -small. -
amount (usually from. about 1 to-.10
weight per cent, based on the concentra-
tion of ethanol in the original feed) of 130
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ethanol is withdrawn through line 20 and
introdueed into column 22 where the feed
is extractively distilled. The vapours ris-
ing in column 22 encounter u stream of
water introduced at the top thereof
through line 27. In this column butyralde-
hyde, ethyl acetate, and water are
removed in the form of azeotropes ag an
overhead fraction through line 26 and par-
tiglly recycled as reflux through line 28.
The botioms portion, which consists of an,
aqueous solution of methyl ethyl ketone,
methyl propyl ketone, isopropanol, and
ethanol, 1s withdrawn through line 80 and
introduced inio colummn 32 where extrac-
tive distillation is again effected by intro-
ducing water into the ecolumn through
line 32, resulling in methyl ethyl ketone,
methyl propyl ketone, and azeotropic
water going overhead through line 34,
some of which is refurned as reflux
through line 36, while a side stream of iso-
propanol, ethancl, and water is with-
drawn through line 38 and introdueed into
column 40. The bottoms from column 32,
consisting' essentially of water, is with-
drawn through line 38 and in part
recycled as dilution water to column 22
through line 24 while the remainder 1s
withdrawn, through line 51 and run to the
sewor, lsopropanol iIs separated from
ethanol in column 40 by means of still
another extractive distillation with water
which is introduced through line 42. In
thiz instance an azeotrope of isopropanol
and water is withdrawn through line 44,
part of which is returned fo column 40
through hine 46 as reflux, while a dilute

golution of ethanol is withdrawn as a

bottom, stream through line 48 and re-
eycled through line 54 to column 4, where
it is employed as a source of dilution
watber.

In the above-mentioned drawing refer-
ehce to certain equipment such ag pumps,
reboilers, gages and the like which obvi-
ously would be necessary to operate the
process has been intentionally omitied.
Only sufficient equipment has been dia-
grammatically shown to illustrate the
process.

In every iustance where separation is
effected by means of exirvactive distilla-
tiom, the amount of heat which may be
admitied fo the column employed is pri-
marily determined by the feed composi-
tion, the amount of dilution water added,
and the type of geparation desired. In con-
trast to  comventional fractionating
columns, however, the heat input must
be established between deflnite maximnm
and minimym limits if, as hereinbefore
defined, successful operation is fo be
obfained. While our process may be

§h carried out ot reduced or superatmospheric

Dressures, we preier, in general, to employ
atmospheric pressure.

Among the outstanding and surprising
features of the invention is the fact that
by the use of only water as an extractive
distillation agent, sharp separations ean
be made between the several constituents
which not only boil very close together

I0

but form numerons azeofzopes. This faet -

appears to be all the more surprising when
it is realized that the concentration of
water employed in such extractive distil-
lation proecesses is generally within the
relatively narrow range of 90—95 mol per

75

cent, For example, in the first extractive gg

distillation -operation only ethanol is
removed from the base of the column
while all other constituenis, including
those which in the anhydrous state boil as
nuch as 25° (. higher than ethanel, are
removed overhead. Even under the eon-
ditions specified for this columm, the
separation of isopropancl from ethanol is

very difficult, and we have found it neces-

sary to withdraw some of the ethanol in
the distillate in order to effect substanti-
ally complete removal of isopropanol.

By changing conditions slightly in the
second exiractive distillation, the aleo~
hols and kefones are separated from the
aldehyde and ester with which they form
close lhoiling: azeotropes. In the third
extractive distillation, both alecchols are
separated from both ketones by taking off
the latter as an-overhead stream, in spite
of the fact that the heavy kefone boils
considerably higher than either of the
alcohols, and that numerous azeotropes are
possible, In the fourth extractive distil-
lation, by employing high dilution and
preecise temperature control, it is possible
t0 achieve a sharp separation between the
two most difficultly separable constituc
ents, namely. isopropanocl and ethanel.
Thus, it is our observation that the com-
ponents of the mixlnres involved show
varying degrees of non-ideality inthe pre-
sence of water and by carveful coptrol of
such variables as heat Input, water con-
ceniration, and temperature gradient it is
Dossible to effect the separationg herein
described. ’

It will be apparent; in view of the fore-
going description, that the process of the
inveniion miy-be modified in numerous
ways without materially departing from
the scope thereof. Thus, while the appli-
cation of the invention has been descrige&
principally in connection with the separa-
tion of components present in the propor-
tions typieal of those found in the water
soluble chemicals siream obtained in the
hydrocarbon synthesis process, it ia o be
strictly understood that the invention is
equally applicable to the trestment of
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- mixtures in . which the common com-
ponents of the aforesaid water soluble
chemieals stream are to be found in pro-
portions substantiaily different.

6 ~The temperature valnes given through-
ot this spécification refer to operation
“at afmospheric pressure or are corregted
1o such pressure.
~ Patent Speeification No. 647,903 des-

10 cribes and claims a process for the separa-

" tlow of at least two water-soluble alcohols
of differing molécular weights, which pro-
"duoe - close " boiling agqueous azeotropes,
from. feed mixtures containing them, with

15 or- without eorrespending carbonyl com-

. pounds, "which comprises continuounsly

iniroducing the feed stock into a fraction-

- ating -column at an intermediate. poimt

thereof, maintaining the portion of the

coluiny above the feed inlet as a rectifi-
cation™ zone, confingously iufreducing

“water_into the top of the said column in

suffigient quantity to produce an internal

reflux in the said rectification zone con-

25 taining afleast 66 mol per cent waler and

 sufficient to alter the relative volatilities
‘of the componenis of the feed mixture to
prodice an overhead distillate containing
the higher molecular weight alcokol or

30 ‘2lechols and any carbonyl ecompounds pre-
gent, and a hottom sizeam comprising a
‘dilute agueous solution of the lowest mole-
cular “weight aleohol, maintaining the
portion of the column below the feed inlet

85 a8 & siripping zone in which the dilute
_ solution of thé alcohol formed as the
botloms in the rectification zoms is re-
‘hoiled and reflixzed, continuously remov-
ing from. ths fop of said column a distil-

40 late confainiig the higher molecular

- “weight aleghol-or alcoliols with auny car-
" bonyl compminds, and epniinously remov-
ing Trom the bottom of the said column a
sybstantially pure dilute agueous solution

45 of the lowest mulecular weight alcohol.

" "What we ¢thilm. is:—

1. A process for the zecovery of ethanol
from aguecus mixtures containing iso-
propanel together with at leagt ons gther

50 oxygenated organic compound capable of

" forming an azectrope with ethanel, which
‘Gomprises subjécting said mixbure to frac-
iional distillation in a column, in which
a heat input of from about 100 to about

55 150 B.t.w./pound of bottoms 1s employed
t give a bottom eolumn temperature of
from, about 90° to about 98° C. and an
overliead temperature of from about 73°
to_about 88" C. indroducing water info

60 said column countercurrently to the flow
- of the vaporized mixture in an amount
" such that the concentration of water in
the liguid ai apy.point in the columm. is
from aboui 90 to about 99 mol per cent,

6a.and . withdrawing an agueous bottom

20

stream, containing the bulk of the ethanocl
originally present amd an overhedd frac-
fion contaiming from abouni 1 to about 20
weiglts per cent of ethanol, based on the
concentration thereof in the original mix- 70
ture, together with isopropanel and af
least one other oxygenated organic com- .-
pound capable of forming an  ageplrope
with efhanol. o ST -

2.°A process atcording to.Cleim-I; in 75
wlhich the ethanol content of the feed
mixture is betwean about 60 and - sbout
80 weight per cent and the amount “of .
ethanol taken overhead is from about 1 to
about 10 weight per.cent, based on the 80 -
guantity of ethanol in said feed mixbure;

"3.-A process for the separate recovery .
of "ethanol and isopropanol from sgueous
mixture containing butyraldehyde; ethyl .
acetate, and methyl ethyl ketone, such as,. g
for example, the overhead frastion of -~
Claim J or 2, which process comprises
subjecting said mixture fo fractional dis~ -
tillation in a column in which a heat input -
of from. 80 to 120 B.t.u.[pound of boitoms 90
iz employed, introducing water into said
polumn countercurrently io the flow of the
vaporized mixture in an amount sueh that -
the concentration. of waler in the liguid -
ot any peint in the columm. iy from about 95
90 +to about 89 mol per cent, and with—
drawing a bottoms stream gomtaining - -
methyl ethyl ketone, ethanol, and iso- |
propanol and an overhead fraction com- = .
prising butyraldehyde and etlryl acetate. 1gg
- 4. A process aceording to Clafm, 3,7in
which the aqueous mixtures.of exygei- =
ated orgamic compounds are of the fype .
produced in. the synthesis of hydrocar-
bons from carbon monoxide and hydroges, 105
said fractional distillation is carried: gub- -
ata botlom tower temperature of frem -
82 to about 94° C, and an overhead tem-
perature of from. ahont 68° to about 77°°0.
. 5. A process for the separate recovery 31
of ethanol and isopropanol from aqueons -
mixtures noniaining methyl ethyl ketone,
etkanol, and isoprgpamol, such ag, for -
example, the betioms stream of claim 3.or -
4, which process eomprises gubjecting said 115
mixture " to fractional distllation - in™
a column in which, a heat inpud
of 126 to 300. B.tu./pound of -
hottoms is employed, inirodueing water
into said column coynter-currently fo the 19
flow. of the vaporized mixture in an ™~ -
amannt sweh that the concentration of
water.in tha liguid at any point. in the
column “is from about 70 to about 99 mol
per cent, snd withdrawing an overhead 125
fraction at a temperature of frem about
78° to 83° O. containing mefhyl ethyl
ketorie and water and a side stream con.-
taining ethano], isopropanpl, and water.

6. A process according:to Claim 5 of 13p
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‘tre‘atin%] the botioms stream of Claim 3
or 4, which stream also contains methyl
propyl ketone, in which the water con-
centration in the liquid at any point in
the column is from ahout 95 o about Y9
mol per cent, and an_overhead fraction
containing methyl ethyl ketone, methyl
propyl ketone, and water is withdrawn at
a temperature of from about 73° 1o 83° C.
and a side stream containing ethanal,
isoprepanol, and water is withdrawn at a
temperature of from abemnt 92° tp 99° C.

7. A process according to Claim 5 or 6,
which comprises thereafier subjecting
said side stream to distillation in a
column in which a heat input of 100 to
150 B.t.u./pound of bottoms is employed,
introducing water into said column at an
intermediate point thereof countercur-
rently to the fow of the vaporized mix-
ture in an amount such that the concen-
tration of water in the liquid at any point
in the column below the water inlet is
from 90 to about 99 mol per eeni to oblain
an overhead fraction of agueous isepro-
panol and s bottom stream of agueous
ethanol.

8. A process zecording to Claim 7, in
which the water is iniroduced into said
column in an amount such that the con- 30
centration of water in the liguid at any
point in the column below the water inlet
iz from about 95 o about 99 meol per
cent.

9. A provess according to Claim 7 or 35
8, in which the heat input is sufficient to
give a bhotiom tower temperature of about
90° to about 98° C. and an overhead tem-
perature of from 73° to about 88° (.

10. The new and improved process of 40
recovering highly purified ethancl from
complex mixtures of oxygenated organic
compounds  substantially ag Therein
described.,
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