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This invention relates to a method for the fin-
ishing of crude aliphatic esters, particularly by
the removal of alcohols and water therefrom.
More specifically, the invention is concerned with
the production of a refined grade of aliphatic
ester from crued aliphatic ester by a combined
distillation and water-extraction process.

Crude aliphatic esters prepared by commercial
processes, €. g. the esterification processes “of
U. S. 1,770,779 and U. S. 2,147,341, contain sub-
stantial quantities of water and alcohol among
other impurities. It is an object of this inven-
tion to present a process whereby water and alco~
hol can be substantially and economically re-
moved from the crude aliphatic ester in a finish-
ing process resulting in the production of a re-
fined grade of product..

Crude aliphatic esters prepared by commercial
processes contain in the neighborhood of 50-85%
by weight of ester, 5-35% alcohol and 2-10%
water. For market purposes, it is necessary to
remove water almost entirely from the product
and to reduce the alcohol content to & minimum.
Such is an object of my process.

In order that my invention may be clearly un-
derstood, the manner of its application to the
finishing of crude secondary butyl acetate will
be explained. However, my invention is not lim-
ited to the finishing of this particular ester, nor
is my invention limited by any particular process
by which the crude aliphatic ester has been pre-
pared. My invention is applicable to the re-
moval of water and aleohol from mixtures of
aliphatic ester therewith, regardless of the history
of the crude ester mixture.

Secondary butyl acetate has been made for a
number of years by a batch esterification process
using secondary butyl alcohol and acetic acid to
produce a crude material containing 75-85% by
weight sec-butyl acetate, 2-5% by weight water,
and the remainder sec-butyl alcohol. This crude
material is then further refined by a baich dis-
tillation operation to obtain a product which con-
tains 85% by weight sec-butyl acetate and the
remainder sec-butyl alcohol.

The conventional purification of secondary
butyl acetate by distillation involves the follow-
ing vapor-liquid equilibrium relations of the
ternary system sec-butyl alcohol sec-hutyl ace-
tate and water.

(Cl. 202—42)
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(1) There is formed a ternary azeotrope which
boils normally at 85.7° C. and is composed as
follows:

54,6 weight per cent

SBOH . noeee. '
SBAc... _ 95.7 weight per cent ¢ B. P.85.7°C,
19,7 weight per cent

(2) Aqueous binary azeotropes as follows are
formed:

SBOH. el 72 weight per cent
HoO oo iiccee 28 weight per cent
79 weight per cent
21 weight per cent

}B.P.87.3;’G.
} B.P.87.5°C.

(3) As far as’is known, there is no sec-butyl
alcohol-sec-butyl acetate” azeotrope formed.
However, the system is non-ideal, and the rela-
tive volatility in the range 80 to 100 wt. % SBOH
closely approaches one. - Consequently, the sepa-
ratiori of high purity SBAc from anhydrous
SBOH-SBAc mixtures by simple distillation is
difficult if not impossible; ~ -

If a mixture of SBAc-SBOH-H20 containing a
ratio of SBOH/H20 greater than the same ratio
in the ternary azeotrope is submitted to batch
distillation in a still surmounted by a good frac-
tionating column, the material removed overhead
will be successively:

(1) The ternary azeotrope.

(2) A mixture of SBOH and SBAc rich in
SBOH.

(3) SBAc. ) ]

Since all the water is removed as part of the
ternary azeotrope, the binary azeotropes cannot
be formed.

Specifically, the batch distillation of crude ace-

5 tate is carried out in the present commercml

process as follows:

The crude sec-butyl acetate is charged to a still
pot’ surmounted by a. 20-plate fractionator, and
fractionated at a temperature at which the over-
head approaches the ternary azeotrope of acetate,
alcohol and water (B. P. 85.7° C.). This operation
is complicated by the occurrence of binary azeo-
tropes of acetate-water (B. P. 87.5° C.) and alco-
hol-water (B. P. 87.3° C.) which distill over in
the same approximate boiling range. As far as
is known, there is no sec-butyl acetate-sec-butyl
alcohol binary. The column is best operated so
that the temperature at the top of the column
lies half way between the binary azeotrope tem-
peratures and the ternary azeotrope distillation
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temperature, the purpose of the distillation being
to remove maximum water and alcohol and mini-
mum acetate. After the azeotropes have been
distilled over (called the “heads”), the overhead
then distills as an 86-88% acetate distillate, the
remainder being aleohol. Material of this com-
position (called the “heart cut’), is taken off
until the acetate content begins to drop below
approximately 86%. The bottoms of the column
can be drawn off and combined with the “heads”
and fresh crude acetate to make up the next
batch to the fractionating column.

For the proper use of the product, e. g. for
solvent purposes, it must be water-free. Recent~
iy, increased commercial demand for water-
free acetates has resulted in greater production
of acetates and, at the same time, an impor-
tant market has arisen for a dry product contain-
ing 5% or less of alcohol.

My process, therefore, prov1des for the eco-
nomical purification of a sec-butyl acetate
which will meet specifications on Water content
and have an alcohol content as desired from
0-15% by weight starting with a crude acetate
feed containing up to '85% by weight of sec-
butyl acetate, 2-5% water by weight, and the re-
mainder essentially sec-butyl alcohol. My im-
proved process may be carried out in batch or
continuous operation as will be described below.

Briefly, the crude secondary butyl acetate is
fed to the central part of a rectification column,
s0 operated that the secondary butyl alcohol and
water are carried overhead with a small amount
of the acetate. Although at atmospheric pres-
sure, a ternary azeotrope of sec-butyl alcohol-
sec-butyl acetate-water is formed, the crude
acetate normally does not contain sufficient water
to permit the required amount of alcohol to be
taken overhead as thé ternary azeotrope. In
my process, the column is operated so that with
the customary feed, the ternary azeotrope is not
taken overhead, but instead, a mikture of ace-
tate, -alcohol and water which comntains more
alcohol than the ternary.

In order to obtain ‘this mixtare overhead I
operate a fractionating tower within a definite
temperature range. At atmospheric pressure
the lowest fractionation temperature main-
tained at the head of a column when refining
secondary butyl acetdte is that of the boiling
point of the ternary azeotrope, namely approxi-
mately 85.7° C. The ‘highest temperature to be
employed at the top of the fractionating column
is approximately 95.0° C. The tempeirature
selected within this range depends upon the
qualify of the feed and the quality of the desired
product. Under no circumstances, however, is
the fractionating tower -overhead temperature
permitted to fall below the boiling ‘point of the
ternary azeotrope at atmospheric pressure, nor
under any circumstances is the overhead tem-
perature allowed to exceed the boiling point of
the desired ester itself. I have found the above
temperature range of 85.7° C. to 95.0° C. to be
particularly effective for the production of high
grade secondary butyl acetate.

The total overhead from the rectification col-
umn is condensed. At this point, two possibil-
ities exist for the treatment of the overhead even
though it may separate into two phases. Either
the total overhead or the acetate phase re-
covered by decantafion of the overhead may be
sent to a water exfraction tower where it is
contacted with water, preferably in a counter-
current manner, to obtain an acetate phase sub-
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stantially free of alcohol but saturated with
water, and an aqueous phase containing es-
sentially all the alcohol and water in the over-
head and some secondary butyl acetate. The
secondary butyl acetate phase is returned to the
rectification fower as reflux. The agueous phase
from the extraction tower is sent to a recovery
column where it is fractionated to recover the
alecohol and acetate. If the total overhead from
the rectification tower was separated and only
the acetate layer extracted with water in the ex-
traction tower, the adgueous phase is combined
with the aqueous phase from the extractor and
sent to the recovery column. Secondary bubyl
geetate of the desired strength is obtained as a
bottoms producet from the rectification tower or
the reboiler, preferably as a vapor stream off the
reboiler, which stream is condensed and sent to
storage. QGeherally, however, the crude acetate
contains some hish boiling impurities and pro-
vision must be made to purge the system of these
high ‘poilers. This is accomplished by remov-
ing the high boilers as a bottom stream from the
reboiler, as will be explained later with reference
to the drawing.

It will be'seen from the above description of my
invention that a water extraction stage, prefer-
ably a counter-current extraction stage, has been
incorporated iato the finishing operation of an
esterification process.

The invention will be further understood from
the description of ah embodiment of the inven-
tion, this description beihg 'made With reference
to the drawing which represents a diagrammatic

5 elevationial view of an ‘apparatus suitable for car-

ryinig out the present process.

Referring to the drawing, criude secondary
butyl acetate enters lihe 1 and is pumped by
pump 2 through line 3 into the middle of the
rectification tower 4. The tower 4 is operated
at temperatures between approximately 85.7° C
and 95.0° C. and at atmospheric pressure. In
tower 4 the crude acetate mixture is distilled,
heat being supplied by means of reboiler 5.
Steam is circtilated through coil 6 in reboiler ‘5
supplying heat to the tower bottoms removed
from the tower through line 7 #hd returned to
the tower through line 8. "Taken overhead ‘irom
tower 4 through lihe 8 is 9 miixture of alechol,
acetate and water, the mixture containing ‘more
alcohol ‘and acetate than the ternary azeotrape.
The overhead is condensed th condenser 6. "The
total condensed overhead from line It is picked
up by pump 12 and transmitted via line {3 into
the bottom of extraction tower 14. In tower I4
the overhead is counteicmrently washed with
watber entering through Iine 15. From extraction
tower 14 ‘an acetate phase ‘substantially free of
alcohol ‘but saturated with watér is taken over-
head through line 16 to pump 17 which pumps
it via line 18 "inito the top of rectification tower
4 as reflux. The ‘agueous phase ‘containing es-
sentially all the alcohol and ‘water and some sec=
butyl ‘acetate (less than 1 wt. %) is taken as
bottoms from extraction tower 14 throdgh line
19 to pump 28 whxch pumps it through line 21
into recovery column 22. Tn the recovery column
the water is substantially completely removed via
line 23 and alcohol ‘and ‘acetate Vapors are taken
overhead in line 24 and condensed in condenser
25, The condenisate 1n lme 31 may be returned

through line . The reﬁned ‘acetate, from which
water has been substartially completely removed,

75 and whose alcohol content has beeh cut to ‘the
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-desired maximum, is removed-as bottoms-from
tower 4 through line T to reboiler 5. Refined
product is taken as a vapor stream off the re-
boiler through lines:8 and 26, condensed in con-
denser 27 and led through line 28 to pump 29
which pumps the product through line 30 to
storage. High boilers are removed from the ace-
tate product by withdrawing. them as a “stream
off the reboiler by means of line 30, led to pump
31 and removed from the process via line 32.

If desired only the ester phase of the overhead
need. be submitted to water extraction. - In this
event -the total condensed overhead is lead via
line 34 to decanter 35 in which the distillate
separates into two phases, namely, an upper ester
phase 36 which is removed via line 38 and sent
to the extraction tower and a lower aqueous
phase which is removed via line 39. : :

The process just described may be modified
somewhat by operating the rectification column
in such a manner as to take overhead the ternary
azeotrope of acetate-alcohol-water. The ternary
azeotrope can then be extracted with water to
obtain a raffinate essentially free of. alcohol.
The water washed acetate would contain about
95% SBAc, 2.5% SBOH, and 2.5% H:20 if opti-
mum extracting conditions were used. There-
fore, if further alcohol were to be removed
enough water would have to be added to meet
the demand of the overhead composition. The
reflux to the rectification column would then con-
sist of the raffinate and sufficiently extraneous
water to permit the alcohol to be taken over-
head as the ternary azeotrope. Extraneous
water may be added through line 32, along any
point in line (8, or to the column directly, e. g.
through line 33.

In a typical example directed to the purifica-
tion of secondary butyl acetate, I have found it
possible fo obtain a high quality acetate product
by proceeding in the following manner:

120 1bs. of distillate are taken overhead from
the fractionating column. This distillate con-
sists of 100 lbs. of the ternary mixture and 20
1bs. of the mixture containing 85% alcohol and
15% acetate by weight. The following then 1s
the composition of the distillate.

SBAc¢ |SBOH H:0
54.6 25.7 | 19. 7—from the ternary.
3.0 17.0 fomues —from the alcohol-acetate mixture,
57.6 42.7 19.7

=120 total parts of distillate,

The overall composition, therefore, of the distil-
late is 48 weight per cent acetate, 35.6 weight
per cent alcohol, 16.4 weight per cent water. In
order to obtain this distillate, crude acetate is
fed to the column and the heat input to the
column bottoms is increased until the distillate
of this composition is obtained. This can be
accomplished by maintaining a constant bottoms
temperature at atmospheric pressure and varying
the reflux ratio or by maintaining a constant re-
flux ratio and varying the heat input to the bot-
toms. The ratio of alcohol to acetate in the
overhead will be a function of the number of
plates and the reflux ratio of the column. The
column can be operated so that any desired
amount of alcohol-acetate mixture can be taken
overhead in addition to a given amount of the
ternary mixture.

My process differs from the usual azeotropic
distillation process in the following respects:

1, Normally, the feed contaifis 6tie impurity
which is to be removed, but here there are two, -

. “viz,, water'and alcohol, which are removed simul-
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alcohol.

taneously :

2. Usually, an. entramer is added to the- recti-
fication zone to increase the volatility of the im-
purity so that it will be taken overhead, but in
1my process the: desired. product, i. e. the ester

Jitself, is the entrainer.

A review of the process 'descnbed dlscloses that

-alcohol and water have been removed from the

crude acetate by a process which, in effect,

causes the concentration of acetate in the recti-

fication column. The countercurrent water ex-
traction of the rectifier overhead produces:a re-

flux acetate phase which is substantially free of
By this procedure, the overhead. can
be extracted to an extent governed by the amount
-of alcohol desired in the final acetate product.-- .

As previously stated, my process can be car- .
ried out in: batch or continuous operation. If
batch operation is employed, the fractionator is
operated until the aleohcl content of the: over-
head drops- off considerably, indicating that it
has been substantially removed from the tower
feed. The bottoms are drawn off and a new
batch charged to the fractionator. When op-
erating in a continuous manner, the process con-
sists of continually charging crude ester to the
rectification column at a constant rate, remov-
ing an overhead and a bottoms product, con-
densing the overhead, extracting alcohol from
the overhead by countercurrent washing with
water and providing a predominately ester phase
as reflux for the rectification column. The pre-
dominately alcohol-water extract is continuous-
ly removed from the extractor and sent to a re-
covery column where water is removed as bot-
toms and discarded, and the predominately al-
cohol overhead containing small amounts of
ester, is condensed and returned if desired as re-
cycle feed to the crude ester producing unit.

My process is of general application in the fin-
ishing of aliphatic esters and it will be readily
apparent to one skilled in the art that the propyl
and isopropyl, the butyl and isobutyl, the amyl
and isoamyl esters of aliphatic acids may be fin-
ished by a method entirely analogous to the
process described for my secondary butyl acetate
purification. If the process is applied to the fin-
ishing of the above esters of hydroxy aliphatic
acids and dicarboxylic acids,-the finishing should
be preferably carried out under vacuum,

Having thus described my invention, what I
desire to claim as new and to protect by Letters
Patent is:

1. A process for the purification and recovery
of secondary butyl acetate from a mixture there-
of with minor proportions of secondary butyl
alcohol and water, said mixture containing in-

~sufficient water to form a-ternary azeotrope with

all the alcohol and acetate, which comprises dis-
tilling the mixture in a fractionation zone at a
temperature between the boiling point of the
ternary azeotrope and the boiling point of the
acetate so as to remove from the fractionation .
Zone a distillate comprising the ternary azeotrope
plus additional amounts of secondary butyl
acetate and substantially all the secondary butyl
alcohol extracting the distillate with water to
form a raffinate consisting substantially. of sec-
ondary butyl acetate and substantially free of
secondary butyl alcohol and an exfract contain-
ing substantially all of the secondary butyl al«
cohol from the distillate, refluxing the raffinate
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1o & top part of the fractionation zene and Te-
moving as bottorms from the fractionation zone

secondary butyl acetate substantially free.of wa-

ter and secondary butyl alecohol.

2. A process for the purification and recovery
of secondary butyl acetate from 5 mixture there-
of with minor proportions of secondary butyl al-
cohol and water, said mixture containing insuffii~
cient water to form a ternary azeotrope with afl
‘the alcohol and acetate, which comprises dis-
tilling the mixture in @ fractionation zone at at-
mospheric pressure at a4 temperature between
857> C. and 95.0° 'C., removing from the frac-
tionation zone a distillate comprising the ternary
azeotrope plus additional amounts of secondary
butyl acetate and substantially all the secondary
butyl alcohol, extraeting the distillate with wa-~
ter to form a raffinate consisting substantially of
secondary butyl acetate and substantially free of
secondary butyl alechol, and an extract con-
taining substantially a1l the secondary butyl al-
cohol from the distillate, refluxing the raffinate
‘to a top part of the fractionation zone, and re-
‘moving ‘as bottoms from the Ifractionation zone
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secondary butyl acetate substantially free of wa-
ter and secondary butyl aleohol.

ERWIN H. AMICK, Jza
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