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13 Claims.
This invention relates to a process for the con-

" centration of acetic acid from agueous solutions,
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also salt solutions, and the like, by extraction
with suitable liquids, such as acetic acid ethyl
ester, ete.

" According to the invention a surprising and
specially favourable effect is obtained in- the
known extraction of acetic acid from agqueous so-
lutions or -the like, with suitable liquids, such a5,

for instance, acetic acid ethyl ester, by extremely

fine distribution or atomization of the one liquid
within the other and preventing the atomized
particles to coalesce into larger particles before

they have an opportunity to react with the liquid

in which they are introduced. The known high-
power-, cloud-, dust-, spray- and atomizing noz-
zles are particularly suitable for this. Indeed
those atomizers are to be preferred, which, for
instance, at about 14 at. make an atomization
of liquids in air and gases possible to drops of
about 0.11-0.08 mm. in size.

The drawings illustrate diagrammatically both
the separate adaptation of the distributing de-
vices of the type described and the most varied
combinations thereof, wherein not only the sin-
gle extractors, but also an integrally co-operat-
ing system of the same is used.

In the drawings:—

Figure 1 shows an extraction liquid container
a of any desired height with an inlet pipe b,
which ends in an atomizer ¢, introduced at any
place desired in the inner space, in the present
case from above,

Figure 2 shows a similar extraction tower, i. e.
a container ¢ filled with extraction liquid; in the
lower part are disposed an inlet pipe b, and an
atomizing nozzle e as in Figure 1,

Figure 3 shows a combination of the forms of
construction according to Figures 1 and 2,

Figure 4 shows by way of example a combined
device, in which atomizing nozzles are provided
in the upbper portion of the container ¢, and, in
the lower portion of the same, a perforated or
porous pipe £, and

Figure 5 shows diagrammatically a complete
apparatus for carrying out the process according
to the invention.

Referring to Figure 4, the nozzles c and the
pipe f may be of any desired size and of any de-
sired number or position or arrangement.

These partly individual, partly combined forms
of apparatus can be used for the concentration
of dilute acefic acid in the following manner:

The procedure is such that, for example,
aqueous acetic acid, is atomized through the pipe

(CL 260—122)

b and the nozzle ¢ into the extraction chamber
as shown in Figure 1 which is filled with acetic
acid ethyl ester, to a point above the nozzle. The
acetic acid solution, which sinks down through
the ester column in an unusually fine state of
division, is rapidly extracted at.the relatively
large distribution surface.

The process can naturally also be reversed,
whereby the acetic ester is atomized in a column
of aqueous acetic acid by means of the pipe b
and the atomizing nozzle e disposed below in the
extraction chamber according to Figure 2.

When using the apparatus according to Fig. 3,
which is provided, at the top, with one or more
pipes b and atomizing nozzles ¢ and, at the bot-
tom, with a pipe d and a nozzle e or a perforated
or porous tube or other liquid-dispersing devices,

_a combined process can be carried out in which

two layers of liquid are formed by suitable reg-
ulation of the inflow and outflow of the two
liquids to be distributed; for example, an upper
one of acetic acid ethyl ester and a lower one of
aqueous acetic acid. If now dilute acetic acid is
introduced into the column from above through
the pipe b, and acetic acid ester through the
lower distributing device e, then by means of the
double sided distribution an extracting action in
counterflow will result.

The method described hereinabove can be car-
ried out just as well in the apparatus shown in
Figure 4, in which the perforated tube connect-
ed to the pipe d is arranged in the lower part of
the container a.

In passing in dilute acetic acid, for example
from above, and the extraction material, e. g.
the acetic acid ethyl ester from below into an
extraction chamber, it is advantageous to regu-
late the upper and lower inflow of the liquids be-
ing mixed together, so that two separate layers
thereof are formed in the extraction chamber.
In the upper portion of the container for the
extraction liquid, dilute acetic acid is atomized
into a liquid column of acetic acid ethyl ester
and, in the lower portion of the container for the
extraction liquid a<zetic acid ethyl ester is
atomized into a liquid column of dilute acetic
acid. By this counter-current action, and the
fine state of division of the one liquid in the
other, an inteunsive extraction results.

It is important that when carrying out the
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process the components of the mixture in the .

liquid columns fermed should always be in coun-
terstream, and that the mixing process should
take place in a hollow space of the container,
which has no partition walls, filling bodies or
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_other ‘obstructions, so as to offer as little hin-

drance as possible to the free flow of the droplets.
The single extractors may either be located one
above the other, or next to one another in rows,

‘and so that they can be connected one behind

the other by means of pipe connections, as illus-
trated in Fig. 5, which illustrates preferred appa-
ratus for practicing the method of the present
invention,

Here, the dilute acetic acid passes from 2 supply
tank a, arranged at a suitable height, through a
measuring and regulating device b into a scrub-
ber ¢, which is filled with suitable fillers, for in-
stance porcelain rings, so called Raschig-rings
or the like.

From the lower part of this scrubber ¢ the
diluted acid is sucked through a pump e hy
means of the pipe d and led into the upper por-
tion of an extractor f, which is partly broken
away in the figure, and is atomized therein by
means of one or more rotary power nozzles g
under an excess pressure of 1-3 atmospheres.
This atomization takes place in the chamber f
in the extraction medium, with which the ex-
tractor f is filled to & point above the nozzles g.

As the small droplets travel downward, from

- the upper portion to the lower portion of the

chamber f, the dilute acetic acid becomes con-
siderably weakened, and the-weakened acetic

acid collects in & layer at the bottom of the cham- .

ber f. The weakened liquid may be passed out
of an ‘opening:at the bottom of the chamber f
and the acetic acid ethyl ester, containing acetic
acid, out of an opening at the top of the cham-
ber 1. 'The separation of the acetic acid may be

. further brought about by decantation and dis-
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The- weakened, dilute, acetic-acid layer col-
lected at the bottom of the chamber f is now

forced, by a pump e’, through a pipe d’ and fur-

ther nozzles (not shown), into a second extrac-

- tion chamber f’, which may be of the same type,

and which is also filled with an extraction liquid,
in the same manner as before described. The
atomized acetic acid thus forced into the extrac-
tion liquid in the chamber s’ likewise travels
downward therein to form g layer of still further
weakened dilute acetic acid at the bottom of this
chamber 7.

A pump e? forces this still further wea.kened
acetic acid, through a pipe d? and additional
nozzles (mot shown), into a third extraction
chamber 72, in the same manner as already de-
scribed.

A three step extraction with extractors of about
10 m. in height is sufficient for all dilute acids
ordinarily met with, and make it possible to ob-
tain about 95-98% of the absolute acid value
introduced. Any height and number of exirac-
tors, if structural circumstances will allow it,
can be chosen, which make the effect more
favourable.

The exhausted waste water with a content of

about 0.4-0.5% acetic acid and about 8-9% acetic -

ester passes out from the lower portion of the
last extractor f2 into g spirit extraction column h

" in which the acetic ester is driven off contmu-
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ously by direct steam.
The acetic acid ethyl ester, running in counter-
current to the. dilute acid, passes continuously

out of the supply container i, through a regu- .

lating device k, and into the lower portion of
the extractor f2. After rising up through the
chamber f2, it passes again from the top down-

wards, and into the bottom of the extraction -

2,079,51 1

chamber f’. After leaving the top of the ex-
traction chamber f’, it pursues a similar course
through the extraction chamber f, finally leaving
the extraction apparatus at the upper part of the
extractor f laden with acetic acid, through the

pipe m to the concentration column I, in which

-the acetic acid is freed completely from ethyl

ester and water by indirect steam.

The acetic acid ethyl ester and the water form

a, constant boiling mixture and leave the column
continuously as a distillate of about 93% ester
and 7% water, while the water free acetic acid
is continuously drawn off into a container s as
concentrate,

The distillates pass through the pipe 7 into a
common separator o, which separates the excess
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water and returns it through a gooseneck and '

the pipe p back again into the spirit extraction
column %, while the acetic ethyl ester runs back,
by means} of the connecting pipe q into the supply
tank i, and from there starts its circuit again,
All the air removed from the several parts 7, f1,
72, k, o, etc. of the apparatus is returned to the
scrubber ¢ through the collecting pipe system r.
Instead of acetic acid ethyl ester, other extrac-
tion liquids as, i. e., acetic-acid absorbing liquids
may be employed in connection with the devices
shown in Figs. 1, 3, 4 and 5, if the specific gravity
of said liquids is less than the specific gravity
of water. Extraction liquids having a greater
specific gravity than water may, however, be used,
if they are introduced into the upper part of the
extracting column and if the dilute acetic acid is
introduced into the lower part of said column by
means of a nozzle e producing g very fine atomi-
zation, as shown in Fig. 2.
~An important feature of the invention resides
in the faet that at least one of the liguids, either
the dilute acetic acid or the extracting liquid, is
atomized by a nozzle or nozzles adapted to pro-
ducé droplets in the region of 0.1 millimeter or
less in air. Both said liquids may be atomized
by such & nozzle or nozzles. Preferably, how-
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ever, the dilute -acetic acid is atomized by the

above-referred to nozzle or nozzles, and the ex-
tracting liquid, such as acetic acid ethyl ester,
may be atomized by other means, as perforated
tubes, porous-candle devices or the like, produc-
ing a coarser atomization.

The path of the liguid in the above-referred-
to rotary, high-power atomizing nozzles is spiral.
By the time that the liquid particles reach the
end of the spiral path, the centrifugal force be-
comes so great that the liquid is atomized.

Modifications will occur to persons skilled in
the art and all such are considered to fall within
the spirit and scope of the invention, as defined
in the appended claims,

What is claimed is:—

1. Process for the concentration of acetic acid
confained in liquid solutions by extraction with
a suitable extraction liquid, comprising the steps
in combination of introducing the acetic acid
solution and the extraction liquid into the upper
and lower portions respectively of two super-
imposed layers consisting of the extraction liquid
and the gcetic acid solution, the position of the
two layers corresponding to the specific gravities
of the acetic acid solution and the extraction
liquid and being such that the point of introduc-
tion of the acetic acid solution is in the extraction
liquid layer and the point of introduction of the
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extraction liquid is in the acetic acid layer, at .

least one of the liquids being introduced by atomi-
zation which in air would yield droplets of a size
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in the region of 0.11 {o 0.08 mm., and maintain-
ing the layers of the exfraction liquid and the
acetic acid solution free of flow-affecting bédies
in the region substantizlly between the said two
points of introduction of the extraction liquid and
the acetic acid solution so as to offer as little
hindrance as possible to the free flow of the drop-
lets,

2. Process for the concentration of acetic acid
contained in liquid solutions by extraction with
a suitable extraction liquid comprising the steps

‘in combination of introducing the acetic acid’

solution and the extraction liquid into the upper
and lower portions respectively of two super-
imposed layers consisting of the extraction liquid
and the acetic acid solution, the position of the
two layers corresponding to the specific gravities
of the acetic acid solution and the extraction
liquid and being such that the point of introdue-
tion of the acetic acid solution is in the extrac-
tion liquid layer and the point of introduction
of the extraction liguid is in the acetic acid layer,
at least one of the liquids being introduced by
atomization which in air would yield droplets of
a size of about 0.1 mm. and maintaining the
layers of the extraction liguid and the acetic acid
solution free of flow-affecting bodies in the region
substantially between the said two points of intro-
duction of the extraction ligquid and the acetic
acid solution: so as to offer as little hindrance as
possible to the free flow of the droplets. .

3. Process for the concentration of acetic acid
contained in liquid solutions by extraction with
a, suitable extraction liquid, comprising the steps
in combination of introducing the acetic acid
solution and the extraction liquid into the upper
and lower portions respectively of two super-
imposed layers consisting of the extraction liquid
and the acetic acid solution, the position of the
two layers corresponding to the specific gravities
of the acetic acid solution and the extraction
liguid and being such that the point of introduc-

‘tion of the acetic acid solution is in the extrac-

tion liquid layer and the point of introduction
of the extraction liquid is in the acetic acid layer,
at least one of the liquids being introduced by
atomization which when employing a pressure be-
tween 1 and 4 atmospheres would yield in air
droplets of g size between 0.11 and 0.08 mm., and
maintaining the layers of the extraction liquid
and the acetic acid solution free of flow-affecting

"bodies in the region substantially between the

said two points of introduction of the extraction
liquid and the acetic acid solution so as to offer
as little hindrance as possible to the free flow of
the droplets. .

4. Process for the concentration of acetic acid

‘contained in liquid solutions by extraction with

acetic acid ethyl ester, comprising the steps in
combination of introducing the acetic acid solu-
tion and the acetic acid ethyl ester into the upper
and lower portions respectively of two super-
imposed layers of acetic acid ethyl ester as the
top layer and acetic acid solution as the lower
layer, the acetic acid solution being introduced
by atomization which in air would yield droplets
of g size in the region of 0.11 to 0.08 mm., and
meaintaining the layers of the acetic acid ethyl
ester and the acetic acid solution free of flow-
affecting bodies in the region substantially be-
tween the points of introduction of the acetic
acid ethyl ester in the layer of the acetic acid
solution and the point of introduction of the
acetic acid solution in the layer of acetic acid
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ethyl ester so as fo offer as little hindrance as

possible to the free flow of the droplets.

5. Process for the concentration of acetic acid
contained in liquid solutions by extraction with
acetic acid ethyl ester, comprising the steps in
combination of introducing the acetic acid solu-
tion and the acetic gcid ethyl ester into the upper

- and lower portions respectively of two super-

imposed layers of acetic acid ethyl ester as the
top layer and acetic acid solution as the lower
layer, the acetic acid solution being introduced
by atomization which in air would yield droplets
of a. size of about 0.1 mm., and maintaining the
layers of the acetic acid ethyl ester and the acetic
acid solution free of flow-affecting bodies in the

- region substantially between the points of intro-

duction of the-acetic acid ethyl ester in the layer
of the acetic acid solution and the point of intro-
duction of the acetic acid solution in the layer
of acetic acid ethyl ester so as to offer as little
hindrance as possible tc the free flow of the drop-
lets.

‘6. Process for the concentration of acetic acid
contained in liquid solutions by extraction with
acetic acid ethyl ester, comprising the steps in
combination of introducing the acetic aeid solu-
tion and the acetic acid ethyl ester into the upper
and lower portions respectively of two super-
imposed layers of acetic acid ethyl ester as the
top layer and acetic acid solution as the iower
layer, the acetic acid solution being introduced
by atomization which when employing a pres-
sure between 1 and 4 atmospheres would yield
in air droplets of a size between 0.11 and 0.08
mm., and maintaining the layers of the acetic
acid ethyl ester and the acetic acid solution free
of flow-affecting bodies in the region substan-
tially between the points of introduction of the
acetic acid ethyl ester in the layer of the acetic
acid solution and the point of introduction of the
acetic acid solution in the layer of acetic zcid
ethyl ester so as to offer as little hindrance as
possible to the free flow of the droplets.

7. A process for concentrating acetic acid, com-
prising introducing, into the lower portion of a
column of liquid consisting of an upper layer
of an acetic acid absorbing liquid and a lower
layer of dilute' acetic acid solution, a flow of
absorbing liquid, introducing into the upper por-
tion of the liquid column within the upper layer
a flow of dilute acetic acid, atomizing at least
one of the liquid flows under conditions ‘which
in air would yield droplets of a size of 0.11 to 0.08
mm., and maintaining the column of liquid free
of flow-affecting bodies in the region substantial-
1y between the point of introduction of the ab-
sorbing liguid in the lower portion of the column
and the point of introduction of the acetic acid
in the upper portion of the column so as to offer
as little hindrance as possible to the free flow
of the droplets.

8. A process for concentrating acetic acid, com-
prising introducing, into the lower portion of a
column of liquid consisting of an upper layer of
an acetic acid absorbing liquid and a lower layer
of dilute acetic acid solution, a flow of absorbing
liquid, introducing into the upper portion of the
liquid column within the upper layer a flow of
dilute acetic acid, atomizing at least one of the
liquid flows under conditions which in air would
yield droplets of a size of about 0.1 mm., and
maintaining the column of liquid free of flow-af-
fecting bodies in the region substantially between
the point of introduction of the absorbing liquid
in the lower portion of the column and the point
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‘of introduction of the acetic acid in the upper

portion of the column so as to offer as little-hin-
drance as possible to the free fow of the droplets.

9. A process for concentrating acetic acid,
comprising introducing, into the lower portion of
a column of liquid consisting of an upper layer
of an acetic acid absorbing liquid and a lower
layer of dilute acetic acid solution, a flow of ab-
sorbing liquid, introducing into the upper por-
tion of the liquid column within the upper layer

a flow of dilute acetic acid, atomizing at least one .

of the liquid flows under conditions which when
employing a pressure. between 1 and 4 atmos-
pheres would yield in air droplets of a size of
0.11 to 0.08 mm., and maintaining the column of

liquid free of flow-affecting bodies in the region

substantially between the point of introduction
of the absorbing liquid in the lower portion of
the column and the point of introduction of the
acetic acid in the upper portion of the column so

- as to offer as little hindrance as possible to the
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Iree flow of the droplets.

10. A process for concentrating acetic acid
comprising introducing, into the lower portion
of a column of liquid consisting of an upper layer
of acetic acid ethyl ester and a lower layer of
dilute acetic acid solution, a flow of acetic acid
ethyl ester, introducing into the upper portion of
the liquid column within the upper layer a flow of
dilute acetic acid, atomizing at least one of the
liquid flows under conditions which in air would
yield droplets of a size of 0.11 to 0.08 mm., and

. maintaining the column of liquid free of flow-
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affecting bodies in the region substantially be-
tween the point of introduction of the acetic
acid ethyl ester in the lower portion of the col-

umn and the point of introduction of the acetic -

acid in the upper portion of the column so as to
offer as little hindranceé as possible to the free
flow of the droplets. :

11. A process for concentrating acetic acid, com-

prising introducing, into the lower portion of a

column of liquid consisting of an upper layer of
acetic.acid ethyl ester and a lower layer of dilute
acetic acid solution, a flow of acetic acid ethyl
ester, introducing into the upper portion of the
liquid column within the upper layer a flow of
dilute acetic acid, atomizing at least one of the
liquid flows under conditions which in air would
vield droplets of a size of about 0.1 mm., and
maintaining the column of liquid free of flow-

2,078,513

affecting bodies in the region substantially be-

tween the point of introduction of the acetic

acid ethyl ester in the lower portion of the column
and the point of introduction of the acetic acid
in the upper portion of the column so as to offer

as little hindrance as possible to the free flow of .

the droplets.

12. A process for concentrating acetic acid,
comprising introducing, into the lower portion
of a column of liquid consisting of an upper layer
of acetic acid ethyl ester and a lower layer of
dilute acetic acid solution, a flow of acetic acid
ethyl ester, introducing into the upper portion of
the liquid column within the upper layer a flow of

dilute acetic acid, atomizing at least one of the

liquid flows under conditions which when em-

ploying a pressure between 1 and 4 atmospheres.

would yield in air droplets of a size of 0.11 to
0.08 mm., and maintaining the column of liquid
free of flow-affecting bodies in the region sub-
stantially between the point of introduction of
the acetic acid ethyl ester in the lower portion
of the column and the point of introduction of
the acetic acid in the upper portion of the column
so as to offer as little hindrance as possible to
the free flow of the droplets.

13. Process for the concentration of acetic acid
contained in liquid solutions by extraction with

a suitable extraction liquid, comprising the steps
in combination, of introducing the acetic acid
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solution into & layer of extraction liquid and in-

troducing the extraction liquid into-a layer of -

acetic acid solution, said layers being ‘superposed
in positions corresponding to the specific gravities
of the acetic acid solution‘and the: extraction
liquid, the acetic acid solution being ‘introduced

by atomization which in air would yield ‘drop-:

lets substantially of a size in the region of 0.11 to
0.08 mm., the extraction liquid being introduced
in a coarser atomization than the acetic acid
solution, and maintaining the layer of extraction
liquid free of flow-affecting bodies in the region
substantially between the point of introduction

40

of the acetic acid in the layer of extraction liquid -

and the surface of the acetic acid layer so as to
offer as little hindrance as possible to'the free flow
of the droplets of acetic acid within the layer
of extraction liquid. '
’ MAX KLAR.
KARL GRUNERT.
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