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ALIEN PROPERTY CUSTODIAN

PROCESS

OF CONTINUOUSLY PURIFYING

AND SEPARATING A MEXTURE OF HIGHER
ALCOHOLS BY DISTILLATION

Otto von Keussler, Darmstadt, Germany; vested
In the Alien Property Custodian

Application filed July 18, 1841

This Invention relates to a Process of continu-
ously purlfying and separating a mixture of
higher alcohols by distillation.

In further working up the waste gases of petrol-
eum cracking, the so-called “Restgase” of the
Fischer-Tropsch procedure, and similar industrial
gas mixtures contalning propylene and butylene,
there are formed equeous mixtures of alcohols
(vide United States Patent 2,080,064, page 1, line
10-24, 48 and following) malnly composed of I50-
propyl and secondary butyl alcohols. Although
the bolling points of these two alcohols are rela-
tively far apart—Iisopropyl alcohol bolls at 82.4°,
sec.-butyl alcohol at 99.6°—they cannot be sepa-
rated from aqueous mixtures hy distillation, as
both alcohols form azeotropically boillng distil-
lates with water. Thus isopropyl alcohol bolls
with 12% by weight of water at 80.4°, sec.-butyl
aleohol wlth 329 by weight of water at 88.5°
azeotropically. If both alcohols are present In
the aqueous mixture, there comes over at its recti-
fication an alcohol mixture which, according to
the relative amount of the alcohols, contains be-
tween 15 and 25% water and boills at 83-87°.

The sald industrial alcohol mixtures contain
various amounts of impurities, e. g, still higher
gec. aleohols, the ethers corresponding to the al-
cohols, and compounds not known yet in detail.
These impurities partly form, as well with iso-
probyl alcohol, sec.-butyl alcohol, and water, as
also among themselves, azeotropically bolling
mixtures that Interfere with the rectification of
the crude aleohol mixture.

It was found that out of the said industrial mix-
tures pure 1sopropyl and sec.-butyl alcohol may
be obtained, by proceeding according to the in-
vention as follows (vide Fig. 1).

The crude slcohol mixture used as starting ma-
terial is first fed continuously to a first column
for preliminary purification 2, at the top of which
the low-bolling impuritles are drawn off as dis-
tillate, washed out in a separator 3, and separated
Into two layers. The upper layer (the head)
msy be separated into its components by rectifi-
cation, as described in detail below, the low aque-
ous layer Is fed agaln to the column for prelim-
inary purification 2.

From the bottom of the fore-column the aque-
ous alcohol mixture freed from low-bolling im-
purities continuously runs to a second column for
preliminary purification 8, at the top of which
the concentrated alcohol mixture hoillng azeo-
tropically with water {s drawn off. The maln
quantity of water runs off as singlings (“Lutter-
wasser”) at the bottom of this column through
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line 14, Between bottom and top of the column
ithere are concentrating in an Intermediate zone
medium-boiling impurities, which are drawn off
at 8.

The distillate of the second fore-column 8 is
continupusly fed to the main column {6, where
it g dehydrated by azeotropic distillation with
addition of one of the well-known “entraining
agents,” and then separated into {ts components,
isopropyl alcohol and sec.-butyl alcohol. In this
main column there are three zones to be distin-
guished. In the upper zone of the column the
dehydration by azeotropic distillation is golng on,
in the intermediate zone the 1sopropyl alcohol is
concentrating, and in the lower part of the col-
umn the sec.-bulyl alcohol is freed from iso-
propyl alcohol,

The 1sopropyl alcohol concentrated in the in-
termediate zone Is fed to an after-column 22 and
drawn off ag & purified anhydrous distillate,
whereas the sec.-buty]l alcchol collecting at the
bottom of this column and still containing iso-
IIJ;ODYI alcohol is carried back to the main column

At the bottom of the main column 16 the anhy-
drous sec.-butyl alcohol is collecting. It is recti-
fled in & second after-column 28, in such a man-
ner that as distillate the anhydrous and rectified
alephol appears, whereas high-boiling impurities,
if any, are drawn off at the bottom of this column.

As a matter of course gll the arrangements and
auxiliary measures known from the rectification
technique may be applied in carrying out the
above process, e. g. direct and indirect heating of
the columns respectively, prewarming of the cold
liquids entering the apparatus by the hot ones
leaving it, automatic control of the smounts of
liguid continuously entering the columns and ap-
paratus and leaving them, carrying back of the
alcohols obtalned by azeotropic dehydration from
the aqueous layers into the apparatus, neutralisa-
tion of the crude alcohol mixtures and fractlons
during operation ete,

The head from the first fore-eolumn 2 may he
separated into its components by rectification as
follows:

After distilling off of the lowest-boiling com-
ponents, there appears without addition of an
“entralning agent” and azeotropically bolling
mixture, which is separated into two layers in a
separator. For better separation water 1s suit-
ably added to the azeotropic distillate hefore en-
tering the separating funnel. The lower aqueocus
layer Is carried back into the first fore-column 2.

The upper layer is collected as a separate frac-
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tion. If there is no more water in the distillate,
the further higher-boiling components of the
head go over according to their bolling points or
to the azeotropic hoiling peints formed between
them, respectively, in an anhydrous state, and
may thus be separated into further fractions., In
case of larger amounts of head the separation of
the head according to the above principles may
also be carried out in continuous operation.

The medium-bolling impurities drawn off from
the second fore-column 8 at 9 are further treated
as follows (vide Fig. 2).

At first they are separated into two layers in
a separator Il after addition of water through
line 10, The lower aqueous layer is carried over
again to column 8 through line 13. The upper
layer is first carrled over through line 12 to a
first auxiliary column 30, at the top of which
an alcohol mixture of isopropyl and butyl alco-
hol bolling azeotropically with water and at the
bottom of which a practically anhydrous mixture
of higher-boillng alcohols is drawn off. If the
amount of isopropyl and butyl alcohol dissolved
in the upper layer is not sufficient for dehydra-
tion, either anhydrous isopropyl alcohol from 24,
or anhydrous butyl alcohol from 28, or benzene
from 18 is fed to the top of the auxiliary column
30 through line 31. The distillate of column 30
is carried back to column 8 through line 32. The
added alcohol or benzene, respectively, thus per-
forms a circular course throughout the apparatus.

The practically anhydrous, higher-holling al-
cohols drawn off at the bottomn of column 30
through line 33 may be carried over to a second
auxiliary column 34 and here he separated into
two fractions at 35 as distillate and at 36 as
residue. At 37 and 36 intermediate fractions
may be taken, if need be,

Example

1,000 litres alcohol mixture per hour, ohtalned
from the “Restgase” of the Fischer-Tropsch pro-
cedure, containing 70 vol. of water, ere continu-
ously carried through line | to column 2. One
part of the distillate goes back to column 2 as
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reflux, the other part is carried over to the sepa-
rator 3 after addition of water through line 4
and here separates into two layers. The upper
layer (the head) is drawn off at 5§, the agueous
layer returns through line 6 to column 2. The
alcohol mixture free from head passes at the
hottom of column 2 through line T to column 8.
The impurities concentrating in the central part
of column 8 are drawn off at 9 and separated
into two layers in the separator |1 after addition
of water through line 10. The washed-out im-
purities are drawn off at {2, the aqueous layer
returning through line 13 to column 8. The main
qua.nltity of water leaves the apparatus through
line 14. :

The alcohol mixture concentrated to a water
content of 15-20% 1s carrled over to column i6
through line 5. In the upper part of the column
the alcohol mixture is dehydrated by azectropic
distillation, e. g. with benzene. The ternary dis-
tillate is separated Into two layers, as usual, In
separator 11, The benzene returns to column i6
through line 18. The aqueous layer s carrled
over to column 20 through line 19 for regaining
of the aleohol contained in it. The regained
alcohol is carrled back into the operating circle,
e, g. Into line I85.

The isopropyl alcohol concentrating in the
central part of column I8 goes through line 21
to column 22, whereas the sec.~butyl alcohol still
contained in it returns to column (6 through
line 23. About 180 litres of purified anhydrous
isopropyl alcohol are obtalned through line 24
as distillate every hour.

From the bottom of column 16 the sec.-butyl
alcohol runs to column 26 through line 25. At
the bottom of this column any high-boiling im-
puritles, if still present, may be removed through
line 21. The purified anhydrous sec.-butyl alco-
hol In an amount of 100 litres per hour is ob-
tained as dlstillate through line 28. To every
column there belongs a condenser 29. 'The line
carrying off the condensate is provided with a
ventilation in the usual manner.

OTTO voN KEUSSLER.




