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@ Process for recovery of olsfinic nitriles.

@ The present invention provides a method for greatly
reducing the amount of solids-containing waste streams pro-
duced during the recovery of acrylonitrile or methacrylonitrile
produced by the ammoxidation reaction of propylene or
isobutylene with molecular oxygen and ammonia.

This is realized by recycling at least a part of the product
column bottoms to the quench column.
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PROCESS FCR RECCVERY OF OLEFINIC NITRILES

Recovery and purification systems for acryl-
onitrile and methaciylonitrile obtained by the ammox-
idation of propylena or isobutylene are well known.

See for example U.S5. patent numbers 3,433,822;
3,399,120; 3,53E,84%; and 3,936,360, The gaseous re-
actor effluent from an ammoxidation reactor is first
directly contacted with a guenching liquid to ccol the
2ffluent and remove a substantial amount of contaminates
produced during the reaction, such as polymers. The
cooled gaseous guench effluent is typically sent to a
washing column or absorber wherein the gaseous effluent
iz contacted with water. The liquid stream from the
bottom or the abscrber containing the variocus nitriles,
water and some impurities is then sent to a distillation
column. Solvent water is used to extractively distill
this stream, producing an overhead vapor stream of
acrylonitrile. As described in U.S. 3,999,120, the
bottoms of the extractive distillation column may then
be sent to a second stripping column. The overhead of
this stripping column contains acetonitrile with a minor
amount of water, and the liquid bottoms stream contains
water and impurities. An alternate method of recovery,
also found in this reference, is the removal of a side-
stream from the extractive distillation column. This
stream containing mostly acetonitrile and water, is

sent to a smaller stripping column with acetonitrile
being removed overhead and the liquid bottoms containing -
mostly water being.returned to the extractive distill-
ation column. When this method of recovery is used the
liquid bottoms stream from the extractive distillation
column is mostly water and impurities with traces of
acetonitrile.
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Heat necessary to perform the recovery oper-
ations is applied to the bottem of both the extractive
distillation column and the stripping column. Un-
fortunately, this heat, usually applied by using an
indirect reboiler, brings about polymerization of the
impurities found in the associated columns.

Waste disposal of these bottoms streams is
both difficulat and costly. The solids content of the
stream due to the polymerization is so high that it
prevents normal waste water treatment. Further, the size
of these streams are very large, thus requiring large
specialized equipment. For example, German Patent No.
050,722 discloses a method for purification of this
waste water using a separate distillation column and
large amounts of steam to evaporate the water, thus
reducing the size of the latter specialized waste treat-
ment facilities.

The present invention provides a unique method
for reducing the size of these troublesome streams with
very little capital investment or operating costs.

It has now been discovered that in the process
for the recovery and purification of acrylonitrile or
methacrylonitrile produced by the ammoxidation’ reaction
of propylene or isobutylene, molecular oxygen and ammonia
in the presence of ammoxidation catalysts, comprising:

a) contacting the ammoxidation reactor effluent
conatining acrylonitrile or methacryio—
nitrile, acetonitrile, and impurities with
an equeous quench liquid in a guench system
to produce a gaseous quench effluent from
said quench system;

b) absorbing said gaseous quench effluent in
water to form an agqueous solution;

c) feeding the aqueous solution to an inter-

. mediate tray of a first column having a -
plurality of trays, using solvent water
introduced in the top of said first column
to perform a water extractive distillation,
wherein a first overhead vapor stream of aciylo-
nitrile or methacrylonitrile with some
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water is removed from the top of the Q 9566

column, and a liquid stream containing

acetonitrile, impurities and water is removed

from the bottom of the first column;

d) feeding at least a part of the liquid

bottons from said first column to a

- sacond column wherein distillation is per-
formed to remove a second overhead vapor '
stream of acetonitrile and water from the
top of the second column, and a second
1ligquid stream containing water and impur-
ities from the bottom of the second column,

‘e) -feading at least part of the second liquid

botterms stream to the quench system of (a)

~as the zqueous guench liguid, the improve-

ment comprising: removing a vapor stream -

from the lower fourth of said second column.
In another embodiment, the invention may be

vadditionally gstated as in the process for the recovery
f 20 and purification of &crylonitrile or methacrylonitrile

- producaed by the ammoxidation reaction of propylene or iso-
i .0 butylene, molecular oxygen and ammonia in the presence of

ammoxidation catalysts, comprising: . .-

35

1

a) contacting the ammoxidation reactor effluent
. effluent containing acrylonitrile or meth-
aorylonitrile, acetonitrile, and impurities
'with an'aqueoﬁs quench liquid in a quench
-~1systrm to produce a gaseous gquench effluent
-frcm said quench system: v
b) absorbing said gaseous quench effluent in
-water to form an agueous solution,

- ¢) feeding tha aqueous golution to an inter-

- mediate tray of a distillation column

5 having a plurality of trays, using solvent
;ewater introduced in the top of said column ]
to perform a water extractive distillation,
ﬂlwherein an overhead vapor stream of acryl-

g g onitrile with some watex. 1s removed from
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_the top of . the column, and a li%uid stream r.:lﬁ
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from the bottom of the column. 00’00566

d) removing a first side stream from the lower
half of said column to recover aceto-
nitrile;

e) feeding at least a part of the liquid
bottoms from said column to the guench
system as quench liquid, the improvement

. comprising: removing a vapor stream con-
taining water from the lower fourth of
said column.

The reactor effluent gas, usually at a temp-

erature between 700° and 900°F, is first passed to a
guench system. The purpose of the quench system is to
remove excess ammonia, polymers and heavier impurities
produced by the reaction, and to cool the reactor
effluent gas. Typically water with some sulfuric acid
is used as a guench liquid. The reactor effluent gas
leaves the quench system at a temperature of about 90°
to about 230°F. A bottom stream containing water,

acid, polymers and other impurities is removed from the
quench system. This stream poses very difficult waste
disposal problems. Because of the large amount of solids
and other impurities in this stream, it cannot be sent
to an activated sludge processor or biopond for.treat— '
ment. Typical methods of treatment in the past have
been deep well injection or incineration. As stated

in the Background, other methods such as another dis-
tillation column have been used in attempts to reduce
the size of this stream. It is an object of the present
invention to reduce the size of the quench bottom stream
and thus reduce the cost of purification.

After being cooled in the quench system, the

reactor effluent gases are then passed to an absorber
or wash column. Here the effluent gases are contacted
with water. The water absorbs acrylonitrile or meth-

- acrylonitrile, acetonitrile and some impurities. This

aqueous solution is removed from the bottom of the
wash column. Non-absorbed gases are removed as a
vapor stream from the top of the wash column.

The aqueous solution from the bottom of the
absorber is then sent to further processing to recover
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acrylonitrile and acetonitrile. This processin@ e 50566 -
+ . normally done in one of two ways.

First, the aqueous soluticn is sent to an
extractive distillation column. This column typically
5 contains 60~-120 trays. Solvent water is added to the
| top of the colunn and vasses countercurrent to the
feed. Heat is applied to the bottom of the column,
usually'be an indirect heat exchanger. Acrylonitrile
and HCN are removed as a vapor stream from the top of
10 the column. This stream then.goes to further process-
ing to purify the acrylonitrile. Acetonitrile, water
and impurities are removad from the bottom of the
:exéfactive'distillation column and passed to a stripper.
In the stripper, large amounts of steam are used M
.15 to separate the acetonitrile from the water. - Aceto-
. ~nitrile is removed as a vapor stream overhead. A
' bottom stream containing water and impurities is

e

then‘removed from the stripper and used as the quench j

| "liquid in the quench column. ,
"‘20 1 The large amounts of heat necessary to strip
o the acetonitrile from the water solution also has

the undesirable result of polymerizing certain im-
purlties. This polymerization makes waste dlsposal of
L "the bottom stream extremely difficult. .-
‘LZEVA ‘ " The present invention greatly reduces the
- size of the bottom stream by removing a vapor stream
ffom the lower’fouxth of the stripper. This vapor

stream is mainly water with very little if any aceto-
nitrile or impurities. The vapor stream, when con-
30 densed, is thus free of solids and hence can be fed i
‘ to such waste disposal systems as an activated sludge
‘processor or biopond ifor further treatment. The much
reduced bottom stream from the stripper is then sent

d
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““to the quench column as previously described. .. -
‘35 ”.“1“. "It is preferred that the vapor stream be
o ~removed from bleow the first tray of the column.
- However, the present invention's vapor stream may be v
taken from anywhere in the lower fourth of said column. I

e

e ... ~Where a liquid return is removed from the
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40 { column as _recycle to the acrylonitrile extractived.

P-L, @

"~ *
-t
LoVt e Wofr ey . . W
EEACANCE 4 > T DR '1“’», b/ S ;,.;w\;‘, Birl oapc
. LRSS

. F oy HET IR 5 S
ST A <2$ijﬁ¢
SRid. ;}

T "f.:ﬁ‘-‘v " ¥ : N ; m
L oToddnal ol rpas W LS L e L gy

I’&j 'Iuﬁf:‘tfi';: s ’



10

15

20

25

30

35

40

L

- -

distillaticn ceolumn, the wapcr stream should beoxoeggrééé
from below this licuid stzream.

.: !

A second method of purifying the aqueous solu-~
tion from the absorber is to pass this solution to a some-
what different extractive distillation column. This
column, similar to the one previously described, removes
a sidestream containing acetonitrile from the lower half
of the column. This sidestream 1s sent to a much smaller
stripping column, usually consisting of 20-30 trays.
Acetonitrile is removed as an cveérhead vapor while the
liquid bottoms is returned to the extractive distillation
column. The bottoms of this modified extractive distilla-
tion column is similar to the bottoms stream issuing from
the stripper as discussed abcve. The present invention
is also applicable to this method of recovery by removing

a vapor stream from the lower fourth of the extractive i
distillation column. This again has the advantage of
greatly reducing the bottoms stream.

Figures 1 and 2 are schematic representations of
the present invention as applied to acrylonitrile showing

two methods of recovery.
Referring to Figure 1, the reactor effluent gas
in conduit 100 containing acrylonitrile, HCN, acetonitrile,

water vapor and impurities is first passed to a quench
column 102. The gas is contacted with quench liquid 130 ii
in the quench column. A bcttoms stream containing water i
and impurities is removed through conduit 106 and sent to
waste treatment.

The cooled reactcr effluent gases leave the
guench system through line 108 and pass as feed to the
absorber 110. Wash water enters the absorber at the top ’
through line 112. Non-condensible gases are removed from !
the absorber through line 114. An agueous solution con-
taining water, acrylonitrile, acetonitrile and impurities
are removed as a bottoms stream through line 116 and
passed to the extractive distillation column 118,

Solvent water is introduced to the top of A
column 118 through line 120 to perform extractive distil-
lation. Acrylonitrile and HCN is removed as an overhead
vapor through line 122 and sent to further purification
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..« (not shown). A bottoms stream containing aceto
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‘and water is removed through line 124 and passed to

e

. extractive distillation colﬁmqﬁgs solvent water through

stripper 126. Heat is added to the stripper to remove
acetonitrile as an overhead vapor through line 128.

The bottoms stream containing water, polymers and other
impurities are removed through line 130 and sent back
to the quench system. A vapor stream is removed via

.line 132 just below the first tray of this column. This

vapor Stream, containing nostly water, can then be
condensed and sent to typical waste treatment facilities
such as a sludge processor or biopond. The removal of

;:....this vapor stream greatly reduces the amount of water
issuing from the bottom of the stripper.

L Additionally, a liguid stream may be removed
from the lower half of the stripper through line 120 and
used as solvent water to the extractive distillation
column. ‘

Figu:e 2 shows a second embodiment of the inven-
tion.‘ The aqueous solution from the absorber 110 is
passed through line 116 to a modified extractive distil-
lation column 150. Solvent water is introduced to the
top of Ehis coclumn through line 152 to absorb the aceto-
nitrile. Acrylonitrile and HCN is removed'overhead,as‘a
vapor through line 154. A liquid stream containing
acetonitrile and water is removed from the bottom half of

~this column through line 158 and sent to a small strip—v,

ping column 160. Acetonitrile passes overhead as a vapor
through line 162, A liguid stream containing mostly water
is removed from the bottom of column 160 through line 164

_ and returned to the extractive distillation column. The

present invention's vapor stream is removed from below the
first tray of the distillation column through line 166 and

: -, condensed in condenser 168. The condensed stream contain-

ing mostly water is then passed £hrough line 170 to waste
treatment as described above. ‘

_ . A bottoms stream containing water, polymers and
impurities is removed through line 156 and sent back to
-the quench system. Additionally, a liquid stream may be
removed from the bottommost trays and returned to the
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Comparative Zxaunle oA ond Exarsia 1

i 1512,

An azrylonitrils vacovery srocess is performed
substantially as shown 1 Sigure 2. In Comparative
Example A the total liguid bottoms stream from the extrac-
tive distillation column i3 sent to the gquench system.
Example 1 is identical to Compérative Example A except that
a vapor stream is removed from below the first tray of the
extractive distillaticn column. The amount of this vapor
stream was equal to 45% by weight of the original bottoms
stream in Comparative Example A. Because of this vapor
removal, the amount of heat necessary to perform the distil-
lation was increased by 12%. The Table below shows the
weight percent polymer containad in the various process
streams of both examples.

TABLE T

Effect of Vapor Removal on Polymer Concentration

Wt. % Polymer

Vapor Column Quench

Draw Btms. Btms.
Comp. Example A . - 1.5 10
Example 1 0.1 2.75 24 .4

As can be seen in this Table, the vapor stream
removed from the distillation column contains extremely
small amounts of polymer. The effects of the present
invention can easily be seen by the dramatic increase in
polymer concentration in the quench bottoms stream. This
concentration of polymer has been doubled through the use
of the invention. Additionally, the guench bottoms stream
is reduced by approximately 60%. Thus a much smaller
stream more highly concentrated in polymer is obtained.
This has the advantage of greatly reducing the cost and
further disposal of this stream.

The amount of vapors that may be removed when
using the present invention is ralatad to the bottom stream
of the column. The amount of vapors removed can be 10 to
about 70 weight percent of the bottoms stream prior to
vapor removal. It is preferred, however, that 30-50
weight percenf be removed. This will leave a sufficient

quantity of water for use in the quench system.
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As stated previously, the wouoo - =
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+ condensed and because of its extreme.;
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tration be sent to typlcal waste Water puii...x.lOn SYsSLefo
such as a biopond or activated sludge triz:.... t.

The use of the present invention greatly reduces
the amount of quench bottoms to be purified and also *
increases its polymer concentration. This makes waste
treatment of this stream far more economical and reduces
the size of the associated equipment.
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1. 4 process for the recovery and purification of

acryionitrile or methacrylonitrile precduced by the
ammoxidation reaction,of prepylene or isobutylene, mole-
cular oxygen and ammonia in the presence of ammoxidation
catalysts, comprising:

a) contacting the ammoxidation reactor effluent
containing acrylonitrile or methacrylionitrile, aceto-
nitrile, and impurities with an agqueous guench liquid in a
cuench system to produce a gaseous guench effluent from
said quench system;

b) absorbing said gaseous guench effluent in
water to form an aqueous solution;

c) feeding the agueous solution te an inter-
mediate tray of a distillation column having a plurality
of trays, using solvent water introduced in the top of
said column to perform a water extractive distillation,
wherein an overhead vapor stream of acryleonitrile or
rethacrylonitrile with some water is removed from the top
of the column, and a liguid stream containing water and
impurities is removed from the bottom of the column,

d) removing a first sidestream from the lower
half of said column to recover acetecnitrile;

e) feeding at least a part of the liquid
bottoms from said column to the gquench system as quench
liquid, characterized by removing a vapor stream con-
taining water from the lower fourth of said column.

2. A process according to claim 1, characterized
in that the vapor stream is removed from below the first
tray of said column. )

3. A process according to claims 1 or 2, charac-
terized in that the vapor stream is condensed after being
removed from said column.

4. A process according to anvone of claims 1 to 3,
characterized by including the step of removing a second
liquid stream from the lower fourth of said column and
using said second stream as the sclvent water to the

column.
5. A process according to anyone of claims 1 to 4,

- T
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characterized by feeding at least a ;
bottoms from said distillation columr -
wherein distillation is performed to re.: -
overhead vapor stream of acetonitrile and wate~ from the
top of the second column, and a second liquid stream
containing water and impurities from the bottom of the
second column, feeding at least part of the second
liguid bottoms stream to the quench system of (a) as the aqueous
quench liquid, and removing a vapor stream from the lower
fourth of said second column.
6. A process according to claim 5, characterized in
that the vapor stream is removed from below the first tray
of said second column.
7. A process according to claim 6, characterized in
that the vapor stream is condensed after being removed from
the second column.
8. A process according to claim 6, characterized by
‘including the step of removing a liquid stream from the
lower fourth of the second column and using this stream as
the solvent water to the first column in said step (a).
9. A process according to anyone of the preceding
claims, characterized in that the amount of the vapor
stream removed is 10 to about 70 weight percent of the
liguid stream of step (c).
10. A process according to claim 9, characterized in
that the amount of the vapor stream removed is 30 to about
50 weight percent of the liquid stream of step (c).
11. A process according to claims 4 or 8, charac-
terized in that the amount of the vapor stream removed is
10 to about 70 weight percent of the second ligquid stream
of step (4). '
12. A process according to claim 11, characterized
in that the amount of the vapor stream removed is 30 to
about 50 weight percent of the second liquid stream of
step (d).
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