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@&-Abstract: A process for the enhanced recovery and oepration of hydrogen cvanide (HCN)/ heads column obtained form ihe
reactor effluent of an ammoxidation reaction of propane, propylene or isobutylene by reducing the polvmer formation above the feed
tray in the heads tower.
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IMPROVED OPERATION OF HEADS COLUMN IN ACRYLONITRILE PRODUCTION

SUMMARY

The present invention is directed to an improved process for the manufacture
of acrylonitrile or methacrylonitrile. In particular, the present invention is directed to
improved operation of the _h§eads, or HCN separation, column in the acrylonitrile and
methacrylonitrile recovery process. Applicant has discovered a previously unknown
relationship between the formation of undesirable polymeric HCN in the heads column
and the formation of an aqueous second liquid phase in the heads column above the
feed tray. The present invention is directed towards preventing the formation of the
aqueous phase in the heads column above the feed tray, since the presence of this
aqueous phase causes the formation of unwanted and detrimental polymeric HCN.
Previous art was directed at reducing the pressure of the heads tower, resulting in
lower operating temperatures and perceived reduction in the polymerization rates of
HCN. The instant invention is directed at disrupting the mechanism of the HCN
polymerization, which occurs as ionic polymerization in the aqueous phase. By
practicing the present invention, unwanted polymerization of HCN may be reduced,
fouling of the heads column may be greatly diminished or eliminated, and increased

production of desirable products may be achieved.
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FIELD OF THE INVENTION

The present invention is directed to an improved process for the manufacture
of acrylonitrile or methacrylonitrile. In particular, the present invention is directed to
the improvement in the recovery and operation of hydrogen cyanide separation

column utilized during the manufacture of acrylonitrile or methacrylonitrile,

Recovery of acrylonitrile/methacrylonitrile produced by the ammoxidation of
propane, propylene or isobutylene on a commercial scale has been accomplished by
quenching the reactor effluent with water followed by passing the gaseous stream
containing acrylonitrile or methacrylonitrile, as well as byproduct HCN, resulting from
the quench to an absorber where water and the gases are contacted in counter-
current flow to remove substantially all the acrylonitrile or methacrylonitrile. The
aqueous stream containing HCN and the acrylonitrile or methacrylonitrile is then
passed through a series of distillation columns and associated decanters for
separation and purification of product acrylonitrile or methacrylonitrile from a vapor

stream containing substantially all the HCN.

Typical recovery and purification systems that are used during the manufacture
of acrylonitrile or methacrylonitrile are disclosed in U.S. Pat. Nos. 4,234,510 and
3,885,928, assigned to the assignee of the present invention and herein incorporated

by reference.
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SUMMARY OF THE INVENTION

It is the primary object of the present invention to provide an improved process
s  for the recovery and operation of byproduct HCN in the manufacture of acrylonitrile or

methacrylonitrile.

Another objec!_of the present invention is to provide an improved process for
the recovery of acrylonitrile, methacrylonitrile, or HCN obtained from the reactor
10 effluent of an ammoxidation reaction of propane, propylene or isobutylene
comprising passing the teactor effluent through an absorber column, a recovery
column and a heads column wherein the improvement comprises operating the
heads column in a manner which inhibits the formation of an aqueous phase above
the feed tray of the heads column.
15
An additional object of the present invention is to provide an improved process
for the recovery of acrylonitrile, methacrylonitrile, or HCN obtained from the reactor
effluent of an ammoxidation reaction of propane, propylene or isobutylene by
operating the heads column in a manner which inhibits the formation of an aqueous
20 phase above the feed tray of the heads column, such as increasing reflux ratios; using
a side decanter to spliit and remove the aqueous phase from the column; using a
cooler feed stream to increase the stripping in the column; increasing the number of

stripping trays; using an intermediate condenser above the feed to supplement the
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overhead condenser; subcooling the reflux stream; increasing reboiler and overhead
condenser duties to increase reflux flow rates; control operating pressure to shift the
equilibrium between the two liquid phases; and other methods known to those skilied
in the art that would increage reboiler duty, and the associated strnipping effectiveness
of the heads column. Increasing the hydrogen cyanide reflux or concentration of
hydrogen cyanide above the feed tray can also be achieved through higher HCN
production leveis for eliminating the second liquid phase. Any increased tray
efficiency also allows more stripping effectiveness and is helpful in eliminating the

undesired second liquid phase.

- Yet another object of the present invention is to provide an improved process
for the recovery of acrylonitrile, methacrylonitrile, or HCN obtained from the reactor
effluent of an ammoxidation reaction of propane, propylene or isobutylene comprising
passing the reactor effluent through an absorber column, a recovery column and a
heads column wherein the improvement comprises feeding extra HCN to the heads
column, either by operating the ammoxidation reactor in a manner to produce a higher
concentration of HCN to other p.roducts, or by recycling HCN to the heads column, to
permit operation of the heads column in a manner that reduces or eliminates the

formation of the undesirable aqueous phase.

Additional objects, advantages and novel features of the invention will be set
forth in part in the description which follows, and in part, will become apparent to

those skilled in the art upon examination of the following or may be leamed by the
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practice of the invention. The objects and advantages of the invention may be
realized and obtained by-means cf theminctrumentolties aud combinations particularly
pointed out in the appended claims. To achieve the foregoing and other objects and
in accordance with the purpose of the present invention as embodied and broadly
described herein, the process of the present invention comprises transporting the
reactor effluent obtained during the ammoxidation of propane, propylene or
isobutylene to a quench column wherein the hot effiient gases are cooled by contact
with an aqueous spray, passing the cooled reactor effiuent overhead to an absorber
column wherein the HChi ;nd crude acryionitrile or methacrylonitrile is absorbed in
water, passing the aqueous solution containing the HCN and acrylonitrile or
methacrylonitrile, plus other impurities to a first distillation column (recovery column),
thefe a sign!ﬁcant portion of the water and impurities are removed as a liquid

bottoms product, while HCN, water, a minor portion of impurities and acrylonitrile or

. methacrylonitrile are removed as an overhead vapor stream. This overhead vapor

stream is further cooled using a heat exchanger, and directed to adecanter, to
separate and condensed liquids which are retumed to the recovery process, while the
remaining vapor stream is directed to a flare, incinerator, or other disposal process.
The organic stream is fed to the heads column for separation of HCN from

acrylonitrile.

in a preferred embodiment of the present invention, the process is performed
with the reactor effluent obtained from the ammoxidation of propane or propylene,

ammonia and oxygen to produce acrylonitrile.
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In a still preferred embodiment of the present invention, the reactor effiuent is
obtained by the reaction of propane, propylene, ammonia and air in a fluid bed reactor
while in contact with a fluid bed catalyst. Conventional fluid bed ammoxidation
catalyst may be utilized in the practice of the invention. For example, fluid bed
catalyst as described in U.S. Pat. Nos. 3,642,930 and 5,093,299, herein incorporated

by reference, may be utilized in the practice of the present invention.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a schematic representation of the process as it applies to the
manufacture of acrylonitrile and improved recovery and operation of HCN separation

column.

DETAILED DESCRIPTION OF THE INVENTION

The general recovery and purification of acrylonitrile of methacrylonitrile, and
the present invention will now be described in detail with reference to Figure 1. The
reactor effluent 11 obtained by the ammoxidation of propane, propylene or
isobutylene, ammonia and oxygen containing gas in a fiuid bed reactor (not shown)
while in contact with a fluid bed ammoxidation catalyst is transported to a quench

column 10 via transfer line 11, wherein the hot effluent gases are cooled by contact



10

15

20

WO 03/018541 PCT/US01/26104

with water spray, 14. The cooled effluent gas containing the desired produc!
(acrylonitrile or methacrylonitrile, acetonitrilc-and HCN) ic ther pacoze intc thobokem
of an absorber column 20 via line 12 wherein the products are absorbed in water
which enters absorber column 20 from the top via line 24. The non-absorbed gases
pass from the absorber through pipe 22 located at the top of the absorber 20. The
aqueous stream containing the desired product is then passed via line 23 from the
bottom of absorber 20 to the upper portion of a first distillation column 30 (.ecovery
column) for further product purification. The product is recovered from the top portion
of recovery column 30 and sent to a second distillation column 40 (heads column) 40
via line 32, while water and other impurities are removed from the recovery column 30
via line 33. In the heads column 40, the HCN is taken overhead and removed from
the column via line 42, cooled in overhead condenser 80, and the resulting material
directed to refiux drum 50 via line 41. Liquid reflux from the reflux drum 50 is
retumed to the upper portion of the heads tower via line §3. Vapor phase material is
removed from the refiux drum 50 via line 52 and cooled in HCN product condenser

90.

A significant operational problem expéﬁenced in the recovery and purification
of products in the acrylonitrile and methacrylonitrile production process is the
formation of polymeric HCN in the heads column, sometimes aiso known as the HCN
column (40). In particular, polymeric HCN forms on the trays and intemals in the
heads column above the column feed location (where line 32 enters column 40). The

solid, polymeric HCN fouls distillation trays, over flow weirs, downcomers, and the
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like, as well as disrupting the hydraulic balance of the liquidivapor interfaces in the
heads column. The polymerization increases the column pressure drop, and the
corresponding increased temperatures in the column further increases the polymer
formation. This polymer eventually requires a costly and time consuming shutdown of

the purification section and a column cleaning exercise.

A less precise understanding of the phenomena led prior practitioners to
reduce the operating pressure and hence temperature of the heads column, thus
reducing the rate of the polymerization reaction which forms the fouling material.
Appiicant has discovered that the polymerization mechanism is dependent upon the
presence of a second liquid, namely, an aqueous phase in the heads column. This
aqueous phase provides the conditions conducive for the ionic polymerization of
HCN, to form solid polymeric HCN. The poWeﬁc HCN precipitates to biock the
active areas as well as downcomers of the distillation trays, and coheres to other
polymeric HCN to foul the tower internals. Applicant's discovery of this previously
unknown and unsuspected mechanism permits applicant to operate such distillation
columns with significantly lower rates of HCN polymerization and resulting fouling.
The enhanced operation can be effected by operating the heads column in a manner

to reduce or eliminate the formation of this aqueous phase.

Since the formation of an aqueous layer was not appreciated as a potential
source of HCN polymerization, there was no incentive to reduce the formation of this

aqueous layer available in the current art. Techniques to reduce the formation of the

.
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aqueous layer include, but are not limited to, increased reflux ratios: the use of a side
decanter to split and remove the aqueous phase from the column; use of a cooler
feed stream to increase the stripping effectiveness of the column; increased number
of siripping trays; use of an intermediate condensor above the feed to supplement the
overhead condensor; subcooling the reflux stream; increased reboiler and overhead
condensor duty to increase reflux flow rates; contro! operating pressure to shift the
equilibrium between the two liquid phases; and methods that would increase reboiler
duty, and associated stripping effectiveness of the head column. Increasing the
hydrogen cyanide reflux or concentration of hydrogen cyanide above the feed tray
can also be achieved by operating the reactor section of the process to produce
higher weight percentages of HCN in the reactor product, increasing the percentage
of HCN in the heads column feed, which results in the reduction or elimination of the
second liquid phase. Any increased tray efficiency also allows more stripping

effectiveness and is helpful in eliminating undesirable aqueous second liquid phase.

Preferably, the ammoxidation reaction is performed in a fluid bed reactor
although other types of reactors such as transport line reactors are envisioned. Fluid
bed reactors, for the manufacture of acrylonitrile are well known in the prior art. For
example, the reactor design set forth in U.S. Pat. No. 3,230,246, herein iﬁcorporated

by reference, is suitable.

Conditions for the ammoxidation reaction to occur are also well known in the

prior art as evidenced by U.S. Pat. Nos. 5,093,299; 4,863,891; 4,767,878 and
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4,503,001; herein incorporated by reference. Typically, the ammoxidation process is
performed by contacting propane, propylene or isobutylene in the presence of
ammonia and oxygen with a fluid bed catalyst at an elevated temperature to produce
the acrylonitrile or methacrylonitrile. Any source Qf oxygen may be employed. For
economic reasons, however, it is preferred to use air. The typical molar ratio of the
oxygen to olefin in the feed should range from 0.5:1 to 4:1, prefera.bly from 1:1 to 3:1.
The molar ratio of ammonia to olefin in the feed in the reaction may vary from
between 0.5:1to 5:1. There is really no upper limit for the ammonia-olefin ratio, but

there is generally no reason to exceed a ratio of 5:1 for economic reasons.

The reaction is carried out at a temperature of between the ranges of about
260° to 600° C., but the preferred ranges being 310° to 500° C., especially preferred
being 350° to 480° C. The contact time, although not critical, is generally in the
range of 0.1 to 50 seconds, with preference being to a contact time of 1 to 15

seconds.

In addition to the catalyst of U.S. Pat. No. 3,642,930, other catalysts suitable
for the practice of the present invention are set forth in U.S. Pat. No. 5,093,299,

herein incorporated by reference.
The conditions under which the absorber column, recovery column and heads

column are maintained range between 5 to 7 psig (80° F. to 110° F.), and 1t0 4.5

psig (155° F. to 170° F.), respectively.

10
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EXAMPLES

ASPENPLUS ® process simulations of the heads column were used to identify
operating conditions which eliminated the presence of an aqueous phase on trays
above the column feed location. A column feed column temperature was selected
and a tray efficiency specified. The refiux ratio of the heads column was then
adjusted for each case until no aqueous third phase formed on trays above the
column feed location. Acceptable product purity was defined as an overhead stream
composition of less than 50 ppm acrylonitrile, and a bottoms stream composition of

less than 100 ppm HCN.

For all examples, the heads column feed had a nominal composition of 83
wt% acrylonitrile, 10 wt% HCN and 7 wt% water, and was introduced to the heads
column at a rate of 40,000 Ib/hr at 30 psia. The heads column had 64 trays, a
reboiler and an overhead condenser. The tray efficiency used in these simulations

was 60 %. For all examples, the trays are numbered starting from the Heads column

top tray.
Example 1

The main feed was introduced to the column attray 25. . Witha 100 degree

feed temperature, the third aqueous phase was eliminated at the reflux ratio of 4.95 .

11
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while still maintaining the overhead and bottoms products within specification limits.

All refiux ratios below 4.95 formed an undesirable aqueous layer.

Example 2

The main feed location was moved up by five trays and the feed was
introduced to the column at tray 20. . With a 100 degrees F feed temperature, the
third aqueous phase was eliminated at the reflux ratio of 4.3 , while still maintaining
the overhead and bottoms products within specification limits. Thus, introducing 5
more stripping trays reduced the reflux required for the elimination of the undesirable

aqueous phase from 4.95 in Example 1 to 4.3 in this case.

Example 3

The main feed at 80 degrees F was introduced to the column at tray 25 .
With this colder feed temperature, the third aqueous phase was eliminated at the
reflux ratio of 4.24 instead of 4.95 reported in Example 1., while still maintaining the

overhead and bottoms products within specification limits.

Example 4

The primary feed was split in two portions: 75 % of the feed was introduced on
tray 20, and 25 % of the feed was introduced on tray 25. The feed temperature was
maintained at 100 degrees F for both the portions. The third aqueous phase was

eliminated at a refiux ratio of 4.1 , while still maintaining the overhead and bottoms

12
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products within specification limits. This compares favorably with a reflux ratio

required of 4.95 in Example 1 or 4.3 in Example 2.

Example 5

The primary feed was maintained at 100 degrees F and was introduced on
stage 25. An intermediate tray condenser withdrew all the liquid phase material from
tray 20, cooled the material to 60 degrees F, and retumed the cooled liquid material to
tray 21.The third aqueous phase was eliminated at a reflux ratio of 4.6 , while still

maintaining the overhead and bottoms products within specification limits.

Example 6

The primary feed was maintained at 100 degrees F and was introduced on tray
25. A total of 400 Ib/hr of 99.8 wt% HCN, maintained at 80 degrees F, was fed to tray
20 . The third aqueous phase was eliminated at the reflux ratio of 4.3, while still
maintaining the overhead and bottoms products within specification limits. One
should note here that the pure HCN addition can be made anywhere in the section
between the Heads column top tray and the feed tray. Operation of an industrial
facility with reactor conversion tuned to produce higher percentages of HCN in the
reactor product stream, resulting in a higher percentage of HCN in the heads column

feed streams would have results similar to this example.

13
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Example 7
The primary feed was maintained at 100 degrees F and was introduced on
tray 25. A two-phase, side-decanter, which may be operated at sub-ambient

temperatures, withdrew all the liquid phase material from tray 24, decanted the

-aqueous phase from the organic phase, and returned the organic phase material to

tray 25. - The third aqueous phase was eliminated at a reflux ratio of 4.8, while still

maintaining the overhead and bottoms products within specification limits.

it should be further noted that combinations of various ideas to substantially or
completely eliminate the formation of the undesirable aqueous phase can yield an
optimum solution which would be determined by specific constraints. As will be
evident to those skilled in the art, various modifications of this invention can be made
or followed in light of the foregoing disclosure and discussion without departing from

the spirit and scope of the disclosure or from the scope of the claims.

14
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CLAIMS:
What is claimed is:

1. A process for the recevery of acrylonitrile, methacrylonitrile or hydrogen
cyanide obtained from the reactor effiuent of an ammoxidation reaction of propane,
propylene or isobutylene oorﬁprising passing said reactor effluent through an absorber
column, a recovery column and a heads column wherein the improvement comprises
operating said head column in a manner which inhibits”the fonﬁation of an aqueous

phase above the feed tray of said heads column.

2. The process of claim 1, wherein said operating manner of said heads column
comprises increasing the reflux ratio of said heads column to the point that no

aqueous phase forms above the feed tray.
3.  The process of claim 2, wherein said operating manner of said heads column
comprises feeding more hydrogen cyanide to said heads column to achieve

conditions equivalent to higher reflux ratio.

4, The process of claim 3, wherein said feeding results from recycling purified

HCN to the heads column.

15
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5. The process of claim 3, wherein sajd feeding results from operating an
ammoxidation reactor in a manner to produce said reactor effiuent with high

concentrations of HCN.

6. The process of claim 1, wherein said operating manner of said heads column
comprises using a side decanter to remove aqueous material from said heads

column.

7. The process of claim 1, wherein said operating manner of said heads column

comprises increasing the number of stripping trays of said head column.

8. The process of claim 1, wherein said operating manner of said heads column

comprises increasing the reboiler duty of said heads column.

9. The process of claim 1, wherein said operating manner of said heads column
comprises using an intermediate condenser above the feed tray of said heads column

and below the reflux condenser of said heads column.
10. The process of claim 1, wherein said operating manner of said heads column

comprises cooling the feed stream to said heads column to a temperature that no

aqueous phase forms above the feed tray.

16
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11. The process of claim 1, wherein said operatin manner of said heads column

comprises subcooling the reflux stream to said heads column.

12. The process of claim 1, wherein said operating manner of said heads column
comprises reducing operating pressure of said heads column with or without other

changes so that the second liquid phase region is reduced with pressure reduction as

well.

13.  Acrylonitrile, methacrylonitrile or hydrogen cyanide produced using the process

of claim 1.

17
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