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IMPROVED PROCESS FOR THE RECOVERY OF
ACRYLONITRILE AND METHACRYLONITRILE

Background 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 an improved process related to the recovery and
purification of acrylonitrile or methacrylonitrile produced by the direct reaction
of propylene, propane or isobutylene, ammonia and oxygen in the presence of a
catalyst.

Typically, recovery and purification of acrylonitrile/methacrylonitrile
produced by the direct reaction of a .h_vdrocarbon selected from the group
consisting of propane, propylene or isobutylene, ammonia and oxygen in the
presence of a catalyst has been accomplished by transporting the reactor effluent
containing acrylonitrile/methacrylonitrile to a first column (quench) where the
reactor effluent is cooled with a first aqueous stream, transporting the cooled
effluent containing acrylonitrile/methacrylonitrile into a second column
(absorber) where the cooled effluent is contacted with a second agueous stream
to absorb the acrylonitrile/methacrylonitrile into the second agueous stream,
transporting the second agueous stream containing the
acrylonitrile/methacrylonitrile from the second column to a first distillation

column (recovery column) for separation of the crude
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acrylonitrile/methacrylonitrile from the second aqueous stream, and -
transporting the separated crude acfjlonitrilglmethacrylonitrile to a second
distillation column (heads column) to remove at least some impurities from the
crude acrylonitrile/ methacrylonitrile, and transporting the partially purified
acrylonitrile/methacrylopitfile to a third distillation column (product column) to
obtain product acrylonitrile/methacrylonitrile. U.S. Pat. Nos:; 4,234,510,
3,88b5,928; 3,352,764; 3,198,750 and 3,044,966 é.re illustrative of typ_ical recovery
and purification processés for acrylonitrile and methacryloniﬁrile.

Some modifications to the typical recovery ahd purification process
described above have been explored including récycle of the product column
bottom stream into the lower portioh of the product column via a reboiler. The
reboiler is used to reheat the product column bottom stream pfior to reentry into
the product column.. Water addition to the product column including reboiler
has been suggested with an attendant observatibns that corfosion has been a
problem in the reboiler tubes. _

While the manufacture of acrylonitrile/methacrylonitrile including the
recovery and purification have been commercially practiced for years their are
still areas in which improvement would have a substantial benefit. One of those

areas for improvement is in the substantial elimination or reduction of

‘undesirable polymeric reactions which results in fouling of certain columns over

time resulting in the necessity of shut down of the plant for cleaning. The
present iﬁvention is directed to an improvement in the current acrylonitrile
manufacturing process which resulté in a substantial elimination of fouling in
the product column operation theréb_y substantially increasing the time between
shutdowns and cleaniné, of the plant resulting in a substantial economic benefit

during the manufacture of acrylonitrile/methacrylonitrile.
SUMMARY OF THE INVENTION

It is the primary object of the present invention to provide an improved

process for the manufacture of acrylonitrile/methacrylonitrile.
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It is another ohjecﬁ of the present invention to provx&e an improved
process for the recovery and operation of acrylonitrile or iethacrylonitrile
produced by the direct reaction of a hydrocarbon selected from the group
consisting of propylene, propane and iscbutylene, ammonia and oxygen in the
presence of a catalyst.

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
learned by the practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the instrumentalities and
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 a reactor effluent containing
acrylonitrile/methacrylonitrile to a first column (quench) where the reactor
effluent is cooled with at least one aquéous stream, transporting the cooled
effluent containing acrylonitrile/methacrylonitrile into a second column
{absorber) where the cooled effluent is contacted with at least one second
agueous stream to absorb the acrylonitrile/methacrylonitrile into at least one
second agueous stream, transporting at least one second agueous stream
containing the acrylonitrile/methacrylonitrile from the second column to a first
distillation column (recovery column) for separation of the crude
acrylonitrile/methacrylonitrile from the at least one second aqueous stream, and
transporting the separated crude acrylonitrile/methacrylonitrile to a second
distillation column (heads column) to remove at least some impurities from the
crude acrylonitrile/ methacrylonitrile, and transporting the partially purified
acrylonitrile/methacrylonitrile to a third distillation column {product column) to
further purified the acrylonitrile/methacrylonitrile, recovering the purified
acrylonitrile/methacrylonitrile as a sidestream from the product column,
introducing about 100 to about 2000 ppm water in the form consisting of steam

and distilled water into a bottom stream obtained from the product column and
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recycling at least part of the product bottom stream obtained from the product
column to the bottom portion of the product cdlumn. ;

In a preferred embodiment of the present invention, thg product columxi
bottom stream is recycleci to the product column via a produc;t_ column reboiler.

In a further preferred embodiment of the present in.venf_tion, the steam or
distilled water is added to the product column bottom stream Iprior to entry into
the product column reboiler. '

In a still further preferred embodiment of the present invention the steam
or distilled water is added to the product column bottom stream in the product
column reboiler. '

In another preferred embodiment of the present invention the steam or
distilled water is added to the product bottom column below the point where the
product acrylonitrile is withdrawn from the product column. |

In another preferred embodiment of the present invention the steam or
distilled water is added to the product bottom column stream after the product
bottom column stream has exited the-re_boilé_r.

In still another preferred e_mbodi:hent 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. -

In a further preferred embodiment of the present invention, the reactor
effluent is obtained by the reaction of propane, 'propylene, ammonia and air in a
fluid bed reactor while in contact with a fluid bed catalyst.

In another aspect of the present invention, the process comprises
transporting a reactor effluent containing acrylonitrile/methacrylonitrile to a
first column (quench) where the reactor effluent is cooled with at least one
agueous stream, transporting the cooled effluent containing
acrylonitrile/methacrylonitrile into é second'column (absorber) where the cooled
effluent is contacted with at least one second aqueous stream to absorb the
acrylonitrile/methacrylomitrile into at least one second aqueous stream,
transporting at least one second aqueoﬁs stream containing the

acrylonitrile/methacrylonitrile from the second column to a first distillation
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column (recovery column) for separation of the crude
acrylomtrﬂelmethacryiémmle from the at least one secon& aqueous stream, and
transporting the separated crude acrylonitrile/methacrylonitrile to a second
distillation column (heads column) to remove at least some impurities from the
crude acrvlonitrile/ methacrylonitrile, and transporting the partially purified
acrylonitrile/methacrylonitrile to a third distillation column (product column) to
further purified the acrylonitrile/methacrylonitrile, recovering a sidestream
containing the purified acrylonitrile/methacrylonitrile from the product column,
recycling at least part of the product bottom stream obtained from the product
column to the bottom portion of the pioduct column and introducing directly into
the product column below the point where the sidestream containing
acrylonitrile/methacrylonitrile is located about 100 to about 2000 ppm water in
the form consisting of steam and distilled water.

In a further aspect of the present invention, the process for the
manufacture of an unsaturated mononitrile selected from the group consisting of
acrylonitrile and methacrylonitrile comprises reacting a hydrocarbon selected
from the group consisting of propane, propylene and iscbutylene with ammonia
and oxygen in a reaction zone in the presence of a catalyst to produce the
corresponding mononitrile, recovering the corresponding mononitrile from the
reaction zone, distilling the recovered mononitrile in a series of distillation
columns to remove substantially all of the impurities from the mononitrile,
fecovering the purified mononitrile as a sidestream from the final distillation
column and directly introducing about 100 to about 2000 ppm of water in the
form selected from the group consisting of steam, distilled water and mixtures
thereof into the final distillation column at a point in the final distillation
column below which the sidestream containing purified mononitrile is located.

In still another aspect of the present invention, he process for the
manufacture of an unsaturated mononitrile selected from the group consisting of
acrylonitrile and methacrylonitrile comprises reacting a hydrocarbon selected
from the group consisting of propane, propylene and isobutylene with ammonia

and oxygen in a reaction zone in the presence of a catalyst to produce the
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corresponding mononitrile, recovering the corresponding mononitrile from the
reaction zone, distilling the recovered mononitrile in a series of distillation
columns to remove substantially all di_' the impurities from the mononitrile,
recovering the mononitrile as a sidestream from the final distillation column,
introducing about 100 to about 2000 ppm of water in the form selected from the
group consisting of steam, distilled watéf and inixtures thereof into a bottom
stream obtained from the final distillation column and recycling at least part of
the bottom stream obtained from the ﬁnal distillation column to the bottom
portion of the final distillation column. |

It has been found that the injection of steam or distilled water into the
product column bottom stream in the amounts set forth above has led to a
substantial minimization in the formation of polymeric deposit the product
column and the reboiler. The result of this substantial reduction in unwanted
polymeric reactions is an increase in ruxi time between planned plant
maintenance. In the practice of the present invention applicants have been able
to increase the run time be;we_en product colu:;_m reboiler maintenance at least
by six fold and no detectable polymerization in the product column which
results in significant econo_mical savings ﬁritho_ut any observation of corrosion
problems. _

Conventional fluid bed ammoxidation catalyst may be utilized in the
practice of the inventid_n. For example, fluid bed catalyst as described in U.S.
Pat. Nos.. 3,642,930 and 5,093,299, heréin incorporated by reference, may be

utilized in the practice of the present invention.
BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a schematic representation of the process of the present

invention applied to the manufacture of acrylonitrile
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DETAILED DESCRIPTION OF THE INVENTION

The process of the present invention will now be described in detail with
reference to Figure 1.

The reactor effluent obtained by the direct reaction of propane or
propylene, ammonia and oxygen containing gas in a reaction zone (not shown) in
the presence of a catalyst is transported to a quench column 10 via conduit 11,
wherein the hot reactor effluent gases are cooled by contact with an aqueous
stream entering column 10 via line 14. The cooled effluent gas comprising
acrylonitrile (including coproducts such as acetonitrile, hydrogen cyanide and
impurities) is then passed into the bottom of an absorber column 20 via line 12
wherein the acrylonitrile is absorbed in a second aqueous stream which enters
the top of absorber column 20 via line 24. The non-absorbed effluent exits from
the top of absorber column 20 through pipe 22. The aqueous stream containing
the acrylonitrile is then transported from the absorber 20 via line 23 to the
upper portion of a first distillation column 30 (recovery column) for further
product purification. The partially purified acrylonitrile 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,
coproducts such as the HCN may be separated and removed from the
acrylonitrile in an overhead stream via line 42. The acrylonitrile containing
stream is then transferred to a third distillation column (product column) 50 for
further purification. Purified acrylonitrile is removed from product column 50 as
a sidestream via line 51. The bottom stream exits the product column 50 via
line 53. At least a portion of this bottom product stream is recycled into product
column 50 via line 54. This recycled bottom product stream enters a reboiler 55
where it is reheated prior to recycle 1nto product column 50. In addition, in
accordance with the practice of the present invention the recycled bottom
product stream is treated with steam or distilled water so that this stream

contains between about 100 to 2000 ppm of water prior to reentry into the
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product column 50. Although it is believed that the steam or distilied water may
be injected into the recycled bottom product stream at any point prior to reentry
into the product column bottoms and reboiler loop itis preferred to inject the
steam or distilled water into the recycled product bottom streem prior to entry
into reboiler 55. ' o | _ o

In a preferred embodiment _oi_' the present invention, sﬁeam or distilled
water in the range of 50;,0:;6 1000 ppm is injected i_nto the product bottom
stream. i . _

Preferably, the ani_m_oxidat_ion 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 mcorporated by reference, is suitable. _

Conditions for the ar_nmo_xtdat;on reaction to occur are also well known in
the prior art as evidenced by US. Pet. Nos. 5,093,299; 4,863,891; 4,767,878 and
4,503,001; herein incor;;orated by reference. Typically, the -emmoxidatiorr
process is performed by contacting propane, propylene or isobutylene in the
presence of ammonia and oxygen with a ﬂuxd bed catalyst at an elevated
temperature to produce_ the acrylonitrile or _metlra_m'ylomtnle. Any source of
oxygen may be employed. For economic reesons, however, it is preferred to use
air. The typical molar ratio of thé oxygen to olefin in the feed should range from
0.5:1 to 4:1, preferably from 1:1 to 3:1. The molé.r ratio of ammonia to olefin in
the feed in the reaction may vary from between 0.5:1 to 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., Sut the preferred rarrges 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;_
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Any conventional ﬂmd bed ammoxidation catalyst may be utilized in the
practice of the preserﬁ: mirentmn Specific examples of suﬂ:able ammoxidation
catalyst can be found in U.S. Pat. Nos. 3,642,930; 5,093,299, and 5,854,172
herein incorporated by reference.

Typically, the absorber column, recovery column and heads column,
product column are maintained in the range between 0 to 15 psig, and 0 to
20 psig, 0 to 10 psig, and -12 to 1 psig, respectively. .

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.
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What we claim as our invention is:

1. A process for the’ manufacture of an. unsaturated mononitrile
selected from the group consisting of acrylonitrile' and methacrylonitrile
comprising transporting a reactor effluent cgnta_ining the unsaturated
mononitrile to a first column where the reactor effluent is cooled with a first
agueous stream, transporting the cooled effluent containing the unsaturated
mononitrile into a secdnd column where the cooled effluent is contacted with a
second agqueous stream to'absorb the unsaturated'mononitrile into the secdn&
aqueous stream, tranSporting the second aqueous stream containing the
unsaturated mononitrile from the second column to a first distillation column for
separation of the crude unsaturated mononitrile from the second aqueous
stream, and transporting the separated crude unsaturated mononitrile to a.
second distillation colﬁmn to remove at least some impurities from the crude
mononitrile, and transporting the partially puri.ﬁed crude unsaturated
mononitrile to a third distillation column to further purify the crude unsaturated
mononitrile, recovering the purified unsaturated mononitrile in a sidestream
from the third distillation column, introducing about 100 to about 2000 ppm of
water in the form selected from the group consisting of steam, distilled water
and mixtures thereof into the bottom stream obtained from the third distillation -
column and recycling at least part of the bottpm stream obtained from the third
distillation column to the bottom portion of the third distillation column.

2. The process of claim 1 wherein the water in the form selected from
the group consisting of steam, distilled water and mixtures thereof is introduced
into the bottom stream in the range of 500 to 1000 ppm..

3. The process of claim 1 compnising .recycling the bottom stream to

the third distillation column through a reboiler.
4. The process of claim 3 wherein the water in the form selected from
the group consisting of steam, distilled water and mixtures thereof is added to

the bottom stream prior to entry into the reboiler.

10
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5. The pro'ééé? of claim 3 wherein the water in the form selected from
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the group consisting of steam, distilled water and mxxtuzfes thereof is added
directly into the reboiler.

6.  ‘The process of claim 3 wherein the water in the form selected from
the group consisting of steam, distilled water and mixtures thereof is added to
the bottom stream after the bottom column stream has exited the reboiler.

7. The process of claim 1 wherein the gaseous reactor effluent is
obtained from the ammoxidation of a hydrocarbon selected from the group
consisting of propane and propylene, ammonia and oxygen to produce
acrylonitrile.

8. The process of claim 1 wherein the gaseous reactor effluent is
obtained by the reaction of a hydrocarbon selected from the group consisting of
propane and propylene, ammonia and air in a fluid bed reactor while in contact
with a fluid bed catalyst.

9. The process of claim 1 wherein the gaseous reactor effluent is
obtained from the ammoxidation of isobutylene, ammonia and oxygen to produce
methacrylonitrile.

10.  The process of claim 11 wherein the gaseous reactor effluent is
obtained by the reaction of isobutylene, ammonia and air in a fluid bed reactor
while in contact with a fluid bed catalyst.

_ 11. The process for the manufacture of an unsaturated mononitrile
selected from the group consisting of acrylonitrile and methacrylonitrile
comprising transporting a reactor effluent containing the unsaturated
mononitrile to a first column where the reactor effluent is cooled with a first
aqueous stream, transporting the cooled effluent containing mononitrile into a
second column where the cooled effluent is contacted with a second aqueous
stream to absorb the mononitrile into the second aqueous stream, transporting
the second aqueous stream contaming the mononitrile from the second column to
a first distillation column for separation of the crude mononitrile from the second
aqueous stream, and transporting the separated crude mononitrile to a second

distillation column to remove at least some impurities from the crude

11
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mononitrile, and transporting the partlally punﬂed monomtnle to a third
distillation column to further purify the monomtnle, recovermg a s1destream o
containing the purified monomtrlle from the third dlstx]latmn column, recycling
at least part of the bottom stream obtamed from the tlnrd dlstﬂlatmn column to
the bottom portion of the thu‘d dxstxllatxon column and mtroducmg about 100 to
about 2000 ppm water in the form selected from the group consxstmg of steam,
distilled water and mlxtures t.hereof directly into the thu'd distillation column
below the point where the sidestream containing monomt__nle is located about
100 to about 2000 ppm water. B

12. The process of claim 11 wherein the water m the form selected from
the group consisting of steam, d1st11}ed water and mixtures thereof is introduced
in the range of 500 to 1000 ppm. _ | |

13. The process of claim 11 wherein the gaseous reactor effluent is
obtained from the ammoxxdanon of a hydrocarbon selected from the group
consisting of propane and_propylene. ammonia and oxygen to produce
acrylonitrile. | - |

14. The process ¢ of claim 13 wherem the gaseous reactor effluent is
obtained by the reaction ofa hydrocarbon selected from the group consisting of
propane and propylene, am_moma and air in a fluid bed :eactor while in contact
with a fluid bed catalyst. | | _ |

15. The process of claim 11 wherein the gaseous reactor effluent is
obtamed from the ammoxxdanon of 1sobutvlcne ammonia and oxygen to produce
methacrylonitrile.

16. The process of clann 15 wherein the gaseous reactor effluent is
obtained by the reaction of isobutylene, ammonla and air in a fluid bed reactor
while in contact with a ﬂu:d bed catalyst. -

17. The procc» for the manufacturc of an unsaturated mononitrile
selected from the group consisting of acrylonitrile and methacrylomtnle
comprising reacting a hydrocarbon sdected from the group consisting of propane,
propylene and isobut};lcne with ammonia and oxygen in a reaction zone in the

presence of a catalyst to produce the corresponding mononitrﬂe, recovering the

12
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mononitrile in a seriéh 6f distillation columns to remo¥é Sabstantially all of the
impurities from the mononitrile, recovering the puritied mononitrile as a
sidestream from the final distillation column and directly introducing about 100
to about 2000 ppm of water in the form selected from the group consisting of
steam, distilled water and mixtures thereof into the final distillation column at a
point in the final distillation column below which the sidestream containing
purified mononitrile is located.

18.  The process for the manufacture of an unsaturated mononitrile
selected from the group consisting of acrylonitrile and methacrylonitrile
comprising reacting a hydrocarbon selected from the group consisting of propane,
propylene and isobutylene with ammonia and oxygen in a reaction zone in the
presence of a catalyst to produce the corresponding mononitrile, recovering the

corresponding mononitrile from the reaction zone, distilling the recovered

_ mononitrile in a series of distillation columns to remove substantially all of the

impurities from the mononitrile, recovering the purified mononitrile as a
sidestream from the final distillation column, introducing about 100 to about
2000 ppm of water in the form selected from the group consisting of steam,
distilled water and mixtures thereof into a bottom stream obtained from the final
distillation column and recycling at least part of the bottom stream obtained
from the final distillation column to the bottom portion of the final distillation

column.
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