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| MPROVED ACRYLONI TRI LE RECOVERY PROCESS 15 Lhos Léf?%ﬂ
BACKGROUND OF THE | NVENTI ON 20 Field of the
I nventi on _ The present invention is directed to an inproved
process 25 for the manufacture of acrylonitrile or nmethacrylonitrile. In
particular, the present invention is directed to the | mprovenent in
the recovery procedures utilized during the manuf act ure of
acrylonitrile or nmethacrylonitrile. In addition, the inproved process
of thé present invention 30 inproves the quality of the resulting product
by m ni m zi ng peroxide inpurities. -1-
SPECIFICATION
10

IMPROVED ACRYLONITRILE RECOVERY PROCESS
15

BACKGROUND OF THE INVENTION
20

Field of the Invention

The present invention is directed to an improved process
25 for the manufacture of acrylonitrile or methacrylonitrile. 1In
particular, the present invention is directed to the
improvement in the recovery procedures utilized during the
manufacture of acrylonitrile or methacrylonitrile. 1In
addition, the improved process of the present invention
30 improves the quality of the resulting product by minimizing
peroxide impurities.

Recovéry of acrylonitrile/methacrylonitrile produced by
the ammoxidation of propvlene or isobutylene on a commercial
écale has been accomplished by quenching the reactor effluent

35 with water followed by passing the gaseous stream containing
acrylonitrile or methacrylonitrile resulting from the quench

to an absorber where water and the gases are contacted in



‘Recoﬁery of acrylonitriIe/nethacryldnitrile produced by t he

ammoxi dati on of propyl ene or isobutylene on a commerci al scal e has
been acconplished by quenching the reactor effluent 35 with water followed
"by passing the gaseous stream contai ni ng acrylonitrile -or

met hacrylonitrile resulting fromthe quench to an absorber where water
and the gases are contacted in 2

- 2- counter-current flow to renove siubstantially all the

acryl oni teoumter-curhert yfbowt £O| semovie aqhébastéalgxrrall theont ai ni ng
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and purification of product acrylonitrile or

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

incorporated by reference.

15 SUMMARY OF THE INVENTION

It is the primary object of the present invention to
provide an improved process for the manufacture of
acrylonitrile or methacrylonitrile.

20 It is another object of the present invention to provide
an improved recovery and purification procedure during the
manufacture of acrylonitrile or methacrylonitrile.

It is a further object of the present invention to
ﬁrovide an improved process for the manufacture of

25 acrylonitrile or methacrylonitrile which reduces the amount of

impurities in the resultant final product.



15 | SUMVARY OF THE | NVENTI ON It is the

primary object of the present invention to provi de an i nproved process
for the manufacture of acrylonitrile or nmethacrylonitrile. 20

It is another object of the present invention to provide - an i nproved
recovery and purification procedure during the: manuf act ure of
acrylonitrile or nethacrylonitrile. It is a further object of the
present invention to provi de an r§proved process for the nmanufacture

of 25 acryl olddiitimmal rediecty,) advantagedi aid recwekbsféheuaepuof the
impurities in the resultant final product.

- 3- invetddiarn oviall dig ext’s, fahlantimgear iinin nblye| désariptionf whiieh
invention will be set forth in part in the description which .. .follows,
and in pdollang/ antoie Rvper ahtlt Pe¢eRe arpareqti ko thosengkadiedpdn

e A Ol ot Bt i S lon e g BT E0uPg Sr' REyPhEC1eSEnsh B
S 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

10 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 propylene or isobutylene
to a quench column wherein the hot effluent gases are cooled

15 by contact with an aqueous spray, passing the cooled reactor
effluent overhead to an absorber column wherein the crude
acrylonitrile or méfhacrylonitrile is absorbed in water,
passing the aqueous solution containing the acrylonitrile or
methacrylonitrile to a first decanter where a first aqueous

20 layer and a first organic layer containing acrylonitrile and
methacrylonitrile are formed, transferring the first organic
layer to a second decanter where a second water layer and
éecond organic layer are formed, and recovering the
acrylonitrile or methacrylonitrile from the second organic

25 layer wherein the improvement comprises maintaining the first

and second decanter at a temperature of about 32°F to about



the invention may be realized and obtained by nmeans of the
instrunentalities and conbinations particularly pointed out in t he
appended cl ai ns. To achi eve the foregoing and ot her objects and
in 10 accordance with the purpose of the present invention as

enbodi ed and broadly described herein, the process of the pr esent

I nvention conprises transporting the reactor ef'fl uent obt ai ned during
t he ammoxi dation of propyl ene or isobutylene to a gquench colum

wher ei n t e Fh@ndeimadindgiginjanesthe §Wﬂ%oﬂqu1‘b§/r cohtactemperaiurag@éous
spray, passing the cool ed reactor ef fl uent oqverhead to an absorber

col umn WRIQRh HHE SRbonT TSyl ofIERY FASITI TR T S one
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are forned, [ €éCoVErrng acrylonirtrile or e’'from

t he secongsﬁégfgigy é?ek%¥§éd“@@&ﬁh”4bh%oi%Bbﬁye”E”t conpri ses mai ntai ning
and” s

the first con ecanter "at a tenperature of about 32[err]F to
about . In a preferred embodiment of the present invention, the

process 1s performed with the reactor effluent -obtained from
the ammoxidation of pfopylene, ammonia and oxygen to produce

10 acrylonitrile.

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

15 Conventional fluid bed ammoxidation catalyst may be
utilized in the practice of the invention. For example, fluid
bed catalyst as described in U.S. Patent Nos. 3,642,930 and
5,093,299, herein incorporated by reference, may be utilized
in the practice of the present invention. |

20 The present invention allows for the more efficient
operation during the recovery and purification of the product
acrylonitrile or methacrylonitrile. The operation of the
decanters within the temperature range set forth above results
in improved water phase separation thereby increasing the

25 water phase volume in the decanters. This improved separation

means that higher volumes of product can be treated during



-4- 75[err] F and mai ntai ning the second decanter at a tenperature of
about 32[err]F to about 75[err]F. Preferably the tenperature of the
first decanter is maintained at about 32[err]F to 70[err]F, especially
preferred being 32[err]F to 65[err]F. Preferably, the tenperature of 5
t he second decanter is maintained at between about 35 to 68[err]F,

especially preferred being 40 to 65[err]F. In a preferred

enbodi ment of the present invention, th& process is performed with the
react or e$tfbseauenbt neneveryoand purifiécatmori dhepbsn (4f. epr sldydtdnd,atdmmoni a
and oxygen to produce 10 acrylonitrile. In a still preferred
enbodi nendn@df dryéng} c¥ékhophyvany| dAcrease iRetheasige off laPohCIWLRNATH ned
by the reactjon of propyl ene ammpnia and air in a fluid bed reactor
whi | e i n LBAERET Q\F‘{;ﬁnggge of; FHdeﬁéﬂt&S?ansF. e jgventioncdy ddtdtonal
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? t he product

recovery and purification o

BRIEF DESCRIPTION OF THE DRAWING

10 Figure 1 is a schematic representation of the process as

it applies to the manufacture of acrylonitrile.

DETAILED DESCRIPTION OF THE INVENTION

15 The present invention will now be described in detail
with reference to the Figure. The reactor effluent obtained
by the ammoxidation of propylene or isobutylene, ammonia and
oxygen containing gas in a fluid bed reactor (not shown) while
in contact with a fluid bed ammoxidation catalyst is

20 transported to a quench column (not shown) wherein the hot
effluent gases are cooled by contact with water spréy.
Typically, any excess ammonia contained in the effluent is
ﬁeutralized by contact with sulfuric acid in the quench to
remove the ammonia as ammonium sulfate. The cooled effluent

25 gas containing the desired product (acrylonitrile or

methacrylonitrile, acetonitrile and HCN) is then passed into



acrylonitrile or nmethacrylonitrile. The operation of the decanters

within the tenperature range set forth above results I n inproved water
phase separation thereby increasing the 25 water phase volune in the
decanters. This inproved separation means that higher vol unes of
product can be treated during - 5-
subsequent recovery and purification stéps (i.e. distillation and
drying) without any increase in the siz€& of any equi pnent. Anot her

advant agetbé bbétpmaoffi aa absbrbeirnvedtimmn § sithdtine 1 wiparain drhef the
decanter in the tenperature range set forth 5 above |eads to minimzation

of the wapepdugtebksei apsoirbeds in wat@lxcrwra@m@rrd;anfe akiatben ecoftumn nnt al
to end product users. BRI EF DESCRI PTI ON OF THE
DRAW NG fropm the topj gdge lines 33 sdhemmane akgarbachigasesh RASS hEr g oklaes

?)ETAI LED m%%%pb%f@iﬁé—;%g%% ,\F#Jr@eq %f aa{:'tr ytlhoem’c:torpI Ioef the absorber 5.

S The aqueous stream containing the desired product is then
passed via line 9 from the bottom of absorber 5 to the upper
portion of a first distillation column 13 (recovery column)
for further product purification. The product is recovered
from the top portion of recovery column 13 and sent to

10 decanter 19 via line 15. The aqueous solution containing
crude acrylonitrile is allowed to separate into first layer
comprising water and a second layer comprising organic product
(e.g. crude acrylonitrile and HCN) in decanter 19. The
product layer is then transferred via line 23 to a second

15 distillation column 27 for further purification and recovery
of product acrylonitrile or methacrylonitrile. The bottom
stream obtained from column 13 may be sent directly to an
incinerator or to a stripper distillation column 21 via
line 17 to recover crude acetonitrile as an overhead via line

20 25. The bottom stream obtained from column 21 may be sent to
an incinerator via lines 41 and 43.

The product stream entering distillation column 27 is
aistilled-and product acrylonitrile is recovered as a side
stream from column 27 via line 31. This acrylonitrile product

25 is stored in a second decanter 33 which is maintained at a

temperature of between about 32°F to 70°F until a second phase



15 The present invention will now be described in detail W th
reference to the Figure. The reactor effluent obtained by the

anmoxi dati on of propyl ene or isobutyl ene, ammonia and oxygen
containing gas in a fluid bed reactor (not shown) while i n contact
with a fluid bed ammoxi dation catalyst is 20 transported to a quench
colum (not shown) wherein the hot ef fl uent gases are cool ed by
contact with water spray. Typi cald?y, any excess ammoni a contained in
t he ef fl ssparstion oheptodhctzeasebylonitatlewahd waténr hasataidtennpilaee.
guench to renove the amoni a as amoni um sul fate. The cool ed effl uent
25 gas cdtaiproductheacegloriitpibeuts thenyremoved| §rom decanter 33 via
met hacrylonitrile, acetonitrile and HCN) is then passed into

- 6- tHaeol? omndfinkrogdueedeinto| thd Bottam Phecolimar &i/n fore exit
roducts are apsorbed_in water which enters absorber colum 5 fromthe
Pop via IV Binapdd nEor abtbebeBughicahasR fREnFEREVETY. afOBFRSUGHhr ough

' I dat the t f the ab 5.5 Th t
Contabni N he R PEar BiofEeh Fol¥RRn’ a5 pASCRACDRAS PRESS™ VO i he

bOtt°n1Oflfﬁ§C5§e£n§ éftﬂgf YRBfherated or purified and recovered by

conventional means known in the art.

Preferably, the ammoxidation reaction is performed in a
fluid bed reactor although other types of reactors such as

10 transport line regctors 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.
Patent No. 3,230,246, herein incorporated by reference, is
suitable.

15 Conditions for the ammoxidation reaction to occur are
also well known in the prior art as evidenced by U.S. Patent
Nos. 5,093,293; 4,863,891; 4,767,878 and 4,503,001; herein
incorporated by reference. Typically, the ammoxidation
process is performed by contaéting propylene or isobutylene in

20 the presence of ammonia and oxygen with a fluid bed catalyst
at an elevated temperature to produce the acrylonitrile or
methacrylonitrile. BAny source of oxygen may be employed. For
économic reasons, however, it is preferred to use air. The
typical molar ratio of the oxygen to olefin in the feed should

25 range from 0.5:1 to 4:1, preferably from 1:1 to 3:1. The

molar ratio of ammonia to olefin in the feed in the reaction



portion of a first distillation colum 13 (recovery col um) for
further product purification. The product is recovered fromthe top
portion of recovery colum 13 and sent to 10 decanter 19 via line 15. The
aqueous sol ution containing crude acrylonitrile is allowed to separate
into first |ayer conprising water and a second |ayer conprising
organi ¢ product (e.g. crude acrqupltrlle and HCN) in decanter 19. The
product layer is then transferred via I'Tne 23 to a second 15 distillation
col um 27mdyprvaényt iirompoetweent Doh: antlor 8cdver Fhere isf neaddytmo upper

acrylonitrile or nmethacrylonitrile. The bottom stream obt ai ned from
col um 13limit bosehbe dammerig- @éeﬁhn ratippcionér #hereorl s genesiadipparo
distillation colum 21 via line 17 to recover crude acetonitrile as an

over head ¥®aSPRnkC eycesd ?hEaﬁéPt8ﬁ1§t4e§9FoSFQPﬁ&&qWQ§ﬂ§RQQNWI21 may be
| 41 duct
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until a secon
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.

10 In addition to the catalyst of U.S. Patent No. 3,642,930,
other catalysts suitable for the practice of the present
invention are set fbrth in U.S. Patent No. 5,093,299, herein
incorporated by reference.

The conditions under which the absorber column, recovery

15 column and stripper column are maintained range between 5 to
7 psig (80°F to 110°F), 1 to 4.5 psig (155°F to 170°F), and 7
to 13 psig (170°F to 210°F), respectively.

The present invention not only resuits in an unexpected
improvement in the production rates but achieves this

20 improvement without increasing the size of the columns
utilized in the recovery and purification section. 1In
addition, the attendant increase in production rates does not
éome with any observed deterioration in the product quality.
In fact, product quality improves with the practice“of the

25 present invention due to the lowering of the impurity levels

of peroxide found in the final product.



-7- separation of product acrylonitrile and water has taken pl ace.
The product acrylonitrile is then renoved from decanter 33 via line 35
and introduced into the bottom of colum 27 for exit via line 39 for
final purification and recovery. Coproduct 5 HCN is recovered from colum
27 as an overhead streamyvia line 29 and either incinerated or
purified and recovered by conventional means known in the art.
Preferably, the ammoxi dation reacticn1T%§“perforned in a fluid bed
reactor althoulyh wiherbéypesdehtrtacthosesskhlaed if thearsyior tvddimms
reactors are envisioned. Fluid bed reactors, for the manufacture of
acryl oni thedif beatins @fothisninvention pehobeamadeFor dvddpewed time
reactor design set forth in US Pat ent No. 3, 230,246, herein
i ncor por at ¥ o f ctRecheregping disglipgyppeand) giscussiognmitthant for the
ammoxi dat L on_reactign to,_occur . at al so 'l .known iin the prior art as
PHRATF RS phref the "Spigit andoscons, oF sBS SSECLPSHER B THAP

evi dence
4,503,;001;, herel i pc ted by reference. Typically, the
annnxédag?%£ é@%ﬁep?gcgég ?gggégforned by contacting propyl ene or

i sobutylene in 20 the presence of anmmonia and oxygen with a fluid bed
cat al yst at an elevated tenperature to produce the acrylonitrile or
met hacrylonitrile. Any source of oxygen nmay be enpl oyed. For



econom c reasons, however, it is preferred to use air: The typi cal
nolar ratio of the oxygen to olefin in the feed should 25 range from
0.5:1 to 4:1, preferably from1l:1 to 3:1. The nolar ratio of ammoni a
to olefinin the feed in the reaction may vary from between
0.5:1 to 5:1. There is really no upper limt for the ammoni a-olefin
ratio, but there is generally no r @50n to exceed—a ratto of 571 for
econom c reasons. The reactionh’is carried : re of
between 5 theihainges olabhedti®60[err] to 600[err] Coﬂmm%‘gﬂﬂmm#d
ranges being 310[err] to 500[err]C, especially pr el g =
350[err] to 480[err]C The contact tine, although not critical, is
generally in the range of 0.1 to 50 seconds, with preference being to
a cont act 1ti neAapracess 1505cEbag@anufgcture of aggaileng qﬁi%lﬂ?
catalyst of U S. Patent No. 3,642, 930, ot her c bgl sts SUit%géf far
the practfethaeryhenpieita combrisinentraRSRPELLBY % £t oAt rs SRR No.
5, 093, 299,  herei . i ncorporated.by.reference. . T i tions
nder “Swhi ShCekBedbdrbas EBPLAIBORLERELPy SF BEGpylene or 1sORutiAMS

to a quench column wherein the hot effluent gases are cooled

by contact with an aqueous spray, passing the cooled reactor
effluent overhead to an absorber column wherein the crude
acrylonitrile or methacrylonitrile is absorbed in water,

10 passing the aqueous solution containing the crude
acrylonitrile or methacrylonitrile to a first decanter where a
first aqueous layer and a first organic layer containing
acrylonitrile and methacrylonitrile are formed, transferring
the first organic layer to a second decanter where a second

15 water layer and second organic layer are formed, and
recovering the acrylonitrile or methacrylonitrile from the
second organic layer wherein the improvement comprises
maintaining the first and second decanter at an inside
temperature of about 32°F to about 75°F.

20 2. The process of claim 1 wherein the inside
temperature of the first decanter is maintained at about 32°F
to 70°F.

3. The process of claim 2 wherein the inside
temperature of the first decanter is maintained at between 32°F

25 to 65°F.



15 coiunn and stripper colum are naintained range between 5 to 7 psig

(80[err]F to 110[err]F), 1 to 4.5 psig (155[err}Eto 170[err]F), and 7
to 13 psig (170[err]F to 210[err]F), respective] The present

invention not only results in an unexpected rru "wmmnﬁm”u t he
production rates but achieves this 20 inprove A asing the

size of the col umms utilized in the recovery andeuWichation section.
In ~addition, the attendant increasélin production rates does not
come with any gbserygrd gebeekser affi elalifh th@hpreductheudhdibe In fact,

product quality inproves with the practice of the 25 present invention due.
to the | onempegavlirehefi gper skyoheéveakeganter dfs prriotadeddwtd batvwdwen f i nal

product . As will be evident to those skilled in the
art, variabeut 35nbdi PBRAti ons of this invention can be made or followed in
light of the foregoing disclosure and di scussion w thout departing from

the spirit and3scop&hef prheegssofosdadmod Whemein tthe daspdef the cl ai s.

5 temperature of the second decanter is between about 40 to 65°F.
6. The process of claim 1 wherein the reactor effluent
is obtained from the ammoxidation of propylene, ammonia and
oxygen to produce acrylonitrile.
7. The process of claim 1 wherein the reactor effluent
10 is obtained by the reaction of propylene, ammonia and air in a

fluid bed reactor while in contact with a fluid bed catalyst.



-10- VWhat is clainmed is: 1. A process for the

manuf acture of acrylonitrile or nmet hacrylonitrile conprising
transporting the reactor effluent 5 obtained during the anmoxidation of
propyl ene or isobutyl ene to a quench colum wherein the hot effl uent
gases are cool ed by contact with an aqueous spray, passing the cool ed
react or ef fl uent overhead to an absorber colum wherein the crude
acrylonitrile or methacrylonitrile is absorbed in water, 10 passing the
aqueous sol ution containing the crude -12- acrylonitrile or

met hacrylonitrile to a first decanter where a first aqueous |ayer and
a first orfBROVED ACRYECNEIRILE RECYVERY PRAGESS onitril e and nethacrylonitrile
are formed, transferring the first organlc | ayer to a second decanter
where a second 15 water | aye¥SGHE Bt Oo$@WYer are formed, and
recovering the acrylonitrile or nethacrylonltrlle fromthe second
organi c | ayer wherein the inprovenent conpri ses mai ntai ning the first
and second dec nter at a tenperature of abqut 32[err]F to
2bout 750F. bc8s5™ R TREE, rocovs S Ol AGHYLAMEIALF G | nol de

methacrylonitrile obtained from the reactor effluent of an
ammoxidation reaction of propylene or isobutylene comprising
passing the reactor effluent through an absorber column, a
first decanter, recovery column, a second decanter and
stripper column wherein the improvement comprises maintaining

inside temperature of the first and second decanter at between

about 32°F to 75°F.

(Fig. 1)



tenperature of the first decanter is maintained at about 32[err]F to

70F. 3. The process of claim2 wherein the inside

s enmperature of the first decanter is maintained at between 32[err]F 25 to
65[err] F. -11- 4. The
process of claim1l wherein the inside tenperature of the second
decanter is maintained at between 1gbout 35 tpo—6§0F. 5. The
process of claim4 wherein the inside 5 tenperdtursg t he second decanter
i s between about 40 to 650F. 6. The pme f aim1l wherein
the reactor effluent I's obtained fromthe a Xi dgit i ow) of propyl ene,
anmoni a and oxygen to produce acryl oni Tl 7. The process
of claim1l wherein_tbe reactor effluent— 1@ i s abtauned| by the reaction of
propyl ene, ammyg d air in a fl'ﬂQ bed reactor ile in contact

with a quioq bgf catal yst.
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