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WD 2004/ 052842 PCTI US2003/ 036060 NMETHOD FOR

| NHI Bl TI NG POLYMERI ZATI ON LURI NG THE RECOVERY AND
PURI FI CATI ON OF UNSATURATED MONONI TRILES 5 FIELD CF
THE | NVENTI ON The field of this invention relates to

WO dUs processes for recovery and puri PEEHS0$YP36060

of organic val ues from hot gaseous m xtures which
are obtained by catal ytic anmoxi dation of a Iight 10
hydr ocar bon conpounds. Mre particularly, this
invention relates to recovery and refining of

val uabl e nitrogen-contai ning organic conpounds

f oS HOD FOR TN IR AN IPODY MIERIE2STT mﬁg@ THE

or oparSECLATES AN ?Fﬁ’;ﬁﬁfﬁ%ﬁiﬁﬁn B TNk IPRATED ¢ ne
presence of amoni a 1IMONOPIBRIFES a gaseous react or

ef fl uent containing the correspondi ng unsaturated
nononitrile. Processes of the invention include

hi th . Nt with
ggﬁggu;nguenshg?mbﬁmm o\lljms soIaBti on
onprisin the correspondi ng _unsaturated '
m)nonﬂ'l?’ i ﬁ?@l d' of dhsgdnventaen delapsatel wniimuogsgandeesses
¢or PeCsk 'S andnghificadoANof Btmﬁ@tm?éﬁ%&ﬁc Bot %aseous
) ons to re

?%%&@%esa%’#?%ﬁ e dq”&’ﬂ%? BT amielaa GRicE or's Ligh
Wwydtiegarbon; tG@@@ﬁm@dﬁt ai Yleeg  pagiglerlyonphisndénvention
nYlEE0a0 RiCaVEEP m@mﬁﬁﬁnoﬁﬁleﬁﬁgbﬁ met}‘%%ft?@bﬁ'tfﬁ%m
‘O?fgé@@ S?ﬁﬁ?éaﬁgt BOHERAT 1R sHabiliy BlftatioR qr s “one

fped compeynd cselgetedy drgmeithe agnovp .qqmmtmgn@fapmmme

~ pobpylentedssbiaane nanbesonftybened e sied Qﬁ’bﬁiéhcfel af anPhonia

p “gwed| a ai ned therel n

Ry TSRO . ARCH, ARGt "ihe
ﬁagrtesmn@m cmmmcd acHPneRitre e |§’I'0§ﬁ5‘(§©|$Jcle the
i vdntidie iveliide hesddngl tRemepsany pagtoy efﬂuen‘{ w1th an

?ﬁég@&g ecihee%lt':fl (ff?]tu"i)ik ytfbﬁnﬁ“&n%' gauéc%]s osfol thIEJ comprlsmg

the correspondlng unsaturated mononitrile, hydrogen cyanide
and other organic co-products; and using an integrated sequence
of distillations and phase separations to recover for recy_ci.é of a
useful aqueous liquid, and obtain valvable nitrogen-containing
orgamic compounds and hydrogen cyanide products. Beneficially,
according to the invention aqueous solutions are fractionated in
an integrated system of multi-stage columns while an effective
polymerization inhibiting amount -of at least one member of a
preselected <class of p-phenylenediamine compounds s
maintained therein.

BACKGROUND OF THE INVENTION

As is well known, most of the commercial acrylonitrile is
produced with the Sohio Process from propylene by
heterogeneous catalytic ammoxidation of propylene in the vapor
phase with ammonia, air and steam. For exmple see U.S. Patent
Numbers 3,222,422 in the name of L. A. Cohen; 3,278.642 and
3,346,520 both in the name of L. Lee; 3,442 981 in the name of O,
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phase with ammoni a, air and steam For exnple see

U S. Patent Nunbers 3,222,422 in the name of L. A
Cohen; 3 278,642 and 35 3, 346,520 both in the name of
L. Lee; 442,981 in the nanme of O WD 2004/ 052842

WEaH @%63/036060 2 L. Stafford, D. V. WHg/&Hep3pseoso

E. Stolsmark; and 3,509, 238 in the name of N. E
Aubery and M B. Jastrzebegki. In a comercial
acrylonitrile systemutilizing this process, the

LS 1%, S P I DL i
BERG ?ng %rﬁﬁrb?ﬁ)é aa llaéHZ?b $Ki | ui di zed bed
catalytic reactor. Precise ratios of the three feeds
are i atcimmgréiol apylonimile sydtenThetiliziagallyst process,

S e f r |
{HRe refast Ofeeds ﬁlae Iﬁr{%ayﬁﬁég uafé{ri]'!ti&fufﬂuﬁgisidgﬁeﬁ%sséﬁ‘ &,

Th qmopy Tt 3ndcamimions’ Al yapirizstn hed. pombited With
theopy | ank fedh oo ifla dizdd obgdyeataliyiict papetdrer Brocisberatios

monl a takes sur f age of t
4‘53?&‘2‘80‘ kALY | e%ﬁe éfs IBf E R P@&%?Iﬁésr filich are -
medkhined inakdarbileoe, flufbrstite byr thaveldety ooff gusewmns -

ééwp{}ggugﬁs eaﬁédl onitrile, hydrogen cyanide, carbon

I OXI monoxi de, acetonitrlle acrol ei n,

) 6P AL Olthred dfe%ﬁk d %Hr- Oﬂlﬂﬁta‘iﬁeﬁy Jid eotf)ﬁnf ﬁ)’l&ﬁe NC&he

acryl fl d, vvater ot her higher. tes

o e e ety AfRhia it b Shir Rigebbsio 3 thy reactor
mdsc@uﬂaﬂenusfm%mmngamm prespocdel aDomosisi takes
glﬁfé;m& é%é”ﬁﬁfefc%e%i the hs%zb@aeat&%t pﬁnggat of tdBtip lex
SRURRERTS, RaaRIRS Gicef HIBRET B Ehepd YRR 8 FoifStvhe
prducts: ofcrylapiytitmehygrdgsal oyauide: anaﬁlsom @rmde ‘carbon
ﬂﬂﬂ&ﬁéﬁideOfadéft&ﬁ@ﬁ& aﬁ&o%iﬁe ¢ em@ydfa@@lar beer m gher

ound t 0o ar e {pu from. ,
?ﬁ%ﬁeesss qiﬁ?lé%(iqsed@eion%sor tfitcgﬁwof a‘f‘ﬂe ‘ﬂg‘:t ofn‘tn}'il of
gnchlangoys redonown PEanEEEPYBIRdSet s @enwrsmmﬁthe

aRke Sfé&*ﬂ'scﬁ ga5efne 1800 pBHRRINaBls Vasi@cRE ARy lenc,
alﬁ rOXI mat el y 600 Pﬂ for process use suc
a

fhoroxyghno,tnd shitipeen Phlh CEaReR, o r'e‘@sveﬁegc%or
epdir gds. c dbheospweet ¢foprepylene typmally confains a small

amount of propane and some heavier hydrocarbon compounds
which most of which are purged from the process unreacted. A
portion of the heat of the exothermic reaction is removed by sets
of steam coils which generate and superheat waste steam at
approximately 600 psig for process uses such as heat input for
9distillations in the products recovery and purification section of
the process. Reactor effluent gas passes through cyclones, which
remove catalyst fines from the gas. The gas is then further
cooled in a reactor effluent cooler, which is comprised of a shell
and tube exchanger using boiler feed-water as the cooling source.

As the gas leaves the reactor effluent cooler, it then enters
a quench column. The quench column cools the reactor effluent
by contacting it with a recirculating water stréam. Most of the
water vapor and small amounts of organic vapors in the reactor
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the process. Reactor effluent gas passes through
cycl ones, which renove catalyst fines fromthe gas.
The gas is then further 30 cooled in a reactor

vf(&%ol(gﬂgs% cool er, which is conprised of a Shﬁié'l‘/g‘g%ﬁgﬁéﬂm

exc"ﬁanger using boiler feed-water as t
source. As the gas |eaves {he reactor effluent
cooler, it then enters a quench colunm. The guench
columm cools the reactor effluent by contacting it
wiffllaent r e r cortddrised wat ¢ie stynemch - bbkimmf tThe Juench
; % ts; ank G, v [

ﬁ‘@&?ﬁé‘?%ﬁéﬁ%@%ﬁ PSP EESPhds (B0 ThS uflench
ohgEnt The gueprberRIBET (2R (FONHIR HARCIIGH RAYS PRePacking
doepradvide oiniimateotdoatect ack updbivenhgargds cimithul dovenlfibadkg
Lpatkhe aARGE: SORUT infRRcdURREN 150! MBS0 4RER Y
internal tra ? or packi 8 to provi.de 1ntinmate
FHRERCto &P“H)é iZgwiREC 4§ d wRIHLABYh iR otlieh JeBCingt ffluent.
Siief exdess apicthchs wiatgreds eshighlyoedied toethier an@tatngf water

B 0B Plhc ToBEB0ACR 48 TEPURC SASRA ek D chllfinn

Sghede « aorrlentpdent ant degeR  oelaRide by atehe TeEREEHH. -

aﬁdsliesw_fteﬂ_ éslutrhe lwag@mmfaﬁar aRlsimndsngralized, mlixeg
1o itrile and. cyani:de;aresr ecovere

T et blafe sy NSRS YA hf  BEERC gy dhe
W aEawaigt nngeaian prelht  Vdet quenchapalumy gfffical gan is
ithélectﬁiﬁ@cfaﬂ Otot ?ml abRstpyat whetd) @ﬁnb@nm?b% -isﬂiﬁ‘)ed to

.t hen directed to an

AEFoaf AgiePa® el Gl FonstEl SRABEET oy fn iR ana
Stbogesadcutrogn dfe gavylonitrile, hydrogen cyanide

and 15 other organics fromthe gas. The aqueous
sol ut iThe dqueous hsolabisnr frem ilse fabdotberaisr fedoieayrecovery

%%Llﬁﬂﬁ WELR ARt nkdld 'gn@nﬂ‘{ é%&geéé/ﬁ%@i e A4 Bk en
ta g@ vg%he%ﬁ. Afog%%tbon_ of e battonms fromthe
e, dbParaon sof Hiso baYOmHy TRy e degey arietolum is
abelmdpendresydpd Thitke rabspopteon ostei nEhi2Ordogtle contains
"HoR GABH a0 I ficO LORNARS | A HRE 68K WP Monomers,
pnoner s, ol 1&3@ s,a&i‘es ‘)ymars,. and .po y_mar%_.l n.
PGS e AR, Al POLYSRFLS, (il oVARGYs stjeRbinations.
Aawlodtmled opydmopeinl v cyartdeni tnd| eoptionally  acetonitrile
products are then purified using a series of distillations and
phase separations. A first column (heads column) removes
hydrogen cyanide, and at last column (acrylonitrile product
column) takes a pure acrylonitrile monomer product from a side-
draw near the top of the column. High-boiling organic
compounds are rejected from the product column bottoms.

Acrylonitrile can polymerize in the quench column. More
specifically, as the reactor effluent gas is passed through the
quench column, a portion of the acrylonitrile contained in the gas
polymerizes and is absorbed into the recirculating quench water.
The amount of acrylonitrile that polymerizes in the quench
column represents an undesirable net product loss for the
acrylonitrile plant.  For example, in an uninhibited quench
column, between about 2 to 5 percent of the total acrylonitrile
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products are then purified using a series of
distillations and phase separations. A first colum
(heads col umm) renoves 25 hydrogen cyani de, and at
| ast columm (acrylonitrile product colunmm) takes a
WO3PUOZE#Y | onitril e nonomer product from a KAEUIS2¢343(060
near the top of the colum, Hi gh-boiling organic
conmpounds are rejected fréhit he product col um
bottons. Acrylonitrile can polynerize in the quench

pEutEE BPre F8a8RRCHS | 08l | due 3 PodymeaGhfibn in the
effluen& as Is passed through the  quench columm, a

apeReh SRR he acrylonitrile contained in the gas

pol ymeri zes and is absorbed into the recirculating .

quenS¢vanak ercthotineargnisnawnofo &Rduacohpsses | of agiydonitrile

bpolpg hiegf*zfatidilttlﬁﬁdgu@t{h@f* s@@éfuﬁ‘ﬁadtﬁﬂfssésﬁmiﬁhamnvqlve
undesli [, a e .net ) OduC 0S r , e . AC I (0] r e
nies! h S ne e ahel, etk ol AR TS b
Nost e, 2houtd, 220,666; peréddni3Gif %685 .83¢8aland 6,238,574,
whiely Ef?@éﬁﬁsi 4 WR AP 84riRY WelE3/(@36060 -4

produced by the reactor is |ost due to polynerization

int neh m. Sp%ﬁe t S K o -

reduﬁ@'lggégg gﬁi)%g?‘gl éh’l 'r?$$€’ n%]nggl )I/lrreh?? zgf},\%#_]an%
Martis; sleseribesctmetrodsaniaal | sQBPOSitionst r &4t | HribHaNE
abBAbaRHIE! i;ﬂﬂ%ﬁi&‘mﬂﬁd&ﬁt 6. quenchxaopluausee of). SysRahs

Nos. .3.691, 2 .4..720, ; 5,869, 730. 5 895 822 and
p%(’)%ggm’]acréﬁp&’- ilSat e‘?f?@ ar_% I %8%%3%?@?% . hogr _ei(gqby_El
hydrexydaouney, lsrvingt ebwo Nakedr groups; s@ed i bk he Pava-
p_ﬁény]wm:td‘famiﬁ/f@” ivﬁﬂ% degcr isbb§tito-’(ﬁﬂil0dlfpha_ﬁ§}l_ I group  or

co tions_for.in N4Q.:.10 acrylonitrile
uBB\r}EﬁiﬁtfgtP%a"ip&eJé‘ggéa{égﬁuﬁr?ﬁs of systens produci ng

acrylonitrile with a conbination qgf.(a) a e

hydr YRjeEtnaielna HineisT t ABSTANNS 'Capgﬁﬁéﬂ,sv Atgylapytrile can
atzar polypiemiy dnetticardcwvesyt ind pubficatiorniecpibanyio from
S%ﬁ(? ug ﬁ&si—témw‘iﬁéﬁ' tiﬂféi‘?el%ar%iﬂpe@%%t%%ﬁ' agF NEquipment,

n grf natel y,under, _operating condi tions, ..
capiyb@si to apandgsiraliisongopydnetien losy pad, rdustiqp in
péddudgiivn fragal iapd sdd itons lead froawostly shutdowns.

Such polymers, oligomers, and prepolymers, in various
combinations, foul heat exchange surfaces of the heat exchangers
used to maintain operating conditions for separation in the
distillation columns and other process equipment. Fouled heat
exchange surfaces reduce the coefficient of heat transfer thereby
in.creasing the amount of heat transfer medium which must be
used to realize the required amount of heating and/or cooling
obtained on clean surfaces. Eventually, the heat exchanger must
be manually cleaned with potential exposure of personnel to
hazardous chemicals.

It is therefore a general object of the present invention to
provide an improved process which overcomes the aforesaid
problem of prior art methods for to recovery and refining of
valuable nitrogen-confaining organic compounds formed by
catalytic oxidation of least one feed compound selected from the
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solid deposits which interfere with operation of
equi pnent, contribute to an undesirabl e net
producti on |l oss and reduction in production rat es,

dwthtinme |ead to costly shutdowns. 20 Suc
%%FV#@?EZ ol i goners, and prepol yners, in varpcgﬁj§2“°3’°36"60

conbi nations, foul heat excé;ange surfaces of the heat
exchangers used to maint i “operating conditions for
separ ation in the distillation colums and other

08 S S cefpikingent ofFO;?&‘(ﬁﬁnEeat prépyleasge HobudoRs and
%efg}"& t he. Cﬁ!gefl Ci enc % gﬁl}ﬁ ttl]t"gansfer t hereby 25
Xg Hf Bt P R insfer medi um whi ch
nmust be used to realize the required anmount of
heat | HgpEOWEGr DERRSISSey WoBldi HElzenacpeselecipacdass of

V&Wlﬁ@ﬁ'zhtiont hﬁnbﬁﬁig @Wﬁbnml@ﬁfectbﬁe ﬁlmitiﬂ |o}peratmg

ﬁgﬁﬁﬁﬁﬂﬁw AR Bt P s P G Pghutions

comaaising thpeupyatveated mannnigile progdpets de an
i nproved process which overcones the aforesaid
pr obl arbvahtapeoaslyr tmeatberds dfosutlo aechmery)fandnbmng

Eccgﬁi S il eeffééti@egyg SERAIALA N A6FR orional

unds fﬁé @éé ation“of [east one
e gBIT, P‘éopf f$:he WO 2004/ 052842

PCT/ USZOOS/ 036060 5 3roup consi sting of propane,
pr opyOthes, objestumadeadvantagesbof jheria ventione will cbeewae

Pgﬁi’@fﬁn' on! %ﬁ@ﬁf‘%} HeOCRIDMnYOdethildd | ddRription and

sel.e d. cl ass pol ynmeri zati on inhibiting
EBRﬁBQF A¥M&f f ecti ve under operating 5 conditions
duri ng fract| onal -distillations of aqueous solutions
conpri si ng t he JAUANBIARN OF THE ENVENTIONr oduct s.
Advant ageousl y, nmenbers of such a class of inhibiting
CO”DOEbbm(ﬁﬂﬁ: boedzes @ir%:edtsucm‘ayl fmpeeaivety byf vhRiable

fﬁ‘é%eﬁ%@é?%nﬁ%' SRR Sont ?%1312@? Y Ll
BsEHBAB aéware o uﬁ'&ﬁ’aﬂéadl ﬁgomﬂénm | BRvHEREet ajaned or
destarty RO Wit hmApen dadl @ ghsddus source of dioxygen and
steam. Nitrogen-containing organic compounds produced in the
catalytic oxidation reactions are recovered from product gaseous
stream as a aqueous solution. The aqueous solution containing
the unsaturatéed mononitrile is transferred to a recovery and
purification section where the unsaturated mononitrile is
recovered and purified in at least a first distillation colurn and
at least one product distillation columns wherein high-boiling
impurities are separated from the unsaturated mononitrile by
distillation.

Under operating conditions, unsaturated mononitrile, eg.,
acrylonitrile or methacrylonitrile, and other organic compounds
present, can polymerize in the recovery and purification sections
to from solid deposits which interfere with operation of
equipment, contribute to an undesirable net production loss and
reduction in production rates, and with time lead to costly
shutdowns.
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di scl osed for recovery of valuable 15
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catal ytic ammoxi dati on of propane, propylene,
I sobut ane, and/or isobutybene with amonia and a
gaseous source of dioxygen and steam
Ni t rogen-cont ai ni ng organi ¢ conpounds produced in the _
cat 3l necaspdctiathieon is gaotidedsa arecessctovemedufactoring an unsaturated |
product gaseous 20 stream as a aqueous sol ution. The
maagnikrde whsbpnedasa conwrisenil@geatting aineast anafasd compound selected from |
nmononitrile is transferred to a recovery and . _
thepgroip icorsistiog of dEerans. RieeYiene Heokiens achisalutylene, with ammonia and a |
mononitrile is recovered and Purl fied in at | east a f
sofrce if diRoYeen Ht F*’an'@é?‘l‘ﬁ?nf’faﬁd:a st |Bgi2Ftop HR PRMEE G reactor effiuent

cogtﬁﬂl Stngl | ilé %ééo?%sgg | eFa?eiecgrwcerﬁné\itr %,IS Q{) [}?aéfsgearing the reactor effluent
corrtgﬁﬁ?q 8n@saﬁ1\ﬁ§tga Jﬁérlioléxl raﬂ tﬁ 0?1 qﬁglgq%/abggﬁpglgﬁ diltion wherein the reactor
eﬁ@%h% 8?1'}1 Inrnql ﬁeoﬂnsgmr%ﬁrﬁ%ﬁmifrﬁé ‘s corﬁ‘é‘&%@mr toi'égﬁné Girst agueous

“present, recove

str\%%ﬂ tg %&ftﬁ&féa'cfyﬂ eﬁ\%ﬁf %Hé tlf?é?eéfférftﬁé)c?ﬁo'f’ e+ﬂ'ugntci§ E&%&téd with at least a

nterfere wth operation of equi pnent

seESe’rgt LgtuHu8 shrBaminWiHIBSdorstinecdlghn RS @gpihisDind REBVaNSe unsaturated

ction in production rates, and with tinme lead to

m&rﬂbﬁthl&é inS&H g Q¥as syRicH) 04/ W%&lr@@ﬁé@%ﬁé Q0Ri6A containing the
-6 In one aspect, there is provided a process for

undBitsdtas troshargrien tai s adeovatye ind npundichtiori Isectedni edvere the unsaturated
process conprises: (a) reacting at |east one feed
mermnitienid reedveceddndrputified He ajrieags a Grasidistilaiproolumn and a second
propane, propyl ene, isobutene and isobutylene, wth
digtiiteiioni colamd; and ddl maintaining] WY e ‘anmpfﬁéobm%éﬁtﬂ@“@ﬁ columns an
a cat al %/st a reactor to produce a reactor effl uent
M

effﬁ@’fi\‘teaipﬁ mgrizationc BHitigo ABOHB! GhShtleAsit e RBFBAREdaMIne. compound

(b) transfer{?ﬂ_ﬁg the reactor effluent containing the
repieeantar 2y dip Ritrile to a quench/ absor ption

section wherein the reactor effluent containing the
unsaturated nonppitrile is contacted;with at | east a
first aqueous reamto cool the reactor effluent, .
and thereafter theeds]--ePh uenN i contacted with at |
| east a secondglqueous streamin angbsor ption

col utm to separatle and recover the uh¥aturated

wherein Ph is a phenylene group, and Ry and R, are the same or
different and are hydroxyl free organic moieties having about 2
tc about 10 carbon atoms with the proviso that neither Rj nor Ry

is a phenyl group.

In a preferred class of phenylenediamine compounds the
organic moisties (R and Ry ) are members of a group consisting
of ethyl, propyl, butyl, phenyl, hexyl, heptyl, octyl nomyl and
decyl hydrocarbon groups, particularly straight and branched-
chain hydrocarbon groups. Advantageously, this class consists of
N.N’-dialkyl-p-phenylenediamine compounds. More preferably
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nmononitrile in an aqueous solution; (c) transferring
t he aqueous solution containing the wunsaturated
nmononitrile to a recovery and purification sectlon

Zn at least a first distillation caQT&I?Z%??{aWO

a second distillation colugn; and (d) naintaining
within one or nore of the di'stillation colunmms an
ef fective polynerization inhibiting amount of at

| glabdaspraepbf i enedpeumdie icanpeutiser of X g8y adnbisting
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phenylén reé the sa
PhomsHEndmings ¢ V¥ ofiyisobubd-prifienyl creduniae,  and
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P en

l%’f?é’ﬂ%?%%e”e B HS0U Y -BRbe bt A AL el for
tpfst 158BHAI ¢ noieties (R and R2 ) are nenbers of a

group consisting of ethyl, propyl, butyl, phenyl,
hexyl Inhpmfy:lr:edaoemlboﬂmychtamxf thanﬂvehgadnocﬁreb@lﬁfective

ﬁq B%nib%ﬂfdﬂ qﬁhﬂslkmgstammt ls'ﬂrﬂé, INERGH- aKRA! B parts -
S

\ﬁﬁ‘??oﬁmézh unsaturated nononitrile is recovered an

roup ous this cla

I8 itiogs pArn O WIS O aROPRUEE riesent in the
dssoluhoﬂ pref(immmlj/y WOLRO 04152842 polymerization

F200 O inf s ad RAUIDWRRL FFohGbBRIPRY 1 %ad Sut
0

I‘OU

. CONSI5t |
|P§E§§ ,QP pml Q;é@,cgy},qqétrlle m the aqueous
N;dlhtmhn s@refarably pin pahemygcerﬁdmamhwt 50 to about 1000

Nn%ts gile:ritrgﬁpﬂ{%ﬂgaﬁs &g{éne gﬁ@ﬁ)és solution. Most
o a@éyylwerﬁngep ahedt af nt=9 jabout %50 parts per

NnNliodi pares dﬂacyqummmwﬁhearaqdeam seldtdon. best
results. In preferred enbodi nents of the invention,

t he efﬁrSEéésE? GMEYHWéIEﬁH 9Pefe‘?5bf3ﬂ Eh&%d@”&&iﬁf};l?é BP a
ess. .t han about &a E}j})ar
&l S siorth ru?WS@% e g ol
s:{rluﬁaus nsol@Eoer editpininfethel insaturatqibiporoniteite (mhlch is
% {rhRSFR PO Wintd SthbNfifst! ARUH 2R LA AARRL odd or
mofe product distillation  columns. Preferably  the
phenylenediamine compound is in the liquid state at conditions
from ambient up to about 60° C,however the liquid source of the
phenylenediamine compound may also be a solution of the

. phenylenediamine compound in the unsaturated mononitrile,

water, or a combination thereof.

In  preferred embodiments of the invention, the
unsaturated mononitrile is acrylonitrile or methacrylonitrile, and
the feed compound is a corresponding olefin selected from the
group consisting of propylene and isobutyléne. In other

. preferred - embodiments of the invention, the unsaturated

mononitrile is acrylonitrile, and the feed compounds are
members of a group consisting of propane and propylene.



10,000 parts per million parts of acrylonitrile in
t he aqueous solution. Preferably in a range from

to about 1000 parts per mllion parts of
w@?ﬁ@f(@%&rl |l e the aqueous sol ution. Mpst 15 CT/US2003/036060

preferably in a range from 18about 75 to about 750
parts per million parts of acrylonitrile the aqueous
sol ution. Processes of the invention preferably

i ncl U@ﬁe icxi gtochef irevedtioguigrostdsce pfockle for recovery
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caliakigia ﬁmwenéaéwn PTORLE, Pﬁ@P)dﬁ@ﬁl o1 srabaiyleseuwath
%ﬂﬁﬁ@ﬁlao%dora @ﬁé&){@r ogigedi &t | dibay bem Q?@l'lﬂéﬂn%)rocess
Pr ef er abl | enedi am ne comoound s in .
EPBTS B G RTINS SPPUIPaRBrentng 1oy Libire
00 Metleoeylenitike, | iydrdgeburcyenisie tasd other organic co-
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holsas A T COTRAEE SRR e A oo Sage
eobfoen;r eghde sainkeimisg of withen i ri'sh@nt ¢coumushean effective .,
m(g{;ﬁﬁﬁﬁ? {T??Hfﬁlhﬁlbl CatBudg’ Wogt t ségﬂgﬁ %ﬁc compcmnd
asms&p} o tht o) boOFBATGHR o RRt et Ji group,
Raf ajsr dby | same aerd diffe b@ntwa@dearq @h"h:é:fl free
g&?&fﬁ%ﬁmgoﬂwﬁg Sat{%;uttﬁetd AMERL 11N cattitsh a&omﬁ with

urate mno is acrylonitrile,

%d R‘FBW’&%UTFB@ arfél 1H’-ié'rr‘og‘rls ¥ &yrodp éor%tf“%’tyl ngEoHP-
r any| effectiv® pabAh @ﬁi&‘i@n mhlbltmcr amount

5%935%%34;3%%2@@ o SIS B D0 b e
rintl oy epartsood. anrmatgra‘ffegiann@nemb@ rw@smt nedthsy agueous

Cfigdiyhi ¢ anmoxi dation of propane, propylene or
iso utyl ene with ammonia and a gaseous source of

Slxy en ot 8§ rnoeﬁ,r t OfESRed Cc%%%hﬁﬁ ard’ %Yﬁtﬁalrgg)f #FNgroup c;onmsting of |

‘conpri sing acr onttril

ile, hydrogen cyani de and other or gani c
R

fractionating the aqueous sol ution as
by di sAadthet i aspdcn ofit theedmventibn r stroniddsi -st@geess for
CRlTa-ANgr 8y R8N TlldeeRl@3Raining  organic compounds
formed by catalytic ammoxidation of propylene and/or propane
with ammonia and a gaseous source of dioxygen which process
comprises: providing an  agueous  solution  comprising
acrylonitrile, hydrogen cyanide and other orgamic co-products of
an ammoxidation reaction of propylene and/or propane with
ammonia and a gaseous source of dioxygen, fractionating the
aqueous solution as by distillation in a multi-stage column to
obtain a high boiling fraction comprising a major amount of the
acrylonitrile in the aqueous solution and a low boiling fraction
comprising a major amount of the hydrogen cyanide in the
agueous solution; and maintaining within the column an effective
polymerization inhibiting amount of at  least one
phenylenediamine compound represented by the above formula
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colum; and maintaining wthin the colums an
effective ' polynerization inhibiting anount of at
Ieast one conpound represented by the fornul a I,
rein Ph is a phenyl ene group, and Rl and
W‘I’ié‘mé’g??é or different and are hydroxyl freé'CT’S]lsﬂ}ﬁ?{?:‘é““
nmoi eti es having about 2 to 6bout 10 carbon atons with
the proviso that neither nor R2 is a phenyl group.
Advant ageousl y, the effect ive polynerization
Iyn a n u fis0 t
o MIRSEh F500 Bt Jehe Eechfrand RICAAL RESE Y salfe
rmsrdﬂffa:rant engdr mrhydmxyhé’rw wEganic mokefigsomaving aout
RO EbERNT10 E:Hﬂ)(ﬁﬁ%%lﬁ@”ﬁ%nﬂ‘ie Hrevise it Snéifther M Pwodr
nsi stin ropane and propyl ene. Anot her aspect
2 tIhé P t Brovides a process for recovery of
val uabl e ni trogen-contai ni ng organi ¢ conpounds
f or re@ebyanothal wspectaofitke datveation! ppovides eaepmtasrfor

§ 89&3/ é‘;} 1a4BRN ﬁlﬁf&ﬂ-&ﬁﬁ?&%ﬁ S%‘ggﬁico‘ccompounds
0X i ch process . ri ng

<D sty aBHBPY aﬁrgvp RF°8 lsne I8, Fﬂﬂﬁ“&gé?ﬁ‘fh ,
@ymnlodea aand otahegasenygsanisoucce poﬁddxmﬁygeﬁ whlch Process -

%1.'5” L vi(ﬁﬁgtélp%gsEoﬁé %Yﬁt%i? c%‘ﬁ% ggr RBANBnitrile

Wt glh a_an eous s
@nﬂ&cthl BE t RESANAE | SRRIBOURS ~°ut| hie' aqueous
duohltlld»ﬂ asllgndlsmlbatmﬂ tm-zsnmjﬂ stage molumn thohiainaa hlgh

o B G AT e e
k?é??ﬁ“ﬁéli} all chérpreamin OB N B BOEaRRRVR O A8,
iayd[dﬂgh'a‘wcmddet i stredm  caquEisiegs et Uehsin;9%ngkercent by
'W% grjﬂ'bﬁ Hie ! NRACA YoR Bﬁllﬁl‘;gf ?‘Patdtl\fﬁl substantially
at'l Jbiting amount o
yPéné@ A’Prglh@cﬂ BB o R redpf SbyaFaef%W%mmg
f\mltmﬂ ahMﬁ&&@@ﬁ/ @b 28 ctiP@r Ipdﬁ?ﬁ&%izﬁg@%@nhlhmmg amount
FAC kel ore” B R0rBh By B L‘%@r}g’e ToRita L
herciB oPlhaY RYICHIOERS S0uB, ABAuR) FG me’ or
Wifferéhe apfoyies hydbakyIndideh @b gdiic N@bieties havmg about 2
to about 10 carbon atoms with the proviso that neither R; nor R,
is a phenyl group.

A preferred aspect of the invention provides a process for
recovery of valuable nitrogen-containing organic compounds
formed by catalytic ammoxidation of isobutylene or isobutane
with ammonia and a gaseous source of dioxygen which process
comprises:  providing an  aqueous  solution  comprising
methacrylonitrile, hydrogen cyanide and other organic co-
products of an ammoxidation reaction of isobutylene and/or
isobutane with ammonia and a gaseous source of dioxygen;
fractionating the aqueous solution as by distillation in a multi-
stage column to obtain a high boiling fraction comprising a major
amount of the methacrylonitrile in the aqueous solution and a
low boiling fraction comprising a major amount of the hydrogen
cyanide in the aqueous solufion; and maintaining within the
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R2 is a phenyl group. 5 Yet another aspect of the
invention provides a process for recovery of
val uabl e nitrogen-containi ng organi c conpounds

fornmed by catal ytic amoxi dati on of propyl ene or
WA |

anmoni a and a gaseous sour ce Ffl/US2003/036060
di oxygen mhlch process-. copgpri ses: providing an
aqueous sol ution conprising acrylonitrile 10 and
hi gh-boi | i ng organi c conpounds; fractionating the
cjuasusn eldectivorpalyntgyizition linhibiting Amoumtl of astlaget

&ifel BBmpoRn | IQPIF] x‘ésénff‘h'd}rb b |abﬂgeffo§ﬁ1tu'1é;"1t ‘éﬂ“ll Hiéh?'Flfhgls
{RHeBYIsHR, Bl T But Rogdn k. SBBLAH fbteteftl ana
&redhyidmxyﬂr tﬁlh@cbr&meammeﬁrm | Idvigg apbdwask 1@9about 10
(%2 ?ﬁrﬁto?ﬁ Wathehd BlroPso2 fHiat| REithér IR, ?&n%{g id @phenyl

actlonsbstantlaly ree
STioYR- b0| i ng organi ¢ conpounds; and nai ntai ni ng
within the colum an effective polynerization
i nhi Anothgr appefdarredf mpebieasf thee Domepoiond prc;]wdes :
e 0 I )
r%Eéfsfemr ‘}FP%%&@E g?é{ gi% n@trbgeﬁe“@b%rtsaﬁfennng ﬁ{%aﬁw .
CdHfFP gh &i?r@‘;ﬁ%r‘@kﬂfﬂm?rqsee SFEHIE @ HRIONS ekeaction

dffivieng bjaoatnlﬁoxidatm:mubf Iropyidwn wathorammidniat ad a
%J ﬁéosogﬁ‘@é &eldfci}&g[ ﬂ%eﬁ%xeé&c@ Rl dééglietgf&%é}xe(ﬁ;s

erre aspec | nve 1.ON pPL oVl
GARLYSE o COMMYSIBE Vo9 fm eCONAFEREN- télsnt&a‘twpﬁg oF s am
qfﬁltmnﬂndsth 2 fagueweds byiqoat aﬂwtabd:ammanxm}abowm eoblution

5inl 6nit§1‘?@ Qfo Qi P& IRSHAYUSco-
L R e
malthacagd milltmnl 53] obyainogemghyhmﬂmg fuadtiohhesmorigarg &
rﬁgl p{iﬁ]%%‘t Sof’ eﬁ[ﬁc@@ff éﬂgth\%:me?ﬁhé&% %luuon and a

lgws ksl 33% @nopomnswggna mﬁmcﬂm@w. ﬁ%ﬂiifh ydrogen
m&mswqhat iagneaas byolitiin; | laadi anaimaming! twithst age:

c%‘?ﬁﬁ‘l?inaﬁ AR RO AR \ omt{laﬁg 9&0%9gp5f 3 Nga8
@@/I e@m@@uaﬁdr@reﬁéw%lbw fa aveife wdhergitg Ph 1s
aphenylemeugtowyf, ik Rydndg#y &% dynsate lon dlﬁ&rent and

arguﬁ?&soxy(fl %rte'eor(])rgamg HR)IQ’[I% nﬁgl/qné\” Eﬂ%lﬂ ch?o about 10

carbon atoms with the proviso that neither R; nor Ry is a phenyl
group.

The total amount of p-phenylenediamine compounds of the
preselected class used in the compositions and methods of the
present inveantion as polymerization inhibitor is that amount
which is sufficient of effect inhibition of poélymerization of the
unsaturated aliphatic nitrile product and will, of course, vary
according to the particular conditions under which they are used.
Where process stréeam are maintained at higher "temperatures
and/or longer durations, larger amunts are generaly required.
Preferably, during one or more of the extractions, distillations,
and phase separations for recovery and purification, the total
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ef fective polynerization inhibiting anount of at

| east one conpound represented by the above fornul a
£l,n Ph is a phenyl ene group, and Rl

“h)Z%% 8*8ame or different and are hydroxylpﬁgﬂgﬁ%ym%mm

organi ¢ noi eties having abfrt 2 to about 10 5 carbon

atons with the proviso that*neither Rl nor R2 is a

" phenyl group. Another preferred aspect of the
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“i"?ﬂlc%li 93REOUFeSQVE fﬁ? éhea&y&%nuuﬁbftnﬁg PIRSRACSS Gh a

ete bge eQ |
EBVBCa SRy rﬁ%‘a@g%‘s ﬁfe&%t’i‘ ég%@grﬂaq\g {BETpillion
paueoub unisquichted ahphatic aﬂtﬁ]ﬁﬁJ@JUB thel wigueous solution.

RRSTR! ' §éf§:ga 3 xhoy L‘i"‘?%b e;rogyddbqﬁﬁnseyaﬁ 'a%gﬁnfb(% Nedrts

8o P iena sy v s liiased; aliphan mittde s 30E Bineaus
kudutlbnal M{Bt prgfierabiy iinga framge i vomc abput $i5ngo abontj BFO -
pafuT e?f ﬁlgﬁo cr dr?snabf' LifshihrkPed AGIRH4SicS Oh#iieON the

ction conprising a major anount
%@u?cﬁés ﬁ9 IYfen cyanide in the aqueous sol ution: and
mai ntaining wthin the 20 col um an effective

pol ynier zat itoare nHiosipletyy armdarstardiag | ehstthe origresent

ﬁmwhd E%Sﬁ@tﬁﬁnﬂfl ho® QJ@O\tﬁad@riﬁUkI@e |em\U'd>Q1ﬁﬁlelhts
ar e ;t he. sane

phen ne aroup, Rl _and
HudiPated B, EXkeier S0 in S TeeBBhargink o ki thnd
Hescrnlged telow 2by ova)bmftex:amplcarfhfoihEatImmltv@n h the
proviso that neither RI nor R2 is a phenyl 25 group.

The total anmogRIEPDESCRIETIE OFITHRRIGUREPOUNds  of
t he preselected class used in the conpositions and

met h I?mt%redp rcfeﬁﬁl@t fsétnv\fﬁﬂh' WogS n?)%}’ MRS Lﬁ%% hich

i nhi bi” 'S su flclen
eha@@tenmtbﬁt pEAsest wﬁyﬂem z atiCoRTGFeT hEvaption itself,

B SRl s tR adlta pbwttheredif mdye bwsoduc undetstobll] hofever,
BPUTEfereNBEY to the following brief description of preferred
embodiments taken in conjunction with the annexed drawing, in
which:

The FIGURE is a schematic diagram depicting a preferred
method for operating the process of this invention in the
continuous mode being arranged to provide an integrated
sequence of extractions, distillations, and phase separations for
recovery and purification, and to maintain suitable operating
conditions in accordance with the present invention, thereby
obtaining valuable nitrogen-containing organic compounds.

O

BRIEF DESCRIPTION OF THE INVENTION

Processes of this invention are particularly suitable for use
in recovery and refining of an unsaturated aliphatic nitrile
product, such as acrylonitrile or methacrylonitrile, from a gaseous
mixture produced, generally, by gas-phase catalytic oxidation
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according to the particular conditions under which
they are used. \Where process stream are nai ntained
at higher - tenperatures and/or |onger durations,

munts are generaly required. Pref
lau‘golg’ﬁgzs%ne or nore of the extractions, di s%ﬁ?"gxr{q(’g’ﬂ%“ﬁ"
35 and phase separati onsv\doi2 recovery and
purification, the total 004/ 052842
PCTI US2003/ 036060 - 11 anount of of
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w fcgom about 10 to about 000 parts per
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t he aqueous_sol uti on Mor e pref rably n.a ran
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af immsatantatfecton ipeiht %)H] < thet mds¢ tipaificamgodfactor, in the
pr r [ ge out ]
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mwi\qt}e #8desavenibm bofeachmtp t@&lwredl g‘f@dﬁw Nsate of

ﬂéf%dﬁgf P of OB OBty JRATAiP S Ea O UolERE Py wnic

off fimagandd catdysieslife betl bBEetiveytivag of-séseamp| dsfore

| SipificteTbiovr 18RV BESCRORTIEN OF THE FI GURE The

appended cl ai rrs set "forth thosé novel features which

oo PR PR ol Rl
dpan tuﬁ@@nstaayd spegitiey ammowidapianef Hpidy ced ocataly .

Swikdtlei gabrsite fwiiRhcaiepingms s:éleomé efor efle @ﬁh@@lxmmicﬁa

{0 $ETpy " Al Bt égh%t?@ng@rgaa debe Hi gt

enbafle irey mekeholng %ﬂltso Pl tRely 0§h]i1%r Ic,
arfd/mb]lytbﬂut rsilitie a&ds.coOtheru cumpméﬁtsbemgl asr anggxden,

LDRECYENGriRM,| PhEHRERY oxides, have been incorporated to

increase low temperature activity and productivity.

Factors upon which catalyst performance depends include
composition, the methods of preparation, support, and calcination
conditions. Other key properties include, In addition to chemical
performance requirements, other key properties include surface
area, porosity, density, pore size distribution, hardness, strength,
and resistance to mechanical attrition.

Patents claiming specific catalysts and processes for their
use in the manufacture of acrylonitrile and methacrylonitrile by

. the ammoxidation of propylene and isobutylene, respectively,

inctude U.S. Patent Numbers 2.481,826; 2,904,580; 3,044,966;
3,050,546: 3,197,419; 3,198,750; 3,200,084; 3,230,246, 3,248,340
and 3,352,764 which patents are incorporated herein by
reference.
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sequence of extractions, distillations, and phase
separations for recovery and purification, and to

mai ntai n suitable operating conditions in accordance

i present invention, thereby obtaining .
‘@%%ﬂggﬁgnnitrogen-containing or ganic conpouﬁggamgﬁym”mm
BRI EF DESCRI PTI ON OF THE | NMENTI ON Processes of this
invention are particularly ‘suitable for use in

- recovery and refining of an unsaturated aliphatic

nitrilRedProedld ansMoRi@RiGE Aotk rio €othin a mixture of

JaavinG, i Aisfonine S SRR apy BRI nBATY  SSurce
2g0diog S 2en 2 figallp3 fegb @empositions danger up Her akgut 9

?%réé‘ﬁﬂ Oﬁr({ifyléih@r :dil andianTRRia Widdtods sgam@res@,fr hin the
i oxygen...typica conpri,sing .congr.essed ajr
v@é:ilp%%ﬁ@%ﬁog aﬂ aa?ﬁ?if vﬁrng el lnglHS e%gggﬂr%r & apx%g%lc eE% eé) '_3
fdampraddactdwingf noagrall RRATATiPB. by Rerass datareiipf and
HRRNbRAE prbédhB@RData lilkewiRe désiBAbd otdPaeofRs Stlatsnible
v%e{iéﬁgﬁwg performance of the oxidation catalysts is

a B factor, perhaps the nost significant
factor, in th ecqonom cs of. .this and ot her oxidationh -
pr oc e FBYeICATaRYy sthe. ERRUTHdAHED; JeRERE ITBoRgled in 2
agpidncht sowér. evith canweidified whatercantant by tOunter-current
S 1 VIALY ~ Gonversian.Qf .react ant. tQ. i o
O, o trgin TR (LR Gvel 8%, Sl ihF e
umttorsf of ancalsorber uwbeperactviionitrge, @egtonifike and other
aRlaivsy kbluble | gaes ehfec abkvibdd. NETHE - o 2dI0BBEDT Bases
S gn fd:tcant | oss of activity or selectivity. The

qu Yy &% the process of the present invention is

not 15 dependent upon any specjific ampxi dation

f1ui d Thedsizeam| Jipm theubptiamt %Af&a %&nfggm EROHiNe as the
midle vtk Gticden, f by tmhsfamagmﬁatai wrovety pealpypie :‘wehaﬂdit
i:S50 y Cap: ~Ar epared L1, S _
oAU RN Lo (LA Uy B e any
pHLAbhe rqoatacting) MeAns i oviuelh ; liqeidaandisvapgrhare counter-
campetdnt sontavrdd da & unghtiphcity OofC oppenunicatingr zomgs or

Ao seq-?lg 8¥LARSd h@é’ﬁm@e%ﬂln‘iﬁ% ﬁg&%}i‘\gfg'zgoco\}minn. are

inctease [ow t erature activit I
enriched in acryfe@ﬁtnﬁ:, 0‘8131‘ compo%ents being c{neﬂy ywater

and hydrogen cyanide, and contaminated with wundesirable
impurities such as nitrites, compounds which have characteristics
of nitrites, and precursors thereof. The overhead vapors are
condensed and collected in a decanter, the lignid undergoes
liquid--liquid phase separation, the less dense layer being an
organic phase, the denser lower layer being an aqueous phase.
The organic phase being chiefly acrylonitrile contaminated with
water and hydrogen cyaanide, is withdrawn for further
purification. The aqueous phase is refluxed to the upper section
of the recovery column.

' Embodiments of the present invention can include known
treatments of process streams. For example, US. Pat.  No.
3,442,771 disclosed a process for removal of trace impurities (e.g.
nitrites, peroxides and precursors thereof) from unsaturated
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Fact ors upon which catal yst performance depends
i nclude conposition, the nmethods of preparation,
support, and calcination conditions. Oher key

Wp gertles include, In addition to chenmi cal 25

WeHdhce requirements, other key proper tF(@486S2003/036060
|nclude surface area, porosity, density, pore size
di stribution, hardness, sti4ngth, and resistance to
mechani cal attrition. Patents claimng specific

t al yst d for t in th .
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904, 580; 3. 044, 96 50, 546
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£085 207 Sxtrabii vé cbatlﬁatlgnacelummmrppam@daheﬂm mepgvery

ESflﬁﬁr? nc e{heV\Qf?é%%é)P 5t?1%4 %ll?ﬂﬂébgcﬁﬁﬁbﬁ 36068. e%?ract the

e S fOf dation co g;Z(i)%COﬂt ain

e Bpodusi, SEUR: Hage 4ap i3 S IEPHS v
ﬁtf»‘ sappirepe rfm&s@h@ cerganic @h@&@g‘@lﬂtn&émempumtyy ree.

fIﬁédaz‘H?ﬁﬁﬂﬁ:' id e r@ﬁkﬂﬁevﬂ:d Qnﬁbauﬁec%me@r\ﬁﬁéﬂe i uld---.-.f
e on nol ar basi m xt urlﬁl ?

ot Qo0 RePRLALIOT SOURISS anihd eptiy (Hesk, SoRtaIBing

beudef harytabiteilel usithen emeyedpier durtrer pusifioation while

ned t feed xtures uent
ThETH tion reactor is cooled in a 10
quench tower with an acidified water stream by
count by aqnefened eomoddimenGaskthe poesatieingenton toogeer

fcitet gﬁ&ﬁé% u'sn"réb Idtwfl ?tzé’ithg”%s?freﬁfbcfg\iﬁg?bﬁﬁ ¥48" fo
Eeddhsr dh 44% PipEcTaR e 18 b dal gl such
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rran @{}ed |nfag a réec very colum where it is
EQPPREOIG Y, ymgral]
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Y Under operating conditions, acrylonitrile can polymerize in
the recovery and purification sections to from solid deposits
which interfere with operation of equipment, confribute to an
undesirable net production loss and reduction in production rates,
and with time lead to costly shutdowns.

" %e 7 kgueau@ asél’ﬂéﬁn?@% tﬁsel%ﬁén nPﬁ)dddfé?Vi's%% cled to

‘frlgp/eoe The recovery col um may be

Beneficially, in the practice of processes of the present
invention, polymerization inhibitor is fed to each unit to maintain
an effective polymerization inhibiting amount of at least one the
preselected p-phenylenediamine compounds and thereby
prevent polymer formation and resulting equipment failure.

BRIEF DESCRIPTION OF PREFERRED EMBODIMENTS OF
THE INVENTION

While this invention is susceptible of embodiment in many
different forms, this specification and accompanying drawing
disclose only some specific forms as an example of the use of the
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sui tabl e contacting neans in which |iquid and vapor
are counter- currently contacted in a multiplicity of
comuni cating zones or 20 stages. The overhead vapors
fromthe recovery colum are enriched in
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BRUEER ihYa (GRASEIRAE (AZER! pRRBNEL ds Rﬁ;ﬁ‘tufoa%ﬁfhuce a
nitrite apd water ere ‘azeotro
SFALPhe g d e O%P'ﬁ’é‘é@gst am oSS 1881 r ypsaturated
entnanitiiiee (ilies taickylaminilec af umethacrypenitribel, atransfierring

HRS 3\4&&%1- gg@ﬂé&;} cgﬁ?alﬁﬁ{ge‘%heoﬁgﬂtﬁr@#&filﬁl@ﬁoﬁﬁlﬁg 148N,

r.eac
AREOER ¢ jGodunR; oW, ﬁ@lqu@susre fire %ffﬁwpﬁe ‘é’i‘é‘%&f‘%‘kﬁoethe
heszturgted anongaiirite phanatacbdt withl gt legsura fiystt aqaeous

{RRaf? %Btdo%[’ﬁlé ?eﬁ&%ﬁ %ﬂﬁ%ﬁgefﬂaﬁgfeﬁﬁf tRe B6RI Plactor

uli hase separation ccur

$HG SRt SAnatpings dhe orsat " RoRRIIHLL, Fo A AbFerRiEon
t:hhmm ernwhertin orthé urehehor p lﬁfﬂﬂllentlt icontaihirige uhbsturated
Wﬁa@%@oﬁﬁ@iéﬂ Wif9 4 NBadtedClckBiid PSS siréam to
separate an(? remove the unsaturated mononitrile as a bottom
stream from the absorption column, transferring the bottom
stream containing the unsaturated mononitrile to a recovery and
purification section where the unsaturated mononitrile is
recovered and purified, and recycling at least one aqueous
process stream to improve the efficiency of the process.

The invention is not intended to be limited to the
embodiments so described, and the scope of the invention will be
pointed out in the appended claims.

Apparatus of this invention is wused with certain
conventional components the details of which, although not fully
illustrated or described, will be apparent to those having skill in
the art and an understanding of the necessary function of such
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the recovery columm. In a preferred enbodi nent of the
present invention one or 15 nore of the aqueous
recycle streans is treated with an acid to reduce
the pH Preferably, the acid may be a mineral acid
W%G‘i‘?f‘(ﬁmﬁ@ sul furic or an organic acid such FETHERPPRIC060

acrylic, formc or glycol, determ ned by cost

consi derations, avail abit i116y," conmpatibility,

nmetal lurgy, etc. 20 Under operating conditions,

kEril ol %€ dddi r v _

%ﬁi%ﬁgﬁ-i q‘i»m%@ei% t “%%‘or#f;%\‘%*ﬁ@%e%g& Lis(ERe, or
dertapedr molReh  dRENEs ofoTo PTERRRAIHIN 20¢ oAtSTiIBUION f
pady mengationabbhkibatetr pnddorctsodutibos stherebfi estieatri oxjettor

OB QAIBLOBUAS CBysteARd o Raiihh 11880 rEGuA9A! Ioperating
hut d .“25?. F1C al |y a2 {
PEPRREES od0h  disllatons et il rondidonso| Qfndemngrashre.

coHeétben andi dispedalt systonks vior twastentigntdsi randaemergency

vehi %?ts'té/[ﬁspol ynerization inhibiting amount of at
| east one the preselected p-phenyl enedi am ne

CONnPHEa G OREESRS o P Sa PRl gl s il
grEtBREERUERBEOMV/ERE StioRoXitaEoR NViERT| aefinhs¢lectedi rom -
tlié@V%iﬂthBohﬁsﬁﬁgcﬁpﬁrﬁbﬁléﬁe HAOSE SRRV 1de BVY a solid,

wheriprion el e s
senxnepl @f oblefine arme cohtdine WD B0GBLHOE2842 percent of the
cBErEshERANY GROARD typicatly HOMBAR: 210 dffut | F!! rcent
e RS S,

poéfetably gless thewe natioun g2 tpeecgaseous nmi xture fromthe
ammoxi dati on with an aqueous quench liquid to obtain

an 5 BEHBeHSraMK! HY aeRRBKIdtSh 3RbYERNIS EdrkRd out in

oHUEPI5. LATLES o, 465] AL AU R et
canyessiont i olyated, phasesisglsar fEsHnssy enecoser tymdally
sdsfabyoryhe acrapmdiximiatelypr oflbivhiomeayer qauAhagsn of
pféf]?}'ﬂ'eﬂg, %ﬂgmonia, and dioxygen are introduced into a fluidized
bed of catalytic particles. Suitable operating conditions include
pressures in a range from about 3 to about 35 psig (20.7 to 241.4
kPa gage), more preferably from about 5 to about 25 psig (34.5 to
172.4 kPa gage). Generally, temperatures are m a range from
about 700° to 1000° F (371° to 538°.C), preferable in a range
from about 750° to 950° F (399° to 510° ). Heat of reaction is is
removed by gencration of steam to control the temperature and
generating steam at temperatures of from about 300° to about
500° Celevated pressure.

Advantageously, the oxidations are operated at the lowest
temperature consistent - with high- conversion. Conversion
increases with temperature; the selectivity generally decreases
only with large increases in temperature. Catalyst life also
decreases with increasing temperatures. Catalysts are designed
to give high performance over a range of operating conditions
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optionally, acetonitrile products are illustrated
and/ or described 10 As enbodi ed and broadly descri bed
herein, the process of the present invention

s reacting an olefin selected from _the
v@@%ﬁ@ ﬁszgﬁg of propyl ene and isobutyl ene, amtbh @9“31”{84%96“
oxygen in a reactor zone in the presence of a

catal yst to produce a reactor effluent cont ai ni ng
t he correspondi ng unsaturated 15 nononitrile (i.

%%rﬁil@t@h% bl &1 TRERAsE YhPREE e'rﬁ%uret rcﬁrré?f ﬁ{é '(ﬂgf.:ratmg

I_Ht;tﬁ ﬂfﬁf ?ffl uent cont.ainin €. unsa :i\

ofti t19 |cg,ta( ¥St§ 10 aRHILaIT, P “W]‘é]rtlél g e ?@é‘é‘t%rnear
ght| enial develsi mhuy ¢dmpenseagrfar egradnabnioks i dfe catalyst
cRpvagied with at least a first agueous streamto

cool the reactor effluent, transferring the cool ed

r eact ef f | ns rat ed

m)nongelp %ﬁ? C@“E‘E’%%ég éﬁa&ﬁgcé?ﬁﬁﬁ wﬁééi i fORygEsion of
rREgpybaneef floucarylattalei ngnoerdhraish edoperationi t of| ethe
ifnpexidaial atforatvitieastesddsgeP Emad aﬁ%uaevst é&%}i\d& Ojs

JEPRa, “CORMAEIINT, B 4BRR AITEGER RE dbblondt Sna -

thyslseexaicnacid arehoptional sostrnc@am%ont ai ni ng the
unsaturated nononitrile to a recovery and
puri f Efuémin fseat ithe M@xlulaaonns:ahuroat é¢l cooled and is

Pﬁﬂz &4 i Tarsh ot SeiheBit Elté’ﬂs Bt artthg, B, dFom
é’F c8i @ gfas@fcqnséstmgac@yg YTRE NIHOBRR. 0% vestet Organic
({Tb&ﬁdl@d tphrhﬁnll%m é@g}lé:ﬁtﬂﬂee aeroneald MRMdS $ICN, are

ASTRRIC om, Whtaretel Sﬁ‘éﬁdﬁl@ LS, BERA Pl Bftuecus.
|mlmm@ﬁe| and; sedpid ucts:,epmfemabb/orfmm abowtl 2.5 to about
SRRFEANS ke btabl9 fﬁ\(’s‘i’ﬁ Cdboud! 3 RBUSHLUIOY fatckit of

él@il???ﬁ’cf FSEEIEE, e e Standing of

the necessary functl on of such WO 2004/052842
PCTI U$Pg08Anssoseiulign fnaendarLriley and| sg-podyctnt is
amatbﬂarmesamoinndglrm atsyaem afesdistilationnchmdle;phase

Ph}dtiér?%ttéﬁ%r ﬁ@?&ﬁ“d RNDrodwces AY 1O Wred and at
g@ s @g}l OPe iS T€ meSr %]16 acgueso%suséi%?l?m is sent to the
acryionltrlle recovery column, from which an overhead stream
containing crude acrylonitrile and HCNis recovered. A liquid side
stream from the column is fractionated in a small column to the
remove acetonitrilé as a co-product or, more typically, for
disposal by incineration. Water is removed from the bottom of
the acrylonitrile recovery column. Condensate from the overhead
stream 1is separated, and the HCNremoved in the overhead of the
heads column. The acrylonitrile in the bottoms is further purified
in the product column to obtain fiber-grade acrylonitrile.

More specifically with reference to the FIGURE, which is a
schematic illustration of an integrated distillation means for
obtaining valuable acrylonifrile product and hydrogen cyanide
according to a preferred embodiment of the invention, where
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or vacuum punp systens to maintain the required
operating 5 pressures for distillations at mld
conditions of tenperature, collection and di sposal

w§é§0#l§%§4for waste |iquids, and energency ven

Preferably processes of this |nver?tCT5]r§2°"3’°36“6°
derive a suitable gaseous mxture fromthe air
oxi dation of an olefin selldted from 10 the group
consi sting of propylene and isobutyl ene over a solid

%hit? abe cﬁ?ﬁﬂ'cy% niiz F}f@rﬁe'ﬂl‘i@ &Lu o
|ta sources r}{s: toaout

i@SHéF‘icg ngS JCCONELY kP I Sﬁ’éfa“c%l demy 40

recovenboof 2hé o lphbvoged 0 gea:mdat is ablastipted aisouhgﬁts

?ﬁfzﬁ% il 50Y %ﬁﬁc g{lﬁ?fb HORP O %@Fyl,gﬁf’ﬁllée 18roduct is

t A
Hlaf %%%B@H%t c,aé’gspf‘%‘i‘tcér?‘? gamofhﬁ in a

fI ui d- bed reactor. for best results. Because of the
hi gh Gsinefally, duringr epersiasbtadi thed intggsatedl @rpessses for
1R¥6VE&TW | Bnd YREfRIdgy asaldast aﬁb%mvsmtﬁw ®RomRiLl ¥aseous |

il O ukole 267 ok dm A0S, B ped B ppa

a@@m@m}a iwithadioxyges, agunquagous Spbrian whicbndonians the

dr aﬂu@dgrocnfms?f@%eIﬂnﬁui%ﬂﬂﬁoﬁrmmmﬁéd 3b3? @&%ﬂb 1ng
pSi 0 a refera

(B o BEsitut esfiubRe oo e cpfiiealBh ® BiSE R

apigo)s qemehaliguidt enperatures are in a range from 25

about 700 to 1000 F (371 to 538 C), preferable in a

rangerhef EQﬁé@i&OLﬁoMﬁQﬂti’s o8 Ffrdrrﬁ?&lé MPQ sy'g'@éxh r
ipfSE 4R otbEagse, BB sﬂma%a)g BER 8 Porttudf L2 inco
thenpppar upas off feeowenyowolBon t:’oﬂabot&t ligsh @ream is
vgirtﬁuaéwﬁaggﬁﬁzlt@af tgé%&%l?nbﬁgééﬁ:%g cdlﬁ?gﬁg:ﬂg?gﬂﬁ%gh
Ginint 2 gn anf ofinted o, SEdheet o A PLAIESBS it R the
aoekntletiguid streale isadigperseidt yntgethsr #ppgr deart eafsescovery
@thmﬂ\g?ggtﬂr@glgﬁ ggggﬁ%sgﬁ éluniti ttﬁgpl%lﬁﬁébf &f fl?ﬂ:t e s
el dp s SeatPRGHE oV esD +HE/E, Ahtsh" TGt ShabAl, An
agueous stegm ofrasperhg i hgtt@mdpf iggovery column 30 is
recycléd to the guench system through manifold 31 and conduit
32. As needed in order to maintain suitable conditions of
separationi in recovery column 30, liquid from the bottom thereof
circulates through manifold 31 and conduit 33, reboiler 34 and
mto the column through conduit 35.

After disengagement from the top of recovery column 30, a
stream of vapors flows into condenser 38 through conduit 36,
and together with condensate into decantation drum 40 through
conduit 39. The more-dense phase is withdrawn from
decantation drum 40 through conduit 28 and sent back into
recovery column 30 typically, combined with the agqueous feed
solution. The less-dense phase is transferred from decantation
drum 40 through conduit 42 and fed into lights separation
column 50.
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WD 2004/ 052842 PCTI US2003/ 036060 - 17 permtting
gradual increase of tenperature over the operating
life of the catalysts to maintain productivity and
selectivity near the initial |evels, thus

EOMIEIE#I ng for gradual |oss of cat al yst  RET/O§30p3/036060
5 Because commercial catal ysts achi eve high

conversion of propyl ene td9aCryI onitrile,

once-t hrough operation of the anmoxidation reactor

with ag eﬁ@ﬂceint 'oﬁ‘ﬁ%zo‘ct@ &%Yﬁt%ﬁ?oggftabﬁe Eéfﬁ’dl‘ﬁ s of

Conmer ci a recovera uant eton
EATHRR eiama%r)a aﬁOé B8 éﬁaﬁ% aﬁ%@acttbe i@ttom

Ehétaod nt:ufcubanes héremgio xicaifobd 5 eacmdult s580akbdilands 4

32% RREGothdl VRES, % Jl“%@f " ARl e@fstenﬁagement

sor |n sys em from consi
]rlé%ténseﬁaé'avgﬁté ungy g%‘?n & SeyRueL svapors

rﬂowasaruhkguglmryd)wdmtrBlSeandcmtomcbndbmee:ndyb@h a7e As

GRleliggt ?Qr Rt es Qe &E\V%f“ oh‘éleﬁ L8 tpgﬁ%?erabinm

zi eous, .acr Ionltr g -pro fu gPre
FRaaon Eouglt JBARTION, $8pand crapfliit
f‘:‘rSl)m(hhdansaiet mmpuming? hgdrogm cryfamde ny Iselm to ihyeragdn . °

Q%aﬁlcféj'éﬁfrﬁ eftﬁﬁk?f]@ht sﬁﬁWnt SthrbUShAHRRIS 45°! ution

acry oni Cco- pro ucts s treate |n an

integrated s stemof tillati nand hase
separ e o abitBh SHEMAROTDrUBERs g, SCcordance
r@tbxﬁéceutvantiom meaﬁecww viladpinteridasicns. inkitiitieg . amloant

ggggsgém%gﬂefgﬁnorbd ﬁ§ | néh%t oA ygotsh§ir&jéie%ledlamlne
TsRreseated v ud@r ni me‘ﬁ@a d LcR RheRYERediamine
Isr:];pntcﬂ sifoism stlhlaeagmcmpo neonsastong urf 1S, N T-dseomabpyl-p-
e%ﬁg?édxaﬁﬁhb‘”“ NLE s@? ﬁﬁ@é%ﬁ%ﬁ‘l@ﬂb& drhfne?S NANP-

t
.q’icnseépgsf -Bpp b ERe i oy Ao théﬁ%c?m# dptyl-p-

tphengtengdinitine] @s eadovEngdciiarsin. Condensate from
the overhead streamis separated, and the HCNrenoved

in th@&%ﬁlﬁﬁﬂﬁeoéﬁbwve rtﬁﬂ?ﬁléfi)iz#fﬁh ﬁHﬁ)mngl amougt is

5 15" bbb, EbORb ARkS: 9RF R hePRHS G wnSaturated

;mmyq)mmlim peesent  in the aqueous solutlon In preferred
embodiments of the invention, the effective polymerization
inhibiting amount is in a range upward from about 10 to about
10,000 parts per million parts of acrylonitrile in the aqueous
solution. More preferably, effective amounts are in a range from
about 50 to about 1000 parts per million paits of acrylonitrile the
aqueous solution. Most preferably, effective amounts are in a
range from about 75 to about 750 parts per million parts of
acrylonitrile the aqueous solution.

Liquid is withdrawn from the bottom of separation column
50 1s transferred into decantation dram 60 through manifold 51
conduit 52. The more-dense phase is withdrawr from
decantation drum 60 through conduit 29 and sent back into
recovery column 30 fypically, combined with the aqueous feed
solution. The less-dense phase is transferred from decantation
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More specifically with reference to the FI GURE, which
is a schematic illustration of an integrated
distillation nmeans for obtaining val uabl e
acrylonitrile product and hydrogen cyani de accordin
g Br¥terred embodi ment of the invention,?® qm@ﬂm
2004/052842 PCT/ U52003/ 036060 - 18 separation of
organi ¢ conpounds from t he28queous solution is
illustrated as recovery colum 30 and decantati on

AL 4, LB Sl 08 O REREY ki g 70
BgaT fthgamoﬂl%fcoa@nyl oRnre jaceylonyaiiet magromer product is

I;Htu&ltdvaﬁ eﬁm @Ieszaet@tawntlﬁ‘bugh6Qoﬁﬂdztpr‘xtwusﬁd Cedn Mio
n ur i (0] e
ShralE QR st ey R FioetBie b RSt £t 70, an
agredeni STEAD feUNPrSIEs dRayy. OTERRICUreoIBpeRndmbise syt
@ﬁht@i tl@oﬂmivagghtgo?oﬁﬁaﬁeowh@gﬁ (?@ﬂosaﬁln tegn‘i\"o(hbt
Shae nfh ANTAER A ot e, B8, SORIRLRE, delfmiy 70,
guifRenn gf vap@rsgatkémsn@f tbodenserr 6 thr@ughrrmndam 36,

%ﬁéct@getﬂbi RvBR cottiensie, dHRNdRchn@vich dThe %@UQEtﬁugh -
solg itrg@?l s fed fromthe quench system or

ila ate storage (not shown) through conduit 22

and into 15 the upper, part of overy coI um 30. A
i qui HUBIDE cARRTALOfY O dhéirrofingim Gl Aadfer seaBfation

nmc@awr&amd uwith3@he hiwghior; oaduieffe28iveansblgandréhtion

Fx?ﬂfﬁ Madunf* 3¢ %% ?ﬂi&{- og lﬁérfs &O‘l’é &t one p-

ul treamls di I sper ? Ei OP

pb@av nediggipem rsgrffsmné hb¥o ammaz ,aﬁaeﬁeﬁ@ y a p-
phkapimeadiatige Stelearnd $rodd menﬁrdup mn@ﬁ;@h@nbf NN -di-

S?S}Vr% LR B FREARPET o oy ry. b -BEYFEtyl-p-
phepylenediomine quiiiirdiyseluyi-m-bhgnylrneidioningl s

oOMtUdE-ter8dbuhs- nphdadl doedeisiene !t & fRdintaihed stickeil e
conditions of separation in recovery colum 30,

S ISR 0 oGt

IGHANE HIBOYAL dsAWufgss sthan about 5 parts per million parts
of unsaturated mononitrile present in the aqueous solution. In
preferred embodiments of the invention, the effective
polymerization inhibiting amount is in a range upward from
about 10 to about 10,000 parts per million parts of acrylonitrile
i the aqueous solution. More preferably, effective amounts are
in a range from about 50 to about 1000 parts per million parts of
acrylonitrile the aqueous solution. Most preferably, effective
amounts are 1n a range from about 75 to about 750 parts per
million parts- of acrylonitrile the agueous solution.

A stream is withdrawn from a side-draw on recovery
column 30 through conduit 82 and fed into fractionation column
80. Aliquid stream from the bottom of fractionation column 80
is returned to recovery column 30 below the side-draw through
conduit 84. After disengagement from the top of fractionation
column 80, a stream of vapors flows through conduit 86 and into
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After disengagenent fromthe top of recovery colum 3
0, a streamof vapors flows into condenser 38

t hrough conduit 36, and together with condensate

into decantation drum 40 through 30 conduit 39. The

R IRYEERYe phase is withdrawn from decant atfCEPSE3pao0s0
40 t hrough conduit 28 and sg t back into recovery
colum 30 typically, conbin®d With the aqueous feed
solution. The | ess-dense phase is transferred from

deseddmer ord § draheAd tdmlnﬂaﬂkmeondmnpnéﬁ; NeickRshitrMeO is

AR oS RsBhiboof e gbuliisel pHiRe I aRsRiiEd into of

niaRtanatien; calwman c Sl s orefles tfg@pghatmamfp}d 92 and
seqatut | O .col Mot bﬁwmd fdfb%bhec&ﬁlér@% t peaRof is

Cfiﬁﬁ sharer, Bl o mg g'ﬁ;ﬂeoﬁéh ! 53gomﬁ'bl? s%orage

@én‘&hSBO!ﬁfﬂofﬁqth%hQ‘{éﬁ .of I i ghts separ ati on
coI urm 50, a stream of vapors flows through conduit
56 and’mfﬂmedonﬂmﬂn@@ﬁms ennf57theAs inveagded fi@cover an
f i gt star t
R A R, BRSSP AR gt
T COBRHEEAS é ‘Eo"i'ﬁ#“’r‘%ﬁsné gEere yprafgeably -
|&13(n&n95tpeﬂcjadt ogfrthe, atrylOnityidei dentaltsdagia thnksqueous

ném%%cwé kﬁlgﬁs ?ﬂBﬂanter%rg&%éH%ﬁper ation of

e separation colum In acc h the
|nvent|on an e iye i zat i i nhibiting
amount  of a co%ﬁ%%mmeast one
p- phenyl enedi am ne represented by fornmula I,
pr ef erlsl yoHowing e Byasmdes amile sebve ekecildustiatem ¢ereain
%p%ﬁid? ?2%@&1‘11@&1@ ot e WerSiRC-dI¥QAB¥d Anvention. These

AR o e, howveaiegs Decpastued an, Wpniting the scope
&t thsobavsll ipvestteony| andlicrariare, mang variations which may
e\ mididet Ghbrdtt Y heithodthedyp ﬁ@ﬁ\% aﬁ‘oﬁ? the rﬁt A efhe
tfﬂ 1eln Generall;c/l hhe effEﬁL %P‘Eﬁﬁ%/ |za|on

RYIBFYd ABvetioin a5 $hos Of s InYutecogpie: s
per mllion parts of unsaturated nononitrile present
iawipEeRfueous solution. In preferred

An internally heated cell was used to screen polymerization
inhibitors. A Hach 2100AN turbidimeter connected to a strip
chart was used to detect solution turbidity. The acrylonitrile
used was distilied prior to use. A constant temperature bath was
used to circulate the hot water/ethylene glycol solution through
the heated cell to maintain the desired temperature where the
turbidity was monitored.

General Proceduré

Antioxidants were used as received from the supplier. 22-
Azo-bis- 1sobutyron1trlle (AIBN) was the free radical source. The
general method for testing involved preparing a mixture of
freshly distilled acrylonitrile, an inhibitor and AIBN and
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enbodi nents of the invention, the effective

pol yneri zation inhibiting anobunt is in a range

upward from about 10 to about 10,000 parts per

m'IIion#)arts of acrylonitrile in the aqueous 25
WOSNUPBAE More preferably, effective amountZCHPR93P3cpso

range from about 50 to about 1000 parts per mllion

parts of acrylonitrile thezza'queous sol ution. Most

preferably, effective anmobunts are in a range from

algeétin® RisAPRUL R0 BRI a8 PEfevatdd 389 Iqrhgn%f while

01“?;' onitri I e the aqueous sol ution. ul

Paﬂﬁnnf Whe bottom of separation colum 50 is
transferred into decantati on drum 60 through manifold
51 conduit 52. The n¥anpleAsk -phase is withdrawn
from decantation drum 60 through conduit 29 and sent
back These exampicsr ylemobmsmna®0 thy pusaldfyN, Moadiiswedbutyl-

tﬁa @n@tﬁ%lﬁﬂkl% flﬁgﬂ?ﬁ%ds b1t O Dﬁ?%ﬁg%%q’?nse

se is transtefre rom ecant ation 052842
1§ L,EZ 03/ 036060 - 20 drum 60 through conduit 62
d"into product colum 70 near the top the
colum. Pure acrylonitrile nonomer product is

wi t hdk anixtronof 58.94- grawms: hob aghylomittiliet anst 000241
; sufo@ DEPArlaﬁﬁnmotwéJan ee{hg?rrlée gir%n)tbﬂiﬂeg%a;o 0266
%r 0%#‘3?&\*‘ hs oHsonAdBed B miiitgn b MRt vas
wis 68°Gearagk  the spaurbadityy stasmmomatoredhovifihe dixfsteter of
f t p
ggggﬁ%mvﬁ?ﬁ& A o MR ndaiene o olgh B o
T WdAd:°toget her with condensate, into
decantation drum 60 through -, 10 conduit 68.
mnlg éperation of the product colum and/ or

decantation in accordance with the invention, an
ef f edbiaweplpol ywnmriepaiated edoebt thai dge anolantratb 8f AIBN

1
(6 DROR LIHi6 WA 2270 a3, DS of dirfieivy, ocsnared aftsr
]zpi%p BULET Ny | enedi ami ne sel ect ed fromthe group

consi stl ng of N, N -di- sec-propyl -p-phenyl enedi am ne,
Bxamplgi 3sec- but yl - p-

Example 1 was repeated except that the molar ratio of AIBN
to DBPA inhibitor was 29. The onset of turbidity occurred after
128 minutes.

Comparative Examples A - C

These comparative examples are to illustrate the use of
compounds which are hydroxy derivatives of benzene having an
OH group 18 attached directly to a benzene ring, i.e., phenols, to
tnhibit polymerization.

Comparative- Example A.

A mixture of 18.97 grams of acrylonitrile and 0.00232

grams of hydroquinone (p-dihydroxybenzene, M.P. 170.3°C) were

placed in the hot tube and 0.0554 grams of AIBN was then added
to the mixture. The mixture was heated to 65°Cand the turbidity
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phenyl enedi am ne,

N, N -di -i sobutyl - p- phenyl enedi am ne, and

N, N -di -tert-butyl - p- phenyl enedi ani ne, is maintai ned
%Er_in. Generally, in these operations the effective

v% ‘y%gp??atlon 20 inhibiting amount is no [FEIESEEPote0
about 5 parts per mllion B rts of unsaturated
nmononitrile present in the<agueous solution. In
preferred enbodi nents of the invention, the effective
Redsy R 26l ONThe kbt IoIMuﬂmw dcéutredaafta:n% pAYREES .

324%"@025"3% G gARERN Y iaBthifo MRE D05 Sol ut on.
Boiabier abiv Iee? ective anounts are in a range
n?about 50 tg out 1000 parts per mllion parts

Of aCoyh t1WB|ExthpleaQNJﬁ@§Sre§)@hwd @rcepd thiat the molar

outéf;‘g I AN BT BT AR e

nieinytest he aqueous solution. 30 A streamis
thdra%/n from alg2 de-draw on recovery columm 30
\t&%?@' P¥§2%and fed into fractionation colum
0 a ti .
coI urm ?g%(%e]tg‘%%ﬁnlé{f ? owrag gfl&[ﬁ %};(C%t %ﬂt Qﬁ% (rﬂar ’
{#a0 GlgA LRINAe inhtbiteh waso%buufhesnnse&f elefurbidity occurred

difiee nymgeimntsfromthe top of fractionation 35 colum
80, a stream of vapors flows through conduit 86 and

0o YOLEOIo20AY TR RECHOTEORRG o A ver
F g dor r e, dRekapFage Phe B3 indubit t8R el§ do' 30, the use
t)falﬁsrﬂ edi-adcinttygl -gf- phénytdnemhaﬂma e@suBnt@0d HS times

% XA g %&ﬂlg 2 and conduit 94. Another
por con seg ph

Ion of t ase|35transferred
t hrough conduit 96~into cr Udﬁ ace tr| | e storage
tanks and/or di spo Eﬁ’g]t eferred

enmbodi nents of the |nvent|on recover an
acryl &nmaixtpge pelo dPe26 wWBTHRS c At asmydontiriieaand 96.00087

pearaenof diydﬂtu@ulﬂ@ﬂiev’ | @mﬂt Olomlﬁﬂ)ngﬁhmdoﬂ‘ DBPA 1nh1b1t0r

SPEIB AR O ol 2o R LAY St AFINRRLS B
§ driad |t§hthes IRisdeReer easmlrﬁnwaSgrlm@ecbrt@déé‘fC and the
turbidity was monitored. The onset of turbidity occurred after

74 minutes. The molar ratio of AIBN to inhibitor was 24.

This comparative example shows that using a combination
of hydroquinone (p-dihydroxybenzene) and the AIBN inhibitor of
the invention (N,N’-di-sec-butyl-p-phenylenediamine) decreased
the time to onset of turbity to about 1/2 of the time using AIBN
alone.

Example 4

A mixture of 18.38 grams of acrylonitrile and 0.00241
grams of DBPA. inhibitor and 0.01862 grams of glacial acetic acid
were placed in the hot tube and 0.0492 grams of AIBN was then
added to the mixture. The mixture was heated to 65°C and the
turbidity was monitored. The onset of turbidity occurred after
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h not, however, be construed as I|mt|
whaR s

EXAMPLES OF THE | NVENTI ON The fol | owi ng Exanples w ||
serve to illustrate certain specific enbodi nents of
the herein disclosed invention. These 15 Exanples

t he
Zthe novel invention as there are AIS031036060

vari ations which nmay be qg#jf thereon without
departing fromthe spirit the disclosed
i nvention, as those of skill in the art wll
r Bfbgnimetes. Hiw prdat r2fo AT AIBNrtﬁathbﬂﬁ@fat\ﬁ% 2?' | Acetic

[ .- Hach
Z@%g bR u?‘&“?ﬁne?'gr‘&g SRTECRe R Phard PR b s "ot
opgirgtase cih a&oﬁ@ﬁﬁcona‘ﬂ@r l§1|0§$t ot Thévmﬁw ofinpact ethe

userfommanck 3l DBPA iphikitot. 0 use. A constant
tenperature bath was wused to circulate the hot

wat er/ et hyl ene gl ycol sg¢ 0[9? through 25 the heated
cell to maintain the deS|re enperature where the

t ur bi %t g ig@gd Gener olcedure

Anti odt dHRETGeP Eamg oBitTHlR e aadp ) 06244
ramsApd-IMBBA1gbihityr andt 9100&15(6Algmihsmaﬁ at:ﬂ‘yelcf afid were
r %&?'m%ﬁé”lﬁﬁ tuB@ean@Q) war%]wb?% e{seﬁénn%dded --.

a, mxtur

Ived res
&8#;8‘%‘??:“% i it e BAied npEoR v the turbidity
2004/ mmzecbml momasﬁaﬁomrbﬁnty s uitjcaetedngaftdy S129

Thitudes t'@h@ﬁg@leﬁVgﬁﬁ‘@ &emggg& 'g‘ﬁhm of w ngﬁng ?:%fé}g'hc
ta#@)ulge%ofmwrﬂﬁﬁﬁf Ebé"é l%‘i‘yp ‘)j( #rgniexample
ideamonstratesbéhaty asynaBPAcndnrddmst amot ﬁ;laemb & liMdpact the

Herforneaic b8 IPHPANaRTbifdr, acrylonitrile and 0.00242
granms of DBPA inhibitor were placed in the hot tube

and 0.0266 grans (?f Al Bl%vaa t hen ded to the
m xture. The mxtu BIRALING é‘ﬁfn@éc 65C and the

turbidity was nonjtored. The onset_ of
s comparative example is to illustrate the use of an

amine compound which "has two benzeme rings, e,
diphenylamine, to inhibit polymerization. A mixture of 19.95
grams of acrylonitrile and 0.00184 grams of diphenylamine (M.P.
52°C) were placed in the hot tube and 0.0363 grams of AIBN was
then added to the mixture. The mixture was heated to 65°C and
the turbidity was monitored. The onset of turbidity occurred
after 84 minutes. The molar ratio of AIBN to inhibitor was 20.

Comparative Examples F & G

These comparative examples are to illustrate the very poor
results obtained in comparable use of compounds which are
derivatives of hydroxyamine to inhibit polymerization.

Example F

A mixture of 20.46 grams of acrylonitrile and 0.00201
grams of N,N-diethylhydroxylamine were placed in the hot tube
and 0.040 grams of AIBN was then added to the mixtufe. The
mixture was heated to 65°C and the turbidity was monitored.
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turbidity occurred after 228 mnutes. The nolar ratio
of AIBN to DBPA inhibitor was 15 Exanple 2 Exanple |
was repeated except that the nolar ratio of AIBN 15

“2)(2 DBPA i nhi bitor was 22. The onset 'of turbidit

8 2after 150 minutes. Exanple 3 ExarrBF“éfUF%/%%%‘m

repeated except that the nolar ratio of AIBN to DBPA
i nhi bitor was 29. The onset2bf- turbidity occurred
after 20 128 m nutes. Conparative Exanpl es A- C

& onsefg ﬁltlh\‘l?t ’6@88&%8 d?ftgr tlger i élgfl VZ‘i‘E%imo at ratio

h-are I OXy
b@%égﬁg)‘ﬁ’a lﬁh WEH éroup is attached directly to a

b 2, ing, i.e., phenols, to 25 inhibit
pg%tﬁ'gf ation. Con'par ative- Exanple A. A m xture of

18. 97 ¢Of %dé‘i ﬁq,% O%Z%ﬁe lé) of
a8, fﬁs o atas bef’lﬁ%aﬁs”é?)&mr i @gcmgr@;@i\l At 14

tmenudded 30 to the m xture. The m xture was heat ed
to 65Cand the turbidi ty V\D 2004/ 052842

PCT/ U3240 3 r on

t rﬁ' 329 ,%%c%;?d after Eﬂ tb fé{s) nenﬁ%l aﬁ?éctﬁ%al .
(ﬁs lékpgo ¥n r ARad 1‘6"1 nﬁ%r&?ﬁﬂfét@x&wﬁllétlge of -
Gavsaalat Wlatlaamszrmohem oé pdafferbnex dryling fﬁiomﬂse the
"8k ure ﬁsr(ﬁﬁilggguaf‘hg\'lb teél? gm,ﬁo ﬁ)op@(s a];n%o Qﬁgate

of t t
?Fme&t@ %oﬁﬁ%r artyen Es&%ﬁhlp ¢ AtG/BREFAIpERt @ tbszcevppor
trhms shewing ahat rthei confpositih taf thehivapber beiag Hlstilled

e hatked’ W Pvahsy ACCHlEERd 1R af { 8lpAdtd Bk,
“Fractionation™ is defined as separation of a mixture in successive
stages, each stage removing from the mixture some proportion of
one of the substances as by distillation. Unless indicated
otherwise, “column” is defined as an apparatus used widely for
continuous separation of fluid (gaseous or liquid) components by
vapor-liquid fractionation.

For the purposes of the present invention, "predominantly™
is defined as more than about fifty per cent. “Substantially” is
defined as occurring with sufficient frequency or being present
iz such proportions as to measurably affect macroscopic
properties of an associated compound or system. Where the
frequency or proportion for such impact is not clear substantially
13 to be regarded as about twenty per cent or more. The term
"Essentially" is defined as absolutely except that small variations
which have no more than a negligible effect on macroscopic
qualities and final outcome are permitted, typically up to about
one percent.

Examples have been presented and hypotheses advanced
herein in order to better communicate certain facets of the
invention. The scope of the invention is determined solely by '
‘the scope of the appended claims. -
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These data show that the tinme to onset of turbity,

over range for the nolar ratio of AIBN to inhibitor

of 15 to 30, the use of

N, N -di - sec- butyl - p- phenyl enedi am ne was 3 to 4 2/3

times |onger than using hydroqui none. 15 Conparative
- Exanple D A m xture of 19.26 grans of acrylonitrile

and 0.00087 grans of hydroqui none and 0.00106 grams

of DBPA inhibitor were plafd in the hot tube and

. Q of AIBN was then added to the m xture.

Th%ﬁ%ﬁ%pﬁ%%@%&%%s heated to 65C and the 20 turbidity

was nonitored. The onset of turbidity occurred after

74 wi I F At f o..i-phi-bi t Qr. . was
1 2, Tyl SESnRERRL  Ynellbbiod SpLRONRL Qinid process
corgpii¢Snat i on of hydroqui none (p-di hydroxybenzene) and

t herALRN b oI bAE 84d chRBolnty 8BibRR from th isti

(N, IIﬂ\r Hﬁf\d sec_—abut yl - p- .ﬁenglognedi_am nefoTjec? egarl%ué)dcozré&_s{mg of
PropRBe. tArPRYIaNg. iSpRIANSGING IERINIgNS, avithisEIRONiZ 2nbR spyree of digxygen
in thel fasdNBNf Rcaiafst BEXREBLE tdh pfodlic ! Feuchfr ekﬁje%%'g%rgasning the

rai ns of acrgl onitrile and 0.00241 grans of

corfeSRPRTIRGINSIHIAEd PS8R IS ans of gl acial acetic acid

3A|O ﬂ@f@erﬁﬂxgﬁ&@ r%%btdrhéfﬂb@ﬁ &dr_hﬂniagdh@:rﬁéﬁaqrﬁé@fmorﬁfnitﬁie to a

was.then added to e m xture. e xXture was
EREBRTBI E BEBRRIRET T PR e BT BB e THasaturated
moaosittile Bfcohtaciet diithyat deetia Ifiesd aglibars MBaR0B4OBR842actor effluent,
| US2003/ 036060 -. 24 13 L nutes, The lar ratio .

and FefGRRI {8 CORRTETLF SGpiacsy Wi R 3Rt = anfopd agibayls Heg i an
absanptiohecopunect tssephate and retovptttendshturated xamphigile in an aqueous
Sdgﬁgpnstrates that acetic acid does not adversely

Impact the performance of DBPA inhibitor. 5 Exanple
5 Atransfering thef ad@ols sphulins aihiaing Ithen unsatiiretednmononitrile to a
. ' B Qf PA. L nhi bi
recudly e puffiien Beotthl nea ! rtin A thepdif, AT and
pur@j‘qedrimatdqaas,b\p Bret distillatipe polamaaand a second distillation column; and

maintaining within one or .more of the distillation columns an effective
polymerization inhibiting amount of at least one phenylenediamine compound

represented by the formuia;

H H
>N--Ph--N<
R R,

wherein Ph is a phenylene group, and R, and R; are the same or different and are
hydroxyl free organic moieties having 2 to 10 carbon atoms with the proviso that neither

R4, nor R, is a phenyl group.

2. The process according to claim 1 wherein the one or more distillation columns
consist of an effeclive polymerization inhibiting amount of said at least one

phenylenediamine compound.



to the mxture. The m xture was heated to 65C and the
turbidity 10 was nonitored. The onset of turbidity
occurred after 129 mnutes. The nolar ratio of AlBN
to inhibitor was 28. Acrylic acid is a co-product
that can be produced and this exanple denonstrates
that acrylic acid does not adversely inpact the
performance of DBPA inhibitor. 15 Conparative Exanple

E This conparative exanpl e2és to illustrate the use
of an am ne conpound which has two benzene rings,
i.e., diphenylamne, to inhibit polynerization. A

3. m XEher grocdss k@c@@inggo adbadmoif wherneirl thaieffective rahanediz8it8ahibiting

o VSIS 0 3B Ml BB s

5 intheoaqueeupdolttione. The mi xture was heated to 65C and
the turbidity was nonitored. The onset of turbidity
occurred after 84 mnutes. The nolar ratio of Al BN
to inhibitor was 20. Conparative Exanples F & G 25
These conparative exanples are to illustrate the very
poor results obtained in conparable use of conpounds
whi ch are derivatives of hydroxyam ne to inhibit
pol yneri zation. Exanple F A mi xture of 20.46 grans of
acrylonitrile and 0.00201 30 grans of
N, N- di et hyl hydr oxyl am ne were placed in the hot tube
_ and 0.040. granms of AIBN was then added to the
m xture. The mxture was heated to 65C and the
turbidity was nonitored. WO 2004/ 052842
PCTJUS2003/ 036060 - 25 The onset of turbidity
occurred after 10 m nutes. The nolar ratio of AlIBN
to inhibitor was 11. Exanple G Exanple 5 was repeated
except that the nolar ratio of 5 AIBN to inhibitor
was 4. The onset of turbidity occurred after 14
m nut es.
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For the purposes of the present invention,
“"fractional distillation" is defined as a nethod to
separate a m xture of several volatile conmponents of
different boiling points; the 10 m xture is distilled
at the lowest boiling point, and the distillate is
coll ected as one fraction until the tenperature of
the vapor rises showing that the conposition of the
vapor being distilled has-2¢ghanged: this vapor is
collected as a separate fraction. "Fractionation" is
defined as separation of a m xture in successive 15
4. st djes proem asd:cmnyag rte robairn Ng) whichnfurther nomprses aomeing a liquid
sougc OEP Fr]eagtpeng/ en ?@én%f ?(;ngb% bvﬂhag{? ﬁagq#l%g’%sg?ﬁomtéo& ﬁorlr‘lﬁaining the
unsiatirated meadnitide which ipbeing tiznaiereat injodbé first distillation column and/or
iLF ration of fluid (gaseous or |iquid)
mx%@ﬂ%%ﬂHﬁ?ﬁc@ﬁﬁﬂva or-liquid fractionation. 20 For the
purposes of the present invention, "predom nantly"

5. s SacE‘BIrd%gt ﬂ?rbla@’tﬁowwﬁér@fnytﬂéerun%ﬁrtated mononitrile is
"Su tantla ! defined as occurring with

acrﬂmrweb.o&nvethwzfe@ﬁ&%; HK B fredpPerBRAHNd [Sna sepsiesponding olefin

selddQPRSh GRID Bfisibithg R prdpyRRE ¥ndlsbBatleABCT 0SCOPI C
properties of an associ ated conpound or system Were

the 25 frequency or proportion for such inpact i's not

6. Cl eﬁfe prabsdsaiddording/to Elgint 0 vitRerdie gt dR@nRSMEIBIH R, and R; are
‘%'dger cent or nore. The term "Essentially" is
orgﬁ'@?? 88hsol utel y except that small variations
whi ch have no nore than a negli g| ble effect on

ma OS’Cro es %)o%n %PSM gf na ut'(,: nlcmltesR1anngare
© per etPé’ s‘(?f g P U™ %8 BAE PeriEht
meﬁhenmif as;rdnm/@arbsemg o adlsyd riremy, ath et hﬂsﬁsocmy]manyi add decyl
rein

straéq ttaﬂcéb}arlllﬁl%cpg i Rycﬁ:ﬁéaﬁ’b%'n Qg nicate certain facets

ven € scope of the invention is
determi ned solely by the scope of the appended

8. cl afﬂgspro?gs% acwlangvi@ 'cfénn  Swiferéth MH@XIFﬁ??iﬁﬂéﬁ;G@Eéunds are

manut act uri ng an unsaturate ri
membgr@eg @ gr@wgqstl@@,f_r\i N' -dialkyl- p - phenylenediamine compounds.

9. The process according to claim 1 wherein the unsaturated mononitrile is
acrylonitriie, and the feed compounds are members of a group consisting of propane

and propylene.

10. The process according to claim 9 wherein the phenylenediamine compounds are
members of a group consisting of N,N'-di-sec-propyl-p-phenylenediamine, N,N'-di-sec-
butyl-p-phenylenediamine, N,N'-di-isobutyl-p-phenylenadiamine, and N,N' -di-tert-butyi-

p-phenylenediamine.

11. The process according fo claim 10 wherein the compound is N,N' -di-sec-butyi-p-

phenylenediamine.



reacting at |east one feed conpound selected fromthe
group consisting of propane, propylene, isobutane
and i sobutyl ene, with ammonia and a source of
di oxygen in the presence of a catalyst a reactor to
produce a reactor effluent containing the
correspondi ng unsaturated nononitrile; 10
transferring the reactor effluent containing the
unsaturated nononitril e to2d@a- quench/ absorption
section wherein the reactor effluent containing the
unsaturated nononitrile is contacted with at |east a

12f i r &t pageso iy sicoeayn df ovaluatiie triteogesaoniainingl brgaeict compounds

fon‘rf'lggJ bﬁ/hc%':cﬁﬁfctaq'ﬁdm&n@atﬁgq}f %J&n‘é??%pg}én& ggﬁs%gatggng\”mﬁth a%monia
'east a second aqueous stream | n an absorption

5 an¢alggperusgoyiep af dewdanwhichqhoeass chmpiigesat ur at ed

nononitrile in an agqueous 15 solution; transferring
t he aqueous sol ution containing the unsaturated
nononitrile to a recovery and purification section
where the unsaturated nononitrile is recovered and
purified in at least a first distillation colunm and
a second distillation colum; and maintaining within
one or nore of the distillation colums an effective
20 polynerization inhibiting anount of at |east one
phenyl enedi am ne conmpound represented by the
formula: HH >N --Ph -- N Rl R2 25 wherein Ph is
a phenyl ene group, and R1 and R2 are the sane or
different and are hydroxyl free organic noieties
having 2 to 10 carbon atonms with the proviso that
neither Rl, nor R2 is a phenyl group. 30 2. The
process according to claim1 wherein the one or nore
distillation colums consist of an effective

~ pol ynerization inhibiting amount of said at |east one
phenyl enedi am ne conpound. -26a- 3. The process
according to claim1 wherein the effective
pol yneri zation inhibiting anount is no |ess than
about 5 parts per mllion parts of unsaturated
nmononitrile present 5 in the aqueous solution. -27-
4. The process according to claim3 which further
conprises admxing a liquid
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source of the phenyl enedi am ne conpound wth an

aqueous sol ution containing the 5 unsaturated

nmononitrile which is being transferred into the first

distillation colum and/or second distillation

columm. 5. The process according to claim1l wherein

the unsaturated nononitrile is acrylonitrile or

nmet hacrylonitrile, and the feed conpound is a

corresponding olefin 10 selsected from group

consi sting of propylene and isobutylene. 6. The

process according to claim1l wherein the organic

noi providigRan aanpleR2s agobutioor ganprisird laghylomiitiiet be Snethdcrylonitrite,

. ' il wherein the organic

hW%Qﬁgﬁééﬁﬁéﬁniﬁﬁgéﬁbgﬁg58@@%@@%% of a group consisting

of adiiphatingrtep ptiyeduatsplutiohag\y, distidlption in abddast a diostyhulti-stage
ol a8 S Kk coriirhith 8ibe 3BMAAL anghed- chai n_nydr ocar bon

groups. 8. The process according to claim1 wherein

t hemphtaininewithin the eptuneragrbeifrpiive pelymenzafeminibiing fanmunt of at
leaf FHERoFBBSAEebRGefbd By 1N forfilng! Kyl - p - |

phenyl enedi am ne conpounds. 9. The process accordi ng

to claim1 wherein the*tnsaturated*ﬁononitriIe IS

acrylonitrile, and the feed_ppmounds are nenbers of

a group consisting of propane and. propylene. 25 10.

The process according o claim9 Wherein the

wh@BrRNPh e adirenjiere gRPOUNE R, a4 RIBRDGeSsdthe ar @fRkMt and are

hyﬁ%? %_r%qt b@;g'&ig f‘rm%tgﬁ hg\l_fitbgi %Piﬁ %Lgrﬁglﬁgl’esn itlh(:"c e? grloeigé ?hea’t neither
R: horRi5lé phagbgroyp.- p- phenyl enedi ami ne, and N, N

-di-tert-butyl - p-phenyl enediam ne. 30 11. The

process according to claim10 wherein the conpound is
13.N, Nrhe ploessacbertiyng-tp clajp 6 A ywhensul trenefieetive- ghRanerikAtionAnhibiting

r s_f r of.~val i trogen-contaknin

amifaEite ciaoRLE ib? o0 8, 80K Bak b RERR G B turated
moopdnitgieagpestet ingheopyleone solutigrsobut yl ene with amonia 5

and a gaseous source of di oxygen which process

conprises: -28- providing an aqueous sol ution
14.conphd Biopgpsancyidng ordaia b wherehaibe ydrgaria moleties Ry and R; are

el e %’iﬁﬁf‘%ﬁuﬁﬂ?ﬁ%ﬁﬁf‘%ﬁ‘%@? R 0l oy oo
Hy Rar

straigit gpd pashe GRArRaN-geWRfe

15.  The process according to claim 12 wherein the phenylenediamine compounds
are members of a group consisting of N,N'-dialkyl-p-phenylenediamine compounds.

16.  The process according to claim 15 wherein the unsaturated mononitrile is
acrylonitrile, and the feed compounds are members of a group consisting of propane

and propyiene.

17. The process according to claim 16 wherein the phenylenediamine compounds

are members of a group consisting
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colum and a second nulti-stage colum; and
mai ntaining wwthin the columms an effective
pol ynmeri zation inhibiting anount of at | east one
compound represented by the formula: HH 10 >N - Ph
- N\ R R2 wherein Ph is a phenyl ene group, and R
and R2 are the sane or different and are hydroxyl
free organic noieties having 2 to 10 carbon atomns
with the proviso that neit8 R nor R2 is a phenyl
group. 15 13. The process according to claim 12
wherein the effective polynerization inhibiting
of Wydisecimopyirpepheaylgredigmios, N cirs&BbUtY-LLOTOYIsaediamper NN
| t in
o e e L R R A S L
cIa|n113 wherein the organic noieties R and R2 are
18 ”enﬁ‘%rﬁroégss %c%r@iﬁ? & ORsl $6 bvﬂgreﬂf thelcBbou BN -dl-sec-butyl-p-
‘buty hexyl , , octyl nonyl and decyl straight
N“@M@"%*@ﬁ@ﬂed chaln hydrocarbon groups. 15. The
process according to claim 12 mhereln t he
phenylenedlan1ne conp nenber s

19. Corél%'?‘i’%‘@ FREFYeNg iC. gl‘ﬁHablﬁ’ BH:&%n 8%alpgﬁ.l ﬂr@amc com:%unds

forrﬁédTB@ld:@%‘Mic%nm&]@atl@h&ﬁf@ﬁépﬂ@@éﬁﬂ/ﬁgpto@aﬁé alith drmonia and a
mononitrile is

gasﬁe‘r‘sy?oé’ﬁcfetcp 'oé‘yg%[h‘ﬁﬁ'?'ﬁ BFEEL LY NGUnds are menbers of

a groviding GInSaqidong sofutipn epapeasing redrionitphel épdrogS0 clahide and

LOcess ag d|n [ ' .

othepr Oéglﬁ& %%oearog ﬁgf Bﬂ&ﬁlggﬁo?\arrgé&%gﬁglﬁogylgpé gﬁcg?%rgpane with
ammonia iast larggsev:ﬁ&-soufce of dioxygen;

N, N -di -sec- - - |engdi :

5 Ao AR P A i g mutsiae coann
obtain-a $ighubgiling frpbiémy Camierisingnd risajop mcnonniNof the acryloniirile in the
ool il o Bt A MRS S ok 8 e e
CyaNdRrin thgiaqueeustagiuficniandpheny| enedi ami ne. 19. A Process

f Ormélﬁ@wﬁ M:ﬂ% tﬁ/@w@ﬁh &n @ﬁé&%%ﬁ%&aﬂ.dﬁl |H§biﬂﬁ@ 8RoGnt of at

corrpoun S f or med by cat al yt| C aTlTDXI a 1 on
leaﬁmgph@w&er@ﬁwe FeReARd reRresenigfHPG fomylaa
H H
>N—-Ph-N<
R, R,

wherein Ph is a phenylene group, and R, and R; are the same or different and are
hydroxyl free organic moieties having 2 to 10 carbon atoms with the proviso that neither

R¢ nor R, is a phenyl group.

20. The process according to claim 17 wherein the organic moieties R and R; are
members of a group consisting of ethyl, propyl, butyl, hexyl, heptyl, octyl nonyl and decyl

straight and branched-chain hydrocarbon groups.
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gaseous source of di oxygen which process conpri ses:

provi di ng an aqueous sol uti on conpri sing

acrylonitrile, hydrogen cyanide and other organic

co- products of an ammoxi dation reaction of propyl ene

and/ or propane with ammonia and a gaseous source of

di oxygen; 15 fractionating the aqueous solution as by

distillation in a nulti-stage colum to obtain a

hi gh boiling fraction conp®@0si ng a nmaj or anount of

the acrylonitrile in the aqueous solution and a | ow

boiling fraction conprising a nmaj or anount of the
21. hy ditegemcessyantoding v tihim 49 wdwemin $ phénylenediathine compounds

T i Bl | <80 Bb{1GEpAhGIenediamine, NN' -di-

aro Rttt Bt Bkl SrbQiF of RS <o BpliEbfGlenediaming, NN -o
sechvwtfirptrbrodénadianineo Mpbwihsobelpreaesyieactipminge angr hhiY' a-di-tert-
butilobherMerediinineN< R RZ 25 wherein Ph is a phenyl ene
‘ﬁéfﬂhﬁ,wgﬁﬁﬁRf”ﬁnd R2 are the same or different and

are hydroxyl free organic noieties having 2 to 10
22. Carfbrad28ckbrking td) Blaitt 0¥ Whereid e cBRbbHRT is NN' LPgecEBlityi-p-

is a phenyl group. 20. The process according to claim
phepyleppidBiNg t he organic noieties R and R2 are 30

menbers of a group consisting of ethyl, propyl,

butyl, hexyl, heptyl,  oct nonyl and decyl straight
23, ancf oo Ia! CRENA I BLAPo AT, JEntEBiE. gfgini jodtibounds
fornTQEbyERSPESaramoKitsiongf beopyleak wr pbpahewith aminfudia and a gaseous

lJghe %lenediq?ine co oundg .are nenbers of a group
S0 %H@i§V”ﬁﬁ”%'c PIJCEH CEBE=BY opy| - p- phenyl enedi ami ne,

N, Mrovidihng 3n speecbssylltigr piveprydirenactylaniiriiee and high-boiling organic
COITI;\FIjI:lJn-éji-isobutyl-p-phenylenediam’ne, and N, N

-éﬁ-?ert- but yl - p- phenyl enedi am ne. 22. The process

ac dorctionaging dhe laguesu@lsoiitien edsnby Kistikedion dudmuli-sigde column to

-.di_- § - D- . . ally al
obigf] = 38 B richon BB KA EHA By (i oo Rl RS Snaly of
the colgpoiandempdunrisekpiling eheve yabos!t ARRAWXi dasifiedawf product stream
conffird I&n%a%r oP HERANE bw\ﬁg%rﬁr@@&rﬁoﬁ%, %rid28 98WShoiling fraction

sour ce of di oxygen which process” conprises: providing
subsientia|ydiee f thet high-beilinaATeanie FPPALEGI M tril e and

hi gRaiRRIdIA Witk 88édlumn an effective polymerization inhibiting amount of at
least one compound represented by the formula:

H H
>N~Ph—-N<
R'i RZ

wherein Ph is a phenylene group, and R; and R; are the same or different and are
hydroxyl free organic moieties having 2 te 10 carbon atoms with the proviso that neither

Ry nor R; is a phenyl group.

24,  The process according to claim 23 wherein the organic moieties R1 and R2 are

members of a group consisting of ethyi,
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15 conpounds; fractionating the aqueous sol ution as
by distillation in a nulti-stage colum to obtain a
hi gh boiling fraction conprising a high boiling
fraction conprising essentially all the organic
conmpounds boi li ng above about 100C, a sidedraw
product stream conprising at |east 99 percent by
wei ght of acrylonitrile, and a |low boiling fraction
20 substantially free of t4&-hi gh-boiling organic
conpounds; and maintaining within the colum an
ef fective polynerization inhibiting anount of at
propgadiutndesgdnpieoiyd eepr egeyit etd byeayhestRighinang: branehed-chain
- = 25 R, RZ wherein Ph is a phenyl ene
h“ﬁ@%ﬂ%ﬁ“%ﬂﬁgé, and R2 are the sane or different and
are hydroxyl free organic noieties having 2 to 10

25, Cafﬁwﬁéw&saa&omg {fbedamw% ShherdiAtthd) 9hértwéneg.8muréoeorﬁ?ounds

IS a group 24 process accor ,
arecmamherzsnfmerroep ﬁomgmarfgahwcdvﬁﬁcm%Pﬁbe%@w'w% N,N"-di-

%ﬁ&e‘ﬁﬁeﬁedﬁrﬁtﬁ@ QORSHiSEdbIy-piphehfiediandde, RAOPMNIN-di-tert-
hexyl, heptyl, octyl nonyl and decyl straight

m“ﬁnﬂ“ﬂ?@ﬁ%ﬁgﬁnﬁﬁﬁln hydr ocarbon groups. 5 25. The
process according to claim23 wherein the

yl enedi am ne oun are nber s
6. onDhesPHES FEoReHS Frahe wr8ih (B Ry duahiRg ouve -
pth,yléfnediammec but yl - p- phenyl enedi ani ne,
N, N -di -i sobutyl - p- phenyl enedi am ne, and
N, N -di-tert- butyl -p-phenylenedianm ne. 10 26. The
27.pr ok egscaxsc for diengyveno ocﬁl \aa'luab% nitregericontainegc orgaoigncbrmpounds

di - =i = i 7
orh ey Sy A, BLRHL GRS AT R 8853
gaseowpsaucrsof didkygen weidh bgncesa eanrrises:anmoxi dat i on of

' so H&Mllnﬁrﬁg\l %ﬁuéoﬁg ﬁ & siRgTREhZcrBltrie, l'g/g\ﬁlol‘@QHSCyamde

rce o ygen CessS conpri ses:
ancb@trmq LRIGRIYC sc@rmoqhmtﬁ @éna@r AEIMRYiIdatem aewipa n®ft ﬁpbléyiene “andor

isoBEHPRRNam¥BRia4Rd a gaseous source of dioxygen;
fractionating the aqueous solution as by distillation in a multi-stage column to
obtain a high boiling fraction comprising a major amount of the methacrylonitrile in the
aqueous soluiion and a low boiling fraction comprising a major amount of the hydrogen
cyanide in the aqueous solution; and
maintaining within the column an effective polymerization inhibiting amount of at
least one compound represented by the formula:
H H
>N-Ph-N<
R4 R,
wherein Ph is a phenylene group, and Ry and R; are the same or different and are

hydroxy! free organic moieties having 2 to 10 carbon atoms with the proviso that neither

R, nor R; is a pheny! group.
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and ot her organic co-products of an ammoxi dation
reaction of isobutylene and/or isobutane with
amoni a and a gaseous source of dioxygen; 20
fractionating the aqueous solution as by distillation
in anulti-stage colum to obtain a high boiling
fraction conprising a major anount of the
nmet hacrylonitrile in the aqueous solution and a | ow
boi ling fraction conprising2a maj or anount of the
hydrogen cyanide in the aqueous solution; and
mai ntaining wiwthin the columm an effectlve
28. pol Theeprogessi angoiding 16 ¢ainy2amfierin dfe pifenyiEneiaadie etepounds
are%?é?ﬁ@él’g &t ra\‘?\ﬂbﬁ& %Bﬁﬁ&m@)’oftl‘mﬂ -Bioée'élﬂré"pyl Hpﬁenﬁ%edlé:’nhné E\éN "di-

erein phenyl e group,  and

SecF@%‘Pé’hPHlﬂe%'?é“'B? dﬁ Wr‘@ﬂww&ﬁ@hﬁ?ﬂe”@@"ﬁsl%r 652?/I NN ditert

bu@rpeﬁhg{mau.gmm eties having 2 to 10 carbon atons
with the proviso that neither R nor R2 is a phenyl

group. -32- 28. The process according to claim?27
29. V\,heThg' protate apturting e eldina 28 naecimpe kotipourat i NYRIRseR-butyl-p-
el (g%oug consi sting of
P %Vﬁ”e c- propyl - p- phenyl enedi anine, N,N -di 5

sec but yl - p- phenyl enedi am ne,

t . .

30,7 N P gpiy Bty P SO ERGPLAT iR Sroggio cpppouncs which
mngﬁmcsswnaﬁtordlng to claim 28 wherein the conpound is

N, N =i = S8cs Ity =h-

or opELdl pEESsalt oYt G RRRORTAR o Rondlirg i gmorse
andp g aaseoue Greprgnds digxyadn ipithr aseseperti @ dieterpggnepny qatalyst
co éggqéb&@actlon ef fl uent by ammoxi dation of

| ene with anmmonia and ar%aseous source of

di osepERshng ther BRsqeLB JeARiEN oTffiuerh etiler Ay eReenys ligwicaloy gbtain an

aqu%§u§ QARKibS 'cﬁ&pﬁghél 50ryl§r9fz‘ﬁeaqwd%eh h§/ 28RS CMP HIRACHANC co-
luent with an aqueous liquid to obtain an aquedus

Wﬂ@%ﬁ%tlon conprising acrylonitrile, hydrogen cyanide
andré&;&%tm?rt@%hﬁe&@ sdlitlRd W By disti@ibh Gnat dn[]ﬁ sttib% column to

ution.,as by distillation in a [ti-s
obtEI| o Bongo MBRHGE: FOEPTAT ALBRRT AGo¢ Rt i acrvieniite in the

aquediPsdistiontind amd Gbiliagtraction@bripkising a mydjemintdunt 6f thé hidrégen
cyanide in the agueous solution; and
maintaining within the column an effective polymerization inhibiting amount of at

least one compound represented by the formuia:

H H

>N-Ph-N«<

R, R»
wherein Ph is a phenylene group, and R, and R, are the same or different and are
hydroxyl free organic moieties having 2 to 10 carbon atoms with the proviso that neither

R, nor R, is a phenyl group.

31. The process according to claim 30 wherein the phenylenediamine compounds
are members of a group consisting of N,N'-di-sec-propyl-p-phenylenediamine, N,N'-di-

sec-butyl-p-



aqueous solution and a |low boiling fraction

conprising a major anount of the hydrogen <cyanide in

t he aqueous sol ution; and naintaining within the

colum an effective polynerization inhibiting anount

of at [|east one conpound represented by the fornula:

25 HH >N - Ph - N R R2 wherein Ph is a phenyl ene

group, and R, and R2 are the sanme or different and

are hydroxyl free organi c3dwmieties having 2 to 10

carbon atons with the proviso that neither 30 R nor

is a phenyl group. 31. The process according to
phWQFﬁﬁ"%‘”ﬁher"éNnd't'F@lﬁ?ﬁﬁ’@rﬂﬂew'éﬁﬁ%ﬂ"ﬁ% c @ ouNd¥-di-tariebutyl-p-
pma@@mgm§mp@ a group consisting of
N, N - di - sec- propyl - p- phenyl enedi am ne, N, N -di -

sec butyl-p 35 -33 phenyl enedi am ne,
32, N N’hdj;bmbéﬁé@tbdiﬂn@'t@ BR3¢ MA@ tREconMnd is N,N'-di-sec-butyl-p-
et % -tert-butyl-p- phenyl enediam ne. 5 32. The
pewyge% YMf&cording to claim31l wherein the compound is

N, N -di -sec- butyl - p- phenyl enedi am ne.



