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WD 2004/ 052842 PCT/ US2003/ 036060 METHOD FOR | NHI BI TI NG
PCLYMERI ZATI ON DURI NG THE RECOVERY AND PURI FI CATI ON

WOROLBSRTIIRATED MONONI TRILES 5 FI ELD OF THE PCWEB2DDENS6060

The field of this invention relates to continuous
processes for recovery and purification of organic
val ues from hot gaseous m xtures which are obtained
by catal ytic amoxi dation of a |ight 10 hydrocarbon
conmpounds. More particularly, this invention relates
to recovery and reflnlqg of val uabl e

MBEHOR FORi INHIBI6F GinPcOIcUMBBbZIAT’[@NTHJIbWG THE

g:lt ZL%R% %Ig?hémg)r gjz\@kgglriés,l g?l n}gf@ pr opane,

propyl ene, isobutane De in the presence
of ammonia 15 to produce a gaseous reactor effl uent
contai ning the correspondi ng unsaturated nononitrile.

Processes of the nching the
gaseous reactor ef[m%#mwamus quench

l'iquid; form ng an aqueous solution conprising 'the
corre’Elpmrﬂeldg afntias uireterdiomnrelates Ite, coptinogas processes

RFAAREY 208 BHRCAIORNE offafiEOURISY, O, $¥"Bad¥bus

Integrateyd, sequ ons and se
m@@fakrgm which arce@btmnedobyr@m tic oammomi@tmn of a light

bbhalic8m cBbt ai nyed U% larl th%]IsIr o 1nvent10n

trog n- cont ai Nni n anlc C .
e} ae8a 40 s OErY. apdngeiiamg | of .m@rq Rntaining

ongaaid | compoueadss foehigd obp aamljrnactomdatled iof 2&asAn one
fe?Pect R ESuRd? SRR b, ThE DB i %ﬁﬁhk gt propane,
Prepsteneae 1sebitanconnd lsmbe@ylem ad apsesﬂnce of ammonia

edi 0 ne
LIS By EIE AR o

GRISESRANAING conmtaraieder posomitilee i s Ppoeriiged aft he
inhenfn @nameq@ehenmgwrm@ylga@@ow rehet@r @@ﬁ@%ﬁvswuh an

catal ytic a i dat.i op_of. pr lene in th
fiictus, dyetich S, Jformigy A aquceys sOMON scemprising
that ecn:trre 3uﬁgﬁtw12ﬁedn mkmomnreleof liydréfgeﬁoheyiamde

ai‘ld2 Zpihggio%%%% c}]gﬁégggt?so heah §1ﬂgt ns Pnafggrated sequdnce
of distillations and phase separations to recover for recycle of a
useful aqueous liquid, and obtain valuable nitrogen-containing
organic 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 is
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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WD 2004/ 052842 PCT/ US2003/ 036060 -2- L. Stafford, D
V. Wng and D. E. Stol smark; and 3,509,238 in the
wmaoe/0sf84N. E. Aubery and M B. Jastrzebeski. PEI/ES2003/036060
commercial acrylonitrile systemutilizing this
process, the reactor feedsojare propyl ene, anmonia and
conpressed air. 5 The propyl ene and ammoni a are
vapori zed, then conbined with the air and fed to a
Ij |Stafiordg Ihed. Vi ynidc D.daStolsmerleci ard r 35055238 in the

f r trRl timumyield. The
Ii]I?al ys ?;[‘?ﬁfer?egg{fng%s]s'ﬁg?r%e?qsg?t he form of

parti_cl es which ,are maintajned in a tuyrbul enlg fluid
st at d0hy ¢HBMEACHY; @pTHIoHd ko LRy Stem futahizingr dDish RTR&ESS,
thedredNtBPYIRUS. a2 PROPYRtL om@nﬁaXahag@dmpres@eﬁheur
eactor .and oxjdation of Eéo% %’ b e pres.[bl g h
Ry 1S A eearaa; ale Sfardiieeds thAE BpinGinsa, it
thatdt yatd féd set aofluniizpd ebed ecathheiori reactmct iRmsideakasios

- BT TR s onalbinfis TP RiBNBY Gltle.  The

catallysh inntheoxéatspr avessehiisrinl the fiomol ef partacleg| iwhich are B

r@ﬁ{rﬂalﬂ@d S Oflﬁ%rulghghghld nétf,argét By tiR %'Péfﬁ?ys‘ of paseous ”
ones, ace an m scel l-aneo
rfm;ﬁuéhgﬁlﬂ cbe@orrpounds. ConverS| on of the three

feeds is less than 100 percent, thus unreacted

pr op\Prepelerd) ammmBhia e@f@/m eﬁdnﬁxttbg@elmﬁanﬁ the reactor
Qur. ¢
agﬁo@ﬁlaﬂéow CBroRV e cirndhe BRsdtee, afratiBiofE Yakes
placpane thadswdaee hefither flwdizedardatal ysbrpdusds ofiveiouiplex
por%leﬁﬁlé(’)"?fefaﬁtﬁﬁﬁ Q%?@d%lfaﬁemth@?elﬁf‘)?&%ﬁl r@ac8fiowing

on eXxo her c reaction.is
nrefuetsy agrdentris, &Y@t‘%&ﬁﬂ &yianddenicarp Qe ndioxide.q g@rbon

Iﬁ?@ﬁ’é@?t ad@éhﬁrﬁbe’d{i&%}ﬁm&gﬁ Xl:cc”&bﬁlé)é“@@@rl P%itthexf aii gher
i ar illatio |n
rﬁ teﬁroc?jg{sgyaeéovgﬁo%% pﬁ%ﬁ‘f cdidn as'lé{:t i%on Y ng
mrmﬁaﬂeoﬁsaunknowﬁ I m@a!mcg asompesadst hr dﬂghvelgsmdmneﬁ the
RS T TSP DL AL iaclig Bdpitene.
azhinemias owygen san ofnﬁr@g@ll ar@n@on@m@eéxcnangt& reactor
éfﬁd%?ieagaé erTEeBured &5f ??P@é m@alwuesﬁtamﬁsati}ﬁau

gas es t e reactor e nt.co then enters

amquihcol quopane B (aRen beavigm iocarhen; dgEnppunds
whidhU@fést 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 stream. Most of the
water vapor and small amounts of organic vapors in the reactor
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by contacting it with a recirculating water stream
Most of the 35 water vapor and snall anounts of

wWo@e@ansias4rapors in the reactor WO 2004/ 052842 PCT/US2003/036060

PCT/ US2003/ 036060 -3- effluent are condensed in the
quench col um. The quench -@l-um bottoms are cool ed
and CI rculated back to the quench colum. The quench

can cont in intern | trays or packing to
e 4T | GRRAETS6H: alt u@aeREl ngobamnyi t hihe quench

&ﬂuﬁfﬂ obbttents Vérkercoofd fatid ccaeulhted wcﬁctt@d thét Quench

e AR SHFAED LS, REERE PS5 o ngine
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Tl?é“e&@éész dtenBhXR%teiis *%o%gh &i]ﬂﬂt t0\dRé Camlou@R"Bf water

|f|e %ﬁln ected sflevvater injectio
Rigtuced Yg Cagi AN iy dhe s Was{eW dieF e SobYmN

Wheﬁeﬂ amwyllbml"tn}meranghl hy dlﬁogex:lerc émldfegd dre @@t@lvered -
ut | ac onli roge ani )
WhsEWgRH bl o @hnfy (e Wobled “and HEGHER &1 "nitked
withuordmer fp]xantt measabs streams, s cladfied anldeanjmlwd into the
|
RO AgToh R oﬁh%‘fnﬁf?%ﬁ&%"??@nféﬁ?%ﬁﬁeﬁéegas s
thesovlrgcted! uon ans ahﬁ@db@d arlercecoltilled twatere is used to

[ r n -
el ot St SR B anie
b i B8NICSH QY8 £38r epol yners, and polyners in
vari ous conbi nations. Acrylonitrile, hydrogen cyanide
and dfité agakbys asdutiont ffom ther absotsemne fedeo a recovery

Rl S HEE" Dy P itAT: Ol Y HGBLP" ARG PO saken

eparatlon renove
awexheadn dypariien gﬁah@tbwté@m&&cumnt %drﬂﬁlodﬁnfrp@hlmn is

d%PéﬂJ%hd 9@&}%1'8?1 tkBE FbEv l(ﬁ?ré’cb?n' Thijd ?e@?é‘l‘ém%bntalns
gduct from a @l de- draw near h o umm.

hiKBBANHy &t ef?ﬁg@m%(ﬂ%ﬂﬁﬁg ar@ &ﬂf%q{@efs
cﬂrgttﬂnets Cpfwmlymemrranqumlymﬁsr ithe vagiougolgombid#tions.

ABIDGAETE DU | Bluce BREC, Rty SydefBninrit
products arepothemnpuflftdib using| oenlsemlee obndmstibatioms and
gi8e93%parations. 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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pol ymeri zes and i s absorbed into the recircul ating

guench water. The anpbunt of acrylonitrile that
w@eiogosasitzes i n the quench colum represents BEIT/US2003/036060

undesi rabl e net product | oss for the 35 acrylonitrile

pl ant. For exanple, in an-uhi-nhibited quench col um,

bet ween about 2 to 5 percent of the total

acrylonitrile WO 2004/052842 PCT/U82003/036060 -4-
prmdimwedbioythmema;aor ois j kst odue de Pelyaeyirati oyt ibnthe

éﬂpqxﬂgﬁﬁpch colum. Several nethods are known to
uce | osses of acrylonitrile by polynerization and
othe sid ctions, which |nvolve f trea

reci eNATal MG URAN AEKRRNY f0,TCaNSfp ssEse0 0 Adry itrile
b}NO ol$nfizA26n 4ar@0,Gther Ssif69,1&aetionsB95vBRh amnvolve
cERE B reoP B ORGPl SR AN Y pac
No$. Igth 226, W%Zm56ﬂesﬁ;8ﬂ9e§3ﬁet HAERS 823 (ﬁndp(ﬁ,l-?ﬁlgoﬁg‘l
whith (ReBls 09 inkQrBbslednbletetn ROTY TR on
duci g

uenrrb 0 acry on|tr|Ie W th

a co |nat|ono a | am ne haV|n |-

gr ouds>. Ratentp) Na %%1 4@»3%%&%@% ?01!{‘)1/

I\/I%*i*ﬁﬁt'td’@s'&ﬂ%senyheﬂ{dﬂﬂo %Eidfuﬁf)ﬁh%sm@h%d gor inhibiting
nfortu under

I d
AR cBRB B Gam o SUeHHIE CafuniffigSlof systems
proaluciegi zeadnylohirilecoveith and puombimation seefiof® a

h
T R,y L Rt P (BPe5 e
plpmyilmedmmm awdth edact SBRSIIAUER} od DRENYH r Aloyp  Of
umﬂlfﬁie@ Hehyléﬂéaia)m&*ﬂeltdoms 20 Such

ners and prepolyners, in various
foul eat exchange suci aces of

t
exg‘ogn QIFt(é)lrr]lSa&%lé/d BB A&hi ﬂP%ﬁ%”b%e‘f%q néoriaoqry’%wénfgt can
alsepgelstmerizenit hke tbmvdryaandnpuoifwatsomnsbcmtmmr to from

SFECBEPpSEEL M, ERG eSS TR UO e Rgipment

comirilaks 1y anhandesurablef nele arodughiomel O%WMu@mon in
g&e@{cﬁ)&n 9 b " Gt %ﬁn%ﬁ%aﬂ bb Ao Whs

ng an dr C00 |ng tai ne ean surfaces

Eventual | y, .t he heat_exchanger be nmanua
cl eahBeh wpORYHST &nt PHEORIGE S uRR ofprﬁé’r(gﬁmf’erls tdx 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
increasing 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-containing organic compounds formed by
catalytic oxidation of least one feed compound selected from the
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hazardous chemcals. 30 It is therefore a genera
obj ect of the present invention to provide an

WO pgerosa8d2 pr ocess whi ch overcones the af or esai PICT/US2003/036060

probl em of prior art nethods for to recovery and
refining of wvaluable nitro§en-containing organic
conpounds forned by catalytic oxidation of |east one
feed conmpound sel ected fromthe WO 2004/ 052842

SROTP USZODSISSBED 6001 5- PIORANE.condianylggeor psefutage and

: inl ' ene in the presence
1§?ﬂ§ 1§§§aF‘?ﬁ%?ﬁ@%ﬁ“ﬁ?%§g§§§§@§%t|d utilize a

presel ected class of pol rization inhibiti
compbERTONesl cPraRassee’ WRIE ofBiz | RgPreselgRtit i slss of
pOly ineg@i Aatbeii Lﬁﬂﬂbitingﬁ @mgbsitim eﬁfleatimeouadenl opemating
conprising the upsaturated;. i p : .
ARORIOT ok ettt o FRIRNOy L8e PRRABEGRT | stugons
composing the wnsdtdrdkedeimhenonhuzily pepdnsted by the
fractional distillation of the purified products. 10

eSO sdreitBone of W, fetieonet hiitng
cREROSIHonsn Wald A crtfeatiyely e APARDI g ractional -
didVENToONoEden pur¢fibdpposdssiss are discl osed for

recovery of valuable 15 nitrogen-containing organic

q . ntart or ¢
o opser SRR ad AENANIARG GTHRY TehfbiP yill become
appanentmopon aeddingathoutoliowing detaileskydescrption and

adbeddedNci4iagen- cont ai ni ng or gani ¢ conpounds produced
ﬁ% tﬁhe cat gl?itl c oxidation reactions are recovered

from product g 0 us sol ution.
The aqueous somﬁthurat ed
mononitrile is transferred to a recovery and

pur i Hopabidoak pebtesseshare dibelosed aforr aceolvemnafi vaiuable

N T
adimioxtitlationn cafl unpopeney ei rpritipyfiene; | i igptrBane, and/or
AR EbERye AR e ARG oxyaen and
stesmi t iNHEOgeMLANIAISE M5EaRIa rqampoangs produced in the
catalytic oxidation reactions are recovered from product gaseous
stream as a aqueous solution. The aqueous solution containing
the unsaturated mononitrile is transferred to a recovery and
purification section where the unsaturated mononitrile is
recovered and purified in at least a first distillation column and
at least one product distillation columns wherein high-boiling
impurities are separated from the unsaturated mononitrile by
distillation.

Under operating conditions, unsaturated mononitrile, e.g.,
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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acrylonitrile or nmethacrylonitrile, and other organic

conpounds present, can-polynerize in the recovery and
wWEeos05sat i on sections 30 to fromsolid deposiPGI/uk100$1036060

interfere with operation of equipnent, contribute to

an undesirabl e net productign-loss and reduction in

production rates, and with tinme lead to costly

shut downs. WO 2004/ 052842 PCT/ US2003/ 036060 -6.
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) ation colum and a second - di stlllathczﬂ
seotionn; whate ( dhe mainsagnrateg wmononighie oS npeoverache and

AU 5, e e sl e, o

disiiHation CeBRBBendy (4] MM tapynEoFHIE oREYP! Bipien ofdhe

dist&ﬁ'ati'@% c%tlifqmgf & redeSCtgﬁ? ?)cnlye{wﬁaaei@r mipibiang ®hount
re_the, sane or,. differen ar

Gt Teagant HPaTTatdiating lhwB0Rar sppye R by the

foarmhda: atons with the proviso that neither R nor R2

H H
>N--Ph-- N < I
Ry | R,

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

is a phenyl group.

In a preferred class of phenylenediamine compounds the
organic moieties (R; and R, ) are members of a group consisting
of ethyl, propyl, butyl, phenyl, hexyl, heptyl, octyl nonyl 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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is a phenyl group. 30 In a preferred class of
phenyl enedi am ne conpounds the organic noieties (RL

w@ea4B28¥2 ar e nenbers of a group consisting oPCEUR003/036060

propyl, butyl, phenyl, hexyl, heptyl, octyl nonyl and
decyl hydrocarbon groups, pafticularly straight and
branched- chain hydrocarbon groups. Advantageously,
thjis class consists of 35
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a e

FlgthlseT sgilatn; |} Goitafly, -ole ﬁﬁﬁgfé&‘f{""%mﬁlﬁﬁerf&aﬂon

mhﬂmbmg amount)mSpmtasrmge nilpwiasd apout 10 to about

ﬂ?bﬁbogia%rfélrf ”mtlﬁg)d?tqg&ﬁgs ofsﬁgiéﬁl'oﬁ'ﬂtrﬂ%r eﬂcnertﬁE' ¥1 jUtous

rang ojt out a

t
sedpkienof %r;erﬁr@lhbt rin & trﬁagaqlfgaus a@&ﬂ&{| 5B Tone putl5?600
P18d PaPillion dreh st dcgMvansile i faQu@bQBt sdRRidar Most

I lion parts of. acryl.onitr eth
Rtaraby, r aocends "GO AN ety off Rl abiy parts per
miitlondpasdnokiacgy Wnierilé ithei wqwmus:sodmtmhe
phenyl enedi am ne conpound wi th an aqueous sol ution

cont g iy %ggégj%fl{gé?fnrw&{tﬁ GaLLE P}f‘ﬂ{d%h aﬂﬁn%ﬂln% of a

bei ng Ok erre first di ation ]
lagieidor soweceor of mshe mb@mmkerxﬁdgamlm@u sompPuRgs. with an

zfc{ dsa@,b}’uﬁ(’ﬁ? cdifts hgnﬁﬂé %Mu?@f&?%@n‘oﬁﬂrﬂé Rehich is
qU| con anblen 7 bout
ngCr tlﬁgﬂt:hﬁ ?ﬁstséls gpnt ﬁ@ umb and7or “one or
Itﬁgemzll epﬁdim ne distiflatiod macokmmsbe a soleﬁemnblgt the
e ened 0 a

SRR LA IH e TR, 49331 e Lificions
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 1nvention, the
unsaturated mononitrile is acrylonitrile or methacrylonitrile, and
the feed compound is a corresponding olefin selected from the
group consisting of propylene and isobutylene. 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.
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In preferred enbodi nents of the invention, the
unsaturated nononitrile is acrylonitrile or

woredohasasyt onitrile, and the feed conpound i s BCT/US2003/036060

corresponding ol efin selected fromthe 30 group

consi sting of propyl ene and & sobutyl ene. I n other
preferred enbodi nents of .the invention, the
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ene_ gr are the sane or
aﬁgafn;r ent)l@tms aliraevmgdabwt Er@eab@ugahﬁ)ccmmuaégms with
thavi utth%tt%é\l@ﬁéf IR, cailpponRat onks Wit lphenid  Broup.

I&r oVl SO t at neither } is a ?henyl rou
dvantw&yy thehe Eefqt@cﬁt |D@1Y|cl’@ﬁ§/1r¥é 1081at b4 ltmg atount
isN{H B trafl eara?}wardlﬁdxﬁ abbaﬂgsouwawoﬁtrom@@oparéo er

to about arts t f
HUHOR: puaﬁse ogr\ég%%&u aﬁe@h@%@g@{@g ' BESSRNto M t:br? lqteous

qsipgoh. of special significance is that the feed
conpounds 20 are nenbers of a group consisting of

PrveriRMEbWRaS, sy Bie BTBE My P8 fompounds

aret megeberorafad rgrogpocmshngoﬁﬁpmpanefan opylene.
catal yti c ammoxi dation of propylene and/or propane

with & Ia c% gﬁSﬁ%JSﬁ@éﬁﬁ@nof r@'v@ewgea WibeBss for

process provi ueous sol dtion

FsRyerei et Wbl T ECTsRSERHN Gy Al B End pRiRgunds
fyreeed %}C%amal@dmte&nﬁfomdatmn of propylene and/or propane
with ammonia and a gaseous source of dioxygen which process
comprises:  providing an aqueous  solution  comprising
acrylonitrile, hydrogen cyanide and other organic 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

aqueous 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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an ammoxi dati on reaction of propyl ene and/ or propane
wWith ammonia and a gaseous source of dioxygen,;

w0 e@enssunt i ng the aqueous sol ution as by di seCT/U8100D086060
inanulti-stage colum to 30 obtain a high boiling
fraction conprising a major 9amount of the
acrylonitrile in the aqueous solution and a | ow
boiling fraction conprising a najor anount of the
Ihwdigrgem Rlyasi aiphenytibae gq@xqmuando[RJlt and; Ranare the same

ma i ni.n thin m an ef.fecti

b AN i adnreniTonsG HRBUATEAHC SiqiEes g abour
mtmmhmmequanb@ncmm@andmlem}m pnoesobyhaheegtipare R nor
I%m r.mul ahV\D 004/ 052842 PCT/ U82003/ 036060 - 9- A

et RUEH Yhhenyl ene group, and RL and R2 are the
sane or dlfferent and are hydroxyl free organic
moi etY ¢tsaattieng aa;b@mt of 2thieo inbentiohO pwalvtxs'bes ad precess hfor

N O R e A ST
formeds dyf oatalyscoamomdaﬁaou abf eprn»pml@@@norc @ropianengvith
ro%’ﬁ: Cﬁ@o%n%seﬁﬁﬁmﬂnﬁ ¥ecab@l did g%ﬁm”éﬂﬁ@h' réess -

ene or . ane wt ni aseous

a a
COPIP S DET /RS ARG OYS o8 1011:&96PP§‘gHIg AGvianitgile
aad ad ﬁ%@ﬂﬁ@ Ubtgmi€ oapripouiaisac fydctiviatihg ihe aadueous

sfioncas by Pttt G RAITiscpbS QR (ol e

boolingm frzu:tndm acomprisigl  dohighngboiltng i fractiompr ceinpgising
S5 RifAY! WN9uld AakhaR I%giﬂ?ggﬁhag %Sﬁﬁ@nggg'v'ey aBblit t f60°C,

organi c”conpoun ove
as.su@@mw pP5AduEt stiTeam c@ﬁmmﬁmg at least: 999 ns&Fedht by

l@ﬁltﬁ‘Pé VI t4 i lofw l%l%r%#ﬁ’%‘étg@n' sQBstantially
0i

fffﬁ usta IIy free of th

Gt cthenpialinoifing orgatis; romPowidty AidePGHping
v@ﬂgg f%@ébg?mghmnd rfeféatlggﬂ?o erizatmmrenhibitingd &t ount
Q! defRteenee gnm%wf i r&ﬁ% & ﬁ?& F@‘Q ik’ Tbfula 1

vehexeior Phoisda phemaenangroue aydir Byyand e ase gthe same or

GRS, 11F it BBt B

to, ghatted Pecarbopeatoms whth ithe sprAVESO Fhel i nRigher pdss Ry
very of val uabl e nitrogen- contalnlng or gani c
iy f pbfiEE ot

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 solution; and maintaining within the
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25 formed by catal yti c ammoxi dati on of isobutylene or

i sobutane with ammoni a and a gaseous source of
waele@pspsa2 whi ch process conprises: provi di ng BEI/US2003/036060

aqueous sol ution conprising nethacrylonitrile,

hydr ogen cyani de and ot her B¢ gani ¢ co- products of an

anmoxi dation reaction of isobutylene and/or 30

iR a: etteblaBl BRLReE Mo 2B hRiSE GERsRt gt gy teast
ofes¢omipatindn repres entedi bys thabovieuformul ot ailerzihi Bh is

SSG, 55000 I, SHAOIC, IR S ST i Ty ane
ab@uhydmﬁylad‘re@mngmmummgtlas nbgvimgarahmtt & tohebout 10

t
S O YIRS AR o phn

gPoIrpuUS2003/ 036060 - col um an effective
pol yneri zati on inhi b| t| ng amount of at |east one

Conpmh%?pr h@&d bBﬁst@t a%@V%héorlﬁ%ﬁubn Wg%eidés a

Ph is | ene same

are th
PEPCRR  BHOHOCANETY el MVARGNe sl Ercansaiing: , Gtganic -
coavp mm@dtnﬁu{uch ?o@muk:o hipIseAr bfmrnﬁhgrral paddousheeaction
VI SO a nel n
RAIBERE S vk Al agkoH:  OF o Bhy 1Bn8 RVREY amB{ B, apd a
gaseows ssdurcer efaherxygcn mlﬂh@blmeaenwgeﬁ T detgirogegeous
cﬁfzﬂ 8 C ¢ diﬂgﬂlgo s ?&E eBin ésegaséco‘i’l]%m P8aéion

ous r uen yégg X1 dat
%ﬁ@ﬁm eWé i Ah 2EVePNH HAMG QUSIL dpuAdECeHsS solution

hq:mrifagl la@rﬂﬁﬁuﬁﬁﬁﬁeﬁ?g{fl gel bﬁmrd@ggggoo@hexcairghﬂﬁi co-
PGP AR CASH AP AR AH NS 0 reao: Of e By ofitiflidion in a

nsoltiHst@oge codopm stbngbtmnyhdmghr bodingyfiaogen cegamirdang a
ni%%é O%Hl%rua%g?r}hg aéffg&l%g'?fr uclhsthe,f aacﬁiéd{&at 0”9’[16? and a

l"at I
low! batling fopetadm aomngtsmgu aum@mrr eadnount cofphe shﬁgragen
cgﬁ]hgql gi;}ﬂ’a Oiqlfl Lﬁﬂi “Ehﬁi ' ﬁlélﬂ%al"i‘ﬁﬁgo%lthm the

n.conpris
BA ahosiectve el :ﬁl}w ion cihibHEng 1 wnéqagoa}sleast
o‘h@' SoIPdundngeprésdpicd by Wé RibdviehoRBulod luvhé®in Ph is

aef}féeeﬁ%% bﬁﬁgi@ééﬁ%bﬁngﬂi gl JBe o SRR. o iffercithnd
anbehgdrotl ifsee aon@amwl grdegeouhaviaryd Bowrn@ B3 abeut 10
chPSor HBnN vHeh ' #eSBro?¥b that neither Ry nor R, is a phenyl

group.

The total amount of p-phenylenediamine compounds of the
preselected class used in the compositions and methods of the
present invention as polymerization inhibitor is that amount
which is sufficient of effect inhibition of polymerization of the
unsaturated aliphatic nitrile product and will, of course, vary
according to the particular conditions under which they are used.
Where process stream 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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are hydroxyl free organic noieties having about 2 to

about 10 carbon atons with the proviso that neither
woRo0n0528R2 i s a phenyl 25 group. The total anmeCmUSwH3/036060

p- phenyl enedi am ne conpounds of the preselected class

used in the conpositions and methods of the present

i nvention as polynerization inhibitor is that anount

which is sufficient of effect inhibition of )
ap@wirteof zeft pephefiyidreed@mitsateompedndsi phiahec pneselidceed

roduct an [ f , L B

Bttt komiai s BHRHE, bt "ﬁ‘i}??;?fg?%@éﬁ. pafes of

unkaturapedc ediplatieamitaile rpiaseat ndd dhehiaghvgous solution.

TypIBALA! Hie[eseff@é‘t‘i‘(ré” bmg%ﬁfz%wcgfi bitiRs 98 AHNES in a
e rfera § 8 ,

raiga nepwRrdadtaminabout s191 fabony, 195000 aparaseer million

pafRalE hRSS rated eﬁﬁgﬁbﬁca@ﬁ’trﬂw idf iigathenaqudsud odclution.

1\%(\9 2004/.052842 . PCT/ US200 036%2)0 - % anmgunt fOO f
dSHPRGT Yaind @50 e éré‘%ear teg @I RYts
pes nilliess pahan ebauisdiupared phphaticl imtrikear the oaqueous
n ur | r I N KAt ’
sty oAB BELRARLS o' e RO il 75 RHBEHF 750 -
PAFSI bPET nan ntparss i wia wnsatngatedbwaliphatym ddbite 1ghe
aﬂgegﬁglgola@i,&po parts per mllion parts of

nsaturated aliphatic nitrile e in the aqueous

solution. Mre preferahly in a range fromabgut 50 t
SbouFotosh Jartes” urbfite! ; bAdss O ol cprestnt
imkd:r%lmm,i lcrdf_etcméee ttheuldqueows besatadé otn thbstembodiments
ol [ n F O u t :
iBUSEAE, iy fhedshf DaFall O 3E msfaplip g, JidilE and
described bakow dbevay obexamphes Rirthe hvyenidonpl et e
under st andi ng of the present invention, reference

shoul d now bﬁ@@@%ﬂ?ﬁm@"ﬁmﬂms”at ed in

greater deta e acconpanyi raw ng and 15

descri bed bel ow by way of exanples of the invention. . .
BRI EF NOCBDREPAEON TR ESCE| EIE HHeSCa pldiede HORIEF iy Which

chatadteride thespreveve! idwaitisies Whecpresdinr daventioa titself,
o8k HAVSRIAER, ApEet SRR Y LARSRRLY  pef¥erer
byoweferen@d by thef efellowing bneeff od¢soxipigonr i ef preferred
HESSEIRERR QkeR" & K drfinction 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.

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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enbodi nents taken in conjunction with the annexed
drawi ng, in which: The FIGURE is a schematic di agram

walepiosisey a preferred mnethod for operating tPEI/US2003/036060

process of this invention in the 25 continuous node
being arranged to provide appintegrated sequence of
extractions, distillations, and phase separations for
recovery and purification, and to maintain suitable
apbioat thgmabrodiidation of odm:t&mramhcammmmiat tveithr essnrce of

dlB%/(?gE 'fggf%alf}ﬁbé’nomgpl{s?ﬁng E&m saegi eai§0 él'lge &vell known
aRpstnvmd m@%l Nxmmmema;br dl,f@§§§%esoffqrh|I§0dUCt10H of

Ry BoMittAle by d%ﬁ’fﬁd))@ﬂda@fdly SUbtEpy RdeOtwith€anifionia is the

%ﬁﬁovlﬁé)y and refining of an unsaturated aliphatic
Pi Sfoduct, such as acrylonitrile or

met hacrylonitrile, froma gaseous mxture produced,
generAs iy, wely bm&w aper foatmenae ofothied aiidativw catalysts is

a?r109§g? Qﬂ? ﬁﬁ{éﬁsﬁgpﬁéﬁ@ﬁf@ mogtzt%%ﬂ%eéntt hﬁc in the

a sour

eﬁong@ﬁ @ﬁ,pﬂum | 30 o rAIPEE | r@cldaﬁﬁnesp&p%ﬁsres TheCatalyst B
PErbrinaneR 1saﬁ9emﬁbd% ANt VA dl‘éoné@ﬂ@ér%hoﬂr@f??éé@ﬁmts "
production of acrytonitri I datj on of
%f%m ithe I (SPNRFSHITR Qfgr%@anfs %}y)ﬁi JuoduChs Tate of
pﬁdhckmt fﬁ@ﬁf@d mcﬁf ém@n@wotfarbaomxca?oahm{ Persunit
or n a er haps slgniLri,can
G0t " s AR iy e etV g PBhT YRRk | efore

smgmfmﬂslosmfaammtyperfseﬂcmmuftyts msasured by

acti vi ty, i.e., conversion of react ants,

|
Seogﬁfljtlé/ 'ﬂr)igtelbgf of ‘fﬁé‘ dﬁfcft:egg g ?Eg%@ uag%ﬁho‘ﬁd is not
endgnt ewmmranw @ﬁ@CI ammox thnme d @dt Hafakyst.

Slhftﬁole' c&tal?ﬁse%thﬂéﬁ hldTen 6t Seleamdelopr the ammox1dat10n
activity or .sel ect|V| ty

ant
G Jeoputons end” iSohdbuehe el e BiRPatkiL f0Bh pismuth,
quitalt, Livonle poldelnt tin peaitsangnds pmulybmcannmaybdm ophéspliatic,

A 5 @@a&; siljgt' 4alLe. Ehal Yol mptbhiy BLACTBE rungsten,

ammx
qoppsut yelvsiwan and pirepaice @xidesn bagﬁu ﬁen &mnorated to

1'nrc9é‘asé1'16\l€'eiem?'ei‘aﬁﬁ‘et At 'ﬁﬁﬁyb%ﬁucﬁ%t’}bd' c

phosphori c nol ybdi ¢ siflicic acids. Oh

t h
CoOMP R dors 1Ic’puc§:n W 1éﬁmgatafy§t 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,

include 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.



10

15

20

25

30

35

20 copper, tellurium and arsenic oxi des, have been
incorporated to increase |low tenperature activity and
wWEe@dosasiyi ty. Factors upon which catal yst perPOr/DszeeE036060
depends include conposition, the nethods of
preparation, support, and_c@Bcination conditions.
O her key properties include, In addition to chem ca
25 performance requirenents, other key properties,
i ncl dteedsufdratie ammmx1ﬂat1on| combisasia gonpuneagnpeture of
ti S 40 t
;pﬂo?hrg%ff%'alaﬂn a(rﬁﬁ‘[cﬁﬁﬁ bfg) 4?16}/ & n@u??ﬁ%ﬁ#&ﬁﬁ?y Source
efadxygen. ardensitciabye efadr CORMQSItIQRS TaNgqAp to about 9

ﬁ@*&@ﬁ@cﬁﬁbﬁ péné&crofl onidiat | fba@i“sd r@ﬁé&@@ylmxtuﬂehe Yy the
30 _t he ammoXi dati on Of;g% EEBF sobutyl ene
S.

FREpRdalan, | TPACINde br 42 Qg E610  bE
RadMabl0; ddriived, 9fmal3, Oﬁerﬁdﬁn 3 1R2adbd; start-up and

8 3 46 , 340 d

shfie probedlites’ dre Jlikelisd deslgth. i6 avAl flammable
denuﬁé@resm 2004/ 052842 PCT/ USZOOS/ 036060 - 13
Feeds for the ammobxi dation conbine to contain a

mi xt ILEﬁm{nt freRy| ene. aﬁimoxm@fma Bre@@?broptsl lomﬂb& dn 2
Su e nt ar our ce ene Cla

QRIS TPl Wrilh i fisicth 06" syt b Sl gient
cortact. baGases Eorouke rrquénclestowet heres taameférdeti anto the

BRGNS RbE R A FHREl! oonf AT Cother

chatiselyn solobbelugasesaace | abksanbsd. de&fhgnaont-abambe;d gases
eIIJe gé feed m xtures. Effluent fromthe
a

anmmoxi ion reactor is cooled in -a 10 quench tomer
with an acidified water stream coupt er.-cur
cont abe StEedB thee bpitoran S ahp RGiankRaneas the

ﬂé%‘l‘é fwg’ft?r siliighgrpnisofra@fsf@hfeﬁi tkiﬁfo ;ahﬁé@\asr ylcohiinm Mehere it
P tri atively soluble gases a

%b?&?‘ﬁf’é‘& 1velye a‘éﬁ?t?gﬁor btﬁe 5%%%" reCQE‘HPBg h% any

sititelzle tontacting meamnmfwhm-‘h dbpodband kapen ae tlanter-

é(;%lﬁgnw\,ﬁ‘{eoﬁgh,& lin' {r{lﬁ l?éifid%tf gpﬁ@ggﬁéﬁgéyzones or

IS extractilve
stagovcer yTko! avarhead byapays o aghe JeRPHETY ngohemms are

éiyivhed hid 1y Torfitd 18/ aRAheR EoRPoHedts being chiefly water
and hydrogen cyanide, and contaminated with undesirable
impurities such as nitrites, compounds which have characteristics
of nitrites, and precursors thereof. The overhead vapors are
condensed and collected in a decanter, the liquid 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 cyanide, 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, U.S. 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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currently contacted in a nultiplicity of comunicating
zones or 20 stages. The overhead vapors fromthe

w0 e@ewsasy2 col uitm are  enriched in acrylonitrilBCT/U81963/036060

conmponents being chiefly water and hydrogen cyani de,
and contam nated with undesjpable inpurities such as
nitrites, conpounds whi ch have characteristics of

nitrites, and precursors thereof. The overhead vapors

n@bﬁoﬁﬁtrﬂ@@d(a@gech@gvomhll@):t@@Intammwtedant/ﬁm wier which

Rrodgssafies Tk aiditiofly of in i afind" SRERISRT S henpakiany
donwienskedy azebtiopg af thquansatpteded. niffile andanatephadecre
tH‘é' E%edg?ggé ! Hasa%)ééoﬂbiélhleﬁ ‘ég“&?'ﬁ\?@}%‘% d""'s#éang'a&ﬁ’iamed

for turt
fpgm. ﬂnc%ﬁr@ﬁtlv‘?hélé‘étﬂ@@@gg sﬂh@@m dnrpantigar.; ghe neecovery

diaem. Sectieoreffedt tde thec aviesaling olsbhatiofEnpodioneidtsadif the
rese

rAGHBBSPEOSinST the FaSSim Bt 1Y thosotRETE,bRaSY of
thesatmtedpa ]:ermngstlfeororganm/qjhase re]a(ts/alypmgure'ql free.

e sz 4 tt‘é%‘%%ﬁ%?@%%?%%&%éﬁ OSHEES Tibpjd---

liqpridnin aSBesse@@rgtloacrcwamsmT § ObgANA Miase WwaHaining
dﬁﬂeragﬁusﬁm éOPseﬁ?eﬂJ%%%létﬂSd aﬂﬂ4 ‘fhﬂ'he?f Paﬁf?édﬁ’d)ﬁ N&hile

ol uti parti. al condensed azep

ﬁs%l‘ﬂ'&‘?%‘ﬂsed)hﬂsﬁr BoRtainin . dhe, raarian Hrﬁ’élué?i%oltsrbepfé’qlu%@ to
theereciteriynedlaanan overhead stream obtained 5 from an
extractive distillation columm, in particular, the

| Th ff | kal . ut i
O RO, HIBaBERER Lo BIRL IR LN 8 o
mopar of itke a@u@ommerm:gmb@ustrpmnse isftreatesd awetht rampecid to
R il PR en%fﬁln% SR ey bboR fihieel #Fid such
aSh@ubﬁmcm@rdanlmrgaqm dapdaseck eparagation aeBiiG. qmlc or

%lggé‘l”' C Riiaemifedt ai Byng caftudecansideraibht] € iavali Rdility,
noved.for furt rification while the aqueous

GHERAUBH DA meﬁaﬁyﬁ r &%¢tion products is recycled to

the recovery colum. In a preferred enbodi nent of the
preseldndem\(qm:ramgommlntloma morel afitttitee Gapuegmiymerize in

C C
thg %%L:Sﬁf ?Hﬁ er'if;{gﬁ{&gﬂ V‘ée{)&lcgﬁma@e?grbﬂg CIEQHIH ﬁ]éﬂbeslts
Wthh 1nterfere w1th operatlon of equipment, contrlbute to an
undesirable net production loss and reduction in production rates,

and with time lead to costly shutdowns.

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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as sulfuric or an organic acid such as acetic,
acrylic, formc or glycol, determ ned by cost

w@oemgioshsent i ons, availability, conpatibility,PCT/US2003/036060

netal lurgy, etc. 20 Under operating conditions,
acrylonitrile can polyneri.zgsin the recovery and
purification sections to fromsolid deposits which
interfere with operation of equipnent, contribute to
1anentmmies|Inalmlélmﬁar,ppodfmlrednetrdstsdlandnmdlfcmeomnventlon

t
VQ{}]ut gghbgﬂler ?@élnoe lla(%?laﬂ\fq &Pk&?};e pr ac ce O#ﬂonla and a
SoUEER s 96 sdisrged. pausash inlg ot 288S0RY| yixtiEat fipm  the

dé]? ?edilﬁgteldnsl mrrg}f ?gf l. QN ?%% bi dm'hnt ﬁqﬁ%d g? OatObtglgst an
|V

saire SRR cEpETiaRengPOHOM diitne BiHRRsks SagIde,

dceeomityile plaﬂdemthpnl yorganioor cetproduats] rasdil anngntegrated

SE%BGB?%EM B 5et i oot? Ok P AT {EmecbRer s and

pihieb lagryford tridked i priedtucitn negeyer dhyteegen tyanwle and, ‘

d(gﬁ y 1 ChEéﬁi‘ﬁ’g‘i’fé ?(E‘)E’jdﬁﬁfso’Eﬁ’é‘r‘l’ﬂhﬁﬂrﬂr ﬂ‘g’?ﬂﬂéo{d'@%&fﬁed. B

e speci rMs as an exa e use o
the 2004/ 42 P /03606 i pventi on.
In p .eé%ba ledg gﬁ)frb‘i%%h?g Bf:r@net ayoeess of
thi pfesml uﬁeelﬁﬁrmxcdﬁipr@sxtsofre@c@ﬁgl @neowﬁhh sefeqBedafrom
ﬁ? source tOf d%ﬁﬁ%& l\djl g pj gaseou d
B TGRSt PHLAT AN ROBRDAGHE, RDRHER D
dxiygendin @ rdacaon zameSimgue presentet dda cavalysi sionproduce a

reggefdromémdeﬁt REAREY ABEIe: contepBRld | Cuflfurared

er organi c co-pr and an
mengnifril IGI at. ﬁorﬂ@rﬁkunmlﬁseot%elmtbwroﬂ@mt@lﬁécommsiﬂarmg

tﬁé”féa\étbf‘eeﬂ’ﬁﬁé/ﬁtorﬁc%ﬂrﬁngggg?gﬁ?ﬁtﬁﬁwégo%dgjgcgﬁgl(lee to a
QAR « SOBNE VB Hosche odsage s St cGoRiining  the
mrmdf&teﬂbsnonbmtrﬂer Bi Clonﬁalceecbrwcths at deastt hefipsteagicous
t e r
S”f%ea?@r%ﬁ&éf’ﬁﬁ IEiRigopa ?%f%&; B S B SPded Pehctor
‘taccalmmmmquhﬂ unsaturaie omczrmmtrlhetiwe apr ebeacption
c%fluf'i‘mca(ﬂ{éf% ntQhQrof%%?o cfaaehp’ c‘a(frftgﬁﬁgg unsaturated

cont al n| ng the correspon unsat ur at e

MBRBAIETHEI I8 ¢ontact rwbnat { deass BfSGRONNa @AYEOHSt FiTEAM tO
sepafgfeerdand'dremove 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 1is used 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 reactor effluent containing the unsaturated

mononitrile to a quench colum wherein the reactor
we@bdokisass2 cont ai ni ng the wunsaturated nononi t rPCEUSR03/036060

contacted with at least a first aqueous streamto

cool the reactor effluent,. tgansferring the cool ed

reactor 20 effluent containing the unsaturated

nmononitrile to an absorption colum wherein the
cogmpanantsf f | samplest afniplgnungacitamess nedpnoeHusirated or

die§cﬁ%@Hacih€ dé”?acﬁhtlﬁ@agf a}() 1 UGRY Sd%%trrﬁﬁmléﬂ of
s nsat urat e

nonl e as

E{,Jar ate an éhrere t
PROY IiSHIZadt 0 o AP UGt BRAARE oS BtUtIINS dPG steam ejector
otraaeuﬁ@mrlmm iphesyreham 26 mhlmﬁncqhéalreqngrdmeoperatmg

rat ile to ecove
phEs e éaﬁsnr@a@ﬂa&?%e%t il IR ot ohemperatwre.
coHectier caret edispaslpyystams, faonasécthuutg; aand eervergancy
ocess streamto inprove the efficiency of
Vt%EH a ocglgs The invention is not intended to be
[im 30 en‘oodlﬁnetﬂts so descri bed, and the

scopi? fer@hiw PFeREsSs woll Ithke Nyt @6five, apguitable -
gapeeu enlixxudé nrom\Rher gir usxidfatidi sOﬂ awedslteﬁ@m sefedté@dfrom

wth certain. conve ti ona t details of
i S0t ringfhob MDPY o) Bad ATty et solid,
parficulstecapabst o thosprésencey eﬁlaﬂnmm% tha suitable

D LRI Rl g0 I3istasil ¥tne

cexegsploasling plkane, appiddlly ifeermaboult| 2dorahant do percent,
g @P Eﬁ‘ib'oﬂ?'?‘ci?ercfeﬁf'héﬂ/l%? B%ﬁﬁ&%ﬁ?&ﬁt b8131 ol ds, and

zation”i
P§©ffi¥tabéhs leste tloan a@%a%l&?@@lﬂér or vacuum punp
systems to maintain the required operating 5 pressures

for dIF%trIBésatIre;smtsathendxﬁnmndatﬂo@npr@éeéseﬂrpeaﬂtlud eout in

acuifded "rlie s B st S&S&?@f A BoclFSt o by, B0

conversipos d@rbutarmed su@t asmng € gapestus s:ysdtame iy ortypheally

t 1
SR o S SRR, i geeup o

PEAPY |G\, ad BT AR, y a1 [ GOKHECR, 8e bl OGUCaRBHaa Hhurdized
bedi bildaal fs&wrpmldl’és ol Sﬁm@&@nogeﬁttmf‘ @@ntlm@bpultnclﬁde
y

pggéﬁfr%tg ?rb akahge %{pres&gn sllgaf0y7 0°941.4
kPa gage), more preferably from about 5 to about 25 psig (34.5 to
172.4 kPa gage). Generally, temperatures are in 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° C). Heat of reaction is is
removed by generation 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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and up to about 5 percent heavi er hydrocarbon
conpounds, and 15 preferably |ess than about 2

w@erogesas42 For best results the ammoxi dati on prPCEES2003036060

carried out in a fluid-bed reactor. for best results.
Because of the high olefin jgonversions obtained, a
single pass systemis typically satisfactory.

Approxi mately stoichionetric quantities of 20

peropittierge, gradumbi anceradediofx yegap eaatuiant ovelucthd iopterating

hUbEiRedcalitth’ s ahalihl s PRIGICIERY Sil' Blrivicy near

thﬁomﬁlléﬁléule\@l%,o th@@ueowqmiagr@cfov gmm Jossck catalyst
p@ky. nore preferably from about 5 to about 25 prig
(34.5to 172.4 kPa gage). Generally tenperatures are

f 25 ab 38 C
or et P aRBe] FOMPRRGET  oRbaysbouEcsye: JigBo Prisss b of
Epylentleato ofacrgbanitobe, s omce-tkrmygd bppgmteont i ofi the
ﬂ%m%ﬁ‘a@nto‘?l %QE{&J with Eeﬂg’g?dé‘}gou ) 1@%0 of9% ée’&g)ggs is

res of from to a
t@@l“eﬂ}at &prpn&;f/m by wswoxsrahlegevartiijiest o @e@t@mﬁrd@s and -

dé?%h@é eéi:ﬂtaﬂeh@?lh@ﬁﬁ?tco 6@‘%@% ure consistent -

vv| th high conver3| 0 Conver I ncreases with

w th AT fEBadh 'ge.‘?atn'l%lg%@?ﬁ?)ﬁi Feabity otopiad and s
ﬁirablbedem&agegten fh ai @@uﬂwwurﬁeﬂtpeﬂmdnbﬁsg system from
Wl T R ARET cHBrhD 8 YRuRetho SobshBRbsa Preanic
ROHuSs200pr0a60dY amlopetrrrhetuaqptgnamlal andr ed{Nofare
c%&l@?:%&‘t Yh€ WEE ut{be gﬁ%‘ Sel L%l{cﬁlt"f 8t E;%r%éhfhyaﬁtﬁeous \

rntarn pro IvVity
aqiyionitrilevand co-pue wrspewﬁteraa ¥ dirogy abeart 2dsdo ggbout

’P9t bycent, Eiﬁbfé’ fe?alﬁ%ﬁaﬁ'éﬁl %Bﬁ@rg'ﬁi aB@hﬂ"X/Sﬁe?cent of
eve ers on ~of ro yI to

m{f@.a GpEO Pelsudior tSf the

anmmoxi dati on reactor with a resi denqe time of a few
secoriblse i squegyps cablutf@nmef caafyllpnrtedevemabl e@o-products is

GUad LifS A SRELANY | S8 MO BRYANEORC A Dhase

nal™ co-pr uent from
man@m stapsr dyctvdrichs oemmdpa@@w@ age rigseaerofdt and at

leasterackyil chiBRHN IS refiidE Nt Th@ RAAISIRT soYSti6m fsh S¥At to the
acrylonitrile 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 acetonitrile 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 is 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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whi ch of f-gas, consisting chiefly of nitrogen, is
vented. Organic products, primarily acrylonitrile,

waewbosissz i | e and HCN, are collected in wat erPCDUSE00E036060

up to about 8 percent aqueous, 15 acrylonitrile and
co-products, preferably fropgapbout 2.5 to about 7.5
percent, nore preferably fromabout 3 to about 7

percent of acrylonitrile and co-products, for best
separdttion ﬁfeoragamouso oundn fioracthd caquedse soldition is

ifRSREREAL S, ot as SOLUn S 3.0, 480, HeEHRIRRE " iy, 40
recqueiyc fodtbet s ha/rdgogenoveyem@wd iat llllemtated as lights
ségayiﬁahtééﬂq%%f}] f‘???fahﬂegurﬁﬂ@aﬁ&ﬁe%%c dfhh%e %roﬂ%*t is

i vémaé%@aés[ Hegantation AN OVE@r aa@ %}cv}canp@ yma

HCN is recovered. Aliquid side streamfromthe ‘
col ur@eﬂaaﬂyaodur@ngt epetation sofilthe cohtegnated tpneoc2Sses for

AP RN o RN i, gaseous
mixtpvedobt acmablfe lbyjt cafalyiic amenaxidatoon t of |;§0rpe/d©n@r9nd B

a‘ﬁ‘i’x'n‘&?i”a ch! R taggeﬁg@’a:@l%@lolﬁt\kﬁfﬂﬂ i ®ontains the
ate HCNre t ov.ergedof th )
qsg @6pdﬁﬁts raymmmmtm niSt ﬁEtEb‘BP 39& .qsuenc ing

tﬁelrtglagéoxwrefﬂlﬁent 3gont the abdfoxidedbimrdaet®bt iith an
fiber- gradeghc]ﬁé itrile. Mire specifically with
t

HLCOMSngBeR ‘GURE, which is a schematic
illustration of an integrated distillation means for
obt amhmglq\lmlcmmblmlanonl asi fed | fropy odwctqacﬂchydysgﬂn or

(YR Fiane SRS g%‘ﬂ?&ﬁ%@%@ﬁ%&%‘j o 2ot gjpeo

tb@paup@teirorpaﬁ of geet @varynpovlgan f 3dh t hd éwudusstream is
ﬁgggg?% x;i?l hleéﬂf’tth@t §gttg§ne [W%éygbmw%ggs g;gmough
oqnsiuﬂ @A%dun a?ét 318%%&6%1 %@TIORnS' ‘the
d@@ldd Ilr@hldogtreﬁnﬁqrsydxcspetged antxﬁ aglecupiper part of recovery

SRR 3R N, SHEAF S b v

sept doears ecetonitril ec overyerandndédr nilispoaal |(@astshown). An
R e
r@fsb&gfzéeﬁo the ae}@eshssxsﬂem.mm% Hfmt%dmondmt
:mganA@ Rieededt sinof oides &maﬁwamn smstamealdmﬂhhmns of
s%paratlon in recovery column 30, liquid from the bottom thereof
circulates through manifold 31 and conduit 33, reboiler 34 and
into 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 aqueous 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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the gaseous effluent fromthe ammoxi dati on reactor
Wi th an aqueous quench |iquid. The aqueous sol ution

WO 200f0828i7 om t he quench system or i nternedi at BCHUS083/@36060

(not shown) through conduit 22 and into 15 the upper

part of recovery colum 30Q.18 liquid streamis

W t hdrawn from near the bottom of recovery colum 30

t hrou conduit 23, and cooled in exchanger 24. A

swta‘g$enp©d@dor1nof0rﬁﬁé teoahatntpinuistitableangorditions  of
pP&fipgd 1'nnt§étﬁzﬁ§t1‘<')91°e&% ﬁ Q‘fOrel‘f yfro‘?ﬁ" YHe %Q)t&om

h .condul nc e Stream i S
t §Fﬁ0ftg Figpulates Jhronghe marido inepadum Sphsaeboiler 54

afiovinlo the C@M@Ui‘chﬁélﬁ l@”bf)ﬁ@ﬁitt '555 bontfper aliseagayenyent

ol u 30 is cl ed the uenc yst em t hrou E%
B oron, B SRS nagppration oS ol ¥, SEiadh o vapors
ﬂmwmt through t amduic oSd tamhmnmo csadan&en osystam 57. As

CI rc\lgjleagbeg?%ﬂr ou %ostljeh?rgl gf %Hga{é)tlgowﬁoéd “Pnto

EEY B@Paml%dc U S masifdc &rBiuard 3sonduit
sﬁét qrormeig%@ég&sm pEisiAg nh*@ﬁ)gap c@farggggﬁgeiemcm wairogen n
< ‘.

Sidle obra Bhks o BhL Hhep helt RORaRBeRbat e i nto

decantation drum 40 through 30 conduit 39. The
nor e-[densg ppesxtios wift titr asepdration declamimt imnadcordance

T T P R oo
Qi”olautcpmposrh@nl ecscynpmmg plabskeass onangi-phegty liengdiamine
gj@él@ﬂe‘@nb drfﬂ"fhﬁﬂ thy 03%1‘6%&%% Eféﬂf‘én‘e@ﬁ@mme

t 35 col
93208%%36560 graup A@ﬁﬁé‘é&hﬁd 15S@RaPRORY b~
ﬂ}ﬂ@hedmﬁ@nél 0% 19f-diseRabaty1op- {)Heﬁﬁpéﬁéﬁllaﬁ'i‘me NN

mthe bot t'om r l.rcu
dinsstiStapinith WitiRes o5 Wdhor s OV ALl B 1-p-
phtel}dehedtamlnneugmmam:tamecfaftheﬁétrer di sengagenent 5
fromthe top of lights separation colum 50, a stream

g; . ;’ gﬁ}&ﬁje?allks (ﬁ%% Effegﬁgéllér ﬁ%@?ﬁﬁ‘letrlﬁ% (‘?rp dmh%ﬁ]u?é’ NASRRE: is

o igshsthad &bft)lﬂbnéf Parksd pex omlﬂlu@tht Pastpapht hosaturated
A6hbANtrie. préh mnithel dagfedid GoMEbh. 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 parts 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 is transferred into decantation drum 60 through manifold 51
conduit S52. The more-dense phase i1s withdrawn from
decantation drum 60 through conduit 29 and sent back into
recovery column 30 typically, combined with the aqueous feed
solution. The less-dense phase is transferred from decantation
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59. Condensate conprising hydrogen cyanide is sent to
hydrogen 10 cyani de storage tanks (not shown) through

w@owdisas4216. During operation of the separati oPCT/UF20031036060

in accordance wth the invention, an effective
pol yneri zation inhibiting _agpunt of a conposition
conprising at | east one p-phenyl enedi am ne
represented by fornmula I, preferably a

drughe 6y ehﬁdugm oendabits @2 Ched f¢d>nnttbepgodupt column 70

i 't]i‘% '@ﬁcﬂb% t“gﬂ%gmphjﬁgfep ﬁggygqﬁgép hBAFE! APofict s

\dlthckralmt yfrqmapheayd&enledwanﬁlneughndcondult 78 ‘and sent to
I a d i n
PREhest OBy Propk "B bR BEHrodiey Bolidh 70, an
aqﬂﬁq@muﬁgeamoumrmpﬂsmg Meavys sORSRC alsOmPBURAs t 45 sent
tAebubh! | dRUEAr 79 Ofq UBSaY ARl earaté&omamgmahe Y@t (ot
LNt eous sol ution. rre nts of
SV Ly dhEF l1sepgagement; 3@?%&519@9 pitnr uct column 70,
d sbhidant | 0f vapoust flowsi inte cendensema6 6 throwghbaondudt 76,

e aﬁbi’a?ttl?ﬁl%35’1205@@3@%43%0dﬂwzé@%fl?ﬂléﬁ B, 60 through

it &8y, effective anmounts are in a range from
about 50 to about 1000 parts per mllion parts of

acr y|19ﬁhhg' Jr)geltahfon %Pﬁ%lg)r%@u%' 8GlunMeSan 8/ @If Qiei‘tlirﬁtatlon

effect eh e In ran ﬁ‘m about

(B COTdNEn, VLt cier; YVeDNiOhT 08 Fi1GaNS d}ﬁﬂtyrmpgzatlon
mh@bnmge?ammgirtgﬂfgﬁ gaﬁxﬁaswoﬂ lcemrpmﬁ wit flegwn tome p
Rk ARG T s TRl bintebnhd]T BB o

piren yleneddendaeplsaketed ﬁmmhdnim\ngmuprmonmsamgatofo}ﬂ N’-di-

d b
Ml o e e
edeaimiss, solNitN ofi- lswk@myés@-m&mds@mlge and

ransfie | 0Q4/
RS ey gt g

and fed in rodyuct colu near..the to
ol urenpe. ol Shese CopPElinnt b SEERIGe RolyMerization

mhﬁbﬂr rhoant aisshdeleds alvahhabogh iqrms tpe‘:'xB mﬂﬁoﬁepmts

Eroia 9%%an§53§82ti”ﬂs 3 CBrfec AR, yoidon. n

prefaniad coepduadisnestsenof t theoouginwartont 7the o affective
Y65/ Se8hfbnd R96RInS Y ahfddt"%s 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 parts 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.

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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shown). After disengagenent fromthe top of product
colum 70, a streamof vapors flows into condenser 66

WO kooeosps4zonduit 76, and, together w th condePGHUS2003/036060

into decantation drum 60 through 10 conduit 6 8.

During operation of the pro@dct colum and/or

decantation in accordance with the invention, an
effective yneri zation _inhibiting amunt of a

ol o LoPhReEs ngondansate pMprising  acetonitrile  is

Mmyﬂenﬁdp@pmdoﬁm@swﬁf@%addfwml ?shltralﬁff%fﬁé@bhﬁo of

enyl enedi agine sel egte e qro ~

faRudBahg s Sifn “B0° s i, yIERld 92, and

eomduidi -$4c- buApbtlper plpembanedlfarthae condensed phase is
di

tﬁaﬁsf%ﬂre? Sq?‘ &lgﬁ?’}/ﬁpcm n?? gni‘e anm&ﬁléi%n:jascer%gmﬁ[ geneéorage

tamkseand /@erkisposal, (nof Sh@Wél Joperations the effective
pol ynerization 20 inhibiting amount is no |ess than

abOUtPfeﬂé@fédS pcﬁhb@d'dneﬁﬁspabfs thef tmseﬁubﬁt e@lecover an

fratanibie cREBERFEnvbich "EolHR0 el N8ed (L merent; of the .
am1yjmmrtrﬂat containbdbin |1hg aqueohm solutian,r m&e ymedesably
i cryl g}étr{:éﬂ tSEgﬁgu%cﬁgkogﬂgrégﬁgéé%@?{leﬁn "\g{% Rfdous

Smufl@ﬂatﬂ Iecafare ta&enanomwgaade pmd\uﬂange from
about 50 to about 1000 parts per mllion parts of

acrylonitrile t i AumeRSOFTHETNVENISONST ef erabl y,

effective anounts are in a range from about 75 to
about..750 rts on rts of acrylonitrile
e ohtiR otk Examplen” Wi A eI wiohdHaw s o ertain
e@eﬁdrembwdlnﬁmt\semf tlimlhkfﬁellﬁO disclosed Qomhtn@n 82 These
nat| Qnh col umm
SO, SO SN PR Do TS e scome

@fethﬁ menvel om‘emtwemyas oihere 8c brmlany tVaeiatides dwhich may

&%{%I onat | on %Thgf"f eﬂ@?aéﬁ%%agﬁﬁlgm Ong;};IPﬁ L8P the
156

TH(RIF1Qbnasithoge eofaslglli in @hwarizoadl asgegmze
PCT/ U82003/ 036060 - 21 condenser 9 0 where condensate
ﬁg;mselnmg acetonitrile is formed. A portion of the
ensed phase is transferred into of fractionation

T IF shiedl hofSAREH acion
1nh1b1tors A Hach 2100AN turbidimeter connected to a strip
chart was used to detect solution turbidity. The acrylonitrile
used was distilled 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 Procedure

Antioxidants were used as received from the supplier. 2,2-
Azo-bis-isobutyronitrile (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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5 transferred through conduit 96 into crude
acetonitrile storage tanks and/or disposal (not

W@ bawn3284Pr ef erred enbodi nents of the inventi oPCT/ESINE036060
an acrylonitrile product which contains at |east 90
percent of the acrylonitrijpe contained in the aqueous
solution, nore preferably 10 about 95 percent of the
acrylonltrlle contained in the aqueous solution is
subgentengd this mmbatere gr tode apr odlevate EXAMINESrOFUKHE while

Iﬁ%\(ﬁbﬁl} iRl | owi ng Exanples will serve to

ustrate certain specific enbodinents of the herein
di scl osed i nventi on. e nples shoul d not,
however, be construedﬁgﬁﬂnph¥t1ng he scope of the
novel invention as there are many- variations which
may Tﬂmsaadgammegodemaﬂmmatejamr tuisagof Nt hd - sg -ty 1 -

PRPHESH ?Héélﬁ%éf%?%eﬁ@é’r@zhegneﬁ@t&Aﬁf@%éﬁmwEeé?id

ceI | was used to screen polynerization inhibitors. A
21d0AN tur bi di meter connected to a stri p chart
was used to detect solution turbidity. The

acrylomiikire  ofses. 085 dlfly | bedadlylBhitieUshd Ao, 00241

consta at ure bat C|rc |ate t
oo A DBEI LG, Yoak Blaced 38 e 50 abs and. 00266
gh@mtse df elBNtweasrahehaaddedetsiaher ﬂﬂxﬁﬁ’@perﬂie&l mRiWHIeE ewas

d Ce |.P
hitfed AR C ST bEaRE, ECaBniterBic STfi pmrer of
tertridity mduusred afoey 228 minvtes Al B mekart netid r e AIBN to
ﬁgﬁACiﬁhdef GBas e 30 general method for testing

ol'ved preparing a m xture of freshly distilled
acrylonitrile, an inhibitor and Al BN and WO

plgs52842 PCT/ US2003/ 036060 - 22 subj ecting this
m xture to an elevated tenperature while nonitoring

t ur biBkaiypleEX aRps agptated Jﬁw fhed nfhlee sn GlARDRSI0 JFEAIBN

to JRFPY ] Iﬂubﬂﬁa Y s, 250,30 g, S U b e afer

150 minutes.
Example 3

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 is attached directly to a benzene ring, i.e., phenols, to
inhibit 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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A m xture of 18.94 grans of acrylonitrile and 0.0024.1
grans of DBPA inhibitor were placed in the hot tube

w@ee4058266 grans of AI BN was then added to tPEI/US2003/036060

m xture. The m xture was 10 heated to 65C and the
turbidity was nonitored. Thgpzanset of turbidity
occurred after 228 mnutes. The nolar ratio of AIBNto
DBPA i nhi bi tor was 15 Exanpl e 2 Exanple 1 was repeated
veasc aponitarad.t hEhgngnset roft tusbeditx Brcumsd: eftoBPA4 minutes.

}1f'éhh¥61%f’r 8‘%5 o?%IBrNEQOHﬂﬁBlt%“r iv‘éﬁblﬁ“ ty occurred

m nut es 1 was repeat ed

&ﬁﬁg&fatimﬁgdﬂﬁpl@@r rati o of AI BN to DBPA i nhi bi t or
29. The onset of turbidity occurred after 20 128

m nut(}nsm @mwaeanlcalzm ?a?wl/@m eaﬁé(g' heaeep t:oulmaartaa%l1 Y[e?]lar
} Ustra se 0 | C
r08 "R LB T dRnlBie T ok A ot an i, o SURAATE, Qirofged

afterap6 amhndtek.rect |y to a benzene ring, i.e., phenols,
to 25 inhibit polynerization. Conparative Exanple A
Qomparatrve &ixapsple7Cgrans of acrylonitrile and O 00232
grans_of hydroqui none_ (p-di hydroxybenzene, :
170. $ymparaiive| Bsaapie A meahsepeatad axeept ctban theamolar -

r&’ﬁo%ﬁ?’ll@@ té HRRIKIYOE vaﬁ@ 310 iR FhidtUbE tuﬂ_ﬁ‘l‘?hfzﬁl' Xddthfred
ated to 65C and the turbidity W 2004/ 05284

2HBRERB060 - 23 was nonitored. The onset of
turbidity occurred after 74 mnutes. The nolar ratio
of AllNgsto datdi bhidwr thas e tGmepdoavnget Exfinpirdity, over

. \ h
r%@% ?fo?gh}égpﬁgﬁgﬂﬁlaﬁ]ogﬂ\f%léﬁqﬁaﬁﬁﬂbﬁ’é‘fe@ﬁg% % 3td1 the use
obf Nt I¥f dids e badelr-phenyienedsanimeumss. Icdepdr &/Bvélmes
1ﬁ§@ﬂ)kﬁa§.u§;ﬁgpﬁy§%%ﬁlﬁ§@pl e A was repeated except

t the nola rati of AIBN to inhibitor was 31. The

onset of turbidity.occurifve Example D

A mixture of 19.26 grams of acrylonitrile and 0.00087
grams of hydroquinone and 0.00106 grams of DBPA inhibitor
were placed in the hot tube and 0.0500 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
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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10 after 20 m nutes. These data show that the time to
onset of turbity, over range for the nolar ratio of

WO\LBMN052842 nhi bitor of 15 to 30, the use of PCT/US2003/036060

N, N - di - sec- butyl - p- phenyl enedi anmine was 3 to 4 2/3
times [longer than using hyd24qui none. 15 Conparative
Exanple D A mi xture of 19.26 grans of acrylonitrile

0. 00087 ams of hydroqui none and 0.00106 grans _
31[5 Ylahi bﬂl% Anolgsr eatyp %AIBN thénhidvteupeasadd. Acetic

QcbQhngbrmusedl M BNeWpyotdaN toaddke ol Hhﬁngi EﬂiEr‘é‘xample
The m xture s heated'to .5C and the turpidity was
%W?BF%&FC%\Q@* ns¥etiGr 3Gidpidpesy Bt @ ¥ersgly edmpagt  the
perfornantaeoNBRAahitsitof. AlBN to inhibitor was 24.

This conparative exanple shows that using a

conbi nation of hydroqui - di hydr oxybenzene) and
the AIBN i nhi bitor of t%g{%%ﬂlg/%n i on

(N, N -di -sec-butyl - p- phenyl enedi am ne) decreased 25

the tAramistuggsedf d@.gﬂrkgram& oofbaenyloniteilef arte 0iG@244

eshm@ OFBYBPAl RIfibiferadRE 0% A 56 X M;ESO eryift HddBwere
A 00 o g ol et ol B ore.
b dhe dmii xiturbe m‘ﬁb m@hmmndvd%. Bé&?ec?rt@I‘@SqU aﬁg?ﬂggﬂtﬁgbidity
t X re. e, M, x.L,uUre was
g%%naﬁg)%?ﬂ)géat ur mﬁ t @Hﬁgts ﬂEnF‘l"iprlélél{y Tf?é;cl'}ﬁrseéi gfter 129
minpites-t y Thecmaled zaticer of WA BN 400 siplgidiit or vgas 28.  Acrylic
B&H U32@030 t that 30 WeWieRtucEle IR artlgfsatéfadmple
AR ks ot 5 o kit e

gerforsham¢eoft DBPAdshitdt@ci d does not adversely .
I npact the performance of DBPA inhibitor. 5 Exanple 5

A mxture of 19.09 grans _qf a lonjtrile and 0.00244
grams of DBPA i nhi bGP Hveo%ggieg nms of acrylic
acid were placed in the hot tube and 0.0515 grans of
Al BN WAss t¢empadaigsie texanmplani st woeilllibigatd xthe euv@sof an

eRhe" TR, RN DY (ISR Sl .
iphenylamine, 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 mixture. The
mixture was heated to 65°C and the turbidity was monitored.
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m nutes. The nolar ratio of AIBN to inhibitor was 28.
Acrylic acid is a co-product that can be produced and

Wo biog/ossanpl e  denonstrates that acrylic acid POBEES1008/036060

adversely inpact the performance of DBPA inhibitor.
15 Conparative Exanple E Thixg conparative exanple is
toillustrate the use of an™"am ne conpound which has
two benzene rings, i.e., diphenylanine, to inhibit

fbkyoredtzef t@fbld@tygio@dm'o &Ijred)faﬁ@r- 91? rdrﬁﬁlﬁllf@s.lof'l"he m(()ll\a}lrpratio
r : grams o i phenyl am ne :
ég%ﬂ%ﬁt%pﬁ%ﬁgg&{a? ‘he hot tube and 0.0363 grans
a@ﬁ was then added to the mi xture. The m xture
atedto 65C and the turbidity was nDnltored

Th j di f 8

ol ar SR 5 AR, [ep Rl rep&‘a‘stﬁéb B (6 of
élﬁ»ﬂ?bt%gnhﬂat@; 26asTHe s Ehe vt aof Verbidanpl eacvared tafter 14
hlinuwségate the very poor results obtained in

conpar abl e use of conpounds which are derivatives of

hyd t hi bi t t Ex A .

m xt uF B ol0 PREPGRSAs S Hhbr g iSHen | 118 vENGCH: o0 feactional
distdtatnen'of isNdefitiest hyd hy dmetibdritoe sepaeate a@eﬁuxmre of -
% Ijﬁ?t Jdi?ﬁle Q%ﬁlgpgﬁ?%s §?B\Ag§ffﬁ£%tﬁ]\ld%§n%en ag{j ed Jhe
truxbmm iy diatillednat cthedlowvzstzbozﬂmgmm and the dlStlllate
ﬁCH)H@@%?’/aQ?’@H@OfmC%%n Tﬁﬁuortﬁst té’ﬁlﬁéifa*fh{dé t L¥f the vapor

ASH HHOH Mihdhat S mBOEHSMpl &1 VeROT ebpiagedistilled
h%&epham%@d t thés melap tbrr gkh@gﬂécte@l AhBS'at ?dp@hht& t gfaction.
&N ur pil al urrea_a
nstionkt Ry Rotienetloat tpatafi pEECREk b i spgoessive
stagas;t eachlstagl steim dwinig rﬁ*omsthteﬁnne:urasscanerepmbntmn of
t t
%*????eﬁ?@bﬁﬁb%&@g a3 >4 Shifilaion > cUORERENiRdRated
at etfﬁ@Sﬁow@@lurnnu MSngeﬁ@ledt asafl epparptassi (usgde widely for
€OnIiRGHARS fparBeion’ FHAEA YRaddodshert RFRRT)ALBhEp SHedtiCby

vagor -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
in 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
1s 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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rises showi ng that the conposition of the vapor being
distilled has changed: this vapor is collected as a

waeepansase2 fracti on.  "Fractionation"” is defi neRICEHES2003/036060

separation of a mxture in successive 15 stages, each
stage renoving fromthe mxpgre sone proportion of
one of the substances as by distillation. Unless
i ndi cated . ot herwi se, "colum" is defined as an

ik igseldimedelsy for continuous separation of
fluid (gaseous or |iquid) conponents by vapor-Iliquid

fractj onataon. préfedor flie Puapegastffinghe ﬂ[esﬁlﬂsaturated
i nvent| olﬁt dom nantl@&wﬂ_ts def i ned as nore than
IRHRME Q’Vlﬁé BEQfgESS™ BfSially" is defined as
occur reagting t lat siddst cioaot feedqeentyownd bser@tedesfemlh the

0B ot d8hEopaf M 3roBaRE LbRBRYIAS Coissbutang, and

ispbutynhenvhemath hans oivie quaadeya osopraspoof | droxygensunh the
ﬁﬂ&%@ggﬁ't %{”Qt g&éa?grt ia:??ﬁgi;&' 3ol %rQHﬁCEO LG eat8H defTuent
cqfgunngaths,’ cqrgemndi@@ y@sawﬂt@ﬂe nyoram@pﬂet hat

smal Itraﬁgfeﬁiﬁ&hewmohaemmmeaﬁtélhmg ahReghisai bl fred ©
alities and fin out cone are

RERGRLTRE, 1oy i QUPRG(AD S PAtRIL ST RssHb e reactor

@fhimiteeoﬂmrﬁntgeehe puaseniradednthdnmutiiéses ecivacead with
el el I . CO C

AIGE A bnAukButnobEapf o3l 3hE, FER R cFAGEE and

tch@treafhenedhsoccmlyeﬂiuenhelsscopmatedt rwatlappénkmst a second

éﬁﬂ CcL{i%I sYiQa%QOﬂ{ QEZ%QOIPp@I%ﬁJS@&%{IQ%O@Q areft@ anarhﬁécover

s clai,nme il cess for acturin
HH%NI@&?@deHmHHﬂ & |1¥1e£m%lﬁoyﬁoé 1B pr i ses
reacttlrmgsﬁrrhe@st thee fagdeoospoussiusi@nect edntdidimghe the

Cr R DM | B aRE VB g5 frd gt Section
whory gue iumsater atedesaooendtrile datrmicpsteradr andt purifoed in
eﬁr qdige 2 H ?91“ Hfstﬁfléﬂlgﬁmcolﬁﬁﬁf a'aﬂpngat E@cox%d dlStlHatIOH

correspondi unsa ed nononi t trans
Q@@mﬂea%lidr effl uent containi ng the unsaturated 10

:nggrihh[ﬂﬂa‘?nﬁfg Ay HUER CHA@RTORRIreobfsafe | dAstifatIor Ttdlhfns
an_ etfective polymerization inhibiting amount of at least one

phenylenediamine compound represented by the formula:

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 about 2
to about 10 carbon atoms with the proviso that neither R; nor R,

is a phenyl group.

2. The process according to claim 1 wherein the effective
polymerization inhibiting amount is no less than about 5 parts
per million parts of unsaturated mononitrile present in the
aqueous solution.
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ef fl uent containing the unsaturated nononitrile is

contacted with at least a first aqueous streamto
w@omk/0518¢2 r eact or effluent, and thereafter theCTU81003/036060

effluent is contacted with at |east a second aqueous

streamin an absorption col @M-to separate and recover

15 the unsaturated nononitrile in an agueous sol ution;

transferri ng t he aqueous sol ution containing the
unsat¥r at ebDProPEALETS | 8CEQrdang ecléy elaimnd 2puwibiche atfiugpher

SoapriRes WlRikihbe HNeqiid a§@scRoneni thel | $héfylenediamine
recovergd anﬁ purified in at.|east a.f.irst
c

CRIBPOLNG: (WD BRUAAUGANS SN CAndpining: ithe wisaturated
monomtrikndyhidbntisi béing widiferpe@ fitomehie kst Hstillation
di SH}JPl ation col un(‘gs <@ gffect ve pol ymeri zation

(f(HH t4THY CAndYrit fdlﬁrll RERL: €8 lémnphenyl enedi am ne
compound represented by the formula: HH 25 > N -- Ph
-- N4 RL %e viteces Ricciosdimgohday| eaamgr dupwhendiiRl the

RaditaRdf, MORCAITHC iy ikl GiEHe 9 mactfldtiftile. and
tbsr Beed atemponndh ishe ¢riaesRendig alkafimeselreiadorfrpm the
SOuips canbieiy ofprePylene TaR] H58BASHIedecording to -
claim1 wherein the effective polynerization
inhibitin mount i s no | ess than abouyt arts, per .
1] b pobBE TPeakS AGerfie wBadanty i whetell fhel Breanic
mﬁeetI@aqLﬁpw@ds&iptar@nmmj)@mmﬁ)mgmup consisting of ethyl,
S2 /103 2 T oc ac i n 0
Igrlgﬂly#ﬁ ZB%ICh ur %Erﬁ'eg:( %prﬁ%%@qadﬁééflngﬁgﬁﬂ qﬁPg decyl
yrughé and thranshedy chaiyihydriesarbonpguadpsi t h an
aqueous sol ution containing the unsaturated

nonord t i I'Ehevhipgid cleSs Peick@rdimdnster r@dihnt @ t YdekbfiSt the

IgrlbéFstlllatl.on. col um and/ or "second dlsftlllatlon ..
ypenediamige, comuaunds e MM BeL Hird BroHBr epRsisting

afhi, Ntwdialkarlap gsh emylen ddibhe nies caeiiybendsril e or

met hacrylonitrile, and the feed conpound is a

correspondy fin sel fr t he.. groeup .
consiez'tindhge? %Igﬁéﬁeneacgﬁg&ﬁ%bggyl‘gﬁgn P"Pwherein  the
unsaturated mononitrile is acrylonitrile, and the feed compounds
are members of a group consisting of propane and propylene.

8. The process according to claim 7 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-phenylenediamine, and
N,N’-di-tert-butyl-p-phenylenediamine.

9. The process according to claim 8 wherein the
compound is N,N’-di-sec-butyl-p-phenylenediamine.

10. A process for recovery of valuable nitrogen-
containing organic compounds formed by catalytic ammoxidation
of propane, propylene or isobutylene with ammonia and a
gaseous source of dioxygen which process comprises:
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10 5. The process according to claim1 wherein the
organic noieties R and R2 are nenbers of a group

weongiosasieng of ethyl, propyl, butyl, phenyl, PErRYE2003/036060

heptyl, octyl nonyl and decyl straight and
br anched- chai n hydrocar bon- @&ups. 6. The process
according to claim1l wherein the 15 phenyl enedi am ne

compounds. .are nenbers of a group consi sting of o

N, N - BROYIRIRE o aBnaAyeehsasalitiel c SRERIRISE AcTylenitrile or
prevhassy lancwiid, nghydregen m dy amieeei antheotheisabegaiied co-
monen trile is acrylonitrile, and the feed conpounds

B ll]ﬁatr?be.rs of a group consisting of propane and

pr opyfractionading t%lee queeess sadutiodi rag by distillaion in at

PaMAEf & ﬁr§thﬁ1u19f1§f%éee(')l§ﬂkﬁﬁ WndC ABOLHE ALFti "RIBE" Eoflimn;

roup consistin
aj¢- sec- propyl - p- phenyl enedi ami ne, N, N
N di - Sm@ibtdigh%gil-wﬂ'h@xﬂyﬂh%r@dhgﬁh@_ean effe%tivcla\l ]i)\rolymerization
N, N -di -i sobutyl - p- nyl enedi ani ne, a ,
ptbifhg SR, of AT cBRE b EoutE TepliSpptassby the
formouldicng to claim8 wherein the conpound is o

N, N -di - sec- butﬁ/- p- phenyl enedi am ne. _10. A process
for recovery oflwal uabl e nitrogen- cdit ai ni ng organic

conmpounds formed by gatal E]itg_ awmgdati on of
propane, propylene or 'iso yl ene with ammoni a and a
30 gaseous sourBg of di oxygen whi ch fgcess conpri ses:
WD 2004/ 052842 PCT/ US2003/ 036060 - 28 providing an

wheseus Bolisaiprerylemei growp aandl Byi and | B,care the same or
rylopitrile dro [.de .Qt her _organi ¢

ARTORH B b 1 arBdRLoRRE HERECoRNE Ry BBl 2Dy 2

i@ about 0 earbon atons maghtthe preowisonthati neithge Bolnom R,

; 0 Iti-stage colum; and naintaining

1\?\& IQ;%r? S’Eeé]lgoc}{ﬁjjrms an effective polynerization

i nhibiting amount of at | east one conpound represented

by the formula: 10 HH > N-- Ph -- N< R R2

11. The process according to claim 10 wherein the
effective polymerization inhibiting amount is in a range upward
from about 50 to about 1000 parts per million parts of
unsaturated mononitrile present in the aqueous solution.

12. The process according to claim 11 wherein the organic
moieties R; and R, are members of a group consisting of ethyl,
propyl, butyl, phenyl, hexyl, heptyl, octyl nonyl and decyl
straight and branched-chain hydrocarbon groups.

13. The process according to claim 10 wherein the
phenylenediamine compounds are members of a group consisting
of N,N’-dialkyl-p-phenylenediamine compounds.

14. The process according to claim 13 wherein the
unsaturated mononitrile is acrylonitrile, and the feed compounds
are members of a group consisting of propane and propylene.

15. The process according to claim 14 wherein the
phenylenediamine compounds are members of a group consisting
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wherein Ph is a phenylene group, and Rl and R2 are the
sane or different and are hydroxyl free organic

WOoRi0e5832 havi ng about 2 15 to about 10 car bonPEI/ORR03/036060

with the proviso that neither R nor R2 is a phenyl
group. 11. The process accopd ng to claim 10 wherein
the effective polynerization inhibiting anmount is in
a_ range upward 20 from about 50 to about 1000 parts
olr NolN’ rdioAe ppropybip - phenstlengdeaminaoniN N 1-di ressbatyl-p-
' ol uginond;k _BL gﬁié}f&g to
ﬁ%@?ﬁlﬁkg@gﬁgﬁ thqg’}grdéﬁigopﬁﬁi ‘gt}l?gs l an %g&ﬁ%r’e and
i Teit- Bl onpp bRkl SRedigmBinet hyl . propyl |
butyl, phenyl, hexyl, heptyl, octyl nonyl and decyl
25 stl@j ghThaanIbC_asmhemcoli'@i!nrg hyelr an_bonléﬁr ouipsreid 3. the
e ofydi [ erein the
CABRBRARCE NTF st fal 2 IR Y, o
consisting of N N -dialkyl-p-phenyl enedi am ne )
conpolihds . A14Praeasspr dobs sTegueidli ndlt o velwalbe13 nitrogen-
dramingt Recadl CORE) AL L IFoFRIAD! r?f'da‘%allyftic ar%moxidfation ,
r¥lo trirte, and t efee.ﬁorrpou ds are nenpers o 3
o YR etsn 8P4y PRPEADaME pith &kan REpPNEna. Zassousheource -
(ﬁf{}dﬁﬁ@%’ I @pgvﬂ[i@hngrd&s@@%ﬂipl‘ﬂse‘she:rgi n. t?e
phenyl enedi am ne conpounds are.nenbers of .a grou .
Cone  HOVIgHTD Hoerassane  seiBBocTREpERe Sy Ignitrile,
hy dt o geti -seycalmidepylanml-lphﬁhy:_fen@d'gamﬁcne,cd\lphibducts of an
= di - - D nyl en .
ROty L oPachBRL of S olIR e 2nddor  Rpopane  with
argmenia apdt §ISasephersousneddfadiony gers. The process
aceorfihBohflifia tib1hgiedna! Bokiton © a8 OWPOUSHilRtion in a
N ?I'.-dl -sec-f)u Xl éé)[ﬁ)g)&en Iegeglbg{gipe. g. . A process, .

Yty geggerglgnny e 188n{EACHONY CHBBHSHIE a
majmoialradsuﬁprdfedld))adryl(&hiﬁiltlﬁ amhyi dguieons Sdlution and a
. .or. pr . monj a and a_.gasequs
IBE6 DOIFRE  AACHSD, BRRRRTSY, onBULP Custid Br 5" Wirogen

@ranitidi wgthh agyeevss seluitian; oandonpr i si ng .
acryl @Ridtainfe WHAILIRR CoRhAe ANLrRIGRTe PeHmErization
.C -.lgro ucts of” an . ampxi dati on reacfion of ‘propylene
BRSNS @ twiafhat deashi entarihen Ykedwsliamiggr ceompound
&peygrted by the formula:

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 about 2
to about 10 carbon atoms with the proviso that neither R; nor R,

1s a phenyl group.

18. The process according to claim 17 wherein the organic
moieties R; and R, are members of a group consisting of ethyl,
propyl, butyl, phenyl, hexyl, heptyl, octyl nonyl and decyl
straight and branched-chain hydrocarbon groups.
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. fractionating the aqueous solution as by
distillationin a 15 nulti-stage colum to obtain a

whe@h/okasisl i ng fraction conprising a nmajor anoREI/USE003/036060

the acrylonitrile in the aqueous solution and a |ow
boi l'ing fraction conprisi ng X0 maj or anount of the
hydrogen cyanide in the aqueous solutlon and

t thin th | ff
gg:; |9|m22 P\é\ﬁn r'ﬂ?:esﬁléqoqq%%ggﬂﬂgm 8¥mat17eaV¥beB‘?fé1 the

phenyl enediizanime compounds amprnesmiterd bf at rovdprevtsasting
“ﬁ yﬁene SeSrona ey e o plipg, " SN i Sec-butyl-p-
p henylenedigming, e HYdNoxditisbbutylopgphenyhenediassine, and
RN ngi-3BAUbY ]PQgﬁQ%yqeﬂQd@ﬁlpﬁ)@ atoms with the

provi so t hat nor I's a phenyl group. 18.
cess,according to clgim17 wherein e oyganic

Th
BOengirzgtie hey RIQSERS ACCORAMLer $00fC ?am& giguﬁ*’ erein  the

congiairidds Qﬂ,l\é’t-ﬂiflsec-bugﬂy‘b ~phehy lenéﬁﬁmine hexyl,
heptyl, octyl nonyl and cyI stral ght and

branc ocC 2004/ 052842
PCT/ ugioos%o @6%‘9& gor ot %lyoce a ‘d?gf%g Ryrogen:
confamuE wrgania qdmpophdsuyfmmehl aby ncmtabrtp@ tamsn exelation

HFrﬁ?%ggl&ﬁe aoxgb‘l’HgﬁﬁQn%ﬁ{ 8ﬁlaN'<%}fﬂ a gaseous source of

enyl enedi am ne
dH?XY%l Mhly - PLOGSS8 nGPBPSEN&SiTi ne,
rowﬁ@i@gltwh W's@h@ﬁbﬁ%@ﬁh rf’sﬂﬂg %crylomtrlle and

tert-but henyl enedi am ne he process
g@%b&ﬂ“ﬁ St QrEay %{rﬁ@@%ﬂq pn the corrpound i's
N, N - fiactienabingy | the- maredusnestilatione.as2 by Adptidkasm in a

Sy s 0848 ) ORI b G A o

% i c®annox|
ybeHeng, fraciiome WfflﬁﬂéMnl%Ssﬁﬁﬂlaélyga@é]ouﬁl%omr(g@nlc

%mpblﬁf@égﬁﬁlmi‘g HbdVeO e Bt CHHP’C Sa‘i‘§1dé%h‘a R stream
ueous sol ution E?n'prl Si ng acr% 0 trQ;J

Fﬁ) TN A 168ga REBLINRS : wer nﬁ@li gnitsde, and a
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maintaining within the columin an effective polymerization
inhibiting amount of at least one compound represented by the
formula:

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 about 2
to about 10 carbon atoms with the proviso that neither R; nor R,

is a phenyl group.

22.  The process according to claim 21 wherein the organic
moieties R; and R, are members of a group consisting of ethyl,
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multi-stage column to obtam a hlgh boiling fractlon 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 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 <
R, R,

wherein Ph is a phenylene group, and R; and R, are the same or

different and are hydroxyl free organic moieties having about 2
to about 10 carbon atoms with the proviso that neither Ry nor R,

is a phenyl group.
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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 <
Ry R,

wherein Ph is a phenylene group, and R; and R, are the same or

different and are hydroxyl free organic moieties having about 2
to about 10 carbon atoms with the proviso that neither Rj nor R,

1s a phenyl group.

29 The process according to claim 28 wherein the
phenylenediamine compounds are members of a group consisting
of N,N’-di-sec-propyl-p-phenylenediamine, N,N’-di-sec-butyl-p-
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