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PROCESS FOR MAKI NG CAPROLACTAM FI ELD OF THE | NVENTI ON
The present invention relates to the field of
w@e@daesron of |actanms fromamnonitriles, andP@TUS2006/009232
particular to the production of e-caprolactamby the
vapor phase hydrol
6- am nocapr darQeEba FORNMAIEN (S ARRGLACITRMENT| ON
e-Caprolactamis a precursor for the preparation of
Nyl on-6. Nylon-6 was first made in 1899 by heating

6- anm nohexanoi ¢ aEBIHLD ONTRE INSENTIOM S bl e synt hesi s

of | on-6 f.rom.e-caprol act di scove

SohiTheRresentihveRaSn FAREE I o Jeld o 2rodiotion ot Feumt ity
anARUPS TR B YoaR R 2 o HRGrYRIctish 8f ScsHBlaLlaRL ﬁ?agae'

producgd froﬁ%cyc [ oh %xaﬁgnecéxrne S%ﬁ ?he €%¥rpmme
hydwiyticaygiézation of Sremissaptdnitgleat eri al for cycl ohexanone

can be cycl ohexane, phenol, or benzene. Through a

series of reductions and/or oxidations, cyclohexanone

is formed. TheaA@KGROWSDIGETHERNVELTIHND a

hydroxyl am ne salt, usualTy the sulfate, to formthe
oxi meCapnelactamos i pracysbf foréhe ﬁhmr@ti(dm Nglon-éaNymgeeas first
onc ated .sulfuric acid, a he resyl ting.|actam
w1 S SRRg Crabfiprroah oGl (oRORELY FeroRls Spthest of
NyBor£8 Blof] 264351813 @Qéﬂdlgéo%f&i b?mpsmom{tfr at EFarbenindustrie
Subsequent 'y, pure e-caprolactamis obtained through

in k9 Cotrenthe r@lalﬂl@?(lf@ﬁe]éﬂ%‘ypgfﬁhﬁ “@ahdus(ﬁrpa@r@ggam Treroduced

d
e T e he
foradyiclohetdnsge ot o cidheparedpigdnod br Béneag rmir@cghaer@ema%f 6-
nocapronifrile as a precursor. U S. Patent
recglc‘g@@ ayg/pr @@daﬁonsquighgxa@@e@ frsmed. khedatteran g)en réacted with

alf Hﬁ)‘i RRfte &t h&fé'llg't Gid TR f&ﬂﬁytg q{rf%%ﬁ'aﬁgn&ﬁ%%ﬂﬁate.
am noni tri and wat er si's an
The omnmﬁrnsecmralng@d mnoﬂlommtadmulfpno aadplandatha’: chsyltinp éavtam sulfate
mnortrrlers reacte in_ aqueoys. sol uti on.,

sal{i5 FRRT el 6f QU AP, a0 ispBe Gmypgiium

suledtB R Shuertiie pafd 104prdlakthM i BetaRl %o@é@nﬁfﬁéﬁﬁ@ée@ﬁﬁu@ﬁ
this reaction tenperature for not nore than 1 hour.

and pherification isteps. |Hle;wet@trmb¢e,%s saxteypelycapitaliniepsivogeh

geli?lcﬂlteé ﬁgge@%%ﬁtl Pat No 2,357,484 (E. | . Du Pont de

es%/wa& Scl oses a vapor-phase catal ytic

pr ogessoh@hichllE pidatiie: Miethud 8f¥ﬁoﬂh@ﬂm&mcd§@1ééﬂm3ﬁ$é§ i6ng
passi ng, a vaporized m xture Q er and an aliphatic

amgpﬁcﬁgﬁmltm]'qaé 2 PERFHESRI-rTY g Pafent Ny % 301,964 (E. I. Du Pont de

Nemours & Company) discloses a liquid-phase method of producing lactams from

aminonitriles and water. Hydrolysis and concurrent lactam formation proceed rapidly -
when aminonitrile is reacted in a weak aqueous solution. Temperatures of from about
200°C to about 375°C are employed. The aminonitrile and water are maintained at this
reaction temperature for not more than 1 hour. The reaction is preferably catalyzed
with hydrogen sulfide.

U.S. Patent No. 2,357,484 (E. . Du Pont de Nemours & Company) discloses
a vapor-phase catalytic process for preparing N-substituted amides comprising
passing a vaporized mixture of water and an aliphatic aminonitrile, containing at least

one aminonitrile moiety, over a dehydration-type catalyst at a temperature of
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one amnonitrile noiety, over a dehydration-type
catal yst at a tenperature oftypically fromabout 150 C

w0 oooaheist1 500 C for not nore than 1 m nute. VWRGI/EHR2006/009232

open-chain aliphatic amnonitrile is used, in which
the amno and nitrile groups are separated by at | east

tynieadlydzamh ebowléf¥° torebebhl Q%Eéarant anqze then, 1 minate
ob al.
ORI 2t BmpTHAT st S P Dlinis st i PR
selfaraeal BPaslessd b bm’ben bfoni3dn tottifudns rdlaionathe diEduct obtained is
-caprolactamin particular, in the vapor phase using
a %ﬁé‘l‘r&{ oxi de catal ysts. The use of a si ngle bed or a
sin Y, f
reagjtIr gnltbagglot?tql Egk?tg 1'()'P3EA§ )’Sirs een ?ﬂg@?ﬂiz‘éh&?op
amAwitehifrilesn éanodapmm& mfpaftrwlam,rto r]zmtansr eaapiobartam in
chapbers, such as a nultitubular react has hee
pa@w&&éé%lé@a Vaeoaohasavaﬁg mgtpl og1dseatabysts. @"ﬁﬁ BEf of)2 single bed or a
s1r%'leﬁ§éd%ﬁﬁe@m@@§&g 18k Mﬂ 'dﬁ&l'tlgﬁ' oPifeaEt%% %& ﬁﬁ:[’@g%e Ha8'Bken
am nocaproni tri Shd Vet er y vapor
dislcyxsle@IAddﬂmonauyJ the asd mﬁnnefom indawevezictign q:ham‘tfersc amthm aof

t he. caprol ac by distil]Jation. In order to prevent
IB?‘HH?’?B%C@? %@%\%ﬂgg S&‘?dri ng the distillation step in
t he (Bt BAcht N6, %9‘2‘16 ‘{Rh@cﬁa)ﬁﬁ@c%de@ﬁ niE‘thod of production of
6-am nocapronitrile and water i s cool ed down to a

Oaprelap@mafrgmé -einoerprbuitrile 260 @atendy Vaporrrélaefs@akqutlk ept
cyelrkg’?&? rfgﬂg ¢L a)Q %1%1 agoﬁ 8? Jchsétcaprogac an%BBt Blsﬁﬁgt on ?n ?rﬁigr to

rage I'n g C0S

préveacRSBatid ofdligbtherd digingfths gistid@tictesdpria fhembhob e paoduct
pr ocess of produci ng caprol actam from

of graghemetapracepPREriieniat inepdebiqewyton tepsraiye below

B 0] 6 S e B REGd HERL s n

staragetiacreases bapptal indopeasting- aoamfcthapxtoaeas are produced
accqr di o he in ntlon t he

cycl t waro OT&rh }TilblP [ Ve|arprB fg}g}%apcmg caprolactam

frdtn Mrﬁﬁ?&%ﬁfo‘ﬂi’chler ihlvhicl Ao E&in gfb? Qforz@%%?eqhﬁe@b%% ality
of successive adiabatic fixed bed reaction zones

disfiletien. Thetprésenignventioo prévadesshich hprdeesst of the.
exotherm c reaction is renoved between each of the
successi ve reaction zones. Conducting the reaction in
such a manner rgUMNARY EFSTHBINVENTION t he reactors.
It has al so been found that the product exitin g( such a
r eadaPGMSsPaEiAUEE §- %arQ!@Crt?ée,twpf@@choaCﬁor@mﬁo henvepiion
I
by 5% b B kool B fabnfbOA ih BB GO Bbronitnle in the
vapasregdnase ing puratippefaueaksine biabdtie ibgedlbeﬂ ydzalcnon: y@ies ndictedmat

trif h h aid
leeﬁ} %B%tglg]ng ‘Eha %'égtnéf tﬁé exeot er}mtic %aé’t?o%ol'é T mgvse% between each of the

successive reaction zones. Conducting the reaction in such a manner requires less
capital for the reactors. It has also been found that the product exiting such a reaction
system can be directly fed to a distillation unit without the need of additional cooling
or storing. The invention is, therefore, a process for preparing € -caprolactam by the
hydrolytic cyclization of 6-aminocapronitrile in the vapor phase, said process
comprising contacting a superheated mixture of 6-aminocapronitrile vapor and steam

with a catalyst in a plurality of successive adiabatic reaction zones, wherein the
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conprising contacting a superheated m xture of
6-am nocapronitrile vapor and steamw th a catalyst in

w@2@baemri ty of successive adiabatic reacti on RONES2006/009232

wher ei n thesuperhegt ed vagipor m xture is_f
superhegtedyapet meHUEAh IR 2 1]

) I . L ,
cof RpL SHPSREAR £ ARARR iy RIPRHSALA FOE i A an
inteealidtoreapti@dprotiudtss reemyeé frofiy each ecaction serst ity to thedinal

prior to the fipal reaction zgne, .cooled and then fed
redfipbeonocolsd idier FatpoREnodRereuER gt aRD Sohibiiie oS
caBRERLAEERTE ERRN bhgioh pRgtuct BRGkiRAioRr oduct by
distillation. DETAI LED DESCRI PTI ON OF THE 1 NVENTI ON
The present invention involves the preparation and
separation of a lactam by the reaction of an aliphatic
amnonitrile with water in the presence of a solid
aci d cat alPETAILE®R DHICRIRTIONDF T8IH INVENTIGNI ng t he
general formula (I): i n whi.ch '

! (1): NC-R NH2 (1) [S.an ‘
al kyiihe paesgrigupeniayimgpleesithe Rrepaatien dicpasation ppa lactam by

th@fe%tﬁfnr%caﬂﬁﬂﬁ . iﬁ%%%ﬂlgz W{%awét%l)in'tﬁe resence of a solid acid

6-am nocapronitrile : ich pr od%ces e-

catabyst, thepad tphmti¢ GRInonittilechapnigythe géreed! ifomudd (vhi ch | eads
to the synthesis of Nylon-6. In a systemthat is one
enbodi ment of the present invention a stream of 6-

am nocapronitrile (ACNNand_& stygam of water are
introduced into a mxer. The nolar ratio of ACNto

water is preferably nmaintained in the range of about 1
in tvhich(R isTdreallg@bhesgroepbaing 3 co b2 airhombiouts. The prefd@®d ppm

tetrahydr oazepine (THA) and.about to.Iwt % di mer of
CORERIR b RER LD S PA R SN SNBSS B 1
e O B el R Ao B HOHAERs LU B C B v ton-6.
ni t Mogeystpmi that sent emdpdignendof the prasgmtrinvenition @iskeam of 6-
i.ntimately mxes the ACN stream and ter.stream
aniporaprori e A e St oSl ifd BERTedbe A
méhdatib &£ AICNEINy BHis\Wad FBfablySmBih @ thyrah oMbt 1 &NT0.

then is introduced into a vaporizer. Heat is supplied
ThecA @M steam ecantrona@Nigat 8fo HPGO nnve tetighyrirerspicd THfpsnd

m re. of t ' ' :
oo uh G0 OSSP GGk AL BP0 s B

1essshaago.a|m&% c}igdm%@dtmggg Whi&hfcleﬂi bé h¢dod1p$il§1®d§1 tasblanketing the
nmat eri al sol d by Dow Chenical Conpany under .the .
AeNA9d Wi WIithoRETREsIRIOr o fepdngdo theopies dRpRIFT ipimately

mitE&he AR sRENL %vﬁ i@%ﬁﬁ‘ ?tﬁ@a&nmk)ﬁd‘ﬂfc SnikcSr, ki RAUEEHxBRhRR

superheater 1n e ACN steam vapor m xture is
cahbeubel Aedkimed 60AENtadpestatis podiuced byethe anger afl théyoigt

in%c%c%c):gd gn(%o g?fgggrizség Oﬁeattt(%s Eurp% 1% ?o \?aap%nge {hre]: %&aéﬁpwartrérxrlt'lllil{rfuelre to
produce a vapor mixture of ACN and steam. Electrical heating, process to process
heat transfer, steam or a hot oil system, using a suitable heat transfer fluid such as a
material sold by Dow Chemical Company under the trademark “Dowtherm-A,” can
be used to supply the heat. The ACN/steam vapor mixture is introduced into a
superheater in which the ACN/steam vapor mixture is further heated to a temperature
in the range of about 220°C to about 300°C to produce a superheated mixture of

ACN/steam vapor. Electrical heating, process to process heat transfer, high-pressure

3.

agtiqnzope epd,a %9@3@%%0% product

Q)



10

15

20

25

30

ACN/ st eam vapor. Electrical heating, process to
process heat transfer, high-pressuresteamor a hot oil
WGEI®hams7uUSi ng a suitable heat transfer fluid BCOSHS6/609232
material sold by Dow Chem cal Conpany under the
trademark "Dowtherm A,/ " can be used to supply heat to
steameorsulpe ol egdten, usiigea suifableHeat wahsAkCusd swmas amenizé sold by

th i ntyaduced i nto.the . first,. r,al i
Dy B Coimtpe Lk ik “ThireBebellc iantlafig o supply
he#Qb ehLRPbReMSr. @ catal yst. For purposes of illustration
only and not to be limting, a system may conprise

fi vahesyperhentes4Chestenm saner icthew mirodaeedzipiecthe first of a
phﬁRl%g | fel S«{%ﬁLsYxae  diddl 1£ rdaGBGH LS. Zﬁ&% %e%ct 0% %18' cbRagkLon

reaction zone, .eaction zone,

catandt aFdrlp"tlQioséﬁ@lelumtlbﬂ oaly 2Ad nbew wslirhitng( Qéysmrm amy
g éﬁ or nore reactlon zones can be use d
CO@@%@ Y6 tscheP?éVq Hljabatie sractigmgoneg APl Do Bt Baption

zoRE, 2 ts@@orﬁﬁ@?ctﬁgégn‘% o third FSEEH dzc?x!fez§fou'rthereacg1|3? fz@HPéHE a fhal

cat al yst can e sane or erent er ent
reactiae zomwn Aofessas tivo (2) arasfmeanyed tare(l9) onmotdreactionimohendan be

catal yst jn each rea on zone incre t hr ou
usfiuiie o T RE e Stragct o ANt SR SRR of
dife@bRl ¥Rt i.é. Qh'é‘é{nblﬁltbk‘ @atallygtsctan He RS daBie AMerdRGnidi erent

| argest amount of catalyst found in the final reaction

regetipe ZomRse I @ graférond veovies thmm@mt of caialysidnzaeh wactiorrene

ones . shoul d.be wel uatdtom
ing S5 IR RSN it sl o bR SR i PR Rt
fourRitpeliefitet fasitsANs an the- largb AT OO @S y<t Bourilas Wiefinal
tenperature at different |ocations inside the reaction

reagtjpie oneT hhed 8Rc4ion gongsInpy ke efraaly djaracteio| The raegtign zones should
be %ﬁeﬁﬁh.ﬁﬁﬁted ROl S BEE d:ﬁ% Andendd 195 %e ggﬁ?g{: 3 n| c

ave protons or coor y unsat ur at
teraeandteressensors, ey, y themidcavgled Cahedsysd tsmpératirg andi€ferent locations

inqifk SAGReR BRI SR PUAVICIE PLIRERY 5 2044513 BB on ¢ he

abo@1igakids hid dMineS R thesrhhrisa ol h&&épfafo%s B eadlidately
classified into two categories, nanely Brnsted Acids

un&ﬁ@raLedwE@o?@ cefgers vtﬁéhdlmﬁézpe {Grtalysis of @@gmneRaaqmom on,
sufeste pegnf A kel BTrh QRN ERaBS R lnd ., 1000)

Baﬁ‘éii & thbiaboVy dlﬂﬁxlitldr@ Solidoatid an@b&s até broddls 6RSsiHM intd R
Y., and Hattori, H , Elsevier, 1989 es of

catgggriesphaanely Branstd A eidsiandsLereis Aycids. The Qmmgg%lnés( foidanate a
pr gn g’VhlEIt é feffter @o%tﬂ@tenhérf ?;% Gece % %lectém dél)ig\gw%h%es

I ca-alum na, zeolTrtes, and
Acﬁzﬂt ramli ﬂals@s' < [Tayir @andyted Broperttps, byohdnabe,i K. L Mmd:n@ MeiOng,;Y.,

an@ Eqa?t%[lg,gfg ;fq%g%%: 13%9} %ﬁ%pﬁgpfgg{ﬂla%leasglhg Brﬁnsted A01ds are:

. Simple oxides (e.g. silica, alumina, titania, etc.);

D

Mixed oxides (e.g. silica-alumina, zeolites, etc.);

w

Natural and synthetic clay minerals (e.g. montmorillonite, etc.);

&

Supported acids (e.g. sulfuric acid-silica, sulfated zirconia, fluorinated
alumina, etc.); and

5. Solids containing activated water molecules (e.g. hydrated sulfates, etc.).
Yttrium triflate and aluminum chloride on silica are examples of suitable solid Lewis

Acid catalysts.
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alumna, etc.); and 5. Solids containing activated
wat er nol ecules {e.g. hydrated sulfates, etc.).
woredositonsrtri fl ate and al um num chl ori de on si | PCHUS2086/009232
exanpl es of suitable solid Lewis Acid catalysts.In the
enbodi nent of the present invention in which a solid -
aci dn tetenibyslimens of rechresehieinmgntion! iy twhichcy sdlidzawid eatalyst is

th f
usids HRs R TR oo e R R ARG oD e G e Sttt
Rehé&afhs titat AR pre@BbhitesurRtecalyeedinay 142826 hbRAslettlve
addition to the desired hydrolytic cyclization

intprgarlequiny reapiens fix asditismde tedesiredibydrafyic cyglizatipn yeagiiqne The
h f
1nt5fn§cﬂ%(¥ugarrgéésc%§g$ﬁ)g?cg@¥ %{v%g#glttc? ollg&iiﬁmcer;yprécﬂw S ﬁo%%er Hthe
CaSB)(IﬂIIIllEHipbm‘MS lsekd hdid Batalyste (& gavaepBits)) eeclizatien reactlons are
r nol ecul ar {? eacti ons dﬁggt o.the shape. and size of

fa‘t% X¥ the egmplegulanregetions fus isthe shangrng sizeipd theparesand
thePatir@beh) t?&neof'fﬁé f‘etab’tahtrb?'ﬂt%nﬁaﬁatg %&@ty%sﬂ@tﬁe ?Qfe's df the

acid catal yst. pores of the solid acid cata
solad ecigh cahkystafhy psrez eﬂ t}scsoh& atid chiglystdre mfcfdnabl‘ylmzedrso dliat they

oA B L S o RBE LR PR hG Shna o g
md18duddsiR lagesHledf 1ﬁt%ﬁﬁélh&ﬂ§r- reAdlioh§) &n MLCHMRPEIROE 28k iabid
acid catalysts, the internol ecul ar reactions can be

cafplystshidie istappelegiadeasfiopaes kealitrther suppresseddyrmabsivatingdbe
| t . Preferred solid acid
eX%E}atl Eﬁf%%oé%xe?s%%ﬁggﬁoc?{a@é in this invention are
sel é’@éfeﬂed salfd dchbcgalstpsiinbi ot iistgnalis grnahtion a8 selected
silica, and titani.a, as disclosed in U S. Patent Nos.
frog the 2rowgpeonsisting ofyp ahumne séicasmd titania,gs isglesedin . SaPatent

NG Ephe RS Al eSS R PR R PR ety

The @6:1ySY S4nei® i1 S fodil of beaR, Selled ot dxtrhifited) IhidallyNach system
system although this is not intended to be I|mt|ng

uSgSPIAY 9nmalysntﬁ ogghrayt Hecpystemaaiosush s \eapnd intengdedrte be he
lmﬂ#'lg % on zone. Upon contact with the catal yst
el n, 'l east a portion of the ACN undergoes a
hyd ﬂmle)stperheaj@d AZaV/sted vgae ehiers thbdikst peaetdog esne. Upon
e-caprolactam A first_ reaction p F:i 5 i S produced |n

coptpel i te catalyst e ghleastgagiion: updr gty drolytic
cyﬁgélfloﬁ' RLEAG 6t h&«fes %Q:g.glgf) etarnd DR AR ch{tﬁotn rp‘i?duct 1st;ﬁ%duced

I zatl on re tron is ermc an ore
in ﬂrerfharraﬁdﬂroﬁ zohe, tWidcle cohymises unfadtbd AN, Smre"ae‘@dwaverr andIPL.
i ncreases aresult of the react.ion. or di ngl
The fdiolsemaliztiongrecting 1&@@@@9@&@@&%@ BHhgdempaatite of the

co&%ﬁt@to? fhel AaNtebonl AP ﬁfc?éak'éseas %fre&ﬂ@ofstH@f‘eraa‘?(ﬁ{ eccordingly,

CN/ st eam vapor that entered first reaction zone:
the'ﬂhmpbltasﬂe pfithe first reaction product is greater than the temperature of the

superheated ACN/steam vapor that entered the first reaction zone. The rise in
temperature is dependent on the heat of reaction, the amount of catalyst in the first
reaction zone, temperature, flow rate and molar ratio of ACN to water in the
superheated ACN/steam vapor entering the first reaction zone.

The first reaction product is then introduced into a first cooling device in
which heat is removed from the first reaction product to produce a cooled first

reaction product. The first cooling device can be a heat exchanger.
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tenperature i s dependent on the heat of reaction, the
anount of catalyst in the first reaction zone,

wao egoprorure, flow rate and nolar ratio of ACNPCDUSEHDE009232
in the superheated ACN steam vapor entering the first
reaction zone. The first reaction product is then
i nt ribegeelgd ifinst geastiph prrduelos thengnigedriced inte a gpdont reastion

i S rom.the first ' 1 t 0 .pr Qduc
2ol IFENPrd Ol Eqne, P SREE YRR R G e faera
poftedt SFRh€ ATNDR tBe BFiEd f6€ abi@l protiect @addrgdesiHyidsdlytic

reaction product is then introduced into a second
cyplazabion émprodhee Ciln andhbeat eEraetione 26 £559R4 Feastion prnguct,

' t t ' : i
cof 3R iyl B W BBk 0 LR bnd BorhiRE e ot e
tempetetugoafthd yabood ydactor poldiatas greatet thap ticlieope@Rire afithe
egt. of reaction. second reacti.on product,
cogfsFTtariigon Rt Ba SRERES eeud tpaan apse- B srend
refH0R Bloduct 18 t%éhqgﬁ'_&ﬁﬁed e 2 s6mRe rc@&lr']'i'f[gedé?zﬁcetiﬁ %vlﬁﬁ?ﬁ’é&? is

reaction product Is greater than the tenperature o
rempeedciperh gk feconyd reaefzont produgp kppheducet degol pstirendtion

second reaction zone. The second reaction product is
pr?(ﬁlg i ntroduced into a second cooling device in which

heatThe%obRABYRE fréfibh BROIRECIO fttniRREducod indb @ dhied rehétion
produce a cool ed second reaction product. The cool ed.

zogedp s thiaergiongraaeen centastarith the cefalvsbercin, gt lgast a

ol S AT Btne Mot ot Ihadl S AR
cyclizatibe toAfiNduce CPE andhtat df saciiond A ¢aad reactiqur@ddedt comprising

oG EC YN AU % TR a4 LBl i PIHRIERE HOBINET Wy
frot ERARHE thalhidh zaHY GACUEHH AR of tRETHRN rRactRRDriddet IsSreater

produced and wthdrawn fromthe third reaction zone.
thaphibat efitpeceed scofd tehetiqnproduct gwt titeredhothirdireacgion zone.

reater than that of the .cool ed. secqond react.ion. .
T B Bt e oBiLes BTG iRR R BoHe A5 ah Mg noat s
refnBVddifréR #6d therd redcidh godust foprédids @ @doled tirBrebftidndproduct.
cooling device in which heat is renoved fromthe third

r eackhicsaolsd stk reagtipnyredist és intredusied dnto i fperth esetimzpne. In
. T i . ti 1ct L i .
o A eac i RO UB b HERE BN PREC o\ st 4 narion of
the A&JIN incthe eavlied th@rﬂ&eac?tio?ﬁmixaw\lmd@rgtoﬁe hy@blmtigs:%r%luagbﬁ tan,
east a_portjon o | e Cool e I r
Prﬁ? eC if@&rf@aﬁ&ére%ﬁ%@ar hyiﬁcgw produelcompritnegHreasted
Acglgg%ﬁe&téapdvateﬂ dnieitfia, 9hd t@@g& Rflﬂlucé%l &f&%ﬁlﬁﬂ:ﬁ@ﬂ HolnPhe

ct conpri'sing unreacted ACNbunreacted wat er,
foatineactayn zmnd. TRE tanspepatound dlek fondh weaction awduttrie greatee than

thqf,t egg@{thghﬁgﬁﬁ%(ggetaéﬁgne %rpglg(ﬁ é]t?a% gﬁt%]e ttﬁé ?ou(l)'{h rtegc%iof;lozlcj){lé.hThe

fourth reaction product is introduced into fourth cooling device in which heat is

removed from the fourth reaction product to produce a cooled fourth reaction product.
The cooled fourth reaction product is introduced into the final reaction zone.
In this final reaction zone, upon contact with the catalyst therein, at least a portion of
the ACN in the cooled fourth reaction product undergoes hydrolytic cyclization to
produce CPL and heat of reaction. A final reaction product comprising unreacted
ACN, unreacted water, ammonia, and CPL is produced and withdrawn from the final

reaction zone.
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that of the cooled third reaction product that entered
the fourth reaction zone. The fourth reaction product

w0 g006norsoduced i nto fourth cooling device in wiTOS1ve&009232
is renoved fromthe fourth reaction product to produce
a cooled fourth reaction product. The cooled fourth i
r eadihiedivepeastion zones ané theo‘gulz:@tﬁrﬂmgmcqolﬁeg feviags are qperpigd in

Q L. th final, r ' upon..cont i N
AR bR e S HBlaf BRRg R PR RIRRE by e
to bkt 8609CE grdfaudblybb&ASOPO o FH0adsZ3° U MRk Sated in the art can

hydrol ytic cyclization_ to produce CPL and heat of

defepnmeition, muack ¢apling sherdd pe pesierared ity c@shpiersiagg cooling device

. t i .1
T e T e
preseure fione ahauy 6.01 éaeboudrl 0 bangsobel(abbet I uaboiint G0PAge

0l j devi ces e.operated i.n wa t th

oreIEApT SRR it hio ORGP Pt P 2B S dRRES pio 309 kBa). The
redc@BAEMEY ba BAHbd d80AGhd SrealRd bf APRcftgall6f SlARI1Y 23BRWE
.25Q0C to about 325C. ose skilled in'the art can ,
niteiegeny i vikchease thechert ged nay) be hresérd iben pegesoefndtobyOefalsh
baiegitert}%t ?&e Ocqngei ng device in order to neet these

t r%le SETE ges. The reactions are generally

car Imhediveutactibn dois @88 thefolif mBrakeicoblitklddvices bavbe 10

bar absolute (about 1 to about 1000 kPA), preferably .
SCRFERLRABTFCIIING GRY TWQ o ABISUUCTSHHP TegpeN 7Anes Palhanicr-toee gQpling
car?ﬁé’ﬂfte%gtgdlﬁft’@})?e@&%%@&“ ons may be carried out in

e presence of an-inert gas, for exanple argon or
ni t rihgeimal reactidn prodca ssetheimtiodecdd igs disyiktioprcokmnt. An

.an excess, of up tqQ 100-fol d based on the am.nonitrile. ,
dl*ﬂlét%qov@nﬁ@g G e, SHAIPRPICELIP SHRFRPd SO Conmn tels
coﬁﬁ%ﬁki‘n@ @Pi? WERE S mehi%ﬁ PafakeTHe 8§sﬁll§ti&{ cdiiin ‘t&i@ca‘l’l&r

ITDT € Successli VQ reacti _or] zpnes wth int er - st age
coptewisistryctured paekingt Ehe disedationtcolumeoparatgeinawsy that tHee

final. reacti.on product .is then intro d into .
aishftie PERFMISEaRORE R noniRe.d b BERF EdmtihSochmp seie
ard\@eRfablpRthidtaine Dl d empertatirs RATAtIRM sbb@MB°COITHPWistillation

tails conprising CPL, ACN, water, and high boilers.

colppn ig ipsefprap it apsratedot gheuttajippepiieriq peessira prb ate feflax matiopf
. T etid ) | e
BT 19,0 JEAH b0 O B HIDTAPERRE S8l i v
redceiom eomd iv ueuallfy intbaltice®sibsandalljhite thewniddleaifliise distilation
referably maintained at a tenperature greater than

CO];BHl'Jt 100 C. The distillation colum is preferably

operak&ehi 3t BRAYS ' i ticaly ek

ot ot gl s et TR L B R RS Bl e
range THm Tbmt Palpiorabbeteidg AN perg ofmtdlyst abr hemgireferabiypwithin

tnd SpHSHELL Yo Eodyced, subsantdal Loy e Lhe middle of
based on ACN are within the range from about 70 to 99.9%, preferably above 90%.

The selectivity of CPL formation is generally above 85%, preferably above 90%,
particularly preferably above 95%. These conversion and selectivity values can be
achieved for a catalyst life of greater than 750 g CPL produced per g of catalyst.

In a system of a second embodiment of the present invention, an ACN stream
and a water stream are introduced into a mixer. The molar ratio of water to ACN is
preferably maintained in the range of about 1:1 to 10:1. The ACN stream can contain

about 0 to 1000 ppm tetrahydroazepine (THA) and about 0 to about 1 wt% dimer of
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col um. The wei ght hourly space velocity (WHSV) of the
ACN is typically within the range fromabout 0.1 to
w@bwatio87g ACN per g of catal yst per hour, preP€&r/akiog6/009232
within the range fromabout 0.5 to about 2.0 g ACN per
g of catalyst per hour. Conversions based on ACN are

AGMW .t ThenACNestreamn gad fwratamstiban shatld tantia. 188thaar aboet Gub wt%

s o a0 oo 2b Plipb i o water v
mtﬂfg%ﬁ bEbt BRI ¥diRE &F @E ahket. AMESIxTHHMARSP Rk MyEA ENOream
Selectivity values can be achieved for a catal yst

anql W[a‘@r streagr.e Atséatictrhizer, 80 a5 adfenipPonlisien dapes us@dofA mixture of

AGISBLY Ry i oS IR Bl 905, SBRUIITG Sfapblifer
Heat i@ sippyliedddl ea;&briziatﬂ@ ACN/¥gter mbhigre ™o pagducah IV@p(ﬁfmlwatre bf

to ACNisgrefera mai nt ai ned in the range of about
AGN and gean: Hlectrigal eefing Procgss ioamocshbent freatie ioam g a hot oil

sys}%}wg%%&ﬁ{a %%Q{ 1% 'ﬁf‘d Subhif) 2 g&ger?al? Qb 1Y D& @lﬁgﬁ'ﬁcal

St ream wat er trea
Costpany dndarbairmidnesls “thﬁleahent’ cfn e wiethtd sy techeat The

en whi ch.can .be a l'i shed bl anket.
AR PO FBaiank: TecPbat Ag gk IRAGN
vaﬂ'&%m&hﬁfé is fuﬂhéﬂl&fa%'d)fo H‘téfﬁﬁer&tﬁ?e AN ﬁhg@émmgzmt:% about
stream A static mxer, such as a Kenrx(r) m xer, can

300 togudduca amupcrbc@ecbmlm A Mateam Vapopr Bleciieel hwtmgqe
er and t duced to a zer
N A B S R R R
suiablERet trithaféried 9fichAEN ranerisltseiiby BbeWentied] Grvedjany ender
process to process_heat transfer, steamor a hot oil

thes%ieémk TRpvithermsgh)’ cambeused de sunphnBesd o thegierthensr as a
he %h}&e?ﬂ Qﬁ%gm%éﬁlséﬂa ﬂbe us Wiced ARy tPE %?ﬁ% ofa

t r a emar to supply
pliralitly of disecctEliv s idabativ agotiomrodesr Eaclsreactiorozbne edntainsa a

heat h.the A t J t
cas Pt ROF PHEAE T LFoH T GUY SRl o e L RE b AR HBDut
cor %&@@Q@é&s&@@a&aﬂaﬁc Pé'a@ﬁl&?ﬁorﬁs sg;seaﬁeﬁﬁﬁ £8rablide

ACN st éam vapor. El ectrical heating, process to
zom, @@ewdheamonrzamsfaéhlrd maglhorpzcm@szu reanfonzone drut a ﬁnal

é u&&&a& U|tabeh Egnsfer fluid suc b
reag O%Z TG %Ij“%\ﬁ‘a&%’e% Wﬁﬁveﬁ%"éﬁz"i“ﬁs o be
usdd @é@fmgto tROWMvBEEdH. Ahe r@@ﬁohtzoh@saﬁnua@ of URaihelieRtort 0

t he superheater. The superheated ACN steam vapor is

diffarent sizet o dReeaou 06 catplystqan be tet saanepr i Hiprentin lifferent
rea%H&g E@%éﬁ,:’ gn %gfegggégt \%]r&&f %éF&go%g @g ggtg@tﬁg eﬁﬁfl%ta!f‘t?cﬂlt zone

1ndiidSlisys 'ﬂh[‘cd@h@hccte@s&&rdabﬂibﬂ 40ngs, véitisths smalles gmoontuf] ca’alyst
successi ve adiabatic reacti

fog}gég ﬁhq 15t TepCtion Fqngan thedaregst amount ofo cataﬁyst ?ound in the final

reaction zone. The diameter of the reaction zones is not critical. The reaction zones

should be well insulated to minimize heat loss. The reaction zones can be equipped
with temperature sensors, e.g., thermocouples to measure temperature at different
locations inside the reaction zones. The catalyst is preferably a solid acid catalyst, as
previously described.

The superheated ACN/steam vapor enters the first reaction zone. Upon

contact with the catalyst therein, at least a portion of the ACN undergoes a hydrolytic
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zone, a second reaction zone, a third reaction zone, a

fourth reaction zone and a final reaction zone. As few
W@0obmms(2) or as nany as ten (10) or nore reakCT/U82006/009232

zones can be used according to the invention. The

reacti on zones can be of the sane size or different
cydlization reaetiort thet @odunes eahproddctdny.sA firainrehaionpeodmbis ppeduced

. different, in dlfferent reaction In a eferr

in {lg B HOR o SIREh G Es et e AL, e SR T 2B CPL

Thle '1&9&1%1’5&%%3/&1‘%?1‘& RestHER BSKoHR T RAMH RGBSR ’teﬁ&‘b dritutd 6 the
Il est anount of catalyst found in the first

contelats of the frsireaciion Zoheinczgagrssis agamliaf the re@amo;i yAGCOrGuglH,

in the fin ct| The t
g Bt DDl RSP GF e B Fest B Bk tipe Sy e
supdiRsalall AENVRédm v ason kik eﬂtefe@ the ﬂfsﬂ”teé@tl&ﬁﬁinel T8 risd e
reacti on zones can_ be equi pped with tenperature

tergpesatgress dgpepdentqpehabeas esre@gﬂ% theamaenns of eatplystdn thecfingt
[
rediph OB en RER Ny P ot okl ARG ACR 008 P
su]pnrbaalt&u]uACN/sﬂmmWaﬂmdnteﬁhgﬂmfpelrmmioa&oﬂﬂl\v st eam vapor
entgrrs he first reactlon ggn cotac Wlthl'hl
cat A SrstErRsgR Rrodiet s dafsadt Fit 690 ingaloxteRn
cokMIBT BAAE iPad¥d Py tﬁrﬁ%(é?:'tlbﬁ BEddaB: to§RSducOd cbORY first reaction
produces e-caprolactam A first reaction product is
proghugt] The dirsticookimeg davn@cané)a@tssmatzmmg\WS@h ocanptdgsa part of

i s RSP e B PR hE gl Fln i siv o Pr P et
of VAR Shathii R, &hardol&-&aHoe A renitile td@aptblasthm! faflohRN zone

increases as a result of the reaction. According y,
hexdreethdapeediamine ami miittures of Y0 eromere athgse gompounds. A

th th er t er heat e
oretb R g S ik es W RS oD o' PR RAERISR Somane
firdth€actios @rdduct © rch@fnaﬁmhed bﬁﬂfé&ﬂ@ﬁt@%@t reqliirécdfor Regirizafion of
reaction, the anmount of cataly in the first reaction

theené shat digpi Ragrese the @wngatrbspaﬁ@c wBthatpyragyieedde caginhe o
el Eprdolel 5 UL DER R OEM ST oty RALEE) Rch

the eulld e digdidi the eeqaird qsztnm:yoof dobd)stebe Viqag ik smalh ircéoraparabal to

shot i d is added,to the first reaction product to
th%ﬂ‘@ﬂﬂ@’eoafg&réﬁﬁﬁc'é’&nfﬂr?% ‘reacti on product. The first -

cooliRGo8RY it S rERRRE BriusEiP A liRyrHauebd thiy ﬁ%éc%lnd %acﬁBn
integral part of the'first.reaction zone. The cold
zogtholn thisgedadaeartive zerd, @powdorftaad mithithe gattaﬂwpt theneii, st Jeasg a
nocaproni.tril.e

pofiop it ACREHR B8 rarin, B e or Rt LB e A%

cy8liz4tibh @Sprofiude 0PI bndRéaE oPfeatthS €A SQIFRA Y& Eon Aroduct
preferred cold shot liquid is water. Cooling by the

comprging varerelad Aldmowasactadorateranmonis, apdeBLilpprogrendu dihe
terhgergtﬁfe Jﬁ%hé s:']&%gd péécﬁ&?pxloaﬁ& 0 g@gt%} tHaft %’c o?gle Bbled first

I'zat1o
reaction product that entered the second reaction zone. The second reaction product is

introduced into a second cooling device in which a cold shot liquid as described above

is added to the second reaction product to produce a cooled second reaction product.
The cooled second reaction product is introduced into a third reaction zone. In

this third reaction zone, upon contact with the catalyst therein, at 1east a portion of the

ACN in the cooled second reaction product undergoes hydrolytic cyclization to
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the cold shot |iquid. Because the change in specific
enthal py required to cool the reaction product is a

wo e@etldsm of t he change in specific enthal py requUsmd6/009232
to vaporize the cold shot liquid the required quantity
of cold shot liquid is small in conparison to the

pragiuae CPLyand hedtiof stactiemc Aithind pafaotim:prodifctte:ompdlsiel@ Ufnrﬂ‘asted

action duct is.the t.rod |

AQEIBR S IAE: Shrtcti SR PPN HE BomeTRSY the hird

rea"éﬁ&‘i uiit BrehfRe tiad iRt b8 thel 381l s@eorﬂtreé&@ﬁﬁ)r&h@t)fhbt &lered
e ACN I'n the cooled first reaction product

theurhué rrga@@gn Byt &Flwhmfd tspetionyproilest is mtiedeepddato@rhird sgoling

oo s FAE 0 RSO el 2 i R

red@ﬁ@ﬁipf‘cﬁdct talpﬁmeaaebatedmﬁrdqfeadtm medend react| on
product is %Heater than_that of the cooled firs

r ea@ﬂlﬁ@ﬁo ¢ Suindoreagtiontprediick isdatrediiced @Ko ﬁéom@hr&@?t&%l zone. In
thi§ ?cﬂﬁth %Ré‘ 31861? BGhth@Ryi Eﬁ%yoﬁgbfé&{ qg 8&%13

second coo vice I'n |qU| ,
th@lﬁ@thbﬂcmﬂﬂMhnd seatoe (irdducmhﬂewe@}mﬂrob'ac t:ydmanon to

od t Q. produce .a cqol ed second reaction rodu t.
ordiS L35 0] B B b R RGH PG pRBRIREOS i o
unfeabtdl AEN 8RS L4cRA WARC amifdnlalhifd EPT i ioaacdd %e&&ﬁﬁerature

upon contact with thé catalyst therein, at |east a

of ferfoindin re@fstmmlefomm i$ greateethen thas of theconigd tkiad reaetion product

sl n® FRApaRRToRona id Put Bl AR b R hRdEEed Tl o

foeEyoling )Agvive e &l 30h ATNshdMigeRIC h@diesmmﬁbef@lm radéed to the
and CPL is produced. The tenfgerature of the third

foyrthprenctinm nypdert & Piodues erodqd JopEh reagten prodiitfe cool ed
S€c oé?sq n 2t &Q).Pﬁg%gﬁieé Jhg MeofDUREEInd ﬁ)%rﬁlrb'ofﬂng devices can

reaction zone reaction FOdUC

"be isapafra:td m&ﬂglvﬂtsalsa)rhﬂmgxdl patsl dfige mbetvmd; eﬂmrdwanﬂﬁoufth aeactibwl

shot Cg%{ as previously described, is added to the
ZOEI?ﬁ,FQﬁP‘? Wi on product to produce a cool ed third

I eaciyjoQBotRE PSUHH readid frOQIE S ihBbAted BR6 ta'fﬁfdl RLOEHHCIonES In

introduced into a fourth reaction zone. In thi's fourth
this Eael ieactionamag, upporoutactivittt thaicatalyshibersan, af least apwetiesn of the

N t f t h
At itdinoBe Bttt et S Be i sl o,
préduRd ¢Pe, alheat st rB&Aon OfA fiAdeddcBbn pAIhewdohiprisBRaineitted
roduct, conprising of unreacted ACN, unreacted water,

A pagtedapeferoPmmonia; ead (PEds PrdEcekenper at ure of t he

cool 4 TR PR FRAPR NS e Srdh At bR i er e |

cool'e Ion produc
cob L ddvides ateperalbd®inf owray that maaémmaqurmﬁme final reaction

Dro iR e TPTERA FPORSAT 4 R e o BTy BP0 e
abb RSP I @RS éﬁﬂleﬂ Gt a9 dRfPHMEe R ey E5b1En@Uhbid be

reaction pro
performed by each interstage cooling device in order to meet these temperature

ranges. The reactions are generally carried out at a pressure from 0.01 to 10 bar
absolute (1 to 1000 kPA), preferably between 1 to 3 bar absolute (100 to 300 kPa).
The reactions may be carried out in the presence of an inert gas, for example argon or
nitrogen, in which case the inert gas may be present in an excess of up to 100-fold

based on the aminonitrile.
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As in the first cooling device, the second, third and

fourth cooling devices can be separate m xi ng vessel s
w@eoobnosgr al parts of the second, third and f oRCT/0S2006/009232

reaction zones, respectively. The cooled fourth

reaction product is introduced into a final reaction

z on&he Ifimat feactioni preduct sdben mtrodared intopodistibtipa columing A

cisifreBpe e steons S Then S otnnel Rk Py i Lilbrdhe

CPDY ACN Yehold Gyt ITiha Alsti@lBti dr0c i@l gﬁﬁcéﬂffl-coﬁfhﬂlsrbﬁﬁbtlﬁd packing.

reactlon A final reaction pro t _conprisin

Thg drs@éi@&l@uco&@mn ogerﬁ@atrt ewakdhas the digtilinte 15 prefpd %t‘zpl@moged ata
terBR ST i 7 el BEhn it AN BT raldifld e

terayp @atarbegraﬁteldtham atpou@@0 Chalhet distillaciopeslatrrie pmfferahlg op erated
final reaction product is in the r nge of 3bout

at ghoup piEpspharts rresspreang @b Fgfluxgatie oo Otldo dHb Bretes 185%
ab&mﬁ@s t%l@t] eﬁgé egdgspﬁe Eimﬁgfﬂbed@ﬂa? FhcREn ho 18 UGRILy

cooling s per ormed by each I nterstage coollng
intchedwicedsubstaotialér intthe midstle ofitbs distiblatier cilumna. r ang es The

o° ot gigTeRpIEReEr brlel ISR EhA B pRicth Fpr S Be

raRRHVRE 0. 10150y ﬁcmser akyrehiatydt pekHut, q»r&@&biyRaﬁmnTﬁ@range
reacti ons e carried out in the presence of an
AQ}/NP

frqnn 85tto gdsg eneafseialyst perhor. Ganversipas based o e are
1% %%QJ?%E% ) 9@570%?% QEA) e%‘ér%ﬁ{yr%blgvé‘?%%x '{fﬁec' sc‘«?lggtwﬂ? of

nonl

CBIeﬁfmha@cBh iérg@dm]ly hlsoviel880, Ipﬁéfél@‘dl}l%dve po%, particularly preferably -
distillation colum. A distjillate conprising

abayrd Wt Biesp CoREpomANSpolcr BVl P PR RIEVEL .cgﬁaﬁfat life

AN 758 e'lagie tion colum typically
of éﬁ%egl ns 7st :ESCC Fﬁ{guc %I Jhe}gdl stillation colum
opedntesthéemensbodanyertt Imﬁthenheemhlonx a tdmabieaticn cpiﬂ@h‘em@baqgers and

col R EGHE pRIeGPRDI HLITROAE R e FPor GhOE s Pa e

su&He@s@{f@fea&tﬁﬁﬁzo%@@Ut 1OOC The distillation colum is
preferably operated at about atnospheric pressure and

at dnpedthenenbadimengfof dtsonvergion, atdeaﬁt ) smplﬂ powioatsi yregh cold

ACRE poirpeed W S PP RAR O b W G ome.

Attlé&t Abefliod ofhny hﬁerﬂie&iatel ﬂe@&tio@l’pwm’to@ (B’bforTEh)B afbex cg)blmg by heat
hourly space velocity of the ACN is typicall
exglhange AT ¢9id shebhepn arl%bﬁ J@trsad*tw@dshrgctmt%w r@aﬁfonczgpa P%%rtthe
y within the range from0.5 to 2.0
rea{é&‘ﬁkx&%&&tpa@r@ 1‘]?d(r:g?éal yst per hour. Conversions based on
ACN Inmrothert dmbodirhentrod ttgepreseatmnabiticn, Z0ledsd aPBrtBH of an

referably . ab 90%_. Th
1nt€rmede ate reactlon 8% uct (bgfore oer %lr ggo 1n\é|bt3>(heat exchange or cold shot)

,_a.

Wil

or at least a portion of the final reaction product after cooling can be recycled back to
the inlet of the same reaction zone that produced it or to the inlet of any other reaction
zone preceding that reaction zone that produced it.

Deactivation of a catalyst is an integral part of a catalyst lifecycle. Therefore,
catalyst regeneration plays an important role in the economics of the overall process.
In the present invention, after the catalyst deactivates to a certain level, i.e., the

conversion of ACN and/or selectivity of CPL drops below a pre-defined value, the
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CPL formation is generally above 85% preferably above

90% particularly preferably above 95% These
weoweresion and sel ectivity val ues can be achi PUEUS1006/009232

a catalyst life of greater than 750 g CPL produced per

g of catalyst. |Ih another enbodi nent of the invention,
catalygiorapibeaegenarasid andats astivinaansbselectinidy ot be reniored tPqui ds

the internmedi ate reaction products

sutgsgagl\g\lgg%ﬂg(égé&glsfa@% reacti on zones. In another P

enb@’dlhdiﬁhé a€tivityl@diongeladtivity,of dlie ¢adlgdt deopmrbeldw poretdedined
a%-?eSh cold ACN can_be introduced directl into fag%/
Valﬂls t

b e StNglovapamebe difconfinped, whilgapaigainiegae flaw qfd
bR BibnSla S0 uph COTRH ot BRSLLM PRESIEI sl B R0
howtls sprefesatily faratiogtetitodi iwrs, lthe suptheatey tengacttivecaz be edJusted

to B a7 (rCramaghcs e e 1 PR PR, prsteriaty BpRREhd Hhst

red@fr! 4t @AcIPS raAdsd ﬁ@fcﬁﬁt%l%@low@&i bfARe PRAAHSH” TIRETHRE §pd? is
after cooli ng by heat exchange or cold shot) or at

the legasiongn @mﬁx@rbedfreacm Whmtaprcbf&mptaﬁlrp exeysion geques due to
N inl
on SRR AT BT R SR 2Rk By eBonR) eIl

prag&mfverﬁwtelmmpﬂhe mﬂgﬂp@fdha@abﬂmt bargﬁaﬁﬁg With Zien@yrst feadtor.
produced it. Deactjvatjon of a I's_ an integral

Thﬁ a?%xnanmée@a@ram@f the {aetyppeie. shqiﬂé béﬁe?%oﬂeéé?twwtabom
SODRSEREIAL Py 6y bERRE] s SIUE: i edfe AREOAR! C9
sulsstandially hepenarbil ths entite aathiysitteds and)atahe:: ﬂnneamme keemédimize the

i.e.,.the. cony ACN and/ or sel ectiv of CPL
e G5 B D ey Y B TR ORHE Sadinge [ segepsetion
proREER et BN RASdéred caih: f)leVédtMle%rfﬁe sehRedthnél dk¥theAn iP8ach of
restored to substantially its original value. Wen the
thearsadtostdjsappents FThs alretony isi thgn tofnadhet, geitaungid thedrxygen is

sufFARU BRI B srporhSie b Priglits pdifited B ne®

deﬁtﬂﬂﬁaﬁ%ﬂd&@lﬂ@é&ﬂlsﬁfrh&foﬂ unni ng steam through the
reactor systemfor about 1 to 10.hours, preferably for

aboditshpuldpemppengiaied thafdthe @H@Mﬁé&ﬁwn enge presented Emose
e S ol Pl TR RIS 8 feutporan

presetineentiah eané as axhttie mrrtpiesl ar¢ fedt todeaiohdimitihg tihe atehntant
si]glgt." The "hot spot"” is the |ocation i.n the fixed bed

to Hiugiests thsdgrniion it aremekierHia Pe TBRHY IEHERS Bt ¥a¥ue
to an exotherm c reaction. The "hot spot" is thus
preferably controlled such that it progressively

Expmpleel s down the length of the reactors beginning with

the Tthle %f&roliﬁlaccctygfiZation of ACN was carried out in an integrated five-stage

adiabatic reactor system with inter-stage cooling, followed by a distillation column for
product separation. The experimental setup is comprised of:
e Two feed drums, one containing distilled water, and the other ACN.
Both feed drums were kept under a blanket of nitrogen and sparged
with nitrogen to remove dissolved oxygen.
e A vaporizer which consisted of a jacketed 1% inch stainless steel pipe
heated by 140 psig (965 kPa) steam in the jacket. This was fed from
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The maxi num tenperature of the "hot spot" should be

control | ed between about 5000C and about 750C,
w@e@baowbl y bet ween about 5500C and about 700QPCT/US2006/009232

substantially regenerate the entire catalyst bed, and

at the sanme tine to mnimze the effect on the

acti vi t y tlof feeddruomst bl tytmeggring GIVID apws at danix® mixer was

Consi et S BRUGOHEn SHZE BpEMARHRES S Sl st
each of LheinERAGKACtENIS.IPABENSS atfdthedid the beorh DftHen

turned off, wait until the oxygen is sufficiently
pur ged f veparizeetostike @hlove-fews Dee Ko the vapegieerdf neaded.

dj usted to.t i | d, ACN feed s t d
o Ut o B IEALLET AA ARS8
exanpl es VapiARf asEfipeshehRd Mb ehd dbsiryd Besmaahératute Gle first

|

further ustrate various individual aspects and
f eat ur es T&¥FAhe present invention and as such the

exanpl gs care felt be non-l.Lm1ing and.are neant. t
Tt F ot el sylafa St e ke ety FEkioh or
undul y | iiffeétin@Eoblin@ivten@ito tHraiaibe. Thelfaactbisor«at yade from
cyclizati on, of ACN was carried out. in an integrated
five- st ade el gigisess steebppesy Thy §%téla‘ﬁweflﬂengﬁh5et%r staggsd

cool i ng, & Sl P . ct
separ at i g)%lfahélﬁ?é\%%;(%%’rl?ﬁg%?g: Ang %dgél}egqjg%trl{lésﬁé g??‘}é

Two f eed rebictors wesmnehacgedtvaiinl 6504, @i7818) Bé4ed, S0atteand &429.4 g of

the other ACN, Both feed druns. were kep nder a

bl anket e;falwmn.a&@fé}%ﬁ%ﬁpgﬁafreggal etLpop Pfft ?ﬁ@éﬁC%l&mdate&
renove dirfs( ' ' C '

of 5 aCEaRul EHeONNARtd ot BRAEAES y MO nERupBD RrklcfEa by
140 psi g po96istdtddysigicd aorsipplyt the hpatd&st tthrolgh thewasildtod of

fromhe feed drung. t terj FM unps. A
et x( 1) R SEEGO AR SR DR RS iy e b el
and FM  REIDFHER LB Sef RGNS rdllosiafDsi 'ﬁE'ﬂﬁlfy larger than

reactants. A line was attached to the bottom of the .
vapor i zert canmakcial mapbitasiudiogrncgardysheimowell iveas installed down

vapori zer, {f needed.. An electrically.heated .. .
uber heatts e BT st opfbafloft Wiy e BTl By goint
and supenheabestplds th Mdabigre GR&tY @éinﬁbdﬂbtﬁfesﬁﬁﬁm&h@fédét@r of
the first reactor. Five well-1nsulated reactors wth

i nt er - st et dhrifiith 1scter wpfainegpredntemny termerpuplett epdh

t [ f
o 1 R R g Sy R MO

| engt hs fransfst Bgethatlacted as a cooler connected the fourth and the fifth

reactors.

The reactors were charged with 1/8” cylindrical extrudates of y-alumina
catalyst obtained from Degussa (apparent bulk density of 0.7551 g/cm’; and BET
surface area of 350 m%/g). The feed comprised 30 g/min of ACN and 30 g/min of
water, WHSV of 1.0 hr'"* The sysfem ran with inlet/exit temperatures of the five
reactors at approximately 295°C/307°C, 302°C/307°C, 288°C/312°C, 296°C/300°C,
and 260°C/290°C, respectively, for a total time on stream of 8 hours. The system ran
at a pressure of slightly above 1 atm.

The outlet from the fifth reactor was connected fo the inlet of a distillation

column. The vapor feed from the outlet of the fifth reactor was fed to substantially
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through 5 were 9, 12, 18, 26 and 84 inches,
respectively. The five reactors were charged with
wae®s40182i72. 8, 364.4, 505.6, and 1429.4 g of grPEI/URINE009232
catal yst, respectively, in the formof cylindrical
extrudates. Heating tapes w apped around the reactor
theweiddlenafiibeadlistillg pmtcobinhm aviigh wesveeintainsl atethogpherie pressure.
S .the heat |ost.through the insulation.of 1.
o B SR st SR o dn 0y R aR b from
theéB@ion PRt Rts ReRrRinMITCPIS Uidndsifa, Wk, Lo OértbdeA CHY e
are significantly |arger than_ at commerci al o

smg quaniities of pgeslon and agh heiling ipyritics slutms i the fisntege
re%ﬁﬁs#ﬁr th of the first four reactors, which contained
Fwo i-point thernocouples to neasure twenty
t enpanimbninewaten\and ldve boikiag irapurittssgtdre cdienfddfihla condenser

T LU o BSE B S o
toé: G ELALHNES Tefggbtt%ﬁféﬁ ald £OGHdE e% Legﬁofel}%ftﬁ’ltﬁ A%yed (()l%ﬁufi‘ ratio

er connect ourth an reactors.
of 0168).rkhadomoStheeosd enbarvgsconndcbedlib 8He ot headier toadischarge

extrudat es of g-a)J unjpa catal yst obtained fro ussa
st g osa?rkg%i%%{} e e figmchapaliston
cofif ace area of 350 nR/g). The feed conprised 30 g/mn
of ACN and 30 g/mn of water, WHSV of 1.0 hr 1 The

sy s tGHh, materyvindrotherheghl eodling cempmeatsyimsurdies) ferd ¢allected in

AR (S SRR ARt a0 PRE s g prodyes

coRtali@CPL iai® afproSini R0 fwt S WX, Svas EbRLIHIEEGFemaVedfrora
pressure of slightly above 1 am . The outlet fromthe

the 1ebeifer byacneiering FMbrivem & coleetpdin 1§ 2gallpm dgum. The

istil t QF |
oo b B ng TRE g BBy 4 6P SR M g
conversibe of93%] Theteswltane 04.6%yieMdtuif TPIvwamaireed b pron@tately
S e N R A T
did AQEhbHEny SR AR BRLAS G Be ﬁgﬁglrt? %V%gc&ﬁga%m AR Mefoxit

wat er, unctonverted ACN, and quantities of other

of tlewifdntattogh boiling i nmpurities eluting fromthe
five-stage reactor system Ammonia, water, and | ow
boiling inpurities were condensed in a condenser

Exahipgched to the top of the (O dershaw colum) and a

variable portion returned to the top of the colum as '
r ef ITn% manngpanglegons B Bamadn d ersceqndger atag perfepmagiassentially

un(i&%ﬁlénlfféaf éaotnidﬁions except the feed composition was reduced to 20 g/min of

ACN and 20 g/min of water. The analyses of the product collected in the reboiler/pot
of the Oldershaw column showed 99.6% selectivity to CPL and an overall ACN
conversion of 98.7%. The resultant 98.3% yield of CPL remained approximately
constant for the total duration of the 7-hour run. The analyses of the product did not
show any significant change in the impurity level compared to that at the exit of the

fifth reactor.
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of 0.65). The top of the condenser was connected to

the vent header to discharge small quantities of
wmorveaarsdensi bl e gases/vapors emanati ng from t PEI/US2006/009232

distillation colum. CPL, water, and other high

boi l i ng conmponents (inpurities) were collected in the
Whetlietlagmedisr pot) at mthe bottom of the O dershaw

colum. The liquid product, containing CPL and

apprfb m%a%sefps/prgsa%@/ﬁ ﬁ%&r%l.actawd@ Lo By .thmla@gvlyﬂ? EVizatign of 6-

C o?%%%ﬁf@‘%ﬁg@ tgg?f?poog%ié‘r um él%l%gr?é: Fgﬂlgggﬁgf t he

li qL(a)chqmaatinga separedeD8iitte | @mh1mcﬁgtomm1€ﬁhpc&rmhdateam
Qve onverO?{J an of 95% The resul t(gnt 94. 6%
wilh af bt iEpralE de 12Dl TRFHARAONGS FETEES Ht Sucerssiopand
coh&hﬁhg fhdreatal R b@émhﬁl% Witl® dst kdtion 24He AAAENMER/ IR witS
l'iquid product drd nét show any significant change in
finaheeapiignadneywhereinl the sunssirestedtvepetratxtare is fed inirithe Hfst tdaetion

zobb, thd oA AR bior AR S fintifnd PR R S SRR MRs G0 reppon

zoh@l,(%mﬁlﬂb&l edtBrEAdtoARENEPE&TD thidendl eRdtiePIRRSnt ihRRnv@ste
reduced to ZOH_%/Im n of ACN and 20 %/m n of water. The
regghignpsaicis vithdrayn ¢aeled @ad theadedinipthemext agiongonggnd

of t 0
QP erPaahe B PE R o TRt O R 57 sletibod.
2. r es Lﬂ‘HeqnbcﬁﬁoB&l’mm & hchendin (HRLG6- mnmcam@lm&np trothie rfeddahy(ture
const or .the tatal dur on of th
cogiaLt @ bRt H08dpet te&?@%@%@@%%ﬂiﬁ?ﬁ%% @??‘Ea}nw
dlﬁg@@g@aﬁlﬁloggﬁommgrl ty level conpared to that at the

exit of the fifth reactor.Wiat is clained is: 1. A
3. pr ocBwréeess pf@plat 1 mdhersin themadlactationof @Rty th§-aptieocapronitrile

in il S 2k et e g ()

4, Cont"ﬁﬁtpré@sﬁoﬁél&ﬁ{ D @efahn Bdoting o ableast one of the intermediate
6- am noca&r onitrile vapor and steamw th a catalyst in

regption produCtsoBIPrisen keshedchangsact i on zones arranged in

5.Su¢ Gﬁ%ﬁdx@&s@ 16201 Jafdi0 c<§ ﬁfo%‘af‘ eXsst one Bﬁﬂ{eqﬁﬂ Hﬁ?d%& h
a first reaction zonée and afina

redctian prafucts@omprisbeidditiont dfe cwpﬂroh hqmddo wileast ofie nfthree

.is fed intq the first. reac d a fina

mﬁeeaeff 1918 5e35H Oy aadueféﬁﬁh?rgﬁnﬁ h@wehﬁé Seleted ﬁﬁ%@e group

coB!uE‘Lﬁig IBRARE BRAHADE eth@hdl, ShRABhBAERNiRRGhioARiFO RSP i OF
to the final reaction zohe an | nternedi ate reacti on

hepamdmyltem diawiind andwmxtumscmlf gslo anhotehedfithésedompbundshe

6. neXtThre%%gc}elss? Of czlectllrr}lel compnsmg a first adiabatic reaction zone and a final

adiabatic reaction zone.
7. The process of claim 1, comprising a first adiabatic reaction zone, a final

adiabatic reaction zone and at least 3 successive adiabatic reaction zones.

8. The process of claim 7, comprising at least 8 successive adiabatic reaction
Zones.
9. The process of claim 1 wherein the feed mixture of 6-aminocapronitrile vapor

and steam is made by a process comprising:
(2) mixing 6-aminocapronitrile with water;

(b) vaporizing the mixture of 6-aminocapronitrile and water; and
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(b) separating the CPL fromthe final reaction product

by distillation. 2. The process of claim1 wherein the
wW@e2@nitescapronitrile in the feed m xture cont aPCHUSH06009232

O to about 1000 ppm tetrahydroazepi ne and about O to

about 1wt % di ner of 6-am nocapronitrile.. 3. The .

pr odestsatifg teaiaporizedifeanainacapneniirde and water to dfempstatvretin the

6- and no itrile,An~the feed m xture is in the .
ral}g@frf’glég‘&%azghggto apo F%dodngO: 1. 4. The process of claim1l
1owher@iehrécesd bidaied 1 Afrthefashpiige:of the internediate

reacti on products conprises heat exchange. 5. The

o od@ks disertionienthe {eer el theclsed imigtuse odtopeirncapieaitgle and
o T o S5O AR5 AN e

zohe endrelth fihel adialedticorzagtiondumies whedn éessi thah @ owtoPsoshidthe 6-
l.iquid is selected fromthe group ¢onsjsting of ter, .
RO GRRHH Tl fh Ao Hooda VTSR 1S BORYFHIAD éap¢§f1i i fhee finglpreaction

préfxanmet hyl ene diamne, and m xtures of two or nore of
these compounds. 6. The process of claiml 5
conyth) sintegting therctalpd irathatfirst adizheti¢ wactioreonattie audcessate

oo BR AP Rt o S35 L S afoa RS E ol S Meoen

adi q@pddntactif@ tHel cAfhlye® NEthd FdlstAkiabSRSleactiohon8 Stk ¥tcessive
adi abatic reaction zones. 8. The process of claim?7, -

adinbaiin Tespting zones aukthe ginslasiabate veachen swtwigh ¢ axirenef air and
nes. 9. The process of claim1l wherein the feed

steam., . . . .

mXture of 6-am nocapronitrile vapor and steamis nade
11by ahepRerssSoflaipt 1®ivherein(ia)stapi (8) the catalyst is contacted with

6- am nocapronjtrile with water; {(b) vaporizing the
stegmydorn powl tgabeHt18dWBoni trile and water; and(c)

heat ' ~ A [N N -8 at 0
A R L Bk L s e i
ste300f0r alldit 2Fhebqrtddemss.of clai m- 1 further ‘conpri sing:

(a) .di scontinuin e.flow of the feed m xture of
136 ar d’&‘%&?ﬁ%ﬁ# ‘il‘i“aT L&‘éfharewflé;ep\ﬂgb@re S eﬁ??o‘é&%]a {e’r‘i‘g’ef%t?@t“
aba&ki Bfpati c reaction zone, the successive adi abatic
reaction zones and the final adiabatic reaction zone
l4wherTheaweceshahiclaivo Ut vIBYinfn step (§-the maxgoamr tempetafire in any
of Irte%l ?{r]sﬁoa;?%%g%%n a%éa:cﬁgg zlorsle, R0 \égcrcteses(ijvet gdiz%%lﬁcl rre]:actztlrg)% éc;nre]sa Iand the
final adiabatic reaction zone does not exceed about 750°C.

15.  The process of claim 14 wherein in step (c) the maximum temperature in any
of the first adiabatic reaction zone, the successive adiabatic reaction zoﬁes and the
final adiabatic reaction zone is in the range of about 550°C to about 700°C.

16.  The process of claim 1, wherein the catalyst comprises a solid acid catalyst.

17.  The process of claim 16, wherein the solid acid catalyst is selectéd from the
group consisting of Brensted Acids and Lewis Acids.

18.  The process of claim 17, wherein the solid acid catalyst is selected from the
group consisting of silica, alumina, titania, silica-alumina, zeolites, montmorillonite,
sulfuric acid-silica, sulfated zirconia, fluorinated alumina, hydrated sulfate, yttrium
triflate and aluminum chloride on silica.

19. The process of claim 18, wherein the solid acid catalyst comprises y-alumina.
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(b) contacting the catalyst in the first adiabatic
reacti on zone, the successive adiabatic reaction zones

war@otis7f i nal adi abatic reaction zone w th stRerUSZN6009232
then (c) contacting the catalyst in the first
adi abatic reaction zone, the successive adi abatic

20r eacTeqrocessesclaim 1§ benprishad geedicn emni abone@hiconversiog of the
W th a m.xture of. air. and s"ﬁ m 11. The process of

6-PIRORAPTONIFHES Pt f‘?‘% rg]lxgg {; ﬁhe catal yst is contacted
Wi t The
1pr o%eggﬁgftah%ﬂ% gﬂ?%{a&%g%%rﬁh n st %rg&ggéﬁcﬁ%‘%}:}at al yst
is contacted with steam for about 2 to about 5 hours.
13. The process of claim 10 wherein in step (b) the
steamis at a tenperature of about 270 C. 14. The
process of claim 10 wherein in step (c) the maxi num
tenperature in any of the first adiabatic reaction
zone, the successive adiabatic reaction zones and the
final adiabatic reaction zone does not exceed about
750C. 15. The process of claim 14 wherein in step (c)
the maxi mnumtenperature in any of the first adiabatic
reaction zone, the successive adi abatic reaction zones
and the final adiabatic reaction zone is in the range
of about 5500C to about 700 C. 16. The process of
claim1, wherein the catal yst conprises a solid acid
catalyst. 17. The process of claim 16, wherein the
solid acid catalyst is selected fromthe group
consisting of Brnsted Acids and Lewis Acids. 18. The
process of claim 17, wherein the solid acid catal yst
is selected fromthe group consisting of silica,
alum na, titania, silica-alumna, zeolites,
montnorillonite, sulfuric acid-silica, sulfated
zirconia, fluorinated alunm na, hydrated sulfate,
yttriumtriflate and al um numchloride on silica. 19.
The process of claim 18, wherein the solid acid
catal yst conprises g-alum na.20. The process of claim
1, conprising greater than about 90% conversion of the
6- am nocapronitrile in the feed m xture to CPL. 2 1.
e- Caprol actam (CPL) nmade according to the process of
claim 1.
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