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PROCESS FOR MAKI NG CAPROLACTAM FI ELD OF THE | NVENTI ON

The present invention relates to the field of

pi oduction of lactams from5 am nonitriles, and in
whadthgeiar to the production of s-caprol actpginiR¥eoke232

vapor phase hydrolytic cyclization of

6-am nocapronl trile. BACKGRClJND OF THE | NVENTI ON

s- Capr ol act BROCESS FORMAKINE CAPROLACEAMy a1 at i on of

Nyl on-6. Nyl on-6 was flrst 10 nade in 1899 by heating

6- am nohexanoi ¢ aci d. Cbnner0|all feasi bl e synthesis

of Nylon-6 from &i {EARELON scovered by Paul

Sch tly,

Sopr et vefion %fgse{%affﬂ“g%{‘ g ottt RSRL!
axqmcmﬁube,dmﬂ m@g@rm prudneiomof Feapbhctind yBeckapanphase
I ran errent Ehe Startin rmt'eri al for cycl ohexanone
Y RO PA PAfnocapre “or benzene. Through a

serles of 15 reductions and/or ~oxi dati ons,
cycl ohexanone_ | s : then react ed
W t h a hydr oxyFetrire LN sulfate, to

f Or B0 1a0%i 8 2 %uﬁ%f‘th@ m@waﬁ SENSIBES. %18&?6 'v&s first

rearranged in concentrated sul furic dacid,
mage #1309 by bpading Sransipeteatmeiosagid: G@nm@r@auquaa@d swthehus of

NyRHPR6A sfcg;&l%ﬁuﬁﬂ v%sﬁ%)scﬁ@éf&%fﬁm R A 'Fglfl?; ?dustne

ammoni um sul fate sequent pure s-capr amils
in e e wreaily approghnaielres %uﬁ ﬂ@erptzrldést g-@pro@taamid prodnced

froBt {oxal SR HhERS the ener %&&m@&a&ﬁﬁe X%t fegglg

I'ntensive an arge quant i
fonwsltibpxanone can prbbm,q:abﬁql caﬁ:rhmm& iTheougl b beriks of

ro ctam us - ca onltr

L e Y S R e R S
ahﬁhnﬁylﬁmnhleﬂt;r usilg Heanifan fcﬂ'nsﬂif bmmaﬁdbmﬂu?ml ie. d

net.hod of producin C nitriles an
T BR s Bree breP bR Rl aRe. 1 betiriins e g
saliis aeeelzadapittinmuliet Bith Bearblabhe nd aﬂfﬁﬁ&iaﬁﬁninﬁm@m

ueo s _sol ution. Tenperat res from about

S“ﬁzé%oé'ﬂts @%@P&l@%ﬁo W&H Ry e IRV B7EPTAS OB

and/yRii@oatinet um@uﬁaﬂ pifcedshi é;ufeﬁﬁﬁrtdaﬂﬂihl hﬁéﬁgﬁ;@ ahyre for
not re t 1 hour. The reaction Is-preferably

._3

- gengres) ?ﬁ%‘é“%"ﬁ%qﬁ?@?t@gen sul fide. 30U.S. Patent No.

2, 3k ebBBmfchily hitraddie BRMoads pRRINRIYNS £ SarfrDIRAR Yikes 6-
am.glloc?a(l:alro%?tgfe as a precursor. U.S. Patent No. 2,301,964 {E. I. Du Pont de
Nemours & Company) mscioses a liquid-phase method of producing lactams from
aminonitriles and water. Hydrolysis and concnrrent 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 temperatuire for not more than 1 hour. The reaction is preferably catalyzed
with hydrogen sulfide.

U.S. Patent No. 2,357,484 (E. I. 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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a vapor-phase catalytic process for preparing
N-substituted am des conprising passing a vaporized
m xture of water and an aliphatic arninonitrile,
containing at | east one am nonitrile noiety, over a
dehydration-type catal yst at a tenperature of ,
typically from about 150C to about 500C for not nore

Sty s prraop S HpdR PRTR AR AL, Whenen o

oPEREHASN ﬁat&:%ﬂﬂmmt&bh ib ysedt intwgohtthetapinccana BHALeLrORPS aFeh

cont i guous rel at | t he.
5ot et g oGBSy R BEprdgBofbpined s

atlg%nhydrol ytic cyclization. of am nonitriles,

6-am nocapronitrile in ar cta
[errp%gm%ﬁéﬁ’llﬁlm)gﬁclﬁ e }?y‘f%ﬂé’% or p ase
aHSloags1TE %ﬁ% éﬁé}lar-ﬁb ackifg, sQfapﬁlﬁtaﬂgine bed
.or aswigle |V|de into several trays wt

panichitt, dmthe fapoeplsenting wetal oridecaiglysie dhp aee ‘lfééﬁ'-‘gle bedora
di Addi t ] t cen
<P bR B e i b Bl i Elo S B RS b b
dttal%sédeﬁﬂdlﬁotggg&heube of one or thbrGreagtionchambigs, sEhess, 246
ﬂ?(;“igﬁlgill%) di s&%ﬁ?es a %@Od of production of
TEAL -4 ‘apronitthe and water by
vapoy.Pbase Nuy 6)06b.246 (Riodi) dizdssesy méthéd afipeativbion of

oBtegs dopy s eerials SHOBE T} Mo AT o

c§?d'1§£f ol RibRE 5 SRificBdr 6T thedapRthetaintby dﬁﬁndimt Inldzdarfio
reacti on of 6-am nocapronityi]e and 00|0(9 +

privens formation @rﬁé‘éﬂ@ﬁﬁﬁ daripgthg pten
%%?%BE%E‘F| et r%bﬂiuﬁ& HPIReASER dobn toSa téin@éﬂabﬂrﬁﬁblow

Co0 storage increases ca ital and .
aloqt £ 30" Cragd, dOsbesofrys krpt Prstaregsdefore it is di edq\&ﬂﬂacoohng and

Sttﬁgagégcroea%s c%proéﬁﬁcoﬁ)am ¢ R o o L e

ducing C om b- am nocapronitrile in
V\:hl ch mmdcmaiefmg bordesitableciy bavies: presgigiof Bedusdng,raproyiam

N di s | IJ ation. heﬁlﬁaé%mw%g@m REputdiESosuch a

dlStlﬂathIl. 'I'he present invention provides such a process.”

SUMMARY OF THE INVENTION

Lactams, in particular e-caprolactam, are produced according to the present disclosure

by the hydrolyfic cyelization of aminonitriles, in particular 6-aminocapronitrile, in the
vﬁpor phase in a plurality 6f successive adiabatic fixed bed reaction zones wherein at
least a portion of the heat of the exothermic reaction is removed 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 present disclosure is, therefore, related to 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-aminocaproniirile vapor and steam
with a catalyst in a phurality of successive adiabatic reaction zones, wherein the
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Lactanms, in particular e-caprolactam are produced

according to the present disclosure by the hydrolytic

cyclization of aminonitriles, in particular

6- am nocapronitrile, in the 25 vapor phase in a

plurality of successive adiabatic fixed bed reaction
SHBMESANASE Sk iRNBd is Frddsth adirgoratiaarzond andiadinabrgection product

1p s eials

éxothermc reaction i,5. renpved het

COEPESE) gwéaqtvéfa@tf%ﬁwﬁ‘gff? %%‘%P%ﬁ’%%ﬁ%%%ggﬁ?%ﬁ in

m&#ﬁ%ﬁe g gmfdﬁ&lilé FeBiovéiEHsn @b idaetionfzone prive to tadinal S .
as al so

een found that the _p'rodu.ct exit i.ng such
reactio awe; wnled yud taw. dnntp dhediexiaeacion J09g pg separatiug the

distillati [ i f additi I
cag%) %awgl%%&nﬁﬂgllrgac%ﬁﬁﬁ ctbiEistipgss.0f additiona

or St orl ng: The Ppresent disclosure is,

e s ey BORES Bep BA gm0

£h6 h@dioTie 2PKAifioh loif beamifodapsoniafk(A (Mpinahe eariod phasecedbprocess

conprising contarting a superheated m xture of
canEnBiZhocapronitril e vapor and steamw th a cMal yst

ina plurality of_ successive .adi abatic:reaction

2 onde) coppEEg AR S EPHR ERPORARIP R TS APy
wiﬂE‘ESal:ﬁYsriM BRI 8iAbAR Rc@Rhofeslidided b Abtds Gt and

product conprising caprol actamis renoved, froma

cofairdig theestalysh begioniag WijhafEwt feartion 208 anddernirating Fih 4t o

SRS it porp SISO R s o

prior K one, _
zoneytand ¢ fieal mexctior paducdt comnzising CPAdsremeped Hem fy fipalresption

caprolactam fromthe final ' 3 P LVAPS
woff BoE F ERghroschoh b praf B od B il AR Sietiecite,
“ﬁ‘“g’@@?w isrwiﬂ{dmar, bmgect?:d gxmcb'&hntoahn I(mcaqtiby zolt:e Cal\rl;d _
ydr tic, cylization o - am.nocapr qni t.ri.ke. in
{ he @sburing ha SRR el SR AL RRRRRK el gl
contacting a superheated m xture of
6- ani noC aPEDAITIETD DESCRIMITONOF SHEANVENIAON cat al yst
in plurality ofadjabatic reaction zones arranged
i n §ipvenAR S BHES PR PRBEEAR Tl ragrtps oBa PR
theWbdchomof dnlaibhatie afindRfirilorith wWele ih therpreseridenfa volidackl :
final reaction zone, vvhertg%n t h su‘oew_eat ed vapor
catplysts the alinhati asemppinge pavang ths gerablopazone, and a
final reaction product conmprising CPL is renoved from
the final reaction 15 zone, and from each reaction

zone prior to the find= fedet™h zone an internediate
reaction product is w thdrawn, cooled and then fed

in WREPR 4% MG Ene oER 5 Ha0R 390 83 cAUh atoms. The preferred
compound of formula (D is 6-aminocapronitiile. (ACN), which produces &-
caprolactam (CPL), the polymerization of which leads to the synthesis of Nylon-6.
In asystem thatis one embodiment of the present invention a stream of 6-
aminocapronitrile (ACN) and a siream of water are introduced into a mixer. The
molar ratio of ACN to water is preferably maintained in the range of about 1 to 10.-
The ACN siream. can contzin about 0 to 1000 ppm tetrabydroazepine (THA) and
about 0 to 1 wi% dimer of ACN. The ACN stream and water stream should contain
less than 0.1 wi% dissolved oxygen which can be accomplished by blavketing the
ACN and water with nitrogen prior to feeding to the mixer. The mixer intimately

3



(b) separating the CPL fromthe final reaction
prodnot by distillation. DETAI LED DESCRI PTI ON OF THE
I NVENTI ON The present invention involves the
preparati on and separation of a |actam by 20 the
reaction of an aliphatic arninonitrile with water in
the presence of a solid acid catalyst, the aliphatic
amnonittile having the general formula (I): NFs. C
-R - NH2(1) 25 in which Ris an al kyl ene group having
3 to .12 carbon atons. The preferred conpound of
formula (I) is 6-am nocapronitrile.(ACN), which

iy B AT e AR O O i AP Bt e b i

mm&susﬁlwhmbmhsoﬁA@NenﬂmGEMEnnmtkaihempnusﬂmndﬂmnm'

n a strea | NOCa n e Al nd
DB R Folitef Bl Is fippPath VECAPL B3 At oles 301
pmd:nicaa ViR ln:ﬁxtﬁife oAGHN sndsddaery, El&nmaetmglpyodm' tpaicesd

int range out 1 to 10 S C
et b SR O © Bottel TUGE: S A il PR SN Sfgs o
ma#erihl 8410 by DawlChemios %ﬁpwunaér A derdatic ASIvrBérre M eand
water stre n1sho | d- taln I ns than O 1 wt%
beggsein ity B e SteaH VRO RS fdFpdaoegynto &
suﬁr@d&&ﬂﬂ Which ﬁl@ AQWeRE vigir 8fixtbd D futihbsr IRARA 104 teRipetafire

eedlng to the mxer. The mixer intimately _m xés the

PEehAREIP Gar FoutsT)02G fa praduge asiRerhaaiedmixtrgf
A@m@ﬂlw&, HlbotBéal héile BRodtseid prleflinthitfBsRf, Ih%@% afre

water is produced by he n1xer and then is

into a vaporizer. Heat is supplied to vaporize the
ACN wat er m xture to produce a vapor m xture of ACN
and steam Electrical heating, process to process
heat transfer, steamor a hot oil system using a

sui tabl e heat transfer fluid such as a material sold
by Dow Chem cal Conpany under the trademark

"Dowt herm A, " can be used to supply the heat. The

ACM st eam vapor m xture is introduced into a
superheater in which the ACN steam vapor m xture is
further heated to a tenperature in the range of about
220C to about 300C to produce a superheated m xture
of ACM steam vapor. Electrical heating, process to
process heat transfer, high-pressure steamor a hot
oil system wusing a suitable heat transfer fluid such
as a material sold by Dow Chem cal Conpany under the
trademark "Dowt herm A, " can be used to supply heat to
t he superheater. The superheat ed ACN st eam
vapor is then introduced into the first of ‘a
plurality of successive adiabatic reaction zones.
Each reaction zone contains a catal yst. For purposes
of illustration only and not to be limting, a system
may conprise five (5) successive adi abatic reaction
zones, specifically a first reaction zone, a second
reaction zone, a third reaction zone, a fourth
reaction zone and a final reaction zone. As few as
two (2) or as many as ten (10) or nore reaction zones
can be 10 used according to the invention. The
reacti on zones can be of the sane size or different
size, i.e. the anmobunt of catal yst can be the sanme or
different in different reaction zones. In a preferred
version, the amount of catalyst in each reaction zone
i ncreases through successive reaction zones, with the
smal | est anount of catal yst3stound in the first
reaction zone and the | argest anobunt of catal yst
found in the final 15 reaction zone. The reaction
zones may be of any dianeter. The reaction zones
shoul d be well insulated to mnim 7e heat |oss. The
reacti on zones can be equi pped with tenperature
sensors, e.g., thernocouples to neasure tenperattn-e
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Solid acids are defined as those materials that have
protons or coordinately 20 nnsannated cationic
centers on their surface (Catalysis of Organic
va@ﬁBh&@?ﬁ by Supported |norganic Reagents by adksiobdrs
G ark, VCH Publishers, Inc., NY., 1994). Based on
t he above definition, SO|Id acid catalysts are

std0R A Hot 61 s, nside b BiinbleWeatGAheBHOMIi€Such A8 RIajerial sold by
The former tends to

Br sted ACIdS a ewm s Acjd

Deps frieraical (Rueragy w‘%‘i #breéfaflﬁ%ar#‘ f’f"é’Fhe% TOWSCARE UBRHA SHRIY
hﬁﬂ@@&ﬁ@@&haﬁxelectron pair (New Solid 25 Acids and

Bases - Their Catalytlc Properties, by Tanabe, K

1V (18 seperipted AtV stcam vapeg sihgnigiroduced intopthe Bxst of
pl Hof SL@éé’égﬁ'e %&ta@;tlc %J:Hcﬁ@fpioiess %dcﬂ re%&iﬁﬁ%ﬁgcoﬁ%l‘ijssa ?‘r e.

i npl e oxides (e.g. lica, alumna, titania,
ca@b@f \For purppgeg efillysiratien 0{ﬂef agd nefjtp be mitingnd Fygiem may

cofpBibd & ’5% Ei.cgasgwe adlabatlé auﬁ}ﬂlgoﬁés %&gﬁ%ﬂgﬁ 19&0@1

n ner a nont nDrl onlte upported
ZOB% iadgcopd r@cttmonma thirdyrriaction 200 @, fowgthl rhaition Zorierand A ifimal

PR LT 05 o 0 g mpe ol g

- usedidccanding, to dtednyentioft. t Theupactio batee caartd ozﬁtharsamw pive or

oG5 Sy B AR B8 Bl o
requtions eotes.i m@ibﬁemd veision) |tmal"anamﬁodaﬂ catabet ifl emtradcyisﬁ zm‘s

in used, .t he t|c C zat reacti on ma
GRS il Pt Nefutned §ih MuRite sRetakeire
fomdad O frar o Mo age &@aﬁgﬁy zzﬁskmycaltsﬁﬁel fdud in the final
ive |nternDIecul actions in addition to

nan- sel e
reqcHen FEg; ?@a TREOPES IE%RP .% Rier cdteirrasHon Fqqigs should
belwHlIGhAMIQGH hdhinfifARE 108S ThY Ria6@dd 2neH 48 bé b(ﬁﬁpﬁe@ with

ol i goneri c byproducts. However, in the case of

tTRPERBIS PO, &8 Thammeopeplesip Mepaire teppergture a giffran focations

inG¥Ctht ZAtdRAYoh&2athl eRgyR L EpbRYALELBM §kid bhglyst.
i nternol ecul ar reacti ons due t0 the shape and si ze of

t he Spit aaidssaneidelimed puthoseanaseriabtbehsye ptops on deerdinately
f
unbRAGHka eauogxc de mgé 5 gﬁ% i bggm %Jﬂﬁwe{?&;%%yo

the solid aci e SO acid
Sumrafﬂimrg@rrefimg@ﬁte 5] s'H ﬁl@tks%CH rPabllahh@yInﬁoNaY | H04).

Bagéde Li?ﬁé %bvgﬁe mf gﬂﬁita% caf %Sg{egg&g%é

restrict t mat on o er nD ecu
categaigktnagfely Bmestwaadm@eraAmdm e fdrmet ferds to donate a

profhe GHRQ 1S %Av% the efg éé%' -a)éa?ééa? m %}e%ren Jat g&‘"' &“J ar

P EEdt T ons can uppr
Actds ené Bues Hﬁﬁheﬂlﬂdﬁcﬂm Ibbp&rhes [:3%) Il“amhbe,d«thmhalM.s Dno Y

anf BRSSP0 BBl YRl Bl 8 A Rl

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

2. Mixed oxides (e.g. silica-alumina, zeolites, etc.);
3. Natural and synthetic clay minerals (e.g. montmorillonite, etc.);
4. Supported acids (e.g. sulfuric acid-silica, sulfated zirconia, flucrinated
alumina, etc.); and
5. Solids containing activated water molecules (e.g. hydrated sulfates, etc.).
Yittrium triflate and aluminum chloride on silica are examples of suitable solid Lewis

Acid catalysts.
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15 fromthe group consisting of y-alumna, silica,

and titania, as disclosed in U S. Patent Nos.

6, 262, 259; 4,625,023; and 6,353,101. y-alunmna is a
wBhefsAbised solid acid catalyst. The catal yst p&psBfohérs:

the formof beads, pellets or extrudates. Typically,

each system uses only one catal yst throughout the .

systiethe cadbolioneghof the prebent mpéntiontiiewHiehl atsoliderid ¢andlyst i3g

[ ... 20The super heat ed ACM st eam.va enters
sy S HSERL 1 e R ARE TEE TR CEGTR AP B [ A
R&a%caisyiﬁ?dt aﬁ@i@gﬁnﬁlﬂtﬁrshﬁ%aﬂyﬁm m&;olﬁad)ﬂcotrbh%eléﬁ%t 4
. undergoes a., rol ytic cyclizatiaqgn.reactjo at .
nigry rectisgppddifion o #@ﬁ@é@%f@ RepirastiopsThe
INRFBCIERE réddtibhayhibAIBl givSetd SEoARAL bypbikl:. COWRYdr,S8 e

unreacted ACM_ unreacted water_and CPL.. The .
caff Af Ty TPPPRous §tid; gk Gatsysisda g zeplies <o YE iARtRR FoRFIong AT
fabR6d ¥R B ihiRn16MPL +@LHER daf oS sdpe ﬁ:ﬁl"ﬁfe‘ﬂf%e%{%}rés B&a

. first reaction zone increases as a result of the

? Bt iob Absomtien Péfhegeaptant grdntenadiatermeiely ipfide thepors afithe
soli@8Gh baR: Wﬁeggﬁeg oF 16 8 %iamas}st%epr&ﬁf%@egﬁgmgtmy »

t he supefheat ACM st eam vapor "t hat™ ente ]
alipwrdiffusieafithensactetend meduat msestienyat eespest thefornation of larger

mABREINE Rl o B ORI ok PO KM B0 B
cafalysis, thairdcramitcnial sacticat can ef forliGstypressdddyy passitatieg 80
AR EAL s A PR yapor entering the f ir st
reactl on- Zone. ' He first reaction product-is
t he Préfrtredosdlid eddicnhiysia siitabktfocae lid thiy ithesrticeare Belediddc h

heat is remgved fromthe first _ r.eactiop product to
fro %&&@P&O&Wn@&f% {eRini, St PR PR ARSe PRI
N&OQLEN 8 hE 825304 BE58 161 YlalKENRAGRE erred solid acid LBlyst.
cool ed first reaction product is then introduced into
Thg calelyatrran be dcthi dernyefiheads| pelielser seawalgs-r Breallyreaglosiston
M’y&%}!a hhy ShohNELR . 1
**por t1 on o%i){sh%&i%li\lﬂ&?ﬁht etg%%% 85‘;. rsl%]n?tglg%]!tmlﬁgﬁébea
linytiegimcany swagter goes hydrol ytic cycli 7ation to produce
CPL 1apd, aat:§° G _ . L 95hPrRdHCt
-5 cg%%?ﬁl Sl n%teﬁ#r(zl\z/gtggéiag%@ﬁéﬁ%ﬁreacf%g&%%ger;}fe' ﬁ?%gﬁand
cogtpstomittethe catalpst dokreincht iehbte rodmparf diteuk@N ahddrpees 8 dgdmijtic

eact | t eater. thap.the t t U, f
ey R SRR Blodb e B Bt 1 Tt TR Preguced
in SR ERRdedclAl kiR WHRR Compiies GracRtd AN aink@Btep athd&itd CI51.,

then [ntroduced into a second cogling device in which.
The Gadrolstic PRI TRORP HEOLETHH Y REETTS © SFrRfERre Phthe
coRERS UEBe firdt BRALESh A2 ARcbaERAS k kAl DB rRSHGE - ActhRingly,

cool ed second reaction product is then introduced- -
thy trrgergtursafithe Fshrpstion pruivet is ersatehthan teiteraparatere of B
m%b?{eamwégﬁtv@ﬁ& tﬁﬁﬁteﬁ‘tilteﬁ%eclﬁf%ﬁ%%ﬁtan LAR! &inBrisdih

a gortlon of the ACN in the cool ed second
terppesaiutedhdoperdsnten the deat gbeesctivpgithe pypei of gailystan thefirdt o
- herafich f, Wetal I T, ion
re"g{r“g%%%%’ t%gpr | sf%%tlr%tglﬁé %g%%‘ gagBAoa\A)ld\ﬂﬂr? r%g%t ed water,
suppnirrsied o Chlsigar@apirenisring the dist apadtiou zoner awn from t he

t hi ARG . . r f '
reag‘g?on p%!(:)tg% t |stlgs|-r[}!lel"gtlt1ltietfaﬁt@l {fﬁﬁt{dﬁ%&gp@kﬁ@e@ig&%d

whashdwatds reeei Gonpthe fivst teattivatpretictio @i dubea tduladdirst
reactj The.third reaction product is

red A b e A Ao BT RRREEE, Wi e hea
is renoved fromthe third reaction product to produce
a cooled third reaction product. 20The cooled third
reacti on product i-s introg_,gced into a fourth reaction
zone. In ‘
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this fourth reaction zone, upon contact with the
catal yst therein, at least a portion of the ACMin
the cooled third reaction product undergoes

wOYhlisAbii ¢ cyclization to produce CPL and hggfuebosenszs:
reaction. A fourth reaction product. conprising
unreacted ACN, unreacted water, ammonia, and CPL is
pro dltlmedola(hﬂmw\teabtﬂmalmﬂwtie then fgrodBoeiGuin atseccad atdction

w8 Gy ad Pl CRAF S i ol LR AP R G

pqmmzkbfahe AQHtin értcesied fitdh eeaémmrprbﬂmemnﬂbr@m EyalﬁﬂyucTh e
into f th

ur.th reacgti rQdu i's introduc
cse B SRGe Lo A R ietc LR TsaeibR pirh
colrgpuisind uhagsd AQNDiReAttdd WAerPCPI afEaBmosia) ieProieesdt Mhe
reacti o% oduct. The cqol ed fourct% eactl on g iQrg‘uct
foperplire 3&%8011‘1&?%?“?1’131' Pt & Srple S fgpparatusp o
cololbld irdt réddtion aGict BAt &ABE the BEdnE RRAbERMzoWs, t Thd 3€0nd
catal yst therejin, at |east a ‘gortlon Qf the ACMin

regqkion prOdpetds e iniiedyced it 8 secopd eRALnE dRdes iggddch heat is
reMpAomh iHe s606RH kdRbibPS okt BY REMES 2 ChdleAREoERbctBh

react| on. A final reaction product conprising
odickact ed ACM itnreacted water, anm)nl a, and CPL is

pr ° € 800180 S cdhd LR Jdgﬁcgk “-Zh{nigur 86 kiR o4 R0h -

Ive reaction zon i |rttersta e
20@9611 iigthird viacieen zome, uppe centen with ﬂmmyalwh‘érﬁretm et least a

SRR AR a8 ool Bl feth A PLRUME b Btk

cy2bfon v ;m@chm CBR5Gd ha%t’a oﬁmaaiqnl |Aeittird mat:lhml Iaodluot: emprising
it ch coolin Qr.ne
wil S RHMAE oMY el SR, RIOUCIsRRodiEhd TRt
ﬁanln ﬁmelutcbnematzumae T}:&ng:epexatﬁ’ﬂa@f tedhird mmOalpeodyene pechiey
ressure ut 1.t bouf 10
f e el e PSR oD B85 B Bl DicRRR e
Tﬂﬁﬂhﬂ'@l@ﬁkﬂ?@h @rddudt it rtdbacet ido BairddosihgdeRiceab atiich hes 1sI 0
about,. 30 Pa).. The reactio s ma carried out
refe&ﬂ‘ée%pfr%g'ﬁﬁa?ﬂ)&ﬁﬂ%ﬂﬁn@w ty gipdteet ol LGBt
ni t rThgesbled tirdMidagliorCiseuct RentrdiRtdd igRdS foaYh ﬁ@ctwh%ﬁéltln
in an excess of up to 100- ftgl d 10 based on th

thfaﬁ?%ﬁﬁftcﬁﬂl ne, upon contpefavith thecatalust thegen. Ablsagt aamwwé

thd RON ih Moo Rl AR BR%Ibh PEHIIE\InEE B0k AR 1iS 8P@Tzalich to
vessel s or any two or nore successlive r.eactl on zones

progiuck CPh et begt 85‘@3‘??(961 Prilgushreagiionpredugt eopmaising ugreagied
ACRINGReaXRE $aler, alfifordid, R4 CPE @s%rb@&e@ Mﬂxﬁn Ehfinhe

introduced into a distillation col um.

fogythsrenqtion penee dig tsrepamuoh heifeurthygacsion penddotl ipgreplet thast
thdt f BERAGIA Bfhd bR Rp08hd At RLLE the fourth reaction zone. The
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 wndergoes hydrolytic cyclization to

produce CPL and heat of reaction. A final reaction product comprising unreacted

L =y
)

ACN, unreacted water, ammonia, and CPL is produced and withdrawn from the final

reaction zone,
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conprising CPL, ACN, water, and high boilers. The
distillation colum typically contains structured
packi ng. The distillation colum operates in a way

wbhadenbfaey di stillate is preferably renoved af-gysieosmoss:
tenperature of about 97C and the colum tails are

preferably maintained at a.tenperature greater than
aboulthe ¥30 Ebacﬂ'dtezodesdndlﬂheabmnte%ge @baling degicgraeé epeadibd/in

= PRFAEF uPiog2Br bt PR PRElp o BhEt i Pl F aussiiie

to@bdkfi 350° (Dﬁﬁfexam;eaboapm%t eesbotie3dst Q. nghdsh gkiflédialihe art can

[eacti.on zone iS u tro ced, subst anti
AR ot b bl pioRdpy GeFbaPaar corigag dovice
invedeg i mba uﬂeha/teﬁzpa@@mahgw ‘tme fe%&dfe\:& aRfgehdialiyAlalliddSout at a

t o about

oo ere hop 0o et Apdtait it oue W0P IS4 i n

préfRbIyRERech AR 2ROMouD3 BarlaBs@he tbodt 11090 AN BRI 1d8),Ofhe

cat al yst_per _hour, Conversions based on. ACN are
TERGUPRT HaY h%capaﬁ@lg@t mrtbwrma@ ofy ipest &9, ByFXpIET BEAATY

{6 Sin K6 cadd Yo RiRH 364 My b prRfentFilan eR6dIBh# 0 160-fold
mgener ally. acgoveeSS% pr e#er able)lll above 90% QL%% O-fol
baﬂ@rﬁﬁ‘h@ﬁlampvﬁ#i’efer abl y above 95% These conversion .

and «gel I g

cata gﬁ%F a¥ }{%raggt%her ]H'%r %@&Bﬁ&é@%ﬁ u%“gjg per
separglf Vwcia byaty. two or miore Sbwewmm @ibnea wgibwnﬁstage cooling

cag%&gg%%%%&nﬁ%ﬁq@g&ﬁm i'nvention, an ACN stream

, are introduced into a m xer. The
nmol dhe Baslireactibn pathsit mthenﬁﬁmoahmeqbnﬁ ediaffilapionadlntmai Aed

he raw eof about 1: ;1. The N stream c
aidefhele NS BAE oo B Mtero b i e dp Seb R Bt
coapdsiap ORL., ACNpwaibs) khd ngh\bBﬁfﬁis MEe cﬁﬁnﬂaﬁ\(ﬂ\éoltiﬁhlﬁwﬁ@bﬂy

sfream d wat er hould contajn.|ess a
ORI SrR e « bt GRS elPuRen i gey that the
dxﬁﬂ:l@let rﬁ)ﬂ)ﬂe&%@ Ibmtobéc’&mf Kgémﬂbgaithl’e ?{] ANt a1Td anatiRrcolintntails

nitrogen or ,to feedin 0 m_ xer emxr
g e aP i % D RERNR R o APSRAT0IC < ThaAilagion
coﬁlhﬁilb ?rdtﬂr%lﬁji ops‘iéié‘d'lataﬁoﬂ aiﬁ@d’tp!{éimfﬂré‘s%e aficPat aREHSBGo oA

water 1 s produced by the m xer

DG4 R PRy SRR 4500 63 T ros red i todinal
s2HOPLdnR s §921%3RREd%E Mﬂjﬁaﬁﬂﬂ?\&ﬁ) uce.

rea vapor m xture of ACN and s eam%eEﬂlﬂgg{erléFglglt&ﬁgg@ng
coyfBeess to process heat transfer, steamor a hot oil

SyStIﬁQ%veiéiﬁt 1%19 s%iéb %a@&g}dwmv} 5ANSheN i bﬁ’ d;qm? ugt&nq&e

a nateri a em cal Conpany

| ralwpmw@btmbn@trm ACN peag o eatalswger ous ppkyblyiveihin

1eRle AR atdh ﬁ@'}g %o%?ﬂb\‘%ﬁ%@ﬁ %&i“cré@;}sf BB&P@HE\%%MS

I nt 0 a superheater 1n am vap
basmmlu&@q pxs vfithirt the ranige fbmchbbat ) 1o 88P%; profarably abd.vh 80%.

s u pe r Vﬁgt e r%xé@éﬁ %%e%%%& atbgge?ng Al %50 n%r%%‘?élg? %%

patfieeltuly grefqmzbdxycﬂ:m*e pfeptimsessvhmsivh ahd sslatieity values can be

re re..steam a syste
et B P81 R B ot 0% e ot USSR B2 Pl
by moazxsh ﬂmfeabcoﬁdﬁmaa&mdﬁmma;&esltehﬁﬁwmdmrmrm stream
¥ Dowt sed.to eat .to t
and A St e iefBRR L R sl MR POEaRs vLHaE AT,
prefarhble diaﬁﬂiinddl‘ih Ehelrhtzeforebdut @f1 18 10:1. The ACN stream can contain
about 0 to 1000 ppm tetrahydroazepine (THA) and about 0 o about 1 wi% dimer of

-
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plurality of a successive adiabatic reaction zones.
Each reaction zone contains a catal yst. For purposes
of illustration only and not to be limting, a system
wOBMeAORRr | Se five (5) successive adiabatic g@aghbiRRoor32
zones, specifically a first reaction 20 zone, a '
second reaction zone, a third reaction zone, a fourth
ACK AlHel TN ztoeeen aibvaerfstroah shicatCdconein legtRan deuflelwils
.1 2) or _as.many as ten 0),.or nore r tion zones
ciselited, EAva8L it ot o e PR LY Hoeene e ARG g
njﬁayaﬁh Pri6Ho fm]%ﬂgfto t’ﬂelenisanﬁha irger @E]ﬁxﬁﬁtész efeR EI:je_Sﬁfx(fZH stréang.

e anopunt of catal yst can _be the Sane or different
sl ol PrEe ok SRRl PR oo RASF SR P By BrSr g of
Acthand@wRiens pRidusal B iiShideR BB £ 8REJdLEA B0 A apdizer.

i ncreases through successive reaction zones, wth the
Heghigppdied mvnptizedhe oGNAVRer s i Areduc @ vanor gixture of

AC afd §t8n 2088 AN Eeatile phREQSS brorbR MBSt 19hs 62 bi8dnY 8t a hot oil
found in the final reaction zone. The di aneter of the

systEncsingrt spirhle heat trapsfer Hpidisuengs 2 mpferigl sald by Slow Ghrsgcal

i nsu O ML | T
CHR Re Gl RV A AR Do) Bopee
A alsam yapas myjxiure is érivedecsd pite ¢ sepereates i ehicteip 4@ sieam -

voffl SR Hier e R e G LERSH DA 185
30piCeipodsky a shgstientodthixtieef GDEsthmatgor. AU Bt heativgpor
oS e s B U RS e
suittbibchegiems fer Ayidrsothydsiaomaterjat kold ay iDow Cleattdl Gompiatunder

roduces, s- rolactam A,first, reactijon product |s
RS TR RN B ) vt b b AR T IRl Be 1 Sos
I NT Fae sipdrhAgidl AN/ Saet efovi tiesh iaineinCdl into FRefirst of a

1h dr o# tic cycli.zation reacti o%iﬁ exot herm ¢ and
PIHEY 81 HF% © pdigbalie LR 29PCS HRACR BRRELAT <On Portains 2
catblyktS For jR@sdsbsT iB@netidnt el eatant Shediniigs latsy@ém kg :
~reactjon, Accordingly, 5 the tenperature of the first
COMBRSEt VSRS)gﬁ“&?Pé%Ye ?‘gébéf“‘e‘ﬁ@”ntzﬁ%% iﬂ?@ﬁP@h‘pﬂeﬁfé"trﬁﬁ%"%f
zond) 8 s&URE FABRISn A GNifd RAMON 3BRY, atidiath B1kiBH B6helah@a final

fi.rst reaction zone. The rise.in tenperature is
reagpetraen s S afaronlar spmappacien 61) of merearistinn zqsrs can be
usdBleAdrin té fheillendidd Sthe h&RE Ahed MBe of HIRERELH &

flow rate and nolar ratio of ACNto water in the

difSuqué Fie deciie AN pEeatlyH eor basthe smawy differttiiy different
reabRC3dn8d) %%@efe&éhmfsi&gf( @%o%ﬁ&ﬂgmymﬁ duigt dofion zone

_|ntro uce |ntqaf|( |ng evice In
incpaabas thyugh fuicepsbive cgctimidonest with ths sfiallest ameuwnd of outalyst

o S i erBAGE ot AR BB LhOuhh of BT, Rl 20 b
reavidgsaine.oThadianeteefitad repeivh zofiestidmtkiitiel. Theaetdtion zones
o 5 B R P o S 350 ] S
withi@ngserameapisors] apl, therniocoagieio atdanury tebiiaminira at differtisiX

et hyl di am ne, a m.xtyr.es of .two ar re of
tocfiiS i G Yhnesy e Pt Sl Dyo g cfiafée s
previdiugly dedcpipbd. ng by the sensibl e-heat renoval fromthe
first reactio duct i s acconplijshed_by the_l atent
heaths %‘QEW%F%{] ‘f‘g&?’@%‘ﬁ’o‘faﬂ’%ﬁfﬁt%&gfdﬁt Fecigt zpgnipon
corltadl| Wit thRQEAHS et 201880 8 BortiBn SPAE AN umidkdved PNydrolytic
required to cool the reaction product is a fraction

of the change in specific enthalpy required to
vapori ze
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20 the cold shot liquid the required quantity of cold
shot liquid is small in conparison to the quantity of
first reaction product. The cool ed first
W0B36d e Product is then introduced into a peEp&s09232
_reaction zone. In this second reaction zone, upon
contact with the catalyst therein, at |least a portion
cﬁﬁéﬁthﬁ rﬁ@%ﬁd %aﬂﬂiﬁiméxﬂzmkoﬂaclfﬁi AGag E&a@ﬁbﬂp’rﬁdﬂﬂtﬁs Cpélr:)(xiuced
. u es, hydrolytic 25.cyclizatjon to produce
in e EIERROHGR ZPen Sl O RISER BRRRr ALY Bregseaatfi and CPL.
G RER EdaOibn A DhotHeRhR A6E BRroffE Be terBPARIRDS the

and CPL is produced. .The tenperature of the second
cquieRts ot &5 %Ffaaa&ew FRNCAReEeAsETas SRR OR BE Toetionh A ccrinedy,
th kdnSlerdtR86 10 Brdd E‘&gﬁ&ipr&hﬁi is @R R 8fln HQed f&@cﬁ:@ of the
i's

. reaction _zone. he second reaction roduc

quﬁ@F%@ﬂJéGH/ﬁtmvaaoe@mereéébﬁ ﬁlﬁgre@réw &end Thgiisei a
enfit G 8% 1 E‘éapﬁ&, ﬁg tﬁQ)f alg&qﬁ g:etlﬂst
e secon reaction pro uct to o uce a.c
reg@@gﬁqnq; saweragne, rimdnatptand molar fAEBY towaerdo the
third reaction
%%%&é Cgﬁﬁgﬂfﬁwb? rea ?%gﬁﬁggﬁg&gﬁ%gn contact with.
t he Betfadtysictiorimgnodial js introdueskintoa fostrdobling defvick irewkicNa

L ATy e —

pméammhe tfirst Bodiinigrddvice eamttic@rseymrael thixting eddl bSamigiegral part of

e AR AT Thow SoEr R oR st o i onsidine

ool U@ bthinfo] GHRALE b-ahiddRagrbdiril k-de1:60e), Admeseond
reactlo Broduct t hat entered the third reaction

HRe e iores f Brood degre pEthesscrmaoes fnto a
pﬂeﬁh’é&' c1@ Mok HQmé iSO MEC Qldoﬁaé’w 1@1@ sésﬁ@-]%a@ﬁﬁfovﬁl'ﬂ%ﬂi e

—as previously described, is ded to the t

fistsgation Arodreiduacomplished by e laéere Bet sxuirpd foa va@e@%ﬂoewf
thPEQH Y Jiquid, Becauldfe ﬂ&%@ﬂ ggﬁlﬁgeﬂt%%}ﬁ fe@tﬁre‘artﬁ thel S

Introduced into, a fourt ction ]
refodion prodpeite fraviionsfge chingn itepaeific entulph regh@ecbtatvawgv

R A o

the gerAniityatfifo reaotidiOppdwduce CPL and heat of reactlon A

i a1 ebBEBisEa Al phEhe S AR Bt o RBAFHAGR

zmﬁnhﬂhlamlecfi ohactidrezohe mpbmcanmmmﬂmte pgmljmnhemmgt g {I@rz:a:ae r
0 cti.on pr.o a

porfiBh e B ip B o RS BB e e Pt G B ik o5 o

cyplimtdoeto preduca CPRciud hebt Ioﬂieﬁ)ctﬁnf %&dﬁd&émhbﬁlﬁrodw ice,
in which a.c hot i d, as described before,,is

coEigs PR 5@1@ BRTPACHP s FPROBH- G G?fe%mﬁﬁ%fa@c@fma

te@pehiQet Jf e debond@atib@BroBlicd uStater than that of\GieicBolbdBrst
first cooling device, the second, third and fourth

TeRclian PrRguetdiAt Eered e seprmd seaptionAome.nThe SrgonAdeactiog pRfluct is
intrét{uS&H Blo PRESH Bblitd v &PRRich b Bblk dh@ NdufiQ GtRribed above

reaction zones, respectively. The cool ed fourth

is pdded {9 e sw@@{?@@mﬂ@m@mem@ 3 srodpdgecond sepctionpreduchn
Z0NGpe b&l&@sek&ﬂ&eédﬁ%ﬁ rddf@ Q& m&&a&eé‘ﬁmo R84 r&%ﬁ&@&he In

Wi th the catal yst therein, ['east a portion of the
thia@Nrd reactine zenso b Cfonwttvmhtb%qﬁlm theradulat leashizdertigo @§ the

AN &la\é&h&d | ndé% r%ﬁ@% tdﬁct%é?& &e‘§ P%}}fgg ggéiﬁéﬁon%

reaction. I on
r nr eact ed ACN, unr eact ed mater ammonia, and CPL is

. produced.
Qe
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The final reaction zone and the first, second, third
and fourth inter-stage 25 cooling devices are
operated in a way that the tenperature of the fina

wé SR6hd1@A Product is in the range of about 225fsb@®emnezs2
about 350C, preferably about 250C to about 325C.

Those skilled in the art can detern ne how nuch

préa06d CPU asd ot of rbetiper Aakiedadién 9ﬂﬁlﬁctlcﬁﬁ19ﬁﬁﬁ§@ﬁeacted
coollng eV|ce in ordey to neet these te era
(R rgerecteq Haloh SRR MEn 8ol Faredugsd: Jheiarp ot

red@ﬁ&ﬁﬁ!dﬂlﬁ:t {sTodie? (18hh th® o fhe RBSIcBRcAASLIMbS f)](o&uit Ghal B26red
kPAgl preferably between 1 to 3 bar absolute (100.to

e3biyd repaiion zepe Thedhid mactiongyodyet is gymofegd grie 2 ﬂ:i%rdtqqehng
deREERENEE Ploidihot ﬁ%ﬁa, APRoviduly dEXABR, & ABEOD QY third

nitrogen, in case the inert gas may be present

reschomprodnct m@wc esoq’led thiyd reagtien wadst on 't he

am

"t he ?19? %c%o?ég &ﬁgder I nt n&) rJdﬁgt ElﬁllI%Ihlf;({el& g%& % o; r&%&ﬁ 28, In
thig|fosrth Indagtion 2vaepIpbs corgach with Micecatatigt thereiy 2 IQﬁS’Sfthm efd

S L D R L

rmcd@mg andThvet dirsdctibb.afifonthoeictinn pegdestatoewrising af way

e MR Pt T Ay 0 PR R 1 g

ofﬂ;ee&eﬂ:abicymﬂpnoﬂtaumgdatat thm ﬂmrqﬁdreaaboﬂee ﬂ@ﬁeeﬁcaon pﬂadumt
C. .The distillati.on,co

bout f
e g Big Ko S o S SR e nto
fomfdouung"mdce i@ fvhadhaidoldshbt Kdiid, addespritedidefvpd, ys ﬁﬁe@ﬂaohﬁ

45 to 0.75. The vapor d exiting the final
f"‘}r@‘aré’i“iﬁ%l”%% tq rodesedy q091fe§§ﬂunﬁg‘ ot antially in
t he ARk Grspbodiing devisd, ifd saédn@) thE® haiourtd dlies Welids tan
hourly space velocity (WHS of the ACN |s t pi caIIy

be JFpertHming weéﬁ%&@rmt%@aﬂﬁs plohesegondeipiden reaction
mlgegt Veger hour, preferabl y wthin the range from
O 5 to g ACN per g of catalyst per hour.

O&ﬂ#éoeﬁ}sr@ept@ﬁ PIVENCtAS BisgiioRtl it #Englaprgtion 709m In
thJ@ﬂQéltreaZQoﬂ R0 %pgr( ‘2:0195(:‘? b ak c\étaﬁ}%?ﬂﬁ@reﬁlp e@le&h&pomon of the

ectivity of formation is %ynera above -85% -

ACE*I @ftber @smle)d fam@a@@%prqsbmtmé@ngms dugtysif eyelizpyonts
pnﬂh e aC heltt}gg QEVﬁffﬁlaﬁ@a(ﬁBH Pﬁ:?h&%%ﬂn héﬁ( Wifpbdd

or a cata rea er than
A@Emn@a@mwmmmapmd@bfsmmdyst I n anot her

exc aén%gar@é agé? ?gﬁﬁé@gwggﬁﬁ s caﬁgﬁj‘e use%gto cool

codling deﬂbmrarmmineatal in@anyi thai ﬂmtadwamrebﬁ thedfoml sedoassi ve

Prmﬁ?é%{“ﬁg%z ogeteo aggxgzgg@t% ?ut E”or tr g %thf r esﬁ coﬁ: (t]D ACN
abam A2 €. Mhbdealilled dh Wi archd Jetérmine Immm@a:obhn:gshsﬁld e -

eyl Ry St be® Fae ABHEOR Sut o pRLPrE bt

rangen | THeGeddtioRass gealaogticdout@dh ﬂreeimat fomt 601 & SBbde

sbsp i L OO T At B s o oot oBles)

Thé Feaeshns B %rb@ﬁarhb@oﬂfiﬁ SR Preskité @R bk DBt g, fdr%ﬁ&h%laargon or
portion of an internedi ate reacti on product ef ore

mtf@geraflt*érlﬂdeeep thedneR S95BRY RS PEITER R 2RFXCETSIOf VR Ffb%%ﬂ fald at

bade€ 88 thedmPnttkipn of the final reaction product after
cooling can be recycled back-to the inlet of the sane
reaction zone that produced it. or to the inlet of any
ot her reaction zone preceding that reaction zone that
produced it. -10-
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30Deactivation of a catalyst is an integral part of a

catal yst lifecycle. Therefore, catalyst regeneration

pl ays an inportant role in the econom cs of the
wBvsdsAblg7Process. In the present invention, @ér};[g%ﬂw;b@gzn

catal yst deactivates to a certain |level, Le., the

conversion of ACN and/or selectivity of CPL drops

bel awe@Enplreactiof prodastvailbe intbbeeed ¢ab aisliativacolmn. A

.regenerated and its $ct{vity and,  sel ectjvity.can he

CHOBETIFRS SYHOTAARS FPIY 1S serargipd Fomaico Is G@pRRsing

CHIN @9l fadr, 2T6Y @EHIREbR 64linkth kppidfty boRaisAabyEd pdsions

bel, ow a pre-defined value, first, the ACNQB‘H ow can be.
Thei dgatompaamn gpsTales ATy Shat theghittillate sy el RRorsd at 2

terBHRRLREF B DY BN thY Ecimh WS LAGSEER A ang athhe
reactor systemfor about 1 to 10 hours, preferably

tepperatgisomeater shanabautd§liCs, Therdistdiatien sndumuels Precvrely spavted
at G50kt BEn RS hRMsulr Ot Hk?ﬁé%g%ii&%gbﬁ}% 81’0, ??e@er&ﬁy at

added to the system pre] fore the first ,
abpeidbdsoe 0.7t Thawpoa feed eaiting thedfinabreadionzone is Haallpcat i on
: whot. N j " - e location in
influb Mot B e pl e pPBL B Hdon o BUERC 1 ir o

ex c (fhs weighbbaulyspabeeclooity (VHIS Ve rbthh /(N is typecatly ivdthin the

ragironk 147 BB A Perd Y e LB R SRR PR e

frave AStto RS heGNmpei gaf catdyst plrdofi. Convarsemsthased oRCN are

{raxi t t "hat spot " shoul d_be .
B RSP B Rb 1 8 DR oo Sty b Sa- T ettty of
CHIr Rkastihl iy gdirtaip abovalsses, phddathlgabowalPou, pat O Tarlyt freferably -

.substantiall3r regenerate the entire catalyst bed, ...

R TREATE e COREHIET al SloRT TG Co i SFegrd Bt O HE

of @fdatey tHal 766 ¢ OPR pe@iudbd/Sdr B chxhlgke. t enper at ure
sintering. The_ regeneration process is typicall

conds At RSt teHBRenD % CORp e o iR S EhErFs M

coRBEDt Rinidshan hEREH & SoolliteaRBRRISte TEhGiod bfodhib9etinsed hen

turned og wait until the oxygen is sufficiently

SUEEFEET AR EeINE system the superheater tenperature
adj 45 hffindr QubSEmEIRIrHRAnYRIYE, 2REstAGNaN 36fioh Bf FrishREM
on. 201t should be appreciated that the follow ng

A sapbagiraguseddisestly) itdel anyoreagiion stage pier derfspigegction zensd

f _J ' i \L. i =i i i ) t ,
A b Y AR Ul BUtToh B B 37 B Rofitoy et
exehanppdiawldbshet) et tlsq e inbrodend Hirentlyiinig awrrgaciion zomeaiter the

i L : i-nvention but are not neant to be
red%%?éﬂcﬁxaﬁpﬁ&ﬁ%édﬁﬁ any way. 25 Exanple 1 The

hy diwhnottier exmpedimzstof dre préseriGhivention, @hlerit @ pousieh of an an
. Integrated. five-st adi tic r tor stem wit:h
b S e ioh Sl BB Ao B EbxoRaEh SELM b
or eidlkastm pbition pf ihel Ginsl reypian ptodost afifih@olingpenibereslyelkd bekip

the imlef SF o Isa%?edreaogti:on zone that produced it or o 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 valus, the

-11-
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Two feed druns, one containing distilled water, and
the other ACN. 30Both feed druns were kept under a
bl anket of nitrogen and sparged with nitrogen to
wo f08YAsAl ssol ved oxygen. A vaporizer whi ChgaRSIngHRIs2
of a jacketed 1% inch stainless steel pipe heated by
140 psig (965 kPa) steamin the jacket. This was fed

cathlygiivan béegéreendeddmdrits abljvitywnd seleativitn gar teeddRd punps. A

_su%%}uﬁﬁg“}xef %ﬂ&;tached in between the vaporizer -and

PS8 “e s ur e conpl ete nmi'xing of the reactants.
Al Wimn mﬁhtyamﬁm sdi@tivingohine tﬂﬁynfdrdpb @eMarpx_menﬂﬁnetio

ta bl, own purge from,t orizer ded.
vath e @ AP S Pt B ol b SRR e Sy RE R
supetipated blean) Ade rMﬁﬁ)ﬂ'g”dté‘aﬁI mf@h mmearh fettﬁaysezéin IFdr abﬁuttl he 10
of the first react

d d t
hOVEEféfglﬁB% %ﬁ%a SRS, ﬂwlma@r PSSR 670} eﬁ‘ﬂl

to b0V ©Bnd BEn Mb@%laﬂ&e&@ &l @ﬁeﬂ%x@ferdb!ﬁ th&rb €he first
reactors. The reactors were nmade fromtolY2 inch

reagion, iah,uch & rafe gts Tpicpnitol therlecation af e t‘h%' &eptf é’ﬁ@t‘h@ spQiy is
the3bE6S inknt ﬂiéﬂ%ﬁ rétctﬁ? Berd raptd terdperated eﬂ!ﬁ%lcﬁidocbﬁﬁ E‘Ecsto

respectlve y. five reactors were charg

an ggpthegmicxggetign. Tii.lszi‘het spe) s thus m@rabmnholéed@ﬂc@/thaq lh m na
pmgaegﬂ{réiff bravdiERREGhS ¥REN of 3 rkddford Qégiﬂggfgu%i ﬂhﬁ @t tidbeor.

ct rudat es. Heatlngta es wap e reactor -
Theverpsinmemigaipbrptugoeiitho fhoe @06 ’yshom bg@w@r@bébﬁwm@n‘e d

f th
508 BB 71 0'E, HERFanb ARy BB h R BRI
substapidgailyregenariatedbatnsiravatal vt bed, fctad:é the ﬂmetﬁaaa/to Ininignize the

et B L Y ik P Ot SO oy

prot:dsse id tgpigally chsiddred édnpdéted wha&n the m;mmure wkitiodam in each of -

con ed tvvo [ £ t cou t o _neasure
SEHaloRs Rttt 27 Pl 0BGt Rop RS AEUE RER R Be e
sufﬁmfeﬂtty ;fz:e@satm Henryainnat mperhbatetnpirahiledjprdupthe at
r to nonitor the inlet and exit

4 gﬁ e react
es{r% ea?‘ﬁlr‘g RAAEHFEH Oy ansfer 1ine that acted as a
. COGH SioutdbY ippitceidred it iRUbNdwiag Sxdoifes ard rdschRagé Mok

25The reactors were charged vvlth 1/8" cylindrical

ﬁﬂ]éf)gfnpa%agesang {urg}:eé}llgﬁtrqq%vanous individual aspects and features of the

present invention and as such the examples are felt o be non—hmm:ng and are meant.

to illustrate the invention but are not meant to be unduly limiting in any way.

Examplel - .
The hydrolytic cyclization 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.
* 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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cat al yst obtai ned from Degussa (apparent bul k density
of 0.7551 g/cnB; and BET surface area of 350 n2/g).
The feed conprised 30 g/mn of ACN and 30 g/ m n of

woBb&Rf101sWSY of 1.0 hit The systemran with p&Biheakiodrse
tenperatures of the five reactors at approximtely

295C/ 307C, 302C/ 307C, 288C/ 3 12C, 296C/ 300C, 30 and
260C/ 290@e ﬁ&&hemt; by elymetkong @MD parhpd, Anentn® atixed b

of 8 hours. ste ran at a sure of sli

Cbove 5 aRihedn bebwiog e Bhortisr SN RS 5 Frckra plely
was connagkiag of Be kditahl) £lin®Wadat@bisdditd HatboBfm @othe M.
The vapor feed fromthe gutlet of the fifth reactor

was fed VEPASEELP keI dovhRITEe Famdhefapprger, if needed..
di st i |l ainQiechlatiRearit Mepdindas, WREHoBk ﬁz%% i from the

at mospheric pressure. The distiltation col '

separ at edappwerind supgshesied it ghel devicagnles tﬁlgpﬁhwqfﬁhee@ﬂ

fromthe,reaction pr oducts conpri sing of CPL, -

ammoni a, water, unconverted ACN, and small quantities

of ot her Fi\@weﬂﬂdsmtg;meb@oﬂs iwil) intepsiagetcoelsngairprovinior foom
" the flve st e 5.reactor .S

wer SRR oSl R e R e T e SRS o
condens e n Vzahttl-m&iﬂldsstsceet pigest T @tal;tshbed( nglefﬁhﬁages 1

colum) and vari ti urned op of
he- ool uiOud 38k 81E 48 e anfl e Hehes, Btratiteny: The O

t enper at waetoff we Chdrgdiithx165a8 2. 91f360.46805.6, ThE142012 gchf ~
t he condenser. was connected to the vent header to

di schar g¥aifnivheatatyshraspertvelisinghe fosm.of eYladre! srtgdates.

gases/ vam&@ %ﬁﬁﬂa%ﬁﬁaﬁ@e@a%%weﬁéﬂu%&%mby
CPL, water, ot her high boil onponent’s -

(impurit pewystaméﬁeg@élw suppbithe heat tth@beh the insptionef )
at in th E;[I;;r]gm d
product, ﬁjc?g%cgq?%%éh%%ﬁoe %%gglfaggﬁ%a tely Ilzgﬁ)eﬁxh}&ﬂhl
vat er, weeslawhre siBos aga toerpbverafiesomme s_lsmﬁb@ﬂwé&yg@rlm
by a rret | oI I

d¥um Thg{ég&gﬁle&ggs%# i e quw tgro nga% é,g&g

sel ect i vitieyergth @Rhe ﬁxsdfoamemtasatﬂhmlﬁ@ﬂtaamd\mo mzr]tnpmht

95% Th I 94. 6% Id d . -
appr oxi ﬁ%gesgcot ngiic’fﬁ ‘F%¥We Plg?rgcﬁmdu?gflt%eﬁeﬁot he

8- hour r Mnngﬁea ﬁﬁtfaieyﬁmoﬂfa;mtﬁ erid incpikatl ﬂmmmhonple di ghch

t sh fi t t h t
o oo R § A PO o PR b
Exanpl e @ansfer line that fotdBR ARboIAN@NBEHIaSh DuFK aﬁtpihe fikha

second run vvas perforned essentially under identical
condi ti off88cept the feed conposition was reduced to

20 gheadabofwete ciedlaanth 19 (%)Ehﬁhé%i eMEldBEs of

anal yses of the product coll'ected in the re 0|Ier/pot

ca@}ysft dcfé}ﬂgﬂawseaa{w@ hblkei@nsge 06%7%1 #emi;apd BEHo
r esu tgﬂ?ﬁ‘%% /oa%‘/flieei % %@E’%{ [ ned pé@)i@?@ Pf
watasWEHSY! off 160 bri'h dhe eyistein xdu mithiiwlet/axit tﬁh@mgfthc five .

: S o 0
reagbgsm& SRERA] %@{3@5% 465 (9%627' vt bl doeec/ag0ec,
and M°Cé!90f¢ie‘esgmtfvebzt for Iaeﬁot&(iﬁ‘ne‘ ¢Ih.=taleaa©1f 8 hours. The system ran
at a pressure of slightly above 1 atm.

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

columm. The vapor feed from the outlet of the fifth reactor was fed to siibstantially
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What is clainmed is: 1. A process for preparing

s-caprolactam (CPL) by the hydrolytic cylization of

6- ami nocapronitrile (ACN) in the vapor phase, said
wosREaR§7IcOMPri sing: (a) contacting a super hegfRshos/onozsz

m xture of 6-am nocapronitrile vapor and steam5 with

a catalyst in a plurality of adiabatic reacti-on zones

| theamdé]e@éﬂzeldmtjﬁamxﬁn&hmw wéell ves Maditaibeiopt bl spletia tpy%mre

1 Wltha reactlon nea.dtermna
g AP Boieh ehcrd el biing i
theraf@bn fﬂo&ﬁdﬂs’ @m@sﬁgcbePLpamﬂnSmﬁ,l Wadr, mamtertemAm and

e i A

regc@aggmap zone prior to the final reaction zone an

internmediate to reactlg&&product is withdrawn, cool ed
and AP Waiehad [afebeiEag IpuEEes WHe sedensed fp qopylenser

attSBBRoahd 10g of he (@ﬁlexsﬁm 1) £idNANariiSEEiON R AGUG thddY

di stillatton. . The process of claim1 wherein the
topenfdlig q&b@apaséﬁﬂwto |n@mfﬁmtawen¢6@&e@ temperalire oE B 4 ey ratio

or 891 1ok OB ach QR Dok AbS @Y APRERLG RBt gboU
sm3ll Theatipesod oen-cofdendible gasts/wiporsedmentiiveg frph the distillationof

com@ﬁler to 6-am nocaprcmtrile in the feed mxture is
inthe range of about 1:1 to 10:1. 4. The process of -

cl aCHL,]wambrgﬁmﬁl cﬁh&rmghl tegingfcompotoatgimmnitie)f wrh eollected in

e T BEPY & i ST lsPR BRSSP IR 430 58 progoty o

conthiniap (PEast aﬁﬁﬁxm*fateﬂjhﬁ Witdh %tmdv&h&t&ﬁoﬁs@&@tﬂoﬁm from

S gt Bietios T B aphebeed i el oo e s,
ana\lk‘jb@é &f tBe EfBd FRlitctsheted 9oH% Eblé:@wﬁﬂo@lﬁﬁldfahmﬂah ACN -

oup conS| sting _of water, methanol,. ethanol

CO’H’ﬁﬁmoé 5%- ThA O P A% pioldol by rempiosd aRpreRinalely

cofbt-RTehe BRIGFXI AL a8 Qhokr\Min OThd MA@ bf B EGHid product

conponnds.
did not show any significant change in the Jmpunty level compared to that at the exit

of the fifth reactor.

Example 2 ‘

“In a manner analogous-to Example 1 a second run was performed essentially -
under identical conditions except the feed composition was xed;lced to 20 g/min of
ACN and 20 g/min of water. The analyses of the product collected in the reboile;’/pot
of the Oldershaw column showed 99.6% selectivity to CPL and an overall ACN
conversion of 98.7%. The resultant 98.3% vyield of CPL remained: approximately
constant for the total duration of the 7-hour . The analyses of the product did not
show any significant change in the impurity level compared to that at the exit of the
fifth reacfor.
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6. The process of claiml1, .conprising a first

adi abatic reaction zone and a final 25 adiabatic

reaction zone. 7. The process of claim1l, conprising
wa 2bosne7iadi abati c reaction zone, a final adCafaRa06009232

reaction zone and at |east 3 successive adiabatic

reaction zones. -8. The process of claim?7,
V\Rhaﬂipc]ia'srieﬂgs at | east 8 -successive adi abati Cc reaction

The [
m X tAEP p&% g gﬁq ? OI%Ct?Ig (%ﬂ\}) i por C&a réﬁ?g Gf 6-
arfiBeey R:mﬂle BACPH &Sthe @m pBdsagaid(pagcessi cmnpgsmg

6- ami nocapronitri th wat appri zin

m Xt(a}@n@pmgaawpﬁ%gag# f g ang.H.j) I rile ¥ Vapg 1gandrl;?eam
whEd ¢ ?étwg mﬁﬁty@ﬁ%abme&uaﬂhmgmgm Irsidoessionchnd

wat er errperature ggshe ran e of ?ﬁ%%.]t ZZO%to

coptsining the getalyE b epRmNS HilkA fpaping wi

_ ﬁ:fa@%ﬁ&ﬁo?ﬂ zBEe wherein the s%perﬂeﬁﬂed g ﬁﬁb&hr@ i 184 ﬂ@&efﬂr@mﬁon

e feed mxture of am nocapronitrile an ﬁ
g

mamﬂ tﬁﬂﬂb‘g@ﬁon HEOdpGtceRPHYIRS ilscfeffl%%étﬁ“%
zonH %g RELARR Jofe %ﬁ’tﬁ‘% tﬂérﬁnﬁﬁ'%ﬁo@ﬂfﬁetaﬁ Qntérhféaﬂate
adi abat | c react ion '

| ess than about 95% of
readten @rodastiinwibdraon copied and ﬁien fed it the nE¥teeaghien 7ope; and

C t b ;

(by Clilatt 0 brL ol HhilHeckibpfbaniopuogebe, |
2.1 eacThe@roczeid plai::h ¢ véeniets 6%9314@&13@!&%9111 fbe feodmaytons
oo b it 166 poft %%%}m%zép%%a Ot O Rt it

dimer of 6-aminocapronitrile. _
3. The process of claim 1 wherein the molar réiio of water to 6-aminocapronitrile

in the feedmncmrelsmtherangeofabout 1:1to 10:1.
4. . The process of ¢laim 1 wherein cooling of at least one of the intermediate
reactlon products comprises heat exchange
5. The process of claim 1 wherein coolmg of at least one of the intermediate
reaction products comprises addition of a cold shot liquid to at least.one of the
intermediate reaction products, wherein the cold shot liquid is selected from the group
consisting of water, methanol, ethanol, ammonia, 6-aminocapronitrile, CPL,
hexamethylene diamine, and mixtures of two or more of these compounds.-
6. The process of claim 1, comprising a first adiabatic reaction zone and 2 final
adiabatic reaction zone. 7 ) |
7. .Theprocess of claim 1, comprising a first adiabatic reaction zone, a final
adiabatic reaction zbne_ and at least 3 successive adiabatic reaction zones.
8. The process of claim 7, comprising at least 8 successive adiabatic reaction
ZOones. _
9. The process of claim 1 wherein the feed mixture of 6-aminocapronitrile vapor
and steam is made by a process mmpﬁsing: |

(a) mixing 6-aminocapronitrile with water;

(b) vaporizing the mixture of 6-aminocapronitrile and water; and
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(c) contacting the catalyst in the first adiabatic

reacti on zone, the successive adi abatic reacti on

zones and the final adiabatic reaction zone wit
WRI6IPBTHf air and steam’ 11.The process of ‘E‘V‘éﬁzﬁqwﬂ@?z”

wherein in step (b) the catalyst is contacted with 15

ste out l about 10.h T [ S
QPR teod ¢ RO iR welf oo By BERERS e
ra;@gaﬁfasmdzmthawaam%r about .2 to about 5 hours.

13. The procesof i m 10 wherein in step (b} the
16t e ghheiprocsss 3‘?‘3{ PEEHout 270C. 20 14. The

proggs &s&lfntxﬁlhﬁg hel GoWher Biefebd nfititR ¢fCo-ainiidcspdifiliiTend
. tenperature in any of the first adiabatic r CtJOﬂ

waterapor thwough, the Sastiagiebatisirgacpn %Oqee EF‘PS??S% aé!ﬁa'eapﬁ%ﬂ
zohwaﬁd adi &%taﬁ&bﬁﬁagéabm M%ﬁ&%ﬁﬁ&n eX6ReTsoae ke 6-

. The_ process. of claim 14 wherein in_ste .
aﬂ(’@‘}"aﬂ@@ﬁh}ﬁlmn@m ferthperecuisecqmerity o PT-ng e fal reaction
pr&ﬂic?bat'.c reaction zone, the successive adiabatic

readtion zones and the 25 final adiabatic reaction

zondb) oniagtingthe eaiaiye inthe fiw adialbiio @ap@avamatthem@@.ssive
T S5 Al B A Do L e,

cl al(ﬂn cbﬁtachﬂg&hcemaﬁalydh & tho firsil ataabaﬁc vattiinzone,ites Kletesgyed |
58 50 4 0Bl BRORL 51 a0 8t
steadl. i d acid cat al yst .is selected fromthe 30 group

117 | RB P ehoheaim AP I g fohdh EPBR baomatird vt o
stedfi for Soui T, absell foaioass. zi rconi a,. fluorinated al uni na,
122% :j é}%}e gg)cgﬁl; lof ?1%%%& Ywﬁlarerlljl%t Ie{; l(b tﬂ:?e c% ystajls%oﬁlagtrgga with
steam for about 2 to about 5 hours. "
13.  The process of claim 10 wherein in step (b) the steam is at 2 temperature of
about 270°C. | N '
14.  The process of claim 10 wherein in step (¢) the maximum temperature in any
of the first adiabatic reaction zone, the successive adiabatic reaction zones and 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 adisbatic reaction zones 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 amd ca;alyst is selected 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,

sulfirric acid-silica, sulfated zircomia, fluorinated alumina, hydrated sulfate, ytrimm

triflate and aluminum chloride on silica.

19.  The process of claim 18, wherein the solid acid catalyst comprises v-alumina. |



19. The process of claim18, wherein the solid acid
catal yst conprises y-alumna. 20. The process of
cl-aim 1, conprising. greater than about 90Y% .

WOeHe1e1831 on of the 6-ami nocapronitrile in tﬁ%’rrg%zgoawmzsz
m xture to CPL. :

20.  The process of claim 1, comprising greatér than about 90% conversion of the
é-aminocapronitrile in the feed mixture o CPL.

17~



