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| MPROVED METHOD FOR MAKI NG CAPROLACTAM FROM | MPURE 6-
AMMOCAPRONI TRI LE FI ELD OF THE | NVENTI ON The present

wonuenoison rel ates to the field of production 8CT/US2006/009231

| actans fromam nonitriles,1and in particular to the
producti on of e-caprolactam by the vapor phase

g T e

first made in 1899 by heating 6-am nohexanoi c acid.

Commercially feaMWe- capr ol actam

(CL) was discove 1 t 1. G

Farfeniredusinyéraionrek@38o tHedid @ of prpduaipprodtacmwhefrym95

w % of the worl q S e- carpr ol ,act@zm I S fr oduge from
amiggRifry e RAth BrRATESHI 3RO PRePIOHICHR Ok MeAPKOFASER B pr phase
hyd3d1§icSEyRlikAdda d}‘%t-eﬁﬁinél:%ir%trﬁé’.d ohexanone can be

cycl ohexane, phenol, or benzene. Then, through a

series of reductions and/or oxidations, cyclohexanone

is forned. T&gﬁéfémbgwf&lg o fth a

hydroxyl amn UStarty—tre sturrate, to formthe
OX i M€ apFBRlCIaAIe RipddBugddr FartBe prEPRrafen FENYRNLE Nyl@E Khs ifist
concentrated sulfuric acid, and the resulting |actam
madg jp fl§PLby heating$-yaimoherangisccid tGFonamprsially feaille pynthesis
frof = ARG RS AR AT it At B MUIRMERkeH
1938 e@anraitiypappasrdmpataly 5 eath ofiths tweyplel's eCapradadthnt is plodsced
rocess i s extrenel %ﬁéggi tal intensive and generates
frorfl gy QNCARRE; AR VEY nang feREigs Rt thy saftimedpateyd
for . ral . Sth?o i
o e B P e SRR LIRS MRS RO o spps of
redyctipos #shnr atédaiens wysloBex@Gooprain yormatids Tho kst ishigen reacted with

oduct.ion .of | actanms fro mnonitriles and water.in
o nE SR s AL AR & BIAIRE oS Bt pU ltel.
Thel B&he s eatamtd aNcdlcesefed §udirielayidMARtha RNt Ihdthe shFate
reacted in a weak aqueous sol ution. Tenperatures of
saltfiy eavfralieed wigh grmogiadp doampicagredctarhandanpismmeniia sahate.
' ' . [ ' . re for
o Bk e P T Sl of BISHRE oL BIRGHE)
purifi@htidnyzepd. Guutrdntlyy driop@oessus Edtebenel fSpRal @fdnsiVe and generates
2,357,484 _(issued to Martin, E. |. Du Pont de Nenours
large qBIHItisH0Y VAt cl oses a vapor - phase catal ytic process

f OrAPERRBREALy MrRiR%E tetol%f production of e-caprolactam uses 6-
aminocapronitrile (ACN). US Patent No. 2,301,964 (E. I. Du Pont de Nemours &

Company) discloses the production of lactams from aminonitriles and water in a
liquid-phase method. Hydrolysis and concurrent lactam formation proceed rapidly
when aminonitrile is reacted in a weak aqueous solution. Temperatures of from 200°C
to 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.

US Patent No. 2,357,484 (issued to Martin, E. I. Du Pont de Nemours &
Company) discloses a vapor-phase catalytic process for preparing N-substituted

amides. The process comprises passing a vaporized mixture of water and an aliphatic
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am des. The process conpri ses passing a vapori zed
m xture of water and an aliphaticamnonitrile,

woanicaiord7mg at | east one aminonitrile noiety, BTCEMUS206/009231

dehydration-type catal yst at a tenperature of
typically from 150C to 500 C for not nore than 1

0 ML BB AR B A2
catabyyp ar ateagetayuravf typaslly tfwm ¢30°0an 580 @hfor not woretthgudus

.relation, the prodyct obtained. is a |actam |In recent
mingien PUhen SR S0 S GRAISGHITTT IS BABRG: TR0 b aFieansl
nitrfl§ grqug 56 ke AL R 6Y aNRhdt @0 @hrbBA htsGR Bontidods RAGidnE the

to"a renewed interest in the Martin CL process because
produre rpteined isen JaCiincan be partially hydrogenated and

refined to produce an inpure that ¢ ri.se

o Fiint e by L N s e St e AE B e et
hydReSERGRN JF bAAdieBACThie Mas RAE B rdhewH iRbeH 18 AHEPIafeh CL

(THA). US Patent No. 6,716,977 discloses a nmethod for
Pro¢ask PerguEsLineXpsasivenddile coxche pashelly hivdsegenriad apdrafineditng

: Ch-l - .

pro g B9 ] g DA DL,
bypeodiiel’\od taih ydrogeahtidnyishctidaphdtablfy eetiatpdroazepiie @HIAY he

wat er being in_the vapor phase, 1o produc vapor
phalds Prigaite-gh7 ﬁ%ﬁfﬁwaﬁ TSRSt os ,Cefaﬁﬁaw&ure
ACKARainiAENTA REmptiing G}Efoﬁsgﬁfg%%pgg the ammonia and a

maj or portion of the water frdm the vapor phase
r edd) Contagtingdbe impure gY@ mgth water ai ¢k viied tdrapagiture in the

| Si CL, Al . (3) | duci t he. cr.
preRe i e ion AR Borf B intinde RS B Bhdrifinin e
VapF)ﬁﬂﬁ\éé, RE prodiBd £ ¥aR phhdeteftiol Prdtuch@atlddhpizes BCNadfodia,

ow boiler colum distillate, and renoving CL, high
watplpA@Y.smdddAt nost a minor portion of both the THA

an - e Q :

i b et TR bl oddtbn St 8 Whtorktom the yopor
phaboiehafondirsduict toaprodncecndrudaliquid OLesomvprisen g aA0NaindiTHEA ;

a m.nor portiaon of the high boilers as_a high boiler

col GMtigdeging thercauds i CL4R 3 lewdailggdistiaogcobsng arsh
rem%@in%%%{l%ﬁ%brﬁ@ﬁ bEbth &% "PH?A' £ Aeklen 1?\9 bbiIT: doftlhsf distiffate,

thi S nethod, separation of ACN & THA from CL requires
andaemovisg (&1, highéonerskad adomost amer portiohef both thoTHx and ACN

ol due to the difficulty of separation. A |large
as aﬁawﬂ»@eroqo?wggé@ fi‘rﬁf this colum will cause increased
Pr E@F MR IMRR (HRNEWDRESEIIeh Yailiia 1R APB6iRk Aot he

base of the colum. It would, therefore, be desirable
colymn prdemeving CL and at most a minor portion of the high boilers as a high

boiler column distillate product and removing a major portion of the high boilers as a
high boiler column tails.

In this method, separation of ACN & THA from CL requires a considerable
number of stages in the low boiler column due to the difficulty of separation. A large
number of stages in this column will éause increased pressure drop and excessively
high temperature in the base of the column. It would, therefore, be desirable to have a

process to make CL from ACN in which the impurities in the crude caprolactam
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process to make CL from ACN in which the inpurities in

t he crude caprol act anproduct were converted into
wepewiiess7havi ng a hi gher vapor pressure, whi chrPaomiseno6/009231

require fewer distillation $tages. SUMVARY OF THE

I NVENTION In the present invention, a crude liquid

rol acta onpri si. . -G , :
prodg B e A A s B e RN Ep B e, ayhichsyoutd
requite pewemnfiagrition ¢lapat i on reaction of ACN is contacted

wi th hydrogen in the presence of a hydrogenation
catal yst to convert the ACNin the crude liquid

capr ol act am t osmggﬁbpcﬂmdm %@E)ﬁ(iﬁ"log

hexanet hyl ened yl enei m ne
( HiA )he predentinyetitioaz & piude 1i(TidAppiotactamm vemprsing o -ddifolactam

during this hydro ation. The HVD and HM have | ower
(CLE GG BT LA Risrvpls: PRRnEf crorhxenst BhiRg 2 Aton

reacB8F bl XCRER20LARLERAA Wif_ﬁ'ﬂy@%og.%ﬂ it B pRaea&adeMydrogenation
distillation operations. Thus a process to make CL

catafysiolm cagierivihe A€ e thegirade liduéd Sapmolectames apheducbcdopising

. dr . I b t ' :

e~ R BT REREAR AR Hst R RVERTREN VB! RFdpgroarenge
(THE® iheshvEREd BV dueng tHeLlpfded @abadh. (Tie) HMDDand HMI have

6- am nocapronitrile gACN), conprising: (a) contacting.
lowey bpdlpsr poielg cornrerad &0 4L NN thrvargarase Sasily sepasaied fom CL in
the SRIRIA d]&pf’ati@ﬁ B¥ @O rGeh ?!ré’c%&s tg?nﬂeWﬁSm%&ﬁ%‘ih

phase reaction product conprising , anmmoni a, water
fewardistiaNpn ¢lagess@pateddweargpredsercairop andlosved basertainperature) is

ortfion of the water fromthe vapor se ti
acc‘g‘?@b?hﬁ% fl'c‘)e D B e QU i8S i Egm%tggqtl] rélaa{]%?é: gl on
capr‘?%@ﬁ&ﬁ NS réth 6-AiDo@pForlE MENPRbIpABnGS the water;

contacting the crude |iquid caprolactamwth o
hy da)ogmntadting atveperized emis tire pf ACRyandoyateraniagpacteutcapsising

o ol 5 DYBE S PR B R

amrdrRMw A& M @genat ed crude caprolactamin a
dehgdration colum to produce an_anhydrous crude

c afiPbseperasing terapmenia lgn@:en@df_tr nawion gfdhe water Gaucthagapdie
one U U SRS AL BBl B Sl

and dinsihot patien obipates HVD, and the | ow boiler colum
tails conprises and hi gh boil ers;

) d(f,
i ntFoERIEIHGS PR Farolagimmi syq?rggér&%&hf‘apﬁ%ﬁf@ﬁe of a
hyd%%}a{laﬁfon@a&ﬁ hst £ rb@ﬁbefﬁq{}}dmlgené(’l@;? ERIB cARBlabHf cmngiﬁis%ng CL,

er columm distillat'e conprises CL and the hig
HMI, HMD and water;

(d) removing water and HMI from the hydrogenated crude caprolactam in a
dehydration column to produce an anhydrous crude caprolactam comprising CL and
HMD;

(e) introducing the anhydrous crude caprolactam into a low boiler distillation
column, wherein the low boiler column distillate comprises HMD, and the low boiler

column tails comprises CL and high boilers; and
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boil er colum tails conprises high boilers. BRIEF
DESCRI PTI ON OF THE DRAW NG The Draw ng consi sts of two
woigeriess70Fi gs. 1 and 2, which are flow di agr areT/US2006/009231

illustrating two alternative enbodi nents of the

process of the present invention. DETAILED DESCRI PTI ON

OF THE I NVENTI ON Referring nowto Fig, .1, there.is

s H&wintEpdygiae dhs tow bailer colaln dails igioe igh bailsreiittiligtion he

. C e Conitr | .
el o P i T ¥l 8
boiled cotamn odilsACM prisadhigh $bil@am of water 16 are introduced

into a mxer 14. The nolar ratio of water to ACN i s

mai ntai ned in the range of about 1:1 to 10:1. The ACN

stream 12 GAUEFOMLSCRIPANON: OB THE BRAWINGOO ppm

tetrahydroazepine ( THA) and about O to about 2 wt %

di Freer DsfwingohbnsisteofAGN frauresakigs.2l ansd?, weltidr ars fflosadingrems
.. should contaj.n | ess..than Qut 0.1 % di ssol ve
s ufo S ahe P Gu R oR R el e PR TG e

ACN and water with nitrogen prior to feeding to the

m xer 14. The nmixer 14 intimately mxes the ACN stream

12 and WREdALEDRESGBIPTION QF; INYXENTIQM, as a

- S H 2 A ~\ = !J—I'" = = —a=a

Ko . ) . AR ) ¢ ACN

aﬁlgéf\é}\é{%r prfg)r u gggq%ﬁg%s%gggﬁnféy Ltﬁ%ﬂ@h&n%%%&dﬁ%%d into
emba@liment@if itheein va&idnn Avdtieadn o éaminscapryitrile(ACN) V2 ploati ze

ot liquid mxture to,pr e apor, mi.xture of A
optiohily &rabies Byt (kT and s A e

Iz

wateP B@hre i BRRICEH ints b 8RARRO1, BhdRo1R rdti SHSH AR toUSENGs &

~suitable heat transfer fluid, such as a material sold
maintpyneddwtiChrenge of abooirbariy 10m dBhe AR streathelPagan contain about 0

; ermA, " can be u o] heat ., ~ T viapor
to abg o Gl Siranifi8inT Fila Su HRRLY 168 2 T HERRer
ACNOFTIRDOUN s8R G2t M dahdiitstrdSR06 sARdd dofh@sedstBardaoan0.1 wt
about 30 pSIw%@ 323 kPa). The vapor m xture 20 is

% digsabved @urea @ndgpesomeisbed ppblapketmgdhe AR angpwater

o m ) i . tqad i e
wit R GiG0 B B LR o AR G
ACNsstipamtiatnddvarexdtieam k6t AAGNCcvnaior, sasttasst KenixDixer, can be

El ectrical heating, process to process heat transfer,
used i g‘ﬂyﬁr%élﬁf’@?ét@gﬁﬁ‘ Valgr Hgfuesdbyshe marsr 1< H)gmﬁuced into
a vapotizEaHY 8 Wigah hidt as gﬁed ﬂowagmfebtﬁ@ ngﬁd%qaﬁ@fd Fbase! A

by Dow Chem cal Co ny under the trademark
vapot axftirearf A GN"and areatpe20u Eledtrical aapipg.proesas to proedse heat

wansBEREAEE Eho3! i L Fed STl KRR R thie] e «

matefigiol by Bow ThenitAaTdrAFany Gnéath@irAdensarl €D RMDA,” can
catal yst, as taught by Martin, such as activated

be usgfl tePupRLY heat-abheureper Bigtee 20vysprstarahly ek teanpegatgre in the
range of about 160°C to about 190°C and a pressure below about 30 psig (323 kPa).

The vapor mixture 20 is introduced into a superheater 22 in which the vapor mixture
20 is further heated to a temperature in the range of about 220°C to about 300°C to
produce a superheated mixture of ACN vapor and steam 24. Electrical heating,
process to process heat transfer, high-pressure 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 heat to the superheater 22.
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The reactor can be a fixed bed or a fluidized bed
reactor. The heat of reaction is renoved fromthe

woeant1018786 by a heat transfer fluid (not showRITwIS2106/009231

preferably controls the reagtion tenperature within a
range of about 2500C to about 325C. A suitable heat

ransfer fluid is e material sol by, Dow, Chem cal
%Sﬁgpe&?ﬁf&d Yaper %‘? Seis e Wpet&?ﬁkeﬁg% Mg ted into a
caprﬁiaﬁﬁﬁ@&th%ﬁls¥eacEJ}Q€ el@l‘étré’ict(%@6%ﬁtaﬁ@'m{eh§§raﬁn§l:&tﬁl%t' hy
of adi abatic packed bed reaction zones arfranged in

taugbulpycMestin suski astactimated akimangs ticodim dipx{deo varsdown pxidTatc.
reaction _ocecur n e, re tor 26 produces CL

The g cbRe e PRP oA EBRL IR 55T <°2 Vapor phase
Pr qHe GEat SF i@@TbR & fehdbeCRRThSRACtOP26 by 3 Reit trdfsRr AUt
70 Wt % CL, a correspondi ng stoichionetric anmount of

(notghenpm) that mf@mbhe@b the seaghruierperaggre oxithan a ranggieb albouy

250Gt A E R TR ey A R MLl SR 0B |

Chenmxiyadl @nm@an)B@ndem m&rmdengﬂachavmemer ’akﬂtemanwafy;eﬂha bdagtor 26
greater t 50C a pressure in the range of
mayaoamsaaa{]q@t% 0 s@a abg @Pﬁqd(bféfe%cgoaésnwésangqﬁfﬂ@
S s det
S o P D RS ATy DL Fjoc
reactdn@6 pnadylaes Gb apdesmminia.o produce a |iquid st ream 32.

Th i d stregm 32 co reter out
tg%gh%lfeél?tgf gg F%/a &pé)gglréarsepﬁ % %‘gt%\%[ COJHL ses a(a)out
30 v&vt@@& itan7akheyt C3., wcoﬁfes@aﬂdlﬂ% %ﬁihﬂﬁhetn& ﬁﬁ@uﬁﬁtﬁ&nﬁ&ﬁiﬂi
wt % ACN, about O to about % wat er, about 900

abo htidaio BB T0 3000 BHATHREHRITRHOBH N ENERRRY ACRHand
ol 55 00 008 A0 30 BILS Pt A0 8

30, optRihg\Wap Wmm@tummmlg g atcaanbbdi 150°Ched apfwiuraﬁl
w 90\H3 and about 80 wt % to about 90 wt % water).
the repgerfrabeut § o @ aboredans0l0d i 2@hkPyadde pattiad aPndzhses P8

cond s B A SHERIn LR ko AETORIC SRRl mio e

THA taemighabt pedseiitite peaduden hq{?m stbarh 62yfahm1riquaﬁ seeam 32 i s
the one into which

fed t t b [ i d
comggﬁeé é?ﬁagﬂzet‘h% %&t Gr?v\é amfpisrabbngieater Hﬁ@@%"ﬂzljﬁbl i/ CL,
less %hléﬁ@ut%(swf:%n&n@ &etoﬁyﬁss(tﬂﬁ AN Wt 7R REND @ﬁ&ﬁt(ﬁ% aBbut®

pressure slig ve at nospheric pressure {e
wt %aater, about %Qmpmﬂ“rbm apowit30p ppmehexam@twlehemuh%m/ﬂ) and

bou Pa) , eratur.e in the.ran of about
tess S8 3bofic ot Bt 4ftse St AGNOARS Bt fik Fheb SRt R0 Ra,2bot
stredn@ B4 thabEoraPiiek Qvalertvﬁg@r and afliorddBAY laBout BVt to about 20 wt

distillation colum 36 renoves substantially all of

% NEhang abeytide ves7 4o gbat 9P Mét% wathl ong with nost of the
WaBo thyi]iﬁuféf s%tebllnl faife vapor stream 34 are fed into different stages

of an ammonia removal distillation column 36. Liquid stream 32 is fed to the lower

part of the column 36, while vapor stream 34 is fed into a stage above the one into
which liquid stream 32 is fed. The ammonia removal distillation column 36 contains
trays (not shown) and operates at a pressure slightly above atmospheric pressure (e.g.
about 1 atm to about 2 atm, i.e. about 101 kPa to about 203 kPa), at a temperature in

the range of about 100°C to about 160°C and with a reflux ratio in the range of about
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conposition is about 10 wt % to about 20 wt 9N\H3,
about 0 to about 0.5 wt %M, and about 80 wt % o

wabhaasiioPowt % water. The distillate 38 is fedPCHusS2@6/009231

hi gh pressure amonia refinéng columm 40 that contains
trays, and that operates with a reflux ratio of about

0.1 190K TG AR VAl DO P GO YL Ry o By lkof
the fmAN e VR ERF1AE @?%‘i&%" with hlsd 58 WhRn TR Kt RieBM

Y%organic materials) i's renoved as a colum tails 44.
comomitipr ie sboutd 0j wi Phe aberidAive % &¥Hn pbayrt €40 abeptHd whp HMI,

var d di,n on, t he tenperature of avail abl e heat
and?léq'r%@glw%%& ?:@%Eg(gf’vtg‘%g . The ammoni a renoval

di ghi bilsalihe38eoFddThiotniBR PEYaRS adnwhtidefihingothmn 40 that

caprolactamas a colum tails 46 that conprises |ess

conteina irazh 6ud Bt peratesitha relpbiatio! fhow Mol 1t Fropp the
ornr t 0 ted:
s Y5 4 SRR it st gt
42 2B@waer Stogdiher i thanebowdl.5 wo Paorgandtmeatnialspistramaved as
trays_or packing (not_shown), aEd. i s pref &gabl éll
a copypyart fatle - wi BHPEESYuss nsthe et igingselmnEhGm BBoC to
depérﬂgmsg{/ﬂ&%)ﬁ éllﬁé“l‘acmtp@fa'ﬁﬂte o Bv ffabelne deHRNERI Fuids' et sHvwal)i a

stillation colum tails 46 conprising crude
| i qlhe dmpagpioteantvahdisgllgiontcabmnad3produees gtoredenhiaifd

hydrogen 68 in. a ggenat.ion r tar
capiiegEa et il 6 SRR e 3R Hgul3 e Y R fifpuf
to abdud 46 ve 3P iRleasit @ MCIE 1ERaAkdn dboli0.5 %P geRatted MDY pteater
HVD and HM. The nolar ratio of hydrogen 68 to CL

i
than sheucae%d Cland seasrbghbailers. cheAmmenia remoya celu; f%@n

r f : -1 | 1Jde
confy o oF pRIAGHS by Sfbutr} aichs prthGat)y SpOGRAN R BEMTC |
tempf@mte %ww ag%dgl\YBO"Gﬁ Eﬁmmﬂnﬁm t]ﬁdo%mmaﬁ@m @il Shigomensd | ess

t han about . ppm ACN. . The r ation reactor. 7

e AR T AL AT iGRLE GUS P caBepEnE R arghe

| - Q0 PSt ' iof R&4dtor 70

caprpcBit B coftBRA ditra SRAnPIH falERn 68 i thyliicldioR Baitor
to paduincd a BPdropsiated(@bdeutapiql3Tem KRaACH andotilA4n terriges) |

The h ogenatijon.reactor 70 aj hydr i O
capioliesy 36 SRROY L Roinen odipa R brH i ARE AR Rt
hydRfzeR 8 85CPMn BAEHBA BqRll chfilabtadl olims tilieloas irohe efge of

the periodic table, such as Ni Rh, Pd, and Pt

abomy bpdtoek: | Fherhsidresenatpd @@da@@n@eﬂafg?li TFrecengaias gqut g wi %
TG oy SRS ookl
aboRO30BHU ACNTHES Gy itegenatihaactor Miis aninanedbitabder i to
abogtFOK: nd st 30 poa th bout B50B pat (ont 359 RBS Lo atdul I 24
kPa) pressure, preferably about 200 psia to about 600 psia (about 1,379 kPa to about
4,137 kPa).

The hydrogenation reactor 70 contains a hydrogenation catalyst (not shown).
The hydrogenation catalyst can be based on elements of the transition metal groups of
the periodic table, such as Ni, Co, Rh, Pd, and Pt. Promoter elements may be added
to the catalyst to improve the activity and selectivity of the catalyst. Examples of

suitable promoters are lithium, sodium, potassium, magnesium, calcium, titanium,
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There are a variety of ways known in the art for
preparing the catal ysts, and many catal ysts are

woamsawci7al | y avai |l abl e. The catal ysts nmay conmpCras2@6/009231

support material such as carbon, alum na, or silica,

or they could be provided w thout a support material,

for exanple in the form of sponge netal catal ysts
molyhdmmm ablomn@ylrmy m@ll&\ﬂm pletisum ogoppely glvatnyag and silicon.

i des,. C cOnt
Thergea SRl UStuP Y i W AR aforbiepEianE Ll P aiiplly
cataly‘dwﬁe cOREeadi AT amilZlﬂeJ Thé e@tallyntts @nay ooagiisen deppod mbterial

colum 48, operating at at erature in theraneof

such aperibors @bIINS Cx5Hise: ordery Coé.‘?cb eRided oA FUPRY

N L
catal¥t$ or Tddacadanstahoxddésy dhathi aonnceminatip all Snatdhic & emtent. A

struct ured_pacly (not shown). Water and HM are
Prefefréﬁjrﬁ@té]d’s?lﬁéﬁp%eﬁ’gehydrati on colum 48 as a

defydtRkd RRate@ bfﬂ@f@ c%r%Ia'c{ahﬁ7ﬁls5f@d iMah vaQitn@HdhydaieHt
30 Wt % to about %M and about 30 wt %t o about

colurif) 484 opiiywiing rat a mn@mmmhean therracgd ofrabout0(°€ 16 2bjws 168 HB\Red
from he deh urm4 he hydr gt col

presspin indhagngsnuoeked o b ToRbit 100 Sl 668 2 Fp G pt

13.3 ﬁpébu inda fefitk rad 6F a%?ﬁbk‘im@tewto .%TllMQJacﬂﬂi}ﬂ dblgﬁﬁaﬁ(fiﬁdblumn

about 1wt %hi gh boilers. Preferabl t he ydrat| on
48 cmlmmmmrecbp@bmgdn@oshwh Wagesiand HMhase remeres firan 8w
dehy%ﬂglﬁcll}qe 4 taﬁ ea[ﬂeﬁy@aﬁ? d&{lﬁmn%ﬁta{e% t?x&t c%htaﬁ)ﬁs' SBT3 Cwt

% to @bSRI 700K % HNV® aft 508830 wi bietotkbowttT Givi anwe:tef UMehjédrhﬁon
52 is fed into a vacuum | ow boiler distillation. col

colurgy tails Serinamayedition hedshydaihindime dfe The Aelwdagisgeotumn
tails éf%nszg %b&& %lo)a% @dﬁk Yo7 w7, XaNLBbISD. Blvk Sl et 5
packi hg (not ovvn [

S operated at a pressure In
wt %t AN, and &s@thaalabumt 15wt‘r%1 High hbidars. uPefdarablzabe tie@irationHg
abs lLute

coluh Bt SFeL I thdils 16mRHG DB YAtaTE b S0 e g

form%&{"oi?CE %fl!géﬁierﬁ alhieh hi? etlt!ﬁ@r & SROFI0S o ihedRisk Qo hca‘t\e
[ ow boiler colum distillate”’56 is renoved fromt

thepmmssom | er coI um 54. The |l ow boiler colum distil I ate

reat d . 50

R e R L T e R
coluxhﬁ iIsHSofeBating wiei®@iaad td‘nﬁ;faﬁathféﬂ)ellcﬁzvvalbtﬁit |160°CC oTThetovbKoilethe
| ow boiler colum tails 58 conprises CL and | ess than

coluryp S coniains NG HICE PRFIERE (ot RROW AP dS PREFALES Rl AProssyrg it the
rang@8f dbduf § thrh BehblolHed8 aBRit4B mI 188 hddoftitd RBGA. 4 ¥Pa 0

about 5.3 kPa), and preferably at about 10 mm Hg absolute (about 1.3 kPa) with a
reflux ratio in the range of about 20 to 50. A low boiler column distillate 56 is
removed from the low boiler column 54. The low boiler column distillate 56
comprises unreacted HMD and some CL, e.g. about 50 wt % HMD and about 50 wt
% CL. A low boiler column tails 58 is removed from the low boiler column 54. The
low boiler column tails 58 comprises CL and less than about 1 wt % high boilers.
The low boiler column tails 58 is fed into a high boiler distillation column 60

that contains structured packing (not shown). The high boiler distillation column 60
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that contains structured packing (not shown). The high
boil er distillation columm 60operates at a

weubscamrspheri c pressure, e.g. in the range oPCahsi06/009231

10 mm Hg absolute to about 80 mm Hg absol ute (about
1.3 kPa - about 5.3 kPa) and preferably about 10 mm

}—% absol ut e bout 3 kPa), g{]d W th %tal
OPCTRERARS SHIRE? eé\ﬁlpa%%w o 6,3BEC TAES PEaaul 10 Hm Heabsolute
to aﬂo‘%@éo hﬁﬁ@{gai%@b'lhte]%bd\ﬂiﬂﬁtqg}aﬁ? 1 8ot £94Pa), '&h&‘%_efé}?lg&'a%ht 10

(I ess tham about the incomn
mm i{r@ﬁdvseldt@(gbwtﬂl 33]:11’2@ end githedhilstentpeidtere @élowmmunh@(ﬁfii {The

red i dess P HRGR L O e e PGP oa et
wt %yl b dRIcbRinCOL W tefloséd sl Ahigh B3ileaDIEhE B8 64! MBE majority
99.5%purity of CL. If desired, the high boiler colum

(gremtaﬁ thgn glaowt &ﬁ Vb efthe mcamitigdel is femaved apohighdoileresiumn
s R0 58 KRR B9 Skl PEBRCR R 5ol

CL. If(lidsiﬂed Wheghigh dbil@rcollingd falls 64 banbe:fdduma viPed fifm tah@orator
resent process is operated on a _comrercial scale

(not SR AR ISV bR IOt B thaniah HORSLFQIIR taificbds (Thiss s
recofée@eq, 2B be-lf@d td¥hE ﬁ%ﬁ%oﬁl@@dl%‘fﬁﬂﬁﬁ" oukhf ¢l ency of the

process, these stre be conbi ned, appropriately
t r dahe mesarltdm@sg/xslopetat@ddn a conithexcial mmsa sub?st@uanamount

00 t t d enhodj
of whiRE Wi Rt A e et Ehind i E hroRaR S iR R TR iy Of
the pka&bss,Adse @&@Aﬂlym@%@wﬁblﬂed Bppropnidtety MBItedand\iddyciddack
stream of water 160 are introduced into a m xer  140.

to thepeoaess-ar ratio of water to ACNis maintained in the

ra tr n
80 2o E b dod gt Bk PG AR50 b Bigifhocon
A stﬁbmuif @aﬂlﬂlo&pwm%ld (AEN) Q20 ,AptionallyecotiPrisatel FaN ahd @uﬁérd
the water stream 160 shoul d contain | ess than about

of Aé?Ni apd agfrenna ebmaten 1ok g dpirodpgpd mte a mike 140c ohis melaeeptio
of w?ﬁé EJ ﬁ@k\ﬁ'ié o) n&aﬁﬁ?ed%e% e%{a%{)um 4 I?ci Z%tlr ?&BRCRB{&:%

ngtot m xer e m xer intimate
120 panxa@stdin ebAACH te tl 2@Gpprih 28rahpdroasdpine atdrabant AGR WA% dimer

' j Keni ' b, d A
of ARG AT Flrn $70 AERHE it et 30 S B fer
about H0 WE% AEoPEILRYedn) R AR hELSh ﬂsﬁgd b%b%ké%ﬂl hﬁ@ACN

Is supplied to Foduce a vapor mx ure

and wa@amlt Mitsegeni hegdre fredinigrig thepm@eéé() tlhepriseekid) 1h@mately

e ho il sy u5|n sui abl@

xR susPaf P4 g Honn ol Kbl R oL Bhh 85
mixdzheibe abedCANRARY nnmd@roftﬁttm ah@ders rpkodu@@&\biﬂﬂferﬁuﬁer 14088
be used to supply heat. The vapor m xture 200 is at a

introdgcrsinte ai¥aporiAer 199 iR ahich hept isisepRlicdoproduise aberar mMishioT
200 Ef;g)(}@l #Ldes?ec‘a.llﬁ &S B%%gglgﬁ?éss 39 pfb%é& h%@tk{%ﬁ%fe?’,%?’eam ora

e vapor m xture
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 heat.
The vapor mixture 200 is at a temperature in the range of about 160°C to about 190°C
and a pressure less than about 30 psig (about 323 kPa). The vapor mixture 200 is
introduced into a superheater 220 in which the vapor mixture 200 is further heated to

a temperature in the range of about 220°C to about 300°C to produce a superheated
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i ntroduced into a superheater 220 in which the vapor
m xture 200 is further heated to a tenperature in the
woanwaod7o about 2200C to about 300C to producePar/Us2006/009231
super heat edm xture of ACN vapor and steam 240.
El ectrical heating, process to process heat transfer,
hi gh-pressure steamor a hot oil system using a
mixtuseiof A6 Nevapentnd steams 240. Bigogies] heating, BocessiapeicPsihesh| d

transig! DDA S o Bt L pPE o ShRASTREK el AT
such éErhgmét@ﬁﬁlfd&ﬁ%ﬁDom%ﬁ% T ogagang uhbe the paddieak EDoRBRrm-
an

is fed into a CL synthesis _reactor 260. The
A, carcbrcssfl to suppbpheaiintbe supfarsptr 220ng cat al yst, as taught
by, Mar { | S y ' [ '
ot o SRSl A o Picph 220 abd 3 M L
synthédigedctoedetr Tie feheibel26lemntui x dehyticating Thialylseas tavght by
reaction is renoved from tcpe r.eact O(F. 260.% a h[Slat ¢
Martip, $68 AR ACtHARdAIYTRER. YRR _IE”H_Q?’ BPAPBPTGP EGnt PEIreactor
canb{;g?igggg%&gggghﬁma%a%a@mwthl n a range of about 2500C

A suitabl e heat transfer fluid is the
métthehieall ofsedatiobys Bovwveh&rincthe ra@eins 260 bynadent teggefer fluid

rademark " herm A." Alt.ernatively, r tQr 0
S e N L e
250°CF RAfILOE2 RON €S s\3fabRHBRCrdnkfed HALES ShomatwtibhsoldibgDost age

cooling (not shown). The reaction gccurring inside the

Chenriesd §lomrpang Ongerdhe tadenark sRawiersrh a ASHAIVAY- thedoeactor

reactor. 2601 S . ot t
260 Rl S R DAt Bt e
succeS 16k 85thanBi-8@es tailingi(aomhown). ditmuetcth anwing ansidetbet

30 & % to about 70 wt % water, about O to about 5 wt
reacton A0nTedusgs AENTEFBPEY/t 0 to about 1wt 9FHA. In this

efﬁ&aﬁhg@%&m 60398 "v%@gﬁﬁse&fr&?{ié@&tréa&ﬁ 2907h26Qnh sk d

di'rect out con ing, to the lower part of an
abouedthwnVetorabout/Hl wiifestl d criespondoigsteicBiometripamenniohi a

r enovyal | u 300 contains trays ot . s
s ST 0GR B e 355 B S e feacrca
ACNPIn@SHHAED {o2abdut AR YS THAAIAAIS embOdiineAt,ahdWapor Phase phuaiutt

101 kPa to about 203 kPa) at a tails tenperature in

streami280ris fagledirsictlpowithout oowlenting. 46 e lowpnparhplpn gramona
fl ati o i y

e AP B 48 TS5 o8R0 Dt ooty
(not §Howin) @n@ BpatRics apd1ptessDed slightly heowedtmospheriapraswee keadbout

stream 320. The ammpnia re va%z fg#érm 30@ I S e%iéJ.%ed
1 atnwtqaboat%é%éﬁs@laowﬁlﬂfgeu%g% P37 EPet 2L deppsratE !

co t{RBoOV.E r . . el
v R ARG MU ERSEEFE AT P B PURHOR, Bnk ey
0.1 t& 5 NMTOAmMoRiaGeme el saluhe 308pemovesdubstantiziy allndtthe fromonia

and most of the water in an overhead stream 320. The ammonia removal column 300
is equipped with a condenser 340 having sufficient capacity to condense the overhead
stream 320 to produce a liquid reflux stream 360, a liquid distillate stream 380 and a
minor non-condensable vapor vent stream (not shown).

Alternatively, the vapor phase product stream 280 can be passed through a
cooler (not shown) to cool the vapor, but not to a temperature below its dew point, as

a means of reducing the requirements on condenser 340 while still limiting the
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Al ternatively, the vapor phase product stream 280 can
be passed through a cooler (not shown) to cool the

woapwripioat not to a tenperature below its dewppwoiusR006/009231

as a neans of reducing the Wequirenents on condenser
340 while still limting theformation of CL oligoners.
The cooling nmedium for the cooler can be, but is not
formdtiomiof €. dligomeiy. cTtheaaqohgg owdivny @arm qoler g7n bedm é‘?rHOt
€ss or, ot her hea
hmltq%i tatﬁlﬁ’ulﬁ%lgg P@{gewét% Ay otperap ! gh‘l pr essur e
exchﬁ%ggm@ refining colum 400 cont a| n| ng trays (not
and o?eratl n% with a reflux ratio | n the rainl%e
of T mﬂmutd Gstillate 380 isfedintqun High-RIRH R BYBOR AT HIAS colu

00 BRI chR (RS B BBl gl BRYi SRALYRLES of

about®1 &F 1, &tdi wihichr #ilpeds asmntopraduct isiel®vdd 8s a divgllate 420,
pressure in the amonia r f|n ng col.um 400 .can var X
g Og(P as

and EpSAIREERGT b e R IDRpE-& 1 e ODPrERS FAHTAID R move
a coln%ﬁﬁpa\f §|4 b! ‘T‘hg reb Bk 1§{H@%ﬁnonﬂh€eﬁ%[ﬂ§ﬂ%’hﬁnﬁ OPYA vP! um

uces crude liquid caprolactam 460 as a
depemhg,mpnntthe tesnpehzamemf rpeilabdshdag senavabifivigh tuat siosnt %

er, abaut Ot odpinr e
pppes gereoVil o 300 huddusst FRERE LA bt dcFiT a0y
as a c‘%ﬂﬁnﬂ R3St é'&n@@ééd tless thitn WBLIANS BRI% ekter, aboet Groabioual0
renmoval colum 300 can contain _trays or packltggwtnquL
I

wt %osmesnied AR, lpsscthan bty OiSswio ekt egroaiet tham abe
{
and l?sggﬁ%{ I%gﬁ{ % F& %ng}') %%g%lser’glféec%h[&g{)fglrau dlﬂbfgl.l gglu 00 can

cont®RREW @hadking Gibt isBoWﬁJ)’l tat preferably bs apesdtedewith aftaitsy dr ogen

680 in a h dro natlon rea tilor 700 to&iﬁuce a
temppRpEHT® JelAH autc e 1@ BpHBIEINg formusgon $ORYR- i n t he

crg@m@@q@i@%@mawﬁmsm EhntANed G881 siealld? Cg@@gémﬂ

ar ratio of hydrogen 680 to
ina lqadmgenditlomuwbtmﬂﬂﬂctb@mm 46@diogenated ¢rade @ﬂm@la@tﬁmaﬁ?@ut

enat e capr oI
ACNG R 40 s st dep e et S W G ef D R gff - yriha
M@M@m&lﬁ%ué Bﬁﬁ‘ycﬁ@ééﬁt 68800 [ in Tt \cruae ﬁqiuﬂ&:%pﬁoﬁh%[hn&bﬁlﬂs
300 ppm ACN. The genat ion reactor 700 is

in thergange af ahsut éxSOa@dsut T!a@ plhogenatas arudeporlagiam 788 Gontains

abocf 25’0 AR o P B Puf BPANAD Se Py 30 fibth i,

and 1@&&14&11 &Rt PO Pprh AN THe 137880 geﬁatldmread‘lom'i()%s hﬁﬁntkilﬁad at
ydrogenat i on_reactor 700 con tion

sbout 361 Uy SDOSHTRE G gaf g a6 Pojh (ko §oP0 23 b ALER g

abouf éf Qgg%%a);bfr%slts&% é geﬁzf’dlg 'aQ(Sh’t %Cg %Ll%%& Ql%ﬂgf% 62{)} p'iuﬁ ?about 1,379

kPatBrabBMAEIBklkRa)Ems may be added to

The hydrogenation reactor 700 contains a hydrogenation catalyst. The

hydrogenation catalyst can be based on elements of the transition metal groups of the
periodic table, such as Ni, Co, Rh, Pd, and Pt. Promoter elements may be added to
the catalyst to improve the activity and selectivity of the catalyst. Examples of
suitable promoters are lithium, sodium, potassium, magnesium, calcium, titanium,
molybdenum, chromium, iron, palladium, platinum, copper, aluminum, and silicon.

There are a variety of ways known in the art for preparing the catalysts, and many
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the catalyst to inprove the activity and selectivity
of the catal yst. Exanples of suitable pronoters are
woi2odsiomg70 sodi um pot assi um magnesi um cal ci URCT/US2006/009231

titanium nol ybdenum chrontitum iron, palladium

pl ati num copper, alumi num and silicon. There are a

variety of ways known in the art for preparing the
catalystatagd gomirserciaiigl avmla]zsleat’.%ﬁemt&ys&r Bay oUmpseS aaslu[pport material

avai | abl e. The catal ysts S RQL
such spgpPT B L P by Bt piov i bt B8 or o,
materﬁ? %Id?xgﬁ),pﬂar 1ﬂ\fh9§9mvﬂftsp9ﬁ§e BetilaRAydts, Kabeh g RandyPtype

e In the formof sponge netal catalysts, known
catalyats @an@yced yq@@l oaidas,yatich armormdtallyedl metallic ipgpufent, The

‘ arelg Iy all nmetallic in content. The

pre elgﬁe%ﬁhf%& aé’??ﬁl is Raney(r) Ni. The hydrogenated
cryé ﬁydﬁﬂgé teaCctr@dB hRfblac@arh Fd0 idted idtoiacbuum delyddatidn on
colum 480 operating at a tenperature in the range of

columuw@topa:@ang picn whweratus Ao the rangs A abavicd(’q t@ Aot 4AGE, 3f

T R R e

(about @lv ikPa @ a1 DB IKPa¥, emh HreBlux Theo Maappwmﬂahm atTlmn

colum 480 contains structured (faCkl nﬁ ng sz
vacuupgdeyydegign pmmnmr@t)rcgﬁwwww S ?Y’Bh e and

5 0 AL 4 040,50 o g

500 comaiainuboTtBOmMt %twabemt TOAVOBYMI and abrout 30 win?o taabiost 320
isre d fromthe de ation cglumm 48 h

Wi 0 A G AR BHFaLOH CRIFTE R 2050 SUBRNGE LG BT SgBoR e

480. Eﬁ/% a&%au%ﬁ cBlufn 15520 akaprlised aBouMos%hitop t@ by 95.5Wit 2o

, and | ess than about 1 wt % high boilers.
CL, abpwfOck wbfoytp abh@ &wt:%tmmyld egs it abeprtiuhivt iy gh oilers.

Prefe%B tee\’gCI\fMLHlté i:Oll'lSCﬁ) lg?rrip &@ g{_)a?r@lr\gl\% mﬁa%tter;l?eé&ta%}ré 0

belo“yélﬁ)lufilé(pé% ﬁﬁm@rﬂﬂa Ok et o«f@mbligamees thechpare agsdd loss
The dehydration colum tails 520 is fed into a | ow

or Calb@hﬁlé\rlsecnoéfmlllcﬁfﬁtﬂl%ﬁoé@ﬂsurm 540, which operates with a

S ﬁlt) ﬁf@g actolﬂ n Rl %0 ?Qﬁﬁﬁ@%‘i@& RNe @Et l?atwn COl(l)lmn

eric pressur | er CO
540, whioh aperstes mhcattuﬂmn@wkmm @eKoN\oabo&h b0 aad dt & Bub.

t t t )
tmoghet bR Ty Ik HieE B E0 caB AT BuRipag g i
showlﬁ:%\)di(itp g;gwat&r aﬁfaegr@s*ahﬁe iAthRA ofl oS Hin BasekaLE b abosh

wthareflux ratro in the range of about 20
Hg atisoluf(abgutl0ginkProiol 3 kBa), emdhprgfegabily pbabout mnangé\bml@f@

er columm 54 | ow bRil er,
(abouaﬁgﬂ%l’t Fé’%lh“ %%egluéé ’lngh% r%ogﬁ%ou&go a%{ﬁ)r%)}!l)%oe y 50
colun¥f di¥aiAM560R r¥vho %d@sam the JoWbdilek tannmcﬂwmrhte dow $oBE0
Is renoved fromthe | ow boiler colum 54

column distillate 560 comprises HMD and CL (approximately 50 wt % HMD, 50 wt
% CL). A low boiler column tails 580 is removed from the low boiler column 540.
The low boiler column tails 580 comprises CL and less than about 1 wt % high
boilers.

The low boiler column tails 580 is fed into a high boiler distillation column

600, containing structured packing (not shown) and operating at a sub-atmospheric

pressure (e.g., in the range of about 10 mm Hg to about 40 mm Hg absolute, i.e.,
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The | ow boiler colum tails 580 conprises CL and | ess
t han about 1wt % high boilers. The | ow boil er col umm

woandes10E80 is fed into a high boiler distillatPomus2006/009231

col um 600, containing struetured packing (not shown)

and operating at a sub-atnospheric pressure (e.g., in

the range of about 10 m%to about 40 mm Hg absol ut e,
abouf 1.8 kPabmattoul 53 KPRaandprefls y & abokPH) mante ghwhete il yabapt

131 P80 M e e PR S bbl) b roor bt win rfifmadletyfy

about At Hishl 1R88rstdnan mietipordion Keghthbohb®it S vard) of the mebming
portion (less than about 5 wt %@nof the i nconm ng CL
CL aggrigmoserbecli gl boilir gRlupe) fads GéQ)l Thsmeiority (septer ﬂ‘mbabout

95%)”? L hn%égﬁd%aéﬁﬁse mobé‘(g ?{H W b%ﬁe@ ol ﬁ 'ax% 1§§gﬁgggh&1a
in thelhiigh bbller d(blddiledlbtl@ehe 620 hay greatbtithmn dbam 99]5% purg20Ithas

desirgfp thechict t@rﬁﬁ?ﬁ&%@ﬁ g db ehtbsblite d WSS Bagorfn ot
showﬁz QP%E@\{] e EILK %@m)m e i §t§ B(Yl?ér cg-mﬂrht%ﬂs 640.prIgS ent

|gh colum tail This recovered CL

recoveast Gk cheble fad tbltiea Ihglghoﬁlﬂmdlsfeﬂlatioscwlbmatﬁ%n col umm 600.
If_the present process is operated a comer

schithe P S?ﬁB@F%ﬁt‘? %ﬁ’er%f% gné C8F1%?1%1?SC%CI R 1S uﬁ%l anppunt

of witbiew il feQaiH A fraanld 4400nd F00] TehRasRe U’fb&:o@ﬁ@ﬁﬂmfﬁmency
efficiency of the process, these streans may

of the prcwe@eseaq@f@ﬁmp maxths| oprbinesl arpropiaely éfé‘?/féﬁ’e?aldkf%t@letdo
baCkk\pﬁ]a CesS- Exanpl es Exanple 1 Caprol actam Producti on
p US> A t wo- st age adi abatic reactor was used to
denDnstrate t he vapor phase synthesis of e-caprolactam
(CL) by the hydrolytic cyclization of
Exangpladyi nocapronitrile (ACN). The experimental setup
Ex gRrised of: Two feed druns, one containing
stilled water, and the other ACN. Both feed drums
Capmhmmnkhpﬂuamniekpmrdﬂmnket of nitrogen and were

I th t t di | ved
b SR task QBB Taytor Bl ettt §hop RutoRY Sui BAen
syntHe@Fstbf %Icﬁg)ﬂa%%?n &Ry Bk IB?dl%ﬂ"ﬁlch%@ L2 owof B-akfifoddtdhitrile
steamin the acket he vaporizer was fed

(ACN) &hewhpeﬁm@daldﬁwomﬂﬁ%oﬁet ering punps. A static

T e 9BEm bt S neg SR atore BREGE per ACHy BB st
@it aGRARAdpPuhdee a blanket of nitrogen and were previously sparged with

nitrogen to remove dissolved oxygen.

e A vaporizer consisting of a jacketed 1%z inch stainless steel pipe and heated with
140 psig (965 kPa) steam in the jacket. The vaporizer was fed from the feed drums
by two metering pumps. A static mixer was attached between the vaporizer and
pumps to ensure complete mixing of the reactants. A line was attached to the
bottom of the vaporizer to take a blow-down purge from the vaporizer, if needed.

e  An electrically-heated superheater, which took the vapor from the vaporizer and
superheated it to the desired inlet temperature of the reactor.

e An adiabatic.reactor with two stages — Stage 1 and Stage 2.
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bottom of the vaporizer to take a bl owdown purge from
the vaporizer, if needed. An electrically-heated

weupwrioeaber, which took the vapor fromthe vaporiugenne/009231
and superheated it to the désired inlet tenperature of
the reactor. An adiabaticreactor with two stages -
Stage 1 and Stage 2. The Stage 1 reactor was _

o ThelStageriseheibevaawdl-msdktddrancheads ffam a3dhdetgtiopf 1%anch
s st.ee act o

i S b el RS et G R M P s T
cBhtafkd 6l el dtBRia@ haterd IOy ®bF thb Behiert wf@pe&\la@nﬂ@ theacaund
the reactor were nanually controlled 1|.cl)owerst ats

vigezsgnealltesngrabest §y porectpiatiidesigaed ﬁomugpﬂgﬁ ¢ hat lost through
1{1 ﬁkﬂlgﬁénogf @t lre%a@%r r&fﬁgﬁ 81{ aeiv\éﬁ'gc a?tgﬁ Whﬁl?s §éﬂg§¢,§pt ial at

exper | ére surface area
ekpbrlménm&cﬁlatwm& aﬁﬁcs argm tcf valame Irgrtldsaarcgﬁgmﬁbmlydhrger

commer ci al manuf act uri ng sc | e. ot her R&i grs wer e

thamps gomgiraciak Manipctuing soale fwo Péhaﬁ‘é e () 2P Bt
eh&Rind cﬁstﬁ@ﬁ:a@ttor I EKEBES of TR RRsSH ﬁqeaéﬁhé’ nmegec@leﬂey

controlled to set terrper at ures, nmeasur ed
atfoeratoalbyipdrelipdl fcet! topetevatanes, nh@sh@eltbertbermmdounm MBaatd

f th t talled d t b
wurse bR i BeeBT SR Erelbrt HFREA LS i BB rHe
thdIRH RGP R REctbR WHRSIOhEiRbdNFoamiltil RiRekaiisc Ssplekran
t he reactor Iength The Stage 2 reactor was

mv@rsmre|nmqu¢eatt@ap%m@1rmévnfth®maatov length. ong and W i nch

|nless st e Thi s, react
¢ Wil B b ot iy E35R ) MR BT o
sh@fbRrsteeh 5ipsaBhif eactod Wak bigarféd@ah tatag@cpablets aﬁh icentained

react or contained one internal thernocouple at each
fwrcplestrieah deqters @ gias denaihihe Sfagererertirtet ThinEpagier pontained

ohETRE Qf #ESRocoupleRERL Q:nh LRBRfELctdd tB?n n#& G iRt S &St

a coo connected t e two stages O e reactor.
télihperammienser systemwas a two stage apparatus. St age
one effected the majority of the condensat| on and

. %h%?@%d RS IgsAing; whigh ﬁ?tﬁ%ﬁs 2 6Prlein samested dre Wontaass abihe

. %(lals m xed with the evaporating ammonia. A
product receiver (55 gallon drunm) to collect the crude
o Thapondastedyseal whd D1wd aagef apphdaars. \&nargemp effactedthel yaosty

Capr ol act Pro t | act
o e AP OPPHED PR OPOE TFh BT RS BT ARe of
Iﬁat@ﬁ'ﬂlgﬁﬁ?&f \Qfﬁ'l EHe'elvgpc(rﬁg@ athiohil® vapor phase usi ng

acti vat ed
e A product receiver (55 gallon drum) to collect the crude caprolactam solution for

further work-up and analysis.

Caprolactam Production

An aqueous caprolactam (CL) solution was prepared by the hydrolytic
cyclization of 6-aminocapronitrile (ACN) in the vapor phase using activated alumina
catalyst, as described by E. L. Martin in US Patent No. 2,357,484. The first and
second stages of the reactor were filled respectively with 600 g and 1197 g of 1/8”
cylindrical extrudates of activated alumina catalyst. 20 g/min of ACN and 40 g/min of

water were mixed together in the mixer, and vaporized in the vaporizer at 186°C,
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catal yst, as described by E. L. Martin in US Patent

No. 2,357,484. The first and second stages of the
woeatiors7oere filled respectively with 600 g ardTA%2006809231

of 1/8" cylindrical extrudates of activated al um na

catalyst. 20 g/mn of ACN and 40 g/mn of water were

m xed together in the m xer, and vaporized in the

using 446 ppigdPorkPastam %thﬁ@h@he% ef the (vgBetm@pa"tjhes\ta@amtmam
ex1t1{ng%{o§1bﬂ gbﬁifeh Q‘;asttltk% sﬁ?@rﬂée{tg@{o ZBh@ ang re§<;t£rg
e vapori zer was en super heat'e
contﬁﬁﬁgCS%Wd‘%i AEN maupahéaed steamh avere figl tB&h(WE sﬂégé\@dctdﬁ system
superheated ste we to.the 2 e reacgtor
at Wﬁ&?‘& Gl DA VR T B@ swdosepce Yaeep oy thg rqactor
ran WHE bl @hPenRiant f;ﬁﬂﬁﬁat@l 55%%/3@9@@ Qhd 2Bk iPC,
inlet/exit tenperatur of roximtely 256C/ 3 12C,
respadityeR6 O/ Aot Gmeramsypreami of éllyoprsf ok transfcxtlaie conwgyedmaterial

stream of 5 hours tran e ne, c ed materi
venfigh SRS pE e b e L R S R Rt of the
prodiicSsticRdt £ armaéuoan;f&uﬁ@mgﬁdam 8 préabntblen PAREUC DaS 416 %Nen
as a function of time on streamis presented in Tab
as Wflghba@raer&rcen@peléﬁn a8 apergghicspabclasts. doepoeduct greagn an
The product stream conprised
Comgé%%tmb%twlv& ?ﬂels Table 1 Time on Stream ACN CPL
(h) (mt %9 (vt %9 0 1.3 97.8 4 1.6 98.1 5 1.5 98.2 The
conposite product (i. ‘%r oduct coll ected and conbi ned
over the entire cours aB ]the above reaction)
conpr =L LRI ' % : % OACN on an
A ded in hal f

exanpl e. O(Qn'par ative Exanpfe: Distill a?" n The above
capr ol act afh sol ution co ?sed 1.35 wt 2%lACN (on an
organics-oRly basis) and hdn-detectabl 8Levels of
hexamet hyl enei m' ne (HM). This material was distilled

in a hatch sti with 2 inc a er and contai nin
The g 0Dp el BProfhd s PHISHT HERFhEY RBBH R Ver N BT
the #MB%e ?eaatléﬂ)tc%mﬁiﬁemgqﬁeﬁst gwméh and NS5WABTAGR kT St

renmoved at' a col um head pressure of 200 torr (27 kPa)

Organs:swglmbasef I'Tthis pratlies veds divadesd inthalf for usun ithegeonipasativee p

exam;rﬁe mENQLhETe 485, ?ont i nuously fed

Comparative Example: Distillation

The above caprolactam solution comprised 1.35 wt % ACN (on an organics-only
basis) and non—detectable levels of hexamethyleneimine (HMI). This material was
distilled in a batch still with 2 inch diameter and containing 4.5 feet of wire mesh
packing (Koch BX). The reboiler was a 2 liter round bottom flask.

The water was first removed at a column head pressure of 200 torr (27 kPa)
using a reflux ratio of less than 1. During this step the reboiler was continuously fed
aqueous CL solution and water was withdrawn as distillate. During this step the
reboiler temperature increased as the concentration of CL in the reboiler increased.
When the reboiler temperature reached 140°C and the reboiler was full, the feed was

stopped.
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aqueous CL solution and water was w t hdrawn as
distillate. During this step the reboiler tenperature

wonarsgasad as the concentration of CL in the reboiusane 009231

i ncreased. When the reboil &5 tenperature reached 140C
and the reboiler was full, the feed was stopped. At
this point the colum head pressure was reduced to 10

t At thi§ foidt thPaplunanicbat peesswet g redacedtondstorrd reldre chndo

50. During this,st of. the distid N : L
the reflp AP OTBSHEEAT S0P OHES Lo ity 4repg il s
havin% tﬁggﬁﬁgv%&l:ﬁ,}'ﬁy RRANCL RRke teMitived.t Yhe prifvig ispuiitygretnovead

. "A series of five consecutive distillate
during thsssterf is POAN. Viotesine obBhcansecaitive Rishllata ggisyaf 50ml polumpes o

cuts_b as, chr togr.aph vV i -
cach 3¢t St o Aot R P B e RGBS gt S PeslROLe
Table®. 1 At this point the reflux ratio was reduced to 2,
and a 90 m strip-cut was taken to flush the col um.
This was foll owed by a succession of 185 m product
cuts. The first of thegg,psoduct-cuts contained 0.03
W % ACN. After renoving the purified C overhead a
heel remal ned | nChate pot, which ca@Nised 1.7 wt %
high boiling inpurities. InventivetEanpl e:
Hydr ogenatton and{Di StilTation TheiQyoduct sol ution
from the caprol actam production wagcharged to a
distillation appaiatus to renove aggut conprising
amoni a and wat er 4and to yield a tai)J s product
conprising approximately 70 wt % ca'plr ol actam(ag) and
0.9 wt 9% 6- arrinnrsnprnnifrila(i S lm-B—t—0%4 ON an
organi cs-only basis). A portion (196Qg) was charged to
an approx,. 4-liter a lLaye Wt of i
v 3o By ptoaFroPHi St R AR e CERE Ul s
the cdVBSn P ThESHaiollbwbY By agertessivch éfelstanl frodudt eatss Thi Hiest of

charge was heated to nearIRf 90C while s irri.?g %Ed
thesetpeduct-prets ppréaiagd 8.034 % ACN. After removing the purified

overhead a heel remained in the pot, which comprised 1.7 wt % high boiling

impurities.

Inventive Example: Hydrogenation and Distillation

The product solution from the caprolactam production was charged to a
distillation apparatus to remove a cut comprising ammonia and water and to yield a
tails product comprising approiimately 70 wt % caprolactam(aq) and 0.9 wt % 6-
aminocapronitrile (i.e. 1.3 wt % on an organics-only basis). A portion (1960g) was
charged to an approx. 4-liter autoclave with 40g of Raney® Ni 2800 slurry catalyst
and about 40g water. The reactor was purged with hydrogen and tested for leaks.
The charge was heated to nearly 90°C while stirring and then the pressure was
increased to 900 psig (6205 kPa). The reaction mixture was maintained at 90°C and
900 psig (6205 kPa) for five hours at which point the reactor was cooled and the
mixture discharged. Reaction times less than five hours are also effective in the

process of this invention. The product comprised 0.42 wt % hexamethyleneimine
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increased to 900 psig (6205 kPa). The reaction mxture
was mai ntai ned at 900C and 900 psig (6205 kPa) for
woivm/losans at whi ch point the reactor was coobPet/Uanme/009231
the m xture di scharged. Reaetion tines |ess than five
hours are also effective in the process of this
i nvention. The product conprised 0.42 wt %
(HMUl ekaalmeﬁ P \Heenaéthylasdddivhing (BIMI7), wo d@hetﬂbkre%(%ﬂa@dedl am ne

no d ah| e ACN an pr ely 0.4 wt
aPPYOWﬂ%Y Bdive ﬁb‘holié’ﬁs @Pg”&rﬂrg@l R h%\%ﬁ) The sane
dirl g&h@&@fﬂmfbﬂd@gﬂmﬁg 0P fheléin mawfﬁ e A 0FBdEn Was
used e fol ng steps. wat er renoval step
following stpex. The mater m@nm‘gal step V@amérfpﬁmdelwrgeth%am% BEPCEAIE AR

used ig ﬁl{@@&%ﬁfé&ﬁﬁ az{%%le r L) ggwgtfz]%g] §l%lis{a%8a ?}V b B?me'}ﬁ‘{ﬂ Vvas
remo@admkﬂ\rﬂhe faudn & Wavy atmlfmngommw bgiting I:Jm)tmperov aI of
impurities havi ng a higher volatility

pdit cemexd] af impritics havipga highes ¥olptlity rﬁlba“a&; &3P IR P%’i“?doat
10 to%\égg% f ;R][d' ar}%h &atfor@%)' tI5ﬁe \Rgﬂ&}ﬁ lrrgighbnﬁn{d?ﬂﬁ d6HeP

arrpl e, rati o was
this sfép s EMBuBﬁthfsll\]ﬁan@lég ndomet mﬂbm ramr\easxusbébcdaelset HyBD is

o Al S ALl Lo G0 ol ur
volun%et%alg %aﬁ&h%x%%}é{% dfm@esé %\ﬁﬂd |b§/9ga§) tiasantedaphy g'Eab e 3.

2 0 At this point the
results pfelsented vt Tablavhs reduced to 2, and a 80 m strip-cut

was taken to flush the colum. This was foll owed by
succession of 185 m product cuts. The first of these

product cuts contai nedrgbl®3 wt % HVD. After renoving
t he maj or rmrfl an_of .t he nILEIfLeH Cl n\/g,r__h,e,a,d’ a heel

remai ned whi ch cGub#ised 1wt % hi #MBoi | i ng

impurities. In the Conparative Ex@vtfleé it was

necessary to opergte at a reflux rat§ o of 50 and take

five low boiler cyts of 50 Ml eachoQig order to reduce

the ACN | evet—of—the 1TSSt product cul to 0.03 wt %

In the Inventive Exanple the HVD content of the first
At thirposhitehe RlUx vab wadedesdtto ZDar@Ba 30 mWylpuslt wgs takerfq fhssh

ratio _of 20 and t aki n
the cotfege Thisw f@BOWP‘%( by gycee iqt 18535?&{8‘}(\"1‘% puts m@‘ iz E‘{ ﬁsf oL
these p?ocgfc?ahg ¥ontained 0.03 wt % HMD. After removing the major portion of

the purified CL overhead, a heel remained which comprised 1 wt % high boiling

impurities.

In the Comparative Example it was necessary to operate at a reflux ratio of 50
and take five low boiler cuts of 50 ml each in order to reduce the ACN leve] of the
first product cut to 0.03 wt %. In the Inventive Example the HMD content of the first
product cut was reduced to 0.03 wt % by using a reflux ratio of 20 and by taking only
two low boiler cuts. These examples illustrate that removal of impurities is greatly

facilitated by hydrogenating the aqueous CL solution prior to distillation.

Example 2
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facilitated by hydrogenati ng the aqueous CL sol ution
prior to distillation. Exanple 2This exanple is
wonumndesdot o show t hat hydrogenati on of CL pri 8CTUS2006/009231
distillation to convert ACN7to HVD reduces the nunber
of theoretical stages required to renove vol atile
inmpurities when the distillation is performed
CDHik eRatApls liyintchtiese sbrartbitdydweratinand Gt paory distillation
cal cul at1.on_using conventional technigue
to conjyat SOV i nnar g SERT AR SratBEdE: Sfhave
volatilgi'ﬁng&%é' WHAGhOdisti i o0 AP fdrtneli@Entiucasigi Thisd exainpies
col'tthm operating wth a reflux ratio of 40, and a hﬁqg
were genemsdrhy cafculkfion osing Can@nkipagl technisugekay GHCEON? vellp
. to ?gtahn.a distillate product containing 40 wt % ACN
in the git @t QISEYRYQD- 5t r eam cont ai ni ng 0.0001 wt % ACN. In

ORHRYdrbEs GERbAMRITZ.S walsh AEIN Vefed td ptitillationl@lumn

theoretical stages are required, which ge' velg%as
operatirshwith e reflwmpte af #).ane p headpresyisg ghd higral U8 dr op

. of .1 tarr, ( . WANOUB AN and a tail
design QRIEIVRIHE G B o RlcP GG AR B ABN and a tail
oo SLAATEDR 100 AT, et i it
theoretigalotagsh AregegHized; Whiéé &1Y58 GaERaileE Eﬁ%ﬁfﬂ’wlﬁé’fig&ﬁ’ BB e

and a taid r tajini ng 0.0001 wt %IVD. I n order
a prespie gt FLL0F ﬁ(]bsl%gﬁagg%s?gé a total of 7 theoretical
StAafesroas ELrceatainiegl). Switi % HgDvie fechtoraedigtillagion column

tenperature of 1 . assum.ng a pr re o]
operating it reBokdsiip cpdy. e agiead etkup ol 8 PR MERY oo
igf b b RN g0 WheEHRID aed a tail
deSIglg%ﬁggéé@e? g%gg;t%lgg ucgéégﬁmﬁnﬂ%é to Z,Hg.\i\fh_i ch_reduces ? t?%s
streans ositaining @O0V UFnFIMD: Talosderap pefvigverthis abigstye afotal o

tenperature to be reduced fr 1620C o j

theorqt iRt TSR MO O ERa syl ae Gl
t ' iqig. What is clained is: 1. A

aprestrsrg%hdggﬁgﬂ ﬁ’n“g%%@eal) ?Eﬂa%ig(iact agg) (gL&)WS&gom Gl-jarrcl;fnoca

r IiGonivertingehg ACN)to FIRIrY kydiggenatagn ¢ DWOgr

vaporized mxture of ﬁgN n% %@lﬁtrgc{uci Jind c()ﬁ%?ttl%colﬁ It
theorq:tg:ggftageség Feidélf“?fbf?%{n 1 gr Wpicg fodse _aﬁ yst, to produce
also fHoWsRRY regbﬁér%qh;?é&tbfe% HRIrediitel fioaNPEA°Citd §4&IC, whistninitarn

wat er and ACN; (b) separating the ammonia and a naj or
reducp®titei ammounf off thermveh tlegradatiom af IQ%A thapesicupsigiag AEHERE o

product to produce a crude liquid caprolactam
conprising CL, ACN and a m nor portion of the water;
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(c) contacting the crude liquid caprolactamwth
hydrogen in the presence of a hydrogenation catal yst

wono@/loystoogenati on reactor to produce a hydr ogemaiseas/009231

crude caprol actam conprising CL, hexamnet hyl enei m ne

(EDVI1), hexanet hyl enedi am ne (HVD) and water; (d)

renmovi ng water and HM from the hydrogenated crude
What ¢8@isigdeddt:am i n a dehydrati on colum to produce an

hyd de . | act i Si CL d H\VD;
At FomethoRgot Hak BaAyRPIIR ER JGLD Bt GH oS APORE B Ea | o
(ACN@Oc%dnﬁLrisg{gS“ [l ation colum, wherein the | ow boil er
olu

I'Stillate conprises HVD, and the |ow boiler

c ¢d)ucomtdcsing 8 veporreil sestuc ofahdNranghw dier in@rreactermhe tgactor

i ntroducing the lL.ow boiler colu tails int L gh

bot | GrTaats 4 faHoR s SRR S Yandr bR rdsibg

col uprdfbtebinphighe (39 ERNoRRS waterand AdMe; hi gh boi | er

col um tails conprises high boilers. 2. The nethod of

cI() spparajing thsi ammerp andy mEETROFiwEsof theyyvaiss frompihp yapor

condensi n e I : r eRragyce
phase 32T Drafhel Ui QRS SRS £ Gk R iR IR
and almhifle $breibfi 6RMMea@IRy | Si ng wat er, caprol actam and

unreacted ACN; (b)._.introducing the vapor streaminto

(b) in a
pr@deansacvingder Gpdioliad caprafiagie Wik hyHORH e Bivgence of 4
| ' I Qbintki ' { hatbd €rude
hydrg PR W Tk i RSO o Sade T aaRehut he
caproficege compdsit g €h., fexpmaiiyteeaning gHMI hgganéthglgneliamine
gagr ol act am conpri si ng caprol actam and a m nor portion
( ¥ Gkt er fromthe bottom of the distillation
C QU R ing Wete MBI NI Gfond the hydeogehated aiuds cdpralactad in a
wherein the crude liquid caprol actam conprises about O
dehydratiehenltms do prodgggeancanhydrous prardgepprabictam equapriping CL and
wherein the crude liquid caprol actam conpri ses about
HMDZO w % water. 5. The nethod of claim3 wherein the
hyey ageaating thecahfdipas crodepaprelastamriatoas lowoyadlendistllationf
the transition netal group. 6. The hod of cl.ai ﬁ
colungih avhergin thedowyhetleeiain distilae soperis »a8d th%lﬂ‘é(wo Fr
. 0 gl M ein the tenperature in
colunfy R Colf AP ndhidh Boiko g
(f) introducing the low boiler column tails into a high boiler distillation

column, wherein the high boiler column distillate comprises CL and the high boiler
column tails comprises high boilers.

2. The method of claim 1 wherein step (b) comprises:

(a) partially condensing the vapor phase reaction product to produce a vapor
stream comprising ammonia and water, and a liquid stream comprising watet,
caprolactam, and unreacted ACN;

(b) introducing the vapor stream into a predetermined stage of a distillation
column and introducing the liquid stream into a stage of the distillation column lower
than the predetermined stage; and then

(c) withdrawing a crude liquid caprolactam comprising caprolactam and a

minor portion of the water from the bottom of the distillation column.
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reactor is in the range of about 800C to 1300C. 8. The

met hod of claim 3 wherein the pressure in the
wbypdrsagesTat i on reactor is in the range of abouPChSp®icm09231

to 2,500 psia (about 345 kP& to about 17,237 kPa). 9.

The nethod of claim 3 wherein the pressure in the

hydr ogenation reactor is in the range of about 200

p<. Tht meBO0 fsing opabbelnings, Bl kPhetemn thboutdediqB7 kPa) .

e net hod of. cl aim rein the reactor of ste
CaPm% }a‘%S?FBP’ilieéé"g%ut& @@P?&@W%ﬁ{bat. ¢ packed bed P
r epghi %tmlé&ﬂﬂ“wh&%ﬁrth§bﬁﬂ§ 113@1@' da \Agﬁ)laclaln cdMBrises

net hod of any one of clains 1 an erein the high
abouﬂﬁQWb%\miﬁlIJnn distillate conprises about 99.5 wt %CL.

i R S O e o P T LS

moreanemmp@ﬂth%ltﬁaﬁslﬁmmﬁtgﬁfupand recovering CL fromthe
hi gh boiler colum tails. 13. e-Caprol actam nade bﬁ
I‘ﬁgs E s Raney

The medhpdott ciaimrowherpis the hydspeenaippcatalyst comprise

Ni.

7. The method of claim 3 wherein the temperature in the hydrogenation
reactor is in the range of about 80°C to 130°C.

8. The method of claim 3 wherein the pressure in the hydrogenation reactor is
in the range of about 50 psia to 2,500 psia (about 345 kPa to about 17,237 kPa).

9. The method of claim 3 wherein the pressure in the hydrogenation reactor is
in the range of about 200 psia to 600 psia (about 1,379 kPa to about 4,137 kPa).

10. The method of claim 3 wherein the reactor of step (a) comprises a plurality
of adiabatic packed bed reaction zones with inter-stage cooling.

11. The method of any one of claims 1 and 2 wherein the high boiler column
distillate comprises about 99.5 wt % CL.

12. The method of any one of claims 1 and 2 further comprising introducing
the high boiler column tails to a wiped film evaporator and recovering CL from the
high boiler column tails.

13. e-Caprolactam made by the method of either claim 1 or claim 2.



