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1944 0 di scl oses that epsilon-am nocapronitrile (ACN)

can be converted into epsilon - caprolactam (CL) by

contacting water with the ACN in the vapor phase in

the presence of a dehydrating catalyst. Martin al so

descri bed a quuid phase pr@GE&E to produce CL. See

U S. Patent 2 01 I ssued Novenber 17

METH0D|?P%aﬂ%%;wqué%ROLesavgFR?Ma&H?Rﬂ%oayAWﬁ§g SRR B LP o e TeTRam

YDRORZERRNE | nexpensi ve adiponitrile (ADN) by direct

5 hydr ocyanati on of butadi ene. This discovery has led to
a 0 renewed interest in the Martin CL process because
the i nexpensive ADN can be partially hydrogenated to
produce an inpure product that conprises ACN. This

i mpure product al so contdﬂﬁﬁﬁﬁﬁﬁﬂﬂbyDFOdUCtS of the

hyd ta d
< 08 Gor Ay gs ChorRof 'WRPER. 61 NG FaRoired 0d

10 dlbeﬂesaafthataSp%IHéh}amlﬁﬁﬁapﬁeneﬁklﬂ@tQﬁtﬂ)haﬁﬁ be
expr essl Eau hat the THA and its derlvatlves must
R R ERd S P BRPLREA (Bre LAERABY dlftet PHeFbrEathanicN
wak&rCoaver tad AﬁNolﬁLthge%aEEQr 8%3EPhe, tHeS prB%%%%% of
6, 169, 199, issued Januar 001. Contrary t

a dehyEsprens FACEAESE - paM@ﬁtsn ﬁﬂsﬁaéeﬁééﬁbﬁduﬁdlﬂnand
phhfe LIBHEESACN LPBhuld Becovergdyl komethe v 2,301,964,

15 issued November 17, 1942.

In more recent years, technology has been developed
to make inexpensive adiponitrile (ADN) by direct
hydrocyanation of butadiene. This discovery has led to a

20 renewed interest in the Martin CL process because the
inexpensive ADN can be partially hydrogenated to produce
an impure product that comprises ACN. This impure
product also contains some byproducts of the
hydrogenation reaction, notably tetrahydroazepine and its

25 derivatives (both of which being referred to hereinafter
as “THA”).

Some recent patents have expressly taught that the
THA and its derivatives must be removed from the impure
ACN product before the ACN is converted into CL. See,

30 for example, U.S. Patent 6,169,199, issued January 2,
2001.

Contrary to the suggestions in these patents, it has
been found that the impure ACN that is recovered from the

partial hydrogen of ADN--that contains greater than 500
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partial hydrogen of ADN- -that contains greater than
500ppm THA and its derivatives - -can be processed in

WO b@sweqses phase, as taught by Martin, to nakePC/US2004/019442

wi thout first renoving the THA and its derivatives,
and that the THA and its derivatives can be renoved

easi | |.stid.lation e [ dides he
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throughout this application (unless the cggt e%<t
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not only THA itself, but both THA and its derivatives
. Such THA and its derivatives can be quantitatively
measur ed by gBRIERT DRSCRIPIY L ORAVWASR t 0

- dule. ; RAW

figure 1, there is_ shown in h .c.To aya
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contain greater than 500 Em THA i s feg g¥ a 1%ungm(:not
al§ﬁm’§lifﬁt@“]9°ﬁé’ﬁ?n€§cﬂ5ng P REACGARPENhekht's PhE®
L] 1ng inmpure ACN to a tenperature of about 235 deg
ln{égﬁe%@heat ed, inpure ACNis mxed with steam 16 in a

vaporizer 18. A vapor phase m xture 20 of ACN, THA and
wat er | eaveﬁE,i.J&fLﬁﬁpﬂﬁgéﬁhé:goﬁn‘gF|@Hﬁeﬂmﬁﬁ@;[gﬁ | east

one super heater—2Z2—tfrat—treats tne vapor 20 10 a
t enper akugethfodghodegtBis Applperhéaneduvapse 2Zhe

[ h r h r. andj ' i
coﬁ?g'g{ciot?usgéggg oneater and s fed i0hg,2 ¢& §xAkENeS! S
denote not only THA itself, but both THA and its

derivatives. Such THA and its derivatives can be
guantitatively measured by gas chromatography.

Referring now to figure 1, there is shown in
schematic form apparatus 10 for practicing the first
embodiment of the current invention. An impure ACN feed
material 12 that can contain greater than 500 ppm THA is
fed by a pump (not shown) into a heat exchanger 14 which
heats the incoming impure ACN to a temperature of about
235 deg C. The heated, impure ACN is mixed with steam 16
in a vaporizer 18. A vapor phase mixture 20 of ACN, THA
and water leaves the vaporizer 18 and is fed into at
least one super heater 22 that heats the vapor 20 to a
temperature of 275 deg C. A superheated vapor 24 exits
the super heater and is fed into a CL synthesis reactor
26. The reactor 26 contains a dehydrating catalyst, as

taught by Martin, such as activated alumina, titanium
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26. The reactor 26 contains a dehydrating catal yst, as
taught by Martin, such as activated al um na,

W paoandosngli oxi de, vanadi um oxi de, etc. The reaPtDUSIA$019442
be a fixed bed or a fluidized bed reactor. The heat of
reaction is renoved fromthe reactor by a heat

N T T

begUbt abl| Elinbat zéd ansflered¢od. is the material sold by
DFNVChen1caI_Canany under the trademark "Dowtherm -A
The reaction occurring inside reactor 26 produces
Ct fng @@apn?g.rﬁaa?ﬂ@ﬁing t&eovedaction thetheavhporby
phase prevents the fornmation of CL oligopers, maj or
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ranstormation. Exiting the reactor 26 is_ a_vaporous
A pubdablesheabnizgnsfar Ebnpdi sastioe, MakfbhP4, SRAePY
unreact ed nd._ unr t T re eam 28
DOWséggﬁlFﬁ%ﬁggkégrYiQPaggngg%sg$a§%H§ﬁgt ggﬁ%&%&@sﬂéone
rhef rthetwehebccapdiagmipel dportaononf 28aphodficereCtlLand

t he unreacted ACN an n ted THA d
anppgiRd SEPBARFSSRY APSOTEREERAG tHe LOnUBROS D0°Fs a

pr¥9EHEsSEﬁ@a@b§ﬁaEﬁ@h eeNpf.i 85g6RABEs\at A mugper portion
ammoni a gas and perhaps a mnor ampunt of THA, ACN
ofahleCTHABDrRSEhE $rr Eam 3pparierhedsVPRAM 34 RPESFEd

into,differ ages a i e :
enBhlpl Fhp bEaksPrn 85y  tnflL o EHERs BN PIRUAL formarion.
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un%%&@%@&.Qﬁ%ﬁntﬁmé'bﬁﬂduc@fsthea&nﬁﬁnﬁa gFeddiisttid laat e
partial condenser 30 that condenses some of the water,
and a major portion of each of the CL, the unreacted ACN
and unreacted THA to produce a liguid stream 32. Also
exiting the condenser 30 is a vapor stream 34 that
comprises some water vapor, ammonia gas and perhaps a
minor amount of THA, ACN, and CL. Both the stream 32 and
the stream 34 are fed into different stages of an ammonia
removal distillation column 36. Stream 32 is fed to the
lower part of column 36, while stream 34 is fed to a
higher stage than that to which stream 32 is fed. Column
36 operates slightly above atmospheric pressure and
removes essentially all of the ammonia as distillate 38
along with most of the water. Digtillate 38 is fed into
a high pressure ammonia refining column 40 from which
anhydrous ammonia product is removed as distillate 42 and
water (together with trace amounts of organic materials)

is removed as a bottoms 44. The exact pressure i1s not
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along with nost of the water. Distillate 38 is fed
into a high pressure ammoni a refining colum 40 from
wakioshomohydr ous anmoni a product is renpved asPCT/US2004/019442
distillate 42 and water (together with trace anounts
of o:ganlc materials) is renpved as a bottoms 44. The
exact, pr.essur S i.tical i epe upon
cr lecatlle’rrpbel%%sﬂjfe%i 0 &%Ig(lﬁlﬁa%% th%%% erﬁ({ef)r%%/%l fl Ffdsp( not
avasitawle .héot urem@6aprbbucks ndotslormr 46 tEatumn 36

conpri ses sone wa ted ACN
o Qe o SRAEL T Bt EF SO AT HOTA RSt ai n 7 ays

unPba PAEK Ay ( N@hrShOWEd THANMC| eded abbye i Isigipebat bers .
with a bottons tenpperature bel ow about 160 deg C to
Coluyen oB § heam opPRER DA BFACE OF i RRFERY &%%tb%?? ' 4B s

é Y, ti B '
prfelditf B B0ULLIGMEER 4 oo COLHIT AR bhaLLEOTbELOF
aboetroled degntcobuavioild tkedfernatioe &0 Ch PLLIOHBTS?2

is renpved, from col.umm, 48_. 0 . i
rotbb RS R AR 0 SR AR, GRTEel a8 o
thit 0Bokeiies sstPueteralll yackbhgmmd8 ssowper at Bidqwidéh a

bottons tenperature bel ow abgut 160 C1 [
wat ¥ nhE | BATOY S8 LHPRgERENED P s B bhe 855 50 et nro

bo@t&ﬂgugﬁ‘ b ow-bahbien Fesmvableehun® . 54ThagBbotoper AR ng
wth a bottons tenperature bel ow about 160 de .
cofiok bems 54Leonnarastser A6Nur BaSpaeki RES( HBFeéﬁgﬁg) THAA

an%i%%ﬁ%lﬁ%§h5§oE§eE§UDV%geEEQHbQQLUnEo§ﬂmnT@@ is

istiTrla 5b conprises unreacted ACN, sonme CL, npst

opefatha whtkaet bdtTHMsandmpenstwacebelAwhabproiis 168 Peg C
remoyed from col umm 5

con SRR b Bt ™h, T PELLTS SO 5 Ghenad
isBEEEEESE?SEYQBCQQhME6w6ﬁoiQ@Btabmbnglsbb&mmnréd, again
operating with a bottoms temperature below about 160 deg
¢. Column 54 contains structured packing (not shown). A
distillate 56 is removed from column 54. The distillate
56 comprises unreacted ACN, some CL, most of the
unreacted THA and some water. A bottoms 58 is removed
from column 54. The bottoms comprises CL and high
boilers. The bottoms 58 is fed into a vacuum high boiler
removal column 60, containing structured packing (not
shown) and operating with a bottoms temperature below
about 160 deg C. High boilers and a minor portion of the
incoming CL are removed as bottoms 62. The majority of
the incoming CL is removed as distillate 64. This CL is
the desired product of the process of the current
invention. This CL is suitable for polymerization to
make Nylon 6 polymer. If desired, the bottoms 62 can be

fed to a wiped film evaporator (not shown) to recover CL
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shown) and operating wth a bottons tenperature bel ow
about 160 deg C . Hi gh boilers and a m nor portion of

wo b@siossesti ng CL are renoved as bottonms 62. ThRCT/US2004/019442

mejority of the incomng CL is renpved as distillate
64. This CL is the desired product of the process of

th%%?%%éé%gg nEnY nEhano§&+ 2'S St L apLeot@fed cL can

ion to nake polymer. If desired,
betﬁedbbbthh§h6ﬁomaerbeemewalocalmmpe@Of|In1evaporator

(not _s to recover Clthat is e n .
bot § brbngobresanE PEERee et coPREREEd Phgtf sbifispeial

schob! ey sepBvahtealummotic bf waeepresemtrpsumeS$nis
operated on a conmmerci al scale, a substantia

stpeamat bf ﬁﬂﬂl5pesuFP IRCEPABENEN24SGARCERC ¢ SfFﬁ&Fggge

oft Pﬁe cpeaedL gﬁbgbegwe%st heyPpacessbihbase streans
|ne appropriately treated, and recycl ed
apbaokriatEhE ceasted, 28ndRepeyElag Rawkt 5Of Fiar §eactor
26there_l_s shown in schematic form apparatus 100 for
practicing a second enbodi nent of the current

i nveaFeeRindnnomptitoe FAGNree2d bheteei ab $ROwhhat can
cont ai n

reater than 50 p THA is fed b t
SCERBRA} O APS e REAE S6RENARDLTOT B AR EH REaPs “Ehene
embB&@HbﬂQ bErehe AGNkatraihospenahur exafl inbowt 28N degd

heated, inpure ACNis mxed with steam 160 in

maaevapérﬂZ@r h&@ CATY 898 apRagE SRITREUE2208 08f PRENTHAHAS
LT Al e S A
he&t?€ﬁh@f&hﬂb@l@b‘2i®udegACN tA supembexesyreapdr aPegt
oo RS B! P R Ay et
160 in a vaporizer 180. A vapor phase mixture 200 of
ACN, THA and water leaves the vaporizer 180 and is fed
into at least one super heater 220 that heats the vapor
200 to a temperature of 275 deg C. A superheated vapor
240 exits the super heater and is fed into a CL synthesis
reactor 260. The reactor 260 contains a dehydrating
catalyst, as taught by Martin, such as activated alumina,
titanium dioxide, wvanadium oxide, etc. The reactor can
be a fixed bed or a fluidized bed reactor.

The heat of reaction is removed from the reactor by
a heat transfer fluid (not shown) that controls the
reaction temperature within a range of 300 to 325 deg C.
A suitable heat transfer fluid is the material sold by
DOW Chemical Company under the trademark “Dowtherm-A.”
The reaction occurring inside reactor 260 produces CL and

ammonia. Conducting the reaction in the vapor phase

prevents the formation of CL oligomers. A major portion



10

15

20

25

30

catalyst, as taught by Martin, such as activated
alum na, titanium di oxi de, vanadi um oxi de, etc. The

WO easpvansogsan be a fi xed bed or a fl uidi zed bedPCBEHS1004/019442

The heat of reaction is renmoved fromthe reactor by a
heat transfer fluid (not shown) that controls the

r t t e, t L 0]
of (FHEHRN DETPEAE HhOHL DRyl ARaE, upo 2L i ae
thsohgh byh®OnEheat cab 0 Cehplaoyt uridenicat ErageRarration.
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28%PtEQ§ &@ﬁﬁgﬁ@EQS@Lpf§Mﬁ@ﬁ§?thﬁafefnathneaotedlACN and
i gonmers. maj or portionof t HA N h
Un%%@@?ﬁ@a?@@-yaé@rc?ﬁérﬁégség thogbﬁS€L§%$§§%#§P£225he

pr%%%@@“&t?@gﬁ‘ﬁéb tsapshogpLi ey, Byl thoget benaeasing,

'S a vaporous product stream 280_that conprises
toCtheahnwarapawat of, 2unpeaenéd ACNCHAY thfEacteldrFRA.

n_co ast.to th iLrst_e ' u :
col frionbbao i, KREPES oy BREFLTBAe ERENPEAL Ebacnings
ofl ower parknef cansanpuhi aisenedaMasgi 30i | R&OPenwbekrein

300. Thi flect | ff '
CrUSS, CPapERRuEges Tos P sSHBH- MRY-36, FB00 L her ein

hy8FH86s6s Brodused of ceBLtle waper appaseodyolfi 2esg than
hydrol ysis of ACN is cool ed, over a_period of |ess
Orthanaért@q&ahopérltﬁoérFemﬁeéaFéﬁﬁeP§§8WéOEeF@%a r tO

T T e S e i v v
oft basgosieirsl.ed Siimcehé tare whal snogombyi FaoEen sddd eoti®
enE et LSt S YOO Bhege AR ges Lt 1y
thkl FaboRd phlaisgor®id figr mairnan lyasopfackidced ithet Aiisuid
phggg?ngnégg%%&%gggﬁé %@%%s of limiting oligomer
formation, as practiced in this second embodiment, is to
feed the vapor stream 280 leaving the hydrolysis reactor
260 as vapor to the CL distillation train, at a
temperature much higher than 150 deg C, either directly
or after some cooling. This has the added benefit of
directly utilizing the heat content of the vapor phase
reaction product in the subsequent distillation, without
the inefficiencies of indirect heat recovery by heat
exchange with other process streams, utility streams, or
other heat-exchange fluids. Column 300 operates slightly
above atmospheric pressure and removes essentially all of
the ammonia and most of the water in an overhead stream
320. Column 300 is equipped with a condenser 340 having
sufficient capacity to condense overhead stream 320 to
produce a liquid reflux stream 360, a liguid distillate

stream 380 and a minor non-condensable vapor vent stream
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feed the vapor stream 280 | eaving the hydrolysis
reactor 260 as vapor to the CL distillation train, at

w@2dosipsn@at ure much hi gher than 150 deg C , eiPdIEUS2004/019442

directly or after some cooling. This has the added
benefit of directly utilizing the heat content of the

(n%?ggﬁ?ﬁﬂ?se £§@8£ Qﬁlgéﬁguc%a rbhe sHbagadestream 280

i on, out t |ne |C|enC|es of indirect
cahelagé passeéryhbyuhhaa exchangénoit shovher ter eeessthe

stre y_streans o h h X e
vapply dBat iphniosts eierarsek e bakbr) TEE JeR<PBEAe as 2
mePHESEEN ecaldingmoresregsepbnahty ahlcohdehseanﬁéﬁlwhlle

and nost of the water in an over head

st Eh1 LAmB60ns “qULFERENPENOR CORGERERF - 340 RaUPRY L™

med ¥kl €b8NE-6APABLE ¥t BafiORAENBALOY 8N head1siieam 830 to
produce a l1quid refl ux stream 360, a liquid

c1dcsﬂathaﬁecgpﬂeaﬁlW@@eﬁmdaarw1ﬁ§heﬁoﬁr°€8ﬁéeﬁ§§8P@S' or
ot}#8R%he ”tex%ha gg( @thagowﬁlstl aﬁ(en@fsb\/%yfe&a@arc@ua
produ strean1 0

can assed through a cool er (not
hlghopmkssareoammbheavapﬁnnlhgtcn@umno4ﬁotéwp@ryh&ﬁ@
bel ow i ts dew,point,

f d
AP g PR ORI BERIEEE el S BN e P, et 1A e 420, o

anfl0fHAREON teheRhicatOn®ES. tTheeCaabiun@snedi vigbadcsai d
cool er can be, but is not limted to, circulating

nateslipAg) witeremeved geher PREEEESs 440reafkie 6786ther
prﬁgg%re exchange Llyids. Bh%tWHhﬁt%eé%gd!%p%%dth@lo a

pr éssure amonia fefining colum 400 from which
teapbye\n:m arfmaviad lpbdeubeaits remeyedd fasiidisst(notasdonyg -

coBel P4, pSUEI, Yol 28 IO B 80 e
walk@S S W da v AN, t edleadtwd WiHA, dEpercidupomet g gh
bogﬁg%% at %ro%.ucr)rfn a3\6%| IcaaklzlI eClOr].]l%aatlnr %@%‘&asl ofrI %Ia% i r<_]gm(not
shown), and preferably is operated with a bottoms
temperature below about 160 deg C to avold the formation
of CL oligomers. The bottoms 460 is fed into a vacuum
dehydration column 480 that contains structured packing
(not shown). Liguid water is removed from column 480 as
distillate 500. A bottoms 520 is removed from column
480. The bottoms 520 comprises CL, unreacted ACN, most
of the unreacted THA and some high boilers. Preferably,
column 480 is operated with a bottoms temperature below
about 160 deg C to avoid the formation of CL oligomers.
The bottoms 520 is fed into a vacuum low boiler removal
column 540, again operating with a bottoms temperature
below about 160 deg C. Column 540 contains structured
packing (not shown). A distillate 560 is removed from
column 540. The distillate 560 comprises unreacted ACN,

some CL, most of the unreacted THA and some water. A
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Col utm 300 produces a bottons 460 that conprises sone
wat er, unreacted ACN, unreacted THA, CL, and sone high

W eiose0$08 Col uim 300 can contain trays or packPemyu§2004/019442
shown) , and preferably is operated with a bottons
tenperature bel ow about 160 deg C to avoid the

bAOLATRE | 980 Of s ety 89 B Sn JORARIS QIS 4R0 115 d €6fad Nt O

a vacuum dehydration c contai ns
CARNiet R el prrdi ol ot sdmown) Thd-;uhm;wbmmt@o iss fed
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P FachaluE SR it ettt il B o gt Sl Bing
s onprisss Lﬁ-ckimj e&ﬂitecblAQN; nsd sfeddreinreiaed ed THA
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b et PR oo oA (e Skof el dHd el ers
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bottons 520 is fed into a vacuum renova
batdiqnmm &40, e masinsridiy mf vilieh :aacm:trcmg:n emaer@mxcur@ﬂ

d 540 S S
ash LML AN o e P TR SR L B RhlAG 4 e

proglagm SAGChTd hmudiestt lilmten t56th compmssem ury eacittetbl e
ACN, _sonme .CL, .npst, of ed _THA and sone

E o AT e e MK 14 SISt &0 Semiared.,

tH@()tkidHﬁbn@rﬂfHO eh Ge Al Hoh heidet si1ihehkid®, 580
is fed into a vacuum hi gh boil er renoval col um 600,

(nEntSFHHg & MRtAeEd Fadibiaig Kﬁwﬁreﬁﬁﬂm)ﬂh@e bottoms
62‘@)!9‘5‘r atring AR A-ROIOE, ] YPeR We hov.%o qh%it val

eg C. Hgh boilers and a mnor porti of 't
CQhﬂmﬁnﬁﬂf CL are renoved as bottoms 620 . The majority

of W eGN0I nd e BT
sceulrer,em Subsetanitdral ElmcSlIﬁL dss mﬁﬁdrab\}la.lf Qesult in
St%%l réer4l4%at | %f” 5t0% rka% ’}_brlllc?:neaGS ep (1):|hyen%rconlofmlcéeselfrfeldc1 ency
of the process, these streams may be combined,
appropriately treated, and recycled back to the reactor

260.

EXAMPLE

This example illustrates the first embodiment of the
process of the present invention.

A solution containing approximately 50% by wt. ACN
and 50% by wt. water was vaporized, and then reacted over
a dehydration (alumina) catalyst at 300 deg C and
atmospheric pressure in the vapor phase. The amount of
THA present in the ACN used to make the solution was 1800
ppm, as determined by gas chromatographic analysis. The
organic product exiting the reactor contained 1.25 % by
wt. unreacted ACN, 700 ppm THA, and the balance

substantially caprolactam, on an anhydrous basis. Some
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the bottons 620 can be fed to a wi ped fil m evaporator

(not shown) to recover CL that is present in the
Whoisoms0620 . This recovered CL can be fed toPEi/gh2004/019442

boil er renoval columm 600. If the present process is

operated on a conmmerci al scale, a substantial anount
otlodr watare withpur Bsiks werstabsmmporeenrind ZHovelb as a

i hcrease the econom c_efficiency o
e SRS LB g TE bR ar e (TAARea ahdece
und&SYEHes bagket 0 titei & eastHriRdlca FEEAMIEE Thoss exanpde
illustrates the first enbodi ment of tge process of the
of P& ekt e ereRehIOA SBERIt FONT XORtEhITY hgb? xi mat el y

préﬁﬁ@ﬁy.vahé($5§89 éﬁg§9é$¥6du8@1ﬁésW@ﬁeﬂa@@bié@dtoand

en reacted over a dehydration (alum na) catal yst at
prédiceesn Gandoas nosphet fctareselinelph EReCVERSr phase.

The ampunt, of esent in the ACN used to nake the
sa %¥%¥$§hwﬁ5% i%gﬁhg%ﬁl as determined by gas
fﬂf@ﬁ@t@@ﬂé@hSCc&pﬁbyabSam Jbkubiganveas pEbdebederiti ng
e reactor contained_1 % by W, unre d 700
at%%ﬁ?h?%&Caﬂﬁeﬁﬁg?ﬁaﬁﬁﬂc%zguéégaﬁt%%I?yséaééglgc M on
st an1 aphydegysebasiesammSanBoshar theanejoppuyi bEesheer e

al so present, as well as a stoichionetri& apoynt, _of
wahenoni Bheeraenpdripronaserand WAEoRTRI el ﬁégg . Pfhi's

518312 LpdieaLes1500e GaRsuapLi eneokepdlitolastecr aael as
S e% 0 fFormunidentitied products . e vapor phase
defr addet remsveheddéadbedlt apeoduce an aqueous

caprol actam, sol ution thal was 3ahubabeday LR aMepaha.
transferred to a batch still which contained 4.5 feet of
sulzer BX® mesh packing. The still was operated at a head
pressure of 10 torr (1.3 kPa). The ACN and THA were then
distilled overhead at a reflux ratio of 50 to 1. Four
successive 50 ml distillation cuts were taken overhead to
remove the THA and ACN. Gas chromatographic analysis of

the distillate cuts are as follows:

Component Cut #1 Cut #2 Cut #3 Cut #4
THA (% by wt) 0.758 0.066 0.022 0.014
ACN (% by wt) 45.3 4.46 0.492 0.187

These data indicate that both thé THA and ACN are
successfully being removed from the caprolactam by
distillation.

After Cut #4 above was taken, the reflux ratio was
reduced to 1 to 1, and the product caprolactam was
distilled overhead. A total of 850 ml of refined

caprolactam product was recovered, which contained no



The aqueous caprol actam sol ution was fl ashed at
at nospheric pressure and 145 deg Cin a single stage
W@ 2005/00a808 r enove t he ammoni a and the majority BPET/UR04/019442
water. The remaining material was again flashed in a
single stage still at 120 torr (16 kPa) pressure and
detddS s Grioufiesye gadli dhoned tygtashy NeXtTHA . dr | Acer s
. of nolten caprolactamwere then transferred to a batch
High ihe1ign T PEFERF ned B Fekilat mRSetaBxrgragdnto
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10 torr (1.3 kPa) . The ACN and THA were then _
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cessi v istillatio et d
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Conmponent_. Cut_. #1 t #2 Cut #3 t #4 THA (% by w
cort ARSI CESY oL 570t (1A T RRAF 156 R me3 0GPt A GE b ho
caPrdBcdhese dehasi 8dheat Pehbpd DOL hrddead&iA and Acdh

are successfully being renoved fromthe caprol actam by
theliaprea¢ern RFP@Ectut #4 above was taken, the refl ux

r atj : WVas,, e d: £ h D% edNChog
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pot residue. This exanple illustrates that THA can be

readily renmoved from caprolactamby distillation. This
exanpl e
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denonstrates that it is possible to utilize ACN
containing |levels of THA greater than 500 ppm for

w@e a@sobmet am synt hesi s and renove the resi dual PAHBSI00MI442

t he caprol actam product . This exanple, while
performed in a batch node, illustrates that the
desired separations can also be carried out in a
series of continuous col un@&AIMBere an i nproved

re qy¥§f$£§£éﬁﬁf£égn1mould be expected. CLAI M5 WHAT
IS . - #et hod for making caprol act am
froman inpure 6-am nocapronitrile (ACN) that

conprises both_ACN and a mi ni nrum of 500 ppm i
tet ahfﬁﬂ@%%%@@n%oﬁh%ak%%gd%%?%%&?@%%m(ﬁﬁﬂw,an impure
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_conprising both ACN and THA with water at'elevated
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co?pruaes caprtelcadmamthamimpuae \Aae comdEN s iaugd bbidA;, ACN
2). separagting the ammoni a and a nmj or porti,on of the
%ﬁ@e? _&HF@hngéﬁthp §¥EF€%%Fi BESHEE o Fitoduce
BreQlldeO R £C ANMAHS I tG 3P e FRANANIHHY IRRRIHOACN
of the water, and then separating the water fromthe
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bofler “renoval distillation colum and renoving a
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an

(2) separating the ammonia and a major portion of
the water from the vapor phase reaction product to
produce a solution comprising caprolactam and a minor
portion of the water, and then separating the water
from the solution to produce a melt comprising
caprolactam, ACN and THA;

(3) introducing the melt into a low boiler
removal distillation column and removing a major
portion of both the THA and ACN as a distillate, and
removing caprolactam, high boilers and at most a minor
portion of both the THA and ACN as a bottoms; and

(4) introducing the bottoms into a high boiler
removal distillation column and removing caprolactam
and at most a minor portion of the high boilers as a
distillate product and removing a major portion of the

high boilers as a bottoms.

2. The method of claim 1 wherein in step (2) the
ammonia and the major portion of the water are separated

from the vapor phase reaction product by partially
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renovi ng caprolactam high boilers and at nost a m nor
portion of both the THA and ACN as a bottons; and (4)
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ri ses anmoni a d ter,..and a liquified stream
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