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WD 2004/ 113288 PCT/ US2004/ 019432 METHOD FOR MAKI NG
CAPRCLACTAM 5 BACKGROUND U. S. Patent 2,357,484,

WO seuam2s® Martin in 1944 di scl oses that PCT/US2004/019432

epsi | on-am nocapronitrile (ACN) can be 10 converted
into epsilon-caprolactam (CL) by contacting water
with the ACN in the vapor phase in the presence of a
dehydrating catalyst. Martin also described a liquid
phase process to produce CL. See U. S. Patent

2,301, 964, issued e In nore
recent years, t echr ﬁ?M thgg&bgéégﬁévgﬁg%ed to nmake
i nexpensi ve adiponitrile (ADN) by direct

hydr ocyanati on of butadiene. This discovery has | ed
to a renewed interest in the Martin CL process
because the i nexpensive ADN can be partially
hydrogenated to produce an BAGEGROWNBJuct that 20

CO”pb'§eSpA%N tTE'§ g”ﬁ%re ?Egﬂﬂﬁtté'ﬁQrEQHt?h”?9§2”e

bypr odluct s ot rogenati on reaction
dhetﬂahw@raaaepepelabd amSndeapvahnveilébQAbNmfcmhlbh
being referred tog herelnafher as "

t
RV BR S oG CoEEF L ory CERRANECEAR (e PHACOBERREGRPf ater

wieh vall wesw Ausiknhevh Cﬁagvgﬁagéomhthﬁelﬁp@é@néémbf a
product before the ACN is converted into CL. See, for

dekafppéing, Satpdvest 6Me6iRoslspsdgegrikpdapylpquid phase
p%&?%sgc%%t%bun E% Eﬁe S%ggeﬁtSon§%N@nEh§S§OEabg@tSlsbhed

een d-that the | npure I'S recovered
Nbrenioetre 1730 19412t.1 al hydrogen of ADN- -t hat contalns

greater than 500 ppm THA an ts derivati es-- n 9 d to
ot oc Aol e RS RonasePhRLoFk HRE Beimfera ops
mARke i Glexplehiawle %@ﬁ@bnlteﬂmélngNhebyFﬁuﬁédtlh§drocyanatlon
derivatives, and that the THA and

of butadiene. This discovery has led to a 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 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, 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 1is recovered from the
partial hydrogen of ADN--that contains greater than 500 ppm
THA and its derivatives--can be processed in the vapor

phase, as taught by Martin, to make CL without first

removing the THA and its derivatives, and that the THA and



10

15

20

25

30

1 WD 2004/ 113288 PCT/ US2004/ 019432 its derivatives
can be renoved easily by distillation from the
wo e®uhtizegy crude CL product. BRI EF DESCRI PTI ONP@FUTIHR/019432
DRAW NG 5 The Drawi ng consists of two figures, figure
ure 2, which are flow diagranms_jl| stra.ting
RS TRPRATS VB O T TS AT bcbiar Hh L4 e Erom

I e88AE1 1My eath@l. cil O REdd ¢ ED DESCRI PTI ON OF THE
I NVENTI ON As used throughout this application (unless

the context suggests otherwise) the term"THA" is

used to denote EFmH ;If@ 'bﬁebg., T%t DQ%&NEHA and
its derivatives: can be
quarri¢ abraweling nmfme@ls byt gaso ]ﬁgnmenmtﬁ)gmamyl and
Referr npow to f| %’c t here . shovvn in schematic
EYGHTR apparatds 36 1 of OB HAT Y HhiT Tt Bt mont

apéefﬁwtlwrémciirﬁmem | Of. t 1 prrgudss AN dieedraiaid al
12 that can contain greater than 500 ppm THA is fed

inNentiRp (not 20 shown) into a heat exchanger 14
which heats the incomng inpure ACNto a tenperature
of about 235 deg C. The heat ed |rrpure ACN |s mxed
wi t h st eam 16DERARLER NP [ON A 5! iZnd:

m Xt o ) T r. v § N
akn%e‘f%é)? %hﬁbq?%ho I ead“‘f V%ﬁ):l suag;zlr l{}ﬁ sz%p%% “Cdntext
sxﬁcj@ésttmacbtshéhelyapou:hé&ém a 'E}H{rpe:rsatusrezi afo 2kmatey ot
super heat e or, 24 exits the super heater and
ooy "HRE o CSL BF, SR Tt Bl S Sl T et D dulen ma
ark®@M &4 NSe @i vaehysk aéamgo@ahadxytsitmtaﬁzélawgmaé%é\@rﬁy Nyas
such as activated alumna, titanium dioxide, vanadi um

Cl’@?@%‘go%ﬁﬂhyrhe reactor 30 can be a fixed bed or a
f'“'&%f@%&fﬁ@ ﬁéﬁ“%é”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 heatlexchanger 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 dioxide, vanadium 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
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The heat of reaction is renoved fromthe reactor by a
heat transfer fluid (not shown) that controls the

WO e@aetlines tenperature within a range of 300 tBPCBRS200€Q19432

C. A suitable 2 WD 2004/113288 PCT/U82004/019432
heat transfer fluid is the materi

B et ERT S L O e AR L hECEIE HEA L St R LAY hemi cal

c&hﬁaﬁﬁaﬁﬁaeﬂ tHéCHfédi&gaf]@S*Iﬁ'&ﬂtEE@ﬁﬁDA 26 PHOUHESS: Bn
and ammoni a. Conducting the reaction in the vapor

ophasting eveni et heastoor Attt PHPABFeT| Clo| 1S nRIprson 1a -
cE‘R&&Etgﬁﬁt LRa PE?{:]QJ%J HA, PRESS oL %%%?W%{)ﬁ%%%ﬁ@é ethe

asses Frough the reactor
fctueatn:ah bf ansf oln@bmens ExAtmangont l‘@ore'm:m oo f 26hé STHEA

vapor ous product strea 8 _t at rises .CL
pLEREn P in RS Shn Rt hERME LR SE ey che
ré[&]@t@foglacméhb@am:ﬂémiéaiedramﬁﬂom@ﬁmmal condenser

30 that condenses sone of the water, and a
por t E6HC BROCHER Beacher (26 1hed (FRRAELSY DRAfdrY Stream 28

t HEF ea5hSEH; sdEAct, O RRAGHES, dwht &) %&fée@@&‘%@zzxcﬁ\'a%?d

exiting the condenser 30 is a vapor stream 34 that
unna@cts@s'r%ne Wae eprodécyaporeamm®nia §e@ apide a partial

glil{i ggé glg?%ec Sxtfcgéngé%-rggfhe A?q\l th@qga%rf Bé’r‘ié‘ % qﬁaj or

Féam 34 are fed into
péfag@ﬁ @f eﬂchl’rﬁﬁnther(eIIDV’aﬂle diust ¢4 & add Ommodtmﬂirrunﬂéacted

Stream 32_is fed_to the | ower col um, 36, while
TEhr EamaaatEer Eq 1 birs ERERT s Ane Ahefh TRATIAS W ch

5088352203325 & Saf 88po 0t thBam 63 4 ey esScamseid éal domalhater
of the anmonia and water as distjllate 38. Distillate

vaBOTs MEEOMAR0JAS ANGHPRFEBREI® MO APWHY PhgTHA, ACN,
a8 #m 40, %oghgm%gpea nfyddgﬁst émﬁr qgfe'ﬁéd into

renmoved as distrl ate ter toget er wt
dt f Aeeennvsndgesf oﬁr@:anaxmnmmizerremcsx)al sd%txblmtwecm aso umn

gOttggseam 3Jh g&ttgrgﬁgufghég 5§¥t of column 36, while
stream 34 is fed to a higher stage than that to which stream
32 is fed. Column 36 removes essentially all of the ammonia
and water as distillate 38. Distillate 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 is not
critical, but will depend on the temperature of available
heat removal fluids (not shown). Column 36 produces a
bottoms 46 that comprises unreacted ACN, most of the
unreacted THA, CL, and some high boilers. Column 36 can
contain trays or packing (not shown), and preferably is
operated under vacuum and with a bottoms temperature below
about 160 deg C to avoid the formation of CL oligomers. The

bottoms 46 is fed into a vacuum low boiler removal column
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critical, but will depend on the tenperature of

avai | able heat renoval fluids (not shown). Colum 36
w@emdacrss a bottons 46 that conprises unreact BC/BENN4/019432

nost of the wunreacted THA, CL, and sone hi gh boilers.

Col um_ 36 can 30 contain tra s or packi ng (not. shown
43nP PR B ePRBY LRI Bhel at P 5%{&%&& HHCE iPE HPY about

1@@&@ gBct err@@mtuw@s b@é&%lﬁé%rd@&p@& &é&&@/ot&ot

formation of CL oligoners. The bottons 46 is fed
showw) a vac@ustribhabeiberis engvaredof rom GWwon 48. The

2004/ 113288, P 2004/ 0194 at
oZFRU AR TSRO0 (1PARE Sl LU of e
uﬁﬁé@cﬁﬂedf&rmnaﬂdnsomé rwiet e ed Zoandkt thgng nEd stmn)ovéxi from

distillate 50 is renmoved from col umm
&l STR1 481 ¢ oo CBREF B SR A i ot gkt The
pOftdhe 52 LOreast e JHA PAELER MR NRlSs:1 Y bpélﬁ&m 5@01umn
is renoved from columm 48. The bottons conprises

S4ndcei gl BoRY 8 STUTHEr e} 0P PrEnS 2(R_E fHPWRE 2rd v%&femﬁ
h t
wit@hy b&%@sméegamm%r%n My Py M@'ﬂwﬁé@gwc U £h

packing (not s operating wt tons
bo hpes adund ea bei nor a@@uthlﬁooﬂetqle{: infqhing Qoidee sremeived
a%o}l)?g %oggl on ﬁ%] %$$?| nt%}?rgﬁgthe 1nconru(.:“rmv(,elgi 15‘ removed

67 " The einconin IS Tenoved

a@sdfisiilbeses$8. All @f the recovered @L is the desired
desired _product of the_process of the current

PYAYEREi 9h. CHAi BreEess OEU‘FIP%b%’-’IF%Wt porYRRE St i oD CL is
sHRKEL | PBerQPizﬁ(@?{zatl;Iorlist&ierﬁélE@CNyI&? ORIDBedb 1f

can be fed to a wped film evaporator (not_shown) to
deetvedr Crethattomsphesent he fok to twheedelilmi s

CLFFYECEE oty o oL e BTG D une
b20tseal 86 . a Bhbst ast oaéradolint cari hEHfEdVW¢|hIgBLb¢11€E
rgégsgcholumn 54.

If the present process is operated on a commercial
scale, a substantial amount of water will result in stream
44. To increase the economic efficiency of the process,
this stream may be appropriately treated, and recycled back
to the reactor 26.

Referring now to figure 2, there is shown in schematic
form apparatus 100 for practicing a second embodiment of the
current invention. An impure ACN feed material 120 that can
contain greater than 500 ppm THA is fed by a pump (not
shown) into a heat exchanger 140 which heats the incoming
impure ACN to a temperature of about 235 deg C. The heated,
impure ACN is mixed with steam 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
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44. To increase the econom c efficiency of the

process, this stream may be appropriately treated,
wao4neegcl ed back to the reactor 26. Ref erriPQr/usaed/o9432

figure 2, there is shown in schematic 25 form

a ratus.100 for act| Ci a second enbodi ment
SERER TP tocad) a6 Th AR aeeE dlthri 5 fed inco
al@Q éﬁ@th@@ﬂs £84¢ 8P T @at erhd hodn SO w0 Tddhid Sided

punp (not shown) into a heat exchanger 140 which

d%lé@ga'fﬁ%g | PREA R/ | FHUFRLAEN 26 Mk etfpertitth epfactivated
ﬁﬁ 235; deti m dhexheat efhna3Quh M E AQLE S M€l eactor

steam 160 in a vaporizer 180. A vapor phase
cem xderre P00edfba@Nr THAL hntlivedrbed arractdre.

Vap%ﬁé;%&@ ”rd%éét% gr?hlgtjper%v%ggé{%r&)a the Hdecor by a

heat er € vapor enperat ure
h@ét 27banefe . fuid mammsz&&@@dnﬁaﬁm/mgmctlon

erheated vapor 240 exits_t su ter_and is
ARSI ERE Fretdd 1 el BT BT 2% ' Syigranie
h@ép@t@rms@e; dehytld at é nen& ahad istal asol@ughtndly dvesnii dhl
such as activated alumna, titanium di oxide, vanadium

Compaey @iQer THee riemdeask clPwaiartiAed B dreaction
%&&m Sdipedsd é&for heo headaed e@ﬁ:talgf(an%n&ﬁ@.ved

ron1t e reactor heat transfer flul not shown)
Coréicicond riohe Jtemsctrmtlmnthe emeratrhasevpteverst s diige

of 300 to C._Asuit bIe heat transf
PSRt 5741 SR DOf G o0 Sty i
pidiert f atieneik slputinedted. v ﬂchr.e IEAGd Hes agotfudginghe
i nside reactor. 260 produces CL and amoni a.

MRt HY TheRPRact R ¢ t He iR Hh e prevent s

the pfOr g | Of Of £ OF | DO $ - 2 ArdBH ABuP B AL ©Ofs dheam
THA present in the superheated vapor 240 passes

28 hrowh ¢¢T@459¢%déﬁloramwrt hatexhaemregcted ACN and
uﬁgégg%éﬁrgﬁépn'In contrast to the first embodiment, the

product stream 280 is fed directly, without condensing, to
the lower part of an ammonia removal distillation column
300. This reflects a difference from the teachings of U.S.
Patent 6,069,246, issued May 30, 2000, wherein crude CL
produced from the vapor phase cyclizing hydrolysis of ACN is
cooled, over a period of less than or equal to 1 hour, to a
temperature below or equal to 150 deg C, before it is
distilled, to limit the formation of oligomers. Since it is
well known by those skilled in the art that oligomerization
does not readily occur in the vapor phase and is normally
confined to the liquid phase, an alternative means of
limiting oligomer formation, as practiced in this second
embodiment, is to feed the vapor stream 280 leaving the
hydrolysis reactor 260 as a vapor to the CL distillation

train, at a temperature much higher than 150 deg C, either
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Exiting the reactor 260 is a vaporous product stream

280 that conprises CL, ammoni a, water, unreacted ACN
w@oab4/1u8eact ed THA. In contrast to the first PCT/US2004/019432

enbodi nent, the product strean1280 is fed directly,

wi t hout condepsin to 20.the Io n
SYEROOMY BPorrr ek PORecoPahiPs 300 kRl EAs Fhe opaaEd Bheric
ofli i eeente htomikhegt enehhags oéntbﬁt oPatE@tvapor phase

6, 069, 246, issued May 30, 2000, wherein crud
rBreHLEBIPFPEREEhENY E 6r85ha§%u%?E|@&?hblh§a+%vyswgt%?ut the

ﬁg¥kh§1eﬁ@95§d fOYﬁﬁlﬁeggrhQQtofe&8§§ryt®9nh8£tegﬁéﬁange
hour, to a 25 tenperature below or equal to 15

wdeg @thbef precessi strdamsi | hedlity $Eneams heot o@hh@rolneat-
efﬁh?ﬂ ??u%ﬁaSIn Slu%nl§OOm@ékob%@“@sgg?ﬁfgfgysgiilgg the

f ol'rgomertzatton
amfctliai anfheavapoinpaasevandead @braamlyzocon¢®h@ﬂntboo is

the |i UId hase, an alternatjve, neans_of 30 limtin
o GNLgBRAr "1 Bhnar FORCCRSChr A00: BT Thi L ciephatanelley co
CSHaeﬁseeaberhéaaosE@@thb@ova@0§r§au@@na2§Qqu§avr@g1ux

the hydrolysis reactor 260 as a vapor_to the CL

sgreeml PaPi on lignid, dhstaliahperbrar® HRQhARd gherinpannon-
éﬁQeﬂg bﬁérss§8§fvén¥[é898§ 1%§8§§|SSﬁéPSZQQfégéﬁéégvely,

I rect y or after sone cooling s the added
vepoebis pobddctestigamt 80 zcay bhepheaedcohr@ughoa theler
(vago ha e reac% ﬁ product in_the subseq n fure

BP5t PRPYET oh® PP St KT heP P i Bhck@s? of %%rae%¥
bbeal fesodewypbynbeahsexchange SfwéBuoihgrtipe ocegsirements
streans, ut|I|ty streans, _or other heat- exchange

on| gPREenesF uAh0300Thenb9eL 1 RE SBATHER| §O%I $a bt fgigter can

b@nﬂgatalgnﬁowai@ﬁltedaeoovsxb&aﬂa§1ﬁ§aaa§29hgC%&H@F air,
300 is equipped with a condenser havi n

ogberupr@ﬂeseaﬁéﬁeay5toorc@hh@ﬁsbe@VEeﬁ@%@ngerébﬂ#@%o
D%gtgﬁﬁggge3§ L%gz#gggfékgxalﬁ%ﬁ%:ﬁﬁ%%gépe §m$6ﬂfédref1ning
column 400 from which anhydrous ammonia product i1s removed
as distillate 420, and water (together with trace amounts of
organic materials) is removed as a bottoms 440. The ekact
pressure is not critical, but will depend on the temperature
of available heat removal fluids (not shown). Column 300
produces a bottoms 460 that comprises unreacted ACN, most of
the unreacted THA, CL, and some high boilers. Column 300
can contain trays or packing (not shown), and preferably is
operated under vacuum and with a bottoms temperature below
about 160 deg C to avoid the formation of CL oligomers. The
bottoms 460 is fed into a vacuum low boiler removal column
480, again operating with a bottoms temperature below about
160 deg C. Column 480 contains structured packing (not

shown). A distillate 500 is removed from column 480. The

distillate 500 comprises unreacted ACN, some CL, most of the
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condensabl e vapor vent stream (not shown).
Al ternatively, vaporous product stream 280 can be

w@amgamd28hr ough a cooler (not shown) to cool PEEUS2004/019432

vapor, but not to a tenperature belowits dew point,
as a neans _of reducing the requirenents on
SR B R AR A0 I hESEO R AT mack UFK § GPS a 20 obI Bemesggdt £xom
cbBumRUL80DS NBhel bt t6Mst Bombtised atl rgh& Rl gt &Fs. The
air, other process streans, or other heat-exchange

botuems. 520 3¢ fear dngeoai vapedmi ke PN Hpr pFeRdyre column
5§HFUQbﬁt£§£%ﬂé”9tr&8£HPBd4'ShE{ﬁE”YKB€V§EBWHﬂféH§ operating

nmoni a product Is renoved 20 as distillate 420, and
wivalhea Ppoogenderempehatunecbahoumizowf 100 gded cC. High
r enpved gs a b)?ttorrs. 440. . The exact o ved

o005
bIPLEEL a4 Sl S0P S EPol $P' LolPi fidoms IS

epen on the
at eppetansr 860 of anai hahdbei bead f remevalcdhingsCy nod removed

shown) , - Col unm_300 oduces a bottons_460 t hat .
oS O HEL Rt B3¢ o AR ke BFCOETHS e bacre demired
pkbaudfdo 80PEBe 8O 88% | 6F SenEOtWFFeBP0inEai LOM! aithis CL is
trays or packing (not shown), and preferably is

sepert edfenderl vaetiia® bR ke Mk NY IR & sopbyeglire If
dQ?l P, a?ﬁ&%&@@%ﬁggsé?o t 8%13V18é dgéé‘ €4 of Mpf A o8 P{hfFL
0 e ottons 4 I'S ow

I goners. ed into a vacuum
evapbratoenmimat sbbwumh 80 A8Goveyaih Oper at$ Myredemt ain the

oRoh o rab BT UEhS cEe PRt R Chorar cRoviSe o Tt paer
r&SROvas eent@Medsdpoom col uim 480. The distillate 500

conprises unreacted ACN, sope CL, nost of the 6 WO .
20047 118P8 P PETPUS2DDAFB1948D ORMTF2ERE R THA AN LOHR!

s%@i@f-aAS@QéEQH§i§?Oaﬁ§uﬁ€n@faﬂa{%@“&iPP'f@@hﬂ@thﬁy@ream

ottons conprises CL and high boilers. The bottons
4400 | Bof tucretee athacecomonph ¢bflereneyovil thelpmecess,

e af PRty PRE S b P P M B a0 g ook
tdegh€&. r&hgbor 260.

EXAMPLE

This example illustrates the process of the first
embodiment 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 other trace
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boil ers and a m nor portion of the incomng CL are

renoved as bottons 560. The majority of the incom ng
waookg1ngsroved as distillate 580. Al of the rpeEDUYRDELEI432

CL is the desired product of the process of the

current inventio This CL is 10 tabl e for
SREE Rt 25 AVEhn TLERESRGTbn B LAt 4 1 S et ic

ahdieén ©0b £ 0AEMEO0a CoEa HEL 18 bt S WV redl Jnddﬁv@ﬁ/@é&) e 08 .
(not _shown) to recover CL that is present in the

Thb$ t SRE2 55001 TR QS r LRIBY P WP LR IR I tiP Hilyh reaction
sPOb ! €6 féﬁﬂ%ﬁid&%i"ﬂbé@ro&%ﬂé t heh Presst PHOACLSSroduct

I's operated on a comercial scale, a substantia
wasDtinen ofoghedr toi prodece an  saeeEagamApladan solution

tﬂx%&ﬂ%‘é%é@ r§€8<§‘°v5'1€ne%x&rc%e qicy of the process, this

am may be  appropriate reated and recycl ed back
to thmera@ué@msZ@Qpréihéﬁdmﬁﬁdiuﬂinn;wm&ﬁqb&aflashed at 120

|IIu tes the process of the first enbodi nent of
HEED IRt i Cos At ISt
s%@i&%&f@wﬂzyaﬁﬂ%bytm& wd¥d and  50% by wt. water was
vaporized, and then reacted over a dehydration

(al MeRe) Eeot aly%@r%toécwdlé@l SR ARG verl e be

nt r
tP£§§§% %%& usede{to nake t e S%tl on M%%(tl%lwg ngfﬂs%%t of
S8z elet BX himesth @po@wgohrm@gnd;ihmlanaiey@mrafw at a

R SR Rt o) ACKEE 760 Db s, THG Lok B o WL pe

AdBsibB1 Bad i @drézyhemmtolaacf@fnuﬁmmcartkwoﬁmt& b]asu Four
Sonme ot her _trace_ 7 WD 2004/113288 PCT/ US2004/ 019432
S‘F%‘iﬁ%%‘{%s Gk %Jr%‘bﬂplr%@e?ﬂ Cyss \et 41 Re faken overhead to

r&ShFENERE®HEA Cand ACN. Gas chromatographic analysis of the

distillate cuts would be expected to be 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

Such data would indicate that both the THA and ACN can
be successfully removed from the caprolactam by
distillation.

After Cut #4 above is taken, the reflux ratio will be
reduced to 1 to 1, and the product caprolactam will be
distilled overhead. A total of 850 ml of refined
caprolactam product would be expected to be recoverable, and
contain no detectable amounts by gas chromatography of THA

or ACN. High boilers present in the initial material
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anount of ammoni a reaction product and unconverted

water. This data indicates sone consunption of THA in
wo be4nengt i on step to formunidentified produetBHUSIHNE019432

vapor phase product 5 was then cool ed to produce an

BN rOTRRE R EB s SBake o et PR FRor Rt P ofataifl 1n

thbagbedrgglaaa torr (16 kPa) pressure to rennve the
ammoni a and substantiallgﬁall of the water, Xt ,

1. 4 Thigr X8FPhB| tehuERpREPECERRT WTE %%Ouwah%fﬁ??@aly
réﬂo@eBaEQ mSEbbkomﬁbﬁgmmbbldQQBl@thfeﬁ fe@ﬁlgfexample
Sul zer BX(r) sh packi ng. The stil be operated

damoastheadSptBQSune shommdtberpeasgbk@ayo Thel neRl ARY

till o] I r o of
cgg%?%ningFgﬁyg&é sacgg§s¥§éggggnﬁﬁﬁﬁs§§§lgﬁmoﬁakuts
caprblbetbmkegnoneshesadntioremevevehé heedHuahdTACNE rGasthe
chroiato rthi anaIyS|s of the distillate cuts would
BB Exp g@d 8 as follows: 20 Component Cut #1 Cut
#2 Coghi#3efdiip#é, WHAL1EYBYcYibel. 45800iRE6pOr BB7Zmable in a
0.014 ACN (% by w) 45.3 4.46 0.492 0.187 Such data
basghdmPAg cat eLERERTBEt RPRRe tHRAIGRET AENBRAT 251 RS can
SBSCBéSEHkaeaeBH¥ean50Eb£hsscéﬁfebﬁgiﬁﬂbQ¥ columns, where
Istillation. After Cut #4 above is taken, the reflux
anatinproivkel becovedvced teptolactamawduidiebprexvpected.
caprolactamw ||l be distilled overhead. A total of
850 m of refined 30 caprol actam product woul d be
expected to be recoverable, and contain no detectable
anounts by gas chromatography of THA or ACN. High
boilers present in the initial material 8 WO
2004/ 113288 PCT/ US2004/ 019432
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charged to the batch still would be expected to remain
in the pot residue. This exanple illustrates that THA

webhmuhB2ke readily renoved from caprol act am bRCT/US2004/019432

distillation. This exanple 5 denonstrates that it

shoul d be possible to utilizs A ontaining |levels of
THA greater than 500 ppn1for—L€éEh§Iactan1synthesis

and renove the residual THA fromthe caprolactam

pr odHAT T GLALMED | E5: whi |l e described as being
performable in a 10 batch node, illustrates that the
desik ed Aepaiked ofer ceaking sernwokagtare £ amh iapure 6-

PSSl O LOUPUS, LT ol o ST G o
m 20 0ird 132 8RB0 PG iUS2OO M DAGLz extintd Mhd AHAT deS iGlaA] IVEES

A et hod far Ki ng caprolactamfroman inpure
#ﬁi Tn?ﬁ%ﬁﬁﬁ%ﬁRQrfh%q%ﬁﬂﬂ§(f at conprises both ACN and

as5m mlr)umc@htae@lngmthet LapudeoazpebRpaidihySboth ACN
derivatives (T conpri sing the steps of:

(1
céﬁfﬂagﬁﬁngutthew?ﬁﬁar etACkevBhEHR §?W8956FHI?\CRP Lhg T

Eﬁﬁ\é’ﬁt:%r ot ae'd%l/l? %Qt&%ﬂp%%%gt' npbbR tﬁée%ﬁﬁﬁeokcm
a dehydration catalyst, both the inpure ACN 10 and t

waner thei wegtiem bhzengapor tphageporopbaaauceoaprodpga a

DU SHELCR B ROUR, £ OB SE8aBERESLoEL A 1ccran,

aanbond aantaaetryj acNpoahdomHal, the water fromthe

t duct to, 15 prod | t
Conpr i SPRg ERBPEPALPANEARCRFERL AR, §) MRAPF GRBEFhGD Of

t haemMphielrnic@om k8w bapber phegBVakaction product 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
condensing the vapor phase reaction product to produce a
vapor stream that comprises ammonia and water, and a
liquified stream that comprises water, CL, unreacted ACN,

and THA, introducing the vapor stream into a predetermined

10



distillation colum and renoving a major portion of

both the THA and ACN as a distillate, and renoving
wa@2prolrst am high boilers and at nost a m nor PEDUS10041019432

of 20 both the THA and ACN as a bottons; and (4)

i htroducing. the bottoms into a high ' ._removal. .
SHSE PPY ot 1B CoHRh Snces D et S dfind S “liauia
stbsdmaimtdos Poside omf of hé hei dit Pl 4ol drercsolaswdt lower than
distillate prodyct and renpvin mgj or portion of th
£ B S bOF TR 2t 20 Bot ey SRR JTo T e
mdNer €bhot I's SHEPcdd o1 et a MAY aardddritAle maj or portion
of the water are separated fromthe vapor phase
reacti on product by partially 30 condensi ng the vapor
phase reaction product to produce a vapor streamthat
conprises amonia and water, and a liquified stream
that conprises water, CL, unreacted ACN, and THA,
i ntroduci ng the vapor streaminto a predeterm ned 10
WD 2004/ 113288 PCT/ US2004/ 019432 stage of a
distillation colum and introducing the liquid stream
into a stage of the distillation colum |ower than
the predeterm ned stage, and withdrawi ng as a bottons
the nelt conprising caprolactam ACN and THA. it
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