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WD 2005/ 000808 PCTI US2004/ 019442 TI TLE METHOD FOR
MAKI NG CAPROLACTAM FROM | MPURE G- AM NO- CAPRONI TRI LE
CONTAI NI NG TETRA. H YDROAZEPI NE 5 BACKGROUND U. S.

, 357,484, issued to Martin in 1944 10
“Kﬁﬁbgﬂbgés that epsil on-am nocapronitrile (5@&?3%%WM%@2

di'sclo
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 described a

liquid phase process to pipduce CL. See U.S. Patent
2,301,964, 15 issued Novenber 17, 1942. In nore

YDROAZEMABR pensi ve adi ponitrile (ADN) by direct
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hydr ocyanati on of butadi ene. 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 inpure product that conprises ACN. This

i mpure product al so c@HeReKpum@T™e byproducts of the

h enatio tiqn,” notably tetrahydroazepi ne and
Y & 3 REE PO VEE BBin Larian, tn g rer spRed o
didireiesathet eﬁéii‘oﬁ%hﬁnoéaﬁﬁoﬁfwd‘je_ Palcant eafiane

expressly taught that the THA and its derivatives
conyrEitefe IREAoRRE oRofrPRel pfibar e (CIACKYp cContact bed or e

watidhe vAEN {Be CORY §h! @del 9580%&1%{% hiéf?/:h%:obrgéglgsé Cof

U S. Patent 6, 169, 199, |ssue

- a debyfraking cated vstiggelarohs aisd Repermibednasliqguidas

pha?%gﬁrgela@g g @roﬁﬂ%ei BRUr e ACN; g] .atPaitsenli:eE oY1 & §l 6 f-I ,r om

issued November 17, 1942,

In more recent years, technology has been developed
to make inexpensive adiponitrile (ADN} by direct
hydrocyanatioh 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 alsc contains some byproducts of the
hydrogenation reaction, notably tetrahydroazepine and its
derivatives (bdth 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 is recovered from the

partial. hydrogen -of -ADN--that-contains-greater-than-500




partial ---hydrogen of ADN--that contains greater

t han- 500 WD 2005/ 000808 PCT/ US2004/ 019442 ppm THA and
atives--can be processed in the vapor phase,

W(Simg&r&## by Martin, to make CL w t hout fi rEtruebRoidieh

as tau
the THA and its derivatives, and that the THA and its

derivatives can be renoved easily by 5 distillation
fr olﬂpmﬁﬁmm titagderire: iGesprogtiche prdWMARY ihNide
vaggg - tther§ i.s provided a nethod for making
capr am t FORYRh PRERTE 8. aRe Hedem Gnivethioat ( ACN)
flrhatremmqmngsehebwﬂh dﬂﬁﬂﬁﬁ@dd§r1$@ﬁﬂﬁﬂﬂn‘ghd5gga9p9he
meéﬁéthjy g Ee and its derivatives HA) ,
Conprisin 2LTEP} G/ berreneved Rasidy bie i npure

di#EN learipn s:'trag b vt tang dFifbe Wil BAMRLEE at

el evated tenperature in the presence of a dehydratl on

catal yst, both the inpure ACN and the water being in

t he vapor phase, to produce a vapor phase reaction

‘product that conprises capEHMERAN(CL), ammoni a,

wat er, ACN, and THA;, (2) separating the ammobnia and a

magora poet agmecaf, there iat profidea b heMRAROE.PHASS

reaction product to pr oduge a solution cgﬁgrl Sing ceprolactam from
-an dEppHe a@taaﬁﬁaﬁep@nntrmﬁepmw)orthat toepris@isebot AN and a

mlntlfﬂﬁlﬂ <§'e%r0ab ﬁ%é%h%&ggz%%?o%ag th SO| %%vaﬁavw THA) ,

produce.a nelt compr
compaising kSgueters tife nelt into a | ow b0| I er renoval

o o, 208 BTENLAY LS BT ans s

both the ‘UM  and
y YPERT offy HicyhRteditemperatnde ain st paesmamrof a

dEE@Hk@Bl&H Jgﬂé@ygge Hdth and ﬁ%go q} &E@' éé'ng in

i nfroduci ng the bottonms into
FesVAPPa ks ee of anprathvder enpagary mlapeokemtamrapdoahct that
c%ﬁ@k;geéndyﬂéolactamGCL), ammonia, water, ACN, and THA:

{2) separating the ammonia and a major portion of the

: watgr from the:vapor phase reaction product to produce a
solution cpmprising‘caprqlactam.and a minor portion of the
- water, .and then separating the water from the solution to
. produce .a melt comprising caprolactam, ACN and THA;
o (3) introducing the melt into a low boiler removal
distillation column and removing a major portion of both the TiA
and ACN as a distillate, and removing caprolactam, high boilers
anrd at most a minor portion of both the THA and ACN as a
boitoms; and
2 (4) 1nuroduc1ng the bottoms into a high boiler removal
distillation column and removing <aprolactam and at most a minor
portion_of the high b01lers.as a distillate product and removing

.a major portion of the high boilers és a bottoms.
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- embodiment of the current invention.

portion of the high boilers as a distillate product
and renoving a nmajor portion of the high boilers as a
bottons. -2 BRI EF DESCRI PTI ON OF THE DRAW NG The
Drawi ng consists of two figures, figure 1 and figure
2, which are flow diagrans illustrating two 10

al ternative enbodi nents of the process of the present

i nvention. DETAI LED. DESCRI PTI ON OF THE | NVENTI ON As
used throughout this application (unless the 15

cont ext suggesHiFObRECHISEION b rAEMDRAWMGI S used to

, denote not only THATTTSEelT, put Do HATand its
der TRRUNRARENISGRRS TREE afd tivps Lagires i Rieginsad pad
Figuadtd t el FZyavis Ss égg% .
Ref erzr.i ﬁgﬂlﬁgwxfgefi gu?feia%?f t eJF:gﬂlis S 1%\%?21 ir%H%ZO
alternaiviec embeiinppts aifusheOptocesy axf iwiengresenti r st
i.ytent of the current invention. An inpure. ACN
fee material 12 that can contain greater than-500

ppm THA is fed by a punp (not shown) into a heat

exchanger. ' ] ACN to a
Conper ot urte bl pERCRhantolf d G JhvE 0N L7

ACHsi aseatl xeltroudgiowsi ehis 1applitativapdiindess18he A vapor
ACN, THA and water, | eaves the

h 1 xt 2 f.
corf S3E "SRRGS SRharuing) Fie (Ferm IBRS, L5nBoeqyer

im

. denbeat 86t Zehlp aitnA gakel EDeny@R 2 @rn0 afa s egperature

of - 275 deg C. A superheated_vapor 24 exits 30 the
derdypEtveat uchh FBAs apd dits deni vet ivght Fasi Ber eact or

,quaaéitg@ﬁvéﬁa%éarsu%@dcggteé@m&%% ;bil}?nQng at ?: %/?ni ufns

taught. by Martin, such as activated al
- 2B 2006 MOB0 808 £POTY /0 0Hegt9442shown. in

schematic form apparatus 10 for practicing the first
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‘zz that heats the vapor 20 <o 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,'titaﬁium

_2a_




10

15

- 20

25

30

di oxi de, vanadi um oxi de, etc. The reactor can be a
fixed bed or a fluidized bed reactor. { The heat of
reaction is renoved fromthe reactor by 5 a heat

f fluid (not shown) that controls the reaction
W(%Ee"ﬁ%@f’&?ure within a range of 300 to 325 dBgl/B52004419442

sui table heat transfer fluid is the material sold by
DOW Chemi cal Conpany under the trademark "Dowt herm A "
dicridler edgnadim et  ngtinsi tee reacter 28npbeduckisad

bed?\rg)q_ 10¢ i\g{@ﬁ%is t%@%o&g the reaction in the vapor

hase ~preven rmati on of CL oligoners. A nmjor
portl on of the THA present in the superheated vapor

as rou the react or t
CTBERER. $8 e 1L PR Rled Bl JRM - EREML R
rmamducan.«sfé:eamuﬁﬁ (298 tt BAadwiomirats esn€rplantbai a,
unr eact ed ACN,and unreacte . roduct
reAlbign PTG PREIE = e ot daio ke er 2SR g
A KRARUBDSEBeSONErHisfidhe Fnal@ris @dmacewfiol polrdiwmn of
each of the CL, the unreacted ACN and unreacted THA

pow, Ghemdaat LCopnany vadst r Baen eademark JBORLPET R t he

TheC QRHBPSEH @&dx&@g\/aaeiaétf@@eo%z%hgs:odﬁ@a@rm%&@one
mater vapor, amonl a gas and perhaps a m nor anDunt

ammepiFHA, Congiictimg Che B@@%titcme igy tBENVBPOHENNAEHe

I A0 %[étr st age AN a
prer%%%rlgga dlﬁﬁ[fa{tggﬁoﬁkcgﬁ eds §t r eamﬁ% T?‘%’ ed to
of the THA |mweergarin thecsiperheddedwipersis e@m%@ﬁ | s fed

thr?ugﬁ i£+ gj:heac A ag% ! h s tté]la(%hgeﬁr?.lc\éﬁl E:t_laﬁgf

opera above a nnsp erlc
prExsuimgatm:é ﬂmmeSZéstser& iveployoak| pobdtbe simanam a
with nmost of t

till.at |
28 %ﬁgglé‘?@%ﬁ%ﬁ% of %‘E‘%Pﬁf% B WBF‘Sg?ure Y Fshi a
unreetts8d MHA Ol uhe $Rofinot yhten 28 is fed into a

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 liquid stream 32. Also
exiting the condenser 30 is a vapor stream 34 that
comprises some water vapor, ammonia gas and perhaps a
mincr 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. 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
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anhydrous ammoni a product is renoved as distillate 42

and water (together with trace anmounts of organic

materials) 1is renoved as a bottons 44. The exact

is not -3 WD 2005/000808 PCT/ 13S2004/ 019442

Wﬁ@?@ﬁ% , but will depend upon the tenper aty'EI19442

avai | abl e heat renoval fluids (not shown). Colum 36

.produces a bottonms 46 that conprises sone water,
crififaset ot AGN L deperdt@rpmighe CEMPERALEEHRETi gh
avall@hbEtSneat GRliéR1 361 Al CAAIROWAAYS ALAEFkENd (not

shown), and preferably 1s operated with a bottons
progupper athetidusi dw thaouwronBl sesgsoneowalen d t he

unrbQEEBE 8y Of (e QL LY ,S-CL,Tg%dtbgBﬁlQFﬁi Hoiiled into

a vacuum dehydration colunmn ‘4 at contains
Colstnudt ucan @gadeingtfagt esheetkinki quotd dfowEt, e @nids

renoved from col u 48 as .distillate 50,, A t 52
prerETREES it MR B hth 28 Bitions, Ebipgtantte HLRTE
aboGk, 160r &8 teedcAGNp i doslie oforntadivnar eActe dolBddmeand sone

_hij boilers. Preferably, colu 48 _is_, operated with
el bfiPE oA it delt TPES o e R B Copii, 48
tha@vebfti e favituead faditirg) i(@eReEBowd e bdigads 52

is fed into a vacuum | ow boil er_ reppval col unmm 54,

watghalf TIVIAL TRGRUFRHIER Yt PenEiEEhbttt % bél ow
bot88RNI 5160 dRshovEd ERbkNBbIRAC 2BL Al fhe SHd iUy &d
packi ng (not shown). A distillate 56 is renoved from
comppiedh Ha. umreagbed At aosE) ob6 the it erst-athFBAct ed
% . t acC ﬂurﬂm sone
and BPer . %b?ﬂ%%éwoégé%%i}gg %?om colsarr;n 54. The
opepatedmsl domp biosteng| tenmetdtgire belderabomthd oteent 58
' | nt u ' ' r 60,
to pint i FReReiPt B L Bk, | SE it
is Dpérhttcg Waldoum bow tlanel dre mpenatlir eobahro\b4 alagatinl 60

qpegggiéé $iéﬂ1ap%b£§£§s rg%ﬁ%fgtﬁ%% Bgié&oa éﬁttfgﬁ deg

'~ C. 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 S8 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 CUL is suitable for polymerization to
make Nylon 6 polymer. If desired, the bottoms 62 can be

fed to a wiped film evaporator (mot shown) to recover CL
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incomng CL are renoved as bottons 62. The majority of
the incomng CL is renoved as distillate 64. This CL
is the desired product of the process of the current
' tion. This CL is suitable for
W&p%qoéfﬁ%?@zatl on?to make Nylon 6 polymer. i PCHEEIP4EH42
the bottons 62 can be fed to a wiped fil mevaporator
(not shown) to recover CL -4 WD 2005/000808
thaCTUseeseht1 914he theditoms pReseFhisg recovebedt GhscasD.

Thi e r f 'gh boi | er renoval
bed%%%tk)zgﬁg'?glg%rpresen p?gcess I's operated on a
coniferthicalpresent epracesmsbdbanpendtaimumiea chmmatrerai | |
sc£ﬁ§U|t é% ? % q&mﬁﬁ and 50, To ﬁ_c&gas tthe
SO ShiSEPEFPRE Bh T OBY Phe™BrBt el F78%8 stFeans nay
stimaneoid aed, Soappfr@pzrncﬁteabpa theaétﬁﬁhonﬁ.mﬂ efétytémoy back

tQ the reactor. 26. Referrin owtqQ fiqure 2, there
of |ihd BEaeBR. (bnedS sitaene! b, B 00 f or

. apgfortilatieng arsgeedd arivhedi oead WcK e cuer eBictor

invention. An inpure ACN feed material 120 that can
6-cont aini greater than 500 ppm THA is fed by a punp
(n@{tef%%mﬁb h&l e MRkreeAChanges AQnahchn heats the
i ncom n% npure ACN to a tenperature of about 15 235
schgagtec ThemheppantusndlPefONpract#iclag @ 6ARCGE@am 160

—-enﬂ%alﬁeﬁ PRk €6t J8G-erp gﬂ@&atfmse e ghg&% ZQ@NOfeedA‘CN

and wat er | eaves the vapori zer 0 an
matiepitialal 20 etlsat oran wp@amegut@t@z(thanaﬁoﬁeaprs Tfﬁ’e is

feay% thgaﬁgdi€%€5$$ %ﬁgsx tsi%%gmgﬁgggéﬁea%o Whlc
heatsd thgat bnaoﬂngwmﬁm&l ACNre@ca otrenﬂa&at‘ldlﬂe oéaa:bamt 260
235SBBAENS Audhudral | N0, e2 Ay Sty A% PUgRh DYt n
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, 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 heat transfer fluid is the material socld 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
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titani um di oxi de, vanadi um oxi de, etc. The reactor can
be a fixed bed or a fluidized bed reactor. 25 The heat
reaction is renoved fromthe reactor by a heat
W(i nsfer fluid (not shown) that controls the reaction
Qé)ﬁsﬁ)(@ P ure within a range of 300 to 325 d@®§TAS20041019442
sui tabl e heat transfer fluid is the material sold by
DOW Chem cal Conpany under the trademark Dowt herm A. "
of IBeTREAr pzet 'enh ot ctLhar ismlgseh:heatied regsinr24d6papseduces

ehagno Cnc PHBALBe 20 RGP S & (el bR SADOT
poExitthneb 2@@&(@9@&@8 1iPCGE/ HG2004A1(D };&Mﬁcto‘s tr@n

T resent ,in t super heat ed_vapor 240
26q) i, FORRELPBa Lo FBOIEs HBSE EhaHACted AN and
unﬁefaﬁﬁ%ﬁomfmti O &xiddad@ thetheasiwst 2obddim@nytapeheus
oduct stream 280 that conprises CL, a ni a, water,

prds éaéFE&aRC?@Qn%F fpd HEger ey THANYH a8t™¥o the

to foheStofaRogdhiends 4l Quitlo@8HCledds£RMiZAAQ s thed
directly, w thout condensin the |l ower part of an

colzfroRP] - r Ehbe aFeEh atis ﬁaﬂpéger%q:%rﬁroswherﬁﬁ@wmgs
of ekl eehseardif hes enge E%Q%&%O;}eﬁ?h'z’tﬂm Fhelbe S

Patent 6, 069, 246, i ssued May 30, 2000, wherein 10
crughey e Enzogu@a@c@cpm e VhQOVaE@S%mW@H i zi ng
hycﬂ%ﬁ.ikgy_éésbf R %‘&0' §der 0¥ %eﬁo%erdfoqegé LRSS

t ha or equa our to a tenperature el ow or
or egual to 115@uzdeg:cca mefnpaeatmre shaficst idd edpalotdim t

t f Q in . by
150 ﬁggeeékl %%‘gﬁeljgtf'sc’l e ar?e?haifgejﬁr%lc#msecﬁgga F}éﬁe

of mdugbmaﬂsLy Diwek mm :Lst helﬂzapwmph@se:mmé isklmbedaixty
to.the I| ase, an rnatlve nmeans of

d
the Btk PRS LS et st onl RS ndl A diAgcthie B
thes €apbéd pnb@dléﬁ@cmt:.s i®ringliy confined to the liguid

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 aé 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 subseguent 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 liqguid distillate

stream-380..and-a minor non-condensable vapor wvent stream
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feed the vapor stream 280 | eaving the hydrolysis
reactor 20 260 as vapor to the CL distillation train,
at a tenperature nuch higher than 150 deg C, either
directly or after some cooling. This has the added
WhHHHAE08030f  directly utilizing the heat coRCENS20040195e
vapor phase reaction product in the subsequent
distillation, without 25 the inefficiencies of

(nothdiHRet) .heall ceecayBral By vE@@ﬁ:ougxﬁbc&ﬂlgﬁ: \Mfttthamt beo

rocess streams, utility streams,. or
a’ﬁ grf’}lgﬁlljcéé el?nr{ngﬁosl'iﬁ@?)atté% Cﬁ Loibey

vaﬁthpvea@é m&pb&@r b Ct QRS 2 Bd1 RNDYE SAds Phital by al |
of the ammoni a and nost of the water in an _over head

meanyy fmrEoiusing £ TRTEOTmERtEq R pRRRIsRIaT d40oHRbhGer
st340 1BMING g %HEff&%ﬁﬁgldﬂaB§Cbﬁig&ﬂef@ndeﬂﬁﬁcﬂ%@&ﬂ@ad

stream 320°to produce a liquid f lux stream 360, a
mediuifpudissiid cgpder s(té\@eénms@uﬁnels not limited to,

) 0O k8 7 UB034) 618445 T ot Sy - oae, 810

othin éravdt-exshengeapbrisiss Pisdddiater28n 32805 edcdntpea

Ggﬁm 0,
hlg&gg)sor?e%%‘%{ %%LB ﬁlgolo JL‘gLn'pe %Sfie e %\év ’?@Pavew poi nt,
anlpslmuareanendd peodicitng st remoegdi aendindtsi ldmtepoddbnser
40 whi | Jimting the formation of. oligoners.
andf it Rogethen vhi el honararoh i u O e nor
maddriidled tie, refbiedl s ian@ot@ehsng4dat eThe aixactot her
process streans, or _ other heat-exchange fl yids.
Prefﬁ%ﬁq g @o%g6Tiigaly Ph’ttowéllhfiﬁﬂe’b‘? é&q}’r f’§m~mni a
teffiddthile: 68! Wi 180 d HRmWReabva? ANhYEl O tARHBRAhA .
product is renoved as distillate 420 and water

W&%Prmlﬁeﬁr%\d@té?@g@nﬁ§oth6Fg§W1% S8 s) s
watfeefm‘(ﬁ&e%%t%db%ll%o RreBNErRYa6E, MESTHL Highnol

critical, but wll epen upon t he
boilers. Column 300 can contain trays or packing (not
shown}, and preferably is operated with a bottoms
temperature below about 160 deg C to avoid the formation
of CL oligomers. The bottoms 460 is fed into a vacuum
dehydration column 480 that contains structured packing
{(not shown). Ligquid 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 - Ch,-most-of-the uwnreactedTHA-and-some-water.—&
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tenperature of avail able heat renoval fluids (not
shown). 15 Colum 300 produces a bottons 460 that
conprises sone water, unreacted ACN, unreacted THA,
CL, and sone high boilers. Colum 300 can contain

WQ OB hacking (not  shown), and pref er aBCY/US04/019442
operated with a bottons tenperature bel ow about 160
deg Cto avoid the formation 20 of CL oligoners. The

b SOmemE860s | sereRd firoma cuhaum 64 0le hyteabbefos®! UM

cotei t ~£0 s .structured packin not shown).

L q&%%gmgtﬁegﬁ?sﬁfgehmgé “FPom ?Eﬁﬂ*%l?@% 380 #sted|ate

1902 sabowndnbolb2®ilerr eenyed fdmeOkoo) «d80aidhgy

520 conprises CL, unreacted ACN, npbst 25 of

:t?%‘e"iﬁﬁ‘?%aﬁ?%lal%n dSEEWR! Ah WSHesiag Wik abl vy,

otshuemtéBferstwnfeballof ¥Whbh: a dPtdR e te

anfeLow, about 160 deg C to avoid the forrrg?%ﬁa%&‘;feéf’
| FgOnBYs PORHE MOt bRE 5perning €& aeoranveedian | ow

0
bobbbiher 62@MoVEle negbyity, 548, ¢ i j | a
battogﬁ{tenpe:Ztu?e.ggybgfga?ggéﬁ¥ﬁ@§gag%Sg%!¥%§ﬁwﬁ%
2Sc%H° thimaihd4hr uThiF @ badilingeshvedspomiyct Af the
process | datieh SR e from ugan 540. ..Th
distjillate 560 g%ﬁ%r%é%%lnarrgacgéggA@L 1S ssourﬂeta%_le
LORRY BMHEAR PBate ctr R ANdmh Sopplwmber . T¥ -desied,
tha 005 Q0S8 P 0 9442 . battons 580 is renoved
from col u%n%05%£%e9%%9%00%5%lgga’p%%ﬁse‘@é’%ﬁ&oﬁi gh
(n@foi shavar) THiee risoorenCIs8thats ibepresahod B WA BHRLSE

i gl L_cq! 4. 60 tainj t.ruct ur ed
e eIss (Rat PSFaa ) ditl oise PRI B B Ph 500 SoFeameal

i
cokumimpertdt-ur e bel ow about 160 deg C. High boilers and a
are renoved as

: . v Joed
ot ToRE 2260 T HEGHH 3 SoPPERRCER g oamerial

 scalenpvesubasadt sl | 642, wIbbs i S-d:ha desi T ed

rodugt, .of th
st 40 an& gOO. To increase the economic efficiency
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

substantiallymcaprolactameonmanmanhydrousmbasiS' Some
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process of the current invention. This CL is suitable
10 for polynerization to nake Nylon 6 polyner. |f
desired, the bottonms 620 can be fed to a wiped film
(not shown) to recover CL that is present
‘wsgﬁﬁﬁhaﬁottons 620. This recovered CL canF @“ﬁ@@“?@*”
hi gh boiler renmoval colum 600. 15 If the present

ocBEDSFEe, SrPRELEL Y LTI B el Sl o
st¢WHhxﬁm¢t5®O affounincrie ammontie eeativitrc pebfluckeand of

he ess, thesg .str
éﬁﬁ?oprla er trea %ﬁjd%%ﬁd1£§%§§$ %g% %?nsyﬁ%tlon
ofﬁﬂachmrthéOr@&&t1dﬁ0¥%€@EtoThosmeunudﬂntufhbdstrates t he
r.ocess of

first di t
ProdRiR oABEoSRROT AR PORE S, WGP FORIRaY EPy 50%
pré3ucd anAeliueans SQ9%pdNacHanm ¥Bleficvasheapaaized, and

t hen reaQted over, a dehydration (alumna) catalyst at

sa &R iy Wet Bn@ MR ifospheri ¢ pressure in the vapor

ph%@ﬁaaﬁﬁ@oﬁﬁnﬁﬁﬁrdﬁacﬁﬂﬂAsB&ﬁéfﬁﬁ wdk tfesAel Heed to
make the sol ution was 1800 30 ppm as determ ned by

atpeapherionRr egFarmi A hididy SFg. CTH% a syigaiiec Shre8uct

st tﬂo”&ehﬁ@ergﬁ&tﬁﬁn&ﬁ'&t ahRedhd  wPj JRiY, ot thHNreact ed
ACN, 700 ppm THA, and the bal ance

‘watgihst Siei aphyininy MdEriml- s aagaithydestsdbasi 8. Sone

sm%pe‘@t%%@%@%@foé[ 1% 320044 819442 qx%%'%%ﬁ:et LA§e145

uritres wer resent, as wel
de@ﬂbﬂnhmmmmVelad@ﬂmunﬁﬂohmaﬂnonla reacti on product and

ot foh bFEF T “DRESPoserT ofurl, MBY shep
traﬂﬂﬂhﬁﬁddfteda 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 distillatiqn cuts were taken overhead to

remove the THA and ACHW. Gas chromatographic analysis of

“the distillate cuts are as follows:

Compbnent 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 ratioc 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
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5 products. The vapor phase product was then cooled to
produce an aqueous caprol actam sol ution that was
saturated with amoni a. The aqueous caprol act am
solution was flashed at atnospheric pressure and 145
WS89 5 single stage 10 still to renpvBCHHE2004/019442
ammonia and the nmajority of the water. The renaining
mat eri al was again flashed in a single stage still at
detey-abder apeBnkPdy [ass shirenahogdaty @&gTEAt or rAfbve
i AdihQRal prat&le Methe Indelii &l iaﬁol:ﬁ%il ed to.
caprol actam were then ?5 transtferred to a batch still
thevhadiehc etidil neenatirted dot thé pSulzesridBe.mesh packi ng.

Th il opey. ‘a. h Ssyr . torr
(1 ratiile RN Bl Bl Stk RESS B Folhu dY
remechadmataprobicianx byatii ot bi1dHfidm 1ThEsuexample
successive, 50 n, distillation cuts, _were ken over head
aerERRel Bk T T R RN, E e s AR or aphi ¢
corsdadindsigs 1etrel  hef ditst iglrkbater Ctiisan H0® apmf 6btows:
Conponent cut. #1, Cut #2 Cut #3 Cut # HA (% by wt)
cany IBg AROBEE GRS (L 5 emse AR (oA b, Brom 46
thd.chP2oladBim Thastdata i ndicate that both the THA and
ACN are successfully being renpved fromthe

capPéPabtamphy, Wiide peafroned s A batckupode: above
ill"ﬁ@%x‘a@ggnthétt_‘ecﬂeefdéslifeaaééﬁaﬂﬁﬁoﬂse@H.lﬁegléé’ Heto 1,

and the product caprolactamwas distilled overhead. A
canugedl oot 880 reewifes ofi gedtivugioiceduans prddere awms

RSty U D8 bR L85 Svaez

~10-



det ect abl e anmounts by gas chromat ography of THA or
ACN. Hi gh boilers present in the initial materi al

charged to the batch still remained in the pot
residue. This exanple illustrates that THA can be

cihkgadily 5 renoved from caprol actam by distillation.
This exanple denonstrates that it is possible to
‘utilize ACN containing |evels of THA greater -than 500
ppm for cAptrdihadt fem owhihe siaprahdctandvent he resi dual

il a cl. 10 This ex
n IRy Wt heARRILAH A TR Rk chRedtids B afy an -
mingean rfd 586 prprmattiegneh vdvagkepdndendcdksi deriwdtiivesa (THA) ,

comS{ 4 8% QEeCQEBaﬂs”H?US col ums, where an inproved
recovery of caprolactamwould be expected. -10 O ai s
1. A W8t howntartikithg tmpins A6Vanofpwimiag bapurkCN and THA
ATV ROCARIORILTAL & (ALDY :E?% : ' and
a mni _numtof 500 ppm t et?% ly rggrzrg%% ?g%as%g&igtép\é
GyAvatidresatTHAL, beshprhsiimguraer@l epsl ¢he ¢ager being in
tHANV RS MhabBE +IHEuACN, GRPRLT Shak BALRAGN andi BiAchae
wth water at_el evated tenperature in the presence of
CATPHEIRA CAPF R @Y bt , anmonAay hea tamuPENACRRAREA he
vat er2bei B8pd bt ihle tNEPRmoRR8SEnd 10 rR: BAUSEr &1 MARY the
phase reaction product that conprises

R JIFQEL Bt CIaPoraRh#TR Fearhier PIAONCtahd HHUGE2R
SERRAIA £Bfipt 18 rAMERPES 2R3 BB LmiRBE! heP: Min e the
wat er fromthe vapor phase reaction product to produce
wergoPRtl BETE GRBRFITHY CaSr BRERE dvcangha sehgrgokei on
pfducdea MELE comPResiMebapeRRsALdmT Abhea@t fia f rom t he
solutjon to produce a nelt conprising caprolactam
ACN EHd THATOESFIhitsdiel Aol e amdry Petkem nepgval
dib@iih @kt {&MMANmN 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 zremoving 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 étep {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, Ci,
unreacted ACN, and THA, introducing the vapor stream into a

predetermined stage of .a distillation column and introducing the

Jliquid stream into a stage of the distillation

- 11 -



distillation colum and renoving a major portion of
both the THA and ACN as.a distillate, and renoving
caprol actam high boilers and at nost a mnor portion
of both the THA and ACN as a bottons; and (4)
i ntroducing the bottons into a high boiler renoval
distillation colum and renoving caprol actam and at
nost a mnor portion of the high boilers as a
colufihSt blibat €hd OCHEC o riad tEeRBMEA s t BgdTR) Hd RALhHeRWOhg as a
the high boilers as a bottons.' 2. The nethod of
bottepsi fe SREM I iGP™OrdFipg) Chhand dnfbiilor &vdtiRe Afj Bre
watepOrtion of the water are separated fromthe vapor
phase reaction-product by partially condensing the
vapor phase ' reaction. product to produce a vapor
streamthat conprises amonia and water, and a
liquified streamthat conprises water, CL,
unreact ed. ACN, and THA, introducing the vapor stream
into a predetermned stage -of -a distillation colum
and introducing the liquid streaminto a stage of the
distillation - 11 colum | ower than the predeterni ned
stage, and withdrawing as a bottons the sol ution
conprising CL and a mnor portion of the water. 12

L
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