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WO 2004/ 113288 PCT/ US2004/ 019432 NETHOD FOR MAKI NG
CAPRCLACTAM 5 BACKGROUND U. S. Patent 2, 357, 484,
i ssued to Martin in 1944 di scl oses that

wERsi/ eiganm nocapronitrile (ACN) can be 10
into epsilon-caprolactam (CL) by contactlngeaégé&&gmwz

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 Novenber 17, 1942. 15 In nore

recent years, | 0 has been devel oped to nake
i nexpensi ve adlﬁ%ﬁﬁgrfﬁgmﬁﬂﬁﬁ)hﬁ LEF ¥t

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 inpure product that 20

conpri ses ACN. This inpurgégﬁgﬁgﬂyp al so contai ns sone
byprpduc t v gen tion, .no
t et g%yd%éggltét i %?ggﬁgsg‘t’s ??@a‘ﬁ BE Bt h i)?‘ﬂNhl ch
d#ﬁﬂh@;ESreh@trembikmdmamennaﬁpfmnfﬁrliﬂHQAtN)S@aﬁ wecent
S0t Egve ex resslé g%ht that the THA 25 and its
erivati ves C¥3% e P¥npoREaRENg water
wihodhet Atmfm a-Hh&apoN pRasomverded pi-BEentd. oS8e, for

S. Patent 6, 169, 199, issued January 2,
o ATRE S odtal v | hUOEb LR eANst AeseA PRAGS prped ohose
prb&&ssbeenpfdﬂﬁﬁé chat tbBe NPUrs AN §h§bl'§6§e9ﬂ¥§ﬁ§p

N the artial hydrogen of ADN--ihat” cohtains
°§ Eer Yhé@ 0 ppm THA and its derlvatlves--can be

pr Egﬁ%ﬁ;@% liedehe YRR, PEARRLAY haUIBbeRYadWiddla |8
make inexpensive adiponitrile (ADN) by direct hydrocyanation
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 hydrqgenation 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 is 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




renoving the THA and its derivatives, and that the THA

and 1 its derivatives can be renoved easily by

disillation fromthe resulting crude CL products.

SUMVARY In one aspect, there is provided a nmethod for
¥ [ l.a m . f.r i re .6-amnocapronitrile
AR RaE S o Tos Bor AN Y A hun of 500" ppm
froet taky desazepinge candla (3, gerdaridaves (THA),

conprising the steps of: (1) contacting the inpure

ACN conmprising both ACN and THA with water at

el evated tenperature inggmmey esence of a dehydration

catal yst, both the inpufée ACN™ and the water being in

t he Wapere gFeRctt dliprariuce rroveged phesehedatoron

- adu ri.ses _caprol act .ammoni a, wat.er
ma RS S At O e A PR B U T
- (APHIt Ebatotomplre swat &b thr oot v apari fihase Jeasi Gom
grogluatA to Eroduce a nmelt conprising caprolactam ACN
teLha " YRRC2 ESP LA ABHUIERg dEfé Vgt itV Sisnt (T HR o PR 1 e ing
theepp¥pk o@kstillation colum and renoving a nmaj or
portion of both the THA and ACN as a distillate, and
renmdliing ceaprekavgaivhehigivurel PENs cang rdts imgstbcch  ACN

' ' ' f th the THA d A . tt ;
an AR FOLh 0058L, A8 blev o ePoReREG AT O B0 o
presanval ofli st dkhgtiranieal tanaaRdtl, eFRING HEARKY A &N

émd at nost_a mnor portion of the high boilers as a
angj; the| vater pPednet 1an8heeNevrag PRagE) ot SperOdsF R t he

vapbBhpRQLLeLSa88:8nPRLEATBL that comprises caprolactam,
ammonia, water, ACN, and THA;

(2) separating the ammonia and a major portion of
the water from the vapor phase reaction pfoduct 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) int}oducing 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.

&

BRIEF DESCRIPTION OF THE DRAWING

The Drawing consists of two figures, figure 1 and
- figure 2, which are flow diagrams illustrating two
alternative embodiments of the process of the present

invention,




BRI EF DESCRI PTI ON OF THE DRAW NG The Draw ng consi sts
of two figures, figure 1 and figure 2, which are flow
diagrams illustrating two alternative enbodi nents of
the process of the present invention. 2 DETAILED
DESCRI PTI ON OF THE | NVENTI ON As used t hroughout this
application (unless the context suggests otherw se)
the term"THA" is used to denote not only THA itself,
but bot h THApEwdrriEns pESERYRITON OF BuEh rkenrPold | LS
derivatives can be quantrtativ as
chr BTetSR diPuokensr Ehhy anpdicatiogulenless Hare domtext
su§hewns | e 1Isohe i f a r.atus f acticing
?Ee first enb%)n%ﬁte g %hgﬁcuégeﬁ%ggn‘g‘énﬁ%ﬁe Ryt
onilynTHA teeXeedusabeth dTHA 2nghatscdaricantwal grseaheCHA

anfihfps 390 RRIP; .Sy, f .Y ot shown). into _a
heat exchanger 4b§\ﬂi1§% cﬁcyeagt%s&faggvfgg%o[ﬂﬁ'@‘r r 82ACN
chremategmmdvat ure of about 235 deg C. The heated,

[ ' I xed_with steam 16 {n a vaporizer 18. A
 varkferttild holt B celiping S0 CRRetRal S hotit o Femestic
foxmheapprapdiszad £8r amchdts diag tREOfatst eafdoRRRNSUBE! the

Lzlgfater. 22 that heats the vapor 20 to a tenperature of
CUSFENGAY VBN EACT s R HIRUES daNofeed maGarialnd2skipar can

comeairegraddersched 300 Qprarih SYNELEIS 4 SRGEOT RGP The
ctor 26 contains a dehydrating catal yst, as taught

re
ShyplidPtena Boeh, SEchiteral bavhiPhments theapndmming
implireX ind®, c¥anadbhiiB R4 oft Shodtterd£ g.hggﬁegﬁeéfed,

., fixed bed or a fluidized bed reactor.
MU S NN F s xedeid I s6ernhb6 rivmct oradpyrigerheat A

vapgoraBahge hiktehd W FNAMY) RGPS 1L LeaEL ! On
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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tenperature within a range of 300 to 325 deg C. A
suitable 2a WD 2004/ 113288 PCT/ US2004/ 019432 heat
transfer fluid is the material sold by DOW Cheni cal
W Conl‘pang under the trademark "Dowtherm A." The reaction
03W&31¥%hg i nside reactor 26 produces CL aRETARRWHPL432
Conducting the reaction in the vapor phase prevents
hehBet BadOrdmif10A a0k s Cnd|dAQFBES - 581 8BhP DA ChiRD-2f
the THA present in the superheat ed vapor 24 passes
Comparyigirdefe thee sepdemamsk WRoWsBerBhanf cdthe reaction
ockhARSAOTRIN - B LbE s 10eheRs! f, A0 Aua(@por ous
product stream 28 conpri ses amoni a, wat er,
Copfvehtr® hRCNeartion unrtdus VegoTHohadh eymvedést theér eam
i3t al n 30 that.co nses
foffial font UE X S1P0RELY ", & BRGRETBEEL A P ORRET T
pregent hisn wire aupedhd@Ned nchpomr éacpeslseé' HAuxtomghr obeice a
t 2, sQ exiting the condenser 30 is a
repkE o B R e E ok R o 15 vapor
amm:nitamgns:mdepetdmpas d smanoapanoun tpridutidAs t Aedn 28
thaﬁd C%L. he_stream 32 and the stream 34 are fed
Tht® pd?lfsfe&r& BPRgE o f LR antBhPACY & and
untléstétdd atHN chbUPPoddfs sSireaaM82id stdednice hhgalowmer
rt of colum 36, while stream34 is fed to a higher
COE kb DMt COBGHTSh SSRPeSR Bhe J5aF f @ad EOPRITAT

poﬁélé@f@/%%&:s%@nt:h@'d‘ﬂ #re Qhrbheraammny %ndaﬂﬂré\ﬁé@éd
as distillate 38. Distillate 38 is fed into a hi gh
THR 1 R REXUGEn L adp B4 | Shnegc 8RumAkee feuiking she
coRBEYSO i a@mnva%@f%ﬁ 347 EABY Ot A Lbhal g, da
and water (together wth trace anmounts of organic
VapR¥ erd®icg)is gagsand marduogs aanboor oreount. ofh @H&x AN,
an@r@ﬁsurﬁoﬂhs tR tstfé bBICZalandbEfle%H‘eagl?%%ngrgnfég into

terrperature 0 aval
different stages of an ammonia removal distillation column

36. BStream 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 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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heat renoval fluids (not shown). Columm 36 produces a
bottons 46 that conprises unreacted ACN, nost of the
unreacted THA, CL, and sone high boilers. Colunm 36
can 30 contain trays or packing (not shown), and
WO EPEBl y is operated under vacuum and WPEHUSR004/019432
bottons tenperature bel ow about 160 deg C to avoid
h A Ilg to is,fe
18 Eg U BRE oA fla, st a7 BUEESns Mhimepkl aBpd ol St
l&DGWQlQZSBOP@W 482 00440 184 32t rkS uragapackpes atriaty

ith a Qo rature bel o bout . 160 g
il im 3o 0LERTLIAE 07 51 ErBr b RRRy conbts Lhowtpe A
A tsitlillalcat eosaomalrmuﬁdeawm aiNjMgofh8. cllNenost of the

di stllla 0 rlses unr eact ed ACN sone CL, nost
wyieaGiEds ﬁﬁ il (RAReTHALERA b ﬁ%o 52 \Lp RIS 2 1PE

cqu@ frome welusie 48mpFhsed @i %@&a ﬁ@gﬂ%@ﬁpe&L aRfle
hi g bmlers The bottons 52 is fed info a vacuum

bqﬁt@%‘% Rl &F Fedoviio @oramnum Suiahe beideni renavalicolres
54Jacdenr&alhmﬁ§ SHurafdp 9@@&?'@&1: Whibin? D03 tB-atin

nper at ure bel ow about 160 C. Hi gh 10 boi 'ers an

WJthnané’Pt?p'@ws | GRS atHES] hebel Pt 468 deauved High
b&qtér%wanéfs Jﬂff‘omo%abx 9% e 'n%mgagfﬁ%fé JeizRugd
as distil Iate . e recovere
agidsittons Eﬁodd&fte @fajphetpr@%e@& dihcohéng UCE et removed
' Y Thi S i it o]
oo S ERre s g, B, PHELAT S8 B MUPHIS U0l
plcszifhld@e of etdh¢ (plaacwsysedff Ehen cnavcaqmcr dnventihot. siis) Clois

. r ent _in bot ons, 56. Th|
SUSERIE (O HORnd AEESE Mo Ll 1 B8 b PR cdturm
desfiredd, the lpmmmmt 56r oarsse i Redper at @dpod £ilsonmer ci al

20 scal e, stantial anount Qf ter will result in
e%ﬁﬁ%ﬁgﬁP (not s owni} 0 recover CL that 1s present in the

" bottoms 56. This recovered CL can be fed to high-boiler

removal column 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,
and recycl ed back to the reactor 26. Referring nowto
figur , there is shown in schematic 25 form
W‘%ﬁ?g‘&}lﬁs&s 100 for practicing a second enmboRGTAESI00419432
the <current invention. An inpure ACN feed materi al

sv.ib?é}h'éaébdcv@éboﬁ Othtoa'e&l% eéﬁéfsdﬂ?ﬁn heQPeP pade?% 12 g af %ﬂto

I%a (not shown) into a heat exchanger
tsé’nFH@S?L%c’éﬁﬁCI@r RAPur eTRENqastart éﬁ@)ecrcatumelsoﬁ

dRRh 233 Q%QStTh%shﬁéﬁgﬁ% rbf’gféa 'EE {/Z%@.%\' S X6 ca

wi'th steam 160 i n 'a vapor phase
almmm@netm@nmm ACNXIGEA aatediateoxidayestd he The reactor

ryz d. t one super
eg)t%er S%é(g%@c?d%eét fgi J%{]%/eg%% 326%‘%%% 2y t enper at ure
of ZTE Hegt &Of AeattWOn?2084d4niBRE8 fESfE/tIﬁQO%dﬂ:b%B? a
e 1RO |ts t.he [ ater and is
nE L ARREEE YARY (POR FEOMD, IR SRSt rOEE e dtor g0
terrmelrhaitnsea‘uq.ttahydr ahingg eatm(ysiq 3a5 %@glghg by sMaEhbhe
c tivated. alym na, titani i oxi de, vanadi um
nef e 2haPet ' HUY 4l thE Bteniale Salf Re Pt fnerige
Conlpaing aRdebethd &,&@H@marﬂ_ hepdipaierafal €aoiiOrdagth 8OV ed
fromthe, reactor heat transfer fluid (not shown)

OqGWEEiRgni Pt e HREC )r‘/:@éc? POrPraduEssr hured Ao aa range
coHfaud@ng Or e &eqﬁ&l@n fnsfzhé ahl®r Bﬁﬂge thanshels fti'lH' d

iIs the material sold by DOWN Chem cal 1o conpany under
formetiprdehefk CHGRINBES m AR maTiex pertitwrf ddeulHRANg

pferga,%h@e heagd oé'up?e%eg{:8§u$§ﬁoxﬁé24@2g f\{x&oulggv the

nduct| ng the reaction In ase p
retaWéiorf 86 Prewwd o ugt C@Em@tagowmrsafomnﬂ’a}m portion of the

h Ex@%?ﬁ% ntI.hé r}eta%%oi‘uggﬁ hleﬁt eQra%%ESus 490&?1%%36%ream
rough the

280 that comprises CL, ammonia, water, unreacted ACN and
untreacted THA. 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, igsued 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 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 as a vapor to the CL distillation

train, at a temperature much higher than 150 deg C, either
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15 reactor 260 wi thout chem cal transformation.
Exiting the reactor 260 is a vaporous product stream
280 that conprises CL, ammoni a, water, unreacted ACN
and unreacted THA. In contrast to the first
woetbiids2sent , the product stream 280 is fedpdiyueoddogeds2
vvithout condensing, to 20 the Iovver part of an anmoni a

i IIatlon col,um is,.reflect
FRESL A o A BB o g FE® e pfffed Senesic
o djﬁ:@,czllﬁ utSfSinerhg\/Et;haS&,aaEOG@thl’teroél Rher udgolphase
duced fromthe phase Cy§ 11 Zi dr ol SI s of
S PERiREh b Y SRR S 1 en e, vl Sy the
uteffhdieumeis OoR ﬂﬁiitx@atemhureem}@y ok aguel ei@lah'é;%
ngtﬁ'igc before it is distilled, [imt the formation

AENGEBF CC i §aMmS; s ULHLT FY mmmsy PROQEP K heasy

eddhdride anhishal @1SRHMBI00Z abhSFes %%%nﬂ%lifa&'ﬂ Yof the
occur in_the vapor phase and is normally confined to

ann e gofdwpkeseln & gveshaadi veranfad3lof 80LWMHIAG0ngs
edﬂﬂﬁ@%@?%lﬁﬂr£ﬁﬁdﬁabn§@% @ﬁ@cﬁé§fﬁ§'éﬁfkﬁb§3%gc 55%c1ty to

enbodi ment, is to feed the vapor stream eavl ng
Cqmﬂé%nSIﬁEyQV@rly%a% Fleamo P 20600 asreducsper 1t quiderailux

hlation er n
STErhagtt Torined Bighiaesr T ouant ARt HEd 0 A0, 5"
CQ!ide@@ﬂbyeoVamn erergostresnl myt S'ﬂmiw)hasAlhermldienbly,
I|2| t he heat, content of _th
agba or gés}éug& 52%’{4%‘%%89 oquet T r‘rrJ atsﬁ'g% EBE%‘&%%n? cboler”
{rnhtstsihlowm i on, canlt et veber, | imef fiod ebcaesem;ﬁe:rartdiﬂeect
eat .recqvery by heat exchang ot her process
bel 0% 4F8 B ot o anemtr ok retluiran. Chk Hege hents
orf |cwndsnsé:el 340, 300 el ey assdinid dolrysakh @cﬁoléle can

nia and Ier an over head stream 320. Col um
b0 duits lse’a%‘fﬁémﬁd{] EOROLIR B EGONARY ngpteT , alr,

ot ipebests Capatinsy, b@'other heat-exchange fluids.
Distillate 380 is fed into a high pressure ammonia refining
column 400 from which anhydrous ammonia product is 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 oiigomers. 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



10

15

20

25

30

condense overhead stream 320 to produce a liquid ref
lux 10 stream 360, a liquid distillate stream 380 and
a m nor non- condensabl e vapor vent stream (not
shown). Alternatively, vaporous product stream 280

wocem/1i38%passed t hrough a cooler (not showBciyus2002019432

the vapor, but not to a terrperature bel ow its dew

arh ke BeS A TRt g MEECUReTS: D4 1 ARRPIcBRom

colbaynb4B0j S Thed Holtfbin€ dedifpr iGiasC Cl.akhfl Oh T@9|HJIg ewdl er The
air, é)%dﬁ pflrocess streans, glr, ﬁtger heat - exchang
bof FaPgs>2Y Bisdiad 4REC3B0VF UL BiRt BOLLFF gremsvads GPLumn

548G a I istGuce Ot AT A nlgr ARLVNEER AN Y QBerating
ammoni a product is renoved 20 as distillate 420, and

Wit BroQH RSt FEFDRIERRUER R FERREE 560 Y dhi c High

LoABERE | AP )a Ml RBYEH: &% S et @HEOM:Q Jﬁ‘eax@(%}aoved
pressure is not critical, but wl cepend on the

ast BRAPEPEY (A& - offhev BRI GBI & tfe%ttheewﬁvgmlw (fildd-5( emoved
asSEQEBQllégElgg@ 30@11DBPQH&§§E%0Q8£E8 L4ﬁ9tﬁﬂ9he l%ﬁ%

conprises unreacted ACN, nost of 25 the unreacte
profuctmef ddve paiogRsBoPf ekl cOairent Boventign .coMbasnCL is

R A e R A A

debetreds Ebpdiot®fsdefl CGam kv died theafwimed i G mof CL

oGP STl TSR oL BsT ot

bobobhon®6  .emMTdriat veeobetreiv @ba@an béb6Oedeip CEugCEDIbk:blmeﬁSO

cont str ur ed packing (not shown). A distillate
reg'@‘éaf SJé’r‘FB\/g'g‘ from col um 480. The distillate 500

conpf i Ges giyseatt doléds SOMPebhtelDSh Hfcdrierei¥D
2004/ 113288 PCT/ US2004/ 019432 unreacted THA and sone
sCilerd SMGEANGAEL5200VRE (I BREETT okt EFWin a6 trepm

4400t 1 BEB; HHFHTS @B Chcaidhit FFrhekbRES  of N1e process,

this stream may be appropriately treated, and recycled back
to the reactor 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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bottons 520 is fed into a vacuum hi gh boiler renoval
columm 540, containing structured packing (not shown)
and operating 5 with a bottons tenperature bel ow about
160 deg C. High boilers and a m nor portion of the
wonennszng CL are renoved as bottons 560. Therrosxpaaroldsy?
of the inconing CL is renoved as distillate 580. Al
._of Ee recove CL_is the deS|rﬁg producI of the
YErSe sSSo‘Fe’f%ea P&FfﬁeP vett | #fii 8 grothiggetric
ammtablf eafn 10| umeit 2at podthie: ke uh&b@ﬁeﬁt@'u};&r{%&
desire the bottons 560 can be fed to a W

Thfllsl ARCRVIPIHATSS EROE SRBAMIPHST 8doTBR ¥ ‘ilifaatr%aéltlon

stpegeNEotn tMBietalfti eASpBE@:ctil sm@ceagéﬁdp&lsé:@&oaact
fed to high boiler renoval columm 540. 15 If the

was t58Rt CHPHRASO BT OFHERaRR EBHEONS: GAREPLRGHAM SOAUE10R

tHRMbFhaNE L Bhr APRIN tBf afRERIaW || result in stream
440. To increase the econom c eff|C|enC% of the
¢

pr o8BS saquUePHSs %%Prré’éﬁfPﬁﬂ*}) gl ppropi L at be yf asdwdedtr 120
cc2d (16CKEL PG el 8ol PEnS AU 28fin; 2 0 dAVPLE

hi s exanp | Ustrates the process o e first
SU@ﬁb@atNQh1YCﬁlklﬂ£ ﬁheswhternventlon 25 A solutlon

Conh%k{?' ng. E‘prtoéﬁls”%EeJaé!l ci%r"“lac@g'\' SOZ’ by

wat er” was vaporize Feacted over
tr@ahﬁdraedomo(&ﬂhauahaﬁtmhlaMysﬂlahl$060ﬂt@pﬁ34ﬂﬁjfeet of

S ri ressure i th por ase. nount
s IR AR ren BRERENG - The el Ph Rles ek SEsRlEF o
hesds pt898uppmf av ordeterinkmy by Thasachr oty aphicbe
.ana t he reactor

SI.S. ni c OdUCt exi ti
ai LR St s ) v e PTG s EABR, E950 oaaTha,
switeskhee bad ampeil%ltbsuaeibﬁléwts will be taken overhead to
remove the THA and 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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recoverable, and contain no detectable anmounts by gas
chromat ography of THA or ACN. Hi gh boilers present in
the initial mterial 8 WO 2004/ 113288
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expected to remain in the pot residue. This exanple

illustrates that THA shoul adily renpoved from
caprol actam by distillati ow exanple 5
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ViatRn 1R QQtéP, tm,vgﬂgr,rﬁg;ase, to produce a

(2) separating the ammonia and a major portion of
the water from the vapor phase reaction 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



vapor phase reaction product that conprises
caprolactam ammonia, water, ACN, and THA;, (2)
separating the ammoni a and a maj or portion of the
water fromthe vapor phase reaction product to 15
W%?“%U&@ a nmelt conprising caprol actam ACNPGEAUSZII4AR19432
(3) introducing the nelt into a | ow boiler renoval
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nost a minor portion of the high boilers as a '
distillate product and renoving a major portion of the
25 high boilers as a bottonms. 2. The method of claiml
wherein in step (2) the anmmonia and the mgjor portion
of the water are separated fromthe vapor phase
reacti on product by partially 30 condensing the vapor

- phase reaction product to produce a vapor streamt hat
conpri ses anmonia and water, and a liquified stream
that conprises water, CL, unreacted ACN, and THA,
i ntroduci ng the vapor streaminto a predeterm ned 10
WO 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 w thdrawi ng as a bottons
the nelt conprising caprolactam ACN and THA. 11

11



