;e3ePL 6 TPov , *cooooa* Description PROCESS FOR PRODUCI NG ~- CAPROLACTAM
Field of the Invention The present invention relates to a process for
purifying 5 and produci ng s-caprolactam In particular, the present

invention relates to a ﬁ\r ocess for purifying and pr odugi §§E§ Soroégggam

conprising t ﬂ ﬁﬂ-crystallizing an ecaprolactamfro ution
cont ai ni ng ammmﬂmmﬂ “ r ol act am obt ai ned by any kinds of reaction such as

t he Beckmann 10 #gedtzr angenment of cycl ohexanone oxine and all owi ng the
crystallized E-caprolactamin cont &ssoxiiti¥iioydr ogen in the presence of a
.hydrogenati on catal yst. Background of the Invention E-Caprolactamis an

i nport ant conpokRICESSahORNPRPATEINGec1GAPRPLAGBAYr epar ati on of pol yani des
such as |.on-6, and many processes are known to produce E-caprol actam For
exanpl e, &ﬁﬁﬂopchQﬁl§8§e8§1€8nnerciaIIy produced by subjecting

cycl ohexanone oxinme to the Beckmann rearrangepen
i : Lages

t in the esence, of . an
TR IOGHTS Br

aci di ¢ medi um sulfi BECFERENGPEERFUPPCTS procEsE Has
drawbacks such that .a | arge anmpunt of ammoni um sul fate, which has a | ess
added Yal 889 PEOPRGATGel S8P5° b prbuat BRE as ERAMIRHESET | npr ove

t he abovei%roc S$n %egg%ggggge Beckmann rearranggnent u5|2gF?

l.id
catal yst S VRAOWT t & pro E?CEEPSFSEtgﬁF The .Véﬁgsgad . gagébgl§§ts
used in t%%g?ﬁia%@% ec%ﬁg§g§F§§3§p§e§§%§§98§eBEBEESHH?%iﬂgr58 geid

[
catal ysts, ica alumn d phosphoric aci'd catal ysts,

conpl ex ”%%%&oQéE%%mC§E6EY%t%plé%@bht@oﬁEBQEYﬁ?sa_@EﬁdeFEIéégngéétmﬂP'A
62-123167 and JP- A-63-54358 di sclose the use of high silica *166166* 4

Sept enber c2@@2n2drelyabhgsklihaat efcakakysba tacht he prnedBetkaanaf

e-caprol actam Processes for producing s-caprolactam which is not based on
t he B#eknumearreageargénet cyalehaksnokproowrimEorndxaipbeingPthe2- 215767

di scl oses a process conprising the steps of cycling 5 nethyl

6- am nocaprystte 1fld zebt at casrchac bhmcimngoS Patwenth NoydSodds, D 6titke scl oses
a process conprising the step of reacting_6-am nocapronitrile with water to
obt ai n E- PAFEGI&Et &% 2ahdIPIAneLign1catsérsses a process conprising the
step of reac%in% neth%l 6- hydroxycaproate with ammonia in the presence of
hydr ogen B&CEH Attt GREbERVANELLRpr ol act am However, e-caprol act am

obt ai ned by such 8roce ses cont ai ns , ,
ge-Caprolactam 1s an lmportant compound as an intermediate

15 for the preparation of polyamides such as Nylon-6, and many
processes are known to produce ;s—caprolactam. For example, &-
caprolactam can be commercially produced by subjecting
cyclohexanone oxime to the Beckmann rearrangement in the presence
of an acidic medium such as fuming sulfuric acid. However, this

20 process has drawbacks such that a large amount of ammonium sulfate,
which has a less added wvalue, is produced as a by-product.

As a process which can improve the above process, a gas phase
Beckmann rearrangement using a solid catalyst is known to produce
g-caprolactam. The proposed solid catalysts used in the gas phase

25 Beckmann rearrangement include boric acid catalysts, silica-
alumina catalysts, solid phosphoric acid catalysts, complex metal
oxide catalysts, zeolite catalysts, etc. Furthermore, JP-A-

62-123167 and JP-A-63-54358 disclose the use of high silica

UMD
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various inmpurities. As is well known, E-caprolactamis used as a raw
material for the preparation of polyam de, and E-caprol actamused to
prepare polyam de, which is in turn used to produce 15 synthetic fibers or
films, is required to have high purity. Thus, the crude} SeptdthBeRQDOD
prepared by the above processes is first purified by various purification
nmet hods, and then the high purity e-capr%l actamis used to prepare

pol yam de for producing a product such as synthetic fibers or films. 20 As
t he puri f ireetd Jdro sidtineds carayl ysetshdds ahe broducadoholdfoescaprstettang a
crude s-caprol actam which is obtained by rearrangi ng cycl ohexanone oxinme in
a sul furic acid Bmdiasadsy farr peodiiging sretdyoch 1 AR EVTGRGANISCnEiHEN SERY,
page 244 (published 25 by TOKYO KAGAKU DQJI N in 1989); Dissolving a crude
E- capr el a&arhlteh BefGagghireaddargemeiich ade 2diSgefd i -di FeEh§KAEBPHEN de,
and crystalli_zi n%ﬁéc%%r él' aciam éJP— A-53-37687, JP-A-49-54389, JP-A-46-523l,
etc.); A EsEvien 08258 RF K P RYPECERTEC I REDT R A EnT WePH Of RYAL&8Er bon
and water, s a‘ﬂ?fl ng the m xture, and extracting_the e-cagrol actamwi th .
wat er JP—“@-’%& f@%n\ﬂﬂaﬁ-r§-af§4§?5,°b&a&r5 ;S'Féﬁrg}éﬁéﬁ@if n§>aFergaé No.

= cabrol 2 ame ) Lang &, s eaprdl golamn Saniac wd b uiogen

a tenperature df 0 it e presen

cat al yst .(6]—%nﬁ_n7d c;a?pgqu‘rh%.)tr L'j.k%V\QJ\ﬁ.%ﬁﬂt watt}ért h:% %‘%{ééfi inC %t—lﬁg§6gﬁtalgﬁ%ﬂ? Iu%t}ggs

distillation, crys I"zat’i"on, “extraction or n-exc

having 10 giaAlAarzgenicall cReQPEIbi8Ses9 LNRSE: £in$ GaP@lRChaM- 05 cPYngy
products having boiling points close to that of E-caprol actam cannot be

renmoved sufdtdroileathydrbRyBaptbsatb arit i anReHAES Manengr 8s shad loar h?cﬁlﬁcﬂ?&@'
structure to that of s-caprolactam and havi ng one carbon-carbon doubl e bond

in a mol e, stsdmh @S cbhtdih &-tapteteakyfr oazepi n- 2-on,
1,5,6,7-tetrahydroazepin-2-on, and the |ike (hereinafter, generally
referred to as "Haprengl actawsd)acaamab tae neehbyedliclapd otclkys edetent it e
the quality of s caprolactam
various impurities. As is well known, g-caprolactam is used as
a rawmaterial for the preparation of polyamide, and e~caprolactam
used to prepare polyamide, which is in turn used to produce
15 synthetic fibers or films, is required to have high purity. Thus,
the crude e-caprolactam prepared by the above processes is first

purified by various purification methods, and then the high purity
g-caprolactam is used to prepare polyamide for producing a product
such as synthetic fibers or films.

20 As the purification methods, many methods are known as
follows:

Distilling a crude e-caprolactam which is obtained by
rearranging cyclohexanone oxime in a sulfuric acid medium by a
rectifyingmethod (APPLIED ORGANIC CHEMISTRY, page 244 (published

25 by TOKYO KAGAKU DOJIN in 1989);
Dissolving a crude g-caproclactam in an organic solvent such

as toluene or dimethylformamide, and crystallizing e-caprclactam

(JP-A~-53-37687, JP-A-49-54389, JP-A-46-5231, etc.);



According to the observation of the researches of the 20 present inventors,
it has been found that the caprenol actans severely deteriorate the quality
of g-caprolactam In concrete, it is found that, when an s-caprol actam
cont ai ni ng about 30 ppmor nore of the caprenolactans i Sepeshnpar 2008V
material for producing pol yam de, various problens may arise. Therefore, it
25 is necessary to sufficiently renove the caprenol actans fromthe
8-caprolactamin order to obtain an s-caprol actam having high qualities
from the indust MiadinROantr@de C-eWprbhe cReaSRIth | )\ HERlreics it agldseat exnd
that the hydrogenation 4 Septenpber 2002 4 process is a very advant ageous
process siskparigtd maphenaliaciars ahnhed kydregeiagedhand-capreiltedatmowith

E- caprol actam and a crude E caprol actam can be sinmultaneously purified, and
f urt her nomatielre (TRpBerdd-ddtldi®s dPePeff-eftdiovel y etici.Ni’zed. However, in the 5
hydr ogenati on process, not only the caprenol actans but al so by-products

ot her than the dapr exalhacicdmg parcriuciepat eapnolhethydr ogenati on reaction
Thus, nuch | oading tends to be put on the hydrogenation catal yst

Theref@re, the ﬂ%ﬁhgwkag éf¢¥@¢%ﬁt§a@é@ﬁé§§é§ l%ﬁﬂ”@?ﬁ?q|Mm§hth@ﬁ@9§at@Iyst

hor t In 1 I t
cconom calf F TR 1 Forly 100 Wt FOORE. RYAFOGeRAErON G Bleds. As

explainedrgg&y 4?%4%”] th%nauJeurlgl%%bb%%)nethods such as

distillati CextFacti'on, iron éxchange, hydrogenati on,

etc. are not al ‘%(«?e h%fcﬁcﬁﬁ’é utrqfql&ta%'l'anazﬂe%ﬁo&s‘h%‘?{ akag! am ayi ngy, an

industrially required puri he easi ness process opeération and

COSLS are6:%%%l'1&%@%‘%@”%&&\:‘%8%%@095&@%&% TﬂEqu’éMé%vJﬁﬂ&

present inventors have nede ext ensi ve researches wth the obj ect of

provi dpng’ & ANQGEH dnfdlc A QUG 1k sCaBr ¢hackam20- Béﬂk@gaéeamngy%w al l'y
required high quality by renoving by products froma crude E-caprolactamin

an ef fici giodand LeeRAALHoiaKg Moiatiesllolse ith hastbeenefespdot hataguch
an s-caprol actam can be obtalneg by a specific conbination of purification

met hods. Heanmtebentenoventsudf iltdeniéon atu@ritiishddwncbhpobasisshatinge 25
above findings. Accordingly, the present invention provides a process for
puri fyi ng asséaplelrachemicahpsimiciutchdostbps of e-crapsrdkicitamgndnhaving

E- caprol actam from a hydrocar bon sol ution 4 Septenmber 2002 5 contalnlng a
crude e- céﬁ?%ﬂ%ﬁﬁQQQ1C%ﬁ??ﬂquHHL@ngﬁé éPy§t§Pﬂ@E@&eE SaptoREctady fn>

contact wt
% tetrahydroazepin-2-on, 1,5,6,7-tetrahydroazepin-2-on, and the

like (hereinafter, generally réferred to as “caprenolactams”)
cannot be removed, and thus deteriorate the quality of e-
caprolactam.
According to the observation of the researches of the
20 present inventors, it has been found that the caprenolactams
severely deteriorate the quality of g~caprolactam. In concrete,
it is found that, when an g-caprolactam containing about 30 ppm
or more of the caprenolactams is used as a raw material for
producing polyamide, various problems may arise. Therefore, it
25 is necessary to sufficiently remove the caprenolactams from the
g-caprolactam in order to obtain an e~caprolactam having high
qualities from the industrial point of view.

The present inventors have also found that the hydrogenation



hydrogen in the presence of a hydrogenation catalyst. Furthernore, the
present invention provides a process for 5 producing E-caprol actam
eonprising the steps of: crystallizing an s-caprolactamfroma hydrocarbon
solution containing a crude s-caprolactam and allow n inzed
s-caprolactamin contact with hydrogen in the pr esence%%ggtﬁtg?%ggggti on
catal yst. 1O DETAI LED DESCRI PTION OF THE | NVENTION I n the present
invention, a high quality s-caprolactam can be obtained by crystallizing an
E- caprol agtesebs0is a Rgdroeanbemnagebuki pRoeessas e he Idige doraapteinct am
and then allowing the crystallized s-caprolactamin contact with hydrogen
in the 153p&ergae6gehatedydh@oesatépegatdl ysdaprAdImithd frad 4 herude e-
preparation of a crude s-caprolactamis not limted in the present

i nvent i oncaghel advamt caye P eofs itriud tpneocess yopurhéipdesand funwera rroor arthe
remar kabl e when a crude s-caprolactarn which is obtained by the gas phase
Beckmann eé&prenrianganentrenefhecpieséncet biizedeolHaweverpe igattaeyst such
as netallosilicate or in the presence of silicalite. This is because
|npurﬁiuebY@r@ﬁ@n@?h@@spégﬁeéﬁacn9ﬁ1O%hzhtbscgéwbﬁ@&hm©h@@&uh@t also
caprenol act ans, 8 9- oct ahydr ophenazi ne (hereinafter, referred
to as " O—Pyjpéﬂﬁugtﬁl-ﬁ’é?ﬁyl Qalﬁ} Bhe 9@%%%‘?%‘9%@%%?%%3&%?% J(Ihe’?lé@n
after, referred to " )

of the prBSSHCOPRGERCRohts ThAPSr o, ke " el@fﬁ%dgi@? 5 SRy
comi ni ngeLbe, pigeeas Ol cd e Brgrant hiuentlon Wb Hhe gas, phase Gegkmnn

r ear r angenent ‘using-a- 2eol type catal yst

qual i ty Esgapeolag! amgap,g! | eeli yel mecgg%fgéﬁ@dlet%&i%&g hen a

reaction m xture contar ni ng E-caprol actam tal ned e gas

phas el@eCEHHQQSESQEéa’LQSQEHE s‘i%a%Qo%a%g%H E&nrg %Qeeéé‘ﬁé’rhi’é%lii t‘f%%‘%e@s a

sour ce of e s-caprolactamin conducting the process e present
inventionfothe tengetbaaprotActRe) ARNrSQERALIBS Sodtasd. a sol vent such as
al cohol in addition to the above inpurities. Thus, it is preferable to
prelimnarily dRstéexpldiheed eaetvian tiextoneeptional udl tirgestiadl meahods, | f
necessary. The crystallization in the process of the present invention is
pr ef er abl guchras édsout lagﬁpg,acwma)blairmcsnl eantrabiipng kot encpehngeity.
When water or an organi c sol vent havi n? a hig

hydrogenation, etc. are not always satlsfactory to obtain an

15 e-caprolactam having an industrially required purity, when the
easiness of process operation and costs are taken into account.
SUMMARY AND OBJECTS OF THE INVENTION

The present inventors have made extensive researches with
the object of providing a process for producing g-caprolactam

20 having an industrially required high quality by removing by-
products from a crude e-caprolactam in an efficient and economical
way. As a result, it has been found that such an e-caprolactam
can be obtained by a specific combination of purification methods.
The present invention has been accomplished on the bases of the

26 above findings.

Accordingly, the present invention provides a process for
purifying e-caprolactam comprising the steps of:

crystallizing an ge-caprolactam from a hydrocarbon solution



polarity is used, E-caprolactamis dissolved in such a solvent, 15 and thus
the yield of E-caprolactamtends to decrease. In this case, it is difficult
to recover s-caprolactam dissolved in the solvent. Exanples of the solvents
used in the crystallization step include |inear aliphatj I

having 6 to 12 carbon atons, 20 side-chain aliphatic hj%g%%%gﬁgggzﬁggfng 6
to 12 carbon atons, alicyclic hydrocarbéns having 6 to 12 carbon atons,

etc. Specific exanples of such solvents include linear aliphatic

hydr ocar begatstighngsahexaae, ehepbAdEacO&h Angndnonane and decane; side-chain
al i phati c hydrocarbons such as nethyl hexane, isooctane and 25 neohexane;
and alicyclic hgdlowangonssuchgsmalhykeyctopeptanectayclnhexabecandith

met hyl cycl ohexane. Anbng them cycl ohexane, heptane and isooctane are

pr ef er abl BydThgse sol tbat preagnbe ofed bivdgbygepetianadatriysé.of two or
nore of them An aromatic 4 Septenber 2002 7 hydrocarbon such as benzene,
tol uene and xyl Ensthaympseut the Zeesent iEntimfoprovidgst Acproafess thar
above solvents as long as the renoval of the inpurities is not interfered.
An anount PEPALRENSoEverPrabedtimrcerysi aing Zake ohters feHm 5 about 0.5 to
about 5 parts by weight, preferably fromabout 1 to about 9 parts by

wei ght, based ofF¥RESPar-ELRY RiEGREPEPLEEAAF O BTt AntYEVRR2 TR I et teRunt

of solvent exceeds the abgve u %sr Linit, the crystallizing effects are not
i mproved CAMHASPOPEI BnCEHENE FART RIREHP Bt of sol vent, and costs to

recover 10 the lLvent | ncrease. n_the amount, of, solvent | o.small,
the inpurities %§§°WékgsﬁgﬁiEfgﬁFggﬁﬁéeEeﬁﬁ9@%Fo%&%H%Te%noﬁo?ﬁ%éﬁéfﬁggs for
crystal I'i ziBgoE=r2RROk AR g%geﬁkedsfaanﬁyaeggEHgE&bﬁl Bgrkhgssteps of mixing
a crude s Caprolactamw th the above sol vent "whil e heating; and then

cool i ng 1DEtrhg IMDXIDHSTRWHT ®OMNStOF W 110vENELoWt i on an E-caprol actam
crystal, a nethod conprising the steps of mxing a crude E-caprolactamw th

the above sol venh whelgrdeait ngvendden RVaRQnALl NG, theapobyedt anrder
reduced pressure to cool the mxture with | atent heat thereof and

preci pi t abe abtsicapro}l actyamadrlystialy, aangd ddpe-dlidoran\Erbmsadtydbaarbon
crystallization, alnpbst all the inpurities (except caprenol actans )

cont ai ned siedug ionuden Ea tapnol actramec e der ekpet dred anal thensal vening Afheer
crystallization, the obtained crystal is separated fromthe solvent by a
sui t abl e g¥vRSElddeRdag-caprobacoan bedreriral iwhih dixdran ohalthe the
obt ai ned crystal may be 25 washed with the above solvent. A crystal

li zat #on P ﬁﬁ@P&FuPﬁ ﬁBQYSéOFFBﬁFéBBuFaiégyFB'Iess than the nel ting point

of s-caprol actay preferably fromanout 30C Lo aboul 0C. Tors priferabl v

not limited in the present invention. The advantages of the
process of the present invention are remarkable when a crude
g-caprolactam which is obtained by the gas phase Beckmann

20 rearrangement in the presence of a zeolite type catalyst such as
metallosilicate or in the presence of silicalite. This is because
impurities in the crudee-caprolactam, such as cyclohexanone oxime,
caprenolactams, 1,2,3,4,6,7,8,9-octahydrophenazine
(hereinafter, referred to as "OHP") and 3-N-methyl-4,5,6,7-

25 tetrahydrobenzimidazcle (herein after, referred to as "MTHI", can
be sufficiently removed with the process of the present invention.
That is, when ane-caprolactamis produced by combining the process

of the present invention with the gas phase Beckmann rearrangement



4 Septenber 2002 8 In the process of the present invention, an
E-caprolactamis first obtained by crystallization, and then the
erystallized s-caprolactamis hydrogenated. It is preferable that the
contents of the inpurities such as cycl ohexanone oxine,4 Kgbteraper 282are 5
decreased to specific amounts or less after the crystallization. Such
contents of inpurities may be expressedty a free basicity of the crude

E- caprol actam obtai ned after crystallization, since cycl ohexanone oxine,
MIH , OHPuséhg. aaceobasect goepoutlsyst t 4 hipghehesdblty tocpprolyctle can
cruder-caprolactamw th crystallization 10 so that the free basicity

t hereof i effectéyedy be absatinedned/ Rglow kes§. nore preferably about 0.25
meq/ kg or less. The contents of the inpurities may al so be expressed by a
pH val ue of theWhende Eegapkohduizimrdgrorderping enhaprodgstam whachohs of
scaprolactamis conducted to such an extent that a solution obtained 15 by
di ssol vi n§bga2geg by thr 9@syphaspi Beekmarn prad r@ngAnen i usingr anaeetite
wherein the water in itself is prepared to have pH of 5.7, has a pH val e of
6.5 ord| ed¥pet k& tedgitnillg USRPURSt PeSORECEhEIc Ry STHIR] Se@2RT@APEBRBCEAM can
be readily and effectively renoved ip the subsequent hydrogenation step to
rovi de 8 oRPGIHCIE "GPt YO ERD: Gl abianP TeoEn, SPAEaNPRY { ape: cridesS

crystalli %%%:E%ﬂa@%mcﬂgkgggn&%azﬁﬁgi c?ﬁg%ﬁ 9f 81 sohyepf ised éi‘c%ﬂ?& o3

crystal lization step. remai ning solvent 1s prefera

about 10 Qday twendhb Qhel ep3vRasrduen tEeSaproh@st am 29 Jo- Achiwye the
above degree of the renoval of inpurities by crystallization, a kind and an

anount of pre3ahv@Rlriusedisaid 1Ciyst @bhi-2abhofikendet beAsrsieh as a
tenperature are properly selected. Such conditions can be set by

preli mnayyexpenimertisn, i4 Hepkeeshber.2002 9 and the like. The
crystallization is usually carried out one or nore tines, while it is
recomended to Megeatysheltiystbbhiinathemtomesw ofitiree presenwhinvdritei ar ude
s-caprolactamutilized contains a | arge anount of inpurities. 5 After
crystal | i Z&t poefeEabdpr chactiamh pyvtsubjrgt @dhydracasupsegeehvenhly dragerata on.
E- Caprol actam to be hydrogenated preferably has a free basicity of | nmeq/kg
or |ess, mSWeeléfditabl yWBSREWHERT kQF o1 | @5E2NHF TP PYEREI RRVIRY 62 PR | ess,
whi ch is neasured as descri bed above. By subjecting such a crystallized

~- capr ol a®CARES Y RE H?H?og%ﬁﬁﬁﬁ%ﬂﬂaQQﬁg‘é@h@gﬁﬁ§laﬁdiﬁﬁu???be% §qLvent,

e- caprol act am _can decregsed to less than 10 ppm of cycl ohexangne oxi ne,
oo’ han 216 pomRof POHBLerBeSt (FHFI LAt S, SonderEe8 Senan o gt of
caprenol actans. .The_hydrogenation can be carried,out by.a_conventional 15
et hod. PO Btaittl 65 T SUER bl oS anorPER AGEAT SFSEREVOR 17145 oup
(a. 9. Rakdn@dium platinum ruthenium rhodium etc . ) , whichis

supported on a carrier ( a . g . activated carbon, alumna, silica,

titania, etc. ) Exaff)ldiec¥SeHe LWDREhEheBednnegasherl sty Dei s4PPOR tetkp
catal yst which carries palladium al one, or palladium?20 and ot her netal

such as pliadlludgia bineat kardiphatde kyhdrcearb@ts darvfiages anel preatrevad oy vi ew
of its catalytic activity or its life span. Wien the supported catalyst is
used, 20 he sampurthagih & liphalt icahadystatbobe bappogt 6dto sl predsvabl atdmsom
about 0.1 ~ to about 20 ~ by weight, nore preferably fromabout 0.5 a to
about 25 Bligyclisl rdrocarbensiaginghe teel YRErbPna HRRSl ethascPah fiwe
examples of such solvents include linear aliphatic hydrocarbons
such as hexane, heptane, octane, nonane and decane; side-chain
aliphatic hydrocarbons such as methylhexane, isococtane and
25 neohexane; and alicyclic hydrocarbons such as methylcyclopentane,
cyclohexane and methylcyclohexane. Among them, cyclohexane,

heptane and isooctane are preferable. These solvents may be used

singly or in admixture of two or more of them. An aromatic



wei ght of the supported catalyst. In the case of an eggshell type one, the
anount of a co-supported netal such as platinumor rutheniumis preferably
fromabout 0 to about 2 ~ by wei ght based 4 Septenber 2002 |0 on the

wei ght of the supported catalyst. In the hydrogenation £icepteBEER092 an
organic solvent may ' optionally be used. The crystal of s-caprolactam
obtained fromthe crystallization step may contain a snmall anount of a
remai ning 5 solvent which is used in the crystallization step. The

remai ni Ng SRANRIHrIcY R aBabkizbBe| er®VeEnPrawd vl drite maydbeganal i ead
MWhen a solvent is used in the hydrogenation step, it should be separated to
col | ect E-ieapr shatlamournt tthecdrnhedrogénat tlom adee selvaptsl astlaong msathel t
state 10 may be supplied together with hydrogen to a catalyst layer in
whi ch s- capamdwcht afi i thehyidrmgeiiatesd. 1 sA nodaditritear fesdsl .nay be a batch
process, a continuous process or a fixed bed process. In the case of a

fi xed bed process amosugply hhanedlveyt besedh lcawsde la igawd ol éw, foema
counter flow. 15 In an industrial production, the fixed bed process is
pr ef er &bl eFFHML-Re toi eper i L tepbrYabel phy apde Eosakly Aramahant 1 to
tenperature in the hydrogenation step using no solvent is at |east the
mel ti ng poiifutofd Rasdy dadtamhr &asesblon fAremPaEsdu Y7 o€ iddh talsfu€-150C,

i ~- | act houl d be, 20 lted. Wh | t i ti
D emoer at PR A A Ba e PR e S s b St A B ahe abSTe' ! "
di | d.jint | . - j i . t ed,
o ssolver ihd o sl et A Sconngl AeAmIS Satiusl e utgosnal o
time pass %OCJMOA bolthPLREELADLE ah@uiRCs f@%qv@n@aacrlxa eBstemeLatyyeras

the catal activity decreases to mainetain the catalytis activity at a
certaijp | emed .sS0;at i Held | ZRnERerkriadhdun ©fo PIsodueed Sscappokastam In

This purpose, it is 4 Septenber 2002 11 preferred that the reaction
t enper at urtghd Nidherittidd ala pirage Affficiently be removed.
Examples of the methods for crystallizing e-caprolactam
include a method comprising the steps of mixing a crude e-
caprolactam with the above solvent while heating, and then cooling
15 themixturewhilestirring toprecipitate ane-caprolactamcrystal,
a method comprising the steps of mixing a crude ge-caprolactam with
the above solvent while heating, and then evaporating the solvent
under reduced pressure to cool themixturewith latent heat thereof
and precipitate ane-caprolactam crystal, and the 1like. With such
20 a crystallization, almost all the impurities (except
caprenolactams) contained in a crude e-caprolactam can be expelled
to the solvent. After crystallization, the obtained crystal is
separated from the solvent by a suitable method such as filtration,
sedimentation, etc. Optionally, the obtained crystal may be
25 ~washed with the above solvent.
Acrystallization temperature may be from about 10°C to less
than the melting point of g-caprolactam, preferably from about

30°C to about 60°C, more preferably from about 40°C to about 60°C.



the reaction is relatively low, for exanple, fromabout 70C to about 80C,
and then the reaction is continuously carried out while gradually
iFncreasing the reaction tenperature. 5 A reaction pressure in the

hydr ogenation step is not [imted, and is usually from about
100 kg/cne ( about 0. 05 to about 10 MPa), preferably f??ﬁ%%@gter ?dtog? about
10 kg/cn2 (about 0.2 to about 1 MPa). THe anount of hydrogen, which can be
dissolved in the nelt 10 of E-caprolactam is not sufficient to hydrogenate
s-caprol actam Am aReUPto8EsHYSF agad Iasdry iy@nedengt aenet sapref gsobhy at
| east the equinolar anount to the caprenol actans obtained in scaprol actam

I n generalis fhesanounéinéd hydraogetajds zanyide and éasth abeutr Ps 00l 1 e,
preferably fromabout 0.01 to about 0.25 15 nole, per 1 nole of

E- capr ol aetaaprdhecuamdach edr hysn aged. gads ey ded arebjic edat Whencédteent s
reaction node is a fixed bed process, a space velocity WHSV of the utilized
s- capr ol aeffaithies iuBUALE e f r opsbrutc Y Iphasagisang ordoeh’ ¥THar andr @Pyate om
about 0.5 to 30 h-1, nmore 20 preferably fromabout 1 to about_ i0 h-1. And a
peri od® of IEGHEASES FAESRACH A FROURLEART aFRF 3 aHeH (88 FEYDratbizdtionn t he

(o0 o7 B2 S ZRUR. b, LB 0ot Dol 5,9 el o0 LY WYY, pen. e
E- | act fed int talyst 25 (kg/h / i ght . of talyst, (k
coprol e g 015 SShEL Va3 Sl e vl gtk stalet (49) |

condi t1 ons.y akse LAHIe RUASCSEe! (i PEESCNL Lyentd e dd T ooty g he

catal yst can be prolonged to’ one Year d onger. ept enber 2

Af t th t] - | act istilled 1f Th
er e.rp*}%‘%re‘}%%ﬁ% {:82:utxﬁ ﬁ?ﬁ&.&%a‘%”&—%%?l Qé%gh i &4 c:h%se ??ﬁ??%{e Yon 'NE

distillation can renov e‘renmai ning so rchis

crystabli zaf kaatstep, £28ul dahtg diitke tnbeeerdi 8044 O d e precapsuef 1 tieg pgsent
invention, E 5 caprolactamcontaining |less than 10 ppm of cycl ohexanone

oxi me, | esx Lhas, MbppmrelfetdBly gssut ae 2heppigodr NEds . antel @sst érasn 30
ppm (preferably | ess than 25 ppm of caprenol actuns can be obtained. Wen a
pot assi umgfethanganat et Aved e v PM o dlaiexpiresgsddbpas pH anluadiicdhercmideh

i ndi cates the amount of inpurities remaining in E-caprolactam an

s- capr ol agtapprusdakkymebtZi nexkdmp tce Wiret ey Ifathie griggems ienvent i on can
be evaluated tqo have a PMvalue of |ess than about 10, while it is possible

in the pr&S&FClaREm I 95oNEUSHES 7 RHGR-FUEKRFEY Tt Ehadp? SeadtaRnHRRE Hg e PM
valuelgf Eg?%ﬁjsolving 0.25 g of the crystallized e-caprolactam in 1 ml
of water, wherein the water in itself is prepared to have pH of
5.7, has a pH vale of 6.5 or less, the remaining impurities in
the crystallized e-caprolactam can be readily and effectively
removed in the subsequent hydrogenation step to provide a high
20 quality e-caprolactam.
g-Caprolactam after crystallization may contain a small
amount of a solvent used in the crystallization step. The amount
of the remaining solvent is preferably about 10 % by weight or
less based on g-caprolactam.
25 To achieve the above degree of the removal of impurities
by crystallization, a kind and an amount of a solvent used, and

crystallization conditions such as a temperature are properly

selected. Such conditions can be set by preliminary experiments,



15 than about 7. According to the process of the present invention, the
conbi nation of sinple steps such as crystallization and hydrogenati on can
effectively renove by-products froma crude -caprolactamat |ow costs, and
provides a high quality E 20 caprolactam which can begusgstensbet 2002
material of the industrial production of polyam de, that is,
ane- capr ol actam cont ai ni ngl ess than 10 pﬁnlof cycl ohexanone oxine, |ess
than. 10 ppm of OHP, l|ess than 25 m of MIH, and | ess than 30 ppm
(pr ef er abl gntletBethigte 25 Tb-ﬁnrrwﬁtéggi eablact wsis\EE Ithe aprdegs susf otdieor
_present invention can attain a higher yield of the product than
convent i onBPT et oS, Whide &R IR SerPrRepdadoto dopsEed the g vita bl fapelared.
I n addition, the process of the present invention puts G less |oading on a
catal yst tWoSeptledrertimegowhen Rhe Herugricoganapientamept i hhged eentriciongs
the life of the catalyst. - EXAMPLES The present invention is illustrated
by the fol PowPRges2BRURSI 85, 1RRREACE8Snot |imit the scope of the invention
in any way. The follow ng nmeasurenents was used in Exanples to evaluate the
qual i ti®s of thePSbRAi REUSE2EApRELAPant- IR IPL2PERT t §S oFUlE] 2ahedl Betam and
the contents_of inRurities i ns-caprol actam were neasured with

Ay e

gaschr onat §4PSF FhevArPeepe tdefect§ G iaFha™ ti%e Pl Biehated
-Ca | act 1. di | ved . i t . ke 10 15 nm_of .th
solut on - BAGcEReh Ty Had e 1 e Aol v e G PR Tt o Poes st AR G a
| th 290 31 i t f
Sol ut ron. | 8°85 Mad/Re Lo 28T, 98 WK SHA, O € eBoBre: dHiCE o)
was di ssol ygd mBadugkid | 88 wakstribedbkgodPe 100By fipider sy utdudh To this

solution, a 0. OL N aqueous sol ution of potassium pernmanganate (2 m) was
added and chysteddiiFesy soteareRlamsamel Lost itheed. hrdregepgbieneondd s r om

the addition_of e |yt i .Qf; _potassiu at t S ce of
Lhe aoiuti SRPReRE S $F iR iRt R0 AP0 EUERBERTRRORNS Can | BE WBHANGE O,
a sol uti ontbemesat thenofl024pm Sepacgebiiexansakutd:ome,onseéssi Reaal 10
distilled water and the aqueous solutionogfgﬁotassiun1pernanganate was

ab

prepar ed a®PH o &Encel 8Bt Ui 2ndPPRe fbangedt REsEofthiint B0 iR
having 4 $eRLMeH120%ns .

The hydrogenation can be carried out by a conventional
15 method. For example, as a catalyst, a transition metal of the
VIII group (e.g. palladium, platinum, ruthenium, rhodium, etc.),
which is supported on a carrier (e.g. activated carbon, alumina,
silica, titania, etc.), may be used. Among them, an eggshell type
supported catalyst which carries palladium alone, or palladium
20 and other metal such as platinum or ruthenium on the carrier
surface are preferable in view of its catalytic activity or its
life span. When the supported catalyst is used, the amount of
a metal catalyst to be supported is preferably from about 0.1 %
to about 20 % by weight, more preferably from about 0.5 % to about
25 5 % by weight, in terms of the weight of a metal, based on the
weight of the supported catalyst. In the case of an eggshell type
one, the amount of a co-supported metal such as platinum or

ruthenium is preferably from about 0 to about 2 % by weight based



14 a wavel ength of 420 nm was neasured. The absorbance of the solution of
pot assi um per manganate - was subtracted fromthe absorbance of the solution
of E-caprolactam and the obtained value was nultiplied by 100 to obtain
the 5 potassium permanganate (PM value of the E-caprolg RemblE ?fOOZ
distilled water was adjusted to 5.7 by the addition of U O su[ uric acid
or 0.01 N aqueous sodi um hydroxide. To 30ch distilled water (10 m) ,
s-caprol actam (about 10 g) was added 10 and the resulting solution was

stirred. HierhePRealghithe fr el Gpgoseledt i@ anggcmeasured. 1f the pH thereof
is larger than 5.7, 0.01 N sulfuric acid was added to the solution until pH

reaches 5.7. A fIreehbasydtdyedaBiBk Pt ags weakeubatetl drgam idecqerstnrdy
anount (v: m) of 0.01 N sulfuric acid, the factor (f) of sulfuric 15 acid,

and the weipghionE¥lygbeofistle Srreapwlsactilamititepedlabasrdobiathedf otbaw ng
equation: FB (nmeqg/kg) - (0.01 x v(m) x f x 1000)/w (g) nH val ue pH of

di still ed theet eryoasl dtfasied sterbny mortteeiradding bhagouoft af ¢i remeisih@uric
acid or a dilute aqueous sodi um hydroxide. To such distilled water (1 m),
e- capr Bl agodvierd. PBigh ifaysaddin CrretpésiFRFAGNSTIQR i oF hRateBainiRd.
Then, pH of the resulting solution was nmeasured. Volatile basicity IVBl 25
E- Capr ol adCdefah 8@y SPE1CRELd Ya P20 r6MRY§80b BE 186 dit@mtRpd PO @ SN tHO -wer e
charged in_ a di'stillation flask, and then were steamdistilled. Th

effluent & efr SAWESS Afr B§6Eedni ﬁhs BYdePIRPEhE Pr FESRe| at(Sth@d.berhe
distillation \/\/a@z: term nat_@d when the . 4 Septenber 2002 15 anount of the
ef fluent rERAETefsFomCOLTRE tobt GPREAL&EFER on was titrated with a 0.01 N

cqueaus - S0 U INLOK A 4300 B, o SL RN 50,6 gl L ef bl ve

as an indicator. SiCity prm - wa rom

above 19bt &lAieHe 1 iBA Mot Bet Wi®h HydPbdeh ' ofa RIadak yi@ST 2 Y81 NG y10ich
E-caprolactam a factor ( ' ) of the utilized 0. OL N aqueous sodi um

hydr oxi de capdpt-Be aWehght sohyhibggEngapRol actamutilized (w: g), based on
the follow ng equation: 10 g/B (ppm - [0.17 x (B-A) x f' x 1000]/w (Q)

A reaction mode may be a batch process, a continuous process
or a fixed bed process. In the case of a fixed bed process, a
supply manner may be an upflow or a down flow, or a counter flow.

15 In an industrial production, the fixed bed process is preferable
from the viewpoint of operabili£y and costs.

A reaction temperature in the hydrogenation step using no
solvent is at least themelting point of e-caprolactam, preferably
from about 70°C to about 150°C, since e-caprolactam should be

20 melted. When a solvent is used, a reaction temperature may be
at least a temperature at which e-caprolactam is dissolved in the
solvent.

When e-caprolactam is continuously hydrogenated, the
catalytic activity of a catalyst gradually tends to decrease as

25 the time passes. Thus, it is preferable to increase a reaction
temperature as the catalytic activity decreases to maintain the

catalytis activity at a certain level, so as to stabilize the

quality of produced g-caprolactam. In this purpose, it is



Exanple 1 Into a fluidized |ayer reactor packed with a high silica zeolite
catalyst, a liquid mxture of cycl ohexanone oxi ne, nethanol and water
(weight ratio of 1:1.8:0.052) was introduced 15 together with a nitrogen
gas through a vaporizer, and was subjected to a Beckrrang;lsr%@é,;ﬁgggw
under the conditions of a reaction tenperature of 380C ang a retention tine
of 8 seconds. The reaction gas was cool &8 and trapped to obtain a reaction
m xture containing an s-caprolactam 20 This reaction m xture was distilled
t o r enove pretfleanreld, thew bbel regct igurtidnpes gnd-chiigh thei Lhagiedparageestto
obtain a crude E-caprolactam having a purity of 98.9p, which contained 584
ppm of cy&heheranshenoksneel 04vebyn lofw Midr, exserd®s gpemokbolP 3626rtdng
to GC analysis. 25 Into a 200 liter reactor, the obtained crude _

s- capr ol agmtad® ef, anstthemtherqaFtiorsig@entianeus by qaer sed warkwivile

cycl ohexane and _n-heptane (weight ratio of 1:3) (46.92 kg) were charged,
and were KERCHG Iy ?@GrteéséngWe@aEébPBI SEFRRPYYERe sol vent, 4

Sept enper 2002 16 fol | owed by cool.ing to 60C while stirring. Then, .a slight
amountSof E- capfol AT GHRPFSFPTRed Bt 8y OFG SE ORT T 89 LaBitefystal

and vas SEFFL 60 PBRShnbt NErT 0L o B0 RP B b L ak¥ G 4<eSHEL0 oP At

The precipj ed s r egoyer fd | 20 was
washed at “aoas LorPart P ATAAREY St KDY P ey T 32
kg) as deschi hed apeve,; M@9htain a crystalline E-caprol actam (29.65 kg)
The yield was 94.8. The obtained crystalline s-caprol actamwas anal yzed as

10 described abawe afsudtl&8Ufdrddtth Puhiity 8hnbhe& I Aciaamiwash8 B,
the contents of cycl ohexanone oxinme, MIH and OHP were all | ess than the

limtiof detectd®inlddeasonkendt @urgapiene! 86 e oM ak3eRpdbrd hec Wi ay
transmttances at 290 nmand 315 nmwere 85.2 and 88. 30, respectively, the
PM val ue wasaBéunt lef WEdwageias Topphmdmuenadte pHisgpnefaweb by @ Idest, a
hydr ogenati on catal yst (granular 2~ pall adi unfactivated carbon catal yst)
(0.9 g) wadef idduddholrra agoaint] éos theeebptrebelbhateng aebteaned dnaseter of 6
mm The height of the catalyst |layer was 70 mm _The obtai ned crystalline s
20 capr ol &EPHANRES Feat £0 dRRCHBE t Rt 2B el VREIF LT IS theY thbeat

reactor at. a rate of ab 4.8 g/ hr._  while allow.ng a hydrogen gas to flo
at a flowiSaE 8g°§tc§/ %L.mcﬁﬂrﬂglprﬁfﬁﬁémée rBTYe\%%%?% Od%b%ggg?g%ﬂ%(éozg. 5W
MPa) . _The total f.fed s- | act bout 23 kg. Duri t hi
per ] od of Ky oBBRar FBRS ThE"TBRETF BRCT0: ather AR FEeaL oHr AR BPETNY t he
cat al yst t@w\é}a%%.f rom 80C to 95C. The PM value of the resulting

E- caprol actam was between 0.3 and 2.5. At the sanme tinme when about 6 kg of

the crude s-capn@aCta® rebcPaRemeele 2903 fixed bed process, a space

velocity WHSV of the utilized e-caprolactam is usually from about
0.5 to about 100 h™, preferably from about 0.5 to 30 h™?, more

20 preferably from about 1 to about 10 h™.

And-a period of contact time of e-caprolactam and a catalyst
is preferably in the range of 0.033 to 2 hours. It is noted that
a space velocity WHSV can be defined as the following equation;
WHSV (h™')=[a weight of the g-caprolactam fed into catalyst
25 (kg/h)1/[a weight of catalyst (kg)]. The life of a catalyst may
depend on the raw material, reaction conditions, etc. In the
process of the present invention, the life of the catalyst can

be prolonged to one year or longer.



17 was hydrogenated by the above process, 1.5 kg of the resulting

E- caprol actam after hydrogenation and 0.42 g of sodium hydroxide . were
charged into a 3 liter distillation apparatus equipped with a C aisen tube,
and were distilled under a reduced pressure of 5 aboutlﬂs@gugnbgngkbpin an
s-caprol actam (1.485 kg). The yield thereof was 99~. The obtai ned

E-caprol actam was anal yzed as descri bedldabove. As a result, the purity of

E- caprol actam was 99.99p, the contents of cycl ohexanone oxi ne, MIH and OHP
were all |ess thateirthehkl RyHrebedateeohi, 0B-cipeotant entmay sapsesol atéaps 10
was 6 ppm the Wray transmttances at 290 nm and 315 nm were 99.5 and

99. 8%, resfeneceebyryt heltRMdialtie lwds of. 8anthend/B: Wwas fefappindt hel FEhas
C. 02 neqg/kg, and the pH value was 5.9. As the tine when about 22 to about
23 kg (inwg@F@IPSoﬂsﬁﬁel@r@b@ sryapedlaceiionas thpdr 65en&hed liyket-he above
process, 500.2 15 g of the resulting s-caprol actam after hydrogenati on and
0.14 g of sodi uAdgpdiddxigdéonsne pPhacgss ot ¢hg Prieseat dnyentismni,of-

appar at us e%yi ped with a Cl aisen tube, and were istiLIed under a reduced
pressu?e GBPER tf“hﬁﬂBFaPBlBStg?ﬁsa"rPaeﬂ capPEattafiY 498 HagPReTREI R el d

t her eof s 99. 30. e obtai ~.20 caprol actam lyze s descri bed

above. A2%§5Fe§§ﬁp,Iph%P%d%ﬁt df1E§éagﬁapa2$éﬁyﬁgg§y@%%99§ng,??ﬁé otftent s
of cycl ohexangne i e, |, P p | act r |_e t han t he
it of agk B o relRE et ASSET SAet CeaRCd Of OB ERCRAY SIS R ubre

99. O0s and%?%lﬁ,egﬁspectively, the PMvalue was 1.5, the FB was 25 0.025
meg/ kg, an Fhe pH val ue was 5.96. Exanple 2 Cycl ohexanone oxi ne was

subj ected to theHRecknBhRaL8aih BRGan2Pd $eaobten Red uehude- gaproiact am
was distilled 4 Septenber 2002 18 in the sane manners as those in Exanple

1 to obtaisdh anerivdeoce- eBPER! Bed Bra hey ivige anmpuinit! ¥ 0l nB9r 20ke whi €ha DOt @i ned
1736 ppm of cycl ohexanone oxi ne, 330 ppmof MIH , and 248 ppm of OHP

accor di ng inoe -+ o KX Bdredny,Ska.e-zaphe 1abtamnesh£r LebEacaprdb acham f&fegy was
di ssolved in a m xed sol vent of cycl ohexane and n-heptane (weight ratio of

| : 3) (75af) theapdeskatr ésuehthgnsoruthore wmsiatiash toobkeae ahPMevatierdhg to
crystallize an s-caprolactam The crystallized s-caprolactam 9 was

col | ect ed Misshthapen?e it dfal weéparbk dis pargibhe Eoldhecpegsentciyeeatiome
E-caprol actam was washed wi th the above-utilized kind of m xed solvent of
cycl ohexarf® &t airhdpdnavelds ty) ereapbpapftan Fevaps ot B and ER§sehl 1§2B. 32

g) . e yield there was 92. 63%. The obtained crystalline ~-caprolactam
was alglyfgﬁ”h§hﬁﬁgb?$bed above. As a result, the contents of cycl ohexanone

oxi me, MIH 15 and OFRWene 3hh gesddiand hed bhk.at dateqtiion, the

cont ent
combination of simple steps such as crystallization and

hydrogenation can effectively remove by-products from a crude
g-caprolactam at low costs, and provides a high quality e-

20 caprolactam, which can be used as a rawmaterial of the industrial
production of polyamide, that is, ane-caprolactam containing less
than 10 ppm of cyclohexanone oxime, less than 10 ppm of OHP, less
than 25 ppm of MTHI, and less than 30 ppm (preferably less than
25 ppm) of caprenolactums.

25 The process of the present invention can attain a higher
yield of the product than conventional methods in which
distillation or crystallization is repeated. In addition, the

process of the present invention puts a less loading on a catalyst



of caprenol actanms was 91 ppm and the pH value was 6.27. Then, the washed
crystalline E-caprolactam (20 g) and a hydrogenati on cat al yst '

¢ 2opal | adi unf car bon beads catal ysthaving a dianmeter of 0. 6 nm (0. 10 g)
were charged into a 100 cc autoclave, 20 and the result S
stirred under a hydrogen pressure of 5 kg/cnmz (0.5 I\/Pa)Af@l}pigt'gte %?d?hour
After cooling, the obtained crystallines3caprolactamwas dissolved in

nmet hanol , and the catal yst was renoved by filtration. Then, the solution
was condensedhelhgydigeinaed or Gappgl acicarhse! wricdwnyad thike B ofo#.tHe 25
ppm and the PMvalue of 1.5. The obtained solution of E-caprolactam was

t hen di stiddted wsitt.h a distillation apparatus equi pped with a C ainsen tube
under reduced pressure to obtain an E-caprolactam The E-caprolactam 4
Sept enber EXBQPLES was anal yzed as described above. As a result, the
contents of cycl ohexnone oxinme, MIH and OHP were all less than the limt
of detection, t@&:mﬂ@fﬂntoflnofmté-m d&t dist ugdgratedopy) thee fllgping
transm ttances at 290 nm and 315 nm were 98.8g and 98. 6k 5 respectively,
the PMPvalBi@ms 0. WiiGheoyBaokad it ?h§nécf3ﬁ€ B §§Puén%ﬁ§téoﬂ5mE§’aﬁpl e
3 Cycl ohexanone oxi me was subjected to the Beckmann rearrangement, and the
obt ai ned é’fad’der-caprol actamwas distilled 10 in the sane manners as those

I de_ E- I f
i 5?1:‘2&? ai nod B SRRRSFR %aE%Ei‘an}ﬂegnntisC%i‘. Pk %ffk%f%% <75 ;‘ga%?d
OHR :
< Capr o actiin s ngist&c{f‘ﬁchfso%rf 8559%29%5%5593 ol vent  of red cruc

sol uti on was coo ys |ze an E-caprofl attam €

~- caprjgl act am criysd ah RS s@é-%%tp%l%tct%%ca%t%@ Mg 11%15199{@19:15

The collected crystalliné s-caprolactamwas washed at 53C with a

parts of tiheeaboyeolddtdk adrkineh Nfrdd wedhs;zalsv@moﬂit@cyﬁépmxarteleam:&nlt

n- hept ane, to obtain an s-caprolactamcrystal. The recovery yield thereof
was 83.1 (of Hetetimimerdt cmystrltdiiawe wBscapm@mct am was anal yzed as

descri bed above. As a result, the purity of E-caprolactamwas 99. 98 ~, the
cont ent of cycIdHéx@ibﬂ&ﬁi)ﬁWS 4 ppm the contents of MIH and OHP

were |less than the limt of . .
g-Caprolactam (1.13 g) was dissolved in water to make 10

15 ml of the solution, and then a transmittance through the solution
of UV ray having a wavelength of 290 nm or 315 nm was measured
using water as a reference solution.

Potassium permanganate value (PM value)
g¢-Caprolactam (1 g) was dissolved indistilled water to make

20 100ml of the solution. To thissolution, a 0.01 Nagqueous solution
of potassium permanganate (2 ml) was added and the resulting
solution was well stirred. After 250 seconds from the addition
of the solution of potassium permanganate, the absorbance of the
solution with a light having a wavelength of 420 nm was measured

25 at a solution temperature of 25°C.

Separately, a solution consisting of distilled water and
the aqueous solution of potassium permanganate was prepared as

a reference solution and the absorbance thereof with light having



detection, the content of caprenol actans was 201 ppm The obt ai ned
crystalline s-caprolactamwas nolten under a nitrogen atnosphere, and was
suppl i ed (under hydrogen pressure 4 Septenber 2002 20 of 5 kg/cn2 (0.5
MPa) ) at 80C at a space velocity 4VHSV of 5, 25, or 50Q; @eétérﬁSEPQ@b‘ vely,
in each batch) into a catal yst |ayer packed with a hydrogehation cata yst
(particles of 2 % Pd/activated carbon cadtdal yst, which had been utilized in
a hydrogenation for 5 3 nonths) (4 .0 g) in a stainless steal tube having
an inner i aretelendtld ofn42®get heds wddswrdyydrogen gas flown at a flow
rate of 6 cc/mn. The effluent (theE-caprolactam after hydrogenation) was
distilled in a diseidbstrimameppal dthes seduitpmed o oo tElsaiisen perdra ngacdert e
reduced pressure of about 1 mmHg, to obtain an E-caprolactam 10 The

obt ai ned Evxsproltaeciaedviasomahak pbed rhsndesef theds@bovieon oThee capirailred adat a,

i.e. the purity of E-caprolactam the contents of cycl ohexanone oxi e,
MIH , OHP aimd ‘ch@rebpor beedinmsa lumdvashan i il ird Riy el Shovm ¢ptaie e | owi ng

Table 1. Table 1. SpaceContent velocity (WHSV)Purity of s-caprolactam
Cycl ohéxa-pompdel Wi permamgarcHre CEifleritelug auf dmsPM— caBinedSetEgn. 997

%N. D. *N. D. *N. D. *iggnﬂ 625h! 199! 897 O%N.D. *N. D. *N. D. *| 7ppm4. 150h' 199. 994

O%N. D. *N. D. *N. D. * . . ss than the limt of detection.

Conpar ative Exanple,d 4;cti11ed water was adjusted to 5.7 by the addition
of 0.01 N sulfuric acid or 0.01 N agueous sodium hydroxide. To
such distilled water (10 ml), e-caprolactam (about 10 g) was added

10 and the resulting solution was stirred. Then, pHof the resulting
solution was measured. If the pH thereof is larger than 5.7, 0.01
N sulfuric acid was added to the solution until pH reaches 5.7.
A free basicity (meq/kg) was calculated from the consumed
amount (v: ml) of 0.01 N sulfuric acid, the factor (f) of sulfuric
15 acid, and the weight (w: g) of the g-caprolactam utilized, based
on the following equation: |
FB (meg/kg) = (0.01 x v(ml) x £ x 1000)/w(g)
QH valiue
PH of distilled water was adjusted to 5.7 by the addition
20 of a dilute sulfuric acid or a dilute aqueous sodium hydroxide.
To such distilled water (1 ml), e-caprolactam (0.25 g) was added
and the resulting solution was stirred. Then, pHof the resulting
solution was measured.
25 g-Caprolactam (about 5 ¢) and a 20 % aqueous sodium hydroxide
(8 ml) were charged in a distillation flask, and then were
steam-distilled. The effluent therefromwas introduced in a 0.01

N sulfuric acid (5ml). The distillation was terminated when the



Cycl ohexanone oxi me was subjected to the Beckmann rearrangenent, and the
obt ai ned crudeE-caprolactamwas distilled in the same manners as those in
Exanple 1 to obtain a crude 20 E-caprol actam having a purity of 99.33%

whi ch contai ned 451 ppm of cycl ohexanone oxime, 240 ppm e MH Q?@zopm of
OHP, and 1524 ppm of caprenol actans according to the GC ar?gl ys?)g.r he

obt ai ned crude E-caprol actam was dissolved in the same wei ght of water, and
the solution was shaken with 2. 33 tines weight 4 Septenber 2002 21 of
cycl ohexargduart ¥ rinwitery lahtd heddessd tigg i Xt ure was kept standing for
15 mnutes to separate phases . The obtai ned aqueous . phase was extracted
ei ght tinmes w t Theheosamad|soim tdforc walsoliéxaaeedT e thqaeoud lpNasqueas s
concentrated to obtain an extracted s 5 caprolactam (recovery of 81 . 6%
The extr aciasti e bygrokiadeans g canakyred @b reddyli bed atbdwethAsl ener biukt
the purity of scaprolactamwas 99.76% the content of cycl ohexanone oxine
was 133 p@f arhernsbimadir of MTH was 21 1 ppm the content of OHP was |ess
than the limt of detection, the content of caprenolactanms 10 was 532 ppm

the WPay transrft VPaicddab22901i ki Ghd PPI8 NWaAPwed EcBbaled diprsLhgopbove
respectively, the PMval ue 198, the EB 2.5 [ kg, and the pH val ue
was 8. 42, CRRGEASR fhidiigehaliin EaltbFEt A 406 paiPadi AAFALT £oaEeHSEAPLBA
catalyst) i4.0 s filled.in tainl ess steel be_15 havi ng an i nner
et or ) Gt PR RE (TG £E Lhgiiof BErsn (5! ) Chel AT FROLB

t ube react , f nmode a.rate of _aboyt o34 hr L whi

al | owi ng Q%Ldyprolgeen%gléis%gg V%ﬁﬁgtog %I“%v% nggog'fx%a@c}lﬁilmlzﬁﬁidéw a g?’
hydrogen mLsdh Afhe #/1GW AP -RpdRakdt 80C to obtain an s-caprol actam
The obt ai ned s-caprol actam 20 was anal yzed as descri bed above. As a result,

the pypity of E~maprgdmct=amonasy 9. (BL%) the cantignio 10k 'cygl ohexanone oxi ne
was 157 ppm the content of MIH was 156 ppm the content's of OHP and

caprenol act ans Vanglesst than the |imt of detection, the Wray

transm ttances at 290 nm and 315 nmwere 57.5% and 67.4% 25 respectively,
and the PM val uelnes al Zlulld zadot diayed seeaprol petidnd(#W9tB g) hivgs Shenca
distilled with a 200 ml distillation apparatus equi pped with a C ainsen

t ube underzeP lridiu At Prnesdsuree Iofquisb i Xk umeHg &t ¢ YeBohiek aaene- eapmel act am

78. 3
( methanol and water (weight ratio of 1:1.8:0.052) was introduced

15 together with anitrogen gas through a vaporizer, andwas subjected
to a Beckmann rearrangement under the conditions of a reaction
temperature of 380°C and a retention time of 8 seconds. The
reaction gas was cooled and trapped to obtain a reaction mixture
containing an e-caprolactam.

20 This reaction mixture was distilled to remove methanol,
low-boiling impurities and high-boiling impurities to obtain a
crude g-caprolactam having a purity of 98.97%, which contained
584 ppm of cyclohexanone oxime, 604 ppm of MTHI, and 355 ppm of
OHP according to GC analysis.

25 Into a 200 liter reactor, the obtained crude e-caprolactam
after distillation (31.28 kg), and a mixed solvent of cyclohexane
and n-heptane (weight ratio of 1:3) (46.92 kg) were charged, and

were heated to 70°C to dissolve g-caprolactam in the solvent,



4 Septenber 2002 22 g). The yield thereof was 99~. The obtai ned

s-caprol actam was anal yzed as descri bed above. As a result, the purity of E
caprol actam was 99. 8y, the content of cycl ohexanone oxime was 123 ppm the
content of MIH was 127 ppm the contents of OHP and 5 &@:gqg,q]l ggtzam;z wer e
|l ess than the limt of detection, the Wray transmttances at E nm and
315 nm were 85.50 and 91. 5s, respectlvel9 the PMvalue was 6.3, the FB was
2.0 meg/ kg, and the pH value was 9.6. Conparative Exanple 2 10 ~

Cycl ohexatfionéoaxdriey was linbj esttad ctwhi he sBeaknmyn r EAenangelegnht anslrithe
obt ai ned cruder-caprolactamwas distilled in the sane manners as those in
Exanpl e lofe-chbaionaateanusiey stxhpsslaitean batiensp buplon by Dbe8l.cibtal.

whi ch contai ned 314 ppm of cycl ohexanone oxinme, 213 ppmof MIH , and 176
ppm of O—IIPh@Smazsturdumgsmtmlee@@canam/mmutﬁﬁe pBsacaededr ide50°C over
E-caprol actam (55. 05 g) was dissolved in a m xed solvent of cycl ohexane and
n- hept anel(beiyhtandtias 6tirrsy fesmrpthgr afominsdes sAderhelipetateiany

sol ution was cooled to 50C over 10 m nutes while stirring at 350 rpm and
then &5 sl FyhePpolagbemt JheErrawisidatad @r‘?épap*\miiaé}dééﬁsflélt Wessol uti on,

t tall After st for 30 t

<~ capt ol aEEERVEE S BY agi%§%¥ﬂeetién #45 SVRBNEY | 2 DGO Lepk) 5 OF L Hhi % ned
t 50C. The col t Lt be J Lized kind
of mixed SPUSnECrad 68 SRl A ARG I8 0B 1, Pyl 247 5%%5&%%% bege "

obtain a ¢rysfalljne qsff%%fﬂ' 3 é‘”&é‘@oﬁé Qhn | T{g é%)t@ng? ThE )Z£ purl‘fy of

E- capr ol act am was "ana e&crib above.

E- capr ol a wa %&%% € QNe, Qxi 7 m

t he lg]éeptsrre}’r?;% Hﬁé%onﬁ%ﬁfﬁoﬁé\)ﬂﬁ—% @%&g\mr éa%lxeagga har?gta%g
limityef a@fseetlbee abBeeCcONient QlscAPr enal a6t By Vs é—%%pawaét@a RMgval ue
was 39, and the FB was 0.048 neq/kg. The obt ain crystall'i ne a-caprol actam
(35.00 g) 9®a98%,diasoktyrtdehbsao ¥edl shéxendnef oximmé poheXanearad OHP heptane
(weight ratio of 1:3) (1C5 g) at about 60C, and the resulting solution was
cool ed t0230C es=®kha0 thenlimstwif detatiion nGghatc@benpmf ek aherctagls ght
anount of E-caprolactamcrystal was added to the solution, to crystallize

E- capr ol atB&ml 3AfRRR, sife Vngaokr80sndt hrRAEeEsat t4RD Rtc apAoB ASt At Wanest al

was collected with a cegtrl fugal separator nmaintajned at 50C. The_collected
scapr ol acfanmtadPfa8fed *ni ERSPRECABBYE: ubRfi BdV&I ¥R W15 M %ed- oI RMag 27. 5

g) and_wa ri ed under reduced pressure 0 obtain a crystalline
s- cap?%l a%t ngPﬁ‘s 58 j:%e ?ﬁ VBEPSl Hed Er@stal line 15 ~-capro| act am was
88?'%éido?ftﬁisEéﬁ?iﬂeigfﬁregspsﬁééﬁi%ﬁéa&&?§995k%h 18 %ﬁ&pQELZCLTT‘Yﬁis
Lot e BaTibgtlatatec et LOBRSRILEOkobcs gy esoL clars iaseaLipPy he
stainless steel tube having an inner diameter of 6 mm. The height
of the catalyst layer was 70 mm. The obtained crystalline eg-

20 caprolactam was heated and molten at 80°C and was fed into the
tube reactor at a rate of about 4.8 g/hr. while allowing a hydrogen
gas to flow at a flow rate of 3 cc/min. under a hydrogen pressure
of 5 kg/cm® (0.5 MPa). The total amount of fed e-caprolactam was
about 23 kg. During this period of hydrogenation, the reaction

25 was carried out while raising the catalyst temperature from 80°C
to 95°C. The PM value of the resulting e-caprolactam was between

0.3 and 2.5.

At the same time when about 6 kg of the crude ge-caprolactam



4 Septenber 2002 Clans |. A process for purifying E-caprol actam conpri sing
the steps oz: crystallizing an s-caprolactam from a hydrocarbon solution 5
eontai ning a crude e-caprolactam and allowi ng the crystallized
s-caprolactaT, in contact with hydrogen in the presences @ppfelibdr 29@2ari on
catalyst. 2. The process according to claim1, wherein sald hydr ocar bon
sol ution contains at |east one hydrocarbdn selected 10 fromthe group
consisting of linear aliphatic hydrocarbons having 6 to | Z carbon atons,

si de. chaiwasahiypitalgenatygdr byarhensbbawi pgotesi? casbky afonreandsalteyglic
hydrocarbons having 6 to | ? carbon atons. 3. The process according to claim
|, wherei g-obpabdedtin & raproiacigmatdriraens 048 4 kdhsb@ipmholiroxide
cycl ohexanone oxine, less than 10 ppmof 1, 2, 3, 4, 6, 7, 8, 9-occah;

1 dr vphenaxiare, ch@ggeglhpmtqa Bphiber distillation apparatus equlpped with
3-~-nethyl-4,5,6, 7-tetrahydrobenzi m dazol e, and | ess than 30 ppm of

capr enol act &h@isgn thdepr sodsyexeceiaradled endem 2, refeeefnpsasauseudé 20
e-caprol aetam contains at |east 30 ppm oL caprenolaetans and at | east one

i npuri by S&caE ddmHgm Fﬁeogt@hp of EICARIAEIA GBI pih -8 Tk oheRaRonEe bsti e

at | east 10 ppn1 of I 7, 8, rotahydrophena2|ne and at |east 25
ppm of 3- -4 tel‘PfI ""A?SS 9§%7t eﬁ"a ‘ﬁ?H?b%%‘ﬁz? TRIRDI AL TE RS AR by 2R @ s%S
accordi ng 9 cl, wherejn apr féac an1afte cr stalllagtlon has a
ree basi (%6 PomaPotsy cbs) 8oLl % v%%é e feRact

process afé‘sorgg}m tReClah hts"‘%ﬁ @3{/6;1] S e 2 tlhan 11~4(')I%5I7a ?Sé%eﬂ*é’?é

2002 after rogenatlon he process
according 419 €8s Prlan SH&HA £S5 EieEébfﬁEéh' IAR0-8nEERE @ﬁé&?ﬂéhélé‘&%d in

contact with hydrogen for 0.033 to 2 hours or at a space velocity of 0.5 to
30 h-108. was @ eSS ther UpT @Rgr kRenSmeapaakast af co0phinsSang 8he shepsreof:
99.5% and 99.8%, respectively, the PM value was 0.8, the VB was
1.7 ppm, the FB was (.02 meg/kg, and the pH value was 5.9.
As the time when about 22 to about 23 kg (in total) of the

crude g-caprolactam was hydrogenated by the above process, 500.2
15 g of the resulting g~caprolactam after hydrogenation and 0.14 g
of sodium hydroxide were charged into a 1 liter distillation
apparatus equipped with a Claisen tube, and were distilled under
a reduced pressure of about 1 mmHg, to obtain an e-caprolactam
(496.7 g). The yield thereof was 99.3%. The obtained &~
20 caprolactam was analyzed as described above. As a result, the
purity of e-caprolactamwas 99.998%, the contents of cyclohexanone
oxime, MTHI, OHP and caprenolactams were all less than the limit
of detection, the UV ray transmittances at 290 nm and 315 nm were
99.0% and 99.4%, respectively, the PM value was 1.5, the FB was
25 0.025 meq/kg, and the pH value was 5.96.
Example 2

Cyclohexanone oxime was subjected to the Beckmann

rearrangement, and the obtained crude e~caprolactam was distilled



crystallizing an E-caprol actamfrom a hydrocarbon. solution. containing a
crude e-caprolactam and allowing the crystallized E-caprolactamin contact
with 10 hydrogen in the presence of a hydrogenation catalyst 9. The process
according.to claim8. wherein said hydrocarbon solutio i ast
one hydrocarbon selected fromthe group consisting of P?%%EE&QP?E?QH%

hydr ocar bons having 6 to 12 carbon atong8 side-chain aliphatic hydrocarbons
having 15 6 to 12 carbon atons and alicyclic hydrocarbons having 6 to 12
car bon at oirs.tHd. sahe nEmoess accdraiandrt Exdmpln 8, tdhereiaisad doxudsle
E-caprolactamis prepared by allow ng cycl ohexanone oxinme in contact with a
zeol ite sd-cdhpratlalotsim havangas ppltdse. o 2B AR 0$hehprhcesstatseddi 186 bem

cl ai m 8, wherein obtained s-caprol actam contains | ess than 10 ppm of

cycl ohexar®hes Y} ohexanae truinel0 pfmrrm ©f MTHE, 4nd 248 gpm of OHP

9- oct ahydr ophenazi ne, | ess than 25 ppmoy 3-~~-nsthyl-4, S, 6,

7-t et r a~. VRFSHENAFi e, Carmnaéssishan. 30 ppm of caprenol actams. ?5 12.
The process according to claim8, wherein said crude E-caprol actam contains
at |eas$t 30 ppr-IhR QiR etudm E-5ARTRL2CEaTt (SRe ) npasi £y Sseldedednf r om

515, 930UR Shifled §80bedt Pl QYRR BRI St (B rBoRh I8 P ) 1
laim 1, j ' talli.zed F- | act basi ci.ty.of
6 35 raus T B BB YRR c BE e ST EARLS I SRR 4 O RS LEILYsRE
| 1] i is f . i
N e L A
crystal i zgid ofp 1 BAPEE QLW 18, |15 ddrapiahiid: 306 40 @oUtaR0Ghd Lo 1lha- qypcess

according to claim8, wherein said crystallized ~-caprolactamhas a free

basi cifigy ofrPs 2Dl 1Btk KIcOprbEast am wi@ wd 88 BMAGES 8haGyvH NG 110 LdBkhE,
wherein a crystallization tenperature is fromabout 10C to |l ess than the

mel ti ng podHitmofed-sapraiacifamydbhekhaaepraode sishaptand g5t g) ckal ab8ain

wherein a crystallization tenperature is from about 30C to about 60C. 4
Sept enber 2002c2prottahydraptsardzise. 2ahd)at Teastie2s pperedf was 92.63%.
3-N-nethyl -4,5, 6, 7t et rahydrobenzi m dazole. .. 13. The process according to

clai m 8, whee @htagreghrolateihineteccaprpdealtitivae s oandiaszed fasedepasiibedy of
1 nmeqg/ kg or, less, 5 or a glél value of 6.5 or |l ess. 14 . The progess
accor di ng Pt ai M2 WErditn $heapPBLSRLaNPA EEFLADEKBGCAGL PEATRasMEA  PM

val ue ﬁy |§§§ 6&5”%&%% all less than the limit of detection, the content

of caprenolactams was 91 ppm, énd the pH value was 6.27.
Then, the washed crystalline e-caprolactam (20 g) and a
hydrogenation catalyst (2% palladium/carbon beads catalyst having
a diameter of 0.6mm) (0.10 g) were charged into a 100 cc autoclave,
20 and the resulting solution was stirred under a hydrogen pressure
of 5 kg/cm® (0.5 MPa) at 120°C for 1 hour. After cooling, the
obtained crystalline e-caprolactamwas dissolved in methanol, and
the catalyst was removed by filtration. Then, the solution was
condensed. The obtained e-caprolactam solution had the VB of 4.8

25 ppm, and the PM value of 1.5.

The obtained solution of g-caprolactam was then distilled
with a distillation apparatus equipped with a Clainsen tube under

reduced pressure to obtain an e-caprolactam. The g-caprolactam



15. The process according to claim8, wherein said crystallized
8-caprolactamis allowed in contact with hydrogen 10 for 0.033 to 2 hours
or at a space velocity of 0.5 to 30 h-1.
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obtained data, i.e. the purity of €-caprolactam,” the contents of

cyclohexanone oxime, MTHI, OHP and caprenolactams, and the PM

value, are shown in the following Table 1.

Table 1.
Space Content
. Purity of PM
velocity Cyclohexa- |- Capreno-
g-caprolactam MTHI OHP value
(WHSV) none oxime lactams
5h? 99.997 % N.D.* N.D.* |N.D.* Sppm 0.6
25n™ 99.997 % N.D.* N.D.* |N.D.*| 17ppm 4.1
50h™! 99.994 % N.D.* N.D.*[N.D.* 42ppm 12.8

15 *: Less than the limit of detection.
Comparative Example 1
Cyclohexanone oxime was subjected to the Beckmann
rearrangement, and the obtained crude e-caprolactam was distilled
in the same manners as those in Example 1 to obtain a crude
20 e-caprolactam having a purity of 99.33%, which contained 451 ppm
of cyclohexanone oxime, 240 ppm of MTHI, 476 ppm of OHP, and 1524
rpm of caprenolactams according to the GC analysis.

The obtained crude ge-caprolactam was dissolved in the same

weight of water, and the solution was shaken with 2.33 times weight
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133 ppm, the content of MTHI was 211 ppm, the content of OHP was
less than the limit of detection, the content of caprenolactams
10 was 532 ppm, the UV ray transmittances at 290 nm and 315 nm were
32.4% and 52.9%, respectively, the PM value was 198, the FB was
2.5 meqa/kg, and the pH value was 8.42.
Then, a hydrogenation catalyst (2% palladium/activated
carbon catalyst) (4.0 g) was filled in a stainless steel tube
16 having an inner diameter of 6 mm. The extractede-caprolactam (110
g) was flowed in the tube reactor by an upflow mode at a rate of
about 0.34 ml/hr. while allowing a hydrogen gas to flow at a flow
rate of 6 cc/min. under a hydrogen pressure of 5 kg/cm® (0.5 MPa)
at 80°C to obtain an s-caprolactam. The obtained e-caprolactam
20 was analyzed as described above. As a result, the purity of
g-caprolactam was 99.77%, the content of cyclohexanone oxime was
157 ppm, the content of MTHI was 156 ppm, the contents of OHP and
caprenolactams were less than the limit of detection, the UV ray
transmittances at 290 nm and 315 nm were 57.5% and 67.4%,
25 respectively, and the PM value was 17.
The obtained e-caprolactam (79.3 g) was then distilled with

a200mldistillation apparatus equippedwith a Clainsen tube under

a reduced pressure of about 1 mmHg to obtain an e-caprolactam (78.3
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respectively, the PM value was 6.3, the FB was 2.0 meg/kg, and
the pH value was 9.6.
Comparative Example 2
10 - Cyclohexancne oxime was subjected to the Beckmann
rearrangement, and the obtained crude g-caprolactam was distilled
in the same manners as those in Example 1 to obtain a crude
g-caprolactam having a purity of 99.47%, which contained 314 ppm
of cyclohexanone oxime, 213 ppm of MTHI, and 176 ppm of OHP
15 according to the GC analysis.

The obtained crude s—caprblactam (55.05 g) was dissolved
in a mixed solvent of cyclohexane and n-heptane (weight ratio of
1:3) (165 g) at about 60°C, and the resulting solution was cooled
to 50°C over 10 minutes while stirring at 350 rpm, and then a slight

20 amount of e-caprolactam crystal was added to the solution, to
crystallize e-caprolactam. After stirring for 30 minutes, the
g-caprolactam crystal was collected with a centrifugal separator
maintained at 50°C. The collected e-caprolactam was washed with
the above-utilized kind of mixed solvent (27.5 g) and was dried

25 under reduced pressure, to obtain a crystalline e-caprolactam
(42.81 g). The obtained crystalline g-caprolactam was analyzed
as described above. As a result, the purity of e-caprolactam was

99.981%, the contents of cyclohexanone oxime was 3 ppm, the
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\O‘P\Q‘R\C\rg\c@g 8941.3 (105 g) at about 60°C, and the resulting solution
was cooled to 50°C over 10 minutes while stirring at 350 rpm, and
then a slight amount of e-caprolactam crystal was added to the
solution, to crystallize g-caprolactam. After stirring for 30

10 minutes, the e-caprolactam crystal was collected with a

centrifugal separator maintained at 50°C. The collected eg-

caprolactam was washed with the above-utilized kind of mixed
solvent (27.5 g) and was dried under reduced pressure, to obtain
a crystalline ge-caprolactam (28.58 g). The obtained crystalline
15 e-caprolactam was analyzed as described above. As a result, the

purity of e-caprolactam was 99.994%, the contents of cyclohexanone

oxime, MTHI and OHP were all less than the limit of detection,
the content of caprenolactams was 51 ppm, the PM value was 12,
and the FB was 0.042 meg/kg.
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hydrogen in the presence of a hydrcgenation catalyst.
2. The process according to claim 1, wherein said
hydrocarbon solution contains at least one hydrocarbon selected
10 from the group consisting of linear alivhatic hydrocarbons having
6 to 12 carbon atoms, side chain aliphatic hydrocarbons having
53 to 12 carbon atoms and ;iicyclic hydrocarbons having 6 to 12
carbon atoms.
3. The process according to claim 1, wherein obtained
15 e-caprolactam contains less than 10 ppm of cyclohexanone oxime,
less than 10 ppmof 1,2,3,4,6,7,8,9-octahydrophenazine, less than
25 ppm of 3-N-methyl-4,5,6,7-tetrahydrorenzimidazole, and less
than 30 ppm of caprenolactams.
4. The process according to claim 1, wherein said crude
20 e-caprolactam contains at least 30 ppm of caprenolactams, and at
least one impurity sslected from the group of at least 10 ppm of
cyclonexanone oxime, at least 10 ppm of 1,2,3,4,6,7,8,9~
octahydrophenazine and at least 25 pom of 3-N-methyl-4,5,6,7-

tetrahydrobenzimidazole.

]
(v 1]

5. The process according to claim 1, wherein ge-caprolactam

-

after crystallization has a free basicity of 1 megq/kg cr less,

or a pH value of 6.5 or less.

6. The process according to claim 1, wherein e-caprolactam
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15

allowing the crystallized eg-caprolactam in contact with
hydrogen in the presence of a hydrogenation catalvst,

9. The process accerding to claim 8, wherein said
hydrocarbon solution contains at least one hydrocarbon selected
from the group consisting of liﬁear aiip‘natic hydrocarbons having
6 to 12 carbon atoms, side-chain aliphatic hydrocarbons having
6 to 12 carbon atoms and alicyclic hydrocarbons having 6 to 12°
carbon atoms.

10. The process according to claim 8, wherein said crude
g-caprolactam is prepared by allowing cyclohexanons oxime‘in
contact with a zeolite solid catalyst in a gas phase.

11. The process according to claim 8, wherein obtained
g-caprolactam contains less than 10 ppm of cvclohexanone oxime,
less than 10ppomof 1,2,3,4,6,7,8,9-octahydrophenazine, less than
25 ppm of 3-N-methyl-4,5,6,7-tetranvydrobenzimidazole, and less
than 30 ppm of caprenolactams.

12. The process according to claim 8, wherein said crude
g-caprolactam contains at least 30 pom of caprenolactams, and at
least one impurity selected from the group of at least 10 ppm of

cyclohexanone oxime, at least 10 pom ¢f 1,2,3,4,6,7,8,9-
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21. The process according to claim 8, wherein a
crystallization temperature is from about 30°C to about
60°C.
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