1 : Description
PRODUCI NG [ err] - CAPROLACTAM Field of theg’ugngoﬁ
present invention relates to a process for pur u0|

s-caprolactam In particular, the present “invention rel at es to a
process for purifying and produci ng [err]- caprol act am cogrtél ng the
steps of crystallizing an [err]- cdprolactam from a soI

containing a crude [err]-caprol actam obt ai ned by any ki nds of react i on
such as the Beckmann 10 rearrangem¥crdfptGyel ohexanone oxi me and al | owi ng
t he crystallized [err]-caprolactamin contact with hydrogen in the

presence of a hyRROIESEAHOR PRADUCENG. e~-CAPRGERE&TAMUND of the | nvention
[err]-Caprolactamis an inportant conpound as an internediate 15 for the

prepar at | driedd pdl ydhe dewesnddlonas Nyl on-6, and many processes are
known to produce [err]-caprolactam For exanple, [err]- caprol actam
can be comerci ailg Pﬁ'm&)@ednﬁ?n;ﬁ&bpeeelﬁ’ges to zywiatrserfone podifying t he
Beckrrann rearrangenment in the Eresence of an acidic medium such as

f uni ng®sul ¥ |Rr°£d%q}n9—k§v\6@EF° @ﬁtém 200 padgddssilays ghawbzeksensuch that a
| ar ge armunt of, .anmmoni um sul f whi ch has a | ess added value, is
produced a<s'ETHy-H chﬁ}(?t et to’a’ procegs §°5ree’éé§ymgcﬁméamr%wm &he

b I lid
catal yst °f°§asa§fn013% SRR asing PRE PR Be B or BRLERT Lk rabdsed Sol i d
| yst h B t l.ude b
el 0 Lat 2SS e 0% syl R e B e ety ©

cat al yst S,o}ﬁﬁﬂlﬂe&% e taaly kindsol()'fd%eﬁét:i‘bﬁsEﬁchzggl the sat@hysis, etc.
Furt hernore, JP-A- 62-123167 and JP- A-63-54358 di scl ose the use of

hi gh 4Dl i ceearrangement of cyclohexanone oxime and allowing the
crystallized g-caprolactam in contact with hydrogen in the
presence of a hydrogenation catalyst.
Background of the Invention
g-Caprolactam is an important compound as an intermediate
15 for the preparation of polyamides such as Nylon-6, and many
processes are known to produce g-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 pfocess has drawbacks such that a large amount of ammonium sulfate,
which has a less added value, 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



2 netallosilicate catal ysts for the production of [err]-caprol actam

Processes for producing [err]-caprolactam which is not based on the
Beckmann rearrangenent, are al so known. For exanple, JP- A-2- 215767 .
di scl oses a process conprising the steps of cycling 5 net hyl

6-am nocaproate to obtain s-caprolactam US Patent No. 5,495, 016

di scl oses a process conprising the step 2f reacting

6- am nocapronitrile with water to obtain [err]-caprolactam and

P A 9 S04t PRSPPI O IRAAY AMRLSkAE bRBaBEeRAT of CARddditb 1 ackanf®! Y|
6- hydr oxycaproate with ammonia’in the presence o ydrogen 10 and steam
to obtain [err]-pegpted$ed @r producing e-dap¥ & atdnl WhicaPL 8! 86t ¥hsed

obt ai ned by such processes contains various inpurities. As is well
known, [ eron-tagprRsciowannm ircarsetigement, axer absoakebival. fEsr tdeanplpar ati on
of polyam de, and [err]-caprol actam used to prepare pol yam de, which
is in tur A1 proddésclesessyprhcess dammrissiorg thensepssofempilriedy t o
have hi gh purii t]}/. Thus, the crude [err]-caprol actam prepared by the
above pProdeaEey! | & apinqcaproateytiof obiady eackpuslpatahi cés i Batert MNols, and

h he hj ' . - I [ I '
For product Py Hdtacloded & siekeds) FoRBis 1ibshe SEep, pRaroagbing
As the puré_fica}'gion net.hods, many nethods are known as fol | ows;
Distilling & crodeq ety -rcéﬁr 8‘11% ST %f’? Pg’téﬁpaFﬁ%%lpB?/laCtam'r e angi ng

cycl ohexanggen .oxd | Dy lfldr 1 i ;rqu Y. tifyi t hod
(APPL| ED O?GAN%l%ﬁEeraSl%%tés%ggéc%ﬁ%%ub |njfsb;9el%y m%s thﬁysﬁ'%%\fg _ I N
in 1989); methyl 6-hydrBk§eab¥bAfe &iGHl li: ' e
sol vent sun(l:% ! ag irol gen% or %Ii %hgﬁéﬁ%nﬁrﬁgﬂégﬂnﬁ%{/gﬁ%ﬂ%ﬁ%

[err]-10apraid@cétddm to obtain e-caprolactam.
However, g-caprolactam obtained by such processes contains
various impurities. As is well known, s-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
16 synthetic fibers or films, is required to have high purity. Thus,
the crude g-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 g-caprolactam which is obtained by'
rearranging cyclohexanone oxime in a sulfuric acid medium by a
rectifying method (APPLIED ORGANIC CHEMISTRY, page 244 (published

25 by TOKYO KAGAKU DOJIN in 1989);

Dissolving a crude e-caprolactam in an organic solvent such
as toluene or dimethyl formamide, and crystallizing e~caprolactam

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



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

3 M xing a crude [err]-caprolactamw th a hydrocarbon and water,
s€parating the mxture, and extracting the [err]-caprolactamwth

wat er (JP-B-36-14119, JP-A-5-294925, etc.); | on exchangi ng a
crude [err]-caprolactam 5 Allowing a crude [err]-caprolactamin
contact with hydrogen at a tenperature of from100[err]C to 200[err]C
in the presence of a hydr ogenati on catal yst (JP-A-7-109255).

However with t heMPk'{ﬂ%' cat|,an éméggﬁ% 151 Bh St IHy @@ bon and water,

crystallization, % “6n"or ange Impurities having 10 simlar

chem cal %éﬁgfétfﬁ t@n% heser e | &fdd -SARHIAHAPHY eb¥aprolacRiRONEED
s

havi ng boi poi n ose to that of s-caprolactam cannot be renoved
suffici entwhé{terl NJPaB+ 364l 4119 carpAHEIR dPATg etc. ) ;a similar chenical
structure to that of [err]-caprol actam and havi ng one car bon-carbon
doubl e bond i n arsnl ecdhengdng e asrdde3 e4caprolacthair ahydr oazepi n- 2- on,
1,5,6,7-tetrahydroazepi n-2-on, and the | i ke (hereinafter, generally
referred to as "Bhboehmd;aactcamslé) ge-capradauicm bs cenvyeld widhdhyhgeogen at

deteriorate the quality of g capr o] act am According to
t he observat FemPeratpeerete ¥%e%OQ)fC the 20 C gredditt BrRFeRCE 8 @t has

been found that the caprenol acta ev y deteriorate the quality of
s- capr ol acP&ﬁFogﬁneBﬁ‘B‘ge?%tafySt nﬁh%’?'&tﬂﬁ at, when an

[err]-caprol act .ag' ﬁggtﬁ%g@{{a}gg:gﬁo%% 391(9 on metﬂ%dr@ﬁ %fs &fgt?.llatlon,

caprenol act ans i er|a produci ng pol'y

various pr gggggﬁl YafibRe: eJ@P&g{P&?’of tlor?%xdh%n@%ce§ﬁﬁﬁ¥1EQe§Ulfxéirfhént ly

renmove the capreno actams from err]-caprol actamin order to

obtai ny@an Eepk ] 2¢aRhehaeLaMpPENLPG: 8 Oy those of s-caprolactam or by-
products having boiling points close to that of s—capfolactam
cannot be removed sufficiently. In particular, compounds having
a similar chemical structure to that of e-caprolactam and having
one carbon-carbon double bond in a molécule, such as 1,3,4,5-
15 tetrahydroazepin-2-on, 1,5,6,7-tetrahydroazepin-2-on, and the
like (hereinafter, generally referred to as “caprenolactams”)
cannot be removed, and thus deteriorate the quality of &-
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 e-caprolactam. In concrete,
it is found that, when an gs-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 g-caprolactam having high
qualities from the industrial point of view.

The present inventors have also found that the hydrogenation



qualities fromthe industrial point of view The present

i nventors have al so found that the hydrogenation

4 process is a very advantageous process since the caprenol actans
are hydrogenated and converted to [err]-caprolactamand a crude [err]-
caprol actam can be sinultaneously purified, and furthernore the

caprenol actans are effectively utilizedg However, in the 5 hydrogenation
process, not only the caprenol actanms but al so by- product s ot her than

the capr ewﬁémspér%%f%%ﬁﬂﬁ&&ﬁshgrﬁc %dr 90£08 N JAEHARC R4S,

much | oadi'ng tends to ut on ydrogenation catal yst. Therefore,

the reactign Eiwldbﬂgeé?féyced andd%%h%§%§g [ﬁedslé‘fpféié‘c’égm they AU ¢-s

shortened. In consequence, a cru err]-caprol actam cannot be
econoni caldapridleaiteth can béosimultigedusyy wiuth fike, hynd ofjerttie Mo iy atRss.
As expl ai ned above, the conventional purification nethods such as

di still at icaprextoisdctidns atricor f fextigelyontildnedxclitowgsier, in the
hydrogenation, etc. are not always satisfactory to obtain an 15

[ err] - baprirdagenafahdmpracassdusoti ahlly thguicepdepatiacyamanentt abso

easi ness of process operation and costs are_taken into account.

SUMVARY ANEY GBI oo thigr (teanthencaprenolactangepprbieiPatavent B8 have

made extensive researches w th t he object of. providjng a_process for
i, e Trd e e i85 - L De M R e B B on
uality by_renovjng by- . roducts froma _cr errl-capr ct.ami.p an
gf fici gnt ygh%r@éfﬁ%rﬁ%écllon Cagalgy.sgAs.ngerrees%lrte,’U?SeL]é%a%%%?\rPfegéu%& JTet'nnaclt such
an [err] ‘.C&‘é’éxoéf%s’"mand tl’fé?_rliqee aht %’%.e@a@élgsﬁpﬁg' EESrEQHQaDat N of
purification nethods. he present i nvention has been acconplished on

the baﬁ)es 9&n§é@1er‘?§e, ﬁb@f’lﬁié L:Dgém}.actam cannot be economically treated
| for a long time with the hydrogenation process.

As explained above, the conventional purification methods
such as distillation, crystallization, extraction, ion exchange,
hydrogenation, etc. are not always satisfactory 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 ge-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
25 above findings.
Accordingly, the present invention provides a process for
purifying e-caprolactam comprising the steps of:

crystallizing an e-caprolactam from a hydrocarbon solution



Accordingly, the present invention provides a process for purifying

[err]-caprol actam conprising the steps of: crystallizing an
[err]-caprolactam from a hydrocarbon sol ution

5 containing a crude [err]-caprolactam and al l owi ng the
crystallized [err]-caprolactamin contact with hydrogen in the
presence of a hydrogenation catalyst. 5 Furthernore, the present

i nvention provides a process for 5 producing [err]-caprol actam conpri sing

the steps®htaining a crudelySé&btdZdAhmN Li&ir]-caprolactamfrom a
hydr ocar bon sol ution containing a crude [err]-caprolactam and

al | owi ng the crydtiaWingedhkeer]seaplokagt @radprexiimst W tdontact dnogen
in the presence of a hydrogenation catalyst. 10 DETAILED DESCRI PTI ON OF

THE | NVENflydqogen in the praseheepofsenhydnogenaoion acatghysiual ity
[err]-caprol actam can be obtained by crystallizing an

[ err]-caprol act AMTEREHFMR TRy dElee AurFent invesitionoprevhdeas ri pyoaessuber
[err]-caprolactam and then allow ng the crystallized

[err] - 2apPEPLCARTi A~ EBR¥AEAC TR HCIRRIFotjery i tthe tepis ofsr esence of a

hydr ogenati on catal s& .. A nmethod for the preparation_of a crude
[err]-caprol act é;rﬁfi%a lizipgian gRreRROL ACEAR fHQIs 8rtydsRaartiasmsotreion

advant age . rqcess of the present invention are remarkabl e when
a crude %O%ft[atelgﬁflgcgpf:gf@&%ﬁ?m ‘?Qanbbt%%ed by the gas phase Becknann

20 rear rangement ;e (RLESENCE, 011 A,ACELLLS Lupe Satal yat such as,

netallosilicate or e presence of Silica I'ss

i puri ti ehydiroljen chudBe] prekefar ok agt RilrS4&Ha 0t YA RN18)GNONe oXi e,
caprenol actans, 1,2, 3,4,6,7,8,9-octahydrophenazi ne (hereinafter,

referied DETAILECHPESCRIPTI-ON ot MHE 4NIENTEON

In the present invention, a high quality e-caprolactam can
be obtained by crystallizing an e-caprolactam from a hydrocarbon
solution containing a crude g-caprolactam, and then allowing the
crystallized g-caprolactam in contact with hydrogen in the

186 presence of a hydrogenation catalyst.

A method for the preparation of a crude g-caprolactam is
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 crude e-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 tetrahydrobenzimidazole (herein after, referred to as "MTHI", can
be sufficiently removed with the process of the present invention.
That is, when an e-caprolactam is produced by combining the process

of the present invention with the gas phase Beckmann rearrangement



25 tetrahydrobenzi m dazole (hereinafter, referred to as "MIH ", can

be sufficiently renoved with the process of the present invention.

That is, when an [err]-caprolactamis produced by conbining the process

of the present invention with the gas phase Beckmann rearrangenent

6" using a zeolite type catalyst, a high quality [err]-caprol actam can
effectively be obtained at a |ow cost. 6 When a reaction m xture
cont ai ni ng s-caprol actam which is obt ai ned by the gas phase Beckmann
rearrangenging!sd @od iZ@0kibe cabalyPe, GtBlghshublivges Ao BN Ge o 2
crude [err]-caprolactamin conduct i ng t'he ‘proceSs of ‘the present

i nvent i on,effectivaley [y rdbtained @apmollaet @pstay sonetimes contain a

sol vent such as al cohol in addition to the above inpurities. Thus, it
is preferabl e tdihen a peekitibnanikyure dirtainiey eachpool atXadrwhth drs t 0
10 crystallization, if necessary The crystallization in the
process ofobwfﬁﬁ%ﬁnﬁh?mmh@ﬁe Beckngnprsfagirapigereats hedngua aesiligen
hydrocarbon solvent haV|ng | ow polarity. When water or an organic
sol vent® haWRRy Gt gt is Ugﬁﬁdaralstyl seugsedoL] ar erudapsutarreladtanigsol ved
in such a sol entang ]t%e and t hus the yield of [err]-caprolactamtends to

decr ease. FRAESSS 9T thier PregePRtt dnVeRbier/ [ BRe] CEUBe act am
di ssol ved £ of t e solvents .used in
the cr ystaéf%féatl ctam 1B/ Wletines con F‘ﬁ%% g‘? AT i a""roc"‘lalr"bo(ﬂ?sl H&Vi ng
6 to 12 caidpent A0k tred aH hat \r 291@5 & to 12
car bon at ons, alicycli (?d)%yg'?%ggrlgong hai\‘/k?“}]%ygt?gla% car %?a‘# ar%gom; etc.
Specific prelﬂ%ﬂiﬁﬁﬂsy ofisguah selverbetiBal Hdethiaegrigliphatic

hydr ocar bons such as hexane, heptane, octane, nonane and decane

si de- dai ncrystallization, if necessary.
The crystallization in the process of the present invention
is preferably carried out using a hydrocarbon solvent having a
low polarity. When water or an organic solvent having a high
polar.ity is used, es-caprolactam is dissolved in such a solvent,
16 and thus the yieid of e-caprolactam tends to decrease. 1In this
case, it is difficult to recover s-caprolactam dissolved in the
solvent. |
Examples of the solvents used in the crystallization step
include linear aliphatic hydrocarbons having 6 to 12 carbon atoms,
20 side-chain aliphatic hydrocarbons having 6 to 12 carbon atoms,
alicyclic hydrocarbons having 6 to 12 carbon atoms, etc. Specific
examples of such solvents include linear aliphatic hydrocarbons
such as hexane, heptane, octane, nonane and decane; side-chain
aliphatic hydrocarbons such as methylhexane, isooctane and
25 neohexane; andalicyclic 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



al i phati c hydrocarbons such as net hyl hexane, isooctane and 25 neohexane;
and alicyclic hydrocarbons such as nethyl cycl opent ane, cycl ohexane and
met hyl cycl ohexane. Anong them cycl ohexane, hept ane and i sooctane are
preferable. These solvents nmay be used singly or in adm xture of two
or nore of them An aromatic

7 hydr ocar bon such as benzene, tol uene and xyl ene may be utilized

in a small anmount together with the above solvents as |long as the

renoval of hyligob a6 td186h 1a% _B@hzbﬂb?r&@l@éne and xylene AByaBBUREi Dfzéde
sol vent used for crystallization is from 5 about 0.5 to about 5 parts by

wei ght, pr ¢fex almay 1f amouabatdgel-Her with ehewbdvgabllsehy sves gliing Baseige on
one part by weight of [err]- caprol actam Even when the anount of

sol vent exremdwval hef aboweimpurituipgperid imdtt  inteerfomest.al | i zi ng effects are
not inproved in proportion to the increased anount of solvent, and
costs to recoverdniguouie ofolthensolnentaseed frercnyiséadddantioh $sl feom is
too smal |, the inpurities may not sufficiently be renoved.

Exanpl €5 ofPPRE Cet HedabeyE erRattas k2 adohér rprefprahhytiham aboutndl tele a
met hod conprising the steps of mixing a crude [err]- caprolactamw th
the above €BPYENt RRTFR PRSIt akRIakPEHT RRELLDY tWed IRtk OFr 8- whi | e

ompr | & ngCPRESSRERATL T b Rl ERR RN BE B amemefli Ehe Shoe
above sol vegheyhi L ; pie ﬁ@%rﬁ%fﬂ%r@’%{%ﬂn$%hxteh%o Oleil’ g%%ved inunder

reduced pressure to cool the ure w eat t and

preci pi t at gragpoleish teaH Ok act-alk el etdodnt 8P4otRenk! kg ¥WEbPs %léfpecg@r%s a

crystallization, alnost all the inmpurities (except caprenol acta
cont ai red theassIulet [@idder oashaths adhdenh€Xeldadent ist Bobhsnspl yvent.

After crystallization, the obtained crystal is
the impurities may not sufficiently be removed.
Examples of the methods for crystallizing s-caprolactam
include a method comprising the steps of mixing a crude e-
caprolactam with the above solvent while heating, and then cooling
15 themixturewhile stirring toprecipitate ane-caprolactamcrystal,
a method comprising the steps of mixing a crude e-caprolactam with
the above solvent while heating, and then evaporating the sélvent
under reduced pressure to cool the mixture with latent heat thereof
- and precipitate an e-caprolactam crystal, and the 1ike. With such
20 a crystallization, almost all the impurities (except
capreno'lactams) 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.



separated fromthe solvent by a suitable nethod such as filtration,
sedi nentation, etc. Optionally, the obtained crystal may be 25 washed

wi th the above sol vent. A crystallization tenperature nay be -
fromabout 10[err]C to | ess than the nelting point of

[err]-caprol actam preferably from about 30[err]C to about 60[err]C,
nore preferably fromabout 40[err]C to @out 60[err]C

8 In the process of the present invention, an [err]-caprol actam
is first obtainerth hechystakki gattd prandihenveRe i6hyShaldiZfolactam
[err]-caprol actam shydrogenated. It is preferable that the contents

of the inpis ifiines sbthiasdcyy| ahestaidrie arpdiong, akfiHthandt KR mrstal 15 zed
decreased to specific anbunts or less after the crystallization. Such

cont ent s cf-cappwliacites hmpyleogapatsd ed iyl s pirederhdiieciiat the corftdrite
crude s-caprol actam obtained after crystallization, since
cycl ohexarfh&skilmPurifies epph as cycohearasione ompmend¥THT tand OHP are

preferable ,to %’gsr%%é the crude [err]-caprolactamw th crystallization 10
so thaf tfEFH PcFPFC heF STOUNS SHRE st a ftsrabbaitcty shed/Mgation . or

| ess, nor ef erabl y about 0. 25 neg/k rr less. The contents . of the

i npuriti egs"%arf/ Cﬁn?o%r%ces Sgg%léegéht’o@gd“aghg\?a%@r&ﬁSﬁﬁebzr%d’féfee basicity
err]-capr a r lLe, .when crystallization of [err]- )

E:aprz)l acf aér)né i%gltecg}fl]éggtee_?é%grgéﬁgﬁagno %%h%gﬁﬁﬁracg%fE?Jrj{uhz%%%%ﬁ'né&ncﬁ by
di ssol vin ; st } e -C t i .Qf
titer, wnerarihekationd Sy A1 7 Whe PELE: (AR B ARLBonll. 12 48

H val ) S { dt A allized
a pH val e e fermle k8Ssurifiethem® e%de 2 vlleatdy% kftl;lecz%vsg%q_ll%rzﬁé%h 1z¢€

[err]-caprol actam can be readily an
subsed@entsdydradgehat £ oee Haaqi diaypeherderai NidieredBedital abyut 1 meq/kg

[err]-caprol actam [err]-Caprol actam after crystallization may
contai n a &akelss, more preferably about 0.25 meqg/kg or less. The contents
of the impurities may also be expressed by a pH value of the crude
g-caprolactam. For example, when crystallization of &-
' caprolactam is conducted to such an extent that a solution obtained
16 by dissolving 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 remainiﬁg 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,



amount of a solvent used in the crystallization step. The anount of
the remai ning solvent is preferably about 10 % by wei ght or | ess based
on [err]-caprolactam 25 To achi eve the above degree of the renoval
of inpurities by crystallization, a kind and an anount of a sol vent
used, and crystallization conditions such as a tenperature are
properly sel ected. Such conditions gan be set by prelimnary
experinments, 9 . and the

like. The gryst@é|1iid@l. ofhkScipskadl Vi LA idred sOUbu8NEy Married HULE ohieNBS,
while it is recommended to repeat the crystallization two or nore

ti mes whenmbhe tcimeks WRALE- CBAKOr écdmiiended itoete @it aihdScrystabdliaagton
anount of inpurities. 5 After crystallization, [err]-caprolactamis

subj ect ed tRoaor morestthmegurenén il egadat i-atapfsiadtaiaptalaeedncdntbens
hydr ogenat ed preferably has a free basicity of 1 neq/kg or less, nore
pref erabl ya large. agowel/ &§, impunitpkesal ue of 6.5 or less, which is
nmeasured as descri bed above. Bysubjecting such a

crystallizeds- capEbkaccapstadlizatidre ydepyodaciten, isheubirceads tof a
inmpurities in [err]-caprol actam can be_decreased to |l ess than 10 ppm
of cycl ohegdh&REUBREBYdraggnation hgnCapraparbrm P, Le ¥AEPEeRPEEdpm of

MIHI , d | h 0 f | ) Th
v bganat PERCEEADYE Tas 71 kiR St TP ot BREY BT Le8s, MsresatoTpprbly

| e, l¥st, It t YL .
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a carrier Ql% griﬁghié@é\%ﬂ. ca j Lli'ﬂ 8uch a cr éjcéff‘lzédga LBro® Etam
maybe used. Rnnng them an e83§ﬂ£V$Jty6£ su%ported cata?ygt m% C
carri esp pakbagh s MydrRRna®iold! +19¢licditefls FNInPLBSL 1BBLA eSEEPrasabtahi NUM
or rutheniumon the carrier
can be decreased to less than 10 ppm of cyclohexanone oxime, less
than 10 ppm of OHP, less than 25 ppm of MTHI, and less than 30
ppm of caprenoclactams.
The hydrogenation can be carried out by a conventional
16 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



surface are preferable in viewof its catalytic activity or its life

span. When the supported catalyst is used, the anount of a netal

catal yst to be supported is preferably fromabout 0.1 % to about 20 %
by weight, nore preferably fromabout 0.5 %to about 25 5 %by weight, in
terms of the weight of a nmetal, based on the wei ght of the supported
catalyst. In the case of an eggshell type one, the amobunt of a
co-supported nmetal such as platinum or rutheniumis preferably from
about 0 tcorabhd weidHty ofeitlet shgpedted catalyst.

10 on the wei ght of the supported catal yst. In the

hydr ogenati on stlaptheahedrogemat bomatiep,sehzentormmn organdpt soedhiy nag
used. The crystal of [err]-caprol actam obtained from t he

cryst al | i zntiomsltlep beaysednt dire acyetldl arfosntapfo baceamidsbtyined @nmvent
which is used in the crystallization step. The remaining sol vent may
opti onal | R CrERB LY BRE BN 1St e VPG gdmag iseiall amounpaf a remlaieving s

used in the h‘ydro ﬁnaltqi on st%p, iﬁqﬁs}houl d be, . Separated to col | ect
[err]- apr%‘?lacﬁrhtng 1Ch 1s used in theneryghr bibrakiom sdepp, Ebe semaiadngm in
a nelt st Supplii ed together, with hydrogen tqQ a catal yst
| ayer in o?lc‘ﬁejrfoc n{g%%lé)%ﬁ;]lp %@rléfl g@t 5%\'%’¥eﬂy8?:68’éng?eage hygrogenatl‘%?-
reaction rgpglg, bat.c 0¢es [ QUOUS _pProcess . Qr. fixed
bed pr ocestr RS R asr DB Ene Sh MBI SR R0 s el Petmay

be an upf Q. c,t_g)v\naof hQwe QL g fopnterflow. 15 In an industrial
e be& :

production, the fix process Ts preferable fromthe viewoint of
operability and GP¥He hydrogenatiof 5€& ;'%éﬁ{gﬁ’:{cﬁ; & 9
hydr ogenati on step usi ngy nog sol ven? is at |east #Le m% Hénéc S(J)Ciar?te of

[ er r] 10apmu wbeampririeietap yher withriopdmhmnt t3Q eathCyse 12wt idSBlienr | C
since [err]-caprol actam shoul d be
g-caprolactam is hydrogenated.

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.

16 In an industrial production, the fixed bed process is preferable
from the viewpoint of operability and costs.

A reaction temperature in the hydrogenation step using no
solvent is at least the melting point of e-caprolactam, preferably
from about 70°C to about 150°C, since s—capro_lactam 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 g-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



20 nelted. Wen a solvent is used, a reaction tenperature nmay be at
| east a tenperature at which [err]-caprolactamis dissolved in the

sol vent . When [err]-caprolactamis continuously hydrogenat ed,

t he catalytic activity of a catalyst gradually tends to decrease as
25 the time passes. Thus, it is preferable to increase a reaction
tenperature as the catalytic activity decreases to nmaintain the

catalytis activity at a certain level, so as to stabilize the qual ity
of produceddrirdeC2Bk8! @Héaf@aéﬂdrh't%mﬁkzrrﬁ(%%%e it tBe initial stage of
preferred that the reaction tenperature in the initial stage of t he

reacti on ithd elealdtiehyikoreld 01 vekpipiwg, foiroaxahplit, 70feat rgddduto 70°C tabout
80[err]C, and then the reaction is continuously carried out while
gr adual | y abwarte@sf 0g anklecherathe areatctriper g goatinBously carrA edeaet wbi le

pressure in the hydrogenation step is not limted, and is usually from
about 0.5 gmadhisduity 0@ Hegisin® Chboueadtdsnt bemperabyvet 10 MPa), preferably
fromabout 2 to about 10 kg/cnferr] (about 0.2 to about 1 MPa).

The anBunt of hyHFeRehioMREERSEARA 15etlr §§6‘F9§Gnﬁﬁlt’ﬁe§t@§l }s npf liggited,
[err]- caprol ctam no suff|C|e to h ry]-caprol act

An anount 3¥ H}fdiuéb‘éil é’a&r?%rak?ﬂ}ld:r génﬁﬁ 69913%4{/ (%?CI’O é)S‘tOSato t he

equi nol ar nt, t the ca ctans o ndln err poI ctam
In general? ucelfgngluﬁt) ’o?rﬁé%ﬁ: ga& ﬁgﬁ eSaJ?O albouty s{(géﬁguta(a%

nol e, prefer Dq{ﬁ b 0.01 to about 0.25 15 nole, per 1 nole of
[err] - capr%zggcl[%n%k{ Zlg&rﬁaédct ed hydrogen gas may be recycl ed.

Wien the reacti of,dmd@unt éffkh{cﬁ% RHQERSSan HbSRAGSo1ved YR!GE e WHSV
of the utilized [err]-caprolactamis usually from about

10 of e-caprolactam, is not sufficient to hydrogenate g-caprolactam.
An amount of h_ydrogen gas for hydrogenation is preferably at least
the equimolar amount to the caprenolactams obtained in e-
caprolactam. In general, the amount of hydrogen gas may be at
least about 0.001 mole, preferably from about 0.01 to about 0.25

15 mole, per 1 mole of ge-caprolactam. The unreacted hydrogen gas may

be recycled.
When the reaction mode is a 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.



0.5 to about 100 h[err], preferably fromabout 0.5 to 30 h[err], nore 20

preferably fromabout 1 to about 10 h[err]. And-a period of
contact tine of s-caprolactamand a catal yst is preferably in the
range of 0.033 to 2 hours. It is noted that a space velocity WHSV can
be defined as the foll ow ng equation; VWHSV (h[err])=[a weight of the
s-caprolactamfed into catalyst 25 (Kdgh) ]/[a weight of catalyst (kg)].
The life of a catal yst may depend on the raw material, reaction
conditions, etcarl@rt Iﬂﬁe hydrB&é’ﬁ§§§oﬁ’f §ReHARMan &‘é?nbleoaast*ﬂﬁlbdfe of
the catal yst can e prolonged to one yéar or |onger. .

12 if neéésearyhe Theddagehal abbon [ean remapeotiae trasmaimyi rike sdilsenkl| ed,
if necessary. The distillation can renove the remaining sol vent whi ch

is used i whilvh disystsald irathencsyepalhhziathen|step, and the likgcording to
the process of the present invention, [err]- 5 caprol actam contai ning
| ess than 10 ppRagrcyiogoiexahenprozeas, of the|psssentan méeppionf sSHP, | ess

t han 25 ppm of MIH, and | ess than 30 ppm (preferably | ess than 25
ppn) of c&ﬁ@éﬁé{aé?&taﬂ‘rrﬁioeféﬁlﬁéng leS%mnnéa ppm of CYClOWﬁ‘%%B%‘&%v um
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while it igqassIPle in t he present i nvention to obtain high-quali ty
s-caprol actam having a PMval ue of |less 15 than about 7.

According to theHi0eepstising gymeaaddterhhon, (bhevalue) GiyThiseat bgn of
si npl e steps such as crystallization and
10 an indicator which indicates the amount of impurities remaining
in g—-caprolactam, an e-caprolactam usually obtained by the process
of the present invention can be evaluated to have a PM value of
less than about 10, while it is possible in the present invention
to obtain high-quality a-—caproléctam having a PM value of less
15 than about 7.

According to the process of the present invention, the
coﬁbination of simple steps such as crystallization and |
hydrogenation can effectively remox}e by-products from a crude
g-caprolactam at low costs, and provides a high quality e-

20 caprolactam, which can be used as a raw material of the industrial
' production of polyamide, that is, an e-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.
26 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



hydr ogenati on can effectively renove by-products froma crude
[err]-caprolactamat | ow costs, and provides a high quality [err]- 20
caprol actam which can be used as a raw material of the industrial
production of polyamde, that is, an [err]-caprolactam containing |ess

than 10 ppm of cycl ohexanone oxinme, |ess than 10 ppmof OHP, |ess t han
25 ppm of MIH, and less than 30 ppm (pteferably | ess than 25 ppm of
caprenol actuns. 25 The process of the present invention can attain
a higher in thd dlydimfgdriat iproditep,t had canveptbobagsmehbBods Fenowhtsl
distillation or crystallization is repeated. In addition, the process
of the prleSWBHIi on puts a |less |oading on a catal yst

13 in the hydrogenation step, and thus prolongs the life of the

cat al yst . EXAMP I\/PLES The present invention is illustrated by

thefollovmng %1 npl es, which do not |limt the scope of the invention
in any e present 1W@%P%%§nélﬁfﬁé§ﬁﬁéﬁénby fhs Geddowhngxanpl es
to eval uat

th tained [err]-caprol actam
Puri ty 2of E[e}%af?ﬁl%sape&qé:?’tgrﬂ BR& tcLb gn{: o?c?%u?ft%fé% frh‘é?rétHan T any

The purit cg [err]-caprolactam and the contents of inpurities in
[err] - capro act am wer eneasuredwi t h gas chromat ography. The limt of
detection of inpyd FLESoWRS C;n&%rﬂ S anc
[err]-Caprol actam (1. 1309 a/a gse(r)[\e\%c w%s\}\l/asté\eériﬁ%xtan%q ?0%193’?1‘1 B the
sol uti on, @l qhen @ dd YIS %@ﬁslheeoygéaﬁp&éewfgl on of W ray
havi ng a wavel ength of 290 nm or nm was neasure
= iti in
10 The purity of g-caprolactam and the contents of impurities

ine-caprolactam were measured with gas chromatography. The limit

of detection of impurities was 3 ppm.
UV ray transmittance
e-Caprolactam (1.13 g) was dissolved in water to make 10
156 ml of the solution, énd 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.
v M v
g-Caprolactam (1 g) was dissolved in distilled water to make
20 100ml of the solution. To thissolution, 2 0.01 N aqueous 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
26 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



using water as a reference sol ution. Pot assi um per manganat e

val ue (PM val ue) [err]-Caprolactam (1 g) was dissolved in
distilled water to nake 20 100 m of the solution. To this solution, a
0.01 N aqueous sol ution of potassi um pernmanganate (2 m) was added and
the resulting solution was well stirred. After 250 seconds fromthe
addi tion of the solution of potassildm per manganate, the absorbance of
t he solution with a [ight having a wavel ength of 420 nm was neasured

25 at a sohUiva®BlbAHPRI 8EUAL00AM 2Pd & hddsured. Separately, a solution
consisting of distilled water and t he aqueous sol ution of potassium

per manganat e was Theepbsetbasce of the efanarion oF pbitassanfl pbemahganbaace
thereof with |ight having 14

a wavel engwhsdutXaatrediisomthstabrbance of the sBiaitaksns bareepoblabean,

sol ution of potassium pernmanganat e was subtracted from theabsor banceof
the sol uti @adofthfepbfasaprovattanyas multipl tdd btldhdw wiitee nethe
multiplied by 100 to obtain the 5 potassium permnganate (PM val ue of
the [er?] - PRSPSFAETaReIManganate (PMeevakiit 9 f yte@ycaprolactam.pH of
distilled water s adjusted t 7 by the addition of 0.01 N sulfuric
acid or 0.01 N a f oxi de. To such distilled water (10

m dde I
Col it on was ot s PROGETMAEOOH ed e 03500 0o 18 S B BR pigaion
measur ed. L Hhepi é@?f@&c I@hg}r . bEalQ gqgeo&’s Oélodlum hlg}g"}uérelgelbc gid

was added to the solution unti eac € basiCity

(meq/ kg) wagchad £ai £ Bk E/JE\?% be ﬁ&'[f'?u“ Cprfg,ac‘%%umbc(ﬂ’ 1'61 21) Qja%?gée&l

sulfuric acid, the facto ) aci d
of theifer lahdcﬂpé aleaolatingtdsd Iwvatihn Wasetirred. Then, pH of _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 0.0l N sulfuric acid, the factor (f) of sulfuric
15 acid, and the weight (w: g) of the e-—capfolactam utilized, based
on the following equation:
FB (meq/kg) = (0.01 x v(ml) x f x 1000)/w(qg)
pH value
PH of distilled wate; was adjusted to 5.7 by the addition
20 of a dilute sulfuric acid or a dlilute aqueous sodium hydroxide.
To such distilled water (1 ml), s-caprolactam (0.25 g) was added
and the resulting solution was stirred. Then, pH of the resulting
solution was measured.
Volatile ] it (VB)
25 e-Caprolactam (about 5 g) 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



on the follow ng equation: FB (nmeg/kg) = (0.01 x v(m) x f Xx
1000) /W g) pH val ue pH of distilled water was
adjusted to 5.7 by the addition 20 of a dilute sulfuric acid or a dilute
aqueous sodi um hydr oxi de. To such distilled water (1 m),
[err]-caprolactam (0. 25 g) was added and the resulting solution was
stirred. Then, pH of the resulting 1sol uti on was neasured.

Vol atile basicity (VB) 25 [err]-Caprol actam (about 5 g) and a 20 %

aqueous  soghehin s 0t>_<r&e£ie‘effluer(t8 z@a)ch‘é%f qsehanged in a distillation flask,
and then were steamdistill The effluent therefromwas i nt roduced

ina 0.01 l\insexlcimfame"tp%l(&lr&rﬂ waslRetehstil h@th%\ Weg1 Ler
when t he amount of the

ef fl uent rsadhed hsroxdide using a mixtlhe @bhaithgd sed lah'llcbiﬁeﬂﬁ§léhéflﬂhﬁ-§i
with a 0.01 N aqueous sodi um hydroxi de using a m xture of nethyl red
and net hyl @peam| irdicatoms an i ndi cator. 5 A volatile basicity VB
(ppm was cal cul ated fromthe above obtained titer B (m), atiter A
(m) i® a blank Rexlatdilegbasicity VEerlppungapas|catauhated &cbwr thé abasfe t he
utilized 0.01 N agueous sodium hydr oxi de_and t he wei ght of the

[err]- capr?}PB‘H% u’i’r‘{‘ql’zeﬁj (g )tlter Ap4BéY bR 2 Heldwk Réhgrsinmtrion:

10 ca&{)%r%%%ql X (B-ALx f  x 10001/ W SV\% . Exarml e

1 uf fiasd@a 4 e)r Orfe%wr idd@eddOwpt A adnegns sadism

ool o A LIRS B e B TE ca (TP
based on the follow1ng equation:

10 VB (ppm) = [0.17 x (B-A) x f' x 1000]/w'(g)

Example 1-

Into a fluidized layer reactor packed with a high silica
zeolite catalyst, a liquid mixture of cyclohexanone oxime,
methanol and water (weight ratio of 1:1.8:0.052) was introduced

15 together with anitrogen gas through a vaporizer, and was subjected
to a Beckmann rearrangement under the conditions of a reaction
temperature of 380°C and a retention time of 8 seconds. .The
reaétion 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 g-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,



15 together with a nitrogen gas through a vaporizer, and was subjected
to a Beckmann rearrangenent under the conditions of a reaction
tenperature of 380[err]C and a retention tine of 8 seconds. The
reaction gas was cool ed and trapped to obtain a reaction m xture

containing an [err]-caprolactam 20 This reaction m xture was
distilled to renove nethanol, | ow-b®i ling inpurities and high-boiling
inpurities to obtain a crude [err]-caprolactam having a purity of

98. 97% WHAN @ By b 1ing & “epRh Of e GydlrefignganonigenXian®] i Y aponinaf
MIHI, and 355 ppm o OHP according to GC analysis. 25 Into a
200 liter gegcddproldie abtaysesll aagdridet tdthrpoldcidaines a seed teystal.
distillation (31.28 kg), and a m xed sol vent of cycl ohexane and

n- hept ane Thweimghttura: Wesostireed (2 GO kgpukese vhar ged]lednid 50°C waes
heated to 70[err]C to dissolve [err]-caprolactamin the solvent,

16 f Gl howad BRdcéds iStd aredbapsT anether |30 SinutiesytoMreCiRL tatgypn
anount of e-caprolactamcrystal was added to the solution as a seed
crystab. &-capTRdagitRiur eIhRPEIGIRIdep tast 83Gaﬁifﬁ&@€§ammﬁ§3f§*ééle‘da§o

SO[err] C over and was stirred fo [

preci pi t atevened i’-yc%‘rl&-lr&&lgﬁ‘n’ aRfleWap e@?ﬁf‘?@t Te% {Bag#j

crystal V. S t err]C
ry Wabhove- uélefi & gt ¥> d&g&‘é&i;g%nggﬁ\}ggt% 1{@19%%‘3& QW 15‘0% ]

with the above- 1ze escri’bed

above, to o%tgsgtngg/o cByStap if‘r&é' U€a %ila | ne%@?&frﬂ%profﬁe@eld s

yi el d was farned ¢ yst a err actam was

anal yzed agg  d0, @ﬁ%CBbIESQILnQQ()E?gstQ‘?lﬁné estldnrdin i Wa¥ @halyzed as
[err]-caprol act am was % the contents of cycl ohexanoné oxi ne,

MIH  apd QEsyeied abovd.| hess tBaflthethé mblir Dy def aslda@rollte agorkent of
caprenol act ans was 133 ppm the W ray transmttances at 290 nm and
315 nm wer®2.98%, the contents of cyclohexanone oxime, MTHI and CHP were

all less than the limit of detection, the content of caprenolactams

was 133 ppm, the UV ray transmittances at 290 nm and 315 nm were

85.2% and 88.3%, respectively, the PM value was 36, the VB was

15 6.7 ppm, and the pH value was 6.0,

Then, a hydrogenation catalyst (granular 2%
palladium/activated carbon catalyst) (0.9 g) was filled in a
stainless steel tube having an inner diameter of 6 mm. The height
of the catalyst layer was 70 mm. The obtained crystalline g-

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 g-caprolactam was between

0.3 and 2.5.

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



85. 2% and 88.3% respectively, the PMvalue was 36, the VB was 15 6.7

ppm and the pH val ue was 6.0. Then, a hydrogenation catal yst
(granul ar 2% pal | adi um activated carbon catalyst) (0.9 g) was filled
in a stainl ess steel tube having an inner diameter of 6 mm The hei ght

of the catalyst layer was 70 mm The obtained crystalline s- 20
caprol actam was heated and nolten at 80perr]C and was fed into the
tube reactor at a rate of about 4.8 g/hr. while allow ng a hydrogen

gas to fl %@th?df;%%ﬁé’@é& t:fieC%'BB‘ivE' PEQQFES? ?Y?Qgg@gﬁﬁé%ﬁllting of 5 _

kg/cn2 (0.5 MPa e total® amobunt o erf\]-cap am'was

about 23 kg.cdpd ety 8 rReti phgdhad e nali @Daztg{]%frsgg{{ggr }ggrsoxi >

carried out while raising the catal yst tenperature Trom

95[err] C. Ware RMamjate iatothes Lesuktdigt { €14 tapiplaaetam é\?ﬁi ENREIth
0.3 and 2.5. At the sane tinme when about 6 kg of the crude

[err]-capral@tabsen tube, and were distilled under a reduced predsure of Was
hydr ogenat ed by the above process, 1.5 kg of the resulting '
[ err] - daprabert anmiHer oy dbdgénatn cercapddlad2am ofl .4@6i k) hy drisxide1d
were charged into a 3 liter distillation apparatus equi pped wth a

Cl ai sen tubeeredfl wrs OW st Theedbtiatieed sereahurEdh qirass Jarse agfal yzZed alsout 1
nHg, to %ﬁt ai n,an [errJﬁ-ca rolactam (1.485 kg)., The yield t her eof
was 99% TRESTBtRFReRPIEs ] Asapr 6raBEEm Hhe Bwal {¥ e?f discaprolgstan bed

bove. As t, i : | act 9,997% th
Content s of EyE] Shesh St TobER SF i Tl diesaihe, wryr e d g itk e
limt of d i t | qg the WV
ray transnitt ahcoo i 586 TS o HeEERE R, AAEn et kB la el

respecfo velys ¢ RspMotd Wy Way @r8nshiet¥Bc¥8Sat 290 Indd RN 31NG B MAS
0.02 neqg/ kg, and the pH val ue was 5. 9.
99.5% and 99.8%, respectively, the PM value was 0.8, the VB was
1.7 ppm, the FB was 0.02 meq/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 e~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 s-

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 g~caprolactam was distilled



As the tinme when about 22 to about 23 kg (in total) of the crude
[err]-caprol actam was hydrogenated by the above process, 500.2 15 g of

the resulting [err]-caprolactam after hydrogenation and 0.14 ¢ of
sodi um hydroxi de were charged into a 1 liter distillation appar at us
equi pped with a C aisen tube, and were distilled under a reduced
pressure of about 1 mmHg, to obtain an [&Br]-caprol actam (496.7 q).

The yield thereof was 99.3% The obtained [err]- 20 caprol actam was

anal yzed asideskdi Hfe alttardAa s RS tin Example 1pdoi bptefin a crude
[err]-caprol actam was 99. 998% the contents of cycl ohexanone oxi e,
MIH , OHP agxbamplevtdaachatwinyes eualikyl @8 99.120% ,t Writhrddntained 736 ppm
detection, the UV ray transmttances at 290 nm and 315 nm were 99. 0%
and 99. 4% epéspecliohexanonteormesalifd wen b5 MIHle FBANVESS8 ppn @L02BP
nmeqg/ kg, and the pH value was 5. 96. Exanpl e 2

Cycl ohexanoRECBXP#RI wER il &etatp ks ithe Beckmann rearrangenent, and
t he obtai ned crude [er r%@ aprol actam was distill

18 9n the sakge REGCHYR &~ FﬁPEﬁ?éﬁﬁltéml(% gbt¥ern digfedeed in

I f_99. 20O whi ch d 1736
of  cyel onexantHE b I o 20" Bt r KRR e SonS e, R TeRE YO o) .
he GC 5, I
was. i ssol vad*1 - 2P ez &%@ﬁ%@@%w R A

ratio of 1:8) crysta(ﬁ?izﬁ%anaé]q:a L nggggéaf#g%el e DD 6P0] £0 I e

stirring fo crystallize an -capro zed

[err]-caprolast a8llectedasi€r®ld Qﬁérﬂﬁﬁ:ﬂdcjhla Seiiratidgalange paiealcRl L eat@dt he
collected 10 crystalline [err]-caprolactamwas washed with the

above-uig | i zedskbDUine e-caprol Xetafn taenhshéd GMAHOtRE Al vasd Hl-1heRideRend 25
o) to obta gf mixed solvent of cyclohexane and n-heptane (25 g) to obtain
an e-caprolactam crystal (46.32 g). The yield thereof was 92.63%.
The obtained crystalline e-caprolactam was analyzed as described
above. As a result, the contents of cyclohexanone o#ime, MTHI
15 and OHP were all less than the limit of detection, the content
of caprenolactams was 91 ppm, and the pH value was 6.27.
Then, the washed crystalline eg-caprolactam (20 g) é_nd a
hydrogenation catalyst (2% palladium/darbon beads catalyst having
a diameter of 0.6 mm) (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 g~caprolactam was dissolved in methanol, and
the catalyst was removed by filtration. Then, the solution was
condensed. The obtained g-caprolactam solution had the VB of 4.8
26 ppm, and the PM wvalue of 1.5.
The obtained solution of e-caprolactam was then distilled

with a distillation apparatus equipped with a Clainsen tube under

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



an [err]-caprolactamcrystal (46.32 g) . The yield thereof was 92.63%
The obtained crystalline [err]-caprolactamwas anal yzed as descri bed
above. As a result, the contents of cycl ohexanone oxine, MIH 15 and OHP

were all less than the limt of detection, the content of

caprenol actanms was 91 ppm and the pH val ue was 6. 27. Then, the
washed crystalline [err]-caprolactam (209g) and a hydr ogenat i on

catal yst (2% pal | adi unf car bon beads cat al yst havi ng a dianeterof 0.6
m) (0. 10 Gis Wk £1 $5d 388l delcr D Qereaut pel aveesuPp, el ¢dreteresuldf ng
solution was stirred under a hydrogen pressure of 5 kg/cnferr] (0.5
MPa) at 128y €16héxdinsnd doine, AMTHD atwblOHPgwetrkeall lesbt thamdilee ysimild i ne
[err]-caprol actam was di ssol ved i n net hanol, and t he catal yst was

renoved byofidétattbon, Tien,cdrieergoloft icopreas Lactamgondans2dePThethd (@ ned
[err]-caprol actam sol ution had the VB of 4.8 25 ppm and the PM val ue of
1. 5. ray trampmicbrrceresdW itgh 7 BT e asrs 200 4h #as PReR?d.

distilled with a distillation apparatus. e ped Cl ai.nsen tube
under 5 rﬁéﬁﬁ@EHVB?‘%s&heePMd’aéb{eaWﬁsa%% Eﬁﬁq@ gé?a%nvg "Fﬁg%he PH Value

[err]-caprol acta 19 was
anal yzed a§aﬁe§cgbbed above. As a result, the contents of cycl ohexanone
oxi me, MIH and %H re, all less than the limt of detection, the

cont ent of capre Fgﬁﬁgns was 12 ppm the W ray transmttances at 290

nm and 315 nmwe es e V ag deiaé@sn O.
5. the VB was 2. ghéﬁ%\eﬁgﬂ Va?QJ./ﬁle Swak Qﬁﬁﬁéﬂﬁéa td B%Exar’rple 2

%gl ?nggggggﬁggﬁgr uggﬁ?éﬁfﬂgg%ﬁ%‘lné@crﬁﬁ'@ a—gﬁﬁkaﬁﬂatam wad €8s anpedent ,

prolactamwas distilled 10 in the sane

manner gg as ihhegR idhneXaigireeds tHs obh@sd 8nCEmdeple 1 to obtain a crude

g-caprolactam having a purity of 99.48 %, which contained 125 ppm

of cyclohexanone oxime, 134 ppm of MTHI, and 427 ppm of OHP

according to the GC analysis.

A 100 parts of the obtained crude ge-caprolactamwas dissolved

15 in a 150 parts of mixed solvent of cyc'lohexane and n-heptane

(weight ratio _of 1:3), and then, the resulting solution was cooled

to 53°C, to crystallize an g-caprolactam. The g-caprolactam

crystal was collected at 53°C with a centrifugal separator. The

collected crystalline g~caprolactam was washed at 53°C with a 50

20 parts of the above-utilized kind of mixed solvent of cyclohexane

and n-heptane, to obtain an e-caprolactam crystal. The recovery

yield thereof was 83.1 $. The obtained crystalline e-caprolactam

was analyzed as described above. As a result, the purity of

g-caprolactam was 99.98 %, the content of cyclohexanone oxime was

25 4 ppm, the contents of MTHI and OHP were less than the limit of
detection, the content of caprenolactams was 201 ppm.

The obtained crystalline g-caprolactam was molten under a

nitrogen atmosphere, and was supplied (under hydrogen pressure



[err]-caprol actam having a purity of 99.48 % which contained 125 ppm

of. cycl ohexanone oxine, 134 ppm of MIH , and 427 ppm of OHP accordi ng
to the GC anal ysi s. A 100 parts of the obtained crude
[err]-caprol actamwas dissolved 15 in a 150 parts of m xed sol vent of
cycl ohexane and n- hept ane (wei ght%(gati o of 1:3), and then, the
resulting solution vvas cool ed [err] C to crystallize an
[err]-caprol ac [err]-caprol actam ystal was collected at
53[err]C A& R §g?€ﬁt ri%-rgifPasépak BOC athe space %m@htséd%&\&@tfaﬁl,zﬁe
[err]-caprol ggtfg m was washed. at 59&-17‘ﬂe” Cwith a 20_ parts of the
above-uti 9% rﬂﬁeﬁ?e?ﬂ:k\ﬁl%’ollv chy aE(jE?dﬁ’é@aﬁéatale&nbaYﬁlh@BF&ﬁé to

b | h f
o0 ¢ O T *‘E 4 RGN Vel Byl ﬁ%éf%‘?%%%imﬁ 2Y5obdyha §§3&e§25
descri bEd catAiggtr eé#l% h B4 oY h¥1?§zed ?:%a e{l’l%lé:%%talﬁ ﬁt s of

99.98 9% t content exanone oxl ne

MIH  agd @ffow@ﬁ@) |(QS© é)hi‘ﬁ d bealhldds theal tuk ﬁEG%hgan H&%P& Le0L 0f

caprenol act ans was talne ryst

[err]-caprod actam wgeﬂﬁéfaﬁ\ltm@ﬁhy@rogen gB'st D8RR &t @Sﬂw &at@Nd MBS
supplied (under hydrogen pressure

20 ofcdy/rdgy .cnTRé rdf {1&eh tVRgQ eakaS8) BaE L {n AlF R rIDREL Y DG dry) WSV of

5, 25, or 50 h[err] (respectively, in each batch) into a catalyst |ayer
packed disfiitlded hyor dgenatileniontadnesta {ipreudbpsdofi &h lRd/saat tubted
car bon cat%}/ whi ch had been utilized in a hydrogenation for 5 3

nmont hs) (4 egc)re@uqe@paenrsess ot eadut dbernigy togp@raimaee-deprellactam. of
6 mMmm _together with a hydrogen gas flown at a flow rate of 6 cc/ mn.
The eflf| udite PPhaipesiy C@@g@dlaéz linYas ra gk gendesonibedabove. ditbei | | ed

pped with C ai sen tube under reduced

in a distillat.ion ar at i
pressure &PEIEG %gEﬁHgl tg‘t?tﬁl—‘ﬁl’élﬁ[%ﬁ ET CeRpPoREERBMthe 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-
e~-caprolactam MTHI OHP value
{WHSV) none oxime lactams _
5h™t 99.997 % -~ N.D.* N.D.*|N.D.* S5ppm 0.6
25h™! 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 ge-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
ppm of caprenolactams according to the GC analysis.

The obtained crude g-caprolactam was dissolved in the same

weight of water, and the solution was shaken with 2.33 times weight



10 The obtained [err]-caprol actam was anal yzed as descri bed above. The
obtained data, i.e. the purity of [err]-caprolactam the contents of

cycl ohexanone oxi me, MIH, OHP and caprenol actans, and the PM val ue,
are shown in the foll ow ng Table 1. Tabl e 1. Space

Cont ent Purity of PM

vel ocity [err]-caprol actam Cycl ohexa- REH  OHP Capr eno-

s-caprol actam MIHI OHP val ue (VWHSV)

none oxi meof cyclohexane fpgci@msinutes agf| eheresulggrgopigture wap kept
N.D.* ND * Sppm 0.6 25h[ err] 99. 997 % N. D *

N. D. * N. D $tandimgfor kS minutes tpfanarate phasesy dghe obtpiped aquequs
N.D.* 42ppm 12.8 15 *: less than the limt of detection.

Conpar at i ‘E?(%Wﬁlseex]ltra‘:ted—elélt CEPEP SHHHDR & 2BRI TR UiesO § GYjceob&8sans -t he
Beckmann rearrangenent, and the %lt:)rt ai ne% creﬁge ,S-caprol act am was
distilled The agyeqys A SORCEO LTRSS tR ebiApRe2R £¥LBBEERR & crude

_ . RpNRSE U Bk 68¢™
of cycloheRbhEa e 1R8O LBt il s Fhror et CanRoTagsaR Wl Dy
f 1 0o | ysi ; i ned

Cr ude’ [ orr T ERir gl ot i Vae A ORET AR Hardame the itV P RT LT

the sol utiefprébastakamaMdd 75333 thieNesn¥eh8hbf cyclohexanone oxime was
21 of cycl ohexane for 30 mnutes and the resulting m xture was kept

st andi ng f133 kpomi rieesohbesepaf M IPasell1 Them olitad ced tagtteodSOHP wagphase
was extracted eight tinmes with the sanme vol une of cycl ohexane. The :
aqueous phbg®s i dieeAtimatedt tde it mion archextoatert ¢Lradprerolactams
caprol actam (recovery of 81.6% . The extracted [err]-caprol actam was

anal yZ¥d a¥atlests ivbEd &b6VEV Ry atrua@§mlf:,tanﬁe3pati2%ﬂl aim padr 15 nm were
capr ol act ag%m%% 99, 76% _ the content of cycl ohexanone oxi ne _was 133
ppm the coht &2l Mr® wEeSPEStABRT Yt hehe N sl ust Wespl38s the FB was

2.5 meq/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 extracteds-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 e-caprolactam. The obtained g—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%,
256 respectively, and the PM value was 17.
The obtained g~caprolactam (79.3 g) was then distilled with

a200ml distillation apparatus equipped with a Clainsen tube under

a reduced pressure of about 1 mmHg to obtain an g~caprolactam (78.3



| ess t han
ppm the

the limt of detection, the content of caprenolactans 10 was
W ray transmttances at 290 nm and 315 nm were 32. 4% and

52.9% respectively, the PMvalue was 198, the FB was 2.5 meqg/ kg,

the pH va

| ue was 8. 42. Then, a hydrogenation catal yst (2%

pal | adi um acti vat ed carbon cat al ysé% (4.0 g was filled in a stain
f

steel tube 15 having an inner dianeter

[err]-cap

6 mMm The extracted
rol actam (110 g) was flowed in the tube reactor by an upf

532
and
| ess

| ow

node at a%at eThe vieldabtheredf 3bs1199%. Thel ebhdined arcapnodraageam gas t o

flow at a

flow rate of 6 cc/mn. under a hydrogen pressure of 5

kg/ cni er r PREG¥FegP®s descripedopbpVEC tAS obtkgFlldn [Wve Pugdpnolofceam The

obt ai ned {?err -.caprol act a ég was. anal yzed. as_descri bed above. As a
Cesul t, tEFRTALY0r #as SO, Bphy . BB SPACEAM Wa GO CARENGTE Girimen st
cycl ohexa [ \as 157 th ontent_.of MIHI sﬂ%S@B]%opm t he
contents o oﬁgﬁ‘a@ ntent 8%0%42@?]%5 \ei%?ePPIBSst}ﬁﬁgﬁnFﬁé‘ Bi & (Ot and
det ect 5on,c AR J@¥ms werk ! BOSMHL 2 n 3/ 5%
and 67.4% 25 respect | very, anﬂ%éﬁg&/ﬁva u%g@m%s?%.%ggt_%g’ the H.i“hgay
obt ai ned [taialsnaaRERICRE! am 089. 3mOhnWas15han dbstibbegs Wit o1 592 200
distillation apparatus equi pped with a O ainsen tube under a reduced
pressure ofespeaiti vklyyHghkeoPEbialeanabes! }; camd dtRGiamA. Bmdq/ kg, and
22 g). The yield thereof was 99% The obtained [err]-caprol actam was °
anal yzed d&hededtcvialee alasvd.6As a result, the purity of [err]-
caprol actam was 99.85% the content of cyclohexanone oxinme was 123
ppm the cont enCoBPaRYL igaExaRPlppd) the contents of OHP and 5
caprenol actans were | ess than the limt of detection, the UV ray
transiPttances &YI9he¥Rngne 305iAM weirs 85ubdestgdo1tsy, the Beckmann
respectively, the PMvalue was 6.3, the FB was 2.0 neq/ kg, and
rearrangement, and the obtained crude ge-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
156 according to the GC analysis.
The obtained crude e-caprolactam (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 g-caprolactam. After stirring for 30 minutes, the
g-caprolactam crystal was collected with a centrifugal separator
maintained at 50°C. The collected g-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



the pH val ue was 9. 6. Conparative Exanple 2 10

Cycl ohexanone oxinme was subjected to the Beckmann rear r angenent,
and the obtained crude [err]-caprolactamwas distilled in the sane
manners as those in Exanple 1 to obtain a crude [err]-caprol actam
having a purity of 99.47% which contained 314 ppm of cycl ohexanone
oxime, 213 ppmof MIH , and 176 ppm of 3% 15 accordi ng to the GC

anal ysi s. The obt ai ned crude [err]-caprol actam (55.05 g) was

di ssol ved Contepﬁsaoﬁl‘ﬁw S1d, P wereyteshelzare tdred limiépodndeteet gbn,
rati o of 165 at about 60[err]C, and the resulting solution
was cool edthe COP 5[%? ‘%@Qﬁf@rlaﬂ?amsnwﬁésl%l?@“stqfﬁ BNy vad ugswappd?, and

then a sli 0 nount .o err caprol actam crystal was added to the
sol uti on, d the ggy@?il?r&é[%? ’f XTaprol actam After stirri ng for 30

m nut es, the %errﬂ carp | act a _rLstaI wascllected wth a
centrifugal sepafd ta er?gl ﬁfé{FE]@t'cj g\ C5§EPPTE: a?*ﬁémcoﬁ%cq%dg) was
ol vent® {25 1S5RS, MaRhE foifent of VITRANERY Sud EERBRR Ly S) HRE

solvent (27.5 g) and was pressure to o

crystal li neakesr becapspl @mar@) at abdgt8doq, an@%h%bEQB%G1ﬁéy§$Fu£i<?ﬁ

[err]-caprol actam was anal yzed as descr'i bed above

purity of pesrieched doasbam owsr 10 mif9t88LMi e teort ARt St ofsC¥phohgxanone
oxi me' was 3 ppm the 23

contents othbiiHe abtigitiPamenet | €6 %-idaptdlhethinnttyetadelgst 8@8ed to thde
content of caprenol actans was 140 ppm the PM val ue was 39, and the FB

was 0. 048 medukgon, to crystalhee obtcapred acrtyst.al Afoer sstaproh@ctem §385. 00
g) was 5 dissolved in a m xed sol vent of cycl ohexane and n-hept ane
(wei ght0 minpsepe ofhe: H-qaro® lgctam alboysted[ ewasC, cahtiechedr esithi ray
sol ution
centrifugal separator maintained at 50°C. The collected sg-
caprolactam was washed with the above-utilized kind of mixed
solvent (27.5 g) and was dried under reduced pressure, to obtain

a crystalline g¢-caprolactam (28.58 g). The obtained crystalline
15 e-caprolactam was analyzed as described above. As a result, the
purity of e-caprolaetam was 99.994%, the contents of cyclohexanone
oxime, MTHI and OHP were all less than the limit of deteetion,
the content of caprenolactams was 51 ppm, the PM value was 12,
and the FB was 0.042 meq/kg.
20



was cooled to 50[err] C over 10 mnutes while stirring at 350 rpm and

then a slight. anount of [err]-caprolactamcrystal was added to the
solution, to crystallize [err]-caprolactam After stirring for 30 10
mnutes, the [err]-caprolactam crystal was <collected with a
centrlfugal separator maintained at 50[err]C. The collected [err]-

caprol actam was washed with the above-u®élized kind of mi xed sol vent
(27.5 g) and was dried under reduced pressure, to obtain a crystalline
[err]-caprol actam (28.58 g). The obtacidedmsrystalline 15 [err]-caprolactam
was anal yzed as descri bed above. As a result, the purity of
[err]-caprol act aln a8 eBOPYr tther idiyitmentscaproyaetbhmxamapeising ©xé ne,
MIHI and OHP were_ all less than the Iimt of detection, t he content of
capr enol act RS v@5* 51 ppm the PM val ue was 12, and the FB was 0.042
meq/ kg. 20 o 24

d ai s _ Cryata%ellp?rlat%ésl &-cﬁap@iﬂliafq}iaﬁgff@mra] hydppeksboRMTIOHparsi ng
t he II|2|ng an s-caprolactamfroma

hydrocé%boﬁPéﬁ#{R%Qﬁla ??qgﬁﬂ?aFﬁé §°EPBdedPerr] - caprolactan1 and
all owi ng the cr y% f‘cL ljhrffg err &%Z%C gnclagrg ac@am P! c%iéaﬁ: Q%Jgtfsrggen

in the presence rogen

accor di ng g b i mrﬁéke?ﬁ!éjof 2 HyEaeaLheR syt gaecontai ns at

| east one hydrocarbone sel'ected 10 fro group consisting of |inear
al i phati c hydrocar brms grsdais accor@lfzﬁ_j o canhani1at QRBreshdgaghain

al i phati c hydrocarbons havi ng to 12 carbon atoms and alicyclic
hydr ocar bomgdhawarigprb sbdut2on contcaixh@rataleﬂst one hydrocarbone selected
10 from the group consisting of linear aliphatic 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.
3. The process accofding to claim 1, wherein obtained
16 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-tetrahydrobenzimidazole, 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 selected from the group of at least 10 ppm of
cyclohexanone oxime, at least 10 ppm of 1,2,3,4,6,7,8,9-
octahydrophenazine and at least 25 ppm of 3-N-methyl-4,5,6,7~
tetrahydrobenzimidazole.
25 5. The process according to claim 1, wherein g-caprolactam
after crystallization has a free basicity of 1 meq/kg or less,

or a pH value of 6.5 or less.

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

T



3. The process according to claim1l, wherein obtained 15
[err]-caprolactamcontains | ess than 10 ppm of cycl ohexanone oxi ne,

| ess than 10 ppmof 1,2,3,4, 6,7,8,9-octahydrophenazi ne,” | ess than 25
ppm of 3-N-nethyl-4,5,6, 7-tetrahydrobenzi m dazol e, and | ess t han 30
ppm of caprenol act ans. 4. The process according to claima1,
wherein said crude 20 [err]-caprol actdm contains at | east 30 ppm of
caprenol act ans, and at | east one inpurity selected fromthe group of
at |l east 3@tppnh9frogenatyéhohexanone wxiwe,oBtldeasthakd Jjpm of
1,2,3,4,6,7,8, 9- oct ahydr ophenazi ne and at | east 25 ppm of

3- N-rret hyI 4 5, 8.7The protetsaaydondimgi o dalaine.l, 2therein s&kid The process
according to claiml1, wherein [err]-caprol actam after crystallization
has a freerasitiltiygedfeicarerplartom liessallowed an @opiacdl wetbf hgdbogenl ess.
6. The process according to claim1l, wherein [err]-caprol actam )

25 afpar OhPadBolenat NOArfaer ;2P\ vapare gfeleeikty 1 Qb to 30 b, 7.
The process according to claim1, wherein said crystallized
[err]-2aprol act 8m AsPEPFEREdIPR RERRAEING §TFaRF@legdRT conprgsingosdet o 2
hours or 1;C a sg&ge velocity of 0.5 to 30 h[err]. 5 8. A process
for prepaF'ﬁ r]-caprol actam conprising the steps of:

i 1470 SR RO T e e

[err]- caprgh@g&g%bn CQ?EQEtsV\Hﬂ}o%aO% in the presence of a

hydrogenatlon catal’y process according to claim8,
wherein said al1'8%@5%0%&@0&?9{:&119£'e&0éuc?dﬂl%laécﬂa%@%tn QU thdr Qganmbone

sel ected

10 hydrogen in the presence of a hydrogenation catalyst.

9. The process according to claim 8, wherein said
hydrocarbon solution contains at least one hydrocarbone selected
from the group consisting of linear aliphatic hydrocarbons having
6 to 12 carbon atoms, side-chain aliphatic hydrocarbons having

15 6 to 12 carbon atoms and alicyclic hydrocarbons having 6 to 12
carbon atoms.

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

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

25 12. The process according to claim 8, wherein said crude
g-caprolactam contains at least 30 ppm of caprenolactams, and at

least one impurity selected from the group of at least 10 ppm of

cyclohexanone oxime, at least 10 ppm of 1,2,3,4,6,7,8,9-
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fromthe group consisting of linear aliphatic hydrocarbons having 6 to
12 carbon atons, side-chain aliphatic hydrocarbons having 15 6 to 12
carbon atons and alicyclic hydrocarbons having 6 to 12 carbon atons.
10. The process according to claim8, wherein said crude
[err]-caprolactamis prepared by allow ng cycl ohexanone oxine in

contact with a zeolite solid catalyst id6a gas phase. 20 11. The
process according to claim8, wherein obtained [err]-caprol actam
cont ai ns |essaiywiopHenyyinel atyic hehésageneSoppreof 3-N-heslsyl+hans 1o, ppm of
1,2,3,4, 6,7,8,9-octahydrophenazi ne, |ess than 25 ppm of

3. N- et hyltenﬁylﬁlqukmumm@ﬁaabéﬁzl m dazol e, and | ess than 30 ppm of
caprenol actans. 25 12. The process according to claim@8, wherein
sai d crude T3 Epeqamqﬁmaacocdhngim céaimeaa,swhsﬁeppra—@raprolactam
caprenol actans, and a | east one inpurity selected fromthe group of
at | east 1@%%%’531136@611@%%&%%%%?n%ash?li'-féd%? L sk or less,
1,2, 3, 26

oct ahy ropchrler‘F’az‘?Pﬁev"’a?'r]rﬁe &t | eésf’rZ%eSBm of 3 N-net hyl -4, 5, 6, 7-

t et r ahydr obenzi

di t | ai m 8,
wherein [err]- czr;‘?pl*j g@t%‘?ﬂcess agppggleg Ilglrlg‘; 'isg’Pr%%%gkaFl . E%déﬁ%y of
L mea/kg dedess na?cl%gt Yasue ol @aiu]gr off€$8ss than 10. 14. The

gyto clalm erein

process accor capr ol actam after
hydrogenati on hass a 1M \WWdief dRe:dliRdNtd0claim 8, wherddn dAE4Process
according to claim@8, wherein said crystalli zed [err]-caprolactamis

al | owned i ncepedActi Mdd - aﬁg&emsetaﬂaoléoalﬂo&é@ 19 GlQUHS WAt At RIrRRGE
velocity of 0.5 to 30 h[err]
10 for 0.033 to 2 hours or at a space veloc1ty of 0.5 to 30 h.
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