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i nvent i orwoebatws2sto a nmet hod of nmanufacturing epsil on- eapretacv@anyé and
particularly to a nethod of manufacturing high-quality epsilon-caprol actam
in good yield by crystallizing raw epsilon-caprolactam containing an
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epsi | on- capr ghauRrAlyhes kil ofapaufRhasey }Bﬁlﬂlﬁﬂﬁﬂgﬂ epsﬁ’l@hfoa @Rt i on
wi th the use oflﬁsoI%ﬂ catal st hasb n vv% ﬁtalyst to be
used for vapSichRUEE" f‘rpéla\?l}%% At 8 E:IPP%PIM%P‘HB?H Ad- based
cat al yst, a ebtaired-tgl RBevkmang ataahystmenaosolclahephumptvamec aci d cat al yst, a
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[0002]  Epsilon-caprolactam is an important compound as an intermediate for manufacturing

nylon-6, and various methods of manufacturing the same have been known. For
example, epsilon-caprolactam can be mass-produced by Beckmann rearrangement of
cyclohexanoneoxime in the presence of an acid medium such as fuming sulfuric acid.
This method gives rise to a problem of a large amount of a by-product, that is,
ammonium sulfate low in added values.

[0003]  As a method of solving the problem, a method of manufacturing epsilon-caprolactam
based on vapor phase Beckmann rearrangement reaction with the use of a solid catalyst
has been known. As a solid catalyst to be used for vapor phase Beckmann rear-
rangement reaction, a boric-acid-based catalyst, a silica-alumina catalyst, a solid
phosphoric acid catalyst, a composite metal oxide catalyst, a zeolite-based catalyst, and
the like have been proposed.

[0004]  Epsilon-caprolactam obtained with this method, however, contains various im-
purities. As is well known, though epsilon-caprolactam is used as a raw material for
polyamide, epsilon-caprolactam for manufacturing polyamides to be used for synthetic
fibers or films is required to be high in purity. Therefore, raw epsilon-caprolactam
obtained with the method above is normally purified with various methods such as
crystallization, extraction, distillation, hydrogenation, and the like.

[0005]  Among these purification methods, a crystallization method is more advantageous in
terms of energy than a distillation method and the like, and it has been known as a
method capable of removing a relatively large amount of impurity at once. As the crys-
tallization method, a cooling crystallization method of precipitating crystal by cooling
a liquid to be separated, an evaporative crystallization method of precipitating crystal
by evaporating and removing a solvent in a liquid to be separated for condensation, an
antisolvent crystallization method of precipitating crystal by adding a poor solvent to a
liquid to be separated to thereby lower a degree at which a substance of interest is

dissolved, a melt crystallization method of removing impurities by raising a tem-
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purity is required in manufactured epsilon-caprolactam, crystal obtained as a result of
solid-liquid separation is generally washed with a large amount of a cleaning liquid
and a considerable amount of epsilon-caprolactam is also eluted into this cleaning
liquid. Such elution of epsilon-caprolactam disadvantageously brings about manu-
facturing loss and hence lower yield.

[0009]  An object of the present invention is to provide an epsilon-caprolactam manu-
facturing method capable of manufacturing in good yield, high-quality epsilon-

caprolactam containing less impurity.

Solution to Problem

[0010]  An epsilon-caprolactam manufacturing method according to the present invention is
a method of manufacturing epsilon-caprolactam from cyclohexanoneoxime, having: an
epsilon-caprolactam purification step of pouring a heated melt of raw epsilon-
caprolactam obtained by Beckmann rearrangement of cyclohexanoneoxime together
with a cooled solvent into a crystallizer for crystallization and separating a resultant
substance into purified epsilon-caprolactam and a crystallization mother liquor through
solid-liquid separation; a first-stage epsilon-caprolactam recovery step of separating
the crystallization mother liquor into first recovered epsilon-caprolactam and a first
recovered mother liquor through evaporative crystallization for crystallizing epsilon-
caprolactam in the crystallization mother liquor while evaporating the solvent in the
crystallization mother liquor obtained in the epsilon-caprolactam purification step and
through successively performed solid-liquid separation; and a second-stage epsilon-
caprolactam recovery step of obtaining second recovered purified epsilon-caprolactam

by cooling the first recovered mother liquor obtained in the first-stage epsilon-
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rification step so as to crystallize epsilon-caprolactam, followed by solid-liquid
separation. By performing reduced-pressure cooling crystallization utilizing
evaporative latent heat of the crystallization mother liquor containing the solvent
produced in the epsilon-caprolactam purification step, scaling at the heat transfer
surface of the crystallizer as seen in the indirect cooling type is suppressed, and con-
sequently, high-quality first recovered epsilon-caprolactam is obtained in a stable
manner. This obtained first recovered epsilon-caprolactam is recycled as a raw material
for the epsilon-caprolactam purification step.

[0014]  In the second-stage epsilon-caprolactam recovery step, second recovered epsilon-
caprolactam is obtained by once subjecting the first recovered mother liquor obtained

in the preceding first-stage epsilon-caprolactam recovery step to cooling crystallization



[ 0011] The epsil on-caprol act am manuf act yri ng nethod according to the present
i nvention includes the epsilon-caprolactampurification step, the
first-stayo epsioBzsm- capr ol act am recovery step, and the PETIRNLMSHVEIT

epsi | on-caprol actam recovery step. [0012]1In the epsilon-caprol actam
purification step, purified epsilon-caprolactamis obtained in such a
manner that goheat cgszlstmmlzé emﬂoﬁamplemsiahmbmaamdmam i ﬁi@b@érétedlomer Bqackr[ran n

d
Foget her 1 nt do RSt S BRRT R BPy e PR Bl SRl e, 80 G- 11 qui o
separati on. Iypra]captam n@bainttidityotistgal emgetagpe tecanydutadl temptiagne pewvhiod ai n
whi ch heat edﬁﬁﬂ% £ Rl dy né s %p%‘l%@t%%%%ﬁ%ﬁgn WBoGARe 6taf &V%E‘ﬁoﬂar €

poured toget er Intot sta lzer at occurs at t
transfer surfapelagfam ‘PféStélrW%quIzl@tﬁlYa@Olé@eﬁﬁ) ﬁs o alyte impuFiges cangangdhg the pe

crystallizat 'c%tamﬁﬁ@@(ﬂnﬁl@iélﬁﬁeﬁlﬂg @fn@ﬁy’“B RhaihidP %%rk{am 'EH“@Oﬁthlh@d s&&bAde

epsi | on- caprol act ste first recpvered epsi n- caprol.actamis
obt ai ned by é?Fé?Eﬁ%ng]ﬂ) ‘i/ ﬁé“ﬂg{ﬂc@ Rlactaq FH%CYG&%P&FP‘P’{%&“?% %ﬁ‘E@PSI&inquor
obt ai ned t hr eugblasaki phrlfldatjbld stsppad/at the fiirdtstdgh @ pgifode@gidlg-tam recovery step.

eDSI | on- capr %l RELRIR c [afllll é gﬁtdgg ?ﬁpqleé fre s(é\c%[%its lJ I Zesﬂon—

epsi | on- caprollact am separa i or Yy perform ng
r educed- pr essaprelagaol Iengvea:}’ ytsp,ampiuziaesi @n rgftdﬂl}ﬂ bei rﬁlgoeeﬁhlpmlamn/@d thtent heat
of the cryst %.'—:édné%do%reﬁ?hﬂﬁéd El%]s%ﬁ rcaﬁ[%[htc%'n[‘lo@xgm 1&?uﬁ8fl éb%@éntﬁ'ﬁ‘élﬂ Yeed in the

epsi |l on-caprol actam purificatio scalin heat transfer surface

of the cryst avlltabi%foré&e epsidon- F%Pr?]l%@amrﬁﬂﬂrf]éétﬂo% n @Wéort%@rﬁt $agqsPrEYsed, and

consequent | ycaﬁb&hmﬁﬂ@bw y%i;ﬂepsstomﬁﬁ&yered epsi | on- caprol actamis obtai ned
talned first recover.ed epsi ca rolactamls

t Thi
acocr ST TR0 ding B P P Bp ekt AT RLSHEE e S B RERl on ot on.
[0014] In the m@nﬁmﬂ -tytcagbieps ihe@psibapeaph@ettampuetioaamystept, e, firsteaared
recover et opgbl R FRARRLAGLATLAS DL RS By Q0GE oS SELKAR 65!

recover ed ITD'[ uor o rece
epsi | on- capr @tea@@ am\reeb@héluyhts/tmlplﬁteé ep@l@mr%gr%mn &lsp inzlapiim’qlonztomf

2011/ 108251P glﬂf&g%g({lg@&ﬁgﬁobqﬁn@@ to cryst all'ize epsilon-caprol actam
cont ai ned in the first recovered not her quor fol]l omwed by solid-liquid
%

separ at PO ﬁ@leteﬁél?‘P“s‘éaé’&HBCt?l@éWé‘FaéE}“E’@rm hedjacepeding iodhe Prspep inyenian is

obt ai ned by rcamauegzeal melmveatvabpmlantoap@naceinutsl mlﬁ@w@bupleasauaemhm a part
of the obtained e act am cr stal is gapgn t hout the obtai ned
S

opsi | oncapr of SeraE R or SRt BAg BEWERLR 4t to el ute
i mpur i @] comaiorniag forthe hlesllonyspw)llacmmdmomﬂiattetleg meﬁmldtln thee ffreseat | y

remai ni ng crysfdlion -Et.{'\!v ecyc ggﬁa&ﬁﬁ%lger{;@gsov I(xﬂlﬂ [?Hiili tfblhﬂlg epsilon-

epSI | on- caprol a actam i s raw mat er
epsi | oncapr olcaRPltapUPYITTicePn HAP &t Ayaipgtiporemaveng impyritist tigangh distillation or

epsi | on- capr gheagitemidh QGOMBON nfik@R obvhile®bY NEHITPhhseBatRinghh teafhh@mdmebhod i s

applied in the second-stage epsilon rolactamrecovery step, inpurities
can readily 68‘:19%?'?6‘9%‘%?05&?9%]?30{‘)%1%3é?cll%flo‘faitﬁlﬁs second recovered purified

epsi | ono@ksyr oIlarete@mﬂdeprdsiaamfpumanWacmmgeﬂéth@d ha@ordangtosttié pebére ifventidbhs

epSi | on-capr %il%%étgnzé%i Bltﬁalt %& eg“.%gg@ {0% aE)J[ogalqugljl% ob%lg-gﬁéy %rgstflhlzmg

epsi | oncaprolactamreco ' ccor
epsi | on- capr @pablnfmpmimmm tlmeifmg rmmhmd mmh¢MEJUpr e e nooledhweHtsiudace dfyhe

conbi ni ng t he2PsiilePNinG AREOHB SL MU R Ele8 AR 1RLEPIs s g;?h‘?at@d frgbucht age
epsi | on- caprolactam recovery step, and the second-stage epsilon- capr ol act am

recovery steSeHs CAbRAFOMAd W%&mﬂﬁgpaﬁﬁm # EANREFATIC S SReRBH 5PQ¥Eh | ess i n
production | epsilddfcapREAdoncBARNMachaie wsll Ok Reflised to the elution temperature

by raising a temperature of the wall surface.

[0019]  According to the epsilon-caprolactam manufacturing method in the present
invention, epsilon-caprolactam in the first recovered mother liquor is crystallized on
the cooled wall surface of the melt crystallizer, the second recovered mother liquor is
separated, and thereafter a temperature of the wall surface is raised to an elution tem-

perature at which only a part of crystallized second recovered epsilon-caprolactam is
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[fig.2]Fig. 2 is a diagram showing a laboratory-scale experiment apparatus of melt
crystallization.

Description of Embodiments

[0022]  An embodiment of the present invention will be described hereinafter. Fig. 1 is a
diagram showing a process step in an epsilon-caprolactam manufacturing method
according to the present invention.

[0023]  The epsilon-caprolactam manufacturing method according to the present invention
includes an epsilon-caprolactam purification step A, a first-stage epsilon-caprolactam
recovery step B, and a second-stage epsilon-caprolactam recovery step C. Each step
will be described hereinafter in detail.

[0024]  (Epsilon-Caprolactam Purification Step A)

Raw epsilon-caprolactam is obtained by Beckmann vapor phase rearrangement
reaction of cyclohexanoneoxime with the use of a solid catalyst. A zeolite-based
catalyst is suitably employed as a solid catalyst. Raw epsilon-caprolactam in a state
molten by heating is poured together with the cooled solvent into a crystallizer for drop
crystallization [drop crystallization]. Straight chain aliphatic hydrocarbon, side chain
aliphatic hydrocarbon, alicyclic hydrocarbon, and the like having carbon number from

6 to 12 are exemplified as the solvent. The solvent, such as n-heptane and cyclohexane,
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step A is poured into a crystallizer and the solvent in the crystallization mother liquor
is evaporated to crystallize epsilon-caprolactam [evaporative crystallization]. The crys-
tallization temperature approximately from 20°C to 60°C is preferred. An epsilon-
caprolactam solution in a slurry state after crystallization treatment is introduced in a
solid-liquid separation machine. The introduced slurry solution is separated into a solid
phase composed of epsilon-caprolactam crystal and a liquid phase containing im-
purities [solid-liquid separation].

[0027]  Higher-purity epsilon-caprolactam can also be obtained by washing epsilon-
caprolactam crystal with an organic solvent in order to remove impurities attached to
the crystal. This obtained first recovered epsilon-caprolactam is recycled as a raw
material for the epsilon-caprolactam purification step A. Namely, this first recovered
epsilon-caprolactam is poured into the crystallizer in the epsilon-caprolactam pu-
rification step A after it is molten.

[0028]  In the first-stage epsilon-caprolactam recovery step B, the crystallization mother
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liquor) [solid-liquid separation]. The separated liquid phase (second recovered mother

liquor) is exhausted to the outside as waste oil.

[0031]  Second recovered purified epsilon-caprolactam is obtained by raising a temperature
of separated second recovered epsilon-caprolactam to an elution temperature at which
a part thereof is molten without second recovered epsilon-caprolactam being
completely molten so as to elute impurities in second recovered epsilon-caprolactam
together with a molten substance [melt crystallization]. This eluted liquid is desirably
recovered as a raw material for the second-stage epsilon-caprolactam recovery step C
in order to enhance a rate of recovery of epsilon-caprolactam, however, it may be
exhausted to the outside.

[0032]  Obtained second recovered purified epsilon-caprolactam is recycled as a raw material
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is molten. Consequently, quality of a final product may be out of spec. Therefore, in a case where
several recovery steps are adopted, higher purification performance is required in a
further subsequent step.

[0035]  In the second-stage epsilon-caprolactam recovery step C according to the present
invention, the melt crystallization method is applied. Therefore, an amount of
contained impurity is extremely small, and second recovered purified epsilon-
caprolactam high in quality to such an extent as being free from adverse effect on the
epsilon-caprolactam purification step and/or the first-stage epsilon-caprolactam
recovery step can be recovered. Thus, recycle of this obtained second recovered
purified epsilon-caprolactam will not adversely affect each of the epsilon-caprolactam
purification step and/or the first-stage epsilon-caprolactam recovery step.

[0036]  In addition, in recovering second recovered purified epsilon-caprolactam, it is
recovered as a heated melt. Therefore, scaling at the heat transfer surface of the crys-

tallizer is eliminated each time the heated melt is recovered, and a problem of oc-
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Example
[0039] A specific example of the present invention will be described hereinafter.
[0040]  (Epsilon-Caprolactam Purification Step A)

The following operations were continuously performed. A flow rate was shown with
weight per unit time. A reaction product was obtained by using a high-silica zeolite
catalyst and causing vapor phase Beckmann rearrangement reaction of cyclohex-
anoneoxime at a temperature condition of 380°C in the coexistence of methanol. A
low-melting substance and a high-melting substance were removed from this reaction
product by distillation, to thereby obtain raw epsilon-caprolactam. Quality of obtained
raw epsilon-caprolactam was found based on GC (Gas Chromatography) analysis as
follows: epsilon-caprolactam of 99.131 %; cyclohexanoneoxime (OXM) of 139 ppm;

3-N-methyl-4,5,6,7-tetrahydrobenzimidazole (MTHI) of 398 ppm; and
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of 99.131 %

3 N et hyl - 4 SV ENARRIRARASHL I Do Mmooty B SePa%teg 8 BB i1V

2011/ 108251P@1€/ @lﬁiﬂtﬁﬂﬂ\mﬁmnqwzs I papts7A gemaiganed et Bphieadaat aeapeam) o

430 ppm [004aila]s Bled Wt ét@lﬁz&ae@%'m@ﬂzﬁﬂla\t\a@ 65@tdg6ﬂ1eﬁ{ﬂzﬁh|28§ h@@ﬁ@h@t ure
was set to 75 and 200, S§]|rﬁ of the nmelt. t f and %?%éqearts of

sol vent of n-p ay5tobiainedip| igiid-separglinnowhic é{‘fl ?dﬁﬁcr@ anddhe ?‘?‘l Yls! y
added by poumiasglistititd a‘tvhlﬁwthﬂyat\xaallll df zerappdratk bﬁfhejlﬂte o€t vaps phededpatiobees A

crystal 11 zat Lo, LATHEIAS WS, MRRnE Sl SrPf R0 B0 YEHARF, LAl FLiell

was appr oxi ma K| urry

tallizer at é[hledustldiedrbumqu@awasCQQieChaM&Orpaitag@llveldewﬂr@pve(rad bpldogd- i quid
separation maghing). of which tenperature was kept, a solid was continuously
rinsed with 80 parts solvent .identical in corrp05| tion held at approximtely
50C, an@04ly st avEeedpieaiieedmgin thecarstadlizr wasd4 papyiss. difde. 468 dpet aiyeig!
l'iquid was oRtuatynedte @bntﬂlulbaﬂy @x@ict&ﬁﬁldmbjestedwa)lmbﬁ@l@eq)aﬁdtmtlmhe\/\e@

sorml o4 and WRRSEISG 4T MR Bl s R R 3
not det ect ed paitherystah flhisuoysalopsmatliearsad s cainpuetiovewes snatyed af fdlloyvs
performed in s&v@ﬁtac%hﬁnm% %f Ma @ﬁeﬂ?%y&cgﬁlekﬁl@gg% (weight ratio). GC analysis
values were as follows: epsilon-caprolactam of 99.68 %; OXM of 129 ppm; MTHI of
69 ppm; and OHP of 25 ppm.
[0045]  Through the operations as above, 116.6 parts of 119.2 parts epsilon-caprolactam



[0042] (First-Stage Epsilon-Caprol actamyRecovery Step B) The follow ng
operations were continuously perforned. A flow rate was shown w th wei ght
per unit wWOrze11/1@8asposi ti on of the separated |iquid (crygCalpPraavéiers not her
| iquor) obtained in the epsilon-caprolactam purification step A was as
foll ows: solvent content of 86.35 % and n-heptane/ cycl ohexane=2.75 (wei ght
rati o). |n addhtinedin G sepnaitys liquidab@etslhexmnhoﬂlef 0 islahes/epgﬂomer e as

foll I | act f 97, OXM o 2 Hi 451

hnd o of " a8 HRRR S5 AhEEe Aleitu bl meVeRLa s PRELIRE efhaitgtort T

and a tenper af mrevotd B@iBE; caplvbicsot wenhigharsingiusityi dridddwein caacwmptwn f)fr om 894
f thi f

parts of thig &ﬁﬂﬂfuﬁ rfﬁ'z]ah 't}ﬂaudg phﬁ%oﬁ%?ﬁﬁtra& mét&‘?al%%e@a% @aw% | nt 1t was

386 parts. A renmal ad not evapor at t he
crystallizer rlétcatw sreﬁA Eh%re@tfe MYMCII%&IWPOWQ%CPZQQH s@nrpklcqamq@w phase
obt ai ned i n s@Qldvereliefdlich- @9m@mm 00 idl obhe dBS L ABRUCHRpu-and L he
sol vent was distilled gv\%@\pg % of an apparatus or 5he like of a
vapor phase POCRHYS oR digth- e libBPSHQPtcé‘Pré’ CIPé‘h’cS inegpased Wathout o) of
epsi | on- capr alleataerfavasn pragafapivieat paifiedleesithnsdapldigdarout sol vent was cool ed

and 38009q1t S S0l AN, MEESE CQUENEY, D LQUPRaRl. 9N, 19044] An aver age

retention t ' er was 68 parts crystal
slurry were cdlﬁmfnllmmmgwpemtlo@cweﬁ parfdrnseshinedtagd. MlgﬁIWH@-Sh(D\&]mWhS@@htatl on

in the centri EPQ%A&H‘%P@QE@HHU S'Adsdlx're‘iI%’FHIas§ %@Eé}h&%‘a Hﬁfé@éﬂ?ﬁ}on@&ﬁ s?athd4oc

to thereby obtain 1 s crystal was ten and It
conposi tion \I\Iﬁ§1da§ﬁaﬁ‘f9t2‘§dmé§e flerf PRANEN-capolasim ae@ﬁ‘(emsteafB 30 glfaigy H_e parts

][1 lhlept ane/ CY%fﬁIhﬂX@ﬂsn?a\@&a(éﬁﬁ% gjra)tmgg p’oaitioﬁ)ofo ;%m%z%@yﬁamimﬁaw?ﬁ%%@a

0 OWs: epsilion rol agtam o

Lo P of P 3ae i S0 SN et orid o0l mat pacetag KTes e et ™
119. 2 parts eqsi)l lnreddajpnoGacnalysis mmmmpﬂﬁojtﬁe%waﬁﬂm&z@ Tdll @61 kjﬁﬁﬂon-

contai ned i “cg@t‘éla%ﬁﬂ%@fﬁ%% 074y o@%@f%%&ﬁ '595'5 g@&lhﬁ‘[&l d)Hﬁ%%I;Z Pp&lhe

epsHoncLProI am purification ste efed as crys
addi t i dP047d onpldss Qriy@nlh@athner@mateﬂalém@id Has %J@ph@i m@ramnmpmlgh ef themngduri ty

and | ower i n GRAGEARL h@%hg’@ Jé&ket%@‘f)ﬁbe' JBRMAI¥n hh@R hEaI't‘%néEﬁ’d’H?%'stfécPt% Afoutdre raw
material in tHe egm on-caprol actam purification step Ther ef ore by

recycling thiP&e At & franpesHuE At SepHeR [ m%&eﬂﬁle%w% H0°C
epsi | on- capr ghaghae) ﬂe&e@pé@mmﬁ 8¢ iratodhedd Heiemeishl Wi Lyl t@@)fréiﬂplthltb

f f h I I d
i thout SSVZI@%%%}E@ YS%‘?V%?IIU%%%“E%EEIII)%EZW ;ﬁ%%@%%@fcg;%%aiﬁ%{f“e
0046] ( S davs epatu nSnerysi@llized nether r Th
Iol I oIM( ngcgg E@g@l b cap i h ¥ by ‘ egtr b uqe()h ©
?%e@ hPRR x‘/&&ﬁmBE{ Iﬁgat Qwhé‘e;%.a &%& te %19 e YBhe R Q‘Iﬁlsd%ﬁrh

me|ght per atc cryst 1 on vent ase was renove
decant ati on ¥ rgf%j@ﬁ]ilidmﬂﬁeéé%h Babaieapesiue pf theerystal gftaigpd tq phi Eaples. act am

recovery stepafof iR &%tzﬁ'(&caﬁ@re%oﬁb%d SpsHlbi-ThRblaczat)iveR rﬁ(ﬁ’t@nrfﬁﬂﬂih't e
Conmposi tion of thg obtalndcr I i zatign raw terlal flsfollows

sol vent cont &RSEhPeifg C@’@‘P AndPEYEFHHE ‘ﬁ@-%’n?ﬁme%u&IﬁIt Iat i o).

I n addition, pGﬁtlesrmhsyeSdhaumﬂ ues except for the solvent were as follows:

epsi | OEE@@{ Iil fle '[671’% 07 QFIVIlgat mf:d§,11 (yas MI;TI_IeId '[8f80%’3 g’o asHB Thel nd OHP of

7870 ppm IS cry [OR raw mat Wa's Supptied on an
i nner pi pe s|caeta<b11inetSubstﬂmetremaylgngalhlthtzmnelrmp¢ ragd @hqsa&Sléepaets-vmr@eecovered as

constructiongangdeR ﬁ%ﬁﬁg TRl Wdeas tﬁee_]QCEeQedaﬁp‘QHf Rk melt crystallizer after

recovery was not at all observed. The recovered melt was composed of a solvent
content of 0.39 % and n-heptane alone. In addition, GC analysis values except for the
solvent were as follows: epsilon-caprolactam of 96.17 %; OXM of 3090 ppm; MTHI
of 586 ppm; and OHP of 8§94 ppm.

[0049]  The composition of epsilon-caprolactam recovered in the operations above was
slightly lower in purity of epsilon-caprolactam and higher in concentration of OXM,
MTHI and OHP than the composition of the raw material in the first-stage epsilon-

caprolactam recovery step B. Therefore, using recovered epsilon-caprolactam obtained



pi pe side such that a tenperature of the supplied raw material was set to
40C. Thereafter, the tenperature of the introduced heat nedi um was adjusted
to preci pvoava/wes3sst al (second recovered epsil on-caprol @cTarjoiopoiazeral |
surface of the inner pipe at a raw material tenperature of OC

Successively, after an uncrystallized nother |iquor (second recovered

mot her | i quoliy theapeRXBARUSIORE as thetreWwpeit@idll @yaillithnheatagaBdcio mes

gr adual ai sed s t hat ..a rature of the crystal,..attained to 53.5C
Cer e A0 B0y oty Oy CERBRA L ESe lest SEp BT act am v

mol t en wi t houtTheHellewingtopbrabensigere pepbenal n atpkdhe Weidltieras shown with weight
epsi | on- capr L ' Lh bl v

00481 Fi nal 1 9°" § hauh Bk Sl R THL R0l b A PR A BEY 8RS 0 s
to melt a cryetthe pecred spssramesoraehpnineg pnthe pav ntrsial. gidgkpariaerovpigd 83. 5

parts were r@paMRALRPrdfctdh SbiiRletl in Beabidhl-dtdbeldpSilo&IpiSla@hmtré@vi ed
pi pe of the r;{rel%gir%s.t alfL"I zer after recovery was not at all observed. The
recovered mel¢r I HHFSEEDISF 28°%0! vent content of 0.39 % and n- hept ane

al one. [0051addiThioeryst@Gzaial iyei matedilugicewaepipplial of the isel pgrtsidseifehas
Fo oy P LA e aRs ol AGh AR 8By e MR O BB RRA ML 01 28S PP
pp nmp - ac

and OHP of 894 The conposi tion of epsi capro amrecovered
i n t he oper atprwrhge abthesuppledghwgmttenal moweet tH A0Jurliheseatiér, Gpgeinperawapeiol act am

and hi gher i m LORGENEHAELQRedlim PMaa Mt t@ﬁf&c Brelchait ( Qo RPRRORIE] on Of
I the t t epsilo step B

the raw material In irst-stage € capr ol actamrecovery :
Ther ef ore, USPHIPIrSEENIHEY HEIAV SPRSHP (INRELER GHOL nBygcesgiyelypnfter an” un-
2011{ 1??251f%s¢hﬁi¥&alﬁ&ﬁ&lmoff (se&dhg r@@gfe%gi rﬂ&ﬁelﬁbﬁl\éfé)t\ﬁzfs dxRgusteaa reier i al ,
crystallization was i n per.forned. .(Second- e

Eoat| on- Capr oPaeERT AR RstaRe T e lR aradsally RliAGEY thodh B¥bsrawmas dresensh i ons
wer e perfor madained s 35a9°Ch Hevdé epptilion waprosdeomn cantdihingelgéd inpanities bas ch of
crystallizatip, [Ihe second-stage epsilon-caprolactamrecovery step C for
the second time was perforned by using as the raw material, 75.0 parts

r ecover @b psitiesilye Hertenperean ofthehers anddpm s sasedrid 38t(agpeas to melt a

epsi | on- capr QLAEHRAM fBGANE ¥mat8R iF hhntMSpé [seadndt bR eARSRTiHRE Lrahoe.
[0051] This crystallization raw material liquid was suppljed on the inner
pi pe side of EPRIRM). BdBISY-6 Pas WRG recavese andhf F-wealifel the skls Bbut er
pi pe side sucle jabidtedpipenmaratoves wis idiat Suppkived. RérdiBg esmpbsit@sofagé t o
50C. Thereaft er t ge tlte er gvt ure gg tt he (i)t t.r ogg}ﬁa%da e?éitti ”t'ﬁdi' m V\@(ﬁiadj ust ed
Lo preci pi t af & OUPFEo (EaeBRB TRl 8s a ety ST Csror R Ty Thpadichy,y
nmaterial temérf atalyses ofluss@RreerBlioubs solvalt weraids fotloar: apidonystpadlhctzmdtnot her
i quor_(second oM MDkIgi. NIFHPL) 2 925, RXAUSHPr 335 paRperature of the
heat medi um was gradual 'y rai'sed such that" 'a tenperature the crystal
at t ai nd@033 s&T@osionel epplnteRrdaghn rese eird doie spaiaHgNseabove theroslr i ti es
was exhaust e@eco[v@@@%hﬁfié@éﬂsﬂonjcbﬁfola@fﬁﬁgrv@ds‘hﬁ@e@fn bRy BEaSsi BB AL AMRS: T @i sed
to 80C so as t 1mal 3 . . . .
and also equal to or lower in impurity concentration than the composition of the raw
material in the first-stage epsilon-caprolactam recovery step B. Therefore, even when
epsilon-caprolactam recovered in the operations above (second recovered purified
epsilon-caprolactam) is returned to the first-stage epsilon-caprolactam recovery step B
for recycle, quality of recovered epsilon-caprolactam obtained in the first-stage
epsilon-caprolactam recovery step B tends to improve and quality of purified epsilon-
caprolactam in further upstream epsilon-caprolactam purification step A is not
adversely affected.
[0054]  In the example described above, a case where second recovered purified epsilon-
caprolactam recovered in the second-stage epsilon-caprolactam recovery step C is
returned only to the first-stage epsilon-caprolactam recovery step B has been
described. If the composition of second recovered purified epsilon-caprolactam

recovered in the second-stage epsilon-caprolactam recovery step C is better than the



crystal line substance remaining in thesgnner pipe (second recovered
purified epsiloncaprolactam, and thus 50.6 parts were recovered as the

mel t. Scaworegi/nsishe i nside of the jacketed pipe after PETAPENYOMAT not at
al | observed. Regarding conposition of the recovered nelt, the sol vent
content was not higher than a detection limt. In addition, GC analysis

val ues excepboﬁlgbsltldsleoﬁmbv;amna\r@iraeuaﬁe Epdﬂloﬁmprowsdnh pirifta@pibokeptagm of 98. 40
% OXM of 12 S|t|on

of opsi I on- o B BRaL PR ot EittaRP R RES Bhict cp Rt B SRR TR o o0
purified epsibkoetugeaptethacpsinn-cwpsolindtgheurificatparstapyA ¢dr repsid. on- capr ol act am

and al gogqualg; Oz g’r cﬂl ?&Vfﬂ?&q%&éﬁo F‘er%] Qﬁh@%‘tl a;?%tutsb)? nfe RSt On

of the raw mate st age capr tan1recovery step B
Therefore, e\lﬂéﬁﬂ%éwt @wrsql ahﬂléa?ﬁoaﬂétatgaﬁp%@@wewtmr%ﬁé@f&ﬁ@pzﬁ il5HE above

]g sec ?ndt rec ow%@eseauapﬁam@k mdrwaﬂﬁmroala@@é@ﬁbed Sbdvetvkdis rée@luat@dtfbﬁleu
irs stage €

S rol actamrecovery ste cle of
recovered ep$iy E?H%Erl ‘F‘%{‘é%ﬁ?‘g]ﬁgt %}laﬁ]éf‘de‘%lﬂp? H@df‘ P% S{JSS ééas Cyhn Hca ther
epsi :c _ondcapr @lilﬁ*ﬁ ad Qe . As_t@qo]ErBtehqahﬂ spotlmdnmpnmee peplect ml:laightalyl upper
purified epsi r m i n ilo o m
Pur £ cat i on WEort ARl BB Al UEha BB SRR ERMH A GBREOLARL
descri bed abovy 2ba%dnsregfwﬂé¢ eutseplpﬂd fpb@@mldenm pirodf¢eeldrap gilpwer-inlet 3a is

caprol actam Qﬁzﬁl\éfcﬁ?ﬂ)nh fh h@?er SHEAE; Al %ﬂ?h@d@%{édﬁﬂn E@&ﬂ&’dﬂ;@%&%\vf RFEMATY St ep

Cis returned onI to the rst-stage ep si | on- ca r ol actan1recoveré ste
has been dese\flthaiéamellmp% Reés PainiRgk 3te rsie@}fe Wecbvdlved ippioyidedin th &

epsi | on- capr@i@ﬁt;aéndxﬁ@@vpéﬁdblomrtnbﬁpl @Q@ﬁdogérﬂﬂgaﬁp@bhﬁ of dvOl act am
recovery step Ci etter t WO 2011/ 108251PCT/ JP2011/ 001176

conposi tion &P tfcl’]r%d A Gt ‘I‘I}ﬂgl n the epsi | on- caprol actam purification
step A[0biBlevekn exdngtle waee\narepsil@ecpndadtanow@ived soap; irf weidh the cooling crys-

epsi | on- capr ?ilﬁ%att%g‘ %&r’bh@é‘%}f{hﬁh t¥1[: g%gé.]%fﬁféﬁ{}%goﬁ Qs fbgrf‘éﬂﬁéd é%%hs‘f.gaofo%%{gam

purification's
| abor at or y- sdbd @Sbs@p@ ¢nyEon- capphﬁtams;cwerwm (the yesond stag¢ lepwapnowmam S

used in the %&%9&‘} s%ép?gﬁll %QEbécﬁBe&Qspa{ Qbﬁaﬁ&ﬁﬂbé ESHNSIEYn ﬁlfe%?es%t iWodgnt he
t crystallizatjon as_described above vvas eval uated. A

pr esent arat us,

mel t cr{%ﬂ | i(Campyrafiye EES%PIFu%ffCé’H a4y ﬁpéﬁ‘klb?éﬂoﬂﬁcﬁé“ ReerveptSteR&-oqligt has
cylindrical I(Byl@iilhmtpﬂ))Z and outer pipe 3. Araw material is poured into
N T e S S e S T s A

out er pipe 3 weigheat umednarompasgducead sbhdiigaid sepenteid nigetd @eaingd mxhaust ed
froman querflrﬁLgtiggtePﬁp)n r&lglfteﬁia ?&%ke&%%g%& 5§f8]@%5301$4ﬂ?05 (TRt eri al

wi thin inner pipe tained at a t enper at ur e. valve 4 is

provi ded in tAe5vVFéndé PtIVP@fle/éY@i‘ahf—‘éiﬁn%ﬂrQ“ Ovsigt ratigpelpn agiliien ZGQr@ﬂa]dﬁénl ng and
closing of vahnBs dxdept 0P MHelsBlveBOwEY a8 fOIRINE BpsildRichprdlact#PVe61d8 exame

where an epsi | qpieaRt AT ATSGE YS! dha 0fBor Dol Lhe cool Tng erys-
[0058]  Crystal slurry was obtained by crystallizing 11.3 parts of this solid-liquid separated

liquid at a temperature of -0.8°C in continuous indirect cooling. The obtained crystal
slurry was subjected to solid-liquid separation with the use of a centrifugal separator,
to thereby obtain 3.44 parts epsilon-caprolactam crystal containing impurities and 7.86
parts mother liquor. Crystal of epsilon-caprolactam was washed with cyclohexane in a
double amount, and cyclohexane was removed by again using the centrifugal
separator. Composition of the obtained crystal was as follows: solvent content of 0.71
% and n-heptane/cyclohexane=0.58 (weight ratio). In addition, GC analysis values
except for the solvent were as follows: epsilon-caprolactam of 94.11 %; OXM of 970
ppm; MTHI of 1130 ppm; and OHP of 217 ppm. Scaling on an indirect cooling surface
was observed during the continuous operations. In addition, a line for extracting the

crystal slurry from the crystallizer was frequently clogged and a stable operation was



tallization is applied without the nmeltgrystallization, was perforned as a
step following the first-stage epsilon-caprol actamrecovery step (the
second- stw@eosp®sison- capr ol act am recovery step) will bePdEgerdalbedias a
Conpar ative Exanple in the present invention. [0057](Conparative Exanple:
Second- St age Epsi |l on- Capr ol act am Recovery Step (Cooling Crystallization))
The fol | owm ng;mppgrkati ons were continuously perfornmed. A flow rate was shown
W th j p iti.on o UIdS ted, liquid
obt ai ndth  ribeitBplpe PR gr SERBRT ehrBsbreBeP S PR lbBer e g B Ghp

foll ows: sol veMTHRlomnesittragbn 4En3ke %rapmitmnhﬂpheamw/mytehdhexlwifetst?stage (wei ght

ratio). In a Q the

fol |l ows: epS|g éolfndnc% q%é%?génﬁ% 2%@'7}6/@631 ﬁ%/n e\éwtr?cfog%q Cﬁm%ﬁﬂ% 'M%feg%%g ppm
and OHP of 1@0EoysHA eP[S@@SBf}FE?I%tﬁ@I obéalmdrhy theagpestaars @ @Nebly recygled a thezi ng
11. 3 parts offipdthkspeepbildh=dal Eﬂlédﬂarﬁ@&%ﬁ/@{%@%p' hﬁ}bllrﬂy %n&nﬁﬁ%ﬁh%MaW of -0.8C
in continuous indirect coo gt ai ned st al slurr, iarcb ect ed
to solid-IiqdidereFhihatiith %‘)ﬁﬁ p}ggaa dughty of & f‘?‘ioffﬁfﬁﬁle% éﬁaBJE 1 g

t her eby obt alohtaﬁledllnﬂallt'StSp 6B(Sjnhasl’p00ﬁ}ﬂoﬁih€a}mbﬁtm quylsty af podfiédiepdilog- | mpurities
and 7.86 part [ or aprel act am

with cycl ghexi rgP aicﬁ%a c}lé%g? “dog; rm%r%{a,c rﬁ?cakloﬁ gnfego\%ﬁgonﬁg O\é/g%idtl)\@%gl‘égi n
usi ng t he cenpgdifieagans @feeplaloétl@rrna}’&ﬂfrb@sattSﬁ@dl of the obtained crystal was as
fol I ongyomg! veﬂltougpgtcsgatw@re Wip stoAEhBraR! &R%h&d’ﬁ* f5t PRET B o Rmbuite! ot

ratio). In addi GC anal val ues exce e so vent wer e_as
fol l ows: epsifAHIEHRRHVHY t&?riu%ﬁ Of%ZePhtee/baS@mt@VStQSimblﬁﬁ?d Mstheep flesttiBed ppm

and OHP of ZHtYEMhm&&ielscﬁﬂ)e@@b@% tatwle;mah cepoldctigh ®UNhiak theVigsseabser ved
during the continpuous op 3;3 ons.. d|t|on aline for extracting the

crystal sl urﬂ%vePP%StaWB s APFi E?d Eet‘?requently cl ogged and a stable
oper ati on waRefefeée 8 L251PCT/ JP2011/ 001176 difficult. [0059] The
conposi tion of obtaine psil on- rolactamwas lower in purity and al so

hi gher [ {)@NATHIAEWG&?PP %CWP%%Q?]“BHES@BWO& tion of the raw material in
the first- stag}aflfspsmg@epsﬂaprcap@wcamfeeaqntgempstep B from which recovery was
carried out. E}Seercgné)sta ok sﬂ eco r% Cg epsi Ve(%n capr ol actam obtai ned in the
operations above 1Is re yIf ed" St PSPV 8% 8 epsi | on-caprol act am
recovery step, inpurity concentratlon inthe raw material in that step
becomes high and quality of first recovered epsilon-caprol actam obtained in
that step becones poor. Consequently, quality of purified

epsi l oncaprol actamin the epsilon-caprolactam purification step al so
becomes poor and quality specifications of a product nay not be satisfied.

[ 0060] Though a case where raw epsil on-caprol actam obt ai ned by vapor phase
Beckmann



rearrangenent with the use of a zeoliteggbased catalyst is enployed has been
described in the exanpl e descri bed above, raw epsilon-caprolactamto which
t he presewbd 20rwmsasiion is applicable is not Iimted ther@CoJrPRai/erence Si gns
Li st [0061] A epsilon-caprolactam purification step B first-stage

epsi | on-caprol actam recovery step C second-stage epsilon-caprol actam
recovery step 15 WO 2011/ 108251PCT4R 001176 dains A nethod of

manuf act uri ng epsil on-caprol actam f ohexanoneoxi ne, conprising: an

epsi | onegaprgl act am purA hiegidd sSiatueRulfn %bﬁﬂé@&p@olb&%@fbnﬂ@y&loﬁéx raw
epsi | on- capr ol act am obt ai ned. by Becknmnn rearrangement of

cycl ohexanoneoxi me t oget"RBFOXHEHFONPESBIEed sol vent into a crystallizer for

crystallization and semmre@tsimgc@rdsleauﬂntpmtﬁcmmﬁdt@mq)dunhg amudit'bcﬁ et of
epsi | on-caprol actam and_a crysta uor

solid-1iquid separati on?VaPHl Olilsfapﬁl%&%m Ogéa“?%%yc% :]( aon\%treaﬁlia% ‘?Péf’{/ “d ep of
separating said cryst aldlmlmammomehegetharqudracqr{ﬂcﬂ fdlyesit inte e owystadlazer for

epsi | on-caprol act am a“)c}:sr?sa{l}lﬁaﬁfon 589 S&Fﬁfh @regﬁ{an éu%'t%cetlﬂf]géiﬂﬁeﬁvapor ative

crystallization for cr Izin on- ca rolactamin
crystallization nother qpﬁléfﬂb?amﬁwtémé\@é@(fﬂé&tarlh@t@ﬁén%%?f\lélﬁt)f fhpughesolid-
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