. ;e3e$ $\6T dw DESCRI PTI ON 30 Septenmber 2002 METHOD FOR PRODUCI NG
6-. CAPROLACTAM FI ELD OF THE I NVENTION 5 The present invention relates to a

met hod for pr ' rol actam having low free basicity. Specifically,
t he present .ammﬂlmmmﬂmt es to a nethod for producgp®Beptenitedl 2a02m
Havi ng | ow free bagighty Which conprises a step of producing E -caprol actam
by a gas phase 10 Becknmann rearrangenent reaction of cycl ohexanone oxi ne
using a solid catalyst in the presence of alcohol. BACKGROUND OF THE

| NVENTI ON E- caprol actamis an inportant conpound as an internediate in
produci ng nyl on-6. A net hod fornBE§GBE?H§ ~-caprol act am fr om

cycl ohexanone oxi me by gas phase Becknmann rearrangenent reaction using a
solid catalyst is kn¥&FHORNEORs ARQPUGING &aCAPROLACGTAM s known to use a

boron-based catal yst, silica-alum na catalyst, solid phosphoric i

catal yst, conplex netal oxide catalyst, 20 zeolite-based catalysﬂm@ﬂwwﬂwgmmw
| i ke. Further, Japanese Patent Application Laid-Open (JP-A) Nos. -]

and 63-54§§@1§h6ﬂfé¥ﬁﬁxﬁ¥¥£@§19§ a high-silica type metallosilicate "%
catal yst) and the selectivity in gas phase Becknmann rearrangenent reaction
of cyc® ohexanof & x@AesoBt ué’ﬂﬁ@n*ég@ﬁ Fedaf sy sto sy srerpdsiBEen fairly
inproved as - 1 30 Septenber 2002 conpared with conventional catalyst
systens. PRoAUELn- 27seRrdiatiasdravhng Law faeectiasitaiin. furt her

i nproved in a nmethod for producin% E -caprolactamin which a | ower al coho

i s all onedresiddarlingdtifePTRFER al%ﬁﬁﬁgléat%ﬁ}y%‘ﬁe.s B foreBved Forp- A
5-201965 discloses that the selectivity and catalyst |ife are inproved when
~ -capr ol ancEngr 6chremr dhagian grasbngalawy fireer daadi ot wiwkiel ohexanone
oxime in allowing water to exist in the reaction systemusing a zeolite

cat al yst i9pPmRRlseesertero?t ami@mdﬁwaamaq%ammem PbRsehe ot her

hand, ét i_.s known t hat bg allowi ng an al kylatin agent such as ,di net hyl
Sul 1513 aRPAIFIERRET RAREPECRER tof SASEAATDI O { SHF L ANERRAREBRORTAG 1- aza- 2
aIkoxy-l-%&&h&?g&tggfiéhgg EQ%LEe&hf¥ggﬂﬂéE§ence of alcohol.
BACKGROUND OF THE INVENTION
€ -caprolactam is an important compound as an

intermediate in producing nylon-6. A method for producing

15 € ~caprolactam from cyclohexanone oxime by gas phase

Beckmann rearrangement reaction using a so0lid catalyst is
known, and as the solid catalyst, i1t is known to use a
boron-based catalyst, silica-alumina catalyst, solid
phosphoric acid catalyst, complex metal oxilde catalyst,
20 zeolite-based catalyst and the like. Further, Japanese
Patent Application Laid-Open (JP-A) Nos. 62-123167 and
63-54358 show examples using a high-silica type
metallosilicate catalyst, and the selectivity in gas phase
Beckmann rearrangement reaction of cyclohexanone oxime

25 using such a catalyst system has been fairly improved as



15 abbreviated as AAH) is synthesized. However, it is not known at all that
AAH is generated as a by-product in gas phase Becknann rearrangenent
reaction of an oxine in the presence of al cohol, and that one of standards
for the product, free basicity, nay sonetimes not be FtptkpfdrRBeme0220 AAH
remains in the product, ~ -caprolactam The standard in free basicity

vari es depending on every user and is not restricted. It is required that

t he product usually have free basicity of about 1 meqg/kg or |ess,

pref er abl y. ed- v?m?ﬁ%lﬁﬁv%"n r@é@a%&"ceé?ﬁ%mébouﬁp% koTeal kg or

| ess. 25 It nown mhen ree aSICI roduct, ~ - "2 30
?3?5&”‘??25. o %°o R ok e S TR AR P R 60"
fdg“ﬁrtwaw“ﬁw‘%?t %%Eiﬁéle?%%RfE?inr SERR R ofaEte vtv?ﬂaﬂ?v
have f ound ]t%%lfgg\hgng‘é %‘Ja‘l‘%r ng%IF%%‘n% éjo A?%l newg‘%tag%éf% gé;ae %ggijc

rear r aggengile L eag! 61100 sl 2, 5011 .00 S84 sl ¢h) L BERSENGEL0F 2l cohol

wth i ng CyCI ohekanone ~oXi ne” as a Faw he sual fy produced
d t th t duct | ect f f t.0.1 %t
2bout 10 FHEHERDE ALk o Tt FEEIsh DS & T SRE- AR EHlat WA ERES ARH [
d h
e e e e LA
reaction RIpHGnkSybEeR! ¢4 WL AL o LhE e has Sidoh Ik fifgluged and

yield of ~"-Capro amis I ncreased dué to conversi W th

vat er '”tozeolfégr%@&ﬁ.g gﬁn%?xh@%?éé&éé‘ ?rﬁ%ﬁoirﬁ’@}é? et%{:St the

present invention provi f-or pro uci ng ~-caprolactam
conpr i ges é$m?§&ﬁa of treating, with water, a reaction product containing 1
aza- 2- al koxy-1-cycl oheptene, which is obt ai ned by gas 25 phase Becknann

rearrangement rggckhan otheay HAeXxapengs- kl?lown an&‘ee@tyergg_ low{ls ﬁrg' e

using a solid catalyst in the presence of alcohoi, to ellnlnate t
1- aza- 2- al kpy1Atevgl ABERt eeeh as dlmethyl sulfate and diazomethane

to act on £ -caprolactam, a corresponding l-aza-2-
alkoxy-1l-cycloheptene (hereinafter, sometimes

15 abbreviated as AAH) i1s synthesized. However, it is not
known at all that AAH is generated as a by-product in gas
phase Beckmann rearrangement reaction of an oxime in the
presence of alcohol, and that one of standards for the
product, free basicity, may sometimes not be satisfied when

20 AAH remains in the product, ¢ -caprolactam. The standard
in free basiclty varies depending on every user and is not
restricted. It is required that the product usually have
free basicity of about 1 meq/kg or less, preferably about
0.3 meg/kg or less, more preferably about 0.1 meg/kgor less.

25 It is known that when free basicity in the product, € -



Secondly, the present invention provides a nethod for producing

~-caprol act am whi ch conprises the steps of 5 separating a conponent
conprising 1-aza-2-al koxy-1 cycl oheptene froma reaction product containing
1-aza 2-al koxy- 1-cycl ohept ene obtai ned by gas phase 3g§@g$@ﬂﬂ5gpgﬁﬁﬂgenent
reacti on of cycl ohexanone oxinme using a solid catalyst in the presence of

al cohol, and treating the 10 separated conponent conpri sing

1-aza- 2- al koxy-1 cycl oheptene with water to elimnate the 1-aza-2

al koxy- 1-cycl oheptene. Thirdly, the present invention provides a nethod for
pr oduci ng RREQFFHamamigc ddadi nFavense dbbleencesis1Bxead@d e net hod,
Wwherein the reaction product to be treated with water is a reaction product
obt'ai ned Ppkymerinaitdony toegamatliary. an al cohol. Fourthly, the present
invention provides a nethod for producing E-caprol actam according to the
above 20 $SABGHARY- QEsEHELSHVIENTHEN wherein the reaction product to be used
f or separating the conponent containing 1l-aza 2-al koxy-1-cycl oheptene is a
reacti on productnéprasnell ¢ircunstancesl.| yheepoesenhginventovhohavei fthly,
the present invention provides a nethod for 25 producing ~-caprol actam

whi ch onpimi terssielyt spudded t4 £ing0 aSepndmsdr iy sehoantaggoas
conponent containing 1-aza-2-al koxy-1 cycl oheptene froma reaction product
cont ai ni ngneltlagd foal paodubinysr| Hheppend aaittan ey txyg ghswpfiase Becknann
rearrangenent reaction of cycl ohexanone oxinme using a solid 5 catalyst in

t he presergasde¢iivcrndbroviddmicnyigher isebdir atPeda capohienttheoprasenhg

1-aza- 2- al koxy- 1-cycl oheptene with water to convert the

1- aza- 2- alkkowgrntorgchefmepfenadi hhat-ehenoltactaprohadtput 15 hebtasnuedi ng
product into a step prior to the step of separating the conponent

cont ai ni NPV (IAS PhAge Beekyan -rsaroaegeens tf Fearthongusiplgages@bsnann

rearrangenent reaction product.
10 catalyst in the presence of alcohol with using

cyclohexanone oxime as a raw material, AAH is usually
produced and present in the reaction product in a
selectivity of from about 0.1 % to about 10 % depending on
the reaction conditions, and that when the AAH i1s contalned
15 in € -caprolactam, the presence of the AAH causes to enhance
free basicity and reduce qualities of the product, and that
when the reaction product is treated with water, the free
basicity is reduced and yield of € -caprolactam is increased

due to conversion of the AAHwith water into €& -caprolactam,

20 completing the present invention.

First, the present invention provides a method for
producing € -caprolactam which comprises the step of
treating, with water, a reaction product containing 1-
aza-2-alkoxy-l-cycloheptene, which is obtained by gas

25 phase Beckmann rearrangement reaction of cyclohexanone



Sixthly, the present invention provides a nethod for producing

E- caprol actam according to the above fifthly-described nethod, wherein the
reaction product to 15 be used for separating the component containing
1:aza 2-al koxy-1-cycl oheptene is a reaction product o i
substantially separating an al cohol. Seventhly, the p?g§%ﬂﬁgpﬁ%%n 9%%

provi des a nethod for produci ng E-caprol actam by gas phase Beckmann 20
rearrangenent reaction of cycl ohexanone oxinme using a solid catalyst in the

presence of al cohol, which_.¢ ri.ses the st of treatin

I aza. - al KRS 198 REORCPPARE BanNEdd s HPRF RS OF (HLGRREE 50 t hat
a l-aza-2-al koxy-1 cycl gheptene content in the ~-caprolactamis 100 ppm or
25 | ess. -t% eﬁl’één éﬁt gg@erl‘m‘%ﬁ'ﬁf? '&S&ﬁﬂﬁ%ﬁ@ﬁe@@-THE PRESENT

I .NVENTI ON ~- Caprol actamin the present invention usually has an AAH content
of -about 100 ppﬁ?SPnFliéfs, tHPREF SN Y HbtRAT 198 DRV e &R thedeEBFef erabl y

about 10 ppmor less, and 5 has |low free basicity and has excell ent

qual i ti es.PIPRuciadprot @@PHMLAR LAMRe WHiedhe onBIESR S 0B RaftAFSs@Eh physi ca
properties can be produced by, for exanple, a_method in which a reaction
produc? coRRAFFRGNAAR SRR byCAMPHWF hBIcycREReXafdie ki he to react
under gas phase 10 reaction conditions using a solid catalyst in the
presence dfYaleRfBEeRS Fﬁ%ﬂeﬁiWﬁ??F%%TePFochﬁr€H%§ﬂﬂ%}%ﬁr%é%%?bn pr oduct
cont ai nin obt ai ned hy substantially separating an al cohol fromthe
Sbove. deocH BLEORE ALt Ca SHARKALS <ODFRIREq Rt HARMEBRS DB HRMBA | n
which a 7.5 congonent nainléFgontaining AAH is further separated_fromthe

reaction prOEEEREEMERASTERGELOR O SRS ONSEENANE CHdMe R31 R FBAAE | s
treated with Byé§%531a wat er treat nmenpt AAH i s converted into E

-caprolact%ﬁ¥%€§g%é9n TRIHMT Halt ng GOBRAI I 2ARH TSR MY cERe be
cat al 90t s, SERRTRERR oAU (SRR TEI o T Boi Pear e ATPHE Hoed as the sol i d
ot al | osi 1 7RaPBRCREIR, vy TR oP S EPTBoSE SlS dr e
' alkoxy-l-cycloheptene.
Thirdly, the present invention provides a method for
producing € -caprolactam according to the above first-
15 described method, wherein the reaction product to be
treated with water is a reaction product obtained by
substantially separating an alcohol.
Fourthly, the present invention provides a method for
producing & ~-caprolactam according to the above
20 secondly-described method, wherein the reaction product to
be used for separating the component containing l-aza-
2-alkoxy-l-cycloheptene is a reaction product obtained by
substantially separating an alcohol.

Fifthly, the present invention provides a method for

25 producing € -caprolactam, which comprises the steps of



25, (wherein Me represents one or nore netal elements selected - 6 30
Sept enber 2002 fromA, &G, Fe, B, Zn, C, Be, Co, La, Ge, Ti, Zr, H, V,
Ni , Sb, Bi, Cu, Nb and the like ) . Also, it is nore pref erred to use

a.crystalline silicate conposed of silicon dioxide cogb%g tggg%#ggkﬁgtlally

no Me conmponent. The Si/Me atomc 5 ratio can be neasure used
anal ysis neans ) for exanple, an atom c absorption nmethod, a fluorescent
X-ray nethod and the |like. These catal ysts can be produced by known

net hods. &Hé@%ﬁ%}érEb ﬁ%h@sb n&gﬁglgﬂﬂ £Iysta 'hﬂﬁo%k'hcate are known

to |nclude arlous cry I ne types t hose aV|ng o-called

Fouer 21 coft #i%*gﬁusumff@ﬁ%%% S e P g o Rea D exi st in
the.react pn syt om Exalpl sl e Jtela abgohol 15 Lockulsyal sonol

havi ng 6 or and ‘speci or nDre s of

al cohol S‘ije%cﬁze%lé%rﬁéﬁ}l Feandlon n, BE c%gcﬁi%%gx%ﬁ%”&:rmé%%F]{noggé%oé '1d

n- but anol ,” sec n--any exano alarTy, it is

pr ef ersed Ju 4ine. 018 PLSRIS K005, oL, agaol paglested 20 Lram et panol

et hano n-pro I'sopropan ano srnce’renar ects are

F??'efeihﬁ%d%%ﬁgv?ﬁ%no fin eLf%%h%Ifﬁ%lnh?&Cfpéﬁﬁféﬁﬁg‘é : fé‘étt?l ) |
h f t.h 2

Vew o3 S R eeranh C%?-[ R £k SRy e ch B %ﬁﬁph o tﬁf
| hol b

arerto LealnPRUeaEeahiP B i (AN Clo b SEBRALECIATY HNBARpUN ©
terms of falag: iy | g, basedh ofe 1y Argteggcw ohskaamne MidiThe rati o

out of thi's range tends to cause arge crease o cat al yst act|V|%y Use
0PI LR okl LRI Al 25l 6 SR WiSySIa 1 (°
lover. Thed£a£4h8mERR 2baBtebhe gutfhuider
Sixthly, the present invention provides a method for
producing ¢ -caprolactam accerding to the above
fifthly-described method, wherein the reaction product to
15 ©be used for separating the component containing l-aza-
2-alkoxy-l-cycloheptene is a reaction product obtained by
substantially separating an alcohol.
Seventhly, the present invention provides a method for
producing €& -caprolactam by gas phase Beckmann
20 rearrangement reaction of cyclohexanone oxime using a solid
catalyst in the presence of alcohol, which comprises the
step of treating l-aza-2-alkoxy-l-cycloheptene generated
as a by-product with water so that a l-aza-2-alkoxy-1-
cycloheptene content in the € -caprolactam is 100 ppm or

25 less,



reduced pressure |ower than atnospheric pressure. The reaction may be
conducted as a conmopn gas phase catalytic reaction in fixed bed node or
fluidized bed node. Cycl ohexanone oxinme as the raw material reacts in a

catal yst 15 | ayer in gaseous phase, and al cohol may b i I led
wi th the cycl ohexanone oxine or also be supplied to a%¥£§§¥%%ﬁ89%g§p?

separately from cycl ohexanone oxine. In the case of the fixed bed reaction,
it is preferred that cycl ohexanone and al cohol are sufficiently m xed and

as s 20 t h ayer, i m ition. In the case
of the fl ﬁ?ggg'ﬁbeﬁiﬁmﬁyﬁﬁﬁi%@i Ehﬁoﬁﬂﬁgl?g’%"sMi red that .

cycl ohexanone oxi me and_al cohol, are previously nm xed, They can be supplied
separately, and‘%TEGBBPlégﬁaﬁl§@W§??ﬂ3ﬁ?ﬁﬁPEﬂ&PY%%FlaBdEépaAﬁﬂePﬁétiver,
25 in the cas f the fluidized bed reaction), al cohol l.so 3

St orber SBosARCaNEE tap aAbaRher O BBl ST AP RanSEs L RERDAINBRE X e,
Water may also previopusly be m xed w th_cycl ohexgnone oxi de and supplied to
a reactignzéegggl?rofeﬁﬁ§ BPE6 Bﬁegﬁﬁﬁgﬂééaéﬁﬁg% ePF"TPEh&@f@Poﬁ@@gnone
oxine. _In the case 5 of the fluidized, bed reaction, it can, be divided and
then a@ded?@¥héC¥hddne fastcbhyl 208 Bésaﬁﬁﬁéi}qﬂfegﬁéﬁ thefhe reaction

systemmay be suitably fromO0.1 to 20 tinmes, preferably 10 times or |ess ,
and nost prefer @By §rAPFOLATLRR 1 &1 nRESFANEe LAY oSBT 1R IR BYP dei ght
'n he T eabFONDLBHR) BERPERE -4 AT0h SFaRE SANE 20 Fend S0 PRAARLsar 1 gas
h it b || dt i st 1 diluti .. Th
eact | on t BETER B O3St ARRr O PORALBSTOSEbLRI g AR OP B00eE |
preferably_ from,abqut 300'.C.to about 450C , nore_preferably fromabout 300C
to about 488 ?E4R¥%§%uﬁ¥RkﬁQﬁﬁ?9°?Vvﬁﬁ&met8yEF8E§x&H8ﬁE FRiTE 4% he raw
20 ial _is.f. baut 0. 1 t bout 4 -1 I h t f
suppl by ESESHETaRBRE RS BB TE foo8rtd GaralTEE T4 HORA5B%. 1 to
bout 40 kglihr). Lt.i | i h f bl f_f bout 0.2
o about 28nPieoRed: EsoFEFaraR o rhdie EEE0oD 28 s TINAY A6 REL 25 ne
f th mbodi i [ ' . 30 Septenb
gOOZ_S_Eea g#%ﬁﬂ%fé%%g%Q%%ﬁ§§?§$ﬁgbﬁkaﬂ%§9?Fggfggﬁ%%?%gﬁ%%%y und:P gpeg{fic
condi tionsg %@Eéﬁ&éﬁ%ﬂQéf&bﬁ@ﬁpEQQHFEHé?éggéﬂ-(é%%%ﬁgéa ?EQE@i@ﬁCk”a””
ctl 0 ucted In

rearrangenent rea n of cyc exanone oOxl ne con e presence of
al cohol , product is treated with water, or a method in which a

15 component mainly containing AAH is further separated from
the reaction product by distillation or the like and then
the component is treated with water. By such a water
treatment, AAH is converted into € -caprolactam so that ¢
-caprolactam having a small AAH content can be obtained.

20 In the above-described methods, silicon-oxide-
containing catalysts, preferably crystalline
metallosilicates may be used as the solid catalyst. 1In
particular, it is more preferred to use crystalline
metallosilicates having a S1/Me atomic ratio of 500 or more

25 (wherein Me represents one or more metal elements selected



5 and that AAH contained in a reaction product obtained by substantially
separating an al cohol beforehand by distillation or the like fromthe
above-descri bed reaction product is treated with water under specific

condi tions. Another enbodi nent of the present inventi £ S .t hat

AAH- condensed fraction and ~-caprol actam havi ng an AAl%l8 éoérﬁtgn 6%@ual ly,
100 ppmor less, preferably about 25 ppmor |ess, nore preferably about 10
ppmor |ess are separated fromeach other by distillation froma reaction

product itsel f qbtajned by_gas phase Beckpgann_rearrangenent reaction or
froma re%&'ﬂ“bﬁq'pr ?@ch‘eoble’ai ZBd g?’sgﬁarg&' nf2ancSt Qgﬁolﬂrgf’%t her
above-descr.i bed reactj on _product, d then.{he AAH- condensed fractjon is
Troated wiit SHe dIL s NB I £he LhRE) 11 ohbIOTHE ARHRCER BRRSEE Fobot i on

may contain ~ -caprol actam, a by-product having a |ow_ boiling 20 point and
Wt or . | 1 ESUEH o S0 FEY SEL 1Pife SAACOTRIGRIRP T64 AT 1 1% dictds
separated by distillation and then is treated with water, it L@ﬂﬁfeferred
that a trEAEPIHIRT & UHRTHEP LFY B0 Mo SopRaTen t ealliend L ¥e fdriiind
recycled in a step prior to a _step of distillation for condensing AAH 25
since 2 sF@YLUuFhPeoTeRFUBLEIRRICOTIPRI Y THARIER2LYS1s Mearg ptifiher 2002
caprolactamas well as ~-caprolactamitself nmay be contained in the
reaction FPGHRYS oA aRsoRhe! et thodatFrdnitio i e b Ry s

especi all}él recopmended. sipn¢ce there is no need to add_a new facility and the
exi sting PRI FPestRanlbEent i TRe88 Catedrsts FaTy b8 BRI Hr oduct s
made in the water eat nent of AAH and effectively recover E-caprolactam
produced 3V“PHhJE?£$8 Sof A CFHSER 1&55V§Fﬂﬁ§§¥ %b%l§3§epﬁ8§e Beckmann
rearrangenent reaction, /AAH i s prodyced in_a sel ic%i vitx_ 10 usually of from
about 0. 1%%%° 1208644 €2 By AFodHIWE nt@ h&PPEREE SATIRWF i s cont ai ned
int reaction duct _. The Ki of His differe ependi ng_on the

ind 59 areoti PR bareR 1 A0q iFshrERS  B9P ROk e Be e, when
met hanol i ut(i: iized_as thelfal co(lgl , 1-aza-2-nethoxy-1 15 cycl oheptene is
pr oduced, ThEndr i §TGES2780, 1 aza- 2- et hoxy- 1- cycl ohept ene i s

d d, d | 1 tiplized, 1- - 2-N- -1- | ohept
< pr odubed.  THES T BRGTOROBY UGBt i CGHe R aLes BRBRr B Tead WRRrEnt
ti | D - - 2z al - by - t th
Comonent oot ot 198 0058 AR e e KGN DT LBl o PORR L

reaction ppdil £ abhaahed liddh Vst e Al | Sobydl ghugedyand

converted 1nto ~ -caprolactamto consu H exists in

S%Cgf’%ﬁhifi‘?t%‘% nggﬁgﬂo‘% RSN SNSRI 9850k a2BolPhR onls E& ARSI City as one
specifically, one or more kinds of alcochol selected from
methanol, ethanol, n-propanol, isopropanol, n-butanol,
sec-butanol, n-amyl alcohol and n-hexanol. Particularly,
it 1s preferred to use one or more kinds of alcohol selected

20 from methanol, ethanol, n-propanol, isopropanol and n-
butanol since remarkable effects are manifested in
improvement of selectivity to & -caprolactam and catalyst
life. Among them, methanol and ethanol manifest remarkable

effects and, therefore, these are particularly preferred

25 in-the industrial point of view.



- 11 30 Septenber 2002 caprol actam deteriorates. In the present

i nvention, when the reaction product containing AAH and E-caprol actam
‘obtai ned by the above-described reaction is treated with water, the AAH is
5 elimnated and the yield of ~ -capr@l actam i ncr eageSestenter 2002

. -caprolactamis produced fromthe AAH. It is preferred that a treated

| iquid obtained after the water treatnent is used and recycled in a step
prior to a step of separating al cohol since, due to the water treatnent,
AAH mai nly 10 produce ~-caprol actam and a correspondi ng al cohol. The anount
of water used in_the water treatnent may, be frgm about 1 equivalent to
about 50 equi val EME s §3RY CATLMIES0RE %SﬁauF?/%iFEHFrt%l%cﬁkc@Ol

equi valent to the anpbunt of AAH existing in the reaction system Wen 15
the anount &h theeabpyerdesaridied RPAVRE LR, 0HedorARBT?I2AtaN - ABRE s not
-sufficient . Wien the water is too nuch, the water needs to be renoved by
evapor at i ona2BpPufifeof keteFok? iR usahisdO| P§uta dbP ot Hewss amxafanadly
treatment, which results in high cost. 20 The tenperature for the treatnent
. depends on Phd8arsurit. Dftipaerinoteemased medamyrdeld rasedon Usio
about 250 C, preferably from about 60C to about 200C . Under a condition
such th& tbhé cyedvhextanamperdneg ¢ iThehirgharo ohdn offhehbsi Famge poémds of
-water, it is preferred that 25 the treatnment is conducted under pressure.
The period &b calise laBg80dSepeasieco2 Gt xkpsbl actamidgt.er Useabés. I n the
present invention, when the reaction product . containing AAH and

E- capr ol act smniddattdi en exindyn t he £alvavrerdesdritoiets r ef€kican fiox timgatoading t h
water, the AAHis 5 elimnated and the yield of E -caprol actamincreases |,
since ~ -capadladgtsam lsferoduced fromthe AAH. It is preferred that a
treated |iquid obtained after the water treatnment is used and recycled in a
step prior to a <the refacseipen atayngsaladdipbesefifectthd underhe madesure
treatnent, A ~1H mainly LO produce ~-caprol actam and aygorrespondi ng

al cohol10 Thefasoartiom b wdicerenis e hen reae iadrercan eal seéf feyt &@ dnder about
1 equivalent to about 50 equivalent) _30 preferably from about 3 equival ent
to about 3-epdusddmprassorehéoamurthani &thbsghetriieg prestsvera .eadhieon
system Wien 15 the anount of water is less than 1 equival ent,

deconposi t i areasft Yot masy e crdductedtas Vmommbe geasephasetontaighict he
wat er needs to be renoved by evaporation or the |like fromthe treated

i quid obt arreettaffemrinhéikedabeshimoddi eh fisdbtigead Yadgmaitst. 20 The
tenperature for the treatnment depends on the amount of water to be used and
may be fromCamlahegamone abiue azcble, raw wadreatiial reantsbbuta GA0CCLYstabout

200 . Under a condition such that the treatnent tenperature is
15 layer in gaseous phase, and alcohol may be previously mixed

with the cyclohexanone oxime or also be supplied to a
reaction vessel separately from cyclohexanocne oxime. In
the case of the fixed bed reaction, it is preferred that
cyclohexanone and alcohol are sufficiently mixed and pass
20 through the catalyst layer in such a mixed condition. 1In
the case of the fluldized bed reaction, it isnot necessarily
required that cyclohexanone oxime and alcohol are
previously mixed. They can be supplied separately, and
alcohol can also be divided and then added. Alternatively,

25 in the case of the fluidized bed reaction, alcohol may also



hi gher than the boiling point of water, it is preferred that 25 the
treatnent is conducted under pressure. The period of 30 Septenber 2002
AAH- cont ai ni ng conponent by fractionation and the |ike, and then the
obtai ned AAH or the fraction containing the condensedgpAkLi nM&gaéﬁﬁzmjth
water to recover it as -caprolactam 5 Alternatively, exaﬁ% es of e

nmet hod for water treatnent include ( 3 ) a nethod in which when al cohol
having | ower boiling point than that of water is used in the gas phase

; iigf‘é‘lﬂger Rt 55@%?{?&%% Ay SR A it B PR FufREnE el on
| i i 1% i
Pher ei n, ot hoMSkAT MET. PUAPERF B { ACARY are MBI F g IaPYaF SBERARCAT al cohol

to fl t_qQf th t ti duct distillati d oth

by-pr oduct S G CTT DR b0 18° FEESTNy (UL B9 ULt FLPR P8 or t he

li ke t bt ai duct, .~- | act d (4 t hod_i n_whi ch

react i on progBdheease 150 Re Spr et ThaiR R N AT gemtht oS o (s |
ti t. .qbt aj ft | th | .coh t of .th

eacti oh pPeaste Feusg i BT Ra O o Brroas At SAn HPor gani o

sol vent and ter as extracting agents, or by crystallization using a

sol vent co i-ng water, and the |ike, and renoval of other by-products

ond ool ye s of AL AL, SR o7 I LEPSOURlie ML
b i AL
ol vent unFt S Tk & o D i 1R e P S i SR 4 kL b 2 ut § on
ext rad on 151 ® S apokednd Bt 18 SO S YHEBNH Sy8acpieiMlthe

containing 09 AAH is recovered, and the like . It is also possible to
conbi ne thesé net hods with known 10 purification nethods using water such

as a net hod Tor gf feel i pgagtyShaklisAall O Ukl 1 1806 13 aLNG,d of

effecting purificatron treatnment dsing an aqueous potassi um permanganate

sol ution. Ln these, hydeg! y§i ﬁeﬁéﬁggsc%hﬁ.oh§x%rx'@ L dThddie, o W fWpoi nt

of easiness I n recovering ~caprolactamto use water in a m ninum anount

enough to Rydol ¥zfs A aACR1 R rbyedCmBYPHAL oOheCALL GeliStb it s€hd N 2

process for separating E-caprolactamfromwater. Therefore, a industrially
prefergdl e yredek { Snagagd0 follow froma reaction product containing AAH
as a inpurity obtained by a gas phase Beckmann rearrangenent reaction of

The reaction temperature may usually be from about
250C to about 500C, preferably from about 300C to about

450C, more preferably from about 300C to about 400°C. The

space velocity (WHSV) of cyclohexanone oxime as the raw
20 material is from about 0.1 to about 40 hr'' (namely, the
rate of supplying cyclohexanone oxime per 1 kg of a catalyst
is from about 0.1 to about 40 kg/hr). It is selected in
the range preferably of from about 0.2 to about 20 hr™t,
1

more preferably from about 0.5 to about 10 hr ™.

25 One of the embodiments of the present invention is that



cycl ohexanone oxinme using a solid catalyst in the presence of alcohol, the

alcohol is substantially separated with 25 distillation or the Iike

bef orehand, and the resulting - 15 30 Septenber 2002 fraction containing
AAH is separated and water is added to the fraction c hé¥h as to
convert the AAH into . E-caprolactam It is noted tha?ﬁiﬁe86$EV|ouségennval
of alcohol is 5 preferred since the hydrolysis of AAH may be suppressed in

t he presence of nuch al cohol when AAH is treated with water, while the

explanatiop gfy o"’b| “gﬁf‘é’#uéx? ReLany! %’ 'AXA}? g,c,ﬁctfféé’té&” EAOYEdkL W th

distillation or t ront e Feacti 'S use I'n the present

i nvention %%Végl o epen%td%.tc\locnps MH&E hﬁ*ﬁl ¢ % 1P %dtfctpq.t

restrict ed an I'ng on an anoun wat er exi tl ng

hyor ol ysi s, L SaL Nt eRerlire oo theot! ke, ALgaUGL MR L elorly be

removed IB ?n anouht Jof” of "nore base e "anmount
i sti t h I f
the pr QEFn?Z%ﬁvaﬁﬁe%nﬁoerﬂeﬁvatwf SRfirtits U BPaG of %3%5% :"létsams."nce
it | k | oh
s T e S e
to ~ 20 t t |d of th
:eunngd plrod%@t i a&t%lg?r?gfytﬁét’\é\?%r relntgIr r%%{tsat pctgoaaggval {g%? gg%/h thgref)f ei S
t I d f
bt oduci ny BLeA3ro et S aT s & oy o b D SRR e R R o?rthe

ai med 25 pé?c%w 1194l A tdn‘?@ﬁ"wé@é&%hﬁ%&:"%gQEﬁg‘H E%%'ditt St

30 Sept enber or sSeparating or recoverrn s pro uced by the

wat er treatmnent, W?%%gfﬁﬁgﬁrtag dtWe ?r@'s%tn' l l ts)e?&icgn % from

the reaction produc na crude cap olactant avi ng ent of

(reat o BRI RS O GRyE L SRt fb ?#@#ﬂﬁ%@? °£Pf§“‘f?teat ed
18 A1t e At stonst el M T g
pPpm or less, more preferably about 10 ppm or less are
saeparated from each other by distillation from a reaction
product itself obtained by gas phase Beckmann rearrangement
15 reaction or from a reaction product obtained by separating
an alcohol from the above-described reaction product, and
then the AAH-condensed fraction is treated with water under
specific conditions. The AAH-condensed fraction may
contain €& -caprolactam, a by-product having a low boiling
20 point and water. In such a case that the AAH-condensed
fraction is previously separated by distillation and then
is treated with water, it is preferred that a treated liquid
obtalned after the water treatment is used and recycled in

a step prior to a step of distillation for condensing AAH

25 since a small amount of by-products other than ¢ -

- 10 -



The present invention is described in nore detail by foll ow ng Exanpl es,
which are enbodi nents thereof and should not be construed as a |limtation
upon the scope of the present invention. 15 In the present invention,

conversi on of cycl ohexanone oxinme, selectivity to ~ -g@ap ¢ m
selectivity to AAH were respectively cal cul ated usi ng%?héég %ﬁ‘%% %@82

formul ae: Conversion of cyclohexanone oxine ( %) _ [ (X-Y) /X X 100
Selectivity to E-caprolactam (%9 - [Z/(X-Y)] X100 20 Selectivity to AAH (%
- [W(X-Y)] X100 wherein X, Y and Z respectively represent the foll ow ngs X
= nol ar ag®PRoIFECHIM| dAeNgAdN@SOXE neapuppRcEamy X gl Armayiobat of

cycl ohexanone oxime unreacted Z = nol ar amount of ~-caprolactamin a
product 25onvtaiRgdAmitbenresrtAam PRogusitoaéaineg7attegotBppiateer 2002
Ref erence Exanple Z 0.375 g of a crystalline zeolite-containing catalyst 5
10 -15 was fRaadewrenh- a Thib? tretbadt L6n espies ivdhgrepemnerdndl sdngfeter of 6
mm~ and a |l ength of about 60 cm heated to 370C (catal yst |ayer height:
about 23 rAferRalF P ehrpral tiog@dd Favieny bt LbYbyndeitdiet eatissdrdhexanone
oxi me/ met hanol /water of 1/1.89/0.052 was introduced into reaction tube at a
rate o? 8.riglitigderani beogdd lgeed |ty oFLoabivelni #lddiaak®d her gas .
The tenperature of catalyst layer ( i.e. reaction tenperature) was 380 .
The resul tirrAvete masie gnothetwaker dowainemt cfoPrdcard ghiimgthee byt | et of
the reaction tube in a dry ice/nmethanol bath. The reaction product was

anal yzed meameexhfomemge bpbtanspacdeseld by tdmvenyersi ofi AAH.

cycl ohexanone oxine was 99 . 4%, the selectivity to E-caprol actam was

96. 6% and the Eel tkei abpyerdesqrihed ngaforRhapec Pecsianrene (hereinafter,
abbreviated as AVH) was 0.82% Reference Exanples_ 2 to 4 0.375 g of a
crystal | i iRESEORPERIEBHt APRCHY Tt ANSEL @ Y@l phit ke F ¢ e et §YhEY 2
reactjon tube having an internal. dianeter of 10 mm~ and a l.ength of about
60 cr‘ryﬁeat‘éﬂ-‘ﬂal% ERoR ARIYE0 1 1Y &0 RO 103 BSuR BE-RRPAUCRaW nat er i al
having a ratio by wei ght of cycl ohexanone qxi ne/ al cohol / wat er of

1/ 1. 89/ 0. 0522 R&EG I bd BRI 2C0R tRde b N5y T§AF T iRePTAREFPSgenTBEs f1 ow

of 70cc/m_.n, and_-_ 18 30 Seé_)tenber 2002 t he reactLon gas was coll ected
fromthe ditr@ioffARE s different depending on the kind“of alcohol

utilized in the rearrangement reaction. For example, when
methanol is utilized as the alcohol, l-aza-2-methoxy-1-

15 cycloheptene is produced, when ethanol is utilized, 1-
aza-2-ethoxy-l-cycloheptene is produced, and when n-
propanol is utilized, l-aza-2-n-propoxy-l-cycloheptene is
produced. The reaction product of gas phase Beckmann
rearrangement reaction containing l-aza-2-alkoxy-1-

20 cycloheptene as a by-product or the component containing
l-aza-2-alkoxy-l-cycloheptene separated from the reaction

product is treated with water and the AAH is hydrolyzed and

converted into & -caprolactam to consume the AAH. When AAH
exists in € -caprolactam in a specific concentration or

25 more, free basicity as one of product standards of € -

- 11 -



- reaction tube in a dry ice/nethanol bath. The tenperature - of the

catal yst layer was from 360C to 370'C . The reaction liquid was anal yzed by
gas chromatograph. The results are 5 shown in Table 1. Reference Exanple 5
The procedure was conducted in the sane manner as irwéﬁgﬁre ce EX?@ﬁées 2
to 4 except that the raw material having a ratio by g P %@b xanone
oxime/utilized 10 al cohol/water of 1/5.26/0.052 was introduced at a rate of
18. 0 g/h to obtain a reaction liquid and the reaction |liquid was anal yzed
by gas chronatograph. The results are shown in Table 1. Table 1 Reference
Exanpl e234GRBEE L8 LA S18d1 e Mot £t hanol n- Pr opanol n- Propanol A (nol ar
Fatio)6.44.43.49.3B (% 99. 7399. 2397. 6987. 49C (% 95. 3795, 7894. 9294. 36D

(9% 0. 790. 320. 04@n2ghesprgsen tALinySINgiqtat i @R BRe oRRRFEVRNORERGHEHE oxi ne
B: conversion of cycl ohexanone oxinme C. selectivity to E-caprol actam D:

sel ecti vi tgonsaAndnzo ABide 4 -capyolag@rrsepheabteed2bg2thet o 319 g of
reaction |iquid obtained by gas phase Beckmann rearrangenment reaction

(havi ng 152B9¥By dgsicFiibest reagitdmradd BreoteBywhERgHRtoF . ANME A8y 4&s
chromat ograph anal ysis) were added 8.50 g of AMH and 6.77 g of water. This
5 reacHi onelindng tedsandfihexpiield of f f actarsiratd ovam dNGr ggss@dshihch about
5-stage glass helipack filler at a reflux ratio of 1 with raising the bath
t enper at ur é feapredacteml3s’ produced Kaoms thet dAHi.st L] isf pratenamdl . The
bath was controlled at 140C at normal pressure, heated for 3 hours, 10 and
t hen, cool EBatoaokrgateds dapigt P haimedi #ter gting. waEhsTchF8Aal8gitaph

anal ysis was conducted to find that |actamcontent was 63. 6% and AVH was
not det ect &8.UTRHE FFOFEIGES AN d TieR RAR BRs_EHAP AASARITAEIAG |t s
noted that production ratio of |actam based on 15 AVH and remaining ratio
of AWVH wer 8LlFe§pdctSings, ciiteurat Baeu¥ri§Tt A& MV nP A rigtady
Production ratio of |actambased on AMH ( %) _ [ gﬁB-A) /C] X 100

Remai Aithg PEPHYCS Anvrapmplactproptd® A er/psaPngaBgneleriPlcaprol act am

in a raw materi al
The amount of water used in the water treatment may

be from about 1 equivalent to about 50 equivalent,
preferably from about 3 equivalent to about 3 equivalent
to the amount of AAH existing in the reaction system. When

15 the amount of water is less than 1 equivalent, decomposition
of AAH is not sufficient. When the water is too much, the
water needs to be removed by evaporation or the like from
the treated liquid obtained after the treatment, which
results in high cost.

20 The temperature for the treatment depends on the
amount of water to be used and may be from about 45C to
about 250C, preferably from about 60C to about 200C.
Under a condition such that the treatment temperature is
higher than the boiling point of water, it is preferred that

25 the treatment is conducted under pressure. The period of



20 used for water treatnent B = nolar anount of E-caprolactamin a product
obtained after water treatnent C = nolar amount of AMH in a raw materi al
used for water treatnent 25 D = nolar ampunt of AWVH in a product obtained
after - 20 30 Septenber 2002 water treatnment Refergfeag fripigerefod2to 9
Hydrol ysis of AVH was carried out by treating AMH 5 contained in a |actam
conpound with water using one kind of |actam 2-pyrrolidone rather than
using ~-caprolactam in order to accurately investigate a production yield
of E -capr chactcdmctvdm cdetsrbopabdact obtai ned by hydrolysis o f AVH . 10
2-Pyrrolidone, AVH, water and nethanol were used in a ratio by weight of
-2- pyrrol i done/ ANH wateerdmeddranalnwén 2006/, lwhAh. @ha6 reacaricd heateelicat
tenperature for hours shown in Table 2. The reaction product was anal yzed

by gas chr gggiteaiity toaeasar € B Askslaehanabbe adhd@d@mpad 15 renmaini ng
ratio of AMH in the reaction product . The results are shown in Table 2.

Ref erence Bxad -aidde e @acasit én Wos te@aded od tHwate rSafReBAREIs @S i N
Ref erence Exanples 6 to 8 except that 2-pyrrolidone, AVH 20 and water were

used 1152 atigd e M uala 0L A a2 bl icIREb AYHLIRLET 1 98- 2050k ! YD, 1

anal yze the reaction product "and neasure production ratio of S caprol actam
and_1 emai Mg LRkl e i Boldifnd SR QU HE S LY A gy ShOWN
in Table 2. Zg@agﬁ'ea 2 - 1§ 0 Septerggrfﬁgo o .~ of d &

that a treated ligquid obtained after the water treatment

is used and recycled in a step prior to a step of separating

alcohol since, due to the water treatment, AAH mainly

LO produce ¢ -caprolactam and a corresponding alcohol.

The amount of water used in the water treatment may
be from about 1 equivalent to about 50 equivélent,
preferably from about 3 equivalent to abouti;-_oequivalent
to the amount of AAH existing in the reaction system. When

15 the amount of water is less than 1 equivalent, decomposition
of AAH is not sufficient. When the water is too much, the
water needs to be removed by evaporation or the like from
the treated liguid obtained after the treatment, which
results in high cost.

20 The temperature for the treatment depends on the
amount of water to be used and may be from about 45T to
about 250C, preferably from about 60°C to about 200TC.
Under a condition such that the treatment temperature is

higher than the boiling point of water, it is preferred that

25 the treatment is conducted under pressure. The period of



Ref erence Examle 6 7 8 9 10Heati ngtenperature X65C X 165C X 645C X 3140C X
1140 X 3tinme (hour)Production4. 421. 13. 465. 378. 9rati o of

| act am( %) 90. 762. 689. 73. 60Remai ni ngrati o of AVH %) Exanple 2 The free
basicity of ~ -caprolactam containing AVH in an anoun Lo T 3 was
measured. The results 5 thereof are shown in Table 3.%ﬁ§§§¥?¥?EF%%§§gd: (1
) Into a beaker charged with 10 . 0 g of water, was added a net hyl

red- net hyl ene bl ue indicator, and the color of the solution was adjusted to
grayi sh bl ue col or %EH_S.;g% 10 using an aﬂueous di | ute sodi um hydr oxi de

sol ution oPAY19RR hat RaPIHITR PBAR bO%EF AGLIONAG P MARE S IG Lhkiengand 2)
10.00 g of sanple, 6-caprolactam was added and dissolved. ( 3 ) Using the
N 100 nor ridtesof i BRtained f”‘@f@ CLdihe fBRctsop FPAtadERE rd¥il ting
solution with an automatic buret to obtain an anmount of sulfuric acid used
for reachi mpyiensed AAHoisr tagatFdhgritle varer &P Ttheoved ddt #st grayi sh
bl ue, which was shown in terns of base equival ent anount per 1 kg of |actam
(meq/ kg) . -~9BPTOlaEts@pt enber 2002 Table 3 AVH content (ppm per

| actam) Free basicity (neqg/kg)00.0331. 30.0432. 50. 0547. 50. 093250. 2101000. 723
Exanpl €93 0. 375 ﬁlBPrﬁa@§Y§t | iRt § t *F cSheamgithg dc &edl y&it&F was packed

I-n a quartz reaction tube having an internal
treatment include (3) a method in which when alcohol having

lower boiling point than that of water is used in the gas
phase Beckmann rearrangement reaction, water is previously
added to the rearrangement reaction system, and then the
10 rearrangement reaction pro‘duct contalning the water is
treated as it is so as to treat AAH therein, or then AAH
1ls treated with water remaining éfter allowing alcohol to
flow out of the rearrangement reaction product by
distillation and other by-products is removed from the

15 resulting product by distillation or the like to obtain a

product, € -caprolactam, and (4) a method in which a

reaction product obtained by gas phase Beckman
rearrangement reaction 1ls, or a reaction product obtained
after removing the alcohol out of the reaction product is

20 contacted with water by extraction using an organic solvent
and water as extracting agents, or by crystallization using
a solvent containing water, and the like, and removal of
other by-products and hydrolysis of AAH are conducted
simultaneously, and the like.

25 Further, examples of the method for water treatment



dianeter of 6 nm~ and a | ength of about 60 cm heated to 370' C (catal yst
| ayer height: about 23 mm). Raw material having a ratio by wei ght of
cycl ohexanone oxi me/ met hanol /water of 1/1.89/0 was introduced into the 10

reaction tube at a rate of 8.54 g/h under nitrogen ga of, 14 m n
as a carrier gas . The tenperature of catal yst |ayer ?3(? _bg}g’t?rggg{ QQ@CZ[

tenperature) was from 365 to 370. The resulting reaction product was cool ed
and collected fromthe outlet of the reaction tube in a dry ice/ methanol 15

bat h. The react.i.on, product .anal yzed b s. chromat ograph. As .a result,
the conver SNGHUGE 50 DABEIGHATIIRHER & Bt PROE L EPRT AP0
caprol acta s.95 . 2% and the selectivity to AMd was 1 .77% 100g of the
reaction p%gﬁef' #as Bs%ﬁénggﬁﬂv\‘ﬂ‘ﬁ pRarraggemes a3 YHoPedhpor at or
under reduced pressure, to, obtajn,35. 1g, of crude |actam This | actam was
anal yzed wFFWag&iqgw%ﬁﬁH%ér%Bﬁa%Be?iﬁgtﬁﬁéﬁrgqﬁﬁﬁﬁ aLtamMiaS 182 57%

cycl ohexanone oxi.ne was. 2. 74% and AVH was 1.64% in terns of a,percentage
area 5 cal BdCR0Cd &I WFFYLERdatBa2Bf OLFAPER SREREDY n¥RI8BgLSf the crude
| act am_ was added 1.03 of water. Then the resultigg1Iactan1so|ution was

heated Tt IHOESCIOLE N Wat e Ao EPaPe FRfn S SL01TH DI WA LI Yzed wi th
Toon i n 1 or ALGHER b8 CRRTAGE W g Vel HeUCBABr ARG ahYA B AD) vent
peak. AVH was not detected. - 24 30 Septenber 2002 What is clained is:
1. A net ho@PCoP*braGEdidy OF- CapfRPERtaFTa BRMESHARRYS 15hgostRBE of
reat 0. MR MSLelyoR LeACl O POV SOUALANg e soa the Juka e
e angerent 1 Ak Lof 8 el gl PR O IS ) 18,3014 FRYALISY 0 L
nEtthI; °5&%!%%%%%%%5“ﬁé@ﬁSEgcﬁgghGhH%ler such as a method for
effecting crystallization using water and a method for
effecting purification treatment using an agueous
potassium permanganate solution.
In these hydrolysis methods, it is preferred in the
15 viewpoint of easiness in recovering £ -caprolactam to use
water in a minimum amount enough to hydrolyze AAH since a
large amount of energy is required in a process for
separating €& -capreolactam from water.
Therefore, a industrially preferable method is as
20 follow:
from a reaction product containing AAH as a impurity
obtained by a gas phase Beckmann rearrangement reaction of
cyclohexanone oxime using a solid catalyst in the presence

of alcohol, the alcohol is substantially separated with

25 distillation or the like beforehand, and the resulting



10 conprises the steps of separating a component conprising

1- aza- 2- al koxy- 1-cycl oheptene froma reacti on product containing

1- aza- 2- al koxy- 1-cycl ohept ene obtai ned by gas phase Beckmann rearrangenent
reacti on of cycl ohexanone oxine using a solid catalyst(gg t he Erezg&&g of
al cohol, 15 and treating the separated conponent conpﬁ? ﬁaﬁﬁn b4}

2- al koxy-1-cycl oheptene with water to elimnate the 1

aza- 2- al koxy-1-cycl oheptene. 3 . A nmethod for producing ~ -caprol actam
according to Claim1, wherein the reaction product to be treated with 20
water is afm@Eiion ARG iAAhdE FRPansiathand Fatespapaddgd e

dl cohol. 4. A nethod for producing ~ -caprolactamaccording to Claim 2,
wheérei n t h&hedfaasnior ctrrtaiping JREISP 07 S AW TG t Hee FHHDGHER
cont ai ni ng 1-aza-2-al koxy-1 25 cycl oheptene is a reaction product obtained
by .- 25 806 c8gptadmerar®002 substantially separating an al cohol. 5. A

nmet hod for produci ng ~-caprolactam according to any one of Cains 1-4,
wherein the wat eFttiearoead tBagofbecpeaviedsr renmesmt mf cokriebniat a
tenmperature of fromb5 45C to 250'C . 6. A nethod for producing

E- capr 0P actarafrexoedi inee they hawe olfy O 21i9fs ARHsmaghbe of PP hes sadekn
treatnent is conducted under a heating condition for a period of tine of
from 0.5 t & bagsence)of mychw@lnahdbwhenodittdi g tEeadgsy vhibtwatercor di ng
to Caim2 or 4, wherein the step of separating the conponent containing
Z- aza- 2- al khdle-the| enppesadifonomt heat eake Pl pisdgubsitanddidddet ed by
distillation treatnment. 8. A nethod for producing E-caprolactam which 15
conpri ses t¥RPa¥apsdof oscfrirayefy witbnpobabhllashesi AFnghe like from

| -aza- 2- al koxy-1-cycl oheptene froma reaction product containing

1- aza- 2- al K& FeASIEIBhEEPERE tobt aiuFad by tsPpRESE tELRKPRRKCRearTRRIgenent
reaction of cycl ohexanone oxine using a_solid catalyst in the presence of
al cohotl 2@MeeRE |y alre I UPACEISREHPERM T eMANES HiSngOT-Zeskpicted

al koxy-1-cycl oheptene with water to convert the 1-aza .

2- al koxy- 1-3Y2| BRESEENECPRPG LT A ABABRMW N8 pHE teFe S¥diAitN% gl r oduct

into a ste rior to the step of separatin
ph}?drolysis, treatment texﬁjperatuge or the like. Alcohol may

preferably be removed in an amount of about 90% or more based
on the amount of water existing before the removal.

15 As described above, the € -caprolactam of the present
invention has low free basicity and preferable gqualities,
since it usually has 1-aza-2-alkoxy-l-cycloheptene content
of 100 ppm or less, preferably 25 ppm or less, more
preferably 10 ppm or less. AAH is converted into € -

20 caprolactam after water treatment and makes the yield of
the aimed product high and, therefore, industrial available
value thereof is extremely high. In addition, the present
invention provides a method for producing € -caprolactam
having a low free basicity with a high yield of the aimed

25 product without additional installation of new facilities

- 16 -



t he conponent containing 1-aza-2-al koxy-1-cycl oheptene 25 fromthe gas
phase Beckmann rearrangenent reaction product . - 26 30 Septenber 2002
9. A nethod for producing E-caprolactam according to Caim8, wherein the
reaction product to be used for separating the conpon tajni
1-aza- 2- al koxy-1 cycl oheptene is a reaction product ob aﬁ%@ﬁnﬁbe%agoz
substantially separating an al cohol. 10. A nethod according to any one of
Clainms 1-9 for producing ~-caprol actam obtai ned by gas phase Beckmann
rearrangenent reaction of cyclohexanone oxine using a solid catalyst in the
presence of°d EGRAT2EHNTIPL FAFPERE1IRAPTOPTOENCHE BEOAIGRE B fritiuced
1-aza- 2- al koxy-1 cycl oheptene with water so that a 1-aza-2-al koxy-1

cyd ohept eW@ tegnhttairatimen he whawn| 22Hgls. saprorietamiitd® f35t9dMadriqness. 11
A method according to any one of Clainms 1-9 for 15 produci ng ~-caprol actam
obt ai ned b?rgéﬁqﬁikﬁﬁEﬁ%&ﬁaﬁher§§ﬁﬁ%ﬂ$ﬂnﬁﬁ°¢%ﬁ@tF@nOBFaéycﬁoﬁé%ﬁﬁbne
oxime using a solid catalyst in the presence of al cohol, which conprises
the step ofaprodadipmybyybudcedribiaganeqytk &F 10O PRFhaFR &S sy thewat er so
that a 1-aza-2-al koxy-1 20 cycl oheptene content in the resulting

E- capr ot acs&Raza sl gl 5 seBiected poneRfd ¢eebyY il Aot R HRSN BrRNGf

Clains 1-9 for producing ~ -caprol actam obtai ned by gas phase Beckmann

r ear r angenméfey theth yhrolyey et sneriscnRr oAt IR FRGYS pEd2mreated yst in
the presence of al cohol, which conprises the - 27 30 Septenber 2002 step
of treatindby pLEBUBEHOT- Bo atre F@R ] sERATHIR 2R t FhRRSEOZD: t hat a
1-aza- 2-al koxy-1 cycl oheptene content in the resulting E -caprolactamis IO
ppm or | es&he PHeseREt hOWCRSLOPr Sdfciatt renapy orheharndeesrdiddg to any one
of Clainms I-4 and 8, wherein the water treatnment is conducted at a

t enper at ur @VG¥1 ¥3phe 452188S200. (14) A nmethod for produci ng E-caprol act am
accordgﬂg to Claim8, wherein said conponent is separated fromsaid

reacti pﬁﬁﬁ%ﬁL%btained by gas phase Beckmann rearrangenent reaction from

whi ch al cohol has been substantiallg renoved. .
The present invention is described in more detail by

following Examples, which are embodiments thereof and )
should not be construed as a limitation upon the scope of
the present invention.

15 In the present invention, conversion of cyclohexanone
oxime, selectivity to €& -caprolactam and selectivity to AAH
were respectively calculated using the following formulae:

Conversion of cyclohexanone oxime (%)=[(X-Y)/X1X100
Selectivity to € -caprolactam (%) = [Z/(X-Y)]1X100
20 Selectivity to AAH (%) = [W/(X-Y)] X100

wherein X, Y and Z respectively represent the followings:

X = molar amount of cyclohexanone oxime supplied

Y = molar amount of cyclohexanone oxime unreacted

Z = molar amount of £ -caprolactam in a product
25 W = molar amount of AAH in a product
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(15) A nethod for producing ~ -caprol actamaccording to any one of O ains

1- 14, wherein the amount of water to be used for the treatnent is from
about 3 equivalent to about 30 equivalent to the anmount of

1- aza- 2- al koxy- 1-cycl oheptene. (16) A nethod for produyg ~-caprql.actam
according to )a/my o%e of ?:Iai ns (1 1)5, wherein the grmutr't{d ggpm‘@gf 298 e used
for the treatnent is fromabout 3 equivalent to 14.4 equivalent to the
anount of |-aza-2-al koxy-1-cycl oheptene. - 28 .AY. A@F. A
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a dE_@310%| Y% 109%& ()-#nm'109%& ()-Y!-10%& ()-Y, 10%& ()-Y& 10% ()-F
310%' ()- DJ KL M_ xnbC310%t|1109%& ()- 10 10

10Y=10%&' ()-Y7Z2"10%& ()-y/ 10%& ()--"2109%& ()-_ 91 dEnbC310%|

10%& ()-G'10%Z& ()-3 -109%Z& ()- ,10%Z& ()- :10%Z& ()

1092& () -1 N- maBnbC310%] Y@ 100@& () - $" 100@& () - 3S 10078 00490829 (- 3@
10%Z& ()- @10%Z& ()- ]dEMDbC310%| 1 1109%Z&' () -1 /109%Z& ()--10%Z& ()-Y,,

10%& ()-F9*@ 10%& ()-F3(@ 10%Z& ()- VxnbC310%}| 109%Z& ()- 10Z 10Z
10ZY=10%& ()-73"109%Z& ()-|510%& ()-13Z210%& (),-JAdEnHbC310%}| 3109%Z&' () - 109%Z
& ()- 10%@%)1—‘%@ A O Was.Lo%ﬁ%?ge,é THOFe 2 f_‘{%%c%#oéﬁﬁs @
S10%Z&' () - FL109%Z&' () - FY10%Z&' () -! ! 109%ZZ2& 8 3S

10928&' () - FPILELPP- By ke dBMFCSFGvALEL™ Q) bpth. The temperature

) @OW& ()-Y 10%Z& ()-F&s10%Z& () -$! 109&Z& ().- FF"3109%%Z& () -t $I ~dEnmbC310%41| 7!
109Z& () - Yo@_tﬂ‘gp@gt@l_y[%tlé@g&-r(yaﬁlﬁrom 360C to 370C. he reaction
10%Z&f()-Y/nﬁO%Z&fé%--"lO@Z&f(g-:t~ =310% SMB109%&' () - .nmLOY%& ().-
le%&'()-!@&@@@@(Y- 1®FRhpzed by gas chromatograph.’ The results are

5 shown in Table 1.
Reference Example 5
The procedure was conducted in the same manner as in
Reference Examples 2 to 4 except that the rawmaterial having
a ratio by weight of cyclohexanone oxime/utilized
10 alcohol/water of 1/5.26/0.052 was introduced at a rate of
18.0 g/h to obtain a reaction liquid and the reaction ligquid

was analyzed by gas chromatograph. The results are shown

in Table 1.
Table 1
Reference Example 2 3 4 5
Name of alcohol Methanol | Ethanol | n~-Propanol |n-Propanol
A (molar ratio) 6.4 4.4 3.4 9.3
B (%) 99.73 99.23 97.69 87.49
C (%) 95.37 85.78 94.92 94.36
D (%) 0.79 0.32 0.04 0.29
15 Note:
A: molar ratio of alcohol/cyclohexanone oxime
B: conversion of cyclohexanone oxime
C: selectivity to & -caprolactam
D: selectivity to AAH
20

Example 1
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10Z3F=109%Z& () -t & dB~_=31098 ! "109%& ()- 31 109%& ()- 10% & ()-

109& ()-1F 109 ()- , 109 ()-,a>dE~ =31098 ! F% 109& ()-# "109%& ()- 3"

109& ()-3, 109& ()-3 9-109& ()- 3F109%& ()->c@dE~_=3109 'YLl 109& ()-Y/

10%: () -s-"10%& ()-F+z10% ()-F ) 10%& ()-F 10%: () - Y3 Gxh%hbsP¥H0% () - 10
10 10 =109 ()-F710% ()- Yy5

109& () - YS3GLOY& () -: mIEMbC3109% ! @10% & ()- Y@ 10% & ()-'' 10%| & () -: F@
109 & ()- 10%| & ()-Ff10%| & ()-17 O aBnbC3109% $"10%4| & ()-11 -

01 bl 6" AEN 310067 IO & (3 2P Afioue 50 L1008y B 165 ) PPE0%) & (- &
104] Ferov PR R shar ARty Beas i Bet Ho0g p b B hnnins B o
10755 ) 0 40HS, QLB 3 g SHOIOTS ooy ORI Fuor
10258 58805 AL 5884 N0 AR ) i )
105 108 109ELZ01BE (ol JMIEE .8 bR A d2 2P G 210%8 )
ﬁgﬁg{sﬁlgg@%%%%?%%ﬁ%‘éé@ .PS(—js_Zt{a%_%-gs.fés-; /ﬁg'ﬁpla%% 1981er at a reflux
0988 ()~ 41008 (0] VR (ot oo s SR ANG A T B0
130C over 3 hours, to distill off methanol. The bath was
controlled at 140C at normsill pressure, heated for 3 hours,
10 and then, cooled to obtain 88.9 g of a remaining ligquid.
Gas chromatograph analysis was conducted to f£ind that
lactam content was 63.6% and AMﬁ was not detected. The
production ratio of lactam based on AMH was 74.2%.
It is noted that production ratio of lactam based on
15 AMH and remaining ratio of AMH were respectively calculated
using the followilng formulae:
Production ratio of lactam based on AMH(%)=[(B-A)/C]1X100
Remaining ratio of AMH (%) = (D/C) X100
A = molar amount of € -caprolactam in a raw material
20 used for water treatment
B = molar amount of ¢ -caprolactam in a product
obtalned after water treatment
C = molar amount of AMH in a raw material used for water

treatment

25 D = molar amount of AMH 1n a product obtained after
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U& ()-10% U& ()-...////aBSH= 10 L10% U& ()-1"10% U& ()-!s"10% U U& () - 10%
U& ()- @0% U& ()- 10% U& ()-/OAOTOO0O0dESH= 10) 10% U& ()-' 10% U& () -
&10% U&' () - $S10% U&' ()-3" 10% U& ()-@- 10% U&' () -051q1P222222dYNC 10 10 U

10 U 10 U=10% U ()-17"10% Ug ()7 10% & ()" 10% Y L)oo 103
U (- 22333341 4dEYNC 10 Y1 - 10% het ()- 1 @ 104 hat () - 1 SToRRETHS290 2006
h& ()-FyS 10% h& ()-110% h& ()- | 4456; 6w66aBYNC 10) 910% h& ()-' - 10%

he' () - %@ 10% h&' ()-#"10% h& ()-13@10% h& ()-!"10% h

h& ()-6678@G3H3I 8J8dYNC
water treatment

Reference Examples 6 to 9
Hydrolysis of AMH was carried out by treating AMH
5 contained in a lactam compound with water using one kind
of lactam, 2-pyrrolidone rather than using €& -caprolactam,
in order to accurately investigate a production yield of

€ ~caprolactam, which is a product obtained by hydrolysis
of AMH.

10 2-Pyrrolidone, AMH, water and methanol were used in
a ratio by weight of 2-pyrrolidone/AMH/water/methanol of
20.0/1.0/1.0/36.6, and heated at temperature for hours
shown in Table 2. The reaction product was analyzed by gas
chromatograph to measure production ratio of lactam and

15 remaining ratio of AMH in the reaction product. The results
are shown in Table 2.

Reference Example 10
The procedure was conducted in the same manner as in
Reference Examples 6 to 8 except that 2-pyrrolidone, AMH

20 and water were used in a ratio by weight of 2-
pyrrolidone/AMH/water of 20.0/1.0/1.0, to analyze the
reaction product and measure production ratio of € -
caprolactam and remaining ratio of AMH in the reaction
product. The results are shown in Table 2.

25 Table 2
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10 10 h 10 h 10 hF = 10% h& () - Y710% h& ()-y/ @ 10% h& ()-s-"10% h& () - +-
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1092& ()- 109Z& ()- S 109%Z& () - <<<2=me=dEYNC 105109Z&( 110
1092& ()-/ 109&& ()--"109&& ()-V, & 1oo/<z&'()-=======>§‘0>§‘?"%‘3E%%(ngff’(i&2
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10GY=ML0YGY ¥9zer'enowie () -! 16 102 () 7/ 109G (- bG|COCTY DDEGE] 30 | L

10%| &'()—}f-%ﬂﬂﬂ%-&'—(%- a8 ()~ ailioval & ().

S 1094 & (B () < DR [FFA 2o o #711 Ol Sd0%T4T8A <! 45

1094wave’ (35 kﬁi X %%%m & ){5@(% #ﬁ% M ﬂé@d@

109 & ()-3- 1091 & ()-11GL0%) &](): y/- 0% & ( --élO%ﬂ, ¥ ()%
' ~\ e b Y- & " 100 % & ()-

10%4] & ()|-BEMHFEPRIK |1 [ 4109 / & @F- 8 " 10% P&% () -G S10%/ X/ &78) 2 GLQ% & ()

104 104]

104] 17" 1008 % () - KK LLMINAG-\: 1 A" 50%& () - lsol 510% / &5 (9 -, (" 10% & (-1, (* 10
%18 () QR -"10005&'()-GNNNN NOPD[ ObCl - 109%8& () - y3" 10088’ (|) - @
10988 () - Lo i/ 8 ()| { c00aPPHPaBLCL @

1098& () - L10%B& ()- | 1098& () - ! " 109BB& () - 1098& () - 10%B& () - PQ 0000 RAELC
+1098&' () - *109B& ()-' 109B&' () - &@ 10%B&' () - &$" 109B&’ () -

Example 2

The free basicity of £ -caprolactam containing AMH in
an amount shown in Table 3 was measured. The results
5 thereof are shown in Table 3.
Measuring method:
(1) Into a beaker charged with 10.0 g of water, was added
a methyl red-methylene blue indicator, and the color of
the solution was adjusted to grayish blue color (pH 5.70)
10 using an agqueous dillute sodium hydroxide solution or N/100
normal solution of sulfuric acid while stirring.
(2) 10.00 g of sample, & -caprolactam, was added and
dissolved.
(3) Using the N/100 normal solution of sulfuric acid, was
15 titrated the resulting solution with an automatic buret
to obtaln an amount of sulfuric acid used for reaching
pHof 5.70 or changing the color of the indicator to grayish
blue, which was shown in terms of base equivalent amount

per 1 kg of lactam (meg/kg).
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109B& () - Hd?dSdddee} [ <_ =zl 910%!| & [)-& d"10%Ud &o3)-!"10%9 | & ()-!IT

10%4| 4] & (PD-1T 10%& (,5S10%}| & () - peeeeeee; _3 )pd o 9! #! 10%| & () -7

#110%| & (P -7 #!10@&|§b?)-“ #110% & () -7 #!1qg ' ()-"eeeefffi? =1))? 9l

#110%4H & () -" #110%4 & () -2 #110% & () -~ #10%H°& () -~

#110%| & ()-~#FF+F/f3F4F12_=1))? 9 #110%| & ()-" #'10%| & ()-7

#110%| & ()-™ #110%4| & ()-" #110%| & ()-Mf.f@F LIRESFi?2_=1))? 9l

#110%| & ( kA #1 0%@|&f()-“ #110% & () -~ #110%4| & ()-N

#1 10%| & ( -ﬁgp#e_f ef kfgfrfi? =1))? 9l # 10%| & ()- # 10%| & ()-*

#110%| & () -~ #1102 (-2 #1109 s()-2 fEEfi2,=1))7? !

#110%4| & () - #!01'8*1% 8 %’%-* %Sﬁ%ﬁ#%—% ﬂééﬁ}d /afgi’&t)aflf“i#‘?glﬁt?%aézy(s)t- AEFEFT

g#gbAig))w§§3E§@%%é)in és&gggéz(kégction tube having an internal
diameter of 6 mm ¢ and a length of about 60 cm heated to
370C (catalyst layer height: about 23 mm). Raw material
having a ratio by weight of cyclohexanone
oxime/methanol/water of 1/1.89/0 was introduced into the

10 reaction tube at a rate of 8.54 g/h under nitrogen gas flow
of 140 cc/min as a carrier gas. The temperature of catalyst
layer ( i.e. reaction temperature) was from 365 to 370TC.
The resulting reaction product was cooled and collected
from the outlet of the reaction tube 1in a dry ice/methanol
15 bath. The reaction product was analyzed by gas

chromatograph. As a result, the conversion of

cyclohexanone oxime was 97.3%, the selectivity to € -

caprolactamwas 95.2%, and the selectivity to AMHwas 1.77%.

100g of the reactlion product was condensed with an
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110%#& () - ppPPPPPCCNA410E#+! 10%-#&' () -r +! 10%#& ()-r +! 10%#& ()-r

+! 10%-#&' (Yas 2L 18%-a#84( pMH wias0%-84%( LnppppmsppifLe4peIoeni@ge) area
+10%#8& ()-r + 10%#& ()-r + 10%#& ()-r + 10%#& ()-r +! 10%#& ()-r

+1 10%-8&' (Falcppareshexxiad 109641084688 OF- SOUVEITE-#R AN -1 0+ 10%#& () -r
H10%#& ()-r /KaE %! +! 10%#& ()-r pppp 9qgqxX804+! 10%#& ()-r

+1 10%-#& ()-r +Tn0%-BL9(9f rthKkKasEuwde LatimHiwep- pddedbedg qf water.

Then the resulting lactam solution was heated at 140C for
2 hours in an autoclave. This solution was analyzed with
gas chromatograph to find j:hat € ~caprolactam was 93.82%
10 and oxime was 2.75% in terms of a percentage area calculated

excluding an area of solvent peak. AMH was not detected.
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- 1. A method for producing € -caprolactam which
comprises the step of treating, with water, a reaction
product containing l-aza-2-alkoxy-l-cycloheptene, which
5 is obtained by gas phase Beckmann rearrangement reaction
0of cyclohexanone oxime using a solid catalyst in the
presence of alcohol, to eliminate the l-aza-2-alkoxy-1-
cycloheptene.
2. A method for pr?ducing & -caprolactam which
10 comprises the steps of separating a component comprising
l-aza-2-alkoxy-l-cycloheptene from a reaction product
containing l-aza-2-alkoxy-l-cycloheptene obtained by gas
phase Beckmann rearrangement reaction of cyclohexanone
oxime using a solid catalyst in the presence of alcohol,
15 and treating the separated component comprising l-aza-
2-alkoxy-l-cycloheptene with water to eliminate the 1-
aza-2-alkoxy-l-cycloheptene.
3. A method for producing €& -caprolactam according
to Claim 1, wherein the reaction product to be treated with
20 water is a reaction product obtained by substantially
separating an alcohol. '
4. A method for producing €& -caprolactam according
to Claim 2, wherein the reaction product to be used for

separating the component containing l-aza-2-alkoxy-1l-

25 cycloheptene is a reaction product obtained by
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y&I09DHE () -  $" L0YDHE’ " 8 109DH#& ()-stLttttul[:04/K
63109DH&! (Fu(OS fobﬁiaég’(fepaﬁﬁém# alc&ﬁ*%@@#&' ()- . "109DH& ()-(
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) SATI 10%1#&'() d Tl 10@&#&]&) d OSTI 10%1#&'&% d Tl 10%#& () -
to any one of Claims 1-4, wherein e water treatment is

conducted under a heating condition at a temperature of from
5 45T to 250TC.

6. A method for producing £ -caprolactam according
to any one of Claims 1-5, wherein the water treatment is
conducted under a heating condition for a period of time
of from 0.5 to 5 hours.

10 7. A method for producing £ -caprolactam according
to Claim 2 or 4, wherein the step of separating the component
containing l—aza-Z-alkoxy-l-cycioheptene from the
reaction product is conducted by distillation treatment.

8. A method for producing ¢ -caprolactam, which

15 comprises the steps of separating a component containing
l-aza-2-alkoxy-l-cycloheptene from a reaction product
containing l-aza-2-alkoxy-l-cycloheptene obtained by gas
phase Beckmann rearrangement reaction of cyclohexanone
oxime using a solid catalyst in the presence of alcohol,

20 treating the separated component containing l-aza-2-
alkoxy-1l-cycloheptene with water to convert the l-aza-
2-alkoxy-l-cycloheptene into & -caprolactam, and put the
resulting product into a step prior to the step of separating
the component containing 1l-aza-2-alkoxy-l-cycloheptene

25 from the gas phase Beckmann rearrangement reaction product.
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(g substantially separating an alcohol.

10. A method according to any one of Claims 1-9 for
producing € -caprolactam obtained by gas phase Beckmann
rearrangement reaction of cyclohexanone oxime using a solid
catalyst in the presence of alcohol, which comprises the

10 step of treating by-produced l-aza-2-alkoxy-1-
cycloheptene with water so that a l-aza-2-alkoxy-1l-

cycloheptene content in the resulting € -caprolactamis 100

ppm or less.
11. A method according to any one of Claims 1-9 for
15 producing € -caprolactam obtained by gas phase Beckmann
rearrangement reaction of cyclohexanone oxime using a solid
catalyst in the presence of alcohol, which comprises the
step of treating by-produced l-aza-2-alkoxy-1-
cycloheptene with water so that a l-aza-2-alkoxy-1-
20 cycloheptene content in the resulting € -caprolactam is 25
ppm or less.
12. A method according to any one of Claims 1-9 for
producing € -caprolactam obtained by gas phase Beckmann
rearrangement reaction of cyclohexanone oxime using a solid

25 catalyst in the presence of alcohol, which comprises the
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(14) Amethod forproducing € -caprolactamaccording

to Claim 8, wherein said component is separated from said
reaction product obtained by gas phase Beckmann rearrangement

reaction from which alcohol has been substantially removed.

(15) Amethod forproducing & -caprolactamaccording
to any one of Claims 1-14, wherein the amount of water to
be used for the treatment is from about 3 equivalent to about

30 equivalent to the amount of 1-aza-2 -alkoxy-1l-cycloheptene.

(16) Amethod for producing & -caprolactamaccording
to any one of Claims 1-15, wherein the amount of water to
be used for the treatment is from about 3 equivalent to 14.4
equivalent to the amount of l-aza-2-alkoxy-l-cycloheptene.
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