; €3ePVPRRS| Zr \ bv6vTvW5SRMet hod f or produci ng E—cgggolacta&gEfCKGROUND OF THE
I NVENTION 5 Field of the lLnvention The present “Fow=refrates to a

met hod for pro duci ng e-caprol actam from cycl ohexanone oxi ne, the
caprol.actam being useful as.,a raw material for producing.nylon 6. Mre
particularly, the present invention is 10 goncerned with a method for
produci ng E-caprol actam from cycl ohexanone oxi ne, wherein the nethod
includes the follow ng first or 'second aspect: in the first aspect, the
met hod conprises ‘contacting cyclPEXR o erHKi IRVENTIONR specific solid acid
catal yst in the gaseous phase to 15 effect a rearrangenent reaction of the
cycl ohexanone oxi e, Méehddef &P YpRBRIGRy ~eaprehaetam or in the sec and
aspect, the nethod conprises contacting cycl ohexanone oxinme with a solid
acid catalyst in the gaseous phase to effect a rearrangenent reaction of
the cycl o 20 hexanone oxi me, wherein the rearrangenent reaction is effected
in the presence of a specifi c BAMUIKGEROUNDC OFl CHEOINVENTIONI ve, to thereby
produce ~-caprolactam The nethod of the present invention is advantageous
not only5i n thaFi&ldapfothet Imvemtidxe produced with high 25 selectivity and
in high yield, but also in that the 6 January, 2004 catal yst used in the
met hod of the presenThénpresemn tmremeishapshters da gmedthoshlfarippieel ogy
useful in a comrercial process, and al so has excel |l ent nmechani cal strength,
so that the catdhgshgcarcdmrailsatt dnorf noar iopesl dhecain@ingt ioctimegcttihen €-
processes, such as those processes using a fixed-bed reactor, a

f1 ui di zed- bed reaprolaghamabebyd ngsetyl rasice ovaw arateriak sfey \prodging so
be used for a reaction process which is perfornmed for a long tine while
frequently repeBYLAR 8-cyMexe FgFartdailiagilYandheo REgSENEs invegddenadiSon.
Therefore, the nethod of the present invention is advantageous for
produci A9 ~capr 6PREEAERESt UHED 8 oRebhe@nEO¥ | PECAUGIRY Ersaldeshad™s fEeBwn as
an extrenely inportapnt key chem cal materjal for use |n, producing various
cheni cal produggg? QBEﬁaﬁénﬁyPﬁﬁmﬁf whepein chhe methe: c+§?fk¢| ugb?on of

E- caprol , actam i_.s i nl erfornmed using a nethod, whjch ¢co i ses

cont acti ng cyclgﬁéggﬂﬁﬁé gﬁrﬁgiﬂﬁ ﬁf?ﬂngnaﬁP%ﬁ 'cb?a.§%tg%$£é.?s??ﬁﬁhg

sul furic acid) in_the liquid phase to effect _a rearran . act | of
The oycl ohexanofieoRerbodt FoPREEERs SrBtneE ed PEPLePoREmpRhLEIRE i

met hod poses prqb en t . L ge of _a nj f LS
generated as 258aggg?6kggu%gglgnégéﬁaFg?%gg%ga% igﬁga %§%§#%53$§s%0$0 6
January,; 2004 i y h c abl v n

sol ved & the SERSEthangederAnSibal [F3AcRI0N BETLRE EvEobnkEhnaRE
e-caprol act am Is C i (o] 1.ng. 5 0 ' i a
solid acid catapggﬁgrnggﬁéh%ggggugkgﬁggg,etﬁgéégﬁggéaﬁégﬁrgﬁ}Q?S%M%%hber of

proposal s. Unexamignadpdaranese RataBh é@ﬁ%kﬁ@&%oeokﬁhétﬁﬁgnc§@§6h£k$atiOn
No. Sho 57-139062 (corresponding to U S. 10 Patent No. 4, 359, 421) discl oses

a nmethod for preadue RakikeCaRitdl aCkamiayadsuneadai9eki 1 8het §aseobid acid
catal yst, wherein the zeolite has a silica/alumna ratio of 12 or nore and
a constraint i ngeasien toheffede a0krebir-gdhyement2reaanby blietheokytlois any
of ZSM5 zeolite and 15 other specific ZSM zeolites. Unexam ned Japanese
Pat ent Afpl i cat hexabond OxdmeSpahieiredat the NearShagémeh23i@dctdonr éspondi ng
to U S. Patent No. 4,709, 024) discloses a nethod for producing

~- capr ol act am befifsiatgd ior thiealplresenzeobift @ spealific polwhydrilcas a
constraint index in the range of from1l to 12, and which has an Si/Al
atomc rati o of 8edhel Merdvatdven et eheakbgcpdoduvent-¢apeohaabanm. of
acidic sites observed on the crystal surface) of 5 ~. equivalent/g or |ess.
25 However, all of t (T&ee medhioddofhahe aresembninveagionsisapduaptageoys 4
vant age caused by the sole use of the zeolite (which is the active species)
as a catalyst. Inott lnlgormrertdiadl escapropaatainceanf be pasduvgedpiWatb hadabti on
process using a zeolite catalyst, it is very 5 seldomto use a zeolite

al one as?3 cat alSeskectigtider and impighaydelda g ialsqg dnudd@t Fhehe form
of a shaped article having an appropriate norphol ogy, which is ob tained by
shaping a m xture of a zeolite with a conventional binder, such as a
silica, a silica-alumna, or an 10 alum na. This is because a zeolite is
pol ycrystalline and, hence, is very difficult to shape into a desired

nmor phol ogy.




However, when a rearrangenent reaction of cyc!oggé anonezgéhne for
produci ng s-caprolactamis performed us 15 ing = tioned zeolite
in the formof a shaped article obtained by shaping a m xture of the
zeolite with a conventional binder, such as a silica, a silica alumna,. or
an alum na, there arises a problemin that, since those conventional

bi nders are not inert to are 20 action systemfor the above rearrangenent
reaction, the binders pronote side reactions (e.g., reactions to by produce
‘a tar and a pitedtaliybyusudesativarhagrotsdd shothenpresdrte inven tdfort fean
catal yst and markedly reduc ing the catalytic activity and the selectivity
for e 25 caprol bet shapedbidaauaryracfddad morpitoBbgenpdefiud siol \ee ddm-s

probl em Unexam ned Japanese Patent Application Laid-Qpen Specification No.
2000- 202296 (comeespahdpngcéss FPadd 08Psd MHaé\l1¢x e bpaxse mechmmicesls f or
produci ng a catal yst which conprises an 5 MFI zeolite and a siliceous

| i gand as mai n sbnpngeht Ssoathaththé tatalysabtenfioe wsed i fom vaarawngenent
reaction to convert an oxine into a correspondi ng am de. Specifically, the
process pProposedatalyhie paaebiodophoeassesppsusksadotivosey pimcesdms cronic
zeolite particles 10 to a ligand obtained by acid hydrolysis (i.e., hydroly
sis effected i nuaingcadfixedlbedong¢acton, sal ftobditédxbed. repveverand 4 s
process has a disadvantage in that the catal yst production needs to be
conduct ed whi | emovihgtbgdcoaactbri ngndhther cdtslysh camdeisorke wsed as 15
pH val ue and degree of dispersion of the zeolite, thus renderin

conpl i cat ed t hefproducepehippoprosesgaphihchbeipapenforped 3ppR5311long
(corresponding to U S. Patent No. 5,407,881) discloses a nethod using as a
catal yst a zeol fiBesWhpde AremepBthyivrapepting: peRyehe 20f | RprOLEeN UG
treatnment in which a pentasil type zeolite shaped article obtained w thout
usi ng ary i norgSﬁFélHFﬁd§P9P§e€6§i'-88t e TRETPE AL al 10E MRS A cﬁ’ehavi ng a
pH value in the range of from9 to 13, at 30 to 100 C. However, when such a
catal yst cont ai RFR§SRS LASEHAAPE 25 BPNMaBtageoHssEPFHRECABEIRII & used for a
long tine, the 6 Jgnu%%ﬁ, ﬁ0g4 6 catal¥st is.likely to beconme powdery
during the reactPBA°a8E PhRPL¥shPT sPatPBPy t#8%hani cal strength of the
catalyst. This nmethod has al so a di sadvantage in that, when the catal yst
containing no inorganic binder is subjected to further treatnent for

i nproving the s t f the catalyst, the production process becones
cunber sone. Aptpgi% Hr% he above-nentioned net hods, there have al so been

di scl os nmet hods fo uci s-capr.ol act a 0 i S e, in
whi ch tﬁlg) rearr angerr%ﬁ?ggg%g%‘l@gﬁmi%s et 1 eet e%pi&nht %%%‘S?%&%@?wd ite
as a . catalysta ic%e%ﬁ\;\%ﬁl‘; hn%t%mqu dr GRe HAPRLBucERgOvA8P0a84 A2

di scl oses a netho a gaseous phase reaction t0 produce

~-caprol act am 12nlendBa0Y PrIRcAI0ONGuHl B8 ny 1@kl @Ct eflti préfentopesnsasse of
a solid acid catal yst and a conpound represénted by the follow ng fornul a:

R1-O R2 (wherei i1 HaRiRAA0Hh 3 QUBApRLKULLEROUE MBYkTy NBYrbormeashs! ut ed
with a fluorine atom and R2 represents a hydrogen atom™ a |l ower , 20 al kyl
group or a phenjngruRthothathiich dompiriisesRicmdctiig logadiohexanongr oduce
s-caprolactamis effected in the copresence of a solid acid catalyst and an
et her c&®pound eximd owvieth anc @l@um faatalgrst Whexan Meshibap svdsmrRat ent
Application 25 Laid-Qpen Specification No. Hei 10-8761l describes a 6
January, 2004 7 awtdjodinf drheprldapcidh gphissea prooledifiesriwte ote agurandegnen tc aie -
tacting cycl ohexanone oxinme with a catal yst selected fromthe group

consi sting of aaf3hidn zebltitee dymliokexamdiid Ailkiateonto rtdtemebhy dresBidehan

100, a nordenite zeolite 5 and a Y type zeolite, in the gaseous phase in
the pres ence ofcapralidqiian c Hawevkesl, ihiisngesbedn posesoPEoPIEemEn iat ons.
However, with respect to the above-nentioned patent docunents which

descri be t he uséhsit & skaxrdd jamuHp ufh EMPn e bk RS oFf WWenerRted|as e,

all of these patent docu .
25 a by-product, and that the reaction apparatus is cor-




ments use a zeolite alone as a catal yst and havg.po %Fscbbaglon about the

use of a catalyst in the formof a practically article
obt ai ned by shaping a zeolite using an appropriate binder. 15 Further, in
practicing the production of caprolactamby the rearrangenent reaction. of
cycl ohexa none oxinme, in nost cases, a carrjer gas is used for

facilitating the contact between the raw material and the catalyst. In the
actual process, it is necessary to 20 separate the carrier gas used in the
reaction from thedashouve- €recoidefl. sperisd prapRashtayeuabtagegnoeeher com
pound and/or a | ower alcohol) used in conbination wwth a zeolite. However,
when an et her cespodgad and/or a |l ower al 25 cohol are/is used, there arises
a problemin that such 6 January, 2004 8 conpounds generally have a | ow
boiling point, so thah theistikif fhand | whtlsepespdet tte caretihed gae from t he
com pounds. On the other hand, when a higher alcohol is used, 5 there

ari ses a probl eprbuthay & dHheladc£0h6ath g &dondikeason@ackiighy a boiling
point which is close to the boiling point of cyclohexanone oxine, so that
it is difsficul tythobepanahe dkimeywithexasohid cxcidk datoaiytdie im gitey

al cohol . 10 SUMVARY OF THE INVENTION In this situation, the present

i nventors have gadeoast phasge there nhavesi beest adlasged niumbzeyiachiyv proyeorsdt de
vel opi ng a nmethod for produci ng ~-caprol actam by con 15 tacting

cycl ohexanone orilse with a solid acid catalyst in the gaseous phase to
effect a rearrangenent reaction of the cycl ohexanone oxi ne, which nmethod is
free fromthe above- HearpBheed pd aibirese abebepbimipmbicaieiqn ileridn@remnd can
be used for stably and efficiently producing ~ 20 caprolactamin high yield
for a long tineSPRSifirasipn, Nt %@@ éﬁekﬁ%gﬁéd(‘yomqmt%tvt is

obj ective can be attained by a nmethod_conprising contacting cycl ohexanone
oxi me witth a soFP&eRti §ocata3p9st2ih ?h§g83§§§u§ BetRed t HoRfRpEREuGing
rearrangenment re 25 action of the cycl ohexanone oxine, wherein the solid

6 January, 2004t9C3RTelagtam i ysing qHretihe & dhe F9lddiacdd Sataryst

, th t al i sj lit talli |
precursor, (e S350 heReSAULaR o BIPELThAY, A AEEREATpa SR ey AR N o1 Y,
ot on wher et n12n 8% RBFESARE B r it EbRIRF (RaddE LIPHEETEnge | O SVord ©
| t sel ected f i St | ' €}
2 15 and 14 of tPhd Tperansty iR g8Bu L Berbal SN R R 80RLE0 bha TOUDS

is 10 thaf presg&%gﬁﬁfkgcgggcly @ggéé?ggé ational Union of Pure and Applied

Chem stry) nonmenc system ‘wherein the inorganic oxide is

other than oxides coghakRrdnkl QaBEM%_Eé' bb@@niohﬁ%hﬂcaéi‘oﬁeﬂéi&eoﬁaﬂ the
d Is f he 15

crystalline clay mneral. Based on t I ndi ng, present invention
has been conpl eispdciFiRaVi@neNb .| BUEN6QL3283%9 qkserbepbaaihgt toby.8.
specific nmethod for producing E-caprolactam in which the above-nentioned
rearrangenent readlend Nos af heot edai)ngiBelecerseacnetnoll @ogopireédaetiflg

catal yst and a spe 20 cific polyhydric alcohol derivative, the deactivation
of the catal yst ecaagbelaeeaﬁmfdu@ﬂﬁgté_ileqﬁyée&nymé Yz4 &1 66 oA Bp @M can
“be increased. The above-nentioned specific nethod conprises contacting

cycl oheXxzhone oxhiEhnhias @ sohistradnd dadekydn ithet rangesedusrpmadetoo ef
25 fect a rearrangenent reaction of the cycl ohexanone oxi ne, 6 January,
2004 10 12, and which has an Si/Al atomic ratio of 500 or more

and an external acid amount (the number of acidic sites
observed on the crystal surface) of 5 p equivalent/g or
less.

25 However, all of these methods have a common disad-




wherein the rearrangenent reaction is effected Ln_the pr gace of a

pol yhydric al cohol derivative represented by théikgﬂﬁg&kgg—gornula:
R1-O-R2-OH (wherein, Rl repre sents a O-C5 alkyl group or a phenyl group,
and R2 5 represents a C2-CS al kyl ene group). Based on this novel finding,
the present invention has been conpl eted. The foregoing and ot her objects,
features and ad vantages of the present i nention will be apparent fromthe
foll owi ng detail ed description taken in connection 10 with the acconpanyi ng

~drawings and thgaappgadgdustal 5% tBR £51 DESLE EF'%OEéJtﬁ@%NiM@ﬁ i the:

drawings: Fig. 1 is a graph show ng a conparison in 15 cycl ohexanone oxi ne

conversion betwega ExaiPkespBc20d ngpgréa{ggygggnple 5, Fig. 2 is a graph
showi ng a conparison in selectivizy or E-caprol actam bet ween Exanpl e 16

and Conparative ExanphetRe &8mbkfciali Scd1 &M BPECEION HE & SAHMAII THud
cycl ohexanone oxi me conversion between Exanple 17 and Conparati ve Exanpl e
6; Fig. 4 is a geaphisho 88e§s093?ﬁ§'§09ebﬂi€é|68%&!%§V,f£% £5 Gapkpl act am
bet ween Exanple 17 and 25 Conparative Exanple 6; 6 January, 2004 11 Fig.
5 is achart sheuwigemt b Gkasai te6aiteNaPbner yst al Lhpg1gsey Mat®ed!,Sin
wherein the crystalline clay mnerals which can be contained in the

catal yst precurmgst chektereacabeingéi §8)uéed ihetrat fbihtofiS@Gshdapdde S5
first aspect of the present invention are shown within the dotted frane.
DETAI LED DESCRI BTt N1 eFhaviEn GNaENapSRbpRiatEl M6EpREREEY, OFhidle Ps esient
invention, there 10 is provided a nethod for producing s-caprolactam which
conpri ses cont athingdcpgl ehapangna mxktergi bbf a zeblitacwitkhas atgstens t he
gaseous phase to effect a rearrangenent reaction of the cycl ohexanone

oxi me, wherein thensdl bdndeird sathl gst ai siploducedshyicatgiunimaa oriag 15
catal yst precursor, the catalyst precursor conprising a zeolite, a

crystal I1i%he cl aplumideral Binds ais |kecausne szdsl bve ol s apekyedr stradbinee gr oup
consi sting of an inor ganic oxide and a conmpound which forns the inorganic
ox ide by cal ci Bafli-ohengler dsnveny AhSEienle &%i ghapeninbopeaidesimpdoxi de
of at |east one elenent selected fromthe group consisting of elenents

bel ongi ng to G BAPENRLOGY-and 14 of the Periodic Table and wherein the inor
gani c oxide is other_than oxides contained in a crystal line formin the
zeolite and the crysHSWEVRE.cFA§PnPnPSaEFapgemept japagtyon 20640191 ohexy
second aspect of the present invention, there is provided a nethod for
produci ng s- capPBPREt RLMEhECR PERPUFIBY EvPRBEPIAGLRY LB RSB OFREG I Fe

ith id i;d lyst in the. h t ffect
angenert r eaot 189 414 RECHSCPEREAGRERC S6RAAEE. et Ben EoR- PEPr SRGRRENT
o by RS iR O 8o R AL RN RR P BBl L,
Cl- S alkyl o1 04n Bl o8 RGN 18h1P 1 ARE T2 JLER! 83eRl 343540 G4 ERa3LKy] ene
group). For easy understanding of the préﬁeﬁt nventi on, the essenglal
features and Vaah@i ol e’ Lo 3ThataTeRES Al e dy 85 ehbrh el ARat! @
enuner at ed bel ow. 15 1. nmet ho or producing E-caprofactam iC

conpri ses cont aglinkde GHIsRNSHAVRRR 1GhaTE bWndra 3P hoaCiitherdt @byt rkd the
gaseous phase to effect a rearrangenent reaction of the cycl ohexanone

oxi me, tdge sol i AcAGich GHsAeNSiEdIeithe RbOTdC @& ANt rRjehichtnGede td o, Qle
catal yst precursor, the catalyst precursor conprising a zeolite, a
crystalline cl apifidegisalprdnbtdl diR@s re@Rd iDHRS (J/GE ,SHeRHEtadnls @ e group
consi sting of an inorganic oxide and a conpound which forns the inorganic
oxi de by cal ci ngido@nceMerteim dnfde a pArteh)i,C thas2 AilgivenitigesRis1an oxi de of
at | east one el enent sel ected

shortening the life of the catalyst and markedly reduc-

ing the catalytic activity and the selectivity for e-

25 caprolactam.




6 January, 2004 13 fromthe group consisting ofﬁthqyniszashonging to

G oups 4, 13 and 14 of the Periodic Table and or gani ¢ oxi de
is other than oxides contained in a crystalline formin the zeolite and the
crystalline clay 5 mneral. 2. The nethod according to item 1 above,
wherein the zeolite is at | east one nenberfgelected fromthe group
consisting of an alumnosilicate having anSi/Al atomc 10 ratio of 10 or
nore, a nmetallosilicate having an Si/netal atomic ratio of 10 or nore and a
silicalite. 3. The nehhaf attemptngot Soitv€Muiorprowha e, unkieneided he
zeolite is an MFlI zeolite. 15 4. The method according to any one of itens 1
to 3 above, whedepanese PatkhteApplatateontLaie-opshespsel eréeidn am ! he
group consisting of an MFl silicalite and a ZSM5 zeolite. 20 5. The net hod
accordi ng to any06fe20R206e(Botréspdnabnyetober &i 00t he7Zra5) Prdpesed ay
mneral is at |east one nenber selected fromthe group consisting of a kao
lin mneral, a waprocasspfibnoprbioscihg andatapysopiyicRScompeises GanJanuary,
2004 14 6. The method according to any one of itens 1 to 5 above, wherein

t he i nor dani c oMFdezieslatel @ndt aontliresvber 156hRat &6 s DM ¢hepEHianps,
consisting of a silica, a 5 silica-alumna and an alumna. 7. The nethod
accordi ng to anpngnwhafhi fensuitablé fbovesewher &i nesdheamgaEnerit afeddre
crystalline clay min eral in the dried catalyst precursor is from5 to 50 %
10 by weight, bidea &a chaveptaanwekiyhe bhtohe centeéspondiveg cayidal | ine
clay mneral and the at |east one substance selected fromthe group

consi sting of afPPRaf&EALEYexthe Bndcessoppopasedhinhtihos npatémrt i docwani c
oxi de by calcination. 15 8. The nethod according to any one of itens 1 to 7
above, wherein 'RBr EaPPEAgRFEhPNdEngt the sebmbereyit ozéekbtorRanikickes s
perfor under _conditions wherein_the reaction tenperature is from200 to
500 C, the reactPoft 269pPdsehtained;bynpoid1hydrolymhs Ghee ¢ hehyRF okt -
hourly space vel gcity_of th,cycIohexanone oxime is from0,01 to 100 hr 1.
9. The net hod a5%3r8¥ﬁ§°F8 ahy BMe26tdiceiglytiong oF apdibicomer HreXt he

rearrangenent r ti i s perfqrned 6 January, 2004 15 :. by the
f1 ui di zed- bed p?ggésgf.?ovﬁ‘.' T:I’hetq?’?egt m%:}lﬂshf tHsafyaregs in dhet to 9

- ab S, . wher gj <of _th | yst in th t

eaction' i s contrRueabryraf PROBPAEL PalEbota PbanortBRFed WALEE Tor (ne
t : | he, wi t hd .catal yst, i t ed

anat moSpher e of eivquh. SORFEr Rranofat b aRBYRAE Gatel aitnt ROVER R at el

catalystg s recyql 681ha LNE 8SRELL o 181 shdeafblELROML LB PAUC Mllus .

- caprol actam i ch conprises i Ng tyclohexanone oxime W th

acid catal yst i pehRergase o+ L f r t reaction of
t he cyclohexanong oxfne? ?ﬁgp?£g§?3§ggﬁ%n?fégé?éggéigﬁggg?%g effected in

th f ' | Nger By R4 i
e presence of a poba%gﬁg%%}?%ﬁ@ﬂ@ NEET3yaiby e (é&fféEBSE%i?%B{gﬁiyﬁ.group

following fornula: R - wherein: Rl represents a
- ~20 - or a pheaykngrmup, 52807 R8s1§PaEseNsSed ng&@hkuéﬁﬂg gsoyp. 12.
The net hod according to item 11 above, wherein the solid acid catalyst is a

zeolite or a zechithdysonhakebDgt@Sshapalystticlé Habuagyitd086réndfnl3. The
met hod according to item 12 above, wherein the zeolite is at |east one

menber 28l ect edimpooveliebyr aupreatmesti 1g whiaen al pshbasili eape baviige an
Si/Al atomc 5 ratio of 10 or nore, a netallosilicate having an

shaped article obtained without using any inorganic

binder is contacted with an alkaline solution having a

PH value in the range of from 9 to 13, at 30 to 100 °C.
However, when such a catalyst containing no inorganic

25 binder as described above is used for a long time, the




Si/metal atomc ratio of 10 or nore and a silicglite. 1429§He met hod
according to item 12 or 13 above, wherein the z MFl zeolite. 10
- 15. The nethod according to any. one of itens 11 to 14 above, wherein the
pol yhydri-c al cohol derivative.is. at least one nenber selected fromthe
group consi sting of ethylene glycol nononethyl ether, ethylene glycol
nonol5 et hyl ether, propylene glycol nononethyl ether and pro pyl ene glycol
monoet hyl ether. 16. The method according to any one of itenms 11 to 14 °
“above, wherein tbetabyybyts idilalsohe HRInAbovdery d0rehlyteaeradotan
nononet hyl ether. 17. The nmethod according to any one of Itens 11 to 16
above,. wherein ¢he teathangeyatils foadrimethaniealy ekechgranenetiaxi ne is
performed under conditions wherein the 25 reaction tenperature is from 200
~to 500 C, the reastabyst. 6 Thisumethod0B4sli1Bbegsas Sadbahtadd GrdkHad,1 MPa,
and the wei ght hourly space velocity of the cyclohexanone oxine is from

+ 0.-01 t-0 100 hr 1whén l8he Tderametdto tAELCOTHNY o idd-gane cobihtiensid| suw 17
above; wherein the rearrangenent reaction is perforned by the fluidized-bed

- process. 9. Thejeetdéddtachurtliary txeamertnEdy inipddrikl thelStiénghiove,
wherein a part of the catalyst used in the rear rangenent reaction is

continuously or ©ftthei caealyyt, thd sFcmtdi@nprodRas decbhest bémber-
rearrangenent reaction, whereupon the withdrawn catalyst is regenerated in
an at nosphere of som§gen-contai ning gas or an inert gas, and . 15 the
regenerated catalyst is recycled to the reactor. Hereinbel ow, the present
invention is descri betpaxt datem Ithe dboudramemiivoddaedhdidsgy therbehéve st
aspect of the 20 Eresent invention, it is required that a solid acid

cat al yst be usedalgpebeem dhechoded metibdntsdy Sirddudqimydgsedpbylaatam ni ng
a dried tal yst g{ecursor conprising a zeolite as a first conponent, a.
crystal | ime cl ayihi Feeagaseous gehasel. conporieh  the deanrdngesendnseas-
substance as a third conponent, selected fromthe group 6 Jaauarv. 2004
18 consi sting of “AR% isﬁ’gsmt%% thel copxrgrnarl ohixraddte @isea

i norgani ¢ oxi de bX cglc%nat'on; wherein the inorganic oxide conprises an
oxide of at |easPe5REYEFeRRn? SREGEEEE FOBRPRUME- group consisting of

el enents be 5 IongingFto C}o%gf 4, 13 and 14 of the Periodic Table and
wherein the inorganic O%i T8RSt Y Q8P 03¢ 4ésd Hheeiesrsy & fpefhod in
crystalline formin #he zeolite and the crystalline clay mneral . For

i nprovi ng the shgbéﬁ | Pt JRERUFeRRaRE cEpagbier ko @FOIUCE e caprodagtan

tal yst 14 ddiet b - ti d ts, the dried t al yst
catal yst g n addebpgncle e, BLe TeoLL oned compongnt s, e drl g catal v

t, h [ [ t of f 1 5 %b | ght,
based on the Lot o wergnioorts PRERHTPE Shach o ERER S R SRR AL of
the dried catal ' t ination. Lit
first component’ ool e aprandchpEpy8;  BEath's (hRstin, I creberpifsf o ne

si l-i cate whi ch {aoagrlggggloggoﬁs_ ﬁicﬁekﬁﬁtﬁg gﬁ??*%gﬁF§é°H§ﬁ§gﬂS€?%3ﬁg 20 |

of an aluminosilicate, a netallosSilicate ahd a Si

def i ned bel ow. FunhbCetoh!)eak@0k? | fopredEhi ooy hpalbeehr a65R! 4 e on

al so enconpasses a porous crystalline phosphate APO-5 or SAPO 11)

having sudst anti alkylt heoepnorshr phieny? @%olpdl. Ofhat2%szeehi tlis mbthod,
January, 2004 19 The alumnosilicate as defined in the present in vention

is a conmpound corghel sedctaonl ¥o0broduld) ¢-capibSadttm(£104FPedPéSin the
(hereinafter, both of the units are frequently referred to as "T04" which
means a tetroxi deopresence of a solid acid catalyst and an ether com-
pound or a lower alcohol.
Further, Unexamined Japanese Patent Application

- 25 Laid-Open Specification No. Hei 10-87611 describes a




5 of T atom having a tetrahedral structure with_ap oxggeao§t0n1positioned
at each apex of the tetrahedral struc ture), wh unit shares

the four oxygen at onms at the apexes with the four neighboring TO4 units,
so that the TO4 units are three-dinensionally bonded to 10 forma crystal.
The crystal is porous, and the diane ters 9f openi ngs of the pores of the
crystal are in the range of fromabout 0.4°to about 0.8 nm This crystal
functions as a nol ecul ar sieve. The netallosilicate as defined in the

present in 15 veeihod A& SMRRIAINJ al-loupide a8RER, PRhOER EbMpLakeStEde-ture
as that of the alumnosilicate, except Phat the crystal structure of the

met al | osi | i cat etdgtif@rcf@IBtdEffond othitid SviddCla RAatangsa gettabtagom ot her
than Si and Al atons as the T atom Exanples of such other 20 nmetal atons
i nclude titani uprémi the bersup (DnsiSEIngNdFe) 2sM-5C zebliteyMaviing aga) ,
chrome (Cr), cobalt (Co), zirconium (Zr), vanadium (V), copper (Cu),

ni obi um (Nb) angiprlyatémie (Bedio APMEeddegtan AQWN a Rordenide geoaigkl y
regarded as a netal; however, in the present in 25 vention, boron nay be
introduced to taRdcaysteypd aiddorese, in Jwajaseold0HPhAdeofind the pres-
metallosilicate as the T atom The silicalite as defined in the present

i nvention has sehseéasf il |3l g tsisorea Jwhmls hawisigalsesfenu otrume ras calmhbnof
the alum nosilicate, except that the crystal 5 structure of the silicalite
conprises substahomally no TO4 unit having Al atomor any of the
above-nentioned other nmetal atonms as the T atom but conprises only T04
units each havi ng SiHewewens with Trespect The e aver-yesrdlianes padephat e
as defined in the 10 present invention is conprised mainly of (A104)5 units
and (P04) 3- uni fecumgnts whhich hdegomibe the ofse af porapecidfic eannopad
phosphate. In the porous crystalline phosphate, (A104)5 units and (P04)3
units af@ bondednt gomhinahbemeyith 2 ozeebiter cdlMiofedhesifaPagrk docu-
structure. 15 In general, the porous_crystalline phosphates are col

| ectively referP&BtEoUSS aA&‘F‘Eﬁlﬁe 2UPRE 2% & FRLAYRsi ANV LR dHerdeind
shows an identification nunmber which is generally used fqor identifying the
type of a porouSCErREiap| aheubnbRENAse, O5cR o7} ??)%Wuﬁhﬁ)ékﬁw %%ic 20

t . Al th talli h hat h t ai.ni A104)5
ni C% ana.( Pod) BTRREEERLERREShRE CRORRRR hETEEGHT dTRE ST d Y SRR B
atomas the T aton;a%e referred to as "SAFC>n? wherein n is a positive

i nteger and sho®SCARtPdBALTYI 22t PBRERRRDRFCWATRMCY 5 25 general Iy used for

i denti fyi the t f 6, J 2004, 21 tall
phosphatid, “accor di no" PELRRb- cF)sPERCELFLRY uHs PERRPTHERY S &h furt her

contain T04 unikﬁpggg%@gaﬂnx O%ggﬂreygraﬁg%$§ﬁF §€ac@¥oﬁngft ci&ﬁgf%§ the

T atom are coll ec y Feferred to as e porous 5 TCryst i ne

phosphate has anshdl bginsl ! uGtHbEe! BabPOSCaOtaliber CGhL1 £5 EScdosEE] DEC
above. Anpbng these, preferred are an alumnosilicate; a netallosilicate and

a silicalite. |tacg19RbeiRGELAE e8nthat bBewEER! the tawahateashilonene
nenber selected fromthe group consisting of an alu mnosilicate having an

Si/Al atom c ratthe @ati@yst. DI, tide NBEBLADSPdSH £, hoyi 1§ wecéiddmLt ao
atomc ratio of 10 or nore and a silicalite. It is still nore preferred to
use at |2ast oneepaibte theecchedikiogakhasggoif enasrebcthonngrofm &he

alum nosilicate having an Si/Al atomc ratio of 100 or nore, a

met al | osi | i cat e dbvawiergesecrSbedespecattari compbundof sti6h as aor ethed aom-
silicalite. It is still nore preferred to use an alum nosilicate having an
Si/ Al atom c ratpomndf add)oar amloweraaltepbablgsukedaia 20mbanatdoanwsthnat al
atomc ratio of 250 or nore and a silicalite. It is still nore preferred to
use at | east -oneewdiiier. sel ected fromthe group consisting of an

alum nosilicate having an Si/Al atomc ratio of 500 or nore, a

met al | osi | i cat e havi bgwawesi,/ wbeal aat etherr gbinpouvhd5604Z9rop AoWeTrand-a
silicalite. It-is nost preferred to use 6 January, 2004 22

an” al un4psi | i caahdadney isn uSiedAl theae @rigeisoaopropdgm in that such




or nore, a netallosilicate having an Si/netal a&g‘gﬁ g 5g640f 1000 or nore

and a silicalite. Hereinbelow, specific exanple e5 nenti oned
zeolites are shown. Exanples of alum nosilicates include an A type zeo
lite, a X type zeolite, a Y type zeolite, an L type zeo lite, an offretite
zeolite, a nordenite zeolite, a fer rierit% zeolite, and a ZSM5 zeolite
(see Exam ned Japa 10 nese Patent Applicati;on Publication No. Sho 46-10064
(correspondi ng to Canadi an Patent No. 902,334)), a ZSML1 zeolite (see

Exami ned Japanegempatifas é@ﬂét&ﬁiy%wbé'm&'% ihﬁn@ 2 8hat it
(corresponding to U S. Patent No. 3,709, 979)), ZSI\% eollte (see

Exam ned 15 JapapeagrPatent Oopsésataod ﬁk@'é&@é &\&%
(corresponding to U S. Patent No. 3,832,449)), a ZSM 23 zeollte ZECLITES
5, pp. 352-354, pbufidsRohrman Jr et al (1985)) a ~ type zeolite (see u. S.
Pat ent No. 3,308,069) and an MCM 22 zeolite (see U S. Patent No. 20

4,954, 325) . Exanpl esonf thet &thesi hdd} e Ier 4101l iisCaised see

U S. Patent No. 4,410,501), a borosilicate (see EP 7,081 Bl (correspondi ng

to U.S. Batent hherd, 455s5823)pr8t51&£amlﬂsa@fa&hign‘@&Iél%ndlclggiﬁeﬁhe
silicalite as 6 January, 2004 23 described in U'S. Patent No. 4;061, 724.

Exanpl es of poralidychyst abdi heghhasphal B5g heyimg whidh U Wik sd md athd 0
that of a zeolite include SAPO-5 (see Unexam ned Japanese Patent

Appl i cation Lai doDpng5Sp&peti éf caycbshéwandie &Oimd0ldh (ot espddidiget o
U. S. Patent No. 4,440,871)), SAPO 11 (see Unexam ned Japanese Patent
Application Lai iicpéh Bpeseparate othédlocy Shohdaddid Soxinns riaspondieng to U. S.
Pat ent No. 4, 440,871)). Each of the above patent docunents describing vari
10 ous zeol i t eshhghen dédsehobtion on the X-ray diffraction pattern of the
zeolite_and on the process for producing the zeolite. Wth respect to the A
type zedPite, X type zeolite, Y type zeolite, L type zeolite, offretite
zeolite, nmor 15 denite zeolite, ferrierite zeolite, ZSM5 zeolite, and
ZSM 11 zeolite, the conpositi onsuwthﬂ(‘TﬂEPENYme are described in

"An Introduction to €EO|IIE Mbl ecul ar Sieves", A . 12-37, U K.,
1988. Anpng the abovERzEREFtituation, pHRe RTLILRH Hé‘éefht%‘tﬁ davepade, a
ZSM5 zeolite, |tan05| a boro si lcate e zeollé and a
ferrierite zeoll§ ﬁﬁﬁel?nﬁslﬂg?%sﬁY%f%F? %o hEE %.E Wi tew 3% an MFI

type structure, #ch as an % ayge silicalite, a ZSM5 zeolite or an M
type titanosili X§t8P1B8 FhBefhed; iqE Producing UpReREIAGEaM Rt &P or de

f | ! h
Str et atg c3992@ééﬁa;‘hgw‘g@ﬂg"%’t&é‘ﬁgﬁ”%%m%‘éf‘ Rrrobin pef FafR o i1
framework typesj, §h§ §g§gggng§a?&3toC@ g@€r£0§2§%ra%¥$$%n@m}§£c | D H

d son (2001). 5 The ctron pa erns ype zeo Bs are

shoun Tn an art be! en8nlbhflexRbhecoksile O wil o bEHoA7E: pes rfggﬁterns

for zeolites" | nbos and J I NS

June 1990, pp. ﬁﬂasaﬂé5§)meﬁeleﬁeaherapiémpre&esﬁggnggﬂb'£ﬁé , pLi6Feagan be

men tioned an MFI type alum nosilicate having an 1 atomc ratio of 1000
or more, an M ahpeafithal b8sh! k68! §LhBYyNEnan §¥é€§&ﬁ#1§tﬁﬂb&uéﬁﬁb0
1000 or nore, and an MFI type silicalite. 15 T ese zeo es may be caused
to carrypohydr ogeapronhactafr LAURiGRt flel@nsorvar 16Hg €8hal conpounds and the
| i ke by conventional nethods, such as an ion exchange nethod, an
i npregnati on net hod asdaanead3of pit olasethetpedteayyt bese Feth@dshat
preferred is an ion exchange nethod. 20 Wth respect to the type and anount
of the metal whitbhst bbjeetliveecan bausttainedabyya mbBehedi somprpaihigcul ar
limtation, and the type and anount of the netal can be appropriately
chosen as | ong eentecidngr sgcébhesanosecansmd whthha seatdi anipechdnred in
the nethod of the 25 present invention. By the experinments perfornmed by the
lyst in the gaseous phase to effect a rearrangement re-

25 action of the cyclohexanone oxime, wherein the solid




6 January, 2004 25 present inventors, it has begqlfound égah, when the zeo
lite is.caused to carry a nmetal atom bel ongi ng the Periodic
Table (i.e., Cu, Ag and Au) by the above-nentioned nmethods, such as an ion
exchange, the 5 life of the obtained catal yst can be prol onged. Anong these
metal atons, Ag is nost preferred. In the nethod according to the first
aspect of the present invention, exanples o crystalline clay ninerals used
as the second conponent include the crystalline 10 clay m nerals as shown
within the dottgdifyr s NG E r el £ ' IS
made on the cIa?éﬁﬁng?gfgggggébiﬁg?ﬁgcg?e§§n§é?§§%%¥?o%ndThe ?%?%%@#ﬂ% t wo

basi ¢ units conpibblit8os! axndl Batl1gbe! sredrShPoRbE AbEMS 00 UL i ng a

structure in which four 02 ions are coofdi nation-bonded to an Si 4+ i on, and

an A1(OH) 6 oct aae@wata&h&neamag ALALEHELHAE hE YOAEH She& ShbPadke i ONS
are coordi nati on-bonded to an Al3+ 1on (provided that there is also an

oct ahedron 20 ugel k¥ dN&rdmStheCh¥bap! BoWBisPih§CoAl3 1ROrddniditoAldH) 6
octahedron unit is replaced by an"My2+ or Fe2+ ion). A sheet structure
conprising a pl ahal bt ¥ofboah@4whethakedhentHEi §Ao¥hhkcabRide by calci-

t wo- di nensionally connected to each other is known as a "tetrahedral

sheet", and a 2hatheaq! whewehur Qh@ofmbk§hﬁ§lcaoﬁi§éa@:bhﬁ{ﬂrﬂieé\ﬂxﬂ‘ﬁ:@i&&ta 6
January, 2004 26 hedron units which are two-dinmensionally connected to each
other is known a% at 'leak&hedeaklsheft"” sel8cteal 8)ofl BREAGrohpyesEsDét L hese
tetrahedral sheet and octahedral sheet are |aid upon each other. 5 C ay
mnerals are cl dag bifedliemeatshbedohynfy t6 eccapdancelsi ahdt he dfyete
structure conprising the sheets. That is, there are a "1:1 clay mneral", a
"2:1 clay m ner @etiodid Tabliexddheay®eribadcarabléfieméntiohed hereimliss a
clay mneral having a 10 structure (1:1 structure) conprising a plurality
of unit Ityers &hel Poescridbedofinombet EUPABedinterhatiohali Ygienneect ed
thereto one octahedral sheet. The 2:1 clay mneral is a clay m neral having
a structure (2: Puser gpdupppliefpChemigtaypl nemencyaspransystepet398dth com
15 prised of one octahedral sheet having connected thereto two tetrahedral
sheets. The ni x&®9 ¥heredondhe inorgapigyoxifder A5 eshpri $hag axidadi nation
of at least two different clay mnerals having the structures as_descri bed
above. 20 Speci GP0t&iRRG d& & cryst@ldyjngi ferm 4n fhpugecadiksoPPf Fifera

having a theoretical chem cal conposition of A128i205(C}%4, and a
serpentine nm neZY Stakg e S0 MRt - cBAFed) OR oS F1RHRY . the

My3Si 205(,0H) 4. Exanpl es .of kaqlin_m nerals include kaolinite, dickite,
nacrite, 25 andpﬁ§%¥5§SFPQQﬁ%ﬁ9¥ ﬁaﬁg%PﬁPeF8§P&F§&dwater nmol ecules. 6
January, 2004 27 Exagples _of serpentine_m perals.include.ch otjile, liz
arditeY and antigoritec §6&ﬁeP&cQ8%§HEPE§ ngﬁ:fléPa§OHPﬂeFé¥§’ihglﬁde

pyrophyl lite having.a..theoreti chem cal, conposition of 5 Al2Si 401o( COH) 2,
o e havi ng.a | HESRAEASh FsRar Eae” ESRSIrel EhoaPERYSEFaDs o br bt

smect te T epres QL fETdd 'l Bn BB Bl diion 35TeEREEAY Cf aY
mneral, and a chlorite. Further exanples :1 cllay mnerals include
sepiolite and palya¥edddbeiifde Y Wisth 1108 gl Latldlyeitlgd B WpleCh Si 04
tetrahedron sheets are cyclically inverted to thereby form pores. Specific
exanpl es; ®f M XesiA 1Y Yo IPHIRIAIS d1IHéAe g rThatd velY &h a1 vaeilhi $ENY a
combi nation of mca and snectite, and a m xed-layer mneral conprising a
conbi 15 nation He kaRldiyd¥ NGLflb A RRNHTY lan O HiHeE s FRARilY £2218-
natural clay mnerals contain an anorphous conponent, such as an anorphous
silica, in addi tdaprdiacta kdldd Nnhddelsegd.NerBe 6BGRERMBhtidhed0xpdes
(such as Si 02 and A1203) contained in 20 the crystalline clay m neral used
as the second canpfiwerdtindd tdwnmnilded awind aeaiialg/ Yy disatkiandnte oxeineod
according to the first aspect of the present invention, can forma
crystalline strucith e soldid hatsid heatalyaitaliln thec lgasavunermladesta ef -
structure in which such oxides 25 are arranged regularly to thereby forma
crystal .2%n fect a rearrangement reaction of the cyclohexanone oxime,




6 January, 2004 28 the other hand, the inorganig ﬁﬁigﬁ (Eaggrising Si 02,
A1203 and the |ike) used as the third conponent scri bed bel ow
in detail) does not have a structure in which such oxides (Si02, A1203 and
the like) are ar 5 ranged regularly. Because of such a difference, the ox

i des contained in the second conponent and;fhe inorganic oxide used as the
third conponent can be distinguished fromeach other. That is, the

i norgani ¢ oxide used as the third conponent is an inorganic oxide other

t han the 10 crywhealreine tbei dearcrengaimant reaetiogsial éffectead mn nthde
zeolite and the crystalline clay mneral. The clay mneral used in the
present inventi preseacer alfl ¢ padyhydryst allbbhelclayivatitvel représeited 50 %
by weight or nore, nore preferably 90 % by_wei ght 15 or nore. \Wen an

i nor gani ¢ oxi debyt ltbe fhadowhegc fpsmuakli RE-atRY-0H nevhalrdin,pRéseapren t he
clay mneral used, the inorganic oxide other than the crystalline clay mn
eral is regardedeagsaapfntCofaliel igwngarrc oxpttmyls egtoap ,t land ®r d
conponent and is considered accordingly in 20 the cal cul ation of the weight
rati o of & he secepdesenmts melt-0f dliegylsule dgamip) caBakgdt onThhis novel
above-nentioned crystalline clay mnerals are used individually or in

conbi nati on. Th&idfjadal theePERSsENH ABVahsignyhbe hagnotomphetedal cl ay

m neral and a 25 synthetic clay mneral. 6 January, 2004 29 Furt her,
before used for proddBen§orrgcoinpi andcpihest abjsetst hfeatyses andeadt ay

m neral nmay be subjected to a prelimnary treatnment, such as cal cination

i on ex change oN2RtAges: 84t kbt PrSSaREndPVEBSA0ORr Yida| PEnBPRRESD ki REPMI s,
preferred are a_ kaolin.m neral; pyrophyllite, talc and a nont norillonite.
More preferred it eang&PVﬁnﬁ ﬁ&F&ﬁ}eQn eSCriPtiBRetBkeReiReBONRERELPR t e,
The crystalline_clay . mneral is added_prinarily for 10 the purpose, of

i mprovi nyg t he sPﬁgﬁgfﬁkaﬁﬁcngFﬁgﬁpﬂegggwﬁﬁﬁéegBP the sppapyet §i§b@ﬁ'
article. In addition, the use of the crystalline clay mneral as the second
conponent of the solid acid catalyst in the rearrangenent reaction of

cycl ohexanone oxinme for pr eh i ﬁsé§&§¥qgﬁng§t iﬂh thod of the

present invention (hereina s referred to

sinply as the "presenrf, LeackLQR1 gES extrenely effective for inproving the
selectivity for $-caprolactamand prolonging the life of the catalyst,

especially for inproy;g0 ihnggtBe $ebRCELYEY gsc?ﬁgggﬁggntgnthe case of a
cata |yst containing no crystalline clay.nlngyal nanely, a catal yst

conpri siTg only ccA@Pleixlad ofad oA meN oS 10K §8 tHa’R F?:hr&glé“ 19XLeg of at
| east one el enent selected fromthe group consisting of elenments bel ongi ng
to 25 Goups 4; cCbhpatdtideoExafpiRernsi;odic Table). 6 January, 2004 30 For
the present reaction, the presence of alumnumis particularly

di sadvant ageous becawig.aludisnamgRaphmehewihkhe ajebapaktiednofinby- products.
Nevert hel ess, in the present invention, an advantageous effect can be ob 5

tained by the uselelctivdtyexdipleecaprkaabtammbeewaknCRRakhpioi Ng ahqut 40 ~
by wei ght of alum na. Indeed, such advantageous effect obtained by the use
of a kaolin m nComplanatiye Exampdepdet ed. On the ot her hand, a catal yst
shaped article com 10 prising only a zeolite and a crystalline clay m neral
does not2@®xhi bit sat FdigactBohy st igeaghh showd nghiar ¢onpapdisent iof the dri ed

catal yst precursor which is to be calcined to produce the solid acid cata
cyclohexanone oxime conversion between Example 17 and

Comparative Example 6;
Fig. 4 is a graph showing a comparison in

selectivity for e-caprolactam between Example 17 and

25 Comparative Example 6;




| yst used in the nmethod according to the first ggpect of2634the pr esent

invention, is at |east one substance se | ected p consi sting of
an inorgani c oxide and a conpound which forns the inorganic oxide by
calcination (hereinafter, the substance is frequently referred to as an
"inorgani c oxi de and/or oxide-form ng 20 Cfgpound"): The third conponent of
the dried catal yst precursor is added as a binder for the purpose of
improving the strength of the catal yst shaped article. The inorganic oxide

conprises an oxide ofig{ %eastaOiifat dRWiRFlad A dIAPilhei8hOBE
consisting of elenents 25 belonging to Goups 4, 13 and 14 of the Periodic

Table. 6 Januetyst3094n8lcTh¢ RLREBALS, DPhOREIAGtR® &Fitald idle tdiary
Periodic Table are titanium (Ti), zirconium (Zr), and hafnium (H); the

el enents bel onginigeiralsr wHpch3cah bbechrtaofeg Tabtige ag£rdu5F N dil¥cur-
alum num (Al'), gallium(G), indium(Iln), and 5 thallium (T1); and the

el enents bel ongsbg (be€bodpcaicohatbénPerbpiike TobtL£1vs€ v dDGh (tHe
silicone (Si), germanium (CGe), tin (Sn), and | ead (Pb). Anong these,
preferred are ofides abpStt 6F 8hnd presdhteinpestiosadtey syl arigdimre a
silica, a silica-alumna, an alumna, a 10 silica-titania, a titania, a
silica-zirconi athendoatedr feamea; nore preferred are a silica, a
silica-alumna, and an alunmina; and still nore preferred is a silica. These
oxi des can be used individually or in conbination. As descri bed above, the
i norgani ¢ oxide used as the 15 third conponent is an inorganic oxi de other
t han oxi des cont ai ned i n RETALERMESCGRIRIGN OF \I¥IFa | INVENTIONM i n t he
zeolite and the crystalline clay mneral. Specific exanples of conpounds
whi ch formthe inor dBnfcfdkfteadpeehl ef nbhe opreésenudinvanlind ddherrich as
20 A1(OH) 3, Ti(OH)4, and Zr(OH) 4, and salts, such as A1 ( NO3 ) 3 and the
like . WOth respécProyidpé di mpthedcEobepredncing preammyslaadanpr athicing t he
catal yst used in the nethod according to the first aspect of the present

i nvention and t FE8™P51565vECREACLIREICEFdEReS2RPRE %b’aei%ltlhe&aﬁﬁﬁ%%
Japanese 6 January, §034 %Z,Patent Agglication Lai d- Open Specification
No. 2000= 202298“’?‘%8? PrY§tsipi EBGu9aFPgUAdPRAPENtPsebheCE R T8~ -
subjecting a si&jcon al koxide to _an aghd h&dioggsis, i s used as, a bj nder
for a zeolite), "PRIHCPLeFERCEIPRsPicLRS PRCLRREXARANH, BELLS - YPEREX AN ned
Japanese Pat ent pl_i tion.lLaid-Open Specificati.on No..2000-202296.
consists in per ornfﬁéggna§69d°ﬁ$8§§ngF§ BFOQUSFPi§3n°3+ﬁ6§}%%,a 5}%%5,
in the groducti e u i.n e th th

inventigg? no p%%%%éﬁ%gcggggﬁgégk’13E%hgﬁt%ggs?ﬁgfggﬁgéogxgaﬁﬁgigg%ﬁea
conmpound whi ch fQr he _i hG :QXi y Lhatjign_ar

Therefore, the ggggggg'fgragﬁgggéﬁﬁgétgga a gﬁ%%?ﬂuéég Ph ?ﬁgggrgggnt

invention is aduyits393@4s sk el FRen! &ﬁ@?gg&g&t gt}ﬁgr@gt%gra&f gRtepbals is

| arge and there can be used 15 econom ca rra and that no strict

control l'ing of aplcyaki@el aneAUICORBouNANYRALRI£82RY tHe PhedyahienoRl the
catalyst. Wth respect to the ratio between a zeolite as the first

conponent, a cryideallyl R21eiadntiongr #hedeihheheegnd@gandccoftpaaedbm-and an
i norgani ¢ oxi de and/ or oxi deform ng conpound as the third conponent, it is
preferred to usprdsasolant exddel bF &itr Jeactmpaee @il eméndn saiegdedoErbmom 20
to 80 % by weight, a crystalline clay mneral as the second conponent in an
amount of from Zhteo gadud lepna3 sadinghiof @1dman tishbedanigingXitdeGandpear 4,

oxi de-formng com 6 January, 2004 33 pound as the third conponent in an
amount of from 13 ad3Q 4%wify thel Feiriodich Tabded and wherednaltheeigltr-of t he
first, second and third conponents of the dried catalyst precursor. It is
nmore preferred tganise axideoliist @thert thah foristesc copdadmed Anap srystalof
from30 to 70 % by weight, a crystalline clay mneral as the second conpo
nent in an anourdiingf fommins the 3®okibe weidghthe amysdalilimegsdiay odinde
and/ or oxi de-formnm ng conpound as the third conponent in an amount of from
15 to 323 by 1®H&i-ght. Wen the amount of an inorgani c oxide and/ or

oxi de-form ng conpound as the third conponent is |ess than 15 % by wei ght,

t he obtai ned catal yst shaped article tends to exhibit poor nechani cal
strength. Wien the anount of a crystalline clay mneral as the second com
15 ponent is less than 5 % by weight, it is difficult for the obtained
catal yst shaped article to exhibit the desired effect of inproving
selectivity. Hereinbel ow, an explanation is nmade on the process for
produci ng the catal yst used in the nethod according 20 to the first aspect
of the present invention. Wth respect to the process for producing the
catalyst, there is no particular limtation. However, it is generally
preferred to use a process which conprises the followng tw steps: (1) a

e o o, T




6 January, 2004 34 a crystalline clay m neral ag ihe secgﬁﬁ!conponent, and
an i norgani c oxi de and/ or oxide-form ng conpoun d conponent;
and (2) a step of subjecting the cata lyst raw nmaterial m xture to nol ding,
drying and calci 5 nation. Hereinbelow, an explanation is nade on the steps
(1) and (2). (1) Step of preparing a catalyst raw material m xture The
catalyst raw material mixture conprises a 2o 10 lite as the first
conponent, a crystalline clay m neral as the second conponent, and an

i norgani c oxi de and/ xLde-fQrmn onpound as the third conponent. As
the zeolite, there cg{r} geggggééia z%%ﬂgt(gPogh? HTEIFDY PR 'ma%ere

synt hesi s perf ot Is a_con 15 .ventional nethod as described; fo
exanple, in EP ng§58§g§331§ ?ﬁsé%dc Pt H e £ CRPES) F@Walwylcg
avai |l abl e zeol i .gnp¥MeRst A j by _hydrot hermal synthesis
contains an or gan{n tgrQrSI gtg’é%??k%}‘s ‘gﬁég?g%%?%g%% %ﬁé\% %nPh\m? c%o#]%éused to
form a skel et onggf gt g bt h r Y. i ydroxide), it
is preferred thgt t he Ségg%FCEFeﬁgﬁa?§§8§s%h§9é§§|#?ggfgéﬁgkgﬁ%%géd by

cal ci natigon bef L8 qEREntMRELELPohNE£CR]E ' C it of the
organic tenpl ate ig ef?ecteé %yoéugfeg%gng9§%8$%%9é%%$i?%Bﬁ%'gh%%éln

treatnent in a Eﬁénﬁegrrﬁﬂﬁgm@ﬁtai?eac@iéﬂnﬂér¥ff@994d3_|5.n%ﬁ%gﬂ#%s% ace or

a tubular furnace, at a tenperature in the range of fro C for

Lo 24 hours. WRAGIpaNyRYMSEE APBLALY! BEr PLADIPOCEEoPLodnld the

cont ai ni ng at nosphere. esired, a zeolite can used 1In

an i on- exchangegoi®ekiihg. £¥PRHERD ﬁh-%iﬁ?ﬂoﬁx?t}ﬁ%@i%@ R A :?é’sélv}’tsgaa[ t

treatment of the zeolite with an aqueous solution of an inorganic

such as NHANO3, chNHECla Xty AG¥Ghp Idr i gHhAr Igdupatand & eBpeEEBAPgEai s ef
10 fected by a nmethod in which, to an aqueous inorganic salt solution is
added aipeol it eChrCaralglerie afrdupm 1 to 30 % by weight, based on the

wei ght of the aqueous inorganic salt solution, and the resultant m xture is
mai nt ai ned at a tenpEBeat easyi nndaestandingfof rtie lprésedd Hvénrtfion,l to 10
hours, followed by a filtration of the resultant reaction mxture, and the
cycle of the iofthexessgangdainfiebthreat and varibes peefatedd lembo®imémtes.
When an amoniumion is converted into a hydrogen ion, it is preferred that
t he conversion 8f Aheapweseom ioMenrdipnt are eyumeyahedobeleweffected by
subjecting the zeo lite to a heat treatnent in a furnace, such as nentioned
above, at a tenperature in the range of from400 to 600 Cfor 1 to 10 hours
under an atnosphere of air. Wth respect to the crystalline clay mneral, a
25 comméfei al | ylavai PaBpehedyfesl pradueing srigaprdlastamciwhich komrary,
2004 36 can be used. -Alternatively, before use, a comercially available
crystalline cIaPrﬁFﬁérSPnﬁﬁﬁtBEQSGéFéEP@HaPBHEaPEFHQtWéﬁhaﬁ §°¥éﬁp§?b@ure
in the range of frog15 0.,to ﬁ,ZOO C. 5 Wth respect to the starting
material for prSAGEEGTt A8 TREr §aRPOUSKPHESE| o] efhpetepr ERAFEARERNENE0| |, a

gel or the like inin e conponent el enents of the inorganic oxide.
Exanpl es of sucﬁggpgg Pnagné SrFgggoﬂﬁﬁFﬂageaﬂxéﬂﬁeous sodi um silicate

solution, a silica s silikga ich.is obtaine , for.exanple,
adding, to an aqyeoug#goé?aﬁgsk Pga g?é%&%?iﬁﬁf?%nPES? ?egugﬁ 3%93ﬁ?*ﬁ$ic
sol . a i Sof e cathllel prelbiton, Sril bERaTyll Bletlbnof elhin ™
silicate 15 - sohbiol a%z80hi1¢8.98! crysthhhefadhbilyNifigla1alaageal um na
sol, and nore preferred are an aqueous sodi um silicate solution and a

silica sol. A sihkiag2 ool saBsthutenadeigkbtef Fpml ke F}%@Gpaéohgﬁsﬂﬂ ting
mat erial. for producing the inorganic oxide 20 generall'y contains a trace

amount of net al o&s adh inGRYENkHY ok4EB aRaSadtBRboliar fhets, fblfisi RALIARLC
oxide contained in the dried catal yst precursor obtained by drying a raw

material m xtur ergential bides By calstiaathipd, "hherkah ¢aReHablyatebt 8k0s a
trace anount of netal

25 ide comprises an oxide of at least one element selected




25 Wth respect to the type and anount of the n§&ﬁ'u&&” 2064Jaauarv. 2004
37 tained, there is no particular |imtanon. Ho preferred that

the amount of metal as an inpurity is as small as possible, fromthe

vi ewpoi nt of preventing the occurrence of an adverse effect on the present
reac 5 tion. The trace anmount of netal can_be renoved fromthe dried
cat al yst precursor by subjecting the driedt®ata | yst precursor to an acid
treatment before calcination. Wth respect to the acid enployed, there is
no limta 10 ti epomheMEV. r s Ak o Pl L1 d j ﬁg ' cid, and
hydr ochl ori c aci d. I?Mi@s%?%?eﬁlgéditg é?étﬂg %:%‘%[g?rf}'gsgt quea.ﬁ%ﬂ 1t‘ng fté)? mx ture

is provided in theupsr i 0of 3 3@ PHPCHEOUS FbSPESSE Ol £ANY A %5&%%6

conponents for the dried catalyst pre 15 cursor. As a prefterred exanple of

a process for ptrREaih&Pghfifc CokLEYSis S¥hER! Bl ol add!ion ddiGled GaN be men
tioned the follow ng process. A predeterm ned anount of water is added to a

raw material foerybeadlih€asbrNen 2Ph8UPSLRNEE S 8L Ly ARG HIAYR
consi sting of an 1nor ganic oxide and a conmpound which forns the inorganic
oxi de byscal ci naihepaland the resultant aqueous mxture is stirred
preferably by using a stirring device, such as a honogeni zer or the Ilike,
at a revolution rate of from25 2,000to 10,000/ mnute for a tinme of from
15 minutes to 6 January, 2004 38 1 hour at roomtenperature. Then; to the
mxture are added a Peelméthadadcerdshal tb NEt&mh Ay abioR@Y,alwheie@hnetaebl y
followed by stirring of the resultant m xture under substantially the sane
stirring conditeendite henatobedsd ahevaembert el qrapnrfdowntid divmp

catal yst raw material mxture, addition of water is not necessary. However,
for inproving thendispéngi &f | an yabominobitbopbedmying ars $i KEeratashiico add
water in an amount which is fromO0.5 10 to 20 tines, nore advantageously
from1l 28 10 ti FasiothE 10ter merghtaochetatlesilisatonriariregl am t he

catal yst raw material mxture, nanely, the total weight of the zeolite, the
“crystal line cl ayiiPatadl atemic tfetinop§ah? conxneike (ashbrai siiligmkite silica
sol or the like, or a com 15 pound which forns the inorganic oxide by
calcination is used, the anount thereof is expressed in terns of the anopunt
of an inorganic_oxide forned therefrom). Further; the preparation of a
catal yst raw naferi afPfiRethed REEAFAing tattkemal % gé’q%?ed’wed-n
process in mhicg a 20 golite and a_crystalline clay m neral are dispersed
into water, foIIBﬁeaeﬁg Eei+7i A9 YWFItREOLik8ttant aqueous mixture by using
a honogggizer or the like under substantially the sanme conditions as

menti on above, to thereby obtain a slurry (zeolite/crystalline clay mn

25 eral aqueous,m xt ) nd.the obtained slurry is added January,
2004 39 to the rénai %égrm%?h?%ea?ﬁﬂf ?grggl gx}y&pe( h%élojttf‘uee‘?s hﬁn‘b‘,’ en an
aqueous sodi um gphLigat i i B referred th _

pr edet er m ned annuk%'o?hgggg%uggﬁs§§§§?gﬁ1g%l?ga % I%??d%eﬁée%r%eS

e o ey 20gkrule geBla LANGERIGTUE SYLEbrAf e v o

above-nenti onedag@oal ZERLEr ¥ebahtbne clay m neral aqueous m xture. Anyway,
it is inportant to honogeneously disperse a 10 zeolite, a crystalline clay
m ner al 2gnd an i norgani c ox

5. The method according to any one of items 1 to 4

above, wherein the crystalline clay mineral is at least
one member selected from the group consisting of a kao-
lin mineral, a talc, a montmorillonite and a pyrophyl-

25 lite.




i de and/or a conpound which forns the inorganic ide b ination, in
the catalyst raw material mxture. (2) Step of éﬁ?ﬁg@%ﬂ%&ﬁﬁ%Q catal yst raw
material m xture 15 to nolding, drying and cal cination The raw nateri al

m xture obtained in the above nmentioned step is subjected to nolding,
drying and cal cination, to thereby obtain fpe catal yst used in the nethod
of the present invention. Each operation is ton 20 ducted in a manner which
is appropriately selected in accordance with the node of the rearrangenent
reaction in the nethod of the present invention. Representative exanples of
nmol di ng, drying and cal cination are described hereinafter. 25 < Case of a
fluidi zed-bed re@cti d’he metiod attondintf)0b 4hy BrehioF Gasms tthéopbocess
for producing the cats |yst conprises the steps of: spray drying the above
obt ai ned raw natebowd, nikxéres n (tHerayrgdiad roxi@e isPhas i1eals tCcahal yen-
precursor powder suitable for use in 5 a fluidized-bed reactor) and
cal ci ning the obbernselected frdmltisd .gyogse Waistihd RE Pprsayidayi ag step,
spraying of the raw mate rial m xture can be perforned by centrifugation,
by the twe-phasesilievanakohinasnddmwralbymide. hi gh pressure 10 nozzl e

met hod. As a heat source for drying, it is pre ferred to use air which has
been heated by steam an electric heater and the like. It is preferred that
the tenperature of the spray dryer at an entrance to the dryer section
thereof is from1b60 tTh&Ctethod mcedndind teanyd aner dfs idemsed tto 6ont act
the raw material mxture in a counterflow or a parallel flow causing the
moi sture in the abQVent@rerginm therameunievaorhe esrstalidmeb\claiyt aiim-a
dried catal yst precursor powder nolded into a spherical shape having a

di anet er of abou®T2d 1% bhe 1Gpiem catal b DHTRITFdRd T ARy $t ter SOudsor
powder is subjected to calcination in air by using a furnace, such as_an

el ect ri c Pur nacePBrvelgbul Rsedromce totkal sipiht fe the 3R lddege the

from500 to 1,000 C.Lo l1 to 48 hours, preferably at. a tenperature in the
range of 25 fronPBPO RL1508® CH2¥ Jrinexal @pdicihie at lepst, apg Pubsdepcsr <

Case of a fixed-bed reaction > .In this case,, the process for producing the

cata |yst conpri%%ge?ﬁ%&s%ﬁﬁﬂ e ?ﬁ?ﬁ?mf?ﬂé¥ﬁﬁﬁqéiﬂﬁ%ﬂft*ﬁ?%ﬁ%ﬂﬁ? ®ned

raw material m xfuke,; ing.the.ab 5 tained dried or, sem-dried catal yst

precursor into a&gél?ngg*g%??dégk{ékn Vet é%%ﬂ%ﬂﬂﬁ%ﬁn*?HQﬁ © MY 9346 by

enpl oyi ng a nol df ng; ggt hod, such as an extrusion nolding nmethod, a

t abl eti ng net hod, or a conpression nol ding net hod; and cal ci ning the

obt ai nedjghaped arti 10 cle of dried catalyst precursor. In the case of an

extrusion nol ding nmethod, the catalyst raw material mxture is subjected to

heat treatnent, o thﬁggbfxeg%ydé@é%@ﬂg? '%‘@X-,t#“@&%’% e(aqé q/teéms'schhc; t an

extrusi on nol ding can be appropri at .e., to dehydrate the

mxture to a noi §b4ve, CHALLEEn Ofh@PPYEridn dOméPt B NAEIHN D et by t he

resultant sem -dried raw material mxture Ts subjected to an extrusion

nol di ng usi ng anhexhhofié06xiMaé 0i H0pEBEMMES GRad PEEAYL PRERd e S0 Cthe
cylindrically shaped article 20 having a dianeter of about 1 to 5 mmand a

| ength of about Pehotiénnbempbfaobiai N8desbRPLE0 a¢d iSdE IS T eelRd iR
drying by using a dryer, at a tenperature in the range of from80 to 200 C,
for | to2088 hourpressutrbeisbfrobt ai 01 atdri adpsat ahd Sthereelglisorhowny t he
dried 25 catalyst precursor is then cal cined under substantially 6
January, 2004 42spheeswuaitochhdli ¢f ohbe asyokolhéexaeonabaxime | is tfrromaGe0bf a
tabl eting nethod or a conp{ession nol di ng met hod, the catal yst raw materi al
m xture is spraytd dAdohan .ron plate preheated to a tenperature in 5 the
range of from 100 to 200 C, to thereby cause the noisture in the mxture to
evaporate, and obtain a dried raw naterial m xture powder (a dry powder),
followed by nmolding of the obtained dry powder either by tableting (i.e., a
met hod i n whi ch Phe dFfjepbBetkedi acperdied tatany one of items 1 to 8

25 above, wherein the rearrangement reaction is performed




" nethod, it is preferred to no

10 a shaped article between the pounder and nort of th |l eting
machi ne) or conpressing, by the use of a tabl et iﬁ%w a conpressi on
mol di ng nmachine, to thereby obtain a shaped article of dried catalyst
precursor. For inproving the shapability of the dry powder 15 (of a " -
catal yst precursor), graphite or the Iike nmep be added to the dry powder,
wherein the anmount of graphite is froml to 5 %by weight, preferably from
2 10 3.-% by weighg _ 4 weight of the dry powder. In a ta bleting
t % %%‘Pﬂiﬁ%ﬁ\rﬁe‘gﬁ%&&fm 20 (of a catalyst precursor)
into a cylindrical or a tubu lar form each of which has a dianeter of from
2to5 mMand a length of from3 to 10 mm In the case of a conpression

nol di ng net hod, tie, shape | £! f 4ried catal yst precursor. may be

wor ked by a net hod@i n whi g‘hﬂ}gfﬁ}%ﬁpé’@ art iaé’lye%flg G %g?’f‘ie]d ﬁ% %orma
.particul ate 6 Jabee. Y witddQdk 4 y. recursqr, .and the optai ned
particul ate cata |yst )p;'rvtlacur'éonra‘?goa%:ﬁaéaso qu?d %#ﬁé%-b‘ﬁe@bf-ai ﬁh?)a’?‘?ar’f:'l es
having a desired p ' ' ed.,.in the range of fromO0,3 to 3 nm.
The thus o%t ai ned %E%%@é@a%%%s‘%lqﬁpjfsecquoélsg@[bf’@cﬁé ergitteRthat i on
under substan tiagi it ntioned above. The net hod
according to the fi&%ﬁ%:ﬁ?ngg] ﬁ]eaﬁ%(zrsgcfr%eﬁtelaé-ﬁaﬂggglef‘ﬁe’f‘f‘%%gmn'_
obt ai ned cat al ystwhér&upor? @ 8}¥Sia MU L! Aetsaal rs;%d%%edgte%g‘é%%ﬁ'gﬁ't {‘,Qaé‘n dried

cata 10 |yst precursor conprising a zeoli r

crystal line clay atmesgesds %@g},_f&g}gﬁﬁ an _i norganij i de.

and/ or oxi de-form ng clif;l'hrrpoun(ﬁlf asathir corrpg’r?::gl%s %ﬁegﬁegﬁgggagg%‘r cﬁrf‘fb to
the first aspect tiiethegdiesatda i ey ' é@;@éﬁ agequ 0 in that
15 the catal yst shaped article exhi bi t%é%]a j;ss;trl act org:%rrgh%h%ﬁ?gg .
strength, 1But also in that a high selectivity for e-caprolactamis

achi eved. Hereinbel ow, an explanation is nmade on the nethod according to
the second aspectldf thenquieseEHor Pisducdhg 20chPrbigciBhNogh AGE¥SHNY to
the second aspect of the present invention, preferred exanples of solid

aci d catal ysts i neFiees atantamiung atyal dsxthrigticdlopdhnfe wi4hhadgolid acia
silica-alumna, silica-mgnesia and al um na-boria; non-crystalline solid
aci d catal ysts ha%®*ELEst cknlcthe Qs emsomhiants 14 dFHdEtE a aeakeahgemened by
MCM 41 (see 6 January, 2004 44 U.S.P. No: 5,098,684 and J. Am Chem Soc,
1l 4, pp. 10834- 10§9f?3?t%_/@929€ thel cygboheraneme axithed,Citthe. atealryahgemeeh as
zeolites. \When a zeolite is used as the solid acid catalyst, 5 there can be
used the 23me zeoFPRGtiQN Reing mEfetiad im e mnrsearceards a pe lybyhoic
according to the first aspect of the present invention: nanmely, an

al uninosi | i cate, A -7RRat Rrivakive represented Ay tthe Aulipwilgs €orintlas
nore preferred to use a silicalite, a ZSM5 zeplite, a 10 titanosilicate, a
boron silicate, a [3 type zeolite and a RerQiRr-OHe zeolite. Still nore
preferred are zeolites h:ﬁvi ng an MFl type structure, such as an MFI type
sili calite, a zSM5 zedH1¥&€* ™nd an M type titanosilicate. On the other
hand, with respect to t Si/netal 15 atomc ratio, it is nore preferred to

use at |east one nenber “sefFEETEFOPLSnft -Gy AkTorEAanE ng of an

al um nosi bipcat e havi ng g/ om.c ratio of 10 or nore, a

met al | osi Hocate havi ng gﬁr |/ljrer%etn§fl SR A8 0 of 10 or nore and a
silicalite., It is still referred t.0 20 e at | east one nenber

sel ected fromthe group I{:zgr%gpgfgleﬁ Soft gﬁ'éﬂfﬁ}f 1% WP Bravi ng an Si/ Al
atomic ratio of 100 or nore, a netallosilicate having an Si/netal atomic
ratio of 100 or nore and a silicalite. It is especially preferred to use at
| east one nenber 3glect ' oNnsi. sty of _an

al um nosi licate having EQG%%?%%&&%%{JQ Etgn%lﬁgfgﬁboorﬁed rwel{ﬁr(?ié]f t?%o or
rore, 2 metallosiboradesbadi saraty st/ 182! 800G LALL 0,85 2P0 OLn RS AN
a silicalite. It is still nore preferred to use at eAsteore Fenber

sel ected R50m t hecgtanpseonsi sting of an alu 5 mnosilicate having an Si/Al
atomc ratio of 500 or nore, a netallosilicate having an Si/netal atomc
ratio of 500 or nore and a silicalite. It is nost preferred to use at |east
one nenber selected fromthe group consisting of an al um nosilicate having
an Si/Al atomc ratio of 10 1000 or nore, a netallosilicate having an
Si/nmetal atomic ratio of 1000 or nore and a silicalite. Further, in the
case of using a zeolite, the catalyst nmay be any of a catal yst conposed
only of a zeolite and a zeolite catal yst containing a conventional binder.
15 In the nethod according to the second aspect of the present invention,
in the case where, for exanple, the solid acid catal yst conprises a zeolite
and a binder, it is extrenely advantageous to use the sane second and third
conponents as in the nethod according to the first




20 aspect of the present invention, i.e., a cryéaﬁlhing ?bax m neral and at

| east one substance selected fromthe. group con i norgani c

oxi de (conprising an oxide of at |east one elenment selected fromthe group
consisting of elenents belonging to G oups 4, 13 and 14 25 of the Periodic
Tabl e) and a conpound which fornms the 6 January, 2004 46 inorganic oxide
by calcination. That is, the solid acid ca}%Iyst used in the nmethod
according to the first aspect of the present invention is preferred as the
solid acid catalyst used in the 5 nethod according to the second aspect of
the present in vention. In other words, it is preferred that the

compositi on of 1he Sehétnaehsa A NPind!SES itk e BHHRY AnEeEdnNEnko the

second aspect of the present invention1s the same as that of the so

acid catal yst ugedlifel9st B IBLHORC UMY $1dded if:19m asReGrodp t he
present invention. In the nmethod of the second aspect of the présent

invention, the aehyﬂydahg afcwoélﬂﬁiﬁdﬁii/@aﬂé%\}fh%% rBgA12RAYFRY
reaction is represented by the followi ng 15 formul a: Rl-0-RZ-OH wherein: R

representss a Clr&bial k¥l 10r eHPméfe 2 Phfdwa1 D6 SLDi care 128 iRy 8Pr esents a
CzZ- C5 al kyl ene group. Specific exanples of such polyhydric al cohol de

rivatives incluge/nebyleaeogiyCoht 1®refet hydr ahdied . arfd Ma Vd QR0 ite0!
nonoet hyl et her, ethylene glycol isopropyl ether, ethylene glycol nonobutyl
et her, ethylene glycol 25 isobutyl ether, ethylene glycol isoamnmyl ether,

et hyl ene 6 Jaauary, 2004 47 glycol nonophenyl ether, propyl ene glycol
nmononet hyl et hell4. prThgl methgd yaotormirgettry| ieddner2 dar @@/ laboeegl ycol

i sopropyl ether, propylene glycol nonobutyl ether, propyl ene glycol

i sobutyl ether,whepetihokhe2zpobptaols &n IMREt deoyi®e but anol

3- met hoxy- 1- but anol , 3-net hoxy-3net hyl butanol and the like. It is nore
preferrd® to use at | east one nenber selected fromthe group consisting of
et hyl ene gl ycol nononethyl ether, ethylene glycol nonoethyl ether, pro 10
pyl ene gl ycol nbRemeTh§| Methed apeoRdiny|emeany yerg ofbrideans/|llettieerld Stil |
more preferred i s ethylene glycol nononethyl ether. These can be used

i ndi vi dual | y or @8PRVeontiPaEELBnthEPeehydrigalcehol ReRiRgeh M s in RL
may be replacedlbé a fluorine atom These polyh% 15 dric al cohol
derivatives aret8BFYeRPE BERREHI Feiected nETPR FRRAUSTOYP LFRPSIE NG 9%
avai | abl e. By viﬁbu? of tEe Hiesence of the golyh dric al cohol derivative
in the rearrang8he¥teP8adt¥ERL PR tRY ARG oSt RY I RS TP H PR i ned
in that | ower i f t he_cat al yst tivity is s essed, and the
selecti&%ty foreggggpF§B85taﬁFPgY£¥%%tSiy?ﬂ%r%9ﬁﬂme€$§L ¢ERe AT Pi%e
manner of suppl ¥l h | yhydric, al cohpl derivative into the reaction
systen) there ié&ggnéaggggﬁ a%OP?ﬁ¥$%fi% nep e pol yhydri c al cohol de 25
rivative nmay be supplied into the reaction system sepa 6 January, 2004 48
rately from cycl ohexanone oxine. Alternatively, the supplying of the

I vhydr i | | defpi ' f b f - -
pol yhydric al colgl, QEbVﬁEtHSd”EMGQPdEE% Pég?g%y%?é S I*%&ﬁr%%i#ﬁg%ﬁve,

cycl ohexanone oxine is dissolved into the p rc alco

and 5 the resul haBvesOlmer@in $h8UPBLYRIaDECa i BENEE26LLPPaEYPE € Since

t he pol yhydric al cohol derivative s a good solvent for cycl ohexanone
oxime, izdp i s pretbgnedet GaycbhemsHoRbYhPY efntpe pol yhydric al cohol
derivative is perforned by the above-nentioned alternative nethod 10 (i.e.,
a method i n which cycl ohexanone oxinme is dissolved into the polyhydric

al cohol derivative, and the resultant solution is supplied into the

reacti on systemi7.W Ther mepho8 &6cbh@ingoustany bhe ool ybydsi Tl ateobel
derivative present in the reaction system there is 15 no particul ar
limtation. Howebewe,i twhexepnether edathahgéehenpokghydion efcohel cdeléovati ve
is present in an anount which is 0.1 to 30 tinmes the weight of the

cycl ohexanone okexanomer exiteansapeofieryed. Gntler26ohdiesohbewherghh thet he
cycl ohexanone oxine, still nore advanta 20 geously 1 to |0 tines the wei ght
of the @pcl ohexaearEion nempefradaser £, £0bleR00r §ans00cCbOpothe sSce@yt drs0 be
present in the reaction system Exanples of such other organic conpounds

i ncl ude aromati ¢ conpounds, such as 25 benzene and tol uene, and aliphatic
al cohol s, such as 6 January, 2004 49




met hanol , et hanol, n-propanol, isopropanol, n-bgténol; iga@gtanol,
tert-butanol; n-anyl al cohol, n-hexanol, n hept o =oct anol . Furt her
exanpl es of such other organic conmpounds include nitrile conpounds, an de
com 5 pounds, ether conpounds—-and ket one compounds.- Wien the other------

conpounds are used, the anopunt of the otherltom pounds is adjusted to a
level which is not l|arger than the amount of the pol yhydric al cohol

. derivative. Furt . basj t ( h 10 net hyl '
ettty FRURShCo T e T SIS 1

t he reaction sysg@@c B in ese substances into the reaction
system the deterior§t¥8;8§$£¥h89cggalVX?EEEﬁF?%P@%dHPQEEéﬁ.fﬁﬁ@notﬂése
substances are S%Bphbgd ino the reaction 15 system it is preferred that
the amount of water .°S PFom 0.05 to 1.0 nol e per nole of cycl ohexanone

oxi me, and that the amount of each of an am ne (such as nethyl am ne) and
E-caprolactamis fromO0.05 to 0.5 nole per nole of cycl ohexanone oxine. 20

In the nmethod acggrdi t e.first gspect of the present invention
cycl ohexan%ne oxic'l(rarié a?gﬁeﬂﬁﬁgﬂeé‘gﬁﬁﬁﬁga EAt 3RY PG o titemss Pt &/ 17

containing the c st ve it is preferred that, the reactjon in the
net hod accordingq%%k%ﬁewPF?s naéBScFeﬁfrgﬁgeB?%Eeﬁﬁa??ﬂRﬂn¥§n??E§qq?ed

performed in the RRENEE _pal.yhydric al cohol 6 January, 2004 50
derivative used fﬁrthe ne?%géEggcgggiRéoFSSFhe second aspect of the present
invention. This is because, when the nmethod according to the first aspect
of the present invention is perforned in such manner, the occurrence of 5

si de ‘reacti ons bmjprodggiﬂgtﬁoaagcggfgigbgﬁg § g§ésdégfégﬁgﬂ¥l qulghe

life of the catal yst can be renarka onged, renderTtng 1t "possible to

- produce Epaprol acbawest ahkyehf Biﬂarfiskdtﬁgrgggégygggﬁ%%d e redd.

desired, the "other organic conpounds" 10 as ove in connection

Wwith the method aengetieng reatheoncsandoatBatbudiy! §f PhesARitideRy i on may
be present in the reaction systemin the nethod according to the fi'rst

aspect of the preddidrasmefiromna ideaeitéal ok, tREPLaRRLARGSMERE FaLR i t he
nmet hod of 15 the present invention for produci ng ~-caprol actam by
contacting cycl oihexempenothee wiithdrawaokcatadgst £3t abysheiatédeigagous
phase, and the nmethod for regenerating the catal yst used in the reaction.
These expl anati omesphereo ofookygea-wehitadningcgadi 8¢ 48 therti gsé, 2hand
second asggcts of the present invention. The reaction is perfornmed as

fol | ows: sol i d B8 Feggngirpded cataflystuded recgdled r eacthe, réactons a

fi xedbed reactor, a noving-bed reactor or a fluidized-bed reactor.

Cycl ohexanone oxinme (which is prelimnarily 25 evaporated in a vaporizer or
is evaporated after it is 6 January, 2004 51 supplied into the reactor)
is contacted with thels3eiabsdion.cihel presentt hovestitoor isndeseribeddus
phase under appropr,iate reaction conditions. It is nost preferred to
performthe react %ﬁ?ﬁiy us 5ing the solid acid catalyst as described in

connection with the fi s% enbo%#gfnt of the present invention, in the
presence of the pol yhy& it®€ d @scordinge tes thes£irssdaspessnagcthon

Fer oi nbel 20 an ST EAY4RE Soe 1 deh @ S Eeco BN BO R 40  he
reaction pressur T RM " tign t rature” neans a tenperature at
which a rearr ang:cn%tn%ﬁ(réeg(ggl é]seeg, 8% 3&%’&@@&%‘%@& ﬂ‘?é:ag;g’éé:er’rf
Feaction prebourar SR B HAR R 4 G, e tals S RN AOF 5P or med.
from 300 to 450 G oty hoB o B JRRscomopsntao ccormaR orge
reaction tem 20 peI&A} YhkhdrSal YEra t&a&’?@%&gﬁn}&%{g%ﬁ&fkﬂ te tteC% s to be

unsati sfactory. \Wen the reaction tenperatur her mal

deconposi pson of “yisd Qi JWne L é@np}\&}ggﬁlty tsoeloeccgt;ia!edr £k rtﬁ?e(:tg#%glg ‘o

pressure is preferably fromO0.01 to nore pr y from

0.5 MPa, still nore 6 January, 2004 52 preferably fromO0.06 to 0.3 Mra.
The wei ght hourly space velocity (WH.S.V.) of the cycl ohexanone oxine as
the starting material is prefera




bly fromO0:01, to 100 hour 1, nore preferably fr 0.1 ! Q) 0 hour 1. The
. wei ght hourly space velocity (WH.S.V.) is rep rMe foll ow ng .
formula: WH. S.V. - F/ C (hour 1) wherein: 10 F = anount of cycl ohexanone
oxime fed (kg/hour) C = weight of catalyst (kg) The reaction can be
performed wi thout using a car rier gas; however, it is preferred to use,
for exanple, nitrogen gas, argon gas, carbon di oxi de gas and hydrogen 15
gas. Wth respect to the anmount of carrier gas, there is no particular
limtation. Howeverisisting dF efreriteddadndlc idxadeaahdeta gofipbGnfrwBesh in an
anount such that the cycl ohexanone oxi ne concentration of the gaseous

f eedst ock i ncl udfougnd hthe aiifo®yargas dx3 OOyt chlcand®i¥n?0whgrgahutre Wien
the catal yst has been deteriorated during the rearrangenent reaction, the
catal yst is subjimdeghnic axiad icoiprises egenaide of) atr eaasenbnéoele-
regeneration of the catalyst activity. 25 The regeneration treatnent is
perforned by a membdseldéctiahufaron tH4rolip ronsiich iaigr oift eekhentsabgas
obtained by diluting air with an inert gas (such as nitrogen gas, carbon
di oxi de gas or algoyimgasto Bmdugrsabl,y 18 tandgad @&S thieo Perdedicelabkggand
concentration (of about 1 to 10 %by 5 volune ) , or an inert gas., is

fl owed through awhexedysthe ailnmirgsnion cegipier disuotheai thannedideat can-
tenperature and for a tinmewhich are sufficient to cause the tar, pitch or
car bona- ceous subsiredebn s curnd telddinen fidmmn dat dhesizesdriftecentlobben,
deconpose and volatilize. In this case, it islOpreferred that the
tenperature is f¢ENsEObLine MWEYCHARendlye of namintaining the tenperature
for .regenerationis generally from0.5 to 48 hours. The reaction used in the
present invention (tHQF SREROTIdEL thhen shapabtiid iger eadnmgchpndgalous
reactors]lpfor catal ytic reaction processes, such as a fixed-bedreactor, a
novi ng- b react%?r%‘?ﬂt% f v Ak RGIgh catly star Bon a88dEdonunst Rees

accurul ate on theR)/cat al yst;isurface during the present reaction, thus

gradual |y de- act FRRYFHEER HEPREH fQPRONeRTS eftdise dnied catadyst, pFecursor
egenorati on operor BT aTE s ACH o Rt AERER, AOge it Any 3441 -
rocess. t 1s' pr ot EPia Y fandd 4 S SR drh P SRS 08 o

The catalyst royEieliot 168 31 MY Seddife ! BdQ hn, che VBN welant be 0¢ 20
S it ansausl'y | Gie BLEETTRe S ATy | Ufldios bf WAL

f1ui di zed-bed reggthOps PrPEESSrsdt pid AfPriRd dhatsamagd of the catalyst

used in the rearrangement reactionis continu ousl’y or intermttently

withdrawn froma reacté 86114 as £ IMANILHEPord SAC IO theBHRJP Yatihe
wi t hdrawn catal yst 10 is regenerated by using a regeneration apparatus in
which the catal ysystSpheetesorxifina APEF SN | it LI AN 16 G el aafrdbag
above, in an atnosphere of oxygencontaining gas or an inert gas, to thereby
cause the car bonatebesstubsé anamise BCElaL 188 € OF 101 tige Citdlpy dordiis thind ace
to burn, deconpose and volatilize, so that the car . bonaceous substances
are reno@d and oficapadhiyshossliegencratimetallodstl adstee pamed e reeidli-hat t he
regenerated catalyst is continuously or intermttently cycled to the

react or. Especi atd¥yitei nekitheareadefimesdrese lowac Fa3-thiean tthec aeodiitte

cycl ohexanone oxinme into s-caprolactamis an exotherm c reaction, it is
nmost preferred tasudefineéduini thel-peesembcinvenpioteskso i enodnpdsses 'a s
rela tively easy to control the reaction tenperature. The isolation and
purification of PREOCBBt arnetaklime phogphitet bsuch ons t SAPQaT e@XsSARRCKS bon
m xture can be 6 January, 2004 55 perfornmed by cooling/condensing the
gaseous reacti onPaVkhdr éuéﬁﬁaﬁ‘é%@bbl'i Hoe t $rme estruekure onglctRat 0L fal | owed
by an extraction, a_distillation or a crystallization. 5 Wth respect to

t he pol yﬁ?dri c aPeehdktederivative which was used in the present reaction,
t he pol yhydric al cohol derivative may be separated fromthe gaseous re
action m xture and reused.




6 January, 2004 56 BEST MODE FOR CARRYI NG OUT Tgél NVEI\I'I'I%aéd-Ier ei nbel ow,
the present invention wll be de scribed in nor reference to
the foll owi ng Reference Exanpl es, Exanples and Conparative Exanples, 5

whi ch shoul d not be construed as |limting the scope of the present
invention. In the follow ng Reference Exarrgl es, Exanpl es and Conparative
Exanpl es, various neasurenents are conduct d by the foll ow ng nethods. 10
(1) Measurenent of powder X-ray diffraction pattern of a zeolite A zeolite

powder ‘is analyzed byngeanamehosh1apRRkaakUdefEsEd | PEdtE! presand ifle
crystal structure of the 15 zeolite is determned fromthe diffraction

pattern ob tai ne@ntyohhesaBakymbdundNeodpresBhNAhi Ry Obet 816 VSt hits
structure of the zeolite is conducted, based on the information provided in
an article enti taned (AQ0l, ) EThinak Of( HeirEilald XRBRAW.20 tHig uRdtkehps for
zeolites", R v. Ballnobos and J. B. Higgins ("ZECLI TES" vol. 10, No. 5,

June 1990). App&@reiguentReneererredy td bl 2@l ONGHESS Ukd &Yk 3P P Btdiside
(RAD- Il A, manufactured and sold by Rigaku Corporation, 25 Japan) 6

January, 2004 S5bifMFastomThaviagnd teeRahe@Ka- E8Yudthay WUbR ¥R 62p§edt0 KV
X-ray tube current 30 mA Measurenent angle 2 8 5 to 45 5 (2) Measurenents

of the Si/Al at @tiom paisidianddSatTieaghoapexr aFi ehef tatzepktatelTotblcyg of a
5 N aqueous NaOH solution is added 0.2 g of a zeolite. The resultant

m xture is trandgfuee)edwherédnaedehl @o,musiobsidreanthd o coopgerh dts-
hermetically seal ed. The mcrobonb is heated in an oil bath nmain tained at
a tenperature ofoms5@tCther apgxes wAthodthe Ffoukhseebybosingere) yurditssol ve

. the zeolite in the NaOH so lution. The resultant solution having dissol ved
therein 15 the A&olthed ithedTPyt editét are otheeehdirgens ianally (Homiatbgreee of
dilution suitable for the bel ow nentioned nmeasurenment by using an

i nducti vVl y coufiod® B sEwgtadi-s Epenceypetal ohetrorqums candethey diaderred t o
as "I CP spectroneter) varies depending on the conposition of 20 the zeolite
and the |ike. THE S Ofe OPERANGS0PE- 65‘?aPﬁ€GsselfugB9nCﬁX§tﬁé grgsényvile
therein the zeolite is diluted a%%‘raoxi mat el %og_ to 100-fold so as to be

suitabl e for th&3PFoRIERCToRBI U e sdr EReAPOBY PP, PMThTRER CEFNTERY i ons

of silicon, al urP' nuch”l.and titani ur]%ag‘g neasured by 25 I CP using the

bel ow ment i oned &P 498 ASnét BPLG YAt fd€Ves January, 2004 58

bel ow nent i oned condiT i(aopns ggd tge Si/A a ogn',c ra%'i o] ﬁnd Si/Ti atomc

ratio of the zeolite afe CiftaPEtddcPEnPehaetbRentiPatPENRTEFRE| 1R0nN:

al um numand tita nig I ectroneter.and _conditions for |

spectrometry are ggl%%?ﬁ%ﬁsgﬁb%Qan 13Tiy the same porous crystagpstruc—
ture as that of the aluminosilicate, except that the
crystal structure of the metallosilicate further com-
prises TO, units each having a metal atom other than Si
and Al atoms as the T atom. Examples of such other

20 metal atoms include titanium (Ti), boron (B), ferrum

(Fe), zinc (2n), gallium (Ga), chrome (Cr), cobalt (Co),
zirconium (Zr), vanadium (V), copper (Cu), niobium (Nb)
and beryllium (Be). BAmong these, boron (B) is not gen-

erally regarded as a metal; however, in the present in-

25 vention, boron may be introduced to the crystal lattices



| CP spectroneter 10 JOBIN YVON (JY138 ULTRACE) (%ﬁfﬁg@ %%‘@nd sol d by

Ri gaku Corporation, Japan) 'Conditjons for |ICP measuring.the
concentration of silicon: 15 251.60 nm Wavel ength for neasuring the
concentration of alum num 396.152 nm Wavel ength for neasuring the
concentration of titanium 334.94 nm 20 Pl asma power: |.O kW Fl ow rate of
the nebulizer gas: 0.28 liter/mn Flow rate2®f the sheath gas: 0.3 to 0.8
liter/mn Flowrate of the coolant gas: 13 liter/mn 25 (3) Analysis of a

reaction pr OdUCto?ytﬁésm&Pédia_{(?;édP%@@é’ s %ﬁleanﬂg%r%m 2004 59 A reaction

m xture containing the pro caprolactam’ s anal yzed by gas

chromat ography (GC) %@%flﬁ%ﬁ%@@%ﬁ?‘%& ﬁtﬁﬁ%%t %%e‘é%ﬁ‘%r 1h9€ntion

bel ow nenti oned conditions, an resu € redction are evalru s

ated (i.e., the ﬁxslgllm% 'r@ngggr}a&ﬁg;&%@% .éaticgtvziutc\&ufr%fas

E- caprol actam are cal cul ase conposi tion of the reaction
m xture. The CGC gRppar 144 r e |_ows.
Apparatus: Cas chrgaﬁﬁﬁﬁmwame%e%t l}?%&f g’Jr?& \s&o‘ly(#(t%lf/L
Shi madzu_6or por ast et dAPdE (i)W 1 £ I Al dorfil WL AN no

55 Eun)

dianeter: 0.25 mm 15 length: 50 m and nenbrare thickness: (
Pretreatment of $@[RIngt ﬁ%fv%hg %?eaqeﬁl Bl gppt BEr@ﬁQy?ﬁ%éYﬁéﬁt%n%@f

sanple (reaction mxture), a sol vent-used in e reaction

produci'ng E-capretretane £ afwbits 15 O id rptém’dnb,erb%ﬁ“%oﬁfg)ﬁ%éﬂo‘?{l@a%o4

standard are added to 1 g of the sanple (the solvent and the sanple are

accurately wei ghen)tsAsactthaFis@ngd eatdth rduand ¢ f@nf.he colum: 1 ~, 1 25
Tenperature el evation profile: The tenperature of the 6 January, 2004 60

sanpl e is mai ntai ned Pie Ifrdud @rs td YLKMS pR)spraited as0 244 ned@tind that e of
10 U mn, and then maintained at 240 C for 42 mnutes . 5 Split ratio:

100/ 1 Fl & rat e pfesentiBveaisidmiis agamdri D mdindiyh of APRL0,QNT 28d i 6
detector (FID): PressureBQf the supl0 plied air = 50 kPa (about 500

m /mn), pressurandf (PO supnited wyiichgaene =tHe® REaupdltauibfSthel poirops(4)
Measurenent of attrition index of a shaped catalyst The attrition index is
general |y used t®réshdlbire IBhesphakehadincdhespognyshcospedlddng phvalyst s,
such as those used in a fluidized-bed reaction_ The attrition index is
measured by subjBRetag 6A erynttsahndt (PO, At t nhitenaresboudddr topenefic
conditions, and is defined as the degree of increase in the anmount of
particles 20 havPRgthesite fArm a gihres-drensionde guvatialamtrugtinst . The
smal | er %Ee attirtion index, the higher the attri tion resistance. Specific
expl anai ORs are TRJESBEFdlvy i PUSPRTtCEYS kbl e mhasphatas anrl ede
measur enent of tge gttriti on_25 index. 6 January, 2004 61 25 g of a
powdery cat al yst 1PE ERSLEFE TR aF % a9 B IROand gHiwheredd & 1sy7d Dogé -

L oYk AR EEAd 0 04 LA LB SRR 0, e
in;h‘and an inne&eggggfifruégd]fggiiﬁghtf¥§£%§m¥he type of a porous
crystalline phosphate, according to the crystal struc-
20 ture). Among the porous crystalline phosphates each
containing (AlO4)° units and (PO4)?” units, those which
further contain TO, units having an Si atom as the T
atom are referred to as "“SAPO-n" (wherein n is a posi-
tive integer and shows an identification number which is

25 generally used for identifying the type of a porous




cylinder portion having a length of 22 inch andgqp |nnerg§bgneter of 5
inch, and a vessel for collecting fine particle rovi ded on the
top of the upper cylinder portion). Then, humidified air is blow into 10
t he apparatus through 3 pores (each having a dianeter of 1/64 inch) forned
at the bottom of the apparatus at a rate 0%1425 liter/hr, so as to
circulate the catalyst in the apparatus for~5 hours to cause the attrition
of the catalyst. Before and after the circulation of the cata 15 lyst in

the attrition meagutalyinpPphetphats NCabdbAlYsd 45 Bl WgRA DY dBaps of an
optical particle size distribution nmeasuring apparatus, and the difference

in the content efirthe Ehdetﬁaéélﬁhféh(ﬁ@ﬁfh@ﬁvé&gtﬁ@% Ahil? Nafigy ! ess)
bet ween the catal yst before the circulation 20 and the catal yst after the

circul ati on. Thangt bfi GapnMgndrx, (Fe D. ¢o Wasn Cak € Utied eti iy ddhadHeolr Quidap
formula: 1.D. - (A-B)/(CB) x 100 25 6 Januar Sr, 2004 62 wherein: A
amount (g) of theeftoklpativelgsréeashedatd g a"Mé0f TBeEWBretsi €ss ) in
the catalyst after the 5 hour circulation, 5 B: anmount (g) of the fine
particl e$ (eachchgstallansi prosphdfe dhidls 08 & BRFlar NsthecBatal pestthrfore the
5 hour circulation, and C. amount (g) of the catalyst charged into the
attrition neasupEnghappaoaitss 48 desthibédl dwowdg Reference Exanples 1 to
19, the catal ysts used in Exanpl es and Conparative Exanples were prepared.
The conpositions andAmbngathese stprefafredcdrefan el dibi mossstiaddtene «cl ay
mnerals used in the foll ow ng Reference Exanples are nentioned below. (1)
Kaolinite A hydmetslkasilihcarspand"a(sikhieahive; manufactured and 20 sold
by Engel hard Corporation, U S. A) Kaolinite content: about 100 % by wei ght
Conposi tion: A1203 38t51%159r9\ep§¢1£e&@@ mam theyzewligte iE Gt Ledask by

wei ght Q her trace petal nEonents .9 % by 6 January, 2004 63

wei ght er of°EFy§FEPPFz§?i%ﬁ ed 3fpom, Hye v@roji qnnﬁigﬁ;qﬂuqﬁ(ﬂnaalu-
diameter: 0.3 Eun ﬁii Kaolinite A calcined kaolinite "SATINTONE SP33"
(trade nane; naWaFSE Eatenaging %9 Fhi] nakemie rpakie | oh, 1. more,
Kaolinite content g 9&8 g? % by ht 10 Conposition: A1203 44.3 % by
wei ght Si 02 52.2 9859 Fé C?Fezh’it" 93y Sk(metal: HEMiG Fatieief 10

conmponents: 1:2 t of crystallization: 0.5 %b melght
Average particl 8{%1’%%& 883 3. ﬁl {*%‘)"ePyr%/tp St L Qe thz%fO@I%’/F

f d h 0 I d. |
Content : about B3SoRby T4BFENe nftynﬁsm SRPhiAr R bl R PYgPOI L
h I Q % b ' 02, 78.0 % ht
25 O et ace. pePar oanpstannbhieats hav e J8h /AL BoR FR IR "Vt or
f | 9 j
of crystallizatpenyod. § /%9¥32E%g@ét$¥féggflgg£éIﬁé&l?%agﬁre %%%§IUH]5 (4)

Kaol inite A hydrous kaolin rade nane; ‘manu sol d by

Engel hard Cor poa@bin®8, | Lpi % i ght
Conposi tion: A1203 38. gyot/?gcb aeui(gﬁtb?oﬁ%fézgﬁ " %/B’Eyg\é/\%l L8t 110771, 6 9% by

wei ght Qther trgeellPhdkeCpPRERLREE: 8- 9s&0 BY APhAHh o0l £EaPd hav1ng an
crystallization: 13.6 % by wei ght 15 Average particle dianeter: 0.6 E.I'm
(5) Talc Si/Al atomic ratio of 250 or more, a metallosilicate
20 having an Si/metal atomic ratio of 250 or more and a
silicalite. It is still more preferred to use at least
one member selected from the group consisting of an alu-
minosilicate having an Si/Al atomic ratio of 500 or more,

a metallosilicate having an Si/metal atomic ratio of 500

25 or more and a silicalite. It is most preferred to use




"M CRO ACE K-1" (trade nane; manufactured and Sglﬁrﬂé NiBBBa_TaIc Co.,

Ltd., Japan) 20 Talc content: about 100 % by we on: My0 .30.7 %
by weight Si02 60.1 % by weight Qther trace netal conponents: 1.6 % by

wei ght 25 Water of crystallization: 5.3 % by wei ght 6 January, 2004 65

Ref erence Exanple |: preparation of catalyst (A) To 130 g of tetraethyl
orthosilicate was added 278 g of ethanol, %hd thereto was further added 291
g of a5 10 % by wei ght aqueous solution of tetrapropyl amoni um hydroxi de.

The resul tant SQh“Eﬁ.QﬂiH@§i§£&5£§d%%iﬂtﬂiié}9 31 ”D&?‘d?ddﬁ?%:aactioa de\ oot | on

rate of 5,000 rpmfor 30 m nutes, en transferred to a 1-liter

aut ocl ave. ol | g¥efoby NYCRGERPLFBL UM OB 0% Mtk Giohficl¢al50

hours while stirring at a revolution rate o rpm to thereby obtain a

siurry. The obtahgegssiyopyorafosebas!#dipiddidgalion using a filter, and
the resul tant filtration resi due was washed unti It becane al npbst

neutral, and the washgdeihbiidyi ogpé@ﬁpéjee%@.@ s Q¢ 89, Atapkr@-C for 12
i € he Tobt ai

hours, to thereby obtain a white crystal. obt ai ned crystal was cal ci ned

in air using anmeheebht8 bHLENREEsahr@ ssswpsrature in the range of from 500
to 550 C for 6 hours, and the resultant cal cined product (zeolite) was

subj ected to a powdeexdmpd¥s 26 dafhimfsds LN MY Sincafadlese i hgpeakawe. The
X-ray diffraction anal ysis showed that the cal cined product exhibited

characteristic peeks atx18yP@, z8o8¥te3. 8% Sygd. z&oHtaNthd BAype I Of
the val ues of the interplanar spacings (d). 25 On the other hand, at page
4445 of the artitke,ean offdaditeyzedDbe H6atmétdehi€®d|ieastiton, of =yl at ed
XRD powder patterns for zeolites", witten by R v. Ballnpbos and J. B.

H ggi ns ("ZEOLI TE€triteokeolfteNoand, aJusme-999601itd (sSees Mwamined Japa-a
powder X-ray diffraction pattern of an MFl 5 zeolite, an MFl zeolite

exhi bi t $0char achesesPateptakppaication PuRlidftion No 2, Sk 866-10W4 3. 80
0.05, 3.73 0.05 and 3.71 0.05 in terns of the (d) values, i.e., the

i nterpl anar spaéFrysesppndshgctot Genadbae- Petenbrite. re@2l 334 bf . th&Bhal ysi s
10 of the obtained zeolite are well in agreement with these known (d)

val ues of an MR1z&gpilite {EeeoBramipgdzéapanesqoBaterhtApplicakiom M
zeolite. The Si/Al_atom c ratio of the obtained zeolite was neasured

accordi ng to t hBuRpdcatient Ngne8hrebR0od3280 (CorEesPORAENENE? Yhe Ai-te
had an Al content  of 10 p9n1or | ess, and an_Si/Al atomc ratio, of 45,6000 or
more (thus, it §8% HerePmi’REd27RAY -t ReZSMol 2t eeebhtai hete sEpamingdial Iy no
Al). Therefore, .the zeolké% m?s idinti fied_as.a silicalite, 20 The zeolite
was addéd to a T2BBEES RATGAL ABRLIGEtiBR PPBHIGRTIARONP unPhPt 72t Ee0TS
t her eby obtain lurry having.,a solid ontent o % i gh t he
obt ai ned slurry?ﬁ§§r§3§f5§¥8§ £8 Qngroﬁagﬁﬂ aﬁ@e 51&36'%2¥6f?29h%ﬁmg£9
Thereafter, the_slyr jected to 25 fLl tign, T X e;cycl e of
{he i on exchangdesidcé § JERLIrES"5g,,B07 3520 364, | Rlc. TREREmbR S EVER

al (1985)), a B type zeolite (see U.S. Patent No.

3,308,069) and an MCM-22 zeolite (see U.S. Patent No.

20 4,954 ,325).
Examples of metallosilicates include a titanosili-

cate (see U.S. Patent No. 4,410,501), a borosilicate

(see EP 7,081 Bl (corresponding to U.S. Patent No.

4,456,582)).

25 Examples of silicalites include the silicalite as




67 filtration was repeated' tw ce, followed by w%sgi ng Wgtéjd_lfter’ drying at

120 C for 12 hours and cal cination at 500 C for her eby obtain
an Htype silicalite. (The term"H type" used herein nmeans that the 5
zeolite was subjected to an ion exchange in an agqueous ammoniumnitrate
solution and then to calcination, to theregg cause the zeolite to carry
hydr ogen ions by ion exchange. Hereinafter; the termH type silicalite"
nmeans a zeolite prepared by a synthesis process as de 10 scribed in this
Ref erence Exanplaeslcr)ibb@d 33 ¥.8.0fbatehitCRoSOk, 9 SENOYTEX STN30" (trade nane;
manuf actured and sold by Ni ssan Chemical Industries Ltd., Japan; the silica
sol has an Si 02 cont &xtampfle30 0% PYréo@EJBiystal 50flé Upheop£rds Aaviliy Rpm by
wei ght 15 and a pH value of 10, i.e., strongly basic) were added 137 g of
purified water, s2Gugtufreasibilype toi lthatl bFea 28814i0e JiRE1ka®! sKpd 5 ASPO72"
(trade nane), and the resultant mxture was stirred thoroughly to thereby
obtain a sl urry.(sBee Unkixaimiedds|Japayewas PapenyelppDicatioy Bald-cpen |
aerosol equipnment, onto a hot plate preheated at 200 C, to thereby obtain a
dried catal yst [Srecifdcationdelo. She sbussobBalsedresperaingsteat csned at
800 C for 6 hours, to thereby obtain the catalyst (A). The above dried
cat al yst precur Partepdwiier. Had 4@ ,8010)0Si SAPO-23 (beeecUnekaminadr Jopan&de % by
wei ght of an H type sili 6 Jaauary, 2004 68 calite; 25 % by-wei ght of

Si 02, and 25 % RpteeitgRppdfideddionniLiadd-Ppent BpecakibcationnNeni ince59+ he
conposition of the dried catalyst precursor before calcination also is re 5
ferred to as "cov¥dd tlicorrespomdingt &by Ut S( APatefhi Noappl 446,891 a1l of the
foll owi ng Reference Exanples 2 to 19. Reference Exanple 2: preparation of
catal yst (B) (cata 1&achsofciheaphong patenysdartnents| dgsarieing syari-
Catalystth) was prepared in substantially the same manner as in Reference
Exanpl e 10 excefUs; FEClitssshar @ SessripEaonopn” EREVKERARTABEEra et heoe
name; manufactured _ and saold by Ni ssan Chem cal |ndustries Ltd., Japan) were
15 w added 7. 13BF*tes Gfr itheeFerdide 23R4 o0 §hef PRACESEyHRT SPFPRUFiRG. The
t hus obtained c alxgt ég? had a conpo sition wherein it conprised 50 % by
wei ght of an H 3y e 22948 ~calite and 50 % by weight of Si02. 20 Reference

el e %, Peperal .l St ol R CRL AR LSS RUERRESedlecs

S: yi:nij;l ;het e ?ee{”r?ﬁf}?*ft%g;%Sﬁtér‘fsa%agl%%ﬂs§§§'g%ﬁa§’ﬁ!r aﬁabifh %ﬁg?ﬂ ca
wor ki ng exanplegio 1%%2?%%?#%3 #%%éﬁggggéaggﬁ epl?%@f%oﬁeﬁg% 9Cpgﬁd
Sodi um content 30 S By et CoEBac 1ty AREPSErgkrdled; MekBbET  °

is, the silica sle WsEiAG I PA Thtrbadckiy ‘Egt %EB?&tQ%@h&E}dlSQ. had

a conposition wherein it conprised 50 % by weight of an Htype silicalite,
25 % by weight ®fieSidy, and pdler iy Waighty 0% Kkaol hegke. 10 Reference
Exanpl e 4: preparation of catalyst (D) (cata |yst containing no crystalline
clay minerals) Catal ysiongDthsaatpvepaesd itessubst agt paklekrirba $amasgagner
as in Reference Exanple 1, except that, to 66.7 g of the high purity silica
sol were2@dded Xhidigadfitmuria ESM-sedesatiele ,and t3¢ agoefilaealdet, yReboro-
silicalite. The thus obtained catalyst (D) had a conposition wherein it com
prised 50 % by weilgitatef, an fH typee zeidliitel,i hadaad Fe@r¥eky teeizgbl iek, Si 02.
20 Reference Exanple 5: preparation of catalyst (E) Catalyst (E) was
prepared in subsnghtitalisy mdwe garef ermedet casisien aRekeldtee havdmg @nl MFExcept
that, to 25.0

.gtype structure, such as an MFI type silicalite, a ZSM-5

zeolite or an MFI type titanosilicate.

25 The term "MFI" is an IUPAC code name used for de-




of the high purity silica sol were added 23.8 g_of an al um sol "Al um na
sol 200" (trade name; manufactured 25 and sol d m%ﬂn%cal .

| ndustries Ltd., Japan; the 6 January, 2004 70 alum na sol had an A1203
content of 10.5 % by weight and a pH value of from4 to 6, that is, the

al um na sol was weakly acidic), 121 g of purified water, 20 g of an H type
silicalite and 10 g of kaolinite "ASP072" @frade 5 name ), and that the
calcination tenperature was 700 C. The thus obtained catalyst (E) had a

conposi ti on wher I b .ght of t calite, 19
% by wei ght of Sf%{zldgg t&%ﬁ%t@?@ﬁ?@ofé gg'ﬁtﬁ ) 51?%}4&1&%% ﬁgtﬂelof

kaolinite. 10 Reftgnrics B %I%@ndﬁrnl%pﬁﬁatthgncgaec %ﬁéyéfe((ﬁséf%édl yst

containing no crystalline clay ner a Cat al was prepared

substantial Iy {he Sare JiRBHoL ¢33 4R BRLREGRER ggggphe Gencagepiodhaf, to

50 0 g 15 of the high purity silica sol were a an al um na sol

"Al um na sol 20Q73 (Td}ﬁd%a%%%chré%nuhacwrﬁélégdaﬁ@ﬂ bM ’\bﬁééﬁ‘ ﬁf‘«g’ﬁﬂ?a'
ype

| ndustries Ltd. Japan) 82 g of purified water and 20 g of

silicalitg. The Mw&%@alda@@ﬁ%lﬁlohsba&%rhédoﬁ %ﬁgpﬁﬁtttyﬂe\'\bééﬂf'eéo it
conprised 50 % by weight of an Htype silicalite, 38 % by weight of Si02,

and 12 % by wei gitte howh?2A% aRef8itaka’ ExdARhed’ " cBieRatabhopEOsimat al yst
(G Catalyst (G was prepared in substantially the sane 25 manner as in

Ref erence Exanplimted e&RrDepowdedt paltdedns? for z8odaaHary—Rr2004 BdlDhodd

al um na sol "Alum na sot 200"' (trade nane; manufactured and sold by N ssan
Cheni cal | ndust rames JLt 8., HizggdAms Werzeoaddes"2vo19 ob,pNoif sedJuaéer9o@) g
of an Htype silicali.te and 10 g of kaolinite ASP0O72" (trade 5 nanme). The
thus obtai ned carel Yt25-@u58dd a conposition wherein it conprised 50 % by
wei ght of an Htype silicalite, 25 % by weight of A1203, and 25 % by wei ght
of kaoli¥lte. 10 Ref dyseribe Ew@rbptpe‘esverprledpaleaﬂ.nmasof tbetrel gan be)m¢mat al yst
containing no crystalline clay mnerals) Catalyst (H was prepared in
substantial | y t Hé-cnafe af'arhﬁ‘e,lr tare rlRgtioosidd cEtenpevibg ercEpfAlhat, to
190 g of an alum na sol "Alum na sol 200" (trade nane; nmanu 15 factured and
sold by Nissan GEMicratiouss 1090 of morgpanp Wede typgemetodlgsali-
purified water and 2Q g of an Htype silicalite. The thus obtained catal yst
(H had a corrpos‘iat‘ieoﬁl%é}geuaﬁl iS/@sER) SeMEE KAk oweifgRO08f cENMPTey pe
silicalite and 50 % t of A1203. 20 Reference Exanple 9: preparation
of catalyst (1) 3 Iﬁé{ gé’FB(a“r?ﬂiJ&aé-% prepared catalyst (1) as defined
in the £esent mvegllhl whi.ch has a crystalline clay mneral content

di f fer ent” f r om t hos & N7 S F RIrdhash IR YEbeavsed t? cﬁ‘réﬂdhfdrgﬁg& ARk y,

t he 6 January, 2004 72 par at i on of, the cat yst

follows. The cat'alysioy I")F‘Hiés @ WSS ﬁlﬁgF

Ref Ex I 53. f h hi I
ol ver o added 155 @hrerEy ks, Sish fedfan Z&%ﬂ 't%ﬁ %21%? bt . P'&Can
49 of kaol i ni t el ASROIZ; ne(elroarﬁwc}agga& &1%11. AN GARA Y Shnblg N

a COI’TpOSI ti on~wher el COI’TpI’I se e si 1te,

40 % by wei ght otthé@?;nm&so ysté’*??f nkai% Roichantd el nce

Exanpl e 10: preparation of cata yst ( was “prepare

substantz@l |y the sang R past ity R@Ieert%;w a';?&a%HJo%th oFX ¢! nmatl, to
33.3 g of the high purity silica sol were added 137 of puri 15 fied

water, 20 g of afhitH yfite Siddritd tHs Ahsdl G Plcd ﬁéﬁ "tMeeRO ACR Kphr-(t rade

nanme; manufactured and sold by Ni ppon Talc Co., Ltd., Japan). The thus

obt ai ned cat al ystid¢u)aharhini tormes) tamn ﬁ@t@r@iﬂé idnd UREGHAS metal
can be appropriately chosen as long as no adverse effect

is caused on the reaction performed in the method of the

25 present invention. By the experiments performed by the



by weight of an H type sili cal i te, 25 % by wei gEtJaOfuaég §p8§ and 25 % by
wei ght of talc. Reference Exanple 11: preparati (K) .Cat al yst

(K) was prepared in substantially the sane manner as in Reference Exanple
1, except that, to 33.3 g 25 of the high purity silica sol were added 137 g
of puri 6 January, 2004 73 fied water, 2Q g of an Htype silicalite and
10 g of nontnorillonite K-10" (trade nane; Ranuf act ured” and sol d by
Sigma- Al drich Corporation, U S A). The thus obtained catalyst (K) had a
conposi tion whepgeReht: qaRfeRtBrkSedtSRa BUeHCESR a OfnAP, Ritderpd 12&al i te,
25 % by weight of Si02 and 25 % by weight of montnorillonite. Reference
Exanpl e 12: prepatal iencauseat abyshril) alfleadf akar! béldkgiheROd Grddy ade
nane) and 18 g of 10 an Htype silicalite were added to an aqueous sol ution
(strongly basic 130kt ithe) Peefbaibi Pabdé. 4i9e0f é@?iyéfléﬁai&@{%dfgfﬁéei JI'S
Speci al -No. 3) (manufactured and sold by Fuji Chem cal Co., Ltd., Japan;

Si 02 content = 2boXeYmeyitwohelt mefhd@s, CalbANhs=aR- fdn e R¥naahtthand 15
Si 02/ Na20 nmolar ratio = 3.3), 71 g of purified water and 6.0 g of a

sul furicacid. THh€er egulthanbbalinblionavasysti Ea80bs NEFEOLVERGYA DY Aty @
honogeni zer at a revolu tion rate of 5,000 rpm to thereby obtain a slurry.
The obt ai ned sl thegewastair ayens, bxgussngoatspabiesee@sol 20 equi pnent,
onto a hot plate preheated at 200 C, to thereby obtain a dried catal yst
precursor powder. Théntlthe mbthbdedcdoraingatal yié PLESUISOPePOVEETtHES
added to 1 M aqueous solution of nitric acid to thereby obtain a

sl urry. havi ng abPselsead dovesttionf, &fafphgswefgbtystalllPhet bkaphbhinersls
slurry was mai ntained at 25 C for 1 hour, 6 January, 2004 74 followed by
washi ng with wateed asyithg, seadndatompanest anchbGfe CthercBybbaiiineo

t hereby obtain the catalyst (L). The thus obtained catalyst (L) had a
conposi ti%n wheFdRY MineFads 38dshawn, Withdhghheoflohhe®l Eypmesshows twml it e,
30 % by weight of Si02, and 25 % by wei ght of kaolinite. Reference Exanple
13: preparationF&S'cétalyst (M Catalyst (M was prepared in substantially
t he same 10 manner ag kaglinite thus obta: conprised by weight 15 Reference
in Reference Exanpl e'B3€1BRELPY -t ARt XDlgnationats NvefE ap3bhe(€iade nane)
was used. The fined_catalyst gw@ gad a conposition wherein it 45 % by

wei ght of an H YPETSTS %Fﬁ N heopreseng inYaRt38N e, by wei ght of
kaol i nite. Exanple 14 preparation, of catalyst (N) Catalyst ( was
prepared in substant&gFl§°?E8w§5ﬁetW8nﬁéﬁlﬁsuPﬁgﬁ@?%Pﬁﬁt uE&a%%FX Jn-

except that 10 f. r.Q lite, "5M _(trade, pame). was used. The thus ob 20
Chned B al yot SR TaETs B bEFFRBRERRE, BRAT| REkHRD: R SSEEUBtoE By hei gh
| BI/r gghyl ltly{:) 2. S:?}a"?‘ g?:(l}allnce 4%?}? 123/;1%% hfa%%?fxéﬁrg#jo?ann'gﬁqlrgq{gB}/? \(,\5}{%’I1 5'%2{ al yst
O i i t .. 2004 7
1 Rt or b Exarne 38 eRlaa S0kl ¢ die 38 on S AN AR gD iR dRINIEL 20
d. sFhemis d 2l oy it init
oMy i Sod 45 o ' woied <13t BETOE S Yting, Qe U AHRISI-RMIMERE 0 15

and 25 % by wei gt 2aP*koohi (i ided HIRDE CLRAIP € dfiso RILERE AR
catalyst (P) To 130 g of tetraethyl orthosilicate was added 78 g of

et hanol ,20and t heindito HedaE iigulal Reruadded am MYLAUEHR0AQ3T UidPNicOpk&i Ni ng 65
g of purified water and 0.0886 g of titaniumisopropoxide, and 291 g of a
10 % by wei ght aquesl)s setakhédbofuh et rﬁ@rﬁ@yia@éam*m hygf*oprdee®The
resul tant aqueous solution was subjected to a hydrothermal synthesis and an
after-treatment iiom)subat ahteal syribtthe sampriBING’aaplbhaReter encsidyxanpl e
1, to thereby obtain a white crystal. The obtained crystal was calcined in
substanti al |y t Hetahedrmmaenids whikhf arendcwobEdimeheibnadny tdomneeselit ant
cal cined product (zeolite) was subjected to a powder X-ray diffraction

anal ysis as 20 des@dadiedtdizoves Tnewd may adi“ftfetaahiedradnshesits ,sleoded t hat
the cal cined product exhibited characteristic peaks at 10.99, 9.87, 3.83,
3.79, 328 and M@t rsmotmirel comprislines a plurafl ittlye ofnpar(gikiRabcspaci ngs
(d). 25 Since the above-nentioned results of the analysis 6 Jaauary~ 2004
76




of the obtained zeolite are well in agreenent Wl6tg theseé‘@%wn (d) val ues
of an MFlI zeolite as described in the above-nen , the obtained
zeolite was identified as an MFI zeolite. 5 The Si/Ti atomc ratio of the
obtai ned zeolite was neasured according to the above-nentioned nethod. It
was found that the zeolite had an Si/Ti at 2510 rati o of 1900. Therefore,
the zeolite was identified as a titanosili&ate. Further, the zeolite was
subjected to an 10 ion exchange in substantially the same nmanner as in Ref

‘erence Exanpl e hedtont haiebywhBERi Arantkbl iPRehsibR4PH) | dSetdd el
catalyst (P) was prepared in substantially the sane manner as in Reference

Exanpl e 3 excepeathabthéb iBSkfawnOhstAs Mob¥BRe&t4i Calldde . t he
above-obtained H type ti-tanosilicate was m xed with kaolinite "ASP072"

(trade name) and a highapolayymshéi&®, SDhyeFbeot hsestd ddirdtbzairl yst (P)
had a conposition wherein it comprised 50 % by wei ght of an H type
titanosilicate, sBéeth 88dbycvahghiradf s:82 apd 28i80 Byoedi£HH fnde@ol inite.
Ref erence Exanple 17: preparation of catalyst (Q To 130 g of tetraethyl
orthosil iScate was adfzdy2nBngralseabanclassntiédeiet® maed wWydwy sadded an
aqueous 25 sol ution obtained by dissolving 0.197 g of 14-18 hydrate 6
January, 2004 7Zcobrdhugenwirtbuthat Payerlstguetuperédmmei swigrtheand 291 g
of a 10 ~ by wei ght aqueous sol ution of tetrapropyl ammoni um hydroxi de. The
resul tant aqueo@Bestbut i Bimatwass sutljeondt etkd a a" hydraidye miwerat, hasi*g :and an
after s treatnment in substantially the sane manner as in Refer ence Exanple
1, to thereby oftaynmangmrplé,capdtal "'mTkedobspenenimeyatal was cal cined in
substantially the same nanner as in Reference Exanple 1, and the resultant
cal ci ned product (ze®Pftéjluwaiagupirerall is a pbavianineral Havidid faaction
anal ysig as desctL'i bed above. The X-ray diffraction analysis showed that the
cal ciné§ produtFTBREREEt b4 thaErucErre) | eoppEkesing a @Dorabity of3 wait
3.79, 3.73 and 3.69 in tehns of the values of the interplanar spacings (d).
15 Since the aboPESHEnEPGReBOPRELFEL of PRe habrykedrat shrebhaving
zeolite are well:'in agrgeg%t *vith t hese known_(d) values of an MFI zeolite
as described i n"°PHE®5660eREREIBnRRC aPEEaRedraheshethi nddre, &6l ©dalas
identified as aﬂih/ggaiegl ite, .20 The Si %A% atomc ratio of the obtained
zeolite was measured actor i fYY AT ahobaY IR R oFEINGEEFRA(211 $E19ound

h h | WA i i f .1000a Th f h |
was i dent i ied 208 ERpEE1ERd; 8 b Pur e Py PhoTLh 1P R etk B¥ed to an
i 25 h i b i i n_Ref J ,
2004 76 once ExaaretyoErBhb bLEahOara S EnaRE Ray BRa Agiedhen PRt g
an Si/Al atom ct{gt £@+2EndQPQ) - sﬁ@&‘?ﬁécaﬁ?‘é yn?%:é(ég)nlpa}"ige%l%{i‘?%azfaﬁdti#gta c

substantially the sane nmanner as In ference excep

i nstead of the EhaypRigkkhtaki ; aboyge- i t ype ;?MS olite
(having an Si/Al a?orri C rlg{ti i gb{‘)]?ri%%g? %ég%ﬂgégt%&?h%a%ﬁh e "%@072"
(trade nane) andiﬂférghtpulh%Ymihéi-S;ﬁsSﬁhviﬁgdtﬁga&tﬂ?@t&?‘é@Qé‘tdé’-” o
tenperature was 600 C. The thus obtained catalyst (Q had 10 a conposition
wherein it conpscstteBOaboby.wei ght of an H type ZSM5 zeolite (having an
Si/Al atomc ratio of 1000), 25 % by wei ght of Si02 and 25 % by wei ght of
kao |inikPe. 15 Refer8peeifxanpkempBes po£pat at E08y ohikét &l ¥ sinéRiad & type
zeolite "CP814B-50" (trade nane; manufac tured and sold by Zeol yst

| nternational, kaslin; miheragdohavtnhas @heSiéhlical 08hémidil OcOhp@Sitv&s
subjected to a powder X-ray diffraction analysis. The anal ysis 20 showed
that the zeolitefekhpBii®dOtar, ashérassecpprtkaeaniddrdB, havbhg 4. 4eo03. 94
and 3.01 in terns of the val ues (~) of the interplanar spacings (d). On

t he ot her hand, Tetical. chamdgalNoomBo8D8i06690fi MgiSi - S3Q0H )Y, hatExdnplaespowder
X-ray diffraction pattern of 25 a (3 type zeolite, a ~ type zeolite
exhibits.characP§r£§°1in minerals include kaolinite, dickite, nacrite,

25 and halloysite containing intercalatéd water molecules.




6 January, 2004 79 tic peaks at 11.4 0.2, 6.7 _0.2, 4:2 0.1, 3.97 0.1
and 3.0 0.1 in ternms of the (d) values, i.e., éﬁgﬂﬂﬁggFépéﬂar spaci ngs
(d). Since the above-nentioned known (d) values of a 5 type zeolite are
well in agreement with the results of the analysis of the zeolite used
herein, the zeolite used herein was identified as a (3 type zeolite. The
zeolite was added to a 1 M aqueous sol uti oA’of ammoni um chl oride to t her eby
obtain a slurry having a 10 solids content of 10 % by wei ght, and the

- resul-tant slurrgxaaplegbpeckedpbtdfiei @ n oUyf.S,
followed by filtrat ?on and wasﬂi ng with ?Ag%(?rg %%%J%%%tcﬁf%r L!ll
hours, and cal caratiten aha58AtCgbpitd.hours, to thereby obtain an H ~ type
zeolite. 15 Then, catalyst (R) was prepared in substantially the sane

manner as in Ref er enspeExanpl exdplexcept 2t Nakiay neikahd fheddd YRe ZSM 5
zeolite (having an Si/Al atomc ratio of 1000), 'm xed wth kaolinité

"ASPO72" (traderpahg)llatd hheihggh PHEbE¥tSEAL Cah&Rlcall NSorgBisi RbPY@i ned
catal yst (R) had a conposition wherein it conprised 50 % by wei ght of an

H ~ type5zeol i t 81,25,800pHe| ghd16Thal Dig aéldt@e%ﬁét@eafi&mmi@alk%(wi e.

Ref erence Exanple 19: preparation of catalyst (S) 25 Aferrierite (Zeolite)
"CP914" (trade samgonnmafiuMg,;$i,Bp00HY,, 20 Wndd far trdprésand ey Ry Zeol yst
International, US A ; Si/Al atomc ratio = 28) was subjected to a powder
X-ray diffracti oangmarydienifae amaeymicushbepda tibiaddeus aoldy emexdrdi t ed
characteristic peaks at 9.38, 5.62, 3.97, 5 3.53 and 3.45 in terns of the
val ues (~) of tAediatehpbahbe. sFanities (eRamples lof at:Nekcllagnehinatrapage 398S
of the article entitled "Collection of sinulated XRD powder patterns for
zeolites", R vinpapfapsspinlite #dpaylyaer$k Ve |3 ofl whicth Hdl d\o. 5,
June 19%?’), it is shown that, in a pow der X-ray diffraction pattern of a
ferrierite, a fE&FFPEEPFE inhvhiceh SHAw datwrdhrdromalestst aFe5&yddi2, 5. 82
0.2, 4.00 0.1, 3 33 ,0.05 and 3.49 0.05 in ternms of the (d) values, i.e.,
the inter pl anar S8bAEi HB¥CTHSY 48 EnegebY HEOHB®R@Te®nt i oned known (d) val ues
of a ferrierite are ﬁgl lij;n agreenent with the results of the anal ysis of
the zeolite used her@PRCHtHE P1es Redinedt ipyes ninanaks dnakude a

ferrierite. The ‘t&géi je_gi te was supjected, to an ion exchange in 20
substantially the sans“#EhnBHPeE CoPEI BHRE BefhEnaEion % Hetedansht ai n

an Htype ferrigg] he catal ys S).was, prepared in substantially the
same manner as ?ﬁé%{g%ggénggdlﬁa ’F’%éi%}%&c%*?eﬁﬂt?wmwb%? MRPHT t ype
ZSM5 zgglite ( i ' . jc_ratio of 1000)..the above-obtained
I(—Ittyge ferri) Eﬁ%ﬁﬂ;ﬁ?‘?ﬁ%@%ﬁl@ﬁ e ¥ @W&‘é‘;&"%ﬁf‘k’aﬁi ni tIeh" ASPt072

rade nanme) an [ : ereby. obtain the cata
lyst (S). The thus g%t aign%gi%ét%?@%tﬂ%%]?%édc %é)%orkr]rlpno%li.%tsi ocno%aé%%i?'fli t

conpri sed 50 % Byoyphelik g&m%%gp&%fféﬁgr%%aﬁ’@%%h é’gh{noatd_Si 02

and 25 % by wei ght of kaolinite. anp e was’ conpressi on

mol ded and pul veiti6ni €6dai 8£PsPA111ikd €81 HAthIWe Pa P L ze of from Q0.5
to 1.5 M 1.5 g of the obt aiﬂr;:ed cat al ysté]%arti cles vvas&#l?‘?r?%d in a quartz

glass reactor (havinghe 620@é8 Cdud?d &4, Ahd WiGH, fli G9RELEnE 18 M) for
use as a fixedbed reactor, and then the inside of thé reactor was 15

mai nt ai B@d at 46BeCefpstdlhine ¢hafrmBnSidEamzdd 46 t¥ife ISECHRE SdmpoS | OW
rate of 200 Ncc/mn (wherein Ncc neans volune (cc) as neasured under the
normal tenperatiebtanfl phessolidcacidtcatslystnesead bt €h& meeiesd lagt n .
Then, a reaction was performed under conditions 20 wherein the inside of
the reactor wascauflingi hedthedEirst nespbet | ¢f pties Spreseamnt hivédOiénpunder a
stream of nitrogen gas at a flowrate of 70 Ncc/mn, and into the reactor
was fed a raw nfE@Briarmsal aryehalbhe hstmsctuBs, 7afd byhuei tie cygsddbExanone
oxime solution in netha 25 nol) at a flowrate of 8.4 g/hour. The weight
hourly 6 Januai)e 2b8¥ Binepatechae|acstyucturdein edrich swchoRidesrr 1
(4.0 hog& 1, as determ ned, based on the weight of the zeolite conpo nent
as a mo$P acti vBrSpdEranyed Thegubanly abe taereby femuta orryskalr e Gms
condensed by passing it through a 5 condenser maintained at about 3 C, to
thereby obtain a liquid reaction mxture, and the obtained liquid reac tion
m xture was collected in a trap cooled with ice or a dry ice ethanol. The
obt ai ned reaction m xture was anal yzed by gas chromat ography as descri bed
above. The 10 results of the reaction are shown in Table 1.




The conversion of cycl ohexanone oxi ne and the sg&g& | 0. bhofPr

s-caprol actam are cal cul at.ed as foll ows: Cbnversrnn‘%%é&%¥LtycLohexanone
oxime 15 [(O0O- R / O x 100 Selectivity (% for E-caprolactam- [L / (O -
R)] x 100 wherein: O = nole of cycl ohexanone oxinme fed (nol/hour) R = nole
of unreacted cycl ohexanone oxi ne (nol/hour) 820 L = nole of E-caprol actam
produced (nol/hour) Conparative Exanple 1 é%lng the catalyst (B), a
reaction was performed under substantially the sane conditions as in
"Exanple 1. 25 Ththe esiHdrs S o iindrbadlie bxideb (¢onp2i¥ing084083
Exanple 2 Using the catalyst (C), a reaction was perforned under
substantial |y t R 9anendohhet Loke) asséd &¥athéetHird® ddpdmsit t(svrdlch shown
in Table 1. A conparison between the results of this Exanple 2 and the
resul ts of Exanpls dessimited fetlowien deltaidgt dogst not Raodusedtuatagra hi gh
purity silica sol (as in the case of Exanple 2), the selectivity for the
desired product ins vilippiowerh bXkiGespdIsdio,yeAExeymdmi 2Hdsilngehhareatal-yst
(D), a reaction was performed under substantially the sane conditions as in
Exanpl e 1° The mafgeads ceggnlstdyn | Bedabbe af &Gckxanpieférdisielg the ox-
catalyst (E), a reaction was performed under substantially the sane
conditions as i iAd®&mantainethdr dhel secand somponentTahlethe PAoFbenic
catal yst (E), containing an alum na as a part of the inorganic oxide,

exhi bited a sel &4ida Fadbas thearthdud isiompodnentt kenchealystifi@risbadai ni ng
no alum na, but the catalyst (E) exhibited an i nproved nechanical strength
of the catal yst SI0Fp &R tathex- aThabnbas etheoinsrgpaic ofxidre wsadlast (C).
(For neasurenent_ of chani 6 Jarruary~ 2004 84 cal strength, each

catal yst was i nditfi &g‘gﬁ% IR 3% R dB8Qrgaddc cradsapthpretBarethént o

a cylindydcal shape_.having a dianeter of 3 mmand a length of 4 nm The
: hardnesgi%f each%r%ﬁtiaﬁér]in%al"lxﬂ'%aﬁé’&tmdy% RaSTHEA313ineefor®i 48 a Kiya

hardness tester.) That .i.s, th t al yst exhi hits an advant ageous
property for corir:l)l*r‘éa'r %%ﬁllafsee.a“a)%g‘% é%?’\?é: &13Y1BipErAd -t he catal yst

F), a reaction was r.f d der .substantially the same conditions as in
(ExZarrpI e 1. Tlhe resul lt;:lglea(rg:tral hg‘\l#\'%elgﬁlTﬁﬁleg %.nl %&‘&%ﬁF&S&n?Sl{‘KFH i?’IPie |

talyst (G, f bstantially t
Conai 11 ons at | Bierendtan e 8 AyRROIN S hAReTE Eoh eaRiOE o ol vt
G hi bi ted I } i Jbi Lo but
Uit caralyst (G oo o UeRS S, modR el ek P o0 by g Bl o
f her 1 RN I h i

ompared 1o that of the capanyaf TeprSeana paTad dihef AR AL G0G- 1o

conpared to that of the catalyst ( rdness of eac _

measured in subsfaantind loldyeisRTRITRARNYred it i3 €13y) mifdtahSusbie
catalyst 25 (G exhibits an advantageous property for co rcial use. .'6
January, 2004 8%heonpairgjdnie el ©the¥SithGnt et aglsyat 16 H). cﬁai‘{eﬁ\ﬁfﬂ-on
was performed under substantially the sanme conditionS as in Exanple 1. 5

The results areestdwis rebaidedl asExappire 2rUthRg ihbegaatial ¥t atl hsed
reacti on was perfornmed under substantially the sanme conditions as in

Exanpl e 1. 10 Ties rtdweultthsiml eoniponenitn ahdblie bonidepled @cddiragnyghe in
catalyst (J), a reaction was perfornmed under substantially the sane
conditi M as i Fbex@pdlanletith Bife theswelightr eattiowofi thEakkeodd Bempple 7
Using the catalyst (K), a reaction was perforned under substantially the
same conditions &Y piHtdeplselid aeitheatedyistts are shown in Table 2.

The above-mentioned crystalline clay minerals are
used individually or in combination. The crystalline

clay minerals may be any of a natural clay mineral and a

25 synthetic clay mineral.




Exanple 8 Using 1.50 g of the catalyst (L), a reaction erfornmed under
substantially the same conditions as in 25 ExangP&9¥¥9§¥g®Q&3that a 35.7 ~
by wei ght cycl ohexanone 6 January, 2004 86 oxine solution in ethylene

gl ycol mononethyl ether (raw material solution) was fed to the reactor at a
flowrate of 8.4 g/hour and that the flow égte of nitrogen gas was changed
to 106 Ncc/mn. The weight hourly space vefdoc 5 ity in the reactor was 2.0
hour 1 (4.5 hour 1, as determ ned, based on the weight of the zeolite
conponent as a nost ROktHEr$PBEE6EE usbe £65UbESadEEnghON ddnilh i 3. 10
Exanple 9 Using the catalyst (M, a reaction was perforned under
substantial ly tleatsagetcontet cepstasiineEsa8p! RiSerdNemagsni t Sub oW i n
Tabl e 3. 15 Exanple 10 Using the catalyst (N), a reaction was perfornmed
under substanti dlol g plrelimimacgndirea®nends sdckXaspPt&lSindHon £Sibdd exar e
shown in Table 3. 20 Exanple 11 Using the catalyst (O, a reaction was
perfornmed under chabgeaoti akliy theatmgntconditions as in Exanple 8. The
results are shown in Table 3. 25 Exanple 12 6 January, 2004 87 Using the
catal yst §P), a reachmongwabeper toysedluinerchapshiméralsy piersara
conditions as in Exanple 1. The results are shown in Table 4. 5 Exanple 13
Usi ng t he cat al pgse @Qkaodinemdneralyapypephpl bte Lntielc samdtaniomtd y t he
sanme conditions as in Exanple 1. The results are shown in Table 4. 10
Exanpl e 14 Usi ngori2lgnitet heMene gpyesfexlfdd is reedetdlom wainerer)f,oaméad under
substantially the sane conditions as in Exanple 1, except that a 9.0 % by
wei ght cycl ohex&%dAd ®mergepreiferred ia kahdxmhbé. (raw naterial sol ution)
was 15 fed to the reactor at a flowrate of 4.4 g/ hour and that the flow
rate of nitrogen gasTh&sCEWafgédine cdaxceineéral The akdedtphinatily fwoe
velocity, in the reactor was Q.33 hour 1 (0.66 hour 1, as deternined, based
on the ﬁﬁ#ght oftPEhBUFROFPt 8L AMPEARARTathe FbEengthi sdsheernal . regis20
results are sho&g in T%blg 4. Exanple 15 Using 1.5 g of the catalyst (S), a
reaction was perf8Fffre@tultligr catBd¥sh shapPgdt AELEGHR - coftiaddiHdony itheos
Exanpl e 1, except that 5.0 % by .wei ght cycl ohexanone 6 January, 2004 88
oxi me sol ution gﬁelp e%gﬁoFr¥F§ﬂ¥ﬁﬁP§rFiFYsBFE?FBﬁ)aﬁagh?eﬁe?ﬁn@h ORIt Or

changed to 50 NESPN A" FHE TETgfh Rafl PHCapEet $6I Ehft JorRPRE-PEAE - was

0.17 action of cyclohexanone oxime for producing e-

15 caprolactam in the method of the present invention
(hereinafter, the rearrangement reaction is referred to
simply as the "present reaction”) is extremely effective
for improving the selectivity for e-caprolactam and pro-
longing the life of the catalyst, especially for improv-

20 ing the selectivity, as compared to the case of a cata-
lyst containing no crystalline clay mineral (namely, a
catalyst comprising only a zeolite and an inorganic ox-
ide éomprising an oxide of at least one element selected

from the group consisting of elements belonging to

25 Groups 4, 13 and 14 of the Periodic Table).



5 hour-1 (0.33 hour-1, as determ ned, based on %hg meiahég%h_the zeolite
conponent as a nost active species). The result u . Tabl e 4.
Exanple 16 10 The H type silicalite obtained in Reference Exanple 1 was
conpressi on nol ded, followed by pul verization. Fromthe resultant

particles, particles having a parti cle sié% of from0.5to 1.5 nmwere
collected to obtain a catal yst conprised only of a zeolite. Using the thus
15 obtained catal yst, a reaction was performed under sub stantially the
sane condi tions as i Fotxahpl préseaxcephctish, atBe. Jr&edic¥ebHN1uminum

cycl ohexanone oxinme solution in ethylene glycol nononethyl ether (raw
material sol utidrs) peatifcedatrayt A saavah@agabug bbexusat £1@hidum @dour and
20 that the flow rate of nitrogen gas was changed to 53 Ncc/mn. The wei ght
hourly space velmsdietsy the geaeraadohobfWay-prodiets. 1, Naregiersinedn based
on the weight of the zeolite conponent as a nost active species. The
concentration oftheygprelsenandneention, anadlveatagebad £6£8d6tiden rneacdwy was
7.0 % by volunme. The results are. shown 6 January, 2004 89 in Table 5 and
. Figs. 1 and 2. CedpedablyvéhExaspl ofy Eeirnexa@mpis,JaokabhensaiRe£al atyst as
used in Exanb ple 16, a reaction was perfornmed under substantially the sane
condi tions as i rteEndmyl ebbutexoept biyhakeighi5oF Ailhminel ghtndaesd ohaxanone
oxime solution in 1-propanol (raw material solution) was fed to the reactor
at a flow rate &dvantagebusgr effieéctthabtbliaefil by thteust oft aogeolgasmiwms 10
changed to 49 Ncc/mn. The weight hourly space velocity in the reactor was
4.0 hour 1, as &3¥dr disnaditsavagxpectld.wei ght of the zeolite conponent as
a nost active species. The concentration of cycl ohexanone oxinme in gas all
gases fed to the reaPPoth@aethey bapd.vsl gatalystTabapeduhrtiate strown in
Tabl e 5:ﬁpd Figs. .1 and 2. The present Conparative Exanple was performed
under the’ same EGMFRi%R21Ysa Aeptakgl andoa ssystaldinenpiaey mheenaihod of
the present invention (which uses the polyhydric al cohol derivative) with a
met hod using a eﬁoﬁ@%y&?%&béFc5ﬁ6Psﬁ§9¢ﬁ§Ytﬁ§r§aﬁ§hﬁunber of carbon atons
as in the ponhydrichIﬁggol derivative used in_Exanple 16. Exanple 17 25
Using 0.375 g of the S8msitAfaFouponentsad thepdzied satahvstypropwrsen pl e
16, a reaction WS eﬁgog§e% ung r.su s%antiallﬁ the sanme.conditions as in
Exanpl e 1, except thai a 45°6 oy REFGhP ByefBRExERen8oLkHn2cid attadn in
et hyl ene gl ycol o] yl. e r (raw.material solution) was fed to the 5
reactor at a f|3§?ﬂh§§%§fl§.%“§/ %ﬁ$°gnﬁcfﬁ§ ipﬁetPIB&PrgfﬁsafaﬁP?FBg% gas
was changed to i i ght urly.space velocity_ in the reactor
was 4.0 hour-l,ﬁggbgg%gkgﬁngg§e§§§g§’oﬁgtﬁé %ElﬁﬁtOBF Fﬁbs§88°ﬁifg'
conponent as a R ! Ci T rac10_ti f cl. ghexanone
oxinme in all gasestfggkkgﬁtﬁggrg%gg o?%R%gggsgb%?gyg&o#ﬁﬁgga?%é P%%gﬁts are

shown in Ta bl ¢ dndied congdund aidoh rGoMRALAL! YROEXANRL oR14d b BY1Es37°

of the catalyst same as used in Example 16, a reacCtion was perforned under.

substantial |y t hatiene (heidihageras the BuBERbact 18X¢eRbubidhyardd. 0 % by

wei ght cycl ohexanone oxine solution in a m xed solvent of an a?cohol (27 %
by wei ght of netfleaneld tendsaanetigord@nté3okiby WaLgBr okibRLE¥might - butyl
ether) (alco hol/ether nolar ratio = 1:1) was fed to the reactor at a fl ow

rate of 2P 3 g/ hewmpmmadt'Nat The thovdar abepohent t 690€He Jasiv@scaebangsed to 54
Ncc/ mn. The weight hourly space velocity in the reactor was 4.0 hour 1, as
deter 25 nmi ned, BResadson tise addieghtasofa bliadesolfiore thenpompdlsea®faim-

proving the strength of the catalyst shaped article.
The inorganic oxide comprises an oxide of at least one
element selected from the group consisting of elements

25 belonging to Groups 4, 13 and 14 of the Periodic Table.



6 January, 2004 91 nost active species. The concentratio cycl ohexanone.
oxime in all gases fed to the reactor was 7.2‘%§;#5H¥EX#2é£ﬁhe results are
shown in Table 5 and Figs. 3 and 4. The present Conparative Exanple was
performed under 5 the same conditions as in Exanple 17, so as to conpare
the method of the present invention (whichyyses the pol yhydric al cohol
derivative) with a nethod using a (1:1 by nole) m xed sol vent of a
nonohydri ¢ al cohol and an ether. 10 Exanple 18 Using 0.375 g of the sane
cat al yst "as usedhien egemensebedongingatoi Gnowps4 pef f theeReriattic Table
substantially the sane conditions as in Exanple 1, except that a 20.0 % by
15 wei ght cycl oR&eakdtandummé Tédl ueivnonhumt byt pneand yoafnamodif)y: tdicher
(raw material solution) was fed to the reactor at a flowrate of 7.5 g/ hour
and that the fl &kePgndsobedpngdgentgaronmp thanfethe cPdRiditid Miahlelhare

wei ght hourly sgﬁce velocity in the reactor was 4.0 20 hour 1, as

det erni ned, bas®8T6R (R welyminum (Ad)zegalliemabGa) mosndam i (i spesides.
The concgptration of cycl ohexanone oxinme in all gases fed to the reactor
was 6.9 9% by voltt@dlivfe (Tddul aadathespbements Toblendin@ St Coimarmtia of
Exanmple 7 6 ignuaryh 2004 92 Using 0.375 g of the same catal yst as used
in Exanpl e 16, &PPederisfifadapief arfedatheer (SLbssbhicane y($he wamma-
conditions as in_.Exanple 1, except that a 20.0 % by wei ght cycl ohexanone
oxi me sol ution PﬁuT-RgﬁjnoFlPré§P$'nﬁ?@ri%ﬁdsb?hiicnﬂmqnﬂ;ﬁhﬂ?ebopmne
reactor at a fl%w rate of 7.5 g/hour and_that the flow rate of nitrogen gas
was changed to AF*RES AFR. OFHECRePEnfinott| §ndphie Manscispegificad Weact or
was 4.0 hour~l, Q% g%%ernined based on the weight of the zeolite conponent
as a most acti vBTTOCEEEE] 85€ #hElLifiRent r SR ORI WYERRh 3R AHENRA ne i n

11 fed tqs g .0 % b | . Th | t h i
Tab) SPRAR ] o | 81338 RARLRN AR {10ag1QY Ao e e LSRta a1
i th s St i fluidi d- bed f] d |
P P e TPl 0 7 cGbRadY mblk, BRecklrBal bHL Wb 22PTEE] "2o0H s SRR TR ©
S ial No. 3 nd | Fuj i ] | td.,. 20 J
oS dontent < SRAUBACKULAGNANTaRG SrBY1 Hote PEORERLeGOLe & fhaadD) SEPAN
Si 02/ Na20 ol ar ThakkOoxide3; caarse%gega?&ivmgl f@% §?5Z&nt9119§tipol+{.i fied

wat er and 300 g of a sulfuric acid, an e resulta Xt ure was

thor oughl y mi xestswhicker§Behi AoV Nth6CindhGah e S0 ead Ut bier added
500 g of Kkaolinite "ASPO72 (trade’ 6 J’é’r’mﬁfalg?/. 5004 %%%%gn%)a%ﬁécﬁ%oo g of

an H.typ@_siIicahﬁka.c$hpoﬁéﬁﬁ|ian&nniﬁéﬂ?énﬂésoﬁi&ér@@h&Prtﬂaﬁmﬁﬁi%PéLBing
a honogeni zer at 5,000 rpm to thereby obtain a slurry. The obtained slurry

was spray driedcbytashsg ansara¥gdliely (aMebhded ScM $0411 1REUESEH Ui pd and
sold by Niro Japan Co., Ltd., Japan) to thereby obtain a dried catal yst
precursor pow déhe Zheldpeawndr yhegcy@stael{ine netaPymisérgla t wophase
nozzl e under conditions wherein the inlet and outlet tenperatures of the
dryer section of theSpppafacuexdBples eoS5Corfipaumtidd Géh{ch resaecthe/ elnar-and
the slurry feeding rate was 2 kg/hour. Part of the thus obtained dried
cat al yst precur §8RigopHddenwhy daleinatiddOixhnde t npdraxiidest osuch asjueous
solution of nitric acid to thereby obtain a slurry having a solids content
of 10 %2P5 by wWALERH)3THEL(QE )+ snd An(OH) swasndasalisnedugh 85 C for 1
hour, followed by washing with water, drying at 110 C for 12 hours, and
cal cination at éééN@?:ora@ Hée slikeo t hereby obtain powdery catalyst (T).
The thus obtained catalyst (T) had a conposition wherein it com 20 prised
45 % by wei ght of anwﬂtgyEESE?FFcﬁPiF}é? n@m%w%i%twwnstm,pm% % by
wei ght of kaoligite. Tae owdery catalyst (T) was conposed mainly of
spherical parti tPEsPR] Pﬁgna baft FetalBshngsed ¥Rt B mathedngecerdingm 50
to 100 Eun, as %?s gveg.unger an optical mcro25 scope. . 6 Januarsr, 2004
94 The cat al yst T? fadtafi taPPPPEEORE| HRexPYEsEnt LRVeRbioppgndethdt, as
measur eg by theaggggg-negtiongd met hod. . That is, the catalgst used in the
present “i-nventi an SXAlGPEORRARTPEREFyALTGHOSEE r 171 BReXaRiRed ndaParess g
has practical norphol ogy and nmechani cal strength which are suitable for use
in a fluidized-bed reaction. 40. 0 g of the obtained catalyst (T) was
filled in a quartz glass reactor (having a length of 60 cm and an inner

di aneter of 25 M) for use as a fluidized-bed re 10 actor, and then the
catal yst was fluidized at 350 C for 1 hour under a stream of nitrogen gas
at a flowrate of 393 Ncc/mn. Then, into the reactor was fed.a 35.7 % by
wei ght cycl ohexanone oxine solution in ethylene glycol nononethyl ether
(raw material solution) at a flowrate 15 of 30.8 g/ hour, to thereby
performa reaction under at nospheric pressure. The wei ght hourly space
velocity in



the reactor was 0.27 hour 1 (0.61 hour 1, as determ ned ed on the
wei ght of the zeolite conponent as a nDst act|v§4§3¥¥H§§¥EE§%e results of
the reaction are shown 20 in Table 6. The results of Exanple 19 show t hat
when the nethod of the present invention (in which a solid acid catal yst
having a specific conposition is used and/ @y a rearrangenent reaction is
effected in the presence of a spe 25 cific polyhydric al cohol derivative)
is used to perform 6 January, 2004 95 a fluidized-bed reaction process
“which i's the pr&iadandd Appddcatipnodadd- Ppenh&ppréstoationeNdi onpoohe
catal yst exhibits excellent performance as in the case where the nethod of
the present invéM3%5$ i(¥hegednt 8 pricenus 8igarddwhédhr dacobbaipedceps
(Exanples 1 throu 18 6 January) 2004 96 ~i Uri ro Hrou- O- ~M ON
vCM | ~a0 OO~ OO~¢§@ %ngtGOSNFEFOGOleﬁ@#dﬁwEO~€n|avﬁﬂlh&dnohfﬂiél Ve~
000~ OvCO Ov0OO 00t ~ t~I~ OQVO ~01 Qrl NCL “a~ o ro a~V7 4-1 U viltn NO O-
0-O- t~I ~ ~DM O85€8-@S R/ Pipdex gor mpzeolige)w:thei differempoe veosdesv~
c~oW o0 ~ ~ i %h ~00 ~cov o0~ao |no~ o~o~ ovo, 0OOov o~ov ovU v! U
i~ GOWVu Lt inthet WPe PTRAPSKOF NRexpmingd fapaneseEPatent pplim . ~
~ ,>~X +~ +~ ~-ro.r., 0_~QQ0000000v..i aa~000000000r-1 .N $ H
V00000000~ ~t ~| Lqﬁﬁﬁ8“r&a& BPGB SP$CPf4cat1°NIN91t©990 2ORA%6 cpnsmbsts OONU

7Nt n~MdDrx . ~' r~E—ln rou,-i ro~ |L,nltn ltn | 0O~ ~~ ~

~NNAN. - | ~~~G . ﬁe OFming, pn PClQ Ryf@redysis of.a sjlicon alkoxide,
3a~000000000I nu ~Uu

GNOUN~~N-~Ud. N~~§?§g%%%r|§Pr PFrPFgggFF¥$TrBFOFBQrSﬁt?éYﬁBau§Q%~B%~§m% a~ri
:[Ega~UrSL ~O e %hbﬁ%oy %Xe bye§e%F1?n9th Xn norpﬁq§¢e$ﬂ?géuégczeekj J-

1 lud 1| |
GO %@%”’%ﬂi@ OISR BPabFa@PTi"a&'X RGP NRETRE b

d' ! J7waac~0000~ Ehb~Qﬁbié%ﬁycwwy1&@Ub§mua¥§éng§1%%“gggyba%9%4 |\lI'Qerefore,

a~a~~"G-v~ -~
the process for producing the catalyst used in the pre-

sent invention is advantageous in that the freedom of

choice of raw materials is large and there can be used
15 economical raw materials, and that no strict controlling
of a pH value is required, rendering easy the production
of the catalyst.

With respect to the ratio between a zeolite as the
first component, a crystalline clay mineral as the sec-
20 ond component, and an inorganic oxide and/or oxide-
forming compound as the third component, it is preferred
to use a zeolite as the first component in an amount of

from‘zo to 80 % by weight, a crystalline clay mineral as

the second component in an amount of from 5 to 50 % by

25

weight, and an inorganic oxide and/or oxide-forming com-
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-pound--as the third component in an amount of from 15 to

30 % by weight, each based on the total weight of the
first, second and third components of the dried catalyst
precursor. It is more preferred to use a zeolite as the
first component in an amount of from 30 to 70 % by
weight, a crystalline clay mineral as the second compo-
nent in an amount of from 15 to 35 % by weight, and an
inorganic oxide and/or oxide-forming compound as the
third component in an amount of from 15 to 35 % by
weight. When the amount of an inorganic oxide and/or
oxide-forming compound as the third component is less
than 15 % by weight, the obtained catalyst shaped arti-
cle tends to exhibit poor mechanical strength. When the
amount of a crystalline clay minefal as the second com-
ponent is less than 5 % by weight, it is difficult for
the obtained catalyst shaped article to exhibit the de-
sired effect of improving selectivity.

Hereinbelow, an explanation is made on the process
for producing the catalyst used in the method according
to the first aspect of the present invention. With re-
spect to the process for producing the catalyst, there
is no particular limitation. However, it is generally
preferred to use a process which comprises the following
two steps: (1) a step of preparing a catalyst raw mate-

rial mixture containing a zeolite as the first component,
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a crystalline clay mineral as the sécond component, and
an inorganic oxide and/or oxide-forming compound as the
third component; and (2) a step of subjecting the cata-
lyst raw material mixture to molding, drying and calci-
5 nation.
Hereinbelow, an explanation is made on the steps
(1) and (2).

(1) step of preparing a catalyst raw material mixture

The catalyst raw material mixture comprises a zeo-
10 lite as the first component, a crystalline clay mineral
as the second component, and an inorganic oxide and/or
oxide-forming compound as thé third component.
As the zeolite, there can be used a zeolite ob-
tained by hydrothermal synthesis performed using a con-
15 ventional method as described, for example, in EP 0 380
364 Al. There can also be used a commercially available
zeolite.
When the zeolite obtained by hydrothermal synthesis
contains an organic template (i.e., an organic compound
20 which is used to form a skeleton of the zeolite, such as
tetrapropylammonium hydroxide), it is preferred that the
organic template of the zeolite is decomposed by calci-
nation before use, wherein the calcination for decompo-
sition of the organic template is effected by subjecting

25 the zeolite to a heat treatment in a furnace, such as an
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5 If desired, a zeolite can be used in the form of an
ion-exchanged zeolite, wherein the ion exchange is ef-
fected by a treatment of the zeolite with an agueous so-
lution of an inorganic salt, such as NH4NO;, NH4CL or
AgNO3. It is preferred that the ion exchange is ef-

10 fected by a method in which, to an aqueous inorganic
salt solution is added a zeolite in an amount of from 1
to 30 % by weight, based on the weight of the aqueous
inorganic salt solution, and the resultant mixture is
maintained at a temperature in the range of from 15 to

15 90 °C for 1 to 10 hours, followed by a filtration of the
resultant reaction mixture, and the cycle of the ion ex-
change and filtration is then repeated 1 to 3 times.
When an ammonium ion is converted into a hydrogen ion,
it is preferred that the conversion of an ammonium ion

20 into a hydrogen ion is effected by subjecting the zeo-
lite to a heat treatment in a furnace, such as mentioned
above, at a temperature in the range of from 400 to 600
°C for 1 to 10 hours under an atmosphere of air.

With respéct to the crystalline clay mineral, a

25 commercially available crystalline clay mineral as such




0~~0~o0~oro ro a~ a~ a oU G +~ t~ ary, 2004

+~WG~~i ~i aOUb***S- | N***N ri OOOOCOMM-f ' MroU 1 ~- 2 O-~0cC1 .1~-u
N~ONW-INNO ~~~C." . 4N i r |l O~(J1 Ut~Uri UEaA~-N-WTfmE ~N E
Go~r~r~~UWU ~crororoU~ib ~~t. o~r~ ~a+~ ~..1 0o.~1 M~I1 NN1 WI MO W1
W G GO v10 PaN +~O vls~ .~ .~ro0 ~ro ~n-, §gro ~'J~, "'.~. ~Pa
ri1.1G,,...a~z0Q ... U ~10.-i 0, XX~ewww a~ *s b NOOTfd .ri bro UNNS3
EaobO. W~ ~Il MEOOZXT",~.E~rdUUbHhAhNU'FrT -~ NOUZzO
"E x ~ UN 0 ai Eaa Peoubked. O Allermhtilrelvia befotez use,b alcotmeraiaalyi |d N -
NUx OUat a~ N~ ~-raNEK > 00G0Gidx OOUUWOO-~ OONW
b~ 3 .fl r M0 @vRijabhe cByshalldipe QDY minexaN rlaN Be sutNected @ox v U O
~F ONU~d AaNOO3a~-NNNUOEOOENOO.. OOONO.fir GO ~d
ONI~.Qb 0 NCelmpingtioE Atcd Ke@per&tidrél in I ramgd anfiaingm Z0®4 to
1,200 °C.
5 With respect to the starting material for producing

the inorganic oxide, it is preferred to use a sol, a gel
or the like containing the component elements of the in-
organic oxide. Examples of such starting materials in-
clude an aqueous sodium silicate solution, a silica sol,
10 a silica gel (which is obtained by, for example, adding,
-to an aqueous sodium silicate solution, an acid, such as
sulfuric acid, hydrochloric acid, or nitric acid), a
silica-alumina sol, an alumina sol, a titania sol, and a
zirconia sol. Preferred are an agueous sodium silicate
15 - -solution, a silica sol, a silica-alumina sol, and an
alumina sol, and more preferred are an aqueous sodium
silicate solution and a silica sol.
A silica sol, an alumina sol or the like used as
the starting material for producing the inorganic oxide
20 generally contains a trace amount of metal as an impu-
rity, such as sodium. Therefore, the inorganic oxide
contained in the dried catalyst precursor obtained by
drying a raw material mixture containing such a starting
material generally contains a trace amount of metal.

25 With respect to the type and amount of the metal con-
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as small as possible, from the viewpoint of preventing
the occurrence of an adverse effect on the present reac-
tion.

The trace amount of metal can be removed from the
dried catalyst precursor by subjecting the dried cata-
lyst precursor to an acid treatment before calcination.
With respect to the acid employed, there is no limita-
tion; however, preferred are nitric acid, sulfuric acid,
and hydrochloric acid.

It is preferred that the catalyst raw material mix-
ture is provided in the form of a homogeneous dispersion
containing these components for the dried catalyst pre-
cursor.

As a preferred example of a process for preparing
the catalyst raw material mixture, there can be men-
tioned the following process. A predetermined amount of
water is added to a raw material for the at least one
substance selected from the group consisting of an inor-
ganic oxide and a compound which forms the inorganic ox-
ide by calcination, and the resultant agueous mixture is
stirred preferably by using a stirring device, such as a
homogenizer or the like, at a revolution rate of from

2,000 to 10,000/minute for a time of from 15 minutes to

b
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substantially the same stirring conditions as mentioned
5 above.

In the preparation of the catalyst raw material
mixture, addition of water is not necessary. However,
for improving the dispersibility of each component, it
is preferred to add water in an amount which is from 0.5

10 to 20 times, more advantageously from 1 to 10 times, the
total weight of the solids contained in the catalyst raw
material mixture, namely, the total weight of the zeo-
lite, the crystalline clay mineral, and the inorganic
oxide (wherein, when a silica sol or the like, or a com-

15 | pound which forms the inorganic oxide by calcination is
used, the amount thereof is expressed in terms of the
amount of an inorganic oxide formed therefrom). Further,
the preparation of a catalyst raw material mixture con-
taining water may be performed by a process in which a

20 zeolite and a crystalline clay mineral are dispersed
into water, followed by stirring of the resultant aque-
ous mixture by using a homogenizer or the like under
substantially the same conditions as mentioned above, to
thereby obtain a slurry (zeolite/crystalline clay min-

25 eral aqueous mixture), and the obtained slurry is added
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UONUTro a N Bokxubiol® is used, it is preferred that a predetermined
amount of an aqueous sodium silicate solution is pre-

5 liminarily added to a 10 to 15 % by weight aqueous sul-
furic acid solution, thereby gelling Si0O,, and to the
resultant mixture are added the above-mentioned zeo-
lite/crystalline clay mineral aqueous mixture.

Anyway, it is important to homogeneously disperse a
10 zeolite, a crystalline clay mineral and an inorganic ox-

ide and/or a compound which forms the inorganic oxide by

calcination, in the catalyst raw material mixture.

(2) Step of subjecting the catalyst raw material mixture

15 to molding, drying and calcination

The raw material mixture obtained iﬁ the above-
mentioned step is subjected to molding, drying and cal-
cination, to thereby obtain the datalyst used in the
method of the present invention. Each operation is con-

20 ducted in a manner which is appropriately selected in
accordance with the mode of the rearrangement reaction
in the method of the present invention. Representative
examples of molding, drying and calcination are de-
scribed hereinafter.

25 < Case of a fluidized-bed reaction >
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s-caprol actam by contacting cycl ohexanone oxi ne aci d catal yst
in the gaseous phase to effect a rearrangenent reaction of the 5

cycl ohexanone oxinme, by virtue of using a solid acid catal yst having a
specific conmposition and/or perform ng the pearrangenent reaction in the
presence of a specific pol yhydric al cohol éerivative, the desired

E- caprol actam can be produced from cycl ohexanone oxime with high 10
selectivity and in haghtyiel dase, 6tH@NpBo¥es208dr 1PEo AN NP the Aawi-hod for
produci ng ~-caprol actam which conprises contacting cycl ohexanone oxi ne
with a solid acilgs® camplristsi Bhehetgpscofs ppase dpyoid eflie aavBdas+ angenent
reaction of said cycl ohexanone oxinme, said solid acid catal yst being

produced by cal obraiged daiwedlaterahyshiptacdr $thersby dosedlisd #r ecur sor

conprising a zeolite, a crystalline clay mneral and at 10 | east one

subst ance sel ecsptiefricmlt batglgap poasustongpowvden suDtgble cfaxxiube aid a
conmpound whi ch forns said inorgani c oxide by cal cination, wherein said

i norgani @ oxi deacdipriiddesdabedxirdectdr it ah@asalonrirgectmatostdand®d from
the, group consisting of elenents belonging 15 to G oups 4, 13 and 14 of

t he Periodi ¢ Taldkrdednaathdysitnpsecdrsaot gani ¢ oxi de i s ot her than oxides
contained in a crystalline formin said zeolite and said crystalline clay
mneral. 20 2. The nménrhtHeaspoadi dgying dtem Ispmeheing wisdihe rewl matei-s at
| east one nenber selected fromthe group consisting of an alum nosilicate
havi ng an Si/AlTagdniidxtage epnibeopenfprmed hit gehbrsifugatiomaingthe
Si/metal atomc ratio of 10 or nore and a silicalite. 25 6 Januar Sr, 2004
106 3. The net h&¥oaPbGs6 fdoWoneralm meshod ophbYetheshigh RER$IEre s an M
zeolite., 4. The nethod according to any one of clains 1 to 3, 5 wherein
said zed% te i sPQEZEATELHRE - & e FUHFP SR % HEG T p Idords Pherg of

an M silicali%e an ZSM5 zeoljte, 5. The method according to any one
of clains 1 to ZSXEEWNEr 8FR §éFdwa9§t5PFiHEeEIﬁﬁaﬁ?ﬂePﬁlsF% t ¥ast one
menber sel ected fr t.he.aroup consisti of aplin mneral, .a.,talc, a
nnntnnriIIoniteeéﬁ%qglﬁypgﬁﬁﬁglFP@.%ég $%§eneﬁﬁgdﬁ%d%¥ﬁ Wﬁéﬂ(?Qﬂﬁ/ of
clains 1 to 5, in._said,inorganic.oxide_is_at | east on nber se
Cect 60 i rom the orparatute’ Bel hBOLBRAYC aRYEECaks ol enfPRhod Eq TEAGD

aumna. 7. Theaiglhod aa0h0tRe L8tk 8R8mOYsh! #EMRod LE, 0D iRy €

the anobunt of saird crystalline cllay mneral |1 n sai rred Cataly

precursars i s fra@a%eﬁo_aiq %osbxsawsgah&f; ggg%qcfentmergat @at&@igbtmgﬁtéﬁéd

zeolite, said crystalline clay mnera d said at l'east one substance
sel ected fromthe G UERnERRE1BY 6@ gf plaeaage&gﬁb@,ozsh@leiﬁé #Rd fAoggoIpound

whi ch forns said inorgani c oxide by ca . The nmethod acCording to any

one of clainms 1tugel ini@leCiraws daderedli ARgeERat tB?@QEEQBaQE,SEBd cycl ohexa
5 . none oxinme is performed under conditions wherein the reaction

tenperature is fthemed30 dbraid0aCartiba tazeliver precawsdri poktes Aofdelso 1
MPa, and the weight hourly space velocity of said cycl ohexanone oxine is
fromO0.QlL to 10Gnhio~la sphhedichhe shiapeoHagdingr @i dd ametery ognavehitckai s 1 to
8, wherein said rearrangenent reaction is perforned by the fluidi zed-bed
process.20l5 10. 1bloe paet hoHe a6bbaThed dPiédyc@b&1Pét ChRédBrdot (pSvdahei£i n a
part of the catalyst used in said rearrangenent reaction is continuously or
intermttently wWubi¢ched ftoomad cisattion fior adai dyr esingngefienhaceacsuch,
wher eupon the withdrawn catalyst is regenerated in an 20 at nosphere of
oxygen- cont ai ni 8§ @& edrechiriondurngge, oang thdulege furapce ,catakbysemis
recycled to said reactor. 11. A nethod for producing s-caprolactam which
conpri ses cont a®&h#fuSec igh dben @ gex ofe fwomh 59 0sdlol d .8810d ° 25 £oxt &l ot i n

t he gaseous phase to effect a rearrangenent 6 January, 2004 108 reaction
of said cycl ohetdn&os mrefegiaplyeatr andemperature in the range of

25 from 600 to 800 °C for 1 to 10 hours.




reaction being effected in the presence of a poligﬁdri C 2:962h0| derivative
represented by the follow ng formula: Rl-O R2- represents a
Cl-C5 al kyl group or a phenyl group, and R2 represents a C2-C5 al kyl ene
group. 10 12. The method according to claim1l, wherein said solid acid
catalyst is a zeolite or a zeolite- contalnlﬁg catal yst. 13. The net hod
according to claim 12, wherein said zeo 15 Tite is at |east one nenber
selected fromthe group consisting of an alum nosilicate having an Si/Al
atom c ra do of <lCase bEr e, faxs@tBLiOsEhEERbR Paving an Si/netal atomc
ratio of 10 or nore and a silicalite. 20 14. The nethod according to claim
12 or 13, wherein salid thoki t&ses the Mptodessi t6r plodddiEngretHwdaaesor di ng
to any one of clainms 11 to 14, wherein said polyhydric al cohol derivative
is at |east 25 dystnecherisekechedsteps bbe @roupgCeOnss&hi "@rpingting 6
January, 2004 109 ene glycol nononethyl ether, ethylene glycol nonoethyl

et her, propyl enebgihecobtatnedeirayl matbeiadnsliptapy} eneld@lyg otheswet hyl
ether. 5 16. The nmethod according to any one of clainms 11 to 14, wherein
sai d pol yhydri c talioeldodrdedi vat serii-dreellytabalgsycptectnooet txyyto ed her .
1~7. The nethod according to any one of clains 11 to 16, 10 wherein said
rearrangenment reydtindmichlsaadtupulahesanangranuberiSoperdorvieel Lidder
conditions wherein the reaction tenperature is from200 to 500 C, the
reacti on pressub¥ espfloying. 81mpddintyPacthod, t Becheaghan hexittys space
velocity of said cycl ohexanone oxine is from0.01 15 to 100 hr 1. 18. The
met hod accordlngoﬂélaSyméﬁbodf el sphdetingomethodherri @ canpressiomngenent
reaction is perfornmed by the fluidized-bed process. 20 19. The nethod
accordi ng to an{fodRdngs methpds andt salginjngr tha abpairedfshaped antirst
used |nd§?|d rearran%enent reaction is continuously or intermttently

wi t hdr aw? from £1Pe& tSFlPQr°§§F3YF§aPF3ﬁ§€ﬁﬁﬁt reaction, 25 whereupon the
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thereby obtain a dried catalyst precursor, and the dried

25 catalyst precursor is then calcined under substantially
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5 minosilicate having an Si/Al atomic ratio of 500 or more,
a metallosilicate having an Si/metal atomic ratio of 500
or more and a silicalite. It is most preferred to use
at least one member selected from fhe group consisting
of an aluminosilicate having an Si/Al atomic ratio of

10 1000 or more, a metallosilicate having an Si/metal
atomic ratio of 1000 or more and a silicalite.

Further, in the case of using a zeolite, the cata-
lyst may be any of a catalyst composed only of a zeolite
and a zeolite catalyst containing a conventional bindgr.

15 In the method according to the second aspect of the
present invention, in the case where, for example, the
solid acid catalyst comprises a zeolite and a binder, it
is extremely advantageous to use the same second and
third components as in the method according to the first

20 aspect of the present invention, i.e., a crystalline
clay mineral and at least one substance selected from
the group consisting of an inorganic oxide (comprising
an oxide of at least one element selected from the group
consisting of elements belonging to Groups 4, 13 and 14

25 of the Periodic Table) and a compound which forms the
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. according to the second aspect of the present invention

is the same as that of the solid acid catalyst used in

10 the method according to the first aspect of the present
invention.

In the method of the second aspect of the present
invention, the polyhydric alcohol derivative used in the
rearrangement reaction is represented by the following

15 formula:
R*-0-R?*-OH
wherein:
R represents a C;-Cs alkyl group
or a phenyl group, and
20 R? represents a C,-Cs alkylene group.

Specific examples of such polyhydric alcohol de-
rivatives include ethylene glycol monomethyl ether, eth-
Ylene glycol monoethyl ether, ethylene glycol isopropyl
ether, ethylene glycol monobutyl ether, ethylene glycol

25 isobutyl ether, ethylene glycol isoamyl ether, ethylene
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propylene glycol isobutyl ether, l-methoxy-2-propanol,
5 l-methoxy-2-butanol, 3-methoxy-1l-butanol, 3-methoxy-3-
- methyl butanol and the like.

It is more preferred to use at least one member se-
lected from the group consisting of ethylene glycol
monomethyl ether, ethylene glycol monoethyl ether, pro-

10 Pylene glycol monomethyl ether and propylene glycol
monoethyl ether. Still more preferred is ethylene gly-
col monomethyl ether. These can be used individually or
in combination. Further, a part of the hydrogen atoms
in R! may be replaced by a fluorine atom. These polyhy-

15 dric alcohol derivatives are solvents commonly used in
the industry and are easily available.

By virtue of the presence of the polyhydric alcohol
derivative in the rearrangement reaction system, advan-
tageous effects can be obtained in that a lowering of

20 the catalyst activity is suppressed, and the selectivity
for e-caprolactam is greatly improved.

With respect to the manner of supplying the polyhy-

dric alcohol derivative into the reaction system, there

is no particular limitation. The polyhydric alcohol de-

25 rivative may be supplied into the reaction system sepa-
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5 the resultant solution is supplied into the reaction
system. Since the polyhydric alcohol derivative is a
good solvent for cyclohexanone oxime, it is preferred
that the supplying of the polyhydric alcohol derivative
is performed by the above-mentioned alternative method

10 (i.e., a method in which cyclohexanone oxime is dis-
solved into the polyhydric alcohol derivative, and the
resultant solution is supplied into the reaction system).

With respect to the amount of the polyhydric alco-
‘hol derivative present in the reaction system, there is

15 no particular limitation. However, it is preferred that
the polyhydric alcohol derivative is present in an
amount which is 0.1 to 30 times the weight of the cyclo-
hexanone oxime, more advantageously 0.5 to 20 times the
weight of the cyclohexanone oxime, still more advanta-

20 geously 1 to 10 times the weight of the cyclohexanone
oxime.

If desired, other organic compounds may also be
present in the reaction system. Examples of such other
drganic compounds include aromatic compounds, such as

25 benzene and toluene, and aliphatic alcohols, such as




10Y 10%& ()-Z, 10%#& ()-Z10%%& ()- 10 10 10" 6" 1096 ()-410364) - FF

GH#HH} | ZX6DCL 10! KF#109KHKHE () - | AF#109AHAHE () - =

| <gF #10%<H<H& ()-F 'S 10%4H& ()-M S 10% ()-M 1111 mIinJoJplJdzl ~P11

| MLOY%& ()- 10HH 10HH 10HH! cF1z#109%4H& ()-!y Y(10%HyH& ()-!S

Y(10%SpSp& () - Y(10% & ()-JJJJI+K KaB P11 | mlOFs10%& ()- S109%& ()- L10%& ()-
Y C109& ()-110%)& ()-" 10%&' () - "KKKKKA\ LdB P11 | ml0 109%& () -

109& () - 9109%& ()- | 10%&' () 10%&' ()- &S109& ()-\LLMBMVWM\=AP11 | 0109%& ()-

T i R o Sl LS
100 ( )O - "?ﬁ% )"ﬁ “BESORFA P PIERPY) & Memenol -

| /R I (+ RRR} [
%[ [1?8/5&12)%&[ 8 h]e%"‘]ﬁ%ﬁ % Q&‘J&Q@&? T 10%%9?% %ﬁg}%‘lﬁ/«ﬁ EYER BT () -R

S10%@ ()15, " 105FP (1" RO L) SO0 P e SR I GERRRIn S o 7409 9T ) -
S109%& () -5 109 Hounds 0% Her cohbifinl™ ankO%&tbhe UHBYVYNY2BMiden 191d

other compounds are used, the amount of the other com-

pounds is adjusted to a level which is not larger than
the amount of the polyhydric alcohol derivative.
Further, water, a basic substance (such as a

10 methyl amine) and e-caprolactam (which is the desired
product) may also be supplied into the reaction system.
By supplying these substances into the reaction system,
the deterioration of the catalyst can be suppresSed.
When these substances are supplied into the reaction

15 system, it is preferred that the amount of water is from
0.05 to 1.0 mole per mdle of cyclohexanone oxime, and
that the amount of each of an amine (such as methyl

amine) and e-caprolactam is from 0.05 to 0.5 mole per

mole of cyclohexanone oxime.

20 | In the method according to the first aspect of the
présent invention, cyclohexanone oxime alone may be sup-
plied into thé reaction system containing the catalyst.
However, it is preferred that the reaction in the method
according to the first aspect of the present invention

25 is performed in the presence of the polyhydric alcohol
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invention is performed in such manner, the occurrence of
5 side reactions by-producing a tar or a pitch can be sup-
pressed, and the life of the catalyst can be remarkably
prolonged, rendering it possible to produce ¢-
caprolactam stably in high yield for a long time.

Further, if desired, the “other organic compounds”

10 as described above in connection with the method accord-
ing to the second aspect of the present invention may be
present in the reaction system in the method according
to the first aspect of the present invention.

Hereinafter, explanations are made on the method of

15 the present invention for producing g¢-caprolactam by
contacting cyclohexanone oxime with a solid acid cata-
lyst in the gaseous phase, and the method for regenerat-
ing the catalyst used in the reaction. These explana-
tions apply to both the methods according to the first

20 and second aspects of the present invention.

The reaction is performed és follows. A solid acid
catalyst is introduced into a reactor, such as a fixed-v
bed reactor, a moving-bed reactor or a fluidized-bed re-
actor. Cyclohexanone oxime (which is preliminarily

25 evaporated in a vaporizer or is evaporated after it is
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- It is most preferred to perform the reaction by us-
5 ing the solid acid catalyst as described in connection
with the first embodiment of the present invention, in
the presence of the polyhydric alcohol derivative as de-
scribed in connection with the method according to the
second aspect of the present invention.

10 Hereinbelow, an explanation is made on the reaction
temperature and the reaction pressure. The term "reac-
tion temperature” means a temperature at which a rear-
rangement reaction of cyclohexanone oxime in the present
invention is performed to thereby produce g-caprolactam.

15 The term "reaction pressure” means a pressure under
which the reaction is performed.

The reaction temperature is preferably from 200 to
500 °C, more preferably from 300 to 450 °C, still more
preferably from 330 to 380 °C. When the reaction tem-

20 perature is lower than 200 °C, the reaction rate tends
to be unsatisfactory. When the reaction temperature is
higher than 500 °C, thermal decomposition of cyclohexa-
none oxime is likely to occur.

The reaction pressure is preferably from 0.01 to 1

25 MPa, more preferably from 0.03 to 0.5 MPa, still more
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The weight hourly space velocity (W.H.S.V.) is rep-
resented by the following formula:
W.H.S.V. = F / C (hour™})
wherein:

10 F amount of cyclohexanone oxime fed (kg/hour)

C

weight of catalyst (kg)

The reaction can be performed without using a car-
rier gas; however, it is preferred to use, for example,
nitrogen gas, argon gas, carbon dioxide gas and hydrogen

15 gas. With respect to the amount of carrier gas, there
is no particulaf limitation. However, it is preferred
| that the carrier gas is present in an amount such that
the cyclohexanone oxime concentration of the gaseous
feedstock including the carrier gas is about 1 to 20 &
20 by volume.

When the catalyst has been deteriorated during the
rearrangement reaction, the catalyst is subjected to an
activation (regeneration) treatment for regeneration of

the catalyst activity.

25 The regeneration treatment is performed by a method
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gen concen ration (of about 1l to 10 % by
volume) « Or an inert gas, is flowed through a catalyst calcination
apparatus maintained v:at a temperature and for a time
which are sufficient to cause the tar, pitch or carbona-
ceous substances accumulated on the catalyst surface to
burn, decompose and volatilize. In this case, it is
preferred that the temperature is from 400 to 700 °C.
The time of maintaining the temperature for regeneration
is generally from 0.5 to 48 hours.

The reaction used in the present invention (the
present reaction) can be performed by various reactors
for catalytic reaction pProcesses, such as a fixed-bed
reactor, a moving-bed reactor and a fluidized-bed reac-
tor. Carbonaceous substances accumulate on the catalyst
surface during the present reaction, thus gradually de-
activating the catalyst. Therefore, it is preferred to

perform the reaction by a reaction mode wherein the

above-mentioned regeneration operation for activating a

deteriorated catalyst can be periodically conducted.
For example, in the case of a fixed-bed reaction process,

it is preferred that the reaction is performed by using

. two or more reactors by a method in which the reaction
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Separate reactors.

On the other hand, in the case of a fluidized-bed
reaction process, it is preferred that a part of the
catalyst used in the rearrangement‘reaction is continu-
ously or intermittently withdrawn from a reactor for the
Tearrangement reaction, whereupon the withdrawn catalyst
10 is regenerated by using a regeneration apparatus in
which the catalyst is heated at an appropriate tempera-
ture as described above, in an atmosphere of oxygen-
containing gas or an inert gas, to théreby cause the
carbonaceous substances accumulated on the catalyst sur-
15 face to burn, decompose and volatilize, so that the car-
bonaceous substances are removed and the catalyst is re-
generated. It is also preferred that the regenerated
catalyst is continuously or intermittently Reycled to
the reactor. Especially, since the rearrangement reac-
.20 tion to convert cyclohexanone oxime into te-caprolactam
is an exothermic reaction, it is most preferred to use a

fluidized-bed reaction process, in which it is rela-

tively easy to control the reaction temperature.

The isolation and purification of the obtained ¢-

25 caprolactam from the gaseous reaction mixture can be
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alcohol derivative may be separated from the gaseous re-

action mixture and reused.
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5 which should not be construed as limiting the scope of

the present invention.

In the following Reference Examples, Examples and
Comparative Examples, various measurements are conducted
by the following methods.

10

(1) Measurement of powder X-ray diffraction pattern of
a zeolite

A zeolite powder is analyzed by means of an appara-

tus described below, and the crystal structure of the
15 zeolite is determined from the diffraction pattern ob-
tained by the analysis.

The determination of the crystal strﬁcture of the
zeolite is conducted, based on the information provided
in an article entitled "Collection of simulated XRD pow-

20 der patterns for zeolites”, R. v. Ballmooé and J. B.

Higgins ("ZEOLITES” vol. 10, No. 5, June 1990).

Apparatus: Powder X-ray diffraction measuring apparatus

(RAD-IIIA, manufactured and sold by Rigaku Corporation,

25 Japan)
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X-ray tube current 30 mA

Measurement angle 20 5 to 45°

(2) Measurements of the Si/Al atomic ratio and Si/Ti
atomic ratio of a zeolite
To 50 g of a 5 N aqueous NaOH solution is added 0.2
g of a zeolite. The resultant mixture is transferred to
10 a Teflon microbomb, and the microbomb is hermetically
sealed. The microbomb is heated in an oil bath main-
tained at a temperature of 150 °C for 12 to 70 hours to
thereby completely dissolve the zeolite in the NaOH so-
lution. The resultant solution having dissolved therein
15 the zeolite is diluted with ion-exchanged water. (The
degree of dilution suitable for the below-mentioned
measurement by using an inductively coupled plasma emis-
sion spectrometer (hereinbelow, referred to as “ICP
spectrometer”) varies depending on the composition of
20 the zeolite and the like. Therefore, the above-obtained
solution having dissolved therein the zeolite is diluted
approximately 5- to 100-fold so as to be suitable for
the below-mentioned measurement by ICP.) The concentra-
tions of silicon, aluminum and titanium are measured by

25 ICP using the below-mentioned ICP spectrometer under the
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L&10% U& () - F BhAYs¥srt) atdfP@rdPh of the zeolite are calculated

from the concentrations of silicon, aluminum and tita-

nium.

ICP spectrometer and conditions for ICP spectrometry are

as follows:

*ICP spectrometer

10 JOBIN YVON (JY138 ULTRACE) (manufactured and sold by Ri-

gaku Corporation, Japan)

*Conditions for ICP

Wavelength for measuring the concentration of silicon:

15 251.60 nm

Wavelength for measuring the concentration of aluminum:

396.152 nm

Wavelength for measuring the concentration of titanium:

334.94 nm

20 Plasma power: 1.0 kW
Flow rate of the nebulizer gas: 0.28 liter/min
Flow rate of the sheath gas: 0.3 to 0.8 liter/min

Flow rate of the coolant gas: 13 liter/min

- 25 (3) Anal&éis of a reaction product by gas chromatography
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5 ated (i.e., the cyclohexanone oxime conversion and se-

lectivity for e-caprolactam are calculated), based on

the composition of the reaction mixture.

The GC apparatus and conditions for GC are as follows:

10

Apparatus: Gas chromatograph Model GC-17A, manufactured

and sold by Shimadzu Corporation, Japan

Column: Capillary column HR-20M (inner diameter: 0.25 mm

L4

15 length: 50 m, and membrane thickness: 0.25 um)

Pretreatment of sample: Before the gas chromatography
analysis of the sample (reaction mixture), 3 g of a sol-
vent used in the reaction for producing g-caprolactam

20 and 0.15 g of ethylbenzene as an internal standard are
added to 1 g of the sample (the solvent and the sample

are accurately weighed).

Amount of sample introduced into the column: 1 nl

25 Temperature elevation profile: The temperature of the
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5 Split ratio: 100/1

Flow rate of carrier gas (nitrogen): 200 ml/min

Flame ionization detector (FID): Pressure of the sup-
10 plied air = 50 kPa (about 500 ml/min), pressure of the

supplied hydrogen = 60 kPa (about 50 ml/min)

(4) Measurement of attrition index of a shaped catalyst
The attrition index is generally used to evaluate
15 the mechanical strength of powdery catalysts, such as
those used in a fluidized-bed reaction. The attrition
index is measured by subjecting a powdery catalyst to
attrition test under specific conditions, and is defined
as the degree of increase in the amount of particles
20 having a size of 19 pm or less in the resultant catalyst.
The smaller the attirtion index, the higher the attri-
tion resistance.
Specific explanaions are made below with respect to

the attrition test and the measurement of the attrition

25 index.
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1! (! @ 10%H&' () -10%® 1Roed ght- YE Walt 2aYHHERA( L hy %@ 40YHRE (dad@yst is
charged into a cylindrical attrition measuring apparatus
(comprising a lower cylinder portion having a length of
5 27.5 inch and an inner diameter of 1.5 inch, an upper
cylinder portion having a length of 22 inch and an inner
diameter of 5 inch, and a vessel for collecting fine
particles, which is provided on the top of the upper
cylinder portion). Then, humidified air is blown into
10 the apparatus through 3 pores (each having a diameter of
1/64 inch) formed at the bottom of the apparatus at a
rate of 425 liter/hr, so as to circulate the catalyst in
the apparatus for 5 hours to cause the attrition of the
catalyst. Before and after the circulation of the cata-
15 lyst in the attrition measuring apparatus, the catalyst
is analyzed by means of an optical particle size distri-
bution measuring apparatus, and the difference in the
content of the fine particles (each having a size of 19
pum or less) between the catalyst before the circulation

20 and the catalyst after the circulation.

The attrition index (I.D.) was calculated by the

following formula:

I.D. = (A-B)/(C-B) x 100

25
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attrition measuring apparatus.

10
In the following Reference Examples 1 to 19, the
catalysts used in Examples and Comparative Examples were
prepared.
The compositions and characteristics of each of the
15 crystalline clay minerals used in the following
Reference Examples are mentioned below.
(1) Kaolinite
A hydrous kaolin "ASP072" (trade name; manufactured and
20 sold by Engelhard Corporation, U.S.A.)

Kaolinite content: about 100 % by weight
Composition: Al;03 38.5 % by weight
SiO, 45.4 % by weight
TiO, 1.6 ¥ by weight

25 Other trace metal components: 0.9 % by




*10%I$& () - ?udEbAL , 10% ! z10%I$& ()- FLOYISE ()e (100688 1w, * 10%I$& () -
1096$& ()- 109%@$& () - ulj dEbAL , 10% °, 9! 10fm$&'—d—‘!——%e‘% () -

, ) 10%0$& ()- L' 910%I$& () - Y0%I$& () - SHY'10%$& ()- BLMNO xnmbCl , 10%
MO%&& ()- 10d$ 10d$ 10d$ 610%$& ()- 4 10%$& ()- 210%$& () - .
.10%$& () - _b AnbCl |, 10% - 10%&R&' () - th%&&%@)- . LA@LO%R& () - Llp%&& ()- H
y109%&& () - 109%&& () - %W7dEnDCL , 10% MLOY&R&' () - -10%&&()-3!10%&%()- .
10%&R&' () - F10%&R& ()- 109%&R& () - 7oMICrbCl , 10% 3) #10%&p& ()- 9 109%&R& () -
FWML0%& ()-s@ "109%&& ()- ! 109%&R& () - th%&&'()-fa aTG 1w0&h@&10&

V A#109%R& () - 2109&R& () - 010%R& ()- .410%&R& ()- v *f#1098& () - #dETG:l 10&
L 109 & ()-F109M & ()- fl10Wagex)of ydpaakl Ydzatlivdd & () -uBl@Ye &vy() - %/
aBTG 1 10 Y%d09M & () - & #s109M & ()- 109 & ()- 109%v& ()- h 9g#10% & () -
9g#10% & ()- V n 6! 7! A6:1 10M &S6#109M & () -F 2y109%M &eightv

& 109N&&' () - & 109 ()- ,)f&10%@ @ ()- L 109 & ()-7!8'9t1tLIzItIkL:1
10M & 10%3R& () Average particle diameter: 0.3 um

5
(2) Kaolinite
A calcined kaolinite "SATINTONE SP33" (trade name;
manufactured and sold by Engelhard Corporation, U.S.A.)
Kaolinite content: about 100 % by weight
10 Composition: Al,0; 44.3 % by weight
SiO, 52.2 % by weight
TiO, 1.8 % by weight
Other trace metal components: 1.2 % by
weight
15 Water of crystallization: 0.5 $ by weight
Average particle diameter: 1.4 pm
(3) Pyrophyllite
"5M" (trade name; manufactured and sold by Tsuchiya
20 Kaolin Co., Ltd., Japan)

Pyrophyllite content: about 60 % by weight (the
remainder is composed mainly of amorphous silica)
Composition: Al,0; 17.0 % by weight

Si0, 78.0 % by weight

25 Other trace metal components: 0.4 % by
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5 (4) Kaolinite
A hydrous kaolin "ASP600" (trade name; manufactured and

sold by Engelhard Corporation, U.S.A.)

Kaolinite content: about 100 % by weight
Composition: Al,0; 38.5 % by weight
10 Sio, 45.4 % by weight
TiO, 1.6 % by weight

Other trace metal components: 0.9 % by
weight
Water of crystallization: 13.6 % by weight

15 Average particle diameter: 0.6 um’

(5) Talc
"MICRO ACE K-1" (trade name; manufactured and sold by
Nippon‘Talc Co., Ltd., Japan)
20 Talc content: about 100 % by weight
Composition: MgO 30.7 % by weight
Sio2 60.1 % by weight
Other trace metal components: 1.6 % by
weight

Water of crystallization: 5.3 % by weight
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hydroxide. The resultant solution was stirred by using
a homogenizer at a revolution rate of 5,000 rpm for 30
minutes, and then transferred to a l-liter autoclave,
followed by hydrothermal synthesis at 105 to 110 °C for

10 150 hours while stirring at a revolution rate of 500 rpm,
to thereby obtain a slurry. The obtained slurry was
subjected to filtration using a filtef, and the resul-
tant filtration residue was washed until it became al-
most neutral, and the washed filtration residue was

15 dried at 120 °C for 12 hours, to thereby obtain a white
crystal. The obtained crystal was calcined in air using
an electric furnace at a temperature in the range of
from 500 to 550 °C for 6 hours, and the resultant cal-
cined product (zeolite) was subjected to a powder X-ray

20 diffraction analysis as described above.

‘The X-ray diffraction analysis showed that the cal-

cined product.exhibited characteristic peaks at 10.99,
9.87, 3.83, 3.79, 3.73 and 3.69 in terms of the values
(A) of the interplanar spacings (d).

25 On the other hand, at page 444S of the article en-
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5 zeolite, an MFI zeolite exhibits characteristic peaks at

11.1 = 0.2, 10.0 = 0.2, 3.85 *+ 0.07, 3.80 = 0.05, 3.73

# 0.05 and 3.71 = 0.05 in terms of the (d) values, i.e.,

the interplanar spacings (4d).

Since the above-mentioned results of the analysis

10 of the obtained zeolite are well in agreement with these
known (d) values of an MFI zeolite, the obtained zeolite
was jidentified as an MFI zeolite.

The Si/Al atomic ratio of the obtained zeolite was
measured according to the above-mentioned method. It

15 was found that the zeolite had an Al content of 10 ppm
or less, and an Si/Al atomic ratio of 45,000 or more
(thus, it was determined that the zeolite contained sub-
stantially no Al). Therefore, the zeolite was identi-
fied as a silicalite.

20 ‘ The zeolite was added to a 7.5 % by weight aqueous
solution of ammonium nitrate, to thereby obtain a slurry
having a solids content of 10 % by weight, and the ob-
tained slurry was subjected to an ion exchange at 80 °C

for 2 hours. Thereafter, the slurry was subjected to

25 filtration. Then, the cycle of the ion exchange and
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500 °C for 4 hours, to thereby obtain an H type sili-
calite. (The term "H type"” used herein means that the
5 zeolite was subjected to an ion exchange in an aqueous
ammonium nitrate solution and then to calcination, to
thereby cause the zeolite to carry hydrogen ions by ion
exchange. Hereinafter, the term "H type silicalite”
means a zeolite prepared by a synthesis process as de-
10 scribed in this Reference Example 1.)
To 33.3 g of silica sol "SNOWTEX® STN30" (trade
name; manufactured and sold by Nissan Chemical Indus-
tries Ltd., Japan; the silica sol has an SiO, content of
30 ¥ by weight, a sodium content of 700 ppm by weight
15 and a pH value of 10, i.e., strongly basic) were added
137 g of purified water, 20 g of an H type silicalite,
and 10 g of kaolinite "“ASP072" (trade name), and>the re-
sultant mixture was stirred thoroughly to thereby obtain
a slurry. The obtained slurry was sprayed, by using a
20 small aerosol equipment, onto a hot plate preheated at
200 °C, to thereby obtain a dried catalyst precursor
powder. The thus obtained powder was calcined at 800 °C

for 6 hours, to thereby obtain the catalyst (A). The

above dried catalyst precursor powder had a composition

25 wherein it comprised 50 % by weight of an H type sili-
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ried catalyst precursor before calcination also is re-

5 ferred to as "composition of the catalyst (A)". This

applies to all of the following Reference Examples 2 to

19.

Reference Example 2: preparation of catalyst (B) (cata-

10 lyst containing no crystalline clay minerals)
Catalyst (B) was prepared in substantially the same
manner as in Reference Example 1, except that, to 66.7 g
of silica sol “SNOWTEX® STN30" (trade name; manufactured
and sold by Nissan Chemical Industries Ltd., Japan) were
15 - added 113 g of purified water and 20 g of an H type
silicalite. The thus obtained catalyst (B) had a compo-
sition wherein it comprised 50 % by weight of an H type

silicalite and 50 % by weight of SiO,.

20 Reference Example 3: preparation of catalyst (C)

Catalyst (C) was prepared in substantially the same
manner as in Reference Example 1, except that a silica
sol (hereinafter, referred to as a “high purity silica

sol”) having a very small content of impurity metals was

25 used (the high purity silica sol was prepared by the
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The thus obtained catalyst (C) had a compositlon wherein
it comprised 50 % by weight of an H type silicalite,

25 % by weight of SiO,, and 25 % by weight of kaolinite.

10 Reference Example 4: preparation of catalyst (D) (cata-

lyst containing no crystalline clay minerals)
Catalyst (D) was prepared in substantially the same
manner as in Reference Example 1, except that, to 66.7 g
of the high purity silica sol were added 113 g of puri;
15 fied water and 20 g of an H type silicalite. The thus
obtained catalyst (D) had a composition wherein it com-

prised 50 % by weight of an H type silicalite and 50 %

by weight of SiO,.

20 Reference Example 5: preparation of catalyst (E)

Catalyst (E) was prepared in substantially the same
manner as in Reference Example 1, except that, to 25.0 g
of the high purity silica sol were added 23.8 g of an
alumina sol “Alumina sol 200" (trade name; manufactured

25 and sold by Nissan Chemical Industries Ltd., Japan; the
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5

name), and that the calcination temperature was 700 °C.
The thus obtained catalyst (E) had a composition wherein
it comprised 50 % by weight of an H type silicalite,

19 ¥ by weight of SiO,, 6 % by weight of Al,0;, and 25 %
by weight of kaolinite.

10

Reference Example 6: preparation of catalyst (F) (cata-

lyst containing no crystalline clay minerals)
Catalyst (F) was prepared in substantially the same

manner as in Reference Example 5, except that, to 50.0 g
15 of the high purity silica sol were added 47.6 g of an

alumina sol "Alumina sol 200" (trade name; manufactured

and sold by Nissan Chemical Industries Ltd., Japan), 82

g of purified water and 20 g of an H type silicalite.

The thus obtained catalyst (F) had a composition wherein
20 it comprised 50 % by weight of an H type silicalite,

38 % by weight of SiO,, and 12 % by weight of Al,0;.

Reference Example 7: preparation of catalyst (G)

-Catalyst (G) was prepared in substantially the same

25 manner as in Reference Example 5, except that, to 95.2 ¢g
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5 name). The thus obtained catalyst (G) had a composition
wherein it comprised 50 % by weight of an H type sili-

calite, 25 % by weight of Al,0;, and 25 % by weight of

kaolinite.

10 Reference Example 8: preparation of catalyst (H) (cata-

lyst containing no crystalline clay minerals)

Catalyst (H) was prepared in substantially the same
manner as in Reference Example 5, except that, to 190 g
of an alumina sol "Alumina sol 200" (trade name; manu-

15 factured and sold by Nissan Chemical Industries Ltd.,

Japan) were added 190 g of purified water and 20 g of an
H type silicalite. The thus obtained catalyst (H) had a
composition wherein it comprised 50 % by weight of an H
type silicalite and 50 % by weight of Al,0;.

20

Reference Example 9: preparation of catalyst (I)

In Reference Example 9 was prepared catalyst (I) as
defined in the present invention, which has a crystal-
line clay mineral content different from those in

25 - Reference Examples 1, 3, 5 and 7. Specifically, the
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5 purified water, 20 g of an H type silicalite and 4 g of
kaolinite "ASP072" (trade name). The thus obtained
catalyst (I) had a composition wherein it comprised 50 %
by weight of an H type silicalite, 40 % by weight of
Si0; and 10 % by weight of kaolinite.
10

Reference Example 10: preparation of catalyst (J)

Catalyst (J) was prepared in substantially the same
manner és in Reference Example 1, except that, to 33.3 g
of the high purity silica sol were added 137 g of puri-
15 fied water, 20 g of an H type silicalite and 10 g of
talc "MICRO ACE K-1" (trade name; manufactured and sold
by Nippon Talc Co., Ltd., Japan). The thus obtained
catalyst (J) had a composition wherein it comprised 50 %
by weight of an H type silicalite, 25 % by weight of

20 SiO, and 25 % by weight of talc.

Reference Example 11: preparation of catalyst (K)

Catalyst (K) was prepared in substantially the same

manner as in Reference Example_l, except that, to 33.3 g

25 of the high purity silica sol were added 137 g of puri-
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5 prised 50 % by weight of an H type silicalite, 25 % by

weight of SiO, and 25 % by weight of montmorillonite.

Reference Example 12: preparation of catalyst (L)

10 g of kaolinite "ASP072" (trade name) and 18 g of
10 an H type silicalite were added to an agqueous solution
(strongly basic solution) containing 47.4 g of sodium
silicate (grade: JIS Special-No. 3) (manufactured and
sold by Fuji Chemical Co., Ltd., Japan; SiO, content =
25.2 % by weight, Al,03 content = 0.01 % by weight, and
15 5i0,/Naz;0 molar ratio = 3.3), 71 g of purified water and
| 6.0 g of a sulfuric acid. The resultant solution was
stirred thoroughly by using a homogenizer at a revolu-
tion rate of 5,000 rpm, to thereby obtain a slurry. The
obtained slurry was sprayed, by using é small aerosol
20 equipment, onto a hot plate preheated at 200 °C, to
thereby obtain a dried catalyst precursor powder. The
thus obtained dried catalyst precursor powder was added
to 1 M aqueous solution of nitric acid to thereby obtain
a slurry‘having a solids content of 10 % by weight, and

25 the obtained slurry was maintained at 25 °C for 1 hour,
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5 calite, 30 % by weight of SiO,, and 25 % by weight of

kaolinite.

Reference Example 13: preparation of catalyst (M)

Catalyst (M) was prepared in substantially the same
10 manner as in Reference Example 12, except that 10 g of
kaolinite "SATINTONE SP33" (trade name) was used. The

thus obtained catalyst (M) had a composition wherein it
comprised 45 % by weight of an H type silicalite, 30 %

by weight of SiO,, and 25 % by weight of kaolinite.

15
Reference Example 14: preparation of catalyst (N)
Catalyst (N) was prepared in substantially the same
manner as in Reference Example 12, except that 10 g of
pyrophyllite "5M" (trade name) was used. The thus ob-
20 tained catalyst (N) had a composition wherein it com-

prised 45 % by weight of an H type silicalite, 40 % by

weight of SiO,, and 15 % by weight of pyrophyllite.

.

Reference Example 15: prepafation of catalyst (0)

25 Catalyst (0) was prepared in substantially the same
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‘'of ethanol, and thereto was further added an aqueous so-
10 lution containing 65 g of purified water and 0.0886 g of
titanium isopropoxide, and 291 g of a 10 % by weight
aqueous solution of tetrapropyl ammonium hydroxide. The
resultant aqueous solution was subjected to a hydrother-
mal synthesis and an after-treatment in substantially
15 the same manner as in Reference Example 1, to thereby
obtain a white crystal. The obtained crystal was cal-
cined in substantially the same manner as in Reference
Example 1, and the resultant calcined product (zeolite)
was subjected to a powder X-ray diffraction analysis as
20 described above.
The X-ray diffraction analysis showed that the cal-
cined product exhibited characteristic peaks at 10.99,
9.87, 3.83, 3.79, 3.73 and 3.69 in terms of the values
(A) of the interplanar spacings (d).

25 Since the abbve-mentioned results of the analysis
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lite (hav1ng an Si/Al atomic ratio of 1000).

Then, catalyst (Q) was prepared in substantially
the same manner as in Reference Example 3 except that,
instead of the H type silicalite, the above-obtained H
type ZSM-5 zeolite (having an Si/Al atomic ratio of
1000) was mixed with kaolinite "ASP072" (trade name) and
a high purity silica sol, and that the calcination tem-
perature was 600 °C. The thus obtained catalyst (Q) had
a composition wherein it comprised 50 % by weight of an

H type ZSM-5 zeolite (having an Si/Al atomic ratio of

1000), 25 % by weight of SiO, and 25 % by weight of kao-

linite.

Reference Example 18: preparation of catalyst (R)

A B type zeolite "CP814B-50" (trade name; manufac-
tured and sold by Zeolyst International, U.S.A.; the
zeolite has an Si/Al atomic ratio of 25) was subjected
to a powder X-ray diffraction analysis. The analysis
showed that the zeolite exhibited characteristic peaks
at 11.58, 6.56, 4.16, 3.94 and 3.01 in terms of the val-
ues (A) of the interplanar spacings (d).

On the other hand, in U.S. Patent No. 3,308,069, it
is shown that, in a powder X-ray diffraction pattern of

a B type zeolite, a B type zeolite exhibits characteris-
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109%& ()-0 0.1 and 3.0 * 0.1 in terms of the (d) values, i.e., the

interplanar spacings (4).
Since the above-mentioned known (4) values of a p
5 type zeolite are well in agreement with the results of
the analysis of the zeolite used herein, the zeolite
used herein was identified as a f type zeolite.
The zeolite was added to a 1 M aqueous solution of
ammonium chloride to thereby obtain a slurry having a

10 solids content of 10 ¥ by weight, and the resultant
slurry was subjected to an ion exchange at 70 °C for 3
hours, followed by filtration and washing with water,
drying at 120 °C for 12 hours, and calcination at 500 °C
for 4 hours, to thereby obtain an H-f type zeolite.

15 Then, catalyst (R) was prepared in substantially
the same manner as in Reference Example 17, except that,
instead of the H type ZSM-5 zeolite (having an Si/Al
atomic ratio of 1000), mixed with kaolinite "ASP072"
(trade name) and the high purity silica sol. The thus

20 obtained catalyst (R) had a composition wherein it com-
prised 50 % by weight of an H-f type zeolite, 25 % by

weight of SiO, and 25 % by weight of kaolinite.

Reference Example 19: preparation of catalyst (S)

25 A ferrierite (zeolite) "CP914" (trade name: manu-
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o )0 o (gadk A drls SRl 7§ kA 0P 107 -0
: Si/Al atomic ratio = 28) was subjected to a powder X-ray
diffraction analysis. The analysis showed that the zeo-
lite exhibited characteristic peaks at 9.38, 5.62, 3.97,
5 3.53 and 3.45 in terms of the values (A) of the inter-
planar spacings (d).

On the other hand, at page 398S of the article en-
titled “"Collection of simulated xﬁD powder patterns for
zeolites”, R. v. Ballmoos and J. B. Higgins ("ZEOLITES",

10 vol. 10, No. 5, June 1990), it is shown that, in a pow-
der X-ray diffraction pattern of a ferrierite, a ferri-
erite exhibits characteristic peaks at 9.58 = 0.2, 5.82
+ 0.2, 4.00 = 0.1, 3.53 = 0.05 and 3.49 + 0.05 in terms
of the (d) values, i.e., the interplanar spacings (d4d).

15 Since the above-mentioned known (d) values of a
ferrierite are well in agreement with the results of the
analysis of the zeolite used herein, the zeolite used
herein was identified as a ferrierite.

The ferrierite was subjected to an ion exchange in

20 substantially the same manner as in Reference Example i8,
to thereby obtain an H type ferrierite.

Then, catalyst (S) was prepared in substantially
the same manner as in Reference Example 17, except that,
instead of the H type ZSM-5 zeolite (having an Si/Al

25 atomic ratio of 1000), the above-obtained H type ferri-
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the high purity silica sol, to thereby obtain the cata-
lyst (S). The thus obtained catalyst (S) had a composi-
tion wherein it comprised 50 % by weight of an H type

5 ferrierite, 25 % by weight of SiO, and 25 % by weight of

kaolinite.

Example 1
The catalyst (A) was compression molded and pulver-

10 ized into particles having a particle size of from 0.5
to 1.5 mm. 1.5 g of the obtained catalyst particles was
filled in a quartz glass reactor (having a length of 40
cm and an inner diameter of 12 mm) for use as a fixed-
bed reactor, and then the inside of the reactor was

15 maintained at 400 °C for 1 hour under a stream of nitro-
gen gas at a flow rate of 200 Ncc/min (wherein Ncc
means volume (cc) as measured under the normal tempera-
ture and pressure conditions, namely, at 0 °C under 1
atm). Then, a reaction was performed under conditions

20 wherein the inside of the reactor was maintained under
atmospheric pressure and at 350 °C under a stream of ni-
trogen gas at a flow rate of 70 Ncc/min, and into the
reactor was fed a raw material solution (which was a
35.7 % by weight cyclohexanone oxime solution in metha-

25 nol) at a flow rate of 8.4 g/hour. The weight hourly
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as determined, based on the weight of the zeolite compo-

’

nent as a most active species). The resultant gaseous
reaction mixture was condensed by passing it through a
5 condenser maintained at about 3 °C, to thereby obtain a
liquid reaction mixture, and the obtained liquid reac-
tion mixture was collected in a trap cooled with ice or
a dry ice ethanol. The obtained reaction mixture was
analyzed by gas chromatography as described above. The
i0 results of the reaction are éhown in Table 1.
The conversion of cyclohexanone oxime and the se-

lectivity for e-caprolactam are calculated as follows:

Conversion (%) of cyclohexanone oxime =
15 [(O - R) / O] x 100

Selectivity (%) for g-caprolactam = [L / (O - R)] x 100

wherein:

O = mole of cyclohexanone oxime fed (mol/hour)

R mole of unreacted cyclohexanone oxime (mol/hour)

20 L

mole of e-caprolactam produced (mol/hour)

Comparative Example 1

Using the catalyst (B), a reaction was performed
under substantially the same conditions as in Example 1.

25 The results are shown in Table 1.
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Example 2
Using the catalyst (C), a reaction was performed
under substantially the same conditions as in Example 1.
5 + The results are shown in Table 1. A comparison between
the results of this Example 2 and the results of Example
1 shows that, when the catalyst is produced using a high
purity silica sol (as in the case of Example 2), the se-

lectivity for the desired product is improved.

10

Comparative Example 2

Using the catalyst (D), a reaction was performed
under substantially the same conditions as in Example 1.
The results are shown in Table 1.

15

Example 3

Using the catalyst (E), a reaction was performed
under substantially the same conditions as in Example 1.
The results are shown in Table 1.

20 The catalyst (E), containing an alumina as a part
of the inorganic oxide, exhibited a selectivity lower
than exhibited by the catalyst (C) containing no alumina,
but the catalyst (E) exhibited an improved mechanical

strength of the catalyst shaped article, as compared to

25 that of the catalyst (C). (For measurement of mechani-
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cal strength, each catalyst was individually compression
molded under the same pressure, into a cylindrical shape
having a diameter of 3 mm and a length of 4 mm. The
hardness of each cylindrically shaped catélyst was meas-
5 ured using a Kiya hardness tester.) That is, the cata-

lyst (E) exhibits an advantageous property for commer-

cial use.

Comparative Example 3

10 Using the catalyst (F), a reaction was performed
under substantially the same conditions as in Example 1.

The results are shown in Table 1.

Example 4
15 Using the catalyst (G), a reaction was performed
under substantially the same conditions as in Example 1.
The results are shown in Table 1.
The catalyst (G) exhibited a selectivity lower than
exhibited by the catalyst (E), but the catalyst (G) con-
20 taining a larger amount of alumina, exhibited a further
improved mechanical strength of the catalyst shaped ar-
ticle, as compared to that of the catalyst (E). (The
hardness of each catalyst was measured in substantially
the same manner as in Example 3.) That is, the catalyst

25 (G) exhibits an advantageous property for commercial use.
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Comparative Example 4

Using the catalyst (H), a reaction was performed
under substantially the same conditions as in Example 1.

5 The results are shown in Table 1.

Example 5

Using the catalyst (I), a reaction was performed
under substantially the same conditions as in Example 1.

10 The results are shown in Table 1.

Example 6
Using the catalyst (J), a reaction was performed
under substantially the same conditions as in Example 1.

15 The results are shown in Table 2.

Example 7

Using the catalyst (K), a reaction was performed
under substantially the same conditions as in Example 1.

20 The results are shown in Table 2.

Example 8
Using 1.50 g of the catalyst (L), a reaction was
performed under substantially the same conditions as in

25 Example 1, except that a 35.7 % by weight cyclohexanone
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oxime solution in ethylene glycol monomethyl ether (raw
material solution) was fed to the reactor at a flow rate
-0of 8.4 g/hour and that the flow rate of nitrogen gas was

changed to 106 Ncc/min. The weight hourly space veloc-

1 1

ity in the reactor was 2.0 hour =~ (4.5 hour ~, as
determined, based on the weight of the zeolite component

as a most active species). The results are shown in Ta-

ble 3.

Example 9
Using the catalyst (M), a reaction was performed
under substantially the same conditions as in Example 8.

The results are shown in Table 3.

Example 10
Using the catalyst (N), a reaction was performed
under substantially the same conditions as in Example 8.

The results are shown in Table 3.

Example 11

Using the catalyst (0), a reaction was performed
under substantially the same conditions as in Example 8.

The results are shown in Table 3.

Example 12
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Using the catalyst (P), a reaction was performed

under substantially the same conditions as in Example 1.

The results are shown in Table 4.

5 Example 13

Using the catalyst (Q), a reaction was performed
under substantially the same conditions as in Example 1.

The results are shown in Table 4.

10 Example 14

Using 1.2 g of the catalyst (R), a reaction was
performed under substantially the same conditions as in
Example 1, except that a 9.0 % by weight cyclohexanone
oxime solution in l-hexanol (raw material solution) was

15 fed to the reactor at a flow rate of 4.4 g/hour and that
the flow rate of nitrogen gas was changed to 20 Ncc/min.

The weight hourly space velocity in the reactor was 0.33

1

hour™ (0.66 hour'l, as determined, based on the weight

of the zeolite component as a most active species). The

20 results are shown in Table 4.

Example 15
Using 1.5 g of the catalyst (S), a reaction was
performed under substantially the same conditions as in

25 Example 1, except that a 5.0 % by weight cyclohexanone
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oxime solution in l-hexanol (raw material solution) was

o1

fed to the reactor at a flow rate of 5.0 g/hour and that

the flow rate of nitrogen gas was changed to 50 Ncc/min.

The weight hourly space velocity in the reactor was 0.17
5 hour™ (0.33 hour}, as determined, based on the weight

of the zeolite component as a most active species). The

results are shown in Table 4.

Example 16

10 The H type silicalite obtained in Reference Example
1 was compression molded, followed by pulverization.
From the resultant particles, particles having a parti-
cle size of from 0.5 to 1.5 mm were collected to obtain
a catalyst comprisgd only of a zeolite. Using the thus

15 obtained catalyst, a reaction was performed under sub-
staﬁfially the same conditions as in Example 1, except
that a 35.7 % by weight cyclohexanone oxime solution'in

/ ethylene glycol monomethyl ether (raw material solution)

was fed to the reactor at a flow fate of 4.2 g/hour and

20 that the flow rate of nitrogen gas was changed to 53
Ncc/min. The weight hourly space velocity in the reac-
tor was 4.0 hour'l, as determined, based on the weight
of the zeolite component as a most active species. The
concentration of cyclohexanone oxime in all gases fed to

25 the reactor was 7.0 % by volume. The results are . shown
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Comparative Example 5

Using 0.375 g of the same catalyst as used in Exam-
5 ple 16, a reaction was performed under substantially the
same conditions as in Example 1, except that a 35.7 % by
weight cyclohexanone oxime solution in l-propanol (raw
material solution) was fed to the reactor at a flow rate
of 4.2 g/hour and that the flow rate of nitrogen gas was
10 changed to 49 Ncc/min. The weight hourly space velocity
in the reactor was 4.0 hour"l, as determined, based on
the weight of the zeolite component as a most active
species. The concentration of cyclohexanone oxime in
gas all gases fed to the reactor was 7.0 % by volume.
15 The results are shown in Table 5 and Figs. 1 and 2.

The present Comparative Example was performed under
the same conditions as in Example 16, so as to compare
the method of the present invention (which uses the
polyhydric alcohol derivative) with a method using a

20 monohydric alcohol having the same number of carbon at-

oms as in the polyhydric alcohol derivative used in Ex-

ample 16.

Example 17

25 Using 0.375 g of the same catalyst as used in Exam-
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ple 16, a reaction was performed under substantially the
same conditions as in Example 1, except that a 45.0 % by
weight cyclohexanone oxime solution in ethylene glycol
monomethyl ether (raw material solution) was fed to the
reactor at a flow rate of 3.3 g/hour and that the flow
rate of nitrogen gas was changed to 57 Necc/min. The
weight hourly space velocity in the reactor was 4.0

hour™, as determined, based on the weight of the zeo-

lite component as a most active species. The concentra-

tion of cyclohexanone oxime in all gases fed to the re-

actor was 6.9 $ by volume. The results are shown in Ta-

ble 5 and Figs. 3 and 4.

Comparative Example 6

Using 0.375 g of the catalyst same as used in Exam-
ple 16, a reaction was performed under substantially the
same conditions as in Example 1, except that a 45.0 % by
weight cyclohexanone oxime solution in a mixed solvent
of an alcohol (27 % by weight of methanol) and an ether
(73 % by weight of methyl-tert-butyl ether) (alco-
hol/ether molar ratio = 1:1) was fed to the reactor at a
flow rate of 3.3 g/hour and that the flow rate of nitro-
gen gas was changed to 54 Ncc/min. The weight hourly

1

space velocity in the reactor was 4.0 hour *, as deter-

mined, based on the weight of the zeolite component as a
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most active species. The concentration of cyclohexanone .

oxime in all gases fed to the reactof was 7.2 % by vol-

ume. The results are shown in Table 5 and Figs. 3 and 4.

The present Comparative Example was performed under
5 the same conditions as in Example 17, so as to compare
the method of the present invention (which uses the

polyhydric alcohol derivative) with a method using a

(1:1 by mole) mixed solvent of a monohydric alcohol and
an ether.

10

Example 18
Using 0.375 g of the same catalyst as used in Exam-
ple 16, a reaction was performed under substantially the
same conditions as in Example 1, except that a 20.0 % by
15 weight cyclohexanone oxime solﬁtion in ethylene glycol
monoethyl ether (raw material solution) was fed to the
reactor at a flow rate of 7.5 g/hour and that the flow
rate of nitrogen gas was changed to 42 Ncc/min. The
weight hourly space velocity in the reactor was 4.0
20 hour'l, as determined, based on the weight of the zeo-
lite as a most active species. The concentration of
cyclohexanone oxime in all gases fed to the reactor was

6.9 % by volume. The results are shown in Table 5.

25 Comparative Example 7
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Using 0.375 g of the same catalyst as used in Exam-
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ple 16, a reaction was performed under substantially the
same conditions as in Example 1, except that a 20.0 % by
weight cyclohexanone oxime solution in 1l-hexanol (raw
5 material solution) was fed to the reactor at a flow rate
of 7.5 g/hour and that the flow rate of nitrogen gas was
changed to 44 Ncc/min. The weight hourly space velocity
in the reactor was 4.0 hour"l, as determined, based on
the weight of the zeolite component as a most active
10 species. The concentration of cyclohexanone oxime in
all gases fed to the reactor was 7.0 % by volume. The

results are shown in Table 5.

Examgle 19

15 This Example provides an example of the process for
pPreparing the catalyst for use in a fluidized-bed reac-
tion, and an example of the fluidized-bed reaction.

To 2,370 g of sodium silicate (grade: JIS Special-
No. 3) (manufactured and sold by Fuji Chemical Co., Ltd.,

20 Japan; SiO; content = 25.2 % by weight, Al,03; content =
0.01 % by weight, and Si0,/Na,O0 molar ratio = 3.3;
strongly basic) were added 3,570 g of purified water and
300 g of a sulfuric acid, and the resultant mixture was

thoroughly mixed while cooling with ice, and thereto

25 : were further added 500 g of kaolinite "“ASP072" (trade
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15

20

25

name) and 900 g of an H type silicalite. The resultant
mixture was stirred for 1 hour by using a homogenizer at
5,000 rpm, to thereby obtain a slurry. The obtained
slurry was spray dried by using a spray dryer (“Mobile
Minor™; manufactured and sold by Niro Japan Co., Ltd.,
Japan) to thereby obtain a dried catalyst precursor pow-
der. The spray drying was performed by using a two-
phase nozzle under conditions wherein the inlet and out-
let temperatures of the dryer section of the apparatus
were 250 °C and 100 °C, respectively, and the slurry
feeding rate was 2 kg/hour. Part of the thus obtained
dried catalyst precursor powder was dried at 110 °C and
then added to 1 M aqueous solution of nitric acid to
thereby obtain a slurry having a solids content of 10 %
by weight. The resultant slurry was méintained at 25 °C
for 1 hour, followed by washing with water, drying at
110 °C for 12 hours, and calcination at 600 °C for 5
hours, to thereby obtain powdery catalyst (T). The thus
obtained catalyst (T) had é composition wherein it com-
prised 45 % by weight of an H type silicalite, 30 % by
weight of SiO;, and 25 % by weight of kaolinite. The
powdery catalyst (T) was composed ma;nly of spherical
particles having a particle diameter within the range of

from 50 to 100 pm, as observed under an optical micro-

scope.

~F  10988&8& ()-/~F
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The catalyst (T) had an attrition index (I.D.) of
0.2 % by weight, as measured by the above-mentioned
method. That is, the catalyst used in the present in-
vention exhibits an extremely high attrition resistance,
5 and has practical morphology and mechanical strength
which are suitable for use in a fluidized-bed reéction.
40. 0 g of the obtained catalyst (T) was filled in
a quartz glass reactor (having a length of 60 cm and an
inner diameter of 25 mm) for use as a fluidized-bed re-
10 actor, and then the catalyst was fluidized at 350 °C for
1 hour under a stream of nitrogen gas at a flow rate of
393 Ncc/min. Then, into the reactor was fed a 35.7 % by
weight cyclohexanone oxime solution in ethylene glycol
monomethyl ether (raw material solution) at a flow rate
15 of 30.8 g/hour, to thereby perform a reaction under at-
mospheric pressure. The weight hourly space velocity in

1

the reactor was 0.27 hour ' (0.61 hour ', as determined,

based on the weight of the zeolite component as a most
active species). The results of the reaction are shown
20 in Table 6.

The results of Example 19 show that when the method
of the present invention (in which a solid acid catalyst
having a specific composition is used and/or a rear-
rangement reaction is effected in the presence of a spe-

25 cific polyhydric alcohol derivative) is used to perform
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a fluidized-bed reactioh process which is the preferred
mode of process in the present invention, the catalyst
exhibits excellent performance as in the case where the

method of the present invention is used to perform a

5 fixed-bed reaction process (Examples 1 through 18).
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4.5 hour

The weight hourly space velocity (W.H.S.V.) of the feedstock in

the reactor (as measured based on the zeolite):
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10"10"10" 3 6#¥beﬁdﬁ'dé§1vat1ve represented by the follow1ng formula:
Rl—O-Rz-OH
5 wherein:
R1 represents a C;-Cs alkyl group
or a phenyl group, and

R2 represents a C;-Cs alkylene group.

10 12. The method according to claim 11, wherein said

solid acid catalyst is a zeolite or a zeolite-containing

catalyst.

13. The method according to claim 12, wherein said zeo-
15 lite is at least one member selected from the group con-
sisting of an aluminosilicate héving an Si/Al atomic ra-
tio of 10 or more, a metallosilicate having an Si/metal

atomic ratio of 10 or more and a silicalite.

20 14. The method according to claim 12 or 13, wherein

said zeolite is an MFI zeolite.

15. The method according to any one of claims 11 to 14,

wherein said polyhydric alcohol derivative is at least

25 one member selected from the group consisting of ethyl-
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wherein said polyhydric alcohol derivative is ethylene

glycol monomethyl ether.

17. The method according to any one of claims 11 to 16,
whergin said rearrangement reaction of said cyclohexa-
none oxime is performed under conditions wherein the re-
action temperature is from 200 to 500 °C, the reaction
pressure is from 0.01 to 1 MPa, and the weight hourly
space velocity of said cyclohexanone oxime is from 0.01

to 100 hrl.

18. The method according to any one of claims 11 to 17,
wherein said rearrangement reaction is performed by the

fluidized-bed process.

19. The method according to any one of claims 11 to 18,
wherein a part of the catalyst used in said rearrange-
ment reaction is continuously or intermittently with-
drawn from a reactor for said rearrangement reaction,

whereupon the withdrawn catalyst is regenerated in an
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