; e3eFF| 6TnB TI TLE OF THE | NVENTI ON 5 Met hod for producing e-caprolactamll|
*159159* BACKGROUND OF THE | NVENTION Field of the Invention The present
invention relates to a nethod for pro 10 15 20 ducing a; - caprol act-am-f rom
cycl ohexanone oxinme, the E caprol actam being useful as a raw material for

produci ng nylon 6. Mre particularly, the present invention imwmﬁﬂﬂmmmﬂmm
with a nethod for produci ng 8-caprol actam flrom cycl ohexanone ! in
the nethod includes the following first or second aspect: in the st
aspect, the nethod conprises contacting cyelohex q?n oxime with a specific
solid acid catalyst in the gasedﬂggéﬁégélﬁéiéﬂﬁggliaiiearrangenent reaction
of the cycl ohexanone oxine, to thereby produce s-caprol actam in the
secand aspect, the n%‘?%?idc%‘?ﬁ)r?%‘é%u?d}é)éﬁﬁaIP&oé?EIt&H‘exanoneJmmMWML
solid acid catalyst in the gaseous phase to effect a rearran n

of the cycl ohexanone oxinme, wherein the rearrangenent reaction is1®efstrected

in the presence of a specific & %ﬁ % 'CO§I%%E0INQENE% hive, to thereby
produce s-caprol actam The neé%e3—eé—@?e—ﬁ%eseﬁg—Fﬁveﬁéron i s advant ageous
not only.in that,esgcapro t : produced with high 25 selectivity and
in high ?ield) 1818208 OLAS SR B¢ 2 catal yst used in the nethod of the

present i nventi on cag,be,shaned 1@ gl A% FAle Y IO EILpdq @

comerci al process, and s excellent nechanical strength,

cat al yst can be for varli ens i I Ssgs.. such as

t hose pr ocessesdﬁélf%% g‘f?@?&%@% g%i%ﬂoﬁcgoﬁ%%gﬁo%e%d-%ﬁéﬁ r'egtglteor% and a
novi ng- bed reactg@profRdthienefi @l ¥ysdseAMasl S0rHp M { O ForF GRS ing
process which is performed for a long tine while frequently repeating a
cycle of reactigpiends 10 Matalpssit 1cR0RARAL ithR pHededftOlifwvenita ofetilkod of
the present invention is advantageous for producing scaprol actam stably for
a long tpme. Dreonéefned WOt £aRE OGS LAER | Srddevih @S -Jappe1RiRinY from

i nportant key chemical material for use in producing various chenica
products, such agchyhesafoné\opimseniheraimretice ahe thediuoi¢ uded the
e-caprolactamis mainly perfornmed using a nmethod which conprises contacting
cycl ohexanone 2fobdXowkngi fhrah ot esecaad aaypecti ., tHanfigstswspectc, aci d)
in the liquid phase to effect a rearrangenent reaction of the cycl ohexanone
oxi me, to therebyjepnethcé Ecmpribsesterntidoivbvergytholexandne gobes piidbl ens
in that a |large anount of ammonium sulfate is generated as 25 a by-product,
and that the reacsbpenifippasali® acidorataBysbdinl Bye trsedesiphadresko

probl ens _have not yet been solved. On the other hand, with respect to a

met hod £8r prodeEfagtsachpRrbr aRGeMen WFeRCELPDr o5 ekhe Rl ke Ione

cycl ohexanone oxinme with a solid acid catalyst in the gaseous phase, there
have been a | arg8inanbEp bBhepebpoRTraface BrSaRANaS thlpaiis dPdihentsec-

Appl i cation Laid-gpen Speci fjcation &b. Sho, 57- 139062 {corres diqg to
U.S. 10 Patent RBY 25B8ST42%5He feERQL eLOBPTEEAYCPR 2T bR cFHyoRexa-

E- caprol act am by using. a zeoL'te as.the splid cid atalyst, wherein the
zeol I te has a SHPTEaPRiif: RAthati Bob1T 12969 SRFEIERY ' GUrS JATRCT ndex i n
th f f tp 1 ' [ i d
15 ot her spec { BRe5e\Foc8rrPEE = (renirfidendy Sl S S FRLI 6"
N R e §i ! b ) i P No.
4700, 03 i sc5eanbll, BRumehtuhercss, Dle [FEREEERORRLRD T Eattion L CN

crystalline zeokkkgcta ?gﬁsEhé%iﬂ@%&?c aéfaa_cgﬂééi_f’iwt}?é, tficthe range

of from1l to 12, and as an S atomc ratio o or nore and an

external acid ag9885°itng?“nge?9ft@C%ﬁgfﬁﬁi5§f°&§§§”§“3$5¥5féa% ysta

surface) of 5 ~ equivalent/g or Tess. of these nethods have

a comon disad 4 VoRLagEtRSESEE Bile I SOhE USPeRtidheidenltdRrdgbbed IS
the active species) as a catalyst. In the comercial scale practice of a

gaseous phase rgget bRy PiACEASt Usl dkb b Pl drh e lvd Ytoadded SyM hyh
seldomto use a zeolite alone as a catalyst. Rather, in nost cases, a

zeol i tezbs usedseletbevieymapll anshagedyaeldcl subaxlsg an BRp@tophéate

nor phol ogy, which is obtalined by shaping a m xture of a zeolite with a
conventional binder, such as a silica, a silica-alumna, or an 10 al um na.
This is because a zeolite is polycrystalline and, hence, is very difficult
to shape into a desired norphol ogy. However, when a rearrangenent reaction
of cycl ohexanone oxime for producing ~-caprolactamis perfornmed us 15 ing

t he above-nentioned zeolite in the formof a shaped article obtained by
shaping a mxture of the zeolite with a conventional binder, such as a
silica, a silicaalumna, or an alum na, there arises a problemin that,
since those conventional binders are not inert to a re 20 action system for
t he above rearrangenent reaction, the binders pronote side reactions (e.g.,

T L v Y L T T e T o, o o



10 in the gaseous phase, in which the rearrangenent reaction is effected in
the copresence of a zeolite as a catalyst and a specific conpound. For
exanple, EP 0 380 364 Al discloses a nethod in which a gaseous phase
reaction to produce E-caprolactam 15 from cycl ohexanone oxinme is effected
in the copresence of a solid acid catal yst and a conpound represented by
the following fornmula: RL-O-R2 (wherein Rl2represents a | ower al kyl group
whi ch may be substituted with a fluorine atom and R2 represents a hydrogen

e S SR RO 2, T
S SIS Y oS B Ay L
1, T oo it SR O SOy SR AL o
100, a morden (2 3E0A1Te BafAs (R Bk SLeft SRS GB R MBI,

t he presgnce of i i i S 9%% ns.
Home\e_er , §wi th r%%gaec t?ga%%e?g%%%n%én%%gn%ﬁ %g en%E d%g%%e‘r#s |%%1so _
describe the UsgsphgdaSPegbdled HRAUIEL 10, | 1 EOIDISRIMEN ddtdk 2604 I ©)

all of these patent docu nents use a zeolite alone as a catalyst and have

no description pbeiglhea UsCalfof, CM@! M8d EatdNPst Abdn o1 Macid&dl 1y
useful shaped article obtained by shaping a zeollite using an appropriate

binder. 15 Furthef, al PeREBLEA CHAGCEES W OEKICLS Ope PEofnd@RF &Y aLt BERPY the
rearrangenment reaction of cyclohexanone oxinme, 1n nost cases, a carrier gas
is used for factiméakhile!heegodrory Pepdeeinghe cpyldadLeriddc@ish tdrea
catalyst. In the actual process, it is necessary to 20 separate the carrier
gas uselloi n t hecataTysONrégoOnetdei apoVandasmomsd thetidfthodc eFpamwed (such
as an ether conpound and/or a |ower alcohol) used in conbination with a
zeolite. Howevepreybet ffivehbesn COSPOINEN BAGKSls af bHVWeFodhcAbg cdhol are/is
used, there arises a problemin that such 8 conpounds generally have a

| ow boi li ng poisaprebacham stabky didf iaculang cteparate the carrier gas from
t he conpounds. On the other hand, when a higher alcohol is used, 5 there
arises a problemin that a higher al cohol gener ally has too high a boiling
point which is close to the boiling point of cyclohexanone oxine, so that
it is difficul tPEioEedrtate the cycl ohexanone oxi me fromthe higher

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

i nvent ot8 have nade ®&Ganrahactan lisntewesiny @ ssandiesd nemel va ippewtaswar d
devel opi ng a net hod for groducin E- caprol actam by con 15 tacting

cycl ohexanone oXFHeChPPHcal SBREGEERT of @Bt 3F§stn i PERPRCHRS stREL Pidise to
effect a rearrangenent._reaction of t%@ cycl ohexanone .oxi ne, ich nethod is
frectrom the OUORTRRR PERAUCHS obPErE SR BRBSnal o AT AR i GO o
be used for stably. and ff'cient%y produci ng E 20 caprql acta inl& h yield
for a long tineCiad REPRUGHLOR; ot e P to bt TORIEY, s
objective can b ttaj . pet i Si cli anone
oot o i theasornd 4 ahaetlody s IR QGG EPIBE SOREEEINGTE dfohytanize

[ear anggent ! fiie 241 LANAAT o1 DenCugt olp¥ANeRC X! P beL ] Autfie ol | d

9 acid catalyst Is produced by calcining a drle%'c precursor, the

cat al yst preCUfé@idfoﬂHr%ﬁéngi&ui&?%ﬁéée foCi¥Btat! hnpestAYndemER gl rand at

| east one substance sel ected fromthe group consisting of an I norganic

oxi de and a CO”EB‘:'{‘QnV‘Q%P’Ehé%i%l&ﬂ&xéﬂ&ﬁ&ag £m@Xi g5 P%efé‘ﬂ;x‘}ipfl 008 ¢-

wherein the inorganic oxi de conhprises an oxide of at ast one el enent

sel ected from t BepgbDEELEANSI W O 1o BTN hdie| HE N B rigbiE@niips 4, 13
and 14 of the Periodic Table (the "Periodic Table" nmentioned herein is 10
that prescribedthatt 8e1afdCanbaher 68t annehitiii 86104tEULIE goflerRPEd EEs
Chem stry) nonenclature system (1989)) and wherein the inorganic oxide is
ot her than oxi desbgoptadied, i ana@ thy st ehéi nea&biohi Appacatedl isecand the
crystalline clay mneral. Based on this finding) the 15 present invention
has been conpleted. The present inventors have also found that, by a
specific nethod for producing e-caprolactam in which the above-nentioned
rearrangenent reaction is effected in the copresence of a solid acid
catal yst and a spe 20 cific polyhydric al cohol derivative, the deactivation
of the catalyst can be prevented and the selectivity for ~caprol actam can
be i ncreased. The above-nenti oned specific nethod conprises contacting
cycl ohexanone oxime with a solid acid catalyst in the gaseous phase to ef
25 fect a rearrangenent reaction of the cycl ohexanone oxine, 10 wherein
t he rearrangenent reaction is effected in the presence of a polyhydric
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In a second aspect of the present invention, there is provided a nmethod for
produci ng e-caprol actam which conprises contacting cycl ohexanone oxi ne
with a solid acid catalyst in the gaseous phase to effect a rear 5
rangenent reaction of the cycl ohexanone oxinme, wherein the rearrangenent
reaction is effected in the presence of a polyhydric al cohol derivative
represented by the follow ng fornula: R1-03R2-OH (wherein: Rl represents a
Cl-C5 al kyl group or a phenyl group, and R2 represents a 10 C2-C5 al kyl ene
group). For eas nder st andi ng_ of t% present .i nventian he essenti al
features and va%?%%g %?e?%?r%é%%%bo %ﬁgﬁtggg%lfﬁg %ngeﬁ kiX9§n§§8H are
enuner at ed bel o 1. A nmethod for producing e-caprolactam which com
prises contacting cyclohexanone oxine with a solid acid catalyst in the

gaseous phase to effgct r NEENENt, i qhg&p ne
oxime, the solid acig c%l?%lcgéiéﬁel ng 'p?%lﬁggdé%%a!%q% % a gl’l ed

catal yst precur 3gka, L eq CAAl Yol LRI S011 SODRLISIAL BonealdliGy @
crystalline clay mnéeraf and - at 1 east ‘one substanceé sél ecte romthe group

consistigg of a0yt NOhGRENENOX£ AN th GO TIOLIY! g &ML i 14 Oari ©

oxi de by cal ci I on, ereln the inorganic ox 25 1de conprises an oxi de of
at least one el gaedbusehresed thdid THAM Wik drP U Hiutigdld G BRSPS
bel onging to Groups 4, 13 and 14 of the Periodic Table and wherein'the

i norgani c oxi deai§, ot her than oxides contained in a crystalline formin the
zeolite and the crystalline clay 5 mneral. 2. The nmethod according to item
1 above, wherein theygégamiged Syddar&ns e Hreh trenpiari sl i ehifd-@pdhe group
consisting of an alum nosilicate having an Si/A atomc 10 ratio of 10 or
nore, a mnetall ospécihleabbyn Ngo anstis /3Tei B3 9@ Dnicormdspomiink ty Unge and a
silicalite. 3. The nethod according to item1 or 2 above, wherein the

zeol itelDs an MratemblNbde. 4 1559, 4The deddibnk e comitigpd of anypxytuaing tens 1
to 3 above, wherein the zeolite is at | east one nmenber selected fromthe
group consi sti ng- cdprolddiansityl ealinige aarzéod iZ8Mas zhel sbeid2@cid €heawet hod
according to any one of itens 1 to 4 above, wherein the crystalline clay
mneral is at |&@st. ovkeneibethectexlicte fhasn a el roufalbungiastiaiglaofofy
kaolin mneral, a talc, a nontnorillonite and a pyrophyl 25 lite. 14 6.
The net hod accotdi @ meramidie Mataintl infex dhotdie wianas % tfeom 1
inorganic oxide is_at |east one nenber selected fromthe group consisting
of a silica, a Bosi?icRamelivii Hee arPhhtalifidy of FRHE heted e ding to
any one_of itens 1 to 6 above, wherein the anmount of the crystalline clay

mi neral 1Pn the QFRreH BREGHEEF PP cEBLLIT8S- from 5 to 50 ~ 10 by wei ght,
B A o L AT ™
e conat o 1:5BeRAERERR o il o8 (3o 100 [ AEE RS 8 Spove,
wherein the r eaﬁéﬁﬁﬂ?”ﬁ&t t{]e%éi 4 Pfd%%&&y&% ohexano : O%&%%r#%:% or med

under conditions erern e reaction nperature 1S C, the

reaction 20 preé_égﬁ%éiéé{éﬁnﬂ@'gii g h ¥E§§¢§3§55?§5%§8qﬁ% %%%éh¥?%pace

velocity of the cy exanone-“oxXine = s he met hod

accordipg to anyn0Bk Rsi L€8Endt1£i St 2Dn@0RVEn WRET LANyd NSt reddH apgesrent
reaction is perforned 15 by the fluidized-bed process. 10. The net hod

according to any20ngn@f whi&ishds t&n SSAPOY eat MMEE Skt fo NS 500 dhamsad al yst
used in the rear s rangenment reaction is continuously or intermttently

wi thdrawn from andeast extéphal heci@asmangenethie I e@nbeONof VIEL ELP Ot tdie
w thdrawn catalyst is regenerated in an at nosphere of oxygen-contai ni ng gas

or an inert gasegb3d8gvéfCohCORECERY SCaras@tFSte ) Sof € Ui NG ivalidier f §att or .
10 11. A nethod for producing e-caprolactam which conprises contacting
cycl ohexanone oxés®.with a solid acid catalyst in the gaseous phase to
effect a rearrangenent reaction of the cycl ohexanone oxine, the
rearrangsnment 15 readdwevebei all ebf echiesk imetihed priesence edmmeorpod ydudh i ¢
al cohol derivative represented by the followi ng formula: Rl-O R2-OH
wherein: Rl represents a C--C5 al kyl group 20 or a phenyl group, and R2
represents a C2-C5 al kyl ene group. 12. The nethod according to item 11
above, wherein the solid acid catalyst is a zeolite or a zeolite-containing
25 catal yst. 16 13. The nethod according to item 12 above, wherein the
zeolite is at | east one nenber selected fromthe group consisting of an
alum nosilicate having an Si/Al atomic 5 ratio of 10 or nore, a
netallosilicate having an Si/netal atomc ratio of 10 or nore and a
silicalite. 14. The method according to item 12 or 13 above, wherein the
zeolite is an MFl zeolite. 10 15. The nethod according to any one of itens
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15 the regenerated catalyst is returned to the reactor. Hereinbel ow, the
present invention is described in detail. In the nethod according to the
first aspect of the 20 present invention, it is required that a solid acid
cat al yst be used, wherein the solid acid catalyst is produced by cal cining
a dried catal yst precursor conprising a zeolite as a first conponent, a
crystalline clay mneral as a second conpodAent, and, at |east one 25
substance as a third conponent, selected fromthe group 18 consi sting of

an i norgani ¢ oxide and a co und whi ch forns the _ i norgani.c oxide by

cal ci natgi on, whEHEi3E® h@?ﬁ&é’n%%ﬂ%& i ddhenfesyiidE ﬁw%cq )éﬁst one
el enent selected fromithe qgrou onsi stin f elenments be 5 longing to
Groups 4, 13 an elf%trl‘f%é%cﬁp‘?fg)l (?Sl'%lceaqéaﬁé' 'erein the inorggnig oxi de
is other than oxi desIncqirLteai ned in.a.crystalli netform ifn t he zeoli t% and t he
crystalline clay m reral. foomerﬁ?rloa\}i r%’atll‘?e psﬁ‘?é"p&tﬁeﬁ i% yaar%?sﬁé)é]ﬁarﬁ 3% 10
strength of th ol .l i talyst, in itio ahqve- t.ioned
component o ner ST EPE SR CEE Wia o A e S o S HEN ey
further gontai iti I t jde, ol agpunt
of from% to 5ns~ y&qwcei':'%hl?%@b%gé;éﬁgiﬁhaelﬁ%c%@\%k?cgﬁﬁ% 1'11'5 F Lﬁlghg fu'r’ st,

second and thi i, COMPANN! % Yed DAL LLAA oY AR S Pidifipd the

calcination. The zeolite as a first conponent of t cat al yst

precursor is a Doy e HARA |dd G ddhala MGGy | SastorP g rgyer
selected fromthe group consisting 20 of an alum nosiTicate, a

netal | osilicat et ybd tﬁ%'éhe&i’iﬂé & mhiGirarse defided felpwn RIrddiffent he
zeolite as defined in the present invention al so enconpasses a porous
crystalline phosphed® dsildr ASsuAP@D Hrsi9ARKA 119 diaMi g Subsitmnt icy lan t he
same structure as that of a 25 zeolite. 19 The alum nosilicate as defined
in the poesent anweitia ON Thd sa iGOMeedneeC anieodad emiisnby 19t rySit@4)14neni t s
and (A104)5 units (hereinafter, both of the units are frequently referred
to as "T04" whiad rgearsce, tid rveayleli¥ Mifcull attom dimpengiretd et radweidread
structure with an oxygen atom positioned at each apex of the tetrahedral
structure), whenerphebwdy .04 unit shares the four oxygen atons at the
apexes with the four neighboring TO4 units, so that the TO4 units are

t hr ee- di nensi onal | y Hsoretesr t o'l feormparmangament Teaarhot df icyPetexs, and
the di aneters of openings of the pores of the crystal are in the range of
from about 0.4 amorebowting: 8 ommpiddisciory st-alaphnedacatems iss penfolreed s -
sieve. The netallosilicate as defined in the present in 15 vention has
subst antPal | y t¥Rg s R EInentiangd saeukkis cimsthadio qhe shaped

alum nosilicate, except that the crystal structure of the netallosilicate
further conpri st BRI PHhARGRERE et X E %A U Hete t3Rftide and Al
atons as the T atqoqm_ Exanpl es, of llepé)ther 20 netal atons include titanium

(Ti) . boron (B)YIibF FANTENCioNAL RAEET g ITRMT ) i bmd (T 33C%obal t

(Co), zirconium{Zr)._ vanadium ._copper_(Cu ni obi um.(Nb) and_.beryllium
(Be). Anobng t heas]éfm %arL ’onmf I§n iasjg \% n%’ené?ea]# yagriesg%ﬁ aaeop%c’séi}rgne ) t;heﬁzo\/vever ,

| attices 20 otiiFe HEfs MenTRIERIEY A MR St e Y Y
definedypn the DLERGN | WaTLAN hae SRL ALAALLY Lhs SaTB PO QS Gystal

structure as that o cate, except that the cryst

structure of tr@ié&éf&%férﬁoP@rM&éeﬁ%Mﬁé‘tééléY, N0 JOA S tr haygng Al

atom or any of the above-nentioned other netal atons as the T atom™ but

conpri ses only JRdausi 5 A6 ARVA NGl Sin P OPR@S & 1Wead A 0486 L POT OUS

crystalline phosphate as defined in the 10 present invention is ‘conprised

mai nl'y of (ALO4gotied Sn@nehd POARE anitise V&Y SF CaddandOdediy tSedict he

porous crystalline phosphate. In the porous crystalline phosphate, (A104)5
units and (PO4)ZhgMKes @é@ai’@@ﬁ@%é@i@fﬁﬁr%hﬁ&et@eiéﬁm@ity for e- _

t hree-di nensi onal crystal structure. 1571 n general, the porous crystalline
phosphates are csdprdesctarly referred to as "AlPO4-n" (wherein nis a
positive integer and shows an identification nunber which is generally used
for identifying the type of a porous crystalline phosphate, according to
the crystal struc 20 ture). Anong the porous crystalline phosphates each
containing (A104)5 units and (P04)3 units, those which further contain T04
units having an Si atomas the T atomare referred to as "SAPO n" (wherein
nis a positive integer and shows an identification nunber which is 25
generally used for identifying the type of a porous 21 crystalline
phosphat e, according to the crystal structure), and those which further
contain TO4 units having any of Ga, My, Mh, Fe, Co, Zn and the like as the
T atomare collectively referred to as "MeAPO'. The porous 5 crystalline
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are described in "An Introduction to Zeolite Ml ecul ar Sieves", A Dyer)
pp. 12-37, U K , 1988. Anong the above zeolites, it is preferred to use a
20 silicalite, a ZSM5 zeolite, a titanosilicate, a boro silicate, a ~ type
zeolite, and a ferrierite zeolite, and it is nore preferred to use a
zeolite having an MFI type structure, such as an MFI type silicalite, a
ZSM5 zeolite or an MFI type titanosilicat®. 25 The term"M-I" is an | UPAC
code name used for de 24 fining the structure of a zeolite. Details on
the structure corresponding to the code nane .are described in "Atlas of

zeolite framework tyiedt axtemdy hogsolye t8iscRropiem.oURexamhpery weier
and D H dson_(2001). 5 The X-ray diffraction patterns of the M| type
ool i tes are SHEARRTIRSF et APHIASE T CRa o 1A My
powder patterns eolites", R v. Ballnoos_ and J. B.__H.gqins ("ZEO.I TES"
Dol 10" o 520 Sts rsimripenonding ToIBrAd Oh2 £33 Al cPEpPaFes
zeolites, there can be nen tinned an MEl type _alum nosilicate having an
SiTAL atomic rat % STEHOI P RS igh R S r PO ST PEACE AW g an
Si/metal . at om tio .of 1000, or re, and.an MET type.silicalite, 15 These
zeol i tes5 may béﬂ‘(c:guzseeo Jttoe_ caa{lrdr ya ﬁ;ﬁg’ c()jéa‘g_ 5 &nlg,an\?aral%%glr?etcaoﬁ]%f)g gl_,ts\lari ous
metal conpounds, and,ihe 'i'é<estlﬁyta%°f%’ef%§' onal sIRLhodS, S m%%ﬁ:a%e'a%rl
exchange net hoda, an I npregnation net hod and an adsor ptionm nethod.” Among

these methods, pyaf erd athdsAN diOR RN, Mo iaRRCT L0 the

type and anount of the which the zeolite 1's caldse carry, there is

no particular lgsddadd Q1 ANGH§ ARG LPHIUEY & 1§ PitIntCaR_RL
appropriately chosen as | ong as no adversSe effect is causéd on the reaction
performed in thgedetdthOfsdd®ARIRIEIN subrlfirdiic Bedine o pRetiiariss
perfornmed by the 25 present inventors, it has been found that, when the
zeoliteips causesl 4 o LY dbEd BPEARY WA visd G @QUR .11 nglaridg -
Periodic Table (i.e., Cu, Ag and Au) by the above-nentioned nethods, such
as an ion exchagpe, efifcted iifre 0f ddigliehisailad ddt AfyH sdaidem pI®oxnged.
Anong these netal atons, Ag is nost preferred. In the nethod according to
the first aspecidef tHbwepeesSemhisnpentees, haxaaplesadiraatygealihi nratl ay

m neral s used as the second conponent include the crystalline 10 cl ay

m neral s as shovhe vedta Xy < themaivad dr aveedsshdwn ben dengluck.edHawhdiliebel ow, an
explanation is made on the clay mnerals used in the present invention. The
follow ng two balfictly teprdumstliing eche produeti®re rcgnsti tapnSi .04 uadt reghedr on
unit having a structure in which four 02 ions are coordi nati on-bonded to an
Si 4+ i oh3 and aH Ag1w¢ ansttdganfeorwiuMisnerdiop #itthectzagad dite wiihets si x OH
or OZ ions are coordi nation-bonded to an Al3+ ion (provided that there is
al so an oct ahedreemihiFoMRAAGRE & Stheu RUARIGELAFhiRIPREFE -A13+ ion in the
AL(OH) 6 octahedron unit is replaced by an 2+ or Fe2+ ion). A sheet
structure conpri si ng’3PaR&feaHatedf @-o@oﬁggﬁ&hé%ﬁ%ﬂ ing & -8

t wo- di i onal ted her. is k "t.et rahedr al
Shaet ") and a 2RI il E RO IRres i (RIHAg B4 G oct a

26 hed i ich - di i [y . d h ;

coonn hean o AHEIaE € A RARNE Ak SO iR O Ll | S
hegral sh | et ,

o hernrg8 ) Sl ANE S AP GG A Sl Al 4'RUhEARY W 2 epia

m nerals are cla Yypes i n accoradance w ayer

structure conpry ]Si_gdt%?t ﬁ_eeet T IS, Jqpclr E-al'rfﬁl “oLis A neral", a
"2:1 clay m neréé}_?é', an af'm xozodt-?lgséédr “?nltr#era % eaaﬂ%_lcjzrl_og mlaner al is a
clay mneral Nayiiges 10 UKL ikl o Gl Sle GIRI SNl | 1Y
of unit |ayers ea conprised of one tetrahedral sheet having connected

C
thereto one octapedsale Slipetne Uids Ll Aalgefal1d s & Gl di gy ak havi ng

a structure (2: ucture) conprising a plurality of unit layers each com
15 prised of ongowsianedigdn Sheal havd il wPnnasted dhey el invrdatiahedral
sheets. The m xed-layer mneral is a clay mneral conprising a conbination
of at |lgast twpthdderantasd @yivedeiwdve Ny ivied oSty udny asings, daseri bed
above. 20 Specific exanples of 1:1 clay mnerals include a kaolin mneral
having a theoretical chem cal conposition of Al2Si 205(CH)4, and a
serpentine mneral having a theoretical chem cal conposition of

My3Si zO5(OH) 9. Exanpl es of kaolin mnerals include kaolinite, dickite,
nacrite, 25 and halloysite containing intercal ated water nol ecul es. 27
Exanpl es of serpentine mnerals include chrysotile, liz ardite, and
antigorite. Specific exanples of 2:1 clay mnerals include pyrophyllite
having a theoretical chem cal conmposition of 5 Al zSi 4010(0OH)2, talc having
a theoretical chem cal conpo sition of My3Si 4010(OH)Z, a snectite
represented by a nontnorillonite, a vermculite, a m caceous clay mneral,

Y ~ oA o -



are a kaolin mneral, pyrophyllite, talc and a nont norillonite. Mre
preferred is a kaolin mneral, and still nore preferred is kaolinite. The
crystalline clay mneral is added primarily for 10 the purpose of inproving
the strength and thermal resis tance of the catal yst shaped article. In
addition, the use of the crystalline clay mneral as the second conpo nent
of the solid acid catalyst in the rearrangénent re action of cycl ohexanone
oxi me for producing E 15 caprolactamin the nmethod of the present inventieon

(hereinafter, the rearrangenent. reaction is referred to sinply as the
present roacti SRLYSE ok ALY ofq RETORE RAVASTY AT HES RKTAAR y

f E- | act d I i t lif f th t.al yst ially f
for &.coprol actan 2 pre Lopal e ihe. ) be AL ne cotal Yol SopSslallY Tor
conLarning_no LRk N AR IALAL CrATEly . B.CAEbYSLSOTH Lo on'

a zeolite and afcTHh Sg%hi X

I t | ect h 1St f_ el ts. b ' S
G oups 4) 15 antPeh e SRR SRR B Yo HRERR MG B o,
th fa ] i i i A '
prombt 6o he geler At ofd o S AR AR EHANRIE JRE YRR T
promot es ' he _
xampl o, & Kaoki T oraI LA o T SRGLL 0 P e (e e e <"

| ndeed, such adygpt ageous effect obtained by the use of a kaolin mineral is
qui te unexpected. On the other hand, a catal yst shaped article com 10
prising only a zeol if/h a0k fonf rifsd alp dvie nfdrfth JHE nfll t HIRRS, NHer@Xhdid
satisfactory strength. The third conponent of the dried catalyst precursor
which is to be galgineth (@i S QUEE ddiehsdd 11h ARG Sad Al Y Si- d6389 1iak tlalte
met hod according to the first aspect of 15 the present Tnvention) is at
| east one substamcehéegdeed sl gHage | hih GRoidh NS i1sdd fihderdén t NEEHani C
oxi de and a conpound which fornms the inorganic oxide by cal cination
(hereinafter, theosubstafitectesd fieqienttoprefardecdt ta ase@hit'é g gani C
oxi de and/or oxide-form ng 20 conpound”). The third conponent of the dried
cat al yst precursatalgstdaedl asspedd fitkercdmpour®. pur pose of inproving the
strength of the catal yst shaped article. The inorganic oxi de conprises an
oxi de of at |east orforleramleecl ERtEMBHTr cih4 el gHimplemsistnethaf in
el ements 25 belonging to Goups 4, 13 and 14 of the Periodic Table, 31
The el ement s bevohgh ng gasedwsippHaséd témciPoon o piadhee a~eapnod@ahan Ti ),
zirconium (Zr), and hafnium (Hf); the el enents belonging to Goup 13 of the
Peri odi €5Tabl e %?@“b%w%#P¥$§?n%ﬂ%nﬁ¥&mﬁ(¥§)?f%ﬁﬁt¢inﬂ¥(£b? FPREFRFETES), and
5 thallium (Tl); and the_elenents belonging to Goup 14 of the Periodic
Tabl e are car boff (¥)5°L19i30He ¢&F31YgerdRe A FRTRRYDA { TEPYHS L EAPY ead
(Pb). Anong these, preferred are oxides of _Si, Al and Tih. Mre
specifically, pF%?eE#%&P%&%SeF%ﬁT?%%E B -91R cAvhegRiRa R aReBFERFALS @ 10
silica-titania,,a titani a silica-zirconia, and a. zi oni a. no
preferred are at QYT c%,ﬁqé STTPMR-% Jcﬁzﬁ 38y alh% %‘#sa?bﬁ‘ll{]% ‘%ﬁh s?i#fu?rbr e
preferred is a gi | i C2e I;I"he‘_isedolgj des San he usg}dér%dievri ducalnlly orloi n
combi nation. As"UeRcTirPey Fbove, THE T garﬁ I Used os T HE™MS third
conpone is an_i I.C.. 0xi.d t id ngain L0 ri
mp gb ’r?ﬁ%g%é%? &t ﬁeBEEﬁ‘{rlt PBuRY! dem £oN i negd tﬂ}é rBéEHJ;&‘al y

arrange crysta? int zeoll and’ the crystalline clay mneral.

Speci fi ¢ exanpl o i or | i i i .
calcination i ncﬁ%eéﬁ'%ggg%lggég\gﬁéﬁcés{ %%&W%sf&%@f%aﬁ i (t&—eb 4,
and salts, suchcgsrédehcd03t)a3s@fatfeidi kLral1Yy¥t haf@SPRCELEOr L EEM-

di fference between the process for producing the catalyst used in the

met hod accordi ngotRatee &1 1&keASRESEhOL. t he present invention and the 25
above-nmenti oned process disclosed in Unexam ned , 7apanese 32 Pat ent
Application Lai d- OpepuSeest f ivadtaningg PAPOROL Ia faer BhpLecstlibgeous

| i gand which is obtained by subjecting a silicon al koxide to an acid

hydrol ygbs, is vased-@per DpOCEficaticn ZR0| iK€l ,10h87611feeseeneesades 5 in
that the process of Unexam ned Japanese Patent Appli nation Lai d-Open

Speci fication No. 2000-202296 consists in performng an acid hydrol ysis of
a silicon al koxi de, whereas, in the production of the catalyst used in the
met hod of the present invention, no problemoccurs even 10 when the

i norgani c oxi de and the conmpound which forns the inorganic oxide by
calcination are basic. Therefore, the process for producing the catalyst
used in the present invention is advantageous in that the freedom of choice
of raw materials is large and there can be used 15 econom cal raw
materials, and that no strict controlling of a pH value is required,
rendering easy the production of the catalyst. Wth respect to the ratio

e o o b1 - o e oy o M



i on- exchanged zeolite, wherein the ion exchange is effected by a treatnent
of the zeolite with an aqueous solution of an inorganic salt, such as
NHANO3, NH4CL or AgNO3. It is preferred that the ion exchange is ef 10
fected by a nmethod in which, to an aqueous inorganic salt solution is added
a zeolite in an amobunt of from1l to 30 ~ by weight, based on the weight of
t he aqueous inorganic salt solution, and the resultant mxture is

mai ntai ned at a tenperature in the range of from15 to 15 90 C for 1 to 10
hours, followed by a filtration of the resultant reaction m xture, and the
cycle of the |6W@3@%I'ﬁér¥gé’ré’rﬂ?q3ﬂ9t €aFRBROLECTARR W]éb@at EAMBT{ges €Pheps.
When an ammmoni ntlon |s rted into.a h dr gen i i rred that
t he conversion 4§ﬁ545?“fboﬁﬁpﬁ ngoﬁé aﬂgﬁ igeegfgﬁged by

subj ecting the eollte to a heat treatnent rnace,,such_as nmentioned
above, at a te %tmeqq?"tpné:ornaqﬂg“ o) Prfoﬁ Z%H'?’ozgﬁgiéef gllaV%ngoago hour s
under an at nos of ai.r. Wthr ect to_th rystalli.ne neral, a
25 connerciallgga{ ENGRE rﬁﬁﬁ%ﬂl @egla}%ﬁP gPQr 8s™M8G gﬁnl ¥8§% %

used. Alfernatiyely, re Uss, o [ a r alline clay
m ner al %ay be E jec q: % %4l éﬁ%ﬁtﬁ%g%%t ? S%O%% Ebure ﬁ% %ﬁg kgnge of
fromS00 102 & Gr 2 Yhiihnbesecshcblo &hﬁaétggt geeerr%fr;natefe rgon
produci ng the |norgan|c oxXli is pre Parred use a sol t he
l'i ke containing ¢ e conponent el enents of the inorganic oxide. Exanples of
such starting materials inelude an aqueous sodiumsilicate solution, a

silica sol, 10 a silggaRel, QHHEPQe%%e%Qt%bn%ﬂebﬁbo§€1m€ﬁ%ﬁBhéd BQ@EHQ to
an aqueous sodiumsilicate solution, an acid, such as sulfuric acid,

hydrochl oric acidburdntl tvrnlccraeéé)om%esltwecesel H Ba speldFak %'oHt@S'oﬂﬁdS()l a
titania sol, and a zirconia sol. Preferred are an aqueous SOdIUﬁ]SI|Icate

15 sol ute on, a milddmiSltich WilthCar aledlina ,Sal1l %d thesal paiteatsaocuand
nor e preferred are an aqueous sodium silicate solution and a silica sol. A
silica sol, an nedntd @ Wollie ldlonelsrd aagaithe ystravhidnavet awi ae-f or
produci ng the inorganic oxide 20 generally contains a trace anmount of netal
as an inpurity,scigtiam sadiutimthEhersef @fe a tdatalysitgan chexifdemcotfit ai ned i n
the dried catal yst precursor obtained by drying a raw material m xture
cont ai ni ng suclpractimadliing usstfarli ahapedecaltiyleonbdiaiaed byashagdingni of
nmetal. 25 Wth respect to the type and anount of the netal con 37 tained,
there is no parzéciits Udirig @n @pprdpadwde bindeg.preferred that the anount
of netal as an inpurity is as small as possible, fromthe vi ewpoi nt of
preventimg the occurfusrdenf ian padedicd ngf ftbet poeduled ipneodne-reacs5 tion.
The trace amount of netal can be renoved fromthe dried catalyst precur sor
by subj ecting tFRPIRIAIF AR e FeSEFeIGened tak eAGTtd oy @4t TR OBeFGre

calcination. Wth respect to the acid enployed, there is no limta 10 tion;
however, prefert&P aﬂ’g“‘?ﬁt it “&ﬁtd Caﬁﬁ’lsf urg 8356”1&1" &3 H';?dru&,eﬁil §PTc aci d.

It is preferred.th t. e cat | xture is . praqvided in the
form of a honp '%% gﬁ%&ﬁ% (ﬁﬁ%%ﬁ ¥%aﬁkdned
cat al yst pre15 ur sor a pcef re cess aring
the catalyst raderes faf\s S KO oo, ASFUALaRTREoREnt Hindd PRECPERFOArhg

process,o A pre?@?{)ﬂ&e 1?&%1%“ "%ater e% 39069\ f o2 JtAYNTRLS Fhef OF the

at Ieast one 2 stance se ecte e group consisting of an inor

gani ¢ oxi de and;ia,:o J AR the, gé;mrdgge@ru%bo?sd%rpyéﬁgrcb%tl on,

and the resultant agueous nlxt el1s stirr by using a stirring
device, such apddWHELNL d 1udi@ilddiitl Aluskd QYPlddhiARAAl Gfithi am 25
2,000 to 10,000/ mnute for a time of from15 mnutes to hour at room
tenperature. Thedyi1i4ethe mxture are added a zeolite and a crystalllne
clay mneral, preferably followed by stirring of the resultant m xture
under substantial | y g w3 widd @ t&RAidonpdtindS s oroRed owedb@de. I n
the preparation of the catalyst raw material m xture, addition of water is
not necessary. ddW&Veire fF Jdd8d OMinMrd he-idHesPer Phdiidny 16f t@aah samponent,
it is preferred to add water in an anmount which is from0.5 10 to 20 ti nes,
nore advantageously froml to 10 tinmes, the total weight of the solids
contained in the catalyst raw material m xture, nanely, the total weight of
the zeolite, the crystalline clay mneral, and the inorganic oxide
(wherein, when a silica sol or the like, or a com15 pound which forms the
i norgani ¢ oxide by calcination is used) the amount thereof is expressed in
ternms of the anpbunt of an inorganic oxide fornmed therefrom. Further, the
preparation of a catalyst raw material m xture containing water nay be
performed by a process in which a 20 zeolite and a crystalline clay m neral
are dlspersed |nto mater follomed by stlrrlng of the resultant agueous



10 cle of dried catalyst precursor. In the case of an extrusion nolding

nmet hod, the catalyst raw material m xture is subjected to heat treatnent,
to thereby dehydrate the m xture to a | evel such that an extrusion nol ding
can be appropriately ef 15 fected (i.e., to dehydrate the m xture to a

noi sture content of about 10 to 40 ~ by weight), and then the re sultant
sem -dried raw material mxture is subjectged to an extrusi on nol di ng using
an extrusion nolding nachine, to thereby obtain a solid cylindrically
shaped article 20 having a dianeter of about 1 to 5 mmand a | ength of
about 2 to 10 RAMPAYRASHIIENGEE1dapéyeast LeWePPd 14np; BEPEH'tGOngPﬁglﬁy
using a dryer, at a tenperature in the range of from80 to 200 C, for 1 to
48 hours, to tHe& it te Feregats: dbgsrapréetr 8¢, faRl the 8PMed 25
catal yst precursor js then cal ci ned under substantially 42 the sane
conditions as MIMI%ed above. In the case of a tableti ng nethod or a
conpressi on nol di ng nethod, .the catalyst raw aterial _mxture is sprayed
onto an iron plate [S)Peﬁ'g‘zi‘t 8&&’135 g‘aflgnpgﬁ’ﬁf‘u?e F‘ﬂggrt ﬁ%chﬂgelﬁf uFFEm 100 to
200 C, to ther cause the moistyre i.n e.mxtyre to_evapotate, and
obtain & i ed TERATASASH AMRELIEmGRIEP ot acdPy SBEFABLIORPY PERET by

nol di ng of the t ai.ned .dr owder .ei.ther by.tableting.(i.e., a method in
whi ch the dry ;?gj\%?'ethqss t;?r&elg’glé’g‘diantb(?i o4 ?ﬁéBgdwg’hc cllé S‘gf)\ﬁgeﬁot g‘e
pounder and nort ar. .Qf t.abl et] L.n ( mpressing, .hy.the.use of
a tableting na&olairllé%gr tpgﬁél&:rr%rfgs? i%g'r?%%o Pﬁé %}a{é |he,s'(8t %h?%erigb;#ogf‘gi n a
shaped article qf_ dri lyst C r LaprQovi.ng pability
of the dry po ercuclié ?t%f %%5%§t%3ﬁey§§‘%p%§§(3?§8§%§‘°&g’rg28 }/L'tng g?:gﬁhgﬂ% ke may be
added to the dmy &1coMigrein the anount of graphite is froml to 5 ~ by
wei ght) preferabl’y from2 to 3 ~ by weight, based on the weight of the dry
powder.idn a tableting nethod, it is preferred to nold the dry powder 20
(of a catalyst precursor) into a cylindrical or a tubular form each of

whi ch has a dianeter of from 2 gapMarRymoreuz T&ReNTolh from3 to 10 nm In
the case of a conpression nol ding nethod) the shaped article of dried

catal yst precursor may the sweikeGtiyng rRehpdesBnthiakedtorBehakapadaarticle
is pulverized to forma particulate 43 catal yst precursor, and the

obt ai ned parti cxtassicad ands tiqdeacuiveos tiudielsasdithi @d viiewt tewaly det-ai n
particles having a desired particle size (e.g., in the range of fromO0.3 to
3 M) . The thusredipinted Gidtddd Foal pHoduciheCyrsaproiastmebiredoho

cal cination under substantially the sane conditions as nmentioned above. The
met hod B cor di fgatdncheydlohexaneaet oxfimeh#ifhe @esio lildy @gtlidocaged ¥ stthe t hus
obtained catalyst, i.e., a catalyst which is produced by calcining a dried
cata 10 |yst prigcdihorgassans Fhagea toegififestad FemrrangesmgpdnasRctdon
crystalline clay mineral as a second conponent and an inor%ani c oxide

and/ or oxi de- f &hithe CHFFChfKaRere FiMe .c yrgcheMethrde igeffiF6® £ ding to
the first aspect of the present invention is advantageous_not onlly in that
15 the cat al ystthen ARAY esmendionseh ipobd emss AGCOMPAPY N IndBFadEdT Shtengt h,
but also in that a high selectivity for e-caprolactamis achieved.

Her ei nbel ow, arf¥kpiaihdte HPe% fRtd & @b lghénfeefdd Heddrld RFARHME $scond

aspect of the present inventiqn. .20 I e _met ﬁ?ﬂd acggording to the second
aspect H the pﬁaepsre AGHRIL At cog’r{g}bryé‘feg'rdi P retam gcdf“es'ol idacid catal ysts

nclude amorphous sqld d, gel 06l 3y 3hs FUCRATEHY SRl YIR that
y catalysts

silica-magnesi a and al umna-bor’i a;, non-crystalliné’sol1d aci

havi ng an orderJ.y: 0 tyru , I t 41 (see
44 U.S.P. No. 5’%’%’9%%&@?%%;%%&?11&0%%&%5? bﬁ%{ %%Sﬂm?‘gé%k% 9 1992) :
and crystal | ne.salddt A EfAldHaiShtme Wllnds it d e Wiatd 2eald e |
used as the soﬁo_ggacéliccf'q@at_lyst_, tnere can be used_thel samsl zeolite as
descri bed above Jd} PGS ik eldd) g & 8IS RRGOTLiRG G ddindrt’ e -aSpect
of the present i'nvention: namely, an alumnosilicate, a nmetallosilicate,
and a sidicalitgt APNYF RS GydloHekdie RHEMRY " shdR et Sdiplite, a
ZSM5 zeolite, a 10 titanosilicate, a boron silicate, a ~ type zeolite and
a ferrierite zeolite. Still nore preferred are zeolites having an MFI type
structure, such as an MFlI type silicalite, a ZSM5 zeolite, and an Ml type
titanosilicate. On the other hand, with respect to the Si/nmetal 15 atom c
ratio, it is nore preferred to use at | east one nmenber selected fromthe
group consisting of an alumnosilicate having an Si/Al atomc ratio of 10
or nore, a netallosilicate having an Si/netal atomc ratio of 10 or nore
and a silicalite. It is still nore preferred to 20 use at | east one nenber
selected fromthe group consisting of an alum nosilicate having an Si/Al
atomc ratio of 100 or nore, a netallosilicate having an Si/nmetal atomc

e Y A NN o -, Y v o,




47 gl ycol nonophenyl ether, propylene glycol nononethyl ether, propyl ene

gl ycol nonoet hyl ether, propylene glycol isopropyl ether, propylene glycol
nonobutyl et her, propylene glycol isobutyl ether, 1-nmethoxy-2-propanol, 5
1- nmet hoxy- 2- but anol , 3-net hoxy- 1- but anol, 3-net hoxy-3nethyl butanol and the
like. It is nore preferred to use at | east one nenber selected fromthe
group consisting of ethylene glycol nononeovhyl ether, ethylene glycol
nonoet hyl ether, pro 10 pylene glycol nononethyl ether and propylene gl ycol
nmonoet hyl ether. Still npre preferred is ethylene glycol nnnoneti¥ et her.
These can be us%ﬁlﬁnﬁPQ?HM%Pl&SdPr?¢PQﬁﬁﬁP¥mE¢¥ﬁﬂn theried eataldst he
hydrogen atons in RL nay be replaced by a fluorine atom, kK These palyh

dric al cohol dePTYEEFIes: atle %#E@%X% dﬂﬁﬁﬁﬂﬁpfuﬁRF9F+ﬁ¥ﬂ9|QHﬁEH¥ %ﬁd are

easily avail abl e. ue of _the presence o) dri | cohol

dor i vat e i n thecFbats bhiRnentay dxbieta s%f hla%% o b eried < car

be obtained in that %o ring of 20 the caI tivi i S _suppres

and the sel ecti%?f?cf?) LT ?a%’f%‘fﬁl%or&? ‘??r% ejd'}/ ONFAHG ¢ ‘i‘? to

the manner of supplving the polyvhydric alc derlvallve J he reaction

system Shere ;anao SRppated; Wl?( S 4, SR A R VAL TR

rivative may be e r ysiems 48 r om
nSHUPRL! €gh L 0L Oy %g oy 2 5& &%(é%ﬁbflse iﬁ(ﬁ i dd

cycl ohexanone oxire. A terna supplylng e po e alcoho

d t d I
GerL vt v Ty e {GAEECLIN 0\ BRLIPLLTe s e IS IATD 17 5
solution is SUpPhéegf'é‘]i&néQ{? r6&£dh %yts(g o él‘cz? tft? AH YW d¢ Gyl cohol

derivative is a good sol vent or cyc xanone O I's preferred that

the suppl ying 0ﬁe£béd98|¥5wﬁé'FtﬁéCQﬁgél&EiéV@é$Y&"'ﬁbﬂ%&éﬂﬁdﬂﬁéﬂaﬁﬂfﬁe

above-nentioned alternative nethod 10 (i.e., a nethod in which

cycl ohexgnone oxh&® ?ﬁegbﬁisédeﬂnlﬂﬁ@ ithea® o yiwehn &t Bdkohain s i@t i ve,
and the resultant solution is supplied into the reaction systen). Wth

respect to the paBen&n@f AppEiEQ! GRS Er@) Codidn EBdtied | 34fs e sErds9 ) t he
reaction system there is 15 no particular limtation. However, it is
preferred that &he qanéyéyﬁlrtneam@h@énﬂermwadeves|<st1pes:esmﬁnmkmesarmunt
which is 0.1 to 30 tinmes the weight of the cycl ohexanone oxinme, nore
advant ageousl| y €obtabn@8 innascthetaklind Hbrm hen cyicd chexEintonearokitiee still
nore advanta 20 geously 1 to 10 tinmes the weight of the cycl ohexanone

oxi me. |f desiredysbéahéinerghay cnimepalindBased ainsdhis Fiesidmyg,i rehiehe
reaction system Exanples of such other organic conmpounds include aromatic
conpoundls, suchpaesestbénventiomdhasl beer, camplatédhati c al cohols, such as
49 met hanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol,
tert-butanol, n-amylThe PFOSCNh- HYGIHATS AR ahbs0 aFritd ddiatholRY Rur t her
exanpl es of such ot her organi ¢ conpounds include nitrile conpounds, am de
com 5 pounds, eﬁheﬁlébﬁpmﬁhﬁgdaﬁ@rkE%Q#EP%%ﬁnﬁnﬁﬁRF hﬂﬁﬁﬂﬁhéibﬂﬁéﬁh
conpounds are used, the a nt of _the other conpounds dto

level which is hB¢ ?3?§%rm?ﬂ5ﬁ°?ﬁ% ’é%ﬂﬁim%?m% ’b%?%’y%‘r‘ %%Wed

d t Furth t b b h 10
and B capr of act i FOR| CREFESEREE deE, ?3%03 Flatet ayarde s%p 924 1t o

LC% re?};a‘fbhg”dityéﬁor Bﬁlﬁ‘%ﬁfﬂ?%é e%%%aﬁé‘?%uﬁf?%’séedctﬁcﬂ?fg S
The amount. of BLeroF a%#%%n"aéeﬁbéﬁgﬁé%é’é‘%?é B SR R ERE
oxi me, and thatg ?Fﬁoi‘gg‘d% Béneﬁ‘ hu‘?{,ré‘éséﬁ” ”%ﬁé%\ﬁﬁs ﬁanone B and

e- caprolactanlls rom e per nole of ¢ me. 20

In the method aEE?iE“HQtEth Q&nﬁfi§és§?@l¢‘%c@in§h PLERERAN Y COE1.RE

cycl ohexanone oxinme al one may be sup led Into"the reaction system

containing the gatgl ¥Skeo1@Wg¥es. chal?sPrfﬁefﬁéd ghbébus a€actbogein the
met hod according to the first aspect the present invention 25 is

perforngg in theepteaepesrehnbRen®! ¥OYEti6nabeobRE cyePoHekhNgheVexumed in
the nethod according to the second aspect of the present invention. This is
because, when the nethod according to the first aspect of the present
invention is perforned in such manner, the occurrence of 5 side reactions
by-producing a tar or a pitch can be suppressed, and the life of the

catal yst can be remarkably prolonged, rendering it possible to produce
Ecaprol actam stably in high yield for a long tine. Further, if desired, the
"ot her organi c conpounds” 10 as described above in connection with the

met hod according to the second aspect of the present invention may be
present in the reaction systemin the nethod according to the first aspect
of the present |nvent|on Fbreinafter explanatlons are nade on the nethod

Y Ar a1 1 oy L - oy .



The reaction can be perforned without 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 amount of carrier gas, there is no
particular limtation. However, it is preferred that the carrier gas is
present in an anmount such that the cycl ohexanone oxi nme concentration of the
gaseous feedstock including the carrier ga®is about 1 to 20 ~ 20 hy

vol une. Wen the catal yst has been deteriorated during the rearrangenent
reaction, the catalyst js subjected to an activation n ti

(roatmont for rBYEFERh: i HRAIArean SR F ST agbdian i on
treatnment is perfornmed by_a nethad . 53 i.n ich, in _an _atnosphere of_ air,
a gas obtai ned ?@ﬁiﬁ??ﬁi%g %j?°£§h¥95ﬂ9i%ﬁﬁ%ﬁbzxgigﬁxéiﬁﬁfrﬁ rﬁﬁﬁﬁ?%ﬁﬁx

bon di oxi d , f it 1 desi r ed
xygon concent 10 b (f PEBERS 1= PR < 1y R, 60HLyRER by RLGRBEES (e

inside of the rege erat¢§Qﬁa%@ & tus I.s mai ntajned.at_a tegggrakmre and for
n

a Line which ar® I ffc u§§°PRe°F?F,P FFX% 8F°8§r ngceous
covstances Sccumbaleer 41 S BSCAN BEBRRYY MR BENROT T o,

vol atili Ze. s case, it err enperature i1 s

400 to 700 C. Then4ife, o{%%rﬁégég%_lﬂ%nﬂ“;g}&imsatw& fUmgRAGNer ation is

generally fromO0.5 to 48 reaction used 1 n the present invention

(the present reacti offe CANOFo NEY THARAHIE \GH{LUSs | St sl arddPlaa-
catal ytic reaction processes, such as a fixed-bed reactor, a novi ng-bed

reactor and a f{ahehged- & dthEastoen LA BRANRER Sy SLD YR RGO MM GH € on
the catal yst surface during the present reaction, thus gradually
deactivating thenéatelyshindh@s i D163 ddsdEipiRertfited o kdqidotiod he
reaction by a reaction node wherein the above-nentioned regeneration
operatigp for agitiWathégaécorpefiydiatdthwiridd yaid ceie heppaidendli € inys .
conducted. For exanple, in the case of a fixed-bed reaction process, it is
preferred that the reaction is performed by using 25 two or nore reactors
by a nethod in which the reaction 54 and the catal yst regeneration are
alternately perforned in eBRIEFEAESCRIPEIN OF FHE DRAWINESr ear r angenent
reaction and the catal yst regeneration simnmultaneously in separate reactors.
5 On the other hand,Innthéedragne$: a fluidi zed-bed reaction process, it is
preferred that a part of the catalyst used in the rearrangenent reaction is
continuously or intefhdttenisyav@xdeh SHoYingn & ¢ERADISADILR he
rearrangenment reaction, whereupon the w thdrawn catalyst 10 is regenerated
by usi ng5a r egeREE hPRORARPPAr AXH8e | PORFREH PPN eR T sEx3”Peate AR an
appropriate tenperature as descrijbed above, in an atnosphere of
oxygencontainiggoﬁﬁgrBFlﬁﬁ E¥@PPLlQa%i to thereby cause the carbonaceous
subst ances accunulatﬁﬂ on_the catal yst sur, 15 face to burn, deconpose and
volatilize, so that Th&: cAriPoRaBeRiE LM HHRALHRAT T and t he

catalyst is re generated, It is also preferred that the regenerated
Catalvet 19 conPrRGBBLYYtE: PRt bt GRRAEIAG LA CHERTRAD (BF TR dofe it

Especi al | y, sinegmﬁgg £$9gfﬁﬂgﬁgfgt reac 20 tion to convert cycl ohexanone
oxime into E-caproractamirs an xot%érnic reaction, it is nost preferred to
use a fLyidi zed- bed cthon,pLo I i i £ ively easy to
controlehe reactionﬁgghp%rg?u%egfiﬁg %Q%ﬁ%&?g% %% %iﬁ%éﬁdﬁ?ion of the

obtained $ 25 Cé?é%ﬂékaﬂbfaéOﬁkmﬁeEéﬁ@Qﬁiéﬁaﬁé%@Qem pkahg1&afy bgng 55

performed by cool i ng/condensing t gaseous reaction m xture and recovering

the resul tant cepggasatevel pkhrped b% an extraction, a distillation or a
crystallization. 5 Wth respect to the pol yhydric al cohol derivative which
was used in the prespp§.rgagki aNgripe HVOWINET 4 Ccahs@hpbosleinvative may be
separated fromthe gaseous re action m xture and reused. 56 BEST MODE FOR
CARRYI NG OUT THEe ) AVENTE O FEe} Nogh: ¥t adin ESANn i ENaRI1om M dda be de
scribed in nore detail wiih reference to the foll ow ng Reference Exanpl es,
Exanpl egsand CogpapathyevExgftahpse 6;Whi ch shoul d not be construed as
limting the scope of the present invention. In the foll ow ng Reference
Exanpl es, Exanpl es and Conparative Exanples, various neasurenents are
conducted by the follow ng nethods. 10 (1) Measurenent of powder X-ray
diffraction pattern of a zeolite A zeolite powder is analyzed by neans of
an appara tus described below, and the crystal structure of the 15 zeolite
is determned fromthe diffraction pattern ob tained by the analysis. The
determ nation of the crystal structure 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. Ballnmoos and J. B. Higgins
("ZEQOLI TES" vol. 10, No. 5, June 1990). Apparatus: Powder X-ray diffraction

o e ~NAPFN 1 - B a .




degree of dilution suitable for the bel ownmentioned neasurenent by using an
i nductively coupled plasma em s sion spectroneter (hereinbelow, referred to
as "I CP spectronmeter”) varies depending on the conposition of 20 the
zeolite and the like. Therefore, the above-obtained solution having

di ssolved therein the zeolite is diluted approximately 5- to 100-fold so as
to be suitable for the bel ow nentioned nedslurenent by |CP.) The
concentrations of silicon, alum numand titaniumare neasured by 25 I CP

usi ng the bel ow nentjoned I.CP spectrongeter under the 58 bel ow nentioned
conditions, and the 'Si9AP dof é:?‘raitti §PeNdnE; %%e &ﬂ'BﬁF’&%FS?Eb%fO he

i Ta nium 5 1 G LR ORIt T, OV e (19 SHQBaTEy T s
Sol d by Ri gaku IR | BT AT PSR G gt Pieb VAR
Teasuri ng the conamy At oSt A o iR AT KR e E et nY e

Frow rats of tne repuf et . i HH e’ Hhothtll hd SRR MRS P et

0.3 to 0.8 literfmd,HOy Falg of the coolant gas: 13 liter/mn 25 (3)

Anal ysis of a reaction product by gas chronmatography 59 A reaction

m xture containing the produced s caprolactamis anal yzed by gas

chromat ography (GC) using the bel ow nenti oned apparatus under the

bel ow mentioned conditi opgradn@p! BRsERIBrIBNOHF! BREN ERPENPTORI € evalu 5
ated (i.e., the cycl ohexanone oxi e coOnversion and se tectivity for
g-caprolactam are catf Hiefht LARUE VT e GHERRU 19ReAftiohe reRsld on

m xture. The GC apparatus and conditions for GC are as follows: 10

Appar atg: Gas LI @M MEeda %ﬁ%od@lﬁ?@t@hﬁg‘oiﬁétﬁﬁt dwhY ch

Shi madzu Cor poration, Japan Colum: Capillary colum HR-20M (i nner

di aneter: 0.25 conpAbséeengintadiimng @roloresdarmne tdxiclenesith G 2pl4dr)
Pretreatment of sanple: Before the gas chromat ography anal ysis of the
sanpl e (reacti ocid xtatra)yst3 ip cfhen gadeoentphesed i dfifeateac tdear -f or
produci ng E-caprolactam 20 and 0. 15 g of ethyl benzene as an internal
standard are adcemgenernt gredctien sahpihe (ayE duxanmnamkine sdeiiednar e
accurately wei ghed). Anmount of sanple introduced into the colum: 1 ~1 25
Tenper ature el eike i 9Nt A1 catmlyshpler angdugsdd thie calguindaglaee dried

mai ntai ned at 100 C for 5 mnutes, elevated to 240 C at a rate of 10 C/min,
and t hehb mai nt FHRLLIt PHECIFINT 42the Matesly st BRGYT SR iIC@MPEIGERFl2ow
rate of carrier gas“énitrqgﬁaéz 200 M/ mn Flane jonization detector (FID):
Pressure of the*Subt%r i FRLEDR) Y (RS EP M I NitHRS Hhr ¥ ure of

t he supplied hydrogen = 60 kP bout 5Q m/mn 4) Measur enent of

b Lrion | nders TS ERge el Sar ol VRO B Y P HAAETE, ormh dSF used
to evaluate 15 the. nmechanical .strength o omgﬁr cat al.ysts, such as those
Used in a f1ul IORH EBELTRE oh. CORROURY I §oRIS, TS Aleadal %

bj ecti t it t, jaf 4 diti ,
and 5 dofi net See 1 GBHIE G Sh DR O R RERSLAS RS 507"

aving 251 26 Gfr 100 EUlh O8] £3% Med N LES U 21U SRLA Ylze i SRM er the

attirtion inde the higher the attri tion resistance. Specitic expl anai ons

de bel ow . 1d f
are nmade bel ow w¢ %f&we&%ﬁég%m% 84 ¢ rd 1dih £ £58e PEKL LA} BAAGETY, ©

the attrition 25 I ndex. g of a powdery catal yst 1s cause

contain ZO ~ by yeigit1 ffo et s  pethd e FASIE tadd A Ad MSters Gl ged into
a cylindrical attrition neasuring apparatus (conprising a | ower cylinder
portion having gah£00xi@ bs 2Jtet "ok Adled et At Hicdydrdinch,
an upper cylinder portion having a length of 22 inch and an inner dianeter
of 5 inch, and pivesseimfon €0é| £661108e fal®e P teey LSl W18y pinyd ded on
the top of the upper cylinder portion). Then, humdified air is blow into
10 t he mppar at usrdhrough 3 pores (each having a dianeter 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 nmeasuring apparatus, the catalyst is analyzed by neans of an
optical particle size distri bution neasuring apparatus, and the difference
in the content of the fine particles (each having a size of 19 ~mor |ess)
between the catal yst before the circulation 20 and the catal yst after the
circulation. The attrition index (I.D.) was calculated by the foll ow ng
formula: 1.D. - (A-B)/(CB) x 100



25 62 wherein: A anount (g) of the fine particles (each having a size of
19 ~mor less) in the catalyst after the 5 hour circulation, 5 B: anount
(g) of the fine particles (each having a size of 19 ~ mor less) in the
catal yst before the 5 hour circulation, and C anmount (g) of the catalyst
charged into the attrition neasuring apparatus. 10 In the foll ow ng
Ref erence Exanples 1 to 19, the catal ysts I&sed in Exanpl es and Conparative
Exanpl es were prepared. The conpositions and characteristics of each of the
15 crystalline clay mnerals used in the follow ng Reference Exanples are
mont i oned bel ow.  ( 1)TkAbIHHAE AR OGE KRG PHOPRSR07SY SRgRe e
manuf actured and 20 so] Qéy Engel hard Cor porati on, U. S. A.% Kaolinjte
content: about 4DP%B i% e $O1 PEQAuRENG3 E382RT 94 BG ARy gWEL1 P02
45. 4 % by weight Ti02 1.6 %.by weight 25 Qther trace netal .components: 0.9
Joby 6% vel GO LS HroHH AT S R T o e Ry o e Ay Grage
particle dianmeter; .0 ~ )..Kaolinite cal ci.ne olJ ni te " SATI NTONE
&ia cégt %1‘5 ngg tt{% iaosiec?“losy%élr?%el o %éégecﬂ U L%ar

SP33" (trade nang;, manu ured and el har rporation, U S A)

Kaol i nitg cont X 0 i ition:_ .A120 % b
wei ght SP02 52?’55‘3/%’%5%%%"‘#‘% 4Fy obc}&m%e%?lgr%%%&%ee%’?ﬁéec’e%%i‘aﬁ%no d
conponents: 1. 2.9 J f - Cryst czt%td . 9 | ght
Aver age parti clzg%?%?%ﬁ%gelﬂ%%%cﬁmﬁgrlo%hy fH te %& te‘ff(?g@r%lvn%
manuf act ured ange sgl

Dy JEHehI 3P Al KaRld i 40 ve Widhreskanad dyrarhy! lite

content: about 60 %%;/ wel ght (the remainder i s conposed nmainly of

anor phous sili ﬁf’s@ﬂ?&i Walels 3nlk2 0 i ght i 0 wei ght
25 Ot her tracecﬁ%]fa conp%él]gm%él(%?4o%§bsoﬁ/ @%lé/m%%ﬂt %%P%sgn@sb)é
crystal lizationg, 4.6 a%k??_i woqgt oV Er §aen9@r br6hg, dapleRer rePrdsertfls Sa (4)
Kaol i nite A hydrous kaolin "ASP600" (irade nane; manufactured and sold by
Engel hajg Cor potptd,0Riky1en8 hrkaghinite content: about 100 % by wei ght
Conposition: A1203 38.5 % by weight 10 Si02 45.4 % by weight Ti02 1.6 % by
wei ght Ot her trace rmdnleasynpondsrstariihdodiy el gite sdditerimfention,
crystallization: 13.6 % by weight 15 Average particle dianeter: 0.6 ~.m(5)
Tal ¢ "M CRO ACEle 1ésgemiatel nBewet, umes UHrat tvaeico wen predflardrd Ningpahinkad ts Co. ,
Ltd., Japan) 20 Talc content: about 100 % by wei ght Conposition: M0 30.7 %
by wei ght Si 02 &0. 1thés hye sen ghin@iiekon rawse emmdradmbdrseis.. 1.6 % by

wei ght 25 Water of crystallization: 5.3 % by wei ght 65 Reference Examle
1. preparation of catalyst (A To 130 g of tetraethyl orthosilicate was
added 278 g of ethanol, and thereto was further added 291 g of a 5 10 ~ by
wei ght ajueous Lol utd dretdiod efommryducinmoncaproydactrinde whlled cegul t ant
solution was stirred by using a honogeni zes at a revolution rate of 5,000
rpmfor 30 mi nUPELSCHNPR FRFLIRGEYEIoReKanPNe PAiMeWith & ISRA:LA faftibued
by hydr ot her mal sgng'lesi s at. 105 to 110 C for 10 )#50 hours while stirring
at a revol uti onC?EEEYRF BHOLRHI2ELIHSRARE Rt H5F L 5I1/rTSPT RIS ned

slurry was subjected.to firltration using a filter, and the resul tant
filtration resiﬂ%%cgb%nv%%h%%euﬁﬁ&??x B %Mo st neutral, and the

hed filtrati ' . dr | 0. . .
bbiain @ white orystal TEeAS e Olativd daandl il (addfEr

el ectrigyfurnacg é‘i:‘r?%tgﬂ’g{g%ﬁ;%réé’u} T afge é%ftagiyagﬂss‘;gzgeb&f’r%io Sor Or 6

hours, and the resu nt ca product (zeolite jected to a

powder X-ray ZQFPigiﬁeCaip@ofﬂeéyS' Scﬁgféj@fﬁﬂé)@l%ﬁ’%ﬁegﬁ.%é Ayt

diffraction analysis Showed that the ci ned product exhibited

characteristic peake Ghe 19u¥frafecd’seBeded 352170% thd A0 %1t {184 s of

the values of the interplanar spacings (d). 25 On the other hand, at page

4449 of the artégl gneinor§énittdbetaec Gohd estéipOin®iwht i efbriitD Houvde -
patterns for zeolites", witten by R v. Ballmos and J. B. Higgins

("ZEOLI TES", VObrgdRicNexi®e WyNEaldD¥atidd, ivns o tH@tindigan ROVEier
X-ray diffraction pattern of an MFI 5 zeolite, an MFl zeolite exhibits

charact ggi sti c pgaksomprided af.@xidd.Of &t 2eadsBond. dleménBlseledbed 3. 73
0.05 and 3.71 0.05 in ternms of the (d) values, i.e., the interplanar
spacings (d). Since the above-nentioned results of the analysis



10 of the obtained zeolite are well in agreenent with these known (d)

val ues of an MFl zeolite, the obtained zeolite was identified as an M
zeolite. The Si/A atomic ratio of the obtained zeolite was neasured
according to the above-nentioned nethod. It 15 was found that the zeolite
had an Al content of 10 ppmor less, and an Si/Al atomc ratio of 45,000 or
more (thus, it was determned that the zedl3te contained substantially no
Al). Therefore, the zeolite was identified as a silicalite. 20 The zeolite
was added to a 7.5 ~.by weight eqQus soluti.on of _a [ itrate, to

t her eby obtain f;rogrf utrhry %ré)vlﬂ’ngcog&g'cﬁqcllzﬁgofunteér?f“eglftslg]@%lg@% tg'fﬁ’t, and the
obt ai ned sl urry | j e a c.tar ars.
Thereafter, theGs rsf%v&? Zagbc% celcfe%(f 1&216}2 i%t%(rigt rrgﬁq'eTﬁ;e]ﬁ wﬁﬁgggécl e of

t he i on exchan AR S B - ed_t.w.ce (A d ;hy

washi ng wi t h mq&%@%&rﬁ%#glaat&f% &y Sindy e %é‘t% oA onT e é?‘ 800 ¢
for 4 hours, !Gdaehy abidih a RidPRctidd abid @nel BhgdhanMind biRg"
used herein neans that the 5 zeolite was sulbj ected to an”ion exchange in an
aqueous ammoni yR{it4at e solution and then to calcination, to thereby cause
the zeolite to carry hydrogen ions by ion exchange. Hereinafter) the term
"Htype silicalite" neans a zeolite prepared by a synthesis process as de
10 scribed in this Reference Exanple 1.) To 33.3 g of silica sol "SNOMEX
STN30" (trade name; THmNWaHIH efbcvidiTy ¢PY thins3aapehen ¢gakrbndushei es
Ltd., Japan; the silica sol has an SiOz content of 30 ~ by weight) a sodium
content of 700 pyiniwe Wad gt Uastntbrie et edfectRd ifrom tHe @@y basic)
were added 137 g of purified water, 20 g of an Htype silicalite, and 10 g
of kaolinite "ASHXNtid ade arare)uymiatus ilhieates Wavamly @anx 9dr/alwas ogtiicr r ed
thoroughly to thereby obtain a slurry. The obtained slurry was sprayed) by
usi ng a1 @0 snaltataisr asDl 1oy prerd, miet sl loetilblcatte praatica @h at 200 C, to
thereby obtain a dried catal yst precursor powder. The thus obtai ned powder
was cal ci ned atSB0®Y atd@nimuratia ef Hdr ey morteaiand e sddtigdaldite.A). The
above dried catal yst precursor powder had a conposition 25 wherein it
conprised 50 ~ by weight of an H type sili 68 calite, 25 ~ by wei ght of
Si 02, and 25 ~ by weight of kaolinite. For the sake of convenience, the
conposi tion of Ihe diedethed yacqrdng d&r ieforle oFalZcrR&VEeoNYAREE1RS re 5
ferred to as "conposition of the catalyst (A)". This applies to all of the
fol | owi ng Ref er'@Mt 240dahyft &S 21 3D 2@ ehv®ence Exanpl e 2: preparation of
catalyst (B) (cata 10 lyst containing no crystalline clay mnerals)

Cat al yst5(B) was prepared in substantially the sane manner as in Reference
Exanmple 1, except that, tq.66, 7 of _silica sol "S EX STN30" (trade
nane; manuf act uted glﬁ'bé%qgm& A YhS&R &Y ION&E%FQ?"E .,toJépan) wer e
Z5 added 113 g urif.ied water and 20 g of an tyvpe . siljcalit The t hus
obt ai ned cat al y% O‘FeB’) %%%9%1%0%60 zs?cfllzlotngv%seragtl nl%latsytgé)rlrlﬁ i"iseg%egoesf by

wei ght of an H idlcall @ﬂg]o~ ) ' 02 s f.arence
Exanple 3: pr ep%%((g%%né% céaﬁtegl st ééﬁoré;%/sa%,%lssgm(f ngn\/v?sﬂf)rselé%r%?i&%
substantially thess, n@smpgln%ofisté_n Ref erence Exanple 1, except that a
silica sol (herernafter, referred to as a "high purity silica sol") having
a very sgall content of inmpurity nmetals was 25 used (the high purity silica
sol was prepared by the 69 nmet hod described in the working exanpl es of
Unexam ned Japamese Had @il tHiP! d sd+Dihd-ai ol-dheneped fiteud an dy.4 Hei
4-231319 and had an Si 02 content of 30 % by weight, a sodium content of 120
ppm by wei ght odibdess wékr&imH e Vet et £11 1k (d1af Miherddle id ldiCA et was
strongly basic). The thus obtained catalyst (C had a conposition wherein
it conprised 50oRe hyenttedxxhée Déctoed H topetse | dxralp taon s %y ofeigiamf

Si 02, and 25 % by weight of kaolinite. 10 Reference Exanple 4: preparation
of catalyst (D li{mahtnéysl, contald) ng mentmdisi Bldnite dmy anpyeradis)l-

Catal yst (D) was prepared in substantially the sane nanner as in Reference
Exanpl e24, excepitéhat, to 66.7 g of the high purity silica sol were added
113 g of puri 15 fied water and 20 g of an Htype silicalite. The thus

obt ai ned catal yst (D) had a conposition wherein it comprised 50 % by

wei ght of an Htype silicalite and 50 % by wei ght of Si02. 20 Reference
Exanpl e 5: preparation of catalyst (E) Catalyst (E) was prepared in
substantially the same nmanner as in Reference Exanple 1, except that, to
25.0 g of the high purity silica sol were added 23.8 g of an al um na sol
"Alum na sol 200" (trade nane; manufactured 25 and sold by N ssan Chem cal

| ndustries Ltd.) Japan; the 70 alum na sol had an A1203 content of 10.5 ~
by wei ght and a pH value of from4 to 6, that is, the alumna sol was
weakly acidic), 121 g of purified water, 20 g of an Htype silicalite and

RN NI\ ™ 7~



5 nane). The thus obtained catalyst (G had a conposition wherein it
conprised 50 % by weight of an Htype silicalite, 25 % by wei ght of A1203,
and 25 % by weight of kaolinite. 10 Reference Exanple 8: preparation of
catalyst (H) (catalyst containing no crystalline clay m nerals) Catalyst
(H was prepared in substantially the sane manner as in Reference Exanple
5, except that, to 190 g of an alunina soll4 Al um na sol 200" (trade nane;
manu 15 factured and sold by Ni ssan Chemi cal Industries Ltd., Japan) were
added 190 g of purified water and 20 g of an Htype silicalite. The thus
obt ai ned cat al yst (H) had a conposition wherein it conprised 50 % by wei ght

o SPeﬁgﬁgtfoa'%%ci' ﬁﬁ‘%cﬁ’ 4eR A o, Yy B o LR I A o TP et

| f

ﬁn’ )ne?:tl ](ce:olntn?eelntégjo%]er €en rom %%Aﬁﬁé{léiﬁgg taéé IO%% ge?% d

7 Specifi call yped NGy1 o e PT ARG O Gat vmfc%n yct e as
Fefie S

foll ows. The ca was prepar Stanti Iy t e same nmanner as
in Refergnce Ex 1o 1 Eeept g of the high purity silica
sol wer egadded %ggiga(])?l purlatrf&ed waatlcehrnﬁ%zag g of an Htype silicalite and
4 g of kaolinite ASP072 (trade nanme). The thus obtained catalyst (1) had
a conposition wherein it conprised 50 by weight of an Htype silicalite, 40
~ by weight of 302 el WékhodYadwiiinPitdanly Ml o £l Q tRafserenee eExanpl e
10: preparation of catalyst (J) Catalyst (J) was prepared in substantially
the same manneraBsvé N wied L6 B Cehdxamglrer lof epteeryidt@ill fime 3B.ay Gnigf- t he
high purity silica sol were added 137 g of puri 15 fied water, 20 g of an H
type silicaliteepatd 19 ¢heofditdd cdM AR AGrdeul’sdr riadeevans vl act ur ed
and sold by Nippon Talc Co., Ltd., Japan). The thus obtained catal yst (J)
had a coppositiop wabglet N bdseadma i gesl thrdly welighit off tdre Hdolpete, the
silicalite, 25 ~ by weight of 20 Si02 and 25 ~ by weight of talc. Reference
Exanpl e 11: prepaystabhiné chawnlmisiexad aal athestat( Keasds qreepartextdnce
substantially the same manner as in Reference Exanple 1, except that, to
33.3 g 25 of theehegtedpuFreny Bhe igroup|consis tiddrfl3n girtﬁrqmriic oxA3ief i ed
water, 20 g of an Htype silicalite and 10 g of nontnorillonite "K-10"
(trade name; neALd Rt EPEROEHY Woleh b1y Ehen HIIRIRIEst o Y, @ I1SiA ) .
The thus obtained catal yst (K) had a conposition wherein it com5 prised 50
~ by wei ght of B&tiPRype silicalite, 25 ~ by weight of Si02 and 25 ~ by

wei ght of nmontnorillonite. Reference Exanple 12: preparation of catalyst
(L) 10 &5of kaolinite "ASP072" (trade name) and 18 g of 10 an H type

silicalite were_adde ueous sol ution (st ron ba5| C sol ut| on)
cont ai ni ng 47. 4%¢ ofﬂé%di‘%ﬂf%‘?lq%‘act Y -2 SY[ Iyto

(manuf act ur ed an sol d %’6 =

Ch
255 ~ by e ohEBoRS Gttt R St ariGenent gtﬁa‘]apa”fsfs 02, caprent =
ratio = 3.3, Thgoln 2UbLiheth YOUEFCANE S OOl cch LN Sutblche TR

resul tant solution was™s usi ng a nonogeni zer

revol ution rate.9 CE%QQOtér%%réPu%?e{Ebé’r&Pt tgt‘?osg(%r% The %%@ﬁ:rl%g

slurry was spraye a snmal | aerosol equl pnent’, onto a

preheat gg at 200, Chod et DETERYm oL i N el CALE! H58 Y EGHE SRS PEUTeT -

The thuS obtai néd dried catal yst precursor powder was added to 1 M-aqueous
sol ution of ni tg%scacvéléelwe«sebyhebé bToiesandie diaMhditif S0 5. ¢ont ent
of 10 ~ by weight, and 25 the obtained slurry was maintained at 25 C for 1
hour, 74 foll pyedohynweshing with water, drying, and calcination at 600 C
for 5 hours, to thereby obtain the catalyst (L). The thus obtained catal yst
(L) had a conposition wherein it conprised 45 ~ by weight of an Htype sili
5 calite, 30 ~ by weight of Si02, and 25 ~ by weight of kaolinite.

Ref erence Exanpbe 13Thermegtlied i adcofdied aty siny MndCadfl \tsdmd M wess pr epar ed
in substantially the same 10 manner as kaolinite thus obta conprised by

wei ght 35 Ref er anoee| nwheteirntke Exaaptraend@nerk cegdctian 19 penforma@d| NTONE
SP33" (trade nanme) was used. The fined catalyst (M had a conposition
wherein it 45 ~ by weight of an Htype silicalite, 30 ~ of Si 02, and 25 ~
by wei ght of kaolinite. Exanple 14: preparation of catalyst (N) Catalyst
(N) was prepared in substantially the sane manner as in Reference Exanple
12, except that 10 g of pyrophyllite "5M (trade nane) was used. The thus
ob 20 tained catalyst (N) had a conposition wherein it conprised 45 ~ by
wei ght of an Htype silicalite, 40 ~ by weight of Si 02, and 15 ~ by wei ght
of pyrophyllite. Reference Exanple 15: preparation of catalyst (O 25
Catalyst (O was prepared in substantially the sane 75 manner as in

Ref erence Exarrpl e 12, except that 10 g of kaol i n|te ASP600 (trade nane)

I . o "



Ref erence Exanple 17: preparation of catalyst (Q To 130 g of tetraethyl
orthosilicate was added 278 g of ethanol, and thereto was further added an
aqueous 25 sol ution obtained by dissolving 0.197 g of 14-18 hydrate 77 of
alum numsulfate in 13 g of purified water, and 291 g of a 10 ~ by wei ght
aqueous sol ution of tetrapropyl ammoni um hydroxi de. The resultant aqueous
solution was subjected to a hydrothernmal symthesis and an after s treatnent
in substantially the same manner as in Refer ence Exanple 1, to thereby
obtain a white crystal_, The obfained crystal was calcined in substantially
t he sane rrannerb%sai‘% fFielfJe‘f C '%Sérﬁﬁoeg?,s'and the resul tant cal caned
product (zeolite) was subjected to a powder X-ray 10 diffraction anal ysis
as descri bed above. The X-ray diffraction anal ysis showed that the cal
caned product -exfi biged FANAPLAISdHPRSA o 30 Pl 134835 3 79,
s o the Tnter

3.73 and 3.69 in ter e values o pl anar spacings (d). 15

Si th b = i t j t ai it

e el i o gl | MR Palk SR B ot Al BliCeEe2 11
g b 0t ’ ; g 1 ) .

i 32?1[: fiegdI 25 raltlﬁa ﬁ% ézenéol I tdec.otrhz %slélccsc%r?cﬁ%l at osgn%%rf;??l&ze?{%%n\gﬁ'?ai ned
zeolite was Meagtfedl- AGE W BG L dd1R 2R 1TRNMINSA TIRIMGE: ddadtasrf,ound

that the zeolite had an Si/Al atomc ratio of 1000. Therefore, the zeolite

was identified qsefeupdtt XHEW tifirdi ([ alydte ZeUddehohasebireGned to an
ion 25 exchange in substantially the sane manner as in Refer 78 ence
Exanple 1, to tdeficddhatd aifm diyded Yivh taiMing efad idre drhardid yasSi /ahb
atomc ratio of 1000). Then, catalyst (Q was prepared in substantially the
same manner as the Redgemncer I gt £ s e Xxiae pte ilifiled & d NHecad arftdhe H type
silicalite, the above-obtained Htype ZSM5 zeolite (having an Si/Al atom c
rati o ofo1000) was m xed with kaolinite "ASP072" (trade nane) and a high
purity silica sol, and that the calcination tenperature was 600 C. The thus
obt ai ned cat al ys1. (@ netthckD forc gRaRidimn swkapeblact amonphtiseddcbi-~ by

wei ght of an Htype ZSM5 zeolite (having an Si/Al atomc ratio of 1000),
25 ~ by wei ght pfisi®Xxentb5ing hyy sledligrangine axinieniwich B sRefiak arca
Exanpl e 18: preparation of catalyst (R) A ~ type zeolite "CP814B-50" (trade
name; manuf ac teRalysld ol thegarenysstphagerimtefingt a)igaxrandemendo|ite
has an Si/Al atomc ratio of 25) was subjected to a powder X-ray

diffracti on anaf§a¢siomf s VSl FeANRRR PHe + R e gfarrangenasit ed
characteristic peaks at 11.58, 6.56, 4.16, 3.94 and 3.01 in terns of the
val uesl$~) of ¥eRCHiRRRfinfreiiprissin dihe BFRIRn i haiyhxinics,
Patent No. 3,308,069, it is shown that, in a powder X-ray diffractian
pattern of 25 199 YAUVE, TERIARELA] (RN e AL ROTRE SARHIE: 70
tic peaks at 11.4 0.2) 6.7 0.2, 4.25 70.1,23.97 0.1 and 3.0 0.1 in terns
of the (d) values, i.e., the interplangr'%%%cfﬁbs (d). Since the
above-nenti oned knownd@%Ee.%Lues of a 5 type zeolite are well in agreenent
with the results of the analysis of the zeolite used herein, the zeolite

used herein was identijii Tt ypge zgol jt T eolite was added to a
1 M aqueous sol ution 5? g%ﬁ%ﬁf%ﬁFéhFo??d@%t%} ]éﬁgﬁvﬁhbtain a slurry having

a 10 soljds content 0%11%.ﬁhgﬁyﬂegﬂ%ﬁgga%%dthe resultant slurry was

subjected to an ion exchange at 7 r 3 hours, followed by filtration
and washing with wat em? i 120~C &or cal cination at
500 C for 4 hours, toRt hg%égsggg%giﬁ gﬁ ¢ ~alt]!§yplrem+gieosqﬁctﬂ{e?' 15 Then, catal yst
(R) was prepared in substantially the same manner as in Reference Exanple
17, except that, instead of the Htype ZSM5 zeolite (having an Si/Al
atomc ratio of14000phe MetgtbdMddedw@indit® 1ARPOR atdveadehea@@n ame t he
high purity silica sol. The thus 20 obtained catal yst (R) had a conposition
wherein it conpsobed &Pid dwtabpysghtiofa atedtitd Yoo Zemddl e Lomtdih et ght
of SiOz and 25 ~ by weight of kaolinite. Reference Exanple 19: preparation
of catapyst (S)c2baXvéerrierite (zeolite) "CP914" (trade nanme: manu 80
factured and sold by Zeolyst International, U S A ; Si/Al atomic ratio =
28) was subjected to a powder X-ray diffraction analysis. The analysis
showed that the zeolite exhibited characteristic peaks at 9.38, 5.62, 3.97,
5 3.53 and 3.45 in terns of the values (~) of the inter planar spacings
(d). On the other hand, at page 398S of the article en titled "Collection
of sinmul ated XRD powder patterns for zeolites", R v. Ballnmoos and J. B.

H ggins ("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 ternms of the (d) values, i.e., the interplanar spacings (d).

A= e~ M [ o, I 1 Y I Y



The catal yst (A) was conpression nolded and pul ver10 ized into particles
having a particle size of fromO0.5to 1.5 nm 1.5 g of the obtained

catal yst particles was filled in a quartz glass reactor (having a | ength of
40 cm and an inner dianmeter of 12 mm for use as a fixedbed reactor, and
then the inside of the reactor was 15 nmaintained at 400 C for 1 hour under
a streamof nitro gen gas at a flow rate a6 200 Ncc/ m n (wherein Ncc neans
vol une (cc) as neasured under the normal tenperature and pressure
conditions, nanely, at 0 Cunder 1 atm. Then, a reaction was perforned
under conditions 20 wherein the inside of the reactor was maintai ned under

t heri d at. 350 C t f nit fl

oL mspher o BT S5 il SEOCer, 4 pliagnd L oogn ags s 11 o

whi ch 35 7 =~ i ght I i | utd i 25 I

(uhl h, vas 2 35 Jors B JETO0 ) SR ARAS NI S IATENRPS o)
t 2.0 (4. . t, j . t i f

(oactor vas 2 CHONGdLS O parkn BR SRRtk P S on o ey ©

reactiongm xturg; W85 GONOENSEd, iy ,paasﬂe’{%l'fos{j{li%ég:'w L {avigdenser

r
mai nt ai ned at about 3 C, to thereby obtain a liq reaction m xture, and
the obtained | gt £RCH S 2P M8 £ U GRRRA drd 3 1d19A LAl with
ice or a dry ice ethanol. The obtained reaction mxture was anal yzed by gas
chromat ogr aphy as descri bed above. The 10 results of the reaction are shown
in Table 1. The conversion of cycl ohexanone oxine and the selectivity for
$-caprol act am af £, catd!Ind @b A ad ANy P RS 118N o)1 30k beYel, Oohexanone
oxinme 15 [(0 - RN / O x 100 Selectivity (~) for e-caprolactam- [L/ (O -
R)] x 100 wher eperddr ik ezédl 06| thexamie wdied.ed (mol/hour) R = nole
of unreacted cycl ohexanone oxine (nol/hour) 20 L = nole of E-caprolactam
producedp (nol / hour) Conparative Exanple 1 Using the catalyst (B), a
reaction was performed under substantially the sane conditions as in

Exanpl e 1. 25 The. r €8s tretdred SHumordimglaiol enly oneBdfExdamuise 12 Wi Ng t he
catalyst (C), a reaction was perforned under substantially the sane
conditions as iad&Eeanpikerdein the palglivdria alsiwwl ideratdtdve i4 at
conpari son between the results of this Exanple 2 and the results of Exanple
1 shows that, wheasthmeqener selentedldapmdihey sravigequadisting |9fca sol
(as in the case of Exanple 2), the selectivity for the desired product is

i mproved. 10 CodirEene ed et roroneihyl tqfdh et Atipstlea® gy qdadmdansit was
performed under substantially the sane conditions as in Exanple 1. The
resul t slare showhrYh iR Propy shamdlycpludianpratdvcatedingst a8 pre-
reaction was perforned under substantially the sane conditions as in

Exanpl e 1. The PELeR¢ ngaY%OJsHWP?WYﬁatﬁtéyﬁ' 20 The catal yst (E),
containing an alumina as a part of the inorganic oxide, exhibited a
selectivity |ower than exhibited by the catalyst (C) containing no alum na,
but the catal ysi, (E)m,exhi bi.ted an inproved hani cal. st,r t f_ the

cat al yst shape %’rt i% %,m%tsh%%r?pcac?oer T g? F%’ OF° t fe lctzft?nan‘?ylgt OC(OC)lpl ( For

measur oment of LBGHAN yne fdyf UnSt SO AOG SHAY Y- AR AV dal |y

conpr essi on nol ded uhder e sane e, into a cylindrical shape having
a dianmeggr of 3 PO 31 S8SH M onfe The,diardness of each cylindrically
shaped %:gt al yste%% meaggfy?uregTI us?‘?]g{fghlﬁ ya hardness tester.) That is, the
catal yst (E) exhibits an advantageous property for comercial use.
Conparative Exanple 3 10 Using the catalyst (F), a reaction was perforned

under substantigyly the me¥Fod UKEIFONy % IdhPRPISE Litehite ey t1s are
shown in Table 1. Exanple 4 15 Using the catalyst (Q, a reaction was

performed underaseips! amhésély the SedErHOFEhdiONSeaStidh B@MHUe dycilhe
results are shown in Table 1. The catalyst (G exhibited a selectivity

| oner than exhibékeslohy éhemeaialysifdimed itddhecamdit ieis (Whertdih Athe
taining a larger anmount of alum na, exhibited a further inproved nechani cal
strengt hsof thergatelyst tsho@esdwrd i £d eEra TOPES &80 d Oct,haheotrelalde 1on
catalyst (E). (The hardness of each catal yst was neasured in substantially
the sanme manner as in Exanple 3.) That is, the catalyst 25 (G exhibits an
advant ageous property for commercial use. 85 Conparative Exanple 4 Using
the catalyst (H), a reaction was perforned under substantially the sane
conditions as in Exanple 1. 5 The results are shown in Table 1. Exanple 5
Using the catalyst (1), a reaction was performed under substantially the
sane conditions as in Exanple 1. 10 The results are shown in Table 1.
Exanple 6 Using the catalyst (J), a reaction was perforned under
substantially the same conditions as in Exanple 1. 15 The results are shown
in Table 2. Exanple 7 Using the catalyst (K)) a reaction was perforned

N 1 s T . I | M Y LT o o p— ~NN -l I o



20 Exanple 11 Using the catalyst (O, a reaction was performed under
substantially the sane conditions as in Exanple 8. The results are shown in
Tabl e 3. 25 Exanple 12 87 Using the catalyst (P), a reaction was
performed under substantially the sane conditions as in Exanple 1. The
results are shown in Table 4. 5 Exanple 13 Using the catalyst (Q, a
reaction was perfornmed under substantially¥%he sane conditions as in
Exanple 1. The results are shown in Table 4. 10 Exanple 14 Usr ng 1.2 g of

the catalyst (R rﬁsd:eﬁacfé FLIRD R Qe ‘itgiéodea SR LI Lrynotu'l% ame

conditions as i except that "a y wel ght Shexanone

oxi me solution d r { ) BT f e

reactor at a fI rate 0 4 4(53%Nrt{)fﬁerec§% }% aq’tdhn%n Fow ré’t%efgg) ni t'rogen gas

was changed to &?ON%&/ -n. The wei ght hourly space velocity in the reactor
1 6 ho

was 0. 33 hour ufr 1, as determ ned, based on the weight of the
zeolite conponent as a nost active species). The 20 results are shown in
Table 4. Exanple 15 Using 1.5 g of the catalyst (S), a reaction was

perfornegd under; gubsiantildon ta*&oﬁl%gc@lﬂ'atdyo%ea%f' n t2msEXaAMRIe 1,
except that a 5.0 ~ by wei ght cycl ohexanone oxime solution in

1-hexanol (raw ABd«wd | alnexrd i 11y ﬂ’&%‘ﬂa@@éﬂ@ﬂth&é&ﬂ‘pit&f i prrifopdat e of
5.0 g/ hour and that the flow rate of nitrogen gas was changed to 50

Ncc/ mi n. The wahghthdBIdasiacdaelpddesd.n the reactor was 0.17 5 hour 1
(0.33 hour 1, as determ ned, based on the weight of the zeolite conponent
as a nost active species). The results are shown in Table 4. Exanple 16 10
The H type silicalite obtained in Reference Exanple 1 was conpression

nol ded, foll owel®d by The werttral iamcordion tHee amys wireantf [areimsclids topdmsti cl es
having a particle size of fromO0.5 to 1.5 nmwere collected to obtain a
cat al ys10conpr iszeven|whaerfein ze@ante.ofisileg ddima tvats udedhinaitied mesda] yst
a reaction was perforned under sub stantially the sane conditions as in
Exanpl e 1, excepangéranty 3Rt oyl spedqghitimymishesanomsepuitEesdin i on in
et hyl ene gI ycol nononethyl ether (raw material solution) was fed to the
reactor at a flwhihdRawnpffzem g/tgtand R0 thmtredrrangameand eesfcia.ogen
gas was changed to 53 Ncc/mn. The weight hourly space velocity in the
reacfor was 4. ("HRTAUROD dheisi TR IRisRly h khereaanaiatsd tie 3ol ite
conmponent as a nost active species. The concentration of cycl ohexanone

oxime in all gREWIRRLES of PRSI AR T RS ¥y Fhl 'ﬁ‘?eg'r(?srtﬂ
are. shown 89 in Table 5 and Fi and 2. Co rat| e 5 Usi ng
e IO | SO0 Teblo A Sssd o0 2 Copael e, By

performed under substantially the sane conditions as i n Exanpl e 1, except
that a 35.7 ~ by wei ght cycl ohexanone oxi ne sol ution in 1- propanol (raw
mat eri al sol ution) h Q ]g{{: and
that the flowrate o n%lt ?Doéglgon's etﬁem%g%r%al%“;edﬂ}t’!o ce/SAnqrﬁL g'q{we ght
hourly space v ‘#9{% in the reactor was 4.0 hour 1, as det er m ned, based
on the weight o € zeolite conponent as a nost acti ve Sspeci es. The

concentration of cyc}phaxanade, &K dfed 488 @%rﬂ@%d@%é&éﬂ"%ﬂ% or
was 7.0 ~ by volune. 15 The results are shown in Table 5 and Figs. 1 and 2.

The pr eﬁgnt Conpas s v &1 fRxaiiPl éh Wast Ped freddrdddetat e Soa i tions as

in Exanple 16, so as to conpare the method of the present invention (which
uses the pol yhygit£1vé€0b®! usled | iévein WHd $oIed Nosh uséamga By 20 1@nohydri c
al cohol having the sane nunber of carbon atonms as in the polyhydric al cohol
derivative usedpréodixede délchxbipl£ dridd ¢btalysk Iredurdort heosanme
catalyst as used in Exam 90 ple 16, a reaction was perforned under
substantial |y theisine «onehlivnans ifidfanminpdneraxceaptciysiald dte O ~ by
wei ght cycl ohexanone oxi ne solution in ethylene glycol nononethyl ether
(raw materi al sclayimineral &edatoeddred compatent aAtamd f | @ Yedet dns. 3

g/ hour and that the flow rate of nitrogen gas was changed to 57 Ncc/ mn.
The wei gbt hours$ybspanee vas oxi tlyird ¢dapomrernt prsebascted fioam the agroup
determ ned, based on the weight of the zeolite conponent as a nost active
speci es. The concentra 10 tion of cycl ohexanone oxinme in all gases fed to
the reactor was 6.9 ~ by volune. The results are shown in Table 5 and Fi gs.
3 and 4. Conparative Exanple 6 15 Using 0.375 g of the catal yst sane as
used in Exanple 16, a reaction was perfornmed under substantially the sane
conditions as in Exanple 1, except that a 45.0 ~ by wei ght cycl ohexanone
oxime solution in a m xed solvent of an al cohol (27 ~ by wei ght of

met hanol ) and an ether 20 (73 ~ by weight of nmethyl-tert-butyl ether)

(al cohol /ether nolar ratio = 1:1) was fed to the reactor at a flow rate of
3.3 g/ hour and that the fIOM/rate of nrtrogen gas was changed to 54

Ny 55 - ——yr 1 . . o I " T . o A ~ 1. o a o



93 nanme) and 900 g of an H type silicalite. The resultant m xture was
stirred for 1 hour by using a honobgenizer at 5,000 rpm to thereby obtain a
slurry. The obtained slurry was spray dried by using a spray dryer ("Mbile
5 MnorTM manufactured and sold by Niro Japan Co., Ltd., Japan) to thereby
obtain a dried catal yst precursor pow der. The spr ay dry| ng was perforned
by using a twophase nozzl e under conditi orils8 wherein the inlet and outl et
tenperatures of the dryer section of the apparat us 10 were 250 C and 100 C,

respectively, r t our R e thus
obtai ned dried cgl?ézp Jfs"l%rge%ugrsor ercev?/a\gg'% ri e?gt O%n g&tltﬁgln added
to 1 M aqueous d e In r aving a
sol ids content ﬁg% %%rb&%\ed %180%1]%1 %P’te;% tant q'Jsa'l 31” ﬁve\gjseli%a?ﬁn{éal ned at
25 C for 1 hour; (g é/vaéjf*‘u‘\g}gl i Vah8lde VeYiald 1@3asklQng il -12
hours, and cal C:ILII}latI on at 60% 5 ourns toet her gby obts;ti nnpov?dery

catalyst (T). Thént hss gt Dedtad & iGYTRAS IdleafenMaeii-n it
com 20 prised 45 %ﬁl@mﬁﬁﬁrﬁ%ﬁn%%@?ﬁé{%mcame 30 A)t()ay Vr\1e|g"b of

Si 02, ang 25 ~ bynyeh pt%hﬁo Urdas 14 1153 aHEe owiethe Ped 161 d DatRS and

corrposed mai nly of spherical particles having a particle dianmeter within
the range of frpmesdid otHdOiddryartic Ahisidie/ad WHIRIr ahaPidxadedNcon25
scope. 94 The catalyst (T) had an attrition index (1.D.) of 0.2 ~ by

wei ght, as neastdefedyid e GbpmerIeitd GG Bl hod zBWL Hes addaneat al yst
used in the present in vention exhibits an extrenely high attrition

resi stance, 5 adty$eslpimveteXal Mgl .ogy and nechani cal strength which
are suitable for use in a fluidized-bed reaction. 40. 0 g of the obtained
catalyst (T) was filfed inpzowiray tthey|sAspabddditgr apldawienthamiloalgt h of 60 cm
and an inner dianeter of 25 mm for use as a fluidized-bed re 10 actor, and
t hen t héOcat al ystrewgth | of dilredeki@5ri@ faatalysdur iundsidid ity damtife
nitrogen gas at a flowrate of 393 Ncc/mn. Then, into the reactor was fed
a 35.7 ~ by wei gbheveyndnhiexsad eonrpdnan tol ttheprlniedetdatiadins tylpreglursor
mononet hyl ether (raw material solution) at a flowrate 15 of 30.8 g/ hour,
to thereby perf&e the exelidracinteratalyrds ot ifogihess gantaiie aneiaget -
hourly space velocity in the reactor was 0.27 hour 1 (0.61 hour 1, as

det ermi ned, baseHoR! t PRMBRIGGHE . oﬁfuqrhe'ﬁze?olgltaé’}\:ldrﬁpoﬁéhtana§“&%t°fact| ve
speci es). The results of the reaction are shown 20 in Table 6. The results

of Exanple 19 sHE¥that® vwheh the'sidHod Qﬁsecqﬁé’r’prté’seerﬁoq%é‘fﬁ%% @ whi ch
lid talyst h fi t
Fangeneht 1 eact FoR TLrerf cRtehd FIhcT C°2q’%>ee°s'oa#e‘¥£ts's%ef“ asthol yhydr i o
al cohol derivat | gf% i s, used to c%Eerflgr n% alél idiz bed reecti on
process which i € ]ey%'?e?%‘??%lﬁs Rt pﬁ' ci ‘Pﬁé i¥ent i nvent | on,

the catalyst exhibitg, excel]ant c]‘,;ps[erg Qfy Lo g&g) | xe%%a%‘ . e I8 141§ Jret hod

of the present invention is used to per i on process

| h
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The aluminosilicate as defined in the present in-
ventlion is a compound comprised mainly of (Si04)b'units
and (AlO4)5'units (hereinafter, both of the units are
frequently referred to as "TO,” which means a tetroxide
of T atom having a tetrahedral structure with an oxygen
atom positioned at each apex of the tetrahedral struc-
ture), wherein each TO, unit shares the four oxygen at-
oms at the apexes with the four neighboring TO, units,
so that the TO,; units are three-dimensionally bonded to
form a crystal. The crystal is porous, and the diame-
ters of openings of the pores of the crystal are in the
range of from about 0.4 to about 0.8 nm. This crystal
functions as a molecular sieve.

The metallosilicate as defined in the present in-
vention has substantially the same porous crystal struc-
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
metal atoms include titanium (Ti), boron (B), ferrum
(Fe), zinc (Zn), gallium (Ga), chrome (Cr), cobalt (Co),
zirconium (Zr), vanadium (V), copper (Cu), niobium (Nb)
and beryllium (Be). Among these, boron (B) is not gen-
erally regarded as a metal; however, in the present in-

vention, boron may be introduced to the crystal lattices

" du
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of the metallosilicate as the T atom.

The silicalite as defined in the present invention
has substantially the same porous crystal structure as
that of the aluminosilicate, except that the crystal

5 structure of the silicalite comprises substantially no
TO4 unit having Al atom or any of the above-mentioned
other metal atoms as the T atom, but comprises only TO,
units each having Si atom as the T atom.

The porous crystalline phosphate as defined in the

10 present invention is comprised mainly of (AlO4)& units
and (PO4)} units, which are the TO, units of the porous
crystalline phosphate. In the porous crystalline phos-
phate, (AlO4)°” units and (PO,)> units are bonded to one
another to form a three-dimensional crystal structure.

15 In general, the porous crystalline phosphates are col-
lectively referred to as “"AlPO,-n" (wherein n is a posi-
tive integer and shows an identification number which is
generally used for identifying the 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 TO4 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
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of the zeolites as described above.
Among these, preferred are an aluminosilicate, a
metallosilicate and a silicalite.
It is more preferred that the zeolite is at least
10 one member selected from the group consisting of an alu-
minosilicate having an Si/Al atomic ratio of 10 or more,
a metallosilicate having an Si/metal atomic ratio of 10
or more and a silicalite. It is still more preferred to
use at least one member selected from the group consist-
15 ing of an aluminosilicate having an Si/Al atomic ratio
of 100 or more, a metallosilicate having an Si/metal
atomic ratio of 100 or more and a silicalite. It is
still more preferred to use an aluminosilicate having an
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
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Examples of aluminosilicates include an A type zeo-
lite, a X type zeolite, a Y type zeolite, an L type zeo-
lite, an offretite zeolite, a mordenite zeolite, a fer-
rierite zeolite, and a ZSM-5 zeolite (see Examined Japa-
10 nese Patent Application Publication No. Sho 46-10064
(corresponding to Canadian Patent No. 902,334)), a ZSM-
11 zeolite (see Examined Japanese Patent Application
Publication No. Sho 53-23280 (corresponding to U.S. Pat-
ent No. 3,709,979)), a ZSM-12 zeolite (see Examined
15 Japanese Patent Application Publication No. Sho 52-16079
(corresponding to U.S. Patent No. 3,832,449)), a ZSM-23
zeolite ("ZEQLITES”"” 5, pp. 352-354, A.C. Rohrman Jr et
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
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. CSUO'% ~Nx %ﬁclﬁc«‘yflo&%é{\{ %1’?0 ISQO-ﬁOWBh (Mﬁlfeﬁﬂondtirnjg I%o U.S.
Patent No. 4,440,871)), SAPO-11 (see Unexamined Japanese
Patent Application Laid-Open Specification No. Sho 59-
35018 (corresponding to U.S. Patent No. 4,440,871)).
Each of the above patent documents describing vari-
10 ous zeolites has a description on the X-ray diffraction
pattern of the zeolite and on the process for producing
the zeolite.
With respect to the A type zeolite, X type Zzeolite,
Y type zeolite, L type zeolite, offretite zeolite, mor-
15 denite zeolite, ferrierite zeolite, ZSM-5 zeolite, and
ZSM-~11 zeolite, the compositions and structures thereof
are described in "An Introduction to Zeolite Molecular
Sieves”, A. Dyer, pp. 12-37, U.K., 1988.
Among the above zeolites, it is preferred to use a
20 silicalite, a ZSM-5 zeolite, a titanosilicate, a boro-
silicate, a P type zeolite, and a ferrierite zeolite,
and it is more preferred to use a zeolite having an MFI
type 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-
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| NDUSTRI AL APPLI CABI LITY I n the production of e-caprolactam by contacting
cycl ohexanone oxime with a solid acid cata4st in the gaseous phase to
effect a rearrangenment reaction of the 5 cycl ohexanone oxine, by virtue of
using a solid agid, catal yst, having a specifi.c  ,conpasition and/or perform ng
t he rearrangemﬁ%n%ré%c%?%nsﬁﬁu?%%lg%roe eanczeeo&fltae'spg FﬁfgspWyggﬁri c al cohol

derivative, the I e-C C e n u fr I none
oxime with hi ghsqgéééfe%t?%ﬁ%%%oéﬁn? ﬁﬁa‘gh&y‘? eclrogﬂ’ %ed%t?s a%lr?Al%%%c%l%E met hod
for producing grca t i C | tact i C V.G angne oxi nme
with a solid ac}lgl g%ﬁl%z%% %%%?%éﬁjo?ph éaastc'd elggpe)ét%lgq?’édr angenent
reaction of saifg,cyglo i e, \saiwl .sali | d cat-alyst i
produced by cal g?hi‘%lé' gﬁgrl e%%é@'stﬁpr%c%gsoaﬁda?di f'ctgﬁ'as%?}st(g?roggdr sor
comprisifg a zephlig.rdy GGYALALLL I G dEAIeE Il 1t M0de?a3lo10Rs
substance sel ected Tromthe group consisting of an I norganic oxide and a
compound whi ch 4,06 M .k N ARRH f£o 0| it 401 £ WA Aon R Pisal d

i norgani ¢ oxi de conprises an oxide of at |east one elenent selected from
the group consisitdd RD ) SHEE Spdet I bl X dL i@PS ’E, vi3 paNd mbbs0f the
Periodi c Tabl e and wherein said 1 norganic oxide is other than oxides
contained in a gagsyalBi neigeine | (" o 7E! ival and saiddl &,ysuald i1 gl ay
mneral. 20 2. The method according to claim1, wherein said zeolite is at

| east one nmenbeppsetezsedasgspm t he group consisting of an aluminosilicate
having an Si/Al atomic rado of 10 or nore, a netallosilicate having an
Si/metaloatom c ratixs ofhd Gnadt nixeferrkd dliidadd,t ehede cabl®e3mehhe

met hod according to claiml1l or 2, wherein said zeolite is an MFl zeolite.

4. The mnet hod atiomed ngn tMFRnyypeeaimioies isidatte vingveer diYAdlai d zeolite
is at | east one nenber selected fromthe group consisting of an M-I
silicalite and atasht Sraebdicee. 1600 Tore matehocaradtor divie tme tahl asvid iof
claims 1 to 4, 10 wherein said crystalline clay mneral is at |east one
menber sel ect edc@toranbngramupStonetat | gpwic Fake i9f Mt AT MeRel ¢, a
montnorillonite and a pyrophyllite. 6. The method according to any one of
clains 1 to 5, i%dvxh%rbé%/% PRl $hbigahi€e oxide is at | east one menber se

| ected fromthe group consisting of a silica, a silicaalumpa and an

al uni nal®7. The net QcERNHH RS tPRRRe TP Ad i SR (Y OB ¥t ®i n

t he amount of said, crystal I'ine clay mperal in said dried cat

; lyst _ .
precursor is froAfsCEd BYL2L poRRi gFRT 1 HHE U T (HERBIRAS R GH Seofhé%ﬁ d
zeolite, said c%ést al | ilfllg. cl a:g m er&l aqu said at | eastx ne seut?“sett ne.
sel ected fromthe GrOUB"toRL? t’f‘?\ﬁh% S o T rfarfit W &8 ahd 4 cor%ound
Whi ch S ) ; 27 ) T
aclcgr di ggrgnfosglngn Lgﬁﬁgg%%g?ﬁédﬁe?%oiﬁ%e%gi%&%%{f%ar"?eatr?géﬁﬁeg?‘"rgggcti on

of said cycl oheygeSe Qe QYL Mepter ELLRTIEDANAS SAOJONR MhsT el n the

reaction tenperature 1s from e reaction pressure Is from

0.01 topd MPa, and tjpgrpelgehe HOUES YEBPAGHY BARE I dnodiit S dre/ Hethpxanone

oxinme is fromO0.01 to 100 hr 1. 10 9. The nethod according to any one of

claims 1 to 8, WHEERI théaklol LRET PHOUCAREE A M €QCEANY | StiéerFd OfdTeib Ryast-he
fluidi zed-bed process. 15 10. The nethod according to any one of clains 1

to 9, wherein atpatlapfiihetseichysandseie i fiySai shd eafid@igesenihd aastdon is
continuously or intermttently withdrawn froma reactor for said
rearrangenment reantbenapphepLuadelyhehsséhdaaWorqtad sd advergenefdded in
an 20 atnosphere of oxygen-containing gas or an inert gas, and the
regenerated cat abysaussdrehuthedréacsadn peptdintied lin thermidittbd af the
produci ng $-caprol actam which conprises contacting cycl ohexanone oxi ne

with a 28b8lid acpdegéntatalrgstion. t IRy gase@xpgriarem tiso pefiffeained by the
rearr angenent 108



reacti on of said cycl ohexanone oxinme, said rearrangenent reaction being
effected in the presence of a pol yhydric al cohol derivative represented by
the following fornula: RI-O-R2-CH 5 wherein: Rl represents a Cl1-C5 al kyl
group or a phenyl group, and R2 represents a C2-C5 al kyl ene group. 10 12.
The met hod according to claim 11, wherein said solid acid catalyst is a
zeolite or a zeolite-containing catalyst. 48. The nethod according to claim
12, wherein said zeo 15 lite is at | east one nenber selected fromthe group
con sisting of an ' [ lJd cate havyj Si 1.C I 0.0f 1Q or
nore, a netall o@??%:ﬁjaénefmo\%#nogﬁa'n %?)ﬂr?egﬁaé]ea c?lr%ﬁé’f;t?ll@c;c ‘of c;c(r%lermzre0 and a
silicalite. 20 {14, T i ai I : ei i d
zeolite is an hﬁt%e%i%%%.%ﬁ%%\g%o atc%cloramoﬂlﬁ bt%ologl%ln%gtroofd}(ﬂ%g ns 11
to 14) wherein saide pohyhydrd Saad cRiple -r.:é/_at iME iAQJ alnd 9ast Qe nenber
y

selected fromthe group consisting of et " 109 ene glycol nonet hyl

et her, ethyl eney@byeoh m}gﬁé e ®HQE ) RIGPHLRE Slord dﬁhgi@”’l')ﬂ et her
and propyl ene g?yco% rr%no_et yCP_ e%tﬁgr. )5 16. The method {fcco_r |n'_g t(;a any one
of claing 11 toyide yhefel bisal that? sy & AlLohRl gleniomfdde hmoshy! ene
gl ycol mononethyl ether. 17. The nmethod according to any one of clains 11

to 16, 10 whereifesdifet£AT{EETEY TLarddOprArexddd cycl ohexanone oxine
is perforned under conditions wherelin the reaction tenperature is from 200

to 500 C, the reaction gHestdd addarihPld ank Miastardgdiae WH dMe
hourly space velocity of said cycl ohexanone oxinme is fromO0.01 15 to 100 hr

1. 18. The net hote SELOr th¥igh t Do) Yextiiep Xds dAidesysithi1dnk/ ,c Ve melinersaigd
rearrangenent reaction is performed by the fluidized-bed process. 20 19.
The net hod accouskdgas otlaysemendfcanmpoment]l linadluld: tideercatys taaldainte of t he
catal yst used in said rearrangenent reaction is continuously or
intermifently elahdniwerdioma steaot orifloin sidiad dogaradrigamentshayaction, 25
wher eupon the withdrawn catalyst is regenerated in an 110 at nosphere of
oxygen-cont ai nifgggas. or an inert gas, and the regenerated catalyst is
returned to said reactor. .Au2 .A2 .AY . AE . A9 .AN&2 . A9 . AA9 . An9 . A{2
CA&2 A2 LAl . AE . Aferenbedhow A amyexpilgnatson Ay made mn the clay  AE . AE
.AE .AE .A 2 .A2 .AY .AY . A2 .AE . AY . AE . AE . AL2 . A9 . A9 . A2 .A&2 .A&2
AE . AE . A&2 _A&Qngmghg uge® in the present invention.

The following two basic units constitute clay min-
15 erals: an SiO4 tetrahedron unit having a structure in
which four 0°” ions are coordination-bonded to an Si**
jon, and an Al1(OH)¢ octahedron unit having a structure
in which six OH  or 0®  ions are coordination-bonded to
an Al3+ ion (provided that there is also an octahedron
20 unit having a structure in which the A1%** ion in the
Al(OH)¢ octahedron unit is replaced by an Mg2+ or Fe**
ion). A sheet structure comprising a plurality of SiO,
tetrahedron units which are two-dimensionally connected

to each other is known as a "tetrahedral sheet"”, and a

25 sheet structure comprising a plurality of Al1(OH)g octa-
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#10%<& ()-K and a chlorite. Further examples of 2:1 clay minerals
include sepiolite and palygorskite, each of which has a
10 structure in which SiO,; tetrahedron sheets are cycli-
cally inverted to thereby form pores.

Specific examples of mixed-layer minerals include a
mixed layer mineral comprising a combination of mica and
smectite, and a mixed-layer mineral comprising a combi-

15 nation of kaolin mineral and montmorillonite.

Generally, some natural clay minerals contain an
amorphous component, such as an amorphous silica, in ad-
dition to a crystalline clay mineral component.

The oxides (such as S$iO, and Al,05;) contained in

20 the crystalline clay mineral used as the second compo-
nent of the solid acid catalyst used in the method ac-
cording to the first aspect of the present invention,
can form a crystalline structure, and thus the crystal-

line clay mineral has a structure in which such oxides

25 are arranged regularly to thereby form a crystal. On
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50 % by weight or more, more preferably 90 by weight

15 or more. When an inorganic oxide other than the crys-
talline clay mineral is present in the clay mineral used,
the inorganic oxide other than the crystalline clay min-
eral is regarded as a part of the inorganic oxide used
as the third component and is considered accordingly in

20 the calculation of the weight ratio of the second compo-
nent of the solid acid catalyst.

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.
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nent of the solid acid catalyst in the rearrangement re-
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 comprising 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).
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which is to be calcined to produce the solid acid cata-
lyst used in the method according to the first aspect of
15 the present invention, is at least one substance se-
lected from the group consisting of an inorganic oxide
and a compound which forms the inorganic oxide by calci-
nation (hereinafter, the substance is frequently re-
ferred to as an "inorganic oxide and/or oxide-forming
20 compound”). The third component of the dried catalyst
precursor is added as a binder for the purpose of im-
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.
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As described above, the inorganic oxide used as the
15 third component is an inorganic oxide other than oxides
contained in a regularly arranged crystalline form in
the zeolite and the crystalline clay mineral.
Specific examples of compounds which form the inor-
ganic oxide by calcination include hydroxides, such as
20 Al1(OH);, Ti(OH),, and Zr(OH),, and salts, such as
A1(NO3); and the like.
With respect to the difference between the process
for producing the catalyst used in the method according

to the first aspect of the present invention and the

25 above-mentioned process disclosed in Unexamined Japanese
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10% o0& ()-F 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 20 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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inorganic oxide and/or oxide-forming compound as the
third component in an amount of from 15 to 35 % by
10 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 mineral as the second com-
15 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
20 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-

25 rial mixture containing a zeolite as the first component,
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(1) Step of preparing a catalyst raw material mixture

The catalyst raw material mixture comprises a zeo-
lite as the first component, a crystalline clay mineral
as the second component, and an inorganic oxide and/or
oxide-forming compound as the third component.

As the zeolite, there can be used a zeolite ob-
tained by hydrothermal synthesis performed using a con-
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
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

the zeolite to a heat treatment in a furnace, such as an
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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 f£from 400 to 600
°C for 1 to 10 hours under an atmosphere of air.

With respect to the crystalline clay mineral, a

25 commercially available crystalline clay mineral as such
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to an agqueous sodium silicate solution, an acid, such as
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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 so0l, 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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containing these components for the dried catalyst pre-
15 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

20 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 aqueous mixture is
stirred preferably by using a stirring device, such as a

homogenizer or the like, at a revolution rate of from

25 2,000 to 10,000/minute for a time of from 15 minutes to
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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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10 zeolite, a crystalllne 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 in the above-
mentioned step is subjected to molding, drying and cal-
cination, to thereby obtain the catalyst 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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dried catalyst precursor.

In the spray drying step, spraying of the raw mate-
rial mixture can be performed by centrifugation, by the
two-phase flow nozzle method or by the high pressure

10 nozzle method. 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
temperature of the spray dryer at an entrance to the
dryer section thereof is from 150 to 500 °C. The thus

15 heated air is caused to contact the raw material mixture
in a counterflow or a parallel flow, causing the mois-
ture in the raw material mixture to evaporate, to
thereby obtain a dried catalyst precursor powder molded
into a spherical shape having a diameter of about 20 to

20 150 pm. The obtained dried catalyst precursor powder is
subjected to calcination in air by using a furnace, such
as an electric furnace or a tubular furnace, at a tem-
perature in the range of from 500 to 1,000 °C for 1 to

48 hours, preferably at a temperature in the range of

25 from 600 to 800 °C for 1 to 10 hours.
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c10%& (g 3 S htgfhéalﬁ@%%é)or Séﬁl(@&%ég cé@alyé& precursor into a
cylindrical, a tubular or a granular form or the like,
by employing a molding method, such as an extrusion
molding method, a tableting method, or a compression
molding method; and calcining the obtained shaped arti-

10 cle of dried catalyst precursor.

In the case of an extrusion molding method, the
catalyst raw material mixture is subjected to heat
treatment, to thereby dehydrate the mixture to a level
such that an extrusion molding can be appropriately ef-

15 fected (i.e., to dehydrate the mixture to a moisture
content of about 10 to 40 % by weight), and then the re-
sultant semi-dried raw material mixture is subjected to
an extrusion molding using an extrusion molding machine,
to thereby obtain a solid cylindrically shaped article

20 having a diameter of about 1 to 5 mm and a length of
about 2 to 10 mm. The obtained shaped article is sub-
jected to drying by using a dryer, at a temperature in
the range of from 80 to 200 °C, for 1 to 48 hours, to
thereby obtain a dried catalyst precursor, and the dried

25 catalyst precursor is then calcined under substantially
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moisture in the mixture to evaporate, and obtain a dried
raw material mixture powder (a dry powder), followed by
molding of the obtained dry powder either by tableting
(i.e., a method in which the dry powder is pressed into

10 a shaped article between the pounder and mortar of the
tableting machine) or compressing, by the use of a ta-
bleting machine or a compression molding machine, to
thereby obtain a shaped article of dried catalyst pre-
cursor. For improving the shapability of the dry powder

15 (of a catalyst precursor), graphite or the like may be
added to the dry powder, wherein the amount of graphite
is from 1 to 5 % by weight, preferably from 2 to 3 % by
weight, based on the weight of the dry powder. In a ta-
bleting method, it is preferred to mold the dry powder

20 (of a catalyst precursor) into a cylindrical or a tubu-
lar form, each of which has a diameter of from 2 to 5 mm
and a length of from 3 to 10 mm, In the case of a com-
pression molding method, the shaped article of dried
catalyst precursor may be worked by a method in which

25 the shaped article is pulverized to form a particulate
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tially the same conditions as mentioned above.
The method according to the first aspect of the
present invention uses the thus obtained catalyst, i.e.,
a catalyst which is produced by calcining a dried cata-
10 lyst precursor comprising a zeolite as a first component,
a crystalline clay mineral as a second component and an
inorganic oxide and/or oxide-forming compound as a third
component. The method according to the first aspect of
the present invention is advantageous not only in that
15 the catalyst shaped article exhibits a satisfactory me-
chanical strength, but also in that a high selectivity
for e-caprolactam is achieved.
Hereinbelow, an explanation is made on the method
according to the second aspect of the present invention.
20 In the method according to the second aspect of the
present invention, preferred examples of solid acid
catalysts include amorphous so0lid acid catalysts, such
as silica-alumina, silica-magnesia and alumina-boria;
non-crystalline solid acid catalysts having an orderly

25 mesoporous structure, as represented by MCM-41 (see
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connection with the method according to the first aspect
of the present invention: namely, an aluminosilicate, a
metallosilicate, and a silicalite. Among these, it is
more preferred to use a silicalite, a ZSM-5 zeolite, a
10 titanosilicate, a boron silicate, a } type zeolite and a
ferrierite zeolite. 8Still more preferred are zeolites
having an MFI type structure, such as an MFI type sili-
calite, a ZSM-5 zeolite, and an MFI type titanosilicate.
On the other hand, with respect to the Si/metal
15 atomic ratio, it is more preferred to use at least one
member selected from the group consisting of an alumi-
nosilicate having an Si/Al atomic ratio of 10 or more, a
metallosilicate having an Si/metal atomic ratio of 10 or
more and a silicalite. It is still more preferred to
20 use at least one member selected from the group consist-
ing of an aluminosilicate having an Si/Al atomic ratio
of 100 or more, a metallosilicate having an Si/metal
atomic ratio of 100 or more and a silicalite. It is es-
pecially preferred to use at least one member selected

25 from the group consisting of an aluminosilicate having
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or more and a silicalite. It is most preferred to use
at least one member selected from the 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 binder.

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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vention. In other words, it is preferred that the com-

position of the solid acid catalyst used in the method
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:
R1 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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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-
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-
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
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-

rivative may be supplied into the reaction system sepa-
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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

organic compounds include aromatic compounds, such as

25 benzene and toluene, and aliphatic alcohols, such as
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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 g-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 mole 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
present invention, cyclohexanone oxime alone may be sup-
plied into the 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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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 e-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 as follows. A solid acid
catalyst is introduced into a reactor, such as a fixed-
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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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 t-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)

Cc 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 particular 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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luting air with an inert gas (such as nitrogen gas, car-
bon dioxide gas or argon gas; preferably nitrogen gas)
to a desired oxygen concentration (of about 1 to 10 % by
volume), or an inert gas, the inside of the regeneration
apparatus is maintained 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 processes, 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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and the ‘catalyst regeneration are ‘alternately performed
in each reactor so as to perform the rearrangement reac-
tion and the catalyst regeneration simultaneously in
separate reactors.

5 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
rearrangement 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 thereby 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 returned to
the reactor. Especially, since the rearrangement reac-

20 tion to convert cyclohexanone oxime into e-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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mixture and recovering the resultant condensate, fol-
lowed by an extraction, a distillation or a crystalliza-
tion,

5 With respect to the polyhydric alcohol derivative
which was used in the present reaction, the polyhydric
alcohol derivative may be separated from the gaseous re-

action mixture and reused.
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Hereinbelow, the present invention will be de-

scribed in more detail with reference to the following
Reference Examples, Examples and Comparative Examples,

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 structure 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. Ballmoos and J. B.

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

Apparatus: Powder X-ray diffraction measuring apparatus
(RAD-IIIA, manufactured and sold by Rigaku Corporation,

25 Japan)

@
@



@10%& ()-/ @10%& ()-/ @10%& ()-/ @10%& ()-/ @10%& ()-/ @
10%:&'()-/x\@B @10% @10%& ()-/ @10%& ()-/ @10%& ()-/ @10%& ()-/ @
10%& () - x\</B @@10%& ()-/ @10%& ()-/ @10%& ()-/ @

10%: &’ ( | @10%& ()-/1 POB @10%¢& ()-/ @10%& ()-/ @10%& ()-/ @
10%& ( 10%& ()-/ @10%& ()-/ @10%& ()-/hL, B @10%& ()-/ @

K|

o)

10%& ()-/ @10%¢& ()-/ @10%¢& ()-/ @10%% ()-/ @10%& ()-/ @
) -
) -
) -1 @

K

K

10%& ()-/kK/B @ 10%& ()-/ @ 10%& ()-/ @ 10%& ()-/ @10%&'() I @
1 ' 0 0 ! 0 !

ig;ﬁ:gé @ yres l§()’Wer@@c_%on/ltl(c?ns/c 3 8L0%8 ( @10%& ()-/ @

X-ray tube voltage 40 kV
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/
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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 o0il 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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and Si/Ti atomic ratio of the zeolite are calculated

0%:&' (

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) Analysis of a reaction product by gas chromatography
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caprolactam 'is analyzed by gas chromatography (GC) using

the below-mentioned apparatus under the below-mentioned
conditions, and the results of the reaction are evalu-
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,

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 e-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 pl

25 Temperature elevation profile: The temperature of the
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sample is maintained at 100 °C for 5 minutes, elevated
to 240 °C at a rate of 10 °C/min, and then maintained at

240 °C for 42 minutes.

Split ratio: 100/1

Flow rate of carrier gas (nitrogenj: 200 ml/min

Flame ionization detector (FID): Pressure of the sup-
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
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

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

index.

Y

Y
Y
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25 g of a powdery catalyst is caused to contain
10 % by weight of water, and the resultant catalyst 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
um 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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wherein:

A: amount (g) of the fine particles (each having a
size of 19 um or less) in the catalyst after the 5 hour
circulation,

5 B: amount (g) of the fine particles (each having a
size of 19 um or less) in the catalyst before the 5 hour
circulation, and

C: amount (g) of the catalyst charged into the

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: Al1,0;3 38.5 % by weight

Si0, 45.4 % by weight

Ti0, 1.6 % by weight

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

weight

Average particle diameter: 0.3 pm

(2) Kaolinite

A calcined kaolinite "SATINTONE SP33" (trade name;

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

Kaolinite content: about 100 % by weight
Composition: Al;0;3 44.3 % by weight

Si0, 52.2 % by weight

TiO, 1.8 % by weight

Other trace metal components: 1.2 % by
weight

Water of crystallization: 0.5 % by weight

Average particle diameter: 1.4 pm

(3) Pyrophyllite

"5M" (trade name; manufactured and sold by Tsuchiya

Kaolin Co., Ltd., Japan)

Pyrophyllite content: about 60 % by weight (the

remainder is composed mainly of amorphous silica)

Composition: Al,0;5 17.0 % by weight

S10, 78.0 % by weight

Other trace metal components: 0.4 % by
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weight
Water of crystallization: 4.6 ¥ by weight
Average particle diameter: 0.3 pm
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 Si0, 45.4 % by weight
Ti0, 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
Si02 60.1 % by weight

Other trace metal components: 1.6 % by
weight

25 Water of crystallization: 5.3 % by weight
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Reference Example 1: preparation of catalyst (A)

To 130 g of tetraethyl orthosilicate was added 278
g of ethanol, and thereto was further added 291 g of a
5 10 % by weight aqueous solution of tetrapropyl ammonium
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 filter, 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,
5.87, 3.83, 3.79, 3.73 and 3.69 in terms of the values
(A) of the interplanar spacings (d4).

25 On the other hand, at page 444S of the article en-
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titled "Collection of simulated XRD powder patterns for

zeolites”, written by R. v. Ballmoos and J. B. Higgins
("ZEOLITES", vol. 10, No. 5, June 1990), it is shown
that, in a powder X-ray diffraction pattern of an MFI

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 (d4).

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 identified 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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filtration was repeated twice, followed by washing with
water, drying at 120 °C for 12 hours and calcination at
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 agqueous
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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kaolinite.
For the sake of convenience, the composition of the
dried 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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10

15

20

25

method described in the working examples of Unexamined
Japanese Patent Application Laid-Open Specification No.
Hei 4-231319 and had an SiO, content of 30 % by weight,

a sodium content of 120 ppm by weight or less and a pH
value of 10 (that is, the silica sol was strongly basic).
The thus obtained catalyst (C) had a composition wherein
it comprised 50 % by weight of an H type silicalite,

25 % by weight of Si0O,, and 25 % by weight of kaolinite.

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-
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 welight of SiO,.

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

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

G !

w
Y

Y
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alumina sol had an Al,0; content of 10.5 % by weight and
a pH value of from 4 to 6, that is, the alumina sol was
weakly acidic), 121 g of purified water, 20 g of an H
type silicalite and 10 g of kaolinite "ASP072" (trade

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 Si0O,, 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 Si0,, 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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of an alumina sol “Alumina sol 200" (trade name; manu-

Y

factured and sold by Nissan Chemical Industries Ltd.,
Japan) were added 275 g of purified water, 20 g of an H
type silicalite and 10 g of kaolinite "ASP072" (trade

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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preparation of the catalyst (I) was conducted as follows.
The catalyst (I) was prepared in substantially the

same manner as in Reference Example 1, except that, to
53.3 g of the high purity silica sol were added 123 g of

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 as 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 $i0; and 25 % by weight of talc.

Reference Example 1l1: preparation of catalyst (K)

Catalyst (K) was prepared in substantially the same
manner as in Reference Example 1, except that, to 33.3 g

25 of the high purity silica sol were added 137 g of puri-
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montmorillonite "K-10" (trade name; manufactured and

sold by Sigma-Aldrich Corporation, U.S.A.). The thus

obtained catalyst (K) had a composition wherein it com-
5 prised 50 % by weight of an H type silicalite, 25 % by

weight of Si0O; 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 aqueous 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 Si0,/Na,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 a 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 agqueous 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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owed by égshlng w1t water,
at 600 °C for 5 hours, to thereby obtain the catalyst
(L). The thus obtained catalyst (L) had a composition
wherein it comprised 45 % by weight of an H type sili-

calite, 30 % by weight of S$iO;, and 25 % by weight of

kaolinite.

Reference Example 13: preparation of catalyst (M)

Catalyst (M) was prepared in substantially the same
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 Si0,, and 25 % by weight of kaolinite.

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-
tained catalyst (N) had a composition wherein it com-
prised 45 % by weight of an H type silicalite, 40 % by

weight of S5i0,, and 15 % by weight of pyrophyllite.

Reference Example 15: preparation of catalyst (O)

Catalyst (0) was prepared in substantially the same

Y
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manner as in Reference Example 12, except that 10 g of

kaolinite "ASP600"” (trade name) was used. The thus ob-

tained catalyst (0O) had a composition wherein it com-

prised 45 % by weight of an H type silicalite, 30 % by

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

Reference Example 16: preparation of catalyst (P)

To 130 g of tetraethyl orthosilicate was added 78 g

of ethanol, and thereto was further added an aqueous so-

lution containing 65 g of purified water and 0.0886 g of

titanium isopropoxide, and 291 g of a 10 % by weight

agqueous solution of tetrapropyl ammonium hydroxide. The

resultant aqueous solution was subjected to a hydrother-

mal synthesis and an after-treatment in substantially

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

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).

Since the above-mentioned results of the analysis
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of the obtained zeolite are well in agreement with these
known (d) values of an MFI zeolite as described in the
above-mentioned article, the obtained zeolite was iden-
tified as an MFI zeolite.

5 The Si/Ti atomic ratio of the obtained zeolite was
measured according to the above-mentioned method. It
was found that the zeolite had an Si/Ti atomic ratio of
1900. Therefore, the zeolite was identified as a ti-
tanosilicate. Further, the zeolite was subjected to an

10 ion exchange in substantially the same manner as in Ref-
erence Example 1, to thereby obtain an H type ti-
tanosilicate.

Then, catalyst (P) was prepared in substantially
the same manner as in Reference Example 3 except that,

15 instead of the H type silicalite, the above-obtained H
type titanosilicate was mixed with kaolinite “"ASPO072"
(trade name) and a high purity silica sol. The thus ob-
tained catalyst (P) had a composition wherein it com-
prised 50 % by weight of an H type titanosilicate, 25 %

20 by weight of Si0O; and 25 % by weight of kaolinite.

Reference Example 17: preparation of catalyst (Q)

To 130 g of tetraethyl orthosilicate was added 278
g of ethanol, and thereto was further added an aqueous

25 solution obtained by dissolving 0.197 g of 14-18 hydrate
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éf aluminum sulfate in 13 g of purified water, and 291 ¢

Y 10% 8:8& ()
of a 10 % by weight aqueous solution of tetrapropyl am-
monium hydroxide. The resultant aqueous solution was
subjected to a hydrothermal synthesis and an after-

5 treatment in substantially the same manner as in Refer-
ence Example 1, to thereby obtain a white crystal. The
obtained crystal was calcined in substantially the same
manner as in Reference Example 1, and the resultant cal-
cined product (zeolite) was subjected to a powder X-ray

10 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).

15 Since the above-mentioned results of the analysis
of the obtained zeolite are well in agreement with these
known (d) values of an MFI zeolite as described in the
above-mentioned article, the obtained zeolite was iden-
tified as an MFI zeolite.

20 The Si/Al atomic ratio of the obtained zeolite was
measured according to the above-mentioned method. It
was found that the zeolite had an Si/Al atomic ratio of
1000. Therefore, the zeolite was identified as a ZSM-5
zeolite. Further, the zeolite was subjected to an ion

25 exchange in substantially the same manner as in Refer-
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%nce Example 1, to thereby obtain an H type ZSM-5 zeo-

lite (having 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 Si0, 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 [ type zeolite exhibits characteris-
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tic peaks at 11.4 + 0.2, 6.7 = 0.2, 4.25 +* 0.1, 3.97 =
0.1 and 3.0 £ 0.1 in terms of the (d) wvalues, i.e., the
interplanar spacings (d).

Since the above-mentioned known (d) values of a f
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 B type zeolite.

The zeolite was added to a 1 M aqueous solution of
ammonium chloride to thereby obtain a slurry having a
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-f3 type zeolite.

Then, catalyst (R) was prepared in substantially
the same manner as in Reference Example 17, except that,
instead of the H type 2ZSM-5 zeolite (having an Si/Al
atomic ratio of 1000), mixed with kaolinite "ASP072"
(trade name) and the high purity silica sol. The thus
obtained catalyst (R) had a composition wherein it com-
prised 50 % by weight of an H- type zeolite, 25 % by

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

Reference Example 19: preparation of catalyst (S)

A ferrierite (zeolite) "CP914" (trade name: manu-

Y
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5 ferrierite, 25 % by weight of Si0O, 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 fxrom 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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010%& ()-1 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
10 results of the reaction are shown in Table 1.

The conversion of cyclohexanone oxime and the se-

lectivity for e-caprolactam are calculated as follows:

Conversion (%) of cyclohexanone oxime =
15 [(0O - R) / O] x 100
Selectivity (%) for e-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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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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hardness of each cylindrically shaped catalyst 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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The results are shown in Table 1.

Example 5
Using the catalyst (I), a reaction
under substantially the same conditions

The results are shown in Table 1.

Example 6

Using the catalyst (J), a reaction
under substantially the same conditions

The results are shown in Table 2.

Example 7
Using the catalyst (K), a reaction
under substantially the same conditions

The results are shown in Table 2.

ExamEle 8

was performed

as in Example 1.

was performed

as in Example 1.

was performed

as in Example 1.

Using 1.50 g of the catalyst (L), a reaction was

performed under substantially the same conditions as in

Example 1, except that a 35.7 % by weight cyclohexanone
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changed to 106 Ncc/min. The weight hourly space veloc-
5 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.

10 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.

15 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.

20 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.

25 Example 12
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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 1

hour (0.66 hour =, 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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. 109%AVMELQ ) - S2F The H type silicalite obtained in Reference Example
1l 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 comprised only of a zeolite. Using the thus
15 obtained catalyst, a reaction was performed under sub-
stantially 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 rate of 4.2 g/hour and
20 that the flow rate of nitrogen gas was changed to 53
Nce/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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weight cyclohexanone oxime solution in l-propanol (raw
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LA RA S

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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weight hourly space velocity in the reactor was 4.0
hour'l, 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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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 solution 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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changed to 44 Ncc/min. The weight hourly space velocity
in the reactor was 4.0 hour ', 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.

Example 19

15 This Example provides an example of the process for
preparing 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; S$iO, content = 25.2 % by weight, Al,0; content =
0.01 % by weight, and Si0O,/NaO0 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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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
10 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 %
15 by weight. The resultant slurry was maintained 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 a composition wherein it com-
20 prised 45 % by weight of an H type silicalite, 30 % by
weight of Si0O,, and 25 % by weight of kaolinite. The
powdery catalyst (T) was composed mainly of spherical
particles having a particle diameter within the range of
from 50 to 100 um, as observed under an optical micro-

25 scope.
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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"l, 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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is formed from

'l*l'
35.7 % by weight solution of cyclohexanone oxime in met

Other SiO, products are formed from a high purity silica sol.
weight hourly space velocity (W.H.S.V.) of the feedstock in the react
4.0 hour

clay mineral, kaolinite "ASP072" (trade name) is used.

Si0, marked with the symbol

ured based on the zeolite):

Feedstock:

Notes:
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The weight hourly space velocity (W.H.S.V.) of the fe

the reactor (as measured based on the zeolite):

monomethyl ether.
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5 cyclohexanone oxime, by virtue of using a solid acid

catalyst having a specific composition and/or performing
the rearrangement reaction in the presence of a specific
polyhydric alcohol derivative, the desired e-caprolactam
can be produced from cyclohexanone oxime with high

10 selectivity and in high yield.
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5 catalyst in the gaseous phase to effect a rearrangement
reaction of said cyclohexanone oxime,
said solid acid catalyst being produced by calcin-
ing a dried catalyst precursor, said catalyst precursor
comprising a zeolite, a crystalline clay mineral and at
10 least one substance selected from the group consisting
of an inorganic oxide and a compound which forms said
inorganic oxide by calcination, wherein said inorganic
oxide comprises an oxide of at least one element se-
lected from the group consisting of elements belonging
15 to Groups 4, 13 and 14 of the Periodic Table
and wherein said inorganic oxide is other than oxides
contained in a crystalline form in said zeolite and said

crystalline clay mineral.

20 2. The method according to claim 1, wherein said zeo-
lite is at least one member selected from the group con-
sisting of an aluminosilicate having 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.

25
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5 wherein said zeolite is at least one member selected

from the group consisting of an MFI silicalite and a

ZSM-5 zeolite.

5. The method according to any one of claims 1 to 4,
10 wherein said crystalline clay mineral is at least one
member selected from the group consisting of a kaolin

mineral, a talc, a montmorillonite and a pyrophyllite.

6. The method according to any one of claims 1 to 5,
15 wherein said inorganic oxide is at least one member se-
lected from the group consisting of a silica, a silica-

alumina and an alumina.

7. The method according to any one of claims 1 to 6,
20 wherein the amount of said crystalline clay mineral in
said dried catalyst precursor is from 5 to 50 % by
weight, based on the total weight of said zeolite, said
crystalline clay mineral and said at least one substance
selected from the group consisting of an inorganic oxide

25 and a compound which forms said inorganic oxide by cal-
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5 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 hr™t
10
9. The method according to any one of claims 1 to 8,

wherein said rearrangement reaction is performed by the

fluidized-bed process.

15 10. The method according to any one of claims 1 to 9,
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

20 atmosphere of oxygen-containing gas or an inert gas, and

the regenerated catalyst is returned to said reactor.

11. A method for producing t-caprolactam, which com-
prises contacting cyclohexanone oxime with a solid acid

25 catalyst in the gaseous phase to effect a rearrangement
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5 wherein:
1
R represents a C;-Cs alkyl group
or a phenyl group, and

2
R represents a C3-Cs alkylene group.

10 12, The method according to claim 11, wherein said
solid acid catalyst is a zZeolite 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 having 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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atmosphere of oxygen-containing gas or an inert gas, and

the regenerated catalyst is returned to said reactor.



