; tue3eSxP46$Tx: B/ 1 METHOD FOR PRODUCI NG & CAPROLACTAM BACKGROUND OF THE

| NVENTION Field of the Invention s The present invention relates to a

nmet hod for producing e-caprolactam and nore particularly relates to a

met hod for producing e-caprolactamby fluidizing a |ayer of catalyst
particles so as to bring a gas containilng cycl ohexanone oxinme into contact
with the catalyst particles. 1o Related Art a-Caprolactamis useful as a
raw material for nylon or the |like. Japanese Patent Application Laid-Open
No. 2000-229939 di scl o¥ESHEDNEPRoGRPBUCANGdacFAGRELAGEANI act am by using
so-called fluidized bed reaction apparatus, in that 15 a raw materi al gas
cont ai ni ng cycl ohexanone oxine is supplied to a catalyst |ayer having solid
catal yst particles so as to bring the raw material gas into contact with
the catal yst particles , WANCKSROUND LhiTHE tINVENEEON st | ayer in a
fluidized state. A fluidized-bed reaction apparatus is known) such as 20 an
appar at us &dgeilgped whih Iaveatden gas di ffusion plate and having a catal yst

| ayer of solid catalyst particles on the plate. The apparatus can be

enpl oyed so that ThBeresenBiakiealt i@asrébatdPrld BthdthddeceabBbystihgyer
through a | arge nunber of the holes forned in the porous gas diffusion
plate, whilecZs-5Ba8LAMNI N R LRhRLYSL1hRYG rbMatbe t{égﬂﬂé%ﬁed%&%e- The
2 raw material gas is brought into contact with t%e sol1d catalyst
particles j .catal Leh i s 4:n . flu.di.zed: s

provi de a Fgggpﬁégaggs¥§ ﬁ%g¥§?%8mg&p?%gagﬁgﬁég??’égiaﬁféﬂ%d%éﬁéﬁyég
Conventi on ; idj s r i 0, gas
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or at l|least_ 4-5 i -der | he _rqw material gas easily and not
to plug th%nﬁglggﬂkﬁg&egggﬁ th %%%%&%F&o %%; 10 ﬁhing t he conventional 10
fluidi ed-QEg Eggch%gn appar atus has probl ens such that conversion of the
raw nateri a ?ex. cycl ohexanone oxinme) and selectivity to the product (ex.,
e-caprol actam are_ insufficient. Wth objects of solving the probl ens,
especi al | y when TEIRTUPCHRAT G XS/ENE BRI -3 M@ tedd adafer By Lonher

producti on ,
the 1like. Japanese Patent Application Laid-Open No.

2000-229939 discloses a method for producing s-caprolactam,
by using so-called fluidized bed reaction apparatus, in that
15 a raw material gas containing cyclohexanone oxime is supplied
to a catalyst layer having solid catalyst particles so as to
bring the raw material gas into contact with the catalyst
particles, whilemaintaining the catalyst layer ina fluidized
state. A fluidized-bed reaction apparatus is known, such as
20 an apparatus equipped with a porous gas diffusion plate and
having a catalyst layer of solid catalyst particles on the
plate. The apparatus can be employed so that the rawmaterial
gas is supplied to the catalyst layer through a large number

of the holes formed in the porous gas diffusion plate, while

25 maintaining the catalyst layer in the fluidized state. The




met hod of e-caprol actam has been researched. As a result, inventors of the
present invention have found that the size of the holes in the porous gas
diffusion plate of the fluidized-bed reaction apparatus is related with the
zo conversion of the raw material, cycl ohexanone oxinme, and the selectivity
to the product, e-caprolactam Based on2such findings, the present

i nvention has been acconplished. SUVWARY OF THE | NVENTI ON 2s The present

i nvention provides a nethod conprising the 3 step of introducing a gas
conpri si ng t3EMBhEXAASHE LS BEOLANS Iy agen tast wdltbdthas al yé capaltisd es
through a plurality of holes of a gas diffusion plate so that the solid

cat al yst paR@¥elesearn tilvugmtd et danerct whiidh time igaghewfilg dszed
fluidizing the catal yst |ayer, wherein the hol es have an average di aneter
of about 3 sitale. dmalprewidEhe meehotflonayabecamtradieingui pridug:ta (esact i on
apparatus equi pped with a porous gas diffusion plate having a | arge nunber

of hol es wid-eapioavestags .di akentabnalayt, Bha™Ali SRl BfefRdalariRg a
| ayer 10 of solid catalyst particles placed on the plate) so that a raw

mat eri ab gaspEortiNing 6y pbebaxagesel OxfER: b8 SLPR vt hhuahethgehol es
of the porous gas diffusion plate to the catalyst |layer so as to bring the

raw nmateri aligastdioE ¢aRat AsteWi 4P ¢ heseld 4 t 1 4-
catal ystparticl eswhil efl ui di zi ngt he cat al ys{'—:u:fgrl'a?/jéﬁre.'L BlﬁaEsléz DES?CE%PPTI ON OF

THE DRAW NG$, Brferltd & efm|tl r ~SQCLI vy howi exanpl e
of production apggratuéﬁﬁﬁﬁghﬂﬁay @ag%gﬁgéeéhg3?4%%§§@%§%§§%B%bﬁﬁﬁ%&hod in
the presentijvygitdon, Fig. 2a and Fig 2b are schematic top-face views

showi ng arrangenent of holes in porous gas diffusion plates which may be
enpl oyed for a pr, ion thod.in the present invention; and, zs Fig. 3a
and Fig 3b are séﬁ’%ﬁ% (J:Cg%s fg%‘& F%ﬂ%lﬁ%ﬁéﬂ\g usjzfl%%%’\ﬁ REEEPGEPORE of
por 0u° 1925 (A dIS/cON IR 288 SR TR P! D4S Y 01 2nd S ' Rl 1O

conversion of the raw material (ex. cyclohexanone oxime) and

selectivity to the product (ex., ¢t-caprolactam) are

insufficient.
With objects of solving the problems, especially when
15 using cyclohexanone oxime as a raw material, the production
method of ¢-caprolactam has been researched. As a result,
inventors of the present invention have found that the size
of the holes in the porous gas diffusion plate of the
fluidized-bed reaction apparatus is related with the
20 conversion of the raw material, cyclohexanone oxime, and the
selectivity to the product, e-caprolactam. Based on such

findings, the present invention has been accomplished.

SUMMARY OF THE INVENTION

25 The present invention provides a method comprising the



DETAI LED DESCRI PTION OF THE INVENTION s In the present invention, ~

-caprol actam can be produced in a nethod conprising the step of introducing
a-gas conprising cycl ohexanone oxine into a | ayer of solid catal yst
particles through a plurality of holes of a gas diffusion plate so that the
solid catal yst particles are brought inBo contact with io the gas , while
fluidizing the catalyst |ayer, wherein the holes have an average di aneter
of about 3 mmor smaller. The nethod may be carried using a reaction

appar at us efLEBFEdINEFALACHBY U gagazonR T I 9t D FYplahe xandnieaok hge d rdat al yst

| ayer. Referring to Fig. 1, one enbodi nent of the nmethod in 15 the present

i nvention i3 begerideddeldwatmivit geouticles therauista gddimsl ittt iafi t ati on
upon the scope of the present invention. Reaction apparatus 1 (shown in
Fig. 1) hashobestof 4 gad atefpsdvhdpdavet Bopahats thes sdilfifdisiaralg=at e 2.
More zo specifically, reaction apparatus 1 has porous gas diffusion plate 2
installed iparesctos drewntdudist divitdetdida-#IPREERSatd 0§ad]l rd 1leover
section 42 by porous gas diffusion plate 2. In the reactor, catalyst |ayer
3 is forsnedsiwidieitPPeheSeatheYstl 1RO IaS M fENsT RR1RkALEVE %

pl ate-1i ke menber z5 having a |arge nunber of holes 21, and a raw materi al

gas is 5 ﬂ@ﬁéé@%iaﬁné@é@laﬁta&%’@@MWP%%LZ?Z%QF@E?I%{O%& er of

hol es 21 nmay be Tormed in porous gas diffusion p anetér ( d21

f hol : ) _
i oot or | S aE o} 88 ot FRCaSI oo Al D8 RN S RERREE, |

about gas diffusion plate having a large number of holes with an

average diameter of about 3 mm or smaller and having a layer
10 of solid catalyst particles placed on the plate, so that a
raw material gas containing cyclohexanone oxime is supplied
through the holes of the porous gas diffusion plate to the
catalyst layer so as to bring the rawmaterial gas into contact
withthesolidcatalystparticleswhile fluidizingthecatalyst

15 layer.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic cross-sectional view showing one

example of production apparatus which may be employed for a
20 production method in the present invention:;

Fig. 2a and Fig 2b are schematic top-face views showing
arrangement of holes in porous gas diffusion plates which may
be employed for a production method in the present invention;
and

25 Fig. 3a and Fig 3b are schematic cross-sectional views



1 mmor larger. Wen the dianeter is smaller than about 0.5 mm the supply
of the raw material gas tends to be insufficient . Also, in terns of
fermati on of holes, the holes preferably have a dianeter of about 0.5 nm or
| arger. io Preferably, the holes 21 in porous gas diffusion plate 2 are
arranged so that the respective holes ate positioned at the apexes of
squares (square arrangenent; see, Fig. 2a showing a schematic top-face view
of the arrangenent) or at the apexes of regular triangles (triangular

ar r angenentSho¥d@g 4 rpic§urey ofh BRICRY Sa93€h ﬁﬁfpéiPBpPgéééSvWBﬁPBfm@ﬁe
arrangenment ) . The holes 21 are preferably forned so that each of themis
arranged wpehemptoned finr prpeedudt betr wedhmathémtiepeesans ipyebbioren

nmut ual I y nei ghbori ng holes may be about 0.5 cmor longer (and is preferably
about 1 cmor |longer), and nmay zo be about 25 cmor shorter (and is
preferably 8 cmor shorter) . The rate of the total open surface area of

hol es in porous gas ®ETAIIIEEN ESORIATIANOR ot BWENCEORI ea | ncl udi ng

hol es of the plate may be in the range of fromabout 0.2 ~ to about 1 ~. zs

Porous gas diffushahdhatert TN 28 idh ! Re ddito SR cafl e SE6auELE. 3D
showi ng a schematic cross-sectional view of the structure of the plate).

Al ternativehys mBeAOH T i fiJehen IR L 1% 1R dIAR & GHAPEmsHER L jat

cylindrical shrouds 22 are forned so as to be extended downward from

P b Keqeapriadichers ot s gL sppm . g sbot bk st
through a plurality of holes of a gas diffusion plate so that
the solid catalyst particles are brought into contact with

10 the gas, while fluidizing the catalyst layer, wherein the holes
have an average diameter of about 3 mm or smaller. The method
may be carriedusingareactionapparatus equippedwitha porous
gas diffusion plate and having a catalyst layer.

Referring to Fig. 1, one embodiment of the method in

15 the present invention is described below, which should not
be construed as a limitation upon the scope of the present
invention.

Reaction apparatus 1 (shown in Fig. 1) has reactor 4
and are provided with porous gas diffusion plate 2. More

20 specifically, reaction apparatus 1 has porous gas diffusion
plate 2 installed in reactor 4, which is divided into upper
section 41 and lower section 42 by porous gas diffusion plate
2. In the reactor, catalyst layer 3 is formed in the upper

section 41. Porous gas diffusion plate 2 is plate-1like member

25 having a large number of holes 21, and a raw material gas is




cross-sectional view of the structure of the plate). The latter porous gas
diffusion plate is preferably utilized in the present invention. 1o In the
| atter porous gas diffusion plate, the shrouds 22 may have a cylindri cal
shape with a circular cross section, or may have a shape with a rectangul ar
cross section. Depth (h22) of the shrouds may be about 5 mmto about 30 nm
I nner dianeter ( d22 ) of the shrouds nay be equal to or larger than 15 the
di aneter (d21) of the holes forned in the tip ends of the shrouds.

Speci fi cal ISUPRhRE & spetalyet2kaver Bhehshrgbdboday Bé-in the range of
fromabout 2 mMmto about 10 mm while the dianeter (d21) of the holes is in
t he range of abowt 13rua oumdeel bErhohes HEl aagr bgefoihedi imgromiwmeaesr (d22)
of 20 the shrouds may be appropriately decided so that the supply rate of

t he raw nat@&rffaision phateat al \ie dbyeetées (id it)hef hanges »i mAvope abouitt 20 ' s
to about 30 nfs. As described above, the |atter porous gas diffusion plate

has shrouds3 Z@nwbthshalesr2bnf e hArdde. t ithengdseBhgéhaisheeeds st her eby
| owering 25 the wear degree of catalyst particles in t%e catal yst | ayer 7

placed gn thesflaney kBolRartd @R APPAFGLHES ahSNOWR b Fd fordn 1§ abdlyst
| ayer 3 of solid catalyst particles 31 may be provided on porous gas

di ffusion pl #ieof 18:5be. URRRL $90 90nAL el 3 £0ARLPIof uital Rl 8 SOl i d

catal yst particles are particles mainly containing a zeolite. anpl es of

particles Gontaypig %pﬁ?ﬁ%f ttﬁeix{%,}ﬁigﬁe?%@it@épse?e%f R{%gé%g%llfpﬁg}égg;éﬁ%'.i tes

(such as MFI zeoli't part es o e Zeo

Alternatively,. t lL.id c | yst_.particles. may bori.c acid_.io e

cat al yst p}r S telzl sﬂ%ﬁml%’cg%al%l?%ﬁmﬁa ltofpé)%cg‘f)allefﬁ l;E[?)lgr ?‘P&Fé"s?r?(‘gﬁratb&%
phosphoric  acid catal yst particles nd crystalline alumnosilicate
catalystpaﬁFvgié§%£ﬁﬂ%§% 19 %kﬁ%ﬁy@igdﬂTt?El£§r€%ﬁ'be obtai ned in known
nmet hods. ( See, fg; e %ggje, Japanese Patent Application Laid-Open No. 1s
(JP- A- 2000- 229939 S4EHP Ientdsi PoL§pef L 48 PPECPAr93 T |ddLtusion plate

2 are arranged so that the respective holes are positioned
at the apexes of squares (square arrangement; see, Fig. 2a
showing a schematic top-face view of the arrangement) or at
the apexes of regular triangles (triangular arrangement; see,

15 Fig. 2b showing a schematic top-face viewof the arrangement) .
The holes 21 are preferably formed so that each of them is
arranged with a constant interval between them. Intervals
(p) between mutually neighboring holes may be about 0.5 cm
or longer (and is preferably about 1 cm or longer), and may

20 be about 25 cm or shorter (and is preferably 8 cm or shorter).
The rate of the total open surface area of holes in porous
gas diffusion plate to the total surface area including holes
of the plate may be in the range of from about 0.2 % to about
1 3.

25 Porous gas diffusion plate 2 may be in the flat shape




Journal of Catalysis, 6247 (1966) as to Y-type zeolite particles;

JP- A-53- 37686 and JP-A-46-12125 as to boric acid type catalyst particles;
British Patent No. 881927 as to silica-alum na type catal yst particles;
British Patent No. zo 881956 as to solid phosphoric acid catalyst
particles; JP-A-57-139062 as to crystalbine alumnnosilicate catalyst
particles.) Anong them pentasil-type zeolites particles (especially) M
zeolite particles) are preferred. The particle dianmeter of solid catalyst
particles 31598 fa@ b3 ishawia g arfhenatioerassutsertdonalbvabywet 206 Eun.
Preferably, 8 about 90~ by weight or nore of the solid catalyst particles
(and nore pFefesabryoftdiceplate) anciitex DO byl ywepgholisofas de ffastionl es )
have a particle diameter of about 5 ~mto about 100 Eun (and nore

pref erabl y tHaavtee 2 paythaste adshapeeruct taladuty3id@rdealt oshabads ZD@-eum)
Solid catalyst particles 31 may be packed on porous gas diffusion plate 2.
Cat al yst | ayermeRi sorgy itdase swtndackesviswatd reaimdbystePabikieGhe£sn Bbayl n the
production nmethod of the present invention, the io raw naterial gas is
brought si ntzn Gt gaist Bi¥Eisd rAAlNS 2R hatleeholld the jhethadeiphe
above-descri bed reaction apparatus 1 may be enployed. The raw material gas
may be a gandOmK | ehdUsh¥6haBesaNQRe XKy BNDLSS; f LhechaWatateri al

gas include a pure cycl ohexanone oxi ne gas;” a gas 1ls contai ni ng

cyclohexan%ﬁig&m !\ﬁiéu'é%eéhw%breetws%f %eogsl%tt@ r. 9aggs; and

g
the like. Exanples of the inert gas include a nrtrogen g and ‘anargon gas

. Exampl es ;aof I es. | ude s .having a il Qi .| ower
t han {rﬁat &%tﬁéggﬁgggﬁoﬁggoé}%gﬁg %%c?ajf'?%%lllsy,préaxéer]fﬁ%g‘sy &I%qulgLezegaé”els Zo

i ncl ude gases %fress%tn%r e%_tne_\rden Iicoonh.ol s with 1 to 8 carbon aton( s )

10 In the latter porous gas diffusion plate, the shrouds
22 may have a cylindrical shape with a circular cross section,
or may have a shape with a rectangular cross section. Depth
(h22) of the shrouds may be about 5 mm to about 30 mm. Inner
diameter (d22) of the shrouds may be equal to or larger than

15 the diameter (d21) of the holes formed in the tip ends of the
shrouds. Specifically, inner diameter (d22)} of the shrouds
may be in the range of from about 2 mm to about 10 mm, while
the diameter (d21) of the holes is in the range of about 3
mm or smaller on the average. The inner diameter (d22) of

20 the shrouds may be appropriately decided so that the supply
rate of the raw material to the catalyst layer is in the range
of from about 20 m/s to about 30 m/s. As described above,
the latter porous gas diffusion plate has shrouds 22 with holes
21 formed at the tip ends of the shrouds, thereby lowering

25  the wear degree of catalyst particles in the catalyst layer




such asnet hanol , et hanol , n- propanol , i sopropanol , t-butanol, 1-hexanol, and
1-octanol; and gases of aromatic hydrocarbons such as benzene and tol uene.
In the present invention, the raw material gas may be zs supplied to

catal yst layer 3 through holes 21 of porous gas 9 siois zo diffusion
plate 2. In providing the raw material gas to the catal yst |layer 3, the raw
mat erial gas may be supplied through a pipe L1 to | ower section 42 under
porous gas diffusion plate 2 in the reactor 4, as shown in Fig. 1. The

i nner di anBt i RaER®rPbagmy be in the range of from about 500 nmto
about 10,000 mm The hei ght of reactor 4 may be in the range of from about
3,000 mMmmto aboutlR@eeCtimwm afharatws nasboival igasgnay, e tsalppd it dehywdyi | e
bei ng pressurized. The pressure is not particularly limted, as long as it
i s sufficientoft sclipbloattdie sgapant icdied 33t Magy &e PproRiidfed abl yporiche
pressure is about 0.1 MPa (1 kgf/cnR) or lower in terns of gauge pressure

on the basigaofdiffasidiDpllatld ¢ PheshYl €ppdPeda sRILN I r@a%tmy abe
supplied at a tenperature of about the sane or |ower than the tenperature

for reasti ardrmnitinneso bed owhtafQk re xR i@ da" d4he ﬁ@ﬁeieieysmagnﬁo' ite
catal yst particles as the solid catalyst particles , the reaction

tenper at ur e Jmaheidd 4hebangs of é;’:&g%fégUBfZ%gaﬁéﬁ%g%@U&ﬁﬁfég%ﬁggd s

preferably in the range of from about 0OCto a

o B B AL PLo088 R AUPE LTGRO e ©
MFI zeolite) and particles of Y-type zeolite particles.
Alternatively, the solid catalyst particles may be boric acid

10 type catalyst particles, silica-alumina type catalyst
particles, solid phosphoric acid catalyst particles, and
crystallinealuminosilicate catalystparticles. These solid
catalyst particles can be obtained in known methods. (See,
for example, Japanese Patent Application Laid-Open No.

15 (JP-A-)2000-229939 as to pentasil-type zeolite particles;
Journal of Catalysis, 6247 (1966) as to Y-type =zeolite
particles; JP-A-53-37686 and JP-A-46-12125 as to boric acid
type catalyst particles; British Patent No. 881927 as to
silica-alumina type catalyst particles; British Patent No.

20 881956 as to solid phosphoric acid catalyst particles;
JP-A-57-139062 as to crystalline aluminosilicate catalyst
particles.) Among them, pentasil-type zeolites particles
(especially, MFI zeolite particles) are preferred.

The particle diameter of solid catalyst particles 31

25 maybeintherangeoffromaboutlumtoabout200um. Preferably,



in the range of from about 250C to 380C. In the production nmethod of the
present invention, the raw material gas is brought into contact with solid
catal yst particles 31, while the catalyst layer 3 of the particles is z5
fluidized. For exanple, solid catalyst particles 31 of the 10 catal yst

| ayer may be bl own up by supplying the 8aw material gas to catal yst |ayer 3
through the holes ( 21 ) so as to fluidize the catalyst |ayer 3. The
conditions for preparing the fluidizing state, such as the anmount of the
raw mat er i #0PHs 9% §ybeedghpl pEIOEN L Hidys giod idopatRdYSpphyFickes
interval (p) anong the holes 21 of the porous gas diffusion plate 2, the
nunber of tlPadoloxe Prefaranlye thel emt ir¢3 pmofuntthd 108Babyswelighén 8f t he
hei ght (h3) of the catalyst layer 3 and the |i ke, nmay be sel ected properly
in order taheuparcientky Hdwwaupasoltle idioaitady st edit 6l @b txlabdie hei ght
(h3) of the catalyst layer 3 (at rest) may be in the range of from about 10

cm to abouti of0u&n artf mdeeChi-EBLEraBP¥ehadd & PErRiesBN i dfvedt igHabblie raw
mat eri al gas conprising cycl ohexanone oxime is supplied 15 through the

hol es 23 i nto Rt Yo taY®)0 Mf_ catal yst particles 31, while fluidizing
the catal yst layer, so as to be brought into contact with the solid

catal yst particl 313k LathhgseFAlYARL1d 283 miy S packedubh pdrfis gas

cycl ohexanone oxinme contained in the raw material "gas is subjected to

rearr angengle £2Q sieAGhladR O p{:QgH%gsﬁ' EQPEQ' gCE r]BUs ggeﬂmgg ed

e-caprol actam nmay be obtained rnt resufting reaction g may be

di schar ge tsg)fltit&ec%lttasliy%et &;‘arrt%%(‘lte 3A&.through pi pe L2 provided in upper
0 . In

section 41 react or accordance with the production nmethod in the

t ' ' - | act b duced f i al
717580 conpri o1 ndCoyRE BHEERHOHEO AT Bh EOR eSOy S Y CBE o The -

cycl ohexanagne ng'#rre.agd a g:fgp sel gctlvi ty to e-ga )r Ql acLeLam fgr exanpl e,
by utiffzi A§Va"PFEFaf2e3ED EREBPEN T BpPaT AR TRS b 594AG BALBEYRG t hus
described, it wll be agparent s that the sane may be varied in many ways.
Such vari aPPohdCAFE -t 01Be tgyalgéhods wWithi APOVE -dsscribedy Se8pEiBR t he
invention, and all such nodifications as would be apparent to one skilled
in the art 2RPETARUENdeBAY oPBLMRIPYRA t hel Bt G Sratierd &lo(Iasnmay BPafns. 1o
The entire disclosure of the Japanese Patent Application
No. 2003- 1993S0GoMEF il 38 ook anere udkhges peExpmpdeisorpt ctiag nsaw
drawi ngs and summary, are incorporated herein by reference in their
entirety. Th&epiedegnsi hneanidenai pudescyibetdekanpoeeodemeai baby asgésl | owi ng
Exanpl es, which should not be construed as a limtation upon the scope of
t he pre&sententaentingmney &CNEk&Sohs aigilmee ¥hich is diluted with an inert

gas or other gases: and the like. Examples of the inert gas

include anitrogen gas and an argon gas. Examples of the other

gases include a gas having a boiling point lower than that

of cyclohexanone oxime. Specifically, examples of the gases

20 include gases of saturated alcohols with 1 to 8 carbon atom(s)

such asmethanol, ethanol, n-propanol, isopropanol, t-butanol,

l-hexanol, and 1-octanol; and gases of aromatic hydrocarbons

such as benzene and toluene.

In the present invention, the raw material gas may be

25 supplied to catalyst layer 3 through holes 21 of porous gas



20 As shown in Fig. 1, a reaction apparatus 1 conprising porous gas
diffusion plate 2 and catalyst layer 3 in reactor 4 was provided. The inner
draneter and the height of reactor 4 were 1,000 mm and 6, 000 nm
respectively. Porous gas diffusion plate 2 was in the shape of a disk-1ike
plate and 2s had holes 21 with a dianetér of about 2 nmon the average,

12 which was arranged at 27 mminterval fromone another in square
arrangenent, as shown in Fig. 2a. The nunber of holes in the porous gas

di ffusi on plitEusaen ppie 2as SRGMCYHIFRG. tion ravhmatespadt 998 toltde 21
were positioned at the tip ends of s shrouds 22, which were extended
downwar d f reatapp? bliavemeBy thearawmiat €goidl gesofiay be gaspti¢d ddiromghl at e.
The depth (h22) and the inner dianmeter ( d22 ) of the shrouds were 9 mm and
4 . 4 mm raypectivdoy loThe saxttalomgensdef avararegasfd hbfwsi @i pilateor ous
gas diffusion plate 2 was about 3,200 mmR2. The 1o catal yst |ayer 3 was

pl aced on porioushgasedicdioisiaQnapl ahewr by pagki ng hhfe kanefr fQlan@ teat al yst
particles 31. The solid catalyst particles 31 contai nedMrl zeolite as anain

conponent agEl read tdrParaf R dhahkd Harfe bEOF:Sm BHLEO 58900mWo WA N
about 98% by weight of the particles had a dianeter of fromis 10 Eun to

100 um andid heo Vet @A de HATR fla'de 33 Wie %Tdaeioqht (h3)
of catalyst layer 3 was 35 cm™ A raw material gas was supplie rom | ower

section 42 Slod 88ckiod. BRRHR S abok B Mo PIhE. LineTBESRLITIL IAls 0aS

had been prepared by diluting a cyclohexanone oxime gas a “met hanol
gas ( in thg . ti [ : nmu as_t he cycl ohexanone
oxi ne gas) an%gg@n%%%b%%wggsle( %i?ﬁé%@nébun 1%‘%0. gﬂ?}el ﬁ%gsgyrmjfsgﬁ"?)%as much
as the cycl anone. oxi-me .qas). _The supply.rate of_.the raw materi gl gas
hos ad) st A LR g oF Teler Bt e T SO0 S35 By e

The raw_nmaterial gqas s.supplied at a t erature 13 of 320C and gauge
pressuﬁé(ﬁéhf%§s 2 .%V%gﬁﬁ&ﬁBQ'TWE uFae BT SESstt goght
cat al yst i

e
I r wer e i ntgined at a tenperature of 380C and 0.1 MPa
(absol ute 3?’-35%%&)(,1 @féﬂ ilvBFy 1O¥RE ABalErBS Of GfHOEhEX&ASHE oL e was
5 conducted in reactor 4 to provide a reaction gas containing

s- capr ol act@if PAFiLEnhd e REMosPbGFdieBTERFBESh prpe TavW Magipnied ggser part
of reactor 4. The resulting reaction gas was anal yzed with gas

chr omat ogr &5y PE ePELAeAeatonveenpera bireyef clexdhditee @ameeor lower

than the temperature for reaction (mentioned below). For

15 example, in the case of using zeolite catalyst particles as

the solid catalyst particles 31, the reaction temperature may

be in the range of from about 250°C to about 450°C, and is

preferably in the range of from about 300°C to about 400°C,

while the temperature of the raw material gas to be supplied

20 maybe intherange of fromabout 130°C+t0 400°C, andispreferably
in the range of from about 250°C to 380°C.

In the production method of the present invention, the

raw material gas is brought into contact with solid catalyst

particles 31, while the catalyst layer 3 of the particles is

25 fluidized. For example, solid catalyst particles 31 of the



lo and selectivity to ~ -caprolactam The conversion of cycl ohexanone oxi ne
and the selectivity to e-caprolactamwere 99.99 and 96. 31$, respectively,
when the total anmount of the supplied cycl ohexanone oxi ne was 300 kg based
on 1 kg of solid catalyst particles 31. 15 It is noted that, conversion of
cycl ohexanone oxinme and selectivity to eacaprol actam were cal cul ated usi ng
t he equations bel ow. Conversion of cycl ohexanone oxine (& _ (1 - Bo/Ap) X
100 Selectivity to e-caprolactam (~) = B~/ (Ap - Bp) x 100 20 wherein Ap is
a mol ar anmpGAF2s¥YsEykaget@mibhe bxPwe um thheupalyiagethel rgasmatemiaBo is a
nmol ar anount of cycl ohexanone oxinme remaining in the reaction gas; and B~
as a nol ar aade catabyshpayeacl dimronghhtthe badkeisoR ghaso &5t Gdipardtzeas e
Exanmple 1 14 e- Cprol actamnas produced in the sane manner as in Exanple 1
except for txehapgaigsporlayemas. di Thusiceomdgiltaions? #ét+ hpasphkehgpan@us gas
di ffusion plate. The porous gas diffusion plate was in the shape of a

di sk-1i ke pEBiBd:ing Sypidsitdas tRd ddast Wi knd ShamRiedrofl t 6 mm
on the average, which was arranged at 76 mminterval from one another in

squar e arr afgeEeBhpp THEANUREH s L ok Nt L& RRYIQUS t_ﬁ@%r%éf\’f?i g%r)p' ate

was 120. The respective holes were positioned at 'the tip ends o ouds,

ubl ch et o aubepdort doymsera Lomnoyp: o bory ofcibes grsp L vl ppiate

The depth and e inner dianmeter o e uds were nm
respectivel t syrLface -a e n rous. gas .di.ffusion
pl ate was 5ﬁgﬂ%g§f%86§%h@&ﬁgﬁ ?&'n%ﬁgd£$§éfg%$ﬁé @Y?*Jﬁ?gﬁmbfgtgi A

desi gned i rd ith .t t descri be S _in Published.Docunent
TR Ut di zed MR rananaer iy BTt CREPLYST LE%eDcbarasi L ikpe
resulting r %fEEOQﬂ%ﬁix%ﬁs recoxgned andwas anal¥zed. As a result, the
conver si on "0 ¢yl onexartoRECBRT ¥ HhAT €Ak toeF bt FG1eYt L8 bavhpp 51 m wer e
99.79g1%nd 9ﬁﬁ§§$ 20 rgspg%tively, when the total anmount of the supplied
cycl ohéxXandift b5 HePRES 1866 Skt basEf BR1FNEG(RT) & FRe gt layer

3 (at rest) may be in the range of from about 10 cm to about
70 om.
As described above, in the present invention, the raw
material gas comprising cyclohexanone oxime is supplied
15 throughtheholes 21 intocatalyst layer 3 of catalyst particles
31, while fluidizing the catalyst layer, so as to be brought
into contact with the solid catalyst particles 31 in the
catalyst layer 3. As a result, the cyclohexanone oxime
containedintherawnmterialgasissubjectedtorearrangement
20 reaction to produce ¢-caprolactam. Thus produced
g-caprolactam may be obtained in the resulting reaction gas,
which may be discharge to the ocutside of reactor 4 through
pipe L2 provided in upper section 41 of reactor 4.

In accordance with the production method in the present

25 invention, g-caprolactam can be produced from a raw material



particles. 15 WHAT IS CLAIMED IS: 1 . A nmethod for producing ~

-caprol actam the nethod conprising the step of introducing a gas

conpri sing cycl ohexanone oxinme into a |ayer of solid catalyst particles s
through a plurality of holes of a gas diffusion plate so that the solid
catal yst particles are brought into contlhct with the gas, while fluidizing
t he catal yst Iayer wherein the hol es have an average di aneter of about 3
nmor smaller. . The nethod according to claim1l ( wherein the nethod lo
is carried %@t Ci?é‘fw%%gaﬂlaﬁea!eﬁm aximguibided WOR copmBRkoy&f

di ffusion plate having a nunber of holes with an average di aneter of about
3 mm or snefYelochexdanane myimd apdra dfi®okedecatialiyyt t partiapred agitaoed on

t he porous gas diffusion plate, so that a raw materi al gas contai ni ng

cycl ohexanoher exiamplies HFutsdppkiod 4 iloadh zekde bedl Bsaot i ¢hepparadsisgas
diffusion plate to the catalyst |layer so as to bring the raw materi al gas
into contact w tThédnsehitdoaabalygtthay Geetesbad i fdinidbeidipdrent

catal yst layer. 3 . The nmethod according to claim1 or 2 , wherein the 20
solid cat altisit paet sahesnBf Bezeotid® iPambhelwsys 4. stka VBENREi de€rdi ng to
claim1 or 2, wherein 90~ by weight of the solid catal yst particles have a

di ameter oftd bent&gaadd akOfi tMAn 2heThiSi FRE ROE SE69E HENEht O feditioh OF 2,

wher ei n
and all such modifications as would be apparent to one skilled
in the art are intended to be within the scope of the following

claims.
10 The entire disclosure of the Japanese Patent Application
No. 2003-193390filedonJuly8, 2003, includingspecification,
claims, drawings and summary, are incorporated herein by

reference in their entirety.

The present invention is described in more detail by
15 following Examples, which should not be construed as a

limitation upon the scope of the present invention.

EXAMPLES
Example 1
20 As shown in Fig. 1, a reaction apparatus 1 comprising
porous gas diffusion plate 2 and catalyst layer 3 in reactor
4 was provided. The inner diameter and the height of reactor
4 were 1,000 mm and 6,000 mm, respectively. Porous gas

diffusion plate 2 was in the shape of a disk-like plate and

25 had holes 21 with a diameter of about 2 mm on the average,




2§ i nterval between nutually neighboring holes is about 0.5 cm 16 to

about 25 cm

[ Nu/ NP7[/ N7P7[/ N7[/ N7TKQ / NK7[ / NkQ& NP7[ / N7P7[ / NPQ@ N7k[ / Nk[ / NP/ N7Q N6/ NH) F%
AXgd >{6 s *dK

}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]lda] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal

8+i | 1&(c<z! .RE2j}xsnid Z]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
] caj] ca]( caj C‘Q]Jccfl%‘ g’é‘]sc%ﬂ' “Eaa"}%%‘% é&} %'é}“ﬂ‘a%fb%‘%%‘é“}% ]‘-”@H'} QJFJ? PP%O&@]@F"\J]@ S]qua]re Jeal
}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] c A cafGaFhayraln Fdig.| 29"y " The #oatei OF(ky1335)in the
*'xnx*kx+HE++ ) xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] ca] X} Hocafddfesica] pdpte] wvapca) a4 . @4s ,stown -in Fig.. Ba,. /H/*1
c1112T222263s333} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] ca] ddie ajecg]ese]icad dajlesd cd] ealren pealicalorad B HOEREEFIPIRAdS, pf<< ==
=F>>>} ?@XBCGCvDyDDD, EbEE} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cajmalui] cal,cehtahcad e8] e id s@ldaitalwalreahcapbEExFRERE HdHH
HI Bl A al | PJJKoLLMz MVBN2N3NG6NINNN} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] caJca]ca]c

a] ca] ca] calmaltcahea] el € abcat leC 5@1@8&%&9?%]1:%@] ca) & LAlE ahh1 O COOP\
PQRQORRVRRRRSASSSSSS6NINNN} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ¢a] ca] cal] ca] ca]
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atee o el ba et mhS D, Bubl SR R Y deteata O
109%-& () -1 Zinl Q46& o) “dhs diffusion plate 2 was about 3,200 mm’. The
10 catalyst layer 3 was placed on porous gas diffusion plate 2
by packing 155 kg of solid catalyst particles 31. The solid
catalystparticles 31 containedMFI zeolite as amain component
and had a particle diameter of from 5 um to 200 um, wherein
about 28% by weight of the particles had a diameter of from
15 10 um to 100 um, and the weight average particle diameter was
535 pm. The height (h3) of catalyst layer 3 was 35 cm.

A raw material gas was supplied from lower section 42
of reaction apparatus 1 through pipe L1. The raw material
gas had been prepared by diluting a cyclohexanone oxime gas

20 with a methanol gas (in the amount of 1.8 times by weight as
much as the cyclohexanone oxime gas) and a nitrogen gas (in
the amount of 0.2 times by weight as much as the cyclohexanone
oxime gas). The supply rate of the raw material gas was

adjusted to be 600 kg/hr (i.e., cyclohexanone oxime at 200

25 kg/hr). The raw material gas was supplied at a temperature
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at a temperature of 380°C and 0.1 MPa (absolute pressure},
respectively. The reaction of cyclohexanone oxime was
conducted in reactor 4 to provide a reaction gas containing
t-caprolactam, which was then recovered through pipe L2 from
the upper part of reactor 4.

The resulting reaction gas was analyzed with gas
chromatography to determine conversion of cyclohexanone oxime
and selectivity to & -caprolactam. The conversion of
cyclohexanone oxime and the selectivity to e-caprolactam were
99.99% and 96.31%, respectively, when the total amount of the
supplied cyclohexanone oxime was 300 kg based on 1 kg of solid
catalyst particles 31.

It is noted that, conversion of cyclohexanone oxime and
selectivity to e-caprolactam were calculated using the
equations below:

Conversion of cyclohexanone oxime (%) = (1 - Bg/Ag) x 100

Selectivity to e-caprolactam (%) = B./(Ag - Bp) x 100
wherein Ap is a molar amount of cyclohexanone oxime in the
raw material gas; and Bp is a molar amount of cyclohexanone
oxime remaining in the reaction gas; and Bc is a molar amount

of g-caprolactam in the reaction gas.

Comparative Example 1

dE{\=! (1 109F& ()-& 109%F& ()-7$" 10%& ()- "&LO%W& ()- 410%& ()-
RECRIIREF F HoT ¢ GHRPEESRET 1054 {alyslt 109RE 8)werd owpat@ingd



*8&109F&' ()-E2bCl +k 109%& ()-@ 9%0%&' ()-10%&' ()- QLO%& ()- 10F 10F
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09&10%& ()body of the gas diffusion plate. The depth and the inner

diameter of the shrouds were 15 mm and 13 mm, respectively.

The total open surface area of holes in porous gas diffusion

plate was about 3,400 mm’. It is noted that this diffusion

bPlate was designed in accordance with the method described

15 1in Published Document "Fluidized-Bed Handbook”, Baifukan
Publisher, p. 256-259 (1999)).

Theresultingreactiongaswasrecovered andwas analyzed.

As a result, the conversion of cyclohexanone oxime and the

selectivity to e-caprolactam were 99.79% and 94.30%,

20 respectively, when the total amount of the supplied

cyclohexanone oxime was 300 kg based on 1 kg of solid catalyst

particles.
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have an average diameter of about 3 mm or smaller.
2. Themethod according toclaiml, wherein themethod
10 iscarriedout usingareaction apparatus equippedwith aporous
gas diffusion plate having a number of holes with an average
diameter of about 3 mm or smaller and having a layer of solid
catalyst particles placed on the porous gas diffusion plate,
so that a raw material gas containing cyclohexanone oxime is
15 supplied through the holes of the porous gas diffusion plate
to the catalyst layer so as to bring the raw material gas into
contact with the solid catalyst particles while fluidizing
the catalyst layer.
3. The method according to claim 1 or 2, wherein the
20 solid catalyst particles are zeolite particles.

4, The method according to claim 1 or 2, wherein 90%
by weight of the solid catalyst particles have a diameter of
from 5 um to 100 pm.

5. The method according to claim 1 or 2, wherein

25 interval between mutually neighboring holes is about 0.5 cm
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