1 METHOD FOR PRODUCI NG e- CAPROLACTAM BACKGROUND OF THE | NVENTI ON Fi el d of
the Invention 5 The present invention relates to a nethod for producing
e-caprolactam and nore particularly relates to a nethod for producing
e-caprolactam by fluidizing a | ayer of gatalyst particles so as to bring a
gas contai ni ng cycl ohexanone oxine into contact with the catal yst
particles. 10 Related Art e-Caprolactamis useful as a ram/naterial for

nylon or the liKke. Ja |4 2000- 229939
di scl oses a net hod for uci nd'f"?n i %#'ﬁ‘%‘ %P so call ed

fluidized bed reaction appar atus, in that is a raw material gas containing
cycl ohexanone oxine is supplied to a cat aI yst layer having solid catalyst

particles so as to bri ngeggéll(raw mat er i gas into contact with the
catalyst particles, whil %%anﬁFt'ﬁ%Ecémy'gF ONayer in a fluidized

state. A flujdjzed- bed reaction apparatus is known, such as 20 an apparat us

equi pped V\AE%J FR)?O’EE‘* gHS"Qﬂ‘F#%l on plate and haV| ng a catal yst |ayer of

solid catalyst particles on the plate. The apparatus can be enpl oyed so

that thé& raw mat é"'rheapregaatl%nwmamled't?-tl@tﬂset@atmeyBOdlmPrbﬂucdgb a

| arge nunber of the holes forned in the porous gas diffusion plate, while
tE-caprolactam, and more particularly relates to a method for

producing g-caprolactam by fluidizing a layer of catalyst

particles so as to bring a gas containing cyclohexanone oxime
into contact with the catalyst particles.
10 Related Art
¢-Caprolactam is useful as a raw material for nylon or
the 1like. Japanese Patent Application Laid-Open No.
2000-229939 discloses a method for producing e-caprolactam,
by us'ing so-calied fluidized bed reaction apparatus, in that
15 arawmaterial 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 in a 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 1s 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



25 maintaining the catalyst layer in the fluidized state. The 2 raw
material gas is brought into contact with the solid catalyst particles in
the catal yst layer, which is in the fluidized state, to provide a reaction
gas containing a product (ex., e-caprolactam. Conventionally, the

f1 ui di zed-bed reaction 5 apparatus has & porous gas diffusion plate wth
the average dianmeter of the holes of 6 mMmmor larger, or at |least 4-5 mm

in order to,s| % raw.naterial, gas easily and not to plu t he hol es.
However, the %’3’8%%% "’l:lgc;]hgﬁ”gtiﬁo %‘ﬁal'hbgPEB %ﬁ?éﬁ‘?ib%meﬁ?]fj@d?%ﬁééﬁs‘bed
reaction apg)ar %t uz_ haiﬁgrgbl ens such that conversion of the raw materi al
(ex. cycl oh®R&hdreesxiRefnangatadyat: Lovey. (whigk Hfobucthe Sduidized
e-caprolactan) are insufficient. Wth objects of "solving the probl ens,
especi al | y ®i¥&Fe i $°uRFA¥LES 2 iraatise da8 geonieiningnanptreduat , (exe,
production nethod of e-caprolactam has been researched. As a result,
i nvent ors of-tapretastan)i nveomvemt havael Ipthd Pabhilgea-s8d rdad ool es
in the porous gas diffusion plate of the fluidized-bed reaction apparatus
i s rel at®d wPphrafias2basom\eosiws gafs GHEfuaWomRpeaital wi el CEod exaiedps OXi e,
and the selectivity to the product, e-caprolactam Based on such
findings, tHéapeesendfitivertiolss s cbatronauygld shedat 1east 4-5 mm,
in order to supply the raw material gas easily and not to plug
the holes.
However, the production method using the conventional
10 fluidized-bed reaction apparatus has problems such that
conversion of the raw material (ex. cyclohexanone oxime) and
selectivity to the product (ex., g-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 1s related with the

20 conversion of the raw material, cyclohexanone oxime, and the

selectivity to the product, t-caprolactam. Based on such

findings, the present invention has been accomplished.

SUMMARY OF THE INVENTION

25 The present invention provides a method comprising the



SUMMARY COF THE | NVENTI ON 25 The present invention provides a nethod
conprising the 3 step of introducing a gas conprising cycl ohexanone oxi ne
into a layer of solid catalyst particles through a plurality of holes of
a gas diffusion plate so that the solid catalyst particles are brought
into contact with the gas, while 5 quid?zing the catal yst |ayer, wherein
t he hol es have an average dianeter of about 3 mmor smaller. The nethod

may be car ty action a tus e ed with ous gas
i 7 usi on pIe? ﬁgv.ﬁ% arsa%gp AR e hacv b Eran g 0 géaf’edim er of
about 3 nmorlmaller ?EI g ﬁé 10 of solid catal gartlcles

pl aced on t Ke 15¥Sre OTs§Odig: catatytnRpetigiegathEsreh Ai A “E? }B¥ie®Bnone
oxinme is supplied through the holes of the porous gas diffusion plate to
the catal yfoles &f §09é?§ B EFUSPn RLatay smtidratal thassobid catalyst with
the solid catalyst particles while fluidizing the catalyst 15 layer. BRI EF

- DESCRI PTI ONPOF thgt epRrAraGEBrPught] inta sohbtaati evidtostheegaisonathidlew
showi ng one exanpl e of production apparatus which may be enpl oyed for a
20 produ®ti Sduddidizdag thehecarakyst layeniwhereig. tRa audefs halke ade
schematic top-face views showi ng arrangenent of holes in porous gas
di ffusi on pkyersgehddihmetrer of about 3 mm or smaller. The method may

be carriedout usingareaction apparatus equippedwith aporous
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 cyblohexanone 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 fluidizingthe catalyst

15 layer.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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



be enpl oyed for a production nethod in the present invention; and 25 Fig.
3a and Fig 3b are schenmatic cross-sectional views 4 show ng structure of
porous gas diffusion plates which may be enployed for a production nethod
in the present invention. DETAILED DESCRI PTION OF THE INVENTION 5 In the

present invention, E-caprolactam can be4produced in a method conprising
the step of introducing a gas conpri sing cyclohexanone oxinme into a | ayer

of solid ca p rough a ur of h es of as

di f f usi on p ﬁ{’%ﬂ’ %%'{lghtlﬁ% %‘gl%’g%‘é %t%‘ﬁ’a’b? M3t o
contact with 10 t.he £ whi | e fIU|d|Z|ng t he catal yst g wherein the
hol es  haveP&FRAH f£ gF Frerodust Lan.me 13°%%Fh§r%‘}'q’%@n eddiodd  may
be carried using a reaction apparatus equi pped with a porous gas diffusion
pl ate and having a catalyst |layer. Referring to Fig. 1, one enbodi nent of
the nethod in 15 the present invention is described bel ow, which should
not be construed as BETARLERt PERCBEBRIONcOECEHE ONVENEIPNesent invention.

Reaction apparatus 1 (shown in Fig. 1) has reactor 4 and are provided with
porous gas diffuslmhhplpateseht Mavent 26nspecehpeal bt anmersi bepropRed us 1

has porous gas diffusion plate 2 installed in reactor 4, which is divided
into upper inamethod comprising the step of introducing a gas comprising
cyclohexanone oxime into a layer of solid catalyst particles
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 carriedusingareaction apparatus equippedwith aporous
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 diffusibn plate 2 is plate-1like member

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



section 41 and | ower section 42 by porous gas diffusion plate 2. In the
reactor, catalyst layer 3 is formed in the upper section4l. Porous gas
diffusion plate 2 is plate-like nenber 25 having a | arge nunber of hol es
21, and a raw material gas is 5 supplied to catalyst layer 3 through hol es
21. A large nunber of holes 21 may be fd¥ned in porous gas diffusion plate
2. The dianeter (d21) of holes 21 nmay be about 3 mmor smaller on the

average. The average dianeter is 5 preferably about 0.5 nmor |arger, and
is nore pr efséﬁpé’g'ﬂf goutcataiftorla¥ay et  thyrugh hokpater is smaller than

about 0.5 mm the supply of the raw material gas tends to be insufficient.
Al so, in terms of A épraei bumber of &wlashdlhoapsbe faimmesblipn phrousagals anet er
of about 0.5 mMmor larger. 10 Preferably, the holes 21 in porous gas

di f fusi on plddf&usiowplate AngeBheditdrmtarhede b3 peicho Ves 2] reay decalpost t i oned
at the apexes of squares (square arrangenent; see, Fig. 2a show ng a
schemati c t Spniracer vémalbértbe sheaager@ge). OThat avidiagrpaidemeter epsll ar
triangles (triangular arrangenent; see, 15 Fig. 2b showing a schenmatic

top-facesvi pweSleriahd yed bAug 08 M or 1HIY 0] £8d 1L méfe prekar-abhy dgued so
that each of themis arranged wth a constant interval between them

Intervals (phmbhet Weaigeit uthleh BRbINDAR 6 Q! @haTBR L enaR0Mbodt Do &N OF
| onger (and is preferably about 1 cmor |onger), and nay

mm, the supply of the rawmaterial gas tends to be insufficient.
Also, in terms of formation of holes, the holesg preferably
have a diameter of about 0.5 mm or larger.

10 Preferably, the holes 21 in porous gas diffusion 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,

1s Fig. 2b showing a schematic top~face view of 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 %,

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



20 be about 25 cmor shorter (and is preferably 8 cmor 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
fromabout 0.2 %to about 1 % 25 Porous gas diffusion plate 2 may be in
the flat shape 6 (see, Fig. 3b showing afschematic cross-sectional view of

the structure of the plate). Alternatively, porous gas diffusion plate 2
shrouds 22 are fornmed so as to be

may have a sh S tQat _cyljndric (

ext ended domn\;\agga #ci g:{ﬁg %g‘?’:"rk% A EFheRdtic soasursagicl epal wiewues dhel at e
and have holes_21 Ln t he %ﬁg ends of the shrouds 22 (see, Fig. 3a show ng
a schematic %FB‘%% BEE Of Dpdmlof Ahtersratively, pondus gaaiddEfuEion

| atter porous as diffusion plate is preferably utilized in the present
i nvention. 1P}#t¢ Fempxtkaye Fosbapegsischlitifatscybipbatiealt SRrela9UIS ard? MY
have a cylindrical shape with a circular cross section, or may have a

shape with a fegrehgol as torbs extecidedhdoepibid ﬂﬂb&?blatef-hgkéhﬁé’i’dj%oﬁ%y be
~about 5 mmto about 30 nm Inner dianmeter (d22) of the shrouds may bé

eaual Lo o1 130 of o ades o et g olo ! s ek
may be in thend&ngss Of:hérgﬁl'éﬁaﬂt 23 PO gQut 3P émwmé § schematic
cross-sectiona; view of the structure of the plate). The
latter porous gas diffusion plate is preferably utilized in
the present invention.
10 In the latter poréus 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 forme';d 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 dec:ltded $0 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

2]l formed at the tip ends of the shrouds, thereby lowering

25 the wear degree of catalyst particles in the catalyst layer




the dianeter (d21) of the holes is in the range of about 3 mmor smaller
on the average. The inner dianeter (d22) of 20 the shrouds may be
appropriately decided so that the supply rate of the raw naterial to the
catalyst layer is in the range of fromabout 20 nis to about 30 mis. As
descri bed above, the latter porous gas Hiffusion plate has shrouds 22 with
holes 21 fornmed at the tip ends of the shrouds, thereby |owering 25 the

wear degree gf | articles in the catalyst layer 7 placed on the
pl ace. In rgg&c%?rl%%%g‘regtpdsacf‘shom in Fig. 1, catalyst layer 3 of solid

cat al yst particlei 31 na¥ be provided on porous gas diffusion plate 2 in
the upper sectioniMT8PCHLGR ERPaFathplshownia Edg; d caaipjystpbayer| es

are particlgs gainlg containing a zeolite. Exanples of particles
cont ai ni ng 3z881 PPEiAnEREAR&YEEr PRELAS1ES Bbrmaxibe typevided ¢mspesons as
MFI zeolite) and garticles of Y-type zeolite particles. Alternatively, the
solid catal §8f Baffreles phgtec? b itheacipperOseypdonatal gEtreantor! £s,
silica-alum na type catalyst particles, solid phosphoric acid catal yst
particl es, Brefezmpdealsolid atawalyst | pantbclas abyet ppatiicless matesge sol id
catal yst particles can be obtained in known nmethods. (See, for exanple,
Japanese Pafentaipphgcat i peolhte: Qp@xahplekd df) PpaArk2008s22h Asidd
pentasil-type zeolite particles;

zeolite include particles of pentasil-type zeolites (such as

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
crystalline aluminosilicate catalyst particles. 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 maybeintherangeoffromabout1umtoabout200wm. Preferably,



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 catal yst particles;
British Patent No. 881927 as to silica-alumna type catal yst particles;
British Patent No. 20 881956 as to solid phosphoric acid catalyst
particles; JP-A-57-139062 as to crystalq i ne alum nosilicate catalyst
particles.) Anong. them pentasil-type zeolites particles (especially, M-I

zeolite partjicles re pr rred. The p Lcle dignmeter_of solid catalyst
part] clen SRosE BodL By REL TR [k, mb¥s B Shé Sartd ThfoLest Rasbecies.
Preferably, ,8_ _.about 90%_b ight or more of the solid catal yst particles
(and nore préP& BRES Pﬁ&fgﬁtapﬁé' 4 uﬁPtE{BO%‘B?nﬁefbﬂ?? By wehgh gr‘?f cl es)
have a particle dianmeter of about 5 pun to about 100 pun (and nore
preferably RRecParbleles) dayeamantistleddanetsriof phoutos alsotp dlg9atpun)
Solid catalyst particles 31 may be packed on porous gas diffusion plate 2.

Cat al yst | ay@0 Bn danst inere prefepainke haveohi paxrtd aley sl ap@tiercbfsatidut | n t he
production nmethod of the present invention, the 10 raw material gas is

brought 3 nt d0camt #ot abbizht 40bi gmgat al yst particles. In the nethod, the
above-descri bed reaction apparatus 1 may be enployed. The raw material gas
may be a gas conBoilidngatylyoheeanded e3XBItnayrvenfdcitediont péroay gas
diffusion plate 2. Catalyst layer 3 comprises such packed
solid catalyst particles 31.
In the production method of the present invention, the
10 raw material gas is brought into contact with solid catalyst
particles. In the method, the above-described reaction
apparatus 1 may be employed. The raw material gas may be a
gas comprising cyclohexanone oxime, Examples of the raw
material gas include a pure cyclohexanone oxime gas; a gas
15 containing cyclohexanone oxime which 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 ﬁhe gases
20 include gases of saturated alcohols with 1 to 8 carbon atom(s)
such as methanol, ethanol, n-propancl, isopropanol, t-butanol,
l1-hexanol, and l1-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



material gas include a pure cycl ohexanone oxi ne gas; a gas 15 contai ning
cycl ohexanone oxine which is diluted with an inert gas or other gases; and
the |like. Exanples of the inert gas include a nitrogen gas and an argon
gas. Exanples of the other gases include a gas having a boiling point

| ower than that of cycl ohexanone oxine.gspecifically, exanpl es of the
gases 20 include gases of saturated alcohols with 1 to 8 carbon aton(s)

such as net hg{pk,c£Lh - pr | ., Lsopropanaol , t-butanol 1- hexanol
and 1-oct ano?"!:I and gaggis? b r}a'r orerlg?ﬁgoﬁ‘/%i’%g FEW DaERTIALGAg et
toluene. In nt_inyention, the raw_ material_ gas may be 25 supplied
to catal yst %%g%ﬂ%éﬁﬁlfc?ﬁg% H%ﬂeega‘ﬁ“a&fe gasnay Qg gHpptiedthEorgh 2. | n
provi ding the_raw tergal gas to the catalyst layer 3, the raw nateri al
gas may be S%E&Plee’gf 4% LABART seGhinn A2 undepReronscgns iEfugins ppateus gas
diffusion plate 2 in the reactor 4, as shown in Fig. 1. The inner diameter
5 of reactor? ATrdRen&eagtore 4n angeshewn rimBimutl 50Theminoeabddametexr000
nm The height of reactor 4 may be in the range of fromabout 3,000 mMmto
about 20300PH¥earhery 4unatnter Lal thmsangeyob e sup@bicsrt 500 mn e agout
pressurized. The pressure is not particularly limted, as long as it is
sufficient ti@ Qpimm.10 Thiee hgdghtto ofarebysbr! aymay3bePiaf enabkiingehes
pressure is about 0.1 MPa (1 kgf/cnmR) or lower in ternms of gauge pressure
on from about 3,000 mm to about 20,000 mm. The raw material gas
may be supplied while being pressurized. The pressure is not
particularly limited, as long as it is sufficient to supply
10 thegastocatalyst layer 3. Preferably, the pressure 1s about
0.1 MPa (1 kgf/cm?) or lower in terms of gauge pressure on
the basis of the atmospheric pressure. The raw material gas
may be supplied at a temperature of about the same or lower
than the temperature for reaction (mentioned below). For
15 example, in the case of using zeolite catalyst particles as
thesolidcatalystparticles31,thereactiontemperaturemay
be in the range of from about 250°C to about 450°C, and is
~breferably in the range of from about 300°C to about 400°C,
while the temperature of the raw material gas to be supplied
20 maybeintherangeof fromabout 130°C to 400°C, and is preferably
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



the basis of the atnospheric pressure. The raw material gas nay be '
supplied at a tenperature of about the same or lower than the tenperature

for reaction (nmentioned below). For 15 exanple, in the case of using
zeolite catalyst particles as the solid catalyst particles 31, the
reaction tenperature may be in the rang%oof from about 250C to about 450C,
and is preferably in the range of from about 300C to about 400C, while

t he tenperat h ri as tqQ be supplied 20 maybe in the
range of froﬁﬁggggfﬁ:éﬁéﬂ%ga gb&ﬂﬁni%p YeFBPBEE’g}ngi Fhe e sagerdmlf rom
about 250C t8a§8c%c. %n thﬁ prodggt'on net hod of the present invention, the
raw mat eri al Igas I LHFhLaVRto® CHRPRER tha Rodssi (@ lasaiassto fladdigess 31,
while the catﬁl yst er 3 of the particles is 25 fluidized. For exanple,

I
solid cataly ep&PFPiK% IRPYST tBe 18hec goadiddonsy sfomaprepabingn the by
supplying the. raw material gas to catalyst layer 3 through the holes (21)
so as to flufHr¥@izing state ysudhagertize afmunipodi thensad ara ekl igag t he
fluidizing state, such as the anmount of the raw material gas s to-be

suppl i ed5 t he° pecguppdied; the pressiure for tihd eupdlly( Prhe amyerdde (pgl es 21
of the porous gas diffusion plate 2, the nunber of the holes 21, and the

vol une (V3) among&heatailest 21 afethad, pobeudajahidi#ris n hateahal ¥ak | ayer
3 and the like, may be selected properly in order to sufficiently blow up
solid number of the holes 21, and the volume (V3) of the catalyst
layer 3, the height (h3) of the catalyst layer 3 and the like,
may be selected properly in order to sufficiently blowup solid
10 catalyst particles 31. The height (h3) of the catalyst layer
3 (at rest) may be in the range of from about 10 cm to about
70 cm,
As described above, in the present invention, the raw
material gas comprising cyclohexanone oxime is supplied
15  throughtheholes 2l intocatalyst layer 3of catalystparticles
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
contained in the rawmaterial gas is subjected to rearrangement
20 reaction to produce g-caprolactam. Thus produced
¢-caprolactam may be obtained in the resulting reaction gas,
which may be discharge to the outside 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, e-caprolactam can be produced from a raw material



10 catal yst particles 31. The height (h3) of the catalyst layer 3 (at

rest) may be in the range of fromabout 10 cmto about 70 cm As described
above, in the present invention, the raw material gas conprising

cycl ohexanone oxinme is supplied 15 through the holes 21 into catal yst

| ayer 3 of catalyst particles 31, while % uidi zing the catal yst layer, so
as to be brought into contact with the solid catalyst particles 31 in the

catal yst | ay . 4 he _cycl ohexanone . oxi contained in the
raw nateri al §%Sé§m|"§&slu ﬁngg' %%lf) %6?‘33?4'?15@% Y Pe‘gﬁ?}i’ SOV LFIAeE
s-caprol act am T%s roduced s-caprolactam mag be obtained in the

resul ting reRTTUERERONe Yrime ARG BdighssndpgblvatyHeo 6ucebrelettamact or 4

t hrough pipg L2 gfr?oxisded i n upper section 41 of reactor 4. |In accordance
with the pr EremPAEr Ruthligdngettnidizedr hedmeantion sppavhtiusam can

be produced froma raw material 11 gas conprising cycl ohexanone oxinme with
a hi gh conversi on e igyepsherbring shusedescrtbéd gh tswikt tbesapparent
e-caprolactam for exanple, by utilizing a fluidized-bed reaction
appar at u§. TH&Y Fhensane neyi bg wadnieddaamabe dayist. WEhth baaraEAIRR ars t hat
the sane may be varied in many ways. Such variations are to be regarded as
wi thin the i betregardssbpe wifthtitethe\epiirianand tbpd bt W 1A9dhEL6AL i ONS
as woul d be apparent to one skilled
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. 2003-193390filedon July 8, 2003, includingspecification,
claims, drawings and summary, are incorporated herein by
reference in their entirety.
The present invention is described in more detall 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 helght 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,



in the art are intended to be within the scope of the followwng clains. 10
The entire disclosure of the Japanese Patent Application No. 2003-193390
filed on July 8,2003,including specification, clainms, draw ngs and
summary, are incorporated herein by reference in their entirety. The
present invention is described in nore ail by is follow ng Exanples,

whi ch shoul d not be construed as a |imtation upon the scope of the

(O ' h i n_Fi 1, ti
pparatus 1 conor erng e SEELn kR EPAMbas ahbTher 4 sunaper 3

apparatus 1 conprising porous gas
reactor 4

in reactor g SNy ded. iner. di aneter and the hei ght of
were 1,000 nm an? Géo%% %1%1 Sgggﬁecq \;‘gl‘ysaPorTRE nppberypfrhialem 15 she 2 was
| ate.and 25 had holes 21 with a dianeter of

in the sh a2k gl
inthe s ap?ﬂd}i(ﬂ% %}l;g&'g%%f onRLEHeWHas ot r Sdded AR sEPWATLRNFdgvaBatrom

about 2 mm
one anot her uare _arrangenent, as shown in Fig. 2a. The nunber of
hol es in thé8 h%p%%&?fc&&é’ ed?‘toa@ﬁ ¢t peEeePeadtiocned atstbhowtpi endsgof 3a,

t he respgcti e hol es 21 were positioned at the tip ends of s shrouds 22,
whi ch werfe e‘"X’r‘@r‘Pd;édzaom%% wermmeahengeadrdownyartl firomeappbatim2eDf t he

gas diffusion plate. The depth (h22)
flat main body 20 of the gas diffusion plate. The depth (h22)

and the inner diameter ( d22) of the shrouds were 9 mm and 4.4
mm, respectively. The total open surface area of holes 21
in porous gas 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
catalyst particles 31 contained MFI zeolite as amain component
and had a particle diameter of from 5 pm to 200 um, wherein
about 98% by weight of the particles had a diameter of from

15 10 um to 100 um, and the welght average particle diameter was
55 um. 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 timesg 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




and the inner dianeter (d22) of the shrouds were 9 mmand 4.4 nmm
respectively. The total open surface area of holes 21 in porous gas
diffusion plate 2 was about 3,200 nmR2. The 10 catal yst |ayer 3 was pl aced
on porous gas diffusion plate 2 by pacbjng 155 kg of solid catal yst
particles 31. The solid catalyst particles 31 contained MFI zeolite as
amai n conponent and had a particle dianeter of from5 pmto 200 inn

wherein aboyt PEY4D ' 0 article a, di ter of from15 10
mto 100 m and the \%E}&Shtgng\?eﬁlgégsggﬁ?%lé' @?Q?ﬁ?eﬁgmig?g%c%)qh@hﬁei ght
(h3) of catgl + raw mat erj al s was supplied from

| ower section 42 0 reeggtl ﬁégﬁgg?aﬁjfaf#%rg%ugﬁyﬁgg%wﬁr.e ’i‘ﬁggFé\;\Pﬁﬁterial
gas had bee repared by dilutjng g _cyclohexanone oxinme gas 20 with a

net hanol gastht ih el’f‘é’%%d’rﬁe &t f%é’ £i aad BylviPanfabsolutiehpuesshre),

cycl ohexanone Qxi r@ﬁg&;{r and a nitrogen gas (in the anmobunt of 0.2 tinmes by
wei ght as miGFERe cl of8Rarorrctinn nefgeyclahexanppe y oxime ovashe raw

mat eri al _gas s adjusted to be 600 kg/hr (i.e., cyclohexanone oxine at
200 25 kg/ htc)o%%ﬂ?éerda\?vnrrﬁﬁéﬁﬁalf §ako mrowidspbi rdagtiant gapecantatnilg of
320C and gauge pressure of 0.03 MPa (0.3 kgf/cnR). The tenperature and
pressure of écaBRFPsackaperwidick masnthenharaedve fbd K PipeeLof £AGRC and
0.1 MPa (absolute pressure), respectively. The reaction of cycl ohexanone
oxi me was the upper part of reactor 4.

The resulting reaction gas was analyzed with gas
chromatography to determine conversion of cyclohexanone oxime

10 and selectivity to £ -caprolactam. The conversion of
cyclohexanone oxime and the selectivity to e—caprolactam were
93.99% 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.

15 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 (%) = Bg/(Ap - Bp) x 100

20 wherein Ag is a molar amount of cyclohexanone oxime in the
raw material gas; and By 1s a molar amount of cyclohexanone
oxime remaining in the reaction gas:; and B; 1s a molar amount

of e-caprolactam in the reaction gas.

25 Comparative Example 1



5 conducted in reactor 4 to provide a reaction gas containing

E- caprol actam which was then recovered through pipe L2 from the upper

part of reactor 4. The resulting reaction gas was anal yzed with gas

chromat ography to determ ne conversion of cycl ohexanone oxinme 10 and
selectivity to E -caprolactam The convdrsi on of cycl ohexanone oxi ne and
the selectivity to E-caprolactamwere 99.99% and 96. 31% respectively,
when the total anount of the supplied cycl ohexanone oxi ne was 300 kg based
on 1 kg of solid &PHVectamwagpredscedlin the samenasdetizstin Egamplei on of
cycl ohexanone oxinme and selectivity to E-caprolactam were cal cul ated usi ng
the equati onSHRERIw I RxIangLrg 9o whezamohtf fxshen (plate (2 wiBA/ A0) X
100 Selectivity to E-caprolactam (% = Bc/(AO - B0O) x 100 20 wherein AO is
a nol ar anm@otdiexperonsgamdsfinsienipldtre. The potens Yasgas££asdoRBO i s a
nmol ar anount of cycl ohexanone oxinme remaining in the reaction gas; and Bc
is a nol ar @dahe wasf ik-thepshbpet afnd dikke 11RaCH1LFe WATh ¢hrEAWBA’ ahgVve
Exanple 1 14 E-Cprol actamnas produced in the sane manner as in Exanple 1

except for &achholesgepeh Glaigmetef bedBiutleah® on WhhavapahberwvRPERUS gas

di ffusion plate. The porous gas diffusion

was arranged at 76 mm interval from one another in sguare

arrangement. The number of holes in the porous gas diffusion

plate was 120. The respective holes were positioned at the

tip ends of shrouds, which were extended downward from main

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

plate was designed in accordance with the method described

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

Theresultingreactiongaswasrecoveredandwasanalyzed.

As a result, the conversion of cyclohexanone oxime and the

selectivity to ¢-caprolactam were 9$9.79% 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.



plate was in the shape of a disk-like plate with shrouuds and 5 had hol es
with a dianmeter of about 6 nmmon the average, which was arranged at 76 mm
interval fromone another in square arrangenent. The nunber of holes in
the porous gas diffusion plate was 120. The respective holes were
positioned at the tip ends of shrouds, vhich were extended downward from
mai n 10 body of the gas diffusion plate. The depth and the inner dianeter
of the shrouds were 15 nmand 13 mm respectively. The total open surface
area of hol €¥HAR 58, 6LATIYER &Stfusion plate was about 3,400 m2. It is
noted that this diffusion plate was designed in accordance with the nethod

described 15 in Publi shekimBthodesdr prbaihdizgde B%QPH%QQQQ%',’tI?@hE'{E%ﬁ
Publ i sher, p. 256-259 (1999)). The resulting reaction gas was recovered

andwas anal yeeupriggng ridsell tstdge o@n\mrts;idamdgjngﬁygl ohaxangps gg_'bqﬁgand
the selectivity to E-caprolactamwere 99.79% and 94. 30% 20 rgspect rvely,

when the totaycEsmsdnete dxinepAtb ol 1a54e! QRCIGNANE HKIE MB3200: kg based

on 1 kg of solid catalyst particles. 1 WHAT IS et hod
for prodsci ngufougicaPbehasl ay 4 nEILRds £ Y h3kPGsLDE Figte % toat 4

I ntroduci ng a gas conprising ~cycl ohexanone “oXi ne 1 n

catal yst pargHec!s®3ia catalyst particles are brought into contact with
the gas, while fluidizing the catalyst layer, wherein the holes
have an average diameter of about 3 mm or smaller.

2. The method according to claiml, wherein the method

10 iscarriedoutusingareaction apparatus equippedwith a porous
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,
50 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 fluildizing
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 pum.

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

25 interval between mutually neighboring holes is about 0.5 cm



s through a plurality of holes of a gas diffusion plate so that the solid
catal yst particles are brought into contact with the gas, while fluidizing
the catal yst |ayer, wherein the holes have an average di aneter of about 3
mmor smaller. 2. The nethod according to claiml1, wherein the method 10
is carried out using a reaction apparat&é’equipped Wi th a porous gas

di ffusion plate having a nunber of holes with an average dianeter of about
3 mMmor snal{ery haying a layer of solid catalyst particles placed on
the porous gas diffusion plate, so that a raw material gas containing

cycl ohexanone oxinme is is supplied through the holes of the porous gas
diffusion plate to the catalyst layer so as to bring the raw materi al gas
into contact with the solid catalyst particles while fluidizing the

catal yst layer. 3. The nethod according to claim1l or 2, wherein the 20
solid catalyst particles are zeolite particles. 4. The nethod according to
claim1l or 2, wherein 90% by weight of the solid catalyst particles have a
dianeter of from5 mto 100 m 5. The nethod according to claim1l or 2,
wherein 25 interval between mutually neighboring holes is about 0.5 cm 16
to about 25 cm



