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the priority of an applicatiaqnbased on U.S.

Provi sional Application Serial No. 60/445,852 (filed
on February 10, 2003). 10 Technical Field The present
invention relates to a proggssR@TIgN oduci ng a

nodi fied | ayered netallosilicate material, and a
metal losilicate material which has been synthesized

by such ayymees® 1lavsErREp 08 TIVRIR TR MATERT D
15 "nodi fi ed" neans 0 of
stacki ng between | G d ius ES%ed
metallosilicate material is nodified froma state

where the il Angs, Olca SSPLS Ahd Nhd! 1 s0ney 1 S41tdg
t he respective ‘lrayers are nerely s.ta. Ing I n a, ! \
pl arepploiqe e rheaed on i S arigieksigmakiaprligagion Serial

wheng, a ¢ A b ane Ldde M erdioh oro, CoOMBE! ed
mﬁtﬁﬁ%aéﬁiothe?, o?ngheets are crosslinked wwth each

ot her by anot her substance. Mirre specifically, the
pr esgsdhniventrignd el ates to a process for nodifying

e T ol SRS ST L Bl o

mat esiGdu@tn@ Prssdi Soed cfayered|newal basblicpthanvabgrial,

an type strycture i ng: 1 S ' .

ot L S et Lo o yATERP 2L PPl cn A8 TB8LR syntnesized
net aby osidh cateroeess i al Inhitled praeserenipyedtied, pyhe term
SUCh"<§?'§i8§DQﬁ§ s BackgrondnMted N(bPenb@tYr 8k stacking
morld? ere are known various materials hayvi a, ..

st acketveey ekaseFuceeRr et rat 1B ap}%%%ﬁ?di%%Eﬁ??%ﬁ}llcate

suchpa: 8Bt g1 8d Moyl Nded@ siatkedstayerwilBorst thetpianes of
called "a | ayered materi al"

gr aphie@t3s? eﬁ?%é%ﬁ%ﬁt?9%s%§5ﬁ%$£%égaggﬁgsgggﬁﬁygsl%¥ers are

t hi sméay ey eslt a@k N aln nayplace vdes p W@ 001 069746nto another

PCT/gggggﬁ/gp%ppgwhere a plane and an edge are joined or
connected with each other, or sheets are crosslinked with
each other by another substance.

More specifically, the present invention relates to

a process for modifying the manner of the stacking
between layers of a crystalline layered material, which
is a layered material as a precursor of a zeolite
material having an MWW type structure, by using a post-
synthesis method, and a modified crystalline layered
metallosilicate material which has been produced by such
a process.

Background Art
In the natural world, there are known various

materials having a stacked layer structure (in the
present invention, such a material having a stacked layer
structure is called "a layered material"), such as mica
and graphite as representative examples.

Known examples of this layered material may include,



2 e.g., various layered silicates. In particular,
| ayered silicate clay mnerals such as
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fluorotetrasilicon mca are welj known. In these
silicate materials, a 5 silica tetrahedron | ayer and
an MJ(OH) 2 or AL(OH)3 octahedron | ayer are connected

to forma §QB§&u§UEQ§eréﬂlélli@atég Case péralchayr, layered
mneral. this fetrah 2 oct ahedr
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30 th Wi unit cell conposition; H2.4Na3.1 [Al
0.43§8§§I%8855gg59+ﬁe characteristic feature in the

f r amewor koins the ohaee hmmdpoaezeeﬂmmekmamﬁd&pén@@dﬂedfMCM—22

each,qt h | ar t
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t wo- di nrenstonalTy connected to SI X
(Non-Patent Document 1), a patent application for a

method of synthesizing this material was filed by Mobil
in 1990 (JP-A (Japanese Unexamined Patent Publication;
KOKAI)-63-297210, Patent Document 1) and thereafter,
Leonowicz et al. reported that this is a hexagonal

zeolite having a peculiar pore structure. A
representative material thereof is borosilicate having
the following unit cell composition:
Hp.4Nay 1 [Rlg 4Bs 15166 50146] '

The characteristic feature in the framework is to
have two pore networks independent of each other in the
direction perpendicular to the c axis (in the plane
direction of layer). Among these pore networks, one is

present between layers and a cocoon-like supercage

(0.71x0.71x1.82 nm) is two-dimensionally connected to six
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t herearound. The supercages are directly connected to

weaaol/etaer by a 10-nmenbered ring and ther ef oPeT/JR2004/001009
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relatively large nolecule can_erter into the pore as
conpared with a tunnel-like 10-nmenbered ring 5 pore.
Anot her pore network is present wwthin a |ayer and a
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| ace bet yee h t
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hydrothermal synthesis at 150°C by using a relatively

inexpensive hexamethyleneimine as the template. 1In the
case of aluminosilicate, the precursor can be synthesized
at an Si/Al molar ratio of 15 to 35. Unlike the
production behavior of other zeolites, the material
obtained by the hydrothermal synthesis is generally a
layered precursor and when the precursor is calcined,
dehydration condensation takes place between layers and
MCM-22 having a zeolite structure is formed.

The MWW structure has a characteristic feature which
has not seen in conventional zeolites as described above,
and the aluminosilicate having the MWW structure is known
to exhibit high activity and selectivity in the synthesis
of ethylbenzene or cumene, as compared with those of



of ethyl benzene or cunene, as conpared with those of
WD 2004/ 069746 PCT/ JP2004/ 001009 - 4 zeolite having
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Accordingly, it is considered _that he alumnosilicate
having the MW structure is alréady used in many
plants over the world. 5 Also, there is an attenpt to

obt bglgt%a %bﬁ%& oQ%%'n%t?b@%%&eﬁeb&obﬁﬁﬁg9sﬁﬁ other than
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| ayered precursor with ica (,see, for 10 exanple,
W ) FIRBERYeP1Zn S Qvl?df%éﬁr ré& Catal ., 94, 301
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| ayered nmat'erial_having a structure . 20 anal
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ution ‘containing a surfactant such as

hexaamtcwity ey | BHBHRQRR bHER Bc 16 Rt rRaF ar Eophbtic M

surf gtween | ayers and thereby cause smelllng
and erea t the | ayers are cross]inked
S|I|cate Bo %%%c?%%et%fo%i%W+P%?%{ﬁ%§ ?hk%dp¥%§%?%dfor
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(1T %) R erth case undanent al | %
is established to a certain exten ThlS process is
characterized in that, for example, MCM-22(P) as a
layered aluminosilicate precursor is treated in an
agueous solution containing a surfactant such as
hexadecyltrimethylammonium bromide to intercalate the
surfactant between layers and thereby cause swelling and
thereafter, the layers are crosslinked by silicate
species to obtain a crosslinked layered material (MCM-36)
or a layer is delaminated by ultrasonic wave irradiation
or the like to form a so-called card house structure
where the layers are joined with each other not only by
plane-to-plane association but also by plane-to-edge
association (ITQ-2). 1In either case, fundamentally, a
process established for the modification of a layered

silicate clay mineral is applied to MCM-22(P).



process established for the nodification of a | ayered
silicate clay mneral is applied to MCM22(P). WO
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and the structure anal ogous thereto have a
characteristic feature which has not seen in other
zeolite structures as descri bed above and therefore,
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net aldmsaddondd loy tagpribou smnd@m@oﬁni‘a(mmmimmr and a
obt ai ned i S easy, re&t i st ted
of s %e%?zﬁ%?{ 15'gr&?‘exélﬁ/e h éfl%ﬁ\n@%éjf con‘poun]l:d)é)iglre.Sen ©
contlay mmrgllsrmcdmdmtm envémclt Bl %%P%"—?ﬁ esRrtnP Yemarkably

rawcﬁ'@f@ t[?%d%mfé@tﬂ?&hSammiﬁ@éilﬁcaté:oint@@eral (not

pur pose o cing the elenent into

fran@mkedvml%‘ﬂ% HeEHOHLT Phw P BERND pY%’E)Y)sJe%Irge ionic radius

$5prﬁfﬁﬁ6ﬁ%w€§?eWﬁﬂW|§£l£&o¢h@fnﬁl@mﬂnmmtmmdeh@éngédre, such
or e struct uge, inclu i

o e LLELE T 0 e 8081 01 o
aftetntmeayi ogses. tBcéotdbuate, aah@e@m@ﬁeln%h@llﬂ%llcate or

t he fré”?%g£50rt@h§ré§f 8§Hﬁ6@|ﬁ¥ Sﬁkéfﬂeé in many cases by

post ST'S cont di rect syn% g 1
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post 5 8YHhN8Si 8 ABLPOEndf@bntaining such an element to be co-

present in the raw material for the synthesis of zeolite.

For the purpose of introducing the element into the
framework, various methods have been proposed.
Representative examples of the method to be employed for
the MWW structure may include a post-synthesis method (a
method of once synthesizing zeolite and after-treating it
to introduce a heteroelement into the framework; this is
generally called a post-synthesis in contract with the
direct synthesis) and an improved direct method.

With respect to the post-synthesis method, for
example, U.S. Patent No. 6,114,551 (Patent Document 2)
discloses a process for synthesizing metallosilicate by a

post-synthesis method, where aluminosilicate having an
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2) discloses a process for synthesizing
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al um nosi i cate having an WD 2004/ 069746
PCT/ JP2004/ 001009 6 MMV structure is once
syntheS|zed the whole or a part of alumnumis

re &hﬂehgssﬁk@“@ht@l&ﬁﬁﬂ ddYyl iAd Rthole or a part of
trea nent suc

as contact with SiC4 in phase -t Q
f or mludfraxt st Fefey el At & mfteatséfs%ﬁ?gabaf rpéemmatmg
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anewor a synthesis nethod usin bor n as
a slesignimy s&l@cﬂ’qem@fag%iﬁl%sarbe’éﬁ”} s gel
deve&&oéad 25 fses £, Weedn al comfhen) s¢6y (LIEQQTE)',S Non-Patent
774 (2000),  Non- Pat'ent Docunent 5). Also, a process

for QRR%W?@%g4RNWVtype titanosilicate has been
proposed, pyeh Erot @) gBoMmUnthibéh boradif f soatideto t bngroduce

starting raw pateri al 2
havi HyEBotRe bbf %Wl%ﬁﬁ#tl?agN%%ﬁg% % ?&ﬁ &@%ﬁé ﬁggon as a
syntesizedr dysuppdiizimg a@@ntuh@s|b@e@fre%%mthaéeﬁeloped

structure ﬁupﬁgrétnglage oRNG: tﬁéttéfs d¢$4r€ﬂ000), Non-
r enoVF 7RG’ bor on” by an |%ﬁTTé‘T%%_T The ' obtai ned
preCBat@mtléocamemheﬁ) The titanosilicate 25 havi ng an

WAV St UChyss, P §6€Qs§yf&PI§bB§iﬂ@ﬂglﬁwwxeppéted to
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pore, Ln.the gopye EkQPQ'suBBéEt§MBtQ§§h§ gRthedsecef, if
|ntr88u0|ng a ne¥ ﬁ
desired, remov1ng boron by an acid treatment, the
obtained precursor is calcined. The titanosilicate
having an MWW structure prepared by this method is
reported to exert a characteristic catalytic activity
(see, P. Wu et al., J. Phys. Chem. B, 105, 2897 (2001),
Non-Patent Document 6).

However, according to these methods, many elements
which have been intended to be introduced thereinto
cannot actually be introduced into the framework but
remain as a residue in the pore. In the conventional
post-synthesis methods of introducing a metal into
zeolite, one important point for elevating the
introduction efficiency is to select a compound which can

easily enter the pores of zeolite. However, this can

encounter a problem in some cases, for example, when a
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can encounter a problemin somg cases, for exanple,
when a WO 2004/ 069746 PCT/ JP200 /001009 7 conpound
contalnlng an el enment intended to be introduced and
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0 2L LSBT Opbrc AL R D8 spe sacnent
by 3@nfotharefoné, theee ﬂhbh@d&bﬁﬁgnnot7ggo¢8@n v1ew of the

(;Qggéneggm_gggéggédg?§¥g59511lt?onethod of grafting a

titahocene oun 2C12) si Lica- tgge LTg}Z
whi ch hasWhth respect to the process for producin

metallosilicate having an MWW-analogous structure and not
having a three-dimensional regular zeolite structure,
where a transition element represented by titanium,
vanadium chromium and iron or a typical element of the
5th or greater period represented by indium and tin is
introduced into the framework, there has been reported by
Corma et al. (see, Chem. Commun., 779-780 (1992), Non-
Patent Document 7) a method of grafting a titanocene
compound (TiCp,Cl,) to silica-type ITQ-2 which has bee
prepared by the delamination and then calcining the

resultant product.
However, the production process for silica-type ITQ-
2 is not described in detail and the possibility of Al

remaining cannot be denied. Furthermore, a decrease in



prepared by the del am nation and then cal cining the
resul tant product. 35 However, the production process

wobanogicdisca-type | TQ 2 is not described in derarlPznd001009
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the possibility of Al remaini_ng cannot be deni ed.
Furthernore, a decrease in WO 2004/ 069746

PCT/JP2004/001009 8 the selectivity is dgscribed
é%ygdﬂﬂv1 iR Ebed Rt i Scorscdr is
necessar y effective as, a EJarocess for effecti %%%é%lve as a

i nt ierEasech oS s fdi s s (YamenfTte the
franuidss %&f%mcm@mntﬂodumdg 63-1#9721 Guch as
[ Patent Docungent > Pat ent No. 6,114,551

[ NoriPgreiim Bt rdrite 1 TGt te no Kagaku to Kogyo
(Sci ence ﬁgutéﬁﬁynmnumeq; f Zeolitel, Kodansha, July
10, 2000#14\!(%XS ﬁpcunent 2] WJ. Roth et al.

Stud. Sur tal., 94, 301 (1995) 15

[ Non- Pat e[raammmnur@q W.2xorma et al., M croporous

Mesopor o t @81\10 3@111(@03)533) [Non Pat ent
Docunentqi §El§%wﬁn Chem Commun., 663 (1997)

20 [ Non- %%PMQIWC@]‘QW Wi et al., Chemistry

Letters, Z7g511:(»gé)q% Ké Rad exd cupeténted &hd neerin
., J. S, 105, 2897, ( 20 Non- Pat ent
%om@n&wﬁtz%l ok %%u U 756’78%&%(19[99)n e

Di scl osur enef- P@M@MID@CMeme 2t of the present

d I
'eg‘éle{‘;' gr%@it R @goﬁ%dg;ra PLO§ESS,{ Pr §J:.‘['P a@QﬁaVI 4 301

an NNWV%malogous structure, particularly, a nodi fi ed
| ayered Sﬁlﬁétgﬂﬁrﬁoéﬁme§£e§?nt having a | arge
i oni I Tf

ionic radrus an I cu
A. Corma et al., Microporous Mesoporous Mater., 38,

301 (2000)
[Non-Patent Document 4]
P. Wu et al., Chem. Commun., 663 (1997)

[Non-Patent Document 5]

P. Wu et al., Chemistry Letters, 774 (2000)
[Non-Patent Document 6]

P. Wu et al., J. Phys. Chem. B, 105, 2897 (2001)
[Non-Patent Document 7] '

Chem. Commun., 779-780 (1999)

Disclosure of Invention

An object of the present invention is to provide a
process for simply and easily producing a modified
layered material having an MWW-analogous structure,
particularly, a modified layered material where an
element having a large ionic radius and difficult to
introduce by ordinary synthesis methods is contained in
the framework at a high ratio, and to provide the
modified layered material.

As a result of earnest study, the present inventors

have found that a modified layered material having a



i ntroduce by ordinary synthesis nmethods is contained
in the framework at a high ratio, and to provide the

wG@3ommmd9fsed | ayered material. As a result of earar®n4/001009
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study, the present inventors _have found that a
nodi fied | ayered material having a WO 2004/ 069746
PCT/ JP2004/ 001009 9 structure anal ogous to Structure

.COd."astWa:%'}% Caq{glﬁid'&f& t A hRRIYe RGN IE laBideontaining
itonic radius in the framework . at, a hi gh ratl%canfbe K
S moiny edhness Ny EyhihdAEAR] IS TSEAS (0 The franewor
Producty on Jif 9GasH cEe HY esiefily nuehtdayi hasyntisenized by a
acconpl i shed based on this discov . More £ i ntion has
speEHaCddl Gy PRI G RE QIR | g{rﬁ/e( IBT9SE0E Hiocess

for Haeadudgngl ighesd adddete oretdldiogdildaatery mat eri al

nodi fied jn the form ri,sj [ owmng fi :
to fifth Nareepss.p%l@ﬁasﬁ St etg{:é]%é%g%ggfl eaI??ln%r_{ afrls)t e @
M X tptoe et 2o mi prpdud enp| atary Torpouirl, met bkl Licate
COMY ' . ) | i W& £d Ol owi
of atinkt reatfhfth hetepecursor (A) obtained in the
fi rsfisdeedo: t hereby obtain a precursor (B); Third

Y

Step: a step of heating, the precursor (B)_obtained |

the secohdBRRPT MeHelDT MG acéﬂ}\))e"l”rliunrgg a%e%‘%lﬁblate

SO asorpburid, ?ac\:%érézhecﬁﬁp@m@pra (8)1iootheerbyinbiai gompound
a precursor ; JFourt tep: _a s difying the

manr@d f3tfe J%% AERFHEPY b2 1\-'/\g%arrll T ;g%’%Q%%S'?hgi)’,

precsesod (Spepbtained in the third 25 step, to

t her eby ogtg{gﬂgogrggyé§9£e%%%ﬁ%g?gebeé@u§§§p:(ﬁ)S&B@ained

of cal ci nfng recur sor ained in the fourth
st epintiche hBiedy obeRi nta HpRTePBJIOPRJEReq Precursor (B);
et ap| Pyl §cabe material. 30 The present invention

Il i I .
it br | 2l hagiag 9k hewraNg) bopuBTeenrsse (B Sotained in the

second step in the presence of a swelling agent so as to
swell the precursor (B) to thereby obtain a precursor
(C):
Fourth Step:

a step of modifying the manner of the stacking

between layers in the precursor (C) obtained in the third
step, to thereby obtain a precursor (D); and
Fifth Step:

a step of calcining the precursor (D) obtained in
the fourth step, to thereby obtain a modified layered
metallosilicate material.

The present invention (II) is a crystalline layered
metallosilicate material having an MWW-analogous
structure and modified in the manner of the stacking
between layers. This modified layered material can be
effectively produced by the process of the present
invention (I).

The present invention comprises, for example, the

following matters.



structure and nodi fied in the manner of the stacking
between | ayers. This nodified | ayered materi al can be

wehbamedMel y produced by the process of the preseapr2085001009
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invention (I). The present inyeTbign conprises, for

exanple, the followng matters” WO 2004/ 069746

PCT/ JP2004/ 001009 - 10 [1] A process for producing a

nodi fi ed er lash |4 i & Iidd i £ riSidied

t he follodlxﬁg_ Iffj‘?’ﬁ%%’o %t%%e g?}First o b ciret
st epradfe et ¥ eat%%fbﬁlél%]om%r?ﬁ’pwlé‘q et a‘%gllowmg L8
comying, £ &h borsls conpound, a silicon-containing

compound and water to thereby obtain a precursor (A);
Secdidr 5t epteR step of acid-treating the precursor (A)
obt ai ned a 1$:ép dhendatbig sd epixturd herebyinnaian emplate
precur sor );_ Jhird Step: step, . Lt :

pr ecciﬁl%‘?uré% DRA e d ?Hﬁ&flﬁrgd’ s%c%%{dl g?@pé%%ﬁmg compound
presantevaten soethéengpugantaso asprecusser | (Ahe

precur sor 4 ( 0 thereby obtain a precursor 15 (CO);
Four#éggé%p§%%§étep of nodifying the manner of the ned
stacki ng a beterenf | agedstTeetHed pElae PEIFUTFT obh hi PRI

in tg@ Eﬁ%rﬁir§{e@te§9 t 5t ROY19Pt G Pa Bn P espEsOrs¢D) (B) ;
and 20 Fifth Step: a step of calcining the precursor
(D) Bbieine®#ePh the fourth step, to thereby obtain a

nodi fi ed hayesgdof nRéatingi theapeecmtsoralB) [@ptTheed in the

process for produci a nodified Laye

neta??%%?&i%g?g ﬁﬁtgﬁ?aPr%%%%? i%g %og?g ?gé SFEFRELFR 28 O
fol |l oméhy £hespr@cstepri éBpetdothedebet qebalnhe Pregursor
step d the second step and the precursor (A)

obtalf8 in the first-2 step is used as the precursor

(A) Fourhk Stepend step: 30 First-2 Step:

a step of modifying the manner of the stacking
between layers in the precursor (C) obtained in the third
step, to thereby obtain a precursor (D); and
Fifth Step:

a step of calcining the precursor (D) obtained in
the fourth step, to thereby obtain a modified layered
metallosilicate material.

[2] The process for producing a modified layered
metallosilicate material according to [1], wherein the
following first-2 step is performed between the first
step and the second step and the precursor (A') obtained
in the first-2 step is used as the precursor (A) in the
second step:

First-2 Step:

a step of calcining a part or the whole of the
precursor (A) obtained in the first step.

[3] The process for producing a modified layered
metallosilicate material according to [1l] or [2], wherein
the swelling agent is a surfactant.

[4] The process for producing a modified layered

metallosilicate material according to any one of [1] to



a step of calcining a part or the whole of the
precursor (A) obtained in the first step. [3] The

wonroe@ss4b or produci ng a nodi fied | ayered PCT/JP2004/001009
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netal losilicate materi al accordwg to [1] or [2],
wherein 35 the swelling agent a surfactant. [4]
The process for producing a nodified | ayered

met al l.osi i cat. terjal,.a i @fed With th
to ]zoﬁf’i‘/e%%d%?’ﬁmdfﬁ5‘50%4%%%118‘%9%1%%[%@1 wherein
t he spid ldtinchexgeinte i6F thife tddma@tan tif HE™ MMelf9 g -

agent in the thid ¢ YRR T YAchdingle nddlifileal layered
process for producing a nodified | yer%g

et AGtesiIqsdaic aka SRtAT iide GRMGHS [ [ 4derBST Gk the PH
PH =3 alhd hfteinté hr@f afhd o fﬁlatiﬂih'ltﬂhd Iin;veSMEIS '[r169§ ra_:lghent in the
agent in the third st i,s fr to 12.5. e

pr odesE S GrtSR do‘ijchw :&mttﬂ f]izg‘$'| ayer ed

net al | osil§ patEhergimsdeds dwoonpicipdingrey mavk fgfed jayered

to wherei n .t he tenper-at ; i

{ he TR AT TSR L b b f B Ond o (1 v
180G.5 1 | #h&itest pridoe ssenper arwtRiIhE e mFagy with the

| aye 14 ; Ok i T30 ady DBE°C.

of [%erdjtloﬁ(% g‘%é@%e%rg?!nﬁet @%&% Iaéos\nékﬁﬁecond- 2. st i S g
per f or nedl 7 bet Tiee P ore S clgivdl %?%J%%fbgtﬁé“?%ﬁbe‘gt Jrere

atnd ﬁ&&ﬂﬁogffmit@%rm&%awpt@éw@aB iﬁgﬂﬁf aﬁ_s_comle 20f [1] to
step 1s used as e precursor | i :
Secokfl 2 Wherely et ol HERy n%e%%régb# e%bér o{rg(% fPormed
obt absiefedn the ssesnddsséepatdgehdethivd hsteép and the

t enpl at e _conpound 0; n ai

at I%’é%cfu‘fﬁcgpebgn%n%\gég Ié%%eﬁﬁ]??%% %ﬁ%@g e%e%?%ﬁ 161 fed as
bel otige ngréoukoupsBB iw e okhihé spePtodic table to

thergggoggggiga??precursor (B'). [8] The process for

producrng a no led layered netallosilicate terigl.
accor di ngat 8tep] of vhesr el ndt Hae JBr eORT BAF n@%e‘&%ﬁﬁ}%e in the
stepsb8oRE" ELEPRLogELHEENWi bR SREODEMRALatE epompduttie water
S0 35 SPERPP YT LSRR LA R RS pFELLPSOF (5 PHOTRAC selected
t hi r grshephe Setondn8s Sbeponging to Groups 3 to 14 of the
periodic table to thereby obtain a precursor (B"). .
[8] The process for producing a modified layered
metallosilicate material according to [7], wherein the
following second-3 step is performed between the second-2
step and the third step and the precursor (B") obtained
in the second-3 step is used as the precursor (B) in the
third step:
Second-3 Step:
a step of acid-treating the precursor (B') obtained

in the second-2 step, to thereby obtain a precurseor (B").
[9] The process for producing a modified layered
metallosilicate material according to any one of [1] to
[6], wherein in the third step, a compound containing at
least one element selected from the elements belonging to
Groups 3 to 14 of the periodic table is co-present with
the precursor which has been acid-treated in the second



30 a step of acid-treating the precursor (B') obtained
in the second-2 step, to thereby obtain a precursor

WOBOM/069748] The process for produci ng a nodi fi edT/JP2004/001009
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| ayered nmetallosilicate materi aJt according to any one
of [1] to [6], wherein in the %ird step, a conpound
containing at 35 | east one el enent selected fromthe
eleg%%&§ bel onging to Groups 3 to 14 of the periodic

tabl'e 'S co-present with the precursor whi cré.t}as cpelen ored
aci d- tredtldd i FhenPrOSESHTI TS DFCAGeFH S Modrttied L8y

PCT,1R200400%4Q0% ¢ k2testien. dck@rdihgy proodeds fwdrerein in the
producing a nodified  |layered netallqsilicate materi al
accé}rhdirﬁg gt¢H9)an m&n&yﬁ% FYRECIH T d step, an anine

i s co-prasent. Thd BocEss Mocesodwring edusidif ied layered
nodi fied | ayered ., netallosilic |t erd al [ o
o B DHE B A5 8 (O e g e S Gut s e

t he [fdl J owitrer diouritie (Burtt exkerrou tihe doldieping feprth (a)
step1§§ delam nating at |least a part of the swollen
preéﬁré%ﬁ (C) obtained in the third step. [12] The

pr ocdussrflor (pr dlR®Png a nodi fied | ayered

Lol 49 Lot edo o e

t he st kken rEPl)r@C‘&h%%r(%) t} J%%n’rﬁec ifr} a%ﬁea??ﬁbinfé [r%fjlpy

The procegs; f orrips askttsd axgs afowdhfodutimyesr ewpdified layered
ot ol ol et el Sl el pE el 8 Y o Syl dieds 5

f ourtie (HPursh epa) %;@purthe(@l@ngpatfao@tfe@ pgrformed by the
|1 SELRELT SR5ILPIG B ORLE Shcdqeacibil e of he

[14] The ptdtesBhe opreremitict?h @r%@?%%da|%?/‘i+§ﬁedz%ayered
TrahheBLLpesL e ops b dscosdhonii [ ] antive of 1) vo
conpbbfd Wﬁ§¥e#%et ?o%%%ﬁt?o?£%PogﬁcF%% o hbaipgqfouren (2)
| ayegedp:metal losilicate material according to any one

of [%&uggh (b) Step:

a step of interlayer crosslinking a part or the
whole of the swollen precursor (C) obtained in the third
step.

[14] The process for producing a modified layered
metallosilicate material according to [13], wherein the
crosslinking agent is a silicon-containing compound.

[15] The process for producing a modified layered
metallosilicate material according to any one of [1l] to
[14], wherein the following fourth-2 step is performed
between the fourth step and the fifth step and the
precursor (D') obtained in the fourth-2 step is used as
the precursor (D) in the fifth step:

Fourth-2 Step:

a step of acid-treating the precursor (D) obtained
in the fourth step, to thereby obtain a precursor (D').

[16] The process for producing a modified layered

metallosilicate material according to any one of [1] to
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[14], wherein the following fourth-2 step is perforned

30 between the fourth step and the fifth step and the
wonrewnesas (D) obtained in the fourth-2 step PETUB®U4/001009

as the precursor (D) in the fifth step: Fourth-2

Step: a step of acid-treating Hhe precursor (D)

obtained 35 in the fourth step, to thereby obtain a

pre ?51 BEEbl Lﬁ@]tghﬁlﬁﬁecééﬁpéﬁﬁdDEQdHChmgragen—
ayere netallosilicate material according to

anycgneaé;fll[lg] COBPMENS004/ 069746 PCT/ JP2004/ 001009 -
13 [15] y1vherehB bb@cb@ﬂpkakep@eﬂnemnd asmadmfuedgényered

cont ai ni ng ¢onpound. roce

nodm?téélpﬁﬁéﬂééten@?% %Qll?& Epe ﬁé?e? ﬂe%g %gggegn the
to hifkogehetenratiheng5coinboageniconnapning @@fm@ogﬁéternary
is an am.ne or a gg ternary ammoni um conpound. [ 18]

The 2BFEEELD £8FPEHEduci ng a nodifi ed | ayered
netalIosuanatEheapepcaﬁsaéggr@m@gupénple]moﬂﬁéﬂ@ﬁnlayered

the gle%tlrl%%ﬁ'i 1%%[%%6“111%%%9 %‘?.”B%%@d'ﬁgattol east) , omme@fe in the

menber sel ecte romthe grou con |st|n
pi p@mtanom@n cestataing CREPHRE &ﬁd aa’?p% %r more

]Plof?ﬂre CIS@n 1%ctmlégxd§;ﬁ§m)ﬂh@q%'1@u@>e cdnbdls tTney m@&@rldlne ,
ITre
It BEAREATI S SR GBS, oo PLES gy 2nd
g?eggkg,wenghmg F@mTﬁgjplng anpound is at |east one
er selecte r f
e Er e 1 aaod L AR Nk Ll ayered

bori c aC|Qﬂ9 bor es and
tri Méﬁdmam&ca[tzo]mamnmbmﬁdjrnqomm@%@% of [1] to

15 ggglo[i]uqehg @yeefeﬂl A% r%:c‘xfc!ﬂ %dﬂf@h@lﬁ&@(ﬁind is at least

any one , erein the

S| | i arom -azo el eimeRReIMRRARE Fed rqnéa'@}e VR CR s ting of

fc[e'&f{d?d gdondde whup sonsist ivgef hsiided cand
aC| Silicates, silicon oxides, silicon halides,

ftnnﬁr%ﬁlkY%EPrQ%ﬁfaalkyI orthosilicates and col | oi da
25 silicagpo] 21fhdhergeesessof osrqiweineg ray rodibl ¢d ekpyered

20 L?yﬁa¥d§%fﬁéfﬁlé§%éIﬁﬁ%eri@ﬁ‘%&é%ré&fﬁ”é%r5h§(bﬁ@yoPnFl] to
[19], wherein the gsilicon-containing compound is at least
one or more member selected from the group consisting of
silicic acid, silicates, silicon oxides, silicon halides,
fumed silicas, tetraalkyl orthosilicates and colloidal

25 silicas.

[21] The process for producing a modified layered
metallosilicate material according to any one of [1] to
[20], wherein the ratio of boron and silicon in the
mixture of the first step is, in terms of the molar
30 ratio, boron : silicon = 0.01 to 10 : 1.

[22] The process for producing a modified layered
metallosilicate material according to any one of [1] to
[21], wherein the ratio of water and silicon in the
mnixture of the first step is, in terms of the molar
35 ratio, water : silicon = 5 to 200 : 1.

[23] The process for producing a modified layered

metallosilicate material according to any one of [1] to



[20], wherein the ratio of boron and silicon in the

m xture of the first stepis, in terns of the nolar
wGOQowakd™@e boron : silicon = 0.01 to 10 : 1. [ BeY/JF10e4/001009

process for producing a nDdlfleg | ayered

nmetal losilicate materi al accordlng to any one of [1]

to [21], wherein the ratio of water and silicon in

the Zr%f;t Y er%flnt q:q‘lef 'f'as\ﬁoStcﬁip ’de?nplari:et Qfdﬁ’c‘pdifnd hhd silicon

mol dr q : licon =5 to 2 4 ﬂ h

The iy ctdessn:murm GtﬁJcﬁrH:‘g ' ndi TRy Jisayé’rrboterm of the

3%50 ! _7m% }@k / mgtmﬁMMdm@deﬂos . 1.
04/ 069746 P JP2004 00100
vvher ein tid ¥ atihe ATERT ¥ gana?j SI %loerfi layered

5 the nﬁ'@ﬁﬁl’l@sﬂfldahfe fidisdrisdlemdasyrdimg emmarqf o of [1] to
nnlar ratio, te co oun S £ st
1. "I'H’éh%rr%ﬁgs g-Tenm ééd&%{%l 1?Jrzlalyer eoF Step

5 nEi§|f1@§1h|11:(atteo rmea‘i'ccal accord| ng to any one of [1]

to [23], wherejn t , : 4

step is g?@ﬁ]gﬁ é?éﬁgggﬁiﬁﬁi é%oci%éﬂ?%ﬁghéd Byere

pr oduetabl @s bt 4@ dnd et B 17 GaR% e cf ol 1)t
10 aCCO{gﬁga @ﬁe?@ h O O c{dlud& 40 [24d  avhererdathent in the

acid or the acid- treatrrent in the second step is
ni t reecerddsteRels ThEtHESC@SEd f or producing a nodifi ed

layered pgg ||@§é|pﬁ@&@sgﬁfﬁilﬁ&o@@©bmﬁlmgmbdlﬁngdoh@yered

f 7] ; the heat
?he[§%E%%H°é %L@a%@e%a €r+?gn§§€%£$9né g%fgﬁg iﬁ%'gf [7] to
proc 35]f0Whéf®ﬂﬂCtng Reabiln§i eempayaterge in the second-2
net a 05|I|cg # r£8I gge@rdlng to any one of [1]

to eca Cci ni ng tenperature in
flfth step27]s rhenpzooesa fgocprgéuf28$ ?h@osﬁééséslayered

for Héggﬂibggl CQQQ'ﬁh@grhéYeéégorHEh§|£Qshhicahe of [1] to

nmateri a accor to an er ei
t he éaﬁdunwhgr@éﬁpéhateﬁ C#Hlﬁﬁetgwﬁgfaﬁu §t B %E fro?th step

200 tQ #08& 2b89toTheopeocess for producing a nodified
20 oneof [ 7138 £98] PRREFS: FOPnOERG Sehana. Joat ety Kavered
precwesan1oBilicate material according to any one of [2] to
[27], wherein the calcining temperature in the first-2
step is from 200 to 700°C.
[29] The process for producing a modified layered
25 metallosilicate material according to any one of [7] to
[28], wherein in the second-2 step, the precursor (B)
acid-treated in the second step and a mixture containing

15

a template compound and water are charged by isolating
these from each other and a dry gel method of bringing a

30 vapor of the mixture containing a template compound and
water into contact with a mixture of the precursor (B)
and a compound containing at least one element selected
from the elements belonging to Groups 3 to 14 of the
periodic table is used.

35 [30] The process for producing a modified layered
metallosilicate material according to any one of [7] to
[29], wherein at least one element selected from the



acid-treated in the second step and a m xture
containing a tenplate conpound and water are charged

woypogedasi ng these fromeach other and a dryPgelP2004/001009
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met hod of bringing a 30 vapor OL the rixture
containing a tenplate conpound Rd~ water into contact
wWth a mxture of the precursor (B) and a conpound

t ty leet t i
Bt iAo N i

ongl to 14_ of the periodi
t abltable psedl 135 t[l@o]segq;_n ad:r tngo Slement

nomggfgggéyqﬁﬁglﬂﬁg dﬁﬁIddﬁgﬁsﬂﬂﬁgﬂdﬁﬂtxﬂxnmmhmg
to any one of [7

29]., Wwherein | east
o1 e OB Br SATADIH AR DBba GEa A o um,
PCT/isPRA A4,00Qin g ere] eweangandzad onigiomy, taok@bupsigkel,
to 14, of the periodic table AISE ind{re second-2 step
is @l eadt? My S ST T £ T he gr oup
consi stingof ta tmﬂuﬁmed zlamﬂdrmetm}ﬂe@ﬁhlﬁcﬁ%ﬂi‘acﬁﬁrlal
e R A e el rr

iror: ifum 1ndium tin and
| eadin [BHR1eA lmﬁgndlhﬁjvil’agle% ol FRASET (RATTERE R OF 0-5

Chaﬂﬁ%&%r %egf ¥ E%%e&oﬂd%%lét&@% %&EE%@Q@IQE loi.s as
shown ‘i’n and having a nitr ﬁen adsor ption

anpurgaired |t 1@ Bt o‘FlJ?E)‘P%er&r EFRIEE T ve
presppse18f1P. 95 as measured at a liquid nitrogen
t enrper at ur e.

f ' ' .
G ven by NGRS i Reny bt EREARLiST ar e fgoch BF HoAPied
MV Barpd pgo usa Se t Ligl W ev thd mmmwboq;m@n@twct@e 21

W 10.90.6 m 8.70.5sm 6.80. 4 8,h0hiWndi40. 3 W
3.90.2 w 3402\/95/{’5[32] The 1o vfledlgfercgzg

metal | osilicate materd¥ll ac®ording to [31], which
conprises at |east;png-gelenment

8.7+x0.5 m

6.8+0.4 m
6.1£0.4 \
5.4%0.3 w
3.9%0.2 w
3.4%0.2 w

[32] The modified layered metallosilicate material
according to [31], which comprises at least one element
selected from the group consisting of titanium,
zirconium, vanadium, niobium, tantalum, chromium,
molybdenum, tungsten, manganese, iron, cobalt, nickel,
zinc, gallium, indium, tin and lead.

[33] The modified layered metallosilicate material
according to [31] or [32], which is synthesized by the
production process described in any one of [1] to [30].

Brief Description of Drawings
Fig. 1 is a powder X-ray diffraction pattern of the

modified layered material which has been obtained in

Example 1.
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20 zinc, gallium indium tin é}l lead. [33] The
nodified | ayered netallosilicate material according
to [31] or [32], which is synthesized by the

product i 1 I 9cass GeSC! LSO pEi8AY1 60€neim[&F tRe material
[30]. 2 rief scri ption of Draw_ngs @k%: 1 I's .2 1e 2
powsirick hay dislry sbtiadRedadteBraglend Heddi(d)eq BXamP
B 0B OB T 004 001005 - = 16 s 2o

. : - .Q. |
an N2 ad$6%rt idonS ?othersrRe&%rtuﬁbo i ér}ate\&l%clh%ﬁlals%h has
beempchi ajpred ngd Bmamdeaenpllef dr. (a), Exanple 2 for
(b), and Conparative I ( O =1 o IRC I has
UV spect Furf '0?4 t'tve %ﬁ%c%\%ﬁnig{%ge énak?gnl%bt@lil%gd
in Bemplabthidédy.in dengeidt isre@¥amalst Yhe materi al
whi ch has been obtained in Conparative Exanple 1.
Best Mbde for Carrying Qut the Invention 10
Her dedieMade thar ffamarng Renttish WIS HPYescri bed

in detai lzdhsef&f enage tordden acopraanmemor driaweigiescribed
as desired. In the follow ngcf#es‘lg%ri tion "%'n%m&awin s as
" parin Jetaklepiiddetg iRy LSuarit i | A PR DS 79
ratifff€dhose #asetb Dowiass,desd eigst Diher W 'seand "part(s)”
specifically noted 15 (Present In j I :
pr eSERTE HIP%rF'(Tia“SJ%ltoae)%Jc\ﬁ b%%oeﬁg%#ig{v%é]%e J%ﬁ%eahrte those
i nVardden i )miss A i bees sotf lwerpt welushernl Hicabhy fieed -
| ayered mater,| Vi ng MAWV anal ogous structure,
conp{}?]%?%%n? h%g‘%%IE]?%%anbfP} rst to fifth steps 20 (fhe
general nEhdopiresen retheen shenf (I hel § i@FFhjRpd below.
cross) i nkings £b Ry (PPrpys &tbas f6r dpsedubidy a
for gtégﬁ%Fe?ﬂ?%ﬁ%akeugh?,,Tﬁiggﬁitsu th%égiggiggéﬁgu
to ppelfted 1ayeped tTREeahy: APy 1Rat #Bn of ~PoFou
Mat egi ahsturdp- conpdidPdy Eugi faerombrySiest (19993§th steps
25 EhERS  6o5Braf RLERoQ" NG ML Bh bEr EnEOTAREEL Affer
crosslinking of a clay porous material is described, for
example, in Takeuchi, Takoshitsu Tai no Seishitsu to Sono

Ovo (Properties and Application of Porous Materials), pp.

The

111-121, Fuji Techno-System (1999)):
First Step:

a step of heating a mixture containing a template
compound, a boron compound, a silicon-containing compound
and water to thereby obtain a boron-containing layered
silicate precursor (A);

Second Step:
a step of acid-treating the precursor (A) obtained

in the first step, to thereby obtain a precursor (B);

Third Step:
a step of heating the precursor (B) obtained in the

second step in the presence of a swelling agent so as to

swell the precursor (B), to thereby obtain a precursor

(C)i
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conpound and water to thereby obtain a
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Second Step: a step of acid-treating the precursor (A)
obtained in the first step, to ?hereby obtain a
precursor (B); Third Step: a step of heating the
Pregy s (e btained in the 35 second step in the
presence of a swelli agent so as to s

precur sord (BEP tf ¢ Jefliﬁllr‘c%t % RPH St oJcl’he (%a‘c%g
2004/ QQ7AD 1%%&&&04&@1&6&1“&37@ Fawy tdibﬁ:amd arstgpe third

of nodifying the nner t he st acki
R AR AR ST DI GE T (PE H d
Z:emlﬂ@q:mle?y olbt ain a precursor (D); and 5 Fifth

ep: a step_ of calci
" the TOUFETP STt culf GAT R st SoFthed in
| ayetles fmmmtsepa ciemétnmteé@y Mbtaie 3 gyetbhied layered
iy n?ﬁ%@%z j g 20 MW¥ angd pgous 10 structure can be

as descri bed above, b del am_nat i

NEME 22( P) Thibi LAY 506 TaRF L phaktAS ot gR A oS

§g0|%%ﬁﬁ9§%ﬁ%'@én @@ds§ﬁ£%b§ﬂﬂé@pt%@gdeicmib@daabove, by
aining a t

om0, cont L 08,0, PLETRRL FUED A4 e of o

ap?'@@wuf?ﬁliﬂ@gmae%ﬁﬁalheamdesham coweactbng chh wikth a

efficien produce e t

pr eseftP ?%&%n??% a%?}ngkéﬁeegéﬁgﬁgl%gﬁPp£QCﬁ§§aﬁécéﬁ§

productlonoweveresshéolagere@em@ﬂena@brKavlhﬁv@ﬁgM%W"

MAWV anal o f
or 0c24% i?%gggos§£ﬁ§§%9%eo9 tﬁ@e?95§é§€té?gﬁﬁﬁé?gp?%? Be

haV|agfaanMW¢YaP§Pégéag BY r bee UPEOIBEREPISPRECPPEeCE the

igﬁ?greégﬁE kfvedtishepr9f heatengpacHExtHley, the production

Ining a tenplate co or on- cont

conpBHABESSE §PF|éoﬁaZSﬁ?gpﬂ?ﬂﬁflégngsvﬁagaﬁa erg?%ogous

t her gbyuebhakno@ phecpresentAjinvaenfbost ép afprocess for

aCIdbgggath Eh3089%§kﬁe?a95§88rﬁgEe£é£1 Ba¥iBB an Mww-
analogous structure, comprising five steps, that is, a
step of heating a mixture containing a template compound,
a boron-containing compound, a silicon-containing
compound and water to thereby obtain a precursor (A), a
step of acid-treating the obtained precursor (A), a step
of heating the resulting acid-treated precursor (B) in
the presence of a swelling agent to thereby obtain a
swollen precursor (C), a step of treating the swollen
precursor (C) to modify the manner of the stacking
between layers, and a step of calcining the obtained
precursor (D).
(First Step)

The first step is described below. In the

production process for a modified layered material having
an MWW-analogous structure of the present invention (I),
the first step is a step of heating a mixture containing

a template compound, a boron-containing compound, a



of heating the resulting acid-treated precursor (B) in
the presence of a swelling agent to thereby obtain a
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precursor (C) to nodify the ngn@?r_of t he stacking 30
between | ayers, and a step of calcining the obtained
precursor (D). (First Step) The first step is

desclpgds hel oW 5 4 i ddh ot aduetd i waesesso feliereby obtain a
nodgjileg"d? ayer edalmat ec'?i alnﬁfwavi ng 35 an MAW anal ogous

st rutefwr 3L t ) present invention (1), the first step

is a steprid heshpIgcd dBuolnd Coad aisedchereimmians a

conpound, a_horon-cont ai ni ng. co truct
20047 5¢@dﬁﬁ/%%&b ty?gggpggufay¥hg the structure

si | i e®npeoat shapagatorpounthanc weyethesiziey ety layered
0Dt 81,1 8 PLECHLS g (&) - wiliRand E5Pb &4 S coRPOURE. aBhe

€l'n Treans” a onpoun aving. an actlvit%dof 1 s
r egutemphyt ¢ heompeurd uie NGt opaBbreutdhpe HtMtHEdt Fie-On9 2
of sypthesigingehbchaVLESE PyeCHISORabiyhng BRamples of the

MAW anal ogous structyre., The, tenplate,co IS
par t FRBPHRFS P?ﬂ??%ﬂgagh?%%glﬁsge ?r%g%ybggggﬂgegdlﬁgiude

| at eni b¥o§ehctoat hOninfxaombesnds . t hamonegnphase, amines
conmpound which is generally.use el .

ni t r 8ge QEoﬂPﬁFﬁFﬂgrgoﬁﬁ%ﬁ%ﬁgﬁ %ﬁ@ﬁéu#ﬁgsg?ga%?ﬁggrred

and/ spequaler aaaypaarnaf uhheoapbduadsayr énpledeyrpgt are not
Speci fic, exanmpl es. - m ' emihdt 2888

not if?ﬁ$?édg$6,gﬁ?%g??%?%é,Hﬁéggﬁ%?ggFgge?ﬁineaand?gra

a ninkktmeeobfpppperdihaeanddhBREARERDY RBEMIABE - 15

The bor onpgantai-BhndoreERAYAE WBhebBusanwhecHsedni be used in
the first step Is not particularlﬁ Ihni&ed" Baric agkg acid
i s ptbpefisdtf F6RPL AE BPENBRLLACUSATAY 1R FEHuci R A
”EBQHSCEHEQBBQe@tEQbmtBﬁﬁ benadpbtihtaolionateistchdasing a
sodi um

orate may .al be, used % T
il borate such as
S|I|@8ﬁ§&oﬁPEPﬁPﬁ8 8%§56uﬁ athre g?aﬁﬁﬁeausgé i'n the
firstogtiep berase payt eéababkyubedi-ted and specific
exanpl es fher eqh ; -bBﬁEH?ﬁiﬁblb%h%o%%ﬁdwh&bhleahe&e used in
silicon oxides, silicon halides, funed iLlL%ag’ soecific
t et r &bk FLT6rt hosDl HeaPes RATtAGPLGTdNI LiPHtess 30 SP
any examples thereof may include silicic acid, silicates,
silicon oxides, silicon halides, fumed silicas,
tetraalkyl orthosilicates and colloidal silicas. In any
case, those having a high purity (for example, those
where the percentage of silicon in all metal components
contained is 98% or more) are preferred. Particularly,
in the case of colloidal silica, those having a smaller
alkali content (for example, those having an alkali
content of, in terms of the alkali/silicon ratio, 0.01 or
less) are more preferred.
The ratio between boron and silicon in the mixture
of the first step may preferably be, in terms of the
molar ratio, boron : silicon = 0.01 to 10 : 1, more

preferably boron : silicon 0.05 to 5 : 1, still more
silicon = 0.3 to 3 : 1, because the

Il

preferably boron :
. ~ m o 2 3 -0 [ | . T . s
synthesis of precursor 1s facilitated. At the synthesis
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Particularly, in the case of colloidal silica, those
having a smaller alkali content”(for exanple, those
having an al kali 30 content of, in terns of the

al kald /s efdééx%g%o% g_gﬂc?e%ocl% ﬁ]B if%\?étz?f—eff% €ondition, it is

preferr etween boron and silicon in the
m xtugey wiefdrrdd re? WP MALIR ABRWHE O hOTR 125 ns

of the&scrDiay 1atéO, DM othe Sdtisamay PrdetsblP be lboron :
nore 35 preferably boron ; silicon =

stil3ihter Profaredly bo}orfnor%ﬁ’?%%%rgpjoy%?%o% gilicon =
becausgs the; synthe3|s of precursor is facilitated. At

h h
of pr Lour B TR DREGPAATTOTRL S 17 56t condi T Ghe TirTure

as dﬁryh@reiestedtep ﬂ&ﬁ préfegeblyober of b%?@ﬁ %@ the
escribe £ ref es abl

seocifed Laits, guekile FaLieoy erelershy by o

si | ipoeferalbly vater: 1Slﬂh@0ﬁaf|b5bE@mé%n wht ebegpgse if the

siligop, # %h9051§ﬁ51f Qfg68§ hikstr8t&anABY be obtained,
prefera % in terns of mol ar ,rati o, Rgs

S|I|W@ﬁrea§ i6 oo la{genn%ew BF%@%?E%V%t%af%?u
silicon =pl§ +9:58 beldwebgconsetéhpliete 18ompbundi antloeilicon

I
00 Hir 588 TORERFBABE: FOr 5 FRCuPeD HRE PAFT o Eothens’ 17

Eﬂe teﬂﬁhabe ehepnubdrandt$ol i templahet hemppundre sflicon =
e ste f
5 %P E p nbla?ES gEQPE¥8B§y k?mg&§£gsceﬁ85ﬁﬁd : silicon

nol a
1, nﬁra pDeBerabbyStehblE@éecﬁﬁﬁéaﬁablysFﬁmEéﬁte compound :

0.3 591§0081= §t5|kon§re preberalky tenmphat eaegapeEndoo
silicon c 1, because f the

snal pmathe ebFeépﬂﬁétﬁﬁ?eWPéﬁr&é nG6"B8 %FaPhgalned whereas

wher easobf 169gel, atge, tehplbeaptanpocadpisndassedasnddthis is
and this |s %§ unprofltable In addition to these raw

mat ePPRFSELEALLE -soneti mes useful to add a seed

crystal (seedjidithbs ppothdes aaw ebtectaggchigsis sometimes

shortening of crystallibzati-08+LkhMsBkd). This provides an
effect such as shortening of crystallization time or
formation of a product having a small particle size. The
seed may preferably be a previously synthesized material
having an MWW structure or a material having an MWW-
analogous structure, such as MCM-22(P) which is a layered
precursor, more preferably a boron-containing layered
precursor of an MWW zeolite material. For example, a
part of the precursor (A) obtained in the first step of
synthesis performed in the past may be added as a seed to
the mixture for use in the first step. The timing of
adding the seed is not particularly limited. For
example, the seed may be added after all other raw
materials are mixed, and the mixture may be further
stirred and then heated. The amount of the seed added
is, in terms of the molar ratio of silicon contained in
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an MA¥ anal ogous structure, ?Q as MCM 22(P) which
is a layered precursor, more pfeferably a
bor on- contalnlng | ayered precursor of an MAW zeolite

mat er al eé:c?r%gxflmc?on %.r?oc@rélpfcdr{wc&{t&&iﬁﬁ% c{aﬁﬂpound

obt ai ne rst st ep o synt hesi erfor
the yeasd amye bea il 0eal 482 ke Bk TRFefaRAR X foryStal :

use jay 4 e 'xﬁéﬁeﬁﬁ Theodo iy ®©f2 addj ngo:t@epsemlrably
i s not &ﬁrtlcularly imted. For exanple, the seed

may bedGHded &f%r’ ati other raw 35 materials are
m xed, ang @&e% Mdtﬁ@mynhegfamtdnbkalistmet@b smeh as sodium

t hen heat ed e anoun
terﬁ%roﬁoTﬁ%sh%WéTa¥a? o? ?%%n coggglﬁ%gsliadltlon' the

2004¢ﬂﬁ@aaaﬁlpz:awmoommqmgbe shortemed stegseme cases. In

ST Qe ) o ¢ h@hé'ﬂ>£8§’ &L £=" £ Ng1 LIPS 1 USEE aSténdency
mai n° Faw faf efi al ) Iy seed crystal

mat erf ainkipivdwd @@ @lgmeng okBeR BQ%$ep%5¢9 gibﬂig&ﬁ and

to OSQ?lCO% £Poft ERPPAURY £RBSatRé NgraRewbial bf nebalite
such as sodi um or potassiuy

t hi smaeripén, 0¥h@CC%%%?BFWﬂ?oﬁo??‘ﬁﬁsggﬂg‘g 88

Shor%ﬁﬁﬁguha §@§Bl§a§65tagﬁlngeaﬁ¥aleméhe pneerdeé bp be
an a S enc [ b n
elen%ﬁFrB@HE? ﬁ%ﬁ bgp hET 3?5%?5%n1aﬁ§£1%£3| %gbanréﬁ1well
entekhﬁ@nlﬁhatthﬁ ﬁhaneynthesﬁszeéltibanﬂaiélcate gpch as TS-
acceyera '”gﬁkgglﬁgﬂ eﬂé@éioga %ré%@ntCQHpeHBdsyéﬁﬁhf

cont at nl’ snNent | ntende i ntroduced into
t he tmaaemomkcaﬁoptebanﬁuéceﬁﬁfpélﬁeﬂptrRﬁBﬁﬁdtHHFolﬁ e

;Eea é8ﬁ9%§'§r e&bk§n9§6|hﬁétﬁlﬁaﬁﬂuﬁss$§r&5 dddeteds

present in th e ti.tani
cannéﬂt§6r§ﬁéée§§fGPF?nFﬁtP5d688§°9§98 ghgan%SOFP%ghes into
framgwar kraadcthe tbtarewn sauthe pddednis invenédoayegven
as titania or 3P§I0ﬁo S t&%aﬂl SEﬁCEﬁé EEEQttE%epé the

prodWEF resen inventi on
when aaraalik aleit afretah be ag@atuantnhélm remoyedp byt e acid

o bR 3RS e bl SRS clnepaacacins o
a metal species 1nto the framework (second-2 step O % third
step). Therefore, an alkali metal can be used in the
first step of the present invention and the alkali metal
may be present in an amount, in terms of the molar ratio

to silicon, on the order of alkali metal : silicon =
0.0001 to 0.2 : 1, preferably 0.001 to 0.1 : 1. Examples
of the alkali metal source may include hydroxides,
nitrates, chlorides, sulfates and other metal acid salts.
The alkali metal source is most preferably a . hydroxide or
a borate.

The heating temperature in the first step is not
particularly limited but in the case of synthesizing the
precursor (A), the heating may preferably be performed
under hydrothermal reaction conditions. The term

"hydrothermal reaction"” as used herein means, as
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al kali netal nmay be present in,an_anmount, in terns of
the nolar ratio to silicon, on"the order of alkal

netal : silicon = 0.0001to 0.2 : 1, preferably 0.001
to aml é’éhéﬂﬁa?lﬂ@e\dti@{'mofJQW@ﬁ?uﬂilHB/aqaku
i ncl %F %yd?OX|des ]b nltrates chlorldes, sulfat

and cpur- AUz< e} zhrsele? sh ol 3 et ) C %9 by

IS el( @g!lyK@l h)’l@é:ﬂﬁ&@ Q*Iarcah bay ate99The a synthesis
heatln erature inthe fir

part@%LW%ﬁ l?%%&?%dr%ﬁﬁt+?Pt%€ T @géﬁagﬁ%t RREFOTRGY in the
thef §5s%>ﬁ@@%§oml§hﬁ)t%mﬂs\@rfre@re . ey, m@t*exatblyrb}ﬁ high-
erforne ot hermal._r on e
terh?emﬂﬁﬂ?gTﬁ%r%%? TRAZYT on" gggééed er %%tggg%%; " a5
V[)2@@4ﬁ@69ﬂ@6réﬁﬁ%ﬂ@ﬁO@ﬂi@@lﬁ@@ hydpathejemel | eacthon is
Fydr %&2%6 ﬁ?@f&t?@rmgi RiH@sfégakuAca@ﬁalﬂglﬁp the

(Stan ossar
Kagakeakang hﬁrﬁh@nf%ﬁﬁﬁcﬁggB mq@gayef%r§9% ggigergPrmed by

modi 1§@§h8narﬁ§§£u§@ @6n@a§ﬂb§@a@C€eﬂpIéﬂénedmpnunﬂe a
5 présence’ of g -te erature mateiécgartlc

hlgthFQHpQPﬁFﬁ% 1RP ghs BP%EEﬁreamﬁ% ?ncﬁgg?? ¥3 compound
a Saﬂahﬁétérfﬁﬁcal@Dousdngohh31hgdr.thhraalaueacﬂauﬁ and

is called a, r,ot h I hes

t he hﬁ@EFPHgan Pﬂﬁr ﬁ?gaogﬁéﬁ& i g% eraglgbggh¥1ons of

per f eppRdihy 20ppekasiing ahmﬂgtheetcogtauﬁhﬁgtamperature may

t enpl at Qu b NGO PRI N AdyraBly £ 120
o1 1| BOR GERP A NPy  EMpotad  Cang wal 6Fof B BoeTaseg Y from
cont abnép0S8Qdech as autoclave and heating it under

hydr ot her |tﬁXnEQﬁ§b§aEQB€'bkoﬂﬁeoﬁydaaﬁhékm@laSYntheSlS is
pressure i l'e heatlng he tengeratu

pr ef 286l $hpa Fbéﬁ11§99?o 386c° ﬁﬁFElﬁﬁeP€¥§BF§ Ppgnpot be
120 oHea19@€ okf et/ba tenperatued, athbhhehydng’[ hmaymieke a long
ynthe3|s [ ess.than this r.ang

or od i RemaY 3 5%15e180895|ﬁ§805%0even |§ %Eta?Eh & hﬁnd, if
heat ithg mampbaheuaelenge@dsttheSamdngﬁusth§ yéeld of the

pract %Etlg% %@%dﬁ%%e h@ﬂ@ okfi dakthent eRBeRAbW @sing the
excee thls the of the
finally obtalned zeo 1te material disadvantageously

decreases.
The hydrothermal synthesis time is usually from 2

hours to 30 days, preferably from 3 hours to 10 days. If
the hydrothermal synthesis time is less than this range,
crystallization may proceed insufficiently to fail in
obtaining a high-performance precursor (A). On the other
hand, even if the hydrothermal synthesis is performed for
a time period exceeding this range, the performance of
the precursor (A) is not substantially enhanced but
rather adverse effects may be caused such as conversion
into other phases or increase of the particle size and
this it not preferred.

(Second Step)
The second step is described below. The second step



obj ective product in the oxidation reaction using the
finally obtained zeolite material di sadvantageously
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usually from2 hours to 30 day? preferably from 3
hours to 10 days. If the hydro ﬁernal synthesis tine
is less than this range, crystallization may proceed

insuffigi Y, leddat a&Hlé NSk éc r (A) or (A')
hi ghLEL pe%f%%%n%%oﬁg%u?sor (A the E%%r (30) a

everobtainrd Hiroidef S t sYrRINERT s 155 et 1BT TR ‘f%rgh%reby
:'h”‘?olﬁl@éi@da %&i@ﬂéﬁ@té?@hlﬂ?&lﬁ? ﬂsneemri@r rmmg of

e precursor i's not_suhstanti nhapgc
rathgr ad@%@s&é%ﬁ?%ﬁ?% (N0 %% %b%% %ue% Plfgt ttep may be
CoNVes 58 Ofired té® & het phases WMemntmeagse@mrshe is calcined
partl |e size and 35_this
St ep! #ﬁ%t éc%hﬁpét%%f?ge b Q%idp%f%ﬁ%ﬁggﬁeéé@CQHQreafter

déscri second
stepaalﬁzﬂﬁédﬂ@@74ﬁofﬁﬁ7ﬂﬁ@@@ﬁ/@@qoﬁgameWQQk ?%nabgtﬁﬁre

aCkQ%éigﬁ%ifgréﬂévgae&HaSQﬁléA%sOﬁréfe}reabtalned

|n thettrrs st-2 step, her eb obt
a deboronénedhglf@kb@@lQﬁre DFSGRTFEY) (Arhed %ﬁecBF§8FrS°r

(A) ?ﬁtzhngge'Qoﬁ@€lﬁé§S&o§1§@tﬂﬁélpeca51edldpteearedr (A)".
as i

but when recur cal cin
st ep) bef BRe EREMacpgl rEﬁ?ﬁgﬂ?n£$da?hg?8§fPS%eln ﬁegns to
a?;dcbﬁ@éFEdthQOp@gCUﬁgbdewtbh fnaaend; kmoaa bpemabfécally, to
efficient renpved_an erre
fo||5ﬁﬁﬂg ¥h5r8£ﬁ?§5F0fA3 %%a?ﬁgé ih ghelg %%? step into

précursor
are 60ﬁEhbﬁE$1thlhesblubhyncabhbdlnpngcaﬁséﬂléAPT with an

Igﬁtégﬁ ﬁgg gftreehgegg QétﬁﬁsdggﬁﬁsanlgeﬁBé blrticularly

recursor Wt nore specifically,
to bummgeﬂhenérecmetbpd(ﬂf sbravhBe PR FREtLPAsEispEpd Or an

'ntoacgangaﬁﬁtgbhhoﬁ %9%“%&@6u996kakﬁbngraa ﬁ@kﬁodrof dipping
h an 15 aci e contactin 90d IS

par t 86l RFEFUTEPKi Bd 4Rd3R ﬁﬁ?ﬂo&roﬁ sffa SlgFlon may be
coat ;aggan aeedmethand odckdppahyt the pmethespreddnsdn an acid

A) th
gC|dggr%gg%g&gdsggpgﬁlgln%ayrg%egﬁgggr%%ﬁaﬁﬁétE%&anethod is
di ppsigptilee apteeasyor (A) in an acid 20 or an acid

solution ig prefarredy becayse Lhng0®t Q4 $n acid may be an
inorganic acid, an organic acid or a salt thereof.
Specific preferred examples of the inorganic acid may
include a hydrochloric acid, a sulfuric acid, a nitric
acid and a phosphoric acid. Specific preferred examples
of the organic acid may include a formic acid, an acetic
acid, a propionic acid and a tartaric acid. Examples of
the salt thereof may include a sodium salt, a potassium
salt, a calcium salt, a magnesium salt and an ammonium
salt.

Tn the case of using the acid as a solution, the
solvent therefor is not particularly limited. Specific
examples of the solvent may include water, alcohols,
ethers, esters and ketones. AmoOng these, water is
preferred in view of stability in the presence of an acid

or easy availability.



sinpl e and easy. The acid used for the contact with an
acid may be an inorganic acid, an organic acid or a
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i norganic acid may 25 include_a,hydrochloric acid, a
sulfuric acid, a nitric acid and a phosphori c acrd
Specific preferred exanples of the organic acid may

i ncl ude % HeOT 014 3¢ fberft A0 (is %r:ré;b o PrRRHoRilarly
acid and tartaric acid., Exanp e salt

t herle-afltrm%/ Hurfc e aa:lsdodmrﬁl)slér% 1Ya ‘ﬁﬁ‘gs@ (fnCgRcentration
sal tor @ cald un s@)1t/1 & drgnesidim sal inand may dempenforned

salt. In the case of usi t he ' S a .sa
ol Vit (IR i Dok 1A (5 ol Gtk 1 e
exag eofed ee SBIJ vientl 9eC i mednelpweierabky corat 60 to
er ers_and S |
pm%ﬁé %W %éﬁﬁﬁyurr§$£$ﬁﬁ$£dwa
aci tbreafemdsly aﬁ/za»m abilouns w0 DoAY 069746
PCT/ JP2004{ QQ%Q égﬁcég%%é¥ithH%PQ§ﬁﬁr@ﬁdoﬂhéStemperature
r

al so not ‘pa imfed but the acid is L
SU|txﬁﬂ%Dmeﬁh¢rﬁﬁﬁ%ﬁﬁﬁ%ﬁﬁr%ﬁl?ﬁ? vyl (of fporon 1s low,

mol /lideLas THe LthEal BN cobyeber Peid®ri@dniqh and the
tenperature of 0 to 200C

f
per fRTRRE ISP 1D h%ﬁ%) F%ﬁe95¥%$r$%€{€€?¥%ﬁr%%yt
150(&1§@@1¢é@atnent time is fromO.1 hour to 3 days,

T S, DR 0 B Sy e B4t poron

concent r enperature Ts
eff'fﬁh@”@}‘r’cl@ bhe(reppvab @fepomme®ﬂmmté;0) \/mfaegdcas

if the acid concentration is high an P ﬁgnggra%ure
i's hp@hformedpt@@u@§om°¥?sE+$eﬂHEe @regrigoFhage Fhe
orde(Tﬁgrgeggg§ the amount of renalnlng boron t he
cycle of (first-2 ste

ond _sfep)
per f or ned ?ﬁotgrrﬂD?EgPlﬁﬁs B%?B%% g |rd sﬁe third step
(Thiid StepppTbe hbhtdingt epei éeblesonabed beﬂ@waterh@btalned in

thlrga? %B?géngagtep ?%oﬁgaﬁ Qg éhSrdQQQBHBQQegtep in the

sili e secon tep, second-2 step
or spreadnéesbépa|ﬁwehélng agent so as to swell the precursor

(B) to obtain a precursor (C).

The metal can be introduced into the layered
material by either a method of allowing a metal-
containing compound to coexist in the third step and
introducing the metal in the same process as the swelling
of the layered material or a method of subjecting a
layered precursor passed through a metal-introducing step
to the third step.

In the case of introducing a metal into the layered
material by the latter method, the following second-2
step must be performed before the third step. If
desired, the second-3 step may also be performed
following the second-2 step.

Second-2 Step:

A step of heating the acid-treated precursor (B)

obtained in the second step together with a template

compound, water and a compound containing at least one



20 presence of a swelling agent so as to swell the
precursor (B) to obtain a precursor (C). The netal
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a method of allow ng a netal - ggt ai ni ng conpound to
coexist in the third step and 257 introduci ng the netal
in the sane process as the smelllng of t he Iayered

mat er,i al

pr eE4FESPH p§s lr(Teg:ttk}"h&rjoflcj)tfohmc'a msta - ntro ucﬁ Step TO o oups >
thettohllr4doe?tetme Ipfenll@eil@aﬁbdﬁ it rtdrahy tr?étnala Precursor
|ntq qe | ayered 30 nmaterial by the latter nethod,

t he F%IIOMAng second-2 step nust be perfornmed before

t he Sesionglst %R desired, the second-3 step may

al so be perduyymdg d0ld amierg: ke 19ac gtbAustaep. (B') obtained

Second- 2 Ste f a t "
pr eddy e corbcg'tﬁ SnteeéP ch hZ" srezzbg’nagbettazlgd ?abgg{]feﬁ&ﬁ%or (B%).
with a template fenpoing, ‘wateruzaar aRohpdlpigecursor (B")"
cont aj ni . ne. lled
PCT/AP20 M (}9 Vge%ement sgﬁzectce%llf?%trﬁ‘{ehley calle
elemmnecdnﬂqn@dmg"to G?oups 3 to 14 of the periodic

table to n 2 or
Step: 5 Aisteﬁbocf aC|d Ba P&&&Hﬁ%d B ﬁheiﬁék%kﬁii& step can

reati t he
obtmm@ynthesh@%éébrﬁmezvﬂsq NEUNE: qeqﬁ;,f aﬁhg acid-

pr eCUr SO o d Ef@BJ)ecuﬂ'é‘oi hes § %H)@&V!ﬂ&i 1Ppregar socofdB)tep, a
'precur sor

cur B"
col I‘é@%ﬁ’%@% %%H‘IP% Sa " c‘i‘f? s‘:g'{ ré 'C(%&F}S‘l CE’ecur Qynd.
( B )héﬁ)ﬁm@eﬁhé nré@@lﬁﬁt@ndxﬁtmﬁepamdmpebéowm%eél sedcalled
Xi ng, a C t
pr egwg%?ﬁ?%g( Egjb Iléh%e%%o% stlﬁe%?ﬁgg ?Sén%)n atkée first

conpoteasl. and an el errent cont ai ni ng conpound, heating

the resulﬁéngop1§§gr§r@@g &Pfﬁﬂiﬂﬁgg 8r8R- €Rt! 88addpoint of

hydr ot herimal “synthesis in the same nanner as in, he
firshomegepiziBafbhet iﬁ@Wofﬁ%?rb%l nFRPRYS1EF8RT t h

standpokptr84 +bopPEgELEi Adnikedreylavieni abmprising water, a
CoanSEénge éémbgund and an element-containing compound and
add thereto the precursor (B) obtained in the second
step. The mixed solution comprising water, a template

compound and an element-containing compound may
preferably be a homogeneously dissolved solution but not
a slurry. For achieving this, the kind of the element-
containing compound, the mixing ratio, the mixing
conditions (e.g., temperature, time) and the like may
preferably be devised.

Tn the mixture of the second-2 step, the ratio of
the element and silicon in the precursor (B) may
preferably be, in terms of the molar ratio, element :
silicon = 0.001 to 0.3 : 1, more preferably element :
silicon = 0.005 to 0.2 : 1, still more preferably element

silicon = 0.01 to 0.2 : 1.

In the second-2 step, the ratio of water and silicon

in the precursor (B) may preferably be, in terms of the

molar ratio, water : silicon = 5 to 200 : 1, more



preferred to prepare a m xed sol ution conprising
water, a 20 tenplate conpound and an
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precursor (B) obtained in the sggond step. The m xed
sol ution conprising water, a tefiplate conmpound and an
elenent cont ai ni ng conpound may preferably be a

ve an t 25 g, slurr
For aC{feg{/’?An a?@& hgsﬁkpiéﬁﬂ PsutdilOSo y.

t i nd of the elenent-

cont ai ni ngt c’@tﬁaoﬁﬁ@nd% TSR nGERATBELE HRE nFi§ npemplate

condi g oNsnd €akh » 51 IR i Ml €he (hr@dubddl t (®) Inke pryferably
preferably be deVIsed In the m xture_of #he sec onollﬁrg.d .

st efRe t hel re@¥TeS obf 8P PRI entimt© antPeR 17 EBn P HP?
preciisidod B} oay toref erpplyobe, praféeanby otempbate compound

I I I t
Tor o OBy BranEned S b 1T spht orpoRrespahly gemelate
st|Idom@w@n@refsxbm¢qne#e®eﬁttgl2Icon = 0.01to 0.2
1..35 1In Age ﬁPCQﬁQ o3 £P; %ggeofaﬁy@rgﬁhﬁﬁﬁéi §9ﬂthe51s in

silicon recur sor referably be,
{er rehofsehendnd| arepat Foe %\ﬁﬂ%rcengﬁlI‘éBﬁ dsgdpgcnpped for

’tﬂgrPl¥g%299éé0§§Y4 epggﬁﬂf8@04/@8&398r,-1ﬁ5a case where

preferably water - con =
Seco%dcgmg?%ﬁd ?ﬂ%t?hF?Bgo?ntﬁ e?%ﬂﬁl%#e&regﬁﬁog ao 14 is co-

S"'ﬁ@@séﬂtthﬁ precyesond{ B) stay, pteéepabpyr bgnthﬂ81s
terms o

S|||%%ﬂdlgégﬁg?5gée g&égn%Fgggiggglgggpogggm tﬁose in the

era
Conpﬁﬂﬂdt steplicPartiOuBatrdy3 the, tsmperahgrg and time may

PreT S abLYCheTPLal 60 cRUBAUALeoraLhECEB, Tn. S1bReR: €6 be

for ¥ Ions™ 0 er na gntheSIS I n
secopdeQestepogehéeganéocéﬁdtp|@hgea h§e§86?6§aVPoPrecurS°r

10 tgﬁ §iEgta SBSBh”BMr@% appkfe@hekﬁéﬁﬁékatUBealéaﬁeo high or
wher a conpoun contal ni n

0
14 i sheotipped&ntornlPRE s EBthQ ggéﬁcgﬁﬁs BF%SEFsor (B")
synthgsi & mﬁQ@thu0ﬁ§v§QQEth€3 gteathurdlféachfaenZSM 39
those in the L g ﬁhﬁ Pgrt cuI Ye
tenpé?ﬁFHFEuﬁﬁd PPfte 5 1838y FeP F ge selected
accor di ngrhoahbehekremede EorbearpyegenPU$o$éﬁhéﬁCO§é 2 step,
as t? ﬁa%ﬁugg (@Q&%ﬁ%bvﬁ pBECHh§°501ﬁBtkeer@ Br@Bursor (B)
purity errperatu e I's too high or
obtained in the second step and an element-containing
compound and a mixture (mixture B) of water and a
template compound may be charged by isolating these
mixtures from each other and a dry gel method of bringing
a mixture (mixture A) of the acid-treated precursor (B)
obtained in the second step and a metal-containing
compound into contact with a vapor of water and the
template compound may be used. This is advantageous, for
example, in that the template compound not consumed for
the crystallization can be easily recovered (this "dry
gel method" is described in detail, for example, in
zeolite no Kagaku to Kogaku (Science and Engineering of
zeolite), supra, page 28).
The mixture A is obtained by dispersing a solution

of the element-containing compound uniformly as much as




the time is too long, not the objective precursor (B")
but a material having other structure, such as ZSM 39

waQo@deyet ure Code MIN), may be produced. |n BQOUPEN4/001009
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nmode for carrying out the secong:2 step, a mxture
(mxture A) of the acid- treated precursor (B)
obtained in the second step and an el enent - cont ai ni ng

co %‘é%‘i paRd i@ lércﬁdcr@r@a%re@ Bl Rfurdirer Bgndbaadmed in

ate compoun e charged by |sqlat|n L0
nrxﬁ@ﬁe§epp@ﬁréé@@rOéWéﬂWﬁﬁ?%& qgellﬁﬁFﬁﬁg THe Like,

bri pging g %h@ Xeldh A (7 ?U&@%a@sﬂfn tshel amfdderseate&ij, grinding
precursor (B). obtaine

in the seco e
met a{t-c oS ,eryd.ngcgﬁﬁno% jsXChekdoly &ﬁﬁfg’ ﬁptlﬁ)u %ethods such
of wat erirangyikey 3& el a:twrpm:mzmmw dmwdmlunsdj:ylng at a

Thln,g‘lg)eadvant 'ia?%dlouo.t %g{]&?n)% l'* %&J@}ust I%QD:LU."::LOI’I is
crysisald iizatmiany casdse aemisrﬁl‘gerree%;m%r etdle(tdrmslnquﬂgﬁy be

| net | |
%:olpet éjo%e‘éaéoﬁﬁﬁ}cer 1-% daeéaal terr£APISE 50 to 80°C

€ no (SC|ence and Englneer|(9
of f;fr Zedid t2) hasist g, vrrbﬁgvetzaa IrARd K REGOTEY Possible,
obt ai USRS Y s Wl igBlin®fod f‘tﬁfylng The mixture

elenent cont ai_ni ng conpound unrf rm a
20048 (B9Y 48 PGPSR 475 YOI -t yﬁi@s&r% ‘?I?P‘%M%d and
aci dydd«&at ed precursor (B) obtained in the second

, b , .
f’LEpr st TIRg T oy SP P 7S dhafpotfF pectliitkne ary
gete mb*ryncrrg, cialre el pkrdOrives mwrm@wm compound
SUCh 3 313'5% %é)%@s@fnio%é ePPel G ek (Y@&M‘%lng
at a enper

dryi HeF ture. Tn general, an aqueou
sol wiements am@e@ﬂlrpmmnynC%E%SP%%@U¥%%¥e%%}e aRhethe ratio

dryi 2L oF $H8t5ﬁﬁh§ﬁli@@nainathe precursor (B)
tenﬁ%?a re @? 50 to %ﬁ?b for 1t ours.

grrn@amgb%e%@%ega%@s%$erpqug$%g§19%§ %%o%%tygg Y%% ®hormal
end PEiPSLI0Er @AY SgntHdei i méthied. B can be obtai ned by

the. tanpl SH6 EBEBLRG TEEH | REnsibgor gl EatHoaeCtReor (@)
klnddeféhe Eheﬂnetpr@pearnangec@npmuhdatlsncbb%bm@rﬁﬁl
coexp kggh %ﬂgl Q%hehgél%hfeﬁﬂgé'StTHQse£§€FBt1§Ddln terms
SI|IC Fhe pr ecur sor , he ratio
of the molar ratio, preferably water : silicon = 0.01 to
15 : 1, more preferably water : silicon = 0.1 to 10 :« 1.

For isolating the mixture A and the mixture B, any
method may be used as long as these mixtures are not
mixed unless the mixture B is vaporized by elevating the
temperature. For example, a method of charging the
mixture B into the bottom of an autoclave and hanging a

~ vessel containing the mixture A in the middle of the
autoclave may be used.

As for the conditions of the hydrothermal synthesis
in the second-2 step, the same conditions as described
above with respect to the first step can be applied.

The acid treatment in the second-3 step can also be
performed according to the method in the second step.

The compound containing at least one element



of the tenplate conpound and silicon in the precursor
(B) may be the sane as those descri bed above for the
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water and silicon in the precursor_(B) differs in the
proper range fromthat in the normal hydrot her nmal
synthesis nmethod. This ratiois, interns of the

ol | Fe Tldey AV ecrn%bléaéf@r&rs beaddgcm; :Eoocﬁbutps 31&0 13,

1, nore preferably water : licon =
25 Al sl B AR i cidiee TR i TR it 8 s§°°§¥%/ 2 step,
met hed 4@y e tised a8 y ingalafect has e grigtasr és drse anatompound

m xed I th t
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secongl 2. 168 ﬁgﬂh@%m@f% a5 0s0r | habnhave the

W t h ir'espect e first step can, be || ed. 3
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The conpound contai njn |.east one
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cont@xammgeasoﬂ'M@@atltnnimmﬁnOm¢@£@ﬂ@9mﬁﬁm@QHQﬁn@QV include,

from s the, eIlK?gEf Ri 084 oY, 10; FQUPR Sxided? tifanium halides

particul ar; he st andpoi nt that the i ntroducti on
| s cafidi t@rt:ca@l,fkyl:owwwwa*ﬁ%% hod? byt &€ et be?sY
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L CoREap Py bt SRt SEPEF ent SRETEEF 6T IR et the
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the Bfﬁﬁpfygéﬁggéa'ntﬂgaﬁgﬂPQHﬂd EEMahDﬁhuﬁéroﬁﬁdbgtobtalned
are no , ani um oxi des, titanium hal

by the reaction of a tetraalkyl orthotitanate ana aqueous
hydrogen peroxide are also preferred.

Examples of the zirconium-containing compound may
include, but are not limited to, zirconium oxides,
zirconium halides and zirconium tetraalkoxides. 1In view
of easy handleability, zirconium halides and zlirconium
tetraalkoxides are preferred. Specific examples of the
zirconium-containing compound which can be suitably used
may include zirconium tetrafluoride, zirconium
tetraethoxide and zirconium tetrabutoxide.

Examples of the vanadium-containing compound may
include, but are not limited to, vanadium oxides,
vanadium halides and vanadium oxide trialkoxides. 1In
view of easy handleability, vanadium halides and vanadium

oxide trialkoxides are preferred. Specific examples of
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handl eabi lity, titanium halides and tetraal kyl
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titani um containi ng compound whj gh can be suitably
used 20 may include titaniumtetrafluoride,
tetraethyl orthotitanate, tetrapropyl orthotitanate

and t%% %ﬁumigyﬂﬁgﬂ%ﬁ?&ﬂdbm%dhdﬂﬂ%ﬁﬂdﬂlcdﬂtﬁﬁﬂsumtably
per oxiaes o al ne y e react| (0] tetyaa
or t Wetad et e neddey oﬁfdﬁﬁ édzaf’x araél%4%ué“ oxide

pr efgriradpsy ees of the zi rconi um cont ai ni ng
conmpound nay |nclude but, are not I|n1t§g tm
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t et riaad ko desut larevimve limisasy tandliedbiun torides, niobium
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tetr

2|rcon|un1tetrabu10 EX | es of
t he Wiakehli @R defit i Hi 3Ry ¥ ohERAl )iQé§|fﬁbqgg are

not 4 ddeds @emwmxaﬁ@dtﬁﬁs, 35 vanadl um hal i des
and vanadlun1OX|de ri.al koxi de

Pandl oabi FREYS. G T Har HeL B VA e Coepnd may
tri al koxides e prefest edinSpeditoc baaah:mllgg @xw@,

i e g

vana ound can e su
usedexayples| cufietNana@mumumTQanﬂ@bn%r@OW%‘a@‘# u‘leCh can be

oxi dg. i LLi} o@é&@Y&Q%'ﬁﬁclgaénPéﬁéaPﬁmtﬁﬁ%ulflde

ni obi Um¥ cont ai ni n ound may 5 include, but are ngt
limted tbxampb@$u%fo&h%e@hrﬁmbﬁmuﬁ?nﬁ%}Pﬁ%g QRgpound may

E'ongglﬁééraﬁﬁEaQP@tﬁét 1omyvtew o6, e@ﬁyomlum acetates,
an

et ELOBFSThAS RLERNRoh e A0 Prelectsd.
whi cbxeaplbe SBItﬁ@lghnsmﬂumayonnahudagncompgundowhlch can be
t ant S bR BBt ALRT ri DoRporador e oREeR ALPFREe 1 ¢ ot
limted tBxanpheal qﬁn bhed@glybﬁamlai—gwhawaég gagpound may
tant g um,deouplidgse BEChLhGo8xaBp! 819babhen oxides,

t ant al'um coht ai ni ng_conpound whi ¢ch can f fic
molybdenum halides and molybdenum su fides. Speci
examples of the molybdenum-containing compound which can
be suitably used may include molybdenum trichloride.

Examples of the tungsten-containing compound may
include, but are not limited to, tungsten oxides and
tungsten halides. Specific examples of the tungsten-
containing compound which can be suitably used may
include tungsten tetrachloride.

Examples of the manganese-containing compound may
include, but are not limited to, manganese oxides,
manganese halides, manganese acetates and manganese
acetylacetonates. Specific examples of the manganese-
containing compound which can be suitably used may
include manganese trisacetylacetonate.

Examples of the iron-containing compound may



15 suitably used may include tantal um disulfide.
Exanpl es of the chrom um contai ni ng conpound nay
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chromumnitrates and chron1un1§alldes Specific
exanpl es of the chroni um containing conpound which can
be 20 SU|tany used may include chromumnitrate.

Exanp| %d%ut 1he nRley herRNUMGeRaIt, NG remmMeirit sTay ron

inclu are not limted taq, nDbede

um oxi
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exagyl651efs dre v yhdenwsmennding m@nqmmmmmm cfan be
can 25 be SU|2%§L sed |nclude qﬁk%pdenum
tri SIS ﬁ”ﬁyesmé"f Y 1PNy S SH-2SHt ai ni ng
conpound m@p ligte lafd e heb utokesrler —oain Haiimidtregd qagpound may

t ungﬂ ggwge)f(' ?t:ﬁ& aaq:de oucngl.sl nctelzialﬂode%o}:%?ﬁ?'n%lfdes, cobalt

exa tun en- contal ni rfg conpou
can mﬂmﬂs amq/ QMW%QQWW*IQD@@EQ% Specific

tetrachl Fe?fﬂmcﬁ%loé ~ddif SBNGRN SRR @IWHh can be

conpoun I ncl ude, but are not I|n1ted to & te.
nan@mmﬁﬁﬁkﬁuQﬁﬁﬁ N3 Mg 1RaRadds b REH cetona
acet at es @hgHaeSthe acaid Baaimwieing Spapdind may

exanples of the man anes 35, ,C0 ta|n| 0 i
can B KA} gt CLimi r{b%]keofpoﬂ‘é’ey‘h fibkel

tri sacetddaceionies k. n Exeatpd e samd ke T ore Tontes N rgpecific

Fgg’l%}gagg g‘%}’ %%3{._21%0414 Og?gfﬁd&gréﬂf’ c% &Wd wh#®h can be

iTon oxides, iron
hal i glestalb Ty eedtedesizntide oniakelk a@:@gra‘rspe@r.lcﬁ jpickel
exa %es o the iron- contalnlng conmpound whi ch can be
sui t ?y used may include iron nitrate.

s_of
t he cobalEX@@m&%ﬁn¢ﬁgt%%n%E%%tP?ﬁﬁalm%%$u%%mpgg?g

not %ﬂéﬁﬁ&@ tEUtCQF@|ﬁo@XlQ@§te&0@@Jt21@6|®ﬂ£6e@nd21nc
cobal t trlsacetylacetonates

X | es.0
cobala1 408 ai At RE ROAPOLAT %@é%ﬁl%%nnbﬁragggtab??éﬁéggc
nmy éRshpdes cobathet zinacesytatet nmatempd@néxahptescan be

t he ni cke contalnln € d u e
hot PYEATRIY Las o hag EOUPGNET: Y acBEuttiPandUhifl ot rate.
nitrates Bnamplekedbf athe agetl1@pe@@mt@lné&anﬁ9@@°%d may

the pickglheCophai 0LOINGLMPOHNde 6N §a01DEm oxides, gallium
halides and gallium nitrates. Specific examples of the
gallium-containing compound which can be suitably used
may include gallium trichloride and gallium trifluoride.

Examples of the indium-containing compound may
include, but are not limited to, indium oxides, indium
halides and trialkoxy indiums. Specific examples of the
indium-containing compound which can be suitably used may
include indium trichloride, indium trifluoride and
triisopropyloxy indium.

Examples of the tin-containing compound may include,
but are not limited to, tin oxides, tin halides and
tetraalkoxy tins. Specific‘examples of the tin-
containing compound which can be suitably used may

include tin tetrachloride, tin tetrafluoride and tetra-

tert-butoxytin.



suitably used may include nickel nitrate and nickel 15
acetate. Exanples of the zinc-containing conpound may
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hal i des, zinc acetates and zin 0nltrates. Specific
exanpl es of the zinc-containing” conpound. whi ch can be
20 suitably used nay i ncl ude zinc acetate and zinc

ntrate, EXATDl e ofhd Me SRlddnip AR PicineerRand

may i ndi galhlggoxHQe%
ga|ﬂHMdd1,athﬂESimd1Cg:alﬂmurhefﬁ t’crOat cea
XA s ar{J‘ g@éalm}ﬁ%@éﬂ ngspzsummcbmpdrescaqf the

use may i'ncl ude galll mtri r
andLegm-IqqnnatnrananmmﬁounCE%ﬁ}ﬁﬂ u‘f dE bol}} dfsed may

| ”d'q%ﬁﬁc?é‘tfééu %&Wu%a@whlmwe letnd mrerate, lead

li it |nd|un1OX|des |n ium halides and
tr|§ﬂ¢@M®ﬁ¢¢ﬁPQﬁﬁ? ¥%5 of the
|nddéwgpppﬁéjﬂ@@gtponpound mhlch can be suitably used

may 30 i ncl ude tumtrichl ori I des t
and trlT%%pr%%ﬁfgk9g|%%?% hngﬁ%niﬁlfé Heeh me

np&@ﬂl@unaﬁgycbnmbu@d aayl@m@|@@elt has apeaqpivity of

RS 0y bl Ter 410 8 fsqgatcpat o onyan

e tin 5 Contalp ggo and
conbeumﬂtehmahecanlbefgn|Paémplﬂseﬁyné9teFﬁ8 Ba&°ti i
tetra§Q§8Eh eth&'ﬁn&@kﬂégbﬂoépgélﬂgd tatraby swelllng the

t er T2But OXy WO 2004/ 069746 PCT/ JP2004/ 0
Exappeesrepry hanfe&ancBft AFRPYG CIﬁ%S gﬁ" gg%g?ﬁgtﬁog

but caherBotyl,i At @’dewoofl eadhoswééi,lnlge&dfeﬁalu geamghgs of

tetraal koxy. | eads. Speci | f
Iea@héoﬁW§{ﬁFﬁ§ egp uW@ym% EQHB %%g%ggﬁgggsy useguaternary

may s5moRchde aleatiaadatabe, leesd omeoriogd, aléyd group or an

nitrate, l.ead Iacet n ligad s hifzalee ammonium
(SWQMlPﬁglﬁggﬁF)ef%é I%I%%§t§@g%ﬁ%a ?hﬁh tn:ry

t hi mdlst epniteimdng ;@@retul@ilIGa ;kYI ISEEEY Vigigy em & o 20
has an,agt '(aé) *n)é Ofgyct0 a!sntarll@ll&&lb@t\m@emnhrwenm |sraJ:th@nd

& AN z60l ite material
D o phart o e et el 8] STy alkyl

spagifigind henehy sywelildng idimethylammonium salt and
dialikyldiethylammonium salt, is used. Also, a primary
or secondary amine compound containing at least one long
alkyl chain having from 8 to 20 carbon atoms may be used
and a mixture thereof is suitably used. The quaternary
ammonium salt may be any of chloride, bromide, hydroxide
and iodide but in the case of a halide, at least a part
thereof may preferably be hydroxylated in the co-presence
of aqueous ammonia or another quaternary ammonium salt
such as tetramethylammonium hydroxide, tetraethylammonium
hydroxide and tetrapropylammonium hydroxide.
Particularly preferred examples of the swelling agent may
include lauryltrimethylammonium chloride,
lauryltrimethylammonium bromide, lauryltrimethylammonium
hydroxide, cetyltrimethylammonium chloride,
cetyltrlmethylammonlum bromide, cetyltrimethylammonium

hydroxide, stearyltriﬁethylammonlum chloride,



precursor, and can be renoved | ater by cal cination
Cenerally, in view of high swelling effect, exanples

wohowdettae swel | i ng agent may incl ude surfact arCS/JIJP2A04/001009
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quat ernary ammoni um sal t havig? at least one |ong
al kyl group or an amne is preferred. In particular,
a quaternary annoniun1 salt containing one |ong al kyl

chal n haV| n’%’ﬂ Q;\m ctﬁrol;ﬂrgj@torrs such as
n|un1sa

aI@ﬁdaryﬂﬁndmﬂuhyﬁammqnﬂqm hﬁdﬁﬂﬁﬂ%ﬁM|ng two | ong
al ky. a{lﬁ{(ﬂ? SindH Alrkyd i Sietdyy) anmoni um sal t
%ﬁe A

anmonjum salt, .is used. Al so, a
pr|dmﬂ@eaxyl@%mﬁﬁh%#%mWﬂﬁ%ﬂﬁléﬁﬁﬁﬁﬂﬁﬂ'conta|nlng at
| easis0ne-4of YAmedied wm hewdng<fd@m 8 to 20 car bon

at onms may ‘be used 5 and, a xture th f itably
used. THENQUBRBPPER YHT Antfbnt 1551% égt eléé\f}néy

chIﬁgf@@bupgpnydglmhwddOMmﬂethamdlso@mdbath FOR hgoom

case of a halide ast t f d
pre?%m%%¥?tBEeh§ﬁ @é@l tedlﬁngséés%dﬁﬁéggeﬁggampoun

aquesHsa aNgi atoleasbt bee glemenrhas§ @ﬁﬁ%ﬁuﬁﬁ?@a??eso

fgf?ggﬁﬁtﬁ nﬁgﬁégé#sgngnanlEyﬁéoﬁhgé co- present and this

roxide and tetra yl Di
hydeXaMelsPancpcpbaﬂt§dpFéF@rFB@ é%ﬁﬂﬁﬁ ?§HEH t8yered

hgkgg QQFQB %ﬁ% thEEHU§€ebQUEka&aHEVByyahmghlUﬁmperature
aur

trimethyl i um
IausyppAdnbﬁhymgﬁﬁﬁﬁguﬁp§5gﬁnogsgpsgagnkg igs suitably from
Cetgbt%b”@%hYba”WH6WQﬁe&hlQEIdhe temperature is too high,

cetxltrlnet é&F glUﬁé?%%qbgg 16ekY %rbgg@gylgﬂ@Q@E@&e,

hydr-8Ri 8&&C FarvoAi um chl ori d
200 6@%}4&0861&1@@@0$M@@1@@9relaggvely low pH may

st ear Itr| a%&%m ygor om de,

st e&ry annonluthydrOX|de tal
di st earyIIahi rtétehwméomtlmrcmtoﬁh&e incorporation of the meta

di st.e; % ﬂgﬁéwgyyﬂdﬂndwénnayarda material, the metal may
dlstearyl I met hyl anmmoni um hydr oxi de. Th%zte %i R may

in tore feyiakd st qcsc‘%ﬁrlﬁanlé% B ARANS t e

thi gafesféctaﬁl aplpe fﬂmmmmlammnm,ummylmg@, Mmgh are
cas

ol Gl 11 G (HE AT GRS SSE S d e
mades ot eserdmian ddntaimstalan £t rFRER R G from 8
the frameworl of ihGd ¥er£hixture thereof.

The pH at the treatment in the third step is
suitably from 10 to 14. The "pH at the treatment" as
used herein means a pH measured at room temperature after
the acid-treated precursor (B), a swelling agent and all
other additives such as water and quaternary ammonium
hydroxide are mixed. The pH may preferably be adjusted
to the proper range by controlling the amount of swelling
agent, the amount of precursor (B) treated, and the
amount of guaternary ammonium hydroxidg added. If the pH
is too low, satisfactory swelling cannot be obtained,
whereas if the pH is too high, the crystal structure of
precursor (B) is destroyed and in an extreme case, the

precursor may be dissolved out.



material in the third step, a relatively high
tenperature should be enployed and the tenperature is

weoeubwmedMef rom 50 to 150C. However, if the teRpPEIRI004/€01009
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is too high, 15 the precursor g%)_di ssol ves in sone
cases, therefore, proper conditions such as

relatively low pH nay preferably be exam ned. In the

third st ! | NCQIPArAtd 1L Aot iaretalladnt d imited
the fra r#%%ﬁ%ncl&g&gr ed mat,erioal !ﬂﬁithez]_r}gt a&,[ may

20 IprefEribl s ben odoip @ DYREBPEER i THE Hh ne

may e hexanet hyl enei m ne, piperidine,

V\hig:fﬁ&ggrig{ aéﬁés(%Pan effectiv tenglcﬁt &, £QPo fourth step
primary Bre £@EBHYAT RN HELTH BN YA al Ky gr oup
havj g, f£08p 8ot tRo@DE AT Porhatmasner a@f nilxe uweacking between
thereof. 25 The pH at_the treatpent | t i g Hsst epe

i s layR¥anPy Frbhiad Y%eia%nq'h%}qu%w%?l%ﬁgpt reat?rent? )

as opsgdnder £hntheatsiad pstepaste efherebpopptaln a precursor
tenperature affer..the: aci d-156at gdyPhECHESOELEB) fram the
smnggng gg%n?égﬁglégﬁlggtﬂ%%ﬁaddit?ves sucg gs ma%gr nd
andf guabeingr fwanmehhods 30NAYELBxi BRCaf 8UFFRel2) TRESBHY

may, pre y diysted to the proper range by

conPﬁ%l %:S{ﬁg%héBer%unP of swelling agent, the anount

of Poectthsdér)(BfePreated, and the anount of

quat er naLy sagupBirupehydi axtdagaddedeabt thpapH ofsthgo
|l ow, satisfactory swelling. cannat ai 3%ep; and
wheFuad lepn PRECHESPE {64 ﬁPéﬁ}ngﬁ‘qur ggtgalltﬂgtgguct are 7
of rpLeeur @) GBep:s destroyed and in an extrene case,

the precursor y .h [ v t.1 406%eA6.
Y e i e ilﬁéwﬁn%e%ig al S0 not

par piredharsior 1(0)i tedaimed thi $hies thdirdaBtPPrrom 5
mnutes tQ n (BQURpStiep)a Bred o delsiEmatsing at
descri ed "bel ow. e fourth_step 5 is a st

nodilfepistg a e tarmfe rthe W%(ﬁﬁ%’?@lrﬁ&ﬁé?ﬁ Q{bézyae:i.rnsed in the

by flyithersddieatd nrimhe sweld e yrecimsatyrg). The

O g iyt etk i o R F A by wien ene

sel galrb g ol tdunt ot drogitrige tmqmqm@s(,B)any’tq%eswelllng

fouratghergta)pg’gﬁprn?encg 10 4ihe fipwrd hedd) siepin such a case, the
treatment of the fourth step needs not to be newly
performed and the third and fourth steps can be satisfied
by the same process.

The delamination can be achieved by vigorously
stirring the swollen precursor (B) or irradiating thereon
ultrasonic waves. The irradiation of ultrasonic waves is
suitably performed for 5 minutes to 2 hours by using, for
example, an irradiator having an output of 50 W or more.

The slurry after delamination may be recovered as it
is by filtration or centrifugal separation but may be
separated and recovered from the treated solution after
once lowering the pH to about 2 by adding an acid to
facilitate the precipitation of solid.

In place of the fourth (a) step, the fourth (b) step

of performing the interlayer crosslinking may also be



Fourth (a) Step: a step of delam nating at |east a
part of the swollen precursor (C) obtained in the

wohbwestsep; and Fourth (b) Step: 15 a step oPCT/IP2004/001009
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interlayer crosslinking the swghlen precursor (C)
obtained in the third step. The fourth (a) step is a
step of delamnating at Ileast a part of the swollen

preg e&CD obtained in the third step to forma

car ouseé structure. The 20 del ami nation soneti nes
pr otBeter kaver t&FevUsiBXIRTh the process of

Con¥ acti 'glge t Dl@%@f:@ﬁ%ﬁ o r &S 1 Mk hndg heasvied | pegf oxgedtby a
perforned in the thi st ep_an S £
1 cEReEht NOEheRP R buFR HEAE et ‘P\‘g‘é%l‘gl Igtg’f a’“%géﬁleﬁ Peicate o
per{ﬁé”@ﬂe@@ﬂttbﬁvéﬁtidnandrésﬂlinksmgpgltbnsbblca is

satisfie pr o S el n
canPB%fQEﬁ?évéH %§n¥|%%?o%slyﬁggt?¥r$ﬁlgfhgﬂgmﬁﬁFgﬁlayer

en
preeybsslifiBingrcanridi athhgvedePEoron peEARgnERe swollen

waves. Th rr Ng O o P N
SUIPSSFurgg?f égeﬁi¥ﬂ Eﬁ?%ﬁ?gé ?gﬁ Mavesihd such as

forté@renahuﬂeoréhoﬁiié@FEFoPIhEVPnﬁléﬁc8gFpﬁ¥m8F1g8n9V

or pBRé.. LBE aharEét@&ﬁ@thgebambnaUmoeamay be
recovered as it is by filtration or centrifuga

sepdFafitbnSBEEP ) )may be separated and recovered from
the treatrg@d $akuhi enepf ier desncébedwerilny -t hEhgHIEEth step

aboyt 2 by addin aci d 3 at gt d
preéﬁpﬁté%@@noéf%QgFRHlnﬁnagﬁagreé %%%g #%u be (D ) obtaine

stepn the ffowrth @mppspepth@ffp@mﬁ@rﬁ1ﬁgepheto ghereby

i nterl ayer cros a 2004/ 069746
PCTF%E@%ﬁI 51%? erg%-,@i'lg’ g%QeQ?F%f;rlaye

CrossI|nthgwETﬁ@1ﬂ@M@@MayePﬁﬁQ&§ﬂq "nKiPrg @gﬁ pPrecursor

perQ%{ dl . ﬂ%ﬁ%Mé%ﬁ?&BﬂédﬁﬂVdﬂy1dMﬁmmbd@qumrsmr (D)".
Sii1cate O e _presen v.ent |
crossl i nkih®y RHRAESSH |ﬁo<,ra+1h§ éanagc no%” fegélgesgr (D)

For E@m d tihe ﬂHH aﬂfatyerstag asslnqﬂﬂmg:tctml@éfly limited

achi'eved nt.acti.ng t th
a S|arr}c}:a?}éév "a"% 031 suc;bvg) ee’[{keotﬂ?[gegth{rlﬁﬁr Wrlo

or t hasid i iadres muc%suriqmmle QIR S @lClnatwn The
calcination may be performed either in a closed system or

in a flow system and it may suffice if an oxygen
necessary for the burning of the template compound or a
residue thereof is present at the necessary time.
calcination in an air stream is easiest but for the
purpose of avoiding excessive heat generation, it is also
possible to decompose the template compound by elevating
the temperature to a predetermined temperature in a
stream of inert gas such as nitrogen and then introduce
an oxygen to burn and thereby remove the residue. The
calcination temperature may preferably be from 200 to
700°C, more preferably from 300 to 650°C, and most
preferably from 400 to 600°C. TIf the calcination
temperature is less than 200°C, the template compound may
not be satisfactorily removed, whereas 1f it exceeds
700°C, the Mww crystal structure may be destroyed and



10 silica sol and tetrenethylamoniumsalt. (Fifth
Step) The fifth step is described below The fifth

wentep@/n69@6a step of cal cining the precursor (DpCogprioDi/o1009
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obtained in the fourth step og,the fourth-2 step, to
t hereby 15 obtaln a nodified Iayered material. In the
foll owing, "precursor (D)" and "precursor (D ' are

songf | fre 1§§)<{1+1e s dy&lYs Lol d s e Precuigpsr{d)éf fedheon the

process Clnatlon of precurs . per f
i N phechi$oh BeEEPTRARGER b%r??%Lﬁ%ﬁ?yof %éf%hﬁ ébgﬁn@gtween
thetﬁ@'fiPQﬁ'Q@eﬁaﬁn@etm@ré@@@ﬁ@ stoierakdomm the obtained

condi tions such as normal _cat st,.calc n
cal BRharioh Haythe %%%?o?ﬁeﬂa€?¥ﬂ%Fl? 5Paﬁ%§eﬁl§€§ e

or in aTﬁgO@a§&§ﬁ@ﬂi@mdstépnayhenfthaa theaﬁlﬁkbgéhep may

necessary for the rn n he te I u Ofifth
a zsl%esgaueef %?%% ?%C%Fgégﬁtggt eﬁ%ggggggfyeg?nel

Cal gtgption in an air streamis easiest but for the
pur pose af,.axya},dipg §é£e§§bMﬁcQﬁ?tagﬁasiﬁiéanlayérea
ec

al so se the ate conpou
eIematemgalthevnegp@nanwweaﬂélggﬁpédéFgPﬁFHgg 829 R present

tenpgrLahuLe '?ﬁzn§9 abEeannet hﬁembrga&esaﬁh aslow. The

ni t rogen an I ntroduce an oxygen_to
theP@Dﬁuﬁéﬁ@VeprﬁgeﬁﬁsPéu% eTR§e58§%cﬁHXFP {oR 229 can ve

"P &%%%h%gﬁafo@r@kampmby be khenE@QQoW@ng7@@@newBre
prefera rqm 300.to_650C t | h
5%@ L 1t Re LEYPER apfgﬁg§53? é%&%E%&%%rM W

400 to 6 erature i,s |less
tha@o&&@@tsthatbemeaberO@agg@@¢enu@onn@ﬁlgénatlon is

Sa AN lack, AR r it s@1GeeMs cofleG.
thesﬁmﬁﬁg%ys SRV 8 1 WNEIERS anfy ial s@% co ning

2004kmﬁﬁmm@.&@TN$L;agkgégf n%?o%isgé%ﬁé%hernelmlne as the
o o B o Fe Che o ol ALl O sirer e
gethuﬁ@ameré{s %éﬁ‘eﬁ’r’@attr??s(@&?ﬁ%l £ % ngz%onsy%the‘c’lze
obt g rt?édoomaaféoalsﬂmdm qmobftmmmamemnﬁon)he Before
;: H%%S:%% The Cal naéalryfeorr réegﬂaccor(f m thn'ﬁ ca101ned to
nPtf&Bh&ErﬁFMhﬁdfMWw hdnqslIﬂuﬁqﬁ(ﬂﬁﬁﬁﬁﬁT% qﬁqRﬁK;,ﬁp
nDdIééé%&éég%eéﬁélllcate is contacted with an element-
containing compound by some method and treated in the
presence of a swelling agent to synthesize an element-
containing swollen layered precursor (third step), the
manner of the stacking between layers of this element-
containing layered precursor 1is modified (fourth step)
and the precursor is further calcined to thereby obtain a
modified crystalline layered material.

The modified layered metallosilicate material which
has been obtained by the production process of the
present invention (I) may be used as it is, for example,
-as a catalyst for an oxidation reaction, but the oxide of
element resulting from condensation of an element itself
present in the metallosilicate material which has been
obtained by the production process and not contributing
to the reaction may be at least partially removed by



mat eri al having an MAW anal ogous structure of the
present 10 invention (1) is described in nore detai

woebawes7lihe producti on process of the present PAVYEPI0000N1009
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(1) can be perforned, for exagple, in the follow ng

manner. That is, a layered predursSor (precursor) which
converts into MAMW borosilicate upon calcination is 15

synt hesi zed fr.am_harj C | & and S i £ Hbru@aiviilg an
corﬁﬁlﬁ?ocztﬁgf‘%sji QYQLS%Hp'earl?El |Cﬁledaor B}exan%t h Igp.ei m ne as

t heac i aterq¥iastlicayy GerbRE A YT ed

prec || Igatenisimed d-treated (second step)

to e%f er%?rgéééqgé%eborpnatled silicate e(f%éi-”gaé\ggn if it
precur sdthe 'BeamracRoviHe 32l step, e trayer ed

Pr ECUT SOF £ FBYe PEEBb£E NG 4 Ptercowerdth befoagyand after the
borosilicate (fjrst-2 st . ..Jhe t Lhégat s most
i s GohEHRT e th %%eef%ﬁgﬁtSt%%htgfggggf%dﬁg%%nd by

songs ek hodk afisle i r &ap Biled nit hehe ppreeweeonf (B) sheptengefore

agent _to synthesjze I 25 LN wothen
Iay%?éﬁlﬁ?gﬁﬁ?sgioffﬁﬁFg §?§€§f tﬁgoﬁagggggg%% tge
st apkbagcbebmeen dayexsdef of heseBeRieft - 2 cBRTRFRFHG®

| ayer ed. precu ' LE (Leughhesémpnt 8BdelBeupon
preEﬁF§8£l$§ f%?%hgéngg %%Eggnt%9ther2 y obtain a

nodegilednetyenatbnnbe| gyepEdYnBEBVERAFSA30 The nodifi ed

| ayer ed %EEaLE8ﬁ£EEEa%§tHHbﬁrhahdwhhehusbashbeean has the
obt ai ned by the production process. of the_.gke ibed with
| nvEAMPORSER} NFapSbERGs SHOREEEE Mathy 3 %%éﬁpl_é‘?%?al?e Wl

a cabalbyst kertas extdadi enepeacti the bantersisg getpd, the
el ement, resul ting. fro nsat.i.o an rahedBNbf acid used
itsépﬂd3gsﬁgeigﬁtt%ﬁ é%%gSélﬁggi?ngFe materi al .

whi @rhasebeentaolst, aithed thyrinige ofr 6@RERLEN 5?’80@?&"5@5‘ in
not .contri buti-ng .. eae ix@h amgy1he iah ,| east the like
parttl‘%‘ael |Cy?5%etr‘?§yg‘31%3’ tv%%zt?om 069746 PCD;'[{ JPZOO%{ﬂOJc%}%9 e

35 - demurddeidn giith -wespest 3@ Fhepfetns EHFPast wit

an ' I1osilicate catal yst having hi gher
Ged HERIA y g hig
perf%%%aﬁ%e can be obtained. The "contact with an

aci d'Presesrs dawiepd-i&Qrerd i) Jit 5 is perfornmed before or
after or mt hrefare jantmafier (e icaldsseniked irpkae The

fifth step, but this treatment, i . e heerial
applRERFSTHF Y Predh s{)lfr3165 B@& a%%@)%lo%rlg{é Wy it eria

modified in the manner of the stacking between layers and

containing silicon and at least one element selected from

the group consisting of elements belonging to Groups 3,
4, 5, 6, 7, 8, 9, 10, 11 and 12, gallium, indium, tin and
lead, which can be efficiently produced by the process
for producing a modified layered material having an MWW-
analogous structure of the present invention (I).
Furthermore, this is a material where at least a part of
the element is introduced into the crystal framework.

In this modified layered material modified in the
manner of the stacking between layers and having an MWW-
analogous structure, as the metal species other than
silicon, at least one element selected from the group
consisting of titanium, zirconium, vanadium, niobium,

tantalum, chromium, molybdenum, tungsten, manganese,



calcination (fourth-2 step). In particular, the
production of an oxi de of elenent as a by-product 10
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cal cination can be greatly preygnted. The "contact
with an acid" as used herein has the sanme neaning as
the "contact with an acid" described with respect to

t he, second st cot@ctdng ek hochdihe, 1oimcantd lead
uset $°or ?%bea%g’n%]lgﬁl,g?he con'ce%tralii oJrq of acid used

forig hentordweed 1Mo tihe nir ISt act, the sol vent in
the case,of jusiPghddeassid, asna wal Wiontare ¢he beke

--d i'bed w th- t to.th .
AP R ST G S2b bt BCErROT VRt O (115 )5 R 37 chaprer

i nvenhi oar{y])ths Ueperébedabetdal MireingrareiyW-analogous

i nvention I)_is_a crystalli e bab
nnd???%ﬂtV%et%E TRANRY “oF" hégg?%€{$% g%@?&gén Payer s
andchgoatekpingdsbyi tbs poddar Kevay ShEfBpehiapR pattern to

selected from?2 e nsi, 5 i obrel epents material
bel BngFhE2EH %Fgﬁ%g‘sg&ﬂnggg %é§%%9g? gf 0l oaT and o as

12, pgatihcad thndingh thenfanath éad, ShRPchfcahepBTS=°n*
eff&ﬁb@gEFanEQ ucgdwhYihheaprecess rhootheeoduwordg,athe
e

modi ayered material having an, MW anal S.
struequi@edff@ﬁéuﬁﬁe§§nﬁhﬁn9§ﬁﬁgag thyenggon 191Y°1s to have

Fur t.her ¥Bf&owk RS dii ¢ raaamEeni ainekeln ahel &5t patparn.

of the _elenent is introduced into the crystal
fraf®@beR. 2ln this nodified | ayered material nodified

in the mapder ofReleDitffckicngobeliwbes Piydedifigd Layered

havi ng an anal thr r net al

spedi rdFﬁZ¥%Wﬁ§ﬁ 3@&§%P%%8ﬁ?h§pgféggﬁhgﬁe el enent
sel ected fromthedghoup coRSlbivg FPHGHSHHum
zirconi um vanadi ym oRhobi uy tantalum chrom um

nol ybdenum tungsten, nanganese, WO 2004/ 069746

PCT/ JP2004/ 00100910 9%8-6{r dh, cobalt, nickel, zinc,
gal lium indium gintand lead is introduced into the
framewor k. As des r'QSd abo%g, the MAW structure can
be characterized bg'lfé powder X-ray diffraction
pattern. 5 Sim| arlly0.#he Ivayered material having an
MAW anal ogous structypesof the present invention can

al so be
3.9x0.2 w

3.4x0.2 \

When a transition metal is introduced into silicate,
a characteristic absorption sometimes appear in the
region from ultraviolet light to visible light. The
appearance of a characteristic absorption in the UV-VIS
spectrum can be used as one index for showing that the
metal intended to be introduced is introduced into the
silicate framework. The position of absorption band
varies depending on the element but in many cases,
absorption is present in the region of 300 nm or less,
particularly 250 nm or less. Accordingly, the
characteristic feature of the material of the present
invention (II) is to have an absorption in such a region.

Another characteristic feature of the modified



characterized by its powder X-ra [ [
_ y diffraction pattern
to a certain extent. The XRD patterns of IayePed

woab@ricedss  produced through the fourth (a) stepToP20041801009
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present 10 invention are shown bn_ Table 2. In

ot her
words, the required feature o? the present invention
(I'l) is to have the followng diffraction lines in

th XD D PRSI {T@P'@q@) prlROVes HrReyt Idd fiacte drave a

vayan;aé s \sﬂcm@a ﬁ?gf%/%l%\@ {Rata |’PFEH‘2’n§ ?atl‘iré 9f the
W é-g %@ LD cg% Ehd Oz £ ¢k 1 6y B tdvdan OldPeds w tie 4@@3.110@ of

w When transition
|ntp@ﬁ@%eﬁnlﬁ@% §$g+%%t%romep%§ﬁﬁ%£%e?$é£+%£§ %%?p%?o%reatly

fg”@}&s{@ﬁ%@?@@wc@ Tﬁih@d wegh omofman Layerned oheterighs or
ear f

strat tus maoehiethe) BBBSELRIE-C1 18 chprssterpelic

OnembaQEXe&OlaﬁbﬁmdngathaialhBrO@@¢%d threndiaths ggurth (a)

|ntroduce |ntr e |
e R TN ol e
A

t heagbenennebatred phng &agedd nabLePpP; pgrs de8iis, at a
n ngﬁeggb°§g§%r§99 8@1@f95¢85 526mpéy téx uhare y 2Bocher 0.6

nm or S ch t erd st
of thd/ greeerieFe ofs’?#efp‘cr‘é’éé?ﬁ (flhﬁsgn(flp 4 I()%I ;m%l su{g
have an ahsopRtiredehn adolpsivagampunandshaeasured by

h
O e s g 4.5y Loy T {1 eV 2p08t g o

pr es@it-eiravert end mond taniega thieapge SFyce @6|@ﬁ@l¥&§rlum
gtggﬁf tt%@tnodhﬂhF%&'%P ?&tf@& cHRNDEr gPhdblRly increased

ers ume of “pores .in the
rewama1Hhmnwm£@p¢maumannaﬁwﬁmﬁéﬁ.§Qﬂh&ﬂﬂ%ﬁ%§Y monitored,
i ncreased, a3 ¢prRaheds¥thBrfokBtnbayeyaddmaterbges or

temperature can be obtained. In the present 1nventlon,
the N, adsorption amount at a N, relative pressure of
0.95 and at a liquid nitrogen temperature is used as an
index for showing the size of mesopore Or micropore
volume. If the relative pressure is close to 1,
overestimation is liable to result due to the effect of
condensation, whereas if it is too low, the obtained
value does not sufficiently cover the volume of
mircopores. This can be easily read from the adsorption
isotherm of N,. The N, adsorption amount is generally
denoted as the amount of gas in the standard state in
many cases, however, in the present invention, a value
denoted as the volume of N, in the liquid state is used.
This value can be determined from the volume of gas
adsorbed by a simple calculation (such a measuring method
of nitrogen adsorption amount is described, for example,

in Kyuchaku no Kagaku (Science of Adsorption), page 147,

Maruzen (1991)).
As still another characteristic feature, the

modified layered material of the present invention has a



zeolite materials. For exanple, in the case of a
nodi fied | ayered material produced through the fourth

woado4/s9@p of the present invention, the nitrogemwIP2004/001009
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adsorption anount neasured at liquid nitrogen
tenperature is, at a 10 relative pressure of 0.95, 0.5
cnB/g or nore, further 0.6 cn2/g or nore, stil

furthetf 0. 75 C /cgngg r MO{Lr e rtid rgean mmoxmime
red by

t act
a Immﬂmaﬁsm@m at@rﬁéggéfﬂg%rll ks I\%on’f?%‘ﬁfanlgf'i o BY virtue
Pressung; ateeoutd brégen 451 e Iﬁiﬁer:azrrmm:‘,clmfcmnot enter

i ntroduced is raduall i ncreased n g m
pr e@s%r@ﬁ%d%o?lfl%u%%%%y Ljr %r%%lrgl ‘Mﬁge‘gdg%é%ww

i sofheram @te thgn | beui dadtéd ogemhen ebper aeae el eahY bef

obtalned. In the prese v d £ieD
ORI LaRCHERD TRPAPTULE P BegirefTpa G QErareshpilsing an

| i Oyicflgant [ ogeemberpér aingeissugeddaasthf 1PAGEx FOP

showi ng the size of mgsgpo Qngmggre gekuaplyl & times
thec?ﬁgﬁF?%gnpfggsurggl§QCF§g§E ove?gstlnatlgal .
is bkathetotheSUbf aa@l@betﬁétéF#ééﬁ pfving a Hor

cond g;_‘aog whereas if it is too |ow the obtained

€S not sufficiently cover the vo 3
nlrcoporésreIhb§1@Hm E@ee§§?ﬁﬁn%eéBVPpgﬁPPhbgqg 8k describe

adsorphiber gksatihermal rN2ZertheeN2oadsamptliesn anount
is generally denoted as the amount of gas in the
standard state in nany cases, however, in the present
|nvent|oqugmpab¢q 30 denoted as the volune of N2 in

t he Ilqugg state is %%ﬁ%ntl | § V4R 1GHRPEN greater detail
VO

det er ni nédS I as adsor bed & oo les
SIm@eadwﬂhyunuﬁanrxmwdh>§ Mg MEIRId se Examp

ni ¢ r|8_7‘3‘ 305or Wbt + ARUYE ltﬁhéﬂ deed, i rfvarn tebcamsirg] the
in hdkt’ 'no Kaga

u (SC|ence o} or pt.i on),
147 pre@emmrinrantimy 9 noks Hiyge Aog%iﬁ jee e Eadtiles
char@gler) Al f@%%x@lé&%m&%ﬁpmﬂmr@wm%&] al
of t e pr esent nvlentj on, has 8 3 0 z@@f‘f@@%&“@erlal

© g ce
area tham M/&Mzewéumaetembrw@ swmqfhe% into a Teflon

I e LTSI 0oL L SGULALI 1Y = By Wit ons o ko and

arge matrix which, cannp r h
| nsi clempdny) Zeedkee- awehW%fh%ﬂﬂv%da%%n{e %wa“ﬁ? was
added and dissolved. Pure water was added thereto and
the component analysis of element introduced, silicon and
boron was performed by using a desk-top plasma emission

analyzer (JY388) manufactured by Rigaku Sha.

The conditions were as follows.

Powder X-Ray Diffraction (XRD)
The powder X-ray diffraction pattern of the sample

was measured by the following apparatus under the

following conditions.
Apparatus: Powder X-Ray Analyzer MX-Labo manufactured
by Mac Science.

Ray source: CuKa ray (1.5405 A)

Condition: output: 40 kv-20 mA



5 structure can be reacted. Wen the reactivity of
cycl ooctene i ncapable of entering the pore conprising

wanoomsygen 10-nenbered ring is used as the i n@e€XJP10h€001009
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conversion ratio is at |east 2 nes, preferably 4
times or nore, that of zeolité material s havi ng a
normal MAW 10 structure. Hereinbel ow, the present
i nv an w |l b escribed. in nore detail with
refggéhce to Exa % Esgnples] 15 The present
|nvgeghgmngssg@@arlbed/mmngreater detail bel ow by

referring; Lo exgRlies, RRUeYeL: hne Sc’é%ﬁﬂip' g 0n|y

sho

pr esent mheenﬂtmavuglRGPVhswbﬂ@dab§0FEé§QHE§§ﬁ6W€§m was

[ Anal L n bhvgegaaﬁmh@ﬂ mé@hod by

Elews%%a%%dAﬁgﬁéQQH %ZF%OQ gqggggﬁlte éem

zeolthee fodflomialy wepakeityFed ST tReTEA GV LRI ‘Gonditions.

(reﬂgﬁg?%%GStra@@ﬁﬁkkU@VVES'Sp@éﬂ%@ﬁéﬂ@% Nessswr snaandf actured
beaker and ééﬁ{ofluorl id (50 nmass% was

added and di ssoR¥ed? & d' added thereto and

25|M@%s@%@@@%&ﬂ@a@@@lySZSO?{oe$@memm mtrodugedk t
silicon an n Qr a des op
pl asivd dﬁﬁ?;fp gf Nyt gg?ured by

nggguA r {ancondltlons mere as follows. Powder

raction (XRD]l 30 The Eomder Xz ray ollowing
dlffractlﬁﬂﬁ 6&t?€?ﬁrBFlPﬁeW§§nﬁ asuggd H@asureg 6y °rhe
fol ld appesatilse Lﬂlﬂ]Elbvhh&; o‘cnidndwqrgs camblmheaﬁé

Appar at us: Pomder X Ra aftMiefred from
by AL Hay source %EH¥K ra (1 5405 A?I

Condittd cmoumtt mﬂt gakd ads@barh alD o0 By pressure of
PCTQ;EggO4/001009 - 39 Range: 20=2 to 50 Scanning

speed:

7mn. Utraviolet Visible Absor tio ectru
( UV)APHHR attug avi B2 b3 oxp s?%é“%é‘?ﬁ‘b’?‘f% 21?% ﬁn Inc.

Measurement temperature: liquid nltrogen (77K)
Temperature of air thermostatic chamber: 313K
Equilibrium adsorption time: 300 sec

Example 1: Preparation of Titanosilicate (1)
[Preparation and Acid-Treatment of MWW Borosilicate]

In 684 g of ion exchanged water, 243.2 g of
piperidine (hereinafter simply referred to as "PI")
(produced by Wako Pure Chemical Industries, Ltd., purity:
98%) was dissolved at 25°C to prepare an agueous
piperidine solution. To this aqueous piperidine
solution, 165.8 g of boric acid (produced by Wako Pure
Chemical Industries, Ltd., purity: 99.5%) was added while
vigorously stirring. After stirring for 30 minutes to
completely dissolve the boric acid, 120 g of fumed silica
(Cab-o-sil M7D) was added and the stirring was further
‘ontinued for 2 hours to obtain a mixture of 1+8i0, :

.67+B,0, ¢+ 1.4+PI : 19H,0 (by mol).
This mixture was transferred to a 20 liter-volume

9]

[en]

Teflon-made autoclave and stirred for 120 hours at a



measured according to a diffusion reflection method by
the foll owi ng apparatus under the follow ng

woandiob9ans. Apparatus: JASCO UV/ VI S Spect r onBCEIP2004/001009
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V- 550 manufactured by JASCO Corporation Measurenent
Range: 200 to 500 nm St andard terial for base line:
BaSO4 5 N2 Adsorption The N2 adsorption was neasured

by the follown t

con‘b‘?q't g ?qch W rg%l oahnecaénouén]fm%hg? h%fl}ﬂl)ncd

st atfremstival conptedion oo HHeC RN ERA YRE %‘ag%r‘g

at a 5fé($ %/%@J@smet@é do a 9£§rodmcparwaslsseﬁ&ts’oeqb from

28A PHAU ured by Bel Japan,

te”b@¢a¢@m@en¢$d@Ydfh}¥¥%b€ﬁn(% 'wa%%%éév% eggfexchanged
thgﬁ&@éfat'@héhﬁﬂ@ﬁing3ﬂég»réﬁaate®rmmu1hdsbeppﬂoﬁf the

tine: 300 Ex
P RS bRt et 5 TS} Thpgnonthiesacsoria

Bor ﬁbau@atg&s dni6@4ay of temperxthangedl fAierangsgadcined
peridin r er S

"Play iSE%Bp%E%EéngSEVQEB gurL@%%gﬁfggfﬁéagstlaSgroduct

LtdwaspuhenyaCl@8@§eah§dda§sélVQEpﬁFaEBE?tB pi@ ﬁ g 20

aqu@ggglne&p P §e3§0hytbgn6 f81Vhiseaqteeusc acid per g of

pi p
by WREOSQELWL@ gﬁ@ﬁv@5| | AGGSEr Fgfg Qﬁﬁl'afe%%b?l. %’?r %3585%

g%ﬂ?ﬁ@'|%heZQoYhﬁobﬁuahMeatbyrfﬂ@tratuen was calcined

st| rr| ng for 30 mnut S
bor B& acit@MPeIELyrEf © ﬁég §i ?nga%ehéﬁgl SSOITYI%I?TDhewas
addggrand sthecshi noilag \mslbubﬁhehlscenﬂllﬁluééleﬁ@@rrozlated

hours to .Qhtain m xtur.e 1-S 2
p | bOrpggd caly b Ozg%+7 g?ésuﬁgligs%%s fhrther acid-
tram&%@mbddatoaat@@ﬁanamur¢op@né00f§fﬁ@§ wdgdours by adding

aut

S00a0084 758 BCHPIEAG 4f83f%%gch%%ﬁg BeraghBf cthe solid. he
100 boporg(ts id iicemp Eodedr & 3301 ASC hearedrid ng&ﬁ%&h
COMYIBIION 0fa 8l I)T idkba iRl GaNtfaNttr atton adduiedhe

25C an

comc@q?gfe%&q%°lc{f?a%ﬁaﬂ%%gﬁe A A axchanged
[Preparation of Layered Precursor Titanosilicate Ti-
MWW (P) ]

In 30 g of ion exchanged water, 14.5 g of PI
(produced by Wako Pure Chemical Industries, Ltd., purity:
98%) was dissolved at 25°C to prepare an aqueous PI
solution. To this aqueous PI solution, 2.3 ¢ of
tetrabutyl orthotitanate (produced by Wako Pure Chemical
Industries, Ltd., purity: 95%) was added while vigorously
stirring. After stirring for 30 minutes to completely
hydrolyze the tetrabutyl orthotitanate, 10 g of the
deboronated borosilicate B having a boron/silicon molar
ratio of 0.0017, which was prepared in Example 1, was
added and the stirring was further continued for 2 hours

+to obtain a mixture of 1-sio, : 0.038-Ti0, : 1-PI : 10+H,0

(by mol).
This mixture was transferred to a 150 ml-volume



5 water. The washing was repeated until the pH of the
washi ng water becane 9 or |ess. The thus-obtained
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calcined at a tenperature of 6QOC The calcined solid
product was then acid-treated at a tenperature of
100C for 20 10 hours by adding 30 mMl of 6 nol/liter

nitf%f%gﬁ'ﬂa?@raQtQEla§Qea§9|églﬁféduﬁbr AbBehotihe at a
conpl € treatnment, the solid, obtai g 27
0

f.|roaat@ﬁnmase@a|@ﬁnée TBY &tt&npERRERPEIGF 8
E@Hé§ tﬁbecoﬁgneeiéhlb@ostmakang;athe obnthnssswera

oronated 15 boro te. A 2 ' i :
SCPGF?HeFOaEPdC FPaa%bgaﬁgléétg%ﬁggggu%éso%gkgaaekadfrom
20 Bﬁ@rgo?%eﬁds:bg fSQtﬂbtmbnGanﬂlwashed wilthi éoacpgchanged
so| |
Pl [ bl L s g o
fil waahiiog abter bheam209CQWpﬂ@§BOn ) eaéPHSrPééﬁﬁéﬁF solid
??fg%ggg%% W EP$§R@BM%F°% QEmb@%%%@QePBQC®m§QIto obtaln

ica exchange
wat éayer¢d5tgt@f10|9|llzga(t§r Eéu&“@&’(%;) 60 SOt cursor of
lgdgﬁgggggiékbd T%%rkgﬁanl%&%klma&oﬂl3&dbme¢aau02©¢ thls
aqueqQus ut| o th
(o1 Besioro Ry 4e Falt il <5 b R AR By

3g Q@ﬁgoPﬂﬁﬁ Fh@muQal I ndustri es, Ltd., purity: 95%
s adde il.e vi stirring After stirrin
for (3% %HE@§§ C%pﬁ%1%bﬁyég]h drol yze the tetrabutyg
(ﬁrt hot i t a]gaat e;b/t:b(ir@dofsqlhsl Sied"BHEOs 1aT &% ‘JB
avi n d r Y
tﬁ_%eag:ecp Qc fd é‘l{bﬂaﬂ hour& dbgze%fdd}tr@bo nvhicsh 2

ar e . Was and t he st
s ol AHidrers TR AT S TENGUIE S Db F Gfict 0 The

_Itht r&;(‘g A2 $n D L3811 0% atrder waslGF{red bhiyn ol Jaqueous

is mXture was transferred to 50 vol u

200 HTBOTRE SRS B ORGSR -5 zé 1‘33 %xaérei@”ﬂrmethyl

gugg%?%%n%ﬁdfd&ﬂ Braldfidiourmumttia: Dt htiod g of

cgrrp?%ﬂ W?ﬁﬁﬁﬁ?rﬁ&ﬁ?ﬁ%@}% en{ sllg\/\dg&ed ?g%lefed%{kg Kasel

25C wawglyd heo spl Tt py o@u@tli?/va@ shpenteEchapged water.
resulting slurry had a pH of 12.0. This slurry was
heated at 80°C and then left standing for 16 hours. The
obtained suspension was treated in an ultrasonic
irradiator at 300 W and 35 kHz for one hour and then, 2
mol/liter nitric acid was added to the slurry while
stirring until the pH became 2 or less.

The solid matter was recovered by centrifugation and
wached with ion exchanged water. The washing was
repeated until the pH of the washing water became 9 or
less. The thus-obtained solid product was dried at a
temperature of 80°C and then calcined at a temperature of
600°C. The resulting solid product was acid-treated at a
temperature of 100°C for 20 hours by adding 30 ml of 6
mol/liter nitric acid per g of the solid product. After
the completion of acid treatment, the solid obtained by

filtration was calcined at a temperature of 600°C for 10



5 the contents by filtration and washed with ion
exchanged water. The washing was repeated until the
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t hus-obt ai ned solid product v dried at a
tenperature of 80C to obtain  layered titanosilicate
Ti- MW P) which is a precursor of 10 MW zeolite. The

tltﬁghggés'& €O 1 IRAk %ﬁﬂQc@E h@rar raydice @ fmather irglsulting
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anged water.” The resulting slurry
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then | eftp aridd(éf‘p d Wl O WS adEbeptdbhaiisedherm of the
suspension Wwas treated in a Ul tr.aso
at 30T NaR Sy ¥ied At o ourr‘ﬂ:}}ﬁ]oa#% %ptjz&q Rl
ol /{ddefaddd ré\ﬁeraCiId vies m@mma)tteberslmnye vib¥¢gsure of

stlrrlng until the bec r
mat ter! vils W%%%V%Q% i Ce %g%%?%ﬁt%%g@bgééédof mesopores

Wi t hari d mBoodaonges mtb&rqqhe %Wm@%%%&é‘&% at a
#22'%@#£¥1{§* fo L 8@ -dasHI g yal L8 @e@§”@m9@9r | ess.

ned solid, product,mas drle
aple 2 €DARAL L PBNOE L LEFRAS KL et-at ur e
of 600 Trﬂ@di??:é‘!itlé‘geﬁ@ﬁlQlﬁé@dslf;ll&\aﬁeawasl pbeaired in
at a tenperature of 1

0 urs_ by, a g n
of 6tBS FRNE|PRRPCH| 8P ena%mmag? %?C?ﬁ‘é gg%g e
pdeMEEra§$h@é ithedtaspbet and vheasildsegeantendjushgent of

solid_o ta filtrat C a d.
o b 515: 2B by EGh e S5 oyRey Abespersomme
PCT/@E@OﬁﬂtQﬁiGﬁQS1114@n holes. r&héOtpﬁaﬁhaﬁ{§Pﬁﬂé6ﬁd layered

nol ar gulting nodified |ayered
naterlégghgl % %Zg bg . 1 shows éhe XRD atte{ﬁé§ﬁ of the
this nodi Fiigd 2(b) shows the N, a sorptlo 1s0

modified layered material. The N, adsorption amount at a

relative pressure of 0.95 was 0.56 cm’/g.

Comparative Example 1: Preparation of MWW Titanosilicate
The solid product obtained in the preparation of Ti-

MWW(P) of Example 1 was calcined at a temperature of

600°C for 10 hours to obtain a titanosilicate having an

MWW structure.
Fig. 2(c) shows the N, adsorption isotherm of this

zeolite material. The N, adsorption amount at a relative
pressure of 0.95 was 0.30 cm®/g. Fig. 4 shows the UV

spectrum.

Industrial Applicability
As described hereinabove, unlike the conventionally



| ayered material. It is seen that the nodified | ayered
5 material has the above-described characteristic
woeaiqegr40f " Table 1". Furthernore, a diffractPOnJPio0€001009

is present at the position sig%lgr to MWW zeolite
material and this reveals that~ the nodified |ayered
materi al has an MAW anal ogous structure. 10 Fig. 2(a)
shaws t he N2.adsorpti | of tdecrs®dhitedial having
I aaﬂ}oéfﬁn npaﬁ%?lf%%é#hgp%%%%)%‘%%& am)uihﬁe jncreases. ..
evem MWW fena bogons a3 tEIGBIER i VBN RS ETHP" Bﬁ or
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[ I kicahe chheenliothapr eduwctesabt ai ned in the
gyg%§F%??%§ &P Ti- MW P) of Exanple 1 was cal ci ned at
a tenperature of 600C for 10 hours to obtain a
titanosilicate having an 30 MMVstructure. Fig. 2(c)
shows the N2 adsorption isothermof this zeolite
material. The N2 adsorption anbunt at a relative
pressure of 0.95 was 0.30 cnB/g. Fig. 4 shows the W
spectrum 35 Industrial Applicability As descri bed
her ei nabove, unlike the conventionally WO 2004/ 069746
PCT/ JP2004/ 001009 - - 43 known producti on processes
for a layered material having an MAW anal ogous
structure, the production process
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large ionic radius (which is difficult to be -
introduced into the framework in the conventiona
process) can be introduced into the framework with
good efficiency, and the preg@iivg nvention can

provide a |layered material 10 confainin uch_an
el ement 1n the prageswrkORNBr AT HEYaf AR AR bgyeEed

str ichebsnadtéfisul t cbmpbesint ahaeflolhowhag first
coﬁ@%%%?g%%F@grocess. WO 2004/ 069746 PCT/ JP2004/ 001009

- 440 CLAFWMSSTEPSA process for producing a nodified
| ayered netakkest! seape material, conprising the

followng first to fifth_ st +1RgFLl 8k xBlieR: cBnskeRing a
of heating a mi xt ufe® 88t8?nﬁ%étéﬁgtenp gte cqmpound

a besaplaespoongpuadsi ki bOHOBORPEPANAE: GoRpdaRgRafRgntaining

wat er _t o therehy in.a WES @b taAh; endsStrepd ) ;
10 Sogggﬁngfaggigg?%ga?PnSH%EE grecursora(E$© obt ai ned

in the first Seepndt §t€Réreby obtain a precursor (B)

Third Step: a step o0kthgabicngctide tpeeeungortheBpregursor (A)
obtained in the second step in the presenc f .
swebbitagneglgdm the 4418 §%§H' e e&@%ﬁégFgfé% Fo?recursor
thergly obtain a precursor (C); Fourth--Step: a step

of nodi'fying the nanper of the 20 stacking between

| ayers in theqﬁFégﬁﬁgﬁﬁL(CD obtained in the third

step, to thereby obt atepa off dmatsmg (e RERFULSIL HB)

Step: .a step .of | ¢jni t r6€ Wisdrohddendcdicd nedwelling
in toll?étafl&tﬁ‘fﬁr%ttgn% %e{)&{}%er%gefpolbt ain a mdified %? obtain
| ay ercech thetcald did | weld rdtee LGS UZEOITHER hridt s Fu1Y
pr odau%rr&ﬁ,ggpi(d)e;d | ayered
Fourth_Step: I .
a step of modifying the manner of the

stacking between layers in the precursor (C) obtained in
the third step, to thereby obtain a precursor (D); and

Fifth Step:
a step of calcining the precursor (D)

obtained in the fourth step, to thereby obtain a modified
layered metallosilicate material.

2. The process for producing a modified layered
metallosilicate material according to claim 1, wherein
the following first-2 step is performed between the first
step and the second step and the precursor (A') obtained
in the first-2 step is used as the precursor (A) in the
second step:

First-2 Step:
a step of calcining a part or the whole of
the precursor (A) obtained in the first step.

3. The process for producing a modified layered
metallosilicate material according to claim 1 or 2,

wherein the swelling agent is a surfactant.
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obtained 30 in the first-2 stepmds used as the
precursor (A) in the second step: First-2 Step: a
step of calcining a part or the whole of the

precurSOP (A)ngt kB@@sbnbeepEbﬂﬁblﬁbea mdBi¥iedhéayered
rocess for

Ero u0|n no I ed |laye
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whereln of t .
B tﬁé gséntC%%e ﬁ%t% gcg%%dyﬁ rgﬁldMalﬂlﬁhewhereln

5. The pﬁo@@sst,hmmplﬁo@lﬁcutﬂv@ £omd@icti dtha ;t@,eec?wellslng agent
met gl eyl 't‘?ﬂtr%i HRY iial raerondi A tie .@l.ai m 4, wherein

the pH at the tinme of the contact wi,th the swel.l | 9

agent i § -t he T PFOSESS O rpdfrﬂdffltn@ fszu)dvi? eﬁ: ayered
pr?%ﬁ%&ﬂ%@éﬂ%?ﬁﬂﬂélmaﬁﬁﬁﬂuﬂfadﬂbﬂdnng%hbZth one of claims 1
met al | osi l i cate eri.al _accardin

cl aitfs °r HETsL ei TS & o Ilee%‘a Scrhzen{aét qpc%eco{:g]nltglc the

Wi t rmellalrﬁ;/\eigemg iagerite mh:tmﬂe sten dsstfeppn $G rgmBY °C.

to 180C 7. T %%%J(ybﬂﬂé¥q5ﬂé¥h A dadidi Eitkg layered

| ayer ed et al osﬁ icate material according to any ne
of mieajaisloblll:lfcat’tce eatehieiedi RadRrdigld dh r?d‘ys%deZ claims 1

ste
t hi B’éj iy ep a%dé-@ﬂ R vean dhis $ erivh st 2wl idigperformed

precursor (B Al in th
secdmtweest df1g §QJ%<€Hi &Ler *'é{‘% @’blr CP S%)ef? PRfethe
t hi g sheis o rseEdnd-ch 3 i8fed 20 atlﬁé &i{hdﬂnd@tsmtm} used as
precursor (B obtalned inth iond sfep together

wi t FhsheR spte (Rbnigbd P2 conpound
cont ai ni ng at $a&srtd-cmestqiaerrent selected fromthe

el enments bel ongi ng di
table to thereby ob% al %é)u@gelg%?%%}&%% %ifc@@éép (%)
obtained in the second step together with the template

compound, water and a compound containing at least one
element selected from the elements belonging to Groups 3
to 14 of the periodic table to thereby obtain a precursor
(B').

8. The process for producing a modified layered
metallosilicate material according to claim 7, wherein
the following second-3 step is performed between the
second-2 step and the third step and the precursor (B")
obtained in the second-3 step is used as the precursor
(B) in the third step:

Second-3 Step:
a step of acid-treating the precursor (B')

obtained in the second-2 step, to thereby obtain a
precursor (B").
9. The process for producing a modified layered

metallosilicate material according to any one of claims 1



8. The process for producing a nodified |ayered
netallosilicate material according to claim?7, wherein
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second-2 step and the third step and the precursor
(B") 30 obtained in the second- g step is used as the
precursor (B) in the third step: Second-3 Step: a
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h
fol kowilAg WoGreRn Eap gpggt%%g.efph?g; E itl%%m? tf%?rth
del aaiynatieRg at least a part of 15 the smollen

precursor (C) obtained.in.the third ste 12. The
process for p 6@5%Pnd 2 E%ﬁ*?led Iayereg
netaII05|I|cate naaesmap adc srediang nied i@idajad Jeast a part of
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13. The process for producing a modified layered
metallosilicate material according to any one of claims 1
to 10, wherein the fourth step is the following fourth
(b) step:

Fourth (b) Step:

a step of interlayer crosslinking a part
or the whole of the swollen precursor (C) obtained in the
third step.

14. The process for producing a modified layered
metallosilicate material according to claim 13, wherein
the crosslinking agent is a silicon-containing compound.

15. The process for producing a modified layered
metallosilicate material according to any one of claims 1
to 14, wherein the following fourth-2 step is performed
between the fourth step and the fifth step and the
precursor (D') obtained in the fourth-2 step is used as
the precursor (D) in the fifth step:

Fourth-2 Step:



25 a step of interlayer crosslinking a part or the
whol e of the swollen precursor (C) obtained in the
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| ayered netallosilicate materigl according to claim

13, wherein 30 the crosslinking agent is a
silicon-containing conpound. 15. The process for

producing a nodi fi gdgkayeredachatakbasihgcahe paeenirabr (D)
according to ané one of clainms 1_to, 14, whe %in tge
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erein the tenplat
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proqyei RY +& JRRMi-fded diayere dompriuald dsi larc el meatcer ical
according to claim16, wherein .10 the

rutIQﬂﬁﬁ?Hﬂﬁﬁ%M%ﬂmﬁ?%ﬂmnﬁﬂﬂ? Q? an anine or a
quat er naryg anmT wocrEEIE: iR duTHaprogeski figd layered

gggg}e&qﬁgq rindciaftiee%ga.t ;a‘flg ag rﬁi an;S'tJ.d AL et@r vlerein
ni t rmmemmucqu@wwmmd:m@%nd destatone it Mt oF more

plpefgg?ne ]hexanefﬁﬁﬁ%nelnlne and a f%ﬁ%ﬁ%fﬁf piperidine,
plpéﬂaxﬁmﬂihﬁﬁﬁHQﬁﬁwgﬁ%t¢ﬁqEﬁmﬂ%ﬁqﬂge <§EE% and

Lg{ggggﬁﬂgg g hmglifd ed | ayered netaII05|I|cate

rial accor to a ne of clai

wherei n the bot %ﬁ‘n %fg Cguun s aql&? fPeésl%yered
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tb:)Ir Iali?qqa/f%gr%kgol[eant.nesthg%gf]orﬁ)xécgﬁ@alrpﬂ{@rb&ﬁ‘ﬂ)d)@l@é f0at least

one or more member selected from the group consisting of
boric acid, borates, boron oxides, boron halides and
trialkylborons.

20. The process for producing a modified layered
metallosilicate material according to any one of claims 1
to 19, wherein the silicon-containing compound is at
least one or more member selected from the group
consisting of silicic acid, silicates, silicon oxides,
silicon halides, fumed silicas, tetraalkyl orthosilicates
and colloidal silicas.

21. The process for producing a modified layered
metallosilicate material according to any one of claims 1
to 20, wherein the ratio of boron and silicon in the
mixture of the first step is, in terms of the molar
ratio, boron : silicon = 0.01 to 10 : 1.

22. The process for producing a modified layered

metallosilicate material according to any one of claims 1
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conpound is at |east one or nofe nenber selected from
the group consisting of silicic acid, silicates,
silicon oxides, silicon halides, funed silicas,
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netalIOS|tvcatEhaapeocaSsaﬁ@brﬁrﬁéu@bnﬁn? pRdisied layered

Cla'ﬂgt&11031llcate material according to any one of claims 1
to 26, wherein the calcining temperature in the fifth
step is from 200 to 700°C.

28. The process for producing a modified layered
metallosilicate material according to any one of 2 to 27,
wherein the calcining temperature in the first-2 step is
from 200 to 700°C.

29. The process for producing a modified layered
metallosilicate material according to any one of 7 to 28,
wherein in the second-2 step, the precursor (B) acid—
treated in the second step and a mixture containing a
template compound and water are charged by isolating
these from each other and a dry gel method of bringing a
vapor of the mixture containing a template compound and
water into contact with a mixture of the precursor (B)
and a compound containing at least one element selected
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according to any one of 2 to 2T Wherein the
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according to claim 31, which comprises at least one
element selected from the group consisting of titanium,
zirconium, vanadium, niobium, tantalum, chromium,
molybdenum, tungsten, manganese, iron, cobalt, nickel,
zinc, gallium, indium, tin and lead.

33. The modified layered metallosilicate materlal
according to claim 31 or 32, which is synthesized by the

production process described in any one of claims 1 to
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