- 1 - 7 Septenber 2006 DESCRI PTI ON MAW TYPE ZEQOLI TE SUBSTANCE, PRECURSOR
SUBSTANCE THEREFOR, AND PROCESS FOR PRODUCI NG THESE SUBSTANCES 5 Thi s
Application clainms the priority of an application based on U. S.
Application Serial No. 60/363313 (filed on March 12, 2002). 10 Techni cal
Field The present invention relates to zeolite substance _having a
structure code MM a precursor therefot having a |ayeredSsptembardP and
processes for producing these substances. 15 More specifically, the
present invention relates to a zeoliée bILance having a structure code
MAWto be produced by utilizing aDﬁg Fzgtﬂf esis nethod, a precursor for
the zeolite substance having a | ayered structure, and a process for
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15 More specifically, the present invention relates to
a zeolite substance having a structure code MWW to be
produced by utilizing a post-synthesis method, a
precursor for the zeolite substance having a layered
structure, and a process for producing these substances.

20
Background Art

Generally, "zeolite" has been long a generic term of
crystalline porous aluminosilicates and these are (810,
and (Al0,)* having a tetrahedral structures as the basic

25 units of the structure. However, in recent years, it has
been clarified that a structure peculiar or analogous to
zeolite is present in many other oxides such as
aluminophosphate.

International Zeolite Association (hereinafter

30 simply referred to as "IZA") organizes the frameworks of

zeolite and zeolite-like materials in Atlas of Zeolite

Structure Types, 5th edition, edited by Ch. Baerlocher,

W.M. Meier and D.H. Olson, Elsevier, 2001 (Non-Patent
Document 1) (hereinafter simply referred to as "Atlas")
35 and each framework is denoted by an IZA code composed of
three alphabetical letters.
With respecﬁ to the details of the history thereof,



Zeolite" by Yoshio Ono and Tateaki Yajima (conpilers), Kodansha K K
publ i shed on July 10, 2000 (Non-Patent Docunent 2) nay be referred to. 5
The definition of "zeolite" as used in the present invention is based on
the definition described in Zeolite no Kagaku to Kogaku (Science and

Engi neering of Zeolite) that zeolite includes not only alum nosilicate
but also those having an anal ogous structure, such as 107/eptanbes3fq§ cate.
In the present invention, a structure code conposed of three al phabetical
capital letters derived frontthe names of standard substances |n|t|aIIy
used for the £¥&4S ‘ 2 ¢
t he structurezefl zeol |btyeyOIhts @mlaudesata@s;e vaejd(afadedompmétsl Bs and those
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Si eve" of Hy Y t§ or, andard Chem stry),
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(Non- Pat%ent DRtifemEi3)icateeolite and zeolite-1ike materials have various
framewor ks and t hanf tarepoekemppmoeediby, | ZAstimelitudescddd capesieds unti |
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bei ng di scovered and a% anewor ks a ve are ntroduced on
t he honepage "3 & fStPB ’f/‘ersuqsﬁé‘nf:?ang’gbtrll?slereﬁSFf’eEI"’al"’r Gre not al ways
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franmeworks arghe structure of zeolite. This includes those recorded
in Atlas and those approved in the 5th and later
editions.
Further, unless otherwise indicated specifically,
the "aluminosilicate" and "metallosilicate" as used in
20 the present invention are not limited at all on the
difference such as crystalline/non-crystalline or
porous/non-porous and include "aluminosilicates" and
"metallosilicates" in all properties.
The "molecular sieve" as used in the present
25 invention is a substance having an activity, operation or
function of sieving molecules by the size and includes
zeolite. This is described in detail in "Molecular
Sieve" of Hyojun Kagaku Yogo Jiten (Glossary for Standard
Chemistry), compiled by Nippon Kagaku Kai, published by
30 Maruzen on March 30, 1991 (Non-Patent Document 3).

Zeolite and zeolite-like materials have various
frameworks and the framework approved by IZA includes 133
species until the issue of Atlas, 5th edition. Even at
present, new frameworks are being discovered and the
35 frameworks approved by IZA are introduced on the homepage
thereof.
However, the frameworks reported all are not always



relatively limted. It is considered that the industrial value is
generally determ ned by the uni queness of structure, the production cost
and the like. Among 5 franeworks di scovered in recent years, MMV structure
is particularly useful in industry and attracting an attention. The MW
structure is a framework peculiar to zeolite represented by MCM 22.
According to Zeolite no Kagaku to Kogyos(Science and 10 Erfgptereesri2f@p of
Zeolite), a patent application for a synt hesi s method of MCM 22 was fil ed
by Mobil in 1990 (JP-A (unexam ned published Japanese patent application)
63- 297210 (Panematubopuriedustyy amd irversgafieély beohowifgzneworkd .areported
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conpar ed with a tunnel above

pore net%or ksERginpeisiag o80Zepiitial a o Q?é?n‘an@mlltmrlné%l@nal net wor k
is forned by siftmesemednhbd ngs 21@E2Q06dsPOL BSd HyT@'o:bl\M'lh.ﬁthSSO pure
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process for %/Ife Z€0 roce util 7dr ot her mal
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Subst ances obt al ned
thereof 1s bor05111cate having the following unit cell

composition:
H, JNa; 1 [AL, ,Bs 151¢6.50144]
The characteristic feature in the framework is to
20 have two pore networks independent of each other in the
direction perpendicular to the ¢ axis (in the plane
direction of layer). One of these pore networks is

present between layers and a cocoon-like supercage
(0.71x0.71x1.82 nm) is two-dimensionally connected to six

25 supercages therearound. The supercages are directly
connected to each other by a l0-membered ring and
therefore, a relatively large molecule can enter into the
pore as compared with a tunnel-like 10-membered ring
pore. Another of the above pore networks is present

30 within a layer and a two-dimensional network is formed by
l10-membered ring zigzagged pores. ITQ-1 which is pure
silica, 88Z-25 and the like have the same framework.

As for the production process for MWW-type zeolite,
there is a process utilizing a hydrothermal synthesis at

35 around 150°C using a relatively inexpensive
hexamethyleneimine as the crystallizing agent.

Aluminosilicate can be synthesized at an Si/Al molar



hydr ot her mal synthesis and showi ng a production behavior different from
zeolite are generally a layered precursor (comonly called MM 22(P)) and
are characterized in that 5 when cal cined, dehydration condensation takes
pl ace between | ayers and MCM 22 having a zeolitic 3-di nmensional structure
is formed. However, in recent studies, it has been reported that

produced by the same preparation nethad,while 10 chargind S&meﬁlPifézo%munt
of an alkali netal has the sane framework as MCM 22. This reveal s that not
a layered precursor but alum nosilicate having an MAW structure can be
directly obtafdeP £&f d5ptddiet cfubskenagdroetrinrd bysyphehesis (see, S. L.
Lawt on et al. hyd]roﬂ-'}’h)t&alCﬁ?xﬂihesh@,anﬂﬁsﬁ&&ﬁuﬁ @%@bd@h@ﬂoﬁ%&[ﬁv1@cumm
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of MAIV structyf. MCNDWS ]F&\&Jé(ic%é’l ¥F%r@$&%%%%ta§ ﬁgnb‘ﬁ)ﬁ °% aﬁkl ng the
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exanpl e, A LRl Ble a\GRR0N OUS: MBRANGIOUS M Cle il eS0T, (2000)
( Non- Pat ent cunent g}‘.) t he Ilke ave orted I's stated
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The MWW structure has a characteristic feature not

seen in conventional zeolites as described above, and
aluminosilicate having the MWW structure is known to
exhibit high activity and selectivity in the synthesis of

20 ethylbenzene or cumene as compared with zeolite having
other structures or catalysts other than zeolite and it
is considered that such zeolites have already been used
in many plants over the world.

Also, there is an attempt to obtain a catalyst

25 having higher performance by utilizing the layered
precursor obtained in the synthesis of MWW structure.
More specifically, MCM-36 obtained by crosslinking the
layered precursor with silica (see, for example, W.J.
Roth et al., Stud. Surf. Sci. Catal., 94, 301 (1995)

30 (Non-Patent Document 5)), thin-layered substance ITQ-2

obtained by exfoliation of layers (see, for example, A.
Corma et al., Microporous Mesoporous Mater., 38, 301
{2000) (Non-Patent Document 6)) and the like have been
reported and it is stated that these exhibit higher

35 activity than aluminosilicate having a mere MWW
Sstructure.

However, even in the above-mentioned high-



basically derived fromthe | ayered structure constituting the MW
structure and when conpared with zeolites having other franmeworks, these
are classified into substances 5 anal ogous to zeolite having an MW
structure. The synthesis of such a zeolite-like |ayered conmpound is
characterized by having a step of treating the layered precursor
MCM22(P) in an aqueous sol ution contaiging a surfactant 7Seriembes 2006
hexadecyl t ri met hyl ammoni um brom de, 10 and thereby swelling or exfoliating
a layer. On the other hand, since the MWW structure has a characteristic
feature not seRXfdTmagcRefatabiits toEr ueetsits tdesepfbed above, a
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such an el emen e presen raw m er| Al for
synt hesi zi ng Sz%!qtfléesaa%le%?%céfdbeﬁieﬁéw%sl4 idRréctanhdtihedataed in
many cases. FRartiviitoducadgotdieigelenenity i tibathbasev®rdhe M3 vari ous

met hods, have g%%wgmpgéﬁgctﬁ%%%%epgaa;{yeecte%xamm% Oad te{{'ig@?a et hod

enpl oyed for e MWW structure 1 nclude esi s me
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to i ntroduce described aluminosilicate but metallosilicate containing
an element other than aluminum in the framework (or
skeleton) is also expected to provide the same effect.

20 From this expectation, various studies have been made on
the synthesis of metallosilicate having an MWW structure.
However, the transition element represented by titanium,
vanadium and chromium, and the typical element of the 5th
period or more represented by indium and tin, which are

25 expected to show remarkably different properties from
aluminosilicate in general (not limited to MWW
structure), have a very large ionic radius as compared
with silicon or aluminum and therefore, such an element
is usually difficult to introduce into the framework. By

30 the simple direct synthesis method of allowing a compound
containing such an element to be present together in the

~raw material for synthesizing zeolite, a desired
metallosilicate cannot be obtained in many cases.
For introducing the element into the framework,

35 various methods have been proposed. Representative
examples of the method employed for the MWW structure
include a post-synthesis method (a method of once



het eroel enent into the franmework; this is generally called a
post-synthesis in contract with the direct synthesis) and an inproved
direct method. 5 with respect to the post-synthesis nethod, for exanple,
U S. Patent 6,114,551 (Patent Docunent 2) discloses a process for
synthesizing netallosilicate by a post-synthesis nethod, where
al uni nosi l i cate having an MAWWstructurg is once synthesi Z&gptembrs 20#fol e or
a part of 10 alum numis renoved out fromthe alumnosilicate by a
dealum nating treatnment such as contact with SiCl4 in gas phase to form
def ects, and aycormowiddcenvaire mpdaritereneerting bg tat fotueddte such as
g! a 4{ i S ﬁoghél@éﬁqiléfﬁemhaheod@aé @Iia&ghsgkprﬂﬂi%?ti-s %5,né\§?ipi_ t-hf- | mpr oved
irect netho al . . have . repor.ted an_exa ere.ferrisilicate is
obt ai ned by %aeis{?egdﬁianéjotsﬁésg?férbesolfs alcﬁldfﬁﬁgﬁ%c? %lnt%c\gr%rﬁogﬁﬁe?% a gel (P.
Wi et al., Chemth@shfinandess (MBEPFEd NorePhtreithodocument 7)). 20
Fur: Eer,s for Ii dV\Ni_Q-Jh r@sgbbti€dlldhe @okhl EPatIESs i@ thble fdslarrﬁ, ab
synt hesi s nmet hod usi ng horgn, as t.ru r u ti gent has been
recently deve?ﬁ%ggﬁTP%'gﬂ g?tggf%?%éﬁéﬁggt??é%%ﬁ?g%gymg?g.%BOOO)
(Non- Pat ent DttfAIRes 8) Proogsi &7y, synivbeRsdel FDrediFlaPrai hC MAMDY ge
titanosili catpos&la@n&ae@ilprﬂ@a&ﬁﬂ,, whid@Eeeaduh ot @el JarRyBt hafihpramn i s added
to a starting,t teri a I . [ bat-h boron
and titani umgbiwlql@\t,%te r%gllﬁgw(i)? k%wﬁﬁsﬁgé?%a% ﬁ%&ﬁ%z?ﬁgyté{%% %trfcti on of
boron ak? a 3025¥HeFuiE FEPPHRY NG dgeRt tAad Bitigesidapdtadhcton, if
desired, by afeshindnlat@aynentatiidi ehtai agde@ienut sathi sicraliei ges. The
titanosi I cat g, having 0. VMUY SLI4ICLC, PERRALSL é%\atgmf%gmmod s
reported to exert a characteristic catalytic activity . Wi et al., J.
Phys. 35 Chen¢leentoso bgoynzesrred:NSHSPat et BecuhetorFprtedtonever
accordi ng to vhgseheidealsnipatdd gulodnky. the post-synthesis nethod
whereimf zeolite s ﬁgl@ﬁ% Ifbroved’ aPeREEMREINAL0Gu EPNLACth A compound of

an elenent to be introduce Lo ) _
reported an example where ferrisilicate is obtained by

designing the step of adding an iron compound to a gel
(P. Wu et al., Chem. Commun., 663 (1997) (Non-Patent
Document 7)). |

20 Further, for Ti which is difficult to introduce into

the frame, a synthesis method using boron as a structure
supporting agent has been recently developed (P. Wu et
al., Chemistry Letters, 774 (2000) (Non-Patent Document
8)).

25 Also, a method for obtaining MWW-type titanosilicate

has been proposed, where a large amount of boron is added
to a starting raw material, an MWW precursor MCM-22(P)
having both boron and titanium in the framework is
synthesized by utilizing the function of boron as a

30 structure supporting agent and after removing boron, if
desired, 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 (P. Wu et al., J. Phys.

35 Chem. B, 105, 2897 (2001) (Non-Patent Document 9)).

However, according to these methods, particularly

the post-synthesis method wherein a zeolite is caused to



thereinto, nost part of the elenents intended to introduce cannot be
introduced into the framework and renmain as a residue in the pore. In
order to inprove the 5 introduction efficiency, one inportant point is to
sel ect a compound which can easily enter into pores of zeolite. However,
there is a problemthat in general a conpound containing an el enent
intended to introduce and having a sufficiently small nol Serfeaberdpete is
not available on the 10 market. Further, on use as a catalyst or the
like, in the case where the raw material is a deal um nated product of

MAW type al unicRESRFT catemePund Bf San PRk te Lo 14 5Tt rogucsidde reaction
ascri babl e totakusiAte) MYBR BaRE bA ﬁﬁ‘@ eh%m%hagew&mbl mes brings

about a serioustgO bl em such ,as ca dgé{; rgggtfons tokproglde

by- products. Thé s%%% can qteﬁfo%%urs In i rect et nod usi'hg boron as

a structure §ampent@fmga ar@@mduet hatthe payer onIéaWF%ﬁr Be 1igRrP¥eathorily
renoved even hyitaBdact tbi l’e&&h&@@ﬁcfiﬂ%rﬁe AGhpbak g8t mu&t ief tbogenedMmai ns

in the framewgr 508% Qrgé %mg ca'nfe%dl' e GQRAL %k@“ '€ 3dgpted. Jor the

process of renovi oron an Aty treat men ? k&S0 a5 to

enhance the réﬁmﬁ‘éﬁrr aﬁh%%ﬂsbérwb&‘hﬁé‘ﬁén% V\W%Wlnﬁsflompéﬁﬁ?n in the
frame are al seodtandventagequsbyt r timeibdato2bnt hedsamandl FeviMpreover,

the proper Sy@E?%%&%er?&gﬂéﬁn' Eﬁ‘smo%&ﬁta! sghange x‘i'c?@%n%iiﬂgb% Bﬁ'gtnr‘cf’ii ement

intended to roduce ound contai nin el enent

t heref of@, thB3&kfkthods are not very good in terns of the

gener al - purpose appﬁraahjIbhyuSSOaiRakﬁnblpaeuafnﬁuinlkéP-£n68hé97210
(Pat ent Docu +Paten t t 1) 35
Atl as of ZeolnlE H? Erhee ?g‘%eéa@%ﬁ]?ﬁ } t 0 ogglgﬂnf aet% gggﬁgggaefrll ocher,
WM Meier anHWB-WP%]%JdWlHOEFéé%*@ 2920@1U8S. Frtgupt énbéf  2Bb6 2

(Non- Pat ent Degusenéadd)ion ascribable to aluminum remaining in the
15 framework sometimes brings about a serious problem such
as causing side reactions to provide by-products. The
same problem occurs in the direct method using boron as a
structure supporting agent, that is, boron cannot be
satisfactorily removed even by an acid treatment and a
20 large amount of boron remains in the framework or pores,
or if strict conditions are adapted for the process of
removing boron by an acid treatment or the like so as to
enhance the removal ratio of boron, components which must
remain in the frame are also disadvantageously removed at
25 the same time. Moreover, the proper synthesis conditions
greatly change depending on the element intended to
introduce and the compound containing the element and
therefore, these methods are not very good in terms of
the general-purpose applicability.
30 (Patent Document 1)
JP-A 63-297210
(Patent Document 2)
U.S. Patent 6,114,551
(Non-Patent Document 1)
35 Atlas of Zeolite Structure Types, 5th edition,
edited by Ch. Baerlocher, W.M. Meier and D.H. Olson,

Elsevier, 2001



"Zeolite no Kagaku to Kogaku (Science and Engineering of Zeolite" by
Yoshio Ono and Tateaki Yajima (conpilers), Kodansha R R, published on
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Disclosure of Invention

25 An object of the present invention is to provide a
process for easily synthesizing zeolite having an MWW
structure, particularly, zeolite containing an element
having a large ionic radius, which is difficult to
introduce by conventional synthesis methods, in the

30 framework at a high ratio.

As a result of earnest study, the present inventors
have found that zeolite having a structure of IZA
structure code MWW and containing an element having a
large ionic radius in the frame at a high ratio can be

35 simply and easily synthesized by a specific production
process. The present invention has been accomplished

based on this finding.



conprising the followng first to fourth steps: First Step: 5 a step of
heating a m xture containing a tenplate conpound, a conpound containing a
Goup 13 elenent of the periodic table, a silicon-containing conpound and
water to obtain a precursor (A); Second Step: 10 a step of acid-treating
the precursor (A) obtained in the first step; Third Step: a step of
heating the acid-treated precursor (A)g obtained in the seewtrinbst 26
together with a mxture 15 containing a tenplate conpound and water to
obtain a precursor (B); and Fourth Step: a step of calcining the
precursor (B) obt®iatedsintheheresfntd isveption odt)ails & peetese forybst ance.

20 The preseptodubialyf ia0Reblide i Surktz@eki hev b ite swbhehuont ai ns at

| east one el enent. sel ected I,{ m.tnhef.els§n€nt be%I on in%to G oups 3 to 14,
in the Period ®or" iforéSof CtH P& F64PE Tabi R 4nd €8R  be synt hesi zed by
the productferstproe®ss of a zeolite substance having an MW 25 type
structge of the PraAsNbfi RYSMAPR hktudbecdi@SeRhgl BVEShHH DI LONPIi SES,
for exanple, the fdol owi ng na tersc. .[]1 A pcaroceszfoFL lgroducgf r)c% a zeolite
substance haVIHG S RAPSERURT (T8 2¢0MPT i 31 HT Fhe 1 BEFBW nd ¥ iF'§t 30 to
fourth stepsPerqdic Sebpe, a2 stigpioeh-Reat# yine worparadcard aiatieng a

tenpl ate copppyhindaCpapoOErshbcqahai ning a Goup 13 el enent of the

peri odi c tab%ec cH %itl i con-containing conpound and water 35 to obtain a

precur sor (Aef econdrst ep: a step of acid-treating the precursor (A

obtai Nl - 10 - 7 SégPenberc XDOG edtAnghehe ipxACUSEEP; (Fhi PRESNEs:
in the first step;
Third Step: )

a step of heating the acid-treated precursor (A)
obtained in the second step together with a mixture

15 containing a template compound and water to obtain a
precursor (B); and
Fourth Step:

a step of calcining the precursor (B) obtained in
the third step to obtain a zeolite substance.

20 The present invention (II) is a zeolite substance
which contains at least one element selected from the
elements belonging to Groups 3 to 14, in the Period 4 or
more of the periodic table; and can be synthesized by the
production process of a zeolite substance having an MWW-

25 type structure of the present invention (I).

The present invention comprises, for example, the
following matters.

[1] A process for producing a zeolite substance
having an MWW structure, comprising the following first

30 to fourth steps:

First Step:

a step of heating a mixture containing a template
compound, a compound containing a Group 13 element of the
periodic table, a silicon-containing compound and water

35 to obtain a precursor (A);

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



a step of heating the acid-treated precursor (A) obtained in the second
step together with a mxture 5 containing a tenplate conpound and water
to obtain a precursor (B); and Fourth Step: a step of calcining the
precursor (B) obtained in the third step to obtain a zeolite substance.
10 [2] The process for producing a zeolite substance according to &1],
wherein the conmpound containing a Groupy 13 el enment of théSpriemesdielt abl e
used in the first step is a boron-containing conmpound. [3] The process
for producing a zeolite substance 15 according to [1] or [2], wherein the
foll owi ng first the Eiwgt isseperfornmed between the first step and the second
step, and thensuhstesse obtained in the first-2 step is used instead of

the precursor (A) _in_the cond_step: _ First- ep; S of
cal cining a part SrSEﬁﬁfyi?§a3%n?H§&35?@86?§8$t%%0£%%%%5§5d5?E the first
step. [4] Thebprovedsin crthepsedardngtep Lfegetber swbsh ehd@é*xtdE€ording to any
one of EFl] teohdhinvherLivenphatbotdpdur@ ahbi wacdr siepbitaipesf or med
between the third steplﬁndat e 25 fourth step, and the substance obtai ned
in the thirdP2®°8Fep i ©Uséd % nstead of as the precursor (B) in the
fourth step: FPHIKED-2tSeep: a step of acid-treating a part or entirety of
the 30 precursora(Bleplifaicaedihing hehd iredussep. (§Slobthenpdotess for

producing a zeol L ¢, substancec aeeerding o any, one.af (11 to [4], wherein

in the third stép, a corpound contalning at [east one el enent sel ected
fromtRé el enents{Bbl oM RFOCESE BRPPTPAEINE BF2Qe- 155 SPRFLGL table is
present togetebrwihd €49 1aGi dhereni athe poapatsOrcdrbaiolihgi aeeroup t he
second step. .[,6].,The prg . Pr QO i olite s n 1-7
Sept enber 2068 Lé%@%?@ﬁﬁg%%% %gglg%ggg%bF%]a%%g[%ifgﬁ%g?Z%ﬁ % %gtenplate
compound i s &SnPt POERI-COYHRANARA g THRAYGREN

[3] The process for producing a zeolite substance
15 according to [1] or [2], wherein the following first-2
step is performed between the first step and the second
step, and the substance obtained in the first-2 step is
used instead of the precursor (A) in the second step:
First-2 Step:
20 a step of calcining a part or entirety of the
precursor (A) obtained in the first step.

[4] The process for producing a zeolite substance
according to any one of [1] to [3], wherein the following
third-2 step is performed between the third step and the

25 fourth step, and the substance obtained in the third-2
step is used instead of as the precursor (B) in the
fourth step:

Third-2 Step:

a step of acid-treating a part or entirety of the

30 precursor (B) obtained in the third step.

[5] The process for producing a zeolite substance
according to any one of [1] to [4], wherein in the third
step, a compound containing at least one element selected
from the elements belonging to Groups 3 to 14 of the

35 periodic table is present together with the acid-treated
precursor (A) obtained in the second step.

[6] The process for producing a zeolite substance



[ 7] The process for producing a zeolite substance according to [6],
wherein the nitrogen-containing 5 conpound is an am ne and/or quaternary
anmoni um conmpound. [8] The process for producing a zeolite substance
according to [6], wherein the nitrogen-containing conmpound is at |east
one nenber selected fromthe group consisting of piperidine,
hexamet hyl enei mi ne and a 10 m xture qf igi peri di ne and hexa¥aptenpEeid8d ni ne.
[9] The process for producing a zeolite substance according to any one of
[2] to [8], wherein the boron- containing conpound is at |east one nenber
sel ect ed fromcadreiggotp zmnsingt Plgldl boridd azhdreborthe tagplencoxi de, 15
boron hal i de @shduniaak kyk borQnsenl-6ht Thei iy eeagpsuhar producing a zeolite
substance accordi gq t&q anh?/ one of L% té)uc[iQr;] avvhgr i@et ehtstiakicgon-
cont ai ni ng compourtd i sTAT TR SoA8™ nRHDEr- TE Scfed Tt rom The group
consi sting ofassidridding &ei b ) sivihiexgie, the¢ |1idgiPIRO-6RPERIN 9 i con hal i de,
funmed SiS:ci Casor _ﬁl@aEKYén Cﬁrﬁihfé' agll be adea td1Gh Gl bﬁindﬁiunsiddmpaun{i]}l][ il'he
process for producing a,.zeolite_s t accaording. of [2] to
[ 10], wherein the rSQtighe ’{O\I\%%I’? %g?oﬁp%ﬁlcflsﬁ i%cgﬁglg#{h%t%?g?e of the
first 25 stepdonsdnentsil§ bowherginlth® WEroILNrAOREIMEINE the nol ar
ratio. [1f2] [Ewnpwu@@ess §0r1qsadvakngefbaeddilce tedbstancge ageapdi ng to
- any one o 2] ta [11], er ej : rafl . 0 d silicon in
the mxture oor}sr%g[tﬁ%%s?wﬁ?setgelgtl?g’bgé%%nesﬁ %{1\(%%%92?;8& O%‘Q?o% 5: 1interns
of the 10mpl amixgnire. of 181 pephe imeoead shemngiydeerafiae zeol i t e subst ance
according to any qng ofné IjrddeslslZbr phed®iind hezealite digismaapewat er and

silicon in the mxture of_the fi rf?z](g;i tscgeTEédisw\p@ g, Sidd G55 to 200 :

1in terns of°TH& RS &F PR iGS he prodess for producing a zeolite
subst ance - Igpntaindagt eAMRIUEDGE 2hcteRT RSt SeBRGT oFRIFLHUETEB [ 13],
wherein the ratd @rohet veesidtiag edpbat &c canppubdrand, shdicoxidet he
W|Xturq5 boron halide and trialkylborons.

[10] The process for producing a zeolite substance
according to any one of [1] to [9], wherein the silicon-
containing compound is at least one member selected from
the group consisting of silicic acid, silicate, silicon

20 oxide, silicon halide, fumed silicas, tetraalkyl ortho-
silicate and colloidal silica.

[11] The process for producing a zeolite substance
according to any one of [2] to [10], wherein the ratio
between boron and silicon in the mixture of the first

25 step is boron : silicon = 0.01 to 10 : 1 in terms of the
molar ratio.

[12] The process for producing a zeolite substance
according to any one of [2] to [11], wherein the ratio
between boron and silicon in the mixture of the first

30 step is boron : silicon = 0.05 to 5 : 1 in terms of the
molar ratio.

[13] The process for producing a zeolite substance
according to any one of [1] to [12], wherein the ratio
between water and silicon in the mixture of the first

35 step is water : silicon = 5 to 200 : 1 in terms of the
molar ratio.

[14] The process for producing a zeolite substance



of the first
of the nol ar

the first step is from110 to 200C

step is tenplate conpound : silicon = 0.1to 5: 1in terns
ratio. 5 [15] The process for producing a zeolite substance
according to any one of [1] to [14], wherein the heating tenperature in

[ 16] The process for producing a

zeolite substance according to any one of [1] to [15], wherein the acid

10 used for the acid-treated in the se
The process for producing a zeolite subStance
to [16], wherein the heating

nd step is a nltrﬁéept%b%m({(&?]
according to any one of [1]
tenperature in the third step is from 110 to

200C. 15 [ 18]acHeedpngcessarfyoroner oduci ngea [28ql,i weesehsttarceratdocording to
any one of [} @ch1d}e ml%«t@ EBfipo &l Gl gqlaegpemteﬁee nifcbbe fourth

step is from20 to 700C.

subst ance

30 net hod of

second step &T§ef

F0OCESS

roduci ng a zeo ite

6&&8%@%%‘1%3}80?&8“18? ‘[%]Ccl“k?oﬁlﬁfé] hers™h Tt fle! ERI ci ni ng
tenperature |5n :it heifi tetm? it epel solaomaB®.t 0 700C [ 20] The process for

produci Rg a zeolitessubsta cobHi N R 13BY 20080 PF Qahd8] .
wher ei n%I n the thlt[rtsﬁ 25 s{}ﬁ%ce% % %% ugalt gda rg%ﬁlrtsd Egub%\ ao%t ained in

the second st¥FCaA4REhES A% lﬂné 86n{ H nihd & v eHpFat 86ﬁ€i &nd wat er
are previousltempexetuaadi e lieatedsted 2 fThe pt@ces 2 K0SIC.pr oduci ng a

zeol i te substance @@?orﬁwqﬁo@e@ewa\gp%u{c&h ot 9 LaDlitaheiaiangedry gel

charalég%the acid-tr

recursor. (A ained in the
{8 et afa T Tige wpe i I s id nat or
whi | e 190l at iusgdt fier ptlee rsiar-treAyednth tte sexbudesfemmseachivther,

and

contacting thgigvapor of the m xture containing a tenplate conpound and 35

water with a m xtur
sel ected from G ol

precursor (Ajaccomdihe thiany one3of [l Seyst dihdr RB@Ginsttee. heazina
precursor obt@impedatird heh tdher dnst@psdp tike from 110 to 200°c.

15

20

25

30

35

[18] The process for producing a zeolite substance
according to any one of [1] to [17], wherein the
calcining temperature in the fourth step is from 200 to
700°C. '

[19] The process for producing a zeolite substance
according to any one of [3] to [18], wherein the
calcining temperature in the first-2 step is from 200 to
700°C.

[20] The process for producing a zeolite substance
according to any one of [1] to [19], wherein in the third
step, the acid-treated precursor (A) obtained in the
second step and the mixture containing a template
compound and water are previously mixed and then heated.

[21] The process for producing a zeolite substance
according to any one of [1l] to [20], wherein a dry gel
method of charging the acid-treaded precursor (A)
obtained in the second step and the mixture containing a
template compound and water while isolating the precursor
(A) and the mixture from each other, and contacting the
vapor of the mixture containing a template compound and
water with a mixture of a compound containing at least
one element selected from Group 3 to Group 14 elements of
the periodic table, and the precursor (A), in the third

d, cont |
93 H ROt P AROnS et REriod EoLARTE,

and the



process according to any one of [1]-[21]. [23] The precursor according to
22 which has a 5 layered structure. [24] The process for producing a
zeolite substance according to any one of [5] to [21], wherein the at

| east one elenent selected fromthe el enents belonging to Goups 3 to 14
of the periodic table is at | east one 10 elenent selected fromthe group
consisting of titanium zirconium vaggdium niobium tartSaptember@APoni um
nol ybdenum tungsten, nanganese, iron, cobalt, nickel, zinc, gallium
indium tin and lead. [25] A netallosilicate substance having an MAW 15
structure cort@pni ng at | east one el enent selected from the el enents

bel onging to Goups23 to dhbcdorhenPeinld i4 tBe @RiLd Aftdherpenkodi C
table. [26] A netaII05|I|$aIe subst ance h %gﬁ?[gg]hwwv structure
r

cont ai ni ng atPi%6&EE BREE Eiferdt® §8FeRbed T the el ements bel ongi ng
to Goups 3 to 14,[2Bh thee RerEicodssropceerdingf tohd2periclias able. [27] A
met al | osi | i catf esdbstapsecyavi ng an MW structure containing at |east one

el enent sel ected f he group consisti of titanju zi.rconium
vanadi um 25 niobﬂégﬁ]téﬁﬁeﬁ¥? egéh 851Qﬁﬁégéﬁﬁﬁbaeﬁ%%%l@%ﬁﬁ%F%ﬁ?ce
manganese, i rameordabal to anxkeale, ofi he) walldlum whadéimthe jat dRdstead.

[t28] tA et al | psd |eié§ﬁéﬁtt: ﬁm&%e fE@goﬁhJQQﬂénfeﬂtsSblbﬁcB@jm h@}/i F%] anw\W .
structure praoduce r SS ccqrdi.ng.to_any_ one - an
[ 24] . [29]pA Sy&fe y%?e@%??ﬁ%%ﬁePSFf%sFi3€§?§gé%b%€5%%§5‘f@? a zeolite
subst afde havilsgean spWvstadidroretheom@imicgsastieaset drid @ eRent

sel ected fromitdeniehemedisaial, 0nGbBYuh 0 tEn@Epam3 ¢Wrddlun,n the Period 4

or 35 nore of ;the Q?lj;li otcunc%stt%gl emgl((ﬁ%eéll qyared.precur sart-yer,

netallosilicgfeysuﬁs ahce "Tor a zec e substahce havi'ng ‘an structure
- 14 - 7 Sept#Emiser 92dbEIm c IR nlatatkdeedone el ement sel ected fromthe
el enents bel ongi ng259 & aupi13dobalidatd sutdakeei bavindran Mww

15 structure containing at least one element selected from
the elements belonging to Groups 3 to 14, in the Period 4
or more of the periodic table.

[26] A metallosilicate substance having an MWW~
structure containing at least one element selected from

20 the elements belonging to Groups 3 to 14, in the Period 5
or more of the periodic table.

[27] A metallosilicate substance having an MWW
structure containing at least one element selected from
the group consisting of titanium, zirconium, vanadium,

25 niobium, tantalum, chromium, molybdenum, tungsten,
manganese, iron, cobalt, nickel, zinc, gallium, indium,
tin and lead.

[28] A metallosilicate substance for a zeolite
substance having an MWW structure produced by the process

30 according to any one of [1]-[21] and [24].

[29] A layered precursor metallosilicate substance
for a zeolite substance having an MWW structure
containing at least one element selected from the
elements belonging to Groups 3 to 14, in the Period 4 or

35 more of the periodic table.

[30] A layered precursor metallosilicate substance

for a zeolite substance having an MWW structure



nore of the periodic table. [31] A |ayered precursor netallosilicate
substance 5 for a zeolite substance having an MM structure containing
at | east one elenent selected fromthe group consisting of titanium

zi rconium vanadi um niobium tantalum chrom um nolybdenum tungsten,
manganese, iron, cobalt, nickel, zinc, gallium indium tin and 10 | ead.
[32] A layered precursor netallosilicatg substance for a/ $etmbge2006
substance having an MAW structure produced by the process according to
any one of [I]-[21] and [24]. [33] A zeolite substance produced by the
process 15 aceontlnigy tar depsonenefelejenft2tplaoded 22om [t34] A process for

producing a 'eé})éﬁéﬁgs péeefdi{g%‘ﬁ"g £50Er QLA ikhe13Ubst afee pGQURr 5SbAg the
following first to ps: First Step: 20 a step of heating a

m xture cont FPAENGE tlieerﬁﬂrérPélccB%Jo%nd a conpound containing a Goup 13
el ement of the peBlpdix lagkked precdrsconmecnl dowihigaenpobsdaaee wat er

to obtain a preckr so51 () isuBBeate SRR Ayl opeAlodsled- treating the
precursor (A) obtalne first step; Third i aste? of heati ng
t he aci d- tre&toéaab’t‘b‘&%r%torle@ﬂf OB%t%]ieﬁ?&ltl et RgtS cfo‘%f‘ &p It BYRt her with
a mxture 3@ocehsvimg ngf &itenphmt ezicompound wadadater ntiobdbtrai n a

| ayered precyLshiuh 35Jhl%nll%>ﬁer ﬁglﬁcﬁé}“ﬁ'ﬁso'{:uﬁgﬁt@n ZeRdrd@esbst ance,
produced by the process acco 35 Br |$f De30r| ptl on of

r awi ngs F.glrfnrsc%%%ﬂls&sﬁem%% SRORARRY A THE Ly aPc B Sy ot hesi s
met hod 1bor adeBWtype zeolite substance - 15 - 7 Septenber 2006

according to the pggpert ﬂa@\é@@&l'ﬁf‘ecﬂ&r Aek 81 Bo O Bt t2h@WbBgacdowder
x-ray diffragtion paifern ot a,tinalidcatemihovidgdd L Bamls
by the process according to any one of [1]-[{21] and {[24].

[33] A zeolite substance produced by the process

15 according to any one of [1]-[21] and [24].

[34] A process for producing a layered precursor
for a zeolite substance, comprising the following first
to third steps:

First Step:

20 a step of heating a mixture containing a template
compound, a compound containing a Group 13 element of the
periodic table, a silicon-containing compound and water
to obtain a precursor (A);

Second Step:

25 a step of acid-treating the precursor (A) obtained
in the first step;
Third Step:

a step of heating the acid-treated precursor (A)
obtained in the second step together with a mixture

30 containing a template compound and water to obtain a
layered precursor.

[35] A layered precursor for a zeolite substance,

produced by the process according to [34].

35 Brief Description of Drawings
Fig. 1 is schematic view for explaining the typical
synthesis method for an MWW type zeolite substance



Fig. 3 is a graph showng a UV spectrumof the tin 5 silicate provided in
Exanple 1. Fig. 4 is a graph show ng a powder X-ray diffraction pattern
of the tin silicate precursor substance provided in Exanple 1. Fig. 5is a
graph showing a WV spectrumof the 10 zirconiumsilicate provided in
Exanpl e 2. Best Mdde for Carrying Qut the Invention Hereinbelow the
present invention will be described _igpsdetail with ref er drSeptembrr A6
acconpanyi ng drawings as 15 desired. In the follow ng description, "%
and "part(s)" representing a quantitative proportion or ratio are those
based on nassictordwed gtw )theuplressnotireramitsennot ed specifically. (Process

for producing zeokite §U.Lt§taa@9§2>h2&1<!:vbfn%t a bBEabE epenty iieRtEONof!) 1S
descri bed. The preSent invent Qcess for produci ng a

zeol ite subsPAREETRaYF iy F?b% %rtor"dglegr &n EXYMIS Sitng the fol | owi ng
first to fourth sFéps:3 Hs st g8tph: slzcsmalgstaepVo‘aphe’altumg:fatﬂmextune

cont ai nisng a thrrggggepr&grggaunq Efaf@r@qund cont ai ni ng a Goup 13 el enent

of the periodic table, a sil i.con- contalnlng gr?o)g gid\ga £ to obtain
a precursor (A): 5t8ont & dpIr3B SRTENDA REVAST riat P& brelr sor (A)
obt ai ned inpehgefinref tHteepinThiittdcStempregussep @rﬂbsma%rtqm@rpheded

aci d-treat ed jprecHnsos (A) obtained in the second step together with a

m xture 35 contaj nln a teml ate c%or‘r,pound Qd vat er tofot% ain a

precursor (B); an ' St dpPrt 77 Septefiber 2006 aStep of

cal ci nilfg th@ippeewrsoerll(ls)at@bpapwwd ot ﬁéatnhitﬁ'd2 step to obtain a zeolite
subst ance. The above steps are schematically shown in the schematic view

of Fig. 1 Best Mode for Carrying Out the Invention

Hereinbelow, the present invention will be described
in detail with reference to the accompanying drawings as

15 desired. 1In the following description, "%" and "part(s)"
representing a quantitative proportion or ratio are those
based on mass (or weight), unless otherwise noted
specifically.

(Process for producing zeolite substance)

20 First, the present invention (I) is described. The
present invention (I) is a process for producing a
zeolite substance having an MWW-type structure,
comprising the following first to fourth steps:

First Step:

25 a step of heating a mixture containing a template
compound, a compound containing a Group 13 element of the
periodic table, a silicon-containing compound and water
to obtain a precursor (A&);

Second Step:

30 a step of acid-treating the precursor (A) obtained

in the first step;
Third Step:

a step of heating the acid-treated precursor (A)
obtained in the second step together with a mixture

35 containing a template compound and water to obtain a
precursor (B); and
Fourth Step:



5 The zeolite substance having an MAMtype structure can be synthesized,
for exanple, by a conventionally known direct synthesis nethod or a
post-synthesis method such as atomplanting. In synthesizing the zeolite
substance by atom planting, this may be attai ned, for 10 exanple, by

synt hesi zing a nol ecul ar sieve with an MW structure contai ning boron
and/or alumnumand after renoving at jgast a part of bor S#PRPARYM num
by a water vapor treatnment or the like, followed by contacting the

nol ecul ar sieve with an el enment-contai ni ng conpound such 15 as net al
chloride. The det @i Issepf of hea ktigrangl ahei pyecprovedd)arbtavedd alsl e i n page
142 of the abgye-umaHd QRed o Z88ldithe angeKBgek s i tk@agaku”. I n view of the
production efficiency, the zeolite su stapce ]g?},vi ng an.M/Wstructure of
the present 20 invelt P8R feS  PrerBrablfi B produc&4CB) tRe"BF oduct i on
process of thechamegdiet viaventf itig.(11)-. That is, the process for producing

a zeol i t¢ substancgchavbngr@ns MAanstr Het Uke af Mietppeseptudtiention (1)
is characterized of heating a

by copprising four steps, that is, a _ste
25 ni xture conthiifi ﬁanﬁggﬁ%?cgt effoc,roﬁffBﬂﬁ . ab%oarrﬁc?ﬁ?ﬁantﬁ%lﬁ%)]allyni ng a G oup
13 el ement ofkidven perieodi eyt eiidsis actbpti eomr amstaisinheediprriiddand wat er
to obtain ?A)QH&?LA{SS%EO]@\A%la?;ﬁ{gQFhQB §9h€11€é§ieafs'lﬂ %hEth@DI@é ne?A)
precur sor a step eat i e acid-trea [ ecursor
t oget her wi t h°¥THARCSr g’ycgﬁ?%i%?ar?é”éfg’t 1(r“jriﬁ are g’&rﬁgﬁ%a?egh £
el ementlCont a¢ramgleooppoariat kel 2 ingt ér mepdeobta Figver gtk sar M), and a
stgp of cal ﬁiélmgctutr@ecam@iﬂﬂﬁd; DorRGUr 808/ §B)aluniGhihahndaazent i te Cn
subst ance aving..an uct ure. prst_ st . irst_step of the
above pr oduct’f%r?loq’plrnc?cgstéws{\i ?‘égt aaelsi)ca%itbgg.g%ééf?rfsaﬁ@s“fl ;eggﬁi %#t ewagcre%cess for
produci ng a -varer tressperhbef D06 ikeeofPtiovirthafeBtAavinmg ¢ MW
structure of héEedquiesestieve Vet iaon el bhehs-costaAamihgr chepbimy smom xt ur e
contalnjng a lenplahe foppesid, ACagpound oAl eBA f1EoHRy 13 el ement

of the perio a Icon-contarnin o
process are available in page 142 of the above-mentioned

"Zeolite no Kagaku to Kogaku".

In view of the production efficiency, the zeolite
substance having an MWW structure of the present
20 invention may preferably be produced by the production
process of the present invention (I). That is, the
process for producing a zeolite substance having an MWW
structure of the present invention (I) is characterized
by comprising four steps, that is, a step of heating a
25 mixture containing a template compound, a compound
containing a Group 13 element of the periodic table, a
silicon-containing compound and water to obtain a
precursor (A), a step of acid-treating the obtained
precursor (A), a step of heating the acid-treated
30 precursor (A) together with a mixture containing a
template compound, an element-containing compound and
water to obtain a precursor (B), and a step of calcining
the obtained precursor (B) to obtain a zeolite substance
having an MWW structure.
35 (First step)
The first step of the above production process is

described. The first step in the process for producing a



5 conpound and water, to thereby obtain a precursor (A). The term

"tenpl at e conpound” as used herein neans a conpound having an activity of
speci fying the structure, particularly the pore shape, at the tine of
synt hesi zing zeolite having an MAW structure. The tenplate conpound 10 is
not particularly limted as long as it can be renoved afterward b

cal cination. Specific exanples of the_ {£nplate conpound M?Pfg‘éf?f‘éﬂg@q y

i ncl ude nitrogen- containing conpounds, preferably an am ne and/or

guat er nary anmoni um conpound. Exanples of the am ne may 15 generally

i ncl ude a niteegkiteonibaitanng tonpourd HWd stpecidiec odx&hpl psesert ude

pi peridine, hexaoptind qrsi akng s@dpl/fyr BeBtXhYr£ WfxtRirketbdt aen Ayl
hexanet hyl enei mi ne.. Howeve present .invention is ?%t limted

r, %‘he
thereto. The BohPBRIAFCEATRPAThY % GBIB 132 ehfht"%f CA& P20° peri odi ¢
table (i.e., ehendi® grfotpet pprigiird ddibdet abl 8ilizpedopnaiRéng UPAC
Recomenglat i 0RohPodPAnaswdese! | e d Heteby KaBEALh Bl Hrarurebandbpok for
Crem stry), 4th revi sgﬁ% eq%tl o) eioar(ﬁ%e 1- SQ),, VW‘isCe% %Q-ebe Hsaergsi n the
first step, is not partifcu gﬁ@i}ﬂﬁ ('8q Bt May Preferanty"be a boron 25
conpound, an abmpdunsmhesrpouan artivigal PEusPeohpoiie thenstsuptefer ably a

boron conmpoungart {ti8WyOokht NSoLRSIhagel,0¥LSERE ©fmadbs B aBHEE: MNY
structure precur va n the_su semg)lient Steﬁous ecific
We [

, |
preferred exéﬁf)f%;e ﬂ%&ﬁ%?%@%%?%é??c atid, “Hewever €© 3

r
conmpountlo can asseothearsédul arihel fmiedofsalpoy aae istu@lfll\T/lg?Ze E@Féi;‘(ﬁﬁobor at e.
The sili Pon'CQP\E@e}vmrﬁgbgOB’BQ@ﬂQaﬂ/@rﬁh epBchei tisethriglest Be thest step is
e Bt oo Pl g R i RIATBL Rl e Y e L, aci ¢
ortho- silicacentaichissl Coraannds inkeferabanyaadkines aRdgRT purity conpound
(e.g., those BayidihaySiahineRMuprap@dunan 18xImSepnt ertbehe28@6ne afay@8 % or
more W ih respecl 10 Alilhch i, MBAl A RNeRLE L 0 De Laabahaedhd herel n) s
preferred. Pag?l cut-arl y, in The "case of co)f ol da SI%PI ca, a snaller
al kal i contensPe@iffic expRBdes hiGInfcaRiRPKART 1T oMHTeEPYHe09 1B g ess in
terns and/or a mixture of piperidine and hexamethyleneimine.
'However, the present invention is not limited thereto.
The compound containing a Group 13 element of the
20 periodic table (i.e., the 18-group type periodic table
based on the IUPAC Recommendation in 1990 as described in
"Kagaku Binran" (Handbook for Cmemistry), 4th revised
edition, page I-56), which can be used in the first step,
is not particularly limited but may preferably be a boron
25 compound, an aluminum compound or a gallium compound,
more preferably a boron compound, in view of the easy
provision of an intended MWW structure precursor, and
easy removal in the subsequent step. Specific preferred
examples thereof include a boric acid, however, this
30 compound can also be used in the form of a borate such as
sodium borate.
The silicon-containing compound which can be used in
the first step is not particularly limited. Specific
examples thereof include silicic acid, silicate, silicon
35 oxide, silicon halide, fumed silicas, tetraalkyl ortho-
silicate and colloidal silica. 1In any case, a high-
purity compound (e.g., those having a silicon proportion



5 of alkali/silicon nolar ratio) is nore preferred. The rati o between
boron and silicon in a mxture of the first step may preferably be, in
terms of the nolar ratio, in the range of boron : silicon = 0.01-10:1,
nore preferably in the range of boron : silicon = 0.05-5:1, 10 nore
preferably in the range of boron : silicon = 0.3- 3:1. As describe
hereinafter, the precursor (A) is intepged to be synthes2eRfembpid@t6 an
al kali metal-free condition, it is necessary to use a |large anmount of
boron, the ratio may preferably be in the range of boron 15 : silicon =
0.3-2:1, noreopred e alzl ywoira vheh riarsgpecef tobatbnthe gidtiadoalemgnts o The

rat}O b§|t mgnbg\@é@r{tﬂ@)@dﬂth%ﬁéﬂnj r!i.lst @%e@‘ite_%kél&e t}ﬂafrtti%_l}cairﬂﬂ ﬁgﬂutelmgoo
prereraply pe, I n r of, e . nolar ratl water ... Stilcon = 0} .
Dot o 0 pr BRT A Y ouAgere) aH Ten - ohatier sthals HeptERP T i i
too small, ittheselitfaviiogl ent allobtaiarngenicxofir@. havimdesa gootexumlity. if

this ratio isctomlarge:1then RERAUGHItMLY Y hbrdbesrerwerse. The ratio
bet ween the tenpl ate corrpougd and 340I icon .25.in the mxture of té’le first
step may preferabl Y hé2HR CERYTR SPPRe 2R8I At 13T o7 taef%fggltlree conpound :
silicon = O0.the¢eof&Hst breponey prifarably penplatemmsmedutde: maldy con =
0-? t?f 3t h 11r§%i$,| _irH)[t%epEﬁfx fa@ﬂ%bo&%ﬁpl:agg%mf_ ﬁjm?msiébi;_o;pnn&ep.f tg (21
. 1. isratjio i Q0 i is difficul 0 i n intende
product. If tRFS erraﬁ%iyo linsﬁ{:‘%orefrbgregeo% RoE8hsi as'elflalbﬁoen éngah?_gi‘?’t he

tenpl at €0 conmpevmdreferoblwast ethe aiv@osueh Roppmcess liisonot 0etononi cal .
Further, i tI I §: lﬁ! S(Ahsy%%fsukib@_xa&da_ i&xa&@@ﬁl,pﬁyét@ﬁedqtslo%(aqldiéi on to t][]](case
raw materials, In case, i, is __sometinmes.po e xpect an effect
of shorteni ng*tH&: ecdr %s?t gﬁls %?}?eosnlzt%dﬁengégg%r%r\gia?ﬁéﬁglam%gggﬁgfec%avi ng a -
19 - 7 Septenperdod, dtalf pegassAy $Przese® rHoesedduetysfal, it is
preferred to UsEom, HHeStaABES hayigie famabWWWV 5é r Uctilee rahga oStidiednur e

simlar, Lo MWSLCH 85 Phequs spT 112" gLaker oY) h 2rkAYghgd st ructure
(e.g., 22 (%’)uf Whi ch has
boron : silicon = 1-2:1.

The ratio between water and silicon in the mixture
of the first step may preferably be, in terms of the
molar ratio, water : silicon = 5 to 200 : 1, more

20 preferably water : silicon = 15 to 50 : 1. If this ratio
is too small, it is difficult to obtain a mixture having
a good quality. If this ratio is too large, the
productivity will become worse.

The ratio between the template compound and silicon

25 in the mixture of the first step may preferably be, in
terms of the molar ratio, template compound : silicon =
0.1 to 5 : 1, more preferably template compound : silicon
= 0.3 to 3 : 1, still more preferably template compound :
silicon = 0.5 to 2 : 1. If this ratio is too small, it

30 is difficult to obtain an intended product. If this
ratio is too large, a considerable amount of the template
compound can be wasted, and such a process is not
economical.

Further, it is also useful to add a seed crystal in

35 addition to these raw materials. 1In this case, it is
sometimes possible to expect an effect of shortening the

crystallization time or providing a product having a



5 prelimnarily been synthesized. It is particularly preferred to use a

| ayered-structure precursor for an MW type zeolite substance containing
boron. For exanple, it is possible to add a part of a precursor (A
obtained in the past first step, to a mxture to be used in the first 10
step as the seed crystal. The timng for the addition thereof is not
particularly limted, but it is possiblgs that all the ot ASepteaber@fieri al s
are mxed, the seed crystal is added to the resultant mxture, and
thereafter t he mxture i.s stirred and then heated._ As the anount of 15
the seed crysFRRL{ PHEKdGedizPhe Ml Hle S0 ¥ SERT i cidh 15contai ned in the
seed crystal poeféered [iccamsei A thestaidd Crmvmgntaalmmgsﬂmnfmmadoan be used

matorial 0. BOBI 0 S L UHREE %ai?*" 57 65081 2863 O e ada 1 on

amount is to BREFPI 3 tlavered £ F‘é‘ElWr‘i ol al HCHhe2 atfo\e- HBACRoRE ef f ect .
| f the &additpoalamnetilys beenl aygehedi@dor oduct s vibdyt idllarhgconme | ower.

As anot her adgdili¥fred ttJJ 2sBOSSLRY &40 sacqqc%ugé fPIRAG q leRe! ygi gy an

al kali et al such as sodi um or E%t assi um, an case_t he
crystal | i zat i BRPE | $RP1ikEn SEBRERPHR P addrfeRBBOM | n Fﬁn@?‘éfnpl?he”pr esence
of al kali netial pessilpreotiocdedd & epaien®f suplhethasor t(Xambtiathedi int he

i ntroducti on eﬁea&@ gl ertta%r waan %%QRe 30 QéLUEé?aWDn apd siticon into
t he fra wor k of ze sta it ¢can prompte the condensation

A
of o copounBCrRCHai SEAE FERERL- 1 6766 SRCHR oA aral FHEGt The
framevvork to fhenedthe scawtepsationl prigdudhmivédsueht at denmpountbper se. As

an exanpl e, itnis £ MalHe kRAWA I—a?wtm&%rtﬂaqg siéafm)w,n degs makgenter the
zeolltefranemorklnaéﬂ[eg alkali netal is present in the

system in the L o eE?strtﬁ ﬁ%sﬂl&ﬁégﬁ‘i“t‘:’é’f‘eregu@l’?day?ée"’lftef 07
Sept enber 2006he amicktthre addeditréedindmtbeunr heatsdi nee pheatedunttat t he

product;@s titRdi gedd d)e+8PeEhaSe Sdidaar the ﬁéi@@l&tloHe\éeyeflcam the

present invention . even when an alkali _netal is used in the first step,
it is al so poggeiﬂﬁgquln the seed crystal to the silicon 1n the

silicon-containing compound to be used as main raw
material may preferably be a ratio of seed crystal : main
raw material = 0.0001-0.2:1, more preferably 0.001-

20 0.05:1. If the addition amount is to small, it is
difficult to obtain the above-mentioned effect. If the
addition amount is to large, the productivity will become
lower.

As another additive, it is possible to add a

25 compound including an alkali metal such as sodium or
potassium, and in such a case the crystallization time
can sometimes be shortened. 1In general, the presence of
alkali metal can provide a tendency such that it can
inhibit the introduction of an element other than boron,

30 aluminum, and silicon into the framework of a zeolite
substance, or it can promote the condensation of a
compound including the element to be incorporated into
the framework to form the condensation product of such a
compound per se. As an example, it is a well-known fact

35 that titanium does not enter the zeolite framework in a
good manner, if an alkali metal is present in the system
in the case of synthesis of titanosilicate such as TS-1,



5 substantially renove the alkali netal in the acid treatnment (second
step), prior to the step for introducing the netal species into the
framework (third step). Accordingly, it is also possible to use an al kal
metal in the first step of this invention, and it is 10 possible that an
al kali metal is present in a nolar ratio of alkali netal : silicon: =
0.0001-0.2:1, nore preferably about 0.991-0.1:1. As the APRRIFTOeBPY
source, there are hydroxides, nitric acid salts, chlorides, sulfuric acid
salts, salt of other netal acid, 15 but a hydroxide or borate may nost
preferably beandethe adiedhéatiengun espercat useinnotperftiadstingbephes not
particularly bighied futesidant Beorast, afpenvtheshzino @ diepyesor (A),

this may preférably be performed under = hydrothermal reaction conditions.
The term "hydFBYRE rrral”‘ZGhleeBEFF%W‘ Hyeidd@PnefBEh TREThSD d4%abscribed in
"Hydr ot her mal m&eattionisedf ikyohenf Kegalare¥ogotJis enlsq Gosssaly for

St andar ds Che”k%é&’éntl%rﬂgﬂ E@ﬁlo{%! Hﬁ@%ﬁcal@ﬁé’éh‘l@ﬁ +Mzgn (March 30,
1991), a synthesis or nodification react a substance performed in

the 25 presentE®dF™HigH Steeﬁﬁgr ater b \%tlé’rr tBaF  cUtSR 15°hi gh- tenperature
hi gh- pr essur einatetucinyg gaet meuahrsp%clesiynmhestee rigzgtewormrkusthird he

hydrot hermal geagi | OrAdc%rdrlﬁf;@%reﬂt 1% @3 so h;segemfén@ ug¥nkhesigal i
Accordi ngly, _the heatin r ef eratél éFbe performed 30
b

by placing a RExttrd & tgllﬁﬁ Staelf er‘é)ltz‘tlé &8 %%hcﬂ‘ an ohZ cont ai ni ng
conpountl a. sPP$ePN-C oMmEdi nrlnglleelmollmail aadrwesent iim @ obésedraoiv ai ner

such as autochbavgikdindedetalydr 81 hesdml -smnbb@ﬁ@ £ondiglli-ans of applying a
pressure while heati.n e ture r ef raIy b rom 35 110 to
200C, nore prafe arba}%}ygra(?ﬁlu%% %F 03010 I h g ¢ étﬂ‘? n t he

hydr ot her mal s9witresitdere areskydirmidesi sniange,acise sebjtecti ve product may

not be - 21 -cHiSepieanben12006c ablaisedsor sevend forokt-ahned: 4dwey heating
may tak alon tlne andth|5|s oetm%ractlggﬂegtb gther an if the

roxide or mos
tenperature exceeds IS range, cflhe pur 8d" 2% 1|te

subst ance di sadvarift‘ha?gé@tﬁllygd‘e@m%rs%elre in the first Step is not

particularly limited but in the case of synthesizing a

precursor (A), this may preferably be performed under

hydrothermal reaction conditions. The term "hydrothermal
20 reaction" as used herein means, as described in

"Hydrothermal Reaction" of Hyojun Kagaku Yogo Jiten

(Glossary for Standard Chemistry), compiled by Nippon
Kagaku Kai, Maruzen (March 30, 1991), a synthesis or
modification reaction of a substance performed in the

25 presence of high-temperature water, particularly high-
temperature high-pressure water. In particular, a
synthesis reaction using the hydrothermal reaction is
referred to as "hydrothermal synthesis". Accordingly,
the heating in the first step may preferably be performed

30 by placing a mixture containing a template compound, a
boron~containing compound, a silicon-containing compound
and water in a closed container such as autoclave, under
hydrothermal synthesis conditions of applying a pressure
while heating. The temperature may preferably be from

35 110 to 200°C, more preferably from 120 to 190°C.

If the temperature in the hydrothermal synthesis is

less than this range, the objective product may not be



5 The hydrot hermal synthesis tinme is usually from2 hours to 30 days,
preferably from3 hours to 10 days. If the hydrothermal synthesis tine is
| ess than this range, crystallization may proceed insufficiently to fail
in obtaining a high-performance precursor (A). On the other 10 hand, even
if the hydrothermal synthesis is perfornmed for a tinme period exceeding
this range, the performance of the pregursor (A) is not dfisemheriZafy
enhanced but rather adverse effects may be caused such as conversion

into other phase or increase of the particle size and 15 this it not
preferred. @EBeeanddstepveihe fsebandnsd gpclies dasdngbedy bedkawa Thegsecond

step is a stepeOfbnaCigld @Da&;o@gpgggtpéaef.ur [ +48) ?emlai | 0g the first

;
step or first-2 step to obtain a oronated 20 silicate. e precursor
(A) obtained ' tRBPETFSIISISKTeREY RIS FAMW Y r E8BeBURELY toF £PBut when the
precursor i sobabkénaédzedfitrestsudsstepy difaiventheeacstly tdeatammet . and

thereafter aci d-trﬁsa%o@wﬁ@;i ashdge.d he dinamework, can, be jpope 25

efficiently renoved. s, utilizi ng this first-2 steg i s, preferable.
Her ei nbel ow, PPHESpFRcU? SHI¥S 0BT REAPTH T4Hk 3 PPEFSstRpt LiffYthe Ffrst-2
step are inclbsi pfiyothefmalr egntbeass " pirecurssdesEArian Ritel s eangéaci d

treatment” a%r?é%@li‘fi@tifbd@é@s p38c£0at AL Mehbi@ncfcd by npre ,
specifically, to.contact . recursor (A)obtained in the first step with

t he
a solution EBAEAPITAA aﬂ%gzilc'lp&%f’r{ﬂf’f‘ﬂeé?if GFdOFt 81 f. OfhéhecBhbSEti ng
met hod10s notapdrt ecemn arf yhe imytledthednal systthedisf isprexyfiorgedr feoati ng an

acid or an agid;s@l bii Ay I%cRRBALHE PRESWSRe,( MheOfefedmided gF di pping
the precursor (A% in an acid.or an acid sol,uflgo_n may bed sed. The nethod
of di ppi ng t FBepPERTNVETT® (A i BRTatief G aA 1 G 2a% P Prtsept enber 2006
sol ution is pereherradvdecaedderhssmay pp mpusethedch sasiamplverandn easy. The
acid used fornthi stisdLPpHERYE Be 3ActOEIVY Gheaphd i@l YiGRNegacid or a
salt tTEreOfth§geg£fAéi preferred.

(Second step)

The second step is described below. The second step
is a step of acid-treating the precursor (A) obtained in
the first step or first-2 step to obtain a deboronated

20 silicate.

The precursor (A) obtained in the first step may be
acid-treated as it is but when the precursor is calcined
(first-2 step) before the acid treatment and thereafter
acid-treated, boron inside the framework can be more

25 efficiently removed. Thus, utilizing this first-2 step
is preferable. Hereinbelow, the precursors obtained in
the first step and the first-2 step are inclusively
referred to as "precursor (A)".

The term "acid treatment” as used herein means

30 contacting with an acid, more specifically, to contact
the precursor (A)obtained in the first step with a
solution containing an acid or with an acid itself. The
contacting method is not particularly limited and a
method of spraying or coating an acid or an acid solution

35 on the precursor (A) or a method of dipping the precursor
(A) in an acid or an acid solution may be used. The

method of dipping the precursor (&) in an acid or an acid



5 preferred exanples of the inorganic acid include a hydrochloric acid, a
sulfuric acid, a nitric acid and a phosphoric acid. Specific preferred
exanples of the organic acid include a formc acid, an acetic acid, a
propionic acid and a tartaric acid. Exanples of the salt 10 thereof

i nclude an ammniumsalt. In the case of using the acid as a solution, the
solvent therefor is not particularly ligited. Specific ekdappsmbsr 306 t he
sol vent include water, alcohols, ethers, esters and ketones. Anbng these,
water is preferred. 15 The acid concentration is al so not particularly
limted. The spletépneds ramgeiredr bofacan trarsy ddependimgthaen itshe
temperature. Mhenet Rggagid, concentration is low, the removal of boron is
less liable to oceur . Wien acid concentration s too high and the

tenperature is too'80%ht Hlsetdhéoﬁr ERUT sOTeR ARYpBE &R i 19¢1i ssol ved.
Accordi ngly, ach€é,aendorgarsig taghikdy ousedsalt aheoroént regecticof 0.1 to 10

mol /1iter. T@%ekeeﬁém&amsb%fp%éomeﬁanqtc aci&MPeLAldy § of 0 to 200C

formed at 50, t 0C, nore pre erablyfrom60to

but may pref %tys gﬁg
25 150C. The WPESFRERTL |"‘}ﬁsldi'safFB ’6“10 f‘?&}ld 't 8 Blbays,acisk éngrably from 2
hours to 1 d@posphorsc adsial.posSpebliéi¢ opmdirduet! éhemp.lyead e»fofth(et he first-2

step -> secor&@g%@@)acpiaﬂl%lw@eé fbﬂn&r %%r d, Oannwé Sdili® Lesi dual
content of bordon., 30 (T step ):?The third steg escrl éd bel ow. The

third step PECRIEPED %Cfl &51[:1' Ao EhE*Hebddfat e x%’I‘H’]iecsatoef $beafdEl in the
secondl8t ep, thegetheinaiude anmertoneurccrdlai.ning a tenplate conpound, an

el ement - cont ai ni ngy coMPUNG @@%3%@6«2#& afchoggaans@h&rl%%ur%% (B). The
"tenpl ate conp Eund ﬂzsjeused hereg ft gl i\ i o that ‘used. in the
first step, U A g SahC2 P2 71°§ BEeXbbI™DeRse  SREFITITyY of

speci fying tﬁéaﬁpl@%t@r eheparivent aktgludeevaper e shapelat eheesynt hesis of

a zeolite havkggranaddWetshedCt Usfond Rikeseonpousd is Jrlrepapticul arly

llnltegSas The acid concentration is also not particularly

limited. The preferred range thereof can vary depending

on the temperature. When the acid concentration is low,

the removal of boron is less liable to occur. When acid

concentration is too high and the temperature is too

20 high, the precursor (A) per se can be dissolved.
Accordingly, the acid is suitably used in a concentration
of 0.1 to 10 mol/liter. The treatment may be performed
at a temperature of 0 to 200°C but may preferably be
performed at 50 to 180°C, more preferably from 60 to

25 150°C. The treatment time is from 0.1 hour to 3 days,
preferably from 2 hours to 1 day.

It is also possible to conduct the cycle of (the
first-2 step — second step) plural times, in order to
minimize the residual content of boron.

30 (Third step)

The third step is described below. The third step
is a step of heating the deboronated silicate obtained in
the second step, together with a mixture containing a
template compound, an element-containing compound and

35 water to obtain a precursor (B).

The "template compound" as used herein is, similarly

to that used in the first step, a compound having an



long as it can be renoved afterward by cal cination. 5 Exanpl es ther eof
generally include a nitrogen-containing conpound and specific exanples.
t hereof include piperidine, hexanethyl eneimne and/or a m xture of

pi peri di ne and hexamet hyl enei mi ne, however, the present invention is not
limted thereto. 10 The tenpl ate conpound used inthe third stgg nag be
the sane as or different fromthe tengl? te_conpound used TiSspemeer20pt
step. In view of the efficiency of netal” Tntroduction, the tenplate
conpound used in the third step may preferably be hexanet hyl enei m ne. 15
The el enent - centavaing i epeouridingi che carubeunsgdpartiddierlifi tdestep is

not particul abbyelgmg@d&t agel 999tﬁ§sist fcgn%wj? & fAY énlﬁhﬂe' ement

(partlcularly, metal . at |east ohe menber rom group
consi sting of ® FP?EHﬁ?un ?ﬁlﬁc88W8ﬂ¥n@aﬁhd¥ﬁnPaﬁFkﬁﬁ%ﬁﬁlytéﬁﬂaFaﬁ]a?
chrom um nDIybden@m1rﬁumgsbenremawgﬁnﬁ&exwaranbyaﬁﬂahmatlahckel zi nc,

gal l'iumsindi gapmbids %ﬂe@@dben%ﬁéigf tﬁlclﬁé@”@' £5c .9 en—% alrr&iagf , the

titani umcontainin oun anl um oxi tl tanl um i de and

t et raal kyl orFﬂﬂp?ﬁﬁiuﬁﬂpe§99ﬁ6ﬁk9eﬁxaﬁﬂ%§spFB§§%?fZBKﬂwﬁéntlon i s not
limted therepbbpepinbing t hesemethymiaimineabkhdeoand misithaal kyl

ortho-titanat §§p§ffd19feefa%'ar ﬁgxhrﬂetheéﬂeQRlﬁésylhaf@zoeﬁc{ RLE {3999% Hability.

Specifically,, titaniumtetrafl|luorid e, tefraet ana
t et rapropyl ofthot Y??hﬁ5t80tt HPLHRA yibesPERo-ti tanate and 30 the |ike are
sui tabl 0 used. Exdf ¢empflatheconpaoni wsedont atind g icdnpespdnay N ude

zi rconi um oxi gee gan{é:%l B Bakideeand oh! €RBT LUR ltaetter %@lng%héi%eé‘o""ever’
t he present |nve limted thsreto &) zi rconi um

hal i de and 35" 2|rco lﬁﬁ?té??%alkB&ﬂHé@’& e ?ﬁeﬁ%ﬁHQ%TnFﬁ 9FeWFEﬁls|nple
and easy handi%ﬁﬁﬁdqqp}OHSpébeftemﬂﬂqxe zpmpqwmdunsdﬁeumatheothrhﬁ zi rconi um

tetraet hoxi dest&p r We¥ergdbfy -bel ot etrabut oxi de and the
¢ ma@ng hetRele ne

i ke arESSU|tany e vanadlun}contalnlng co ound

i ncl ude > vanadi um XI&%e {F%ﬁqﬁﬁHﬁﬁngdgoﬁﬁﬂ“VEHQHFﬁnF?P| 5% K

the third step is not particularly limited, as long as 1t
contains a group 3-14 element (particularly, as a metal
at least one member selected from the group consisting of
titanium, zirconium, vanadium, niobium, tantalum,

20 chromium, molybdenum, tungsten, manganese, iron, cobalt,
nickel, zinc, gallium, indium, tin and lead). Specific
examples of, for example, the titanium-containing
compound include titanium oxide, titanium halide and
tetraalkyl ortho-titanates, however, the present

25 invention is not limited thereto. Among these, titanium
halide and tetraalkyl ortho-titanates are preferred in
view of easy and simple handleability. Specifically,
titanium tetrafluoride, tetraethyl ortho-titanate,
tetrapropyl ortho-titanate, tetrabutyl ortho-titanate and

30 the like are suitably used.

Examples of the zirconium-containing compound
include zirconium oxide, zirconium halide and zirconium
tetraalkoxides, however, the present invention is not
limited thereto. Among these, zirconium halide and

35 zirconium tetraalkoxides are preferred in view of simple
and easy handleability. Specifically, zirconium

tetrafluoride, zirconium tetraethoxide, zirconium



oxi des, however, the present invention is not I[imted 5 thereto. Anpng

t hese, vanadi um hal i de and vanadi um trial koxi de oxides are preferred in
view of easy and sinple handleability. Specifically, vanadiumtrichloride
and vanadi um oxytrii sopropoxi de are suitably used. Exanples of the

ni obi um cont ai ni ng conpound i nclude 10 ni obi um oxi de, ni obi um halide and
ni obi um tetraal kanoates, however the_pjgsent invention i$Spgember2f§e ed

t hereto. Anobng these, niobiumtetraal kanoates are preferred in view of
easy and sinple handleability. Specifically, niobium

t et r aki s( 2- et hythexamodde) ang di%e sluikeablry ssedablBxarseldes of the

tantal um contai ni %MIE%UB@ Jct‘i‘&'&Q?adlhﬁﬂéék‘clm%gd%omrpé%@ Mﬁlhﬁie' de and
tantal um di sul fide, however, the present. invention s not |imted

t her et o. Spe%?l??‘?:‘di“l PXignt &?’Pﬁﬁl M hefide #Rd stARAHAR G§é€llk%di%<arrpl es
of the chrom oxident aovengr¢onpouncsene! ddeentciwronisumoaceéiateed chr om um

nitrate and chyomym h%b@ls th@é’éf"e\(ﬁarmadrlnﬁ R £E&N tarldV8RLE PR | S not

limted thereto, _Specifical/l % cl romumnltratels sui tably used.
Exanpl es of th’él?rjdﬁiﬁdﬂ@nﬁﬁﬂ% t 3 hiRF§ TEORBBuNY VB (AicPagE Cilybdenum
oxi de, nol ybdeirpddalanddeahdlinp! ysdecdmisal iy dejarkolievretri¢heopeesent

invention is pog va{daraltuﬁldokE@fﬂ&p&%@chééca}é ysulr&lbmgdaggmtrl chloride is

t abl d. Ex he t t clude 30
ungeten oxi de and ATRISEeR NG du CHHONGar -1 M D GRRE 41 HytHidbon | o not

| i m tedl@ her ehbobBpecixfideal hyobumg@tlede erd rmctiiom de i s suitably used.
Exanpl es of tb@tf@emg@rﬁ%%%esonﬁ&héue&g +tGRNPOHEEh« | ﬂﬁﬂem@ofraﬂgaﬁ&se oxi de,

manganese hal acetate and, a cetonate,
however, the L %‘%En“l%ﬁ\? %f’i’on Lot err m?3e$lt‘%é &t 63"’@%%%?? Cally,
nmanganese trisaeaydieceednareviev nfi rablyandeding® handSephekiyer- 2006
Exanpl es of t§ged 1100090 ahNbHOue ArERQUREs| Ned ude ndx=@Ba0X) des i ron halide,
iron ace§ ate andté{brl(g,num t rate
Examples of the tantalum-containing compound include

tantalum oxide, tantalum halide and tantalum disulfide,

however, the present invention is not limited thereto.

Specifically, tantalum disulfide is suitably used.

20 Examples of the chromium-containing compound include
chromium acetate, chromium nitrate and chromium halide,
however, the present invention is not limited thereto.
Specifically, chromium nitrate is suitably used.

Examples of the molybdenum-containing compound

25 include molybdenum oxide, molybdenum halide and
molybdenum sulfide, however, the present invention is not
limited thereto. Specifically, molybdenum trichloride is
suitably used.

Examples of the tungsten-containing compound include

30 tungsten oxide and tungsten halide, however, the present
invention is not limited thereto. Specifically, tungsten
tetrachloride is suitably used.

Examples of the manganese-containing compound
include manganese oxide, manganese halide, manganese

35 acetate and manganese acetylacetonate, however, the
present invention is not limited thereto. Specifically,

manganese trisacetylacetonate is suitably used.



however, the present invention is not limted thereto. Specifically, iron
nitrate is suitably used. 5 Exanples of the cobalt-containing conpound
include cobalt oxide, cobalt halide and cobalt trisacetyl acetonate,
however, the present invention is not limted thereto. Specifically,
cobalt trisacetylacetonate is suitably used. 10 Exanpl es of the

ni ckel - cont ai ni ng conpound i ncl ude nlg% oxi de, ni ckel "hidpfeaber 306 kel
nitrate and nickel acetate, however’ € present invention is not limted
thereto. Specifically, nickel nitrate, nickel acetate and the like are

suitably used. 15eRx@MRlse®sotné hﬂcc&i—'&‘én%@ﬂh@h@ld&n;ﬁﬁ:’ﬂiﬁoﬂﬂé’lﬁcﬁ@' ude zinc
oxi de, zinc haI i de i ng acega%e and _zi nc nitrate howeve t he present

i nvention i s hat Timted Pheratec’ <588 FrEaTTY, al% ﬁfoﬁcgf’g%% 'zi nc
nitrate and bﬁ@e\rerke télleepr%?ltl‘ablry’e@s?édn 20 Exanpinagedf thapeto.

gal | i um cont gpmm&g@qu Rdoh NEl tide e g@l kb upaeK} c{fg,edgal I | um hal i de and
galliumnitrate, t pres i entlon IS no t hereto.
Speci fln%:al ly, gall? \r%ﬁnl t Pg gﬁe &1 ei ?r)g A ord (fompounfll frﬂn]]t'%dfl fluoride
and |ike areC%?ﬁ¥%ﬂﬂ%¢dGse8°bQE¢ Pe§n6f0@¢ﬁ#ﬁ ndlun}contalnlng conpound
i ncl ude IndtﬂﬂﬁibéﬂyiacbmdhuﬂéhakhdﬁeandthéIﬁ&é@b@tIlﬂdbﬂﬂﬁon Hwowever, the

P 1 D ChbL Ml a0k nbLBLA 0 it el 0.y 1 PPEEMdcal |y, 1 nd U

trichloride, umtrifluorrde di um isopromde and the like are
sui tably useHrl%%}’alﬁﬁleégné'fet% Sﬂlﬁﬁééht%?ﬁﬂg conpound include tin
oxi de,1tin hal i deExamblest baaﬂk@mcndemscohaa\avmg do@oupd esedltudenvention is

not limted ﬂl%ﬁéﬁ(%xiﬁgechi E@ﬂlﬂ%%ldglnnggﬁ% o éyétgeanéSQEi rafluor|de

tetra-tert-butox e afe sUI arrpl es of the
| ead- cont ai n?‘?@t%mélﬁ?w&v?ﬁcl*i}t?e Pqeésatok’i“d@‘tll%dshaﬁdblmﬂt’f@(dr aal koxy
| ead, howevetheidt®. pisesenficaMant nankes mbdirdddy hedkebhesedinte

Speci fically,ng B8 11%eSepPt esbar bagogse{iead acetate, lead chloride, |ead

nitrate, |lead acetyl acetonate, fate and the lLike are suitably
18 Examples of theé zinc-containing compound include

zinc oxide, zinc halide, zinc acetate and zinc nitrate,
however, the present invention is not limited thereto.
Specifically, zinc acetate, zinc nitrate and the like are
suitably used.

20 Examples of the gallium-containing compound include
gallium oxide, gallium halide and gallium nitrate,
however, the present invention is not limited thereto.
Specifically, gallium nitrate, gallium trichloride,
gallium trifluoride and like are suitably used.

25 Examples of the indium-containing compound include
indium oxide, indium halide and trialkoxy indiums,
however, the present invention is not limited thereto.
Specifically, indium trichloride, indium trifluoride,
indium triisoproxide and the like are suitably used.

30 Examples of the tin-containing compound include tin
oxide, tin halide and tetraalkoxy tins, however, the
present invention is not limited thereto. Specifically,
tin tetrachloride, tin tetrafluoride, tetra-tert-butoxy
tin and the like are suitably used.

35 Examples of the lead-containing compound include
lead oxide, lead halide, tetraalkoxy lead, however, the
present invention is not limited thereto. Specifically,



used. The precursor (B) obtained in the third step can be 5 synthesized
by previously mxing all of the acid-treated precursor obtained in the
second step, a tenplate conpound, an el ement-containing conpound and wat er
and heating the mxture to performa so-called hydrothermal synthesis
simlarly to the first step. 10 The order of mXxing is not particularly
linited. For exanple, in order to homgenize the raw mat&pqpigmber 2006
conposition, it is preferred that at first, a mixture |iquid conprising
water, a tenplate conpound, and el enent- contalnlng conpound i s prepared,
and the acid1$5dtﬁeatedeprb%uismﬂopi@vicﬁﬁhdlnﬂihatsecnﬂﬁistep is added to
the resul t antaddexhHEBt ok d Naloadt BE1 AL XL WEy IdnQUh o COPPII SiNg, Yater, a
enpl at e conpoul and the ‘el’ement - cont ai ni ng conpound nmay pre erably be
a unlforn1solﬁt|dn rather than slurry, and it is desirable to devise the
20 ki nd and conceffheapFerusfort H8)ebkheitted ant ahri Ayi cdrgaeyndanobe M Xi Ng

conditiaen (teypenhakiced By rf&)ev%@suééytz@u@lt}{galaﬁl S¥chya aScQleJtt Q0ce4n the
m xture of the third st element to silicon in the

t
aci d- t r eat ed Fprecar Sor ?é%f g %2Fb?a&ﬁ%PQﬁasﬁeﬁ t 2r "R} he nolar ratio,

el ement : sidompennd, OaCElemen@-8ontaimiregy proabenadl ynelwerrent and silicon =
0.005 to O. Zhlz,atihl;“chémﬁ&t@}:%f eeapéyf&énerae@to cal$bd BN ERE Q10 0.2 -
1. The above ra%h g 2 h é? ge as possible in view of the
30 appear anc&¥o ¢feri P tPY ﬁﬁﬁ%d FBm the introduced el enent.

However? if the rﬁb?cpiéﬁn(yf maxgeg ig hetelpementutanlunidegiteabl y form an
i mpurity phagerbgxanpse) fin bEdbhetd Mdbgin@Re the féﬁ'ﬂ%tgﬁlﬁ@ter to

the mol ar ratPBLORESrT S 1T aonPE BT Dbt T Rerer g SHSFABFy vater
silicon = 151¢gub@ compriginghwatati o -tempiate7cSppranberng006 is too
smal |, it isedehéheudtdntadnabatsmpoufatisr @ropuie@, argoedequataty. 1f the
ratio hg too.lgrge, égg%ursor provided in the second step is added to
the resultant mixture. Further, the mixture liquid
comprising water, a template compound, and the element-
! containing compound may preferably be a uniform solution
rather than slurry, and it is desirable to devise the
20 kind and concentration of the element-containing compound
or mixing condition (temperature, time) so as to obtain
such a solution.
In the mixture of the third step, the ratio of the
element to silicon in the acid-treated precursor may
25 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. The above ratio may
preferably be as large as possible in view of the
30 appearance of the characteristic derived from the
introduced element. However, if the ratio is too large,
the element can undesirably form an impurity phase by
itself.
In the third step, the ratio of water to silicon in
35 the acid-treated precursor may preferably be, in terms of
the molar ratio, water : silicon = 5 to 200 : 1, more

preferably water : silicon = 15 to 50 : 1. If the ratio



productivity will be lowered. In the third step,Athe ratio of the tenplate
5 conpound to silicon in the acid-treated precursor may preferably be, in
terms of the nolar ratio, tenplate compound : silicon =0.1to 5 : 1,

nore preferably tenplate conmpound silicon = 0.3 to 3 : 1, still nore
preferably tenplate conpound silicon = 0.5 to 2 : 1. 10 If this ratio is
too small, it is difficult to obtain an,,intended product.’Septempsr200at i o

is too large, a considerable anobunt of the tenplate conpound can be
wast ed, and such a process is not econonmical. As for the conditions of
hydr ot her mal $yntdsm&dmljln it51i% hei thioud tstepebthbn same xcondi haog as
described for,thg.q #Jagltltgt epzmhé)eraacam igdeoblonengs, twaen a conpound
cont ai ni ng an”ef enen gé s co- present in the third step, it

is possible tﬁé?d‘ﬂ?f%l"al&é’qﬂi’étlé *condition is considerably
different fromthatnithe hdi20 $iest tsiteegatﬁ?ar of ctheardepplaiceh respect to

the tenperatyrg, LR 1k thsqueé'ler ablig- E9e§€éc§3(§retc|fh@so§0ﬂﬂ§l§tl on
depending on t e el ement fo be co- £rese pr.ovi ge an i nt ended

precursor (B)PR&FVFTRPLY MeghitpheiT OfA§h8e§‘8$?5e’6aiiJﬁ 'EXERBI85® appeari ng
herei nafter, 26mpdend theitlénperatUrike tics 5t colhi gbye @refiepmabily t oo | ong,

the product cag ?fa@é]acr}ﬁ%@uhato & suhst angeshaying; 1an%ttt1@n fbraict ure such
as ZSM 39 (structure cor nst ead of the |nte8) §r§curfor (B). In

addi tion, as BREEFHHRERTP E)C‘Eh‘é ORI St EpIiFTR 3 | 50’ possible to
use a soecal |l ed tnys gedtimetibotdoo whrexldin i& nﬁxtiuf‘élqwﬂltxtt@r ebxaillbfart he

2g'nflalt F}eat ed 195@1@&'&&05r091ru@£' deﬂfl{hiﬁé@afa%oms @&@plaac@de the el enent -

|ng co a_m x wat et _an g conpound
(mixture af nﬁh‘g‘?’b%%l s@B‘ng% n&e%lﬁﬁe Con)‘ﬁouurnede(mrgh x%ure X) of the
aci d-treat ed preted sAnd SOV éIeEIrWﬁ&SwéSsé‘@énﬁc%@(@v%%d t he

met al - cont ai ni ng &@rmu&@hel sofausashd @ fcoptasthéhealvaparhetivairer and the

msrziléz3 tﬁgt Sep%ggte)ﬁ%}a oungg’ae ecoqn astq'ﬁg% éezunesstfseéggo%gﬁ%és i
first step may e applied. However, when a compound
containing an element of 3-14 group is co-present in the
third step, it is possible that the adequate synthesis
condition is considerably different from that in the

20 first step. Particularly, with respect to the

temperature and time, it is desirable to select the
condition depending on the element to be co-present, so
as to provide an intended precursor (B) having a high
purity. As described in Examples appearing hereinafter,
25 when the temperature is too high, or time is too long,
the product can be changed into a substance having
another structure such as 2ZSM-39 (structure cord MTN)
instead of the intended precursor (B).
In addition, as an embodiment of the third step, it
30 is also possible to use a so-called dry gel method
wherein a mixture (mixture X) of the acid-treated
precursor provided in the second step and the element-
containing compound, and a mixture of water and the
template compound (mixture Y) are charged separately, and
35 the mixture (mixture X) of the acid-treated precursor
provided in the second step and the metal-containing

compound is caused to contact the vapor of water and the



crystallization can be recovered easily. Wth respect to the details of
this dry gel nethod, 5 e.g., page 28 of the above-nentioned "Zeolite no
Kagaku to Kogaku" may be referred to. The mixture X can be obtained by a
met hod wherein a solution of an el enent-containing conpound is dispersed
in the acid-treated precursor obtained in the second step 10 as uniformy
as possi bl e by use of inpregnation, d19§§091 etc., then dPeriembenZPo

pul veri zed as desired. The drying can be conducted by various nethods
such as air drying at roomtenperature, vacuumdrying at high

t enper at ure. templpdreecahpoand aqueoddisotase ontlieref niegaemet it used, and 15

therefore it {ge stnfdiGikentohSodid etichhgadrydndal, 3024806 fafe 1-24 hours.
The end poi nt _of t'tr1$_.dr |.n12 IS such that é{he roduct in a crushable
state. The m %t {it'& lﬁ%lﬁ Mt dINEGCBYCRTRi R d renpl ate  conpound and

water. 20 In the ditthgekspethod; thieedkiadlofof ditsedpyatel marpdund to be
used, the kingd of thgeebgneateitONLRLBLAGN: COMROUBAD b QLDeN SR PYH3ent, the

ratio of the teI ement bei ng co-present to silicon in the precursor, and
the ratio of “HLYEp BFE o d°fot8tlicon in the precursor may be 25

t he sane as those ﬂé@_ odéstnidex q:am eecbhsEnad kiy_he_ a.\bohgd wheserinbed nor rr;al
hydr ot her mal synidiesi 8+ dheeTdtdid -@bn¥at £1nd Q¢ ordolaN: & Ny fdisefMegCcuUr sor is

different fromthe nar hydr ot her mal _synthesi S i.n the adequate range,
Shd . pr et P BeLRREr ey AT G eRUraPE KPR Aathy SO eohe
=0. 01- 18 1, m¥ enpifereldbiy pessikdeeby: us¢ [dfcampregtatidord,. dRlpeimet hod of

chargi ng the gixtur@eX apded N&ard pulleriYedBis RRsAP¥L MEthQM, 488 nhong as

the m xture and the .m.xture Y cannot_b ] xed wi th each, ot.her "unl ess
: adtedry %a b

the 35 mi xturd Yy 1% “RBATee T < bd WAREF i 38 °For UERarpl &% i 489 Bbssi bl e

to achi eve sWIPTEHEFGERGtBYLS a YRSUNBddnEr®iat tiigh hexperatwrd.s phaced in
the bottom ofgeferaut oghayguetith @clu2ifn-id fSeplerbey Q006 Lrnt ai ner

contaiqkpg tf%%é@é@%ggeig ig Jﬁggicﬁgn%hgbrgf¥¥3% tggrér§Qnélg% %%EOClave'
80°C for 1-24 hours. The end point of the drying is such
that the product in a crushable state.

The mixture Y may be obtained by mixing a template
compound and water.

20 In the dry gel method, the kind of the template
compound to be used, the kind of the element-containing
compound to be co-present, the ratio of the element being
co-present to silicon in the precursor, and the ratio of
the template compound to silicon in the precursor may be

25 the same as those as described in the case of the above-
described normal hydrothermal synthesis.

The ratio of water to silicon in the precursor is
different from the normal hydrothermal synthesis in the
adequate range, and may preferably be in terms of molar

30 ratio, water : silicon =0.01-15:1, more preferably is
water : silicon =0.1-10:1.

The method of charging the mixture X and the mixture
Y may be any method, as long as the mixture X and the
mixture Y cannot be mixed with each other unless the

35 mixture Y is heated to be vaporized. For example, it is
possible to achieve such charging by a method wherein the
mixture Y is placed in the bottom of an autoclave and a



By the above-nentioned first to third steps, it is possible to obtain the
precursor (B) for a MWtype 5 zeolite substance. When a conpound
containing at |east one elenent selected fromthe elenents of 3 group to
14 group is co-present in the third step, a precursor (B) containing
such a nmetal can be obtained. when the precursor (B) is subjected to the
calcining step to be 10 referred to as fhe fourth step, tHSpreburdt can
be converted into an MW type zeolite Substance. Wien the precursor (B)
is subjected to |ayer-exfoliation in the presence of a surfactant, in a
simlar nmannegomsaiinert kenteasenoftheT@i2tuge thiis Ihayer éd shbstizwde may be

obt ai ned. 15 0 possible that, in a simlar manner as
O@W $8e hﬁtbéléasles

in the case recursor i s _swollen and then treated with
al koxysi | ane, etc.BY Qet HH?V?)TWQ%@nﬁFIef“F%‘? M et eshePhe tayérs
(pillaring) tlﬁbsid’hej’l%by_oobbaam tireopgebhinkong(® )y feorl ayBWedtgpibst ance.

vari ous i ndsz@&B&% Tbalkafon! alidid '8%4&5&%&%%‘&'1?1%?3& bedproduced by

such processes he ‘above-nmentioned first to th
possible to o‘b‘f%lﬂec“}‘?é‘tpﬁ%%‘?%‘iﬁ fsp £8f Al MERTSypE 3286P% E?etos&lﬁ‘stance
(B). The fornmatéewnn iaf coherpsectrisorth25thB)yd catrerdhe acpmbrrneol ( , by the

powder X-ray %&Hilrﬂ%fgl cﬂaét&r{slt henegt - ogfau{etdw skeR) dhe fourth step

i s described The our St%ﬁ, iIs a ste of. cal ci pi ng%t he precursor
obt ai ned in tPeeBFIHi (&) step ‘%}?39[ i€gte Elﬁ%p 35 T03PSi ATEP 801N e
subst ance. Hes®imizel aw, ashEh@rfe:amtilossepbt’amm&liacrmrShe té@rkk step and

third-2 step af& dNClushysl yn rm@rtrg%@ Tz@of‘n?te af&ca%éer (#en tHae met hod
for the cal cination of %recursor erforned \M;ei'n t he 1‘|r§%a step and

the second stRPFCYFINst P2 éfe‘b‘)b%ﬁ?&eldnt?h a¥%ﬁret 85PR Hot*Sarticularly
limted and theegalca rdt BosucEac tEntperihor netniredemann8epaemyerth2006 30

condi tions knoywe for QLARl 5 cat Bl sl ecahCimadi e HA§ be obtained.

15 Of course, it is also possible that, in a similar manner
as in the case of MCM-36, the precursor is swollen and
then treated with alkoxysilane, etc., so that pillars are
formed between the layers (pillaring) to thereby obtain
cross-linking type layered substance. Various kinds of

20 metal-containing layered compounds can be produced by
such processes.

By the above-mentioned first to third steps, it is
possible to obtain the precursor (B) for a MWW type
zeolite substance (B). The formation of the precursor

25 (B) can be confirmed, e.g., by the powder X-ray
diffraction pattern thereof.
(Fourth step)

The fourth step is described below. The fourth step

is a step of calcining the precursor obtained in the
30 third step or third-2 step to obtain a zeolite substance.

Hereinbelow, the precursors obtained in the third
step and third-2 step are inclusively referred to as
"precursor (B)".

The method for the calcination of precursor

35 performed between the first step and the second step
(first-2 step) and in the fourth step is not particularly

limited and the calcination can be performed under



cal cination nay be perforned in a closed systemor a flow systemand as
long as an oxygen necessary for the burning of the tenplate conpound is
present. The calcination in 5 the air is nost easy, but it is also

possi ble that for the purpose of avoiding the excessive heat prodgct;gn
the precursor is heated to a predeterm ned tenperature in_ _an inert g
stregn1such as nitrogen to degrade the @enplate i nsi de, AReEPRIREA 2y gen
is introduced to thereby 10 renove the F&sT due by burning. The cal cination
tenperature may preferably be from 200 to 700C, nore preferably from 300
to 650C, nDsthnéieieﬁﬁ3kdawmnfé60ndﬁmaﬂﬂaa€a1y§tt&&ﬂd&ﬂdylaﬂtlOﬁhéenperature

is less than t n y tlsfacto

r enoved, V\herggggﬁaé{&]ekggggg g%%%mﬁé ql@U\%\lfT T Sryfstgl Et?u{fﬁﬁ/e

be broken andSYRFE #i&dvARPIgRD A fxd§8§e§eﬁﬁs%ﬁmerf§é cheebtrmimg he
precursor per b6rbeeceenip atkecoaseuraf icabeesaht on T}fe thecihbtsén Zstep and

on the gual i tynofafiied GRk! apL zapld s 20, 0, the sase efcalel nation of

the fourth ste e te eraturerlsm rate cirnati ois may
preferably be® ﬁ?‘/?ﬁ%?"rﬁﬁ °fsakptd Jrfi?mtth@def(ﬁé?%%‘()e|1'featbpéaﬁagbl@f t he
MAV t ype struthereraoesomot sobeatrad Hoe appodaet ¢ qifdoeempe Sht e NIV t ype

zeolite 25 SUQﬁtﬁﬂﬁﬁ:%%stQ%rQ&Q%ﬁQ% a@vﬁ9££5§?4|90|d%gggég Lped nore

speci ficall ile referrin for schematical ly
sﬁow ng theys ?T%?Jsét(?f ltnﬁégﬁ's"[‘%‘bsthen%%ﬁ?? ng tihtricguced thethmusdct i on
processl®f theemgureeddet renvéme ilpn bukkhihg. a med hed cshacebn a | ayered 30

precur sor (A)térpp&%tCa%Vﬁa;/egréf&%bqg} ygww & 0Py O%bb%atn‘?or'es

synt hesi zed fro aci -cont aining conmpound using
plyperl di ne or? &{?ee)faa%g‘é'h%%e??ﬁ e ééotﬁe ’f‘%‘i’f‘blpéteée(ftaﬁé}’am Yootedure s
the first stefd)°GndIdcitteteebtimgithetemyerac:r35 igr @6ss SeHarbor osi | i cat e
(the above pramedyr ehbstgmslaseé:mgoaaema§ %&y%ghgﬁtzsfgc shagonat ed

si l'i caty (ac_}dtreted e second step, it is

al so - SprShaRe recur%d%SI %é °{%d G né&rendYai#R%ed precursor to

be Converted crystal structure may be broken and this
disadvantageously causes an adverse effect on the
precursor performance in the case of calcination df the
first-2 step and on the quality of the resultant zeolites
20 in the case of calcination of the fourth step.

The temperature rising rate at the calcinations may
preferably be 1°C/min but is not limited thereto if
breakage of the MWW-type structure does not occur.

The production process of an MWW-type zeolite

25 substance of the present. invention (I) is described more
specifically below, while referring to Fig. 1 as a view
for schematically showing the series of these steps.
Referring to Fig. 1, the production process of the
present invention (I) is a method wherein a layered

30 precursor (A) to be converted into an MWW-type
borosilicate is synthesized from a boric acid and a
silicon-containing compound using piperidine or
hexamethyleneimine as the template (the above procedure
is the first step), and acid-treating the layered

35 precursor borosilicate (the above procedure is the second
step) to synthesize a deboronated silicate (acid-treated
precursor (A)). Prior to the second step, it is also



into the MAWMtype borosilicate (the first-2 step). Then, an

el enment-containing | ayered precursor (B) is synthesized fromthe
deboronated silicate and an el ement- 5 contai ni ng conmpound usi ng

pi peridine or hexanethyleneinmne as the tenplate (the above procedure is
the third step), and calcining the elenent-containing |ayered precursor
(the above procedure is the fourth steE) to renmpve the t/erepieaber 200fher eby
a zeolite substance 10 having an MAWsPrutture is obtained. The zeolite
substance which can be obtained by the production process of the present

invention (| )po%@ﬂb.b@ toIsed Asel thé 51@5%@&%5:@EM§§0t ntcarbe%belatet@éu

reaction, ve X|de of el ne whi ¢ rated a 15
resul t of conggnsé ?dﬁﬁ%f eeﬁgﬁ?Sl | é Fggen r?% hg' Qeol @'subst ance

obt ai ned by Pﬁeeb?@@@ﬁn¢Qﬂ¢aﬁﬁéées%azﬁﬁﬁd RIECEBROFi DX i%fy to the oxidation
reaction, ca@ybehaglzé@aﬁtonpamel aéwrdr%m@aedlmyc@@@taacd iamg etlBereOl i t e

substance wit c tact i h_an acid, 20 an MAWMtype
zeolltegcatafyst gﬁ% C$$éoﬁgr Q r?nﬂdggd%%gn e obtained. The

"cont acting ﬁﬁﬁhmahh%&ﬁQFlm%§eu§édt%%r¥ﬁmph®§e éthecihare @refepprret s
performed befigr enertmiterstep)hobhd Mdﬂrﬁn@ndhaféﬁéméﬁﬁ%c@akﬁhﬂﬂﬁg on in the

fourth step, 1‘3?% %«? %P%&Jso‘%ag@ﬁé“aﬁosv %gh?&fji%eth‘@‘%u?-%@' led in the

precursor (B) ore th caIC|n her eby, the
product i on oFtaRr) oke deeTHTVeelt8AehemPtHek W@Frﬁéygén%ﬁQ&%ﬁf Eybﬁh@mce
cal ci nabi on abkvangyaprosductrudyeré oi £ wxtensation of the el ement corrpound

Loelf can be_ 0nfLopllu Jnubbt ke The cioauhast Ing i 89 gl d used

here has the sane nea cont act described in
the second :l?ﬂféﬁu‘ahﬁo%spwstsh@fc’b‘?ﬁ ét’%q%?@tnéflﬁ%’éitl‘%%éldcicén B&ed for the.
contacting, tbedcascentisatdson ohtaryst Usedn3bxiedtidre reaptachjng, the

tining of Comg%pg and whea thee r& | SnysRd; 8SséhiQlidlii 98, 4t he sol vent
and the |ike conditjons described 'in the secon step, can be appl i ed.
7 Septéﬁber ?693 1t ognyondensatlon of element itself present in

zeolite substance obtained by the production process and
not contributing to the oxidation reaction, can be at
least partially removed by contacting the zeolite
substance with an acid. By this contacting with an acid,

20 an MWW-type zeolite catalyst having higher performance
can be obtained.

The "contacting with an acid" as used herein is
effective even if it is performed before or after or both
before and after the calcination in the fourth step, but

25 this treatment is most effective when applied in the
precursor (B) state before the calcination (third-2
step). Thereby, the production of an oxide of element
that may be generated by the calcination of a by-product
due to condensation of the element compound itself can be

30 greatly inhibited.

The "contacting with an acid" used here has the same
meaning as the "contacting with an acid" described in the
second step and as for the contacting method, the acid
used for the contacting, the concentration of acid used

35 for the contacting, the timing of contacting and when the
acid is used as a solution, the solvent and the like, the

conditions described in the second step can be applied.



The present invention (I1) is described below. The present invention (I1)
is, e.g., a layered precursor and a zeolite substance which can be

synt hesi zed by the production process of a zeolite substance having an
MAW 5 type structure and a | ayered precursor therefor of the present
invention (1). These |ayered precursor or zeolite substance contains, in
addition to silicon, at |east one eleng?t sel ect ed from { Rertgprisn 0o
consisting of 3, 4, 5, 6, 7, 8 9, 10 1, and 12 group elenents (in 10
the fourth period or nore) and gallium indium tin and |ead. Further,
there i s provided ahsubsdsine inkeneisn atz1) aasteacpiisdd Hellheserrs enent s

|5 Lncor porat edLoho LiGendiameuorksof dhe zeohibe o lavsred.corpound

Mor e speci fi cal s” of rese nvéntion (11) may
i ncl ude the f@iFﬁﬂﬂhbeeﬁﬁﬁﬁﬁaﬁﬁﬁtghlc¥JSaUAh@eﬁ§PF6%$44%QHQ¥ §list ance havi ng
an MAW st ruct predaonian nprugeats beast zélﬂ]ﬂ‘dél ebBtased acdhathof Bammwwhe

el ement s beIonggg %g S QUPs 3 Loy EQ%u SBL(¥%§Eeé§' ggrﬁbéJ t he

periodic table A metall osi subs ance having an
structure conP&CfAPAf %@VQQ%%QP dRe- eI%ﬁﬁﬁﬂ lggpeet e §GWIROL RE el enent s
bel ongi ng to Geoupse 3stwstlthcel BohbeiMer iiad a9dielondie® Liflikha,peti odic

table. (3) A q%%@k'Qﬁé'é %tSBQ§£ ecté%% 'Qﬂea$ﬁ§@¥Vé§%§§%E98§“§lng

contai ning at | east one el enent e graoup cons
titanium 2|r@onﬂun?'v%né6|@n1 'n?%bllﬁn angnt al BRYUR HYGHedyS hﬁ?ybdenunl
tungstenp) manpanéserth rpyiodobal hore) coel gazilbenm, galdiuw tindandn tin

and 1 ead. 30 (dhat MBil|AS Lhealos SURSARGA LORBelhRld LRersipSiance |

havi ng an MWW structure produced % Qve- nentioned process
| ayer ed precu#§8?tn%t%ﬁqﬁxﬂflFBSF% Uﬂ%?ﬁﬁbés FB?O%PQﬁﬁﬂthén§8bE?%ﬂce
havi ng an MAMgeneettk eo35heontal ntegpratlayeast oorepeireient sel ected from

the elenents bel 01@8f@%§&1@19!4ﬁ?§y?’ Bnl 2nmbbBihdf: P& QhedpPlsefOr € Of the
perlodlgstable Qgtenb

nvent (IT) may include the following embodiments.

(1) A metallosilicate substance having an MWW
structure containing at least one element selected from
the elements belonging to Grdﬁps 3 to 14, in the Period ¢
or more of the periodic table.

20 (2) A metallosilicate substance having an MWW
structure containing at least one element selected from
the elements belonging to Groups 3 to 14, in the Period 5
or more of the periodic table.

(3) A metallosilicate substance having an MWW

25 structure containing 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.

30 (4) A metallosilicate substance for a zeolite
substance having an MWW structure produced by the above-
mentioned process.

(5} A layered precursor metallosilicate substance
for a zeolite substance having an MWW structure

35 containing at least one element selected from the
elements belonging to Groups 3 to 14, in the Period 4 or

more of the periodic table.



- 33 (6) A layered precursor netallosilicate substance for a zeolite

substance having an MAWstructure containing at |east one elenent

sel ected fromthe elenments belonging to Goups 3 to 14, in the Period 5

or 5 nore of the periodic table. (7) A layered precursor netallosilicate

substance for a zeolite substance having an MAWstructure containing at

| east one el ement selected fromthe group. consisting of ¥iSeriembery?006

zi rconium vanadi um niobium 10 tantal chrom um nol ybdenum tungsten,

nmanganese, iron, cobalt, nickel, zinc, gallium indium tin and Iead.

(8) A layered precureyor Amh@éfaﬁiﬂﬂf%@tggotgﬁp%%g%i%g%tg;cgnégggﬁaté%g:gbstance
ing an MW ture.pLo .t he - .

Eﬁ\r/!t hgr , ther e%lgua; zlr%@?é?%o%?%etcaaqcee gﬁ%&?%n%ré YAV iSAGUCARTRMIV st r uct ur e

contai ni ng, as®AHENeRENEt ot RSt toien elenbit oFpleatteedsomoriee el ement

sel ected fromdhsnegreupeleofsiStidNerehpti $ad um, 2ir cooi pm ; yaRadium

ni obi u 0t rom um. |.ybdenum tungsten, nmanganese, “iron,
cobal t m n%ckeﬁgg% Lrég] tggl ﬁg%lrﬁ i i‘% T'tin and |ead. Further pref erably,

there is a metallodi’Di cAt B2yeifss PaRcer howi et adi oW s teicdulyse a@eBt ai ni ng,

in addition 2%rta seblcos,sulstaeast hQﬁgr_l@m%b_?,@L@@Ef%nI ;Flet hghgg%!lgm
adi ! i@ sEblEo8, sulls | i |
) ° (AR LT BB DS S

nol ybdenum tungsten, anese, ron, ¢

indium tin afP"SrER4N9ad Hiteaiam, | edseorpanti akhgdbimi heicalienent are hel d

30 in frl@rremortlenafa1iW\¥Ns}tn'am'Iuw,emoTiaBdéMmJ,cttuhgsg@g? d\\é/ﬂf/c}/t ain%_sgr)teoof h;\r/\ce)v\n;
nol ecul ar  si st es, its.characteristic . feature is

por e corrposed%\g'?nénagﬁigée'n%ll%[}%ﬁbg%I(eEQd’ r?%(rilgl,lughdlﬁdl%petﬁﬁ’ag?‘@_d( 0. 7x0. 7x1. 8
nm. Details df3fhe structure are 35 descri bed, for exanmple, in Atlas, 5th

ed. or can be read(8pn A Nayemedr peécutdwr herapagei PfcdeA sSbkughid €
Conmmi ssion  (Bkpa/ éMﬂeZ%h%E'{:Hﬁééjrﬁa\Pirn% )an(ﬁéwoétrﬁlecmuuraer %’roggcoez '

15 by the above-mentioned process.

Further, there is a metallosilicate substance having
an MWW structure containing, as an element other than
silicon, at least one element selected from the group
consisting of titanium, zircénium, vanadium, niobium,

20 tantalum, chromium, molybdenum, tungsten, manganese,
iron, cobalt, nickel, zinc, gallium, indium, tin and
lead.

Further preferably, there is a metallosilicate
substance having an MWW structure containing, in addition

25 to silicon, 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, and also at least partially of the element are held

30 in framework of MWW structure.

The structure code MWW is one of known molecular
sieve structures and its characteristic feature is to

have a pore composed of an oxygen 10-membered ring, and a
supercage (0.7x0.7x1.8 nm). Details on the structure are

35 described, for example, in Atlas, 5th ed. or can be read
on the internet, the homepage of IZA Structure Commission
(http://www.iza-structure.org/) (as of February, 2002).



- 34 - 7 Septenber 2006 Known exanples of the nolecul ar sieve having this
structure include MCM 22 (Science, Vol. 264, 1910 (1994)), SSZ-25

(Eur opean Patent 231860), 1 TQ 1 (Chem WMater., Vol. 8, 2415 (1996) and J.
Phys. Chem B, Vol. 5 102, 44 (1998)), ERB-1 (European Patent 203032) and
PSH 3 (U S. Patent 449409). The nvol ecul ar sieve having the structure
code MW can be identified by its charggteristic pattern/GiPeRErRPGy
diffraction (hereinafter sinply referred to as "XRD"). As for the 10 XRD
pattern, for exanple, a simulation pattern of 1TQ 1 can be available on

t he above- desgnobecetrmepagef The whiacadber E$¢ve MHvifgachien pattern in

the MW stru n Tahky T r nt ention (1) is
characteri zedgircﬁuftdlse Sﬁg\ig?lrauﬁ%?ez a(%g_q'tg%cﬁih@ogl Ie%\%l nglgglwf fraction

pattern. Tabl 611 Poiwd&°2R2PafEdF PRGHE FIAGATFi A2k P ovild@al BSRMAAN structure
d/ A rel ative Matensi tyl(.s8,st#dhg(l9a6)meddui Fhyspeaklem.18,3voD. 6 5 11.0

0.6 s 88 0155 46.3998,4, %R& (EQu%p\é’an?’PQteypc 209033y 7and sz 3. 4
0.2 s The above "d/ A" ans attice 20 sp aC| ng dis

uni
Angstrom |n Add?Pt |Poarfe’\l‘vhér41930?}ansﬁl Eﬁ@?%\?r i S §YR P&H&E%dt nto a
silicate, a charactwrd side HEE0rt ikgn imeyptappedrby iinst he visible to

ultraviolet | bHQEaé@e@kll%'%lcV\Bgrcb@h td}ﬁ‘ th%hﬂl'-@&& eciiﬁftﬂa%tégﬁor pt| on appears
in the UV-VISI?) ectrum 25 can %1 %ex of act that a[{lsmlon
netal is intt tr‘?trosémgﬁ’l E5 aﬁ@v\ﬁ?‘k XIWN)I e tAﬁe bsttS on of the

absor pt ion baKRD nmtuﬁmngéornevamlcms amaanet st iale perdieny Qfl Iﬂl‘&»lel enent to
be introducedgcafUle id2308Ble on the above-described homepage.
The characteristic diffraction pattern in the MWW
structure is shown in the Table 1. The present invention
(II) is characterized in that the structure has the
15 following diffraction pattern.
Table 1 Powder X-ray diffraction lines provided
by MWN structure

d/a ‘relative intensity
(s: strong, m: medium, w: weak)

12.3 £ 0.6 s

11.0 = 0.6 S

8.8 £ 0.5 S

6.2 = 0.4 m

5.5 £ 0.3 w

3.9 £ 0.2 m

3.7 £ 0.2 w

3.4 £ 0.2 s

The above "d/A" means that the unit of lattice
20 spacing d is Angstrom.

In addition, when a transition metal is introduced
into a silicate, a characteristic absorption may appear
in the visible to ultraviolet light region. Whether the
characteristic absorption appears in the UV-VIS spectrum

25 can be an index of a fact that a transition metal is
introduced into a silicate framewofk. While the position
of the absorption band may change in various manners
depending on the element to be introduced, but in some
cases, the present invention (II) may be characterized in

30 that there is an absorption in the region of 300 nm or



cases, the present invention (lI1) may be characterized in 30 that there is
an absorption in the region of 300 nmor - 35 - 7 Septenber 2006 shorter,
particularly 250 nmor shorter. The | ayered precursor for an MW type
zeolite substance can also be characterized by the XRD pattern thereof.
The characteristic diffraction pattern of the 5 | ayered precursor for an
MAW type zeol ite substance is shown in the Table 2. In onSeRiePpReE 2006 he

| ayered precursor of the present invention (Il) is characterized in that
the precursor has the following diffraction pattern. 10 Table 2 Powder
X-ray diffracéhowtdd, nearpioviged; 25w hayer eshqrwraursor for MAN type

zeolite substanc i | Si 7 ..,0.5s 12.4
ST R R L e %ﬁeedé{ysgg’qo.kéyw?‘ge“?“g’ S iR 0 5 3.5,
0.2 w 3.4 + sypstagce ERANplER|PeIFIPRACERPESERE HyhUdRt FBR Pattfedcri bed in
great er det aithedielfaw hyer eh&raddey its@iExanpt et iowpeetert hesahexanpl es
only sh t he ng N t v i t t. i nvention
i s not Ioéle tel ogé%gggggaﬁzﬁ%%s%%[ %\Hglg e(% %Oﬁq%fa%gf)ség&g%gq&npar ative
Exanpl es] 20 EM¥ffertaltPAndfhss < MettRoAnef 2Rt t é1SupsYaFRE A sanpl e was
wei ghed i nt o prekefdsenr 6feghst@reatntt Ladematdn oft1B. s dhaPoiderdeeNenour s
and Conpany) I d r..C i : .0 . added and

di ssol ved. Pu$2q§§?éFﬂgagpéggg%hﬁﬁgfegggaﬁ%#?ﬁgﬂgéﬁéf%ﬁgﬁ?ﬁ anal ysi s was
per f or med usi®PRF%E€desk-t ype

10 Table 2 Powder X-ray diffraction lines provided
by layered precursor for MWN type zeolite
substance

d/Aa relative intensity
27.6 £ 2 m
13.5 £ 0.5 S
12.4 £ 0.6 s
11.2 £ 0.6 s
9.1 +# 0.5 m
. 6.8 * 0.4 Y
6.0 £ 0.4 \Y
4.5 £ 0.3 m
3.5.% 0.2 w
3.4 £ 0.2 s
[Examples]
15 The present invention is described in greater detail

below by referring to Examples, however, these Examples
only show the outline of the present invention and the
present invention is not limited to these Examples.
[Analyzers in Examples and Comparative Examples]

20 Elemental Analysis Method of Zeolite Substance

A sample was weighed into a Teflon (registered
trademark of E.I. du Pont de Nemours and Company) beaker
and hydrofluoric acid (50 mass %) was added and
dissolved. Pure water was added thereto and the

25 elemental analysis was performed using a desk-type
inductively coupled plasma spectrometer (JY38S)
manufactured by Rigaku.

Powder X-ray diffraction method (XRD)

The powder X-ray diffraction pattern of a sample was



i nductively coupl ed plasma spectroneter (JY38S) nmanufactured by Ri gaku.
Powder X-ray diffraction nmethod (XRD) The powder X-ray diffraction pattern
of a sanple was - 36 - 7 Septenber 2006 neasured by using the foll ow ng
apparatus and conditions. Apparatus: MX-Labo powder X-rays anal ysis
apparatus nfd. by Mac Sci ence Conpany Radi ati on source: CuKa ray (1.5405
Angstrom) 5 Condition: Qutput 40kV -_20mA Range: 20 =5- 50 Sersenbh Y r at e:
2/lmnute Utraviolet visible absorption spectrumnethod (UV ) The
ultravi ol et visible absorption spectrumof a 10 sanple was neasured by a
di ffuse refl ecedspiradebhiods byg usee fofl lphénd cdpmawiantg sappdr atnusi t izmd .

condi ti ons. Appar a»xptpsraé%COLM MlaBos perbs LRl Aly sVanady 81 4. a s r aiii;BON Bunko
Conpany I\/Easurteélre angg leZIQCO E%:OO nm 15 Standard material for base |ine:
BaSO4 Exanpl'e 5, 855 aF 1O OF - MMAWPFype Tin Silicate [Preparation of
Borosilicate and Aeiddatieatsventde:l nu884rgy of1 isamsexabanged) water, 243.2 ¢

of piperidine (nf by . Wako Pur Industries, Ltd., 20 purity:
98 % (ﬁsrerel nafterCdndl e(rjrrledmftc;D E{}‘ WY di ssol ved at 25C to prepare
an aqueous pi peri duamge spbuth o ° To t hi s aqueous pi peridine sol ution,
165.8 g of bori Cg grn‘rolat §9n5 re Chem cal Industries, Ltd.
purity: 99.5 % vvasa e un er wgorou% stirring. 25 The bOI’IC aC|d was

conpl etel y dissglaydglghde : X paetrymen héheafter 120 g
]gf fﬁrred silica (@a]? eigr thl@t Wﬁ%é@ﬂ@i%g&@tﬁbﬁ §ﬁ@c$1hﬁ‘n el %(r)lfsg%z\ggs
urt her, , cont ours, 4o obta m ;
1.4-Pl = 19H 6%%%% %Vrgs R Y tb ratléokpu r‘l%tl ﬁf?(?tf?esﬂ\ﬁéjs%tyr dRSferred
toa2liter Olfeftlh@nfoﬂﬂa@él%ta(ﬂﬂaa”@éuﬁr .&nd camdagtentave having a

Tefl on-made |inenppapdtssi rasstoborviglsfuutromatea V0558 inFa.speed of 100

rpmat a temenhatuLe,RE C’Lgnppg.nf\fter stoppi ng the

Measurement range: 200-500 nm

15 Standard material for base line: BaSoO,
Example l1: Preparation of MWW-Type Tin Silicate

[Preparation of Borosilicate and Acid Treatment]
In 684 g of ion-exchanged water, 243.2 g of
piperidine (mfd. by Wako Pure Chemical Industries, Ltd.,

20 purity: 98 %) (hereinafter, referred to as "PI") was
dissolved at 25°C to prepare an aqueous piperidine
solution. To this aqueous piperidine solution, 165.8 g
of boric acid (mfd. by Wako Pure Chemical Industries,
Ltd., purity: 99.5 %) was added under vigorous stirring.

25 The boric acid was completely dissolved under stirring
for 30 minutes, and thereafter 120 g of fumed silica (Ca-
o-sil M7D) was added thereto and the stirring was further
continued for 2 hours to obtain a mixture of 1-S5i0, :
0.067'B,0; :+ 1.4¢PI : 19+H,0 in terms of molar ratio.

30 This mixture was transferred to a 2 liter-Teflon-
made autoclave (i.e., an autoclave having a Teflon-made
liner) and stirred for 120 hours at a rotation speed of
100 rpm at a temperature of 170°C. After stopping the
rotation, the contents were cooled to 25°C and the solid

35 product was separated from the contents by filtration and

washed with ion-exchanged water. The washing was



rotation, the contents were cooled to 25C and the solid 35 product was
separated fromthe contents by filtration and washed with ion-exchanged
wat er. The washing was 3 7 7 Septenber 2006 repeated until the pH of the
washi ng water becanme 9 or |ess. The thus obtained solid product was dried
at a tenperature of 80C and calcined at a tenperature of 600C. Wth
respect to 1 g of the thus obtained sokihd_5 product, 30miL78eprtemberi2@06aci d
of 6 nol/l was added so as to effect acid treatnent at a tenperature of
100C for 20 hours. After the conpletion of the acid treatnent, the solid
obt ai ned by frielPepaed opnivias tdigl eHnell the avashdnpevaten eoasfamg0@Cofor ten
hp:{r S. t Thi) Mledk . (r) aﬂﬁ?musl%tx:bamaa s%&hﬂi@@r@fjf&!tei ﬁa;ﬁQiﬂi%dE %thgL onat ed
silicate was : : rther, .w respe e_thus
obt ai ned sol itSmB‘F‘B%g%’E‘? %‘gtr%o gf o3 LB 261 26 R4 4SS Ohdded so as to
effect acid tP8a€mentidt nespesperatlire ofofthe00i$ ebt2ginedusslidfter the
colrrp! et 'gon ofprblgcagi Tordid dsr ?atggéét?citm@fsralhinembt ?'harse@d:a)édfi;btgéiti OP was
calcined at _a't erature o or ten_hours., ar, rati 0
bor on/ 1 1 coCof FTRTS Ka1d 2eACHET it du orPPLAr Bt MAS°h. 6810
[ Prepar at i onhefrsn- Mifje23-hat coBrletiprs of shePacipurtiaarmg8ty, thdd. by Wako
Pure Chﬁm' calsoh pdushta BfedCoy, thldritv@s mﬂil:s)lsﬁﬁllc\!ﬁded nat3(3| g of o
i on- exchange t her.ehy .prepar aqueous .sol ution. To this
honeons 1 oo EReL e GOy CPEEPA, Al T o Yk ot e by
Wako PéfPe Chéprealsdbiqed@st thés, setid (debereyated hligaseaddedunder
vigorous stioroeng. Afdmthest i witRorddecdOtBl DUfest ttheCampket el y di ssol ve
the tin tetr i de, L e bar.osi:Ljcate. . Vi:n
boron/sili co%g%?éégrsa?ll]lo %fr%a{:gb13#&“%%%&%%%9@2%1% %?egaggg/} n the above
"preparation¥80 #fdedrasiasi £at efiert AGld treatheht At o RBEEILWIRI t he
stirring wasofturther fmntiontedr§or A¥xdeaurdet Gombletidnaofnkeuseidf 1Si O2
0.033SpEP - :L?:g‘l:\t'%%p,H%Qxe' @otlgfingb@atine@)kay fﬁ?‘{f&io-ﬁhkv%snbéi&'{r?e&’\’as
transferred to a 1 m - vol une

at a temperature of 600°C for ten hours. The molar ratio

of boron/silicon of this solid (deboronated silicate B)

was 0.0017.
[Preparation of Sn-MwWwW]
20 At 25°C, 14.5 g of PI (purity 98 %, mfd. by Wako

Pure Chemical Industries Co., Ltd.) was dissolved in 30 g
of ion-exchanged water to thereby prepare a PI agqueous
solution. To this aqueous PI solution, 1.99 g of tin
tetrachloride pentahydrate (mfd. by Wako Pure Chemical

25 Industries, Ltd., purity: 98 %) was added under vigorous
stirring. After stirring for 30 minutes to completely
dissolve the tin tetrachloride, 10 g of the
deborosilicate B having a boron/silicon molar ratio of
0.0017, which had been prepared in the above "preparation

30 of borosilicate and acid treatment”, was added and the
stirring was further continued for 2 hours to obtain a
mixture of 1-8i0, : 0.033:Sn0, : 1+PI : 10-H,0 in terms of
molar ratio.

This mixture was transferred to a 150 ml-volume

35 Teflon-made autoclave and stirred for 158 hours at a
rotation speed of 40 rpm at a temperature of 175°C.
After stopping the rotation, the contents were cooled to



35 Tefl on-made autocl ave and stirred for 158 hours at a rotation speed of
40 rpm at a tenperature of 175C. After stopping the rotation, the
contents were cooled to - 38 - 7 Septenber 2006 25C and the solid product
was separated fromthe contents by filtration and washed with

i on-exchanged water. The washing was repeated until the pH of the
washi ng water becane 9 or |ess. The thys obtained solid 57pFeiernear 20%s
dried at a tenperature of 80C, and a part of the solid product was used
as a sanple for XRD neasurenent. The remai nder of the solid product was
cal ci ned for 2B0Cheudsth¢ solishpepdbotevad EPACatd8 fhem thenal i ntended

product, an MAWLYRE synfﬁéf&%ﬁ YRS Ly %ggdw? héfqbﬂ(;éréga‘ ype tin

silicate had a tin/silicon nolar ratio of 0.0 and silicon nol ar
ratio of 0. 06F6r - and?9 6731176 YPASt FPPATRY &G thdst PRI 9 &8d into the
product. The wdRDipgt vater dretaod Spect Yemn.of Theethhsisomialeedol1d tin

Silicat e ar e ShowRyl Bl ki 300a3.eh SANRGLLVBEYsld, dhie XBD DAL ern. the

diffraction I'ines flomm in har act eri st

type structuréwss eEERﬁﬂ?fe&?SIHS?¢m?%J@ SpERLE UMY alfdor pti on was
recogni zed i mekheresgnon dfhe2Fe@mamaer lgfsshel soldd promhatt2@athat at | east

a part of thealiiR,¥@ssdNcay Q%E%Eegt'iltt%n%‘%attféngf"qd@ cTheA%<RPn£attern of
| ayer ed prec rso for R%ﬁbtln silicate I's shown in . 4. The
diffraction éP? r iR S Eh PERERAT T n*rdBive tYPhF R ?%Q%Hﬁ%PaUﬁérlstlc to the

25 | ayédPed plOé’GarLBed fdli*hJISheWIWWP?pelrzeolluteteu@m anagen/shownomas
recogni zed. Exagpl gagio F?ermaroatslgﬂdqi A\é@%ﬂ@@l&sﬂ GRiaymgikhbcate In 15 g

of ion-exchang ter n, eous dr ogen perOX|de sol ution
(nfd. by VK gg%éla cal““’% ?1583% g?rgﬁfid qarporgtedyinte o g of
Pl (nfd. by tVaerﬁdet(henlcal Industrles Ltd purity: 98 % was

di ssol ved at 25C #ge mmq;ae;taanamqus sB'ec%?lJHt6Pr\:heTQhuTshb§t§ﬂH§d)us Pl

coLution 1 23,0:0 AULUWMTEL 1P 9208 4 REGRRk selyt o, (Md. by

the XRD pattern, the diffraction lines shown in Table 1
which was characteristic to the MWW type structure was
recognized. In the UV spectrum, absorpfion was
recognized in the region of 250 nm or less, it was found

20 that at least a part of the tin was incorporated into the
framework.

The XRD pattern of layered precursor for the tin
silicate is shown in Fig. 4. The diffraction pattern
group shown in Table 2 which is characteristic to the

25 layered precursor for the MWW type zeolite substance
shown was recognized.

Example 2: Preparation of MWW-Type Zirconium Silicate

In 15 g of ion-exchanged water and 5 g of an aqueous

hydrogen peroxide solution (mfd. by Wako Pure Chemical

30 Industries, Ltd., purity: 31 %), 7.2 g of PI (mfd. by
Wako Pure Chemical Industries, Ltd., purity: 98 %) was
dissolved at 25°C to prepare an aqueous PI solution. To
this aqueous PI solution, 1.25 g of zirconium(IV)
butoxide in l-butanol solution (mfd. by Wako Pure

35 Chemical Industries, Ltd., purity: 85 %) was added under
vigorous stirring. After stirring for 30 minutes to

completely dissolve the zirconium(IV) butoxide, 5 g of



35 Chem cal Industries, Ltd., purity: 85 % was added under vigorous
stirring. After stirring for 30 mnutes to conpletely dissolve the
zirconiunm(IV) butoxide, 5 g of - 39 - 7 Septenber 2006 deborosilicate
havi ng a boron/silicon nmolar ratio of 0.0017, which had been prepared in
Example 1, was added and the stirring was further continued for 2 hours to
obtain a mixture of 1SiQ2 : 0.033Zr Oz : 3o-Pl 1 15H20 in % SeRtpRReT 8906 o| ar
ratio. This mxture was transferred to a 150 m -vol ume Tefl on- made

autocl ave and stirred for 158 hours at a rotation speed of 40 rpmat a

t enper at ur e ofleRFEEs 11 iAfatter hat bppi ngporbea /60l atdoMmoltdre raenbest S wer e

cooled to 10 gSgogﬂda}hq%hsgghdbg&pg%rﬁ% gga §§pﬂaq&ﬁe]l% froggﬁt;hg a&pntents by

filtrati on and was I on- exc was repeat ed
until the pH 8FdtHe SHASRIRG VRt eruisdCantont brugddor ?héotlﬁ%lst%bt ai ned
solid producotbwasn dr imeicktateaot enyeaiogt ure. 033 -8@6, and -@al ¢i nedy,b5ikhor 10
hours atsa teppgratdd ¢95L600C,As the final i nt ended product, an
MAV t ype zirconiumsi |l cate was obtained. This MNWMtype 2| rconi um
silicate had a ziTEohnMdsFereiCoh THOnat eF BT ot df2 0.5615 1 anelame

bor on/ si | i conTebl@r-megiei euobc Da @D hd andrA&d nbdr %5ef hd0rzi a€cni um char ged

was i ncor por at &g 140 s%;lg%dp&@dwt prd Bt B AR PALLEr BfOFJSh@ above

2|rcon|umS|I| ate ffraction |ines own in
recogni zed. T%e“@?p%ﬁ@c‘f?%nﬁ%%?vﬁ P ntER gco@enéﬁséﬂﬁﬁ?l “o‘PPle’ajs to
recogni ¥&d i n23he anegitbe ebl2Eprmumiuot Wvesssebr dbealmplem3thdr epar ati on of

MAW t ype vanagh s sd bﬁaE§l€%aé¥gﬁ a%dzwgsﬁng% g%ht¥x8§ad@%4ﬁ(j by Wéako

Pure Chem cal I ndustries d.) was di sso %g
i on- exchanged"Weter St W@?}éb?/g ﬂfaegpéfeBe%t‘Fﬁl %éo&@e BRItidit 0.68 g of
vanadi um conpeasidin aaadi upeEneXy ori leopr opthd deugpubtéindd gliaf d. by

Aldrich Co.) Masiucadded aglé&nast R Q%Bxbgt&?uf’é?l‘&o‘é% é%fﬁl@é&é&%@%r vi gor ous
stirring. The var&aodlumco ound wa agng %14&/ i ssol ved —under stirring
for 30 M nut e5* and "CHER 8% ¢ ofASE 2BbBrohat%d Csi | fEatee EH¥ing a 0.0017
mol ar ratio O;nqqaﬁed product, an MWW-type zirconium silicate was
obtained. This MWW-type zirconium silicate had a
zirconium/silicon molar ratio of 0.015 and a
boron/silicon molar ratio of 0.0016, and 45 mol % of
20 zirconium charged was incorporated into the product.
In the XRD pattern of the above zirconium silicate,
the diffraction lines shown in Table 1 was recognized.
In the UV spectrum shown in Fig. 5, absorption was
recognized in the region of 250 nm or less.
25 Example 3: Preparation of MWW type vanadium silicate
At 25°C, 7.2 g of PI (purity 98 %, mfd. by Wako Pure
Chemical Industries Co., Ltd.) was dissolved in 15 g of

ion-exchanged water to thereby prepare a PI agqueous
solution. 0.68 g of vanadium compound, vanadium

30 oxytriisopropoxide (purity 95 %, mfd. by Aldrich Co.) was
added to this piperidine aqueous solution under vigorous
stirring. The vanadium compound was completely dissolved
under stirring for 30 minutes, and then 5 g of the
deboronated silicate B having a 0.0017 molar ratio of the

35 boron/silicon which had been prepared in Example 1, and
the stirring was continued for further two hours, to

thereby obtain a mixture having a molar ratio of 1-:Si0,:



35 boron/silicon which had been prepared in Exanple 1, and the stirring
was continued for further two hours, to thereby obtain a m xture having a
nolar ratio of 1Si2: 7 Septenber 2006 - 40 0.017v205 : 1-PI : 10-H20
This m xture was transferred to a 150 m -volune Tefl on-nmade aut ocl ave and
stirred for 15 hours at a rotation speed of 40 rpmat a tenperature of
175C. 5 After stopping the rotation, the contents were cobP@¥mOe 20986C and
the solid product was separated fromt A® ~contents by filtration and
washed with ion-exchanged water. The washing was repeated until the pH of
“the washi ngowatervijeecane & ar ibesg. The thus obtained solid 10 product

was dried at a te e _of 80C and calci,ned for 1Q hours at a

t enperature of 60@%.% i\gﬂ{tﬁer%f Wﬁsal%r?nnstfgeﬁﬁgg g?o%lulc{o, "gﬁVﬁE\W?ype vanadi um
silicate wasTe6bPRATFREE AutorhavXRMpatiaradofor hes dbvowe wanadi um silicate,
15 the diffraethonohineesbewoi rpdal @ %ebﬁ@@ré@?ﬂgr@i;cfzggg%ln thf Y
spectru ab i : L in e region o n r. less.
anpar atg} ve E%% %pci: rdéggrgg?%’%aﬁtdloﬂn’wb\&ft f/%% Varadiers cgf’?%cgaftoe 20 A

m xture was prepai®d e tRé 1dapeedifinarsasebaratdfsion 3heand this mixture
was transferredténta h5E imkravodunmdlekand made awmelkayengad stirred for

132 hour's al,aef Ot Al OR-SRERY 0ls 40 RILAL LA LeMBEr AULe o 175C.  After

stopping the rotation, the contents re coo ' b the solid
product was YapatRf ethYroRPERBE oMt 486§ - byThe | thug oot aaned weshiad wit h

i on- exthangegdroawd€rwasliie ivasht ng me&eﬁeﬁée@k Lgdut°id la_tntiecg)j_-&g{edt he i ed
washi ng wat e e or..les T[]ecﬁ S i al i roduct was drie
at a tenperat%air)e%;;%S & a§ogl]r§1€“t\%e %gpggtéeﬁnxtgf _ ?etaSOEén%r oduct, the
di ffracti on FPRRRAHEMYINAt Tabt WP y@envenademymiidgateames i nst ead, the
di ffracti on bbonesmehown in Table 3 which can be assigned to the MIN

structure was reQQQQEQEQRDiﬁattern of the above vanadium silicate,
15 the diffraction lines shown in Table 1 was recognized.
In the UV spectrum, absorption was recognized in the
region of 250 nm or less.

Comparative Example 1: Préparation of MWW type vanadium

silicate

20 A mixture was prepared in the same manner as in
Example 3, and this mixture was transferred to a 150 ml-
volume Teflon-made autoclave and stirred for 132 hours at
a rotation speed of 40 rpm at a temperature of 175°C.
After stopping the rotation, the contents were cooled to

25 25°C and the solid product was separated from the
contents by filtration and washed 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.

30 In the XRD pattern of the above product, the
diffraction lines shown in Table 1 was not recognized,
and instead, the diffraction lines shown in Table 3 which
can be assigned to the MTN structure was recognized. It
is considered that the layered precursor for an MWW type

35 structure was converted into the MTN type structure by
conducting the hydrothermal reaction for a long time.



is considered that the | ayered precursor for an MWtype 35 structure was
converted into the MIN type structure by conducting the hydrothernal
reaction for a long tine. - 41 - 7 Septenber 2006 Table 3 XRD |lines of
Conparative Exanple d/Arelative intensity 11.2676 w 3.8781 w 5.8624 s
5.6044 s 4.8440 m 4.4579 m 3.9587 m 3.7355 s 3.4373 m 3.2782 s
3.0640 w Exanpl e 4: Preparation of MMV fype titanosilicat éSeriesmbesP006
hydr ot hermal synthesis nethod) 5 At 25 4.5 g of Pl (purity 98 % nfd.
by Wako Pure Chemical Industries Co. Ltd.) was di ssolved in 30 g of

i on- exchanged wat eradi@e Bhexabylnf@oaarfecamBhraqua@tx&am@Qbuti on. 0 g of
tetrabutyl orthotigtanate (purit Wako Pure Chenlcal
| ndustries Co. Lgé Ygyas 10 qﬁﬁé%§ve %ﬁ aqueous sol ution under

Vi gor ous stlrrlngs dhe1 tetrabpt yl orthotltanate was conpletely

hydrol yzed under stiLg8é62/1g for 30 m nutes, and then 10 g of the
deboronated silicabet®havingsa nolar ratio of 0.0017 of the
boron/silicon whicA-H&a0 been pgtepared in 15 Exanple 1, and the stirring
was continued for fu r two™hours, tto thereby obtain a mixture having
a molar ratio of . 0.033Ti O : 1-PI : 10H2O. This mixture was
transferred to a 150,%§3vol umg, Teflon-nmade autoclave and stirred for 15
hours at a 20 rotatypdp speed Of 40 rpmat a tenperature of 175C. After
stopping the rotatBomssd he cortents were cooled to 25C and the solid
product was separated fromthe contents by filtration and washed with

i on-exchangedgxample 4: Preparation of MWW tvpe titanosilicate (normal

hydrothermal synthesis method)
5 At 25°C, 14.5 g of PI (purity 98 %, mfd. by Wako
Pure Chemical Industries Co., Ltd.) was dissolved in 30 g

of ion-exchanged water to thereby prepare a PI aqueous
solution. 2.0 g of tetrabutyl orthotitanate (purity 95
%, mfd. by Wako Pure Chemical Industries Co., Ltd.) was

10 added to this PI aqueous solution under vigorous
stirring. The tetrabutyl orthotitanate was completely
hydrolyzed under stirring for 30 minutes, and then 10 g
of the deboronated silicate B having a molar ratio of
0.0017 of the boron/silicon which had been prepared in

15 Example 1, and the stirring was continued for further two
hours, tto thereby obtain a mixture having a molar ratio
of 1-5i0, : 0.033-Ti0, : 1+-PI : 10-H,O.

This mixture was transferred to a 150 ml-volume

Teflon-made autoclave and stirred for 15 hours at a

20 rotation speed of 40 rpm at a temperature of 175°C.
After stopping the rotation, the contents were cooled to
25°C and the solid product was separated from the
contents by filtration and washed with ion-exchanged
water. The washing was repeated until the pH of the

25 washing water became 9 or less. The thus obtained solid
product was dried at a temperature of 80°C. With respect
to 1 g of the thus obtained solid product, 20ml of nitric
acid of 2 mol/l was added so as to effect acid treatment
at a temperature of 100°C for 20 hours. After the



wat er. The washi ng was repeated until the pH of the 25 washi ng water
becane 9 or less. The thus obtained solid product was dried at a
tenperature of 80C. Wth respect to 1 g of the thus obtained solid
product, 20m of nitric acid of 2 nol/l was added so as to effect acid
treatment at a tenperature of 100C for 20 hours. After the - 42 -

Sept ember 2006 conpletion of the acid,treatnent, the sol |7(§eléfﬁf’l%ﬁrﬁ@‘lf by
filtration was calcined at a terrperature of 600C for ten hours, to

t hereby obtain an intended final product of MAV Type titanosil i caste. The
nmol ar rati o cfom®pleitani efitdid iacod dfedtmentsolthe wadid. @233 nebheynol ar

rati o of boranhsichicon wis thirzisehi Qt\ﬂ@sté?np%%%uréno%hﬁ)%%DfB%tEsﬁn of the
t hus obtalne tita SI|IC he dlffractlogtl |n Table 1 was

i ne
recogni zed. YRe %rbeercet r?lb%ﬁéPe?)? Iofi506e Fbﬂaf tr&’?ognl zed in
the region ofMWZVS@‘Ynm bitdrexssiliBranpl e Bie Podpar aetdm of MWW t ype

titanosisl i catt@t(aelwm/gﬁildm %@d)chi\& Q&Qd Qva% g.0bzget r@ftwtwlawt hotitanate
(purity 95 strie Ltd.) 15 was

%
added to an égﬁﬁé&gfs%?{ﬂq%ﬁl&f:oﬁ ﬁgo?hﬁ n°’° >% h‘éiﬂ@e@ WHt%r and 1 g of
hydr ogen peroxi deIfptir¢ tXR3padftenfidof byhe \Wake Putei@heni cal | ndustries

Co. , | LE dI ) - Eﬁ%ah?§y%ih@d’ﬁe drfihét H!"L?f:\!\@@ttﬁ{ﬂ rlggtesf Qﬁo‘f’f@ JirH {?Ilétb@i% $0 gszg Ot .
conpletely prom)e e r Yy etrapu or oti.tanate an e
o anehe CEh 5

producti on of °ti t 8AP ¥t Petox SSRGS N R T ¢ RPFCEEERCPer oxi de,
and théfl thewssi Fefagnikes donthaueegidroroff @ﬁtohem G0 ¥dstutes to thereby
obtain a hompgaReOHss: Sldiair@RiodOot heW aSilt 8Nt afdOdUGtated (8rof

i on- exchanged c1MaLEeL nd 10 g of deboronated silicate A having a nolar 25
rati o of the gmMcon of 0.0217 which had been prepared in Exanple 1
were added, the sBFr?iTfy Wad dceht ieluedutol O0thehitamteTHorsatyer, under

stirring, waer , card eniy \M&&ovﬁﬁ.@él(ZM1@Taﬁth§ﬂ§6fﬁééﬂC%l .9f L2Q0E fO][ three
hours, ,to ther e havin nol ar_rat1o.of 1Si O2:
0. 033Tl _ % % Xd %56%515% %%#a%% e%?%y ﬁﬂ? 8f5%1gT% I1on -ex Ban ed

water and 1 g of hydrogen peroxide (purity 31 %, mfd by

Wako Pure Chemical Industries Co., Ltd.). The resultant
mixture was stirred for 30 minutes so as to completely
promote the hydrolysis of tetrabutyl orthotitanate and
20 the production of titanium peroxide by the reaction with
hydrogen peroxide, and then the stirring was continued
for further 30 minutes to thereby obtain a homogeneous
solution. To the resultant product, 9 g of ion-exchanged
water and 10 g of deboronated silicate A having a molar
25 ratio of the boron/silicon of 0.0217 which had been
prepared in Example 1 were added, the stirring was
continued for 10 minutes. Thereafter, under stirring,
water content was vaporized at a temperature of 100°C for
three hours, to thereby obtain a solid mixture having a
30 molar ratio of 1:8i0,: 0.033:TioO,.
This mixture was transferred to a 5ml-Teflon-made
beaker, and charged to a Teflon-made autoclave, to which
1.5 g of ion-exchanged water and 2.5 g of PI (purity 98
%, mfd. by Wako Pure Chemical Industries Co., Ltd.) had
35 preliminarily been charged, so that the aqueous PI
solution was placed separately, and the reaction system
was subjected to static heating for 158 hours at a



beaker, and charged to a Tefl on-nade autoclave, to which 1.5 g of

i on-exchanged water and 2.5 g of PI (purity 98 9% nfd. by Wako Pure

Chem cal Industries Co., Ltd.) had 35 prelimnarily been charged, so that
t he agueous P1 sol ution was placed separately, and the reaction system
was subjected to static heating for 158 hours at a - 43 - 7 Septenber 2006
tenperature of 170C. After 158h-heating,,the contents wef&PgdFetfObo 25C
and the solid product was separated fromthe contents by filtration and
washed with ion- exchanged water. The washing was repeated until the pH 5
of the washi ngempémtthecam’elgom | estzerTheshhusathigi ned cSﬁJcétdtspl’ oduct

was dried at @eing dJ%g QE §0§§d‘@ﬂéhsoﬁ§§p§§éeéé§ %a% ?E gpgté

obt ai ned solid nitric aci ded SO as
to effect aci Hrmt‘ r‘e%ﬂ r?@r*?tteat:sabit eiperratirs ard b gOmizh h@&rs After 10
t he conpl eti oaxefarndwei acitdrt r epieBshingewss! r@b@sbie&l nedilbyndigg ration

was cal ci ned ratu fr t our, h otalna
k at&émeggmgéb% (el 97 o ! sét tﬂutgwydb

final intended f]lroduc titanosilicate. nol ar
titaniumsilig®d %fprt%%tl\/W\Wt‘}‘b’eect |attaﬁo§P1“P%rait‘\'el%§f1§°6C016V?lthand the
nol ar rati o ofefpordn/ti I1i goaf t ties eﬂafus\A/aStaﬂ)nwlsﬂalﬂm ptrbeué(RD Pt tr@r N of

the thus obt abneghedid anoal bi oalius ke, duf Liagd 1 4o Bes caboun JngTabl e 1

was recogni zed In the W spectrumthereof sorption was_recogni zed

in the regionttf2 1"L*“!':‘?S‘tnr"i‘f‘:of"‘ BRerature, of r i 4F ‘Apfrﬂri @é?bthPF? APdederi bed
her ei nabbve, tteorahpigtiont be Presend tragemdnton,thet sodidl ebataireat |

according to thefﬂr&ctttthoraasZéartrl%%sgtot té}@peqra%%@t tnwéﬂd Qi .

process for prod cing a zeolite substance hav M/\W pe structure)
el enent s havi g &9% getPo’Fr}rl%r‘?%Ydlotﬁal\ﬂhPcﬁm%]r e‘”&lef’fiieéuP’Eo‘t"thoé’f
i ncor por at ed Hwif-o-yriee thtameswlicatean The motawduced wift h good efficiency,

as conpared vrttttar&%ge@\i@e&hocr@ldmskmwntyﬁé hods. {ar 1REQELGENY a zeolite
substancSe hav%n&lﬁn A g e structure nb a z/eolll te hbstafnce havi ng
such an @&l emeht 't RE% F ¥ dRG° oron/silicon thereot was

0.0018.

In the XRD pattern of the thus obtained
titanosilicate, the diffraction lines shown in Table 1
was recognized. 1In the UV spectrum thereof, absorption
20 was recognized in the region of 250 nm or less.

Industrial Applicability
As described hereinabove, according to the present
invention, it is clear that, according to the production
25 process of the present invention (i.e., process for
producing a zeolite substance having an MWW-type
structure), elements having a large ionic radius, which
are difficult to be incorporated into the framework, can
be introduced with good efficiency, as compared with
30 conventionally known methods for producing a zeolite
substance having an MWW-type structure, and a zeolite
substance having such an element in the framework and
having an MWW-type structure, and a layered precursor
therefor, which have been heretofore difficult to obtain,
35 can be obtained.



having an MWW type structure, and a | ayered precursor therefor, which
have been heretofore difficult to obtain, 35 can be obtained. 7 Septenber
2006 -44 CLAIMS 1. A process for producing a zeolite substance having
an MWW structure, conprising the following first to fourth steps First
Step: a step of heating a m xture containing a tenplate conmpound

conpound containing a Goup 13 elenent of the periodic tgﬁkgfm5”7006
silicon-contai ning conpound and wat er - 44nder a hydrot hermal synthesis
condition for two hours or nore, to obtain a precursor (A); Second Step:
a step of acid-treating the precursofLfAYSobtained in the first step;
Third Step: a step of heating the acid-treated precursor (A) obtained in
the second step together with a m xture containing a tenplate conpound,
an el enment - contlai ni ngx m@mmncfotro@t:@idmcriggaa lzeastlteneuleismm (except
the Goup_ 13 el enent _which has been used.in ttPL éi tep% sel egt ed
from the é1BHe SheFBhd Y TS & 0GFIPE e ¥4 B R fc‘ﬂ PEHSd 1555 “Rore of
the periodigut@ablsegind water to obtain a precursor (B); and Fourth Step:
a step of calcining the precursor (B) obtained in the third step to
obtain a zeoli t%lié%ltbsﬁ%ﬁ?i@e 2. The process for producing a zeolite

substance  acoq diug, g olalNcl, MhERED Bentalboning Ehrsiagestep is

performed between t e flrst step an t he second step, and the substance
obt ai ned igongreirfd r st -@rgtoemd songedniingt eaGrovb theepementsof (¢ in the

second St%%ﬂquP%Pt er 20%%116%% Ebr%alnlgt eompound and water

under a hydrothermal synthesis condition for two hours or
more, to obtain a precursor (A);

Second Step:

a step of acid-treating the precursor (A) obtained in
the first step;

Third Step:

a step of heating the acid-treated precursor (A)
obtained in the second step together with a mixture
containing a template compound, an element-containing
compound containing at least one- element (except the Group
13 element which has been used in the First step) selected
from the elements belonging to Groups 3 to 14 in the Period
4 or more of the periodic table, and water to obtain a
precursor (B); and

Fourth Step:

a step of calcining the precursor (B) obtained in the

third step to obtain a zeolite substance.

2. The process for producing a zeolite substance
according to claim 1, wherein the following first-2 step is
performed between the first step and the second step, and
the substance obtained in the first-2 step is used instead

of the precursor (A) in the second step:



a step of calcining a part or entirety of the precursor (A) obtained in
the first step. 3. The process for producing a zeolite substance

according to claiml or 2, wherein the following third-2 step is
performed between the third step and the fourth step, and the substance
obtained in the third-2 step is wused instead of as the precursor B) in
the fourth step: Third-2 Step; a step of acid-treating a’pesemisF2¥Rtirety
of the precursor (B) obtained in the-ahird step. 4. The process for
producing a zeolite substance according to any of clainms 1-3, wherein the
conpound contaﬁ¥ﬁ$ﬁr%1$§@ﬁﬁ) 13 elenment of the periodic table used in the

first step is b sspfor producing a
zeolite substaﬁ%éﬂﬁggé%$3$ (ﬂ¥ﬂﬂ%f%ﬁggﬁngﬁ%efggﬁﬁ. goggrgn- cont ai ni ng
conmpound igredutsast( ADn@kﬂ@uh@ﬁ.seﬂ&mmedlﬁsanstb@ group consisting of

boric acid, borate, boron oxide, boron halide and trialkylborons. 6. The
process for produci ng a zeolite substance according to any one of clains

1 to 5, whereimn the treRpkalReseORRRUBGESCANG kI @86N1iEBNsEbSEAGYcE0MPOUNd.
7. The process for produci ng a zeaglite substance accordlnghto cl aim 6,

wherei n' t REGAudisge -t sHRdMMIln§T conpBGRE1Ns thR &AL MEWARE/ BR1EG2% er nary
amroni um GaMpoUR o SeRLenbe, 2000 cird8rraThe oBr pReSEnLOEoproduCi ng 2

zeolite su stance accordl ng to claim®6, wherein the nltrogen cont ai ni ng
conpound|s;an,Iam&ﬂﬂmneuksmb@nes@b@@ue&dfnonthhetgncde &bﬁBlS$lng of

plperldln th eneim ne and _a_ m_xtur of eri di

hexanethyl Hfﬁb é@ O%egsprogeggeFSFSSroégélng ghge%Pufgﬁsggs?ance
according to am%u_ 3 r§glms 1 to 8, wherein the silicon- containing
conmpound i s at 1east one nber selected from the group consisting of
silicic acid, sldtoad e9f |Adiidcareamdinge a pialritc o Iealtiide;:yf ofredhsi | i cas,

tetra -
al kylproerctqu:orsI(|]E’>I ca %%1?{]% (i%l lt?zl d%lhl%ldl Is

4. The process for producing a zeolite substance
according to any of claims 1-3, wherein the compound
containing a Group 13 element of the periodic table used in

the first step is a boron-containing compound.

5. The process for producing a zeolite substance
according to claim 4, wherein the boron- containing
compound is at least one member selected from the group
consisting of boric acid, borate, boron oxide, boron halide

and trialkylborons.

6. The process for producing a zeclite substance
according to any one of claims 1 to 5, wherein the template

compound is a nitrogen-containing compound.

7. The process for producing a zeolite substance
according to claim 6, wherein the nitrogen-containing

compound is an amine and/or quaternary ammonium compound.



10. The process for producing a zeolite substance according to any one of
clains 1 to 9, wherein the at |east one elenent selected fromthe

el enents belonging to Goups 3 to 14 of the periodic table is at |east
one el ement selected fromthe group consisting of titanium zirconium

vanadi um ni obium tantalum chrom um nol ybdenum tungsien n ese,
iron, cobalt, nickel, zinc, gallium indium tin and I ea%&ﬁ@%“l’ﬂ@g
process for producing a zeolite subst-a#fce according to any one of clains
2 to 10, wherein the ratio between boron and silicon in_the m xture of
the first step8-is BBRORTOCEF$| EQR Rrel¥Aing A0l 5 RIS the nol ar

ratio. 12, Theqpnacessciginph ockelag: @ aeolit e sylislanaa iegor di ng to any

one of clains ereln the ratio between boron and silicon in the
m xt ur e ototnheuhilr 6 stepeass doeonembey |$ebrrted . pn gIe 9rpuPn ternms of

the nolar 7_Septenber .2006 -47 ratjo, The nr. r ing a
zeolite sﬁB?tc’é%%énga%opaPﬁ@l %)n%hyh%ﬁaem%%%]f%enls%]%?e??% % \Rﬂé@gﬁ%‘ t he
rati o bebdegipwaiainandndi hecanethyldeeimiiere of the first step is

water : silicon =51to 200 : 1 in terns of the nolar ratio. 14. The
process for producing a zeolite substance according to any one of clains

1 to 13, wherepn theTﬁ@%roQ@é“@@ﬁ bheal ey & ezsonpeurdandngid i con in
the m xture of the first step is tenplate conpound : silicon.=0.1to 5 1

in terms efcohéinel ap pavi enclst Jhelp? okesy § orWhiRivtiThg a%i%é(?loint‘_e
Substanceco%Egg%%gggcgﬁng¥dogg of £L quﬁetﬁéﬁﬁér‘ggyéﬂﬂééIy%oﬁﬁat'ng

tenperature in frrs ép Ts from110 to 200C. 16. The process for
produci ngtaezeebupecsubstahne ofcedl ey aoidnys odecaife clsdilason to 15,

wherein the acid .used for_the acid-treated in the second st is anitric
acid. 17. °FAESpr 8¢ §§°Poﬁab+§aucf eét Sehit9% Sheiamde | ortHo-

silicates and colloidal silica.

10. The process for producing a zeolite
substance according to any one of claims 1 to 9, wherein
the at least one element selected from the elements
belonging to Groups 3 to 14 of the periodic table is 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.

11. The process for producing a zeolite substance
according to any one of claims 2 to 10, wherein the ratio
between boron and silicon in the mixture of the first step
is boron : silicon = 0.01 to 10 : 1 in terms of the molar

ratio.

12. The process for producing a zeolite substance
according to any one of claims 2 to 11, wherein the ratio
between boron and silicon in the mixture of the first step

is boron : silicon = 0.05 to 5 : 1 in terms of the molar



according to any one of clains 1 to 16, wherein the heating tenperature
inthe third step is from 110 to 200C. 18. The process for producing a
zeolite substance according to any one of clains 1 to 17, wherein the
calcining tenperature in the fourth step is from200 to 700C. 7 Septenber
2006 -48 19. The process for producing a zeolite substan?S acco%ﬂ;ng to
any one of clains 3 to 18, wherein the calcining tenpera pRic %
first-2 step is from200 to 700C. 20:-4The process for producing a zeolite
substance according to any one of clainms 1 to 19, wherein in the third
step, the 5 Rt r eat ed precursor (A) obtained in the second step and the
m xture containing a tenplate conpound, an el enent-containing conpound
containing at |east one elenent selected fromthe el enents belonging to
Goups 3 to 14%f tTe pardasdisc foaabpaodmed ngaterzeadé tpr evbsushygem xed and

then heat o2y he £ragessd e Rradyel 09 ca 290! g substagoe. ageor ding

to any one rein a charging the
aci d- treaimétwﬁennw&nﬁr(aﬁd(ﬁnkMduﬂjln mh@heusmm@@doﬁteheaﬁdrsbesﬂepture
containing, a tenplate ., ound and %% er mhlle |solat| ng t he recursor
(A) and tie YAS&ur'e %%]drﬁ ¢h 2ot9errClarid Tcdmt 46K OEnERGaBBlabf  the
m xture copd@idi ng a tenplate conpound, and water with alnxu”eofa
conmpound containing at | east one elenent selected fromGoup 3 to G oup
14 el ements of the periodic table, and the precursor (A), in the third

step. 22. A precursopd Bl-padn oar lp@()%l'h%q.n.@l r“%%‘i‘iteOQE%ESﬂcé” the

third step of the process according to clam
according to any one of claims 1 to 13 wherein the ratio

between the template compound and silicon in the mixture of
the first step is template compound : silicon = 0.1 to 5

1 in terms of the molar ratio.

15. .The process for producing a zeolite substance
according to any one of claims 1 to 14, wherein the heating

temperature in the first step is from 110 to 200°cC.

16. The process for producing a zeolite substance
according to any one of claims 1 to 15, wherein the acid
used for the acid-treated in the second step is a nitric

acid.

17. The process for producing a zeolite substance
according to any one of claims 1 to 16, wherein the heating

temperature in the third step is from 110 to 200°cC.

18. The process for producing a zeolite substance
according to any one of claims 1 to 17, wherein the
calcining temperature in the fourth step is from 200 to

700°C.
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19. The process for producing a zeolite substance
according to any one of claims 3 to 18, wherein the
calcining temperature in the first-2 step is from 200 to

700°cC.

20. The process for producing a zeolite substance
according to any one of claims 1 to 19, wherein in the
third step, the acid-treated precursor (A) obtained in the
second step and the mixture containing a template compound,
an element-containing compound containing at least one
element selected from the elements belonging to Groups 3 to
14 of the periodic table, and water are previously mixed

and then heated.

21. The process for producing a zeolite substance
according to any one of claims 1 to 20, wherein a dry gel
method of charging the acid-treated precursor (A) obtained
in the second step and the mixture containing a template
compound and water while isolating the precursor (A) and
the mixture from each other, and contacting the vapor of
the mixture containing a template compound, and water with
a mixture of a compound containing at least one element
selected from Group 3 to Group 14 elements of the periodic

table, and the precursor (A), in the third step.

22. A precursor (B) having a layered structure
obtained in the third step of the process according to

claim 1.



