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SPECI'FI CATI ON Met hod of « Manuf acturing Crystalline M croporous: -y
Material 5 [technical field] = :%. *! . " The*
present invention relates to a method of manuf act‘u‘h'n;g Tyystéalibine
m croporpus raterial, and 10 the invention relates nore particularly
to a net hod suitable for manufacturing a variety of crystalijne
m croporous nmaterial under mld reaction conditions and under safe
wor ki ng environmental conditions by SPECIFICASIIQY sinple installation: «
The «crystalline 15 m croporous naterials obtained by the present
I nvention may be used as adsorbi ng agent, catal yst carrier or the
like. [ background art] _ 20 .

Crystal | i ne nicroprtdiednatfeManudgstugdmg frystalline Migraparaus
such as nordenite, ferrierite. Further, . . many kinds of artificial
crystal | i ne nicroporous met er i aMadeEigdown such as Zeolite- A
Zeolite- X5 ZSM 25 Z5 (see Japanese patent Kokoku No. 46-10064), and
ZSM .

keCx

[technical field]

The present invention relates to a method of
manufacturing crystalline microporous material, and

10 the invention relates more particularly to a method
suitable for manufacturing a variety of crystalline
microporous material wunder mild reaction conditiéns

and under safe working environmental conditions by

using simple installation. The c¢rystalline

15 microporous materials obtained by thé present
invention may be used as adsorbing agent, catalyst

carrier or the like.

[background art]

20
Crystalline microporous material exist naturally
in many kinds such as mbrdenite, ferrierite. Further,
many kinds of aftificial crystalline microporous
material are known such as Zeolite-A, Zeolite-X, ZSM-
25 Z5 (see Japanese patent Kokoku No. 46-10064), and ZSM-



11 (see Japanese patent Kokoku No. 53-23280) and so o LONL Ll e e
Fgr manufacturing the artificial crystalline nicropdrouS:ﬁp{pTLhJ;
as nentioned above, there has 5 been enpl oyed a nethqd"ﬁﬁnmhnLy.:u .
referredeto as "hydr ot hermal synthesis nethod" which includes a

m xi ng. step for obtaining al kaline mxture liquid cont ai ni ng
-silicon dioxide (SidJerr]), alum num oxide, and organi ¢ anmmoni um
salt, and a subseduen(seeydghphhezsenpatikht Kokétkp Nor 3,380 )ziagd so
crystalline m croporous material in the inorganic material m xture
l'iquid by omeans of hi gh-pressure heating. That is,
according to the hydrothernmal nethod, it has been believed_ that
after the preparation dton heanyfactunying ythe| jgpt §figd ack yseygtal hinst ep
by heating needs to be effected with the solid m xture conponent

t hereof being in MHETIRRFAUSTRASTERL Gt AR hdopgd above, there has
high-tenpgrature %Pd hi gh- pr essuye conditigns needeg far t he
crystalli2ation, it®%8s ox&saly thodofommongyy Eefigr iedt e PPqui d

n the formof [iaydiwihin,, o nendsRloLRLRSEY & R5aN ngncquialner

(autoclave) and th

conventional hydr g {r[‘%' sBYBU e Soptaining @f;@é’i‘iﬂ%“.& PEH AP0V E, %Ge
. high-pressure heati'ng 25 contal ner i s-expensi ve. 6, 'Si nce Fhe
inorganic - containing silicon didk%ae (Si0z2 ), aluminum oxide, and
organic ammonium salt, and a subsequent crystallizing
10 step for crystallizing crystalline microporous
material in the inorganic material mixture liquid by
means of high-pressure heating.
. That is, according to the hYdrotherﬁal method, it
has been believed thaﬁ after the preparation-of the
15 mixture liquid the crystallizing step by heating needs
to be effected with the solid mixture component
thereof being in the liquid. Thus, for obtaining the
hfgh—temperature and high-pressure conditions needed
for the crystallization, it has been necessary to
20 place the mixture'liquid in the form of liquid within -
a high—pressure heating container (autoclave) and then
to heat it.
With the conventional hydrothermal synthesis
method described above, the high-pressure heating

25 container is expensive. Also, since the inorganic
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>

m xture liquid contains al kaline netal oxide or al kaline egrth.

net al oxi de as oxide or hydroxide conponent thereof:,.the kguid
is strongly al kaline. Therefore, for preventing ¢orrdgi on dye. :I.o :
the strong 5 ~alkaline, it has been necessary for the hi gh pressure
heating container to be nmade of e.g. stainless steel or to be
provided with fluorine resin surface treat ment. In these
manners, the nethoeikfwgteekiquid conrmwnsaetldrelmechnwﬁylr fof B4 Se Athe
rranufacturrng 10 costs in ternms of the nanufacturrngrnstallatron In
addition, in handl#hgebinguenrdty gntal karide m*f‘ur"é‘l or hYﬁiﬁBF‘d%
descri bed above, it has been pecessary to appr.opri ate
and sufficient nefAFRPHRH  fhereot, thesailéﬂylﬂf ’tsnes%f’ﬂé Ye S
this operation. Therefore, the t hod be c9 very
expensi ve synt hesi IR 7 (TR (RESVS W R ‘F\?rﬁ‘}/smn §afg‘t r"t%

Install atipon al so. . Fur her cord d 0]

synt hesi s % all‘fahhdle % hlet c}rayst a???z?ﬁ% St a er eorIik reqtﬁh é’s ess'rel“;'\%slerree

20 reaction c d uree | Louyi d gh
%’é ﬁy Iy #Oﬁerr?cma)ﬁte O(ﬁt é ? s%tal%lescs) steehl.

tenperature condition nor err

higher in some casgs &Qf Bel OﬁlﬂoQ‘irdé)&' with fIEXSERIRI Qwal; R fs&Y‘f?ﬂ)&% or
even nore than 10 days. his too has contributed to further

|gcr§ase|’1the %ieatm@ﬁﬂufacﬁﬁrwﬂéééﬁﬁénners, the method involves
o many factors which may increase the manufacturing
10 costs in terms of the manufacturing installation. In
addition, in handling of such strong alkaline mixture
liquid as described above, it has been necessary to
take some appropriate and sufficient measure for the
safety of the worker engaged in this operation.
15 Therefore, the ﬁethod may be considered as a very
expensive synthesis method from the view point of
safety of the installation also.
Further, according.to the hydrothermal synthesis
method, the crystallizing step thefeof requires severe
20 . reaction conditions qf heating the mixture liquid at a
high temperature condition normally at 70°C to 200°C
or even higher in some cases for a long period
extended over a few days or even more than 10 days.

This too has contributed to further increase in the

25 manufacturing costs.
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Still further, in a small-scale research and devel opnent too,..the.
use of the strong al kaline m xture liquid underysych, =2 ..~ &
hi gh-tenperature, high- pressure conditions does:_qét“ﬁl I,E),VQ,L%.E:.US.E
of ordimary 5 gl ass container. So, there has been a demand for an
I mproved nmet hod which al'l ows i nexpensive synthesis of crystalline
m croporous nmaterial under ml der condi tions. I n
addition to the above, Stiel kr furiheirmne iri0a smad krepedeusrasearich and
obt ai ned by the hydrothernal synthesis is in the formof fine
- particles, which developnenys tap bet sl detle deferfdifgsérang adgis taricon.
Yet , the crystalline mcroporous material in the formof _ .
fine particles dodsiiBtreakd Wil Mrder ceush drbpbritgmparaturen,chighye
nmol di ng nmust be effected by either sinterin t he materi al, .under an
extrenely high tedf&Si4f%e qnditions r&"l‘fﬁ o il e Ahen “&?m??fné‘ﬁddﬁ‘.arYFor'
this reasqn, the si ntering yundeg. the yery.high tegperature nma
. cause © rrelgtliahs’gs STOH R Tt acRet a@B?rSf Y'faﬁe b(?reglstaal 'Pa?%efﬁge 0
° of binder nmay cau j f o) u . [
ei ther case, therfaﬁIl efﬁﬁcetlﬁsq%etg}oeéagglf%t%%lg‘% %gkﬁg??cl)vf)f syﬁgﬂggggt a‘t’lr}l I ne
M Cropor ous StrUCIAK $spadSelhe picroddrblie MRLU, MBYCr Llded - Giller

nol ded material w suffer decrease in the ratio of the porous
structure 25 dBlaiiidngiei ght . Consequently, the resultant nol ded

In addition to the above, the crystalline

10 microporous material obtained by the hydrothermal
synthesis is in the form of fine particles, which

needs to be molded depending on its application. Yet,

the crystalline microporous material in the form of

fine particles does not have caking force or property.

15 Then, the molding must be effected by either sintering
the material under an extremely high temperature or

uéing a binder in combination. For this reason, the
sintering under the very. high temperature may cause

melting of the surface layer of the crystal or the use

20 of binder may cause blocking of the porous structure.
Hence, in either case, there results decrease in the

ratio of the crystalline microporous structure present

in the molded material, i.e. the molded material will

suffer decrease in the ratio of the porous structure

25 per unit weight. Consequently, the resultant molded



- 4- material tends to suffer deterioration in such _ ...
properties as adsorbent activity, catalyst activity Ueraf f et ded by: .~
the porous structure. Taki ng the above-descrizbed*$tat e of { hes
art intor 5 * consideration, a primary object of the present ™

invention is to provide an inproved nmethod which al | ows

| nexpensi ve synthesis of crystalline m croporous nmaterial under

m | der reaction cuadig¢rdad. tends toAsfufifder dobfectiodatiomroni drah

I nexpensive 10 crystalline mcroporous material or crystalline

m cr opor ous nol de@rppPedtiéesolAsi ﬁééob’gepﬁe aethobty, gatalyst agiiyity

further object of the invention is to provide a crystalline
ni croporous mat er PAFORAPEnPHathgcRPEQUS structurgynerjor performance in a

variety of applicationg.. .15 . i scl osure of the,

i nventi on] %akl%r thg pPPVERGeERE 1388\/%%8%]%&1{’] §‘ehe?”ﬁ d*Bfe

manuf act ugi ng cryst al I{'gg m CI opor qus Ingtmea[li, al ob 2gct o:?c%%redi ng to the
charactertzing f eGPIEsT BF Ate P prese‘ﬂt iTeRti on, conpr?ses THhe

steps of: . i Xj 00 (St bt aj ni; i L XEULA.

l'i quid including: RS é’gso{H oin% I??)ngg%{)gé‘rigstag}l |El§'g>t][|aclo‘kngJi %mé&m"ﬁﬁ?%r

sel ected fromthe,ghQiPs CORGISEL B sAfve 295 yn t REURY UM kON(RELELR INSET ]

Ris at | east one selected from
microporous material under milder reaction conditions.

A further object is to provide anlinexpensive
10 crystalline microporous material or crystalline
microporous molded product obtained by the method. A
still further object of the invention is to provide a
crysfélline microporous material which may achieve
superior performance in a variety of applications.
15

fdisclosure of the invention]

For fulfilling the abdve object, a method of

manufacturing crystalline microporous material,

20 according to the characterizing features of the
present invention, comprises the steps of:

a ﬁixing step for obtaining alkaline mixture

liquid including: at least one kind of crystallization-

modifier selected from the group consisting of

25 ammonium ion (ReN*: R is at least one selected from



t he droup consi sting of hydrogen, and al kyl group or aryl group

vvvvvv

“havi ng carbon nunber of 10 or |ess), phosphoni uri’i-@gn, R o
(Rlerr]P[err]: Ris at |east one selected fromgt he roups .

consi sting of° hydrogen and al kyl group 5 or aryl group having ca?boh
nunber of 10 or |ess) and am ne; and canem te(ideal conposition
forml a: NaHSi [err](Jerr]) fine particles; a
solid-1iquid separtdtsi rersiepsossibseip@ntft bydregen, and abkxl ngreuepoxfor
separating solid conmponent of fine 10 particles deposited in the
~mxture liquid fr@nshjgroup haVlanﬂ%ﬁhﬁ% matepe nl of xtl@ eori gheds Jand

a crystallizing step for crystaII|Z|n heat i ng, the solid
conponent separat@@Qﬂﬂhﬁﬂﬁvﬁr%Pn (Rs %oPFd IP&w%f%ﬁﬁnﬁ%fléﬁHﬁQE
method will be referred to as nanufgcturln

herei nafter). fSom the' grqut?ﬂPiﬁﬁﬁkﬂﬁ PhvRREF ensgpg 3}§§9aﬂ i°2% i on

nodi fi er eferabl cor ri ses at | east one sel ect.ed t.he oup
consi sting of . oF aFvl sroun arvamrﬁ b%ﬁﬁfrw%?ﬁ. of 10 or' 180" %nll

((n-Cferr]H er rl) %,er r%%:[ er r%§ canemlte ( 1(1ea]t e%Pa_peQ}%EQRy'r?”%'}lM' Qn

((n-Cerr]Herr]) [ert yl'amoni um’i on

(C[err]H[err])[erahF[ ) t et ra- nmet hyl ammoni um i on
CH err])[err]Nerr 1205} tine partICIefﬁropyltrlnethylannonlun1|on

(

(n- C[err]H[err])(CH[e%rkbh%HLhNhﬁﬁH]Eeparatln step, subsequent to the
enzyl trinmethylamoniumion ((Cerr]Herr])(CH err])[err]N[err]) 25
e

(
(
(
b
tetra-n-butyl phosphieangmdp ( (Bokl &gl imly [ £611 & Vonlponent of fine

10 particles deposited in the mixture liguid from this

inorganic material mixture liquid; and

a crystallizing step for crystallizing, by
heating, the so0lid component separated through the
solid-liquid separation (this method will be referred

15 to as 'manufacturing method A’, hereinafter).

In thé present .invention, said crystallization
modifier preferably comprises at least one selected
fﬁom the group consisting of:

tetra-n-butylammonium ion {{n-CaHs )aNt),

20 tetra-n-propylammonium ion ((n-CsH7)4N+);
tetra-ethylammonium ion {({(Cz2Hs )aN*),
fetra-methylammonium ion ((CH3 )aNt),
n—propyltrimethyiammonium ion {((n-CsH7 )(CHs )sN*),
benzyltrimethylammonium ion ((C7H7){(CHs )aN*),

25 tetra-n-butylphosphonium ion ((n-CaHs )aPt),



~

- 6- | 1, 4-dinethyl-1, 4-diazabicyclo [2, 2, 21 . ...

oGt ane, pyrrolidine, n- propyl atfi:Re, ': v M
(n-CJerr]Herr]NH err]), and nethquU|nucI|d|me"“ 57 3 ‘J:.z
Further,-the 'solid-liquid separating step nay be effectéd after a
neutralizing step for neutrali zing the m xture |iquid.

An alternative nethod of manufacturing crystalline m croporous

mat eri al, according tol,hd-diethyl-flyr éhdiachhiaytépri 12ng2fedtiucetante st he
pr esent i nvention, conprises the steps of: a m xing
step for obtaining al k®virkeliiddngani c material mixture liquid

I ncl udi ng: at | east one kind of crystallization nodifier selected
fromthe group i5 WﬂSﬂQWéﬁﬂﬂgeoﬂnaﬁﬁﬁhKHﬁlpoﬁn 8Rlerr]Nerr]: Ris at

| east one selected_fromthe group consi sting of hydrogen, and
al kyl group or aryl gr8GrbadamiguediddRenunber of 10 : or |ess),

Phe. or oupbeonsi st i ng. L#Pu%%f%geﬁhsnfo% Wil Rrrapaiips: S 5p) '%8?23%”"

havi ng car bon nunbeil:‘fecte:(lio aft r neu aSJ.S)z aéj ag‘e ’foatndn Iul'l:I:r:'(z:z n 5XI de

(Siderr]); I d- I|qu separ |ng tep, su sequen
m xing step, for a S omponent of fine particles
deposited in the %?%t&?%%ﬂgau?ghgrgn1thls 25 i norgani c materi al

m xture liquid; and An alternative method of manufacturing

crystalline microporous material, accordi_r_xg to the

10 further characterizing features of the pres;:ent
invention; comprises the steps of:

a mixing step for obtaining al.kaline inorganic
material mixture liquid including: at least one kind
of crystallizatioln modifier selected from the group

15 consisting of ammonium ion (Ra4N*: R is at least one
selected from the group consisting of hydro_gen, and
alkyl group or aryl group having carbon number of 10
or- less), phosphonium ion (RaP*: R is. at least one
seleéted from the group consisting of hydrogen and

20 alkyl group or aryl group having carbon number of 10
or less) and amine; aggﬂiiiignn.dinxide’TSTO2);

a solid-liquid separating step, subsequent to the
mixing step, for separating solid component of fine
particles deposited in the mixture liquid from this

25 inorganic material mixture liquid; and



-7-
heating, the sol
separation (this

method B', hereinafter). 5

t he above
preferred in the
nmet hod t oo, t he

after a neutrali zi

Mor eover, as a stMqaqﬁm&dmﬁthﬁn@ﬂ%ﬁ@u?ﬂgpﬁﬁ?ﬁbdSeParatedprF%ﬁdeﬁh?the

invention t here
a mxing step for
l'iquid including
salt; a solid-lig
step, for

in the mxture |i
and a crystalli
solid conponent

a crystallizing step for crystaII|2|ng, by .. ...

i d conponent separated through the Tesspl - JLqU|ﬂ
met hod will be referred to as namdfﬁcthn4ng"_,,
The crystallization Hodifiér used in
may be the crystallization nodifier described as being

manuf acturing method A Further, in this
solid@ |l¢pusdallizing sepemat fag stepsiteyl bézdifct by
ing 10 step for neutralizing the mxture |iquid.

I S _propaosed a net nPr|S|ng the steps of
g gy ksmaﬁ@*am oehis '15 hod waldr s refermed

»

licon dio [ GO nent and al um num
LST':°dlas Vmanu? gﬂé‘l"&?l H‘Stg’é’gpg E‘Qé'(f&é’gt% Jr}t *he m xi ng

sepatatin S conponent of flne artlcle dep S|ted
quid rom ¢ ég%éh%ﬁﬁ?c 11 er 2%8 ure |qU|d

ﬁk@gb %ﬁ% c& g&a&%%zatlgﬁyﬁgﬁlyl 'n%eégéﬂﬂ%%tggg’ H%%h

separa ough the Sor'| I|qu separatlon

method” wi |1 be refguired @ 3a t%nﬂgﬁﬁtfu@tﬁglg%t Be%hod 4. €.,

herei nafter).

10

15

20

25

Further, in this method too, the solid-liquid
separating step may be effected after a neutralizing
step for neutralizing the mixture liquid.

Moreover, as a still further manufacturing method
preferred in the invention, there is proposed.a method
comprising the steps of: |

a mixing step for obtaining alkaline inorganic
material mixture ligquid including silicon dioxide
(Si02 ) component and aluminum salt; a solid-liquid
separatiﬁg step, subsequent to the mixing step, for
séparating.solid component of fine particles deposited
in the mixture liquid from this inorganic material
mixture liquid; and a crystallizing step for
crystallizing, by heating, the solid componeﬁt
separated through the solid-liquid separation (this
method will be referred to as ‘manufacturing method
C’, hereinafter).

In any one of the above manufacturing methods A,



25 In any one of the above manufacturing. nmethods A e eume
- 8- B and C, the crystallization step nay*cpnpxlse a s e
step of heating a sealed container into which the:saltyd- : & 3 ¢,
i quid separdted solid conmponent has been introduced, **  or "4 step of
supplying water vapor to the solid-liquid 5 separated solid
conponent . Furt her, t he crystallization step may be
provided after th® smd @&, the crystalil dzsejpcm aseep soaydconppdaent issep
nol ded. Functions and effects of the invention wll be
described next. ®f heating #nsehdedaseontaimer mintpacthidngthet seddds B,
when the canemte conmponent or silicon dioxide conponent is caused
to coexist with tRdquid sepanafedy|§qlid | ormpoReRt chasinheent Hetappéapieﬁe
condi tion (m xing step), the inorganic material aggregates
around the crystaPFi 2aft6R REdEMPRLYAHE Yaker yepor to thﬁaﬁ?#é#e%l&fud
conposite terial Thu he articles gf ¢ osite
mat eri al y be c&q%ﬁY%g d %g arﬁ?&%?%£n§dh(jcoﬁﬂ6£§1r’ Thihe
present invention . een achleve based o Iy fipdin hat the
20 separ at ed 85%’33&1}%2?%” SO dbueno%lfcb%]esea ﬁ%ge B "doht ?hange
by the feat | ng ¢ o1t And5EEdak B0 o875 8 S omponent SLYAbEHLAT Material.

Functions and effects of the invention will be

described next.

10 In the case of the manufacturing methods A, B,
when the canemite component or silicon dioxide
component is caused to coexist with the
crystallization modifier under the alkaline condition
{mixing step), the inorganic méterial aggregates

15 around the crystallization modifier to form fine
barticles of composite material. Thus, tﬁese fine
particles of composite material may be collected
séparately as solid component.  The present invention
has been achieved besed on a new finding-that the

20 separated composite solid component undergoes a phase
change by the heating to be rendered into porous
crystalline material.

More particularly, by heating the solid component
to crystallize it (crystallizing step), the composite

25 material is crystallized in such a form that the



More particularly, by heating the solid conponent to crystalli z¢e 1L,

(erystalli'zing step), the conposite 25 material is cgystall rzedu inzs .
such a formthat the ' - 9- 2 ety R
i norganic mat'erial surrounds the crystal l'i zation ‘nodi fier as a
core. Consequently, fromthis crystal, sinmply by heating the
conposite material in the form of solid, there nmay be obtained a
porous structure iRorganihawateriahi fsotrrmogmésdifehmt @rystallization
Further, the crystallization nodifier may be a | east one

sel ected from t hemgdddidegornsi & |fﬁyf‘%-f Consequentl'Ya feemohk Lt FEKstal,
(Rerr]N+: Ris at I east one sel ect om the group consisting

of hydrogen, and SA@PLYgRSU phea‘i'ﬁ)lng th%r"&?’??%?’%uﬁ‘aﬁ&ﬁlﬁ (,’é’rb'b}he nﬁﬁﬁ’ér of

10 or le , honi um i o erL | east
one 5% sel 8t &P ¥ r%bDm Fli\%rgr{?ﬁlb'ué’c?ln ri’sttai 1‘4\?&‘]0%%?1 ﬁﬁJHCt“re >
al kyl grogp or ar¥ll qroup havfo car bon nunb of 10 .or |ess),

and 15 M fre m? &al grla < ﬁe nodi fier preferably

conpri ses at | east ORE y %?F?Ct etq,le z r%@[ er%n mT?lflerc%? S3d ngy of

tetra-n-butyl ammoni umion C[er]

tetra-n-propyl anmpahbup LAR E(e'ie@ﬁ:@[ir]t‘ Bﬁr i:ix)el[\F%Li}‘[ 86hListigf of;

tetra-ethylammoniumion ((Cerr]Herr])[err]Nerr

tetra-net hyl ammoni um i gmbh®heridn [ eddN err'lds at least one selected
from the group consisting of hydrogen, and alkyl grouﬁ

10 or aryl group having carbon nuﬁber of 10 or less),
phosphonium ion (R4P*: R is at least one

selécted from the group consiéting of hydrogen and
alkyl group or aryl group having carbon number of 10
or less), and

15 amine. In particular, the modifier preferably

comprises at least one selected from the group
consisting of:
tetra-n-butylammonium ion ((n-CsHs )aN*),
tetra-n-propylammonium ion {((n-C3aHz7 )aN*),

20 tetra-ethylammonium ion ((CzHs }aN*),
tetra-methylammonium ion ((CH3 )aNt),
n~propyltrimethylammonium ion ({n-C3z3H7 )(CHs3 )3aN*),
benzyltrimethylammonium ion ((CvHv)(CHs)sN*),_
tetra-n~-butylphosphonium ion ((n-Cq4Hs )aPt),

25 1, 4-dimethyl-1, 4-diazabicyclo [2, 2, 2] octane,

-10-



" di anet er.

n-propyltrinmethylammoniumion ((n-Clerr]Herr])(CHerr])[err]Nerr]), _. ....
benzyl trimethyl ammoniumion ((Clerr]Herr])(CHerr])[err]Neér])sz zo. v 2 .7
tetra-n-butyl phosphoniumion ((n-Cferr]Herr])[err]Plerr]j}, =25 < :wlaﬂ“ v
1, 4-dinmethyl'-1, 4-diazabicyclo [2, 2, 2] octane, =TT

-10- pyrrolidine, n- propyl am ne
(n-Cerr]Herr]NH err]), and met hyl qui nucl i di ne.

But, other kinds of anmpwmiradidahe, phosphonium 5 salts, am nes may be
al so used. Incidentally, if tetra-n-propylamoniumsalt is

~ enpl oyed, there is obtarrearzleniak| (neCalleNdpds oand - mat eri al
havi ng MFI structure. And I f tetra-n- butyl ammoni umi s

empl oyed, there is obt Bekb¥lawdnucligipera||ine nicroporous material having

MEL structure. Accordingly., by selecting the organi c anmoni um salt
. depending on the strucPHFe1ﬂfﬂé¥s§ﬁ?ﬁ§sﬁﬁ%d?mW npym sal¥) ng§PBP81P8-
obt ai n crgstalline g%crogonous nate%ial d havi ng a desired pore
15 salts,caPiRgP BpY PRe2l88e%“8fd¢t he manufacturing net hod

; Aor B, if the SOlid_l&gngeS?Q?%gEi%gfSES@{%E“TRB?Sglaﬂkgxﬁgﬁd thr.ghe

neutralizing step.for neutra nic nmaterial 'mxture

] L RS oy chd E5btlphitied 0 g ThcLeEzpue
material having MFI structure. And, if tetra-n-
butylammonium is employed, there 1is obtained

10 . crystalline microporous material having MEL structure.
Accordingly, by selecting the organic ammonium salt .
depending on the structure to be synthesized, it is
possible to obtain crystalline microporous material
having a desired pore diameter.

15 Further, in the case of the manufacturing method
A or B, if the solid-~liquid separating step is
provided after the neutralizing step for neutralizing
the inorganic material mixture liquid, the composite
material tends to be formed into fine particles and

20 the composite solid component tends to have caking
property. Therefore, the material may be readily
molded in advance by such simple operétion as a
pressurizing operation. Therefore, in this case, if
the crystallizing step is effected after the composite

25 material is molded, there is obtained an advantage

-11-



property. Therefore, the material may be readlly mol ded in advance

by such sinple operation as a : pressurizing operatiqn.s? ,TherQIOPe- .

in this case,
conposite 25
-11-

shape,

i f

may be readily obtained.

uuuuuu

the crystallizing step is effected aft'er the @ .°

material is nolded, there is obtained an advantage -
that a nol ded product, even if having a conpl ex

In the case of the

v wuuw

manuf act uri ng net kbdtCa mpéded produatxteven| ifuhavipat ai apmplekesBapPeeon

~dioxide 5

conponent is caused to contain alum numsalt to be

rendered al kal i ne®@¥i REngesdépy, obbApBedte nateri al ~including

alum numtends to be forned in the |nor ani c

Xt ur

materia
liquid containing the épuﬁhﬁuﬁ%ﬁﬂt the maﬁ%%%Ct?Ylﬁ%smﬁégﬁg}dﬁhdtﬁﬁt

that for this co
separating step f
conponent |n t he |nor anic nateri ture |i Uld

crystaII|2|ng step °PSr crﬁ%teﬁll za |§L§un er ain ﬁuﬁ Jat

also, if .the saJid-I

Xedre Olggﬁa"ﬂﬁwﬁ@a*baemééﬁs&med sombbfen 446148

QSI

cau ont

d

h
%%gsar% S?OV|ﬁed

the porous materi @Enﬁ@ggﬁg%ﬁﬁcﬁnﬂé émlf(@tlgse %@Pgec'o‘ﬂlpots%t%trﬁi&w%?ﬁio be

crystallized into Accordi ngly, h this net
t oo, "kelhﬁﬁuﬁﬁﬁgféﬁﬁﬂihﬁﬂ 6@588d€oAberoPﬁ¥&t§£|tﬂ@ inorganic
m croporous material rmay be obtai ned. Therefore, by the sinple

operation of justpheatily hRQt8eki diquid containing the aluminum salt.

10

15

20

25

Then, it has been found out that for this composite
material also, if the solid-liquid separating step for
separating between so0lid component and liquid
component in the inorganic material mixture_liquia and
the crystallizing step for crystallization under
heating are provided, the porous material undergoes a
phase change in its structure to be crystallized into
porous crystal. Accordingly, with this method too,
like the manufacturing methods A, B, crystalline
mibroporous material may be obtained. Therefore, by
the simple operation of just heating the solid
material, crystalline microporous material may be
obtained.

Furthef, since the so0lid component of the
composite material of the invention tends to have
caking property, the material may be readily molded in

advance by such simple operation as a pressurizing

-12~
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20 material, crystalline mcroporous nmaterial may be obt ai ned.

Further, since the solid conponent of the conposi te ‘mater bal:of> théﬂ‘
invention tends to have caking property, the materfak“hdy be I .° =
readily.molded in 25 advance by such sinple operation as a o
pressuri zi ng -12- operati on.
Therefore, if the crystallizing step is effected after the
conposi te nateri abpésatbboed, Thwraefore, if jthebeayatdlinzingamtede that a
nol ded product, even i f having a conpl ex shape, may be readily

obtained. 5 effect@drafiter the @@?B?%it?z%??%ﬁléiebsnﬂyléﬁﬁprPE%r%
step of heating a sealed container into which the th solid- I|qU|d

separated solid cbapeohéaingds ageafivantage that ogy id%ﬁ Qf%ﬁ%ﬁ?bf

suppl ying water vapor to the sol i d-1iquid separat
conponent. Furt hdf haring1p °°mp%?§s?5?P?2at 3h B?eg ﬁg f %#%b?%%d after

t he solid- I| u e d lid t
t hese heaPing nethodsq FﬁEﬁ% ?; hg ﬁ%%?é }ﬁﬁn% 155 gteﬂnﬁégacomgéyégh?gh
.tenperature under e g? Re% %?ggfedﬁgaled CJH% 1&%% 1K¥Ehwﬁ cﬂe€ﬁ§59ﬁ¥

the heating may b2 usi ng Water vapor under a nor nal

P BRIy LUp i ol e ke
introduced, or a step of supplying water vapor to the
solid-liquid separated solid component. Further, the

10 crystallization step may be provided after the solid-
liquid separated solid component is molded. With
these heating methods, there is no necessity of
heating to a high temperature under a high pressure
condition. And, if necessary, the heating may be

15 effected by using water vapor under a normal pressure.
Consequently, the handling of the material méy be
facilitated and the manufacturing costs may be reduced
as well.

As described above, according to the present

ZO invention, the crystallization of the microporous
material may be effected by the simple operation of

heating solid component. There is no necessity of the

hydrothermal synthesis méthod using a high-pressure

heating container. As the material may be handled in
25 the form of solid, the handling is easier than that in
-13-
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As descri bed above, according to the present 20 I nvention, the

crystallization of the m croporous material may be €ffected by the “*°:
si npl e operation of heating solid conponent. There js:fQ*necessity 3
of the - " hydrothermal synthesis nmethod using a high-présstre~ =° " *
heating container. As the material nmay be handled in 25 the form of
solid, the handling is easier than that in ) .

213- the hyde qbbesmeel ngy nyhepds snashiod in \whésh hkhe
material is handled in the formof mxture |iquid. . Moreqver, there

is no necessity ofafedidh kS thandled in fhg fereordaimrtiren Sgpid.
measure as the angi- 5 ﬁlkaline ~corrosion_ treatnent, . 439 tpgt

t he manuf EFGYRF o5 PETRay HePPeREES PR Wer it FT ¢ had1ine €

instal lation costs also. And, a nore sjpnple safet sure pay
suffice for the p%fﬁ&slé‘.g C%BF?PIEFI’FDI’%}LH_D suc g’ie)écseu’fﬁe aﬁegF?ﬁg anf?
crystalliging condilj ongoMRy De,:Alks o MLHEL ddaRLNOSE M eqbed by,Lhe
convention (for I'nstance, 1n eftbod FERt S T 0 Be deéScribed | at er

conditions of 180,Ghulrdle 0k So fBY sPRaYd F8Bhbed in terhd WR!chbe

manuf acturing costs nay be uced in erms of the reaction
condi tion needed figkthh®atisn cosTRNULBEE Ur€.and W AN uohe abaverdesarilogd

ef fects conbi ned, the nethods according to the present
invention achi evenghgirbi GRIYl $0PFIVEMEBE ®IRY Hhfpose. Furthermore,
since the heating crystallizing conditions may be
10 milder than those required by the convention {(for
instance, in embodiments to be described later,
conditions of 180 °C for 8 hours may be sufficient),
so that the manufacturing costs may be reduced in
terms of the reaction condition needed for the
15 manufacture. With the above-described effects
combined, the methods according to the present
invention achieve significant improvement over the
conventional méthod with respect to the economy and
safety. Further, in the case of ng. a small-scale
20 research and development activity, the synthesis is
possible by using such a simple device as an ordinary
glass container. Therefore, these methods will prove
useful in e.g. development/manufacture of crystalline

microporous material in small amounts and in a great

25 variety.

-14-



conventional nethod with respect to the econony and safety.

Further, in the case of e.g. a small-scale 20 resear ch™and develCprEnRt™ ™t
activity, the synthesis'is possi bl e by using such g &l“ﬁp‘i eidevice” ¢
as an ordinary gl ass container. Therefore, these nmethods vYn‘TI“pr'b'\?e'
useful in e.g. devel opnent/manufacture of crystalline m cr opor ous
material in small amounts and in a great 25 variety. _

-14- The mefhbodethihdtdfe teepeastent niviemhtioon may bee
considered as a syntheS|s met hod based on phase change occurring in
the structure of ¢ewsideredconpousnthesis method dhasedyonaphage ophangst er
of organic anmmnium 5 lon. Accordingly, when the perfornmances
required of OCCHEYINE| I’rfhet#iecr%bbﬁiﬁﬁgrﬁat%ﬁ %n%éaaéu%g%ﬁw@%%

nore di stinguished a g di fferentlated from one anot€vI in a variety
of industries, thE®RBLR&ED ytﬁ"é’l"atlon FhVENST ?Fg&‘b’&fé ?Bmt?é”g‘f’&atly
useful in_ 10 structural desi.gnin her, nol ecul ar’

preci si on® ACTPERAPE I a?% gﬁgfﬁf’éggﬁF% rﬁ?@rﬁ’] eﬁi of

there may be obtalnedc stalli.ne m oro ri ayvin
strong caking force V\?nﬁ/ né mlﬁgoP pareexmabl a? e b?]dré%l mtj’nto #nd

gghg:?lggﬁdafthh?%6pg ?%éfﬁgﬁﬁfgﬁéﬁiand dlffé%gﬂ¥iateém¥fgﬁ"5he éﬁbther
in a variety of industries, the method of the
invention will prove to be greatly useful in
10 structural designing with higher molecular 1level
precision.

Further, according to the present invention,
there may be obtained crystalline microporous material
having strong caking force, which may be readily pre-~

15 molded into a molded product having a complicated
shape. Therefore, in comparison with the molded
product made of the conventional crystalline
mibfoporous material obtained by pre-molding the raw
material using a binder and then sintering this pre-

20 mdlded matérial, the molded producf obtained by the
method of the present invention may achieve superior
performance attributable to the porous structure, such
as increase in the ratio of the porous structure per
unit weight. As a result, this material may prove to

25 find new applications in those technical fields that

~15-



product made of the conventional crystalline m rcroporous nmateri al

opt ai ned by pre-nolding the raw materi al using a bindér, ard £ hen "z ">

wwx o o

sintering this pre- 20 nol ded material, the nolded product:” obtaihed :

AL LR LR R

by the . ¢ method of the present invention may achi eve Superi 6f
performance attributable to the porous structure, such as increase
in the ratio of the porous structure per unit weight. As a result,
this material mayupedved odde@p the fisel ofiewheappbhvemitohenahlyhgeelded
technical fields that -15-

used to deny the psedattshbecensenviobheliy mob#egerformancgroducts because
of their poor performance. Moreover, if the solid conponent of
t he conposite MerepivarainthessadidegoBRENEREN Ofr FELaCPPPRG tehe
5 resul tant nol ded product wll have inprove% di nensi on. .

stability over .a Wﬁﬁé@dagréﬂdﬁﬁaob%a@ﬁéﬂqil?ﬁ%h; en crysyabhizedy, &he

‘sintering operation. _So that, the yield . of the_nol ded Wi | |
be inprov&d and t Fgsultant mﬁ&ﬁﬁpaé%ﬁAWﬁfcﬂﬁ&% %%yebémpgaﬁggddﬁhgg%ﬁén
respect as 10 I, The.solid, co t. 0f it site
rragerljal o ﬁﬁ%%f’fﬁ‘é ﬁet"h°o](fi]%? Pﬁé’%uncf/gﬁtggg:p\alnl%dbg%u?ggggs

a binder. en, if crystalline mcr. r | al S

natural zeolite oFéWEF ?%3 emﬁﬁﬁ%ﬁﬁéﬁ%dﬂg%é¥§€é° Sﬂnﬁ&%%’d???e?@ﬁ%dform
the method of theowﬂ@ﬁglﬁ%iéed product will be improved and the

manufacturing costs may be reduced in this respect as

10 well.

The solid component of the composite material
obtained by the method of the invention may be used as
a binder. Then, if crystalline microporous material
such as natural zéolite or material manufactured by a

15 method different form the method of the invention is
molded with using the solid component obtained by the
method of the present invention as a binder, the
resultant molded product will bé formed entirely of
the crystalline microporous material. -

20 Further, by exposing.the cr#stalline microporous
material to aluminum chloride vapor or by introducing
aluminum ion into the material, aluminum element may
be introduced into the crystal structure. And, the
crystalline microporous méterial provided with such

25 treatment as above may be used as catalyst for use in

-16-



nol ded with usi ng the solid conponent obtalned by the met hod of the
present invention as a binder, the resul tant nol ded pe Qﬁuei AW 147 pe *
formed entirely of t he crystalline mcroporous materiat.” 20 I .°
Further, by exposing the crystalline mcroporous materi‘al “to*" ~**
aIun1nun1chIor|de vapor or by introducing alumnumion into the

mat erial, alum num el enent may be introduced into the crystal
structure. And, thleemanufactuckey sifaleltinyd beinzeogo ogu p rawasyilginepr ovi ded

with such 25 treatnment as above may be used as catalyst for use in

- -16- : t he manuf act ure of ethylbenzene or praraxyl ene.

WA

.of the invention wll

[ best nodes for enbodyln? the i nvention] Next,, %nbodinents
best modegedor GQ@°dY?€5 thee ipveatienlavention is

not limted to these enbodi nents. I ncidentally, as

raw materials, those having t he foll ow ng conpositions were

enpl oyed (all % notati

: .0 . A -Gl No
3: anal yzed val ues: %ﬁﬁ? emb°d%u%%%3f%% tRﬁ[éﬁTﬁPt%?%g ﬁ%ﬁsﬁe

silicate soda N%escribed. Yetrﬁgﬁﬁ %% b¥n Rpgg?cpgnhgglllggQghrles

Co., Ltd.); Silica’po
to these embodiments.

pur ica powd

Incidentally, as raw materials, those having the
following compositions were employed (all % notations

10 are wt.%)

water glass No. 3: analyzed values: §i02:
29.17%, Na20: 9.82% (T silicate soda No. 3,
manufactured by Nippon Chemical Industries Co., Ltd.);
silica powder (high purity silica powder
15 manufactﬁred by Tama Chemical Industries Co., Ltd.);
tetra—n—propylammoﬁium bromide ({n-C3H7 )aNBr):
{(manufactured by Tokyo Kasei Industries Co., Ltdf);
tetra-n-butylammonium bromide ({(n-CaHsg }aNBr)
(manufactured by Tokyo Kasei Industries Co.,
20 Ltd.);
aluminum chloride (AlClz 6H20): (manufactured by
Kishida Chemical Cg., Ltd.)
benzyltrimethylammonium chloride ((C7H7)(CH3)3NCl):
(manufactured by Tokyo Kasei Industries Co.,

25 Ltd.):

~-17-



15 manuf actured by Tama Chem cal Industries Co., Ltd.);
tetra-n-propyl amoni um brom de ((n-C[err]H[err])4NBr) el
(manuf actured by Tokyo Kasei Industries Co., Ltd.); M
tetra- n-butyt ammoni um brom de ((n-C4Hs)[err] NBr)
(manuf actured by Tokyo Kasei |ndustries Co. 20 Ltd.);

alum numchloride (AlICl[err] 6H err]0): (manufactured by Ki shi da
Chenical Co., Ltd.) tetra-n-propybmmmydniumethwdeomissd unﬁ (@i GrHaghs NOH )
((derr]JHerr])(CHerr])[err]Nd): manuf act ured by Tog
Kasei | ndustries @ater 3@1ut10q¢cﬂ9-25% (manufactured by okyo Kasegij7_

tetra-n-propyl ammoni um hydroxi de (n-Cerr]H err])[err] NOH) :
wat er sol ution: 2Dn@dgstyrhenufact ub E‘g by Tokyo Kasei | ndustries

Co., Ltd.) benzyl t hy d
((derr]Herr])(CH er rw:[x@;?fﬁ{m;'t ”Eia%’mfmxﬁ"r‘ﬂ%%’@{f%oqdﬁq +Hy.) (G ) NOH)
(manuf actured by Tokyo Kasei C(%

al umi num®ri - sec- but ox‘l’ﬂEefAF?B‘fEH’CH[l@gr]}“F&f%?r ﬁrerrii’))yg Okry]o) Kaseil

(manuf act ured by ilf O Kasei Indu sodi um
al ni nate (NaAl Qe{? ¥ fﬁ‘ﬁﬁu?%étur % gy Wako 10 Junyaku Co., Ltd.)

ottty or 10|84 o FRGR or RRYLPBAUERIDY a1 (o (e GRAYAtBERSs
((n- C[err]H[err} z&§£ﬁ¥ggtﬁred by Tokyo Kasei Industries Co., Ltd. )
sodium alminate (NaAlOz): (manufactured by Wako
10 Junyaku Co., Ltd.)
tetraethylorthosilicate ("TEOS", manufactured by
Tokyo Kasei Industries Co., Ltd.)
tetra-n-butylammonium hydroxide ({n-CsHs )4NOH)
agueous solution: 40% ("TBAOH", manufactured by Tokyo
15 Kasei Industries Co., Ltd.)

copper acetylacetate (Cu{CH3COCHCOCHs3 )z ):

(manufactured by Dozin Chemical Research Institute)

[embodiment 1]

20

200g of water glass No. 3 was prepared in a 500

ml beaker and 14g of §odium hydroxide was dissolved

therein. Thereafter, the mixture was placed onto an

H /.'-
evaporation plate made of gtggfﬁa. This plate was

25 ' introduced into a thermostdggc oven maintained at 150

-18-
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aqueous sol ution: 40% (" TBAOH', manufactured by Tokyo 15 Kasei

| ndustries Co., Ltd.) coppepacetytacetate  Tgd Ll T ST TN
(Cu(CH err]COCHCOCH err])[err]): \(-manufactlur.ed by :Dozi-g* Chem ¢al* ¢
Researcht I nst’i t ut e) [ enbodi nent 1] 20 ¢ *2008 Of v ¢
wat er glass No. 3 was prepared in a 500 - m beaker and 14g of

sodi um hydr oxi de was di ssol ved therein.- Thereafter, the m xture
was pl aced onto afC to evapomgdsorthei yatgraceniead of Ahgmmixturefhi Ihel ate
was 25 i ntroduced into a thernostatic oven maintained at 150

- 18- resultank predugtepi@rined t aftea dheonessr Forkent

m xture. = The resul tant product obtained after the water content
evapor ation, togetY&Pokt e ‘é\é&&eé‘t Ot the eygroration plake, #gsed

into an electric f,urnac(ﬁ to,be sinter

5 . th i t 700 [. Cf
Lhont 7 Fours! ! St Sa Eno"bF Rl ackric UERARE G BRoc tntpEed”

cool ed to.room . tenper re ereby a . .reactjon produgt was ..
obt ai ned. ° tharein eggt i'ita;&ndjprgd\llj%ir vvg‘éoélutanr gheocf”f'ﬁ'700,fr’denvf/at3?ei n

a beaker, whereby Jfine paftLeL8uRECG Y t@‘iiPPe\ﬁasto 10e coé’i’égi & roohl®
fine particle precipitation was _ coll'ected by means of filtration
under reduced tempe rRt8TRU" Shedebieh Wddk Gl PNhZS8udBL fhs BBYaliRRA.
This reaction product was submerged in 700 ml water in
a beaker, whereby fine particle precipitation was
10 obtained. The fine particle precipitation was
cbllected by means of fiitration under reduced
pressure, rinsed with deionized water, and then
naturally dried at room temperature, whereby about 60g

of canemite (ideal composition formula: NaHSiz0s 3Hz20)

15 was obtained.

e oA A b s i e Sy o o

Tetra-n-propylammonium brgg}?e 5.32 g was added
with:deionized water to obtain 200g of sdlution.

Into this solutioh, 10g of the above-described
canemite was dispersed and heated up to 70°C and left

20 still for 3 hours (mixing step). Then, after
naturally cooling the solution to room température, 2M

{(mol/1) of hydrochloric acid was added thereto to
gradually lower the pH value of the mixture solution

to 8 approximately, whereby there occurred sudden

25 bulging in the volume of canemite (neutralizing step).

-19-~



‘naturally dried at roomtenperature, whereby about 60g of canenmte

- - - LE L K]

(ideal conposition formula: NaHSi[err]Jerr] 3Herr]O 15: ¢3 was: 5. « 2 .

- L2 B

obt ai ned. ‘ Tetr a- n- propyl ammoni um brom de 5. SZ:Q,\AHS atded .* =
wi th deironi zed water to obtain 200g of sol ution. | nto thid™ ™ " *°
solution, 10g of the above-described canem te was dispersed and
heated up to 70[err]C and left 20 still for 3 hours__(m xing step).
Then, after Thisapherdhsnenoksnpelieved tha dee t atisbhiitehper dCurd 2m

(mol /1) of hydrochloric acid was added thereto to . . _gradual |y ] ower
the pH val ue of tien ngxehreggorgacsion betweany $PLHHR ok PRatS ;E?_B‘Lé/lﬁr.%%y

t here occurred sudden 25 bulging in the/vbTEu o) a 1{e
(neutralizing stephd tetra'n‘l’mpgla'%'mni‘—‘— ~ion PP‘E‘&&" e ;] Then,

Thi s phenorenon is believed to be attrjbutable towan. 10 chapge
reaction between EBdfuRYbBeidh caREMRe ¥as co° nde(f‘iéterda-?lyprmoe%ﬁgmmni um

ton ((n-Jerr]H egt errINerr]).  The IS bul et Was
co t ed” by rreanéd!)%[‘-"astloLl ‘*‘ll%?%'atlf%ﬁuﬁﬁ erprreedéu%{égep’r egglg}rsg&ri nlsed

Wi th dei oni zed. er t ¥ud'a18dy a riRRAIM at

t enper at ur e, V\/ner‘g%%/gah%?g &? erl ygrﬁrgt_g?{eg{ alller:tslJl fy gﬁt ai naéd roon
(solid-1iquid sepaga] D) - whdBbByWih £t deRAWlehby SPLLL i alad S
believed to be coﬁ%@s}%?gt%ﬁe’rigﬁlg 10y of eca%%‘:ﬁ '?e ﬁd

tetra- _“E propyl ampi HRdPN(solid-1liquid sRPRAHatliGg0fstdie) abomeride ki ted
conposite ' _

powderly material is believed to be composite material
10 of canemite and tetra-n-propylammonium ion.

About 1lg of the above-described composite
material was placed on a small glass filter and this
glass filter, together with about 7g of deionized
watef, was placed into a'pressure;resistant container

15 having an inner surface thereof coated With fluorine
resin. Then, a heating operation was effected for
eight hours by using steam at 130 °C without directly.
exposing the composite material to the water, whereby
reaction prbduct was obtained (crystallizing step). A

20 powder X-ray diffractibn spectrum analysis effected on
this reaction product revealed that the product was
crystalline microporous material comprised of

silicalite-1 having the MFI structure.
25 [embodiment 2]

~-20-



material was placed on a small glass filter and this glass filter,

o Yyudw

t eget her with about 7g of deionized water, was placet.intaia.”” .*%, "7
pressure-resistant container 15 havi ng an i nner surface ihereéfﬁﬁbagédg'
with fluorine resin. Then, a heating operation was é&ffetted for ««»« ¥
ei ght hours by using steamat 130 [err]C without directly exposi ng
the conposite nmaterial to the water, whereby reacti on product was
obtai ned (crystallizing step). A 20 powder X-ray diffraction spectrum
anal ysis effected on this reaction product reveal ed that the

product was cByddgl lofneatimg-gpdrnoiel gmmaeniun boemideenasf added

Sl eifouf PR o

silicalite-1 having the M §tTUEfUTe. 25 [ embodi ment 2] L
- 20- with deionized ygfest tet PreapadneyRfHne mstrlont Henwas

added wi t h dei oni zed water, to prepare 200g of sol ution., .
And, 10g of canenffg ndfg &dt Faenite HanriRcs jn Bhe embgdimgpiid;sed
in the solution and héated to . 7Q [err] then all oywed to coo

C and .
to room t8nper at uk8s FASPEEFEG, 1n the sgﬁ%?%ﬂﬂ/?“?ﬁh?ﬁﬁ?%cﬁ?o ¢’ ScP®%as
. added thereto to

(conposite nateriépepo?%%ﬁggggggl%ﬁﬂagggiF%E%zg?8¥%%é%ugg'§tg%%?%ék%%%ﬁ!g
case too, like thg H§Y¥¥“@?nhyarogh$g;ig”ﬁnid\was added thereto to
gradually lowér the pH value to 8 approximately
(composite material forming step and neutralizing
10 step). In this case too, like the embodiment 1,
sudden bulging in the volume of canemite was observed.
Then, this bulged canemite was colleéted by means of
filtration.under reduced pressure, rinsed with
deionized water, and then naturally dried at room
15. temperature, whereby white powderly material was
obtained (solid-liquid separating step). This white
powderly material is believed to be composite material
of canemite and tetra—n—butylammdnium ion ((n-
CaHg JaN*). |
20 Like the embodiment 1, on this composite
material, a heating operation was effected by exposing

the material to steam at 130 °C for 24 hours, whereby

reaction product was obtained (crystallizing step). A
powder X-ray diffraction spectrﬁm analysis effected on

25 this reaction product revealed that the product was

-21-



sudden bulging in the volune of canenmte was observed. Then, this
bul ged canemte was coll ected by nmeans of filtration.under: reduyced--:
pressure, rinsed with dei oni zed water, and then natuj&dby sdii‘ed &t
room 15 tenperature, whereby white powderly material was * «v- <9 wwev o
obtained (solid-liquid separating step). This white powder |y
material is believed to be conposite nateri al of canemte and
tetra-n-butyl ammoritunsted I(ime micropoxdumr|kpdreiisdrrétparised 20F

Like the enbodinent 1, on this conposite material, a heating
operation was effsdtld¢agytexgobengng the MELhstwucéprgl to steam at 130
[err]C for 24 hours, whereby reacti on product was obtai ned
(crystallizing step). A powder X-ray diffraction spectrum anal ysis
effected on 25 this reaction product reveal ed that the product was

-21- [emboddmead,B)i ne ni croporous material conprised of
silicalite-2 having the MEL structure. [ embodi ment 3] 5

The powderly conposite naterial nmanufactured by t he sane net hod as

th.e embodi ment 1 was plI%%edpévp eordﬁy c osi;:gsgnattlégq.aqadlg O&fgt?{\grgéa% and
this test tube was sealed ) n°PRBO&T T by “mel ti ng. Fhen, etes
tube was the same method asuﬁhq embodiment 1 was placed into a
test tube made of hard glass and this test tube was
sealed in the air by melting. Then, the test tube was
10 heated for 20 hours in a thermostatic oven maintained
‘at 130 °C and then allowed to cool to room
temperature, whereby reaction product was obtained
{(crystallizing step). The reaction product was taken
ou£ of the test tube, and a powder X-ray diffraction
15 spectrum analysis of.this reaction product revealed
that the product was crystalline microﬁorous material

comprised of silicalite~1 like that of the embodiment

14
20 {embodiment 4]
. The powderly composite material manufactured by
the same method as the embodiment 1 was subjected to. a
uniaxial compression at 500 MPa by using a hydraulic

25 preés, whereby molded product was obtained. Then,
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10 heated for 20 hours in a thernostatic oven nai ntained at 130
[err]C and then allowed to cool to room terrperature“‘Mereby," ST
reaction product was obtai ned (crystallizing step).: Theiredctign,”
product was taken out of the test tube, and a powder X-ray=> v» wwev v
diffraction 15 spectrum anal ysis of this reaction product reveal ed.

that the product was crystalline mcroporous materi al conprised of
silicalite-1 |ike tthist mdldé prbdectenas placed linto #(0test Euvhbodadent

4] The powderly conposite material nmanufactured by

the same nethod a®ft hershimddisrerand thes bl ctulel vesasealed inyghgxipalr
conpression at 500 MPa by using a hydraulic 25 press, Wnereb¥ m)l ded
product was Obt al Wd me]:rth'gp-g, hen, this test tube was h or

this nol ded product was placed.into a test tube nad a(gd Iass

and the test tubeBR¥FSetled |9¥’°tlf?é°%ﬁ?'tlc oven ‘B?lﬁﬁrlat’l’hﬁd a‘f‘h s
test tube_was heated f urs i nostati c

mai nt ai ned at 130 ¢ f’é"ryﬂ%éﬁb*zmg St(e(?r)ystglnlo%eﬁ‘é"agﬁé’p) f%Ieﬁ'c g‘?nfﬁf’ll)’ng
after the cooling terrp nature, he r ' g odu S
t aken outtoofr??l ttgrs“f)efﬁ &r8n e proﬁ%c?nwg) dlh q:k g Ehil

whet her it eXthIQ%{E%W Q%@N{ngogu%%ruﬁd Bie PPoduct was checked

whether it exhibited any deformation or not. But, no
deformation was found. The reaction product was

10 taken out of the tube and a powder X-ray diffraction
épectrum analysis effected on this reaction product
revealed that the'product was crystalline microporous
material comprised of silicalite-1 like that of the
embodiment 1.

15

[embodiment 5]

The powderly composite_material manufactured by

the sanme méthod_as the embodiment 1 was exposed to

20. steam at 130 °C under the normal pressure for 20
hours, whereby reaction product was obtained
(crjstallizing step). A powder X-ray diffraction
spectrum analysis effected on this reaction product
revealed that the product was crystalline microporous

25 material comprised of silicalite-1 like that of the
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def or mati on was found. The reaction product was 10 t aken out of the

-tube and a powder X-ray diffraction _spectrum anal ySi§ ef fecfedon "¢
this reaction product reveal ed that the product was:crystéhﬂfhe'“:'
m croporous mat eri al conprised of silicalite-1 1iKké that of ‘the*” *
enbodi ment 1. 15 [ enbodi nent 5] The powderly
conposite material manufactured by the sanme nethod as the :
enbodi mrent 1 was expodement 120 steam at 130 [err] C under the normnal
pressure for 20 hours, whereby reaction product was obtained
(crystallizing step). A powder X-ray diffraction spectrum anal ysi s
effected on this reaction product reveal ed that the product was
crystal line nicroporbediment 8] pgterial conprised of silicalite-1 like

that of the -23- enbodi ment

1 [ enbodinent 6] - 5 Tet r apr opyl ammoni um br om de 5. 32

s wadga Wi et e Sohe e R Sln! Rl I P el s
deionized water to obtain 200g of solution. Into
this solution, 10g of the canemite manufactured in the
embodiment 1 was dispersed and heated up to 70°C and
left still for 3 hours (mixing step). Then, this

10 mixture solution was added with 20g solution prepared
by adding deionized water to 0.97g of aluminum
chloride and added further with hydrochloric acid so
as to adjust its pH value to 8 (neutralizipg'step).
In the above, 3.64g of 2N hydrochloric acid was

15 necessary. |

-The neutralized mixture solution was filtered
under reduced pressure and rinsed with deionized
water. Thereafter, the solution was dried naturally
at room temperature, whereby powderly material was

20 obtained (solid-liquid separating step). This
powderly material is believed to be composite material
of canemite and tetra-n-propylammonium ion.

The above-described powderly material was placed

into a test tube made of hard glass and this test tube

25 was sealed in the air by melting. Then, the test tube
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enbo)di ment 1 was dispersed and heated up to 70[err]C and,, |, .o Left _still
for 3 hours (m xing step). Then, this 10 m xturessolut i oh was” atided

X

with 20g solution prepared . by addi ng dei oni zed watéf:'t gz O 97g of:
al um num ' chl ori de and added further with hydr ochloric acid so

as to adjust its pHvalue to 8 (neutralizing step). In the above,
3.64g of 2N hydrochloric acid was 15 necessary. The
neutralized m xtuvassdebited WBsrf 53 echedrs in a yphbermedtedd ¢r &stRe
and rinsed with deionized water. Thereafter, the solution was
dried naturally maintaiaed edmiThfe at Hhere\hl’-}'er%?cbé\ﬁd’em%ﬁﬁf’é’r |“éﬂswas
20 obt ai ned (solid-1iquid separating_ step) hi s

material is beli evédatlon%g dd’rﬂbﬁ§ﬂ3lael%tzé|“lgaISteP) & Eaﬂé@'rﬁ’tpe arl

t et ra- n- propyl anmoni um i on. The abov descri ped powder|
material was pl ac@yffraction; ?R%CET‘E'ES?“?{%% ?n‘?éfillﬁl‘égén%nd ‘ﬁﬁ—
test tube_ 25 vvas seal e |nt e air rreltl The he t t upe
- 24- 5 R wexgs QITd’fn 51:‘:“‘ u’f%a?ﬁg%nt erﬁ%g%atl c‘ﬁ%éve’n d

mai nt ai ne_d at 130 err;k % fsax%regc‘g!‘gnc nf’ufxﬁ V\%}‘O the pro&%@l‘g

(crystallizing st&B§rd n spectrum anal ysi s
and analysis USIngound o Be crystill %ehf%£5$$fﬁhé"hék%§1£fa€$h991sed

product. Then, coor um num was confirmed and
product was of ZSM-5.

10 [embodiment 7]

Benzyltrimethylammonium chloride 1.81 g was added
with deionized water to obtain 40g of solution. Into
this solution, 10g of the canemite manufactured in the

15 embodiment 1 was dispersed and heated up to 70°C and
left still for 3 hours (mixing step). Then, this
‘mixture solution was added with 30g solution prepared
bj adding deignized water to 2.45g of aluminum
chloride. This solution had pH value of about 9.
20 This mixfure liquid was filtered under reduced
pressure and collected; Thereafter, the solution was
naturally dried at room. temperature, whereby powderly
material was obtained (solid-liquid separating step).ﬂ~

A fluorescence X-ray spectrum analysis effected on

25 this powderly material showed that the material had
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found to be crystalline mcroporous naterial conprised of ZSM 5.

10 [ embodi ment 7] Benzyl t ri net hyl ammoni um, chisok ] de 1.8
g was added wi th deionized water to obtain 40g df sukut ifon. & .1 nto
this solution, 10g of the canemite nmanufactured in the 15 ° ‘énbodi"fiEnt 1
was di spersed and heated up to 70[err]C and left still for 3 hours
(m xing step). Then, this m xture solution was added with 30g

sol ution preparedSi/Al elpweaddi rgttlei ofi 22U wat®r t Fig5qadfemiabi rivan
chloride. This solution had pH val ue of about 9. 20 This m xture
liquid was filterdlhgded etiocdre composptessued eantladoleEceanenite,
Thereafter, the solution was naturally dried at roomtenperature,
_whereby powder | y al“mln"d’ht erpnl aad ot?cedi?né;‘ét(%bl"led‘lﬁhﬂfnﬂl%%bafnat i
step). fl uorescenc ray spectrumanalysis effected on 25

this powderly mat drliGyH 72’ 33%&‘ the material had

- 25- Si /A | t t f .97 t

bel i eved % be conposi té’elr’raacté‘)rv?ea'le({%]c th O]?%S)Wderly mateﬁl"ﬁiﬂ 1 er%]gaca%cg

benzyltrlnEthylann%&!umltes tub ma&éqg¥wﬂ ﬂa Js .test tube
trikts o i s oot

)lerr]N[err]). 5 Ve“déscri
pl aced was sealed in the air by meltlng. Then, this test
tube was heated for 600 hours in a thermostatic oven
maintained at 150 °C, whereby reaction product was
10 obtained_(crystallizing step). A powder X-ray
diffraction spectrum analysis effected on this
reaction product revealed that the product comprised
crystalline microporous material comprised of
mordenite having MOR structure.
15

{comparison example 1]

About 1lg of canemite manufactured in the

embodiment 1 was directly placed onto a small glass

20 filter, and this glass filter, together with about g
of deionized water, was introduced into a pressure-
resistgnt container having an inner surface thereof

coated With fluorine resin and heated by exposingﬁit

to water vapor at 130 °C for 8 hours without exposing

25 canemite directly to the water. However, canemite
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into a test tube made of hard glass and this test tube _ | . wWas seal ed
in the air by nelting. Then, this test t ube nas:heated.for 6500°
hours in a thernostatic oven mai nt ai ned at 150:[ ér7Y C,: viher gby +
reaction product was 10 obtained (crystallizing step). A powder
X-ray diffraction spectrum anal ysis effected on this

reaction product revealed that the product conprised . crystalline
ni cr opor ous mat erdel immErededuef to the stramepndennbbing Wer JdefictPe.
15 [ conpari son _exanple 1 About . 1g of canemte
rr:anuf actured inthe glass férl’dlcﬂrr'renth ‘&v‘a”gsdﬁ%%hllszp’rgEea’ao%t'BagesTml I
gl ass 20 filter, and this glass filter, together with.about 7

of dei oni zed wat e?’,‘mv/%%m'r‘h]th()dug]éﬁ F‘ﬁgﬁté‘PBr é??gtlé’-lng in the pregsire
cont ai ner having an jnner surface theregof __coat ith f '

resin and heat ed 55 ¥y n§°’i‘€amer SEWSd\Nﬁt@’rtr\?é%grae.la ﬂfﬁ% [Iiexlr'gr)ﬁéd §!or 8

hours w thout expé)gci:ggdir?g% pH 1é:anem'te directly to the water. However,

canenite ® - 26- del i quesced
due to the steam and nothing was |eft on the glass filter. No
crystallization was nade. I ncidentally, the solution remaining in
the pressure- {embo&fﬁéﬁ agj container showed a strong al kaline property

100g of water glass No. 3 was added with 100g of

10 deionized water to be diluted thereby, to which 13g of
tetra-propylammonium bromide was added and the mixture
solution was stirred well, whereby inorganic material

mixture liquid iﬁ the form of soft gel was obtained

{(mixing step). With addition thereto of about 18g of

15 strong hydrochloric acid, the soft gel was ren&ered
into harder gel. Supernatant liquid of this gel was

found to héve a pH value of 8 approximately. After

this hard gel was rinsed sufficiently with deionized

water, the gel was collectéd by means of filtratibn-

20 under reduced pressure and then dried naturally at
room temperature, whereby white powderly material was
obtained (solid-liquid separating step). This
powderly material is believed to comprise composite
material of water glass ahd tetra-n-propylammonium

25 ion.
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5 exceedi ng pH 10. [ enbodi nent 8] - 1Q0g _of
water glass No. 3 was added with 100g of 10 dei oni zed:wat &} Lo ber ¢
di luted thereby, to which 13g .of t et ra- propyl anfodi tih by onide . was
added and the mxture solution was stirred wel |, wher eby i nor gam o
mat eri al m xture liquid in the formof soft gel was obt ai ned
(mxing step). Wth addition thereto of about 18g of stro

hydrochl oric acid, theThef abgerle M§°Féh§éréﬁ"derly ’“a1'tﬁlr& artet %ﬂ“?ced

Super nat ant | i qui d of this gel found to hav H val ue
gpproxi mélt ely. iwtera tez t“’f’ﬁl gade  f g‘é?‘r‘i‘/va%l??%s”e'b‘fs% A I%/th h
ei oni ze wat er, _the was colect ns of filtragi 20
under reduced preggﬁr%eﬁﬁﬁdt tht’aﬁ%Br %trmlah the tesat Q&be

t enperature, whereby erly, erial S
(solid-Iiquid sep‘é?&tvvf: g’teé’g\),\gmfhi?s'{mhours J‘po e )?rl’%.(t)g?l 31 i s °bel T eved

to conpr t i al
tetramr:: Ip gp;f)gpr‘r(r)r%%i gltnalé)bed at in%%&r‘!’&, QBe%tbeyr %Qé%l@qp product_ 2w7a:s

The above-descri beg V\? ri Fal s was d [
+B riy-0Btg11 2L plase into a test tube
made of hard gl ass ang ﬁl f‘ggt tugeﬁq@ s 1§IFWas sealed in the air by
nel ting. Then, the tesh ggﬁaer X-ray diffraction spectrum analysis
effected on this reaction product revealed that the

product comprised crystalline microporous material

10 comprised of silicalite-1 having the MFI structure.

{embodiment 9]

100g of Waﬁer glass No. 3 was added with 100g of

15 deionized water to be diluted thereby, to which 13g of
tetra-n-propylammonium bromide and 2.3g of aluminum
chloride were added and the mixture solution was
stirred well, whereby inorganic material mixture

_liquid in the form of soft gel was obtained {(mixing

20 step). With addition thereto of about_lﬁg of conc.
hydrochloric acid, the soft gel was rendered into

"harder gel. Supernatant liquid of this gel was found

to have a pH value of 8 approximately. After this

hard gel was rinsed sufficiently with deionized wafef,

25 the gel was collected by means of filtration under
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was heated for 24 hours in a thernostatic oven 5 mai nt ai ned _at 150

wwws

[err] C, whereby reaction product was obt ai ned (cryst,al 1z, ng’ sz ep)‘.
A powder X-ray diffraction spectrum anal ysis ef tected oh t+his e
reaction product revealed that the product conpri “sed crystaIT i'ne”
m croporous material 10 conprised of silicali te 1 haV| ng the MFI
structure. [ enmbodi ment 9] of . wat er gl ass No.
3 was added with tedycedd pressurgepsfli Adematdsiad ’bét&ﬂau]tjeﬁ ferEB9™ to
whi ch 13g of tetra-n-propyl anmonj um br om ald23 of ilumn um
chl oride were addb8mBRRE NS i xf’BPé’eé’éﬂ ufhdheygRovwderly ms ‘?’Féﬁ we‘l'?s
wher eby inorganic materi aI m xt n the % t gel

was obt ai ned (mx?h&alz‘@)e (%‘Pgﬁ;—liw‘tiﬁi aﬁag’tailb?ﬁktlﬁ‘é et 6° abou l_Lﬁg of

conc. hydr oc . th ft nt
har der gel . Supe?'fzﬁ‘é{:‘J i“@%eflgfﬁ teﬁ;sg géq \/‘\’/ée\ga]‘s renq)t;,{pg.cu gomﬁosute pH

val ue of appr ox| n@égul ff%g%e}hl ass, . tet -‘E«Qﬁjc %mfnlon!g $ ion

sufficiently wi t h"asTonrzed t he gel was collect nmeans
of filtration undgp %aum um chloride -28-

reduced pressure an arte natural ly at room t enper at ur e,
wher eby white powder| yppgat gbbdb-¥8Scribed powderly material was placed
into a test tube made of hard glass and this test tube
was sealed in the air by melting. Then, the test tube
10 was heated for 24 hours in a thermostatic oven
maintained at 150 °C and then allowed to cool to room
temperature, whereby reaction product was obtained

{crystallizing step).
A powder X-~ray diffraction spectrum analysis
15 effected on this reaction product revealed that the

product comprised crystalline microporous material

comprised of ZSM-5 having the MFI structure.

[embodiment 10]

20
100g of water glass No. 3 was added with 100g of
deionized water to be diluted thereby, to which 16g of
tetra-n-butylammonium bromide was added and the
mixture solution was stirred well, whereby inorgaﬁic
25 material mixture liquid in the form of soft gel was
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an

al

L
-

—

is believed to conprise conposite 5 material of water glass.. * )

t et ra-n- propyl anmoni um i on and al unmi numchloride. 7= -3 & I * The
above- descri bed powderly material was placed int'o a test fube’ nade
of hard glass and this test tube was sealed in the air by nelting.
Then, the test tube 10 was heated for 24 hours in a thernostatic pven
mai nt ai ned at 1500btaipedard®ictiete afterdd t FE6B adfibipn thereto o
tenperature, whereby reaction product was optajned . CLys l.i

st ep). about nhoge?t Xong B¥ITARIONS p%"c’t‘?wﬁ‘}é‘?\aé?’xs?séglgq

effected on this reaction product revealed that the . dust, s s
chorrpri seg crystal Y?ﬂ‘éeﬁ?@rg'&)? :}ﬂ%r eﬁ?lgﬂ upern%%%‘?i%"eﬁ%? %I\}‘F}g‘s
aving the MFI structure. enbodi ] ~e2 . 00
of water glass No®®3 WAS fayrg e heTGo s O?Heegl&g ogei%on?%%ﬁm\c/\l/ant‘ae?]f%' bg
diluted thereby, Locull fhiP0ngla gel wakClfPalelulyy AFHRAIMR Dy OR iy Was

added and®t he ure so on was stirred well, whereby inorganic

25 material myxhyhg SlelddWat dod), Efe EM GasSUd1 DBLLWRS by means of
- 29- obtained (mxing step). Wth addition thereto of

filtration under reduced pressure and then dried

obtai ned (solid-liquid separating step). Thi s wpg\/\'lclerl y .mater

Zing

naturally at room_temperature, whereby white powderly
material was obtained (solid-liquid separating step).
10 This'powdérly material is believed to comprise
composite material of water glass and.tetra-nj
butylammonium ion {({(n-CsHs )aN*).
The above-described pdwderly material was placed
into a test tube made of hard glass and this test tube
15 was sealed in the air by melting. Then, this test
tube was heated for 40 hours in a thermostatic oven
maintained at 130 °C and then allowed to cool to room
temperature, whereby reactioﬁ product was obtained out
of the test tube'(crystallizing step) .
20 A powder X-ray diffraction spectrum analysis
effected on this reaction produc£ revealed that the
product comprised crystalline microporous material

comprised of silicalite-2 having the MEL structure.

25 [embodiment 11]
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about 12g of conc. hydrochloric acid, the soft gel was render ed
into harder gel. Supernatant liquid of this gek"was, fopnd.to "Ry
a pH value of 8 approximately. 5 After this hard gel -wes Finskd” <
sufficiently with dei oni zed water, the gel was collect éd By means
of filtration under reduced pressure and then dried

naturally at roomtenperature, whereby white powderly mat eri al was
obtained (solid-liquid separ ati ng step). 10 This powderly material is

bel i eved to conprise nposi te mat er4 of wat er gll ass and tetia- n-

but yl anmoni um i on ((n- é[bé’r‘%}HEér ij) ["e‘i‘?] Hf’é’r compos & e

above-descri bed po mat t t d
of hard gl ass angmf“ﬂl“stja)téets“lr‘%‘ijb ?ge R %afFed wan‘?f (I")Pef%l%ga O%L@?etga ©

Then, this test eated for 0 h
mai nt ai ned at 13ostn8}}]ét ansd'5 W?en GF t ol %é%:soogli%%slrgfﬁ%}er Weégg{;hgroven

tenper at uge, Wnergg)éhrg@)%hlto%%proqd%élmsz&p\ﬁ{@p Ods introdu@lat bgtbest

tube (cryStallizing ste ray diffraction spectrum

anal ysi s gf beeked QurEQh%tEﬁ%CEbﬁ@a@ﬁ@?uﬁhvﬁﬁﬁeaheﬁnhgﬁtsﬁ?ﬁace
pr oduct corrprl sed crystal FI ne m croporous materi al conpri sed of

Sgglcallte havi gy elrle® VEboatEMCIWE ®h fludrine [HIOMI e Hdhted by

('D\«

exposing it to water vapor at 130 °C for 8 hours
without exposing canemite directly to the water
10 (crystallizing step).

A powder X-ray diffraction spectrum analysis
effected on this reaction product revealed that the
product comprised crystalline micfoporous material
comprised of silicalite-1 having the MFI structure.

15

[embodiment 121

The Powderly composite material manufactured in

the embodiment 1 was subjected to a uniaxiél J
.20 compression at 500 MPa by using a hydraulic press,
whereby molded product was obtained. Then, this
molded product was placed into a test tube made of
hard glass and the test tubé was sealed in.the air by
melting. Then, this test tube was heated for 20 hsuf;

25 in a thermostatic oven maintained at 130 °C and.then
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About 1g of the powderly conposite materi al manuf actured in the
embodi ment 1 was pl aced onto a smal|l glass filtef < and«fhi_s gl'ass>
filter, together 5 wi th about 7g of deionized water :wes ntrbddced
into ; "a pressure-resistant container having an infer surfacé **""
t hereof coated with fluorine resin and heated by exposing it to
wat er vapor at 130 [err]C for 8 hours W t hout exposing canemte
directly to the walépwedoto copdr et s1qqm | tRpRERGfjure, whereby reaction
powder X-ray diffractjon spectrum anal ysis effected on this '
reaction product PEPSHMEl t Hi@Sthebtained o (RRYsEGIIEdR% yEEAR ] ne
m croporous naterial c rised of silicalite-1 hayi t he ,MF
structure. 15 EnCIdePEﬁ%BEP 1paction produ lnyi%mégg b SHoosfte
mat eri al manufactyyed.,in t he, enbadi nen 1 bj 0;.a
uni axi al 20 g%ﬁ‘prtgfg‘i c}:ﬁlbeaté"ggot]i%ﬁapﬁggle&g%ng agm%;h(ﬁcgﬁdl g&%%e&%es% 1t
whereby mplded P oQHGhiclRS 2B BedBlnatiliClr WYE,  No derdPhaEfofr RduCt

was placed into a ~hard gl ass and the test tube

was seal ed in theggihgby melting. Then, this test tube was heated
for 20 hours 25 In a thernostatic oven maintained at 130 [err] C and
. then A powder X—r%%‘diffraction spectrum analysis

effected of this reaction product'revealed that the
product was crystalline microporous material comprised
10 of silicalite-1 having the MFI structure like that of

the embodiment 1.
[embodiment 13]

15 About 1g of the powderly composite material
manufactured in the embodiment 1 was placed onto a
small glass filter, and this was heated by exposing it
to. steam at 130 °oC for 20 houré, whereby reaction
product was obtained (crystallizing step).

20 _ A powder X-ray diffraction spectrum analysis
effected on this reaction product revealed that the
product comprised crystalline microporous material
comprised of silicalite~1 having the MFI structure
like that of the embodiment 1.

25
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allowed to cool to room tenperature, whereby reaction product was

¥ wwu

obtained (crystallizing step). I nci dental ly, the: l:e.acta ao. p’ror:duct
was taken out of the test tube and the product?was :‘checked whether
it 5 . exhi bi ted any deformation or not. No defornation was

f ound. A powder X-ray diffraction spectrum anal ysis -
effected of this reaction product reveal ed that the product was
crystalline m cr op8mBadimgpss L4y conprised 10 of silicalite-1 having
the MFI structure |like that of t he enbodi nent 1.

[ enbodi nent 13] 15 About 1g of the powderly conposite materi al

filter, and this was toseamat

for 20 hours , %;egxfrea%t ImQ;pera'&ure erpdlgq)tg\f\%sff ORIPLO8] solution

(crystallizing ste wder” X-ray fraction spectrum

anal ysi s g si,mg&ﬁ?]ngn éé\ixsa-fxﬁ%&tdma%r%i%m rey@abgiakhatsd h%hat

product conprised crystalline mcroporous materi al : conpri sed of

il i ggl ite-1 havi gget Be1VEL %wetrurc%ézzld be didgerddvtumifdhel grbadirent

nanUfaCtured iﬂ the eEEQFe%Ebﬁ1%%683Pgwgg§dwggt?eﬁt stl 1 fggakkg &?gﬁs

solution,'whereby inorganic material mixture solution
was obtained (mixing step). When égis inorganic
material mixture solution was added with a large
ld amount of methanol, white precipitation product was
formed therein. This white precipitation product was
collected by filtration under reduced pressure and
nétufally dried af room temperature, whéreby white
powderly material was obtained (solid-liquid
15 . separating step). This powderly material is believed
to comprise composite material of silicaland tetra-n-
propylammonium ion.
The above-described péwderly mate?ial was placed
into a test tube made of hard glass and this test tube
20 was sealed in the air by melting. Then, this test
tube was heated for 20 hours in a thermostatic oven
maintained at 150 °C and then allowed to cool to room
temperature, whereby reaction product was obtained ouf
of the test tube (érystallizihg step).

25 A powder X-ray diffraction spectrum analysis
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[ enbodi nent 14] 60g of silica powder was left still for two
weeks at roomtenperature in 90g of water solutiom® 5 *¥ z.. * ¢ .-
cont ai ni ng tetra-n-propyl amoni um hydroxi de, so that Dorvttheisidlita s
powder coul d" be di'spersed uniformy in the sol ution,” whereby ™" °
I norganic material m xture solution was obtai ned (m xing step).
When this inorganic material mxture solution was added with a
large 10 ameffectedrethartdiis wheeet peacigiadudtonrprealed fhet the
~formed therein. This white precipitation Erqduct was collecief by
filtration under Peedued seapyisedprystallingpigrPPaioed Betedorf

tenperature, whereby white . wd teri bt ai ngd
(solid-1iquid 150.°n¥Pr§%?)%r%¥ i W%?%?gl##ggb’g%ﬁ?m? %f"?‘léggﬁ‘ge bel i eved

to conprise conposite material of silica and tetra-n-

p{opygannnniun1ion. The above-descri bed powderly material was
pl ace Intfo a test made of hard glass and this test tube 20
was seal ed in theE%W?oiﬁm%%§Ff§ . Then, thig t est . t ube was heated
for 20 hours in a thernostatic oven - maintained at 150 [err] C and
then allowed to cool to room tenperature, whereby reaction product
was obtained out Sol&%iéﬁegféﬁéré&bﬁy(&{Y§€ﬁhéiZGOQ StePaterPlass

A powder X-ray diffraction spectrum anal ysis

- 33- No. 23 with 100g of deionized water and further

solution prepared by dissolving 40g of sodium alminate

10 in 60g of deionized water were mixed and stirfed well,
whereby inorganic material mixture liquid in the form
of gel was obtained (mixing step). Incidentally,
supernatant liquid of this inorganic material mixture
liquid was found to h#ve a pH value of about 10. This

15 hard gel was sufficiently rinsed with deionized water
and collected by filtration under reduced pressure and
then.dried naturally, whereby white powderly material
was obtained (solid-liquid separating step). This
powderly material is believed to comprise composite

20 material of water glass and aluminum oxide. A
fluorescence X-ray spectrum analysis effected on this
powderly material showed that the material had
Si02 /A1203 mol ratio of 5. 3.

The above~described powderly material was placed

25 into a test tube made of hard glass and this test tube
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effected on this reaction product reveal ed that the product

e W

conprised crystalline mcroporous nmateri al conprlsed of,:“* vz
silicalite-1 having the MFl structure. 5 [ embodt nent: ﬂg R J":
Sol ution prepared by diluting 100g of water gl ass No. 3"wi't h "100g
of deionized water and further sol ution prepared by dissolving 40g
of sodiumalmnate 10 in 60g of deionized _water were nlxeq¥and stlrred
wel |, whewaBy sesdeganie Fheerait RV xmeldingqui dTRAMe hdBiE st

of gel was obtai ned (m xing step InC|dentaII er nat ant

liquid of this in&rganive %ﬁ? #P¥t #Ae hours X“Hﬁmﬁkfﬁ@is Behd P¥Rave
a pH val ue of about (10. Thi.s ? was, uff|C|ggéigd gsedopith
30 38 B ML ;

dei oni zed water maintaingd ag

a |on un reduced pressure
and then dried naturall reb {e,P I Yt d
was obt ai ned (solgﬁwp?ﬁﬂ ebé%% |n§ s?%%gu ﬁ% g%@%dé&rW%Ema alne
material Ls belie e e osite 20 mat eri al of mater gl ass
and al um un1oxidx rys%ﬂiﬁgBEhE ?? Orescence X-ray spectrum analysis
effected on this A aler 4 2k £3URAG Nab it il enlaly bag
Sigerr]/Aferr]derr] nDI ratlo of . The above-descri bed

powder 'y material opeacRkaceh @ﬁls réd@ﬁldﬁtﬁiﬁdﬁ&berﬁﬁéaléﬁ|ﬁﬁ£&gkh&s
and this test tube
product comprised crystalline mlcroporous material
comprised of Na-Pl having GIS structure.

10

[embodiment 16]

T e

The'pbédérly composite material manufactured in
the embodiment 8 was placed into a Fest tube made of
15 hard glass and sealed in the air by melting. This was
then heated by being kept in a fhermostatic.oven
maintained at 150 °C for 45 hours and then allowed to
bé cooled to room temperature, whereby reaction

product was obtained (crystallizing step).
20 A powder X-ray diffraction spectrum ahalysis
effected on this reaction product revealed that ‘the
product comprised crystalline microporous material

comprised of analcime having ANA structure.
25 [embodiment 17]
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was sealed in the air by nelting.

for 24 hours in a thernpstatic oven mai nt ai ned at'«+130 ferL] G'an
allowed to be cooled to room t emperature, wherebyiredctl agn pr.od
was obtai ned” 5 (crystallizing step). A powder “X-Tay
diffraction spectrum anal ysis effected on this reaction product
reveal ed that the product conprised crystalline m croporous

mat eri al conprised of Na-P1 having G S structure. 10

[ enbodi nent 16]

in

The powder | ' Tl
t he enbodiﬁ%n§88°ﬁa§egFgg§H§ﬁﬂ¥6 ggEEEFL ﬁggﬁﬁéég dg?n%%@g;

hard gl ass and sealed in the air by nelting. . This was.
by being kept in §°%H*éf%s?§t it(?té'\%’ﬂty&ammgmuf?ah’ftd Pr’fégeata’fsosffg‘%]]
45 hours and t“e”dékl,ngegd;gga%twere nteg}fgc?o{(gg?{}?efog{;@tﬁ@p@é@t% ong

wher eby reaction

A powder
reaction

25

wasS optained” (crystallizing step).

I eveal ed

é-ray diLL&%CQé”§§p36trWﬂé¥EﬂyS£ﬁorg nic matl§o£d ARAdlSe

r oduct

at the product conprised crystalli

m croporous mat eri'ﬂpﬁf in theC3Wn 330 L %.%H&i&%gmﬁmgéﬂsﬁw

[ enbodi ment

10

15

20

25

(This phenomenon is believed to be attributable to
that tetraethylorthosilicate was hydrolyzed and
condensated in association with elimination of ethanol
therefrom.)

The inorganic material mixture liquid was
filtered under reduced pressure to obtain solid
component. And, this solid component was rinsed well
with acetone and naturally dried, whereby powderly
material was obtained (solid-separating step).. This
powderly material is believed to comprise composite
material of amorphous silicon dioxide and tetra-n-
butylammonium ion.

The powderly composite material was placed into a
test tube made of hard glass and this test tube was
sealed in the air by melting. Then, this test tube
was heated for 71 hours in a thermostatic oven
maintained at 150 °C. and allowed to be cooled to room
temperature, whereby reaction product was obtained

(crystallizing step).

~36-
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62.5g of tetraethylorthosilicate, 19.5g of water ~..sQlution of |,
t.et rabut yt ammoni um hydr oxi de and 68. 3g of dei ont zed MﬁtEL,MEWé;wu'
m xed together and heated for one 5 hour at 80 [efrlC: whereby ", =«

i norgani-c material mxture liquid in the formof ‘gel” was obtai ned
(m xing step). (This phenonenon is believed to be attributable to
that tetraethylorthosilicate was hydrokyzed and ondensat I n
associ ation with elimfaPo#tedt Erhadol ﬁﬁraCthﬁbrﬁPFS Hjum ana Yl
The i norganic materi al xture ddqu I'tered,updern red
pressure to obtai®f g%??%a l%oﬁﬁﬁmgﬁfn ﬁﬁfd%?nsrgg i goﬁbonengﬁﬁas

i d wel |
mierial vas obt PREHUCEo ORI Thy-Leay ne ThCr oV SR RtERLN. 10
material is believed to C8”Q§'§flf§§f§§%—? having Mﬁgtg£fagt9£eannrphous
u

silicon dioxide ard tetfa-n anmoni um | on. The
powder 'y gonp05|te mat eri al was pl aced into a 20 test tube nmade of
hard gl ass and this test tube was sealed in the air by nelting.
Then, this test tpbgrodiment ﬂ@? heated for 71 hours in a thernostatic oven
nalntalned at 150 [err]C and allowed to be cooled to room

tenpsrature wher eby reaction product was obtained 25 (crystallizing
step).

83.3g of tetraethylorthoxylate, 36.2g8 of water
solution of tetrapropylammonium hydroxide and 1g of
~10 copper acetylacetate were mixed together and heated
for one hour at 80 °C, whereby inorganic material
mixtufe liquid in the form of gel was obtained (mixing
step). The inorganic m#terial'mixture liquid was
filtered under reduced pressure to obtain solid
15 _ compongnt. And, this solid component was rinsed well
with acetone and naturally dried, whereby green-
colored powderly material was obtained (solid- -
seéparating step). This powderly material is bélieved
to comprise composite material of amorphous silicon
20 dioxide and tetra-n-propylammonium ion.

The powderly composite material was placed into a
test tube made of hard glass and this test tube was
sealed in the air by melting. Then, the test tube was
heated for 24 hours in a thermostatic oven maintained

25 at 150 °C and allowed to be cooled to room
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- 36- A powder X-ray diffraction spectrum analysis
effected on this reaction product reveal ed that the -77. L preduct ¢ ;'f;
conprised crystalline mcroporous nateri al conpr i seqd’ ofé T & M
silical ite-2 having MEL structure. 5 [ embodi nent 18] “°° 7 she
83. 3g of tFtraethonrthoxyIate 36.2g of water sol ution of

t et rapr opyl ammoni um hydr oxi de and 1 Iac at.e re
m xed together anteRBEFEFure. wheyg yoﬁ%aﬁﬁdPQﬂpgggfgrﬂ gk ned

I norganic materia quid in the form of gel was obtalned

(i xing {%5¥Sta%%bzfﬂ%r§§ﬁ?t material mxture |iquid was
fl!tered.under reducqupr%gﬁﬂgg orggxﬁfképgég%ﬂk ec%q@npngﬂglygwg

this solid conponent was PPMsEd acet one and naturally

dried, whereby grepps.ted sorﬁg aBEYHRT Ik JHRIR! | ALyv¥BEe@biRaRClthe

(SO|Id- separatlng ste I's powderly material is believed
to conprige CONPOSHLEyRRt %rdnﬂirfge@r@ffgeuililﬂé GPlc réBoroudli RXitee il

t et ra- n- propyl anmoni um i on. The powderly conposite nateria
was placed into acomprlsedtgﬁtsiyﬁ@aﬂﬁdé—thQﬁiﬂggﬁEBSsﬁwﬁbtﬁwé.tEBt isbe
was sealed in the air by nelting. Then, the test tube was

heated for 24 houpslievedt Riad®StAiEC avestdall iMai nédropbrous anatdbdal
[err]C and allowed to be cooled to room
includes copper acetylacetate and can be used as a
catalyst for e.g. denitration reaction.

10

[embodiment 19]

83.3g of tetraethylorthosilicate, 16.7g of water
solution of benzyltrimethylammonium hydroxide, 4.9g of
15 aluminum-tri-sec-butoxide (A1{O-(CH(CH3)(CzHs))3), and
20g of ethanol were mixed together and heated for oné
hour at 80 °C, whereby inorganic material mixture
liquid in the form of gel was obtained (mixing step);
The inorganic material mixture liquid was filtered
20 under reduced pressure and rinsed well and then dried
naturally, whereby white powderly material was
obtained (solid-separating step).
A fluorescence X-ray spectrum analysis effected
on this powderly material showed that the material had_

25 Si/Al element rétio of 95 : b. Therefore, this
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- 37- tenperature, whereby reaction product was obt ai ned

v

(crystallizing step). A powder X-ray diffraction spectruih "%
anal ysi s effected on this reaction product revealied=t hat:the, 5:
product conprised crystalline m croporous materi al “ tonprisedof”
silicalite-1 having MFI structure. It is believed that this
crystalline m croporous nateri al i ncl udes copper acetyl acetate and
can be used as a material caﬁal%]tl?ﬁ?d tg. RencomredhteedtdtBrialioef

[ enbodi nent 19] of .tetraethylorthosilicate 16 7
wat er soAftq Bﬁhefu%eﬁzww%et% PE ! U Wy B 0% &g Andis

| um I - CH( CH d
200 of et hanol - we PERRYLER S SETH PmRRAURe M@M?&SWW?”houraQt 80
[err]C mhereby Inorga%h% g%hﬁ%kﬁk ghé%ggite materlah gggdgigc%genggnEOf

gel was obtained (mxing's gani ¢ nat m Xt u

i qui d wag filtergds2Q wgesf Aduge ﬂsess qe eRds iased wald and
51y

then drie nat ur a mhere e po erly material was
obt ai ned (solid-sgpanal Bg %h%ph1r by meltlng PhEhUOERSCEBEE FubdYwas

spectrum anal ysis effected on this pomderly mat eri al showed t hat
the material had heated for 530 hours in a thermostatic oven maintained
at 150 °C and allowed to be cooled to room
temperature, whereby a reaction product was obtained
ld (crystallizing step).

A powder X~ray diffraction spectrum analysis
effected on this reaction product revealed that the
product comprised crystelline microporous material
comprised of mordenite having MOR structure.

15

[industrial applicability]

The crystalline microporous material obtained by

the present invention may be used as material for

20 adhesive agent, catalyst or separating material, more
particularly, flon type cooling medium, drying agent

for sulfur fluoride which is insulating medium for
high-voltage electric appliances or for pneumatic“

brake of vehicles, or adsorbing/eliminating agent for

25 adsorbing/eliminating nitrogenous substances from

-39~



25 Si/AI element ratio of 95 5. Therefore, this

- 38- material is believed to be corrpoél-t-e materi-ak of "":
anor phous silicon dioxide, alum num oxi de and TIIe w T
benzyl t ri met hyl anmoni um i on ((dqerr] H[err])(CH[err])[errIN[err])“ TR oo
The powderly conposite material was placed into a 5 test tube nmade of
hard glass and this test tube was sealed in the air by nelting.
Then, the test tuf@sSk§swater or rﬁéape&tflare suhskeares Aram Refissctive

oven nai nt ai ned at. 150 (r}]dg agﬁsral | oned to be cool ed to r?
t enper at ur e, V\heré’t?f%ergéctt‘?ﬁn dEafRdpligt caf&lfs’fa Pi*zi ng

- step). er X=r di f ctiagn truma SIS

of fobied on this FEIRSTNE pvBadeE re'veeé?id e EPRES IR sl eaa o
conprised crystalli r gpor i.a nprised of nordenite
havi ng MOR struct urg%lyl% L %lé%_oﬁg lca& mdusfrlggst rial applicabili ty]
The crystglline mcroporous materi ‘al obtained by t he present
invention may be used as material for 20 adhesi ve agent, catal yst or
separating material, nore particularly, flon type cooling nedium
‘dryi ng agent for sulfur fluoride which is insulating mediumfor
hi gh-vol tage el ectric appliances or for pneumatic

10

15

20

25
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brake of vehicles, or adsorbing/elimnating agent for 25

adsor bi ng/ el i m nating nitrogenous substances from TSI Nl T LTS
- 39- ) wast e water or radioactive substances from: .-
radi oactive waste water, or further as catalyst~cartié&r: fgr> -

carrying v a ysts in the field of mainly e.qg.
petrochem',‘

m
Wlibimm- o = ®

1. A method of manufacturing crystalline.
microporous material, which comprises the steps of:

5 a mixing step for obtaining alkaline mixture

—————.

liquid including: at least one kind of crystallization

Eiiiﬁiggﬂgglected from the group consisting of
fﬂﬂgﬂi&ﬂuiQQM(R4N+= R is at least one selected from
the groﬁp consisting of hydrogen, and alkyl group or
10 aryl group having carbon number of 10 or less),
Ehgfgkgfigﬂmiggg(R4P+: R is at least one selected
from the group consisting of hydrogen and alkyl group .
or aryl group having carbon number of 10 of less) andk
amine; and kanemitgéigeal compositioa formula:

N——- . ‘X -u-—:;— - “':"“'“--- ey
15 NaHSi20s5 ) fine particles; R D,

H
a solid-liquid separating step, subsequent to the

mixing step, for separating solid component of fine
particles deposited in the mixture liquid from this
inorganic material mixture liquid; and

20 a crystallizing step for crystallizing, by
heating, the solid component separated through the

solid~liquid separation.

2. A method of manufacturing crystalline

25 microporous material, as defined in claim 1, wherein

-41-
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- 40- [ cl ai ns]

// .
1,
\ rret hﬂm \“ﬁﬂ}“ﬁ&\u"\ng crystalline ni cr opor ous; neg erial sowhich .°
conpr i a mxing step for obtaining al:kal iFne’, :

mxture” liquid including: at |east one kind of crystal | i zat| on
nodi fier selected fromthe group consisting of ammoni um i on
(Rlerr]NJerr]: Ris at |least qgne selected from rou consi tlng
of hydrogen, and &ei¢l cgvshsldrizatgon mogifiey o%’befﬁﬁ‘#;"c lﬁﬁﬁb%
10 or |ess), phosphoni.um i Pl e st one
sel ect Fd leéﬁf"t Hé‘eglsﬁl}ﬁcc?ﬁﬁsngF"nQE%f Eﬁ%‘ oﬁgﬁséﬁalﬁgky gr oup

or aryl group having carbon nu of 10.or Iess am ne; and
caneni t e(i deal conposi t % g‘ﬁ'af & %)'1 Jlampgnium ﬁ3ﬂ8| [(errzfel) TI) i ne
particles; ol i | at:i,ng e equent to the
m xi ng step, for separ at ?n% lé’o%rglpggr?glg%g%?&o? P (3hees 7 YbR gl’tIC| es
deposi tedgi n the n]Xtu%%tE%qgk%y& a@fohiuh ion ((CzHQQEQamlc ”aterlal

m xture |iquid; and a crystallizing step for crystallizing, by
heating, the sol i d CORRePE et PR iUl Quah (i(logs )aN+ ),
n-propyltrimethylammonium ion ({(n-C3H7)(CHs)3aN*),
benzyltrimethylammonium ion ((C7H7 )(CHs)3N*),
tetra—n-butylphosphoniuﬁ ion ({(n-CaHsg )aPt),
10 1, 4-dimethyl-1, 4-diazabicyclo [2, 2, 2] octane,
pyrrolidine,

n-propylamine (n-C3H7NHz), and

methylquinuclidine.

15 A method of manufacturing crystalline
icroporous material, which comprises the steps of:

a mixing step for obtaining alkaline inorganic
material mixture liquid including: at least one kind
of crystallization modifier seleqted from the group

20 consisting of ammonium ion (Ra4N*: R is at least one
selected from the group consisting of hydrogen, and
alkyl group or aryl group having carbon number of 10
or less), phosphonium ion (R4P*: R is at least one
selected from the group consisting of hydrogen and

25 alkyl group or aryl group having carbon number of 10

—-42-



" soli d- | j{pum | 2. A method of manufactur i ng
cryst all’muﬂ,mmn”mmmloporous material, as defined in claima, whetegin : .°
-41- *ot L owm s " said crystallization nodifier preferably codprises:

at . l east one sel ected from&ﬁe_@p consi sting of. 4 ;

tetra-n-butylamoniumion ((n-Cerr]Herr])Terrierr|),

tetra-n-propylammoniumion ((n-Clerr] ..,_._errli[err] N&err_ ), .

t et ra- et hyl anmoni @m iL8fs(( epér P]“HPgﬁrﬂ‘[ieFi‘ REepy i ?’“Le (5302 );

tetra-net hyl ammoniumion ((CH err )é%err’N errln,

n- propyl t ri net hyl ammn?‘uﬁ‘Pi(ldﬁ'?(‘ﬂl‘ e?fe#’ﬁ %F‘F*‘?( eHeBe r FY ]‘ﬁf‘gr F’f’) ,the

benzyl tri met hyl ammgni.,umion ((C.err]lH. errl). [ e [ er L]) :

tetra-n-butyl phosBﬁﬁﬁf’émsftoeré’( (Ckgf:[ %rehaﬁ erlﬁ"%_{[seéir%%[ g?rﬁ%;g%glhflo of fine

1, 4-dinethyl-1, 4-diazahicyelo |- vy t t liquid f thi
pyrrolidine, - partlc'algs clfle-ppor%%yﬁ(ﬁmlﬁet?%- ?%Fr‘]‘ﬂ?er rl]qll\lllzl[ er rﬁ? an&S
met hyl qui gucliding, .sal9¢c material mixtur® T84{19d; @hamanufacturing
crystalline m croporous material, which conprises the steps of:
a mxing step for obtapnidgyakkaliN8inOrg8Bit for crystRileriakng Xt biye
l'iquid including: at |east one kind of crystallization nodifier

sel ected fromthengheypg,20 the sANY SéodmpowéntnEeparatiedn €Ifeugh Nitder] :
Ris at | east one :

solid-liquid separation.

10 4. A method of manufacturing cryétalline
microporous matefial, as defined in claim 3, wherein
said crystallization modifier preferably comprises at
least one selected from the group consisting of:

tetra—n—butylémmonium ion ((n-CsHg }4N*),

15 tetra—n;propylammonium ion ((n-C3H7 )aNt},
tetra-ethylammonium'ion ((Cz2Hs )aN*),
tetra-methylammonium ion ((CH3)4N*),
n-propyltrimethylammonium ion ((n-CsH7)(CHs3)3N*),
benzyltrimethylammonium ion ((C7H7 )(CHs )3N*),

20 _ . tetra-n—butylphosphoniuﬁ ion ((n-C4He )aPt),

1, 4-dimethyl-1, 4-diazabicyclo [2, 2, 2] octane,
pyrrolidine, | | |
n-propylamine (n-C3H7NHz), and

methylquinuclidine.
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seleQLed_LLgn¥%he—gfoup—consisting of hydrogen, and al kyl, gfoup s
ary ﬂlmﬂmémmmﬂmw bon nunber of 10 or |ess):, phosphoni. um .

|on ( at | east one sel ected friomthe group .

consi s wngcothyﬁrdgeﬁ and 25 al kyl group or aryI group having =~ "

car bon nunmber of 10

or less) and amne; and silicon dioxide (Sigerr )

solid-1iquid sepaPating stép meshoskqednt mt"’d“ﬂﬁé‘:t“rlng ﬁirfshba%tlelp“ef or

separating solid conponent of fine i.cl.es 03|ted |n t he
mxture |iquid frBafFEAPSToYs mater}ﬁbrgﬁﬁleeﬁéPgﬁléP ﬁWQpJVb 1Tt SR

a crystallizing step, f tal li h
conponent sepa?at dEPﬁgéﬁ hxfh% erelngéalgof?dl?lbh g8 a¥at19§ ée%%d

d Separation
4. A met hod of.mapufacturin
material, as defi h&d® %ﬁ cFaf gﬁyer 2 n& ¥§£f1LiR§ 3R €?§s€%§f?§g%?gﬁg
nodi fi er greferabkxec8gp£h§gslgﬁuld‘ | east one selected fromthe group
consi.sting of: tra- n- but yl anmoni um i on
((n-Cerr]Herr])[err]Nerr]), 15 tetra-n-propyl anmoni um i on
((n-Cerr]Herr])grr]Nerr]), tetra-ethyl anmoni um i on

((derr]Herr])[#sryN+), A method oftGidRuiRidyk AT cMyoballine
((CHerr])[err] n- propyltrlnethylannonlun1|on
((n- C[err]H[err])ﬁib&epbkbﬁerﬁ;bﬁﬁial )which comprises the steps of:
benzyl tri met hyl anmoni um i on ((C[err]H[err])(CH[err])[err]hH)

a mixing step for obtaining alkallne inorganic

10 material mixture 1iquid'including silicon dioxide

P N—

{(Si0z2 ) component and aluminum salty‘a solid-liquid

[—

€

"separating step, subsequent to the mixing step, for

e s TS

separating solid component of fine particles deposited
in the mixture liquid from this inorganic material
15 mixture liquid; and a crystallizing step for
crystallizing, by heating, the so0lid component

separated through the solid- 11qu1d separatlon.

i - 1 PR AR RS AT

[ =

7. A method of manufacturing crystalline

20 microporous material, as defiﬁed in any one of claims
1 through 6, wherein said crystallization ste§
comprises a step of heating a sealed container into
which the solid-liquid separated solid éomponent has
been introduced.

25
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tetra-n=but yl phosphoni umion ((n- C[err]H[err]zlerr]P+)

py”ﬁ!lﬂm&ln'ﬂmnm Hllrzab' velo (32 ortme, i i

met hyl quinudl i 8i n&.

5. A et hod of nanufacturlng crystalline m cr opor ous
material, as defined in any one of clains hr ough r.e said
solid-1iquid sepaBating step method |§fef'1‘%€t“e§ft%1ﬂ‘é'r“hg né’l}'t’ﬁwf;; 1n’g“'gt ep

for neutralizing 5 the m xture_|i
manuf act uri ng cry@ﬂﬁFPPﬂ€°us materialy, |ﬂ$ﬁﬁﬁ%9i%ﬂ,a%%n%&Fc§?g§§§e§ t he

t f: f ' e
i erial mxture N GEOHRR WBng RPFFagh ArAd aarvE el LG4 PRbA R Copst

and ol um mm sl SO LY, of sy AL b SLEDy dbeRTnbo.

; depositedP sl £ €174 Yae '4&55@4{9@tmélhaorg@%@orméstl a'foi:5
m xture iquid; an step—for crystalTizing, by

heating, the SO|Igr§g@QQ@§QEng jt. Separated through the solid-liquid
separ ati on. -

9. A method of manufacturing crystalline
microporous material, as defined in any one of claims
10 1 through 6, wherein said crystallization step -

p—

comprises a step of supplylng water vapor to the

o o A e i TS S L i 4
S ennaim I

s6iid- 11qu1d separated SOlld component under normal

JRDRET LA P o £ AV LT A AR Sl AT MLV ST T 3
A At St s G

iy,

pressure for crystalllzlng 1t.'

15 10. A method of manufacturing crystalline
microporous material, as defined in any one of claims

1 through 8, wherein said crystallization step 1s
said cryaX

provided after the solld llquld separated SOlld

e et b s en e b v

component is molded. }

o AR AR

20

25
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cormmE.. L

7. - A et hod of nanufacturlng crystalline 20 m cropor ous naterlal
as defined in any one of clains ' 1 through 6, wherei:n said = :.. ~

- LA -

crystalllzatlon step conprises a step of heating a ’seal*ed éohta|neru
into ¢« " " which the solid-liquid separated solid conmponenf has *"
been introduced. 25 -44- 8.

A net hod of manufacturing crys oporous .material, as
defined in any one of clains Ea StrafttﬂFOﬁBﬁ glsﬁﬁgfgfﬁ]sald

crystallization step conprises a step of supplying water vapor to
. the 5 solid-liquid separated solid conponent for

tallizi it.
crystallizing it. A methdd of mAntI%LQ%M}Ag”FQ%%a&%hQQmeuskah»bhae

m croporous material, one o rough 6,

wherein said crystalddzatj Oguﬁtt%me for nFaqnpféLée&ﬁxﬁg ep Ofa8YRRAlyYI B¢
wat er vapor to the I'iqui d separated solid conponent under

nor nal 5 Pr e$s4is118heC it Add@du¥ hhterialdSunderlnild reécit®@bhod
. of manufacturing crystalline ' m croporous material, as defined in
~any one of claimsconditiohdhafdghirfde whessa ﬁ_alrdtmgs'eawiiahmsaép i s
éonditions by usiﬁg simple installation. The
crystalline microporous materials obtained by the
present invention may be used as adsorbent agent,
10 catalyst or separating material.
According to the characterizing features of the
manufacturing method of the.present invention, there
‘are provided a method of using cation compound or
amine as crystallizing modifier and using, in
15 combination, raw material including canemite or
silicon dioxide and a further method using raw
material including silicon dioxide and aluminum salt.
The method includes a step of mixing these components,
a solid-liquid separatihg step fpf separating produced
20 fine particles, and a crystallizing step for
crystallizing the separated solid component. The
invention achieves improvement in safety, economy and
so on, in comparison with the coventionally practiced
hydrothermal synthesis method which requires severe

25 reaction conditions of high-temperature, high-pressure
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and strong alkaline. Further, the method alloﬁs
freedom in adjustment of the pore diametér and allows
a higher proportion of porous stfucture to be
maitained in a product when the material is formed

into a molded product.
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