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WD 2004/ 058643 PCT/ KR2003/ 002801 METHOD OF PREPARI NG
ZSM5 USI NG VARI ABLE TEMPERATURE W THOUT ORGANI C

wOBRMAASHEH3 Technical Field The present inventi ®3T/KR2003/002801

relates to preparation nethods of ZSM5 using variabl e
5 tenperatures w thout organic tenplates. Mre
specifically, the present invention is directed to a

met h‘ME?h(ﬁﬂ)ﬁ( @gﬂps' Aiﬁg@%sih%fsgﬁm@wéas&ﬂ PER ATURE .

react
subjected to a t wWPITEHOPT OREBANIC TEMPISATRUCI eat i on
at relatively high tenperatures and then
crystallization at relatively |ow tenperatures,
w t hout the use of an organic tenplate and a
igalHigddt j on seed, thus easily controlling 10 a
crystal size and a particle size distribution with
uniformparticle size distribution and achieving
subst ari 09 t [ Nt : i - .
the nudreareeei. i Bch Bl phepek iR, BE ZsMB Wing variae
fie@pbraneeNiRbuSloAni Nemplaysit abvistk Zs?eaﬂeaﬂ;lj &hd %Eésbx@t' fivention is
size distribution. Background Art 15 Sincée ZSM 5
hdirected th b gietlsod ofqacoinp &1tV ashdateriad e tape eeabtion inbeure for use
first time by Mbil Co. in the early 1970s, intensive
rigspgpahtion of e¥Mad Ansebiedrd Hase hwerstepppiotessniliit igusucleation at
to, it ni que catalytic activity and shape selectivit
Elafiv e ek HEmPEIRGeR. Y oo FTLAGen AeElstEgly Jow terperatures,
i eve. . [ . Al - [ e .

SRl O S el KRR UETh BAPLATBEL B’ o oontottng
VAL HBsibd BES 2 PartRIIARE GisHRfuBbh Hifh @SifdRnt %d?ﬁél@tsiz@ Qistribution and
agent. Anong organic materials known to be effective
favhiel/Bgp katistangiaZ SD% kystilinitye, Il @artRplaopybanThe i nigleation, the
cation has been known the nost effective. In practice, _
cerationciime iy SNivstedclar freqly Iopntzelabdthishe cristed simseand the particle size
i%ntgesized usi ng such a tetrapropyl ammoni um cati on.

HEPREOD 5| t hough t et rapropyl amoni um has 25 excel | ent
tenpl ate effects, research into the preparation of
ZSM5 wi thout the use of 1 WD 2004/058643

RSAAKRAAAAP02801 such an organic tenpl ate has been
conducted. As a result, some preparation

Since ZSM-5 having high silica content has been developed for the first time
by Mobil Co. in the early 1970s, intensive research on such a material has been
performed, due to its unique catalytic activity and shape selectivity resulting from the
characteritics of ZSM-5 as a molecular sieve.

Unlike conventional alumino-silicate zeolites, ZSM-5 is generally prepared
using various types of organic materials as a templating agent. Among organic
materials known to be effective for templating ZSM-5  structure,
tetrapropylammonium cation has been known the most effective. In practice,
commercial ZSM-5; currently available, has been synthesized using such a
tetrapropylammonium cation. However, although tetrapropylammonium has

excellent template effects, research into the preparation of ZSM-5 without the use of
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processes were devel oped. The reason why the organic
tenplate is not used in the synthesis of ZSM5 is
woxpensssse and very toxic, which can cont anm naPeTmR2003/002801
envi roments. When ZSM5 is 5 synthesized using the
organi c tenpl ate, secondary costs for treating a toxic
organic material contained in unreactants are
uired. SBm n ro t
B e e IR St o ghpge preparaton
gf&@@egweﬁydeuaap@f t he above organic material should
subjected to a calcining step at 550 Cto
pyr ol yTheedabon whyntheeorgheicdemplaiecismat epddain the Gypthegenf ZSM-5 is
in channel structure of the ZSM 5, before being used
a&p@swte@riy@fy topgsinahash cwtwa@rfb%\ﬁwﬂmf‘éﬁ al Wign ZSM-5 is

B b BBk AP g B QUL EL By g tic orgnic
lg& 4 rc%ﬁ{ab‘ferﬁltlh Ulggc agﬁlss b {10y hﬂﬁ @CtAMHT }heOdan l%p{% of enwronmental

aayst e use o eorganlcte
@me@ﬁBﬁ%g%‘&@yh%hns of additional costs due to
the calcining step, and air contam nati on by gases

di schahgasdiiitid; A8)+5 mepateyt diysusefoft the abpganiganivametetial should be
To overcone the above probl ens, in U S Patent No.
4ubisqte@ 8o a caddningtséer # A derfo é:tyrgllyhcallyh@g@vesthe organic material

ERBUE hed deectie o B G50k Pt Gk Bl fup st Howeer,
f’eﬁntgg of an?@lal(ra e\%%mscre%tvg% 'b?lthe '(_:Qlﬂﬁl\fﬁ ste ht‘ﬁe ngtgﬂffsﬁete pyrolysis

ack 1nt reacti eri o
@@éré@foregﬁl@brﬁl 20 bisekh e bt ZENGs, Bk Qﬂéstlb@lly Ae&b5ilBhe activity of
(1986) 10 Kuhl discloses a method of  syrithesi zi ng
AsMe&ialybt. 1F0rtRO0 tie fser ofBthd drpic serniyylatei ix idisgdeargadeouain terms of
source with an acid-treated alum na source in the ,
addisional QﬁStSaﬁﬂeoiOg@ﬁiCélcﬁﬁﬂ% sieRl and-girtaeatamipeion b gases discharged
Pat ent g;a 40, 892 (199 ) to Kl ocke di scl oses a
D RIT Slss‘ifﬁ hISPYF e froma silica precursor
neut r a2 {é’&n’l%“trfe%ﬁcﬁ{g o@&h% if) ©8C PARACAGE £B57AB8s (1981) to

organi C ver, the above nefhods

qfliuﬁggn:’e@ 47 Yl%&@is' difd1bged d ﬁ'leﬁﬂ@dto@ sPhthédiging I78AELS With or without the
occurring at relatively high tenperatures of 220 C by

useng & coysydlizatibh zatd dm thes ebsbnae toif ray d)l!gamlcmmteaal hélowever, the
crystallization. Likew se, U S. Patent . b, 254 327
(abggesmeﬂ@d Wies & Arsesvpagl inghat ayeactiopassiod is Gﬁen{bl@p

synt he I Z ﬁl\/lﬁg@?%/ I\g; S4S g)ég/ 1 (F&%l) 4e' }gu d1sglosesI a method of

causti

synthes1zmg ZSM-5 at 150-200 °C for 8-48 hours by mixing a silica source with an
acid-treated alumina source in the absence of an organic material. Furthermore, U.S.
Patent No. 5,240,892 (1993) to Klocke discloses a method of synthesizing ZSM-5
from a silica precursor neutralized with sulfuric acid in the absence of an organic
template. However, the above methods have only 75% crystallinity, in spite of the
reaction occurring at relatively high temperatures of 220 °C by using a crystallization
seed acting to promote the crystallization.

Likewise, U.S. Patent No. 5,254,327 (1993) to Martinez et al. discloses a

method of synthesizing ZSM-5 by dissolving sodium aluminate in caustic soda without
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WD 2004/ 058643 PCT/ KR2003/ 002801 the use of a
crystallization seed in the absence of an organic

woOeo@lag@3 to prepare an aqueous sol ution, WhPCIVKR2003/002801

then m xed with colloidal silica. However, this nethod
requires a reaction period not |ess than 48 hours. As

menti oned above, the conventional nethods of

%li’enﬁgée&' beﬁtaﬁ%@n's&ﬂ Hethe AbBORENFCObrghie tOMPRR, G0 prepare an
tenpl ate are summari zed by using the crystallization

3g€sbuk aolutiphpmbidhng théxe ntixeds tadhl ¢olidadrilicar However, this method
neutralizing the alum na source with an acid sol ution

rojuites arcrcpepatodgwmsit 1ass end8doursbut have t he

di sadvint age of a lengthy reacti on er| od }? o% 1\?

of t he AP ABHERYha1¥ad gcomﬁe%tw&a Pﬂé of syRiResERg £SM-5 in the

tenS| and tharou research.int.
A RS S R 5%%%291% DRy seed for
?J @fhe%?sﬁélﬁ?ﬁlonef}ﬁﬂ faﬁ%ﬁ% th® afliEink 8b&LE CJVlﬂlrén acid solution
esu ndi ng t at a reaction mxture for
Ré ﬁﬁﬁf @piopér @f pdhdsér, bet Isnbjlecliedvhage sflesdtBPreaction period.
vari abl e tenperature process, for exanple, nucleating
at relatively high tenperatures and then crystalli zing

at relativel | ow t enperatures, w thout the use of an
é?léfd&iﬂée_&%f&%i&@éﬂ@hd a crystallization seed, 15

whereby a crystal size and a particle size

di stribution of the resulting ZSM5 can be freely

contro NBr [ Skbstant 1

cryst aHel nl%y ag&v\g) ?Se ‘%n{sile%{ab g purlafl‘lgl1 'rtr}g);&ygél 8¥rch. into
RFBMBEiE thetHdRrE AN 5, |c£1rrieﬂ ol bohhe ptesert ihheripis sy at problems
invention to provide a nethod of preparing ZSM5

reavourgerad hingthe crelesadabiti mésuitedvtin | tbe flirgighy thasna redckiongmixture for
crystal size and . 20 cr¥stal size distribution,

\Mr@%ﬁiont Rk Z58&5of aviestsgatn 8 W@nﬁPQtV@HgH| tgmperature process, for
Sr2if nhAGhR w aSRE s hpt BB RS S ordighie et relatively

g?gﬁ@%ﬁ%@hﬁw&xﬁ%ﬁkﬁﬂ 'tl%gxégeyg{]gxﬁ %Qn;fc; Ye?ﬁr%ﬁllte_seléﬁlea crystalhzatlon seed,

GOERES) b iceystdl ag@emd 4 patieRdsigd disgibutidardfake sestthet ZSM-5 can be
ranges regarded as the 25 problemin the absence of

tieelyrgamlledt ebviredver, Z3Mat covidgrobstaitiallyel (9 sestallinity as well
invention, there is provided a nethod of preparing
ZsesirableopHsHY g1y ge PRPaked] | owi ng steps of : 3

Therefore, it is an object of the present invention to provide a method of

preparing ZSM-5 having a high crystallinity while freely controlling a crystal size and
crystal size distribution, without the use of an organic template and a crystallization
seed.

It is another object of the present invention is to provide a method of easily
preparing ZSM-5 having a uniform crystal size distribution and high crystallinity in
wider composition ranges, instead of very narrow synthetic ranges regarded as the
problem in the absence of the organic template.

In accordance of the present invention, there is provided a method of

preparing ZSM-5, comprising the following steps of :
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WD 2004/ 058643 PCT/ KR2003/ 002801 mxing a silica
source, an alkali netal oxide source, an al um na

weauw4nssand water, to prepare a reaction m xt UPETHKR2003¢02801

a nol ar conposition of M0O/SiQ2 (M alkali metal ion)
of 0.07-0.14, H2O Si @2 of 15-42 and Si 02/ Al 2C3 of
20-100; maintaining the reaction m xture at 180-210 C

for a ragag % d;PE‘ﬂJcé RBueONL ofkhB dn&al @xﬁe I58RQe, A 81%11%1921 source and

hours acco ng to an intended crystal size an

Radtdr] € @reéparea 1@h&ionl Rultiehaving BendlaMebmpbsationodiv,&/Si0, (M:
nucl eated reaction m xture; and maintaining the

nlialieadtaldon)eetdt. 0760. 14 N QIS0 zaf 15362 AdCBi0, #3101 200190;
hours to formcrystals of the ZSM 5. Accord%@% to a
first preameiingitherpedionsnixtae at he0glaserfer pracashon dime controlled

th ded h d of
SR g o D R Bt RATE 8ot SieeReEhAL AL SFS i o, garticle size
M ERionE ’d?é %@M %Bﬂamoﬁ(h afé%l%&c%oﬂqgixﬁﬁ% €hd tO

prepare a first aiqueous sol ution; separatel’y adm xi ng

an al U BRM 8R nmdlbafldkdhdtioRahibure%t U90-398!PCEoANGL200 hours to
water, to prepare a second aqueous solution; 15 m xing

tihmﬁnys‘&ts ddhedbdl-Sol ution with the second aqueous

solution while being optionally added with water,
pr epar eAgording o arfim Ricdpreednembetimsningl the Préﬁfﬂbé}%‘ieflﬂ% there is

SO0y St oS GrepHnE ARVt MG meee FURSERAERNSE: ur e
at 180- gngmg% Olilih JRa% 'alg glktahr{ﬁetgp&ﬁé’ E(l)l.g‘ge aﬁ@wrta{%? to prepare a

range 0] ours accor Ing to an Inten ed cry

SirdeqabslisdoRAohi cl € size 20 distri butl on of the
ZSMg to obtain a nucleated reaction m xture; and

mai nt aisepargtetyhadmisdhge amealumesec sowne, max talivad atetal 36dde7 Source and
C for 10-200 hours to formcrystals of the ZSM 5.
AEGRN: Hi Prgpare aacenad GAUeqys eplatiprd errbodl rrent of the

S: g;:rnltrﬂj nr\ég% %rséoatﬂglgﬁr’% Iﬁ‘é‘”ﬂ‘ﬁ’éov d eﬁan ?agggg%f sojgtion while
}%ﬁl%pgo&lﬁr' higa %ﬂﬂr&fgte L34 ?11 gglle a TEidlo {ﬁ!bgl?resﬂé{/ﬁﬁge a molar

prepare irs ueous SO
S&woaﬁl%hbf%m/gﬂoa@f@mai I 8/SI0Y b€ €520 AndBIGY AL DY of 20-100;

prepare a second aqueous sol ution;
maintaining the reaction mixture at 180-210 °C for a reaction time controlled
in the range of 2-20 hours according to an intended crystal size and a particle size
distribution of the ZSM-5, to obtain a nucleated reaction mixture; and
maintaining the nucleated reaction mixture at 130-170 °C for 10-200 hours to
form crystals of the ZSM-5.
According to a second preferred embodiment of the present invention, there is
provided a method of preparing ZSM-5, comprising the following steps of:
admixing a silica source, an alkali metal oxide source and water, to prepare a
first aqueous solution;
separately admixing an alumina source and water, to prepare a second

aqueous solution;

mixing the first aqueous solution with the second aqueous solution while
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m xing the first aqueous solution with the second
aqueous solution while 4 WO 2004/058643

WOCTI4RAA3/ 002801 being optionally added w t RCWAIR20(03/002801
to prepare a reaction m xture having a nol ar
conposition of M20O/Si Q2 of 0.07-0.14, H2O Si &2 of
15-42 and Si 02/ Al 203 of 20-100; nmaintaining the
. . ot _ ] : o2 .
CERE, Ol ity Shick Maren ATk Rine S rERB0N R ebiZhaving & molar
| Rtposiaeh 6f WsOALi0S iof 0.020d1 /8 HaVSios be 1542end 8i0,/Al,05 of 20-100;
distribution of the ZSM5, to obtain a nucl eated
react i eminteiing e eaciomnttaierit A§0-2h6 °Auidk @eatadion time controlled
reaction mxture at 130-170 C for 10-200 hours to ) )
finrthe sangstefl 328fhause ageomfling iprqneintondsd crytalovizeoand peparticle size

Stk e300 5 et B BRI | be
for e Cllﬁﬁﬁéa}{li#%%grrﬁ}c?e%gedfI.reQéHo r}ﬁb(ftlﬁjelaﬁ\.f‘t_%ﬂ-g7gebafok %i-ZOO hours to

descri ption n1n conjunction wt

ApEARABAWK JTdhdzeN-ngs, in which: FIG 1 is a schematic
vi ew showi ng an autocl ave used for preparation of

ZSM 5, according to the present invention; FIG 2a is
a view showi ng an XRD (X-ray diffraction diagram
paefdascrstioniod thesrawingsepar ed in Exanple 1 of the
present invention; FIG 2b is a SEM (Scanni ng El ectron
M crograph) of ZSM5 prepared in Exanple 1 of the

pr esentTﬂenXI%%bi zg{ab?t'fllepas %tsih‘T b %‘ﬁ’dsﬁﬁ% Qcﬂlaﬁ&géﬁ@f r‘%}tle present

pattern of epar [ anple 2o the prese

| IAV&MonORill 30 Mbfe cRBrll SurdeBtMdOfro@SMeSTalloRRAS QtailBd description
Exanple 2 of the present invention, FIG 4a is a view

staker in@Goajnnetkn il treracahpahSMerirprmparie dvhich: Exanpl e 3

of the present invention, FIG 4b is a SEM of ZSM 5 .

pr epar 4G il Bxarfshemgliovievhshgwviagesnt aitipplaneiusad i greparation of
5a is_a vig.w show ng an. XRD g_attern of ZSM 5 prepared

| AMxasptosdiae & the PECERENBIEOBNt i nvention; FIG 5b is

a SEM %‘fIGZ§M1§ a%f%&f"‘é}?o%hg aﬁxﬁm ?Xia? Taike&eBA %?aeé?glm) pattern. of

i nvent i on;
ZSM-5 prepared in Example 1 of the present invention;

FIG. 2b is a SEM (Scanning Electron Micrograph) of ZSM-5 prepared in
Example 1 of the present invention;

FIG. 3a is a view showing an XRD pattern of ZSM-5 prepared in Example 2 of
the present invention;

FIG. 3b is a SEM of ZSM-5 prepared in Example 2 of the present invention;

FIG. 4a is a view showing an XRD pattern of ZSM-5 prepared in Example 3 of
the present invention;

FIG. 4b is a SEM of ZSM-5 prepared in Example 3 of the present invention;

FIG. 5ais a view showing an XRD pattern of ZSM-5 prepared in Example 4 of
the present invention;

FIG. 5b is a SEM of ZSM-5 prepared in Example 4 of the present invention;

FIG. 6ais a view showing an XRD pattern of ZSM-5 prepared in Comparative
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FIG 6a is a view showing an XRD pattern of ZSM 5
prepared in Conparative 5 WO 2004/058643

WOCH4HRZAB3/ 002801 Exanple 1 of the present | RZEMKR2003/002801

FIG 6b is a SEM of ZSM5 prepared in Conparative
Exanple 1 of the present invention; FIG 7a is a view
showi ng an XRD pattern of ZSM5 prepared in Exanple 5

t ] .ion; FIG 7b is a SEM of ZSM 5
%%@Bglfelgﬁit%@g%fﬂé%éﬁ%{’ the present invention; FIG
8a i s MGV i6BW $REW HEZSWI- XPRpaktie Condfarad S i@ o€ the present
in Exanple 6 of the present invention; FIG 8b is a

Shivhidn; ZSM 5 prepared in Exanple 6 of the present

invention; 10 FIG 9a is a_view show ng an XRD pattern

of ZSMIS. geéparviet shevwiarpKBDypastern phaSM-é pegpared in Example 5 of
invention, FIG 9b is a SEM of ZSM 5 prepared in

EBERTRIEE VEI9Che present invention; FIG 10a is a

Exarrpi 0k 0% 2SRRI AL Ehlpla friteilE SPRHR kbt invention
SEM of rigigh 35 PHRRANRYN A alEXRIPh&tcdn 6f ZENE 5 it in Example 6 of

invention; FIG 1la is a view showing an XRD pattern

dlic FESMnbinpesjvar ed i n Exanple 9 of the present

invention; FIG 1 Ilbis a SEMof ZSM5 prepared in, .
Exanpl BI® 8bfis 2 AEMpelagBYitS preparad iroBxamype 6 of thygpresenginvention;

' i . XRD pat t M 5 din,.
Exanp! B0 G158 Vism 1B 85 SD PR OF O L Bireepaiahin Exagnple 7 of
iﬁ%%g%&%%%epar ed in Exanple 10 of the present

nti on; 13a is a view show ng an XRD pattern

of ZSMrf; DbePAKEN b7 3d in Bfark}16 7RITESE esent invention;
inven{\?on; FIG 13b i??gﬂgﬁ/larof mZSI\?LlS@pr epglfﬁ%l iserﬁ1 Hventon

Exanpl BIQ.11 Oafis b MevpsReeing anXRDtpatarn of2BSH Sprebdsediia Example 8
vi ew showi ng an XRD pattern of ZSM5 prepared in
B dreppreseppinverftionhe present inventi on;
FIG. 10b is a SEM of ZSM-5 prepared in Example 8 of the present invention;
FIG. 11ais a view showing an XRD pattern of ZSM-5 prepared in Example 9
of the present invention;
FIG. 11b is a SEM of ZSM-5 prepared in Example 9 of the present invention;
FIG. 12a is a view showing an XRD pattern of ZSM-5 prepared in Example 10
of the present invention;
FIG. 12b is a SEM of ZSM-5 prepared in Example 10 of the present invention;
FIG. 13ais a view showing an XRD pattern of ZSM-5 prepared in Example 11
of the present invention;
FIG. 13bis a SEM of ZSM-5 prepared in Example 11 of the present invention;
FIG. 14ais a view showing an XRD pattern of ZSM-5 prepared in Example 12
of the present invention;
FIG. 14b is a SEM of ZSM-5 prepared in Example 12 of the present invention;
FIG. 15ais a view showing an XRD pattern of ZSM-5 prepared in Example 13

of the present invention;
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FIG 14b is a SEM of ZSM5 prepared in Exanple 12 of
the present invention; FIG 15a is a view show ng an

woRD4pasdser n of ZSM 5 prepared in Exanple 13 ®CTKR2003/002801

present invention; 6 WO 2004/058643 PCT/ KR2003/ 002801

FIG 15b is a SEM of ZSM5 prepared in Exanple 13 of

the present invention; FIG 16a is a view show ng an

XRD p e f ' | : S
resentC: i SN 2RO In ESHFN L GO et i ivontion

i n Exangl. @6d 4 DictBoRiRSANTKRDYRREA 6NZSHI-Fbfspakddn Bxample 14
a view showi ng an XRD pattern of ZSM5 prepared in
bEkthepraedtSnvatiohhe present invention;, FIG 17b is a

SEM of ZSM 5 pr eé)ar ed in Exanpl e 15 of the%%r esent .
i nventF16n16b flaSENd 452 nrenavedsindwianplakt ofthe presend ipvention;

nvent k17485 ey Bap Ty KRRy SNEY SRprid ippsemple 13

I 6 the present invention; FIG 19a is a
\Ei%(g’v%g Sﬁlﬁgéngtr?HXRD pattern of ZSM5 prepared in

Exanpl g1cl 176 &f a $101 SIS prepi €D E%[h'mfﬂfé 3 ofifB pidBerdt invention;
SEM of ZSM5 prepared in £<arrpl e 17 of the present
i nvent Flgh;18a i GrvieROhoivsngary KB pdttern nfjZ8N-XRE2peetdtiefxample 16
of ZSM5 prepared in Exanple 18 15 of the present
ohthemressnt INEEon20b is a SEM of ZSM 5 prepared in

Eix :Vrrlp :S %ﬁgg%%gwfméﬁgﬁgéﬁmg!%&Piéei%ﬁeisgntamvention;
Sen of 155 e 5 BlgRREE b SREFBQRSE Zofs pRbelch @ Bxample 17

IPVRYrE QR invéliohl G 22a is a view showing an XRD

pattern of ZSM 5 prepared in Exanple 20 of the

pr esenFiG.nesnd 4 SBM &l ASM22prepaedinvEeams b dWofithegresent invention;
particle size distribution and a SEM of ZSM 5 .

pr epar Bif.i20a B amisiestpoving an KR Ippetcsnof ZaYEADrensreddpdixample 18

23a is a view show ng an XRD pattern of ZSM5 prepared
io% ?he present inventlson; g P Prep

FIG. 20b is a SEM of ZSM-5 prepared in Example 18 of the present invention;

FIG. 21a is a view showing an XRD pattern of ZSM-5 prepared in Example 19
of the present invention;

FIG. 21b is a SEM of ZSM-5 prepared in Example 19 of the present invention;

FIG. 22a is a view showing an XRD pattern of ZSM-5 prepared in Example 20
of the present invention;

FIG. 22b is a view showing a particle size distribution and a SEM of ZSM-5
prepared in Example 20 of the present invention,

FIG. 23a is a view showing an XRD pattern of ZSM-5 prepared in
Comparative Example 2 of the present invention;

FIG. 23b is a view showing a particle size distribution and a SEM of ZSM-5
prepared in Comparative Example 2 of the present invention,

FIG. 24a is a view showing an XRD pattern of ZSM-5 prepared in Example 21

of the present invention;
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25 Conparative Exanple 2 of the present invention;
FIG 23b is a view -showing a particle size

wdized4rosgods i on and a SEM of ZSM5 prepared i n PCT/KR2003/002801

Conparative Exanple 2 of the present invention;, FIG
24a is a view show ng an XRD pattern of ZSM 5 prepared
in Exanple 21 of the present invention; 7 WD

2004/ 098643 RET/ %8%%93@9%253 drtichd) Sre ABiuS0R i %V‘SEM of ZSM-5

showi ng a particle size ribution and a SEM of

Behred i Epanipid J1rofxeppicat Rirentfor; he present invention;

FIG 25a is a view showi ng an XRD pattern of ZSM 5

' pr epdfléd Qﬁﬁ lsomﬂﬁ‘a’t ishewmganrpl ERD ofattetre qfr é5¥h6 prepared in
i nventi on; Zﬁb is a.view showing a particle

Siompat %’FIEXBIE?P eo3n°fé HPESBENGRUPEM 5 prepared in '

Conpar of the sent tiony K
26a s o5 PR B o Lipe e e S, SRR 28 acyhncof ZsMes
?fkg\%&ﬁq}? _ ati9h E‘i{E&%})Erﬁéﬁﬂé gfegé&ﬁ MyeBRon;FI G 26b is a

show ng a particle size distribution and a SEM of

ZSM 5 FIH 2ph epakess i ap KR I2 gattdm bh ESM-6 pespfared in Example 22
invention; FIG 27a is a view showing an XRD pattern

of thegkessnpimgpdiosd in Exanple 23 of the present
invention; FIG 27b is a view show n% a_particle size
-y

di st ri BY-i 20k iafdviswSERPEIE 2 SRFtsle pre Bisigtion aeslén%w of ZSM-5
f t.h t FIG 28

?ﬁ%%%dn%gyﬂ%%&a%ﬂtgvﬁgg% gﬂ@orbr epar eg : rS1 Zéx\élngrve 24

of t .hglrm.eﬁ%né %;vgyflg}@wmg al KRD g@ﬂ@erh%f ZSKA- g%@ﬂ&@é@ R%EBmple 23

particle size ution and SEM of ZSM'5
@fﬁ&qﬁ@g&miﬂv@tmpl e 24 of the present invention; FIG

29a is a view showi ng an XRD pattern of ZSM 5 prepared

i N ExaRigh.e27D5is a2@tewf showéengpe @sdivle biny distiitotion BhG.a 8N of ZSM-5
is a view show ng particle siize distribution and a
Prapagsyd 12@%511’1%3(3@%‘1’1%@6[5%“ ERSAPP 25 of the present

| nvent iﬂ"ﬁ? 28a is a view showing an XRD pattern of ZSM-5 prepared in Example 24
of the present invention;

FIG. 28b is a view showing a particle size distribution and a SEM of ZSM-5
prepared in Example 24 of the present invention;

FIG. 29a is a view showing an XRD pattern of ZSM-5 prepared in Example 25
of the present invention;

FIG. 29b is a view showing a particle size distribution and a SEM of ZSM-5
prepared in Example 25 of the present invention;

FIG. 30a is a view showing an XRD pattern of ZSM-5 prepared in Example 26
of the present invention; and

FIG. 30b is a view showing a particle size distribution and a SEM of ZSM-5

prepared in Example 26 of the present invention.

Best Mode for Carrving Out the Invention




10

15

20

25

FIG 30a is a view show ng an XRD pattern of ZSM5
prepared in Exanple 26 of the present invention; and

Wwa30HI0886430b is a view showing a particle sizePCT/KR2003/002801

distribution and a SEM of ZSM5 prepared in Exanple

26 of the present invention. Best Mde for Carrying

Qut the Invention 8 WD 2004/ 058643 PCT/ KR2003/ 002801

Based Bkl 8 Y BRSO, AR EBh! PRactort £RGHIA0; Héexihslﬂt'rg);frﬁfon ZSM-

use in preparatfon Z IS subjected to a two-

Br RCRbfectedN@t a itio-sfeic bRRbdsOthaans @ucksitiah | dndadrystallization, thereby
thereby providing a preparation nethod of ZSM 5
Ipaniiding su lpsdpardtionl ethbd065 ZSWeD abdviig sybstavtially 96 | opystallinity
controlling a crystal size and a particle size . .
dvhiler easiy i ontrelleg pretyHiel szased e dagicle sizsr ggiEibytion even in the
t |ate and a.crystallization,seed as ..
eb5roea pf s areegis et and 2 cndAURERon Bk prespllisptipn promoter.
pe [ i I < [ °

DR RprEe sbich BTl AftolmBh e AR R AplrdBRsciaB0 A0 °C) and
LR tyeRNBLAbY i E8arfidd Qui £0rcfativiRt ol fehfperdtfings (B0-170 Q) until the
reaches substantially 100% wi th preference. Meanwhil e,
tostatlinigtrabches sbstemtially 0096 withgrefarencd.act or for a

catalytic reaction. 10 In particular, it is_preferred )

that tNeapywhide.dhe siystalisizedpalvieny IppRriank dacier for wgagalytic reaction.

reactio requirin rapi d diffusion of.a reactant, .. .

ARPOHIBCE WHepEdboRe (RS i ool (REFe Silgivtic reaction
.. : . ¢

A5G AR, DL AN AL B0 Fure

SH&akes sEOREytiE RO LEREIZS ROt-BOMtRnighard BEidaiReAkecrystal size

of the organic tenplate by a hydrothermal reaction,

tsheulgli & lof tdohemnks uHehery upoy styathssiginguZ 8Vbe i She absence of the

properly controlled. For this, in the present

i mgame feplate iy athislrathermal sepctipmiihg size Bgﬂlﬁé?%wgﬁrﬂth]é should be

X N .

s L i by for .
DEBAPLR BF POLL B80S FRARES LPUBAAR ABRLEATR s coi
N8Bt QRe cfRiaEkZetadd th%%irﬁcl@%@ie&ﬁétki@ﬁti&h dHhnB Gor 1RO catalytic
presence of crystals of M5 on an XRD, while the

caeyisital 1 i zation refers to the increase of

crystallinity over tinme on the XRD. In accordance with

t he pr &f termeseahbygntiemtthopuelepsiopiteteanto 3 apsmucisatioyshowing no

presence of crystals of ZSM-5 on an XRD, while the crystallization refers to the

increase of crystallinity over time on the XRD.

In accordance with the preferred embodiment of the present invention, a
reaction mixture formation is performed differently from the conventional ones,
whereby superior ZSM-5 can be easily synthesized in a wider composition range,
instead of very narrow synthetic ranges regarded as the problem upon using no organic
template.

First, a silica source, an alkali metal oxide source, an alumina source and water
are mixed to prepare a reaction mixture for preparation of ZSM-5. The preparation of

the reaction mixture may be performed through a single-step or multi- step. At this
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reaction mxture formation is perfornmed differently

fromthe conventional ones, whereby superior ZSM5
woam4mss@asi |y synthesized in a wi der conposi t POTIKR2003/002801

range, 25 instead of very narrow synthetic ranges

regarded as the probl em upon using no organic

tenplate. First, a silica source, an alkali netal

?51&19 GLRBHS e t&ﬂ At BRorSAMIRE 1ANdatBLS s n&r&rﬂ%ﬂ&rﬁf limited, it

prepare a react|on xture Tor preparation of

. salliheoddd Q%E@h’a@@ ofn theh@rdseCirivention, xther Rabidh Bexture is
per ornmed through a single-step or nmulti- step. At

téiteolled tA0naXO (4 H28 6B REITKRAOYBORILE 0 abwwk rﬁ)tQ7 -0.14 (M: alkali
althou h the te(;};oerature upon m xing the reactants is

mstal ey IHZQ/lSéQi 3bP ketl and Slqzlz%%ﬁ)@w&/ 468

terrper ture.

TP B8 et U6, BRST h d  ER H  ins

- 5 R Oyl P, gl i e

2 ARD nRetd] Nox&RS {urddh) @Faert £H@ the AGInhiAA sBhrek Ui€ordSr, may be mixed.
obt ai ned by the si ngfe step, a mxing sequence of the

Otgredieeneter,ithe alomiasdureythardlali matat exide farcexahthesjlica source
the silica source, the alkali netal oxide source,
wayde saaeEntiny mixasi na source, in order, may be mixed.

e o 035U S KR ShBke in o
%%%Hgﬁltrh&]cdrg 1%%%3%0’[ n@égﬁuﬁg sol8hOF B¢ mﬁﬁ'ﬁx Eaestate affects the

I'ca source m na source in

rqgﬁ?t!yl SMthBTr¥dulh® Z§M|o5r &S Blti-btep ANxAFUSBHSHSO bl it osdd below is
uniformgel state affects the quality of the

lpeﬁedabbzrﬁdoﬂsﬂ/,tlﬁsteai afith¢ singleefepmetitiogedpatmvedur e as

nmentioned below is preferably adopted, instead of the

si ngl eAsewpingentd Bise frapevdecm meaﬁ ﬁ@thecprasmr imstention, the silica

f .
b S G e Sutalf e BTl R AR bl Fater are mixca
(to é)g%iareagkfﬁg Bl?g scﬁ*éft% pXi ge gucﬁng[ 1\Q%gfeﬁa%iee Eﬂﬁ X6 amb@at of the

re a a ueous solut

@{1{%&%@&% €n tﬂk@ﬁrsE E@ue@ﬁ@ WTutieh 14 Etﬁnroﬂbdi b€ BheSRHES 8f hBout 21.5-26.7
the first aqueous Solution is controlled in the range

aft¥aborhis lbdrads. sflicavik ¥ot Thifernlyg ' dissckvad én svatdrda wager nopresent in
uni formy dissolved in water if water is present in
@uthbrefrxcess@@bs proall gr lange pmopnt inth fisseawaoup Rolufens | Peparately, the

ueous sol u Se ly, the O alumna_s
BHRZ0 RaCon Lt AkUeREL SHOP RS AnS RS T8 T JoGbie & seeond
apqﬁgbu@ &ilut?o%(.:or,&% such, the alumina source in the second aqueous solution is

controlled inthe amount of about 0.9-4.4 wt%. This is also because the alumina source .
. should uniformly dissolved in water. Then, the second aqueéus solution is added to the
first aqueous solution. In consideration of the concentrations of the first aqueous
solution and the second aqueous solution, in case that the H,O/SiO, in the reaction
mixture is below the required mol ratio, water is further added as a balance component.
According to a second preferred embodiment of the present invention, the siliéa
source, the alkali metal oxide source (e.g., alkali metal hydroxide) and water are mixed

to obtain an aqueous silica source solution. As mentioned above, the amount of the
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aqueous sol ution. As such, the alum na source in the
second aqueous solution is controlled in the anount

wohRoaegd30. 9-4.4 wt% This is al so because theCalKRIDOBA02801

source should uniformy dissolved in water. Then, the
second aqueous solution is added to the first aqueous
solution. In consideration of the concentrations of

gi'ﬁﬁa bRt i@%eg@goﬁsﬁﬁ’ﬁﬁf 150k Ofegalgi) 8}2 'alé%tﬁ? Qnd BGHEPLS26.7 Wiv%.

utron, 1nc at t e reaction
Rbpdrately, e BRIOM: bhacd e disssidedd wabdri 10, prépdrerani &queous alumina
further added as a bal ance conponent. According to a
saros dolptied, emded centodtbdniribe amouhieopalese it 9-#Avetis ilohe aqueous
the silica source, the alkali netal oxide source
plaugna seyrRasPlutien-al Thepd thexaapeyusaplmipa equreg solpiioneds aqded to the
silica so

3&%% QS 16 S‘gﬁgﬁ utign. ¢ hAég Sup r(%%séol ut %yoescg&%ﬁntrngons o%ntﬁe aqueous
%41 Kﬁﬁ'gg g’c!h?t@cﬁ’x qi th%%ui/de&?s ?rﬁ?rﬁaesghf&etsg ti3f Lig %h’% tg%’c t%e H,0/S10,

PToR T's prefera con n about
\M %e rexc®ida Ak Ry is Heltfy AkdfHired nSd YALEE waerds SOk 8dlictins a balance
wat er to prepare an aqueous alum na source sol ution,
aogipbsent.0 T ot ye theireactibe nérmmin thé stateadigellis Sidply obtadtbed.
In the agueous al um na source_sol utjon. Then, the
aqueouds gonvenienalbykeewsomien dhe pbimigde@ures ehthessilica source is

SEeUe Shi! <8 SOULER. 2oL Lo A% S SONELIST LRt o
%glsgaliuﬁgflﬁ?% H{g@g&{%uﬁ' lﬁah#ﬁblﬂ? tOS %I&gln (,«OAIHIS{G%@?’ Ih Qhe reactlon

case e reaction m xt

Q@ﬁ@Wsﬁoﬁ equhdBfbrdlBhe FRklioh c¥@bESitib® efsentidlefor dg@IRSIs of pure
a bal ance conponent. Thereby, the reaction mxture in
7Z%Vist edn@onbe geduratslysadjpdtyd. o il avenesd, thespregarytent methekd| gf ZSM-5
known, when the alum na source or the silica source is
BOcardivertal the avefsred em’wdnil@t% of Lhei BWS@IEGHV?W@Bdﬁ a@flwﬁageous in

e S B LR o o AT e
B R TR e BB B PR v

QéﬂﬁghapﬁnéﬁﬁH&ﬁbﬁhﬁmﬁdJUSted However, the
preparation method of ZSM5 according to the

pr ef er Thereafidro dha1prparedf rebbitorpmegiand i§ sulgattedrioi micleation at the
advant ageous in 15 that neither a neutralization by an
acacxﬂlond¢mh@ang1am¢mmeCHatglboutLﬂt&Oo%l OgiCefon e lfeé@fmnrt@ae controlled in

oA of ey ERE %Va?g%f c”?%@as?%%ﬁg@f Pt et distribution
,ﬁ%m?%’%s ali]e({ g:futtb% Iglpcqéa?éjc} %ﬁ@t%ﬂ Blkture is crystallized
at about 130-170 °C for about 10-200 hours.

As mentioned above, the starting composition of the present invention, which
has an influence on the properties of the resultant ZSM-5, is specifically described,
below.

As for the alkali metal oxide source, a proper alkali metal is exemplified by
sodium (Na), lithium (Li), potassium (K), or cesium (Ce). Among them, sodium is

preferable. In particular, it is most preferred that the alkali metal oxide source is used

in the form of hydroxide.
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reacti on tenperature mai ntai ned at about 180-210 C for
the reaction tine controlled in 20 the range of 2-20

wbaw4g)ssaependi ng on the crystal size and the parmR2b@Es/002801

size distribution of ZSM5 to be prepared.

Subsequently, the nucleated reaction mxture is

crystallized at about 130-170 C for about 10-200

hours. t 0SJ L. .

e o S02STRELLGRE, RS bing: COIASHIARR, O colloica

pileReEddies Wlicadtd)eviiRsdarbanindASddhiite] 8nd Reepleb&itdtily exemplified

described, 25 below. As for the alkali nmetal oxide

slnmotl‘lel,dahmbca) ferexatnipéd, #0 metweludos AScddrDufdne Chim. Co.).

sodium (Na), lithium (Li), potassjum (K), or_ cesium

(Ce). e tlpﬁ,eﬁi‘e a:-l,@gmganer\ées 3§ oK ERnastaat ngsedient for the nucleation
particul ar

ot SR SRS JBADI, DT GTHTBR SAPHoR SEmPepgy sodium
8?1 %ﬁﬂ%ﬁ;ﬁ; ﬁé;a? 15)@2801 The silica source is
selecte romthe group consisting of

col | oi dal su%h' ﬂh@e}noﬁpeﬁtmmﬂm@@ iVHet Ra&mb@Rkt@@For use in the
boehnite, and is representatively exenplified by

qubpavatital ofiZISM e, isf preferaidypldgystetDinmits tangerof ABod020-100. If the
(Dupont Chem CO%H In addition, the alum na serves as
amol,a 18 f@ss ﬂh'aglr it diffiglt theyniiesize MreohaSMss dp@ﬁ) the formation

e ftind 355 o e LS LS o a8 etieAt O e idcleation per
r%d{:aﬁfﬁ'og %e ﬁérféﬂﬂ?é& afu? ethﬁ@ Ate rZEStM% (?s]: dﬁ}f%{t Aﬂozgﬁl'fl&ize. More
e reactio m xture

e in thé “preparatio

?Me@aﬂl}‘é tRE ab&vRbY raAkd ﬂgsﬁ et ﬂaﬁfgé BEabAN2e-f 2Hsugh U.S. Patent
If the nolar ratio is 'ess than 20, it is

dN6 5,240,892 disslprdsheesiok stipufSi@ZMI ) cdioe niave tiea 50 for the production

forrmtlon 10 of a nodernite phase. Meanwhile, if the

rﬁ;f Z$Mrtthe nesscabinyengon prdvédasube sxrthesis 96ZSMS withisebstantially
rfor dan t hus pure M5 is difficult to .

h&@’? sugptigapagphglogy fxen oyl ths melat fagiojof SiO2/ALOs

of about 20-67. Although U S. Patent No.
égﬁhgl%%sgtgg%lggcl oses a nol ratio of Si02/ A 203 not nore

than 5@uf8er, tRgerRised y6it the Reaclibn £8Mue of AR 1&%&%@ Mvention is a very
i nvention provides the synthesis of ZSM5 W th

sinfysitrtant inglddyerit Fod BPdfotreyaaladyinithrisisy wathddistilfeer water being preferred.
nor phol ogy even though the nolar ratio of Si02/ Al 203
i Ehengmourd € waierringhe reaction mixture greatly affects the crystallization. In the
present invention, the molar ratio of H,O/Si0O, is adjusted in the range of about 15-42,
and prefefably, about 22.5-29. Excessive addition of water results in a decreased
crystallization rate and thus drastically increased crystallization time, thus lowering a
reaction yield. Thus, the adding amount of water should be adjusted in the required
range.
According to the present invention, the reaction mixture having the
composition range as described above is first subjected to the nucleation step of the
two-step process. To induce the nucleation, the reaction mixture is reacted at about

180-210 °C for about 2-20 hours. At this time, it is preferred that the molar ratio of

M,0/Si0; is adjusted depending on the given molar ratio of SiO2/Al,O3 in the reaction
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Further, water used for the reaction m xture of the
present invention is a very inportant ingredient for

woydrossmEs mal synthesis, with distilled water BerTmR2003/002801

preferred. The anmount of water in the reaction
m xture greatly affects the crystallization. In the 20
present invention, the nolar ratio of HROS Q2 is

?rgjxfﬁ% gg '&)gglla Ei8R 9Berbf, ‘?tbg%q&ﬁaddft% dlfi%fé‘ilxﬂ?rc%ﬁlﬁ[)ﬁﬁ*le)/nucleation

out ceSS|ve additron of water tesults

anttecrmasedon g Ibiddwé.zati on rate and thus drastlcally
i ncreased crystallization tine, thus |lowering a

r eact i Ion cgses| evhei®hube mblkar ax;hﬂlongf a$1@1m12©3‘ lwateahvely high (i.e.,
shoul d be adjusted in the require range.
ReQEAHHhT2? d)ft highed.esipe PUFY éncanc re %Y@ﬁ@ﬁzéﬁ in the range of

TR Ol o R qaﬁ@n S AR A opratee. 1o

\Qﬁlcﬂa?pwﬂ&p?ﬁesﬁlola-{orahgdolf O g, uglﬁ . hy e resultant ZSM-5
I L8Ehrh e e

m xturé is reacte abolit
%@&S&hes%o%@véwh!é}@gorﬁl ck ta$ logyt is preferred that
the nolar ratio of i s adj usted dependi ng on

t he gi @artherothar head, mhcm‘ thSlrﬂcﬂ/rAh@@ﬁ Si@,/Ah©sriedewi(oe, Si0,/ALO;
12 WO 2004/ 058643 PCT/ KR2003/ 002801 nixture. In
desssthare 2811 tha moeler edio of tMMSr%nhigh@*dtha@ il freapltsniny gimultaneous

Conhiln PR ASLER s i e 3Pk By gt
%ageel Ay q&éﬁ%&ﬂqa{lé B? M§ $b%£éﬁl§ tgfneﬁ'ng B %ng%not more

nce pure can hésized 1'n t e range o

WRG Git O2 Holweabiout th@- rﬁ&apra% oft SO0} @AtekPhah 007, 1iSis difficult to
relatively freel y controlled. In particular, when t he

rteingraboait the cxybtaBiAHA0AL 2H8ndes it29 prefertddghairthe hh)éar ratio of M,0/Si0,
resultant ZSM5 beconmes to have a hexagonal crystal

rid ppsishiogy in e remge of #hout A& ). 1 whbrihisaseshe nueledfios rate and the
Si02/Al238 is 2/ Al 2 | e t han .29
hestaltration, s &es?élmgm gh'ihﬂjﬁ éﬁ%ﬁsﬁzaﬂ%m‘% brolgngs.  In
fﬁ)agﬂlutlaq'n%) ﬂﬁango(?arp¥aqgu %'S‘f@ggflzoq h% %%Mtﬁ naag e ref‘s(leﬂtant ZSM-5

rnirte phase or ucti e nmoder

R8BS Res thHdSe a bhifal @Bls?dl mlopHoPogyt MZO/ Sl G2 shoul d be
mai ntai ned in the range not nore than 0.1. However,

i f t hePamicalarlyatti theaholsR Gdtls 6P SiG/ABOs nbharord thhah, 22 &t which the

is difficult to bring about the c%\ztalllzatlon )

Hepdsenits phiss isrerodreasd siteat the Harens -5 & difigplt to synthesize, the
ained in the.r

ORigieab0n trien s b ADBE hieie Bae GRsrheD ARyt {20 hous. In
such a case, the subsequent crystallization rate becomes very slow, and the
crystallization time is maintained in the range of about 96-200 hours to obtain pure
ZSM-5.

In the present invention, if the nucleation as the first step of the two-step
process is carried out in an excessively short period, the results similar to single low
temperature synthesis are obtained. On the contrary, if the nucleation time is too
long, the results similar to single high temperature synthesis are obtained.
Accordingly, the crystal size distribution becomes very wide and limitations are

imposed on the use of the ZSM-5 as the catalyst. In particular, the nucleation
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15 crystallization rate becone slow, and thus the
crystallization tinme prolongs. In particular, if the

wonbarosgasi o of Si 02/ Al208 is | ess than 29, theCT/KR2003/002801

resultant ZSM5 becones to have a spiral crystal
nor phol ogy. Particularly, at the nolar ratio of
Si 02/ Al 233 not nore than 22 at which the nodernite

i0C g : .

PR N 8l SRS PHER P 2 St e
TRt RICRRH of Gerhitat@re I8 MEwaH thad eié prdPerdBvdl O i$ diffibulB e Eenerate a
a case, the subsequent crystallization rate becones

&y nstlewtiorandWhheas, ¢f iy $¢ hilghérzthtn tre droper lewelnthe muialieatdsh and the
in the range of about 96-200 hours to obtain pure
zsntlizationtthle pleessaithe samehimcpand flustihis difficulide icontrelsthe crystal
the first step the two-ste 25 process is carri

of e(frl1
Stre ARTBItoRC el PefRselbee plis hcletipn feaparaiyre of the present
simlar .tao sinale l.ow t I t.pesj
RS St m ol el R A8 2P K 2, iy about 130-
tj@g ol ong, the results simlar to single high
tenperature synthesis are obtained. Accordingly, the
cryst alAfsr Ze diogipléthunt bOnhdanohadon,ethy wiydllaatdon takes place to
limtations are inposed on the use of the ZSM5 as
tihereawst the ysystallinitp arlni prattige, it iseprplsedbdathapthe ewysiabhization occurs
2004/ 058643 PCT/ KR2003/ 002801, te ature shoul d be .
St Bepenriallivy &F3rhR g%ﬁléﬁtawr?éw 8% yifsgu fempgratgy and time
temperature.. J1f. _the nucleatjon t rature.j .
tcﬁ)gﬁ%toﬁg re§u1red f?r B1e cr%f&aﬁ?zg{lgril fafrig Eﬁael?e%r%tngedg leﬂn Zcplé%}g@%ﬁon of the

proper Tevel,

rRRfdsion! SRMORacE neR8me, | ftcl t Gelelilghgle &8BIIEABon ocours at
proper level, the nucleation and the T<Trystallization

tadlgt Aaclg0arCt hed sgeRrdblyTeabandl 3MUR) i°C, i Blativellyi tibdr than the
to control the crystal 5 size distribution. As a "
cowksetjore teoaperatire, louasbaad 0-@A0 hewser at ure of the present

C e ASPRRREEI e T oRBe Prrat 16T Re M cat be prepared

OB & pidtadi YR BRI TR P Rni L p i e S RE VR, and preferably.
| | {efd f Y. tallizati

23504 B A ARty ot o

subst aMidtéahliyatibdQ¥othd PRadeeidedaddultt®nadgtcthd iciBtallinity of the reaction
conditions required for the crystallization are

debéuatiobéinddntheargbithie Raavieamoefssestrze betsdpuwnttho nolidetiphef data of
reaction mxture, etc. Generally, the crystalli za{)i on
oL %S agd 22-25°, corresponding to characteristic peaks of ZSM-5, by use of an X-
ray diffraction analyzer (Rigaku Model D/Max III). Further, the morphology of the
product can be confirmed by means of a scanning electron microscope (SEM; Akasi
Alpha 25A), and, to measure a specific surface area of the product, a BET
(Micrometrics Co., ASAP 2010) method is typically adopted.

Having generally described this invention, a further understanding can be

obtained by reference to specific examples which are provided herein for purposes of

illustration only and are not intended to be limiting unless otherwise specified.

Example 1
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about 130-170 C, and preferably, about 150-170 C,
relatively |ower than the  nucl eation tenperature,

woaoo4abg48 10- 200 hours. 15 According to the nmechmR204d3/002801

the present invention, the ZSM5 can be prepared

whil e an average crystal size is freely adjusted in

the range of 1-6 m and preferably, 2-3 m wth a

Very ngf ;04 Padokl gbﬁxosﬁ&szeﬁ_si@k@%ﬁr@ywa@ 1ac@8tiﬁ'trorg, BaLLLT, to which
of the phase and cal culation of the crystallinity o

et §edat (0wt NN Gbiubibh ara9 atbvilhraaughwihtle peleMEing stirring at 200
processes are based upon the collection of data o% 20

2pm7 ai®d thed 392 ejistdtadrestpomal fugthenaddedy atlbwed by istirring at 200 rpm
peaks of ZSM5, by use of an X ray diffraction _
drmthyecionr R giaparakmvel-6Ty MEpovders) Of godiumn glumingie was charged into a

LB St 1 ESTAPGERDS FRIL4 L PR s,
P, s T B SRR Bl B of e

ibeaket i 4idl 18y8 dORd@Hona? distiByd WateB QRES Sbivly £ARISE td M Tolution of the
this invention, a further understandi ng can be

distlairnkdaduly theaf erizetc ort ones pew. f iSetbeecaently sthehiesitaat enixture was
provided herein for purposes of _illustration only and
draasisred iipfo endimd d efen [cppipieh god Ahe seacemh tympiesature was increased

speci fied. ampl e .1 14 WO 4/ 058643 . .
3B HBb S S DR0T e SR el A0 KPRRDY Bresaf o aiqclayg cuipped with a

: ed kRko;a J.qt ' 21 .
S SR BRSSPI R Biphed 1 MOL A rhed 6 reacion
REMb&aHE &as tbbled RE 180 °@06hd FudhtaiAdH fdrOMMa3Ps. 9 Dfter completion of
distilled water was further added, followed by

sthe rdaction, dhe RAkigrpprodbarwds Hilteeedwith 8. mSelpanafitbiyhaving a pore size
1.659 of powders of sodium al um nate was charged into
of9. peakspifrientlygeashed using Hisge@wyatstr, driask at| 108 Gréor dgn hours, and

T g B Bt At oo P HouPs ShoRBrgap (RAS B e prepared
' . addi-t] |
dPadtoh ey Rt FRIZHE Gy ERDARE sedlis@Blib ARFh SEM thereor

U theRCARHT JurfRBCrt8Rd Th XRerake cr@Rg #8Ukre represented in Table 1,
Subsequently, the resultant m xture was transferred

ibddleov.a 300 ml Tefl on container, and the reaction
tenperature was increased 10 up to 190C while )
per f or M ri§e spiesentngxanpleothe predtipnuseixare dinsathcodvliapeng molar

equi pped with a sanpling port shown in FIG 1, and
n“g’ﬂlﬂ{ég]i%ﬁBd‘ for two hours. Then, the reaction

Si02/AlLO3 =67, Nay0/Si0,=0.115, Hp0/Si0,=22.5.

Example 2

60 g of Ludox AS-40 as a silica source was introduced into a beaker 1, to which
21.4 g of a 10 wt% NaOH solution was slowly added while performing.stirring at 200
rpm and then 30 g of distilled water was further added. Subsequently, stirring was
perforrned at 200 rpm for three hours. Into a beaker 2, powders of sodium aluminate
was added in an amount of 2.0 g, together with 49.4 g of distilled water and 7.5 g of a

10wt% NaOH solution, and admixed using the magnetic stirrer for three hours.
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tenperature was cooled to 150 C, and mai ntai ned for 40
hours. After conpletion of the reaction, the reaction

wononossessas filtered with a nenbrane filter hagr/mR2003/002801

pore size of 0.2 m sufficiently washed using
distilled water, dried at 100 C for ten hours, and 15
then anal yzed for properties thereof. FIG 2a shows

ﬁ%eggg %%J]S(ﬁtltl(grh 6r LPHED2 a'hgal@tél grbfpiﬁ?t&'o%tal dﬁﬂgﬁﬂwater were

a particle size districbution and
?Oidded Fiyy tthe rsohﬁloﬁEBf Stue f BaRear e dar@N dh&@N n@iX6d @€ one hour.
crys Size are represented in Table 1, below. In
Sibsqanesby theeveactpinetempbretire af theassultant miuteagastihereased up to 190
following nolar 20 conposition: SiOQ2/Al2G3 = 67,
N@z@@ wforming tBTingRPE) qen by Zee §f theErmepiueocive@s gn xample 1,

B4 ReARC GO, 5&'95%1?%“ 1 o PR 6T Pl o 150 °C
a3 1%15 ?}VME edaflcgegs VM%% e Jro{ létﬁdnr rok“nr %;aﬁ:%gg the resultant
rpman WAt er was

ad4een p%%ﬁﬁ‘é@ Elﬁeh}’zedsﬂ)f ﬁfob&%eyvﬁ&re%? i e @Erféerﬂalﬁ{er 49th Example

rpmfor three hours. Into a beaker 2, powders of
slodiTherasdultirareahewn WaF1G@S Batnd 3baanddiabilnt. of 2.0 g,

together with 49.4 g of distilled water and 7.5 of a

10wt % NMathe spresanit opkanziel dmnrmonsmwurqqélaﬁn@ﬁegqlbwmg molar
stirrer, for three hours. 15 WD 2004/ 058643

BETPRIIOR3/ 002801 Thereafter the solution of the

beakers%)dgpolgs% 908 utllngggthe khk% vater were

sl ow y~ad toThe so and t hen

m xed for one hour. Subsequently, the reactl on

tenperature of the resultant m xture was increased up

to 190Ex4mpteidl e performing stirring at 200 rpm by use

of the sanme autoclave as in Exanple 1, 5 and

mai nt almadedksr 11 6 glod dudox ?NSe#ﬂ ag psilice setowas introduced, to which
enéﬁe ture was cooled to 150 C i,nt ai_hed for

$. 1°A’f"f/érN%cP1“e1 SeBHiHP eras vy AHe WBUE pesh R gtming at 200
;}%{Sy; lél}t:l(? ?é &9 tél%egnwﬁcrn?%lélsc Furti@R 8 yo%l%wed% t1rr1 r‘r‘pﬁ at 200 rpm for

€ saffe manner as

]threje_%ufsesgeg%aﬂf £ c@’vﬂf bBwhd SR Baival QIlﬁlgnat@WasT&ﬁlré‘ed into a
. I'n the present exan'p e, the reaction m xture
theakdrd), kepstieg withl 5 g of Qistildedpwatet aahl.8g of a 10wt% NaOH solution, and
admixed by use of the magnetic stirrer for three hours. Thereafter, the solution of the
beaker 2 and 27 g of additional distilled water were slowly added to the solution of the
beaker 1, and mixed for one hour. Then, the reaction temperature of the resultant
mixture was increased up to 190°C while performing stirring at 200 rpm by use of the
same autoclave as in Example 1, and maintained for two hours. Then, the reaction
temperature was cooled to 150 °C, and maintained for 35 hours. After the completion
of the reaction, the resultant reaction product was analyzed for properties thereof in the
same manner as in Example 1. The results are shown in FIGS. 4a and 4b, and Table 1.
In the present example, the reaction mixture has the following molar
composition:

Si0y/ALL,O3 =50, NapyO/SiO, =0.10, H,0/Si0, =22.5.
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Si 02/ A1203 = 56, Na20 Si2 = 0.115, H2O Si 2 = 22.5.
Exanple 3 In a beaker 1, 60 g of Ludox AS-40 as a

weizbispasasur ce was i ntroduced, to which 21.4 gCokKr2odm02801

wt % NaOH sol ution was slowy added while performng

stirring at 200 rpm and 30.g of distilled water was
further added, followed by stirring at 200 rpmfor 15

three hours. Separately, 2.2 g of powders of sodium

alum nate was charged into a beaker 2, together wth

57 g ofxghsbul | ed water and 1.8g of a | Om % NaOH

sol ution, and adm xed by use of the magnetic stirrer

for theeg ofibudex AThEr saf dilita soutte sl introdredintd hdeaker 1, to which
beaker 2 and 27 g of additional distilled water were

Qg pf addewt’ NaQFe selotion W Sbfwly hédedo%fbll@ performgng| stirring at 200

TS 15 RSB HAESSHAED AR Sh45SE 200 e
ﬁh‘h%“ eoglgﬁo ;\r;géap%gﬁ% rinx %E)W%Qrg Sﬁ&géén 1&%‘% \%& in roduced into
rh%’eraﬁcr TRESh: R @@gtdf Ql'i’stﬂl%@ W&?err FhH6% ﬁ‘@? aCIQOsJV@/Q Na@)H solution,

C, ‘and mai ntai ne hours. After
(‘a(ﬂtmtﬂﬁﬁ}t@lﬁlsu%f the aghede tﬂu@eﬁ foi theed Jeais. t dﬁterafaétaf,tth@ solution of the
product was anal yzed for Fr operties thereof in the -
slm}eerr?awfeslo‘abf dddedEsathel selution D nertepskirtls alomng veio i giof additional
FIGS. 4a and 4bh, and Table 1. 25 | n the present
é&%ﬂ%ﬁﬁéﬂat%rhéndr i BB FADOPEHRu ad e h (PR LR Tosultant

“?%?'6%'899%%% 6 1% T Dot oA R Ho b v of the

R R0 ROnDir B IR A haifed Fr G BOMEL &5 W Bauently, the

We6tiNa einperattid &hsVisled! oW 30 aTl0ed whinkenddefor BOMhags. After the
stirring at 200 rpm and then 30 g of distilled water

vasapl effonhedt the ddastionf thiel r@weltatnby"easmrr piadgctawas @rlyzed for properties

for three hours. Separately, 2. of povvders of
stb@r@%méhwmfdpén%éw forraserie bo T ¢ trsulls age siqayn y FIGS. 5a and 5b,

r wth 46 g of distilled water and 6.6 g of a
O—| solution, and adm xed using the magnetic

St irr e‘inff?l% %ﬂ:’é@rﬁ Q{E’éﬁi & e, HETEaHA" mlkﬁ?e S Ut 0 rfoﬁ’éwmg molar

t he beaker was sl o added to the solution of the
bﬁﬁﬁﬁ)@ltll)n. along wwth 16 g of additional distilled
wat er, and then m xed for one hour. The reaction

t enper &iQy/AL06 =t MNemOfIi@nt 0.115, HyO/S8i0, =22.5.

Comparative Example 1

60 g of Ludox AS-40 silica source was introduced into a beaker 1, to which 21.4
g of a 10 wt% NaOH solution was slowly added while performing stirring at 200 rpm,
and 30 g of distilled water was further added, followed by stirring at 200 rpm for three
hours.  Separately, 2.2 g of powders of sodium aluminate, 46 g of distilled water and
6.6 g of a 10wt% NaOH solution were placed into a beaker 2, and admixed using the
magnetic stirrer for three hours. Thereafter, the solution of the beaker 2 and 16 g of
additional distilled water were slowly added to the solution of the beaker 1, and mixed

for one hour. Then, the reaction temperature of the mixture was increased up to 190 °C
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10 m xture was increased up to 190 C while perform ng
stirring at 200 rpm by use of the sane autoclave as

wonoEwasqabe 1, and maintained for two hours. PCT/KR2003/002801

Subsequently, the reaction tenperature was cooled to
150 C, and maintained for 30 hours. After the
conpl etion of the reaction, the resultant reaction

Whﬂglﬁ%ffoﬂﬁﬁlg%ﬂﬁ{r%’%zﬁg&) Qﬁgmwg oFH§Ssa un%ehﬁrcc?c?etve 61\t1/m %%iample 1, and

ane ‘manner —as he results are s

Fl3ained fasin® Rours 15Aﬂ81dth$%6h@163&10n| dF thé Ceaeti®i$ @R resultant reaction
exanpl e, the reaction m xture has the foll ow ng nol ar

peoduosvhs emelyZsd Gar ﬁbﬁ&ﬁe;ﬂﬁfﬁof Na 210 BimePnanrer 44 b, Example 1. The

H2O' Si 2 = 22.5. nparative Exanple 1 60 g of Ludox

Asuhem@ﬁmpwa1@5U3%éhwaé6bn¥ﬁ6@@keb into a beaker 1, to

which 21.4 a 10 vvt°/NaC]—|squt|on was .

ntded T R F5RBpitr dheh deaarion B B Bas g 19g0ying molar
| ed water was further added, followed by

ggmg?ﬁﬁgﬁat 200 rpmfor three hours. Separately, 2.2

g of pgi%%%ogi 5©°led{0/€i®5m= 0ats, AOZiOf=ghsii||ed

wat er a Ont % NaCH sol ution were pl aced
into a beaker 2, and adn1xed using the nagnetic
stirrer for three hours. Thereafter, the solution of

t he beEK@ﬂPlz 5and 16 g of 25 additional distilled water

o o0 Bk 3o A0 SiiGs St RB AR B PESrE e WhRh 214 g
5% gﬁo@%ﬁoﬁﬂ‘%ﬁ% 5500 ffle Sertorfnittering ot 200 rpm, and

Sﬂ‘iér{ k] O E%f Wistif0f WAk dd8Ri0RAIL BiicaarTtloakt %X' s?i‘x‘ﬁn?&t 300 rpm for
Exanpl e 1, and nmaintained for nine hours. After the

clep | kN Separatedy, reag bdpowtlbe sfesaditirandluménact wal placed into a
product was anal yzed for Fro perties thereof in the
é&n@rriam@theagvltw@g afrglséllad wites and d4 @l g Qf arlé \BW@MOIH] solution,

SR R B R W WOHE-{ o TR (o pdpion of te
Eﬁ%)eé I § ésosri%\ﬁI%/Sa%/ @t(z&)xe sqlu 81% 8%@1%%6%% 5 )%10%§1w1 SI |0(f: gddmonal'
I8 WRS, R Paeddifbt (916@10*&?.akﬁ{en}thetr@adff@h%}nﬁ&atﬂr@of the obtained
mixture was increased up to 190 °C while performing stirring at 200 rpm by use of the
same autoclave as in Example 1, and maintained for two hours. Subsequently, the
reaction temperature was cooled to 150 °C, and maintained for 30 hours. After the
completion of the reaction, the resultant reaction product was analyzed for properties
thereof in the same manner as in Example 1. The results are shown in FIGS. 7a and 7b,
and Table 1.

In the present example, the reaction mixture has the following molar
composition:

SiOz/Ale3 = 50, NazO/SiOQ = 0.14, HzO/SiOQ_ =22.5.
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10 of a 10 wt % NaOH sol ution was slowy added while
performng stirring at 200 rpm and then 30 g of
wdizedsiosgeasl wat er was additionally added, fol | ored/KRr2003/002801

stirring at 200 rpmfor three hours. Separately, 2.2

g of powders of sodium alum nate was placed into a

beaker 2, together with 46 g of distilled water and

14.6 gp J e 50 W % NaOH solution, and adm xed using

t he magngt1 C stirrer for three hours. Thereafter, the

sol uti gng@fF Lufiex AS- mﬁrsoarcﬂ%s%t%ﬂ&e@ﬁﬁ@gbéﬂc& N&o which 17.8

sol ution of the beaker 1, along with 16 g of

adsfl 4 1 @mals NaDHt dollutia WMMWIyaIMedn\AXEId deoforming shiedtig at 200 rpm,

Then, the reaction tenperature of the obtained .

o tlhane3 ha ot |dm§1dleé§@<ﬂeruwtibrth@oad@e¢,rﬁ0ﬂevvp@ by stiringgat 200 rpm for
5 ?]%rleglllgﬁ% Zt f}gaqgﬁ{yp:?a u g%o qr%ro %%6 tlr?agcle %yaes c Sarged into a

%ﬁgg’e&qjjgm Ld%r/%, n 4 egf 8}5&@?# ﬁ’%%?;ﬁl ﬁ‘lﬁfe% ?rgg hR magnetic

GARR! B 198e Rburk heTﬁ@r@&Eér e 5810804 §f5ﬂ'1|etb%91§er Qe@é?st dl&{/‘ly added to the
product was anal yzed for’ properties thereof

sanhkiofwi tiRerbeakeri 1N aloxa MAthel 4lg offdikitidalidikisllel \eatsﬂ‘l Qm[ntheﬁ mixed for
FIGS. 7a and 7b, and Table 1. In the present exan‘pl e,
tde hogactThen, thexeantion Hersperhtere of ﬂhgwbtagnadummure was increased up to
composi tion: 25 Si 02/ A1203 = 50, Na2Q Si Q2 = 0. 14,

10 H9/°6i \@z e:pez@rsnng silsnmtz?t%zrpmé%uﬁs op g serEgciRys 86 in Example

-EI;ta?;g dﬁaélétglqeﬁ &N% gﬁr)ér Afhel‘F evrvh he e &“(I)rgct%mm@r?ature 16 cooled to
Wisipola bl 3.1 g%%&f‘fo‘f\@éh éen 3%@01\91@%ét1‘§n REF eC}E 438 the resultant

stirrrng at I st wat er
WRgctioH il ict avelel @ﬁjalyicﬂ fo@pﬁ;@e@&s #er¢ofiin %@ian‘&ﬁﬁalﬁﬂbmaﬁ @f Example
5 three hours. Separately, 2.8 g of powders of sodium
al. uriheatelwar shhamge §1GH1 % 2ad SbeaideFabls 1t oget her vvi th
54 g of d| stilled vvater and then adm xed .using (13

15 nmgnet i% thet Preset Frampley dee HsRaton vﬁéwéeafl%aérthet H’@ owing molar
solution of the beaker 2 was slowy added to the
SHRPYR™of the beaker 1, al ong with 14 g of

addi ti @ /Agbauzid ediNBiHH, =, t gk /Gigsechd or  one

hour . e réaction tenperature of the obtained
m xture was increased up to 10 190 C while performng
stirring at 200 rpm by use of the sane autoclave as in
Exanpl &xathpleshd mai nt ai ned for two hour s. Thereafter,
the reaction tenperature was cool e
60 g of Ludox AS-40 silica source was p aced into a beaker 1, to which 21.4 g
20  of a 10 wt% NaOH solution was slowly added while performing stirring at 200 rpm, and
then 30 g of distilled water was further added, followed by stirring at 200 rpm for three
hours. Into a beaker 2, powders of sodium aluminate was added in the amount of 2.8 g,
together with 47 g of distilled water and 12.4 g of a 10 wit% NaOH solution, and
admixed using the magnetic stirrer for three hours. Thereafter, the solution of the
25  beaker 2 was slowly added to the solution of the beaker 1, along with 17 g of additional
distilled water, and then mixed for one hour. The reaction temperature of the obtained

mixture was increased up to 190°C while performing stirring at 200 rpm by use of the

same autoclave as in Example 1, and maintained for two hours. Then, the reaction
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150 C, and nmaintained for 36 hours. After the
conpletion of the reaction, the resultant reaction

wononossc4sas anal yzed for properties thereof | RCTIKR2003/002801

same manner as in Exanple 1. The results are shown in

FIGS. 8a and 8b, and Table 1. 15 In the present

exanpl e, the reaction m xture has the foll ow ng nol ar

C b1k QR oohAd/ 3= ' =z 0 09, :
BEpaR® 3 sHREAELS0 e g AR P 0 Bolkey e the spmptetion
S6fhe eeastion, tha et tréactioh @addrict Was h@lﬁbﬁ%iﬁﬂe értids thPeof in the
of a 10 wt % NaOH sol uti on was sl ow y added i Ipe

peanfeommingy asini Example &t Pdresylty ara sl wit indiG809gyamf 9b, and Table 1.
distilled water was further added, followed by ]
stirriAy e porsentperample; Hhe ereaplinly Juixfuie ohas BeakfoHowing molar
powder s. of sodi um al um nate was added in the anount of
2?%11%0,81 10l?loget her with 47 g of distilled water and 12. 4

g of a NafH 000 k¥ed ysikng the

magnet istj“fézs/)t&?2?}3er f’o?@%%gelggho(g?g’. ET:h%e]/rrsieﬁngtg?’,g'the

sol ution of the 25 beaker 2 was slowly added to the

solution of the beaker 1, along with 17 g of

addi t i dixampledi stilled water, and then m xed for one

hour. The reaction tenperature of the obtained

mi xt ur @0vghel FudaxeASe® 4 sibica spmeswiias ehgraed tterarhgaker 1, to which

4L T NI Dl A5 TS Lo o 20

r [ / _

AL b fienh 0T EORIAERRRT faf REHSE A RIS by sigfnegy 200 o
hiyrtfree Mdugd. tRBareIpl BBi Of gfwdeReof 86ilhORumidl®e and 51.6 g of
resultant reaction product was anal yzed for properties

t dietilbolf water Whre cheepee intarmisrakas?,iand Bimngedesing thenagnetic stirrer for..

results are shown in FIGS. 9a and 9b, and Table 1. In

t heeephauise ntThescafen, dhe soution ebibeibsrkari2xvay dowhsadded to the solution
f oW n lar . .5 osition: Si.02/ Al2C8 = 40,,
Nobskroh 3% it 158 it shifid agitte and e g one hour.
L -4 ¥ .ce charged into a o .
Bt U408 SSHEEE S5 L ARy - i
V\ﬁéi'fo‘ﬂnmcljg virsidged 20l BOriserdr e stbder futddart a B0 Exdlple 1, and
rpm and then 30 g of disStilled water was further
antdichinddofol owe drobys. s Thei,i thg redetid® Gemgmture was cooled to 150 °C, and
maintained for 42 hours. After the completion of the reaction, the resultant reaction
product was analyzed for properties thereof in the same manner as in Example 1. The
results are shown in FIGS. 10a and 10b, and Table 1.
In- the present example, the reaction mixture has the following molar

composition:

Si0/Al,O3 =33, Nay,0O/SiO,=0.115, H,0/Si0, =22.5.

Example 9

90 g of Ludox AS-40 silica source was charged into a beaker 1, to which 35 g of
a 10 wt% NaOH solution was slowly added while performing stirring at 200 rpm, and
then 36.9g of distilled water was further added, followed by stirring at 200 rpm for three
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for three hours. Separately, 3.3 g of powders of
sodiumalum nate and 51.6 g of distilled water were

wohersgsgb4Bnt 0 a beaker 2, and admi xed usi ng t hCT/KR2003/002801

magnetic stirrer for.. . three hours. Thereafter, the
sol ution of the beaker 2 was slowly added to the
sol ution of beaker 1, along with 21.6 g of additi onal

Fostd | Isefarii éFSzO §G§p§)§¥/5&t@ﬂ of Qd'diﬁfl%lﬂﬁiﬂﬁte wé's‘%éf%%g into a beaker 2,

reaction te rature e resulting mxtur

itbgatiRaseith 86.9teloflAkIledWhitee and edrhXefuBithg $he IabfdicAtirrer for three
200 rpm by use of the sane autoclave as in Exanple 1,

drodrs. mdibateafter thef sotutionmfiloubskeThanas stovdy médat foahe solution of the
tenperature was cooled to 150 C, and  nmintained for
beakgyubsandamized {0100 ApWet iAfferothet |ixing Peadess was eompleted, the

SFtieh PRt wor e e dbda Bl s e HEtoRng R 200 rom by
The o{_'tlge Of Ll i e Gn %%Q%ﬂ?lé 1 Al @en #ﬁ%ﬁ%&j{o& +68 hours. Then,
abl on

and e 1. I'n the present eXanple, € reacti

The bebcBoi & diufeOWhOVA I I § °CCAMBRI 1th® Reaction occurred for 36
Si 02/ A1203 = 33; Na2Q' Si 2 = 0.115, H20/SiQ2 = 22.5.

oargp| & ffer 2 @Mnpdetah dftitoreadi®nd hesedultant eadiongrodrt was analyzed
charged jnto a beaker 1, to which 35 g of a 10 W% .
Naroproperties itecids the sany magasdsvini Bxempdg 1 or Phegesults are shown in

BRI 1m0 20 o Dot
f 4 . 0 0028 .
90, 08Bl U0 3O FH RO OB Rhowing o

aoWHoki@be: was charged into a beaker 2, together with

36.9 g of distilled water, and adm xed using the

magnet SEOZALOs er33f oNapOISE@, =l0duss. HfbSieaktler, t he

sol ution of the beaker 2 was slowy added to the

solution of the beaker 1, and m xed for one hour.

After the nm xing process was conpleted, the 5 reaction
ten‘pergf‘ﬁtpgfe@é?s increased up to 190 C while performing
stirri r o t ave,as, .

T Exabn et R Rk S EL o BB RB I i pion 214 ¢
1 T0eROL NAOH SITREIAk A SoWRSadde e b@rf&%ﬁn%stiﬁihg%Q@@rpm, and
the reaction occurred for 36 hours. After the
dberpB@gioddistilled eatar eans thindiner adbed, felsan ddabt stireiag bt 200 rpm for three

product was analyzed for properties thereof in the
Jwies. mspEptchs 3ihe e arpilers bf spfign dyminae wae pkisedvintp @ beaker 2,

together with 52.3 g of distilled water, and admixed using the magnetic stirrer for three

hours. Thereafter, the solution of the beaker 2 was slowly added to the solution of the
beaker 1, along with 22.3 g of additional distilled water, and mixed for one hour. After
the mixing process was completed, the reaction temperature was increased up to 190 °C
while performing stirring at 200 rpm by use of the same autoclave as in Example 1, and
maintained for two hours. Then, the reaction temperature was cooled to 150 °C, and
maintained for 42 hours. After the completion of the reaction, the resultant reaction
product was analyzed for properties thereof in the same manner as in Example 1. The

results are shown in FIGS. 12a and 12b, and Téble 1.
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10 FIGS. 11a and 11b, and Table 1. In the present
exanpl e, the reaction m xture has the foll ow ng nol ar

woaopassdsson: Si 02/ A1203 = 33, Na2Q' Si 2 = 0. 126T/KR2003/002801

H2O' Si@ = 15. Exanple 10 15 60 g of Ludox AS-40

silica source was placed into a beaker 1, to which

21.4 g of a 10 wt % NaOH sol ution was sl ow y added

whi |l e r S g p h .

of di s??ltlfh v(c/gi&ery\s\glarﬁsél?urtﬁier agg ghx I}bakeg{bbflf&k%mg molar
Sohdpokifignat 200 rpm for three hours. Separately,

3.9,9 of powders of sodium alum nate was placed into a
beaker SR),/At,0get29er Nep,Or5162=3.1d Sof HAORi0, =exb. mat er

and adm xed using the magnetic stirrer for three 20

hours. Thereafter, the solution of the beaker 2 was

slowy addefj t.0 the solution of the beaker 1, along

with 25%88Ikl aqditional distilled water, and ni xed ,
for ong O%oc}erudAI( W40 116 %h%de%s%&&&%%d ‘ﬁ@§ a%%gﬁge'rgt £vhich 14.4

the reaction ten‘per ure was | ncrease

ot £ mewtﬁ/pmomgso%ﬂldﬂ WhRgslawly2 et mln-ypéﬂﬁﬁmﬁ{g §tﬂ'ﬁng at 200 rpm,
same autoclave as in Exanple ™1, and naintained

tand theuB8.g dhéntilléheatee ackiadded, doibewed by etinmas: ﬂoﬁ]ﬂoe@)m for three
to 150 C, and 25 maintained for 42 hours. After the

dwri: etSeparately, thré gr(éamwd@rﬁ 0’& fndivre slimiante anda¥ £ of distilled water
product was. anal yzed ies thereof .in.the

iTE THHndeRc BES p heea i AUy e e SUtiofs tree hours.

o R A AL e

rﬁlé’ﬂ k8thhas 4 be aﬁ@itlloﬁéﬁ" H‘igtﬂ[@il %ter COUPRsked @61‘ one hour. Then, the
/ A1203 = 29, Na2d = 0.115, H20/SiQ2 = 22.5.

E?&ammh&erhﬂ:erﬁuﬁ@oﬂttﬁfobtamﬁbd)@eﬁﬁoﬂ%ﬁtdre s Suzé3ed Waso 190 °C while
introduced into a beaker 1, to which 14.4 g of a 10
RSV sttrrluguaér%@/at@ns bpwisg oddbtie gamhi dugoghasief & ini Egample 1, and
stlrrln t 20%8 and.  then 30 g of dIStI||(§ .
BT HRE Or P beWsd  Birentthe anﬁaorafelwt\nﬁrﬁ%?o # Gl 30 °C, and

r}gyintsamegeﬁ))?r 3 (ﬁﬁl%gch? fcpxﬁ@%ﬁ&é of (%fle %eoag:{lon tP? 5edsu]tan reaction

umnate an ferC weren uce
| Bb&uR vheaksl ?fzé’d fo@%@o@ﬁf@s’fﬁ‘&eéﬁh ARe L ARG Gn Example 1. The
stirrer for fthree hours.
results are shown in FIGS. 13a and 13b, and Table 1.
In the present example, the reaction mixture has the following molar

composition:

Si0,/Al,03 =25, Na,0/SiO, =0.10, H,O0/Si0, =22.5.

Example 12

60 g of Ludox AS-40 silica source was placed into a beaker, to which 7.4 g of a
10 wt% NaOH solution was slowly added while performing stirring at 200 rpm, and then
30 g of distilled water was further added, followed by stirring at 200 rpm for three hours.
Separately, 5.0 g of powders of sodium aluminate and 59 g of distilled water were
introduced into a beaker 2, and admixed using the magnetic stirrer for three hours.

Thereafter, the solution of the beaker 2 was slowly added to the solution of the beaker 1,
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10 Thereafter, the solution of the beaker 2 was slowy
added to the solution of the beaker 1, along with 26

wq 20d4/0a8tdBt i onal distilled water, and m xed fOPCODMR2003/002801

hour. Then, the reaction tenperature of the obtained
reaction m xture was increased up to 190 C while

performng stirring at 200 rpm by use of the sane
ANOCLAAE2RE b aEXBORAI Cdidtit] AN ateTBALH &liR&H 16,0

hodgé. Then% tﬂg reacti&nltenpgfdture ﬁas g%b?%%“?%‘ Then, the

1bhbtion t@fperdtard Gl 1AL dbhEkdIRLCtBA NHIRHES wabid@Easbd8p to 190 °C while
conpl etion of the reaction, the resultant reaction

reoduningveistiag at YO8 dpfioby prse pérthe esme remtetdvei ay inhBxample 1, and
same manner as in Exanple 1. The results are shown in
Fpagtained £0n ke heawss.  abeny Hisl isaation) lemprestyse easrrooled to 150 °C, and

TERBBUTRE: {556 2625 o2t sh Capbioned dresfeasiin gfg gesuftint reacton
BB e AT e s By 1

QEsiits addshobiiNEEES Salkinil 990 W Ty added whil e
performng stirring at 200 rpm and then 30 g of

di sti | [edheapesentasxdmyle,helic adaewdn hokiuvemethsbyhe following molar
stirring at 200 rpmfor three hours. 25 Separately,
FopgsiEPipowder s of sodi um al unmi nate and 59 g of

distille er r i.nt.roduc [ beaker 2, and

adm xe&lcg%‘lx‘\ﬁé3 ﬁ?g’sn&j‘ﬁé&@ Etéi'(fgger ?J’fzgfsalpﬁ F&é-%our s.
Thereafter, the solution of the beaker 2 was slowy

added to the solution of the beaker 1, 22 WO

2004/ 05864p(cRGT/ KR2003/ 002801 along with 29 g of

additional distilled water, and m xed for one hour.

Then, ©be ofrlemok iAM40 esrpeilizh yowcotvat bcebimd A®daker 1, to which 30
reaction mxture was increased up to 190 C while

peef distilad) vetarrwisnglded wiaite perferting sérripl athdd0sepme  Subsequently,

aut ocl ave in aml 1, mai_nt ai ned for ten
G2 4 af Dl SR ot o ori hrcbimdEEyl Ssoiiately, 5.5 g of
; ' ' our er .t he. ..
ot AR ARG ftac a0 o et it 62 & of distiled

PR Ghd WaSix30 akMEeRe ﬁﬁ?ﬂ&fccb@i%df kSShidRel8Rf  TRefcBfer, the solution
same manner as in Exanple 1. The results are shown in

FdfGBe bbdleer hdrad 4wligreddddild ehel solbitiort be thy B&ket, along with 32 g of
exanpl e, the reaction mxture has the follow ng. nolar
cslfpapk distilled water, and mixed for one hour. Then, the reaction temperature of
the resultant mixture was increased up to 190 °C while performing stirring at 200 rpm by
use of the same autoclaye as in Example 1, and maintained for 20 hours. Then, the
reaction temperature was cooled to 150 °C, and maintained for 200 hours. After the
completion of the reaction, the resultant reaction product was analyzed for properties
thereof in the same manner as in Example 1. The results are shown in FIGS. 15a and
15b, and Table 1.

In the present example, the reaction mixture has the following molar |

composition:

SiOz/Ab_O3 = 20, NaQO/SiOQ = 0.07, HzO/SiOz =22.5.
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10 Si 02/ A1203 = 22, Na2OQ SiOQ2 = 0.085, H2ZOS X =
22.5. Exanple 13 60 g of Ludox AS-40 as a silica

weaw4nsseaas pl aced into a beaker 1, to which 38CT&KR2003/002801

distilled water was added while performng stirring at

200 rpm Subsequently, stirring was additionally

carried out at 200 rpmfor three hours. Separately,

5.5 ¢ wders of sodium al um nate was charged

i nto a%%%@%?g_z, together with 62 g of distilled

vat er, @R A% CASUBI A% §ill8a BREBES WS phickd 116 of Baker 1, to which
three hours. Thereafter, the solution of the beaker

At glodwl ) wtdd @hGH splindos elan tslowly afidédhehide pkréormiag stiging at 200
with 32 g of additional distilled water, and m xed

frpm, ekthien 30 g aftdbstilled veateronas fughen asidpdriallewed by stiting at 200 rpm

b S TR A et o
t H N . . . )
SIS e |y S IR o S TP BE B30 sion,

Lafhifed A8 TR MABLORA sl RRAhRRWchrs AFfiRFealtBE the solution of the

conpletion of the reaction, the resultant reaction

eplckt Ot wibslowyaddzé ¢ fhersofutiop@f thedseakérhie nbaf with 351g of additional
same manner as in Exanple 1. The results are shown in

Rlieided voeraand mikgH forame hvanh| e[tk re@sion pempreatprecafdhg mixed reaction
exanpl e, the reaction m xture has the follow ngD nol ar

Statpasicaiedrip t§ b Ag yguleporfprmipperapept 209 rgrp by use of the same
H2 LR =.22.5. .23 WO 2004/ 058643 P 03/ 8 .
I&l%?f@:vg 3 18 OE)éam&}le 31 ancg ,&%Pﬂtgmgg gorstﬁg Iﬁ%%% ’ﬂl%% Qﬁe reaction

4 Ludox | Ca source was

ﬁé@&g’t&%@ s foeake F 65°C, b8d éﬁtgv\%leig fort Q?&Irs._a ABerh¥completion

ution was slowy adde I'le perform ng
Sifithé tagtidd, tZORsultmireadtich blanct30asgarafyzed $6r propativsaghereof in the
was further added, followed by stirring at 200 rpm5
fsometrhanser doiorBxan®éphr alled yesuls e ghayfn Poiidesy.  6ofnd 16b, and Table
sodi um al um nate was charged into a beaker 2,
t]ogether with 65 g of distilled water and 8.2 g of a
sol ution n ed usi ng. t}pe

10 wt % Na d, adm g e
stirr e(;[n ftg? PIePal Fetipe f%%rfé%\‘%%{"élr TIERE SBru |eoﬁgliﬁwmg molar
t&gwoggghgr 2 was slowy added to the solution of the
akKer 1, along with 35 g of additional distilled
wat er , SaDAAROsetso 0MNp0L5109 0. 12T IO, =017,
tenperature of the m xed reaction
Example 15
60 g of Ludox AS-40 silica source was placed into a beaker 1, to which 21.4 g
of a 10 wt% NaOH solution was slowly added while performing stirring at 200 rpm, and
then 30 g of distilled water was further added, followed by stirring at 200 rpm for three
hours. Separately, 2.2 g of powders of sodium aluminate was charged into a beaker 2,
together with 65 g of distilled water and 9.8 g of a 10wt% NaOH solution, and then
admixed using the magnetic stirrer for three hours. Thereafter, the solution of the
beaker 2 was added slowly added to the solution of the beaker 1, alohg with 35 g of

additional distilled water, and mixed for one hour. Then, the reaction temperature of

the resulting reaction mixture was increased up to 190 °C while performing stirring at

24



10

15

20

25

10 was increased up to 190 C while performng stirring
at 200 rpm by use of the sane autoclave as in Exanple

wa 20@rvdsdaaai nt ai ned for two hours. Then, the relACTiKR2003/002801

tenperature was cooled to 165C, and mai ntained for 19
hours. After the conpletion of the reaction, the
resul tant reaction product was anal yzed for properties

thgr.eof: | ' I . ; ’

FO8 o fod B SAE AESE 1 ERRARTR G gl o v
TrhehNtHeNRa Bl S BtpeLA PN S cddI&] E8a6s QN ik Xhih&ilk@Sfor 14 hours.

the foll owing nol'ar conposition: Si02/A1203 = 50,

MafP) the ©@@npl@ioh2of HE2GEKItOR, the2résultahk acqatien HPoRBt GAs Gmalyzed for
of Ludox AS-40 silica source was placed into a beaker
propegtigarthensodin the gamemagner @s i Bxagidel Ls oThe resultnvars shown in FIGS.
l.ow dde jle performng stirring at 200 rpm and

tslﬁéﬁn%é% %ﬁfg%h | ed water was further added,

follo L L 2 r far _f. hours. .

Separ \Q@g"l @X g&ﬁ&{é g%ar%g\e/\id gk?es %&tlggd frhl?nﬁlg?e uhrﬁlgng}ee fﬂ%%wmg molar
C‘(-Jaﬁ{pgg@ioh;nto a beaker 2, together with 65 g of

distilled water and 9.8 g of a | OM % NaOH sol uti on,

and t h8i0,251,8d ki 50ed NisOrfdO1 R@. IPAgN &L, 0¢SisL =27er f or

three hours. Thereafter, the solution of the beaker 2

was added slowy added to the solution of the beaker

1, al ogg W\t?gl 35 g of additional distilled water, and
m xed fmg our. Then, the reaction tenperature of

the regh bl hPuLtl ALHES MR HRLERA RL S, +00nicn 214

C while performng. stirring at

RCIf KR8 QA3 @280 luRorPRad BBWRY adiR8 WHild fEfR sv’biorring at 200 rpm,

aut ocl ave as in Exanple 1, ard naintained for

hemdrtien 30Tpexf distified meae twaendtieiopstyaidded, fvlswed 0l &tming at 200 rpm
165 C, and maintained for 14 hours. After the _
doniiires howrsof SeaeatelyadLi ool pewiders of gbdiamt alpminats was placed into a

roduct was analyzed for — properties thereof in the )
r&ams@ﬁleagvlﬁﬁ@aﬂ%ﬁféleﬂ.wﬂemdi@ Btod ad 0@ tieiafaf jsplution, and

Fl.GS. . d 17 nd Fable 1. |n, the esgnt .

e, R b, ARG P Feechol Bl Burotyion of e

Ol_dlzégl/?%?&vhg Sx%vﬁi il B8R lpln M Peak P, 21thglwPh 36 g of additional

distilled water, and mixed for one hour. Then, the reaction temperature of the obtained
reaction mixture was increased up to 190 °C while performing stirring at 200 rpm by use
of the same autoclave as in Example 1, and maintained for two hours. Thereafter, the
reaction temperature was cooled to 165 °C, and maintained for 17 hours. After the
completion of the reaction, the resultant reaction product was analyzed. for properties
thereof in the same manner as in Example 1. The results are shown in FIGS. 18a and
18b, and Table 1.

In the present example, the reaction mixture has the following molar
composition:

S10,/Al,05 = 50, Nay0/810, = 0.115, H,0/8i0, = 27.
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Exanple 16 10 60 g of Ludox AS-40 silica source was

introduced into a beaker 1, to which 21.4 g of a 10
woRde4Nagas sol uti on was sl ow y added whil e perf ®8CWKR2003/002801

stirring at 200 rpm and then 30 g of distilled water

was additionally added, followed by stirring at 200

rpm for three hours. Separately, 2.2 g of powders of

sodi u Q,J]H%[F’ te was placed into a beaker 2, together
with g% r]]'Zistilled water and 6.6 g of al OMm%

NaCH seb ?tolf Dido2AS-45siReEo%RE wis imebdubed 1BYABEAIGr 1, to which 21.4
stirrer for three hours. Thereafter, the solution of

tehef a b@ak%fNQOPmmiovag,s solellychdided Mﬁﬂemkﬁotmmg sifridghet 200 rpm,
beaker 1, along with 36 of additional distilled

wad dhen Hhg ofidictidled Gvat@méasﬁl"@dher arlldéd» follpwed dyctirag at 200 rpm for

R e S A e i #@ns%iﬁﬁlﬁrf%w%éf plgsd into
;b%lﬁﬁ%ét?gr ﬁ%gthfgagm% o%'ﬁ%tﬁ‘l@&% 2% é {)]%H@g@dr eag(?H %5‘1%0:1 and

Bodrs herea

UREAInGk b ﬁsM?%&ﬁ@é&@ictsﬁrr@ﬁﬁ)r Ghre@ 'ﬁguﬁm Bh@deﬂﬁéﬁﬂfyo fhe]sZ)Iutlon of
hours. After conpl etion of the reaction,
ks bedkent? weacldwdpn gdded tic thevedutioraby tled bedker 1, along with 36 g of
properties thereof in the same manner as in Exaqple
ddifiesalr distilleds waies, enbwrixeh oy g2 hoga aiviler thebmixing process was
Tabl n the present exanple, the reaction m x

pfﬁﬁ%ﬂ ftlaP |r8%itwa FBIPSTAIID VSO SEREsed BR: tost ¥h w1 Shife Derforming

f@&%@%@@%@y%ﬁ%ﬁg} *%%Oéf%gvaeﬁa& ig %ga%e 1, aad maintained for

Lt%%ui%s A{@le%'aﬁétc ﬁlegt%h’é'tfb% t%ﬁerhﬁi‘é’ Qdy E@&e& 1! 9653°@ 88 haintained
1, to which . W % NaOH sol ution was

sbow hoadd eAﬁS&h kﬂ&cdﬁ@létﬁfﬂ@ﬂ@e Sédctibh, Nfe absul@X tepetion product was
and then 30 g of distilled water was further added,
feoplyeedk driyropariies tharpohin fgosamsrmamier Bs i Fgemiptaut s . The results are

Separ at ¢l 2.0 f wders of sodi um al um nate was

15 pﬁiawaan?#% 190 apd 4 478 ablsdet her wth 66 g of
distille n of ol.ut i .
et LRkt e 8 ey SRR P Bl mote
heWpsitiskbsequent |y, the sol ution of the beaker 2 was
slowy added to the solution of the beaker 1, along

W th 38i@y/AL0; &l t INap@ISid4 sDIl1] edl, @&asier, = 2nd m xed
for one hour. After the m xi ng process was

10

Example 18

20 As a silica source, 60 g of Ludox AS-40 was introduced into a beaker 1, to
which 21.4 g of a 10 wt% NaOH solution was slowly added while performing stirring at

200 rpm, and then 30 g of distilled water was further added, followed by stirring at 200 -

rpm for three hours. = Separately, 2.0 g of powders of sodium aluminate was placed into

a beaker 2, together with 64 g of distilled water and 10.42 g of a 10 wt% NaOH solution,

25 and admixed using the magnetic stirrer for three hours. Thereafter, the solution of the
beaker 2 was slowly added to the solution of the beaker 1, along with 34 g of additional
distilied water, and mixed for one hour. Then, the reaction temperaturé of the obtained

reaction mixture was increased up to 190 °C while performing stirring at 200 rpm by use
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10 conpleted, the reaction tenperature was increased
up to 190 C while performng stirring at 200 rpm by

woen4pksd4Be sane aut ocl ave as in Exanple 1, an@8CT/KR2003/002801

mai ntai ned for two hours. Thereafter, the reaction
tenperature was cooled to 165 C, and mai ntained for
19 hours. After the conpletion of the reaction, the

r Skt ahfe 51&%25\;60 ?& %%ﬂale\’\@s an@ i Eda fof It___x)&(r% nh&ués. 1.Then, the

properties thereo san® nanner as in
TiegctioRStdtnpsrafifi€ wakostaWd 105 ¥t Gad A9mtans 3b17 BOEs. After the
Table 1. In the present exanple, the reaction m xture
haspléteonf of theweangionpther resudanp osiction prodScl0RaALRAPzed 6 properties
Na2OQ' SIQ2 = 0.11, H2OSi 2 = 27. Exanple 18 20 As a
stheteehinstha seme meongy asfin Higewlas- 46haeesulihire shewedn FHED 202 and
%ég)eakcg%}g]}é to which 21.4 g of a 10 wt % NaCH sol ution

» & Ydded while performng stirring at 200

rpm a e Jehmslbstid | ter. r;her. .
added, moﬁgogireeg&gy e)g nlllglre’l Lt%é alfég%%% %ﬁ%hm%% olﬁa‘ét m%eefollowmg molar
heyaiositregpar ately, 2.0 g of powders of sodium

alum nate was placed into a beaker 2, together with

64 g ofSidi/Al0hE e, waae®/S06 =101242 Hy38iCa =127. wt % NaOH
solution, 25 and adm xed using the magnetic stirrer

for three hours. Thereafter, the solution of the

beaker %{ Wafoﬁ?l owW y added to the solution of the

beaker “¥2MBi%rig with 34 g of additional distilled

wat er, i f y r i :
torper 4P ar TSR AL A B BalEe i lygl ] EREMGED o which 214 ¢

| S¥C B BA NHOH Sold96h Fadliblve RRICH Qe rf‘éfnilihg shgirftat 300 rpm, and
rpmby use 26 WD 2004/ 058643 PCT/ KR2003/ 002801 of the

sthae 3 6 gt afalistified astdriwdsxfarthéreadlied, dbtowed by stitfigd af Q00 ipi for three =~

hours. Then, the reaction tenperature was cooled to
IsBre, Separaialy, it Qirrddomsiersiaf sedinms alusfinete, §hg of distilled water and

R 0 R et e AL SESEFY, e atives

S50, Q0 PRy TR AR e v

AR Sddell hf@ th&a6Tutien o‘ffﬁt?éé BE&ePAS aldhg \fvﬁﬂ; |39"% B9 0B%iBhal distilled

conposition: Si02/A1203 = 56, Na2Q' Sra2 = 0.12,

HREeSiaO® nEx&irfor one hour. Then, the reaction temperature of the obtained reaction
mixture was increased up to 190 °C while performing stirring at 200 rpm by use of the
same autoclave as in Example 1, and maintained for two hours. Then, the reaction
temperature was cooled to 165 °C, and maintained for 19 hours. After the completion
of the reaction, the resultant reaction product was analyzed for properties thereof in the
same manner as in Example 1. The results are shown in FIGS. 21a and 21b, and Table
1.

In the present example, the reaction mixture has the following molar
composition:

Si0y/Al,03 =67, Na,0/Si0,=0.13, H,0/Si0,=27.

27



Exanple 19 10 60 g of Ludox AS-40 silica source was
charged into a beaker 1, to which 21.4 g of a 10 wt%
woOlWH/sgd4sit i on was sl owl y added whil e perform RGT/KR2003/002801
stirring at 200 rpm and then 30 g of distilled water
was further added, followed by stirring at 200 rpm for
three hours. Separately, 2.0 g of powders of sodium
al um nage,fb@ of distilled water and 13.6 g of a 10
wt % NaOH sgﬁuti on were introduced into a beaker 2, and
t hen aduixedlddxussag stifva soa@Bedstlsdell iht8a Bdked Nt@&hich 21.4 g
hours. Thereafter, the solution of the beaker 2 was
stfoanl O wild D H soltihien we$ sibivhinadsfed twiglelyesfioaning stiadngeg 200 rpm, and
W th 33 %Qf,additional distilled water, and m xed
fiben 3 e Holistillefieater Wareaddedclollowed binpstirinaat08frpmhfer three hours.
obt ai ned action. mxture s increased .1.0,190 C
5 LTG5 R0 RGVETT P P R ATBHO e b GLBHHR Per and 22 g of a
SEE; ' 5'&”; i Bt Al far. .
hour g%“l%[ eir—llés%?ﬁg)%_r\gé}gs? %n dt]f%tr?'paape?% ur g’ \%}e{gﬁﬁggoal%ﬁéﬂt.lf2 %ﬁgusmg the
1@ 8gfetic At PdrthAdeRAhrd, OrThbfbaferiMthe sdfiti6h of MR beaker 2 was slowly
conpletion of the reaction, the resultant reaction
paddeld ¢ thaaslugina oy fedebker 1prulopevtitie?7.8 herfadditibnal tdistilled water, and
same _manner as in Exanple 1. The results are shown in
Fpiesd fon aneyheurp 1 3 her,ribie Teastien tamperaturehef theedhtained reaction mixture
exanpl e, the reagction m xture has the follow ng nol ar
10 pwag §ﬁd{1 P 1 6 P ReromgE feegt @01pE g wse of the same
' T T 0 - K 02 .
SR’ 56 SRS tnye) fadid ARERGRG RSl (o llln. the reaction
pﬂe@@ﬁtﬂr@ bRsRobleake N 69 pCt shavhmbhigel fr 90 h8frsd Al completion
NaOH sol uti on was sl ow y added while perform ng
stfi the irergtion, tROCesujpamt reaeton preincB@agamilyaAd o1 plopéettismttereof in the
was added, followed by stirring at 200 rpmfor three
hastresmamesaphar Ftasple 13, Bherestlipawgbewn of FE3¥i23mand 22b, and Table
alum nate, 51.6 g of distilled water and 2.2 g of a
10 wt % NaOH sol ution were introduced into a beaker 2,
and th ' using (.h tic .stirrer f.or ree
hours. %I]'hglggg%%t%%}t, %lt( “e*%’ol%ﬂ in%%&g the beaker t}f v#g@owmg molar
sdpogitioadded to the solution of the beaker 1, along
with 37.8 g of additional distilled water, and m xed
for on&ibgal,O; HE®), NAH©/Si0aet(. b, t éiypesia, s x7. of t he
obt ai ned reaction m xture

15

Comparative Example 2
20 60 g of Ludox AS-40 silica source was introduced into a beaker 1, to which 21.4
g of a 10 wt% NaOH solution was slowly added while performing stirring at 200 rpm.
Further, 30 g of distilled water was added to the beaker 1, followed by stirring at 200
rpm for three hours. Separately, 3.3 g of powders of sodium aluminate, 51.6 g of
distilled water and 2.2 g of a 10 wt% NaOH solution were introduced into a beaker 2,
25  and then admixed using the magnetic stirrer for three hours. Thereafter, the solution of
the beaker 2 was slowly added to the solution of the beaker 1, along with 37.8 g of
additional distilled water, and mixed for one hour. Then, the temperature of the

reaction mixture was increased up to 190 °C while performing stirring at 200 rpm by use
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10 was increased up to 190 C while performng stirring
at 200 rpm by use of the sane autoclave as in Exanple

wa 20@vdsaami nt ai ned for two hours. Then, the reaCTiKR2003/002801
tenperature was cooled to 165 C, and nmai ntai ned for 20
hours. After the conpletion of the reaction, the
resul tant reaction product was anal yzed for properties

t eof in th sane nne S._i I . . Ih

PR3N Re et e T Bl 35 o A, e s 5 A e
LombRtbASFRRE §%Fio£xtﬁgme§ﬂtaﬁthx%aétﬁfﬁ il @8t X4 A8 A8Sor properties
the following nolar conposition: Si02/A1203 = "33,

Tee2€dfSh @e santks hbbmertd Gh Sixtiple L7.TheGospiarat sNevEkaRTS: 23a and
2 20 60 g of Ludox AS-40 silica source was introduced

i23boand Tebkker 1, to which 21.4 g of a 10 wt % NaCH
solution was slowy added whjle performng stirring at
200 rptp thiFemparativgexgmple, dhs reactiny Migwe h@ﬁsfhad%ﬂawmg molar
to the.beaker 1, followed by stirring at 200 rpmfor
{APB8SHBYr s. Separately, 3.3 g of powders of sodium

al um n 54, 6 o] icShi L wa d_2-2 g of a

10 wt Ocﬁ@/ 2§3%| 3tgf o%\la\:’i\g)rszé% ntb?ga’ucggo{sg?é 27beaker 2,

25 and then adm xed using the magnetic stirrer for

three hours. Thereafter, the solution of the beaker 2

was sl Bmmgpladded to the sol ution of the beaker 1,

along with 37.8 of additional distilled water, and,
ni xed PO oSAadppdS-40rpiliea squpe Wesnparseddnte adreakefel, to which 14.4 g

e S e kS8 e i€t SR at 200 pm, and
ﬁg&@g%@;&%@% ﬁg&%@@a@/ﬁ%gl&g&g féﬁkﬁv%ﬁtﬁ}f%@ﬂk@ Gl P for three

mal nt ai ne of "ten ter

GRURY. elSepiarfy, UnPg e REWHER of botBumeStthinaf andeACd g @ distilled water
product was anal yzed for properties thereof in the

seere imenineed asgo iarbekkarrd)laed thenTdimireb usitg thar magdetiestiinar for three
FIGS. 23 a and 23b, and Table 1. 5 In this | o
domar dibexeaften digptcdutianhel theheakiend anfl éil i & ohadditigeel distilled water

P S UBEEEs S0% BH05r Bt Toen e
reaction temperature of the resultant mixture was increased up to 190 °C while
performing stirring at 200 rpm by use of the same autoclave as in Example 1, and
maintained for six hours. Then, the reaction temperature was cooled to 165 °C, and
maintained for 22 hours. After the completion of the reaction, the resultant reaction
product was analyzed for properties thereof in the same manner as in Example 1. The
results are shown in FIGS. 24a and 24b, and Table 1.

In the present example, the reaction mixture has the following molar
composition:

Si0./Al,03 =25, Nay0/Si0,=0.10, HyO/SiO, =27.

Comparative Example 3
60 g of Ludox AS-40 silica source was introduced into a beaker 1, to which 14.4

g of a 10 wt% NaOH solution was slowly added while performing stirring at 200 rpm,
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60 g of Ludox AS-40 silica source was charged into a

beaker 1, to which 14.4 g 10 of a 10 wt % NaCH
weabutosgaazwas sl ow y added whil e perform ng stPCTIKR20@31002801

200 rpm and then 30 g of distilled water was further

added, followed by stirring at 200 rpmfor three

hours Separately 4.4 g of powders of sodi um

and duce f&‘ﬁdﬂ&ﬂ \g% of Wq %&r?eg %@%éﬁatfcﬁg)wéﬁeg stir.riné af 200 rpm for

to a eh adm Xed USI N

MReReiidugs. S tSebidfelf,af 4 tgmf%wdgﬁtﬂfssodfﬁﬂﬁ BRAfHAE and h@ 9 g of distilled
solution of the beaker 2 and 41.9 g of additional

dwsier WMesdinivatiered ibtowebenkst Dydnd theid edintxed tustngsthk widgaetic stirrer for
of the beaker 1, and m xed for one hour. Then, the

r st wes- t erhsegedenrbe etlutioreof thehealsmt2 mdtLiP e ofwiditional distilled
i ner eased 1 rming stirring at
5 Juee PRS0 Vit é@ﬁ%o%%ﬁgEL t Db s o g pour. Then,

4 L A oD AT,
Zﬁerﬂﬁﬂlﬁrﬁg stheratt 309 elde st B §afh% aﬁﬁé‘ﬁﬁvé) Qs it B&ample 1, and

resul tant reaction 20 product was anal yzed
pmajntainédefort eli@ng. IAlﬁéxhﬁhe&ﬁﬁ@ldmﬂl“tﬁTthaSGadmoE,Xﬂlﬁnjeﬁﬂthnt reaction
The results are shown in FIGS. 24a and 24b, and Table
1profpctivns q@ab@%forexwﬁml@ thergel inethe siroe manrenasanfixgmple 1. The
the foll ow ng. conposi tion:  Si 02/ A1203 = 25,

10 \pesgfsyr OWIDIH@G%H% %a@b Tablg & Conparatlve

IEﬁ? ?Eljg cg’[(}j)g O}?Jratt\%dg 1? 4&16 rv?ﬁcti: d %ﬁx re Eas ?he foﬂb)wmg molar

WShpadnsol ution was sI oW y added whil e performng
stirring at 200 rpm 29 WD 2004/ 058643

PCT/ KRRIOZADMBEOA5, aaiovdien =301@g af,Qlsgdj+bed wat er
was further added, followed by stirring at 200 rpm for
three hours. Separately, 4.4 g of powders of sodium

al um nat e d 71.9 g of distilled wat er were
15 intr odﬁf:h@dfa ﬂﬂY"H‘gae’@é‘Hﬁ%qr 2926 grde thgeiRTRgfhix senfiia fp effects of the

T AR R T T P T —

dfeggtgdnlﬁgd&twater were slowy added to the solution of
the beaker 1, and m xed for one hour. Then, the
reaction tenperature of the resultant m xture was
increased up to 190 C while performng stirring at
200 r prAXeyp of the sane autoclave as in Exanple 1

and nt a for 17 hours. After the conpletion
the r g?g %ﬂuc?q*&% 20 silicasourcs yrasindereed into a beaker 1, to Whlch 214 g

20  of a 10 wt% NaOH solution was slowly added while performing stirring at 200 rpm, and
then 30 g of distilled water was further added, followed by stirring at 200 rpm for three
hours. Separately, 2.2 g of ‘powders of sodium aluminate, 49.6 g of distilled water and
14.6 g of a 10 wt% NaOH solution were introduced into a beaker 2, and then admixed
using the magnetic stirrer for three hours. Thereafter, the solution of the beaker 2 was

25 slowly added to the solution of the beaker 1, along with 19.7 g of additional distilled
water, and mixed for one hour. Then, the reaction temperature of the resultant mixture
was increased up to 190 °C while performing stirring at 200 rpm by use of the same

autoclave as in Example 1, and maintained for two hours. Then, the reaction
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product was anal yzed for properties thereof in-the
sane manner as in Exanple 1. The 10 results are shown

wOnoHINES43 25a and 25b, and Table 1. In this cORPAKR2008802801

exanpl e, the reaction m xture has the follow ng nol ar
conmposition: Si02/ A1203 = 25, Na2Q Si2 = 0. 10,
H2O' Si2 = 27. 15 The follow ng exanpl es 22-26 were

PREIRFMRE W BoRE I Th ke gid 86 aiﬁ)éq 96 HUE Cald Q% completion

time, of the two-step reaction (nucleation and

cofytib atdctiamtthe msnltan rbdition @sstucBias ah &Rl BP pRIHEAS thereof in the
Exanple 22 60 g of Ludox AS-40 silica source was

phaasodianner as i Beeakae 11, The rashite ireZhovn dn FRES.af6aand @6b, and Table
\I\@% NaOH sol uti on was sl owy added while performng

stirring at 200 rpm and then 30 g of distilled water

was furthegr added, followed by stirring at, 200 rpm.for

three I{ﬁoﬁlfe sP r%%rg[alﬁﬁ?%]’]ﬁ’, tg‘? 2%6“5}“ FBEEF shast t%%d‘%h?rwmg molar
abdipdiaion; 49.6 g of distilled water and 14.6 g of a

10 wt % NaOH sol ution were introduced into a beaker 2,

and t he&iOAAKOseds0, UNNO/3ie =RBNetrL/8i0, /£ 85 5for three
hours. Thereafter, the solution of the beaker 2 was 25

slowy added to the solution of the beaker 1, along
with 19,7 g of additional distilled water, and m xed
for one*AB8lE23Then, the reaction tenperature of the

resultant mxture s..increased up tq9.190 C while )

per f or %16 r%gé?sl)f(lil#ﬁ‘%%‘wgﬁﬂ%@o}nﬁﬁw@ Iﬁ%"@g %tot%@%%n]e to which 21.4 g
agt ' [ i for . .two

oy 5 PR NI B R o s 5 ing Sttt ot 200 rpm, and
RG3H BRZQAH RS WatervRAPRIAAHIB 1811608 B sti@ink6P 260 rom for three
and mai ntained for 16 hours. After the conpletion (rﬁ

thpirs. e dispimately, g o€ pulvianbf setithi anmphRidet ge&distilled water and

aﬂAaI yzed for b operties thereof in the sanme manner as

i H-ERH B W% PROK selution ware inftoduped intora BSikep 8aarahthen admixed
Tabl e n the

8l PRI B A8 it PO bR AP CUiAgom e Bpsker 2 s
%@%ﬁ{)yfdg%g% 16 tROso AR e L Aot PUP19% F 0f3ditional distilled
water, and mixed for one hour. Then, the reaction temperature of the resultant mixture
was increased up to 190 °C while performing stirring at 200 rpm by use of the same
autoclave as in Example 1, and maintained for four hours. Then, the reaction
temperature was cooled to 165 °C, and maintained for 12 hours. After the completion
of the reaction, the resultant reaction product was analyzed for properties thereof in the
same manner as in Example 1.  The results are shown in FIGS. 27a and 27b, and Table
2.

In the present example, the reaction mixture has the following molar

composition:

Si0,/Al,03 =50, Na,0/Si0,=0.14, H,0/Si0, =23.5.
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60 g of Ludox AS-40 silica source was placed into a
beaker 1, to which 21.4 g 10 of a 10 wt % NaCH

weabutosgaazwas sl ow y added whil e perform ng st PCTIKR20@002801

200 rpm and then 30 g of distilled water was further
added, followed by stirring at 200 rpmfor three
hours. Separately, 2.2 g of powders of sodium

alumr}gﬁgl }% 946 ¢ of distilled water and 14.6 g of a
10 wt © solution were introduced into a beaker 2,

and t hep cadmied Adi80 Rlich @8111‘6@%@?’125‘%@5&5 h®ealfRr1, wms%h 214 g
hours. Thereafter, the solution of the beaker 2 Wwas

sdfavl Oywild tdH oolitiven wed slowbnaddkd wihéle edketing stirtingng 200 rpm, and
with 19.7 g of additional distilled water, and m xed

fthen dhg dficeatilled meter wasdurtbercdded foldowmpet ot slrrangfat B(Bﬁsrpm for three
resultant m xture was incrfased up to 190 C wh

PEFor rﬁeﬁgagelxa 2 H§T BeWoHB Of prAEY almaingle, The gsojrééstﬂled water and

TS Bl
16m AN O ﬁ%rﬁ:‘r B6Cthf hokés, D e?eaftéf 'ﬂfer solldon of the beaker 2 was

conpl e tl on 20 o he reaction, e redultant reaction

ledlycddde@so epadofittsh cﬁfoﬂnenfe@mrﬁ, iafshot Wigh @0f6 ¢ Bf tabgitional distilled
same manner as in Exanple 1. The results are shown in

FVas;, and sniseddiof ¥ haurd Thbih,ghe feaction teinperptues efithe resultant mixture
exanpl e, the reaction m xture has the follow nqqym)l ar

cHaptsTeRsednup t551%) 6 nbepperforming sipiae 9t 2P0 2 bysuse of the same

1 A R i e
pnla%@'%n{r@ HRs @0&1@(9\&? 51‘?C t &gg‘ﬁ%ﬁ% 8¢ 8o P&ﬁrs a A@[ef/\fhéocomplenon

thﬂV\IaSS |Ieper ormn

Sofithé kdagtiat, tROsHIRAY r@ﬂﬁon bR c3RaPardify-ed $or rbﬁéi“u&‘@&l@feof in the
was further added, followed by stirring at 200 rpm for

tdameendnkner 9. E)@B@dﬁ' at eThg re@ulls ge showowdelGS. 8a sundl28mand Table
alumnate, 70.6 g of distilled water and 12.3 g of a
¥ wt % NaOH sol ution were introduced into a beaker 2,
and t hen m_xed n etic.stirrer
hour s. ?nrh%f;eglfef%]lt effar’llélgg’olqﬁ? |r8%&1c9f“ PHEUER dIsr hf \X&liowmg molar
gﬁgoglt Rdded to the sol ution of the beaker 1, al ong
40.6 g of additional distilled water, and m xed

f or ongihgAL,0; HEE), NbHe/Jieaest(. ) PSRBT Of the
resultant nixture 10 was i ncreased up to 190 C while
performng stirring at 200 rpm by use of the sane
Example 25
60 g of Ludox AS-40 silica source was charged into a beaker 1, to which 21.4 g
of a 10 wt% NaOH solution was slowly added while performing stirring at 200 rpm, and
then 30 g of distilled water was further added, followed by stirring at 200 rpm for three
hours.  Separately, 2.0 g of powders of sodium aluminate, 70.6 g of distilled water and
12.3 g of a 10 wt% NaOH solution were introduced into a beaker 2, and then admixed
using the magnetic stirrer for three hours. Thereafter, the solution of the beaker 2 was
slowly added to the solution of the beaker 1, along with 40.6 g of additional distilled

water, and mixed for one hour. Then, the reaction temperature of the resultant mixture

was increased up to 190 °C while performing stirring at 200 rpm by use of the same
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autocl ave as in Exanple 1, and maintained for three

hours. Then, the reaction tenperature was cooled to
w0as40s5s@nd mai ntai ned for 20 hours. After thePCT/KR2003/002801

conpletion of the reaction, the resultant reaction

product was anal yzed for properties thereof in the

sane nmanner as in Exanple 1. The results are shovvn in

Falu%%i \/%8% fi e le af]darlrcf‘%ﬁnta# H)%l% IHTO tPe reaction

xanp ol mxture

Qxﬁ?&ﬁtutré QA5 c&bl@@/tob\igﬁgc -arﬁ@nalhl?a%gdsfb@7 thrslgAfter the completion
Exanpl e 25 20 60 g of Ludox AS-40

siflthe geastintt, (thae vaasltat acagtion prudociawheadadyzed fol gropditiedithereof in the
21.4 g of a 10 wt % NaCH sol ution was slowy added
vilgiieangaer ay i B¢ | i Ble wesulioge shown anBIGS. R8a a8d28b, and Table
of distilled water was further added, followed by

‘irring at 200 rpmfor three hour s. Separatel y, 2. O

\Q/’va? ];r pg%\g&r Sgtoeéerﬁo%#@lgo%% I}%%@B{]‘?g‘lg%&?? ot];? | Set fjo 10W1ng molar

| BldReiegd i nto a beaker 2, and then adm xed 25 usi ng
the ‘'magnetic stirrer for three hours. Thereafter, the
sol uti SI0gAL,he SLaker0oXidas 0.1, oM /8ided?d.0 t he
solution of the beaker 1, along with 40.6 g of
additional distilled water, and m xed for one hour.
Then, the reaction terrperature of the resultant

m xt ur &* nghcreased up to 190 C while perform ng

2004] oBRERS PP ESHD 5183k VIS PLRR S A Rl dmptnicn 214 &
Tof 2210w PR INHCH E‘ﬁ@mgrp{vag 461 'é& whild @R oltnlﬁglg ﬁ'lg'ﬁj%g a? 599 rpm, and

tenperature was cooled to 165 and “mal nt

her 30 gAfftdetilled ev g seftithe addéd BBowEBBY bidiingah200 rpm for three’
resul tant reaction product was anal yzed for properties

thﬁ)@r% ofSeparatelis 2.¢ gk porwidere of agdiim alivaimptee 70.6 gldfadistilled water and
sults are shown_in FIGS. 29a and 29b, and Table

5
5124 & el GrEedMOE salipe wers éltwéam iglp rbgaker &, akthen admixed
t he ft%' la%tvg\fggig ig"lrear&%%n%?%lrst | of; SI 02/1?‘&' o%élon C%Bthe beaker 2 was

slowly added to the solution of the beaker 1, along with 40.6 g of additional distilled
water, and mixed for one hour. Then, the reaction temperature of the resultant mixture
was increased up to 190 °C while performing stirring at 200 rpm by use of the same
autoclave as in Example 1, and maintained for five hours. The reaction temperature
was cooled to 165 °C, and maintained for 14 hours. After the completion of the
reaction, the resultant reaction product was analyzed for properties thereof in the same
manner as in Example 1. The results are shown in FIGS. 30a and 30b, and Table 2.

In the present example, the reaction mixture has the following molar
composition:

SlOz/Aleg, 56 Na20/3102 =(, 13 H;)_O/SiOp_ =29,

TABLE 1
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10 60 g of Ludox AS-40 silica source was placed into a
of a 10 wt % NaOH sol uti on

beaker

woaesr4sgsaBy added whil e performng stirring at PROGKR2p03/002801

11

to which 21.4 ¢

and then 30 g of distilled water was further added,
followed by stirring at 200 rpmfor three' hours.
Separately, 2.0 g of powders of sodiun1a|un1nate 70. 6
d f di| SReabtiogchr)al er 0 OHAverage Crystal
S0 utlcn9MErewDWIrglﬁ§£§3 %% %h ?Sm%mygl%pbhen (um)
adnmlxed 1% usi#ygy thefﬁaqnatlmﬂétlrrer f 8%l t hree| hours2
Thereaflt e?, |t h# sol utSéon of &Hé& beaker 265wvas s|lowy 2
addéd to 2he s¥ uti orfOof theObeaker 1, 3T3ong with 40.8
d_oft _additiona®® d| sti¥l ed| vatlér | and nmd%ed for| one 2
FrﬂiEX 1 Th 91, t h8 reaction temdfatire of 3the res 1| tant 6
i xBure was idrbased upltoldbo € whild&erforhing 2
dtifridgat 208 rbm B use 6?9 hel same >But ockaje as—2
i &“arglz 4 3hd naf@taiwcde*r e haals. Fh 2
rea:g?iuﬁ. geﬁ:pegéat Jreﬁe w&sg':]f %Ieu t0 15% c, and ;
ai ] fii ||c‘;;_1J fot 4214 huu’ﬂ‘ga Af-t é] 15t he buupbgzu ofr—of—the 5
reagt g, the EES 5l tcgjt react kP produck;vas arad y4cu'15
florprapeptTEesyd ereo), T tThEga MENEgS  as 11 15
Xampl & Iy TNggfesul 1y are spen | N FI Gy 30a ajd 300,
gndglablex 2.7 Ty the pypesent gxanpl €, theygeacti pn )
m xtare has thes TolT oy ng|nod.as  conposkid on: Zp 3
Si 024 A1203 = 56, 2QoSI 02 =n.0513] H20/ &2 = ; 3
TABLE 1 33 WO 2004/ 058643 | PCIAKR2003/ 002801 Ex| No.' 3
Reattiagn Zhris) 1S O2/ A6203| Na2Q Si O2 BET3&ur f ace 3
(Im21%Y) % _Averlag® Cryst@l 190- C1350{ C (m 391 2 40|67 3
126 35122 | 222 B5 58 0.1150.865 3 2385 50 0,10 373
C.Bx. 2 |301050 00118 3783 2 C F%li51 05037 115 370 68
38l 5Q Q614 328 252 36 4619 00 375 3907 2 30 40 2
GhEx.383 1 0 25 0.10 379 3
TABLE 2
Bx No, |xeaction (Urs) | oy /41,0, | NayO/SiO, | BET Surface (m¥/g)* Average Crystal (um)
190°C [ 165°C -
22 2 16 50 0.14 377 2.2
23 4 12 50 0.14 384 3.0
24 3 20 56 0.13 388 2.5
25 4 17 56 0.13 386 2.7
26 5 14 56 0.13 383 3.2

* BET surface area measured at 5 point of P/Pg in the range of 0.01-0.05

As apparent from Table 1, in cases where ZSM-5 is prepared through a two-step
process (nucleation and crystallization) at variable temperatures according to the present
invention, ZSM-5 having excellent properties as well as a specific surface area of 350 or
more can be obtained.
nucleation and the crystallization at 190 °C and Example 4 characterized by performing
the nucleation (190 °C) and the crystallization (150 °C), there is a remarkable difference

between the crystal sizes and the particle size distributions even though the reaction
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0.12 379 2 15 2 14 50 0.125 355 3 16 2 17 50 0.115
387 3 17 2 19 56 0.11 392 3 18 2 17 56 0.12 386 ' 3
19 2 19 67 0.13 391 3 20 2 20 33 0.115 386 2 C Ex.2

191179fu1%3hagﬂ1% gnes datnd coéf;aﬁ%xgr?- &% %s% 103005 21H rlé%agﬁ)ll% ?fl} E&e average

0 25°0.10 3  TABL eaction’(

NigtaDéid SRk tosbzli(fu@Qg,Lrﬁ 23 QI vihedead doffiative Example 1 has
Average Crystal (m 22 2 16 50 O. 14 377 2.272374 12

Stheavirhg884ystl Gize2d tBe 26hgo6oflabb8t 3B, With2h vérylbioh® particle size
0.13 386 2.7 26 5 14 56 0.13 383 3.2 BET surface
aflistibyiian @ siovar isF16bi6ht of P/Po in the range of

7o 5 FEPe AL ARGIR o iy FESE PhpRrES 2pscevee S07/ALO; of 50 or
Coanti nodt 4 .

(0L =R By 10 B LA bRl LTREE g e and b

Z§5ivtiBle Ry idngirigution! os eR i) BBh kinRSpr8RnPE! | Tn&3dRon, when $i0,/ALO;

speci fic surface area of 350 or

is controlled to 33 (Example 20 and Comparative Example 2) and 25 (Example 21 and
Comparative Example 3), the two-step process using the variable temperatures results in
a further decreased crystal size and particle size distribﬁtion than those of the synthesis
process using the single temperature, as shown in Table 1, FIG. 22b (Example 20), FIG.
23b (Comparative Example 2), FIG. 24b (Example 21) and FIG. 25b (Comparative
Example 3).

As a result, the reaction mixture is subjected to the two-step procesé at variable
temperatures, and the nucleation as the first step is adjusted in the reaction time thereof,

whereby the resulting ZSM-5 can be easily controlled in the crystal size and the particle

size distribution while not affecting the BET surface area.
Industrial Applicability

‘As described above, the present invention provides a method of preparing
ZSM-5 through a two-step process at variable temperatures in the absence of an
organic template and a crystallization seed. By the above method, superior ZSM-5
having substantially 100% crystallinity and bettér quality can be assured while a
crystal size and a particle size distribution are easily controlled.
‘ The present invention has been described in an illustrative manner, and it is to
be understood that the terminology used is intended to be in the nature of description
rather than of limitation. Many modifications and variations of the present invention

are possible in light of the above teachings. Therefore, it is to be understood that
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nore can be obtained. In Conparative Exanple 1

characterized by performng the 10 nucl eati on and the
wonysioagd4s zati on at 190 C and Exanpl e 4 char acPerikR2003/002801

by performng the nucleation (190 C) and the

crystallization (150 C), there is a remarkable

difference between the crystal sizes and the particle

. V. 3 i . .
SBr oSt B P R G slBa20e 1L ERY PR prittictPoerise than
RPAsHitdl9@cicibeged. That is, in Exanple 4; the
average crystal size anounts to about 2 mas in FIG
5b, whereas Conparative Exanple 1 has the average
crystal size in the range of about 5-6 m with a very
broad particle size distribution, as showm in FIG
6b. 5 Further, as in Table 2, in cases of Exanples
22-26 having Si 02/ Al 203 of 50 or 56, it can be seen
that the resultant reaction product has a |arge
crystal size and a broad particle size distribution
as the nucleation tine prolongs. In addition, when
Si 02/ A1203 is controlled to 33 (Exanple 20 and
Conparative Exanple 2) and 25 (Exanple 21 and
Conparative Exanple 3), the two-step process using the
vari abl e tenperatures results in 10 a further
decreased crystal size and particle size distribution
than those of the synthesis process using the single
tenperature, as shown in Table 1, FIG 22b (Exanple
20), FIG 23b (Conparative Exanple 2), FIG 24b
(Exanmpl e 21) and FIG 25b (Conparative Exanple 3). As
aresult, the reaction mxture is subjected to the
two-step process at variable 15 tenperatures, and the
nucl eation as the first step is adjusted in the
reaction tine thereof, whereby the resulting ZSM5
can be easily controlled in the crystal size and the
particle size distribution while not affecting the
BET surface area. Industrial Applicability As
descri bed above, the present invention provides a
met hod of preparing 20 ZSM5 through a two-step
process at variable tenperatures in the absence of an
organic tenplate and a crystallization seed. By the
above met hod, superior ZSM5 having substantially
100% crystallinity and better quality can be assured
while a crystal size and a particle size distribution
are easily controll ed.
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The present invention has been described in an
illustrative manner, and it is to 25 be understood

wOhed4/058@3t er m nol ogy used is intended to be i RCTHR2003/002801

nature of description rather than of limtation. Many
nodi fications and variations of the present invention
are possible in light of the above teachings.
Therefore, it is to be undergiagps that 35 WO

2004/ 058643 PCT/ KR2003/ 002801 w thin the scope of the
appended claims, the invention may be practiced

h th b 36 WO
2004 058 Bos PRRsERE @ngl%lﬂfefgl&owag%e@seﬁ
pr epar Inl;'lgll‘ésy sﬁfcacsg{m:r I gljl gﬁca]ﬁ 1fap l()!(%\én Slagl‘c%t Sl?%.l 1 source and
F et al n?g%

m xi ng a silica source, oxrde so

afatdl, Y8 RGpa® Wl e8ctRdmiWateehavih® apﬁlgﬁi@rc% oﬁlﬁ@ﬁtdsz/SlOz (M:
m xt Ure havi ng a nol ar conposi tion of S (M 5

alllkedil metakioa) of @OY-04#, H,O/Bi0; d&,5 Wﬂcﬁ&@/ﬁdﬁow 2021 G d

Si 2/ Al 238 of 20-100; nmintaining the reaction mxture

at 180-mAintading theacnestnt ixtureiatd 86-GA0 °6) foed reaatioa time controlled

r.ange of ours acc rdln to an_intended, crystal
ifgerag o é%‘)t QTS 2E§FAINEOSEE RHERIECiaFiel e 2Kh & particle size

tcﬂstﬁ?ﬁt?dn ofq}l §M§5’:\t$ { Cﬁucq téH reac {o% 1x9ure an5}30 170

ai ni ng Feact 1 on X
Cfor lﬁaﬁﬁguﬁléjﬂ{e%tfc%ateJdQegﬁfoW rﬁfoﬁE%lt ?3@f17@) h@ fgISM) 200 hours to
2. The nethod as defined in claim1l1l, wherein
dbkaktystibt eflthoXEMe5.source is al kali netal hydrOX|de
3. The nethod as defined in claim1l, wherein the
al kali netal is sodium 4. The nmet hod as defi ned in
clalml wher ei n Iar ti o ofthe MPO/ Si 02 is
in the rgh@@eé%odcﬁsog? @eianww% b, idckp dhe plkal gegal Ahféesource is

/ 9 or higher. 5. The nethod as defined
%}11% et%giydl‘g%er ein the nolar ratio of the MO/ Si 02
is in the range of 0.07-0.1 when the nolar ratio of
the Si02/Al 203 is less than 29. 6. The nethod as
def i ned. Tie @kthbdad defiednie chih Newhrdin thealkell heeal iSsodium.
sodi um al um nate or al um num hydr oxi de.

4. The method as defined in claim 1, wherein a molar ratio of the M,0/Si0; is

in the range of 0.09-0.14 when the molar ratio of the SiO,/Al,05 is 29 or higher.

5. The method as defined in claim 1, wherein the molar ratio of the M,0/SiO,

is in the range of 0.07-0.1 when the molar ratio of the Si0,/Al, O3 is less than 29.

6. The method as defined in claim 1, wherein the alumina source is sodium

aluminate or aluminum hydroxide.

7. The method as defined in claim 1, wherein the silica source is selected from

the group consisting of colloidal silica, sodium silicate, white carbon and boehmite.
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20 7. The nethod as defined in claim1, wherein the
silica source is selected from the group consisting

wohomoks@ddal silica, sodiumsilicate, white caChmr2008c)02801

boehm te. 37 WD 2004/ 058643 PCT/ KR2003/ 002801 8. The

nmet hod as defined in claim1, wherein the ZSM5 has an

average crystal size of 1-6 pm 9 The net hod as

defi ne |

rystal Che ghanil s MRER Y Al £ MR InE T BT an average

chyatdlsie obhhay ghn the ZSM5 has a hexagonal crystal

nmor phol ogy. 11. The nethod as defined in claimb5,

wherein the ZSM5 has a spiral crystal norphol ogy.

12. The nethod_as defined in_claim5, wherein the

nucl ea?i Age gnethod @s iafined i laimy 8f gherqin Abe HaYls Whean average
| ar tio of the Si02/ Al 203 is not nore than 22.

f@’S#D ﬁ\gtrz%o’dmas defined in claim 12, wherein the

crystallizing step is perfornmed for 96-200 hours. 14.

The nethod as defined in claim1, wherein the

crystald.i ZheeneShRPad 8efiR@rihW1MBH4URMhtei® 'ﬂi/eSZBM KMak Y hexagonal
reaches substantially 100% 15 15. A nethod of

prepdmarphd&dg.5, conprising the foll owi ng steps of:
adm xing a silica source, an alkali netal oxide source

and water, to prepare a first aqueous solution;

separ a i.n al um na | et
ox!ode bt Rl iR Sarbomin B AAMa brvsiral erysta
qég g% 20 m xi ng the first aqueous solution wth

second aqueous solution while being optionally
added with water, to prepare a reaction m xture having
a nolar conposition of M20O/Si Q2 of 0.07-0. 14,
H2Q' Si 2 Tife thbthd2 asdelifsidAR c iR G3 whiere2® thkQicle3Bn¥\@ep is performed
2004/ 058643 PCT/ KR2003/ 002801 nmi nt ai ni ng the
ferntd-2@ hows wthen dheumolpg gutip 1 the i6k//d-Qxia oot ware tham22.
control |l ed

13. The method as defined in claim 12, wherein the crystallizing step is

performed for 96-200 hours.

14. The method as defined in claim 1, wherein the crystallizing step is

performed until crystallinity reaches substantially 100%.

15. A method of preparing ZSM-5, comprising the following steps of?

admixing a silica source, an alkali metal oxide source and water, to prepare a
first aqueous solution;

separately admixing an alumina source, an alkali metal oxide source and
water, to prepare a second aqueous solution;

mixing the first aqueous solution with the second aqueous solution while
being optionally added with water, to prepare a reaction mixture having a molar

composition of Mp0/Si0O; of 0.07-0.14, H,0/Si0, of 15-42 and Si0,/Al,05 of 20-100;
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in the range of 2-20 hours according to an intended
crystal size and a particle size distribution of the

wWash4mssdd® obt ai n a nucl eated reacti on m Xt ur ePCaMR2003/002801

mai ntai ni ng the nucl eated reaction m xture at 130-170

C for 10-200 hours to 5 formcrystals of the ZSM 5.

16. The nmethod as defined in claim15, wherein the

silica ce in f | r S, ULi on amount s

o 21 S35k B Betod Bhep I8 SR ki AR gontrolled

GE UBO 4anOb LD IDONL AFD UBEGEdn@ 8- Ar tht¢hddll %ry k) dife a8 particle size
met hod as defined in claim15, wherein t%e al kal
niittaibutboeto fths BEMGS, toiobtaah & alidledted mhctivndhdtindeandl8. A

met hod of preparing ZSM5, conprising the foll ow ng

st eps ohainteding ithegnuclesited wactsmumsdyreat 130K0i°Cfer 4D-200 hours to

oxi de source. a ter, to prepare a first aqueous

Pt 6 ,Sﬁéhgzgﬁﬁgtely adm xi ng an al unmi na source and
water, to prepare a second aqueous solution; m xing
the first aqueous solution with the second aqueous

sol uti qB. ¥hE @ thfRELN PRI BNAihY 1 20FR W R IBLaClonrdeCin the first

T
prepare a reaction mxture havi ng a nol ar conposition

odqubBdl &107Zor0 bmdulié-18. AU 5-2620WBOdndfthel alvddinaRburce in the second
Si 2/ A1203 of 20-100; 20 mai ntaining the reaction
nagueeusessolittion@moRnty t¢0f9%4+.4avtveact i on time controll ed

in the range of 2-20 hours according to an intended

crystal size and a particle size distribution of the

ZSM 5, .t0-pbt ai.n n eat.ed, reaction m xt ur.e;,. an .

it witi REP PR e B8 S 51 Wi e R B3 e source
Gshafali st AQQahaes to formecerystals of the ZSM5. 25

19. The nethod as defined in claim 18, wherein the

silica source in the first 39 WO 2004/ 058643

PCT/ KR2003/ 002801 aqueous sol ution anmounts to

21. 5- 26187 Annethod nfipteharizg Z9Mry cemprisiag ithe follewsmostapd of;
aqueous sol ution _anounts to _0.9-4.4 w% 20. The

met hod KEUYEE; halcd powraamaligli mepbpwids spwee apg yafer, to prepare a

BLR ellqu%élilsdseohﬁ%fllg ce
separately admixing an alumina source and water, to prepare a second
aqueous solution;
mixing the first aqueous solution with the second aqueous solution while
being optionally added with water, to prepare a reaction mixture having a molar
composition of MyO/SiO;, of 0.07-0.14, H,0/Si0; of 15-42 and SiO,/Al,05 of 20-100;
maintaining the reaction mixture at 180-210 °C for a reaction time controlled
in the range of 2-20 hours according to an intended crystal size and a particle size
distribution of the ZSM-5, to obtain a nucleated reaction mixture; and
maintaining the nucleated reaction mixture at 130-170 °C for 10-200 hours to

form crystals of the ZSM-5.

19. The method as defined in claim 18, wherein the silica source in the first
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is alkali nmetal hydroxide. 40

WO 2004/058643 PCT/KR2003/002801

aqueous solution amounts to 21.5-26.7 wt%, and the alumina source in the second

aqueous solution amounts to 0.9-4.4 wt%.

20. The method as defined in claim 18, wherein the alkali metal oxide source

is alkali metal hydroxide.

40



