WD 2004/ 058643 PCT/ KR20031002801 METHOD OF PREPARI NG
ZSM5 USI NG VARI ABLE TEMPERATURE . W THOUT ORGANI C
TEMPLATE Technical Field The present invention rel ates
to preparation nethods of ZSM5 using variable 5
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reaction mxture for use in preparation of ZSM5 is
subj ecMETHON @F PREPARBIG FENEEESING NARIABLE THMRERATAIRE

at
crystallization at WidHQULQR Lo .
w t hout the use of an organlc tenplate and a

relatlvely hlgh t enper a

tures and t hen
[RL S TE

crystallization seed, thus easily controlling 10 a
Cr YechaiealFigle and a particle size distribution with
uniformparticle size distribution and achieving

subst anti al 100@6crystallinity “In particular, upon

the nuc lIﬁgﬁare bo " ﬁhc{nh LRk F ef:»érg@oni SRl .s FRALS Qsing variable

freely con

ecrs Sl ze an € particre

. 5Si Zped®ds’ withtut @Fganﬁa@ﬂﬁg]mgmd\métsp&@ﬁ&my,c&e &t invention is
having high silica content has been devel oped for the
f i Aisgetaditore wefhpd wébﬁepar@s ZSNhS,tch@a@meé/ imthgegeaction widwrg L use

trgsle?éefyg]rat%ﬁ gt %B{\PF i Is% J%GC | VI 53 r&e%{‘ SO IR Q#ch[ancn at

ufi que €a y an ape’selectiv

I esdidtivblOhibh Qethpei@ures Bad ach erysftdlﬁ‘@h@ﬁ aZ SMAiveRSlod temperatures,
nmol ecul ar sieve. Unlike conventional alumino-silicate

z eviithewt ghe B 8n prganje Feenpkats sndrasyséalidmatiopered, shysepesily controlling

vari ou e o r.gani ¢. materi al.s | ati

10 g6 TP RAT G BETIE Con B ro P w5 e iftitygion ena
f oboHi & @wsﬁngSMo@f SOty e, In tRidoaiRF, ORbh AREORLIMon, the
cation has been known the nost effective. In practice,

commmcm e ZEMjBstecs tor Freslyt byt Bpthabe erystahsizd ewhihe particle size

hzed usi ng such a tetrapropyl anmoni um cati on.
%) t hough tetrapropyl anmoni um has 25 excel | ent

tenplate effects, research into the preparation of
ZSN¢5 MAthOUt the use of 1 WO 2004/ 058643

15

20

25

DR/AG02801 such an organic tenpl ate has been

onducted As a result, sonme 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 geperally prepared
using various types of organic materials as a itemplating agent. Among organic
materials known to be effective for tfemplating ZSM-5  structure,-
tetrapropylammonium cation has been known the most effective. In practice,
commercial ZSM-5; cwrrently 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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caust ] S PeMld N946 206 °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) io Klocke discloses a method of synthesizing ZSM-5
from a silica precursor neutralized with. sulfuric acid in the absence of an organic
25 .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

2
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ZSM5, conprising the follow ng steps of : .
Therefore, it is an object of the present invention to provide a method of

o

preparing ZSM-5 having a high crystallinity while freely controlling a crystal size and
20 crystal size distribution, without the use of an organic template and a crystallization
seed.
1t 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
25 problem in the absence of the organic ternplate,
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 PCTI KR2003/ 002801 mxing a silica

source, an alkali netal oxide source, an alum na

source and water, to prepare. a reaction mxture

having a nolar conposition of MAOSI 2 (M allcali

b adososzegs of 0.07-0.14, H2O Si 2 of 15-42 anri/KRrR2003/002801
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2ol ar PEgRTRE p S Br SRRl B 5 B b e Were e
10H2 @hovlided ahettlod-of Brepdithe 3ISORS AbdpBsiad the libOikdig steps of:
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nucl eat egkoh @ h@RixiigXil bRini@Nshud®| Bh aillalingethhexide source and
nucl eated reaction-m xture at 130-170 C for "10-200
houwaters lo prefparermsegopd aqiesusgplutions ZSM 5. According to a

econd pref.erred_enmbodi ment, of 1 resent _in ' .
1€ here i SPopb RS Adserh oo S B FRERY LR L wiit
CONRIdgSbit@nallie addl | i R@tes! BPSrefre a2a@Rdf niixfi@e Aaving a molar
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t o qomppsitien of MAQ/HiSh bR Ik FOISi; il -4 aphFignidilyPs of 20-100;
23? Oﬁhﬂgﬁ%@%ﬁg&ﬂ gt%ﬁ‘a% gﬁl %n?xtgrre]dat %—Efﬂ °Ct. %r%rrgagggneﬁ&e controlled
in the range of 2-20 hours according to an intended crystal size and a particle size

20 distribution of the ZSM-5, to obtain a nucleated reaction mixture; and
maintaining the mucleated 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:
25 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 agueous solution while

4



m xi ng the first aqueous solution wth the second
aqueous solution while 4 WO 2004/058643

PCT/ H 22003/ 002801 being optionally added with water,
to prepare a reaction m xture having a nol ar

e pRsbdssmen of M01Si 02 of 0.07-0. 14, H2Q Sirod/rof2003/002801
15-42 and Si 2/ A12G3 of 20-100; nmaintaining the
reaction m xture at 180-210 C for a reaction tine
controlled in the range of 2-20 hours according to an

| NeRE aftichN§t dllled il RRiEr, do Qzaéphrech gedtiae rruﬁture havmﬂ a molar
distribution of the ZSM5, to obtain a nucl
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Vi %&%MM@WS@C' ave used for preparation of
ZSM'5, according to the present invention; FIG 2a is

a view shovvi ng an XRD (X-ray diffraction diagram
patgerE 1%12%45 Erepared in. Exanple 1 of the

pr 2b is a SEM (Scanni ng El ectron
M crograph) of.ZSM5 prepared in Exanple 1 of the

present invention;, FIG 3a is a view show ng an XRD
pattern e warelmraemcwnfmmné gthegfadverfiagep o Shgnpresent

LS8 by S, S0 ot S B D
Shqmeﬁ%&aﬁaﬁneﬁ%ﬁé&c pa%g}%ara%@@aﬁmohn Exanpl e 3
of the present i nvention; 4b is a SEM of ZSM.5

pr epar edFiG Eanptiengitiofviavhebqsries entanioplpsn tipagnfor prapgation of

Vi e sho an. X attern of ZSM5 prepared
@\égp?“&m ]tot\ﬁ%g%(s% T‘@ﬁg invention; FIG 5bis
a SEM of pr&Shh 3s arewsﬁ@lwh@ 2BXaeD | (X-dy qﬁmtaaﬁmpmagreaj pattern. of

i nventi on;
15 ZSM-5 prcpared 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;
20 FIG. 3bis 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. 5a is a view showing an XRD pattern of ZSM-5 prepared in Example 4 of
25  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

PCT/ 1 22003/ 002801 Exanple 1 of the present

invention; FIG 6b is a SEM of ZSM5 prepared in
Goopaiessisse Exanple 1 of the present i nventBCIvKR2503802801
7a is a view show ng an XRD pattern of ZSM5 prepared
in Exanple 5 of 5 the present invention; . FIG This

a SEM of ZSM5 prepared in Exanple 5 of the present

| NEQMIONGS thépresenBiavdnios Vi ew showi ng an XRD pattern
of ZSM5 prepared in Exanple 6_of

t he present
i nvent i 8- 6biixz SIBY of ZSH-Spwppged Zéﬁﬁ@aﬁ‘?"gﬁ%x%p]ieﬂ of the present
Exa%)lte 6 of the present invention; 10 FIG 9a is a
vi 8WERW ng an XRD pattern of ZSM5 prepared in

Exanpl eri.ah is 4 fiewBr@aesin KRiDanttemnf ZEMS p@pared indBxafiple 5 of
of ZSM5 prepared in Exanple 7 of the present
5i nipeprasentinvertios; -1 OCa is a view showing an XRD pattern

of  ZSM S RRAL O (P 7B feld € 5 BF 8 GRkent invention:

i nvent i E%C? 7%%5 0?6 i's aﬁaé%\ﬂlg%mﬁzgl\/t 5 pr g’pa?negwiarl] o
Exanpl e pfc.ofa it HeieRESMARE ah HRENGktaN;of ZEM=5 piepared &n Brample 6 of
vi ew showi ng an XRD pattern of ZSM5 prepared in

Ex theppreserd investionhe present invention; FIG 1 Ib is a

SEM of .pr r | F -
Chvent i SR B LSRRI R ladite b1 R pRAERInvention
100f ZSM FI@renas edwisRowisa R KR Dlfktted o ZSM5 prdperep ieBeumiple 7 of

invention, FIG 12b is a SEM of ZSM5 prepared in
Ex Sigypreset@nvghtianhe present invention; FIG 13a is a

Eaor o " P SRR A O 0P bl vt
SEM of Z§ty foas & Raeshotvihg BN SRID @atictn of Z$Mes prepseahin Example 8

invention; 25 FIG 14a is a view showi ng an XRD
patof tepragént ZSMBLpr epared in Exanple 12 of the

1 5p resent 1518"190%% SBEM of ZSM-5 prepared in Example 8 of the present invention;
FIG. 11a is a view showing an XRD pattern of ZSM-5 prepared in BExample 9
of the present invention;
FIG. 11bis a SEM of ZSM-5 prepared in Example 9 of the present invention;
FIG. 12ais a view showing an XRD patiern of ZSM-5 prepared in Example 10
20 . ofthe 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. 13b is a SEM of ZSM-5 prepared in Example 11 of the present invention;
25 FIG. 14a is 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. 152 is a view showing an XRD pattern of ZSM-5 prepared in Example 13

of the present invention;



FIG 14b is a SEM of ZSM5 prepared in Exanple 12 of
the present invention; FIG 15a is a view show ng an
XRD pattern of ZSM5 prepared in Exanple 13 of the
present invention; 6 WO 2004/ 058643 PCT/ 1CR2003/ 002801
Mrd2004888645S a SEM of ZSM 5 prepared i n ExaneoaE@onfon2s01
the present invention; FIG 16a is a view show ng an
XRD pattern of ZSM5 prepared in Exanple 14 of the
present invention, FIG 16b is a SEM of ZSM 5 prepared

i N Exanpie 14yks @ SEMIEE Z9MeS @Ripared iteixtainple; 1351 Fle@resdnt dnviestion;
a view showing an XRD pattern of ZSM 5 prepared .in
Exanpl eFiG 16nfs apview showangran XH0 @atsre af Z8iE Propaped ig Example 14

SE f ZSM.5 pr.epared in Exanple 15 of the present
>l oA iy o an P

*18a is a view show ng an XRD pattern

of ZSM BIRNEPRLEEM bF ZSARERIarkS in Bfaniphe! 4uf é@Randsent invention;
invention; 10 FIG 18b is a SEM of ZSM5 prepared _in

5 Exanp| eFI® 134 istardewp shosdng an FRQ peitesm of LY preppged ig Byample 15
Vi ew, show ng.an XRD pattern of ZSM5 prepared in
Ex&npf B M8 e present invention; FIG 19 is a

SEM of  Z&ih5p RS0 6£73M-sprgiarkien Bxan@le 156 iy @eefitinvention;
invention; FIG 20a is a view show ngsan XRD pattern

of ZSM 5IGri8pisrasdew shomsiegpy SR Patters ohE-SMhbrrgpasedeinExanple 16
invention: FIG. 20b is a SEM of ZSM5 prepared in
Ex FiBF eS8t GFHRE present invention; FIG 21 ais a

10Vi ew sheyd NGy & SERPPASNET ferfted 45Nk bnifdé EPeitRsbresent invention;
Exanple 19 of the present invention; FIG 21b is a

SEM of &R Bafireyiew sepviine ExERPInetiarg o6 ¥SVhepispaekiExample 17
[ nv%gltf:i on; .. 20 .F]IIG 22a is a view showi ng an XRD
paft'ef Aegt" %%ug prepared in Exanple 20 of the
present grVeRtd LEEM 6F EMEheiaseddn BkaMpls Dy thgprésent invention;
particle size distribution and a SEM of ZSM 5 .
pr epar eFIG20BiempEe shoviog an KBDagigarsf ZSN, & prepyypd indjxgmple 18
15?3%&@ praeséletfnv\\f'e:f’tﬁg;w ng an XRD pattern of ZSM 5 prepared
FIG. 20b is 2 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. 211 is a SEM of ZSM-5 prepared in Example 19 of the present invention;
20 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
25  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

di stribution and a SEM of ZSM5 prepared in

Conparative Exanple 2 of the present invention;, FIG

W3 2doH0R64dl ew showi ng an XRD pattern of ZSMECTREpEVRLE01
in Exanple 21 of the present invention; 7 WD

2004/ 058643 -PCT/ KR2003/ 002801 FIG" 24b is a view

showi ng a particle size distribution and a SEM of

ZSM 5 pFERaMBds b vidwshoping 2jartfle tize distribatont andna SHV Qi Z.SM-5
FIG 25a i s a view showi ng, an XRD pattern of ZSM5

' ppreprarey Bxappleghphitap BYSBe 3 of the present

i nventi ;& I

size di g??l 26% on' ?%J ‘% O%N%ggbﬁgiﬁgg?zegmfsn%mpmd n
CoupmpabtiveExoapleplof he podserdt hevepticesent i nvention; FIG

26a is a view show ng an XRD pattern_of ZSMS a gs
in Examﬁil@ 2p is @ﬂnwglomﬁs%a ipls wigh dishipution a8 HEEM of Z5M-5

Vi ew s a n and a SEM of
zsmegﬂe%” @o%yaraﬁg%% ed ?73?16% %ﬁ%{l gédh?:?t he present
i nvent i gnG. 76uG a Bér shewiag i BRDSIutteinrg ZEN-XRBpgred incffample 22
of ZSM5 prepared in Exanple 23 of the present
i noEthe prspent Myegtiop7h | s a view showi ng a particle size
distrib a.nd a S B 6F 79M-5
23. of tﬁé'pr eslgr?tw?%ventl §I¥}f§ ﬁ%%ﬂg%ag?ﬂs%é\%?ew
Sh@ﬂﬂﬁﬁgdmﬁﬁaemto&“%@r@éntis%@npr epared i n Exanpl e 24
the present invention; FlG 28b |s a view show ng a
parti cl &1Gi Ve ivjs CEVisheing AR KR Rettemat SPMyEpregared in Example 23
pre | e 24 of the present invention; FIG
Zgggﬁ'gpgas‘{’/ﬁ?em\%x&%w ng an XRD pattern of ZSM 5 prepared

in Exanpig. 2% is20vieh shdendh pagiole side\tiuutbution akd SSERDLE ZSM-5 -
is a view show anpﬁ particle size distribution and a

SElpraptreg SNEBmplr 2398 thegrasent DyamIte 25 of the present
I nventi CﬁG 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

20  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

25 - 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 Carrying Ont the Invention




FIG 30a is a view show ng an XRD pattern of ZSM5
. prepared in Exanple 26 of the present invention; and
"+ 25 FIG 30b is a view showing a particle size
g distribution and a SEM of ZSM5 prepared in Exanple
. B Rbyisbaspresent invention. Best Mde for Garfk28/002501
Qut the Invention 8 WD 2004/ 058643 PCTBR2003/ 002801
Based on the present invention, a reaction mxture for
use in preparation ZSM5 is subjected to a two-step
Pr 0cessp,dehigh teSreddRGhRAbA R rEoCHIAI8 drivgeid Reparation ZSM-
thereby providi'ng a preparation method of ZSM5 |
ha® iinenbgastedttars tval-stop PO cihglsisahidlestion andsiysigllizatiqn, yhereby

| contrglling a crystal siz article.sizenno "
di BOVIAHg1 3 BFPawEen mpth e°fgzglg(%eﬁ%‘gn%fub§ F?n%?i!;‘{aﬁ?"c"‘ orystallinity
te i Y St alkhiZz8td MY 8QRHicRSside distribution even in the
cr%@%ﬁ@%ﬁ%ﬂ%%o%n%ﬁr. As such, ct hg nucleation is

5 pestsatiored aabrgael admplatk ynhi givstelrgsion seadrass cfysgdlization prpmoter.

d th tallizati [ ag t at | At}
s ety 26 raonds BoTerRet &SR B fmtreseEL RpRT0 YO and
tr ﬁéil%c : éat?lalggﬁtglf‘ﬁtdaﬂkeldyou@- gtor(gfaﬁ‘lrélf‘ 1 RERERNES (1MPAMVWE) entil the

Size Is a very inportant factor for a
Cc atghtyliihity resched substantialkp 10076 il piefordnag., it is preferred
that the crystal, size.is smaller for e catal yti.c. .
reacti oMeaP@'EQﬁ_’ thengysiel siggiiga H?Wfﬁgf%al’# Eqatoa??reaaé%agﬁ{c reaction.
o 102N%, gﬂ?ﬁ%&' ’fttif' BorBPL LihatOhe tRBt? S0k i fnallekl FérNBE catalific reaction
casesS of cata )?tl C reactions requiring not-too str on%
an rapirthgsirtyed diffwion oy s teaabtastiand a puiduct in pergs offbe gepdite.  Further,
smal | . Hepce, uypon synthesizing ZSM5 in the absence .
of I FSCS 6F GEATHS FERMCA CEITRPER R STove el Sl fprorysil size
t h%hocﬂkf GoChe ttcBeTnﬁﬁﬁu'Efeh&Q H?Bﬂ/ $ A3z oEs - P& de absence of the
properly controlled For thi's, Tn the present
| N\oggiibicasmplath &y bhydisthepnal emctidnpthe isize opée fesnling crystals eould be
above variabl e tenperatures to achieve.t h%} ’ son i
L5y SRSy | PREOISH, ¢ ALSe 8 15 PESRL FOPHICRy o BV PSR fefetion s
Si f&'ﬂ&%fit | GhBuIE iy th BEiLRMhd BpQEIiSdHon ftRfs easil
t héj%rcat a %ﬁg%@%p{é&%@{tcﬁ@gﬁﬁg present i érs?\[?entli onf1 t he l_y
NUGhaRdliinthe efyetbsitoanl theipaticie size distribntighioworigntier the gatalytic
presence of crystals of ZSM5 on an XRD, while the
crystumti zation refers to the increase of .
crystal |jyhhd YreQ¥Ehvliddh, B0 nidkaSRer B AHGORAAAESn Wdwfing no
the preferr enbodi nent of the present 1nvention, a
20  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,

25 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 mulii- step. At this
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reaction mxture formation is perfornmed differently
fromthe conventional ones, whereby superior ZSM5

can be easily synthesized in a w der conposition

range, 25 instead of very narrow synthetic ranges
MRPANHRE3S the probl em upon using no or ganipgT/KR2003/002801
tenplate. First, a silica source, an alkali netal

oxi de source, an alum na source and water are m xed

to prepare a reaction mxture for preparation of

Zgl\é?ni- alHBEa e BRI RO ufth mikhe theradthistox patfieulaBylidieed, it
per ormed%hroughasmgle-step or multi- step. At .
t biks SypiSallfOrRO0 4h0E861S HETHKRREBSY JUPEHD: thorasstion mixiure is

| t hough the t ture @0, t e ' .
B bt RS BB SRR RS TR O st
t eRmer ik igo/s10) ok RRuPTREEMI Siy EROI Sabodihe-10gact i on

-mxtureTs controlled to have a nol ar conposition of
5 MO Si On eiscalpbet i SFcdnimixfng isadbiamed bynibe alngleosigp, & mixing

H2O' Si 02 of about 13-42 and Si.O2/ £ of _about s
2 0egeRe oF i BRSBTS EHB G B REGA e slice sovce
Obﬁl@ja.g&g 221 LR Shitel, Gvaddr @Rd 1R ARk GourSe Gt 8ARE rfy B ixed.

ingredients is not particularly limted. For exanple,

_ t hetteiwise; svamnuiecayming brarce] tha bikalinmetsl oxdds sparces end the silica source
wat er  and the_al um na source, in order, may be m xed.
O mey by wavenfiaiseghixed-ne al uni na source, the alkali netal

10 Oxi de S%@%@er?%cet Nfeide| the UL YhGE: affdr € alumina source in the
sequentially mXxed. 10 However, since whether the

Si fdacthonsixiae isapreideot int dveaqubonsi sokution 0f eamiform [gel state affects the
reaction m xture i esent. i n an.aqueous sol uti.on .of , .
a gg&ﬁh{c)bpmhﬁéps qnggél\f—lg,f &fe@pélﬁtwe%prpf%urgfastrﬂ%monedobelow is
[T:ﬁ}éke‘r aqgog{éﬂ(a),ﬁms_téad BHnt kingtb &Rp Hetichsd plesedure as

t1 oned wis preferably adopted, instead of the
si ngl e ceqdimend iadine refbuadecmbadiomt oHithe tpoesentfinyestion, the silica

preferred enbodi nent, of the present. inventiqn,,the .

Lo Sh ey SO0 T o, e P M RRGAS o e romied
(&1 D prepit Kkt %ﬁ%&&ﬂs SMEEL X AAEdcIRANE IR BEbR tBat th¥ @ftourdt OF the
prepgreg a first® aqueous solution. As such, it is

pr efiies adire ih it fisshemeovs wolntiof istdoatrollsd fin Bw renggrof abjug 21.5-26.7

the first, aqueous solution js controlled in the range .
of vaheuthis 1s Becogse pilicgfsopot ?Fﬂifgm%’s EFQE"% & water fgaterds ﬂ??fent mn

un ieLtﬂ) '&é/esg{/&f QL%{F& lhgg‘e WALEE i) hheWRttSudots RIGSRANt Séarately, the
ei ther excessively s | or large amount in the first
20a0URAMSa SoRkas] the nikaSeneed akidk gourtd@d2@aterl anermizedsto btz a.second
the al kali netal oxide source and.water are mxed to, . .
obtagnasus, solgtigronds such, the alumina source 1 the second aqueous solution is
controlled.in the amount of about 0.9-4.4 wi%. This is also because the alumina source .
. should uniformly dissolved in water, Then, the second aqueous solution is added to the
first aqueous solution. In consideration of the concentrations of the first aqueous .
25 solution and the second aqueous solution, in case that the H20/810; in the reaction
mixture is below the required mol ratio, water is further added as a balance corponent.
Aoccording to a second preferred embodiment of the present invention, the silica
source, the alkali metal oxide source (e.g., alkali metal hydroxide) and water are mixed .-

to obtain an agueous 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

of about 0.9-4.4 wt% This is al so because the al um na
source. should uniformy dissolved in water. Then,

s .ue6aRd aqueous solution is added to the pdig®bosnozso
aqueous solution. In consideration of the

concentrations of the first aqueous 25 solution and

t he second aqueous solution, in case that the H2O Si Q2

| NeihifesnR@Gh Lﬂibnaqfugilﬁ tshifBorl &' JREb:@WYy todBrdIRA Wh Bsht 105-26.7 wi%.
rati1 o, water is further added as a bal ance conponent :
AcBemitdlyy the almsmconteds dissotveddinewierdionprppare u @fieous alumina

present jnventiqn, the sjljica souyrce kal,i. net al

O Pstlies fod i corain OF SR g avak el Wi it Paveos
ar e eurch QIR AhaH) tRIMBEMS ahirkihe Sou@offion is added to the
SO ion. nent 1 oned above, the anount of the 10 WO

5 2084u/e0nSAi3 sRTTd RDA.3 1O0DEN konsdeking thegonregwations offthe aqueous
. aqueous solution is' preferably controlled in about .
21 sijcpgree fplyfon and fie20pqops AL IR ST ERAC °%a6%?ﬂé§g'ia§t%" B,0/510,
di $5@L YakidnMakEE bglgwwr ErRNraBE URRL I AtHE20dd as a balance
source solution, and I1s controlled’in the anmount of
abebthpdheft: 4 THervtty)thi reattive aigmesciu ¢he statanfigelds sioplyodtained.
solution. Then, the agueous alum.nha, source schFLléth.on IS

added t dist HavertigaRlEokROvE; WheR T RiRsYe; e plica souree is
1054 1RO G AL LA Qc?d tsél&ti&q.ﬁ)gﬁ?}ép@aﬁ%& 2L ) @inddlH §RUDitate such
sil'Tca 'source solution a he aqueous al um na source
SOlapsbditm sbifate &s geretatetd, tthie dHB@NISIoGRaintain ¢dneistercycin| the reaction
m xture is below a required nol ratio, 1\az}lﬁte‘r IS s of
f urcomBpsitiRtd e dbereioR: fisiTaatien CEBRISEIEfEsco PRty g of pure
r €34 QM- of bl aEed uSth@t kel SrefirihYmethod of ZSM-5
ob%g&%%gg@%ﬁ?&%ﬁ% I% E?]%%\/\%r,g@v\he%e%ﬁé al uefn' ona0
souraRdiag td te melirehenindinents of theQresentt inwdntiowds wivehiagaous in

aci d sol ution 'upon_preparatjon of,K ZSM5,.. si.nce a .

L5 st SPHChEE @ DEWERZAHAR ol 5514 A7 PG F095 GisRulpipihte npt required,
is .diffigul Lotal ' Vod fi -
5l Bl o TR A DY DY e KON -
es sertibakt vifibld hepayndehesi s of pure ZSM5 cannot be

accurately adjusted. However, the prepa ,atiq?rgq]rret hod th
of ZSM 5Theredlen dhngrepesed RECHe EFPEDS SHBIGHPHEN iucleption &t the

t he _pr.esent _i nventi ' ageo j .
e U5 SR s A6 Ty Al comoni
20i SEOtabé 6M2-20 BodQtdepedding oathe cridtl cizg And the phdtitle size distribution

relatively sinple m xing nethod of the reactants and od
t heoftAS1-Sitebe prersed: | SHbsEauspHy.jthauslepistfrarinn fpietire is crystallize

;I'geﬁr%%%}‘uigo_r}oh%fg{%g@trl%gzobim.i on mxture is subjected

u I on at
As mentioned above, the starting composition of the present invention, which

Co

has an influence on the properties of the resultant ZSM-5, is specifically described,

25  below.
As for the alkali metal oxide source, a proper alkali metal is exemplified by
sodium (Na), lithium (Li), potassium (X), 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 maintai ned at about 180-210 C for
the reaction tine controlled in 20 the range of 2-20
hours, depending on the crystal size and the particle
size distribution of ZSM5 to be prepared.

QHPeMseas ! Yy, the nucl eated reaction m Xt ur @cir&r2003/062801
crystallized at about 130-170 C for about 10-200

hours. As mentioned above, the starting conposition of
the present invention, which has an influence on the
propertitgs sﬁf’:a EJﬂ:@cer 8 %kﬁf&rﬁ‘lﬂf{ sél&dbfrorh $heSREE EdusiRtidg/of colloidal
descri bed, bel ow. As for the alkali netal oxide

s o suhwg ,sothurprSdp‘eﬂb‘, whikeatarborend |bo¢t@:1t@x@1dp|s rdprasentigipely exemplified

ST MPTYTNE AT W O
par Ui cUlpabaditikn, ithe ﬁ@ﬁna%%? k¢ 86l ihftant ABredieliefol tH¥BivRIeation

oxide source Is used in the formof hydroxide. 11 WO
520 0ddr0 8864 Do REFaniCRROP B 0a8 Ote alTmimasiopice ds sxrmplified $y sodium

preferably selecte t he group corisisting of
co l%glaf g% si licate, white carbon and

boebrmi t &y GRA he nfoﬁal? FARESH ADLMEY HENRMBAckibh 8ktulYfor use in the
colloidal silica, for exanple, 40 wt% Ludox AS-40

( DyppepaatiGh efmZSBES )is praferalsdyliatijusiad in e wogmphaboseP(d80.adf the

Tt B P i L0 e 5 i
1 Oﬁ y %!m lnﬁc%l'e&ﬂ A?ﬂas% 0dj Wkﬁ eylmﬂfk%&a@ﬁgo BkABANDN the nucleation per

r oxi such, e nolar ratio of Si 02/ A1203 in
t hee reammdt i e penfortnad @.nﬂolﬁlus,l$>erel ASMKe is dif6pdr & ispthasize. More

ZSM 5 is preferably adjust in the r of , abo

o Pigoly g s verrRALiFq oh fheranbe s 8quh 2630, AltRough U.S. Patent

di fitd QWb 85%&@%’19&9 a$h ?atﬁ%%lm& %%&Qmﬁﬁ‘ €0 for the production -

formation a nodernite phase. Meanwhi | if the

ol ArZSMS] theaxesertdiavenfion ptdveles tiel yathean op ESM—% with a?nbmn’tlaﬂy

be perforned and thus pure ZSM5 i ficult to
lfsantOH'@sqrzséaﬂuwafrﬂ@ SHRBPRRAGToEY Fen S tiogtold SR SESIOALO:

gf about 20-67. Al though U S. Patent No.
5, Zlng&é{jgﬁ}g]ssc

| oses a nol ratio of Si 2/ A 2C3 not nore
t han 50 Fethet, Rextdpruesiit theneactidn ﬂxSMIE of theeprepetsievention is a very

i nvention provides the synthesis
subFPariEnt arfgr‘;dl% fq@@%%b%@ﬁlaﬁymhﬁﬁi i t&?ﬁ”@*ﬁteﬁ being preferred.
morHho t 5845 der @8&&4&&9&:&%&&% lerdafll bffecQJ thob P AGR. In the

I's not Tess than
20 present invention, the molar ratio of Hy0/Si0; 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.

25 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 nueleation, 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,0/8i0; is adjusted depending on the given molar ratio of 8i02/A1;0; in the reaction

12



Further, water used for the reaction mxture of the

present invention is a very inportant ingredient for

hydr ot hermal synthesis, with distilled water being

preferred. The anmount of water in the reaction

Rrocbgeiessgeat |y affects the crystalli zati on.pdmkizoss/o2Bo1

present invention, the nolar ratio of HROS Q2 is

adjusted in the range of about 15-42, and preferably, -

about 22.5-29. Excessive addition of water results in

a geaieasktonsitdstial fh@at ol réquired andifftlendy domsl keatdcleation

increased crystallization time, thus |owering a

r eHeei oTilWF%Plulsaﬂ’ﬁ&]@WSt he addi ng anount of water

shoul d be n r [ e. . .
. E@ CpsCs tweersrglse}x{aﬁn Y er§107f4%é is Zré.ahvely high (e,

Accor di i nvVent

M iy, 086 g Hifier), Ge¥p Potd ZON-5 aag e:ea@nﬂhesﬁdj meme range of
above is first subjected to the nucleation ste t he

5t mmzevfe.@z of awgg 09100141, e rusleaticn e isogletively & Snteoled. Tn

;g%c nz&n’hﬁ)f(% 1%‘{ e %ﬁcgfﬁjO%él 6 %59 D}E%Pgl‘l %eﬁ‘e%tztrant ZSM-5

th%edasﬁieﬁfoHaaéei@exgéonai\aﬂtaﬁh%bﬁ;gﬂdj ust ed dependi ng on
the given nolar ratio of Si G2/ A 203 in the reactlo

12 WO ZWﬁQS%ﬂMCWhF@RQ@O@ﬂ@@%@lSIO#Ak% Aplow Ge., 8102/A10;

consi derat o reo I e

cONEr glFanta:%?é’ ﬁﬁ g‘ﬂ M’r@& e § eglsaci)lgo If'gésﬁﬁ{ Bl inbitancous
10f OlpkdAiBtion! oF 2R SV\ﬁﬁrtEe faB&erite (ﬁﬁﬁser@btdﬂu@ﬁonsdf@ly&hémdermte :

IS reI atively high ( , / A1203=29 or hi gher)

si pbssepuTusZ8H B ar aaﬁob?é.h@ﬂﬁlﬁ’e shopllcbeimpaintrined br{herapge nay more

re%ﬁn‘({?ﬁ 3&9 aeggq iﬁtg% aalra?héaaoftl%%)/ 1§)§t1 ﬁg t?LQnE)mz,Fi %fﬁcﬂtto

no |b§‘1§:x%v Lt Be QfystaliRidN. 2ERndes 1t2599r@£6n&1 ﬁﬁt&ﬁe mbl€ratio of Mz0/Si0;

resultant ZSM'5 becones to have a hexagonal crystal

noripeingined Dthetringeof bout R . 1. vvﬂ@ﬂmt %c,ﬁ@? nycipation gpfe and the |
2 £ h 9
15 n PP DTkl BTG Rt Bef tdorey. o

S' 20dShe AR QHY G 90,/A1,04 h@ 1%SNhén apdidkh@sultant ZSM-5
ernite phase or production of only the moder ni t e

phd&eoméﬁhmbaveahleraﬂrmmﬁlmmh@wf M2Q Si 02 shoul d be

intained.in th L
ol e B S4BT tRle PRSPRED Gy prd STy bl e
di ffbfeulife SHase Qr#rﬁguéboéﬁlcet e faky/ SbRILS 7 aifialk WHeAERsize, the
it 1s preferred the nolar ratio of MMOSIO2 is

20rei mickatiedting shivid badee nhintainedtto @eoem@t ©f abeptt 192 hours. In
case,. the nuc| eat on r te aﬁ tt é{) stalli zatll ON . d the
r at WO et SR %v@“ EHET yEtCal %tgl%eﬁ'yt?%
pr oér?éﬂﬂﬁzahl)ﬁ‘ time is mamtamed 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

25  process is carried out in an excessively short period, the results similar fo single low
temperature synthesis are obtained. On the confrary, 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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particular, if the nolar ratio of SiO2/ Al 203 is |ess

than 29, the resultant ZSM5 becones to have a spiral
crystal norphology. Particularly, at the nolar ratio

of Si Q2/ Al 203 not nore than 22 at which the nodernite
RP@SR4beesr oduced, since the pure ZSM5 is dedHg0831002801
to synthesize, the 20 nucleation tinme should be |Iong

mai ntained to the extent of about 10-20 hours. In such

a case, the subsequent crystallization rate becones
ye{e)frﬁ;ﬁi‘a‘?We sBA b&1Set 16 by Sellivbly Z8dHeD thah ithecriy Salliitioh abBigtature.
in the range of about 96-200 hours to obtain_pure

ZSKtbe nhaleation tommpowbie isilawenthirothe propex lyeelnt is| dificplbfp gaperate a

the first step t he .t wo;.st e r [ ried
outeH e R Pty P B PPRE THRl e SRlekbcihod the
Si WJsllizhorStaiOb goel @Yhe shiBPBRIeAdddrBusSY RIdMERHIS tREdRitro] the crystal

obtdi ned. On the contrary, if the nucleation tinme is
5t osize | distgbutione Aesulcossegiancs, athe t mickspiigy Enmegpiure of the present

tenperature synthesis are ai ned... Accordi ngl t
cr 9%‘135110%152‘@“%‘?]%5@ B PREe %be{b%fe@%\/?ép y%mf%gprggeﬁ%ly’ oSt 180-
l'i qppakions are inposed on the use of the ZSM5 as :

the"cafalyst. In particular, the nucleation 13 WD
2004/ 05868 BEToKRRE0B/H0RS cictionp dreatuystellistion Wkeseplace to

oo be el anes i Che el AR B o
1ot h%‘gf e RE-PRRFNilye Yebhes | dubbifinttlif f 1G9t trBe GOMBEAuR @nd time

rapid nucleation” "Wiereas, if it is higher than the
pr apaditibesy edqnir¢dh ornthe | cesstalloatiom dret feserminadsing porsidgration of the

oK Roinn oh S R SAE e ANt ! S SRLHH! dous
CONSEQUeRE ey bAE aﬂ&*ﬁ#@ggﬁlblgﬁa ho%E"pl%bﬁlW r€, ob1atiitey N6 R&EHan the”

invention Is cohtro the range of about 180-210°
C, mwnHationaémpadstry, fondbouit1 0280 how®0 C. After the

conpl etion of the nucleation, the.,crystalli i-on i
1% gkes mgg@rq%g toy thﬁpg@g@ofﬁxg PEes llrgqeﬁtilqﬁ, _ZS?VE-S can be prepared
Pr agtiCe auetaod 5 i Med @ 1l6 fal | ferably,
Dbl gt RSB HBked A AR S i bty
subss ant, wthlayedQ@%ow partcle dppdistabuiive. and ti ne
conditions required for the crysfallization are .
det er mi naeTR S dis Bepo el o b eGSR of ffgaction
reagh) o3 : ¢ bd1R@InQT data of
o SRR P ongf BB e YA, et e
2050201 7.9° Gnd DBLAY, ichredspordingetd chirastertstie peaks of ZSM-5, by use of an X-

ray diffraction analyzer (Rigaku Model D/Max I). 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.

25 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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nucl eati on tenperature, for about 10-200 hours. 15
According to the nethod of the present invention, the
ZSM5 can be prepared while an average crystal size

is freely adjusted in the range of 1-6 m and

g&@mmw 2-3 m with a very narrow part irtireieo2s01
Istribution. Determ nation of the phase and

cal culation of the crystallinity of the reaction

product obtai ned through t he above processes are based
upon th%()?’(l)fi Eidok NB- 4 adRtiBeaOdourcd Bvad Dlabedindd @ bédker b, fo which
corresponding to characteristic peaks of ZSM 5, by use

of 234 Pofraall wi% Na@Ek jobriom s W)ﬁf}y ey wkile pasdehingysiamieg at 200

111 th I t duct

coﬁs%wér By0rpa A B Sl i P o BR300 mom
| 2K Biidrs. @esﬁate@%)s bsg Fwdbe o BRI BluRiraRefdsicharged into a

sur ace area of "the uct, a BET (Mcronetrics Co.

5ASABK202,(pgatier WGt 48&8gt qfrdus@ﬂed yalariogt %l g 028 Ilﬂm% AfpOH solution,

ener a escri bed thi n
gn&gtjl §1I5¥fac? Hﬂn%éﬁlagge closg{réﬁ #Y?;é glrrf?&lqnéﬁ, lt,[‘g ef Jhe solution of the
SPeelifel & aﬁ(ﬁﬁp# §BadiHosh dﬁﬁﬁed%ﬁ&'v@e%j s16@THded 0 Ehe solution of the

pur poses of lustration only and are not intended to

be beilet t1i mgd mhﬂnems;eétfhe o Beurs pBuhstquently, Biamgshildany miigture was
WO 2004/ 058643_ PCT. 2003/ 002801.60 g.of Ludox AS-40

5 GndF R0 1O U SPEERE PL TS KB aRGTD Gt jFas moreased

10 gEo 16 cind pggff%f%ﬁ%ngffﬂf%. PAG B o 6T HAStoBI B Mipped with &

3 0 sgmplingdpet EhdvedinvEiGerl, wakb mhaintdindr for teie dtourﬁ ol Tfmwe&te lygaction
it SRR AP L RIS drviotRar G08 Sielstion of
an ghgfeg&g)ﬁ,o%c g&ﬁ%ﬁiﬁm%tﬂé&d%ﬂmq m&h&%ﬁe' i*il%g h%gezi pore size

sol ution and adm xed using

a reEgIepncsulfidientgwakion vsing distiiaiuwater, Hiel = dDE &C forttrehours, and

solution_of the beaker 2 ang 18, Shg O];?gﬁgdltlo ﬁ d
154 sthen predyzgsh e PigRsriessbeRGR ¢ $7F G & T prepare

th , n of.

SuBEEATE s FROAI BV ke e QROCHAYIon wmd 3 SEM there

I ntmlr&erSQQSET sthedck areacaritzai avenage anystal kige preaepressnted in Table 1,

tenperature was increased 10 up to 190C while

per‘?eéq"ﬁi ng sti rring at 200 rpm by use of an autocl ave

equi ppedy, ?eseﬁaﬁmﬂ g tﬂﬁ MbacB® Wizkdte Fla6 thd» f0B&Wing molar

mai nt ai ned e the reaction

24 enpedpakitioe . Was cool ed to 150 C and mai ntai ned for 40

hours. After conpleti of
Si04/Al03 = 67, Na20/3102 =0.115, H,0/8i0,=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 wi% NaOH solution was slowly added while performing stiming at 200
1pm and then 30 g of distilled water was further added. Subsequently, stirring was
25 performeci 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 gof a
10wt% NaOH solution, and admixed using the magnetic stirrer for three hours.
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the reaction, the reaction product was filtered with a
menbrane filter having a pore size of 0.2 gm
sufficiently washed using distilled-water, dried at

100 C for ten hours, and 15 then anal yzed for

wompesasas t hereof. FIG 2a shows XRD patt ereTodR2003/802801
prepared reaction product, and FIG 2b shows a

particle size distribution and a SEM t her eof .

Further, a BET surface area and an average crystal

Si Theredfter, tiepsobs@ntofdhd beafatl endl]9.4 lgalfoviitibnnl tdistilied water were
present exanple, the reactjon nixture has the

f oFlP B ﬁ@ieiimn{‘)’aﬂle E@W&%ﬁg § Pfker 1s; 4881 fep ogined fpr one bowr
Na i =.0. ] i = .

LRy, e rikion et o taatet (FARARRE Ao o 190
beek eihild perfpmitaistRing 21 280 Guofy we bOthatsinNadbtlsal s i Bremple 1,
was slowy added while performng. stirring at 200 .
5r pardmaintined fggwo dous. Jffken; e derchin: BRPHERS s feled to 150 °C,

ad I ti el p r ot 4200w
rpm &@%ﬁﬁgﬁﬁggr%?ﬁ ntﬁ[(#egq%eaaeglg%n g%%e{%&’é’?’ e fant
S OgHattbnratiicineisenalyes faristopkriiea thaecd iothetsaraé manfr gs in Bxample
together with 49.4 g of distilled water and 7.5 g of a

100 v heserits e shavyin FEGY Jaand StedtdsaPKgl- t he nmagnetic

stirrer t 5 ' . 4 4 .

PCT/ KW&%%%O%%%% Igg%ﬁepﬁ %a#t%elfc%dﬁ%oﬁe sol ut #‘%ﬁ%%f §%ur?(‘§m g molar
10beakspositioand 19.4 g of additional distilled water were

slowy added to the solution of the beaker 1, and then

m xed f §iOC%MeO0ds. NasifiQuguhtds y H:PR0r 22234 on

tenperature of the resultant m xture was increased up

to 190 C while performng stirring at 200 rpm by use

of the sagmplegtoclave as in Exanple 1, 5 and

mai ntai ned for two hours. Then, the reaction

t enper atp beakesl. G Ed-udex A80@s & siiprIsovEieTia ilHtegueeds to which
35 | et i i ON: ;
SSRGS BB P i i

Pr @Rerdoll 89 g dTek@bd Whtet Wes HANR VAN IoRsd by stiziadid 280 rpm for
1. The results are shown in FIGS, 3a and 3b, and Table
151, theee hovss. prispasstelyedrprepovdee plosdivm plumingieves fhggged into a

t h%egk%} &,qg\é‘eﬂgr “nrpdl a4 g 0} gis&l?e%?a‘?értail@ E]Sg of a 10wt% NaOH soluation, 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 fo the solution of the
beaker 1, and mixed for one hour. Then, the reaction temperature of the resulfant
20  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.
25 In the present example, the reaction mixture has the following molar
composition:
Si0y/ALO; =50, Nay0/5i0,=0.10, H0/Si0;=22.5.
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Si O2JA1203 = 56, Na20/Si 02 = 0.115, H20/Si Q2 = 22.5.
Exanple 3 In a beaker 1, 60 g of Ludox AS-40 as a
silica source was introduced, to which 21.4 g of a.
10 wt % NaOH sol uti on was sl owly added whil e performng
Sto sookosgs4aat 200 rpm and 30 .g of distill edcosireoc3meesol
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 of distilled water and 1.8g of a 10am % NaCH
solution, and adm xed by use of the magnetic stirrer
for thré&sahplafs. Thereafter, the solution of the

beaker and. 2 addi.t QDA I nat :
o owl y ABGHLEE NGB (iR Bre i SR R e Ro waien
M %24 of Gfa WGRUOH s61H8Bn whd ﬁow@a@&mmeepmﬁahg rstanﬁg at 200
the resultant 20 m xture was increased up to

vvhqime apbihtwBg nfdistilledrwateg vess fizther aqépd, igiloyed b&sfstums at 200 rpm

aut ocl ave, as .i.n .mai i ne
5ho JShree s SRRAHERCT gﬁ?p?‘% eq%g?qi'?rs a{\z\églénaéeoo?se'%&?&u\é& into
159 bgakef‘ﬂ C*oé@icmm‘?th R8Q JreistiBl WAk Sd 64 & 6f » 10R1% NaOH solution,
conpletion “of the reaction, the resultant reaction
pr elisdmivebusingzhy weghefio stirpar &yydhies benrs. h dherstfiarfhe prdution of the

T, |
i Bk v oy 2o Maspiston o3 DRReHt, Rt Bik 6 ¥oc blliona
examh& w&tgie aldBREL tfXBd Wrehs! b D aBhel BR1i6© Jte Bofige (ah&fesultant

conposi tion: Si O2/ A1203 = 50, Na2Q Si 2 10,
10H2@hﬁn@2wa iB2edSed upl 19D°2OGAL @&%aa@agcnﬁwngm G0BHOODBOE of the

nple 4 60 of _ Ludox AS— 40 il sour
 CRB AR Yoo R Bl 0 RORARL T t&’ﬁ?aﬂ&’ opibseEntly, the
Wt ° | After the .
ot PO Il Bt B éﬁddﬁﬁﬁ’é’n%gf‘gm‘é%*%iﬁé??‘r POGPD Atter the
wasofopletitve vf thel dexdtior, dhd mmétantbya@n rorddngt vees @mztfdpﬁw Broperties

for three_ hours. Se
S hETA! S WA i PO ThE G TSR IS, Sa nd
t 0 th 46 g of distilled water and66 of a

19, R IR Y, ; g

solution, and adm xed using the magnetic
stirrer Hhothet bresmt hexamsle, The remfiore mixtubee heo|the i folowifig molar
the beaker 2 was slowy added to the solution of the
be gieEpositions) ong with 16 g of additional distilled
vater. b, el —ox R piionl® 119 U ,clie, eas! i on

tenperatur t he’ resul t ant

Comparative Example 1
60 g of Ludox AS-40 silica source was introduced into a beaker 1, to which 21.4
20 g bf a 10 wit% NaOH solution was slowly added while performing stirring at 200 1pm,
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. Thereafier, the solution of the beaker 2 and 16 g of
25  additional distilled water were slowly added to the solution of the beaker 1, and mixed

for one hour. ‘Then, the reaction temperature of the mixfure 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

in Exanple 1, and naintained for two hours.

Subsequently, the reaction tenperature was cooled to
¥o®2004/0586ud mai nt ai ned for 30 hours. After tIHCT/KR2003/062801
conpl etion of the reaction, the resultant reaction
product was anal yzed for properties thereof in the

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

Fl @hile fafoanihg3tring 16208 batikeoflthe tametdechveseinBrample 1, and
exanpl e, the reaction m xture has the fol|owng nolar

c ompEEined dor nim; pirsa1 Adigr the semmplrpioncpidhepeaction, the sesultant reaction

H2 i = i ) .
Asgégﬁcgi%faig ca o‘[‘lﬁfocr §P S Fs?Eﬁlltk"l)ré gfdl ?gg&&ﬁ# %tr%anglgrbagéﬁ g? i Qif o The

WhiegittsZide showd & BIGS 60and @b il &TREIOH sol ution was sl owy
added while performing stirring at 200 rpm _and 30 g

of di st i ey cpmpaptiviaxample; fisrreagtign anixpgs pasidg following molar
Sti rn[Iiorslgi at 200 rpmfor three hours. Separately, 2.2

g i IEJowae"rs of sodium alum nate, 46 g of distilled

wat er asgo,/,6; 9501 Mm,0-8W,% N3 sROISIOLA2MEr e pl aced
into a beaker 2, and adm xed using the nmagnetic

stirrer for three hours. Thereafter, the solution of

t he beaker 21 nd 16 g of 25 additional distilled water
wer e sl mpg ded to the solution of the beaker 1, and

m xed 501z STIRIGONE-40 HEeDsoukdiCrs@Bbd Bifo 4 BT BRdIGRIcER1.4 g
the m xture was increased up to 190 C 17 WO

20017 t&8t4 daPErckiionvay Dorg edded hile gerfuming sring at 200 rpm, and
tirri _ t )
o o0 % ¥ i BRI P Aoy ok R BY b SR o i

COMpbehind Fepdrlt@ly! 2CH b Bowdedde of 86diih AMmik&8 Ghas Qilaced into a
product was anal yzed for properties thereof in the

s ateskandriegetles vith 45 enfistliad wathreandridHi g o2 30 wt's NG sofption,
FI GS, a_and.6b, and Table 1. In this.Co rafi .

o i PR Seigeine BREGeOS duter b ot Bode, StrERIRAL B Lfion of he
COmBAST 3 kWaf slowlyRANE &d sohufibh oNBCBYafrQR alon®wiklh 36 g of additionat
H2OQ' Si 02 = 22.5. Exanple 5 60 g of Ludox AS-40 silica

5 o §isgBed migterp brloaited for onechoye a Kien, the neertiph fatperaiuraoffhe 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 fo 150 °C, and maintained for 30 hours. Afier 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 mixtore has the following molar

composition:

25 Si02/A1,0; =50, Nay0/Si0;=0.14, Hp0/8i0; =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
distilled water was additionally added, followed by
stirring at 200 rpmfor three hours. Separately, 2.2

Sv@ioopeeEker s of sodi um al um nate was pl aced FOTIOR2803/002801
beaker 2, together with 46 g of distilled water and

14.6 g of a 10 wt % NaCH solution, and adm xed using

the magnetic stirrer for three hours. Thereafter, the

sol uti omxgfrlthe 15 beaker 2 was slowy added to the

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

addi t i onag of Bidxi AS-&@isiligatsovrce ﬂmﬁnmduefdi intora tealeer Ao which 17.8

rTnhgt%EG Péh\%éré ﬁ?‘éﬂf[ é&é‘é S?%H V\tfﬂlﬂl,%pg %ﬁggmm 200 rpm,
n%ain@ 103:‘9 éma& déa%%l%fer bR, RAPReE QEHAY S RO rpm for

mai ntal ned for two hours.
5Su Hﬁmhmml Beparitely, 2.8acof pmvdeetanesom elumingtecwed erged into a

150 C, d t d t 0 _
oo ReAkE: Dnagher il St fisled oty 844, e g i fre mogntic
Pr QEWG o MRS BARL.Y Z‘J%grg%gﬁf ,etﬂé éH?lﬁi’oh'o? the Ueﬁ&[‘ & Qfas b1Bwiyfded to the

sane nanner as I n The results are shown in
Fl GButichoofalechedier 1, Aorg wWithbldez of additionat ﬂnenlpqde@mtand then mixed for

exanpl e, the reactl on m xtur e§gah he foll ovm n ol ar . ot
CONPREIE; ohRenpthe yaeponpmppsature el\%’?@‘? 1pcreased up fo
3 0H2 qég l’(Q gvgﬂ%%%f ?rmfng Jsérgyx\ga%%@ 4%1‘9 §§ @éegbflﬁgs/aﬁlla ta@t@&%eoag #8Bdample

I'i ca source was
i nt1g @ﬂi,lmeﬁltaiﬁ’eﬂ doatwoctakest Iherta@emhhmwaaibnsem@ermre avag @ooled to

wt % NaOH sol ut i | V\A dd '

o 1150 o e S 55 Tt K L egphuion S Fopeoyle ot

Wasi- cHbd ﬂ%&uc@%%gﬂaljzgd b éﬁg%j%s ﬁEr'eGif ih M @ine 20né&rREd BEample
0 ep

ree urs. ate of powders of sodium
aI u.m Taé esviBarecshawg erF1GAL &a aad Shea&'@a’olel together with

54 g of distilled water, and then adm xed usjn he,
Lmagnet i dn gei pregant  Frmpley &2 REATHED n?ﬁ%’#ei‘f’f et%‘ g@h%wmg molar
soI 5}58{10 of the beaker 2 was slowy added to the
sol ¥ 5 the beaker 1, along with 14 g of
addi t i ongiD,/dil.6% =l4be dNwWaVE O, =avd, t HESixedd.5. or one
hour. Then, the reaction tenperature of the obtained
m xture was increased up to 10 190 C whil e perform ng
stirrin )%En 0p rpm by use of the same autoclave as in

Exanpl e and mai ntai ned for two hours. Thereafter,
t he reacd @of Leltrersdgikcawasrce was glecetidnto 2 beaker 1, to which 21.4 g

20 ofa 10 wi% 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
howrs. Info 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 wi% NaOH solution, and
admixed uvsing 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 aufoclave as in Example 1, and maintained for two hours. Then, the reaction
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150 C, and maintained for 36 hours.. After the

conpletion of the reaction, the resultant reaction
product was anal yzed for properties thereof in the

same manner as in Exanple 1. The results are shown in
BldSR0adaand 8b, and Table 1. 15 In the pregenkr2003/002801
exanpl e, the reaction m xture has the foll ow ng nol ar
composition: Si G2/ A1203 = 40, Na2Q Si2 = 0. 09,

H20/ Si 2 = 22.5. Exanple 7 60 g of Ludox AS-40 silica
SOl ratas Wit 8suld th 60 °Q, 438 aketaided HO3VHIERY 2ltef1@ comPletion
of a 10 wt % NaOH sol ution was slowy added while .
peof Serrpastiors therresuligntaeactiompriopyat wash apalyzpdfpr propgrtisy thereof in the-

distilled t, wa uriher
0t Ripe iithel B Battile |1 T Gep RS thonlaGh FRUE S, Bl g g0 Tobte 1.
powder s 19f thg Ok agxaeplaatiee wessticd dgeutd) Had eh@roleingf molar

2.8 g, _together with 47 g of distilled water and 12.4
5g epmposit®nint % NaOH sol ution, and * admi xed using the

magnet i G, st { Ker forthres haurs. reaf , the
sol uti o‘r‘?l@?/‘k{zﬁé_fé blgaé’rb/esel}sﬁ @gé’ sﬁi@v\f Iﬁa&ggﬂ to the
solution of the beaker. 1, along with 17 g of

additional distilled water, and then ni xed for one
hour. TH&amplgdtion tenperature of the obtained

m xture s incre up t.o 190C whi l.e r.f.orm .
Stir ot ng 0o oblggoF AEeR i teropie YR b i el 4yto which
i N dpxedet £13 wid MAOTREINRI YRS sfoly 4deed RBLE BerfobRaR, stitrl@ at 200

reaction 19 WO 2004/058643 PCT/'KR20031002801
10 enrpey znduithen egsofciitlled whier waOfucther agdedriallow ed yedirdngyat 300 mpm

hous, After the ¢ letion, of . the.reaction:. the

T odb Huxth Btz PR Vo b CORS et b S shipn B0q 518 & of
t hefi@@bd iitet P&e cBRPR HRNWRELRS, idd 250330 uSind the HM@netic stirrer for.. -
results are shown In FIGS. 9a and 9b, and Table 1. In

t hehrep hegsniThereaftys) the selhigonr afdls bagker 2 wasiplawli gdded e the solution

Na 26D 1 g i 8 RPEp iRy GhTee RS e 4R g gp hows
14-Udf% BRudd tdsheinit bf 82 % Wate A8 1EEMsddNPt0a190 °C while
beaker I, to which 21.4 g of a 10 wt % NaOH sol ution

waspesthomiby stérddgat @60 ken parrse ofitkegsagtei gutdctaye as i @Rample 1, and
rpm .and en 3 of .distilled water was furth o
REEIRRB] [0 DY o TP 5 oG wes Soblet fo 150 °C, and

maintained for 42 hours. Afier the completion of the reaction, the resnltant reaction

product was analyzed for properties thereof in the same manner as in Example 1. The
20 results are shown in FIGS, 10a and 10b, and Table 1. _
In- the present example, the reaction mixture has the -following meolar
composition:

Si0/ALC; =33; Na0O/8i0, =0.115, H;0/Si0,=22.5.

Example 9
25 -+ -90 g of Ludox AS-40 silica source was charged into a beaker 1, to which 35 g of
a 10 wit% NaOH solution was slowly added while performing stirring at 200 rpm, and
then 36.9¢ 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
charged into a beaker 2, and adm xed using the

magnetic stirrer for.. three hours. Thereafter, the

@ wbd/3es4ef t he beaker 2 was sl owy added t @cCtix®R2003/602801
solution of beaker 1, along with 21.6 g of additional
distilled water, and m xed for one hour. 15 The

reaction tenperature of the resulting m xture was

I NEF@AS @épamelgms 1 90f fhwderd &f sofiemfahmninateg was b}rarg'eﬁgntata beaker 2,

200 rbggwﬁhuse of .t he sanme autoc|aye ,as_in Exanp
an@ge $6n9ea°f dstilleg vt and adepren “51%@3%?‘4%‘%“31 Hor three

ﬂéﬂﬁg at'IlillEA 1, the ﬁQﬁtﬁﬂ otf‘ﬁ-le]b'égmpz vhg glow{?édagc?{ortﬁg ({Tgtﬁon of the

ours conpletion of the reaction
r eBeﬂcé;am aridemdrtet] ofior o holict Avers tenaigmeprobas was completed the
properties thereof in the sane nmanner as in Exanp

5 Thisactiy teraperturg was BCSASHAD 1ol 98" Evhile pesiorming stingyg, at 3%1?111 by
T
polkghoe i A0 ESRMaBER T i GBEL R TSE Orn

33the Na&ﬁbﬁl:dﬂ@eraﬁﬁe ¥45 coolei20 0GB =22 atbwhiclEX@ i ctio oddmred Gor 36
g of Ludox AS-40 silica source was charged into

abBeirer After the completionyf thy regction, thegoypitont RerciprsRPdnct wes analyzed
I N T B R R e SR

10f oFiG8vada i 19bjand THige &t 200 rpm for three 20 WO
2004/ 058643 PCT/ H 22003/ 002801 _ hours. Separ at el
g of pom die meserlogramalal thei FattionnadstIga bife the igmang molar
ﬁéﬁﬁ%‘? . together with 36.9.g of distilled vvater
mxed using the magnetic stirrer for three
hours. Bieyerd]epl, theosablut 0.015, of,0Mopepker 2 was
slowy added to the solution of the beaker 1, and
m xed for one hour. After the m xing process was
conpl et I reacti on tenperature was increased up
to 190 Tle performng stirring at 200 rpm by use

150f the sanEofdudechaMe siiga kdurdexddiplaeed int@nbeak&el) to which 21.4 g
mai ntai ned for two hours. Then, the reaction

t eRbel QWi dlapEksolison was sigly 3dded while Pvafﬂr@wgﬁﬁ@n@@a%(iq B, and

OC G I %J st1ﬁg:lwa Ul fm%etr d%ﬂ%ﬂg a?Eocf %f&)rthree
reacti o e resu tant IreacC n pI‘O analgfp

f Olhof.0 PRpILRE, BN &Qfowders b %mumm adefl into a beaker 2,
Exanple 1. The results are shown in 10 FIGS. 11 a and

1 kegethanwitrabp @ of distilled water, and admixed using the magnetic stirrer for three
20 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 distilied 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 howrs. Then, the reaction temperature was cooled to 150 °C, and

25 maintained for 42 howrs. After the completion of the reaction, the resultant reaction
product was analyzed for properties thereof in'the same manner as in Bxample 1. The

results are shown in FIGS. 12a and 12b, and T,;.ible 1.
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In the present exanple, the reaction mxture has the
follow ng nolar conposition: Si02/ A1203 = 33,

Na20/ Si 02 = 0.115, H2O' Si@@ =15. Exanple 10 15 60 g

of Ludox AS-40 silica source was placed into a beaker
Wwo Jo@oskiugh 21.4 g of a 10 wt % NaOH sol uti eoTW®RS003/002801
slowy added while performng stirring at 200 rpm and
then 30 g of distilled water was further added,
followed by stirring at 200 rpmfor three hours.

Separ at g fthe Sr&edt @izmiziﬁé/\ldﬁé SrefdtioS Oghittife AhASTHIRA G MRS molar
pl aced into ?beaker together with 52.3 g of

di eanjrlobigdniwat er, and admi xed using the magnetic

stirrer .f ree. 2 r 1 sol uti on
of the §%8 %as?\??r@/éé glg ?%6 %eﬁtl on of
the beaker 1, along-with 22 3 g of add| tional -
distilled water, and ni xed for one hour. After the

mi xi ng ﬁmmldsélwas conpl eted, the reaction tenperature

5105, LICKERSR IR A0S0 Conlll LS, RS M Feehfisn 144

1, 5 3P4 10 RRYMNADE %auﬁ&fwis%vh? H&c‘fad vsm@ gherf&ﬁﬁngr Qﬂﬁﬂg £700 fpm,

tenperature was cooled to 150 C, mai nt ai ned
f oand then RO grof distlled wateh wag edved, ei:llmdo'tﬁy sthing efad{0irpm, for three

or Bkt eaapiler £47 srPovAE SLHER AR Sk A e led water
Th@ erelifSddhubel 13106 LRRRND, dfl 2 Eﬁ&&ﬁ%&@ﬁﬁﬁa&ﬁ ti2dorikk Sours.
1. 21 WO 2004/ 058643 PCT/ KR2003/ 002801 In the present

10 ex a?hqzrbaécer, tthessotudian of thaberksrt2uwas sheady edded foothe selisting ofifiiedpeaker 1,

t S 20/.Si 02,=.0.11

e et 5 0 detiSyel it waldgo e Ty ARy Then, he

S ' Léa%n&aﬂf, GENRT e HbbAH caehdnhRnRe R8AH8astd uﬁ %b ysm ¢hyhile
. g of"a 10 wt % NaOH sol ution was slowy add

V\hpbréazmmgf oirmighet 240 1pm byg uset 0B sppemantoglad: amenEmpée 1, and

of dlstlll d ter added, foll owe b stirr
S OBHRET P b, Bt Deggirtipd teamprnys yof ciied Bt g, and
150f n%ﬁﬁdlﬁ%‘ Rt vempake ARG fbedhfdioflio3tid kﬁﬂmﬁ%@ rresul\fﬁﬁ Geaction

i ntroduced i nto a beaker 2, and adni xed using t
magrednétovas tanalyzed ffrqroptettice Geteofiinghe SneThamerdstie ﬂ’:‘xamzﬁe 1. The

gglﬁuftﬁ on %@%Fgﬂg{;\&%mﬁlg\@ Ejrﬁj‘féf’ added to the

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

composition:

20 SiOx/ALOs =25, NaxO/Si0;=0.10, Hx0/8i0;=22.5.

Example 12
60 g of Ludox AS-40 silica source was placed into a beaker, to which 7.4 gofa
10 wt% NaOIl 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,
25  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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along with 26 g of additional distilled water, and

m xed for one hour. Then, the reaction tenperature of
the obtained reaction m xture was increased up to 190
Cwhile performng stirring at 200 rpm by use of the
samosastasl ave as in Exanple 1, and nai nt aipeakKr2e3/002801
two hours. Then, the reaction tenperature was cool ed

to 150 C, and 15 maintained for 66 hours. After the

conpl etion of the reaction, the resultant reaction

pr aldug twitha2d gnefl adddwnd] odistilled peatdr] es! tbedefof ohé hblie Then, the
sane manner as in Exanple 1. The, results are shown in

FI tgetiopdgmpaieiure 9 thebtpinpd peagtion mixiure fas Wewased up to 190 °C while

copaRine il Al ba e WY B BOSehD gty I BORRRAAL 1, ane
H2 @{28ieed. for ten BYREP| Bheh2thl Qeagti®f tehiperarurd Fas! Coosddl o CIE0 °C, and
source was placed into a beaker, to which 7.4 of a

SLOmAEISNAGH S0Pyt ork R oISt o A Te ?érngS@lt?ﬁt sgetion
e N L Tt e

t he@elt ¢ shown 2ADFIOEP Maaine 14, abd Pabfe Nf powders of sodium

alum nate and 59 g of distilled water were jntroduced

into a Bealkerprpsenty eramaplen ed regsiong miKerendighdhe dollowing molar

st icgregs.tfogy. three hours. Thereafter, the solution of

t h&"Beaker 2 was sl ow y added to the solution of the
1obeaker Ki0,/RB0WR2004,0586430,665]/ KRRMIG, 992801  al ong

with 29 g of additional distilled water, and m xed for

one hour. Then, the reaction tenperature of the

obt ai nedExreal%tl'bon m xture was increased up to 190 C

while pé&rtorning stirring at 200 rpm by use of the

sanme autid GFIRISSASRA0EX a§libLsokrce 86 plab@d iRfodd B¥ekbrfl Ofo which 30
ten hours. Then, the reaction tenperature was cool ed

t o g1g0ditilled: wiptes weaiaddedi Wle repforrgias ibming at APQ spm.t Hbsequently,

conpletion @f..the r i.an [ [e
or OB "k sy c5RRd bl o ok 33 B PR, 55 g of
155 agwmm PRodias aiiinifateWed atged HPa bdaR&r), fobetBéraritl M\ bfidstilled .

FI 14a and 14b, and Tabl'e 1. In- the present _
ex arapitcand mfrixed nxing da mugnatigsdrrerdor thrve bpws| olliermgfterothgsolution

ﬁé%?%?e&ageqzizwéso sl‘os\iv](?édﬁle(? 9031'11:6 Stz)l%ﬁorlt\%g %'{esbie%er,:algﬁgoxan% 32 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
20  use of the same antoclave as in Example 1, and maintained for 20 hours, Then, the
reaction temperature was cooled to 150 °C, and maintained for 200 bours. 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 Tabie 1.
25 In the present example, fhe reaction mixture has the following molar |
composition:

Si0s/AO3 =20, Nay0/8i0,=0.07, Hy0/Si0, =22.5.

23



Exanpl e 13 60 g of Ludox AS-40 as a silica source was
pl aced into a beaker. 1, to which 30 g of distilled
wat er was added while performng stirring at 200 rpm
Subsequently, stirring was additionally carried out

w0 20Mssqam for three hours. Separately, 5.5pgrmr2ds/002801
powders of sodi um al um nate was charged into a beaker

2, together with 62 g of distilled water, and adm xed
using the magnetic stirrer for three hours.

Ther eaf tgmpld e sol ution of the beaker 2 was sIomAy
added to the solution of the beaker, along wth

of addf? gwhiudey é814|0|aé@ silise spurca Fas PR PG bf‘@lﬁ% 1, %o which

o4 £ BPE 10 THENIGR AR VEBEHP LA Rl BB UbhAR: 200
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in Exarrpl e 1, and nmaintained for 20 hours. Then, the

5 r efec hiresrhomerp Scmaﬁ% g of proyydess of sodinm alumingfe| Was charged into 2
¢ cheakfhon B ikt q S TPt Fiont B S Ao s 19 b, ead

f 0£dnﬂkémﬁ£ﬁgr§1% b8t Qfrrel Fort ’Eh@eeslﬂﬂiﬁ; NaB&eLfieqSthé rs}olutmn of the
Exanple 1 he results are shown in FIGS. 15a and

1 Shrekerfdwaativdy added 5o the seliigonpidhecheakes %aﬁﬁ}gemﬂt hbg of additional

5. et o et ooty - B o o Bl B acton

10 23w 40 eRA%H ng&@%o PE it $eR0R4R0A8Rs 2208 Behyldke &P i same

of Ludox AS-40 as a silica source was placed |nto a
beakedave, as & Reople R1and glanﬁax@dmrvm%m sHient {hsnreaction

?ans' 0 ngg“é’g"’dghé '-"Q 8’0 & ﬁ%fri%ﬁll\%? 1r9\rﬁlg f ué{tﬁrqge completion

adgﬁﬂe e drO MR FeddMar Eéaﬁﬁdnriﬁocﬁict wROame R of PopdrigsaBereot in the

hours. Separately, 2.2 g powders of sodi um
al smaratmenvasn Enenpled. | ’fiteaeﬂﬂfs tre shasyn. iz FIEH Jée ped 16 i Table
65,9 of distilled water and 8.2 g of "a 10 wt % NaCH

1
solfution, and adm xed using the magnetic stirrer for
three hourge baneakiiile, tHee réxatidit in@RuRl nishehe BERKAIg 2nolar
was slowy added to the solution of the beaker 1,
al orrgpositioh: 35 g of additional distilled water, and -

i xod r SRTRGR T80 PRGE R B8 wh e

performng stirring at 200 rpm by use of the sane

15

Example 15

20 60 g of Ludox AS-40 silica source was placed into a beaker 1, to which 21.4 g
of a 10 wi% NaOH solution was slowly added while performing stirring at 200 1pm, 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 sodinm aluminate was charged into a beaker 2,
together with 65 g of distilled water and 9.8 g of a 10wi% NaOR solution, and then

25 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, aloﬁg 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
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autocl ave as in Exanple 1, and maintained for two

hours. Then, the reaction tenperature was cooled to

165C, and mmintained for 19 hours. After the

conpletion of the reaction, the resultant reaction

WoPRugdssiy@s anal yzed for properties thereof pich/ar3®3/002301

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

FIGS. 16a and 16b, and Table 15 1. In the present

exanpl e, the reaction nmixture has the follow ng nolar
b)Pﬁse of t@éaﬁ%@%cﬁvé% mm&%ﬁ' 1%d:mgin’9a?ned for two hours.

H2 SI02 = Exanpl e 15 20 60 of Ludox AS-4

si Thag t]saomctemv@spghiameWW welsd do kiéék’@{ afd Irtamtamﬁdcﬂqr 14 hours.

21. % NaOH sol uti o s sl ow dded
ﬁé‘@g PP& Fﬁ“ﬂ@m%ﬁer‘ieﬁﬁ@“!a'i‘e ﬁ‘%ﬁﬁa“%%l’r"{{‘ﬁz}\”a% gragyzed for
PQ??&[EQ th@rgof’iﬁtﬂfersaﬁﬁ@ﬁmﬁﬂér Eﬂﬁfﬁxﬁﬁﬁ’l@q TR JeQitg gret%ﬁown in FIGS.
t Ing at 200 rpmfor three hours. Separate y, 2.2
50 d)?aq::dv!d‘e,rmdd’hblsdudl um al um nate was char ged into a
beaker 2, et her with 65 of distjll t and
085 ofth it CHESRNCEEHTIID) (: SHotom s T P YBfite molar
usi-fgndsinmagnetic stirrer for -three hours.
Thereafter, the solution of the beaker 2 was added:
slowly ﬁkdﬁﬁlzﬂgwﬁh,e NalE0on0.025,t AROKEakeR7.1, al ong
wth 35 g of additional distilled water, and m xed
" for one hour. Then, the reaction tenperature of the
resul ti N AHERG Glgi on mi xture was increased up to 190 C
erfor

while p mng stirring at 24 WO 2004/ 058643
10PCT/ KR2 (03 (FI286KAS-3) @Ecarqomcbyzamme:odxiced o sbaakeer 1, to which 21.4

aut oc| ave as in Ex for
P g s 107y Na DRSO PBE PO T A AL 0k SR P20 rom
16%1? eﬁ‘@g rB?'dﬁ BlG el s a&cﬁﬁﬁk@l{? Sdded AboliSed tstirring at 200 rpm
conpl et1 on~o e reaction esultant reaction
pr dettbtec \hasrsa nsfbpymaﬂzly fmrg obpcmnierst ofessditvneshexifate mwas plced into a
same nmanner as in Exa r ults are sh 'n
FI (eeker 2 tagesheg wifh 6618, Orggﬁ@leﬁérﬁi‘f% 55 g of ?H@W@r BaQHsotutlon, and
exgnpl.e e

15CorrpOSI I on% %@Wd@}ry %%@9? o "f_ﬁ%l‘éaﬁw R TRERR of the
H2 e SitetR was Rlowly dodadrpltke sbfution of the beaker 1, along w1th 36 g of additional

distilled water, and mixed for one hour. Then, the reaction teroperature of the obtained
reaction mixture was inereased up to 190 °C while performing stirring at 200 rpm by use
of the same aufoclave as in Example 1, and maintained for two hours. Thereafier, the
20 reaction temperature was cooled fo 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
18h, and Table 1.
In the present example, the reaction mixture has the following molar
25  composition:

SiOz/A1203 = 50, NB_.:O/SiOz ={.1 15, HzO/SiOz =27

. 25



10 60 g of Ludox AS-40 silica source was introduced
into a beaker 1, to which 21.4 g of a 10 wt % NaCOH
solution was slowy added while performng stirring at
200 rpm and then 30 g of distilled water was
sdrhobd/eeab | y added, followed by stirring at P2OKR2@IN02801
for three hours. Separately, 2.2 g of powders of

sodi um al unmi nate was placed into a beaker 2, together
with 66 g of distilled water and 6.6 g of a | Oum %
NaOH soExdmpgie]7 and 15 adm xed usi ng the magnetic
stirrer for three hours. Thereafter, the salution

t he beﬁ% Pf budpg A ScHQuiisp seerovasiBTdecdsBlo f heaker ésftOf"IJi’é"h 21.4
b I
mg?é?g 1an °r§%%%§bn§gaesgs our Qxﬂ%ﬁt&h’ﬂ@?he r?.léxgc o@dat 200 zpm,

t esfdiehed 30 g o Bistillvd vedrdradd dikiher edled,i followedbusterivgat 200 rpm for
|ncreased upto 190 C whil e perforning stlrrlng at 200

51 pHrasyhqise  Seraraisls %»ﬁnaeo%m Satfe sofdurn plumingte (vEes piaca%alto a
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t oraEA Epb ol O ded UELARA 53 o Pk KESE ki

hothes adriifxt®tisitig e ngfadic 8tir@Toohret ﬂiteurﬁ e a&Ibbmentth the solution of
resul tant reaction product was anal for

Bcieplce? wendpwbyt added fhbegalvionah bfa%eru h @Pﬁﬂﬁlﬂb% g of
The f El
Ta%‘?‘ﬂmf ?1%4% Qalr e}é&;t e‘idgfor 0% }io#g f eact | on é?’go cgs was

10 haao ’\E&ecf ,Ghé Quictiéh WepRfature’ 5va§ RSt ipne 180 G b2 Berforming

20'Si 2 = 0.115, H20/5102 = 27.° 25 WO -
2061111%316%}@ mﬂm@@m@@@s eutoclmecatin Exaprigd, gndmaintained for

AS- 4 0

oot iy B4R @l g TRy o picioes
Wa$0r31|9QiMJJ)é. aﬁ&adhmrh@emréf@idmemoﬁ,t thé Edstigmbtea{¥ prgitict was
and then 30 g of distilled water was further added,
f o nadyped) fosyprenerties ithpgeod in the Gape maResY a5 it Exasepl by r Bhe results are
Se t. s of sodium al um nate was
pI g%’“%“lgﬁes %ga%r%a]% £§%’1ﬁoget her wwth 66 g of
distillgf ®atgesedndxlnfleditef ractild WitmMNaGh 360 Ublidking molar
and then adm xed using the magnetic stirrer for three
hogpmposgigbsequent |y, the solution of the beaker 2 was

i th 36 0RO oty raRaS e Pl HHSRPEE ony i Yed

for one hour. After the m xi ng process was 10
conpl eted, the reaction tenperature was increased up
to 190 (Eﬂmpleégperform ng

20 As a silica source, 60 g of Ludox AS-40 was infroduced into a beaker 1, fo

which 21.4 g of a 10 wt% NaOH solution was slowly added while performing stixring 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 wi% NaOR solution,

25  and admixed using the magnetic stirrer for three hours. Thereafter, the sohution of the

beaker 2 was slowly added to the solution of the beaker 1, along with 34 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 stirxing at 200 rpm by use

20



stirring at 200 rpm by use of the sane autoclave as in
Exanple 1, and naintained for two hours. Thereafter,

the reaction tenperature was cooled to 165 C, and

mai ntai ned for 19 hours. After the conpletion of the
reecbis@sessdt he resul tant reaction product wasrCERRicyzZ®eko1
for properties thereof in the sane nmanner as in

Exanple 1. The results are 15 shown in FIGS. 19a and

19b, and Table 1. In the present exanple, the reaction

M XJfuhe shas alibsladeold RVEDGPOL Afind Seipaset thORro hours. Then, the
Si 02/ A1203 = 56, Na2O SiQ2 = 0.11, H2O' Si 02 = 27.

Ex apition 1@nieatyg was speled i s8UTGeand gorigaiped for ddxhons- 46 fter the

vvasm rodu .0 bea r.1, to
O SRR 2B R SRR ool petilch ol udly B Roperties
St i thbrbb¥in e 5420 QuohfdPas %ﬂgxéﬁiﬂ?dﬂl 30rHg redultsl b.r%tshdduﬁﬂl MIGEEZ0a and

was further added, followed by stirring at 200 rpm
¥ or20bhanslelahisur s. Separately, 2.0 g of powders of

i th 6a b Ok arSet Pulofia s HonmaSEy e ey fIRUE mole

NaQidnikitibd:on, 25 and adm xed using the magnetic

stirrer for three hours. Thereafter, the solution of

the beaR€h/ALOyasSts| dadG/Sifdddul2 o Fe@&iot At.i on of the
beaker 1, along with 34 g of additional distilled

wat er, and m xed for one hour, Then, the reaction

t enper at #¢.8,9f 1¢ he obtained reaction mxture was
increased up to 190 C while performng stirring at 200
10 pm by u$@g oPBuddD AT )BFeUs: POTIHRRODG) ODRBE L, tf whipke21.4 g

same to ve a n Exa nt ai ned f or. two

moure 1Ok Ru 3ol RS st Fie Paloue AGre R 2R i, and
165iEn 368 br RIS Yrab Birttd adacy rf&lowe&\f‘r:sr@ﬁmhﬁ @t 200 rpm for three * °
conpletion of the reaction, the resultant reaction

pr obxct. \Reparaelnl 3@ gobf fpowdqm gi)mdbme gluminate; &b of distifed water and

er. a . The ,results,are 0 in, .
P S B0R SRR SR Ferp ot it B e Somi thda himisea
1§><a{15?£geme mgnéu@ @ﬁ&ér?& tmeéwﬁ@ hﬁére%ﬁ@r ) ga@tmnrtg HEYeier 2 was
composi tion: =56, Na20/Si 02 =

Hzomsw@adaecm tho Emmm ef 48 beaker 1, along with 33 g of additional distilled

water, and mixed for one hour. Then, the reaction temperature of the obtained reaction
mixture was increased up fo 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
20  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
25  composition:
Si0./AL;05 =67, Nay0/Si0;=0.13, Hz0/8i0,=27.
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10 60 g of Ludox AS-40 silica source was charged into

a beaker 1, to which 21.4 g of a 10 wt % NaOH sol ution
was sl owy added while performng stirring at 200 rpm
and then 30 g of distilled water was further added,

fvob bowesdedsy stirring at 200 rpmfor three ' PATOKR2803/002801
Separately, 2.0 g of powders of sodium alumnate, 64 g
of distilled water and 13.6 g of a 10 w % NaCH
solution were introduced into a beaker 2, and then

adm xed Bhaop&iagg t he magnetic stirrer for three hours
Thereafter, the solution of the beaker

added t A0 haf RIER D icasmucn BaxBlaced mtaradﬁ&ewhttﬁ “évechgel 4g
I
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é’lut%emt@d 58 SioAPESHIIT O™ AER TR, AL 6 BSHlsA weigoend 2.2 g of o

o NEBE dfich SAES 1960201 LETRELALYS €. AR CRBLER L e

mal n al ne ours

c Orﬂi}igﬁi&tﬂdi)ﬂn'reﬁﬁbrtﬂilee be@at.! i Thereaftdreihe@EMlibR6f the ®aget Q1Wwas slowly
product was anal yzed for properties thereof in the

s arAddedela deersolgion pif tisg hieajserel, slongrpith P28 gl of sdditionakdigiligd pwgter, and
FI 21b i
o TarE 18 A0 e 8B by el DPAGRRRY mpgiop micur
125 mﬂﬁﬁédsEd g@to B0 AbBO Berforfing MNA215I208 rom By Lds of the same
H2Q' Si O2 > 27 VD 20041 058643 PCH KR2003/ 002801 _
Exawi“drckw?@sel@ Bxagiplg Jd G'%d Aupintgingd |fprc fwve Jgpge Waen the reaction
gerfi'fllj.li Q/va% cgﬁgri(%rm% "’y I (51 Ja: Hnt\r/]\ﬁgél fofr 2§ h]c_mrg %M%‘ Cr) thvevt c?ompleﬁon

i'on was Sl ow e performn

st | gfrthd @ action 28O resltht Rikion pRAGct ks Gndyzed d&tprdﬂe&&s WRERF in the
was added, followed by stirring at 200 rpnwfor three

houseme ngngs gaindiample 3. Theregwlisgenlens inFIGSoata and 22b, and Teble
1§ nate, 51.6 g of distilled water and 2.2 g of a
O Wt % NaCOH sol ution were introduced into a beaker 2,
and t henmaghy %@ﬁa@eﬂﬂséﬂaﬂa plel @he NFBEHRGH | Gixfird a8l the Ofoiléxlaﬁlgemolar
hours. Thereafter, the sol ution of the beaker 2 was
s| osimposifieided to t he solutlon of the beaker 1, along

wth 37.8 f. a it'o | t||| ,.-and m xed
for one %%%Atckﬁgﬁf #ﬁb c?ﬁ ?@ﬁ%g}at&?e of the
obt ai ned reaction nixture 10 mas increased up to 190 C

while performng stirring at 200 rpm by use of the
same Comparative Example 2

20 60 g of Ludox A8-40 silica source was introduced into a beaker 1, to which 21.4
g of a 10 wi% NaOH solution was slowly added while perfomring stirring at 200 rpm,
Further, 30 g of distilled water was added to the beaker 1, followed by stitring 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% NaOX solution were introduced into a beaker 2,

25  and then admixed using the magnetic stirrer for three hours. Thereafier, 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 mixfure was increased up to 190 °C while performing stirring at 200 rpm by use
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5

10

autocl ave as in Exanple 1, and maintained for two

hours. Then, the reaction tenperature was cooled to

165 C, and nmintained for 20 hours. After the

conpletion of the reaction, the resultant reaction
WEHhGisssn@s anal yzed for properties thereof ponfa@soozson
sanme manner as in Exanple 1. The results are shown in
FIGS. 22a and 22b, and Table 15 1. In the present

exanpl e, the reaction mxture has the follow ng nol ar
COW&%'%@ Nintoelat® /2842 0Fam E§1§3]z éﬂé%glﬁlm% ForOtes ]lﬁmrs After the
H20002=27 Conparative anpl e 20 60 g of Ludox
ASeo@ﬁplenohloo? dhesractive, the gesiitdn mmwmmcb Wa-S loeajaed fdr, properties

which 21.4 of a % sql uti n slo
adﬁ‘éﬁ‘”ﬁﬂqwesa%&r@%’ﬂlﬁﬁ b ERDHE by THe TSt s pome i I, 232 and
% gii11ed water was added to the beaker 1,
I2 o) y stirring at 200 rpmfor three hours.
Separ at Ei yhis SoBpayatnve qxemples Bicokactionlimired bas thatfellovEidg Goolar
g of distilled water and 2.2 g of a 10 wt % NaCOH
sofPERBHO%her e i ntroduced into a beaker 2, 25 and then
adm xedg th rsr e thsee hours.
Ther eaft&et?yﬂ%tae ?olrrg%ggﬁi%féd%lﬁe %Ié(g%grh Zﬁr\P;vas slowy
added to the solution of the beaker 1, along with 37.8
g of additional distilled water, and m xed for one
hour. TH&MPIPRE t enperature of the reaction mxture
was i nc g
200 rpm6§§%gggm S48 b BRIRTM BRelh L BficBlas g
t hef s Bimei%a O salntiomwas sﬁovﬁx addetl evhillg pafuimngi sntr'mlgratﬁjwﬁfrpm, and

t h Aft th t

e oo ey 55 b e
th f I

S0 i, RS AR 17 P s

S ire musdueeﬂmar abeadter Bxadmhes adhized ndgr the ammgnatictstirrer for three
has the follow ng nolar _ conpositi

Si 02/ A120
Nadow2 Thersadersthe plpicy ef she-begier 2 @Eéﬁﬁ éoffﬂd@eﬂﬂg il water

5'-3% @ﬁvlﬁchédgb G RIS B B SedkDAS, 488 mi iR RIBET Then, the

20

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:

8i09/Al, 05 =25, Na,0/8i0,= (0,10, H,0/8i0;=27.

25 Comparative Bxample 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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10 of a 10 wt % NaOH sol ution was slowy added while
performng stirring at 200 rpm and then 30 g of
distilled water was further added, followed by

stirring at 200 rpmfor three hours. Separately, 4.4
gv@ioopasseldr s of sodium alumnate grid 71.9 @PCITKR2003/002801
distilled water were introduced into a beaker 2, and

t hen adm xed using the magnetic stirrer for three

hours. Thereafter, the solution of the beaker 2 and

41.9d ghenf30aglol distillod wattt shs et added Eblb&edﬁ&&taﬁing\&t 200 ipm. for
added to the solution of the beaker and m xe

oneﬂ”i% heurs. TrisparatElyed 4 e powewms 9%%9&&%@ uineatﬁanflr?é 3 g of distilled
: ltér% MBLH:%& infe3 b%%g{)f InE g%aﬂ Qdﬁlﬂ{e&?& % ﬂl%%éeﬁc stirrer for
per ormng strrring at use of the sa

auttbeb aAues. aSI‘hefbaﬁataﬂiB Iselufion @ﬂ’ﬂia bmm aldnib & of adiditional distilled
hours. -Then, the reaction tenperature was cooled to

5165“’@3f weslowﬁuaﬁ@eéutﬁﬁvesqawm?f tecgpler 1od @pixqdfar one hour.  Then,
n% % Erh%re g@ rgsulta.r}tl}x% fufe WP.{] %{&ea e% y 0{502 ‘QZ while
pr 0 Was a or

A Te Bropertles ereo

g ABAINE stidiBg iah 260 R e uke of e sdbﬁsdﬁtdcﬁavafﬁ @mmmbrl and
24a_and 24b, and Table 1. In the present

ex anfnieined [ 1r7e15’@¥9r oAl the gpapletien ehige ﬁ@lcnwth?gre%uaﬁrmachon

|on Al 203, = = 0.10,
DO PR S e e of R
1$S-ﬁ&ﬂﬁhﬂelsﬁ@v§ﬁw@s 2f@énd I5b] @dtegd1i nto a beaker ‘1, to
which 14.4 g of a 10 wt % NaOH solution was slowy
added whin thispeqoinsrative graenle,r the geagtion gaxtugnas the foljgwing molar
2004/ 058643 PCTI KR2003/ 002801 and then 30 g of
di T84 Wat er was further added, followed by
stirri ngs@h/A2Q0 =pm N@{@smeeﬁobo;m/&@epm ately, 4.4
g of powders of sodi um al umi nate and 71.9 g of
- distilled water were |ntroduced into a beaker 2, and

gﬁPsad%er goé ?vlg‘%gc 1 ~1es';3$E$ We e. ?LJfor ree er eegf cts of the
41. Qiclbatidn a6k bf 1he Bd-sted hdtboh @ﬁnﬁatmtaﬁﬂ cﬁyemzﬁioﬁy\fou the resultant

added to the solution of the beaker 1, and m xed for
onerepdigr proindn, the reaction tenperature of the

resultant mixture was increased up to 190 C while
performng stirring at 200 rpm by use of the sane

aut ocl avexasplém Exanple 1, and maintained for 17

hours. After the conpletion of the reaction, the

resul t anf0 gefbrdasrAS-AP slicrcrouisa svaaplapedzote ofbspker 1, to which 21.4 g

2 q)-;] ogie 3 fd wtg/o f\lh&[I OlLtlclmnwe{shsﬁzw?ﬁa %eém Qﬁe rerf%%nfng sﬁ%g nEt 2%0 rpm, and

then 30 g of distilled water was further added, followed by stirring at 200 tpm 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 infroduced 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

antoclave as in Example 1, and maintained for two hours. Then, the reaction
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10 results are shown in FIGS. 25a and 25b, and Table
1. In this conparative exanple, the reaction m xture
has the follow ng nolar conposition: SiQ2/A1203 = 25,
Na2Q' SiQ2 = 0.10, -H2OSi2 = 27. 15 The foll owi ng
QIR R86422- 26 were perfornmed to confirm t hecefirembsozso1
of the nucleation. tine, of the two-step reaction
(nucl eation and crystallization), on the resultant
reacti on product. Exanple 22 60 g of Ludox AS-40
Si lthiBsbr QY RS A& 18186 €0, dndinthiRaibaPie! s ourk. O-A MR 'l:lférbompletlon
21.4 g 20 of a 10 wt % NaOH sol uti on was sl oWy added
whiof gheyeschion. ihargsutantredction prodRg vas pmlyzaém ébr praperiiegtherpof in the
of distilled r ad 0
ot PP et ST ERRT THF g o P oS Mng b sod b
g of powders of sodium al um nate 49 6 g of distilled
water and 14.6 g of a 10 wt % NaOH sol ution were

-5 nt r odudadthenpusseat bwakple, 2he aerdtiorh enixgnibee dhe ubllowging . molar
the ma qgtic stirrer for three hours. Thereafter, the
solcﬁﬁ’%ﬁ\ the beaker 2 was 25 slowy added to the
sol uti orslg;/Atzm h@akﬁigolslogé@n@ wiridysit) =43, of
addi tional di'stilled water, and m xed for one hour.
Then, the reactlon tenperature of the resultant
m xture increased up to 190 C while perform ng
stirri ngE 1563 rpm by use of the sane autocl ave as
in Exanpiy egaafmam@mﬂ@a@&gcé@a 1624 ROUE SealdNERo wailh 21.4 ¢
reaction 0 WD 2004/ 058643 PCIT/ 003/ 002801

10 erderl8mlodNaiEsoboiohads slowlyGEddd, Wlah:dnexfmnnmgstmmtg #t @00 b, and

s.. . After . el f actjon, th

20 SO s R R athieh aale, Ry SER Fistnk st 20 e o thcee
t h%aef batahRfy, ziag@f pg%&@ bt %ﬁm&xﬁal@ﬁﬁ%l 8 6gof m@uuea yrater and
results are shown in FIGS. 26a and 26b, " and” Tabl

. 5 146 g b bt wle MNaOksintioe wetchistrodaet intna béaker i, enchﬁsn admixed

t he f0| | 0 ﬁgﬂ%ﬁlﬁg’gﬂ? %%I tlrgn Si;{%rze/eg ggef_laegﬁaker?_was

1%30%1@%%@ 1§ 'ﬂ:{ée' LSRN YF GE VRS @I 266N 073 PeRAKRbn 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. Adfier the completion
20  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:
25 Si0y/Al03 =50, Nay0/8i0,=0.14, H;0/8i0,=23.5.
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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
distilled water was farther added, followed by

stirring at 200 rpmfor three hours. Separately, 2.2
woioopeseiar s of sodi um al um nate, 49.6 g of PMITHH2DI3HRBIL
water and 14.6 g of a 10 wt % NaOH sol uti on were

i ntroduced into a beaker 2, and then adm xed using

the magnetic stirrer for three hours. Thereafter, the
sol uti orexehplee beaker 2 was 15 sl owl y added to t he

sol ution of the beaker 1, along with

addi t i ofA1g filaden AEA0 SW&F é‘?um‘a‘ﬁﬁ Hh%altq %Peagﬁel o Hpich 21.4 g
T4 A APEL S A e,

St iiiehi30G o¥tdisB06H waen Wi fugieer alldelihRliGRdiELY stittingek awarpas for three
in Exanpl e 1, and mai ntai ned f.or four hours. Then, the

5r ebewrso rSeparetelye?-A it ovidas ebrsiium alenings, 7@ 6 meflistiled water and
e aLBE 1 ¢ MoRSdRen Rt huhif AR ke, 48 Bln atmines

reaction pro

anaking 8 thnetRIsGREN fol BSecltoaise OThdrékfibl) Bre sE1RAHEN asma@ Béak@S) was
in Exanple 1. The results are shown in FIGS. 27a and

27 islowkn eddpd i te SQluthsrh of the bprkes bralonaxeiip @S stafadditional distilled

AP ATS PBBh
1031 WM0; 0.%8@“1@0 RETLKRR LA 3 ting BRI B ufoiGhe same

of Ludox AS- silica source was placed into a beaker
, apigckard eh uz]Examgle bf and m@infeisgl NaOHhree bawson Thips the reaction

th E?Pﬁ/?ﬁﬁ%g %%s \é\g]o ItP | gé f‘gﬁﬁng ln%&éé' eFdeP{] %)eﬁtugggga{ep H;]e comgletzon

f ool e ehchdn, $hd fefultAgt rédet P ProlRiwh® inalyREERYr Brop@ESthereot in the

Separately, 2.0 g of powders of sodium alum nate, 70.6

g ehmelingtrer heid Bxetnple 1an@he koulig arp shéwmintIGHus 282 MadRRb, and Table
15sol ution were introduced into a beaker 2, and then

adft xed  usi ng the magnetic stirrer for three hour s.

Ther eaf tgr ghet ﬁ%se%@'e%&&zhﬂ@ Gle HORHAL HRMire? IR She %Mg moIar

added to the solution of the beaker 1, along with 4

g cbmaddlidn onal d| stilled water, and m xed for one

hour SRS R B TRS S s e Lo tant
stirring at 200 rpm by use of the sane autoclave as

in Exanple 1, and maintained for three hours. Then,
t he reackiaople25 .

D

14

20 60 g of Ludox AS-40 silica source was charged into a beaker 1, to which 21.4 g
of a 10 wi% NaOH solution was slowly added while performing stirring at 200 rpm, and
then 30 g of distilled water was further added, followed by sﬁfring at 200 rpm for three
hours. Separately, 2.0 g of powders of sodium afuminate, 70.6 g of distilled water and
12.3 g of 2 10 wt% NaOH solution were introduced info a beaker 2, and then admixed

25  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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tenperature was cooled to 165 C, and mai ntai ned for 20
hours. After the conpletion of the reaction, the

resul tant reaction product was anal yzed for properties
thereof in the same manner as in Exanple 1. The

Ve I04/858@8e shown in FIGS. 28a and 28b, and PrIR2003082801
2. In the present exanple, the reaction m xture has

the followi ng nolar conposition: Si02/ Al 203 = 56,

Na2Q' Si Oz = 0.13, H20/Si 02 = 29. Exanple 25 - 20 60 g

of zttuclave AéSiﬂGi:minlpIeca mijmmtamfd fdrafoge Gotw! O Therd) ek @Baction
1, to which a wt % NaOH sol uti on was

s| SRRIDpaHE S m1¢dgt dé? F%r“ﬁ*ii ﬁ&l@@lmdr% b7 beurp o fep the campletion
th

o | Soet ot S8 Pl S oo Mol DL £ Rl theeot in he
Se pan@inedngr ain Exgmplt 1pombemm@fares~,h@lwmm FIGENaahe 200, And Table
g of distilled water and 12.3 g of a 10 w % NaCH
5sofution were introduced into a beaker 2, and then

adm xed 254 US e H@ [ LI

Ther eaf tlér b %%%gglrbutl %% ? ??ga%neé]%ge(r ﬁmé tlﬁe efPHO K)g " molar
addadpkﬁuﬁhe sol ution of the beaker 1, along Wi th 40 6

g of additional distilled water, and m xed for one

hour . TREP/AbRe™Pea N2BFIPETPE3atTaQiSiGk =he resul t ant

m xture was increased up to 190 C while perform ng
stirring at 200 rpm by use of the sane 32 WO

2004/ 05843pRGE/ MD03/ 002801 aut ocl ave as in Exanple

1, and maintained for four hours. Then, the reaction

10t enper atoireeotideidox 4§48 silica sase was plared ke hbaaknreb t¢ whick21.4 g
h t
48210 A ok ERBERL 00 safls R BB RSN 20 s, ot

t heieB QD g of distitied SRABEWEHGAR added] RIEXIH) Sirdng al PO rpm for three”
results are shown in FIGS. -29a and 29b, and TabI e 5

2. bpwst RerprisbeA solaamies of sodivregieminatn, 6 of Esthiled water and

N 337 § 10 B oB e BT R yGPtuced i Wl 2, giipen aimines
150f ubitigl e APl sSikret RAHSRHER. WESeriHBC B shitioh F REBERE: 2 was

1, to which 21. 419
slowly added to the solufion 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
antoclave as in Example 1, and maintained for five hours. The reaction temperature
20  was cooled to 165 °C, and maintained for 14 hours. After the completion of the
reaction, the resulfant 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: .

25 Si0o/A1:05 = 56, N&;0/8i0,=0.13, Hy0/8i0, =29,

TABLE1
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of a 10 wt % NaOH sol ution was slowy added while
performng stirring at 200 rpm and then 30 g of
distilled water was further added, followed by _
stirring at 200 rpmfor three' hours. Separately, 2.0
wdoohywsgrs of sodium alum nate, 70.6 g of pirirzbdsRehso1
water and 12.3 g of a 10 wt % NaOH sol uti on were

i ntroduced into a beaker 2, and then adm xed 15 usi ng
the magnetic stirrer for three hours. Thereafter, the

' Biactioinéarsh ¢ | 2 t Amerage Crystal
so B o1 SEcetohe 1, Taoss by iai o] oo

solut.on 18¢°CilHeCBea g (jum)
addith onal 2 dilst*f| lied 67 01bnd| mixed2for one hour?
' Th n 2 + Ha 2aﬂr~+35nr t xaiﬁ'!nnr Nt |Q'411-5 a + b 36§¢—||I + bt 2
. .::-I:I3 L9 B A3 2 'Y _\JLS_ISUI C \ISQP\’I : \'U.]IU" :" :-‘llcl 37:30\.{[ C CARIL . 2
m C U4 T S [ I,.B‘GI Cablt:gﬁ up C ‘dJ.ISJ.U ) C VV||379€ IJCl I UT TT1 ”5

st 'EELAY ab 400 TP g U Qi1 NE Sanesjgaut OCllave ag
i nfEXanMpTes T, aod [nmaidat ai ped.®or [f1ve ¥ggurs. [hHe )
reactd on tengdersdt ure €0 was ool ¢éd to 365 C,__and 2
mai ntai ned2f ar 304 |howds. Aft&¥ the conffBetionlof thd

react§ on, £he | t rbaddiionlprodusé® was anal yzéd |
fo 9 n orgi < -?'ﬁh r on%s Ll t lrorllsnn e nn3\7v_$nr e B 2
EX i LD: :l 2;_\.4: 42::I I\;:}g T i1 C IO\] ISJLAW“ '_:A3§2L¢l n:d ] II‘l "ZI‘
|“-.-1|c| u 2‘II .C 65C¥UI T [« 4 i =} bd A" I It T . dUd _anu OL\:§J,
ang—labte g Thgt fje pPIESENt GRgAnpl €, Ui reacyion s
m XTUE€ |ham tjhéod T T O Ng| Mod.@r | conposast 1 on: |25 1
Si O2/1A] 2032= 1569 Na2GoSI G2 =0.0. 13, H2028 G2 =[29. 2
TABLES| [332W0D 21304/ 058643 | POEY 2003/ 8132801 Ex_ N8
Reactlfon SECR/ A¥203 N2 S5i BAIBET Surf2fle (npAg)* 3
Avérddetorystiall? 19084600622 4067 $2135 383 2 3 o
';::‘:gn_ :"1 k‘-" :LITGJUL%lﬂF J—J\GLJIQ‘ 1.0 ot oY XSG A n :n .0 3’
35 J U U~ Z [} OJ] IUr L\ DIV 427790 IU
i U il s 1) il 0 01 7 3
0. 15,379 4 G S5 1 9 507 0% ~ 248 2 90 |D0 0. 34
358 k. 0] 21536 40 . 09333752 ¢.115 2 |30 4031. 14 363 2 & 2
42 13310. 116 3164222 25 0.10 390 2
CEx.3 17 | © 25 0.10 379 3
TABLE2
| Reaction (los) | .. . 21 A
Ex.No. 190°C | 165°C Si0./ALOs | Nay0/8i0; | BET Surface (m™/g)* Average Crystal (pm)
22 2 16 50 0.14 377 2.2
23 4 12 50 0.14 384 3.0
24 3 20 55 0.13 388 2.5
25 4 17 56 | 013 386 2.7
26 5 14 56 0.13 383 32

* 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 crysfallization) 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. In Comparative Example 1 characterized by performing the

10 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 distribotions even though the reaction
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9 2 36 33 0.115 375 2 10 2 42 29 0.115 362 2 11 2 66
25 0.10 370 L.5. 12 10 96 22 0.085 387 1.5 13 20 200
20 .0.07 394 1 14 2 19 50 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
30@20@4/038832 17 56 0.12 386 3 19 2 19 67 0. IRTERR206/002801
20 2 20 33 0.115 386 2 C Ex.2 10 0 33 0.115 373 3 21

6 22 25 0.10 390 2 C Ex.3 17 0 25 0.10 379 3 TABLE 2
Ex. No. 190Co 165C Si O2/ A1203 N420002 BET Surface

( 2/ mixturé\bevieg) ém@ayret @impbsijion B2usd.16IHa0 is) id ExBdidle A, Zhe Qverage
4 12 50 0.14 384 0O 24 3 20 56 0.13 388 2.5 25417
56 5757 3 gmenngs to Aoy 2 g6 OFIs SBgthersas Copatiinrawale | s

ga’-q’%g C%%‘ta@%ﬂé upﬂl'el}gn fo£%£$§b| A [.Léi’h %Vlélat’lr% Eo\%% g?rélc]e size

As appar ent rom I n cases
ZSM151‘ﬂnmop,ras|sImvedntFM<ﬁbgh a two-step process

%nucl eatjon and, Craéft al.l'i zati gn) ag vari-ab
enper at YHHES 8% Botile it gesehel iamplen 22- 2I5r"i"§@ﬁg B/ Al20; of 50 or

ZSNd FQ@IYB@Q& £46ehb ‘?«%‘hlt@x‘c ge%gﬂotn rp? SuShabe I&gﬁgryﬁgltmze and a broad

speci’ I C Ssur ace ar ea nore can

In Iﬁﬁmlmeimdmnanﬁmmmhe:lﬂclaﬁm iRk prolangsl huacﬁzﬁﬁcfxgﬁvﬁbmozlmzog
the 10 nucl eation and the crystallization_ at

and
Ex afSPrirolled Ra3AExarpls ¢f apd Cppaefvsilixgmple 2) and 25 (Bxample 21 and

Comparative Example 3), the two-step process using the variable temperatures results in
10  a finther decreased crystal size and particle size distribution than those of the synthesis
process using the single temperature, as shown in Table 1, FIG. 22b (Example 20), FIG.
23b (Comparstive 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
15 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 sutface area,

Industrial Applicability

‘As described above, the present invention provides a method of preparing

20 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% crystéllinity and bettér quality can be assured while - a
erystal size and a particle size distribution are easily controlled.

. The present invention has been described in an illustrative manner, and it is to

25  be understood that-the terminology used is intended to be in the nature of deseription

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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the nucleation (190 C) and the crystallization (150
O, there is a remarkable difference between the
crystal sizes and the particle size distributions even
t hough the reaction 34 WD 2004/058643

R 4ool/0s8083/ 002801 i xture having the same PCT/KR2003/002801
conposition is used. That is, in Exanple 4; the
average drystal size anpunts to about 2 pmas in FIG
5b, whereas Conparative Exanple 1 has the average.

Cr Yiithad thé bodfe offthé fifpeh@aQRinat, dediavkntibn Mayibe Platiiced oltRFWise than
broad particle size distribution, as shown in FIG

6b as gpefificallydescribed. i n Table 2, in cases of Exanples
22-26 having Si 2/ 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 2/ A1203 is controlled to 33 (Exanple 20 and
Conparative Exanple 2) and 25 (Exanple 21 and
Conpar ati ve Exanple 3), the two-step process using the
variabl e tenmperatures 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 tinme 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. I'ndustrial 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 nethod, superior ZSM5 having substantially
100% crystallinity and better 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 25
be understood that the term nology used is intended to
be in the nature of description

36



3
e

5

10

15

rather than of limtation. Many nodifications and
variations of the present invention are possible in
light of the above teachings. Therefore, it is to be
understood that 35 WD 20041058643 PCTI KR2003/ 002801
woldoanssshie scope of the appended cl ai ns, theCt/RRensAese:
may be practiced otherwi se than as specifically

descri bed. 36 WO 2004/ 058643 PCT/ KR2003/ 002801 d ai s

1. A nethod of preparing ZSM5, conprising the

follow ng steps of: mxing &lak$i ca source, an al kal

metal oxi de source, an alumina source and water, to
prepare a reaction mxture having a nolar conposition

of MO 3i S2nciMd of repdritd|ZISMYB lcainpti gy the fol Qwihg spd 4£:
H2O' Si @2 of 15-42 and Si G2/ A1203 of 20-100; .

mai nt ai miikige tehedliqaessqrcp.oa Hkali metal exide gwee; en @umipa gporce and
reaction time control kn..a ran - 25 # . .
Rt e Mo e Pl S, Sty M /gion o
Si ZRali Wétaltibh)dEbioou. 1af HIOISIOL M 542 4:d S/ 81,0, &F 2000t ed
reaction m xture; and maintaining the nucl eated

r eact i omoavitxinipg gheateactizo maizQrectfl80-210°0 69 aveeption tigne cpgtrolled

f I h S v 2 s def | .
LSNP 2ol B TR 0 L e e

e ‘source
al fadibukBRtokhePEI-8 Xtb @Btaind. nudiBRedRANOE mgudedrdned i n
claim1l, wherein the alkali metal is sodium 4. The

met hod asainfainingdie tuclegied irgpction mixdire phl38-1701°&rfor H-2QP lypurs to
t he MO/ 'O% I%tslﬁég in the range of 0.09-0.14 when the
mofoRF SPRBIsST 8 45 si 02/ A1203 s 29 or higher. 5. The

nmet hod as defined in claim1, wherein the nmolar ratio

of the MO/Si2 is in the range of 0.07-0.1 when the
mol ar r &t The wethedes &ificed sl i, gvherinthe jalili poptal @xidgiseurce is
met haod as. . defined in claim1, wherein the alum na
soﬁlﬁé%émf’t@“@%ﬁxﬂ% al uni nate or al um num hydr oxi de.. 20

7. The nethod as defined in claim1, wherein the

silica source is selected from the group consisting

of col | 8i Bld methdd asdefined di deimsl, wherginghe alkalitrecta &y 9éhprand
boebm t e.

4. The method as defined in claim 1, wherein a molar ratio of the My0O/8i0; is
in the range of 0.09-0.14 when the molar ratio of the Si02/Al,05 is 29 or higher.

5. The method as defined in claim 1, wherein the molar ratio of the MR0/810;
is in the range of 0.07-0.1 when the molar ratio of the Si0,/Al,03 is less than 29.

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

aluminate or aluminum hydroxide;

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

the group consisting of colloidal silica, sodium silicate, white cartbon and boehmite.
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37 WD 2004/ 058643 PCT/ KR2003/ 002801 8. The nethod as
defined in claiml1l, wherein the ZSM5 has an average
crystal size of 1-6 pm 9. The nethod as defined in
claim8, wherein the ZSM5 has an average crystal
WorRessd33 pm 5 10. The nethod as defi ned picikahais002801
4, wherein the ZSM S has a hexagonal crystal
nor phol ogy. 11. The nethod as defined in claimb§b,
wherein the ZSM5 has a spiral crystal norphol ogy.
12. Thegmphhoduay sleddrnedid Blakh 2l MiereidIRr 2510-4 B an average
nucl eating step is perforned 10 for 10-20 hours when
t heystglseee of dbipor.of the Si 2/ A1203 is not npbre than 22.
13. The nmethod as defined in claim 12, wherein the
crystallizing step is perforned for 96-200 hours, 14.
The net Poq‘h@%e%fdl ReghanB ¢ alaih B, WMRRLLHR 2895 has an average
.crystallizing stepis perforned until crystallinity
r eagitasize wb3B3amt.i al .y 100% 15 15. A nethod of
preparing ZSM5, conprising the follow ng steps of.
adm xing a silica source, an alkali netal oxide source
sand wat qf) Tﬁé)m@ﬂl@@ 3k Qeffhed fih thlm AXWRBMH ﬁx@'ZS‘M grhas a hexagonal
separate y adm xi ng an al um na source, an al kali netal
oxtttalsmarpldogynd  water, to prepare a second aqueous
solution; 20 mxing the first agueous solution with
the second aqueous solution while being optionally
added wijt hryat, s e h
ol ar ooaghod KO ERETRITAR & WAFEe T S Dty
H2 @opebepf 15-42 and Si O2/ Al 203 of 20-100; 38 WO
2004/ 058643 PCT/ KR20031002801 rmi nt ai ni ng the
reaction m xture at 180-210 C for a reaction tine
controll Edﬂmﬂé 6 45 A0h cZin? S IR ﬁm@%&@ﬂh@ Gteh & Rfformed
|ntende crysta size and a particle size
10di $drri0ip0thionds whitn thie @ncShdtb of the Saby AlkOs ianctundre tiae &2
reaction m xture; and

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 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 agqueous solution;
20 mixing the first aqueous solution with the second aqueous solution while
being optionally added with water, to prepare a reaction mixiure having a molar
composition of M20/Si0, of 0.07-0.14, H0/8i0; of 15-42 and 8i0,/Al,0; 0£20-100;
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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 source in the first aqueous solution anmounts

WO 280kn0Ssseb. 7 W% and the al um na source i npthERIROGODI

5

aqueous solution anmounts to 0.9-4.4 wt% | 10 17. The

met hod as defined in claim15, wherein the alkali

netal oxdie source is alkali netal hydroxide. 18. A

et hod ofaiRkiRR8 ihd@adfel nixmkOANE-31 M9C FHS,: Ao WS ontrolled
steps of; adm xing a silica source, an alkali netal

oxindbe sange of 2t {dhaovas escording ior anpiafeaded cfitalstizeagpden particle size

sol.ut.j on; ate] y. adm xing an al uni na source and
neibiHeg of e ZAPES 3o St et e R PR i i ng
the fir HaiRBHER e Sl el Pk Dixke 25 LRI “RAYLAIS00 houss to

solution while™ being optionally added wwth water, to
pr fparceysalsoétetdShRSm xt ure having a nolar conposition
of MO/ Si 02 of 0.07-0.14, H2Q Si 02 of 15-42 and

Si 2/ A1203 of 20-100; 20 naintaining the reaction

- m xtur e of rk8ReRdDaadrRbd & H1GBE14 %e}émecsqwsgink@gl the first

10

15

in the range of 2-20 hours according to an intende
cr ypicats ilwtionaambuatsparalisele7 sit’he andlibetalivhing isowcoin theesecond

ZSM5, to, gbtain a nucgl eat reaction m xture; and
naﬁwgliSﬁPWg%%O%&Pﬁét“e‘ﬁ“’%aai on mixture at 130-170

C for 10-200 hours to formcrystals of the ZSM5. 25

19. The nethod as defined, in claim 18, wherein the
silica ddUTleentéthod edefinedsin cl39 NMOWROOX/ DS 8B4Bmetal oxdie source
PCT/ 003/.0028Q aqueous sol ution anounts to

2115498 BERABAIORNY t he al umi na source in the second
aqueous sol ution anounts to 0.9-4.4 wt% 20. The

met hod as defined in claim18,. wherein the al kal i

net al  oxi8dA mssthodad prepsingl Z8d4-5, compasingipd falbowite. steps of:

admixing a silica source, an alkali metal oxide source and water, fo prepare a
first agueous 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
being optionally added with water, to prepare a reaction mixture having a molar

composition of My0/8i0; of 0.07-0.14, H,0/8i0; of 15-42 and SiO»/ALO; of 20-100;

20 maintaining the rezction mixture af 180-210 °C for a reaction time controlled

in the range of 2-20 hours according to an imtended crystal size and a particle size
distribution of the ZSM-5, 1o obtain a nucleated reaction wmixture; and

maintaining the nucleated reaction mixture at 130-170 °C for 10-200 hours to
form crystals of the ZSM-3,

25

“ 19. The method as- defined in claim 18, wherein the silica source in the first
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agueous 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.
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