WD 20041058643 PCT/ KR2003/ 002801 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
tenperatures w thout organic tenplates. Mre
specifically, the present invention is directed to a

melepto sy eparing ZSM5, characterized in %@0%/002301
reaction mxturefor use in preparation of 'S

subjected to a two-step process, that is, nucleation
at relatively high tenperatures and then
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wi t hout € UuSe of an organic tenplate
crystallization see HOET IoATE ng 10 a

crystal size and a particle size distribution with
uniformparticle size distribution and achieving

substantibAlrid00% crystal linity. In particular, upon
the nucleation, the reaction tinme is adjusted to

freely control both the crystal size and the parti cle
size distyibution. Back%r ound Art 15 Since ZSM 5
et g i S BEPOR EORE e A R B\?@P%%%IZWP iy variable
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resulting from har cteritics of ZSM
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synthesi zed using such a tetrapropyl anmoni'um cati on.

Howetraetion dimenisiaginstedtie diselypphtaairhori thn cnestel 28 ent el ranticle size
terrpégmg 1:effect s, research into the preparation of

ZSM ¥88ut the use of 1 WO 2004/ 058643

PCT/ KR20031002801 such an organic tenpl ate has been

conducted. As a result, some preparation
Background Ast

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

Unlike conventional alumino-silicate zeolites, ZSM-5 is generally prepared

20 using various types of organic materials as a terplating agent. Among organic
materials known to be effective for templating ZSM-5 structure,”
tetrapropylammonium cation has been known the most effective. In practice,
commercial ZSM-5; cumrenfly available, has been synthesized using such a
tetrapropylammonium cation.  However, although tetrapropylammonium has

25  excellent template effects, research into the preparation of ZSM-5 without the use of
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processes were devel oped. The reason why the organic
tenplate is not used in the synthesis of ZSM5 is
expensi ve and very toxic, which can contam nate the

envi ronnents. When ZSM5 is 5 synthesized using the
organi c tenpl ate, secondary costs for treating a toxic
organic material contained in unreactants are

re so, the dangers of environnental
coﬁ#ﬁ%ﬁﬂmtf%n beconme very high. In addition, g 00s/002801
prepared by use of the above organic material should

be subjected to a calcining step at 550 Cto
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0 F=lelo) oblens, in U S Patent No.

,25%?%@§g§?£%%3 to¥ﬁgggnigen et al., there is

di scl osednadigibhHEND Bypatdidsyi we g tieSMote wighdic omterial should be

wi t hout the use of a cr stalll%)bl{g g seed in the
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t h;ggs Eﬁﬁ cRarbEIMRAEK o helAXM- Sabé&“@ré%&h%gseﬁ%ﬁ he@mg& However,
8-1 4; 565, 681

ours. 20 Further, U S. Patent ) , )
( 1986hent the Krgatic diagciklois esmaveriby Holcabfining Stee, Hhesinzdnrn@ete pyrolysis

ZSM 5 at 15 -200 C.fo ng a s

sourtberegf % t&l’\n PYE bipe %%é zi# %Rﬁg’uﬁi‘%& gﬁé#ycgecfei"i‘s]{% e uetivity of
absepg @ath.fystanFﬁﬁﬂﬁ RiheCusBBY &el Rbanid bR i8I sBdvaldagous in terms of
Pat ent 5,240, 892 (1993) to Kl ocke discloses a

met h@idltmhalsopsts Hesiozthn galisivi Stepf agimincsianiieaion e gages discharged

neutralize sul furic Cld in the absence of an
%%gd%PEPQQg?%ﬁ%ﬁaFgmn$ﬁﬁ%v t he above nethods have

onl'y 75% ©§ Yt@bhd et dbovd [ﬂmmkdseuptj g, MQtent BBCH[2OT885 (1981) to
occurring at relatively high tenperatures of 220 C b
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caustic soda wi thout 2
20 Further, U.S. Patent No. 4,565,681 (1986) to Kuhl discloses a method of

—

synthesizing ZSM-5 at 150-200 °C for 8-48 hours by mixing a silica source with an
acid-treated alumina source in the absence of an organic material. Furthermore, U.S.
Patent No. 5,240,892 (1993) to Klocke discloses a method of synthesizing ZSM-5
from a silica precursor neutralized with sulfuric acid in the absence of an organic
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
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WD 2004/ 058643 PCT/ KR2003/ 002801 the use of a
crystallization seed in the absence of an organic
tenplate, to prepare an aqueous solution, which is
then m xed with colloidal silica. However, this nethod
requires a reaction period not |ess than 48 hours. As
menti oned above, the conventional nethods of
syntheS|Z|n ZSM5 in the 5 absence of the organ
t e AV YPE summari zed by using the crystall‘ggppﬁwmmwm
seed for pronoting the crystallization, or

neutralizing the alum na source with an acid sol ution

to forma I 0 h
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i ntensi ve and thorough research into 10 synthesis
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vari abl e tenperature process, for exanple, nucleating
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at rel W

or gatﬁif%% eﬁf‘bp[%( ée1%¥a¥r(1; a’ cryst gf‘e Sc}lszaataﬁl% é‘é%e&%fg&%é@ac%n pHod.
whereby a crystal size and a particle size

distributiO@ of the resulting ZSM5 can be freely

cont Piselogue ofighelaysplion  7SM 5 havi ng substantial |y 100%
crystallinity as well as desirable purity nmay be

prepared. Therefore, it is an object of the present
i nventi onLtadiqgr tv itlcbe peesamb tihoaition, inpnns’parandgth.z:swgls research into

havin | linity while freely contrall

£8 soRr s s i Gindy by e ptroton buioe & problems
Wi t hglabudrd}ed U SneOfelAdl a{ g@guued el 8h&n@Mkht & reaction mixture for
crystallization seed. i s anot her object of the

pr esgnparaﬁmeoft I8n-5 & $1b161ztpd)\m dewa- smtwableﬁeramtﬂuy process, for -

B B Sl AR AP A Pl Bt t reivety
COMPRS feh@Brafudl IR Ehouk RStGAGS @ o¥RRY tBAPIERNS Ynd-edlliGtion seed,
ranges regarded as the 25 problemin the absence of

Lhe vhyei & cwetnb:'rl@t @d al nrérle grajdincibutam oflibe fredfeniSM-5 can be
Izg\l\/f ! Il\g g%gopgc{ ﬁg c%rﬁ ve%, \Q:SSFWh%x&HE L 15130%11’[0 z%lly l%é% ar{rsltaﬁllgmty as well
as desirable purity may be prepared.

Therefore, it is an object of the present invention to provide a method of
preparing ZSM-5 having a high crystallinity while freely controlling a crystal size and

20  crystal size distribution, without the use of an orgamic template and a crystallization
seed.

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

25  problem in the absence of the organic template.

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

preparing ZSM-5, comprising the following steps of :
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WD 20041058643 PCT/ KR2003/ 002801 mxing a silica
source, an al kali netal oxide source, an alumma source
and water, to prepare a reaction mxture having a

nol ar conposition of M2O/SiO2 (M alkali netal ion)

of 0.07-0.14, H2O Si @2 of 15-42 and Si 2/ Al 2C3 of

20-100; maintaining the reaction m xture at 180-210 C
for a reaction tine controlled 5 in a range of  2-20
hoﬂ?@w%g?%fﬁlng to an intended crystal size TER2003/002801
particle size distribution of the ZSM5, to obtain a
nucl eated reaction m xture; and mai ntaining the

nucl eat ed_r.eacti ure for 10 200

hoar o2 ek ftita Thathd! o8 oft b0 bl RoleBl, (31508 souree and
firskatgl ef p;reisasl aelhidh m@ﬁureoﬁaﬁdgea Blo®f &0ipbsANS A IH0/Si0, (M:
there is qqPgrovided a nethod of preggiin ZSM 5,

conptladi mﬁéaltl of P T-&it: A OSHepY 16142 ang /Aﬂ‘rg)mf%q FQOCa
source, af. T mmg thréqct—:a% 1010 én“diq%F %uo 0- Oa%dfo{ ireactioal tzme GOéltrolled

prepare a )  ST® aqueous I on; Separate

a®  aih WTtaRge SO QFDEhoudd adtbiidlgl tonad akended @I@stsloms:mdam @a.mcle size
wat er re a second aqueous solution; 15 m xing

a

t he @w%lttwaa@%@aws% F%?ht%ﬁaﬁh@%te@ﬁ@c%c%‘ﬁﬁl‘maa%ous

sol ution \M?ﬁrltzﬁ p@e%clgﬁgd &E&iohlfmﬁtqféeaq 1% H’b A’@fo?rl(’) gb@hom‘s to

prepare a reac?nbn m Xt ure havin conposi fi1on

of Mofh Giv&Rls of thO ZOW-1. 14, FQO/SlOZ of 15 42 and

Si 2/ Al 203 of 20-100; nalntalnln% the reaction m xture

at 180- 216°6PrHBE 19 2 fEsiareigned PRRCEBTHE PbMedueseRtnydgHon. there is
n JH%P %&%ﬁﬁﬂhﬁg: URATIA Lry&t al

g?zg&gﬁ ed%%%krltl cl ge Si 20 gﬁng?r ution Stge

ZSM 5, t 0 adixirigre silicasolreatagdlikab actal omdmsoatrw@;l veered, to prepare a

nain%glnlqgé Qe nucl eated reaction m xture at 130-170

"Cf BPHBErs to formcrystals of the ZSM 5.

Accor di ng sL0 215 GARANGhP L hREESA scﬁﬁ%@o% e IQétaIt 5B§de source and

present invention, there is provided a nethod

pr epaatnp EGHS, secxmd]aqucgusmglutlhe fol | ow ng steps of 25

d | i tal oxid
250 wat or Tt e 5aF doteout pufort §irh o Sand Fpffu SR it
sepap AL bR %ENg R Hakp] ﬁa{)ﬁl‘%& GErefdifdn WatkRiFe hiwng a molar

prepare a second aqueous sol ution
composition of Ma0/8i0; of 0.07-0.14, HgO/StOz of 15-42 and Si0y/Al,C3 of 20-100;

maintaining the reaction mixture at 180-210 °C for a reaction time controlled
in the range of 2-.20 hours according to an intended crystal size and a particle size
20  distribution of the ZSM-3, to obtain a nucleated reaction mixture; and
maintaining the nucleated reaction mixture at 130-170 °C for 10-200 hours to
form crystals of the ZSM-5.
According to a second preferred embodiment of the present invention, there is
provided a method of preparing ZSM-5, comprising the following steps of:
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
aqzieous solufion;

mixing the first agueouvs solution with the second aqueous solution while
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m xi ng the first aqueous solution wth the second
aqueous solution while 4 W 20041058643

PCT/ KR2003/ 002801 being optionally added with water,

to prepare a reaction m xture having a nol ar

conmposition of M0/ Si 02 of 0.07-0.14, H2O Si &2 of

15-42 and Si Q2JAl 203 of 20-100; rmaintaining the

reaction m xture at 180-210 C for a reaction tine
conBM%8¥* i n the range of 2-20 hours accor diGTGHE 4R
i ntended crystal size and a particle size 5
distribution of the ZSM5, to obtain a nucleated
reaction e:. and nai i ni n t he eat ed .
FeactdinomoRly st yb Mol e el §0HERGRRES, pevine o motar
f or moaippsticd of MyD/3ig oZH0-5.14, BLOSIOLEI s 142 pbd 9102/@{12(13 larazo 100;
Drawi ngs The above and ot her aspects, features and

ot her advaniniayese e reastopmisenet 18062 107Eelar k mcwm tilﬂ%@nfr011ed

0! Cincih® BloeY of D8 nﬁofu%"%cciﬁﬁf GO0 N8 ih@ldod W U6L Bhd § Pardicte size

Iron w

ag C OMBARHoA Of BE ZBMAT S0 ofitdln m/ﬁmdated HaGiontmixBre asChemat i ¢
vi ew showi ng an autocl ave used for preparation of
ZSM 5, ac&GFdinge ths mopleatpd waiop mirpEsHt il 3l 7-1Gor 28204 hours to
a vi W n (X-ray diffraction diagram
patter n%}}&yso%gg%%ﬁg prepared in Exanple 1 of the
present invention; FIG 2b is a SEM (Scanni ng El ectron
Mcrograh) of ZSMS prepared in Exanple 1 of the

of Depriphon ¢ 2ming8a i s a vi ew showi ng an XRD
pattern of ZSMS prepared in Example’ 2 of the
present invention; 20 FIG 3b is a SEM of ZSM 5
prepar ed iThe Ekmaspdxel @hafaspdees, fraesendndi st rddvangges Bf Gie present
4da is a view show ng an XRD pattern of M5 prepared . .
ih Eaaaﬁﬁsroe vall gt mprreclarrléfseﬁlr SIoRG dFA & *© £ ﬁereg e, degeription
SEM Qe PRl GRRAR e bibofr ATl Brek il ih MRl esent
[ nventr on ¢ 1 g aog\%ﬁew g ovmﬁr% 1an XRD pattern
of ZSM 5 rﬂ@phn@d schrenEatlanmve sHovahg 2@ Sutchlevppegefot preparation of

i nve s a SEM of ZSM5 prepared in
e BPMOH asPratagas Bttt SFFRIGH | o
FIG. 2a is a view showing an XRD (X-ray diffraction diagram) pattern of

15  ZSM.-5 prepared in Example ! of the present invention;
FIG. 2b is a SEM (Scanning Electron Micrograph) of ZSM-5 prepared in
Example 1 of the present invention;
FIG. 3ais a view showing an XRD pattern of ZSM-5 prepared in Example 2 of
the present invention;
20 FIG. 3b is a SEM of ZSM-5 prepared in Example 2 of the present invention;
FIG. 4a is a view showing an XRD pattern of ZSM-5 prepared in Example 3 of
the present invention;
FIG. 4b is a SEM of ZSM-5 prepared in Example 3 of the present invention;
FIG. 5ais a view showing an XRD pattern of ZSM-5 prepared in Example 4 of
25  the present invention;
FIG. 5b is a SEM of ZSM-5 prepared in Example 4 of the present invention;
FIG. 6a is 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 3 WO 2004/058643
PCT/ MD03/ 002801 Exanple 1 of the present invention; -
FIG 6b is a SEM of ZSM5 prepared in Conparative
Exanple 1 of the present invention; FIG 7a is a
vi ew showi ng an XRD pattern of ZSM5 prepared in

|e 5 of 5 the present invention; FIG 7pb is
SEWWOZPO"?@’[\%% prepared in Exanple 5 of the pr esCérﬁIfm‘mm"zsm
invention; FIG 8a is a view show ng an XRD pattern of
ZSM 5 prepared in Exanple 6 of the present invention;

FI G_ 8b | SEM of . ZSM 5 prepared in Exanple 6 of t he
pr eSEATPE ﬁ\?gﬂllﬁpﬁeﬁmﬂe%@ 9a is a view showing an XRD
pattern ofiGZ§Msa senepared-siphepld ApCenparsifve BxbRppn &S efdtpresent

invention; FIG 9b is a SEMof ZSM5 prepared in
Exarptestidts of the present invention; FIG 10a is a

vi ew show.ng,.an_XRD attern ) 1P

Exanpl e #IPJ ?altsﬁé’wﬁ'r BRE A nven%al %ﬁ%f%gﬁllﬂ—?g%gfﬂe%‘ Bxgmple 5 of
SEMaé ng%M-L&veﬁﬁﬁQar ed |n Exanpl e 8 of the present

[ nvent| on, FIG is a view show n

pattern oEIGZ"@l\ASSSEMeﬁa'ﬁS%fS g o eg@ﬁ’?ﬂ?@%‘i‘é’é’%‘}*ﬂon
i nventio x le 6 of
Exanpl e SF 15 k%ha%e&%&gﬁiﬂgl nventéan%@éf%lsg §§%§§@% ngﬁxamp =ho
Vi evmeﬂe%hﬂgvaaﬁoerD pattern of ZSM5 prepared in

Exanpl e 10 20 of the zL)Sresent i nventi on FIG 12b.is a

SEM of zSW58kie & SEMe 4SW-ERaprbn Fragple f106 theperseth jnvention;

ventio
o(? ZSM 5@%5%‘?33% n h&i"ﬁ%p#gﬁ{l% ﬁﬂﬁﬁ%@ﬁg&‘g@gﬁeﬁﬂa&ph 7 of

I nvehé present ibe@tiod;3b 1s a SEM of ZSMS prepared in
Exanpl e 11 of th)egﬁ&{resent i nven

. 25 FIG 14a.is a
vi ew showiFg”tiia VAIPE? Freppre ’§. X@’@F?rﬁ’é#@d’rﬁsw invention;
Exanpl e 1@ 9b, &Ry 826/ dnrﬁl@ﬁtpb% of ZSM-5 prepared in Example 8

of the present invention;

15 FIG. 10b is a SEM of ZSM-5 prepared in Example 8 of the present invention;
FIG. 11ais a view showing an XRD pattern of ZSM-5 prepared in Example 9
of the present invention;
FIG. 11b is a2 SEM of ZSM-5 prepared in Example 9 of the present invention;
FIG. 12a is a view showing an XRD pattern of ZSM-5 prepared in Example 10
20 . of the present invention;
FIG. 12b is a SEM of ZSM-5 prepared in Example 10 of the present invention;
FIG. 13ais a view showing an XRD pattern of ZSM-5 prepared in Example 11
of the present invention;
FIG. 13b is a SEM of ZSM-5 prepared in Example 11 of the present invention;
25 FIG. 14ais a view showing an XRD pattern of ZSM-5 prepared in Example 12
of the present invention;
FIG. 14b is a SEM of ZSM-5 prepared in Example 12 of the present invention;
FIG. 15a 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/ KR20031002801
FIG 15b is a SEM of ZSM5 prepared in Exanple 13 of
the present invention; FIG 16a is a view show ng an

XRDgpattern of ZSM5 prepared in Exanple 14 of the
pr ¥ P ention; FIG 16b is a SEM of zSMm 5 Grrapagsm

in Exanple 14 of the present invention; 5 FIG 1l7a is
a view showi ng an XRD pattern of ZSM5 prepared in

Exanpl e t r t. i nvention: FI 7h is.a _
e Yoo i SRAP s AR 804, orb el enon
i nvent i oG, faG a VSR shéwifly ¥i RADSIAOWH BOZSIM-{REpaadl h @k Bmple 14

of ZSM5 prepared in Exanple 16 of the present
i nvefitiepresent OvEHtiGD: | 8b is a SEM of ZSM5 prepared in

Exanpl e of .t he_pr.e t. 4 nvent.i.on; | 9a |.s..a .
Vi ew shoﬁﬁgmgﬁs @Bgﬁh&éﬁ I%qaref %anbvlrl:eegaorféhc? plrér?ent Thvention;
Exanpl e IfG. Ofa it HEREESARE ah REBHat€N of FEIG-5 fi8khrédSin®Example 15
SEM of ZSM 5 prepared in Exanple 17 of the present

i nvefittiegresent FVERtio2Da is a vi ew showi ng an XRD pattern

o 25 B ot AR e diasd ot 06 M o

Exanpl e 18Gofsatibhevipweberihg b X8t ja6érn of EEXA-5 Prépaed ig Bxample 16
vi ew showi ng an XRD pattern of ZSM5 prepared in
Ex arfjithe prayent givertivg: pr esent invention;, FIG 21b is a

EM of Z S, r: [ . . e
Ii%n ventio %Yb &%’ Ils-? %ﬁﬁ% g§1|\4§3< [ egvb& g ﬁ%\%ﬁl% g@%ﬂﬁﬁﬁﬁ%% mvention;
pattern ofIGZBMiba picephswridg hn XEDegaibme o ASMaS pepreed in Example 17
present invention;, FIG 22b is a view show ng a

par tqféheraspt &VERODY | buti on and a SEM of ZSM 5

R
in FIG. 20a is a view showing an XRD pattern of ZSM-5 prepared in Example 18
15  of the present invention;
FIG. 20b is a SEM of ZSM-5 prepared in Example 18 of the present invention;
FIG. 21ais a view showing an XRD pattern of ZSM-5 prepared in Example 19
of the present invention; |
FIG. 21b is 2 SEM of ZSM-5 prepared in Example 19 of the present invention;
20 FIG. 22a 15 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. 242 is a view showing an XRD pattern of ZSM-5 prepared in Example 21

of the present invention;



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

24a is a view showi ng an XRD pattern of ZSM5 prepared

in Exanple 21 of the present invention; 7 WD

20@@1&?%?43 PCT/ KR2003/ 002801 FIG 24b is a V|T W
d rticle size distribution and a SEM

ZSM 5 prepare,d in Exanpl e 21 of the present invention;

FIG 25a is a view showing an XRD pattern of ZSM 5

D o4 0 oSO WG QTIAR: S0l bl B L ot v

Si Z@répet b Betikriply? 12K cheareSEirotnt®&M 5 prepared in

Conpar atiyve Exanple 3 of the present invention. FlIG

26a is a \;f}ev@%h]év\ﬁ nGCYArrERRBEp &t (¥RH WC%SWEZWépQPeQE‘ed in
ention; FIG 26b is a .

Vi ew S vﬂﬁﬁégxfn%art@ %?I?cgﬁv P@%ﬁrl buti on and a SEM of

ZSM 5 1(FIGr efiadsedview shovdngh ea2izle ofze tdeitpti@s enita SEM of ZSM-5

i nventi on FIG 27a_is vi ew showi ng an XRD pattern

of 25w 9} CRRpasRvE EX@Q oRresegtinyqFHoR esent

| nventi oniGlhga s 27y sﬁm%nga@mwemfzspﬁg blefir€ 5l Emple 22

distribution and a SEM of "ZSM5 " prepared I nh anpl e

23 aff thelpeesprt ésemionj nvention; is FIG 28a is a view

showi ng n XRD pattern of, ZSM5 prepare

ot he_ praGante P ERY FotiiniEs e Lo Syl AR oM 5
Ar thghRdsh gﬁn%éizrdf%tpkéa&tmn@nsw of ZSM 5

prepared in Exanple 24 of the present invention; FIG

29a i s a HiGed/asihewiewghominXRDXFAY padiers qﬁfZSEBﬁ/p@pm@peﬁxemﬂe 23
in E>%€t?n'pl eg{ﬁs 20 of the present invention; FIG 29b
i's SRS WENY ™ particle size distribution and a
SEM of  ZSNG5 270 {sePAER GhdwindX PERLR sie dkritubén RIS SAM of ZSM-5

i nventi on;
prepared in Example 23 of the present invention;

003/002801

15 FIG. 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  ofthe present invention,
FIG. 29D 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 Carrving Ot 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
distribution and a SEM of ZSM5 prepared in Exanple

26 of the present invention. Best Mde for Carrying

Qut the Invention 8 WD 2004/ 058643 PCT/ KR2003/ 002801
Based on the present invention, a reaction mxture for
usHOAMPERL ation ZSM 5 is subjected to a tMAdTSRA02801
process, that is, nucleation and crystallization,

t her eby provi di ng a preparation nmethod of ZSM 5

having s s aII 00%.crystallini whil e

control | IL% gg*%?n%gv%ﬁogh%regéﬁsg ﬂh&t}{rle éfor use mpreparat%n ZSM-
di sty {shub J'e@c@d %/Sﬁwb%t hRodesQ BE N Queltatidh ME GaRtabization, thereby
tenpl ate ‘and a crystallization seed as a

cr ygrenifipg at prmitmmmtb@d of K§MsH drving webfﬁ%wé}atl?% qrystallinity

Pna iRt stetiofing etinth 3 WRIRCRA S5 EERD it in e

| OW dogitiBebBinlti £:5id 2BPlafk Ad @)crysiatlizktidnbeed fsraycsirsadlhzaﬁbﬁ yromoter
reaches substantially 100% wi th preference. Meanwh

t he 4y spsk.ghe ickatipnispesfoyned apsintiveln bish dempsratygs (1§0~21 0 °C) and
cat a[h%/ ﬁré'gtaﬁmachl i Qamedlgut Ay a?)f/glﬁv ‘“1#{1; ?qu'ﬁ:iﬂa';tmbss %1?5 Ff{]@ IS(':,‘)e\(ﬂrnl the

t ha crys SIze IS sSha cat

I eaCdryseillinity eblict biut@tabtidlIFQ 00 chith preséreme.of a react ant
and a product in pores of the zeolite. Further, in
cases of Mgwahile;tae Fvaet Tiesis 2veUMPPHEP fsterdorgt %@tf%lﬁw eaction.

Smaai(lhl }gﬂéblufa?'lt isgﬁcﬁfr&? k ﬂﬁ' Fstal sho lﬂ Qmﬂg: cg'}eth% Qalytic reaction

on synthesizing ZSM5 1 n t sence
of theuiring gapidciiffedgl dtaeecdsiantand \agratubtein pates nﬁ&et&oﬁiﬁe Further,

e 35 e SRR ) 5 1 e comt i

| nveghiao tbg God WRaS! EferkEaGbh %%thél?ﬁﬁegéﬁtﬁﬁgm@tabgéﬁ@e of the
above vari abl e tenperatures to achi eve

cr ystrghdi¢ Emplagrhy atﬂyds)ﬂmmllrgactlmn thersigk lof ting retshlgng mysiﬁla Ehould be
si ze and the rt| i Z strlbutlo r
the wgper yyfq bfiege .qu&r t@* 5P 88 wﬂlnn@be f”r ﬁeP fipgtion is

nucl gakl0d 4 %Eeea[bévé Qa.rﬁblfé e%k@@%blﬁ@ve&ﬂ@%ﬁﬂhih@on 2Bus easily
presence of crystals of 5 on an XRD, while the

. cr ystalrb¥ipgtheonystab fige gnd *&be phiticle iswe fistibutiosf important for the catalytic
crystallinity over time on the XRD. In accordance with
t he &P%rred enbodi nent of the present invention, a

In the present invention, the nucleation refers to a pure nucleation showing no
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 mixfure for preparation of ZSM-5. The preparation of

the reaction mixture may be performed through a single-step or multi- step. At this
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reaction mxture formation is perfornmed differently
fromthe conventional ones, whereby superior ZSM5

can be easily synthesized in a w der conposition

range, 25 instead of very narrow synthetic ranges

, regarded as the probl em upon using no organic

tenplate. First, a silica source, an alkali neta

oxjde source, an alum na source and water are_m xed
toWBrzg(ﬁQ?8343a reaction mxture for preparati orf (JRR2003/002801
ZSM5. The preparation of the reaction mxture may be
performed through a single-step or nulti- step. At

this . 2004/.058643 PCT| KR200 . i.0t: e a e
a1 t RO A EHE" LSRRt SP AT B naoenet B8 bty gmited. i
Not ;P akkdalyllrddrh VehpdiithRd, Il the pBsdny piveatidny the @d¥ction mixture is
tenperature. In the present invention, the reaction

rl\r/iE é}cgmwllpé fto bwistF m01ag@0m308ﬁﬁ>9é>fé\/frﬁfﬁié}z Ct,fcﬁl?ﬁ’étls@-ﬁ-@-ﬁ“ @M. alkali
rporRpn Bt offact 1 S A A0y ARt et B00! 500 o

5 | n casem iR rvhetd e r@@KdN Mkt X4 obteinddSbyothk ainpROstdy a mixing
the single step, a mxin sequence of the inqredients
©is reAueRngrof it ipgredionty i rﬁo? pagticufagly Ligsitefp| Ror exaneplejthg slica source,
S Oy DEPHEA lontVB! P36l 4 SOMIE Sourt i brR Gody R i,
al um na source, in order, may be m xed. O herw’se,

wat e¥thertvize, vadtatnthe shusind keece, tHeatkali kaptal oxied surcehdlthe silica source
source and the silica source may be sequentially

i x &Ry bepgequstiisliemixedi nce whet her the silica source

@nd/ or the Al Umng. SALEGOmE Nild Qourb ahid/bOthe Mothil QorSe in the
present in an aqueous sol ution of a uniformgel state

af f eedcsort hexturgUaprebant @f ad bheuepwseolttiontof ZSMifdrm gel state affects the

mul ti-step m xi ng procedure_as nentioned bel ow i Lo
or 1 BAE |0 Te e 2SSt & TAGHoR FEM HGrdue s gnestoned below is
ment.gned, AROYA. inQGRE HeRGatoQtef nfehfichbd Mt er r ed

enb élnen¥ %& tﬁg preseﬁt ?nvggtfon, thg silica 15
source, theoslidgabia fret mblemsd eebaiomnt ef the ryesentaikeation, the silica

net al hydr oxi de nd, water are p xed 0, pr.epar )
15y dom bt et SR Qoo pllett BtpeL B ED 3P ue gp e
the gpunle Phirst Bfeodl doluitn, S QU §8h, | ibist P6fefableSthat 3B3IRAMEL of the
solution i1s controlled in the range of about 21.5-26.7

Wt % silifaissurcs inftbe iyt equesi sohitips isrontralied fito theirgnadiof glriuy 8H5-26.7
in water .if water is. present..in i ther .excessi vel )
vt $ %y This B s sticR o R oy, B s HEEE T i f prosent in
Sepadi@bredzYessit P BBl & gk RmomA Uk 68, firfthguaabkadhitiolPt Sdparately, the

oxi de source and water are mxed to obtain a. second
20  alumina source, the alkali metal oxide source and .water are mixed to obtain a.second

aqueous solution. As such, the alumina source in the second aqueous solution is
controlied.in the amount of about 0.9-4.4 wt%. This is also because the alumina source .
. should uniformly dissolved in water. Then, the second aque(.:nus 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 H.O/Si0; in the reaction
mixture is below the required mol ratio, water is further added as a balance component.

According to a second preferred embodiment of the present invention, the silica

source, the alkali metal oxide source (e.g., alkali metal hydroxide) and water are mixed

to obtain an aqueous silica source solution. As mentioned above, the arnount of the

i0



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,

. the second aqueous solution is added to the first
aqueous solution. In consideration of the

concentrations of the first aqueous 25 sol ution and

t hOSAUINE* aqueous sol ution, in case that thePPIEEREM
in the reaction mxture is below the required nol

ratio, water is further added as a bal ance conponent.

Accor.di ng to. second ferred. epbodi t,.of, t

pr eSEiGE S ?FeWtaql% ﬁ‘?ue?‘f‘?esggllgf’li" &P r%%ﬁ%e‘fonﬁ%dé? I%%?‘ﬁ%}r%izg[? wi%h.
OXi ARpsaHKCoie(Mrdna sidedsididBivel inhysteow glepar@ bl abeY alumina
are mxed to obtain an aqueous silica source

sol wbiron soliionyrendt is earirplled /e ameunt pigbert 044 wa'% ig dhaygueous

20041058643 PCT4R2003/002801 silica squrce in the
aqu JERIDE B Sgﬁltlpré.. 3{&?%]; & Aquedus alivming et slo'}]ﬂ%ao Cl)su%dded to the

y CONtro

2]. Sy&ud sitaeourcSedionl ehy such @naddiin fie SfthefiobSof the aqueous
dissolved in water to prepare an aqueous al um na .
soursdisa soirepsplytion anddhd agueoyp elppitaseprpasoluien.dieash thaighe Ha0/8i0;
about .,0.9-4.4 % i e ]
sol ut iﬂ%?r{ ?ac%ne%?%%r%] ié%g%geaoru@ﬂ%? %1 %agh gg%%}?seﬁlgg%raatg [lleg ne iag alance
addegdmipndnh € Therabi @RUScHI thikirdio tieteatesel| galt it simplyAbtained.
such, considering the concentrations_of the aqueous .
silica sob¥ eenveaionalisoknoyrd whee thiyalEBRe SONEFRi B oD% SiljFe gowrce is
LUt 74 D i ; ' b Pl F.888 bleBitate such
et B3R 5ab B0 E, of AU E2EH e o
f ur thepdiaddefzass gedeadtainitds diffiagiotoenbintaihamabiygeytinahe reaction

reaction mxture in the state of gel is sinpl )
obt afoRBESIts  dBRFERT itRARIten oA RicHrsttniHd e mihgsis of pure

sour af ca?aﬂ@t b%i ;Jci:lﬁgtelzcﬁufu%d.i SHovJle%{S]%ét 5151@1!)&%1%9 i Fysm-5-

aci d solution upon preparation of since a
pr ecicportimgao shecprefearsd smblodimerssibf tieepréssnigevretian sdydvirttageous in
is difficult to gaint in consistency in the reactio

FompbEi1ET.2 PPRER PFUTCY 719 R ERI BSOS og e Kot reauired
esseﬂﬁ-du@ill feOhoth tﬂé?at%r)ﬂ}t HESIE $niling RAMIRd AINE Peab@RBALd BR two-step

accurately adjusted. "However, the preparation nethod
of ZShiton ageoahicliemgertioret.he preferred enbodi nents of
the prese

invention is. advantageous. in.l at .
ot her - o hatFa bY BPER. SR e Neded R bsigtion a the
di' s sQb ok Qi ik Rurk BainkBbd af £t 180101 06Q RorlthiereREbA time controlled in
relatively sinple m xing nethod of the reactants and

2he thaoangt eH2-2p baws.idopending wa thealsystal siegprpies the prrtigle size distribution
;I' ge Lgﬁ%\gﬁtgﬁg grte&i'&%{éars% seal?egﬁjtr,iﬂ?ennugjeétte&l ge%ctgo% n%ét%l-e%g E:r?’gallized
at about 130-170 °C for about 10-200 hours.
As mentioned above, the starting c'omp_osition of the present invention, which
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 (K), or cesium (Ce). Among them; sodium is
preferable. In particular, it is most preferred that the alkali metal oxide source is used

in the form of hydroxide.
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reacti on tenperature mai ntai ned at about 180-210 C for
the reaction tine controlled in 20 the range of 2-20
hours, depending on the crystal size and the particle
size distribution of ZSM5 to be prepared.

. Subsequently, the nucleated reaction mxture is
crystallized at about 130-170 C for about 10-200

grozlpoﬁé rgentl oned above, the starting conpog (,11161%15)1?%%02301

i nvention, which has an influenc
propertr es of .the resialtant ZSM5, is specifically
described, 25 below As for the alkali netal oxide

283[ S(ren’ ( ?g ? ﬁgat :ﬁogrcié Ef% éregé?ato Oie éagtgg ﬁrﬁ)}g{)ﬁl fg{'o%g cor¥s1st1ﬁ$nof colloidal

(Ce) 5111&L'f§lﬂgmﬁ Eﬁﬁﬂd‘fc St AbbiS andbRhBiig h&is rbfesentatively exemplified
particul ar, I S nost preferred that the al kali netal

oxi d®&¥ @aalﬁeléﬂrce faeeéamplﬁfﬁq‘rre’o E@PW%O@WW%W Ced- O
2004/ 058643 / Q
ﬁl (f)d]F(T &K%% L%Dlgg %%9615 as-gﬂqm 1cn{: for % nucleation

preferably se rom group onsr s

col | eporialsingl Ad 6fanis aethplete Sardi e talymiith rsdue:eclareb&aplai&d by sodium
boebmte, and is representatively exenplified by

col |@wtegp¢rlétamuméwd@%§ﬁ«pr e, 40 w % Ludox AS-40

(Dupont Che Eﬂmhhgr e%olmaﬁ? dr Ei }gzuzdghﬁ 1fl fégétfaﬁ‘gig%%éﬁf& A% in the

an i mpor t ant I ent hucl eat1 on

usi ngrepmatmhg(ﬁrrzmﬁermmrakﬂblyaaﬂghsteh €in ghe! FAnBA of @LULE 204180,  If the
exenpljfied, by sodium  alumnate and al um num

hy dr BRlagatio jslessiBan 20, fés dieult 1o sypihgsizsrouy £BYIA dig o thp formation

e r 0]
i i e e

20- 180 caninbt bheperfombedr andathue puse 28865 t1haimff121ﬂ‘; 1o tsynteesize. More

diffic tos nt hes;j ure ZSMSd he
for nﬁ’tefj&”’&’ Iy ghegtbore P?B{d’@'f’r?? pifaaRse 9@@‘ 815(% fHthqugl U.S. Patent
Mol afyor €540k 4ERR4S 2100 ratt & S”@;g h&rﬂnd?@{han §@fo§@:{ér}9$ducuon :
be performed and thus pure ZSM5 is difficult to

synt hegiNeb, thdpresenpmetmioalirgvides e giothess wbFSkal withissbstantially

ip the e..of about 20-6 . Patent
55,65 S54RSS herifo pioplp ogy Yot gl e S R SESHR/ATO:
t han;5@: k@rndal¥®. production of ZSM5, the present

I nvention provides the synthesis of ZSM5 wth
subst ant i Hiufther, ¥atdr0864 for jrwtradckipm inixgurg e ﬂmm@p:iltdnvenﬁon is a very

:Tgr gg’%‘)}l’“{“g’é gg%/rﬁé]{ﬁntggruﬂydrotgermnpsy%{hesﬁg tuln% (%Stlllsd vizalcer emg preferred,
The amount of water in the reaction mixture greatly affects the crystallization. In the

20  present invention, the molar ratio of HoO/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 nucleation, the reaction mixture is reacted at about
180-210 °C for about 2-20 hours. At this time, it is preferred that the molar ratio of

M>0/810; is adjusted depending on the given molar ratio of SiO2/Al;O3 in the reaction

iz



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 amount of water in the reaction
, mxture greatly affects the crystallization. In the 20
present invention, the nolar ratio of HRO'Si 02 is
g;sztuedslg the range of about 15-42, and prefera %
{4%P5%4559  Excessive addition of water re&iER2043p02801
a decreased crystallization rate and thus drastically
i ncr eased cryst allization tinme, thus | ovveri ng a
reaction yi.el d. t he agdln

shouf gfa JCOHSfdgléﬁ%O% ﬂ%eﬁeof i[ IS re&m%crin% fferenﬂ& gor?trol the nucleation

Accogfld, ng*hggeagoﬁesﬁrfamt i nvention, the reaction
m xture having the conposition range as descri bed

above is In fases mf%éh%dnqlﬁ rahe ﬁﬁj@ll%?é@h@n igtrelptively tihgh (e,
e ess |nduce t t.h
r eac$b /%b% u(r)rehl IR TR SR, g)g %nﬁjfﬁz% oo fhe range of

about,@/SRB), dTabeS. 0.0800.14itBe hhdl@tion ﬁmbSS maen‘vap rfediyt ddatrolled. In
the nolar ratio of MQ Si Q2 is adjusted dependi ng on
t he Ryrticaker.ngherrthe golss raffo of %@/A/Allﬁbss £ of h@hﬁreémee}ﬁtant Z3M-5

consrats BREE A ST " i vty

control toOftheushe abnd)Rvheh Itltis&nol'libm) SEHOQALICE iabw (ie., Si0/ALO;
follows. In cases where the nolar ratio of Si 02/A12(13

i s rlessaihey &y thei galay rat@ Of Mg/ )2 pbigliss ey B} reulih iy fimultaneous

o B RIS, A0 poary ey YIS AR &l BBUI AT O naemic
r el aptiase| (Thiis, éelnyolaaaia o MaHSiOL shanb tid nzajhtam;ed mmmmot more

rmlarrtio of Si Q@/Al2 s 29 ar higher,
ety PR R T e R PR W < EEYAL R gt o

nor p r A 5
Bt St e dpnc et feaTB ped oo

the ls"mﬂlaaﬂainaitmmheabngeﬁ(ﬂaﬁom G‘il-(gherln titineese) e mefatidsraierand the

Si rrul_ta 10 production qf t ZSM and th

TodefHie Ezaﬁ‘ﬂ% © ot Producti Ezﬁ?ﬁae?fﬁ‘? peplongs.  In
Phasgaticitsir b end®! Ao &t sle»z/ﬁﬁzolyagzég%nsb@uihg B&iitant ZSM-5
mai ntained in the range not nore than 0.1. However,

i f tbmomfahawaﬁp@lwsmr&@m s less than 0. 07 i t
i's difficﬁluﬁ 0 bout t‘g taltlzat
Hence, 1 ¢ PR BT PERERARS RoSCEED: et pERan 22 s which e
. M2OfnShidekite plinsdT® Plodhdd8@Usihdd HhBGufANYR-Pis aBRlt to synthesize, the
0.07-0.1. In this case, the nucleation rate and the
20 nucleation time should be lono maintained to the extent of about 10-20 hours., In
such a case, the subsequent crystallization rate becomes very slow, and the
crystallization time is maintained in the range of about 96-200 hours to obtain pure
ZSM-5.
In the present invention, if the nucleation as the first step of the two-step
25  process is carried out in an excessively short period, the results similar to single low
temperature synthesis are obtained. On the contrary, if the nucleation time is too
long, the results similar to single high temperature synthesis are obtained.

Accordingly, the crystal size distribution becomes very wide and limitations are-

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

nol ar ratio of Si Q21 A12G3 is |less than 29, the

resultant ZSM5 becones to have a spiral crysta

, mor phol ogy. Particularly, at the nolar ratio of

Si 02/ Al 203 not nore than 22 at which the nodernite

phase i s _produced, since the pure ZSM5 is difficult

t oVOMEIEY e the 20 nucleation time shoul FYEFBHGEN
mai ntai ned to the extent of about 10-20 hours. In such

a case? the subsequent crystallization rate becones

very slow, and the crystallization_ti IS i nt ai ned

! i REr B o 58 96y Rote ST cteb ot e iiperanue.
ZSMHP thel dhicletonRERS@Rtre i M&BE el iheiptopbf R va UE | GRIHCAP toASenerate a
the first step of  the two-step 25 process is carried

out rapidanclestives sMhetess, ¥litge highenthapbe prioperrevsly(thesnucleation and the

simlar to.single |lo t enper at ure. synt hesi re

obt o RAITEAERT R Pl e ity ol e s R Y aplhe orvstal
100 4ideOARiribldiéh. I €54kt SonSdgitrca theOnkldatibe tﬁﬁfhture of the present
tenperature synthesis are obtained. Accordingly, the

cr ysinwdntign tecairglied; ibubd wnghelcadeus1 8Pl Wi ded prgfgrably, about 180-
limjations are inposed on the use of the ZSM5 as

t he tatyst. In particular, the nucleation 13 WD

2004) 05864 8ePGE/ dndd3h 3280 Inucle@iRe tial bfySalfibdioh dale® place to
set to be relatively higher than the crystallization

t enpleprgesgribe crypipllinite  duerasies dnis peralle that e gystdiiation occurs
an €. pro .1.ev it S gg i Lt t epner a :
igpiﬁﬁﬁd%Fe% g%%&SV@%$%§s?ml |%ﬁﬁg ’égthgt aﬁg% 5 and time
pr op&hditione requirb® futk eafstaiiradsid ateh eterginedt @l tdngidedatdsh of the

take place at the sanme tinme, and thus it is difficult

to cemuostion i thy yeptign wixdirg.eoteti SPenersllyi A, cryggalijpation occurs at
cons a7 R I ' gt 4 &-0f itk .
velCHETSE1rE 08, A sEALRED, KRR OSB PC se p Ghan the
C, andlepti@f empdrbiyre, fababott 10800 hd@f C. After the

conpl etion of the nucleation, the ¢rystallization

takes pl ab€cdne foidr @ded phibe preet apemipny (e 451> can be prepared
practj - f {1 [

b our BE P pRERLELATEE] PBleddlE R MRy 80 prefersbly,
subsz2-antm, alithys vEQGRGrowW hatitle sipedisitinitionand ti me

conditions required for the crystallization are, .
det er m neRetR BEHBI A RRF oo Shihb PP R P! b gsacton
J eacﬁﬂo@ﬁbtt Wb roh Ghe SoBREHBLdsYes afe sl opeh el doA&kibRBY data of
occurs a

20 20 7-9° and 22-25°, corresponding to characteristic peaks of ZSM-5, by use of an X-

ray diffraction analyzer (Rigaku Model D/Max III). Further, the morphology of the

product can be confirmed by means of a scanning electron microscope (SEM; Akasi
Alpha 25A), and, to measure a specific surface area of the product, a BET
(Micrometrics Co., ASAP 2010) method is typically adopted.

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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about 130-170 C, and preferably, about 150-170 C
relatively lower than the- nucleation 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 preferably, 2-3 m wth a very narrow

p [ iZze distribution. Determnation of h
aﬁg%g§%@§%§§ion of the crystallinity of the H%ﬁ??ﬁgﬁ%%mﬂ
product obtained through the above processes are based
upon the collection of data of 20 20 7-9 and 22-25,
correspongh hag 8.1 oM 5, se ..
of an X rg@£%¥?@%§&?§%§%§%§ %éé?g%gﬁ%ﬁﬁ%mﬁggéfbﬁgéh;to“mmh

L11)21.4gbf heo witeaOm sqithogy skfvli ikled Phie patorgRl shing at 200
confirmed by neans _of a scanning el ectron m croscope

( SEMpmARaSthen 1) s pkdisdlag waishas pheneddady bllawedhycstiing at 200 mpm
f f ‘ Ly "
S B By A0 SR S48 o BB T MR LARFEL A8 ot o

ASA ) metho ypi
genebeakdryz, cgsther widd48.8d of diniled tvaen andas.§ ardfheiNwi% NaOH solution,
under st andi ng can be obtained by reference to

speciod; dmixed Hsing & Hienelts WIEr B SYFURIChedbfigaficy the solution of the
pur b L ' . t kDt .

ho TAAES 0k 1t b AL ALY BB, B8 Qo005 6 o
WO 263t 0F 8hid 3thECTHER200 3h0 B280 1 Stideqpeatly, Libiel oosuléBt dxture was
as a siligﬁ source was,_placed into a beaker 1, to

whi CPESIEeding P00 AetoioREERT 30 TR Rfraieyves increased
de hd I 1 Otk ol b t : .

RS R R i R R TR R

st i r samptin@ipor? GBowpim FiGbrl, abdmeintdodr Hr t8e pawrat elhyy, the reaction

1.65g of powders of sodium alum nate was charged into
2 5 BERwEeY G Pt s G 2 QePpiodklisampioton of
and e Seaphicf 2 rdOMnArNREHY SN = ﬁ%brﬁ@ﬁl’?&?ﬁlz%v%%i d Ybre size

a magnetic stirfer for three hours. Thereafter,
sol utd ®hpwf suffidentlyerdelad Ring dgtil 8l Batey, diiedea dP? PG frailten hours, and

istilled .sl owl to th | uti f
ket b S S DS, R SRS el RS b B e
SubsgasRAtdrdduct Bl KRS Wbt 8ts B pattiéleCsiMOSistribktRAShE 2l €M thereof.
into a 300 nil Teflon container, and the reaction

t enpBirdey raeBRA suifare rascisand aavensse ory3i8l0sizenst [represented in Table 1,
perfg&g}ng‘stirring at 200 rpm by use of an autocl ave

equi pped with a sanpling port shown in FIG 1, and

mai nt ai neth figy prasent hetkple, Theeactine heAEd i1QH the following molar

20 composition: .

SiOz/A1203 = 67, NazO/Si()g =0.1 15, HzO/SiOz =722.5.

Example 2
60 g of Ludox AS-40 as a silica source was introduced into a beaker 1, to which
21.4 g of a 10 wt% NaOH solution was slowly added while performing stirring at 200
rpm and then 30 g of distilled water was further added. Subsequently, stirring was
25 perforrrieci at 200 rpm for three hours. Into a beaker 2, powders of sodium almminate
was added in an amount of 2.0 g, together with 49.4 g of distilled water and 7.5 g of a
10wt% NaOH solution, and admixed using the magnetic stirrer for three hours.
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tenperature was cooled to 150 C, and mai ntai ned for 40
hours. After conpletion of the reaction, the reaction
product was filtered with a nmenbrane filter having a
pore size of 0.2 m sufficiently washed using

, distilled water, dried at 100 C for ten hours, and 15
then anal yzed for properties thereof. FIG 2a shows
XRDop gern of the prepared reaction product, and

FI O 28080s a particle size distribution arFoCTémngsm
thereof. Further, a BET surface area and an average
cryst aI SI zZe are represent ed in Table 1, bel ow

th t t t h
I TPy T
Na2041§v192adaec0 td 1fe JoRELSI Pihe Bdkd- 1, BXRMRINenZeA0f8 @ hour.

Ludox AS-40 as a silica source was |ntroduced into a
beak%rbseﬁuemla, thhre@rrlonthmlzbr@urepf the TSula0NEOE %80 inﬂlteﬁ@f}r up to 190

r pm %H%%e%d o%gre ﬁﬂg’? ﬁtplgp Trﬁ%rl g%l uwaqfélrg‘e S\rf\’éllf %gtﬁal?‘ﬁe ¢ tn Example 1,

agldegd nHERSESURN by hod. | Mhid) GheNasctid tdagiefafrdRas &oledQ0 150 °C,
rpmfor three hours. Into a beaker 2, powders of

sodi anth aripisinedtfer 3hdewaddéder te Tmgletemof dhe eagfiog, the resultant

t oge

1005 /ac%a%ﬁf‘ohu té\t%l’s gt}]agyzgc% gpq DpD: aﬁlesgﬂa%@iﬁﬁ[ﬂﬁ%%e e?a? L’J lgxample

Sti r1.errhk edsultdiedotn il BIGS. dnnt\Eb, %@4&1%8643

PCTI KR20031002801 Thereafter, the solution of the

beaker 2 Wnhelgreseny expmalediths denghionyimirturg dias b dpllajipg molar
0 to the solution of the beaker 1, and then

riré)xed&ﬁ}pggﬁl%ﬂe hour. Subsequently, the reaction

t enper at ugi©,Bf,0; kes6r eBCYSIoEL =01 1 5,urle, 0N, Fae.seased up

to 190 C while performng stirring at 200 rpm by use

of the sane autoclave as in Exanple 1, 5 and

mai nt ai negd, f.0fic4 Wwo hours. Then, the reaction

tenperature s cooled to 150 C, and mai ntained for

35 hour s. InAf heakertiné0 g ofiphdekiAG0ds atsliza seact wanipirddheed, to which

| d f
br oper PG IR GF bgRah SE R SRR AP S01F R ERaifg sting o 200
1 Thin, bES% L9t &E@leﬁ%\f@? b Al ESdddR fared lB¥ sﬁ"xﬁg% 12R08pm for

In the present exanpl e, the reaction m xture
tLE\e fhodel lowisn gSepatatety, 21Z)gcpd rppwéa;r$ obmodium aluminate was charged into a

beaker 2, together with 57 g of distilled water and 1.8g of a 10wt% NaOH solution, and

admixed by use of the magnetic stirrer for three hours. Thereafter, the solution of the
beaker 2 and 27 g of additional distilled water were slowly added to the solution of the
beaker 1, and mixed for one hour, Then, the reaction temperature of the resultant

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 resuliant 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:

SiOz/AlgOg = 50, Nazo/SiOZ = 0.10, HzO/SiOz =22.5.
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Si 02/ A1203 = 56, Na20 Si2 = 0.115, H2O Si 2 = 22.5.
Exanple 3 In a beaker 1, 60 g of Ludox AS-40 as a
silica source was introduced, to which 21.4 g of a 10
wt % NaOH sol ution was slowy added while performng
,stirring at 200 rpm and 30 .g of distilled water mas
further added, followed by stlrrlng at 200 rpm for

th e Separately, 2.2 g of powders of
ﬁﬁﬁ%&%%s charged into a beaker 2, toget%gﬁhgﬁﬂgnﬂn
57 g of distilled water and 1.8g of a ICMt@bthH
solution, and adm xed by use of the magnetic stirrer
for three hours. Thereafter, the solution of the
beaker 2 and 27 g of additional distilled water were
sl oW y adggghpley t he sol ution of -the beaker 1, and
m xed for one hour. Then, the reaction tenperature of
the resul 6GmefRgonBRt4ine 2 wlisa $0nt9peasféx§0@}§ J@t01€91@@cer 1, to which

whi | r. t at 2 f the
oD GE R SR hpdibarthes S0Y BIBPYRS Secfoniad Sicip ot 200
hou r%m ahla8Ken J0NCofld@AObd RBter WRNREHA hdlTee, fﬂmwsacbgl s6fink @t 200 rpm
1 and mai ntai ned for 35 hours. After the

conpfo thiresrhourst Meratebaé@u&ﬁf powirss plassdinmaptimipde wes hoduced into
pr Odalfl ﬁ%a}geé\r? togst erva%(ﬂr hE &%iu‘h%i%t& Z?ndt fﬁ:" é %9!1 lb %’c‘i’ ti\?aOH solution,

same are shown

FI CSand4amanrd uéby t]:@ﬁh@hgﬁrﬁw s@irrdr. forlthrek fhoﬁt’@.e THeRa 43 the solutlon of the
exanpl e, the reaction nm xture has the foltomﬁn

nol ar
conpekeri2orns sowinadded ty3he-sohigion REebegkepl, alogg Fgh 16 g of additional

20 508,582 e iR RORSI0T045, BT KRRI030GA0A o

Lot r eduee dak ﬁtc@asad e ak €90 °C whilke petbeking Ritride @ 206 q;ﬂn t;ga use of the

wt % NaOH solutlon was sl owy added while performn
st . r FRgERClaye @ i aqramlel 1¢ ﬁfé%meietaaw%ffordt“@t hqufsed Smf&mﬂya the

d tigr 5
for FHbba e s oULRE 1Sl iy fE O BRELS At the
sodi tutAdtisATudties 1\&&31011 nhe Muﬂmdraafﬁoﬂ prraiubleaéseana@zed for properties
together Wth 46 of dlstllled ter and 6.6 ¢
Rﬁaﬂws%%tnﬁef?f as 15 Keaplfd xveﬁe&%gﬂﬁbaft fPeWHﬁgﬁ‘étSr aa and 5b,
§E|r&§f2§ Qry three hours. Thereafter, the solution of
eaker 2 was slowy added to the sol ution of the

beaker 1, Imaltbangprasertheseuply, ohe adabtivn onaxture diastthé | following molar
wat er, and then m xed for- one hour. The reaction
t enp&TBROFHEY0f t he resul t ant

Si0,/A105 =50, Nz;0/Si0;=10.115, Ho0/S8i0; =22.5.

Comparative Example 1
60 g of Ludox AS-40 silica source was introduced into a beaker 1, to which 21.4
20 gofa 10 wt% NaOH solution was slowly added while performing stirring af 200 rpm,
and 30 g of distilled water was further added, followed by stirring at 200 rpm for three
bours,  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 info a beaker 2, and admixed using the
magnetic stirrer for three hours. Thereafter, the solution of the beaker 2 and 16 g of
25  additional distilled water were slowly added to the solufion of the beaker 1, and mixed

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

in Exanple 1, and naintained for two hours.

Subsequently, the reaction tenperature was cooled to

, 150 C, and mmintained for 30 hours. After the

conpl etion of the reaction, the resultant reaction
product was anal yzed for properties thereof in th

sal® AYMRE! as in Exanple 1. The results are'gﬂg%ﬁmPWM&n
FIGS. 5a and 5b, 15 and Table 1. In the present

exanple “the reaction mxture has the follow ng nolar

conp [ Al i Q2 = 0,115

H20/ é’ef 0%“955%‘@0% ‘3{“15?7 “%?éﬁ% Faé“ela“é‘tﬁgé“' By 0 Frggple 1, and
AS- 40qighibbE Ror SOY MG WaSfid: el EERAGh bithe rdcitPatie reshitank Beaction
which 21.4 20 g of a 10 wt % NaCH sol ution was slowy

addemodmi W@ q@'elqurfnﬁ mgpeﬁie'ﬁ ﬁherqqéinethe S0® mpyier asdmBxgoplgl. The

of di s I ed, followed by
sti rrﬁu ﬁargls nﬁﬁ‘#\?%?ﬁt raé] ﬁ%grs Separately, 2.2
& of powd@r HisOfonSRftivdT:akipid M facttl @ix@fre Qb tel Jo86wing molar

water and 6.6 g of a | Oam % NaOH sol uti on were pl aced
i nt comppdader 2, and adni xed u5|ng the magnetic

stirrer f ee ho er er, S tion of

t he beake§r)b§[At11b fg %%P/SEQ 8 % Ha?g}% s?ﬁsl ed water
were slowy added to the solutlon of the beaker 1, and
m xed for one hour. Then, the reaction tenperature of

the mi xt UFEMERESS i ncreased up to 190 C 17 WO

20041058643, g’ggﬁm%%( s%ﬁcg% ﬁ% o 258k

o w]nch 214 g
stirring at pm by use sane” aut oc avé
Fxangtlacl 0 wt%aNeDH satitivh adan slowlyadd«di vtflﬁlefpenﬂmrﬁsmg%ﬂrﬁfg at t[&) rpm and
conpletlon of the reaction, the resultant reacti

pr odtiet 3 ef distilled yeater Fat adtiopaliv added. fallered by FW“%%‘ 200 rpm for

sa a I t
B o "o YPbeS PR ol PR Bl A8 Mhckd i o

exanpklesr 2t togethe@adith 49ng off didtilied whias artdhiet. & g)!of oW wifo MalO&K solution,
DO S 9 3in: DpHRIE S8 dUighist Moo HeSeg Bt pilien of e
POUr L1 MBSy RIRGBHdIE B 18 RERKLES the blReM) oy 43 46 § of additional
distilled water, and mixed for one hour. Then, the reaction temperature of tﬁe 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 mainfained for two hours, Subsequently, the
reaction temperature was cooled to 150 °C, and maintained for 30 hours. After the
20  completion of the reaction, the resultant reaction product was analyzed for properties
thereof in the same manner as in Example 1. The results are shown in FIGS. 7a and 7b,

and Table 1.
In -the present example, the reaction mixture has the following molar

composition:

25 Si0/AlO; =50, Na0/Si0;=0.14, H,0/Si0, =22.5.

18



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
, g of powders of sodium alum nate was placed into a
beaker 2, together with 46 g of distilled water and
14 f 10 wt % NaOH sol ution, and adm xed usin
thg%r?g%‘%gfé?sc stirrer for three hours. Thereaflfcéryl,{m?%émsm
solution of the 15 beaker 2 was slowy added to the
sol ution of the beaker 1, along with 16 g of

addi tion di sqtilled wat er, and m xed for one hour.
Then, th ’?aglgkit on tenperature of the obtained

M Xt ure WSy b1 RASA0 Wiicd Sud Wabintbidced REY £ kA M0to which 17.8
stirring at 200 rpm by use of the sane autoclave as

i n Bxefpl®wits NaQH sehition aian eowly sdded whileaerforming stirring at 200 rpm,

Subse nt.J.y . reaction.tenp ture coal ed 1
Tho & iR o of difinel §3RE ROLAHERRANAL KiBwilBy SOSREE 908 rom for
CONMhRE ihatks Of Sdph@telye 2%t § @R pokdies 6£80dbin® BlumiRACHhOFharged into a
product was anal yzed for properties thereof in the

s anmebogke de fogatber willER A gpif dlistilledriater; aadthen agixed Heng theynagnetic
FI GS,. 7a. and 7b d Tabl S resent exanmpl

the TEScT g’ﬁ“%"%‘( P ?gheﬁ%sert ﬁ‘% %?1%?ﬂ%o°vfm%lﬁegb%an%ﬁr g?"’ as §i09}fadded to the
CON@&itioh 8Nthe Bkl 10 QoA #i9814¢ SQddiNeO0SI watdd, zhd then mixed for
H20/ Si 02 = 22.5. 18 WD 20041058643 PCT/ KR2003/ 002801
Exanfledos:- 681ep 8te reastien tomporaigrestt|theoebtapndrigtupgaygas ncreased up to

| ntroguced . .. heaker t i
o6 RECE S B RindRi e st B i e Byref vyl
Sti r1,idag rednt20@ fopiyo hansd ThesaBe the fhctibh Stmpdraete wab etoled to

was further added, followed by stirring at 2D0 rpm for
5 t hF¥e Chdreamntgaghiondthoprs. o Aferghg,go B p5theteadion; thpfesuitant

al u meg%{og lp%ﬁ tl%ebg 5%\%%53} ’mrgﬁc% e&ﬁ%&eﬁgr% i@ thd dﬁﬂx@ Hﬁﬁﬁer\t%@eH‘Example

54 ¢ St en adm xed using t

magnet i The r@tlis areshofvalin FldiSegr 400 8b,sind Thide af t er, the

sol ution of the beaker 2 was slow y added tot{lhe .

$ol ution B therseikermple, o Agpciipt Fixarg bay the following molar
addi tj.0Rakodi stilled water, and then m xed for one

hour. Then, the reaction tenperature of the obtained

m xt ur e Wa©AAMEY: e dNeg®/$102 $0.029 0OHL/RidkF&2per f or m ng
stirring at 200 rpm by use of the sane autoclave as in
Exanple 1, and maintained for two hours. Thereafter,

the react ggpydiefperature was cooled to

60 g of Ludox AS-40 silica source was placed into a beaker 1, to which 21.4 g

20  of a 10 wt% NaOH solution was slowly added while performing stirring at 200 rpm, and
then 30 g of distilled water was further added, followed by stirring at 200 rpm for three
hours. Into a beaker 2, powders of sodium aluminate was added in the amount 0f 2.8 g,
together with 47 g of distilled water and 12.4 g of a 10 wt% NaOH solution, and
admixed using the magnetic stirrer for three hours. Thereafier, 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
, FIGS. 8a and 8b, and Table 1. 15 In the present
exanpl e, the reaction m xture has the foll ow ng nol ar
co 05|t|on SlCE/A&ZOS 40, Na20!Si 2 = 0.09

gp Exanmple 7 60 g of Ludox AS-%“WP?S@QZSM
source mas placed into a beaker 1, to which 21.4 g 20
of a 10 wt % NaOH sol uti on was sIomAy added mhile

f 30
(F‘j)le;t : rrrrmg%g%a\{vas dob1ad g tq LS(}Z‘%g a%%m &med C\Iglérs bg er the completion

Sti r bf thg rékticaDfhe &@mtén@ featﬁmqﬁodubmm&nawm ForprbyRRkes thedoof in the-
powders of sodi um al um nate was added in the anount of

2.8 game rtl@f@ertaﬁerﬁwmpiﬁ 147 The prulsiasa shp vt RGP e aash b, pad Zable 1.
g of a 10 M | utikon, a d e us

magnet i c Sl%lﬂ{ S!?e r “thifea ﬁou{%gofnoﬁh{égr‘ﬁé]a ter, E’?h (6wing molar
sel utbBposttibnt he 25 beaker 2 was slowy added to the
solution of the beaker 1, along with 17 of

addi t i onaFiO%He@iT $0d Nael@/8i02 =fht t ﬁe‘ﬁ’srﬁ)b(e%ﬁffor one -

hour. The reaction tenperature of the obtained

m xture was increased up to 190C while performng .
stirring &ka2fO8r pm by use of the same autoclave as

in Exanple 1, and maintained for two hours. Then, the
reaction 04& ofBUIOAPUEEE 23 TIBETRIRIE ShTeziintp 2 beaker 1, to which

t { enpoi 3 E’Jf% MBS0 L RAE LofuBor RS sff{owlg e RIHE %E&&?ﬁ%osrturﬁ% at 200

hours. After the conpletion e reacti
1n@s ukgmarehd themdd goh dxpmlhaduvmterms fiathed addei fdlbwapbpgfeﬁ:tg’ #3200 rpm

ther in_the nner | 1. The
resulréh?Fem?ﬁoW%@Fﬁw ﬁ@ﬁgngﬁdn?QHWQMEEmiﬁl6 g of

the QI8B&NIat&XRMLErgel Hﬁo 5 sa&&l panmwd%sﬁg%hé,ﬂfgnm stirrer for.. -
followng molar 5 conposition: 21 A1203 = 40

Na 2 OtiggeCours. OTllatt?aftbllﬁ&/ s8lufign of B2 bEﬂlcer Ewaa“rqu\ely&d&ﬁ tg tlefsolution

boak &F PRkeR b SRR S5 5 ) A Cor oo, FEO R G one howr
was i‘h@%a)éu@dt@ﬁ r)ftﬁlel & tRE ! %Hg Bkt v |1 GenRld 31993 1950°C while

rpm and then 30 g of disti wat er was further
adde@crfcfrmﬁugmﬁlemm}t 20irpmj Mgumofztb@ sgnpeutoclave as in Example 1, and

maintained for two hours. Then, the reaction temperature was cooled to 150 °C, and

maintained for 42 hours. After the completion of the reaction, the resultant reaction
product was analyzed for properties thereof in the same manner as in Example 1. The
20  results are shown in FIGS. 10a and 10b, and Table 1.
In- the present example, the reaction mixture has the following molar
composition:

Si0y/A1203 = 33, NayO/Si0,=0.115, H,;0/8i0;=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 wt% NaOH solution was slowly added while performing stitring at 200 rpm, and
then 36.9g of distilled water was further added, followed by stirring at 200 rpm for three

20



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

, solution of the beaker 2 was slowy added to the

soI ution of beaker 1, along with 21.6 g of additional
tilled water, and m xed for one hour. 15 The

re%’ﬁ"?f‘l@s’f%ﬁper ature of the resulting mixtur ePGiaER?003/002801

increased up to 190 C while performng stirring at

200 rpm by use of the same autoclave as in Exanple 1,

d ' for t Th th '
oA o PEE clop R B S ami R S i e
42 hepther wAllt 3819 ¢ bediGepvele, 0fd mikdiust r%eiﬁﬁt nQhetid Rfrer for three

resul tant reaction El roduct was anal yze
pr oplequrs. e Sherhadien dfe so ﬁ@hef@ah@kﬁa?nweﬂrslwy |adﬂeE>ttatmlseluﬁon of the

The 0 resuylts are sh in

rap 6 RSl I S Wt Th IR Ao Wi, e
h&s feh@ioh @éﬂ;@ﬂﬂ@wﬁﬁlﬁ@é&e&% Q§(b QG Phile é?ki@%ﬂi@-gtggrég'at%a@ pm by
Na20/ Si 02 = 0. 115, H20/Si 2 =

of LERSo% DRSemp agpqlaves ybﬁ*aemlw\}a@nd: Fhen gemtmmdo@\memer Then,
f |
oo Al ERpdafle wll Bt 1B St Bl SRt for 36

36. 9gpued.  difisi the batblsih oFf thadsctdal thh efsuladeiRshiion Plol@eds analyzed
by sti rrlg% at 200 rpmfor three 20 WD 2004/ 058643

PCT/ ferRPogfe0bgeaf inf ¢ mERYras e Byample 6 gThefreptinvesr shown in
u charged into a beaker 2,
togepﬁgﬁvkﬁ%ﬁqugg S‘lollstllled wat er, and adm xed
usi ng t helmulgn@tesent Sé}dampler the rreetcﬁdireenmfm@d.l has the following molar

.Thereafter, the solution of the beaker 2 was slowy
addetPHRSHPRE sol ution of the beaker 1, and mixed for

one hour. sff Lgfo, e, MuIPGOPLAGESS HPsepT eted, the

5 reactlontenperature Wwas | ncredse 0 190 C while
performng stirring at 200 rpmby use of the sanme
autocl ave_as i.n, Exanple 1, and then maintai ned for two
hour s. ThEFF‘m $He reaction tenperature was cooled to

150 C at GU\@'oPﬂu&oQ@H Mda%u@&%{ ﬁl%dﬁl% a%@ake{jp Y8 Shich 214 g

After the conpletion of the reaction, the result'ant
r eacti 2ot piobleH seleigonarea blywbchddémmmrp@ﬁamﬁmmmﬂg&m 20 rpm, and

15 S5 RS 3 LTS, o A 228 S o e
hours. Separately, 3.9 g of powders of sodium aluminate was placed into a beaker 2,
together with 52.3 g 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 distilled water, and mixed for one hour. After -
the mixing process was completed, the reaction temperature was increased up to 190 °C
while performing stitring at 200 rpm by use of the satne autoclave as in Example 1, and
maintained for two hours. Then, the reaction temperature was cooled to 150 °C, and

25 maintained for 42 hours. After the completion of the reaction, the resultant reaction.
product was analyzed for properties thereof in‘the same manner as in Example 1. The

results are shown in FIGS. 12a and 12b, and Teble 1.
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In the present exanple, the reaction mxture has the
follow ng nolar conposition: SiQ2/ A 203 = 33,

Na2OQ' Si Q2 = 0.115, H2OSiQ 2 = 15. Exanple 10 15 60 ¢
of Ludox AS-40 silica source was placed into a beaker

, 1, to which 21.4 g of a 10 wt % NaOH sol uti on was

slowy added while performng stirring at 200 rpm and

t hen 30 g of distilled water was further added

f oVPSIBESE stirring at 200 rpmfor three hdirdR2003/002801
Separately, 3.9 g of powders of sodium al um nate was

pl aced into a beaker 2, together with 52.3 g of

distille ter and adm xed usi therranet

stirrer f ehlpée €15 0S¥ 5R ni:ﬁ %heTﬁ‘éarc@g’f TG %‘F (feHioyying molar
of they Qﬁg&pr 2 was slowy added to the solution of

t he beaker 1, along with 22.3 g of additional

di sti | | edSiattdiOs =23d N8/ Of 66 1dhe HbUSiO ARRSr  t he

m xi ng process was conpleted, the reaction tenperature

was increased up to 190 C while perfornming stirring

at 200 rppxdppidisie of the sane autocl ave as in.Exanple

1, and nmaintained for two hours. Then, the reaction '
tenper at ublks wblsdop HSeld siliga I0pe @as e dRsd intd mbeakerddiofvgrich 14.4
42 hours.,. At e e.conmpl etio he. reacti.on, .t.he

resuf ?g‘h%o %}52{510%{1801 Baﬁ‘éf‘k’“’p a%a%dta SRFTPgpiog Stirring at 200 rpm,

pPr opgkitth&@s3d Ber aRfillddnwithen S aaBed BNReEd 85 sin&ng)&ﬂmﬂ @mlfor three
The results are shown in FIGS. 12a and 12b,

and
Tabl kouts. ﬁgpmlzob%&@ﬁsm@e@@ﬁomo@@p@@z%q 56 1§ of iistilled water
Pr lelsx%grte 155 d mto algga]érefl & g&gdé%ﬁg%ﬁgggg stirrer for three hours.

WG o CORPOSTTT oN

Na2 Q‘lﬁr&ﬁer,—tlﬁ-sdliﬁon HIZEY k2 2 a2 Aobly ad&daﬁ’ﬂieeoﬂlﬁorﬁof@@ gaker 1,
of Ludox AS-40 silica source was introduced into a

beak@engl with 2owgof pddiiongl digtitlyd watery apf gpikgdORr e (otion Then, the
| ‘
and ThYsAERERe S SrREk QLR bl A llegiip o B whit

by spdrfobrhing satringCd 200 nph Gy sk ro€ehe mﬂ&tocﬁepas & Ekample 1, and
4.4 g of powders of sodium alum nate and 56

of
di st Pepginedaero hggre Thinr ba T fﬁﬁlaerﬁu%éféﬂ%éﬁolzd toghd °C, and
20 1aRh 2 6 RorPRING] fhe Shinblefdn {0 LRERS, hg%salmﬁqeam
ereafter, the solution of the beaker 2 was sl ow
addeprotho:t v»)laEaIsleeﬁ foo propértitshibertrdark the sdme manner as in Example 1. The
results are shown in FIGS, 13a and 13b, and Table 1.
In the present example, the reaction mixture has the following molar

composition:

20 Si02/Al20: =25, Nax0/810,=10.10, H>0/8i0, =225,

Example 12
60 g of Ludox AS-40 silica source was placed into a beaker, to which 7.4 g of a
10 wt% NaOH solution was slowly added while performing stirring at 200 tpm, 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

, sane autoclave as in Exanple 1, and maintained for

tmo hours. Then, the reaction tenperature was cool ed

d 15 maintained for 66 hours. Aft
“Jq ?&Sﬁﬁgf the reaction, the resultant realg Tﬂ%‘% 03/002801

product was anal yzed for properties thereof in the

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

excana?E R £ 28 paBfdhal B gl TR R i oy pon, e
conpRadtioh @empe&@n&mé b8:2681 reaction niNed/wals Qdréasdd. %Qo 190 °C while

H20/ Si 02 = 22.5. Exanple 12 60 g of Ludox AS-4
si | | palosBine cEriRg gt BPAERE tyritss of thresaasy autqolavivsk dh Examplg 1, and

of ama&&n‘éﬁ% N&On_!)lft‘é)l l‘fh evﬁﬁcﬁ%h(%%éﬁleﬁa%mg %‘%6\%&%(? to 150 °C, and

per form ng stlrrlng at

dt st inhin@thetvddreds wass, f lAlﬂ"chﬂﬁE caﬁﬁﬁeﬁbn dfoht esaebrDYhe resultant reaction
stirring at 200 rpmfor three hours. 25 Separately,

5.0 Brofet Bavapalvaedyior Beperlich tgrentith e samm@anr g isfExample 1. The

di StLIRGUALRL 1868 14h B PHURAG 050 a beaker 2. and

adm xed usi ng t he magnetic stirrer for three hour s.

Ther eaf t efn, theh@reselt utianplepfthd heacHemkeixt?e ias tht ofoliywing molar
added to the solution of the beaker 1, 22 WO
20043FHEEHS PCT/ KR20031002801 al'ong with 29 g of

agldi ti onakigiagid,ld2d Walpsio, aRthss] Xﬁ.,g)/él - =9hg hour.

Then, the reaction tenperafure of al ned
reaction mxture was increased up to 190 C while
per f orm ng St |1 f ng at 200 rpm by use of the sane
aut ocl ave "5 A% Exanpl e 1, and maintained for ten

hours. Thefg of DRIck @&CAT BN HIRTBEIEL WS IMES; %ogﬂ)ee,ﬂeto
150 C, and 5 maintained for 96 o PR P pier 110 which 30

conpk ef idb‘h'“f@f wattrewiseaided while péréormimg stitringt at rz@a apmo rSubsequently,

Crne rar Setol R arn Pl 4R ot e e "SovgiE 55 & of
6 GSpovldtas o@@dﬁlﬂfﬁﬂumﬁﬁﬁ wed BheBgedl intd B bedkBS2. RIEHEWith 62 g of distilled

exanpl e, the reaction m xture has the fol low ng nolar
C orrpwsfm; p@hadwdsis:@e/ﬂmnzmetw spiprer fipheyeSionz. =Tigr@8s:;, the solution

H20/ %l &1@ beaker 2 was slowly added to the solution of the beaker, along with 32 g of
additional distilled water, and mixed for one hour. Then, the reaction femperature of
the resultant mixture was increased up to 190 °C while performing stirring at 200 rpm by

20  use of the same autoclavg as in Example 1, and maintained for 20 hours. Then, the
reaction temperature was cooled to 150 °C, and maintained for 200 hours. After the
completion of the reaction, the resultant reaction product was analyzed for properties
thereof in the same manner as in Example 1. The results are shown in FIGS. 152 and
15b, and Table 1.

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

SiOz/Ale_?, = 20, Nap,O/SiOz = 0.07, HzO/SiOz =22.5.
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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

.at 200 rpmfor three hours. Separately, 5.5 g of 15
powders of sodi um al um nate was charged into a beaker

2, together with 62 g of distilled water, and_adni xed
usRg I hgnetic stirrer for three hours. FCTARI003/002801
Thereafter, the solution of the beaker 2 was slowy

added to the solution of the beaker, along with 32 g

of addié%?nak %istilled wat er, and m xed for one

hour. Thefa d% eacti on tenperature of the resultant

m Xture Wapg bPELARRSEHAYRs & Qitidd QoufecWids | acBE kPR WhakEL 1, to which
stirring at 200 rpm by 20 use of the sanme autocl ave as

i n BXahpbfa 10 waNaGid selutionads flowl2@ldibwhide pefeaning stireing at 200

s P FRATEPOAD Sk BRY ey o e R e 00

rackhi fitbe Holh@. I &pilateBN D 2/ LHGHokvaks Bf Qdist ali@ma@Rak YELERd into a
for properties thereof in the sane manner as in

Ex ariyselker 2, togutieer mith GF g of distélled esion aid. 3-8 a5 101%t%0 Nefe solution, and

15b, and .Table.1. 25 In.the.present ex | t .
r eact BT e, e mesRetie L Fq% Hbus " fRtciter B8 splufion of the

.6E
oW hg nol ar — conposi't

Si O2§ A2 03vas sROly Ma2 o Ihd W hwioR oPifie bEHRE) 1SkR3g FitR 35 B.of additional
23 WD 20041058643 PCT/ KR20031002801 Exanple 14 60 g

of Ldisidbed mater eudimixgd ir ppapns o Fhe eapiipn tepsesiae phibemixed reaction
aker 1, to.whic 4.9 of a. W% 0 1.0
e Sy HEl 0 1o dufpBionfied Yl ol AT P B SR e e

r pm avidethve NENin3BxGopdd 1¢liagd i thbiedinvdtfer twBSoficklr t e, the reaction

added, followed by stirring at 200 rpm5 for three i
hour ismpsalgeer wasergied o @5&0,@1&1 M@}l@ ¥ 15w mAfter the completion

Lum . o _
g o i
SOl uganernanasds irekbmpRol. uShagstllserawhgwe id FIGSt 1Garaed 16b0pnd Table

three hours. Thereafter, the solution of the beaker 2
was 5l owy added to the solution of the beaker 1,

along wi t iy 3 Gl AUAIIONAL roflliSd |tk WAL Ghe Blfling molar
m xed for one hour. The reaction tenperature of the
m xecbnipeaititi:on 10 was i ncreased up to 190 C while

per for m ng. 11510, 3L 290 0D HesisRl, e same

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 wit% 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 pm for three
hours. Separately, 2.2 g of powders of sodium aluminate was charged into a beaker 2,
together with 65 g of distilled water and 9.8 g of a 10wt% NaOH solution, and then
25  admixed using the magnefic stirrer for three hours. Thereafter, the solution of the
beaker 2 was added slowly added to the solution of the beaker 1, aioﬁg with 35 g of
additional distilled water, and mixed for one hour, Then, the reaction temperature of

the resulting reaction mixtore 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

, product was anal yzed for properties thereof in the

sane manner as in Exanple 1. The results are shown in
16a and 16b, and Table 15 1. In the presen

ex‘gﬁpzf’% e reaction nixture has the fol | owtid HiPHP02801

conmposition: Si 2/ Al 203 = 50, Na2O Si 2 = 0. 12,

HZO Si 2 = 27. Exanple 15 20 60 g of Ludox AS-4O

SI|I souyrce pace ntoa to

A Oy 354 BP e SERE RiipeBh B RURSRAE 1 Pintiedor two hours.
whl | BheREMHE QEdH BT teRdpefaliird) Grad boc2Q0to! 193 ccANEY M}ﬁﬂnéa%g 14 hours.
of distilled water was further added, foll by

sti rﬂLﬁwghmorm@@mmﬁ the reattipmethe rpylinng . re@e@ap@ﬂ@t ywas 2ndyzed for

g of powder di um_al um nat ch nto.,a

bl PBeE e B o o Bfatffl | bRt B n 0.
9% 8 a@hd eybl M P4NAOH sol ution, and then 25 adm xed

using the magnetic stirrer for three hours.

Ther eaf t eln,. theh@reseit uesempieofibe eactigne akiafure bag she didideving molar
slomhégpdged to the solution of the beaker 1, al ong
with additional distilled water, and m xed .

for one h&%/Al;{U}%rEO,tNer/ﬁ@QHOQQS,t emmﬂmgulze. of the
resulting reaction m xture was increased up to 190 C
whi | e perforning stirring at 24 WO 20041058643

PCTI KR2008 R%x 2,00 rpm by use of the sane
autoclave as -n anple 1, and nmai ntained for two

hours. Téegof Lidex ASatsilensduepas aitddeeaso £baked, foGvhich 21.4
165 C, and nmmintained for 14 hours, After the
conpt &f # b vise NaQE! sodiop v Slowhfeadﬁ%%whiﬂ%mfoma% $tirgpg at 200 rpm,

Pr oGk A AT KAES £ o BRBEH SRIkNARERL LA o 200

same manner as I n esults are
Fl GSfor tieclikasrsan 8eliai’dnc;ly,amlig Tapdvadeds. ofl sodivinhedurpings @t placed into a
exanple, the reaction m xture has the fallown

nol ar
corrp]Ef'éFTrl ofgethes; gy ok ey §istillaghvategoep 8jep 2 10 W‘VELQSOH solution, and
20/ Afed= sgr?g the Fr?{m Cstik@r for three hours. Thereafter, the solution of the

beaker 2 was slowly added to the solution of the beaker 1, along with 36 g of additional
distilled water, and mixed for one hour. Then, the reaction temperature of the obtained
reaction mixture was increased up to 190 °C while performing stirring at 200 rpm by use
of the same autoclave as in Example 1, and maintained for two hours. Thereafter, the
20 reaction temperature was cooled to 165 °C, and maintained for 17 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. 18a and

18b, and Table 1.
In the present example, the reaction mixture has the following molar

25  composition:

SiOz/A1203 = 50, N?.zO/SiOz =(.,1 15, HzO/SiOz =27,
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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

., additionally added, followed by stirring at 200 rpm
for three hours. Separately, 2.2 g of powders of

sodi ] nate was placed into a beaker 2, t her
WWWS%& distilled water and 6.6 g of a 1° %"&%"2"‘”
NaCOH sol ution, and 15 adm xed using the nmagnetic

stirrer for three hours. Thereafter, the solution of

the beak slowy added to the solution of the
beaker 1,§%ﬁ3§)}1e\3ﬁ\7vi th 36 g of additional distilled

wat er, angh gofdadot A5-40RBIcH Qe whk Biroddda@ it@@Bdak@N, to which 21.4
tenperature of the obtained reaction m xture was

i ncreaked e NCHowlutionsyap slowlyraidedyivhily rerfopnipg gtirdpg ZOPO rpm,
rpm . Vi ' le 1 d

o ity B0 Ehr ditiof 3 ML RELARAEE Bkt HR o s Ao o
t Bnpfathons. Waparatdy), @) Eof®wdéss odnddithl fitvdina@ dwdsoplackd inio a
hours. After the  caonpletion of the reaction,

t he
r esuPeeksie easther Motk 6p eod disilicdaeter d 3% 84t a §it% NaOH solution, and

or op . . 4l iy _
1. Tﬁéﬁ res uﬁ‘%ﬁ{gﬁg‘i %lh \?A&blﬁﬁ%EWa San ulljsggg’ Sén c? Soution of
Tabl #e beaklen 2twe ghoveg eridedens athp katytiohhef the dedkeonh, soog Witk 36 g of

has the. fall.owing nmolar, 25 conposjtion; SiO2/Al12Q8 =
50, 4§Tiend; gilled %.Vaiefs?ndr@wd @gnezhw_ ABe thgymixing process was

2904058643 RO, - -

Ludox 8-640 seﬁia%%{a%%gtg%é%%%\%géasi ﬁtér@%%% gﬂg ltgi %aoqjag{)hgg grrformmg

1, tgimidy ©l202 1pmd by gs©6f the tnamtildcNaOrb BOERariptn] ,wad maintained for

slow y added_whil e performng stirring at_ 200 _rpm .

and et =0 (Pl HeiTpaPeeR (RPERORS o 9y 155 dotpd maintsined

fol | Ryed nBirs STAfd: ititOcofpled00 of B daBond tHe HER Rl O&ERon product was

Separately, 2.0 g of powders of sodium al um nate was

pl acadlyized for aropbrtiekdered inttogeritanannértds i6Exgmp 1. The resuls are
Lstilled er. an . 9 a 10 wt % NaOH sol uti on,

g%d Slioﬂ'gﬁn]\g@#f £?§§n€§$“n@“ﬁ?§{er}agnet ic stirrer for three

hours. Sufserd@Rst, edaBBles GhdltrkRBorP fmixfule HASAKE fofoWBS molar

slow y added to the solution of the beaker 1, along

Wi t he@@ogitignt:  additional distilled water, and m xed

comp ot e PRI | PR aPAPLr BTRSTR cased up

to 190 C whil e performng

Exarnple 18

20 As a silica source, 60 g of Ludox AS-40 was introduced into a beaker 1, to -
which 21.4 g of a 10 wit% NaOH solution was slowly added while performing stirring at
200 rpm, and then 30 g of distilled water was further added, followed by stitring at 200 -
rpm for three hours. * Separately, 2.0 g of powders of sodium aluminat{;, was placed into
a beaker 2, together with 64 g of distilled water and 10.42 g of a 10 wt% NaOH solution,

25 and admixed using the magnetic stirrer for three hours. Thereafter, the solution of tﬁe
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 temperaturé of the obtained

reaction mixture was increased up to 190 °C while performing stirring at 200 rpm by use
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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
. reaction, the resultant reaction product was analyzed
for properties thereof in the sane nmanner as in

ExarBDI e 1. The results are 15 shown in FIGS. 19a an3d
1980 AP P4bi e 1. In the present exanple, thePGERRAPPGHB

m xture has the follow ng nolar conposition:
Si OZ/ A12Q83 = 56, Na2Q' Si2 = 0.11, H20/Si = 27.

o2
Exa 18 20 a siliga source,, 60. g.of Ludox. AS-4
was nF#%gosaﬁgea&}é?lﬁ_ eoasamogﬁ ¢, ad,m Q?f]l fjgrl P BO‘E?'_ g'hen, the
10 W erNaGhlns@briie 1R coBiSd 54 oY YC,a8dasimhberpay kR Nfter the
stirring at 200 rpm and then 30 g of distilled water

was famplétion of dereraction) the wesultdyy reattiony irpdpchwap@elyzedfor properties

for three. hours. Separate . of wder.s of.

o FeE P B i s £ OrpRise P oo g g 20 and
Wk t hodis afti Dibledli.stil 1 ed water and 10.42 g of a 10 wt %

NaOH sol ution, 25 and adm xed usi ng the magnetic

stirrer fé& thihrmsseoerapleThide egpqtion | mixiwe ek uthe ofellowing molar

t he rrgp%gﬁg 2 was slowy added to the solution of the

beak® a?‘ong with 34 g of additional distilled

wat er, angio¥aes 55, oRgO/BIYE= 0. IBhem,oik® <+ Eact i on
tenperature of the obtained reaction mxture was
increased up to 190 C while performng stirring at 200
rpm by us%fm%@eyg) 2004/ 058643 PCT/ KR2003/ 002801 of the
same autocl a as in Exanple 1, and maintained for two

hours. Theo g of hedoxrASA4l dila sbetPpetiadheized ivasa sakdr @ thotvehich 21.4 g
16 and nmi ntained for 17 hours, After the

5 C
conpPEt [OAt%eNaPHeckbenerassipwly pided whilg pesforming sHisting 200 tpm, and

d f . i T .
D e o 2R AR B A SBEOPRIL, 31005 Stind A0 for e

Fl GShoi@a Sepatately, 20y, of podderabf diim dlominhie, §F £sLdiktilled water and
exanpl e, the reaction m xture has the follown

, nol ar i
compodP & Gr: 10sy'eplaiD ggutionsere fepgiosyl o & beekqry?, and then admixed
K20/ B2 néabnetic FHATRENLD hours.  Thereafter, the solution of the beaker 2 was

slowly added to the solution of the beaker 1, along with 33 g of additional distilled
water, and mixed for one hour. Then, the reaction temperature of the obtained reaction
mixfure 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, The;l, 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 resulis are shown in FIGS, 21a and 21b, and Table
1.
In the present example, the reaction mixture has the following molar
25  composition:

Si0x/Al,03 =67, NayO/Si0; =0.13, H,0/Si0,=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,
,followed by stirring at 200 rpmfor three ' hours.
Separately 2.0 g of powders of sodium alumnate, 64 g
istilled water and 13.6 g of a 10 wt % NaCH
soTN Y Wet e i ntroduced into a beaker 2, and {AE}03/002801
adm xed 15 using the magnetic stirrer for t hree hours.
Thereafter, the solution of the beaker 2 was slowy
added to Ejg gﬁdjtl on of the beaker 1, along with 33 g
of additi ohar dlstllled water, and m xed for one

hour. Thego glohBuddars. u@ﬁh&mﬁi@e aiayplacéafmtb%eﬂ&% @It@%@uch 214 g
reaction mxture was increased up to 190 C wh

per f 8k ad %@t‘VsNP@H|Sﬂgh<mwemtwﬂmﬁdb§mh%@@nmh@ sﬁrsmm 200 rpm, and

aut ogl ta| ned f

nour 28 1562 olfhado AR s hacsB OuRel iR 1 200 g e howes.
165 Sepatupdly, 08I gurabhads sfabdita ahmume SAfitg%Edf(sﬂﬂﬁad water and 2.2 g of a
conpletion_ of the reaction, the resul tant reaction

pr odt@ W@é&a% solytoa vy piiefensd intp adetlive Pewrd the apixed usmg the

lsé i’igﬁé a 5 H%? ﬁ:gm%%ab'ﬁherégﬁgr Fh% %ul1§n %f %e %Itga?(er 2 was slowly

exanpdded td thesdl@ma boff tha bedlet 1kanp aghine gfdflaﬂdiﬁi%nagdlmb@ﬁvater and
25 conposn ti on Si 02/ Al 203 = 67, Na20/Si 2 =
H2 QY S8 Tor onp houry7 Tings, Sis0ieacion baperaters R?@G@BW@G@ sﬂ@gtmn mixture

P acae Pteed Baduar VS ReitRle el 07 iyt 5 g of th came

I\Ia()—lmsmﬂam on invEgasplovi, yand Oaleidtaindad | for ped Tt NQhen, the reaction
stirrin 200 rpm and thenso(ﬁof distilled )
wat ef® nwg@t‘%‘ﬂ'ﬂ%“ocoo B BRe & B3 weinizinpd §r 20 bowe 4er fhgroompletion
t hr egr MWL SiondtheeRAAL Rhdtion Jrosubt s LOVAE
al um natea 01 6 g of dist |0nl%éduwate y% 3&59%'3&]?9&%&““&
10 wedpeNa@uers inExapmplane r &hi ndsnitchue sidwi i BIGS. Rixodaé 021 and Table
ﬁgd hen adm xed using the magnetic stirrer for three

urs. Thereafter, the solution of the beaker 2 was
slowly adfeg: tp@esﬁlheeéaﬁl W i Qe @gctlBH EmBRAK Gas ]-thc ai}oﬂ&&ng molar

with 37.8 g of addltlonal distil wat er, and
f or ommposidion:. Then, the reactlon terrperature of the

Ch! Lo SR ML B R0, 0 ©

sane

Comparative Example 2
20 60 g of Ludox AS-40 silica source was introduced into a beaker 1, to which 21.4
g of a 10 wt% NaOH solution was slowly added while perfomﬁng stirring at 200 rpm.
Further, 30 g of distilled water was added to the beaker 1, followed by stirring at 200
rpm for three hours. Separately, 3.3 g of powders of sodium aluminate, 51.6 g of
distilled water and 2.2 g of a 10 wi% NaOH 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 mixiure was increased np to 190 °C while performing stirring at 200 rpm by use
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autocl ave as in Exanple 1, and maintained for two
hours. Then, the reaction tenperature was cooled to
165 C, and maintained for 20 hours. After the
conpletion of the reaction, the resultant reaction
. product was anal yzed for properties thereof in the
sane manner as in Exanple 1. The results are shomn in
FIGS. 22a and 22b, and Table 15 1. In the present
ex AMFPUOSR6/L reaction nmixture has the fol | owiffd 002801
conposition: Si02/ A1203 = 33, Na20/Si 02 = 0. 115,
H20/ Si 02 = 27. Conparative Exanple 2 20 60 g of Ludox
AS-40 silica source was introduced into a beaker 1, to

whi cif 1 same guigplaye 3 Esammifol &) HembiPehealer nogugs. After the
add
30 g onPIebE o cleled et dachon BRI ity 16 propertcs
f ol | thaved i1 theShine mamger at in2B@mpledm Toe rostitseee howndn FIGS. 23a and
Separatel%, 3.3 g of powders of sodium alum nate, 51.6
g of23 #Pledd water and 2.2 g of a 10 wt % NaCH
spl ut i on Wi LAME Lol O rBBRChire 235 ARIGIEFRS molar
adm xed using the nagnet Stirrer for three hours.
Thereafpbetion: t he sol ution of the beaker 2 was slowy

added to the utjon_of the er.1,.alo with 37.8
g of addé£¥%§§1‘&lStNFﬁ@%SMEBE?J &ﬁéﬁﬁskﬁggfor one
hour. Then, the tenperature of the reaction mxture
was increased up to 190 C while performng stirring at
200 rpwm&@mmﬂaZQS WD 20041058643 PCTlKR20031002801

of the sa

For o nuF ot Lier AN o b cbmei S R bl Bcn 144

ihe 6@1@'%5@1@ 3R AR KRG/ Cld d BShiR PR RSE g‘ueﬂng at 200 rpm, and
properties thereof in the sane manner as in Exa

1. Tﬂhen peg of distilled avateh mﬁmherlaﬂ@, fopgeedprastirdgst 2 tpm for three

La)k()lt 5. hggpafzﬁe hllefsﬂ[ €$ s er ¥ godrimt %81&1& glﬂ Sath d¥B1ted water

Si Q244 28 dtced Fnio NadbNedh Qidthdd. alididsed Mk Sie%gnet%kﬁrrer for three
Exangle 21 60 g of Ludox AS-40 S|I|ca source

char i Aheseadtep dbkasfution of the kpaken? and 4.Gg of add1t1onal distilled water
15  were slowly added to the solution of the beaker 1, and mixed for one hour, Then, the

reaction temperature of the resultant mixture was increased up to 190 °C while
performing stirring at 200 rpm by use of the same autoclave as in Example 1, and
maintained for six hours. -Then, the reaction temperature was cooled to 165 °C, and
maintained for 22 hours. After the compietion of the reaction, the resultant reaction
20  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:

Si0y/ Al 05 =25, Nay0/Si0; =0.10, Hp0/S10,=27.

25 Comparative Example 3
60 g of Ludox AS-40 silica source was introduced into a beaker 1, to which 14.4
g of a 10 wt% NaOH solution was slowly added while performing stirring at 200 rpm,
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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

. g of powders of sodium alum nate and 71.9 g of

distilled water were introduced into a beaker 2, and
then adm_xed using the magnetic stirrer for three
hotP¥ PR eafter, the solution of the beaker® 2" &jp3/002801
41.9 g of additional distilled water 15 were slowy
added to the solution of the beaker 1, and m xed for

one hoyr . en, .tk reacti an.tenperature of the
o il 20'5 Brfia e Shas S HREL SoitBo it a1 200 rpm for
per f eréd KfrsSt Sépatabtly, als LOOIwRAB RY sdéhfn Blunklie S8R 0 ¢ of distilled

autoclave as in Exanple 1, and maintained for six
hour ¥ateT Weng, intradaced dafo taj hyeker @rqnd atn pdmingd Sising Glegubgheic stirrer for

165 nd i ntained for. 22_hours. Afte he .. .
comp it B Tt e oo or e Piekin { b LABE gy isies
PEOduGter WaS sRRB Aa&Tko R soREOPEHhd 1R8kd: e @fixdd Yol B8 hour. Then,

sanme manner as in Exanple 1. The results are shown in
FI GSthexgzstiph deupgiitore 08 theastudtart, mixire ies fcesendtup to 190 °C while

exa e..Leacti m xt ure the follow n | ar

o Blefmlnd S EACk B o S 68 B R el dn Braile 1, and
H20/ Hiafi@aired 4dr 17 BoudCONIRF 8l doLipliaPf Be 3ealfor) 0 reduitd®Xreaction
AS-40 silica source was introduced into a beaker 1, to

whi ¢ Frofiact yvas gnalfzeyfog propeisnGerpidethetspmn mapeer 8 svifxgmple 1. The

de [ ' | &4 00 rpm 29 WO
3B0a it BE PGS0 et tetien 50 g o
di sti | | edImattie compedative tdxeipladiie deactie] hxed By B4 ifdllobil@ molar
at 200 rpmfor three hours. Separately, 4.4 g of
powd EP8PEIOR:odi um al umi nate and 71.9 g of distilled
wat er wer @;ch L@ dieed : ke . hen
adm xed ugf%gﬁ%(%e négyg%l?/glcgtiib?@érﬁ?%@@tnﬂzr%e hours.
Thereafter, the solution of the beaker 2 and 41.9 g of
additional  distilled 5 water were slomhy added to the

d

43l ution die fHOMRSaRERPES 2480 WiTsRUoF®ed Eneenfigp ihe effects of the
Then : ' X : L A
Tt e O L e SR e o R P LSS Bh on e et
st i r rdapfgpnarod2@0 rpm by use of the sane autoclave as in
Exampl e 1, and nmaintained for 17 hours. After the
conpl etion of the reaction, the resultant reaction
product wagagfiébyzed for properties thereof in-the
sane manner as in Exanple 1. The

60 g of Ludox AS-40 silica source was placed into a beaker 1, to which 21.4 g

20 ofa10 wt% NaOH solution was slowly added while performing stirring at 200 rpm, and
then 30 g of distilled water was further added, followed by stirring at 200 rpm for three
hours. Separately, 2.2 g of ‘powders of sodium aluminate, 49.6 g of distilled water and
14.6 g of a 10 wt% NaOH solution were introduced into a beaker 2, and then admixed
using the magnetic stirrer for three hours. Thereafier, the solution of the beaker 2 was

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

autoclave as in Example 1, and maintained for two hours. Then, the reaction
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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: Si02/A1203 = 25,
Na2Q' Si 02 = 0.10, H2O Si2 = 27. 15 The foll ow ng

. exanpl es 22-26 were perforned to confirmthe effects
of the nucleation. tine, of the two-step reaction

(nucl eation and crystallization), on the resultant
r e XA PYPEbduct . Exanple 22 60 g of Ludox ASC Eﬁ‘m‘]"m"zs‘”

silica source was placed into a beaker 1, to which
21.4 ¢ 20 of a 10 wt % NaOH sol ution was sl ow y added
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sti r of thg ra@ktioh the @it ir® Eeal:tmhq:@odubto&%{ssanﬂ%%laﬂr%e}‘tw %w?eof in the
g of powders of sodium alum nate, 49. of di'sti

wat ePaEfiganneyasen xastply L. 10Fhmr%mm+s®®mum FEIB8. B6r and 26b and Table
intrgduced into a beaker 2, and then adm xed using
the magnetic stirrer for three hours. Thereafter, the

s6l ution of th&q:r&ejﬂkeiatr%lé/\laﬁc 2RadHoR Wik hasl el ﬁ19 foh@wmg molar
solution of the beaker 1, along with 19.7 g of

addi CYBPRIILOR stilled water, and mixed for one hour

ren LSO U SRRl Hasgstant

stirring at 200 rpm by use of the sane autoclave as
in Exanple 1, and maintained for two hours. Then, the
reaction CRSRNY004/ 058643 PCT/ KR2003/ 002801

tenper at ugg g\{‘@%u&&o‘&@go Elﬁcalsgérc 'Waﬂglgr ealcnlt e eefd }fftg rwhlc?l 214 g

hours. After the conpletion
ﬁ@subfaﬁlWﬂ@ﬁa@HGdu@ﬁﬂdmGhWW&ﬁd&h&hkﬁﬁﬂbﬁﬂﬁgﬁﬁﬂﬂﬁﬁbﬂ?&nlmﬁ

t her 5 ame manner as in Exa
resufts 30 ot QR T PROBH: e STRBBY b SR80 123 for tree
-5 | Bourd1e SREREQRL, 23 B RtvRiers R & cfhﬁn?glwgﬁ]g

the foll o&?% -9 é f]ﬂ%conpé)sn(%lon §”%§§E§qu§%dmmmrmm

Na2Ol4p @iz 10 V\ZII% N&Q’&ﬂ)btﬁutﬁﬁ wer® BiirtbduceEigmpbekd 3, @AY Ge®hdmixed

Ludox . ASs 40 sil.ica s e was placed into a beaker 1,

to WA, Taaneac stirrer ort ee hours.  Thereafter, the solution of the beaker 2 was

15 slowly added to the solution of the beaker 1, along with 19.7 g of additional distilled
water, and mixed for one hour. Then, the reaction temperature of the resultant mixture
was increased up to 190 °C while performing stirring at 200 rpm by use of the same
autoclave as in Example 1, and maintained for four hours. Then, the reaction
temperature was cooled to 165 °C, and maintained for 12 hours. Afier 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/A1,03 =50, NapO/Si0, =0.14, H;0/8i0,=123.5.
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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 further added, followed by
stirring at 200 rpmfor three hours. Separately, 2.2
. g of powders of sodiumalumnate, 49.6 g of distilled
water and 14.6 g of a 10 wt % NaOH sol uti on were
introduced into a beaker 2, and then adm xed _usin
thgor?ﬂ‘b‘ﬁaﬁf‘% stirrer for three hours. Thereaf]icérf]fmﬁ‘ﬁ@mm
solution of the beaker 2 was 15 slowy added to the
sol ution of the beaker 1, along with 19.7 g of
addi ti onaE f’g[i}yitil led water, and m xed for one hour.
FEECR

Then, the “on tenperature of the resultant

mxture Y@s of Ndo@aKesh el BurkdQaCoida kifio REEAEY 1M Ynich 21.4 ¢
stirring at 200 rpm by use of the sane autoclave as

i N Extnil va % NaQH eolvtinrvza skeelly ddded Wialerpetfonning stifiveruf 200uem, and
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anal yzed for properties thereof in the sanme nanner as
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27b, and,Table. 2. In the prese exampl e, . t.he
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25 SiigfyAld&iBo ThdSiutiia 29iel tRker 10a1dfy wite @ 81 Adifidna? distilled
31 WO 2004/ 058643 PCT/ KR2003/ 002801 ~ Exanpl € 24 60 g

of Lweker amignixed i biekous oulhen thersaghion trseiamreoofghdmaitent mixture
to which 21.4 .10 % NaOH. sol [ on S

59 owie Drmat di i B0% pRIE Pl g o 0 G Poe of the same

t henadéhlge Ods #li Bidnpteed, Wad efaiM@sed’ B ttheE 1REEed Then, the reaction

followed by stirring at 200 rpmfor three 5 hours. _
Sepaicapetaipre wasGogledio IFSWEeryl rofintgisetl on@hams. ndtfsr thg@odpletion
g of disti d ter and.. 12. of a.10 % Na .
ot ot R et s Blan PRk fraft ol ol B b toreot n e

adm xeet mdigérng i MemFRIN € tThe réilislkedhow in KIS 328D, and Table
Thereafter, the solution of the beaker 2 was slowy
ddlded to the solution of the beaker 1, along with 40.6

g of additj [ dist] ter,..and m xed for .
hour . The}r#, q@%gregéan%%ﬂ%)ﬂﬁgt et‘ﬂngerrg%%] &f?erg% ettlil‘gs rtgesu OS% g molar
m Xt eongpodifiomas i ncreased up to 190 C while perform ng

stirring at_ 200 rpm b%r use of the sane autoclave as
i n Exanpl 80/AKKF Wai Neaf & =03, t P& N5 #Ps. Then,

the reaction

Example 25 .

20 60 g of Ludox AS-40 silica source was charged into a beaker 1, to which21.4 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 stirring at 200 rpm for three
hours. Separately, 2.0 g of powders of sodium aluminate, 70.6 g of distilled water and
12.3 g of a 10 wt% NaOH solution were introduced into a beaker 2, and then admixed

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

., results are shown in FIGS. 28a and 28b, and Table 15
2. In the present exanple, the reaction m xture has

t he fO||0MAng nmol ar conposition: SiQ2/A1203 = 56
NaY@RH0FL 0 13 H2Q'Si 02 = 29. Exanpl e 25 BIHHYG00801

of Ludox AS-40 silica source was charged into a beaker
1, to which 21.4 g of a 10 wt % NaOH sol uti on was

sl ow dded mh'le erformng stirring at 200 n1 nd

t hen? %ﬁfﬁ CH¥ i Pﬁ%c} \ﬁﬁﬁné?gﬁ?\tﬁ]? 4 it ?Pé’f hz?H’Eﬂed e reaction
foll t@x‘ﬁ?&atﬁbé @55'&)51%@9} a5 °208hd BMhREd Fo?ﬁ@ﬁourpoqﬂ[fﬁe’r the completion
Separately, 0 g of pomders of sodiumalumnate, 70.6

g of ofdh%teaﬁioedthv\mselkanhmctlml Progdugf vob ageliBd fitrfrdyiebies thereof in the
solution were i rod cedgénto

5 P Tt o O o Tf et s S IR Poaten g and Tebte

Thergafter, the solution of the beaker 2 was slowy

added to the solution of the beaker 1, along with 40.6

g of addi o dralpraiesit piaply, theatrezciom uixtirk dus ftbe flewing molar
hourm)TheQ the reaction tenperature of the resultant

m xt U m%% increased up to 190 C whil e perform ng

sti.r rl ng 840,200,538 by B0k otite Hawei0,32W0

2004/ 058643 PCTI KR20031002801 aut ocl ave as in Exanpl e
1, and maintained for four hours. Then, the reaction
tenperatuF ooled to 165 C, and maintained for 17
hour s er -t e conpletion of the reaction, the

Lesul t ant 60 gacLodi AB-0HtiEda s6@Se HABPEEANth QlbedePDaS Whth 21.4 ¢
thereof in the sane mariner as in Exanple 1. The
r es ublas! Ox¥tge NdRhsolpiipnpyasslowhomldeghwhilegisrioming stimingeat 260 rpm, and

2 o B A9 TR 5B LRGBS 8o

Na.2 Ohd5is) 2 Sepatatdd, 2 02 Of foitdZrs of 2fllium Examalee7@Og $0di6ed water and

of Ludox AS-40 silica source was placed into a beaker

1, t&-hA ioE B 16 % IﬁaOH solution were introduced info a beaker 2, and then admixed

15 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 spm by use of the same
autoclave 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 resultant reaction product was analyzed for properties thereof in the same-
manner as in Example 1. The results are shown in FIGS. 30a and 30b, and Table 2.

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

composition: ‘

25 Si0x/AlLO; =56, Nay0/8i0,=10.13, H,0/8i0,=29.

TABLE 1
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of a 10 wt % NaOH sol uti on was slowy added while

performng stirring at 200 rpm and

distilled water was further

stirring at 200 rpmfor three'

then 30 g of
added, followed by
hours. Separately, 2.0

. g of powders of sodi um al um nat e,

wat e

i ntroduced i nto a beaker
t hY oY% stirrer for three hours.

r

2,

70.6 g of distilled

and 12.3 g of a 10 wt % NaOH sol uti on were
and then adm xed 15

Ther eaf];t'(éTlletﬂ?f’ 02801

usi n

sol ution of the beaker 2 was slowy added to the
solution of the beaker 1, along with 40.6 g of
addi rional @ha&igded. _watemn, and i xed for pneThogL,
A : ge Crystal
Then, Pt ¥e [Teact tom | SRYHaq d&SEk T SPESH Rt ()
m xture was i npceeasedsup o A3 ¢ whil esiperforfm ng 2
stirridg at 200 #pm bysStise [of0tlhe sane 3@ut ocl gve as?
in E *pl e _'@, ined 8 flive hdldrs. The 2
r eacti-gr—t-efpetlatlirp—260wad—ebol edt 0185 G and 2
‘(':hx.l R S0d D e - P v ), . . L6
mai nffasllt:J ROT L3y NOUr3, AT €h 14 T COMPLETTon—gT—ines,
reacti@n, [The [eadll fantyreactb@n Or oducgravas arnal yzeyg
for praopeftizes|thergof 40 n ffheosand nmanaer as i|n 2
Exampl é 1] Phelréxsults3are|[shomh iin Fl G4 30a gnd 30D,
and Tallel22 | n $hel prékent ebddhplle thé’¥ eactilan 2
mi xt e has 2 he 511 owlhg Aol B2 dorpesitd on: 25 2
A S SIS ) S T S 10 Loy &0~ Ao L5
Si 02HFALZ2 S ’T"6‘5',9\ PO A Oz = R Tz Or—= v 15
TABLE 13 33 WD 20T 58%]@3 PCTA 20031003801 No+—
Reacfion (hrs)Sid [A s© Na Oh13 0 [BET Sgfef ace (27 ) * 2
Averjages Ciystal 100 1560C 2 x0.a5x [z a 43 1 2 40 63
0.115 &R1:2 2 2{ 21R35| 5650 115 BB 3 2385 50 10 373
2 4 21B0i5¢ 0 135 B7050 ClEy0il g g 59 92115 370 68
2 30 5;\80 1/2 ')'0117 G ‘56062 4ﬂ0'}’2f\ 37!: 386 7.2 290 AN 3
O il Tl S T N TR ) s B THMI A
0. 14363 28 2 4 P3 G115 3pd52 336 )
CEx.2 | 10 0 33 0.115 373 3
21 6 22 25 0.10 390 2
CEx.3| 17 0 25 0.10 379 3
TABLE 2
ExNo. ge;cgor;grs(): Si0/ALO; | N&,O/SiO; | BET Surface (m?g)* |  Average Crystal (um)
22 2 16 50 0.14 377 22
23 4 12 50 0.14 384 3.0
24 3 20 56 0.13 388 2.5
25 4 17 56 0.13 386 2.7
26 5 14 56 0.13 383 3.2
* BET surface area measured at 5 point of P/Py in the range 0f 0.01-0.05
5
As apparent from Table 1, in cases where ZSM-5 is prepared through a two-step .
process (nucleation and crystallization) at variable temperatures according to the present
invention, ZSM-5 having excellent properties as well as a specific surface area of 350 or
more can be obtained. In Comparative Example 1 characierized 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 distributions 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 1.5 12 10 96 22 0.085 387 1.5 13 20 20D
20 .0.07 394 1 14 2 19 50 0.12 379 2 9 15 2 14 50
0.125 355 3 16 2 17 50 0.115 387 3 17 2 19 56 0.11

. 392 3 _ 18 - 2 17 56 0.12 386 3 19 2__ 19 67

0133913 20 2 20 33 0.115 386 2 C Ex.2 10 0 33

115 373 3 21 6 22 25 010 390 2 C. Ex.3 17 0 .25 0.10
37!3032"”4?%'{% 2 Ex.No. Reaction (his) Si02/A F§ZKR2003/002801
Na2Q' Si @2 BET Surface (nR/g)* Average Crystal (pm
190C 165C 22 2 16 50 0.14 377 2.2 23 4 12 50 0.14 384

3.0 24 3.20 56, 0. 13 388 5 .25 3 386 2.7
S6. TR iR ney ik tonboith i, Pt o dn HrdaERR B Mo everage
5 PoiRttafizeRhddants &b d0a8: 7 pRae 1oF1d 5P, Lﬁl@t&@ O'émﬁhctatwe Example 1 has

apparent from Table 1, in cases where Z
pr epthecien g @M@ﬂ S@etlmﬂlesltaw ofpbod ess u(m mﬂheaatarpmoam garticle size

cryst at | o ri,abl e tenperatures according to

t he léllsbg (%n’ ik v‘@lhinﬁ%ﬁ' g;bZSM 5 havi ng excel | ent

psoperti e$‘u1@$erV£|1ﬂ Tae B i RACE bf BxaRiplh 202620 GA: Qi‘ozﬁiﬁ;bg of 50 or
or nore can be obtained. In Conparati ve Exanpl e

char &&tiksan 2e geanyihgh drefresulthm geactinm product has a large crystat szze and a broad
particle size distribution as the nucleation time prolongs. In addition, when Si0y/ALO;

is controlled to 33 (Example 20 and Comparative Example 2) and 25 (Example 21 and
Comparative Example 3), the two-step process using the variable temperatures results in
10 a further 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 (Comparativé Example 2), FIG. 24b (Example 21) and FIG. 25b (Comparative
Example 3).
As aresult, 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 surface 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% 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 terminology used is intended to be in the nature of description

rather than of limitation. Many modifications and variations of the present invention

are possible in light of the above teachings. Therefore, it is to be understood that
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10 nucleation and the crystallization at 190 C and
Exanpl e 4 characterized by perform ng the nucleation
(190 C) and the crystallization (150 C, there is a
remar kabl e di fference between the crystal sizes and

. the particle size distributions even though the

reaction 34 WO 2004/058643 PCT/ KR2003/ 002501 nmixture
havin% t he sane conposition is used. That is, _in

Ex R P¥/ 2343 he average drystal size anpunts Bd/ERB{002801
2 gmas in FIG 5b, whereas Conparative Exanple 1 has
the average crystal size in the range of about 5-6 m

with a very bro particle size _distribution, as =~ |
showf{ g the S&%’Peé’g %ﬁs’ip?;‘?ﬁ‘rd‘?%‘gﬁmége fONEERER F’Jé‘y%‘? Pfaftiged gthgrwise than
of Examph@anddsdbeftavi ng Si 02/ Al 203 of 50 or 56, it
can be seen that the resultant reaction product has a
| arge crystal size and a broad particle size

di stribution as the nucleation time prolongs. In

addi tion, when SiO2/A1203 is controlled to 33

(Exanpl e 20 and Conparative Exanple 2) and 25 (Exanple
21 and Conparative Exanple 3), the two-step process
using the variable tenperatures-results in 10 a
further decreased crystal size and particle size

di stribution 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 (Exanple 21) and FIG 25b (Conparative
Exanple 3). As a result, the reaction mxture is =
subjected to the two-step process at variable 15
tenperatures, and the nucleation as the first step is
adjusted in the reaction tine thereof, whereby the
resulting ZSM5 can be easily controlled in the
crystal size and the particle size distribution while
not affecting the BET surface area. Industria
Applicability As described above, the present

i nvention provides a nethod 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
controll ed. The present invention has been descri bed
in an illustrative manner, and it is to
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25 be understood that the term nol ogy used is intended
to be in the nature of description rather than of
limtation. Many nodifications and variations of the
present invention are possible in |ight of the above
. teachings. Therefore, it is to be understood that 35
WO 20041058643 PCTI KR20031002801 wi thin the scope of
t he appended clains, the invention may be practic

ot RO 8% han as specifical |y descri bed. Béuﬂépumnmmmn
20041058643 PCT/ MD031002801 Cainms 1. A nethod of
preparing ZSM5, conprising the foll ow ng steps of:
mxing a silica source, an alk Hh-netal oxi de source,
an alum na source and water, to prepare a reaction

m xture having a nol ar conposition of M0O/Si02 (M 5

al kali metal _ign f 0.07- 42 and

S o) moah bFeRA o BerR AT e el g eur o

at  180- 216hikinf Qrsilfta s6@64, ia@ llali Rt WK deWolRE anl Ahufina source and
range of 2-20 hours accordlng to an i nt ended cryst al

si zeWaitid te PIsaRe| acteaction zaixtugh Savingbamioday cofpediigonZ&MMB0/Si0, (M:

t tu

oy kel g £ e ERRIGOR Bl Soa A e oo £

C for 10- a&&mﬁug hetr@actid® mb@hiia€ 1805118l € f a tABAIMSeontrolled
2. The method as defined in claim1, wherein the

al kalbi e fsga of 3xd0dkousp agcerlinesto an juisniedhaatrl igedpusie geatticle size
3. T I wher | t he
al ka &nﬂﬁ{oﬁ %Fi}hgiéglgg tcp(?oq%ﬁ Q?\Eclc%lremrﬁbt I m1x | nc{; din
claim 1, wheitehifg thetiasied Rbdtidn afixtifrent W_E@-Iiﬁ] @2k $0-28® hours to
in the range of 0.09-0.14 when the nolar ratio of the
5y o2foma ops2ls 8F e Z8M-hhj gher. 5. The nethod as defi ned
in claiml1, wherein the nolar ratio of the MO/ Si 02
is in the range of 0.07-0.1 when the nolar ratio of
the Si 02/ Alﬂﬂinéﬂmdl Bisfitidddn cROn 16whebkie thedlhiidna&sl oxide source is
defi{hﬁ %V%|n11 wherein the alum na source is
sodi Ak ERBHEREE or al umi num hydroxi de. 20 7. The
met hod as defined in claiml1l, wherein the silica
source is selected from
3. The method as defined in claim 1, wherein the alkali metal is sodium.

4. The method as defined in claim 1, wherein a molar ratio of the My0/Si0; is

15  inthe range of 0.09-0.14 when the molar ratio of the SiO./ALO; is 29 or higher.

5. The method as defined in claim 1, wherein the molar ratio of the M,Q/Si0,
is in the range of 0.07-0.1 when the molar ratio of the Si0/Al,04 is less than 29.

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

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 carbon and boehmite.

37



t he group consisting of colloidal silica, sodium
silicate, white carbon and boehmte. 37 WD 2004/ 058643
PCT/ KR2003/ 002801 8. The nmethod as defined in claiml,
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 size of 2-3 m 5 10. The.
netgpd s defined in claim4, wherein the ZSM5 has a
he%’d@%@ 86“3crystal nor phol ogy. 11. The met hodt G4ER2003/002801
defined in claim5, wherein the ZSM5 has a spiral
crystal norphol ogy. 12. The nethod as defined in

claimb5, @hﬁrein t he nugl eati step. i s perf 10

for 10-20>hoir TRASAES tdﬁgneﬁoﬁnacﬁgpai i %h%?mttﬁ% Z%F‘/gﬂ‘ﬁ& SpFverage
is n@@gﬂgﬁeoﬂpapngz. 13. The nethod as defined in

claim 12, wherein the crystallizing step is perforned

f or 96-ZQO hours. 14. The_nethod as defined in claim
cryerel B8 The pRlR R bl SRS RnesBS O LRFES 1B bh average

crystallinity reaches substantia

met hagstDbizpoePaping ZSM 5, conprising the fol | ow ng
steps of: admixing a silica source, an alkali netal
oxi de source and water, to prepare a first aqueous

sol ution; ;Separ adml xj | um na _.so ,..an
a?kal i mel OZiIﬁ%xr?%gédg%su%ggéiaﬁgdgg}a?e%aﬁ% 0 epl\g%ehag a hexagonal
Sec odrghstA eloghiokgs.ol uti on; 20 m xing the first aqueous
solution with the second aqueous solution while being

optionally added with water, to prepare a reaction

0. 07- 0. 14 1130750 ‘SPETREORH S SsBnYB asEr ba0t i vl
3B \MbBEldk058643 PCTI KR20031002801 mai ntai ning t he

reaction mxture at 180-210 C for a reaction tine
controlled in the range of 2-20 hours according to an

intended ¢f W9t el 284U B PRLG Gh&eid ifSmeleating step is performed

10 for 10-20 hours when the molar ratio of the Si0,/Al,05 is not more than 22.

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

composition of M20/8i0z 0f 0.07-0.14, H,0/S10, of 15-42 and Si04/Al,05 of 20-100;
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di stribution of the ZSM5, to obtain a nucl eated

reacti on m xture; and mai ntaining the nucl eated

reaction mxture at 130-170 C for 10-200 hours to 5
formcrystals of the ZSM5. 16. The nethod as defi ned

. in claim15, wherein the silica source in the first
aqueous solution anmounts to 21.5-26.7 w% and the

al umi na source in the second aqueous solutiaon amunts

t o8 BMP4 Mt % 10 17. The nmethod as defined FGTiEfAPRRP2801
15, wherein the alkali netal oxdie source is alkali

nmet al hydroxide. 18. A nethod of preparing ZSM5,
conprising the follow ng steps of; j Xi.ng a silica

sour ce, a%“aé‘}tﬁﬁllnig ﬂ?Fe‘ie%“%%%}l aredh ﬁ%%szg‘l rﬁﬁ%‘\ﬂétr%%"?mt @me controlled

Pr epar @e fangk iof QtZ_Oal‘i’d’l@so&b%oﬁﬁlgUtgi ANntedRdSEPRL AL Md a particle size

adm xi ng an al um na source and water, to prepare a

s ec odisiribettpn e the ZSbI-Hitth obtain pinx¢lenpdirerstidn meturgquéous

solution wth the second uepus .sol uti whi | bei n

opti onal | JPHHEHE T lar Lot mrgEntd S0 1102 forgfi-200 Bours to
g Xt #5@ chaMisREhd 7ZRRE.&r conposi tion of M0/ Si 02 of
0.07-0.14, H2O SiX2 of 15-42 and Si 2/ A1203 of 20-100;

20 mai ntaining the reaction mxture at 180-210 C for a
reaction tj control | jn the range of 2-20 hours

accor di ngﬁé'gﬁ]ﬁr{lﬁ ?e?’fo‘gegn%dr PHER s PROSRS S'%‘ﬁ‘? fqugjegn the first
Si Zeaqulbist doludidh iagioust 16 NE.528M Ri%e,t Md0BE Aluthisk SedGAER second
reaction m xture; and nmintaining the nucl eated

r eacequeprspletion anoynts 1O 4A0NK- f or  10- 200 hours to
formcrystals of the ZSM5. 25 19. The nethod as

defined in claim 18, wherein the silica source in the

fiorst  391"Ohe HetHolilN %8B i CIR{KRE, Ok 3P 2B Qilkaliaskid QMSie source
solution amounts to 21.5-26.7 w% and the al um na

sour Belkeh mefpbhydeesddsd  aqueous sol ution amounts to

0.9-4.4 wt% 20. The nethod as defined in claim18.,
wherein the alkali metal oxide source is alkali netal

hydr oxi de.18. 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;
15 separately admixing an alumina source and water, to prepare a second
agueous 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 My0O/SiO; of 0.07-0.14, H,0/810; of 15-42 and Si0./Al,03 of 20-100;
20 maintaining the reaction mixture at 180-210 °C for a reaction time controlled
in the range of 2-20 hours according to an intended crystal size and a particle size
distribution of the ZSM-5, to obtain a nucleated reaction mixture; and
maintaining the nucleated reaction mixture at 130-170 °C for 10-200 hours to

form crystals of the ZSM-5.

25

19. The method as defined in claim 18, wherein the. silica source in the first
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aqueous solution amounts to 21.5-26.7 wt%, and the alumina source in the second

aqueous solution amounts to 0.9-4.4 wt%.

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

is alkali metal hydroxide,
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