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ABSTRACT

When zeolites are used as catalysts or adsorbents, diffusion in micropores affects the catalyst/adsorption
phenomenon itself. Therefore, the development of technology that enables the preparation of fine particles is
important. However, it is not easy to directly synthesize nano-sized crystals (~100 nm) by the bottom-up method
in zeolite synthesis, that is, by controlling nucleation and crystal growth. Normally, zeolites often grow to a size of
about several microns under hydrothermal conditions, and there is also a method for pulverizing the zeolite to size-
regulate it. However, zeolite, which is a porous material, is more susceptible to damage from mechanical impact
than dense metal oxides. In recent years, the authors have developed a new method for preparing nanosized
zeolites by combining a bead milling method with low mechanical load and a recrystallization method using an
aluminosilicate aqueous solution (Wakihara et al., Cryst. Growth Des. 2011, 11, 4, 955-958). At present, the target

is expanded from the initial LTA-type zeolite to various zeolite systems.
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Fig. 1 Framework structure of zeolites.
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Fig. 2 Comparison of ordinary zeolite (mm size) and
zeolite nanoparticles (e.g., miniaturization promotes
diffusion in the pores and improves ion exchange
properties).
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Fig. 3 Schematics of post milling recrystallization method.

it S, OB WELF I A4 M F R TFRES
TR AEHETH I LT,

— XL T A4 M Si, ALEE 7V H ) B
AR S, ZECIG UC OSDA 2L, +—
N7 L—=T7HTME (~250°C) §5Z&I2LD%
bNb, OB, HERLZEF T4 MIERARE
I3 %0 B ICITRIGRE 3 2 SO %%
ML T 52 L 20, &2 CTHHZ2RNT I
FHT L, A4 MEEBKEO LERBRITES
FA ML THEDHEHD L2V TFHEIRED
BEARTIENTE S, ThbLEFTTA M
AL T L2 ik, €494 NI EEARE
WEEMLTWI2D00, bRIPEEDLET, T2
BIRDL L2V THE VS (R4BH), &
FHXZ T, ALIDOL) REBERICHL-EL T
A ALEL? LEZ T TOHEMIZH—
OMEDR M TH b, Thbb, 0L HEEF
T, B L) —#IEMEIL L2+ 74 Mg,
£ )AL E R IR AT & A LR L L
TRV ERICHT L, At sosZ e
MTEDZDDLNRV, BEIZL > TIHHEZ A
FICEENISHEMET 2200 Likv, 72, Bk

i ERRET
SRR

B ‘
(EF541)

[0 RMRIERT
: f i @ BRLEY
B (P IS/ T — MR

€451+

EASAERTET R

K4 €454 rMER{EETRAROEKENXER
Fig. 4 Schematic diagram of zeolite crystallization at
completion.

B E T RTHFEHELL T B DI TR <,
— I FRAE L 72 7 4 MESERIIR R D B L &
TZOEFETHD (B d &Rk EET%
BALTWS), Lo THERDELTTA MEMT
MRS ) ZHER L TV b 720, KRR TI3%
MEERELLZWT, F /%A Z0EFF4 FHE
SNBEML L, THEDRFEEMRIET L,
ML ¥F 94 M KREEL 54 MERBEO EF
A, b LLIEH S H LM% i~/ Ecii
L7z B8 AV & MM CINEA§ 5 2 &2 &
D, JEREE FERSIL S, BREoRuwEt S
A NFIRTE2ERST LI EE2RART. TOME

37


https://www.jstage.jst.go.jp/browse/micromeritics/

F3# | The Micromeritics No.67 (2024) 34-41

Bk X912, AFFE 30~300nm BEOX L T
4%%/&%%%%?6#%L@nt$&f&é:
LGN 5 72,
i - R LE R EBIT 27200 F —K 4 ¥ b
FEUTO#E) TH 5,
- ¥F 54 PEEAESTA VERRTEEDOS
BRI & L7z & 9 AR OWBAR ThTE D,

W AT 2VMRE S NS IRE (RE) TH D

Z &,
CHNEEBT L0121, UTOLMERET
%éo

- Er T4 PERRICEL T A Mk L7z BE
AW L 72EF T4 A
- BA T A DR L AR ORI TIREE
- b LI EEABEHOMBEZ RN, H51 L0
ARELL 7z AR OISR L 72 EE T 4 b
PN B & A BRI BE TR

4 B - BRES(LEOEGFE) X

JERAR RICIZLTARIE 5 4 + (LTARBIE F 5
4 b, Si/Al =1, Cation:Na+) % H\ 72, 7K 100 mL %
e L, FERELF T4 be0gBHEAL, AT
=B L, U= X I VABIZEE L, WA
FaTELTINVAZTE=A ]V, TIVIF
E=Z LW ENRTwAEY, a7 I LTAID
AR WICRAEL, 494 MBI EELE
TH 5 SYALIIZEE 2 JITd 2 e 28n, L
Lol T, 300378 DE =% —X 3

BfiRiek

Intensity / a. u.

VERE (TYHT 77457y (BR) : LMZ015)
DRy LIVNIZ70% FREL, BHENE L ORE
WNE KTl 72 L7z B Z 150 mL OKBLEETH -
722 BiER60g DXL T A M 250 mL DK T
BHERTZAT) =S LI LI hoT 2
DOXy ELIJVHNO U —F —% 3000 rpm T H[#E S &,
30~480 7 I PRI %2 47 o 720 BT E O R HIB 3 S
Hitk, A7) —%NYLL, 60~100°C OfHIRAEIZ
THEE S, HoNBEREZRINL 72,

ITHFC & D A U7 IR B 2 PR L S %
720, FOBEEZIT-> 72,

MLELE ALY 74 PR ET VI 2 V) 7 —
AW (BHROFE © Na,SiO; ; 1.961 g, Al(OH); ;
0.056g, NaOH ; 11.57g, A% ¥k 5 190ml) T
80~120°C, 1~24 I¢lH, HIEFMAT S L < ITHE
ST CTARBIL 720 /LS TA POERIL
X 10~100 & L7z

RIFFHLETIEITSRONBIOARERBANT S
A5, ERRlSEERIZE THRIMELDDOTH S, FRITHE
K2 R TuEd 2138, X0 il 2k 1255 5
N5, FRMLEETIIBEE AR ER I 5w
7ow, HIE LR R O R E IR I L BRI [ 1
FoTEINLLEVSTHMESTIE RV, ThbD
B, 0 - FERS SRR A ) O SRR AT
SICRETEDL T EEZEIRL, BRAELHMEED
INT VAN XY R ORE & IS B BEA O Tk
EIIREEE D,

JER RO S 28 v T o BFRBUN A E AR E
FUEE (FE-SEM) BEEZR 5187, E5 &1,

ﬂu N ‘ J h ﬁ!ﬁgaamf&

20(CuKa) / degree

50

5 LTABREA S A bO¥M#: - Bisat
Fig. 5 Post milling recrystallization of LTA type zeolite.
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sized zeolite.
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