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DEMETER L T 3, 1ZIZERIC Hawkins 5213
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FOGEE OB EIREED DR OFERIT 2 v ¥
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denite @ 15.0 kcal gmol ™1k D {EEZEMTH 5 T
EEmlie L, B—H%2E2i1C310% b0
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%1 Sand &DAREM: & LY

FEREER E& BE (S5 E35%0)
NaOH/KOH/AI(OH)4/SiOy/H,0 (wt%) (C) th)
2.1:0:1:5:52.5 10 120 300 Na-clinoptilolite(100%)
2.1:0:1:5:52.5 10 140 64 Clinoptilolite(90%)
Mordenite(10%)
1.68:0 :1:4:42 10 175 15 Clinoptilolite(50%)
Gismondine(20%)
Mordenite(5%)
0.53:1.57:1 :5:52.5 0 175 76 Clinoptilolite(75%)
Mordenite(10%)
Phillipsite(5%)
0:2.1:1:5:52.5 1 175 94 Clinoptilolite(95%)
K-feldspar(5%)
0:2.1:1:5:52.5 10 195 37 K-clinoptilolite(100%)
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DEAREX 1 IR T, PEVBSNIFERTIEIH S
M, 220F4 ¥ FTRIZHE—EOEEHBLNS,
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phillipsite DFFIHKEBEL, ESI/Al £HETORA

¥ b (& 2) ldmordenite & phillipsite @ 4 ELfE
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30 o9 5.0 .0 pEA]
26 (CuKe)

Ei] 5.0

40.0

M2 K/(K+Na)thzZL&BEA0ERYD XRD /x5 — v

—7, 1wt% OBREEHML TARLIEEE,
120C45 180 C & TORISEEEE TH—~HOD
clinoptilolite ##ER L E B3 LEMNTE 2, K3 i
BEEZGETOERLEEZRT, 150C TORE
{LBHER TR, BREL CREREsEEsET (B
HIARD 14 B D508, BREEMLEAR
24 BRI EME SN 3o S 5IT180C DIEAIZ 128
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ZH T & DD heulandite EREL 72, & 50T
Boles'™ (3 Si/Al > 4 Tah 4T clinoptilolite, Si/
Al <4 ThHNIT heulandite £ H T3 &5 BE
L7z0 BIFETIE Mumpton D IREEHA —HEENICH L &
NTH5, MEEILEZLE T5&E, clinoptilolite
13700 CEE T THF LOEEEIZIEVDS,  heu-
landite (% 230 C fihff T IXEMICZ L L, 300 Cff
I Tl3 DTA HIHCIESRELIC & & 75 5 B 72 2
E— 22BN, 450C TidkEsshiEd 3%,
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T AERDFE-SEMEHE %X 5 1TR Y, CiclEnh
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DA IR B e — 27 (375, 700 C -1 28RS
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(LSRR F BT 72 0 DIFRFETRT (FE 2).
BAMEFH7c 0 OFREBREFY 1 b (36 T/u.c.)
DHHSi, Al OREKLEEERE TS L, 1T
13(29Si+TA1)/ u c. DIERDFESRDS, 15

2 TR (30Si+6A1)/u.c. DIROHEREMESH
T3, 2DODFERAEA ¥ ME&E HITSi & Al D3
Btz L 2ETHD, REBHEEZFZIHOFEA
YIThHBHBEEZEZLND, Si/Al LITBAL T cli-
noptilolite & heulandite DEESHRH O E X 5 &,
ZF 2 TR SN AR 13 clinoptilolite @ BT
KThO, ZH1THLNIHEI clinoptilolite
& heulandite DHEFSHIR TH 50 F H3HMEH
FAVELTRKA A VBERFICERDAFN T
%,

B, A clinoptilolite 2 FWVZcEFFRIZEEE -
72Eh 0 Th B, AEK clinoptilolite 13 Hic (b2l
RSB TH 2720 T L, 4 & 33t D,
FEAEEE LTOMEICONTHRARDY v 7 kD
BOTHBEEZLNEY,

6. HHOHIC .

AR T3 FE i< clinoptilolite D &EKAHEICEA LT
AL Txt, EDEA 74 b OSERIFFITERE
L&A FHRBEDARIBATH 5H, K
AREA A4 POFIBERINTHOELOHDPERK
ORI HDIFDIEL 10, TNFTKAAKTIZ
# LW &S DN TET clinoptilolite &, HnsE
ERFHE D TR TR &I 18 D REHIILE
BB RIREICTE 5 T2 THIIRARE A 54 + DRKAE
5 L THEETHSL, £ 78175 clinoptilo-
lite DY EZHZHTHOEETH %, bbHA, 4
& RIS T kD b, RESEETETENTT
DIGHbARETH D, KRS v 7o TREBLALND
ORI SHARE L 220,

&2 R E R OBAET 720 DIRFEH(0=T2 HHE)

& M clinoptilolite X #&clinoptilolite X #Rheulantite
£ Py (Arizona, USA) (Maharashtra, India)
Si 29.1 30.0 30.1 27.6
Al 6.90 6.05 5.91 8.45
Na 1.80 1.27 2.93 0.95
K 497 5.49 2.36 0.12
Ca n.d. nd. 0.45 3.52
Si/Al 422 4.95 5.16 3.26
K/(K+Na) 0.73 0.81 0.45 0.11
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Hydrothermal Synthesis of Clinoptilolite

Shigeo SATOKAWA
Fundamental Technology Research Laboratory, Tokyo Gas Co., Ltd.
16-25, Shibaura 1-chome, Minato-ku, Tokyo 105, Japan

Clinoptilolite is one of the most abundant zeolites in nature. However, it was very difficult
to obtain the artificial crystals in laboratory, and there were only a few paper concerning to
the synthesis of clinoptilolite. Recently, single phase (K, Na)-clinoptilolite was crystallized
without seed crystals through the homogeneous mixing of a reactant mixture during reaction.
The synthetic conditions, temperatures and chemical compositions of the reactants, were
expanded into wide ranges in the case of syntheses with seed crystals.

Key words: Zeolite, Clinoptilolite, Hydrothermal synthesis, Crystallization, Reactant mixture,

Heulandite.



