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a) D. W. Breck, "Zeolite Molecular Sieves" Jhon Wiley and Sons, Inc. (1974) p.360.

b) BIBLEBHRSHE o WS

ATUKF, TAVI=T AR O KT VI =Y
A, @ TNVIVEEFT MY YA, BEE O WibF
)Y AJUKA, @ Bk b U AJUK AR
ok, @ EWILTvE=Y A (5 %) KB, F
MU AR KEMEF MU YA, ERE CEES T
) A&V, SODIXSi/Al=1, Na/Al=20T,
Cl-, Br-, 1" 2 &R T TAR IR TWE
ENTWBEY, £2°T, Cl-2808B4 (FE) &
BT VA GEDD T TR L7z, wih
DFA D Si/A1=1/3~3, Na/Al=20~36, S/Al=
4~7, FENIBWTIHCI/AI=1/2~10&7%:5 L5
(&80 TF /1120 TT7TH~14 HABAKL
7o HEWEOHASIIESTHERBELFSUTO
DDHETIT 272 (1) W LBRERICT b Y
v AR (B, 74 FE (EEE 72121 mol dm-3
B BLIUOTNVI=YABEOMEICIZ %, (2) 7
A FiE (1 mol dm=3%¥) 1=F } ) 7 AUE (BHK),
WEERE @E), 7VIZYAEOMEIINE 2, W
NOBEICD, EHREEZ—EILT DN ELS
KEMZ S FEITIE, BFBICELT M) Y AR

2Nz %)

HFEIBIUFENICBWTEBLR:, &TOE
B D XRD SHHERERLITRT . T »HKMY
—%5 4k (SOD) IiFZ—ET 5D D (sample 1)
& SOD LA 7Y F 4 b (CAN) HFBELED
O (sample 2) D2MEHER L TWDZ LG50
BONTAERPIIZ OBRTIRIZEALERTD
5o LHL, ThbDERMEBSIFTI0 TR
THG 2 LEERINS LR, Whans il
KRB LI-WBRLN, FEITIE, H, &g &
i, Bk, Bk, BF, 7, BEeRLSILER
BEVDLDOPHF LNz, ST, BkEOEEY
DUETHBIEBLNTVWS, HEINTREIHERE
DIDHRER KD, TAFTNVEF) -V RZFEDD
DHE—EHBONLDATHL, T -ODHER
BT 2L, FUINEII7) VEART BHICIZH
BN OFIELTH L5, BOEHERIIIOHEI T &
2 TW5b, F7z, MBITKT HREREL bRE L,
WO IV b5 13950 TT1 RIS 2 & B
BLTLIEII DK, 22 TOEEWITI1000 T



) Vol.19, No.1 (2002) 9

1REETR, EE550RETHONEBRYDE
ETHY, ZONFLIIRDRVWEBRERTYIS
W FCHEI TOEFIEI TOERY LY L 51
TETH Y, MARRICBVTHEEICRE 2B(biIX
Roniunirsgn, 2oREFHAEL LT, 900 CT
T 5 LA THWRFRICERL, Kl LD
ICHEWEIE L TWE, 18EMDOIME T TEWY
FRORBELETNTYE B, ZOoMBICL D
XRD [E#H/8% — 2 K8 IZR T, K8 &V, HITE
IR X A BKIZIFE A SRS Y, B3k
BIERERYTH B L5395,
HEWEFOSI /Al OFELERE, &, H&
EOBRIZ, WThOABEICCTHSi/Al=1T
5D BVIEEHNE, SOD b CAN b #DHICE
FBSI/AIEFITHAI LR AIGRTVWS, 2
DT E&B, Si/Al=1DFEITROER LR TV
BEEZONS, T2, Na/AlliZ30 2L EASEE)T
Hole b, AHIREIZAEKEITIES C, IT
13120 CHBUTHLZLPHLIP LR o7, Th
X, FEITIZCI-2 &7 SOD AHBHAS I
BHRENLIEIZEBEEZONDE, T2, FEIL
HOWTFHITHT S HEWEOFREICHE L T,
WHEEZERE LTHWZOEY, ThIZTs
BETIIKBIL7 VI =y a2 VARV ERY
ARV AL IOV (PN

DXL, BRMOEROERLBEELRIT S
&, HFEITIZSOD DAD DT, EEDDL DR
ZTLEWFBRERTDADL DI E L, ROEHEIC
HboTRIAEBRLTWAYTIE, SOD LCAND
RETHEIEERT, HENIZBWTIE, SODD
HOEFBRERTERPOFIC, BFRICERLT
WH b EED LA, L LTIIEFALTH S,
ZOBER%EEZHE, CANZHEWEHIZAO, 1
FUBHEETALERLLTVWEEINTEYS), H
EWMEORBIERPTHERBERIOIT) 20
HEBEO—EHARILEN TSSO,y L 22 Y FEEH L
BAThsi-wvrEzbNS,
LWEOEFEIL, TROYIVFT<Y D331
% \ZHART, T THRONWERYOFTRVWESR
ERTHIIES3.87 % R L7z, BERETIITHEHRO
EBICIRTRVD, HEOEAEVSZVERVE
BEhb7:0, BRMEZFHETORBERICLY, &
LIZBWERED IV T VOO §EMENT

Ll ey ™
|l||||||| Sh
|||||||I| L 4h.

2

l|||||I|.| .h..

4 min.

JJ w1 -

0 min.
||J| |ll|ll| L1
10 30 50

26(CuKa)/°

K8 ALV k=1 Y0900 TTOMBEIC L 3
BRXEEI (Y — DBk

X7z,

5. BhWIC
BUE, 80 TTOHBY), r0h, VAV RED
BEEBZEKCEALLELT IA FOBBKERE
L, BEOYF IFA FOBEICHIIL T2,
o ik &, BHLEET CTOABRRE»S, 1
REHROBRL &, BREMIERLRERT S
F7A4 POBEICBIZTEROBMBSZERLT
Wi, L LaWL, #hific, $2F728M%4%
HTFTOERITRLELT I MCHEXADDEH
FLTWE,

# &

IR LEEOEREOKEGE, L DFLE
HROWNEH/T, HELLDITHETLCEYT
To T2, HLDOREFOMBELNWEET L
CZICRRL B LE T,

X
1) R. M. Barrer and E. A. D. White, J. Chem. Soc., 1951,
1267.
2) R. M. Barrer, J. W. Baynham, F. W. Bultitude, and
W. M. Meier, J. Chem. Soc., 1959, 195.
3) R. M. Barrer and P. J. Denny, J. Chem. Soc., 1961,



10

983.

4) D. W. Breck, "Zeolite Molecular Sieves", A Wiley-

Interscience Publication, U.S.A. p.410.

5) K. Katsuki and K. Majima, Bull. Chem. Soc. Jpn.,

55, 2576 (1982).

6) R. M. Barrer and E. A. D. White, J. Chem. Soc., 1952,

1561.

7) R. M. Barrer and D. J. Marshall, J. Chem. Soc.,

1965, 6616.

8) R. M. Barrer and D. J. Marshall, J. Chem. Soc.,

1965, 6621.

9) J. L. Guth, Rev. Chim. Mineral, 2, 127 (1965).

10)

11)

12)
13)

14)

15)

16)

M. Aoki and H. Abe, J. Japan. Assoc. Min. Petr. Econ.
Geol., 70, 295 (1975).

£t I 4

17)

18)

19)

20)

21)

22)

23)

24)

k (10)

R. M. Barrer, "Hydrothermal Chemistry of Zeolite",
Academic Press, London, p.308 (1982).

AHEE, L 28, 7 (1984).

H. J. Emeleus and J. S. Andrson, "Modern Aspects
of Inorganic Chemistry", Routledge, London, Second,
p.251 (1952).

F. M. Jaeger, Trans. Faraday. Soc., 25, 320 (1929).
E. A. Cotton, J. B. Harmon, and R. M. Hedges, J.
Amer. Chem. Soc., 98, 1417 (1976).

R. J. H. Clark and D. G. Cobold, Inorg. Chem., 17,
3169 (1978).

AHET, AN, s —, BRE, BEHREE, 90,
50 (1982).

AREE, SN, EEm— BRE, ERIFREE 91,

INERE, SR, FEAE, AR, SRS 62 (1983).
FREEATE, 68, 58 (1973). 25) R. M. Barrar, J. F. Cole, and H. Sticher, J. Chem. Soc.

HAMT, EBAZE, H5wd, H1L 1989, 313.
R. Kumar, A. Bhaumik, R. K. Ahedi, and S. Ganapathy,
Nature, 381, 298 (1996).

EAEE, BILRIE, A, Frdefims, 22,

13 (1980).

BEAEERAR, "4 T A FoREL A" FLT AT
VT4 747, p11 (1987).

J. S. Prener and R. Ward, J. Am. Chem. Soc., 72, 2780
(1950).

26)

27)
28)

29)

(A), 1968, 2475.

S. D. McLaughlan and D. J. Marshall, J. Phys. Chem.,
74, 1359 (1970).

EART, &8, BAL, 1989, 364.

HAMTF, MAEL, WIIEE 558 MNUUE,
KEE, iRk, @S, B1L 1995, 689.
HARMT, HBETF, UEXBFE, THRE, FHHE,
A1k, 1996, 849.

Hydrothermal Synthesis of Na-Ca Zeolites and Ultramarine under Mild Conditions

Kazuko Katsuki
Department of Chemistry, Faculty of Science, Toho University

The crystallinity and crystal form of zeolites, prepared through the wet method, are often
strongly affected by synthetic conditions. The selection of appropriate raw materials and its
compositions makes possible to form highly crystallized zeolites even at much lower temperatures
than those usually used in zeolite synthesis (>100 ) without using any special reaction
vessels such as autoclave. The zeolite formation proceeds comparatively slowly upon such
mild heating, meaning that it is very convenient for the monitoring the zeolite crystallization
processes and crystal form change. This paper mainly describes the results of our synthesis
of Na-Ca zeolites at 80 C and their reaction mechanisms. In addition, this low-temperature
synthetic technique (around 100 C) was also applied to the production of ultramarine with
a sodalite-like structure, known as an artificial mineral of lapis lazuli, although ultramarine
usually requires high temperatures such as 800 - 950 C in dry process. The present idea is
based on the fact that sodalites can also be synthesized through the low-temperature hydrothermal
synthesis.

Keywords: hydrothermal synthesis, mild conditions, Na-Ca zeolites, ultramarine



