(2) Vol.5 No.1(1988)

(B )

Heulandite Y Hi%FEE

2o+ T4 b

DA > LRGF D5 B LU ZDE

BEMEICDOWT

SRibREEG s A2 0 f1 IE
HAREXEE® M A B K

1. LI ,
EA 74 bERITS6FEIRRY = —F v O
# Cronstedt 73, % DFEFRKEMBIC & > TS
BEMEE & ORKRDEKT v I BRRIEIC O 78k
W32 ThHb, ZLT, €474 ML, Z0E5E
BICARGNRENARIZTT C L ERKRDED,
BEGA & v CEREHE AR5, &
D oPIFHPIVEBEOHFRRE L » T B,
BETH, 14 vREFELTEITREL, DF
B0, EEL U CREHICCHEINBIED,
HRBELANCS, ¥ uvevBRiE, Toi=vad)
VOMABRRIESES LA 51 F OERLAwE L
TEHRINH UOBEEMEL & LT 2 DIGABR %
ROESERT TN B, —Fh, ¥4 74 bOfFHE%E
LR A RS L DRMRO b L ICEBE L L5 &
THEBAE S, TOBNIBEEEEICEITARK
TBRDBAITOIEA BRESEF22557,
FRETIR, SEBAA Y OBVICE >TRE -1
#Y¥: A /R 9 heulandite B (heulandite (& a
— 554 +) BXU clinoptilolite (754 /%41
Z 74 M)IEBEMIC, EREBETTORA 4, K
FFORMCOOTHERREREL, bb¥TZ
DEPIZENE DB IC D WTEE DRSS LERE
AT B,

2. Clinoptilolite & Heulandite ‘
t clinoptilolite # & T heulandite (¥, {t2FHEK
(Nas, K3, Mg, Ca, St, Ba) Al Sigg 9,075+ yH,O
(LT<x<48) L& -Thdbahd, BElRRIC
Bd377 73 HBEESNTHS, MEED
Si, Al PUEIADSERR I 8RS U /- B8 (heulan-
dite IO EHIESE) 25, Z OB (channel)ic

Y oS, BTEEEEY 71 PEEORY 22) i
E{bDThH%,

1.0 ., h‘eulandite(D A
o o0 * heulanditeClld o
] ° \
g * . . . clinoptilolite e
% . *s
o . N LIS
fos5t1 s
*
=£ ° o o > o‘ N
z o 4 43 .« »
° ° <
% ° 4 g g e
o
-4 « -
1 1 1 ‘
0.15 0.20 0.25
. Al/AlSH

F1g 1. Plot of Na+K/Na+K+Mg+Ca+Sr+Ba
~ against Al/Al+Si for heulandite group of
mlnerals

Caf’+ 7& EDBA & v RKDPF BB LTS,
. 1 GC, KIRITET 5 heulandite RIS DAL 24K
EZIHDOA A EAIDBIERB LT 9w b L,
ZDOX LY, heulandite BIGHITI, SiKELNZ
ENa', KB ED MDA + v DEFENSE 185
BRDBHBCENOLHBP,  clinoptilolite (Z,
heulandite £V & Si IKELHH THADT, 1M
A& VH52 A4 A& /J: DIRILEF N T BEAHD
5,

ELEMIL, clinoptilolite 2585, clinoptilo-
lite DFEREE T00CRE S TE LVEERTY
73, heulandite X NITK L 230C THEIEM
(heulandite A )75 &84 (heulandite B) ici8ilz
BL, WIS0CTHRENTEY, < OsEH
i3, channel DB & V& AARICAHTT 5
LTk >TENEHEBLENHEES, THbL,
channel 75 1 {fi DB 4 & ~ITE LS clinoptilolite 12,
Ca™ 414 v TE#EY ST EICE T heulandite &
[ UREICEEIC R EICTE B, —75, heulandite D



e 2 (3

channel DA & v 2K $£7/213 Rb" 4 & v it Efs
9 % & clinoptilolite DRETEHEE 2R, %2
FELE D LR % H > heulandite B OS5 D
st 9 BE SR SN BIC DN T heulandite &
clinoptiloliteii#& ® I 7#E %7K 4" heulandite
(D bFRIN, HETRIHBWHET, heulandite
(1), heulandite (II), clinoptilodite 3 FEfHIT 53%H
LTw5%7, X213, heulandite BISEHIDEHIHE
B%, Na-K-Ca=fF4 ¥/ 56ic7ay L
7ebDTH b, CORDS S, heulandite RO EH
BEARSEMIZ, Ca'™ OEFEERBEZVIZEBW
IKARLZFETH 5T &34 5, heulandite BL U cli-
noptilolite DEWIZLEYEIX, € D channel B4 £~
DFEEICL >~ TELEINEDTH 5,

K

heulandite(l) a
heulandite(lDo
clinoptilolite e

Ca Na

Fig. 2. Mole compositions of heulandite group
of minerals plotted on the ternary diagram
Na-Ca-K.
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Fig. 3. The c-axis projection of the structure
of the Kamloops clinoptilolite. To avoid
confusion, only part of equivalent atoms
are shown. Two of three kinds of channel
s, which are comprised of ten-member rings
and elght-member rings, are shown in this
figure.
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Table 1. Occupancies of Al atoms in the terahedral site. The Al contents, per 18 oxygen

atoms, in the structure are listed together.

Ttrahedral Kamloops Kuruma Agoura Rb-HEU Féroer
site CTL (22) CTL (12) CTL (12) (22) HEU (9)
Al contents 1.7Q 1.68 155 211 2.34
T (1 13% 20% 17% 24 % 22 %
T(2) 32 42 31 35 42
T (3 21 9 13 17 27
T (4 15 ‘ 6 11 18 12
T (5 9 14 10 22 28

* CLT and HEU mean clinoptilolite and heulandite respectively.
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Fig. 4. The part of the heulandite-framwork
(ToOys) is shown. Note that T(1), T(3),
and T(4) are respectively linked to T(2).
T(2) site prefers Al rather than Si, therefore
Al occupations of the T(1), T(3), and T(4)
sites should be avoided by the Loewen-
stein’s rule. If a structure contains Al more
than 2 for 18 oxygen stoms, the excess Al
necessarily gose to T(5).
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Fig. 5. The environments of five cation sites in the structure of
heulandite group of minerals.

Table 2. Contents in the extra-framework cation sites.

Extra-framework Kamloops Kuruma Agoura Rb-HEU Azerbaijan Ag-HEU
atomic sites CTL (22) CTL (12) CTL (12) (22) HEU (14) (14)
M (D Na 49 % Na 36% Na 36% Ca(Sr) 45% Na 28% Ag 33%
Ca(Sr 1 Ca 24 Ca 6 Ca 28 Ca 25
M(2) Na 23 Na 20 Na 10 Ca(Sr) 41 Ca 45 Ca 50
Ca(Sr) 16 Ca 26 Ca 25
M3 K (Ba) 13 K - 37 K 44 Rb (K) 35
M (4) Mg 40 Mg 4 Mg 10
M (5) Rb(®) 8

* CLT and HEU mean clinoptilolite and heulandite respectively.
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Fig. 6. The y=0 Fourier section of Kamloops clinoptilolite
(a), and that of partially cation exchanged Rb-heulandite
(b). Contours are drawn at an interval of 2¢/A starting
The diagram in the left
of (b) shows the Fourier peak of W(5) in the y=0.09

from zero electron contour.

level.
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Table 3. Occupancies of the sites for water molecule.

Extra-framework Kamloops Kuruma Agoura Rb-HEU Azerbaijan Ag-HEU
atomic sites CTL (22) CTL (12) CTL (12) (22) HEU (14) (14

w1 76 % 75 % 38% 49 % 100 % 100 %
w2 37 45 44 59 50 35
w3 76 100 100 100 90 70
w(4) 88 100 100 100 100 95
W (5) 69 74 76 100 30 20
W(6) 74 91 83 93 50 50
W (T) 38 34 42 36

* CLT and HEU mean clinoptilolite and heulandite respectively.
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Fig. 7. The schematic representation of the
M(2) position and its neighbouring water
molecules. The pair of cations, M(2) and
M(2)" can not be occupied simultaneously.
W(3) and W(4) sites for water molecules,
however, exist in either case.
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Fig. 8. The schematic representation of the
M(1) position and its neighbouring water
molecules (a) and that of M(3) (b). Note
that the three pairs of positions; M(1)-M(3),
M(1)-W(2), and M(3)-W(1) are forbidden.
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Fig. 9. Showing that the ruled area are collection of points in the
mirror plane which are at the distances, in the range 2.8~ 3.2A,
from the nearest framework oxygen atoms (dark areas are those
of points at distances smaller than 2.0A). Extra-framework

atomic sites and O(1) are listed.
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