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ABSTRACT : Domestic zeolite ores are mostly composed of Ca-type clinoptilolite, accompanying a
little amounts of mordenite. However, other types of zeolite ores rich in ferrierite, heulandite, or
mordenite are less commonly found. Based on the quantitative XRD analysis, zeolite contents are
determined to be nearly 50~90 wit%. Impurities (mostly > 10 wt%) in the zeolite ores chiefly
consist of quartz, feldspar, smectite, and opal-CT. The determined CEC values (CECas) of powdery
samples (grain size: < 125 ym) of zeolite ores by the Ammonium Acetate method are mostly higher
than 100 meq/100 g. Some zeolites from the Guryongpo area, corresponding to the clinoptilolite
ore, are measured to be dominantly high in CEC values ranging 170~190 meq/100 g. Cation
exchange property of the zeolite ores varies greatly depending on the types of zeolite species
present in the ores. Despite of the lower grade in zeolite content, the CECaa of ferrierite ore is
comparatively high. Compared to this, the CECaa of heulandite ore is very low, though the zeolite
ore exhibits the highest grade ranging up to about 90 wt%. In addition, the CEC values calculated
theoretically from the framework composition of clinoptilolite-heulandite series are not consistent
with those determined by the cation exchage experiment.

The measured CECaa of clinoptilolite ores are generally higher than those of heulandite ores.
This may be due to the higher Ca abundance in exchangeable cation composition and the presence
of probable stacking faults in heulandite. The variation of CECaa is roughly proportional, though
not strictly compatible, to the zeolite contents in clinoptilolite ores. It seems to be caused by the
fact that the CECaa of clinoptilolite locally varies depending on crystal-chemical diversity, i.e., the
variation in framework composition (Si/Al) and exchangeable cation composition (especially, the
contents of Ca and K). In addition, the determined CEC values (CECwmg) of zeolite ores by the
Methylene Blue method are much higher than those calculated from smectite contents. It suggests a
probable reaction of Methylene Blue ion (CigHsN3S") with larger-pore zeolites than clinoptlolite-
heulandite series, i.e., ferrierite and mordenite as well as with smectite. This can be supported by
the fact that the ferrierite ore accompanying little amount of smectite has the highest value in
CECws.

Key words : zeolite. cation exchange property, CEC, quantitative XRD analysis, framework
composition, clinoptilolite, heulandite, mordenite, ferrierite
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Fig. 1. Quantitative XRD analysis for the zeolite ore determined by

Rietveld method.

ICPS oz RAsTh A &Tfo|EY ol
Az $4 G5 AAdZ:ALGA CEC &
A mFEYHoE AANZ GEFOHEHICIE H
(Ammonium Acetate Method)' & 7|£o2 &3
ok &, d A9 -2 (batch experiment)
stoll A ALetolE FA A8 | MY ¢Ewot
AHolE §doz HhgAIZl Fof, wEE ¢=
7 ol IAdsEe §5A17)1 o] AEF
Z24H(Kjedahl distillation measurement)© =

gste] 2SR A0 oFolAth ER Al
SEPo)Eo FHiHE 2HER|Ed 93k CEC
e 7AFE7] A3 By dEomH, HE

=
Wl
A=}
s

UolEd] F2 ALy ‘WAIEF B (Meth-
ylene Blue Test) (Inglethrope ef al., 1993) 0 &
= 245 By

Agetole #A9 FREAL Tak7] A
A zeA AT de] g#ste] X-HYFXRF)
242 Agsdn. £8 37 @92 Aseol
B9} atz4 e Sosr) M AARYRA
(EPMA)S AAE AT AAdARE4L 15 kV,
10 nA9] 7}&A} L AFH, 5 um (beam size)9]
zR082 FA AS 1022 AAsd A
Actk. = ASefolEY FELT 78 sk
253 TARAE st Aste AR

— 138 —



49 AgeolEe £87

#r7d (SEM) #2-2 3t

SN X SetolEQ RESHE D A

[=]

ALE]

[e]

-

ﬂH)h

A AAALE HBHL e ALYl EES
AEA freld &3 vitric tuff)o] SHHA A
Bz 23] oKzeolitic tuff)e] HeE o]F 1 9
E A7 dFEoltt. =EA 90 wtY 7
1%%’4 Aol E FAE0] AdEHE B4E 3
o7l Aol EY dHako] W 60 wt%
ol4de] FHEo] dA AMEHol FYF Aol &
£H1 e Aoz 4HA A (=X3, 2001).
°] ?3?011 AEE Aol E FAE(F 2070 A

2 A AF AFo] gle F2 AEAY
%*—12 FollA ALeolE FEH FHE 15
o et

dubA o2 AlgoiolE F3AE-L e
4 549 gstxAdol osiA HFAET 1 WA
o #FH AxE Y 2Hdx AujHE 7
& Hole 302 ¢e{A UthNoh and Kim,
1986). &, A|SEPolE F3A& HEH FAlY
FTEFY Ao AA v2A ¥e & A&zl
E A 2AQ 399 Si/Al gHrHl, sHit3)
HEY FFHE 9 Y= Aold we} th2 4 L}
et =3 sibheld £29 Hx7Y &
tﬂé‘ 2A &3] FHlEE i‘ﬂ]E‘rO]E(smectlte)

A&l EY AT Aoz AH A
°] UThe AR E FHZol| =] Fdol A g
21 ¥} 91tiNoh and Boles, 1989). Yulz o 2 =
SeholE F3AE-E (1) 49 AZAY 2 F
g, (2) 54 F9 viEx, 3) 9499 74
AEEY 24, 53] s d 249 £94
5 @4 % %*4 stz 9 559 setx,
(5) Ay I € 274 39 JFF2JAE 9
A FAYE Aoz k" 4 Qi

el A @A 1047) 8] Fitel A s Fol
731,]_ ¢ko 7 suanst Z]—ZH/H o] Q= ;q]&g}o]
E JJ—/\}'E xﬂ 37] g].}\].JH)A/H Q&}o}-o] z]j ;]
o2 B¥sle AEEEY 99, #x ¢ AF
Aol ZedhFig. 2). A&HolE= A 37]
7157 Ao B S3LFAA ?5“‘ FREE
A5, B4E olE 3 1FAE A& F
= A =S gs (I ADHA &5+
AT (HE AY Uy A¥E &3¢ FF

7

2 494 ok Se A

A

°m

oy

o

Mg 7154 A2 S8 FF A7 () SR AEolEY Fol2 @

it
o%

FES WA 2 km mke k2 wiE %
Zel A E}"oh?} dEFE FEH HE, 2=
Boe 499 g3 249 A AEE] o
& BT BE A8E UEt. 53] R
E(bentonite) FA| 9} WA ABFS Holn 4
25t FFol Falsit. 7EES A7) A9
Ae B85 e AFHperlite)} 2 84
FAUFE AUYLE 3o Ago|ETL nFES
2 W =72 dot AlEeolE B Ul F
o2 o|FoiAIL 1 FAPRE ANEHOE U
G9l 344 AR 4 2 JERE 2%
& Hdo. REAHoR dewAe A&y
Hol7|x dA|Y, ti-&9 Al&etolE WtE
SRudel BEUL AARE DEWEE
W H(Noh, 1985, Noh and Kim, 1986).
duHoz ¢4F ALdolEE WAS Wy
9 2L BEEEEY EAE E3) ofgelA
g e gAY FIAe Uele B8t
2ok a2y Aol A Ho] =28 AS
A A9 g4 G 2e B A A
me Aol 5Aeth F3hd HollM £3] =
Boko] Zjoldo] Heksly Ao W T
THAVLE (sﬂlca mineral) A <g 9] J*%% ]
e Atde dng E4S Hede d
3, "‘?ﬂE‘r"]EE %ol gHfrste ¢l
2 A FHEZ F s =R HdG &
Bt Tl GANAM &3 AHEse &9
7]11 Aol E’ 2 ‘A A LolE'gs &
C 99 2o 2eREEY AU AU BT A
92 ALeols BHY B4 Aol A
Aoz AAIY. e &9 A2 A-&dhol
B Tol= 53] 2HEolETL Bo] iH
EA dEU|E B3t AlgetolE 3
T3 B F=2AT SA4E Hol= AE

01];}

!

= gy I

w

o by
2 Kt o = O rlo XN

}-ﬁl&ilm rirért

X

M=ctolEQ d=2d H HEXd

“?LHJ A 371FNA AdEHE ALGoER
= A7 13F9 A SeolE FEEo] @A
%E}(L‘—{]-?}, 2001). o] & FollA BE FE} F
9 WA sl 7hsd A LEolEEE EEF
g 2 glo| E(clinoptilolite), =2 H|1}o] E(mordenite),
S #t}o] E(heulandite) 2 5] 2] o] glo] E(ferrierite)
£ 5 7 Utk 99 € ZX AGA A A

- 139 —



tr
)
2

’ 28001243
DRVNA .?m——r—— ' 76001244-2
X, ) .—*/7;(— Ze001244-3

g SR
AaN
Poh a n —. ( 7. / / /\/\/\/\/\/\/\/‘/\/ A H‘\\ Ze001244-1
\ Y 1L ITGLLITLLES

Ze001242%% f 3 \\\/\:/\j/\j/g/g/{/{/{/\j/{/i Guryongpo
Ze001 %41 . XY NI
/0 LISIII LA,
U " \/LEJ R” TRISILIISE

Q\“@J :“\;/é\‘/\‘/\‘/\]w

uu
001268 i Mopo

1 7001266
® Ze001265

26001 26&1’?’ oZe0d1262
T3 Yongdongri /111l :
< 200012638 L5 Pty
55;_) Ze001264% (7 <y (i%
;- P/ SNC
L “Eoil / ; “Gampo
. ','.'(b 7;’,
9Lt EXPLANATION
S $ e Tertiary Volcanics
7
\
0 Tertiary Sedimenta
B - Forméiion Y

( ky \j,\ i NS
' Cretaceous Basement

e Zeolite Deposit

10 km
I —

Fig. 2. Geologlc and index maps illustrating some important localities of zeolites
in Yeongil-Gampo area.

— 140 —



Ad Aol E 87 AL 71548 24RY &8 B AT () Tl ALl EY Fold us 54

Table 1. Mineral composition (wt%) of some important zeolite ores, determined by the quantitative XRD

analysis

clino.pti- heu'lan moFde fer.rie smec plagio | K-feld opal-CT | quartz hema

lolite -dite -nite -rite -tite -clase -spar -tite

Ze01241-1 56.4 - 3.6 - 2.4 2.1 8.9 0.3 18.6 0.2
Ze01241-2 40.4 - 1.3 - 4.5 9.1 20.9 - 19.6 0.5
Ze01242 - - 3.6 27.0 0.9 12.1 40.5 6.9 1.2 -
Ze01243-1 60.7 - 3.8 - 2.2 15.9 6.1 9.2 22 -
Ze01243-2 80.8 - 3.1 - 0.2 2.9 4.6 2.7 - 04
Ze01243-3 58.3 - 2.0 - 1.5 21.0 12.6 34 1.0 -
Ze01244-1 79.6 - 2.9 - 3.8 4.2 7.9 - 1.6 -
Ze01244-2 87.8 - 1.8 - 0.3 2.0 2.5 1.0 - 0.1
Ze01244-3 68.7 - 6.6 - 3.7 6.9 12.2 - 1.9 -
Ze01252 74.4 - 0.1 - 4.0 1.7 0.1 12.8 - 0.3
Ze01261 9.3 - 9.5 - 7.3 24.9 254 10.6 5.0 -
Ze01262 21.0 - 1.1 - 6.6 11.7 39.3 14.3 6.1 -
701263 50.4 - 7.8 - 0.3 24.1 5.5 1.4 0.9 t.1
Ze01264-1 26.6 - 1.1 - 1.5 55.1 8.3 - 1.3 -
Ze01264-2 429 - 11.6 - 0.3 23.4 11.4 1.9 1.7 -
Ze01264-3 38.5 - 14.5 - 3.8 30.5 11.2 - 1.5 -
Ze01265 10.1 - 22.3 - 4.8 26.6 10.6 - 21.2 -
Ze01267 - 87.6 - - 5.4 5.2 1.8 - - -
7201268 - 86.3 - - 0.7 1.5 1.6 - - 0.6
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Fig. 3. SEM micrographs of some useful zeolites occurred in the altered tuffaceous rocks in Yeongil area:
A. clinoptilolite, B. mordenite, C. ferrierite, D. heulandite.
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Table 2. Electron microprobe analyses of some important zeolites in Yeongil-Gampo area

clinoptilolite mordenite ferrierite heulandite
1 2-1 2-2% 3 4 5-1 5-2 6-1 6-2 7-1 7-2
Si0 66.57  65.67 61.67 6737 6795 71.66 7290 68.42 6231 56.08  51.31
Al;O3 13.06 12.04 11.11  13.00 12.10 10.66 1220 11.52 10.52  13.64 13.67
Fex0; 0.71 0.98 0.06 032 091 0.22 0.19 1.03 1.24 0.52 0.41
MgO 0.42 1.09 1.03 127 0.78 0.25 0.16 1.21 1.25 1.88 1.76
Ca0 1.73 1.35 3.69  1.52 252 2.20 2.94 0.85 1.12 4.18 4.12
SrO n.d 0.1 nd  0.06 n.d 0.18 n.d 0.06 n.d 0.04 n.d
BaO n.d 0.03 nd 0.05 nd 0.05 n.d 0.02 n.d 0.02 n.d
Na,O 1.44 2.53 042 225 099 3.09 3.16 1.28 0.92 0.34 0.51
K20 4.78 3.83 121 209 221 1.07 1.89 4.03 3.97 0.93 1.22
H-0 11.30 1294 19.81 11.85 12.52 10.66 6.56  10.11 18.67 18.68  27.00
Total 100.01 100.57 100.00 99.78 9998  100.04 100.00 98.53 100.00 9631 100.00
72 oxyzen cell 96 oxyzen cell 72 oxyzen cell
Si 29.23 2923 2949 2932 2991 4072 3993 29.87 29.69 27.83  27.29
Al 6.76 6.32 636 6.63 6.09 7.14 7.87 5.93 5.91 7.89 8.57
Fe 0.23 0.33 - 009 026 0.10 0.09 0.34 0.44 0.19 0.14
Mg 0.27 0.72 0.87 0.81 0.53 0.21 0.09 0.79 0.89 1.39 1.37
Ca 0.81 0.64 202 070 1.06 1.34 1.73 0.40 0.57 222 2.38
Sr - 0.03 - 0.02 - 0.06 - 0.02 - 0.01 -0
Ba - 0.01 - 001 - 0.01 - - - - -
Na 1.22 2.18 0.58 1587 0.79 3.40 3.36 1.08 0.85 0.33 0.50
K 2.68 2.17 058 1.15 1.06 0.78 1.44 2.24 2.41 0.59 0.79
E(%) 15.3 6.9 84 102 262 2.4 -5.8 9.3 2.8 0.1 -0.9
Si/Al 4.32 4.63 446 442 4091 5.70 5.08 5.04 5.02 3.49 3.18

(Al+ Fe) = (Li+ Na+ K) —2(Mg+ Ca+ Sr+ Ba)

E(%): balance, E(%) =

© Fed Mne] g
FAE Astie

LA Aoz BEAx
. A 230 Es) 2aWAHe] ANE B
< EwEEOIE, HoHUolE EE #HE
ojZfolES] A&eto|E FEAS olFiL 2dE
o|Ef] 3y A=t @& Ao] EAolth. K
BrEEAM Ao 2@ il X(epal-CT)o] &3] 4=
Ela2A= eI HHHH AF4A SIYFENH
FelE A&etelE FAL g7 EdvelEvt F
H AlETo|E FEAS o|FANL 1 dgL
WolEZ} FHEE o]F = BTE ﬁlﬁ‘r. 01 R
o] FANES AP ¢ iy 2
mineral)S A9 53R L=
E, 3E3s, A4 2 “‘3}1’% s chol Al,
Fe Bl Cao] FH3

3¢ Bl

o

£4 A9 22 9 ¢
2723 a9 A

A
LT ™ ?_].
= 12 wit% W&

o
XEE

ut § e

(Li+ Na+ K)+2(Mg+ Ca+ Sr+ Ba)

MESEH0|EQ Yol WBSN

— [

Aeeolze FF P2 ol LTsE A%
““:(charge density)® o]&F ¢l &mn|e] ko)L

w35d, 2 CEC 3ol slBem, ol Ax Al
o ARHEE ABE ALTlolEe] BAZA,

Z Si/AlY FAE e 2o FdEnh 3 o
AZHAHANA FAHE SAsTE AdAAA=
Az} e 53 g7y ¢ ddETS(alka-
line earth) A|G2] ol oajr A F3}=
of = AR 7Fd § 7] Wi, o] dol
259 FFE VIFO R o]EHQ] CEC gho] 4t
e 75 vk gepA HA A Lol E FEE
29| o]&& CEC Zh(t7} 200~400 meq/100 g
9 WHehe ojn A LA ¢JtiPebalan and
Bertetti, 2001). 4t A &0l ER Ao =
03 FF FelFEERato]E(CEC: 2.2 meq/
g), QLI E(CEC: 2.2 meg/g), FdTo|E
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Table 3. XRF analyses of zeolite ores in Yeongil-Gampo area

Ze001241-1 Ze001241-2  Ze001242  Ze001243-1 Ze001243-2  Ze001243-3  Ze001244-1
Si0; 66.98 68.87 71.39 68.94 66.57 69.34 66.35
ALOs 13.60 13.51 14.15 13.76 13.47 13.69 13.43
Fex03 1.74 1.68 1.18 1.02 1.29 0.49 1.14
TiO; 0.25 0.24 0.26 0.23 0.24 0.20 0.25
P>0s 0.08 0.08 0.03 0.02 0.03 0.02 0.04
MgO 1.57 1.15 1.08 0.99 1.09 0.87 1.42
Ca0O 2.54 1.99 0.64 1.94 245 2.61 2.86
MnO 0.55 0.06 0.02 0.02 0.02 0.01 0.02
Na,O 1.20 1.94 0.30 2.28 1.80 1.36 0.60
KO 217 3.08 6.29 2.15 2.68 333 2.69
H,O* 9.32 7.39 4.65 8.65 10.36 8.08 11.20
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00

7e001252 Ze001261 Ze001262 Ze001263  Ze001244-2 Ze001244-3  Ze001251
SiO, 64.09 66.86 64.41 59.00 66.21 66.82 73.21
AlLO; 11.52 13.22 13.69 14.28 13.32 13.23 15.03
Fe,Os 1.02 1.87 1.72 2.33 1.48 0.98 0.99
TiO, 0.19 0.27 0.35 0.28 0.25 0.24 0.25
P20s 0.05 0.14 0.06 0.06 0.05 0.06 0.05
MgO 0.69 0.86 1.01 0.86 0.77 0.96 0.50
CaO 2.02 2.10 1.23 4.09 2.50 2.65 1.22
MnO 0.04 0.06 0.03 0.04 0.02 0.00 0.02
Na,O 1.68 2.05 1.32 3.05 2.56 1.50 3.34
K-0 1.95 3.32 4.53 1.21 2.05 2.95 3.12
H,O* 8.83 4.79 4.65 8.44 10.79 10.61 2.27
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Z2e001264-1 Ze001264-2 Ze001264-3 Ze001265 Ze001266 Ze001267 Ze001268 Ze001269

SiO, 65.15 59.55 67.83 66.38 59.26 61.60 57.58 63.03
ALOs 12.90 14.55 12.36 13.15 15.09 14.03 14.09 12.59
Fex0; 1.25 2.73 0.98 1.27 297 3.24 234 1.04
TiO, 0.27 0.33 0.16 0.27 0.47 0.61 0.38 0.25
P,0s 0.18 0.16 0.02 0.18 0.12 0.15 0.02 0.02
MgO 0.87 1.01 0.25 0.88 1.68 2.34 1.54 0.79
Ca0O 3.57 3.89 2.21 3.64 4.49 4.54 1.25 2.36
MnO 0.02 0.06 0.03 0.02 0.04 0.06 0.04 0.02
NaO 2.11 2.61 2.81 2.15 2.10 0.53 1.92 1.76
K,O 1.73 1.84 2.19 1.76 0.88 0.93 1.71 2.80
H,0* 7.46 8.93 6.23 6.57 8.11 9.86 13.65 8.51
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

H,O*: calculated as differences

(CEC: 32 meglg) @ w|go]gfo]E(CEC: 23 2
meq/g)e] CEC zke] WM& 220~320 meq/100 g
2A 02 Ca-y A&TolES wsiM Joiz ¢
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Table 4. Theoretical CEC values of natural zeolites based on the number of equivalents of exchangeable
cations or the number of moles of Al in the chemical fomula (Pabalan and Bertetti, 2001)

Zeolite Typical unit-cell formula® CEC(meqg/g)
Analcime Nais(Ali6Si320096) + 16H20 4.5
Chabazite Cax(AlsSiz024) + 12H20 39
Clinoptilolite (Na,K)s(AleSiz0072) - 20H20 2.2
Erionite NaK,MgCa, s(AlgSisO7) - 28H,0 2.8
Faujasite Na20Ca|2Mgs(Al(,oSi13zo72) + 235H,0 3.6
Ferrierite (Na,K)Mngao,s(Ah,Sinn) - 20H0 23
Heulandite (Na,K)Cas(AlgSir;07) - 24H,0 3.2
Laumontite Cas(AlgSi60as) - 16H0 43
Mordenite Na;KCax(AlgSis0O) - 28H20 2.2
Natrolite Najo{Al16Si240350) + 16H0 53
Phillipsite K2(Cags,Na)s(AleSii00;2) - 12H,0 4.5
Wairakite Cag(Al16Si32096) + 16H,0 4.6
N2 $RE7) ojdTh B35 4 1eA How  ASHE 2dsUIolE AU FAS(sam-
& Z(Armbruster, 1993; =43 1996; Bish and ple NO' Ze001244)& 170~190 meq/100 g A%
Boak, 2001) ZEEggdfolE-FdtlolEe] A 9 ¥L& CEC X& 7|2¢oz2H, o] A% ¥
Sol SiAle] FfE7t By e 3~5) ol SAen U5Y F4g A Aoz 3
Watel, olo] weh olgX CEC e %E o ZHAth o A9 AF AR FAA
oee 2= et % oo BAge FA% BolE AT AA,
AgeolEe] ARy ole (NH)l Hg & B4 AAXHel g} Fdol 124 Faha 1
HEEE olgsle) AR WY YILEL  AlE T A0 etk AlolztelE A

=
EEANA BAEA iﬂl‘%ii‘r‘-"] 9 =
HufelEe] ALetolE 2HE olE TR
S A& FHEL F8 ﬂgm ok
(major exchangeable cation)2. 2] Ca, Na @ K
< &3 dfshe Ao® UehdtHTable 5). =
Wit 2epEReolE BASL B3 AwAe
2 Ca?] IF&7t & Aol FAolrh E3F Mg
< v e “’F";ri‘oi e = 34\23 [Sa=1)
T olof BlslA BRTIIER PAH AL ol
£ UL Cath Mg 2eln ASeletole 3
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Table 5. CEC (meq/100 g) and major exchangeable cations of zeolites in Yeongil-Gampo area

. . . Cation exchange capacity
Sample No Zeolite Zeolite Melgor (CEC, meq/100 g)
phases contents(wt%) cations : 2
AA" Method | MB® Method A CECaa-CECmB

Ze001241-1 Cl, Mor 60.0 Ca, Na 112.3 18.1 94.2
7¢001241-2 | Cl, (Mor) 41.7 Ca, K 113.0 16.5 96.5
Ze001242 Fer, (Mor) 30.6 K, Mg 110.3 22.8 87.5
Ze001243-1 Cl, Mor 69.4 Ca, Na 110.6 18.7 91.9
Ze001243-2 Cl, Mor 83.9 Ca, Na 132.4 10.1 122.3
Ze001243-3 Cl, Mor 59.3 Ca, K 114.8 6.5 108.3
Ze001244-1 Cl, Mor 82.5 Ca, K 171.2 13.4 157.8
Ze001244-2 Cl, Mor 89.6 Ca. Na 185.2 13.2 172.0
Ze001244-3 Cl, Mor 75.3 Ca, K 174.5 8.7 165.8
Ze001252 Cl, (Mor) 74.5 Ca, K 138.8 19.0 119.8
Ze001263 Cl, Mor 58.2 Na, Ca 122.0 8.8 113.2
Ze001264-2 Cl, Mor 54.5 Ca, Na 140.2 7.7 132.5
Ze001264-3 Cl, Mor 53.0 Ca, Na 103.8 8.7 95.1
Ze001265 Mor, Cl 324 Ca, Na 133.0 8.9 . 124.1
Z¢001267 Heul 87.6 Ca, Mg 82.1 6.6 75.5
Ze001268 Heul 86.3 Ca, Mg 102.8 13.8 89.0

Cl: clinoptilolite, Mor: mordenite, Fer: ferrierite, Heul: heulandite, ( ): less than 2 wt%, AA': Ammonium Acetate,

MB”: Methylene Blue
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Fig. 4. Plots for illustrating the variation of CEC
values vs. zeolite contents in the clinoptilolite ores
in Yeongil-Gampo area. A: CEC data determined
by Ammonium Acetate Method, B: CEC data cal-
culated as differences between values by Ammo-
nium Acetate Method and Methylene Blue
Method.

€ sheu, o AR A TR
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