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Abstract

The three natural zeolites collected in Yungil-gun,
Kyungsangbuk-do, Korea, were analyzed by means of
chemical wet methods and X-ray diffraction. The results
indicated that the primary species of those zeolites were
with
and quartz. These

clinoptilolite mixed heulandite, feldspar,

montmorillonite, zeolites  were
chemically treated with NaOH, Ca(OH):, and HCl solution
and their differences were also studied with X-ray
diffraction method. The capabilities of removing Cs' and
Sr” ions with chemically untreated zeolites, chemically
treated zeolites, and also with synthetic zeolites were
compared. The effect of other cations in removing St
ions was also studied. The experimental results showed
that Cs’ and Sr*° ions could be removed up to 98% and
95%respectively out of 5 ppm with chemically untrearted
natural zeolites. The treatment of 0.02N-Ca(OH); and that
of 2N-NaOH were most effective in removing Cs’ and
s ions, respectively. It was found that the mountaintop
of Sangjung 1-dong natural zeolite treated with
2N-NaOH was most efficient in removing Sr*" ions mixed
with other cations, compared with any other chemically
treated and untreated natural zeolites in this work.
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ALY olgo] 42 vEge AL AR Fx YT A
olt}.

olg| g R WAtY olgg AMAdE ol& mPAz
o] 7ta BAo] A251 Y& ¥ o] F AgeloEY o
£ gote] RAsT SlE o olt A&IYolES T2 5
43 Hold olg nPF ¥ FAY ot olEe Mg
glolE9] FHo el B@] A oo ¥ Hdyol
27 fEd o 71A ol F o= WiA ol W
AdHoz ol PNA AAR 4 e & FE 7A
i Q7] d&oich

olgl§ BAAM o HA NN wRHE HIE Fol
Tgsol gle WAY 7 R WA 0129 lodine-129,
Tritum % Cs, ¥Sr, “Co o AA ¥4 AMgelole &
A AgeolES ALRSA o] o]& 7teHE A
Z% vwu7} Ak Laszlo et al, 1971 ; Bray and Fullman,
1971 ; Horioka and Shinji, 1972 : Takagi and Shinji, 1975
; Belovodskii et al, 1975 ; Thomas et al, 1978 ; Wilding
and Rhodes, 1976 : Sultanov and Radyak, 1976). |8 X
Toll oj&w ¥4 Ageiole B ol HA A gelo|Ed
A% AMA AR AFP Aoz Yelon o 3 Takagish
Shinjie &4 HA AgeolEe] ¥ Cs" ol AA 4
Yol A 90% ol4e] MALE Jed Aoz By

olgi g ZAAe A AgelolE diA HE AgeolE
29 A 7FeA4E AAE & fusi g4 Algel
olEx 42 FHAAA A7 U1 EH AAAY FHA
RoAME NG Ageloledd va] Aol A geot 23
o2 }9Q AgolE o]§ JFsdE 2ME Aot

UM E A AMgeolEZ daFHEe ¥ F=2
A8 B AW JUdTH YA AYlA F2He A
o2 ¥g3A e ases HY AggolEe AT
¢ g4 ¥z EA4s 4 PRY $2FE Ao
A gx oy g B Fo| EAste AoE FAHHT
Utk ol @ FuiolM 4t@s = B A geo|E ¥ 2
F A9 2+ 3 334 ol MA 4YE Fio TP
Aze 42 B2u% U ( Kim et al, 1982 ; Moon et al,
'1984).

2 dF7e 94 ANE Fo X sle AR M
g wabgdol B A¥Q Cs' o]&H WAy S oleg Al
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A7l Aste] TUelA AEEE HE ALYolEY o)
FeAdE W37 A% 7123 A7 ZARe WM Al
==

AAEE 997 AdolM &= HA AgeolES
AAse vPAY Cs' olest S olged WP ol n@
AA 7E8& zAEen obgd @A AglE A X
LY 9 AA FAE ZAEY olF %o AA FHL v
HESAL EF o5 ol ¥ AA FIHE PN
iste] Z+ F A 4z M2AE § F ol59 A4A FHE
zAtee] 94 9 #4 AgolEe AA FE3 vz 3
Esqid.

#¥ 08 ol& &, Na' o2, Ca¥ o|& ¥ Mg” °
250 #A ZA8E AY o8 4% AR 2, A% XY
Z @ AA AgyolEs HAYLS AL AgeolE 19
T $A4 AgolES AAEE ulmde] SP ol M
Ag zAEY AHE HA AgeolES TR et Al
Asol b2z FHE WA Hid & F 28 HE
243 X-4 33 4¥c ¥4t

ALAlEE Si0s & AlOs AFRM7} AHA FAE M2
FhEEN M2 dZde FAYHA IBFZRE oFE
aluminosilicate °jth. olstgre HYFZ=2 Aste] AYA
22 Yol ¢ F ¢ed channel 3 ¥F (cage) Tl
AR BRE o)FE YU & BF Uole & £A4s o2
a@ol 75 Foleo] AFSHA v gL FxA %
£ A4 949 FEH i

22 U9 E3AE 71dd & AA7L Hesid &
B2z7t AR ALACEE void volume o "¢ AAM #
£ 29E 7HAE dg o= 53 2o WY & uEw
& ( specific surface area ) & 7}3th,

3 AgolE o] EAsE Yol g ol
o RgHn a@=olA Ygoje I FHol wat At
olE FZ oM A HAZ 44 da2d. a1 ¥
gxol A olge Avig AR E A wal AgolE
2z Uiz 23 ¢ ¢ e WA 47 dadg oE §
Hoz Qo] Fzel Avlel wel A geolEl ¥ A
o Bt sbedinl ole AFH 2] olsiwte] EAUE
EF4E 4 Adde Fold. 2822 ALIYolEE EAM (
molecular sieve )3 EI$7IE ¥t ( Weigel and



Steinhoff, 1925 ; McBain, 1926 ).

olgi & Tk EAE 7HAE AgolEE Q8¢ o
g el N o] g5 v, JEEY EVE Fyde v
A 71%E o8 7 Ee AN AxA, FAFHE
olg% Hlg 3 MM EFA, ol nE L o4
A4 A%Al, a2z ZF HEhirgdAg ZojFon (
Schwager and Smolka, 1977 : Kuhl and Sherry, 1978
Mumpton, 1978 ).

FEF Abgje g2 opr|d FHEA & £HeEH
71 gl g A WAooz M AgelelEY o] § T
Aol @3 d77t #23 AP Qo & AQAS 3
$HE A4F FFL ol ol2un@ ¥ FAd 4% 73
2 AA, el 9% HS ¢ CO; 7149 AA & 7L
a9 Fo% ddo2 #F g wE hae] EHd
SO, ¥ NO, 7139 AAZ #F g2 A7/ AYsn
Ak ( =@ 9, 1973 ; B 3 WM 1974 ; Axente et al,
1980 : Sherman et al., 1980 ).

2

Ax % 24

1. 4 ¥4 4 =

HA Agelolerl 223 gle FAYEE 947 A9
2 3 RolM AH&ACH oj5e A L MPL Table 1
Al A e} 3ttt

933 AA AgelolEE dg YA 2AT F &
WA o]zt EAdt YAE vlHEAY F ZEM2 A
A 20mesh (373:0.063mm) ol&tel HE& £ AN Alg
2 A E A

2.4 9 %+ 9
21 B8 RHy

2923, Si0, A0z R Ca0 T4 SR BAML
KSL-3120 #Zel o¢ A& 24 Hoz gy on NaO
% KO 59 4% 242 KSE-3066 72l olate] 83
Aot
22 A4 ALPolE9 B Mg

20 mesh °l3te] HA A geolES A7 H3d
A7 Fgade A4 awrigs ¥4 ¥ ¥, 845 ¥4

712 H3sto 377l €@ heating mantledl A 71Y =
whsin] A2y
1) NaOH 9 A3

2N-NaOH 100mlol A& 10g& %3 80°ColA 2413 ¥
¢ WAl ¥ oAHEY o] AL 58 wE F
IN-NaCl# 0IN-HCl £% 8402 FHAY & 2542
3-43 H¥sof ozt F P2FHYL
2) Ca(OH)9l M3

0.02N-Ca(OH), 100 miol A& 10g& ¥3 80ToIA 24]
B WEAY F Aq3E dg 2FSE 3-48 A

ot ol del AL 38 R ¥ ox Az
3) NaOH$} HC19 94 ¥

05N-NaOH €< 100mlol A2 10g& %ol 100TA 2
A B A F ZH5Z FA0 B dx AN
th o] #AFL 33 HEF T odisid FAL g4
05N-HCIE-4 100miel ‘20] 10T 2417 B WhgA
U ¥ SH52 340 B A7 AP o #3& 3§
HHEE ojnbsle Axsigo.

o4z £ A% A Mg FF HA AgeloE
9] E7]& Table 2o BA|S ¢
23 X-A 3 4%

sad ANUE ¢ HQ AgoleE THH A=s
Shimadzu GX-3B X-4 #3 ZX& A48 g 4%
Z01 4 Paigict

Rad. CuKa
X-ray generator 30KV, 12mA
Scaming Speed 2°/ pin

Filter Ni
Slit Width 0. 4o
Counter M Counter

24 Cs'olg3 Sriojge] AA 49

271 o129 =7 Sppmyl 44 10miE 44 H{
¥ d7lel ZtE A& 0025gE 24F ¥l 247 B¢, 0]
CollM 218 7l(shaking water bath)2 RutalA whgAl7l
¥ o dArsU 454 3 IEH e A o] 29
AEFEE GBCAHA 94 AA  UAERE%7|(Atomic
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Table 1. The producing districts and colors of natural 2eolites

Symbol Producing Districts Color
M Kuryongpo-eup Mt. Maeam light green
S Donghae-myun Sangjeong 1-dong light grey
A Donghae-myun Sangjeongl-dong mountaintop dark grey

Table 2. The symbols of chemically treated natural zeolites

producing districts| Mt. Maeam Sang jeong Snagjeong 1-
Treatment 1 - dong dang mountaintop
Untreated Mr Sr Ar
2N-NaOH Mb S Ab
0. 02N-Ca(0H), Mc Sc Ac
0, 5N-NaOH — 0, 5N HCl Mba Sha Aba

Table 3. Chemical compositions { % ) of natural zeolites

|
Sample | Ig.loss SiG; Al0; Ca0 Naz0 K0 Si/Al

M 15.32 60. 70 20.52 0.95 0.94 0.38 2.5
S 3.69 65.39 31.59 0.31 1.13 428 1.7
A 11.08 62.97 15.14 4.78 0.63 1.24 3.50
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Absorption Spectrophotometer) 2 Al&38te] & Fa o).

Cs'9t SPol&e 5ppm §942 CsNOs(Sigma))sh
Sr(NOs) Aldrich#) & %¢4 $/4 A2 FA(Nano pure
I:BamsteadAtAl) o o}l Aoin 2542 AzsP
25 OE o]g#e EAA Sr* olge] AA 49

2zt olgd ¥%7F 247 5ppm 91 S, Na', Ca”, ¥
Mg” oleSe ERE 10miel 2% AE 005¢ B &
Z o] 324914 7148 $iH 5UE PYoz Ngsy
123

14 % 23

LR G &Yy

& A¥elAM AHLR 359 HA AgeolEd P B
&4 4¥ZA#= Table 361 4250 Qlct

AAAFE 72 BE 48 ¥F R 194 489
¥FE Uehlin o] @e Ae BEY FHS BAY 9
4. 5 A9 APl & FEL  AgPoEy
Montmorilldnite®t #& FHHo] AAY AHTZ o F
FE 7 64l & Edold g2 ZAPHel 108
olF olzj¥ FEY sheAel A Si/AIgtE Table 3914
U4 4 Sle vlg go] 1.7 ~ 35904 olE & A gaolE
A X 3 Yl ¥&o Silica rich %8¢ ¥ Takeuchi E(
1977 )ol BA%¥ &4 B Clinoptilolite ¢ Si/Algtel 435
~ 475 W F4 gFol Aok 2y YRR HA
AgeolEE dd F5o] okd EFFolnz ol 3%
tHRtez 1 $RE FPAL e o
2 X-24 343

Fig. 1 & 383 g A ¥ 339 ¥4 Ag
olE Algol ¥ X-ray diffractogramolth, o] T @elA 2
07t 99, 224 @ Z19°E 2NN 2§ peak’} e Aoz
¥ o} o|& A8 Clinoptilolitest Heulandite § i Silica®)
ALAlEYE HAY 4 Ut} ( Table 4 FZ ). o] 3o
A 53 98, 249 002°0H E4 peakE 7HAE
Clinoptilolite®] £4& =:3d¥ 3% 2% Clinoptilolite?}
oL T gHH UL ¥ & Ut TP 264 ¥3e
2427t & peakst 21.1° ¥ 50.4°9) peak® Hol Al Ard
Srelle M go] #Rso AN 23 A7 Arel:s OF &
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5ol e Aos Bt AR Mrile ola§ E40] glo
B2 Hge A #HHo UA ¥ Aoz AzsolAd.

& 4¥4 Clinoptiolited Heulandite= 2% 1
Silica, 1 Alkali¥ %&olch. Clinoptilolite®t Heulandite A}
oldle Clinoptilolite®] Na'$} Silica® Heulanditeol M&
Ca”"st Alumina2 WAAZ 3 oldelE W2 atel7} ik
11.3°9) E4 peak3® Mo} A8Mr# Srole Heulandite7}
FE Aoz 350 A 23y o] FEo FYFRE
Clinoptilolite®] 7Zs} oj¢ fAtste] 2877} o)¢ o
. ol59 2zx& ALYHAMiror plane)e2 S %
e Shab(H®)ez 42+ 4 U3 o] Slabe] FAE %9
Aolth. o5 Slabe AL HW ul A4rdxs AYHe =
Z& ol&th

Ag Arg 72° H2oMq 3¢ peakd 22 e AL
2 Hol Montmorillonite7t $/¥ ZAOoZ Moo ofgy
28§29 B4 Peak® X0l Feldspars @#5o & A
o3 AAAY,

HAA A0 2 peake] AT Z=2 v]Fo] Ho} AR
Sr& Mr3} Ardl H# ZAAo] thd Holxe Aoz B
.

¥H Fig. 2& A8 Ar o 383 Ngg @ %9
X-ray diffractogramol|th. o] 2@el Uehd ulst o] A)
8 Ab, & 2N-NaOH&H o2 80°C oM 2413 Hagoz
A Montmorillonite#} Clinoptilolite?} ¥ # %ol X-ray peak
8 F7 FAEE ¢ £ Ut

Fig. 3& A8 Sr o #%3 ANzg # %9 X-ray
diffractogramo|t}. o] J@elM & 4 %o A& S9 A
+ 8y Mg ¢ Folx ¥ oE ¥ %d As
M=z AlE Sot U8 AAE HQe o oW AL o
4 e M Fox Tz FERE A9 WA g
A& AlALH &1
3. Cs" o3 Sr* ol & A4A 4¥
31 4 ALolE @ AA

€ AYA A8 339 §4 AgaolEd ¥ Cs
olgs S olg AA 4Y FHE Table 51 ergich.

of Eol Yehd ulgl o] Syn-Xol o Cs' o] g
AA 34+E AQsd2ME BF 95% o4 $43 AAS
& Hgon 53 SrF oles A% 339 ¥4 Ageole



Intensity

Table 4. The Characteristic X-ray diffraction peak and Si/Al ratio of minerais

Mineral Si/Al -

Characteristic peak 28 ( relative intensities )

Clinoptilolite 4.3~5.3

Heulandi te 2.5~3.7
sordenite ~5
Quartz

Feldspar 0.7~1.1
Montmorillonite 1

9,9(100) 22.4(55) 23.8(57) 30.0(80)

10,9(80) 11.4(70) 22.7(100) 30.2(90)

6.5(42) 9.8(100) 19.7(42) 22.3(100) 26.3(44)
21.1(70) 26.6(100) 50.4(60)

27.8(100)

6.5-7.2(100) 18.2(30) 24.6(30)

1.
fé . AkJ b Nl N/‘
Sr
JWU/}L Mﬂkw
5 10

2030 40 50
Pt}

Fig. 1. The X-ray diffraction pattems of
chemically untreated natural zeolites.
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Fig. 3. The X-ray diffraction pattems of variously
chemically treated natural zeolite S.
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Fig. 2. The X-ray diffraction pattems of variously
chemically treated natural zeolite A.



of 98t A AASHE Fo2 eyt
32 383 HIYE A ¥ AL AgeojEA o
AA

AetA AYE SAYES AA A ZeolES % Cs's}
St ole9] MA A¥ Az Table 6o, 121 ¥H¢ WY
AFS Yotd 7] 9§ AA T4 Fig. 49 590 2zt ®
AlstAch

Fig4sl 59 A T4 Yyeld A8 vd iy
YA oF B0F Ax2 Yeigon B39 diire 2
ol A BT o|Rolxe Aoz Ueyt olgze
A%e 2§ F84 o9 AA 93 BudAe fAlsid
{ Kim et al., 1982: Moon et al,, 1984 ).

Table 691 YEbd Cs™ ol 9] AAAY AN 333
A HAE A ¥ MBS 9% AT Ar > Mr > Sr
M2 Jeigou Aot nddd oF 3 9 A
8 2% AY g2 AAFE /M Aoz oAAY o5
AAES o BV%, 12T AAFL o} 1.97mg/g 24 84%
~ 97%9 AAEE B 4 AMgYolEY AMAF Ko
HoeaatAY dE@ Ae2 Jeigd £8 SPooled
AANE AFME AAT Ar > Sr > Mr &M= 4
EBsth olE F AR Are AAZo] 9546%, MAFL
19Ing/g 22 ©& T $9 A8 Sr#d Mr Bde ¢ $4
F AASE M Aoz vEden o 98%9 AAEL
B2 T4 AgYolEg Ag 2L AATE 2

Cs'sk SP° olee] AA7 72 HA ALIolE ol
TREol A Folee ol me] o3 wPgoaH
o]FojA 2 ARE FAel JFAME o]FoRE Aoz
2 o JEEA A% A3 (Table 3)o1A vebd uig o
2} ofolee] ¥, =3 Ca¥ ol ¥l UM Arol
Mr#t Sr Hode 331, 2% Fig. 1dAM Be 23 gol
peakd] ZT=st ol oM g T 39 AR Boe &
1 g} ole Hd A gaolEg FxI & weolA
F& A Fu lon ol§ Iz wdz dilo
gHAAAY FAEE golo]l T2 W A&l 7A 29
o] golsich waly 7] AA AP Az HE ¢ X-
H EHBAE Fae & dAED U ¢ 4 U

olgel AF AdeN zatH Mg s ¥ ANEF
Arol Cs'oles Srolee] AAd 714 & &3} e A

o Mr o

02 yetgon of MAFL A Aol AAF
Hld $oaAY A Ztd UnjA Alg Mt Sre §
olg o] AAe 42 AT} e Roz Uehgdd
33 5183 ME & AQ ALY EA 4T AA

A A gRolE AATE FHAI7] A3t o3
7HA #¥A Mg ¢ F olSd dF AA AY ARs
Table 74 #2384

of AX}E AHET (G ol AAY AL,
002N-Ca(OH); M2& & ARY AAFL Aytxoz =
7teo], R@PHE ool BT Na' o] &9 @4 Agaole
AY AATEG o & % ded v de 239 3
g3 e ¢ ABEY AASL o8 ¥ FAsAL

NaOH % NaOH-HCl @442 Al 99 AR5 ol
ZAF e olem@e] e YoleEL Na' olgolu H
olgor ugdd 1zu nEsH AgE Wd A

£ o5 Na' olga H ol dAjg t& o|gd ul3

Meldol M g olgme olgmgo] oy whwd
Ca(OH); N&g %31 92 NBE W] golee Ca¥ o¢
02 u@HD oF a@H Ag Y s Ca ol
23 894 39 Cs' ol Ato]g] o] g m@ o] Na' ol
Ee H of2# Cs' o] Alolg] olem@ WhEnT &9
gtol ATl MR Aoz YAdd,

o223 ¥7(diameter of cavity)el $181A4 Clinoptilolite
4 Mordenite?l ¥ Al galolEE Na-H7l 40 - 50A0]
o Ca-A7} 38 - 40AUE AN¥ ionic radius7t 1.67A
A Cs" olgel #glo) 223 7bedtt ( Barrer, 1%0;
Gould, 1971 ). 2822 3&H AHZ 5% Cs'olg9 A
As A B ion sieve effect Hths A LelolE F=2
Well oln] s e dolede MefAe A2 =2
7ol &8 Aoz Alg ¥,

W ST olge] MAd UoIME HM A2 Cs o &
o AA AtEd AAF] HH A, olziE YAF @
HAE Mg 94F Wl 248 F Foled A4e @
AP W S olgo] 27} o2 AlE2F 17} oL 24 7
147} o] w@gsolx7] el Hoz Hzted Ca(OH),
9t NaOH-HCl €& Ma$ Alags AAse 884 i
T A% ANEEY AAF Ed Q3a Fasidou
2N-NaOH #& & 259 MASL Bz gy 2
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Table 5. The removal of Cs’ and Sr’'ions by synthetic  Table 6. The removal of Cs’ and S”*" ions by chemically untr-
zeolites eated natural zeolites
Ion Cs(1) Sr(Il) Ion Cs(1) Sr(11)
Removal {Removal /Sample|Removal | Removal /Sample Removal | Removal/Sample | Removal | Removal/Sample
Sample | (%) | (mg/g) [(%)| (mg/g) Sample | ( %) (g / g) (%) (eg/g) |
Syn-A | 94,94 1.90 98. 96 1.98 Mr 98 .34 1.97 83.72 1.67 1
Syn-X | 84.06 1.68 97.92 1.96 Sr 97.86 1.96 85.84 1.72
Syn-Y | 97.648 1.95 a8 98 1.98 Ar 98.62 1.97 95.46 1.91
Table 7 The removal of Cs’ and Sr** ions by chemically trea-
ted natural zeolites
Ion Cs(1) Sr(11)
Removal | Removal/Sample | Removal | Removal/Sample
Sample | (%) (g /g) (%) (mg /g )
Mb 91.74 1.83 97.24 1.94
Mc 99.16 1.98 47 48 0.95
Mba 97.66 1.95 35.18 0.70
Sb 83.06 1.66 84.60 1.69
Sc 99. 36 1.99 41.14 0.82
Sba 90.28 1.81 43.42 0.87
Ab 82.58 1.65 94.66 1.89
Ac 99.20 1,98 41,60 0.83
Aba 96.90 1.94 0.4 0.61
1.4 2a] &
E 1‘2} ’g 24
g 5 2
£ oo 8'"
Q g 12
%: 0.6 é o8
[r$ 0.1 04
0.2 > T % TR e T @ Ta T e
ey e T o Tawe(miny
% % 40 60 80 100 120 . W A S A
7‘77'!|nje (min.} '

{-MrASrVAr

Fig. 4. Removal isotherm of Cs(l) ion using the
untreated natural zeolites Mr, Sr, and Ar.

Fig. 5. Removal isotherm of Sr(ll} ion using the

untreated natural zeolite Mr, Sr, and Ar.



e Jdehiion 53 ugiolA HAS AR MAL
o] % 84%NA o 97%2 Z7ts|o] AAF AP AA
He 2#E LUk ol @ A2 n|Fo Hol IPFE
T ool AYAQ ML Na' - S o ME S0l
o, 221 Ca¥ - S H' - SiPelMe 212t ¥ 9 H'
olgo] © & Ao AzEc
34 9 ole#e EAA Sr* ole9 A4A 49

Sr* olgol Na” ole&# Ca® ol ¥ Mg” ole3 @
A ZQ ¢ R399 AA Y& 2AS AHE Table 79
FEEAO™ o] Aze} S olute] ZAY A4 AA
%9 HTE Fig 6 TS

Table 8% Fig. 6o Yeld A3E ww S o] o]
Og olgs EAH U iyl ¢E02 UL o By 7
F NBEY S old d@ Ao AY AMHoz
2HUEE ¥ £ Utk oe Ese de oeEH S
ojgEe] M2 ZAPHoz WL &7 2 HoZ oA
Adh. 22t IN-NaOHZ A ¥ A& Abst Mbel 4% Al

o] 97%8} 9% 423 Y5 P AHE A oy E

A= AR Abst Mb9) Sr¥ o] 2el Uiy Malyo| A8
T OE ol W Meyug o ade #& Yyehig.
a2 G7ig Ao A4 NHE AS B oleme EA
Al A9 Bl §lE Aoz e

-

o4 2L 4¥g Fid dojd AnE gk |
BEE Mg FAYS B AH 15 A YA HH§
AE (Ar) 7} Cs™ oles S olgel MAd 743 44
MATE 2900 ol5e AAFL 22 9862%, 95.46%,
AAZFL 24z} 197mg/g, 191mg/g 22 ¥4 ALaolEg
A5E S7HAY AY vad Ao Jrhgg.

2D AAFY AME AW B8 A Ha gy 3 Cs
¢ M ren 7bd ABAHQ WYL 0.02N-Ca(OH), A
P& e A olen o 3 7R 248 AASL Uy
NBE A4 15 4 AAolN ANt NP Az Ac2H
»rEY K2, AAFE 1Pmggls #4 ALaoe
RO T 2 saE TS 5 S oy A6

M 7HE BRAC 5YE IN-NaOH Mg #: zoq

-

e e

- 28 -

°of 3 sidaeld MHstel NP AR Mb 9 AALo)
97.24%, AAZL 19mg/g 22 7} $48 AASL u
Rom A AgAolES A pe A¥e v

S olgol the oled EAS UL Hele 44 1
& AN FR3e 2N-NaOH Mg & Al Ab 7+
AA & 97.14%, AAFL 19mg/g 22 71 $28 A
¥ Hol S olgel U@ Heio]l a4 Hyd mez
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Ueld 23 Esto dojA o] 7+e] B P folxe)
£t uis 2 o A4 H718 Fo X5 UE Cs'
ol S olge] AAdE Ca(OH) 2 N Alzg
NaOH 2 AN@ Agg EYsid Algste 30 1% &
$AY Aoz Algdd s o] § Az} 2z Cs
ol&3 SP olge) s Meyo| o} £ olgg M¥alo]
AAY & YA A2ty gRolg

A4 2%

¥ d7E ¥TAUAY A¥oz2 AHYH N¥YA=
d7AdE T8 979 d¥2 +4sL.

Table 8. The removal of S ion mixed with
Na’,.Ca™, and Mg’ ions by chemically treated
and untreated natural zeolites

Sample Removal Removal / Sample
(%) (g /g)
Mr 59.16 1.18
M 93.56 1.87
Mc 51.32 1.03
Mba 3.96 0.08
Sr 41.16 0.83
S 58.40 1.17
Sc 35,78 0.72
Sha 19.78 0.40
Ar 59.36 1.19
Ab 97.14 1.94
Ac 35.78 0.72
Aba 8.16 0.16




present

Residual Conc. (ppm)

absenl

o F
Mr Mb McMba Sr Sb Sc Sba Ar Ab AcAba A X Y

zeolites

Fig. 6. Removal capactties of chemically treated
and untreated natural zeolites in the presence and

in the absence of other cations, Na(l), Calll),
and Mo(l).
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