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The Effect of Pretreatment on the Removal Performances of Natural Zeolites
for Monovalent Metal Ions

Sang-Kyu Kam, Yoon-Keun Oh and Yong-Doo Lee
Department of Environmental Engineering, Cheju National University, Jeju-Do, 690-756. Korea

The three domestic natural zeolites (Yong dong-ri (Y), Daesin-ri (D), Seogdong-ri (S)) harvested in
Kyeongju-shi and Pohang-shi. Kyungsangbug-Do, were pretreated with each of the NaOH. Ca(OH); and NaOH
following HCl solutions, and the effect of pretreatment of natural zeolites on the removal performances of
monovalent metal ions (Cs*. Rb” and Ag’) was investigated in the single and mixed solutions. In the single
metal ion solution. the removal performances of metal ions were improved greatly by the pretreatment of
natural zeolites and decreased in the following sequences: pretreatment of NaOH)pretreatment of NaOH
following HCl)>pretreatment of Ca(OH): among the pretreatment methods: D>Y>S among the natural zeolites:
Cs*>Rb*>Ag" among the metal ions. The heavy metal jon exchange capacity by natural and pretreated zeolites
was described either by Freundlich equation or Langmuir equation. but it followed the former better than the
latter. In the mixed metal ion solution. the uptakes by natural and pretreated zeolites decreased. in comparing
with those in the single metal jon solution., but the pretreated zeolites showed the improved removal
performances of metal ions in the mixed solution than in the single solution. The metal ion uptakes by
pretreated zeolites in the mixed solution showed the same trends in the single solution among the pretreatment

methods and metal ions.

Key Words : natural zeolite, pretreated zeolite. monovalent metal ion. removal performance. single metal ion
solution. mixed metal ion solution. Freundlich equation. Langmuir equation
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°olE % A AAde= A} 47 d29, »
503 o] &9 A7Ig AR AA w2t Aged
°oE Iz U2 &Y% + sl w3k 77 gz2d
(Munson. 1973).

o thd BHE AYs Ageo)E: AAF
0% ojyol A5t 912t} mordenite. clinoptilolite,
ferrierite, chabazite, erionite. phillipsite ¥ analcime %
%9 AETYolEV} FH3 EAsld €8 ¥ e
FEANA) AR a3 Ut (Vaughan 1978).
WellMe F2 ST AR 44924 2% 218 3F
M AQA AgEolET} ARHE Aoz ¥A 9l
o} AEsHs AQ AgIolEE HHH] A2 4y
Feiz EAs0, 4 FUP E=2F2 HetHA gn
Aoy e B gol A Ao FPHI T,
ol = mordenite. clinoptilolite & ©l&9 ET{H
A RAez L&A 9t (Moon et al. 1984: Kang and
Wada, 1988: Kim et al.. 1996).

AgolES o]2AP5E FrHPe o] nPs
€ Yol2o] @ oJojojo} @t} (Semmens and
Martin, 1988). B2 A7A7t AgeolE U9 TP
7Hed ol g 9 ooz vEy] A4 @ A
A7 27 F£Ysdd a2y ol AFE A&
°lE U9 o] ¥ o2 PHI AP = Hoj
Br7tssidn Bk &, Flecher and Townsend
(1980)= NaX$¢t NaY Mgzelo]EQ ZE Na o] 28
NH/' 2 A@st7] 913 343 KA 1 M NHCl= 4
3 ASFAAT X Y AMgolEANN ZHzt 2%6%,
8% 7} Na'¥dle Atz R2sch Barrer
et al. (1967) 9 Sheppard (1981)& clinoptiloliteE
¥ Na Bdo|A 2@ At M2 AT o] AL
ZolE W9 BE Ca?} K °]2& Na ojloz @
st Aol wagHolgtn WA Sherry (1979)&
A A2o)EQ erionited 30C R NCAX 1 M
NaCl& AH83ld 2 T A2 AR o o] Mgz}
°JE Y9 BE K o2& Na ol2o2 APAY #
AR, 23 K =& 45%0M 3%2 Z2sgdo
I 93 gl

Iy ol dgd AAAE Aol o
AP e AL + Aok BusAY. &, Seyfarth
and Semmens (1978)+ clinoptilolite® 0.5 M NH,Cl
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9 1 M NaCl M2l & 33 953 35 13, 23, 33
A o] MgeolES o|2uPEFS 4 169,
211, 2.23 meq/g2 2 AHE WEG| we} A o]
E9 o]2u@gde PYHAL Semmens and
Martin (1988)= clinoptilolite® ttg# z=gdez A
A vEEe Cust Cddl U@ AAELS JEG
Az AAYE NEEFE o9 MARS aA 37
st Buagoed, Kam et al (1992 HA
A gejolEE 4 FrleE A A7 F24 o2
AAzol F¥de A%

2 a7 E I Ad AgEolEY ojl2ng
AAsE 227171 AR AE FFAYL P4 A
Aol AEHe QA AZHo)EE Asd, T
AQ MEeolEE NaOH #Aal. Ca(OH); AA«
3 NaOH®} HClg % AAYE WAt o5
AL 9 F AAY ALYolE dis] Ag' 9 PAY
54929 C' % Rb" § Ul 25018 A8st
o o]F o]2o] BYZ EAd: F L9 o2 uP
MAEH olg o]c] EHH EAde 499 A
93 o] MASE v HA AgegolE A
Ago] % adE A

-
dENE

A8 G AU AFAYG XPA] AGd) BE
5ol le AQ Ao EE JRAAN AHsPon,
o] 4kx] Y 4G Table 1 3 Bt} o] 3%9
HE ALEOEE dF I3} E48 F f2M o]
A Bdste AE vASA & & ZEAL DA
200 mesh (Y7 : 0.074 mm)olste) RE GolLdd
FHFE2 AYsigen, Edd £9 A= nPRY
B2 g g38A AAS7] 94 39% F75 7
7He ¥ OA] 6-73 A3 F 105CAAM Az & ALg
ot

2 AYd 288 F& o2 Sigmarl AE9
CsNOs;. RbNOx AgNO:E AL8silen, 71e) Al
Ag 53 22 A4F AYE A8sun. 34 89
9 Mzt Boled FHTE EE4AL & 34
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Table 1. The producing districts and colors of

natural zeloites
Symbal Producing districts Color
Y Kyungsangbug-do Kyeongju-shi  Light gray
Yangbug-myun Yongdong-ri
D Kyungsangbug-do Pohang-shi Light brown
Namgu Guryongpo-eup Doesin-ri
S Kyungsangbug-do Pohang-shi Light green

Namgu Guryongpo—eup Seogdong-Ti

o] &o] & 1000 mg/LE ZAF T 3z 25~300
mg/LE HA3o A8

Yy

BtE A

AA 9 AAel MgeolE A}PYELL X-ray
Flyorescence Sequential Spectrometer (Philips PW
1480) & AMR&te A9t 40 KV, AF 30 mAY =3
AA B3t

X-4 5H

AG 9 AA2] AGYP|EE X-ray Diffractometer
(Shimadzu GX-3B)& AMB3td X-4 234 482
sdHoy, 49 Y& o g

Rad. CuKa
X-ray generator 30 KV, 12 mA
Scanning speed 2°/min

Filter Ni

Slit width 0.4 mm
Counter GM counter

A HS2H0|ES Mx2| WY

200 mesh ©]3te] A AMgeRo)EE 2A} #
3d 47 Egs3o] A zyl B9 A gL
¥ BF JA71E a8 2]t 28 heating
mantlef A 719 Ratn A2 st

NaOH AAel: 2 N-NaOH 100 mLell A& 10 g2
I B0CAM 241 B WA F AR
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o] 338 53 W& ¥ 1 N-NaClst 0.1 N-HCl &%
gdo2 FAAN ¥ FIFHTE 348 AYsq o
3} F Az

Ca(OH), AA2: 002 N-Ca(OH); 100 mLel Al
E 10 g& ¥ 80CAA 241 ¢ WD F o
¢ of FFRTFE S0l € d4AA AY¥sA
o139 P& 38 WEY F A7 dzsAt

NaOH® HCI®) d4% AA: 05 N-NaOH 89
100 mLol A& 10 g& ¥ 100CAN 2413 5t
WA F FRTE FH0 8 AR AFud
o] #}3E& 38 WEY & AFHso YFEL oA
0.5 N-HCI 89 100 mLel @ol 100CHA 2413 &
¢ BEAN F FHFE F4H0 € WA 439
o o] #FE 33 VEF ofste] dzEA

oldd Z2 kA Wy AAE Y A A
EZol|E A|8E9 H7]= Table 29 Zo] Jehigioh

Table 2. The symbols of natural and pretreated

zeolites
Places of production
Treatment Yongdong-ri Daeshin-ri Seogdong-ri
Untreated Y0 D-0 3l
2 N-NaOH Y-A D-A S-A
0.02 N-Ca(OH), Y-B D-B S-B
05 N-NaOH— Y-C D-C S-C
05 N-HCI

35 0|2 HHAY
8 o2 AALYL HEYez PsAh e
& o2 AALEL 493 $59 34 o2 #F
¥ 842 A9 dS 1 L 445234 500 mL
& AFL A7lel 05 g ALHEE 4 ¥ A
7] Erle IuEAA, PP A7 APez 2
mLe AI&E AH3te] 4000 rpmeAA 10 B33 Q4
2 & FFAE F& o] EMo Algagoh
olf WHeAe LEr F2X2E AMBEA A'CY o
3 252 §AA3

Y 25 ol AA 4P Y & ol AA
AEH 22 PYPoz FYPsigen, &Y F£ o)
849 55 2 §4 ol&d dd 50 mg/LE =A
g 8ds EY¥sia AUk £F AMgeoleR
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FaetAl G 24 ol g ds FAHEE A
Ay AR E 39S

24 o] MAF AL WYL oldlig Zo] At

B )

o714 q= HMEEelE B9 FF F& 029 HY
AAZE (mg/g). Ve £8d 3% o229 F3(L).
Ce 3% ol29 7] & (mg/L), Ccc HYMA
£4% ZF % ol29 % (mg/L). M M=}
°o|E9 FF (g)olth

BE 24 35: YAFFREA(GBCAHA 904
AL E A188tol AL, Cs° Rb" ¥ Ag ol
s 2z} 8521 nm. 780.0 nm R 3281 nmelN &3
34tk Cs* 9 Rb' 9 EMAXE o238 982 ¢
A87] 98 2000 e K/mLE #4/38le KCl 848
AR 9 EEA Arlsd BAM T

2o o &
CLTYE

€AY AH8d 3% AF ALHolE H oE

og+s

€ AAF AgFHolE AR ALY FFH:
Table 3% 2t} °l§ AlE: BF ¥ Z24¥ 33e
Yo, 53 D 2 S AlEe AXNAE FdA=E
7% °139 £& 3E& kA% B ABL FE B
€9 £¥ ¥F 4 7194 4E9 #FE Yehin,
Aurz oz o] go] 4% EUHol 21 UFY 8
BB MgeolE o FEo] @ol ERH AL
€ oujgich M Y At ZE #gol E D
% S A8 AgYPolE FFo| ¥t £ F U4

% 3%9 A8 =5 NaOHZ AA23dE Na0
gFol F7lsted. ot ¥ 47 A o4
A&GolE MBUY o Fo]2 Fol AAHA A
29 9 FEo] F2sE2 Na ol 2ol 4
A Loyl dEe R JZ4dd. whdd Ca(OH): 2
Aol Ca0 7180l 2A ¥ A2 ol Ad
AgeRolE Si/Al HI7L 4ol@eg 7] HE
Si/Al W7t 124 100% Ca ©]& a@o| 7@ A
SEolE A ot €8 olRde T /19 Al EA
¥ gEo] YolA Ca o2 n@o] 44 F2 JEY
Aoz u]lth NaOH& HCIZ A% ANIR B¢
NaOH=Z AAels 8o NaO o] & Fa
sted. AL AAYY W) YK Na Fol2o] ¢4
A2 RBHA7] Aotk WA Nad @3l =

Table 3. Chemical compositions of natural and pretreated zeolites

Zeolite Chemical compositions (wt:%) Total | sia
Si0; | AOs | Fe0s | TiO: | MnO | Ca0 | Mg0 | KO | Na0 | POs | LOIF
Y-O | 6580 | 1366 | 3.03 | 039 | 0.09 2.09 1.36 KRS 1.76 | 027 | 782 | 9938 | 4.25
Y-A | 6151 | 1823 | 326 | 041 | 012 2.23 1.57 341 522 | 017 | 386 | 9999 | 298
Y-B 6762 | 1405 299 0.37 0.11 298 1.28 3.26 199 | 019 | 516 | 100.00 | 4.25
Y-C | 7075 | 1678 | 1.31 021 | 0.05 1.49 0.31 313 292 | 005 | 3.01 {10001 3.72
D-O } 6353 (1277 | 126 | 024 | 0.01 2.25 0.83 2.70 1.82 | 0.05 | 14.35 | 100.01 | 4.39
D-A | 5934 | 1588 | 152 | 030 | 0.03 2.86 1.00 3.09 636 | 0.05 | 9.58 | 100.01 [ 3.30
D-B | 66.71 | 1348 1.02 | 0.20 | 0.02 3.37 0.73 2.90 195 | 0.04 | 957 ;10001 | 4.36
D-C | 70.21 | 1181 | 115 025 | 0.02 1.28 0.60 3.01 3.54 003 | 810 | 9993 | 525
S-0 65.68 | 13.26 | 1.54 025 | 0.02 1.98 0.96 3.28 1.19 0.08 | 11.70 | 99.94 | 4.37
S-A 6099 | 1442 | 154 026 { 0.03 2.29 097 3.77 5.15 0.05 | 1052 | 99.99 | 3.73
S-B 69.01 | 1367 103 | 020 | 0.03 2.65 0.68 3.68 141 | 005 | 7.60 | 100.01 | 4.46
S-C 7037 | 1252 115 | 023 | 0.03 1.24 0.50 3.65 255 | 002 | 7.73 | 99.99 | 4.96

Fe0s : Total Fe, LOI*: Loss on ignition
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& NaOHY 2] Al2s} NaOHSH HCle) 94 A
N2 NEJt B4 AALEo) ¥A UEd Rez o
a¢ + 9o

X-M 3E

HQA AgolE Y0 D0 S0 ¥ ol AN
¥ AgeolEo diF X-4 ¥F 4¥Y AZE 3F
Fig. 1. 2 9 3o Yeh#gdch

Figure 12 39 AMg:e}olE Y-04 AAAY A&
o] E(Y-A, Y-B, Y-C)ol ¥ X-A pattern®2AM

= 2 - wmmans ) e . 74 s imem s

Fig. 1. X-ray diffraction patterns of natural zeolite
Y-0 and pretreated zeolites Y-A, Y-B and Y-C.

Fig. 2. X-ray diffraction patterns of natural zeolite
D-0 and pretreated zeolites D-A, D-B and D-C.

Y-0 € 209 266", 395°%2NA WY quartz §
4 peak® Ho|ul 65°, 98, 134° 222 56 2.7
0.9, 356" FAN Jdehhs &2 peakE2 mordenite
£4 peakell AFTc wely Y0 FHEL quartz
o]t mordenite7t 43F 4A Aoz A *A
Y-A 9 B9l quartz £ 22 YHAS) mordenite
4 Holaes A9 AEA R, 125, 17.7, 217, 28.1°
334° ol A2¢ Holart vehlesd o]+ Na-Pl
MgelolES AYPAHQ Holaz A §0ColA NaOH
2 AAEY mordenite 4] Na-Pl 422 g}
oJE Hgo] PYEE FWck ol mordenite &
g EASE quartz G0l LIl A5 LR &
5ol FHo7t ot g€ HAFE Frize AR
ojltt, #<& Ca(OH).2 AME Y-BY Aee
mordenite Fol 22 FAHULH, Y-C HH £&
L=qA 97 9 4 M8 mordenite B ol
2} Na-P1 ALYolEX BF AlgH 20 quartz ¥
olar A3¥ 4o Y AE} T olie 2%
A NaOH 2 #¢ A3 o d& AggolE
2 AU A A L quartz ¥ 23 o}
vzt wd3A 9 9gyo] 2 A5 ¢Reyr} &
AYe ud, < VAN quartz} F32
Ayo) tgF #4d Hasg e I Ao
Ez Hgdda 2aHAD (Kim et al., 1997).
Figure 2= ¥4Q AgeolE DO ANYY A&
gtolE (D-A. D-B. D-C)oll di@ X-4 pattern22

Fig. 3. X-ray diffraction patterns of natural zeolite
S-0 and pretreated zeolites S-A, S-B and S-C.
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A 99, 11.2°. 2.4 25.1° 26.0° 28.2°, 291° %29
peakE clinoptilolite®] &4 peak® uehdm, 65,
135°, 21.7°, 30.9° H29 peaks mordenited] 54
peakolth, el HA A EolE D& clinoptilolite
2} mordenite®] E¥FJolm, peak M7IZ Ko}
clinoptilolite7} F4% Aoz ¥k D A8 Y
o= g2l Holu 47 9 HA ) sl 4ot
dojr}a] gistel. ol clinoptilolite 7} ¥lxd &
71 Z@ MEetolEolx, D ARY AEHYE &
=7t ¥7] dEA Aoz AF4E.

Figure 32 AQ AgeolE S-09 AN2AH A&
2olE (S-A. S-B. S-C)o) di# X-4 patterno 24
agAM HAAE uiegt o] 98'9 28°9 FH
peak ¥ 65°% 263 28 276’9 FT peak:
mordenite®] 54 peakol® 11.2°, 17.4°, 26.0°. 30.1°
< clinoptilolite®] Ho)ad AFAch & A A
SolE = FAHE] mordenitec)d] FAHEORE
clinoptilolite} #-F50of AL 4 #7 4 A=
£ Hola szt Atk Mordenitex: clinoptilolite®}
BRA7A R 44 d7)d AE AgeolEojna AT
Al X-4 33 wgks dojur] 4R small portoll
A large port2 AMF27] W= Aol F Uk

=% 0I29 HAH

f

Bel 24 ZA0Me 35 0|29 KA
A9 AgaolEx AN 9 1 ARl W

gats Aoz ¥2A A} (Seyfarth and Semmens,
1978: Semmens and Martin. 1988: Song et al, 1998:
Kam et al. 1999). & A¥ol A}88 Ax2 ¥yl
o A&TolES} AQ A gYolEQ F& o] A

T2 v -AESV] 98 Z AgeolE ¢ 05
g 258 20°C. 4 34 ol 849 FEE %
mg/LE2 AFEA SIN G B4 o] o] WF 4A
9 Wd3}E AT

Figure 4= AQ AgRolE (Y-0)9 BAe AL
ZolE (Y-A. Y-B. Y-C)oll & & 34 o]g9 A
te] Wge] M % wWHE Jed Aok 13
AH RAXE wig o] HggYolE-FEo| A7}
AA BY deo] =gde A 34 o) 9 A
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S| EY Fiol FARLCl 0% o=, Song et al.
(1998)o4 2@ HA AgeolE 40 R 140 mesh 271
9 YAE ©]§F NH, 9 ol 2@ YL (%
SAMEY ue m2A JPPE ¢ 5 AU ]
€ $8719 4823 (ZEE 429 a7), g
E2)9 Aolof & Aoz AlRE. afdAe YE
WA ggteoy o A 4 AN Mgl d&
B 0|29 5 dAME v FFE vY
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Fig. 4 Concentration profiles for metal ion removal

by natural (Y-O) and pretreated zeolites (Y-A,
Y-B and Y-C) (Zeolite : 0.5 g/500 mL).
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Fig. 5. Comparison of metal removal efficiency by
natural (Y-0) and pretreated zeolites(Y-A, Y-B
and Y-C) (Initial metal concentration : 50
me/L, Zeolite : 0.5 2/500 mL).

Figure 5& Fig. 49 A2 2€ 7z A 2o Ed
A F& o9 AALE HAE Jehd ez,
AAE MgeolEs AW AgolET AA EE
o] F/MEE& ¢ + AN AANIPEd gIMe
NaOH AA2]>NaOH% HCl9) 94 AA>Ca(OH);
AMdeeg AA FHgo) F4addt 53 NaOH
AN E @ F ol 2 AAYE § F9ET o
T %2 AA A8 Y=, o) NaOH A4
o= 4o HF AgolE Wd EAse o] &
o] 7Hsd Yol2EL Na'ole2 A@HT, ol
o] PP Na'o]22 ZE Yolo] thsf Hdy
o] ¥7] WjFo2 ALEEY (Breck. 1974: Semmens
and Martin, 1988). 28y Ca(QH), AANAE & 3
Folle 3100 AF vt Zo) Si/Al v|7} 4 ol Fe
2 37] ggo A ALefolE ol EAsE o)
iPgo) 7Hsd BE Fol2Eo] Ca oy meH7|
£ olyn AR gd Ca'F 24 o)e M4

Aol w2t AA B9 Aol Uehlle Ao Hd
Ak, §¥8 NaOH$F HCIZ2 9<% ANYF F o=
AA MgeolEx H'Z ol mPsed ol H'
o] UF Bo] o] agHd IF ulo Tz ¥}
sEso] NaOH Agsd MA fgo) 4sHE A
o2 B4R

F& ol29 ZFF wtHe Cs'o) 71 MAR
€0l ¥ton, Cs')Rb A" €22 AARLO
ZL2aA ol MEYE FRUYY o]} olF
o] Mdgo] 7IIHE Aoz AlRdd. &,
Cs* o] AgeolE FZ2U Y o] ojeaPsol ¥
I, Ag'ol ©E o] Hlg ool Pk
AE 9ujid,

Table 4= Z HHMSeo)lE HAgd ng
4 ol29 AMAZS HARPEE Yehd Aotk AA
2 A geolEc] gF F& o]29 MAZE AA A
&o)E (Y0, D-0, S-0)9 wlmspe] B, Cs',
Rb'. Ag"ol disl NaOH AANd ALeolE (Y-A.
D-A. S-A)= 77 1.7~1.94, 1.6~1.84. 1.8~1.9uk,
Ca(OH); BAz2 AMgeo|E (Y-B. D-B. $-B)& &
Z 1.3~140h, 1.2~154. 1.3~15%. NaOH ¢ HCl
2 a4 AAAY ALHY|E (Y-C. D-C. SO &
Z 15~17%0, 14~179. 14~1792 FAAZEO|E
9 AAAl F& o] AAZ FNEL & F A
A 34 ol AARY Fvte AN AlelelA
£ NaOH #2)NaOH s HCI®! 94A21)>Ca(0H);
yee ¢og Fasigch

P HoAM @ & Ae uig o] A golE A}
oldfiNE F& ol29 FFd @A D07 AHF
58 452 19e9, tgol Y-08R S0: 7t
Z 32 45e Atk o= MEPolE ZHUY
Ae F4 ol AR F9 F& o9 o)eny

Table 4. Effect of pretreatment on the metal ion uptake for each natural zeolite

Metal q [me/g]
Ion® Y0 YA YB Y-C D0 D-A D-B D-C S0 SA SB S-C
Cs" 23 40 30 3 24 43 32 B 20 37 27 34
Rb* 20 36 28 32 24 39 29 3 18 33 27 30
Ag’ 18 33 26 29 21 37 27 32 16 30 24 27

a : Metal ion concentration : 50 mg/L.

b : Zeolite : 0.5 g/ 500 mL
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Table 5. Effect of initial metal ion concentration on the metal ion removal efficiency and uptake by pretreated

zeolite D-A
Initial concentration Removal efficiency (%) Uptake (q. mg/g)
(mg/L) Cs’ Rb’ Ag’ Cs’ Rb’ Ag’
25 100 100 100 25 25 25
50 86 78 74 43 39 37
100 65 58 54 65 58 54
150 55 50 46 82 75 69
Agyge g ol mPFo) e ¥ NaB I 3
e 22 KEF 2 53 39 Ca®¥F § (Table
D3 X-4 YHAN AEY AMeeolE FEA 1§
& FFUY F239 Aold g% Aoz Agdy 2r
(Martin. 1981: Semmens and Martin. 1988). o %
Table 5+ HE £dr QY A LYo D-0Y e oD-0
NaOH 232 AMgeo)E D-Ad 9@ z F& ol r OD-A
9 27 = ¥t BE AAL Y AAFY Wy ﬁg_-g
€ Yehd ol FolN RAAE Hlg o] & . .
ey 27 7} ¥84% F4 olge AAge %, ] ) .
QoY BE AAZE F/182 ¢ ¢ g 27 logC,

B57 moldol mel AALo] Yolxe AL Ag
golEQ] @9 AT MAFE YFF vde] )
3oz F& ol Tt ¥/ B Aoz A8
o @8 a9 o 3P AAZo| Fvkshe AL
A&GolEQ 7] 57t ol me ALEolE
o] ¥4 ¥999 FxA7 SUMge e E2A4Y
driving force7} 37187 B£4Q Aoz Algddh
AgaolEQ o2 AYLE Fe W7kA ¥eQ o
< ZPRFoz NFdo YWY FR5LYoz
EY¥E 5 vt (Semmens and Martin, 1988: Bernal
and Lopez-Real, 1993). ¥t og 48d4F9 &3
Edol F3AA I3 AAHE 42 Freundlich F%
24 (4 2) £t Langmuir #3524 (4 3)&
2 o] BEo),

q = KCV* (2)
Qo bC,
1+4C, (3

Freundlichd]oll Al Kgt2 &3 34 oj2o did A
2eolE9 FuFQ o] 2APELFE I/ne oG

Fig. 6. Freundlich isotherm plots for cesium jon
exchange capacity of natural (D-O) and pre-
treated zeolites (D-A, D-B and D-C).

0.12
o1}
0.08
20.06
0.04

0.02

0 ) ) .
0 0.1 0.2 0.3 0.4
1/C,
Fig. 7. Langmuir isotherm plots for cesium ion
exchange capacity of natural (D-O) and pre-
treated zeolites (D-A, D-B and D-C).

EE Yerdth Langmuird A qmats °1E3A Hd)
o] AP, b °]2AY oA FAE Folnt
A AETolE R AAT ALYNEE HYo2
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T HME2A0IES] 17} B 012 HAHSOH s Hxj2| &}

20CAN &4 Mol 05¢ & B4 ol 5 2
5~300 mg/L UM ol2ung F2UPYL s
o] Z A gejolEd ofg F& ol o)enysY
& AT A AgolE D09 Ax Mg
Z#olE(D-A. D-B. D-C)ol @& Cs'9 olez@s
8 & Freundlich4]# Langmuird]e] #&3lo] Fig. 63
79 YeRAUR, I A gelolEd o B4 olend

AEEAE o D3 4 (3)of digstad v HPHAY
o2 I & wegE Table 63 7o JYerjgdck
ag 2 29 FAAS (DA BAaAE ulg o)
AgeolEol 4 F& o] Fe5HL Freundlich
4 Ey Langmuird]ez HAAE FPY 5 Aoy
Freundlich#]©] Langmuir4] o} U2 HHHL v
F3 Atk

Table 6. Freundlich isotherm parameters for metal ion exchange by natural and pretreated zeolites

. Cs' Rb* Ag’
Zeolite P - ~
K 1/n r K 1/n r K 1/n r
Y0 53 0463 0.971 38 0508 0974 34 0497 0.988
Y-A 216 0278 0.976 168 0.298 0.981 120 0347 0.982
Y-B 112 0.358 0.974 98 0357 0.982 88 0351 0.982
Y-C 145 0332 0.981 1.5 0349 0.974 99 0368 0.983
D-0 83 0407 0.981 62 0436 0972 47 0465 0.980
D-A 274 0245 0.972 197  0.295 0975 174 0302 0.969
D-B 158  0.304 0.990 1.7 0.347 0.978 10.0  0.349 0977
D-C 182 0350 0.974 135 0346 0.961 116 0357 0.967
S-0 37 0518 0972 33 0506 0.976 26 0531 0.985
S-A 191 0.264 0974 141 0305 0977 98 0358 0.984
S-B 157 0278 0.962 70 0393 0.982 5.5  0.408 0.983
S-C 13.7  0.309 0.965 89 0376 0.979 7.5 0.345 0.981
Table 7. Langmuir isotherm parameters for metal ion exchange by natural and pretreated zeolites
Cs’ Rb” Ag’
Zeolite Qmax ¢ Cmax Gmax z
g ® " mg) T g P T
Y-0 52 0.033 0.963 43 0.023 0.969 37 0.023 0.977
Y-A 87 - 0.082 0.964 75 0.057 0.973 68 0.038 0974
Y-B 65 0.091 0.910 55 0.082 0.902 51 0.075 0.920
Y-C 79 0.049 0.966 71 0.037 0.960 62 0.030 0.970
D-0 59 0.057 0.951 48 0.040 0.950 44 0.030 0.960
D-A 9 0.115 0.957 89 0.070 0.960 83 0.060 0.958
D-B 70 0.169 0916 63 0.100 0.889 57 0.085 0.895
D-C 88 0.062 0.966 78 0.040 0.974 72 0.036 0.958
S-0 45 0.025 0.969 39 0.022 0.965 36 0.021 0.949
S-A 78 0.072 0.954 71 0.049 0.955 63 0.033 0.963
S-B 60 0.087 0.895 50 0.046 0.965 48 0.041 0.963
5-C 68 0.060 0.921 62 0.029 0.966 55 0.029 0.938
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Table 8. Comparison of metal ion uptakes by natural and pr_etrwted zeolites in the single and mixed solutions

a (mg/g)
Zeolite® Cs™ " Rb™ ° Agh® Sum®
Single Mixed Single Mixed Single Mixed
Y-0 23 13 20 8 19 5 26
Y-A 40 28 36 18 32 13 59
Y-B 30 19 28 12 26 8 39
Y-C 35 22 32 13 29 9 44
D-0 24 15 24 9 21 6 30
D-A 43 3 39 22 37 15 70
D-B 32 22 29 14 27 9 45
D-C 38 26 34 17 32 10 53
S-0 20 1 18 6 16 3 20
S-A kT 26 33 16 28 10 52
S-B 27 17 25 9 24 6 32
S-C 34 21 28 12 26 9 42

a : Zeolite : 0.5 g/ 500 mL
b : Meta] ion concentration : 50 mg/L
¢ ' Sum of uptake for all ions in mixed solution

Zt 34 o)]2uP5HL2 AQ MGYEFE AN
g e} F71si i, NaOH A2 e dQ AL
golE ) Cs', Rb" % Ag" ol W&l Freundlichd
9] Ke Ztg 3.29~5.1640. 3.18~4.42v, 3.52~3.764,
Langmuirdl 9] qmae= 244 1.67~1.7341, 1.74~1.8544,
L75~1891 2 ok dAz Wy o2 PsYol
aA g4de ¢ # U

a4 R0
=25 89

et oM =% ol29 A

o2 F79 34 o5 ERHY Ue S
A ol AA 548 ok R AgTIEE 44
Y E&sterl YoM wie Fasith mEA
Cs". Rb". Ag’ 9l ¥=7t 242 $9a 50 mg/LA
HES st TE EFEAE AHEsq F& o
2 AALEE BARD. EF 34 o2 849 3
TE 29U 34 o] oA} go] AgeYolE-F
Eol2AE A9 0% ool YN =AU

Table 82 A U AA2 A gefolEe disf &
% o129 ¥571 50 mg/ | 2 YA BH50R

Y 34 89 HYFToN T 2 3£ 029
AARE 27 5T 50 me/ 1 ©Y F25 8
M 7% 2 2349 AARL ¥aste] vEhd R
ol Eolq MojA: uis} Zo] EYF AN
% o]29 AAZL PYLANY MY o 2A F
2sgon. 7 o]29 AgYolE TRYY o =
B0l @} ol ol IS Ag' 9 AS LR
gdol N A FasA

a2 AA MeaHolEe) By gAH £g £
AN F& ol AABE J1Zoz & o AN A
SUEE B fdolM BT} EF fAdM 2
o]29 AASol BHHE U + UYL, 53] vy
83} vlstA 2 ol AABE Yuny
£ NaOH d¥2) #L2#)E Y-A. D-A. S-Adl 9@
Ag' ) AASS v gA% & gdolN ZF
1.68~176M. 250~3.33M 2 &% AN IA §4
sgch A PAtololE NaOH AA=2)NaOH
9 HClY A4 AA2)Ca(OH), AAY &M= A
Asol Rrsgem, F& o2 AMldNE (s
Rb'>Ag" ¢ #42 AASol Zastel g g
Aot 599 ARs dojAo

D-A9) A9l Cs' & v BANMY AAZo] 3

X0 24
T 85
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mg/gEl v EF AN Cs' Y AAFES 3
me/gL2 Fasg ot D-Adl s AAE A o]
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B R Feo vE FASFAW F& o]29 F
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Fo] Ftste Aeg 4ZEck E£F £ £AdolA
AA o] 29 =7 150 mg/ ! ol FHao %
7] %7 150 mg/ Q) @D BAoA g Z o2&
o] AAZFH v 7t ol HdHo] 2
Cs' 2 9 BAANXNY AAF 82 me/ed 85 %
dAFste AAZE BAD (Table 58X). o8 &
AL o2 59 AYo)Ed dHfME FARY F
&g By

4 8

A8 FAAY AFAI8 X8A] NG thF i
252 e 3FFY FU BE ALElE (8F
g(Y). d42(D), H45e(8))E MAsA, ojlgg
Z}z} NaOH #AAz, Ca(OH); AAel, NaOH ¢
HCi9 & AA2] 58 98 & X-4 3%% o
X-4 sdgez o9 43 JRH AZeolE
£79 WgE 49 23 AQ A geolEY HAAe
of 9@ Cs". Rb". Ag" &9 17} 3% o129 AA
¢ AE vAdo g T FAAXE AU

1) 39 A g=ele]lE Y& mordenite. quartz R 4]
2337 A7t vl EAE AE2AM NaOH
AAZAl Na-Pl AMEFHolEZ Ho|7t doixton
ytdo] A ALzelelE Do} S= 47 clinoptilolite
S mordenite7t F9#0°]3 mordenite® clinoptilolite
2 F4Eoz AR £ 52 HA ALYoE A
BE2A 971 2 44 FFelst oA gt
53] SS9 ZHfdle Adols dolux QYstAw
small port mordenitesl* large port mordeniteZ A
F2717F #4357

2) AgeolE-F&o| 2417 P FH T
AlFE S ol EFFo ALl 0% olulol vl
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