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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 clinoptilolite mixed
with heulandite, feldspar, montmorillonite, and quartz.

These zeolites were chemically treated with NaOH, Ca(OH);, and HCI 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 Sr* 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 Sr* 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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Table 1. The producing districts and colors of natural

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

1-dong mountaintop

3% HA ALTYolEE diF I E4F
T frdelA ola B3 YAE vAZAG F
EFAZ2 Z#A 250mesh ( A7A: 0.063mm ) ©|
8o RAE & AYolA AaE AEFHA

32 AEyH
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Table 2. The symbols of chemically treated natural

zeolites
producing districts Sangjeong | Snagjeong 1-dong

Mt. Maeam .
Treatment 1 - dong mountaintop
Untreated Mr Sr Ar
2N-NaOH Mb Sb Ab
0.02N-Ca(OH); Mc Sc Ac
0.5N-NaOH — Mba Sba Aba

0.5N-HC1

A

F40] @ W7 AR o] #AHE 33 ubE
¥ o33t Az

ol 43 22 7k ¥ 3 AHE F3I A Al
ggolEC] 7| Table 201 EAIBHYTH

323 X-M #F A
SeHd A @ WA ALTYIES T A

8E Shimadzu GX-3B X-4 33 #A2&
ALg-3le] thg o] AgzAA Pl

Rad. CuK «a
X-ray generator 30KV, 1Z2mA
Scanning Speed 2° /min

Filter Ni

Slit Width 0.4mm
Counter GM Counter

324 Cs'ol23 Siol29 HMH AF
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Z} g ¥ 4qrld Z+ F AR 005gs A4 ¢
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(Atomic Absorption Spectrophotometer) A}-&3}
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Cs'9} Srro]29] 5ppm 44L& CsNOs(Sigma
At Sr(NOa)(AldrichA)E 2&F /T Az
#x](Nano purell;BarnsteadAtA]) o] o)&) do)A
FH55E2 AzsP

325 cClZ ol=ze| X Al S ole
HAH A

Zt ol&9 ¥%=7t Z7 Sppm ¢ Sr¥, Na,
Ca®, 2 Mg” ojeZ9 Eg&d 10ml 2 F
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Table 3. Chemical compositions ( % )} of natural
zeolites

Sample [lgloss| Si0z | AlOs | CaO | NaO | KO | SV/Al

M |1532|6070 | 2052 | 095 | 084 | 038 | 251
S 369 | 6539|3159 | 031 | 113 | 428 | 179
A 1108 | 6297 | 1514 | 478 | 063 | 124 | 350

FgdgHe F2 FEo 8 §F 4
Ao g velyx o] gd Avle
259 #A7 I & FAY PPl F %
A&zolEt Montmorilldnitest 2&
AAY AATZ el FFS M FEAo 2
2ot} A2 AR Fo] 10H T o|HT
FEY sbeAol Ak Si/AIZLE Table 314 &
& 9 upg} o] 1.7 ~ 3594 o5 e A&
ZolE A X 2 Yol w34 Silica rich 3&%
wtd Takeuchi S( 1977 Yol #4& &4 H4
Clinoptilolite®} Si/Algte] 435 ~ 47594 H| 3
Fa gFo) Ak iy dRrE 1A AL
JEx ¢ BFEo| ofd EfFeoln olejd g
gRrAtog 1 FHE FAAXNE FE U

£t to R
v © ro 1o ox

53]
oo o N

42 X-d 3H

Fig. 1 & 8384 AHgg A 42 3% A
o ALzolE Ajgo ¥ X-ray diffractogram
olt} o] @M 267t 99° 224° & 21.9°F2
oA 3% peak7t e ALR Hol o5 A&E
Clinoptilolite$} Heulandite 5 3 Silica®] A&
o]EQl-E &7 = gltd ( Table 4 Fx ). o] F
A E3] 98°, 22.4°% 30.02°0M EBA peakE 7t
& Clinoptilolite®) 4<% 283t 3% EF
Clinoptilolite’} ol= A= 4= ALS & F

Intensity

oo by, -

L 1

S5 10 20 30 40 S0
20

Fig. 1. The X-ray diffraction patterns of chemically
untreated natural zeolites.

ek =3 264° H29 Bxrt & peakst 21.1°
2 504°9) peakE K.o} A8 Ar¥} Srole 4%
Faso n 53 AR Arde O¥ FHEHY
e Aoz Rreth A|E MriE o2 EAo]
gornz Nge A9 gisd YA ¥ A=
Azs o)A

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

Mineral Si/Al |Characteristic peak 28 (relative intensities)

Clinoptilolite 43~53 | 99(100) 224(56) 238(57) 30.0(80)
Heulandite 25~37 |109(80) 11.4(70) 22.7(100) 30.2(90)

mordenite ~b 65(42)  9.8(100) 19.7(42)  22.3(100)
Quartz 263(44)  21.1(70) 26.6(100) 50.4(60)
Feldspar 0.7~1.1 |27.8(100)

Montomorilionite |1 65-72(100) 18.2(30) 24.6(30)
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¥Fig. 2. The X-ray diffraction patterns of variously
chemically treated natural zeolite A.
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% QU3 °] Slab®) FAE ¢ 9Ac)th o|F Slab
2 AL Y W A29A A
o}

A# Are 7.2° B2 7% peakd 22 Ql
£ A22 Mo} Montmorillonite7} 8 HoZ
Holy o}y 28 H329 54 PeakE Ho}
Feldspar® -5 le Aoz AR

AAALZ peakd & A2 njFo B
o} Mg Sr& Mr¥ Arcl ®3) ARAe) i g
oA = Aog B,

33 Fig. 25 A8 Ar o 333 Hgds & %
9] X-ray diffractogrameo|t}. o] I vield
ulgl o]l A|® Ab, & 2N-NaOH&d o2 80°C
A 24z AHYFo=2H  Montmorillonite}
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Fig. 3. The X-ray diffraction patterns of variously
chemically treated natural zeolite S.
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Fig. 4 Removal isotherm of Cs(1) jon using the
untreated natural zeolites Mr, Sr, and Ar
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Fig. 5 Removal isotherm of Sr(II) ion using the
untreated natural zeolite Mr, Sr, and Ar

Table 5. The removal of Cs™ and Sr’ions by synthe~

tic zeolites
Ion Cs(1) Sr(1I)
Removal |Removal/Sample| Removal |Removal/Sample
Sample (%) (ng/g) (%) (mg/g)
Syn-A | 9494 1.90 BB 198
Syn-X 8406 168 7R 19
Syn-Y | 97648 1% 98.96 198

2 A Fo
43. Cs' ol2n S* ol HH AY

431 g4 H22i0lE off MH

2 AYeA AL&d 359 A AggolEq
93 Cs" o]z S o2 AA AY AHE
Table 5 YeRH L)

o] Fo| uvepd uiel o] Syn-Xol 3% Cs’
o2 AA ALE AYSFTHE BE 95% ol4
9 #5% AASE BYeH 53 S o]29
35 3% FA A&golE 9gto A AA
He AoE yehyth

432 EEH XH2lE SHX| g2 HH A
Z2I0[E0of 25t HA

334 A AP L A ALolEd 9
3 Cs's} Sr*° o) &9 AA A¥ A Table 6
o, 282 ¥ FIPALE Lolnr) Y3 A

T&AL Fig. 49 50 247 g A &g ch

Figd4%t 59 AA &4 eyt 458 59
REg FYPAZFE oF B0F A2 vEytoen bkg
o fRrEe 20—1— BTN A2 BF o]FoR &
A2 JYeyt. ojgdge AAE »4F FIFS
o] 29 AHA AF BN FAED ( Kim et
al., 1982, Moon et al., 1984 )

Table 6. The removal of Cs* and Sr** ions by chemi-
cally untreated natural zeolites

Ion Cs(1) Sr(I)
Removal |Removal/Sample| Removal |Removal/Sample
Sample (%) (ng/g) {%) (mg/g)
Mr 394 197 8372 167
Sr 978 1% % 172
Ar 9362 197 9%5.46 191

Table 60] Vtebd Cs™ o] 29 AAANY ZA3)
A g3y g A F& A I QAT
£ Ar > Mr > Sr €42 Ygygoy 43exe

PR olF 3 FY AR EF A9 L A
AsE 71 222 AgAAY olg9 AALLE
o 98%, aElxn AAFLE F 197mg/glzAH
84% ~ 97%9 AAEE B FA ALetoE 9
AAS 8o o $53AY dg5d Rez v
goh g S ool AANY AgdAE AA
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%o Ar > Sr > Mr €A Z UEggd °lE F
N& Are AALo) 9546%, AAFE 191mg/g
22 g8 % F9 AR Sr3} MrEve o ¢
g AASL 71 Aoz Jehgon ¢ 98%9
AALES B A4 ALHoEY A 2L AA
5 Byt

Cs'9t Sr™ olge AA7 F2 AR ALl
E Jof 3FEo e dol2e] o] wFd
ol wslgogH ojFojxu dFEE F&d 9
MR o] oz B o JEEN Ay
A3 (Table 3)oA vehd utel Zo] 7F Yol
o ek B3 Ca¥ o]l #FF UM Arol
Mr# Sr BolEsE 31, %3 Fig. 194 B2 A3
2ol peak?l FES o YA GE F F9 A
g BuE Zda g2 ol A4 ASTeEY
Fz7F & dagsod ALE AME F1 e
o3 Fzxe waw Qe wEHHAAY F
A5 e gol2o] Fx W Ao 714 &40 &
olgith, metr A7) AA HEe Are YR F
X-A gH4y Aol A YA Y ¢ F
At

ol Ay AnA A ME A ¢
A2F Aro] Cs'ol&3 Sr¥olee A7 73
2 a7t g 2oz YEgen o AAFTL
T AgtolEY AAFTA Hs $F3AY A
o] Zkth UHA Alg Mr3t Sr= F o) A
Aol A2g A7 de ReE YEpT

433 33tH X2lE B HH HE20lE
of /g M™AH

Ba AgeolEY AATE FHAIN] Yo
o7z 83ty g & F olEd ¥ AA
AF AFAZ Table 79 #2314}

o] AxE ARy Cs ol AAY AL
002N-Ca(OH); M2 & & A8Y AATL HAw
Aoz Z7tso], w5 oj&o] BF Na o]
ol 4 AgolE A9 AATERY o =& #
S Jeid w98 239 38y A g g Al
259 AATL 238 4P g2HUY

NaOH 2 NaOH-HCI 942 A d#9 AR

&

A %

Table 7 The removal of Cs” and Sr*’ ions by chemi-
cally treated natural zeolites

Ion Cs(1) Se(I)
Removal | Removal/Sample| Removal |Removal/Sample
Sample (%) (ng/g) (%) (ng/g)
Mb 91.74 183 92.24 194
Mc 9.16 198 4748 0%
Mba 97.66 1% .18 0.70
Sb 83.06 1.66 84.60 169
Sc 993.36 19 4114 082
Sha 90.28 181 4342 087
Ab 82.58 165 94.66 1.89
Ac 99.20 198 41.60 083
Aba %.90 194 30.44 061

g Yol 2A3te o] igo] 7ME3 Yoj
Na' o] &oJ} H' o] 222 =
o] ANgE ol ZAsA HE o5 Na' 9
H °]&2 Az & o] o] vl dgido] A
A & o] 239 oj2ugo] oY wtAC] Ca
(OH); HE B3 d#d ANEE W9 Yol
Ca® olgoz T o5 ueH o] AR Yol
EAGE Ca¥ oled &9 F9 Cs o] AlolY
o] wFWgo] Na' o] EE H ol Cs’
o] Alole} o] 2w ¥hgrr} o)t AAT
o] MY Aoz HAzET

o}-2® Z7(diameter of cavity)dl UM Cli-
noptilolitet Mordenitel ¥Q A &&o]EE Na-
A7t 40 - 50A°]8 Ca-A7} 38 - 40A0&
o8t jonic radius’}t 1.67A¢1 Cs' o]22] &49)9]
233 7153t ( Barrer, 1950; Gould, 1971 ).
ayeg 383y A 53 Cs'ol&d AA%
AN AdBE jon sieve effect Brhe A ZejolE
Tz ol oln] RFE Y& FolHe MY
o AdgHQ Arld dEHE Ao Almsdr

g8 S o]2e AA Yo E AAMFo=
Cs' ol&9 AA A$R AAGTo HHPojAr}
o]H g HAFY A= AE EAF ol EA
e F %ol AFE YA WA S o
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Table 8 The removal of Sr* ion mixed with Na",
Ca®, and Mg” ions by chemically treated
and untreated natural zeolites

Sample Removal Removal/Sample

(%) (mg/g)

Mr 59.16 1.18
Mb 93.56 1.87
Mc 51.32 1.03
Mba 3.9 0.08
Sr 41.16 0.83
Sb 5840 117
Sc 35.78 0.72
Sba 19.78 0.40
Ar 59.36 1.19
Ab 97.14 1.94
Ac 3578 0.72
Aba 8.16 0.16

resent
%

4

’

Residual Conc. {ppm)

\
kY
H

i

[ ~
LS / \
2bsen \

r—r————————m—
Mr Mb McMba Sr Sb Sc Sha Ar Ab AcAba A X Y
z20lites

Fig. 6. Removal capacities of chemically treated and
untreated natural zeolites in the presence
and in the absence of other cations, Na(1I),
Ca(Il), and Mg(1l)

o] 27} olmE NEZF 17} o] 27} Z 1747} ]
& m@olxyl PEYJ Foz AP Ca
(OH)2%} NaOH-HCl 9% A& A gse AA
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