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Abstract

The three natural zeolites collected in Pohang-shi and Kyeongju-shi,
Kyungsangbug-do. Korea, were analyzed by means of X-ray fluorescence and X-ray
diffraction. From the results, the primary species of those zeolite were mordenite
and clinoptilolite mixed with quartz. These zeolites were chemically treated with
NaOH. Ca(OH)2, and NaOH following HCI solution. The capabilities of removing
divalent heavy metal ions, such as Cu®’’ and Sr?* with chemically untreated and
treated natural zeolites were investigated and compared in the single and mixed
heavy metal ion solutions with varying initial heavy metal ion concentration and
pH of solution. It was found that Daeshin-ri natural zeolite(D) was most efficient
in removing Cu®' and Sr®" ions. The chemical treatment of natural zeolite
improved the capabilities of removing Cu?’ and Sr?* ions and the most effective
chemical treatment of natural zeolite was NaOH treatment. The capabilities of
removing Cu®’’ and Sr’' ions in mixed ions solution were lower than those in
single ion solution.
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Table 1. The producing districts and colors of Korean natural zeolites.

Symbol Producing districts Color
Y Kyungsangbug-do Kyeongju-§h1 Yangbug-myun Light gray
Yongdong-ri
D Kyungsangbug-do Pohang-§h1 Namgu Guryongpo-eup Light brown
Doesin-n
S Kyungsangbug-do Pohang-shi N.amgu Guryongpo—-eup Light green
Seogdong-ni
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Counter GM counter

3) A A gegolEQ 3}eA g

250 mesh ©|3l9] QA A EIYo)EE 2%
Azt R2E AT EdxIFe 2] o)y
I AA R ¥ BF WHNE 23sld »
717t €® heating mantled]r 719 @yt
3o} A3t}

(1) NaOH®] A&

2N-NaOH 100mldl A& 10g& Y3
80ToAM 241 F¢ WA F oAxtst
sch o] #3¥E 53] vHE ¥ IN-NaCl#
0.1N- HC] &itgdeoz F3Az + F
T2 3-43] A3t qaF Azt
(2) Ca(OH)29 A
0.02N-Ca(OH)2 100mldl A& 10g
& Y3 80TCaA 2A41% B¢ ¥R
F A3 gF FFFEZ 3-43 AFEHA
o olde A e 33 EF F A3 A
Z3 Ao
(3) NaOH# HCl9l 432
0.5N-NaOH &9 100ml°| A& 10g
& Wol 100TAAM 241 Bt wHgAIR)
F FHRFZ F40 € 97" AP
ol HF& 33 WEG F oo YAG
©Al 0.5N-HCI &< 100mlel ¥} 10
0ToA 241 Ft WA ¥ FHF2
F74°l € "7x AHJY. o] P 3
3] RHEF oiniste] Wzt
o33 22 Z+F %A Mg BH A
A A getolEQ HE7IE Table 29 EA|
AT

4) 3% AALY

TEE ol AALEL Aoz Yy
. OE FF5 ol AANEL F2£ 9
%OI HHE £48 AP 02 1L A4S
2230 500mlE AN$2 Arld LA ke
AgeolEE e F Ariavtr|g aws

_E

Table 2. The symbols of chemically treated natural zeolites

Producing districts treatment Yongdong-ri Daesin-ni Seogdong-ri
Untreated Yr Dr Sr
2N-NaOH Yb Db Sb

0.02N-Ca(OH), Yc Dc Sc
0.5N-NaOH — 05N-HC! Yba Dba Sba
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Table 3. Chemical compositions of natural zeolite(unit:%)

Sample | Si02 AbOs FexOs TiO; MnO

MgO K:0 Na:O P,0s L.OT |Total | Si/Al

Y 658 1366 303 033 009
D 6353 1277 126 024 001
S 6568 1326 154 025 0.02

136 311 176 027 782 |99.38] 4.28
083 27 182 005 14.35(100.01] 43
096 328 119 008 11.7 (9994 439

Fe203* : Total Fe, L. O.1°7°:

Loss on ignition
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o, °|AL Quartz® Mordenited SA4
peako| % {(Table 4%%). &H 9.7° , 13.
4" 92 22.2° 229 peakt Mordenited]
Edpeakeltt, 2322 HA AZeolE Y
4 F/d &2 Mordenite®l® Quartz7l 4%
Ae Aoz Algdr},

Fig. 294 Hdxe uigl o] 9.7° ¢

22.25" BZe Peake Y&  HRAE

Fig. 1. X-ray diffraction pattern of
natural zeolite Y.

Clinoptilolite®] §4 peakel #NZ=o 26.
1" .27.77 2 30.7 %29 peakt Y& #
T-# Mordenite® 54 peakel] sHZdct. =
2gx HA AgegolE De Clinoptilolite2t
Mordenite®] E&@#o|m peakel 7|2 Ho}
Clinoptilolite7} F4%29l Aoz Alg®c}.
Fig. 394 Hdozle utgl go] 65 . 9.
8, 19.5°, 21.1°, 22.% 25.6° ,27.
6" .30° ¥2FM 2 Zxe peak’t ol
o, olF 9.8° 9 22.3° dA g ZAxre
peaks} 6.5° & 26.3° 2Elxn 27.6° oA
3 2= peak® YElHE Mordenite?
X-4 23 54& 23897 o ANEge F=2
Mordenite£ °|Fojx USE ¢ + Ut
a8lm 9.9 224 9 30.2° dA EBA
peak® YElN= Clinoptilolited 2idtd
o] Al8& Clinoptilolite® - A% &
Hol e Ao Alg®c. g G A
2eolE SE FA4Eo| Mordeniteo]n ¥4
2 2¢ Clinoptilolite7t % € oz

Table 4. The characteristic X-ray diffraction peak observed (26 ) and SiO2/Al:03

ratio of zeolites.

mineral Al:0+/Si02 Characteristic peak 2 8 (relative intensities)
. o 86-106 9.9(100) 19.16(14) 22.4(55) 30.02(80)  32.8(33)
Clinoptilolite
50-74 10.0(80) 11.3(70) 13.4(60) 19.08(60) 21.68(100) 27.9(50)
Heulandite 30.17(90) 31.8(70) 36.9(30) 46.2(30)
. - 10 6.5(42) 9.78(100) 13.8(37) 22.3(100) 26.3(44) 27.6(35)
Mordenite
33.1(33)
Mordenite
9.78(70) 22.09(100) 26.1(67) 30.7(40)
(d, BEE)
Clinoptilolite
9.73(60) 12.97(30) 13.40(80)
(o, |AE)
Quartz 21.1(70)  26.6(100) 50.4(60)
Kaolinite 1 12.35(100) 19.9(40) 20.4(60) 24.9(100)
Feldspar 15-2.2 27.8(100)

* 26 angles are obtained from 28= 2sin ~

radiation
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Fig. 2. X-ray diffraction pattern of

natural zeolite D.

Fig. 8. X-ray diffraction pattern of

natural zeolite S.
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oA 3etA A 12 @ HA Al &elol
E 92 2ga A E § A A LolE
1.0g& A48l 2zt $3& ol &N 7]
5% 10, 25, 50, 100. 150
200mg/L2 #H3A AT £ APl A&7
gt el g 3R e HE AgeelEY 7
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(1) 27 22
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d8E
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¥ WS Fig. 49 Jehlden, st
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Table 5. Removal of heavy metal ion by chemically untreated natural zeolites with
various initial heavy metal ion concentrations.

Removal
Initial conc. Cu*” Sr*”
(mg/L) Yr Dr Sr Yr Dr Sr
% mg/gl % m % mg/g| % mg/g| % mg/g| % mg/g]

10 86.0 43 970 48 | 720 36 [ 80 43 |90 48 | 790 40
25 68.0 85 | 840 105|520 65 (600 75 (720 90 |40 55
50 36.0 9.2 500 125|300 75 |30 89 |440 110|280 72
100 250 125 (320 160|170 85 | 200 98 | 260 128|170 B85
150 200 150 | 280 210|133 100213 110|233 175 | 133 100
200 200 200 | 260 260|125 125|175 175 | 225 225 | 140 142

* . Efficiency. ** : Amount
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2. 7 2359 AASES dHEE Mg
AZeolEQ Alolo)ME Dr, Yr. Srol &2
:ﬁ (b) Dr 2 F3F% AlojdlME Cu”’, sriTe oz
R0 #rEe o 5 Ao
512
200 —— 10marL
H 80 ~@-25mg/L
g o —ar=50mg/L !
9w 4 100mg/. o
3] ~8~150mg/. 0.3
2(; =O0=200mg/i. 27
0 10 F-o 30 @ 50 69 g%t
Time[min) > 05
ca -~
200 0z ::;
— 180 {c) St o _o_;;
%160 ° 0 10 20 30 ac < 50
fw \.g\_* Timelmin] -
2w
g“;ﬁ >—. o Fig. 5. The kinetic of copper removal
5 & ——50m, . ,
§ -’-1530'::;L by u.ntreated zeolite Yr and
S o —— 1 50mgrt chemically treated Yb. Yc, and
o - b > & 200mg/ . s . e
. i % " " o Yba(Zeolite weight : 1lg. Initial
Timelmin] copper concentration)
Fig. 4. T}fh \?rausns ctopptterdrerrtlova; Fig. 55 Cul o] g 100mg/Lel o
wi ime by untreated natura
M 3eAelE dlX] @& HA AgdolE Y
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k1) S Z 2 =z 3 .
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Table 6. Removal efficiency of heavy
metal ion by chemically
untreated natural zeolite(Yr)
and chemically treated natural
zeolites(Yb, Yc. and Yba).

Natural® Removal efficiency(%)
zeolite cu S
Yr 250 20.0
Yb 62.0 49.0
Yc 30.0 29.8
Yba 40.0 34.2

* : Zeolite weight : lg
# . Heavy metal concentration : 100mg/L

Aste o]l mPe] 75 Yol Eo| Na'ol
2oz sy olem¥H Na’ o2 ZE
ool 2ol wia) MedMo] wL o LA
2lth(Breck, 1974). Ca(OH) A& Ale A
A gatolEWo] EAsE olemeo]l M@
TE ofoleF ol uPo| o, UF Y
¥ Ca’'st $8% olexme Mgy wtg
ANAKLE olE et NaOHS HCI
o] A&HelAle HAALUE Yo H'L
2 ol mwsEY ol H'ol 4F ol
olen@HE FZ U9 FZ d¥st TEE
o] NaOH Mz Htt AMAEEo ZAHE
Roz oA 9t Table 62 Z+ T35
W AAE HAF Aoz FF45 Aloly A
AXEE Yr, Yb, Ye @ Ybaol di#l Cud
A% ztzt 25%, 62%. 30%. 40%. Srd
A% 20%, 49%. 29.8%. 34.2% = 3133
A § HA AgeolExc A AL
g HA AggolERT MAHAE F
7HES € F Ul st whgAtoldlA
= NaOH 2, NaOH$¢ HClel d&x4d,
Ca(OH), Ag¢oz AAZE ZF2dA
I, 5% NaOH #M2Ale o 3a3a Az
AR o $ 22 AA E8E BTt oA

Lol gtel Aol wat Aole AA
Hel Na'ol&o| fA olemgel 7te
% o] &AolodiM e &

32 &S HA A gefolEg o

=
=2
2 AAREES Cu’t, SPTY ez #Ax

(2) A A EejolE ol ME FT

A ALelolE Hrtddd ME JFE
Heyl 9t z7] Ccu'loled BE
10mg/LE2 LA3A stnM HA A Zeo
Yr. Dr. Sre &€ Z4Z 0.2g, 0.5¢g ¥ lg
og WA F3 Cuel AMAAEER Al
AZE Fig. 6 2 7o JeEhHATH. ™A
¥E Ad A gao|E] go| F/HESE Cu?’
ol 29 AAEL EolAu HA AETYlE &
9 A AR Fislded ole Md Al
gejolEQ] o] BolAFE ol & F 3l
£ EuAo| Z7tat7] wjRo Cuoleel AA
£e Z7HslAR HA A gfo|E el At
A 9 Cu®tol&ol] iy olem¥ A4
7] 7be] A% waEBo] 47171 HESRE AR
st o8 A#E  Horikoshi$(1981)l
Actinomyces levoris2}
viridochromogenes& o] 83t vjdE &
& uranium® ZFAHFL FrEAT &9
38 AFXAFT FHFS FaHUde B
0ot fA8IY. 4 A A EeEtolE Aol
Cu®*olgel AMAZED AAZFES ®l@sA
Dr. Yr, Sr&e 2 #A43dY. Fig.82 3%
A g A e A ALegolE Y 3}
A A2l g § Fd A&2olE Yb, Ye. Yba
o] Ayl g AAHAE] W3E Jebd A
22 NaOH H2lg Ybe] 2% 0.2g9 Whal
AAdeh o} vl 2u) ool w2 MAAE
£ EYES ¥+ U, 0.5g01 3 Ae
100% AAZE&EES JeEidW. 22y
Ca(OH), M2@ Yco %= Yrol Hl3f o
%t F7bsted oA Ca (OH): AglA A

moee wx

streptomyces
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Fig. 6. Effect of zeolite weight on the Zeokte Weighi(o)
copper removal efficiency by
chemically untreated natural Fig. 8. Comparisons of copper removal
zeolite(Initial copper concen- performances by chemically
tration : 10mg/L) untreated  zeolite Yr and
chemically treated natural
zeolite Yb. Yc, and Yba with
13 zeolite  weight(Initial copper
13 concentration : 10mg/L)
CRY:
2 pHE 2, 3, 4, 5 € 622 tldsiAl =3 %
§° ¥ 9¥Y pHZUT pHE 28R de §
Se ~v o ool et AAE sA Fe ¥ Agd
3 - oEd 9% Zt $F& o2 AMALEEL ¥
6 T* &9t pHE 2FeA e g6 Cu, Sr
0 0.2 6 08 08 1 1.2

Zealite Weightlg]

Fig. 7. Effect of zeolite weight on the
copper uptake by chemically
untreated natural zeolite (Initial

copper concentration : 10mg/L)

A AgeolE FxU ol2ad ¥ ¢
ol YRT ol w3}y Reg
AR AT

29

(3) pHY I

HA A LgedolEY FFS
99| pH7l mixe JFE AR ¥
10mg/Le 2 $34 §do| NaCO; (107'N)

st 0.I1N/0.0IN-HNO3; ¥ NaOH &doz

o] AAd &

_46_

& Z4z} 5.3, 5.501Reu HA A LeolEE
Y2ekzl pHE 5.8 - 59, 5.9 - 6.12 37t
dRovd F8&5 AA FEFe 6.0 - 6.1,
59 - 6.022 79 ¥y}t glAo. Fig. 9 -
10& 2t 3850|2849 pHHgld| we AA
FE Ui ez pHYze] @ F8& A
ARl ¥z dids] avde AL € F AR
on pH7} #A4¥+E AARS Zaddn,
pH 5 - 6/ 9olM & AAZRE BIE& & +
AT olg R& pHAME £ =2 EA
3 H'elgo] # 3% o2y HA Agd
ojES o] m¥ H{r| di FYPHor v
€37 BEd Aoz AgHAL.
2) ¥ F5% 8QodM F3E o129 AA
e 4 rde BIFE T/ FF
& o]&Eol TEFHI A A8 FHA F



HA Ag2lolEd| 248t FF& 0|29 HA

alma/a)

-

)

=g

Fig. 9. Effect of pH on the copper uptake
by chemically untreated natural
zeolite (Initial copper  concen-
tration : 10meg/L. Zeolite weight :
1g)
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Fig. 10. Effect of pH on the strontium
uptake by chemically untreated
natural zeolite (Initial copper
concentration @ 10mg/L, Zeolite

weight : 1g)
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Table 6. Removal of heavy metal ion by chemically untreated natural zeolites in

the single and mixed solutions.

Removal amount{(mg/g)
Natural zeolite” Ccu?®*” Sr?**
Single Mixed Single Mixed
Yr 92 6.1 89 49
Dr 125 9.0 11.0 82
Sr 75 38 7.2 30

* : Zeolite weight : 1lg

# : Heavy metal ion concentration : 50mg/L
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Table 7. Removal of heavy metal ion by chemically untreated natural zeolite(Yr)
and chemically treated natural zeolites(Yb, Yc. Yba) in the single and

mixed solutions.

Removal amont(mg/g)
Natural zeolite” cu®™* Sre*r
Single Mixed Single Mixed
Yr 9.2 6.1 89 49
Yb 235 175 19.0 15.3
Yc 110 7.8 92 6.3
Yba 125 8.8 11.0 7.0
* . Zeolite weight : 1g
# : Heavy metal ion concentration : 50mg/L
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