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Abstract All the applications of natural zeolites make use of one or more of their physical and chemical
properties: adsorption, ion-exchange and related molecular sieve properties, dehydration and rehydration, and
siliceous composition. Accordingly, the applications of zeolite have been carried out in the various aspects
because of its large cation exchange capacity and adsorption properties. In this paper, the adsorption effect of
heavy metal ions in wastewater on zeolite mineral by batch adsorption process is studied. The amounts of
adsorbed ions were variable by original pH and ionic concentration, especially original pH of solution had an
important effect on the adsorption. In case of low pH solution, e.g. below 3.0, clinoptilolite adsorbed Pb%*, Cd*,
Cu®" and Zn*, but mordenite almost did not adsorb except Pb*. Under the same conditions, these ions were
more adsorbed on clinoptilolite than on mordenite mineral. The velocity of adsorption was relatively fast and
it was confirmed by shaking test that the equilibrium of adsorption could be attained in about one hour. The
species of exchangeable cation of zeolite had an effect on its removing ability and zeolite of the sodium-
exchanged type was the best.
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Table 1. Chemical compositions of natural zeolites
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Compositions, wt.%

Samples - - Total

SIOZ Ale:; FezO3 CaO Kzo NazO MgO MnO TIOZ P205 Hzo
Zeolite  Clinoptilolite 67.15 13.25 0.32 1.76 2.30 3.15 1.15 0.06 0.06 0.03 10.64 99.87
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Table 2. Mineralogical characteristics of natural zeolites
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. bit 1
Samples constant mineral ** er::i)(}i/tle?’g‘f cont.% ratio PH Habi Color
Zeolite Clinoptilolite QF 134 57 8.6 7.8 tabular milk-white
Minerals* Mordenite Q,FEMo 146 63 9.3 8.4 fibrous light green

*Founded in the tertiary tuffaceus rocks in Yeongil, Wolsung areas and the others in Kyungbuk

**Q: Quartz, F: Feldspar, Mo: Montmorillonite

***Cation exchange capacity of ammonium ion milliequivalent per 100 gram of air-dry zeolite

24H,0, S, Ca(Na,K),[AlSisO,], - TH,OBE 3H8H2) 0
2 gEA 31em® o]& 4 F Na, K, Cao] ol7] &
Fdolxolgta 71g3te] 100g AR B REBEHE
bk Zto 2 BE] HMalE 63%, FA= 57%9 HHES
e=el=3

2) X-A3-dEM A

A AgeelE A8 S5 S0 g X AHHE=d
2 Fig. 13} 2t}

T A7 S S8 #E = X-

T A, A7 TR FSEES frt'ﬁ}l 111

S ddFoz EXIX 1 Sl 2A 1&—4?47}33
A&golEolth AR F e F& FAHALER §,9
D oo FAF) quartz9) feldspar7} A
HhEl 3 9low, E & AR FARL §,PMEA
HTFEZE quartz, feldspar @ montmorillonite”} =4
%} éﬂ%ﬂl A}

H/H@;q.

ah *lE?H FEZYA)E 1] fEiA X413
AEg Y3t A8 tsix ARG FEHHSGAE
Fig. 20 EA|3l%iT).

T AES dFFEAAT oM EH
7 "] °16H = 10~12%2] SFHEE B
A °ft1 Olh AR T2t H3sA g gFe] AFE

A-&2}po] E4(zeolite water)ol] 23+ 7
A}s}ﬂl 25 ~350°C BelA d¥lg 1& FLu=s)
410~550°CE fll A= oFst 22k L9 a7t 4z vt
L‘rl Sl=3 0174% GE Ao o3 goEo] T o&
T E3] 500°C AT 9 23
Slazol AAEY e AlETtol
ERtE OHZIS 22 49 +

HEg wEolgt Azhdc, of
SElolEFE] AX|9} FEslH EA
= 5o Weol| mt 9327} gEA e 7

2} FHEGY B3] 25~350°C 2 100~300°CH 4 W
Yete €93 S S, #FEA Hole 1
E aiqx:} 9}\‘;]—.”20222526)

}_/%194
51}

Floi
II.SL
OE
© g (F

=)

kd

30 ¥

e

_\d

]0

fit

o FfP
r

ofd 1R

i

1o

BN

oX,

o

AQ i
NR T

1) 7‘1 R 7J<>ﬂ e FAEE
AlgetolEol FFEHIS FHANE of AB@HH
N 7rbe] BAE 2AM] YA WA Cdcl, £

O

26

Fig. 1. X-ray diffraction patterns for natural zeolites. O:
clinoptilolite, @: mordenite, A; quartz, []: feldspar, A :
montmorillonite
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Fig. 2. TG and DTA curves of natural zeolites. S;:
clinoptilolite-28.4 mg, S,: mordenite-31.7 mg Reference: o-
alumina, Rate of heating: 20°C/min

< Cd*ol2<]

559 GG LA 20 mM &

50 mge H7tete] 30°CollA AAIZHERF 287

. OF SEZE QAR (pm 250008 st A

HE AAEE Fake] JBAZ 2 53
Fig. 3ol =A13A 0},

T AgEte|Ex A9 Hzko] BA|Z o] oF 308

EE 224mglE 33, pH7t
qaEd st A=



232

X
=
® Or S
= » —®
5 L
3
40
=
3}
& L
20|
o ] i 3 3 4, ). A L 1 A, i
0 20 40 €0 80 100

Shaking time, min

Fig. 3. Adsorption rate of cadmium ion on zeolites. Si:
clinoptilolite, S;: mordenite
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Fig. 4. Effect of initial pH on removal ratio of several heavy
metal ions from clinoptilolite. a: Pb(NOs), b: CdC), c: CuCl,
d: ZII(NO3)2
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Fig. 5. Effect of initial pH on removal ratio of several heavy
metal tons from mordenite. a: Pb(NO3), b: CdCl, ¢: CuCl; d:
Zn(NO3),
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Fig. 7. Relationship between removal ratio and cation type of
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Q : amount adsorbed in equilibrium, mg M*g'-10?
adsorbent(M: heavy metal)
V : volume of solution containing heavy metal ions,
ml
. equilibrium concentration, mgl™
C; : initial concentration, mgl'1

S : amount of added adsorbent, mg
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