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Applicability of Natural Zeolite with Different Cation Exchange Capacity
as In-situ Capping Materials for Adsorbing Heavy Metals
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Abstract : We investigated the efficiency of natural zeolite with different cation exchange capacity (CEC) as capping material for
the remediation of marine sediments contaminated with heavy metals. Three different zeolite with high CEC (HCzeo, 163.74
cmolc/kg), medium CEC (MCzeo, 127.20 cmolc/kg), and low CEC (LCzeo, 70.62 cmolc/kg) were used. The surface area of the
zeolite was in decreasing order: HCzeo (59.43 m%/g)>MCzeo (52.10 m’/g) >LCzeo (10.12 m’/g). The results of mineralogical
composition obtained from X-ray diffraction (XRD) show that LCzeo was mainly composed of quartz and albite. In the XRD
result of MCzeo and HCzeo, the peaks of clinoptilolite, heulandite, and mordenite were also observed along with that of quartz
and albite. Sorption equilibrium onto the HCzeo, MCzeo, and LCzeo was reached in 6 h at initial concentration of 10 mg/L and
100 mg/L. Higher adsorption of Cd and Zn onto the zeolite with higher CEC were achieved but adsorption of Cu and Ni were
not dependent on the CEC of zeolite. It can be concluded that the zeolite with high cation exchange ability is recommended for

the contaminated sediments with Cd and Zn but the inexpensive zeolite with low CEC for Cu and Ni.
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Table 1. Physical and chemical properties of LCzeo, MCzeo,
and HCzeo

LCzeo MCzeo  HCzeo

Water contents (%) 534 1423 1521

Physical Surface area (m?/g) 1012 5210 5943
properties Pore size (nm) 382 382 383
Pore volume (cm®g)  0.03 0.09 0.10
pH 7.14 852 9.02
CEC (cmolc/kg) 7062 12720 16374
. AlO3 (%) 1264 1125 1124
Ergggfi S0, (%) 7621 6920 7086
FesOs (%) 184 301 284
Ca0 (%) 1.26 124 1.06
MgO (%) 0.76 1.22 092
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Fig. 1. X-ray diffraction patterns of (a) LCzeo, (b) MCzeo, and
(c) HCzeo.
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Fig. 2. Fourier transform infrared spectra of (a) LCzeo, (b)
MCzeo, and (c) HCzeo,
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Fig. 3. Kinetic adsorption data and model fit of LCzeo, MCzeo, and HCzeo: (a) LCzeo [10 mg/L], (b) MCzeo [10 mg/L], (c) HCzeo
[10 mg/L], (d) LCzeo [100 mg/L], () MCzeo [100 mg/L], () HCzeo [100 mg/L].

A8l A3} LCzeo, MCzeo, HCzeo ©5F A5 X=(10 mg/L)2]
Cd, Cu, Ni9| 52} o] 647 oJujoll YebA|w, Zno
85 AsZoAl LCzeoo] S22 PojubA] ghokrh 5=
(100 mg/L)o| A1) Cd, Cu, Ni, Zn &2 LCzeo, MCzeo,
HCzeo W% AE 6A17F o]ujo] B&L Yeigich

GAF 12 mE B A3 B9 2940 27] $E7) 10
mg/LY wl Cd, Cu, Ni, Zn9 & (ge) 3 F2 MCzeo
(Cd: 0.1713 mg/g, Cu: 0.2592 mg/g, Ni: 0.1479 mg/g, Zn:
0.1514 mg/g) > HCzeo (Cd: 0.1627 mg/g, Cu: 0.2446 mg/g,
Ni: 0.1439 mg/g, Zn 0.1340 mg/g) > LCzeo (Cd: 0.0753

mg/g, Cu: 0.1312 mg/g, Ni: 0.0880 mg/g) &=C.& & Ao
2 Yegth 27] =71 100 mg/LY wje) Cd F2FH(qe)
2 LCzeo (0.8104 mg/g) >MCzeo (0.7743 mg/g) > HCzeo
(0.6222 mg/g)°]™, Cux= HCzeo (0.8211 mg/g) > MCzeo
(0.6163 mg/g) >LCzeo (0.6127 mg/g) <=0]1L, Ni&] 79~ HCzeo
(1.0412 mg/g) > LCzeo (0.8599 mg/g) > MCzeo (0.8417 mg/g)
9] o7 FakaFo] =gkt Zn& MCzeo (0.6753 mg/g) >
LCzeo (0.5745 mg/g)>HCzeo (0.5728 mg/g) <02 &2+
ool nlulalA] £A Uerdeh, A} 22 w24 Azt
B2 AFE GAHOR §4 14w F
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Table 2. Model parameters for pseudo first order model and
pseudo second order model obtained from kinetic ad-
sorption experiments for LCzeo, MCzeo, and HCzeo

Initial Pseudo first order Pseudo second order
Adsor- Metal conce- model model
bent ions ntration g, Ki ) o Ko )
(mg/l) (mg/g) (/) (mg/g) (g/mg/h)
10 00753 77116 09693 00782 1737462 09920
e 100 08104 143176 09771 08256 457072 09849
10 01312 11,1837 09856 0,1344 1850865 09964
LCreo e 100 06127 246867 09999 06140 4653327 1.0000
! 10 00880 97183 09860 00904 2252942 09970
N 100 08599 174766 09969 08679 84,1027 09988
10 - - - - - -
a 100 05745 140195 09985 05815 815019 1,0000
cd 10 01713 65464 09305 0.1806 53,1902 09768
100 07743 168224 09913 07831 788257 09944
10 02592 87472 09450 02706 509723 09793
VG260 e 100 06163 106105 0.8985 06446 239406 09347
! 10 01479 104381 09785 0,1522 138.0316 09940
N 100 08417 148033 09933 08537 542302 09976
10 01514 08787 09486 01652  7.7696 0.9848
a 100 06753 114497 09406 06959 32,0180 09578
10 01627 61109 09352 01715 531048 09798
o 100 06222 107222 08897 06478 26,1199 09191
10 02446 75362 09633 02551 486356 09904
< 100 08211 132077 09250 08467 290186 0.9448
Fezeo ! 10 01439 108760 09780 01479 1526259 09926
N 100 10412 148969 09628 10634 338266 09732
- 10 01340 09693 09547 0.1461 96662 09811

100 05728 52359 07867 06265 86233 0.8781

AR 1ZF mEo A kg A% A3 A5 =(10 mg/L)e] Cd
9} Cux= LCzeo > MCzeo > HCzeo O 2 HF-S-&m- 7} W)
11, Ni2& HCzeo > MCzeo > LCzeo4>0|H, Zn& HCzeo >
MCzeo > LCzeo 2] HIS& 5 eI 1% %=(100
mg/g)ol| A= Cde] -9 MCzeo > LCzeo >MCzeo 2.2
HFS4- 71 whak 31 Cuft Ni2 LCzeo > HCzeo > MCzeo &
o|m, Zn2 LCzeo >MCzeo > HCzeo 0.2 SZF HFS&n
e Aoz yepdth wue AgAS Hekshe R
739 MCzeo2] Cu (100 mg/L)2} HCzeo2] Cd (100 mg/L),
Zn (100 mg/LYol| A G-AF 22} 2dlo| © Halsh= Aoz 1
B} 3] gatol| ofsfiA AAE = A o= weEth LCzeo
o] ¢d (10, 100 mg/L), Cu (10, 100 mg/L), Ni (10, 100 mg/L),
Zn (10, 100 mg/L)T} MCzeo®] Cd (10, 100 mg/L), Cu (10
mg/L), Ni (10, 100 mg/L), Zn (10, 100 mg/L), HCzeo 2] Cd
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Table 3. Model parameters for Freundliich model and Langmuir
model obtained from equilibrium adsorption experiments
for LCzeo, MCzeo, and HCzeo

Freundlich model Langmuir model

Adsor- Metal

bent ions " 1/n 2 Qn KL
(L/9) (mg/g)  (L/mg)

Cd 04514 07256 09796 210435 805185 09890
Cu 03768 07595 09957 252501 1158147 09947

RZ

LCzeo
Ni 03977 07506 09828 227174 952665 0.9908
Zn 04482 06819 09640 174832 758204 09793
Cd 06017 07012 09934 213292 622154 09942
Cu 10172 05745 09845 169947 371985 0.9499

MGzeo Ni 04935 07220 09907 219709 778962 09941
Zn 06345 06514 09896 178291 550230 0.9936
Cd 05457 07318 09941 239669 739782 09936

HCaeo Cu 06263 07032 09790 26,0956 812047 09613

Ni 04744 07335 09912 229511 83,1666 0.9940
Zn 05185 07134 09906 220516 766631 0.9899

u]g] A1}E Table 3¢ e It} Freundlich #-ujj Al 4=
(Ke)Z AdBd Cd, Cu, Ni, Zn % CECo| Z+7F t} &
LCzeo, MCzeo, HCzeo2] =0 &2 =o}x|x] ¢kttt S2F
2 UEHRL Un 3k CECO| ol o] e} 7
Ae U gpoleh AW BE F34
LCzeo, MCzeo, HCzeo 2] 1/n Zko| 1Xc} Z}% Zk
sfo] WAHeR ek B2 AFS Uehe e @
o2 Langmuir model2] 2|25 24(Qn& A7 2 A3} Ca
9] F | &2HF2 HCzeo (23.9669 mg/g) > MCzeo (21.3292
mg/g) > LCzeo (21.0435 mg/g)2] «9°|H, Zn E3F HCzeo
(22.0516 mg/g) > MCzeo (17.8291 mg/g) > LCzeo (17.4832
mg/g)°] =O 2 CEC 57tol| W HjZ2tgo] 5715kl
t}. "W Cu2} Nio] A-$= HCzeo > LCzeo > MCzeo2] &
o B2 teklo] CECO| ufeh Bakepo] 2715}
L ARE Holx bt 23S Rtk AWATo] B2
clinoptilolite®] $<4 S22 Pb>Cu>Ni>Cd ¢ &2
£ AoE RIEHJAY B Ao HE 3744 ALt
olE Hg 77| t}E Z2F4 S As s UEY QT
Freundlich model®} Langmuir model®] RFES Ar HH mi=
Cu94 7% Freundlich model@] R® ZFo] tha =91, Cd,
i, Zn9] 79 Langmuir model®] LCzeo, MCzeo, HCzeo
BT R o] 2 o &7 vehgth shxn £ mdo) R
e 2 Aol2 Uehix gone 93 B v F29
A Wemch BgEel F3 548 Urhis Aew
AekE ol LCzeo, MCzeo, HCzeo 2] HE 52 A3 27
39| pHE &A%t 27} HA#F o2 LCzeo= 4.09, MCzeo=
4.85, HCzeo= 5400 2 A|&2}0|EQ] CEC Zlo] 48 4
W F2 T2 pH kol B4 vehe,
HAA L | ES o) g3 FE4 SPRHE 7BHgo|
9ol Cd, Zn| S AEs} & XL CECo| %2 ALet

if TR

ol
S

foox 2 D4 ood

s
o
%

F_ﬂ‘ ogth

L Zo] ufdAlsla, Cu U Nid] 957} =
E|HE2 CECO] W2 Al &Tpo|EE AHgalol e £

SHAEHES Lo1x] TEXFE Y3t AR AL}
€ {8l 7] thE CECE B3t 339] Al&eho] E(LCzeo,
MCzeo, HCzeo)E vlE&rO. 2 EE|3}s+2] EAT T34
2 548 Aouolth WERLS BAT A3 LCzok
MCzeo®} HCzeoof| w]al] vll-¢- &2 wsEw 25 Epfgle
™, CEC-& HCzeo > MCzeo > LCzeo &0 2 =9it} 4E35}
A EAL BEASH A7) LCzeor quartz9} albite7} FA4E
o], MCzeo®2} HCzeox= quartz, albite 2]o] clinoptilolite,
heulandite, mordenite7} 3712 S 2 ZA 5}t AlefolE
o] 9 287 E BEAs A7 hydroxleJ- O-H = =27} &
Z At} LCzeo, MCzeo, HCzeo 2] 5252+ A AT} 10 mg/L
o} 100 mg/L %= RF 6AIMY &2 B UeEtl ik
gz 2t *'5‘73‘5'—]- Cd} Zn9j 375]' -2 HCzeo > MCzeo

[e]
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