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ABSTRACT

The amount of the contaminants that can be adsorbed on the drain was evaluated for the effective remediation of the
contaminated soil, and the contaminants adsorptivity of the drain was evaluated by comparing the isothermal adsorption model
after carrying out the contaminants adsorption test of the reactants coated on the surface of the drain. The reactant used
in the experiment is a natural zeolite, and the contaminants are copper, lead and cadmium. The results that Freundlich and
Langmuir adsorption isotherm model are compared to the adsorption amount according to the change of the initial
concentration by the contaminants. As a result of the component analysis, because Si, Al and O are contained approximately
28%, 11% and 48%, respectively, it is identified that the material coated on the surface of the drain is the component of
the zeolite which is the reactant for the adsorption of the heavy—metal (Cu, Pb, Cd) contaminants. The heavy—metal
adsorption kinetic of the zeolite which is the reactant was decreased in order of lead, copper and cadmium. The important
factor of the performance evaluation of the adsorbent is the reaction rate, and if zeolite is used as the reactant in the
relationship between the maximum amount of adsorption and reaction rate, it can be utilized as the design factor that determine
the removal order of the complex heavy—metal. In other words, because the maximum adsorption quantity of lead is smaller
compared to copper but the reaction rate is relatively fast, it can be primarily removed, and copper can be removed after
removing the lead. It was analyzed that Cadmium can be finally removed after that other heavy—metal is removed.
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Table 1, Reactive Material and Reaction for Each Contaminant
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Fig. 1. Adsorption Mechanism for Remediation (Yong et al., 1992)
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Table 2. Worrisome Level of Soil Contamination by Ministry of Environ

ment (Unit: mg/kg)

Substances Region | Region |l Region Il
Cadmium (Cd) 4 10 60
Copper (Cu) 150 500 2,000
Arsenic (As) 25 50 200
Mercury (Hg) 4 10 20
Lead (Pb) 200 400 700
Zinc (Zn) 300 600 2.000
Table 3. Test Conditions of Batch Test for Heavy Metal Remediation
Initial concentration Contag time Shaking speed Mixture rate Heavy metal
(mg/L) (min) (rom)
50, 100, 200, 400, 800 5,10, 20, 40, 80 200 100:1 Cu, Pb, Cd

oiRSato|=0l BHEY

63



O|EZ 1.0gzHI5ko] g 100mle} EetstGic). ofu,
S EA(zeolite) : FEA(2HEGM) ] &2 1:1000]c}.
RSt TE SRS AR
7] 8l EFAIIRS 242F 5, 10, 20, 40, 80E- 07 H3}s}
HA 200rpmEE R WHEEFI o R EA T AFS S B

rE rE

0E’X1J_], go:l‘jx]o H}

i

(‘

£ 9ol YHE7IE ol8sto] 3,000rpm o2 £t
o st S48 A5 ARS AL o B
= A RS S8l 045um BE S o8-l oF Smlef &
A AFH3EA. At S-S 25ml MEYo] &7
T Ases ST 2 dude s EYed
FE7IE 24190 dligthe VIeo® AT

Lollo] SA|} v &

ol Al FAEAL & ol Hob 3 EJL

o, 49} tollAle] Halsmet S2hEl mete] S

Bz L Rlo] FEE-Alolt
Fig. 4% QQBUER 27155 Mol 2 SHL
o mel} uagt Aotk

S} Sl et

|3 glow], ojt B

111011

Freundlich®} Langmuir -&H-5-
A AT 58 T
o 71717} H4she B4
o] O] M w52t Ed = RYUA F27Fs ol &
28b7] gjZoln, of2jgh Aok W wkoA FEHA 4
wck el 2estel, sk Sl Hek gl o
A AL ok % 9ick Fig. 59} Fig 6= B2 23
= Freundlich®} Langmulr Szt udy MEFosE F
3t Ao R =R F9 Langmuirk o] ¢ ZASH A
sholslgiar, et ‘9*4 732 Freundlich2dof ¢ &
Kahe 7 eI}, Table 42 534 2.9E0] o}
2 Agoolzs] FHELRUA FAE tehd 2o
ot 7tEw S22 14.12mg/g, 'H-2 15.13mg/g,
Tl 12.64mglg 2 HOEFL Pb* > Cd* > Cut’
o vehgr) wet AR Zadel oet A4S
L Langmuir 237} Freundlichi2 &l 9] S&AME E5) A4
spel o 2 glov], HEEAel WAL ES ol g3}

o o
s

=

]

e

o, M o% g -'
A

e

mlo

Maxium adsorption quanity, q (mg/g)
Maxium adsorption quanity, q (ma/g)

4

m Experimental]
B —- —Langmuir

~ -~ Freundlich

0 L . L L 0

® Experimental
—-—Langmuir
Freundlich

m Experimental]
2 ——Langmuir
— - —Freundlich

Maxium adsorption quanity, q (mg/g)

s
0 200 400 600 800 1000 0 200
Equilibrium concentration, C (mg/l)

(a) Cooper

Equilibrium concentration, C (mg/l)

(b) Lead

! L L 1 1 1
600 800 1000 0 200 400 600 800 1000

Equilibrium concentration, C (mg/l)

(c) Cadmium

Fig. 4. Sorption Isotherm Curve of Zeolite for Various Heavy Metal Contaminants

0.08 T T T
L| ® Cadmium
® Lead
0.07 -
A Copper
0.06 [
Cd 1 y = 6.99169E-5x + 0.00322
R*=0.99349
0.05 |- \ |
\\
0.04 | e

A
Pb:y=5.93794E-5x + 0.00428

0.02 R* = 0.96693 E
0.01 4
0.00 " " L 1 .
0 200 400 600 800
C. (mg/g)

Fig. 5. Linearized Langmuir Isotherm for Various Heavy Metal
Contaminants by Zeolite

64 AZEZHISE=ET M13H H2E

35 ¥ ) T v T T T : T v T
|| ® Cadmium
® Lead
3.0 | A Copper _
L)
n
25 | 4
Pb :y=0.27156x +0.93914 \l
R*=0.98073 “
s’ 20| Cu:y=0.28941x+0.78228 |
(=2 2=
8 R*=097414
15 4
Cd:y=029351x +0.77278
10| R*=0.97332 _
0.5 1 L 1 1 1 1
1 2 3 4 5 6 7 8
log C_

Fig. 6. Linearized Freundlich Isotherm for Various Heavy Metal
Contaminants by Zeolite



Table 4. Estimated Coefficients of Sorption Isotherm Model

o . Cadmium Lead Copper
Sorption isotherm model Coefficient (Cd) (PD) (cu)
Gnax (M/Q) 14,12 15,13 12,64
Langmuir b 0,0235 0.0195 0.0312
+ 0.9935 0.9669 0.,9483
K, 2.166 2.609 2.335
Freundlich n 3.407 3.804 3.778
A 0.9733 0.9807 0.9741
4.0 T T T T T T T 25 T T T T
= 50 (mg/) = 50 (mg/l)
36 o 100 (mg/l) o 100 (mg/l)
> 200 (mg/l) 20H 2 200 (mg/l) 4
v 400 (mg/)) v 400 (mg/ly)
32 800 (mg/l) 800 (mg/l)
% 15 i
2.8 |- Y
5 g
g ]
Toap E 1 h
o

Elapsed time (min)

Fig. 7. Pseudo—first—order Plots for Cadmium

Table 5. Kinematic Parameters for the Adsorption of Cadmium

60 80

Elapsed time (min)

100

Fig. 8. Pseudo—second—order Plots for Cadmium

Initial Experimental Pseudo—first order Pseudo—second order
concentration q, q, K ) q, k, h )
(mg/L) (mg/g) (mg/g) (1/min) & (mg/g) | (g/mg-min) | (mg/g-min) i
50 4.080 0.573 0.0075 0.984 4119 0.3193 1.3151 1
100 5.671 0.743 0.0321 0.947 5744 0.1133 0.6511 1
200 6.043 3.851 0.0614 0.992 6.700 0.0182 0.1218 0.999
400 8.446 6.564 0.0630 0.991 10.097 0.0071 0.0714 0.995
800 9.174 7,443 0.0811 0.994 10.212 0.0123 0.1259 0.998
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=4 L9=dd e AdFAEE vasilen, °od
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0|11, Fig. 82 Ho and Mckay(1998)9] G-Ato] xS mel 1] ylomo] Ao el JM AR RS
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c}.

Table 5~ Table 73} Zro| Z4zto] T =5 F3f 35t

2 STt wEng 1202 A|77} ks, i

HoNSat0|E0 BHEY 65



Table 6. Kinematic Parameters for the Adsorption of Lead
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Initial Experimental Pseudo—first order Pseudo—second order
concentration q, q, ky 7 q, k, h I
(mg/L) (mg/g) (mg/g) (1/min) / (mg/g) | (g/mg - min) | (mg/g - min)
50 3.682 0.108 0.0249 0.914 3.590 0.9164 3.2899 1
100 6.861 0,505 0.0485 0.997 6.899 0.2700 1.8629 1
200 9.847 1,234 0.0530 0.876 9,952 0.0655 0.6518 1
400 1.726 1518 0.0614 0.902 11,840 0.0576 0.6826 1
800 14.473 4.267 0.0631 0.939 14.850 0.0300 0.4460 0.999
Table 7. Kinematic Parameters for the Adsorption of Cooper
Initial Experimental Pseudo—first order Pseudo—second order
concentration q, q, k, R q, k, h 7
(mg/L) (mg/g) (mg/g) (1/min) (mg/g) | (g/mg - min) | (mg/g - min)
50 4175 0.198 0.0492 0.925 3,951 0,7044 10,9963 1
100 6.336 0.442 0.0507 0.984 6.707 0.4929 22,1729 1
200 8.166 1.045 0.0556 0.588 8763 0.0859 6.5950 1
400 7.902 2.887 0.0590 0.628 13.635 0.0294 5.4696 0.998
800 16,558 5.927 0.074 0,987 17.115 0.0275 8.0483 1
o AA F Feo] AAZL Psslch lERe] A9 b A OE AATL 7R, o] AA F el A7
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