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ABSTRACT

Laboratory column experiment for simultaneous removal of Cd and Cr(V1) were conducted using newly developed material of
Fe-loaded zeolite having both reduction ability and sorption capacity. The solution containing Cd and Cr(VI) was injected into
the column and the breakthrough curves (BTCs) for the contaminants were observed at the effluent port. Cd breakthrough was
not initialized until Cr(VI) breakthrough was completed. Therefore it could be concluded that overall efficiency of Fe-loaded
zeolite should be determined by the reactivity for Cr(VI). The relative concentration of Cr(VI) BTC increased to the unit value
while initial breakthrough was delayed and the propagation of breakthrough was slowed. In order to quantitatively describe the
shape of Cr(VI) BTC, new parameters of o and f3, designated to be shape parameters, were defined and applied in contaminant
tran$port concentration. These parameters were employed to represent the degree of initial breakthrough delay and the degree
of breakthrough propagation, respectively. As initial contaminant concentration increased, & decreased, which indicated the
delay of BTC’s initiation. And as initial contaminant flow rate increased, £ decreased, which represented the faster propagation
of the BTC. From these results, Fe-loaded zeolite was found to be an effective reactive material for PRBs against heavy metals
having different ionic forms in groundwater. And it could be expected that as groundwater flows faster, the propagation of
breakthrough would be faster and as contaminant conceritration is higher, the initial point of breakthrough would appear earlier.
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Table 1. Chemical composition of pure zeolite and Fe-loaded zeolite estimated by XRF analysis

SiO, ALO;  TiO, Fe,0; MgO Ca0  Na,0O K,0O MnO  P0O;s LOI Total
Pure zeolite 66.51 12.93 0.25 1.50 0.68 1.75 2.93 2.55 0.04 0.05 11.27 10\04\6
Fe-loaded zeolite 66.07 12.85 0.23 2.77 0.59 1.60 3.01 239 0.06 0.05 11.11 100.72

Iron filing 0.15 0.01 0 98.26 0.01

0 0 0 0.01 0

LOI: Loss on ignition
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(182 MQ, Milli-Q Water, Milli Pore, USA)E 5
3] AlA3 & 350 mM(Lee et al, 2005)2] FeCl, 84
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Fig. 1. Conceptual diagram of column system used.

o5l 371 2l Co, 71 @
55 §olow Eahzick

A} fAL CaCl, (Calcium Chloride, 96%,
Aldrich Chemical Co., Inc., USA) 0.09 mM, NaHCO;
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Table 2. Column experiment conditions

73 W7t 17

Contaminated solution concentration variation
(Fe-loaded zeolite content 20%, flow rate 1| ml/min )

0.3 mM of Cd & Cr(VI) each
0.5 mM of Cd & Cr(VI) each
0.8 mM of Cd & Cr(VI) each
1 mM of Cd & Cr(VI) each

Flow rate variation

(Fe-loaded zeolite content 20%, contaminated solution concentration 1 mM)

0.5 ml/min
0.7 ml/min
1 ml/min

1.5 ml/min

IC, Waters 4325 o83l 33l om, oy olgo=x
+ sodium borate/gluconate 34 888 AML3SIAT} 1.2
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rometer, AAs, novAA300, Analytic Jena AG Germany)
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A7y GAF WS- Al9(overall first-order reaction
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coefficient)= ‘/]'E]":H‘:}.

0.05
K, #y
10 04
0.04 1
10 03
0.03 20 04
go * 10 04
0.02 -
.01 +
0.00 - L) L] T L3
0.0 1.0 20 3.0 4.0 50

Pore Volumes

Fig. 2. Simulations showing the effects of parameters of x, and
K, (Zhang et al., 2002). Where a;(=D/v) is the longitudinal
dispersivity from the tracer test.
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AA-d thEt W AEEAS FESEM-EDX (field
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A8k Azt #o ko] 30.53%(weight %y EA1EHS
RIT 4= UATH(Tablé 3).
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Table 3. Elemental composition in arbitrary surface fraction of pure zeolite and Fe-loaded zeolite by FESEM-EDS analysis

6] Al Si K Fe Total
. Weight % 4923 6.67 37.17 3.92 3.02

Pure zeolite . 100
Atomic % 64.08 5.14 27.56 2.09 1.13
. Weight % 34.98 5.25 28.17 1.07 30.53

Fe-loaded zeolite . 100
: Atomic % 55.24 492 25.34 0.69 13.81
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Fig. 3. Contaminant breakthrough curves at different initial concentrations of (a) 0.3 mM, (b) 0.5 mM, (c) 0.8 mM and (d) 1 mM of Cd &

Cr(VI) each.
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Fig. 4. Contaminant breakthrough curves at different initial flow rates of (a) 0.5 ml/min, (b) 0.7 ml/min, (c) 1 ml/min and (d) 1.5 m{/min.
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Table 4. Values of shape parameter at each condition

a (L/Kg) B

0.3 mM 47.81 0.73

Contaminated solution 0.5 mM 22.29 2.23
concentration variation 0.8 mM 19.04 0.48
1 mM 12.15 2.38
0.5 ml/min 14.87 11.23

. 0.7 ml/min 21.16 2.98

Flow rate variation

1 ml/min 12.15 2.38

1.5 ml/min 15.86 0.85

60 ~
[ (a)
50 |-
L y=82.164e 8913
40 ’=0.9934
30 |
3 I
20 |
10 |-
o+t
00 02 04 06 08 10 1.2
Initial Concentration (mM)
14 ~
2 (b)
w0l * y=26.214e>%"
gl . R’=0.9221
wal 6:-
4l
2L
ok
T T T T T T T L
0.0 0.5 1.0 1.5 2.0

Initial Flow Rate {(mi/min)

Fig. 6. Relationship between (a) shape parameter « and initial
concentration, and (b) shape parameter fand initial flow rate.
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¢l Zeg Azt
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