aaEgastel 4 39U 3% _
Korean J. Soil Sci. Fert. Vol. 39, No. 3, 157-162 (2006) AqEE

Mechanism and Adsorption Capacity of Arsenic
in Water by Zero-Valent Iron

Kyung-Yoal Yoo, Yong-Sik Ok and Jae E. Yang*

Division of Biological Environment, Kangwon National University Chuncheon 200-701, Korea

Objective of this research was to evaluate optimal conditions of arsenic adsorption in water by zero-valent
iron (ZVI). Batch experiment showed that adsorption of arsenic by ZVI followed a Langmuir isotherm
model. The masses of As(V) adsorbed onto ZVI were increased as decreasing pH of the reacting solution
(pH 3: 2.05, pH 5: 1.82, pH 7: 1.24, pH 9: 1.03 mg As/g Fe') and as increasing the temperature (15°C : 1.59,
25C :1.81,35:1.93C mg As/g Fe'). The SEM and EDS (energy dispersive X-ray spectrometer) analysis
of morphology and structure of ZVI before and after reacting with arsenic in water revealed that a
relatively smooth and large surface of ZVI was transformed into a coarse and small surface particle after
the reaction. The EDS spectra on the chemical composition of ZVI demonstrated that arsenic was
incorporated into ZVI by adsorption mechanism. The XRD analysis also identified that the only peak for
Fe' in the ZVI before the reaction and confirmed that Fe’ was transformed into Fe2Os and FeOOH, and As
into FeAsQOs + 2H:O.
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Fe’ + Oz + H:0 — 2Fe”" + 40H
4Fe™ + 4H" + 02 — 4Fe’" + 2H:0
Fe'* 4+ 30H — Fe(OH)s
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Table 1. Physical properties of zerovalent iron used in the experiment.
Bulk Particle . Specific surface Particle size
ZV1 . . Porosity o
density density area distributions
¢ Cm'3 % mz g-] pm
PA 251 8.00 68.6 0.078 101.92
Table 2. Chemical properties of zerovalent iron used in the experiment.
Al Ca Cu Cd Co Fe K Li Mg Mn Na Ni Pb S Sr Zn
%o (Wt/wt)
0.14  0.05 0.35 003 <9678  0.03 0.01 0.01 0.56 0.09 0.11 <0.04 <0.03 <
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(Sparks, 1995).

q VX(CL_CS)/M

q: Mass of adsorbed As per unit weight of
zero-valent iron (mg gfl)
V: Volume of solution (L)

Ci: Initial concentration of reaction solution (mg L™)
Ce: Equilibrium concentration of solution (mg LY
M: Weight of zero-valent iron (g)

29 Hol S233F (gma) 2 Langmuir E9& 9]
g3 Azaon, 49 FH 54 0o
2] (9)9} 72t} (Holan et al, 1993).

kCb
qQ="""_ (9)
(14+kC)
q - Mass of adsorbed As per unit weight of

zero-valent Iron (mg g)
C : Equilibrium concentration of solution (mg L™)
. Maximum amount of As that can be adsorbed

(mg g )
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k : Constant related to the binding strength
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Table 3. Langmuir equation for As(V) adsorption onto zerovalent iron with pH.

2

pHs Regression equation Qmax r
pH3 Y =0.00049X +0.00182 2.05 0.9974#*
pHS5 Y =0.00055X + 0.00265 1.82 0.99547#5*
pH7 Y =0.00081X +0.00205 1.24 0.9959%*
pHO Y =0.00097X +0.00207 1.03 0.9989#*
Y 1 Celq

X : Ce; equilibrium As concentration (mg L)

q - mass of adsorbed As per unit weight of ZVI (mg kg™

gmax : maximum amount of As that can be adsorbed (mg kg

kokok

: significant at P<0.001
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Fig. 1. Effect of As(V) concentration and pH on mass of As(V)
immobilization by zerovalent iron.
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Fig. 2. Effect of As(V) concentration and temperature on mass
of As(V) immobilization by zerovalent iron.

Table 4. Langmuir equations for As(V) adsorption onto zero-valent iron with temperature.

2

Temperatures Regression equation Qmax r

15C Y =0.00063X + 0.00464 1.62 0.9926%**
25C Y =0.00055X + 0.00269 1.83 0.9958%*
35C Y =0.00052X +0.00223 1.94 0.9972%*
Y :Ceq’

X : Ce; equilibrium As concentration (mg L")

q - mass of adsorbed As per unit weight of ZVI (mg g

gmax : maximum amount of As that can be adsorbed (mg g")
*#%k - significant at P<0.001
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Figure 3. Scanning electron micrograph of zerovalent iron before and after reacting with As(V) in aqueous solution (20 keV X 350).
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Fig. 4. Scanning electron micrograph with EDS spectrum of
zerovalent iron after reacting with As(V) in aqueous solution.
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Fig. 5. Powder X-ray diffraction pattern of zerovalent iron
before and after the reaction with As(V) in aqueous solution.
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