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As (v) immobilization in an aqueous solution by zerovalent iron under various

environmental conditions

Kyung-Yoal Yoo, Yong Sik Ok”, and Jae E. Yang"" (Testing and Analysis Team, Daegu Regional Korea Food & Drug
Administration, Daegu 704-928, Korea, 1)Department of Biological Environment, Kangwon National University,

Chuncheon 200-701, Korea)

ABSTRACT: Zerovalent iron (ZVI) has been widely used in the removal of environmental contaminants from
water. The objective of this research was to assess the efficiency of ZVI for immobilization of As (V) in
the contaminated water under various chemical conditions. Batch-type experiments showed that the immo-

bilization process followed a first-order kinetic model. Rate constants (k)

of the reaction increased consistently

and proportionally as increasing ZVI concentrations from 1% (0.158 hr') to 3% (0.342 hr'), and temperatures

from 15C (0.117 hr') to 35T (0.246 hr'), respectiv

ely. Whereas the rate constants decreased as incneasil_nlg

As (V) concentrations from 1 mg /" (0.284 hr') to 3 mg /' (0.153 hr"), and the initial pH from 3 (0.393 hr")
to 9 (0.067 hr'), respectively. Results demonstrated that As (V) in an aqueous solution was rapidly immo-
bilized by ZVI treatments. Zerovalent iron was fast method for remediation of As (V) contaminated water.

Key Words: As (V), zerovalent iron, Eh, first-order kinetic model, immobilization, pH
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Table 1. Physical properties of ZVI

Porosity(%) = (1-bulk density)/particle density
1)

ZV1¢ SBE B4 A2 1 g8 Luld 87 ol Hsh
o] #4 4A¥E HNO; 59 oz #ajsh, Zaf o<
Whatman No.42 A#A 2 78 § FEdEet=nts
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v) $07 A 5 25T, 150 rppmelA 0, 1, 3, 6, 9, 12,
24, 48, 72, 9617t w3l As(V)<] AARS SAs8ISich
T3 ZVIQ) HElEE 2 2% we BE3 W &8 5
A7) 91ste] ¥4 2 mg I'o] Al § ZVIE 0, 1,
2, 3% =27 717} A8t} 150 rpmeld TE 15, 25,
35C 2 ZAs As(V)< AAZE 248tk 27] As(V)
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(V) 5520,1,2 3 mg I'2 2289 32 APl
pHel 213 ¥sh= 0.001M HCl ¥ 0.001M NaOH €&
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o] 843} 712 2] (1), ol AN DAPEEE S E D first
order kinetic model)= &-&3}9] kinetic order, rate con-
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[Clo: Initial As(V) concentration

[C]t : Remaining As(V) concentration after time, t
t : reaction time(hour)

k : rate constant

VAY | Bulk density Particle density Porosity Specific surface area
-------------------- g | — - % -- ng'l
PA? 2.51 8.00 68.6 0.078

“PA: peerless annealed

Table 2. Chemical properties of ZVI used in the experiment

Al Ca Cu Cd Co Fe K Li

Mg Mn Na Ni Pb S Sr Zn

% (wt/wt)

014 005 035 003 nd 9678 003 0.01

00t 056 009 011 nd 004 nd 003
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Fig. 1. Effects of ZVI concentration on As (V) immobili-
zation by ZVI with time.

Table 3. Rate curve of the first order kinetics for As (V)
immobilization at various concentrations of ZVI

2

Treatment Regression equation r
ZVI 1% Y= 0.1172XY - 05035  0.8333*
ZVI 2% Y = -0.2022X - 0.6072 0.9470%+
ZVI 3% Y = -0.2457X - 0.6978 0.9253***

»Y: In (C/Co) where C and C, are equilibrium and initial
concentration of As (V).

®X: hour.

**significant at P < 0.05.

***significant at P < 0.01.
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Fig. 2. Relationship between observed rate constants (kops)
for As (V) immobilization by ZVI and surface area con-
centration (P,) of ZVI treatment.

Table 4. Specific reaction rate constant derived from the
relationship between ks and o,

Treatment Kobs™) P ksa®
U O il . 1 m? hr'-
ZVI 1% 0.1172 0.78
ZV1 2% 0.2022 1.56 0.0829
ZV1 3% 0.2457 2.34

Vobs: Observed first order rate constant (hr)
Pa: the surface area concentration of ZVI (m” I of solution)
Vksa: specific reaction rate constant (1 m? hr)

Table 5. Changes in half-life of As (V) immobilization at
different ZVI concentrations

ZVI concentration (w/v) ti/2 (hr)
ZV1 1% 591
ZVI 2% 3.43
ZV1 3% 2.82
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Fig. 3. Effects of temperature on As (V) immobilization
by ZVI with time.

Table 6. Rate curve of the first order kinetics for As (V)
immobilization

2

Temperature Regression equation r
15°C YV= -0.1697XP- 0.4240 0.8654"
25C Y = -0.2022X - 0.6072 0.9470™
35C Y = -0.2235X - 0.2426 0.8679"

?Y: In (C/Cy) where C and C; are equilibrium and
initial concentration of As (V).

UX: hour.

“significant at P<0.05.
significant at P<0.01.
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Fig. 4. Effects of initial As (V) concentration on As (V)
immobilization by ZVI with time.

Table 7. Rate curve of the first order kinetics at various
initial As (V) concentrations

As (V) Regresgion 2
concentration equation

1mg " Y= -0.2841X” - 07918 0.9487"

2 mg I Y = -0.2022X - 0.6072 09470

3mg " Y = -0.1528X - 0.5345 0.8705"

Y: In (C/Co) where C and C, are equilibrium and initial
concentration of As (V).

X: hour.

**significant at P<0.05.

***significant at P<0.01.
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Fig. 5. Effects of pH on As (V) immobilization by ZVI
with time.

Table 8. Rate curve of the first order kinetics at various
pHs

2

pH Regression equation T

pH 3 Y= -0.3928X" - 0.8010 0.8910"
pH 5 Y = -0.2132X - 0.6305 0.8736"
pH 7 Y = -0.0970X - 0.4766 0.8160"
pH 9 Y = -0.0670X - 0.3543 0.8135

dY: In (C/Co) where C and Cp are equilibrium and
initial concentration of As (V).

PX: hour.

“significant at P<0.05.

Table 9. Changes in half-life of As (V) at different pHs

pH ti/2 (min)
pH 3 1.63
pH 5 325
pH 7 7.4
pH 9 10.34

L
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v g Aoz vepyth w899 pH7E $ET5 As(V)
o) WE7)7E B Vel As(V)9] £-83F Hhgo] wEA I
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2 °f
B 7ol 48 njag o999 FaE THEV)E ©f
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