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ABSTRACT : Arsenic has recently become of the most serious environmental concerns, and the
worldwide regulation of arsenic for drinking water has been reinforced. Arsenic contaminated
groundwater and soil have been frequently revealed as well, and arsenic contamination and its
treatment and measures have been domestically raised as one of the most important environmental
issues. Arsenic behavior in geo-environment is principally affected by oxides and clay minerals, and
particularly iron (oxy)hydroxides have been well known to be most effective in controlling arsenic.
Among a number of iron (oxy)hydroxides, for this reason, 2-line ferrihydrite was selected in this study
to investigate its effect on arsenic behavior. Adsorption of 2-line ferrihydrite was characterized and
compared between As(IIl) and As(V) which are known to be the most ubiquitous species among
arsenic forms in natural environment. Two-line ferrihydrite synthesized in the lab as the adsorbent of
arsenic had 10~200 nm for diameter, 247 mz/g for specific surface area, and 8.2 for pH of zero
charge, and those representative properties of 2-line ferrihydrite appeared to be greatly suitable to be
used as adsorbent of arsenic. The experimental results on equilibrium adsorption indicate that As(III)
showed much stronger adsorption affinity onto 2-line ferrihydrite than As(V). In addition, the maximum
adsorptions of As(IIl) and As(V) were observed at pH 7.0 and 2.0, respectively. In particular, the
adsorption of As(IIl) did not show any difference between pH conditions, except for pH 12.2. On the
contrary, the As(V) adsorption was remarkably decreased with increase in pH. The results obtained from
the detailed experiments investigating pH effect on arsenic adsorption show that As(IIl} adsorption
increased up to pH 8.0 and dramatically decreased above pH 9.2. In case of As(V), its adsorption
steadily decreased with increase in pH. The reason the adsorption characteristics became totally different
depending on arsenic species is attributed to the fact that chemical speciation of arsenic and surface
charge of 2-line ferrihydrite are significantly affected by pH, and it is speculated that those composite
phenomena cause the difference in adsorption between As(III) and As(V). From the view point of
adsorption kinetics, adsorption of arsenic species onto 2-line ferrihydrite was investigated to be mostly
completed within the duration of 2 hours. Among the kinetic models proposed so far, power function
and elovich model were evaluated to be the most suitable ones which can simulate adsorption kinetics
of two kinds of arsenic species onto 2-line ferrihydrite.

Key words : As(IlIl) (arsenite), As(V) (arsenate), 2-line ferrihydrite, adsorption, adsorption isotherm,
adsorption kinetics
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Fig. 1. X-ray diffractogram of 2-line ferrihydrite
synthesized in the laboratory.
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Fig. 2. (A) Characterizations of 2-line ferrihydrite by SEM image (A) and EDS analyses before (B) and
after (C) adsorption of arsenic.

Table 1. Specific surface area (m’/g) of synthesized 2-line ferrihydrite and other representative iron (oxy)
hydroxides
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Cornell (2000) Cornell (2000) Cornell (2000) Johnson (2004)
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Table 2. Point of zero charge (PZC) of iron (oxy)
hydroxides and minerals in nature

Mineral PZC Reference
Two-line .
ferrihydrite 8.2 this work
Two-line 8.5 Jain et al., 1999
ferrihydrite
. Hesleitner ef al., 1987
Hematite 64~7.2 Bai er al., 2004
Rietra et al., 2001
. Nielsen et al., 2005
Goethite 7.279.3 Carrasco et al., 2007
Jonsson et al., 2008
Kaolinite 4.5~6.0
Tllite 3.16 Du et al., 1997
SiO; 2.9~3.0
4
day #0.601M NaCi
3 ‘A“ W0.01M Nact
£ ta, A0.1M Nacl
E? .'o - A
;x} 1 .' " - *a A
EE ‘e P -‘ A
T ¢ Nom oA,
E *ay
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A
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3 4 5 6 7 8 g 10 11
pH

Fig. 3. Net surface charge of 2-line ferrihydrite at
three ionic strengths as determined by the PZC
titration procedures.
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Z, pH 9.229 4 12.13 Atolell A& HAs059 -1
7} &ol& FEE, pH 13.4 ool AE HAsO”
9] 27F Foj& fﬂﬁﬂi A& 38k, pH 8.2 o]l
A pH7t F718FE FAAY 2ine ferrihydrite
o] 29 gH3E FUkeh) dad 371 ¥l &
o]& FE 2 EA3I= pH 9.2 ol EH= H7H
QA g o o) W%l F43] ZasA o
(28 6-A). 571 Hl&e ASES 15 25 pH
7} ENEFE FAF] Zastn Joh(IH
5-B). 57} Hl&E HzAso4(pK.—2.20)9} HAsO4”
(PK2=6.97) 2 AsO. (pKs=11.53)9] FHE A%
&7] W&ol pH7} S71EE A71AQ whid
of o} wi9 FHFo|l FasHA k(¥
6-B). 57} HlA 9 HAOFEL pH 2.004 o] %
How, o] w AFET(13.35 mM)9F L5 E(133.5
mM)e] FZFe] 2+t 0.513 mmol/get 1.670
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Fig. 4. Adsorption isotherms for As(IIT) (arsenite) (A) and As(V) (arsenate) (B) onto 2-line ferrihydrite at
pH 2.0, 40, 7.0, 9.2, and 12.2.
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Fig. 5. Adsorption envelopes of As(Ill) (arsenite) (A) and As(V) (arsenate) (B) onto 2-line ferrihydrite at
their different concentrations.
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Fig. 6. Adsorption envelopes of As(lll) (arsenite) (A) and As(V) (arsenate) (B) onto 2-line ferrihydrite at
their concentrations of 13.35 mM and 133.5 mM together with chemical speciation of each arsenic
species depending on pH (solid lines: arsenic speciations depending on pH and open or solid squares:
experimental data).

— 234 —



H) 49 Two-Line Ferrihydrited] th3t & 2ukS-

Table 3. Correlation coefficients (R”) of kinetic models proposed for adsorption of arsenite at pH 8.0

and arsenate at pH 4.0 onto 2-line ferrihydrite (Sparks, 1986;

FAS] 2], 1995)

Model Equation a;‘kr:;m;:o a?r;ilnéjéo

Zero order kinetics [Cl = [C]o - kt 0.5085 0.7410

First order kinetics In[C); = I[C]o - kt 0.5269 0.7450

Second order kinetics 1/[C] = V[C)o + kt 0.5453 0.7194

Power Function In[C]c = In[C]o + kInt 0.9683 0.9164

Parabolic [Ch = [Clo - kt'” 0.7197 0.8737

Elovich [Cl = [Clo - Kint 0.9694 0.9158
a8k 57 HlA BF AY BYFe mEeglo
< sl H FEHNREE 247 ojfol Ao dEEHAE
é" e ® ® ® o Ao g JeEpgrh1Y 7) ool FA44d A7
H o ® BRI E 37 HlaE 57 Hlaug Rl
2 oo’ 24 2ol BRel sIHE ARE 57} )
RN ormaie | A7} 37} HlART T WE AoR BIHYL
e 0 Arsenate Azbe] me wae §3 e BrE] 9
5 FA A d g P s .w

2 ot & % 39 AsAt £ 39 AAE 03,
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P |gpooo o FABE ¥sE Uehil 7|2 RS2 o2y
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Fig. 7. Adsorption kinetics of As(IIl) (arsenite) at
pH 8.0 and As(V) (arsenate) at pH 4.0 onto
2-line ferrihydrite at their concentrations of 133.5
mM.
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