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ok d PAASEE F ANESANA T A E FEE Rl HEA Y udd g FHAARA
E4E zAEtD HlAoke]l FHAEAS FHEHT. B AFolM FAE HE 4L 318 g mig
o HEHAL 7z oy, A9at XqX“?i(p tentiometric titration)oll 23] ZA ¥ YA (point of zero
salt effect, PZSE)> 8.5% M40 W3 £& F25& olgigt HEA 9 S S 703 ALz Add
o} 5Y3 FA 59 pH 2.0~12 HHolA 371 8149 571 BlA HAXMd) Y3 TS nwdt
A 37} HlAvt 57F vARTG 2 FEAFS Bt I83 pHel| o2 A2 371
pH 9277PX] A&H o072 FHF o 17}0}‘:}7} 1 o] pHAAE F2eko] FASA 24 W, 57t
Hl&E pH 2.0914 7H8 w2 F&FE Yehlitrt pH7F S718kaA A &3 o=
510”3}. o] 3 pHol| W& %73}%*3% pHell “Jra}/ﬂ HAM Y FHAS B4
7} Higlslr] WjEd AoE Addn. & w3Ed that A3 Al 9
Zolyel HE F2A =Y Ze "}E}‘)":]' T8 a HAY EekEd ¢ ]‘Si"] = 2
&5 B2 Aol A (Pseudo-second-order) EAE H7IE oM, 57}
H &7} 37F ARG W& EAFTE A VT

FQ0{: 474, 7} vz, 7} vz, BH YL, FRULEEE

ABSTRACT : Hematite has been known to be the most stable form of various iron (oxyhydr)oxides in
the surface environments. In this study, its properties as an adsorbent were examined and also adsorp-
tion of arsenic onto hematite was characterized as well. The specific surface area of hematite
synthesized in our laboratory appeared to be 31.8 g m2/g and its point of zero salt effect, (PZSE)
determined by potentiometric titration was observed 8.5. These features of hematite may contribute to
high capacity of arsenic adsorption. From several adsorption experiments undertaken at the identical
solution concentrations over pH 2~12, the adsorption of As(IIl) (arsenite) was greater than that of
As(V) (arsenate). As of pH-dependent adsorption patterns, in addition, arsenite adsorption gradually
increased until pH 9.2 and then sharply decreased with pH, whereas adsorption of arsenate was greatest
at pH 2.0 and steadily decreased with the increasing pH from 2 to 12. The characteristics of these pH-
dependent adsorption patterns might be caused by combined effects of the variation in the chemical
speciation of arsenic and the surface charge of hematite. The experimental results on adsorption
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kinetics show that adsorption of both arsenic species onto hematite approached equilibrium within 20
h. Additionally, the pseudo-second-order model was evaluated to be the best fit for the adsorption

kinetics of arsenic onto hematite,

regardless of arsenic species,

and the rate constant of As(V)

adsorption was investigated to be larger than that of As(IIl).

Key words : hematite, As(IIl) (arsenite), As(V) (arsenate), adsorption equilibria, adsorption kinetics
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H 40 S AR 171, 771 FElol o
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8, fr71@EEY =40] =3, 37} Hl&7t 57} )
2Rt e 9 o]FLrt Eva dHA S
(Raven et al., 1998). HlAE EY 2 A4 52
A8l A +3, 45, 0, -3 5 ¢ oyt 4k
sP7tE Yehst, 071 Blae AD AdedA 4k
HE7 wg da -37 vis 559 U3
AARE AAZE7] wZo] AAAAA THE A=
HT7} %2 37} ¥ & (arsenate)?} 571 Hl A (arsen-
ite)ol] thste] thFEo] A7 HFH STh(Wil-
liams and Silver, 1984; Inskeep et al., 2002).

H 40 Asd e WA= FE ZE\_ TE
GFrE, d A )"}ﬁ]rg[lron (oxyhydr)oxides],
ity (“I")/‘]'ﬁl‘ﬁ, WM, F3tE, 7hEEUelE, O
gl EEE}O‘%O]EQ} 2& odd 1y Eo| M
29 Aol M & 9% g 49A Aok
(La Force et al., 2000). ©] FoNXE G714 (zero-
valent iron)¥} F (A)AHStE S o] 88 v AFE
ol HAAA A M Hold AR YF
H K Fuller er al., 1993; Wilkie and Hering, 1996;
Raven et al., 1998; Dixit et al., 2003; Masue et
al., 2007). Y743 A (Ap)atetEd g st
'67—‘}@1% ZHAAL oA FHAAE HE olES
o] &g HlA& AA Wy Eo] LsA AFE AL
AHKo et al., 2004; 2005; Jeong et al., 2008;
Jung et al., 2008; Kim et al., 2009; Lee et al.,
2009; Lee et al., 2011).
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Fig. 1. X-ray diffractogram of hematite synthesized in the laboratory.
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Fig. 2. (A) SEM image of hematite and its EDS results, (B) before and (C) after adsorption of arsenic using
0.05 g hematite and 20 mL of 13.347 mM As(lll) solution at pH 7.0.
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Table 1. Specific surface area of the laboratory-
synthesized hematite used in this study and other
typical iron (oxyhydr)oxides and zerovalent iron

Specific surface area (rnz/g)
Hematite (Fe,O3) 31.8% 30"
Goethite ( @ -FeOOH) 29.2¢, 20"
Akaganeite (8 -FeOOH) 30°
Lepidocrocite ( 7 -FeOOH) 70~80°, 94.8°

2-line ferrihydrite 200~300°, 247.4°
(FesHOs - 4H,0)

Magpnetite(FeO - Fe>Os)

16.6°, 4~20°
244" 36.58

“measured in this work, °Schwertmann and Cornell (2000);
‘Lee ef al. (2009); “Jung er al. (2008); Jeong et al. (2008);
Ponder et al. (2000); *Lowry and Johnson (2004)

Zerovalent iron [Fe(0)]
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Fig. 3. Result of potentiometric titration of hematite at three ionic strengths.

Table 2. Point of zero salt effect(PZSE) of hematite and typical iron (oxyhydr)oxides and silicate minerals in

nature
Mineral PZSE Reference
Hematite 8.5 this work
(Fe:0s) 64~72 Bai et al. (2004)
s 8.1 Mamindy-Pajany et al. (2009)
. 7.6 Lee et al. (2009)
Goethite
(@-FeOOH) 7993 Rietra et al. (2001); Nielsen et al. (2005);
’ ’ Carrasco et al. (2007); Jonsson et al. (2008)
Lepidocrocite 6.6 Nowack et al. (1996)
(7 -FeOOH) 6.5~7.1 Lee et al. (2009)
Magnetite 6.6 He and Traina (2005)
(FeO - Fe,0s) 6.5 Jeong et al. (2008)
2-line ferrihydrite 8.2 Jain et al. (1999)
(FesHOs + 4H,0) 8.5 Jung et al. (2008)
Kaolinite 4.5~6.0
Illite 32 Du et al. (1997)
SiO, 29~3.0

Z pH7} PZSERTH Zod gHats wrA Hrh
AH80] &(oxyanion) O EAEHE WA FHFE
pH7} PZSERTE B 27 A & dojdt), 54

A19] PZSE BA A3} 8508 ZAHEY & A
o A ATz g d (Hp)AEEE
I 2y v 7 & PZSEF O E UEREoH,
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Fig. 4. Adsorption isotherms for (A) As(Ill) (arsenite) and (B) As(V) (arsenate) at pH 2, 4, 7, 9.2, and 11.
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Table 3. Coefficients of determination (Rz) between empirical data and four theoretical isotherms and their
specific parameters

pH
Parameter
2 4 7 9.2 11
R? 0.9995 0.9992 0.9993 0.9996 0.9989
As(I) Ko 10.971 9.186 10.279 16.068 15.286
i Qo 0.521 0.757 0.847 0.868 0.623
Langmuir 2
R 0.9979 0.9984 0.9983 0.9980 0.9985
As(V) Ky 9.719 22.319 11.969 9.485 10.972
Qo 0.868 0.623 0.380 0.332 0.174
R? 0.9379 0.9530 0.9554 0.9020 0.8777
As(I) Kr 0.432 0.605 0.687 0.748 0.548
b n 5.244 4.623 4.589 4.822 5917
Freundlich 5
R 0.9264 0.9393 0.9883 0.9767 0.4436
As(V) Kr 0.6310 0.5050 0.3360 0.2870 0.1550
n 7.4290 9.3370 15.1750 13.3330 37.1750
R? 0.9471 0.9852 0.9816 0.9990 0.9938
As(I) Ky 11.483 14.511 17.057 47.927 117.436
Jm 0.356 0.507 0.571 0.564 0.387
BET®
R’ 0.9904 0.9963 0.9877 0.9769 0.9776
As(V) Ky 194.4220 -132.5780 -144.5350 -700.3030 241.6410
Qm 0.4430 0.3350 0.2190 0.1880 0.0980
R? 0.9569 0.9862 0.9738 0.9894 0.9608
As(I) A 2301.37 1783.25 2075.25 5425.49 15618.25
a B 0.057 0.083 0.093 0.088 0.057
Temkin 5
R 0.9743 0.952 0.9705 0.9543 0.4520
As(V) A 222352 3564617 1403872042 28877446 1117416656
B 0.0520 0.0340 0.0160 0.0170 0.0040

1/q¢.= [1/(K,Q)](1/C) +1/Q,, qe is the equilibrium adsorbed concentration, C is the equilibrium solution concentration, K.
is the equilibrium constant, Qo is the maximum adsorption capacity

q.= K,C"", q. is the equilibrium adsorbed concentration, C is the equilibrium solution concentration, K¢ is the adsorption
capacity at unit concentration, n is the adsorption intensity

‘o= (g,./,0)/(C,— O+ (K,—1)(C/C,)], qec is the equilibrium adsorbed concentration, g is the amount of solute adsorbed
in forming a complete monolayer, C is the equilibrium solution concentration, Cs is the saturation concentration of solute, Ky
is the constant expressive of interaction with the surface

qu: BlnA+ BInC, g is the equilibrium adsorbed concentration, C is the equilibrium solution concentration, A is the Temkin
isotherm constant, B is related to the heat of adsorption

b
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Table 4. Coefficients of determination (R®) of kinetic models proposed for adsorption of arsenite at pH 7.0 and
arsenate at pH 4.0 onto hematite (Yang et al., 1995; Sparks, 1999; 2003; Jung et al., 2008)

As(Ill) at Neutral pH

As(V) at Acidic pH

Model
R’ k R’ k
Pseudo-zero-order 0.508 -0.382 0.965 -0.112
Pseudo-first-order 0.828 -0.743 0.916 -0.517
Pseudo-second-order 0.995 0.342 0.958 1.158
Power Function 0.969 0.339 0.916 0.179

muir®} Freundlich®] & 43S AHEH, Lang-
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Fig. 6. Adsorption kinetics of As(Il) (arsenite) at pH 7.0 and As(V) (arsenate) at pH 4.0 with 6.6736 mM of

solution concentration for each arsenic species.
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