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ABSTRACT

Cr (M) is a known human carcinogen. The Reduction of Cr(V1) to Cr(lll) is environmentally
favorable as the latter species is not toxic to most living organisms and also has a low mobility
and bioavailability. Limonite (FeO(OH).nH>O) may contribute to redox transformations of a
range of pollutants including Cr(VI). Main mechanism of Cr(VI) removal is its reduction into
Cr(l1l) by the Fe(ll) under acidic condition. The aim of the present work was to use limonite
particles for reduction remediation of Cr (VI) in the water. The results of groping experiments
revealed that the removal efficiency increased with increasing ironstone addition, but decreased
with increasing initial Cr (VI) concentration. Moreover, low pH value could accelerate the rate
of Cr (VI) removal. The smaller are the ironstone particles, the higher is the surface area, and
the faster the reaction rate will be. The study showed clearly that the use of limonite
(FeO(OH).nH,0) for the removal of Cr(VI) through reduction reaction can be applicable to
Cr(VI) contaminated solutions.
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INTRODUCTION

Chromium has been recognized as one of the mostusepollutants among heavy metals in
environment, thus remediation of chromium polluti@eeives much more concern (sual.,
2005). It is well known that chromium exists maily two stable oxidation states, Cr(VI) and
Cr(lll), which have widely contrasting toxicity artdansport characteristics (Xat al., 2005).
Cr(VI) is mobile in the environment, Subject to logical uptake and is highly toxic (Gulea
al., 2003). Furthermore, they are widely distribuéesdan anthropogenic pollutant (Vainshtetin
al., 2003). Trivalent chromium (Cr(lll)) is less taxthan Cr(VI), and is less susceptible to
biological uptake (Guha, 2004). While Cr(VI) coniaation is generally associated with
industrial activity, it can occur naturally.
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Effective means in terms of cost and maintenancecléan up chromium contaminated
groundwater are desirable (Olazaéiadl., 1997).

In general, the treatment technologies for remoimgmium from industrial waste include ion
exchange, electrodepositing and chemical reductiith iron- and sulfur-containing solutions
followed by a precipitation. Cr(VI) can also be wedd by biological means.

There have been several reported studies on theodseaind possible mechanisms of reduction
of Cr(VI1) e.i. (Stollenwerk an&rove, 1985., Siegel and Clifford, 1988., Palmet ®ittbrodt,
1991., Andersomt al., 1994., Deng and Stone, 1996., Wittbrodt and Bgld096., Vitale, 1997.,
Beukeset al., 1999., Pulst al., 1999., Pondeet al., 2000., Wielingaet al., 2001., Alowitz and
Scherer, 2002., Daultoet al., 2002., Hanse¢t al., 2003., Leeet al., 2003., Vainshteirt al.,
2003., Bojicet al., 2004., Toert al., 2004., Xuet al., 2005., Leeet al., 2006., Loet al., 2006).

In Cr(VI)-polluted water and soil, reduction of @i} to Cr(lll) is therefore desirable (Skovbjerg
et al., 2006). Over a wide range of conditions and esfigcin natural and engineered
environments, effective reductants are zero-vailemt (Fe(0)), aqueous Feand structurally
bound Fe(ll) in minerals (Skovbjeryal., 2006).

Fe(ll) is a commonly used reductant for Cr(VI) imste water treatment. Cr(VI) reduction by
Fe(ll) is also of interest because Fe(ll) is foumdarious types of soils and is a primary electron
donor in subsurface environments (Hwahgl., 2002).

Numerous observations indicate that ferrous irag(IJj] could be an important reducing agent
of Cr(VI) in natural waters (Sedlak and Chan, 19®2&ttineet al., 1998., Schlautman and Han,
2001., Hwangt al., 2002., Nunegt al., 2003., Tzowet al., 2003., Erdema and Tumen, 2004).

Hematite is a natural iron ore, with a stable colgpto 1000 °C (Ozel and Turan, 2003). Fewer
studies have been carried out on aqueous Cr(V{ctexh by Fe(ll) in hematite (Eary and Rai,
1989., Kendelewicet al., 1999).

Limonite oresare generally formed from the complex hematitd-€03)-goethite (-FeOOH)
mixtures, and are somewhat soft with a proportibgaethite present (Kaneket al., 2002).
Other elements found in limonites include aluminjualhromium, manganese and silicon
(Rubisovet al., 2000). The colour of limonite is in the shadés@low and brown (Ozel and
Turan, 2003). When iron trioxide (¥8;) is especially present, a red colour is exposédulewn
cases where hydrous ferric oxide {Bg¢H,O or FeOOH) dominates, the yellow colour is is
revealed (Bikiarist al, 1999).

Goethite, a stable iron ox hydroxide, is consideaedmportant mineral, which can also control
the sorption capacity of soils for toxic metals ljbeannet al., 2001). It was also often used as a
model colloid in relevant studies (Zouboudisal., 2003). Goethite has been extensively used in
Cr (VI) removal (Lazaridiset al, 2005). Scott and Fendorf (1995) demonstratedGhégVI)
reduction by Fe (Il) in goethite.

The aim of this research was to use limonite (Fe@(@H,O) particles for reduction
remediation of Cr (VI) in the water. The main oltjee was to investigate the reaction
mechanisms by emphasizing the role of ferrous lire (I
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MATERIALSAND METHODS

Experimental method
Batch kinetic experiments were performed to evaltia¢ removal rate of Cr (VI) in the presence
of limonite particles.

A limonite particle was added to 1000-mL flaskddl with 500mL of KCr,O; solution. The
solution was continuously stirred at constant terapee (25 0.5°C). Oxygen was removed
from the solution by continuous sparging with wegaturated nitrogen before and during the
reaction. The samples were filtered through a Qdfilter.

Aqueous concentrations of Cr (VI) were determingd liphenylcarbazide procedure at 540 nm
using UV-VIS spectrophotometer (TU-1800PC, BeijiGdpina).

The morphology of the metal particles was obsetvater an XL30-ESEM.

Experiment conditions

The limonite used in this experiment was obtainexinf Hang Zhou weimin geologic sample
factor. Limonite particle size range was separated used in the experiments, having a mean
particle size of around (D<100 mesfkje pH value was initially 5.5 (the pH value of alazed
water) and not controlled during the experiment.

A series of batch experiments was used to studyethaction kinetics of Cr (VI) with limonite
under the following conditions:

1. Different limonite concentrations

2. different initial Cr (VI) concentrations
3. different pH values

4, different size limonite particles

Reaction kinetics model
The kinetic of Cr (VI) reduction by limonite can vepresented by the following equation
(Williams and Scherer, 2001., Alowitz and Sche2€Q2):

d [C]/ dt = -Kops[C] 1)

Where the rate is proportional to dissolved Cr (¥dncentration ([C]) and s (s-1) is the
observed first-order rate coefficient. Integratajrequation 1 results in

[C] =[CJ] e (2)

Where [G] is the initial concentration of dissolved Cr (VI)
Observed first-order rate coefficients were cal@ddrom liner plots of In ]) versus time with
[Co] set equal to the measured concentratida2@ min.

Effect of limonite concentration on first-order rate coefficients

The correlation betweenJk and limonite concentratioils shown in Figure. 1. The first-order
rate coefficient increases progressively with iasieg limonite concentration. This is due to the
fact that at higher limonite there is more Fe fiidduced species, probably helping the Cr (VI)
reduction. The results further evidence that linmibncentration is a critical factor for Cr (VI)
reduction.
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Fig. 1. Values of K s asa function of limonite concentration.
Cer (VI) =10 mg/L, pH=5.5, t=25C, »=500 r/min

Effect of Initial Cr (VI) concentration on first-order rate coefficients

The effect of Initial Cr (VI) concentratioran Kqys, the first-order rate coefficient is presented in
Fig. 2. As the initial Cr (VI) concentrations increasedg tirst-order rate coefficient decreased,
therefore; it can be concluded that the valuesndfal Cr(VI) concentrations is a significant
factor for Cr(VI) reduction.
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Fig. 2: Values of K s asa function of Initial Cr(VI) concentration.
Cre= 4 d/L, pH=5.5,1=25°C, ®=500 r/min

Effect of pH on first-order rate coefficients

The pH value of the aqueous system is one of thet nmaportant parameters affecting the
reduction of Cr (VI).The effect of pH between 3 a@don the first-order rate coefficient is

presented in Fig3. The first-order rate coefficient in general, deses as pH increases. The
effect of pH on the observed first-order rate deefhts can be explained by considering how the
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amount of Fe (Il) changes as a function of pH. €heelation between §§s and pH obtained
indicate thathe pH is a very important factor that affects @rgVI) reduction.
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Fig. 3: Values of Ks asa function of pH.
Cr4 g/L, Cr (VI)=10 mg/L, t=25C, ®=500 r/min

Effect of different limonite particletype on first-order rate coefficients
Fig. 4 shows the correlation between the first-omd¢e coefficient andifferent limonite type
Limonite particle size has a significant effecttbe Cr (VI) reduction rate due to the change of

easily available reduction sites. The relativelghar reduction rates by smaller limonite particle

yield a larger external surface area. There wamdency that smaller particles needed shorter
time to equilibrate.

The Kyslimonite particle type relationship indicated thiée limonite particle typevas a
significant factor throughout the reaction
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Fig. 4: Values of K s asa function of different limonite particle type
Cr=4 gL, C (VI)=10 mg/L, t=25 °C, pH=5.5, ©»=500 r/min
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CONCLUSION

In this work, it was noted that the observed fosder rate coefficient increased with increasing
limonite concentration but decreased with increggid and initial Cr (VI) concentrations.
Moreover, it was shown clearly that the first-ordate coefficient was affected by Limonite
particle size.

The obtained results revealed that the removal r¢¥/I using limonite for the treatment of
wastewater is an effective and economical alteveati
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