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ABSTRACT

Natural Na-bentonites were modified with an organic chelating agent, citric acid (CA), to prepare a new adsorbent
(CA-bentonite) for Cd** contaminant removal. The optimal conditions for preparation the CA-bentonite were
investigated. Moreover, the CA-bentonite showed significant adsorption for Cd** from aqueouss solution. The
Langmuir and Freundlich isotherm equations were applied to the data and values of parameters of these isotherm
equations were evaluated.
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INTRODUCTION

The wastewater containing heavy metal which is ggrd in many economic activities, such as heavyaime
producing industries, leathering, dyeing, electatipt industries, paint, resin, pharmaceutical agchemicals [1],
extremely harms the environment. Although chenpcatipitation is a main way to treat the wastewatés limited
due to the higher cost and secondary pollution ngrfiom sludge.

Bentonite, whose main component is montmorillorigeg potential and important adsorption materedause of its
large surface area, large number of interlayer @xghable inorganic cations and abundance in ng@lur@ommonly,

the adsorption of organic pollutants by bentorstpaor because the mineral surfaces are hydrophhie adsorption
of specific organic contaminants and heavy metarggnic chelating agents modified Na-bentonite fwasd to be
obviously improved [3—6]. The stronger adsorptiigénerally attributed to stronger H-bonding betwere polar
water molecule and polar organic compounds, alsalielation of the heavy metal and the organicatimgl agents

[7].
Herein, a new bentonite adsorbent material wasgpegpby modifying bentonite with organic chelataggnts (citric
acid, CA). The sorption of the heavy metals {¢dnto the modified bentonites from aqueous sohstiovas
investigated. Because of its hybrid properties ntioglified bentonite has potential application Eating wastewater
containing heaving metals.

MATERIALSAND METHODS

Materials. Bentonite used was primarily Na-montmorillonite frdHenan. Its cation-exchange capacity (CEC) is
102.66 mmol /100 g. CA and other reagents used ofeagalytical grade.

Analytical Methods. The Cd* concentration was measured by a flame atomic pbenrspectrometer.

Preparation of CA-bentonite. A total of 6.0 g of previously dried bentonite waixed with 200 mL of CA (1.18 g)
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mixed solutions. The mixtures were subjected tohmaical stirring for 2 h in a 60-70 °C water bathe treated
bentonites were separated from water by vacuunatfitth and washed twice by distilled water. Thetbeites were
dried at 80-90 °C, activated for 1 h at 105 °C, amethanically ground to less than 200 mesh. Thseri@és of
CA-bentonites were prepared.

Procedures for Water Treatment. A combination of 0.600 g of CA-bentonite and 40 wiLsolution with an
appropriate concentration of the heavy metal§ Gas combined in 125 mL Erlenmeyer flasks with gleaps. The
flasks were shaken for 2 h at 25 °C on a gyrathaker at 120 rpm. After being centrifuged, the lyearetals were
determined by flame atomic absorption spectrophetomThe removal percentages for CA-bentoniterg¢attthe
contaminant in water were calculated. The amoun€df adsorbed per unit weight of an adsorb&dt, was

calculated using the following formula:

Q. = ek (1)

m

Where,C, is the initial concentration of contaminant (mg/C, is the equilibrium concentration of contaminant in
solution (mg/L)mis the mass of the bentonite (mg) ahni$ the volume of solution (L).

RESULTSAND DISCUSSION

Optimal conditionsfor preparation the CA-bentonite.
Effect of modifier (CA) concentrations: The experimental conditions for preparation CAtbeite: pH of 8.0,
water bath temperature of 60 °C, heating time 6fH.only change the ratio of modifier, CA to Nastmite: 80%
CEC, 100% CEC and 120% CEC. The experimental mesuét shown in Fig. 1. As shown in Fig. 1, the mmaxn
percentage removal of €dis 96.2%, when the ratio of modifier, CA to Na-tmmite is 100%CEC. Because the
organic modifiers are exchanged into the interléaemedpace of the bentonite and the interlayer spmcivere
increased, some micropores of the bentonite werupied by CA. Thus, the specific surface areashaf t
organobentonites were reduced with increasing aunations of modifiers incorporated into the beiit@n
Therefore, as the concentrations of modifiers iaseel, the removal rates of pollutant from water by
organobentonite were enhanced.

100

90

Removal rates / %

80

T T T T T
80%CEC 100%CEC 120%CEC
Ratio of DDTC to Na-bentonite

Figure 1. Effect of ratio of CA to Na-bentonite on the adsor ption property of CA-bentonite

Effect of modification temperature: Only change the preparation temperature: 50°C, 60i€ 70°C, and the
other experimental conditions remain unchanged. &xperimental results are shown in Fig. 2. The maxn the
removal rates of Cd is 93.6%, when the modification temperature is°60(Fig. 2). Concerning the effect of
temperature on the adsorption process, the potlutptake is favored at higher temperatures, sinddgaer
temperature activates the pollutant ions for enimgnadsorption at the coordinating sites of thearats. Also, it is
mentioned that modifier move faster with increagemperature lead to the reduction of the modificaéffect.
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Figure 2. Effect of modification temperature on the adsor ption property of CA-bentonite

Effect of modification time: Only change the preparation temperature: 1 h, laBch2 h. The experimental results
are shown in Fig. 3. The optimal adsorption eff@a found at the modification time about 1.5 h (BYy The
results showed that the modifiers exchanged irgdointonite interlamination meet the cation-exckacapacity of
the bentonite, and the exchange equilibrium waairettli about 1.5 h. After this equilibrium periodayhe the
modifier move from the bentonite interlaminatioadeto the reduction of the modification effect.
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Figure 3. Effect of modification temperature on the adsor ption property of CA-bentonite

Adsor ption I sotherm M odels.

Solid-liquid equilibrium can be easily describeddmnsorption isotherms. The Langmuir equation isniaghematical
function most commonly used to describe this precébe Langmuir isotherm can be expressed as

_ Qmax KCe
Qe = 1+KC, (2)

whereQ, = amount of C& per unit weight of adsorbent (mg/d). = concentration of contaminant remaining in

solution at equilibrium (mg/L)Qmx = amount of C8 adsorbed per unit weight (mg/g) alic= aconstant related to
the energy or net enthalpy.

Unlike the Langmuir model, Freundlich model cancact for the differences in sorption enthalpy betwelifferent

types of sites [8]. The amount of adsorbed sol(t2 i€ related to the concentration of solute in gbtution Ce) as
equation (3).

Q. =K CF 3)

Both K; and n are empirical constants, being indicative of théeei of sorption and the degree of nonlinearity
between solution and concentration, respectively.

The results concerning €dcontaminant adsorption for CA-bentonite are preskin Fig. 4 and Fig. 5. And together
with experimental data, the corresponding theaaittidjustment of experimental determinations bylLtwegmuir and
Freundlich equations were also plotted, respegtidel
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Figure 4. Adsor ption isotherm of Cd2+ on CA-bentonite. +: Langmuir isotherm; * : Freundlich isotherm

Table 1 Parametersfor the calculation using langmuir and freundlich models

L angmuir Freundlich
Quax (Mg/g) [K (L/mg) | R? | 1n [K;(mg*"L/g)| R
48.86 0.159 | 0.988.493 8.887 0.94¢

The relative values calculated from the two modets listed in Table 1. For the Langmuir model, soeption
capacity of CA-bentonite for Gdis calculated to be 48.86 mg/g under the experiai@onditions. The values of
Qmax and K calculated from the slopes and intercepts of theghauir plots and correlation coefficien®, are
reported in Table 1. As it can be seen most oftteorption isotherms fitted the Langmuir equatiath worrelation
coefficientsR?>0.98. Many experimental isotherms conforming to adranir isotherm involve monolayer coverage.
The large value oK; (Freundlich model) indicates that CA-bentonite hdsigh sorption affinity towards &d The
deviation ofn from unity indicates that a nonlinear sorption &géace on the heterogeneous surfaces. The nanlinea
behavior implies that the sorption energy barmeréases exponentially as the fraction of filldéssion the sorbent
increases [9]. The Langmuir isotherm model providetter description of the experimental data ttenRreundlich
model.

CONCLUSION

A new adsorbent, CA-bentonite, were prepared fof* Gintaminant removal. The optimum conditions for
preparation the CA-bentonite as follows: the optimuatio of CA to bentonite is 100%CEC; the optimum
modification temperature is 60 °C; the optimum nficdiion time is 1.5 h. Moreover, the CA-bentonsieowed
significant adsorption for the &dcontaminant from aqueous solution. This could Rplaéned by adsorption
interaction between the adsorbed contaminants miglecand organic chelating agents on CA-bentomitdch
should enhance the adsorptive capacity of the béatoThere was a good fit between the experimehditd for
CA-bentonite the Langmuir and Freundlich models. ti’¢ end of the adsorption studies, it can be #aad
CA-bentonite may be used as an adsorbent for atiisomqpf some heaving metals from waste water sohgti
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