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1. Introduction

Due to their remarkable properties as adsorbents (high
specific surface area, chemical stability, tendency to hold water
in the interlayer sites, availability and low cost, material clays
have received great attention for the removal of hazardous
organic and inorganic pollutants from water (Bereket et al.,
1997; Bailey et al., 1999; Gupta and Bhattacharyya, 2005; Okada
et al., 2005; Boufatit et al., 2007a, b; Khazali et al., 2007; Dib et
al., 2008). Attempts have been made to further improve their
surface properties by chemical treatment and by intercalation
with inorganic or organic molecules (Bhattacharyya and Gupta,
2008; Boufatit et al., 2008; Kwon et al., 2001; Pérez-Quintanilla
etal.,2007; Uribe et al., 2002; Yapar, 2009). However, the sorbing
properties of acid-activated clays for heavy metal ions must be
characterized in order to predict the behaviour and removal of
toxic heavy metals such as chromium, lead, cadmium, copper,
nickel, and zinc from industrial wastewaters is still remains a
technological challenge (Xu et al., 2008; Khazali et al., 2007;
Al-Qunaibit et al., 2005; Donat et al., 2005; Yaruza et al., 2003).
In this work, we report new data on the efficiency of native
Algerian bentonite in removing Pb*, Cu*, Zn** and Ni** ions
from aqueous systems.

2. Materials and experimental methods

2.1. Reagents and solutions

All chemicals were purchased in analytical reagent grade and
were used as delivered. These were obtained from Carlo Erba
(NaOH, 98%), Fluka (KOH, 99.5%; CuCl,, 97%), Merck (HCI,
37%; NiSO,.6H,0, 99%) and Panreac (Pb(NO,),; ZnSO,H,0).
The elements standard solutions used were prepared with
distilled water.
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A sample of bentonite from Mostaganem (N.W. Algeria) was characterized by powder X-ray
diffraction, FT-IR spectroscopy and elemental analysis. The acid-activated bentonite was employed
as adsorbent for four heavy metal ions from aqueous solutions by mean of batch experiments.
The effect of shaking time, pH of aqueous solution, metal concentration and adsorbent amount
was studied. The effective pH range was found to be in the range 4 to 6, in which Algerian
bentonite showed significant removing potential for Pb2*, Cu?*, Zn?* and Ni2?*ions from aqueous

2.2. Preparation of bentonite

In this study, we used bentonite samples from Mostaganem
(N.W. Algeria). The commercial clay was purified using a
sedimentation method (Van Olphen, 1963). In this method,
5 g of clay were dispersed in 500 ml distilled water and shaken
overnight on mechanical shaker (Janke type, Hunkel Ika. Werk,
KS 500). The resulting clay slurry was then left to stand for 2 h
to allow sedimentation of silica and other heavy impurities.
The suspension was then centrifuged and the supernatant
water discarded. The restrained sample was air dried (Fig. 1.).
The purified bentonite was reacted with a 0.05M, 0.1 M, 0.2 M,
0.5M or 1 M HCl solution. The suspension composed of purified
clay (5 g) and a HCl solution (500 ml) was shaken for 24 h. The
acid-activated bentonite was centrifuged, air dried and ground
to fine powder then stored for further use (Fig. 2.).

Natural bentonite (5 g) Purified bentonite (5 g)
+ +
500ml (H,0 dist.) 500ml (HCI, x M)
v

[Bentonite slurry shaken, 24h}

[Bentonite slurry shaken, 24h}
v v

[Bentonite slurry left to stand (2h)} Centrifugation. 10 min

then decanted off

v
v
< Sample (solid, air dried) )
Centrifugation, 10 min
v
v

Sample (solid, air dried)

v

Purified bentonite (ground to a fine
powder then stored for further use)

Acid-activated bentonite (ground to a
fine powder then stored for further use)

Fig. 2. Treatment of bentonite with
HCl solution: x M= 0.05, 0.1,
0.2,0.50r 1 M HCI

2. dbra A bentonit kezelése sésavval:
x M= 0.05, 0.1, 0.2, 0.5 or
1 MHCI

Fig. 1. Procedure for purification of
bentonite clay
1. dbra A bentonittisztitds vizlata

Figs. 1-2.  Schematic diagrams for the procedure of purification and acid-treatment of
bentonite (adapted from Van Olphen, 1963)
1-2. dbra A bentonit tisztitdsdnak és savval torténd kezelésének sematikus diagramjai
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2.3. Adsorption experiments

1g of acid-activated bentonite, with HCI solution, was added
to 100 ml aqueous solution containing separately Pb**, Cu*,
Zn** and Ni?* ions into 200 ml conical flasks and shaken to
achieve the desired concentrations of different components.
The pH values of the solution were adjusted by adding
negligible volumes of 0.1 mol/l HCI or NaOH solution. After
stirring the suspensions for 2h (Cu?*, Ni**, Pb*) and 1h (Zn*),
the solid and liquid phases were separated by centrifugation at
room temperature.

2.4. Analytical method

The surface properties of raw and acid-activated bentonite
were characterized by Fourier Transform Infrared spectra (FT-
IR) and X-ray diffraction (XRD).

XRD patterns were obtained from Philips PW 1730
diffractometer equipped with anode using Cu-Ka. radiation
(40 kV, 30 mA). The sample for the FT-IR measurement of
raw and acid-activated bentonite was obtained on a FT-IR
Spectrometer, type Perkin Elmer Spectrum one model in KBr
pellet at room temperature.

The specific surface analysis of the raw and acid-activated
bentonite was obtained with an analyzer (Micromeritics ASAP
2020 equipment), using N, as adsorbate.

The concentrations of Pb*, Cu?', Zn?' and Ni ** were
analyzed by Varian type SAA-110 flame atomic absorption
spectrometer equipped with deuterium background corrector.
All measurements were carried out in air/acetylene flame. The
removal of metal ions was calculated as:

Ci _Ce

1
where C, and C, are the initial and equilibrium metal ions
concentrations, respectively.

Removal % = ( ).100 1)

3. Results and discussion

3.1. Characterization of bentonite

The specific surface analysis of the raw bentonite was found
to be 52 m?/g, (Boufatit and Ait-Amar, 2007b). The chemical
composition was (55-65)% SiO,; (12-19)% AL O,; (0.5-1.8)%
K,0; (2-3)% MgO; (0-2)% Fe,0, (1.5-5.5)% CaO; (1-3)%
Na,O, (Dib and Boufatit, 2009). The chemical composition of
this natural clay mineral indicates the presence of important
quantity of silica (SiO,) with traces of calcium and potassium
oxides in the form of impurities (CaO and K,0).The ignition
loss of the clay at 1000 °C was found to be 7.5%, humidity 15%,
and swell 0.8%.

3.1.1. XRD analysis

XRD analysis (Fig. 3.) showed that there was no obvious
difference in the crystal structure of the raw and acid-activated
bentonite (which was used in the experiments). The reflexions
of all samples were exactly the same except the disappearance of
the reflexion centred at 28 = 9° in the acid-activated bentonite
(0.2M HCI) spectrum. In addition, associated montmorillonite
and quartz impurities were also found in both materials.
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Fig. 3. X-ray diffractograms of raw and acid-activated bentonite with HCI
3. dbra A nyers és a s6savval aktivilt bentonitmintdk rontgen diffraktogramjai

3.1.2. Infrared Spectroscopy Study

The characteristic bands of bentonite and the detailed
vibrational frequencies with possible assignments being
given are obtained from studies reported earlier (Boufatit et
al., 2007b, 2008; Ledoux et al., 1964; Slosiarikova et al., 1992;
Van der Marecel et al,, 1979). All products (Fig. 4.) exhibit a
moderately intense band at 3451 cm™, which might be ascribed
to the stretching frequencies of the OH functional group of
co-ordination water and of the hydration OH stretching. The
absorption band at 1638 cm™ can be attributed to both OH
stretching vibration and 6(H,O) deformation. The rest of the
bands between 1043 and 500 cm™ in all samples are due to
stretching vibrations of Si-O, Si-O-Si, OH attached to (Al*,
Fe** and Mg*) groups and the Silica Quartz impurities. The
main change of spectra found after the acid treatment is the
disappearance of the absorption bands centred at 1109 cm
and 500 cm™in the acid-activated bentonite (0.05, 0.5 and 1M
HCI).
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Fig. 4. Compared Infrared Spectra of raw and acid-activated bentonite with HCI
4. dbra A nyers és a sésavval aktivdlt bentonitmintik FT-IR spektrumai

3.2. Effect of shaking time

The effect of shaking time on the removal of Pb*, Cu*, Zn*
and Ni?*ions is shown in Fig. 5. According to this figure, the
removal increases with the increasing of shaking time, in the
range of 5-120 min, to reach a highest value at the contact time
of 15 min. Then, it decreases when shaking time exceeds 20 min
to reach equilibrium within 60 min in the case of Pb*. Similar
behaviour was reported elsewhere (Dib and Boufatit, 2009;
Xu et al., 2008). However, the removal of Zn?' ions increases
with time and attains saturation within 60 min. In contrast, the
removal of both Cu*" and Ni** ions was slightly decreasing to
reach equilibrium within 90 min. Maxima adsorptions were:
94% (Pb?*); 96% (Cu?*); 91% (Ni?*) and 91.7% (Zn?*).
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Fig. 5. Removal of Pb*, Cu?*, Zn** and Ni** onto acid-activated bentonite (0.05M
HCI) as a function of shaking time (initial metal concentration: 10 mg.I';
mass of acid-activated bentonite: 1g, T: 25°C)

5.dbra Az Pb*, Cu®, Ni** és Zn** ionok megkditése sésavval aktivdlt bentoniton
(0.05M HCI) az érintkezési id6 fiiggvényében (kezdeti fémkoncentrdcié
10 mg.l", sésavval aktivdlt bentonit tomege 1 g, homérséklet 25°C)

3.3. Effect of pH

The removal of Pb*, Cu®, Zn?* and Ni ** ions strongly
depended on pH values (Fig. 6.). The pH effect was investigated
within the range from 1 to 7 in order to avoid any possibility
of metal hydroxide precipitates. In fact, adsorption of these
ions on bentonite could be masked and difficult to quantify at
pH values slightly higher than 6. It is found that the removal of
these ions increased gradually in acidic solutions within the pH
range of 1-4 and then becomes constant within the pH range
of 4-7. Taking into account the effect of H,O* at low pH values
on surface of bentonite, this surface would be closely associated
with hydronium ions (H,0*) which hinder the access of metal
ions, by repulsive forces, to the surface functional groups
(Bhattacharyya and Gupta, 2008). However, with the increasing
pH, the concentration of H,O* decreases and more of the metal
ions could reach the clay surface and adsorb on it. The percentage
removals of the metal ions reach the following maxima: 95% at
pH = 4 for Cu®* ions; 90% at pH = 5 for Ni**; 98% at pH =5 for
Pb?* ions and 85% at pH = 6 for Zn** ions.
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Fig. 6. Removal of Pb*', Cu?*, Zn** and Ni?* onto acid-activated bentonite (0.05M
HCI) as a function of pH (initial metal concentration: 10 mg.I'; mass of acid-
activated bentonite: 1 g, T: 25 °C)

6. dbra Az Pb*, Cu?, Ni** és Zn>* ionok megkditése sésavval aktivdlt bentoniton
(0.05M HCI) a pH fiiggvényében (kezdeti fémkoncentrdcié 10 mg.l", sésavval
aktivdlt bentonit tomege 1 g, hémérséklet 25 °C)

3.4. Effect of mass of bentonite

The removal of Pb**, Cu*, Zn** and Ni** increased with the
bentonite amount (Fig. 7.). This removal became constant beyond
masses greater than 1 g for the three metals ions Cu?*, Pb*" and
Zn* and 2g for Ni** ions. This increase may be associated with
the increase of available sites on the bentonite surface upon
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increasing the amount of bentonite. The optimazed removal was
91% (Cu*), 74% (Ni**), 99% (Pb*) and 36% (Zn?*").
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Fig. 7. Removal of Zn*, Ni**, Cu’** and Pb** as a function of acid-activated bentonite

(0.05M HCI) mass (initial metal concentration: 10 mg.I'; T: 25 °C)

7. dbra Az Pb*, Cu?*, Ni** és Zn** ionok megkotése sosavval aktivdlt bentoniton
(0.05M HCI) a bentonit tomegének fiiggvényében (kezdeti fémkoncentrdcid
10 mg.I', hémérséklet 25 °C)

3.5. Effect of initial concentration of Pb?**, Cu*', Zn**
and Ni?*ions

The removal of Pb*, Cu?*, Zn** and Ni*"ions on bentonite
as a function of initial concentration in the range 5-100 mg/l
was investigated at pH = 5 (Fig. 8.). As seen in this figure, the
removal was constant for initial concentration exceeding 30
mg. L' for Pb* jons, while the extent of the removal decreased
continuously for Cu**and Ni** ions. This behaviour observed for
Cu?*and Ni**ions might be explained by the availability of sites.
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Fig. 8. Removal of Cu*, Ni** and Pb** ions as a function of initial metal concentration

(pH of the aqueous solution: 5; mass of acid-activated bentonite: 1 g T: 25 °C)
8. dbra Az Pb*, Cu?* és Ni** ionok megkdotése sésavval aktivdlt bentoniton a fémkoncent-
récié fiiggvényében (vizes oldat pH-ja 5, bentonit tomege 1 g, hémérséklet 25 °C)

4. Conclusion

Acid-activated bentonite from Mostaganem (N.W. Algeria)
can be used as an effective adsorbent for the removal of Pb*,
Cu*, Zn** and Ni* from aqueous solutions.

The effective solution pH for the removal was: 4 for Cu*, 5
for (Pb*, Ni?*) and 6 for Zn?*".

The contact time for the maximum removal required was 90
min for Cu**and Ni** and 60 min for Pb*and Zn?**.

The availability and the low cost of this bentonite make it
a good candidate in adsorption processes for use in water
treatment and purification.
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Osszehasonlit6 vizsgalatok egy bentonitos agyag
kémiai kezelésérdl, jellemzésérol, valamint Pb?,

Cu?*, Ni?* és Zn?* adszorpciojarol

Mostaganem-bdl (Délnyugat-Algéria) szarmaz6 bentonitmin-
tat vizsgaltunk pordiffrakciés, FT-IR spektroszképiai madd-
szerekkel, és meghataroztuk kémiai 0sszetételét is. A savval
aktivalt bentonitot adszorbensként hasznaltuk nehézfémek
vizes oldatbdl valé megkdtéséhez, szakaszos korilmények
kozo6tt. Tanulmanyoztuk az érintkezési id6, az oldat pH-ja, a
fémkoncentracié és az adszorbens mennyiségének hatasat
a fémmegkotd képességre. A legmegfelelébb pH tartomany
4-6 kozé esik. Ekkor az adott bentonit jelentds mennyiségl
Pb2+, Cu2+, Ni2+ és Zn2+ iont kot meg vizes oldatokbdl.
Kulcsszavak: savval aktivalt bentonit, toxikus nehézfémek el-
tavolitasa

Az EPITES FEJLODESEERT ALAPITVANY
2010. EvVi PALYAZATAINAK NYERTESEI

Diplomadij palyazat:

I. dij: Hébor Eszter: Ability Park

. dij: Roman Zsolt: Epiileten kiviili robbantasok modellezése
vazas épllet esetén val6 alkalmazasa

1. dij: Wettstein Domonkos: Torténelmi tandsvény a vasfliggony
mentén

1. dij: Kovacs Gabor: Arvizvédelmi védvonal &athelyezésének
lehetoségei az Gj Mosoni-Duna hidnal

1. dij: Funk Bogdan: Régészeti kutatokdzpont

1. dij: Balazs Marcell: Vakok és gyengénlatok iskolaja
1. dij: Kovacs David: Hegyestli Geopark
1. dij: Horvath Csaba: Hotel Rudas

Kilondij: Hakkel Marton: Szakkorhaz a békasmegyeri lakotelepen

Az év kiemelkedo fiatal épitésze palyazat:

I. dij: Valkai Csaba: Ravataloz6, Tomorkény; Mivészetek
Palotaja - Feszival Szinhaz, Budapest; Onkormanyzati
lakéépllet, Budapest; Racz Furdd, Budapest

1. dij: Menyhart Gergd: Celldomolk - Varoshaza

1. dij: Ko6s Marianna: Konferencia- és rendezvénykbézpont -
Szombathely

1. dij: Kolossa Jézsef: Esztergaly Mihaly Altalanos lIskola -
Csomad

63. évf. 1-2. szam = 2011/1-2 = épitdanyag | 27





