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Abstract

The adsorption ofp-chlorophenol (p-CP) from aqueous solutions on bentonite and perlite was
studied. These materials are available in large quantities in Bulgaria. Model solutions of various
concentrations (1–50 mg dm−3) were shaken with certain amounts of adsorbent to determine the
adsorption capacity ofp-CP on bentonite and perlite as well. The influence of several individual
variables (initial adsorbate concentration, adsorbent mass) on the rate of uptake of the studied com-
pound on the adsorbent was determined by carrying out experiments at different contact times using
the batch adsorber vessel designed according to the standard tank configuration. Rapid adsorption
was observed 20–30 min after the beginning for every experiment. After that, the concentration of
p-CP in the liquid phase remained constant. The adsorption equilibrium ofp-CP on bentonite and
perlite was described by the Langmuir and the Freundlich models. A higher adsorption capacity was
observed for bentonite (10.63 mg g−1) compared to that for perlite (5.84 mg g−1). © 2002 Elsevier
Science B.V. All rights reserved.
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1. Introduction

The usage of natural mineral sorbents for wastewater treatment is increasing because
of their abundance and low price. There are many papers in the literature concerning the
adsorption of low molecular organic compounds on bentonite and organobentonites [1–7].
Both, the natural material perlite and the modified perlite are used for the treatment of oily
wastewaters [8–10] and also as a carrier of biomass in reactors for the treatment of synthetic
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and municipal wastewaters [11–13]. There are no data available in the literature concerning
the adsorption capacity of bentonite and perlite forp-chlorophenol (p-CP).

Experimental results on the kinetics of adsorption ofp-CP onto yellow bentonite and
expanded perlite from aqueous solutions are presented in this paper. This is a part of the
author’s investigations on the adsorption of chlorinated phenols [14,15]. The influence of
the initial concentration ofp-CP in model aqueous solutions and the sorbent mass on the
adsorption rate were both studied. The adsorption isotherms ofp-CP on yellow bentonite
and expanded perlite were determined and the constants in the Langmuir and Freundlich
models calculated.

2. Experimental

The bentonite and the perlite used for the investigations were taken from deposits in the
southern part of Bulgaria. Their chemical composition and specific area are presented in
Table 1. The surface area was determined by the use of a mercury porosimeter Sorptomatic
1900, FISONS Instruments. The particle size distribution of both materials is given in
Table 2. The kinetics and equilibrium adsorption ofp-CP was carried out using the model
aqueous solutions ofp-CP (Fluka, purity 99%) at 20± 2 ◦C and pH 7± 0.2. The pH mea-
surements were made with a pH-meter, model LPH 403T TACUSSEL. The concentrations
of p-CP in the solutions were determined using a Perkin-Elmer 323 UV–VIS–NIR spec-
trophotometer by absorption measurements atλ = 280 nm. An adsorption contact system
with standard configuration—a vessel with a stirrer having a volume of 2 dm3 and internal
diameter 0.13 m was used for the kinetic study [16]. The volume of the liquid phase was
1.7 dm3 and the depth 0.13 m. The intensive mixing (P, rpm) of the adsorbent particles in
the liquid was performed by a stirrer Heidolph RZR 2100. The isotherms were determined

Table 1
Typical chemical analysis of the natural sorbents

Constituents (% mass) Bentonite Perlite

SiO2 59–75 70–80
Al2O3 12–16 10–15
Fe2O3 1–6 <1.5
CaO 1.8–5 <1.5
MgO 0.9–3 <1
K2O, Na2O 0.5–1 <10
TiO2 0.1–0.8 –
Loss at ignition – <5
Surface area (m2 g−1) 57.99 5.83

Table 2
Particle size distribution (%) of bentonite and perlite

Fraction size (�m) <63 63–100 100–160 160–200 200–315 315–400 400–500
Yellow bentonite 15.8 5.3 64.2 10.9 2.3 0.2 1.3
Perlite 79.17 14.58 6.25 – – – –
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by shaking 50 cm3 model solutions with 1–50 mg dm−3 concentrations ofp-CP and definite
sorbent quantity (W, g) in screw cap jars for 7 days, which was more than ample time for
adsorption equilibrium.

3. Results and discussion

3.1. Influence of the initial concentration

The influence of the initial concentration ofp-CP in the solutions on the rate of adsorption
on bentonite was studied. The experiments were carried out at 300 rpm, mass of sorbent 2 g
and initial concentrations ofp-CP 5, 15, 25, 40 and 50 mg dm−3. An increase of the initial
concentrationC0 leads to a lower adsorptive reduction of thep-CP concentration (Fig. 1).
The kinetic experiments showed that the necessary time for the equilibrium to be reached
was about 30 min.

The influence of the initial concentration on the adsorption rate ofp-CP on perlite was
studied for 12, 25 and 50 mg dm−3 at 300 rpm and a sorbent mass of 2 g (Fig. 2). The results

Fig. 1. Effect of initial concentration on the adsorption ofp-CP on bentonite (P = 300 rpm,W = 2 g).

Fig. 2. Effect of initial concentration on the adsorption ofp-CP on perlite (P = 300 rpm,W = 2 g).
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Fig. 3. Effect of adsorbent mass on the adsorption ofp-CP on perlite (P = 300 rpm,C0 = 50 mg dm−3).

were similar to those obtained in the bentonite study. The equilibrium was established
quickly within 15 min.

3.2. Influence of the sorbent mass

The adsorption rate ofp-CP on perlite was studied changing the quantity of the sorbent
added: 2, 3 and 5 g in 1.7 dm−3 while keeping the same initial concentration of 50 mg dm−3

and speed of agitation 300 rpm. The amount adsorbed increased when more sorbent was
used (Fig. 3).

Langmuir and Freundlich models were used for the description of the isotherms. The
basic assumptions of the Langmuir model are well known [17]. The Freundlich model
assumes a heterogeneous adsorption surface and active sites with different energy [18].

According to the Langmuir model:

qe = kLCe

(1 + aLCe)
or in linear form

Ce

qe
= 1

kL
+ aL

kL
Ce;

According to the Freundlich model:

qe = kf C
n
e or in linear form logqe = logkf + n logCe

whereqe is equilibrium adsorption capacity (mg g−1); Ce is the concentration ofp-CP in
the solution at equilibrium (mg dm−3); kL, aL are the constants in the Langmuir equation;
kf , n are the constants in the Freundlich equation.

The values of the constants were determined after linearizing the equations through linear
regression analysis.

The adsorption isotherms ofp-CP on bentonite and perlite are shown in Figs. 4 and
5. The calculated values of the constants in Langmuir and Freundlich equations and the
regression coefficients (R2) are given in Table 3. Both the models were found to be suitable
for describing the adsorption ofp-CP by bentonite and perlite.

The bentonite had a higher adsorption capacity for the studied compound than that of
perlite.
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Fig. 4. Equilibrium isotherms forp-CP on bentonite.

Fig. 5. Equilibrium isotherms forp-CP on perlite.

The extent of the removal ofp-CP using bentonite was up to 50% for low initial concen-
trations and decreased at higher concentrations to 33%. When perlite was used these values
decreased to 40 and 22%, respectively.

The monolayer adsorbent capacity defined askL/aL [19] was 10.63 mg g−1 for bentonite
and 5.84 mg g−1for perlite.

Table 3
Values of the constants in Langmuir and Freundlich models

Adsorbent Langmuir Freundlich

kL aL R2 kf n R2

Bentonite 0.478 0.0450 0.997 0.5018 0.74 0.987
Perlite 0.257 0.0441 0.984 0.3058 0.70 0.994
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4. Conclusions

The kinetics and the equilibrium ofp-CP adsorption on yellow bentonite and perlite were
studied. Based on the study, the following conclusions were made:

1. The rate of adsorption ofp-CP on bentonite as well as that on perlite was influenced by
the initial concentration of the adsorbate. The equilibrium was reached in 30 min with
bentonite and 15 min with perlite.

2. Both the Langmuir and the Freundlich adsorption models were found suitable for the
adsorption ofp-CP by bentonite and perlite.
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