
1053

Int. J. Environ. Res., 8(4):1053-1066, Autumn 2014
ISSN: 1735-6865

Received 13 Jan. 2014;                 Revised 21 March 2014;                Accepted 25 March 2014

*Corresponding author E-mail: bouatay_feriel@hotmail.com

Valorization of Tunisian Pottery Clay onto Basic Dyes Adsorption

Bouatay, F.*, Dridi, S. and Mhenni, M.F.

Research Unit of Applied Chemistry & Environment, Department of Chemistry, Faculty of
Sciences, University of Monastir, Environment Street, 5019, Monastir, Tunisia

ABSTRACT: This study examined the adsorption behavior of two cationic dyes used in textile industries (CI
Basic Red 46 and CI Basic Blue 3) on Tunisian clay used in pottery. The ability of pottery clay to remove the
basic dyes from aqueous solution was compared to that of the commercial powdered activated carbon (PAC)
and raw clay. Physicochemical characteristics of these adsorbents were performed by Boehm dosage, pHPZC

and CEC determination, particle size distribution and spectroscopic analysis (FTIR and UV-Vis). The pHPZC

of the pottery clay was about 9.86 and the CEC was about 15.6 meq/g. The empirical kinetic data fitted very
well the pseudo second order model for the adsorbent studied. The isotherm data fitted rightly to the Langmuir
isotherm model. The maximum adsorption capacities of the raw clay, pottery clay and PAC onto CI Basic Red
46 (CI Basic Blue 3) were respectively2806 mmol/g(785 mmol/g), 2114mmol/g (116.2mmol/g) and 2123mmol/
g (343.9 mmol/g). These results showed the large adsorption capacities of the studied samples onto the basic
dyes. Based on thermodynamic study, the adsorption of the cationic dye on raw clay, pottery clay and PAC
appears to be physical adsorption process. The effect of the ionic strength study showed that the presence of
electrolyte had an important effect on the basic dyes removal.
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INTRODUCTION
There are more than 100000 types of dyes

commercially available, with over 7*105tons of dyestuff
produced annually. These dyes can be classified
according to their structure as anionic and cationic
products (Robinson et al., 2001). In aqueous solution,
anionic dyes carry a net negative charge due to the
presence of sulphonate ( ) groups while cationic
dyes carry a net positive charge due to the presence of
protonated amine or sulfur containing group, and
present a highly toxicity. (Netpradit et al., 2004). In
addition, dye wastewaters are commonly characterized
by high salts content and low biodegradation potential
(Alinsafi et al., 2005) which makes effective removal by
conventional wastewater treatment process difficult
(Vimonses et al., 2009). Therefore, removal of dyes is
an important aspect of wastewater treatment before
discharge. So, several effluent treatment methods have
been used during the past years. These methods
include: photo-catalytic degradation (Sohrabi et al.,
2008), sono-chemical degradation(Abassi et al, 2008),
filtration (Saffaj et al., 2005), cation exchange membranes
(Wu et al., 2009), electro-chemical degradation(Fan

et al., 2008), photo-Fenton (Nunez et al., 2007), biological
treatment (Lu et al., 2009 ; Wang et al., 2009), and
adsorption (Errais et al., 2012). Furthermore, it is difficult
to remove basic dyes using chemical coagulation due
to the high solubility in water. So, adsorption with
activated carbon appears to be the best prospect for
elimination of this dye. Despite the effectiveness, this
adsorbent is expensive and difficult to regenerate after
use. Moreover, there is a need to produce relatively
cheap adsorbents that can be applied to water pollution
control. Therefore, many researches in recent years have
focused on the use of various low-cost adsorbents for
dye removal from aqueous solution. Among these
alternative adsorbents, it can be cited: carbonized
organic material (Ho et al., 2005), bagasse fly ash (Gupta
et al, 2000), cellulose (Ben Douissa et al., 2013), recycled
alum sludge (Chu, 2001), sewage sludge (Dhaouadi et
al., 2009), earths (Atum et al., 2003; Al Ghouti et al,
2003), agriculture residues ( Lima et al., 2008; Pavan et
al., 2008), fishery residues (Monvisade et al., 2009; Crini
et al., 2008), microorganisms and also algae (Zakhama
et al., 2011).

Furthermore, clay minerals have a great potential
to fix pollutants such as heavy metals, dye wastewater
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and organic compounds, and they are widely applied
in many fields of science and technology, for example,
for the removal of liquid impurities and the purification
of gases with surfactant-modified montmorilloniteas
adsorbent agent(Juang et al., 2002), or the dyes and
surfactants from tannery waste waters with natural and
acid-activated bentonite and sepiolite (Espantaleo et
al., 2003), due to their lamellar  structure which provides
high specific surface areas (Tsai et al., 2004) and
possibility to adsorb ions and polar organic molecules
on particle external site and in interlayer positions
(Gurses et al., 2004). Basic Red 46 (BR 46) and Basic
Blue 3 (BB3) were selected as a model synthetic azo
dye due to their extensive use in textile industry. Azo
dyes are a class of dyes characterized by the presence
of the azo group. Due to high usage of these dyes,
large volumes of colored effluents are discharged into
environmental water sources. Their release into the
environment is of concern due to their toxic, mutagenic
and carcinogenic characteristics of the dyes and their
biotransformation products. Hence, removal of azo
dyes from wastewater is a major environmental issue.
(Deniz and Karaman, 2011). In this regard, the aim of
this study was to valorize the clay pottery waste in the
waste water treatment. In this paper, the pottery wastes
are used to remove a cationic textile dye. For the
comparison, a multi-scale study, the PAC and the raw
clay were used at the same time. The Basic Red 46 and
the Basic Blue 3 were chosen as adsorbate in this work.
The relevance of this work is to use both the
macroscopic and microscopic data to understand the
adsorption mechanism and to evaluate the dye removal.

MATERIALS & METHODS
The basic dyes used as adsorbate in the

present study are C.I. Basic Red 46 (BR46)
(C19H26N6O4S) and C.I Basic Blue 3 (BB3)
(C20H26N3OCl). These basic dyes are supplied
respectively by Ciba and DyStar companies. The
molecular mass of these dyes are respectively Mr=
432g/mol and Mr=359,45g/mol. The molecular
structures are shown in figure 1. The UV–vis spectra
of the dyestuffs aqueous fraction were recorded using

a CECIL 2021 Instruments UV/Vis spectrophotometer
and the results are represented in fig. 2. The maximum
wavelengths λmax of the dyes were found to be
respectively 530nm and 580 nm.

Clays used in this research were collected from
eastern Tunisia in the region of Monastir. The
adsorbent studied in this paper were represented in
figure 3. The samples were initially powdered, sieved
(<60µm) and humidified at 20% water content and dried
at 105°C for 24h. Then, the clay sample (S1) were
powdered and passed through a 120 µm sieve. The
sample noted S2 in this study was a waste pottery
materiel which was a raw clay mixed with sand. This
mixture was calcinated at 1000°C, powdered and passed
through a 120µm sieve. The adsorption study of these
clays materials onto the two basic dyes was compared
to the adsorption behavior of the activated carbon
(noted PAC: powdered activated carbon
(commercialized)) onto these dyes.

The Boehm titration method was applied to
determine the surface functional groups containing
oxygen. The main principle of this method is that
oxygen groups on carbon surfaces have different
acidities and can be neutralized by bases of different
strength. Prior to the analysis, samples were dried at
110°C for 3 h. Then, 0.5 g of each sample was added to
glass bottles containing 25 ml of the following0.05M
solutions: NaOH, Na2CO3and NaHCO3. The bottles
were sealed and shaken for 48 h to reach equilibrium.
Then, the dispersions were filtered and 10 ml of the
filtrates were pipetted to 100 ml Erlenmeyer flasks and
the excess acid was back titrated with 0.05 M standard
solutions of NaOH. The number of acidic sites was
calculated assuming that NaOH neutralizes carboxylic,
phenolic, and lactonic groups, Na2CO3 neutralizes
carboxylic and lactonic groups, while NaHCO3
neutralizes carboxylic groups only. (Milan et al., 2011)

The point of zero charge (pHPZC) of the studied
sample was determined using the pH drift method. A
stepwise addition of 0.1M HCl and/or 0.1M NaOH
solutions were used for pH adjustment (3, 6 and 9).

Fig.1. The chemical structure of basic dyes
(A) C.I Basic Red 46 (BR46); (B) C.I Basic Blue 3 (BB3)
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0.05g; 0.1g; 0.5g; 1g; 2.5g and 5g of each sample were
added to 100ml of NaCl (0.1M) at different pH. These
solutions were shaken for 24h. Then, the dispersions
were filtered and we measured the pH of the solution.
The curves of the pH evolution with the samples mass
were represented. The point of zero charge (pHPZC) is
the average of the three pH values reached constant
depending on the mass. (Joong et al, 1990). The particle
size distribution of studied samples was determined
with wet separation method.(Alpha standard methods,
1999). The cation exchange capacity (CEC) of the
studied sample were carried out by taking about 0.2 g
of adsorbent (dried at 110°C) in a stoppered conical
flask and added to it 25 ml 0.5 M CaCl2·2H2O. It was
shaken for 1 h in a shaker and allowed to settle
overnight. The residue was filtered and washed with
75% methanol for 4-5 times, then washed with distilled
water to free it from chloride. To the residue on filter
paper, 30 ml 1 M KCl was added in parts for slow
leaching. Finally the filtrate was titrated with 0.01 M

EDTA. The value of CEC was calculated from the
amount of Ca2 + released (Barsha et al., 2013).

Fourier transform infrared (FTIR) spectra were
recorded on a Perkin–Elmer IR-197 spectrophotometer
using potassium bromide disks. A total of 32 scans for
each sample were taken with a resolution of 4/ cm, with
a range of 4000–400/cm. The effect of the pH on the
amount of the maximum adsorption capacities was
studied over the pH range from 3 to 10. The pH was
adjusted by adding a few drops of 0.5N of NaOH or
0.5N of HCl. In this study, 25ml of a fixed initial dye
concentration at different pH were agitated with 0.075g
of adsorbent using water bath shaker at 20°C. The
agitation speed was provided at 150 rpm for 24h. The
samples were centrifuged at 2000 rpm for 5min. The
supernatant absorbance was measured using
colorimetric method. The maximum adsorption
capacities (qe(mmol/g)) were determined according to
equation Eq(1).

Fig.2. UV–vis spectra of basic dyes aqueous fractions
(A): BR 46 λmax=530 nm; (B) BB3 λmax=580 nm
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Fig.3. Description of studied adsorbents;
 (A) : raw clay (S1) ; (B) pottery clay (S2); (C) powdered activated carbon (PAC)
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          (1)

Where C0 and Cf are the initial and the final
concentrations (mmol/L) of the dye solution, v (L) is
the volume of the dye solution and m (g) is the clay
sample.  Adsorption kinetic experiments were carried
out mixing 25ml of a constant dye concentration
solution (at 20°C and pH= 6) (100 mg/l) with 0.075 g of
adsorbent at the constant stirring speed of 150 rpm.
Samples were centrifuged at 2000 rpm for 5min and the
supernatant absorbance was measured using
colorimetric method. In order  to evaluate the
effectiveness of an adsorbate, studies of kinetics of
adsorption equilibria are also needed. Several kinetic
models are available to examine the controlling
mechanism of the adsorption process and to test the
experimental data (Errais et al., 2011). Four common
kinetic models were tested: pseudo-first order, pseudo-
second order, the Elovich and the Intraparticle diffusion
models.

- The pseudo-first order equation

The pseudo-first order equation was used to fit
the experimental results (Lagergren et al., 1898).

          (2)

Where qe and qt are the amounts of dye adsorbed
per unit of adsorbent (mmol/g) at equilibrium time and
time t, respectively, and K1(per min) is the rate constant
for the first-order kinetics. The adsorption rate constant
was determined from the plot of qt against t.

- The pseudo-second order equation

The pseudo-second order model is expressed by
equation Eq(3) (Chrayya et al., 2004):

          (3)

Where K2 (per min) is the rate constant of
adsorption, qe is the amount of dye adsorbed at
equilibrium (mmol/g) and qt is the amount of dye
adsorbed at time t (mmol/g).

- The Elovich equation

The Elovich equation is often used when the
adsorbing surface is heterogeneous. The integration
between time t=0 and t=t gives equation Eq(4)

Where α (mmol/g) is the initial adsorption rate constant
and the parameter β (g/(mmol.min)) is related to the
extent of surface coverage and activation energy for
chemi-adsorptions.

- The Intraparticle diffusion equation

If the diffusion of dyes molecules on internal
surfaces of pores and capillaries of the adsorbent is
the rate-limiting step, the adsorption data can be
presented by the following equationEq(5) (Yue et al.,
2011):

                         (5)

Where Kp represents intraparticle diffusion rate
constant (mmol/g/min-1/2) and C is a constant (mmol/g)
which gives information about the thickness of
boundary layer.

Adsorption isotherm experiments were carried out
mixing 25ml of an aqueous dye solution with different
dye concentration (at 20°C and pH= 6) with 0.075 g of
adsorbent at the constant stirring speed of 150 rpm for
24h. Samples were centrifuged at 2000 rpm for 5min
and the supernatant absorbance was measured using
colorimetric method.

In order to develop an equation which accurately
represents the results and to establish the most
appropriate correlations for the equilibrium data in the
design of adsorption system, three common isotherm
models were tested: Langmuir, Frendlich and Temkin
models.

- Langmuir isotherm

The Langmuir adsorption model is based on the
assumption that maximum adsorption corresponds to
a saturated monolayer of solute molecules on the
adsorbent surface. (Langmuir, 1918)

The Langmuir isotherm model is expressed by the
following equation Eq(6):

                         (6)

Where qe (mmol/g) is the amount of adsorbate per
unit mass of adsorbent, Ce (mmol/L) is the equilibrium
concentration of the adsorbate,Qm(mmol/g) and
KL (L/mmol)are Langmuir constants related to
adsorption capacity and rate of adsorption
respectively and determined from the linear plot of
specific adsorption (Ce/qe) against the equilibrium
concentration Ce.

- Frendlich isotherm
 (4)
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The Frendlich isotherm (Frendlich, 1906) is the
earliest known relationship describing the adsorption
equation. The fairly satisfactory empirical isotherm can
be used for non-ideal adsorption that involves
heterogeneous adsorption and is expressed by the
equation Eq(7):

Where ((mmoln-1/n L1/n)/g is roughly an indicator
of the adsorption capacity and 1/n is the adsorption
intensity.

- Temkin isotherm

Temkin and Pyzhev, 1940, considered the effect of
some indirect sorbate/adsorbate interactions on the
adsorption isotherm.  This isotherm assumes that; the
heat of adsorption of all the molecules in a layer
decreases linearly with surface coverage of adsorbent
due to sorbate-adsorbate interactions. This adsorption
is characterized by a uniform distribution of binding
energies. The Temkin isotherm is expressed by the
equation Eq(8)

The Equation (15) can be expressed in its linear
form as the equation Eq(9):

          (9)

Where , T is the absolute temperature in K,
R is the universal gas constant, A(mmol/L) is the

equilibrium binding constant and B (L/g) is related
to the heat of adsorption.

The temperature is a parameter often investigated
in literature and it is shown to affect the transport/
kinetic process of dye adsorption (Gupta et al, 2006;
Vimoses et al, 2009)

Therefore the dynamic activation parameters of
the process such as enthalpy (∆H), entropy (∆S) and
free energy (∆G) of dye adsorption onto pottery clay
were determined using the Eyring equation Eq(10)
(Laidier and Meiser, 1999)

       (10)

Where qe is the amount of dye adsorbed per unit
mass of samples (S1,S2, PAC) (mmol/g). Ce is the

equilibrium adsorbate concentration of dye in solution
(mmol/L), T is temperature in Kelvin, and R is the gas
constant.

The Gibb’s free energy (∆Gads), entropy (∆Sads) and
the enthalpy (∆Hads) changes for the adsorption were
determined by equation Eq(11):

       (11)

The values of the enthalpy of adsorption (∆Hads)
and the entropy of the adsorption (∆Sads) were
determined from the slope and intercept of the linear

plot of  versus (1/T). Once ∆Hads and ∆Sads were

obtained, was determined from equation Eq(11).

The thermodynamic study was done only for the
BR 46.

The effect of the electrolyte on the amount of the
maximum adsorption capacities was studied by adding
different electrolyte (Na2CO3, CaCl2 and NaCl) in the
dyeing solution (100 mg/L), and the electrolyte
concentration were respectively 0.01M, 0.01M and
0.02M. In this study, 25 ml of a fixed initial dye
concentration at different pH were agitated with 0.075g
of adsorbent using water bath shaker at 20°C. The
agitation speed was provided at 150 rpm for 24h. The
samples were centrifuged at 2000 rpm for 5min. The
supernatant absorbance was measured using
colorimetric method. The dye removal (%) was
determined from equation Eq(12).

Where C0 and Cf are the initial and the final
concentrations (mmol/L) of the dye solution.

Laboratory tests were conducted on effluent taken
from a Tunisian dyeing and finishing of Denim Fabrics
industry. Waste water characteristics were given in
Table 1.The absorbance was measured using a CECIL
2021 Instruments UV/Vis spectrophotometer in the
maximum wavelength ( .The chemical
oxygen demand (COD) was measured according to the

Table 1. Industrial effluent characteristics

Effluent 
pH 11,9 

Maximum wavelengths λmax 630 nm 
Abs 10,67 

COD (mg O2/L) 2350 
Conductivity (mS/cm) 3,6 

Turbidity (NTU) 38 
 

(12)

(7)

(8)
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Alpha standard method, 1999 and expressed as CODcr
(potassium dichromate as oxidant). The turbidity was
determined by a turbid-meter Turb 555IR according to
the Alpha standard method. The adsorption tests were
investigated at the same conditions described
previously. Analysis of the decolorization and the
chemical oxygen demand (COD) removal were carried
out to evaluate the dyeing adsorption performance of
the pottery clay onto industrial waste water. The
decolorization (decolorization (%)) was measured using
colorimetric method.

Where Absi and Absf were the absorbance
measured using a CECIL 2021 Instruments UV/Vis
spectrophotometer in the maximum wavelength
( of the effluent before and after
adsorption, respectively.

The COD removal (%) was calculated according
to equation Eq(14):

Where

were, respectively, the chemical oxygen demands of
the effluent before and after the coagulation-
flocculation treatment.

RESULTS & DISCUSSION
The PZC was measured for the clay samples. The

results are presented in Table 2.The pH at which the
total particle charge is zero, is called the point of zero
charge (PZC), which is one of the most important

parameters used to describe variable-charge surfaces
(Al Des et al., 2003; Casttilla, 2004; Nabais et al., 2011).
The pHPZC characterized the acidity or the alkalinity of
the surface. A pH lower than the pHPZC, the surface
charge was positive (acidity) and a pH higher than the
pHPZC, the surface charge was negative (alkalinity) and
tends to decrease. The pHi of the dye bath was about
5,5. So the clay samples have a higher value of pHPZC
than dye bath pH (pHPZC>>pHi), so the surface charges
of the sorbent are positive. The cation exchange
capacity (CEC) values were given in Table 2. CEC values
vary from 15meq/g to 15.6meq/g. The lowest CEC was
obtained for the raw clay (S1). The particle size
distribution of the clay samples and PAC was
represented in Table 3. The highest percentage of size
particle was varied from 20 to 63 µm. The raw clay
presented the highest percentage of the smaller particle
(<2µm) and the highest dye removal. The particle size
of adsorbent inversely influences the adsorption
process. Smaller the particles, higher the adsorption
efficiency and capacity due to large total surface area
of the adsorbent (Safa and Bhati, 2011). Asgher and
Bhatti, 2012, also observed non significant increase in
adsorption capacity of bio-adsorbents when particle
size was reduced from 1000 µm to 250 µm. Nassar et
al., 2012, also reported that 80% reduction in the
particle size could increase the adsorption capacity of
clay by 7.8%. Based on these facts, it is assumed that
adsorption parameters improve up to certain particle
size and then, remains constant.

Table 4 summarized the results of Boehm titration
and showed that most of acidic functional groups are
carboxylic, followed by lactonic and phenolic for the
studied clay samples. The effect of the initial pH values
for the adsorption of BR46 and BB3 dyes in solution
onto raw and pottery clays was investigated in the
range of pH 3-12 and given in fig. 4. The PZC measured
for the sample used vary from 8.68 to 10.1. The
adsorption capacity of BR46 and BB3 onto the studied
clays increased significantly when the pH of dye
solution increased from 10.1 to 12. This means that the
charge sign on the surface of the clay remains negative
in a wide pH range (10.5–12).When the solution pH is
basic, the negative charged clay surface favors the
BR46 and BB3 adsorption.

Table 2. Surface properties of clays

 CEC (meq/g) PZC
S1 15 8,68
S2 15,6 9,86

PAC 15,4 10,1

Table 3. The size distribution of the sample ( %)

Sieve size S1 S2 PAC 

>to 100 µm 9,98 27,4 0 
From 100 to 90 µm 2,59 8,6 0,012 
From 90 to 63 µm 3,85 18,34 5,8 
From 63 to 20 µm 82,11 45,82 87,54 
From 20 to 2 µm 1,44 0,6 6,7 

< 2 µm 0,02 0,012 0,02 

Table 4. The acidic functional groups of studied
samples

Sites number  
(1020/g of adsorbent) S1 S2 PAC 

Carboxylic 10,24 9,037 13,407 
Lactonic 8,736 5,723 6,928 
Phenolic 13,7 1,43 2,711 

 

(13)

(14)
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Therefore, the amount of BR46 and BB3 adsorbed
on the clay tended to decrease with the decrease of
pH, which can be attributed to the electrostatic
repulsion between the positively charged surface and
the positively charged dye molecule for pH below 10.5.
Also, the lower adsorption of BR46 and BB3 at acidic
pH may be due to the presence of excess H+ ions
competing with dye cations for the adsorption sites.
These observations were similar to those findings by
other workers. (Tahir and Rauf, 2006; Selvan et al, 2008).
For further adsorption studies, the dye solution pH’s
were adjust at pH 6.0, which is approximately equal to
natural aqueous dye solution pH. The parameters
calculated for the different models are given in Tables5
and 6. The kinetic study of the BR 46 and BB3 basic

dyes onto the raw clay (S1), pottery clay (S2) and
powdered activated carbon (PAC) were determined in
the same conditions. The kinetic data obtained gave
poor fits with, Elovich and intraparticle diffusion models.
But a good fit was obtained with the pseudo first order
and the pseudo second order model as shown by the
high correlation coefficient (R² vary from 0.999 to 0.948).
A comparison of these results with the experimental
suggests that the second order model is more reasonable
than the first order one. The kinetic curves were
represented for the second order model in figures 5 and
6, suggesting that the adsorption involve more than
one step. Consequently, the adsorption can be
governed by chemical process involving cations
exchange. The dye removal was rapid in the initial stage
of contact time and reached equilibrium already after 10

Table 5. The kinetic parameters of BR46 dye adsorption

 Pseudo first order  Pseudo second order  Elovich  Intraparticule 
diffusion 

qe K1 R²  qe K2 R² α β R² Kp C R² 
S1 68.7 0.254 0.996  67.96 1.018 0.996 55708 0.17 0.93 0.918 53.51 0.44
S2 43.26 0.46 0.951  44.23 0.072 0.954 57761 0.15 0.64 0.763 32.96 0.67

PAC 56.43 0.47 0.954  57.54 0.062 0.956 12706 0.23 0.1 1.087 42.47 0.78
 

Table 6. The kinetic parameters of BB3 dye adsorption

 Pseudo first order  Pseudo second order  Elovich Intraparticule 
diffusion 

qe K1 R²  qe K2 R²  α β R² Kp C R² 
S1 89.52 0.393 0.999  90.97 0.118 0.999 5.035 0.5 0.10 0.89 71.69 0.11
S2 67.65 0.056 0.948  79.34 0.0024 0.97 111.28 0.04 0.87 1.64 37.94 0.51

PAC 78.53 0.142 0.979  85.99 0.0083 0.994 106836 0.086 0.80 1.19 57.83 0.24
 

Table 7. The isotherm parameters of BR46 dye adsorption

 
 Langmuir  Frendlich  Temkin 
 Qm KL R²  KF n R²  A B R² 

S1  2805 0.00138 0.978  46.49 2.0133 0.974  1.287 267.67 0.84 
S2  2114 0.00018 0.995  0.519 1.099 0.985  0.911 225.23 0.702 

PAC  2123 0.00055 0.991 6.39 1.447 0.990 0.262 151.93 0.706 

 

Table 8. The isotherm parameters of BB3 dye adsorption

 
 Langmuir  Frendlich  Temkin 
 Qm KL R²  KF n R²  A B R² 

S1  785.36 0.0064 0.942  47.23 2.9 0.82  0.598 121.54 0.893 
S2  116.2 0.0434 0.76  39.29 8.06 0.43  3.316 43.07 0.718 

PAC  343.92 0.0274 0.867  64.63 5.04 0.63  11.35 12.76 0.513 
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min for the different adsorbents, this explain the low
value of the correlation coefficient of the intraparticle
diffusion model. The rapid adsorption during the first
10 min was probably due to the abundant availability of
actives sites on the adsorbent surface, but with the
gradual occupancy of these sites, the adsorption became
less efficient. These results showed that for the same
initial mass of the adsorbent and dye concentration, the
adsorption rate was very important for the raw clay,
PAC and pottery clay (respectively 67.96mmol/g;
44.23mmol/g; 57.54mmol/g) for the BR46 and
90.96mmol/g; 79.34mmol/g and 85.99mmol/g for the BB3.
At the chosen experimental conditions, the adsorbent
with the lowest cation exchange capacities (CEC for
S1=15 meq/g) possessed the highest adsorption rate

and yield. Therefore, the exchange phenomenon
between the layers were probably responsible of the
adsorption processes what was to be expected
considering the negative surface charge of the
adsorbent and the cationic nature of dye molecule.
The parameters of the isotherm calculated for the
different models were given in Tables7 and 8.The
isotherm data gave a good fit with Langmuir model as
shown by the highest correlation coefficient (R² vary
from 0.995 to 0.76). A comparison of these results with
the experimental showed that the Langmuir model is
more reasonable than the Frendlich and Temkin model.
For the Langmuir model, the plot of the adsorption
rate qe(mmol/g) against the equilibrium concentration
(Ce (mmol/L)) was represented in figs7 and 8.
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The best equilibrium model was determined based
on the regression correlation coefficient R2. From
Tables 7 and 8, it was observed that the equilibrium
adsorption data were very best represented by the
Langmuir isotherm. The best fit isotherm expressions
confirm the monolayer coverage process of BR46 and
BB3 onto clay and PAC samples.

Tables7 and 8 list a comparison of maximum
monolayer adsorption capacity of BR46 (BB3) on raw
clay, pottery clay and PAC. The raw clay and the pottery
clay are found to have a relatively large adsorption
capacity of 2806mmol/g (785mmol/g) and 2114mmol/g
(116.2mmol/g) respectively, and this indicates that clay
could be considered a promising material for the
removal of BR46 (BB3) from aqueous solution, mostly
when compared with activated carbon (PAC) 2123mmol/
g (343.9mmol/g). A comparison of the adsorption

capacities of different sorbents for basic dyes is given
in Table 9. Infrared spectroscopy was applied to clay
materials, to differentiate between the molecules of
water hydration and formation of hydroxyl groups and
followed the structural changes after firing the raw
material. The IR spectroscopy of the raw clay and
pottery clay before and after adsorption of BR46 were
represented respectively in figs 9 and 10. The IR
spectrum of raw clay (dried at 105°C) is used as a
reference for interpreting any possible structural
changes in different experimental conditions. The
vibration bands (Al-OH-Al) valence to 3620/cm and
deformation at 915/cm in the spectrum of the sample
(S1) indicates that the raw clay is dioctahedral.
(Paletha et al., 2005). The deformation band in 1630/
cm is characteristic of the water hydroxyl vibrations
in the raw clay. These vibrations are present only for
the raw clay and they disappear for the treated

Table 9. The maximum sorption capacities (mmol/g) of basic dyes of various sorbents

Basic dyes Absorbent  Qm (mmol/g) Kinetic Isotherm References 
Basic Red 46 Moroccan Clay 125 Pseudo-second 

order 
Langmuir Benneni et al, 2009 

Basic Red 46 Regenerated Clay 169 Pseudo-second 
order 

Langmuir Mezitia and 
Boukerroui, 2012 

Basic Red 46 Pine tree leaves 166.52 Pseudo-second 
order 

Langmuir Deniz and Karaman, 
2011 

Brillant Green Kaolin 139.28 Pseudo-second 
order

Langmuir Nandi et al, 2009 

Crystal Violet Kaolin 115.85 Pseudo-second 
order 

Langmuir Nandi et al, 2009 

Methylene Blue  Montmorillonite 
Clay 

903.54 Pseudo-second 
order 

Langmuir Almeida et al, 2009 

Methylene Blue Activated Clay 340.78 Pseudo-second 
order

Langmuir Weng et al, 2005 

Basic Red 46 pottery Clay 2114 Pseudo-second 
order 

Langmuir Present study 

Basic Blue 3 Pottery clay 116,2 Pseudo-second 
order

Langmuir Present study 

Basic Red 46 Tunisian Clay 2806 Pseudo-second 
order 

Langmuir Present study 

Basic Blue 3 Tunisian clay 785 Pseudo-second 
order 

Langmuir Present study 

Basic Red 46 PAC 343.9 Pseudo-second 
order 

Langmuir Present study 

Basic Blue 3 PAC 2123 Pseudo-second 
order 

Langmuir Present study 

 

Table 10. The thermodynamic parameters

 ∆H (KJ/mol) ∆S (J/mol) ∆G20°C (KJ/mol) ∆G40°C (KJ/mol) ∆G60°C (KJ/mol) 
S1 -1,582 1,474 -2,013 -2,043 -2,073 
S2 26,022 82,1 1,966 0,324 -1,317 

PAC -50,704 -138,42 -10,146 -7,378 -4,616 
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samples. The strong bands at 1100 and 1000/cm are
characteristic of stretching vibrations of (Si-O) in the
plane and out of plane. It should be noted that the
intensity of the band at 1000/cm decreases for the
pottery clay (fired at 1100°C), corresponding to the
stretching vibrations of the silica. This reflects the
formation of tetrahedral bonds (Si-O-Si) from the
amorphous silica (Si-O). The stretching vibrations
between 650/cm and 950/cm contain area of absorbing
vibration characteristics of phyllosilicates at 910/cm
and Al-O at 720-780/cm.

After dyeing adsorption the IR spectrum of the
raw clay presents modification in the vibrations
stretching between 1200/cm and 1700/cm, and the
intensity of the vibration bonds at 1000/cm was varied

for the clays fired at different temperature. The
thermodynamic parameters of adsorption based on the
above functions are listed in table 10. The raw clay
and the PAC presented negative values of enthalpy
(∆Hads) and free energy (∆Gads). The negative values of
∆Hads indicate that the process of adsorption of these
materials is exothermic in nature, and the negative
values of ∆Gads show the spontaneous adsorption of
cationic dye on the adsorbent. But, ∆Gads is less
negative for the PAC and more negative for raw clay
with temperature increase. It shows that the adsorption
process is thermodynamically feasible at room
temperature but less with high temperature. Physical
adsorption and chemical-adsorptions can be classified,
to a certain extent, by the magnitude of the enthalpy
change. It is accepted that the bonding strength of<84

Fig.6. The kinetic curves of BB3 retention by adsorbent materials:
 

0 20 40 60 80 100 120
0

20

40

60

80

100

q t(m
m

ol
/g

)

t(min)

 

 Fig.7. The isotherm curves of BR46 retention by adsorbent materials:
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Fig.9. IR Spectrum of raw clay before and after BR46 adsorption (— before adsorption, − after adsorption)

 

Fig. 8. The isotherm curves of BB3 retention by adsorbent materials:
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Fig.10. IR spectrum of pottery clay before and after BR46 adsorption (— before adsorption, − after adsorption)
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KJ/mol are typically those of physical adsorption type
bonds. Chemical-adsorption bond strengths can range
from 84 to 420 KJ/mol(Faust and Aly, 1987). Based on
this, the adsorption of the cationic dye BR 46 on raw
clay, pottery clay and PAC appears to be physical
adsorption process. The effect of the ionic strength
was determined in the same operating conditions for
different adsorbent. The dye removal of the BR46 and
BB3 are represented respectively in figure 11 and 12.
The results showed that the presence of different
electrolyte (NaCl, Na2CO3 and CaCl2) on dyes removal
efficiency. The presence of the electrolytes increases
the dye removal efficiency to some extent and this
behavior is more notable for the BB3 than the BB46.
The dye removal was the highest with the presence of
the Na2CO3 and the lowest for the presence of NaCl for
both the BR46 and BB3. The presence of the electrolyte
may have two different effects in the opposite direction.
First, they may cause the neutralization of surface
charge of adsorbent while competing with dye for the
surface adsorption (Tehrane-Bayha et al., 2011). With
the increasing ionic strength, the adsorption capacity
decreases due to the screening of the surface charges
(Nandi et al., 2009). The performance of the pottery
clay for the adsorption of industrial dyeing effluent
was investigated. This effluent was taken from
Tunisian dyeing and finishing industry of DENIM
fabrics. The waste water contains dyes, chemical
substances and auxiliaries used in the dyeing and
finishing processes. COD and color were measured
before and after adsorption. The color and the COD
removal of the industrial waste water were given in
figure 13. The results showed that the removal
percentage of real effluent on pottery clay was
significant. It initial COD (2350 mgO2/L) decreased
down to 1097 mgO2/L with a COD removal percentage
of 53.31% after 2h of adsorption. Meanwhile, the
solution color decreased by 57.9%.

CONCLUSIONS
The pottery clay materials were used in Tunisian to

conserve water and oil. The pottery clay wastes were
valorized in this paper for basic dyes removal. This paper
showed that this low cost material presented a large
adsorption capacity. The adsorption behavior of this
non conventional material was compared to that of the
raw clay and powdered activated carbon. The
adsorption mechanism depends on the effluent pH and
the ionic strength. This paper developed the pH effect
and the influence of the ionic strength on the adsorption
capacities of basic dyes onto the pottery clay. The kinetic
modeling study has shown that the experimental data
were found to follow the pseudo second order model.
Furthermore, the isotherm data agreed well with Langmuir
model for the raw clay, pottery clay and PAC onto CI
Basic Red 46 (CI Basic Blue 3) with adsorption capacities
of 2806 mmol/g(785 mmol/g), 2114mmol/g (116.2mmol/
g) and 2123mmol/g (343.9 mmol/g) respectively. Besides,
the adsorbent characterization and the thermodynamic
study showed that the adsorption of the cationic dyes
on raw clay, pottery clay and PAC appears to be physical
adsorption process.
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