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Abstract
The adsorption of basic dyestuff (Maxilon Red BL-3) from aqueous solution at 25°C onto natural clay

was studied. The clay showed high performance for dye removal, the maximum adsorption capacity of the
natural clay was found to be 326 mg dye per g of natural clay. The experimental data were fitted to the
Freundlich and Langmuir isotherm models. The best fitting isotherm was found to be the Langmuir iso-
therm. Mass balance calculation was carried out and the operating lines were used to calculate the amount
of clay needed per unit volume of dye solution to reach the effluent concentration target. Gas sparged
technique was proved to be very efficient technique, thus it was used to study the rate of dye removal from
its solution using clay as adsorbent. A series of contact-time experiments was undertaken in a batch adsorber
to assess the effect of the system variables, namely, gas flow rate, initial dye concentration, mass of clay and
temperature of the solution, on the overall volumetric mass transfer coefficient. The study revealed that dye
removal is diffusion controlled process.

Introduction

Multiphase flows are found in many applications
of interest to industry. Bubble column reactors rep-
resent one broad class process equipment important
to several industries in which multiphase flow phe-
nomena are dominated. Examples include oxidation
reactors used in the petrochemical industry, devices
used in microbial fermentation and treatment of
wastewater in biochemical industries [1] and environ-
mental studies [2]. The widespread industrial appli-
cations of bubble column are due to its simple const-
ruction, large effective interfacial area and high mass
transfer rates [1,3].

Adsorption techniques have proven successful in
removing colored organics. Although activated car-
bon is very expensive and there is a need for regenera-
tion after each adsorption cycle, it is the most widely
used adsorbent because of its extended surface area,
microporous structure, high adsorption capacity, and
high degree of surface reactivity [4]. Consequently
this cost problem has led to a search for cheap and
efficient alternate materials [5].

Clay materials have been increasingly paid atten-
tion to because they are cheaper than activated car-
bons and have high specific surface area, chemical
and mechanical stabilities. Also these have shown
good results as an adsorbent for the removal of various
metals, organic compounds and various dyes [6-8].

Little attention was given using gas sparged co-
lumn as adsorber. Some experimental works are in
progress for several years in our department [9-11].
In these studies, the dye removal from dye solutions
was carried out using either gas stirring or mechani-
cal stirring. The previous studies proved that gas stir-
ring is more economic (higher removal rates in shorter
time at lower energy consumption) than mechanical
stirring. The high efficiency of gas sparging in in-
creasing the rate of dye removal compared to single
phase flow was attributed to the ability of gas bubbles
to induce radial momentum transfer for the whole
bulk, as well as to create turbulence behind the wake
of each gas bubble [12].

The object of the present work is to study the equi-
librium adsorption isotherm for basic dyes on natu-
ral clay to predict design data for batch system. The
rates of mass transfer have been determined in order
to investigate variables affecting adsorption process
using gas sparging.
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Materials and Methods

Natural clay was collected from El-Minia Gover-
norate, Egypt. In previous work clay was found to
be mainly montmorillonite type combined with about
10% Kaolinite [10], surface area of clay 65 m2/g [13].
Clay was crushed, ground to a fine powder and
sieved. Particle size used is in the range 500-700 µm
and clay was used without any pre-treatment. Dye-
stuff was Basic Red 22 (Maxilon Red BL-3, Ciba
Geigy) and its chemical structure is illustrated in Fig.
1. Concentration of dyestuff in aqueous solution was
determined using a Spectra-Plus MKS spectropho-
tometer at a wavelength λmax = 538 nm.

Results and Discussion

Adsorption Isotherm

Adsorption isotherm of dye onto clay particles is
shown in Fig. 3 as plot of qe versus Ce. The data de-
picted in Figure 3 was further analyzed through the
use of various adsorption isotherm equations. The
Freundlich [15,16] and Langmuir [16,17] isotherm
expressions are given by eqs. 1, 2 respectively:
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where Ce is the equilibrium concentration (mg/l); qe

is the amount of dye sorbed at equilibrium (mg/g);
Kf, n are the Freundlich isotherm constants and KL,
aL are the Langmuir isotherm constants.

The obtained isotherm parameters are listed in
Table 1. Results in Table 1, show that, the data ob-
tained from the adsorption isotherm fitted to the Lang-
muir and Freundlich isotherm equations. Value of RL

is given in Table 1 and range between 0 and 1 indi-
cating favorable adsorption [18] and the Freundlich
exponent, n, is greater than unity, thereby indicating
that the maxilon red dye is favorable adsorbed by
clay [19].

Fig. 1. Structure of the Maxilon Red BL-3.
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Adsorption isotherm was determined by the bottle-
point method [14]. A constant mass of clay (0.1 g)
was added to bottles containing 50 ml of dye solu-
tion (different initial concentrations (50-500 ppm).
The bottles were sealed and shaken at 700 rpm in a
temperature-controlled shaker (25°C) until equilib-
rium was attained in 2 days.

Experimental set up for mass transfer study is
shown in Fig. 2. The apparatus consisted mainly of
vertical cylindrical jacketed glass column (60 cm
height and 6 cm inside diameter). The column was
fitted at its bottom with a G4 sintered-glass distribu-
tor with average diameter pores 5-10 microns. Next
to gas distributor, a ball valve was fixed to control
N2 gas flow rate. Temperature was adjusted by pass-
ing hot water, thermostatically controlled, in the
jacket around the column. Before each run, the col-
umn was filled with 1 liter of fresh dye solution at a
certain concentration, followed by the addition of a
known weight of clay after adjusting the gas-flow
rate. The N2 flow rate was measured with a calibrated
rotameter. Samples were taken at 10 min. intervals.
Several variables were studied, namely, gas flow rate,
dye concentration, mass of clay and solution tem-
perature.

Fig. 2. Experimental apparatus: (1) Glass cylindrical col-
umn, (2) Sintered glass for gas distribution, (3) Gas hu-
midifier, (4) Nitrogen cylinder, (5) Rotameter, (6) Fixed
bed, (7) Solution level, (8) Control valves, (9) glass jacket.

(2)

(1)
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The empirical design procedures based on sorp-
tion equilibrium conditions are the most common me-
thods to predict the adsorber size and performance.
Previously, sorption isotherm relations have been us-
ed to predict the design of single stage batch adsorpti-
on systems [20].

The design objective is to reduce the dye solution
of volume V (l) from an initial concentration of C0 to
C1 (mg/l). The amount of adsorbent is M and the solu-
te loading changes from q0 to q1 (mg/g). At time t = 0,
q0 = 0 and as time proceeds the mass balance equates
the dye removed from the liquid to that picked up by
the solid. A schematic diagram of a single stage batch
adsorber is shown in Fig. 4. The mass balance equati-
on for the sorption system in Fig. 4 can be expressed
by equation 3.

VC0 + Mq0 = VC1 + Mq1

At the beginning, if fresh adsorbent is used, q0 =
zero and at equilibrium conditions; C1 → Ce and q1 →
qe Rearranging eq. 3 gives:
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Fig. 3. Equilibrium adsorption isotherm for dye onto clay
and operating lines with different slope values –V/M.

Table 1
Langmuir and Freundlich parameters

naL gmuir pa emar ters rF eund il ch pa emar ters

KL, l g/ aL,
l gm/

q xam
*,

mg g/ RL
** r *** Kf, l g/ n r ***

03.18 442.0 33.333 800.0 99.0 84.041 42.5 58.0

*Theoretical maximum adsorption capacity = KL/aL.
**Separation factor: RL = 1/(1 + aC0), where C0 is the maxi-
mum initial concentration.
***Correlation coefficient.
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M
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M
Vq ee +−=

The material balance provides the operating line
equation in Fig. 3. The equilibrium sorption capac-
ity qe for any initial dye concentration can be obtain-
ed from the operating line and the isotherm Fig. 3.
Where –V/M is the slope of the operating lines; qe,
Ce can be found from Fig. 3 and thus mass of clay
per unit volume of dye solution can be evaluated to
reach Ce (target effluent concentration).

Figure 3 shows series of operating lines with diffe-
rent slopes (ratios of dye solutions to masses of clay)
at 150 mg/l initial dyes concentrations. The predicted
qe, Ce values for different initial dye concentrations
at different V/M ratios are shown in Table 2.

(3)

(4)
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Fig. 4. Single stage batch adsorber design.

(5)

Table 2
Calculation of the sorption capacity and percent dye

removal at 150 mg/l initial dye concentration and
different values of V/M

V/M,
l/g

Equi il brium D ey
Con ec ntr ta ion m, g/l

Adsorption
Capac ti m,y g g/ R me o av l %,

4 5.86 623 3.45

3 5.24 5.223 7.17

2 4.61 2.762 1.98

1 5.5 5.441 3.69

5.0 3 5.37 0.89

Rate of Adsorption

Rate of dye removal was followed by conducting
a series of contact time for the adsorption of dye on
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clay by varying different operating parameters. Figu-
re 5 shows a typical contact-time study. The curves
represent concentration-time profiles for clay-dyes
adsorption system using gas stirring. There is a high
rate of colour removal between 20 and 60 min, fol-
lowed by a plateau (constant rate) when equilibrium
stage is reached. Increasing gas flow rate lead to de-
crease in the resistance of the boundary film surround-
ing the clay particles and increase the diffusion of
dyes until the clay particles are saturated and equi-
librium state is reached after about one hour.

Effect of Gas Flow Rate

Figures 5, 6 shows the effect of nitrogen flow rate
on the rate of adsorption. It is observed that increas-
ing gas flow rate leads to decrease in the resistance
of the boundary film surrounding the clay particles
and increase the diffusion of dyes until the clay par-
ticles are saturated and equilibrium state is reached
after about one hour. These results can be represented
by Figure 7 from which illustrates a linear relation
between lnQ and lnK, where Q is gas flow rate and K
represents the over all mass transfer coefficient. The
increase of mass transfer by increasing gas flow rate
is attributed to the ability of rising bubble swarm to
include axial turbulent flow as well as radial flow.
Turbulence results in decreasing the diffusion layer
thickness at the clay surface with a consequently in-
crease in the mass transfer coefficient [10]. The data
given in Fig. 7 fit the equation:

K = (9.69×10-5)Q1.145

Effect of Initial Concentration

A given mass of clay can only adsorb a certain
amount of dye. Therefore, the higher the concentra-
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Fig. 5. Effect of gas sparging on the rate of colour re-
moval (C0 = 500 mg/l, M = 2 g, t = 25±1°C).

The overall process of adsorption of dyes on clay
can be simulated by equation 6:

kAC
dt
dCV =−

where the overall mass transfer coefficient k can be
defined by equation 7:
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where k1 is the external mass transfer coefficient and
k2 is the mass transfer coefficient due to intraparticle
diffusion (cm/s).

Integrating, equation 6, yields,

Kt
V

kAtCC t ==)/ln( 0

where K is the overall volumetric mass transfer co-
efficient (cm/s), which can be obtained from the plots
of ln(C0/C) versus time at different parameters.

(6)

(7)
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(9)

Fig.7. Relation between lnQ (gas flow rate) and lnK (over-
all mass transfer coefficient).
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Fig. 6. ln(C0/Ct) versus time for different gas flow rates
(C0 = 500 mg/l, M = 2 g, t = 25±1°C).
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tion of the dye in the solution, the smaller the vol-
ume of solution that a fixed mass of clay can purify.
The mass transfer coefficient was found to decrease
with the increase of initial dye concentration as shown
in Fig. 8 and these results are in agreement with pre-
vious result in the literature [21]. The low mass trans-
fer rate at high concentration compared to the high
mass transfer rate at low concentration can be ex-
plained on the basis that the gathering of dye mol-
ecules due to collision can reduce the activity
coefficient of the dye and its effective diffusivity. The
calculated values of the overall volumetric mass trans-
fer coefficient can be plotted against the initial con-
centrations as shown in Fig. 9. The results were found
to fit the following equation:

K = 15.919C0
-1.187

the available surface area which explains the increase
of mass transfer coefficient with increasing mass of
clay. The mass transfer coefficients were determined
and they are represented versus mass of clay as shown
in Fig. 11. A linear relationship was obtained; the
data in Fig. 11 fit the equation:

K = (4.514×10-3)m1.225

(10)

Fig. 8. ln(C0/Ct) versus time for different initial concen-
trations (Q = 50 cm3/s, M = 2 g, t = 25±1°C).

Fig. 9. Relation between lnC0 (initial dye concentration)
and lnK (overall mass transfer coefficient).

Effect of Clay Mass

Figure 10 shows the effect of clay mass on the
mass transfer coefficient. In general, mass transfer
coefficient depends on driving force per unit area.
Therefore, increasing mass of clay leads to increase
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Fig. 10. ln(C0/Ct) versus time for different masses of clay,
(Q = 500 cm3/s, C0 = 500 mg/l, t = 25±1°C).

Fig. 11. Relation between lnM (mass of clay) and lnK
(overall mass transfer coefficient).
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Effect of Temperature

Figure 12 shows the effect of temperature on the
mass transfer coefficient. The coefficient increased
with increasing the temperature of the solution. This
may be attributed to the decrease of the viscosity of
the dye solution with the temperature. The mass trans-
fer coefficient tends to increase with decreasing so-
lution viscosity, probably because of the increase of
dye ion diffusivity owing to the decrease in the dif-
fusion layer thickness at the surface of the clay par-
ticles according to the relation.

K = D/δ (12)
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where K is the mass transfer coefficient, D is the
diffusivity, δ is the boundary layer thickness.

the clay surfaces. The surface area of clay was 65
m2/g. The adsorption of dyes on clay particles was
irreversible process.
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Fig. 13. Relation between lnT (temperature of the mix-
ture) and lnK (overall mass transfer coefficient).
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Fig. 12. ln(C0/Ct) versus time for different temperatures
(Q = 50 cm3/s, C0 = 500 mg/l, M = 2 g).

Figure 13 depict the relation of the mass transfer coef-
ficients obtained from Fig. 12 versus temperatures.
The data given in Figure 13 fit the following equation:

K = (2.355×10-4)T1.08

Conclusions

The present study shows that natural clay can be
effectively used as an adsorbent for the removal of
Maxilon Red BL-3 from its aqueous solution. The
equilibrium data were found to be well represented by
the Freundlich and Langmuir. Operating lines from
material balance calculations can be used in the design
of single stage batch adsorber for different liquid/ solid
ratio (V/M) using the experimental equilibrium data.

The high efficiency of gas sparging adsorber in
removal of dye solution onto clay was attributed to
the ability of gas bubbles to induce radial and axial
momentum transfer inside the whole bulk solution.
Diffusion of dyes occurred from bulk of solution to Received  13 February  2007.
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