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Abstract: In this paper low cost waste material, the ash collected from brick kiln was used as an adsorbing agent
for the removal of reactive dye Red-Cls-Bar. The ash has been collected from brick kiln after coal combustion
that is used as a fuel to fire the clay bricks. Adsorption experiments were performed as a function of contact
time, pH, initial dye concentration, adsorbent dose and temperature. Removal efficiency was found to increase
from 57.81 to 59.50 with decreasing adsorbent dose 1.5g to 0.5g, decreasing temperature 308K to 298K and
increasing initial concentration 6ppm to 14ppm. The maximum adsorption of Red-Cls-Bar was obtained at pH=7
and contact time of 60 minutes. Adsorption data were modeled using the Langmuir, Freundlich and Tempkin
isotherms. The correlation coefficient R  values of Red-Cls-Bar were calculated for Langmuir, Freundlic and2

Tempkin adsorption isotherms and these were found to be 0.988, 0.938 and 0.968 for Langmuir, 0.999, 0.885 and
0.771 for Freundlich and 0.788, 0.977 and 0.921 for Tempkin at 298K, 303K and 308K, respectively. Adsorption
kinetic was evaluated by pseudo-first-order, pseudo-second-order, Elovich rate equations and intra-particle
diffusion models. It was inferred that sorption follows pseudo-second-order kinetic model. The linear correlation
coefficients were obtained to be 0.860, 0.874, 0.893, 0.950 and 0.974 for 6-14ppm at 298K, respectively.
Thermodynamic parameters for sorption process were also found out. Spontaneous and endothermic nature
of sorption was obtained due to negative value of free energy and positive value of enthalpy changes.
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INTRODUCTION result in the need of treating the problematic waste water

In Pakistan, the textile industry is the largest suspended solids and toxic compounds, but also color
manufacturing industry. The textile industry of Faisalabad that is perceived by human eyes at very low
constitutes more than 65% of the textile export market. concentration [4]. Such waste water disposal may cause
Large volumes of synthetic dyes are used by several damage to the quality of the receiving water bodies, the
industries including textile dyeing, paper and plastic aquatic ecosystem and the environment at large scale [5].
matter. In almost all cases,  the  Pakistani  industries Hence their removal from aquatic environment is
(textile, paper, plastic, leather, food, cosmetic, etc) release important and subject of  many  scientific  researchers.
their untreated or partially treated waste waters into The methods of color removal from industrial effluents
municipal sewers or directly into nearby drains, rivers, include biological treatment [6], coagulation [7], oxidation
stagnant ponds, lagoons, or lakes [1]. Most hazardous [8], hyper filtration [9] and adsorption [10]. Among the
waste comes from industrial sources. The (Environmental treatment options, adsorption appears to have
Protection Agency) EPA specifies four different considerable potential for the removal of color from
categories of hazardous wastes that are subject to industrial effluents [11, 12]. 
regulation. A commercial chemical product that may be Adsorption can perform many separations that are
discarded used in the manufacture of drugs, detergents, impossible or impractical by conventional techniques
lubricants, dyes and pesticides is one of those categories such as distillation, absorption and even a membrane
[2-3]. Especially the dyeing industry effluents not only based system [13]. Applications for adsorption have been

with high chemical and biological oxygen demands,
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expanded rapidly because of sharply rising environmental Velmurugan et al. [34] and that was found to be 1%. Bulk
or quality requirements and advances in adsorption density of adsorbent was also measured [35] and it was
quality have made it possible to many of those demands found to be 0.479g.dm .
[14, 15]. The best known application of adsorption is the
purification of municipal water at low cost level [16, 17]. Preparation  of  Dye  Solutions: The Red-Cls-Bar
The most important attributes of adsorbent to application obtained from Arzoo textile mill (Faisalabad) Pakistan was
of adsorption are capacity, selectivity, regeneratability, used in commercial  purity  without  further  purification.
kinetics, compatibility and cost [18]. Adsorption is used Its  colour  was  dark  dull  reddish. The stock solution
for water and waste water treatment to remove hazardous was prepared by dissolving accurately measured 100 mg
organic compounds and those that impart odor or taste of dye in distilled water in 1000 ml measuring flask. The
[19]. stock solution was further diluted to the desired

At present, there is a growing interest in using low concentrations. For absorbance measurements a UV-VIS
cost sorbents for dye sorption. If a sorbent is inexpensive spectrophotometer (1100 BMC Range is  300-1100  nm)
and ready for use, the sorption process will be a was  employed  using  silica  cells  of  path  length  1 cm.
promising technique. Recently, many lingo-cellulosic The  maximum  absorbance  of  Red-Cls-bar   was
materials had been used as low cost sorbent for removal measured  at  540  nm. The concentration of solutions
of dyes from water, which included banana pith [20], coir after adsorption was determined using Beer Lamberts law
pith [21], eucalyptus bark [22] and wheat straw [23], rice [36].
husk [24], pine sawdust [25], peanut hull [26], lemon peel
[27], almond shell [28] and neem leaf powder [29]. Adsorption Studies: Batch experiments were conducted
Generally, dye sorption capacity of natural lingo-cellulosic by shaking 0.50g-1.50g ash with 50 ml of aqueous solution
materials is low and to improve their dye sorption of each concentration (4ppm, 6ppm, 10ppm,
capacity, these materials had been subjected to chemical 12ppm,14ppm) for 60 minutes in an electric shaker water
modification [30, 31]. bath (Glass - Col Iso 9001) at various temperatures. 0.1 M

Activated carbon is the most widely used adsorbent NaOH and 0.1 M HCl solutions were used to adjust
for this purpose because of its extended surface area, required pH.
micro-porous structure, high adsorption capacity and The adsorbed amount of dye was calculated using
high degree of surface reactivity [32, 33]. However, mass balance equation as following [37];
commercially available activated carbons are very
expensive and the laboratory preparation of activated (1)
carbons also accompanied by a number of problems such
as combustion at high temperature, pore blocking and Where qe is the amount of dye adsorbed, Ci is the initial
hygroscopicity. This has led to search for cheaper and concentration of the dye solution, Ce is the equilibrium
simplest substituents. concentration in mg/L, V is the volume of the adsorbate

In this work ash collected from brick kiln was used as solution and M is the mass of adsorbent.
an adsorbent to remove reactive Red-Cls-Bar dye from
aqueous solution. The effect of adsorption parameters RESULTS AND DISCUSSION
such as pH, adsorbent concentration, contact time and
initial dye concentration adsorbed was studied. The Effect of Contact Time:  The  optimum  contact  time is
purpose of the present work was to utilize new low cost very important for determining the maximum possible
sorbent for enhancing the treatment of environmental adsorbate removal. Effect of contact time on the removal
pollution and reducing the cost of pollution treatment. of Red-Cls-Bar at pH 7, adsorbent dose 0.50g by varying

MATERIALS AND METHODS percentage removal of Red-Cls-Bar was rapid in the

Preparation of Sorbent: The ash used as an adsorbent reached at equilibrium [38]. All the patterns were found to
was collected in raw powdered form from brick kiln at be same for all concentrations. The plot revealed that
Faisalabad. It was sieved to remove impurities, dirt maximum percent removal of the Red-Cls-Bar took place
particles and clinkers. The adsorbent was sieved for after 60 minutes of shaking. The removal efficiency was
several times to get it pure and clean form. Moisture higher in the beginning due to availability of larger
content in adsorbent was calculated using method surface area of adsorbent.

3

dye concentration from 6-14 ppm was shown in Fig 1. The

beginning but it gradually decreased with time until it
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Fig. 1: Effect of contact time on the removal of
Red-Cls-Bar (6-14ppm) onto Ash collected from Adsorption Isotherms: In order to optimize the design of
brick kiln (0.50g) at room temperature (298K) and an adsorption system to remove the dye, it is important to
pH=7 establish the most appropriate correlations for the

Fig. 2: Effect of pH on the removal of Red-Cls-Bar combination or process and the adsorbed layer is uni-
(6-14ppm) on  Ash collected from brick kiln (0.50g) molecular. The theory can be represented by the following
at room temperature (298K) linear form uni-molecular [15].

Fig. 3 (a-c): Langmuire isotherm for adsorption of
Red-Cls-Bar (6-14ppm) onto Ash collected Where L is the Langmuir constant and C  is the highest
from brick kiln at pH=7 and at temperature (a) initial dye concentration (mgL ). Values were shown in
298K (b) 303K (c) 308K (Table  1). According to the value of R  (Table 2) the type

Effect of pH: Figure 2 shows the effect of the change in
pH on the removal of Red-Cls-Bar, dose of adsorbent
0.50g and dye concentration 6-14 ppm at 298K. The
percentage removal of Red-Cls-Bar was found to rapid in
the beginning but it gradually decreased with increasing
pH until it reached equilibrium [39]. The patterns of
graphs are same for different dye concentrations. The
plots revealed that maximum percent removal of the Red-
Cls-Bar is at pH=7.

equilibrium data for each system. Three isotherm models
have been tested in the present study; Langmuir,
Freundlich and Tempkin isotherms (Table 1). The
applicability of the isotherm equations was compared by
judging the correlation coefficient, R .2

Langmuir Model: Langmuir theory was based on the
assumption that adsorption is a type of chemical

(2)

Where qe is adsorbed amount, Ce is the equilibrium
concentration, Q (mg g ) and b (L mg ) are Langmuir0

1 1

constants related to adsorption capacity and energy of
adsorption, respectively and are obtained from slope
(1/Q ) and intercept (1/bQ ) of linear plot of Ce/qe versus0 0

Ce.
Figure 3 (a-c) represent the Langmuir isotherms of

Red-Cls-Bar contacted with 0.50g-1.50 g of ash for 60
minutes at three different temperatures 298K, 303K and
308K, respectively and pH 7. The values of Q and b were0

determined from intercept and slopes of the linear plots of
Ce /qe vs. Ce. The applicability of adsorption process was
investigated by correlation coefficient R values.2

The essential characteristics of the Langmuir isotherm
can be expressed in terms of dimensionless constant
separation factor RL. According to the  value  of RL

(Table 2) the type of adsorption may be interpreted as
follows;

(3)

0
1

L
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Table 1: Langmuire, Freundlich and Tempkin Model Constants and
correlation coefficients for adsorption of Red-Cls-Bar onto brick
kiln ash.

Langmuir isotherm
Temp(K) b (L/mol) Q  (mol/g) x R R1 10-3 2

0 L

298 -4.933 -0.11 0.988 -0.034
303 -4.919 0.055 0.938 -0.035
308 -5.638 1.58x10 0.968 0.0304

Freundlich Isotherm
Temp (K) n K RF

2

298 0.123 6.74x10 0.99907

303 0.065 6.845x10 0.88513

308 0.347 1.08x10 0.77103

Tempkin isotherm
Temp (K) a  (Lg ) b  (mgL ) B RT T

1 1 2

298 0.297 1681.99 1.473 0.788
303 0.204 2126.9 1.184 0.977
308 0.182 685.37 3.736 0.921

Table 2: R  values of Langmuir IsothermL

Value of R Type of adsorptionL

RL > 1.0 Unfavourable
RL = 1.0 Linear
0 < RL < 1 Favourable
RL = 0 Irreversible

of sorption may be interpreted as follows; values of RL

calculated at 288, 298 and 308K were not in range between
0 and 1 which indicated that the adsorption is not
favourable at operation conditions studied.

Freundlich Model: The Freundlich adsorption model
stipulates that the ratio of solute adsorbed to the solute
concentration is a function of the solution. The empirical
model was shown to be consistent with an exponential
distribution of active centers, characteristic of
heterogeneous surfaces. The amount of solute adsorbed,
qe is related to the equilibrium concentration of solute in
solution, Ce as following [40];

(4)

Where qe, amount adsorbed, Ce, the equilibrium
concentration, K , the constant for the system, related toF

the bonding energy, (defined as the adsorption or
distribution coefficient and respects the quantity of dye
adsorbed onto carbon adsorbents for a unit equilibrium
concentration) and n. The slopes (1/n) ranging between
0 and 1 is a measure of adsorption intensity or surface
heterogeneity, becoming more heterogeneous as its value
get closer to zero. A value for 1/n below one indicates a
normal Freundlich isotherm while 1/n above one is an
indicative of cooperative adsorption. K  and n areF

obtained from slope (1/n) and intercept (Anti ln K ) ofF

linear plot of lnqe versus lnCe.

Fig. 4 (a-c): Freundlich isotherm for adsorption of
Red-Cls-Bar (6-14ppm) onto 0.50g-1.50g of
Ash collected from brick kiln at pH=7 and at
temperature (a) 298K (b) 303K (c) 308K

Freundlich isotherms of Red-Cls-Bar contacted for 60
minutes with (0.50-1.50) g of ash at three different
temperatures 298K, 303K and 308 K, respectively and pH
7 was shown in Fig. 4 (a-c). The values of K  and n wereF

determined from intercept and slopes of the linear plots of
lnqe vs. lnCe. The applicability of adsorption process was
investigated by correlation coefficient R values. Based2

upon the correlation coefficients (R ) shown in (Table 1),2

it can be said that the adsorption data can be described
by Freundlich isotherm is better than that of Langmuir
isotherm.

Tempkin Isotherm: The Tempkin isotherm assumes that
the heat of adsorption of all the molecules increases
linearly with coverage [41]. The linear form of this
isotherm can be given by Eq. (4).

(5)
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Fig. 5 (a-c):Tempkin isotherm for adsorption of in temperature. The maximum adsorption capacity
Red-Cls-Bar (6-14ppm) onto 0.50g-1.50g of amongst all temperatures was obtained at 298K. 
Ash collected from brick kiln at pH=7 and at
temperature (a) 298K (b) 303K (c) 308K Adsorption Kinetic Studies: In order to evaluate the

Fig. 6: Effect of temperature on removal efficiency of Pseudo-first-order Model: Lagergren plots for the
Red-Cls-Bar onto Ash collected from brick kiln removal of Red-Cls-Bar by adsorption on 0.50 g of
(0.50g-1.50g) contacted for 60 minutes at pH=7 adsorbent at room temperature (298K) and pH=7 was

Tempkin isotherms of Red-Cls-Bar contacted for 60 onto ash was studied by applying the Lagergeren first
minutes with (0.50-1.50) g of ash at three different order rate Eq. (5).
temperatures 298K, 303K and 308 K, respectively and pH
7 was shown in Fig. 5 (a-c). qe is the amount adsorbed at ln(qe - qt) = inqe - K1t (6)
equilibrium in mg/g; k1 is the Tempkin isotherm energy
constant. The slopes and intercept obtained from the Where qt, the amount of dye adsorbed at time t, qe, the
graphical plot qe against lnCe were used to calculate the amount of dye adsorbed at equilibrium and Kt is the
Tempkin constants (Table 1). Based upon the  correlation equilibrium  rate  constant of adsorption. The plot of the

Fig. 7: Legergren plots Red-Cls-Bar (6-14ppm) by
adsorption onto 0.50g of Ash collected from brick
kiln at room temperature (298K) and pH=7

coefficients (R ) shown in (Table 1), it can be said that the2

adsorption data can be described by Tempkin isotherm is
better than that of Langmuir and Freundlich isotherm.

Effect of Temperature: The effect of temperature on
removal efficiency of Red-Cls-Bar onto ash (0.50-1.50) g
contacted for 60 minutes at pH=7 was shown in Fig. 6.
The  effect   of   change   in  temperature  ranging  from
(298 - 308) K showed that amount dsorbed and percentage
removal efficiency of Red-Cls-Bar decrease with increase

kinetic mechanism which controls the process, the
Lagergren first order [42], pseudo second order [43],
Elovich [44] and intra particle diffusion [45-46] models
were tested and the validity of the models were verified by
linear equation analysis log (q q ) vs t, (t/q ) vs t and q vse- t t t

t , respectively. Good correlation with the kinetic data1/2

explains the dye adsorption mechanism in the solid phase,

[47]. Kinetic parameters for the sorption of Red-Cls-Bar
onto ash collected from brick kiln were shown in (Table 3).

shown in Fig 7.The kinetics of adsorption of Red-Cls-Bar
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Fig. 8: Pseudo second order plot for the adsorption of calculated amounts of adsorbed Red-Cls-Bar at
Red-Cls-Bar onto  ash collected from brick kiln at equilibrium were close to experimental values, it can be
room temperature (298K) and pH=7 said that sorption of Red-Cls-Bar onto ash collected from

Table 3: Kinetic parameters for the sorption of Red-Cls-Bar onto ash collected from brick
kiln.

6 (mg/L) 8 (mg/L) 10 (mg/L) 12 (mg/L) 14 (mg/L)
qe mgg 0.1434 0.2016 0.5237 0.6489 0.83311

Lagergren-first order
K1(min ) -0.003 -0.005 0.001 0.001 -0.0011

qe (mgg ) 0.098 0.119 0.234 0.212 0.2491

R2 0.524 0.438 0.113 0.378 0.467
Pseudo second order 
K2 (g mg min ) 0.448 2.030 -1.461 -2.187 -1.5061 1

qe (mgg-1) 0.087 0.165 0.253 0.406 0.634
t ½ (min) 5.14 12.30 -5.773 -5.380 -2.374
ho,2(mgg-1min-1) 3.39x10-3 0.054 -0.093 -0.358 -0.603
R 0.860 0.874 0.893 0.950 0.9742

Elovich model
A 9.80x10-3 0.015 0.180 0.130 0.519
B 15.62 11.49 8.40 8.47 6.49
R 0.997 0.962 0.430 0.687 0.9482

Intraparticle diffusion equation
Kint [mg/(gmin )] 0.024 0.032 0.051 0.048 0.0601/2

R 0.996 0.908 0.543 0.786 0.9862

Table 4: Values of  thermodynamic  parameter  of  Red-Cls-Bar at three
different temperatures (298K, 303K and  308K) onto Ash collected
from brick kiln

Temperature (K) G°(KJmol ) H°(KJmol ) S°(KJ mol )1 1 1 1

298 -9.8035 +132.69 -487.69
303 -16.8767
308 -18.6692

log (q -q ) as a function of t provides the k and q values.e t 1 e

The results of first order kinetics at various temperatures
were given in (Table 4). From the linear correlation
coefficients (R ), it was seen that Lagergren equation does2

not represent a good fit with the experimental data.

Pseudo-second-order Model: Pseudo second order plots
for the removal of Red-Cls-Bar by adsorption on 0.50 g of
adsorbent at room temperature (298K) and pH=7
wasshown in Fig 8.The pseudo - second-order equation
based on the adsorption capacity at equilibrium may be
expressed by the following equation: 

(7)

Where k (g mg min ) is the pseudo-second - order2
1 1

adsorption kinetic parameter. From the slope and intercept
of the (t/q ) as a function of t, k and q can be obtained.t 2 e

The linear correlation coefficients were obtained to be
0.860, 0.874, 0.893, 0.950 and 0.974 for 6-14ppm at 298K,
respectively. The pseudo second order rate constant
firstly increased then decreased from 10ppm - 14ppm at
298K. Also, as shown in Table 1, due to fact that the

brick kiln follows the pseudo-second-order kinetic model.
The initial rate of sorption was estimated from

pseudo-second order kinetic model from the below
equation;

h0,2 = k2 qe2 (8)

The half-sorption time, t1/2 known as the time
required for the sorption to take up half as much Red-Cls-
Bar as its equilibrium value. The time is often used as a
measure of the adsorption rate.

(9)

Elovich Model: The Elovich equation is mainly applicable
for chemisorptions kinetics. The equation is often valid
for systems in which the adsorbing surface is
heterogeneous. The Elovich model is generally expressed
as;

(10)

Where  is the initial adsorption rate (mg g min) and 1

is related to the extent of surface coverage and the
activation energy for chemisorptions (g mg ). Elovich1

plot for the adsorption of Red-Cls-Bar onto ash collected
from brick kiln at room temperature (298K) and pH=7 was
shown in Fig. 9. A plot of q vs. ln t gave a linear trace witht

a slope of (1/ ) and an intercept of 1/  ln ( ). The plot
was linear with good correlation coefficient ( R = 0.997 to2

0.948).  The  initial adsorption rate, a decreased form
9.8x10  to 0.519 while increasing the initial dye3

concentration form 6ppm-14ppm. The results of Elovich
plot for the adsorption of Red-Cls-Bar by ash collected
from brick kiln at  various  initial  dye concentrations were
given in (Table 4).
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Fig. 9: Elovich plot for the adsorption of Red-Cls-Bar Fig. 11: Plot of ln Kd versus 1/T 
onto ash collected from brick kiln at room
temperature (298K) and pH=7 0.543-0.996. Moreover, since the plots do not pass

Fig. 10: Intra Particle Diffusion plot for the adsorption of values at different temperatures were calculated from the
Red-Cls-Bar onto  ash collected from brick kiln at following equations;
room temperature (298K) and pH=7

Intra Particle Diffusion Model: The intra particle
diffusion model was applied to describe the competitive (13)
adsorption. In a liquid-solid system, the fractional uptake
of the solute on particle varies according to a fraction of Where qe is the amount of Red-Cls-Bar (mg) adsorbed by
D the diffusivity within the particle and r is the particle ash collected from brick kiln per L of solution at
radius. The initial rate of intra particle diffusion are equilibrium, Ce is the equilibrium concentration (mg L )
obtained by linearization of the curve q = Ki (t ). of dye in solution, Kd is the distribution coefficient for thet

1/2

qt = ki1/2 (11) is obtained from Van’t Hoff equation [14];

Intra  Particle Diffusion plot for the adsorption of (14)
Red-Cls-Bar onto ash collected from brick kiln at room
temperature (298K) and pH=7 was shown in Fig. 10. If the
intra particle diffusion is involved in the adsorption Where T is the absolute temperature, R is gas constant
processes, then the plot of the square root of time versus (8.314 Jmol  K ). From the slope and the intercept of the
the amount of adsorbed (qt) must give a straight line with plot of ln Kd versus 1/T, as presented in Fig. 11, H and
a slope that equals ki and an intercept equal to zero [48]. S values were calculated. The calculated parameters by
Namely, the intra particle diffusion would be a controlling using above equations were presented in Table 4. As can
step if this line passed through the origin. As can be seen be  seen  in  Table  4, G values were obtained to be -
from Table 3, the intra particle diffusion did not control 9.80, -16.87 and -18.66 kJ mol  for 298, 2303 and 308 K,
the adsorption process since the linear correlation respectively. Negative value of Gibbs free energy values
coefficient values of model for the plots were in the  range shows  the spontaneous nature of Red-Cls-Bar adsorption

through the origin, this indicative of some degree of
boundary layer control and this further shows that the
intra particle diffusion is not the only rate controlling step,
but also other processes may control the rate of
adsorption. [49-50] 

Thermodynamic Studies: Thermodynamic parameters
such as Gibbs free energy change ( G), enthalpy change
( H) and entropy change ( S) were estimated for Red-
Cls-Bar adsorption onto as collected from brick kiln. G

G=-RTlnKd (12)

1

adsorption. The average standard enthalpy change ( H)

1 1

1
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on ash collected from brick kiln. The positive value of 5. Namasivayam, C., 2002. Removal of Congo Red from
enthalpy change ( H) indicates endothermic nature of
sorption. The absolute magnitude of G may give an idea
about the type of adsorption. Chemisorption has an
energy range 80-400 kJ per unit mole, physical sorption
has a range 0 to -20 kJ per unit mole [51]. Since G values
obtained in this study were in the range 0 to -20 kJ mol ,1

sorption of Red-Cls-Bar onto ash collected from brick kiln
can be considered as physisorption process.

The results obtained from the present investigation
are helpful to develop a new and efficient adsorbent of
direct dyes. Low cost waste material [Ash collected from
brick kiln] has been used successfully as an adsorbing
agent for the removal of reactive dye [Red-Cls-Bar] from
industrial waste water. Removal efficiency increased with
decreasing temperature. The maximum  adsorption of
Red-Cls-Bar by Ash collected from brick kiln occurred at
pH=7 and contact time of 60 minute. The data were in
good agreement with Tempkin isotherm than Langmuir
and Freundlich isotherms. It was shown that the
adsorption of Red-Cls-Bar onto Ash collected from brick
kiln best fitted by Pseudo second order model. The
thermodynamic study suggested that the dye adsorptions
were spontaneous and endothermic. Since Ash collected
from brick kiln, an industrial solid waste used in this study
possesses feasible availability and maximum utility for
purification of industrial waste water. The adsorption
process is expected to be economically viable for
wastewater treatment and minimization of water pollution
in the environment of Pakistan. This leads to its
superiority as a potential adsorbent in removal of some
colored dyes from waste waters.
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