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ABSTRACT

Methylene Blue (MB) in aqueous solutions was subjected to color removal by the
adsorption technique onto corn straw pulp (CSP) as a biosorbent waste agricultural
material. Results obtained indicate that the removal efficiency of Methylene Blue at
25°C exceeds 91% and that the adsorption process is highly pH-dependent. The
optimum pH lies between S and 9. The amount of Methylene Blue adsorbed from the
aqueous solution increases with the increase of the initial Methylene Blue
concentration and temperature. Smaller adsorbent particles help in increasing the
percentage removal of Methylene Blue. The results fit the BET model for adsorption of
Methylene Blue on cormn straws pulp, verify the assumption that the adsorbate
molecules could be adsorbed in more than one layer thick on the surface of the
adsorbent. A comparison of kinetic models (pseudo first-order, the pseudo second-
order, Elovich and intraparticle diffusion kinetic models) at different conditions
showed that the pseudo second-order kinetic model comrelate the experimental data
well. Van't Hoff equation was used (o evaluate the thermodynamic parameters (AH, AS
and AG) for the interpretation of the adsorption process. The values of the
thermodynamic parameters indicate that all adsorption processes are endothermic, and
this is in agreement with the increasing adsorption capacity with temperature. The
process of removal of MB by Corn straw pulp is a spontaneous one.
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1. INTRODUCTION

Cationic dyes, such as MB, were used
initially for dyeing of silk, leather,
plastics, paper, and cotton mordant with
tannin, as well as for the production of
ink and copying paper in the office
supplies industry [1]. In the textile sector,
an ecstimated 10-20% of dyes (active
substance) used is lost in residual liquors
through the exhaustion and washing
operations [2]. The releasing of dyes to
the environment can cause acute and/or

chronic effects on the exposed organisms, -

adsorb or reflect sunlight entering into
water, and thus resulf in change of food
chain [3].

Previous studies found that MB
molecules existed as dimer or as
aggregates at the surface, as well as a
protonated form depending on the
concentration and the surface properties
[4]. Such extensive use of dyes and
pigments often poses problems in the
form of colored wastewater that require
pre-treatment for color removal prior to
disposal into receiving water bodies or
publicly owned treatment works [5]. The
main problem for dyestuff
manufactureres and users is the removal
or reducing the quantity of color in
effluent and water sources [6].

At the present time there is no single
process capable of adequate treatment
{7]. Most of the existing processes
include adsorption, usually with activated
carbon {AC) [8]. The adsorption of the
cationic dye, MB, has been used for a
long time for the evaluation of the
adsorption propesties of AC, and in
monitoring the production and quality of
AC prepared from coal, in fluidized bed
19, 10]. Adsorption from dilute aqueous
solutions onto solid surfaces is a highly
attractive separation technique for many
applications, such as  wastewater

treatmment, liquid mixture separation and
purification, or polar organic solutes
recovery from biotechnology processes
[11, 12}). In particular, adsorption
provides a technique of great interest to
remove dyes from municipal and
industrial wastewater [13, 14]. This can
be achieved by using adsorbents with a
high adsorptive capacity and selectivity
[15].

The adsorption process can be either
physical or chemical in nature, and
frequently involves both. Physical
adsorption involves the attraction by
electrical charge differences between
adsorbent and the adsorbate. Chemical
adsorption is the product of a reaction
between the adsorbent and the adsorbate
[16]. In recent years, stringent
government regulations have made it
mandatory to stop such effluents, unless
they are treated properly; hence, the
removal of color from the -effluent
discharge has become environmentally
important {17, 18].

2. MATERIALS AND METHODS

2.1. Preparation of Corn Straws Pulp
The corn straws pulp was rinsed a few
times with distilled water and then air-
dried. The washed corn straws pulp were
lightly ground in a mortar and sieved
through 0.5 mm and 0.05 mm diameter
by means of a test sieve shaker.

2.2. Batch adsorption studies

Batch experiments with corn straws pulp
were  conducted to investigate the
parametric effects of initial adsorbate
particle size and concentration,
adsorption time, pH, temperature on MB
adsorption, All reagents used were of AR
grade (Sigma-Aldrich, Germany). MB
samples were prepared by dissolving a
known quantity of the dye in distilled
water and used as a stock solution and
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diluted to the required inifial
concentration (range: 25 to 125 mg/i). 50
ml  of MB solution of known
concentration (c,) was taken in a 100 ml
conical flask with the required amount of
adsorbent and was shaked for different
time intervals in a shaker at different pH
values and different temperatures. Then,
the solution was filtered through a filter
paper. UV-visible spectrophotometer
(model PHTOMECH 301-DY) was
employed to determine the remaining
concentrations of MB in the filtrate.

3. ADSORPTION ISOTHERMS STUDY

Equilibrium studies that give the capacity
of the adsorbent and adsorbate are
described by adsorption isotherms, which
is usually the ratio between the quantity
adsorbed and that remained in solution at
equilibrium  at  fixed temperature.
Freundlich, Langmuir and BET isotherms
are the earliest and simplest known
relationships  describing the adsorption
equation [19-21]. Adsorption isotherms
have  been  classified into  six
characteristic types. Microporous
adsorbents produce adsorption isotherms
of Type 1 (which has a convex shape)
and it 15 also associated | with
monomolecular layer adsorption. Types 11
and JII depict adsorption for multi-
molecular layer formation while Types
IV and V describe the adsorption process
of multi-molecular layer formation and
condensation in pores. Type VI
represents surface phase transition of a
monomolecular layer on a homogeneous
surface {22}

3.1. Langmuir Isotherm

The Langmuir equation is used to
esimate the maximum adsorption
capacity corresponding to complete
monolayer coverage on the adsorbent
surface and is expressed by:

- (Qmax Kf,cu) (l)
“ (t+K,C,)
The linearized form of the above
equation after rearrangement is given by:

C, ] N C, @
QQ Qmafo, qmzx
The experimental data is then fitted into
the above equation for linearization by
plotting C./ ¢, against C,.
3.2. Freundlich Isotherm
The Freundlich model named after
Freundlich (1926} is an empirical
equation used to estimate the adsorption
intensity of the sorbent towards the
adsorbate and js given by:
S KC (3)
4]

Also, the vatue of n indicates the affinity
of the adsorbate towards the adsorbent.
The above equation is conveniently used
in linear form as:

ing, =1nKF+-1-lnC, (4)
n

q

4.

A plot of {n C, against In g, yielding a
straight tine. The constants //n and In K¢
can be determined from the slope and .
intercept, respectively.

3.3. BET Isotherm

The BET (Brunauer, Emmeth and Teller)
derived an adsorption isotherm based on
the assumption that the adsorbate
molecules could be adsorbed in more
than one layer thick on the surface of the
adsorbent. Their equation, assumed that
the energy of adsorption holds the first
monolayer but that the condensation
energy of the adsorbate is responsible for
adsorptton of successive layers. The
equation, known as the BET equation, is
comamonly written as follow:

x ACX
= (5)

” (c, - C)(l N E:C_})S_J
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or

C e +(A—1)_c_ 6)
- c{ A] TAX,  Ax, \cC

) nt

Thus, plotting [C/AC-C)J/(x/m) against
C/C; will give rise to straight lines with
slope (A-1)/AX,, and intercept
1/AX,.for adsorption processes that
conform BET equation.

v

4. ADSORPTION DYNAMICS STUDY
The study of  adsorption dynamics
describes the solute uptake rate and
evidently this rate controls the residence
time of adsorbate uptake at the solid-
solution interface. Kinetics of (MB)
adsorption on the CSP were analysed
using  pseudofirst-order  (Lagergren,
1898), pseudo second-order (Ho et al.,
2000), Elovich (Chien and Clayton, 1980;
Sparks, 1986) and intraparticle diffusion
(Srivastava et al, 1989; Weber and
Morris, 1963) kinetic models [23].

4.1. The pseudo first-order model

The pseudo  first-order  equation
{Lagergren, 1898) is generally expressed
as follows:

s - ke, -0 )

Ai =0 to &=t and g~0 to g~q, the
integrated form of Equation (7) becomes:

] ke

(logg. ~logg,) = logla.)-5==¢ (8)
where %, and ¢, can be determined from
the slope and intercept of the plot.
4,2, The pseudo second-order model
The pseudo second-order kinetic rate
equation is expressed as (Ho et al., 2000):
Y, kg, -a,) 9)

dt
At =0 to =t and ¢~0 to g~=q, the
integrated form of Equation (9) becomes:

L o1k (10)
(9.-49.) q.

Equation (4) can be rearranged to obtain

Equation (11), which has a linear form:

If the initial adsorption rate, 2 (mg/g.
min} is:

h=kyq, (12)
then Equations (11) and (12) become:
{ 11
—= et (13)
9. h 4,

The plot of (#/g,) and ¢ of Equation (11)
should give a linear relationship from
which ¢, and 4, can be determined from
the slope and intercept of the plot,
respectively.

4.3. The Elovich model

"The Elovich model equation is generally

expressed as:

dgq,

—r=aexpl-fq,) (14)
To simplify the Elovich equation, Chien
and Clayton (1980} assumed af¢ >> ¢ and
by applying the boundary conditions =0
to =t and g=0 to g~g, Equation (14)
becomes:

q, =%ln(aﬁ)+%ln(!) (15)

A plot of g, vs. In(t) should yield a linear
relationship with a slope of (1/8) and an
intercept of ({/f) in(af).
4.4. The intraparticle diffusion model
The intraparticle diffusion model is
expressed as (Weber and Morris, 1963)
R=k,t) (16)
A linearized form of the ecquation is
obtained as:
log R = logk,, +alog(t) (17)
If {(MB) adsorption fits the intraparticle
model, a plot of log R vs. log t should
yield a linear relationship with a slope of
a and an intercept of log k.
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5. RESULTS AND DISCUSSION

5.1. Adsorption Isotherms

The results of this study show that CSP
was effective, in adsorbing MB as its
removal reached 9i% at 25°C.
Adsorption of MB was highly pH-
dependent and the results showed that the
optimum pH for the removal was found
to be (5-9), at which MB exists mostly as
the most easily adsorbed form aqueous
solutton increases as the inital MB
concentration.  Also on  increasing
temperature, smaller adsorbate particle
were found to increase the percentage
removal of MB. The Experimental data
were applied in the three isotherms,
which results indicate that the adsorption
of MB on CSP fits the BET model (Fig.
1), verifying the assumption that the
adsorbate molecules could be adsorbed in
more than one layer thick on the surface
of the adsorbent.

0,07

006 1Y = 0,122433( -0,0156 a
E 0.05 R"=0,9318
= 0,4
E 0,03 a
290

4,01

0+ T -1 T . ~T
] IR} 0,2 03 0,4 05 006
cle,

Fig. (1) Plot of BET isotherm

5.2. Adsorption Dynamics

5.2.1. Effect of adsorbate concentrations
The removal of MB by adsorption on
CSP was found to increase with time and
attained a maximum value at 150 min,
On changing the initial concentration of
MB solution from 25 to 125 mg/l, the
amount adsorbed increased at 25 °C, pH
7.5 and particle size of 0.05 mm. The
experimental results correlate with the
theoretically predicted curves. Results

P.19

obtained show good compliance with the
pseudo second-order kinetic model (Fig.
2), with values of correlation coefficient,
r*>0.969,

300

t/q Iminf{mg adsorpent/gm
adsorbate)]

Time (min)

Fig. (2): Plot of pseudo second-order equation
at different adsorbate concentrations

3.2.2. Effect of adsorbent particle size
The batch adsorption experiments were
carried out using adsorbent with different
particle sizes, (blew 0.05 to over 0.5 mm)
at pH 7.5, 25°C, and initial concentration
of 25 mg/l. The removal of MB increased
with the decrease in particle size. The
relatively higher adsorption with smaller
adsorbent particle may be attributed to
the fact that smaller particles vield large
surface areas. The data obtained
separately for each of the kinetic models
from the slopes of plots, show a good
compliance with the pseudo second-order
equation (Fig. 3), the r* values for the
linear plots being > 0.9644.

o
=

* 0050025 mm
—a—.1250.16
- 0L1s0.2
® 020315
* D315-D.5

t/q {minf(rug adsorpent/gm
adsorbate)|
A
=

0 30 60 90 120 ISt

Time (min)
Fig. (3): Plot of pseudo second-order equation
at different adsorbent particle size
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5.2.3. Effect of Temperature

Increasing the temperature is known to

increase the rate of diffusion of the
adsorbate molecules across the external

increase in CSP dose. The curves
(Fig. 5), showed good compliance with
pseudo second-order model with values
of correlation coefficient, #*>0.985.

boundary layer and in the internal pores

of the adsorbent particle, owing to the 00 T
decrease in the viscosity of the solution. ( 1

. . . 80§l ~ 128
In addition, changing temperature will l

x 1
change the equilibrium capacity of the —25
adsorbent for a particular adsorbate. The
experimental data were obtained at pH
7.5, particle size blew 0.05 mm, and 0
initial concentration of 25-mg/l. The
increasing adsorption rate of MB on the
surface of CSP may be. explained by
considering more conversion of the dimer
species to monomers. The data obtained
for each of the kinetic models from the
slopes of plots (Fig. 4) show a good
compliance with the pseudo second-order
equation, with values of correlation
coefficient, ¥>0.9994.

100 —-

&

t/q |minf{mg adsorpent/gm
adsorbate)]
o
=

0 3 60 %0 120 1
Time {min)
Fig. (5): Plot of pseudo second-order equation
at different adsorpent dose

5.2.5. Effect of pH

The removal of MB was studied at
different pHs in the range 2.2-11.1 by CSP
at initial MB concentration of 25 mg/1, and
a temperature of 25°C, particle size blew
0.05Smun. The variation in adsorption
capacity in this pH range is largely due to

B the influence of pH on the adsorption
B characteristics of the CSP which indicates
60 44_;2 that the adsorption capacity of the

adsorbent is clearly pH dependent. The
S : optimum removal (91%) was observed in
the pH range 5-9. Results also showed that
0 L . — ﬁ~—~———J the  adsorption reaction can  be
0 3 60 %0 120 150 approximated with the pseudo second-
N Time (min) _ order kinetic mode! (Fig. 6), with values of
Fig. (4): Plot. of pseudo second-order equation correlation coefficient, +2>0.9917. The rate
at different temperatures constants and values of correlation

5.2.4. Effect of adsoxrbent dose coefficient are represented in table 1.

-y
=

=)
=)

t/q [minAmg adsorpent/gm
adsorbate))

MB uptake was studied using different g 100

doses of CSP by using 50 ml of solution Y,

at pH 7.5, 25°C, patrticle size blew 0.05 E3 o

mm and initial concentration of 25 mg/l. T2

The concentrations used were 0.5, (.75, 5 é 40

I, 125 and 1.5gm adsorbent/ liter _E_ 20 | ¥ ?
adsorbate, keeping the batch G '
experimental volume the same in all 0 0 &0 % 120 i
cases. The results indicated that the Time (min)

percent adsorption increased with the Fig. (6): Plot of pseudo second-order equation

at different pH values
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Table (1): The adsorption kinetic model rate constants for CSP

First order Second order Elovich modet Iatraparticte diffusion |
Parameter K, r’ k; h R’ B ¢ r’ Kig a v’
2 0.028 10,993 16.977 {2.117 |0.999 [2.098 | 0.122 ]0.956 | 8.63 {0.474 {0972
5 0.039 10.992 }17.368 [2.264 [0.992 11916 | 0.123 (0,923 | 8.25 |0.495 [0.960
E_ 1.5 0.044 [0.969 |5.026 {2.124 (0,999 |2.242 | 0.227 )0.976 (16.24 [0.362 (0.942
9 0.039 (0,996 (4.689 12085 [0.999 }2.345 | 0.257 |0.811 [18.02 [0.339 |0.952
12 ]0.039 [0.995 §7.211 (2022 |0.995 |2.060 | 0.115 (0955 | 7.62 |0.498 |0.959
= 0.08 |0.026 [0.976 [3.921 |2.069 }0.997 2.791 0.528 0.975 | 1.90 |1.429 |0.961
2B ( 01 ]0.034 |0.993 14420 2,081 )0.99% {2.506 0'327 0.970 | 2.01 1.3} [0.971
£ E{ 02 |0.036 [0994 14780 |2.104 {0999 |2327 025q |0963 1221 11247 10.936
a4 g 0.315 {0,042 )0.974 ]5.026 |2.124 10999 (2.242 0l226 0.91 2.30 1 1.211 | 0.942
wiops [0.025 10.967 17.461 |2.126 |0.964 |2.140 D' 120 0.69 ] 332 10.838 |0.845
T 0.5 0.016 10,983 (3915 | 1.571 10985 {3,957 | 0.444 |0.954 | 21.45 |0.235 |0.978
-4 E" 0.75 10.029 10.992 14.004 {1.886 }0.998 |2.935 | 0.386 |0.948 |22.45 10.272 ]0.982
§ ol | 0031 10,992 12959 [1.958 1D.999 [3.518 1.788 10976 3543 (0.194 }0.959
’2: 21 1.25 |0.047 |0.994 ]2.562 |2.030 ]0.999 {4.892 1105 [0.964 }41.93 10.171 |0.958
2115 0041 [0.996 J1.877 [2.072 ]10.999 13.692 | 2.837 [0.834 ]56.40 )0.116 |0.957
?:.' 25 0.036 |0.994 14.800 [2.104 [0.999 (2327 | 0.254 (0976 }117.65 }0.344 )0.936
o 30 0.036 [0.996 |4.520 |2.096 1(.999 [2.409 | 0.296 |0.950 ]19.73 10.322 ]0.942
E.é" 40 0.030 |0.986 14,219 (2,114 10999 12,475 | 0364 |0.976 ]22.36 10.301 }0.934
g | 50 0.030 10.989 14.064 [2.128 10.999 12,525 | 0.417 (0902 |24.44 )0.284 |0.950
{2 60 0.034 10.985 13.440 [2.104 10.999 {2783 | 0.673 | 0.971 |29.77 10.245 |0.93¢6
g 25 0,023 10.994 | 7.169 10.841 (0,995 |5.672 | 0.027 10,976 { 3.78 |{0.668 |0.936
b= — 50 0.029 [0.992 (4.004 |1.886 |0,998 |2.935 | 0.386¢ |0.910 ) 245 {0.272 [0.982
E ! 75 0.027 (0990 |8.862 (3399 (0997 [1.303 | 0.182 10,463 | 6.16 |0.499 {0.958
o E, 100 10.017 {0921 §7.110 (1.96) |0.969 |2.37! 0.115 10.852 | 3.62 (0.481 |0.883
2 125 (0019 [0.997 [9.621 {3.01¢ 10992 11.508 | 0.135 10.84% f 3.53 (0.523 |0.986
© _L |
_vic-c¢,) 20)
5.3. Determination of Thermodynamic Q= m

Parameters
5.3.1, Determination of AH®, AS® and AG®
The values of the thermodynamic

parameters, enthalpy variation (44) and
entropy variation (45}, were calculated
from the curve relating the distribution
coefficient (Kp) as a function of
temperature (Fig. 7) using the equation:
AS® AH®
ok, (2522

where Kp is the distribution coefficient
(cm3.g"), defined as:

K”:% (19)
with @ the amount adsorbed (mg

adsorbate/g adsorbent) described by the
equation:

where C and C, are the initial and
equilibrium concentrations of the solute,
respectively (mg.em™). The calculated
data for Kp and { are shown in table 2.

The free energy change (AG®) parameter
was calculated using equation 21:

AG® = AH®— TAS® 21)
0,05
¥ = 0,0351x + 0,0653
004 ] R? = 0,9937
E 0,03 A
0,02 1
0,01 4
] T T Y T T v__"
07 08 09 1 1,1 12 13 14

n Kb
Fig. (7): Plot of /T versus Kp
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Table 2: Q -and Kp parameters at different

temperatures
F?e.mperature (°C) Q Ky
B 25 7488 | 2.103
30 758 | 2445
40 7714 | 3.174
50 7.78 | 3.705
60 7.804 | 3.941

From figure 7 the values of AH°, AS® were
determined from the slopes and intercepts
of the curves, respectively as well as the
calculated values of AG° and are listed in
table 3. Investigation of the obtained values
of the thermodynamic parameters shows
that the adsorption process is endothermic.
This is in accordance with increasing
adsorption rate with increasing
temperature.

Table 3: Thermodynamic parameters at

different temperatures

AH AS AG (keal/mof)
keal/mol kealimol. Ki25 °C 130 °C {40 °Q] 50 °C) 60 °C

0.0695 | 0.1293 [-3.161-3.81 | -5.1] -6.39] -7.69

5.3.2. Determination of Mean Free
Energy (E)

The mean free energy of adsorption (E) is

the free energy change when one mole of

jons is transferred to the surface. of the

membrane from infinity in the solution and

it is calculated from:

i
E=-(2K,R): (22)
The mean free energies (£} were calculated

and documented in table 4.
Table 4: Free Energy (E) at different

temperatures
Temperature (°C) Kp E, kj/mol T
25 2103 | 2.885807
30 2.445 3.1116}5’
40 3.174 | 3.545284
50 3,705 3.830379%
60 3.941 | 3.950489

The magnitude of £ is useful for estimating
the type of sorption reaction, since £ < 8
k. mol', physical forces such as

diffusional processes may affect the
sorption mechanism {24]. So, the adsorption
of dyes seems to be a complex
phenomenon, where diffusion and chemical
bonding occur at different temperature
ranges, this may support that the monolayer
capacity (¢m.) increases with increasing
temperature.

6. CONCLUSION

e Corn straw pulp could be used as an
alternative low cost adsorbent of dyes
from industrial wastewater discharged
from dying units.

» The adsorption process fits the BET
model, corroborating the assumption that
the adsorbate molecules could be
adsorbed in more than one layer thick on
the surface of the adsorbent,

¢ The kinetics of MB adsorption on the
CSP was found to follow a pseudo
second-order rate equation.

» The mean free energies (£) revealed that,
adsorption of dyes on com straw pulp
seems to be a complex phenomenon,
where diffusion and chemical bonding
occur at different temperature ranges.

e The values of thermodynamic parameters
indicate that all adsorption processes are
endothermic, and this is in agreement
with the increasing adsorption capacity
with temperature.

¢ Thermodynamic studies are performed
and the values of the parameters suggest
that the process of removal of MB by
com straw pulp is a spontaneous one.

7. REFRENCES

[1] Berneth, H. and Bayer, A.G., Ulimann’s
Encyclopedia of Industrial Chemistry,
Wiley—VCH Press, Germ., 585, (2003).

[2] Zhao ZongShan, Liu JingFu, Tai Chao,
Zhou QunFang, Hu JingTian and Jiang
GuiBin, Sci China Ser B-Chem, 51(2),
186-192, (2008).



Mansoura Engineering Journal, (MEJ), Vol. 34, No. 4, December 2009.

{31 Wong, Y.C, Szeto, Y.S., Cheung, W.H.
- -and G.. Adsorption, 14, 11-20 (2008).
4 K. Fuita, K. Taniguchi, H. Ohno,

Talanta, 85, 1066, (2005).

[5] P. Waranusantigul, P. Pokethitivook, M.
Kruatrachue, E.S. Upatham, Environ.
Pollut. 125, 385, (2003).

[6] M.F.R. Pereira, S.F. Soares, I.J.M.
Orfao, 1.L. Figueiredo, Carbon, 41, 811,
2003.

7] P. Cooper, J. Soc. Dyers Colour, 109,
97, (1993).

{81 U. Rott, R, Minke, Water Sci. Technol,
40, 137, (1999).

9] K. Kudo, H. Hosada, S. Honma, M.
Komatsu, J. Fuel Soc. Jpn., 52, 335,
(1973).

[10] Stuart S. Barton, Carbon, 25, 343,
(1987).

{11} CM. GonzaAlez-Garcia, R. Denoyel,
M.L. GonzaAlez-Martin, V. Gomez-
Serrano, Thermochim. Acta, 375, 177,
(2001).

12] LK. Wang, R.P. Leonard, M.H. Wang,
D.W. Goupil, J. Appl. Chem.
Biotechnol., 25, 491, (1975). |

{13] AL Zouboulis, N.XK. Lazaridis, D.
Zamboulis, Sci. Technol., 29, 385,
- (1994).

[14] H. Weinberg, N. Narkis, -Environ.
Pollut., 45, 245, (1987).

[15] O. Dusart, S. Souabi, M. Mazet,
Environ. Technol., 11, 721, {1990).

{16] National Organic Standards Board
Technical Advisory Panel Review
(NOSB TAP Review), Activated

Carbon Processing, 3, (2002).

{17} Ravindra Wamanrao Gaikwad and Sunil
Ashok Misal Kinldy, Korean J. Chem.
Eng., 26(1), 102-107 (2009).

(18] Erhan Demirbasa, Mehmet Kobyab, Elif
Senturkb and Tuncay Ozkana, a Gebze
Institute of Technology , 41400 Gebze,
Turkey, (2004).

p.23

(19} Al-Halwany, M. M.; International
Chemical Since Conference, Sharm El-
Sheikh, 16-19 April (2007).

[20} E. Demirbas, M. Kobya, M.S. Oncel and
S. Sencan, Bioresour. Technol, 84: 291-
293, (2002).

[21] E. Demirbas, M. Kobya, E. Senturk and
T. Ozkan, Water SA., 30(4), (2004).

[22] N. Muhamad, J. Parr, D.M. Smith, and
D.A. Wheathey, WEDC Conference
Sanitation and Water for All, Islamabad,
Pakistan, 346-349 (1998).

{23] R Jalali, H. Ghafourian, D. Asef, and S.
Sepehr, J. Hazard Matter, 92(3), 253-
262 (2002).

[24]| J.Romero-Gonzalez, J.R. Peralta-Videa.
E. Rodriguez, S.L. Ramirez, and J.L.
Gardea-Torresdey, J.Chem.
Thermodyn., 37 (4) 343-347, (2005).

8. NOMENCLATURE

A Constant describing the energy of
interaction between solute and
adsorbent surface;

C Initial concentration (mg/l);

Ce Concentration equilibrium (mg/1);

C, Saturation concentration of solute
(mg/t);

Kr&n Freundlich constants;

m Weight of adsorbent (mg);

k; Rate constant of pseudo first-order
adsorption (}/min);

k; Rate constant of pseudo second-

order adsorption (g/mg. min};

Distribution coefficient (cm’.g"')

Kig Intraparticle diffusion rate constant (min™)

Constant related to the adsorption
fdesorption energy (! g‘l);

Qe Adsorption capacity at equilibrium,
(mg of dye/g adsorbate);

Qmax  Maximum sorption {mg of dye/g
adsorbate);

q Adsomtion capacity at time /£, (mg
of dye/g adsorbate);

R universal gas constant (j/mole. K)
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R Percent (MB) adsorbed; o Initial adsorption rate (mg of dye/g

¢ 'Contact time (min) adsorbate. min);
v Volume of the solution B Desorption constant (g/mg) during
X Amount of solute adsorbed (mg); any experiment; '

Xn Amount of solute adsorbed in
forming a complete mono layer {(mg
of dye/g adsorbate};




