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Abstract: Adsorption of Acid Red 37 from aqueous solution on potatoes (POH) and egg (EGH) husk have been
studied comparatively. The adsorption process is affected by various parameters such, solution pH (2.01- 9.02),
initial concentration of dye (10, 15, 25, 50, 75 and 100 mg/1), adsorbent dose (0.2 - 1 g/l) and contact time. As initial
pH of dye solution increased, the percentage of the removal increased, reached a maximum pH = 5.3+0.5 and the
final solution pH after adsorption decreases. Inhibition of the dye sorption onto raw POH and EGH at low acidic and
high basic pH ranges may be attributed to the increase of hydroxyl and hydrogen ions leading to formation of aqua
complexes that retards the dye sorption. Therefore, it is suggested that the optimum pH for the removal of AR37 is
5.3+0.5. Adsorption isotherms of the studied dye on adsorbent were determined and compared with the Langmiur,
Fruendlich and Temkin modles. The adsorption capacity (Q,,) obtained from the Langmiur isotherm plot was 23.53
and 20.85 mg /g for POH and EGH respectively at initial pH= 5.340.5, initial concentration of dye 50 mg/l and
adsorbent dose 1g/l. Adsorption kinetics were verified by pseudo-first order and pseudo-second order models.
Results indicated that, two selected adsorbents could be employed as low cost adsorbent for removal of AR37 from
aqueous solution. The removal of dye solution by potatoes husk (POH) is found to be more efficiency than egg husk
powder (EGH).
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1.Introduction: due to its effectiveness and versatility, but this method

Dyes are a type of organic compounds which are is expensive. Many low-cost adsorbents have been
used in many industries for coloration purpose such as investigated on dye removal, such as fly ash [3, 11-14],
textile, rubber, paper, plastic, cosmetic etc. The total bottom ash [6], clay [8], zeolite [6-8], calcine alunite
dye consumption of the textile industry worldwide is [15], peanut hull [7], rice husk [4], and brown seaweed

more than 107 kg year”. There are more than 10,000 [10]. Agricultural by-products are considered to be low
commercially available dyes with over 7x10° tones of cost products, which are arbitrarily discarded or

dyestuff produced annually across the world [1]. It is burned, resulting in resource loss and environmental
estimated that 2 % of dyes produced annually are pollution. Generally, sorption capacity of crude
discharged in effluent from manufacturing operations. agricultural by-products is low [16]. These materials
While in the textile industry, it is estimated that 10— are chemically modified in order to enhance their
15% of the dye is lost during the dyeing process and sorption capacities and, by extension, their usefulness
released with the effluent. Effluents discharged from in the treatment of wastewater. These materials, in
washing and dyeing processes represent 95% of the general, possess high sorption capacities towards either
total amount of consumed water, namely 200 1 /kg positively or negatively charged dye molecules, but not
fabric [2]. Without appropriate treatment, discharge of both. However, a mixture of different types of dyes is
dye wastewaters into water bodies can adversely affect usually found in the industrial effluent. Hence there is a
aquatic environment by reducing light penetration and need to have sorbents capable of removing different
photosynthesis, and being hazardous and toxic to types of dyes either singly or simultaneously [17].The
aquatic life [3-6]. This led to an intensive search for the objective of this study was to explore the possibility

best available technology, which can be used for the using egg husk powder EGH and potatoes husk POH
removal of dyes. Many physical and chemical methods for removing anionic dye, Acid Red 37 (AR 37) from

have been carried out for treating dye wastewater, e.g. aqueous solution. The present study has been
coagulation/flocculation, chemical oxidation, activated undertaking into report in detail the characteristics of
sludge process, are difficult, ineffective or economic (AR37) adsorption in the batch process. Various
disadvantage [3-5, 7-10]. The adsorption process is one isotherm models have been studied for their usefulness
of the efficient methods to remove the contaminants in correlating the experimental data.

from the wastewater. Activated carbon is widely used
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2. Material and Methods
2.1. Preparation of adsorbents

In this study, potatoes husk POH and egg shell
EGH were used as adsorbents for the removal of
anionic acid dye (AR37). The potatoes were purchased
from local agricultural field. Its skin was removed by
scratching, and then it was washed several times with
distilled water to remove dust and other foreign
particles and dried in shadow. It was then grinded to
fine powder. Its mesh size was determined (sieved with
0.850 mesh sieve). Egg shells were collected, washed
with distilled water and dried in the oven. Then, it was
grounded and sieved to 150-200 pm particle size. It
was then dried at 105 °C for 24 hours to remove
moisture and stored in a closed bottle for later use in
adsorption studies.

2.2. Preparation of dye solution (adsorbate)
Lissamine Red B (Acid Red 37) was obtained
from Imperial Chemical Industries Company and was
used without further purification. Its molecular formula
is C18H14N4N320882 and its color index C.I. 17045. A
stock solution of the dye was prepared by dissolving 1
gram of dye in 1000 ml distilled water to make a stock
solution of 1000 mg/l. The experimental solution was
prepared by diluting definite volume of the stock
solution to get the desired concentration. For
absorbance measurements a UV-VIS
spectrophotometer, JAPAN APEL (PD-303S) was
employed using quartz cells of path length 1 cm. The
maximum wavelength was measured at 516.38 nm.

2.3. Batch adsorption studies
2.3.1. Adsorption study: effect of adsorbent dosage.
Different dosages of adsorbent were added to
working standards. The amount of adsorbent used was
0.2, 0.4, 0.6, 0.8, 1.0, 1.5 and 2.0 g. All these
adsorbents, at pH 5.35, were added to 100 ml dye
solution of 50 mg/l in a 250 ml conical at room
temperature. These samples were placed on rotary
shaker. The samples were withdrawn from the shaker
after 24 hrs agitating. The solution was separated by
filter paper filtration. The concentration of the residual
dye solution was determined by UV-VIS
spectrophotometer measurements.

2.3.2. Adsorption study: effect of adsorbate initial
concentration.

Dye solutions with concentration of 10, 15, 25,
50, 75 and100 mg/l were prepared.1.0 g of adsorbent at
pH 5.3+0.5 was added to the solutions in a 250 ml
conical flask. These were followed by agitating the
solution on a rotary shaker. The concentration of the
residual dye solution was determined by UV-VIS
spectrophotometer measurements.
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2.3.3. Adsorption study: effect of initial pH and
contact Time.

Adsorption experiments for the removal of dye
were conducted in the pH range of 2.01 — 9.02, and
contact time from 0- 180. The amount of dye adsorbed
per unit mass of the adsorbent was calculated using the
following equation:

Qe :(Co'ce)V/W (1)

Where, C, and C, are the initial and equilibrium
adsorbate concentrations (mg/ L), respectively, V is the
volume of solution (L) and W is the mass of adsorbent
(g). The dye removal percentage can be calculated as
follows:

Co - Ce
%

Removal = 100

@)
Co

Where, C, and C. (mg/L) are the liquid-phase
concentrations of dye at initial and equilibrium,
respectively . Finally the suitability of the Langmuir,
Freundlich and Temkin adsorption isotherm models to
the equilibrium data were investigated for dye
adsorbate .

3. Results and Discussion
3.1. Effect of the pH

Figure 1 shows the effect of the initial pH of the
dye solutions towards the adsorption of AR37 by
potatoes and egg husk in dye solutions. The pH value
of the solution is an important process-controlling
parameter in the adsorption of dye. The initial pH
values of the dye solutions affect the surface charge of
the adsorbent and thus the adsorption of the charged
dye groups on it [15]. In order to evaluate the influence
of this parameter on the adsorption, the experiments
were carried out at different initial pH values. The pH
range was chosen as 2.01 — 9.02. For AR37 dye
solutions adsorbate onto POH and EGH adsorbent,
mild acidic condition i.e. pH 5.3 shows maximum
adsorption (% R =91.62, 79.75 and Q.= 32.80, 28.55
mg/g for POH and EGH respectively). At strong acidic
and basic pH condition i.e. pH 2.01 and pH 9.02,
adsorption is least (% R =49.92, 44.07 and Q= 15.0,
13.20 mg/g for POH and EGH respectively at pH2.01)
for initial dye concentration of 50 mg/l and contact
time 2 hour. However, the mild acidic pH (pHS5.3%0.5)
system showed good adsorption behavior for the
AR37dye solution.
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Figure 1: Effect of pH on Adsorption of
AR37Solution by Selected Adsorbents, Adsorbent
Dosage 1g/1, Initial Concentrations 50 mg/l and
Contact Time 2 hrs.

As the pH of the system decreases, the
protonated surface groups facilitate the adsorption of
the negatively charged dye. The number of positively
charged sites increases resulting in an increase of
binding sites for anionic dye molecules AR37 [18]. A
lower percentage of the removal of AR37 in basic pH
may be due to the presence of excess OH ions
competing with the dye anions for the adsorption sites.
The electrostatic repulsion between the anionic dye and
the negatively charged sites contribute to the decreased
uptake of AR37 [18, 19]. Moreover, inhibition of the
dye sorption onto raw POH and EGH at low acidic and
high basic pH ranges may be attributed to the increase
of the hydroxyl and hydrogen ions leading to the
formation of aqua complexes. That retards the dye
sorption [20].Therefore, it is suggested that the
optimum pH for the removal of AR37 is 5.3+0.5.

3.2. Effect of initial dye concentration

The experimental results of adsorptions of
AR37 dye on the low cost adsorbed potatoes and egg
husk at various concentrations (10, 15, 25, 50, 75 and
100 mg/L) are shown in Figure 2.
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g
m 60
X
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Figure 2: Effect of AR37 Dye Concentration on
Adsorption by Selected Adsorbents (P.H. and E.H.)
pH= 5.3 +£0.5, Adsorbent Dosage 1g/l, Contact Time
60 min.

The results were collected in Table 1, reveals that,
the percent of the adsorption decreased with the
increase of the initial dye concentration, but the actual
amount of dye adsorbed per unit mass of adsorbed
increased with the increase of the dye concentration.
This means that the adsorption is highly dependent on
the initial concentration of the dye. It is because this
that at lower concentration, the ratio of the initial
number of dye molecules to the available surface area
is low; subsequently the fractional adsorption becomes
independent of initial concentration. However, at high
concentration the available sites of adsorption becomes
fewer and hence the percentage removal of dye is
dependent upon initial concentration. Also, the results
indicate that the adsorption of acid dye onto the surface
of adsorbent (POH and EGH) were initially rapid,
slowed down later on and finally reached towards
equilibrium (Figure 2) indicating saturated adsorption
[21-23]. The increased adsorption may be attributed to
the increase in surface activity and due to micelle
formation or the aggregation of dye molecule in the
concentration range studied. Similar results have been
also reported by several researchers [21].

Table (1): A comparison of Removal Percentages of Dye (%R) and Amount of Dye Adsorbed per Gram of
The Adsorbent (Q.) at Different Initial Concentrations of AR37 on POH and EGH Adsorbent

Potatoes husk adsorbent (POH)

Egg husk adsorbent (EGH)

[Dye] mg/l
% R Qe(mg/g) % R Qe(mg/g)
10 82.59 8.30 72.64 5.84
15 80.79 13.25 66.16 10.85
25 74.69 21.10 55.75 15.75
50 64.32 31.10 4581 22.15
75 55.66 39.85 39.25 28.10
100 46.69 40.85 36.00 31.50

3.3. Effect of contact time

The percentage of the removal increased with
the increase of the contact time and reached a constant
value. This may be due to the attainment of equilibrium
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condition at 80 min of contact time for EGH and 60
min of contact time for POH, which are fixed as the
optimum contact time. The effect of contact time is
shown in Figure 3.
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Figure 3: Effect of the Contact Time on Adsorption
of AR37 by Selected Adsorbent pH=5.3%0.5,
Adsorbent Dosage 1g/1, Initial Concentration 50 mg/
L

At the initial stage, the rate of the removal of
AR37 was higher, due to the availability of more than
required number of active sites on the surface of
adsorbent. The rate of the removal became slower at
the later stages of contact time, due to the decreased or
lesser number of active sites [24]. Similar results have
been reported in literature for the removal of dyes [25],
organic acids [26] and metal ions [27] by various
adsorbents. Figure 3 reveals that the curves are single,
smooth, and continuous, leading to saturation,
suggesting the possible monolayer coverage of the dye
on the adsorbent surface.

3.4. Effect of dose of adsorbent

The effect of adsorbent dosage on the
removal of AR37 at 50 mg/1 initial concentration and
pH 5.3+0.5 was studied and the results are represented
in Figure 4. Dosage study is an important parameter in
adsorption studies because it determines the capacity of
adsorbent for a given initial concentration of dye
solution. The removal of the dye was found to increase
with an increase in adsorbent dosage from 0.2-2 g/l.
The adsorption equilibria of the dyes were reached at 1
g and the removal of dyes remained almost invariable
above this dosage. Therefore, 1 g appears to be the
optimum sorbent dosage. Increase in adsorption with
increase in adsorbent dosage attributed to the increase
of active sites for adsorption of dye molecules with
increasing adsorbent dosage. At very low adsorbent
concentration, the adsorbent surface becomes saturated
with the dye and the residual dye concentration in the
solution to large. The data clearly shows that the POH
is more effective than EGH for removal of AR37 from
aqueous solution.
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Figure 4: Effect of Adsorbent Dosage on Removal of
AR37 by Selected Adsorbents [POH and EGH], at
pH=5.3 £ 0.5, Initial Concentration 50 mg/l,
Contact Time 2h.

3.5. Adsorption isotherm at different concentration
of adsorbate

The adsorption isotherm of AR37 was
analyzed using the Langmuir, Freundlich and Temkin
isotherms models.

3.5.1. Langmuir isotherm

The Langmuir equation is based on the
assumption that maximum sorption corresponds to a
saturated monolayer of adsorbate molecules on the
adsorbent surface. The energy of sorption is constant
and there is no transmigration of the sorbate in the
plane of the surface [28]. The Langmuir type equation
is expressed as:
1/Qe= (1/Qu)* (1/6Q) ( 1/ Ce) 3)

where C. is the equilibrium concentration
(mg/l), Q. is the amount adsorbed at equilibrium
(mg/g) . Qm and b are Langmuir constants related to
adsorption capacity (mg/g) and energy of adsorption
capacity (I/mg), respectively. The linear plots of 1/Q,
versus 1/C,. suggest the applicability of the Langmuir
isotherms. The values of Q,, and b were determined
from slope and intercepts of the plots .These values are
presented in Table 2 and Figures 5, 6. The shape of the

Langmuir isotherm was investigated by the
dimensionless constant separation term (Rp) to
determine high affinity adsorption [I18]. Ry was
calculated as follows:

R.=1/1+bC, @)

where, C, is the initial dye concentration
(mg/l), Ry indicates the type of isotherm to be
irreversible (R = 0), favorable (0 < R < 1), linear (Rp =
1) (or) unfavorable (R > 1). In the present
investigation, the Ry values for EGH and POH were
less than one, showing favorable adsorption.
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Table 2: Isotherm Parameters for Adsorption of AR37 onto Selected adsorbents, POH and EGH

Adsorbent Langmuir model

Freundlich model Temkin model

r2

Qm b l1L

2

2
r

n K, B A r

0093 0.860-

POH 0.982

23.53 0.999

2

.40

2630 0973 4.82 1.56 0.992

0.679-

EGH 0.949

2085  0.27 0.999

2.

32 14.59  0.987 5.05 1.24 0.985

3.5.2. Freundlich isotherm
Freundlich isotherm model was chosen to

estimate the adsorption intensity of the adsorbate on the
adsorbent surface [29]. Linear form of Freundlich
model was expressed by:
Log C.=log k,+ 1/nlog C. 5)

Where, Q. is dye concentration in solid at
equilibrium (mg/g), C. is dye concentration in solution
at equilibrium (mg/l), k, is the Freundlich isotherm
constant related to adsorption capacity (I/mg) and n is
the Freundlich isotherm constant related to adsorption
intensity. The linear plot of log Q. versus log C. for
adsorption of AR 37 onto POH and EGH is shown in
Figures 7, 8 and the values of n and k; calculated from
the slope and intercept are given in Table 2. The values
of n are greater than one indicating the favorable
adsorption.

3.5.3. Temkin isotherm
Temkin and Pyzhev [30] considered the effect
of the adsorbate interaction on adsorption and
proposed the model known as the Temkin isotherm,
which can be expressed as:
Q.= (RT/ B) InA+ (RT/ B) InC, (6)
Where A and B are Temkin constant, R is the
gas constant and T is the absolute temperature. A Plot
of Q. versus InC, can be used to determine the constant
A and B, where (RT/ ) = B. The Temkin adsorption
isotherm model was chosen to evaluate the adsorption
potentials of the adsorbent for adsorbates. The Temkin
isotherm plot for AR37 is presented in Figures 9, 10
and Table 2.

0.25

0.20

005+
POH

4o
1/C,

Figure 5: Langmuir Isotherm Plot for Adsorption of
AR 37 onto POH
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Figure 6: Langmuir Isotherm Plot for Adsorption of
AR 37 onto EGH.

logC.
Figure 7: Freundlich Isotherm
Adsorption of AR 37 onto POH.
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-16 12

Plot for

0.64

log C,
Figure 8: Freundlich Isotherm Plot for Adsorption
of AR 37 onto EGH.

For AR 37 dye, adsorption onto both
adsorbents confirms the Langmuir, on the correlation
coefficients (r* values) of the isotherms studied, it was
found that Langmuir isotherm was more suitable

T
-0.8
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isotherm than Freundlich and Temkin isotherms for the
experimental data. The Langmuir maximum adsorption
capacity of EGH was 20.85 mg/g that is law compared
with that of POH (23.53 mg/g) for adsorptive removal
of AR 37 dye, this indicates, that the POH adsorbent is
more effective than EGH adsorbent in adsorption. The
fitness of Langmuir’s model indicated the formation of
monolayer coverage of the adsorbate on the outer
surface of the adsorbent.

204

Figure 9: Temkin Isotherm Plot for Adsorption of
AR 37 onto POH.

(b)

-3.0 -25 »2.;)11 C»1.5 -1.0 -0.5 0.0

Figure 10 : Temkin Isotherm Plot for Adsorption of
AR 37 onto EGH.

3.6. Adsorption kinetics

In order to investigate the mechanism of
adsorption, the pseudo-first order and the pseudo-
second order kinetic models were used to test
dynamical experimental data.

3.6.1. Pseudo-first order kinetic model

This model was suggested for the adsorption
of solid/liquid systems [31]. The integrated linear form
of the model is as follows:
log (Q- Q) =1log Q. - kyt/2.303 (7)
a plot of log (Q.- Q) versus t gives a linear line (Figure
11,12 ) from which the values of k; and Q. were
determined from the slope and intercept respectively.
These values are presented in Table 3.

3.6.2. Pseudo-second order kinetic model

The adsorption mechanism is explained by
the pseudo — second order kinetic model [32]. The
integrated linear form of the model is as follows:

Q= 1/k: Q. +t/ Qe ®)

A plot of t/Q; versus t gives a linear
relationship (Figure 13, 14), from which Q. and k, were
determined from the slope and the intercept of the plot
respectively. These values are presented in Table 3. For
all the systems studied, good correlation coefficients
were obtained (r, =~ 1) by fitting the experimental data
to pseudo-first order kinetics than that for the pseudo-
second order kinetic model. The Q. values calculated
from the pseudo second order model system are in
good agreement with the experimental Q. values.
Therefore, the sorption was more favorably by pseudo
second order kinetic model, which was based on the
assumption that the rate limiting step may be
chemisorption involving valences forces through
sharing or exchange of electrons between sorbent and
sorbate [33].

Table 3: The Kinetics Constants for The Adsorption of AR37 onto POH and EGH, [Initial Concentration
of AR37 =50 mg/l, pH = 5.3+0.5, Dose Adsorbent =1 g/1].

Pseudo-first order kinetics Pseudo-second order Kinetics

Adsorbents k; Qe Qe 2 k, Qe 2
(1/min) (exp.mg/g) (cal.mg/g) (g/mgmin) (cal.mg/g)
POH 0.025 17.80 15.60 0.995 4.23x10” 15.90 0.971
EGH 0.035 12.18 10.97 0.992 8.35x10” 12.69 0.989
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Figure 11: Pseudo-First Order
Adsorptior} of AR 37onto POH.
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Figure 12: Pseudo-First Order
Adsorption of AR 37onto EGH.
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Adsorption of AR 37onto POH.
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Figure 14: Pseudo-Second Order

Adsorption of AR 37onto EGH
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4. Conclusion

The present study was carried out to
compare the adsorption capacity of AR37 dye from
aqueous solution using potatoes husk and egg husk
powder. The adsorption characteristics of two
selected adsorbents have been examined by initial
pH, initial concentration, dose adsorbent and contact
time. The maximum removal of AR 37 was observed
at pH 5.3+0.5.Percentage removal of dye increased
with the decrease in initial concentration and
increased with increase in contact time and dose of
adsorbent. The equilibrium time for absorption of
AR37 from aqueous solutions was achieved within
60 min of POH and 80 min of EGH. The dye
removed almost remained invariable above adsorbent
dosage 1g/l for two selected adsorbent. The
experimental data were better described by pseudo-
second order model as evident from -correlation
coefficient.

The adsorption isotherm studies showed
that Langmuir model were found to provide the best
fit of the experimental data. The results showed that
POH and EGH have been successfully used as low
cost adsorbent for the removal of AR37 from
aqueous solution. Moreover, POH has adsorption
capacity more than EGH for AR37 removal.

Corresponding author

Nora M. Hilal

Chemistry Department, Faculty of Science, Al-Azhar
University (Girls), Nasr City, Cairo, Egypt
aliatal966(@yahoo.com

References

1. Gong, R., Li, M., Yang, C., Sun, Y., and Chen, J. ,
Removal of cationic dyes from aqueous solution by
adsorption on peanut hull. J. Haz. Mat., 2005,
B121:247-250.

. Robinson, T., McMullan, G., Marchant, R. and Nigam,
P., Remediation of dyes in textile effluent: a critical
review on current treatment technologies with a
proposed alternative, Bioresource Technology, 2001,
77:247-255.

3. Mane, V.S., Mall, L.D. and Srivastava, V.C., Kinetic
and equilibrium isotherm studies for the adsorptive
removal of Brilliant Green dye from aqueous
solution by rice husk ash, Journal of Environmental
Management, 2007, 84: 390—400.

4.  Ponnusami, V., Kritika, V., Madhuram, R. and
Srivastava, S.N., Biosorption of reactive dye using
acid-treated rice husk: factorial design analysis,
Journal of Hazardous Materials, 2007, 142:397—
403.

5. Aguedach, A., Brosillon, S., Morvan, J. and Lhadi,
E.K. Photocatalytic degradation of azo-dyes Reactive
Black 5 and Reactive Yellow 145 in water over a
newly deposited titanium dioxide, Applied Catalysis,
2005, B57:55— 62.

[\

editor@americanscience.org




Journal of American Science, 2012;8(2)

http://www.americanscience.org

6. Dincer, A.R. , Gunes, Y., Karakaya, N. and Gunes, E.,

Comparison of activated carbon and bottom ash for
removal of reactive dye from aqueous solution,
Bioresource Technol., 2007, 98:834-839.

7. Gong, R., Ding, Y., Li, M., Yang, C., Liu, H. and Sun,

Y. Utilization of powdered peanut hull as biosorbent
for removal of anionic dyes from aqueous solution,
Dyes Pigments, 2005, 64:187-192.

8. Ozdemir, O., Armagan, B., Turan, M. and Celik, M.S.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Comparison of the adsorption characteristics of azo-
reactive dyes on mezoporous minerals, Dyes
Pigments, 2004, 62:49-60.

Pereira, M.F.R., Soares, S.F., Orfao, JJM. and
Figueiredo, J.L. Adsorption of dyes on activated
carbons: influence of surface chemical groups.
Carbon, 2003, 41:811-821.

Vijayaraghavan, K. and Yun, Y.-S., Biosorption of
C.I. Reactive Black 5 from aqueous solution using
acid-treated  biomass of  brown  seaweed
Laminariasp., Dyes Pigments, 2008, 76:726-732.

Janos, P., Buchtova, H. and Ryznarova, M., Sorption
of dyes from aqueous solutions onto fly ash. Water
Research, 2003, 37:4938-4944.

Eren, Z. and Acar, F.N., Equilibrium and kinetic
mechanism for Reactive Black 5 onto high lime
Soma fly ash, J. Hazardous Materials, 2007, 143:
226-232.

Wang, S. and Zhu, Z.H., Sonochemical treatment of
fly ash for dye removal from wastewater, J.
Hazardous Materials, 2005, B 126 : 91-95.

Rachakornkij, = M., Ruangchuay and S.
Teachakulwiroj, S., Removal of reactive dyes from
aqueous  solution using bagasse fly ash,
Songklanakarin Journal of Science and Technology,
2004, 26 (Suppl. 1):13-24 (in Thai).

Ozacar, M. and Sengil, LA. Adsorption of reactive
dyes on calcined alunite from aqueous solution, J.
Hazardous Materials, 2003, 98:211-224.

Gong, R., Jin, Y., Sun, J. and Zhong, K. Preparation
and utilization of rice straw bearing carboxyl groups
for removal basic dyes from aqueous solution. Dyes
Pigments, 2008, 76:519-524.

Ong, S.T., Lee, C.K. and Zainal, Z. Removal of basic
and reactive dyes using ethylenediamine modified
rice hull. Bioresource Technology, 2007, 98:2792—
2799.

Malik, P.K. Use of activated carbons prepared from
sawdust andrice-husk for adsorption of acid dyes: A
case study of Acid Yellow 36. Dyes Pigments, 2003,
56:239-249.

Tor, A. and Cengeloglu, Y. Removal of congo red
from aqueous solution by adsorption onto acid
activated red mud. Journal of Hazardous Materials ,
2006, B 138: 409—415.

Mohan, S.V., Rao, N.C. and Karthikeyan, J.,
Adsorptive removal of direct azo dye from a
queous phase onto coal based sorbents: a kinetic and

1/25/2012

http://www.americanscience.org

21.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

mechanistic study. Journal of Hazardous Materials,
2002, B 90:189 -204.

Mekay, G., Chemical Engineering Research and
Design, 1964, 61:29.

Shelke, R. S., Bharad, J. V., Madje B. R. and
Ubale M. B. . Adsorption of acid dyes from
aqueous solution onto the surface of acid activated
Nirgudi Leaf powder (AANLP): A case study.
International Journal of Chem. Tech Research, 2010
2(4): 2046- 2051.

Mekay ,G., Blair, H.S. and Garden, J. R., . Adsorption
of dyes on chitin. 1.Equilibrium studies. J. App. Pol.
Sci., 1982, 27 :3043.

Shelke, R. S., Bharad, J. V., Madje B. R. and Ubale
M. B. (2010), Adsorption of Nickel (II), Copper (II)
and Iron (III) from aqueous solution using Ashoka
Leaf Powder, Arch. Appl. Sci. Res., 2(3):260-263.

Kannan, N. and Veemaraj,K., Removal of Lead(Il)
Ions by Adsorption Onto Bamboo Dust and
Commercial Activated Carbons —Acomparative
Study. E-Journal of Chemistry, 2009, 6(2):247-256.

Kannan, N. and Meenakshisundaram, M., Adsorption
of Congo Red on Various Activated Carbons. A
Comparative Study Water Air Soil Poll. 2002,
138:289.

Kannan, N. and Xavier, A., New composite mixed
adsorbents for the removal of acetic acid by
adsorption from aqueous solutions - a comparative
study Toxicological and Environmental Chemistry,
2001, 19: 95.

Kannan N and Raja Kumar A, Suitability of various
indigenously prepared activated carbons for the
adsorption of mercury[ll] ions, T Toxicological
and Environmental Chemistry, 2003, 84(14): 7-13.

Wong Y.C., Szeto Y.S., Cheung W.H. and McKay G.,
Adsorption of acid dyes on Chitosan equilibrium
isotherm analyses, Process Biochemistry, 2004, 39:
693-702.

Alok Mittal, Lisha Kurup, and Jyoti Mittal, Freundlich
and Langmuir adsorption isotherms and kinetics for
the removal of Tatrazine from aqueous solutions
using hen feathers, Journal of Hazardous Materials.,
2007,146: 243-248.

Temkin, M.L. and Pyzhev, V., Kinetics of ammonia-
synthesis on promoted iron catalysis, Acta,
Phsicochim, USSR, 1940, 12:217-222.

Yuh-Shan Ho, Citation review of Lagergren kinetic
rate equation on adsorption reactions,
Scientometrics, 2004, 59(1): 171-177.

Liu, Yu New insights into pseudo-second-order kinetic
equation for adsorption, Colloids and Surfaces A:
Physiochemical and Engineering Aspects, 2008,
320(1-3): 275-278.

Emrah Bulut , Mahmut Ozacar and Ayhan Sengil 1.,
Equilibrium and kinetic data and process design for
adsorption of Congo Red onto bentonite, Journal of
Hazardous Materials, 2008,1.....

editor@americanscience.org




