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Abstract The use of cheap and eco friendly adsorbents prepared from freely and abundantly avail-

able Acacia nilotica leaves have been investigated by batch methods. Microwave treated A. nilotica

leaves (MVM) are more effective than chemically treated A. nilotica leaves (CVM) for the removal

of rhodamine B (RH B) from aqueous solution. The effect of initial pH, contact time and initial dye

concentration of RH B onto CVM and MVM has been investigated. The applicability of the linear

form of Langmuir model to CVM and MVM was proved by the high correlation coefficients

R2 = 0.9413 and 0.9681 for RH B adsorption. The R2 values were greater than 0.994 for all RH

B concentrations, which indicates the applicability of the pseudo-second-order kinetic model.

The recycling ability of MVM is greater than CVM. The preparation of MVM does not require

an additional chemical treatment step and it attains rapid equilibrium. Hence it is agreeing with

the principles of green chemistry and less time is required to possess high adsorption of RH B.

Therefore, the eco friendly adsorbent MVM is expected to be environmentally and economically

feasible for the removal of RH B from aqueous solutions.
ª 2010 Production and hosting by Elsevier B.V. on behalf of King Saud University.
1. Introduction

Dyes used in textile industry may be toxic to aquatic organisms
and can be resistant to natural biological degradation. Hence,
the removal of colour synthetic organic dyestuff from waste

effluents becomes environmentally important (Hameed,
2009). The valorization of agricultural wastes into valuable
materials without generating pollutants is a big challenge
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Figure 1 Structure of rhodamine B.
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and is recommended for an industrial sustainable development
in order to preserve the environment (Reffas et al., 2010).
Adsorption onto activated carbon is proven to be very effec-

tive in treating textile wastes. However, in view of the high cost
and associated problems of regeneration, there is a constant
search for alternate low-cost adsorbents. Such alternatives

include coffee ground (Reffas et al., 2010), spent tea leaves
(Hameed, 2009), palm ash (Ahmad et al., 2007; Hameed et
al., 2007a,b), pomelo (Citrus grandis) peel (Hameed et al.,

2008), pine-cone (Mahdi et al., 2010), pumpkin seed hull
(Hameed and El-Khaiary, 2008), ginger waste (Ahmad and
Kumar, 2010), rice husk (Verma and Mishra, 2010).

Rhodamine B, a synthetically prepared carcinogenic

xanthine dye is widely used for paper printing, textile dyeing,
leather and paint industries. Discharge of RH B into the
hydrosphere can cause environmental degradation. In Califor-

nia, rhodamine B is suspected to be carcinogenic and thus pro-
ducts containing it must contain a warning on its label. Acacia
nilotica is a species of Acacia, native to Africa and the Indian

subcontinent. In Haryana, A. nilotica based agro forestry sys-
tems reduced the yield of wheat (Puri et al., 1995).

The aim of the paper is to prepare an eco friendly microwave

treatedA. nilotica leaves as an agricultural waste for the depollu-
tion of water effluents contaminated by dyes from textile indus-
try. And to find out the suitability and applicability of carbon
prepared by different treatments (microwave and chemical) of

A. nilotica to uptake cationic dye (rhodamine B) from simulated
waste water. The preparation of microwave treated A. nilotica
leaves was based on green chemistry. Green chemistry is an

approach to the design, manufacture and use of chemical pro-
ducts to intentionally reduce or eliminate chemical hazards.
The goal of green chemistry is to create better, safer chemicals

while choosing the safest, most efficient ways to synthesize them
and to reduce wastes. Desorption was used to elucidate the nat-
ure of adsorption and recycling of the spent adsorbent.

2. Materials and methods

2.1. Preparation of chemically treated adsorbent (CVM)

The leaves ofA. nilotica used in this work were collected locally.
It was dried in an oven and treated with conc. H2SO4 for 12 h
and was washed thoroughly with distilled water till it attained

neutral pH and was soaked in 2% NaHCO3 overnight in order
to remove any excess of acid present. Then the material was
washed with distilled water and dried.

2.2. Preparation of microwave treated eco friendly adsorbent
(MVM)

The collected A. nilotica leaves were shade-dried and powdered

in a grinder. The raw sample is placed in a microwave oven
(Samsung; Triple Distribution System) at 800 �C for 2 min.
The carbonated sample was preserved in an air tight container

for further experiments. No other chemical or physical treat-
ments were used prior to adsorption experiments.

2.3. Adsorbate

The commercial grade rhodamine B was used in this work.
Rhodamine B (colour index No. 45170) with molecular for-
mula C28H31ClN2O3, molecular weight 479.02 and kmax

554 nm is obtained from Qualigens fine chemicals Mumbai,
India. The molecular structure is illustrated in Fig. 1. The
dye stock solution (500 mg L�1) was prepared and the serial

dilutions were made by diluting the dye stock solution in accu-
rate proportions to the desired initial concentrations. The
initial pH was adjusted with 0.1 M HCl or 0.1 M NaOH. All
the chemicals used throughout these studies were of analyti-

cal-grade reagents. All the adsorption experiments were car-
ried out at room temperature (27 ± 2 �C).

2.4. Characterization of CVM and MVM

The functional groups available on the surface of CVM and
MVM were detected using Fourier Transform Infrared (FTIR)

analysis. The spectrum was recorded from the range of 4000 to
500 cm�1. Determination of zero point charge (pHzpc) was
done to investigate the surface charge of both adsorbents.

For the determination of pHzpc, 1 g of the sample suspension
was prepared in 50 mL of NaNO3 electrolyte of concentration
approximately 10�2 M. Aliquots of suspension were adjusted
to various pH values with dil. NaOH and HNO3. After

60 min for equilibrium, the initial pH was measured. Then
0.1 g of NaNO3 was added to each aliquot to bring the final
electrolyte concentration to about 0.45 M. After an additional

60 min of agitation, final pH was measured. The results were
plotted with initial pH (final pH � initial pH) against final
pH. The pH at which pH is equal to zero is zero point charge

(pHzpc).

2.5. Batch adsorption experiments

The batch adsorption experiments were carried out in order to
evaluate the effect of pH, adsorption kinetics, adsorption iso-
therm and desorption of RH B on CVM and MVM.

2.5.1. Effect of pH on RH B onto CVM and MVM

The effect of pH on the equilibrium uptake of dye was inves-
tigated by 50 mL of RH B with initial concentration
100 mg L�1 was taken in 250 mL shaking flask. The initial

pH values adjusted from 2 to 8 were measured using a pH
meter (Deluxe pH meter, model-101 E). The initial dye concen-
tration was measured by a double beam UV–vis spectrophot-

ometer (Digital photo colorimeter, model-313) by adjusting
the kmax of the dye. The dye solutions were agitated with about
0.2 g of CVM and MVM in a mechanical shaker at room tem-

perature. Agitation was made for 120 min (RH B onto CVM)
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and 90 min (RH B onto MVM) at a constant agitation speed
of 160 rpm and the final concentration is measured. The per-
centage of adsorption was calculated by the following

equation:

% ofadsorption ¼ COD� FOD

COD
� 100 ð1Þ

where COD is the controlled optical density and FOD is the
final optical density of RH B.

2.5.2. Adsorption kinetics

The kinetic experiments were carried out by taking 50 mL of
dye solution in 250 mL shaking flasks and treating with 0.2 g
of CVM and MVM and were shaken at room temperature.

Samples of 1.0 mL were collected from the duplicate flasks at
required time intervals viz. 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, 110, 120, 130, 140 and 150 min and were centrifuged for

5 min. The clear solutions were analyzed for residual RH B
concentration in the solutions.

2.5.3. Adsorption isotherm

Batch adsorption experiments were carried out in a rotary sha-
ker at 160 rpm using 250 mL shaking flasks for 120 min for
RH B onto CVM and 90 min for RH B onto MVM. The

adsorbents CVM and MVM (0.2, 0.6 and 1 g) were thoroughly
mixed with 50 mL of the dye solution. The adsorption iso-
therms were performed by varying the initial RH B concentra-

tions from 25 to 200 mg L�1 at pH 7 adjusted before the
addition of CVM and MVM. After shaking the flasks for
120 min (RH B onto CVM) and 90 min (RH B onto MVM),

the reaction mixtures were analyzed for residual RH B concen-
Figure 2a FTIR s
tration. The amount of dye adsorbed at equilibrium onto car-
bon, qe (mg g�1) was calculated by the following mass balance
relationship:

qe ¼ ðCo � CeÞV=W ð2Þ

where Co and Ce are the initial and equilibrium concentrations
(mg L�1) of RH B. V is the volume (L) of the solution andW is
the weight (g) of the adsorbent used.

2.5.4. Desorption

Desorption helps to elucidate the nature of adsorption and
recycling of the spent adsorbent and the dye. After adsorption

experiments the RH B laden carbon was separated out by fil-
tration using Whattman filter paper No. 42 and the filtrate
was discarded. The RH B loaded carbon was given a gentle

wash with double-distilled water to remove the non-adsorbed
RH B if present. The dye loaded samples were agitated with
distilled water by adjusting the initial pH from 2 to 7. The des-

orbed RH B in the solution was separated by centrifugation
and analyzed as before. The percentage of desorption was
calculated.

3. Results and discussion

3.1. Characterization of CVM and MVM

The FTIR spectra of CVM and MVM are presented in (Figs.
2a and 2b). The band at 3412 cm�1 represents the presence of –

OH and –NH groups. The bands observed at 2926 and
2856 cm�1 are associated with asymmetric and symmetric
stretching vibrations of –CH group (Ahmad and Kumar,
pectra of CVM.



Figure 2b FTIR spectra of MVM.
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2010). Atmospheric CO2 bands are present at 2360 cm�1 (anti-
symmetric C‚O stretch) and were observed for MVM only.

The bands at 1637 and 1452 cm�1 indicate the presence of –
COO, –C‚O and –NH groups for CVM and MVM. The peak
at 1564 cm�1 is attributed to the formation of oxygen func-

tional groups such as a highly conjugated C–O stretching in
carboxylic groups (Freundlich, 1906) and to the presence of
quinone structure (Wang et al., 1998). The bands in the range

1390–1406 cm�1 which are assigned to C–H bending in alkanes
or alkyl groups were observed in MVM (Cengiz and Cavas,
2007). The broad band between 1325 and 1109 cm�1 has been
assigned to C–O stretching in alcohols and phenols

(Freundlich, 1906; Shelden et al., 1993). Another absorption
band appearing around 1261 and 663 cm�1 can be attributed
to the Si–C stretch and C–O–H twist. The band at

1261 cm�1 implied the C–N stretching of amide similarly pre-
sent in MVM. The characteristics of CVM and MVM are pre-
sented in (Table 1).
Table 1 Physico-chemical characteristics of CVM and MVM.

Parameters CVM MVM

Moisture content (%) 21.713 8.713

Ash content (%) 5.95 9.950

pH 6.80 7.020

Decolorizing power (mg g�1) 1.100 1.200

Specific gravity 1.240 1.220

Water soluble matter (%) 13.44 12.44

Conductivity (ls cm�1) 0.210 0.260

Zero point charge (pHzpc) 3.800 4.400

Apparent density (g mL�1) 0.256 0.272
3.2. Effect of pH on the adsorption of RH B onto CVM and
MVM

The effect of initial pH value on the adsorption of RH B onto
CVM and MVM was investigated in the range of 2–8. The

adsorption capacity increased with increase in solution pH
and the maximum adsorption capacity for RH B onto CVM
and MVM was observed at pH 7 depicted in Fig. 3. The effect

of solution pH is very important when the adsorbing molecules
are capable of ionizing in response to the current pH (Hamad
et al., 2010). When solution pH increases, high OH� ions accu-

mulate on the adsorbent surface (Ahmad and Kumar, 2010).
Therefore, electrostatic interaction between negatively charged
adsorbent surface and cationic dye molecule caused the

increase in adsorption. Furthermore, the solution pH is above
the zero point of charge (pHzpc – 3.8 and 4.4 for CVM and
Figure 3 Effect of pH on the adsorption of RH B onto CVM

and MVM.
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MVM) and hence the negative charged density of the surface
of CVM and MVM increased which favors the adsorption of
the cationic dye (Janos et al., 2003). The optimum pH value

of RH B onto CVM and MVM was 7 and it was used for sub-
sequent experiments.

3.3. Effect of contact time and initial concentration on dye
adsorption

The uptake of RH B onto CVM and MVM as a function of

contact time is shown in Figs. 4a and 4b. It can be seen that
the amount of RH B adsorbed per unit mass of adsorbent
increased with the increase in initial concentration, although

percentage removal decreased with the increase in initial con-
centration. The uptake of RH B onto CVM and MVM was
increased from 5.57 to 20.22 mg g�1 and 7.13 to 22.13 mg g�1,
respectively, with the increase in RH B concentration from 50

to 200 mg L�1. This may be attributed to an increase in the
driving force of the concentration gradient with the increase
in the initial dye concentration (Hameed et al., 2008;

Ashtoukhy, 2009).
The uptake of RH B onto CVM and MVM was increased

with the increase in contact time. The adsorption equilibrium

was achieved 110 min for CVM and 90 min for MVM. So
compared to MVM, CVM is more time consuming and also
the percentage of dye removal is less. Initial adsorption was
rapid due to the adsorption of dye onto the exterior surface,

after that dye molecules enter into pores (interior surface), a
relatively slow process (Ahmad and Kumar, 2010). Data on
Figure 4a Effect of contact time and initial concentration on the

adsorption of RH B onto CVM.

Figure 4b Effect of contact time and initial concentration on the

adsorption of RH B onto MVM.
the adsorption kinetics of dyes by various adsorbents have
shown a wide range of adsorption rates. For example, the
effect of contact time on the adsorption of orange-G and crys-

tal violet dye by bagasse fly ash was studied for a period of
24 h for initial dye concentrations of 10 mg L�1 at 30 �C
(Mall et al., 2006). The authors reported that after 4 h of con-

tact, a steady-state approximation was assumed and a quasi-
equilibrium situation was accepted (Mall et al., 2006). Dogan
et al. (2007) reported that equilibrium time of 180 min was

enough for the adsorption of crystal violet and methylene blue
dyes by sepiolite for initial dye concentration of 1.2 · 10�3 -
mol L�1 at 30 �C.

3.4. Adsorption isotherm

The equilibrium isotherms are used to describe experimental
data. The adsorption isotherm is important from both a theo-

retical and a practical point of view. To optimize the design of
an adsorption system for the adsorption of adsorbates, it is
important to establish the most appropriate correlation for

the equilibrium curves (Altinisik et al., 2010). The equation
parameters of these equilibrium models often provide some
insight into the sorption mechanism, the surface properties

and the affinity of the adsorbent (Bulut et al., 2008). Various
isotherm equations like those of Langmuir, Freundlich, Dubi-
nin–Radushkevich (D–R) and Temkin were used to describe
the equilibrium characteristics of adsorption.

3.4.1. The Langmuir isotherm

The Langmuir isotherm theory assumes a monolayer coverage

of adsorbate over a homogeneous adsorbent surface
(Langmuir, 1918). A basic assumption is that sorption takes
place at specific homogeneous sites within the adsorbent. Once
a dye molecule occupies a site, no further adsorption can take

place at that site. The Langmuir adsorption isotherm has been
successfully used to explain the adsorption of basic dyes from
aqueous solutions (Hameed et al., 2007a,b; Tan et al., 2007). It

is commonly expressed as followed:
Table 2 Isotherm constants for RH B adsorption onto CVM

and MVM.

Isotherm model CVM MVM

Langmuir

Qm (mg g�1) 22.371 24.390

b (L mg�1) 0.0424 0.0388

R2 0.9413 0.9681

Freundlich

1/n 0.7232 0.4764

Kf (mg g�1) 1.9737 2.3232

R2 0.8974 0.9284

Dubinin–Radushkevich

Qm (mg g�1) 16.2549 16.3691

K (·10�5 mol2 kJ�2) 1.000 9.00

E (kJ mol�1) 0.2236 0.2357

R2 0.8506 0.8227

Temkin

a (L g�1) 0.3088 0.3929

b (mg L�1) 5.5566 5.3304

b 448.8716 467.5641

R2 0.8997 0.9495
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qe ¼ ðQmKaCeÞ=ð1þ KaCeÞ ð3Þ

The Langmuir isotherm equation (3) can be linearized into the
following form (Kinniburgh, 1986; Longhinotti et al., 1998):

Ce=qe ¼ 1=KaQm þ ð1=Qm � CeÞ ð4Þ

where qe and Ce are defined before in Eq. (2), Qm is a constant
and reflect a complete monolayer (mg g�1);Ka is the adsorption
equilibrium constant (L mg�1) that is related to the apparent

energy of sorption. A plot of Ce/qe versus Ce should indicate
a straight line of slope 1/Qm and an intercept of 1/(KaQm).

The result obtained from the Langmuir model for the
removal of RH B onto CVM and MVM is shown in Table 2

and the theoretical Langmuir isotherm is plotted together with
the experimental data points. The correlation coefficients
showed strong positive evidence on the adsorption of RH B

onto CVM and MVM, which follows the Langmuir isotherm.
The applicability of the linear form of Langmuir model to
CVM and MVM was proved by the high correlation coeffi-

cients R2 = 0.9413 and 0.9681 for RH B adsorption. This sug-
gests that the Langmuir isotherm provides a good model of the
sorption system. The maximum monolayer capacity Qm

obtained from Langmuir is 22.371 and 24.390 mg g�1 for

RH B onto CVM and MVM, respectively.

3.4.2. The Freundlich isotherm

The Freundlich isotherm (Freundlich, 1906) can be applied to
non-ideal adsorption on heterogeneous surfaces as well as mul-
tilayer sorption. The Freundlich isotherm can be derived
assuming a logarithmic decrease in enthalpy of adsorption

with the increase in the fraction of occupied sites and is com-
monly given by the following non-linear equation:

qe ¼ KFC
1=n
e ð5Þ

Eq. (5) can be linearized in the logarithmic form (Eq. (6)) and
the Freundlich constants can be determined:

log qe ¼ logKF þ
1

n
logCe ð6Þ

A plot of log qe versus log Ce enables us to determine the con-
stant Kf and 1/n. Kf is roughly an indicator of the adsorption
capacity related to the bond energy and 1/n is the adsorption

intensity of dye onto the adsorbent or surface heterogeneity.
The magnitude of the exponent, 1/n, gives an indication of
the favorability of adsorption. The value of 1/n< I represents
favorable adsorption condition (Treybal, 1968; Ho and

McKay, 1978). The data obtained from linear Freundlich iso-
therm for the adsorption of the RH B onto CVM and MVM
are presented in Table 2. The comparability of the Freundlich

model to the Langmuir model was proved by the correlation
coefficients R2 = 0.8974 and 0.9284 for adsorption of RH B
onto CVM and MVM. The 1/n value is lower than unity, indi-

cating favorable adsorption of RH B onto CVM and MVM.

3.4.3. The Dubinin–Radushkevich (D–R) isotherm

The D–R isotherm was also applied to estimate the porosity

apparent free energy and the characteristics of adsorption
(Dubinin, 1960, 1965; Radushkevich, 1949). It can be used to
describe adsorption on both homogenous and heterogeneous

surfaces (Shahwan and Erten, 2004). The D–R equation can
be defined by the following equation (Dubinin and
Radushkevich, 1947; Gregg and Sing, 1982):
ln qe ¼ lnQm � Ke2 ð7Þ

where K is a constant related to the adsorption energy, Qm the

theoretical saturation capacity, e the Polanyi potential, calcu-
lated from Eq. (8):

e ¼ RT ln 1þ 1

Ce

� �
ð8Þ

where Ce is the equilibrium concentration of dye (mol L�1), R
gas constant (8.314 J mol�1 K�1) and T is the temperature (K).
By plotting ln qe versus e2, it is possible to determine the value

of K from the slope and the value of Qm (mg g�1) from the
intercept, which is ln Qm. The mean free energy E (kJ mol�1)
of sorption can be estimated by using K values as expressed

in the following equation (Hasany and Chaudhary, 1996;
Benhammoua et al., 2005; Hobson, 1969):

E ¼ 1ffiffiffiffiffiffi
2K
p ð9Þ

The parameters obtained using above equations were summar-

ized in Table 2. The saturation adsorption capacity Qm

obtained using D–R isotherm model for adsorption of RH B
onto CVM is 16.2549 and RH B onto MVM is
16.3691 mg g�1. The values calculated using Eq. (9) is 0.2236

and 0.2357 kJ mol�1 for RH B onto CVM and MVM, respec-
tively. This was indicating that physico-sorption played a sig-
nificant role in the adsorption of RH B onto CVM and MVM.

3.4.4. The Temkin isotherm

The Temkin and Pyzhey (Temkin and Pyzhey, 1940) consid-
ered the effects of some indirect adsorbate or adsorbate inter-
actions on adsorption isotherms and suggested that because of

these interactions the heat of adsorption of all the molecules in
the layer would decrease linearly with coverage. The Temkin
isotherm has commonly been applied in the following form:

qe ¼
RT

b
lnðACeÞ ð10Þ

The Temkin isotherm equation (10) can be simplified to the

following equation:

qe ¼ b ln aþ b lnCe ð11Þ

where

b ¼ ðRTÞ=b ð12Þ

The constant b is related to the heat of adsorption (Akkaya

and Ozer, 2005; Pearce et al., 2003). The adsorption data were
analyzed according to the linear form of Temkin isotherm
equation (11). The plot of ln Ce versus qe (Temkin adsorption

isotherm) of adsorption of RH B onto CVM and MVM gives
the linear isotherm constants and coefficients of determination
that are presented in Table 2. The heat of adsorption of RH B
onto CVM and MVM was found to be 4.4887 and

4.6756 kJ mol�1. The correlation coefficients R2 obtained from
Temkin model were comparable to those obtained for Lang-
muir and Freundlich equations, which explains the applicabil-

ity of Temkin model to the adsorption of RH B onto CVM
and MVM.

It can be seen that the Langmuir isotherm fits the data bet-

ter than Freundlich, D–R and Temkin isotherms. This high R2

value indicates that the adsorption of RH B onto CVM and
MVM takes place as monolayer adsorption on a surface that
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is homogeneous in surface affinity. In this work the adsorption
of RH B onto MVM shows better result than the adsorption of
RH B onto CVM. Moreover, the MVM does not possess any

chemical treatment.
The maximum sorption capacity (qm) of the adsorption of

RH B onto CVM and MVM was compared with those

reported in literature for different cationic dye adsorption sys-
tem as shown in Table. 3. The performance of the MVM is
higher in effectiveness for the removal of cationic dyes.

3.5. Adsorption kinetics

The kinetics of adsorbate uptake is important for choosing

optimum operating conditions for design purposes. In order
to investigate the mechanism of adsorption and potential rate
controlling steps such as chemical reaction, diffusion control
and mass transport process, kinetic models have been used

to test experimental data from the adsorption of RH B onto
CVM and MVM. These kinetic models were analyzed using
pseudo-first order (Lagergren, 1898), pseudo-second-order

(Ho et al., 2000), Elovich and intraparticle diffusion (Weber
and Morris, 1963).

3.5.1. Pseudo-first-order equation

The pseudo-first-order equation of Lagergren is generally
expressed as follows:
Table 3 Reported maximum adsorption capacities (qm in

mg g�1) in the literature for cationic dye obtained on low-cost

adsorbents.

Adsorbent qm (mg g�1) References

Microwave treated

Acacia nilotica leaves 24.390 This work

Chemically treated

Acacia nilotica leaves 22.371 This work

Luffa cylindrical 9.92 Altinisik et al. (2010)

Coffee ground

activated carbon

23.0 Reffas et al. (2010)

Kolin 5.44 Gupta et al. (2008)

Wheat bran 22.73 Gupta et al. (2007)

Rice bran 14.63 Gupta et al. (2007)

Hen feathers 26.1 Mittal (2006)

Arundo donax root carbon 8.69 Zhang et al. (2008)

Bentonite 7.72 Tahir and Rauf (2006)

Table 4 First- and second-order kinetic parameters for the ads

concentrations.

Adsorbate Co (mg L�1) qe(exp) (mg g�1) Pseudo-first-order

K1 (min) qe(cal) (m

CVM 50 6.54 0.02 3.0768

100 12.31 0.0209 3.3082

150 16.377 0.0225 3.180

200 19.324 0.020 2.7089

MVM 50 8.462 0.0234 3.7471

100 15.914 0.0253 3.0938

150 17.625 0.0175 1.4167

200 21.78 0.0246 2.8497
logðqe � qtÞ ¼ logðqeÞ �
K1

2:303
t ð13Þ
The values of qe and K1 for the pseudo-first-order kinetic
model were determined from the intercepts and the slopes of

the plots of log(qe � qt) versus time, respectively (Figs. 5a
and 5b). The K1 values, correlation coefficient values and qe
values (experimental and calculated) are summarized in Table
4. The correlation coefficient for the pseudo-first-order model

changed in the range of 0.913–0.8892 and 0.8921–0.9085 for
adsorption of RH B onto CVM and MVM, respectively.
Besides, the experimental qe values did not agree with the cal-

culated values obtained from the linear plots. It suggests that
the kinetics of RH B adsorption onto CVM and MVM did
orption of RH B onto CVM and MVM at different initial

Pseudo-second-order

g g�1) R2 K2 (g mg�1 min�1) qe(cal) (mg g�1) R2

0.913 0.0112 8.0385 0.994

0.877 0.0125 13.7931 0.9981

0.8833 0.0147 17.6991 0.9992

0.8892 0.0163 20.5338 0.9995

0.8921 0.0102 10.351 0.9946

0.8604 0.0160 16.3132 0.9992

0.9735 0.0292 18.382 0.9997

0.9085 0.0180 22.573 0.9996

Figure 5b Pseudo-second-order kinetics for adsorption of RH B

onto MVM at different initial concentrations.

Figure 5a Pseudo-second-order kinetics for adsorption of RH B

onto CVM at different initial concentrations.



Figure 6b Elovich plot for adsorption of RH B onto MVM at

different initial concentrations.
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not follow the pseudo-first-order kinetic model and hence was

not a diffusion-controlled phenomena.

3.5.2. Pseudo-second order equation

The pseudo-second order equation is generally given as
follows:

t

qt
¼ 1

K2q2e
þ 1

qe
ðtÞ ð14Þ

The second-order rate constants were used to calculate the
initial sorption rate, given by the following equation:

h ¼ K2q
2
e ð15Þ

The K2 and qe values determined from the slopes and inter-
cepts of the plot of t/qt are presented in Table 4 along with
the corresponding correlation coefficients. This is more likely

to predict the behavior over the whole range of adsorption.
The corresponding correlation coefficients (R2) values for the
pseudo-second-order kinetic model were greater than 0.994
for all RH B concentrations, indicating the applicability of

the pseudo-second-order kinetic model to describe the adsorp-
tion of RH B onto CVM and MVM.

3.5.3. Elovich equation

The Elovich equation is another rate equation based on the

adsorption capacity generally expressed as the following
(Chien and Clayton, 1980; Sparks, 1986; Zeldowitsch, 1934):

dqt
dt
¼ BE expð�AEqtÞ ð16Þ

where BE is the initial adsorption rate (mg g�1 min�1) and AE

is the desorption constant (g mg�1) during any experiment.
It is simplified by assuming AEBEt� t and by applying the

boundary conditions qt = 0 at t= 0 and qt = qt at t= t Eq.

(16) becomes:

qt ¼
1

AE

lnðBEAEÞ þ
1

AE

lnðtÞ ð17Þ

If RH B adsorption by CVM and MVM fits the Elovich
model, a plot of qt versus ln(t) should yield a linear relationship
with a slope of (1/AE) and an intercept of (1/AE) ln(AEBE)

(Figs. 6a and 6b). Thus, the constants can be obtained from
the slope and the intercept of the straight line. The initial
Figure 6a Elovich plot for adsorption of RH B onto CVM at

different initial concentrations.
adsorption rate BE increases from 33.8770 to

18,490,182,279 mg g�1 min�1 for RH B onto CVM and from
35.7244 to 514,378,335 mg g�1 min�1 for RH B onto MVM
with the initial RH B concentration from 50 to 200 mg L�1.
Similar pattern is mentioned above for the initial adsorption

rate, h, obtained from pseudo-second-order model. The deso-
rption constant, AE, decreases from 1.16225 to 1.3224 g mg�1

for RH B onto CVM and from 1.8552 to 1.1282 g mg�1 for

RH B onto MVM with increase and decrease in the initial
RH B concentration from 50 to 200 mg L�1.
3.5.4. Intraparticle diffusion

When diffusion (internal surface and pore diffusion) of dye
molecule inside the adsorbent is the rate-limiting step, then

adsorption data can be presented by the following equation:

qt ¼ Kdift
1=2 þ C ð18Þ

where C (mg g�1) is the intercept and Kdif is the intraparticle
diffusion rate constant (in mg g�1 min�1/2). The values of qt
were found to be linearly correlated with values of t1/2 (Figs.

7a and 7b) and the rate constant Kdif directly evaluated from
the slope of the regression line. The values of intercept C pro-
vide information about the thickness of the boundary layer;

the resistance to the external mass transfer increases as the
intercept increases. The constant C was found to increase from
4.5529 to 17.575 and 5.8998 to 19.351 with increase in RH B
Figure 7a Intraparticle diffusion plot for adsorption of RH B

onto CVM at different initial dye concentration.



Figure 8 Desorption of RH B onto CVM and MVM.

Figure 7b Intraparticle diffusion plot for adsorption of RH B

onto MVM at different initial dye concentration.
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concentration from 50 to 200 mg L�1 onto CVM and MVM,
respectively, indicating the increase of the thickness of the

boundary layer and decrease of the chance of the external mass
transfer and hence increase in the chance of internal mass
transfer. The R2 values are close to unity indicating the appli-

cation of this model. This may confirm that the intraparticle
diffusion is the rate-limiting step. The linearity of the plots
demonstrated that intraparticle diffusion played a significant

role in the uptake of the RH B onto CVM and MVM. How-
ever, as still there is no sufficient indication about it, Ho has
shown that if the intraparticle diffusion is the sole rate-limiting
step, it is essential for the qt versus t

1/2 plots to pass through

origin (Ho, 2003), which is not the case in Figs. 7a and 7b, it
may be concluded that surface adsorption and intraparticle
diffusion were concurrently operating during the RH B-

CVM and RH B-MVM interactions.

3.6. Desorption

Regeneration of the adsorbent may make the treatment more
economical and feasible. Desorption helps to elucidate the
mechanism of dye adsorption and recycling of the spent adsor-
bent and the dye. If the adsorbed dyes can be desorbed using

neutral pH water, then the attachment of the dye to the adsor-
bent is by weak bonds (Gad and El-Sayed, 2009). The maxi-
mum desorption of RH B onto CVM (25.55) and RH B

onto MVM (32.21) is obtained at 2 and 3 pH, respectively
(Fig. 8). Desorption of dye by aqueous solutions indicates that
the dyes were adsorbed onto the adsorbent through ion-

exchange mechanisms.
4. Conclusions

From this work, it was found that CVM has a lower adsorp-
tion efficiency compared to MVM at any of the given para-

meters. The equilibrium adsorption is practically achieved in
90 min for RH B onto MVM, but 120 min are taken for the
adsorption of RH B onto CVM at 7 pH. The removal effi-

ciency increased with increased agitation time and with initial
dye concentrations. The equilibrium data were best described
by the Langmuir isotherm model and the adsorption kinetics
can be successfully fitted to pseudo-second-order kinetic model

with intraparticle diffusion as one of the rate-limiting steps.
The recycling ability of MVM is greater than that of CVM.
The A. nilotica leaves used in this work are freely and abun-

dantly available. The preparation of MVM is agreeing with
the principles of green chemistry and less time is required to
possess high adsorption of RH B. Therefore, the eco friendly

adsorbent MVM is expected to be environmentally and eco-
nomically feasible for the removal of RH B from aqueous
solutions.
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