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ABSTRACT

This study aimed to remove basic dye (astrazon red 6B (AR)) from liquid environment by
adsorption. For this purpose, batch experiments were performed using spent tea leaves (TL)
and tea bags (TB) as adsorbents due to their low costs. Adsorption experiments were carried
out for different initial concentrations (25–200mg/L), different pH values (pH 2–10), and dif-
ferent adsorbent amounts (0.25–2 g/L) of solution. Equilibrium sorption isotherms and kinet-
ics were investigated. The experimental data were analyzed by the Langmuir, Freundlich
and Temkin models of adsorption. The adsorption data fitted well to the Freundlich isotherm
for TL and Langmuir isotherm for TB. Two kinetic models, pseudo-first order and pseudo-
second order, were employed to describe the adsorption mechanism. According to the results
of the analysis, the pseudo-second-order equation was determined to be the best model to
describe the adsorption behavior for both adsorbents with the determination factor R2P 0.92.
The results proved that the spent TL and used TB could be potentially used as low-cost
adsorbents for the removal of AR from aqueous solutions.
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1. Introduction

Cationic dyes were commonly used initially for
dying of silk, leather, plastics, paper, cotton mordant-
ed with tannin and also in manufacturing of paints
and printing inks [1,2]. Color produced by minute
amount of organic dyes in water is considered very
important for industrial water pollution due to its
harmful effects and esthetically unpleasant appear-
ance. Colored water can affect plant life and thus an
entire ecosystem can be destroyed by the contamina-
tion of various dyes in water. Some dyes are also toxic

and even carcinogenic. This dictates the necessity of
dye containing water to undergo treatment before dis-
posal to environment. Various conventional methods
including biological and physical–chemical processes
were used to remove color from wastewater [2–4].
These processes include solar photo-Fenton degrada-
tion [5], photocatalytic degradation [6], photo-Fenton
processes [7], biodegradation [8], integrated chemical–
biological degradation [9], electrochemical degradation
[10], and adsorption [11].

However, these processes are not always effective
and economic if solute concentrations are very low.
Moreover, most of the synthetic organic dyes undergo
very slow biodegradation. The adsorption technique*Corresponding author.

1944-3994/1944-3986 � 2013 Balaban Desalination Publications. All rights reserved.

Desalination and Water Treatment
www.deswater.com

doi: 10.1080/19443994.2013.792161

51 (2013) 7523–7535

December



appears to offer the best prospect over others and
proves itself as one of the effective and attractive pro-
cesses for the treatment of dye containing wastewater
[12]. Moreover, this method becomes economically
attractive and does not require any expensive addi-
tional pretreatment [2,13–16].

In fact, activated carbon (AC) is known to be a
very effective adsorbent material due to its highly
developed porosity, large surface area (that can reach
3,000m2/g), variable characteristic surface chemistry,
and high degree of surface reactivity [17,18]. These
unique characteristics make the AC a very versatile
material that can remove a wide range of pollutants
from various matrices. In addition, it has high adsorp-
tion capacity and fast adsorption kinetics [19]. How-
ever, its usage is limited due to the expensiveness
increased with higher quality [17]. In recent years,
attention has shifted toward the materials, which were
by-products of wastes from large-scale industrial oper-
ations and agricultural waste materials. Major advan-
tages of these materials are low cost, high efficiency,
minimization of chemical or biological sludge, no
additional nutrient requirement, and regeneration of
adsorbent and possibility of effluent recovery [20]. In
this regard, studies have been carried out to investi-
gate various agricultural waste materials such as grass
waste [21], rice hull [22], and cotton plant waste [23].

In recent years, a number of studies have been
performed to develop alternative and economic adsor-
bents including palm ash [24], chitosan/oil palm ash
composite beads [25], sodium montmorillonite clay
[26], salts-treated beech sawdust [27], chitosan bead
[28], biomass fly ash [29], zeolite [30], and almond
shells [31].

Tea is basically the dried and processed leaves of
only one species of plant called Camellia sinensis [32].
It is consumed by a large number of people in the
world and considered the second most popular
beverage in the world. Only water is rated higher in
world consumption than tea. It is estimated that
somewhere between 18 and 20 billion cups of tea are
drunk daily on our planet. Canned or bottled tea as
well as instant tea drinks is produced on an industrial
scale by hot water extraction of tea leaves (TL), and
the producers encounter the problem of disposing of
the spent TL after the extraction. Hence, utilization of
such waste is most desirable [21].

The objective of this study is to investigate the
adsorption potential of spent TL and TB, abundantly
available solid wastes, for the removal of astrazon red
6B (AR) from aqueous solution. The effects of various
operating parameters such as solution pH, adsorbent
dose, initial dye concentration, contact time on AR
adsorption were investigated.

2. Materials and methods

2.1. Adsorbate

The basic dye used in this study was AR (C.I.
Basic Red 46) (AR) purchased from Dystar, Turkey
and used without further purification. The structure
of AR is shown in Fig. 1.

2.2. Preparation of adsorbent

Spent black TB of the same brand were collected.
Subsequently, the spent TL were removed from the
TB and both were rinsed several times with boiled
distilled water until the filtered water was cleared.
Then, they were oven dried at 50�C for 48 h. Dried
samples were ground and sieved to obtain particle
sizes range of <2mm for TL and 2–5mm for tea bag.
No other chemical or physical treatment was used
prior to adsorption experiments.

2.2.1. Adsorbent characteristics

For SEM (scanning electron microscope) analysis,
JEOL/JSM-6335F model scanning electron micro-
scope with 370� and 400� magnification was used.
The specific surface areas (BET) of adsorbents were
derived from N2 adsorption isotherms measured at
liquid nitrogen temperature using Quantachrome
Instruments Nova 4000E. These analyses were car-
ried out at the Material Institute of the Scientific
and Technological Research Council of Turkey
(TÜBİTAK).

The infrared spectra of samples were obtained
with Digilab, Exalibur-FTS 3000 MX model (USA)
in the range of 400–4,000 cm�1 in the Advanced
Analysis Laboratory (IAL) of Istanbul University.
In order to prepare the sample pellets, samples
were diluted with IR grade Merck KBr (samples/
KBr: 1/200 (w/w)).

Percentages of C, H, N, and S in compost samples
were determined at the IAL of Istanbul University.
Prior to the elemental analysis, samples were dried at
50�C for 24 h and ground to a fine powder in a quartz
mortar.

Fig. 1. Chemical structure of astrazon red 6B.
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2.4. Effect of adsorbent dose

The effect of adsorbent doses on the amount of AR
adsorbed was investigated by adding different
amounts (0.25, 0.5, 1, 1.5, and 2 g/L) of TL and TB in
50mg/L of dye solution. The pH of the solution was
adjusted (pH 10 for TL and pH 9 for TB) with 0.1M
NaOH solution using a pH meter (Hanna Instruments
pH213 pH meter) equipped with a combined elec-
trode. Adsorption experiments were conducted in a
thermostatic shaker bath at 25�C. The agitation was
provided at 150 rpm for 240min.

2.5. Equilibrium studies

Adsorption experiments were carried out by add-
ing a fixed amount of adsorbent (0.5 g/L) into a num-
ber of 250-mL stoppered glass Erlenmeyer flasks
containing a definite volume (200mL in each flask) of
different initial concentrations (25–200mg/L) of dye
solutions at pH 9 for TL and pH 10 for TB at a tem-
perature of 25�C. The flasks were placed in a thermo-
static shaker bath, and agitation was provided at
150 rpm for 240min. The dye concentrations were
measured at different times (0–240min) with a 1.0 cm
light path quartz cells using a spectrophotometer
(Shimadzu UV1201) at kmax of 525 nm. The amount of
the adsorbed dye was calculated from the concentra-
tions in the solution before and after the adsorption.
The calibration curve was plotted from the dye solu-
tions prepared in the concentration range of 2–
300mg/L. All experiments were run at least twice.

2.6. Effect of solution pH

In the study, 200mL of dye solution of 50mg/L
initial concentration at different pH values (2–10) was
agitated with 0.1 g of TL and TB in a thermostatic sha-
ker bath at 25�C. Agitation was performed for 240min
at a constant agitation speed of 150 rpm. The dye con-
centrations were measured by a spectrophotometer.
The pH values were adjusted with 0.1M NaOH solu-
tion using a pH meter.

2.7. Batch kinetic studies

Several kinetic models are available to understand
the behavior of the adsorbent, to examine the control-
ling mechanism of the adsorption process, and to test
the experimental data. In the present study, the
adsorption data were analyzed using two kinetic
models: the pseudo-first-order and pseudo-second-
order kinetic models. The conformity between the
experimental data and the model-predicted values

was expressed by the determination factor (R2). A rel-
atively high R2 value indicates that the model success-
fully describes the kinetics of the dye adsorption. The
pseudo-first-order model was introduced by Lager-
gren [33–35].

A pseudo-first-order equation can be expressed in
a linear form (Eq. (1)):

logðqe � qtÞ ¼ logðqeÞ � ðk1=2:303Þt ð1Þ

where qe and q are the amounts of dye adsorbed
(mg/g) on the adsorbents at the equilibrium and at
time t, respectively, and k1 is the rate constant of
adsorption (min�1). Values of k1 were calculated
from the plots of log(qe–qt) versus t for different con-
centrations of the basic dye.

The sorption data were also analyzed in terms of
pseudo-second-order mechanism described in Refs.
[33,34,36,37]:

The pseudo-second-order adsorption kinetic rate
equation is expressed as follows (Eq. (2)):

dqt=dt ¼ k2ðqe � qtÞ2 ð2Þ

Here, k2 is the rate constant of pseudo-second-
order adsorption (g/mgmin). Integrating and
applying the initial conditions, the equation can be
presented as linear form (Eq. (3)):

t=qt ¼ ½1=ðk2q2eÞ þ ð1=qeÞðtÞ ð3Þ

Here, qe is the amount of dye adsorbed at equilib-
rium (mg/g). The second-order rate constants were
used to calculate the initial sorption rate, h ¼ k2q2e .Val-
ues of k2 and qe were calculated from the intercept
and the slope of the linear plots of t/qt versus t.

2.8. Adsorption isotherms

The adsorption isotherm indicates how the adsor-
bate molecules distribute between the liquid phase and
the solid phase when the adsorption process reaches an
equilibrium state. The analysis of the isotherm data by
fitting them to different isotherm models is also an
important step which can be used for design purposes
[38,39]. Langmuir and Freundlich equations are com-
monly used in the adsorption isotherm studies. The
Langmuir theory assumes that sorption takes place at
specific sites within the adsorbent, which means that no
further adsorption can take place at a site occupied by a
dye molecule. Therefore, a saturation point is reached
at equilibrium beyond which no further adsorption can
occur, and the saturation monolayer can be then repre-
sented by the following expression (Eq. (4)) [40]:
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ðCe=qeÞ ¼ ð1=qmKÞ þ ð1=qmÞCe ð4Þ

where qm is the maximum amount of adsorption
(mg/g), K is the affinity constant (L/g), and Ce is the
solution concentration at equilibrium (mg/L). The Fre-
undlich model assumes that the sorption takes place
on heterogeneous surfaces and adsorption capacity
depends on the concentration of dyes at equilibrium.
The well-known logarithmic form of Freundlich model
is given by the following equation (Eq. (5)) [40]:

ln qe ¼ lnKF þ ð1=nÞlnCe ð5Þ

where KF and n are the Freundlich constants related
to the adsorption capacity and adsorption intensity,
respectively. So, the plot of lnqe against lnCe of Eq. (5)
should give a linear relationship whereby 1/n and KF

can be determined from the slope and the intercept,
respectively.

The Temkin isotherm equation assumes that the
heat of adsorption of all the molecules in layer
decreases linearly with coverage due to adsorbent–
adsorbate interactions, and that the adsorption is char-
acterized by a uniform distribution of the bonding
energies, up to some maximum binding energy [41].

The Temkin isotherm is given as:

lnqe ¼ B lnAþ B lnCe ð6Þ

where A (l/g) is the equilibrium binding constant,
corresponding to the maximum binding energy, and
constant B is related to the heat of adsorption. A plot
of qe versus lnCe enables the determination of the iso-
therm constants B and A from the slope and intercept
of the straight line plot. The constant B is related to
the heat of adsorption.

2.9. Analytical methods

The dye concentrations were monitored by mea-
suring absorbance at 525 nm using a spectrophotome-
ter (Shimadzu UV1201). The calibration curve was
plotted from the dye solutions prepared in the con-
centration range of 2–300mg/L.

3. Results and discussion

3.1. Adsorbent characteristics

Characteristics of the investigated adsorbents are
presented in Table 1. SEM photographs are shown in
Figs. 2 and 3.

Fig. 2 shows the SEM micrographs of tea leaf sam-
ples before and after the dye adsorption. Fig. 2(a)

shows the rough surface morphology of TL with pores
of different sizes. These pores are useful for dye
adsorption. Fig. 2(b) shows the surface of dye-loaded
adsorbent TL. As shown in Fig. 3(a) and (b), fibers of
TB samples were swollen after the dye adsorption.

3.2. Effect of adsorbent dose on dye adsorption

The effect of dosage on the adsorption of AR onto
TL is illustrated in Fig. 4. At equilibrium time, the
percent removal increased from 57 to 94% in response
to an increase in TL dose from 0.25 to 2 g. The
removal of AR increased basically due to the number
of active sites and the increase in available surface
area with dosage. The optimum dose was found to be
0.10 g of TL for 200mL of AR solution.

Fig. 5 shows the effect of adsorbent dosage (TB) on
the removal of AR. The percentage removal of AR
increased with adsorbent dosage (from 40 to 89%).
This can be attributed to the extended adsorbent sur-
face area and availability of more adsorption sites
resulting from the increasing dosage of the adsorbent.

3.3. Effect of solution pH on dye adsorption

Fig. 6 shows the effect of pH on the adsorption of
AR onto TL, and Fig. 7 shows the effect of pH on the
adsorption of AR onto TB. The experiments were con-
ducted at 50mg/L initial AR concentration, 0.50 g/L
TL and TB doses and 25�C. pH was observed to have
a significant influence on the adsorption process. AR
is a cationic dye and exists in aqueous solution in the
form of positively charged ions. As a charged species,
the degree of its adsorption onto the adsorbent surface
is primarily influenced by adsorbent’s surface charge,
which in turn is influenced by the solution pH. As
shown in Fig. 6, the equilibrium adsorption capacity
was minimum at pH 2 (44mg/g) and increased up to
10 and then remained nearly constant (97.5mg/g)
over the initial pH 10 for AR adsorption onto TL. Sim-
ilarly, as shown in Fig. 7, the equilibrium adsorption
capacity was minimum at pH 2 (7.2mg/g) and
increased up to nine and then remained nearly
constant (70.5mg/g) over the initial pH 9 for AR

Table 1
Some characteristics of adsorbents used in the experiments

Tea leaf Tea bag

C (%) 41.12 53.66

H (%) 7.31 9.18

N (%) 3.45 0.25

BET surface area (m2/g) 0.222
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adsorption onto TB. This phenomenon occurred due
to the presence of excess H+ ions in the adsorbate and
the negatively charged surface adsorbent. Lower
adsorption of AR at acidic pH is due to the presence
of excess H+ ions competing with the cation groups
on the dye for adsorption sites. At higher levels of
solution pH, the TL and TB possibly negatively
charged and enhance the positively charged dye cat-
ions through electrostatic attraction force. A similar
result was reported for the adsorption of AR onto the
tea leaf [2].

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

Figs. 8 and 9 show the effect of the initial dye con-
centration (50–500mg/L) on the adsorption of AR. It
was observed that AR was rapidly adsorbed by TL for
the first 90min, and thereafter, it proceeded at a

slower rate and finally reached saturation (Fig. 8). On
the other hand, AR was adsorbed onto TB for the first
45min (Fig. 9). For AR adsorption onto TL, the equi-
librium adsorption increased from 38 to 186mg/g in
parallel with an increase in the initial AR concentra-
tion from 25 to 200mg/L. It was also found that the
equilibrium removal of AR decreased from 75 to 46%
as the initial AR concentration increased from 25 to
200mg/L. For AR adsorption onto TB, the equilibrium
adsorption increased from 33.14 to 105.6mg/g in par-
allel with an increase in the initial AR concentration
from 25 to 200mg/L. In addition, the equilibrium
removal of AR decreased from 66 to 26.4% as the ini-
tial AR concentration increased from 25 to 200mg/L.
These results could be attributed to the fact that the
mass transfer driving force becomes larger and hence
resulting in higher AR adsorption as the initial con-
centration increases. It is also shown in Figs 8 and 9
that the contact times needed for AR solutions with

(a) (b)

Fig. 2. SEM photographs of tea leaf before the dye sorption (a) and tea leaf with dye adsorbed (b).

(a) (b)

Fig. 3. SEM photographs of tea bag before the dye sorption (a) and tea bag with dye adsorbed (b).
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Fig. 4. Effect of adsorbent dosage on the adsorption of AR
on TL (temperature = 25�C, C0 = 50mg/L, stirring rate = 150
rpm, pH=10).

Fig. 5. Effect of adsorbent dosage on the adsorption of AR
on TB (temperature = 25�C, C0 = 50mg/L, stirring rate = 150
rpm, pH=9).

Fig. 6. Effect of pH on the adsorption of AR on TL
(temperature = 25�C, C0 = 50mg/L, stirring rate = 150 rpm,
0.1 g/200mL adsorbent).

Fig. 7. Effect of pH on the adsorption of AR on TB
(temperature = 25�C, C0 = 50mg/L, stirring rate = 150 rpm,
0.1 g/200mL adsorbent).

Fig. 8. Effect of contact time and initial concentration on
the adsorption of AR on TL (temperature = 25�C, stirring
rate = 150 rpm, 0.1 g/200mL adsorbent, pH=10).

Fig. 9. Effect of contact time and initial concentration on
the adsorption of AR on TB (temperature = 25�C, stirring
rate = 150 rpm, 0.1 g/200mL adsorbent, pH=9).
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initial concentrations of 25–200mg/L to reach equilib-
rium were 90 and 45min for adsorption on TL and
TB, respectively. The initial concentration provides an
important driving force to overcome all mass transfer
resistances of AR between the aqueous and solid
phase. However, the experimental data were mea-
sured at 240min to be sure that full equilibrium was
attained.

In the study, the optimum adsorbent dosage was
determined for both tea TL and TB as 0.5 g/L.
Assuming that a typical textile dye effluent stream
has 500m3/day flow-rate, 250 kg adsorbent (tea leaf
and tea bag) material would be required per day to
clean the stream.

3.5. Adsorption kinetics

The transient behavior of the dye adsorption pro-
cess was analyzed using the pseudo-first and pseudo-
second-order kinetic models. The rate constants (k1)
evaluated from these plots (Figs. 10–13) with the
obtained correlation coefficients are listed in Tables 2
and 3. The R2 values listed for the pseudo-first-order
kinetic model were between 0.5 and 0.99 (Tables 2
and 3), and 0.013 and 0.39 (Tables 2 and 3) for TL and
TB, respectively. The R2 values for pseudo-second-
order model were between 0.93 and 0.999 (Tables 2
and 3), and 0.92 and 0.999 (Table 3) for TL and TB,
respectively, which are higher than the obtained R2

values for the pseudo-first-order model and closer to
the unity. Therefore, the adsorption kinetics could be
satisfactorily described by pseudo-second-order
kinetic model for AR adsorption onto TL and TB. Sim-
ilar phenomena were observed in sorption of MB onto
mansonia (Mansonia altissima) wood sawdust [42].
Therefore, the results proved that the kinetics of AR
adsorption on TL and TB followed pseudo-second-

Fig. 10. The fitting of pseudo-second-order model for AR on
TL for different initial concentrations (temperature = 25�C,
stirring rate = 150 rpm, 0.1 g/200mL adsorbent, pH=9).

Fig. 11. The fitting of pseudo-second-order model for AR on
TB for different initial concentrations (temperature = 25�C,
stirring rate = 150 rpm, 0.1 g/200mL adsorbent, pH=10).

Fig. 12. The fitting of pseudo-second-order model for AR
on TL for different pH values (temperature = 25�C, stirring
rate = 150 rpm, 0.1 g/200mL adsorbent, C0 = 50mg/L).

Fig. 13. The fitting of pseudo-second-order model for AR
on TB for different pH values (temperature = 25�C, stirring
rate = 150 rpm, 0.1 g/200mL adsorbent, C0 = 50mg/L).
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order model, suggesting that chemisorption might be
the rate-limiting step that controlled the adsorption
process.

3.6. Isotherm studies

In the present study, the equilibrium isotherms
were analyzed using the Langmuir and Freundlich
isotherms. The applicability of the isotherm models
to the adsorption study was judged by the R2 value
of each plot. The higher the R2 value, the better the
fit. All the isotherm constants calculated by both
models are listed in Table 4. It can be seen from
the R2 values, which are indicators of good-fit, that
the Langmuir (R2 = 0.99) exhibited better fit for
adsorption of AR on TB compared to the Freundlich
(R2 = 0.88) and Temkin (R2 = 0.0428) models (Table 4,
Fig. 14). This could be caused by the homogeneous
distribution of active sites onto TB surface [43,44]. It
can be seen from Fig. 15 and Table 4 that Freund-
lich isotherm fits the data better than Langmuir and
Temkin isotherms for adsorption of AR on TL. This
is also confirmed by the high value of R2 for Fre-
undlich (0.99) compared to Langmuir (0.89) and
Temkin (0.61). One of the Freundlich constants (KF)
demonstrated the adsorption capacity of the adsor-
bent. The other Freundlich constant (n) is a measure

of the deviation from linearity of the adsorption. If
n is equal to the unity, the adsorption is linear.
However, if a value for n is below to the unity,
adsorption process is concluded as chemical; on the
other hand, n values above the unity indicate that
adsorption is a favorable physical process [45–47].
The equilibrium value of n is 2.05, which represents
the favorable adsorption, and suggests that physical
adsorption is dominant rather than chemical adsorp-
tion when it is used for AR adsorption, which indi-
cates weak adsorption bonds [42] and the presence
of Van Der Waals forces.

3.7. IR characterization of adsorbents

The FTIR spectrum of astrozon red 6B is illustrated
in Fig. 16. As seen from the figure, the FTIR spectrum
displays all the characteristic IR peaks of consisting
groups of the dye. In addition, the adsorption peaks
and the assigned groups could be listed as (cm�1):
2,926 and 2,854 (C–H stretching); 1,649 (C=C vibra-
tions, non-conjugated); 1,605 and 1,545 (skeletal vibra-
tions of aromatic ring); 1,456 and 1,400 (C–H); the
region 1,340 (aromatic C–H and C–(CH3)2 vibrations);
1,258, 934, 862, and 835 (1, 2-di and 1, 2, 4-tri substi-
tuted aromatic ring vibrations); 1,128 (C–N vibrations)
and 617 (C–Cl vibrations) [48,49]. Fig. 16 also

Table 4
Isotherm constants for AR on TL and TB

Adsorbent Freundlich isotherm Langmuir isotherm Temkin ısotherm

KF (mg/g) n R2 qm (mg/g) K (L/g) R2 A (L/g) B R2

Tea leaf 36 2.82 0.99 4.5� 10�3 3.76 0.89 3.082� 10�6 4.39 0.61

Tea bag 21 3.60 0.88 0.011 4.87 0.99 1.063� 10�26 0.31 0.0428

Fig. 14. Langmuir isotherm for the adsorption of AR
onto TB (temperature = 25�C, stirring rate = 150 rpm,
0.1 g/200mL adsorbent, C0 = 50mg/L).

Fig. 15. Freundlich isotherm for adsorption of AR onto TL
(temperature = 25�C, stirring rate = 150 rpm, 0.1 g/200mL
adsorbent, C0 = 50mg/L).
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Fig. 16. FTIR spectrums of dye, tea bag and tea bag after the adsorption.

Fig. 17. FTIR spectrums of dye, tea leaf and tea leaf after the adsorption.
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illustrates the FTIR spectrum of tea bag. As is well
known, the TB is a cellulose-based material and the
spectrum shows all the characteristic IR peaks of cel-
lulose listed as (cm�1): 3,354 (OH vibrations); 2,919
and 2,851 (C–H vibrations due to methyl and methy-
lene groups); 1,699 (C=O vibration); 1,643 (C=C); 1,371
(CH2OH vibrations); 1,463 and 1,433 (oxymethyl
group vibrations); and 1,060–1,164 (region of C–O
groups) [48,49]. Some differences were observed in
the adsorption peaks of FTIR spectrum of TB follow-
ing the dye adsorption. New peak values were
observed due to the characteristic peaks of AR due to
its adsorption on to tea bag surface; that is, a shoulder
at 1,725 cm�1, peaks at 1,603, 1,516, 1,240 cm�1, etc.
And, the intensity of the peaks at 1,317 and
1,339 cm�1 was increased due to the interaction of the
same adsorption bands of AR. In addition, some
intensity changes were also observed, that is: at 1,463
and 1,372 cm�1 which implied that the –OH groups of
AR were the main adsorption points in this process.

The FTIR spectra before and after the adsorption
of tea leaf are shown in Fig. 17, and the characteristic
FTIR bands of the related groups are shown in Table 5.
As shown in Fig. 17, the spectrum of TL displays a
number of absorption peaks, indicating its complex
nature. In the spectrum of TL, the broad band around
3,375 cm�1 represents the bonded –OH groups; on the
other hand, the bands observed around 2,923 and
2,853 cm�1 were assigned to the aliphatic C–H groups.
The peaks around 1,734 and 1,648 cm�1 correspond to

the C=O stretching of carboxyl groups and amide
groups (amide I band), respectively. The peak
observed at 1,518 cm�1 was caused by amide II band
which was attributed to the bending of N–H bonds,
and the peak around 1,318 cm�1 was attributed to C–
N stretching, amide III band. Symmetric bending of
CH3 groups was observed at 1,444 and 1,371 cm�1; in
addition, the characteristic peaks of –SO3 groups due
to asymmetric and symmetric stretching of –SO3

groups were observed at 1,237 and 1,060, respectively.
Finally, the peaks at 1,147 and 625 cm�1 could be
assigned to C–O stretching of ether groups and –CN
stretching, respectively [48,49]. As illustrated in
Fig. 17, the dye and TL had similar adsorption peaks
at their FTIR spectra. Thus, the adsorption process
could not be identified by the observation of new IR
peaks after the adsorption. But, as seen in Table 5, the
spectral analysis before and after the dye adsorption
indicated clear band shifts and lower intensity of the
IR bands of –OH, SO3, amide, and ether groups. These
results demonstrated that the bioadsorption of the dye
occurred during the interactions between the dye and
so-called groups.

4. Conclusions

TL and TB were proven to be effective low-cost
adsorbents for the removal of AR from aqueous
solution via adsorption. The equilibrium data were
analyzed using the Langmuir, Freundlich, and Tem-
kin isotherm models. The adsorption equilibrium of
AR onto TB was best described by the Langmuir
isotherm model, while the adsorption equilibrium of
AR onto TL was best described by the Freundlich
isotherm model. Kinetics of the adsorption was also
observed on TB and TL, and the processes were
determined to continue via pseudo-second-order
kinetics. Although TL and TB used for this work
were not treated chemically or thermally, results
showed that TL and TB have been good adsorbents
and could be used as low-cost adsorbents for the
removal of basic dye from solution. TL and TB are
available in the tea factories and cafeterias. How-
ever, a suitable mechanism for collection and storing
of TL and TB should be taken into account. Further
investigations are needed for desorption studies,
economically feasible regeneration of the adsorbent
and application of the adsorbent for real industrial
wastewater. However, in many countries of the
world where waste TL and waste TB are available
at low or no cost, maybe regeneration is not
required and the used adsorbents can be disposed
by incineration.

Table 5
IR characteristics of tea waste before and after the
adsorption

Frequency (cm�1)

Before
adsorption

After
adsorption

Differences Assignment

3,375 3,348 �27 Bonded –OH

2,923 2,926 +3 Aliphatic C–H

2,853 2,854 +1 Aliphatic C–H

1,734 1,735 +1 C=O (carboxyl)

1,648 1,654 +6 Amide I

1,518 1,518 0 Amide II

1,444 1,445 +1 –CH3

1,371 1,371 0 –CH3

1,318 1,319 +1 Amide III

1,237 1,238 +1 –SO3

1,147 1,150 +3 C–O (ether)

1,060 1,063 +3 –SO3

625 621 �4 –CN
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Abbreviations

A — the equilibrium binding constant (L/g),

AC — activated carbon

AR — astrazon red 6B

B — constant related to the heat of adsorption

BET — specific surface area (m2/g)

C0 — initial concentration of dye (mg/L)

Ce — concentration of dye in solution after
equilibrium (mg/L)

K — Langmuir affinity constant (L/g)

k1 — pseudo-first-order rate constant (min�1)

k2 — pseudo-second-order rate constant (g/mg
min)

KF and
n

— Freundlich constants related to adsorption
capacity and adsorption intensity

qe — experimental amounts of dye adsorbed at
equilibrium time, (mg/g)

qe — calculated amounts of dye adsorbed at
equilibrium time (mg/g)

qt — amounts of dye adsorbed at time t (mg/g)

qm — amount of solute adsorbed per unit weight of
adsorbent in forming a complete monolayer
on the surface (mg/g)

R2 — determination factor

SEM — scanning electron microscope

t — time (minute)

TB — tea bag

TL — tea leaf
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green on chitosan bead, J. Hazard. Mater. 154 (2008) 254–261.

[29] P. Pengthamkeerati, T. Satapanajaru, O. Singchan, Sorption
of reactive dye from aqueous solution on biomass fly ash,
J. Hazard. Mater. 153 (2008) 1149–1156.
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S. Karaca, The adsorption kinetics of the cationic dye meth-
ylene blue onto clay, J. Hazard. Mater. 131 (2006) 217–228.

[38] M. El-Guendi, Homogeneous surface diffusion model of basic
dyestuffs onto natural clay in batch adsorbers, Adsorpt. Sci.
Technol. 8 (1991) 217–225.
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