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a b s t r a c t
In the current study, we have aimed to investigate the potential of dried tea waste as a low-cost 
adsorbent for removing Acid Blue 113 from aqueous solutions using the batch equilibration tech-
nique. Scanning electron microscopy, energy-dispersive X-ray spectroscopy, and zero charge point 
examined the textural property of the material studied and its morphology. The effect of adsorbent 
dose, contact time, solution pH, and temperature on the adsorption of the anionic dye onto dried 
tea waste microparticles was evaluated. The adsorption kinetics were tested and illustrated using 
pseudo-first-order, pseudo-second-order, intraparticle diffusion, and Elovich models. The adsorp-
tion process follows second-order kinetics, and the corresponding rate constants are provided. The 
adsorption equilibrium using Langmuir, Freundlich, Temkin, and Dubinin–Radushkevich isotherm 
models was also studied, and the Langmuir isotherm model was found to be the most appro-
priate for the adsorption of Acid Blue 113 dye using dried tea waste. The thermodynamic param-
eters suggest that the adsorption process is spontaneous and exothermic in nature. The results 
demonstrate that the tea waste microparticles show good adsorption of Acid Blue 113 dye from  
aqueous solutions.
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1. Introduction

In recent decades, wastewater contaminated with dyes 
deserves special importance, because of the many dye 
chemicals that are discharged into the environment, espe-
cially into water systems. Industrial wastewater containing 
organic pollutants has been extensively studied for treat-
ment before discharge into the environment. These toxic 
colorful discharges pose an aesthetic and health problem. 
Several techniques have been used for the removal of dyes 
from industrial effluents [1,2].

including precipitation, coagulation, flocculation, reverse 
osmosis, filtration, ozonation, and adsorption process [3–7]. 
The adsorption is one of the most widely used treatment 
technologies for textile wastewater due to its availability, 
highest profit, ease of disposal and highest efficiency [8–10].

Research was then directed towards treatment pro-
cesses using cheap adsorbent materials. A number of natu-
ral materials have been evaluated for their ability to remove 
dyes from aqueous solutions, such as charcoal, newspaper 
waste, banana peel, orange peel, sawdust, fly ash, tea waste, 
etc. [11–18]. The Acid Blue 113 dye chosen as the model 
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compound for this study has wide applications as a col-
oring agent in the textile industry.

In this study, we aimed to evaluate the suitability of dry 
tea waste as a low-cost adsorbent for the removal of Acid 
Blue 113 from aqueous solutions using the batch equilib-
rium technique. Scanning electron microscopy (SEM), ener-
gy-dispersive X-ray spectroscopy (EDS) and zero charge 
point (pHPZC) examined the textural property of the mate-
rial studied and its morphology. The effects of adsorbent 
dosage, contact time, initial dye concentration, solution pH 
and temperature on the adsorption rate of anionic dyes on 
dried tea waste particles were studied. Studies of adsorption 
equilibria, isotherms, and kinetics are essential to provide 
the basic information needed for the design and operation 
of adsorption for wastewater treatment. This work aims to 
investigate the adsorption of Acid Blue 113 from aqueous 
solution onto dried tea waste as a cost-effective bio- adsor-
bent. Kinetic, isothermal and thermodynamic data were also  
evaluated.

2. Materials and methods

2.1. Adsorbent preparation

The adsorbent used in this study was obtained from tea 
waste. The soluble and colored components were removed 
from the tea by washing it with boiling water. This was 
repeated until the water was almost colorless. The tea leaves 
were then washed with distilled water and oven dried for 
12 h at 85°C. The microparticles of tea waste were crushed 
with an electric grinder to obtain fine powders. The micro-
particles (125  µm) were used as bio-adsorbent materials 
in batch adsorption experiments.

2.2. Preparation of adsorbent and dye solutions

We start by collecting a quantity of raw material (TW), 
which is then rinsed multiple times with distilled water 
to remove impurities and contaminants from its surface. 
Afterwards, it is reduced into smaller fractions, washed, 
dried, ground, and sieved before being used as an adsorbent.

A synthetic dye solution of Acid Blue 113 (AB113) was 
the adsorbent used in this study, and the anionic dye was 
used without further purification. Table 1 lists the properties 

of the AB113 dye. Synthetic dyes used in this study were 
purchased from Sigma-Aldrich (America). A stock solu-
tion of 1,000 mg/L in anionic dye was prepared by dissolv-
ing an accurately weighed quantity of AB113 dye in double  
distilled water.

2.3. Batch adsorption experiments

The adsorption experiments were carried out using a 
batch technique at room temperature (except when the effect 
of temperature was studied). The batch mode was chosen 
because of its simplicity and efficiency. A known amount 
of tea waste was placed in different stoppered Erlenmeyer 
glass flasks of 100  mL capacity containing 40  mL of Acid 
Blue 113 of a known concentration and pH. The stirring 
speed was kept constant for each cycle to ensure even mix-
ing. After different contact times (t), the resulting solutions 
were centrifuged at 5,000 rpm for 10 min and the supernatant 
was filtered through a 0.45 µm membrane filter and the fil-
trate was evaluated. The residual concentration of dye solu-
tion was determined using UV-Visible (Techcomp UV 2300 
Spectrophotometer) at the respective λmax value, which is 
566 nm for AB113 dye. The concentration of AB113 dye (Cr) 
removed from the aqueous solution was calculated as the 
difference between the initial concentration C0 and the con-
centration (Cr = C0 – Ce) at different contact times.

The amount removed per unit mass of bio-adsorbent 
(qt, mg/g) at time “t” was calculated as follows:

q C C V
mt t� �� ��0

and the removal Acid Blue 113 percentage was calcu-
lated by:

% adsorption �
�� �

�
C C
C

t0

0

100

where C0 (mg/L) is the initial concentration of anionic dye in 
aqueous solution; Ct (mg/L) is the concentration of anionic 
dye in aqueous solution at time ‘t’; qt (mg/g) is the concen-
tration of anionic dye in aqueous solution at time ‘t’; The 
amount removed per unit mass of bio-adsorbent; Ce (mg/L) 

Table 1
Properties of Acid Blue 113 dye

Structure molecular
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Molecular formula Molar mass (g/mol) Index code CAS number Type λmax (nm)

C32H21N5Na2O6S2 681.65 26360 3351-05-1 Anionique 566
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is the equilibrium concentration of anionic dye in aqueous 
solution, qe (mg/g) is the amount removed per unit mass 
of bio-adsorbent at equilibrium, m (g) is the amount of 
adsorbent, V (L) is the volume of the solution.

The initial pH of the solution (pH  =  6.3), the dose of 
adsorbent (R  =  5  g/L) and initial concentration of solution 
(C0 = 20 mg/L) are the optimal conditions for the adsorption 
of AB113 dye on dried tea waste in this work. The charac-
terization of the adsorption process of the anionic dye was 
studied by varying certain parameters such as contact time, 
initial dye concentration, pH of the initial solution, tem-
peratures and mass/volume ratio of the solution.

3. Results and discussion

3.1. Characterization of dried tea waste used

The point of zero charge of dried tea waste was deter-
mined using the solid addition method. In this method, 
six bottles were prepared with 50  mL of 0.01  M NaCl 

solutions, each maintained at a pH range of 2–12. To each 
bottle, 0.5  g of dried tea waste used material developed 
was added. The pH of the solutions was adjusted using 
0.1 M HCl/NaOH solutions. The bottles were then shaken 
for 48 h at room temperature, and the final pH of the solu-
tions was measured [19]. These solutions were stirred for 
48 h at room temperature and the final pH of the solutions 
was measured. The point of intersection between the initial 
pH and the final pH was taken as the zero charge point 
(Fig. 1). The pHPZC values for the dried tea waste used are 
equal to 4.4. This shows that at pH below pHPZC (pH < 4.4), 
the adsorbent surface studied is positively charged, 
while at pH above pHPZC (pH  >  4.4), the surface is domi-
nated by negative charges.

SEM allows for detailed observation of grain morphol-
ogy, including estimating their approximate diameter and 
the arrangement of the sample grains. Texture analyses 
were conducted using a scanning electron microscope (SEM, 
TESCAN VEGA3, Cadi Ayyad University) with an accel-
eration voltage of 20 kV. Fig. 2 displays the SEM images of 
dried tea waste and the corresponding EDS spectrum.

From the SEM image, we observe that its morphology 
exhibits a wide distribution of differently sized grains, which 
helps explain the adsorption of molecules on the surface of 
this biomaterial. The energy-dispersive X-ray spectroscopy 
results of the adsorbent used indicated a high presence of the 
chemical elements carbon, oxygen, and calcium (C, O, and 
Ca). Based on the analyses, it can be inferred that the aver-
age fraction of light carbon atoms is around 99.1%, with the 
presence of small quantities of oxygen and calcium (1.65%) 
in atomic percentage.

The X-ray powder diffraction analysis of green tea waste, 
as depicted in Fig. 3, reveals a distinctive peak at 2θ  =  22° 
(002  plane) related to the amorphous structure of the tea 
powder [20]. This matrix exhibits superimposed peaks in 
shifted positions, suggesting that the material is partially 
crystallized [21].

The Fourier-transform infrared spectrum of the tea waste 
sample is depicted in Fig. 4. The prominent and wide peak 
observed at approximately 3,480  cm–1 can be attributed to 
 

Fig. 1. pH at the point of zero charge of dried tea waste used.

 
Fig. 2. Scanning electron microscopy-energy-dispersive X-ray spectroscopy patterns of dried tea waste used.
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the presence of the hydroxyl functional group (O–H). This 
interpretation is further supported by the elevated bands 
at 1,080 and 1,020  cm–1, which correspond to deformations 
of the C and C–O bonds in single bonds found in primary 
and secondary alcohols. The bands located at 2,931 and 
2,860  cm–1 are associated with the stretching vibrations of 
the C–H single bond. However, identifying specific struc-
tural components is challenging due to the presence of minor 
peaks, notably at 1,220 cm–1, primarily stemming from phe-
nolic, ether, and epoxide structures. The intense and promi-
nent peak occurring at around 1,650 cm–1 is attributed to the 
stretching vibration of the C=C bond. In contrast, a shoulder 
band at approximately 1,730  cm–1 indicates the vibration 
of the C=O bond [22].

3.2. Effect of adsorbent dosage

The adsorbent dosage is a crucial parameter as it defines 
the capacity of an adsorbent for a given initial concentration 
of the adsorbate [2,23]. The effect of adsorbent dosage on the 

removal of AB113 at C0  =  20  mg/L was studied by stirring 
in different masses at 25°C. Fig. 5 illustrates the adsorption 
of AB113 as a consequence of the adsorbent dosage. The 
removal of dye used increases with the adsorbent dose, 
which could be explained by the increase in the number of 
available adsorption sites [24]. The dye removed remains 
almost unchanged when the concentration of the adsorbent 
used is higher than 5 g/L (0.2/40 mL). For an adsorbent dos-
age of 5 g/L, the increase in Acid Blue 113 removal becomes 
very low on the adsorbent surface, and the dye concentra-
tion reaches equilibrium. For a higher adsorbent concentra-
tion of 5  g/L, the removal efficiency becomes almost con-
stant for the removal of AB113 from tea waste microparti-
cles. To achieve the maximum adsorption of Acid Blue 113, 
an m/V ratio of 5 g/L was chosen for subsequent studies.

3.3. Effect of contact time

Equilibrium time is another important operational 
parameter for an economical wastewater treatment process. 
The impact of contact time on the batch adsorption of the 
dye solution is shown in Fig. 6. The adsorption rate is fast 
in the first steps, decreases gradually and becomes constant 
when equilibrium is reached. This result could be due to 
the high availability of free active sites at the beginning of 
the adsorption process. In general, the percentage values of 
dye adsorption increase with increasing contact time. Taking 
these results into account, the contact time was set at 90 min 
for the remaining batch experiments. In conclusion, the equi-
librium adsorption time of the studied azo dye AB113 on the 
used adsorbent micro-particles is approximately 90  min of 
contact. For the continuation of this work, we have chosen 
a time of 90 min, which is more than sufficient for the estab-
lishment of equilibrium to study the parameters influencing 
the retention of the azo dye AB113. The rapid adsorption 
observed during the initial minutes of the reaction can be 
attributed to the abundance of available active sites on the 
surface of the adsorbent [7,25]. As the contact time increases, 
organic molecules require more time to penetrate and 
diffuse into the pores of the adsorbent.

 

Fig. 4. Fourier-transform infrared spectra of dried tea waste.

 
Fig. 3. X-ray diffraction pattern of dried tea waste. Fig. 5. Effect of dried tea waste amount on the removal of Acid 

Blue 113 dye: C0 = 20 mg/L, T = 23°C ± 2°C, pH = 6.3 and tc = 12 h.
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Similarly, Jain et al. [26] conducted a study on the 
removal of an anionic dye (Acid Blue 25) using a tea waste-
based biomaterial. This study indicates faster removal in 
the initial stage, which is attributed to the abundant avail-
ability of free sites, resulting in a higher probability of  
adsorption.

The second slow stage is attributed to a decrease in the 
availability of free sites as most of the active sites are already 
occupied by adsorbed molecules [27]. Parvin et al. [27], 
demonstrated that the adsorption process consists of two 
stages, namely a rapid stage and a slow stage.

3.4. Effect of initial pH

Typically, the initial pH value can either enhance or 
reduce the rate at which dyes are taken up, which is closely 
related to changes in the surface of the adsorbent and the 
chemistry of the dyes [28]. The effect of solution pH was 
investigated according to the following procedure: A mass 
of 0.2 g of dried tea waste was added to a number of glass 
bottles containing 40 mL of dye solution. The pH of the dye 
solutions was adjusted over the range of pH 2 to pH 10 using 
0.1 M HCl or 0.1 M NaOH solutions. The results presented 
in Fig. 5 reveal that the removal of Acid Blue 113 is signifi-
cantly influenced by the initial pH of the solution. Based on 
these results, the uptake of Acid Blue 113 increased slightly 
from pH 2 to 8 and then decreased with increasing pH 
until 12. The maximum dye removal for the adsorbent was 
observed at pH2.

The effect of pH on dye removal may be due to chem-
ical and electrostatic interactions between the adsorbent 
surface and the dye molecules. This result demonstrates 
that the adsorption of AB113 is lower at higher pH values 
[7] (Fig. 7). We can see that at pH values below the pH of 
the zero charge point (pH < pHPZC), the removed amount of 
AB113 dye is significant. The surface of dried tea waste used 
at pH < pHPZC is positively charged, which favors AB113 dye 
adsorption. This can be explained by the electrostatic attrac-
tion between the anionic dye and the positively charged 
adsorbent surface. At pH values above pHPZC, the adsorp-
tion capacity is low, due to the presence of hydroxide ions 

(OH–). For the adsorption of AB113 dye, the surface of the 
dried tea waste must be positively charged [29,30].

3.5. Adsorption kinetic models

The experimental data on adsorption kinetics were 
examined using a variety of kinetic models, pseudo-first- 
order model, pseudo-second-order model, Elovich model 
and intraparticle diffusion model [7,31–35].

3.5.1. Pseudo-first-order kinetics model

The kinetics equation of pseudo-first-order model and 
its linearized form may be represented by Eq. (1):

dq
dt

k q qt
e t� �� � �� �1 non linear form 	 (1)

ln lnq q q k te t e�� � � � � �1 linear form 	 (2)

where k1 (min–1) is the rate constant for the pseudo-first-or-
der kinetics model, qe (mg/g), qt (mg/g) are the amounts of 
AB113 retained on weight unit of adsorbent at equilibrium 
and at any time t (min), respectively.

The plot of ln(qe – qt) vs. contact time t for dried tea waste 
gives a straight line of slope –k1 and intercepts lnqe (Fig. 8). 
The values of the theoretical adsorption capacity (qe,cal), 
the rate constant for the pseudo-first-order kinetics model 
(k1) and the correlation coefficient (R2) were presented in 
Table 2. Table 2 shows that the value of qe is not quite sim-
ilar to the experimental value (qcal = 2.72 mg/g < qexp = 3.218 
mg/g), suggesting the insufficiency of pseudo-first-order  
model.

We find that under these conditions, the pseudo-first- 
order model is not adequate to describe the adsorption 
kinetics of AB113 from aqueous solutions onto dried tea 
waste as a natural adsorbent.

Fig. 6. Effect of contact time on the removal of Acid Blue 113 
onto dried tea waste (m/V = 5 g/L, pHi = 6.3 and T = 23°C).

 
Fig. 7. Effect of initial pH on adsorption of Acid Blue 113: 
C0 = 20 mg/L, m/V = 5 g/L, T = 23°C ± 2°C, and tc = 90 min.



R. Aziam et al. / Desalination and Water Treatment 315 (2023) 387–398392

3.5.2. Pseudo-second-order kinetics model

In case of pseudo-second-order kinetics model, the rate 
equation and its linearized form may be formulated by 
Eq. (3):

dq
dt

k q qt
e t� �� � �� �2

2
non linear form 	 (3)

t
q k q q

t
t e e

� �
�

�
��

�

�
�� � �1 1

2
2 linear form 	 (4)

where k2 (g/mg·min) is the rate constant for the pseu-
do-second-order kinetics model, qe (mg/g), qt (mg/g) are the 
amounts of AB113 retained on weight unit of adsorbent at 
equilibrium and at any contact time t (min), respectively. 
The pseudo-second-order plots for AB113 adsorption 
system at different initial concentrations are presented 
in Fig. 9 and the kinetic parameters are given in Table 2. 
The correlation coefficient for the pseudo-second-order 
kinetic model is nearly equal to 1 and the value of calcu-
lated amount adsorbed qe,cal is comparable to the experi-
mental one (qe,cal = 3.432 mg/g).

Therefore, it was concluded that the pseudo-second- 
order adsorption model is more appropriate to describe 
the adsorption kinetics of AB113 dye on dried tea waste.

3.5.3. Elovich kinetics model

The Elovich model is valid for systems with heteroge-
neous surface and it is suitable for chemisorption kinet-
ics. The kinetics equation Elovich model and its linearized 
form may be expressed as:

dq
dt

et qt� �� ��� � non linear form 	 (5)

q tt �
� �

� � � � �ln
ln

��

� �
1 linear form 	 (6)

where qe (mg/g) and qt (mg/g) are the amounts of AB113 dye 
adsorbed at equilibrium and at any contact time t (min), 
respectively. α (mg/g·min) is the initial adsorption rate and 
β (g/mg) is the desorption constant related to the extent of 
the surface coverage and activation energy for chemisorp-
tion. The Elovich kinetic constants α and β are obtained 
from the intercept and the slope, respectively (Fig. 10). The 
correlation coefficient indicates that the Elovich model is 

Fig. 8. Pseudo-first-order adsorption kinetics of Acid Blue 113 
onto dried tea waste at different dye concentration.

Table 2
Parameters of four kinetic models for Acid Blue 113 dye adsorp-
tion onto dried tea waste at different initial dye concentrations

Kinetic 
models

Parameters Acid Blue 113 dye concentration

20 mg/L 100 mg/L

Pseudo-first-order

k1 (min–1) 0.046 0.049
qe,cal (mg/g) 2.728 9.057
R2 0.934 0.778

Pseudo-second-order

k2 (g/mg·min) 0.026 0.001
qe,cal (mg/g) 3.432 20.618
R2 0.998 0.971

Elovich

α 0.905 0.286
β 1.565 0.220
R2 0.911 0.925

Intraparticle diffusion

Region I kPI (mg/g·min1/2) 0.402 2.570
cI 0.069 –4.618
R2 0.967 0.994

Region II kPII (mg/g·min1/2) 0.004 0.010
cII 3.170 16.754
R2 0.291 0.413

Exp. adsorption 
capacity (qe,exp, mg/g)

3.218 16.956

Fig. 9. Pseudo-second-order adsorption kinetics of Acid Blue 
113 onto dried tea waste at different dye concentrations.
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not adequate to characterize the AB113 adsorption on dried  
tea waste.

3.5.4. Intraparticle diffusion kinetics model

The intraparticle diffusion model is of significant inter-
est because internal diffusion determines the adsorption 
rate in most liquid systems. The initial rate of intraparticle 
diffusion is calculated by linearization of Eq. (7) [36]:

q k t ct p� � � �1 2/ linear form 	 (7)

where kp (mg/g·min1/2) is the intraparticle diffusion rate 
constant, c (mg/g) is the concentration of AB113 from solu-
tion at equilibrium and qt (mg/g) is the amount of AB113 
retained on weight unit of adsorbent at contact time t (min). 
The graphical representation is given in Fig. 11.

The intraparticle diffusion, kp, values were obtained 
from the slope of the straight-line portions of plot of qt vs. 
t1/2 for various solutions temperature. The correlation coef-
ficients (R2) indicates that the intraparticle diffusion model 

is not suitable to describe the kinetics of AB113 adsorp-
tion from aqueous solutions on dried tea waste as natural 
adsorbent. The values of kp and c, calculated from the slopes 
and intercepts are summarized in Table 2.

3.6. Adsorption isotherm models

Adsorption isotherms are mathematical models that 
describe the distribution of adsorbed species between the 
solid and liquid phases, and are significant data for study-
ing the adsorption mechanism. In this study, the Langmuir, 
Freundlich, Temkin and Dubinin–Radushkevich equations 
were used to describe the relationship between the adsorp-
tion of AB113 dye on dried tea waste and its equilibrium 
concentration in solution. This study was performed by 
ranging the initial ion concentration from 20 to 200 mg/L at 
different temperatures and a natural pH of 6.3.

3.6.1. Langmuir adsorption isotherm

The Langmuir adsorption isotherm [7,37,38] supposes 
that the solid surface has a finite number of identical sites, 
which shows homogeneous surfaces. The Langmuir equa-
tion and its linearized form may be represented by Eqs. (8) 
and (9):

q q
K C
K Ce L
L e

L e

�
�

�� �
1

non linear form 	 (8)

1 1 1
q q q K Ce L L L e

� � � �linear form 	 (9)

where qe (mg/g) is the amount adsorbed at equilibrium con-
centration Ce (mg/L), qL (mg/g) is the Langmuir constant 
representing maximum monolayer capacity, and KL (L/mg) 
is the Langmuir constant related to energy of adsorption 
[39]. The plots between 1/qe and 1/Ce for the adsorption of 
AB113 are drawn in Fig. 12. The values of the adsorption 
capacity (qL), the Langmuir constant (KL), and the correlation 

Fig. 10. Elovich adsorption kinetics of Acid Blue 113 dye onto 
dried tea waste at different dye concentrations.

Fig. 11. Intraparticle diffusion kinetics model of Acid Blue 113 
dye onto dried tea waste at different dye concentrations.

Fig. 12. Langmuir adsorption isotherm of Acid Blue 113 onto 
dried tea waste at different temperatures.



R. Aziam et al. / Desalination and Water Treatment 315 (2023) 387–398394

coefficient (R2) are presented in Table 3. The Langmuir model 
is an indication of surface homogeneity of the adsorbent.

The basic assumption of Langmuir adsorption isotherm 
is also based on monolayer coverage of the adsorbate on 
the surface of adsorbent. The adsorption capacity of adsor-
bent decreased on increasing the temperature. The highest 
value of qL obtained at 25°C was 37.87 mg/g (Table 3).

The essential feature of the Langmuir isotherm can 
be expressed by means of ‘RL’, a dimensionless constant 
referred to as separation factor or equilibrium parameter 
to predicting whether an adsorption system is favorable or 
unfavorable. RL is calculated using Eq. (10) [40]:

R
K CL
L

�
�
1

1 0

	 (10)

where KL (L/mol) is Langmuir constant and C0 (mol/L) the 
highest initial anionic dye concentration. According to 
the value of RL, the isotherm shape may be interpreted as 
shown in Table 4 [41].
The calculated values of parameter RL for this study was 
found to be 0.11 and 0.16 for 25°C and 35°C (between 0 and 
1), indicating that the adsorption of AB113 dye onto dried 
tea waste particles was favourable.

3.6.2. Freundlich adsorption isotherm

The Freundlich equation provides the most suitable 
adsorption data for heterogeneous natural adsorbent s. 
The Freundlich adsorption isotherm equation and its 
linear form can be written by Eqs. (11) and (12) [42]:

q K Ce F e
n� �� �1/ non linear form 	 (11)

ln ln lnq K
n

Ce F e� � � �1 linear form 	 (12)

where qe (mg/g) is the amount of AB113 adsorbed per unit 
weight of adsorbent; Ce (mg/L) is the equilibrium concentra-
tion of solute in the bulk solution; KF (mg/g) is the Freundlich 
constant, which is a comparative measure of the adsorption 
capacity of the adsorbent, and n is an empirical constant 
related to heterogeneity of the adsorbent surface. The param-
eter n also indicates the nature of the adsorption process. 
The value of n lies between 0 and 1 for a favorable adsorp-
tion, while n > 1 represents an unfavorable adsorption, and 
n = 1 represents the linear adsorption, while the adsorption 
operation is irreversible if n  =  0. The isotherm constants n 
and KF were calculated from the slope and intercept of the 
plot lnqe vs. lnCe (Fig. 13). The values for Freundlich con-
stants and correlation coefficients (R2) for both temperatures 
are also presented in Table 3.

The Freundlich isotherm constants KF and n are constants 
incorporating all factors affecting the adsorption process 
such as of adsorption capacity and intensity of adsorption.

The constants KF and n were calculated from Eq. (12). 
These experiments confirm the efficiency of the dried 
tea waste to remove acid dyes from aqueous solutions.

3.6.3. Temkin isotherm

The Temkin adsorption isotherm model is based 
on the heat of pollutant adsorption, which is due to the 

Table 3
Parameters of four isotherms for Acid Blue 113 dye adsorption 
onto dried tea waste at different temperatures

Isotherms Parameters Temperature

298 K 308 K

Langmuir

KL (L/mg) 0.027 0.017
qe,cal (mg/g) 37.87 41.66
R2 0.965 0.971

Freundlich

KF (mg/g) 2.34 1.525
n 1.781 1.55
R2 0.985 0.976

Temkin

KT (L/mg) 0.916 0.851
bT (J/mol) 227.05 194.09
R2 0.935 0.942

Dubinin–Radushkevich

KD (mol2/J2) 3 × 10–5 4 × 10–5

qm (mg/g) 9.676 8.623
E (J/mol) 129.09 111.80
R2 0.711 0.729

Table 4
Type of isotherm for different values of RL

Value of RL Type of isotherm

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

Fig. 13. Freundlich adsorption isotherm of Acid Blue 113 dye 
onto dried tea waste at different temperatures.
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interactions between the adsorbate and the adsorbent [7,31]. 
The Temkin isotherm equation is given by Eqs. (13) and (14):

q RT
b

K Ce
T

T e� �� �ln non linear form 	 (13)

q RT
b

K RT
b
Ce

T
T

T
e� � � �ln linear form 	 (14)

where T is absolute temperature in Kelvin and R the uni-
versal gas constant (8.314 J/mol·K). bT (J/mol) is Temkin iso-
therm constant related to the heat of adsorption. KT (L/mg) 
is the equilibrium binding constant corresponding to the 
maximum binding energy. The Temkin isotherm plot for 
dye-dried tea waste system at different temperatures are pre-
sented in Fig. 14 and the isotherm parameters are given in 
Table 3. The Temkin constants bT related to heat of adsorp-
tion for both temperatures were found to be 227.05 and 
194.09 J/mol for 25°C and 35°C, respectively.

Linear regression of the data points showed rather low 
R2 values ranging from 0.93 to 0.926, indicating that the 
adsorption of AB113 dye did not fully follow the Temkin 
isotherm.

3.6.4. Dubinin–Radushkevich isotherm

Dubinin–Radushkevich isotherm is commonly used to 
express the adsorption mechanism with a Gaussian energy 
distribution onto a heterogeneous surface [43]. It is not 
based on the assumption of homogeneous surface or con-
stant adsorption potential, but it is applied to estimate the 
mean free energy of adsorption (E). The non-linear and lin-
ear forms of Dubinin–Radushkevich equation can be writ-
ten by Eqs. (15) and (16) [44]:

q q ee m
Kp� �� �� �2 non linear form 	 (15)

ln lnq q Ke m D� � � ��2 linear form 	 (16)

where qm (mg/g) is the theoretical saturation capacity and 
ε is the Polanyi potential that can be calculated from Eq. (17):

� � �
�

�
��

�

�
��RT

Ce
ln 1 1 	 (17)

The constant KD (mol2/J2) gives an idea about the mean 
free energy E (kJ/mol) of adsorption per molecule of the 
adsorbate when it is transferred to the surface of the solid 
from infinity in the solution and can be calculated from 
the KD value using Eq. 18:

E
KD

�
� �

1

2
1 2/ 	 (18)

This parameter gives information on the adsorption 
mechanism if it is a chemical ion exchange or a physical 
adsorption. If the value of E is between 8 and 16 kJ/mol, the 
adsorption process is expected to be chemisorption, while 
for values of E  < 8 kJ/mol, the adsorption process is physi-
cal in nature [44]. The results are illustrated in Table 3.

The slope of the plot of lnqe vs. ε2 gives KD and the 
intercept yields the adsorption capacity qm. As can be seen 
in Fig 15 and Table 3, the correlation coefficient values are 
0.968 and 0.878 for 25°C and 35°C, respectively. The numer-
ical value of adsorption of the mean free energy is 129.09 
and 111.80  J/mol for 25°C and 35°C, respectively (Table 3) 
corresponds to a physisorption and the predominance of 
van der Waals forces.

3.7. Adsorption thermodynamic study

The thermodynamic parameters such as standard Gibbs 
free energy change (ΔG°), enthalpy change (ΔH°) and entropy 
change (ΔS°) were calculated from Eqs. (19)–(21) [45]:

�G RT Kd� � � � �ln 	 (19)

ln K H
RT

S
Rd� � � � �

�
�� � 	 (20)

� � �G H T S� � � � � 	 (21)

Fig. 14. Temkin adsorption isotherm of Acid Blue 113 dye 
onto dried tea waste at different temperatures.

Fig. 15. Dubinin–Radushkevich adsorption isotherm of Acid 
Blue 113 dye onto dried tea waste at different temperatures.
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where T is the absolute temperature in K and R the uni-
versal gas constant (8.314  J/mol·K). Kd (L/mol) is the distri-
bution coefficient. The obtained results for thermodynamic 
parameters are reported in Table 5. The negative value of 
ΔH° suggests the adsorption to be physical and exother-
mic process which is consistent with experimental obser-
vations [46]. The negative ΔG° values show spontaneous 
nature of adsorption process and the positive value of 
entropy (ΔS°) revealed that the degrees of free active sites 
increased at the solid–liquid interface during the adsorption 
of anionic dye onto dried tea waste [47,48].

3.7.1. Desorption and regeneration studies

In order to consider the practical usefulness of the 
adsorbent, desorption experiment as performed. After the 
adsorption test in optimal conditions. Desorption of AB113 
dye was carried out as follows: a series of an Erlenmeyer 
that contained 0.2 g of adsorbent were treated with 40 mL of 
solution dye (100  mg/L). AB113 dye loaded adsorbent was 
filtered after optimal condition of contact time and washed 
gently several times with double distilled water to remove 
any excess of un-adsorbed AB113 dye. It was then treated 
with 20  mL of hydroxide solution at different concentra-
tions (0.01–0.07 M) for a period equal to the adsorption time 
and then filtered. The volumes used for adsorption and for 
desorption were, respectively, Va  =  40  mL and Vd  =  20  mL 
and the ratio Vd/Va equaled 0.5. The amounts desorbed of 
AB113 are calculated by the following equation [49]:

% Desorption � �
C
C
a

d

100

where Ca (mg/L) and Cd (mg/L) are concentrations 
adsorbed and desorbed of AB113 dye, respectively.

Regeneration of dried tea waste is an important step 
in order to check in economic the feasibility of adsorption 
process. Desorption of AB113 dye from dried tea waste 
using NaOH as an eluent at concentration from 0.01 to 
0.07 M, as indicated in Table 6.

The results show that the maximum desorption of AB113 
dye (82.345%), was obtained with 0.07  M of NaOH. After 
each test of desorption using NaOH (0.07  M), the support 
washed with distilled water several times to remove traces of 
NaOH, then dried in an oven for 24 h. After drying tea waste 
reuse for the adsorption of AB113 in optimal conditions. The 
results obtained are presented in Fig. 16. The result that tea 
waste are employed at least 4  cycles desorption–adsorption 
without losing their desorption efficiency of AB113 dye.

3.7.2. Comparison with published data

In order to situate our adsorbent among those used to 
remove AB113 dye from aqueous solutions, the maximum 
experimental adsorption capacity of tea waste adsorbent 
was compared to the maximum uptakes (qm, mg/g) of other 
adsorbents reported in literature. The adsorption of AB113 
anionic dye on different adsorbents reported in the literature 
are presented in Table 7. The qm of this study was found to 
be comparable with those of other adsorbents. The results 
indicated that tea waste adsorbent has a great potential to 
be used in the treatment of dye-contaminated wastewater.

4. Conclusions

This study explored the equilibrium and adsorption 
dynamics of industrial Acid Blue 113 dye from aque-
ous solutions using the batch equilibration technique. 
Adsorption is significantly dependent on pH, contact time, 

Table 7
Comparison of maximum uptakes (qm, mg/g) of various adsor-
bents to remove Acid Blue 113 anionic dye

Adsorbent qm (mg/g) References

Rubber tire activated carbon 9.20 [50]
Commercial activated carbon 7.19 [50]
Potato peel waste biomass 11.71 [51]
Carpobrotus edulis plant 8.20 [2]
Corallina officinalis alga 11.79 [52]
Tea waste 37.87 This study

Table 5
Thermodynamic parameters for Acid Blue 113 dye adsorption 
onto dried tea waste

T (K) Kd (L/mol) ΔG° (kJ/mol) ΔH° (kJ/mol) ΔS° (J/K·mol)

298 5.95 –14.75

–14.67 0.178
303 5.83 –14.69
308 5.74 –14.73
313 5.66 –14.74

Table 6
Desorption of Acid Blue 113 from tea waste using NaOH

Concentration 
of NaOH (M)

0.01 0.02 0.03 0.05 0.07

% Desorption 61.554 66.541 76.887 80.354 82.345
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Fig. 16. Regeneration of dried tea waste using NaOH (0.07 M).



397R. Aziam et al. / Desalination and Water Treatment 315 (2023) 387–398

and temperature. The adsorption of AB113 was exothermic 
in nature, with the removal capacity of the dye decreasing 
with increasing temperature due to the increasing mobility of 
the dye molecules. The pseudo-second-order kinetic model 
fits very well with the kinetic behavior of the adsorption of 
AB113 on dried tea waste at different values of the initial 
dye concentration. The Langmuir, Freundlich, Temkin, and 
Dubinin–Radushkevich adsorption models were employed 
for the mathematical description of the adsorption equilib-
rium of this dye. The experimental data fitted well to the 
Langmuir adsorption isotherm. The kinetics of adsorption of 
AB113 on dried tea waste was studied by using four kinetic 
models. The adsorption occurs according to the pseudo-sec-
ond-order model which provides the best correlation of the 
data in all cases and the experimental values of qe,exp are in 
accordance with those calculated. The negative values of 
ΔG° demonstrate the spontaneous nature of the adsorption 
process and the positive value of entropy (ΔS°) revealed that 
the degrees of free active sites increased at the solid–liquid 
interface during the adsorption of the anionic dye onto the  
dried tea waste.

Symbols

AB113	 —	 Acid Blue 113 dye
C0	 —	 Initial dye concentration, mg/L
Ce	 —	 Equilibrium dye concentration, mg/L
qe	 —	� Equilibrium uptake of Acid Blue 113 dye 

adsorbed, mg/g
qm	 —	 Maximum adsorption capacity, mg/g
T	 —	 Absolute temperature, K
R	 —	 Universal gas constant, 8.314 J/(mol·K)
KL	 —	� Langmuir constant related to the free adsorp-

tion energy, L/mg
RL	 —	� Separation factor in Langmuir isotherm model
KF	 —	� Freundlich constant indicative of the relative 

adsorption capacity of the adsorbent, mg/g
ΔH°	 —	 Enthalpy change
ΔS°	 —	 Entropy change
ΔG°	 —	 Gibbs free energy change
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