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a b s t r a c t
Eosin Y is a kind of organic dye which is difficult to degrade, and it has a harmful effect on water 
quality. In this work, the removal efficiency of Eosin Y from aqueous solutions by the spent activated 
carbon (AC) which is regenerated via microwave heating has been systematically investigated. The 
structure and properties of spent AC and regenerated AC were characterized by N2 adsorption iso-
therms, scanning electron microscopy, Fourier-transform infrared spectroscopy, X-ray photoelectron 
spectroscopy and gas chromatography-mass spectrometry. The related dominant factors including 
contact time, pH, temperature, initial concentration and ionic strength were considered, and these 
effects on the removal of Eosin Y were studied in batch experiments. Additionally, based on the best 
fit rule, kinetic and isotherm studies indicated that the experimental data were in line with the the-
oretical values predicted by the pseudo-second-order model and the Langmuir adsorption isotherm 
model, respectively. The maximum adsorption capacity of Eosin Y was 344.83 mg/g, indicating high 
efficiency for Eosin Y adsorption. Thermodynamic parameters revealed the endothermic nature of the 
adsorption process. All the present studies showed that using regenerated AC to remove Eosin Y from 
wastewater is an environmentally friendly way, and the comprehensive utilization of waste resources 
is also realized.
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1. Introduction

Organic dyes are widely used in dyestuff, food, 
 papermaking and textile industry. A large amount of toxic, 
bioaccumulative and organic wastewater is produced in these 
industries, which can heavily pollute the environment due to 
their high toxicity and carcinogenic aspects [1–3]. Moreover, 

an organic dye containing effluent can increase biochemical 
oxygen demand. Furthermore, its influences for the ecosys-
tem depend on their concentration, but colored effluents are 
also evident even in small concentration that seriously affects 
the water quality and damage the aquatic system [4]. Eosin 
Y is a kind of organic dye that is difficult to degrade, and it 
is mainly adopted for indicator adsorption of red ink pro-
duction and wool dyeing. These processes will produce some 
pollutants. Besides, these streams of pollutants discharged 
to the ecological system without any proper treatment will 
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cause irreparable damage to the environment. Additionally, 
organic dyes are difficult to be removed due to their high 
stability against chemical, light and microbial attacks [5–7]. 
Thus, it is important to find an environmentally friendly and 
efficient technique to remove organic dyes from wastewater.

Approaches to removing organic pollutants include 
filtration, adsorption, advanced oxidation processes, 
ion-exchange and biological treatment [8–11]. The adsorp-
tion method is significantly popular in the removal of these 
pollutants because of its advantages, such as simple, easy 
operation and strong regeneration capacity [12]. There are 
several adsorbents available for removing Eosin dye, such 
as activated carbon (AC), nano-sized chitosan particles [13], 
chitosan/polyvinyl alcohol (PVA) blend, ethylenediamine, 
tetraethylenepentamine and biosorbents. AC is one of the 
commonest adsorbents due to its high porosity, huge sur-
face area and complex internal structure [14]. In addition, 
AC could be prepared from agricultural residues, coal, oil, 
plastic, etc. [15,16]. However, it will produce a large number 
of spent AC after dye wastewater treatment with AC, which 
is a waste of resources and may pollute the environment. 
Consequently, it is an effective way to utilize the resources 
and reduce the environmental pressure through the regener-
ation of AC via microwave heating [17].

Recently, regenerating spent AC using the microwave 
heating method has been mentioned in literature. Compared 
with conventional thermal regeneration, the microwave heat-
ing method is featured with some advantages, such as rapid 
and precise temperature control, possible time, energy sav-
ings and no thermal inertia [18]. Microwave material is heated 
by dielectric, and the heating rate of material is affected by 
the dielectric constant, while conventional heating is heated 
by conduction or convection. Moreover, microwave heating 
can enhance regeneration efficiency, since AC is heated by 
internal heating, and energy directly penetrates into the AC 
and generates heat through high frequency internal dipole 
rotation [19]. Thus, the pollutant adsorbed on the surface 
of AC was removed easily. Furthermore, some researchers 
mentioned that regeneration of AC via the microwave heat-
ing method can make new pore structures and increase the 
surface area [20,21]. 

This research aims to investigate the ability of regenerated 
AC to remove Eosin Y from aqueous solutions. Spent AC was 
obtained from production of aspirin, and it was regenerated 
by microwave heating. This work also discussed the influ-
ence of contact time, initial concentration, pH, temperature 
and ionic strength on the efficiency of the adsorption process. 
Adsorption mechanisms have been analyzed and discussed 
through the isotherm, kinetic and thermodynamic studies. In 
present study, it is rarely reported in literature that regener-
ated AC was adopted as the adsorbent to remove eosin dye, 
which was generated from spent AC by microwave heating.

2. Materials and methods

2.1. Materials

Spent AC was obtained from a pharmaceutical company 
in China. All chemicals used in this research were analyti-
cal grade. NaCl (≥99.5%), HCl (37%) and NaOH (≥99.5%) 
were purchased from a chemical company in Tianjin, China. 

Eosin Y (empirical formula C20H6Br4Na2O) is an organic dye 
employed in the adsorption of indicators, the production of 
red inks and wool dyeing. 

2.2. Activated carbon regeneration

Spent AC was obtained from the production of aspirin, 
and it was dried in a laboratory at 105°C for 12 h to remove 
moisture. Then, 8 g spent AC was placed into the ceramic 
crucible each time to carry out a series of experiments in a 
box type microwave oven. Besides, the single factor method 
was adopted to study the effects of regeneration temperature 
(500°C–900°C), regeneration time (5–10 min) and material 
thickness (15–25 cm) on the adsorption properties of AC. 
With the increase of regeneration temperature, regeneration 
time and material thickness, adsorption capacity of regener-
ated AC increased at first and then decreased. Therefore, the 
optimal conditions obtained from experiments are regenera-
tion temperature of 700°C, regeneration time of 10 min and 
material thickness of 20 mm. Under these conditions, AC 
with larger surface area was obtained, and it was used for 
adsorption experiments and characterization. 

2.3. Characterization of activated carbon

AC was characterized by the following various tech-
niques. The pore properties of AC were featured with an 
Autosorb-1 physical and chemical adsorption instrument of 
N2 at 77 K (Quantachrome Instruments Trading Company 
Limited, USA). The surface texture and morphology of the 
samples were observed with a scanning electron microscope 
(SEM; Philips XL30ESEM-TMP, USA). Fourier-transform 
infrared spectroscopy (FTIR; NicoletiS10, Thermo Fisher 
Scientific, USA) was obtained between 4,000 and 400 cm–1. 
X-ray photoelectron spectroscopy (XPS) was performed 
on a PHI 5500 electron spectrometer (Physical Electronics, 
Inc., Chanhassen, MN, USA) with 200 W Mg radiations. 
Gas chromatography-mass spectrometry (GC-MS; Thermo, 
Trace 1310-ISQ LT, USA) was used to identify the organic 
compounds in the solution at the He and column flow rate 
of 1 mL/min. A TG-5 column (30 m × 0.25 μm × 0.25 mm) 
was used in GC-MS. An oven program was set at 50°C for 
2 min and then it was raised to 200°C with a heating rate 
of 5°C/min. Finally, it was raised to 300°C at 10°C/min. The 
injected volume was 1 μL with a split mode.

2.4. Batch studies and analysis methods

Adsorption experiments were conducted to verify the 
extent of removing Eosin Y from organic dye wastewater and 
adsorption mechanisms. All adsorption experiments were 
performed at 50 mL centrifuge tubes. Then, 30 mg regenera-
tion of AC was added in 30 mL Eosin Y solution with a cer-
tain concentration (100–180 mg/L), and placed in a constant 
temperature oscillation apparatus with the shaking speed 
of 345 rpm. The equilibrium isotherms of Eosin Y adsorp-
tion were carried out at different temperatures of 20°C, 
30°C and 40°C. Eosin Y concentration after adsorption was 
determined by a visible range spectrophotometer at 524 nm 
and a standard curve of absorbance vs. concentration. The 
amount of Eosin Y adsorbed per unit of regeneration of AC 
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at equilibrium and the removal rate of Eosin Y in the solution 
were calculated by the following equations:

Q C C Ve e= −( ) 0 /M  (1)

Removal  ate (%)r = −( )  ×C C Ce0 0 100/ %  (2)

where C0 (mg/L) and Ce (mg/L) are the initial and equilibrium 
concentration of Eosin Y, respectively. V (L) is the volume of 
a solution and M (g) is the mass of the adsorbent. Qe (mg/g) 
represents the adsorption capacity of adsorbents.

Two isotherm models (Freundlich and Langmuir) were 
adopted to fit the equilibrium data. The equations are 
expressed as follows:

The Langmuir equilibrium adsorption curve equation is 
expressed as [22]:

1 1 1
Q K Q C Qe a m e m

= +  (3)

where Ka is the Langmuir equilibrium constant and Qm is the 
amount adsorbed of monolayer coverage on the surface.

The Freundlich equilibrium adsorption curve is given as 
follows [23]:

log log logQ K
n

Ce f e= +
1  (4)

where Kf and 1/n are the temperature constant, which can 
reflect the adsorption capacity and the adsorption intensity, 
respectively.

Adsorption kinetic studies were carried out in a series 
of 50 mL centrifuge tubes under the temperature of 30°C. In 
addition to that, the adsorption method is similar to the pre-
viously described one. The amount of Eosin Y adsorbed per 
unit of regeneration of AC at time t (Qt) was calculated by the 
following equation:

Q C C Vt t= −( ) 0 /M  (5)

where Ct (mg/L) is the concentration of Eosin Y at a certain 
time t (min). The adsorption kinetics of Eosin Y were ana-
lyzed using different models such as pseudo-first-order and 
pseudo-second-order kinetics and intra-particle diffusion to 
select the most suitable model based on the value of the linear 
regression correlation coefficient (R2).

The pseudo-first-order equation [24] is expressed as:

log( ) log( )
.

Q Q Q
k

te t e− = − 1

2 303
 (6)

where Qe and Qt refer to the amount of Eosin Y adsorbed 
(mg/g) at equilibrium and at time t (min), respectively, and k1 
is the rate constant of the pseudo-first-order model.

The pseudo-second-order equation [25] is expressed as 
follows:

t
Q k Q

t
Qt e e

= +
1

2
2  (7)

where k2 is the equilibrium rate constant of the 
pseudo-second-order model. 

The intra-particle diffusion model equation is expressed 
as follows [26]:

Q k tt = +3

1
2 I  (8)

where k3 is the intra-particle diffusion rate constant 
(mg/(g min0.5)) and I is the intercept (mg/g).

3. Results and discussion

3.1. Porous structure analysis

The N2 adsorption–desorption isotherms of spent AC 
and regenerated AC are shown in Fig. 1, while pore-size 
distribution curves are presented in Fig. 2. According to the 
International Union of Pure and Applied Chemistry (IUPAC) 
classification [27], N2 adsorption–desorption isotherms 

Fig. 2. Pore-size distributions of spent activated carbon and 
regenerated activated carbon.

Fig. 1. N2 adsorption–desorption isotherms of spent activated 
carbon and regenerated activated carbon.
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presented IV type, and exhibiting characteristics of micro-
porous and mesoporous materials. Besides, the curves of 
pore-size distribution showed that most pores are distrib-
uted between 0 and 35 nm, mainly indicating microporous 
and mesoporous. The pore structure parameters obtained 
from the N2 adsorption–desorption isotherms and pore-size 
distribution curves are shown in Table 1. Compared with the 
spent AC, the pore structure parameters of regenerated AC 
were improved [28]. Nor et al. [29] believed that microwave 
heating regeneration of spent AC increases the pore vol-
ume which influences the increase in the surface area of AC, 
where high development of micropore volumes is obtained. 
Therefore, microwave regeneration enhances the proper-
ties of spent AC. For example, the Brunauer–Emmett–Teller 
(BET) surface area is increased by 628 m2/g after regenera-
tion using microwave heating. As can be observed, these two 
materials show the mesoporous feature, with pore diameters 
between 2 and 10 nm.

3.2. SEM analysis

Fig. 3 shows SEM images of spent AC (A), regenerated 
AC (B) and AC after adsorption (C). These images can be 
employed to verify the possible changes in surface morphol-
ogy of samples during the experiment process. Obviously, 
there is a significant difference in surface morphology among 
these three samples. Fig. 3(A) shows that the surface of spent 
AC was relatively rough and irregular, and obvious pores 
cannot be seen on the surface [28]. After microwave heating 
regeneration (Fig. 3(B)), the surface of AC becomes relatively 
flat and smooth, and there are a lot of pores that are in favor 
of adsorption. Besides, the AC after adsorption was shown 
in Fig. 3(C), indicating that the surface and pores were filled 
up with a lot of impurities. It can be concluded that regen-
eration after microwave heating can improve some physical 
characteristics and adsorption capacity of AC. Compared 
with Figs. 3(A) and (C), the pores of AC after regeneration 
adsorbed a large amount of materials which indicated that 
microwave heating regeneration improves the adsorption 
capacity of spent AC. 

3.3. FTIR and XPS analysis 

FTIR was used to examine the mainly functional groups 
existing in these samples of spent AC, regenerated AC and 
AC after adsorption of Eosin Y (Fig. 4). These functional 
groups play significant roles in adsorption of contaminant 

Table 1
Pore characteristic parameters of spent activated carbon and 
regenerated activated carbon

Characteristic Spent  
activated  
carbon

Regenerated  
activated  
carbon

BET surface area (m2/g) 667.8 1,296
Total pore volume (mL/g) 0.5639 0.9774
Average pore size (nm) 3.378 3.016
Micropore volume (mL/g) 0.2179 0.4673
Micropore ratio (%) 38.64 47.81

(A)

(B)

(C)

Fig. 3. SEM of spent AC (A), regenerated AC (B) and AC after 
adsorption (C).
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ions [30]. The FTIR of samples was recorded between 4,000 
and 400 cm–1. It is obvious that the FTIR is similar, indicating 
the same functional groups [31]. As shown in Fig. 4, there 
was a clear high intense peak at 3,428 cm–1 of all samples. The 
peak at 3,428 cm–1 can be attributed to O–H and N–H stretch-
ing vibration for adsorbed water. The peak around 2,924 cm–1 

is corresponding to the stretching vibration of the C–H group 
and is caused by CO2 in the air, characteristic of olefins, ali-
phatic and aromatics. The peak at 1,616 cm–1 is attributed to 
C=O and C=C groups stretching vibration and characteristic 
of carbonyl compounds. The bands around 1,300–1,500 cm–1 
can be assigned to C–O, C–H or C–C stretching vibra-
tion. The strong adsorption band at 1,114 cm–1 is possibly 
attributed to the C–O group stretching vibration of carbox-
ylate and characteristic of aliphatic ether. The bands between 
400 and 900 cm–1 may exist in organic halide. Furthermore, 
some important functional groups were kept in AC, which 
can play a role in the adsorption process [32].

XPS is a technique that can be employed to character-
ize the composition and surface groups of materials. The 
XPS spectra of spent AC and regenerated AC are shown in 
Figs. 4(B) and (C), respectively. Peaks of the C 1s spectra 
stem from spent AC and regenerated AC containing many 
impurities, mainly consisting of carbon, hydrocarbon and 
carbonyl. As shown in Fig. 4(B), it is suitable for the energy of 
284.3 eV (C–C), 285.5 eV (C–O) and 287.9 eV (C=O), respec-
tively. Besides, it is observed in Fig. 4(C) that these impurities 
suited at the energy of 284.5 eV (C–C), 285.9 eV (C–O) and 
289.9 eV (C=O), respectively. Li et al. [33] reported that C–C, 
C–O and C=C were situated at the energy of 284.20, 285.32 
and 287.95 eV. After regeneration, the content of C–O and 
C=O of AC increases from 21.51% to 23.95% and from 9.65% 
to 13.85%, which are the main groups of adsorbing Eosin Y.

3.4. GC-MS analysis

GC-MS is an extremely powerful hyphenated technique 
that was used to identify the organic compounds which were 
present in the solution [34]. Organic compounds from spent 
AC and regenerated AC were extracted by anhydrous meth-
anol, and then the organic compounds were analyzed by the 
GC-MS. Table 2 shows the relative percentages of the chemi-
cal composition for spent AC and regenerated AC. Compared 
with AC, organic compounds on AC were changed before 
and after regeneration shown in Fig. 5. According to the anal-
ysis, there were 11 kinds of organic compounds in spent AC. 
After regeneration, there were only six kinds of organic com-
pounds on AC, and five kinds of organic compounds were 
decomposed in the regeneration process. Moreover, the con-
tent of organic compounds on regenerated AC was signifi-
cantly lower than that of the spent AC. The results showed 
that the organic compounds adsorbed by AC have been 
decomposed and the pore structure of AC was recovered 
after regeneration. Therefore, the adsorption performance of 
AC was also recovered after regeneration.

3.5. Effect of contact time

The effect of contact time on the removal efficiency 
of Eosin Y varied at the range of 20–80 min. As shown in 
Fig. 6(A), the removal efficiency of Eosin Y increased with 
the increase in contact time, and equilibrium was attained 
after some time. The time required for different concentra-
tions (100 and 140 mg/L) of Eosin Y to reach equilibrium was 
60 and 70 min, respectively. The reason behind this trend is 
that all of the adsorption sites are vacant at the beginning 
of adsorption, but the adsorption sites are getting occupied 

(A)

(B)

(C)

Fig. 4. FTIR of the spent activated carbon, regenerated AC and 
after adsorption of Eosin Y (A), C 1s XPS of spent activated car-
bon (B) and C 1s XPS of the regenerated activated carbon (C).
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with contact time increase which results in a decrease in 
the adsorption rate. After a period of time, the adsorption 
reached the equilibrium, and therefore, the remaining experi-
ments were performed under the equilibrium time at 70 min. 
Boota et al. [35] and Gupta and Gogate [5] also reported 
that removal efficiency increased with contact time and 
reached the equilibrium time in their case was 240 min for 
Cu(II) removal using citrus reticulate and 20 min for copper 
removal from wastewater using the activated watermelon 
based biosorbent.

3.6. Effect of pH

The pH of the dye solution is the second important factor 
on the removal efficiency of dyes. The effect of pH on removal 
efficiency of Eosin Y over a range of 2–10 was investigated 
(Fig. 6(B)). It was observed that removal efficiency of Eosin Y 
was decreased with increase of pH, and maximum removal is 
achieved (99.46%) at the pH of 2. Habila et al. [36] studied that 

the maximum removal of tartrazine dye onto mixed-spent AC 
was obtained at a pH of 2. It could be explained that there are 
a large number of various functional groups on the AC, such 
as O–H, C=C and C=O. These groups were detected from FTIR 
results, and it is the main functional groups for adsorption 
impurities. The occurrence of the double bond was committed 
to enhancing the interaction between dyes and AC [37]. The 
reason of this phenomenon is that pH could influence the sur-
face charge of the AC and the degree of ionization. The charge 
of Eosin Y in the solution is negative. With the increase of pH, 
the surface of the AC is full of H+, so the negative charge Eosin Y 
is attracted onto AC due to electrostatic interaction. However, 
the effect of pH on the removal efficiency of Eosin Y is signifi-
cantly small when the solution pH is from 2 to 6. Thus, the 
chosen pH of Eosin Y is 6. The remaining experiments were 
performed under the pH of 6. Gautam et al. [4] also reported a 
similar conclusion of using AC from the Alligator weed as the 
adsorbent, and pH effects the removal of tartrazine.

3.7. Effect of temperature

The effect of temperature on the removal efficiency of 
Eosin Y was investigated among different temperatures of 
293, 303 and 313 K (Fig. 6(C)). With an increase in tempera-
ture, the removal efficiency of Eosin Y increased. The reason 
is that the temperature rise can increase the mobility of Eosin 
Y ion and the rate of diffusion [38]. Besides, the temperature 
increase also improves the contact opportunity with AC. 
Based on the thermodynamic studies, the adsorption of Eosin 
Y with AC was endothermic [39]. Therefore, the removal 
efficiency of Eosin Y increases with the increase of tempera-
ture. Overall, the effect of temperature on the removal rate 
of Eosin Y was also a decisive factor. In order to facilitate the 
experiments, the remaining experiments were conducted at 
room temperature of 30°C [5].

3.8. Effect of initial concentration

The effect of initial concentration on the removal effi-
ciency of Eosin Y has been investigated with initial concen-
tration of 100–180 mg/L (Fig. 6(D)). As shown in Fig. 6(D), 

Fig. 5. The GC-MS total ion chromatogram of the spent activated 
carbon and regenerated activated carbon.

Table 2
Chemical compositions of activated carbon with relative content

Spent activated carbon Regenerated activated carbon
Compound Relative content (%) Compound Relative content (%)

2-Pentanone 5.46 2-Pentanone 27.8
Butanoic acid, methyl ester 35.3 Butanoic acid, methyl ester 32.1
3-Pentanone, 2-methyl 2.33 3-Pentanone, 2-methyl 10.04
Butanoic acid, 2-methyl, methyl ester 15.4 Butanoic acid, 2-methyl, methyl ester 23.3
Methyl valerate 4.52 Hexadecanoic acid, methyl ester 3.86
Decane, 2,4,6-trimethyl 0.57 Methyl stearate 2.89
Cyclohexasiloxane, dodecamethyl 1.49
Cycloheptasiloxane, tetradecamethyl 1.13
Acetaminophen 32.28
Hexadecanoic acid, methyl ester 0.99
Methyl stearate 0.54



J. Shu et al. / Desalination and Water Treatment 109 (2018) 326–336332

the removal efficiency of Eosin Y decreased with increase in 
Eosin Y dye concentration. It can be explained that there was 
a competition adsorption for AC between the Eosin Y dye 
and more Eosin Y dye ions compete for limited adsorption 

sites at higher concentrations. Therefore, the mass transport 
and removal efficiency decreased. Ghaedi et al. [40] got the 
similar results about the effect of initial concentration on the 
removal of methyl orange.

(A) (B)

(C) (D)

(E)

Fig. 6. Effect of contact time (A), pH (B), temperature (C), initial concentration (D) and ionic strength (E) on removal efficiency of 
Eosin Y.
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3.9. Effect of ionic strength

Ionic strength of the dye solution is also a significant 
parameter for the removal efficiency of Eosin Y. Fig. 6(E) 
shows that the removal efficiency of Eosin Y increased 
from 99.16% to 99.36% with the ionic strength increasing 
from 5 to 25 mg. The ionic strength is changed by adding 
NaCl. The Eosin Y dye is a water-soluble macromolecule 
organic matter. Therefore, increasing ionic strength will 
reduce the adsorbate molecules or ions, which may pro-
mote adsorption. The reason is that the adsorbate mole-
cule or ion size becomes smaller, and thus, the adsorbent 
surface can accommodate more adsorbates and that were 
also more likely to be adsorbed [41]. On the other hand, the 
adsorbate can enter a smaller adsorbent pore. The increase 
of ionic strength may also cause aggregation of surfactant 
molecule or ion adsorption, and increase of the adsorption 
capacity.

3.10. Adsorption isotherm

Adsorption isotherm can support us to understand the 
adsorption behavior better, and obtain more useful infor-
mation regarding the complex mechanism of interaction 
between the adsorbate and the adsorbent [42]. In addition, 
it can help us predict the adsorption capacity of the adsor-
bent at the fixed temperature for equilibrium. Adsorption 
experiments were carried out at different initial concentra-
tions and temperatures of 20°C, 30°C and 40°C. In this work, 
Freundlich and Langmuir isotherm models were adopted 
to fit the equilibrium data. The adsorption parameters were 
calculated and summarized in Table 3. According to the 
adsorption equilibrium data, it fitted the Langmuir model 
well. Besides, this model is featured with the high correla-
tion coefficient and large adsorption capacity. Therefore, the 
adsorption process accords with the monolayer adsorption. 
In other words, the adsorption of Eosin Y could not obey the 
Freundlich model well. Therefore, the adsorption of Eosin 
Y based on the monolayer coverage, and the Langmuir iso-
therm for Eosin Y removal by regenerated AC at different 
temperatures is shown in Fig. 7. 

The adsorption capability of Eosin Y with various adsor-
bents from the literature is summarized in Table 4. It can be 
established that the capacity of regenerated AC in this work 
was higher than that of many adsorbents in Table 4, which 
indicated that regenerated AC was a kind of potential envi-
ronmentally friendly adsorbent. 

3.11. Adsorption kinetics

It is important to carry out a kinetic analysis for any kind 
of adsorption process, since it is conducive to determining 
the applicability of the adsorption process and provides use-
ful information for following adsorption experiments [5]. 
Furthermore, it can not only describe the adsorption mech-
anism of AC for Eosin Y but also can indicate the adsorp-
tion efficiency of the adsorbent. The adsorption kinetics was 
analyzed using different models such as pseudo-first-order 
and pseudo-second-order kinetics and intra-particle diffu-
sion to find the most suitable model based on the value of 
the linear regression correlation coefficient (R2). The detailed 
parameters of models were calculated and shown in Table 5. 
The correlation coefficients of three models were relatively 
high. However, pseudo-second-order model has the biggest 
correlation coefficient, which is close to 1. In addition, for the 
pseudo-second-order model, the calculated value of Qe is clos-
est to the actual value Q0. Therefore, the pseudo-second-order 
model is more suitable for the removal efficiency of Eosin Y 
from AC. This result was consistent with the literature reports 
that the removal of Eosin Y dyes by synthesis of nano-sized 
chitosan blended PVA by Anitha et al. [49]. Fig. 8 shows the 
pseudo-second-order model for the adsorption of Eosin Y 
at 30°C under various initial concentrations. As shown in 
Table 5, the values of k1 and k2 decreased with the increase of 

Fig. 7. Langmuir isotherm for Eosin Y removal with regenerated 
activated carbon.

Table 3
Isotherm constants for Langmuir model and Freundlich model

Isotherm Equation Parameters Adsorbent

293 K 303 K 313 K

Langmuir 1 1 1
Q K Q C Qe a m e m

= +
Qm (mg/g) 324.68 322.58 344.83
Ka (L/mg) 0.380 0.403 0.391
R2 0.998 0.999 0.999

Freundlich
log log logQ K

n
Ce f e= +

1 1/n 0.6118 0.6484 0.7515
Kf (L/mg) 89.12 95.50 99.31
R2 0.920 0.950 0.959
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initial concentration of Eosin Y dyes, while k3 is opposite. The 
reason may be that high concentration adsorption sites have 
higher competition, but the diffusion rate of materials will 
also be accelerated.

3.12. Thermodynamics

Adsorption thermodynamics was undertaken to investi-
gate the adsorption mechanism of regenerated AC for Eosin 
Y at different temperatures [50]. Thermodynamic parameters 
such as the standard free energy (∆G°), enthalpy (∆H°) and 
entropy (∆S°) were evaluated by previous data and following 
expressions:

K
Q W
C V
e

e

=  (9)

∆ = −G° RT Kln  (10)

∆ = ∆ − ∆G H T H° ° °  (11)

lnK S
R

H
=
∆

−
∆° °

RT
 (12)

where R (8.314 J/mol K) is the gas constant; T (K) is the tempera-
ture; K is the equilibrium constant defined by Qe and Ce. The val-
ues of ∆H° and ∆S° can be calculated by the slopes and intercepts 
of the plot of lnK vs. 1/T (Fig. 9). The thermodynamic parameter 
values were shown in Table 6. Negative values of ΔG° for all the 
temperature indicated the spontaneity of the adsorption pro-
cess. Positive values of ∆H° reflected the endothermic nature of 
adsorption, while the positive value of ∆S° was confirmed to be 
increasing randomly at the solid–liquid interface [4].

3.13. Adsorption mechanism

N2 adsorption–desorption isotherm curves and FTIR are per-
formed to research the adsorption mechanism. It is well known 
that the physical adsorption properties of regenerated AC were 
decided by its physical properties (surface area and pore struc-
ture) and chemical adsorption properties of regenerated AC 
were decided by its surface groups [51]. The BET surface area 
of regenerated AC is 1,296 m2/g, while the maximum adsorp-
tion capacity of regenerated AC on Eosin Y is 344.83 mg/g. While 
the maximum adsorption capacity of spent AC on Eosin Y is 
145 mg/g, and the BET surface area of spent AC is 667.8 m2/g. 
Compared with spent AC, the BET surface area of regener-
ated carbon increased by 628 m2/g and the adsorption capac-
ity increased by 199.83 mg/g, which indicated that the Eosin Y 
adsorption on regenerated carbon is mainly physical adsorp-
tion. The FTIR of regenerated carbon and adsorption of Eosin 
Y are shown in Fig. 4(A). The Fourier spectrum changed after 
regenerated AC adsorbing the Eosin Y. As shown in Fig. 4(A), 
the intensity of Eosin Y’s adsorption peak is reduced, since the 
surface functional groups adsorb the Eosin Y and the chemical 
adsorption that probably happened between AC and Eosin Y.

4. Conclusion

Spent AC was regenerated by microwave heating as 
an efficient adsorbent to remove Eosin Y from wastewater. 
The influence of contact time, solution pH, temperature, 
initial concentration and ionic strength on the adsorption 
behavior was systematically examined. The equilibrium 
data were fitted well with Langmuir model, which showed 
the adsorption based on the monolayer coverage. The max-
imum adsorption capacity of the Langmuir model was 
found to be 344.83 mg/g. Adsorption kinetics following 
the pseudo-second-order model and the rate of the adsorp-
tion process was controlled by the diffusion mechanism. 

Table 4
Comparison the maximum monolayer adsorption of Eosin Y onto different adsorbent

Adsorbent Adsorbate Qmax (mg/g) References

Regenerated AC Eosin Y 344.83 Present work
Conditioned chitosan hydrobeads Eosin Y 80.84 [43]
Commercial activated carbon Eosin Y 571.40 [44]
WBTPA-PC Eosin Y 400 [45]
Jute fiber carbon Eosin Y 31.489 [46]
Ethylenediamine-modified chitosan Eosin Y 294.12 [47]
Granular AC Eosin Y 101.626 [48]
Chitosan/PVA blend Eosin Y 52.91 [25]

Fig. 8. Non-linear curve fitting of pseudo-second-order.
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Thermodynamic parameters revealed the endothermic 
nature of the adsorption process. The results indicated 
that regenerated AC can be successfully employed as an 
environmentally friendly and effective adsorbent for the 
removal of Eosin Y from wastewater.
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