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a b s t r a c t
In this study, the adsorption of methylene blue, a cationic dyestuff, on waste perlite was 
investigated. Waste perlite is the part of the perlite that remains unexpanded during the expan-
sion process. The effects of pH, amount of adsorbent, contact time, initial concentration and tem-
perature on the adsorption process were investigated. No significant difference was observed in 
dyestuff removal with the change of solution pH according to the obtained results. For this rea-
son, all experimental studies were performed at the original pH of the solution (pH = 6.80). When 
the effect of the adsorbent dose was examined, it was determined that the most suitable adsor-
bent amount was 0.5 g for 50 mL of dyestuff solution at 100 mg/L concentration. In the adsorption 
experiments with a contact time of 24 h, it was observed that the system reached equilibrium in 
7 h. It was observed that the adsorption kinetics of methylene blue on waste perlite fit the pseu-
do-second-order kinetic model. Maximum adsorption capacity of waste perlite was 9.91 mg/g at 
0.5 g adsorbent and 100 mg/L dyestuff concentration for 50 mL solution volume. The adsorption 
data fit the Langmuir isotherm model. The thermodynamic data (ΔH°, ΔS°, ΔG°) showed that 
this process is spontaneous and endothermic. At the end of this study, it was seen that the waste 
perlite is a suitable adsorbent for the removal of methylene blue from wastewater.

Keywords:  Adsorption; Adsorption parameters; Dyestuff adsorption; Expanded perlite; Unexpanded 
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1. Introduction

The wastewater problem has gradually increased with 
the acceleration of industrialization in the 20th century. 
Many industries, such as textiles, food and dyes, use dye-
stuffs and pigments for colouring the products. Colour is a 
visible contaminant in the wastewater of such industries. 
The presence of even a very small quantity of colouring 
matter (less than 1 ppm) is undesirable in water due to its 
appearance and environmental impacts. Biodegradation 
of dyestuffs in the environment is not easy due to their 
chemical structures and resistance to light and oxidation 
[1,2]. Methylene blue, an organic dyestuff, is used in many 
applications such as cotton and wool dyeing, paper dye-
ing and temporary hair dyeing [3,4]. The adsorption of 

methylene blue on solids is strong, so it is often used as 
a model compound in the removing studies of dyestuffs 
and organic contaminants from the aqueous solutions 
[5]. The most common technics for colour removal from 
wastewater are oxidation, coagulation/flocculation, precip-
itation, ion exchange and adsorption processes. However, 
these methods are only economical and effective in situa-
tions where solute concentrations are high [2,6,7]. Recent 
studies have shown that adsorption is an effective method 
for dyestuff removal [4,5,8–15]. This method is also an eco-
nomical one if the adsorbent used for adsorption is cheap 
and readily available. For the dyestuff removal from waste-
water, many materials such as ash [16], treatment sludges 
[13], zeolite [17], sepiolite [18,19], bentonite [11,20], rice 
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husk [6], graphene [4], lignite [10] and activated carbon 
[9,21] have been used as adsorbents in the previous stud-
ies. In recent years, expanded and unexpanded perlite 
has also been used in the adsorption studies [2,22–26]. 
The perlite, formed by the cooling of volcanic eruption, 
is an amorphous rock with rich silica content. It contains 
72%–75% silica, 12%–15% Al2O3, 4%–5% K2O, 2%–4% Na2O 
and generally 2%–6% water. When raw perlite is heated 
to 750°C–1,100°C, it can be expanded to thirty times. 
Thus, expanded perlite with a light and porous structure 
is obtained [25,27,28]. Expanded perlite has many advan-
tages such as low density, low toxicity, non-corrosivity, 
high surface area, good mechanical resistance, low thermal 
conductivity, high chemical and thermal stability, low cost 
and ease of use [28–30]. Expanded perlite is widely used in 
building materials, concrete [27,31,32], fire bricks, ceram-
ics, glass, paints, food, medicine and fuel oil [33–35]. Perlite 
has also attracted attention with its sorption properties due 
to its high silica content. The sorption behaviour of perlite 
depends on the Si–OH, which are silanol groups formed 
by silicon atoms on the perlite surface [30]. The waste 
material remaining unexpanded during the expanded 
perlite production is called “waste perlite”.

In this study, the waste perlite was obtained from a fac-
tory that is producing expanded perlite, and it is used as 
an adsorbent for methylene blue adsorption from aqueous 
solutions. In this way, waste management will be ensured 
by using unexpanded perlite, which is considered as waste. 
It will also be evaluated for an alternative adsorbent for 
the removal of pollutants in wastewater. For this purpose, 
the effects of adsorbent dosage, pH contact time, tempera-
ture and initial concentration were investigated, and the 
data obtained were evaluated in order to reveal the kinetics 
and thermodynamics of the adsorption process.

2. Materials and methods

2.1. Characterization of waste perlite

The waste perlite used in this study was obtained 
from a factory producing expanded perlite in Kütahya 
(Türkiye). The size of the waste perlite particles used in 
the adsorption experiments were under 0.080 mm (80 μm) 
and the waste perlite samples had approximately 1% mois-
ture content. The specific surface area, micropore volume, 
mesopore volume and average pore diameter of the waste 
perlite were determined by using the Brunauer–Emmett–
Teller (BET) method. For this purpose, a Quantachrome 
Autosorb 1C device was used to measure the nitrogen gas 
adsorption (77 K). The adsorption of inert gases method is 
generally used to determine the pore structures of porous 
materials. In this method, the waste perlite sample was kept 
at 200°C under vacuum for 12 h and made ready for analy-
sis. The N2 adsorption isotherm was obtained in the range 
of 10–2 to 1 relative pressure (P/P0). The surface area (SBET) 
of the sample was calculated by the BET equation in the 
relative pressure range of 0.01–0.15. The external surface 
area and micropore volume were calculated by using the 
t-plot method. The total pore volume was calculated from 
the amount of N2 adsorbed at a relative pressure of approx-
imately equal to 1. The mesopore volume was calculated 

by subtracting the micropore volume from the total pore 
volume. Barrett–Joyner–Halenda method was applied to 
determine the pore size distribution and adsorption iso-
therm of perlite. The chemical composition of waste perlite 
was determined by the Panalytical ZETIUM XRF device, 
the surface morphology and surface texture of waste per-
lite was examined using Hitachi Regulus 8230 FE-SEM 
scanning electron microscopy.

2.2. Adsorption experiments

The effects of pH, contact time, adsorbent amount, initial 
concentration and temperature on the adsorption of methy-
lene blue on perlite waste were investigated.

Methylene blue is a cationic (basic) dyestuff with a 
molecular formula of C16H18ClN3S. Its molecular weight 
is 319.85 g/mol. It is not considered to be acutely toxic, 
but has various destructive effects on health and the 
environment [12].

The methylene blue used in the experiments was 
obtained from Merck. A 1 g portion of methylene blue was 
dissolved in distilled water and the solution was diluted 
to 1 L in a volumetric flask. Thus, a 1,000 mg/L methylene 
blue stock solution was prepared. Solutions of various 
concentrations used in the experimental studies were pre-
pared from this stock solution by dilution. The solutions 
were prepared in a concentration range of 5–100 mg/L. 
The absorbance values of these solutions were determined 
using a UV spectrophotometer (Shimadzu UV-120-01) at a 
wavelength of 663 nm, and the working line was prepared.

Five samples were prepared from the methylene blue 
solution with the initial concentration of C0 = 100 mg/L 
and a volume of 50 mL to investigate the effect of pH on 
adsorption. The pH values of the solutions were adjusted 
with NaOH and HCl solutions in the pH range of 2–10. 
The pH values of the solutions measured with the ISTEK 
Neomet 220L pH meter. On each of the solutions, 0.5 g of 
waste perlite was added. The adsorption experiments were 
carried out in a shaking water bath (Memmert WNB22) at 
25°C for 24 h. In other group of experiments, the same pro-
cedure was applied with the addition of 0.1, 0.3, 0.5, 0.7 
and 1.0 g of waste perlite to each flask in order to deter-
mine the effect of adsorbent dose. To examine the effect 
of contact time, 0.5 g of waste perlite were added to each 
of the methylene blue solutions with an initial concentra-
tion of 100 mg/L and a volume of 50 mL, and the flasks 
containing the solutions were kept in a shaking water bath 
at 25°C for different periods (30 min–24 h). Ten different 
methylene blue solutions in a volume of 50 mL with con-
centrations varying between 10–100 mg/L were prepared 
from the stock solution to investigate the effect of initial 
concentration, and the same procedure was applied with 
the addition of 0.5 g waste perlite to each solution under 
the same conditions. To investigate the effect of tempera-
ture, 0.5 g waste perlite was added to each solution, of 
which the methylene blue concentration was 100 mg/L 
and the volume was 50 mL; and the solutions were 
shaken at 25°C, 35°C and 45°C in a water bath for 24 h.

At the end of each experiment, the solutions were 
taken into the tubes and centrifuged, and the absor-
bances of the clear solution samples were read in the UV 
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spectrophotometer. The remaining methylene blue concen-
tration (Ce) in the solution was calculated. The amounts of 
methylene blue adsorbed per gram of waste perlite (qe) and 
the removal percentages were calculated from Eq. (1) and 
from Eq. (2), respectively.

q
V C C

me
e=

× −( )0 � �
 (1)

Removal %( ) =
−

×
C C
C

e0

0

100  (2)

In these equations the amount of dyestuff adsorbed on 
unit adsorbent is qe (mg/g), initial concentration of dye in 
solution is C0 (mg/L), concentration of dyestuff remaining 
in solution after adsorption is Ce (mg/L), volume of solution 
is V (L) and mass of adsorbent is m (g).

2.3. Adsorption kinetics

Kinetic analysis allows to determine the mechanism of 
the adsorption process. Therefore, the pseudo-first-order, 
pseudo-second-order and intraparticle diffusion kinetic 
models were applied for the experimental data. The rate 
constant of the pseudo-first-order adsorption is determined 
from the following equation given by Lagergren [36,37]:

ln q q q k te e−( ) = −ln 1  (3)

where qe and q are the amount of dyestuff adsorbed (mg/g) 
at equilibrium and at any time t, respectively, and k1 is the 
rate constant (h–1) for the pseudo-first-order adsorption. 
The k1 and qe values were calculated from the slope and the 
intercept of the ln(qe – q) vs. t plots, respectively (Fig. 9).

The pseudo-second-order equation based on the 
adsorption capacity is expressed as [37],

t
q k q

t
qe e

= +
1

2
2  (4)

where qe and q are the amounts of dyestuff adsorbed (mg/g) 
at equilibrium and any time t, respectively, and k2 is the rate 
constant of the pseudo-second-order adsorption (g/mg h). 
The values of the pseudo-second-order model constants 
(qe and k2) were determined from the slope and intercept 
of the t/q vs. t-plot, respectively (Fig. 10). The intraparticle 
diffusion equation that changes with time’s square root is 
expressed as follows [2,38],

q k t Ct i= +1 2/  (5)

where qt is the amount adsorbed at a given time (mg/g) 
t is time (min) and ki (mg/g min0.5) is the rate constant of 
intraparticle diffusion (Fig. 11). The k1, k2 and ki values are 
found from the curves, the qe values are calculated from the 
models and the correlation coefficients are given in Table 3.

2.4. Adsorption isotherms

Adsorption isotherms can explain the equilibrium rela-
tionship between adsorbents and adsorbates. Adsorption 
isotherms are essential for the analysis and design of 
adsorption systems. The Langmuir and Freundlich mod-
els are chosen because of their simplicity and compati-
bility with experimental data under various operating 
conditions. Generally, the Langmuir equation is designed 
for a homogeneous surface; good fit of these equations 
represents monolayer adsorption. On the other hand, its 
compatibility with the Freundlich isotherm model that is 
developed for a heterogeneous surface indicates the mul-
tilayer adsorption. [21]. In this study, experimental data 
were applied to the Langmuir and Freundlich isotherm 
equations. The Langmuir isotherm equation is represented 
by the following equation [36,39].

C
q Q b

C
Q

e

e

e= +
1

0 0

 (6)

where Ce is the concentration of dyestuff at equilibrium 
(mg/L), qe is the adsorbed amount at equilibrium (mg/g), 
b is the adsorption equilibrium constant (L/mg), and Q0 
is the adsorption capacity (mg/g). Langmuir adsorption 
isotherms at 25°C, 35°C and 45°C are given Fig. 13, and 
the values of b and Q0 were calculated from the slope and 
intercept of the plot of Ce/qe vs. Ce.

The RL value, defined as below, is a dimensionless 
balance parameter [37,40].

R
bCL =

+
1

1 0

 (7)

Table 1
Physical properties of waste perlite

BET surface area (m2/g) 12.93
Micropore area (m2/g) 3.912
Total pore volume (cm3/g) 0.01999
Micropore volume (cm3/g) 0.00139
Mesopore volume (cm3/g) 0.0186
Average pore diameter (nm) 6.183

Table 2
Chemical composition of waste perlite (%)

SiO2 70.90
Al2O3 13.53
Fe2O3 1.49
TiO2 0.13
CaO 1.19
MgO 0.28
Na2O 2.53
K2O 5.63
SO3 0.08
LOI 4.24

LOI: loss on ignition
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where b is the Langmuir constant (L/g), and C0 is the initial 
dyestuff concentration (mg/L). This parameter indicates 
whether the isotherm is unfavourable (RL > 1), favourable 
(RL < 1), linear (RL = 1) or irreversible (RL = 0) [4].

The Freundlich isotherm is defined by following 
equation [36].

ln ln lnq K
n
Ce f e= +

1  (8)

where Ce indicates the concentration of dyestuff at equilib-
rium (mg/L), qe is the adsorption capacity at equilibrium 
(mg/g), Kf (mg/g) is the Freundlich capacity constant, and 
n is the Freundlich density constant. The Freundlich iso-
therm plots at 25°C, 35°C and 45°C are given in Fig. 14, and 
the values of n and Kf were calculated from the intercept 
and the slope of the plot of lnqe vs. lnCe.

2.5. Adsorption thermodynamics

The standard free energy change (ΔG°), enthalpy change 
(ΔH°) and entropy change (ΔS°) of adsorption are cal-
culated from the following equations:

K
m q
C Vd

e

e

=
×
×

�  (9)

∆G RT KC° = − ln  (10)

where R is the gas constant (8.314 J/mol K), Kd is the distri-
bution coefficient [41], and T is the temperature in K. The 
standard enthalpy (ΔH°) and entropy (ΔS°) of adsorption 
can be estimated from the Van’t Hoff equation [36].

lnK H
RT

S
Rd = −

°
+

°∆ ∆  (11)

The ΔH° and ΔS° factors can be estimated from the 
slope and intercept of the lnKd vs. 1/T plot, respectively and 
results are given at Table 6.

3. Results and discussions

3.1. Characterization of waste perlite

The surface properties, the chemical composition and 
the surface morphology of the waste perlite were determined 
by using the BET, the X-ray fluorescence (XRF), Fourier-
transform infrared spectroscopy (FTIR) and the scanning 
electron microscopy–energy-dispersive X-ray spectroscopy 
(SEM-EDS) methods respectively.

The physical properties of the waste perlite are seen 
in Table 1. According to the table, the mesopore volume 
constitutes a large part of the total pore volume (93%).

The adsorption–desorption isotherm and pore-size 
distribution of the waste perlite are given in Fig. 2. As 
seen in Fig. 2, the shape of the isotherm represent the Type 
IV according to the Brunauer, Deming and Teller (BDT) 
classification. Type IV isotherms indicate the presence of 
mesopore structure. The desorption branch in Fig. 2 also 
shows the hysteresis loop representing the development 
of mesoporosity. The pore size distribution of waste per-
lite dense is in the range of 10–65 Å. It showed a large 
peak at about 15 Å. Two more peaks were observed in 
the range of 15–35 Å and 36–62 Å. According to IUPAC, 
the porous structures are classified into three groups as 
microporous (<20 Å), mesoporous (20–500 Å) and macro-
porous (>500 Å). As seen from Table 1, the average pore 
diameter of waste perlite was found as 61.83 Å. According 
to these results, the waste perlite structure includes 
both micropores and mesopores, and mesopore volume 
is higher than micropore volume.

The chemical content of waste perlite was determined 
by the XRF method and the results are given in Table 2. 
According to the XRF analysis, the waste perlite contains 
high amounts of silica and alumina as well as alkali groups 
such as Na2O and K2O. It was seen that the main components 
of the waste perlite are 70.9% SiO2 and 13.53% Al2O3.

While the perlite structure consists of compounds such 
as SiO2, Al2O3, K2O and Na2O as the main components, TiO2, 
CaO, MgO, Fe2O3, water and unburned carbon can also be 
found. Chemical analysis results were found to be similar in 
other studies with perlite [42–44].

The FTIR spectra of the waste perlite is given in Fig. 3.
The band seen at 3,637 cm–1 in the spectrum of waste per-

lite is attributed to the surface –OH groups of –Si–OH and 
water molecules adsorbed on the surface [42,45]. The peaks 
at 1,006 and 785 cm–1 are defined as the stretching vibra-
tion of Si–O–Si and Si–O–Al bonds [46,47]. The peak seen 
at 1,625 cm–1 in the perlite spectrum is characteristic of the 
water molecule [42,43,45]. Since waste perlite loses water 
with temperature in the expansion process, the intensity of 

Table 3
Kinetic constants for pseudo-first-order, pseudo-second-order, and intraparticle diffusion

qe (mg/g) (experimental)

Pseudo-first-order Pseudo-second-order Intraparticle diffusion

k1 (h–1) qe (mg/g) R2 k2 (g/mg h) qe (mg/g) R2 C ki (mg/g min1/2) R2

9.9121 0.671 2.712 0.94 0.139 10.320 0.99
0.7943 0.5755 0.9962
3.8053 0.2945 0.9985
9.8577 0.0015 0.7193

Fig. 1. Methylene blue.



239U. Selengil, D. Yıldız / Desalination and Water Treatment 262 (2022) 235–247

this peak is lower than raw perlite [45]. The peak observed at 
450 cm–1 is attributed to the bending vibration of the Si–O–Si 
bond [47,48].

The surface morphology and surface texture of waste 
perlite was examined using SEM. In order to determine the 
elemental content of the waste perlite, the EDS spectra and 
elementel mapping of the regions where the analysis was 
made on the surface were taken and results are given in 
Figs. 4 and 5.

According to the EDS results, waste perlite contains 
43.26% O, 32.87% Si, 9.46% Al, 6.22% K, 4.44% Fe, and small 
amounts of Ca, Mg and Na by weight. The highest peaks 
seen in EDS are O, Si and Al. These results show that waste 
perlite is mainly composed of SiO2 and Al2O3 as in XRF and 
FTIR. These results are also compatible with the literature 
[22,42,44,49–51]. In addition, with the elemental mapping 
given in Fig. 5, it was determined that Si, Al and O were 
homogeneously distributed on the surface of the waste 
perlite.

In Fig. 5a it is seen that the waste perlite surface has a 
sharp glassy structure with few pores. It is known that some 
of the perlite remains unexpanded during the expansion pro-
cess. Although expanded perlite is very porous and in the 
form of thin plates, the unexpanded part has a smoother 
surface and amorphous structure [43,51,52]. Elemental 
mapping of perlite is also given in Fig. 5b. In elemental 
mapping, it has been seen that the main components in the 
composition of perlite are Si, O and Al.

3.2. Effect of pH

The adsorption efficiency depends on the solution pH. 
The dyestuff solution’s initial pH affects the adsorbents’ 
surface charge and the adsorbate’s ionization degree. 
Therefore, pH is an important factor controlling dyestuff 
molecules’ adsorption on adsorbent particles in solution 
[12]. Adsorption experiments were carried out at pH 2–11 
at an initial concentration of 100 mg/L to observe the effect 
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Fig. 4. EDS spectrum of waste perlite.

Fig. 5. (a) SEM images and (b) elemental mapping of waste perlite.
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of pH on the methylene blue adsorption. Experiments 
were repeated at an initial concentration of 250 mg/L, as 
the pH effect could not be observed at 100 mg/L concentra-
tion. The change of the adsorbed dyestuff amount with the 
pH value is given in Fig. 6.

The adsorption of methylene blue on waste perlite 
increased with the increasing solution pH at the initial con-
centration of 250 mg/L. This effect can be explained by the 
cationic dyestuff species’ electrostatic interaction with the 
adsorption sites that are negatively charged. Electrostatic 
attraction force increases with increasing negative surface 
charge of the adsorbent. Alkan et al. [18] and Doǧan et al. 
[53] showed that the perlite surface does not have a zero 
load point but exhibits negative zeta potential in the stud-
ied pH range of 3–11. The increase in dyestuff solution’s 
pH increases the adsorption of dyestuff cations on the per-
lite surface which becomes more negatively charged with 
the increasing pH [2,22,23]. As seen in Fig. 6, the effect of 
pH could not be seen for 0.5 g waste perlite amount and 
100 mg/L concentration. At this concentration, dye removal 
increased from 98.33% to 99.08% with the increase in pH 
from 2.55 to 10.29. In the experiments conducted with 0.5 g 
waste perlite and 250 mg/L methylene blue concentration, the 
removal increased from 30.85% to 43.21% with the increase 
of pH from 2.36 to 11.01. Although the removal increases 
slightly with the increase in the solution pH, no signifi-
cant change was observed. Therefore, other experiments 
were carried out with 100 mg/L initial concentration at the 
original pH (6.80) of the solution. Similar effects have been  
shown for the adsorption of methylene blue on perlite [22,23].

3.3. Effect of the adsorbent dosage

The amount of the adsorbent is an important param-
eter for the adsorption process and enables the capacity of 
an adsorbent to be determined for a given initial concen-
tration [24]. In order to examine the effect of the adsorbent 
dosage, 0.1, 0.3, 0.5, 0.7 and 1.0 g waste perlite was added, 
respectively, to each of the flasks containing the dyestuff 
solutions with 100 mg/L initial concentration in 50 mL vol-
ume, and then the flasks were shaken in a water bath at 
25°C for 24 h. The results found are given in Fig. 7.

As shown in Fig. 7, when the amount of adsorbent 
increases from 0.1 to 1 g, the dyestuff removal increased 
from 40% to 99%. This is due to the fact that the number of 
active sites and the surface area increase with the increas-
ing amount of adsorbent. In this way, it is easier for dye-
stuff molecules to migrate towards the surface and into 
the interior parts. It was observed that the adsorbent dose 
did not affect the adsorption efficiency for the adsorbent 
amounts higher than 0.5 g. Even if the amount of adsor-
bent was increased above this amount, some of the active 
sites remained empty since the initial concentration is kept 
constant; so the % removal did not change [14]. Actually, a 
very high removal percentage of 99% was reached in the 
case of using 0.5 g waste perlite, as the adsorbent, as can 
obviously be seen in Fig. 7. Thus, 0.5 g/50 mL of adsorbent 
was determined as the optimum amount of the adsor-
bent. Similar effects have also been reported in the related 
literature [2,9,12,15,21,24,54].

3.4. Effect of contact time and adsorption kinetics

In order to examine the effect of contact time, 0.5 g 
of waste perlite was added to each of the methylene blue 
solutions with a volume of 50 mL and initial concentration 
of 100 mg/L, and then the flasks containing the solutions 
were kept in a shaking water bath at 25°C for various times 
(0.5–24 h).

The cationic structure of methylene blue is effective in 
the adsorption onto the perlite surface. It can be assumed 
that the mechanism at work in removing dyestuff from 
solution involves four steps. The first is the migration of 
the dyestuff from the solution mass to the adsorbent’s 
outer surface. The second is the diffusion from the bound-
ary layer to the surface of the adsorbent, the third is the 
adsorption of dyestuff molecules in an active area on the 
perlite surface, and the fourth is the intraparticle diffu-
sion of the dyestuff into the perlite inner pores. As can be 
seen in Fig. 8, it was found that the adsorption was fast 
in the first period of the contact time and then became 
slow and stagnant with the increase in contact time. This 
result is due to the Van der Waals forces and electro-
static attraction between the dyestuff molecule and the 
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adsorbent. The rapid diffusion of the dyestuff molecules 
on the outer surface was followed by rapid pore diffusion 
into the intra-particle matrix where the achieved adsorp-
tion reached equilibrium rapidly [55]. In the experiments 
carried out for 24 h, it was observed that the adsorption 
reached equilibrium in 7 h. After 7 h, there was no signif-
icant change in q and % removal, and maximum values of 
q = 9.91 mg/g and 99.12% removal were reached. Generally, 
the early times of adsorption are faster when the adsorp-
tion involves a surface reaction. Subsequently, a slower  
adsorption rate occurs as the active adsorption sites 
decrease [56].

The kinetic data obtained for adsorption were analyzed 
according to the pseudo-first-order and pseudo-second- 
order kinetic equations proposed by Lagergren to deter-
mine the adsorption rate constant and order. The results are 
given in Figs. 9, 10 and Table 3.

The adsorbate molecules are most likely transported 
from the bulk part of the solution to the solid phase via an 
intraparticle diffusion process; this is often a speed- limiting 
step. Therefore, the probability of intraparticle diffusion 
investigated by the intraparticle diffusion model and its 
results are given in Fig. 11 and Table 3.

The pseudo-first-order Lagergren rate constant 
is k1 = 0.671 h–1, pseudo-second-order rate constant is 
k2 = 0.139 g/mg/h. By looking at the correlation coefficients, 
we can say that the adsorption process is more suitable for 
the pseudo-second-order rate equation. Also, the qe values 
found experimentally are more suitable with the qe values 
calculated from the pseudo-second-order kinetic model. 
When the intraparticle diffusion model was examined, it 
seen that the three phases were formed in the intraparti-
cle diffusion plot, it is indicating that the sorption process 
proceeds with surface bonding and intraparticle diffu-
sion. In the last step of the plot, diffusion started to slow 
down due to the decreasing concentration of remaining 
substance in the solution. The slope of the qt vs. t1/2 plot is 
defined by the intraparticle diffusion parameter ki. When 
the diffusion coefficients were examined, it was seen that 
the coefficient of the last step has the smallest value with 
0.0015 mg/g min1/2. This result indicates that the last step 

was the control step of the adsorption. It can be say that 
the intraparticle diffusion is one step of the adsorption 
process, but not the only speed controlling step. These 
results show that the pseudo-second-order adsorption 
mechanism is dominant, and chemical adsorption is the 
rate-limiting step in the methylene blue adsorption pro-
cess. These results also confirm that the adsorption of 
methylene blue on the adsorbent is a multi-step process 
involving adsorption at the outer surface and intraparticle 
diffusion. Similar results were found for methylene blue 
adsorption with various adsorbents [4,14,15,21,55].

3.5. Effect of temperature and initial concentration

The effect of initial dyestuff concentration on adsorp-
tion was investigated with the effect of temperature. The 
dyestuff solutions prepared in the concentration range of 
10–100 mg/L were adsorbed to the 0.1 g perlite waste at 
different temperatures. The temperature has two main 
effects on the adsorption process. It is known that, with the 
increasing temperature, the diffusion rate of the dyestuff 
molecules along with the outer boundary layer increase. 
The dye molecules diffuse more easily in the adsorbent’s 
inner pores with increasing temperature due to the decrease 
in the solution’s viscosity. Also, the equilibrium capacity of 
the adsorbent increases with increasing temperature [55]. 
In this study, the amount of adsorbed dyestuff increased 
with increasing initial concentration. As the concentration 
of dyestuff in the solution increased, it became easier for 
the dye molecules to fill the empty centres on the adsorbent 
surface [2]. Fig. 12 shows the equilibrium isotherms for the 
adsorption of methylene blue onto waste perlite at differ-
ent temperatures. The isotherm rise with a greater slope 
at low Ce and qe values in the early stages. This indicates 
that the initial time of adsorption, there are many accessi-
ble active sites [36]. The reason for the formation of a flat 
plateau at higher Ce values is the formation of a monolayer 
coating on the waste perlite. The adsorption capacity of 
waste perlite increased with temperature. This result indi-
cates that the adsorption process is endothermic when the 
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Fig. 8. Effect of contact time on methylene blue removal by 
waste perlite (C0 = 100 mg/L, T = 25°C, adsorbent dose = 0.5 g, 
pH = 6.80).
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temperature rises from 25°C to 45°C. This effect may be 
due to the fact that the mobility of dyestuff ions increases 
with temperature and swelling occurs in the perlite’s inner 
structure. By this way, it becomes easier for methylene blue 
to penetrate into the perlite’s inner parts [22,57]. In addi-
tion, with the increase in temperature, the molecules have 
enough energy to interact with the active sites on the sur-
face [36,58]. The removal percentage was higher at lower 
dye concentration at all temperatures. It was observed 
that at higher initial concentrations, the adsorption yields 
decreased. This low efficiency may be due to the formation 
of a single layer on the perlite surface which becomes sat-
urated with dye molecules [9,21]. When the initial dyestuff 
concentration rised from 10 to 100 mg/L, the % removal 
of dyestuff decreased from 90% to 25%, from 93% to 25% 
and from 91% to 24% at 25°C, 35°C and 45°C, respectively.

Adsorption isotherms are used to determine the adsorp-
tion mechanism and maximum adsorption capacity. The 
Langmuir and Freundlich isotherms were drawn for the 
temperatures of 25°C, 35°C and 45°C, and the isotherm con-
stants were calculated for each temperature. The Langmuir 
and Freundlich isotherms, plotted for the adsorption of 

methylene blue at different temperatures, are shown in 
Figs 13 and 14, respectively.

The constants of the Langmuir and Freundlich equa-
tions are given in Table 4. When R2 values were compared, 
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it was seen that the Langmuir equation fits the experi-
mental data better. The Langmuir isotherm’s good com-
patibility may indicate that single-layer adsorption occurs 
at homogeneously distributed active points on the perlite 
surface [2,20].

The RL value explains whether the isotherm is unfa-
vourable (RL > 1), favourable (RL < 1), linear (RL = 1) or irre-
versible (RL = 0) for the adsorbent. If the average of the RL 
values for each of the different initial concentrations used 
is between 0 and 1, it indicates that adsorption is favor-
able. The calculated RL values were found favourable as 
0 < RL < 1 at all temperatures and all initial concentrations 
(Table 4). Therefore, perlite can be considered as a suitable 
adsorbent material for methylene blue adsorption. Similar 
results were found in some previous studies with meth-
ylene blue [5,54]. And in Table 5 a comparative study of 

some dyestuff adsorption studies with perlite and other 
clays is summarized.

As seen in the table, the maximum adsorption capac-
ity of the adsorbent is highly dependent on the properties 
of the perlite, operating conditions and the structure of the 
dyestuff. Perlite has the ability to remove the methylene 
blue from an aqueous solution.

3.6. Adsorption thermodynamics

As shown in Table 6, the positive values of ΔH° indicate 
that the adsorption of methylene blue on perlite waste is an 
endothermic process. The positive ΔS° value indicates that 
the attraction of methylene blue towards perlite is good, 
thanks to the structural changes in methylene blue and per-
lite. Irregularity increases during chemical adsorption at the 

Table 5
Comparison of dye adsorption studies with perlite and different clays

Adsorbent Dye qm (mg/g) Reference

Raw perlite Congo red 31.84 [44]
Raw perlite Methylene blue 8.78 [23]
Raw perlite Commercial synt. dye (magenta) 15.15 [59]
Raw perlite Methylene blue 0.455 [60]
Raw perlite Basic blue 41 7.97 [61]
Expanded perlite Rhodamine B 0.49 [48]
Expanded perlite Methylene blue 1.18 [62]
Expanded perlite Malachite green 9.91 [2]
Expanded perlite Methylene blue 0.365 [60]
Expanded perlite Basic blue 41 9.08 [61]
Unexpanded perlite Methylene blue 155 [22]
Montmorillonite Methylene blue 289.12 [63]
Kaolinite Methylene blue 52.76 [64]
Sepiolite Methylene blue 79.37 [65]
Zeolite Methylene blue 55.33 [66]
This study Methylene blue 9.91

Table 6
Thermodynamic parameters for the adsorption of methylene blue onto waste perlite

R2 ΔH (kJ/mol) ΔS (kJ/mol K)

ΔG (kJ/mol K)

298 K 308 K 318 K

0.9994 32.975 0.1181 –2.218 –3.399 –4.580

Table 4
Langmuir and Freundlich constants for different temperature

Temperature (°C) Langmuir Freundlich

Q0 (mg/g) b (L/mg) R2 RL Kf 1/n R2

25 11.96 0.447 0.972 0.058 7.19 0.121 0.452
35 14.26 1.350 0.966 0.020 8.02 0.157 0.564
45 12.80 3.502 0.995 0.008 8.24 0.130 0.439
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liquid–solid interface, and the positive ΔS° value is an indica-
tor of this. The ΔG° value decreases with increasing tempera-
ture. This indicates that the driving force is greater at high 
temperatures, and this effect causes the adsorption capacity 
to increase with increasing temperature. Similar results were 
found in some previous studies on methylene blue adsorp-
tion onto different adsorbents and perlite [11,15,67–70].

4. Conclusion

In this study, the removal of dyestuff in wastewater 
using waste perlite by adsorption method was investigated. 
Waste perlite supplied from a factory producing expanded 
perlite was used as an adsorbent in adsorption. Methylene 
blue, a cationic (basic) dye, is used as the dyestuff. The 
effects of pH, adsorbent dose, contact time, initial concen-
tration and temperature, which are factors affecting adsorp-
tion, were investigated. According to the results, since no  
significant difference was observed in the amount of dye 
removal with the change of solution pH, the solution’s 
original pH = 6.80 was applied in all experiments. In the 
experiments where the effect of the adsorbent dose was 
examined, it was determined that the most suitable amount of 
adsorbent was 0.5 g per 50 mL dye solution at 100 mg/L con-
centration. It was observed that the system stabilized in 7 h 
when the adsorption experiments were carried out for 24 h. 
The kinetic and thermodynamic constants were determined 
for the adsorption of the dyestuff onto the perlite waste. The 
kinetic data show that the adsorption of methylene blue onto 
waste perlite takes place in more than one step. The step 
that limits the adsorption rate fits the pseudo-second-or-
der kinetic model. The thermodynamic data show that this 
process is endothermic and spontaneous. The Langmuir 
and Freundlich adsorption isotherm models and regression 
analysis showed that the most suitable isotherm was the 
Langmuir model. It was also showed that single layer adsorp-
tion occurred in homogeneously distributed active sites on 
the perlite surface. In this study, it is focused on the evalua-
tion of a waste material as a new adsorbent. It was thought 
that the unexpanded perlite remaining after the expansion 
process could be used as an adsorbent in dye adsorption. 
As a result of the study, it can be said that the waste perlite 
used is a suitable adsorbent for the removal of methylene 
blue, a cationic dyestuff, from wastewater. Regeneration 
and reuse is an important advantage for an adsorbent 
to be economical. For this reason, it is recommended to 
perform a desorption/regeneration study after adsorption.
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