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a b s t r a c t
Dye residuals in wastewaters of many industries are among the most important sources of 
environmental pollution. Malachite green (MG), one of these wastes, was removed by adsorbent pro-
duced by carbonization of mandarin peels. The carbonized mandarin peel (CMP) was characterized 
by Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), Brunauer–
Emmett–Teller (BET) and zero point of charge (pHzpc). The equilibration time in the adsorption 
process was 150  min. When the equilibrium data were analyzed in terms of different isotherms, 
the most suitable isotherm was obtained to be Freundlich isotherm (R2 = 0.997) and the maximum 
adsorption coefficient was found to be 357.14 mg/g. Different kinetic models were applied to exper-
imental data for adsorption kinetics of MG on CMP, and it was observed that it fitted to pseudo-
second-order kinetic model according to the R2, Chi-squared and residual root mean square error 
values. When the thermodynamic parameters were examined, it was found that Gibb’s free energy 
change was negative (≤–6.94 kJ/mol) and enthalpy change was 55.64 kJ/mol. Therefore, it was possi-
ble to mention that the adsorption process was spontaneous, endothermic and physical. In addition, 
the irregularity in the interface of the dye and CMP increased because the entropy was positive. CMP 
could be considered as a good alternative to available adsorbents used in waste disposal due to its 
high adsorption capacity, low cost and being environmentally friendly.
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1. Introduction

The industrial use of synthetic dyes has increased with 
developing technology. Dyes are commonly consumed in 
areas such as leather, paper, textile, paint, cosmetics and as 
a result of this, wastewaters of these industries include high 
levels of dye [1–3]. 10%–50% of the dye used in the dye-
ing industry is disposed as waste [4]. The environmental 
pollution caused by wastewater leads to toxic, mutagenic, 
carcinogenic and allergic effects on living systems [5]. 
Malachite green (MG) is a cationic dye in the triphenylmeth-
ane group. It is an effective drug used in the treatment of fish 

besides industrial consumption and has continued to be used 
over limits in numerous fish farms [6]. Hence, the MG must 
be effectively removed from systems that create pollution.

In the literature, there are many methods for the removal 
of dyes such as adsorption, filtration, ion exchange, ozone 
treatment, sedimentation, oxidation, and coagulation [7]. 
However, adsorption is the most preferred one among these 
methods because of its easiness of application and low cost 
[8]. In adsorption systems, activated carbon is generally 
used as an adsorbent due to the large surface area for the 
removal of waste [4,9]. However, since activated carbon 
has a very high cost, researchers have begun to investigate 
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new alternative adsorbents. In particular, natural adsor-
bents have begun to be preferred for reasons such as low 
cost, effective performance and is not harmful to nature. 
While natural minerals such as clay, bentonite, and zeolite 
were used as natural adsorbents in the past [10–14], the 
use of agricultural wastes and industrial by-products has 
increased in recent times. For this purpose, materials such as 
pomegranate peels [2], peanut hulls [15], forest waste [16], 
hazelnut shells [17], walnut shells [18], orange peel [19], rice 
husk [20,21], almond shell [22], coffee husk [23], crushed 
waste clay bricks, municipal solid waste slag [24], and sugar 
cane bagasse [25] have been used. Thus, these structures 
which are waste for the environment, are considered in the 
cleaning of wastewater [26]. Mandarin, that is usually found 
in Asia and Brazil is a citrus fruit known as bergamot and 
tangerine [27]. Subsequent to mandarin’s consumption as 
fruit and juice, non-commercial peel remains as waste.

Only a few low-cost agricultural waste methods have 
been tried for the removal of highly toxic MG from waste-
waters [1,2,17,28–30]. Few researchers are using mandarin 
peel (MP) as adsorbent, and removal of heavy metals has 
usually been studied [26,31–34]. The studies using the CMP 
as the adsorbent has not been encountered frequently. In 
existing studies, adsorbent was prepared by heating at 100°C 
[26,34,35]. Thus, in this study, the potential feasibility of 
CMP as an adsorbent was investigated, and it was found that 
CMP was successfully used to remove the MG. The effects of 
different parameters on the adsorption were studied, and the 
isotherm, kinetics, and thermodynamics of the adsorption 
process were determined with this data.

2. Materials and methods

2.1. Preparation of CMP adsorbent and MG solution

The mandarin was bought from the local markets and 
then the collected crude peels were washed to take away the 
contamination and treated with the distilled water. Then, 
they were dried at 100°C for 24 h. The dried peels were placed 
in a stainless steel vessel through which nitrogen was passed 
at a rate of 100 mL/min, and carbonized at 850°C for 90 min. 
The CMP was sieved to a size between 0.4 and 0.22 mm. They 
were kept in glass containers to prevent contamination of 
moisture and other contaminants until to be used.

99% MG salt (C23H26N2Cl) purchased from Merck 
(Darmstadt, Germany) was dissolved in distilled water to 
prepare a 1,000 mg/L stock solution.

2.2. Characterization of CMP adsorbent

FTIR (Bruker VERTEX 70v model, Germany) was used 
to determine the functional groups on the surface of CMP 
and crude mandarin peel. FTIR results were analyzed in the 
range of 400–4,000 cm−1 wavelengths.

BET, Brunauer, Emmett and Teller instrument (Micro
meritics/3 Flex 4.02 model, USA) was used to determine 
specific surface areas of the CMP and MP with liquid nitro-
gen at 77 K temperature.

Surface morphologies of MP and CMP were visualized 
with SEM, scanning electron microscope (Zeiss, Germany/
Sigma 300 model, St. Louis, MO, USA).

2.3. Adsorption studies

Adsorption experiments were carried out with an 
Edmund Bühler TH15/KS15 branded temperature-controlled 
shaker (Edmund Bühler, Germany). 50 mL of MG solution that 
was prepared under certain conditions (pH, adsorbent dose, 
temperature, MG concentration) was placed in the shaker. 
The samples were taken at fixed time intervals (5–150 min) 
to determine the contact time and then the remaining MG 
concentration in solution was measured by UV spectropho-
tometer (Thermo Electron Corporation Evolution 500 model, 
England) at λmax = 617 nm. The adsorption experiments were 
carried out with parameters such as pH, adsorbent amount, 
stirring speed, contact time, initial solution concentration 
and temperature after the equilibration time was determined. 
The desired pH values were adjusted with 0.1 mol/L sodium 
hydroxide and hydrochloric acid using Hanna HI 11102 
model pH meter (USA).

Adsorption capacity, qe is the adsorbed MG amount per 
CMP (mg/g) and was given in the following equation.

q
C C
m

Ve
e=

−
×0 	 (1)

C0 and Ce are initial and equilibrium MG concentration 
(mg/L), respectively; V is the initial solution volume (L); m is 
mass of CMP (g).

The % removal of MG from solution is found by using 
Eq. (2).

%Removal =
C C
C

e0

0

100
−

× 	 (2)

3. Results and discussion

3.1. Characterization of CMP adsorbent

SEM images of MP, CMP, and CMP obtained after 
adsorption are given in Fig. 1. Fig. 1a indicates that the sur-
face of the dried MP was quite smooth at 1 µm magnitude. 
Fig. 1b indicates the SEM image having the same magnitude 
as Fig. 1a of the CMP; very large pores due to carbonization 
were observed. In Fig. 1c, dye molecules filling into these 
pores due to adsorption are seen.

When the surface areas of MP and CMP were examined, 
the surface area for MP was determined to be 1.68 m2/g and 
determined to be 1.76  m2/g for CMP due to carbonization. 
Since the pores on the CMP filled with dye after adsorption, 
this value decreased to 1.13  m2/g. Since the surface areas 
of organic wastes were low, pre-treatments such as chem-
ical activation or carbonization were applied to be used as 
adsorbents. In a study on pomegranate peel, the area of raw 
pomegranate peel changed from 1.83 to 2.23 m2/g by carbon-
ization [2]. Similarly, it was increased up to 25.2 m2/g by bind 
of zero-valent nano-iron [30].

Pectin having a lignocellulose structure was in large quan-
tities in the structure of mandarin peel [36]. When the FTIR 
spectrum of the mandarin peel is examined in Fig. 2, a large 
peak at 3,335 cm–1 wavelength was seen. This peak was the OH 
stretching vibration peak which indicated the hydroxyl compo-
nents in structures such as alcohol, phenol [2,26,37]. 2,931 cm–1 
band gave asymmetric and symmetrical stretching vibrations 
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of CH, CH2, and CH3 in the cellulosic structure [36,37]. While 
1,734 and 2,069  cm–1 bands gave the C=O stretching of the 
carbonyl group in the carboxylic acid, 1,605 cm–1 peak indi-
cated stretching vibration of C=C and C=O in aromatic ring 
[2,34]. The band at 1,527 cm–1 was due to C=O stretching of 
carbonyl group in primary amide [36]. C–OH in the phenolic 
structure caused the absorption band at 1,437 and 1,024 cm–1  
showing C–O–C glycoside bonds in cellulosic materials [2,37].

When the mandarin peel was carbonized, the functional 
groups on its surface deteriorated increasing the tempera-
ture and simpler spectra were obtained [2]. 2,980 cm–1 band 
was due to the C–H stretching of aliphatic groups [38,39]. 
2,868 cm–1 peak indicated a CH3 group in the dye adsorbed 
after adsorption [40]. In Fig. 2, 2,357 and 2,355 cm–1 bands of 
CMP and CMP after adsorption indicate C=C stretching of 
the alkyne formed by thermal degradation [41,42]. 2,118 cm–1 
indicated O–H stretching [2]. 1,988; 1,996 and 2,069  cm–1 
peaks showed C=O stretching band [2]. 1,051 and 1,034 cm–1 
gave stretching vibration of C–N groups in aliphatic amines 
[36]. When Fig. 2 was analyzed, it was estimated that the 
1,527; 1.605 and 1,734 cm–1 peaks in MP shifted 1,996; 2,118 
and 2,357 cm–1 in CMP, 1,988; 2,069 and 2,355 cm–1 in CMP 
after adsorption, respectively.

pHzpc value of adsorbent was very important for 
characterization. Therefore, the pHzpc value of CMP was 

determined with the following procedure. Firstly, a 0.01 
molar sodium chloride solution was prepared, and a 50 mL 
solution was placed into each of 6 beakers. Then, the pH value 
of each solution varied from 2 to 12. 0.2 g CMP was added to 
each and the mixture was shaken for 10 min, kept for 24 h at 
20°C. The final pH values of the solutions were measured. 
The difference (ΔpH) between the initial and final pH was 
plotted against the initial pH. pHzpc value is the point where 
the curve of ΔpH vs. pHi crossed the line equal to zero [43]. 
The pHzpc value of CMP was obtained to be 9.6.

3.2. Effect on adsorption capacity of contact time in the different 
initial concentration

The adsorption data of the dye vs. the contact time for 
different concentrations are given in Fig. 3. While adsorp-
tion was very fast up to 60 min, it decreased to a flat pla-
teau as time progressed. The adsorption was initially rapid 
because the driving force due to the high initial solution 
concentration destroyed the resistance between CMP with 
high porosity and MG [44]. Although the equilibrium time 
at the solid–liquid interface was shorter at lower concen-
trations, all experiments were carried out with a contact 
time of 150  min to obtain equilibrium values at higher 
concentrations.

 
(c) 

(a) (b) 

Fig. 1. SEM images of (a) crude MP, (b) CMP, and (c) CMP after adsorption.
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3.3. Effect of CMP dosage

The change of percent removal and qe value with increas-
ing adsorbent dose are shown in Fig. 4. As the amount of 
adsorbent increased, the percentage of removal increased 
from 50.6 to 96.04 depending on the increase of active bind-
ing centers on areas and surface areas [45]. When more 
than 0.05 g adsorbent was used, the adsorption rate slowed 
down as the remaining dye was lower than the existing 
adsorption area [38]. The adsorption capacity (qe) decreased 
from 379.36 to 72.03 mg/g as the amount of adsorbent was 
increased, due to the increase in the unsaturated surface 
areas [46].

3.4. Effect of MG solution temperature

Temperature is one of the most important parameters 
in adsorption processes. The change in temperature from 
25°C to 50°C caused the % removal increased from 91.72 
to 98.19, and the adsorption capacity varied from 137.58 to 
147.28 mg/g (Fig. 5). This indicated that the adsorption was 
an endothermic nature. While the % removal change at low 
temperatures was less, it increased at temperatures higher 
than 35°C, because the increase in temperature caused the 
dye molecules to have more energy and thus more easily 
interacted with the active regions on the surface. At the 
same time, the temperature rise caused the formation of 
new active centers and larger pores due to the breakage of 
the bonds on the adsorption surface. Thus, the diffusion rate 
increased also in pores and boundary layers on the adsor-
bent surface [43,44].

3.5. Effect of initial concentration of MG solution

The initial concentration effect of MG on adsorption 
capacity and removal of the dye is shown in Fig. 6. When the 
concentration changed between 50 and 200 mg/L, the adsorp-
tion capacity increased from 47.5 to 182.45 mg/g, and the dye 
removal decreased from 95% to 91.22%. qe value increased 
in parallel with the increase in concentration. Because the 
mass transfer resistance formed between the aqueous dye 
phase, and the solid CMP adsorbent was broken by increas-
ing the initial concentration. The decrease in removal was 
due to the limited number of binding sites on the adsorbent 
despite increased dye molecules. So that competing dye mol-
ecules were difficult to bond to the surface [47,48].

3.6. Effect of pH solution

pH is a very important parameter for all adsorption 
processes because of its effects on the surface properties of 
the adsorbent and the ionization degrees of the adsorbate’s 
functional groups [42,49]. This effect can be explained by 
the pHzpc value (zero point charge) of adsorbent and the 
pKa value of the adsorbate. The pKa value of the MG solu-
tion used as the adsorbate is 6.9 [2]. Accordingly, when the 
solution pH value was less than 6.9, MG behaved as anionic. 
Conversely, it turned cationic into pH > 6.9. The pHzpc value 
of CMP adsorbent was found to be 9.6. So, the adsorbent 

Fig. 2. FTIR spectra of MP, CMP, and CMP after adsorption.
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acted as cationic when the solution pH was less than 9.6. 
The effect of pH was examined with these parameters and 
it was noticed that MG was anionic and CMP was cationic 
for the solution of pH  <  6.9. Thus, electrostatic attraction 
occurred, and the efficiency of dye removal increased. 
Adsorbent and adsorbate repelled each other due to cationic 
in ranges between 6.9 < pH < 9.6. The % removal increased 
at pH values greater than 9.6 as CMP was anionic. The effect 
of this parameter on adsorption was examined by chang-
ing the pH from 3 to 10 in Fig. 7 and it was seen that the 
removal increased up to pH 6.0, did not change significantly 
from 94.06% at pH 6.0 to 95.35% at pH 9.0 and increased 
again 97.14% at pH 10 [2,50,51]. As seen in Fig. 7, while the 
removal efficiency and adsorption capacities were 53.95 
and 80.93 mg/g at pH 2, they decreased sharply to 2.53 and 
3.80 mg/g at pH 4, respectively.

It was thought that the dye decomposed at pH 2 due to 
the color changing from green to yellow [5,52]. The % removal 
and adsorption capacities at pH 4 have sharply decreased as 
can be seen in Fig. 7. At this pH value, the strong interaction 
between the adsorbent and the MG molecules could deteri-
orate the pore structure of the CMP. It was seen that similar 
results were obtained in studies using cationic dye [51–53].

3.7. Adsorption isotherms

Adsorption isotherms enabled to understand the rela
tionship between adsorbent and adsorbate. Thus, equilibrium 

data were analyzed using the Langmuir, Freundlich, Temkin, 
Dubinin–Radushkevich, Redlich–Peterson isotherms. The 
linear equations and constants used for each isotherm are 
given in Table 1.

In the Langmuir isotherm, it was assumed that the 
adsorption occurred with monolayer coverage, and the adsor-
bent sites had homogeneous distribution on the surface. In 
addition, the adsorbed dye molecules did not interact with 
each other [54]. The dimensionless separation factor RL was 
calculated using the Langmuir isotherm constants shown in 
Table 1.

R
K CL
L

=
+ ×

1
1 0

	 (3)

It was indicated that adsorption was irreversible for 
RL = 0, linear for RL = 1 and favourable for 0 < RL < 1 [45].

It was supposed in the Freundlich isotherm that the 
process happened as multilayer due to surface-active cen-
ters with different affinities on the heterogeneous surface. 
If n value given in Table 1 varied from 1 to 10, the adsorption 
was considered to be appropriate [55,59].

In the Temkin isotherm, it was deemed that the adsorp-
tion heat of all molecules decreased linearly with coverage 
due to interactions of adsorbent–adsorbate [56,60]. The RT/b 
expression in the Temkin isotherm was briefly shown as BT. 
The positive BT values indicated that the adsorption was 
endothermic [61].

The Polanyi potential and the mean adsorption energy 
(E) at Dubinin–Radushkevich (D–R) isotherm are presented 
in the following equations [57].

ε = +








RT

Ce
ln 1 1 	 (4)

E
K

=
1

2 DR

	 (5)

The E (kJ/mol) value indicated information about the 
adsorption process. When the obtained E value was less than 
8 kJ/mol, adsorption was physical and the adsorption was 
the chemical nature for the E values greater than 16 kJ/mol.  
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E values found between 8 and 16  kJ/mol indicated that 
the adsorption was carried out by the ion exchange 
mechanism [2].

Redlich–Peterson (R–P) isotherm was a hybrid isotherm 
which could be applied to homogeneous and heteroge-
neous systems and approaches to the Langmuir (when 
βR = 1) and Freundlich isotherms (when βR = 0) depending 
on the βR [58].

As can be seen in Table 2 and Fig.8, the most suitable 
isotherm was obtained to be Freundlich isotherm with 
R2 = 0.997 among the applied isotherms for the adsorption 
of MG with CMP. As the n value at Freundlich isotherm 
was 1.42  g/L, and the value of RL at Langmuir isotherm 
was between 0.08 and 0.258, adsorption was considered to 
be appropriate. The BT value in the Temkin isotherm was 
obtained to be 68.72. This result implied that the adsorption 
was endothermic.

Table 1
Isotherms used to analyze equilibrium data

Isotherm Linear equation Plot Isotherm constants References

Langmuir C
q q K

C
q

e

e m L

e

m

= +
1 C

q
Ce

e
evs.

qm is the maximum adsorption capacity
KL is the Langmuir constant

[54]

Freundlich
ln ln lnq K

n
Ce F e= +

1 lnqe vs. lnCe KF is the Freundlich constant
n gives the adsorption intensity

[55]

Temkin
q RT

b
K RT

b
Ce T e= +ln ln

qe vs. lnCe KT is the equilibrium binding constant
b is Temkin constant related to heat of 
adsorption

[56]

Dubinin–
Radushkevich

ln lnq q Ke m= − DRε
2 ln qe vs. e2 KDR is the activity coefficient related to 

mean adsorption energy
ε is Polanyi potential

[57]

Redlich–
Peterson ln ln ln

K C
q
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
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KR and αR is R–P isotherm constant
βR is exponent of R–P isotherm

[58]

3.8

4

4.2

4.4

4.6

4.8

5

5.2

5.4

0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3
LnCe

L
n 

qe

Fig. 8. Freundlich isotherm curve (adsorbent amount  =  0.05  g; 
contact time = 150 min, pH = 6, temperature = 30°C).

Table 2
Isotherm constants and the correlation coefficients of isotherm models for the adsorption of the MG onto CMP

Isotherms Isotherm constants

Langmuir qm (mg/g) b (L/mg) R2 RL

30°C 357.14 0.057 0.965 0.258
0.148
0.104
0.080

Freundlich KF (mg/g) (L/mg)1/n n (g/L) R2

30°C 25.00 1.42 0.997
Temkin BT KT (L/g) R2

30°C 68.72 0.715 0.966
Dubinin–Radushkevich qs (mg/g) B(mol2/J2) R2 E(kJ/mol)
30°C 150.07 0.000002 0.875 0.5
Redlich–Peterson KR (L/g) β R2 αR (L/mg)
30°C 20.49 0.465 0.986 0.764
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Since the E value at the D–R isotherm was 0.5  kJ/mol 
which was smaller than 8 kJ/mol, adsorption was the phys-
ical adsorption. β value of 0.465 indicated that the isotherm 
was approaching Freundlich isotherm.

3.8. Adsorption kinetics

Adsorption kinetics were examined by the models given 
in Table 3 for the removal of MG using CMP [62–65].

Kinetic constants in Table 4 were obtained using the rela-
tionship between experimental data and time with the equa-
tions given in Table 3.

When Table 4 and Fig. 9 were examined to determine 
the kinetic model, it was found that the pseudo-second- 
order model, indicating the highest R2 and lowest chi- 
square and residual root mean square error (RMSE) 
values, was the most suitable model [30].

Table 3
Kinetic models applied for adsorption

Kinetic model Integrated equation Model constants References

Pseudo-first-order log log
.

q q q
K

te t e−( ) = − 1

2 303
K1 is pseudo-first-order  
rate constant

[62]

Pseudo-second-order
t
q K q

t
qt e e

= +
1

2
2 K2 is second-order rate constant

[63]

Elovich q tt = ×( ) + ( )1 1
β

α β
β

ln ln α and β are Elovich constants
[65]

Intra-particle diffusion q K t Ct i= +
1
2

Ki is intra-particle diffusion  
constant

[64]

Table 4
Kinetic constants for different kinetic model

Kinetic model Kinetic constants

Pseudo-first-order model K1 (1/min) qe (mg/g) R2 qe (mg/g) 
(experimental)

Chi-square RMSE

50 mg/L 24 × 10–3 39.37 0.997 47.50 0.29 2.85
100 mg/L 29 × 10–3 118.93 0.970 93.27
150 mg/L 30 × 10–3 185.27 0.940 139.18
200 mg/L 33 × 10–3 232.27 0.961 182.45

Pseudo-second-order model K2 (mg/g min) qe (mg/g) R2 qe (mg/g) 
(experimental)

Chi-square RMSE

50 mg/L 8 × 10–4 53.76 0.989 47.50 0.05 1.65
100 mg/L 1 × 10–4 128.21 0.941 93.27
150 mg/L 8 × 10–5 196.08 0.995 139.18
200 mg/L 1 × 10–4 227.27 0.982 182.45

Elovich model α (mg/g min) β (mg/g min) R2 Chi-square RMSE

50 mg/L 6.96 9.9 × 10–2 0.962 0.18 3.15
100 mg/L 6.27 4.0 × 10–2 0.926
150 mg/L 8.99 2.6 × 10–2 0.982
200 mg/L 15.82 2.2 × 10–2 0.955

Intra-particle diffusion model Ki (mg/g min2) C R2 Chi-square RMSE
50 mg/L 3.37 8.88 0.977 1.93 12.15
100 mg/L 2.23 –4.14 0.973
150 mg/L 2.70 –6.78 0.975
200 mg/L 3.24 8.43 0.977



183G.M. Yalvaç, B. Bayrak / Desalination and Water Treatment 177 (2020) 176–185

3.9. Adsorption thermodynamics

The adsorption thermodynamics were determined by 
the parameters of ΔG° (kJ/mol), ΔH° (kJ/mol), ΔS° (kJ/mol K) 
and ΔG° was obtained with Eq. (6).

∆G RT KD° = − ln 	 (6)

where R was 8.314 J/mol K, T (K) indicated the temperature 
and KD was the distribution coefficient indicating the affin-
ity of the adsorbent surface. The distribution coefficient was 
calculated with Eq. (7).

K
q
CD
e

e

= 	 (7)

The parameters of ΔH° and ΔS° were determined with 
Van’t Hoff Eq. (8) using the distribution coefficient and 
the slope and intersection values of 1/T graph against lnKD 
(Fig. 10) [2,30,44].

lnK S
R

H
RTD =

°
−

°∆ ∆ 	 (8)

The value of ΔH° was positive, therefore the adsorption 
process was carried out endothermically as seen in Table 5 
[2]. The ΔG° value varied from –6.94 to –12.19 kJ/mol with 
increasing temperature. This indicated that the adsorption 
happened spontaneously. Since the ΔG° values were greater 
than –20 kJ/mol, it was possible to mention that the adsorp-
tion occurred as physical [16,30], The ΔS° value of 0.21  kJ/
mol K, showed that degree of disorder in the interface of the 
CMP adsorbent and MG solution increased.

3.10. Comparison of adsorbents used for the removal of MG

Many adsorbents have been used for the removal of 
MG. CMP and the adsorbents obtained from various organic 
wastes are compared in Table 6. It was found that the 
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Fig. 9. Pseudo-second-order model (conditions: contact time  = 
150 min, pH = 6, dose of adsorbent = 0.05 g, and temperature = 
30°C).
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Fig. 10. Plot of the Van’t Hoff equation.

Table 5
Thermodynamics constants

T (K) ∆H° (kJ/mol) ∆S° (kJ/mol K) ∆G° (kJ/mol)

298

55.64 0.21

–6.94
303 –7.99
308 –9.04
313 –10.09
318 –12.19

Table 6
Comparison of adsorbents obtained from organic waste used for removal of MG

Adsorbents qm (mg/g) Equilibrium time pH Adsorbent dose References

Oat hull 83.0 80 min 8 2.5 g/L [1]
Carbonized pomegranate peel 31.45 90 min 5 0.1 g/L [2]
Chemically modified rice husk 15.49 120 min 7.0 1.0 g/L [28]
Citrus limetta peel 8.73 30 min 7 0.5 g/L [42]
Zea mays cob 16.72 30 min 7 0.5 g/L [42]
Rambutan peel-based activated carbon 329.49 24 h 8 0.2 g/L [44]
Breadnut peel 180.00 240 min 8.02 – [66]
Lemon peel 51.73 24 h – 0.5 g/L [67]
Eggshells 243.20 180 min 6 1.0 g/L [68]
Jatropha curcas L. 21.78 180 min 6 4.0 g/L [69]
CMP 357.14 150 min 6 1 g/L In this study
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adsorption capacity of the CMP was quite high for the lower 
adsorbent dosage and the equilibration time when compared 
with the pre-treated adsorbents (Table 6).

4. Conclusion

In this study, the effect of CMP as an adsorbent produced 
with carbonization from the mandarin peel in the removal 
of MG, which is frequently encountered in the wastes of 
the industries where dye is used was investigated. The sur-
face properties of CMP were characterized by FTIR, SEM, 
BET and pHzpc analyses. When the experimental data 
were applied to the adsorption isotherm models, the best 
fit model was found to be Freundlich isotherm. Maximum 
adsorption capacity according to Langmuir isotherm was 
determined to be 357.14 mg/g. Experimental studies to deter-
mine the mechanism of adsorption were applied to different 
kinetic models, and both error analyses and R2 values were 
examined, and it was decided to be a pseudo-second-order. 
Thermodynamic data revealed that adsorption was endo-
thermic, and the physical process and degrees of disorder 
in the solid–liquid interface increased. CMP could be used 
as an adsorbent in the industry due to its high adsorption 
capacity, high removal efficiency, it is being environmentally 
friendly, cheap and easy to find.
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