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a b s t r a c t
A novel low-cost biosorbent, corncob modified with epichlorohydrin, was used to remove crystal 
violet (CV) from its aqueous solution. The influences of process parameters, such as initial pH, tem-
perature, contact time and initial CV concentration on its adsorption capacity were investigated 
in a batch system. The equilibrium data were evaluated using the Langmuir and the Freundlich 
isotherms, and the former could provide a better fit with the qmax of 71.43 mg g–1 at 318 K. A new 
method derived from the Langmuir equilibrium constant KL was first put forward to estimate the 
thermodynamics. The obtained negative values of ΔG demonstrated a spontaneous process of CV 
onto corncob. The adsorption kinetics could be well described by the pseudo-second-order model. 
It was concluded that the intra-particle diffusion was one of the rate-controlling steps in this process. 
The corncob modified with epichlorohydrin was proved to be a promising adsorbent to treat dye 
wastewater.
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1. Introduction

Dyes and pigments are widely utilized in a variety of 
industries to color their products, including printing, textiles, 
leather, paper, plastics, food, etc. Among these dyes, many 
are difficult to be biodegraded because of their complicated 
structures and properties. Besides, some dyes, especially 
azo dyes, are either toxic, teratogenic, or even carcinogenic 
[1]. The direct discharge of such dye wastewater will cause 
serious safety hazards and environmental problems. CV, 
a cationic dye, is often used for instance biological marker, 
veterinary drugs and dermatological agents. Signs have 
shown that CV may cause queasiness, hemolysis, hyper-
tension and respiration suffering and many other health 
problems or environmental issues [2].

At present, many technologies have been developed 
to remove dyes from wastewater, including advanced 
oxidation, aerobic and anaerobic digestion, adsorption, 

membrane filtration and flocculation [3]. Among these 
methods, adsorption shows good performance for the 
treatment of dye wastewater. Activated carbon has become 
the most widely used adsorbent to remove dyes because 
it shows good adsorption property and chemical stability. 
Since the operation cost is still very expensive, people are 
trying to find more economical and efficient adsorbents 
to accomplish it. And now an alternative has been suc-
cessfully explored from different agricultural and forestry 
wastes such as peanut husk [4,5], banana peel [6], saw dust 
[7], coconut coir dust [8], internal almond shell [9], walnut 
shell [10], etc.

Corncob, an abundant agricultural residue, has been 
successfully used to remove contaminants from wastewa-
ter due to its good adsorption property, excellent mechan-
ical strength and good chemical stability. Efficient removal 
of copper ions [11] has been achieved by introducing 
native corncob as a low-cost adsorbent directly. However, 
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because of two major limitations, raw corncob may not be 
suitable for use as a good natural adsorbent. First, the sol-
uble component in the corncob will dissolve in water, and 
make the water appear light yellow; second, long-term 
contact with water will cause the corncob to be dispersed 
in the bulk solution. Researchers found that the adsorption 
performance of the corncob toward different dyes could 
be efficiently improved by chemical modification [12–14]. 
Epichlorohydrin was widely used as a modification reagent 
to improve the adsorption capacity of various adsorbents, 
such as starch [15], corn stalk [16], alginate guar gum matrix 
[17] and so on. Peanut husk was also modified with epi-
chlorohydrin by our team [5], and the prepared adsorbent 
was used to remove carmine from aqueous solution. The 
adsorption capacity was found to be improved significantly. 
Epichlorohydrin was, therefore, chosen to modify corncob 
chemically in this work and the impacts of pH, the initial CV 
concentration, temperature and contact time on the adsorp-
tion of CV on the prepared adsorbent were investigated. The 
mechanisms were deduced with equilibrium, kinetics and 
thermodynamics. A new method derived from the Langmuir 
equilibrium constant KL was first proposed to estimate the 
thermodynamics. The aim of this work is to develop an eco-
nomic and promising biosorbent from corncob for removal 
of dyes in wastewater.

2. Materials and methods

2.1. Preparation of epichlorohydrin modified corncob

The corncob used in this work was purchased from a 
local farmers’ market. The raw material was first soaked in 
water for 24 h and then rinsed thoroughly with deionized 
water to remove impurities dissoluble in water. After that, 
it was placed in an air circulating oven and dried for 24 h at 
60°C. In order to obtain the adsorbent with uniform particle 
size, it was grounded and sieved below 60 mesh size.

40 mL of epichlorohydrin (AR) and 45 mL of NaOH 
solution (1.25 mol L–1) were mixed with 2.0 g of the raw corn-
cob. Then the mixture was placed in a water bath to react 
for 0.5 h at the temperature of 45°C ± 1°C. The obtained 
epichlorohydrin modified corncob (EMC) was filtered and 
rinsed thoroughly with distilled water until the effluent 
was neutral. And it was finally dried in an oven for 24 h at 
60°C and kept in a dryer.

The modification process can be expressed as Fig. 1 [18].

2.2. Chemicals

1.0 g of CV was dissolved into 1 L of double-distilled 
water to prepare the stock solution, which was then diluted 
to the desired concentration ranging from 50 to 200 mg L–1 to 
prepare sample solutions. The initial pH of sample solutions 
was adjusted to a preset value (1.00–12.00) ± 0.10 through 
1.0 mol L–1 of the sodium hydroxide or hydrochloric acid 
solution before the adsorbent was added.

2.3. Batch adsorption procedure

0.2 g of EMC was added to 100 mL of CV solutions at the 
desired concentration in conical flasks, which were agitated 
on a shaker at 100 rpm. Test samples were taken from the 
mixture to determine the residual concentration of CV solu-
tion at 574 nm spectrophotometrically. All experiments were 
completed three times to ensure the accuracy of the data 
and average values were used for subsequent calculation.

The adsorption capacity q (mg g–1) was calculated using 
Eq. (1).

q
v C C

m
t=

−( )0  (1)

where C0 (mg L–1) is the initial concentration, Ct (mg L–1) is 
the concentration at time t, v (L) is the volume of CV solution 
and m is the weight of the EMC used (g).

2.4. Adsorption kinetic studies

Several successive steps are usually involved in adsorp-
tion process and kinetic studies may help us to find the rate 
controlled step. For this purpose, experimental data were 
compared with those predicted by the pseudo-first-order [19] 
and pseudo-second-order models [20]. Besides, the intrapar-
ticle diffusion kinetics proposed by Weber and Morris [21] 
was also used to determine the rate-controlling step. The 
three kinetic models are given by Eqs. (2)–(4).
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where qt (mg g–1) is the adsorption capacity at time t (min–1), 
qe (mg g–1) is the calculated capacity. k1 (min–1) is the rate con-
stant for the first order, k2 (g mg–1 min–1) is the rate constant 
for the second order, Kp (mg min–1/2 g–1) is the rate constant 
for the intraparticle diffusion models and C (mg g–1) is a 
parameter related to the boundary layer.

For kinetic studies, 0.2 g of EMC was added to a series 
of flasks containing 100 mL of CV solutions with the same 
initial CV concentration, an individual flask was taken out to 
measure the residual concentration at each pre-determined 
time interval.

2.5. Adsorption equilibrium studies

Information about adsorption capacity and interaction 
force between the adsorbent and the adsorbate can be found 
from adsorption isotherms. The most widely used isotherms, 
namely, the Langmuir and Freundlich isotherms were used to 
describe the present system in this work [22,23]. Non-linear 
forms of adsorption isotherms were presented as follows:

q
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L e
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Fig. 1. General reaction scheme.
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q k Ce f e
n= 1/  (6)

where Ce (mg L–1) is the equilibrium CV concentration, qe 
(mg g–1) is the capacity at equilibrium, qmax (mg g–1) is the 
maximum Langmuir adsorption capacity, KL (L mg–1) is the 
Langmuir equilibrium constant, kf (L mg–1) is the Freundlich 
equilibrium constant and n (dimensionless) is a constant 
related to the heterogeneity of the adsorbent.

For isotherm studies, 0.1 g of EMC was added to several 
flasks containing 50 mL of CV solution at the desired 
concentration. The adsorption was conducted at temperatures 
of 298, 308 and 318 K for 24 h, respectively.

The kinetic and isotherm data were non-linearly fitted 
using the software of Microcal OriginPro 8.5.1.

2.6. Thermodynamic studies

Thermodynamic analysis of the equilibrium data may 
shed light on the mechanism of the adsorption process. The 
thermodynamic parameters, such as free energy change 
(ΔG), enthalpy (ΔH) and entropy change (ΔS), can be 
computed under the help of Eq. (7) [24].

∆ ∆ ∆G H T S RT Ke= −( ) = − ln  (7)

where Ke is the equilibrium constant (dimensionless), R is 
the universal gas constant (8.314 J mol–1 K–1) and T is the 
absolute temperature (K).

Obviously, the key factor to determine the thermody-
namic parameters with Eq. (7) is the correct calculation of 
Ke, which have been estimated using different methods. 
From these various procedures, the Langmuir constant KL 
and partition coefficient Kp were chosen as the reference to 
calculate Ke.

Many scientists used the KL and kf constants of the 
Langmuir and the Freundlich isotherms instead of the Ke 
directly [25–27], but we can see from Eq. (7), Ke should be 
a dimensionless parameter. KL ≈ Ke was considered to be 
acceptable when the solute activity can be negligible only if 
the solution of the ionic solute was very dilute or the sol-
ute was a non-ionic one [28]. It was suggested that KL could 
be converted to a dimensionless Ke with Eq. (8) when KL is 
expressed as L mg–1 [4,5,28,29] in aqueous solution. This 
calculation method has been recommended to be more 
accurate than the direct use of KL [29]. And therefore, we 
also calculate Ke with Eq. (8) as a reference.

K Ke L1
610=  (8)

Recently, partition or distribution coefficient Kp, qe/Ce or 
Ca/Ce (where Ca is the concentration of solute adsorbed onto 
the adsorbent), was often utilized directly as Ke [30–32], but 
the dimensionless one could be only obtained with Eq. (9) by 
plotting ln(Ca/Ce) vs. Ca and extrapolating to Ca = 0. If the plot 
is a straight line with a high correlative coefficient (R2), Kp can 
be used as the correct value of Ke [29,33].
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As can be seen from the Langmuir isotherm, the unit of KL 
should be L mg–1 when the Ce is in mg L–1. It can be certainly 
changed into a dimensionless parameter by multiplying with 
a variable in mg L–1, for example, 106 mg L–1, the pure water 
concentration when the adsorbate was dissolved in water. 
But from the relationship qe/Ce, it should be more reason-
able that the unit of KL be mg (adsorbate) mg–1 (adsorbent) 
over mg (adsorbate) L–1 (solution), that is, L (solution) mg–1 
(adsorbent). The Langmuir equilibrium constant KL can be 
converted into a dimensionless one by multiplying with mg 
(adsorbent) L–1 (solution) conducted in the system under 
investigation. Since 0.1 g of EMC was added into 50 mL of 
solution in the present equilibrium study, we got the Ke3 
by multiplying the KL with 2,000 mg L–1 (i.e., 0.1 g/50 mL) 
as Eq. (10).

K Ke L3 2 000= ,  (10)

ΔG was calculated using the following equation since the 
present adsorption process could be well described by the 
Freundlich isotherm [34].

∆G nRT= −  (11)

where n is the Freundlich constant.

3. Results and discussion

3.1. Characterization of EMC

3.1.1. FT-IR

The functional groups of the raw corncob and EMC are 
shown in the FT-IR spectra (Fig. 2). The two spectra presented 
similar characteristics and adsorption peaks. The strong and 
broad peak around 3,400 cm–1 could be assigned to the O–H 
groups, carboxylic groups or amide N–H stretching, corre-
sponding to the vibration of functional groups in cellulose 
or hemi- cellulose [35]. The adsorption peak at 2,925 cm–1 was 
reported to be the symmetric or asymmetric stretching vibra-
tion of C–H bonds in CH2 and CH3

 groups. The peak located 
at approximately 1,700 cm–1 was attributed to the stretching 
vibration of C=O in carboxylic acids. The peak that mostly 
characterizes epoxide groups observed around 1,100 cm–1 
has high intensity for EMC when compared with the raw 
corncob, which indicated that the modification reaction of 
epichlorohydrin was successfully accomplished.

3.1.2. XRD

The XRD of EMC (Fig. 3) showed a similar result to that 
of raw corncob with the same diffraction peak. The most 
remarkable highlighted that characteristic sharp intensity dif-
fraction peaks at 2θ values of 17°, 22.5° and 35° which reflect 
the crystalline nature of cellulose [15]. The modification with 
epichlorohydrin did not change the structure of cellulose.

3.2. Effect of initial pH of solution

pH of the solution affects the interaction force between 
the adsorbent and the adsorbate. The effect of pH on the 
adsorption of CV onto EMC was studied in the range of 2–12. 
The results obtained are presented in Fig. 4.
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As shown in Fig. 4, the adsorption capacity of CV 
increased sharply as the pH increased from 2.0 up to 4.0, 
then it increased gradually until the maximum adsorp-
tion capacity of 49.08 mg g–1 was obtained at pH 8.0. As 
pH increased further, CV adsorption decreased again. As 
a cationic dye, the adsorption of CV may be hindered by 
enhanced protonation of –NH2

 on the surface of the EMC at 
low pH. With increasing pH, protonation reduced and elec-
trostatic attractive force became dominant, which was pref-
erential for the adsorption of the positive CV ions to negative 
active sites. The successive decreasing trend under basic con-
dition (pH > 8) was due to the formation of hydroxyl species. 
Similar results for the pH effect on the CV adsorption have 
been reported in the literature [36,37].

The effect of pH on the CV adsorption has also been 
examined on the basis of the point of zero charge (pHpzc) of 
EMC. The pHpzc is the point where the curve (pHinitial–pHfinal) 
against pHinitial intersect the abscissa and then the pHinitial = 
pHfinal (Fig. 5). In order to determine the pHpzc, 0.2 g EMC 
was transferred into a 100 mL flask containing 50 mL of 

0.01 mol L–1 NaCl. The pHinitial was adjusted to 2–10 by the 
addition of 0.1 mol L–1 HCl or 0.1 mol L–1 NaOH. The flask 
was sealed and placed into a shaker for 48 h under atmo-
spheric conditions and the pHfinal

 of the solution was then 
measured. From Fig. 5, the pHpzc of EMC was established to 
be 4.06. This implies that at pH < pHpzc, the surface of EMC 
is protonated by the absorption of H+ ions resulting in an 
electrostatic repulsion with the cationic CV dye [38]. Further, 
at pH > pHpzc, EMC surface bears the negative charges which 
causes an electrostatic attraction between the cationic dye. 
This clearly indicates that for the adsorption of CV, the pH 
of the adsorption system should be greater than 4.06 when 
EMC was used as the adsorbent.

3.3. Adsorption kinetic studies

3.3.1. Effect of contact time

CV removal by EMC was conducted with the initial CV 
concentrations varied from 78.6 to 212.5 mg L–1 at temperature 
298 K as shown in Fig. 6.

Adsorption of CV proceeded very fast in the first 2.5 h 
and then tapered off until reaching equilibrium finally at 
about 24 h. The initial high rate was due to lots of vacant 
sites existed on the surface of EMC at first. Then with 
increasing time, these vacant sites were gradually occupied, 
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Fig. 2. FT-IR of raw corncob and EMC.
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the repulsive forces between CV molecules and solution 
increased, the adsorption process became slower [39]. The 
equilibrium capacity of the EMC increased from 38.64 to 
66.94 mg g–1 when the initial CV concentration increased 
up to 212.5 mg L–1 because of an important driving force 
provided with higher concentration [40].

3.3.2. Kinetic studies

The adsorption of CV dye vs. time data was tested against 
various available kinetic models. The kinetic parameters, k1, 

k2 and qe, gotten by non-linear regression analysis of Eqs. (2) 
and (3) were compared in Table 1, together with the cor-
relative coefficients R2. It was observed that the correlative 
coefficients of the pseudo-first-order model were rather 
low. Furthermore, big gaps between the calculated and 
the experimental equilibrium capacities were found. All 
these suggested that CV adsorption did not conform to the 
pseudo-first-order model.

The non-linear fit of the pseudo-second-order model is 
also presented in Fig. 6. This model seemed to give a much 
better fit for CV adsorption onto EMC when compared with 
the pseudo-first-order model, this behavior is supported 
by the high correlative coefficient R2 > 0.995 and the perfect 
agreement between qe,cal and qexp. Given that, a chemical inter-
action between CV and EMC based on electron exchange or 
charge sharing may happen besides physical adsorption in 
this process. Similar results have been reported for mala-
chite green adsorption onto modified sphagnum peat moss 
[41]. The kinetic rate constant k2 decreased with increasing 
initial CV concentrations (Table 1) because of the competi-
tion for the limited surface of adsorption sites was intensified 
with increasing CV concentrations.

As shown in Fig. 7 and Table 1, the adsorption kinetics of 
CV on EMC could be described by three-linear characteristics. 
The qt in the first portion increased rapidly with time due 
to the fast film mass transfer of CV from the bulk solution 
to the surface of EMC. During this stage, the active sites on 
the EMC surface were freely available for CV molecules, 
and the boundary thicknesses (C1) were also less. The sec-
ond portion demonstrated an intraparticle diffusion from 
the outer surface to the inside of EMC [42,43]. And the last 
section represented the gradual adsorption to equilibrium. 
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Fig. 6. Effect of contact time on the adsorption of CV (T = 298 K, 
pH = 8.0 ± 0.1, rpm = 100). The lines represented the best 
non- linear regression fits with pseudo-second-order kinetics.

Table 1
Statistical results of the application of the kinetic models

Model Initial CV concentration/mg L–1

78.6 100.5 212.5

First order kinetic k1 Rate constant, h–1 1.87 1.93 1.04 
qe,cal Equilibrium capacity, mg g–1 35.16 41.22 57.20
R2 Correlative coefficient 0.9334 0.8236 0.8782

Second order kinetic k2 (10–2) Rate constant, g mg–1 h–1 4.54 2.21 1.41 
qe,cal Equilibrium capacity, mg g–1 38.46 48.54 66.67
R2 Correlative coefficient 0.9992 0.9964 0.9972

Intraparticle diffusion Kp1 (10–1) Rate constant, mg h–1/2 g–1 21.62 26.78 22.62
C1 6.53 8.48 13.26
R1

2 Correlative coefficient 0.9853 0.9554 0.981
Kp2 (10–1) Rate constant, mg h–1/2 g–1 2.8 4.57 8.89
C2 26.57 27.08 31.65
R2

2 Correlative coefficient 0.832 0.9694 0.9651
Kp3 (10–1) Rate constant, mg h–1/2 g–1 0.92 2.67 4.77
C3 33.47 35.03 42.68
R2

3 Correlative coefficient 0.8938 0.9021 0.9289

qe,exp Experimental data of the  
 equilibrium capacity, mg g–1 38.64 48.50 66.94
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As expected, the rate constants Kp decreased from the exter-
nal to intraparticle diffusion and to equilibrium due to the 
gradual occupation of pores and surface spaces by the CV 
molecules. And consequently, an increase in boundary thick-
ness at the surface of EMC was observed. Similar discoveries 
were observed for other adsorption systems [44–46].

3.4. Adsorption isotherms

Equilibrium adsorption studies of CV were conducted 
at 298, 308 and 318 K and depicted in Fig. 8. The adsorp-
tion parameters obtained by non-linear regression analysis 
based on the Langmuir and Freundlich isotherms are listed 
in Table 1. According to Fig. 8 and Table 2, the adsorption 
capacity was found to increase slightly with increasing 
temperature from 298 to 318 K, which indicated that the 
adsorption of CV onto EMC maybe of endothermic nature. 
Furthermore, the increasing trend of adsorption with tem-
perature is mainly due to the strength of adsorptive forces 
between the active sites of EMC and CV. The correlative 
coefficient R2 values confirmed that the Langmuir isotherm 
exhibited a better fit to the equilibrium data (all > 0.985). It 
may be due to a homogenous distribution of active sites on 
the EMC surface since the Langmuir equation assumes that 
the surface is homogenous [22]. Based on electrostatic attrac-
tions, active sites are occupied by CV molecules and no more 
adsorption is possible on these sites. The Langmuir maxi-
mum adsorption capacity of EMC for CV listed in Table 1 
was 71.43 mg g–1 at 318 K. n values of the Freundlich iso-
therm (all > 1) were high enough for CV adsorption onto 
EMC [47]. The heterogeneity of the adsorption is evaluated 
in terms of n value of the Freundlich model. The values of n 
were all greater than 1 and thereby indicated that non-linear 
heterogeneous adsorption also occurred in this process [23].

3.5. Thermodynamic studies

Different Ke values calculated using Eqs. (8)–(10) are listed 
in Table 3. The plots of ln(Ca/Ce) vs. Ca are given in Fig. 9. 
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Fig. 7. Intraparticle diffusion model plots at different initial 
concentrations (T = 298 K, pH = 8.0 ± 0.1, rpm = 100).
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Fig. 8. Adsorption isotherms of CV on EMC (pH = 8.0 ± 0.1, 
contact time = 24 h, rpm = 100).

Table 2
Langmuir and Freundlich isotherm constants of CV on EMC

T/K Langmuir constants Freundlich constants

qmax/mg g–1 KL/L mg–1 R2 n kf R2

298 64.10 0.2508 0.9938 5.17 27.28 0.9725
308 68.03 0.2402 0.9929 4.76 27.17 0.9796
318 71.43 0.2174 0.9857 4.13 25.19 0.9956

Table 3
Ke values of different methods

T(K) KL  
(L mg–1)

Ke1  
(106KL)

Ke2 (Kp(R2)) Ke3  
(2,000 KL)

n

298 0.2464 246,400 475.13 (0.9574) 492.89 5.17
308 0.2402 240,200 402.70 (0.9624) 480.39 4.76
318 0.2174 217,400 350.44 (0.9441) 434.78 4.13
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Fig. 9. Plot of ln(Ca/Ce) vs. Ca (pH = 8.0 ± 0.1, contact time = 24 h, 
rpm = 100).
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We considered the thermodynamic parameters calculated 
with Ke2 trustful since the R2 values were high enough (all 
near 0.95). The obtained Ke3 calculated by the newly estab-
lished method in Table 3 was pretty close to that of Ke2, we, 
therefore, believe the conversion of KL by multiplying with 
2,000 to get the dimensionless Ke is credible.

Thermodynamic parameters obtained using Eqs. (7)–(11) 
are presented in Table 4. As shown by Table 4, the applied 
equilibrium constants showed a significant impact on the 
values of ΔG. ΔG values calculated with Ke1 were two-three 
times the values calculated with Ke2, Ke3 (dimensionless) and 
n, and the latter were very close. The negative values of ΔG 
derived from the constants Ke1, Ke2, Ke3 (dimensionless) and 
n revealed that the adsorption process was spontaneous 
[48], while the positive ΔG value calculated directly with KL 
(L mg–1) provided a completely opposite sign. Therefore, a 
diverse even contradictory result could be deduced about the 
spontaneity of the adsorption process. However, since EMC 
showed excellent adsorption capacity for CV, it can be con-
cluded that the adsorption of CV onto EMC is spontaneous.

The negative ΔH values could hardly be assigned to an 
exothermic process because of the slightly increased adsorp-
tion capacity at a higher temperature. This phenomenon can 
be better explained by an increase of dye adsorption rate 
under higher temperature due to the existence of chemical 
reaction. The calculated positive values for ΔS reflected the 
affinity between CV and EMC and the increased random-
ness on the EMC surface. Similar results were reported in the 
biosorption process of Co(II) ions [49].

Different methods were chosen to calculate the thermo-
dynamic parameters, but the choice of selecting the most 
appropriate one is still an open question. In this work, 
we developed a new method derived from KL to calcu-
late thermodynamic parameters, and the obtained ΔG was 
pretty close to that calculated by Kp.

3.6. Comparison of the qmax of various adsorbents

The Langmuir maximum CV adsorption capacities of 
different adsorbents are compared in Table 5. qmax of EMC 
for CV was 71.43 mg g–1, which was comparable with other 
adsorbents. EMC could be used as a promising adsorbent for 
dye removal from aqueous solutions.

4. Conclusions

A novel EMC adsorbent from raw corncob was prepared 
and characterized, and the adsorption behaviors of CV onto 
EMC were investigated in batch mode. The adsorption capac-
ity of the EMC was considerably impacted by pH, contact 
time, initial CV concentration and temperature. The equilib-
rium phenomenon can be well described by both Langmuir 
and Freundlich equations. The obtained qmax is 71.43 mg g–1 at 
318 K estimated with the Langmuir isotherm model. A new 
method derived from the obtained Langmuir equilibrium 
constant KL was first proposed to estimate the thermody-
namics. The obtained negative values of ΔG demonstrated a 
spontaneous process of CV onto corncob. Kinetic equations 

Table 4
Thermodynamic properties of the systems tested

T (K) KL ΔG (kJ mol–1) ΔH(R2) (kJ mol–1) ΔS (J mol–1 K–1)

Ke1(106KL) Ke2 (Kp) Ke3 (2,000 KL) n Ke2 Ke3 Ke2 Ke3

298 3.47 –30.80 –15.27 –15.36 –12.81
–5.66 
(0.9813)

–11.98 
(0.988)

32.79 11.01308 3.65 –31.73 –15.36 –15.81 –12.19
318 4.03 –32.49 –15.49 –16.06 –10.92

Table 5
Comparison of adsorption capacities of various adsorbents for CV

Absorbent Langmuir qmax (mg g–1) T (°C) References

Moroccan pyrophyllite 13.88 50 [50]
Peanut hull 33.33 50 [51]
Raw corncob 33.50b 25 Present Work
Chitin nanowhiskers from shrimp shell 39.56 – [52]
Terminalia arjuna sawdust 45.99a – [53]
CuO/meso-silica nanocomposite 52.9 [54]
EMC 71.43 45 Present Work
Gum arabic-cl-poly(acrylamide) nanohydrogel 90.9 – [36]
Functionalized multi-walled carbon nanotube 100 – [55]

aEquilibrium adsorption capacity at the optimum adsorbent dose and pH of 0.4 g L−1 and 7, respectively.
bAdsorption capacity of 33.50 mg g–1 was obtained under the following experimental conditions: 100 mL CV solution with the initial 
concentration of 95.62 mg L–1, 0.2 g of raw corncob, 25°C of temperature and adsorption for 14 h. Under the same conditions, 42.51 mg g–1 of 
capacity was obtained by the EMC.
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were used to analyze the adsorption kinetics at different 
initial CV concentrations and revealed that the kinetic data 
could be more properly elucidated by the pseudo-second- 
order kinetic model. The results of the study indicated that 
EMC can be used as a promising adsorbent for dye removal.
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