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ABSTRACT: To observe the feasibility of the removal of carmine, peanut husk, an agriculture  
by-product, was crosslinked with epichlorohydrin in alkaline medium and used for adsorption  
of carmine from aqueous solution. Batch experiments were carried out to study the effects of various 
parameters such as initial pH, contact time, adsorbent dosage and initial carmine concentration  
as well as temperature on carmine adsorption. The results indicated that adsorption equilibrium data 
could be more effectively described by Langmuir isotherm equation than by Freundlich equation. 
The maximum monolayer adsorption capacity of peanut husk from the Langmuir model was  
6.68 mg/g at 323 K. The pseudo second-order model provided a better fit to experimental data  
in the kinetic studies. The mass transfer model such as the intraparticle diffusion was applied  
to the experimental data to examine the mechanisms of the rate-controlling step. It was found that 
the intraparticle diffusion is the significant controlling step under the experimental conditions  
but it was not the unique one. The thermodynamic parameters of the adsorption process  
were also calculated by using constants derived from Langmuir equations, which propose  
an endothermic physical spontaneous adsorption process. 
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INTRODUCTION 
The dye based industrial wastewaters which  

were discharged from many industries, such as textiles, paper, 
leather, plastics, printing and cosmetics, have to be treated 
due to their impacts on water bodies. More and  
 
 
 

more people realize the toxicity and carcinogenicity of 
dye-based based industrial wastewaters[1-3]. But many 
dyes are difficult to be degraded because of their complex 
aromatic species and xenobiotic properties. The removal  
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of synthetic dyes has become an important portion of 
dyes-based wastewater treatment. There are several 
methods to remove dyes such as treating dyes-containing 
wastewaters with physical and chemical processes. Nowadays 
activated carbon works as adsorbent to remove dyes  
in the wastewater in most commercial systems because  
of its high adsorption ability. But the processing costs  
are expensive. So people try to develop cheaper and effective 
adsorbents to remove dyes and find an alternative method 
from different starting materials such as bagasse pith[2], 
clay [4], saw dust [5], mango seed kernel[6], wheat 
straw[7], apple pomace [7], peanut husk [8-10], etc.  

Peanut husk, an agricultural-by-products available in large 
quantity in china, often burned and discarded directly, which 
produce waste gas and dust. Fortunately, a possible solution 
has been found to utilize peanut husk as an adsorbent  
to remove contaminants from waste water. Peanut husk  
was introduced directly as a low-cost adsorbent for the efficient 
removal of Sunset Yellow dye from aqueous solution [11]. 
However,raw peanut husk cannot be used as a good natural 
adsorbent due to two major limitations.First,on contact with 
water, there is a leaching of yellowish color into solutions. 
Second, on prolonged contact with water, peanut husk tends 
to disintegrate. Researchers have studied the removal of 
heavy metals [12], phenol [13] and dyes [14] by partially 
carbonized peanut husk or by activated carbon from peanut 
husk. The purouse of this work was to produce a new 
adsorbent from peanut husk chemically crosslinked with 
epichlorohydrin in alkaline medium and the adsorption of 
carmine on it was investigated. The experiments were done 
in the same batch system to evaluate the adsorption capacity 
of the adsorbent, and the adsorption of carmine was studied 
on account of the initial carmine concentration,  
pH, adsorbent dosage, particle size and temperature.  
The equilibrium of adsorption was modeled with the Langmuir 
and Freundlich isotherms. The kinetic parameters and 
intraparticle diffusion were also determined for this process. 
Finally thermodynamic parameters such as Gibbs free 
energy change,isosteric enthalpy change and entropy change 
have also been calculated. 

 
EXPERIMENTAL  SECTION 
Preparation of Chemically Crosslinked Peanut Husk 
(CPH) 

The peanut husk used in this study was obtained from 
a farmers’ market in Chongqing, Rep. of China.  

The peanut husk was sieved into 40-60 meshes before 
modification. 2.0 g of the raw peanut husk was mixed 
with a solution of NaOH (45 mL, 1 mol/L) and 
epichlorohydrin (30 mL), then the mixture reacted for 1.5 h 
at (55 ± 1) °C. The Crosslinked Peanut Husk (CPH)  
was rinsed with distilled water to remove residual 
materials and then oven-dried and stored in a desicator. 
 
Chemicals 

Stock solution was prepared by dissolving 0.1 g 
carmine in 1000 mL of twice-distilled water. The test 
solutions were prepared by diluting to the desired 
concentrations. All reagents used in this study were 
analytical reagent grade. The initial pH was adjusted  
to the pre-determined value using NaOH or HCl solutions 
prior to addition of adsorbent. 
 
Batch adsorption studies  

Batch adsorption experiments were conducted  
in 150mL conical flasks containing different amount of 
CPH (0.2 - 1.0 g) and 100 mL of carmine solutions at the 
desired concentration, different pH values(2 - 12) and  
the constant temperature. The flasks were agitated  
on a shaker at 150 rpm constant shaking rate. Samples 
were taken from mixture during stirring at pre-determined 
time intervals to determine the residual color concentration 
in the system. The samples were centrifuged and  
the supernatant liquid was analyzed for the remaining color. 
All the experiments were carried out twice in parallel and 
average values were calculated further. For isotherms 
studies, a series of flasks containing 100mL carmine 
solution in the range of 10 - 50 mg/L were prepared.  
The weighed amount of 0.2 g CPH was added to each 
flask and then the mixtures were agitated at temperature 
of 30, 40 and 50°C respectively. These experiments  
were carried out at a constant pH of 2.0 ± 0.1 for duration of 24 h. 

The adsorption capacity q(mg/g) and the percent 
removal efficiency %R were calculated respectively  
as follows:   

m
)cc(vq t0 −=                                                                (1) 

100
c

)cc(R%
0

t0 ×
−

=                                                    (2) 

where c0 and ce are the initial and the equilibrium 
concentrations (mg/L); ν is the volume of carmine 
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solution used (L); and m is the mass of the dry CPH used(g). 
 
Analysis  

The concentration of residual color of carmine 
in the adsorption system was determined spectrophotometrically. 
The absorbance of the color was measured at 508 nm. 
 
Adsorption isotherms and thermodynamic parameters 

There are several variation types of adsorption isotherms. 
Langmuir and Freundlich isotherms which are most 
widely used since they can be applied to a wide range of 
adsorbate concentrations. The linear form of the Langmuir 
equation is generally accepted in the following variation: 

max

e

maxLe

e

q
c

qK
1

q
c

+=                                                    (3) 

where ce is the equilibrium concentration of dye 
solution(mg/L), qe is the equilibrium capacity of dye  
on the adsorbent (mg/g), qmax is the maxium monolayer 
adsorption capacity of the adsorbent (mg/g), and KL  
is the Langmuir adsorption constant (L/mg). 

The Freundlich isotherm equation is a semi-empirical 
one employed to describe heterogeneous system: 

eFe Cln
n
1klnqln +=                                                         (4) 

where kF (L·mg-1)and n (dimensionless) are the 
Freundlich adsorption isotherm constants, indicating the 
capacity and intensity of the adsorption, respectively. 

Thermodynamic parameters indicate energy transformation 
in the adsorption process, which can estimate the effect of 
temperature on carmine removal. Thermodynamic 
parameters, namely, Gibbs free energy values ∆G (J/mol), 
the isosteric enthalpy change ∆H (J/mol) and entropy 
change ∆S (J/mol·K) at different temperature  
were calculated by the following equations[15,16]: 

KlnRTG −=∆                                                         (5) 

ttancons)
RT

H()c/1ln( e +
∆−

=                               (6) 

T
GHS ∆−∆

=∆                                                         (7)  

where R is the universal gaseous constant(8.314 
J/mol·K),T is the absolute temperature(K), and K is  
the equilibrium constant. 

It is well known the unit for ∆G is J/mol. Since  
the unit for the term RT is also J/mol, the K in Eq.(6) 
must be dimensionless. The present study was investigated  
in aqueous solution and KL (the Langmuir constant) is given 
in L/mg, the K can be easily recalculated to become 
dimensionless by multiplying it by 106(number of mgs of 
water per liter of solution, since the solution density  
is approxiamely 1 g/mL). Accordingly, the ∆G value 
should be obtained from: 

)K10ln(RTG L
6−=∆                                               (8) 

The term 106KL (L/mg) (mg/L) is dimensionless. 
 
Adsorption Kinetics 

In order to examine the controlling mechanism of 
adsorption processes such as mass transfer and chemical 
reaction, pseudo-first order, pseudo-second order and 
intraparticle diffusion kinetic equations were used  
to correlate the experimental data. The pseudo- first order 
kinetic model was suggested by Lagergren [17] for the 
adsorption of solid/liquid systems and its integrated form 
is given below: 

tk - lnq= )q - ln(q 1ete                                                     (9) 

where qt(mg/g) is the adsorption capacity at time 
t(min-1) and k1 (min) is the rate constant of the pseudo-
first adsorption. 

The kinetic data were further analyzed with Ho’s 
pseudo-second order kinetics model [18]. This model  
is based on the assumption that the adsorption follows 
second-order chemiadsorption. Its integrated linear form 
can be expressed as: 

2
e2et qk

1
q
t

q
t

+=                                                           (10) 

The adsorption of carmine onto CPH follows 
generally three consecutive steps of external diffusion, 
intraparticle diffusion and actual adsorption. One or more 
of these steps control the adsorption kinetics altogether or 
individually. In a completely agitated batch system,  
the external diffusion resistance is minimal, and  
the intraparticle diffusion is more likely to be the rate 
controlling step [19]. The kinetic data can also be analyzed 
by intraparticle diffusion kinetics model [20],  
as described below: 
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Fig. 1: Effect of pH (T = 30 ℃,c0 = 30 mg/L,CPH dosage = 5 g/L, 
rpm = 150). 
 

Ctkq 2/1
pt +=                                                              (11) 

where kp (mg/min1/2·g) is the intraparticle diffusion 
rate constant and C (mg/g) is a constant. where  
k2(g/mg·min) is the rate constant of the pseudo-second-
order adsorption. 

For elucidation of the adsorption rate controlining 
mechanism, a mathematical model was also proposed  
to give the intraparticle diffusion coefficient. Intraparticle 
diffusion coefficient, D(cm2/s), may simply be calculated 
from the Wünwald-Wagner intraparticle diffusion model 
[21]: 

t
d303.2
D4)6lg()

q
q

1lg( 2

2

2
e

t π
−

π
=−                                    (12) 

 
RESULTS  AND  DISCUSSION 
Effect of Initial pH of solution 

The pH value of the solution is an important factor 
that must be considered in the adsorption process.  
The initial pH of the working solutions has been adjusted 
between pH 2-12 by addition of diluting HCl and NaOH 
solution. The effect of pH on the adsorption of carmine 
was shown in Fig. 1. 

As shown in Fig.1, a sharp decrease in the adsorption 
capacity occurs as the pH of the initial solution was 
increased from 2.0 up to 6.0 beyond which the rate of 
adsorption remains almost constant. For the subsequent 
studies, pH 2.0 was selected as an optimal pH value.  

The higher adsorption of carmine at lower pH may be 
due to the enhanced protonation by neutralization of 
negative charge at the surface of the CPH. It contributed 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Effect of initial carmine concentration (T = 30 °C,  
pH = 2.0, CPH dosage = 2g/L, rpm = 150). 
 
to the preferential adsorption of the dye over active sites 
and facilitates the diffusion process in the working 
solution. With increasing pH, protonation reduces and 
electrostatic repulsive force becomes dominant, which 
inhibits diffusion and adsorption. 
 
Effect of initial carmine concentration  

The adsorption experiments were carried out at given 
contact times for three different initial carmine 
concentrations at an adsorbent dosage of 2 g/L at 
temperature 30 ± 1°C. The effect of the rate of adsorption 
is shown in Fig. 2. The adsorption capacity increased 
considerably as increasing contact time. The contact time 
to reach saturation with initial concentration of carmine 
between 26.5- 65.7 mg/L was approximately 20 h.  
Fig.2 also shows that the equilibrium capacity of CPH 
increased from 5.62 to 8.66 mg/g as increasing initial 
concentration of carmine because the initial carmine 
concentration provides an important driving force  
to overcome all mass transfer resistance. The increase  
of loading capacity of CPH with increasing carmine 
concentration may also be derived from the higher 
interaction between carmine and CPH.  

 
Effect of the adsorbent dosage 

Fig. 3 shows the effect of adsorbent dosage  
on the percent removal efficiency. The percent removal 
efficiency increased from 43.3% up to 98.5% as  
the adsorbent dosage increased from 2 to 10 g/L, which  
can be attributed to increased surface area and the adsorption 
sites. 
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Table 1: Thermodynamic properties of the systems tested. 

qe (mg/g) ∆H (kJ/mol) 
∆G (kJ/mol) ∆S (J/mol·K) 

303K  313K 323K 303K  313K 323K 

4 13.83 
-34.80 -35.85 -36.34 

160.49 163.96 165.58 

5 34.69 229.34 232.81 234.42 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Effect of absorbent dosage (T = 30°C, pH = 2.0,  
c0 = 30 mg/L, rpm = 150). 
 
Since the particle size range is constant, the surface area 
will be regulately proportional to the mass of CPH used.  
 
Effect of temperature  

Removal of carmine by CPH was performed by 
varying dye concentration from 10-50 mg/L at 
temperature 303,313 and 323K, respectively. Fig. 4 
shows that adsorption capacity increased from  
3.56 to 5.29 mg/g at 303K, from 3.9 to 6.03 mg/g at 313K, 
and from 3.91 to 6.65 mg/g at 323K by increasing carmine 
concentration. At the same temperature, the increased 
initial carmine concentration resulted in a higher driving 
force for mass transfer. 

  Adsorption of carmine on CPH was enhanced  
by increasing the temperature from 303 K to 323 K  
at different initial dye concentration. According to Fig.4, 
there was an increase in equilibrium adsorption capacity 
at the same concentration when the temperature was high, 
due to an endothermic process. Thermodynamic 
parameters were determined by investigation effect of 
temperature on carmine adsorption. 
 
Thermodynamic parameters 

Thermodynamic parameters, i.e. free energy 
change(∆G), isosteric enthalpy change(∆H) and entropy  
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Effect of initial dye concentration by CPH (contact 
time = 24 h,pH = 2.0,adsorbent dosage = 2 g/L, rpm = 150). 
 
change(∆S), vary with the thermodynamic equilibrium 
constant (K) and have been calculated using Eq.(6),Eq.(7) 
and Eq.(8).The values of thermodynamic parameters  
are reported in Table 1. The negative values of ∆G reveal 
that the adsorption of carmine is thermodynamically feasible 
and spontaneous. Positive value of ∆H confirms  
the endothermic nature of the adsorption process. Hence, 
the adsorption capacity will increase with increasing 
temperature. The numerical value of ∆H also predicts  
the physisorption behavior which confirms the adsorption 
theory of Langmuir model. The positive values of ∆S 
reflect the affinity of CPH to carmine and also indicate 
the increased disorder at the solid/solution interface 
during the adsorption process. 
 

Adsorption Isotherms parameters 
The adsorption isotherm studies give information 

about the capacity of adsorbent to remove dyes. 
Experimental adsorption equilibrium data in Fig. 4 
obtained at 303,313 and 323 K were fitted with  
Langmuir model. The plot of ce/qe against ce yields 
straight lines (Fig. 5).The correlative coefficient R2 
values confirm that the adsorption equilibrium data fitted 
well with the Langmuir model under the studied 
conditions. This indicates uniform adsorption and strong 
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Table 2: Isotherms constants for the adsorption of carmine on CPH. 

T (K) Langmuir constants Freundlich constants 

 qmax (mg/g) KL (L/mg) R2 kF n R2 

303 5.443 0.999 0.9991 3.262 6.75 0.7968 

313 6.090 0.960 0.9908 3.657 6.78 0.7957 

323 6.684 0.752 0.9874 3.615 5.60 0.8037 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5: Fit linear of the Langmuir isotherm. 
 
 
dye-adsorbent interactions over the surface of the 
adsorbent. The values of the Langmuir constants KL,  
the monolayer capacity of adsorbent qmax, and R2 are listed 
in Table 2. It was seen that the maximum monolayer 
capacity of CPH is determined as 5.443,6.090,6.684 mg/g 
for 303,313 and 323 K, respectively. The qmax increased 
with increasing temperature, while equilibrium constant 
KL decreased as temperature increased.  

The magnitude of R2 indicated the inadequacy of 
Freundlich model to explain the adsorption process. 
Based on the comparison of R2, the adsorption isotherms 
were better described by the Langmuir equation.  
 
Kinetic parameters of adsorption 

In order to investigate the adsorption process of carmine 
onto CPH, pseudo first-order, pseudo second-order and 
intraparticle diffusion model were used. The plots of 
linearized form of the pseudo first-order model are in Fig. 6. 
The values of k1, qeq and correlative coefficients are compared 
in Table 3. The correlation coefficients for the pseudo first-
order kinetic model were less than 0.95. Moreover, a large 
difference of equilibrium adsorption capacity (qe) between the 
experiment and calculation was observed, indicating a poor 
pseudo first-order fit to the experimental data. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig.6: Pseudo-first order adsorption kinetics (T = 30 °C,  
pH = 2.0, CPH dosage = 2g/L, rpm = 150) 
 

The linearized form of pseudo second-order model  
is presented in Fig. 7. The rate constant k2, the qe value and 
the corresponding linear regression correlation coefficient 
R2 under different concentrations were calculated from 
the linear plots of t/qt against t and the results are given  
in Table 3. At all initial carmine concentrations, the straight 
lines with extremely high correlateive coefficients 
(>0.99) were obtained. In addition, the calculated  
qe values are also consistent with the experimental data  
in the case of pseudo-second order kinetics. These reveal 
that the adsorption data are well represented by pseudo 
second-order kinetics. From Table 3, the values of k2 
decrease with initial carmine concentration. This may be 
due to the low competition for the adsorption sites at 
lower concentration. Similar types of kinetic model 
parameters were obtained by various researchers  
in literatures [22-24]. 

The possibility of intraparticle diffusion cannot be 
overlooked because of the long adsorption equilibrium 
time in our experiments. For clear illustration of this, 
intraparticle diffusion model was proposed to describe  
the adsorption process (Fig. 8). The time dependence of qt  
in Fig. 8 could be presented in two straight lines which 
could be well fitted linearly. The multi-linearity 
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Table 3: Statistical results of the application of the kinetic models. 

Model 
Initial carmine concentration (mg/L) 

26.5 32.4 65.7 

First order kinetic 

k1 Rate constant, min-1 0.0019 0.0019 0.002 

qe,cal Equilibrium capacity mg/g 3.53 4.29 4.96 

R2 Correlation coefficient 0.9358 0.9315 0.9498 

Second order kinetic 

k2 Rate constant, g/mg.min 0.0023 0.0019 0.0016 

qe,cal Equilibrium capacity, mg/g 5.71 6.61 7.78 

R2 Correlation coefficient 0.9934 0.9915 0.9928 

Intraparticle diffusion 

kp Rate constant,mg/min.g 0.0654 0.0865 0.1096 

C Intercept 3.21 3.37 3.79 

R2 Correlation coefficient 0.9846 0.9788 0.983 

Wünwald-Wagner intraparticle diffusion 

D Effective diffusion coefficient, cm2/s 6.64×10-10 6.08×10-10 4.09×10-10 

 Intercept -0.2942 -0.3504 -0.3843 

R2 Correlation coeeficient 0.9968 0.9875 0.9625 

qe,exp  Experimental data of the equilibrium capacity, mg/g 5.73 6.70 7.78 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7: Pseudo-second order adsorption kinetics (T = 30 °C, 
pH = 2.0, CPH dosage = 2g/L, rpm = 150). 
 
supported that the intraparticle diffusion was dominant  
in carmine adsorption. The qt in the first portion showed  
a rapid increase with time, which is attributed to the rapid 
external diffusion of dyes to the surface of CPH. The second 
portion corresponded to the intraparticle diffusion effect. 
The kp values were directly calculated from the slope  
of the second regression line and the values of kp, C and 
correlation coefficients are also shown in Table 3. It is found 
that the correlation coefficients for the intraparticle diffusion 
model are all approximate 0.98. However, the linear plots  
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8: Intraparticle diffusion (T = 30 °C, pH = 2.0, CPH 
dosage = 2g/L, rpm = 150). 
 
at each concentration did not pass through the origin of 
coordinates, which indicates that the intraparticle 
diffusion was not the sole rate-controlling step [24-26]. 

Table 3 showed the calculated results of Wünwald-
Wanger intraparticle diffusion model and revealed that 
the values of the internal diffusion model and revealed 
that the values of the internal diffusion coefficient fall 
well within the magnitudes reported in literature [21], 
which suggested that the adsorption of carmine should be 
governed by intraparticle diffusion mechanism. 
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CONCLUSIONS 
In this study, the adsorption of carmine onto peanut 

husk crosslinked with epichlorohydrin in alkaline 
medium was investigated from equilibrium, kinetic and 
thermodynamic aspects. The results indicated that  
the adsorption capacity of the CPH was considerably affected 
by temperature, initial carmine concentration and pH 
value. It is also reported that carmine adsorption 
increased with temperature up to 323K, and increased 
with initial carmine concentration up to 65.7 mg/L. 

The Langmuir isotherm model provided a better 
description for the adsorption equilibrium when 
compared with the Freundlich isotherm equation.  
The CPH can be used as an effective low-cost agriculture  
by-product adsorbent for the removal of carmine  
with its adsorption capacity of 6.68 mg/g at 323 K. 
The kinetics of carmine adsorption onto CPH was 
studied by means of the pseudo-first and pseudo-second 
order kinetic models. The results showed that the pseudo-
second order equation provided a better correlation  
of the adsorption data. The intraparticle diffusion kinetics 
gave two linear regions, which indicated that the intraparticle 

diffusion was not the sole rate-controlling step.  
The thermodynamic constants of the process  

were also evaluated. The positive values of ΔH indicated 
an endothermic process. The negative values of ΔG 
confirmed the spontaneous nature and the positive values 
of ΔS showed the increasing disorder at the solid-solution 
interface during the adsorption. 
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