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Abstract
The ability of coffee husks (CHs) and corn cobs (CCs) as biosorbents for methylene blue (MB) was investigated in batch 
mode. The energy dispersive X-ray spectroscopy was used for the determination of elemental composition of both biosor-
bents. Sorption experiments were carried out as a function of temperature, pH and MB initial concentration. Adsorption 
capacities of both materials significantly increased with the MB initial concentration. Among the various kinetic and 
adsorption isotherm models, the experimental adsorption data were best fitted in pseudo-second-order kinetic model 
and Langmuir isotherm model. The maximum adsorption capacities at room temperature were found to be 79.60 and 
73.16 mg g−1 for CHs and CCs respectively. Moreover, the great affinity of MB towards CHs led to deep electrochemical 
experiments shown that CHs can be used as prominent modifier for a carbon paste electrode (CPE). The linear dynamic 
range of MB was found within the concentration range of 1–125 µmol/L with a detection limit (3σ) of 3 μM. The elabo-
rated sensor was successfully applied for the determination of adsorption capacities of CHs placed into a column for MB 
biosorption in river water, suggesting that CH-CPE could be an efficient tool for MB detection in environmental samples.

Keywords Isotherm · Biosorbent · Voltammetry · Electroanalysis · Carbon paste electrode

1 Introduction

The daily and intensive use of dyes remains nowadays a 
threat for human beings and microorganisms, for both 
vegetal and animal origins. Dyes are widely used in tex-
tiles, paper, rubber, plastics, leather, cosmetics, pharma-
ceutical and food industries. Environmental pollution by 
that class of compounds is mainly due to the discharge of 
industrial wastewater into surrounding water and natu-
ral streams [1]. Dyes usually have a synthetic origin and 
complex aromatic molecular structures which make them 
more stable and more difficult to biodegrade [2]. The dis-
charge of coloured wastewater from previously mentioned 

industries has caused many significant problems such as 
the increase of the toxicity and chemical oxygen demand 
(COD) of the effluent, and also the reduction of light pen-
etration, which has a derogatory effect on photosynthetic 
phenomena [3].

Methylene blue (MB, Scheme 1) also called methylth-
ioninium chloride, is a cationic dye of the xanthine family. 
MB has wider applications, which include colouring paper, 
temporary hair colorant and coating for paper stock. It is 
one of the most consumed dyes in textile industry, used 
for cotton and silk painting [4].

It is also widely exploited in various fields related to 
chemistry and biology [5] where it is associated with the 
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determination of glucose, oxygen and ascorbic acid [6]. 
Though MB is not strongly hazardous, it can cause some 
harmful effects. Acute exposure to MB will cause increased 
heart rate, vomiting, shock, Heinz body formation, cyano-
sis, jaundice, quadriplegia, and tissue necrosis in humans 
[3]. When inhaled or ingested, it can cause nausea, diar-
rhoea, gastric, severe headache or mental disorder [7]. To 
deal with these problems, various conventional methods 
have been developed to eliminate colorants from indus-
trial effluents. They include reduction followed by chemi-
cal precipitations [8], ion exchange [9], inverse osmosis 
[10], coagulation and flocculation [11], oxidation or ozo-
nation [12], membrane separation [13] and adsorption 
on activated commercial charcoal [14, 15]. Most of these 
methods are however expensive, especially when applied 
to effluents with high flow rates or high concentration of 
dyes. The literature reports many studies on MB adsorption 
on activated carbons, the most common adsorbent used 
[16, 17]. However, the cost of this material is the main limi-
tation for its intensive use [18]. As substitution materials, 
clays have been the subject of numerous research studies 
and the results obtained so far are often comparable to 
those obtained with activated carbon [19–21]. In recent 
years, a new class of biosorbents and specifically ligno-
cellulosic materials have been investigated for the same 
purposes, their attractiveness resulting from their great 
availability, low cost, biodegradability and organophilic 
character. Yet, some preliminary studies have shown the 
ability of this class of materials to quantitatively accumu-
late organic compounds such as dyes [22] and pesticides 
[23]. The uptake of such organic compounds is commonly 
achieved via the hydroxyl and carbonyl groups found 
abundantly in polysaccharides (cellulose and hemicel-
luloses) and lignin [19]. In Cameroon characterized by 
intense agricultural activities, large amounts of CHs and 
CCs are produced annually but their applications as soil 
fertilizers, livestock feed or compost are still limited. By 
contrast, a common practice consists to burn or to dump 
these agricultural by-products into environment.

On the other hand, the monitoring of water contami-
nated by dyes is of great importance, both from analytical 
and environmental points of view. As for common electro 
active organic compounds, one could reasonably develop 

amperometric sensing devices useful in the quantification 
of such a dye. Yet, amperometric sensors are cost effective, 
require simple operations and are usually sensitive for the 
detection at very low concentration of analytes. In that 
field, carbon paste electrodes (CPEs) have been shown as 
attractive tool due to some of their typical properties such 
as low background currents, long-time stability, high polar-
ization limits, easy fabrication and comfortable renewal of 
the paste [24]. In connection with electrochemistry, MB 
has been usually used as indicator [25] and as electron 
mediator or hybridization agent system in biosensing 
analysis [26–29]. Only few works have been also reported 
on the electroanalysis of MB, that include the investigation 
by cyclic voltammetry of the electrochemical behavior of 
MB at a carbon fibre micro cylinder electrode [30] and the 
determination of MB at a thiol functionalized-clay CPE [31]. 
Obviously, the development of simple and low-cost proce-
dure for the quantification of MB is still necessary. There-
fore, the purpose of the present study was first to evalu-
ate the biosorption ability of two lignocellulosic materials, 
CHs and CCs for the uptake of MB in aqueous solution. 
Key parameters likely to influence the sorption of MB by 
the investigated materials were analysed and optimised. 
Secondly, the possibility of using a carbon paste electrode 
chemically modified by CHs as amperometric sensor for 
the detection of MB was also investigated. The detection 
limit of the elaborated sensor for MB detection was clearly 
established. Finally, the tested electrode was successfully 
applied for the evaluation of MB biosorption in river water 
on column, using CHs as adsorbent.

2  Materials and methods

2.1  Reagents, chemicals and apparatus

A stock solution of MB was prepared by dissolving in dis-
tilled water MB (98%, BDH-Prolabo). Homogenization of 
the solutions was carried out by using an Edmund Bühler 
GmbH SM-30 shaking table. The residual concentrations 
of MB after biosorption were measured using a JENWAY 
spectrophotometer. A 0.1 M phosphate buffer solution 
(PBS) at pH 7.4 prepared from  KH2PO4 and  K2HPO4 (both 
from Sigma-Aldrich) was used as supporting electrolyte 
in the electrochemistry section. NaCl, HCl (37%), NaOH 
and MeOH were of analytical reagent grade and used 
as received. When necessary, 0.1 M NaOH and 0.1 M HCl 
were used to adjust the pH of the solutions. Energy disper-
sive X-ray spectroscopy (EDX) experiments was achieved 
by Field Emission Gun Scanning Electron Microscopy 
(FEG-SEM) on a JSM-6301F apparatus from JEOL (SCIAM, 
University of Angers, France). Images obtained were 

Scheme 1  Structure of methylene blue
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from secondary electrons of 3 keV, with magnifications 
between ×25 and ×20,000 and the beam energy was 
20 keV.

2.2  Biosorbents and pretreatment

CHs and CCs selected for this study as biosorbents were 
obtained from local agricultural units, in Dschang (Menoua 
Division, West-Cameroon). Each of these materials was sun 
dried until a fixed mass was obtained. They were ground 
and crushed, and a series of sieves allowed to obtain 
their fine fractions (0–100 μm). To remove the extractives 
which may reduce their adsorption capacities, 2 g of each 
biosorbent were washed several times with distilled water 
and then soaked for 2 h in 30 mL of MeOH. After washing 
again thoroughly with distilled water, biosorbents were 
once more sun dried for 2 days and then in an oven at 
105 °C for 2 h. The biosorbents obtained at the end of 
this process were used without further treatment for the 
biosorption of MB.

2.3  Determination of the macromolecular 
composition of biosorbents

An estimation of the three parietal constituents (cellulose, 
hemicellulose and lignin) contained in the CCs and CHs 
was made using ADF-NDF method of Van Soest and Wine 
[32, 33]. Solubility in the ADF, NDF and ADF-KMnO4 solu-
tions was also extrapolated. Solubilisation and filtration 
were done in a Fibretec M2 system, equipped with a heat-
ing and reflux device (from FOSS, France). All determina-
tions were carried out in duplicate.

2.4  Batch biosorption experiments

Biosorption experiments were carried out in batch mode. 
Thus, 10 mg of each biosorbent treated as indicated above 
were weighed and introduced into 25 mL flask contain-
ing 15 mL of a solution of a given concentration of MB. A 
series of flasks were prepared by varying the parameters 
to be investigated. They were placed in a mechanical 
platform shaker (Edmund Bühler, GmbH) and stirred for 
a determined period at a speed of 200 rpm. A flask with-
out biosorbent was stirred under the same conditions 
as a control. After stirring, the flaks were allowed to rest 
for a few minutes, a part of the solution from the upper 
liquid layer was removed using a micropipette and the 
MB residual concentration was determined by spectro-
photometric analysis. The effect of biosorbent mass on 
the adsorption of MB was studied for the concentration 
range 0.6–4.6 g L−1, corresponding to 10–70 mg in 15 mL 
of 5 × 10−5 mol L−1 MB.

The amount of MB adsorbed at equilibrium per unit 
mass of adsorbent  (qe (mol  g−1)) and the percentage 
adsorbed (%ads) were determined using Eqs. (1) and (2):

where  C0 (μmol L−1) is the initial concentration of MB,  Ce 
(μmol L−1) is the residual concentration of MB in solution 
at equilibrium,  Vs (L) the volume of solution and m (g) the 
mass of the biosorbent.

2.5  Electrochemical procedures and equipment

Electrochemical measurements were performed using a 
PG580 potentiostat (Uniscan Instruments, UK) connected 
to a personal computer. A conventional three-electrode 
cell configuration was employed, consisting of bare or 
modified carbon paste electrode (CPE) serving as working 
electrode, a saturated calomel reference electrode (SCE) 
and a platinum wire counter electrode. The CPE was pre-
pared according to a well-known procedure [34]: briefly, 
70 mg of graphite powder (analytical grade, ultra F, < 325 
mesh, from Alfa) and 30 mg of silicone were thoroughly 
hand-mixed in a mortar. A portion of the composite mix-
ture was packed into the cylindrical hole of a Teflon tube 
equipped with a copper wire serving as electrical contact 
with the rest of the circuit. The active surface of the elec-
trode was polished on a weighing paper for renewing the 
surface after each analysis. CHs modified CPEs (CH-CPE) 
were prepared as described for the bare CPE, by using 
65 mg of graphite powder, 30 mg of silicone oil and 5 mg 
of CH powder (10 μm average size).

Cyclic voltammetry was used to investigate the electro-
chemical behaviour of MB on the bare CPE and CH-CPE. 
Square wave voltammetry (SWV) was used as analytical 
technique to evaluate the ability of CH-CPE for the detec-
tion in aqueous solution of MB. The optimized SWV param-
eters were frequency 400 Hz, pulse height 90 mV and scan 
increment 15 mV.

3  Results and discussion

3.1  EDX and SEM characterization of different 
electrodes

The EDX spectra of pristine CHs and CCs are shown in 
Fig. 1. As seen in Fig. 1a, b, both spectra are very similar. 

(1)qe =
(C0 − Ce)

m
Vs

(2)%ads =
(C0 − Ce)

C0
100
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They present almost the same chemical elements, proving 
that both CHs and CCs have similar chemical compositions.

As most of lignocellulosic materials, CHs and CCs are 
constituted mainly of cellulose, lignin and hemicellulose, 
which could be represented on the EDX spectra (Fig. 1) by 
the presence of chemical elements such as carbon and 
oxygen. In addition of the three components mentioned 
above, the literature report of extractives (tannins, pectins, 
polymers of low degree of polymerization) and minerals 
[35–38] in lignocellulosic materials composition. As seen 
in Fig. 1, minerals such as  Ca2+,  K+,  Cl−,  Na+,  Mg2+,  Al3+ are 
clearly identified and known to be the potential minerals 
commonly found in lignocellulosic materials. This section 
opens a way for further characterisations of CHs and CCs 
notably an estimation of the amounts of cellulose, hemi-
cellulose and lignin.

3.2  Determination of the macromolecular 
composition of biosorbents

The percentages of cellulose, lignin and hemicelluloses 
in pristine CHs and CCs were estimated using ADF-NDF 
method. For CHs, cellulose, lignin and hemicellulose 
accounted for 55.1%, 9.2% and 0.1% respectively, mean-
while CCs showed percentages of 53.4, 43.7 and 2.9 
respectively for cellulose, hemicellulose and lignin in 
the total dry weight. Looking the obtained values, it can 
be noted that in CHs hemicellulose was almost absent. 
Despite the absence of hemicellulose from the obtained 
results, the percentages of cellulose and lignin were in 
close agreement with those reported for the analysis of 
CHs originating from Portugal [39]. Thus, it is important 
to mention that the composition of lignocellulosic materi-
als greatly depends on several parameters including the 
geographic location, the age of vegetable and the soil 
composition [40].

3.3  Effect of contact time

The contact time is the time necessary for equilibrium 
to be attained between the pollutant and the biosorb-
ent, indicating the end of the adsorption process. Since 
adsorption is a process that involves the transfer of pol-
lutant from the liquid phase to the solid phase, the con-
tact time between both phases has a great effect on the 
amount of material transferred. The variations occurring 
in the liquid phase were studied using the batch method.

For each biosorbent, Fig. 2 presents the adsorption 
kinetics expressed as the variation over contact time of 
the quantity of MB adsorbed per gram of material. It can 
be noticed that the adsorption is fast, with chemical equi-
librium attained within the first 20 min. Figure 2 clearly 
shows an increase in the uptake of MB by both materials 

Fig. 1  EDX spectra of a CHs 
and b CCs
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Fig. 2  Adsorption kinetics of MB on (a): CHs and (b): CCs. (Experi-
mental conditions: Adsorbent dosage, 0.66  g  L−1; MB concentra-
tion, 5 × 10−5 M; biosorbent particle size, 0–100 µm; pH 6 at a tem-
perature of 25 °C)
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as the contact time increases. It can be noticed that these 
curves are saturation curves, which can be divided into 
two parts: the first part of the curve (contact time less than 
20 min) represents a rapid process while the second part is 
fairly rapid, traducing a saturation of adsorbing sites [41].

3.4  Effect of the initial concentration of pollutant

The initial concentration of pollutant can influence the 
retention capacity of the solid supports used as adsor-
bents. Figure 3 shows the amount of MB adsorbed by the 
investigated materials under different initial MB concen-
trations. One can observe that the retention of MB by the 
biosorbents is influenced by the initial concentration of 
MB. In general, the adsorption capacity increases with an 
increase in the initial concentration of MB. This may be 
explained by the fact that an increase in the concentra-
tion of pollutant increases competition for the occupation 
of adsorption sites of the biosorbent. This occupation of 
adsorption sites of the biosorbent continues until equi-
librium is attained, leading to saturation. At this point, 
the energetically active sites involved in the adsorption 
process are saturated and the curves attain a plateau. It 
can also be noted that the CHs have a higher adsorption 
capacity than that of CCs. The adsorption sites of CHs are 
probably greater in number and more active than those 
of CCs. The increase in amount of adsorbed pollutant 
becomes less important when the initial concentration of 
MB is raised, due to the reduction of bindings sites.

The plateau which appeared for initial concentrations 
above (144 and 168 μmol g−1, respectively for CCs and 
CHs) indicated that the biosorption process reached equi-
librium and that all adsorption sites are occupied. These 

observations are very common during adsorption studies 
[19, 31].

3.5  Effect of adsorbent dosage

In order to investigate the effect of adsorbent dosage, 
MB uptake was evaluated using different ratios between 
biosorbent mass (g) and volume (L) of MB solution (adsor-
bent dosage). The behaviour of adsorption capacity in 
function of adsorbent dosage is plotted in Fig. 4.

Along with the adsorbent dosage increase from 0.06 
to 2 g L−1, the adsorption capacity decreased from 405 to 
105 and from 340 to 85 μmol g−1 for CHs and CCs respec-
tively. For constant initial dye concentration, with increas-
ing the adsorbent dosage the interfacial tension between 
both phases increases and, as a consequence, the driving 
force for the mass transfer decreases, reducing in this way 
the adsorption capacity. It is worth noting that the high 
specific surface area and porosity of both biosorbents 
conferred a great removal efficiency of dye also at rela-
tively low adsorbent dosages as stated by previous works 
[42–45].

3.6  Effect of biosorbent particle size

The influence of the particle size of each biosorbent on 
its capacity to retain MB was also studied. To better illus-
trate the effect of particle size, the quantities adsorbed 
are represented as a function of the nature of biosorbent. 
The histogram in Fig. 5 shows the adsorption capacity of 
each of the biosorbents for diameters in the ranges 0–100, 
100–200 and 200–300 μm, respectively. It was observed 
that the retention of MB increases when the particle size 
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capacity of (a): CHs and (b): CCs. (Experimental conditions: Adsor-
bent dosage, 0.66 g  L−1; shaking time, 40 min; biosorbent particle 
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decreases. This is due to the fact that fine particle size pro-
vides large surface area of contact, facilitating the fixation 
of MB on the adsorption sites of the biosorbents. On the 
other hand, access to these adsorption sites becomes dif-
ficult when particle size increases, diffusion being reduced 
by the ligneous matrix.

3.7  Effect of temperature

In order to study the effect of temperature on the adsorp-
tion process of MB onto CHs and CCs, experiments were 
carried out at temperatures of 20, 25, 30, 40 and 50 °C. Fig-
ure 6 shows the influence of temperature on the adsorp-
tion capacity of each biosorbent. In particular, the adsorp-
tion capacity slightly decreased when the temperature 

increases. This suggests that the interactions between the 
cationic dye and active functional groups of both biosor-
bents were lower at higher temperatures.

3.8  Effect of the pH

Since the adsorbent charge is closely dependent on the 
acidity of the solution [46, 47], the pH is a key factor as 
far as adsorption of cationic compounds is concerned. 
We have thus studied the efficiency of the adsorption 
when the pH is varied. Figure 7 shows the behavior of the 
adsorption capacity of both biosorbents as function of pH.

As can be seen, the adsorption capacity increased 
with increase of the pH up to 10. This can be explained 
by the fact that for acidic pH values, the biosorbent get 
the positive charge due to the protonation of carboxylate 
groups present in its surface [48]. Electrostatic repulsions 
then prevent the protonated material and MB (positively 
charged) to interact efficiently. However, for high values 
of pH, the biosorbent losses the proton which favours its 
attraction with pollutant [31].

3.9  Adsorption isotherms study

The adsorption isotherms study, through the fitting of 
the isotherm experimental data with different isotherm 
models is important for the description of the adsorp-
tion process and it is critical in optimizing the use of an 
adsorbent. Several mathematical models can be used to 
fit the experimental adsorption values: in this work the 
Langmuir, Freundlich and Temkin models were employed 
for the interpretation of experimental data (Fig. 8).
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The Langmuir adsorption isotherm, which assumes that 
the adsorption occurs at specific homogeneous sites within 
the adsorbent and which has been successfully applied to 
many monolayer adsorption process [49], can be written 
using the following linearized Eq. (3):

where  Qe (mol g−1) is the adsorption capacity at equilib-
rium,  Qmax (mol g−1) is the maximum adsorption capacity, 
 Ce (mol L−1) is the equilibrium concentration of MB in solu-
tion and  KL (L mol−1) is the effective dissociation constant.

The Freundlich isotherm, which describes the adsorption 
process on an energetically heterogeneous surfaces, can be 
written using the following linearized Eq. (4):

(3)
Ce

Qe

=
1

Qmax
Ce +

1

KLQmax

(4)lnQe = ln KF +
1

n
ln Ce

where  KF  (mol1−n Ln g−1) is a constant indicative of the 
adsorption capacity of the adsorbent and n is an empiri-
cal constant related to the magnitude of the adsorption 
driving force.

Finally, the Temkin model is based on the assump-
tion that some indirect sorbate/adsorbate interactions 
are responsible of the linear decrease of the adsorption 
heat of all the molecules in the layer with coverage. The 
Temkin isotherm is generally presented by the following 
Eq. (5):

where  Qmax (mol g−1) and  KT (L mol−1) are Temkin con-
stants, R is the ideal gas constant (8.314 J mol−1 K−1), and 
T (K) is absolute temperature.

For CHs and CCs materials, the Langmuir, Freundlich 
and Temkin isotherm models are illustrated in Fig. 8, while 
the corresponding constants are gathered in Table 1.

In Table 1, the parameter values of the applied iso-
therms and the related correlation coefficient  R2 are 
reported. As can be seen, the Langmuir model showed 
the higher  R2 value (0.998 for CCs, and 0.0995 for CHs), 
suggesting that this model yielded the best fit compared 
to other models. By using the Langmuir isotherm, it is pos-
sible to predict whether an adsorption system is favorable 
or unfavorable through a dimensionless constant referred 
to as separation factor  RL defined by the following Eq. (6).

where  KL (L  μmol−1) is the Langmuir constant and  C0 
(mol L−1) is the initial concentration of MB in solution. The 
value of  RL indicates if the adsorption process is irrevers-
ible  (RL = 0), favorable (0 < RL < 1), linear  (RL = 1) or unfavora-
ble  (RL > 1).  RL values related to MB adsorption on both 
biosorbents were less than 1 and greater than 0 for all 
initial MB concentration considered (Fig. 9), indicating a 
favorable adsorption.

The constant value 1/n, determined by the Freundlich 
model (0.667 for CHs and 0.396 for CCs) between 0 and 
1 is an indication of the affinity of biosorbents for MB. 
Looking at these values of 1/n, it is clear that CHs have a 
better affinity with MB compared to CCs, indicating that 
CHs adsorption sites are more active than those of CCs.

Temkin’s model was used to determine the different 
heats of adsorption involved during various adsorb-
ate-adsorbent interactions. There is a little variation of 
heat with the CCs (11.979 kJ μmol−1) compared to CHs 
(12.818 kJ μmol−1). This may reflect the fact that inter-
actions between MB and CHs are more energetic than 
those between MB and CCs.

(5)Qe = Qmax
RT

ΔQ
ln(KTCe)

(6)RL =
1

1 + KLC0
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tion isotherms fitted to experimental data. a CCs and b CHs
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Although the Langmuir model is rather common for 
the biosorption of organic polluants [19–23, 50–54], it is 
difficult to compare the  Qmax values of the various adsor-
bents because the experimental conditions have to be 
identical which is not the case herein, the studies have 
been carried out independently. In Table 2, are gathered 
the values of maximum adsorption capacities obtained 
for the adsorption of MB onto various adsorbents. Com-
paring to the other adsorbents, the obtained adsorption 
capacities of CCs and CHs are relatively high while, CHs 
are significantly more efficient.

3.10  Adsorption kinetics

The adsorption kinetics, that shows the evolution of the 
adsorption capacity during time, also helps to under-
stand the types of adsorption mechanism of a system. 
The experimental values of adsorption capacities col-
lected during time using the solution at initial MB con-
centration of 5 × 10−5 M were fitted using the pseudo-
first order and pseudo-second order models.

The linearized forms of pseudo-first order and 
pseudo-second order kinetic models are shown by Eqs. 
(7) and (8) respectively, where  k1  (min−1) and  k2 (L μmol−1 
 min−1) are rate constants of adsorption,  qt (L μmol−1) is 

Table 1  Langmuir, Freundlich 
and Temkin constants

Biosorbents Isotherms types Constants

Corn cobs Langmuir Qmax (μmol g−1) 227.273 ± 0.004
KL (L μmol−1) 0.023 ± 0.006
R2 0.998 ± 0.009

Freundlich 1/n 0.396 ± 0.04
KF (μmol1−n Ln g−1) 8.331 ± 0.09
R2 0.921 ± 0.06

Temkin ∆Q (kJ μmol−1) 11.979 ± 0.0002
KT (L μmol−1) − 3.944 ± 0.0003
R2 0.981 ± 0.0006

Coffee husks Langmuir Qmax (μmol g−1) 304.878 ± 0.007
KL (L μmol−1) 0.004 ± 0.001
R2 0.995 ± 0.008

Freundlich 1/n 0.666 ± 0.07
KF (μmol1−n Ln g−1) 3.384 ± 0.02
R2 0.994 ± 0.08

Temkin ∆Q (kJ μmol−1) 12.818 ± 0.0003
KT (L μmol−1) − 3.029 ± 0.0003
R2 0.967 ± 0.0005
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Fig. 9  Separation factor for the adsorption of MB on (a): CHs and 
(b): CCs

Table 2  Maximum adsorption capacities obtained for the adsorp-
tion of methylene blue onto various adsorbents

Adsorbents Qmax (mg g−1) References

Mansonia wood sawdust 16.21 [19]
Kenaf Care Fibers 44.84 [20]
Jack Fruit Peel 10.58 [21]
Activated Carbon 9.81 [51]
Purified Clay 68.49 [52]
Charcoal 62.70 [53]
Corn cobs 19.72 [54]
Raw Corn Cobs 18.28 [55]
Coffee Husks 90.1 [56]
Corn Cobs 72.61 This Work
Coffee Husks 97.41 This Work
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the adsorption capacity at time t,  qe (L μmol−1) is the 
equilibrium adsorption capacity.

All the constants related to these models are summarized 
in Table 3

The adsorption process was best described by the 
pseudo-second order kinetic model for both biosorbents 
 (R2 > 0.999). Also, the calculated values of adsorption capaci-
ties  (qe) were very close to the experimental ones  (qexp).

The applicability of the pseudo-second order model 
suggests that chemical reactions were responsible for the 
adsorption of MB on both biosorbents.

3.11  Thermodynamic parameters

The free energy change (∆G°), enthalpy change (∆H°), and 
entropy change (∆S°) were determined in order to evaluate 
the effect of temperature on MB adsorption by CCs and CHs. 
The Gibbs free energy was evaluated as:

where ∆G° is the standard Gibbs free energy change 
(kJ mol−1), R and T have the same signification as previ-
ously, and k is the apparent equilibrium constant, defined 
as:

where  Ce and  qe, correspond to the equilibrium con-
centration of MB on the solution and on the adsorbent, 

(7)log(qe − qt) = log qe −
k1

2.303
t

(8)
t

q1
=

1

k2q
2
e

+
1

qe
t

(9)ΔGo = −RT ln k

(10)k =
qe

Ce

respectively. The Van’s Hoff equation is expressed as 
follows:

where ∆S° and ∆H° are entropy change and enthalpy 
change, respectively. The plot of lnk versus 1/T gives a lin-
ear relationship, which allows the computation of ∆H° and 
∆S° values from the slope and the intercept, respectively. 
Results for thermodynamic parameters evaluation are dis-
played in Table 4.

It was observed that the values of ΔG° for the adsorp-
tion of MB onto CCs and CHs decreased with an increase 
in temperature suggesting a rapid and more spontane-
ous adsorption at the lower temperature. The negative 

(11)ln k =

(

ΔS
◦

R

)

−

(

ΔH
◦

R

)

1

T

Table 3  Adsorption kinetic 
parameters for the MB 
adsorption on CHs and CCs

Biosorbents Kinetic models Constants

Corn cobs Pseudo-first order k1  (min−1) 0.563 ± 0.03
qe (μmol g−1) 141.881 ± 0.06
R2 0.746 ± 0.03

Pseudo-second order k2 (L μmol−1  min−1) 0.013 ± 0.006
qe (μmol g−1) 145.772 ± 0.003
R2 0.999 ± 0.008
t1/2 (min) 0.510 ± 0.002

Coffee husks Pseudo-first order k1  (min−1) 0.213 ± 0.02
qe (μmol g−1) 165.043 ± 0.08
R2 0.954 ± 0.05

Pseudo-second order k2 (L μmol−1  min−1) 0.009 ± 0.001
qe (μmol g−1) 169.779 ± 0.005
R2 0.999 ± 0.008
t1/2 (min) 0.6451 ± 0.002

Table 4  Thermodynamic parameters for biosorption of MB onto 
CCs and CHs

Temperature 
(°C)
20 25 50

Corn cobs
k 2.924 ± 0.02 3.127 ± 0.02 6.855 ± 0.02
∆G0 (kJ mol−1) − 2.658 ± 0.008 − 3.53 9 ± 0.007 − 4.569 ± 0.005
∆H0 (kJ mol−1) − 0.245
∆S0 

(kJ mol−1 K−1)
0.020

Coffee husks
k 2.625 ± 0.03 2.709 ± 0.03 3.946 ± 0.03
∆G0 (kJ mol−1) − 2.391 ± 0.009 − 2.797 ± 0.006 − 3.400 ± 0.006
∆H0 (kJ mol−1) − 0.153
∆S0 

(kJ mol−1 K−1)
0.013
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∆H° value obtained confirms the exothermic nature of 
the adsorption process. The obtained positive value of 
∆S° reveals increased randomness at the solid/solution 
interfaces and good affinity of the adsorbents for MB [56].

3.12  Electrochemical behavior of MB on CH 
modified CPE

Considering the good results obtained with coffee husks 
adsorbent over other materials (Table 2) and those from 
the previous section, we can state that CHs display a great 
affinity with MB. This has led us to explore the possibility 
to exploit the binding properties of CHs towards MB for 
its detection using voltammetric techniques. To this pur-
pose, CHs were successfully inserted into the carbon paste. 
Cyclic voltammetry (CV) was first used to characterize the 
electrochemical behavior of MB and to compare its vol-
tammetric response on the bare CPE and CH-CPE, in 0.1 M 
PBS (pH 7.4) at a scan rate of 100 mV s−1 as seen in Fig. 10.

A pair of reversible peaks was obtained for MB corre-
sponding to its oxidation (around − 0.13 V versus SCE) fol-
lowed by its reduction (at − 0.22 V) upon potential reverse 
scan according to the following Scheme 2.

In fact, the oxidation response of MB on CH-CPE was 
observed to be more pronounced than that recorded on 

the bare CPE (Fig. 10). The difference observed between 
peak currents is due to the presence of CHs which increase 
the real surface area and improve the hydrophilic charac-
ter of the modified electrode as previously demonstrated 
[57, 58]. In addition, CHs are mainly constituted of cellu-
lose that having hydrophilic character could easily interact 
with MB which is also a hydrophilic molecule [57].

The obtained results have led us to further investigate 
the possibility of using the CH-CPE to propose a more 
sensitive procedure for the determination of MB in aque-
ous solutions. Figure 11 compares typical SWV curves of 
25 × 10−6 M MB on the bare CPE before and upon modifica-
tion using CHs.

Compared to the bare CPE, the oxidation peak cur-
rent of MB was increased by a factor of 2.5 on the CH-
CPE (Fig. 11). As already revealed by cyclic voltammetry 
studies, the observed behavior of MB is attributed to the 
enhancing action of CHs at the surface of the electrode, 
which favour the accumulation of MB, thereby leading to 
a great amperometric response. This point out the great 
affinity of CHs towards the accumulation of MB. Thus, the 
obtained results suggest that CH-CPE can be used as an 
electrochemical sensor for MB.
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Fig. 10  Cyclic voltammograms (a) at CPE in 0.1 M PBS (pH 7.4), and 
of 25 × 10−6 mol L−1 MB in 0.1 M PBS (pH 7.4) (b) at the bare CPE and 
(c) at CH-CPE. Potential scan rate: 100 mV s−1

Scheme 2  Electrochemical oxidation of MB
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Fig. 11  Square wave voltammograms (a) at CPE in 0.1  M PBS (pH 
7.4), and of 25 × 10−6 mol L−1 MB in 0.1 M PBS (pH 7.4) at the bare 
CPE (b) and at the CPE modified by coffee husks (c). Potential scan 
rate: 100 mV s−1
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3.13  Calibration curve and limit of detection

To a great extent, the SW peak current at that lignocellu-
losic modified carbon paste electrode was recorded as a 
function of MB concentration. Figure 12 depicts the curves 
obtained under SWV optimized conditions in PBS in the 
concentration range of 1–125 μM, while the inset in the 
same figure presents the evolution of peak current as a 
function of MB concentration.

Over the investigated MB concentration, a linear 
dependence was observed between both parameters, 
with the following equation: Ip (A) = 6.9 × 10−6[MB]
(µM) + 1.1 × 10−5  (R2 = 0.999), and a sensitivity of 6.93 × 10−6 
A/μM. The limit of detection was calculated to be 3 μM 
using 3S/b, where S is the standard deviation of the blank 
and b is the slope of the calibration curve.

3.14  Interference study

The interference of some species on the electrochemical 
determination of MB with CH-CPE was investigated under 
optimum condition. The selected interfering ions such as 
 Na+,  Ca2+,  Ba2+,  K+,  Al3+,  Cl−,  NO3

−,  Mg2+ were studied, since 
they are usually present in natural rivers water. Indeed, a 
known amount of each studied species was added to a 
25 µM MB solution and the obtained solutions were ana-
lysed by SWV. The limit of tolerance was defined as the 
foreign ion concentration causing an error smaller than 
3.0% for the determination of MB and the investigations 

showed that there is no interference from these species on 
the determination of MB.

3.15  Application of the proposed method using 
river water sample

To study the applicability of the proposed method, the 
CH-CPE was finally applied successfully to evaluate the 
adsorption capacity of MB on CHs placed into a column. 
In fact, a sample of river water was doped with a known 
amounts of MB and transferred into an adsorption col-
umn using CHs as adsorbent. The passage of MB solution 
into the column was effective after 45 min. Residual MB 
solutions were then determined by SWV on CH-CPE. The 
obtained results are summarised in Tables 5.

In Table 5, the adsorption capacities of CHs obtained 
on column and determined through voltammet-
ric method using CH-CPE were comparable to those 
achieved from batch process using the spectropho-
tometric method. In fact, the adsorption capacities 
obtained on column were relatively greater than those 
achieved by batch process. This may be attributed to the 
fact that, many interactions from shaking effect inter-
vene during the batch process between the pollutant 
and adsorbent, by reducing the adsorption capacities 
of biosorbents. On the contrary, in column process, no 
interactions are occurring between both adsorbent and 
pollutant indicating that column process coupled to 
voltammetric methods could be the better ways for MB 
adsorption on CHs. The obtained results suggest also 

Fig. 12  SWV of MB at different 
concentrations in 0.1 M PBS 
(pH 7.4) on the CH-CPE. MB 
concentration (a–h): 1, 5, 10, 
25, 50, 75, 100 and 125 μM. 
Inset shows the evolution of 
peak current as a function of 
MB concentration
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that the present sensor using CHs as modifier, may be 
an efficient tool for MB determination in real samples.

4  Conclusion

In this study, biosorption experiments for the uptake of 
methylene blue from aqueous solutions have been com-
paratively carried out using coffee husks and corn cobs 
as low-cost and natural available biosorbents. It was 
found that the investigated biosorbents quantitatively 
adsorb the dye with a very fast kinetics (equilibrium 
was reached for both materials within the first 20 min). 
The sorption of MB was shown to be dependent on the 
biosorbent particle size, adsorbent dosage, temperature, 
pH and on methylene blue initial concentration. Coffee 
husks demonstrated great affinity towards the dye, and 
the biosorption on that material proceed by the forma-
tion of a monolayer as shown by the good correlation 
with the Langmuir adsorption model. This allowed the 
use of coffee husks as a carbon paste electrode modifier 
for the electrochemical detection of methylene blue by 
cyclic voltammetry and square wave voltammetry. The 
obtained results showed that coffee husks modifier elec-
trode exhibited a good stability and excellent sensitiv-
ity towards the detection of MB. Finally, the elaborated 
sensor was successfully applied for the determination 
of adsorption capacities of CHs on column process, sug-
gesting that coffee husks could be an attractive and 
promising material for the development of both sensors 
and processes for environment purposes.
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