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Abstract
Adsorption of methylene blue (MB) from its aqueous solution onto coconut coir dust was studied in batch method. Coconut 
coir dust was characterized before and after adsorption by FT-IR spectroscopy and scanning electron microscopy (SEM). 
Surface charge,  pHzpc of the adsorbent was measured by the method suggested by Huang and Ostovic and was found to be 
7.65 (± 0.05). Batch kinetic experiments were performed and effects of several operational parameters i.e., contact time, initial 
concentration, pH of the solution and temperature on adsorption process were investigated. The effect of pH on adsorption 
was examined using a MB solution of 31.98 mg  L−1 at 30 °C on coconut coir dust varying the pH range from 3.02 to 11.04. 
At basic condition, the uptake increased significantly and reached the maximum at pH 9.0. The batch adsorption model, 
based on the assumptions of the Lagergren’s pseudo-first order and the Ho’s pseudo-second order model were applied to 
investigate the kinetics of this adsorption process. The results showed that the kinetic data fit very well to the pseudo-second 
order kinetic model. The adsorption isotherms were determined at four different particle sizes which ranges from < 106 to 
300 μm. Among them < 106 μm particle size was chosen for whole process because of comparatively good adsorption capac-
ity. The adsorption isotherms at different temperatures maintaining pH at 7.68 were studied and results show that the amount 
adsorbed increases with the increase in the temperature under all conditions. The linear correlation coefficients indicate 
that the Langmuir isotherm best fitted with the experimental data. Thermodynamic parameters such as Gibbs free energy 
change (ΔG), enthalpy change (ΔH) and entropy change (ΔS) were calculated. The values of ΔH and ΔS were found to be 
+ 30.16 kJ  mol−1 and + 0.128 kJ  mol−1  K−1 , respectively. At pH 7.68, the present system was spontaneous and endothermic 
in nature. It was found that when the temperature was increased from 303 to 333 K, the ΔG value decreased.
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Introduction

The expansion of industrialization is changing the lifestyle 
of human beings and greatly impacting the surroundings 
of the habitants. Today, the health of mammals and aquatic 
lives are becoming the prime concern. Industrial effluents 
containing toxic chemicals mainly dyes and pigments are 
greatly accumulating in the environment and causing seri-
ous harm (Noroozi et al. 2008; Sturm et al. 1975). In most 
cases, these toxic chemicals make their ways into the river. 

These dyes are highly soluble in water and reduce the oxy-
gen level in water. This feature greatly hampers the aquatic 
lives, consequently affect the biodiversity. Dyes in waste-
water cause aesthetic problems also they absorb and scat-
ter sunlight, thus harm the aquatic ecosystem (Ghaedi et al. 
2013). Most of the industrial effluents are capable of pre-
venting photosynthesis process of aquatic plants by blocking 
the penetration of sunlight into water. Some azo dyes can 
produce potentially carcinogenic aromatic amines by meta-
bolic cleavage of the azo linkage. In addition, most dyes and 
pigments have detrimental effects toward microorganism and 
directly inhibit or destroy their catalytic efficiency (Ghaedi 
et al. 2013). Such as, prokaryotes and diazotrophs play a 
role in nitrogen fixation hence nitrogen cycle (Santos et al. 
2012), are very sensitive toward toxic chemicals and lose 
their nitrogen fixation capacity. Recent investigation reveals 
that some of these dyes are carcinogenic and have adverse 
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effect on neurological system and respiratory system (Yahagi 
et al. 1975; Barbosa and Peters 1971; Reyes et al. 1996). 
Therefore, it is very necessary to remove dyes and pigments 
for aqueous industrial effluents prior to exposal. A number 
of techniques have been adopted for the treatment of indus-
trial effluents, such as chemical precipitation, ion exchange, 
electrochemical treatment, flocculation, reverse osmosis, 
ozonation, photodegradation, coagulation and adsorption 
(Guo et al. 2013; Schoonenberg Kegel et al. 2010; Qi et al. 
2015; Asfaram et al. 2016). Most of the methods are efficient 
but expensive. Adsorption is considered as cost effective, 
efficient and promising technique for its ease of operation 
and wide range of application (Li et al. 2015). Recently, bio-
adsorbents, adsorbents based on biological materials such 
as agricultural waste, byproducts and plant stems have been 
extensively studied to remove dye molecules from water. 
Sunflower seed hull (Hameed 2008), sugarcane bagasse 
(Zhang et al. 2011), Luffa cylindrica fibers (Kesraoui et al. 
2016), pineapple leaf (Rahmat et al. 2016) are used as bio-
adsorbent to remove different types of dyes from its aque-
ous solution. Researchers reported that these bioadsorbents 
are very efficient with high porosity and large surface area, 
cost effective and available to remove organic pollutants 
from water (Bhatnagar et al. 2010). In present investiga-
tion, coconut coir dust (CCD) is used as bioadsorbent to 
remove a model dye, methylene blue (MB) from its aqueous 
solution. Lim et al. (Lim et al. 2017) and Brito et al. (Brito 
and Andrade 2010) investigated the adsorption of MB on 
breadnut peel and Brazil nutshell, respectively. These bio-
adsorbents are not much available in Bangladesh but CCD 
is very available as domestic waste. It is a natural polysac-
charide which contains lignin, cellulose, hemicelluloses and 
other extractives. The objective of the present investigation 
is to prepare an efficient, cost effective bioadsorbent for the 
adsorption study that comprises the effect of different opera-
tional parameters on the adsorption process. Mechanism and 
kinetics of adsorption will also be investigated. Along with 
these, applicability of adsorption isotherm for this process 
and information of thermodynamic parameters for its ther-
modynamic feasibility will give extensive illustration about 
this adsorption process. All these are in agreement with the 
application of this material as an efficient bioadsorbent for 
the treatment of industrial hazardous effluents.

Materials and methods

The analytical grade chemicals are used for the study and 
the chemicals were obtained from Fluka, Germany. All the 
solutions were prepared and their further dilutions were car-
ried out by using deionized water. MB, chemical formula 
 C16H18ClN3S was used as a model adsorbate. pH of the 
solution was adjusted using 0.01 M HCl and 0.01 M NaOH 

solution, and was measured using pH meter (JENWAY 3510 
pH meter). Thermostated waterbath shaker (OLS200, Grant) 
was used for batch adsorption process. The supernatant solu-
tion was centrifuged by a centrifuge machine (Centurion 
scientific).

Preparation of adsorbent

Two medium sized coconuts collected from local market of 
Dhaka, Bangladesh. CCD was extracted from these coconuts 
and dipped into deionized water for 3 days to soak. After 
that, it was washed several times with water until all the 
colored extract was removed. It was oven dried at 60 °C for 
24 h. Then the dried coconut coir was blended. The blended 
coconut coir was sieved using 106 μm, 150 μm, 212 μm, and 
300 μm sieve to obtain particles in these ranges. Each sized 
of this particle was stored in a different reagent bottle prior 
to use for adsorption studies. CCD was not treated physically 
or chemically prior to adsorption experiments.

Adsorption studies

The adsorption study of MB on CCD was carried out by 
the batch equilibrium method. A fixed amount of CCD was 
suspended in 100 mL of various initial concentrations of the 
MB solution in a stoppered 100 mL reagent bottle and main-
tained under isothermal conditions at 150 rpm. The equilib-
rium time for this adsorption process was experimentally 
determined and found to be 60 min. Previous study reports 
that the adsorption of MB on breadnut peel also reaches 
equilibrium within 60 min (Lim et al. 2017). After adsorp-
tion, the resultant supernatant solution was centrifuged 
at 4000 rpm for 10 min. The concentration of MB in the 
centrifugate after adsorption was determined spectrophoto-
metrically at 664 nm.

The percentage of MB dyes adsorbed was calculated 
using the following equation

Co and Ce are the initial and equilibrium concentrations of 
MB.

Equilibrium amount adsorbed (mg  g−1) was calculated 
using the following equation

V is the volume of solution and W is the amount of CCD 
in g.

Kinetics of adsorption was also investigated. For this 
study, a fixed amount of CCD was suspended in 100 mL of 
various initial concentrations of MB solution in a stoppered 
100 mL reagent bottle and maintained under isothermal con-
ditions at 150 rpm. Then, after certain time intervals about 
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2 mL of supernatant solution was taken in a semi-micro test 
tube and analyzed as the above process.

Determination of zero point charge  (pHzpc) 
of adsorbent

The zero point charge  (pHzpc) of solid CCD surface was 
determined by the method suggested by Huang and Ostovic 
(Huang and Ostovic 1978; Bowers and Huang 1980). 40 mL 
0.01 M NaCl solution of pH 7 was taken in each of four 
different reagent bottles. Then, 0.1 g of the adsorbent was 
added to each bottle and mixed. The mixtures were agitated 
in thermo-mechanical shaker for about 24 h. Two bottles 
of suspension were titrated directly with 0.05 M HCl and 
0.05  M NaOH solution separately using micro burette 
(± 0.01  mL). During the titration, the pH reading was 
recorded cautiously. The supernatants of other two bottles 
after filtration were titrated with HCl and NaOH solutions as 
described above. This procedure was also carried out using 
0.001 M NaCl solution.

Characterization of the adsorbent

Coconut coir dust after and before adsorption was character-
ized by FT IR spectrophotometer (FT IR 8400S, Shimadzu) 
and scanning electron microscope (JSM 6490LA). A very 
tiny amount of prepared CCD before and after adsorption 
was mixed separately with KBr in ratio of 0.1:100 and 
grinded in an agate mortar. A pellet of the grinding mixture 
was prepared by pressing with hydraulic pressure. Then a 
FT IR spectrum was taken of the prepared pellets. The FT IR 
spectrum of MB was also recorded in the same way. For 
SEM analysis, a small amount of CCD surface was put on 
the conducting tape which makes conduction between the 
sample and the stub. Then SEM image of solid surface of 
CCD was taken before and after adsorption.

Results and discussion

Determination of  pHzpc of adsorbent

The pH at which surface charge of CCD is zero has been 
determined. Results are presented in Fig. 1a and b. The  pHzpc 
value of CCD has been found to be 7.55 and 7.75 in 0.01 M 
and 0.001 M NaCl solution, respectively. The average value 
of  pHzpc is 7.65 (± 0.05). So, the surface of CCD is posi-
tively charged below  pHzpc. Acidic water donates  H+ to the 
surface hence the surface becomes protonated and positively 
charged. The positively charged surface attracts anions. On 
the other hand, the surface is negatively charged above  pHzpc 
as the surface becomes deprotonated and hence the surface 
attracts cations (Anirudhan et al. 2009).

Optimization of pH

Adsorption capacity of CCD varies with the pH of the sus-
pension. Figure 2 shows the effect of suspension pH on 
the adsorption efficiency of CCD. The adsorption of MB 
increases from 51.3% at pH 3.02 to 85.8% at pH 9.0. Lower 
percentage of adsorption of MB at highly acidic pH may 
be due to the presence of excess  H+ (proton) ions in the 
medium. These highly mobile protons compete with MB 
cations and functional groups such as the amine  (NH2

+) 
group in CCD for the available adsorption sites (Senthil 
Kumar et al. 2010). As the suspension pH increase, the 
number of negatively charged adsorption sites on the CCD 
increase, which may result in the increase in adsorption of 
cationic MB molecules. These increase in adsorption is due 
to the electrostatic force of attraction between negatively 
charged adsorption sites and cationic MB molecules (Qin 
et al. 2009). Adsorption of MB on breadnut peel and Brazil 

Fig. 1  a A pH metric titration curve of coconut coir dust in 0.01 M 
NaCl solution. b A pH metric titration curve of coconut coir dust in 
0.001 M NaCl solution
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nutshell also show the same results (Lim et al. 2017; Brito 
and Andrade 2010). Adsorption decreases with decreasing 
pH and increases with increasing pH. Both breadnut peel 

and Brazil nutshell show substantial amount of adsorption 
at on and above neutral pH like CCD.

Study of adsorption kinetics

Lagergren’s pseudo first order equation and Ho’s pseudo-
second order equation were employed to investigate the 
adsorption kinetics onto CCD shown in Fig.  3a and b, 
respectively. The values of rate constants, regression coef-
ficients and percentage deviation of qe comparing the experi-
mental values and the values calculated from pseudo first 
order and pseudo second order plots are given in Tables 1 and 
2. However, it was observed that the experimentally obtained 
qe values significantly deviate from the values determined 
from the Lagergren plot of pseudo first order kinetic model. 
Therefore, the pseudo first order kinetic model inefficient to 
describe the adsorption phenomenon of MB on CCD.

On the other hand, experimentally determined qe val-
ues match with that obtained from the pseudo second order 
kinetic model with small deviation as well as their regression 
factor (R2) values are very close to unity. Therefore, it is 
evident that pseudo second order kinetic model provide good 
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Fig. 2  Plot of percentage removal against initial pH for adsorption of 
aqueous methylene blue solution on coconut coir dust at 30 °C
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Fig. 3  a Plot of log (qe–qt) versus contact time to investigate the 
pseudo-first order kinetics for adsorption of methylene blue solu-
tions on coconut coir dust. b Plot of t/qt versus time to investigate the 

pseudo-second order kinetics for adsorption of methylene blue solu-
tions on coconut coir dust

Table 1  Computed data 
from Fig. 3a for  qe and  k1 of 
pseudo-first order kinetics for 
adsorption of methylene blue on 
coconut coir dust at 30 °C

Initial conc. 
 (mgL−1)

R2 Pseudo-first order con-
stant, k1  (min−1)

qe (computed) 
mg  g−1

qe (experimental) 
mg  g−1

Percentage 
deviation 
of qe

12.60 0.8208 4.86 ×  10−2 1.02 44.94 97.73
15.74 0.9122 11.07 ×  10−2 3.40 52.37 93.50
18.88 0.7646 14.48 ×  10−2 4.03 60.95 93.38
25.20 0.9781 18.88 ×  10−2 16.09 79.98 79.98
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correlation for this adsorption process in contrast to pseudo-
first order kinetic model. The previous studies (Lim et al. 
2017; Brito and Andrade 2010) also report that adsorption of 
MB on bioadsorbents like, breadnut peel and Brazil nutshell 
follow pseudo-second order kinetics. The values of pseudo-
second order rate constants for different initial concentration 
of 12.60, 15.74, 18.88 and 25.20 mg  L−1 are 42.19 ×  10−2, 
14.03 ×  10−2, 66.42 ×  10−2, 3.05 ×  10−2  gm   g−1   min−1, 
respectively.

Study of intraparticle diffusion model

The adsorbed molecules can diffuse from one adsorption 
site another adsorption site on the adsorbent. This diffusion 
in the adsorption process is checked by fitting the experi-
mental data in intraparticle diffusion model (Wu et al. 2009) 
proposed by Weber. The plot qt versus t1/2 shows different 
features with the presence of various diffusions of adsorb-
ate. The model explains that the initial linear region in the 
plot can be attributed to film diffusion process, governed by 
boundary layer effect. The second parallel line refers to the 
intraparticle diffusion stage. The final gradual increase and 
stable line bear the evidence of pore diffusion mechanism. 
From Fig. 4, it can be said that the adsorption of low con-
centration such as 12.60, 15.74, 18.88 mg  L−1 MB by CCD 
cannot properly be described by using intraparticle diffusion 
model. Hence, adsorption processes at low concentrations 
usually do not involve the diffusion of adsorbed molecules 
on the surface of the adsorbent. But comparatively higher 
concentration like 25.20 mg  L−1 is well-fitted for intraparti-
cle diffusion model and the graph clearly shows three stages 
of diffusion. These features of graph indicate that at high 
concentration adsorption process undergoes film diffusion, 
intraparticle diffusion and pore diffusion of adsorbed mol-
ecules on the adsorbent surface. The correlation coefficient 
(R2) values and obtained values of Kid also bear the evidence 
in support of these results.

Effect of particle size on adsorption isotherm

Adsorption isotherm of MB on CCD of different average 
particle size < 106, 106–150, 151–212, 213–300 µm was 
studied at 30 °C and pH 7.68 with different initial MB 

concentrations and the results are shown in Fig. 5. It is 
observed that the amount of adsorbed increase with decreas-
ing average particle size. The similar trend was observed for 
the variation of particle size in the previous research work 
(Ahmed and Rahman 2021). This can be ascribed as the 
active surface area of larger particles is lower than that of 

Table 2  Compute data from 
Fig. 3b for  qe and  k2 of pseudo 
second-order kinetics for 
adsorption of methylene blue on 
coconut coir dust at 30 °C

Initial conc. 
 (mgL−1)

R2 Pseudo-second order rate 
constant, k2  (gmg−1  min−1)

qe (computed) 
mg  g−1

qe (experimen-
tal) mg  g−1

Percentage 
deviation 
of qe

12.60 0.9997 42.19 ×  10−2 44.44 44.94 1.11
15.74 0.9995 14.03 ×  10−2 52.35 52.37 0.03
18.88 0.9995 66.42 ×  10−2 61.34 60.95  − 0.64
25.20 0.9985 3.05 ×  10−2 82.64 79.98  − 3.32
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Fig. 4  Plot of qt versus t1/2for investigating the intraparticle diffusion 
mechanism for adsorption of different concentration of methylene 
blue solutions on coconut coir dust

Fig. 5  Comparison of adsorption isotherms of methylene blue on 
coconut coir dust with different particle sizes
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smaller particles. The small sized particles have more inter-
nal porous structure than the larger sized particles of CCD. 
Hence, the adsorption of MB increases for relative small 
particles of adsorbent. For larger particles, active surface 
area is small and also diffusion is less compared to small 
particles. Hence most of the adsorption sites of internal sur-
face of larger particles may remain unoccupied and conse-
quently, the amount of dye adsorbed is small.

Effect of temperature on adsorption isotherm

A plot of amount of adsorbed (qe) as a function of time at 
various temperatures is shown in Fig. 6. The figure clearly 
states that the amount of MB adsorbed on CCD increased 
with increasing temperature from 303 K (30 °C) to 333 K 
(60 °C). It is also observed from the figure that the change of 
amount of adsorbed (qe) is very slight with varying tempera-
ture. In all conditions, adsorption increase with the increase 
in equilibrium concentration of MB and other bioadsorbents 
also follow the same trend (Mittal et al. 2013).

Study of adsorption isotherm model

Adsorption isotherms were constructed at four different tem-
peratures using MB solutions of initial pH of 7.68 shown 
in Fig. 7a–c, and results are presented in Tables 3, 4 and 
5. Langmuir, Freundlich, Temkin isotherm models have 
a good correlation coefficient with the experimental data 
(R2 > 0.90). However, Langmuir isotherm had the highest 
correlation coefficient (0.9954–0.9986), thus Langmuir iso-
therm model can be considered as the best among the mod-
els although others models can also be used to account for 
the adsorption process. Lim et al. also report that adsorption 

of MB onto breadnut peel best fits in Langmuir isotherm 
model and support our finds (Lim et al. 2017).

This adsorption system well fitted with Langmuir iso-
therm model which means monolayer adsorption occurs. 
So, the adsorbent, CCD has a finite capacity for the MB 
molecules and beyond this capacity the adsorption process 
reaches to an equilibrium where no further adsorption seems 
to occur. The values of Langmuir adsorption constant (KL) 
and maximum adsorption capacity (qm) increase with tem-
perature which indicates an increase in the binding force of 
the adsorbate molecule onto the adsorbent.

Heat of adsorption and other thermodynamic 
parameters

Gibbs free energy, enthalpy and entropy change (ΔG, ΔH 
and ΔS) for the adsorption process were calculated from the 
experimental observation (Fig. 8) using the equations below 
and the value presented in Table 6.

where qe/Ce is known as the adsorption affinity (Du et al. 
2007; Sarma et al. 2008). The values of ΔH and ΔS were 
calculated from the slope and intercept of the linear plot of 
ln(qe/Ce) versus 1/T (Fig. 8) and the equation was utilized to 
obtained ∆G. The value of enthalpy of adsorption (ΔH) was 
found to be + 30.16 kJ  mol−1. The positive value of enthalpy 
of adsorption indicates that the adsorption process was 
endothermic and hence, increase in temperature favors the 
interaction between MB molecules and CCD surface. The 
enthalpy change within the ranges of 10–40 kJ  mol−1 and 
40–1000 kJ  mol−1, indicates physisorption and chemisorp-
tion process, respectively (McCash 2001). The ΔH value of 
this study is within the ranges of the physisorption process. 
The value of ΔS found to be +0.128 kJ  mol−1  K−1. Similarly, 
the positive value of ΔS suggests the increase in randomness 
at the solid (CCD)-liquid (MB) interface during the adsorp-
tion. The entropy can increase as water molecule could 
replace the hydrated dye ions from the adsorption sites on 
adsorbent and also this increase in entropy indicates the pos-
sibility of fragmentation of dye molecules after adsorption 
(Messina and Schulz 2006). The fragmentations may remain 
in the bulk of the suspension and contribute to increase in 
entropy. The values of ΔG were calculated from the values 
of ΔH and ΔS and tabulated in Table 6. The values of Gibbs 
free energy (ΔG) are negative and decrease with the increase 
in temperature from − 8.62 to − 12.46 kJ  mol−1 which sug-
gests that the adsorption is spontaneous process and more 
favorable at high temperature (Lim et al. 2017).

ln
(

qe∕Ce

)

= ΔS∕R−ΔH∕RT

ΔG = ΔH−TΔS

Fig. 6  Plots of adsorption isotherms for adsorption of aqueous meth-
ylene blue solution on coconut coir dust at different temperature and 
pH 7.68
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Analysis of FT‑IR spectrum

The FT-IR spectrum of MB is shown in Fig. 9a. The broad 
band between 3600 and 3200   cm−1 is observed in the 

spectrum of methylene blue and it is assigned to stretch-
ing vibrational of several hydroxyl group of moisture. An 
intense band observed in the region of 1598.99  cm−1 was 
due to C=C stretching of aromatic ring of MB. The peak 

Equilibrium conc Ce (mg/L)

0 5 10 15 20

C
e/

q e
 (g

/L
)

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

300 C
400 C
500 C
600 C

log Ce

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

lo
g 

q e

1.6

1.8

2.0

2.2

2.4

300 C

400 C

500 C
600 C

(a) (b)

lnCe

0 1 2 3

A
m

ou
nt

 o
f a

ds
or

be
d 

q e (
m

g/
g)

0

20

40

60

80

100

120

140

160

180

300 C
400 C
500 C
600 C

(c)

Fig. 7  a Plot of Ce/qe versus Ce to investigate the feasibility of Lang-
muir isotherm for adsorption of methylene blue on coconut coir dust 
with varying temperature. b Plot of lnqe versus lnCe to investigate the 
feasibility of Freundlich isotherm for adsorption of methylene blue on 

coconut coir dust with varying temperature. c Plot of lnqe versus lnCe 
to investigate the feasibility of tempkin isotherm for adsorption of 
methylene blue on coconut coir dust with varying temperature

Table 3  Langmuir isotherm parameters for adsorption of methylene 
blue on coconut coir dust with varying temperatures

Tempera-
ture (°C)

R2 Langmuir adsorption 
constant, KL (L  mg−1)

Maximum adsorption 
capacity, qm (mg  g−1)

30 0.9975 47.17 147.65
40 0.9954 61.72 163.93
50 0.9986 105.26 169.49
60 0.9983 149.25 175.43

Table 4  Freundlich isotherm parameters for adsorption of methylene 
blue on coconut coir dust with varying temperature

Temperature 
(°C)

R2 Freundlich isotherm con-
stant, KF  (dm3  g−1)

Intensity of 
adsorption N

30 0.9857 59.10 0.2646
40 0.9908 64.84 0.2779
50 0.9697 77.89 0.2619
60 0.9842 84.98 0.2743
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appeared at approximately 1350  cm−1 due to C–H bending 
vibration of methyl group. A signal at 1145.72  cm−1 indi-
cates the presence of C–N stretching.

Figure 9b shows the FT-IR spectrum of CCD before 
adsorption. A broad peak around 3600–3200   cm−1 is 
observed in the spectrum and it is assigned to stretching 
vibration of several hydroxyl groups either from cellulose, 
hemicelluloses or lignin. The band around 2920–2923  cm−1 
represents the  sp3 C–H stretching of the polymer. A band at 
1750  cm−1 denotes the C=O stretching of ester or carboxylic 
groups in carbohydrates. A band appeared at approximately 
1425–1250  cm−1 is due to bending vibration of C–H of 

methyl group. The peak around 1165–1034  cm−1 indicates 
the presence of C–O–C bonding in the molecule.

The FT-IR spectrum of CCD after adsorption is shown in 
Fig. 9c and comparison among these three individual spec-
tra is represented in Fig. 9d. The spectra have a number of 
peaks, indicating the presence of lots of functional groups 
and molecules in CCD. The strong peak at 1619.3  cm−1 
can be attributed to the presence of conjugate C–C bond. 
The strong absorption at 1377.2  cm−1 is evident of weak 
asymmetric vibration of the aliphatic N–O group. The pres-
ence of C–O bond of carboxylic acid group shows a peak at 
1258.6  cm−1. The peaks at 1060–1110  cm−1 appear for the 
presence of C–O bond of alcohol and C–N bond of primary 
amine (–NH2) in the structure. The adsorption capacity of 
adsorbents depends upon available adsorption sites, porosity 
and interactions of functional groups at the surface. These 
interactions create an imbalance between forces at the sur-
face and leads to adsorption of molecules at the surface by 
the van der Waals force. Due to these interactions, the func-
tional groups at the surface are modified to some extent. The 
peak of CCD at 1714.72  cm−1 and 1537.27  cm−1 disappear 
completely after adsorption. However, most of the peaks 
show a shift in wavenumber which indicate the involvement 
of the functional groups of CCD in the adsorption process.

Characterization of CCD by SEM

Figure  10 represents the scanning electron microscopy 
(SEM) photographs of the prepared CCD before and after 
adsorption. SEM photographs with different magnifications 
shows the fibrous structure of CCD surface. The walls of 
the fibers are fractured and there are enormous cavities and 
pores in the walls which are the factors behind high adsorp-
tion capacity. From those figures we can also compare the 
CCD surface before and after adsorption. The dye molecules 
should predominantly be adsorbed onto the cavities and 
pores on the surface, and the cavities and pores are sup-
posed to be covered. So, the surface heterogeneity might be 
reduced and the surface become more homogeneous (Arami 
et al. 2005).

Conclusion

The results of this study show that CCD is an effective low-
cost adsorbent for the adsorption of typical model dye, MB 
from its aqueous solution. The adsorbent, CCD has good 
adsorption capacity for MB and adsorption increases with 
the increase in dye concentration. Experimental data show 
that the adsorption process best fitted with Langmuir adsorp-
tion isotherm with high linear correlation coefficient values. 
The isotherm investigation data shows that the adsorption 
process well fitted with Langmuir isotherm model. The 

Table 5  Temkin isotherm parameters for adsorption of methylene 
blue on coconut coir dust with varying temperature

Temperature 
(°C)

R2 Tempkin isotherm con-
stant, B  (dm3  g−1)

Intensity of 
adsorption A

30 0.9905 27.0388 6.2374
40 0.9865 30.1593 6.4149
50 0.9890 29.6821 12.2521
60 0.9916 31.6596 14.2736

1/T  (x103 )

3.0 3.1 3.2 3.3

ln
(q

e /
C

e )

3.4

3.6

3.8

4.0

4.2

4.4

4.6

4.8

Fig. 8  Plot of ln(qe/Ce) versus 1/T (×  103)for adsorption of aqueous 
methylene blue on coconut coir dust with varying temperature

Table 6  Data for estimating the thermodynamic parameters for 
adsorption of methylene blue on coconut coir dust

Tempera-
tures (K)

∆H (kJ  mol−1) ∆S (kJ  mol−1  K−1) ∆G (kJ  mol−1)

303 + 30.16 + 0.128 − 8.62
313 − 9.90
323 − 11.18
333 − 12.46
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Fig. 9  a FT-IR spectrum of methylene blue dye. b FT-IR spectrum 
of coconut coir dust before adsorption. c FT-IR spectrum of coconut 
coir dust after adsorption. d Comparison of FT-IR spectrum of meth-

ylene blue dye, coconut coir dust before adsorption and coconut coir 
dust after adsorption

Fig. 10  SEM micrograph of 
coconut coir dust before adsorp-
tion (a) and after adsorption, 
respectively (b).
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adsorption kinetic data indicates that the adsorption pro-
cess was best described by the pseudo-second order kinetic 
model. Thermodynamic studies represent the adsorption 
process as endothermic and spontaneous, and favored at high 
temperature. Hence, CCD could find its way to industrial 
application for the treatment of industrial effluents contain-
ing dyes.
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