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Abstract

The adsorption capacity of a neglected biosorbent, Dried Sunflower Seed 
Hull (DSSH), was investigated in this study for methylene blue dye removal. The 
influences of some operating variables including dye concentration and contact 
time on the dye biosorption were investigated in batch mode. Adsorption kinetics 
were examined by first and second order rate models, and intra particle diffusion 
models, while equilibrium studies were examined by Langmuir, Freundlich and 
Dubinin-Radushkevich isotherm models. D-R model fitted the data best with a 
biosorption capacity of 0.0365 mg/g. The standard Gibbs free energy change 
was also calculated to define the nature of biosorption process. These results 
revealed that the utilization of sunflower seed hull residues as dye biosorbent 
could be an interesting option from both environmental and economic point of 
view.

these methods have significant drawbacks such as high capital and 
operational cost [17]. Adsorption method is an efficient and feasible 
wastewater treatment process which utilizes non-toxic, low cost 
and readily available adsorbents [18]. These adsorbents are effective 
against a wide range of pollutants and a potential alternative for 
costly processes. Adsorbents range from commercial to low cost 
materials such as activated carbon [19], peat [20], organoclay [21], 
peanut husk [22], peanut hull [23], pine sawdust [24], MIRHA [25, 
26] and oil palm ash [27]. The environmental and cost advantages of 
non-conventional low cost adsorbents have prompted more research 
into this area. These advantages were summarized as follows:(i) Non-
conventional adsorbent can compete favourably with conventional 
adsorbents in terms of efficiency depending on the characteristics and 
particle size of the adsorbents ,and the nature of the adsorbate. (ii) 
Non-conventional adsorbents are cost effective; require simple alkali 
treatment, less maintenance and supervision. 

Materials and Methods 
Preparation of Sunflower Seed Hull (SSH) 

A 120 g packet of Sunflower seeds purchased from a local grocery 
was deshelled and the hull was milled in a coffee grinder. The milled 
hull was then separated into different particle seizes using with ASTM 
standard sieves with mesh seizes 60 (250μm aperture), 40 (425μm 
aperture) and 20 (850μm aperture). The fraction of the sunflower 
seed which is hull was determined by deshelling a known weight 
of seed and weighing the hull separated. The effect of acid and base 
treatment was studied using the fraction retained on the 40 mesh 
sieve. Three grams each of milled hull was soaked overnight in either 
250 ml of 0.05M hydrochloric acid (HCl) or 250 ml of 0.05M sodium 
hydroxide (NaOH). The pHs of the supernatants were 1.36 and 12.66 
respectively. The supernatant was removed and each fraction was 
washed thrice with 250 ml distilled water (dH2O). The pH of the acid 
treated Sunflower Seed Hull (SSH) was then adjusted to pH 5.0 with 

Introduction 
Dyes are important compounds commonly used in various 

industries such as textile, paper, leather and plastic manufacturers 
[1]. The textile-dyeing industry consumes large quantities of water 
and produces large volumes of wastewater from different steps in 
the dyeing and finishing processes. Wastewater from printing and 
dyeing units is often rich in colour. The presence of even very low 
concentrations of dyes in the effluent is highly visible and undesirable. 
The effluent also contains residues of reactive dyes and harmful 
chemicals. Therefore, such wastewater needs to be properly treated 
before its release into the environment [2]. Many structural varieties of 
dyes exist, including acidic, basic, disperse, azo, diazo, anthraquinone 
based and metal complex dyes [3]. Annual dye production is estimated 
at about 100, 000 commercially available compounds with more than 
7 × 105 ton of dyestuff produced [4]. Consequently, textile industries 
produce vast amount of coloured wastewater due to low level of dye 
fiber fixation [5]. According to various dye classification, methylene 
blue is categorized as a highly toxic cationic dye [6]. Effluent dyes 
released from these industries constitute an important part of water 
pollution [7]. Disposal of untreated dye effluents has characteristics 
environmental effects due to the presence of toxic pollutants which are 
resistant to typical microbial biodegradation [8]. Most dyes are made 
recalcitrant compounds through their interaction with sunlight in the 
effluent wastewater and can transform to carcinogenic compounds 
under anaerobic conditions [9]. Such waste-water represents a 
large group of organic chemicals which could present health related 
risk to humans in excess amount [10]. Effluent dye wastewater is a 
large volume production which can supplement limited fresh water 
resources if properly treated [11].

Several treatment methods have been applied in the removal of 
dye such as chemical precipitation [12], reverse osmosis [13], ion 
exchange [14], solvent extraction [15] and ozonation [16]. However, 
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drops of 1M NaOH while the base treated SSH was adjusted to pH 5.5 
with drops of 1 M HCl. The wet SSH was dried overnight at 70oC in a 
forced air drying oven to constant weight. The Dried Sunflower Seed 
Hull (DSSH) was used in the adsorption characteristics studies [28]. 
The sunflower plant is a native of North America. It was grown by the 
Indians for food in North Carolina before 1600 and by New England 
colonists for hair oil as early as 1615 [29]. The rising prominence of 
sunflower oil in world edible oil markets has stimulated increased 
interest in expanded U.S production for last decades. U.S acreage of 
sunflower planting has expanded rapidly in the 1970’s, reaching a 
peak at 5.5 million acres. The U.S sunflower production has declined 
in recent years. Currently U.S planted sunflower over 1.8 million 
acres in 2012 and approximately 1 million metric tons of sunflower 
seed were produced in 2011. 41% and 32.7 % of total sunflower 
planted acres were grown in the North Dakota and South Dakota in 
2012, respectively [30]. Compared with soybean oil which currently 
dominates the US edible oils market, sunflower seed oil has a higher 
content of polyunsaturated fatty acids [29]. The world production of 
sunflower seed is 31.1 MT with the USSR being the largest producer 
producing 6.3MT, Ukraine 4.7MT, Argentina 3.7MT , China 1.9MT, 
India 1.9MT, USA 1.8MT [31]. The U.S produced around 6% of 
the world’s sunflower production and 85.1 % of total U.S sunflower 
production is for vegetable oils. In recent years, approximately 12 
million acres of sunflowers have been grown in the world annually 
[32]. The hull accounts for 22 to 28% of the weight of sunflower seed 
and becomes a by product of the seed crushing operation. Large-seed 
varieties have higher proportion of hull than small-seed varieties. The 
most promising use for sunflower seed hulls appears to be as roughage 
ingredient for livestock feed. Sunflower hulls make coarse roughage, 
high in fiber but suitable for use in ruminant rations. Sunflower hull 
contains 11.5% moisture, 3.5% protein 3.4% fat and 22.1 % fiber [29]. 

The objectives of this study were to investigate the potential use 
of sunflower seed hull, as an effective biosorbent for the removal 
of methylene blue dye from aqueous solutions and study its 
thermodynamic and kinetic properties. 

Preparation of dye solution 
Methylene Blue (MB), the basic dye used as the model sorbate in 

the present study is a monovalent cationic dye. It is classified as C.I. 
Basic blue 9, C.I. solvent blue 8, C.I.52015. It has a molecular weight 
of 373.90. Methylene blue (MW 319.85 g/mole) was obtained from 
Sigma-Aldrich Milwaukee, Wisconsin USA. The chemical structure 
of MB is shown in Figure 1. A stock solution 1 mg/L was prepared 
by dissolving 0.05mg in 50 ml of distilled water. Various dilution of 
this stock solution was used for the batch studies. The experimental 
concentrations were obtained by dilution of this solution. 0.05M HCl 
or 0.05M NaOH was used for pH adjustment of the working solutions. 
The concentration of MB dye was measured at a wavelength of 664 
nm using UV-Visible spectrophotometer (Gensys 5).

Dye biosorption experiments 
Batch biosorption experiments were performed in 50 ml plastic 

tubes containing 20 ml dye solution with vortex mixing 1ml aliquot 
were withdrawn every 15 min for absorbance measurement at 664nm 
using a Genesys 5 Scanning Spectrophotometer (Thermo Scientific, 
Madison, Wisconsin , USA) to determine the concentration of dye. 
The concentration of methylene blue dye was determined from a 
calibration plot of absorbance at 664nm versus concentration. The 
calibration plot was linear up to a methylene blue dye concentration 
of 1mM. The biosorption experiments were conducted in 50ml 
plastic tubes while the volume of the dye solution was kept at 20 ml 
in thermostatic water bath as describe in our earlier work [28,33]. 
All experiments were conducted at 39.50C while temperature studies 
were conducted between 24.5 and 54.50C. 

The biosorption capacity, q (mg/g) and Percent Dye Biosorbed 
(PDB) were calculated using the following equations [33]

q= (C0−Ct)…… …………..1 

qe=(C0−Ce)V/M……………………..2 

PDB=[1−Ct/C0]*100%................................3 

Where Co (mg/L) is the initial dye concentration, Ct (mg/L) 
is the residual dye concentration at time t (min), Ce (mg/L) is the 
concentration at equilibrium, V (L) is the volume of dye solution, and 
M (g) is the amount of biosorbent used. The q value is equal to qt 
and qe at time t and at equilibrium respectively. In this study each 
experiment was in duplicate and the average values obtained from 
these experiments were used to give results. 

Result and Discussion 
Effect of contact time and temperature 

The effect of contact time and temperature on the biosorption of 
MB on DSSH is shown in Figure 2. As seen the figure, a contact time 
of about 20 min was generally sufficient to achieve equilibrium and 
the dye removal did not change significantly with further contact. The 
biosorption rate of dye was very fast in the first 10 min due to the 
surface biosorption. A rapid dye uptake and achieving equilibrium 
in short time implies the efficiency of biosorbent for dye removal 
from aqueous environment. It is apparent that the dye biosorbed 

Figure 1: Chemical structure of Methylene blue.

Figure 2: Effect if contact time on biosorption of Methylene blue on DSSH at 
different temperatures.
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is a function of contact time and temperature. The time profile for 
the biosorption of MB onto DSSH was smooth continuous leading 
to saturation and approached equilibrium around 120 min. It was 
also evident that almost 90% of MB was biosorbed during the first 
ten minutes at all temperature levels. Higher rate of dye removal was 
observed during the initial phase of biosorption due to availability of 
free sites on the upper surface of the biosorbent. First phase of higher 
removal rate was followed by a phase of slow dye removal [34,35]. The 
reason why low adsorption of MB subsequently occurred was perhaps 
that aggregation of MB molecules negated the influence of contact 
time as the micropores were filled up and started offering resistance 
to the diffusion of aggregated dye molecules in the adsorbents [35]. 
A rapid uptake of adsorbate by an adsorbent is especially important 
when applied to wastewater treatment by means of adsorption 
which signifies the efficacy of an adsorbent to be used in wastewater 
treatment [36].

Effect of pH on biosorption 
One of the important parameters in biosorption is the effect of pH. 

The Percentage of MB biosorbed (PDB) increased with the increase 
of solution pH as the surface becomes progressively more negatively 
charged. The MB removal was nearly constant in the pH range of 
6.0–10.0, while the biosorption capacity qe attained a maximum 
value between pH 6.0 and 8.0 Figure 3. Similar effect was also reported 
for other low-cost biosorbents such as breadnut peel [36]. MB is a 
cationic dye and therefore, as the pH decreases, the surface of the DSSH 
becomes more positively charged which results in an increase in the 
electrostatic repulsion between the positively charged adsorbate and 
the positively charged MB cations [36]. The low value of dye removal 
and biosorption capacity is due to the protonation of the functional 
groups which makes the surface of the biosorbent more positive and 
cause the repulsion between dye molecules and biosorbent [37]. 
According to [38] dye removal from solution by biosorbent could 
be governed by: (i) Polarization effects between the dye ions and 
the biosorbent surface sites, leading to physisorbed species due to 
weak electrostatic forces, and (ii) Diffusion limitations affecting the 
kinetic parameters, namely mass transfer of the dye molecules into 
the porous structure of the biosorbent. 

Effect of initial dye Concentration 
The influence of varying the initial dye concentration from 

0.005 to 0.025 mg/L was investigated and the results are shown in 
the Figure 4. As the initial methylene blue concentration increased 

the per cent dye removed increased to a maximum value while the 
biosorption capacity increased linearly. Similar results were reported 
for the biosorption of azure dye on DSSH [28]. This was due to the 
increasing driving force in the concentration gradient and increasing 
electrostatic interactions between surface sites and dye [39]. 

Effect of biosorbent dosage 
Figure 5 shows the effect of biosorbent dosage on the dye removal 

and biosorption capacity. It was found that when the biosorbent 
dosage increased from 0.05 to 0.45 g, the per cent dye removed 
was maximum at 0.25g, while the biosorption capacity decreased 
from 0.00577 to 0.000423 mg/g. The number of sites available for 
biosorption depends upon the amount of the biosorbent. The increase 
in the percent dye biosorbed with increase in biomass dosage is due 
to increase in active sites on the biosorbent and thus making easier 
penetration of the dye to the sorption sites [40]. The decrease in the 
biosorption capacity at higher biosorbent concentration may be 
attributed to overlapping or partial aggregation of biosorption sites 
on the biosorbent surface. This fact results in a decrease in effective 
surface area of the biosorbent available to the dye molecules [41,42] 
Sites on the biosorbent surface. This fact results in a decrease in 
effective surface area of the biosorbent available to the dye molecules 
[41,42]. Further increase in the biosorbent concentration up to 
0.45 g/L did not significantly change the PDR. This is due to the 
binding of almost all dye molecules to the biosorbent surface and 
the establishment of equilibrium between the dye molecules on the 
biosorbent and in the solution [43,44].

Biosorption equilibrium studies 
Biosorption isotherms indicate how the dye molecules are 

distributed between the liquid and solid phases at a constant 
temperature under equilibrium state. There are several isotherm 
equations describing the biosorption equilibrium. These models 
provide valuable information on the possible biosorption 
mechanism, surface property, capacity and affinity of biosorbent. 
Thus, the isotherm data of dye biosorption onto DSSH were assessed 
using the models of Freundlich [45], Langmuir [46] and Dubinin-

Figure 3: Effect of pH on Percent Dye Removal (PDR) and Biosorption 
capacity at 39.5oC.

Figure 4: Effect of methylene blue concentration on Percent Dye Biosorbed 
(PDB) and Biosorption Capacity (BC).
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Radushkevich [47]. Freundlich isotherm is the earliest known 
relationship describing the non-ideal and reversible biosorption, not 
restricted to the formation of monolayer. This empirical model can 
be applied to multilayer biosorption, with non-uniform distribution 
of biosorption heat and affinities over the heterogeneous surface [48]. 
Non-linear equation of this model is given as: 

qe= KfCe
1/nF⁄……………1 

Where qe (mg/g) is the dye biosorption capacity of biosorbent at 
the equilibrium. Ce (mg/L) is the dye concentration at equilibrium. 
KF (mg/g (L/mg)1/nF) and nF are Freundlich isotherm constants related 
to biosorption capacity and intensity, respectively. Langmuir model 
supposes that the biosorption process comes from the monolayer 
coverage of biosorbate over a homogenous biosorbent surface and 
that biosorption occurs on specific homogeneous sites within the 
biosorbent and all its biosorption sites are energetically identical 
[49,50]. The non-linear Langmuir equation is written by: 

qe=qmKLCe/1+KLCe……………2 

Where qm (mg/g) is the maximum biosorption capacity of 
biosorbent. KL (L/mg) is Langmuir equilibrium constant related to 
the biosorption energy. On the other hand, Dubinin-Radushkevich 
isotherm model is usually applied to distinguish the physical and 
chemical nature of biosorption process, with its mean free energy, E 
(kJ/mol) , inscribed as E = 1/(2B)1/2) per molecule of biosorbate (for 
removing a molecule from its location in the biosorption space to the 
infinity) [48]. Hence, the biosorption equilibrium data were further 
tested by the non-linear Dubinin-Radushkevich model representing 
as: 

qe=qme
−βε2…………3

where β (mol2 /kJ2) is a constant related to the mean free energy 
of biosorption, ε is the Polanyi potential which is equal to RT ln (1 
+ (1/Ce)). R (J/mol/ K) is the universal gas constant and T(K) is the 
absolute temperature. The calculated equilibrium parameters and 
statistical data are listed in Table 1. Based on the values of R2, the 
Dubinin-Radushkevich model was the best isotherm equation for 
this biosorption system. In addition, the maximum dye biosorption 
capacity for the biosorbent was found to be 0.0365mg/g. On the other 
hand, the values of nF and RL (the equilibrium parameter written as 
RL = 1/ (1 + KLCo) obtained from Freundlich and Langmuir models 
were calculated to be 1.12 and 0.430, respectively. The mean free 
energy defined from Dubinin-Radushkevich equation was found 
as 7.45 kJ/mol. The magnitude of E value characterize the type of 
the biosorption as chemical ion exchange (E = 8–16 kJ/ mole) [51], 
or physical sorption (E<8kJ/mole) [52]. The mean free energy of 

biosorption (E) is found between kJ/mole at different temperatures, 
which implies that, the biosorption of methylene blue on DSSH may 
be considered as physical biosorption. 

Analysis of biosorption kinetics 
Kinetic models describe the dynamic behaviour of biosorption 

process operated under different experimental conditions. They 
are very useful for scale-up and process optimization studies [53]. 
In order to predict the mechanism involved during methylene blue 
biosorption on DSSH, various kinetic models namely, pseudo-first-
order, pseudo-second-order, and intra-particle diffusion model 
[54,55] were used to fit the experimental data. The pseudo-first-order 
is based on solid capacity. This model considers the rate of occupation 
of biosorption sites proportional to the number of unoccupied sites 
[49]. This model is expressed by: 

qe= qe(1−e−k1t)..........…4 

Where qt and qe (mg/g) are the biosorption capacity of dye at a 
time t and the equilibrium, respectively. k1(min-1) is the biosorption 
rate constant of pseudo-first-order model. 

The pseudo-second-order kinetics is usually associated with the 
situation when the rate of direct biosorption/desorption process 
controls the overall biosorption kinetics and generally shown as: 

qt=k2qe
2t/1+ k2qet..........5 

Where k2 (g/ mg. min) is the pseudo-second-order rate constant. 

Since the above kinetic models cannot validate the diffusion 
mechanism, the experimental data were further tested by the intra-
particle diffusion model and it is represented as: 

qt=kpt
1/2+C………6 

Where kp (mg/g1 min1/2) is the intra-particle diffusion rate 
constant and C (mg/g) is a constant providing information about the 
thickness of boundary layer. The biosorption parameters of all models 
and statistical data are presented in Table 2. The best-fit model was 
selected on the basis of the correlation coefficient R2, and qe. Based on 
the high R2 values from the table, methylene blue biosorption onto 
DSSH was best described by the pseudo-second-order model. Figure 
6 shows the plot of  t/q versus time for the biosoption of methylene 
blue onto DSSH at different dye concentrations.

These results revealed that the rate of dye removal might be 
controlled largely by the ultimate interaction of dye molecules with 
the biosorbent [49]. Moreover, the solute transfer is characterized 
by the boundary layer diffusion, intra-particle diffusion, or both in a 

Model Parameter

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

nF
R2

0.964
1.13

0.9561

Langmuir

KL (L/mg)
qm (mg/g)
RL
R2

88.44
0.0263
0.430

0.9493

Dubinin-Radushkevich (D-R)

qm (mg/g)
β (mol/kJ)2

E (kJ/mol)
R2

0.0365
9E-09
7.45

0.9608

Table 1: Isotherm model parameters and constants with correlation Coefficient.

Parameter values : dye concentration (mg/L)

Models Parameters 0.010 0.015 0.02 0.025

First order
k1
qe(calc) x 10-4

R2

0.0539
0.0887
0.7138

0.0642
2.67

0.8381

0.0722
2.30

0.7435

0.0679
3.07

0.7356

Second order

k2 x 109

qe(calc) x 103

h x 103

R2

1.23
0.842
1.733
1.00

1.75
1.185
1.244
1.00

3.82
1.341
2.124
1.00

7.83
1.748
2.564
1.00

Intraparticle diffusion
kiD
Ci
R2

Table 2: Kinetic parameters of MB adsorption on DSSH: Condition 0.25 g DSSH 
39.5oC.
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solid/liquid biosorption system [2]. In order to explain the diffusion 
mechanism, the intra-particle diffusion model was also applied to the 
kinetic data. If the regression of qt versus t1/2 is linear and the plot 
passes through the origin, then intra-particle diffusion plays the 
most important role in the biosorption process [55]. For this study, 
the regression of qt versus t1/2 given a multi-stage plot which was 
fitted to a fifth degree polynomial Figure 7. The initial curved region 
corresponds to the external surface sorption, in which the dye diffuses 
through the solution to the external surface of biosorbent. The second 
stage relates the gradual sorption reflecting intra-particle diffusion 

as the rate-controlling step. The final plateau region points out the 
surface sorption and the equilibrium stage, in which the intra-particle 
diffusion starts to slow down and level out. This situation suggested 
that both the boundary layer diffusion and the intra-particle diffusion 
were likely prominent in the transfer of dye onto the biosorbent 
[55,56].

Thermodynamic analysis of dye removal process 
The equilibrium biosorption capacity of methylene blue onto 

DSSH was favored at lower temperatures. The thermodynamics 
constants are presented in Table 2. The equilibrium constant increased 
from 24.5 to 39.50C then decreased as the temperature was increased 
to 54.50C indicating a decrease in the biosorption capacity. In order 
to determine the temperature dependence of the dye removal process 
by DSSH, the changes in the thermodynamic parameters (free energy 
(ΔG*), enthalpy (ΔH*) and entropy (ΔS*)) were analyzed using the 
Langmuir equilibrium (KL). The following equations were used to 
calculate the thermodynamic parameters. 

ΔG*=−RTlnKL……

lnKL=−ΔG*/RT=−ΔH*/RT+ΔS*/R………

The Van Hoff plot of ln KL as function of 1/T from 24.5 to 39.50C 
is shown in plot yields a straight line with a correlation coefficient of 
0.782 from which ΔH* and ΔS* were calculated from the slope and 
intercept respectively Table 3. The negative value of ΔH* (-14.78 KJ/
mole) suggests the exothermic nature of the biosorption process. The 
negative entropy value of (-40.48 J/mole) and negatively decreasing 
value of Gibbs free energy indicate increased randomness at the solid/
liquid interface during the biosorption process while low value of ΔS 
indicates that no remarkable change on entropy occurs [57-60].

Figure 5: Effect of biosorbent dosage on the PDB and BC at 39.50C.

Figure 6: Pseudo-second order kinetic plots for the biosorption of various 
methylene blue concentrations at pH 6.0 and 39.50C.

Figure 7: Intra particle diffusion mode plots.

Plot: ln KL versus reciprocal absolute Temperature.

Temp. (oC) KL ∆G*  (kJ/mol) ∆H* (kJ/mol) ∆S* (j/mol

24.5 3.16 -2.85

32 2.40 -2.22

39.5 2.38 -2.25 -14.78 -40.48

47 2.01 -1.85

54.5 2.57 -2.57

Table 3: Thermodynamic parameters from Langmuir constant (KL) for the 
biosorption of MB onto DSSH at various Temperature.
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Conclusions 
The present study investigated the biosorption of methylene 

blue by dried sunflower seed hull from aqueous media. The kinetic 
data fit well with the pseudo-second-order model. The biosorption 
equilibrium was described by the Dubinin-Radushkevich isotherm 
model well. The values of ΔG° declared the spontaneous nature of dye 
biosorption. It was concluded that DSSH could be used as a promising 
alternative for methylene blue removal from aqueous solutions. 
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