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The purpose of this paper was to establish the optimum pH and 
temperature for the biosorption of methylene blue (MB) from aqueous 
solutions on Romanian fir tree sawdust (Abies alba), RFTS. The 
maximum biosorption efficiency (99.93%) of MB occurred at 303 K 
and pH = 7. Also, standard thermodynamic parameters, ΔG°, ΔH° and 
ΔS° were calculated, the results indicating that the considered 
biosorption process is endothermic and favourable. Equilibrium data 
were modelled using Langmuir and Freundlich isotherms. The 
experimental data fitted well with the Langmuir isotherm model, 
suggesting the monolayer biosorption of the MB onto RFTS. The MB 
biosorption kinetics was analysed using pseudo-first- and pseudo-
second-order models. The results indicated that decolourization of 
aqueous solutions was best described by the pseudo-second-order 
model. The obtained results indicate that RFTS can be an economic 
and attractive option for dye removal from diluted industrial effluents.  

 
 

INTRODUCTION* 

Pollution of the water sources by organic and 
inorganic contaminants is a major concern in many 
industrialized countries. The industries, for example 
textile, dyestuff, paper and plastics use dye for their 
products by consuming substantial volumes of 
water. Consequently, they generate a considerable 
amount of coloured wastewater.1 More than 100,000 
are commercially available and produced annually 
all over the world.2 It has been estimated that 10-
15% of the dye is lost in the dyeing effluent.3 The 
coloured effluents damage the aesthetic quality of 
water and reduce light penetration and 
photosynthesis, and some of them are toxic or 
mutagenic, carcinogenic and allergenic.4  
                                                      
* Corresponding author: cella@chem.ubbcluj.ro 

Dyes are broadly classified as anionic, cationic 
and non-ionic depending on the ionic charge of the 
chromophore group. Cationic dyes are more toxic 
than anionic dyes.5 Hence, decolourization of the 
coloured-bearing effluents represents an important 
environmental goal. Various techniques like 
coagulation, adsorption, chemical oxidation, froth 
flotation, etc. have been used for the removal of 
organics as well as inorganics from wastewater.6 
Amongst these, biosorption has been found as an 
attractive alternative to replace or supplement the 
present dye removal processes from wastewater.7,8 
Biosorption potential of a biomaterial is based on 
interactions between contaminants and hydroxyl, 
carboxyl, phosphoryl and other charged groups 
localized on the cell wall structure of organisms or 
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biomasses, composed of macromolecules such as 
heteropolysaccharides, proteins and lipids.9 
Adsorption, complexation, chelation and ion 
exchange can play a role in the biosorption 
mechanisms.10,11  

In the recent years, non-conventional 
adsorbents, including natural materials, such as 
waste from agro-industrial activities, have been 
successfully used as alternative low-cost 
adsorbents for the removal of several dyes from 
aqueous solutions.12-15  

Methylene blue (MB) is a dark-green powder or 
a crystalline solid cationic dye.16 MB is usually 
discharged in high quantities in industrial 
wastewater, specially textiles, paper and cosmetics 
industries. The complex structure of MB dye 
makes it very stable and difficult to degrade, 
leading to many environmental problems such as: 
preventing sunlight penetration into water, 
reducing photosyntheic activity and causing bad 
appearance of water surface.17,18 MB is a 
heterocyclic aromatic compound with chemical 
formula C16H18N3SCl, FW = 319.85 g/mol. MB is 
widely used as a redox indicator in analytical 
chemistry. Solutions of this substance are blue 
when are in an oxidizing environment, but will 
turn colourless if exposed to a reducing agent.  

The goal of this study was to realize the MB 
biosorption onto waste fir tree sawdust from 
Romanian wood industry and to offer an effective 
and economical alternative to more expensive 
adsorption processes (commercial active carbon 
and resins). Therefore, pH and temperature 
influences over the biosorption process were 
investigated in batch conditions. Thermodynamics, 
isotherm and kinetic models of the considered 
biosorption process were discussed in details.  

RESULTS AND DISCUSSION 

The obtained experimental data were processed 
using biosorption process efficiency and biosorption 
capacity. Biosorption process efficiency, expressed as 
percentage removal, was calculated with equation (1) 

 
100

0

0 ×
−

=
C

CC(%),E e

 
(1)

 

and biosorption capacity was calculated using 
equation (2)  
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where: C0 is MB initial concentration (mg/L), Ce is 
MB equilibrium concentration in solution (mg/L), 
V is solution volume (L) and m is biosorbent 
quantity (g).19,20 

Biosorbent characterization 

Abies alba fir is a common tree from some 
forest areas in Transylvania (Roumania). These 
trees are the main source in the local wood 
industry and their sawdust could be a good 
candidate as a green and economic alternative for 
dyes removal from wastewater.20,21 Roumanian fir 
tree sawdust, RFTS, was evaluated without any 
chemical pre-treatment.  

Representative samples of RFTS were 
investigated using gravimetric method (humidity 
and apparent density) and wet chemical analyses.21 
The studied biomass consist mainly of dry matter 
(96.93%) and has an apparent density of 1.09 
g/cm3. Main chemical composition is crude fibre, 
cellulose (55.09%), hemicelluloses and lignin 
(33.3%).20,21 The presence of lignin in the sawdust 
structure is likely to confer to this material 
biosorptive properties. The bulk chemical analyses 
performed on sawdust samples indicate the 
presence of C (25.457%), H (3.668%), O 
(70.871%), N (0.004%). The amount of S was 
considered negligible.21,22  

Effect of pH 

The pH is one of the most important controlling 
parameter in the biosorption process of dyes from 
wastewater. Hydrogen ions affect cationic dye 
removal because they have a great affinity for 
many complexing and ion-exchange sites.23 The 
pH values affect the surface charge of the 
adsorbent, the degree of ionization and speciation 
of the adsorbate during the adsorption process.24 In 
our study, four different pH values were 
considered, ranging between 1.45 and 9.91, in 
order to establish pH influence on the biosorption 
capacity of RFTS, Fig. 1.  

As the biosorbent surface is positively charged 
at low pH, the electrostatic attraction between 
RFTS and MB molecule leads to a decrease of the 
biosorption capacity. As the initial pH increases, 
the biosorbent surface becomes less positive and 
therefore electrostatic attraction between the MB 
molecule and RFTS surface (COO- and HO- 
groups) is likely to be increased. The optimum pH 
that provides maximum MB removal (almost 
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100%) was an initial pH=7. For pH values higher 
than 7, a small decrease (0.63%) in dye percentage 
removal, was observed that could be attributed to 
the solubilisation of organic groups present on the 
biosorbent surface.12 Similar behaviour has been 
frequently reported through different studies where 
the authors investigated dye biosorption by various 
biomaterials.12,15,25 

Decolourization of wastewater containing 
cationic dyes, in generally, can be explained by 
ion-ion interactions establised between the cationic 
dye, MB in this case, and the anionic groups within 
the substrate  (COO-), which can be cellulosic or 
hemicellulosic one, from vegetal cell wall of the 
sawdust.26 Cellulose does not require extreme 
alcalinity (pH=7-10) to generate cellulosate ions, 
which are many times more reactive than cellulose 
itself.27 Furthermore, the presence of carboxylic 
groups from the hemicellulose structure may have 
enhance the affinity of wood sawdust to cationic 
dyes molecules that are electron deficient 
(positvely polarized) and thus, the adsorption 
process can be explained by electrostatic 
attractions between two counter-ions.28,29 

 
Effect of temperature 

MB biosorption onto RFTS was conducted 
using four different temperatures. It was observed 
that an increase in temperature led to an increase in 
the biosorption efficiency, suggesting that the 
 

decolourization process is endothermic. Higher 
temperatures conduct to a decrease in biosorption 
efficiency, due to the fact that after 313 K 
desorption process begin. Similar results were 
reported in literature for the biosorption of MB 
onto different vegetal fibres wastes.15,16,18,26 

For each experiment, performed at a certain 
temperature, values of biosorption capacity (qe) 
and MB concentration in solution at equilibrium 
(Ce) were determined. The equilibrium constant 
Kd, of the biosorption process, calculated as qe/Ce, 
can be used to estimate the thermodynamic 
parameters, equation (3), due to its dependence on 
temperature.30 

In order to describe the thermodynamic 
behaviour of the biosorption of MB onto RFTS 
biomass, standard thermodynamic parameters, 
including the changes in standard free energy 
(ΔG°), enthalpy (ΔH°) and entropy (ΔS°) were 
calculated using the following equations: 31 

 dKlnRTG −=Δ  (3) 

 STHG Δ−Δ=Δ  (4) 

where, R is the universal gas constant (8.314×10-3 
kJ/K⋅mol), T is absolute temperature (K), and Kd is 
the distribution coefficient (L/g) calculated as 
qe/Ce, where qe is biosorption capacity (mg/g) and 
Ce is MB concentration in solution at equilibrium.
  

 

 
Fig. 1 – The effect of initial pH on percentage removal values for MB biosorption onto RFTS 

(Ci = 100 mg MB/L, 3g biomass, 0.4 < d < 0.6 mm, 296 K, 200 rpm). 
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The ΔH° and ΔS° parameters were estimated 
from the following equation: 

 
R
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from the slope and intercept of the lnKd versus 1/T 
plot.32,33 

The plot of ln(Kd) as a function of 1/T (Fig. 2) 
yields a straight line (R2=0.947) from which ΔH° 
and ΔS° were calculated, Table 1. The values of 
ΔG° for MB biosorption onto RTFS were found to 
be negative for the experimental range of 
temperatures (Table 1) corresponding to a 
favourable process. Furthermore, the decrease in 
the values of ΔG° with the rise in temperature 
indicates that the biosorption is more favoured at 
higher temperatures. The positive value of ΔH° 
(Table 1) confirms the endothermic nature of the 
overall biosorption process. This means that as the 

temperature increases, more energy is available to 
enhance the biosorption. Our results are in good 
agreement with literature data.34,35 Moreover, the 
positive value of ΔS° (Table 1) points out the 
increased randomness at the solid/liquid interface 
during the biosorption of MB onto RFTS.36 

Adsorption isotherms 

The adsorption isotherms are very important to 
design the reaction systems. They describe how 
adsorbate (eg. dyes) interact with the adsorbent 
surface and therefore are critical in optimizing the 
use of the adsorbent material.26 In the present 
study, two parameters isotherm models, Langmuir 
and Freundlich were used to describe the 
equilibrium of MB biosoprtion onto RFTS. This 
two isotherm models are widely used to describe 
the biosorption of a solute from a liquid solution.  

 
 

 
Fig. 2 – Plot of lnKd versus 1/T for MB biosorption onto RFTS 

(Ci = 100 mg/L, 3g biomass, 0.4 < d < 0.6 mm, pH=7, 200 rpm). 
 
 

Table 1 

Thermodynamic parameters for MB biosorption onto RFTS at various temperatures  
(Ci = 50-200 mg/L, 3g biomass, 0.4 < d < 0.6 mm, pH=7, 200 rpm) 

ΔG° (kJ/mol) Biomass ΔS° 
(kJ/mol·K) 

ΔH° 
(kJ/mol) 296 K 303 K 313 K 318K 

RFTS 0.066 16.362 -3.376 -3.912 -4.581 -4.915 
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Freundlich isotherm model assumes a 
heterogeneous adsorbent surface and active sites 
with different energy and that the molecules 
adsorbed can react with each other.37 Freundlich 
isotherm model in linear form is expressed by 
equation (6), where, Kf (mg(1−1/n)

 L1/n/g) and n are 
the Freundlich equilibrium constants, which can be 
determined from the plot of logqe versus logCe.38 

 efe Clog
n

Klogqlog 1
+=  (6) 

The Langmuir isotherm is based upon an 
assumption of monolayer adsorption onto the surface 
of the adsorbent containing a finite number of 
adsorption sites of uniform energies of adsorption39 and 
it can be written in linear form as follows: 40 

 
meme qCbqq
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where, qe and Ce are the solute concentration in 
liquid and solid phases at equilibrium, (mg/g) and 
(mg/L), respectively, qm is the quantity of 
adsorbate required to form monolayer on unit mass 
of adsorbent (mg/g) and b is the adsorption 

equilibrium constant that is related to the apparent 
energy of adsorption, (L/mg). 

Isotherm parameters qm and b can be obtained 
from 1/qe versus 1/Ce plot. 

The traditional way to realize parameter 
estimation is linearization and linear regression of 
the isotherm models. In this case, linearity of the 
plots expressed by linear regression coefficient, 
R2, can give some information about the fitting 
between the experimental data and the isotherm 
model, the closest to linearity could be considered 
as describing better the adsorption equilibrium in 
a certain system. 25,41 

The linear plot of the Langmuir isotherm for MB 
biosorption onto RFTS is presented in Fig. 3. 

Adsorption equilibrium constants and linear 
regression coefficients obtained from Langmuir and 
Freundich isotherm models are presented in Table 2. 
The monolayer saturation capacity of MB was 
calculated to be 9.718 mg/g, while Langmuir 
constant, which is related to the adsorption energy, 
was determined to be 0.524 L/mg. Freundlich 
isotherm constants were also calculated (Table 2). 
The obtained R2, Table 2, values suggested that the 
experimental results fitted best on Langmuir isotherm 
model. 

 

 
Fig. 3 –  Langmuir plot for MB biosorption onto RFTS 

(Ci = 50-200 mg/L, 3 g biomass, 0.4<d<0.6, 296 K, pH=7, 200 rpm). 
 

Table 2 

Langmuir and Freundlich coefficients for MB biosorption onto RFTS  
(Ci = 50-200 mg/L, 3 g biomass, 0.4<d<0.6, 296 K, pH=7, 200 rpm) 

Langmuir isotherm Freundlich isotherm 
b 

(L/mg) 
qm 

(mg/g) R2 n Kf 
(mg(1-1/n)L1/n/g) R2 

0.524 9.718 0.961 1.446 2.690 0.733 
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Fig. 4 – Plots of the pseudo-second-order kinetic model for MB biosorption onto RFTS 

(Ci = 50-200 mg MB/L, 3g biomass, 0.4 < d < 0.6 mm, 296 K, pH=7, 200 rpm). 
 

Biosorption Kinetics 

Pseudo-first-order (Lagergren)42 and pseudo-
second-order (Ho)43 models were used to study the 
biosorption kinetics of MB onto RFTS. Linear 
regression was used to determine the best fitting 
kinetic model (linear regression coefficient, R2). 
The linear form of the two models is expressed by 
equations (6) and (7), respectively: 

 tkqln)qqln( ete 1−=−  (6) 

 
eet q
t

qkq
t

+= 2
2

1
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where: qe and qt are the amounts of MB dye 
biosorbed (mg/g) at equilibrium and time t, 
respectively and k1 and k2 are the pseudo-first-
order and pseudo-second-order rate constants in 
(1/min), (g/mg·min), respectively. 

Above mentioned kinetic models were used to 
test experimental data and to determine the kinetic 
constants from the slope and intercept values of the 
linear plots, ln(qe-qt) versus t, and t/qt versus t  
(Fig. 4). 

In case of pseudo-first-order, R2 values between 
0.636 and 0.781 were obtained, while qe values 
showed great differences by comparison to 
experimental data, which led to the conclusion that 
MB biosorption onto RFTS cannot be described by 
this model. When pseudo-second-order kinetic 
model was applied for the considered biosorption 
process, values of 1 for R2 were obtained for all 
considered concentrations, Table 3. In addition, the 
calculated qe values are very close to the 
experimental ones (Table 3). Therefore it was 
concluded that MB biosorption on RFTS obeyed 
the pseudo-second-order kinetic model. 

 
Table 3 

Pseudo-second-order rate constants, calculated and experimental qe values for MB biosorption onto RFTS  
(Ci = 50-200 mg MB/L, 3g biomass, 0.4 < d < 0.6 mm, 296 K, pH=7, 200 rpm) 

C 
(mg/L) 

qe(exp)  
(mg/g) 

k2  
(g/mg·min) 

qe(calc) 
(mg/g) R2 

75 2.182 1.716 2.181 1 

100 3.286 0.881 3.287 1 

150 4.162 0.501 4.152 1 

200 6.453 0.185 6.472 1 
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EXPERIMENTAL 

Biomass 

The fir tree (Abies alba) sawdust, RFTS, was obtained 
from a local sawmill in Huedin, Cluj County, Romania. Prior 
to its utilization the considered biomass was washed several 
times with distilled water in order to eliminate surface 
impurities and dried at 105°C for 24 h. Finally, the dried 
biomass was ground and sieved (0.4 < d < 0.6 mm). The 
sieved RFTS was then stored in an airtight box before its 
utilization. No further chemical treatments were considered at 
this stage. Representative RFTS samples were investigated, 
using gravimetric method (humidity and apparent density)20-22 
and elemental analysis using a Thermo Finnigan Flash EA 
1112 Series equipment. 

Preparation of MB solutions 

Dye stock solution (1000 mg/L) was obtained by 
dissolving the necessary quantity of solid substance, MB 
(analytical purity reagent) in distilled water. From this 
solution, solutions with known concentration in 50-200 mg/L 
range were further prepared. 

Biosorption experiments 

The biosorption process was conducted in batch 
conditions, under magnetic stirring at 200 rpm, through the 
contact of a certain amount of RFTS biomass with a volume of 
100 mL MB aqueous solution of various concentrations. The 
biosorption process was realized until equilibrium was reached 
(240 min established from preliminary experiments).22 MB 
concentration in solution was determined using a Jenway 6305 
UV-VIS spectrophotometer, at λmax = 665 nm, after a preliminary 
centrifugation (5 min at 10,000 rpm) and appropriate dilution. 
Water samples were collected at established time intervals.  

The effect of the initial solution pH on the equilibrium 
adsorption of MB was analysed in 1.45 to 9.91 pH range. The 
initial pH was adjusted using 0.1 M HCl and 0.1 M NaOH 
solutions. The experiments were carried out using 100 mL 
solution of 100 mg/L, which was contacted with 3 g fir tree 
sawdust, at 296 K, under magnetic stirring at 200 rpm. pH was 
measured using a Consort 832 pH meter.  

In order to determine the effect of temperature on the MB 
biosorption onto RFTS, four different temperatures were 
considered, 296, 303, 313 and 318 K.  The experiments were 
realized with an initial dye concentration of 100 mg/L at 
pH=7, and 3 g sawdust/100 mL solution. 

All the experiments were repeated three times, the values 
presented were calculated using averaged concentration values. 

CONCLUSIONS 

The decolourization of synthetic aqueous 
solutions containing MB dye using RFTS has been 
investigated under different experimental conditions 
(pH and temperature), in batch mode, under 
magnetic stirring. The maximum biosorption 
efficiency (99.93 %) was obtained at pH = 7 and 
303 K, when 100 mg/L solution, 3 g of biomass 
and 240 minutes contact time were used. MB 
removal process followed pseudo-second-order 

kinetic model while equilibrium adsorption data 
were best fitted on Langmuir isotherm model. The 
positive value of ΔH°, 16.362 kJ/mol, for the 
biosorption process, confirms the endothermic 
nature, while the negative values of ΔG° suggest 
that the process is favourable under the studied 
conditions. 

In conclusion, the study confirms that the 
Romanian fir tree Abies alba sawdust, a waste of 
local wood industry, abundant, low-cost and green 
biosorbent could be successfully used as a 
potential biosorbent for decolourization of 
synthetic solutions containing methylene blue dye 
and, probably, in the future, a material for treating 
industrial wastewater. 
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