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Abstract 
Methylene Blue (MB) has been found to be one of the most common dyes used in the industries. 
Adsorption process using Activated Carbon (AC) has been proven to be able to remove MB effec-
tively but the treatment cost using the adsorbent is considered expensive due to its high energy 
cost. Sugarcane Bagasse (SGB) is an agricultural by-product and abundantly available material in 
many developing countries. FTIR and XRD were used to confirm the existence of ligno-cellulose 
content of SGB after experiencing various chemical treatments. SGB had 5 - 40 folds higher MB 
removal capability than commercial activated carbon, depending on the pH of water medium and 
the type of SGB. SGB showed a much better performance in adsorbing MB in alkaline environment 
than in acidic environment. Langmuir adsorption isotherm model was able to estimate the re-
moval capacity of non-chemical treated SGB (NSGB) and CaCl2 treated SGB (CSGB) at 84.7458 mg/g 
and 35.2113 mg/g respectively. An extremely higher MB removal capacity was found for BSGB due 
to the complexity of the surface site after chemical treatment. NaOH treated SGB (BSGB) with low 
lignin residue content was the most favourable adsorbent for MB adsorption. 
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1. Introduction 
Dye is a natural or synthetic material that adds a specific colour to the material it is being applied to. Dye has an 
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ionising and aromatic organic compound that forms an affinity to substrates and binds to them. The discovery of 
the first synthetic dye led to the transition from natural dye to synthetic dye manufacturing in the early twentieth 
century [1]. Currently, synthetic dyes are used in a wide range of industries from commodity manufacturing 
such as textile making [2]-[4], paper production [5] and food technology [6] [7], to energy generation such as 
light-harvesting arrays [8] and photoelectrochemical cells [9]. While synthetic dyes are increasingly used over 
natural dyes due to their lower costs and cheaper production [10], synthetic dyes have their own negative im-
pacts. With their visible colour, synthetic dyes reduce the light penetration into the wastewater and adversely af-
fect aquatic growth and photosynthesis. They can also bring severe and/or long-term health effects to organisms 
[11]. Figure 1 shows a commonly used synthetic dye of Methylene Blue (MB), which has an empirical formula 
of C16H18ClN3S.  

Due to their complex chemical structure, synthetic dyes are harder to biodegrade and thus more resistant to 
conventional biological treatment. The traditional physical and chemical processes are also expensive and inef-
fective in the treatment of various dyes in wastewater [13].  

Adsorption is increasingly being used for its high removal rate of dye from wastewater [14] [15] and its low 
operation cost [16]. Adsorption is a process where a substance adheres to the surface of the adsorbent as com-
pared to absorption where the entire volume of the substance dissolves into the adsorbent. While the absorption 
substance can only be liquid, adsorption substance can be a gas, liquid or dissolved solid [17]. Characteristics of 
adsorbents include porosity, pore structure and the nature of the adsorbent surface; these will determine their ef-
fectiveness in removing dye waste [18]. While activated carbon (AC) is one of the most effective adsorbents for 
dye waste, commercially available AC is expensive [19]. However, recent research has shown that suitable ad-
sorbent materials can also be found in a wide range of materials that are inexpensive and commonly available. 
Industrial and agricultural by-products can be modified to increase their adsorption capacity to form AC. They 
include waste paper [20], rice hull [21], and wood waste [22]. Some studies on adsorption of different dyes onto 
sugarcane bagasse (SGB) have been reported recently [23]-[25]. Sugarcane bagasse contained approximately 
30% - 50% of cellulose and 20% - 24% of lignin [26].  

In this study, the effectiveness of sugarcane bagasse biosorbent for MB removal was investigated. Adsorption 
studies were conducted in batches according to various parameters such as initial concentration of MB adsorbate, 
SGB adsorbent, adsorption time and pH. Chemical pre-treatment was conducted to improve the adsorptive 
properties of SGB. Material characterisation was conducted using FTIR and XRD. The MB experimental data 
were fitted onto Langmuir and Freundlich adsorption isotherm models to determine the SGB removal capacity. 
The objectives of this study were to investigate the MB removal capability of SGB in comparison to commercial 
activated carbon and to investigate the determining factor that can enhance MB adsorption onto SGB, whether 
from the change of SGB adsorbent characteristic or the change of various experimental conditions.  

2. Methodology, Equipment and Materials  
2.1. Pre-Treatment of SGB to Prepare NSGB, CSGB and BSGB 
An estimated 5 kg of SGB was collected from one of the local drink stall in hawker centre using a plastic bag. 
The soft, pale fibres were collected from the inner side of SGB by using hands to tear it off. Approximately 30 g 
of SGB were weighed using a three-decimal place mass balance before being rinsed with 800 mL of tap water. 
Further tap water rinsing was conducted to ensure SGB free from any attached dust or fine particles. After that, 
800 mL of deionized water were used to sanitise the SGB. The SGB were placed on an aluminium tray and dried 
in an oven (Memmert) at 103˚C overnight to fully remove water moisture. The SGB was collected on the next 
day and it was cut into smaller pieces using scissors. The smaller pieces of SGB were blended using SONA 
Electric Blender until becoming fine particles. The blended SGB were then sieved by passing through a 2.0 mm 
sieve (ASTM) and collected in a 850 µm sieve (ASTM E11). The SGB were then stored as NSGB in a labelled 
 

 
Figure 1. Structure of MB [12].           
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container. A further treatment was conducted to prepare CSGB and BSGB. The CSGB was prepared by adding 
10 g of NSGB in 500 mL of 0.0248 mol/L calcium chloride (CaCl2) solution to mineralise SGB and remove lig-
nin content, similar to Rowell [27] when trying to remove lignin from woods but using sodium chloride. The 
mixture was manually shaken for a couple of minutes before being left overnight. SGB was filtered and dried in 
the oven overnight before being stored as CSGB. The BSGB was prepared by mixing 2 g of NSGB with con-
centrated 1 M of NaOH in 500 mL beaker glass to delignify SGB [28]. The mixture was left overnight and the 
SGB was filtered and dried in the oven the next day for approximately 4 hours. The SGB was then stored as 
BSGB in a labelled container. The same pre-treatment procedure of SGB was repeated after the existing supply 
was used up. Pale yellow NSGB samples will turn darker yellow after calcium chloride and alkaline treatment. 
BSGB also showed the darkest yellow among three samples and fragile and amorphous. Figure 2 shows sam-
ples of NSGB, CSGB & BSGB.  

2.2. Characterisation of SGB Using FTIR and XRD Instruments 
Material characterisation was conducted using two available analytical instruments of FTIR and XRD to deter-
mine various functional groups including lignin existence, existence of cellulose and size of crystalline cellulose 
from NSGB, CSGB and BSGB samples. The dried samples were grinded and embedded in KBr pellets. IR 
spectra of the samples were recorded by using IRPrestige-21 FTIR spectrophotometer (Shimadzu). The spectra 
were recorded in the transmission band mode in the range of 4000 - 400 cm−1. Crystallinity of the samples was 
determined by X-ray diffraction using D8 ADVANCE diffractometer (Bruker). The diffraction spectrum was 
taken by the θ - 2θ method. Samples were scanned from 2θ = 10˚ to 70˚ with a step size of 0.02˚. The samples’ 
crystallinity was determined as the percentage as follows:  

[ ]002

002

100%amI I
CrI

I
−

= ×                                 (1) 

where,  
I002 = the maximum intensity of the (002) lattice diffraction (2θ ≈ 22˚);  
Iam = the intensity at 2θ ≈ 15˚ - 18˚ (amorphous). 
The average size of the crystallites was calculated from the Scherrer equation, which was based on the width 

of the diffraction patterns obtained in the X-ray reflected crystalline region. In the present study, the crystallite 
sizes were determined by using the diffraction pattern obtained from the 002 (hkl) lattice planes of samples us-
ing the following formula: 

( )
( )

coshkl
hkl

KD
B
λ θ=                                   (2) 

where,  
(hkl) = the lattice plane;  
D(hkl) = the size of crystallite;  
K = the Scherrer constant (taken as 0.9);  
λ = the X-ray wavelength (0.154 nm); 
B(hkl) = the FWHM (full width half maximum) of the measured hkl reflection;  
2θ = the corresponding Bragg angle (reflection angle). 

 

 
Figure 2. Samples of NSGB, CSGB & BSGB.                                            
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2.3. Preparation of 10 μmol/L (3.739 mg/L) of MB Stock Solution  
Using a four-decimal-place electronic mass balance, 0.0019 g of powered MB was accurately weighed out. It 
was then dissolved completely in 500 mL of deionized water before being transferred into a 500 mL storage bot-
tle to make a 10 µmol/L (3.739 mg/L) MB solution. The storage bottle was wrapped with aluminium foil to pre-
vent de-colourisation of the solution as MB is naturally very sensitive to light. The absorbance of the various 
MB standard solutions was measured using a UV Spectrophotometer (TechComp UV 1100 Spectrophotometer), 
at two reference wavelengths of 609 nm and 665 nm. Both wavelengths were compared based on its regression 
value, and 665 nm was found to have the best regression value (r2 ≈ 1) [22]. Thus, the wavelength of 665 nm 
was selected for determining the remaining concentration of MB after batch adsorption experiment.  

2.4. Batch Adsorption Experiment  
Various amount of SGB were weighed using a four-decimal-place mass balance and placed into 50 mL test tubes 
filled with 30 mL of 10 µmol/L MB solution. The MB solution in the test tubes were mixed thoroughly using an 
adjustable rotator (Digital Feedback Controlled Rotator) (Figure 3) at 30 rpm and subsequently centrifuged for 
1 minute in a centrifuge machine (Hettich Zentrifugen, D-78532 Tuttlingen) (Figure 4) at 6000 rpm. 10 mL of 
each sample was withdrawn using a dropper and put into 15 mL test tubes to separate SGB from the mixture. 
The supernatant liquid was then extracted using a dropper and recorded the absorbance using a UV Spectropho-
tometer (TechComp UV 1100 Spectrophotometer) (Figure 5). These procedures were used to determine the op-
timum adsorption time, effect of pH and effect of SGB concentration on the removal rate of MB. To investigate 
the effect of pH, some drops of concentrated H2SO4 and NaOH were added into 10 µmol/L of MB solutions for 
a pH alteration. Subsequently, 0.833 g/L of SGB was put into the test tube to obtain various pH. After reaching 
the equilibrium time, the result was measured using the pH meter (EUTECH) (Figure 6). Experimental analysis 
of sample was setup in duplicates and relative standard deviation (RSD) was calculated for each result.  

2.5. Determining the Removal Rate of MB 
In quantitative analysis, the adsorptive capacity of adsorbents of SGB was analysed as follows. The removal rate 
of MB was expressed as mg/g and calculated using the following formula:  

( ) ( ) 6 Volume of MB usedMole of MB removed mol 10
1000i fC C − = − × ×                  (3) 

( )Mass of MB removed mg Mole of MB removed 373.90 g mol 1000= × ×                (4) 

( ) ( )
( )

Mass of MB removed mg
Removal Rate of MB mg g  

Mass of bagasse g
=                      (5) 

 

 
Figure 3. Rotator (Digital Feedback Controlled Rotator) 
with tested samples of SGB and MB.                  
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Figure 4. Centrifuge Machine (Hettich Zentrifugen) 
with tested samples of SGB and MB.                  

 

 
Figure 5. UV Spectrophotometer (TechComp UV 
1100 Spectrophotometer).                             

 

 
Figure 6. pH Meter (EUTECH instruments).             

 
where,  

Ci = Initial concentration of MB solution (µmol/L);  
Cf = Final concentration of MB solution (µmol/L); 
Molecular Weight of MB = 373.90 g/mol. 
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2.6. Determining the MB Removal Capacity Using Langmuir and Freundlich Models 
In quantitative analysis, the adsorption data was analysed by fitting them to Langmuir and Freundlich equations 
[29]. Each linearized equation is presented below:  

Linearized Langmuir Isotherm equation: 

1 11
bCeXm Xmx

= +                                    (6) 

where,  
X = Removal rate of MB (mg/g);  
Xm = Monolayer capacity of SGB in adsorbing MB (mg/g); 
Ce = Final concentration of MB solution (mg/L); 
b = Equilibrium binding constant of the MB adsorption (L/mg). 
Linearized Freundlich Isotherm equation: 

1log log log eX K C
n

= +                                 (7) 

where,  
X = Removal rate of MB (mg/g);  
Ce = Final Concentration of MB Solution (mg/L); 
K = Equilibrium constant that indicate a measure of multi-layer adsorption capacity (mg/g); 
1 n  = Equilibrium constant that indicate a measure of intensity of adsorption. 
The plots of 1 X  versus 1 eC  and log X  versus log eC  were made to test the data fitness to the Lang-

muir and Freundlich adsorption models, respectively.  

3. Results and Analysis 
3.1. SGB Characterisation Using FTIR and XRD  
Figure 7 represents the FTIR spectra of samples BSGB, CSGB and NSGB. The bands at 3400 cm−1 and 2910 
cm−1 are assigned to O-H stretching and C-H stretching and exist in all three samples. NSGB has the highest in-
tensity at band of 3400 cm−1 (O-H stretching) among the samples. Band at 1740 cm−1 represent C=O stretching 
which is absent in BSGB sample. The band at 1640 cm−1 is assigned to O-H bending of absorbed water. Moreo-
ver, the conjugated C=O stretching lignin also appeared at this wavenumber. The lignin-associated bands at 1600 
cm−1 and 1510 cm−1, which are assigned to aromatic skeletal vibrations, have low intensity (weak signals) in 
BSGB sample, indicating low residue lignin content. The band at 1430 cm−1 is assigned to the CH2 scissoring 
motion and it appeared in all samples. Bands at 1380 cm−1 and 1320 cm−1 are also assigned to C – H (methyl) 
group of bonding and they appear in all samples. Band at 1260 cm−1 is also assigned to C-H (methyl) group of 
bonding but the intensities of different samples are different, with BGSB having the lowest intensity while 
NSGB having the highest intensity. Band at around 1040 - 1060 cm−1 is assigned to C-O (primary alcohol) 
which the CSGB is having the lowest intensity at this band. Besides, broad band at 650 - 700 cm−1 which as-
signed to C-H (substituted alkene) was found only in CSGB sample.  

Figure 8 represents the XRD results of the three samples (BSGB, CSGB and NSGB). The diffraction spec-
trum at 22˚ and 15˚ - 18˚ showed the existence of cellulose. BSGB showed the highest intensity at 22˚ at the in-
tensity of 002 among the samples [28]. However, the crystallinity of cellulose CrI Equation (1), is 68.4%, 73.4%, 
21.4% for BSGB, CSGB and NSGB, respectively. CSGB, although not having highest intensity at 002 peaks as 
compared to BSGB, has the highest value of CrI (73.4%) due to the lowest amount of amorphous content in the 
corresponding solid, relevant to the CSGB and BSGB physical appearance more yellowish in colour and less 
amorphous. NSGB had the similar intensity of 002 peaks with CSGB, showed the lowest value of CrI (21.4%) 
among three samples due to its highest amount of amorphous content. In addition, according to the Scherrer’s 
Equation (2), the sizes of the crystallite for BSGB, CSGB and NSGB are 3.245, 3.327 and 3.196 nm, respec-
tively with the details of 002 peaks as shown in Table 1. Although NSGB have the smallest crystallite size 
among the samples, all samples have very similar crystallite size. Thus, the effect of NSGB, BSGB and CSGB 
crystallite size on MB removal rate could be inconclusive. 
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Figure 7. FTIR spectra of samples BSGB, CSGB and NSGB re-
corded by using IRPrestige-21 FTIR spectrophotometer (Shimadzu).     

 

 
Figure 8. XRD spectra of samples BSGB, CSGB and NSGB.             

 
Table 1. Crystallite size measurement of samples BSGB, CSGB and NSGB at 002 peaks.                                   

(22.5˚) (002) 

Types of sample 2θ θ cosθ FWHM β (degree) FWHM β (radian) Crystallite size D (nm) 

BSGB 22.2850 11.1425 0.981150 2.494 0.043529 3.245 

CSGB 22.3920 11.1960 0.980969 2.433 0.042464 3.327 

NSGB 22.0240 11.0120 0.981587 2.531 0.044174 3.196 
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3.2. Effect of Adsorption Time on the Removal Rate of MB  
Figure 9 shows that the MB adsorption rate was occurring very fast. Within 15 minutes, the MB could be ad-
sorbed onto NSGB surface. The experiment was repeated three times by increasing the concentration of NSGB 
from 0.833 g/L to 1.667 g/L, 3.333 g/L and up to 8.333 g/L (10 folds than the earliest NSGB concentration). The 
higher the NSGB concentration showed the smaller MB removal rate of MB per gram of NSGB. Figure 7 also 
shows an increasing order of the removal rate of MB from the highest to the lowest SGB concentration i.e. 8.333 
g/L, 3.333 g/L, 1.667 g/L and 0.833 g/L of NSGB in every single recorded adsorption time, before reaching pla-
teau. It suggested that MB might be attached onto active SGB surface site for every gram of SGB before reach-
ing equilibrium adsorption time. In addition, although the lowest concentration of NSGB of 0.833 g/L gave the 
highest MB, the optimum adsorption time to reach its plateau was the latest, approximately twice longer (30 
minutes) than the other NSGB concentrations. Thus, it showed that, at a fixed MB concentration of 10 µM 
(3.739 mg/L), the lower NSGB concentration, the more time needed for MB to be fully adsorbed onto the active 
surface sites of the NSGB. In the next batch of experimental studies, a minimum 30 minutes equilibrium time 
was used. 

3.3. Effect of pH Value on the Removal Rate of MB and AC 
Following the results in Figure 9, the lower SGB concentration will result in more MB adsorbed per gram of 
SGB. Therefore, 0.833 g/L SGB is used to determine the range of pH that the SGB could be used to adsorb MB. 
Figure 10(a) showed that the SGB could remove approximately 4 mg/g to 4.5 mg/g of MB at higher pH range, 
from pH 8 to 12. At the intermediate pH, approximately 4 < pH < 8, the BSGB showed the highest among the 
other types of NSGB and CSGB. The result might reveal that the delignification using concentrated NaOH may 
increase the MB adsorptive properties of SGB. Minimum lignin residue content was found in BSGB after FTIR 
scanning as shown Figure 7. Lignin removal from SGB powder using acidified NaCl was also conducted by 
Rowell [27] to improve the adsorptive properties of SGB. Chemical treatment using NaOH may open up more 
active sites of cellulose, which were responsible for MB adsorption onto SGB surface. Begum and Mahbub [26] 
found that cellulose in SGB could effectively adsorb MB than lignin in SGB, which was on the contrary than the 
finding from Filho et al. [30]. In acidic environment (pH < 4), the rich cellulose content of BSGB could be less 
significant in adsorbing MB. Figure 10(a) showed that BSGB was less attractive than NSGB in adsorbing MB, 
but it was still better than CSGB in adsorbing MB, making the last comparison becoming inconclusive. Com-
paring to AC in removing an initial 10 µM of MB (Figure 10(b)), the three types of SGBs were significantly 
higher at every pH level. In acidic environment (pH < 4), the AC-GR 17 and GR 19 were more favourable in 
adsorbing MB than in the intermediate pH and in higher alkaline environment. At approximate extreme pH of 
4.4, the MB removal rates of CSGB, NSGB and BSGB were 6, 25, 25 folds respectively, higher than the average 
MB removal rates of AC-GR 17 and GR 19 with nominal MB removal rate of 0.145 mg/g. In alkaline environ- 
 

 
Figure 9. MB removal rate from various NSGB concentrations at 
different adsorption time. MB initial concentration was 3.739 mg/L 
with the measured pH of 5.                                       
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(a)                                                 (b) 

Figure 10. (a) above left, (b) above right: Removal rate of MB onto (a) NSGB, CSGB & BSGB and (b) 
onto AC-GR 17 & GR 19 at different pH. Initial MB concentration was 10 µM (3.739 mg/L) with equilibra-
tion time. Each SGB concentration was 0.833 g/L and AC concentration was 25 g/L.                            

 
ments, where SGBs are more favourable in adsorbing MB, the difference of MB removal rate could go up to 40 
folds higher than those ACs in removing the same initial MB of 10 µM (3.739 mg/L). The result confirmed that 
all SGBs were much more favourable in adsorbing MB than commercial ACs at every pH level.  

Some fluctuations on the removal rate of MB were observed in Figure 10. This could be due to the irregular-
ity of the natural characteristic of materials in different types of SGB and it could also be due to the process of 
preparing the SGB. Since the three types of SGB have showed a similar MB adsorptive property at a higher pH, 
it could be concluded that MB adsorption is more favourable in the alkaline water environment than acidic en-
vironment. This might be due to the excess H+ ions competing with the MB cations for the adsorption sites in 
acidic water medium. With an increasing pH of the MB solution, the surface containing carboxyl groups will be 
deprotonated, resulting in an increase of negatively charged sites that favour the adsorption of MB due to elec-
trostatic attraction. This means that in the case of treating acidic industrial water, a neutralisation of the water 
may be considered to achieve better adsorption of MB. 

3.4. Effect of Initial MB Concentrations on the Removal Rate of NSGB, CSGB and BSGB  
Figure 11 shows the removal rate of MB at the different initial concentrations of MB for NSGB, CSGB and 
BSGB. In general, it could be observed that BSGB had a higher MB removal rate than those NSGB and CSGB 
had, for every initial MB concentration. The higher initial MB concentration used the larger difference of MB 
removal rate. It also confirmed that BSGB was the most favourable adsorbent for MB adsorption. At the highest 
initial of MB concentration of 30 µM (11.217 mg/L), the BSGB, NSGB, CSGB gave the MB removal rate of 
13.0034, 11.4292 and 10.9044 mg/g of the adsorbent respectively. This experiment was also to confirm that, due 
to the nature of BSGB which had a low lignin residual content, the SGB was able to have more adsorptive prop-
erties. This finding was in line with the finding from Begum and Mahbub (2013), who were suggesting that 
more cellulose content in SGB could effectively adsorb MB.  

3.5. Determining the Removal Capacity of NSGB, CSGB and BSGB 
Using the same data of various MB concentrations to construct Figure 11 and a fixed concentration of SGB of 
0.833 g/L, the experimental data was fitted into adsorption isotherm models developed by Langmuir and Freun-
dlich (Equations (6) and (7)). The results were shown in Table 2.  

Table 2 shows that the MB experimental data were better fitted in Langmuir adsorption model for NSGB and 
CSGB than those in Freundlich isotherm model. This described that the monolayer adsorption of MB onto SGB 
surface with a finite number of identical sites took place. NSGB and CSGB had MB removal capacity of 
84.7458 mg/g and 35.2113 mg/g respectively. On the contrary, CSGB showed approximately 10 folds stronger 
affinity of MB compounds onto SGB site than NSGB did. Indefinite figures were shown by BSGB using both 
adsorption isotherm models, suggesting that a larger variation of surface sites might be created after delignifica-
tion. Further study using another theory of isotherm model might be required. 
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Table 2. Langmuir and Freundlich parameters for MB adsorption on 0.833 g/L NSGB, CSGB and 
BSGB at a measured pH 5.                                                                

SGB samples 
Langmuir parameters Freundlich parameters 

b Xm r2 1/n K r2 

NSGB 0.0124 84.7458 0.9852 0.9544 7.9141 0.9658 

CSGB 0.1615 35.2113 0.9519 0.9703 4.9046 0.9517 

BSGB Indefinite Indefinite 0.9611 Indefinite Indefinite 0.8783 
 

 
Figure 11. Removal rate of MB at different initial MB concentrations 
from a fixed concentration of 0.833 g/L for NSGB, CSGB and BSGB. 
The equilibration time was 30 minutes and pH 5.                     

4. Conclusion  
In general, SGB was capable in removing MB in water medium whether the SGB contained lignin or mixture 
lingo-cellulose. SGB had 5 - 40 folds higher MB removal capability than commercial activated carbon, depend-
ing on the pH of water medium and the types of SGB. SGB showed a much better performance in adsorbing MB 
in alkaline environment than in acidic environment. Langmuir adsorption isotherm model was able to estimate 
the removal capacity of NSGB and CSGB at 84.7458 mg/g and 35.2113 mg/g respectively. An extremely higher 
MB removal capacity was found for BSGB due to the complexity of the surface site after chemical treatment, 
making it difficult to be explained using simple Langmuir and Freundlich isotherm models. BSGB with low lig-
nin residue content was the most favourable adsorbent for MB adsorption. In conclusion, the cellulose rich 
BSGB could better remove organic dyes in neutral alkaline water environment.  
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