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ABSTRACT  

In Malaysia, textile industry contributes the most to the wastewater that has led to environmental problems. Most 
of the dyes used in textile industries are toxic in nature with suspended carcinogenic and mutagenic effect that affects 
aquatic lives and human beings. The focus of this study is to identify the potential of Musa paradisiacal stem (banana stem) 
which commonly available waste material that are low-cost, natural and an eco-friendly bio-sorbent for the economical 
removal of methylene blue (MB) dye in aqueous solution. In this study, the stem is acting as an adsorbent. Batch model 
experiments are conducted to determine the effect of pH and the initial concentrations of MB solutions, adsorbent dosages 
and its contact time in methylene blue solutions towards the efficiencies and adsorptive (%) of the stem as a MB removal 
agent. The stem is dried and treated with Potassium Hydroxide to remove its lignin and to activate its cellulose part. The 
concentrations of MB solution are analyses using ultraviolet-visible spectrophotometry (UV-VIS) before and after the 
adsorption processes. The MB uptake has increased with the increased of pH value. The MB adsorption increased 
simultaneously with the adsorbent dosages and contact times. The maximum adsorptive is identified as 91.47% at 70 ppm 
of MB solution at pH 12 using 0.6 g of adsorbent dosage. The best adsorbent dosage is found to be as 0.6 g due to its 
higher adsorptive in all ranges of concentration and pH of the dye solutions. However, the removal percentage (%) 
decreases with the increased of initial MB concentrations. In conclusion, this study recommends that Musa paradisiacal can 
be used effectively in the adsorption of MB in aqueous solution. 
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 1. INTRODUCTION     

Methylene Blue (MB) is a dye that forms a 
heterocyclic aromatic compound which consisting of dark 
green crystals. It is commonly used in textile and other 
industries such as rubber, food, paper, plastic, paint, 
cosmetic and pharmaceutical industry [1]. The dye has a 
highly toxicity that will give a bad effect on the aquatic 
lives [2]. It will reduce the oxygen content of water and 
this consequently avoids the photosynthesis of aqueous 
flora then impedes the solubility of gases in water [1]. 
Moreover, the human life will be infected with a serious 
disease due to the environmental instability caused by 
methylene blue that contained in the water [3]. Therefore, 
the removal of methylene blue from aqueous solution is 
important to prevent the continuous environmental 
pollution.  

According to [4], many dyes are toxic to some 
microorganisms and may cause direct destruction or 
inhibition of their catalytic capabilities. Hence, there are a 
lot of technique such as biological treatment, chemical 
oxidation, coagulation, ozonolysis, electrochemical 
degradation and reverse osmosis that have been 
investigated for removal of MB in aqueous solution [5]. 
Unfortunately, all listed methods are not widely used due 
to their high cost and economical disadvantage [6]. 
Amongst the numerous techniques, adsorption is the 
technique that is most widely used in the removal of dyes 
from aqueous solutions due to the low cost, sustainable, 
natural and eco-friendly biosorbent [7].  

Adsorption is rapidly gaining prominence among 
the treatment technologies. In [7] noted that adsorption can 

produce high-quality water, while also being a process that 
is economically feasible. The physical characteristics of 
the adsorbents such as surface area, porosity, size 
distribution, density and surface charge that have high 
influence in the adsorption process [8]. As a result, there 
has been a great interest in developing new adsorbent 
materials with diverse compositions, properties and 
functionalities 

Normally, after harvesting the fruit, Musa 
paradisiacal stem is cut down and thrown away, mostly as 
a waste. This action has constantly caused the air pollution 
due to the open burning activity of the mass waste of Musa 
paradisiacal stem. Besides, it is also wasting the benefits 
that contain in the stem as it is actually possessed some 
valuable characteristic such as high in fiber. From the 
recent research, the stem contains about 60-65% of 
cellulose, about 6-19% of hemi-cellulose and 5-10% of 
lignin with 3-5% pectin [9].  

Therefore, the purpose of this work is to 
investigate the ability of Musa Paradisiaca stem as an 
adsorbent of MB in aqueous solution. A batch model 
experiments are conducted to determine the effect of pHs 
and the initial concentrations of methylene blue solutions, 
adsorbent dosages and its contact time in methylene blue 
solutions towards the efficiencies and adsorptive (%) of 
the stem as a methylene blue removal agent. 
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2. MATERIALS AND METHOD 
 
Preparation of adsorbent 

The Musa paradisiaca stem was obtained from a 
nearby farmer at Kampung Bukit Besi, Dungun, 
Terengganu. The stem was cleaned and cut into a small 
shape. The stem was then dried under the sun for 2 days to 
remove its moisture content. After 2 days, it was dried in 
the oven at 55oC for 5 hours. Then, it was treated with 
Potassium Hydroxide (KOH) for a day to remove the 
lignin and to activate its cellulose content. After that, the 
treated stem was washed with distillated water. Again, the 
stem was dried for a day under the sunlight and continued 
drying in the oven at 55oC for 5 hours. To produce a stem 
powder, the dried stem was grinded using a dry blender 
and sieved using 250 micron size. Then the stem was 
weighted according to the dosage of 0.2 g, 0.4 g and 0.6 g 
[10]. 

 
Preparation of methylene blue solution 

A stock of MB solution was prepared by 
dissolving 1 g of MB powder of 1000 ml distillated water 
in a volumetric flask. To prepare the desired concentration 
of MB solution, the formula of dilution was used. The 40 
ppm and 70 ppm concentration of MB were prepared by 
dissolving separately a 40 ml and 70 ml of stock solution 
in 1000 ml of distillated water. The solutions were shaken 
vigorously for a few minutes to ensure complete 
dissolution [11]. 

 
 

Figure-1.  Chemical structure of methylene blue. 
 

Preparation of different pH solution 
The pH 2 of acidic solution was prepared by 

diluting 0.1 M hydrochloric acid (HCl) in the distilled 
water. Similarly, the alkaline solution with pH 12 was 
prepared by diluting 0.1 M sodium hydroxide (NaOH) in 
the distilled water. The pH meter was used to measure the 
pH. 

                                                                                                             
Batch experiment 

A batch model experiments were conducted to 
determine the effect of pHs and the initial concentrations 
of methylene blue solutions, adsorbent dosages and its 
contact time in methylene blue solutions towards the 
efficiencies and adsorptivity (%) of the stem as a 
methylene blue removal agent. For both 40 ppm and 70 
ppm of MB solutions at pH 2 and pH 12, about 50 ml of 
the dye concentrations were poured into different 100 ml 
conical flask. The adsorbent dosage of 0.2 g, 0.4 g and 0.6 
g were added into the flask. Then, the flasks were shaken 

using an orbital shaker at 120 rpm for about one hour and 
30 minutes [12]. 
 
Analysis study 

The dye concentration was determined at every 
15 minutes interval spectrophotometrically at the 
wavelength of 664.9 nm to the maximum absorbance by 
using ultraviolet-visible spectrophotometry (UV-VIS). 
[12]. The percentage removal of MB and amount of MB 
adsorbed on adsorbents (qe) was calculated by Equation 
(1) and (2) respectively 
 

% removal = 100(C0-Ce)/C0                                            (1) 
 

qe  = C0 - Ce /VM        (2) 
 
Where qe is the amount of dye adsorbed on adsorbent at 
equilibrium (mg/g), C0 and Ce are the initial and 
equilibrium concentration (mg/L) of dye in solution, 
respectively, V is the volume of solution (L) and M is the 
mass of adsorbent (g). 
 
3. RESULTS AND DISCUSSION  
 
Effect of adsorbent dosage  
  The amount of dosage played an important role to 
determine the rate of adsorptive. As shown in Table-1, the 
maximum adsorption activity was happening using 0.6 g 
adsorbent in 70 ppm MB concentration at pH 12 as much 
as 91.47% within 90 minutes. However, the minimum 
adsorption activity of MB was recorded at 55.23% in 40 
ppm MB concentration at pH 2 using 0.2 g adsorbent 
within 90 minutes. The results showed that the adsorption 
of MB was obviously influenced by the adsorbent dosage 
used during the adsorption process. The higher the dosages 
of the absorbent the higher the percentage of adsorption 
[13]. This is due to the availability of the exchangeable 
sites or surface area of with larger amount of absorbent 
was greater [14].  
  The amount of MB removal increased with 
increased surface area. It occurred when the surface area 
of the absorbent was larger which provides a greater 
number of active sites for adsorption to happen [15]. This 
result was also supported by other researchers who 
reported that the higher adsorbent dosages contributed to 
the greater adsorption of MB. The larger the surface area 
and the availability of more adsorption sites was 
contributed from the larger amount of dosages [16]. 
 

Table-1.  Effect of adsorbent dosage (g) on MB 
adsorptivity (%) within 90 minutes. 
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Effect of contact time 
Contact time was evaluated as an important factor 

affecting adsorption efficiency. It was reported that the 
percentage of removal increased with increased contact 
time [17]. As shown in Figure-2-4, the trend of 
adsorptivity was increased with the increased contact time. 
The results show that at initial stages, the adsorption takes 
place rapidly on the external surface of the absorbent. 
Then, it followed by slower internal diffusion process [18, 
19]. This also due the surface sites at initial stages of 
contact time was larger to allow the adsorpivity. 
 

 
 

Figure-2.  Effect on MB adsorptivity (%) with contact 
time (min) using 0.2 g adsorbent dosage. 

 

 
 

Figure-3.  Effect on MB adsorptivity (%) with contact 
time (min) using 0.4 g adsorbent dosage. 
 

As shown in Figure-3, during the usage of 0.4 g adsorbent 
dosage at pH 2 with a 40 ppm solution concentration, there 
was a significant decreased trend on MB removal which 
was from 72.18% to 65.38% at 75 to 90 minutes. It also 
happened at few adsorption processes as shown in these 
figures. It obviously showed a desorption occurred. The 
desorption happened after several lapse of time, which the 
surface of the adsorbent was harder to occupied and cause 
repulsion between the bulk phases and the solute 

molecules of the solid. Thus, the time to reach an 
equilibrium was expected longer [18]. 
 

 
 

Figure-4.  Effect on MB adsorptivity (%) with contact 
time (min) using 0.6 g adsorbent dosage. 

 
Effect of initial dye concentration  

The effect of initial concentration plays an 
important role to determine the percentage of adsorptivity. 
This was because adsorbent is sensitive over the 
concentration of the MB solution. The effect of initial MB 
concentration was carried out by preparing adsorbent of an 
adsorbate solution (40 ppm and 70 ppm). Overall, the 
higher the initial dye concentration of MB the higher the 
adsorptivity due to the concentrated of MB. Therefore, the 
higher the initial dye concentration, the surface of 
absorbents that available to competing with ions in dyes 
was high hence the adsorption capacity was high [16]. It 
was because the interaction between the MB ions and the 
absorbent molecules was higher and the mass transfer 
resistance between the aqueous and solid phase was lower 
[20]. Hence, the adsorption of MB becomes increase 
because the number of collisions between the dye 
molecules and the surface area of absorbent was increased 
[21].  
 
Effect of pH solution 

One of the important factors affecting adsorption 
of metal ions is the pH of the solution. The effect of pH 
was studied between pH 2 and pH 12. MB is a cationic 
basic dye with molecular weight C16H18CIN3S 3H2O. As 
stated in Table-1, the maximum percentage of adsorption 
activity in 70 ppm MB at pH 2 and pH 12 were 83.50% 
and 91.47% respectively using 0.6 g adsorbent dosage. 
However, the minimum adsorption of MB in 40 ppm MB 
at pH 2 and pH 12 were 52.33% and 87.99% respectively 
using 0.2 g of adsorbent dosage.  

Basically, the dissolved cationic dyes are positive 
charge in aqueous solution. At pH 2, the surface of the 
banana stem gathers the positive charge by adsorbing the 
H+ ions that block the adsorption of methylene blue dye 
onto the adsorbent surface due to electrostatic repulsion 
[22]. This was because the MB cationic dye contains H+ 
ion.  
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Besides that, for the alkaline, the number of 
negative charge OH- in the alkaline solution increased due 
to electrostatic attraction between MB and pH alkaline 
[23]. 

Another researcher reported that when the pH 
value was higher than 10, the observation found that the 
removal of MB was decreased. This was happened due to 
solubilization of organic groups present on the surface of 
the absorbent. The initial pH affected the degree of 
ionization and the absorbent surface area. Ionization 
happened because of two different charge particles and 
resulting from and atom or molecules that lost its electron. 
The adsorption of dye was affected by the presence of 
hydrogen ion and hydroxyl ion in the solution. The 
changes of pH affected the absorption process through 
dissociation of functional groups in the absorbent surface 
area. This lead to a shift in reaction kinetics and 
equilibrium characteristic of adsorption process [24].  

At lower pH, the hydrogen ion that was positively 
charged were attached to the surface area of absorbent. 
The surface charge became positive charge and 
electrostatic repulsion happened because of the MB was 
cations dye which was positively charged. It repulsed by 
each other, thus the adsorption of MB dye became lower. 
Therefore, the adsorption of MB at pH 12 was recorded 
higher mostly due to an electrostatic attraction. The 
solution was rich with hydroxyl ion that was negatively 
charged. It was attached to the surface area of absorbent 
and attracted the MB that have a positive charge. Thus, the 
maximum adsorption happened at pH 12 [25]. 
 
4. CONCLUSIONS 

In the present investigation, it is clearly shown 
that Musa paradisiaca stem could be effectively used as a 
low cost adsorbent for the removal of MB from aqueous 
solution. The MB uptake increased simultaneously with 
pH, initial MB concentration and contact time. The 
removal of the MB increased when the adsorbent dosage 
increased from 0.2 to 0.6 g at different MB concentrations, 
40 ppm and 70 ppm. The best adsorption activity 
condition, which resulted a maximum adsorptivity was 
using 0.6 g adsorbent in 70 ppm MB concentration at pH 
12 that recorded as 91.47% of adsorptivity. As a whole, 
this study recommends that Musa paradisiaca stem can be 
used effectively in the adsorption of methylene blue in 
aqueous solution. 
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