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Abstract
In this work, pseudo-stem banana (Musa acuminata) (PBF) �ber was utilized as a potential low-cost natural adsorbent to 
uptake methylene blue (MB) dye from synthetic wastewater by batch adsorption process. Di�erent adsorption factors like con-
tact time, pH, initial concentration, and adsorbent dosage were explored and found that the separation process is strongly pH 
dependent. Additionally, the adsorption data were �tted with various adsorption isotherms like Langmuir, Freundlich, Tem-
kin, and Dubinin–Radhushkevich models to detect the adsorption equilibrium phenomena. Reaction kinetics was inspected 
using pseudo-�rst-order and second-order kinetic models. Mass transfer and intra-particle di�usion analyses indicate the 
adsorption mechanism of the system described particularly in the context. Furthermore, scanning electron spectroscopy 
(SEM) and Fourier transformed infrared spectroscopy (FTIR) were conducted to get the morphology and surface properties 
of the adsorbent, respectively. As a result, the as-prepared banana �ber can be proposed as a cheap suitable adsorbent to 
separate dyestu�s from industrial wastewater.
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Introduction

Water is a very important part of human civilization; there-
fore, the contamination of water by industrial e�uent is a 
great concern all over the world (Helmer et�al. 1998; Lehr 
et�al. 1980). To save water to save the world is the current 
slogan and to ensure a safer world for the future mankind is 
a great demand. The water crisis is increasing day by day. 
According to World Water Day, 2016 the water demand is 
increasing tremendously with the establishment of di�erent 
industries, especially, heavy industries like textile, pharma-
ceuticals, leather, cosmetics, and agricultural sectors. Con-
sequently, a huge amount of wastewater is generating from 

these industries and thronging them to the environmental 
water resources thus water pollution is occurring. It has been 
found that more than one lac types of dyes are commercially 
available and approximately 7 ×  105 tons of wastewater is 
generated every year (Ozmen et�al. 2008). Water can eas-
ily be polluted by dye molecules as a very small amount of 
dye can be detectable in open eyes (Robinson et�al. 2001); 
therefore, discharged dyes are very harmful to the environ-
ment (Faur-brasquet et�al. 2003). The dye is a mixture of 
various chemical compounds which used to color the fabric 
mainly in textile industries and cause serious water pollu-
tion whenever they are exposed to water (Garg et�al. 2004). 
For example, methylene blue (MB) is commercially used as 
a dye, and water containing MB has many diverse e�ects 
on human, animals, and plants if they come in contact with 
each other. Therefore, the treatment of wastewater contain-
ing MB is an essential issue now a day. The existence of 
MB in environmental water resources a�ects the growth of 
plants as it hinders the photosynthetic rate in plants and it 
also origins various diseases in animals living in water king-
dom (Taylor et�al. 2015, 2013). Moreover, it causes many 
harmful diseases in the human body, for example, staining 
of skin, vomiting, nausea, bladder irritation, headache, fever, 
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hypertension, etc. (Mokhlesi et�al. 2003; Harvey and Keitt 
1983).

Many methods are well known for industrial wastewa-
ter treatment like solvent extraction (Muthuraman 2011), 
membrane separation process (Seader and Henley 2011), 
electrochemical process (Bessegato et�al. 2014), biologi-
cal treatment (Almeida and Corso 2014), activated carbon 
(Emilia et�al. 2014), oxidation (Doumic et�al. 2014), etc.; 
however, most of these processes are complex and costly. 
In contrast, the adsorption (chemical or physical) process 
(Adebayo et�al. 2014) is a worldwide recognized method 
for wastewater treatment as it is simple, cost-e�ective, pro-
spective, and the adsorbents are abundant globally (Prola 
et�al. 2013; Chen et�al. 2013). Various types of low cost 
and e�ective adsorbents such as Mangifera indica seeds 
(Alencar et�al. 2012), Nypa fruticans (Ali et�al. 2016), coco-
nut leaves (Jawad et�al. 2016), tea dust (Khan et�al. 2016), 
orange peels (Ángel et�al. 2016), sawdust (Ál-husseiny, H. 
A. 2014), water hyacinth (Alam et�al. 2015), Citrus limetta 
peels (Shakoor and Nasar 2016), mushroom substrate (Yan 
and Wang 2013), sugarcane bagasse (Zhang et�al. 2013), 
banana peels (Amel et�al. 2012), potato peels (Guechi and 
Hamdaoui 2016), stone olives (Hemsas et�al. 2014), maize 
stem (Vu�urovi� et�al. 2014), palm kernel �ber (El-Sayed, 
G. O. 2011), pea shell (Khan et�al. 2014), date palm leaves 
(Gouamid et�al. 2013), etc., have already been developed to 
remove dyestu�s from industrial wastewater. Numerous fac-
tors like adsorption capacity and applicability, availability, 
cost-e�ectiveness, etc., should be considered during adsor-
bent selection. Considering this issue, the banana plant is 
selected as a locally available and inexpensive adsorbent to 
uptake MB from wastewater. The banana plant is a plant of 
the Musaceae family and its scienti�c name is Musa acumi-
nate (Calvert 1990). The basic properties of the PBF are 
displayed in Table�1.

In our recent study, the performance of the PBF adsor-
bent was investigated for the removal of MB from synthetic 
wastewater. Structural features of the adsorbent were studies 
and the process parameters were optimized. The equilibrium 

data were analyzed with Langmuir, Freundlich, Temkin, and 
Dubinin–Radgushkevich isotherms to �nd out the adsorption 
mechanism. The reaction kinetics was determined by the 
pseudo-�rst-order and second-order kinetic models. Intra-
particle di�usion and mass transfer analyses including the 
adsorption mechanism of the PBF/MB system were carried 
out in the context.

Materials and�methods

Preparation of�adsorbent

The adsorbent was prepared from low-cost and locally 
available materials. Banana �ber is a very cheap and locally 
available material and banana plants were collected from 
the local area of Jashore, Bangladesh. At �rst, the banana 
stems washed with DI water to separate dirt and unwanted 
parts. The clean stems are then cut into small pieces and 
wash again with DI water. The banana stem slices were then 
soaked for 40�min in a 40% solution of HCl and blended 
using a blender. The �ber was then separated by �ltering 
the blended banana �ber. The �ltered banana �ber was 
washed with DI water several times and dried at a certain 
temperature of 110�°C accordingly for 36�h. The as dried 
�ber was then ground and �ne particles of 315–500��m size 
were separated by using a sieve (Model: RETSCH, AS 200 
Basic). The powder of the banana �ber was then stored in an 
air tight container to use as an adsorbent for the experiment.

Characterization of�PBF adsorbent

Various techniques were carried out to analyze di�erent 
characteristics of the PBF adsorbent. The functional groups 
of the adsorbent surface were detected by using an FTIR 
(FTIR 2000, Shimadzu, Kyoto, Japan). In this technique, 
approximately 2% of the sample was placed in 250�mg KBr 
disks to prepare the FTIR sample. The FTIR spectra were 
recorded in a range from 400 to 4000� cm�1  and with a res-
olution of 4� cm�1 . The recorded FTIR spectra reveal the 
functional group present on the adsorbent surface. Addi-
tionally, the morphology of the banana �ber surface was 
investigated by using a Leo 435�VP scanning electron micro-
scope (SEM). The porosity of the banana �ber surface was 
produced by SEM images of various magni�cations at 5�kV.

Preparation of�stock solution

Methylene Blue of analytical grade was collected from 
Merck, Germany. Adsorbate solution was prepared by dis-
solving a calculated amount of MB dye in DI water. This 
solution was used as a stock solution and experimental solu-
tions were prepared by diluting this solution. For making 

Table 1  Basic properties of banana �ber (Ferdus Alam 2021)

Properties Quantity

Tenacity 29.98�g/denier

Fineness 17.15

Moisture regain 13.00%

Elongation 6.54

Alcon-ben extractives 1.70%

Total cellulose 81.80%

� cellulose 61.50%

Residual gum 41.90%

Lignin 15.00%






























