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ABSTRACT

Poplar fiber corresponds to the seed hairs of the Populus genus trees and is a naturally abundant
lignocellulosic fiber with the features of thin-walled large lumen, lightweight and hydrophobic properties.
Based on the structure and properties exhibited by poplar fiber nominate it as a highly favored adsorbent
material for cationic dyes. This study aims to determine the adsorption efficiency for methylene blue (MB)
dye with chemically enhanced poplar fibers and compare its capacity with milkweed fibers. Prior to
adsorption experiments, the fibers were treated with NaOH solution to remove the wax coating attached on
the fiber surface. Adsorption studies were performed in a batch system using dye solution with initial dye
concentration of 50 mg L. The adsorbent dosage was evaluated at 10 g L't amount, with contact time of 3
h and without pH adjustment. After the experiments, the remaining dye concentration in liquid was quantified
in UV-Vis spectrophotometry. The results revealed that poplar fiber exhibited higher adsorption capacity
compared with milkweed fiber. Poplar fibers were efficient to decolorize MB dye solution, reaching a higher
color removal percentage than milkweed fibers. It can be concluded that poplar fibers were alternative

adsorbents for removing cationic dyes due to their hollow structure.
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INTRODUCTION

Waste generation during industrial processes
significantly contributes to various environmental
pollution problems. Particularly, textile processes
consume large amounts of water and synthetic dyes,
leading to the generation of colored effluents. The
presence of dye contaminants in wastewater is a
major concern for both human health and the
environment, as even trace amounts of dye are
noticeable in water [1]. Among the common dyes,
methylene blue (MB), the structure shown in Figure 1,
is widely used in textile processing due to its water
solubility. While not highly toxic to humans, MB can
cause eye and skin irritation and has systemic effects.
Hence, the removal of the dye from wastewater is
critical in addressing water pollution.

Several methods are widely used for the removal of
dye from wastewater, including membrane filtration,
ion exchange, reverse osmosis, coagulation and
adsorption [2] [3]. Among these, adsorption stands
out as one of the simplest and most cost-effective
physico-chemical treatment process for removing dye
molecules from aqueous solutions. This study
focuses on adsorption due to its practicality and
efficiency.

* Corresponding author: Usta C., e-mail: cananusta@itu.edu.tr

68

There is an increasing demand for cost-effective
alternative technologies or adsorbents for dye
removal. Natural agricultural materials, which are
readily available in large quantities, may serve as low-
cost and effective adsorbents.

Poplar fibers are a type of trichome fiber and grow as
seed hair fibers on the branches of poplar trees. The
variation in poplar species over time can be attributed
to factors such as human activities, biological
processes and genetic pollution from hybrid poplars
[4]. Each poplar tree is capable of generating
approximately 25 kg of poplar seed fibers [5]. The
length of these fibers depends on the specific tree
and the region where they are harvested, and lengths
ranging from 3 to 16 mm have been reported in the
literature [6] [7]. Poplar fibers typically have a
diameter between 5 and 10 ym. These fibers have
large hollow lumen, allowing them to float in the air
and facilitating their dispersal. The internal diameter
of the fibers accounts for approximately 90% of the
total fiber diameter, resulting in an extremely low
density of around 0.3 g/cm?® [7]. Poplar fibers have
similar properties to milkweed and kapok fibers due
to their hollow structure. While extensive studies were
conducted on these fibers, the potential of poplar
fibers have not been thoroughly investigated about
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Figure 1. Chemical structure of Methylene Blue.

water treatment capacity. Therefore, this study aims
to investigate the potential of poplar fiber as a viable
solution for the adsorption of cationic dye from
wastewater and provide an environmentally friendly
and efficient approach to water purification.

EXPERIMENTAL
Materials

Poplar fibers were directly collected during the
blooming period in mid-May in the Kirklareli region of
Turkiye. Milkweed fibers were obtained in partnership
with Pangai Materials Science, Italy. Both of the fibers
were mechanically cleaned to remove contaminants
such as seeds, leaves, dust etc. Sodium hydroxide,
99% (Merck) and methylene blue were used as
received without further purification.

Methods

Pretreatment of poplar and milkweed fibers

Aqueous NaOH solution was prepared and cooled to
room temperature in a glass bottle. Then, 1.0 g of
fiber was added immediately into this solution.
Subsequently, the generated fiber/solution mixture
was placed into the Gyrowash vessels to be
processed at 70 °C for 1 hour. Then, fiber sample was
washed with distilled water at ambient room
temperature until no residual chemicals could be
detected on the fiber surface. The wet pretreated
fibers were dried at 40 °C for 24 h.

Measurement of the adsorption capacity

The adsorption capacity was measured by calculation
of methylene blue dye concentration in the aqueous
solution after adsorption. The adsorption process was
conducted in 50 mg L of methylene blue solution. A
glass flask containing 1 g of the modified fibers and
50 ml of the MB solution was shaken for 3 h at room
temperature. Then, fibers were filtered and the
residual solution was analyzed at Amax of 660 nm
using UV-Vis Spectrophotometer.

Scanning electron microscopy (SEM)

The morphology of milkweed and poplar fibers was
examined by scanning electron microscopy using
TESCAN VEGAS instrument with 10 kV accelerated
voltage and 2.08-6.92 mm working distance. Surface
images were taken at 5 kX magnification. Before
analysis, fiber samples were coated with Au/Pd
under vacuum conditions for 3 min.
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RESULTS AND DISCUSSION

Hollow fibers have become widely adopted across
numerous industries, with wastewater treatment
being one of the primary applications. Their unique
structure, featuring a high surface area-to-volume
ratio, enables efficient separation and filtration
processes, making them ideal for removing
contaminants from wastewater [8]. Characterizing the
structural morphologies of hollow milkweed and
poplar fibers is essential for advancing adsorption
technologies.

Scanning electron microscope (SEM) analysis of the
fibers revealed a smooth surface, free from rough
structures. This smoothness is likely due to a natural
wax coating adhered to the fiber surface, as
previously reported [9]. Structurally, each fiber
resembles a cylindrical microtube with nano-scale
surface wrinkles, as seen in Figure 2. Poplar and
milkweed fibers exhibit a hollow tubular shape, with
diameters around 10 ym and 25 um, respectively.
The presence of a large air-filled lumen in both fibers
makes them highly suitable for applications requiring
lightweight materials with high absorbency [10].

Chemical treatment, particularly using NaOH,
effectively removed the waxy surface of poplar and
milkweed fibers. This treatment also facilitated
deesterification, breaking down the ester bonds
attached to the aromatic rings of lignin [11].
Delignification resulted in an increased proportion of
amorphous  cellulose, which  reduced the
hydrophobicity of the fiber (as evidenced by the
decrease in the static water contact angle) as
reported in the literature [12] [13]. NaOH treatment
altered the naturally smooth surface of both fibers,
causing the surface to become rougher and
increasing the overall surface area [14]. Hence, the
adsorption capacity of treated fibers is affected by
their chemical reactivity and the porosity of the
functional groups present on their surfaces. The
structural changes after treatment improved the
adhesion of the dye to the outer surface of the fiber
and improved its penetration into the inner lumen,
thus increasing the dye removal in the chemically
treated fiber compared to the untreated fiber.

In this study, an oxidation pretreatment using sodium
hydroxide (NaOH) was performed to remove wax, oil,
pectin, lignin, and hemicellulose from poplar and
milkweed fibers. Then, the increased hydrophilic
properties of the treated fibers were used for organic
pollutant removal application. Usage of natural
milkweed and poplar fibers in removal of methylene
blue from wastewater was studied and the
decolorization effect was observed. Figure 3 shows
the absorbance spectra of methylene blue (MB) at
initial and post-adsorption concentrations. The
maximum absorbance peak for all concentrations
appears consistently at 660 nm in the visible light
waveband, which is in agreement with other studies
reporting that the absorbance peak of MB occurs at
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Figure 2. SEM images of raw (a) poplar and (b) milkweed fiber.
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Figure 3. Absorbance curve of MB solution before and after the
treatment with milkweed and poplar fibers.

Table 1. The percent value of MB concentration after the
adsorption process.

Milkweed Fiber
~67%

Poplar Fiber
~72%

MB Concentration (%)

660 nm in UV-Vis spectrophotometric analysis [15]. In
our study, this peak was used to analyze the removal
efficiency of methylene blue. As seen from Figure 3,
it is clearly observed that the MB concentration
decreases with adsorption by NaOH-treated
milkweed and poplar fibers, leading to a
corresponding decrease in the peak absorbance
values. This behavior follows the Lambert-Beer law,
which describes the quantitative analysis by UV-VIS
spectrophotometry based on measuring the
absorbance of MB solution at 660 nm due to equation
(1) as follows [16]:

A= ecl. (1)
where A represents absorbance, ¢ is the molar
absorption coefficient, c is the concentration, and | is
the optical path length. Thus, the absorbance peak
trend in the MB solutions can be effectively used to
determine  MB concentrations based on this
relationship.

In Figure 3, the changes in the absorbance curve of
MB around 660 nm wavelength before and after
treatment with milkweed and poplar fibers were
presented. It is seen that the absorbance peak
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decreases when treated with both fibers and reaches
a minimum value with poplar fiber. According to the
Lambert-Beer law in Equation (1), this indicates that
the MB concentration in the solution will decrease
when treated with poplar fiber.

Using the relationship between the absorbance value
at 660 nm and the concentration of MB as given in
Equation (1), the degree of decolorization (%
decolorization) can be calculated using the formula:

)

where cinitiaigvs) IS the initial absorbance value (before
decolorization), and Createqavs) is the absorbance value
after treatment with poplar and milkweed fibers [17].
This calculation provides a quantitative measure of
the effectiveness of the decolorization process with
different fiber types.

The results for MB concentration percentages in this
study are presented in Table 1, demonstrating that
both treated fibers enhanced adsorption capacity
effectively, showcasing the efficiency of these fibers
for color removal. Particularly, poplar fiber presented
slightly better performance compared to milkweed
fiber. This improvement can be attributed to the
structural differences between the fibers; specifically,
poplar fiber's shorter length and smaller diameter
increase its surface area, a critical factor since
adsorption occurs on the fiber surface [18]. This
increased surface area of poplar fiber facilitates
greater adsorption capacity, emphasizing its
suitability for efficient color removal.

CONCLUSIONS

This study investigated the potential of poplar fiber as
an adsorbent for the decolorization of methylene blue
(MB) dye in wastewater. The base modified milkweed
and poplar fibers can be used as an effective
alternative low-cost adsorbent for the removal of MB
from its aqueous solutions. The amount of MB dye
uptake on modified poplar fiber was found to be
higher than milkweed fiber. Experimental results
indicated that NaOH-treated poplar fiber facilitates a
higher percentage of MB removal, showing its
effectiveness as a decolorizing agent. It was found
that the absorbance value of 0.8435 occurred for the
initial dye concentration of 50 g L* by modified poplar

Cinitial(MB)~ Ctreated(MB) % 100

%Decolorization = c
initial(MB)
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fiber, whereas for modified milkweed fiber it was
0.9985 for the same experiment conditions. When
compared to milkweed fiber, poplar fiber
demonstrates slightly better performance due to its
structural characteristics, such as fine short length
and fiber diameter which enhance its adsorption
capabilities. The successful application of poplar fiber
in this process suggests it as a promising, eco-
friendly alternative for treating dye-contaminated
wastewater, providing a sustainable solution for water
purification.
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