
Mayangsari et al., Ind. J. Chem. Anal., Vol. 08, No 01, 2025, pp. 62-73 62 
 

Copyright © 2025 by Authors, published by Indonesian Journal of Chemical Analysis (IJCA), ISSN 2622-7401, e 
ISSN 2622-7126. This is an open-access articles distributed under the CC BY-SA 4.0 Lisence. 

Synthesis of a Cellulose/PVA Adsorbent Composite from 
Pineapple Leaves Waste (Ananas Comosus) for the Degradation 
of Methylene Blue in Aqueous Solution 
Novi Eka Mayangsaria,c, Tarikh Azis Ramadanib,c*, Ulvi Pri Astutia,c  
aWaste Treatment Engineering Study Program, Shipbuilding Institute of Polytechnic Surabaya, Jalan Teknik Kimia, Kampus ITS Sukolilo, 60111, Surabaya, 
Indonesia 
bShipbuilding Engineering Study Program, Shipbuilding Institute of Polytechnic Surabaya, Jalan Teknik Kimia, Kampus ITS Sukolilo, 60111, Surabaya, 
Indonesia 
cWaste Treatment Engineering Laboratory, Shipbuilding Institute of Polytechnic Surabaya, Jalan Teknik Kimia, Kampus ITS Sukolilo, 60111, Surabaya, 
Indonesia 
*corresponding author: tarikh@ppns.ac.id 
DOI: 10.20885/ijca.vol8.iss1.art6 

GRAPHICAL ABSTRACT 

 

ARTICLE INFO  ABSTRACT  
Received    : 30 January 2025 
Revised      : 08 March 2025 
Published   : 30 March 2025 
Keywords   : Adsorption, Cellulose, 
Methylene blue, Pineapple leaves, 
PVA 
 

 Methylene blue poses a significant environmental threat due to its 
high toxicity. Mitigation strategies are imperative to reduce the 
adverse effects of this compound. Pineapple (Ananas comosus) 
leaves waste can be valorized as a cellulose adsorbent, and 
cellulose/PVA adsorbent has emerged as a promising solution to 
minimize the impact of this contaminant. The objective of this 
study was twofold: first, to assess the efficacy of cellulose/PVA 
composite in the methylene blue adsorption process, and second, 
to evaluate its performance with cellulose adsorbent. The findings 
of the adsorption process demonstrated that the percentage 
removal of MB reached 94.03% on cellulose/PVA adsorbent with 
9% NaOH delignification for 90 minutes. Subsequent kinetics 
analysis revealed that the adsorption process followed a pseudo-
second-order kinetic model. The incorporation of PVA resulted in 
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a substantial enhancement in the removal of methylene blue by the 
adsorbent. The findings indicated cellulose and cellulose/PVA 
composites exhibited superior efficacy as adsorbents compared to 
cellulose alone in removing methylene blue. 

1. INTRODUCTION  
Nowadays, the rapid growth of industry has led to an increase in the amount of industrial waste 

and environmental contaminants. One of the contaminants whose presence is a serious concern is 
dyes. Dyes, which are often used in the textile industry, can influence the photosynthetic activity of 
aquatic biota and impact human health, resulting in ecological degradation and numerous diseases 
[1-3]. Methylene blue (MB) is one of the dyes that can be harmful to the environment and can be 
responsible for diseases such as dermatitis, skin irritation, leukemia, etc. [3]. Wastewater, which 
contains this dye, poses significant environmental and societal challenges. This requires effluent 
treatment to combat these obstacles. 

Several techniques have been developed to reduce dyes, such as chemical methods 
(ozonation), photochemical (electrochemical destruction and Fenton reagents), biological processes 
(aerobic and anaerobic biodegradation), and physicochemical methods (coagulation/flocculation, 
adsorption, irradiation, ion exchange, and membrane separation technologies) [2-4]. Adsorption is 
perceived as the most successful method due to its simplicity, low cost, and high level of efficiency 
[5, 6]. In the adsorption process, the type of adsorbent has an essential role in enhancing the 
adsorption capacity. A wide variety of low-cost alternative adsorbents can be utilized for agricultural 
waste, plantation waste, and industrial solid waste. Adsorbents can be zeolite, clay, sludge, activated 
carbon, biochar or cellulose derived from diverse biomass [1]. Pineapple leaves (Ananas comosus) 
are waste from plantations that have not been exploited to the maximum. Meanwhile, this waste is 
mainly generated when the pineapple harvest season arrives, approximately 15-20% of the total 
pineapple weight [7]. 

The primary composition of pineapple leaves is cellulose (70-80%), lignin (5-12%), and 
hemicellulose. Cellulose in pineapple leaves can release hydrogen ions in aqueous solution, thus 
establishing a negatively charged surface area and can be used as an adsorbent [8]. Cellulose has 
unique properties, such as hydrophilicity, excellent mechanical properties, non-toxicity, simple 
modification, recyclability, and environmental harmlessness, making it perfectly safe to discard after 
use [9, 10]. The transformation of cellulose from lignocellulosic biomass can be facilitated by alkali 
pretreatment, encompassing various methods such as the application of ammonia in both aqueous 
and liquid forms, as well as gaseous ammonia. In addition, sodium hydroxide, sodium carbonate, and 
calcium hydroxide (lime) have been employed in this process. The effectiveness of this method is 
contingent upon the efficient removal of lignin, which is facilitated by the interaction of alkali with 
this compound. Among the various alkali agents, sodium hydroxide (NaOH) is particularly effective 
in delignification processes, achieving up to 60-80% delignification levels within 5-60 minutes and 
a NaOH concentration of 0.5-10% [11]. Cellulose can be chemically modified with a wide range of 
substances for wastewater treatment, especially for dye remediation. These cellulose modifications 
promote sorption efficiency and physical stability, increasing adsorption capacity [4, 12]. 

Cellulose from bamboo integrated with zinc oxide (ZnO) to reduce methylene blue dye 
resulted in a removal efficiency of 93.55% [13]. Nanocellulose modified with polypyrrole can deliver 
an adsorption capacity of up to 298.98 mg/g [14]. Furthermore, cellulose can be modified by 
enhancing its gel properties by incorporating chitosan, polyvinyl alcohol (PVA), or other polymers 
[15]. Chitosan exhibits certain drawbacks, including inadequate chemical stability and reduced 
adsorption capacity of crosslinked chitosan adsorbents [16]. Polyvinyl alcohol (PVA), a 
semicrystalline polymer, possesses numerous reactive hydroxyl groups, facilitating its interaction 
with other polymers and enabling the formation of composite blends [17-19]. PVA possesses 
excellent water solubility and biodegradability, and its long polymer chains, which bind to cellulose, 
can form a high density, thereby improving cellulose gel's mechanical properties and adsorption 
capacity [20]. This modification is undertaken to enhance the sorption capacity of cellulose by 
increasing the hydroxyl groups present, where cellulose already has hydroxy groups from the 
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presence of inter- and intramolecular hydrogen bonds. The utilization of cellulose derived from 
agricultural waste (bagasse) and modified with polyvinyl alcohol (PVA) has demonstrated efficacy 
in the removal of methylene blue (MB) and crystal violet (CV) dyes. The modified cellulose 
exhibited a removal capacity of 70% for CV and 64.5% for MB, respectively. Furthermore, the 
degradation rate of cellulose/PVA composite was superior to that of PVA, with a respective rate of 
43% and 35% [21]. The mixture of cellulose and PVA will generate a hydrogel homogeneous 
solution that has promising potential in wastewater treatment [22]. 

In this study, cellulose gel was fabricated from pineapple leaf waste and Polyvinyl alcohol 
(Cell-PVA). The gel was characterized by BET analysis, SEM, and XRD. Cellulose gel was applied 
as an adsorbent to separate methylene blue (MB) dye from an aqueous solution. 

2. EXPERIMENTAL METHODS  
2.1. Materials  

Pineapple leaves were taken from plantations in Menganti, Gresik, East Java. Methylene blue 
(MB) (C16H18CIN3S; λmax: 663 nm and MW: 319.85 g mol−1) dye, NaOH, polyvinyl alcohol (PVA) 
was supplied by Merck. 
2.2. Cellulose preparation from pineapple leaves 

Pineapple leaves were well washed and dried in the sun for about 3 days, then crushed and 
homogenized to a size of 60 mesh so it became a powder. The powder was delignified using 5% and 
9% (w/v) NaOH in a proportion of 1:30 (w:v) for 90 minutes. After the delignification process, it 
was rinsed to a neutral pH and dried to a stable weight. 
2.3. Composite Fabrication 

Polyvinyl alcohol powder of 1 gram was added with 0.1 M HCl. The material was heated at 60⁰C 
with agitation until a gel was obtained. After the gel is formed, 0.5 gram of pineapple leaves 
adsorbent is added gradually until a homogeneous paste is achieved. The paste was dried at 105⁰C to 
evaporate the water until a water-free mixture was obtained, crushed to powder form, and prepared 
for characterization. 
2.4. Batch Adsorption Process 

The study investigated the absorption process of methylene blue by analyzing the effect of 
contact time (0-150 minutes) with an initial concentration of MB adsorbate of 25 ppm. The 
adsorption process used two types of adsorbents: cellulose and cellulose-PVA. 1 g of adsorbent was 
added to 100 ml of MB adsorbate. Afterwards, the mixture is divided between the filtrate and residue. 
The concentration of MB absorbed in the adsorbent was determined by analyzing the results of the 
adsorption process using a UV-Vis spectrophotometer (Agilent Cary 60 Spectrophotometer; λ = 665 
nm). Eq. 1 can be used to calculate the removal efficiency: 

%𝑅𝑒𝑚𝑜𝑣𝑎𝑙 = 	 ("!#"")
"!

× 100%  (1) 

Where Co and Ce (ppm) represent the initial and final concentrations, respectively. 
2.5. Material Characterization 

Cellulose and cellulose/polyvinyl alcohol (Cell/PVA) were characterized by XRD (X-Ray 
Diffraction, with 2θ between 5-50⁰), BET (Brunauer-Emmett-Teller), and SEM (scanning electron 
microscopy). The crystal structure of the adsorbent was subjected to X-ray diffraction (XRD) 
scanning and subsequent analysis. The crystallinity index value was then derived by employing 
equation 2. The specific surface area of cellulose and cellulose/PVA was identified by BET surface 
area. The surface properties of the adsorbents were evaluated using SEM. 

𝐶𝑟𝐼 = 	 %##%$
%#
	× 100%   (2) 

The diffraction intensity of the lattice peak is represented by It, and Ia represents the peak intensity 
of the amorphous fraction. The diffraction angle at about 2θ = 22.5˚ is the lattice peak, and the lowest 
intensity at the diffraction angle at about 2θ = 18.0˚ is measured as the amorphous part [23]. 
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2.6. Adsorption Kinetic Experiments 

Linear adsorption experiment data were analyzed using the pseudo-first-order kinetic model (Eq. 
3), the pseudo-second order kinetic model (Eq. 4), the Elovich kinetic model (Eq. 5), and the intra-
particle diffusion kinetics parameters (Eq. 6) [24]. The experimental process was conducted at a pH 
of 6, with an initial concentration of 25 mg/L and a dose of 1 g/100 ml. The temperature was 
maintained at room temperature, and the duration of the experiment varied as follows: 30, 60, 90, 
120, and 150 minutes. 

ln(𝑞& − 𝑞') = 	 ln 𝑞& −	𝐾(𝑡 (3) 

𝑡
𝑞'
=	

𝑡
𝑞&
+	

1
𝐾)𝑞&)

 (4) 

𝑞' =	
1
𝛽
ln(𝛼𝛽) +	

1
𝛽
ln 𝑡 (5) 

𝑞' =	𝑘*𝑡+,- + 𝐶 (6) 

In the given context, the reaction time (min) is denoted by t, while qe and qt represent the adsorption 
capacity at equilibrium and time t (mg/g), respectively. Furthermore, the rate constants of the pseudo-
first-order kinetic model and pseudo-second-order kinetic model are designated by K1 and K2. The 
initial adsorption rate constant, expressed as α (mg/(g min)), the decomposition rate constant (g/mg) 
denoted by β, and the boundary layer thickness constant C are also of significance in this model. 

3. RESULTS AND DISCUSSIONS  
3.1. Characterization of the Pineapple Leaves 
3.1.1. Chesson Analysis 

The cellulose extraction process of pineapple leaves uses alkaline, also known as alkaline 
delignification. Delignification is a process to eliminate lignin compounds in lignocellulosic 
materials with the assistance of alkali (NaOH solution) [25, 26]. NaOH solution ruined the structure 
of lignin and disconnected the bond between lignin and cellulose to expand the surface area of 
cellulose [26]. Table 1 shows the outcome of the cellulose content from the delignification process. 

TABLE I. Cellulose content of pineapple leaves before and after the delignification process 

Materials Cellulose content (%) 
Pineapple leaves before delignification 34,64 
Pineapple leaves after 5% NaOH delignification 46,58 
Pineapple leaves after 9% NaOH delignification 60,10 

Table 1 presents the cellulose content of pineapple leaves before and after the delignification 
process. Cellulose content increases in line with the increase in NaOH concentration after the 
delignification process. The increase in cellulose content is achieved due to a decrease in the level of 
lignin bound and dissolved with NaOH during the delignification process, and NaOH extracts 
cellulose, which results in an increase in cellulose content. Cellulose content increased in harmony 
with the high alkali concentration. This causes more lignin to be stripped and dissolved in the aqueous 
solution so that the compounds that are the active side of cellulose increase [27]. 

3.1.2. Scanning Electron Microscope (SEM) Analysis 
SEM analysis was used to investigate the morphological changes of pineapple leaves due to 

the delignification process. Morphological changes of pineapple leaves before and after alkaline 
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delignification can be seen in Figure 1. The surface morphology of pineapple leaves before the 
delignification process can be seen in Figure 1 (a), which shows that the surface of pineapple leaves 
is tight, smooth, and has no hollows. The surface of pineapple leaves is indicated to contain lignin, 
which functions as a filler for plant cell walls and binds strongly to lignocellulosic compounds, 
causing the plant cell walls to become firm [28]. Pineapple leaves possess a torn and crushed surface 
morphology after the delignification process. The surface of pineapple leaves looks rougher and 
fibrous and has some smooth parts above the surface, as shown in Figure 1 (b). In Figure 1 (c), the 
surface of pineapple leaves looks more tenuous and smaller and has fewer smooth parts above the 
surface. 

 

Figure 1. Results of SEM analysis with 2500x magnification (a) Pineapple leaves before 
delignification (b) Pineapple leaves after 5% NaOH delignification, and (c) Pineapple leaves after 

9% NaOH delignification. 

Figures 1 (b) and 1 (c) illustrated that the surface of pineapple leaves cellulose after 
delignification became rougher and larger. This results in the surface area of the pineapple leaves 
adsorbent becoming larger and more effective for the adsorption process [26]. The difference in 
surface shape indicated that the higher the NaOH concentration in the delignification process, the 
more bonds between lignin and cellulose were released. Analysis of cellulose content also found that 
higher cellulose content occurred at high NaOH concentrations. 

3.1.3. X-Ray Diffraction (XRD) Analysis 
The crystallinity of the cellulose was investigated using X-ray diffraction (XRD) Analysis. 

Cellulose has a crystalline structure, while lignin has an amorphous structure. The XRD 
diffractograms for pineapple leaves before and after the delignification process are shown in Figure 
2. Based on Figure 2, it is proved that all diffractograms have a sharp peak at 2θ at around 23⁰. This 
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cellulose structure is characteristic of type I cellulose, which has a sharp peak at 2θ around 22⁰-23⁰ 
[29]. This indicates the absence of an amorphous component (Lignin) and the increasing crystallinity 
of the cellulose fiber [30]. 

 
Figure 2. XRD analysis results (a) Pineapple leaves before delignification (b) Pineapple leaves after 

5% NaOH delignification, and (c) Pineapple leaves after 9% NaOH delignification. 

The results of XRD analysis showed that the degree of crystallinity (CrI) of cellulose before 
delignification, after delignification with 5% NaOH concentration, and after delignification with 9% 
NaOH concentration were 51.33%, 56.58%, and 65.98%, respectively. Based on these results, it is 
known that the degree of crystallinity increases after the delignification process. The increase in 
crystallinity is due to lignin, an amorphous component, being degraded and causing cellulose to 
remain. Increased NaOH concentration in the delignification process impacts the degree of 
crystallinity, which tends to increase and is in line with cellulose content. Adsorbents with clean 
pores due to the high degree of crystallinity will result in more ions adsorbing [26]. 

3.2. Characterization of Composite Material 
3.2.1. Scanning Electron Microscope (SEM) Analysis 

The results of SEM analysis of cellulose-PVA are shown in Figure 3, which is used as the 
basis for investigating the surface morphology of cellulose-PVA. Based on the morphology results, 
the cellulose surface appeared rougher and torn due to delignification. The lacerated parts cause 
cavities and can be filled by PVA. The surface morphology is dominated by the morphology of 
cellulose fibers that bind together between the fibers. This happens because the cellulose fibers 
interact physically with PVA to generate a flat, homogeneous composite surface. 

 

Figure 3. SEM analysis results with 2500x magnification (a) Cellulose (5% NaOH delignification) 
- PVA and (b) Cellulose (9% NaOH delignification) – PVA 

 
3.2.2. Brunauer-Emmett-Teller (BET) Analysis 

The size of the specific surface area of the composites was evaluated using Brunauer-Emmett-
Teller (BET) Analysis, which will correlate with the adsorption capacity ability. Table 2 presents the 
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BET analysis results of cellulose and cellulose/PVA. BET results prove that when cellulose is 
composited with PVA, it impacts decreasing the surface area of the adsorbent. This is because PVA 
closes the pore structure of cellulose. However, this modification will make transition pores, which 
will be close to micropores in size. The specific surface area is also related to the pore structure and 
distribution, affecting the size in the order of micropores > mesopores > macropores so that 
adsorption will run optimally [31]. 

TABLE II. Cellulose surface area before and after being composited with PVA. 

Materials Surface area (m2/g) 
Cellulose after 5% NaOH delignification 168,764 
Cellulose after 9% NaOH delignification 300,673 
Cellulose (5% NaOH delignification) - PVA 52,674 
Cellulose (9% NaOH delignification) - PVA 198,492 

 

3.3. Effectiveness of Adsorbent on Methylene Blue Adsorption 
The reduction of methylene blue was evaluated using a variety of contact times and different 

types of adsorbent materials in the adsorption process. Figure 4 captured the efficiency of methylene 
blue reduction as influenced by contact time and adsorbent type, namely cellulose and cellulose-
PVA. In general, the adsorption of methylene blue progressively increased with increasing contact 
time. However, the removal efficiency decreased as the contact time exceeded 90 minutes on 
cellulose/PVA adsorbent with the delignification process using 9% NaOH concentration. This is due 
to the release of Methylene blue ions from the adsorbent surface. The adsorption rate is accelerated 
at the beginning of the process and decreases gradually until the equilibrium point. This occurs 
because many pores are still available as active sites for methylene blue at the beginning of the 
process, and the number decreases over time. The remaining pores on the adsorbent surface are 
difficult to occupy due to the repulsive force between the adsorbate molecules in the solid and bulk 
phases [32]. 

 
Figure 4. Effect of contact time on methylene blue dye removal. 

 
The efficiency of methylene blue reduction is also related to the type of adsorbent used. 

Cellulose adsorbent with 9% NaOH delignification produces a more substantial removal efficiency 
than 5% NaOH delignification. The cellulose adsorbent with 9% NaOH delignification concentration 
has more cellulose content, forming many hydroxy groups. Cellulose/PVA adsorbent has superior 
adsorption ability than cellulose adsorbent because it contains a combination of cellulose and PVA, 
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which has more -OH active groups, so the frequency of bonding with adsorbate is more intense [18]. 
In addition, the adsorption process is also influenced by the surface area of the adsorbent. According 
to Table 2, cellulose with 9% NaOH delignification concentration has a more substantial surface area 
and, after compositing with PVA, produces a smaller surface area. A small surface area produced a 
small pore size, thus maximizing the adsorption process [31, 33]. 

3.4. Adsorption Kinetic Studies 

 

Figure 5. Fitting curves of different kinetic equations of MB adsorption by adsorbent (A) 9% 
NaOH delignification, cell-PVA; (B) 5% NaOH delignification, cell-PVA; (C) 9% NaOH 

delignification, cell; (D) 5% NaOH delignification, cell) (inset: a. Pseudo-first-order kinetics 
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parameters, b. Pseudo-second-order kinetics parameters, c. Elovich kinetics parameters, d. Intra-
particle diffusion kinetics parameters). 

The effectiveness of the adsorption process is found to be strongly influenced by the adsorption 
time. As illustrated in Figure 4, the adsorption process exhibits accelerated rates during its initial 
phase. This phenomenon can be attributed to the abundance of active sites on the surface of the 
adsorbent. As the duration of the process increases, the equilibrium state of saturation is achieved, 
leading to a gradual or constant increase in the amount of adsorption. 

The present adsorption study utilized four kinetic models: the pseudo-first-order kinetic model, 
pseudo-second order kinetic model, Elovich kinetic model, and intra-particle diffusion kinetics 
parameters. As illustrated in Figure 5, the adsorption process exhibits a strong correlation with the 
pseudo-second-order kinetic model, as evidenced by the high value of the correlation coefficient R2 
(0.999). This observation supports the hypothesis that the adsorption process is driven by 
chemisorption. The chemisorption process is comprised of three distinct stages. Initially, MB 
molecules diffuse into the adsorbent surface, undergoing an adsorption process.. Subsequently, once 
the adsorbent surface reaches its saturation point, MB molecules bind to the active adsorption sites 
on the adsorbent [24]. 

The intraparticle diffusion model is a method of controlling the adsorption rate. If the value of 
C equals 0, it can be deduced that intraparticle diffusion can only control the adsorption rate. 
However, if the results obtained from this experiment are C≠0, it can be concluded that other 
diffusion methods control the adsorption rate during the adsorption process [34]. However, it is 
important to note that, in general, the kinetic model of intraparticle diffusion provides a more accurate 
representation of adsorption data, as evidenced by its smaller R2 value. This suggests that the control 
of the adsorption rate is not determined solely by intraparticle diffusion alone. 

3.5. Adsorption Mechanism 
Various previous investigations have established the mechanism of methylene blue absorption 

on the adsorbent surface. Adsorption is achieved in three main steps: transporting the contaminants 
on the surface of the adsorbent through the aqueous solution, adsorption on the surface of the solid, 
and transport into the adsorbent particles [35]. The cellulose/PVA composite adsorbent's ability to 
adsorb methylene blue is demonstrated in Figure 6. The PVA-cellulose adsorbent is manufactured 
by bonding cellulose with PVA gel, which can enhance the availability of active hydroxyl groups on 
the adsorbent surface [17]. The negative charge of the hydroxyl group causes electrostatic attraction, 
resulting in the reduction of methylene blue, which has a different charge [36]. In general, 
electrostatic attraction will cause methylene blue, a cationic dye, to be adsorbed into the hydroxyl 
group adsorbent due to its strong affinity [35, 37]. 

 
 

Figure 6. Schematic of adsorption mechanism. 
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4. CONCLUSIONS 

In summary, pineapple leaves have been successfully utilized as a cellulose-PVA absorbent. 
Based on SEM, XRD, and BET analysis, the characteristics of this adsorbent have an appreciable 
potential to decrease methylene blue. The maximum methylene blue removal efficiency was 94.03% 
in the cellulose/PVA composite, with a contact time of 90 minutes. Cellulose/PVA has a smaller 
surface area than cellulose, which results in a maximum adsorption process. 
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