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The increasing concentration of phosphate in industrial and agricultural waste is 
a major cause of eutrophication, which threatens the balance of aquatic 
ecosystems. Membrane technology offers an effective approach for phosphate ion 
removal through the combined mechanisms of filtration and adsorption. In this 
study, chitosan membranes were modified with polyvinylpyrrolidone K30 (PVP 
K30) at four different concentrations using the phase inversion method. 
Increasing the PVP K30 content in the chitosan membrane enhanced water 
absorption, porosity, and hydrophilicity. These improvements significantly 
influenced phosphate ion filtration performance, resulting in a flux increase of 
33–48% and an enhancement in phosphate ion rejection of 32–39% compared to 
the unmodified chitosan membrane. Furthermore, phosphate ion adsorption on 
the membrane surface was observed, which is likely attributed to the presence of 
surface functional groups with different charges and to membrane pore sizes 
comparable to the size of phosphate ions. 

 

1. Introduction 

The rapid growth of industrial activities has led to the 
discharge of large quantities of phosphate anions, which 
pose serious risks to the environment, human health, and 
aquatic ecosystems. Natural biopolymers have therefore 
attracted increasing attention as effective adsorbents for 
phosphate anions due to their biocompatibility, 
biodegradability, eco-friendliness, low cost, natural 
abundance, and ease of modification [1]. Among these 
materials, chitosan-based adsorbents are regarded as 
highly effective for removing various pollutants from 
industrial wastewater. The presence of active amine 
(– NH) and hydroxyl (–OH) groups along the chitosan 
backbone facilitates both physical and chemical 
modifications, enabling multiple adsorption mechanisms 
for phosphate anions. 

Phosphate ions are a primary cause of 
eutrophication, originating from the application of 
fertilizers, the use of detergents, and industrial effluents. 
Eutrophication reduces dissolved oxygen levels and 
disrupts aquatic ecosystems. Various treatment methods 

have been employed for phosphate removal, including 
chemical precipitation, adsorption, and membrane 
filtration. Among these, membrane technology is 
considered efficient and environmentally friendly, as it 
does not require additional chemicals and allows 
continuous operation. 

Several studies have demonstrated the effectiveness 
of chitosan-based materials for reducing phosphate 
levels in wastewater. For example, Fe(III)-modified 
chitosan (CS–Fe) has been reported to enhance 
phosphate adsorption, as Fe(III) ions release hydrogen 
ions under acidic conditions, increasing electrostatic 
attraction [2]. Karthikeyan et al. combined gelatin–Al3+ 
with chitosan and observed an increased phosphate 
adsorption capacity due to electrostatic interactions 
between negatively charged phosphate ions and 
positively charged species (NH3+ and Al3+) [3]. Similarly, 
Zhao et al. [4] incorporated La3+ into chitosan, where 
chitosan acted as a support for La3+ ions in phosphate 
binding. These findings indicate that chitosan is an active 
biopolymer with high potential for phosphate ion 
adsorption from aqueous media. 
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Figure 1. Sources and applications of chitosan 

Chitosan is a polycationic polymer owing to the 
presence of positively charged amino groups in its 
structure (pKa ≈ 6.5), which enhances its solubility in 
acidic and neutral solutions. Its properties are strongly 
influenced by factors such as molecular weight, degree of 
acetylation, pH, temperature, crystallinity, physical form 
(powder, granules, flakes, or membranes), and the 
presence of hydroxyl (–OH) and amino (–NH2) functional 
groups that are readily modified through grafting or 
silane bonding [5]. Structurally, chitosan is similar to 
cellulose but contains an amino group instead of a 
hydroxyl group at the C-2 position, a difference that 
significantly broadens its application potential. Chitosan 
can be processed into various morphologies, including 
films, fibers, hydrogels, nanoparticles, and 
microspheres. In membrane form, chitosan functions 
effectively as a phosphate ion adsorbent with high 
adsorption capacity [6]. A membrane is defined as a thin, 
semipermeable layer that separates two phases and 
selectively allows certain species to pass through [5]. 

The mechanical strength and performance of 
chitosan membranes can be enhanced by blending with 
other polymers, such as polyethersulfone (PES), 
polyvinyl alcohol (PVA), polyvinyl chloride (PVC), 
polyethylene glycol (PEG), polysulfone (PSf), and 
polyvinylpyrrolidone (PVP). PVP K30 is a synthetic, 
hydrophilic, and biocompatible polymer that acts as a 
pore-forming agent and is widely used as a biomaterial or 
pharmaceutical additive [7]. The incorporation of PVP 
K30 into chitosan has been shown to improve membrane 
properties, particularly water uptake and hydrophilicity 
[8]. Interactions between chitosan and PVP K30 occur 
through hydrogen bonding between the pyrrolidone ring 
of PVP and the amine and hydroxyl groups of chitosan, 
leading to high miscibility and enhanced physicochemical 
properties [9]. PVP is available in various molecular 
weights, such as PVP K30 (≈40,000 g/mol) and PVP K90 
(≈1,300,000 g/mol), and this variation significantly 
influences pore morphology, mechanical strength, and 
separation performance. 

This study aims to investigate the effect of PVP K30 
concentration on the performance of chitosan 
membranes in phosphate ion filtration, with the goal of 
achieving an optimal balance between flux and rejection. 
PVP K30 is expected to produce membranes with finer and 

more uniform pore structures due to its lower molecular 
weight, which enables homogeneous dispersion and 
suitable solution viscosity during membrane fabrication. 
Consequently, pore formation through the phase 
inversion process occurs more uniformly. In contrast, 
PVP K90, with its much higher molecular weight, 
markedly increases solution viscosity, leading to poorer 
homogeneity, larger and irregular pores, and the 
formation of dense regions, which can result in less stable 
filtration performance [9]. Therefore, this study focuses 
on chitosan membranes modified with PVP K30 at four 
different concentrations and evaluates the effectiveness 
of PVP K30 addition on phosphate ion filtration 
performance. 

2. Experimental 

2.1. Equipment and Materials 

The materials used in this study included distilled 
water (Labter, UNDIP); chitosan (Chimultiguna, Cirebon, 
Indonesia; degree of deacetylation 87%; Mw 40,000 
g/mol); polyvinylpyrrolidone K30 (PVP K30, BASF; Mw 
30,000 g/mol); acetic acid (Merck; Mw 60 g/mol); 
ascorbic acid (Merck; Mw 176.12 g/mol); sulfuric acid 
(Merck; Mw 98.08 g/mol); ammonium molybdate 
(Merck; Mw 196.01 g/mol); sodium hydroxide (Merck; 
Mw 40 g/mol); sodium dihydrogen phosphate 
monohydrate (NaH2PO4.H2O, Merck; Mw 137.99 g/mol); 
phenolphthalein (Merck; Mw 318.33 g/mol); potassium 
antimonyl tartrate (Merck; Mw 667.87 g/mol); methanol 
(Merck; Mw 32.04 g/mol); and monopotassium 
dihydrogen phosphate (KH2PO4, Merck; Mw 136 g/mol). 

The main equipment consisted of a magnetic stirrer, 
casting plate, vacuum oven, homogenizer, Mitutoyo 
thickness meter, UV–Vis spectrophotometer (PG T-60), 
FTIR spectrometer (Agilent), scanning electron 
microscope (SEM; JEOL JSM-6510), and a low-pressure 
dead-end filtration system. 

2.2. Membrane Preparation 

The membranes were prepared with five different 
concentration variations, as listed in Table 1. A chitosan 
solution (1.5% w/v) was prepared by dissolving 1.5 g of 
chitosan in 1% (v/v) acetic acid. Separately, PVP K30 
powder at the amounts specified in Table 1 was dissolved 
in 100 mL of distilled water. The two solutions were then 
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mixed at a volume ratio of 1:1 to obtain a total volume of 
100 mL and stirred for 4 hours at 55°C, followed by 
homogenization for 15 minutes at the same temperature 
to ensure complete mixing. Subsequently, 10 mL of the 
resulting solution was poured into a Petri dish for 
membrane casting and dried at 50°C for 24 hours. The 
dried membranes were carefully removed and stored in a 
desiccator prior to further characterization and testing. 

2.3. Membrane Characterization 

All fabricated membranes were subjected to 
physicochemical characterization, including 
measurements of weight, density, water absorption, 
porosity, contact angle, biodegradability, FTIR 
spectroscopy to identify functional group interactions, 
and SEM to observe surface morphology. Measurements 
of weight, density, water absorption, porosity, and 
contact angle were performed in triplicate to minimize 
experimental error. Water absorption was determined 
using Equation (1). 

 Water absorption (%) =  
𝑊𝑤 − 𝑊𝑑

𝑊𝑑
×  100 (1) 

Where, Ww is the weight of the membrane in the wet 
state (g), and Wd is the weight of the membrane in the dry 
state (g). 

Membrane porosity was calculated using Equation 
(2). 

 Porosity (%) =  
(𝑊𝑤 − 𝑊𝑑)

(𝜌𝑤 × 𝐴ℎ)
× 100 (2) 

Where, Ww and Wd are the wet and dry membrane 
weights (g), respectively; ρw is the density of water (1 g 
cm−3); A is the membrane area (cm2); and h is the 
membrane thickness (cm). 

Membrane hydrophilicity was evaluated through 
contact angle measurements using the sessile drop 
method. 

2.4. Filtration Test for Phosphate Ions 

Phosphate ion filtration experiments were carried 
out using a filtration flask connected to a vacuum pump 
and a Büchner funnel. A chitosan membrane (1.5%) was 
placed to fully cover the inner surface of the funnel. 
Subsequently, 1 L of a standard phosphate solution (13 
ppm NaH2PO4) was poured into the funnel. Filtration was 
conducted in four cycles, and in each cycle, 8 mL of 
permeate was collected for analysis using a UV–Vis 
spectrophotometer at a wavelength of 875 nm. The same 
procedure was applied to all membrane variations. All 
filtration experiments were performed in triplicate. 

After filtration, the used membranes were 
reanalyzed by FTIR spectroscopy to identify possible 
vibrational shifts associated with phosphate adsorption. 
Rejection efficiency and filtration performance were 
evaluated using Equations 3 to 5 [10]. 

 𝑞𝑒 =
(𝐶𝑖−𝐶𝑒×𝑉)

𝑚
 (3) 

 𝑃ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 (%) =  
𝐶𝑖−𝐶𝑒

𝐶𝑖
× 100 (4) 

 𝐽 =
𝑉

𝐴 ×𝑡
 (5) 

Where, Ci and Ce are the phosphate concentrations in 
the feed and permeate solutions, respectively; m is the 
membrane mass (g); V is the volume of permeate (L); J is 
the membrane flux (L m−2 h−1, LMH); A is the effective 
membrane area (m2); and t is the filtration time (h). 

3. Results and Discussion 

3.1. FTIR Spectral Analysis 

The FTIR spectra of chitosan, PVP K30, and 
chitosan–PVP K30 membranes with four compositional 
variations are presented in Figure 2. The characteristic 
absorption bands of chitosan include a broad band at 3432 
cm−1, attributed to the stretching vibrations of –OH and –
NH groups. Bands observed at 1650 and 1587 cm−1 
correspond to amide I and –NH bending vibrations, 
respectively, while the band at 1080 cm−1 is assigned to C–
O–C stretching. These functional groups are consistent 
with those reported by Christou et al. [11]. 

The FTIR spectrum of PVP K30 exhibits a 
characteristic absorption band at 1289 cm−1, 
corresponding to C–N stretching, which is absent in the 
chitosan spectrum. Absorption bands at 3391, 2952, and 
1640 cm−1 overlap with those of chitosan, indicating 
similar functional group regions. In addition, bands in the 
1450–1500 cm−1 range are attributed to symmetric and 
asymmetric C–C stretching vibrations. These spectral 
features are in agreement with previous findings reported 
by Gao et al. [12]. 

The chitosan–PVP K30 membranes exhibit distinct 
peaks at 1289.67 and 1289.65 cm−1, which are associated 
with C–N stretching. Absorption bands at 1595.30 cm−1 
indicate –NH bending of primary amine groups, while the 
–OH stretching band shifts to 3415 cm−1. This shift 
suggests the formation of hydrogen bonds between the –
OH groups of PVP K30 and the –NH2 groups of chitosan. 
Furthermore, absorption bands at 1647.48 and 1640.02 
cm−1 show a shift to lower wavenumbers for the C=O 
stretching vibration, confirming electrostatic 
interactions between chitosan and PVP K30. These 
observations are consistent with the results reported by 
Kumar et al. [13]. 

To further confirm the FTIR results, spectral 
deconvolution was performed in the wavenumber range 
of 3330–3260 cm−1 to evaluate secondary amine content, 
as well as in the 3350–3310 cm−1 region. The aliphatic 
primary amine absorption region (3330–3250 cm−1) was 
also analyzed due to its potential overlap with secondary 
amine bands, based on reference IR spectra from Merck. 
The results of the deconvolution analysis of the modified 
chitosan membranes are shown in Figure 3. 

Table 1. Compositional variations of chitosan–PVP K30 
membranes (total casting volume: 10 mL) 

Membrane type CS (%) PVP K30 (%) 

CS 1.5 0 

CP1 1.5 0.25 

CP2 1.5 0.5 

CP3 1.5 1 

CP4 1.5 1.5 
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Figure 2. FTIR spectra of the membranes 

 

Figure 3. Deconvolution spectra of (a) CS, (b) CP1, 
(c) CP2, (d) CP3, and (e) CP4 

Based on the vibrational data, the hydroxyl groups of 
chitosan interact with the carbonyl groups of PVP K30, 
leading to the formation of strong hydrogen bonds. The 
pyrrolidone ring in PVP K30, which contains electron-
rich carbonyl groups, acts as a hydrogen bond acceptor, 
while chitosan provides hydroxyl and amino groups as 
hydrogen bond donors and co-anchoring sites. 
Consequently, hydrogen bonding interactions are 
established upon blending chitosan with PVP K30. 

The deconvolution results indicate that the aliphatic 
primary amine group exhibits a larger peak area than the 
secondary amine group. This finding suggests that 

primary aliphatic amine groups are more abundant than 
secondary amine groups in both pure and modified 
chitosan membranes. The proposed interactions among 
chitosan, PVP K30, phosphate ions, and water molecules 
are illustrated in Figure 4. 

As shown in Table 2, the modified membranes 
display higher –NH peak intensities compared to the 
unmodified chitosan membrane. This behavior is 
attributed to the incorporation of PVP K30, which 
increases the effective contribution of –NH groups, alters 
their chemical environment toward a more ordered 
configuration, and enhances the intensity of N–H 
vibrational modes. Consequently, after peak separation 
through deconvolution, the contribution of –NH groups 
in the modified membranes appears more pronounced 
than in the pristine chitosan membrane. 

3.2. Physicochemical Properties of the Membranes 

The porosity, water absorption, and hydrophilicity of 
the membranes are summarized in Table 3. The 
incorporation of PVP K30 into the chitosan matrix 
reduced the density of the casting solution, which 
consequently led to a decrease in membrane weight. 
Despite this reduction, the presence of PVP K30 
significantly enhanced membrane porosity and water 
absorption. Increased porosity reflects the formation of a 
greater number of voids within the membrane structure, 
which play a crucial role in solution retention and 
transport during the filtration process. 

 

Figure 4. Possible orthophosphate bonding interactions 
in chitosan–PVP K30 and water [14] 

Table 2. Absorbance values of the two main functional groups on the membranes 

Functional group CS CP1 CP2 CP3 CP4 

–NH2 2686.27 2620.70 2665.37 2690.78 2664.98 

–NH– 217.77 820.26 808.57 737.29 600.66 

  

4000 3500 3000 2500 2000 1500 1000 500

C-C
1423

1073
1289

16472884

1289

16472877

1647

C-N

12892870

N-H primer

C=O

1289

16402922

1028

1073

1028

C-O

1028
1326

1640

15872877

O-H

1640

1289
2952

3362

3362

3362

 

 

T
ra

n
s

m
it

ta
n

c
e

 (
a

.u
.)

Wavenumber (cm
-1
)

3391

3362

3294

C-H

PVP 

CS

CP1

CP2

CP3

CP4



 Jurnal Kimia Sains dan Aplikasi 28 (9) (2025): 529-535 533 

Table 3. Physical properties of the membranes 

Membrane type Weight (mg) 
Density 

(mg/mL) 
Porosity 

(%) 
Water uptake 

(%) 
Contact angle 

(°) 

CS 14.10 1.023 10.91 90 84 

CP1 8.19 0.997 16.85 101 77 

CP2 8.78 0.997 23.47 102 72 

CP3 9.20 0.999 34.90 107 69 

CP4 1.80 1.002 43.34 110 54 

PVP K30 acts as a pore-forming agent during the 
phase inversion process, and increasing its concentration 
is directly proportional to the number and size of pores 
generated within the membrane [15]. At relatively low 
concentrations, PVP K30 diffuses more uniformly within 
the polymer matrix, promoting more effective pore 
development [16]. 

The enhancement in water absorption is influenced 
not only by increased porosity but also by the intrinsic 
hydrophilicity of PVP K30. As a hydrophilic additive, PVP 
K30 interacts with water molecules through hydrogen 
bonding, thereby increasing the overall hydrophilicity of 
the membrane [15, 17, 18]. This property facilitates water 
uptake and induces membrane swelling. Consequently, 
higher PVP K30 concentrations result in greater swelling 
behavior due to the increased number of hydrogen bonds 
and enlarged free volume within the membrane structure 
[19]. 

3.3. Biodegradability 

The biodegradation behavior of the membranes in 
soil is presented in Figure 5. During the first week, all 
membranes exhibited a decrease in weight, indicating the 
onset of degradation by soil microorganisms. The 
unmodified chitosan (CS) membrane showed a slightly 
slower degradation rate compared to the PVP K30–
modified membranes across all concentration variations. 

The incorporation of PVP K30 into the membrane 
matrix increased the susceptibility of the membranes to 
degradation. As a result, PVP K30–modified membranes 
degraded more rapidly than the pristine chitosan 
membrane, and the degradation rate increased with 
increasing PVP K30 concentration. This behavior is 
attributed to the enhanced porosity induced by PVP K30, 
which reduces mechanical strength and renders the 
membranes more vulnerable to weathering, aging, and 
mechanical stress within the soil environment. 

 

Figure 5. Membrane degradation over time 

During the degradation, the membrane structure 
gradually fragmented into polymers with lower 
molecular weights, thereby increasing the effective 
surface area available for biological and chemical 
degradation. Moreover, the hydrophilic nature of the 
membranes facilitated moisture retention at the material 
surface, creating favorable conditions for the growth and 
activity of soil microorganisms. Previous studies have 
shown that hydrophilic additives such as PVP K30 can 
modify membrane morphology and accelerate 
biodegradation processes [15]. 

3.4. Surface Morphology 

The cross-sectional morphology reveals clear 
differences between the pristine chitosan membrane and 
the PVP K30–modified membranes. As shown in Figure 6, 
the pure chitosan membrane exhibits a relatively smooth 
surface with a dense and compact structure. In contrast, 
the incorporation of PVP K30 results in a rougher surface 
and a more porous morphology, indicating the formation 
of a more open membrane structure with good 
compatibility between chitosan and PVP K30. 

The formation of small pores is attributed to the high 
solubility of PVP K30 in the solvent system and its strong 
interactions with the amine groups of chitosan. This 
porous architecture contributes directly to the observed 
increase in membrane porosity, which in turn enhances 
water absorption capacity. Overall, these morphological 
changes demonstrate a strong correlation between 
increased porosity and improved water uptake in the 
chitosan–PVP K30 membranes. 

 

Figure 6. Cross-sectional SEM images of (a) CS at 1500×, 
(b) CS at 5000×, (c) CS–PVP K30 at 1500×, and (d) CS–

PVP K30 at 5000× 



 Jurnal Kimia Sains dan Aplikasi 28 (9) (2025): 529-535 534 

3.5. Phosphate Filtration Performance 

As shown in Figure 7, the pristine chitosan 
membrane exhibited an adsorption capacity of 26 mg g−1, 
a flux of 20 L m−2 h−1, and a phosphate ion rejection 
efficiency of 25%. The incorporation of 0.25% PVP K30 
into the chitosan membrane increased the adsorption 
capacity to 37 mg g−1, the flux to 39 L m−2 h−1, and the 
phosphate rejection efficiency to 33%. These values 
increased progressively with increasing PVP K30 
concentration. The CP4 membrane achieved the highest 
performance, with an adsorption capacity of 45 mg g−1, a 
flux of 49 L−2 h−1, and a phosphate rejection efficiency of 
40%. Overall, increasing the PVP K30 content in the 
membrane matrix enhanced phosphate rejection by 
approximately 30–40%, adsorption capacity by 36–44%, 
and flux by 36–44%. This improvement is consistent 
with the increase in membrane porosity and 
hydrophilicity, as presented in Table 3. Higher porosity 
provides more flow pathways, allowing a greater volume 
of solution to pass through the membrane and thereby 
increasing flux [15]. 

 

Figure 7. (a) Phosphate ion adsorption capacity (initial 
concentration: 13 mg L−1; volume: 8 mL; time: 60 

minutes; membrane dose: 92 mg), (b) membrane flux, 
and (c) phosphate rejection efficiency 

 

Figure 8. FTIR spectra before and after filtration: (a) CS, 
(b) CP1, (c) CP2, (d) CP3, and (e) CP4 

The enhanced phosphate ion rejection observed at 
higher PVP K30 concentrations is likely associated with 
the increased number of carbonyl (C=O) groups 
introduced by PVP K30. These groups form hydrogen 
bonds with the amine and hydroxyl groups of chitosan, 
resulting in a more open and hydrophilic polymer 
network. Consequently, the number of active adsorption 
sites increases, additional water transport channels are 
created, and the positively charged chitosan surface 
becomes more exposed, leading to stronger electrostatic 
repulsion toward phosphate ions. In addition, phosphate 
ions passing through the membrane may also be adsorbed 
onto the membrane surface, potentially due to charge 
interactions or pore sizes comparable to the size of 
phosphate ions [20]. 

The adsorption of phosphate ions on the membrane 
surface was further confirmed by FTIR analysis. A 
comparison of the FTIR spectra before and after filtration 
revealed clear evidence of interactions between the 
adsorbate and the adsorbent. As shown in Figure 8, the 
used CS and CP membranes exhibited a decrease in 
transmittance accompanied by an increase in the 
absorption intensity in the 1160–1140 cm−1 region, which 
corresponds to the stretching vibration of the P=O group. 
The increased absorbance in this region indicates that 
phosphate ions were bound or interacted with active 
functional groups on the membrane surface. This 
interaction is attributed to electrostatic forces between 
charged membrane sites and phosphate ions. Since FTIR 
absorbance is inversely proportional to transmittance, 
the enhanced P=O absorption results in lower 
transmittance, confirming successful phosphate capture 
through an adsorption mechanism. 

4. Conclusion 

The incorporation of polyvinylpyrrolidone (PVP K30) 
into the chitosan matrix significantly influences the 
membrane’s structure, physicochemical properties, and 
phosphate filtration performance. PVP K30 functions as 
an effective pore-forming agent, leading to increased 
porosity, water uptake, and hydrophilicity of the 
membranes. These enhancements contribute directly to 
improved membrane permeability and phosphate ion 
filtration efficiency. Overall, the introduction of PVP K30 
increased phosphate rejection by 32–61%, adsorption 
capacity by 44–75%, and flux by 74–150% compared to 
the pristine chitosan membrane. 
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