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Abstract 

The global energy crisis sparked by dwindling fossil fuel reserves has precipitated efforts to develop sustainable 

battery technologies, as conventional dry cell batteries utilize toxic lead, graphite, and manganese oxide 

components that pollute the environment. Chitosan derived from black soldier fly (Hermetia illucens) maggot 

presents a biodegradable substitute. This study fabricated chitosan-based polymer electrolyte membranes by 

blending chitosan with polyvinyl alcohol (PVA) and polyacrylonitrile (PAN), then doping with ammonium 

chloride (NH4Cl) using the solvent-casting method. Varying NH4Cl compositions aimed to maximize ionic 

conductivity. Chitosan (13.455% water, 27.810% ash) was subsequently combined with PVA/PAN (20:80 w/w), 

NH4Cl, and casted onto petri dishes. Electrolyte membranes exhibited a maximum conductivity of 0.19612 ± 

0.01572 S/cm with 0.9 g NH4Cl. FTIR spectroscopy verified the incorporation of chitosan (peaks at 3446.79 cm–1, 

1643.35 cm–1
, and 1151.50 cm–1), PVA (3446.79 cm–1 and 1136.07 cm–1), and NH4Cl (3371.57 cm–1 and 721.38 cm–1). 

SEM imaging visualized the incorporation of NH4Cl within the membrane. The chitosan-based biodegradable 

approach is compelling but limited by 0.19612 S/cm ionic conductivity, necessitating further compositional and 

processing optimizations for viable applications. Though it is promising for sustainable bio-sourced energy 

storage, challenges remain in enhancing conductivity through advanced polymer blends/dopants and scaling up 

for commercial biobattery manufacturing. 
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1 Introduction 

 

Indonesia, as well as the global community, heavily 

relies on electrical energy for day-to-day activities. 

Throughout the years, the use of electrical power has 

significantly increased making it a necessity for 

human existence. However, conventional electricity 

derived from non-renewable fossil fuels lacks novelty 

and sustainability, therefore numerous alternative 

solutions have been created and developed to address 

the issue, such as the use of alternative energy sources 

that are renewable [1]. A battery is an electronic 

device that produces electricity through conversion of 

chemical energy from electrochemical reduction and 

oxidation reactions, also called redox reactions. 

Electrochemical charge transfer reactions take place at 

the boundary between electrodes and the electrolyte. 

These reactions transform chemical energy into 

electrical energy, serving as a power source for diverse 

electronic devices. The chemical energy sources 

mainly originated from heavy metals such as mercury, 

nickel, etc. Extensive utilization can result in a rise in 
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heavy metal waste, posing significant environmental 

hazards [2]. Conventional batteries rely heavily on 

non-renewable fossil fuels and toxic heavy metals, 

which lack sustainability and pose significant 

environmental hazards through greenhouse gas 

emissions and hazardous waste. Therefore, there is an 

urgent need to develop environmentally friendly, 

sustainable alternatives like biobatteries derived from 

organic materials. Lately, there has been extensive 

research on natural polymer materials as potential 

polymer electrolytes due to their environmentally 

friendly characteristics. Among these, chitosan stands 

out as one of the most extensively studied natural 

polymers [3]. 

 Chitosan is a natural polymer chitin derivative 

that can be used as a proton conducting membrane [4]. 

Chitosan exhibits good electrical conductivity and can 

be combined with other polymer materials to further 

enhance its mechanical properties. Polyvinyl Alcohol 

(PVA) is widely used as a combination alongside 

chitosan due to its mechanical properties. 

Nevertheless, there is poor miscibility between 

chitosan and PVA, therefore a cross linker agent, such 

as glutaraldehyde is added to enhance the polymer's 

properties [5]. Another polymer that has been 

receiving attention is polyacrylonitrile (PAN) due to 

its high thermal stability, which is an essential aspect 

of a battery [6]. In a study by Nofal et al., polymer 

electrolytes have negatively charged groups and the 

charge carriers of these systems are H+ ions, which 

could be obtained from the dissociation of various 

ammonium salts, including ammonium bromide 

(NH4Br), ammonium iodide (NH4I), and ammonium 

chloride (NH4Cl). Research conducted by Yusof et al., 

indicates that an addition of ammonium salt dopant 

such as NH4Br could increase the conductivity of 

chitosan-based polymer electrolyte.  

 Based on the research studies that have been 

examined, it is possible to enhance the conductivity of 

chitosan-based electrolytes through modifications. In 

this research, the mixture of chitosan-PVA-PAN-

Glutaraldehyde will be mixed with ammonium 

chloride and cast onto a petri dish to produce a solid 

electrolyte. Additionally, Scanning Electron 

Microscope (SEM) and the chemical structures of the 

produced polymer electrolyte will be analyzed using 

Fourier Transform Infrared Spectrophotometry 

(FTIR). This research aims to determine the 

conductivity value of polymer electrolytes derived 

from the variation of chitosan added with PVA-PAN-

Glutaraldehyde and the addition of ammonium 

chloride salt (NH4Cl). Furthermore, this research will 

utilize chitosan as a natural polymer to reduce 

chemical energy waste in battery production. 

 

2 Materials and Methods 

 

2.1  Preparation of BSF Chitosan 
 

The chitosan polymer used in this research was 

extracted from black soldier fly’s (BSF) maggots. As 

a maggot grows, it has to shed its outer skin called 

exuviae, which is abundantly available as chitosan-

rich waste feedstock. BSF exuviae were first collected 

from a local maggot cultivator in Medan, Indonesia. 

The exuviae were subjected to a cleansing procedure 

comprising three repetitive wash cycles with filtered 

tap water. The procedure was conducted to eliminate 

particulate impurities from the exuviae material. 

Following the aqueous cleansing procedure, the 

resultant washed exuviae were dried under sunlight 

exposure.  The chitosan was obtained via three stages 

of extraction and purification procedure: 

deproteination (to break down and remove protein 

contents from BSF), demineralization (to dissolve and 

remove mineral contents from BSF), and 

deacetylation (treating chitin using a strong base at 

high temperatures to remove the acetyl groups from 

the chitin molecules, resulting in the formation of 

chitosan). Subsequent assaying to quantify water and 

ash content was conducted on the extracted chitosan 

product. Additionally, the functional groups of the 

obtained chitin and chitosan were analyzed using a 

Fourier Transform Infrared (FTIR) spectrometer. 

 

2.2 Determination of ash and water content 

 

The ash and water content of the produced chitosan 

were tested in the Integrated Laboratory, Universitas 

Sumatera Utara. Ash content serves as a critical 

analytical aspect to determine the purity and quality 

attributes of the derived chitosan product. Lower 

measurable ash content corresponds to higher quality 

chitosan [7]. The ash content was calculated as a 

function of the residual to initial mass via the 

mathematical expression in the Equation (1). 

 

% Ash content =
w3−w1

w2−w1
 × 100%          (1) 

 

where, w3 is the weight of chitosan ash and petri dish, 

w2 is the weight of chitosan and petri dish, and w1 is 

the weight of only the petri dish. 
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 Water content was also evaluated using the 

following mathematical formula in the Equation (2). 

 

% Water content =
w1−𝑤2

w1
 × 100%           (2) 

 

where, w1 is the weight of the sample before drying 

and w2 is the constant weight obtained after drying [8]. 

 

2.3 Fabrication of Chitosan/PVA/PAN/NH4Cl 

polymer electrolyte membrane 
 

The fabrication of the membranes commenced by 

mixing 1.2 g of PVA/PAN composites prepared in two 

distinct ratios, 10:90 and 20:80, respectively. Chitosan 

was added into the PVA/PAN mixtures at varying 

quantities of 2.4; 2.8; and 3.2 g. The mixtures were 

heated at 80 ºC for 5 min under constant agitation at 

500 rpm using a magnetic stirrer apparatus. The 

solutions were then rapidly cooled to 25 ºC.  Next, 1 

mL of 6% (v/v) glutaraldehyde was added and 

extensively mixed for 15 min. The procedure was 

followed by the incorporation of 0.4 g of ammonium 

chloride salt (NH4Cl) into the mixture. After attaining 

homogenized solution, the final solutions were casted 

onto a petri dish and dried using a Memmert, E1515E 

laboratory drying oven at 60 ºC for 15 h. 

 Fabrication of bio-battery assemblies was carried 

out in the Organic Chemistry Laboratory, Chemical 

Engineering, Faculty of Engineering, Universitas 

Sumatera Utara, using the developed polymer 

electrolyte membranes comprising of 

chitosan/PVA/PAN/NH4Cl to ascertain the obtained 

voltage outputs as a function of composition. Residual 

graphite material from spent zinc-carbon AA dry cell 

was extracted and cleaned. Subsequently, the purified 

graphite was then enveloped in the rolled membrane 

structures to achieve complete encapsulation. Then, a 

quantitative assay of the bio-battery electrical 

performance parameters was measured using a 

multimeter. 

 

2.4 Measurement of Membrane Conductivity 

 

Based on the electrical conductivity performance, the 

chitosan/PVA/PAN membrane exhibiting the 

maximum variation was selected as the optimum 

composition for subsequent testing with incrementally 

amended NH4Cl content (0; 0.3; 0.6; 0.9; and 1.2 g). 

The produced polymer membranes were then 

quantitatively assayed for electrical conductivity using 

a multimeter (Junejour Digital, XL830L). Scanning 

Electron Microscopy (SEM) analysis was carried out, 

using a machine model (HITACHI TM 300) to 

provide cross-sectional morphological visualization of 

the produced membrane. 

 Measurements were carried out using DC current 

and after obtaining the value conductivity can be 

calculated using Equation (3). 

 

𝜎 =
𝐼𝐿

𝑉𝜋𝑟2
                             (3)                              

 

where 𝜎 is the electrical conductivity (S.cm–1), I is the 

value of the current measured (A), V is the voltage (V), 

L is the thickness of the membrane (cm), and r is the 

radius of the membrane (cm) [9]. 

 

3 Results and Discussions 

 

3.1 Characterization of BSF-based Chitosan 

 

Chitosan was derived from BSF biomass and 

characterized to quantify water and ash content. 

Throughout the bioconversion process to transform 

BSF into chitosan, the percentage yield at each stage 

was reported.  The graphical representation in Figure 1 

visualizes the stepwise yield obtained during the 

chitin-to-chitosan conversion procedure. 
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Figure 1: Yield of chitosan in each stage. 

 

 The conversion yield indicates a stepwise 

decrease in product recovery at each sequential stage 

of processing BSF biomass to chitosan. The 

percentage yield obtained post-demineralization was 

quantified as 38.46 ± 4.48% relative to the initial BSF 

feedstock. Following deproteination, an additional 

decrease in process yield to 9.86 ± 1.48%. The final 
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yield after the deacetylation process measured 4.70 ± 

2.58% in reference to the initial BSF feedstock input. 

 The quantitatively determined percentages for 

water and ash contents in the synthesized chitosan are 

13.455% and 27.810%. A high ash content negatively 

can impact properties such as solubility and viscosity. 

Ash content serves as an indicator of the effectiveness 

of the demineralization process used to purify 

chitosan. The lower ash content refers to a purer form 

of chitosan that has a greater proportion of minerals 

removed. Ash content analysis qualifies the level of 

residual inorganic material that remains within 

chitosan. The amount of ash in a substance could be 

used to measure how soluble chitosan was in certain 

solvents. When the ash content is high, it signals high 

residual mineral levels and therefore poorer solubility 

and solution viscosity [10]. 

 Water content serves as a quality metric for 

chitosan, as it impacts the material's susceptibility to 

microbial growth. Several factors influence the water 

content, including drying methods, duration of drying, 

batch size, and contact surface area. The high level of 

water content observed in this study is believed to 

stem from atmospheric water absorption. This is 

because chitosan contains amino groups that have the 

ability to bind water molecules from their 

surroundings. Additionally, the ash content of the 

chitosan reached just 27.81%. Ash content level holds 

importance as a key to chitosan parameter. The low 

ash residue signifies an effective demineralization 

process during production, leaving behind a small 

amount of inorganic mineral components. In summary, 

while moisture content was elevated due to atmospheric 

water uptake, ash content analysis confirms the high 

purity of the chitosan sample based on depleted mineral 

levels in the chitosan itself [10], [11]. 

 

3.2 FTIR Analysis on Extracted Chitin and Chitosan 

 

FTIR spectroscopic characterization was performed 

on both chitin and chitosan obtained post-extraction to 

identify predominant functional group present. The 

spectral acquisitions were recorded over an extended 

wavelength from 4000 cm–1 to 400 cm–1 as shown in 

Figure 2. 

 Table 1 shows functional group for both chitosan 

and chitin. The carbon bond on chitin has a large range 

of wave absorbance on the fingerprint zone, making it 

difficult to interpret. Chitin’s infrared spectrum shows 

nine main peaks at 445.56; 1031.92; 1161.15; 

1234.44; 1529.55; 1645.28; 2376.3; 2924.09; and 

3414 cm–1. The characteristic marker of the produced 

chitin was found on the peak of 2924.09 cm–1, and the 

presence of a standard chitin spectrum indicates the 

vibration of N-H bonds that is the part of amine 

groups. 

 The FTIR spectrum of the chitosan product 

exhibited six absorption peaks at wavenumbers (cm–1) 

at 1028.06; 1558.48; 1653.00; 2414.88; 2920.23; and 

3471.87. The reaction of forming chitosan from chitin 

is a hydrolysis reaction of an amide by a base. Chitin 

acts as the amide and NaOH as the base. Based on the 

result of the analysis, the peak at 1653.00 cm–1 

indicates the presence of the amide group which is the 

absorption band of C=O bond group. Then, at the peak 

of 3471.87 cm–1, indicates the vibration of O-H and N-

H bond group. According to Rachmawaty et al., the 

result of FTIR spectrum of chitosan material consists 

of several functional groups such as OH, NH, CH, 

C=O, CO, CN, COC, and 𝛽-1,4-glycosidic [12].  

 The spectrum analysis indicates characteristic 

structural transitions from chitin to chitosan, indicated 

by the presence of the amide and hydroxyl functional 

groups. The peak at 2920.23 cm–1 corresponds to 

alkane (C-H) stretching vibrations. Additionally, the 

peak at 3471.87 cm–1 represents overlapping 

absorptions of hydroxyl (O-H) and amine (N-H) 

moieties. Supplementary to the observed spectral 

features, the formation of chitosan can be verified by 

a decreased absorption intensity around 1600 cm–1 

region compared to the FTIR spectrum result of the 

chitin precursor. This reduction in amide carbonyl 

intensity signifies the hydrolysis of amide groups 

during the conversion of chitin to chitosan [13]. 

 

3.3 Electrical conductivity 

 

Determination of the electrical conductivity was done 

using a multimeter. The polymer electrolyte was used 

to coat the graphite rod from the AA zinc-carbon 

battery. The thickness of the polymer used to coat the 

rod fully is 0.45 cm. The polymer thickness used was 

measured using an anvil-sized membrane. 

 Conductivity value is first conducted to 

determine the optimum membrane conductivity with 

chitosan variations (2.4; 2.8; and 3.2 g) and PVA/PAN 

compositions (10:90 and 20:80). The result is 

presented in Table 2. 

 The maximum conductivity value was attained in 

the PVA/PAN blend composition of 20:80, with the 

addition of 2.4 g chitosan. The incorporation of 

PVA/PAN mixture improved the ionic conductivity 
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and mechanical properties of the chitosan-based 

polymer electrolyte. A maximum conductivity of 

0.16740 S.cm–1 was achieved using the 20:80 

PVA/PAN ratio with 2.4 g chitosan. This indicates 

that increasing the PVA composition results in higher 

conductivity. This can be attributed to the highly 

hydrophilic characteristics of PVA with a large 

presence of hydroxyl group along its backbone. Its 

feature promotes great affinity to water which could 

make a desirable contribution to promoting ion 

conduction in aqueous-based solid polymer 

electrolytes [14]. Conversely, PAN with its 

hydrophobic nature of a long alkyl chain will reduce 

the hydrophilicity of the polymer blend [15]. The 

integration of PAN segments into PVA helps prevent 

excessive water absorption. Excessive hydration can 

deteriorate the interactions between polymer chains 

due to the high volume of water molecules occupying 

free space between chains causing swelling, loss of 

mechanical strength, decreased oxidative stability, and 

increased permeabilities [16]. 

 The electrical conductivity of prepared polymer 

electrolyte membranes also revealed there was a 

decrease in conductivity with increasing chitosan 

content for all PVA/PAN ratios. This observation can 

be attributed to the poor chitosan's electrical properties 

due to its polysaccharide structure lacking free 

electrons. The polysaccharide structure of chitosan 

held together by covalent bonds which makes the 

electrons are locked in these bonds and inhibits the 

flow of electric current [17]. In the 10:90 PVA/PAN  

blend, the conductivity showed a consistent declining 

trend as the composition of electrically non-

conductive chitosan composition was increased.
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Figure 2: Chitin and chitosan FTIR result. 

 

Table 1: Functional groups of chitin and chitosan from FTIR analysis. 
No Sample Wavenumber (cm–1) Functional Groups Wavenumber Range (cm–1) 

1 Chitin 

1031.92 C-C stretch 1300–700 
1161.15 C-C stretch 1300–700 

1234.44 C-C stretch 1300–700 

1529.55 C=C-C stretch 1510–1450 
1645.28 N-H bend 1650–1550 

2376.30 O=C=O stretch 2400–2000 

2924.09 C-H 2935–2915 
3414.00 O-H 3400–3200 

2 Chitosan 

1028.06 C-O-C stretch 1000–1350 

1558.48 C-H stretch 1300–1567 

1653.00 C=O 1630–1690 

2414.88 C-H aromatic 2100–2550 

2920.23 C-H aliphatic 2850–2970 

3471.87 O-H bend; N-H stretch 3000–3500 
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The stepwise addition of chitosan is expected to 

hinder the mobility of ionic charge. Moreover, for a 

higher PVA/PAN ratio (20:80), the reduction in 

conductivity was found subtler (0.16740 S.cm–1 to 

0.14147 S.cm–1) despite the same rise in chitosan 

addition. This finding implies that higher PVA content 

helps mitigate the loss of conductivity associated with 

chitosan inclusion. The hydroxyl groups of PVA can 

promote ion dissociation, partially compensating for 

the diminished ion mobility imposed by the non-

conductive chitosan [14].  

  The polymer membrane with the maximum 

conductivity from prior tests (PVA/PAN ratio of 20:80 

and 2.4 g chitosan) was selected for additional 

modification with varying NH4Cl compositions of 0, 

0.3, 0.6, 0.9, and 1.2 g to determine the optimal NH4Cl 

loading. 

 

Table 2: Conductivity of polymer electrolyte 

membrane with varying PVA/PAN ration and 

chitosan content. 
PVA/PAN 

(1.2 g) 

Chitosan 

(g) 

NH4Cl  

(g) 

Conductivity 

(S.cm–1) 

10:90 

2.4 

0.4 

0.12837 

2.8 0.05836 
3.2 0.05153 

20:80 

2.4 0.16740 

2.8 0.05043 

3.2 0.14147 

 

Table 3: Conductivity of selected polymer electrolyte 

membrane with NH4Cl variation. 
PVA/PAN 

(1.2 g) 

Chitosan 

(g) 

NH4Cl 

(g) 

Conductivity 

(S.cm–1) 

20:80 2.4 

0 0.11664 ± 0.04640 

0.3 0.16370 ± 0.02285 

0.6 0.17018 ± 0.02460 

0.9 0.19612 ± 0.01572 

1.2 0.15893 ± 0.03044 

 

 The conductivity for each doping composition 

was summarized in Table 3. Table 3 shows the effect 

of various NH4Cl additions to the chitosan/PVA/PAN 

polymer membrane. Initially, the electrical 

conductivity exhibited an increase with incremental 

addition of the NH4Cl salt up to 0.9 g. The 

incorporation of the NH4Cl salt provides additional 

ionic charge which can improve the ionic conductivity 

of the polymer segment [3]. However, further 

increasing the NH4Cl loading by 0.9 g resulted in a 

decline in conductivity. The initial rise in conductivity 

with low NH4Cl can be attributed to the availability of 

abundant free ions that contribute to charge transport. 

Higher salt addition leads to oversaturation and 

precipitation of salt within the polymer chains. This 

obstructs ion mobility by impeding chain flexibility 

and high density solid salt precipitation is expected to 

hinder ion transport at high NH4Cl loadings [18]. 

Thus, the addition of NH4Cl beyond the optimal 

composition impaires ion mobility and decreases the 

overall ionic conductivity of the polymer electrolyte 

membranes. 

 

3.4 FTIR analysis on fabricated polymer membrane 

 

The chemical structure and interaction of membrane 

composition were characterized using FTIR 

spectroscopy. Spectroscopic analysis was conducted 

on both pristine chitosan/PVA/PAN membrane, as 

well as on membrane with the highest obtained 

conductivity (0.9 g NH4Cl dopant addition), denoted 

as chitosan/PVA/PAN/NH4Cl membrane. The 

obtained FTIR spectra of Chitosan/PVA/PAN with 

and without NH4Cl is shown in Figure 3. 

FTIR analysis of the chitosan/PVA/PAN/NH4Cl 

membrane revealed numerous signature vibrational 

modes attributable to constituent chemical moieties. 

As depicted in Figure 3, selected absorption peaks or 

wavenumbers visualized the identified functional 

groups within the membrane structure. A broad 

absorption band between 3650 and 3250 cm–1 

indicates a hydrogen bond, with the intense band at 

3446.79 cm–1 confirming the existence of a hydroxyl 

(-OH) group. This result alligns with molecular 

structure of chitosan, since chitosan consists of three 

types of functional groups: amino/acetamide, primary, 

and secondary hydroxyl groups [19]. The absorption 

wavelengths of other functional groups were also 

documented in Table 4. The primary and secondary 

alcohol stretches were subsequently verified at 3645–

3630 cm–1 and 3635–3620 cm–1, respectively, 

overlapping the O-H stretch region. Amino was 

detected at 1680–1630 cm–1, complementing the main 

structures of chitosan. Additionally, the bending 

vibrations of primary amine (N-H) at 1643.35 cm–1 

and C-O stretching vibration at 1151.50 cm–1 originate 

from the chitosan structure [20]. At the same time, 

signature bands attributable to PVA were evident at 

3446.79 cm–1 (O-H stretch) and 1136.07 cm–1 (C-O 

stretch) [21]. Collectively, the infrared spectroscopic 

results confirm the successful integration of chitosan 

within the membrane structure.
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Figure 3: FTIR result of fabricated membrane with and without NH4Cl. 

 

Table 4: Functional groups of fabricated membranes from FTIR analysis. 
No Membrane Wavenumber (cm–1) Functional Groups Wavenumber Range (cm–1) 

1 
 

Chitosan/ 

PVA/PAN 

without NH4Cl 

3446.79 -OH stretch 3600–3000 

3446.79 Aromatic primary amine, N-H stretch 3510–3460 

1643.35 Primary amine, N-H bend 1650–1590 

1151.50 C-O stretch ~1150 

1136.07 Cyclic ethers, C-O stretch 1140–1070 

2 

 

Chitosan/ 
PVA/PAN 

with NH4Cl 

3371.57 Hydroxy group, H-bonded OH stretch 3570–3200 

1629.85; 1571.99 Secondary amine, >N-H bend 1650–1550 

1153.43 C-O stretch ~1150 

721.38 Aliphatic chloro, C-Cl stretch 800–700 

 

Moreover, the addition of NH4Cl into the 

chitosan/PVA/PAN membranes resulted in notable 

shifts in FTIR spectra. A peak shift was observed at 

3371.57 cm–1 corresponding to the bonded OH stretch, 

along with secondary amine bending vibration at 

around 1629.85 and 1571.99 cm–1. The intensity of 

these two peaks is associated with N-H bending 

vibrations in which NH4Cl incorporation increases its 

peak intensity compared to pristine 

chitosan/PVA/PAN membrane. The PVA-signatured 

C-O stretching vibration was also observed around 

1150 cm–1. These results indicate that increasing 

NH4Cl incorporation led to a decrease in the PVA 

peak intensity along with an increase in chitosan 

absorption intensity in the chitosan/PVA/PAN/NH4Cl 

membranes. As described previously [19], chitosan 

mainly contained amino, primary, and secondary 

hydroxyl groups, thus NH4Cl incorporation, which 

alters the intensity of chitosan functional groups. This 

is apparent as a decrease in the peak around 1650 cm–1 

from carbonyl/amide groups in chitosan as NH4Cl 

disrupts inter- and intramolecular hydrogen bonds, as 

well as narrowing -OH stretch in 3600–3000 cm–1, 

compared to the pristine membrane. Interestingly, the 

H-bonded OH stretch as detected at wavenumber 

3371.57 cm–1 indicates complexation between the 

polymer and ammonium salt. This complexation 

attributes to H+ ions of ammonium salts acting as the 

conducting ion and being attracted to the -OH anions 

of chitosan, forming H-bonded OH group at the region 

[22]. The previously mentioned N-H bend and 

additional aliphatic chloro compounds (C-Cl) at 

721.38 cm–1 prove the presence of NH4Cl salts in the 

polymer matrix. 
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Figure 4: SEM analysis of (a) Membrane without NH4Cl addition and (b) Membrane with 0.9 g NH4Cl addition. 

 

3.5 SEM analysis 

 

SEM analysis was conducted to determine the 

morphological structure of the synthesized membrane. 

SEM imaging was carried out at 1000x, 3000x, and 

5000x magnification to evaluate the cross-sectional 

membrane morphology. Figure 4 illustrates the 

observed morphological differences in the cross-

sectional area of the electrolyte membrane with and 

without NH4Cl. 

Figure 4(a) exhibits the cross-sectional 

morphology of the membrane. It can be observed that 

the membrane structure, which is synthesized without 

the addition of NH4Cl consists of uniform pore 

dimensions and a fibrous structure of a modified 

polymer electrolyte membrane.  

Figure 4(b) displays cross-sectional images of a 

membrane with 0.9 g of NH4Cl. The incorporation of 

this component resulted in a hollow and porous matrix 

structure. The structure is probably formed due to 

weak interaction between the filler and the matrix 

[23]. As described by Ding and Han [24], weakened 

molecular bonding promotes clump and void space 

formation, therefore decreasing the density and 

affecting the porosity properties of the membrane 

matrix. 

Comparative SEM analysis of cross-sectional 

area distinguishes membranes with and without 

NH4Cl incorporation. The chitosan/NH4Cl coated 

composite membrane improved its porosity due to the 

addition of hydrophilic (polar) groups of chitosan and 

NH4Cl. Furthermore, the strong hydrogen bonding 

between chitosan and NH4Cl significantly stabilizes 

the composite structure [25]. 

 

4 Conclusions 

 

To fabricate a biobattery, chitosan was extracted from 

BSF (Hermetia illucens) and incorporated into a 

PVA/PAN/NH4Cl casting solution. The extracted 

chitosan yielded 4.70 ± 2.58%. FTIR spectroscopy 

confirmed the successful chitin deacetylation of 

chitosan. Preliminary testing of the 

chitosan/PVA/PAN/NH4Cl polymer electrolyte 

membranes revealed an optimal PVA/PAN ratio of 

20:80. Using this PVA/PAN ratio, NH4Cl was added as 

a dopant at various concentrations. The maximum 

polymer electrolyte membrane conductivity of 0.19612 

± 0.01572 S/cm was achieved with 1.2 g total 

PVA/PAN (20:80 ratio), 2.4 g chitosan, and 0.9 g 

NH4Cl. However, high NH4Cl concentrations impede 

ion mobility, which indicates oversaturation. Thus, 0.9 g 



 

                             Applied Science and Engineering Progress, Vol. 18, No. 1, 2025, 7435 

 

 

 

M. T. A. Fath et al., “Bio-sourced Black Soldier Fly (Hermetia illucens) Maggot Chitosan/PVA/PAN-based Polymer Electrolyte 

Membrane for Sustainable Energy Storage Applications.” 

  

NH4Cl addition was the optimal conductivity. The 

fabricated membranes were characterized by FTIR and 

SEM. FTIR verified the successful NH4Cl integration 

in the membrane compared to those of the fabricated 

membrane without NH4Cl. Additionally, SEM revealed 

the formation of salt throughout the cross-section of the 

NH4Cl-containing membranes. The natural abundance 

of chitosan enables the fabrication of low-cost and eco-

friendly batteries with promising performance. Further 

optimization of the electrode composition and cell 

design could enhance the power and energy density. 

The future research direction is to demonstrate that 

chitosan-based biobatteries represent a sustainable 

technology for energy storage. 
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