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Abstract

This research investigates the application of electrospinning in the production of CA fibers and examines how two critical parameters 

influence the morphology and dimensions of the resulting CA products during the spinning process. These factors include the 

solvent system employed and the concentration of the solution. By analyzing these parameters, the research aims to elucidate 

their effects on the characteristics of the resultant CA materials following the spinning process. The study employed acetone as 

a single-solvent system, while acetone–acetic acid (2:1) and acetone-chloroform, N,N-dimethylformamide (DMF) (2:1) were used 

as mixed-solvent systems at room temperature. For the single-solvent approach, CA was dissolved in acetone at concentrations 

of (5, 10, 11, 13, and 15 wt%). In the co-solvent systems, CA was dissolved in acetone–DMF (2:1) at concentrations of (5, 10, 15, 16, 

18, and 20 wt%), and in acetone-acetic acid (2:1) at concentrations of (5, 10, 15, and 20 wt%). Although DMF and acetic acid could 

dissolve CA to form clear solutions (at 5 wt%), electrospinning primarily resulted in discrete beads. In contrast, electrospinning 

CA in acetone produced short, beaded fibers. The optimal results, yielding continuous fibers without beading, were achieved with 

10 wt% CA in acetone, 15 wt% CA in acetone/acetic acid (2:1), and 18 wt% CA in acetone/DMF (2:1). The results revealed how various 

parameters affected the diameter and quality of the fibers, ultimately determining the optimal conditions.
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1 Introduction
Electrospinning is an intriguing method for creating fibers 
with diameters that can range from micrometers to nano-
meters [1–3]. These fibers are utilized in a variety of fields, 
such as tissue engineering [4–6], filtration [7], wound 
dressings [8], and drug delivery systems [9]. In recent 
years, there has been a significant increase in interest in 
cellulose acetate (CA) nanofibrous materials as a prod-
uct derived from natural and renewable resources, partic-
ularly with the advent of electrospinning [10]. CA-based 
materials are biodegradable, renewable, and considered 
safe for humans and the environment [11].

During electrospinning, parameters can be adjusted to 
manipulate fiber diameters, surface characteristics, shapes, 
and alignments. The size and morphology of fibers are 
affected by the polymer's composition and the electrospinning 

parameters [12]. Polymer concentration in the solution is 
an important factor in determining fiber diameter, as fiber 
diameter relates to viscosity in the solution  [13–15]. 
Additionally, the choice of solvent and mixed solvent affects 
the fiber size and continuous electrospinning of CA fibers. 
The use of CA solution in acetone and water under acidic 
conditions results in larger fibers, while in the case of basic 
conditions, finer fibers are produced  [16–18]. Besides the 
various binary mixtures, a  ternary mixture of acetone–
dimethylformamide (DMF)–trifluoroethylene (TFE) can 
also be employed to prepare a  CA solution. Electrospun 
fibers from this mixture range in diameter from approxi-
mately 200 nm to about 1 μm [19].

The substitution of hydroxyl (OH) groups on the cel-
lulose chain with acetyl groups make CA being less 
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hydrophilic than cellulose. Electrospun CA mats can 
vary in hydrophobicity depending on the fiber diameter 
and chemical changes during electrospinning [20]. Fiber 
diameter appears to have an inverse relationship with 
hydrophilicity in CA nanofibers. As the fiber diameter 
decreases to the nanometer range, the hydrophilicity of 
the CA nanofibers tends to increase. This is evidenced by 
the water contact angle measurements reported by Selatile 
et al.  [21]. The  present study provides extensive insight 
into the effects of various solvents, concentrations, and 
processing parameters on the appearance and/or size of 
CA products as spun. The morphology as well as wetta-
bility and swelling properties of the CA fiber are studied 
to understand how processing conditions affect their per-
formance. In this study, acetone was used as a single sol-
vent, whereas acetone/acetic acid and acetone/DMF were 
mixed solvents. In addition, we choose the best conditions 
based on their unique asymmetric characteristics in terms 
of continuous fiber production, fiber size, and wettability.

2 Materials and methods
CA, a white powder with a molecular mass of 29,000 Da, 
acetyl content of 40% (w/w), and degree of acetyl sub-
stitution of approximately 2.4 purchased from Sigma-
Aldrich  (USA). CA with low molecular mass of 29,000 
was selected due to factors such as its solubility and prior 
optimization studies. In contrast, lower-molecular-mass 
polymers generally require higher concentrations for elec-
trospinning to maintain sufficient chain entanglement.

The study utilized solvents including acetone purchased 
from Fisher chemical (Finland), acetic acid sourced from 
VWR chemical (Finland), and N,N-DMF, sourced from 
Molar chemicals Kft. All the chemicals were employed in 
the experiments as-received state without additional puri-
fication processes.

3 Preparation of homogeneous viscous CA solution
Spinning solutions were prepared at ambient tempera-
ture using either a single solvent or a combination of sol-
vents. In the single solvent method, CA powder was dis-
solved in acetone at varying concentrations (5, 10, 11, 
13, and 15 wt%) by stirring until a uniform solution was 
formed. To explore the effects of mixed solvent systems, 
two combinations were tested: acetone/acetic acid (2:1) 
with CA concentrations of (5, 10, 11, 13, and 20 wt%) and 
acetone/DMF (2:1) with CA concentrations of (5, 10, 15, 
16, 18, and 20 wt%). The process involved adding CA to 
the selected solvent system and mixing it with continuous 

stirring at 800 rpm until a clear, homogeneous viscous 
solution was achieved. The concentrations of CA poly-
mers dissolved in different solvents are detailed in Table 1.

CA concentrations of 5%, 10%, 15%, and 20% (w/v) 
were initially involved in each solvent system to prepare the 
polymer solution. The concentration ranges were further 
adjusted by exploring intermediate concentrations, such as 
11% and 13%, and high concentrations of 16% and 18%. 
This approach, therefore, enables the use of different sets 
of polymer concentrations for different systems to ensure 
electrospinability and fiber quality. All CA solutions were 
electrospun immediately after preparation to avoid poly-
mer chain relaxation or solvent–polymer interactions.

4 Electrospinning of CA fibers
During electrospinning, a viscous polymeric solution 
is subjected to high voltage, which accumulates charges 
and causes the solution to stretch, resulting in a jet of 
charged fibrous structures caused by repulsive forces. 
Simultaneously, an electrostatic field is form between the 
needle and the collect, the schematic diagram of the elec-
trospinning shown in Fig. 1 [10].

Electrospinning was performed using 10 mL plastic 
syringes fitted with 22-gauge blunt-tip needles (Hamilton 
Company, Reno, NV, USA), which served as spinnerets. The 
setup comprised a high-voltage power supply (ES30P-6W, 
Gamma High Voltage Research, Inc., Ormond Beach, FL, 
USA) operating between 7 and 20 kV, a syringe pump (KD 

Table 1 Solution parameters of spun fibers

Concentration of CA% Acetone Acetone/acetic 
acid Acetone/DMF

5, 10, 11, 13, 15, 20 100% – –

5, 10, 15, 20 – 70/30 –

5, 10, 15, 16, 18, 20 – – 70/30

Fig. 1 Schematic diagram of the electrospinning process [10]
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Scientific, Model 200) dispensing at rates of 30–100 μL/min, 
and a grounded aluminum foil collector. All experiments 
were conducted at constant ambient temperature. To miti-
gate the rapid evaporation of acetone and prevent needle-tip 
clogging caused by polymer accumulation, airflow around 
the spinneret was eliminated. This precaution helped main-
tain jet stability and ensured continuous fiber formation. 
To  ensure consistent fiber formation, the needle tip was 
meticulously cleaned between each electrospinning run, 
even in the absence of airflow. The electrospinning param-
eters, including the spinning distance, operating voltage, 
and flow velocity, were adjusted for each solvent system, 
as  shown in Table  2. Following fabrication, the resulting 
nanofibrous mat was collected on aluminum foil and stored 
for subsequent characterization.

The difference in flow rate solvent systems during elec-
trospinning is primarily due to differences in the physico-
chemical properties of the solvent mixtures, which affect 
the electrospinnability of the polymer solution. Each flow 
rate range is optimized to match the stability of the elec-
trospinning jet for each solvent system.

5 Characterization
5.1 Scanning electron microscope (SEM) and fiber 
diameter
The morphology of the as-spun materials was investigated 
at high resolution using scanning electron microscopy 
(SEM) with a Scios2 Dual-Beam SEM (manufacturer: 
Thermo Fisher Scientific, USA) equipped with an X-MAX-
20 EDS detector (Oxford Instruments, Abing, UK). SEM 
specimens were prepared by cutting Al sheets layered with 
as spun fibers and carefully fixing the cut sections to cop-
per stubs. In addition, Java-based image processing soft-
ware (ImageJ) [22] was used to determine the average fiber 
diameter across a range of electrospinning conditions.

5.2 Water contact angle measurement
The concept of wettability is conceptualized through the 
behavior of a liquid drop on a surface, where it assumes 

a  distinct shape at an angle θ relative to the surface. 
The interaction between the liquid and the solid is quanti-
fied by the cosine of the equilibrium contact angle (θ) for 
a particular liquid. This equilibrium contacts angle func-
tioned as an indicator to assess the wettability character-
istics of the surface.

The wettability of the electrospun meshes was assessed 
by contact angle measurements using an adjustable-vol-
ume pipette, and sample equipment was employed for the 
procedure. Distilled water was used as a liquid medium. 
Approximately 2 mL of distilled water was dispensed per 
drop. The droplet took 5 s to stabilize on the surface before 
its image was captured. Analysis of the images and mea-
surement of contact angles were performed using ImageJ 
software [22]. The software computed the contact angle 
by assessing the tangent of the droplet's outline with-
out limiting its volume. The edges of the droplet and the 
tangent were each measured three times. ImageJ's man-
ual [22] detection method involved placing specific points 
along the droplet's edge to define its outline. After select-
ing these points, the software automatically identified the 
best-fit profile. Fig. 2 presents a schematic diagram illus-
trating how the θ was analyzed using the ImageJ [22].

5.3 Swelling in water
To evaluate their potential as carriers for topical and/or 
transdermal drug delivery, electrospun CA fiber mats were 
subjected to additional analysis. This involved measuring 
their swelling in distilled water. The process began by cut-
ting the newly spun fiber mats into 2 × 2 cm2. These sam-
ples were then immersed in 50 mL of distilled water within 
sealed containers and kept at room temperature. To assess 
swelling, the specimens were weighed after 24 h of immer-
sion in water. Subsequently, they were dried in a vacuum 

Table 2 Electrospinning parameters used in experiments

Solvent 
system Aceton Acetone/acetic 

acid Acetone/DMF

Electro- 
spinning 
parameters

Spinning 
distance 10 cm

Spinning 
distance 10 cm

Spinning 
distance 12 cm

Operating 
voltage 18–20 kV

Operating 
voltage 19–20 kV

Operating 
voltage 20 kV

Flow velocity 
0.5–1 mL/h

Flow velocity 
1–1.5 mL/h

Flow velocity 
0.4–0.8 mL/h Fig. 2 Contact angle measurement analyzed by ImageJ software [22]
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oven at 50 °C for 1 h and weighed again to determine their 
dry mass. The swelling percentage was calculated in Eq. (1):

Swelling % ,� � �
�� �

�
W W
W

d

d

100 	 (1)

where W represents the mass of each sample after being 
submerged in water, while Wd denotes the dry mass of the 
sample following the drying process in the oven.

6 Results and discussion
6.1 SEM and fiber diameter for acetone solutions
Acetone was selected as the solvent for dissolving 
CA powder due to its high volatility and compatibil-
ity with CA  [23]. Solutions were prepared at concentra-
tions ranging from 5 to 15 wt%, and a moderate flow 
rate  (0.5–1  mL/h) was employed to balance evaporation 
and jet stability. Their electrospinnability was then eval-
uated. As shown in Fig. 3, the 5 wt% CA solution formed 
a clear, homogeneous mixture, yet electrospinning yielded 
only particulate deposits on the collector, with SEM imag-
ing confirming beaded morphologies rather than continu-
ous fibers. This aligns with previous studies reporting that 
excessively low polymer concentrations (<8 wt%) in vol-
atile solvents often result in bead formation due to insuf-
ficient chain entanglement for stable jet elongation  [24]. 
The  inability of 5 wt% CA spinning dopes to form con-
tinuous fibers Fig. 3, (5 % CA low/high magnification) is 
consistent with prior studies by Jaeger et al. [25], and Liu 

and Hsieh [26] who observed that low-concentration CA 
solutions (≤5 wt%) in acetone predominantly yield beaded 
or fragmented morphologies rather than uniform fibers. 
This phenomenon arises from insufficient chain entan-
glement at low polymer concentrations, which is critical 
for stabilizing the electrospinning jet against capillary 
breakup [27]. Below the critical entanglement concentra-
tion, polymer chains lack adequate intermolecular inter-
actions to sustain fiber elongation, resulting in Rayleigh 
instability-driven bead formation [28].

When the CA concentration was increased to 10 wt%, 
fine, continuous fibers with an average diameter of 
0.875 μm were successfully produced. Further increas-
ing the concentration to 11 wt% eliminated bead forma-
tion entirely, yielding smoother fibers with a larger mean 
diameter of 1.747 μm, indicating improved polymer chain 
entanglement. At even higher concentrations (13  wt% 
and 15 wt%), the average fiber diameters increased to 
2.271  μm and 3.172 µm, respectively, as evidenced in 
Figs. 3 and 4. This trend confirms that higher polymer con-
centrations promote the transition from beaded fibers to 

Fig. 3 Effect of CA concentration in acetone on the morphology of 
electrospun CA fibers

Fig. 4 SEM images and their corresponding diameter distribution of 
fibers electrospun from acetone solvent system
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uniform, continuous fibers due to enhanced chain entan-
glement and reduced instability during jet formation [29]. 
Based on these observations, CA concentrations between 
10–15  wt% are optimal for producing defect-free fibers. 
Notably, 10 wt% CA in acetone produced the continuous 
fibers without beads, suggesting an ideal balance between 
polymer solubility and solvent evaporation rate.

However, when the concentration was raised to 20 wt%, 
electrospinning became unfeasible due to rapid needle tip 
clogging. This failure is attributed primarily to the exces-
sive viscosity of the solution, compounded by the high 
evaporation rate of acetone, which led to premature poly-
mer solidification at the spinneret. While surface tension 
may play a role, the dominant factor appears to be the for-
mation of a highly viscous semi-solid at the needle tip, pre-
venting stable jet formation. These findings highlight the 
critical role of solution viscosity and solvent volatility in 
electrospinning, emphasizing that optimal CA concentra-
tions must balance spinnability and fiber morphology [30].

The electrospinning of CA solutions in acetone can be 
enhanced by introducing a co-solvent or modifying the 
liquid, primarily to address clogging issues. Research by 
Sayed et al. [31] demonstrated that adding DMF resulted 
in the formation of fibers with beads.

Interestingly, additional acetic acid to acetone improved 
the process. A study using a 3:1 acetic acid/water mixture for 
CA electrospinning enhanced the electrospinnability of CA 
solutions in acetone/acetic acid mixtures. This suggests that 
acetic acid plays a role in fiber formation, even if it requires 
combination with other solvents for optimal results  [32]. 
CA fiber mats produced through electrospinning can serve 
as delivery systems for topical applications as it can facil-
itate the transdermal release through the skin making them 
more appropriate for wounds and skin care applications. 
A range of solvent combinations is available for this process. 
The production of CA fibers via electrospinning is an ongo-
ing process. More investigation is needed to fully compre-
hend the potential of this methodology [33, 34].

6.2 SEM and fiber diameter for mixed solutions
6.2.1 Acetone and acetic acid
To reduce the fast evaporation of acetone, acetic acid was 
added in various proportions. CA solutions at a concentra-
tion of 5, 10, 15, 20 wt% were prepared in 2:1 (v/v) acetone/
acetic acid. The presence of acetic acid increases the solution 
viscosity, which contributes to a more stable electrospinning 
process and supports the use of a higher flow rate in the range 
of 1–1.5 mL/h. It was observed that dope solutions with 
5 wt% CA produced fibers with significant bead formation 

as shown in Fig. 5, which can be attributed to insufficient 
molecular entanglement and low solution viscosity [31, 35].

At a concentration of 10 wt%, short, fine fibers with 
noticeable beading were formed, consistent with previ-
ous studies on low-concentration polymer solutions in 
electrospinning. However, the 20 wt% CA solution led to 
a non-continuous jet due to excessive viscosity, frequent 
spinneret clogging, and reduced fiber mat production effi-
ciency [36, 37]. In contrast, the 15 wt% CA solution exhib-
ited optimal spinnability, producing a continuous jet and 
smooth, bead-free fibers, as demonstrated in Fig. 5. This 
aligns with findings by Angel et al. [36], who reported that 
increasing polymer concentration enhances spinnability 
and reduces fiber beading by improving chain entangle-
ment and solution stability.

SEM analysis in Fig. 6 revealed that fiber diameters in- 
creased systematically with solution concentration [38–40]. 
Specifically, the average diameter increased from 0.7 µm 
(10 wt%) to 3.8 μm (20 wt%), as summarized in Table 3. 
This trend is consistent with electrospinning studies show-
ing that higher polymer concentrations increase solution 
viscosity, hindering fiber stretching and resulting in thicker 
fibers with broader diameter distributions [41].

Additionally, the increase in fiber diameter at higher 
CA concentrations may be linked to enhanced solution 
conductivity. Higher conductivity increases the electro-
static force acting on the jet, accelerating its travel toward 

Fig. 5 Effect of CA concentration in acetone/acetic acid (2:1) on the 
structure of the electrospun CA fibers
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the collector [24,  42]. As a result, bending instability 
occurs closer to the collector, shortening the jet's path 
trajectory and reducing Coulombic and bending stresses. 
However, these parameters were not measured experimen-
tally, as this study focused primarily on the morphological 

outcomes of the produced fibers rather than on a detailed 
analysis of the solvents.

Moreover, increased electrostatic forces can enhance 
mass throughput, further contributing to thicker fiber for-
mation. The combination of acetone and acetic acid pro-
vides a versatile solvent system for producing CA nanofi-
bers with controllable morphology and dimensions [43]. 
Previous studies have demonstrated that acetic acid not only 
moderates solvent evaporation but also influences solu-
tion conductivity and polymer chain interactions, enabling 
fine-tuning of fiber properties. Thus, optimizing the sol-
vent composition and polymer concentration is crucial for 
achieving desired electrospun fiber characteristics [44, 45].

6.2.2 Acetone and DMF
To investigate the effect of polymer concentration and sol-
vent composition on the morphology of CA fibers, solutions 
with concentrations of 5, 10, 15, 16, 18, and 20 wt% were 
prepared using a 2:1 acetone/DMF solvent system. A flow 
rate of 0.4–0.8 mL/h was employed, as the higher viscosity 
of the acetone/DMF mixture necessitates a lower rate to 
ensure a stable and continuous jet during electrospinning.

At lower concentrations (5 and 10 wt%), the electro-
spinning process resulted in the formation of thin films on 
the collector, accompanied by bead formation. In contrast, 
a 15 wt% polymer solution produced dense, large beads 
interspersed with fine fibers, as illustrated in Fig. 7 (low 

Fig. 6 SEM images and their corresponding diameter distribution of 
fiber electrospun from acetone/acetic acid solvent system

Table 3 Evaluation of fiber produced from different solvents and 
different concentration

Solvent system Concentration 
of CA (%)

Mean fiber 
diameter (µm) Fiber evaluation

Acetone

5 – Bead

10 0.875 Good fiber

11 1.747 Fiber

13 2.271 Fiber and bead

15 3.172 Fiber and a lot 
of beads

20 – No fiber

Acetone/acetic 
acid

5 – Bead

10 0.268 Fiber and bead

15 2.209 Good fiber

20 3.834 Fiber and bead

Acetone/DMF

5 – Beads

10 – Beads

15 – Short fiber and 
beads

16 0.321 Fiber and beads

18 0.522 Fiber

20 0.793 Fiber and beads

Fig. 7 Effect of CA concentration in acetone/DMF (2:1) on the structure 
of the electrospun CA fibers at different magnification
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and high magnification). The formation of beaded fibers 
was more pronounced at lower CA concentrations, likely 
due to insufficient polymer chain entanglements, which 
destabilized the electrospinning jet. However, as the con-
centration increased to a critical threshold, the bead den-
sity decreased, suggesting improved solution stability and 
fiber uniformity [16, 37, 46, 47].

For instance, short fibers with an average diameter of 
0.32 μm were observed in samples produced from 16 wt% 
CA solutions Table 2. Increasing the polymer concentra-
tion to 18 wt% led to more consistent fiber formation, 
along with a relatively uniform size distribution, yield-
ing fibers averaging 0.52 μm in diameter Figs. 8 and 9. 

This improvement can be attributed to enhanced polymer 
chain entanglements, either in concentrated or semi-di-
luted solutions which play a crucial role in stabilizing the 
electrospinning jet and defining fiber morphology [48, 49].

However, when the CA concentration increased to 
20 wt%, bead formation occurred alongside fiber produc-
tion due to the high viscosity of the solution. Despite this, 
controlled fiber generation (mean diameter: 0.79 μm) was 
still achievable using a syringe pump to regulate the feed-
ing rate in the 2:1 acetone/DMF solvent system. At ele-
vated concentrations, the high viscosity of the CA solu-
tion impedes flow without external force application [19]. 
Based on these observations, the critical CA concentration 
for producing continuous, bead-free fibers with a homo-
geneous size distribution was determined to be approxi-
mately 18 wt% in the 2:1 acetone/DMF system.

6.3 Contact angle
The measurement of contact angles serves as a powerful 
diagnostic tool for characterizing wetting behavior and 
interfacial heterogeneities in fibrous materials. For  elec-
trospun CA membranes, precise control over surface 
hydrophilicity-hydrophobicity is crucial for tailoring per-
formance in applications ranging from water filtration to 
biomedical scaffolds [50]. Fig. 10 (a) to (c) systematically 
presents how solvent selection and polymer concentration 
govern the wetting properties of CA fibers through con-
tact angle analysis. In acetone-based systems Fig. 10 (a), 
the initial contact angle of 81° confirms hydrophilic. 
The observed decrease to 61.5° at 15 wt% polymer con-
centration aligns with the established relationship between 
fiber diameter and wettability. Lower concentrations pro-
duce finer fibers with higher surface roughness, enhanc-
ing apparent hydrophobicity [51]. Conversely, higher 
concentrations yield larger diameters with smoother sur-
faces that promote water spreading, as demonstrated by 
Koombhongse et  al. [52]. The acetone/acetic acid (2:1) 
system Fig. 10  (b) exhibited similar hydrophilic trends 
(77°  →  65.3°), where acetic acid's additional hydrogen 
bonding capacity further enhanced surface hydration [53].

Most remarkably, acetone/DMF (2:1) formulations 
Fig. 10  (c) displayed concentration-dependent wettabil-
ity switching (102° → 85.6°). The initial hydrophobicity 
(θ > 90°) stems from DMF's aprotic nature promoting ace-
tyl group surface orientation [54]. However, as concen-
tration increases to 20 wt%, chain entanglement forces 
hydrophilic backbone segments toward the interface – 
a molecular rearrangement phenomenon extensively char-
acterized by Thielke et al. [55].

Fig. 8 Effect of CA concentration in acetone/DMF (2:1) on the structure 
of the electrospun CA fibers

Fig. 9 SEM images and their corresponding diameter distribution of 
fibers electrospun from acetone/DMF solvent system
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To further evaluate the wetting behavior of the elec-
trospun CA fibers, time-resolved contact angle measure-
ments were performed over a 15-min period on selected 
samples: 10 wt% CA in acetone, 15 wt% CA in acetone/
acetic acid (2:1), and 18 wt% CA in acetone/DMF (2:1). 
A sequence of images was recorded to monitor droplet 
spreading over time. As shown in Fig. 11, a progressive 
reduction in contact angle was observed across all sam-
ples, indicating dynamic wetting behavior. The choice 
of solvent system significantly influenced the initial and 
time-dependent contact angle values, consistent with find-
ings reported in earlier studies [56]. Among the tested 
samples, the CA fibers electrospun from 15 wt% CA in 
acetone/acetic acid exhibited the smallest water contact 
angles, suggesting enhanced hydrophilicity. This can be 

Fig. 10 Contact angle as a function of polymer concentration used for preparation of spinning solutions of CA from different solvent mixture: 
(a) acetone; (b) acetone/acetic acid (2:1); (c) acetone/DMF ratio (2:1)

(a) (b)

(c)

Fig. 11 Variation of contact angle as a function of time for selected 
fibers in different solvent systems
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attributed to a combination of smaller average fiber diame-
ter and greater porosity, which facilitates capillary-driven 
water absorption. As observed in similar cellulose-based 
systems, the swelling of the fiber matrix also plays a role 
in accelerating liquid penetration [57]. Moreover, while 
fiber diameter directly affects wetting by controlling capil-
lary dimensions, it also indirectly influences contact angle 
through its effect on surface roughness [58].

The reduction in contact angle over time was attributed 
to water infiltration into the fibrous mat, aided by pore 
connectivity and swelling of the CA fibers. As water filled 
the inter-fiber pores, the surface tension between the drop-
let and the fiber network decreased, enhancing spread-
ing [59]. The results suggest that CA fibers exhibit favor-
able wetting characteristics, particularly those processed 
from acetone/acetic acid, making them promising candi-
dates for applications requiring surface wettability, such 
as filtration, biomedical scaffolds, or hydrophilic coatings.

6.4 Swelling
To further investigate the hydrophilic nature and water 
absorption behavior of the electrospun CA membranes, 
swelling capacity tests were conducted using fiber mats 
produced from three optimized formulations: 10 wt% 
CA in acetone, 15 wt% CA in acetone/acetic acid (2:1), 
and 18 wt% CA in acetone/DMF (2:1). These formulations 
were selected based on their ability to consistently produce 
uniform, bead-free fibers with desirable morphological 
characteristics. For the swelling analysis, 2 × 2 cm2 sections 
of the electrospun mats were immersed in 30 mL of distilled 
water at room temperature for 24 h. The swelling capac-
ity was quantified by calculating the percentage increase in 
mass between the dry and fully hydrated fiber mats.

As presented in Table 4, all samples exhibited significant 
water uptake, reflecting the inherent hydrophilic nature of 
CA. Among the samples, the CA fibers produced from the 
acetone/acetic acid system demonstrated the highest swell-
ing ratio. This behavior can be attributed to their finer fiber 
diameter and higher porosity, which allow for more effi-
cient water absorption and retention. In contrast, the sam-
ple from the acetone/DMF system, despite having thicker 

fibers, showed slightly lower swelling capacity, likely due 
to reduced surface area and lower pore volume.

These findings align with previous studies reporting 
that fiber morphology, particularly diameter and porosity, 
plays a critical role in water absorption behavior of elec-
trospun mats. Smaller fiber diameters and a more intercon-
nected porous network enhance capillary action and water 
retention, thereby increasing swelling capacity. Moreover, 
the polar nature of acetic acid as a co-solvent may enhance 
the hydrophilicity of the resulting fibers, further promot-
ing water uptake [57].

Overall, the swelling capacity results confirm that the 
solvent system and polymer concentration not only influ-
ence fiber formation but also directly impact the functional 
performance of CA membranes in aqueous environments. 
This property is particularly relevant for applications such 
as wound dressings, filtration media, and drug delivery 
systems, where high water absorption is desirable [24].

7 Conclusion
Solvent selection and concentration significantly influ-
enced CA fiber size, distribution, and morphology. This 
study thoroughly investigated the effects of solvent mix-
ture ratios and CA concentration on fiber and bead for-
mation. Electrospinning CA solutions at low concen-
trations  (5 wt%) in acetone, acetone/acetic acid (2:1), 
and  acetone/DMF (2:1) resulted in clogging and bead 
formation. However, increasing polymer concentrations 
enabled the production of continuous, cylindrical fibers 
instead of beaded structures.

The addition of acetic acid to acetone improved CA elec-
trospinnability, while a power-law relationship between 
fiber diameter and concentration was observed for the ace-
tone/DMF system. Fiber diameters varied across solvent 
systems: 0.88–3.17 μm (acetone), 0.29–3.83 μm (acetone/
acetic acid), and 0.32–0.79 μm (acetone/DMF), confirming 
that polymer concentration directly affects fiber diameter.

Optimal conditions for smooth, continuous fibers were 
achieved at 10 wt% (acetone), 15 wt% (acetone/acetic 
acid), and 18 wt% (acetone/DMF). Fiber morphology and 
wettability were highly dependent on diameter and solvent 
selection. As-spun CA fibers exhibited significant swell-
ing (301–676%) after 24 h in water. Additionally, contact 
angles generally decreased with increasing polymer con-
centration. While fiber diameter does not always directly 
correlate with wettability, it influences surface properties 
such as roughness, pore size, and fiber orientation, which 
collectively determine wetting behavior.

Table 4 Swelling behavior of electrospun fibrous membranes of 
selected fiber after submersion in distilled water for 24 h

Solution system Fiber diameter (μm) Swelling (%)

18% acetone/DMF (2:1) 0.25 301

10% acetone 0.88 459

15% acetone/acetic acid (2:1) 2.21 676
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