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Abstract. This study investigates the impact of varying concentrations of zinc
acetate dihydrate on the morphological and surface properties of electrospun
polyvinyl alcohol (PVA) fiber layers applied to magnesium substrates, intended
for use as a biodegradable implant material. Electrospinning was employed to
fabricate PVA/ZnAc composite fiber layers by incorporating different ZnAc
concentrations into PVA solutions. The researcher focuses on evaluating key
parameters of the resulting fiber layers, including fiber diameter, layer thickness,
porosity, and surface wettability, as determined by contact angle measurements.
The experimental results demonstrate that increasing the concentration of zinc
acetate dihydrate leads to a noticeable enlargement in fiber diameter and a
corresponding increase in both the overall thickness and porosity of the
electrospun layers. Specifically, the fiber layer at 50% ZnAc concentration
exhibited the highest thickness of 0.0108 mm, while also producing the largest
average fiber diameter of 2.162 nm + 0.86 nm. Additionally, higher ZnAc
concentrations were found to enhance the hydrophobic nature of the coatings, as
indicated by higher contact angle values. Among all samples, the 20% ZnAc
concentration demonstrated superhydrophilic behavior with the lowest contact
angle value of 44.76° + 1.84°. However, this increase in hydrophobicity is also
associated with an undesirable rise in the corrosion rate of the magnesium
substrate, suggesting a trade-off between surface modification and material
stability. These findings highlight the importance of optimizing ZnAc content in
PVA solutions to achieve a balance between desired fiber morphology and
corrosion resistance. Ultimately, the study underscores that careful selection of
zinc acetate dihydrate concentration is vital for developing functional and reliable
electrospun PVA/ZnAc coatings for magnesium-based biodegradable implants.

Keywords: Magnesium implants, Coating, Electrospinning, Polyvinyl alcohol,
Acetate dihydrate.
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1 Introduction

Biomaterials are materials that interact directly with the body's biological tissues and fluids and
function to treat, repair or replace body parts. Biomaterials are used to replace or improve the
function of tissue and/or organs that have been damaged or degenerated due to aging, so that the
patient's quality of life can improve. The properties of biomaterials used as regenerative medicine
depend on the nature of the material from which they are made (polymer, ceramic, metal, or
composite), their shape (solid material, porous material), and their spatial construction (physical
properties, chemical properties) [1, 2]. Biomaterials must have properties that make them capable
of carrying out their function well, both as implants and as medical devices. Several characteris-
tics that biomaterials as implants must have include: 1) elastic modulus close to real bone (18
GPa), mechanical strength, wettability, surface roughness and good corrosion resistance [3]. De-
gradable materials have been used in medicine for decades. The basic concept in biodegradable
implants is that they are composed of elements that can be eliminated from the body through
physiological pathways and do not exceed toxicity limits during the degradation process [2, 4].
Currently, the application of biomaterials for bone implants only pays attention to high strength
and toughness specifications. In this case, metallic biomaterials are often the choice in clinical
applications. Some metal materials commonly used in the medical world today include titanium-
based alloys, magnesium, and many more [5, 6].

Magnesium (Mg) is receiving special attention in the current development of biomaterial sci-
ence due to its good mechanical ability and biocompatibility as a biomaterial. The use of Mg as
a bone implant biomaterial is not only because the mechanical strength of Mg is close to the
strength of real bone, but also because Mg can decay in the environmental conditions of the
human body and can be excreted biologically through urine [7]. The toughness of Mg is greater
than ceramic biomaterials such as hydroxyapatite, with an elastic modulus value that is close to
the human elastic modulus of 45 GPa, so it can reduce the possibility of stress shielding and loss
of bone density and strength [8]. Besides, Mg is very good for the human body because Mg2+
ions are needed in large quantities for metabolic reactions and biological mechanisms [9, 10].

Even though all the optimization methods given above can increase the corrosion resistance
of Mg materials, it is still difficult to achieve the desired biocompatibility as an implant. That is
one of the reasons research on surface modification is a topic of increasing interest in magnesium
as a biomedical material [11]. It’s possible to carry out surface modifications to improve the
quality of the magnesium material [12]. This method is economically cheaper and widely used.
One surface modification method option that can be used is electrospinning. Electrospinning is a
fiber-forming process with electrostatic forces to control fiber formation [13]. One of the poly-
mers that is popularly used in many medical applications is poly(vinyl) alcohol (PVA) because
of its flexibility to be used in various applications and the ease of PVA to be processed and used
in various processing technologies [14, 15]. PVA is a type of polymer with non-toxic, biocom-
patible properties and good chemical and thermal stability. PVA also has supporting properties
such as solubility, viscosity, surface tension, and molecular weight which are suitable as electro-
spinning materials to produce nanofibers [16, 17].

However, despite its versatility, electrospinning still faces inherent limitations that restrict its
broader application for implants. The technique is highly sensitive to ambient conditions, where
variations in relative humidity and temperature can lead to jet instabilities, bead formation, fiber
fusion, or uncontrolled diameter changes. This sensitivity often results in poor reproducibility
and significant batch-to-batch variability, which becomes problematic in clinical applications re-
quiring standardized implant quality [18-20]. In addition, scaling up electrospinning remains a
challenge because of the complex interplay between solution properties, processing parameters,
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and environmental factors. Producing large-area, multilayered, or thick fiber constructs consist-
ently is technically difficult, and industrial-scale electrospinning systems (such as multi-jet set-
ups) often introduce further variability [21, 22]. These limitations highlight this work as the need
for careful parameter optimization and innovation in process control to ensure electrospinning
can reliably support biomedical implant development.

2 Materials and Methods

2.1 Materials

The polymer solution was obtained by dissolving Poly(vinyl)alcohol powder (PVA,
Merck, Mw = 72,000) with distilled water with a weight ratio (g) of 1:10 using a mag-
netic stirrer for 4 hours, then dissolving the Zinc Acetate dihydrate
(CH3CO00)2Zn*2H20 powder Merck with distilled water with a weight ratio (g) of 1:
5 using a magnetic stirrer for 2 hours. The PV A solution and ZnAc solution were mixed
and stirred for 4 hours with varying ZnAc concentrations of 20%, 25%, 33%, 50%.

2.2 Methods

Sample is prepared through polishing and etching. Sample will undergo optical micro-
scope examination to view microstructures. SEM will be done to obtain information
regarding the surface morphology of the electrospinning layer. Contact angle testing is
a qualitative method for assessing the hydrophobicity or hydrophilicity of a surface.
Contact angle testing is based on observing intermolecular interactions between the
surface and water droplets when the water meets the surface. Contact angle testing is
used to analyze the wettability and biocompatibility of magnesium samples before and
after electrospinning.

The immersion test of pure magnesium samples with PVA/ZnAc electrospinning
surface engineering was carried out using HBSS (Hank Balanced Salt Solution) solu-
tion referring to the ISO/FDIS 23317:2014 standard. The immersion test was carried
out to evaluate ion release on samples that had been engineered with anodization and
subjected to 3-point bending stress over a period of 28 days in the LUV — 101S model
incubator (Figure 1). The immersion test follows the standard with a ratio of sample
surface to solution volume of 0.1 ml/mm?2. The manufacture of PVA/Zn nanofibers was
carried out using electrospinning equipment with a static collector at a voltage of 13
kV, a flow rate of 0.1 mL/h, a distance between the needle tip and the collector of 12
cm, humidity of 50%, 23G syringe, and 5 syringe. ml. Electrospinning was carried out
on magnesium miniplates attached to grounded aluminum foil.
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Fig. 1. Incubator Machine Model LUV - 101S

3 Results & Dsicussion

Four variations of fiber layer samples, produced through electrospinning with different
concentrations of ZnAc solution, were characterized for their chemical bonds using
Fourier Transform Infrared Spectroscopy (FTIR). The FTIR spectrum was obtained in
the range 4500 to 500 cm-1. The FTIR spectrum of PVA can be seen in the picture.
Peaks Al, A2, A3, and A4 at 3400-3100 cm-1 indicate the presence of OH bonds. The
existence of CH bonds is shown in peaks B1, B2, B3, and B4 at 2900-2800 cm-1. C=C
bonds are shown at peaks C1, C2, C3, and C4 at 1560-1540 cm-1. Peaks D1, D2, D3,
and D4 at 1420-1400 cm-1 indicate CO binding. Peaks E1, E2, E3, E4 at 1100-1000
cm-1 appear due to COC stretching. This shows that there is cross-linking between the
-OH groups of PVA and ZnAc. Absorption peak at 620-600 cm-1 F1, F2, F3, F4 shows
Zn-O bending. These peaks are in agreement with previous studies conducted on
PVA/ZnAc electrospinning [23, 24].
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Fig. 2. FTIR spectrum of PVA/ZnAc

Results showed that the four magnesium samples coated with a layer of PVA/ZnAc
electrospinning fiber have continuous fibers and do not have beads. The continuity and
absence of beads in these four fiber layer samples is influenced by all electrospinning
parameters, including process parameters, solution parameters and environmental pa-
rameters [25]. The morphology of the electrospinning fiber shows that the parameters
used are optimum, namely a voltage of 13 kV, a flow rate of 0.1 mL/h, a distance be-
tween the needle tip and the collector of 12 cm, a humidity of 50%, a 23G syringe, and
a 5 mL syringe. Changing one of the parameters greatly affects the morphology of the
resulting fiber. Even though all variations of electrospinning fiber samples do not have
beads, it can be seen in Figure 3(d) that with the highest ZnAc concentration, layers of
beads or large droplets appear between the fiber layers and the fiber size is not homo-
geneous. This is caused by the instability of the electrospinning jet. A high ZnAc con-
centration affects the properties of the electrospinning solution such as viscosity, sur-
face tension, and conductivity of the electrospinning solution. This will then affect the
properties of the solution when it exits the jet to the collector [26].
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Fig. 3. Surface morphology of PVA/ZnAc Electrospinning Fiber Coating: (a) ZnAc 20%; (b)
ZnAc25%; (¢) ZnAc 33%; (d) ZnAc 50%

3.1 Fiber Diameter

Fiber diameter analysis also provides a comparison of the average fiber diameters of
the four samples. The results of fiber diameter analysis show a trend of increasing fiber
diameter along with increasing ZnAc concentration. In the PVA/ZnAc 1 sample, the
average diameter value was obtained 0.1689 nm + 0.07 nm which is shown in figure
4(a). Then the PVA/ZnAc 2 sample has an average diameter of 0.8743 nm + 0.34 nm
which is shown in figure 4(b). The next sample, namely the PVA/ZnAc 3 sample shown
in Figure 4(c) has an average diameter of1,247 nm= 0.54 nm. PVA/ZnAc sample 4 has
an average diameter2,162 nm+ 0.86 nm.
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Fig. 4. Fiber Diameter Distribution HistogramElectrospinning PVA/ZnAc: (a) ZnAc 20%; (b)
ZnAc 25%; (¢) ZnAc 33%; (d) ZnAc 50%

It was found that the concentration of the ZnAc solution in the PVA/ZnAc solution
mixture influenced the average diameter of the electrospinning fibers produced. The
greater the concentration of the ZnAc solution in the electrospinning solution mixture,
the greater the average fiber diameter produced in the fiber solution. Vice versa, the
smaller the concentration of the ZnAc solution, the smaller the average fiber size pro-
duced [27, 28]. The relationship between solution concentration and fiber diameter can
be seen in Figure 5. Changes in the average size of fiber diameter occur not only due to
a single increase in solution concentration. However, the concentration of the solution
will also change the viscosity and surface tension of the solution which will also affect
the average size of the fiber diameter [29, 30].
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Fig. 5. Effect of ZnAc Solution Concentration on Fiber Diameter

3.2  Porosity Analysis

Porosity analysis was carried out using SEM images with a magnification of 3000 times
which were processed using ImagelJ softwareas shown in the picture. From the porosity
analysis, it was found that the greater the concentration of the ZnAc solution, the greater
the pore size and percentage of porosity of the PVA/ZnAc fiber layer. The results of
the pore size analysis are clearly shown in Table 1. This is in accordance with the results
of research conducted by. The trend of increasing porosity is shown in the figure 6-10.

Table 1. Porosity analysis results

Sample Total Area (pm2) Pore Area (nm2) Porosity (%)
ZnAc 20% 8993.952 765,421 8.5%
ZnAc 25% 6602.5785 1471,959 22.3%
ZnAc 33% 6675.6382 2734.179 41.0%

ZnAc 50% 6748.7682 3208.293 47.5%
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Fig. 7. Processing Process Porosity Analysis of 20% ZnAc Sample: (a) SEM Image; (b) Fig-
Pore Threshold; (b) Pore Threshold Outline Image

Fig. 8. Processing Process Porosity Analysis of 25% ZnAc Sample: (a) SEM Image; (b) Pore
Threshold Image; (b) Pore Threshold Outline Image
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Fig. 9. Processing Process Porosity Analysis of ZnAc 33% Sample: (a) SEM Image; (b) Pore
Threshold Image; (b) Pore Threshold Outline Image

Fig. 10. Processing Process Porosity Analysis of 50% ZnAc Sample: (a) SEM Image; (b) Pore
Threshold Image; (b) Pore Threshold Outline Image

3.3  Contact Angle Analysis

Contact angle analysis was carried out in this study with the aim of determining the
wettability of each sample and to determine the relationship between wettability and
solution concentration and fiber diameter. Testing was carried out at 5 random points
using the drop test method, then the droplets were photographed with a camera and
measurements were carried out using imageJ software. Figure 11(a) showed the first
PVA/ZnAc sample obtained an average contact angle value of 44.76° + 1.84°. The sec-
ond sample (b) obtained an average contact angle value of 57.41° + 3.75. PVA/ZnAc
sample 3 (c) obtained an average contact angle value of 77.64° + 5.2°. The fourth sam-
ple (d) obtained an average contact angle value of 83.33° £+ 1.78°.

From the contact angle analysis carried out, a trend of increasing solution concen-
tration was obtainedZnAc in the PVA/ZnAc electrospinning solution increases the hy-
drophobicity of the PVA/ZnAc fiber layer which can be seen in Figure 12 [31]. Increas-
ing the solution concentration followed by increasing the fiber diameter increases the
contact angle value. All samples are still in the hydrophilic category (<90°) even sam-
ples with a ZnAc concentration of 20% can be classified in the super hydrophilic cate-
gory (<50°). The hydrophilic implant surface can improve the wound healing and os-
seointegration properties of the implant [32, 33].
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Fig. 11. Fiber Contact Angle MeasurementElectrospinning PVA/ZnAc : (a) 20% ZnAc; (b)
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Fig. 12. Effect of Solution Concentration on Contact Angle

34 Immersion Test on Corrosion Rate

Immersion test analysis was carried out using weight loss tests and corrosion rate tests
on magnesium implant samples. In the first and second weeks the weight loss test re-
sults and immersion test results showed that the corrosion rate and weight loss increased
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along with increasing zinc acetate concentration. This is influenced by the size of the
fiber diameter and porosity which increases with increasing zinc acetate concentration
[34]. Increasing the fiber diameter and porosity will make it easier for the electrolyte to
enter and interact with the Mg substrate so that the weight loss value and corrosion rate
increase [35]. Then in the third- and fourth-weeks samples with zinc acetate concentra-
tions of 33% and 25% experienced a significant increase in weight loss and corrosion
rate. This can be caused by imperfect coating on the 33% zinc acetate and 25% zinc
acetate coatings so that the coating easily separates from the Mg sample and corrodes
significantly. In the 20% zinc acetate sample, the sample is coated on all sides thor-
oughly so that the layer formed is more thorough and can provide better corrosion pro-
tection. Then the good corrosion resistance of the 50% zinc acetate sample can be in-
fluenced by the highest concentration of zinc acetate among the other four samples.
This is also stated by Vicente, et al [36]. Trends in weight loss and corrosion rate test
results are shown in Figure 13-15 and table 2-3.

Table 2. Results of Weight Loss Test and Corrosion Rate Test for 7 and 14 Days

Surface Initial Final Mass (mg) Weight Loss (mg/mm2) Corrosion Rate (mmy)
ZnAc concen-
tration Area Mass 7d 14 d 7d 14 7d 14

(mm2) (mg) ays ays 2ys days 28 days
ZnAc 20% 395.46 435 0.432 0.428 0.008 0.018 0.002 0.003
ZnAc 25% 395.46 388 0.384 0.379 0.010 0.023 0.003 0.003
ZnAc 33% 144.92 290 0.286 0.28 0.028 0.069 0.008 0.010
ZnAc 50% 144.92 430 0.424 0.419 0.041 0.076 0.012 0.011

Table 3. Results of Weight Loss Test and Corrosion Rate Test for 21 and 28 Days

Weight L
Surface Initial Final Mass (mg) ei8 08 Corrosion Rate (mmy)
ZnAc concen- (mg/mm?2)
tration Area Mass 28
(mm2) (mg) 21 Days 28 Days 21 Days Days 21 Days 28 Days
Y
ZnAc 20% 395.46 435 0.423 0.415 0.030 0.051 0.003 0.004
ZnAc 25% 395.46 388 0.168 0.148 0.556 0.607 0.056 0.046
ZnAc 33% 144.92 290 0.14 0.272 1,035 1,242 0.104 0.093

ZnAc 50% 144.92 430 0.418 0.415 0.083 0.104 0.008 0.008
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Conclusion

These findings highlight several points, which are:

1.

An increase in zinc acetate concentration within the PVA/ZnAc electrospinning solution
leads to a noticeable enlargement in the average diameter of the resulting electrospun fibers.
Higher zinc acetate concentrations also contribute to the formation of thicker electrospun
fiber layers on the magnesium implant surface.

. The porosity of the electrospun fiber coatings increases in parallel with the zinc acetate con-

centration, potentially influencing the structural permeability of the layer.

As the zinc acetate content increases, the contact angle of the electrospun fibers also rises,
indicating a trend toward more hydrophobic surface characteristics, although all samples
remain within the hydrophilic range.
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Elevated zinc acetate concentrations accelerate the corrosion rate of magnesium implants
during the first and second weeks of immersion, primarily due to the increase in fiber diam-
eter and porosity that facilitates electrolyte penetration. Moreover, a significant surge in cor-
rosion was observed in samples with 25% and 33% zinc acetate during the third and fourth
weeks, possibly attributed to incomplete or non-uniform coating coverage.
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