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Abstract. Electrospinning technique is a method to produce nanofiber with high potential
difference. Several main parameters in the electrospinning process are solution parameter, such
as viscosity, surface tension and conductivity. Those parameters affect the morphology of
nanofiber membrane produced by the electrospinning process. This study used 10% PVA in
aquadest with several Aloe vera concentration (0, 2.5, 5, 7.5 and 10 % w/v). The viscosity of
the solution increased when the concentration of the Aloe vera increased. SEM image of the
nanofiber membrane showed that the diameter of the nanofiber increased with the increase of
the Aloe vera concentration, with the highest diameter of 379.80 nm on the membrane with
Aloe vera concentration of 10% w/v. The result of DSC test showed that there were shifts on
the glass transition (Tg) and melting point (Tm) value along with the addition of Aloe vera in
the PV A solution. This results was also emphasized with the result of FTIR test which showed
the shift on the wavenumber absorbance due to the crosslinking between PVA and Aloe vera.
The degradation test indicated that the presence of crosslinking could maintain the nanofiber
structure, thus the membrane was not easily degraded.

1. Introduction

Electrospinning is an emerging technique to produce polymer-based micro or nano fibres with high
quality characteristics in textile industry, especially as wound dressing, tissue engineering materials,
drug delivery systems or coating technique in medical field. This technique utilizes electrostatic force
to form fibres in micro or nano scale. By using this technique a diameter less than 10 nanometres
could be obtained [1]. There are several parameters that affect the quality of nanofiber, such as
electrospinning parameters (the high voltage, the distance between the needle and collector, the needle
inner diameter, the speed of solution exerting from the needle etc.), polymer solution parameters
(molecular weight, viscosity, surface tension, conductivity etc.), and environmental parameters
(temperature and humidity) [2]. One of the most affecting parameters is the viscosity of the solution.
Viscosity would determine the morphology of nanofiber. The study of Sukigara et al., (2003)
mentioned that continuous and smooth fibres could not be obtained by a solution with low viscosity
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[3]. On the other hand, high viscosity also produce irregularity in the fibres. Thus, the determination of
viscosity of the solution plays an important role in producing nanofiber with high quality.

Several studies were already performed to produce a high quality nanofiber by using polymers such as
polyvinyl alcohol (PVA), Poly e-Caprolactone (PCL), Poly Ethylene Oxide (PEO) etc. [2, 4-5]. PVA
was known for its hydrophilicity which could easily bond hydrogen molecule in its chain. 10% w/v
PVA in water could be electrospun with high voltage of 5-20 kV with the result of nanometre scale
fibres. The lack of this result was the presence of beads along the fibres which was undesirable. It was
caused by the tendency of the PVA molecule which have strong bonds and is difficult to be pulled by
the potential difference and form beads. The addition of Aloe vera at the right amount of concentration
expected to decrease the presence of the beads. The study conducted by Abdullah (2014) showed that
the Aloe vera could bind to PVA and have a suitable structure to be applied as a biomaterial due to its
biodegradability, biocompatibility, and non-toxicity [1].

Aloe vera has been used in biomaterials as an additive agent to provide wound healing in wound
dressing. It also has been utilized for burn wound for many decades. The study of Isfandiary et al.,
(2017) on using Aloe vera in wound dressing scaffold in chitosan-collagen scaffolds showed that the
presence of Aloe vera could be beneficial in this scaffold to be applied as wound dressing [6]. The
review from Venugopal et al., (2014) and Khan et al., (2018) said that the presence of Aloe vera was
proven in accelerating the wound healing with nanofiber to perform a better treatment to the wound [5,
7]. The Aloe vera also has antibacterial properties which was remarkable [7].

This study was focus on the effect of viscosity towards the characteristics of nanofiber membrane
from PVA-Aloe vera. Several concentration of Aloe vera was used in this study. The nanofiber
membrane was characterized by using functional group test with Fourier Transform Infrared (FTIR
Test), morphology test with Scanning Electron Microscope (SEM Test), thermal analysis test with
Differential Scanning Calorimetry (DSC Test), and degradation test.

2. Materials and Methods

2.1. Materials

The Polyvinyl alcohol (PVA) (Mw: 66000 g/mol) was purchased from Duksan Pure Chemicals Co.
Ltd. (Korea) The Aloe vera extract from Kangcare Bioindustry Co. Ltd., deionized water, Phosphate
Buffer Saline (PBS), and ethanol.

2.2. Methods

10% w/v PVA solution was dissolved in water on the magnetic stirrer with temperature of 80°C for
three hours. The addition of Aloe vera extract was varied from 0, 2.5, 5, 7.5, and 10 % w/v to the PVA
solution on the magnetic stirrer with the same temperature for three hours. Then, ethanol was added to
the mixed solution of PVA-Aloe vera with a ratio of 70:30 using a magnetic stirrer for an hour. The
final solutions were tested with Viscotester VT-04F RION Co. Ltd. to obtain its viscosity before
entering the electrospinning process [8].

The electrospinning process was started with the insertion of the solution into a syringe and make sure
the solution filled the tip of the needle to get a better fibre. An aluminium foil was placed in the
collector part of the electrospinning device to catch the resulted nanofiber membrane. The potential
difference was 19 kV with 20 cm of distance between the needle and the collector. By using the same
process, all variation of PVA-Aloe vera solution were electrospun.

The nanofiber membrane sample was characterized by FTIR (Shimadzu) in Faculty of Science and
Technology, Universitas Airlangga, Surabaya, Indonesia. KBr was mixed with the sample and formed
into a pellet. The FTIR test was performed along the wavenumber of 4000 - 400 cm-1.The
morphology test on the electrospun PVA+Aloe vera based nanofiber membrane was carried out with
Phenom Pro X Desktop SEM. The sample was coated first with Au and Pd. The thermal analysis using
DSC test was performed by using a METTLER TOLEDO DSC-3. The test was done by raising the
temperature from room temperature (27°C) to 300°C at a rate of 10°C/minute. The degradability test
aimed to observe the degradation time and rate of the sample by using PBS. The membrane with area
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of 2.25 cm2 and mass of 0.01 gr was dropped by the 0.05 mL PBS on the middle of the membrane
surface. The time needed for the membrane to degrade completely was recorded.

3. Result and Discussion

The solution was tested with Viscotester to obtain its viscosity. The result was shown in Figure 1. The
increase of Aloe vera concentrations also increase the viscosity of the solution since the presence of
the solute increased too.

B2 viscosity

Viscosity (dPa.s)

0.0 25 5.0 75 10.0
Aloe vera Concentration (%)

Figure 1. Viscosity of PVA-Aloe vera Solution with Several 4loe vera Concentrations

3.1. Nanofiber Membrane Electrospinning

The PVA-Aloe vera nanofiber membrane making with electrospinning process considers the device,
solution and environment parameters. The process used the distance of the needle and the collector at
20 cm because it could form fibres in the collector smoothly. Besides that, the potential difference and
flow rate also affected the result. This study used potential difference of 19-21 kV and flow rate of 0.2
mL/hour.

The electrospinning process was four hour to obtain a membrane that had an adequate thickness to
remove from the aluminium foil. The result of the electrospinning process of PVA-Aloe vera-based
nanofiber membrane was shown in Figure 2. The result was then characterized using several
characterization as mentioned above.

Figure 2. Electrospun PVA-4loe vera-Based Nanofiber Membrane on the Aluminum Foil
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3.2. Functional Group Test Using FTIR

The FTIR result of PVA and PVA+Aloe vera was shown in Figure 3. The FTIR result of PVA showed
the stretching O-H absorbance at 3309.15 cm-1, the bending O-H at 1425.19 cm-1, 1374.04 cm-1 and
1327.92 cm-1, the stretching C-H at 2939.55 cm-1, and the bending C-H at 944.15 cm-1, 842.33 cm-1,
and 604.46 cm-1 [8]. The stretching aldehyde (C=0) group appeared at wavenumber of 1732.47 cm-1
and the stretching C-O group at wavenumber of 1245.67 cm-1 and 1089.79 cm-1.

The FTIR of PVA+Aloe vera indicated the stretching OH group at wavenumber of 3310.70 cm-1. The
stretching C-H group appeared at wavenumber of 2915.04 cm-1, while the bending C-H group had
absorbance at wavenumber of 1420.39 cm-1, 1374.33 cm-1, 937.54 cm-1, 884.06 cm-1, 575.23 cm-1
and 479.33 cm-1. The stretching and bending aldehyde group was shown at wavenumber of 1734.76
cm-1 and 1245.37 cm-1, respectively [1, 9]. The addition of Aloe vera in the PVA showed a strong
sulfoxide functional group (S=0) at wavenumber of 1021.38 cm-1. It also showed a shift on the
wavenumber due to the hydrogen bond between PVA and Aloe vera. PVA chains could form the
intramolecular and intermolecular hydrogen bonding because of its hydrophilicity. With the presence
of Aloe vera among the PVA chains, the hydrogen bonding would also occurs between them [1, 10].
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Figure 3. FTIR Spectra of Electrospun PVA and PVA+Aloe vera Based Nanofiber Membrane

3.3. Morphology Test Using SEM

The SEM images of the sample were shown in Figure 4. 10% w/v PVA with viscosity of 3.9 dPa.s
formed continuous and homogeneous fibres, even though at some points, the membrane was still wet
due to the lack of fast evaporation of the solution before reaching the collector, thus it formed beads.
The sample with the addition of 2.5% Aloe vera showed that there was no beads present in the fibres.
The presence of Aloe vera in the mixture might decrease the membrane conductivity, thus produces
fibres with no beads [1]. The diameter of fibres shown in Figure 4 was measured and the result was
shown in Figure 5.

The average diameter of PVA membrane without Aloe vera was 330 nm and with beads in several
points. This value was higher than the fibre diameter of PVA+Aloe vera membrane. With the increase
of Aloe vera concentration in the mixture, the average diameter of the membrane also increased. With
10% Aloe vera, the average diameter of the membrane was 313.2 nm. This value was smaller than the
result of Uslu et al. (2010) study which was 553 nm for membrane from PVA/PEG/PVP/Aloe vera
[10]. The study of Abdullah et al. (2014) also showed the same range of fibre diameter of PVA/Aloe
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vera. This behaviour might be caused by the presence of hydrogen bonding between the PVA chains

and the Aloe vera which also promoted the increase of columbic repulsion and electrostatic force. The
molecule would be closer among them [1, 10-11].
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Figure 4. SEM images of Electrospun PV A-A4loe vera-Based Nanofiber Membrane with
Several Aloe vera Concentration (a) 0%, (b) 2.5%, (c) 5%, (d) 7.5%, and (e) 10%
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Figure 5. Fiber Diameter of Electrospun PVA-A4loe vera-Based Nanofiber Membrane with
Several Aloe vera Concentration

3.4. Thermal Analysis Using DSC
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Figure 6. DSC Thermogram of Electrospun PV A-Aloe vera-Based Nanofiber Membrane with Several
Aloe vera Concentration
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Thermal analysis of the membrane was performed by using DSC Test. The test was done on two
samples, PVA membrane and PVA+Aloe vera membrane to observe the effect of the addition of the
Aloe vera in the mixture. The result was shown in Figure 6 that showed an endothermic curve. The
PVA membrane showed that the glass transition temperature (Tg) was at 85.08°C and the melting
point (Tm) was at 190.53°C. The PVA+Aloe vera membrane indicated the glass transition temperature
(Tg) at 90.00°C and the melting point (Tm) at 190.61°C. The glass transition temperature of the
membrane slightly changed due to the addition of Aloe vera. The bonds between PVA and Aloe vera
was the reason why the Tg shifted to the higher temperature. The Aloe vera in this mixture the
crystallinity of the polymer and leads to more amorphous structure [10]. The shift on Tm was caused
by the same problem as Tg, but it did not change drastically. This behaviour was emphasized by the
research of Uslu et al. (2014) which also had an increase in Tm [10].

3.5. Degradation Test

The degradation test resulted that the Aloe vera decreased the degradation rate, hence increased the
degradation time as shown in Figure 7. This behaviour is caused by the smaller diameter of the PVA
membrane. It would absorb more liquid compared to the PVA-Aloe vera membrane and leads to more
degradable. The increase in degradation time means the increase in mass loss of the sample. The
polymer with lower molecular weight, high hydrophilicity and having acetic, amide, or ester bonding
could be easily degraded. The lack of crystallinity and crosslinking on the polymer chains without the
addition of Aloe vera could also make the membrane easily degraded [12].
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Figure 7. Degradation Time and Rate of Electrospun PVA-A4loe vera-Based Nanofiber Membrane
with Several Aloe vera Concentration

4. Conclusion

The Aloe vera concentration affects the viscosity of the solution hence it affects the result of
electrospinning process. FTIR Test showed that there was a shift in absorbance due to the presence of
the hydrogen bond between PVA and Aloe vera. The diameter of the fibres increases with the increase
of the Aloe vera concentration. The DSC test implied that there was a shift in glass transition and
melting point temperature which give the information about the durability of the membrane. The
presence of Aloe vera decreased the fibre diameter of the membrane and it increased with the increase
of the Aloe vera concentration. The degradability of the membrane showed that the crosslink in the
membrane prolong the time to degrade of the membrane, hence shorten the degradation rate of the
membrane.
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