2021
NANOCON October 20 - 22, 2021, Brno, Czech Republic, EU

THE THEORETICAL AND EXPERIMENTAL WETTING OF POLYCAPROLACTONE
NANOFIBRE LAYERS BY GELATIN HYDROGEL

Radek JIRKOVEC, Pavel HOLEC, Tomas KALOUS, Jiri CHVOJKA

Department of Nonwovens and Nanofibrous Materials, Faculty of Textile Engineering, Technical University of
Liberec, Czech Republic, EU, radek.jirkovec@tul.cz

https://doi.org/10.37904/nanocon.2021.4351

Abstract

The study is focused on the wetting of nanofibrous layers of polycaprolactone. In the study, we proceeded to
compare layers from direct current spinning and alternating current spinning. During the study, it was found
that direct current spinning produces hydrophilic layers, and alternating current spinning produces hydrophobic
layers. The study also found that the contact angle is affected by the solvent system. Due to the widespread
use of polycaprolactone in tissue engineering, wetting of the fibrous layers with a gelatin hydrogel was also
performed in the experiment. During the study, the Kwok-Neumann and Li-Neumann models were used to
calculate the surface energy of the fibrous layers, and these models were also used to calculate the theoretical
contact angles that the gelatin hydrogel will make on the fibrous layers. The study showed that the used models
could predict how the fibre layers will be wetted with the prepared hydrogel.
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1. INTRODUCTION

Cell adhesion to a material is affected by many different influences, one of them is the wettability of the material.
[1] Wetting is the ability of a liquid to spread over a solid surface. [2] One of the basic parameters describing
the wetting of the material is the value of the contact angle that the selected liquid makes on the given material.
The value of the contact angle describes the shape of the applied drop, its value as well as the shape of the
drop, however, depends on the surface tension of the given liquid, on the free surface energy of the solid and
on the interfacial energy between the liquid and the solid. The relationship between these quantities is
described using Young's equation (1). [3]

Ysv — Ys1 = Y1 * COS O 1)

Where:
6 - contact angle

Yw - surface tension of the liquid

Ys» - Surface energy of the solid
yq - interfacial energy between the liquid and the solid

To ensure optimal cell adhesion to the material, the test material needs to be slightly hydrophilic. It is thus a
material on which the applied liquid, e.g. medium, will form a contact angle of about 65°. [1] In order to obtain
a slightly hydrophilic surface, it is therefore necessary to find a match between the surface tension of the liquid
and the surface energy of the solid.

At present, porous scaffolds are used in tissue engineering, which can be prepared from both fibre systems
and hydrogels, or from a combination of a fibre system and a hydrogel. [4-6]
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Both natural polymers and synthetic polymers are used to prepare fibrous scaffolds. The most widely used
natural polymers in tissue engineering include collagen, gelatin, chitosan, alginate, or hyaluronic acid.
Synthetic polymers used to prepare scaffolds include polyvinyl alcohol, polylactic acid, polyglycolic acid, or
polycaprolactone. [13-16] The last mentioned material, polycaprolactone (PCL), was used in this study to
produce fibrous layers. It is a semicrystalline hydrophobic polyester. [7,8] PCL, as a biocompatible and
biodegradable polymer, is used in tissue engineering to form skin covers [9], to form bone tissue [10],
or, for example, for the production of small-diameter vessels [11].

Hydrogels can be defined as hydrophilic, three-dimensional, physically or chemically crosslinked polymer
networks that have the ability to absorb large amounts of water or biological fluids. [12,13] Hydrogels are
similar in composition and mechanical properties to extracellular matrix (intercellular mass), so they can serve
as a support material for cells during tissue regeneration and allow the diffusion of nutrients, metabolites and
growth factors. [14,15] Hydrogels are used in tissue engineering primarily to transport drugs or growth factors,
such as grafts of irregularly shaped defects, or to fill pores in a three-dimensional network that can sufficiently
stabilize the repair site. [14]

2. MATERIALS AND METHODS

2.1. Materials

PCL with a molecular weight of Mn 80,000 (Sigma-Aldrich, Germany) was chosen for the preparation of
nanofibre layers. Three solvent systems were chosen to dissolve the PCL. The first was composed of
chloroform and ethanol (both Sigma-Aldrich, Germany), the second solvent system was composed of
chloroform, ethanol and acetic acid (Sigma-Aldrich, Germany) and the third solvent system was composed of
acetic acid, formic acid and acetone (all Sigma-Aldrich, Germany). Pork skin gelatin (Sigma-Aldrich, Germany)
was chosen for the preparation of hydrogel. Distilled water was chosen as the solvent system.

2.2. Preparation

PCL was prepared at a concentration of 8 wt% in three solvent systems. Chloroform and ethanol were in ratio
8:2, chloroform, ethanol and acetic acid were in ratio 8:1:1, and the solvent system of acetic acid, formic acid
and acetone was in ratio 1:1:1. Gelatin was prepared at a concentration of 10 wt% in distilled water. The
prepared PCL solutions were spun by direct current (DC) spinning and alternating current (AC) spinning.
Nanospider NS 1WS500U was used for DC spinning, and a device consisting of ABB KGUG 36 high-voltage
transformer and a Thalheimer-Trafowerke ESS 104 variable autotransformer was used for AC spinning.

2.3. Surface tension

The surface tension of the gelatin hydrogel was measured on a PocketDyne (Kriiss) by measuring the bubble
pressure. The measurement was performed at a temperature of 37°C.

2.4. Scanning electron microscopy and analysis

The PCL nanofibre layers were gilded using Quorum Q150R ES, and images of the layers were obtained using
a scanning electron microscope (SEM, Tescan Vega3, Czech Republic) at an accelerated voltage of 20kV.
2.5. Contact angle and surface energy of the fibre layers

The surface energy was determined via the measurement of the contact angle using a See System E
instrument (Advex Instruments, Czech Republic). The liquid used for the measurement of the contact angle
comprised glycerol with a surface tension of 64 mN/m. The Kwok-Neumann and Li-Neumann model was used
to calculate the surface energy.
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3. RESULTS AND DISCUSSION

3.1. Preparation and spinning of the solutions

The prepared polymer solutions were spun via the DC spinning at an electrode voltage of 50 kV and a collector
voltage of -10 kV. The distance between the collector and the electrode was 170 mm. The polymer solution
was also spun via the AC spinning method at an effective voltage of 37 kV and a frequency of 50 Hz. Diagrams
of the used devices are shown in Figure 1.

Figure 1 Diagram of the spinning devices. A) the Nanospider spinning device, B) the AC spinning device

3.2. Fibre morphology and diameter analysis

During spinning, homogeneous fibrous layers with occasional bead defects were produced. Figure 2 shows
SEM images and fibre diameter of the various fibre layers produced via DC spinning and AC spinning.
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Figure 2 SEM images of the fibre layers. A) DC 8:2, B) DC 8:1:1. C) DC 1:1:1, D) AC 1:1:1, and E) diameter
of the produced fibre layers. 95% confidence interval. **** p < 0.0001
3.3. Surface tension

The surface tension of the prepared gelatin hydrogel was measured at 37°C due to the possible combination
with the cell suspension. The measured surface tension was 65.62 mN/m.
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3.4. Contact angle and surface energy of the fibre layers

The surface energy was determined by measuring the contact angle with glycerol. The models for calculating

surface energy were Kwok-Neumann (2) and Li-Neumann (3). The contact angle and surface energy values
are shown in Figure 3.

Vst =Yw t Vsv — 2\/ YiwVsu(1 — 0-0001057(ylv—ysv)2) (2
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Figure 3 Values of the A) contact angle, and B) surface energy of the fibre layers
3.5. Theoretical contact angle

The theoretical contact angle that the gelatin hydrogel will form on the fibrous layers was calculated from the
values of the surface energies of the individual fibrous layers and the surface tension of the prepared hydrogel.

By combining the Kwok-Neumann (2) and Li-Neumann (3) relationship with Young's equation (1), we obtain
the relations for the calculation of contact angles by the Kwok-Neumann (4) and Li-Neumann model (5).

cosa = —1+2 % (1 =0.0001057 (¥1p—¥sp)?) 4)
w

cosa =—1+2 @3_0-0001247(7117_7511)2 (5)
’ylv

Table 1 shows the values of the theoretical contact angles obtained by the Kwok-Neumann and Li-Neumann
methods.

Table 1 Calculated values of theoretical contact angles using Kwok-Neumann and Li-Neumann methods

Theoretical contact angle [°]

Spinning technology Solvent system
Kwok-Neumann Li-Neumann
8:2 48.2 48.2
DC Spinning 8:1:1 56.6 56.6
1:1:1 61.9 61.9

AC Spinning 1:1:1 134.8 134.5
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3.6. Verification of the theoretical contact angles

To compare the theoretical contact angles, the real contact angle was measured using a prepared gelatin

hydrogel. The measured values of contact angles are given in Table 2. Figure 4 is a graphical comparison of
theoretical and real contact angles.

Table 2 Measured values of contact angles

Spinning technology Solvent system Contact angle [°]
8:2 421+22
DC Spinning 8:1:1 491 +2.1
1:1:1 55.6 £2.4
AC Spinning 1:1:1 136.9+2.8

Comparison of the theoretical and real contact angles
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Figure 4 Comparison of theoretical and real contact angles

From the obtained values it is clear that the theoretical contact angles are close to the actually measured ones.
Both models used are therefore suitable for predicting whether a given material will be wetted and what contact

angle the selected liquid will make. Figure 5 then captures images of wetting the fibrous layers with a gelatin
hydrogel.

s B —

Figure 5 Wetting of the fibrous layers with a gelatin hydrogel. DC spinning layers A) 8:2, B) 8:1:1, C) 1:1:1.
D) Fibre layer from AC spinning 1:1:1
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4, CONCLUSION

The study described the wetting of nanofibre layers depending on their surface energy and surface tension of
the prepared gelatin hydrogel. In the study, fibre layers were prepared by DC spinning and AC spinning. During
the experiments, significant differences in wetting were found between the individual fibre layers. The DC
spinning layers produced by the string electrode have high surface energy and are therefore hydrophilic. The
fibre layers from the AC spinning have a low surface energy value and are therefore hydrophobic. As part of
the study of wetting of the fibrous layers, calculations of the theoretical contact angles that the gelatin hydrogel
will form on the fibrous layers were performed. The calculation was performed using the values of surface
energies of fibre layers and surface tension of the prepared hydrogel. The resulting real values of the contact
angle differ slightly from the theoretical ones, but both models are sufficient for the basic idea of wetting the
produced materials.
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