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Ceramic electrospun nanofibers in B203-Al203-SiO2 system: structure versus
composition
A. Griffin', T. Berry!, W. Maniukiewicz? A. Stanishevsky*
tUniversity of Alabama at Birmingham, USA, ?Lodz University of Technology, Poland

Introduction: Boron Alumina (Al1sB4O33) and Mullite (AlsO13Siz) are two main ceramic
materials produced within a B,O3s-Al,03-SiO; reaction system. Boron Alumina ceramics, which
are applied in high temperature insulation and composite material reinforcement, are known
for having high temperature resistance and stability, low thermal expansion, and chemical
inertness; however, they are also known for having low porosity and high thermal conductivity.
Mullite ceramics, which are used in catalysis, as well as insulation and ceramic composite
reinforcement, have low thermal conductivity, low thermal expansion, chemical stability, and
low density.

Combination of these materials could potentially allow for improvement of the thermal
conductivity and density in boron alumina-based ceramics, as well as reduce the temperature
needed for mullite-formation in mullite fibers.

Materials and Methods: Alumina boron precursors were prepared using boric acid and
alumina acetate. Tetraethyl Orthosilicate (TEOS) was added to the prepared precursor in
different quantities to prepare 1%, 3%, 5%, and 7% weight concentration solutions. PVAc
polymer was added to the solution to prepare a spinnable precursor. Nanofibers were spun
using Alternating Field Electrospinning (AFES) and dried at 120°C to remove remaining
solvent in preparation for annealing and X-Ray Diffraction (XRD) analysis. Fibers were
annealed at 1000°C and above and have undergone XRD analysis to determine phase
composition and crystallinity of B,O3-Al.03-SiO- system fibers at this temperature. Thermal X-
ray diffraction (T-XRD) and Thermogravimetric analysis (TGA) are used to determine when
crystallization begins and what trends develop as fibers are further heated.

Results and Discussion: Samples annealed at 1000°C and 1200°C showed a primarily
mullite-like structure. Mixed phase
boron-mullite and classical mullite
were observed to form after
annealing at both annealing
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Al1gB4O33 at 20.4° 2] (labeled with a triangle). The changes in the intensity ratio of the most
intense peaks at ~16.5 and ~26.4° 2[J indicate the formation of a mixed mullite-like structure
gradually changing from Al4B>Og to “classical” mullite with the increasing silica content.
Crystallite size also diminishes with increased silica content, leading to more mechanically and
thermally stable nanocrystalline nanofibers with sub-20 nm crystallite sizes (Fig.1 inset).

Conclusion: Better understanding and knowledge of nanofibrous ceramic material properties
is hindered by the lack of sustainable production of the nanofibers. This study used alternating
field electrospinning (AFES), as a high-yield method to produce these materials. The addition
of the SiO; precursor was observed to have little effect on the AFES process of the base B,Os-
Al,O3 precursor material, which demonstrated high productivity. The addition of silica into the
B.O3-Al,O3 system made the nanofibers thermally and mechanically more stable when
compared to boron alumina nanofibers. Further studies will focus on the mechanical properties
and application of these materials as catalyst supports in chemical reactions.

Acknowledgements: A.G. and T.B. have been supported by NSF International Research
Experience for Students (IRES) award to UAB (Grant Number OISE-1852207). This study is
supported by NSF Grant number DMR-1708600.
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Poly(e-caprolactone) nanofibers produced by air-jet spinning

Ema Chudobova?, Sarka Hauzerova?, Kristyna Havlickova?, Vera Jencova?, David Lukas?,
Eva Kuzelova Kostakova?
!Faculty of Mechatronics, Informatics and Interdisciplinary Studies, Technical University of
Liberec, 2Department of Chemistry — Bioengineering branch, Faculty of Science, Humanities
and Education, Technical University of Liberec

Biodegradable nanofibrous materials are increasingly being used to produce materials for
medical applications — scaffold for tissue engineering, drug delivery systems or wound
dressings. Polymer nanofibers are usually produced by electrospinning technology. However,
in addition to electrospinning, there are a number of other technologies that are not so much
used or studied but offer certain advantages. These non-electrospinning technologies include,
for example, centrifugal spinning, drawing, meltblowing and air-jet spinning.

Air-jet spinning or in other words solution blowing [1] is a technology for the production of
polymer nanofibers by blowing a polymer solution. The force used to transform the polymer
solution into the form of fibers is hydrodynamic force [2]. This technology does not use high
electrical voltage and does not require an electrically active collector. For these reasons, this
technology is also suitable for the application of nanofibrous materials in in-situ [3] medical
applications mainly as wound dressing.

Solutions of poly(e-caprolactone) (PCL) with molecular weight My,=45 kDa (Merck) in different
concentrations (6, 8, 10wt%) in dichloromethane (DCM) from Penta Chemicals were
successfully air-jet spun by commercially available airbrush device (Fengda BD-180). Photos
of air-jet spinning in the laboratory, schemes of the air-jet spinning, and scanning electron
microscope images of selected air-jet spun and electrospun nanofibrous materials are
presented in Fig. 1.

The equipment for the production of biodegradable nanofibers using air-jet spinning technology
will be presented, the basic process parameters will be described and the resulting nanofibrous
material structures from poly(e-caprolactone) will be presented. Furthermore, the basic
evaluation of chemical composition (FTIR), internal structure - arrangement of
macromolecules (DSC) and in-vitro evaluation of cytotoxicity and biodegradation will be
presented in comparison with electrospun material from the same polymer solution. Scanning
electron microscope images are used for the structure evaluation of air-jet spun and
electrospun nanofibrous materials and their comparison mainly with focus to fiber diameter
measurements.

The vision of applying biodegradable nanofibrous wound dressings using air-jet spinning still
requires many studies and testing. It is important to monitor the residual solvents in the formed
nanofibers immediately after production. However, it would be best to avoid toxic solvents in
the future and focus on aqueous or ethanol solutions. It is also necessary to study the cooling
of the wound due to the application of nanofibers to its surface. Despite these obstacles, this
technology seems very promising.
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Fig. 1: Photos of air-jet spinning, schemes of the air-jet spinning technology and of the used
airbrush device and scanning electron microscope images of A) air-jet spun solution of 6wt%
PCL in DCM; B) air-jet spun solution of 8wt% PCL in DCM; C) air-jet spun solution of 10wt%
PCL in DCM; D) electrospun solution of 10wt% PCL in DCM. Scale bar presents 5 um.

Acknowledgements: The result was obtained through the financial support of the grant
"Study of physical networks in polymer materials" of the Technical University of Liberec Grant
Program ,PURE®, No. PURE-2020-4007.
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Effects of increased poly(e-caprolactone) (PCL) concentration in gelatin-based (GEL)
nanofibrous scaffolds produced via alternating field electrospinning
Hannah Lacy?, Sarka Hauzerové?, Véra Jencové?, Andrei Stanishevsky3
'Department of Materials Science Engineering, 3Department of Physics, University of Alabama at
Birmingham, USA
2Department of Chemistry, Technical University of Liberec, Czech Republic

Introduction: Alternating field electrospinning (AFES, also referred to as alternating current
electrospinning) continues to be a unique method for the creation of nanoscale materials. This high
yield, free surface approach allows for many various solvent-polymer combinations to be employed
while maintaining a wide range of motion for collection of the materials without the need for a grounded
collector.[*2 Included in the viable nanoscale materials possible to produce with AFES are biomaterials
that exhibit biocompatibility, or “perform with an appropriate host response in a specific application,”
from both natural and synthetic sources.Bl Polycaprolactone (PCL) is a widely accepted synthetic
polymer used in biomaterials, with desirable qualities such as biocompatibility, good mechanical
characteristics, and biodegradability.[*- Similarly, Gelatin (GEL) is valued for its innate biocompatibility
and biodegradability as a natural polymer.6-1When combined to make a blended material, the synthetic
and natural polymers can be expected to form a more ideal blended biomaterial which assuages
shortcomings of the individual polymers, such as extreme hydrophobicity/hydrophilicity or poor
mechanical qualities.l*%-8 To address this issue, various ratios of PCL/GEL polymer precursor solutions
have been explored to determine the effect of increased PCL content in GEL nanofibrous scaffolds
prepared via alternating field electrospinning.

Materials and Methods: Polycaprolactone (PCL, Sigma Aldrich) and cold water fish gelatin (GEL,
Sigma Aldrich) were used to create spinnable precursors in glacial acetic acid. The resulting precursors
were then blended at ratios of 1:5 to 2:1 (PCL:GEL). To further optimize precursor spinnability a salt
additive was used, and viscosity and conductivity tests
were conducted. Alternating field electrospinning of the
PCL/GEL solutions was performed at RMS voltages
ranging from 20-40 kV. The fibers were collected on a
rotating cylindrical collector to form scaffolds with
thicknesses ranging from 0.5-2.0 mm. Thermal
treatment of the resulting scaffolds was performed to
partially physically crosslink the GEL. Samples intended
for cellular studies were simultaneously crosslinked and
sterilized by the thermal treatment. Analysis of the
scaffolds using SEM was performed to determine
average fiber diameter and morphological changes.
Fourier transform spectroscopy was used to analyze
compositional changes. Cellular response to the
blended materials was assessed by means of metabolic
analysis, SEM imaging, and fluorescence imaging.
Tensile tests for each scaffold composition in SBF to
determine tensile strength changes have also been
discussed.

Figure 1. As-spun nanofibrous materials
(a) pristine 30% GEL, (b) PCL/GEL 1:1,
(c) PCL/GEL 1.5:1, (d) PCL/GEL 2:1
showing increased fiber diameter with
increased PCL content
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Results: The formation of beadless PCL/GEL
nanofibers with diameters of 100-1000 nm was
confirmed with SEM. Changes in fiber diameter and
shape were dependent on the composition, with general
trends of larger diameters consistent with increased
PCL content (Fig. 1). Changes for the tested PCL/GEL
compositions after thermal treatment followed the same
trend, with higher PCL content corresponding to greater
change in fiber morphology post-treatment (Fig. 2).
\ X , Polymer precursors tested generally worked in the
"R NI N range of viscosities from 300 to 800 centiPoise.
AN\ SN N =& S8 PCL/GEL precursors with electric conductivities of at
. ¥ b T N A least 100 microSiemens/cm allowed for adequate
AN electrospinning. Preliminary results have shown that
SR\ SSPRUNED the addition of PCL strengthens the blended scaffolds
- and allows tunability of the degradation rate. The
‘ \ 10um USSR various compositions of PCL/GEL scaffolds were
Figure 2. SEM images of as-spun (a) Successfully seeded with 3T3 mouse fibroblasts, and
pristne GEL and (b) PCL/GEL 2:1 ceIIuIa'r waplllty and prollferat!on were confirmed Wlt.h
nanofibrous materials; and post-treated at SE'\IA ',ma?"_lg’l fluor?tscgné:_e [[m(?%'r?gt’ ar?ldlmeta?o_léc
- analysis. Initial results indicate at cellular activity
1600C for 4 h (c) pristine GEL and (d) was inversely related with PCL content within the
scaffolds. Composition of the scaffolds appeared to
have the greatest influence on in vitro testing, fiber
diameter/morphology, and degradation. A similar trend
is expected to be observed for mechanical testing of the
scaffolds, such that increased PCL content is consistent with increased tensile strength.

PCL/GEL 2:1 material showing increased
fiber diameter/bundling with increased
PCL content and post-treatment
morphological changes.

Conclusion: Successful fabrication of various compositional ratios of PCL/GEL nanofibrous scaffolds
was achieved via alternating field electrospinning using a “green” solvent system and post-fabrication
treatment method. Cellular responses to the prepared scaffolds indicate promising use for potential
dermal biomedical applications.

Acknowledgements: NSF International Research Experience for Students (IRES) award to UAB
(Grant Number OISE 1852207), Department of Education GAANN (Grant Number P200A180001).
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Sintering of Nanoceramics from Mixed Oxide Nanofibers

J. Davis', R. Yager', T. Berry*, W. Maniukiewicz?, P. Malinowski?, A. Stanishevsky*
'Department of Chemistry and Department of Physics, University of Alabama at Birmingham,
USA, 2Faculty of Chemistry, Lodz University of Technology, Poland

Introduction: The main goal when sintering oxide nanofibers is to harness the ability to
manipulate the microstructure of the resulting ceramic material. In doing so, one can potentially
expand the applications of the finalized material giving it a broader range of use. This study
advances the understanding of the fiber-fiber interaction during sintering and how the process
can be optimized for the targeted product.*

Materials and Methods: The starting oxide nanofibers used in the experiments were
composed of tetragonal ZrO; (t-ZrO,), anatase TiO2, and amorphous boron-Al,Os. In each
experiment two types of nanofibers were crushed and mixed in 1:1 weight ratio and thermally
processed at 1000 °C or 1200 °C to observe the behavior and composition outcome of the
interaction. XRD patterns in a range of 5-90 two theta degrees were recorded to determine the
crystalline structure and determine how the transition in composition was affected by the
annealing temperature. SEM (25 kV accelerating voltage and x5k — 20k magnification) with
EDS detector was used to characterize the fibers’ surface morphology and elemental
composition.

Results: SEM images indicate that the result of oxide nanofibers sintering depends on the
composition of the mixture. For example, short nanofiber segments of TiO2 in ZrO,/TiO-
mixture show noticeable grain growth (Fig.1, top), whereas they seem to disintegrate in boron-
alumina / titania mixture after partial sintering at 1200 °C while alumina nanofibers have
increased porosity (Fig.1, bottom). On the other hand, the interaction between the fibers was
restricted to the phase transformation of individual oxide materials and no chemical interaction
between the different types of fibers was observed. For example, no formation of Zr,Tii1xO>
phases were noted in ZrO/TiO2 mixture, however some reduction of the grain size of the
formed rutile TiO2 and monoclinic ZrO, phases at 1200 °C may indicate the formation of a
mixed interface layer between two types of fibers.
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Figure 1: SEM and EDS element map of (top) Figure 2: XRD analysis of ZrO2/TiOz
zirconia/titania and (bottom) boronated alumina / mixture at 1000 °C and 1200 °C. A shift in
titania mixtures after partial sintering at 1200 °C. peak position of TiO2 may be due to
Note the lack of TiO:2 fibrous structure in the compressive stress reduction in TiOz.

boronated alumina / titania mixture.
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It has also been observed that the crystallite size in the oxide nanofibers was significantly
larger when the individual oxide was annealed alone in comparison with the crystallite size of
individual oxide fiber in the mixtures. Furthermore, the crystallite sizes depend also on the type
of the materials in the mixture.

Conclusions: It has been found that the fiber shape, final phase composition, grain size,
surface morphology, and other parameters of binary mixtures of short metal oxide nanofibers
can be strongly affected by the composition and mixing procedure when using the same
sintering procedure. Further studies will focus on the mixed oxide nanofibrous ceramics with
the varying level of fiber-fiber interaction to further the understanding of the interactions during
sintering.

Acknowledgements: This study is supported by NSF Grant number DMR-1708600. JD and
TB thank the support from NSF Grant number OISE-1852207.
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Alternating field electrospinning of Poly(e-caprolactone)/Zein Nanofibers
Lauryn Johnson?, Hannah Lacy?, Andrei Stanishevsky*
'Department of Physics, “Department of Materials Science Engineering, University of
Alabama at Birmingham, USA

Introduction: Electrospinning of nanofibrous biomaterials is a relatively new development
used to create a wide range of bio-scaffolding structures. Among the methods for biopolymer
nanofiber fabrication, the emerging alternating field electrospinning (AFES, a.k.a. AC-
electrospinning) method shows promising for high-yield, scalable production. This study
focuses on AFES of zein and polycaprolactone (PCL) blended nanofibers. Zein based
nanoparticles have been shown to contain bioactive components like antioxidants, fatty acids
and carotenoids, which are ideal for biomaterials.!! A recent study on polycaprolactone (PCL)
with Zein nanofibers highlighted their potential for biological applications. Desirable qualities
of purified zein and polycaprolactone such as biodegradability, biocompatibility, non-toxicity,
and wide availability support their potential for creating biomaterials that aid in tissue
engineering.B!

Materials and Methods: Precursors were synthesized using purified zein (Zein, purified
powder, Scientific Polymer Products Inc.) and polycaprolactone (PCL, Sigma Aldrich)
combined at mass ratios from 5:2 to 1:1 (PCL:Zein) in glacial acetic acid. Sodium acetate
(NaAc, Lachema) was used as an additive to regulate the spinnability of the solution. The
viscosity of viable precursors was characterized using a rotational viscometer. AFES of the
Zein/PCL precursors was carried out at RMS voltages within 20-40 kV and the spinnability
range was determined. Bulk nanofibers were collected during electrospinning from each of the
precursors and SEM imaging was performed to assess fiber morphology.

Results: Addition of zein leads to improved spinnability of blended precursors. However, the
stability of blended PCL/Zein precursor remain relatively low and is determined by the PCL
degradation rate in the solvent. When freshly prepared precursors were used, SEM imaging
revealed that PCL/Zein nanofibers randomly aligned fibers with diameters ranging within 100-
350 nm (Figurel). There was much less beading observed in PCL/Zein nanofibers (Fig.1b)

, ARSI\ |
Figure 1. SEM images of (a) pristine PCL nanofibers, and (b) blended PCL/Zein nanofibers with

5:3 mass ratio using AFES process.

when compared to pristine PCL fibers (Fig.1a) spun at the same process parameters and
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similar polymer concentration in the precursor. It has been found that the viscosity of tested
PCL/Zein precursors was 250 — 280 mPa-s and about half of the viscosity of pristine PCL
precursor. The addition of zein appears to decrease the average diameter of the nanofibers.

Conclusion: Successful alternating field electrospinning of several combinations of zein and
polycaprolactone precursor solutions has been achieved such that viable nanofibrous
materials were formed. The employed processes are considered “green”, as is ideal for
biomaterial creation. Further characterization of the precursors, electrospinning process, and
resulting fibrous materials will be conducted to improve the nanofibers quality and assess their
potential for use as biomaterials in tissue engineering applications.

Acknowledgments: LJ and HL have been supported by NSF International Research
Experience for students (IRES) award to UAB (Grant Number OISE-1852207).
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Introduction: Nanofibrous materials with incorporated growth factors have great potential for
use intissue engineering. The incorporation of proteins into nanofibers of water-soluble
polyvinyl alcohol (PVA) prevents the loss of protein activity during the production of the
material; however, the problem with these materials is their very rapid dissolution in the
agqueous medium accompanied by the quick release of incorporated substances. PVA is a
promising material for biomedical applications mainly due to its good biocompatibility, low
cytotoxicity, high moisture retention and permeability for biologically active substances.

Materials and Methods: Therefore, this work focuses on the physical stabilization of materials
made from PVA with a high degree of hydrolysis (98%) and high molecular weight
(125,000 g / mol) with incorporated platelet-derived growth factors (PL). Unlike other cross-
linking methods, which are not suitable due to the possible cytotoxic effects of the cross-linking
agent, the F-T method is one of the gentler methods of physical cross-linking for incorporating
biologically active substances. The principle of the technique is the strengthening of hydrogen
bonds between PVA molecules due to repeated freezing and subsequent thawing. The
number of applied F-T cycles, as well as the temperatures used, affect the crosslinking (in
addition to the material parameters). The experiment was performed with 5 and 10 cycles of
F-T, at freeze temperatures of -20 °C and thaw at 4 °C and 22 °C and 37 °C. Subsequently,
the effect of applied F T on the change in crystallinity and solubility of PVA, as well
as on the release rate of incorporated proteins was studied.

Results: Results show that materials produced by electrospinning with a fiber diameter of 150
to 700 nm (Fig. 1) due to F-T increase the crystallinity of PVA and at the same time reduce the
solubility by up to 18%. A 17% delay in protein release was also observed.

AC_PVA-+PLEZARITENNE 1 NN

AC_10% PVAI25_98 + 10% PL. DC_10% PYA125_98 +10% PL

0
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Figure 1: SEM images of materials from AC and DC electrospinning (magnification 5000x)
and histograms of the distribution of fiber diameters
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Conclusions: The reduced solubility of PVA and the more gradual release of incorporated
native proteins from the stabilized F-T material have potential use, for example, in the healing
of large and chronic skin wounds. Gradual release of incorporated proteins promotes both
early wound healing and subsequent cell proliferation during subsequent healing phases.
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Introduction: With recent times of tissue engineering calling for more sustainable products
and conscious practices, Fish Skin Gelatin (FSG) has become a promising polymer for creating
such materials. It is a conscious alternative to bovine and porcine gelatins, which can be
considered sacred animals [1]. FSG nanofibrous materials (NF) can be prepared by
electrospinning from pure aqueous solutions using either DC-electrospinning [2] or more
productive alternating field electrospinning (AC-electrospinning). However, FSG NF material
alone does not promote strong enough mechanical properties or cell proliferation [3,4] and
needs additives to match the targeted applications. Lignin is a biopolymer that is derived from
wood and plant sources with great potential in biomedical applications and has properties of
high biodegradability, biocompatibility, and low production costs with minimal environmental
effects in production and usage [5]. In this study, the goals are to investigate the AC spinnability
of precursors and textural properties of produced NF materials with different lignin and fish
gelatin weight ratios.

Materials and Method: A range of solutions using alkaline or de-alkaline lignin (Tokyo
Chemical Industry) prepared from needle-leaved trees and broad-leaved trees and gelatin
from cold water fish skin (Sigma-Aldrich) were dissolved in different weight ratios in a mixture
of distilled water (dH.O) and glacial acetic acid (A.G. Penta Chemicals Unlimited). The
solutions were bulk spun at 40kV rms AC voltage using an AFES electrospinning machine.
The best spinnable precursors were characterized to determine their viscosity (Haake
Rotovisco 1). Those precursors were then spun on an AFES machine for ~40 minutes to
achieve a thickness of 0.35mm and analyzed with SEM (VEGA3 Tescan) to determine the
fibers’ average diameter and the diameter distribution along with the characterization of the
fibers’ surface morphology.

Results: AFES of lignin/FSG nanofibers was successful with both alkaline or de-alkaline lignin
addition and lignin/FSG weight ratio up to 0.285. Uniform, continuous flows of nanofibers were
generated from precursors containing 45-55 wt% of total polymer (Fig.1a). The fiber diameters
were found in a range of 375+125nm and 220480 nm when the total polymer concentration
varied from 55 to 45 wt%. In a latter case, the fiber diameter was similar to that of pure FSG
nanofibers produced at similar process parameters [2]. It was also noted that the addition of
both types of lignin leads to larger fiber diameters at the same FSG concentration. It has been
argued that the viscosity of the precursor solution is the main parameter that determines the
fiber diameter in this material system. Representative SEM images of lignin/FSG nanofibers
are shown in Fig. 1b,c. In all experiments with spinnable precursors, the produced fibers were
almost beadless and had smooth surface morphology with both types of lignin. It appears that
both types of lignin are well dispersible in the FSG precursor solution and do not form particle
clusters.
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Figure 1. (a) A flow of lignin/FSG nanofibers generated from a well-spinnable precursor and
exemplary SEM images of the produced FSG nanofibers with the addition of 10 wt% of alkaline
(b) and 5 wt% dealkaline (c) lignin.

Conclusion: Successful AFES electrospinning of lignin/FSG composite nanofibers has been
demonstrated with lignin loading up to 10 wt% with respect to FSG. Such material can be
promising for use in numerous biomedical applications including skin patches and drug
delivery, with minimal environmental effects. Future studies will determine the maximum level
of lignin in addition to FSG and the composite material behavior in vitro.
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Introduction: Alternating Field electrospun (AFES) nanofibers hold great potential for many
biomedical uses. These nanofibers have been developed for solutions to drug delivery
systems, tissue-engineered scaffolds, medical implants, biosensors, and many others [1]. In
addition, there exists the potential of utilizing nanofibers made of biocompatible materials as
vascular grafts in surgical procedures, but the procedure and polymers that produce nanofibers
best suited for in vivo use remains to be identified [2]. This research explores a nanofibrous
scaffold with post-processing methods of freeze drying, thermal crosslinking, and
glutaraldehyde treatment made with the sugar additive N- Acetyl-D-glucosamine (GCSM) and
a base polymer of fish gelatin [3]. The GCSM additive was selected due to its previous success
in increasing the crosslinking degree of nanofibrous scaffolds through means of the Maillard
reaction during heat treatments [4]. The fish gelatin solutions with different sugar percentages
effectiveness varied the degree of crosslinking, solubility in an aqueous solution, porosity, and
cell proliferation which are all important factors to control for a biomedical nanofibrous scaffold.

Materials and Methods: Cold water fish gelatin (FG, Sigma Aldrich) was blended with N-
Acetyl-D-glucosamine, 98 (GCSM, Alfa Aesar) in deionized water at room temperature with
weight ratios of 35:100 to 45: 100 (FG: H20) to develop precursors for AFES. GCSM was first
mixed in varying ratios in respect to the weight amount of gelatin and studied to determine the
appropriate viscosity and ideal sugar concentration for spinnability. Precursors were spun
using an AFES machine at RMS voltages between 26-39kV at 60 Hz AC frequency and
environmental conditions of 21°C and 40% humidity. Fibers were collected on a rotating
collector as a sheet of nanofibrous material with ranges of 1-2mm thickness. The sheets were
then crosslinked with different combinations of crosslinking methods including freeze drying
(FD), thermal crosslinking (TX), and 50 wt% glutaraldehyde aqueous solution (GTA, Sigma
Aldrich). The mechanical properties of the sheets were evaluated using tensile tests (ADMET
eXpert 4000 microtester). Suitability of in-vivo application was further determined through
degradation tests in synthetic body fluid (SBF), cell studies performed in-vitro, and SEM
images of fiber morphology, diameter, and pore size.

Results: Optimal precursor concentrations of GCSM were determined through observational
analysis of AFES spinning with parameters including flow rate, consistent fiber diameter,
beading along fiber strands, buildup on electrode head, and width of precursor spray. The
suitable concentrations of GCSM were determined to be 0.225:4.5:10 (GCSM 5% and
0.45:4.5:10 (GCSM 10%) weight ratios (GCSM: FG: dH-0). Preliminary data collected from
degradation tests of the scaffolds in SBF showed that FD+TX fibers had an average
degradation of 27%, but FD+TX+GTA showed significant mass preservation with only a 10%
degradation after 24 hours. SEM images of TX and TX+GTA for GCSM 5% and GCSM 10%
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fibrous scaffolds showed nonaligned fiber morphology with no apparent beading, however
those treated with GTA reveal a higher degree of crosslinking than TX or untreated as seen
by significantly less pores and smaller pore size (Figure 1). MTT assay results showed that TX
GCSM 5% scaffolds had the most cell attachment after 1 day while materials treated with GTA
had smaller cell count values. Tensile tests indicated that GCSM 5% and GCSM 10% scaffolds
could withstand a much higher stress (0.57MPa and 0.4 MPa) before failure with FD+TX
treatment than untreated or FD treatments (<0.1MPa).

P ; | T
Figure 1.GCSM 5% TX (a) GCSM 5% TX + GTA 1 (b) and GCSM 10% TX (c) GCSM 10% TX
+ GTA 1 (d) treatments at 5kx magnification

Conclusion: Results from degradation tests and tensile tests show that fibers treated with
freeze drying did not have the expected effects of decreasing the solubility/degradation of
scaffolds or improving mechanical properties unless additionally treated with thermally
crosslinking and potentially glutaraldehyde. GTA treatments had significant effects on the
overall fiber morphology and decrease of solubility, however GTA also caused a decrease in
cell viability. Therefore, alternative methods for removing glutaraldehyde after crosslinking
serve as potential for future investigation to develop nanofibrous scaffolds for in vivo use.
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Introduction: In many technological-based sciences, the use of mixed metal oxides has
become an increasingly attractive strategy for producing materials with superior properties
compared to their source binary oxides. Although known for its uses as a sensor and refractory
ceramic, zirconium oxide is also an important catalyst support and is most often produced by
the sol-gel process and has three stable crystalline phases, tetragonal, monoclinic, and cubic.
The main challenge with ZrO, nanomaterials is the achievement of ZrO, grains with stable
tetragonal phase (t-ZrO,) due to low temperature degradation to monoclinic phase (m-ZrO,).
Literature suggests that the incorporation of Ti** into the ZrO- lattice would result in a lattice
deformation which would stabilize the tetragonal phase. Similarly, titanium oxide is also
attractive for its uses as a catalyst support as well as an efficient photocatalyst and has three
polymorphs, brookite, anatase, and rutile. Titania is known commercially as the powerful
photocatalyst due to its non-toxicity, low-cost, and resistance to acid, alkali, and organic
solvents and, like zirconium oxide, it is often prepared through sol-gel processing. The
photoactivity of nanocrystalline titania is highly dependent on its specific crystallinity and
literature suggests that higher crystallinity shows higher photoactivity due to the large band
gap (3.2 eV compared to rutile’'s 3.0 eV) in anatase phase. Studies have shown that doping
TiO2 with ZrO; results in a stable anatase phase up to 800°C. The present study focuses on
the formation of nanocrystalline ceramic nanofibers from ZrO, and TiO; in different ratios from
AC-electrospun precursor fibers.
Materials and Methods: Alternating field electrospinning
(AFES, a.k.a. AC-electrospinning) was used to prepare fibers
from mixed titanium/zirconium alkoxides and
polyvinylpyrrolidone (PVP)-based precursors with ethanol as
a solvent. The molar ratios of Zr to Ti in the range from Zr-
rich 0.9:0.1 to Ti-rich 0.1:0.9 were used in the experiments.
Fibers were fabricated through alternating field
electrospinning (AFES) with AC-voltages up to 40kV rms and
at a current of 60 Hz. Collected fiber meshes were then
calcined in a programmable furnace to temperatures up to
1200°C that resulted in flexible nanofibrous meshes with 0.1—
8 ¢ TR 5 mm thickness and porosity up to 99 %. The materials were
s L characterized using Thermogravimetric (TG), differential
thermal analysis (DTA) and differential thermogravimetric
(DTG) curves which were recorded simultaneously at
temperatures ranging from 20 to 1000°C. The size, shape,
and surface morphology of the annealed ZrO./TiO;
1o nanofibers were observed using field-emission scanning
& si @ . electron microscopy (SEM/EDS). The X-Ray Diffraction
] N (XRD) patterns were obtained using a PANalytical Empyrean
R T T T R R X-ray diffractometer to determine the crystalline phases in
Energy, keV the annealed materials.
Figure 1: An example of SEM and Results: Fabrication flow rate and overall productivity of the
EDS results for zirconia rich precursor fibers increase with increasing the content of
samples. titanium alkoxide in the precursor. Conductivity tests on the
precursors showed that electrical conductivity is the

L L L
Intensity, a.u.
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dominant factor for improving fiber flow and overall productivity. EDS data (Fig.1) for the
targeted molar ratios shows that the precursor preparation, electrospinning, and annealing
procedures were successful in achieving desired compositions. Analysis of the SEM images
(Fig.1) showed a small increase in fiber diameter with the increased content of TiO». Further
calcination and sintering of fibers at higher temperatures (800 — 1200°C) lead initially to further
reduction of the fiber diameters due to the densification of the material. The formation of
nanocrystalline zirconia fibers composed of single phase tetragonal ZrO, (t-ZrO;) was
observed at up to 28 mol% of TiO,. The t-ZrO, phase was stable up to 1000 °C when the
content of TiO, was 28 mol%. Single phase ZrTiO4 nanofibers were formed from the ZrO,/TiO-
precursors with 1.0/1.0 molar ratio. This zirconium titanate phase starts to crystallize at 600 °C
and was stable during sintering at 1200 °C for 2 h yet remaining a nanocrystalline material with
the average crystallite size of 3313 nm. The increase in titanium content led to precipitation of
TiO2 rutile phase although a zirconium titanate phase was still observed in the samples with
up to 80 mol% titania.

Conclusions: From the results of this study, it has been suggested that the initially formed
zirconia-titania crystalline phases, their stability, and transformations are determined by the
atomic scale interactions of the precursor components, presence of carbonaceous residue
during the decomposition of polymer fraction, surface energy and defect states (in particular
oxygen vacancies) of initially formed crystallites with the dimensions less than 30 nm. This
mixed sol gel and electrospinning method could be a great, consistent, and reasonably
accurate method to obtain nanofibrous ceramic materials in zirconia-titania system with
desired molar compositions in industrial or larger scale production.
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Introduction: One of the main parameters for materials which are prepared for tissue
engineering is the biocompatibility of these materials. The most used model for in vitro
biocompatibility testing is monitoring the interaction and potential influence of a selected cell
line with the tested materials. In these models, cell viability and potential adhesion and
proliferation on materials are often monitored. One other method of monitoring the
biocompatibility of materials in vitro is testing the materials in interaction with body fluids,
specifically with human blood, native platelets (thrombocytes), and plasma. This method is
called hemocompatibility (Horakova et al., 2018).

Materials and Methods: In this work biodegradable polyester nanofibers materials and their
hemocompatibility were tested and evaluated in-vitro. The materials were produced by DC
electrospinning. The materials for testing were prepared from polycaprolactone (PCL) and
polylactic acid-caprolactone (PLCL) copolymer. Materials were incubated with full human
blood, native platelets, and human plasma. Hemolytic effect (erythrocyte breakdown) was
monitored after interaction with materials using spectrophotometry. Furthermore,
thrombogenicity was monitored by cck-8 metabolic assay, which was incubated with materials
and platelets and then absorbance of the solution measured at 450 nm. The effect of materials
on coagulation pathways was evaluated by measuring coagulation times after the interaction
of the materials with human plasma.

Results: The results show that the tested materials show almost zero hemolytic effect.
Platelets viability after incubation with materials varied depending on the chemical composition
of the materials and the resulting morphology of the tested layers. The PCL material showed
higher thrombogenicity compared to the PLCL material. The evaluated coagulation times
(@aPTT and PT) were identical to the negative control for all materials (human plasma without
material).

Figure 1: SEM images of PCL 45 after preparation of nanofibrous layers by electrospinning
(A), after incubation of material with human blood (B), and after incubation of material with
native platelets (C).
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Conclusions: The test results show that the tested biodegradable polyester nanofiber
materials are hemocompatible.
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Introduction: Boron alumina with various compositions is part of a B»Os-Al,O3 system of
ceramic materials, where the primary phase (Al1sB4Os33) is most stable and useful for many
structural, insulating, and filtering applications. In nanofiber form, the material exhibits
exceptional mechanical properties and is stronger than pure alumina nanofibers. Various
fabrication processes and material compositions have been investigated. This study explores
the structure and morphology characteristics of boron alumina nanofibrous ceramic fabricated
using alternating field electrospinning (AFES) followed by thermal processing of as-spun
precursor fibers. The AFES method efficiently generates fibers that do not have electric
charge, which makes the fibers easier to handle since the collector used does not have to be
conductive as is required in other electrospinning methods.

Materials/Methods: The boron alumina precursor fibers were produced from aluminum
acetate with boric acid using a carrier polymer solution. Salt/PVAc precursor mass ratios and
concentrations were first optimized for maximum production and flow rate. AFES was then
used to produce Aluminum salt/PVAC precursor fibers. The spun fibers were annealed at
selected temperatures from 600 to 1200°C. XRD was used to determine the dependence of
fiber crystallization on temperature, as well as phase composition and crystallite size at each
temperature. SEM with EDS detector was used to determine the surface morphology and
diameters of the fibers, as well as elemental composition.

Results: The electrospinning rate was 0.9-1.1mL/min has been observed in present
experiments, producing about 35mg material (in terms of the resulting ceramic material) per
mL solution. XRD and SEM showed that the produced alumina borate possessed quality
structure, ~400 £100 nm fiber diameter, and smooth surface morphology characteristics up to
1000 °C. The fibers maintained their shape but had a grainier and more porous appearance
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T T T T T T T
10 20 30 4 5 60 70 8
2 Theta (Degrees)

; . 4
Figure 1. SEM images of alumina nanofibers annealed at 600 (a) and (b) 1200 °C and XRD patterns at
of the material after thermal processing at different temperatures.

with ~60 nm crystallite size after 1200°C annealing, as determined from the SEM images and
XRD patterns (see Fig.1). XRD patterns compared at each temperature indicated
crystallization starts around 800 °C and the degree of crystallization increases with
temperature and the sample was composed of mostly Al1sB4O33 phase at 1200°C along with
some AlsB20g at 1000°C. Small amounts of a-Al,Os crystalline phase has been also observed
at that temperature due to loss of boron, which has been confirmed by EDS analysis.
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Conclusions: Boron alumina of usable quality has been successfully produced by AFES at
promising and scalable production rates. It has been determined that using a single electrode,
the AFES production rates of 4.2 g/h in terms of the resulting ceramic can be obtained. Future
studies will be focused on further optimization of the electrospinning process and on the
investigation of the mechanical properties of 3D structures composed of this ceramic material
to evaluate the applicability potential in membranes and catalyst support.
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Introduction: Electric wind is formed by generating ions that can be accelerated by an electric
field. Through this acceleration, the ions transfer momentum to surrounding neutral atoms and
molecules. The electric wind phenomenon is very pronounced in the AC-electrospinning (a.k.a.
alternating force electrospinning, AFES) process. The creation of a virtual counter electrode
and effect on the electric wind in the presence of a nanofibrous plume during AC
electrospinning have been investigated [1]. However, little is known on the effect of parameters
such as AC voltage, frequency, and electrode shape on the electric wind in this process. This
investigation is a part of an ongoing effort to advance the understanding of this vital component
in the production of nanofibers using AC-electrospinning.

Materials and Methods: An experimental AC-electrospinning setup that operated at 50 Hz
and up to 36 kV rms AC voltage with several electrode shapes has been used. A hot-wire
anemometer was used to measure the electric wind ~250 mm above a rod, pin, and disk-
shaped electrode. Experiments were run on all three electrodes at a 50 Hz frequency and
various voltages (21, 28, and 35 kV). Another group of tests was done when a fish gelatin
polymer solution with 80 wt% concentration was present. Additional experiments have also
been planned by using a high-speed camera to capture the beginning and end of the process
to visually observe the behavior of the nanofibrous plume at different voltage and frequencies,
where possible.

Results: When AC voltage is applied, the electric wind develops and reaches its relatively
steady velocity state within 1-2 seconds. Electric wind has been found to depend strongly on
the voltage, electrode shape and the axial distance away from the electrode (Fig.1) but
relatively little on the radial position within 10 cm radius.

E-Wind 25 ¢m from Electrodes
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Figure 1: Effect of changing voltages on electric wind velocity (a) and effect of different electrode
shapes onwind velocity overtime (b).

For the disk electrode, velocity does not change much as a function of the voltage when
measured above the axis. This contradicts the results obtained with pin and rod electrode
shapes as well as the general trend established by Drews et al [2]. This can happen due to the
increased surface area and sharp edge of the disk that pushes the wind at a much steeper
angle compared to the point and rod electrodes. Further investigation is required to describe
the wind velocity and geometry of the electric field for such electrodes. The wind speed at 25
cm axial distance above the rod-shaped electrode varied from 0.03 to 0.56 m/s and it was
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noticeably impacted by the voltage and the stability of corona discharge around the electrode.
When a layer of highly viscous, non-spinnable precursor was present on the electrode, the
wind speeds were relatively close to their magnitudes measured without the liquid layer.

Conclusions: The results of present experiments indicate an obvious change in wind velocity
when the shape of the electrode is changed. They also show the relative uniformity of electric
wind at a given distance away from the electrode within a cylinder of the radius 4.5 mm. This
uniformity is present regardless of the presence of a highly viscous solution even at differing
AC voltages. More studies are planned to further the understanding of this key phenomenon
in AC electrospinning process.
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Introduction: In recent years, nanofibrous materials have shown promising potential in the
field of biomedical engineering due to their high surface-area to pore ratio [1], which promotes
cell growth and drug delivery [2]. One highly efficient but less explored method of producing
nanofibrous materials for drug delivery and tissue scaffolding is Alternating Field
Electrospinning (AFES, a.k.a. AC-electrospinning). Fish gelatin has recently been studied as
a prospective material due to its biocompatibility, ease of spinnability, and natural sourcing [1,
3]. However, fish gelatin is easily soluble in water and requires an additional step of
crosslinking to engineer the material for biological purposes. This research focuses on the
effect of crosslinking fish gelatin nanofibrous material through the sugar additive dextran for
the purpose decreasing the solubility of the material and enhancing the mechanical properties
for cell proliferation and drug delivery.

Materials & Methods: Precursors were created by blending cold water fish gelatin (fGel,
Sigma Aldrich) and dextran with molecular weight of 75,000 (DT75, Sigma Aldrich) or 500,000
(DT500, Sigma Aldrich) in deionized water at room temperature with weight ratios ranging from
35:100 to 45:100 (fGel:H20) with 0.01-0.1 DT75 or DT500 to fGel ratio. Precursors were spun
into nanofibers on an AFES machine at RMS voltages ranging from 26 to 39 kV at 60 Hz AC
frequency. Optimized precursors were spun into sheets measuring 1-2 mm thick. Sheets were
crosslinked with different combinations of crosslinking methods including freeze drying (FD),
thermal crosslinking (TC), and 50 wt% glutaraldehyde aqueous solution (GTA, Sigma Aldrich).
Tensile testing (ADMET eXpert 4000 microtester) was performed on crosslinked sheets to
measure the mechanical properties of the nanofibers. Degradation tests and cell studies were
performed in-vitro on the sheets to assess in-vivo capability.

Results: Criteria for selecting optimal precursors included a steady flow rate, consistent fiber
diameter, and lack of buildup on the electrode during AFES. Optimal additive concentrations
were determined by these criteria through observational analysis during AFES. The best
spinnable precursor compositions of fGel and dextran were 45:2.7:100 (fGel:DT75:H20) and
45:2:100 (fGel:DT500:H.0). SEM imaging of non-crosslinked sheets spun from the DT75
precursor show nonaligned nanofiber morphology with moderate beading and an average
diameter of 177 nm ([1=53 nm), while those from the DT500 precursor show non-aligned,
beadless nanofiber morphology with an average diameter of 401 nm (/=107 nm) (Figure 1).
Preliminary results on the SBF degradation of the cross-linked nanofibers with mentioned
compositions indicate that thermally induced crosslinking followed by GTA treatment
(TC+GTA) and freeze-drying of as-spun material followed by thermally induced cross-linking
(FD+TC) outperformed other approaches of cross-linking for tested materials. These two
crosslinking methods allowed the fGel fibers to retain the most mass —TC+GTA mass retention
was 94.6% while FD+TC mass retention was 87.3%— after being in synthetic body fluid for
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three days as compared to other methods. Tensile testing results also indicate FD+TC to be
one of the best crosslinking methods for enhancing the mechanical properties of scaffolds as
seen through hlgher elastlc moduI| in both DT75 and DT500 sheets.

Flgure 1 SEM |mage of fGel+DT75 untreated AFES nanofibers (a) and fGel+DT500 untreated AFES
nanofibers (b).

Conclusion: Nanofibrous materials made from fish gelatin and dextran of different molecular
weights were successfully spun using AFES, and when compared to pure fGel degradation
tests were shown to degrade slowly enough to be able to be in-vitro tested to further validate
it as a biomaterial. Preliminary results show the fGel materials as good potentials in
applications such as tissue scaffolds and drug delivery. Further studies will be conducted to
compare the effects of the different cross-linking methods and assess which method renders
the best in-vitro capabilities of the materials.
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