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effects of crosslinking conditions on the matrix stability
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Abstract In this study, the effect of crosslinking conditions
was investigated to obtain insoluble poly(ethylene oxide)
(PEO) nanofiber mats having an ultraviolet (UV) initiating
and crosslinking agent, pentaerythritol triacrylate (PETA),
with various ratios in the presence or absence of UV irradi-
ation at 366 nm. At first, PEO nanofibers were electrospun
from 400,000 and 600,000 g/mole molecular weights of
PEO and they were compared in terms of diameter and fiber
morphology. Whereas applied voltage in the range of 10–
25 kV had no significant effect on the fiber morphology,
fiber diameters varied by voltage. An increase in the flow
rate from 0.25 to 1.00 mL h−1 had an effect in favor of
fabricating thicker fibers. The effect of distance to collector
on the diameter and morphology was not distinctive. Fibers
having irregular morphology and beads appeared with in-
creasing the polymer concentration from 4 to 8 % w/v.
Prior crosslinking, electrospinning process at selected condi-
tions was applied to the PEO (600,000) including PETA and
PEO-PETA nanofibers were obtained. Besides PETA con-
centration and UV application, drying conditions before UV
irradiation were also found effective to obtain stable fibers in
aqueous media. PEO nanofibers electrospun in the presence
of 10 % PETA (w/w), dried for 8 days at 37 °C in an air
atmosphere and then, irradiated with UV for 50 min were
found most stable in aqueous media. However, crosslinking
was also achieved in the absence of UV.

Keywords Crosslinking . Nanofiber . Pentaerythritol
triacrylate . Poly(ethylene oxide) . UVirradiation

Introduction

Poly(ethylene oxide) (PEO) having a wide range of molecular
weight is nontoxic, hydrophilic and biocompatible polymer
and it has been used in a number of medical materials, i.e.,
wound dressings, drug delivery systems, semipermeable
membranes, electrolytes for batteries, tissue engineering scaf-
folds, and many others [1–5].

Over the past decade, extensive studies have been carried
out to investigate the effect of electrospinning conditions on
fiber production from various polymers [6–9]. It has been also
investigated the effect of some electrospinning parameters on
PEO nanofibers. In a study, Chowdhury and Stylios [10] de-
termined the effect of applied voltage, fiber-collecting dis-
tance, and flow rate on the nanofibers electrospun from PEO
(MW: 300,000 g/mole) dissolved in water. Tan and coworkers
[11] investigated the effect of applied voltage and solution
concentration on PEO/water system. Doshi and Reneker
[12] examined the effect of viscosity and surface tension on
the electrospinning of aqueous PEO solutions. Fong et al. [13]
performed some studies based on the effect of solution prop-
erties on PEO nanofiber morphology. Son et al. [14] investi-
gated the influence of solvent on electrospinning of PEO
nanofibers. Theron et al. [15] reported an experimental study
investigating the effects of electric current, volume and sur-
face charge density on PEO fibers.

Since PEO is highly soluble in water, it is necessary to
crosslink it in order to obtain insoluble nanofibers and fibrous
matrices. Various methods including gamma irradiation [16],
electron beam irradiation [17] and ultraviolet (UV) irradiation
[18–22] were employed to crosslink PEO in solution or in solid
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state. Among them, UV-induced crosslinking methods seem as
easy, safe, and cheapest techniques. During the past years UV-
induced crosslinking studies in the presence of UV initiating and
crosslinking agents such as pentaerythritol triacrylate (PETA)
and others have been performed on the different forms of PEO
substrates [18–22]. However, there is a limited study about
crosslinking of PEO nanofibers by PETA in the presence of
UV irradiation. In a study, Zhou et al. [21] investigated the effect
of UV irradiation time on crosslinking of electrospun PEO nano-
fibers including PETA in the presence of cellulose nanocrystals.
To date there has been no comprehensive work to investigate the
effect of crosslinking conditions on PEO nanofibers and also
crosslinking in the absence of UV irradiation.

In this paper, crosslinking of PEO nanofibers were carried out
in the presence or absence of UV irradiation and subsequent
characterization studies were done to determine optimum
crosslinking conditions, i.e., crosslinker ratio, drying environ-
ment and drying period to prepare insoluble PEO-PETA
nanofibers.

Materials and methods

Electrospinning and crosslinking of PEO nanofibers

High molecular weight PEOs with viscosity average molecu-
lar weight (Mv) of 400,000 (PEO-400) and 600,000 g/mole
(PEO-600) and PETA were purchased from Sigma-Aldrich
(Germany). PEO powder at a certain amount (w/v) was added
to distilled water to obtain homogeneous PEO solutions with
various concentrations of PEO-400 and PEO-600 (Table 1).
Then, mixtures were stirred under magnetic stirring overnight
at room temperature. The resultant spinning solution for each
concentration was transferred to a 2.5 mL syringe with a
21-gauge needle. Then, a high voltage (Gamma High
Voltage Research, Ormond Beach, FL, USA) was applied to

the solution placed in a syringe pump (NE 300, New Era
Pump Systems, USA). Fibers were collected on an aluminum
foil fixed onto a stationary collector. PEO nanofibers were
spun under electrospinning conditions given in Table 1.

The crosslinking studies were carried out by using higher
molecular weight PEO i.e., PEO-600. For the production of
insoluble PEO-PETA nanofibers having various ratios of
PETA (1.0; 2.5; 5.0; 7.5; and 10.0 %), certain amount of
PETA was added to the 4 % w/v of PEO-600 solution and
each mixture was stirred additionally in a closed, shading area
for 1 h. Then, electrospinning process was performed at room
conditions under dark. The nanofibers (PEO-PETA) were
spun at the applied voltage of 18 kV, the flow rate of 0.4 mL
h−1, and the collecting distance of 23 cm.

The PEO-PETA nanofiber matrices were cut into pieces
with 1 × 1 cm2 and were divided into three parts. First part
was crosslinked by a UV light source emitted a light intensity
of 19,000 μW cm−2 at a wavelength of 366 nm (GLT Gase-
und Labor technik , Germany) immedia te ly af te r
electrospinning. The 2nd part of PEO-PETA nanofibers was
dried at 37 °C in air for certain drying periods (1, 3, 6, or
8 days) and then, UV irradiation was applied immediately.
For the 3rd part of nanofibers, drying was done at room tem-
perature in vacuum for longer periods up to a few weeks and
then, UV was applied. UV crosslinking process for all nano-
fiber mats was realized at a distance of 4 cm for 50 min at
room conditions under dark. To parallel groups of all parts UV
irradiation was not applied for comparing with the irradiated
mats. All samples were immersed into distilled water to deter-
mine whether they would dissolve or not.

Characterization

The morphology of PEO nanofibers was examined by a scan-
ning electron microscope (SEM, Zeiss Evo 50, USA).
Samples were coated with gold layer for 2 min before SEM

Table 1 Electrospinning
conditions for PEO nanofibers Mv (g/mole) Concentration

(%, w/v)
Flow Rate
(mL h−1)

Voltage (kV) Distance (cm)

400,000 6 0.30 10; 12; 14; 16; 18; 20; 25 15
8 0.25 10; 12; 14; 16; 18; 20; 25

0.50

1.00

600,000 4 0.50 10; 12; 14; 16; 18; 20; 25 15

5 10; 12; 14; 16; 18; 20; 25 10

15

20

25

30

7 15
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imaging. Fiber diameters were calculated from SEM images
by ImageJ software (NIH, Bethesda, MD, USA). The diame-
ters were given as average ± standard deviation.

Dynamic swelling experiments were carried out to deter-
mine the most appropriate crosslinking condition. Irradiated
and non-irradiated PEO fibers at a given ratio of PETA were
soaked in excess phosphate buffered saline (PBS, pH: 7.4,
37 °C) at the end of each drying period until 120 h. Fiber mats
were removed from the medium with certain time intervals,
the surface adhered liquid drops were wiped with blotting
paper and then, weight of each mat was measured. The mea-
surements were taken until the weight of swollen fibers
reached constant values. Triplicate data were obtained for
each measurement. Equation (1) was used to calculate the
mass swelling ratio based on dry weight.

Q ¼ Ws–Wdð Þ=Wd½ � � 100 ð1Þ
where Ws is the weight of swollen sample and Wd is the
weight of dried sample.

Attenuated total reflection Fourier transform infrared spec-
troscopy (ATR-FTIR, Thermo Scientific Nicolet IS10, USA)
was performed to investigate the chemical structures of nano-
fibers due to the crosslinking process.

The phase identification and crystallinity of the samples
were investigated by X-Ray diffraction (XRD; Rigaku
Ultima-IV, USA).

Thermogravimetric (TGA, SII EXSTAR 600 TG/DTA
6300, Perkin Elmer, USA) and differential scanning calori-
metric (DSC, Perkin Elmer Diamond, USA) analyses of nano-
fibers were performed at linear heating rate of 10 °C min−1

under nitrogen flow.

Results and discussion

The effect of electrospinning conditions

A series of experiments were carried out with PEO-400
and PEO-600 to investigate the effect of electrospinning
conditions on the fiber morphology and diameter. In
electrospinning process, solvent type and dielectric con-
stant of solvent are important factors for the fabrication of
continuous and bead-free fibers. In this study, distilled
water having high dielectric constant, i.e., 80 [14] was
chosen for preparing PEO solutions.

The relationship between applied voltage and fiber
diameter/morphology was investigated for various ratios of
PEO-400 and PEO-600 at a constant distance of 15 cm.
Detailed parameters were given in Table 1. Figures 1(a–f)
and 2(a and b) show that all nanofibers exhibit smooth and
uniform morphology at voltages in the range from 10 to
25 kV. Few beads that were not affecting general morphology

were observed on the fibers obtained from 5 % w/v of PEO-
600 (Fig. 2c and d). However, fiber diameters decreased grad-
ually with increasing voltage (Tables 2 and 3) in all composi-
tions except 8 % w/v of PEO-400. This was attributed to
stretching of fibers by higher repulsive forces induced by
higher electric voltage. In contrast, an increase in the voltage
caused an increase in the fiber diameter for 8 % w/v of PEO-
400 to some extent. This can be explained that PEO polymer
chains did not stretch any more in favor of the fabrication of
thinner fibers due to high viscosity even if the voltage in-
creased. Tan et al. [11] reported that PEO fibers from 7 %
w/v PEO/water solution contained a high density of beads
when it was spun at a voltage of 9.0 kV. Reneker and Chun
[23] demonstrated that applied voltage had no significant ef-
fect on diameters of PEO nanofibers. In contrast, Chowdhury
et al. [10] suggested that higher voltages facilitated to obtain
thinner fibers.

The relationship between flow rate and morphology/
diameter was also investigated by changing flow rate from
0.25 to 1.00 mL h−1 for 8 % w/v of PEO-400 (Table 1). It
can be seen that there is no significant difference between
fiber morphologies obtained at both flow rates of 0.25 and
0.50 mL h−1 (Fig. 1c–f). However, at 1.00 mL h−1

flattened-ribbon like fiber morphology appeared at each
voltage since the solvent had not enough time for com-
plete evaporation due to high flow rate (Fig. 1g and h).
The fiber diameter tended to increase when the flow rate
increased from 0.25 to 0.50 mL h−1.

The relationship between the distance and morphology/
diameter was investigated by changing the distance from 10
to 30 cm at a constant flow rate of 0.5 mL h−1 and applied
voltage of 15 kV for 5 % w/v of PEO-600. Nanofibers includ-
ing a few beads were obtained at all distances. The effect of
the distance on fiber diameters was not significantly distinc-
tive (Table 3). Chowdhury et al. [10] reported that average
diameter of PEO fibers decreased when the collection distance
was increased.

It was not observed any significant morphological differ-
ence between nanofibers obtained from both PEO-400 and
PEO-600 depending on increasing of PEO concentration
(Figs. 1a–d and 2). However, the fibers tended to be thicker
in spite of lower flow rate when PEO-400 ratio was changed
from 6 to 8 % w/v (Table 2). As can be seen in Table 3, an
increase in PEO-600 concentration from 4 to 5 % w/v had no
effect on fiber diameters at a constant distance of 15 cm. On
the other hand, fibers having irregular morphology with some
droplets inside were obtained with increasing the polymer
concentration up to 7 % w/v (data not shown). Tan et al. [11]
investigated the effect of PEO concentration in the range from
4 and 10 % w/v on fiber formation. They fabricated fiber mats
with fiber junctions and bundles from 4 % w/v PEO solution,
while nanofiber formation was inhibited beyond the concen-
tration of 10 % w/v due to cohesion.
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Crosslinking of PEO nanofibers

UV light is a light spectrum at wavelengths varied from
100 to 400 nm. It can be divided into four spectral re-
gions: a) Vacuum UV (100–200 nm), b) UV-C (200–
280 nm), c) UV-B (280–315 nm), and d) UV-A (315–
400 nm). UV-A light can be used to crosslink polymers
in the presence of photocrosslinking agents. As a
crosslinker, PETA is typically used to crosslink PEO in
different forms (solution or solid membrane) in the pres-
ence of UV irradiation. Doytcheva et al. [18] crosslinked
the solvent casted PEO-PETA membranes via UV irradi-
ation. In another study, Zhou et al. [21] optimized UV

irradiation time for the crosslinking of PEO-PETA
nanofibers.

In the presented study, we used 366 nm UV-A light
by taking into account the previous study reported in the
literature [21]. The distance between UV source and
samples was set as 4 cm and UV irradiation was applied
for 50 min i) immediately after electrospinning or ii)
after certain drying periods at 37 °C in air or iii) after
drying at room temperature in vacuum. It was purposed
to determine optimum parameters (i.e., crosslinker ratio,
drying environment and drying period) for obtaining insoluble
PEO-PETA nanofibers in the presence or absence of UV
irradiation.

Fig. 1 SEM images of PEO-400
nanofibers produced at 15 cm
distance to collector, 6 % w/v,
0.30 mL h−1 (a) 10 kV, (b) 20 kV;
8 % w, 0.25 mL h−1 (c) 10 kV, (d)
20 kV; 8 % w/v, 0.50 mL h−1(e)
10 kV, (f) 20 kV (5 KX, upper
right images: 30 KX); 8 % w/v,
1.00 mL h−1 (g) 14 kVand (h)
18 kV (2 KX, upper right images:
10 KX)
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Swelling behaviour of PEO nanofibers

In order to determine the optimum crosslinker ratio, 1.0, 2.5, 5.0,
7.5 and 10.0 % w/w ratios of PETAwere used and the swelling
behavior of PEO-PETA nanofibers was investigated. The origi-
nal size of 1st part of PEO-PETA nanofibers which were irradi-
ated immediately after spinning of PEO-PETA solutions reduced

rapidly when they were soaked into PBS (pH: 7.4, 37 °C). The
parallel group of 1st part which was not irradiated, exhibited
similar swelling behavior to the irradiated ones. For this reason,
fiber mats at each PETA ratio were additionally dried for 1, 3, 6
or 8 days at 37 °C in air or at room temperature in vacuum for
longer periods and irradiated at the end of the each drying period.
Then, the irradiated and nonirradiated mats were soaked into
PBS for 120 h to investigate the effect of PETA ratio, drying
period, drying environment and also UV irradiation on the phys-
ical and swelling behavior of fiber mats.

At the second stage, experiments were carried out for the 2nd
part of PEO-PETA nanofibers. Irradiated and nonirradiated fiber
mats at 1.0; 2.5 and 5.0 % of PETA (w/w) ratios which were
dried for 1 or 3 days rolled up and their size became smaller than
their original size as soon as they immersed into PBS. However,
this behavior improved to some extent at the end of the 6th or 8th
day of drying period. Both groups disintegrated by exhibiting
very low stability or their weights could not be measured due
to an increase in the level of gelation after 24 h or 48 h soaking in
PBS. However, the extent of the gelation of nonirradiated fiber
mats was much dominated.

For 7.5 % of PETA (w/w) ratio, the irradiated (PEO-
PETA7.5/UV) fibers and the nonirradiated ones (PEO-
PETA7.5) at the end of the 1st day of drying period exhibited
such a behavior similar to those having 1.0–5.0 % of PETA in
the swelling medium. However, physical instability of both
groups began to improve beginning from 3 days of drying
period and became better at the end of the 8 days of drying
period. In addition, fiber mats exhibited better mechanical
stability throughout the swelling period. Swelling graphs of
both groups are shown in Fig. 3a and b. Minimum swelling
degree for both groups was obtained at the end of the drying

Table 2 Diameters of fibers obtained from PEO-400 at different
electrospinning conditions

Concentration
(%, w/v)

Flow Rate
(mL h−1)

Voltage
(kV)

Distance
(cm)

Diameter
(nm)

6 0.30 10 15 311 ± 33

12 299 ± 29

14 295 ± 28

16 280 ± 27

18 273 ± 23

20 264 ± 29

8 0.25 10 15 320 ± 42

12 325 ± 35

14 346 ± 40

16 341 ± 33

18 318 ± 35

20 318 ± 36

0.50 10 358 ± 47

12 362 ± 52

14 405 ± 43

16 412 ± 51

18 394 ± 36

20 379 ± 38

Fig. 2 SEM images of PEO-600
nanofibers produced at 15 cm
distance to collector and 0.50 mL
h−1. 4 % w/v (a) 10 kV, (b) 20 kV;
5 % w/v, (c) 10 kVand (d) 20 kV
(5 KX, upper right images: 30
KX)
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period of 8 days. Equilibrium swelling ratio of PEO-PETA7.5/
UV fibers was 950 %, as it was 1376 % for PEO-PETA7.5
fibers.

For 10.0 % of PETA (w/w) ratio, both of irradiated PEO-
PETA (PEO-PETA10/UV) and nonirradiated (PEO-PETA10)
fiber mats exhibited similar swelling behavior to PEO-
PETA7.5/UV or PEO-PETA7.5 until the 6th day of drying
period. At the end of the 8th day, PEO-PETA10/UV and
PEO-PETA10 fiber mats retained their physical form and
remained flat during swelling. Equilibrium swelling ratio of
PEO-PETA10/UV fibers was 772 %, whereas it was 1097 %
for nonirradiated ones at the end of the 8 days swelling period
(Fig. 3c and d). The irradiated and nonirradiated forms of the
3rd part of PEO-PETA fibers that were dried at room
temperature in vacuum exhibited physically stable behavior
after 3 or 4 weeks drying period.

Swelling studies showed that the most appropriate
crosslinking was achieved for PEO nanofibers including
10.0 % (w/w) of PETA which were irradiated after the
8 day of drying process at 37 °C. It was also observed
that PEO-PETA nanofibers were crosslinked directly by
PETA in the absence of UV irradiation at the same con-
ditions, but crosslinking between PEO and PETA was
much effective in the presence of UV irradiation.

Table 3 Diameters of fibers obtained from PEO-600 at different
electrospinning conditions

Concentration
(%, w/v)

Flow Rate
(mL h−1)

Voltage
(kV)

Distance
(cm)

Diameter
(nm)

4 0.5 10 15 246 ± 30

12 238 ± 27

14 228 ± 24

18 213 ± 26

20 181 ± 32

25 174 ± 21

5 0.5 15 10 210 ± 31

10 15 246 ± 31

12 227 ± 32

13 218 ± 31

14 221 ± 23

15 211 ± 24

18 203 ± 29

20 187 ± 25

25 179 ± 27

15 20 242 ± 30

25 245 ± 31

30 240 ± 34

Fig. 3 Swelling behavior of (a) PEO-PETA7.5/UV, (b) PEO-PETA7.5, (c) PEO-PETA10/UV, and (d) PEO-PETA10 in PBS depending on drying
period at 37 °C ( 1st day, 3rd day, 6th day, 8th day)
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Fig. 4 SEM images and diameter
distributions of (a) PEO-
PETA7.5, (b) PEO-PETA7.5/UV,
(c) PEO-PETA10 and (d) PEO-
PETA10/UVat the end of the
8 days drying period (5 KX,
upper left images 30 KX)

Fig. 5 SEM surface morphology images of (a) PEO, (b) PEO-PETA10 and (c) PEO-PETA10/UV (100 KX)
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In a possible crosslinking mechanism [21], PETA and
PEO radicals are formed when PETA is excited with UV
light by taking a hydrogen atom from PEO. PETA radicals
can dimerize, attach to PEO radical or initiate its polymer-
ization. The main crosslinking reaction takes place by
recombination of carbon bonds of PEO. In the literature,
crosslinking studies by using PETA were performed under
constant flow of argon/nitrogen or in a dynamic vacuum
to avoid quenching by oxygen [21, 22]. In our study, the
crosslinking of PEO nanofibers was successfully carried
out in the presence of UV light at room conditions.
Previously, it was stated that PEO particles having high
molecular weight could be crosslinked by radicalic reac-
tion using PETA as a crosslinker and organic peroxide as
an initiator in isooctane medium [19]. In our study, it was
also discovered that the fibers from PEO/water solution

Fig. 6 ATR-FTIR spectra of (a)
powder PEO, PEO-PETA10, and
PEO-PETA10/UVat the end of
the 8 days drying period; (b)
PEO-PETA10/UV depending on
drying period

Fig. 7 XRD patterns of PEO, PEO-PETA10 and PEO-PETA10/UV
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were crosslinked directly by PETA in air conditions in the
absence of UV light. Doytcheva et al. [20] stated that
single side irradiated PEO films (from solvent casting)
rolled up rapidly in water, whereas they retained its form
and remained flat after the irradiation of both sides. This
was attributed to heterogeneous crosslinking density
throughout the thickness of films. In our study, the PEO-
PETA fiber-based matrices in the swelling medium also
showed the similar behavior due to heterogeneous
crosslinking density throughout the fiber mats after drying
for 1 day or 3 days. However, contrary to Doytcheva both
sides irradiation of PEO fibers did not cause any improve-
ment in their physical form. The mechanical and physical
improvement observed with the extension of drying peri-
od exhibited that crosslinking process between PEO and
PETA sustained throughout this period and effective
crosslinking was achieved in the presence or absence of
UV irradiation at the end of drying period.

SEM analysis

Figure 4 shows SEM images of PEO-PETA7.5, PEO-
PETA7.5/UV, PEO-PETA10, and PEO-PETA10/UV nanofi-
bers. Fiber diameters were 194 ± 43 nm for PEO-PETA7.5
and 224 ± 41 nm for PEO-PETA7.5/UV, respectively. PEO-
PETA10 and PEO-PETA10/UV had diameters of 230
±42 nm and 239 ± 34 nm, respectively. It could be interpreted
that UV irradiation and increasing PETA ratio facilitated the
formation of thicker fibers. SEM images of PEO,
PEO-PETA10 and PEO-PETA10/UV nanofibers at higher
magnifications (Fig. 5) clearly revealed that their surface
morphologies resemble to each other.

ATR-FTIR analysis

To elucidate the effect of UV irradiation on crosslinking reac-
tion, PEO-PETA10 and PEO-PETA10/UV were analyzed by
ATR-FTIR. Figure 6 a shows peaks belonging to the powder
PEO, PEO-PETA10, and PEO-PETA10/UV fibers. Pure PEO
has a characteristic peak at 2882 cm−1 (C-H stretching).
Compared to PEO, PEO-PETA10 and PEO-PETA10/UV fi-
bers have additional characteristic peaks (C=O stretching at
1730 cm−1, C=C stretching at 1634 cm−1). In the process of
crosslinking, when PETA takes a proton from PEO, double
C=O bond of PETA is cleaved and PETA and PEO radicals
are formed. PEO radical attacked to C=C bond of PETA and
initiated the polymerization of PETA. A decrease in peak in-
tensity at C-H stretching of PEO and C=O stretching of PETA
indicates that these bands involved in the crosslinking reac-
tion. Compared to PEO-PETA10, PEO-PETA10/UV has low-
er peak intensities. We concluded again that the crosslinking
reaction was much effective in the presence of UV irradiation.
The effect of drying period on the crosslinking process could

be followed by observing decreased peak intensities of PEO-
PETA10/UV (Fig. 6b) by time. There was a clear evidence in
Fig. 6b indicating that the crosslinking process sustained
throughout 8 days of drying period.

XRD analysis

Figure 7 displays XRD patterns of PEO, PEO-PETA10 and
PEO-PETA10/UV nanofiber samples. Two typical diffraction
peaks at 2θ = ∼19.2° and ∼ 23.4° for PEO nanofibrous mats
are attributed to (120) and (112) crystal plane, respectively
[24]. It is obvious that the characteristic diffraction peaks of
crystalline PEO reduced with the crosslinking process with or
without UV. This result indicates that the organization of PEO
molecular chains into ordered structures was prevented during
the crosslinking process, suggesting the existence of
crosslinked reaction between PEO and PETA.

Thermal analyses

Figure 8 shows TGA and DSC curves of PEO, PEO-PETA10
and PEO-PETA10/UV samples. Thermal degradation of the

Fig. 8 a TGA and (b) DSC thermograms of PEO, PEO-PETA and PEO-
PETA10/UV
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samples was in the range of 350–450 °C. However, PEO-
PETA10/UV exhibited slower degradation after 400 °C and
its degradation ratio was about 96.2 at 500 °C. There was no
significant difference among melting temperatures of the
PEO, PEO-PETA10 and PEO-PETA10/UV samples.
Crystallinity of PEO-PETA10/UV tended to reduce in the
presence of UV, which is compatible with the results of the
study by Zhou et al. [21].

Conclusion

In this study, crosslinked PEO nanofibers were produced at
moderate conditions for the purpose of obtaining stable PEO
coatings especially for medical applications. At first the effect
of electrospinning conditions i.e., applied voltage, flow rate,
distance to collector, and polymer concentration and molecular
weight on the morphology and diameters of the electrospun
PEO nanofibers was investigated and compared. Among these
parameters, the flow rate and the concentration of PEO solution
predominantly affected the formation of the nanofibers having
flattened-ribbon like or irregular morphology. The fiber diam-
eter usually depended on applied voltage and flow rate. In order
to obtain insoluble PEO nanofibrous mats for various applica-
tions electrospinning process was carried out in the presence of
UV-initiating/crosslinking agent PETA and UV irradiation
which is user-friendly method was applied. It was concluded
that, stability of PEO nanofibers strongly depended on the con-
centration of PETA and the conditions of drying process ap-
plied before UV irradiation. Additionally, it was indicated that,
PEO-PETA nanofibers became insoluble in the absence of UV
irradition at the end of certain drying periods. However, drying
of nanofibrous mats at 37 °C in an air atmosphere for 8 days
and then, application of UV irradiation is necessary to achieve
effective crosslinking. The insoluble PEO nanofibers produced
at the presented conditions can be evaluated for the coating of
implant materials and encapsulation of biochemical agents for
tissue engineering and pharmaceutical applications.
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