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Electrospinning is an easy and simple process for the preparation of ultrafine fibers with tunable morphology. Thermoplastic Elastomers (TPEs) are engineering
polymers with an elastomeric nature that can be processed as thermoplastics. They can be classified based on their chemical structure and polyester-based TPEs
are counted as high-performance materials due to their mechanical properties and can be used for various applications from automotive, construction, furniture, and
consumer goods. In this study, electrospun polyester-based thermoplastic elastomer fibers were prepared and characterized. Thermoplastic polyester elastomer, Hytrel
4056 was used as the polymer, and chloroform was used as a solvent. The effects of polymer: solvent weight ratio, feed rate, applied voltage, and collector type were
investigated in terms of fiber formation and morphology. For this aim, the polymer: solvent weight ratio was varied as 1:7, 1:11, and 1:15; the feed rate was setto 1 and 3
ml h'. To collect the fibers metal plate and water bath collectors were used at a constant needle-to-collector distance under 10, 15, and 20 kV. The viscosity of the polymer

solutions was measured as a function of the polymer: solvent ratio to observe the effects of viscosity on fiber morphology.

Introduction

Thermoplastic Elastomers (TPE) are materials that represent
the properties of elastomers and thermoplastics. Based on the
morphology and chemical structure TPEs can be classified
as blends, ionomers, and block copolymers. Under the block
copolymer class, there are subclasses such as styrene block
copolymers, thermoplastic copolyesters, and thermoplastic
polyurethanes. Polyester-based thermoplastic elastomers or
Thermoplastic Polyester Elastomers (TPE-Es) are hard, high-
strength, and high-performance engineering materials and can
be used for various applications from automotive, construction,
furniture, and consumer goods. Since they can be processed as
thermoplastics, any type of thermoplastic processing including
extrusion, and injection molding can be used for the desired

geometry. TPE-Es are block copolymers with tunable hardness,
resilience, toughness, elastic modulus, tensile strength, wear
resistance, and oil/chemical resistance depending on the type
and ratio of the blocks, chemical structure, and morphology.
Short-chain hard segments such as PBT and soft segments
such as aliphatic polyether glycols can be used. TPE-E
copolyesters have many advantages such as low-temperature
flexibility, good toughness, creep, flexural fatigue, and impact
resistance. These materials have the flexibility of elastomers
and the strength and thermal processability of thermoplastics.
The history of TPE-Es dates back to the 1950s and in the
early 1970s, DuPont commercially introduced TPE-Es into the
market under the trademark of Hytrel® [1-7]. Since that time,
TPE-Es have been used for certain applications in various forms
such as polymer blends [8], polymer composites [9,10] and
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polymeric fibers [7,10-14]. Among these forms, thermoplastic
polyester elastomer fibers are alternative candidates for certain
applications including tissue scaffolds for bovine chondrocytes
[15], vascular prostheses [16], retinal transplantation [17,18],
cardiac tissue engineering [19,20], cardiac valves [21], tactile
sensing [22], smart fabrics [23], shape memory fibers [24],
muscle tissue engineering [25], drug delivery [26], dynamic
thermal insulation [27], soft robotics [28] and so on.

In the literature, there is a limited number of studies about
TPE-E-based fibers [7,11]. The fiber formation process was
performed in different systems including melt spinning [7]
and electrospinning [11]. Li and White investigated the thermal,
mechanical, and structural differences between PBT and four
commercial TPE-Es. Hytrel 3548w, Hytrel 4078w, Hytrel
5544, and Hytrel 8238 were used as PBT-based thermoplastic
elastomers. Depending on the thermal properties of the
polymers, fiber processing conditions were different. While
PBT, Hytrel 8238, and Hytrel 5544 were processed between
230-260°C, Hytrel 4078w and Hytrel 3548w were processed
between 180-210 °C. As reported in the study, TPE-E fibers
showed better crystalline perfection compared to PBT fibers.
Spinline stress was found to be more dominant compared to
the drawdown ratio in terms of birefringence. Additionally,
birefringence and specific spinline stress were affected by the
hard segment ratio and higher PBT led to an increase in both

(7).

In another study Cao,, et al. synthesized poly(butylene
terephthalate) copolymers with the chemical structure of
poly[(butylene terephthalate)-co-(1,4-cyclohexanedimethanol
(CHDM) terephthalate)]-b-poly(tetramethylene  glycol)
(P(BT-co-CT)-b-PTMG). Regardless of the block ratio and
macromolecular design, PTMG was the soft segment, and PBT
and CHDM were the hard segments. P(BT-co-CT)-b-PTMG
copolymers were synthesized from different polymers based on
their soft-to-hard segment ratios. In the study, Hytrel 4056 was
also used as the commercial TPE-E product. Electrospinning
of polymers was performed and not only polymer morphology
but also spinning conditions were analyzed. As reported in
the study, higher polymer concentration led to the formation
of thicker fibers. On the other hand, higher applied voltage
resulted in finer fibers. Electrospinning was performed by
a cosolvent system consisting of trifluoroacetic acid (TFA)
and dichloromethane (DCM) (TFA: DCM 8:2 v/v). Polymer
concentration was determined as 24 and 32% w/v for a stable
electrospun fiber formation without beads in the voltage range
between 16 to 24 kV. Electrospun P(BT-co-CT)-b-PTMG fibers
showed a semi-crystalline morphology. The ratio of hard
segments was reported to affect the thermal properties of
the fibers. Spun fibers showed relatively lower melting points
compared to polymers. Additionally, according to outcomes
fibers with higher PBT ratios showed higher melting points.
Hytrel 4056 showed higher tensile strength compared to other
polymers [11].

These studies show that using the electrospinning technique
with TPE-Es offers several advantages. Electrospinning
makes it possible to produce ultra-fine fibers with large
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surface areas and porosities, which is advantageous for use
in filtration, biomedical equipment, and smart textiles [29].
The electrospinning technique is versatile, enabling the use
of various polymers and solvents, and allowing for precise
control over fiber morphology by adjusting parameters such
as polymer concentration, flow rate, and applied voltage
[30]. However, there are also drawbacks to consider. The
electrospinning process can be sensitive to environmental
conditions, requiring careful optimization and control to
produce uniform fibers without defects. Additionally, scaling
up the process for industrial applications can be challenging
due to issues such as solvent handling, fiber collection, and
maintaining consistent fiber quality [31-34]. Despite these
challenges, the ability to produce customized fiber structures
makes electrospinning a valuable technique for developing
advanced materials. In this study, ultrafine TPE-E fibers were
prepared and characterized by electrospinning. Hytrel 4056 was
used as a TPE-E polymer and chloroform was used as a solvent.
Electrospun fibers were collected by a metal plate and a water
bath collector. The effects of polymer: solvent ratio, feed rate,
applied voltage, and collector type were investigated in terms
of fiber formation and morphology. Fiber morphology was
investigated by a light microscope. Additionally, the viscosity
of the spinning solutions was determined as a function of the
polymer: solvent ratio to observe the effects of viscosity on fiber
formation and morphology. As far as we know, electrospinning
of thermoplastic polyester elastomer fibers by using different
collectors was performed for the first time in literature.

Materials and methods
Materials

Thermoplastic polyester elastomer, DuPont's Hytrel 4056
(HTR) was used as received. Chloroform (Merck) was used as a
solvent. Table salt was used to increase the conductivity of the
water collector.

Preparation of the spinning solutions

To investigate the electrospinning performance and fiber
formation morphology, 3 different solutions at different
polymer: solvent (P:S) weight ratios were prepared as 1:15, 1:11,
and 1:7 as given in Figure 1. The concentration of the solutions
was calculated as 6.25, 8.3 and 12.5 wt% for P:S values of
1:15, 1:11 and 1:7, respectively. Mixtures were mixed at room
temperature (25 °C) for about 24 hours by a magnetic stirrer
until complete polymer dissolution and clear solutions were
obtained.

Electrospinning systems and process conditions

Electrospinning was carried out by two different systems.
The first system was a traditional system with a plate collector as
given in Figure 2a and referred to dry electrospinning spinning
(DS). For the second system, only the collector was changed to
a water bath and spinning was performed vertically as shown
in Figure 2b. The system was referred to as wet electrospinning
(WS). Table salt was added to water to increase the conductivity
of the bath with a concentration of around 3 wt% NaCl. Sample
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Figure 2: Electrospinning system a) with a plate collector, and b) with a water bath

collector.

codes, properties of solutions, and electrospinning conditions
of DS and WS were given in Tables 1,2, respectively. During
electrospinning, regardless of the solution content, feed rate
values were set as 1- and 3-ml h™ and applied voltage values
were set as 10, 15, and 20 kV.

Characterization

Solution viscosity: A Brookfield DV2T viscometer was used
for the determination of the viscosity of spinning solutions.
The measurements were performed at 200 rpm with spindle
#3 at room temperature (25 °C, %50 RH).

Morphological analysis: A digital binocular compound
microscope (AmScope 40X-2500X LED) was used for fiber
morphology analysis. Fiber diameter and bead size distributions
of the samples were determined by using the data obtained by
Image ] software, and average and standard deviation (SD)
were calculated.

Results and Discussions

Solution viscosity is an important parameter for the
spinning process since it reflects the resistance of the spinning
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jet to flow from needle to collector under an electrical field.
Additionally, it is of importance for fiber morphology. In this
work, three different electrospinning solutions were prepared
at different polymer: solvent weight ratios such as 1:7, 1:11, and
1:15 to find the optimum solution concentration. The solution
viscosity values were determined as 1280, 200, and 80 cP for
1:7 (12.5 wt%), 1:11(8.3 wt%), and 1:15 (6.25 wt%), respectively,
and given in Figure 3a. Parallel with previous studies, increased
amount of polymer amount resulted in higher viscosity due to
higher entanglement caused by a higher level of molecular
interactions [11].

Normalized viscosity (NV) values of the solutions were
calculated by using the equation (NV=n/n)). n was the viscosity
of the solution and n, was the lowest solution viscosity (n,,,).
NV values given in Figure 3b were determined as 16, 2.5, and 1
for TPE-E: Chloroform solutions with the ratio of 1:7, 1:11 and
1:15, respectively. Although the increase was slight between
1:15 and 1:11; it is 25 times higher between 1:15 and 1:7. This
also indicates a higher level of molecular interactions at higher
polymer concentrations.

Morphological analysis

Morphologies of electrospun fibers were evaluated based
on their processing conditions and collector type. Each figure
(Figures 4-9) represents electrospun fibers collected by plate
and water bath collectors at a constant needle-collector
distance, solution concentration, and feed rate under various
applied voltage values. As given in Tables 1,2, morphologies of
samples were analyzed by considering fiber/bead formation
and average fiber/bead diameter. Additionally, SD values
were given in the parenthesis. Optical microscope images of
samples with the P:S ratio of 1:15, those electrospun at 1 mL
h— feed rate under 10, 15, and 20 kV with plate and water
bath collectors were given in Figure 4. Samples prepared by
the plate collector showed mostly bead morphology. There
was almost no fiber formation at 10 kV (DS1). DS2 and DS3
dominantly showed beads and negligible fiber networks. The
average fiber/bead (F/B) diameter values of DS1, DS2, and
DS3 were measured as -/29.78, 1.21/19.63, and 1.17/12.09 um,
respectively. As seen from the results, increased voltage led to
the formation of finer fiber networks and smaller beads due to
a higher stretching effect under higher voltages [11] regardless
of the collector type. Samples prepared by a water bath
collector showed slightly fibrous networks even at 10 kV and
fiber formation became more dominant by increasing applied
voltage, especially at 20 kV. However, in all cases, beads can
be observed easily. The average F/B diameter values of WS1,
WS2, and WS3 were measured as 1.36/26.19, 2.19/19.45, and
2.78/14.56 nm, respectively. As can be seen from the results,
increased voltage led to the formation of smaller beads and
thicker fiber networks. Although no condition ensured bead
bead-free fiber mat for both collectors, a water bath collector
under 20 kV was found as the optimum setting in terms of fiber
formation.

Optical microscope images of samples with the P:S ratio of
1:15, those electrospun at 3 mL h feed rate under 10, 15, and
20 kV with plate and water bath collectors were given in Figure

037
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Table 1: Sample codes, properties of electrospinning solutions, and DS process conditions.

Feed Rate
(mL h")

Polymer: Solvent Ratio  Solution Viscosity

Sample Code )

(wt:wt)

DS1

DS2 1
DS3 1:15

DS4

DS5 3
DS6

DS7

DS8 1
DS9 111

DS10

DS11

DS12

DS13

DS14 1
DS15
DS16
DS17 3
DS18

80

200

1280

Applied Voltage

(kv
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
10
15
20
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Fiber (F)/ Bead (B) Average Fiber Diameter(SD)/Bead Size(SD)

) Formation (um)

B - 29.78 (10.74)
F/B 1.21(0.21) 19.63 (12.50)
F/B 1.17 (0.25) 12.09 (6.33)

B - 51.07 (16.83)
F/B 1.30 (0.35) 30.05 (16.55)

B - 40.11 (10.72)
F/B 1.18 (0.23) 33.20 (9.10)
F/B 1.38 (0.55) 19.86 (7.49)
F/B 2.54 (0.68) 14.34 (8.52)

B - 57.37 (15.23)
F/B 3.40 (0.92) 13.92(10.87)
F/B 1.22(0.37) 21.25 (15.20)

F 16.94 (5.69) -

F 22.45 (9.54) -

F 13.20 (11.54) -

F 21.23 (8.79) -

F 22.39 (7.65) -

F 34.32 (13.41) -

Table 2: Sample codes, properties of electrospinning solutions, and WS process conditions.

Feed Rate
(mL h7)

Polymer: Solvent Ratio  Solution Viscosity

Sample Code (wt:wt) )

Applied Voltage

Fiber (F)/ Bead (B)

Average Fiber Diameter(SD)/Bead Size(SD)

WS1

WS2 1
WS3

WS4

WS5 3
WS6

WS7

WS8 1
WS9

WS10

WS11

WS12

WS13

WS14 1
WS15

WS16 1.7 1280

Ws17 3
WS18

80

200

5. As obvious from the images, samples mostly consisted of
beads only DS5 had negligible fiber networks. The average
fiber/bead (F/B) diameter values of DS4, DS5, and DS6 were
measured as -/51.07, 1.3/30.05, and -/40.11pm, respectively.
When this set was compared with DS1-DS3, it was seen that
fiber formation was not observed even if at a higher feed rate.
Samples prepared by a water bath collector showed slightly
fibrous networks at 15 kV and 20 kV fiber formation became
more obvious. However, in all cases, beads can be observed
easily. The average F/B diameter values of WS4, WS5, and
WS6 were measured as -/41.95, 6.64/28.45, and 3.75/15.63
pm, respectively, and increased voltage led to the formation
of smaller beads and thicker fiber networks. Since the bead
formation was hindered at higher voltages polymer solution
was used more effectively for the formation of thicker fibers.
This set was found to show smaller beads and thicker fibers
compared to the WS1-WS3 set which was probably caused by
a higher feed rate [35]. Although no condition ensures bead

(kV) Formation (um)

10 F/B 1.36 (0.43) 26.19 (10.41)
15 F/B 2.19 (0.84) 19.45 (9.78)
20 F/B 2.78 (0.78) 14.56 (7.82)
10 B - 41.95 (10.08)
15 F/B 6.64 (1.37) 28.45(8.97)
20 F/B 3.75(1.23) 15.63 (6.22)
10 F/B 3.99 (1.22) 11.93 (4.11)
15 F/B 3.59 (1.15) 11.78 (3.77)
20 F/B 411(1.23) 15.50 (3.93)
10 F/B 4.55 (1.5) 15.38 (5.38)
15 F/B 4.83(1.31) 17.33(9.3)
20 F 5.44 (1.9) -

10 F 67.23 (25.27) -

15 F 31.82 (11.32) -

20 F 39.13 (20.67) -

10 F 52.42 (17.93) -

15 F 48.20 (16.9) -

20 F 48.75 (15.43) -

bead-free fiber mat for both collectors, a water bath collector
at 20 kV was found as the optimum setting in terms of fiber
formation.

Optical microscope images of samples with the P:S ratio of
1:11, those electrospun at 1 mL h feed rate under 10, 15, and 20
kv with plate and water bath collectors were given in Figure 6.
As obvious from the images, samples consisted of beads and
fiber networks. The average fiber/bead (F/B) diameter values of
DS7, DS8, and DS9 were measured as 1.18/33.20, 1.38/19.86, and
2.54/14.34 nm, respectively. When this set was compared with
DS1-DS3, the polymer concentration effect can be seen easily.
As can be seen from viscosity and normalized viscosity data
(Figure 3b) the viscosity of the P:S 1:11 solution was 2.5 times
higher than the P:S 1:15 solution. As a rule, increased polymer
concentration resulted in higher viscosity due to higher
entanglement caused by higher levels of molecular interactions
and fiber formation is more pronounced for this set (DS7-
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DS9) [36]. Samples prepared by a water bath collector showed values. The average F/B diameter values of WS7, WS8, and
fibrous networks regardless of the applied voltage. While WS9 were measured as 3.99/11.93, 3.59/11.78 and 4.11/15.50
beads were more spherical at low voltage, bead morphology pm, respectively. This set was found to show smaller beads
turned into elliptical geometry (spindle-like) at higher voltage and thicker fibers compared to the WS1-WS3 set, likely due to
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applied voltages.
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the higher solution viscosity necessary for fiber formation. In
addition, the viscoelastic behavior of polymer solutions also
explains these findings. The polymer chains remain suitably
isolated and do not overlap in dilute solutions. However, above
the critical polymer concentration, entanglements between
macromolecules lead to a significant increase in viscosity
[37,38]. Optimum settings in terms of fiber formation were
obtained for the water bath collector under both 15 and 20 kV.

Optical microscope images of samples with the P:S ratio of
1:11, those electrospun at 3 mL h feed rate under 10, 15, and
20 kV with plate and water bath collectors were given in Figure
7. As obvious from the images, DS10 was full of beads, fibrous
network formation was observed only for DS11, and DS12
showed a mixture of beads and fibers. The average fiber/bead
(F/B) diameter values of DS10, DS11, and DS12 were measured as
-/57.37, 3.40/13.92, and 1.22/21.25 pm, respectively. When this
set was compared with DS4-DS6, the polymer concentration
effect can be noticed. Higher solution viscosity and higher
entanglement led to a higher level of fiber formation for DS10-
DS12 [37]. Samples prepared by a water bath collector showed
fibrous networks regardless of the applied voltage. WS10 and
11 showed elliptical beads in the fibrous network and WS12
showed bead-free morphology. The average F/B diameter
values of WS10, WS11, and WS12 were measured as 4.55/15.38,
£4.83/17.33, and 5.44/- pm, respectively. This set was found to
show smaller beads and thicker fibers compared to the WS4-
WS7 set which was caused by higher solution viscosity [37].
Uniform fibers were obtained with a water bath collector under
20 kV.

Optical microscope images of samples with the P:S ratio of
1:7, those electrospun at 1 mL h* feed rate under 10, 15, and 20
kV with plate and water bath collectors were given in Figure 8.
As seen from the images, all samples showed fiber morphology.
The average fiber diameter values of DS13, DS14, and DS15
were measured as 16.94, 22.45, and 13.20 pm, respectively.
To analyze the solution concentration, this set was compared
with DS1-3 and DS7-9. Since the viscosity of P:S 1:7 was 6.4
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and 16 times more than P:S 1:11 and P:S 1:15, respectively, fiber
diameter values were remarkably higher. Samples prepared
by a water bath collector showed fibrous networks under all
voltage values. The average fiber diameter values of WS13,
WS14, and WS15 were measured as 67.23, 31.82 and 39.13
pm, respectively. Increased voltage led to the formation of
finer fibers due to a higher stretching effect. To analyze the
solution concentration effect, this set was compared with
WS1-3 and WS7-9. Parallel with the results obtained from the
plate collector, higher solution viscosity led to the formation
of thicker fibers. Regardless of the collector type and applied
voltage fiber morphology was observed for all samples.
However, more uniform fibers were obtained when the plate
collector was used under 10 and 15 kV. The water bath collector
led to formation of thicker fibers. This could be possible in
two ways: 1) differences in the electrical field and 2) collector-
polymer jet interactions. While fibers covered a larger area on
the plate collector; fibers tend to cover a smaller area in the
water bath due to changes in electrical field. In this way the
total distance that a random jet travels from needle to collector
was longer for dry spinning and the polymer jet was exposed to
a higher level of stretching. Because of that, the plate collector
resulted in the formation of fine fibers [39,40]. Another
important parameter for these diameter differences could be
the rheological behavior of the TPE-E polymer solution. During
the electrospinning process, polymer jets were stretched in the
air, hit the collector, and collected as fibers with some residual
stress. When the collector had a solid and rough surface, stress
relaxation of fiber occurred in time, and couldn’t affect fiber
morphology. On the other hand, when the polymer jet hit the
water bath collector, the residual stress accumulated in the
fiber was relaxed suddenly and elastic recovery occurred due
to both the elastic nature of TPE-E polymer solutions and the
liquid nature of the water bath collector. Because of that, the
water bath collector resulted in the formation of coarse fibers
[41,42].

Optical microscope images of samples with the P:S ratio of
1:7, those electrospun at 3 mL h feed rate under 10, 15, and 20
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Figure 9: Optical microscope images and corresponding fiber/bead diameter distribution histograms of samples with the P:S ratio of 1:7 at 3 mL h feed rate under various

applied voltages.
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kV with plate and water bath collectors were given in Figure 9.
As seen from the images, DS16-DS18 showed fiber morphology.
The average fiber diameter values of DS16, DS17, and DS18
were measured as 21.23, 22.39, and 34.32 pm, respectively.
Compared to the 1 mL h feed rate, fiber diameter increased
drastically. As expected, this set showed higher fiber diameter
compared to DS4-6 and DS10-12 due to higher solution
viscosity. Samples prepared by a water bath collector showed
average fiber diameter values of 52.42, 48.20, and 48.75 nm for
WS16, WS17, and WS18, respectively. Higher voltage resulted
in finer fiber formation. When this set was compared with
WS4-6 and WS10-12 it was observed that high viscosity caused
the formation of thicker fibers. As in the 1 mL h feeding rate,
fiber morphology was obtained regardless of the collector
type and applied voltage. However, thinner fibers with higher
uniformity were obtained when a plate collector was used as
explained previously.

As shown in Figure 10, solution viscosity and applied voltage
were found critical for fiber formation and average diameter for
dry spinning. For both feed rates, the highest viscosity resulted
in higher fiber diameter. Although the applied voltage effect
was not pronounced for P: S=1:15, 1:11; it was found significant
at 1:7, and higher applied voltage led to a decrease in fiber
diameter.
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As shown in Figure 11, solution viscosity, feed rate, and
applied voltage were found critical for fiber formation and
average diameter for wet spinning. For both feed rates, the
highest viscosity resulted in higher fiber diameter. Although
the applied voltage effect was not pronounced for P: S=1:15,
1:11; it was found significant at 1:7 at 1 mL h feed rate.

From the results, it is possible to change and control the
morphology of the final product from uniformly Distributed
Spherical Beads (DS1) to fibers (WS12) by changing solution
parameters or process conditions in electrospinning. Solution
concentration and therefore solution viscosity are the most
critical parameters for this change, especially by using TPE-E
polymers. By adding and distributing nanoparticles into TPE-E
polymer solution, it is also possible to create much more
sophisticated morphologies such as dendritic nano-trees [15],
nailed-bat-like structures [43], etc. Future work could further
enhance these fibers by embedding nanoparticles within
the fiber matrix, thereby potentially improving mechanical
properties, electrical conductivity, and functional performance,
and expanding the application range of electrospun fibers
to include advanced filtration systems, sensors, high-
performance textiles, and biomedical devices [30,44].

Conclusion

In this study electrospinning of thermoplastic polyester
elastomer fibers by using different collectors was performed
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Figure 10: Average fiber diameter values for samples prepared by a plate collector with different feed rates, a) 1 mL h™ and b) 3 mL h.
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for the first time in literature. To optimize the electrospun
TPE-E fibers, three different polymer solutions were prepared
with the polymer: solvent ratios as 1:7, 1:11, and 1:15. The
polymer solution was fed with a flow rate of 1, 3 ml h* under
10, 15, and 20 kV. Fibers were collected on the plate and water
bath collectors. According to the outcomes of this study,
electrospinning parameters including solution viscosity,
solution feed rate, applied voltage, and collector type have an
important effect on the fiber morphology. Solution viscosity
was critical for fiber formation and the average diameter and
uniformity of the fibers. For both collectors, the viscosity of
the solution with the ratio of P: S=1:15 was not found sufficient
for fiber formation. P: S=1:11 ratio was found spinnable for
the water bath collector and P: S=1:7 was spinnable for both
collectors. Additionally, higher solution viscosity generally
resulted in higher fiber diameter. Also, feed rate and applied
voltage were found to be significant in some cases in terms
of fiber formation (such as wet spinning at 1 mL h-?). Another
important electrospinning parameter was found as collector
type in terms of fiber formation and morphology. Generally,
the water bath collector led to formation of thicker fibers. The
most uniform fibers were identified as DS13, DS14, DS17 and
WS12. Overall, tunable fiber morphology can be achieved by
varying the spinning solution concentration and processing
conditions. These findings underscore the importance of
carefully controlling electrospinning parameters to achieve
desired fiber characteristics in thermoplastic polyester
elastomer applications.
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