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ABSTRACT
Introduction: We investigated the effect of various electrospinning parameters on the morphol-
ogy and average diameter of shape memory polyurethane (PU) nanofibers. The shape memory
performance of an electrospun PU nanofiber mat was also studied.
Methods: The examined parameters included solution concentration (16–22 wt%), applied volt-
age (8–10 kV), feed rate (0.8–1.2 mL/h), needle-to-collector distance (18–20 cm), and solvent mix-
ture (N,N-dimethylformamide (DMF), DMF/chloroform, andDMF/ethyl acetate). Themorphologyof
electrospun PU nanofibers was observed using a scanning electron microscope. The shape mem-
ory properties of the electrospun PU nanofiber mat obtained at the optimal parameters were in-
vestigated using a thermomechanical cyclic testing program.
Results: Bead-free nanofibers with an average diameter of 600 nm were obtained using a 20
wt% PU solution in DMF, an applied voltage of 10 kV, a feed rate of 1.0 mL/h, and a needle-to-
collector distance of 20 cm. Using DMF/chloroform and DMF/ethyl acetate as solvents, uniform PU
nanofibers were obtained at a PU concentration of 16 wt%. The electrospun PU nanofiber mat ex-
hibited excellent shape memory properties, achieving shape recovery ratios and shape fixity ratios
exceeding 90%.
Conclusions: PU nanofiber mats were successfully fabricated by the electrospinning method and
it is considered as a potential material for shape memory applications.
Key words: shape memory, nanofibers, polyurethane, electrospinning, thermomechanical cyclic
testing

INTRODUCTION
Shape memory polymers (SMPs) are smart materi-
als that can transition between temporary and per-
manent shapes upon applying stimuli such as heat,
light, pH, electricity, magnetic fields, and solvents1–3.
The permanent shape is determined by crosslinking
points formed through covalent bonds or physical in-
teractions among molecules within the polymer net-
work. The temporary shape is stabilized by weaker in-
teractions between polymer chains or switching seg-
ments, which may include crystalline, liquid crys-
talline, or amorphous phases 4. Thermoresponsive
SMPs are the most widely researched SMPs, with
their shape memory mechanism activated by heat-
ing to above their transition temperature, namely the
glass transition temperature for thermoset SMPs and
the melting temperature for thermoplastic SMPs5.
Among the thermoresponsive SMPs, shape memory
polyurethane (PU) exhibits advantageous character-
istics, such as a wide range of shape recovery tempera-
tures, good processability, biocompatibility, and high
strain recovery capabilities. These attributes make
PU-based SMPs suitable for use as biomaterials and

in medical applications, including sensing, actuation,
scaffold construction, and artificial blood vessels6–10.
PU is a multiblock copolymer with excellent thermal
shape memory properties resulting from the phase-
separated structure of its hard and soft segments11.
The hard segments form physical crosslinks through
polar interactions, hydrogen bonding, and crystalliza-
tion within the hard domains. The soft segments, typ-
ically derived from long-chain diols such as polyester
or polyether polyols, facilitate reversible movement.
The thermally responsive soft segment of PU enables
shape recovery upon reaching the transition temper-
ature (Ttrans). Lv et al.12 reported that electrospun
microfibers based on polyurethane (SMPU) possess
excellent biocompatibility and shape memory char-
acteristics, demonstrating promising biomedical ap-
plications. Notably, the incorporation of hydroxya-
patite (HA) into SMPU microfibers reduces the fiber
diameter, which positively impacts the shape mem-
ory functionality of the composite membrane. The
original morphology of SMPU/HA microfibers is re-
stored in just 6 seconds at a temperature of 40 ◦C.
Polyesterurethane nanofibers with an average diam-
eter ranging from 1.8 to 3.1 µm have been prepared
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In this study, we systematically investigated the ef-
fects of various parameters, including solution con-
centration, solvent, voltage, feed rate, and needle-to-
collector distance, on the morphology and average
diameter of PU nanofibers fabricated by electrospin-
ning. Additionally, the shape memory properties of a
PU nanofiber mat obtained at the optimal fabrication
parameters was explored.

MATERIALS ANDMETHODS
Materials
PU pellets (NEOTHANE®4095AP) were purchased
from Dongsung Chemical NEOTHANE® (Korea).
DMF, ethyl acetate (EA), and chloroform were sup-
plied by Samchun Chemicals Co., Ltd. (Korea). All
chemicals were used without further purification.

Preparation of electrospun PU nanofibers
Various PU solutions were prepared by dissolv-
ing PU pellets in different solvent systems: DMF,
DMF/chloroform (with ratios of 80/20, 60/40, and
40/60), andDMF/EA (with ratios of 80/20, 60/40, and
40/60). The solution concentrations were 16, 18, 20,
and 22 wt%. The prepared solutions were loaded into
a 5-mL plastic syringe with a stainless-steel needle.
The syringe was placed in an infusion pump with the
feed rate ranging from 0.8 to 1.2 mL/h. The distance
from theneedle tip to the collectorwas varied between
16 and 20 cm. An electrical field was applied at a volt-
age of 8, 9, or 10 kV.

PUelectrospunofCharacterization
nanofibers
Scanning electron microscopy (SEM; JSM-6510LV)
was used to examine the effect of the polymer solution
and processing parameters on the PU nanofiber mor-
phology. The nanofiber diameter distribution was de-
termined by measuring approximately 50 randomly
selected nanofibers in SEM images using ImageJ soft-
ware.
The melting and crystallization behaviors of the PU
pellets and electrospun PUnanofibers were character-
ized using DSC (204F1 Phoenix, Netzsch). Measure-
ments were conducted in a temperature range of−34
to 250 ◦C at a heating rate of 10 ◦C/min.

Shapememory property of electrospun PU
nanofiber mat
The shape memory properties of an electrospun PU
nanofiber mat were investigated using a thermome-
chanical cyclic testing program. Samples were sub-
jected to deformation and recovery cycles performed

by  electrospinning  in  another  study  13.  The  resulting
fiber  mats  exhibited  good  shape  memory  properties,
demonstrating  shape  recovery  ratios  of  89–95%  and
shape  fixity  ratios  of  82–83%  after  the  second  cycle
when  subjected  to  minor  deformations  at  body  tem-
perature.  Another  study  reported  that  incorporat-
ing  graphene  oxide  into  SMPU  nanofibers  enhanced
the  fiber  surface  morphology  and  shape  memory  per-
formance,  with  average  fixity  and  recovery  ratios  of
92.1%  and  96.5%,  respectively  14.
Electrospinning  is  a  versatile  technique  for  producing
nanofibers  with  diameters  from  nanometers  to  mi-
crometers.  The  nanofiber  morphology  and  diame-
ter  can  be  controlled  by  adjusting  both  solution  pa-
rameters  (molecular  weight,  concentration,  viscosity,
conductivity,  surface  tension,  and  dielectric  constant)
and  process  parameters  (voltage,  feed  rate,  needle-to-
collector  distance,  and  needle  diameter)15,16.  Zhuo
et  al.17  fabricated  PU  nanofibers  via  electrospinning,
yielding  fiber  diameters  ranging  from  50  to  700  nm.
They  demonstrated  that  a  solution  concentration  was
a  primary  determinant  in  the  electrospinning  pro-
cess,  influencing  the  transformation  of  the  polymer
solution  into  ultrafine  fibers  under  an  applied  volt-
age  and  feed  rate  of  12  kV  and  0.08  mL/min,  respec-
tively.  Differential  scanning  calorimetry  (DSC)  re-
sults  indicated  that  the  prepared  nanofibers  possessed
the  structural  characteristics  required  for  shape  mem-
ory  behavior.  Banikazemi  et  al.  investigated  elec-
trospun  nanofibers  of  ε-caprolactone-based  PU  and
found  that  solution  concentration  and  solvent  sys-
tem  significantly  influenced  the  nanofiber  diameter,
whereas  voltage,  feed  rate,  and  needle-to-collector
distance  had  relatively  little  effect18.  Fibrous  SMPs
exhibit  desirable  characteristics,  including  a  large  spe-
cific  surface  area,  high  porosity,  and  excellent  per-
meability.  These  properties  enable  increased  chain
mobility,  thereby  reducing  the  transition  temperature
and  enhancing  the  shape  memory  effect.  Specifically,
SMP  nano/microfibers  have  been  reported  to  exhibit
superior  shape  memory  properties  to  shape  memory
films19,20.  This  has  been  attributed  to  their  large  sur-
face  area  accelerating  heating  and  cooling,  thereby
improving  shape  memory  efficiency.  The  effect  of
the  nanofiber  structure,  including  the  fiber  diameter
and  morphology,  on  shape  memory  properties  and
their  applications  has  been  studied  12,13,21–23.  Sauter
et  al.23  rrevealed  a  correlation  between  the  fiber  di-
ameter  and  the  shape  memory  performance  of  elec-
trospun  PU  membranes.  Fibers  with  nanoscale  diam-
eters  enhanced  the  shape  memory  properties  due  to
improved  molecular  alignment  with  the  fiber  elonga-
tion  direction  and  increased  stress  generation  within
fibers  of  smaller  diameters.
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by controlling the temperature of air circulating in an
oven. In each cycle, the sample was first heated to 80
◦C for 5 minutes, then deformed by stretching to a
predetermined strain. The temporary shape was then
fixed by cooling the sample to 5 ◦C for 2 minutes in
a refrigerator. Shape recovery was induced by reheat-
ing the sample to 80 ◦C for 2 minutes. This cycle was
repeated five times. The shape memory behavior was
recorded using a digital camera attached to a fluores-
cence stereomicroscope (M165 FC, Leica).
To evaluate the shape memory effect, the ratios of
shape fixity (Rf) and shape recovery (Rr) were quan-
tified as follows:

Rr(N) =
εm(N)−ε f (N)

εm(N)−ε f (N−1) × 100 (1)

R f (N) = εu
εm

× 100 (2)
where εm is the maximum strain length, εu is the
strain length at 5 ◦C, ε f is the length after shape re-
covery, and N is the number of cycles7,13.

RESULTS
Morphology of PU nanofibers prepared at
different solution concentrations
The concentration of the polymer solution signifi-
cantly influenced the fiber formation andmorphology
during PU electrospinning. Figure 1 shows SEM im-
ages and the average fiber diameter of PU nanofibers
prepared from PU solutions with different concentra-
tions in the DMF solvent. The applied voltage was
10 kV, the feed rate was 1.0 mL/h, and the needle-to-
collector distance was 20 cm.

Figure 1: SEM images of PU nanofibers prepared at
different concentrations: (a) 16 wt%, (b)18 wt%, (c)
20 wt%, (d) 22 wt%, and (e) the average diameter of
nanofibers

The images of the nanofibers prepared at PU concen-
trations of 16 and 18 wt% revealed bead formation
(Figure 1 a-b). The nanofiber diameter increased with
increasing PU concentration, with average fiber di-
ameters of 343, 455, 600, and 673 nm obtained at con-
centrations of 16, 18, 20, and 22 wt%, respectively.

Based on the SEM analysis of the electrospun fibers,
a PU solution concentration of 20 wt% was selected
for subsequent investigations.

Morphology of PU nanofibers prepared at
different voltages

The morphology and average diameter of PU
nanofibers fabricated at voltages of 8, 9, and 10 kV
are shown in Figure 2. The PU concentration in
the DMF solvent was 20 wt%, the feed rate was 1.0
mL/h, and the needle-to-collector distance was 20
cm. PU nanofibers were readily produced at all
three voltages, with the average diameter decreasing
slightly with increasing voltage; diameters of 785,
684, and 600 nmwere obtained at voltages of 8, 9, and
10 kV, respectively. A voltage of 10 kV was chosen in
subsequent experiments.

Figure 2: SEM images of PU nanofibers prepared at
voltages of (a) 8 kV, (b) 9 kV, and (c) 10 kV; (d) average
diameter of the nanofibers

Morphology  of  PU  nanofibers  prepared  at
different  feed  rates

The  effect  of  the  solution  feed  rate  (0.8,  1.0,  and  1.2
mL/h)  on  the  morphology  and  average  diameter  of  the
PU  nanofibers  was  observed  by  SEM  (Figure  3).  
ThePU  concentration  in  the  DMF  solvent  was  20  
wt%, the  voltage  was  10  kV,  and  the  needle-to-
collector  dis- tance  was  20  cm.  The  average  fiber  
diameter  increased with  increasing  feed  rate  and  
was  579,  600,  and  693 nm  at  feed  rates  of  0.8,  1.0,
and  1.2  mL/h,  respec- tively.  SEM  analysis  
demonstrated  the  successful  pro- duction  of  PU  
nanofibers  across  the  range  of  solution feed  rates.  A
feed  rate  of  1.0  mL/h  was  selected  for further  
investigation.
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Figure 3: SEM images of PU nanofibers prepared at
feed rates of (a) 0.8 mL/h, (b) 1.0 mL/h, and (c) 1.2
mL/h; (d) average diameter of the nanofibers

Morphology of PU nanofibers prepared at
different needle-to-collector distances

The effect of the needle-to-collector distance (16, 18,
and 20 cm) on the morphology and average fiber di-
ameter is shown in Figure 4. The nanofibers were
fabricated at a PU concentration of 20 wt% in the
DMF solvent, the voltage was 10 kV, and the feed rate
was 1.0 mL/h. Little variation was observed in the
average fiber diameter, with diameters of 552, 571,
and 600 nm obtained at distances of 16, 18, and 20
cm, respectively. However, the morphology changed
from beaded nanofibers to uniform nanofibers with
increasing needle-to-collector distance. Therefore,
the appropriate needle-to-collector distance for PU
nanofiber formation was considered to be 20 cm.

Figure 4: SEM images of PU nanofibers prepared
at needle-to-collector distances of (a) 16 cm, (b)
18 cm, and (c) 20 cm; (d) average diameter of the
nanofibers

Morphology of PU nanofibers prepared in
different solvent systems
The type of solvent affects the solubility, viscosity, sur-
face tension, and conductivity of the polymer solu-
tion, which in turn affects the formability and mor-
phology of the obtained fibers. While PU exhibits
good solubility in DMF, low PU concentrations (e.g.,
16 wt%) resulted in beaded nanofibers (Figure 1-a).
Figure 5 shows SEM images of 16 wt% PU nanofibers
fabricated with different solventmixtures and ratios, a
feed rate of 1.0 mL/h, a voltage of 10 kV, and a needle-
to-collector distance of 20 cm. The addition of co-
solvents, such as chloroformor EA, changed some im-
portant properties of the solutions, including surface
tension, viscosity, and volatility, which improved the
fiber morphology.

Shapememory behavior of electrospun PU
membrane
The electrospun PU membrane used in the shape
memory test was prepared at a PU solution concen-
tration of 20 wt% in DMF, a voltage of 10 kV, a feed
rate of 1.0 mL/h, and a needle-to-collector distance of
20 cm. Thermally triggered PU typically undergoes
thermal transitions, such as those at the glass transi-
tion temperature (Tg) and melting temperature (Tm),
for shape recovery. Figure 6 shows DSC curves of a
PU pellet and the electrospun PUmembrane. The PU
pellet exhibited Tm of 73.13 ◦C, while the PU mem-
brane had a higher Tm of 85.19 ◦C.

Figure 6: DSC curves of PU pellet and electrospun
PUmembrane

To investigate the shape memory properties of the
electrospun PUmembrane, it was elongated at 80 ◦C,
unloaded, and evaluated for shape recovery. Figure 7
shows the shape fixity and shape recovery ratios ob-
tained from five thermomechanical cycles performed
on the membrane.
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Figure 5: SEM images and diameter distributions of PU nanofibers fabricated with different solvent mixtures and
ratios: (a.1 anda.1’) DMF/chloroform=80/20, (a.2 anda.2’) DMF/chloroform=60/40, (a.3 anda.3’) DMF/chloroform
= 40/60, (b.1 and b.1’) DMF/EA = 80/20, (b.2 and b.2’) DMF/EA = 60/40, and (b.3 and b.3’) DMF/EA = 40/60; (a’, b’)
average diameter of the PU nanofibers
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Figure 7: Shape fixity and shape recovery ratios of
electrospun PUmembrane (a); shapememory cycle
of the membrane (b)

DISCUSSION
Effect of parameters on morphology of PU
nanofibers
The effect of the solution concentration on the fiber
morphology is attributed to positive correlation be-
tween the concentration and viscosity of the polymer
solution. The SEM images of nanofibers prepared at
PU concentrations of 16 and 18 wt% revealed bead
formation rather than continuous fibers because of
the low viscosity at these concentrations (Figure 1a-
b). The polymer chains underwent limited entangle-
ment, leading to the formation of droplets under the
pulling effect of the electric field. At a PU concentra-
tion of 20 wt%, continuous and uniform nanofibers
with a smooth morphology were observed without
droplet formation (Figure 1-c). However, a concen-
tration exceeding 20 wt% resulted in excessive viscos-
ity, impeding fiber formation, as the PU solution so-
lidified in the nozzle tip, clogging the nozzle. Elevated
viscosity also enhanced the entanglement of polymer
chains, resulting in an increased fiber diameter, con-
sistent with the previously reported trend24.
Electrospinning requires a sufficient applied voltage
to overcome the surface tension of the solution and
initiate fiber formation. Increasing the voltage from 8
kV resulted in a smaller fiber size and amore uniform
diameter distribution. This can be explained by the
larger electric field generating a greater pulling force.
However, an excessively high voltage led to an unsta-
ble spinning process and the formation of irregular-
sized and fractured fibers. In contrast, when the volt-
age was insufficient to overcome the surface tension
of the solution and stabilize the jet, beads or beaded
fibers were formed 25.
The average fiber diameter increasedwith the feed rate
in the range of 0.8 to 1.2 mL/h. At the lowest feed rate
(0.8mL/h), insufficient solution delivery to the nozzle
tip resulted in a discontinuous electrospinning pro-
cess. In contrast, at the highest feed rate (1.2 mL/h),

greater fiber adhesion was observed, likely due to in-
complete solvent evaporation as the solution jet trav-
eled from the syringe needle to the collector. Cay et al.
found that an increased feed rate led to considerable
polymer deposition on the collector in a short time,
forming a conjunction of nanofibers, which subse-
quently increased the fiber diameter24. A feed rate of
1.0 mL/h ensured continuous solution delivery with-
out premature solidification at the nozzle, resulting
in PU nanofibers with a narrow diameter distribution
and an average diameter of 600 nm.
The needle-to-collector distance had little effect on
the average fiber diameter, although the fiber mor-
phology was significantly influenced. At the shortest
distance of 16 cm, a strong pulling force was exerted
on the solution, and the incomplete solvent evapora-
tion resulted in the formation of awet fibermembrane
on the collector. Increasing the distance to 18 cm
facilitated fiber formation, but some interfiber adhe-
sion persisted because the solvent had not completely
evaporated. At a distance of 20 cm, uniform, continu-
ous fibers without adhesion were obtained (Figure 4-
c).
The solvent concentration also affected the electro-
spinning process. At the lowest PU concentration of
16 wt% in DMF, nonuniform and beaded fibers were
produced, resulting in insufficient entanglement be-
tween PU molecular chains. Consequently, the ex-
tensional forces exerted on the electrospinning jet
were not adequately resisted by intermolecular in-
teractions, leading to jet breakup. Furthermore, the
high surface tension of DMF contributed to bead
formation by thermodynamically favoring a reduc-
tion in surface area per unit mass, driving the jets
into spherical droplets26. Increasing the PU solu-
tion concentration to 20 wt% led to increased solution
viscosity, promoting greater entanglement between
polymer chains, stabilizing the stretching jet against
breakup, and forming uniform nanofibers.
The use of DMF/chloroform solvent mixtures with
a PU concentration of 16 wt% increased the solu-
tion viscosity, facilitating the production of continu-
ous and bead-free nanofibers. Additionally, the lower
surface tension of chloroform compared with DMF
(Table 1) contributed to the formation of uniform
nanofiber morphologies. Moreover, the average di-
ameters of PU nanofibers fabricated using the mixed-
solvent systems were larger than those prepared using
DMF alone. This can be attributed to the lower con-
ductivity and boiling point of chloroform and EA.The
reduced conductivity decreased the concentration of
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Table 1: Properties of the solvents used 26

Solvent Surface tension (mN/m) Conductivity (µS/cm) Boiling point (◦C)

DMF 33.9 10.9 153.0

Chloroform 26.0 - 61.2

EA 22.7 0.29 77.1

charge carriers in the electrospinning jet, thereby re-
ducing the electrostatic andCoulombic forces respon-
sible for jet stretching. The lower boiling point (cor-
responding to higher volatility) led to more rapid so-
lidification of the jet, hindering its elongation and re-
sulting in larger fiber diameters. However, a 40/60
DMF/chloroform ratio resulted in excessive viscos-
ity, preventing continuous solution ejection at 10 kV
and forming dried solution droplets, causing block-
age of the needle tip. The addition of EA to DMF pro-
duced uniform and bead-free nanofibers. Cay et al.24

reported that EA can disrupt intermolecular forces,
thereby increasing the solution viscoelasticity and fa-
cilitating fiber stretching. In their study, this effect
was less pronounced at lower DMF ratios, resulting
in larger fiber diameters. Moreover, EA has a very
low dielectric constant, limiting electrospinnability at
high concentrations26. The benefits of mixed-solvent
systems for PU electrospinning have previously been
reported 27,28 Properties of the solvents used.

Shapememoryperformanceofelectrospun
PUmembrane
The difference in Tm between the PU pellet and elec-
trospun PU nanofibers indicates modification of the
PU crystal structure during electrospinning. The
micro-phase separation between soft and hard seg-
ments of a PU nanofiber mat has been reported to be
greater than that in a PU pellet29. The increased crys-
tallinity in PU nanofibers may be attributed to exten-
sive molecular chain rearrangement and orientation
during the stretching in electrospinning, leading to a
more ordered structure and higher Tm. In this study,
a recovery temperature of 80 ◦C, between the onset
and peakmelting temperatures, was chosen to achieve
an optimal balance between two key factors. First, it
provided sufficient thermal energy to enhance chain
mobility and melt the reversible physical crosslinks
(hydrogen bonding and crystalline segments) in the
PU nanofibers, facilitating entropy-driven shape re-
covery. Second, it was below the peak melting tem-
perature to prevent complete melting, which could
compromise the structural integrity of themembrane.
The electrospun PU nanofiber mat exhibited a high
shape fixity ratio of nearly 100% across all five cycles,

demonstrating  excellent  shape-fixing  performance.
Upon  heating,  substantial  recovery  was  observed  in
all  samples,  with  the  first  cycle  showing  an  initial  re-
covery  of  104.4%.  This  slight  recovery  beyond  the
original  shape  can  be  attributed  to  the  release  of  resid-
ual  strains  introduced  during  electrospinning.  Specif-
ically,  electrospinning  subjects  polymer  solution  jets
to  high  extensional  deformation  under  a  strong  elec-
trical  field,  resulting  in  the  polymer  matrix  inside
electrospun  nanofibers  being  in  a  stretched  nonequi-
librium  state  with  a  high  level  of  stored  elastic  strain
energy30.  In  this  study,  stored  energy  in  the  PU
nanofibers  was  released  after  heating,  driving  signif-
icant  shape  recovery  in  the  first  cycle.  In  the  second
cycle,  the  shape  recovery  of  the  PU  nanofiber  mat
reached  82.1%.  With  subsequent  cycles,  the  shape
recovery  efficiency  gradually  increased,  stabilizing  at
approximately  90%  by  the  fifth  cycle.  This  iterative
tensile  and  recovery  process,  coupled  with  thermal
stimulation,  enhanced  molecular  mobility  within  the
PU  polymer,  facilitating  gradual  fiber  reorientation
and  rearrangement  at  the  microstructural  level,  lead-
ing  to  improved  shape  recovery  with  each  cycle.  The
similar  results  observed  in  thermomechanical  cyclic
testing  affirm  that  PU  nanofiber  mats  exhibit  a  robust
shape  memory  effect  31,32.  Owing  to  their  good  shape
memory  properties,  PU  nanofibers  have  potential  ap-
plications  including  filtration  materials,  smart  fiber-
reinforced  composites  with  damping  capabilities,  and
biomedical  devices.  In  a  review  of  SMP  nanofibers,
electrospun  polylactic  acid  nanofiber  mats  demon-
strated  Rf  and  Rr  values  exceeding  88%  and  96%,  re-
spectively,  over  three  cycles  at  60  ◦C.  The  addition  of
lactic  acid  oligomer  as  a  plasticizer  in  the  polylactic
acid  nanofibers  effectively  lowered  the  switching  tem-
perature  to  slightly  above  body  temperature  (around
40  ◦C)  while  maintaining  high  Rf  and  Rr  values33.
Zhang  et  al.34  reported  Nafion/poly(ethylene  oxide)
(PEO)  blend  nanofibers  with  excellent  shape  
memoryproperties,  achieving  Rf  and  Rr  values  over  
90%  at  a switching  temperature  of  130  ◦C.  Ai  et  al.  
investigated
the  memory  effect  of  PU/PEO  blend  electrospun  fi-
brous  membranes  in  terms  of  both  the  morphologi-
cal  structure  design  and  the  PU/PEO  blend  ratio.  A
co-spun  PEO  and  PU  nanofiber  membrane  with  50
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This  was  attributed  to  the  extensive  blend  interface  in
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CONCLUSIONS
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