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ABSTRACT: Ultrafine electrospun polymer fibers, with their large specific surface areas, have not found wide applications partly because
the fiber surfaces usually carry an insufficient quantity of active groups. The electrospinning and surface-grafting copolymerization of
polystyrene fibrous membranes were carried out via the embedded radical initiator approach. The results from X-ray photoelectron
spectroscopy show that the initiator added to the polystyrene dope was deliberately expelled onto the fiber surfaces. The microstructure
and hydrophilicity of the grafted membranes were investigated with Fourier transform infrared spectroscopy, scanning electron micros-
copy, and water contact angle and water uptake capacity measurements. An increase in the initiator dosages led to decreases in the
grafting rate, water uptake, and hydrophilicity of the grafted membranes; the opposite was true for increases in the neutralization of
acrylic acid (AA). However, the grafting, water uptake, and hydrophilicity of the grafted membranes presented nonlinear relationships
with the concentration of AA. The initiator emigration technique will provide a facile and feasible platform for the surface-grafting mod-
ification of electrospun membranes. © 2012 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 000: 000-000, 2012
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INTRODUCTION

Electrospinning is a simple and versatile technique for preparing
polymer fibers with diameters ranging from 10s of nanometers to
micrometers with very high electrostatic fields. The outstanding
properties of the resulting fibrous mats make them favorable can-
didates for use in many areas, including tissue engineering scaf-
folds,! affinity membranes,” filtration,’ catalysis,4 and sensors.”
Electrospun polymer fiber surfaces are often expected to bear
some functional groups for most applications. However, only
very few polymers carrying active groups can be directly electro-
spun because the pendant active groups often present physico-
chemical interactions that are too strong for them to be well dis-
solved. The introduction of reactive groups, such as carboxyl,
amine, and amide groups, onto chemically inert polymer fiber
surfaces is a necessary step in these applications. An aminated
electrospun polyacrylonitrile nanofiber was produced by the func-
tionalization of the fiber with diethylenetriamine; this resulted in
adsorptive fibrous mats.® A biocatalyst with a high activity reten-
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tion of Candida rugosa lipase was fabricated by the covalent
immobilization of lipase on a cellulose nanofiber membrane via
sequential steps: the electrospinning of cellulose acetate, hydrolysis
under alkaline conditions, oxidation with sodium periodate, and
finally, coupling with the lipase.” Reactive ultrafine fiber support
materials were successfully made by the copolymerization of sty-
rene and maleic anhydride followed by electrospinning and,
finally, hydrolysis under a dilute alkaline aqueous solution.® f-
Cyclodextrin containing polystyrene nanofibers, mainly on fiber
surfaces, were successfully electrospun.” Improved cell attachment
and proliferation of the electrospun poly(e-caprolactone) nanofi-
brous membrane were realized through alkaline treatment.'’

Different methods, such as plasma pretreatment'"'* and ultra-

violet (UV)-, plasma-, and y irradiation-induced grafting
copolymerization,'»'* have been used to surface-modify poly-
mers to improve their electrospun fibrous applicability. Cold
plasma treatment significantly altered the surface wettability of
polyamide 6 nanofibers.'’ A cell adhesion and proliferation
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Figure 1. SEM images of the membranes spun at different temperatures and humidities: (a) 293 K and 20% RH, (b) 293 K and 80% RH, and (c) 298 K

and 80% RH.

experiment of three model cells, fibroblasts, chondrocytes, and
osteoblasts, verified that oxygen- and argon-plasma treatments
of electrospun polycaprolactone nanofiber meshes were success-
ful.'* Electrospun poly(vinylidene fluoride-co-hexafluoropropy-
lene) fibrous membranes were subjected to plasma pretreatment
followed by UV-induced surface grafting and quaternization and
were highly effective against both Gram-positive staphylococcus
aureus and Gram-negative Escherichia coli bacteria.'” The sur-
face of electrospun poly(vinylidene) fluoride nanofibrous mem-
branes was exposed to argon plasma and subsequently copoly-
merized with methacrylic acid (MAA), and the results indicate
that the grafted membranes could be engineered through sur-
face modification to achieve small pores while retaining their
high flux performance.' Carboxyl groups were introduced onto
polysulfone fiber surfaces through grafting copolymerization af-
ter an air-plasma pretreatment.> After electrospun biodegradable
polyesters nanofibrous scaffolds were treated with oxygen
plasma, the hydrophilic functional groups were successfully
grafted onto fiber surfaces; this resulted in a significant
improvement in cell attachment and proliferation.'” The regula-
tion of cell-material interactions was manipulated by the graft-
ing copolymerization of acrylic acid (AA) after the electrospun
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poly(r-lactide-co-e-caprolactone)  fibrous membranes were
treated with y-ray irradiation, and Arg-Gly-Asp (RGD)-con-
taining peptides were subsequently immobilized for tissue engi-

. . . 1
neering applications.'®

However, for the surface modification of polymer nanofibers,
harsh reaction conditions, such as those with irradiation and
plasma, are to be avoided because ultrafine polymeric nanofib-
ers are usually not as strong as bulk materials and can be easily
destroyed.'”” The Ce(IV)-induced graft copolymerization of
MAA (MBPO) on electrospun poly(ethylene terephthalate)'”
and polysulfone fiber surfaces'® were implemented after the
fibers were pretreated by a formaldehyde solution. Recently, Liu
et al." put forward the concept of tunable surface chemistry for
the functionalization of electrospun nanofibrous membranes, in
which the combination of the embedded initiator and the sub-
sequent surface-initiation polymerization was done as a plat-
form for extending the application of the electrospun
nanofibers.

In fact, the surface morphology of electrospun fibers is often
affected by many processing parameters, such as the solvent and
ambient humidity.’*?* At high relative humidity (RH), the
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Figure 2. XPS spectra of C;; and Oy of the membranes spun at different humidities. [Color figure can be viewed in the online issue, which is available

at wileyonlinelibrary.com.]
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Figure 3. IR spectra of the grafted membranes spun at different
humidities.

moisture in air may be condensed on the fiber surface,”” and
somehow, the evaporation of the solvent and the formation of
micropores are strongly related to ambient humidity. At low
RH, the rapid evaporation of the solvent causes the clogging of
the spinet tip and the formation of ribbonlike fibers.*>

In this study, a free-radical initiator was added while a polysty-
rene dope was made with butanone. The initiator was induced
toward the fiber surfaces during electrospinning via the regula-
tion of RH, and subsequently, poly(acrylic acid) was grafted
onto the electrospun membranes in an aqueous solution. The
entrapment of the initiator within electrospun polymer fibers
really provided a facile way to create functional polymer ultra-
fine fibers and may find wide potential application in the fabri-
cation of functional electrospun fiber surfaces.

EXPERIMENTAL

Raw materials

The deionized water, butanone, sodium hydroxide, and benzoyl
peroxide (BPO) used in this study were analytical grade. AA
(BPO) was chemically pure and was vacuum-distilled before
use. Polystyrene (PS), with a viscosity-average molar mass of
about 350,000 g/mol, was made in our laboratory with emul-
sion polymerization.

Electrospinning and heat treatment

PS (8% w/v) in a butanone solution with a given amount of
the initiator BPO was placed in a syringe connected with a
metal needle on which a copper plate (15 mm in diameter and
0.2 mm in thickness) served as an auxiliary electrode and was
fixed to converge with an electrospinning jet. The needle was
controlled by a syringe pump (W2-50C2-type micropump, Zhe-
jlang University Medical Instrument Co., Ltd., Zhejiang, China)
at a constant flow rate of 2.5 mL/h. A high-voltage direct-cur-
rent power supply (DW-P503-4AC, Tianjin Dongwen High
Voltage Power Supply Factory, Tianjin, China) was used to gen-
erate a potential difference of 8 kV between the needle and an
aluminum grounded collector placed 12 ¢cm from the tip of the
needle. All of the experiments were carried out at 25°C, and an
RH of 60%, unless otherwise specified, was used. After the elec-
trospinning, the fibrous membranes were removed from the col-
lector and sandwiched between two glass sheets and thermally
treated at 45°C for 2 h.
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Grafting copolymerization

The monomer BPO was partially and gently neutralized with a
sodium hydroxide aqueous solution in ice-water bath. The ther-
mally pretreated electrospun membrane embedded with the ini-
tiator BPO was placed into a 250-mL flask containing 100 mL
of BPO aqueous solution. The reaction system was vacuumed
and filled with nitrogen three times. A small rubber balloon was
used to seal the flask to make sure that the pressure inside the
flask did not change a lot during the reaction. Then, it was put
into an oscillating water bath at 70°C and shaken for about 100
min. Further, the membrane was removed and rinsed with
deionized water repeatedly and was finally dried in vacuo over-
night. Unless specified, the initiator dosage was fixed at 4 wt %
PS, the concentration of BPO was 30% v/v, and the neutraliza-
tion degree of BPO was 60%.

Characterization
Fibrous membrane morphology. Scanning electron microscopy
(SEM; Hitachi S-4800 and S-570, Tokyo, Japan) was used to
observe the morphology of the PS fiber membranes, and the
samples were sputter-coated with gold to prevent charging dur-
ing SEM imaging.

Microstructural components of the membranes. X-ray photo-
electron spectroscopy (XPS; AXIS-Ultra DLD, Shimadzu-Kratos,
Lancashire, United Kingdom) was used to determine the enrich-
ment of the initiator on the membrane surface. Monochromatic
Al Ko X-rays (1486.7 €V) were used. To compensate for the sur-
face-charging effect, all binding energies were referenced to the
Cy, hydrocarbon peak at 284.6 eV.

Fourier transform infrared characterization was performed at
ambient temperature with a Nicolet 5700 spectrometer (Thermo
Electron, Madison, WI) with KBr disc. The samples were pulv-
erized and analyzed with 64 scans at a resolution of 4 cm™" in

the range 400-4000 cm™ .

Hydrophilicity of the membrane surface. Water contact angle
measurements were performed on membranes with a contact
angle meter (contact angle system OCA20, Dataphysics Co.,
Stuttgart, Germany). A water droplet of 0.2 uL was dispersed on
the membrane surface, and the contact angle was determined
with the system software.

Water uptake capacity. The membranes were immersed in
deionized water at 20°C for 24 h. After the treatment, excess
water on the sample surface was wiped with filter paper and
weighed. They were dried at 80°C for 2 h and then placed in a
desiccator for 48 h to remove residual water and weighed again.
The water uptake capacity was determined from the relative
weight gain.

Table I. Water Uptake of the Grafted Membranes Spun at Different
Humidities

RH during electrospinning (%) 20 60 80
710 1550 1510

Water uptake (wt %)
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Figure 4. SEM images of the grafted membranes prepared at 60% RH: (a) before grafting and (b,c) after grafting.

RESULTS AND DISCUSSION

Electrospun fiber morphology and emigration of the initiator
Figure 1 presents images of the electrospun fibers at the differ-
ent RHs and temperatures. A smooth and flat fiber surface was
shown when was electrospun at a low RH, whereas there
appeared a cucumber-skin structure on the fiber surface at high
humidities. The slight difference in ambient temperature did
not seem to cause much variation in the fiber appearance. The
formation of the smooth ribbonlike fibers could have originated
from the spinning jet flight and the hollow-fiber collapse on the
collector. It was found that the rapid evaporation of solvent
from the flight jet shortened the Newtonian fluid flight phase
and quickly moved it into the non-Newtonian whipping region.
The extended and violently whipping region may have induced
an asymmetric fiber surface structure, with the front surface to-
ward the collector and the rear surface departing from the spin-
neret tip. On the other hand, the solvent evaporation from the
fiber surface was much quicker than that from the inner fiber
to the surface area. The continuous solvent evaporation gave
rise to the skin—core structured fibers or to hollow fibers after
the fibers were deposited on the collector. The hollow fibers
finally collapsed into ribbon-structured fibers because of their
weight and the pressure difference. However, at high humidities,
the slow solvent evaporation extended the Newtonian fluid
flight phase, and the jet could directly head onto the collector;

consequently, a more or less circular section of fiber resulted.
The grooved fiber surfaces strongly depended on the ambient
humidity, and this has already been covered in many publica-
tions.”** It was believed that the temperature on the jet sur-
face descended sharply when the solvent vaporized during the
jet flight, and then, the moisture in the wet air around the jet
condensed on the jet surface and was arranged in order in the
form of water drops. Some ordered honeycomb-like pores
appeared on the fiber surfaces after the solvent and drops were
vaporized completely. The idea may also have been applicable in
this work.

What should be emphasized here is that, the fiber surface mor-
phology may signpost the feasibility of the grafting copolymer-
ization with the embedded initiator. As mentioned previously,
the smooth ribbonlike fiber surface was caused by rapid solvent
evaporation; meanwhile, the rapid evaporation carried little ini-
tiator to emigrate toward the fiber surface. The presence of less
initiator on the fiber surface gave rise to more scarce grafting.
However, the cucumber-skin fiber surface structure, which
implied a slow solvent evaporation and then a sufficient amount
of initiator emigration, induced the abundant grafting of the
copolymers onto the fiber surface. Figure 2 gives the XPS spec-
tra of Cys and Oy, of the electrospun fibrous membranes at dif-
ferent RHs. At low humidities, the sharp peak at about 284.6ev
was attributed to the C;; of C=C from the phenyl ring and
C—C from the skeleton of polystyrene, whereas the outspread-
ing and blueshifting peak indicated the presence of the initiator

BPO 2% . e .
” t BPO 6% component at high humidities, the C;; componential peaks of
g ) BPO 4% the C=0, and C—O from the initiator—BPO. This complied
g. with the literature.?® The O, peak at about 532.2ev was attrib-
5 uted to oxygen atoms, such as S=O and S—O, from the poly-
< mer chain end, the initiator residue of potassium persulfate,
-1 W
LJ Table II. Water Contact Angles on the Membrane Surfaces
Membrane Water contact angle (°)
L 1 L i ' j
1350 1450 1550 1650 1750 1850 1% BPO, ungrafted 13525
Wavenumber(cm‘l) 1% BPO, grafted 80.85
) o 6% BPO, grafted but crosslinked 0
Figure 5. IR spectra of the grafted membranes at different initiator )
8% BPO, grafted but crosslinked 0

dosages.
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Figure 6. Water contact angles of the grafted membranes at different initiator dosages. The BPO contents and contact angles were as follows: (a) 1% and
80.85°, (b) 2% and 99.25°, (c) 4% and 111.00°, (d) 6% and 116.45°, and (e) 7% and 121.70°.

and the surfactant introduced during emulsion polymerization.
The bilateral outspreading peak was attributed to the oxygen
atoms of C=O0 in the low-energy wing and to the oxygen atoms
of C—0O and the peroxyl O—O in the high-energy wing from
the embedded initiator at a high humidity. Therefore, the initia-
tor involved in the dope preparation was finally exiled with the
elaborate solvent butanone and favorable humidity during elec-
trospinning, and this circumvented the radical initiation hap-
pening on the fiber surface; instead, it happened with the poly-
mer phase-separation technique.'® This will be really a facile
and feasible robust platform for realizing the surface modifica-
tion of electrospun fibers.

Grafting copolymerization with the initiator

present on the fiber surface

Figure 3 displays the infrared spectra of the electrospun fibrous
mats and indicates the effective initiation polymerization of the
emigrated initiator on the fiber surface. A striking difference
was observed in the region 1400-1800 cm '. The ungrafted
sample was a raw membrane with initiator on its surface, and
the samples prepared at humidities of 20 and 40% were grafted
at a BPO concentration of 30% v/v. There existed an extremely
small amount of acidic groups, as indicated by the twin bands
of 1770 and 1800 cm ', These two bands are usually considered
to be C=O stretching vibrations in very dilute solutions in
nonpolar solvents.”” In this situation, the scarcely scattered
poly(acrylic acid) chains would have hopelessly been on the
membrane surface. However, the sample prepared at a humidity
of 70% gave much stronger adsorptions in the region 1550—

Water uptake(%)
n T~ ]
o 8 8 8 8 =

BPO content(%)

Figure 7. Water uptake of the membranes grafted at different initiator
dosages.
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1750 cm ™!, at about 1550 and 1425 cm .. The adsorptions in
the region 1550-1750 cm ™' were thought to be due to plenty of
carboxylic groups present, namely, the adsorption of hydrogen
bonds and/or the dimers of acidic groups, whereas the bands at
1550 and 1425 cm™" were assigned to asymmetric and symmet-
ric stretching, respectively, of the ionized carboxylic group. In
conclusion, the abundant amount of initiator expelled onto the
fiber surface really initiated copious grafting polymerization at a
high humidity.

Table T lists the water uptake of the grafted membranes pre-
pared at different RHs. The membranes made at a high humid-
ity adsorbed more water than those made at a low humidity,
and the effect of the humidity on the water uptake seemed to
be less important at RHs higher than 60%. Naturally, a higher
water uptake meant more plentiful grafting because of more
abundant initiator gathering on the fiber surface.

Figure 4 shows the morphology of the membranes before and
after they were grafted. The coarse but stiff fiber surface, as
shown Figure 4(a), may have implied the enrichment of the ini-
tiator on the fiber surface, and this ensured subsequent radical
grafting. The rigid fiber appearance was the result of the draw-
ing of electric force, and recent measurement with small-angle
neutron scattering techniques showed that polystyrene was a bit
more extended in the fiber axis than in perpendicular direc-
tion.”® The swollen and sluggish wrinkle fiber surface indicated
fiber enwrapping with grafted poly(acrylic acid), as shown in
Figure 4(b). The sectional image of the fiber did show the
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Water uptake(%
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Figure 8. Water uptake of the membranes grafted at different BPO con-

centrations (BPO concentration = 4%, and the monomer was not

neutralized).
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Table III. Water Contact Angles of the Membranes Grafted at Different
BPO Concentrations

BPO concentration
(% vIv) 10 20 30 40 50

93.85 106.85 108.80 110.75 105.75

Water contact
angle (°)

enclosure of the fibers, as indicated in the oval areas in Figure
4(c) (noted in the circles). On the basis of these images, the
thickness of the enwrapping layer was about 0.2 um when the
moisture-imbibed expansion was neglected, the densities of
grafting and polystyrene were assumed to be same, and the
maximum grafting yield was about 32 wt % (the monomer
concentration at 30% v/v); in comparison, the grafting yield for
the electrospun poly(ethylene terephthalate) nanofibers was
about 2.2 wt % with Ce(IV) initiated at an MAA concentration
of 10% v/v at 80°C for 100 min."”

Effect of the initiator dosage

Figure 5 demonstrates the effect of the initiator dosage on graft-
ing. The twin bands at 1770 and 1800 cm ™' came from the sin-
gle carboxylic group for the membranes at an initiator dosage
of 4%, whereas the membrane at an initiator dosage of 2% pre-
sented a much strong adsorption in the region 1550-1750
cm™', and the adsorptions implied many more carboxylic
groups attached in the membranes, as mentioned previously. In
addition, the adsorption bands at 1425 and 1550 cm ™' were
also assigned to the asymmetric and symmetric stretching of
ionic carboxylic groups. This indicated that a lower dosage of
the initiator gave rise to more abundant grafting. Generally, the
higher the initiator content is, the more quickly the polymeriza-
tion will proceed. The fluffy and swollen fibrous membranes af-
ter grafting will adsorb more monomer and even present vis-
cous and somewhat thermal insulation features. In this case, the
rapid polymerization may soon lead to the autoacceleration of
polymerization. The consequence of autoacceleration happening
in solution inversely deteriorates the grafting yield.

Table II shows the water contact angles of the different mem-
branes. The membrane embedded with initiator gave a water
contact angle of 135.25° this indicated the hydrophobic nature

acid conc. 30%
40%
20%

Adsorption

(4 N ’
L. L "’ - -~
1250 1400 1550 1700 1850
Wavenumber(cm'!)

Figure 9. IR spectra of the membranes grafted at different BPO
concentrations.
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Figure 10. Water uptake of the membranes grafted at different neutraliza-
tion degrees.

of the original polystyrene. The contact angle immediately
decreased to 80.85° after the membrane was grafted at a dosage
of 1% simply because of the grafted hydrophilic poly(acrylic
acid). The contact angles of the membranes grafted with initia-
tor dosages of 6 and 8% for 2 h surprisingly become zero. This
was thought to be the consequence of crosslinking due to the
presence of an excess amount of initiator; this led to autoaccel-
eration and gelation. Namely, only crosslinked polyelectrolytes
will show such super water adsorption phenomena.

Figure 6 presents the water contact angles of the membranes at
the different initiator dosage. An increase in the initiator con-
tent resulted in an increase in the contact angles. The reason
was that the higher the initiator dosage was, the larger the pro-
pensity for crosslinking was. As a result, fewer poly(acrylic acid)
chains were attached to the membranes at a higher dosage.

Figure 7 indicates the water uptake capacity of the membranes.
Similarly, the membranes grafted at low initiator dosages pos-
sessed better hydrophilicity than those grafted at high dosages.
The slight increase in the water uptake capacity of the mem-
branes at initiator dosages of 5 and 7% may have been related to
crosslinking that happened at the inside of the membranes
because crosslinking is thought to start from the core rather than
the skin layers. This apparently promoted the water uptake
capacity of the membranes. It should be pointed out that the
high water uptake capacity seemed not to correspond well with
the large contact angle for the grafted membranes. To our knowl-
edge, there was a very large porosity, about 80%, and, together
with the small fiber diameter of about 2-3 pm for the mem-
branes, this feature apparently made the grafted membranes
hydrophobic (viz., the porous membranes should be considered
as the composite system in the light of the Cassie—Baxter model).
In fact, many publications have indicated the superhydrophobic
nature of electrospun polymers.”>*® On the other hand, it is the
microporous feature that exaggerated the water uptake because
of a wicking effect.

Table IV. Water Contact Angles of the Membranes at Different
Neutralization Degrees

Neutralization degree (%) 40 50 70 90
108.15 106.35 103.20 78.35

Water contact angle (°)
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Figure 11. IR spectra of the membranes grafted at the different neutraliza-
tion degrees.

Concentration and neutralization degree of the monomer
Figure 8 shows the water uptake of the membranes grafted at
different monomer concentrations. The water adsorption pre-
sented slightly complicated behavior, namely, an initial increase
and then a decrease in water uptake with concentration. The
implication was that the most copious amount of polyacrylic
chains was grafted onto the membranes at a concentration of
30% v/v. Generally, the polymerization rate, the polymerization
kinetic chain length, and the grafted polymer molar mass and,
thus, water uptake increase with increasing BPO concentration.
As mentioned before, the increase in the polymerization rate
may have easily led to the autoacceleration and gelation proc-
esses, especially for the nonneutralization monomer. The gela-
tion inversely gave rise to a small amount of polyacrylic chains
to be pended onto the membranes. BPO at about 30% v/v is
usually thought to be the critical concentration to show up the
gelling process.

Table III gives water contact angles of the membranes grafted at
different monomer concentrations. Again, the contact angle pre-
sented totally different behavior, with a slight increase with
monomer concentration, in contrast to the water uptake behav-
ior. This may still have stemmed from the crosslinking and gela-
tion processes. The crosslinked polyelectrolyte inside the core
may have given a high water uptake but one that was not right
for the contact angle because the contact angle mainly
responded to the surface nature. The gelation process originat-
ing from the core layers spread out to the whole solution. The
crosslinked and grafted polyacrylic substance could be peeled
off manually from the membrane surface, but a trace amount of
the crosslinked structure may still have stayed at the core layers.
In this case, the bulky water uptake but highly hydrophobic
membrane surface appeared simultaneously.

In Figure 9, the adsorption band at 1770 cm ™' for the mem-
brane grafted at 20% v/v was ascribed to the C=O stretching of
a single acidic group. Although the sample grafted at 30%
included many more carboxylic groups, as indicated in the
region 1700-1740 cm™', coming from hydrogen-bonded acidic
groups, interestingly, the sample at 40% indicated adsorption
due to a cluster of ionic carboxylic groups, as shown for asym-
metric stretching at 1546 cm™' and symmetric stretching at
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1373 cm™'. This again meant that more abundant carboxylic
groups were attached at higher concentrations. However, the
membrane grafted at 50% did not show strong adsorption, as
did those grafted at concentrations of 30 and 40%. This implied
that plenty of monomer was not grafted onto the membrane
but formed a crosslinked homopolymer (the spectra grafted at
50% is not shown in Figure 10).

Figure 10 presents the relationship between the water uptake
and the neutralization degree of the monomer. Surprisingly, the
water uptake showed an almost linear relationship with the neu-
tralization degree; this was totally different from the behaviors
of monomer concentration and initiator dosage. The neutraliza-
tion of AA wusually diminishes the polymerization rate by
restraining the monomer diffusion because of the involved elec-
trostatic interaction, and this reduces the probability of autoac-
celeration polymerization.”® The reduction of the polymeriza-
tion rate will cause a high polymer molar mass and, thereby,
good water uptake. Table IV demonstrates the water contact
angles of the membranes at different neutralization degrees. The
increase in neutralization gradually led to a decrease in the
water contact angle and, namely, an improvement in the hydro-
philicity of the grafted membranes.

Figure 11 shows the infrared spectra of the membranes grafted
at different neutralization degrees, and the grafting difference
was also indicated by adsorptions in the regions of 1360, 1550,
and 1600-1800 cm™'. The three regional adsorption features
were all explained previously. Conclusively, more abundant car-
boxylic groups were attached at higher neutralization degrees.

CONCLUSIONS

The electrospinning and surface-grafting modification of poly-
styrene fibrous membranes were carried out via the embedded
radical initiator approach. The initiator was deliberately expelled
onto the fiber surface by manipulation of the electrospinning
conditions. The increase in the initiator dosage led to decreases
in the grafting, water uptake, and hydrophilicity, whereas the
enhanced neutralization of AA improved the grafting, water
uptake, and surface hydrophilicity of the grafted membranes.
The grafting, water uptake, and hydrophilicity presented nonlin-
ear relationships with AA. The high water uptake capacity did
not correspond to the large contact angle due to the crosslink-
ing and gelation processes happening at the inner layer and the
microporous structural features. The emigrating initiator tech-
nique will provide a facile and feasible platform for the surface-
grafting modification of electrospun nanofiber membranes.
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