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Abstract

Polypropylene (PP) nonwoven is widely used in biomedical textiles because of its
lightweight and mechanical durability; however, its inherent hydrophobicity and chem-
ical inertness limit further surface functionalization. In this study, a plasma-assisted UV
grafting strategy was developed to fabricate thermo-responsive and antibacterial hydrogel
coatings on PP nonwoven. Atmospheric-pressure plasma jet (APPJ) treatment was first
employed to activate the PP nonwoven surface, followed by UV-induced graft polymeriza-
tion of chitosan and N-isopropylacrylamide (NIPAAm), forming a chitosan-co-PNIPAAm
hydrogel immobilized on the nonwoven substrate. Surface characterization using water
contact angle measurement, Fourier transform infrared spectroscopy, and scanning electron
microscopy confirmed effective plasma activation and successful hydrogel grafting. APPJ
treatment significantly enhanced surface wettability, whereas subsequent UV grafting
formed a continuous hydrogel on the PP nonwoven surface. The modified nonwoven
exhibited distinct thermo-responsive swelling behavior in aqueous and simulated phys-
iological environments, associated with the temperature-sensitive characteristics of the
PNIPAAm component. In addition, the incorporation of chitosan imparted pronounced
antibacterial activity against Escherichia coli, with inhibition zone diameters ranging from
14 to 16.5 mm, indicating high antibacterial sensitivity. Preliminary cytocompatibility
evaluation further demonstrated favorable cell viability on the modified surfaces. This
study demonstrates a scalable and low-temperature surface engineering approach for
integrating stimuli-responsive and antibacterial hydrogel functionality into nonwoven
polymer substrates, offering potential for advanced biomedical textile applications.

Keywords: polypropylene nonwoven; atmospheric-pressure plasma jet; UV-induced graft
polymerization; thermo-responsive hydrogel; chitosan; antibacterial

1. Introduction

Polypropylene (PP) nonwoven fabrics are ubiquitous in biomedical and healthcare-
related textiles owing to their lightweight nature, mechanical robustness, chemical stability,
and cost-effectiveness [1,2]. These advantages make PP nonwoven fabrics ideal candidates
for disposable medical products, wound dressing, and protective textiles [2-4]. How-
ever, the intrinsic hydrophobicity and chemical inertness of PP nonwoven significantly
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restrict its surface functionalization, limiting its ability to interact effectively with biolog-
ical environments or integrate advanced functionalities, such as bioactivity and stimuli-
responsiveness [5,6]. Therefore, surface modification has become a critical strategy for
expanding the applicability of PP nonwoven-based materials without compromising their
bulk mechanical properties [3,7]. Among various surface engineering techniques, plasma
treatment has been extensively employed to activate polymer surfaces. Atmospheric-
pressure plasma jet (APP]) processing offers several advantages, including low-temperature
operation, solvent-free processing, and high efficiency, making it suitable for temperature-
sensitive nonwoven substrates [8-10]. The APPJ treatment can introduce reactive species
and oxygen/nitrogen-containing functional groups, which serve as essential initiation sites
for subsequent chemical grafting on inert surfaces [8-10].

A particularly pressing challenge in clinical nursing is the prevention and management
of pressure ulcers (bedsores), which are often exacerbated by accumulated body heat and
local moisture at the skin-textile interface. This is especially true for patients who stay in
bed and move very little. The skin is in constant contact with the fabrics. This contract lasts
for several hours every day. The heat and moisture remain in the same area. Problems
begin when the skin is wet for too long. The skin becomes softer and easier to damage.
Normal protective function is no longer robust. In this situation, bacteria can grow without
difficulty. Infections are more likely to occur, and healing also requires more time. Many
wound dressings used today are made of polymeric nonwoven materials. These materials
are mainly used to cover wounds, separating the wound from the outside. However,
these dressings do not respond to the events occurring at the wound site. For example, the
temperature changes are not controlled, moisture is not removed effectively, and bacteria are
not actively suppressed. Therefore, new types of polymeric dressings are being developed
for handling heat in a more controlled way, monitoring moisture more effectively, and
reducing bacterial growth on wound surfaces.

The integration of stimuli-responsive hydrogels with nonwoven substrates is a
promising solution. Stimuli-responsive hydrogels have attracted considerable attention
due to their ability to undergo reversible physicochemical changes in response to ex-
ternal stimuli, including temperature, pH, and ionic strength [11-13]. Among them,
poly(N-isopropylacrylamide) (PNIPAAm) is one of the most extensively studied thermo-
responsive polymers, exhibiting a lower critical solution temperature (LCST) of approxi-
mately 32-34 °C, which closely matches human skin temperature [13-17]. Below the LCST,
PNIPAAm-based networks are highly hydrated and swollen, whereas above the LCST,
polymer chains collapse due to enhanced hydrophobic interactions, leading to water expul-
sion and altered permeability [13-18]. PNIPAAm changes its state when the temperature is
close to body temperature. This change can occur many times and is reversible. For this
reason, PNIPAAm hydrogels have been used in various biomedical applications, including
drug delivery, tissue engineering, and wound dressings. In most cases, its temperature
responses to the environment are fully developed and skillfully designed.

Chitosan (CS), a derived polysaccharide obtained from the deacetylation of natural
chitin, has been widely incorporated into biomedical materials owing to its biocompatibility,
biodegradability, and inherent antibacterial activity [19-24]. The presence of protonated
amino groups allows chitosan to interact electrostatically with negatively charged bacterial
cell membranes, providing a non-leaching antibacterial mechanism that is especially de-
sirable for long-term wound care. In addition, chitosan exhibits pH-responsive swelling
behavior, which is highly relevant given that infected or chronic wounds often present ele-
vated pH values compared with healthy skin [18,23]. Consequently, chitosan not only con-
tributes antibacterial functionality but also enhances the environmental responsiveness of
wound dressing materials. The combination of chitosan with thermo-responsive polymers,
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such as PNIPAAm, has emerged as an effective strategy for fabricating multifunctional
hydrogels that integrate environmental responsiveness with biological activity [13,18,25,26].
However, most reported chitosan-PNIPAAm systems are prepared as bulk hydrogels, films,
or loosely attached to coatings [25-28]. These configurations often suffer from insufficient
mechanical robustness, poor adhesion to fibrous substrates, or limited durability under
repeated deformation, which restrict their practical implementation in medical textiles.
Moreover, achieving uniform and covalent immobilization of multifunctional hydrogels
onto chemically inert PP nonwoven fibers while preserving breathability, flexibility, and
mechanical integrity remains a significant technical challenge.

In this study, a plasma-assisted UV graft polymerization strategy was proposed to
fabricate thermo-responsive and antibacterial hydrogel coatings on PP nonwovens. The
APP] treatment was first applied to activate the PP nonwoven surface, followed by UV-
induced graft polymerization of chitosan and N-isopropylacrylamide to form a chitosan-
co-PNIPAAm hydrogel network covalently immobilized on the nonwoven substrate. The
surface chemistry, wettability, and morphology of the modified PP nonwoven were evalu-
ated at different temperatures and simulated physiological environments. Furthermore,
the antibacterial performance and cytocompatibility of the modified surfaces were assessed
to demonstrate their potential in biomedical textile applications. This study provides a
practical and scalable surface engineering approach for integrating stimuli-responsive
hydrogel functionality with polymeric nonwoven substrates, thereby offering insights into
the design of smart and bioactive polymeric textiles.

2. Materials and Methods
2.1. Pretreatment of Materials

PP nonwoven (18 g/ m?) was provided by the Taiwan Textile Research Institute (New

2. The PP nonwoven was industri-

Taipei City, Taiwan) and sectioned into 1 X 1 cm
ally fabricated via a thermal bonding (hot-pressing) process in air, which may induce
slight surface oxidation or leave trace amounts of oxygen-containing additives on the
PP nonwoven. The PP nonwoven substrates were ultrasonically cleaned sequentially in
mild detergent solution, ethanol, and deionized (DI) water for 15 min each to remove
surface contaminants and residual organic species. After cleaning, the samples were
dried in an oven at 40 °C overnight before surface modification. All materials were
handled with clean gloves throughout the pretreatment and subsequent experiments to
minimize the risk of contamination. All chemical reagents were purchased from Sigma-
Aldrich (St. Louis, MO, USA) and used as received without further purification, including
medium-molecular-weight chitosan (CS), N-isopropylacrylamide (NIPAAm, C¢Hy1NO,
Mw= 113.16 g/mole), ammonium persulfate (APS, (NH4)>S,0g, Mw= 228.20 g/mole),
N,N’-methylenebisacrylamide (NMBA, C;H;)N,O,, Mw= 154.17 g/mole), N,N,N’,N'-
tetramethylethylenediamine (TEMED, CgH;4Ny, Mw = 116.24 g/mole), and Vitamin B,
(Mw =376.36 g/mole, C17H9N4Og). The chitosan used in this work (Sigma-Aldrich) had a
reported degree of deacetylation of approximately 75-85%, a viscosity of 200-800 cP (1 wt%
in 1% acetic acid), and an ash content below 2%, according to the supplier’s specifications.

2.2. Atmospheric Pressure Plasma Jet Surface Activation

Atmospheric-pressure plasma jet (61G20, ae Plasma 41 Co., Ltd., Taoyuan City, Taiwan)
treatment was applied to activate the surface of the PP nonwoven substrates before UV graft
polymerization. The plasma system was equipped with a rotating jet head (¥ = 35 mm)
driven by an AC power supply. During APP] treatment, the PP nonwoven substrates were
mounted on a motorized moving stage and translated through the plasma discharge region
at a fixed linear speed of 20 mm/s. To ensure uniform surface exposure, adjacent scanning
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paths were arranged with partial overlap, allowing homogeneous plasma treatment over
the entire PP nonwoven surface. Argon was used as the working gas at a constant flow
rate of 20 slm (standard liter per minute), and the operating power was set to 300 W. The
distance between the plasma nozzle and the substrate surface was fixed at 10 mm. The
plasma treatment duration varied (30 s, 60 s, and 120 s) to investigate the effect of plasma
exposure on surface activation. All the treatments were performed at atmospheric pressure
and ambient temperature to avoid thermal damage to the PP nonwoven substrates. The
APPJ process introduced reactive species and polar functional groups (e.g., -OH and RNS)
onto the inert PP nonwoven surface, thereby enhancing surface reactivity and facilitating
subsequent UV-induced graft polymerization.

2.3. Thermo-Responsive Chitosan-co-PNIPAAm Hydrogel on PP Nonwoven Surfaces by UV Light
Surface-Induced Graft Polymerization

All sample solutions were prepared using deionized water. For the grafting precursor,
a CS solution with a concentration of 3 wt% was first prepared in a dilute acetic acid
solution. This solution was then mixed with a 5 wt% NIPAAm solution at a volume ratio
of 2:1. To enable controlled free-radical polymerization and hydrogel network formation,
the precursor solution was supplemented with 1 mol% APS as initiator, 5 mol% NMBA as
the crosslinking agent, and 1 mol% TEMED as accelerator based on NIPAAm monomer. In
addition, 0.05 mol% Vitamin B, (riboflavin) was used to assist the photoinitiation process.
The volume ratio of the monomer precursor solution to the riboflavin solution was kept
at 4:1. Plasma-activated PP nonwoven substrates were placed in a Pyrex Petri dish and
immersed in the prepared mixed solution. The samples were then exposed to UV light
to induce grafting. The UV wavelength was 365 nm, and the nominal output power was
1000 W, positioned at an approximate distance of 8 cm from the sample surface. The
irradiation intensity at the sample surface was estimated to be approximately 800 mW /cm?,
based on the lamp specifications and working distance. The irradiation time was 5 min.
During UV irradiation, the reaction was carried out in a circulating water bath set at 4 °C.
The continuous water circulation was used to remove excess heat generated by the UV
lamp and to keep the reaction temperature stable, thereby preventing overheating of the
samples. Following grafting, the samples were thoroughly rinsed with DI water and
soaked overnight to remove residual monomers and non-covalently bound polymers. The
grafted PP nonwoven samples were subsequently dried at room temperature before further
analysis. Figure 1 illustrates the preparation of surface-modified PP nonwovens.
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Figure 1. Schematic illustration of the surface functionalization process, involving APP]J pretreat-
ment followed by UV-induced graft polymerization of a thermo-responsive Chitosan-co-PNIPAAmM
hydrogel onto the PP nonwoven substrate.
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2.4. Characterizations
2.4.1. Wettability (Surface Hydrophobicity /Hydrophilicity)

The surface wettability and hydrophilicity of the pristine and modified PP nonwoven
samples were evaluated by water contact angle (WCA) measurements using the sessile
drop method. A deionized water droplet with a fixed volume of 0.9 uL was deposited onto
the sample surface to minimize the effects of gravity on the droplet shape. The contact
angles were captured and analyzed at room temperature using a digital microscope system
(Dino-Lite, AnMo Electronics Corporation, Hsinchu City, Taiwan) and a Dino Capture 2.0.
To ensure statistical reliability, measurements were performed at three distinct locations on
each specimen, and the results were reported as average values (1 = 3). The measurements
on fibrous substrates may be influenced by the interstitial spaces between fibers. Therefore,
the WCA measurements were used as a qualitative indicator to verify the surface transition
from hydrophobic to hydrophilic.

2.4.2. Surface Morphology and Structure Characterization

The surface morphology and chemical composition of the PP nonwoven samples were
characterized to verify the success of surface modification. The topographical changes in
the fibrous structure before and after modification were examined using a field-emission
scanning electron microscope (FE-SEM, JEOL JSM-6701F, Tokyo, Japan). Owing to the
non-conductive nature of the polymer substrates, the specimens were sputter-coated with
platinum for 30 s before observation to enhance the surface conductivity and prevent charg-
ing effects. Simultaneously, the chemical structure changes on the PP nonwoven surfaces
were analyzed using attenuated total reflection Fourier-transform infrared spectroscopy
(ATR-FTIR, Jasco FTIR-6200, Tokyo, Japan) in the wavenumber range of 4000-400 cm .
This analysis identified the characteristic functional groups introduced by the plasma
activation and subsequent UV graft polymerization.

2.4.3. Swelling Behavior of Grafted Thermo-Responsive Hydrogels on PP
Nonwoven Surfaces

The swelling behavior of the chitosan-co-PNIPAAm grafted PP nonwoven substrates
was evaluated gravimetrically to determine their thermo-responsive characteristics. Before
the swelling tests, the modified samples were dried to a constant weight, and their initial
dry weights (W,) were recorded. The specimens were then immersed in either deionized
water or simulated body fluid (SBF) and incubated at controlled temperatures of 25 °C or
37 °C to simulate ambient and physiological conditions. At predetermined time intervals,
the swollen samples were removed from the medium, gently blotted with a filter paper
to remove excess surface liquid, and weighed (W;). The swelling measurements were
performed until equilibrium was reached. The swelling ratio (SR) was calculated using the

following equation:

W;s — W,
SR(%) = % x 100%. (1)

0

2.4.4. In Vitro Cytocompatibility Evaluation

The cytocompatibility of the modified PP nonwoven samples was evaluated using an
in vitro cell viability assay with NIH-3T3 mouse embryonic fibroblast cells (Bioresource
Collection and Research Center, Hsinchu, Taiwan). This study did not involve live animals
or human subjects. The NIH-3T3 cells used in this study were commercially obtained cell
lines; therefore, ethical approval was not required. The relative cell viability was quantified
using the Alamar Blue assay, which monitored the metabolic activity of live cells through
the reduction of resazurin to resorufin. Before cell seeding, the modified PP nonwoven
specimens were sterilized by exposure to UV light from a biosafety cabinet for 24 h, and
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then placed into uncoated 24-well culture plates under aseptic conditions. NIH-3T3 cells
are cultured in Dulbecco’s modified Eagle medium (DMEM) supplemented with 10% fetal
bovine serum (FBS) and 100 U/mL penicillin-streptomycin—amphotericin. Cells were
seeded directly onto the sample surfaces at a density of 3 x 10* cells/mL and incubated in
a humidified incubator containing 5% CO; at 37 &+ 0.5 °C. Cell viability was assessed after
1,3, 5, and 7 days of culture. At each time point, Alamar Blue reagent was added to each
well, and the plates were incubated at 37 £ 0.5 °C for 4 h in the dark [29]. The absorbance
was measured at 570 nm using a microplate reader. Cell viability was expressed as the
mean = standard deviation of three independent measurements (1 = 3). Cytocompatibility
tests were performed on selected plasma-treated and hydrogel-grafted samples (30 s and
60 s plasma pretreatments) based on representative surface-modification conditions.

2.4.5. Antibacterial Activity Test

The antibacterial activity of the modified PP nonwoven samples was evaluated using
the disk diffusion method (Kirby—Bauer-type assay). Escherichia coli (E. coli, ATCC 25922)
was obtained from the Bioresource Collection and Research Center (BCRC, Hsinchu, Tai-
wan) and was used as a model gram-negative bacterium. The bacterial culture was grown
in nutrient broth at 37 °C for approximately 17 h with shaking at 250 rpm to reach the expo-
nential phase. The bacterial suspension was adjusted to a concentration of approximately
1 x 107 CFU/mL and uniformly spread onto agar plates. The modified and unmodified PP
nonwoven samples were cut into circular specimens with a diameter of 10 mm and placed
on the surface of the inoculated agar plates. Pristine PP nonwoven was used as the negative
control for antibacterial tests. The plates were incubated at 37 °C for 8, 12, and 24 h. The
antibacterial activity was assessed by measuring the diameter of the inhibition zone sur-
rounding each sample. The presence of a clear inhibition zone indicated the susceptibility
of the bacteria to the modified surfaces, whereas the absence of an inhibition zone indicated
no detectable antibacterial effect. All antibacterial experiments were performed in triplicate,
and the inhibition zone diameters were reported as the mean =+ standard deviation.

3. Results and Discussion
3.1. Wettability of Surface-Modified PP Nonwoven Samples

The surface wettability of untreated and surface-modified PP nonwoven samples was
evaluated by WCA measurements and water absorption behavior analysis. As summa-

rized in Table 1, the untreated PP nonwoven exhibited an apparent WCA of 83.6 & 2.4°,
confirming the hydrophobic nature of the PP nonwoven substrate.

Table 1. Wettability of pristine and surface-modified PP nonwoven samples.

Sample Water Contact Angle (°) Water Absorption Time (s)
PP nonwoven 83.6 £2.4 17.2
APPJ-treated PP nonwoven —f <1
APPJ + UV-chitosan-co-PNIPAAm (30 s) 485 £1.1* <5
APPJ + UV-chitosan-co-PNIPAAm (60 s) 424 4+28* <5
APPJ + UV-chitosan-co-PNIPAAm (120 s) 395+16* <5

Statistical significance was evaluated by one-way ANOVA followed by Dunnett’s test. p < 0.05 (*) compared with
pristine PP nonwoven. t Water droplets rapidly spread and penetrated the porous nonwoven structure upon
deposition, preventing reliable contact angle determination.

After APPJ treatment, the surface wettability of the PP nonwoven was markedly
enhanced. Water droplets deposited on the plasma-treated samples spread rapidly and
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penetrated the fibrous structure in less than 1 s, resulting in an apparent contact angle ap-
proaching 0° (complete wetting). This behavior is attributed to the combined effects of the
plasma-induced surface polar groups and capillary wicking arising from the porous, non-
woven architecture. Therefore, for plasma-only treated samples, the WCA measurements
primarily reflect qualitative changes in wettability rather than the absolute surface energy
values. Following UV-induced graft polymerization of chitosan-co-PNIPA Am hydrogels,
the modified PP surfaces exhibited apparent contact angles ranging from 48.5 & 1.1° to
39.5 £+ 1.6°, depending on the plasma pretreatment time. Compared with the plasma-only
treated samples, the grafted hydrogel layer regulated the rate of water penetration into
the nonwoven structure, leading to more stabilized droplet profiles that allowed quan-
titative comparison. The observed decrease in the contact angle with increasing plasma
treatment time suggests enhanced grafting efficiency and increased surface coverage of
the hydrophilic hydrogel network. Despite these differences in the contact angle values,
all modified samples exhibited rapid water absorption (<5 s), indicating significantly im-
proved wettability relative to pristine PP nonwoven. These results demonstrate that APPJ
activation followed by UV-induced grafting effectively modified the surface wetting be-
havior of PP nonwoven, transitioning the substrate from a hydrophobic surface to a highly
wettable and functionally regulated interface suitable for biological applications.

3.2. FTIR Characterization of Surface-Modified PP Nonwoven Samples

Figure 2 shows the ATR-FTIR spectra of pristine PP nonwoven, APP]-treated PP
nonwoven (120 s), and APP] + UV-chitosan-co-PNIPAAm grafted samples. The pristine
PP nonwoven exhibits characteristic absorption bands at approximately 2950-2840 cm ™!,
corresponding to C-H stretching vibrations of the polypropylene backbone, consistent with
its hydrophobic behavior observed in the WCA measurements. Yet, moderate absorption
peaks in the carbonyl region are observed, which are attributed to the thermo-oxidation
on the surface induced during the industrial thermal bonding (hot-pressing) process con-
ducted in air. Such superficial contributions do not represent the intrinsic chemical structure
of the PP and do not indicate the presence of amide groups. After APPJ treatment, the
appearance and increased intensity of absorption bands in the range of 1700-1600 cm !
can be attributed to the introduction of oxygen-containing functional groups, such as car-
bonyl (C=0) species, generated during plasma-induced surface oxidation. These newly
introduced functional groups serve as reactive sites for subsequent graft polymerization.
Following UV-induced grafting of the chitosan-co-PNIPAAm hydrogel, additional ab-
sorption bands become evident. The bands observed at approximately 1650 cm~! and
1540 cm~! are assigned to amide I (C=0 stretching) and amide II (N-H bending) vibra-
tions, respectively, confirming the successful incorporation of PNIPAAm and chitosan
components. A broad absorption band in the region of 3200-3500 cm ™! is also observed,
which is associated with overlapping O-H and N-H stretching vibrations from the hydrogel
network. Moreover, the intensity of these characteristic hydrogel-related bands increases
with increasing plasma pretreatment time from 60 s to 120 s, indicating enhanced grafting
efficiency. The FTIR analysis confirmed that APP] treatment facilitated surface oxidation
and enabled the successful grafting of the chitosan-co-PNIPAAm hydrogel onto the PP
nonwoven surface. After APPJ activation and UV-induced graft polymerization, additional
spectral features associated with oxygen and nitrogen-containing functionalities become
discernible, consistent with the enhanced wettability and regulated water uptake behav-
ior discussed above. However, due to the limited thickness of the modified surface and
the penetration depth of ATR-FTIR, the spectra remain dominated by the characteristic

absorption bands of the original PP nonwoven.
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Figure 2. FTIR spectra of pristine PP nonwoven, APP]-treated PP nonwoven (120 s), and APPJ +
UV-chitosan-co-PNIPAAm grafted samples prepared with plasma pretreatment times of 60 s and 120 s.

3.3. SEM Morphology of Surface-Modified PP Nonwoven Samples

Figure 3 shows the surface morphology of the pristine and surface-modified PP nonwo-
ven samples observed by scanning electron microscopy (SEM). The pristine PP nonwoven
sample is shown in Figure 3a. It exhibits a typical fibrous network with smooth fiber
surfaces and clear inter-fiber voids, which are characteristics of melt-blown PP nonwoven
structures. Figure 3b—d shows PP nonwoven samples after APPJ treatment for 30, 60, and
120 s. The fibrous structure is present in all cases. The fibers do not show melting or
fusion. No obvious damage is observed. The fiber surfaces appear slightly rougher than
those of pristine PP. Compared to the pristine sample, the plasma-treated fibers exhibited
slightly increased surface roughness and subtle textural changes, which can be attributed
to plasma-induced surface etching and oxidation. Table 2 shows the elemental composition
data obtained from the EDS analysis. The pristine PP nonwoven fabric has an oxygen
content of 23.07 wt%, verifying the introduction of surface carbonyl group during the
preparation of this PP nonwoven by further hot-pressing. After plasma treatment, the
carbon content decreases. The oxygen content increases with treatment time. For example,
the oxygen content increases to 30.47 wt% after 120 s of plasma treatment. Nitrogen is also
detected after plasma exposure.

These surface modifications are expected to enhance surface reactivity and provide ac-
tive sites for subsequent graft polymerization. Figure 3e—g shows the PP nonwoven sample
after UV-induced grafting of CS-co-PNIPAAm hydrogel. The fiber surfaces are no longer
smooth. A layer can be seen on the fibers. Some of the open spaces between fibers become
connected by this layer. The EDS data after grafting show further changes. The carbon
content decreases to 53.92-57.86 wt%. The oxygen content increases to 35.02-39.17 wt%.
Notably, the nitrogen content increased to approximately 7 wt% for all grafted samples.
Nitrogen is barely present in the PP nonwoven. Therefore, this increase is due to the grafted
hydrogel with the incorporation of nitrogen-containing chitosan and PNIPAAm chains.
Moreover, the gradual increase in oxygen and nitrogen contents with increasing plasma
pretreatment time (30-120 s) indicates that enhanced surface activation promotes more
effective grafting of the hydrogel. Samples treated with longer plasma times show slightly
higher oxygen and nitrogen contents after grafting. This suggests that plasma pretreatment
affects the grafting behavior. The overall structure of the nonwoven is still maintained
after grafting.
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Figure 3. SEM images of pristine and surface-modified PP nonwoven samples (a) pristine PP non-
woven; (b—d) APPJ-treated PP nonwoven APPJ-treated PP nonwoven samples under progressively
increased plasma treatment conditions (30 s, 60 s, 120 s); and (e-g) chitosan-co-PNIPAAm hydrogel
grafted PP nonwoven samples were prepared with increasing plasma pretreatment (30 s, 60 s, and
120 s) before UV-induced graft polymerization.

Table 2. EDS elemental composition (wt%) of pristine and surface-modified PP nonwoven.

Weight Concentration (%)

Sample
C N (0]

PP nonwoven 75.11 1.82 23.07
APPJ-treated PP nonwoven (30 s) 70.68 4.06 26.28
APP]J-treated PP nonwoven (60 s) 66.96 4.72 28.32
APPJ-treated PP nonwoven (120 s) 64.51 5.02 30.47
APP] + UV-chitosan-co-PNIPAAm (30 s) 57.86 7.12 35.02
APPJ + UV-chitosan-co-PNIPAAm (60 s) 54.18 7.27 38.55
APPJ + UV-chitosan-co-PNIPAAm (120 s) 53.92 6.91 39.17

Although the hydrogel layer partially bridges the inter-fiber voids, the layer remains
thin and does not block the overall porous structure. The nonwoven substrate, therefore,
retains its flexibility and permeability. Based on the combined SEM and EDS results, a thin
and continuous chitosan-co-PNIPAAm hydrogel layer is successfully formed on the PP
fibers without destroying the original fibrous architecture.

3.4. Swelling Behavior of Hydrogel-Grafted PP Nonwoven Samples

Table 3 lists the equilibrium swelling ratios of pristine and surface-modified PP nonwo-
ven samples. The measurements were carried out in deionized water and simulated body
fluid (SBF). Two temperatures were selected, 25 °C and 37 °C. The pristine PP nonwoven
and the APPJ-treated PP nonwoven show relatively high swelling ratios. This is because
of its porous fiber structure, which can absorb a lot of water through capillary action. The
values do not change much at 25 °C and 37 °C. Different results are observed for the
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APPJ + UV-chitosan-co-PNIPAAm hydrogel samples. These samples show lower swelling
ratios due to the grafted hydrogel layer covering the surface, though the hydrogel is hy-
drophilic. The hydrophilic hydrogel can absorb water but restrain water from entering the
pores of the PP nonwoven, thereby leading to lower swelling ratios. The swelling behavior
also changes with temperature. For the hydrogel-grafted samples, the swelling ratios at
37 °C are lower than those at 25 °C. This trend is observed in both deionized water and
SBE. This behavior is related to the temperature response of PNIPAAm. When the plasma
pretreatment time is increased, the swelling ratio becomes lower, indicating enhanced
grafting density and more effective hydrogel network formation. This trend suggests that
longer plasma treatment affects the grafting process and the hydrogel structure. These
results confirm that the swelling behavior of the modified PP nonwoven is governed by the
thermo-responsive hydrogel rather than by the PP nonwoven substrate itself.

Table 3. Equilibrium swelling ratios of pristine and surface-modified PP nonwoven samples measured
in DI water and SBF at 25 °C and 37 °C. All values are reported as mean =+ standard deviation (n = 3).

Sample Deioniozedo Deioniozed0 SBF,025 °C SBF'037 °C
Water, 25 °C (%)  Water, 37 °C (%) (%) (%)

PP nonwoven 92.23 £0.25 97.14 £0.23 9421 £0.18 9245+ 0.13

APPJ-treated PP nonwoven (30 s) 94.36 + 0.38 98.29 + 0.16 97.34 + 0.29 96.78 + 0.34
APPJ-treated PP nonwoven (60 s) 95.56 + 0.13 98.46 + 0.14 97.56 + 0.38 97.23 £+ 0.23
APP]J-treated PP nonwoven (120 s) 97.44 £+ 0.34 98.32 £ 0.17 98.15 + 0.24 98.68 £+ 0.28
APPJ + UV-chitosan-co-PNIPAAm (30 s) 73.0+£024* 75.76 £ 0.23* 7673 £021* 80.34+0.19*
APPJ + UV-chitosan-co-PNIPAAm (60 s) 68.46 £ 0.24 * 7239 £ 0.35* 7856 £023* 7753 +0.13*

APPJ + UV-chitosan-co-PNIPAAm (120 s) 65.31 £0.12* 7474 £0.23* 81.36 £ 0.14* 80.92 £0.35*

Statistical significance was evaluated by one-way ANOVA followed by Dunnett’s test. p < 0.05 (*) compared with
pristine PP nonwoven under the same medium and temperature conditions.

3.5. Cytocompatibility Evaluation of Surface-Modified PP Nonwoven Samples

The cytocompatibility of the pristine and surface-modified PP nonwoven samples
was evaluated using NIH-3T3 fibroblasts, and the results are presented in Figure 4. Cell
viability was assessed using the Alamar Blue assay after 1, 3, 5, and 7 days of incubation.
As shown in Figure 4, all tested samples exhibited cell viability comparable to or higher
than that of pristine PP nonwoven throughout the culture period, indicating that neither
APP] treatment nor subsequent CS-co-PNIPAAm hydrogel grafting induced any detectable
cytotoxic effects. Pristine PP nonwoven showed stable cell viability over time, serving as a
suitable reference substrate.

Compared to pristine PP, the APPJ-treated samples (30 s and 120 s) exhibited slightly
enhanced cell viability, particularly at extended culture times. This improvement can
be attributed to plasma-induced surface activation, which increases surface wettability
and promotes favorable cell-surface interactions. Importantly, no adverse effects on cell
viability were observed after plasma treatment under the tested conditions. Furthermore,
the PP nonwoven samples grafted with CS-co-PNIPAAm hydrogels demonstrated consis-
tently stable cell viability at all time points. The presence of the hydrogel layer did not
compromise cytocompatibility and, in some cases, resulted in a higher cell viability than
that of untreated PP nonwoven. This behavior is likely associated with the hydrophilic and
biocompatible nature of chitosan-containing polymer networks, which provide a favorable
microenvironment for cell attachment and proliferation.
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Figure 4. Cell viability of NIH-3T3 fibroblasts cultured on pristine and surface-modified PP nonwoven
samples was evaluated using the Alamar Blue assay after 1, 3, 5, and 7 days of incubation. The
samples included pristine PP nonwoven, APPJ-treated PP nonwoven (30 s and 120 s), and CS-co-
PNIPAAm grafted PP nonwoven prepared with plasma pretreatment of 30 s and 120 s. Data are
presented as mean =+ standard deviation (1 = 3). Statistical significance was evaluated by one-way
ANOVA followed by Dunnett’s test. p < 0.05 (*), p < 0.01 (**) compared with untreated PP nonwoven
at the same time point.

The cytocompatibility results confirmed that the surface modification strategy em-
ployed in this study preserved the biocompatibility of the PP nonwoven substrates. The
combination of plasma activation and hydrogel grafting yields a cytocompatibility surface
suitable for potential biomedical textile applications.

3.6. Antibacterial Activity of Surface-Modified PP Nonwoven Samples

The antibacterial activity of pristine and surface-modified PP nonwoven samples
against Escherichia coli was evaluated using a disk diffusion (Kirby-Bauer-type) assay at
37 °C, and representative inhibition zone images are shown in Figure 5. The pristine PP
and plasma-treated PP nonwoven samples exhibited negligible inhibition zones, indicating
their limited intrinsic antibacterial activity.

In contrast, the PP nonwoven samples grafted with CS-co-PNIPAAm hydrogels exhib-
ited clear inhibition zones at all examined time points, confirming the effective antibacterial
functionality imparted by the chitosan-containing hydrogel. The presence of inhibition
zones demonstrates that the surface modification strategy successfully endowed the PP
nonwoven with antibacterial properties. The quantitative analysis of the inhibition zone
diameters is summarized in Table 4, showing that hydrogel-grafted samples consistently ex-
hibited larger inhibition zones than the untreated and plasma-treated groups. The diameter
of the inhibition zone gradually decreased with increasing incubation time from 8 to 24 h.
This time-dependent behavior is attributed to the contact-based and diffusion-limited an-
tibacterial mechanisms of the surface-grafted hydrogel, rather than the continuous release
of antibacterial agents. As the incubation proceeded, bacterial regrowth at the periphery
of the inhibition zones resulted in a reduction in the apparent zone diameter, which is
commonly observed in surface-mediated antibacterial systems. The enhanced antibacterial
performance of the grafted samples is primarily associated with the functional contribution
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of chitosan to the polymer network. The positively charged chitosan component interacts
with the negatively charged bacterial cell membranes, thereby inhibiting bacterial growth
near the modified surface.

8hr 12hr 24hr

APP] treatment
(D:1em/T:30s)

APPJ (D:1en/T:30s JUV-|
P(Chitosan-co-NIPAAL) 2:1

Figure 5. Antibacterial activity of pristine and surface-modified PP nonwoven samples against E. coli
evaluated by a disk diffusion (Kirby—Bauer-type) assay at 37 °C. Inhibition zones were recorded after
8, 12, and 24 h of incubation. The decrease in inhibition zone size over time reflects the contact-based
and diffusion-limited antibacterial behavior of the surface-modified samples.

Table 4. Antibacterial activity against E. coli (mean =+ SD, n = 3).

Sample 8 h (mm) 12 h (mm) 24 h (mm)
Pristine PP nonwoven 0 0 0
APP]J-treated PP nonwoven (30 s) 0 0 0
APPJ + UV-chitosan-co-PNIPAAm (30 s) 170+ 0.8 16.0 £ 0.8 15.0 £ 0.7
APPJ + UV—p(CS-co-NIPAAmM) (60 s) 18.0 £ 0.9 170+ 0.2 16.0 £ 0.2
APPJ + UV-p(CS-co-NIPAAm) (120 s) 14.0 £ 0.7 125+ 0.7 11.0 £ 0.6

Values are expressed as mean + standard deviation (1 = 3). “0” indicates no observable inhibition zones.

Overall, these results demonstrated that the CS-co-NIPAAm hydrogel grafted PP
nonwoven samples provided effective short-term antibacterial protection at physiological
temperatures. Such surface-mediated antibacterial behavior is particularly relevant for
biomedical textile applications, where immediate suppression of bacterial adhesion and
early-stage colonization are desired.

4. Conclusions

In this study, a plasma-assisted UV grafting strategy was successfully developed to
functionalize PP nonwoven surfaces with a thermo-responsive CS-co-NIPAAm hydrogel.
APP]J treatment effectively activated the chemically inert PP nonwoven surface, generating
reactive sites that enabled subsequent UV-induced graft polymerization of a chitosan-based
thermo-responsive hydrogel.

Surface characterization confirmed the successful surface modification at each process-
ing stage. The FTIR and SEM-EDS analyses revealed the introduction of oxygen-containing
functional groups after the plasma treatment and the appearance of characteristic amide
bands after hydrogel grafting, indicating effective incorporation of chitosan and PNIPAAm
components. SEM observations demonstrated that the surface modification was uniform
and conformal, while preserving the intrinsic fibrous morphology and structural integrity of
the PP nonwoven substrate. As a result, the surface-modified samples exhibited markedly
enhanced wettability, transitioning from an intrinsically hydrophobic surface to a highly
wettable interface with rapid liquid uptake.

Swelling ratio studies revealed that the hydrogel grafted PP nonwoven exhibited
regulated, medium, and temperature-dependent swelling behavior. Compared to DI water,
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samples immersed in SBF displayed more stable swelling profiles, and reduced swelling
was observed at physiological temperature (37 °C), consistent with the thermo-responsive
nature of the PNIPAAm component. The combination of rapid wetting and controlled
equilibrium swelling is particularly advantageous for maintaining a balanced moisture
environment in biomedical textile applications.

Moreover, the hydrogel grafted PP nonwoven samples demonstrated effective surface-
mediated antibacterial activity against E. coli at 37 °C, whereas pristine and plasma-treated
PP nonwoven samples showed negligible antibacterial effects. The antibacterial perfor-
mance is attributed to the presence of chitosan within the grafted hydrogel network and is
characterized by a contact-based, diffusion-limited mechanism. Cytocompatibility evalua-
tion using NIH-3T3 fibroblasts confirmed that the surface modification strategy did not
induce detectable cytotoxic effects, indicating the good biocompatibility of the modified PP
nonwoven surfaces.

The results of this study demonstrate that plasma-assisted grafting of CS-co-PNIPAAm
hydrogels provides an effective and versatile approach for imparting multifunctionality
to PP nonwoven substrates, including improved wettability, regulated swelling, antibac-
terial activity, and cytocompatibility while preserving the desirable bulk properties of
the nonwoven structure. This surface modification strategy shows strong potential for
biomedical textile applications, particularly in wound dressings and related healthcare
materials, where moisture management, infection control, and biocompatibility are critical.

Author Contributions: Conceptualization, Y.-Q.H.; methodology, M.-H.N. and Y.-Q.H.; validation,
M.-H.N,, S.-C.L. and T.-M.D,; formal analysis, S.-C.L.; investigation, M.-H.N. and Y.-Q.H.; resources,
T.-M.D.; data curation, M.-H.N.; writing—original draft, S.-C.L.; writing—review and editing, S.-C.L.
and T.-M.D,; visualization, Y.-Q.H.; supervision, S.-C.L.; funding acquisition, T.-M.D. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding authors.

Acknowledgments: Special thanks are given to the National Chung Hsing University (MOST 108-
2731-M-005-001) for FESEM support.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Venkataraman, D.; Shabani, E.; Park, ].H. Advancement of Nonwoven Fabrics in Personal Protective Equipment. Materials 2023,
16, 3964. [CrossRef] [PubMed]

2. Kopeckd, R.; Pfihoda, J.; Pospisil, L. Modified Polypropylene Nonwoven Textile for Filter Facial Masks. Am. J. Biomed. Sci. Res.
2020, 9, 1423. [CrossRef]

3. Hachim, D.; Brown, B.N. Surface Modification of Polypropylene for Enhanced Layer-by-Layer Deposition of Polyelectrolytes. J.
Biomed. Mater. Res. A 2018, 106, 2078-2085. [CrossRef] [PubMed]

4. Ma, W-X;; Li, Y.-G.; Wy, Y.-L. Immobilization of Functional Biomolecules onto Polypropylene Fabric Using Plasma Pre-Treatment.
J. Biomater. Appl. 2020, 35, 699-710. [CrossRef]

5.  Ozmen, F; Korpayev, S.; Akkas Kavakly, P.; Kavakli, C. Activation of Inert Polyethylene/Polypropylene Nonwoven Fiber by
Plasma-Initiated Grafting and Amine Functionalization of the Grafts for Cu(II), Co(II), Cr(III), Cd(II) and Pb(II) Removal. React.
Funct. Polym. 2022, 174, 105234. [CrossRef]

6. Xu, Z.; Deng, J.; Lai, Y. Stimuli-Responsive Biomedical Polymeric Films for Tissue Regeneration. Microstructures 2025, 5, 2025055.
[CrossRef]

7. Nedgéla, O.; Slepicka, P; Svoréik, V. Surface Modification of Polymer Substrates for Biomedical Applications. Materials 2017,

10, 1115. [CrossRef]

https://doi.org/10.3390/polym18040479


https://doi.org/10.3390/ma16113964
https://www.ncbi.nlm.nih.gov/pubmed/37297096
https://doi.org/10.34297/AJBSR.2020.09.001423
https://doi.org/10.1002/jbm.a.36405
https://www.ncbi.nlm.nih.gov/pubmed/29569359
https://doi.org/10.1177/1558925020978651
https://doi.org/10.1016/j.reactfunctpolym.2022.105234
https://doi.org/10.20517/microstructures.2024.139
https://doi.org/10.3390/ma10101115
https://doi.org/10.3390/polym18040479

Polymers 2026, 18, 479 14 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Liao, S.-C.; Wu, Y.-D,; Siao, J.-K. Atmospheric-Pressure Plasma Jet-Induced Graft Polymerization of Composite Hydrogel on
3D-Printed Polymer Surfaces for Biomedical Application. Coatings 2023, 13, 367. [CrossRef]

Jung, E.Y,; Shin, B.J.; Suleiman, H.O.; Tae, H.-S.; Park, C.-S. Review of Plasma-Synthesized /Modified Polymer and Metal
Nanoparticles for Biomedical Applications Using Cold Atmospheric Pressure Plasma. Polymers 2025, 17, 2856.

Farhat, S.; Gilliam, M.; Rabago-Smith, M.; Baran, C.; Walter, N.; Zand, A. Polymer Coatings for Biomedical Applications Using
Atmospheric Pressure Plasma. Surf. Coat. Technol. 2014, 241, 123-129. [CrossRef]

Serpico, L.; Dello Iacono, S.; Cammarano, A.; De Stefano, L. Recent Advances in Stimuli-Responsive Hydrogel-Based Wound
Dressing. Gels 2023, 9, 451. [CrossRef]

Zhang, W.; Hu, J.; Wu, H,; Lin, X; Cai, L. Stimuli-Responsive Hydrogel Dressing for Wound Healing. APL Mater. 2025, 13, 010601.
[CrossRef]

Protsak, I.S.; Morozov, Y.M. Fundamentals and Advances in Stimuli-Responsive Hydrogels and Their Applications: A Review.
Gels 2025, 11, 30. [CrossRef] [PubMed]

Neumann, M.; di Marco, G.; Iudin, D.; Viola, M.; van Nostrum, C.E,; van Ravensteijn, B.G.P.; Vermonden, T. Stimuli-Responsive
Hydrogels: The Dynamic Smart Biomaterials of Tomorrow. Macromolecules 2023, 56, 8663-8685. [CrossRef] [PubMed]
El-Husseiny, H.M.; Mady, E.A.; Hamabe, L.; Abugomaa, A.; Shimada, K.; Yoshida, T.; Tanaka, T.; Yokoi, A.; Elbadawy, M.; Tanaka,
R. Smart/Stimuli-Responsive Hydrogels: Cutting-Edge Platforms for Tissue Engineering and Other Biomedical Applications.
Mater. Today Bio 2022, 13, 100186. [CrossRef]

Pan, Y.V.; Wesley, R.A.; Luginbuhl, R.; Denton, D.D.; Ratner, B.D. Plasma Polymerized N-Isopropylacrylamide: Synthesis and
Characterization of a Smart Thermally Responsive Coating. Biomacromolecules 2000, 2, 32-36. [CrossRef]

Chen, K.-S.; Chang, S.-J.; Feng, C.-K.; Lin, W.-L.; Liao, S.-C. Plasma Deposition and UV Light Induced Surface Grafting
Polymerization of NIPAAm on Stainless Steel for Enhancing Corrosion Resistance and Its Drug Delivery Property. Polymers 2018,
10, 1009. [CrossRef]

Narayana, S.; Gowda, B.H.J.; Hani, U.; Ahmed, M.G.; Asiri, Z.A.; Paul, K. Smart Poly(N-isopropylacrylamide)-Based Hydrogels:
A Tour d'Horizon of Biomedical Applications. Gels 2025, 11, 207. [CrossRef]

Zhao, D.; Yu, S.; Sun, B.; Gao, S.; Guo, S.; Zhao, K. Biomedical Applications of Chitosan and Its Derivative Nanoparticles. Polymers
2018, 10, 462. [CrossRef]

Chicea, D.; Nicolae-Maranciuc, A. A Review of Chitosan-Based Materials for Biomedical, Food, and Water Treatment Applications.
Materials 2024, 17, 5770. [CrossRef]

Chuang, C.-Y.; Don, T.-M.; Chiu, W.-Y. Synthesis and Properties of Chitosan-Modified Poly(acrylic acid). J. Appl. Polym. Sci. 2008,
109, 3382-3389. [CrossRef]

Hsu, S.-C.; Don, T.-M.; Chiu, W.-Y. Synthesis of Chitosan-Modified Poly (methyl methacrylate) by Emulsion Polymerization. J.
Appl. Polym. Sci. 2002, 86, 3047-3056. [CrossRef]

Don, T.-M.; Hsu, S.-C.; Chiu, W.-Y. Structures and Thermal Properties of Chitosan-Modified Poly(methyl methacrylate). J. Polym.
Sci. Part A Polym. Chem. 2001, 39, 1646-1655. [CrossRef]

Aranaz, I.; Alcdntara, A.R.; Civera, M.C.; Arias, C.; Elorza, B.; Heras Caballero, A.; Acosta, N. Chitosan: An Overview of Its
Properties and Applications. Polymers 2021, 13, 3256. [CrossRef] [PubMed]

Babelyte, M.; Peciulyte, L.; Navikaite-Snipaitiene, V.; Bendoraitiene, J.; Samaryk, V.; Rutkaite, R. Synthesis and Characterization
of Thermoresponsive Chitosan-graft-poly(N-isopropylacrylamide) Copolymers. Polymers 2023, 15, 3154. [CrossRef]

McCarthy, P.C.; Zhang, Y.; Abebe, F. Recent Applications of Dual-Stimuli Responsive Chitosan Hydrogel Nanocomposites as
Drug Delivery Tools. Molecules 2021, 26, 4735. [CrossRef]

Chuang, C.-Y.; Don, T.-M.; Chiu, W.-Y. Synthesis and Properties of Chitosan-Based Thermo- and pH-Responsive Nanoparticles
and Application in Drug Release. J. Polym. Sci. Part A Polym. Chem. 2009, 47, 2798-2810. [CrossRef]

Conzatti, G.; Nadal, C.; Berthelot, J.; Vachoud, L.; Labour, M.-N.; Tourrette, A.; Belamie, E. Chitosan-PNIPAM Thermogel
Associated with Hydrogel Microspheres as a Smart Formulation for MSC Injection. ACS Appl. Bio Mater. 2024, 7, 2370-2382.
[CrossRef]

Dinh, M.N.; Hitomi, M.; Al-Turaihi, Z.A.; Scott, ].G. Alamar Blue Assay Optimization to Minimize Drug Interference and
Inter-Assay Viability. MethodsX 2023, 13, 103024. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/polym18040479


https://doi.org/10.3390/coatings13020367
https://doi.org/10.1016/j.surfcoat.2013.10.077
https://doi.org/10.3390/gels9060451
https://doi.org/10.1063/5.0245545
https://doi.org/10.3390/gels11010030
https://www.ncbi.nlm.nih.gov/pubmed/39852001
https://doi.org/10.1021/acs.macromol.3c00967
https://www.ncbi.nlm.nih.gov/pubmed/38024154
https://doi.org/10.1016/j.mtbio.2021.100186
https://doi.org/10.1021/bm0000642
https://doi.org/10.3390/polym10091009
https://doi.org/10.3390/gels11030207
https://doi.org/10.3390/polym10040462
https://doi.org/10.3390/ma17235770
https://doi.org/10.1002/app.28420
https://doi.org/10.1002/app.11333
https://doi.org/10.1002/pola.1142
https://doi.org/10.3390/polym13193256
https://www.ncbi.nlm.nih.gov/pubmed/34641071
https://doi.org/10.3390/polym15153154
https://doi.org/10.3390/molecules26164735
https://doi.org/10.1002/pola.23369
https://doi.org/10.1021/acsabm.4c00071
https://doi.org/10.1016/j.mex.2024.103024
https://doi.org/10.3390/polym18040479

	Introduction 
	Materials and Methods 
	Pretreatment of Materials 
	Atmospheric Pressure Plasma Jet Surface Activation 
	Thermo-Responsive Chitosan-co-PNIPAAm Hydrogel on PP Nonwoven Surfaces by UV Light Surface-Induced Graft Polymerization 
	Characterizations 
	Wettability (Surface Hydrophobicity/Hydrophilicity) 
	Surface Morphology and Structure Characterization 
	Swelling Behavior of Grafted Thermo-Responsive Hydrogels on PP Nonwoven Surfaces 
	In Vitro Cytocompatibility Evaluation 
	Antibacterial Activity Test 


	Results and Discussion 
	Wettability of Surface-Modified PP Nonwoven Samples 
	FTIR Characterization of Surface-Modified PP Nonwoven Samples 
	SEM Morphology of Surface-Modified PP Nonwoven Samples 
	Swelling Behavior of Hydrogel-Grafted PP Nonwoven Samples 
	Cytocompatibility Evaluation of Surface-Modified PP Nonwoven Samples 
	Antibacterial Activity of Surface-Modified PP Nonwoven Samples 

	Conclusions 
	References

