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ABSTRACT

Polypropylene (PP) non-woven fabrics have been treated with low
temperature plasma treatment. Subsequently, the plasma treated samples
were grafted using chitosan. Surface properties of the treated sampleswere
characterized by scanning electron microscopy, Fourier transform infrared
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spectroscopy, anti bacterial efficiency, water drop test and dyeability
measurements. The grafted non-woven exhibit improved antibacterial
efficiency and dyeing properties.  © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Synthetic fibersarenow of great importancein tex-
tile production. Among many syntheticfibers, polypro-
pylene (PP) has been widely used because of its
strength, abrasion resistance, resiliency, and low cost™
3. Polypropylene (PP) non-woven fabrics produced
by the melt-blowing and spun-bonding process have
found great utility in many diverseapplications. Differ-
ent attributesor properties of thefabricsarerequired
depending on the application. Polypropylene (PP)
nonwovens have been produced for awide range of
applications such as agriculture, coalescing, health,
adsorbents and etc. In spite of some good properties
like chemical and abrasion resistance, low cost and
ability to berecycled, PP hasvery week hydrophilic
and bonding properties. Therefore, any surface modifi-
cation method such as plasma, capabl e of overcoming
these shortcomingsisof importance.

A conventiona method used for imparting the de-

sired permanent hydrophilicity ischemica graft poly-
merization requiring the use of organic solventsand a
catalyst that, however, presents both health and envi-
ronmenta concerns. Anenvironmentally attractivea-
ternativeto the use of organic solventsisthelow tem-
perature plasmasurface activation of PP non-woven,
wherepolar molecular fragmentsaffecting thewettability
and radicalsserving asthereactive speciesfor thegraft
polymerization are formed on the fabric fibers sur-
faced®s,

To activateahydrophobic PPnonwoven fabric sur-
face, plasma pretreatment iswidely recognized asa
clean and effectivemethod. Plasmaprocessinginvolves
reectivechemistriesderivativefromeectrons, ions, and
freeradicals. Low temperature plasmaprocessing is
progressively applied to activate the outermost surface
of apolymer, likewise, not to affect itsstructural di-
mensions. Both, ionized speciesand freeradicasinthe
reactive plasmamay interact with molecular chains of
thesubstrate”.
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In the other point of view, chitosan is a
bi ocompeatible and biodegradablenatural polymer with
antimicrobid activity, biologica functionality, and non-
toxicity®.

The presence of free amino groups helpsin bio-
logicd ectivities. Oneof theseistheantimicrobia activ-
ity!®. Also chitosan has got wideapplicationintextile
dyeingandfinishing asasubgtitutefor thevariouschemi-
casusedintextile processing™.

Themagor problem of chitosanisitspoor durabil-
ity ontextilefabricsduetoitslack of strong bonding
with fabrics. A number of chemicals have been em-
ployed to textile goodsto solvethis problem. Many
of these chemicals, however, aretoxic to human be-
ings and do not easily degrade in the environment.
Plasmaisan excellent candidate for an eco-friendly
textilefinishing. Surface modificationswith plasma
treatment have been studied widely for textile and
polymer material s because plasmaprocesses are en-
vironmentally friendly and reduce wet chemical and
energy consumptioni-13,

Itisamedinthiswork to study the effect of plasma
treatment with air and nitrogen gases followed by
chitosan grafting treatment on surface modification of
polypropylene nonwoven Fabrics. Thisstudy utilizes
gpedifictrestmentscombined with physical andbiological
eva uationsto optimizethemodified surface. Our amis
to widen the application of thisporousand disposable
materid for biomedica use. Besidestheantimicrobial
activity on PPfabric, other textile propertiessuch as
dyesbility, havea so been studied

EXPERIMENTAL

Materials

Nonwoven polypropylene Fabric (Spun bond,
SUBS 18 gsm, width 19 cm) was prepared from
Baftineh Co. (Malayer, Iran), and usedin all experi-
ments. Before LTPtreatments, in order to minimizethe
chance of contamination, sampleswere washed with
1% nonionic detergent solutionin 70 °C water for 15
min and then rinsed with water for another 15 min, and
dried at room temperature. Air and nitrogen gases (high
purity) weresupplied by theAir Company (Iran). Ace-
tic acid was purchased from Fulka co. We have used
acidic dye (C.l. acid red 151) for dyeing processes.
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Chitosan from Merck (deacetylation degree of 85%)
was obtained and used. All other reagentswere of a
commercid gradeof purity.

Cold plasma process

A direct current (DC) magnetron-sputtering device
was used for plasmatreatment!*-*3, Air and nitrogen
gaseswereused asworking gases. An auminum (Al)
post cathode was used because of itslower sputtering
rate. Fabric sampleswere put on theanodein plasma
reactor.

The chamber was pumped downto 2 x 103torr
using arotary pump, and then air or N, was admitted
into it up to a pressure of 5 x 102 torr. During the
plasmatreatment, power was very important, consid-
ering thelow melting point (165-173 °C) of thefab-
rics. After aseriesof preliminary experiments, themost
suitable experimenta conditionsfor thelow pressure
plasmaactivation of thefabric surfacewerefound and
the samples were activated with best condition of
plasma. The current and voltage of the system were
kept constant at 200 mA and 1000V, respectively. It
wasfound that, 5 min exposure timefor both of used
gasesisenough for activation of thesamples. It should
be mentioned that both sides of fabric sampleswere
activated by plasmatreatment.

Treatment of nonwoven PPfabricwith chitosan

For grafting experiment, the chitosan powder was
dissolved inthe deionized water containing 4% acetic
acid. Thefina concentration of the chitosan solutions
were4% and 8%. Immediately after plasmaactivation,
chitosan was gpplied to polypropylenefabric by apad-
dry-curemethod. Polypropylenefabricwas padded with
the chitosan solution at 80% wet pickup, dried at 90
°C for 3min, and cured at 100 °C for 2 min. Polypro-
pylenefabricsgrafted with chitosan werethen washed
by immersionindeionized water for 5minfor removing
the non grafted chitosan from the surface of samples,
whichwasrepeated for twotimes. They werethendried
at 60°C for 20min.

Testing of antibacterial efficiency

Inthe bacteria counting test, Luria-Bertani media
(LB) broth wasused asthe growing mediumfor Sta-
phylococcus aureus. Bacteriawere dripped into10 ml
of LB broth to reach a cell concentration of 108
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(CFU)/ml. Thenthiswasdiluted to acell concentra-
tion of 106 (CFU)/ml. Thefabric samples(1cm x 1
cm sizes) were put into a 1ml bacteria suspension,
and all samples were incubated for 24 h at 37° C.
Then from each incubated sample, 100 pl of solution
wastaken and distributed over an agar plate. All plates
wereincubated againfor 24 h, and the col oniesformed
on them were counted. The percentage reduction was
determined asfollows:

Reduction (%) = (C-A)/C 1)
Where C and A arethe col onies counted on the plate
of thecontrol and on thetreated sample, respectively.

Fourier transforminfrared spectr oscopy

Thefunctional groups on the surface of samples
wereexamined usang FTIR spectrometer (Bomem MB-
100, Canada).

Morphological sudy

The surface morphology of untreated and treated
fabricswereobserved using ascanning eectron micro-
scope (SEM, Philips, XL30, Netherland) with an ac-
celerating voltage of 25 kV. The samples were pre
coated with gold, using a sputter coater (SCDOOS,
Bal- Tec, Swissmade).

Water dropstest

Hydrophilicity of fabricshasbeen evauated by de-
termining thewetting timein secondsusing thedrop
test. Thetest schematically consistsof laying downa
droplet of water of constant volume on the surface of
thefabric and measuring thetimerequired for itscom-
plete absorption™, Resultsindicated in thiswork are
theaverage of at least four measurements.

Dyeing processes

For dyeing process, aqueous sol utions, containing
3.0wt.% of theacid dye(C.I. acidred 151) wereem-
ployed for dyeing polypropylene nonwoven. Thebath
ratiowas 1:40 (1 g of fabricin 40 mL of dye solution).
Thefollowing dye ng conditionwasadopted: initid tem-
perature 40 °C, followed by atemperatureincrease of
3°C mintupto 80 °C, holding for 30 min at 80 °C.
Two grams per liter of acetic acid for pH adjustment,
wasadded for anionic dyeing processes. After dyeing,
thefabricswererinsed with col d-hot-cold water and
then dried at room temperature.

—= Reguler Peper
RESULTSAND DISCUSSIONS

Antibacterial efficiency

Inthisresearchwork, theantibacterid activity of PP
nonwoven plasmatreated fabrics after grafting with
chitosan wasinvestigated. For testing the antibacteria
efficiency of the samplesas mentioned before, the bac-
teria countingtest wereused. Theresultsof bacteria
countingtest areshownin TABLE 1. Asit canbe seen,
the coloniesof bacteriacan spread over theplate of un-
treated samples. But in case of treated samples, less
amountsof bacteriacan distributed over theplate. The
resultsof the counting test showed morereduction per-
centageof bacteriainthecaseof plasmapretreated/ graft-
ingwith 8% of chitosan than plasmapretrested/grafted
with 4% chitosan. Ontheother hand it can be concluded
that, plasmapretrestment/chitosan grafting treetmentsplay
animportant rolefor increasing antibacterid efficiency.
By plasmatreatment asadry and eco-friendly technol -
ogy followed by chitosan grafting, antibacterial activity
has been deve oped through incorporation of chitosan
particleson PP nonwoven surfaces. Chitosanisnaturaly
antimicrobial, hemostatic, and biocompatible, andis
widey believed to have good heding properties. Al o,
Nitrogen preactivation playsanimportant rolefor in-
creasing theantibacteria efficiency on polymeric sub-
strates™™. Asitisseenin TABLE 1, thepercentagere-
duction of bacteriafor N, plasmatreated PP and then
graftingwith 8% chitosanismorethanar plasmatrested
and then grafting with 8% chitosan PP,

Fourier transforminfrared spectroscopy (FTIR)
A Fourier transforminfrared spectroscopy (FTIR)
TABLE 1: Theresultsof antibacterial

Samples number of bacteria  Reduction%

Control without fabric 158

Untreated PP 147 6.9
5 min air plasma 123 221
5 min N2 plasma 118 253
Untreated PP / 4%chitosan 87 44.9
Untreated PP / 8%chitosan 58 63.2
5 min air Plasma/ 4%chitosan 80 49.3
5 min air Plasma/ 8%chitosan 48 69.6
5 min N, Plasma/ 4%chitosan 79 50
5 min N, Plasma/ 8%chitosan 45 715
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was used to examinethe functional groupsof the un-
treated, chitosan treated and plasma/chitosan treated
nonwoven PP samples. Theresultsareshownin Figure
1. Asrece ved polypropylenefabric exhibitssome pesks
at 840, 890, 960, 1180, 1370, 1450 and 2900 cm'?,
which arewe | matched to those reported in the hand-
book!4,

Untreated Nonwoven PP
a N . ——

uUnt Nonwoven PP-8% Chitosan

5 min Air plasma

5 min Air plasma-8%Chitosan

e b i
\q’ 5 min Nz Plasma

Smin Nz plasma-8%Chitosan

700 1700 2700 3700
Transmittance / Wavenumber (cm -1 )

Figurel: TheFTIR resultsof samples

But upon chitosan and plasmalchitosan trestments,
extra peaks appear. As shown, an increasein absor-
bance at the 1720 cm™* (C=0) band, and 1080-1300
cmrt (C-O) group was noticed after plasmatreatment.
The peak at 3357 cm™ in abroad region 3100-3470
cm* can be contributed to OH, NH or NH,, stretch.
The OH and NH bandsare overlapping intheregion of
3400 cnrt. Thesefunctiona groupswere produced on
the fabric by the reaction between the active species
induced by the plasmain the gas phaseand thefabric
surfaceatoms. Asit isseen, the peak in region of 3400

o = Sy

cm? is sharper for the air plasma/chitosan treated
sample. The peak at 1545 cm* appears owing to the
presenceof NH,, and NH deformationsinamides. Also
we can seethat the absorption peak of -C=N (Nitrile
groups) at 2240-2270 cm™ isprominent after plasma/
chitosantreatment. Thepesksat 3,451 and 1,651 cm?
corresponded to the amine and amide groups of
chitosani"1l,

Scanning electr on micr oscopy

Figure 2 showsthe photographs of untreated non-
woven polypropylene (Spun bond) with different mag-
nification.

The effect of plasma treatment on morphology
changesinnonwoven samplesisillustratedin Figure 3.
The untreated polypropylenefilament had asmooth
surface, whiled| plasmatregted polypropylenesamples
exhibited surface morphology changes. Asshown the
treated samples have suffered some morphological
changesonther surfaces, with theformation of ripple-
like patterns.

Figure4 showsthe photographsof chitosantreated
and plasmalchitosan treated nonwoven PP. Comparing
thepicturesin Figure 3and 4, it could be confirmed
that the chitosan was treated on PP nonwoven fabric
successfully. From thepicturesin Figure 3, it can be
concluded that, moreamountsof chitosan adsorbed on
the surface of plasmatreated nonwoven. Thesetresat-
mentsareakey step of making antimicrobia nonwoven
PPfabric.

Water drop test

When polypropylene surfaces were treated by
plasma, their surfacefreeenergy consderably increased
and their wet ability improved*>*¥, Theresultsshown
iINnTABLE 2, inwhich the absorptiontimeshave been
recorded for different treated and origina nonwoven
samples. As seen after plasma treatment the water

Figure2: SEM imagesof untreated nonwoven PPwith different magnification, A (25.0X), B (50.0 X), C (100X), D (2.50 K X)
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25 KV 1.00 KX 10 um KYKY.-EM3200 SN:0321 25 KV 1.00 KX 10 um

Untreated Nonwoven PP

Nonwoven PP/5min N3 plasma

= Regular Paper

25 KV 1.00 KX 10 um

Nonwoven PP/ Smin Air plasma

KYKY-EM3200 SN:0323 KYKY.EM3200 SN:0323

Figure3: SEM imagesof untreated and plasmatreated samples

1000X  100um  KYKY-EM3200 SN-0323 25KV 1000 X 100 um

Unt Nonwoven PP- 8% Chitosan

absorption timeisdecreased. The decrease of water-
absorptiontimecan beattributed tointroduction of polar
groups such as hydroxyl and carboxyl groups dueto
plasma chemica modification and morphological
changes.

It isalso shown that the wetability of the plasma
treeted nonwoven PPfabric after graftingwith chitosan,
have beenincreased significantly through creating (—
O-H), (C=0), (C-0O), amine and amide groups on the
surface of the samplesand the hydrophobic property is
changed to hydrophilic property.

HORERE
L R B A
SR .y e

Chitosan treated PP

Untreated PP PP- Air plasma-

8%Chitosan

S min N2 Plasma- 8%Chitosan

KYKY-EM3200 SN.0323

5 min Air Plasma- 8%Chitosan
Figure4: SEM imagesof chitosan treated and plasma/chitosan treated nonwoven PP

TABLE 2: Drop absor ption timeon samples

Samples Absorption Time (h)
Untreated nonwoven PP 5:47:32
Untreated nonwoven PP/4%chitosan 2:34:40
Untreated nonwoven PP / 8%chitosan 2:16:2
5min air Plasma 2:18:31
5min plasmaN, 2:50:3
5 min air Plasma/ 4%chitosan 2:51:23
5 min air Plasma/ 8%chitosan 2:16:2
5 min N, Plasma/ 4%chitosan 2:55:9
5 min N, Plasma/ 8%chitosan 1:2:51
Nzplasma PP-8% Nz plasma PP Air plasma PP

Chitosan

Figure5: Thephotosof dyed chitosan treated and plasma/chitosan tr eated Nonwoven PP with acidicdye

Timeof absorptionfor untreated polypropylenefab-
ricsisabout 6 hoursand by treating the sampleswith
air and N, plasma, thistimeis decreased. Also, asit
can be seen in the results, water absorption timefor
plasma treated nonwoven PP that was grafted with
chitosan, decreased more than just plasma treated
samples.

Dyeability of polypropylenefabrics
Thedye-ability of hydrophobicfabrics, suchasthe

PPfabricswe evduated inthisstudy, isvery poor. Itis
known that introducing hydrophilic Steson the hydro-
phobic fabricscanimprovethedye-ability of thesefi-
bers. Plasmamodifications resulting in unsaturated
bondsand/ or freeradicalson the surface of thefabrics
haveasgnificantinfluenceontheoverdl surfacechanges
and consequently on dye-ability.

SincePPfabric hasbeen s gnificantly functiondized
by the application of plasmaand grafted with chitosan,

e, BIOCHEMISTRY
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25 KV 1.00KX 10um

KYKY.EM3200 SN:0323

Unt Nonwoven PP after dyeing

5 min N2 plasma after dyeing

5min N2 Plasma-8%Chitosan
after dyeing

Figure6: SEM imagesof chitosan treated and plasma/chitosan treated PP after dyeing

it isexpected that its dyeing behavior would also be
modified. Hence, acidic dyewas applied to polypro-
pylene nonwoven to study the effect of treatment on
the degree of dye exhaustion. Theresults show, high
dye absorption on chitosan treated PP than untreated
PP sample. However theeffect of plasmatrestment fol-
lowed by chitosan grafting on dye absorption of PP
fabricismore pronounced. Thiscould beexplained
based ontheforcesof repuls on and attraction expected
to occur during thedyeing process. Theseforcesarise
due to the presence of free groupsin plasmatreated
PP, anionic groups present indyes, amino [NH*?] ions
in chitosan, besides other factors. In dyeing with the
acidic dye, theamino groupson chitosan treated PPis
absorbed by anionic groups of dyes. Asaresult, N,
plasma/chitosan treated fabrics showed higher color
strength after dyeing with acidic dye (Figure4). Itis
related to moreamount of positive groupson the sur-
face of N, plasma/8% chitosan treated sample.

SEM analysisafter dyeing

Figure5 showsthe photographsof chitosantrested
PP and plasmalchitosan treated PP fabricsafter dye-
ing. After dyeing the PPfabric, whichwasgrafted with
chitosan, more particul ates showed up. And polypro-
pylenefabricsappeared to be covered by dyestuff par-
tides

CONCLUSON

LTPtreatment hasmany advantages, suchasvery
rapid process, |ower energy consumption, no environ-
mental pollution, lower processcogts. Thistechnology
issatisfying new requirementsfor traditiona or advanced
gpplications. Inthisstudy, dyeability and antibacteria
efficiency of polypropylne nonwoven fabricswasin-

BIOCHEMISTRY (mm—

creased when the fabrics were grafted with chitosan
after being activated by low temperature plasma.

Fromtheresultsof FTIR and SEM anadyses, it can
be concluded that, more amounts of chitosan was ab-
sorbed on the surface of plasmatreated nonwoven PP,
Asaresult of dyeing, N, plasmal/chitosan treated fab-
ricsshowed higher color strength after dyeingwithacid
dyes. Theincreasein dyeability can be attributed to
Increased micro roughness, increased surfacearea, and
theaddition of functiona groups, to thefabric surface.

Theresultsof the bacterial counting test showed
more reduction percentage of bacteriain the case of
plasmapretreated/ grafting with 8 % of chitosan than
plasma pretreated/grafted with 4% chitosan. Also, it
can be concluded that, plasmapretreatment/chitosan
grafting treetmentsplay animportant rolefor increasing
antibacteria efficiency. By plasmatreatment asadry
and eco-friendly technology followed by chitosan graft-
ing, antibacterial activity has been devel oped through
incorporation of chitosan particleson PP nonwoven sur-
faces. Chitosanisnaturaly antimicrobia, hemostatic,
and biocompatible, andiswiddy believed to havegood
healing properties. Also, Nitrogen pre activation plays
animportant rolefor increasing the antibacterial effi-
ciency on polymeric substrates. The percentagereduc-
tion of bacteriafor N, plasmatreated/grafting with 8%
chitosanismorethan air plasmatreated/grafting with
8% chitosan nonwoven PPfabrics.
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