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Systematic study was carried out to characterigeeffects of Argon ion plasma on nano-
composite polymer membrane. Nanoparticles of cqi@d) are synthesized by chemical
root. 20 micron nanocomposite polymeric membranesvprepared using solution cas-
ting and spin coating method. Argon ion plasmatineat was done for these membranes.
These membranes were characterized before andpkdtana treatment to make compara-
tive study by different technique such as opticatroscopy, SEM-scanning electron
microscope, Fourier transform infrared spectroscéssults show that plasma treatment
is a quite effective tool for improving surface asftemical properties of composite mem-
branes with unique characteristics.

Keywords: polymer nanocomposites, synthetic membrane, plasma treatment, ion energy,
plasma etching.

Metallic nanoparticles are traditionally synthesizZiey wet chemical synthesis
where the chemicals used are often toxic [1-3]c&imetal nanoparticles are widely
used in biological applications [4] there is a gmgvneed to develop environmentally
friendly processes for nanoparticle synthesis thaiot leave the toxic by-products
[5-6]. Biological methods of nanoparticle synthesging micro-organisms, plants
including algae, fungi, bryophyte, pteridophyta. diave been suggested as possible
ecofriendly alternatives to chemical and physicathnods [7—8]. Among the various
transition metal nanoparticles, cobalt (Co) nantgas have recently received sub-
stantial attention for various reasons — likehigfiactive index [9], high electrical con-
ductivity [10], chemical catalysis [11] and antimabial activities [12].

Polymers have become very important materials imeno manufacturing pro-
cesses due to a wide variety of chemical propeftigs14], but it is well known that
permanent bonding [15], printing [16], coating [Lé}c. are difficult on many poly-
mers without surface pre-treatment [18]. Therefafter-surface treatment of modified
polymers has significant advantages in specificuiregnents of surface properties
while retaining the bulk properties unchanged [119-Physical and chemical modifi-
cations of polymeric materials are also of gre&rigst in artificial skin development
and other biomedical applications [22].

The complex nature of plasma due to presence af ioeutrals and radiation in
discharge makes low-temperature plasmas widelyblséa a growing number of ma-
terials fabrication processes including etchingaiplex patterns and surface modifi-
cations of polymeric membranes [23]. Plasma surfeatment usually refers to
plasma reaction that either results in modificatidthe molecular structure of the sur-
face or atomic substitution [24]. The accelatatdectrons from the plasma have suf-
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ficient energy to induce cleavage of the chemicadds in membrane structure and to
form macromolecule radicals, which subsequentlijaitei graft copolymerization [25].
Plasma treatment can be done by either regulamplaseatment, or plasma graft
copolymerization (PGC) [26].

Various plasma components such as electrons, radial etc. are involved in
this process. These components react on exposéatesir Since some parts of the
surface are exposed to energies higher than thractkéstic bond energy of polymers,
these parts undergo scission reactions and formboeing configurations on the sur-
face [27]. Plasma treatment of polymer surface esumt only a modification during
the plasma exposure, but also leaves active sitésensurfaces which are subjected to
post-reaction [28]. Glow-discharge plasma technigugarticularly useful for functiona-
lization of surfaces as it is possible to modifyesmost surface layer by this technique
[15, 29]. These factors improve the adhesion pitaseof the surface [30].

In this paper we have synthesized polymer nanocsitgzousing Co NPs and
Poly Methyl Meth Acrylate (PMMA). These materialere exposed to Ar plasma, and
modification in the surface and chemical propentves investigated.

Materials and methods. In the present study Co NPs were synthesized using
Menthaarvensis (pudina) plant extract. The plarg washed with sterile distilled water.
The plant extract was prepared by taking 25 g ofdhighly washed plant material in a
250 ml Erlenmeyer flask with 100 ml of distilled &g and then boiling the mixture
for 10 min in a water bath. The leaf broth was edoand filtered through Whatman
No.1 filter paper (pore size 3&m). For preparation of Co nanoparticles, 10 mihef t
prepared plant extract was added to 90 ml of 1 rabhk nitrate solution and incubated
in a rotary shaker for 2 h. The color of the s@ntchanged from light yellow to brown
indicating the formation of Co nanoparticles [31].

PMMA granules were obtained as commercial gradenficoxim Polymers,
Jaipur) and used to prepare flat sheet membrandsebgolution cast method. PMMA
granules were weighed and dissolved in dichloroareh(CHCI,) to prepare a 10%
solution. The solution was stirred by a magnetitestto ensure the uniform dissolution
and to enhance the rate of dissolution at room &satpre for about 5 h. The 5% Co
nanoparticles (of PMMA) were dispersed in the solwdichloromethane using ultra-
sonicator. This dispersed solution was added t®MBIA solution and stirred for about
30 min. The solution was put into flat-bottomedrpdishes floating on mercury to
ensure a uniform structure of membranes. The Sbivas allowed to evaporate slowly
over a period of 10...12 h. The films so obtainedenggeled off using forceps [32].

The plasma treatment device consisted of a sodramloer with complete power
supply, connected to a vacuum system. A magneasgipned to get a magnetic field
(0.5 K Gauss) inside the source chamber. Argon gseg to generate plasma, was
admitted into the source chamber using a flow adletr and applying DC power
between two electrodes. The confined plasma irchiaenber was employed for surface
modification. Applying a high voltage between twkeatrodes with magnetic field
generated the DC glow discharge. The current inufhger and lower electrodes was
maintained at few mA and 3.2 KeV. In this study lagma was used. The plasma was
almost homogenous in a low-pressure glow dischafdpe reaction chamber was
evacuated and then refilled with low-pressure As gacreate glow discharge plasma.
Plasma was energized by direct current. Other etiergpecies in plasma include
radicals, electrons and meta-stable photons irt-stere UV range.

UV-Vis spectrum of NPs was taken using UV-Vis spgatotometer SHIMADZU
1800. FTIR Analysis was done using FTIR spectropimeter (IR Affinity-1 Shi-
madzu) in the range of 4000...400 Cnfior knowing the possible functional groups
present with synthesized Co NPs. Scanning Eled#tiznoscopic (SEM) analysis was
done using Scanning electron microscope (Carl ZEHHS®R-18) operated at 20 kV.
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Morphology and patrticle size of Co NPs were alsemheined using transmission elec-
tron microscopy (TEM) Technika TEM instrument opirg at 200 kV.

Results and discussion. UV-Visible absorption spectrum shows the charastieri
surface plasmon resonance (SPR) peak of Co NFbatr (Fig. 1), indicating reduc-
tion of cobalt nitrate formation of Co nanopartilébsorption bands obtained using
FTIR were classified as (A) stretching vibration@d NPs at 763 cm (B) C=C unsa-
turated at 1285 cm (C) C=0 stretching vibration at 1722 €@m(D) CH; stretching

vibration at 3166 cit and (E) C—H stretching vibration 3679 ¢rof aromatic com-
pounds (Fig. 2).
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Fig. 1. UV-Vis absorption spectrum of Co NPs.
Fig. 2. FTIR spectra of vacuum dried Co NPs.

Co NPs were dispersed in acetone by ultra-sonicatiad used for particle size
analysis (Fig. 3). Image clearly shows the sphesbape NPs with particle size ran-
ging from 20...28 nm. Grain boundaries can be eaditified from TEM images
showing no aggregations in Co NPs. Here for preserty, TEM image was the best
indicator of the particle size. But to determinagi@gation present in NPs at higher
sample amounts, we have also recorded SEM imagdaheokynthesized Co NPs
(Fig. 4). As individual Co NPs can easily be idéadi from the image, showing no
aggregation in NPs even at higher sample amourgsdiCo NPs were used for syn-
thesis of Nanocomposite Polymer Membranes, plasesanent was done and charac-
terized using different techniques [15].

Fig. 3. Fig. 4.

Fig. 3. TEM & diffraction pattern of Co NPs.

Fig. 4. SEM image of Co NPs: EHT = 10.0 kV; WD =Qgm;
signal A = SE1; Mag = 550.0 KX.
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FTIR spectra were obtained on FTIR spectrometelRR¥as used to gather in-
formation about the chemical structure of a comploamnd chemical modification after
plasma treatment. The FTIR images of the pristime doped (untreated and plasma
treated) membranes are as shown in Fig. 5. Cedaamacteristic differences are
noticed at the peaks at certain wavelengths. Theselengths were indicators of the
change in the chemical bonding and structure osémeples due to plasma treatment.
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Fig. 5. FTIR spectra of pristine and Co nanocontpgsdlymer membrane both plasma treated
and untreateda — pristine PMMA membrands — Co hanocomposite PMMA membrane;
¢ — plasma treated pristine PMMA membrade; plasma treated Co nanocomposite membrane.
(1-13100...2850 ciil characteristic of Ck 2 — C=0 at 1770 city 3 — 1125...1325 cit
characteristic of C—-O-@ — C—O at 1030 cfi 5 — 765 cm' Co NPs characteristic).
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Fig. 6. SEM images of pristine and Co nanocompasgenbrane both plasma treated
and untreated (EHT = 10.0 kV; WD = 12.0 mm; Sigha SE1; Mag = 150.0 KX):

a — pristine membrands— 5% Co NPs Co nanocomposite membraneplasma treated
pristine membranej — plasma treated 5% Co nanocomposite membrane.
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The peaks at about 3000...2750 ¢iwere characteristic of-GHbonds. The si-
milar peaks in the FTIR spectra of the treated wmdeated samples showed that there
was no change in the basic structure of nanocorgosmbranes. The increments in
the absorption bands of C-O at 1030tand C=0 at 1770 cthwere attributed to the
creation of unsaturated — C=C- bonds at 1645 after plasma treatment. It was also
observed from FTIR spectra that C—C and C—H barmdeedsed after plasma treatment.
It indicated that the cross linking phenomenon enkd during plasma treatment. The
Co NPs showed its characteristic peak at 765 &mn nanocomposite membrane.

We investigated surface morphologies of Co nanoamitgy membrane using
SEM. The SEM images of nanocomposite membrane lersin Fig. 6. Scanning
Electron Microscopic (SEM) analysis was done usBugnning electron microscope
(Carl ZEISS EVOR-18) operated at 20 kV. Plasmaté&aanocomposite membrane
can be compared with untreated one which showsntipeovement in porosity and
roughness.

CONCLUSIONS

Color of solution changed from green to brownishpkst extract was mixed in
the aqueous solution of the cobalt ion complexsthiving the primary indication of
Cobalt nanoparticles formation, which was furthenfamed by analyzing these NPs
by different techniquidike UV-Vis spectrophotometer, FTIR, TEM and SEM.

The UV-Visible spectrum was obtained in a visitdege of 300 to 800 nm. A ty-
pical absorbance peak at 405 nm of cobalt nanafestivas obtained due to the sur-
face Plasmon vibrations of cobalt nanoparticlestiéta size of biosynthesized cobalt
nanoparticles was further confirmed by TEM and SEMasurements which were
about 20...28 nm. The FTIR measurement was carrietbadentify the possible inter-
action between biomolecule and CoNPs. The FTIR oreagents of biosynthesized
cobalt nanoparticles showed the bands of about T@85; 1722; 3165 and 3679 tm

The pristine PMMA membranes and Co nanocompositcoreme (5 weight%)
were prepared by the solution cast method. Thel#@snpa treatment technique applied
here showed considerable improvement in the chénaicd surface properties of
membranes. Plasma treatment helped in increasindiik whereas doping modified
the surface properties. The SEM images showed pagbsity and roughness after
plasma treatment. As nanocomposite membranes wepaned without help of any
support, it could be concluded that PMMA had coasable strength as compared to
other polymeric materials like polyamide which abubt be prepared without the help
of support. The increments in the absorption bafds—O at 1030 cit and C=0 at
1770 cm® were attributed to the creation of unsaturated=C€bonds at 1645 crh
after plasma treatment, while decrease in intersfit¢—C and C—H bands indicated
that cross linking phenomenon enhanced after plassagment.

PE3FOME. JlocmipkeHO BIUIMB 1OHHO-TIa3MOBOT 0OpOOKHM Ha BIACTHBOCTI MEMOpaHH 3
HAHOKOMITO3UTHOTO ToniMepy. HaHOUacTHHKH KOOaIbTy O/IEPIKAHO XIMIYHHM CHHTE30M. MeM-
Opanu 3aBToBIIKH 20 UM BUTOTOBIIEHO HAHECEHHSM HAHOKOMITO3UTHOTO IMOJIMEPY 3 PO3UHHY 3
MOJIAJIBIIOK 10HHO-TIIA3MOBOK 00poOKo0. MeMOpaHH BHBUYCHO Tepen Ta micis iX oOpoOku
I1a3MOI0 METOAaMU ONTHYHOI MiKpOCKOIii, CKaHiBHOI eJIEKTPOHHOI Mikpockomii Ta iHdpadep-
BOoHOT ®yp’ e-cniekTpockomnii. BusiieHo, 1o ioHHO-TI1a3MoOBa 00po0Oka — e)eKTUBHMHI 3aci0 mmo-
JINIIEHHS OBEPXHEBUX Ta XIMIYHUX BIACTHMBOCTEH MeMOpaH 3 HAHOKOMITO3UTHUX MaTepiajiB.

PE3FOME. ViccrienoBaHo BIIMSTHHE WOHHO-TUIA3MEHHOM 00pabOTKM Ha CBOWCTBa MeMOpa-
HBI 3 HAHOKOMITO3UTHOTO IojuMepa. HanouacTHIbl K0OaIbTa MONTy4YeHbl XUMHUYECKIM CHHTE-
30M. MemM6pansb! TonmuHoi 20 UM U3roTOBIEHBI HAHECEHHEM HAaHOKOMIIO3UTHOTO IOJIUMEpa ¢
pacTBopa ¢ Hmocleayromeil HOHHO-ITa3MeHHOH 00padoTKoif. MeMOpaHbI H3y4eHbI O M IOCie
00paboTKH MIa3MOH METOJIaMH ONTUYECKOW MHUKPOCKOIIMH, CKAHUPYOLICH AJIEKTPOHHON MHUK-
pockonuy 1 HH(ppakpacHoi Dypbe-CIeKTPOCKONNH. BEIIBICHO, YTO HOHHO-IIA3MEHHast 00pa-
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0oTKa — 3(1)(1)€KTI/IBHOC CpE€ACTBO YJIYUIICHUSA MOBEPXHOCTHBIX U XUMHUYCCKUX CBOMCTB MeM6paH
C HAHOKOMIIO3UTHBIX MaTCpHUaIOB.
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