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ABSTRACT

The objective of the present work is to investighgeeffect of low power, low pressure DC glow liigge plasma
of Nb, No-Ar and N—He gases on the surfafree energy and the morphology of the surface oMRMilms. For this
purpose lab-prepared PMMA samples were exposedurée tgas environments under the same dischargetomsl
(discharge power, pressure, and sample electrodeisg). Changes in the surface hydrophilicity, nfwlogy, and
chemical composition of the treated samples weegattierized by contact angle measurements, scarelewron
microscopy (SEM), and FTIR- spectroscopy. TreatnofrPMMA with N, N>-Ar, and N—He gases showed an
increase in the surface free energies. The SEMRINR detected changes in the treated surfaces notogl and
the formation of new functional groups.
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INTRODUCTION

Polymer materials are successfully used in virualty industry in the world including aerospacer Fstance
polymethylmethacrylate (PMMA) has many applicatiomshe field of medicine, due to its biocompatityil It had
used as bone cement, intraocular lenses, contaxdefixation of articular porstheses, denturenggs hard tissue
replacement, and blood pump [1,2]. Also it can beduin the field of semiconductor, the computerrastructures,
and in the automotive industry. Generally polymiease excellent bulk physical, chemical and weatbsistance
properties, they are relatively inexpensive ang éaprocess. Polymers are known to be hydrophoygiterials due
to low surface energy and wettability, the defedtiol limits its applications when strong bondingrégjuired
between polymer surface and adhesive. It is wediwknthat permanent bonding, potting coating pripton the
surface of many plastics is impossible without s@mecial treatment of the surface.

For the last 50 years different polymer surface ification techniques have been proposed and usealt¢o
polymer surfaces without affecting bulk propert@éshe materials. Plasma treatment is one of thetmniversal
techniques [3,4]. Plasma, in general consists dfglg ionized gas or gas mixture. The plasma gggeaccelerate in
the electrical field to the energies that are comipla or exceed the bonding energies of the polysudace. When
polymer surfaces exposed to such environment, easites may be created on the polymer surfacesighrbond
scission resulting from the energetic ion bombamiméctive sites can interact with the gas spetedorm
functional groups such as C-O, C=0, O-H, -NH, ewhjch results in a change in surface polarity &edce
improving their surface energies, keeping the vayroperties of the materials [5].

Nitrogen containing plasmas are widely used to oaprwittability, printability, bondability, electtal conductivity
and biocompatibility of polymer surfaces [3,6]. iigen plasma characterized not only by the appearahhighly
vibrationally excited molecules but also their nmlles can have a variety of electronically excitates, most of
them are metastable, that make the plasma a ricices®f excited nitrogen molecules[7]. As it wapared,
changing the plasma gas or gas composition cangassible option to improve the analytical perfonee of the
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glow discharge plasma [8,9,10]. Nobel gases sucfHas Ar) were used to generate free radicals iriasas
followed by cross-linking or the generation of &etsites for further reaction [11]

This paper is devoted to study the influence otirebf working gas and treatment time on the priggeof a
polymeric material. Pure PMMA were treated by dife gases namely pure nitrogen, 3:2AM and 3:2 N-He gas
mixtures. The operational conditions, i.e., povpeessure and inter-electrode distance were the f@madl plasma
treatment.

MATERIALS AND METHODS

Experimental and methods

Fig. 1 represents a schematic diagram of the D@ glischarge setup used for surface treatment oPWM&A

substrates. The setup consists of a Pyrex tubd®fcfn) long and (13 cm) diameter closed at each weittal

aluminum plate. Two planes circular copper plateéocm radius) represent the two electrodes armected to
each other with four isolated rods keeping the isgaconstant at (7 cm). The two electrodes movallxiorward

and backward as a unit controlled by a handle dettie tube. The base pressure is attained inttubeeat (10

Torr) by using a rotary pump (Edwards H. vacuum pumodel ED 200) then the gas (gases) is alloweatén the
tube throw a controllable needle valve. Plasma gntigs were kept constant during the experimenthasgas
pressure was 0.4 Torr, and the input power wastabuv.

The plain PMMA films with thickness (0.175 mm) wemepared in the lab by the cast method and whiexl ¢hey
have been cut to give sample size (1.5x2 cm) Thesfof PMMA were supported on a glass rode andrpfront of
the cathode at the edge of the negative glow. Tdmna parameters, such as, electron and ion dehaitid electron
temperature were determined using Langmuir proteediagnostic method.

Surface analysis

1. Contact angle measurements

Surface energy of polymers play a kye role in wettand coating processes. The behavior of colladadersion,
adhesion, and friction is influenced by surfacestem. The surface tension of a polymer can be deted by the
contact angle measurements. Using the sessiletecbpique [12], the contact angle (the wetting engf distilled
water and glycerol on the surfaces of plasma tdeabel untreated PMMA samples were measured udimyelling
microscope equipped with cross-head eyepiece. Emécal and horizontal reference lines of the egepiwere
positioned so as to measure the helghnd the radius of the spherical segment of the drop, and therctimact
angle calculated using the following equation [43,1
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Figure (1): A schematic diagram for (a) The experirental equipment and (b) The electrical circuit

We applied the Owens-Wendt model which considererlal the most common methods for calculating thiéase
free energy (SFE) of polymeric materials. Accordiogthe model, the SFE can be obtained using thewimg
equation [15]:
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where¥'S and¥L are the dispersion part of the solid and I|qU|dES}—5 and¥'I are the polar part of the solid
and liquid SFEY'L is the total liquid SFE, an@is the contact angle between the sample anddhili

By using the information given in Tablel about th measuring liquids (deionized water and glybeemd
substituting the values of their contact angleslie samples one can obtain a set of two equatibtie form of

D P
Equ.2, when solved simultaneously one can get th@awns! S and?’s . Finally the total surface energy has
been estimated by the following equation [16]:

Ys= v+ ¥ )(3

Table 1: Values of the polar, dispersion and totasurface energies of the measuring liquids [17]

Liquid ¥{ mNim) | ¥ (mim) | Yz (mNim)
Deionized water 50.2 22.6 72.8
Glycerol 22.8 40.6 63.4

2. FTIR-analysis

Infrared spectroscopy can be used in reflectioat@nuated total reflection mode for surface ingasion it allows
guantitative determination of composition via vifiwaal modes and is powerful analytical tool foe thetection of
the new functional groups formed due to plasmarreat, in addition to the intensity of the pre-¢ixig groups.

3. Scanning electron microscopy (SEM)
For surface morphology investigation, the electroaroscope is used in scanning mode. SEM is redaaiages of
the surfaces before and after treatment with plasma

RESULTS AND DISCUSSION

Figure (2) shows a dramatic decrease of the contagle measured with the scissel drop techniqua,fasction of
the exposure time for fixed discharge power. Thetact angle decreased from°78 41 for water through 6 hrs of
treatment time, while it decreased fron? 6732 for glycerol through the same time interval.

The PMMA surface energy have been calculated usiegontact angle measurements, and the dependétioe
surface energies on the exposure time to plasndepgcted in Fig.(3). It is clear that the effecttohe on the

L
disperse componeﬂfs of surface energy and the increase in the totdhserenergyl’ s refers to the increase in
Fl
the polarﬂl”‘? component.
D
Upon investigating the effect of type of plasmasrking gas on the total surface eneky, the variations of} s

of PMMA with different gases are relatively muclksgehan those fcyi? under similar conditions, as shown in Fig.
(5). It has been observed that the use pANgas mixture results in relatively larger incsean the total surface
energy of the PMMA followed by those treated withide and then pure NThis result was a consequence of the
lowest contact angle observed for the sample teaith N,-Ar gas mixture as shown in Fig.(4). The additidn o
inert gas like Ar and He to the reactivg §as helps in increasing the surface roughnesshwdtofirmed by SEM
and agree with the literature [3, 10].
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Figure (2): Variation of contact angle of Figure (3): Surface energy of the plasma-
PMMA film as a function of exposure time. treated PMMA film as a function of
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Figure (4): Contact angle for untreated Figure (5): Surface energy for untreated
sample beside treated samples for 4 hoursin  sample beside treated samples for 4 hours in
N, No-Ar and N,-He plasma. N2, N>-Ar and N2-He plasma.

Fourier transform infrared (FTIR) spectroscopy wegglied in the reflectance mode to detect any obsrig the
chemical structure of the surface which can berdeted by functional groups present on the sampifase, either
pre-existed or newly formed. Fig.(6) shows a typjmeaks of conventional PMMA in comparison with tineated
samples with Bplasma for different exposure times. A charactieripeaks of carbonyl (C=0 vibrations) in the
pendant group (-COOGHiof the PMMA at 1723 cihy, (C-H bending vibration) at 1447 ¢mand (C-O ester bond
stretching) were observed at 1141 tmhese peaks decreased as the treatment tineaged until the time is 3 hrs
the intensities started to increase back to thgirmi. (C-H stretching) appeared at 2924ctmNH group has been
observed on the treated surfaces at 341acmh showed an increased intensity with treatmenre.tiThe decrease of
C-O and C=0 functionalities with treatment timenisly be due to side chain degradation combined evitiss-
linking effects [18, 19].
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The FTIR spectra of untreated,,NN,-Ar and N-He plasma-treated samples at the same dischary#itions
(discharge voltage and exposure time) are preséntéid.(7). According to this analysis, we notattthe addition
of Ar and He add new functional groups to the PMBI&face. The addition of Ar to Nadds oxygen containing
groups, O-H (broad band around 3568 Yri20, 21] besides nitrogen containing group. Mehifsvthe addition of
He to N, adds only oxygen containing groups, O-H (broaddbaround 3568 ci). The resulting changes in film
chemical composition are in accordance with theghaumir probe measurements. The addition of Ar iéndreases
ion density in nitrogen plasma. Meanwhile the daddibf He to N decreases ion density in nitrogen plasma.

The presence of oxygen functionalities are alwagsiiporated in nitrogen plasma treated polymersduwr after
non-oxygen plasma treatment, may be attributechéoftee radicals species created on the PMMA sarthe
polymer chain scission or hydrogen abstractiondmlbardment of plasma species. The free radicale@polymer
surface can react with oxygen during a plasmartreat. In addition free radicals that remain on bymper surface
after a plasma treatment will react with oxygen witlee surface exposed to the atmosphere [3]. §regps as
polar groups may be formed due the interactiorhe$¢ radicals with the air oxygen as soon as kims ftome out
from the discharge chamber, or due to the oxygeyady exist in the discharge tube as a residus8]3,
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Figure (7): FTIR spectrum for untreated sample besie treated samples for 4
hours in N,, N>-Ar and N,-He plasma.
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Figure (6): FTIR spectrum for untreated sample besie treated samples for 1, 4
and 6 hours in N-plasma.
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Figure (7): FTIR spectrum for untreated sample besie treated samples for 4 hours
in N», N,-Ar and N»>-He plasma.
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Morphological investigation was carried out by inmggthe PMMA films by SEM. Fig. (8) represent migraphs

for samples untreated and treated with N,-Ar, and N-He plasmas for four hours at the same discharge
conditions. Fig.(8 a) shows that the pristine samplsmooth, while considerable morphological atiens were
observed in Fig. (8 b, ¢, and d). In Fig.(8 b)ligglgle damage can be seen, since only two moupgsared on the
surface after treating with pure nitrogen. Many masiand scratches can be seen on the surfacéraftenent with
N,-Ar gas mixture with ratio, while large damage b€ tsurface appeared, represented with a great, caftek
treatment with D-He gas mixture. It is well known that He and Artlire gas mixtures cannot bring about chemical
reactions but they only increase the roughnesststl It is noticeable that the effect of He isrenthan that of Ar
this may be attributed to the larger excitationrgpef He (20.96eV) than Ar (11.72 eV) [22, 23]

x2o00 H 50um w1000

a0pm T %1000 3 a0pm : 1500

Figure (8): SEM image of PMMA film, untreated (a) treated for 4 hours in N, (b) in N»-
Ar (c) and in N>-He plasma (d).

CONCLUSION

Low power, low pressure DC plasma has been usembtiify the surface of PMMA films, precisely incréas its
wettability or hydrophilic property. Samples prepdiand exposed to,lasma for varying treatment time. Contact
angle measurements showed that their values deckeasnsequently increase in SFE, as the treatmiraet
increases, which, in turn, enhance the surfaceabiéity. A comparison was carried out to investeg#tie effect of
adding Ar and He to Nplasma on the surface characteristics. The resattered that the increase in surface energy
is more efficient with the addition of Ar more thate and both are better than purge Nithough FTIR spectrum
recorded a decrease of the oxygen content (deciefaize C=0O and C-O intensities) which may be doe t
occurrence of crosslinking on the top surface, gefetmed -NH and OH functional groups were alsoedtsd
which can increase the hydrophilic properties effim’s surface. Considerable changes in the sarfaorphology,
seen by SEM, would increase the surface area amzkhesults in more moisture adsorption.
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