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ABSTRACT

In spite of the good bulk mechanical properties of ethylene-propylene rubber
the low surface water compatibility is the main difficulty with this polymer to
be used as a biornaterial . Perooddes formed on the surface by CO2-pulsed
laser treatment through peroxidation mechanism has been found as a succ-
essful technique to initiate the graft copolymerization of hydrophilic acrylic
acid onto the surface of this rubber . The fractal type of morphology formed
by the grafted chains enables us to control the hydrophobic to hydrophilic
site ratio hich Is the main key in determining the extent of biocompatibility
of polymer surfaces . Grafting occurs successfully and is found to be depen-
dent upon laser pulse number. Energy dispersive X-ray analysis (EDXA) and
attenuated total reflectance infrared (ATR-IR) have been employed to charac-
terize the surface chemical compositions. Modified surfaces show significant
Improved water compatibility, the degree of which depends upon the surface
morphology and the grafting level.
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INTRODUCTION

To impart desired properties onto the surface of
polymers, radiation induced graft copolymerization
of vinyl monomers by the use of UV, electron
beam and gamma beam has been employed during
the last few years [1-6].

The use of laser to initiate polymerization of
vinyl monomers has attracted attention and several
reports have been published [7, 8] . This is mainly
due to capability of laser to be tuned to a specific
wavelength, therefore exciting a particular band.
Decomposition of cyclohexene-1,4-cyclohexadiene

and hexahydro-1,3,5-trinitro-1,3,5-triazine mole-
cules excited via a multiphoton process by the use
of TEA CO 2 laser has been reported by Zhao and
coworkers [9, 10]. Surface modification of polymer
films through etching in the presence of air by
CO 2-pulsed laser has also been reported [11] . The
capability of CO2 -pulsed laser to graft vinyl
monomers onto the surface of ethylene-propylene
rubber for the purpose of improved water and
biocompatibility has been demonstrated in our
previously published works [12-17] . We have also
reported the remarked potentiality of this tech-
nique for graft copolymerization of vinyl monomers
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in the absence of photosensitizer which can mini-
mize the diverse effects of the substrates additives
in the biomedia. In the present work attempts have
been made to graft polyacrylic acid onto the sur-
face of ethylene-propylene rubber (EPR) by utiliz-
ing CO 2 -pulsed laser as an excitation source.

EXPERIMENTAL

Materials and Methods
Vistalon 808 ethylene-propylene rubber with an
ethylene content of 75% and Mooney viscosity,
ML(l +4) 125 ` C of 45 was cured with dicumyl
peroxide (DCP, 99%) at 165 'C, and sheets with
the thickness of 0.2—0.5 mm were obtained. Test
specimens with the dimension of 40X20 mm were
cut and extracted with a mixture of toluene/
methanol (60 :40, v/v) and dried to constant weight.
Acrylic acid (AC) was purified by vacuum distilla-
tion . Laser graft copolymerization of acrylic acid
was performed by pre-irradiation technique. For
this purpose test pieces were put vertically in a
cylindrical pyrex reactor in the presence of air and
then irradiated with CO 2 -pulsed laser (TEA,
Liimonics-,103—2) at the pre-determined wave-
length of 10 .24pm and pulse fluency of 5 .5 J/cm2 .
Peroxidized samples irradiated by different total
number of pulses were put into a pyrex reactor
containing the monomer solution and grafting was
carried out at 65 " C under nitrogen atmosphere for
5 h . After each reaction the samples were removed
and cleaned from the loosely adhered homopoly-
mer by a mixture of acetone/water and they were
extracted with distilled water at 80 'C for 24—72 h.
Extracted samples were then dried in a vacuum
oven at 60 `C to constant weight . and the graft
yield was determined as described in the previous
published work 1141 . Surface characterization of
the extracted laser modified samples was carried
out by the following methods.

(a) ATR-IR with a KRS-5 prism and incident
angle of 45 ` was used to substantiate grafting. The
absorption hand at 1720 cm - ' is attributed to the
carbonyl (>C=O) group of the grafted polyacrylic
acid .

(1) Surface oxidation reactions, P : EPR surface,
PH: EPR.
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Figure 1 . AIR-1R spectra of EPR surface : (a) unmodified and (b) modified with acrylic acid.

(b) Degree of water compatibility of the modi-

	

employed to study the type of surface morphology

	

fied samples was evaluated by measuring the per-

	

formed by the grafted polyacrylic acid. A
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Cambridge S-360 SEM was used for this purpose.
contact angle.

	

(d) Energy dispersive X-ray analysis (EDXA)
(c) Scanning electron microscopy (SEM) was

	

was used to analyze the surface carbon/oxygen
ratio of the samples . A thin beryllium window and
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Figure 2. Percentage of water uptake of polyacrylic acid

	

Figure 3 . Variation of water drop contact angle with graft
grafted EPR versus graft level .

	

level.
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AN-10000 EDXA unit coupled with SEM were
employed.

RESULTS AND DISCUSSION

Ethylene-propylene rubber used shows absorption
at 10 .24 fu m within the infrared region which is
assigned to C—H bond . Therefore when this
rubber is irradiated at this wavelength with CO 2
laser pulses, carbon macroradicals are formed
through the C—H cleavage and then converted to
peroxide groups which are responsible for the
initiation of graft copolymerization of acrylic acid
as shown in Scheme I . The same trend has been
previously reported regarding laser induced surface
modification of polydimethylsiloxane 118].

Figure 1 shows ATR-IR spectrum of an acry-
lic acid grafted EPR sample with a graft level of
6.~ mg/cm 2 and compared with that of ungrafted
sample . The absorption peak at 1720 cm -f appear-
ed in the spectrum of the extracted modified
sample is assigned to the carbonyl group of poly-
acrylic acid chains which are formed via laser
grafting. This is consistent with the EDXA data
obtained from this sample which showed reduction
in the surface carbon/oxygen from 39 for the
unmodified EPR to 18 for the modified surface.
These results show the potentiality of this tech-
nique for graft copolymerization of hydrophilic
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Figure 5 . SEM microphotographs of EPR surfaces grafted

Figure 4. Variation of polyacrylic acid graft level onto EPR

	

with acrylic acid (a) unmodified, (b) 12 laser pulses and

surface versus laser pulse number .

	

(c) 30 laser pulses.
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acrylic acid onto the surface of hydrophobic ethyl-
ene-propylene rubber. Figures 2 and 3 demonstrate
the variation in water uptake and water drop
contact angle, respectively. It can he seen that
hydrophilic behaviour of EPR has been signifi-
cantly improved . Percent water uptake increases
up to the graft level of 6 .0 mg/cm 2 and then
reaches to steady state . This is in the same trend
with the change in water drop contact angle with
graft degree.

Effects of the laser pulse number upon the
graft degree has been presented in Figure 4. It can
be seen that graft level passes through a maximum
and then declined above 25 pulses . This indicates
nonlinearity between the number of pulses deliver-
ed to the substrate and graft level . The same
relation was observed between the pulse repetition
rate and degree of grafting of HEMA onto EPR
[13] . As the number of pulses increases the con-
centration of hydroperoxide group and therefore
sites of initiation within the monomer substrate
system does also increase . Therefore the popul-
ation and proximity of the propagating polyacrylic
acid chains increase which lead to the higher rate
of termination and consequently lower graft degree
119 . 201 as depicted in Scheme I . This is confirmed
by comparing the SEM micrographs of EPR irra-
diated with I2 pulses with that exposed to 30
pulses (Figure 5) . It is obvious that although the
number of initiated monomer consuming sites
seems to be higher in the case of the 30 pulses
irradiated sample, but the size of fractals appears
to be smaller than the sample modified with 12
pulses . The formation of fractal type of morpho-
logy has also been previously reported by Mirzadeh
et aI . in the case of PAAm grafted onto the surface
of EPR by CO2 pulsed laser using simultaneous
technique rather than pre-irradiation [15].

CONCLUSION

Acrylic acid has been successfully grafted onto
EPR by pre-irradiation technique using CO2 -

plused laser as an excitation source . This results in
improved water compatibility and therefore increa-

sed EPR hydrophilicity . Graft level increases up to
25 pulse number above which it tends to decline.
Grafted polyacrylic acid forms fractal type of mor-
phology on the surface of EPR which enables it to
impart both hydrophilic and hydrophobic sites on
the surface of EPR.
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