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SUMMARY

Composites of low-density polyethylene were prepared by
the sorption of vinylic monomers and a photoinitiator into a
polymer matrix, followed by UV irradiation. Gravimetric
determinations showed that 2-4 % incorporation of the polymer
in the host matrix is possible by this method. Transmission
and reflectance infrared spectra measurements showed that the
vinylic polymer is lodged in the bulk of the polymer film
with no surfacial deposition.

INTRODUCTION

There has been several atempts to use radiation to modi-
fy the physical properties of one of the most produced thermo-
plastics, low density polyethylene (LDPE). Irradiation of
IDPE with high energy radiation was shown to produce oxida-
tion, unsaturation and crosslinking formation (BIXLER et al.,

1963). Also, attempts have been made to crosslink or araft
different monomers in LDPE by means of photochemical reac-
tions (OSTER et al., 1959). 1In general, lona irradiation

times in the presence of oxygen causes oxidation of the
polymer unless additives are used. On the other hand, in the
absence of oxygen crosslinking and chain branching are ob-
served. More recently, the photografting of acrylic acid,
methacrylic acid, acrylonitrile and methyl methacrylate onto
the surface of IDPE has been studied (OGIWARA et al., 1982).
In this work surfacial modification of LDPE was achieved with
a high grafting degree.

The photoinitiated polymerization of vinylic monomers
has also been intensely studied in recent years. As a gener-
al rule, carbonyl containing compounds are used as photo-
initiators due to the relatively long lifetime of their
triplet n-II* excited states (LISSI and ENCINA, 1979). The
relative rates of quenching by the monomers determinates the
initiation efficiency of a given system (ENCINA et al., 1982).
The general mechanism involves hydrogen abstraction by the
triplet n-II* excited ketone in the vinylic monomer, according
to the following scheme:
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The usual way to make composites is either by the
mechanical mixture of the molten polymer components or by
mixture in a common solvent followed by solvent evaporation.
Another way is by matrix polymerization, i.e. reaction pro-
ceeding via a new chain growth on macromolecules previously
introduced into the system. Matrix polymerization is more
interesting because it provides a method for obtaining com-
posites which cannot be obtained by the conventional methods.
A composite of polytetrafluorethylene (PTFE) and polyvinyl
acetate (PVA) was obtained by the photochemical polymeriza-
tion of VA previously sorbed in PTFE (DE PAOLI et al., 1979).
The photoinitiated polymerization of methylmethacrylate (MMA)
in a PMMA matrix (KOPIETZ et al., 1983 and 1984) has also
been reported. 1In this case, the irradiation initially pro-
duces chain scissions with the subsequent growth of the
chains by polymerization of the monomer present in the matrix.
More recently, the condensation polymerization of urea and
formaldehyde in water in the presence of a macromolecular
matrix, polyacrylic acid, has been reported (PAPISOV et al.,
1984). The products of this matrix polymerization are com-
posites of polyacrylic acid and urea-formaldehyde. A com-
posite has also been prepared by the electrochemical polyme-
rization of pyrrole in poly-vinylchloride by coating a Pt
electrode with this polymer (DE PAOLI et al., 1984). Also,
the treatment of polyethylene with a Zziegler-Natta type
catalyst yielded the polymerization of acetylene in its bulk
(GALVIN and WNECK, 1982).

In this paper we report on the photoinitiated prepara-
tion of composites of LDPE with vinylic and acrylic monomers.
The formation of the composite does not alter the surfacial
properties of LDPE since the polymerization occurs exclu-
sively in its bulk.

EXPERIMENTAL PART

Commercial low density polyethylene film samples of 0.50
mm thickness were used after being cleaned and dried. Acrylic
acid (AA), vinyl acetate (VA), methyl methacrylate (MMA) and
methyl acrylate (MA) furnished by Rhodia were distilled prior
to use.

The composites were prepared by soaking the LDPE film in




the liquid polymer containing 2% benzophenone (Aldrich, used
as received) at room temperature for 48 hours. The satura-

tion of the LDPE film with the monomer was followed by dif-

ferential i.r. spectroscopy and gragimetry. After this the

films were irradiated for 2 h at 10°C with a medium pressure
mercury lamp in a water cooled Pyrex jacket. The principal

lines of the emission spectrum of the jacketed lamp are 436,
405, 366 and 303 mm, that at 366 being the most intense.

The composites were characterized by differential i.r.
spectrophotometry in a JASCO model A-220 spectrophotometer
and by attenuated total reflectance (ATR) spectra using a
JASCO ATR-6 attachment. UV-visible spectra were recorded by
a Spectronic 2000 Baush-Lomb spectrophotometer.

RESULTS AND DISCUSSION

The sorption of gases, liquids or vapours in polymers is
known to be favoured when the Hildebrand solubility para-
meters (8) of the sorbent and the sorbate are similar. Before
preparing the composites we determined the percent of monomer
sorbed into the LDPE matrix (Q) by gravimetry. According to
Table 1, Q increases as & of the monomer approaches 8.1 (cal/
em3)1/2, which is the 8§ value determined for LDPE (GHOSH,
1971).

Table 1. Percent of monomer sorbed in LDPE (Q)
and Hildebrand's solubility parameter
(BRANDRUP and IMMERGUT, 1975).

1/2
Monomer Q (%) (cal/cm3) /
MMA 3.40 8.8
MA 2.32 8.9
VA 2.11 9.0
AA 1.69 12.0

The solution photopolymerization of vinylic monomers
involves the absorption of light by the monomer and the for-
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mation of stable free-radicals. However, in our case a third

factor is involved, desorption of the monomer from the LDPE
matrix. In order to obtain a high degree of polymerization
it is necessary to introduce a photoinitijator in such a way
that the polymerization rate will be higher tham the desorp-

tion rate. To demonstrate this we irradiated samples of LDPE

sorbed with the pure monomers and with monomers containing
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2% benzophenone. According to the results shown in Table 2
there is a strong increase in the percent polymer incorpo-
rated in LDPE with the addition of the photo-initiator.

The data in Table 2 was obtained using the same sorption
and irradiation times. Although MMA shows a high degree of
sorption in LDPE, it is desorbed at a faster rate than when
polymerized in the absence of a photoinitiator. We observed
with MMA a higher percent of polymer incorporated into the
matrix by adding benzophenone, showing that the production
of the composite is solely due to the presence of the photo-
initiator. For the other monomers the effect is less pro-
nounced but the percent increase of incorporation showed that
the polymerization rate increased in relation to the desorp-
tion rate.

Table 2. Percent of polymer incorporated in LDPE without
(P) and with benzophenone (Pg) together with
the percent increase of incorporation.

Monomer P (%) PB (%) Increase (%)
MMA - 3.63 100
MA 1.55 1.78 69
VA 1.01 2.07 51
AA 0.91 1.69 46

The formation of the composites is particularly evi-
denced by the transmission infrared spectra of the LDPE films
measured after the treatment with the monomer and after U.V.
irradiation. 1In Figure 1 we show the differential spectrum
of LDPE treated with VA before and after irradiation, to-
gether with the ATR spectrum of the LDPE/PVA composite after
irradiation. In the first spectrum the expected absorptions
of the monomer are observed evidencing its sorption by the
1DPE matrix. After U.V. irradiation the C=C stretching band
at 1640 cm~1 disappears as a consequence of the polymeriza-
tion reaction. The ATR spectrum of the composite is identi-
cal to an ATR spectrum of pure LDPE. It is known that the
radiation penetrates the film to an average depth of 10,000 X
in an ATR experiment. From our results we can conclude that
the monomer polymerizes in the bulk of the matrix and not on
its surface. The same features are observed for all other
monomers studied. These results show that the surfacial
properties of the composites obtained are unchanged in rela-
tion to pure LDPE, but bulk properties are expected to change.



Figure 1.

a) Infrared differential spectra of LDPE treated

with VA prior (broken line) and after UV irradia-
tion (full line). b) ATR spectrum of the compo-

site (broken line).

In Figure 2 we show the differential absorbance U.V.

spectra of the composites together with the spectrum of LDPE.

The absorptions are typical for polyesters or polycarboxylic

acids.
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Figure 2. UV differential spectra of the composites: (—)
LDPE/PMA, (...) LDPE/PVA, (---) LDPE, (-.-.-)
LDPE/PMMA and (-..-..) LDPE/PAA.

In conclusion we have shown that it is possible to
prepare composites from films of LDPE by the photoinitiated
polymerization of a vinylic monomer in its bulk. Work is in
progress to study the effect of the composition on the per-
meability of gases and vapours in the films.
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