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previously checked, the sample of gas was taken
from the gas space over the sample with a micro-
-syringe and analyzed in a proper carrier gas (hel-
ium or argon, respectively). Whereas the equilib-
rium between the concentration of hydrogen in the
polymer and the gas phase was reached immedi-
ately, the cases of methane, oxygen and carbon di-
oxide could prepare doubts. These were cleared
by an experiment, involving gentle heating of the
sample and analyzing the gas phase after deter-
mined lapses of time.

As concerns the radiation yield of hydrogen, it
does not speak out about the ratio of single- and
multi-ionization spurs, because H2 is produced in
all types of spurs, but in different mechanisms. The
most important fact is the radiation yield of meth-
ane, which seems to be one of products entirely
formed in multi-ionization spurs. Unfortunately,
it is only one of products of multi-ionization spurs
and the comfortable situation of alanine [2] is not
repeated, where the carbon dioxide (0.95/100 eV)
yield was responsible univocally for multi-ioniza-
tion spurs (decarboxylation of alanine). In the case
of methane, one has to introduce the concept of
the participation of this product in the total yield
of multi-ionization spur. If one can assume that
the yield of multi-ionization spur is in the order of
1, as in all systems, then the participation of meth-

to establish the negligible probability of transfer
of life and slightly higher of building blocks of or-
ganics to Earth. It should promote concentration
on looking for mechanisms of origin of life here
on Earth [6].
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Radiation-induced formation of gaseous produced
at ambient and lower temperatures is unique in the
field of chemistry of polymers. There is no form of
energy, except ionizing radiation, to cause chemi-
cal reactions to produce a wide spectrum of low
molecular weight compounds, starting with hydro-
gen.
After the report [1], showing the advantage of de-
termination of radiation yield of hydrogen in the
evaluation of mechanisms of radiolysis, we have re-
fined our instrumental approach by acquiring a new
gas chromatograph (type GC 2014 by Shimadzu,
thermal conductivity detector, column packed with
molecular sieves 5A), better adapted and more sen-
sitive for our tasks of measuring not only hydro-
gen. Also methane and carbon dioxide can be mea-
sured by gas chromatography (GC) now, as well
the consumption of oxygen which reacts with free
radicals on the polypropylene chain. The purpose
of investigation is basic research, but also devel-
opment of a new kind of polypropylene blends,
more suitable for the production of medical devices,
radiation sterilized.

Phenomena connected with the deposition of
ionizing radiation energy in the matter have non-
-homogeneous character and are described by the
model of single- and multi-ionization spurs. The
investigation of material properties of the polymer
blend, necessary in applications is not sufficient to
recognize the mechanism of reactions and to con-
trol them. The determination of product analysis
is a basic procedure to the development of prepara-
tive procedures better than by trial and error, as it is
still the praxis among the material science special-
ists not acquainted with radiation chemistry.

Samples of virgin polypropylene (F401) in
powder form, obtained from the Orlen-Olefins
production line, without additives, and also in the
Department of Radiation Chemistry and Technol-
ogy, Institute of Nuclear Chemistry and Technol-
ogy, made blends with aromatics (naphthalene,
polystyrene) were irradiated in dedicated special
vessels to the dose from 10 to 100 kGy with elec-
trons of 10 MeV energy and 6 kW power from the
Elektronika-10 accelerator. Using the technique
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Fig.1. Relation between polystyrene concentration in poly-
propylene/polystyrene blends and radiation yield of
methane.
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ane is ca. 2% in all the products what sounds rea-
sonably.

The next question connected with the yield of
methane as an indicator of multi-ionization spur
phenomena is the influence of energy transfer and
resulting protection effect. It was shown for the
first time that there is a typical, intensive protec-
tion effect in the system polypropylene/polystyrene
(PP/PS) announced primarily in [3] (Fig.1). The
explanation can be obvious: the energy transfer,
i.e. the detached electrons and remaining positive
holes formed in the polypropylene are effectively
transferred to polystyrene in single ionizations of
any generation, so that they prevent formation of
secondary spurs at all.

Now, the question of oxygen reactions with poly-
propylene. Radiation chemistry of virgin polypro-
pylene has been thoroughly investigated before and
presented in a Ph.D. thesis by Andrzej Rafalski [4],
however without determination of radiolytic gases.
Already the investigation without gas determina-
tion has shown an important role played by oxygen
in after-irradiation phenomena. The chain reaction
of irradiated polypropylene with oxygen lasted for
months. Therefore, determination of consumption
of oxygen by irradiated polypropylene and forma-
tion of carbon dioxide has been incorporated in the
new, this time gas-chromatographic investigation.
It was supposed until now, that the chain of reac-
tions evolves from peroxide (unpaired electron cen-
tered on carbon atom in the chain, combined with
oxygen molecule O2 forming peroxide of the char-
acteristic electron paramagnetic resonance – EPR
signal) to the keton group (detected by diffused re-
flection spectroscopy – DRS [5-7] method). Detec-
tion of carbon dioxide in our investigation shows
that there is another, parallel path of reactions.
Peroxide group located most probably on the car-
bon atom which is connected with the -CH3 rad-
ical forms carbon dioxide, causing chain scission.
The yield of carbon dioxide is unexpectedly high,
0.10/100 eV. Assuming basic total yield of radioly-
sis to 5.0, it means that 2% energy causes that reac-
tion, which contributes also to the degradation (di-
minishment of the molecular weight) of propylene.

As in the methane case, the energy transfer in
the carbon dioxide case was also investigated, and
Fig.2 shows that again the protection effect exists.

The explanation can be similar: Polystyrene is tak-
ing over effects of the first ionizations of most gen-
erations. Another explanations, e.g. deactivation
of peroxide by polystyrene is less probable.

The method allows also the study of oxygen
concentration over the irradiated polymer. Con-
centration of oxygen decays almost to zero in func-
tion of postirradiation time. Disappearance of oxy-
gen is accompanied by the formation of carbon
dioxide in the chain of reactions involving perox-
ide, described above. The work is in progress with
the aim of identifying additional elements of the
chain reactions, if any.
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Fig.2. Relation between polystyrene concentration in poly-
propylene/polystyrene blends and radiation yield of
carbon dioxide.

In spite of a large competition from many other
methods and some sceptic opinions expressed of

various reasons, the possibilities of application of
ionizing radiation for treatment of natural waters
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