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Control of oxidative degradation is a critical consideration in most applications involving
polymers and radiation. Tn radiation crosslinking or sterilization, or in the use of polymers in
radiation environments (such as nuclear plants), the objective is to minimize degradation as
much as possible. In other applications, a controlled, partial degradation is desired to alter
processing properties, or to enhance adhesion or solubility.

To gain more understanding of the complex processes of radiation oxidation, samples of one
important commercial polyolefin, polypropylene, were synthesized in which the three
different carbon atoms along the chain were selectively labeled with carbon-13. These
samples were subjected to radiation under inert and air atmospheres, and to post-irradiation
thermal exposure in air at various temperatures. Analysis of macromolecular radiation-
oxidation products was carried out using 13C NMR and FTIR. Time-dependent plots of
oxidation products have been obtained from the NMR measurements, including the post-
irradiation oxidation of a sample held at room temperature in air that has been monitored for 2
years. Analysis of volatile oxidation products (CO, CO2, and small organic molecules) was
accomplished with gas chromatography / mass spectroscopy. The position of the 13C labels in
the degradation products, have been traced back to their positions of origin on the
macromolecule, providing insights into the chemical reaction mechanisms through which the
products were formed.

The major solid-phase products include peroxides and alcohols, both formed at tertiary carbon
sites along the chain. Other products include methyl ketones, acids, esters, peresters, and
hemiketals formed from reaction at the tertiary carbon, together with in-chain ketones and
esters from reaction at the secondary chain carbon. No evidence is found of macromolecular
products arising from reactions at the methyl side chain. Significant temperature-dependent
differences are apparent; for example much higher yields' of chain-end methyl ketones, which
are the indicator product of chain scission, are generated for both elevated temperature
irradiation and for post-irradiation treatment at elevated temperatures. CO and CO2 originate
primarily from the secondary chain position, with lesser amounts coming from the methyl
side-chain, and a small amount from the tertiary chain carbon. Organic volatiles are
remarkably specific in their position of origin within the macromolecule, and their structures
reflect the oxidative chain cleavage steps through which they form.
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