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Damage mechanism of polyphenylene sulfide resin
in liquid oxygen
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Abstract A compatible material is defined as one that

maintains its original properties in the presence of liquid

oxygen. A test for the compatibility of a material with

liquid oxygen basically consists of placing the material in

liquid oxygen in the presence of a possible ignition source

and observing the reaction as a function of the ignition

energy. One of the most probable ignition sources is just

mechanical impact and in an appropriate test, the disk of a

candidate material is submerged in liquid oxygen and

impacted with 98 J of impact energy while monitoring a

candidate material for flash or sound responses that would

correspond to an ignition. The polyphenylene sulfide resin

was mechanically impacted in liquid oxygen according to

ASTM D-2512 to investigate the compatibility and damage

mechanism. The obvious flash was detected for three

specimens during the initial series of 20 tests, which dem-

onstrated that the polyphenylene sulfide resin is incompat-

ible with liquid oxygen. The surface microstructure and

composition of the specimen before and after mechanical

impact were analyzed by SEM and XPS, respectively. The

damage mechanism of the polyphenylene sulfide resin in

the liquid oxygen was investigated in detail. The high

temperature of the local surface resulted in the reaction of

polyphenylene sulfide resin with oxygen in forming peroxy

radicals of relatively high activity which reacted with

hydrogen atoms of polyphenylene sulfide of molecular

terminals producing relatively stable sulfur radicals and

peroxides. The disappearance of radical of high activity is

favorable to inhibit the reaction of the polyphenylene sul-

fide resin with liquid oxygen.
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Introduction

The liquid oxygen has been used widely in many different

applications ranging from conventional industry to high-

technology industry, such as seals, lubricants, filling liquids,

and so on [1]. During its production, transport and use, the

liquid oxygen is in contact with many different materials,

virtually all of which would burn [2]. The problem of

choosing properly safe or compatible materials is the

objective of presenting a brief survey of the compatibility of

structural materials with liquid oxygen [3]. A compatible

material is defined as one that maintains its original prop-

erties in the presence of liquid oxygen. The oxidation pro-

cess of bulk materials is either very slow and controllable or

violently fast and destructive; incompatibility is generally

analogous to the latter. A test for the compatibility of a

material with liquid oxygen basically consists of placing the

material in liquid oxygen in the presence of a possible

ignition source and observing the reaction as a function of

the ignition energy [4]. The test is only distinguished by the

ingenuity of selecting possible ignition sources. However,

the type of test is quite important in simulating working

conditions and probable ignition sources. Somewhat arbi-

trarily, the test is described below by the following ignition

categories: mechanical impact, electrical, thermal, acoustic,

abrasive, fracture and configurational [5]. The mechanical

impact as one of the most probable ignition sources is con-

ducted by submerging a disk of a candidate material in liquid
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