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High Temperature IR on Autoxidation of iso-Polypropylene

in Wet Oxygen*

Takashi Kotoyori*

High temperature infrared techniques were applied to examine the influence of water vapour on the
rate of thermal autoxidation of isotactic polypropylene film in pure oxygen of normal bressure at 97°C.
For this purpose a Hitachi Model 285 grating (5,000 line per mm) infrared spectrophotometer was used
together with an oxidation cell and an oxygen humidifier (Fig. 1, 2). The unstabilized, purified iso-
tactic polypropylene (PP) powder employed in this work was furnished from Mitsubishi Petrochemical
Co.Ltd. ; mol. wt. 1.7x10%; isotactic index 96% ; ash content less than 0.003%.

The powder was pressed to give a 0.2 mm thick film by means of a vacuum press, under a pres-
sure of about 10~ mmHg at 198°C for 2min, between polyethylene terephthalate sheets 0. 025mm thick,
together with a Teflon spacer 0.2mm thick with an inside diameter of 30 mm. Owing to the crystal-
lizing nature of PP, the preparation of specimens of repreducible oxidation behaviour requires the
:strict control of press conditions. The film was mounted on a horizontal KBr disc. The temperature
of the disc itself was 97°C at the center. Thus this temperature was assumed to be the reaction tem-
perature throﬁghout this study. A close contact between the film and the disc was always minded to.
get reproducible results. Moreover precautions were always taken in handling the powder and films.
to minimize exposure to light, air and skin.

The humidifier was thermostated at 35°C. Therefore a partial pressure of water vapour, which.
corresponds to the saturated vapour pressure of water at 35°C, can be added to the oxygen stream
when it passes through the humidifier. The interfering water vapour absorptions were essentially
eliminated by virtue of the double beam feature of the instrument. Further the condensation of water:
vapour on the KBr windows or on the inner wall of the cell happened to be avoided due to the hot
state of the cell.

. Infrared spectra of a 0.2mm PP film before and after oxidation is shown in Fig. 3. Major changes.
in the infrared absorption spectra upon oxidation are indicated to occur in the hydroxyl (-OH) region
between 3,600 and 3,200 cm~!, and in the carbonyl (CO) region between 1,800 and 1,600 cm~. Thus.
the measurements were undertaken in an attempt to detect any difference in the rates of formation of
the -OH and CO groups during the thermal oxidation of PP films in dry and wet oxygen (Fig.6, 7 and

8). Subtle, but significant differences were observed in these runs. Films in wet oxygen were found
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to undergo slower thermal degradation reactions than those in dry atmosphere. In further detail, the
intensity of the -OH bands in wet oxygen shows a slightly faster increasing rate during the first 3
hrs, then it begins to level off, and eventually it becomes weaker, compared to that in dry atmo-
sphere ;iwhereas that of the CO bands in wet oxygen continues to increase slower in the whole course
of oxidation than the counterpart in dry atmosphere.

These phenomena are thought to mean that the decomposition of hydroperoxides in the polymer
matrix, attended with the evolution of water, is suppressed by the existence of water vapour in the
gas phase in terms of chemical equilibrium. The initial slight increase of -OH concentration in wet
oxygen can be attributed to a little accumulation of hydroperoxides as a result of the suppression of its
decomposition. But, as the oxidation progresses, the concentrations of products containing a variety
of —-OH groups become gradually higher in dry oxygen, in which the decomposition of hydroperoxides
is naturally faster than in wet atmosphere.

However, the thermal oxidation of actual polymers in the market may undoubtedly be complicated
by the presence of trace impurities such as metal components. Therefore there would be certain cases

in which oxidation reactions are rather enhanced by the coexistence of moisture.
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High Temperature IR on Autoxidation of iso-Polypropylene in Wet Oxygen
by T.Kotoyori

Research Report of the Research Institute of Industrial Safety
RIIS-ER-26-1, 1~11 (1977)

High temperature infrared techniques were applied to examine the effect of

water vapour on the rate of thermal autoxidation of isotactic polypropylene film
in pure oxygen of normal pressure at 97°C. Film in wet oxygen was found to
undergo slower oxidation than that in dry atmosphere. This effect is thought to
mean that the decomposition of hydreperoxides in the polymer matrix, attended with
the evolution of water, is suppressed by the existence of water vapour in the

gas phase in terms of chemical equilibrium.

(9 Figures, 14 References)
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