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Thermo- and Oxy-luminescence of Polymers

Toshimasa Hashimoto

This review deals with the recent development of thermoluminescence (TL) and oxy-
luminescence (OL) applied to polymers. In a typical TL measurement, light intensity
illuminated from samples can be observed as a function of temperature. The obtained curve
is usually called a glow curve containing one or more glow peaks. It is found a strict corre-
lation between the TL glow curves and the relaxation spectra obtained from classical methods
for polymeric materials. The pattern of TL glow curves, in both shape and intensity, vary
in a characteristic manner reflecting the higher-order structure of polymer molecules.

When polymers are heated in air of oxygen atmosphere at high temperature, a light
emission caused by oxydation is observed as a function of temperature. This phenomenon is
called OL. The OL peak in a glow curve can be attributed to the molecular relaxation of

each polymer.

The luminescent measurement, one of the most sensitive thermal analysis, applicable

to a wide range of complex material.
analysis in various research fields.
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Fig. 1. A thermoluminescence peak showing
the temperatures of Ty, T, and Ty
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Fig. 3. Maximum intensity of TL peak observed in
polyethylene sample vs total dose.
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Fig. 2. The scheme of TL and OL apparatus.
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Fig. 4. TL glow curves of pressure-crystallized
polyethylene.
Crystallization conditions:
(a) 500 MPa at 220°C,
(b) 400 MPa at 205 C,
(c) 300 MPa at 190,
(d) 200 MPa at 170°C.
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Fig. 5. TL glow curves of polystyrene: (a) untreat-
ed, (b) densified at a pressure of 300 MPa.
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Fig. 6. Wavelength distribution curve for the OL
of poly(ethylene oxide) at 300°C (ref. 47).
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Table 1. Polymers known to exhibit oxyluminescence.,
(W. W. Wendlandt Ref. 57)

Polymer Ref.
Polypropylene 33, 34, 37, 38. 45. 49
Polyethylene 33, 35, 45, 49. 56
Polyisobutylene 33
Polyurethane 33.45, 49
Polychloroprene 33
Poly(methyl methacrylate) 33, 35,45, 49
Polystyrene 33, 35,45, 49
Poly(vinylidene chloride) 33
Polyhexamethylene adipamide {Nylon) 33
Poly(vinyl chloride) 33,35
Polyoxymethylene 33, 45
Polyacrylonitrile 33, 39
Polytetrafluoroethylene 45
Poly(ethylene terephthalate) 45

Nylon 6/6 39, 40, 45
Nylon 6 40, 45, 49
Nylon 6/10 40. 45
Ethylene propylene rubbers 42
Dicumyl peroxide in polypropylene 46
Alathon 1 (polyethylene) 36
Ivithene 39
Nalgene 39
Polycarbonate 34, 39
Poly(vinyl pyrrolidine) 39. 51
Nylon 6/9 40

Nylon 6/12 40

Nylon 6/T 40

Nylon 12 40
Poly(vinyl formal) 51
Poly(vinylidene fluoride) 51
Poly(viny! fluoride) 51
Poly(vinyl alcohol) 100% hydrolyzed 51
Poly(vinyl stearate) 51

Poly (vinyl butyral) 51
Chlorinated polyethylenes 51
Poly(diallyl isophthalate) 51
Poly(diallyl phthalate) 51
Polycaprolactone 51
Poly{acetal) 51
Poly(acrylamide)} 51
Poly(1,4-cyclo-hexanedimethylene terephthalate) 51
Poly(1,4-butylene terephthalate) 51
Poly(butyl methacrylate) 51
Cellulose acetate 41
Cellulose propionate 41

Ethyl cellulose 41
Cellulose acetate butyrate 41
Hydroxypropyl cellulose 41
Cellulose sulfate 41
Cellulose triacetate 41
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Fig. 8. OL glow curves of PAN films heat-treated
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indicated in the figure.
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