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Abstract The high density polyethylene HDPE was studied using the positron annihilation lifetime spectroscopy
PALS in the temperature range from 143 to 373 K. For comparison each spectrum was decomposed into three
and four exponential decay components and then for the first time it was found that the first order and second deriv-
ative of four components is more sensitive to the temperature. It can show the apparent double glass transitions and
three o transitions of HDPE clearly and the transition points are 175 240 270 310 350 K respectively. Some
important conclusions about the formation of positronium Ps were made that Ps can form in the crystalline region
the yield of Ps is affected by the space that positron exists and so on. Moreover the coefficient of thermal expan-
sion of HDPE was estimated directly in terms of the results of positron lifetime spectroscopy.
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AI-708
. 140 K
3 143 ~373 K 10 K 0.2 K
3.1 1 K/min. 3h
PE- 140 K 143 K
LA500012 2.0 g/min 30 min
DSC 75%
40 ~50 nm 60 ~70 m’/g. 4
100 ¢ HDPE 20 ¢ PALS
10 min 150°C
20 x20 x2 mm’ 13-1o 7, =0.125 ns
p-Ps
3.2 T, =
ORTEC - 0.3~0.5 ns 7,=1~5ns
Na FWHM Fv
320 ps 35.8 ps *Na
25 nCi Ni 1 mg/cm’ 0-Ps T 1 0-Ps T,
“ - " I, e HDPE
5h 1.5x10°
3.3 1.
1 HDPE
Table 1 The relaxation points of HDPE
Relaxation process Transition temperature/ K Attaching microstructure and micro-brownian motion
a phase a 350 2 The chain will spin and/or shift along ¢ axis in crystal
@ 310 2 The slip between lamellar
o 270 % The motion of short segments in amorphous regions between lamellar
B phase T, U 240 +20 * The movement of Cy, _5, segment in amorphous regions
T, L 190 » Crystallization of partial ordered regions
Melting point Loose point of folding chains in crystalline region 400 ~410 K.
T e" HDPE A
T Ps
193 K X 1 Wang *
T X2
X 1 HDPE
I 350 ~370 K .
1 2 7, T 0.35ns 3 4 143-313K
0.41 ns r T 7, 0.36 ns 0.4 ns
1 73~ 1.2 £0.3 ns
HDPE T, 190 K
190 K 270 320 K 7, 190~260K 7,
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Fig. 1 The lifetimes vs T in three components fit Fig.4 The intensities vs T in four components fit
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Table 2 the fitted values of A and a,vs T
Temperature /K A/10734 73 a/10 7 K
190 1.8 3.26
200 1.6 3.54
210 1.5 3.81
220 1.5 4.08
230 1.4 4.29
240 1.4 4.43
250 1.4 4.45
260 1.4 4.42
270 1.4 4.34
280 1.4 4.36
290 1.4 4.48
300 1.5 4.77
310 1.6 5.28
320 1.7 5.84
330 1.9 6.82
340 2.2 8.32
350 2.7 10.87
360 4.7 20.49
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