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For comparison with the low density polyethylene, the effects of irradiation on the
mechanical properties were studied of the high density polyethylene filaments. By the
vacuum-irradiation, the tensile strength decreased with dose for the unelongated and
lowly elongated samples, whereas it was practically constant for the highly elongated
samples. On the other hand, the teasile strength of the air-irradiated samples decreas-
ed considerably with dose. Young's modulus and degree of elasticity at 65% RH and
20°C were insensitive to dose, just as those of the low density polyethylene. The per-
cent shrinkage of the irradiated filaments decreased with dose, and the flow point rose
in vacuum irradiation but fell in air-irradiation.

INTRODUCTION

In the preceding papersh®, the changes by the air- and vacuum-irradia-
tions of the solubility and density of low and high density polyethylene filaments
were compared, and the change of mechanical properties of low density polye-
thylene filaments through irradiation were studied. Using the high density
polyethylene filaments elongated to various degrees, the changes of the me-
chanical and thermal properties by r-ray irradiation will be reported in this
paper.

MATERIALS AND IRRADIATION

The materials and the condition for irradiation were described in the pre-
ceding papers?.

RESULTS AND DISCUSSION

The measurements of the mechanical and thermal properties were carried
out in the same manner as that described in the preceding papers®.

(1) Tensile Strength and Elongation

The changes in tensile strength and elongation with dose are tabulated in
Tables 1 and 2.

The tensile strength drops with dose both in air and in vacuum except
the case of the highly elongated sample. The tensile strength of the air-
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Table 1. Changes of tensile strength (kg/mm?2) by irradiation.

Vacuum-irradiation Air-irradiation
Unirra- Dosex 1076 r Dosex 1076
Sample diated | \ . -
2.4 8.2 15 35 99 2.4 8.2 15 35 99

H-1 5,799  5.75 4.63 4.52 3.67 4.37 5.01 3.03 1.799 - -
H-3 18,74 16.88 16.04 13.87 9.83 11.56 11.79 8.35 5,89 — —
H-5 33.09 23.44 21.58 20.75 22,07 21.16 17.39 13.37 11.22 — -

|
H-6 35,93 %31.89 32,79 31.04 31.29 29.66 28.12 17.79 15.38 — —

Table 2. Changes of elongation (%) by irradiation.

~ Vacuum-irradiation - Afr-irradiation
Unirra- Dose <1070 r Dosex 1076 ¢
Sample diated

2.4 8.2 15 35 99 2.4 8.2 15 35 99

H-1 939 1058 802 886 494 305 1192 1068 942 — —
H-3 198 224 209 197 123 76 289 294 251 — —
H-5 55 41 50 46 46 28 52 55 12 — —
H-6 37 47 45 47 46 28 34 26 14 — -

irradiated filaments decreases more steeply than that of the vacuum-irradiated
one. It is interesting to note a different tendency in the strength of highly
elongated filaments irradiated in vacuum : the strength is independent of the
irradiation. The properties of filaments irradiated above 3.5x107r in air could
not be measured, because the samples became too brittle by irradiation.

The elongation of the irradiated filaments increased up to 10"r and at
higher doses began to decrease again with dose. It is difficult to analyse this
result because of the possible presence of the catalyst in the high density
polyethylene. The decrease in the tensile strength of the high density polye-
thylene appears to depend on the main-chain scission. As for this result
Slichter® and Lawton ef al.’s? idea is suggestive that high energy irradiation
causes degradation concurrently in the crystalline and amorphous regions and
the crosslinking reaction occurs mainly in the amorphous region. The con-
siderable decrease of the strength of air-irradiated filaments seems to be due
to oxidation.

(2) Load vs. Elongation Curve

The load vs. elongation curves at various doses are shown in Migs. 1 to 8.

As for the unelongated filaments and the three-times elongated ones ir-
radiated in vacuum, the shape of the curve hardly varies with dose up to 107
r, but remarkably at a still higher dose : the resistance for stretching at higher
stretching increases by irradiation. The shape of the curve of highly elongat-
ed filaments irradiated in vacuum appears to be independent of the irradiation,
The load ws, elongation curve of the air-irradiated filaments depends on dose
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Fig. 1. Load-elongation curves of the vacuum-irradiated unelongted filaments. (H-1)
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Fig. 2. Load-elongation curves of the air-irradiated unelongated filaments. (H-1)
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Fig. 5. Load-elongation curves of the Fig. 6. Load-elongation curves of the
vacuum-~irradiated filaments. (H-5) air-irradiated filaments. (H-5)
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Fig. 7. Load-elongation curves of the Fig. 8. Load-elongation curves of the
vacuum-irradiated filaments. (H-6) air-irradiated filaments. (H-6)

also.
(8) Young’s Modulus

Young’s modulus is given in Table 3.

Table 3. Changes of Young’s modulus (kg/mm?2) by irradiation.

Vacuum-irradiation =~ Air-irradiation
Sample U(tilii;trgg o Dose x10-¢ ¢ . o Dose xyl‘Offl T \
2.4 8.2 15 35 99 2.4 8.2 15 35 99
H-1 461 425 462 457 419 621 494 462 387 — -
H-3 886 790 946 771 675 983 809 979 1002 — @ —
H-5 1616 1411 1439 1439 1587 1499 1322 1591 1557 —
H-6 2059 1602 2118 2029 2207 1922 2279 2161 1994 — —

Though the resistance for stretching at higher stretchings decreases with
dose, Young’s modulus is nearly independent of dose. This appears to he
reasonable. But it may change with dose at higher temperatures.

(4) Degree of Elasticity
The degree of elasticity is plotted against elongation in Figs. 9 and 10. It
does not change remarkably with dose in the case of the unelongated samples

irradiated in vacuum but declines slightly for the air-irradiated samples. The
degree of elasticity of the elongated samples also does not change with dose,

(871>



Ichiro SAKURADA, Waichiro TsuUJji and Fujiko KIMURA

Fore

Degree of elzstcny $6

Tiessee of elaruchy 5

e

0 ] 10 200,

Elongation s Elongation 35

Fig. 9. Degree of elasticity as a function Fig. 10. Degree of elasticity at any dose
of elongation at any dose of unelongated as a function of elongation of elongated
filaments. filaments.

whether the irradiation was carried out in vacuum or in air. Insensitivity of
the degree of elasticity towards dose is interesting, compared with dose de-
pendences of solubility and tensile properties.

(5) Shrinkage by Heating

The percent shrinkage as a function of temperatue is shown in Figs. 11 to
14. In the case of unelongated sample irradiated in vacuum the percent
shrinkage at the same temperature decreased regularly with dose. The flow
point of the vacuum-irradiated filament was elevated with dose. All irradiated
samples began to shrink at 115°C and shrinked gradually up to 170°C. At higher
temperatures the samples shrinked little with temperature. The samples ir-
radiated in vacuum above 1.4X107 r became yellow at 200°C. The perecent
shrinkage of the samples irradiated in air from 2.4x10°r to 1.5x107 r decreased
with dose and the samples irradiated at 9.9x107r in air flowed at about 100°C
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Fig. 11. Percent shrinkage-temperature Fig. 12. Percent shrinkage-temperature
curves of vacuum-irradiated unelongat- curves of air-irradiated unelongated
ed filaments. filaments.
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Iig. 13, Percent shrinkage~temperature curves of the vacuum-irradiated
filaments. (H-5)
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Fig. 14. Percent shrinkage-temperature curves of the air-irradiated filaments. (H-5)

without shrinking. At the same dose, the percent shrinkage of the vacuum-
irradiated samples at the same temperature was larger than that of the air-
irradiated ones. The percent shrinkage of the high density polyethylene
appears to be smaller than that of the low density polyethylene. The irradiat-
ed samples elongated to five-times shrinked slowly with temperature from room
temperature to 120°C but only a little at higher temperatures. As in the un-
elongated samples, the flow point of the elongated samples irradiated in air was
lowered with dose.
The flow point of these air-irradiated samples is given in Table 4.

Table 4. Flow point of air-irradiated samples.

Dosex 1076

Sample Unirradiated
15 ) 35 99
H-1 135 162 116 110
H-5 135 121 106 115

As described on the low density polyethylene, the shrinking appears to de-
pend on the degrees of crosslinking and of crystallinity.

The decrease in the percent shrinkage of these samples would be ascribed
mainly to the crosslinking for the vacuum-irradiated filaments, and to the
degradation for the air-irradiated ones. The changes of the flow points of the
irradiated samples would also be due to crosslinking and degradation.
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