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Oxidative thermal degradation products of polyethylenes at various temperatures crosslinked Wiﬂl
electron beams have been analyzed with gas chromatography and mass spectrometry techniques. Carbon
monoxide and carbon dioxide are determined at a temperature range of 200-340°C, and the activation
energies of the unirradiated and the irradiated polyeth-ylene (at 100 Mrad) are 18.5 and 11. 4Kcal/mole,
respectively. C; to Cg hydrocarbons produced in air and in nitrogen are determined at temperatures
ffom 400 to 540°C for the polyethylenes. The irradiated polyethylene produces less hydrocarbons in air
than the unirradiated polyethylene, contrary to the fact that the crosslinked polymer evolves more
hydrcarbons than the unirradiated polymer in a nitrogen atmosphere, Aldehydes and ketones are obser-
ved in the volatile oxidative‘degradation products, and these carbonyl compounds increase quantitati~
'\l‘}eIIy with increase of temperatufe up to about 460°C. It is concluded that irradiated polyethylene is
thermally more unstable in the absence of oxygen and more easily oxidable at low degradatioﬁ temper-
atures in air than unirradiated polyethylene. Irradiated polyethylene, however, is more heat-stable

than unirradiated polyethylene from the standpoint of the ignition process.

- % Thermochimica Acta, 9 (1974) 157 T CBEINcL DR ELDIBDTHD,
wx gpsprassm Research Division of Chemical Engineering
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Fig.1 Degradation system.‘ A=Glass wool ;

B=sample cell;

C=thermocouple ; D=furnace ; E=quartz tube ; F=stopper ;

G=sample rod.
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Table 2 Analytical conditions of gas chro-
matography for the determination
of hydrocarbons
RALKBEEREDIDDOHF A2 v < b
7T 7 ROBG fRERE D 5 i St

< ST 7&(}?&%@5@%@5}@?%@ Apparatus Shimadzu gas chromato-
- graph GC-5 A

Apparatus Shimadzu gas chromato- :
graph GC-5 A flxmadzu pyrolyzer PYR
Shimadzu Pyrolyzer PYR
1A Detector FID

Detector " TCD Column Stainless steel, 2mXx3
— mm i.-d.

Column Stainless steel, 2m><3

mm i.d.
CO : Molecular Sieve 5 A
CO, : Activated charcoal

Temp. of detector 80°C

Temp. of column oven | 50°C

Carrler -{ ‘He, 50mli/min

Pyrolysis temp.

Porapak Q 50/80

Temp. of column oven

40~240°C, 11°C/min

Carrier N, 40ml/min
H, 50 mi/min
Air 11/min

Pyrolysis temp.

400~500°C (in air)

| 200~340°C 460~540°C (in Ny)
Pﬁolysis time 20 mins. Pyrolysis time 30sec.
Atfﬁosphere Dried air Atmosphere Dried air or Ny
Quantity of sample ~0., 35m§ Quantity of sample ~0.39mg
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Fig.2 Variation of the amount of carbon
monoxide for polyethylenes irradi-
ated at 100 Mrad with degradation
temperature in air. (O) Low-den-
sity polyethylene; (@) high-den-
sity polyethylene. '
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Flg 3 Variation of the amount of carbon d1ox1de

for unirradiated polythylenes with degra-
dation temperature in air. (O) Low-den-
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Fig.4 Variation of the total amount of carbon
monoxide and carbon dioxide for polye-
thylenes with degradation temperature
in air. Straight line, unirradiated polye-
thylenes ; dotted line, irradiated polye-
thylene at 100 Mrad. (O) Low-density
polyethylene ; (e) high-density polye-
thylene.
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Fig.7 (a) Chromatogram of the degradation products of unirradiated
low-density polythylene in nitrogen at 540°C. (b) Chromato-
gram of the oxidative degradation products of polyethylene
irradiated at 100 Mrad in air at 460°C.
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Table 3 Analysis of oxidized organic pro-
ducts of polyethylene by gas chro-
matography and mass spectrometry
RY =5V vV DEFHRCET B 5MBF
AP OEEEILEY

Pealk  Oxidized organic products  b. p. (°C)
a Formaldehyde 21
b Acetaldehyde ) 21
c Not identified
d Acrolein 52.5
e Propionaldehyde 49
g Not identfied
h Methyl ethyl ketone : 79.6
Me:hyl vinyl ketone 79-80
i - Chrotonaldehyde 104
k Valeraldehyde 120
1 Not identified
n Heptaldehyde . 152.8
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Aldehydes produced by the ox1dat1ve
-degradation of polyethylenes in -air. - -
Straight line, unirradiated polyethy--
lene ; dotted line, irradiated polyethy-
lene at 100 Mrad. (O) Acetaldehyde;
(®) acrolein and propionaldehyde.
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Oxidative thermal degradation products of polyethylenes at various temperatures
crosslinked with electron beams have been analyzed with gas chromatography and
mass spectrometry techniques. Carbon monoxide and carbon dioxide are determined
at a temperature range of 200-340°C, and the activation energies of the unirradia-
ted and the irradiated polyethylene (at 100 Mrad) are 13.5 and 11. 4 Kcal/mole,
respectively. C; to Cg hydrocarbons produced in air and in nitrogen are determined
at temperatures from 400 to 540°C for the polyethylenes. The irradiated polyethy-
lene produces less hydrocarbons in air than the unirradiated polyethylene, contrary
to the fact that the crosslinked polymer evolves more hydrocabons than the uni-
rradiated polymer in a nitrogen atmosphere. Aldehydes and ketones are observed
in the volatile oxidative degradation products, and these carbonyl compounds in-
crease quantitatively with increase of temperature up to about 460°C.

(Figures 11, Table 1, Refernces 10)



