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Abstract 
Sensitive calorimeters has become very useful at many laboratories for 

material sciences. Based on heat measurments these instruments can be used to 
monitor heat generated or consumed by chemical reactions or physical 
processes The sensitivity of modern nncrocalorimeters makes it possible to 
study slow processes wluch makes the method suitable to study agemg 
processes close to room temperature, 

In our laboratories TAM ~~~o~e~rs has been used for many years for a 
varity of studies: 

-Compatibility of explosives with other materials (1) 
-Stability of energetic materials 
-Metall corrosion at different RH (2) 
-Diffusion of gases through ~bber~pol~ers (3) 
-0xidative and hydrolytic reactions in polymers. 

In this report we want to show the behavlour of polyethylene when tested in a 
microcalorimeter and the suitability of the instrument for studies of oxidation of 
aged polyethylene. 

1. METEODS 

0,5 -1 g of polyethylene samples in the shape of rods or sheets are weighed 
into 3 ml glass ampoules. The ampoule is closed and introduced into an 
isothermal nucrocalorimeter (TAM,-calorimeter, Thermometric AB, 
J&f&lla,Sweden)) . After 30 minutes in order to roach temperature equilibrium 
the me~~ements are started and the heat generated from the sample is 
continously registered giving curves with pWg vs time. 

This paper was presented at the 13th Nordic Symposium on Thermal Analysis and 
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2. NORMAL POLYETHYLENE 
I 

During thhe;;~ we have tested 

ZZh ylene 
samples of 

in our 60 
microcalorimeters when performing 
compatibility tests. 

Most samples of polyethylene tested 6o 
in our calorimeters at 70°C show an 
initial exotherm that gradually goes 
down ;ozay?he shape ;fz;urves 

ao 

for 
zyethylene in zzr%i nitrogen and 
immersed in water I - 

We have no explanation of this 
initial exotherm that is common for 2 4 DAYS 

many thermoplastic matenals. Fig 1 Mlcfocalorimetry al 70°C 

Normal polyelhylonor 

3. UNSTABLEPOLYETHYLENEWT* 

A particular polyethylene sample “VIT” behaved in a different way. 

With this particulare pol 
found a somewhat 

ethylene we 
big er z heatflow 

value and a deviation Tom the 
normal curves when tested in air.(Fig 
2 “AIR’) By testing this sample in an 
atmos here of 100% oxygen we found 
still II ‘gher heat flow values - 
75uW/g.(Fig 2 -“02”) In nitrogen we 
found a curve more hke the curves for 
normal pol ethylene 

. ii 
(Fig 2 “N2”) 

kd%u?$ed by oxygen at 70°C and 
at this polyethylene can 

that t5? e process can be monitored by 
the microcalorimeter. 

w/g 

60 

40 

20 

The sample “VIT” is a HDPE from a 
3,5 mm thick commercial available 
polyethylene bottle with an unknown 
prehistory. 

2 4 6DAYS 

Fig 2 Mkmcai~try at 7O’C 

ulwtelo polyemybne ‘VI1 

There were no cracks observed in it and the mechanical properties were good 
even after forced agemg. By testing 111 oxygen at 180°C we found however that 
this polyethylene has a bad resistance to oxygen as measured by the 
conventional method (DSC). 
Later we found bands in FT-IR indicating oxidation of the polyethylene.This 
was found only at the inner wall and only to a depth of 0,3 mm.(Fig 3a and 3b) 
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Fig 3 FT-IR:: 

a) VIT 
Inner wall 

b).VIT 
outer wall 

c) OLD 

4. DIFFUSION 

The curve we got when measurmg in the 
calorimeter directly after introducing oxygen 

60 

to the sample was different from the curve 
when we had stored the polyethylene sample 
in an oxygen atmosphere for 5 days at 4o 
roomtemperature prior to the test m the 
calorimeter The heat flow curves decreased 
at a higher rate for the pretreated sample. 20 
This m&cates that diffusion of gases into 
the polyethylene may be an important 

4 6 DAYS 

Fig 4 Mlcrocalotimetry at 70°C 
I Inttr~hln w4vnthvlann ‘VIT” 

factor. 

5. TEIM~ERATUREDEPEND~CE 

A parallel1 run was performed 
65°C of the_ sample pretreated 

at 
in 

oxygen for 5 days to get an idea of the 
temperature dependence of the 
reactions. The activation energy in this 
very narrow temperature interval was 
estimated to 43 kJ/mol. If this value is 
correct for a wider range we would 
expect @W/g at room temperature for 
the sample “VIT” in oxygen. Since the 
calorimeter is sensitive well below 1 
uWd;;,eems possible to measure 

of this 
polyethylene 
temperature 

sample of 
down to room 

4 8 DAYS 

Fii 5 Mkrocakrimotry at 7O/WC 
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6. OLD DEGRADED POL- 

We have also tested a polyethylene 
sample that had been used as a 
diffusion barrier in a building since 
1969. This sample “OLD” was very 
bnttle an: its F”I’~-Iey”““” shows 
signs 
polyethylene&g 3c) 

degraded 

We found it oxygen sensitive by 
testing it at 70°C in the calorimeter. 
As can be seen from the curves the 
heat flow from this sample is higher 
in oxygen (25OuW/g) than in 
nitrogen atmosphere. 

w/g 

200 

100 

The decrease in the curve “02” after 
4 days is assumed to be caused by 
lack of oxygen as we got higher heat 
flow va.lues=;hen we opened the 
ampoule__ introduced more 

z b DAYIS 
Fig 6 Mkrocalorimetry at 70°C 

Old polyethylene 

oxygen. The energy released was about 360 kJ/mol 02 for both the sample 
‘VT” and “OLD” when calculating the energy differences between samples in 
oxygen and in nitrogen. 

S-Y 

When a normal stabilized polyethylene IS aged there is a very little change in its 
mechanical and other properties for a long period of time, but then rather 
suddenly there wrll be a change leading to crackscref 4XThis sudden change is 
assumed to be associated with loss of oxydation stabilizers in the polyethylene 
and the start of oxydative degradation of the polymeric chains. 
With this report we will point out the possibility to study the oxydative 
degradation of old or degraded polyethylene at moderate temperatures far below 
its melting point mth help of microcalorimetry. 
We hope in the future to be able to test more well-defined polyethylenes with 
regard to stabilizer content/mechanical properties. 
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