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TABLE 3. 
Results of tensile tests with rings with 10 % of volume zincoxide, heated at 70°, 100°, 

130° and 147° C. (Vulcanisation coefficient 4.0). 

Temperature and time 

of heating. 

Not heated 19°C. 

Series at 70° C. 

2 min. at 70) C. 

30.. .. 70 .. 

24 hrs. .. 70 

(not continued). 

Series at 100° C. 

2 min. at 100° C. 

30 100 

30.. .. 100 

subsequently I hr. at 20' C. 

Series at 130° C. 

2 min. at 130° C. 

2 .. .. 130 .. 

subsequently 1 hl'. at 20) C. 

Series at 147° C. 

2 min. at 147° C. 

2.. .. 147 .. 

�s�u�~�s�e�q�u�e�n�t�l�y� 1 hr. at 19° C. 

Tensile strength 

in kg./cm2. 

169 

131 

133 

126 

100 

48 

159 

44 

162 

26 

143 

Elongation at 

break in Dfo. 

699 

740 

742 

700 

730 

530 

681 

560 

687 

355 

659 

§ 3. Concluding remarks. 

1 
Load in kg./cm2. 

for an elongation 
of 600%. 

109 

70 

70 

83 

59 

113 

109 

109 

In the first place we wish to check our results with those obtained by 
LE BLANC and KRöGER (loc. cit.). As mentioned before these investigators 
have studied especially the influence of low temperature on the stress­
strain curve of vulcanised rubber. but they have carried out also some 
experiments at higher temperature (till 80° ). They used a special testing 
apparatus which was connected with the SCHOPPER-dynamometer. The 
rings were heated in alcohol. At elevated temperatures this method seems 
objectionable. They carried out tensile tests with a �r�u�b�b�e�r�-�s�u�l�~�h�u�r� mix, 
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Fig . 2. 
Stress-strain curves of rings. containing 10 % of vol. zincoxide . tested at 100° and 147° C. 

(Vulcanisation coefficient 4.0) . 
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with progressive time of cure. without mentioning vulcanisation coeffi­
cients. Rings with low degree of vulcanisation were heated to 55° and 
the figures show clearly a shifting of the tensile curve towards the elonga­
tion axis. Rings with higher degrees of vulcanisation were always found 
to be brittie. They conclude from their results : 

.. Bemerkenswert ist. dasz bei Temperaturen über 30° wirklich gute 
Eigenschaften überhaupt nicht erhalten werden können. Am günstigsten 
liegen die Verhältnisse in dieser Beziehung bei den ausvulkanisierten 
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Produkten. Jenseits von 60 0 ergeben sich nur wenige Kilo Be1astungs~ 

fähigkeit . offenbar infolge der Zunahme des Wärmeinhalts über einen 
kritischen Betrag. wodurch einmal bei längerem Erwärmen die bekannte 
Desaggregation merkbar einsetzt und anderseits die Kräfte die dem 
Zerreiszen entgegenwirken. geschwächt werden." 

TABLE 4. 
Brittleness of rings with and without 10 % of vol. zincoxide. 

Temperature of 

heating. 

70° C. 

100 .. 

130 .. 

147 .. 

Time of heating: after which brittleness occurs. 

Rings without zincoxide IRings with 100f0ofvol. zincoxide 
Vulcanisation coefficient 4.2. Vulcanisation coef/icient 4.0. 

af ter min. 

1 .. 

af ter longer than 24 hrs. 

af ter 30 min. 

2 .. 

2 .. 

This conclusion is in contradiction with our results. With a low coeffi~ 
cient of vulcanisation excellent tensile properties could be recorded even 
at 1000 and at 1300. when the period of heating was not too long. 

LE BLANC and KRöGER have left out of consideration the time of 
heating. which is óf paramount importance. For th is reason they did not 
get a complete survey of the influence of high temperatures on the 
stress~strain curve. 

Finally we wish to make a few remarks in re1ation to the cause of the 
described phenomena. It is not our intention now to put forward an 
explanatory theory of the phenomena just described. but only to point 
out a few directions in which the experimental study will be continued. 
The important observation of brittleness at high temperature gives us 
cause to the following points. 

1. It is well known that overvulcanisation causes brittleness at 
ordinary temperature. In this respect the brittleness at high temperature 
might be attributed to overvulcanisation due to prolonged heating. This 
is not the case as is obvious from determinations of vulcanisation coeffi~ 
cients before and af ter heating in the mercury bath which proved to be 
the same. Moreover it was a priori improbable that overvulcanisation 
should be caused by heating during one or two minutes at 147°. 

2. When vulcanised rubber is heated in air at high temperature. 
oxidation takes place. which causes a decrease in physical properties. 
determined at ordinary temperature (dry heat or ageing test). In our 
experiments the air was not in contact with the rubber. because the rings 
we re heated in a mercury bath. and therefore oxidation is improbable. 

3. Brittleness at high tempera tu re must he ascribed in our opinion to 
another cause than brittleness at room tempera tu re from overvulcanisation. 
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Brittleness at high temperature is likely to stand in do se relation with an 
increase of plasticity at high temperature 1). 

Two methods of further investigation propose themself to verify the 
correctness of these suppositions: 

a. A doser study of the sub-permanent set at high temperature. because 
this property stands in relation with the plasticity. 

b. Direct measurement of the plasticity of rubber at high temperatures. 
Finally attention may be drawn to the possibility that a doser study 

of the conduct of vulcanised rubber at high temperature leads to a new 
method of carrying out ageing experiments. 

The investigation of the properties of vulcanised rubber at high 
temperature is continued in the directions here described. 

Netherland Government Rubber lnstitute. 
Delft, December 1925. 

I) It is sometimes pointed out wrongly that a high degree of plasticity is always accom ­
panied by a high elongation. This is not the case as is obvious from a plastic material 
as putty. 




