
Thermal Analysis & Rheology

THERMAL SOLUTIONS
DETERMINATION OF OIL IN RUBBER BY VACUUM TGA

PROBLEM

Many rubber products are made of simple mixtures of oil,
raw rubber, and carbon black.  End-use performance of
these materials is dependent on batch composition, with
variations of even 1 or 2% causing significant differences.
For this reason, manufacturers of tires, seals, gaskets, and
vibration-damping mounts require a way to quickly assess
batch composition.

Thermogravimetric analysis (TGA), which is a thermal
analysis technique used to measure weight changes in a
material with temperature, is commonly used to determine
the composition of multicomponent rubber products.
However, conventional TGA (flowing atmosphere) cannot
always separate and quantify the oil content since the
rubber present begins to pyrolyze before all of the oil
evaporates.

SOLUTION

Separation of weight losses associated with evaporating
oils and decomposing rubber can be resolved by running
TGA under vacuum.  The Simultaneous TGA-DTA (or
SDT) 2960, because of its horizontal design, is ideal for
vacuum work.  The SDT is easily modified for vacuum
studies by fitting a vacuum connection to the end of the
furnace tube and capping off the standard purge port.

Figure 1 shows the oil and rubber weight losses for a
commercial rubber under a nitrogen purge.  Figure 2 shows
the TGA results on the same material performed under a
reduced atmosphere of 5 Pa (0.04 mm Hg).  Improved
resolution between the overlapping weight losses is
obtained because the weight loss associated with oil
evolution is moved to lower temperatures under vacuum.
Although lower pressures produce the best results, even
moderate levels of vacuum can improve the resolution as
demonstrated by the parent weight loss and derivative
curves in Figures 3 and 4 respectively.
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Figure 1. NORMAL TGA AT AMBIENT PRESSURE Figure 2. TGA AT 5Pa
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Figure 3. TGA AT INCREASING PRESSURES

Figure 4. DERIVATIVE TGA AT INCREASING PRESSURES
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