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CHARACTERIZATION OF RESIN CURING USING
DMA / DEA / CONTROLLED STRESS RHEOLOGY

THERMAL SOLUTIONS

phenomena in thermoset materials (1-5).  DMA, which
tracks the modulus and damping properties of a material, is
particularly valuable for evaluating the latter stages of cure
as well as the characteristics of the fully cured final
product.  On the other hand, DEA, which  measures the
permittivity (capacitance) and conductance properties of a
material, and rheology, which measures the flow properties
of materials, are more valuable for evaluating the early
stages of cure when the material is more �fluid�.

Figures 1-3 show the comparatiave DMA, DEA, and CSR
results for the curing of an epoxy resin.  All three
techniques indicate the onset of cure.  Furthermore, DMA
and CSR also indicate gelation.  DEA and CSR indicate the
minimum viscosity achieved before cure, while DMA
indicates completion of cure and the final modulus
(stiffness).

PROBLEM

Suppliers of thermosetting materials are interested in
rapidly assessing important processing (curing) parameters
such as the glass transition temperature (Tg), the point of
minimum viscosity, the onset of gelation, and the
completion of cure.  Since many of these thermosets are
powders or viscous liquids before cure and highly rigid
solids after cure, evaluation of all of the critical curing
parameters is difficult with a single analytical technique.

SOLUTION

Dynamic mechanical analysis (DMA), dielectric analysis
(DEA) and controlled stress rheology (CSR) are techniques
which have been widely used to measure the curing

Figure 1. EPOXY CURE - DMA Figure 2. EPOXY CURE - DEA
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In addition to the individual techniques, TA Instruments
also supplies a remote DEA sensor which allows both
DMA and DEA results to be obtained simultaneously on
the same sample (Figure 4).  Hence, in a single experiment
complete information about the curing process can be
obtained, including:

1.  Glass Transition Temperature of the Uncured
     Material
2.  Temperature of  Minimum Viscosity
3.  Onset of Gelation
4.  Completion of Cure
5.  Modulus when Fully Cured

By altering experimental conditions slightly to include
isothermal segments and/or by running two different
thermosets under identical experimental conditions, it is

possible to expand the information obtained further to
include:

1.  �Working� time at the Minimum Viscosity before curing
      begins.
2.  Time to achieve final cure.
3.  Comparative data such as minimum viscosities and
      �working� times which enable selection of specific
      formulations for specific process situations.
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Figure 4. SIMULTANEOUS DMA / DEA
CONFIGURATION

Figure 3. EPOXY CURE - CSR
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