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Thermal Analysis of Thermal Curing Resin

Executive Summary

Improperly cured resins result in material failure and can pose significant 
health risks. Uncured resins can be sticky or soft which leads to defects 
and failures in the final application. Parts may be warped or distorted 
due to the soft material. Depending on the specific resin, health risks 
may be caused by residual solvents or the residual uncured resin. 
Ensuring that resins are correctly cured can be done quickly by DSC 
testing, both for UV and thermal curing resins. Here, we look only at 
thermal curing resins.

DSC testing can easily determine the total curing enthalpy of the 
material and detect any residual components. The necessary degree of 
cure or % cure can vary depending on the specific resin and the 
application. Often a high degree of cure is desired, but for some resins a 
lower degree of cure is necessary to prevent brittleness. Therefore, it is 
important to characterize the cure of the resin using DSC to ensure the 
desired properties are obtained.

The NEXTA DSC600 provides fast and precise analysis of thermal curing 
resins for quality control as well as characterization of new materials and 
formulations.
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Analytical Solution
The NEXTA DSC600 is an excellent tool to look at the exothermic energy associated 
with the curing of the material. Even when using a small amount of the material, it is 
possible to observe even minute residual energy with the cure. By comparison to an 
uncured sample, the degree of cure can be calculated. One possibility with this 
testing is the release of any gaseous byproduct from the sample associated with the 
curing exotherm. Therefore, it is important to use pans that are hermetically sealed 
and can withstand elevated pressures that may be generated during the test. If the 
pan cannot withstand the pressure, it may rupture, and the material will need to be 
retested, and the furnace and sensor cleaned. In some cases, the amount of material 
to be tested may depend on the pressure the pan can withstand, especially with a 
sample of the raw resin. In the case of partially cured samples, it may be possible to 
test in a standard crimp pan, but it is recommended to test in the hermetic sealing 
pan in case of an under-cured sample releasing vapours. Sometimes a pan with a 
pinhole can be used as this prevents the pan from rupturing since the gas released 
by the resin can escape. However, using these pans often results in the furnace 
needing frequent cleaning, so a pressure resistant hermetic sealing pan is 
recommended. 

Key benefits of using 
NEXTA DSC600
⎼High sensitivity and excellent resolution to detect the 
smallest thermal events

⎼50-position autosampler for easy-to-use automation of both 
sample pans and reference pans, allowing operators to work 
on other activities while testing

⎼Automated sample sealer to ensure your pans are properly 
sealed every time, regardless of operator, improving the 
repeatability of your results

⎼Multiple cooling systems (electric, LN2, air) with an option 
for simultaneous installation for easy switching between the 
options

⎼Optional Real View® sample observation unit to observe 
samples changes in real time and links the images to the 
temperature and time data for easy analysis
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Background
Thermal curing resins are a commonly used material across a variety of applications, 
from coatings to composites. Often the cure of the resin must be studied to 
determine the energy released during the cure, in the case of large-scale industrial 
processes, as well as studied after curing to determine how much of the material is 
cured during processing, as part of a quality control process. 

The two most common ways of curing a resin are photocuring and thermal curing. 
Photocuring requires the resin to contain initiator that starts the cure process by use 
of irradiation to UV light and then propagates the cure through the material. Thermal 
curing uses heating ramps to specific temperatures or isothermal holds to initiate the 
cure reaction. Even in the case of photocuring materials, there may be a thermal 
component to the material. Often when curing a material, the material is not fully 
cured but achieves a degree of cure that provides the appropriate material 
properties. This can vary depending on the resin used and the specific application 
Depending on the degree of cure, the material properties may vary. Often in an 
under-cured sample, there is not only material failure, but also potentially exposure 
to the uncured resin or residual solvent.
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Analysis data
Resin specimens were prepared by placing ~10 mg of sample in a low 
pressure/hermetic sealing pan. The sample was heated from 30-250°C at 10°C/min 
under a nitrogen N2 purge of 50 ml/min.

Samples showed an exothermic peak around 120°C. An uncured liquid sample was 
tested to confirm the location of the curing exotherm (Figure 1) and to calculate 
degree of cure. Several samples with different degrees of cure were also tested. 
Calculating the degree of cure (also called % Cure) uses the following formula:

 % Cure = (1- (∆Hr/∆Hf))*100

Where ∆Hr is the enthalpy of the residual cure and ∆Hf is the enthalpy of the full 
cure. For the samples tested, the % Cure of the samples in Figure 2 is 97.9-98.4%. 
For the partially cured sample in Figure 1, the % Cure is 67.5%.

One cured sample was retested under the same conditions to determine if there was 
additional residual cure. In that test, no exothermic peak was detected. Several 
specimens (Figure 2) were tested after undergoing processing to cure the material. 
The results for those samples were close in residual cure enthalpy indicating the 
process was effective for these samples. The Tg of these samples was also detected 
during testing at approximately 55°C.
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Figure 1. Three samples with different degrees of cure: uncured liquid sample, partially cured sample, 
and post process sample

Figure 2 Specimens from three samples of post process material 

Summary
Hitachi’s DSC series instrumentation offers a highly robust testing system with a 
baseline stability of ±5 µW which allows you to be confident of your results. Cooling 
can be provided by an electronic cooling unit or LN2, and both can be installed 
simultaneously to allow for easy switching between cooling times. Additional 
equipment can also be included such as a Real View® sample observation to observe 
samples during testing, an automatic lid and autosampler which can hold up to 50 
samples, a UV-irradiation system for performing photo-DSC measurements, and a 
safety cover to protect both the instrument and operator during measurements. 

Questions?
Contact us at hha.contact@hitachi-hightech.com
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