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Results

Progress of sample mass in calorimetry

Background

Thermal analysis of materials (e.g., heat effects, heat capacity,
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energetic analysis of nuclear or ultra-rare materials, such as
iIrradiated materials and high-pressure phases, with an emphasis
on radiation damage and heat capacity measurements

T First (Flash DSC 1) and #second (Flash DSC 2+) commercial nanocalorimeters by Mettler Toledo
All values are from sources [1-8]

Summary of nanocalorimetric measurements reported:

Heat capacity, phase transitions, precipitation,
melting, and nucleation of mostly polymers,
organic metals, and alloys
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* Combination with in-situ techniques: XRD,
TEM, micro-Raman, and time-of-flight

Traditional DSC  Nanocalorimetry mass spectrometry

Crucibles MEMS
~10"to 10°mg ~10"°to 103 mg

* Nanocalorimetry for ion-irradiated Si
and radiation signature in PTFE
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Objective & Methods Nuclear Ultra-rare Outlook & Future Work
materials materials

Objective: Outlook: gaps in the literature consist of
guantitative measurements of heat events in
materials, which do not have a controlled
surface contact on the chip (e.g., no melting, no
deposition on chip or FIB sectioned), including

iIrradiated oxides and metals

0

Write a literature review evaluating the state-
of-the-art of nanocalorimetry and its potential
usage for thermochemistry of nuclear and/or
ultra-rare materials

Methods:
Future work:
ldentify what can potentially be done with nanocalorimetry
through a literature search about:

1. Discuss beneficial outcomes in safety and environment

2. List challenges and propose advances necessary In

* Thermochemistry of materials in the nuclear fuel cycle, nanocalorimetry technigues

including metallic fuels, irradiated materials, uranium
oxides/silicides/carbides/nitrides, (U/Pu),O, mixed-oxides,
silicon carbide, molten salts, fluorite structured materials and
pyrochlores

3. Layout possible directions for future experiments of heat
capacity and radiation damage

4. After installation of the Flash DSC2+,
conduct experiments with irradiated
ceramics for quantitative measurements
of radiation damage energetics

* Nanocalorimetry for thermal analysis of small amounts of
samples at ultra-fast rates

2. Conduct Flash DSC2+ measurements for initial data of

nanocalorimetry for radiation damage
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Mettler Toledo Flash DSC2+[9]
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