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Detailed Explanation

UL 9540A-2022 Supplement establishes a rigorous, repeatable methodology for characterizing the
thermal stability and hazard potential of PCM systems when subjected to thermal abuse scenarios.
Unlike conventional batteries, PCMs—especially organic (e.g., paraffins) or salt-hydrate
formulations—can undergo endothermic melting but may also experience irreversible exothermic
decomposition above critical thresholds, releasing flammable volatiles or triggering cascading thermal
events. The supplement mandates controlled heating ramp tests (e.g., using Accelerating Rate
Calorimetry or ARC), coupled with real-time pressure, gas evolution (via FTIR or GC-MS), and
surface/interior temperature mapping to detect onset temperature (T_onset), self-heating rate (dT/dt),
and time-to-maximum-rate (TMRad). A core principle is the determination of the 'hazard
classification'—ranging from Class 1 (no self-heating) to Class 4 (rapid, energetic thermal
runaway)—based on quantitative thresholds defined in Annex A. This classification directly informs
installation requirements, ventilation design, fire suppression strategies, and labeling per UL 9540 and
NFPA 855. Furthermore, the supplement emphasizes system-level assessment: it requires evaluation
not only of raw PCM material but also of encapsulated forms, containment materials, heat exchangers,
and thermal management interfaces, recognizing that degradation pathways are often driven by
chemical-mechanical-thermal coupling.



Key Components

1 Exothermic Onset Temperature (T_onset)

2 Self-Heating Rate Thresholds (e.g., ?0.02 °C/min)

3 Gas Evolution Profile and Composition Analysis
Applications

Application

1  Certification of PCM-based grid-scale thermal storage for utility integration
2  Safety validation of PCM-integrated building envelopes and HVAC thermal buffers

Design qualification of electric vehicle battery thermal management systems using PCM heat
sinks

Related Concepts

1 Accelerating Rate Calorimetry (ARC)

2 Thermal Runaway Propagation

3 PCM Decomposition Kinetics
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