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Early Condensed-Phase
Degradation Models
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State of the Art Computational
Pyrolysis Solvers
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Modeling Framework
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Pyrolysis Model Parameterization
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Pyrolysis Model Parameterization
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Simultaneous Thermal Analysis
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Microscale Combustion
Calorimeter (MCC)
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Inverse Analysis of TGA Data:
Reaction Kinetics
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Conclusions

— Reaction: a mass loss or heat flow event that
can be mathematically represented by the
Arrhenius equation

— Component: a collection of chemical
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Inverse Analysis of TGA Data:
Reaction Kinetics
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— Prediction of mass residue within 3%

National Institute of

Standards and Technology Case Study: Poly(butylene terepthalate) (PBT)
U.S. Department of Commerce g
Slide 16 IAFSS 2017 — MaCFP Condensed Phase Subgroup engineering laboratory aj




Introduction
The Fire Problem

Inverse Analysis of

DSC

Darta:

Reaction Thermodynamics

* Maintain simplest model that captures

heat flow rate data from STA tests

Pyrolysis Modeling

Model Development
Parameterization

Experimental

TGA — Reaction Kinetics
DSC - Reaction

Thermodynamics

MCC — Hent nf reO
0.25 ———— :
' l(ii_:(t):bl(l—(exp(—bzt))(cosb3t+b4sinb3t)) ]
0204 [ \\

o
=N
)

Heating Rate (Ks™)
o o
& o

— Experimental Data |
- - Modeled Profile

o
o
o

Slide 17

500 1000 1500 2000 2500 3000
t(s

IAFSS 2017 — MaCFP Condensed Phase Subgroup

tion energetics (h)

— Maintain consistency with TGA mass & mass
flow rate data

- Detfermine heat capacities (c,) and

Temperature dependent;
determined from
degradation kinetics

aoT

N

P
<

=" &

\

Sensible
Enthalpy

Heats of
Reactions

engineering laboratory @g




Inverse Analysis of

DSC Data:

Reaction Thermodynamics
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Criteria for inverse analysis:
AT poa < 5K
— Average mean error within 10%

— Prediction of integral heat flow
within 5%
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Inverse Analysis of MCC Data:
Heat of Combustior
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Conclusions
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Model Validation at Varied
Heating Rates (5, 20 K min-1)
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Application to Complex Systems

nroduction « Polyamide66 (PA66) + Red Phosphorous
€ rire rroplem .
— Interactions between components

Pyrolysis Modeling — Parallel and series reactions

Model Development — Varied compositions, heating rates

Parameterization
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Application to Complex Systems
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Conclusions

ntreguelon - Systematic methodology to characterize
e Fire Problem . . .
. marterials for pyrolysis models applied to:

Pyrolysis Modeling .
' ZAodeI Development — Non-charring polymersts

Parameterization . ChGring—polymer514
Expe;‘é“fmg' . — Composite materials (cardboard, carpet,
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fhermodynamics — Polymers with fire retardants active in the solid
Conclusions phase (i.e. red phosphorous)!?

« Foundation for prediction of material
degradation and burning:
— 1D gasificationth1220.21
— 2D Flame spread??
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