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Objective of This Study

Develop guantitative, fundamental-property-based models for burning of

Bisphenol A Polycarbonate (PC) and Poly(Vinyl Chloride) (PVC).
—




ThermaKin Framework

Gas phase is represented by
radiation ~__ empirical relations between
heat flux = f (component flux) > heat flux and component
fluxes. The relations are
derived from experiments.

component flux (key predicted quantity)

Condensed phase is
represented by a mixture of
> components (A, B, C), which
interact chemically and
physically.




Sensitivity of Burning Rate to Property Variation*
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Thermogravimetric Analysis of Thermal Degradation
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Thermogravimetric Analysis of Thermal Degradation

L3 \ e e PC_pol — uPC_char + (1-ux)PC_gas
~ 8.0e-4| \
|3 I ‘
£ 6.0e-4 | PC
S ! p=0.05Ks"
o2 4.0e-4 |
o [
= :

2.0e-4 |

0.0 |

600 650 700 750 800 850 900
I'(K)

1.6e-3 | ' ' ' — _

s | ‘__ 30P;;';“1m“ PVC pol — uPVC_int + (1-4)PVC_gasl
~ 12e3} _
2 10e3} . PVC int —» uPVC char + (1-x) PVC _gas2
£ | PVC
Y 8.0e-4 | B=005Ks"
& 6.0c-4 |
= :
= 4.0e-4 |

2.0e-4 |

0.0




Thermogravimetric Analysis of Thermal Degradation
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Differential Calorimetry of Thermal Degradation
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Cone Calorimetry
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Model of Cone Calorimetry Experiment

External Radiative Heat, 50-92 kW m-
(up to 15% correction for sample expansion)

Flame Heat, 15 kW m-
(turned on when the mass flux reaches 20 kW m-2 equivalent of heat release)

t Before-ignition Convective Loss, 10 W m2 K-1

Polymer Sample 3-9 mm

Insulator (Kaowool) 15 mm

Zero Mass Flow Boundary

Zero Heat Flow Boundary



Model of Char

» Gas transport is fast.
» Char has emissivity and heat capacity of graphite.

» Decomposition kinetics defines char layer formation.

PC_pol — uPC char + (1-1) PC_gas

H P, PC_pol

/0 PC char —

Experimental Expansion Factor

Kpc char — fitting parameter

pPC_char - /upPC_poI

kPC_char
Experimental Expansion Factor
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Model of Char
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If the char layer is a stack of graphitic plates, which exchange energy via radiation, the

layer thermal barrier efficiency depends only on the number of plates in this layer.
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Burning Rate of PC
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Burning Rate of PVC
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Effect of Uncertainties in Arrhenius Parameters
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Effect of Uncertainties in Heats of Decomposition
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Conclusions

0 One-dimensional numerical pyrolysis model can be used to predict the
outcome of cone calorimetry experiments performed on a charring and

intumescing polymer.

O Char can be represented by a simple submodel based on the properties
of graphite and a single adjustable heat transfer parameter, the value of

which is determined using the results of one cone calorimetry experiment.

O A considerable improvement in the consistency of the model can be

achieved by increasing the accuracy of the heat of decomposition values.



