PYROLYSIS PARAMETERIZATION
AND VALIDATION FOR POLYMERIC
MATERIAL
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Motivation

Comprehensive numerical models that predict the
rate of fuel generation by a pyrolyzing solid have
been developed. (i.e. FDS, ThermaKin, Gpyro)

Models are based on fundamental physical and
chemical properties.



Mechanism of Polymer Combustion

PHYSICAL CHEMICAL

Gaseous fuel mass GaSGOUS_Fuel
and heat transfer Diffusion Flame Combustion

e is treated as QNFlaming Zone Gas Phase

Conductio

Flame Convection
Radiative & Convective heat loss v

In-depth Radiation Absorption | | Char Formation T
I : :

Morphological Changes IA B + C (first-order reaction)

» Production of Gaseous Fuel Condensed

Phase Transitions v | Phase

I

Bubbles,Melting Flow Chemical Decomposition

I
1 mixture of components (A, B,C), which interact chemically and physically.

Pyrolyzing solid
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Milligram Approach




Simultaneous Thermal Analysis(STA)

Sample and
reference pans

T Heat flow sensing
EIW 4 thermocouples
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Kinetics of Degradation of
methylene) (POM)
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REACTION STOICHIOMETRY
REACTION1 POM -> 0.4 POM_Res1 +0.6 POM_g1
POM_Resl -> 0.02 POM_Res2 + 0.98

REACTION2 POM g2

ARRHENIUS A(s™ 1) E (kJ mol™1)
REACTION1 3.8x 10% + 50 % 200+ 5 %
REACTION2 4.8x 10%* + 20 % 590 + 2 %




Kinetics of Degradation of POM
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Thermodynamics of Degradation
of POM
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Thermodynamics of Degradation
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Thermodynamics of Degradation
of POM

—~~—
‘O
=
=
o
o
r—
©
o)
I
o)
)
N
©
-
| W
o
prd

Average of 7 experiments Endo ?
Model é

500 600 700
Temperature (K)

14

REACTIONO: POM Soild > POM _Melt
STOICHIOMETRY: 1 1
ARRHENIUS: 2.7 x 10*?2 571 382k Jmol™?
HEAT: 197Jg 1 £6%
TEMPLIMIT: L 457K

REACTION1: POM Melt > POM Resl + POM gl
STOICHIOMETRY: 1 0.4 0.6
ARRHENIUS: 3.8x 105 1=50% 200kJmol ! =5%
HEAT: 1190 g 1=5%

REACTION2:  POM Resl ->POM Res2 + POM g2
STOICHIOMETRY: 1 0.02 0.98
ARRHENIUS: 4.8x 105 1220%  590kJmol ! =2 %
HEAT: 1350 g 1=5%




Heat of Gasification of POM
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v Experiments at 10K min'
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Non-charring and Charring

Polymers

Polymer Ay (s Eq (k] mol™’ i A Ez (k] mol Am (57 Ein (k) mol

PA BB 386 < 10" =50 200 =2 0026 M/A A MA 1L 420
PP .60 10== 4 50 150+ 2 0018 MIA A M/ A 1 16 1he]
PLA 1.68 =« 10 £50 245 %3 0,100 1.38 = 11 I 1265 0.41 [ 107

J. Li; S. |. Stoliarov, Combust Flame 160 (7) (2013) pp. 1287-1297
J. Li; S. I. Stoliarov, Polymer Degradation and Stability 106 (2014) pp. 2-15









Validation of Temperature

I\/Ieasurement on CAPA+RTS
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Non-charring Polymers
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Kydex (alloy or PMIMA and
PVC)
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HRR vs HF
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Conclusions

® First systematic approach that yields a global reaction model that

simultaneously reproduces both TGA and DSC measurements.

® Temperature-dependent thermal conductivity of a solid material is
extracted from material bottom surface temperature data in a

computationally efficient way.
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