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Objective:
Compare Fire Behavior of Materials For Regulatory Purposes

• Single physically based parameter
• Independent of test conditions
• Reproducible (COV < 5%)
• Obtained by standard methods

Microscale Combustion Calorimeter 
ASTM D7309

Cone Calorimeter
ASTM E1354



Bench Scale Method Using ASTM E1354 Cone Calorimeter

• Heat release rate per unit area, dQ/dt (W/m2)
• Total heat release by combustion, Qc (J/m2)
• External heat flux, EHF (W/m2) 
• Time-to-ignition, tign (seconds)
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• Heat Release
Parameter (HRP)

*R.E. Lyon, “Comparing Fire Behavior of Materials,” 19th Meeting on Fire Retardant Polymeric Materials (FRPM23)
EMPA, Zurich, Switzerland, 26-29 June 2023.

Key Experimental Parameters

Derived Properties*



Y: Integrate dQ/dt

X: Integrate EHF*dt

Master Curve of Combustion Energy (Q) versus Incident Energy (E )

Master Curve

Incident Energy,



Y: Integrate dQ/dt

X: Integrate EHF*dt

Master Curve

Master Curve Shows HRP, Eign are Independent of Heat Flux

Incident Energy,



Y: Integrate dQ/dt

X: Integrate EHF*dt

Master Curve

HRP, Eign Should Also be Independent of Sample Thickness
if Burning is Localized in a Pyrolysis Zone of Depth d

Incident Energy,



Measured Ignition Energies Eign Approximate Theoretical Values

• 𝑇𝑖𝑚𝑒 𝑡𝑜 𝑖𝑔𝑛𝑖𝑡𝑖𝑜𝑛 = 𝑡𝑖𝑔𝑛 =
𝜌𝑐𝑝𝛿(𝑇𝑖𝑔𝑛−𝑇0)

𝐸𝐻𝐹
 = density = 1100 ±100 kg/m3

cp = heat capacity = 1500 ±200 J/kg-K

d = pyrolysis zone depth = 1-4 mm

Tign = ignition temperature = 400 ± 50°C

T0 = ambient temperature = 25°C

EHF = external heat flux (10-100 kW/m2)

Hc = Specific Heat of combustion (J/kg-gas)

Hg = Specific Heat of gasification (J/kg-gas)

• 𝐼𝑔𝑛𝑖𝑡𝑖𝑜𝑛 𝐸𝑛𝑒𝑟𝑔𝑦 = 𝐸𝑖𝑔𝑛 = 𝐸𝐻𝐹 ∗ 𝑡𝑖𝑔𝑛
= 𝜌𝑐𝑝𝛿 𝑇𝑖𝑔𝑛 − 𝑇0

• 𝐹𝐺𝑃 =
Τ∆𝑄 ∆𝐸

𝐸𝑖𝑔𝑛
=

𝐻𝑅𝑃

𝐸𝑖𝑔𝑛

Measured Eign = 3.6 ± 2.3 MJ/m2 (n = 27)

Theoretical Eign ≈ 3 MJ/m2

Heat Release Potential

Ignition Resistance
=



Fire Growth Potential,

𝑭𝑮𝑷 =
𝑯𝑹𝑷

𝑬𝒊𝒈𝒏

𝒎𝟐

𝑴𝑱

Cone Calorimeter Fire Growth Potential (FGP)
• Accounts for combustion and ignition energies
• Obtained from a single experiment because FGP is

 Independent of external heat flux
 Independent of sample thickness

• Effective material/product response to a fire environment

Fire Growth Potentials Are Consistent With Material Fire Performance

m2 of Fire Growth

MJ of Incident Energy



Cone Calorimeter
ASTM E1354

Time-based measurement of 
areal HRR in diffusion flame

(incomplete combustion)

Temperature-based
measurement of specific HRR in 

premixed (complete) 
combustion

Relationship Between Cone and MCC

Physical burning model



a = 0.05

a = 0.95

Time-Temperature Correspondence (Non-Charring)

Tburn ≈T95%

Tign ≈T5%

Cone MCC

Cone MCC

Ignition Temperature

Burning Temperature

Cone MCC



Time-Temperature Correspondence (Charring)

a = 0.05

a = 0.95

Tburn ≈T95%

Tign ≈T5%

Cone MCC

Cone MCC

Ignition
Temperature

Burning
Temperature

Cone MCC
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Fire Growth Capacity (FGC) is Microscale Metric for FAA Similarity
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R.E. Lyon, A Molecular-Level Fire Growth Parameter, Polymer Degradation & Stability, 186 (April 2021)

Since,

T5% (MCC) ≈ Tign (cone)

and

T95% (MCC)  ≈ Tburn (cone)



Commodity Plastics

Engineering Plastics

Specialty Plastics

Heat Resistant Plastics

Fire Resistant Polymers
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Fire Growth Capacity, FGC (J/g-K)



FGC and Upward Flame Spread in Bunsen Burner Test
(UL 94 V or ASTM D3801)

Good discrimination 
at molecular level

*



FGC and Heat Release Rate in OSU Fire Calorimeter
(14 CFR 25 or ASTM E906)

Good discrimination 
at molecular level

FGC* = 50 ± 5 J/g-K



Microscale Combustion Calorimeter FGC  Cone Calorimeter FGP



∆𝐹𝐺𝐶

𝐹𝐺𝐶𝑐𝑒𝑟𝑡𝑖𝑓𝑖𝑒𝑑
≤ 0.3

MCC Criterion for Equivalent 14 CFR 25 Flammability

Data for 69 materials in FAA/Industry Study

Correctly predicts FAR Passing Results for 
Component Substitutions 97% of the Time



Current ASTM D20.30.03 Plastics/Thermal Properties/Combustion 
Ballot to Add Baseline Correction to MCC Standard



Conclusions
ASTM E1354 Cone Calorimeter Fire Growth
• Large (4-in x 4-in) sample is mounted horizontally = no melting, dripping or 

swelling problems.
• Fire Growth Potential FGP (m2/MJ) has units of square meters of burning surface 

area per mega-Joule of incident energy.
• Product Fire Hazard, PFH = FGP * THR (dimensionless) where THR (MJ/m2) is the 

total heat release (fire load) of cabin materials, constructions, insulation blankets, 
thermoformed parts, textiles, wiring, etc.

• Reproducibility of FGP is ±20% based on ASTM interlaboratory study of Qc.

ASTM D7309 Microscale Combustion Calorimeter Fire Growth
• Small (milligram) sample in cup = no melting, dripping or swelling problems.
• Fire Growth Capacity FGC (J/g-K) is a molecular-level parameter that is the total 

heat release and ignitability of small (milligram) samples of materials.
• Differences of less than 30% between certified and substitute materials are not 

seen in FAR fire tests.
• Reproducibility of FGC is ±4% based on preliminary ASTM interlaboratory study.


