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OUTLINE

• FLAMMABILITY PROPERTIES FROM MICROCALORIMETRY

• MICROCALORIMETRY AND:

Ignitability (Radiant Panel Flame Spread)

Heat Release Rate (OSU and Intermediate Scale Tests)

Flame Resistance (Bunsen burner tests)

Research (Product Development)

• SUMMARY AND CONCLUSIONS

Standard Test Method for Flammability 
Screening of AC Materials



GOAL: PREDICT RESULTS OF AC FIRE TESTING
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APPROACH: Simulated Flaming Combustion
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• Sample heated at constant rate in N2
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APPARATUS CONSTRUCTION
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MICRO HRR DATA FOR COMMON PLASTICS
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MOTIVATION FOR MICRO SCALE TEST

Small Specimens (milligrams instead of kilograms)

Rapid Results (minutes instead of hours)

Reproducible (± 7%)

Repeatable (± 5%)

Fire Properties Measured (used with models to 
correlate other tests) 



PROPERTIES RELATED TO FLAMMABILTIY
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• Heat release rate
• Flame resistance
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• Fire Load
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• Glow Wire Ignition
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IGNITABILITY



IGNITION TEMPERATURE AND Tmax
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CHF, kW/m2

Measured*  σTmax
4POLYMER

Tmax

(°C)

PMMA 401 � 8 11 - 12 6 - 23
POM 409 �10 11 - 13 13
HIPS 463 �10 15 - 17 15
ABS 467 �12 16 - 18 9 - 15
PET 471 �12 16 - 18 10 - 19
PVC** 478 � 8 17 - 18 15 - 28

PP 493 �10 18 - 20 15 - 16

PE 514 �10 20 - 22 15 - 20
PVDF** 510 � 2 21 30 - 50

PC 556 � 9 25 - 28 15 - 20
PPS** 551 �18 24 - 28 35 - 38
PEI 576 �10 28 - 31 25 - 40
FEP 600 �10 31 - 34 38 - 50

PA66 482 17 - 19 15 - 21�11
**Note poor agreement 
for halogen (Cl, F) and 

heteroatom (S) 
polymers for which

Tign > Tmax 

CRITICAL HEAT FLUX (CHF) FOR IGNITION FROM Tmax

*D. Drysdale, A. Tewarson, R.E. Lyon
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HEAT RELEASE RATE



HEAT RELEASE RATE:  Macro / Micro

Slope = HRP ≡

H
R

R
 (k

W
/m

2 )

q″ext (kW/m2)
0

hc
Lg

=
hc / ΔTp
Lg / ΔTp

= ηc
ηg

Fire Calorimeter 
Data

HRR = HRR0 + ηc

ηg
′ ′ q ext

Multiply by  
ΔTp / ΔTp

Intercept = HRR0

From 
PCFC



CONE HRR AND MICROCALORIMETER ηC
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ASTM E 906/OSU
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THERMO ACOUSTIC INSULATION

Intermediate Scale and Micro Scale Results
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TEMPERATURE RISE versus HRC

Intermediate Scale Test of Thermo-Acoustic Insulation
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FLAME
RESISTANCE



FLAME RESISTANCE AND MICROSCALE HRR

Bunsen Burner Tests

Isolated flame / Unforced Combustion

Limiting Oxygen 
Index



Extinction in flame tests (q″ext = 0) when HRR0 ≤ HRR* ≈ 50-100 kW/m2,
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FLAME RESISTANCE AND MICROCALORIMETRY
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Halogen 
containing

FLAME RESISTANCE (LOI) AND MICROCAL (ηC)
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Halogen
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FLAME RESISTANCE: FAR 25.853 AND 25.855
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RESEARCH



FLAME RESISTANCE OF GFRP

ηc has maximum for non-charring plastics (PA6, PBT).

ηc decreases montonically for charring plastics (PC, PPS)
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Tetrabromobisphenol-A / DGEBA
TetrabromoDGEBA / DGEBA + EMI-24 (2 wt.%)
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SUMMARY



• Small (mg) Specimens = No Fabricated Products,
Assemblies, Laminates.

• Physical Effects Not Captured in Test Results:

Dripping
Swelling
Shrinking
Curling
Intumescence
Barrier (mass/heat) effects
etc.

• Complete Combustion Under Normal Operation
= Limited Sensitivity to Gas Phase/Halogen FR.

CURRENT LIMITATIONS OF METHOD

Not So Important for FAA Tests
(Which Tend to Be More Severe)



STATUS OF MICROCALORIMETRY: Commercial

• R&D 100 Award Submitted by FAA

• Two licensed manufacturers

The Govmark Organization, 
Farmingdale, NY.

Fire Testing Technology,
East Grinstead, England.

• Over ten (>10) commercial units in 
operation in industry, government, 
academia.



ASTM Committee D20 (Plastics)

ISO Technical Committee TC 61 
(Plastics)

FAA (?)

• “Screening Method” in
Fire Test Handbook?

• Adapt to AC Materials

STATUS OF MICROCALORIMETRY: Regulatory

Work Items Submitted for
Standard Test Method in:


	THERMO ACOUSTIC INSULATION

