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FIRE SAFETY RESEARCH AT THE FAA
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FULL SCALE TESTING IN AIRCRAFT AT FAA
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FIRE RESEARCH: 1995-Present

OBJECTIVE

Eliminate Burning Cabin Materials as a Cause of Death
in Aircraft Accidents

STRATEGY
Reduce Heat Release Rate of Cabin Materials by 10X

APPROACH
- Understand Why & How Plastics Burn

- Synthesize New Ultra Fire Resistant Polymers



HEAT RELEASE RATE BY 14 CFR 25.853 (a-1)
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Next Generation Cabin Interiors
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Next Generation Cabin Interiors
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Textile Fibers

Supporting Science & Technology



SUPPORTING SCIENCE & TECHNOLOGY

GOAL: Develop a lab (micro) scale
heat release rate (HRR) test for
research samples (milligrams)
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uHRR APPROACH: Controlled (Non-flaming) Combustion
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PYROLYSIS-
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RELATIONSHIP OF utHRR TO FIRE HAZARD

Micro Scale HRR Test Bench Scale Test
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uwHRR WITH THERMOGRAVIMETRIC ANALYSIS (TGA)
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uWHRR OF BLENDS AND FLAME RETARDANT ADDITIVES
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MICRO SCALE HEAT RELEASE PREDICTS OSU TEST RESULTS
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FIRE HAZARD CLASSIFICATION BY MICRO HRR
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FIRE RESISTANT MATERIALS: Requirements
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FIRE SMART MECHANISM IDENTIFIED
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FIRE SMART MECHANISM IS EXOTHERMIC
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FIRE SMART POLYMERS: Why They Work

Free Energy (AG)
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FIRE SMART POLYMERS BASED ON BISPHENOL-C g7,
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FIRE RESISTANT PLASTICS

BPC Polyarylates (U. of Mlass/Amherst)
BPC Polycarbonate (Dow Chemical)
BPC Polyether (Rice University)
BPC Polysulfone (SMRC, SBIR )

Polyphosphine Oxides (VPI)



POLYARYLATES: BPA versus BPC

(o} o CH3
|
oot =<
" CHs
Morphology Amorphous Amorphous
HDT (°C) 160-174 160
Flex Modulus (ksi) 325 391
Flex Strength (psi) 11,000 11,700
Tensile Failure Strain (%) 50 50
NBS Smoke (Dm) 109 N/A
Oxygen Index (%) 36 47
Heat Release 460 18

Capacity (J/g-K)



POLYCARBONATE: BPA versus BPC

Chloral
LEXAN™ Polycarbonate
CHs 2 ﬁCIz 0
10O~ -0+
Morphology Amorphous Amorphous
Tg (°C) 152 168
Flex Modulus (ksi) 336 376
Flex Strength (psi) 16,300 16,200
Tensile Yield Strain (%) 10 11
NBS Smoke (Dm) 165 75
Oxygen Index (%) 26 56
Heat Release 390 29
Capacity (J/g-K)
FAR 25.853(a-1) Heat Release 153 /58 *0.063in  See Next Slide

Peak/Total* (kw/m2) / (kW-min/m2)



BPC POLYCARBONATE: FAA HEAT AND SMOKE

Peak HRR Total HR @ 2-min Smoke
(kW/m?2) (KW-min/m?2) Density, D,
Lab 1 48 34 N/A
Lab 2 59 41 N/A
Lab 3 38 27 4
61 45
47 37
1/16-inch o1 40
(2 mm) 56 44
43 33
50+ 8 38+6 4
14 CFR
25 853 65 65 200

Result: PASS PASS PASS



BPC POLYCARBONATE: Effect of Additives on HRR

Polyphenylsufone (RADEL) 2-minute HR
-minute

Polyetherimide (ULTEM)

BPC Polycarbonate | |

(Base Resin)

+ 1% Titanium Dioxide

Maximum
14 CFR 25.853
Allowed

+ 10% Aluminum Oxalate

+ 20% Talc

14 CFR 25.853 OSU Test; 0 10 20 30 40 50 60 65 70
Sample = 1/16-inch (2 mm) (KW/m2); _(kW -min/m?)




THERMOSET POLYMERS

BPC Epoxy (Pacific Epoxy)
BPC Cyanate Ester (Vantico)
BPC Epoxy-Cyanate Ester Blends

Benzoxazines (Case Western)



CYANATE ESTER: Polymerization Reaction
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BPC CYANATE ESTER: FAA Heat Release Rate Test
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BPC-CE: Effect of Additives on HCIl in Combustion Gas
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BPC-CE: Effect of Additives on Peak HRR in OSU

35 |
' 14 CFR 25.851(a-1) |
30 | Maximum HRR = 65 kW/m? 1
L o »(O«B(Ia:er:?nnec;lic Single-Ply Fiberglass Lamina
£ [ j
s |
¢ 20 | ]
% 15 _ BPC-CE . __
10 | % _
5 [ % Zero kWim?
| || |
0 5% 10% 20% 10% 20% 5% 10% 30_% w/w
Additive: none Magnesium Aluminum Aluminum Zinc

Hydroxide Hydroxide Oxalate Borate



BPC-CE: Effect of Additives on 2-minute HR in OSU

14 CFR 25.851(a-1) Maximum HR = 65 kW-min/m?
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BPC-CE STRUCTURAL COMPOSITES

Only VARTM resin to pass all NAVY submarine fire performance requirements: Rz

Fire Test/Characteristic Requirement Composite Resin
MIL-STD-2031 -
Time to ignition (s) at irradiance: | ) BPC-CE szﬁéo Silicone
25 kW/m? > 300 pass pass pass
50 kW/m? > 150 pass pass pass
75 kW/m? > 90 pass pass pass
100 kW/m?2 > 60 pass pass pass
Peak/Average Heat Release Rate (kW/m?2) at irradiance:
25 kW/m? < 50/50 pass pass pass
50 kW/m? < 65/50 pass pass pass
75 kW/m? <100/100 pass pass pass
100 kW/m?2 <150/120 pass pass pass
Smoke Obscuration, D_..,/D. (avg): < 200/100 pass N/A pass
Combustion Gas Toxicity (CO/CO,/HCN/HCI): pass N/A pass
Mechanical Properties good good poor
Cure Temperature < 200°C > 375°C N/A

J. Koo, et. al., SAMPE 2001



FIRE RESISTANT TEXTILE FIBERS

Polyimides (U. of Akron)

Polyhydroxyamides (U. of Mass/Amherst)

Polyphosphazenes (Penn State)



FIBERS & FILMS

Non Halogen / Fire Smart Polyhydroxyamides (PHA’s) are
Precursors to Heat Resistant Polybenzoxazoles (PBO’s)

- ﬁ-"@

250° C -2 H,0
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University of Massachusetts 650° C
(Amherst)

75% Char, HRC = 40 J/g-K; (40 kW/m? Peak HRR CFR 25.853)



FIRE RESISTANT ELASTOMERS

Polysilphenylenes (U. of Mass/Amherst)
Polyphosphazenes (Penn State)
PPZ Polyurethane (Penn State)

BPC Polyurethane (U. Mass/Amherst)



FIRE RESISTANT ELASTOMERS
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CURRENT RESEARCH

 NON-HALOGEN FIRE SMART POLYMERS
« MOLECULAR MODELING OF POLYMER DECOMPOSITION
- NUMERICAL MODELING OF SOLID BURNING
« HIGH THROUGHPUT SCREENING OF FLAME RETARDANTS
« TECHNOLOGY TRANSFER
v Scale Up Fire Smart Polymers

v Commercialize Micro Scale HRR Calorimeter



CURRENT RESEARCH: Non Halogen / Fire Smart

R = Novel H,C,0 Group

Calc.
Peak
HRR
14 CFR
Polyarylate | HRC Char 253853
From- (J/g-K) (%) (kW/m2)
BP-A 460 25
BP-R 80 40 (50 £10)
BP-C 30 50

University of Massachusetts (Amherst)
PATENTS PENDING

char



CURRENT RESEARCH: Molecular Modeling

Reactive Molecular Dynamics (RMD) Predicts
Rate And Type Of Fuel Species Generated In A Fire
From Chemical Structure Of Polymer

Fuel Gases

e chemically reactive atom

Decomposing Polymer Oligomers



CURRENT RESEARCH: High Throughput FR Test

AUTOMATED MICRO HRR TEST PREDICTS FLAMMABILITY
UL 94
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