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Overview

In fire environments, composite materials behave differently from conventional fuel sources and have the potential to smolder and burn for extended time periods. As the amount of composite materials on modern aircraft continues to
increase, understanding the response of composites in fire environments becomes increasingly important. Thermal decomposition and oxidation of carbon-fiber composite materials were investigated to obtain data for developing
thermal property and chemical reaction rate expressions that are suitable for use in numerical simulations of the fire behavior of such materials in large structures in a variety of hazard scenarios. Results from experiments with epoxy-
carbon-fiber composites (Cytec Industries 977-3 unidirectional and 977-3 woven) are presented.

Results from Most experimental data were obtained by thermal gravimetric analysis (TGA) using open platinum pans. Simultaneous TGA-FTIR was used to examine evolved gases. Samples were thin square sheets about 2 mm on a side.
The TGA purge gas was UHP N,, high purity air, 95%N,-5%0,, or 98%N,-2%0, flowing at 35 ml/min. Multiple heating programs were used and included: (1) constant heating rate of 1/30 K/s to 25/3 K/s (2 to 500 K/min) and (2) constant
heating rate followed by isothermal heating at temperatures from 723 K to 923 K. Simultaneous TGA-DSC (SDT) with samples in open ceramic pans and air or 95%N,-5%0, purge was used to evaluate enthalpy changes resulting from
oxidation at temperatures from 473 K to 1273 K. Differential scanning calorimetry (DSC) with N, purge and samples in open gold pans was used to obtain data for evaluating specific heat and heat of gasification at temperatures from
ambient to 973 K.
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a Numerical Modeling

" " . - . . Preliminary implementation of epoxy carbon fiber decomposition model
Temperature field during epoxy binder decomposition Temperature field after gas-phase ignition has occurred

in Gpyro? coupled to Fire Dynamics Simulator (FDS)%.

Gpyro is a generalize pyrolysis model that solves conservation equations
for heat, mass, and species in a chemically reacting porous medium.

Radiant Heat Source

FDS provides the solution to the fluid domain solving transient low
Mach number, reactive, buoyant Navier stokes equations

The surface of the composite is heated by a radiant heater, as the
composite heats it begins to decompose and off gases into the fluid
region. The gases in the fluid region ignite by an gas-phase 1-step
Arrhenius reaction.
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Additional effort quantifying comparisons to experimental data will be
focus of future work.
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