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Fire Behavior - Cone Calorimeter
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Fire Residue - Macroscoic Appearance

Fire residue of flame retardant formulations A) in the neat resin and with B) unidirectional and C)
bidirectional glass fibers. Epoxy resin with 8% APP D) without glass fibers and with E) unidirectional and
F) bidirectional glass fibers.

Jq Conclusions

Pyrolysis

* The amount of residue increases when resins are
transferred to glass fiber composites.

* When transferred to glass fiber composites, T,
increases and T, decreases.
Flammability

* When transferred to glass fiber composites, the LOI
value increase significantly.

* The addition of flame retardants decreases the burning
rate.
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Fire Behavior
* The HRR, THR, and PHRR decrease when the resins are
transferred to glass fiber composites.
* In addition, the modes of action in gas and condensed
phase, decrease significantly.

Dynamic Mechanical Analysis
* The height of the tan d curve decreases as follows: neat
resin >> BD GF composite > UD GF composite indicating
lower segmental mobility due to the glass fibers and
good interfacial adhesion between the resin and fibers.
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Fire Residue - Sc

anning Electron Microscopy
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SEM Images of fire residue of A) neat resin and with B) unidirectional glass fibers.
Epoxywith 8% APP C) without glass fibers and with D) unidirectional glass fibers.

Conclusions
The mobility of the polymer chains is negligibly affected

when FRs are added for the neat resin and composites.
The value of Tg (peak of the tan @ curve) is around
160°C and the presence of the glass fibers only causes a
slight decrease in this value.

When the glass fibers are added, there is a change in the
modes of action of flame retardancy.

There is an increase in intumescence and charring when
the FRs are added. When glass fibers are added the
charring and intumescence diminishes.
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