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Outline

Why flame retardants (FRs)?
FRs and their mode of action
Flammability test methods

Modifying resin systems
— Char-forming polymers
— Non-charring polymers

Relevance to FRPs
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In Short... Polymer Combustion
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Pyrolysis products can be identified by FTIR

Adapted from http://www.cefic-efra.com/content/Ddafaasp?PagelD=4




Why Use Flame Retardants (FRs)?

* You can treat potentially flammable
organic materials with FR additives to
make them more difficult to ignite and
spread fire

e Flame Retardants Save Lives
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Mechanism of flame retardants
Why halogen?

 Bromine and chlorine additives inhibit the gas phase

chain reactions which are responsible for triggering

exothermic reactions with fuels. In the following X is

Br RX R+X

X+RH HX+R

HX+OH HO+X Reaction with
HX+0O OH + X Bromine removes
OH, O and H free

HX+H H, +X .
2 radicals

Haiyan, Hong and Ma Kaichang. Proceedings of td@8&ijing International Symposmm/Exhlbltlon on Fl%bﬁlf&w&!eﬂéﬁﬂliﬁj}'-
1993, Beijing, China, pp. 357-364 CAGRGS WL RaiTn




Synergists

« HC| and HBr produced when
halogenated FRs used

« Antimony trioxide used to reduce
amount of halogen needed
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Cellulose forms Char

below 300C Char + HO + volatiles
Wood

above 300C

Flammable volatiles

Nanoclay also reduces flammability by forming char
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Intumescence

 This Is swollen multicellular char
* Originally used as coatings

e Contain an inorganic acid, a compound
that can form char and a source of a
volatile gas
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Flammability Test

 UL94

e Procedure

— Place Flame 10mm
Under Sample For
10sec

— Remove Flame

— Replace Flame For
An Additional 10sec
After First Flame Is
Out




UL94 Type Test
PCNoFR PCBrFR PCKSSFR




LOI Criteria For Burning

e Burn For At Least 3
Minutes or 50 mm




Cone Calorimeterll

Polymer Plaque

Remaining Char




Cone Calorimeter Data
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Degradation of PC, Simplified

o A N
Polycarbonate Degradation >
to-do ) %OH
unsaturated hydrocarbons, ethers,

phenols, carbonates, bisphenol A
H,O and CO,
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Scheme 4 Main Degradation Mechanism of PC in Air

0 Hydrolysis of carbonate and  /z = 94, 108, 122, 136, 214, 228,
cr-n—o—@—|—mr BB OF BOPIDERO 242, 256, 270, 284,332,346,

Hydrogen abstraction 348, 360, 362, 376,390,etc.

Schame 3

Scission of rﬁuprﬂpwi*“ﬂ_, miz = 198, 210, 212, 226, 240, 288
”‘<> 2 @ ‘ Hydrogen abstraction

304,316,318, 332, 346, etc.

These are assigned structures
having one, two, and three
benzene rings from GC/MS

results (see Table 1 and 2 from
referenced paper)

B. N. Jang, C. A. WilkieThe thermal degradation of bisphenol A polycarbonatair,
Thermochimica Acta, 426, 73-84, 2005.




KSS as a Non-halogenated
Flame Retardant
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e KSS FR® (potassium diphenylsulfone
sulfonate)) from Sloss Industries

 White, powder, non-halogenated flame
retardant

k. 0.2wt% Loading for UL94 v-0 at 3.2mm
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PC/KSS FR Mechanism Study\

e KSS was melt blended into PC at

0.2 wLesav-0), 0.4, 0.8, 1.5, & 3 wt%
loadings.

e Combustion Products & Samples were
analyzed by TGA, TGA-FTIR, & TGA-

\_ GC-MS.
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KSS Acceleration of Bisphenol A
\

/
HOOH % ()on + o I

disproportionation l dimerization

e Bisphenol A

disproportionates into phenol CH,
ancﬁ) isgpropylphenol " HOO—(C@OH
 KSS promotes the k
dimerization of
Isopropylphenol
o Further supported by GC-MS

\\ results /

Ballistreri, A.; Montaudo, G.; Scamporrino, EE.Polym. Sci: Part A Polym. Chei088,
26, 2113-2127




PC/KSS FR Mechanism

a N

 KSS works as a catalyst in accelerating the
disproportionation of bisphenol A and
dimerization of isopropylphenol in
polycarbonate which leads to an enhanced
carbonaceous char.

 Additionally, CO, production acts as a
blowing agent.

 Combination of the two leads to an
Intumescent char that accounts for PC/KSS's
. excellent fire retardant ability. )




Non-Charring Polymers

« Use wood flour to provide char
e Use other additives to foam the char




Results

SEM pictures of surface of samples after tests

Burning surface of with addition of 30 Burning surface with addition of 30 wt%
wt% wood. LOI=21. wood and 25 wt% ADP. LOI=28.
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FRPs under Fire

e Need to add FRs to resin

 Need to determine how physical
properties change with temperature

* Need to model how mechanical
properties of a composite structure
change with time and temperature
during a fire, both in absence and In
presence of loads




Practical Outcomes

e Designs to minimize local collapse,
progressive collapse and catastrophic
collapse of FRP structures

— Specification of materials

e Guidelines for managing fires involving
FRP structures
— Fire detection and suppressing systems
— protection of primary load-bearing systems
— Effective egress from fire zones




Deliverables at Year-end

e Basic model to describe the effect of a
progressive increase in temperature on
a composite panel

e Estimates of physical properties needed
to solve for quantities of interest in the
model described above




Thank you!




