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gﬁ: ic materials are widely utilized in aircraft | interiors for various important

applicationdi, such as carpets, seats, bins, appliance housings, communication devices, etc. The
relevance of fire-safe matorials for the trensportation industry has been widely acknowledged,
but the relationship between the molecular structure of the mbterials and their behavior in fires
has been pdorly understood. Therefors, this ressarch involvpd the sypthesis, charactorization,
and processing of new materials that are essential for improvi
systems

the fire performance of material

This research explored the utilization of the phenyl or tethylphosphine oxide moicty on
the fire msiJ:tanoe of ductile thermoplastic high performance mjiterials. aryl phosphine oxide
structure is| readily incorporated into engincering thormoplastic backbones in controllod
concemmtiobs. It is hydrolyiically stable, but allows for the formation into a very high char
residue aﬂer; buming, which prevents ignition and inhibits continued b%ing. An emphasis was
placed on tho synthesis of arylone ether ketone copolymers|containirlg systematically varied
conventratiofs of tripheny] phosphine and diphonyl methyl phsphine oxide residus. We also
synthesized Iwholly aromatic polyimides and polybenzoxazoles that cpmtained the phosphine
oxide suuctdire. Dynamic TGA traces showed remarkably high char yield in air.

Molo:kular characterization was also an important domponen! of this project, and
including asxiessing moleoular weight, chemical composition, and copolymer molecular structure,
morphological behavior, with an emphasis on thermal ysis andl dynamic mechanical
behavior. F I'w testing data was generated in conjunction with |governmgnt colleagues at NIST,
and with indtjish'ial colleagues at the DuPont and Phillips Petroloum Labotatori¢s.

The foal of this researched included the demonstration that melt processable, high
pertbnnnncei‘ﬁe safe material systems could bo generated that would be amenable to standard
important cation techniques, such as nuoctlon molding, ion, apd fiber spinning, Our
laboratory utflized a Custom Scientific film extroder to demonstrate thay film or tape could be
prepared in dn analogous way to tat sought by commercial pldueers. Paralle] plate rheology
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was also t!tilized to demonstrate that melt stable systemsl based on the high performance
muiterials, shich ag the poly(ether ketone)s, polyimides, and polyphenylene sulfides, could, in fact,
be pmpmed Variations in ealculated molecular weight uging the (Caruthers equation was
cotrelated M}ith apparent melt viscosities.

Phosphorus containing monomens, bis(3-aminophenyl)mothyl phosphine oxide (m-
DAMPO) and bis(3-aminophenyphenyl phosphine oxide (m-DAPPO), were synthesized and
incorporated into a thermoplastic poly(arylenc ofher imi ) upon 2,2"-bis[4-(3,4-
dicmboxyphknoxy)phenyl]proxsane dianhydride and 1,3-phenylene diamine, in order to study
their inﬂuen!cc on flame resistance. DAMPO or DAPPO w qunnti'lativoly incorporated in
concentratiotts of 25, 50, 75 and 100 mole percent and molocylar weight of 20K. The resulting
copplymers éemonstmtcd. a significant increase in char yield in pir as a finction of the phosphine
oxide contenii, thus suggesting improved fire resistance. In ition, a series of high molecular
weight triphényl phosphine oxide and/or diphenyl ketone o taining PPSS copolymers were
synthesized h'om the bis-(4-mercaptophonyl) sulfone by tion with 4,4'dichlorodiphenyl
sulfone, bi&@-ﬂuorophqnyl) phany] phosphine oxide, and 4,4'difluorol nzophenone in DMAc
in the pmsenée of K2CO; at 160°C. The new phosphine oxide ntaining PPSS copolymers were
completely aMhm, showed improved solubility in common organic solvents and exhibitod
vory high chdr yiclds in sir at 750°C. Surface (XPS) analysis résults shobrs that the phosphorus
moicties in +he polymer ‘backbone formed phosphate-like layers on) the polymer surface,
protocting the inner materials from further decomposition if airr at high | mperatures. TGA and
micro cone cLlorhneuy analysés showed that the semi-crystalline mateyials with high ketone
content had thuch higher char yields and significantly lower heat reledse rate and total heat
release, compt#md to the poly(phanylene sulfide sulfons) and pol henylehe sulfide) controls.

This ﬁsearoh involved the synthesis of eiﬁer aromatic digmine mqnomers containing the

phenylphosph{ne oxide structure for polyimides, or the activated aromatiq halide containing the
phenyl or mekhyl phosphine oxide connecting link for poly(arylene ¢
sulfide)s. The resulting ﬂiérmaplastic poly(ether imide)s and thermo
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sulfide sulfo{)e) copolymers had similar, if not better propcrtitjs, I contro] commercially

than the
available ma?erials. They provided equal or better reduced heat rel rates relative to their
commerclal dounterparts and in traditional tests they self-extinguish rapidly. In addition,

thes¢ thermo;‘lastic systems displayed good thexmooxidative and tensile properties.
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