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A particular flame retardancy deficiency has been noted in PEI and polysulfone films
having a thickness of 25 micrometers to 300 micrometers (e.g., films used in
applications such as electronics). Hence, PEl and polysulfone films have need of
improved flame retardant performance. These thin films have a relatively high surface
area that is exposed to air, making the combustion process more favorable than in
thicker sections. Electronic specifications often require the film to exhibit sufficient
flame retardancy such as that specified in UL-94 (Underwriter’s Laboratory Bulletin
94 entitled “Tests for Flammability of Plastic Materials, UL-94"). A rating of VTM-0

is desirable in many applications. Polyetherimide and polysulfone thin films, however,
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In one embodiment, the method for producing a film using melt processing,
comprises: melting a thermoplastic resin and a sulfonate salt to form a melt and
passing the melt through a die to produce the film, wherein the thermoplastic resin is
selected from the group consisting of polyimide, polysulfone, and copolymers,
reaction products, and combinations comprising at least one of the foregoing
thermoplastic resins, and wherein the thermoplastic resin is present in an amount of
greater than or equal to about 95 wt%, and the sulfonate salt is present in an amount of

about 0.001 wt% to about 5.0 wt%, based upon the combined weight of the melts.
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Disclosed herein is a composition and method for making a flame retardant
thermoplastic amorphous resin. It is noted that the terms “a” and “an” herein do not
denote a limitation of quantity, but rather denote the presence of at least one of the
referenced item. Additionally, all ranges disclosed herein are inclusive and
combinable (e.g., the ranges of “up to 25 wt%, with 5 wt% to 20 wt% desired,” are
inclusive of the endpoints and all intermediate values of the ranges of “5 wit% to 25

wi%,” ete.).

The thermoplastic resin, for example, can be polyimide (e.g., polyetherimide (PEI), or
the like), polyetherimide sulfones (PEIS), polyimide copolymers, polysulfone (PSU),
polyethersulfone (PES), polyphenylene sulfone (PPSU), and copolymers, recaction
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The sulfonate salt can be any sulfonate salt capable of attaining a VTM-0 rating in
high T, thermoplastic resins for all film thicknesses of about 25 micrometers to 200
about micrometers, and even to about 300 micrometers. Exemplary sulfonate salts
include fluoroalkyl sulfonate salts, aryl sulfonate salts, alkyl aryl sulfonate salts, and
combinations comprising at least one of the foregoing sulfonate salts. In some
particular embodiments suitable salts of sulfonic acids include those having the

following formulas:



conmbustion time exceeding 10 seconds. | ndividua
conbustion tinme is reflected in the ATFOI. The

sul fonate salt can be any sul fonate salt capabl e of
wobesnings a VIMO rating in high T. thermopp@giébesnzeiso
resins for all filmthicknesses of about 25

m croneters to 200 about mcroneters, and even to
abeutul3@0 m croneter -l ary sulfonate salts

i nclude fluoroal kyl sulfonate salts, aryl sulfonate
salts, kyl aryl sulfonate salts, and comnbi nations
cORPMaig at | east one of the foregoing sul fonate
salts. In sone particular enbodinments suitable salts
of /sul foni c acids \nclude those having the follow ng
fgrmul ag”~ 4 \\WO 2005/ 023928 PCT/ US2004/ 026180 Fornul a
() (R& ) SEQr pul ap(11) (R)/so03) X M Formul a
(Iw V (SB)kI (Rm(Rn where R may be d- 40
al\k§*)p or G - C40 fl/ugroal kyl, desirably C4-Cs

perfl uoroal kyl group(s). Ris, independently for each
substitution, a one to forty carbon atom al kyl group
or alkyl-, arylalkyl- or aromatic ether group; Mis an
al kali metal (s), an alkaline earth netal(s), or a

c ' on conprising at | east one of the foregoing
ngggrgﬁéﬂ is the oxidation state of the netal, M and
i, Kk, and n are each integers fromO to 5 subject
to t hdSPidhi t ati s—at _(%am | and subj ect
tatmon at Y+ mis less than or

to the fu 7 K
equal to and ' s thamyor equgl, .t . In

some partﬁgﬁkg nbodi nents jj i ¥ zero Jﬁghﬁgvg one. R
can be an a [ roup havin 0 40 carbon atons,

specifically 4lto 20 carbon atons, and nore
specifically 4Rmo 12 carbon dRens. The |inking group
Dis typically -SQ2- or -0-. The netals can be the

P BB i g G e Cea gl B or S

p@LaEs). UMis, independently for each substitution, a one to forty carbon atom alkyi

group or alkyl-, arylalkyl- or aromatic ether group; M is an alkali metal(s), an alkaline
earth metal(s), or a combination comprising at least one of the foregoing metals; x is
the oxidation state of the metal, M; and j, k, m, and n are each integers from 0 to 5
subject to the limitation that j + k is at least | and subject to the further limitation that
3+ mis less than or equal to 5 and k + n is less than or equal to 5. In some particular
embodiments j is zero and k is one. R can be an alkyl group having 3 to 40 carbon
atoms, specifically 4 to 20 carbon atoms, and more specifically 4 to 12 carbon atoms.
The linking group D is typically —-SO;- or -O-. The metals can be the Group IA or
Group llA metals in the Penicdic Table of Elements, and more specifically, sodium

and/or potassium.

In some particular embodiments suitable sulfonate salts comprise perfluoroalkyl
(alkali metal/alkaline earth metal) sulfonate salts, e.g., perfluorobutyl potassium

sulfonate salt (KPFBS), Other possible sulfonate salts include potassium sulfone
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Some fluorinated alpha-olefin copolymers include copolymers comprising structural
units derived from two or more fluorinated alpha-olefin monomers such as, for
example, poly(tetrafluoroethylene-hexafluoroethylene), and copolymers comprising

structural units derived from one or more fluorinated monomers and one or more non-
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limited to, tetravalent aromatic radicals of Formula (V), such as:
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wherein W is a divalent moiety such as -O-, -S-, -C(Q)-, -8O»-, -8O-, -C,Hay- (y being an
integer of | to 5), and halogenated derivatives thereof, including perfluoroalkylene

groups, or a group of the Formula -O-Z-0O- wherein the divalent bonds of the -O- or the -

7



limted to, tetravalent aromatic radicals of Fornula

(V), such as: and WQa (V) wherein Wis a dival ent

noi ety such as -0-, -5-, -C(OQ-, -S02-, -SO, -CyHzy-

Wi 2hBlRE2aN  integer of | to 5), and hal ogengt@gkaons /26180
derivatives thereof, including perfluoroal kyl ene

groups, or a group of the Fornmula -OZ-O wherein the
@ival gat, honds. afy 8he 4305 A 4lhGositiohs, Wk 380102310 8cs, bu i
BT URIIAT BoRs 88° V0 2700 BF P stiohs ) st Ao, butis
mpl Bmjtegto dident rathicasadiFoimowis (Viand wherein Z i ncl udes,

but is not limted, to divalent radicals of Fornula

(M): . ~~~ 000~11~ OO0, C ,111C H3 OO0O
O 111 CH3 Br C , and Br Br Cl-131i-C
ca-1}y -0- 3)2 X -hC . (VI) wherein Q

i ncludes, but is not limted to, a dival-ent noiety

conprising -0-, -S-, - C(O-, -S02-, -SO, -CyHy- (y
bei ng an integar f | to SL@%@@QM

deri vat i vcﬁ@"_e@‘ncl,udi ng fluo kyl ene
groups. R informula (IV) includes, but is not

limted t ¢ substituted or q_ﬂgubst i tuted_dival ent

organi c radical s such/ds: arom % bon
radi cal s havi a 6 to aboO
hal ogenat ed Y] es ther eo

bon at ons and
t or branched
chai n al kyl ene radical s havj Eﬁ about 20
carbon atoms; cycl oal kyl ene 'P {o|
t o about 20 car bon Hat.onsBr dir, di %

about 3
general formul a (VII') @

, and
HLC Br Br CH,
H;3C CHy
@C(CHQz @—
HyC CHs (VI

wherein Q includes, but is not limited to, a divalent moiety comprising -O-, -S-, -
C(O)-, -80;:-, -80O-, -CyHyy- (y being an integer from [ to 5), and halogenated

derivatives thereof, including perfluoroatkylene groups.

R" in formula (1V) includes, but is not limited to, substituted or unsubstituted divalent
organic radicals such as; aromatic hydrocarbon radicals having about 6 to about 20
carbon atoms and halogenated derivatives thereof; straight or branched chain alkylenc
radicals having about 2 to about 20 carbon atoms; cycloalkylene radicals having about

3 to about 20 carbon atoms; or divalent radicals of the general formula (VII)

OO0
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wherein Qis defined as above. Exenpl ary cl asses of
pol yi m des include, but are not limted to,

vRPhM Mg des and  pol yetherinides, parti cUl@idsgoosnzsiso
those polyetherimdes that are nelt processible, such
as those whose preparation and properties are

wesas bedefifed bk ShovPat ent Nos. 3,803,085 and
3,905,942. Pol yetherimde resins conprise nore than 1,

abo t 10 out 0. or . re, and. nore
By el St bl e ot My el % BPyRm T g and
ol yetREmids r@ﬂrt&u]aﬁf\/klﬁds}: polyBlhierithides NafRike Ghelk p(rMekshB]e such as
wherein T is -0- group of the Fornula
e rdione Prreial l%rré’nmr%wsar%fie&ﬁﬁ‘éed B-Yr P‘E‘Fﬂé NC@} %8@9 085
AHoWps8Ee in the 3,3, 3,4', 4,3, or the 4,4
p05|t|ons and wherein Z and R are defi ned as

scribed above. The poly th can he prepared b
EPEPSF”I?F““&C?C\/W“%F?”IB?S@ %o %“ H@Icﬁ “t‘Hg rz‘gg QCJO,Q d
r@(ﬁre Adhdaheradpk&iils (M@birero @rﬂb){)dtrﬁﬂﬂ)egtru@fudl Ritd; O e Pormula

IX) O\ 0 ~0o 0 O (IX) wth an organic di ami ne of the
(Mula (X) H2N-R -NH2 (X) wherein R and T are
defined in relation to Formulas (1V) and (Vill),
respectively. Exanplgs of specifi@ aromatic bis(ether
anhydride)s and organi oS 2 di scl osed, for
exanple, in U S. Pateft 9% —and 4, 455, 410.
Illustrative exanplesyor~aromati c\bi s(ether
anhydri de)s of Formul @ (IX) includé& 2,2-bis[4-@ﬁnﬁ 9

wherein T is -O- or a group of the Formula -O-Z-0O- wherein the divalent bonds of the -O-
or the —O~Z~O» group are in the 3,3', 3.4', 4,3, or the 4,4' positions, and wherein Z and R'

are defined as described above.

The polyetherimide can be prepared by any of a variety of methods, including the

reaction of an aromatic bis(ether anhydride) of the Formula (1X)

O Q
0 © (1X)
with an organic diamine of the Formula (X)
HoN-R'-NH; (X)

wherein R' and T are defined in relation to Formulas (1V) and (VIII), respectively.

Examples of specific aromatic bis(ether anhydride)s and organic diamines are
disclosed, for example, in U.S. Patent Nos. 3,972,902 and 4,455,410. llustrative

examples of aromatic bis(ether anhydride)s of Formula (IX) include: 2,2-bis[4-(3.4-

9
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di car boxyphenoxy) phenyl ] pr opane di anhydri de;
4,4" -bi s(3,4- dicarboxyphenoxy)di phenyl ether

woanhkydmwege, 4,4 -bis(3,4- di carboxyphenoxypdipbRanyizsise
sul fide di anhydride; 4,4'-bis(3,4-
di car boxyphenoxy) benzophenone di anhydri de;

Acﬁbo%%éxﬁphe@lgqﬁsméy?hegoxy)d%ﬁt}ﬁml sul f oney 4 pis(3,4-

di anh

@F%h@%@%?ph@ﬁ@kVthenylFﬁﬁbpane diiangide; de;  4.4-bis(3,4-
r box xy) di t her '
fﬁca‘}b%x%ﬁéagxﬁalﬁgéﬁﬁ yggﬁ@é’ y) Hﬂﬁ@é@ﬁ%xy) i e

I'an di car boxyph
cﬂrlﬁm@ehenjp&r)bgndmlxdeoﬂe4 4' - bi s(@adhydride; 4,4'-bis(3,4-

e ey aoxy) (BTG 0B bisH -2

dicaatndxyplircndey )pen (12 r8pade car boxypldeanby@:)de 4 -(3,4- 4 4'-bis(2,3-

‘ﬁé%%@%ggyﬁ%%g%ﬁgﬁgi;{l 2-pr O(Panr?'lydrl Canhydr i tg,gibis(fz,?,n

dl&f%@bl@b&bﬂ@&)&@d’ﬂ@hoxy) dslph@enyl et banhydiidahydr i dg4'-bis(2,3-
henoxy) - 4'

d
%F%é?ﬁ@%@%ﬁéﬁ ?%ﬁenyl SU|f?%@“ﬂP§hhydrlde 4,4'-bis(2,3-

StedrBox3pithn6 2N MENPh emeny ) didninylidded-4-(2,3-dicarboxyphenoxy)-4'-(3,4-
di car boxyphenoxy) benzophenone di anhydri de and

qlca(l%)xgp]gﬁne@f)@,law%h%amnq di?r@]y(,ir:de 4-(2,3-dicarboxyphenoxy)-4'-
@'4%6&%9%8@5&):%]9‘1&%{|d1a%H§zd°rQl@e4 e, amamémgma@ X&h b

as m xtures conprisin east two of ore ol ng
o 2

W@wﬂwpw@aﬁlw S faﬁlbrg}rc#ei d%(?c%ﬁlcwéoxyphenoxy) -4
&éﬁ&&gﬁ@ng@rmw&h@mwanhpmyalndper waﬁa.@b%hm&y)d@ .(3.4-

, ronell1tic di anh e, oxydi pht hali
@mn%wlﬁeoxmwyl aidfope idianhydndg.orewsll an mét@rﬁbm@mmns at

| one g 1r 1 S
" %QEP¥$€§g‘§% Eﬁ%ﬁkéianhﬂ% Q%C#g 5geiﬁ d%@ﬁgﬂ%ﬁccg?ix
ts(d#tdinerbaryphproefe rnhembflfpmpab@t dienhyduile @HPanDIAI)I ynyroFhydlitic

Lﬁﬁyﬂ%&%}i{}gl S)%n Wi EIC Q%J%Hgggplﬁﬁéfa?%ﬁi ag lpc%wtr%gnd combmatlons

qnodsict aolkasaomd oftbe ﬁuud@tngtcummddm&nwaecd' ically, il ehcwmydmdw
ound in the
Bereeiéengé 110 onadrﬁgrgerrre%ggr%e cr mfglg%]b lut%/ A preferred

cl ass of aromatic bis(ether anhydride)s included by
TFerbmdéther (ahhgdridb)weﬂ 1i>f-n;m Eprdaklby thebydrolgsindolldwadi tyel@hydogtion,

T . EHO) ér
gﬁg %’ém i PY %Jc)% oq' “{rﬁ sut)%tlhtned lpg%ngdg}étn( Q’VFth élxrél%l a’lt of
dilaririb@herml t:chepcﬁma i thd,p#ésencd, a8’ a,dqm‘]ar4a]ﬁ-‘ot1qom¢dni.onsprefalmdi
class of aromatic bis(ether anhydride)s included by Formula (1X) above includes, but

is not limited to, compounds wherein T is of the Formula (XI):

~~Or-~O- ”

and the ether linkages, for example, can be in the 3,3, 3,4, 4,3, or 4,4' positions, and

mixtures comprising at least one of the foregoing, and where Q is as defined above.
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m xtures conprising at |east one of the foregoing, and
where Qis as defined above. 10 WO 2005/ 023928
PCTI US2004/ 026180 Any di am no conpound may be

WORloRNSGs Exanpl es of suitabl e conpounds ar & cqysagesa6180
et hyl enedi am ne, propyl enedi am ne,

trimet hyl enedi am ne, diethyl enetriam ne,

A
[é) glgﬁ%t h&i% glftj({ ﬂﬁy% CIHI%C ma@)?fl rrﬁ]neﬁgé sl tg‘(ﬂe compounds are
eldmmmétuhytk:en@m;afmnn@amdec anamhtwlemei@hnam nedlemymﬁstnamme

tﬁ&ﬁ@?@?ﬁ?ﬁélﬁlﬂ%l net h %?an? gﬁﬁ&%‘&%ﬁu I am ne}'aeptamethylenedtamme

enedli‘am ne
(ﬂitan’tetliy;ehhhqnmaﬂet hwhmmehiylmmﬂmm,me decamethy]cnedlamme,- {,12-
qﬁ’é‘?ﬁ%‘i dbﬂﬁ%ggﬁép%l’%gﬁ%g m‘gg) 35n_1ethy1heptamethy[enediamine, 4,4-
cﬂ?mahjﬂhémdrﬁtylh)l'ﬂ@%aﬁﬁﬁﬂ’kw ened!Mtﬁﬁnor@mﬁthylenediamine, 5-

ST S oo S8 fiegretyrgigmine, 25
cﬁﬂuﬁgﬁé&eﬁmayl@nﬁ;@ﬁ;m@ mm%mmﬂ&h&yé@rﬁedwammﬁ,b]s (3
1, 2-bi sfs am nopr opoxy et hane, . bi s(3-am nopropyl)

dgupqﬁr%) Iumnccy TRy mg}lwlﬁ%edmmme 1,2-bis(3-aminopropoxy)

Blafie (b‘ﬂg(?-%ﬂﬂﬁ%ﬁ&l(}”@@lm{é )1,4-BRIMBNBedi PR, ea;yt@aﬁmb@moﬂ@@yn
phenyl enedi am ne, 2, 4-di‘am not ol uene,

BRI N olgIhgBRnedigmie, y|pem@axlawﬁﬁ@mep %ﬁ‘%'@ﬁ‘é@ U§he.nel 6
dganmi‘x&gmlen B xgjllﬁ&%}ﬂamlncs ) Rﬂ?l@?@o‘rﬁdﬁﬁnéj' Q%é't‘ﬁyl 61 ,O-diethyl-1,3-

ene-di’am ne,” benzi di ne,
}fseiwlme@umﬂmylshéﬁhyidﬁ fnélethxl 33m¢rrréemhd)@yb@mzubmmbne 3,3%

dénéﬁgb@rﬁ]dn%napmhalnﬁagoxyga@mm an&] aanm;&éh@t@énaan%m@

or 6- 4-'am no- d eth
apii meny@nnwdph@nyﬂqw @ﬁ@pﬂft@aln@M SEﬂusb)bplmwimoncthwt yhlisy4-

agmlm Eﬁvﬁ gr_l ﬁe%rﬁl ? 2b4 gig;b amlh l?%t ‘?b e&\él le(p%t;}l%n(') t-butylphenyl)
ehies, pblb(-;artehiamlyi—ma)mdpb@sfeny bénze:haenztemjﬁ-b rethyl-o-aminopentyl)

Bifhad: BHeTTa B ABIRGRGT QU PERGP AN el bis (&

ab‘lltsc(pﬂel@m srmdfpm rayild )blgwarnopl\éawt) LS. mmessdon@na:h glaedeabt
SO be sent

e of these co
OHF a% hgsec A "&Ef‘é(na @%ee“fﬁ"&m T';F Bang GH‘BP‘i"E‘dS carn,
&.Sctcﬂl’ﬂanﬁsbe di\@ﬁaemsmﬁmég a8drd YpecifidglyliRidoing @&’ﬁ@&fﬁd§c.ﬁ:&fé
in- and yhenyl enedi am ne, diam no di
‘%ul"f’%n%i’? he ﬁH“‘ﬁa 135p18Q G‘BBWIH%‘VH‘& afpd%éaé’%/d Jhigtugss

cbRBEENE ATRAWNESe oPRRGE fdoﬁ@bims Qﬁééllfcg!i)a”drﬂe&aﬁﬁrﬁﬁ RE of
benzylic protons are E@e erred f better nelt

benzyhf PM"—V‘S arpric e et WFWFHélaP'EE}’ in can conprise
structural wunits according to Forrmula (VII1)

The polyetherimide resin can comprise structural units according to Formula (VIII)
wherein each R’ is independently diphenyi suffone, p-phenylene or m-phenylene or a

mixture thereof and T is a divalent radical of the Formula (X11):

o OO0

CH;,4 (XD



wherein each R is independently diphenyl sulfone,
p- phenyl ene or m phenylene or a mxture thereof and T
is a divalent radical of the Formula (XIl): C-1; -0

VD @0QeSds (XI1) ti WD 2005/ 023928 PCT/ US20&4¢ dshdfa 88 s0

I ncl uded anong the many net hods of naking the
pol yi m des, particularly polyetherimdes, are those

hQ:'lu%l%Ji O%Lﬁlgng NhdJ- m§1£/ Fl’ﬂ-:ttl%fs B'F’Sma@n@“%e 8@(ﬁym‘§de§5%a§§:§iarly

pgléﬁéwamde% e rﬂ@a@tdw@me% é?lh LbeS cB&‘t?fiteTﬁO?o@tgﬁrﬁéV,o%Sﬁ@SSS
3485, heys 8%% ¥R IIRs 083, dnd 4923 ?@ﬁh' orobenzene,

-’cresol uene, the to effect a reaction
between t he anhydr| des of Formula (1X) and the
Inyigener e Sreofeaqtiopimging b Xpiricgdt out eappeynt vargusfsolisaiat 8., o-

ditAR b%ﬂzeﬂ@oh{tcr%ag&ueﬂu L&k r}ﬁf IE! W efr2E APRUSBL N EBn0R e

can be prépare pol ynmer | zatl on or interfacial
a'phyldyﬁeérqf Fatriwdn( IXeanjl the dieintnep of Farewlaz Xb,iao empkragrsmdtaboit

BT B AR B PE ot BR3G 08yd by e

p&fembﬁidabm ro@ Sniedfickul q;@ryemnmmu slgl, nﬁélﬂgolﬂrﬂdnfafiﬂil)\balardﬁfanc
t 0 .

bR AR 0s ord BHTE: 28GR Laire T8 By aterials to

eRUARPRMPeib G RvidScolBRRn AR Al hdiesmand ofaer ackRegly, Ao
branchi ng agents (such as tri- or tetra- functional

pelinadzations anploy teperattties of theet PURGIC shoyHiddes, or tri-
and tetra- functional carboxylic acids) my aI so be

Cﬁﬁml s%f)ﬁgs I(Buchh§ nﬁcﬁx@%hﬁﬂtde§.§& h*rth Ahlinks) ar%nﬂ'a&%ﬂt% {8
benzylic protons can be used for better

(sgt:!aaﬁ trip pRtctrapfanetiond ppEch ef ImPaelrd &flyﬁiqnabkehwpf@s APirEE-gnd
e Ve I

S Sbos RN W D A RGBT bk

egbryisnfied of bentyic BPaonDAan Tigeussal @etbhefrru meld estcrbelsy n¥hen

GOLnQRhiLO &gh’éﬁ GRBEE ] T QMEGRACT ] Ofa iy h

P ? i'C EI Pé& eroBéﬁﬁ] dri‘o m%ﬁ an ormaﬁ/lI caled A né®

pyrnnmﬁmtlc lanlt)heddblamydlehuhsl:cperresém:te 18] usect metornGmatwmmth BPA-
xt

D[K' Tllllc epo‘”il%etherm e 1c ns Es 1 gy Illla"beOer pre arec? rF%m r%ag?( qn BP 4n

ammiaadf bleéedtessnhydnde) wnth an organic diamine in whlch the dlamme 1s present

in the reaction mixture at less than or cqual about 0.5 molar excess, or more

specifically less than or equal to about 0.2 molar excess.

Generally, useful polyetherimides have a melt index of about 0.1 to about 14 grams
per minute (g/min), as measured by American Society for Testing Materials (ASTM)
D1238 at 340-370°C, using a 6.6 kilogram (kg) weight. The polymer should be dried
prior to testing melt index. The polyetherimide resin can have a weight average
molecular weight (Mw} of about 5,000 to about 100,000 grams per mole (g/mole),
more specifically a Mw of about 10,000 g/mole to about 60,000 g/mole, as measured
by gel permeation chromatography, using a polystyrene standard. Such
polyetherimide resins typically have an intrinsic viscosity greater than about 0.2

deciliters per gram (dl/g), preferably about 0.35 to about 0.7 dl/g measured in m-cresol

12



General ly, useful polyetherimdes have a nelt index of
about 0.1 to about 10 grans per mnute (g/mn), as
nmeasured by American Society for Testing Materials

WA ShM239381238 at 340-370C, using a 6.6 kil ogs@mdab@lozsise
wei ght. The pol ymer should be dried prior to testing
nmelt index. The pol yetherimde resin can have a wei ght

@YW@%nuamhﬁwy@ncrma&hﬁcl&dmmcaf-c R Ok tePioD 0O TEN RRBLHO
100, 000 grains per nole (g/mole), nore specifically a

(Mrolytherisoide &llfI)ﬂ@i)OUgTEer@él(tO@ WW@OOUDUJJQTEMK%* 048 (all
c ﬁ?eyt{ﬁ& a\pa)(ia glfr Pal oﬂecqflh{ %{I{%h&%arﬂ nal Slopgm&tures
PO S e

ne s uch errm
mypnsnaghtyledaaw cémmfntcgmm@ C viscosity great er than

about 0.2 deciliters per gram (dl/g), preferably

T8 bot2sats Wbl IR HhEosR TLEkE SE e

fpapbirge Simdir asmhigke scrimprohtuderesibtadceageod electtical preyetriies, adl Tdedl
e sul f,ones 1000

XH6050 : th WLTE
SRR b oo VTR Rt o E e Plhiey povetrer
saMarch,alpobyafyl oafhﬁ:e netfaes El ppdtete:thevineed pubpaeriyihs) ether

t st f the f
e bt dFes SpEo RePhgFattBparHE e rgrbaons
COMHEERS aflcatindelof Ghe Brédonfpt polPulfbRal UK @&rigyoh paarki eher

t erature resistance goo el ectri cal erties,
qéﬁgﬁéo‘r’éﬁ CORVRH Gt ;’t pRailablaniing "cdyl/“g Pgr PRJyeon 6185% Py of

cm@@,d&@dl RaRly DU LR 48 ldt’bhlo%tﬁ{u’hcﬂﬂ REbYSkRNRIN asHlfe@RRBSGIfone

et her sul fones etherethersulfones

(E%ﬁi%%nmw@ RODYRRAT Pradict BhESPhoaRAL (HEAD iARe dicklorogipheny)

s@ﬁo&oﬁﬁicu e Sol 1/6@%@5%1‘&)96!"30%6@%9?@&: AN SRS (PIB) resin.
rising at 1east one of the foregoing pol ysulfones

PAzl Yeagryeng cgter pylforgy (FPS&Dhmpde &ign¥ siweenohraad civhhse cdighen
gﬁﬁyl c%p ld%D HCQ:%{ lﬂ:ﬂ’e@g &Q%IEP%M&QWE’H@&' @ﬂeﬁ&gd%cgar%ty of

dr oxy |phe sul'fone wit
p@iy@ﬂﬂtbrs@mrphewﬂbsmﬂr&of@e e)%m@im capisoley dtshikanoli| 4 omd other

BB A S UPARRIATSBIF 05 ), SPRPRN 14, con
apolbyesdder sul f one sonetinmes referred to as pol ysul fone

(PSF) resin. Polyphenyl ene ether sul fone (PPSU nade

' C
tﬁ&gqn_gj g{i}@ Qecglgfgfgelsgl f%ﬁe%o&b@%lﬁp)g%ﬂer Slﬁ#)l’lg Pe@ﬁlé esg@hr 24 drTﬁQsc
avaifabetfyonoSolvpp By st Iner urslat fhongdaapbiof RcénDﬁL R ogsire XBinp Fegin
rr?a?/m%{al ﬁés@gbe%l %@hﬁlr%o'po@cgmigns%h&? rproduct of biphenol with 4,4'-

dichlorodiphenyl sulfone and also described, for example, in Canadian Patent No.
847,963.

Methods for the preparation of polysuifones include the carbonate method and the
alkali metal hydroxide method. In the alkali metal hydroxide method, a double alkali
metal salt of a dihydroxy-substituted aromatic hydrocarbon is contacted with a
dihalobenzenoid compound in the presence of a dipolar, aprotic solvent under
substantially anhydrous conditions. In the carbonate method at icast one dihydroxy-

substituted aromatic hydrocarbon and at least one dihalobenzenoid compound are
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bi sphenol s noi eties and di phenyl sulfone noieties in

nmol ar ratios other than 1:1, can also be used. Oher
pol yaryl ether sul fones include pol ybi phenyl ether
wohéepneesesi ns, such as those avail abl e fr opaa@¥h26180
S. A Inc. under the trademark of RADEL R resin. This
resin may be described as the pol ycondensati on

h%Etg %8} e>91§n }Pé m@%ghluw ctaLb ﬁaté]pr bgér‘Berla &{%' P!&@Ml aik h metal

‘one and al so descri or exanpl e
c@duoem oNGicart@aTe 96 3lisclsech darsexaomle, Hie P ebmratNQan" lo"‘f6 222

Aﬂ;F%?é%ildl\,]&rgtﬁgfsolh%iﬁegﬁgf%fié?%ul‘f’ bPé‘iﬁB k) ﬁ%;é %?q c%moﬁéa& may be

Kal'l
dnggﬂre(d)djyd@ymétthmmriea/ (domd:ohteis a:lscktaior thenprtadratoal of POIdeIa’I cther

di.hyd
rgsgn}% a@?e owa%iﬁz no ye ehs ﬁ‘é%rr%tnd cl:net }d/)%r %:raﬁqelr grepgr% o, are also

NZenoi onpoun
desceded| Cler @karapleli poll.8r Pampr Bbd. G,&al3eent, 0082y, 4,108,837, and

SR A BB, e PR

rbydieeaameon and at | east one di hal obenzenoi d conpound
are 13 WD 2005/ 023928 PCT/ US2004/ 026180 heated, for

xanmpl e, m car car.bonat d a
FERE e Rl G R sl liRr PRl rétuced
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@%ﬂm}ag@pptyﬁtéémﬁm@ ggﬂywﬂfynwm@!wyﬁy ﬂ@@eyqdoaimér in
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reduced VISCOSIty data in an appropriate solvent such
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composition can consist essentially of greater than or equal to about 97 wt%

thermoplastic resin and about 0.001 wt% to about 0.1 wt% sulfonate salt. In another
embodiment, the composition can comprise greater than or equal to about 7 wt%
thermoplastic resin, about 0.001 wt% to about 1.0 wt% sulfonate salt, less than or
equal to about 2,500 parts per million by weight (ppm) bromine and/or less than or
equal to about 2,500 ppm chlorine, and optionally, about 0.01 wt% to about 2.0 wt%
fluoropolymer. More specifically, the composition (and film) can comprise less than
or equal to about 1,000 ppm bromine and/or less than or equal to about 1,000 ppm

chlorine,
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film has a reduced total flame out time (TFOT) or average total flame out time
(ATFOT) as compared to a film processed in the same fashion without the sulfonate
salt, and/or a film of the same composition (neither with sulfonate salt) processed at a
pressure of greater than or equal to about 125 mbar absolute. The composition and
the processing can reduce the average total flame out time to less than or equal to
about 10 seconds (s), with less than or equal to about 5 seconds possible, compared to

a film that was not vacuum processed and/or does not comprise the sulfonate saft. An

average flame out time of less than or cqual to 10 seconds per specimen, and a total
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As is illustrated in Figure 1, it was unexpectedly discovered that the pressure
~employed during the processing of a thermoplastic resin in the formation of a film
affects the flame retardancy thereof. By applying a pressure of less than or equal to
about 125 mbars absolute, a UL-94 rating of VIM-0 could be attained in the
polyetherimide film with no sulfonate salt. For example, a vacuum of about 85 mbars
to about 125 mbars can be employed. In this process, the resin pellets would be melt
processed in an extruder, or the like, e.g., using a dry vacuum, Once melted, the meit

would be subjected to a vacuum pressure of less than or equal to about 125 mbars
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Figure 3 illustrates that the use of the thermoplastic resin film without sulfonate salt,
at thicknesses exceeding 75 micrometers and having been processed with a vacuum
pressure of less than or equal to about 125 mbars absolute can reduce the total flame
out time of the film by greater than or equal to about 50 seconds, with greater than or
equal to about 75 seconds possible, versus a PEI film having the same thickness and
no sulfonate salt and with a vacuum of 250 — 350 mbars absolute; particularly at film

thicknesses of greater than 100 micrometers.
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The unexpected effect of the pressure control, i.e., the use of a vacuum of less than or
equal to about 125 mbars absolute (and especially about 100 mbars absolute to about
125 mbars absolute), during the melt processing is believed to have applicability to
other thermoplastic resins such that, films produced with those resins, using a vacuum
of less than or equal to about 125 mbars absolute (and especially about 100 mbars
absolute to about |25 mbars absolute), will result in a reduced afterflame time for the

resultant film versus a film of the same composition produced using a vacuum
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wt% to about 5.0 wt% sulfonate salt, (preferably with a thickness of about 50
micrometers to about 350 micrometers), and a UL-94 rating of VTM-0. Optionally,
this film can have a transparency of greater than or equal to about 50% as measured by
ASTM D1003, or more specifically, greater than or equal to about 75%, even more
specifically greater than or equal to about 80%, and even more specifically greater
than or equal to about 85%. A haze of less than or equal to about {0% as measured by

ASTM D1003 can also be attained, or, more specifically, less than or equal to about
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ntlf 0 str ctural nt and th
AT ePulT PR S BB s %0, 100

pn s(mt aliﬁngOmkﬁcromemeduﬁﬁ)l \heckhaSk SThaP@] ses had aOtvB@ht average
on of the flanme retarcg?nt film

£ ghovesit hﬁr%h/efe? %?Osb?%@‘}?ebfwes put*eRPIcHyredniv dftergaind scanning
de@esmbiomMmsd)Qn 1R REdAGecardr € vapor deposition,
el ectrol ess plati ng, vacuum deposi tion,

0 atln oh nmet hods. Ltionally,
C B TR i s A0 R Epat e f i 00t &G S y i
beULJ9awar;\e}:J Flfn@d da@ testadi tied 1oy mhamienaicesort UB}1 Jh%ru dhﬁ/erse
formnmore c Iexﬁqstructures In one enbodi nent,

t HWPROBPAET Fiecotiph f] Rad he St ¥ EM t@%‘%%f‘lé‘f‘ of %%Onmavm@araamm)

t @y SamﬂHhrﬁ)@eM%Xiﬁ&%m 7SR Sder i@t NSarBFi®URere conditioned
consi sti nggo ol yi m des

at 23°C and 50% relatlve humldity for at least 48 hrs, as per the UL-94 test method.

Table 1 reports the total flame out time for the samples with and without the KPFBS
salt (for films tested transverse to the direction of extrusion). Films of 50, 100, 150,
and 200 micrometers (um) were tested.  There are two aspects of the UL-94
measurement of flammability discussed here. The total flame out time (TFOT) (also
know as total after flame time (TAFT)) is the sum of the time, in seconds (s) that all
five sample remained ignited after two separate applications of a flame as described in
UL-94 VTM test. The average total flameout time (ATFOT) is the TFOT divided by
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pol yet heri m desul f ones, polyi m de copol yners,

pol ysul fones, pol ysul fone copolyners, and m xtures
conprising at | east one of these resins, and about
w0000 to about 5.0 wt% sul fonate salt, perys2004026180
(preferably with a thickness of about 50 mcroneters
to about 350 microneters), and a UL-94 rating of

Vi Qmbéaf |s§%’ﬂ§‘l'e§ Ybhe PITIT‘@T fs'algﬁ} GREINRAURIR. TH@?WE?@QP‘T is
of greater than or equal to about 50% as neasure
ASTNEDTRE Yalugof ﬁﬂrbemﬁbééfﬁfeﬂc'éil qithor ggpestoster timamereds dicate
egét't@} 14Re @@@MBC /P th%‘fﬁ%e%n?o JSng‘%&J FrRabbiYs &ﬁ&?ﬁlﬁra]\ff:rag,e

than or equal to about % and even nore speci

glotshfleme ovthame 6k TEQTal Flt,toesab@m 3 859t the HAFE f@rfS bamgpdes aftet
t han.of F) caﬁgjrjgflﬂatnpa about 10% as neasured by ASTM D1003
can g e attained, or, nore specifically, |less than
.or equal to about 19 WD 2005/ 023928 PCT/ US2004/ 026180
5Bkeh Mpt drentetithap ariseual id }ﬁ%@h\vﬁavfeinad n albfanplreut, WBAGasuwed
a@pl? si ng
dif ée?gﬁgllga ggg%ﬁﬁlﬁggcg atm %%%%EE This film

al so can 00 ppm
bromi ne anliblerl | ess than or equal to about 2,%00 ppm
chl orine, |as mell as a quoroponner in an a

XA e

conpri se er 0.01 Wt %to|abouf 1.0 e

sul fonateisalt:. or nore speciflcall 025 wt %
to about @EHTSt%K % sul f onatlet.8aps.y Cpe.Bongd.by,| the
resin conprises polyetheriin de,| pol yet herisul f one,

pol ysul f or tyethersuttone; pU| henyl-erne et her
sul f ones szc%g\;él/";ners an corrgi nat| gns é'gnpr i sing. at
| east one¢_of the foregoing res EXAMBLES | Bl ends
of pol yet iRrCmi de ( PEl) re§Dh8wer’e4pQE£p:ared7.cor1 a
vacuum vent ed single scr ew| extfuder| usi ng 0.1, 0.2,

0.3, 0.4 1 pot-agst-t er-flgor Obutyl
sulfonatezsis}aﬁﬁsék1 If’éBS) ggsed p::l%‘phe 2 tall wei ght
of the PEIl_blend. The extruder was slet at| 300-360C
and run atAEEBUtOBOn {Rvol uBisonsi§per wrnut@4(rpm using
“vacuum vent i ng. The resul tant pl end was ipel | eti zed,
dried, an IO b at t+rs-of—50 100, 150,
and 200 mj\crorre %ff%‘mé%) th ?kne Q TFT PE?,‘Gresi n had a
wei ght average _nolecul ar weight of Jabout| 38, P00

g/ nmol e. TIAMEET Mifasuied by|l6Bf f @hent2dl slcanning

PEI films tested in the Transverse Direction (TD)

In Table 1, Control Eixample A shows longer average flame out time, particularly at
the thicker films than do the sulfonate salt containing resins, Examples 1, 2, and 3,
with the trend being to shorter total flame out time with higher sulfonate salt content.

For the Control, ATFOT ranged from 8.5 seconds to 15.8 seconds over thicknesses of

50 pm to 200 pm, while the samples with the sulfonate salt maintained ATFOT of
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calorinetry (DSC) on the second scan. The filnms were
burned as described in Underwiters Lab (UL) Test
Met hod 94 VTIM (UL-94 VIM. Filnms were tested both in
whessegaisne direction (MD) and transverse tgowdoos/026180
machi ne direction (TD). The UL-94 VIMtests a film of
200 miIlinmeters (mm by 50 nm w apped around a 12.7
Jusxe AR Lol E@Mﬁﬁk i sé%m @%U@ﬁaﬁ (RO QNS mahy Qaﬁp“ales
and 50%rel ative or "at | east 48 hrs, as pe
mh@nmﬁiﬁ@Tﬂé§ﬁSﬁ@nhb@wahwaBMé4$8ﬁépé$ts the total
flame out tine for the sanples with and w thout the
KRFRS sifAlstiné kithe Eé&ﬁ%tﬂo‘ﬁgiﬁdmtgrtﬁ@%%ﬁé' §1ethtc(%aﬁ1tl€fh1ckness 50
direction of extrusion). Fil 0, 0, and
A CromicEroiedte riciometasi et tcé@@ &d thewh@e ai‘#l'écﬁoﬁdf\@é)pbbmgst
L
fescs, e P B8 saRAUIGUED 19l THERRN ¥ ot b aRRea 10
thot RAE) fedtveth ifdsalfenatawﬁa(id'e@iﬂﬁ)h)mwlsmhe sum of the tine,
in seconds (s) that all five sanple remained ignited
after two separate applications of a flane as
described in UL-94 VIMtest. The average total
laneout tinme (ATEQT) is the TEQT divided by 20 WD

03015/2023928 PCT/ US2004/ 026180 the nunber of sanpl es.
The ATFOT is a per specinen value. The TFOT or TAFT is

agdregareTvarue g al T ganpl e 1estgg. T gither g
case shorter tine pgriods jndicate betiter flpne
 esi stance i e the flame went iout faster IThe

Pabwgo)bel ow | i st avdildge P98t al Pl%ame HFut ti {6 99.5
ATFQOT) . Fi gur es | and 3 report the TART for b sanplies

S (w0 appiicat g of —fame [ g T 3 (or egter T
DI equal(w?o 180C) wgs retajned in all ganples| T, was
neasured. by DSC ontthe second. s¢an usiing a heatjng

AJFOTO50 @0GH i n. Tahleé 1 ERdnplePR 1 2 [34 PEI 20nt %) [2.1
100.0 99.9 99.8 99.5 PFBY (W% |0 0.1(0.2 .5/ C 221.8
RO fobdumm (g 17 & AEPT SO T (g 9T B8 3 Bt S T g
ATFOT 150 pm (s) 3.5 7.8 3.0 2.4 1.4 2.0
ATFOT 200 pm (s) 4.9 X 2.5 1.8 1.6 1.9

PEI films tested in the Machine Direction (MD)

Again higher levels of salt were more effective than lower levels in producing films
having faster extinguishing times. Additionally, the ATFOT was reduced to less than
or equal to 3 seconds for all (PEIS) resin made by polymerization of bisphenol A
dianhydride (BPA-DA) with diamino diphenyl sulfone. The polymer had a weight

average molecular weight (Mw tested salt concentrations in films 200 um thick).

For Examples C and 9 — 11, film extrusion was done using dried polyetherimide
sulfone resin on a 1.5 inch unvented single screw extruder, 24:1 length to diameter

(L/D) at 320 — 340°C at about 35 rpm. Table 3 shows the cffectiveness of the
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ATFOT 100 m(s) 8.5 8.1 1.4 3.4 ATFOT 150 m(s) 8.8
8.0 7.3 2.6 ATFOT 200 pm(s) 15.8 3.0 2.3 1.9 PH
films tested in the Transverse Direction (TD) In Table
Wwo 2663nbied Exanpl e A shows |onger average fl aRBy@Mbinzeise
time, particularly at the thicker filnms than do the

sul fonate salt containing resins, Exanples 1, 2, and

'sulﬂﬂ\ﬁatt@szﬁthr‘ﬁ J E&péihcb 1ifg sﬁlﬁ)néra@f LR 82bh& Jrljlo@éTeﬁ%ﬁies were

time wth her” sul onate salt content. ~For
Caitedoin, 1hA1TF®1meaChge@nf (NN 8. Bsesefchnde’ES 46t 8dsedahdsotal
oV,
ek R Re B et O S P b o Bjergpercs and
21 SV@ﬂQ@@EIB@Z@QQSNWﬂ@TbWJﬁZ@M 026 18Gsmibséssweh aetaioed in films
ec{%‘ﬂl thlé %d({f‘e% G fP:%te saliteﬁgr@gn ’&%%@ydgéqe?(%tgts Sar?swgﬁgitosﬁ\%ééﬁg?shmd
t mnatbmsms ﬁky@\Sé“@tDm@lB on‘lmé:enez X4 hgpsscoldignes@me
conpositions, having the filnms of the.sane thickness,
50 mcroneters to 200 mcroneters, but tested in the
machi ne direction (MD). In nost cases, the KPFBS salt

s effective in |owering the total flanme out tine
complrded to the PEI filmwth no sulfonate salt added
(Exanple B). Table 2 Exan'ple B56 78 PEl (Mm%
1 =8—99—798 S5 KPFRS (- H—6--1—612
oz‘g"};‘ﬁio 5 ATFOT 50 &(s) 3.8 3.7 2% 2.4 0 2.17
ATFQOT 100 m(s) 5.1 4.3 6.9 2.4 2.0(2.0 TFOT 150{ pm

(PEBBY). 8 3.0 2.4 1.40QR00 AAFDT 20(3.95m (¥p.84.9 29.9
2i5 1 8 1.6 1.9 PEl fiilns tested in the Machi ne

IVD) /—\gai -t ghcl ; €S at-t et e
e# ect |@e }han | oner | te):vel S |(;Ypr oducﬂ%g fi Iis h vi ng
faster extingquishing tlines. Additionally, the ATHOT
wikkze etlpedth)t o | ess than 0.8 0.8 0.4 0.4
Haze 150 um (%) 7.5 5.1 4.4 3.7 6.7
I'ransmission 50 pm (%) 87.2 873  B7.6 87.4 86.9

Transmission 150 um (%) 86.2 85.9 86.3 86.6 86.4

ATFOT 50 pm (s) 6.1 5.2 5.4 2.5 3.7

ATFOT 150 pm (s) 22 0.2 2.2 I8 18

PEIS films tested in the Machine Direction (MD)

For Examples D and 13 - 15, film extrusion was done using dried PEIS resinona 1.5
inch unvented single screw extruder, 24:1 L/D at 340 — 370°C at about 35 rpm. Table
4 shows the same polyetherimide sulfone samples as Table 3 tested in the transverse

direction (TD). Addition of the KPFBS salt reduced flame out time. Compared to the
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or equal to 3 seconds for all (PEIS) resin made by

pol yneri zati on of bi sphenol A dianhydride (BPA-DA)

wi th di am no di phenyl sul fone. The pol yner had a

Wi @Rfnzeaver age mol ecul ar wei ght (Mv tested s@hiszons/026180
concentrations in filnms 200 mthick). For Exanples C
and 9 - 11, filmextrusion was done using dried

p d f.one )
CSLYEAETOR LIRS 50 DA 1%yl BB
attrad@rse d@4@Cnabadablout o8&sy tham off a:bllabtoi§%hamsmiseon of greater
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su116remp<)c:fhfallﬁbesstthaﬂqzoaﬁmgfmﬂ:loet O.S%)‘pdrﬂSa WEFOT dféssk elthn or

hagz ch| 1€ direction (MD). Use of the KPFBS salt

Y- ¢ ot al average flanme out tinme as neasured

by UL- 94 VTM met hod in 50 mcroneter and 150
mcronmeter filnms, while | ow haze and hi gh transm ssi on
were retained in fllrrs with the added sulfonate salt.
Per cent --; AT Tt—tr-anshtSs e i ed
on filns
col orimeter, Dl e o E£Xxam
100. 0 99. %x%pl% 99.8 99. 7
0.3 Haze50pm(°/<) 0.8 3.8 0.8 O.

4 0.4 [laze 150 m
(0/() 7.5 5 FmfrekGam A SH-$SH-6a—H0—pm -0
87 3 59, OPEF 4o o 11 and iR &8 G oo B (%756, ]

p
85.9 86.3186.6 86.4 |'FOT{50 m(s) 6.1 5.2 5.4 2.5 3.7
TFOT 150 mWPF8p vt 0.2 2.2 1.8 0.8 PHE.S filods tested
in the |\/BChI ne D|rect|on MD) For Exanples D and 13 -

15, film ex fre Lm.iw, PE-E=-es+N on
a l.5 ingh t?983cre extrou‘der, 24:1 L/ D

at 340 - B70C at about 35|rpm Table |4 shows the]sanme
pol yet her [Trinelaissivh fops (3aniles @y.3Tablgg.43 t @gstoed in
the transyerse

ATFOT 50 pum (s) 6.8 3.8 2.0 1.2

PEIS films tested in the Transverse Direction
(TD)
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direction (TD). Addition of the KPFBS salt reduced
flame out tine. Conpared to the 23 WD 2005/023928

PCT/ US2004/ 026180 control (w thout sul fonate salt),

w8 2xssepl es with sul fonate salt, tested inpthesaoesnz6180
transverse direction, had a haze of less than or equal
to 5% a transm ssion of greater than or equal to 85%

( aagRanGRow thel AMTAVIOR o kB§]§S tsE‘l@snonm}ﬂGMﬂL @1994 VTM
about 1% nore specificall an or e

apePIEnann 2 pejyet "MfPGPr(PcﬁS)SIFé%% bleﬁ%triﬂeTRA%faﬁaﬁ pﬁléimsr from
SW@O \Eﬁmxﬁu&d@ﬁmg%t% ﬁ?Fé§ &.315 bd@d%n\%e/ QolerQ/v ht of the
.8 99.7 KPFBS wt% O . pm
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8 F R
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2®65¢®2fsmtrﬁlcﬁ¥dw$2@64m@%ﬁmmlﬂ Hbthe sBlfshovsit chetaining blend
ef %ﬁegcdhgegna%%%hg tOKh h’%: &ﬁ%%n}eﬁgltrnieu lgﬁgﬁlzqgégﬁ Q’ﬁgg)ﬁﬂgﬁaze, and
blhmdmnkﬁhl‘ﬁmsm E poI ymer from BASF Co. was extruded
with 0.5 wt % KPFBS salt, based on the total weight of
t | t
it it oy gt iR R, GG 88 By Diink R (RS My e
exi thdaedhinatigedtioh viaf aSickiesy @‘TﬁbbtﬁrSQ uanth abot 200um, ATFOT
m.cr o ers. be seen i ntrol
i i lessd 1%fCﬁl%d’t“rwégs’ﬂ?"ieéi’f‘étfga@}éll?s‘;ogﬁﬂt’%q’r’%ﬁ r% e"h‘gj‘“%é’%%
r e;dhm@mv@fr@@@erttmmah et;lhaartmawt 80%,r@eM¢d;1@ Eflﬁétéﬂtﬁ:hrﬂbrrtgua

| ow haze, and gh transm ssi on.

\/\/6? e}gmt §d % pvap FréaipRedipf @ FW@E%U‘I FHHRIEOR HPM a egp iithpyt dhgosalt
0l a tds Bt BE sfil WaBeds @8h@F cqual to about 0.1%), and a haze of less than or

equal to about 5% was retained, more specifically, less than or equal to about 2%, and

even less than or equal to about 1 %.

Table 5

Example E 16
PES (wt%) 100.0 99.5
KPFBS (wt%) 0 0.5
T, 'C 226.3 225.9
Haze 50 pm (%) 0.7 (0.9
Haze 150 um (%) 1.8 1.1
[Transmission 50 pm (%)  |88.7 88.8
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25 WD

C
m (%

2005/ 023928 Pawsrrdon fedéahme DresierM3i on 150 pm (%
87.8 87.9 TFOT 50 pm(s) 9.4 2.4 TFOT 150 pm (s) 6.
5.0 PES filnms tested in the Machine Direction (D)

For Exanples F and 17, filmextrusion was done using
dri e fone resin ,on a.1.5 inch unvented .
SFRE PPt R P G S Ny pomm Riggisfict Baben s tschesin

3%n al PMinchableéi&l shavnscrbhexsaie 10l yas keypul §4ane at about 35
anples as in Taple 5 tested in the transverse

dFPBCURBR & YOS DRIEHHG BAVCHerHe s scal b Tr el cisgied in the
f k;@ﬁ@e@@tﬂ]rédneﬁ mﬁpr Additibivsr avetIdPF@sesaﬁ duced ﬁkﬁne%ﬁ%e For

| ess than or equal to 5.0 seconds, for

hﬂmfnylth thisisal ﬁb%é@éoih pves iesaBisnier 200! 95 b%ﬁﬁefoaﬁhrpésvmg

TRidXIM Lol

paljo aglalﬁ%o Bﬁt Ti mes

(Table 6: PES TD VTM Total Flame Out Times
Example F 17

PES (wt%) 100.0 99.5
KPFBS (wt%) 0 0.5

T, °C 226.3 225.9
Haze 50 um (%) 0.7 0.9
Haze 150 pm (%) 1.8 1.1
[Transmission 30 um (%) [88.7 88.8
Transmission 150 pum (%) [87.8 87.9
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Exanple F 17 PES (\t% 100.0 99.5 KPFBS (% 0.5 C
226.3 225.9 Haze 50 pm (% 0.7 0.9 Haze 150 pm (%

1.8 1.1 Transmi ssion 50 pm (% 88.7 88.8

woansm®zd on 150 m (% 87.8 87.9 26 WO 2005488988 026180
PCT/ US2004/ 026180 ATFOT 50 m(s) 7.8 1.0 ATFOT 150 m
(s) 7.8 4.0 PES filns tested in the Transverse

Direction (ABFOTRE GO POrafion of [gyl Tonate salt(s)
in to a thernopl astlc resin, jnanely |PEl, PE|S, and

PES, has urmuig?n4aﬂ4¢_Leducedda¥enage_¢4n4m_ fl ame out
time of theAFET ASQwpdils these therfhBpl ast{c resins

wi t hout the sul fonate salt, while rataining
transni ssi oFEPfhs tE&dSn We%ﬁfSDéI%Dlre%‘ﬁoMﬂD as

retaining a TF of greater than or equal to 180C, nore
specifically, TE of greater than or equal to about

200C. Fl anme retardancy was achi eved wi t hout inpairing
melt stability and nmelt processability while
STHUhdcpe Qs of stEbAtd¥and) ¢l ard thgsmdpighc %&n hmwﬁﬁﬁaﬂmls

hi eat resistanc a) clarity. Wi

8@’ ﬁgi’ gf‘? ‘Hﬁép%%ﬁ f&@é“g i %@W?H?@? QF‘e‘i‘fE% Ogﬁ’céﬁs‘“ versus
QK{%me@hM 19970 @&kid¥BAthout the sWMdnbreRE!, UNGRITSLARE tAYshRA&Land
skill ed |n the art that various changes may be nade
dﬁé‘? pmeﬂwld@n’t@l mtg@tanenmﬁstqf taueaésd thagy ore¢ompetet 580°C, more

artln 0 cscope of the

%%ﬁahﬁ ﬁmaﬁr& normﬁ’ bomtflj&flcatlons may be nade
to adapt a partlcular S|tuat|on or material to the
tidachi rgsdaoty the iackievid onthalit hoyuiridgparetti ngbilitonardhenelt
TRk RO bRRRER s I LT are oy b B Pign e
eeddogicaény cldiiycl osed as the best node contenplated for
carrying out

While the invention has been described with reference to an exemplary embodiment,
it will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the
essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out
this invention, but that the invention will include all embodiments falling within the

scope of the appended claims.
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this invention, but that the invention will include
all enbodinents falling wwthin the scope of the
appended clainms. 27 CLAIMS: 1. Afilm conprising:
greater than or equal to about 95 wt %t hernopl astic
resin, based on a total weight of the film wherein
the thernoplastic resin is selected fromthe group
consi sting of polyimde, polyetherim de,
CLpBlyet heri m de sul fone, and copol yners, reaction
products, and conbinations conprising at | east one of
the foregoing thernoplastic resins; and about 0.001
T wt Bofine, cobwusing. 0 wt % of a fluoroal kyl sul fonate
salt, based on the total meight of the film wherein
I { fur
ool P85 Ot 89, 304 BT s, B0 08 e
thekaW@thwﬂ thsf theinenplaséc resinos esleeied from ti‘r¢19r0fm bmwﬁtmg ohi m
r
SR Wq%“ﬁ“ BPERER b ghaTinas dRedion products
ANV PALIDOS Corgprisigeatiiedshprs ofém%lfomgzmgvth@mpﬁswqq@sms and
percent transmi ssion is greater than or equal to

abcﬁf?@ﬁm ?nﬁ% to%boTP@th by fiu%lrd"H] s%foﬁé’tétsgl? haSATHY h%'t&gl

a haze  ess than or equa about as neasured

weigpt %ﬁmﬂmwbgremhe fifrehasi 9 Hir@ﬂ r%tma.qﬁwVIM ¢ and fyether wherein less
thafl OB td‘?}sb@f_ﬁétstpféaﬂml%n RAVEGhtl? brRRaKS islr@At PPM

br om ne I mof claim1l, further conprising
| ess than or equal to about 1,000 ppm chlorine. 7.
2. TheThq g Brlagm 4 fther comprisiag a@éﬁaﬁﬁ'i tEanggisgionef greates ian o

equB dbout 5098 B8 Weadhdd by ABIM DR@BUr ed by ASTM D3418. 8.
The filmof claim1, further conprising a

fluoropolynmer in an anmount of about 0.01 wt %to

3. abotite AmbfelainY®, Wieseid tpdrbsht trahahissieh Bfredér thireofdduBlto
The filmof claim1, wherein the fluoroal kyl

aboé,gl??%’nate Is represented by Fornul a

4, The film of claim 2, further comprising a haze of less than or equal to about 10%
as measured by ASTM D1003.

5. The film of claim 1, further comprising less than or equal to about 1,000 ppm
bromine.

6. The film of claim 1, further comprising less than or equal to about 1,000 ppm

chlorine.

7. The film of claim 1, further comprising a T, of about 180° C. to about 350° C. as
measured by ASTM D3418,

8. The film of claim 1, further comprising a fluoropolymer in an amount of about
0.01 wt % to about 2.0 wt %, based on the total weight of the film.

28



(1), (R-S®).MFornmula (1) where R is Cl1-C40
fluoroal kyl; Mis a netal selected fromthe group
consisting of an alkali netal, an alkaline earth
nmetal, and conbi nati ons conprising at |east one of the
foregoing netals; and x is the oxidation state of M
10. The filmof claim11l, wherein the fluoroalkyl
sul fonate salt is perfluorobutyl potassium sulfonate
9. sal fThe film of Haimfti, whersin thé Aiuarpakyl whitaneteris tapeesehied by dlokmylila
ULsquonate salt conprises a perfluoroal kyl (alkal
netal /al kaline earth netal) sulfonate salt. 12. The
filmof claim1, wherein the fluoroal kyl sul fonate
salt coffpr-58esMper f | uor obutyl  pot assi um Butntier(it e
salt. 13. The filmof claim1l, wherein the
réd. Lpogal key ./ ' tal ,
wnBETR 4 E PGBl L o TR coRUERILANEBIALE o R4 op e
meal girsalkaline eaemitdl, rand combiantinrs, coowniping si legst abe of the f@eding
-9 i e 9 the floroal kyl sulfonate
nw%%ﬁfﬁﬁ%ggmgﬁgw P?H%%?éi aim 14, conprising about 0.05
w %to about 1.0 wt % of the floroalkyl sulfonate

1052l The fliy of B fi WAz 164 Rididakyl WRnSie"salt 'ﬂs?%erfluorobutyl

t her nopl astic resin conprises polyetherimde

I
po@ﬁﬁ"ﬁrﬁﬁ@%‘?”aﬁ?ﬁaﬁThe filmof claim1, wherein the
t hernopl astic resin conprises polyetherimde. 18. The
filmof clajm1, wherein the filmhas a thickness of
1. b ol B AT et BT R ity SO AR P RENGISS 220 10,
perflnerodikyl italiodli radtai/akaline whiet @ietal)tshforfdtd salf. s metal | i zed.
20. A nmethod for producing a film conprising: nelting
a thernoplastic resin and a fluoroal kyl sulfonate salt
12 tTineffiom of caimel, twhevdie thei flaotoatiyl dulfenate phlasingiseesérfiudrsbutyl

. f rom.t he group consisting of polyimde,
po%g%'%%ﬁlgorn?{% Eet; pol yet heri mi de sul fone, and

copol ynmers, reaction products, and conbi nations
13. The film of ¢claim 1, wherein the perfluroalkyl (alkali metal/alkaline earth metal)
sulfonate salt has less than or equal to eight carbon atoms.

14, The film of claim 1, comprising about 0.025 wt % to about 3.0 wt % of the
floroalkyl sulfonate salt.

15. The film of claim 14, comprising about 0.05 wt % to about 1.0 wt % of the

floroalky! sulfonate salt.

16.  The film of claim 1, wherein the thermoplastic resin comprises polyetherimide

suifones.
17. The film of claim 1, wherein the thermoplastic resin comprises polyetherimide.

18. The film of claim 1, wherein the film has a thickness of about 50 micrometers to

about 300 micrometers.
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conprising at | east one of the foregoing thernoplastic
resins, and wherein the thernoplastic resinis
present in an anmpbunt of greater than or equal to about
95 wt % and the fluoroal kyl sulfonate salt is
present in an anmount of about 0.001 Wt %to about 5.0
wt % based upon the total weight of the nelt and | ess
than or equal to 2,500 parts per mllion by weight of
19br ofhaéin & grimslewherearttie filasisirmagalided. nel t t hrough a die
to produce the film 21. The nmethod of claim 20,
further conprising applying a vacuumto the nelt at a
20y ac dunetpedios aroduging a lss comarisiod: equal to about 125
nbars absolute. 22. The nethod of claim 21, wherein
M re i I
e PGB 2Ry B0 B Sl e
thermeplagisirasin iscsefactash fipst g anwiptcopsislingsy icalyimide rmpkyethewgrde
pol?@tlhét‘trﬂﬂe%u@d?fépém &dpggn%%%dcﬁbm&owﬁé %Hl ?ﬁ?)frr}l‘ém; RS n

Selected fromt conS|st|ng of

copBliSiRst HdeashPoreof tb@?%%@rthmwiagm fegine, artdrvdwerem the

theFRBObAIIRESH isr;ﬁ@&efnt @%nﬂin%@éﬁgreatéﬂﬂa& Qr'"@:iuﬁﬁb'a‘%ét 95 wt %,
anq‘i:g? nprisin east one of foregai ng t hernopl astic

fygrogiky! %"fowa’ffa a@lﬁawk%sreﬂ@maf‘ GARHAC Y FbputGPo owm» tp about

5.0n@t %, baRPY bmm@eaotélwﬁé: HE oBtht nYelCAHdMRdsQhaher é@iﬁbfttotz%oo parts
a fi ane out tine

ete

pet BHEF Bueishh P o e cup 2Bt s ng gl higgae G
proﬂbwmelnﬁn.seconds as conpared to an original total

flame out tine attained froma film having the sane

conposi t d application of vacuum of greate

an el of O Sy RS o AR VAT (e et ot a
vaduamoprgdsuge ofilessttbarpsraguaieo tabeutfi2b mbarS8bsdthite. The et hod

of claim 23, wherein the vacuum pressure is about 110

nbars absolute to about 125 nbars absolute. 25. The
22 et Rogimethod loaclam23|, whiaeirethe vetieint plessureisadbold trdamicart

abgo'ltﬁ‘?tdda%oﬁggéécrﬁgarg%bsﬁutgater than or equal to about 50

secon

23. A method for producing a thermoplastic film using melt processing, comprising:

melting a composition comprising thermopiastic resin selected from the group consisting
of polyimide, polyetherimide, polyetherimide sulfone, and copolymers, reaction products,
and combinations comprising at least one of the foregoing thermoplastic resins and a

fluoroalkyl sulfonate salt to form a melt;

applying a sufficient vacuum to the melt to reduce a film total flame out time determined
in accordance with UL-94, by greater than or equal to about 10 seconds as compared to
an original total flame out time attained from a film having the same composition and an

application of a vacuum of greater than or equal to 250 mbar; and

passing the melt through a die to produce the film.
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24, The method of claim 23, wherein the vacuum pressure is about 110 mbars

absolute to about 125 mbars absolute.

25, The method of claim 23, wherein the film total flame out time is reduced by

greater than or equal to about 50 seconds.
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