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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 polysuifone 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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DETAILED DESCRIPTION OF THE INVENTION

Disclosed herein is a composition and method for making a flame retardant
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thermoplastic amorphous resin. It is noted that the terms 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 wt% to 25

wt%,” etc.).

The thermoplastic resin, for example, can be polyimide (e.g., polyetherimide (PEI), or
the like), polyetherimide sulfones (PEIS), polyimide copolymers, polysulfone (PSU),
polyethersuifone (PES), polyphenylene sulfone (PPSU), and copolymers, reaction
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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:
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where R’ may be C;- C4 alkyl, or C;-Cyo fluoroalkyl, desirably C4-Cg perfluoroalkyl
group(s). R is, independently for each substitution, a one to forty carbon atom alkyl
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 1 and subject to the further limitation that
j + m is 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 1IA metals in the Periodic 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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and copolymers that comprise structural units derlved from one or more fluorinated

alpha-olefin monomers. The term “fluorinated alpha-olefin monomer” means an
alpha-olefin monomer that includes at least one fluorine atom substituent. Some
fluorinated alpha-olefin monomers include, for example, fluoroethylenes such as, for
example, CF,=CF,, CHF=CF,, CH,=CF,, and CH,=CHF; and/or fluoropropylenes
such as, for example, CF;CF=CF,, CF;CF=CHF, CF;CH=CF,, CF;CH=CH,,
CF;CF=CHF, CHF,CH=CHF, and CF;CF=CH..

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(O)-, -SO,-, -SO-, -CyH»,- (y being an

V)

integer of 1 to 5), and halogenated derivatives thereof, including perfluoroalkylene

groups, or a group of the Formula -O-Z-O- wherein the divalent bonds of the -O- or the -
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is a divalent noiety sygh asHxO-, (0 -, -SO2-,
-SO, (y bemMng nveger of 1% hal ogenat ed
derivatives ey-edf , -acl udi ng L sl Kyl ene
groups, or 't he’ For nuje Y wherein the

di val ent bonds of the -G orytfie -0-Z-O “gpoup are in
the 3,3, 3,4, 4,3, or the 4,4 positions, and
wherei n Z includesH;but jB Bt |fhited, to divalent
radi cal s of Fornula ( Y
is not limted to, @& lety.eohprising -O,
-S-, - ¢O-, -S@-, ' é pbei ng an integer from1l
to 5), and hal ogendi¥d déri¥ati Ves thereof, including
perfluoroalkylemgcgroups. Rin formyla (1V) includes,
but is not |imteéed.to, substituted/or’ unsubstituted

di val ent organi al §cpiugh romatic

hydr ocar bon radi ca avi ng abo to about 20 carbon
atons and hal ogegated derivatives t ﬁreof; strai%ht or
branched chai n al kyl ene 3 VI)

erein Q includes, but

wherein Q includes, but is not limited to, a divalent moiety comprising -O-, -S-, -
C(0)-, -SO;-, -SO-, -CyHyy- (y being an integer from 1 to 5), and halogenated

derivatives thereof, including perfluoroalkylene groups.

R' in formula (IV) 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 alkylene
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~ .



radi cal s having about 2 to about 20 carbon atons;
cycl oal kyl ene radi cal s having about 3 to about 20
w@a0oborszd ons; or dival ent radicals of the genstES2004/026180
formula (VII) (VII)wherein Qis defined as above.
Exenpl ary cl asses of polyimdes include, but are not
whdréih (i definedad abene.di m des and pol yet heri m des,
particularly those polyetherin des that are nelt
rocessi bl e, such as thos ose preparation and, .
Y Cioo e POTauRs B Gen DU ¢ "B Bried (o ageidegsnd
o%ﬂ:%e%nﬂ@gb iculgf YA &SI A% £O Rl HBcIBBR, such as
pthan 1, tf/gig%g}ﬂlayyglg%gt%ﬁ%}?o a%%utt 1,800 o@sr?rg?e, -and
thessrehesp auéfarai win| andayopartigOare gleatsthg 1830 Ss Patertt Nes (3,803,085
anggiéo%, 431‘ the Formula (MI1): (VIIl) wherein Tis -O
a ggrOUp of the Fornmula -O Z-O wherein the dival ent
bonds of the -OCor the -O-Z-O group are in the 3,3
P3yetherindid8 'resimy corhprisé, dhorepthan tli, apsicalpnabouin di0etonabdbuandoR or
are defined as_described above. The pol yetherin de can
meE B Hgﬂr%aqugﬁcaﬁy ABPtal ARAY 5§P SHUE WGl '?}aiFﬁgmula
(Viftg reaction of an aromatic bis(ether anhydride) of
the Formula (1 X) QW (I X) with an organi c di am ne of

the Formula (X) HNR-NH (X) wherein Rand T are
defined in relation tQ Formulas (I and (VIll),

respectively. Exanple ec romati c bi s(ether
anhydri de)s and orgam.c n dt scl osed, for

exanple, in U S. Pate s. 3,972,902 and 4, 455, 410.
Illustrative 0 0 (VIID)

wherein T is -O- or a group of the Formula -O-Z-O- 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) O
: <%—©io
0 © (IX)

with an organic diamine of the Formula (X)
H,N-R'-NH;, (X)
wherein R' and T are defined in relation to Formulas (IV) 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. Illustrative
examples of aromatic bis(ether anhydride)s of Formula (IX) include: 2,2-bis[4-(3,4-

9



exanpl es of aromatic bis(ether anhydride)s of Formula
(I'X) include:

WQ@20s5023ps1- (3, 4- di car boxyphenoxy) phenyl | pr opanesCT/Us2004/026180
di anhydride; 4,4'-bis(3,4- dicarboxyphenoxy)di phenyl
et her di anhydride; 4,4'-bis(3,4-

dic%;r%%&@%%gﬂg Y]}a%p‘al?@nyl sul fi g ghaqhydride; 4 4.bis(3,4-

I"Car boxyphenoxy) benzophénone .
dicitaniyyltmosgdiphedyl - bi s( 3.ether di car bdiephydeidoxy) di phéAybis(3,4-

dk%ﬂ%%o 5 d%ﬁ@ﬁ%%@*gﬁenylTﬂﬁgﬁgne(z(gﬁﬁvg??e 4,4"-bis(3,4-

diérlfbx%ﬂﬂ&l()gy)&nz@bﬁ@folﬂ@xyphenoxﬁifiﬂnﬁﬁﬁ iyl et her 4,4'-bis(3,4-
di anhydride; 4,4'-bis(2, 3 di car box phenoxy)dighenyl
dl@mwm@nem)ﬁwyawlde 4 suiong; s ( 2, aliar ydrlde 2-bis[4~(2,3-

phenone Qmﬂ 1 -
' d“%h%&&@%§%52§38§¥%§§%é§yphenoxy?% eny sulfo H4-bis(2,3
dmﬂr’rlmxlyplchniod}e)d]peﬂaeﬁ)a 3-di c&tl’@oxyphend»ayhymrde(?, 4-  4,4-bis(2,3-
G VR RGOk nenoxy sl ~ P CRfamydndel ™ ! Einpis(23-

dl&%o& hGRkPBXYARREARNY) di phenyl dﬁﬁwhﬁfm&“ anhydr i deg 4'-bis(2,3-
- di car boxyphenoxy)-4'-(3, 4

dl@rbxab'bmmﬂénmﬁwldrlﬂﬁenydlae}mdﬁd@te 4dR drtigatbed@henoxy)-4'-(3,4-

dlcdalrtgog;yg enoxﬁrdr Ty L&Znﬁé%%%en o(%lél%‘la/?lg%%y ér(lzd3 dlcargoxyphenoxy) -4'-
(34- &&r@o@pﬁ@foh?)dﬁﬂi&ﬁﬂcsﬂyér-d%nhy&rdb 4-(2,3- dlcarboxyphenoxy) -4'-(3,4-
dlcarboxyphenoxy)d phen sul fone dianhydride, as melg
digrsbaxyRgisY dbepYli sylfige a@larl@éefieat M2éfdlf%reo>f>@hewwhé 3,4-
AP PR et b AR08 000 By -0
dlc(am-yﬁmnoxp)ﬁrmﬁeyll suffooe eﬂuamhmrdier de wabky&ﬂnp*tuhalqompﬂsmg at

IeRDETS S0 h e TokbafE one Mare: ReSTRlSo e SRIRKDR a8 be

b@@&@icﬁﬂb@ﬁ&ﬂrﬁéno@?ylphe dishink d@sanhy@ede0f (BPRRDW)] Cpyromellitic
protons are E erre or better nelt stabilit The
digsthyreden ex ydinhipalis ardperide FOBEAYr aspuelbas kpmerpand combinations

co%ﬁaﬁg%ﬂ st Jn%ldf%%r%t&jgteufxe I’)H y%p%g ﬁcgﬁy Ccfrén?i drédes

a ntro su |n|tr|
frdaseifahnzs/abbrc@énschrhpnérfemedpfbebmier nmttpmbrldyl n the presence
of a dipolar, aprotic solvent. A preferred cl ass of

Th(ell%zatii @E}yarasqt)gga&sﬁen {)jarrlec&i E?/ ?hel hr;/%rolfyms fgl¥owe% by che%ydratlon
of the reaction product of a nitro substituted phenyl dinitrile with a metal salt of
dihydric phenol compound in the presence of a dipolar, aprotic solvent. A preferred
class of aromatic bis(ether anhydride)s included by Formula (IX) above includes, but

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

OO
(X1)

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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is not limted to, conmpounds wherein T is of the
Formula (XI'): (XI) and the ether |inkages, for
wez@spbms can be in the 3,3, 3,4', 4,3, or 4pdi/US2004/026180
positions, and m xtures conprising at |east one of the
foregoing, and where Qis as defined above. Any di am no
APIRAHRA cHRYo R ﬁﬁ?'b@y&ﬂplo@@m&%pﬁﬁ oF Wiuttahlk @ ompounds are
conpounds are ethyl enedi am ne, propyl enedi ani ne,
ethtyldnegiamjrice neplioaiienediandinet hytrléwéwqr@dﬁan@e diethylenetriamine,
ertramn nedi a
m‘ﬁéﬁl? }éep%# %@Iﬁehed amhn’gam&ﬁ ial%ljgned ameﬁga:methylened'amme’
octa@eaiviineyiammedi aﬁbmnetﬁlﬁa&meﬁmyd: eneidcmmﬁeneﬁiamine 1,12-

dodecanedi am ne, , adecaned| _
doggqﬁx@@chypﬁ)@pt bﬁ%’@ﬁ?ﬂ%@?ﬂ"ﬁmnﬁe _ylheplamethylenedlamme 4,4-
dirfLRh RIEJBKENed] am Ny thylenedi 5-
]4-@tl%knongmtc§1%enedl am ne, e5ynoname ylenediamine,
mateylhglanetghetpenedi am Be; d1methylhexamethylened1amme, 2,5-

dlrafatﬁ%@ﬁ&%?g%vg %anx rgﬁinﬁe@ngfop%’egédiamine N-methyl-bis (3-
anﬂnéﬂrﬁﬁﬂﬁY;lu’ﬁfn@PYfBW&Bx@ﬁéﬁé&etﬂwaﬁﬂﬁiﬂmé@| §,2Bis(3-aminopropoxy)

am nopropyl ) am ne, 3-methoxyhexanet hyl enedi ani ne,

cthape mlﬁé%n@memlb EHJQQ‘) let- ﬁ%@ﬁexm@(asma?n o ff-apyopyclohexyl)
m&’gtHAJel d?ﬂ R]ﬂ'eng/le%X@Ia hr)?(exla;be&ng:tﬂweﬂgdlamme 2,4-diami dwtoluene 2,6-

(4-a ane, m phenyl enedi am ne
dlajmmbmmelne,nedmgmldmmaﬁum dpaiyl yhote dla e , 2-2n€ﬁhyl -4,6-diethyl-1,3-

PR S e o PO B S S AT 5

dmﬁet‘ﬁ‘y’ib@ﬁ(ﬂldlﬂeG C@ ?Lhﬂetlllox,ygéﬁlikﬁ | enes: @hﬁl’iﬂcﬂﬁphtha]ene bis(4-
benzi di ne, 3,3"- di met hyl ben2|d|ne

amldw}’@nﬂbxlybtémq dbin@;chiors- Adammprfon&ﬁmwl@nﬁl) miehage, bis(4-
a%p%ﬁgﬁﬂgp%%énenﬁw 184 amm%(t%u‘t: I(’H I uene " rBo rﬁgnothbcl)J pya]ﬁ:)]}ée,nyl)

nyl)  me am’no
etlikr4- biisgf-b-raethyico- tambtﬂphér)ylﬁ O|bdﬁi@e, bis(p-b- methyl o- ammopentyl)
bIS p- b-am no-t - butyl phenyl) ethe

beg;@(sp Io- Auti#yinogt- gﬁprﬁab\h@wm @ésl(flzéxﬁl@ophenyl) sulfide, bis (4-
n?b%lg an?%'gﬁltf&ye' 20a FRAQ nﬂg)‘{leﬂ I @trl‘)%fenﬁdlelclrres comprising at least

0- 4-1sopr opyl be - am nophenyl )
onsubf itickse dmmspo@nds amnynebhelvwlp)ressnﬂ f offe, dandno compounds can,

RURERTITAT VAN M T S S

mdi A Wplﬁﬁ%@éﬂwﬁm@amlalﬁﬁ@mdﬁpﬂéﬁifﬂ YulfOige DDML iadd mixtures
di am nes re specifically, the diam no conpounds can
copwrising at least one of these compounds. Specifically, aryl diamines free of

benzylic protons are preferred for better melt stability.

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

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

0 Cl”-‘. o

CH, (XID)
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m and p- phenyl enedi am ne, di am no di phenyl sul fone

(DDS) and m xtures conprising at | east one of these
w@oompoesds. Specifically, aryl diamnes free oPCT/US2004/026180

benzylic protons are preferred for better nelt

stability. The polyetherim de resin can conprise

ll]CﬁIdreél'CEMBﬁ;L’ HRl 1h$an9C GRIRLARY osvonﬁﬁmgultﬁe (Mlylmldé/meﬁa%émarly

each R is independently diphenyl sulfone, p-phenylene
polyethenipldenytrendosy disclossd un Ut RePatsht avas. B.,§49,%7, 3,850,885,

I R s, CLL) 1) e

particul arly polyetherimdes, are those disclosed in
In @eneSal fHad edulctiiss can3 b8 4AarrBhl/ out3¢185E>,yB&5yarBJu8552),l\&41& e.g., o-
855, 178, 3,983, 093, and 4,443, 591 In general, the
dichlosghRnene, SRRt ERpRG, ot W1 1BysTHG! VarRgRy between the

anl‘gﬁ dHi@sh%est’orlEuﬁ (%)g)oégl'dqgc%: t@fagprr?‘{eég)g??gnﬁﬁ‘]% g{(&gg%&ﬁ;ﬁkéﬂﬁ@?ﬁ about

10G2ahydabodie 250%C. Foylramhaai velly Xtheapal yétherimdidamands wepdred iyl aelt
(X), at tenperatures of about 100 C to about 250 C.
PolXTcEzaiN; Felnerfack PRBIMASIZAERN: fi &le MESRPUEMBIZNAR &f Pgmatic

bis{BRher aﬁa%&mw AR HiQRIRE ByMeBHiARG ! Rix oy MRS étﬁﬁ%g%atenals to
e.g. 't polynerization of aromatic bis(ether

elevatbd/ &mmea)tsreawdthdqoamrre@s stiyying@ad irergovel of water.e Geheralp melt
starting materials to el & eratu Wit h
RS S A D ety e LT

melt pol ynerizations enploy tenperatures of about 200

Chbint®o J‘;’H@%UEsué‘fp s onbNahPdiSdl Ring rrﬁor(cﬁ Hl@lhieﬁﬁ aftPBfinching agents
anhy des and nono ani nes) and branch |n? agents (such
q

(suals ag tri--or gatrar mnchonal amends on Hi- Angtraciinegtfongt anhydrdeseer tai- and
I r rtr ti
tetra Lboxcgr?ﬁ car%@Mg)acmimg? g})s%éag eg%p%gyz% E}fénre%chlgﬁ. Sggcq}ically,

end &apd iffeB. ofSpeedylit gabloyis @ndbeapsd ffoedewdr hehzythbitity. When
protons can be used for better It stabilit When

polpfetwéwémoﬂﬁ"aléqepoqoypmés cYpolcyEsdare & %yléa sych as
py@hﬁﬂh%@nﬁ?ﬁdé&%y@@h%ﬁ@ Hﬁlll)ld'rﬂdb Cis R Al doff®irPiion with BPA-

oxydi pht h c anh de, is used in conbination with
DABPADR palyethponidet haems madeom@saaﬂns beaprepgrtd dreanh Irgadien of an
aro%{a?ig%Es%ghérra%Wyér?a%? 1t% an orgamc diamine in which the diamine is present

in the reaction mixture at less than or equal 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 10 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
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aromatic bis(ether anhydride) with an organic di am ne

in which the diamne is present in the reaction
woroosoed2@at | ess than or equal about 0.5 nol arPERUSES4/026180

or nore specifically less than or equal to about 0.2

nol ar excess. Cenerally, useful polyetherimdes have a

at DBIA. SdifkexucipoBlRMétinfldel ih@ud BUL ard BodlidiTed € ULTEMIX816050
(g/mn), as nmeasured by Anerican Soci ety for Testi ng

(a nghﬁrmﬁe(SAng) DIJLD@\Q@alOQMOJ@?@M@ 1Qi), @LBEM@S]MO (all
h
copref Ty < S ol Gere R o R BBTS B AR ETH Bl emisures

coﬁ%ﬂmhg‘dﬁleast\bﬂéghﬂqe%@g@ﬁg mol ecul ar wei ght (My) of
out 5,000 to about 100,000 grans per nole (g/nole),

nor e s?ecn‘l cally a My of about 10,000 g/ nol e to about
Thgop@eyl ignero e, thﬁ§“?@é%‘&r%y‘89rsg‘é’?t PeFSRisat jTber of attractive
fea(iﬁ‘lreg) ]ngf}ﬁ’ eﬁgreareQ@ ah yx:{o%aeeléétﬁ{h‘ﬁ r§éJsC|3nd good

pol'yetherim r sins typica have an 1 ntri nsi

hydiobgmsstabylityr ééetrmus phiysuliyesitarOb ewploiybd heres, pech ag;rpmyether

dl /g ref er abl bout 0.3 0, ab
sulfiesenalfi] B SR s SRt el e sther
sulf&?ésugﬁl tlﬁuhkeara@ W ad copdipders OreablidiEM oyt S4hd( @mbinations
po Iyet heri m de sul f ones) ULTEI\/(I@inalO 0, ULTEI\/( %

compuging (gt Teayt epe eHAln: fc{r%gqmg:gﬂlw@r 5.1 YA a0mgty sbinehrpdrather
sul%&%rﬂj g(Lrﬁl%Hc aqlgA?Vaqlgﬁl%gf Mf}hﬁhg atlhg) olgdé)paéfﬁét%r{s%roduct of

conpri si hg or €gol
dlmlrga@dlpﬂqemgubfm&: Whe divbplradiphenyp ebljones ndvhais pogsiessulfone

(PPRE Pt o 5B et al EvOREH (A G0 Adriad goRdorociphn

sumfﬁier Qnydi i€ a%gkamerswoné/@crm&%srf@teml kd mys%ﬁen@@)sn resin.
enpl oyed herei'n, such as pol yet her sul fones, poly

POémliemyl@wI ﬁmnesulfml YRR & etalderfmmﬂmnwol pofl ;nbcielnw émélenyl

su&%% C?a‘no ps% 8{5‘8 ogle(ﬁj gﬁ)gc%lgﬁbvﬁ% ISl E] We ga& IF %og red FEE vatiety of

ol}%&ﬁ:t unRnef cdpbBnicay, e@di exghnipd y@)m;fr@ngs blsﬁhéh@ﬂ i ,et yndfother
yaryl ether sulfones are conmercially avail abl e
blspherpqmmgetxernénfbélp%@ﬁdéﬁ@ﬁ Meistipy Bomelar gtios other thar’1:1, can

1didadepxydi phenyl sul fone with dichl orodi phenyl
e }#fone known as pol yet hersul fone (PES) resin, and

t he pol yner product of bisphenol A (BPA) and
Ottercprl parylditidresnifbnes include polybiphenyl ether sulfone resins, such as those

available from Solvay S. A. Inc. under the trademark of RADEL R resin. This resin
may be described as the polycondensation product of biphenol with 4.4'-
dichlorodiphenyl sulfone and also described, for example, in Canadian Patent No.

847,963.

Methods for the preparation of polysulfones 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 least one dihydroxy-

substituted aromatic hydrocarbon and at least one dihalobenzenoid compound are
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sul fone, which is a polyethersul fone soneti nes

referred to as pol ysul fone (PSF) resin. Polyphenyl ene
webdven2mes f one (PPSU) made from bi phenol and dpchiis1004/026180

di phenyl sul fone can al so be enpl oyed especially where

high i mpact is desired. A variety of polyether sulfone

heﬁg gfdrn%ﬂe J\0ith S3ATR! G roRRR éJ g)lhdégoeoﬁ ﬁpi?l@rh%ec&]cﬁ&lgah metal

€nol s 1moj et es an fone
can’monzﬁe icedi¢anborakeans dastiossd, dbhexampleninl ULS. Raent e o4, béo,222.

ASE e 5 B RGeS TEo R LS R a Lrreitd Spmpgnents may be
preit)u@dl %kE)L@ S EVEAE @f nSethddls Us8E forlkhe gﬁ'eﬂahﬁloh [AGRIARN ether

R resin. This resin may be described as the
resgnﬂ yEbsraentaatic oalypiheguldenestangi petbads fagi their preparation are also

de&'n%'éé °fo9de!x%ggéy'm W' g%?gﬁwh2#,32 4% %gb&fg(phfzpf 08,837; and

xanpl e, hadi an’ ods for’

4 1t7l5e1 791 e palyailf@ies ahadeoby suly f ness imayl bdeustthao caakeoriat 8ame
nmet hod and the al kali netal hydroxide nethod. n the
r“@@&%1 MYet al hydroxi de net hod, a double alkali neta
salt of a di hydroxy-substituted aromati c hydrocarbon

The SwEgRt aedr8R WoldduRr dwéﬂ@ho&enxéem*s@]f@mpwcméu b&educed

presence of a dipolar, aprotic solvent under
vissoPt data impn ppprohyiate @ghve@bmhtasongthylﬁnq plelogde, rdiesptorm, N-

meﬁl’? f})&g‘rgﬁgmoggs tgg%lkg h%%rlgm%%haF O%H%%g tl‘?er §dlﬁ>ne c can be

on an €ast one zen0|

gr@teehlmt @cbquhlod aeER} decilidetshpes @etinu (ﬂuga,rtmnﬂt}eahmut 0 3dl/gto
bi carbonate and a second al kal met al carb

abgjitchy WHBatah BT ErH OB GIUA 3P AN f SVeiielg 160 ° B3pwpes of
sor?@ suffable golgglafon& berdaadineg! Jor e&ﬁ]ﬁpl@olnyRS’PleeDE@@t TR above

one and PES resin’ conponents may be prepared ,
debylbad}pobfsukfbmsvmd| mlysud)fbnmpp@@memSMyfb@rem]bieyed alone or in

eparation of L yaryl he resins. Thernoplastic

Cog’%fr@gi)lﬁe?oé‘mrfs&%gl%ﬁtof}/rﬁeq?h SIS 81t hei r preparati on

are al so described, for exanple, in U S. Patent Nos.
Th3, £3¢un8 ofF; thé , tAOhoplistic 4esl®{e. 83 Holdmided, palyethd@mide sulfones,

sul fones made by any process may. be used to make
po{yﬁyéj)]é qea,rpé)pp]é/plglr% apd mp;;tpﬁ:g)pcan be present in the composmon In amounts

of greater than or equal to about 90 wt%, specifically greater than or equal to about 95
wt%, énd more specifically greater than or equal to about 97 wt%. Optionally, the
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 97 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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The wei ght average nol ecul ar wei ght of the pol ysul fone
is indicated by reduced viscosity data in an
wappsomoeat e sol vent such as met hyl ene chl ori dB¢T/US2004/026180
chloroform Nnmethyl pyrrolidinone, or the Iike. The
intrinsic viscosity of the polysul fone can be greater
The RBMpBLiti6AYAL., the rélRUhe QuifbrdRCdald LRI SptRPaIIGRHRMIESbp&@Ymer)
typically about 0.3 dl/g to about .5 dl/g, wth N
cagbe fareved prigntoghe Eoation of Givdum. donexiinipje.ghe¢a@npasition can be
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thickness of 25 micrometers to about 750 micrometers, and cooled, actively or
passively. The resultant film possesses improved flame retardancy. For example, the
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 salt. An

average flame out time of less than or equal to 10 seconds per specimen, and a total
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vacuum pressure, each pressure point is an average of the results obtained at
thicknesses of 50 micrometers, 75 micrometers, 100 micrometers, 125 micrometers,

200 micrometers, and 250 micrometers.

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 VTM-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 melt

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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of the afterflame time can be attained with the use of a vacuum of less than or equal to

about 125 mbars absolute during the melt processing, alone or in combination with the

use of the sulfonate salt.

" 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 125 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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about 95 wt% resin selected from the group consisting of polyimides,
polyetherimidesulfones,  polyimide  copolymers,  polysulfones,  polysulfone
copolymers, and mixtures comprising at least one of these resins, and about 0.001
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 10% as measured by

ASTM D1003 can also be attained, or, more specifically, less than or equal to about
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(UL-94 VTM). Fllms were tested both in the machine direction (MD) and transverse
to the machine direction (TD). The UL-94 VTM tests a film of 200 millimeters (mm)
by 50 mm wrapped around a 12.7 mm diameter mandrel. Samples were conditioned

at 23°C and 50% relative humidity 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
20
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pol yet herliid desul f ones pnl yi m de rnrnl VBl S

pol ysul f giles(wtpol ysul f one dOfS! yitet s, 9%1%1d P8.%t yr es

conprising at |east one of these resifn gnd about

0.001 wm? 50wt sut-fagpate Htpreferably

with a t@i}ﬁggw%} about 598 m cﬁr mat(?? %jgabout 350

mcronetgrs), and a UL-94 rating of VTMQO| Optijonally,

this filnmrcgn have a transpanandgy 7of aroentery 4 han or

equal to jabout 50% as rreasured by ASTM D (03, or nore
specific Lly greater than eqgual tlo abdut 7%% even

more spedATFOAII0MG(Dat er t9h]an or0equal tdl-dbout 80%

and even |nore specifically gr eafier than or| equal to
about 859 TR (eSS am gy eyl t oz gboyt 10%
as neasuredpgy @Tﬂ’g 003 c¢an al[so be ‘attdined, or,
nmore spegifically, less than or |equall to dbout5%

Opt i onal |)XTFOE 30l m ¢gn haywes a B.0of ghdut [P6C to about
350 C as |measured by ASTM [)341 usi ng |di ffgrentilal

1 ealorit mmt vy (SO film Al o oan
scanni ng ATIFb‘]JijOLLi]ﬁ (S\)WV/ 15 gll ‘30| T i?l S 1.§u|| have

PEI films tested in the Transverse Direction (TD)

In Table 1, Control Example 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 pum to 200 um, while the samples with the sulfonate salt maintained ATFOT of
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| ess than or equal to about 2,500 ppm brom ne and/ or
| ess than or equal to about 2,500 ppm chlorine, as
wowdos/oz2@ |l uoropol yner in an anmount of aboutPOr/032004/056180
to about 2.0 wt% The film can conprise about 0.01 wm %
to about .0 wt % of the sulfonate salt, or nore
le%?ﬂ?a' fdrcé‘allcjilyto%g&&l% ps&%ﬁdé"@ {BJg‘Bofi’tbtﬂE‘tenQrqué Witf%nany samples

onate salt. Optionally, the resin conprises
hpaohy & TFEYT of ldss, thpodrnyeuhlao sbbdtdn@secpadsysul f ones,
polyethersulfone polyphenylene et her sulfones and

o) and_conbi nat.i ons t
Tt%ﬁfé #g evéso l-ﬁ:g apgs?or%posmm% Fhe ?ft the S@tie t(})lﬂ:%ngsfs, 50
nfleloyRidretd DO ehidrBinkders, @St feswaria the amamael doectamv@mmn most
vent ed _singl e screw extruder using 0. 3,
cgses,, the P FBSssaljtwastfegt Yo male¥elpg H@rtmabﬂalas @Pwme compared to

- ) the total weight '

R AL B S RIS L1 2 500- 560 C
and run at about 80 revolutions per mnute (rpm using
vacuum venting. The resultant blend was pelletized,
dried, and extruded into clear filns of 50, 100, 50,

E'J 280—meroneters—(m ) thickness— ThePE—restnmhad
& (;ée?;ht aver age nol ecul ar wei ght of about 38, 000
g/mole. T was neasured by differential scannin

Fsahpld netry (DSC) onBthe s¢cond sgan. The fil ng7 were 8
burned as descri bed in Underwitefs Lab {(UL) Test
LMt hod 94 \/TM (III - MIM 1 Eilns Wwere tdsted hath in

REAéwi¥aLhi ne directi CWO(Q\/[)) O t r ARSver s¥9.¥ o t 1.6 99.5
machine direction (TD). The UL-94| VIM tests a fii | m of

7S 0 0 T W a ed arg md—a é
i'aneter ‘'mandrel . Sanples Were conditioned at 23C and
50% rel ative humditly for at | east 48 hris, as per the

AiF@FSO@ﬁIﬁNEt hod. Table 1jeportg.2the tjpual flaoe ouf.l
time for the sanpleg with and w thout thHe KPFB$ salt

or filns tested transverse to-the dirdction of

AREOTPOHM SFi | ms of>-50, 140 1500-%nd 288 ni cr%?reteré-o
(m) were tested. There ar¢ two abpects |of the|UL-94

ATFOT 150 um (s) 3.5 7.8 3.0 2.4 1.4 2.0

ATFOT 200 pm (s) 4.9 2.9 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 effectiveness of the
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nmeasur enent of flanmmability di scussed here. The total
flame out tinme (TFOT) (also know as total after flane

WO 2008/083D26T)) is the sumof the tinme, in seconeisT/(S3004/026180
that all five sanple remained ignited after two
separate applications of a flanme as described in UL-94
ViiMdagSSalt ibhe p@%@ﬂ@gﬁnde‘)&ﬁfon@j BMBedt 3:41(10@ érﬁfB'l:eOT )Sar'nﬁ]es were
the TFOT divi ded byt he nunber of sanple

aesp@rmsﬁ@cmﬁ@nnwanre@onméDTchseoof MFKPFBSawlta@gn@giathe total
Nl glmald. SATPLES Lashag, uf & LRSE ARG S8 b6y

FVC . ds mlcrometer and
erlos I'ndl Ca ane resit s

tibe rﬁlbl@%tdﬁﬂﬂmso%llé aSl daze Iﬁtﬁhig&hfﬁﬁmﬁb@ioﬁ%érb Sétamed in films
aver age tot al flame out tirme (ATFOT). Figures 1 and 3
Mathothe agied atsé\fwaﬁeoﬁa“sl’%rs%ﬂ@ée and B?YC?%ra&E:‘ﬁISP’@atW%ﬁ ngpsured
bh#HHs ol ba IT19I RAS S o BREnAXICRYSLolb iR nas

retained I n all sanples was neasured by DSC on the
second scan using a heating rate of 200/ mn. Table 1
Example A1 2 3 PEl (wt% 100.0 99.9 99.8 99.5 KPFBS
(vvt% 0010205T/C2218217421932174ATFOF

O— _’l /A

llen\b) 1363713 ATFOF 160 m(s) 858144
H&FOTlsomn()sss.o 7.3 2.6 ATFOT 200 mm (s)
15.8 3.0 2.3 1.9 PEl filns tested in the Transverse
Pkagplel on (TD) I'n Tablle 1, Coptrol Exanple Ai1shows ;o
onger average flame gqut time, partifpularly|at the
hicker filns than dolthe sulfonate kalt containing
PEL (t%0)Exanpl es 1, 2,[1%hd 3, P99t h t H8-86r en§98ei ngPOF
shorter total flane out time with hipgher su|fonate
mt—For —the mtT ot ATFOT 0" Tgedif7 o8
P:;,gjcon(]((s(}vq(z 15. 8 seconds over [fhi ckneasgs of 0.2 03
Haze 50 um (%) 0.8 0.8 0.8 0.4 0.4
Haze 150 pm (%) 7.5 5.1 4.4 3.7 6.7
Transmission 50 um (%) 87.2 87.3 87.6 87.4 86.9
Transmission 150 um (%) 86.2 85.9 86.3 86.6 86.4
ATFOT 50 pum (s) 6.1 5.2 5.4 2.5 3.7
ATFOT 150 pum (s) 2.2 0.2 2.2 1.8 1.8

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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50 mmto 200 m, while the sanples with the sulfonate

salt maintai ned ATFOT of |l ess than or equal to about
w@2seemends t hroughout the entire test, w th PENYS2004/026180

sanpl es havi ng ATFOT of |ess than or equal to about

4.0 seconds. Table 2 shows the sanme conpositions,

Q@]Ythﬂg(v\t! fRuf shifhad sélhe 580 daRipfknNeRA suﬁgmfﬂ: GhRMRERHSn the

m croneters, test ed |nthe machi ne
dnanwtseahre(:tn@) hadla lmbf kastsn of hguRF-BS, 9atatlsmason of greater
ffective t he t ot al

n

G 2151 B i iR B Romifoe e iualathcahgut 1%
(orarpéefi®lly, TadhieinZorExpaPieatdut 05%), and aPETFOWM 3 less than or
1000999598997996995KPFB (wt% 0 0.1 0.2
@awrl®o 3 seLOBANTFOT 50 m (s) 3.8 3.7 2.2 2.4 2.0 2.1
ATFOT 0 nm (s) 5.1 4.3 6.9 2.4 2.0 2.0 ATFOT 0 nm (s)
3.57.83.02.4 1.4 2.0 ATFOT 200 nm (s) 4.9 2.9 2.5
1.8 1.6 1.9 PEI filnms tested in the Machine Direction
(MD) Again higher |evels of salt were nore effective

t han | owdrablesd/el s i n

producing filnms having faster

extingui shing tines. Additi onal ly, the ATFOT was
reduced Fess—tHhar—etr—eqrat—to—3—seepras—For—atd

(PEI S) r(Eg‘la de by pol yneri zatffon of i sphefol A

di anhydride (BPA-DA) w th|diam no di phenyl sl fone.
The pol yipfishad, @ Wel ght  aMgy@gepd ol eClgbar oght (| Mw
tested salt concentrationg in fijl ms 20D mm tWFl ck). {For
Exanpl es and 9 - filmextrusion was fdone using dried
pol yet hefRiBfeweal fone resin on @11.5 [0ch ufvEnt ed
single screw extruder, 24:1 length to :Ii aneter (L/D)

at 320 - W
ef fecti vaHEE U™ tAbsul f or

I%gry:ﬁt‘gerl m de

sul fone) |of about 34,000 ¢/ nol e.| Sanpl s wer ¢ tested
in the MAGHsARsTT SELMA%) (8] . Use30f jgha KPIRS sallt.
reduced the total

ATFOT 50 pum (s) 6.8 3.8 2.0 1.2

PEIS films tested in the Transverse Direction

(TD)

24



average flanme out tinme as neasured by UL-94 VTM net hod

in 50 mcroneter and O mcroneter films, while | ow
whame/ozae hi gh transm ssion were retained i n fPdTIES204/626180

t he added sul fonate salt. Percent haze and percent

transm ssion were neasured on filnms as per ASTM DI 003

7able $S3hENEthXlefBShea&s0sf Rt RPFBSakl®E i@ Eﬁgﬁﬁﬂhﬁ @94 VTM

10 11 12 PEIS (W% 100.0 99.9 99.85 99.8 PFBS

pewfonagegima pohsthgrsplfongs (REHaeso bhendodU LT RAION 1 pglymen from

B RS ASRAT R 53 GO KT AT RO

Y b3nd2 SBhpRs d@rSteSad 6n 8f. rﬂacATﬁ%CH' réz'xﬂom(rM([B) The fesbltaht pellets

it Rl A e TP e e Bl s o
| Eé@éml i8CdAtdNe xddpre Hand fd Efﬁn%ﬂ: 1 4hOS 1IR3 teAAN ol blend

dried PEIS resin on a .5 inch unvented single screw

bag reduend, avzaageltp@l Aamg4mit 1ing7@hde mabaainirgshighh,, abheze, and

4l.§§q§)n tshle sanme pol yetherim de sul fone sanpl es as

I'EYEPed in the transverse direction (TD).
Addi tion of the KPFBS salt reduced flame out tine.
Gomhazr wards Owith eeast o6 the(sul fofel tals tdthioMmtecowainies, fobflnmstested
npl es with sul fonate salt, tested in the transverse

cn ihééchame dirgetion, haviag afthipkasss phahoub 0 el abpt Eimg ATFOT
Isﬂl@{ﬁﬂ&ns gIJ aloto %I%esspe{ ﬂ‘?ﬂllgrles%q}{ oxI gl §lgt({°5(0a ﬁcﬂﬂgfal]y,

ransni o on T equa out
manenisgec bf gxeaﬂef man loe 8§udl haabait 86t aﬂ)ecﬁffmaﬂpogrt:at@r thé) or equal
and a ATFOT of |ess than or equal to. 5 seconds. Table
Ip about 85% was retamed (i.e., a change in transmission from a resin without the salt
to a resin with the salt was less than or equal 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 um (%) 0.7 0.9
Haze 150 pm (%) 1.8 1.1
Transmission 50 um (%)  [88.7 88.8
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Exanple D 13 14 15 PEI'S wt % 100.0 99.9 99.8 99. 7 KPFBS
Ww%O0 0.1 0.2 0.3 Haze 50 m(% 0.8 0.8 0.4 0.4
wde@sszdossi on 50 mm (% 87.2 87.3 87.4 86.9 ATRATUSHONMNG6180
(s) 6.8 3.8 2.01.2 PEISTfilnms tested in the
Transverse Direction (TD) Table 5 shows the
ef fecti vengaasmREiohNso KBS SBiks 1n ingpoving UL- 94
VTM perfgrmance in a pol yethersul fone (PES) resin
bl end. UUTRASON F polyner frpm BASE Col was extruded
with 0.5 [MIORFOBEN ¢RI t, basPd on the Rdtal weight of
t he PES Rl end. Sanples were tested in the maching
di recti omtvB~ IIU suttan etHtets g dried and
ext ruded ﬁgFgTﬂﬁb gﬁ 50 nicpgneters and O
mcronetgrs. As can be seen | n Control| Exanpl e E and
~ i n Exanpl BES figms tekfcd mathe MadhinecDinéagioni(@)bl end has
reduced average total flanme out tinme while maintaining
high T , |low haze, and high transm ssion. n other
words, with the use of the sulfonate salt, total flane
out times for filns tested in the nmachine direction,

BV EREmBled RimlNes mrﬁfexabgaﬁ wad dohd QsiaParbd pORBIMNer Al resin
is less than or equal to 5.5, nore specifically, |ess

phanl .brinchgunented sabe soxendjexirages) R4:] Ith a8 %%@°§natoa°b0ut 35
at (Y
BpEae bt 30081 oBale 4R L AmBRESE ISR oo in e
&aﬁ:sh'afsg elmemdnr (am;)m Additon bf e IAPFBS isalt vddubealflamhé euSﬁlﬂné For
resin wt e salt was less than _or e

bt thogelt, et B E S as fasecren] 1o (et br by baving
ﬁ{&&@gw gég; an&za@ﬁﬁ specifically, less than or equal

even | ess than or equal to about 1%

Tabl e 5
Table 6: PES TD VTM Total Flame Out Times
Example F 17
PES (wt%) 100.0 99.5
IKPFBS (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 50 um (%) [88.7 88.8
Transmission 150 um (%) 87.8 87.9
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Exanple E 16 PES (wt% 100.0 99.5 KPFBS (% 0 0.5 T

C 226.3 225.9 Haze 50 M (% 0.7 0.9 Haze O nm (% 1.8
wd 2s50e@esn ssion 50 nm (% 88. 7 88. 8Tr ansn sSPONUSH04/0026180
(% 87.8 87.9 ATFOT 50 mm (s) 9.4 2.4 ATFOT 150 m (s)

6.7 5.0 PES filns tested in the Machine Direction (M)

For Exanpl [RFFBTeAm () T M exfraiSton fgs donej usi ng

dri ed pol yiether sulfone resin on a 1{5 inch unvented
single scriew extruder, 24:1 II/D at 320 - 340|C at

about 35 ripHFOTalli0aus (Yhows fh& sane fAgdl yet her sul f one
sanples as|l in Table 5 tested|in the {ransverse

di recti on $FPr—Additionof t heKBFBS sal-t~reduced -
flame out PENGIMESPCHT HE UPENCEREEEN (e ATFOT was
| ess than or equal to 5.0 seconds, for filns having

t hi cknesses up to about 200 mm Table 6: PES TD VIM
Total Flame Qut Tinmes Exanple F 17 PES (% 100.0

9.5 KPFBS (W%,.0 0.5 C 226.3 225 9 Haze 50 m (9
T inesyBO po O BRE(Eo (3 T T35 Thes HORIRRHS B GmAD (g PEIS.

a8 -PES?%a@unexpectedly reduced average total flame out time of the resin versus

these thermoplastic resins without the sulfonate salt, while retaining transmission and
haze properties, as well as retaining a T, of greater than or equal to 180°C, more

specifically, T, of greater than or equal to about 200°C.

Flame retardancy was achieved without impairing melt stability and melt
processability while simultaneously retaining clarity, high %T, low %H and high heat

resistance (Ty) clarity.

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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Transm ssion O nm (% 87.8 87.9ATFOT 50 m(s) 7.8 4.0

ATFOT 50 m(s) 7.8 4.0 PES filns tested in the
wdeassywese Direction (TD) The incorporation OPCT/US2004/026180

sul fonate salt(s) in to a thernoplastic resin, nanely

PEI, PEIS, and PES, has unexpectedly reduced average

digisflame out time of the resin versus these

thernoplastic resins without the sulfonate salt, while

retai ning transm ssion and haze properties, as well as

retaining a T of greater than or equal to O C, nore

specifically, T of greater than or equal to about 200

C. Fl r dancy was achi eved wi thout inpairing

el t Ag{n‘g%’iﬁ%fl%g%%d mel t processability while

si mul taneously retaining clarity, high %, |ow %1 and

gndatein thaaor equsl wtabooedy Wi% thérardplaptic Wsirl, dasedeon mtogaltweaght of

as, been descri ped wi.th ref.erence t n exenpl ar .
BETIR: Fste Bl MMk toGuop oehelsd FRadte WMo depsistine of
poligmatel FdIMulfead, i abé EdpaNGREs, Myachen NPdBudsd and combinations
equi val ents may be substituted for el enents thereof

ceMpRsing atiepdont Afthe fersgeing theemprlagic reHBS;i nvention. n
addi tion, many nodifications nay be nade to adapt a

atB {£0.66 AhoeSiot éb%'ilL@.@) Q%%tf@ﬁét@ls?ﬁ,ooats oﬁ%tﬂtﬂgﬁ?igﬁt of the

e i nvention W thout parting fromthe essentia
fdmpped t her eof . Therefore, it is intended that the
invention not be limted to the particul ar enbodi nent

ILsgl.ased best node contenpl ated for carrying
iﬁfg%ﬁﬂgwﬂﬁééﬁgﬁ%n, but that the invention will
i nclude all enbodinents falling within the scope of

2 he amppefiigdeds Clamms, ChAbMing the tdakrion peodped S tig: thermoplastic
greatgr than or equal to apout 95 mﬁ@btherng&hastic
P

ress AR theatibiengs salts didavhiieingthe fdm hase VL 106 \nfM-0 for

A& IcRECIRRIFBD hiErdnfddr td Soos@lGh&ersf rom the group
consi sting of polyimde, polysulfone, and copol yners,

reaction products, and conbi nations o
3. The film of any of Claims 1 and 2, further comprising a percent transmission

of greater than or equal to about 50% as measured by ASTM D1003.

4. The film of any of Claims 1 — 3, further comprising a haze of less than or

equal to about 10% as measured by ASTM D1003.

5. The film of any of Claims 1 — 4, further comprising less than or equal to about

1,000 ppm bromine.

6. The film of any of Claims 1 — 5, further comprising less than or equal to about

1,000 ppm chlorine.

7. The film of any of Claims 1 — 6, 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.
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conprising at | east one of the foregoing thernoplastic
resins; about 0.001 wt%to about 5.0 wt % sul fonate

we ados/02dd2sed on the total weight of the film BOTUS2004/026180
UL-94 rating of VIMO 2. The filmof Caiml,
conprising the reaction product of the thernoplastic
g esi NTROFIH Bﬁa@%ffcgaﬁﬁsel sal Whe R UERFGHaR hltes £é1é&@d1ﬁ§m the
a UL-94 rating of VIM for filmthicknesses of
giioop enetiging afd ozmolam(br dbetmst d11), 3nd Tiatufés| cmn@:frlsmgyatdcast one

C ai ms apd 2. further rising a percent
W%’Hgtﬁisé-léPgﬁorg?magﬁéépzrangm' or equal to about 50% as
neasured by ASTM D 003. 4. The filmof any of Cains
Bormu3a (If ur t her conpr(RBLSE3)X Maze of |ess than or equal
to about 10% as rreasured by ASTM 1003. 5. The fil m of
any glalms 1 - 4, further conprising |less than or
5%{6’&1” about , 000 ppm bromine. 6. The filmof any of
Claims 1 - 5, further conprising less than or equal to
apout , 000 ppmchlyprine. 7. The filmof any of C ains
er co risi ng a fluoropolyner in an anount
f abogt 0. &-t E,Pt 2.0 % based on the total
i m@. The filmof any of Claims 1 - 7,
EREI N sulfongte salt is selected fromthe group
C nS|st|ng of Formul®s (1), (I1), and (I11), and
m xtures conprising at |east one sulfonate salt of
Formula (1), (I1), and (I1l): Formula (1) (R -SO3)X M
Formula (11) MFormula (Il1l) (SO ) (SO )k

Formula (1IT)

(503)) (sog)k

l‘) M ([j+k]/x)

(R)m (R)n

where R’ is Cl- C40 alkyl, or C1-C40 fluoroalkyl; R is independently for eéch
substitution a one to forty carbon atom alkyl group or alkyl-, arylalkyl- or aromatic
ether group, M is a metal selected from the group consisting of an alkali metal, an
alkaline earth metal, and combinations comprising at least one of the foregoing
metals; x is the oxidation state of M; and j, k, m and n are each integers of 0 to 5,
wherein j + k is at least 1, j + m is less than or equal to 5, and k + n is less than or

equal to 5; D is ~SO2- or -O-.

9. The film of any of Claims 1 — 7, wherein the sulfonate salt comprises a

perfluoroalkyl (alkali metal/alkaline earth metal) sulfonate salt.

10.  The film of any of Claims 1 — 7 and 9, wherein the sulfonate salt comprises

perfluorobutyl potassium sulfonate salt.
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M(]j+k]/x) (Rm(Rn where R is O- C40 al kyl, or

Cl-A40 fluoroalkyl; R is independently for each
weupshee i on a one to forty carbon atom al kyl PQI/USg00026180

al kyl -, arylalkyl- or aromatic ether group, Mis a

netal selected fromthe group consisting of an al kal

met al Tha@fimldfahy Be Ceamsh MBDALem BN E PFERI DARISOAS, to about 3.0
conpri Si n?f at |east one of the foregoing netals; x is
p

whe obshedatipeic slate of M and j , k, and n are each
integers of 0 to 5, whereinj + kis at least 1, j +

{2 | epfe HRADIUNyY SFURLintCr 201 2 itind 4 55 Wit 1.0
e%ual teo 12? %D%?lg%- Sl@OZIP{ Sor -1 Qggl%n‘ﬁqg a?a ?thm@gf alr%'?[bo?gom
@%aiofthelsulformate whier ei n t he sul fonate salt conprises a
perfluoroal kyl (alkali netal/alkaline earth netal)

| fonate,salt. 1Q..The film of, an f ains 1 - 7 .. .
B TR &ty Qohat L oaheb s Taguomprises a polyimide
ddctddupbMmbiat VroRO bt oF Wol yitakignid@l folyetidignitié lsitfétes, and

any of Cains - , conprising about 0.025 wt % to about

wagiioiy PsgHCtshEoRAUYMYRafRd sambinations TREPFipNE 4f leagiyonsf of the
j E = conpri sing about 0.05 wt% to about .0

v%r%)%@@}g”éu fonate salt. 13. The film of any of

Caims 1 - 12, wherein the filmconprises a polyimde

s&| ecTledfifm omathef Glamp lcondj whemp thé thppngplabter ferind®mprises

| yet herim ul fones, and .reactio oduct s
B GRE TR BT e GHC S Gieort S TR, pehyery! cther
afifonbe 1‘f@Iyéﬁh@freﬂﬂ:rsl.%ipﬁo)viéé,'ri ﬁ@@phéﬁlen@h@t}feﬂ §a1fhedNYoRktherimide
d ai ns - 13, wherein the thernoplastic resin |
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16. A method for producing a film, comprising:

melting a thermoplastic resin and a sulfonate salt to form a melt, 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 total weight of the melt;

and
passing the melt through a die to produce the film.

17. A method for producing a thermoplastic film using melt processing,

comprising:

melting a thermoplastic resin to form a melt;
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of the foregoing polysul fones. 15. The film of any of
Clains 1 - 14, wherein the filmis netallized. . A
waoredosoeBodor producing a film conprising: neltP@mUS2004/026180
thernoplastic resin and a sulfonate salt to forma
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by greater than or equal to about seconds as conpared
to an original total flanme out tine attained froma
filmhaving the sanme conposition and an application of
a vacuum of greater than or equal to 250 nbar; and
passing the nelt through a die to produce the film
18. The nmethod of Caim7, wherein the vacuum pressure
I's about O nbars absolute to about 125 nbars absol ute.
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