NON- HALOGENATED FLAME RETARDANT PCOLYCARBONATE COMPOUNDS CLAIMS OF PRIORITY
[0001] This application clains priority fromU. S. Provisional Patent

Appl i cat iwo 28eva1ed12Number 61/ 508, 020 beari ng Attorney Dechats2idanieseo
12011015 and filed on July 14, 2011 and from U.S. Provisional Patent
Application Serial Nunmber 61/511, 344 bearing Attorney Docket Number
12011016 and filed on July 25, 2011, both of which are incorporated by
reference. FIELD OF THE | NVENTI ON [ 0002] Thi s i nventi on concerns

t her nopl astic pol ymer conpounds which are flane retardant using

non- hal ogenat ed i ngr edi SONsHABALKGRAUKD KIFAVHER ENKRIDA N

[ 0003] Ther nopl asti ¢ conpoureBLYCARBENWIEA,OMBRGINDSr gl ass, do not rot,
rust, or shatter. For that reason, the world in the past seventy years has
seen a revolution in material science arising fromthe conbination of a

t her mopl ast i Clr2BYI FhBREMRIIOr nore functional additives to provide
specific pro es to | i d N tal and
glass, at a 3?@%“ tenperlﬁ}gﬁﬁpgl?‘ngo% %%%%ﬁ%#g@ ﬁgm\rﬁgl ﬁggsasﬁédﬁgf%tgﬁl ts
processi ng veAmaicalion Ferbe Nebibes 6 f/5081020 Beatimpatidriyeyt Dodkek Nwhibbr t he
functional additives while in a nolten state. [Q005]But in use, the

exposur e of alzpllﬂ(.?])? grtHedion iy ddptdang fign Vey Eredsignaldssnte heat or flanme
can be quite A?ﬁﬂfchﬁ@{‘ééﬂal F\ﬁpﬁeﬁ@%ﬁb%%aﬁﬁ%%@%ﬁ%&@@@& N?Hi%ef etardants,

drip suppressants, mnera ers, and cha are functional

addi ti ves whil2h1t@lt dnd filskon 1wdy B8] 39 1tl hisoth lo€ mhnghl a@s tricorpoongabonnd t o retard
the effects of _heat or flanme fromnelting or even burning. Flane retardant
t her mopl ast i ¢CS€EMSBunds are particul ar needed when the plastic article is
used in any confined space where persons m ght be present during any
condition, planned or energency, which m ght expose the plastic article to
such excessi VBERPLOF dHE INYENTION07] Non- hal ogenat ed fl ane retardants have
recently bec opul ar,because they mpimze the rel ease of hal ogenated
Chom cals i IRl as i ESrerRe ok Blsfhifeuael PG asfudnd® r9burn,
SUMVARY OF  ThhitNvENTE{SYe 200811 @ hoit-hglogératdaaasiediesitsa non- hal ogenat ed

t hernopl asti ¢ conpound capabl e of passing the Underwiters' Laboratories
Test No. 94 (UL 94 test) by achieving a V-0 rating. [0009] Even with the
variety of f k@?&? hERS jally available, it is not a

predi ctabl e l|¢J)i.J‘~'aa‘§§vvay %ﬁﬁgb%er so%ﬁﬁgg?:il(g}qor dinary skill in the art to find a
particul ar cdqodd3diat i on Termogaead @nippuidy, ahlike woet, Aettal, @aiasacdu ee a V-0
rating in a UL 94 test. [00010] The present invention has found a particul ar
combi nati on dPb K¥bviii Shflt e HPEipicreipnc e WBlen A PashiayFRiy e eas\apssetting in a
UL 94 _teSt’ %re?&hﬁ@ﬁﬁﬁ%ﬁﬁﬁ@&h&gaﬁé" %Wr@#ﬁ%é C(Qnﬁlingtm&&f thzr _ash_@ss t han
the thickness of one Anerican dine (é .10) coin, a task very difficult and
unpr edi ct abl eesio and hheeeremofe(0Bdbh St wlditives tonprohidp opeciiae ropaties &sthe he

t hernopl astic resin chosen for its physical properties, a non-hal ogenated
flame retarddft'™i s conbined with other functional ingredients to achieve
that covet ed [gof4)r at i N[BT Kb BkeaReL bn®blatN Gt PEREL HmPePMERL AON (S a
flame retardant pol ycarbonate conpound, conprising pol ycarbonate,

pol yphosphazehermopdstc resindcapahsit diy prbeaseing etivglilep denefiie fremmits dapacity

pol yphosphazene .i s .pr.esent ..i n .t .comppund at i.ght percent from5 to
about 15, an O\Rlﬂ)érwel?lntﬁ%ﬁugcgg%ggcﬁgv?sggﬁlgedmaatmgﬁffn\h,\éﬁ% ness of 0.75 mmand a
t hi ckness of [0005]10. 5 MBhasus, e Kbosuaé bNYFly f¥rfed helpddbeattivies of the
invention will be explored bel ow. ENMBODI MENTS OF THE | NVENTI ON

[ 00014] Pol yc&XBoHlEdeaqydans|canpe gyits defripsatl & propetcdiddica®ie for use in

t he conpound, t her i .cal I.0- ived sources,
whet her vi rgi[ga or reﬁ%ﬁﬁéegﬁ gﬁ%‘ﬁ)tglraé?%tgwfcégsg Elgh%%rggilggfﬁpsbgﬁ%éf%gched or
unbranched, Jbirhert he finetioanl dekliting s prhédhedanéd uised tottiedp theiedriniophastic

Pol ycar bonates can be aliphatic or {61” omatic, W t%he | att er being
preferred i n CAPSUNGiREFG e offert Ofineas R8 Hams {108t M4 icssh PYABEof or di nary

skill in the mihe ?&&d%'tﬁ&hoﬁla@@é Y chﬂB@lBI% fdulat n@é’cﬁxﬁgﬁ%ﬂ_tﬁ@mi derations

of cost, manufacturing technique, physica roperties, em cal properties,
etc.



[ 00017] Conmrer ci al manuf acturers of polycarbonate are Sabic, Bayer, Teijin,
Dow, and others. [00018] Non- Hal ogenat ed Pol yphosphazene

[ 00019] PovpphaphEzenes as candi dates for use in this i recertSz@r/0e2e ai N No
hal ogen atons, which characterizes them as non- hal ogenated. Two reasons for
usi ng non- hal ogenat ed pol yphosphazenes as conpared with ot her

non- hal ogenat ed phosphorus-containing flanme retardants are that the
phosphazenes have very good hydrolytic stability and efficient flane
retardancy at |ow | oadi ngs. Phosphazenes can al so reduce or mnimnze

pl asti ci zat i qlasef fageisiswsedim angrroshnmsies paceswhere oesamt modht be pgeeritn heat

defl ection tepperature (HDT). of the overall 0 U.S. Pat.
6518, 336 ( vaDuAEA Bodfon blsaed Perigr ey ERETRE b BRAIRUT ot i

bot h of mhichH@a@ujﬁﬁg@ggﬁgy@qagbrﬂgﬁgrence her ei n, disclose

non- hal ogenat ol yphosphazenes which are candi dates for use in this

i nvention. [D@ny U. Qlorphalogqn@tedalame@g@nm gk orrently beponteypeeslapf
polyphosphaz ne 0021 azene nted by t he
Formula (1) q’fﬁﬁﬁ e%ﬁ?%ﬂ%¥F§a§h iH é%n§8P ‘%mfa55§g3§ﬁ% gl((f:]roups are
the sanme or diddlebednh tanekrarsmelteprsent s a phenyl group substituted with
at | east one group selected fromthe class consisting of al kyl groups
having 1 to 6 carbon atons and an allyl group or an unsubstituted phenyl
group. [0002 phosphazenes represented by the
Formul a (2) %¥g§%%i?§ﬁ%€2?%§Q@Y%Nggﬁ$nteger of 3 to 1000, Rl isas defined
above, X repr[68@8jts a gwhmnhebnﬁé&EHQSnmnhdogﬂmuM¢hhmRmm%ﬁE&om@mﬂ@Y

represents a P(OR1)4 or y (O [ 00 ossl i nked
pol yphosphazégsgﬂgﬁ% S A 5%%@8? r?él(gﬁoi‘é‘ﬁétigﬁes (1) and
(2) is crosslj.pketh §@p¢mh§ﬁn%east one crosslinking group selected fromthe

group consi sting of o-phenyl ene, m phenyl ene, pphenyl ene, biphenyl ene, and
a group reprd@@ﬁﬂ]ed by Eveﬂ\@/iﬂﬂh@/\f@tiﬂ@bﬂﬁm'ftimadcﬁti@eb&'@z&n@r@ﬁﬂym wherein A

is a group - - or a graup -C(CH3).2-, each of
sai d orossl | MRAEIERAE Rl Pkl Eail s 2ende RTHE R Edh 2t ons et
after the el i patd 8d %aﬁb@lldpcd%lblhatﬂmm @iSRRIABOE td )he@rcaﬁZ) and the
nunber of the Rl groups in the crosslinke phosphazene eing 50 to 99. 9%

based on t he acbies¢ a Yupisasingan aRIL 84 ésps i n t he phosphazene prior to the
crossl i nki N9-rp [0 @1%327] (A#hecpreseﬁfa% entd h%g)ké/u% Ozgﬁ?cu?ar co %Ln%%?ﬁgff rom t he

group consi sting of cyc phosphazenes r la (3) ;1)

[ 00028] wher eiknoRd mgxadleytarvﬂnaub@gtetﬁeutaeﬂlemeo rgin@upa [R394 sanaal kyl group
having 1 to 18 carbon atons or an aryl roup having 6 to 10 carbon at ons;
t hese groups thigngseessamang framebot @A mm @@&srflmo}?és %@wﬁt&@ kagse @l from al kyl

groups having,l Arﬂe&c%n%%@ﬁjb.@%ﬁl a @skXkr Q&g%ﬁaﬁg u néﬁéhlcg%a?&?ere"‘he” two

or nore R3 groups exi st gr oups na e sanme or nt and
g are nunber sachleveh fulfill the requirenents that p>0 g. 0, and p+g=2; and

ris aninte of 3 to, 25 and a strai ht chai n hosphaze
repr esent ed a§6QH@ forﬁﬁ@ﬁnéﬁw' HPbWﬂ$QQ h@@&%&¥%*ﬁ%@bé§?ﬂ%@Feln R2,
R3, p and ¢ Q{s?h%lcgeﬂrb&@@esag’%@ha Réé&te%inﬂdrﬁ\% RERHaRfs SrtindOPh X is a

group -P(OR )41 a group -P(0 a group - P(OR2)2(0R3)2, a group
- P(0OR2) ( OR3) 3thea fgmcmmpal-@gleﬂasm to aclg¢wbat-cowte<)1 VoRegtdg. a group

N G Ul B T
group - N=P( O)Waﬂfon@tegbﬁﬂé@und NeRpR3i@RBelycarbonate, polyphosphazene, talc,

and polytetrafluoroethylene, wherein the polyphosphazene is present in the

compound at a weight percent from 5 to about 15, and wherein the compound

tested at a thickness of 0.75 mm and a thickness of 0.4-0.5 mm has a UL 94

rating of V-0.

[00013] Features of the invention will be explored below.



[ 00030] The foregoi ng exanpl es of the non-hal ogenated pol yphosphazenes can
be used either alone or in conbination. [00031] Specific exanples of the
cyclic povopphoaphazene (1) and the straight-chain pol yplrosalsazienesse®)

i nclude a m xture of phosphazenes in which phenoxy groups and/or al koxy
groups are introduced as substituents and which are obtainable froma

m xture of cyclic and straight-chain chlorophosphazenes, e.g.,

hexachl or ocycl ot ri phosphazene, octachl orocycl ot et ra- phosphazene and t he
|'i ke, prepared by reacting anmoni um chl ori de and phosphorus pentachl oride
at about 120 to about 130 C, and hexaphenoxycycl otri phosphazene,

oct aphenoxycygcl h@@%ﬂ gﬁ@noxycyclo-pentaphosphazene,
hexaalkoxycyﬁﬁggkﬁg: ggﬂﬁgﬁﬁﬁgpigf@: cycl ot et raphosphazene

decaal koxycyqpopent a- phpsphasene and |ike cyclic phosphazenes obtained by
i sol ating, frontthe above m xture of chlorophosphazenes,

hexachl or ocydP8R¥S] phos phazerecarkatecih B@ﬂ@fbg}@ﬁ teratse aptheepmazemb

decachl or ocy clepent 8. RNASPIAENE B ) Kenldgl e, SubskanesRe, falloued by
substitution W a phenoxy group or-'an al oxy group: T Specific

exanpl es of tdigestledi ght - chain polyphosphazenes (2) include those obtained
by heating (at 220 to 250 C.) hexachl orocycl otri phosphazene for

ri ng- openi ng [P HIer | zaﬁqlitﬁiiﬂ?toé?atﬁﬁ V@Qﬁ@ﬁp@}eéﬁﬁ%%a“z@ﬁew“h thelfevmer by
substitution Specific
exanpl es of t]#&gg)rgfseg? “ﬁéés 139 yp osp agzlr(l:)%gastélg ek are p gcn%%(aygﬂ%géﬁhazene
having 4,4' - swﬂtamdewb&egphﬁa@@bmsphemumﬂﬁhrﬁaﬂ@uemu@woup crosslinked

o oUp- or oss| 1TIREAERFEIST GFE0! BHAHERBhULHH AiaHE TG PPy i phony! ene
gr oup- crossl ipkad bﬁéerd%tdéhﬁdexﬁﬁmgﬁoﬁﬁﬁﬁﬁ&ﬁnﬁ%wcﬂﬂi fle ‘bhy&ﬂ’:‘aﬂOd' phenyl ene
group-crosslinked structure, phenoxyphosphazene avrna di phenyl ene
nguphcrOESIunkme§§CMQmuﬂq¥omWUﬁsf@OOS4]Spef|f|c exanplestot Lhe ]

pol yphosphaz are nonocyano aphenoxyc tr osphazene,
di cyanophenoi@& aphe E%Sg‘ﬁ‘ﬁgggﬂ ygargonaté/ap\é Sabic By

tr|cyanophenomytﬂqﬁﬂe@gaqu@Jotrrphosphazene
tetracyanophenox di phenoxyc cIotrrohosphazene

pent acyanophdAdihgionopEemkiglogenat phasplazere and | i ke
cyclotri phOSﬁ @ge Corfpo? § h e es as candidates for use in this invention contain
monocyanopherfoxyhept aphenss efr aphosphazene,

di cyanophenoxidiexdaehanmxy %@h%@fab@ﬂh@ﬂhb@za@ Men-halogenated. Two reasons
tri cyanophenoxypent aphenoxy- cyclotetraphosphazene

t et r acyanophdRbYyREReHpHesdRiFd dvbrpapathaéfb% apRpRtied with other non-
pent acyanoph

hexacyanoph eﬁ% ({%I‘u{th&) Elgd)} ﬁ%{t}g %g@%@?% i azéﬁgéaare that the phosphazenes
heptacyanophdm@xyﬂwqmpheymmyﬁmwcmMUemnapﬁm&mhﬂmmaeﬁamwn¢ymeOw

cycl ot et raphqgs ze cl opent a hos azenes. hayi bot h anophenoxy and
phenoxy grouﬁefcgg o AR RaRIRE San Anaradiie Owetlmeea!%%ﬁa%h% <Sand
straight - Chahﬂn@?&ﬁﬂﬁ%&?@%%n@ﬁ%hQQmQ@&hn%X&QQEB&R%%&nﬁQQuEQ@@9TY09rOUDS as

substituents. [00035] Anong 't hese polyners, preferred are a m xture of
pol yphenoxyphbsprazléraspaindch have phenoxy groups as substituents and which

et or oposph D& o S PEmNEhaLER pEfNGS Fud ha 8! P o

4,4' - sul fonyl@r@my(lsmaeﬁ ersaal)ltrﬂmdf FhicGkdimeorppheapyRhesRRazRME havi ng
2,2-(4,4'-di phenyl ene)- isopropylidene group-crosslinked structure; and

pol yphosphaz ehwdosnapniiglagendictpelpishpasyesarfici e rendidyeoins ysain this’
substituents 6 a azgnes can be
pur chased fr olrrlr{f%ggﬁkgg%ﬂmca?g@g (‘{? é %)é &18@1253 Ei\é%lu ?gg O(% Presently

preferred is poRph gﬂmpﬁkyphosphazene fron1C15uka

2013/ 010012PCT/ US2012/ 046520. [ 00037] Tal ¢ [ 00038] TaIc is_used in

t her nopl ast i d0®¥HDound< 1 asydicmaharhepphiazencs repressnted Prehe Berardahly

t her nopl asti c conmpounds, talc can assist in flane retardance by being a
barrier to oxygen and increasing viscosity of the nolten polynmer matrix
during conbustion. [00039] Tal c can have a particle size ranging about 0.5
p.mto about 10ium and preferably fromabout 0.5 p.mto about 0.9 | am
[00040] Talc is commercially available froma nunber of manufacturers.
Presently preferred is Utra Talc 609 from Specialty M nerals conpany,

whi ch has a particle size of fromabost 0.5 p.mto about 0.9 p. m

[ 00041] PTFE [ 00042] Pol ytetrafl uoroet hylene is known to be useful as a drip
suppressant because it tends fibrillate and el ongate during injection
nDIdrng Frbrrls shrrnk upon exposure to heat fronta flame and hence retard

B Y F AN AT N=p=p—p—-



additive to achieve a UL 94 V-0 rating. But one exanple did denonstrate
that the presence of this char fornmer can achieve a UL 94 V-0 rating at
bot h 0.7 won2bts/iaahoiess and 0.4-0.5 mmthi ckness, when usipag/ush@2measter bat ch
pel l ets. [00048] Perfl uorobutane sul fonic acid, potassiumsalt is
commercially avail abl e as Bayowet C4 MB nmasterbatch (6% salt (CAS No.
029420-49-3) in polycarbonate pellets) or Bayowet C4 powder (CAS No.
029420- 49- 3) from Lanxess Deut schl and GrbH. [00049] Opti onal Other Additives
[ 00050] The conpound of the present invention can include conventional
plastics additives in an amount that is sufficient to obtain a desired
processing or performance property for the conpolnd. The anount shoul d not
be wasteful of thefagditive nor detrinmental to the processing or

per formance of the anpou d. Those skilled in the art of thernoplastics
conmpoundi ng, W t hoyty, experimentation but with reference to such
treati ses as Pl ast j}€ ives Database (2004) from Pl astics Design

Li brary (wwww. wil|p m, can select fromnmany different types of
additives for ing¢l : he conpounds of the present invention.

[ 00051] Non-| i m t hng exanpl es.0f optional additives include adhesion
pronoters; biocide rbacterials, fungicides, and m | dewci des),
anti-foggi ng agents; anti-static agents; bonding, blow ng and foam ng
agents; di spqoegs; fidhe@&is nRhnax{eeAART30 25MRKER SHBRFLF MeSsandepact
nDdIerrS initiators; lubricants; mcas ments, col orants and dyes;

pl asti ci zer s,dierent ¢ ead tepesseith alphpadigrqmmugwéutgd withott éesst ong sapels; rel ease
agenft S, si | ane bte&lfto%{lﬁlte%? sg‘g(()jns% Itlglcofaltkefg ?‘nndl f%né cargo Octié}nng agent s,
stabilizers; Steara Pr &Vi°61ee © bers: Vi 8¢ y regulators
waxes; Cata|y&ﬂad%ﬂylgﬁﬂ@Of@lmﬁﬁHME@@@pH@hﬂgﬂﬁ,Of t hem [ 00052] I ngredi ent s
[00053]Tab|e 1 shows the acceptable, desirable, and preferred anmounts of
each of the i[RB%Hi ent é%ﬁ@@&ﬁé@@l%sa@w@@@mﬁ|r§9rﬁ§nteﬁé%y thp EoBpHR onal

i ngredi ents ne ?d not be present at all. The conpound can conprise the

i ngredi ents, consist essentially of the ingredients, or consist of the
ingredients. All ampbunts are expressed in weight,, gercent of the total
conpound. [00054] Al L ingredients other than the%p | ycar bonate matri x can be
added individually tetthe pmtrix or any two or nore of them can be added
together. Table 1 dge of { I ngredients (Wi ght Percent) Acceptable
Desirabl e PreferapEtfﬁﬁkxpaLbonate Matrix 80-90 80-90 80-85 Pol yphosphazene
5-15 5-10 7-10 Talc q 9 3-B 4-6 Pol ytetrafluoroethylene 0.1 -0.8 0.3-0.7
0.4-0.6 ORt

=g

[00024] wherein n is an integer of 3 to 1000, R'is as defined above, X
represents a group —N=P(ORY30ra group —N=P(O)OR', and Y represents a
group —P(OR"); or a group —P(O)(OR"),.

[00025] (3) Crosslinked polyphosphazenes wherein at least one of the
foregoing phosphazenes (1) and (2) is crosslinked with at least one crosslinking
group selected from the group consisting of o-phenylene, m-phenylene, p-

phenylene, biphenylene, and a group represented by



Pot assi um salt of perfluorobutane sulfonic acid 0-0.2 0-0.1 0-0.01 Optional
G her Additives 0-5 0-3 0-2 [00055] Processing [00056] The preparation of
conmpoundswof2otdmo@eesent i nvention is unconplicated. Thectarspaondgssed t he
present can be made in batch or continuous operations. [00057]Mxing in a
continuous process typically occurs in a single or twin screw extruder that
is elevated to a tenperature that is sufficient to nelt the polyner matrix
with addition of other ingredients either at the head of the extruder or
downstreamin the extruder. Extruder speeds can range from about 50 to
about 500 revolutions per mnute (rpn), and preferably from about 350 to

about 450 rp |caII the out put fr t he extrugder el l t|zedfor
| ater extrusi “6%5 éeP ap%?\ﬁ?’re ‘70(? “art FOrBs T I‘O@(% Mxing™in a

batch process gr}é@p aa¢dOH392cLUéa%h lof sid BRIZAHKYn dRr¥8ps Eéwg integpssagabl e of
operating at a tenperature that is sufficient to nmelt the polymer matrix to

perm t addi t itstwesh thhwvaetyigdn ategrsddit afier thel diiminagion Oﬁ'h@um&lﬁr@gl dgeeds range
from60 to 1000 ut put, fr e M xer .is dinto

smal | er si zesp(i)]ip h%ize fﬁlﬁ%@( 25 usfiglh Igrml?%loglmng |gn?13)s 3 fher%?slsg&ge icles.

[ 00059] Subseqhershagaiterbési 080 oM Bhded chabd it wambar 6 R\bgrbuﬂgn@m to those
skilled in the art of thernoplastics pol ymer. engi neering. Wthout undue
exper i nent at iRMASHIGECHF ATIPT &8 cFesplétldm@es” as "Extrusi on, The Definitive
Processi ng nd r i.nkage and

War page”; eg‘lﬁgﬁ I zezia(r%ggglféﬁm O‘Pe?ﬁﬁlrgﬁgﬁlﬁa%¢ thE g[tg c?gjroT thﬁ/g{rgél:png

Technol ogy" ; ca)ndstlﬁ@fdiyob«poippmphhzeﬂ'@(rbpmmwaterﬂae'pa]lar(3)/‘el di ng", all

publ i shed by Pl astics Design Library (ww.w ||iamandrew. con), one can mnake
articles of any conceivabl e shape and appear ance usizg conpounds of the
present invention. _U§«FUE ii. HE | NVENTI ON [OOOBO] Ther nopl astic
conpounds can be Bped &F i mol di ng, cal endering, thernoform ng,
or other neans o shapl ng into any* pjastic article usable in an interior or
confined space ere fire can causgspersonal injury or property danage. The
conmpounds resist T and ping. [00061] Literally any plastic article
useful in a human-occupi ed space such as a building, a vehicle, or a tunnel
can benefit fromthe flanme retardancy of this polycarbonate conpound.

[ 00062] Becauge0018s phy silaéin RC@PLEFanOSubltitiel yeeHybemaberERpaids are
known, which are believed to not be deleteriously affected by the addition
of the pol ypHBeyhapéie! tq Hecarbercatomper mrE! 2wyg heﬁpgéﬁaﬂpyaltbﬁe sul foni c
acid salt chayf r t de froma
pol ycar bonat%%%?fﬁ%%%&r&g g%%bsllelﬁsrtradt%a%}r om ag%ﬁlg ﬁ’gjlr%’gegr?g%ﬁe flame
retardant conlogebupk hiving 1itel e Bhibon atonBOAIGA |gialpyedrapdnadepst vhed f  has
superior flame retardapt propertles when conpared to other pol yrrer resins,
such as pol ydmefr ﬂ?relﬁhérquﬁﬁe%létnf ef} &WPISé‘%*’eYrQTéH? SHRGYEtE] F’é‘§t drand q

pol ycar bonat &, a5sh6¢€%hidh @ANI G uteﬁenéslltha‘%i) ;0. 8hd Pg-BL a@F ¥ i 1

di nrensions after the addition of t e pol ypho ene, talc, the PTFE,
and opti onal ligtegere 3stal2boaridca dwiight-shhin pob@hosfpdmamne re;{re%&'d]bsythachl eving a
UL 94 V-0 ratctjgg at a thickness as thin as 0.4 nm it is known that a
plastic arti Ha \%)ng any larger thickness will also achieve a UL 94 V-0
rating. [00065] Thernopl astic articles are sold into the follow ng markets:
appliance, building and construction, consuner, el e€trical and electronic,
heal t hcare, i ndﬁ%'rrtr"a;}b@éika@fiiﬁ@ﬂéxtl | es, transportatl on, and wire and
cabl e. Compounds of this invention can be used in any of those markets
regardl ess of thickness above 0.4 mm 40% of the thickness of a United
States di ne (HhgabR) coi 663 S
Laboratori es E?’eszty?No theé&ﬂflgge)rge?% tqﬁqgg ?%Hn%gtat%elte{’s ?‘F géll (gf(rajet ar dant
t her mopl ast i cod60pOUTss grodp -sEDR 4L Tatvlup ~2P(QRD;(OR)), raagroul;g—r s

di stingui she om and V-2 s Whi ch ar acceptable if one is
seeking the g"éb@‘ dﬁézﬁe&r%‘flﬁ_%éﬁrg&%;}j 2§%8Pe g(cgbt)/t’ Pcondi ti ons V-0
P(O)(OR )2, a group —P(O)(OR )(OR ), or a group —P(O)(OR );and Y'isa




V-1 V-2 Afterflame tinme for each individual specinmen ti or t2 <10s <30s
<30s Total afterflane tinme for any condition set (t1l plus t2 for the 5
speci mrensywobBHN16M30s <250s Afterfl ame plus aftergl ow tiPoe/USer120a6sh0

i ndi vi dual specinmen after the second flane application (t2 + t3) <30s <60s
<60s Afterflame or afterglow of any specinmen up to the holding clanp No No
No Cotton indicator ignited by flamng particles or drops No No Yes

[ 00067] Exanpl es provide data for evaluation of the unpredictability of this
i nvention. EXAMPLES [00068] Tabl e 3 shows the_ingredients chosen for

Exanpl es 1- 4 @oub COWPRICGR 1)y e eExampINesP(QRG),(ORAbh erd®pl-agr edi ents  Detail s

and Sources ROLMGACHRIEYS o AN LY SRR RBRb)GRoer LS ON 1239,
N=P(O)OR’.
[00030] The foregoing examples of the non-halogenated
polyphosphazenes can be used either alone or in combination.
[00031] Specific examples of the cyclic polyphosphazene (1) and the
straight-chain polyphosphazene (2) include a mixture of phosphazenes in which
phenoxy groups and/or alkoxy groups are introduced as substituents and which
are obtainable from a mixture of cyclic and straight-chain chlorophosphazenes,
e.g., hexachlorocyclotriphosphazene, octachlorocyclotetra-phosphazene and the
like, prepared by reacting ammonium chloride and phosphorus pentachloride at
about 120 to about 130° C; and hexaphenoxycyclotriphosphazene,
octaphenoxycyclotetraphosphazene, decaphenoxycyclo-pentaphosphazene,
hexaalkoxycyclotriphosphazene, octaalkoxycyclotetraphosphazene,
decaalkoxycyclopenta-phosphazene and like cyclic phosphazenes obtained by
isolating, from the above mixture of chlorophosphazenes,
hexachlorocyclotriphosphazene, octachlorocyclotetraphosphazene,
decachlorocyclopenta-phosphazene or like single substances, followed by
substitution with a phenoxy group and/or an alkoxy group.
[00032] Specific examples of the straight-chain polyphosphazenes (2)
include those obtained by heating (at 220 to 250° C.)
hexachlorocyclotriphosphazene for ring-opening polymerization to give
dichlorophosphazene, followed by substitution with a phenoxy group and/or an
alkoxy group.
[00033] Specific examples of the crosslinked polyphosphazenes (3) are
phenoxyphosphazene having 4,4'-sulfonyldiphenylene(bisphenol-S residue)
group-crosslinked structure, phenoxyphosphazene having 2,2-(4,4'-
diphenylene)isopropylidene group-crosslinked structure, phenoxyphosphazene

having 4,4’-oxydiphenylene group-crosslinked structure, phenoxyphoshazene



9019- BK-99 Carbon Bl ack MB pellets, from Pol yOne Shenzhen Col or & Additive
Char Former Pellets Perfluorobutane sulfonic acid, Potassium Salt

pel | et s- -wGhar3/Horizer, Bayowet C4 MB (6% | oadi ng i n PC) pCTarsedianie3s

Deut schl and GrbH CAS No.: 029420-49-3 Char Forner Powder Neat Bayowet C4
powder from Lanxess Deutschl and CAS No.: 029420-49-3 Pol yphosphazene

Pol yphosphazene powder -- Flanme Retardant SPB 100 from QG suka Talc Talc:
Utra Tal c 609 powder from Specialty Mnerals PTFE Tefl onTm PTFE 6C Drip
Suppressant powder Stabilizer Irganox 1010 Stabilizer Package powder from
BASF Anti oxi daming 44' tthiadiphelﬁsﬂm gravg-cioxslodknd stoovmer pfenoxypBhepitoere

[ 00069] Tabl e 4 sho condi ) Coper| on WP ZSK25W.E

(L/ D=44) twi é’E]lge éﬁ@}eﬂgfg R Céi‘?sISfl?lg\%sﬂﬂfté}Fq '5° in pellet form being
pre-m xed andgp fed fridreRahpRt oBdemelyphoshdzatet hnald raw materials in
powder formgel(?\?}pre n%{?gdl a?nd IS)I dg- (ﬁ)%at %sgj}rzel 8 [00070] The extrudate

was pel | et i zadonaghidiophenpxaperiarhenaichiclofriphofphaegne; nJ ection or conpr essi on

ol di ng. TablcF cyanol%(etn{))l(J qetrap%(f):r%j)g};[cgfc ntsrlphosp%a%eng D E Zone 1 (Q
tricyanophenoxytriphenoxycyclotriphosphazene,
tetracyanophenoxydiphenoxycyclotriphosphazene,
pentacyanophenoxymonophenoxycyclotriphosphazene and like
cyclotriphosphazene compounds; monocyanophenoxyhepta-
phenoxycyclotetraphosphazene,
dicyanophenoxyhexaphenoxycyclotetraphosphazene,
tricyanophenoxypentaphenoxy-cyclotetraphosphazene,
tetracyanophenoxytetraphenoxy-cyclotetraphosphazene,
pentacyanophenoxytriphenoxycyclotetraphosphazene,
hexacyanophenoxydiphenoxy-cyclotetraphosphazene,
heptacyanophenoxymonophenoxy-cyclotetraphosphazene and like
cyclotetraphosphazenes; cyclopentaphosphazenes having both cyanophenoxy
and phenoxy groups as substituents; and like cyclic phosphazenes; and straight-
chain phosphazenes having both cyanophenoxy and phenoxy groups as
substituents.
[00035] Among these polymers, preferred are a mixture of
polyphenoxyphosphazenes which have phenoxy groups as substituents and
which are obtainable from a mixture of cyclic and straight-chain
chlorophosphazenes, phenoxyphosphazene having 4,4’-sulfonyldiphenylene-
crosslinked structure; phenoxyphosphazene having 2,2-(4,4'-diphenylene)-
isopropylidene group-crosslinked structure; and polyphosphazenes having both
cyanophenoxy and phenoxy groups as substituents.
[00036] Commercially available polyphosphazenes can be purchased
from Otsuka Chemical Co., Ltd. of Osaka, Japan. Presently preferred is SPB
100 polyphosphazene from Otsuka.



260 260 260 260 260 260 Zone 2 (C) 260 260 260 260 260 260 Zone 3 (C) 260
260 260 260 260 260 Zone 4 (C) 246 246 246 246 246 246 Zone 5 (C) 232 232

232 232 280mBA1ampe 6 (C) 232 232 232 232 PCT/US2012/046520
[00037] Talc
[00038] Talc is used in thermoplastic compounds as a mineral filler. In

flame retardant thermoplastic compounds, talc can assist in flame retardance by
being a barrier to oxygen and increasing viscosity of the molten polymer matrix
during combustion.

[00039] Talc can have a particle size ranging about 0.5 um to about
10um and preferably from about 0.5 pm to about 0.9 um.

[00040] Talc is commercially available from a number of manufacturers.
Presently preferred is Ultra Talc 609 from Specialty Minerals company, which
has a particle size of from about 0.5 pm to about 0.9 um.

[00041] PTFE

[00042] Polytetrafluoroethylene is known to be useful as a drip
suppressant because it tends fibrillate and elongate during injection molding.
Fibrils shrink upon exposure to heat from a flame and hence retard dripping of
the matrix in which the fibrils reside.

[00043] PTFE can have a particle size ranging from about 5 um to about
25um with the possibility of aggregration and agglomeration.

[00044] PTFE is commercially available from a number of
manufacturers, but the best known is DuPont which invented the polymer.
Presently preferred is Teflon™ PFTE 6C from DuPont, which has an average
particle size of the agglomerate of about 480 pm.

[00045] Optional Char Former

[00046] Flame retardant thermoplastic compounds can benefit from the
presence of char formers, chemicals which assist in the retention of the original
shape of the plastic article by the formation of char from the compound.
[00047] One known char former is perfluorobutane sulfonic acid,
potassium salt, which is sold as neat powder or as pellets of a masterbatch, with
the latter being preferred for processing efficiency. The char former is
considered optional for use in the compound of this invention because, as the

Examples demonstrated, the compound does not need this particular functional



232 232 Zone 7 (C) 232 232 232 232 232 232 Zone 8 (C) 232 232 232 232 232
232 Zone 9 (C) 232 232 232 232 232 232 Die Tenmp (C) 232 232 232 232 232 232
RPM / Si awo=or3amw®EPM 400 400 400 400 400 400 % Tor que 7PC8A4IS2012/046520

additive to achieve a UL 94 V-0 rating. But one example did demonstrate that
the presence of this char former can achieve a UL 94 V-0 rating at both 0.7 mm
thickness and 0.4-0.5 mm thickness, when using the masterbatch pellets.
[00048] Perfluorobutane sulfonic acid, potassium salt is commercially
available as Bayowet C4 MB masterbatch (6% salt (CAS No. 029420-49-3) in
polycarbonate pellets) or Bayowet C4 powder (CAS No. 029420-49-3) from
Lanxess Deutschland GmbH.

[00049] Optional Other Additives

[00050] The compound of the present invention can include conventional
plastics additives in an amount that is sufficient to obtain a desired processing
or performance property for the compound. The amount should not be wasteful
of the additive nor detrimental to the processing or performance of the
compound. Those skilled in the art of thermoplastics compounding, without

undue experimentation but with reference to such treatises as Plastics Additives

Database (2004) from Plastics Design Library (www.williamandrew.com), can
select from many different types of additives for inclusion into the compounds
of the present invention.

[00051] Non-limiting examples of optional additives include adhesion
promoters; biocides (antibacterials, fungicides, and mildewcides), anti-fogging
agents; anti-static agents; bonding, blowing and foaming agents; dispersants;
fillers and extenders; smoke suppresants; impact modifiers; initiators;
lubricants; micas; pigments, colorants and dyes; plasticizers, such as core/shell
impact modifiers; processing aids; release agents; silanes, titanates and
zirconates; slip and anti-blocking agents; stabilizers; stearates; ultraviolet light

absorbers; viscosity regulators; waxes; catalyst deactivators, and combinations

of them.
[00052] Ingredients
[00053] Table 1 shows the acceptable, desirable, and preferred amounts

of each of the ingredients discussed above, recognizing that the optional



67-79 71-83 80-88 74-86 68-76 Die Press (psi) 329 290 288 303 316 284 Melt
Tenp (C) 242 238 239 241 243 242 Melt Tenp Pyro (C) 285 288 284 262 274 281
Feeder Rawe 2613101082/ M (1 bs./hr.) 44.65 42.4 42.15 44. 9p¢anB5014R4es20eeder
Rate # 2 S/ M(lbs./hr.) 5.35 7.6 7.85 5.1 5.35

ingredients need not be present at all. The compound can comprise the
ingredients, consist essentially of the ingredients, or consist of the ingredients.
All amounts are expressed in weight percent of the total compound.

[00054] All ingredients other than the polycarbonate matrix can be added

individually to the matrix or any two or more of them can be added together.

Table 1
Range of Ingredients
(Weight Percent)
Acceptable Desirable Preferable

Polycarbonate Matrix 80-90 80-90 80-85
Polyphosphazene 5-15 5-10 7-10
Talc 2-9 3-8 4-6
Polytetrafluoroethylene 0.1-0.8 0.3-0.7 0.4-0.6
Potassium salt of 0-0.2 0-0.1 0-0.01
perfluorobutane sulfonic
acid
Optional Other 0-5 0-3 0-2
Additives

[00055] Processing

[00056] The preparation of compounds of the present invention is

uncomplicated. The compound of the present can be made in batch or
continuous operations.

[00057] Mixing in a continuous process typically occurs in a single or
twin screw extruder that is elevated to a temperature that is sufficient to melt the
polymer matrix with addition of other ingredients either at the head of the
extruder or downstream in the extruder. Extruder speeds can range from about
50 to about 500 revolutions per minute (rpm), and preferably from about 350 to
about 450 rpm. Typically, the output from the extruder is pelletized for later
extrusion or molding into polymeric articles.

[00058] Mixing in a batch process typically occurs in a Banbury mixer
that is capable of operating at a temperature that is sufficient to melt the

polymer matrix to permit addition of the solid ingredient additives. The mixing

10



7.6 Total Rate 50 50 50 50 50 50 Vacuunilnches 22 21 22 21 21 21 Table 4
Continued F 2 3 4 G Zone 1 (C) 260 260 260 260 293 Zone 2 (C) 260 260 260
260 293 Av0eoB/1m)12260 260 PCT/US2012/046520

speeds range from 60 to 1000 rpm. Also, the output from the mixer is chopped
into smaller sizes for later extrusion or molding into polymeric articles.

[00059] Subsequent extrusion or molding techniques are well known to
those skilled in the art of thermoplastics polymer engineering. Without undue
experimentation but with such references as "Extrusion, The Definitive
Processing Guide and Handbook"; "Handbook of Molded Part Shrinkage and
Warpage"; "Specialized Molding Techniques"; "Rotational Molding
Technology"; and "Handbook of Mold, Tool and Die Repair Welding", all
published by Plastics Design Library (www.williamandrew.com), one can make
articles of any conceivable shape and appearance using compounds of the

present invention.

USEFULNESS OF THE INVENTION

[00060] Thermoplastic compounds can be shaped by extrusion, molding,
calendering, thermoforming, or other means of shaping into any plastic article
usable in an interior or confined space where fire can cause personal injury or
property damage. The compounds resist melting and dripping.

[00061] Literally any plastic article useful in a human-occupied space
such as a building, a vehicle, or a tunnel can benefit from the flame retardancy
of this polycarbonate compound.

[00062] Because the physical properties of polycarbonate compounds are
known, which are believed to not be deleteriously affected by the addition of the
polyphosphazene, the talc, the PTFE, and optionally the sulfonic acid salt char
former, any plastic article which is currently made from a polycarbonate
compound can now be made from the non-halogenated flame retardant
compound of this invention.

[00063] Polycarbonate itself has superior flame retardant properties when
compared to other polymer resins, such as polyolefins. The inherent flame

retardant properties of polycarbonate assisted in achieving the UL 94 V-0 rating

11



260 260 288 Zone 4 (C) 246 246 246 246 288 Zone 5 (C) 232 232 232 232 288
Zone 6 (C) 232 232 232 232 282 Zone 7 (C) 232 232 232 232 282 Zone 8 (O
232 232 28028821807 Zone 9 (C) 232 232 232 232 277 PCT/US2012/046520

at very thin dimensions after the addition of the polyphosphazene, the talc, the
PTFE, and optionally, the sulfonic acid salt char former.

[000064] By achieving a UL 94 V-0 rating at a thickness as thin as 0.4
mm, it is known that a plastic article having any larger thickness will also
achieve a UL 94 V-0 rating.

[00065] Thermoplastic articles are sold into the following markets:
appliance, building and construction, consumer, electrical and electronic,
healthcare, industrial, packaging, textiles, transportation, and wire and cable.
Compounds of this invention can be used in any of those markets regardless of
thickness above 0.4 mm, 40% of the thickness of a United States dime ($0.10)
coin.

[00066] As stated repeatedly, Underwriters’ Laboratories Test No. UL 94
serves as the litmus test for flame retardant thermoplastic compounds. As seen
in Table 2, the V-0 rating is distinguished from V-1 and V-2 ratings, which are

not acceptable if one is seeking the best flame retardance rating.

Table 2
Criteria Conditions V-0 V-1 V-2
Afterflame time for each <10s <30s <30s
individual specimen t; or t,
Total afterflame time for any <50s <250s <250s

condition set (t; plus t, for the
S5 specimens)

Afterflame plus afterglow <30s <60s <60s
time for each individual
specimen after the second
flame application (t; + t3)

Afterflame or afterglow of No No No
any specimen up to the

holding clamp

Cotton indicator ignited by No No Yes

flaming particles or drops

[00067] Examples provide data for evaluation of the unpredictability of

this invention.

12



Die Tenp (C) 232 232 232 232 271 RPM/ Side screw RPM 400 400 400 400 400 %
Torque 62-75 72-83 77-84 78-87 72-85 Die Press (psi) 303 326 307 320 274
Melt Tenpw(OQ@)1324@01242 246 254 284 Melt Tenp Pyro (C) 27PCRAB202M4482A 296
Feeder Rate # 1 S/ M(Ib s ./hr.) 44.9 42.12

EXAMPLES
[00068] Table 3 shows the ingredients chosen for Examples 1-4 and
Comparative Examples A-G.

Table 3
Ingredients Details and Sources
Polycarbonate Branched Polycarbonate pellets,
Makrolon 1239, from Bayer
Pigment 9019-BK-99 Carbon Black MB
pellets, from PolyOne Shenzhen
Color & Additive
Char Former Pellets Perfluorobutane sulfonic acid,

Potassium Salt pellets-- Char
Former, Bayowet C4 MB (6%
loading in PC) from Lanxess
Deutschland GmbH

CAS No.: 029420-49-3

Char Former Powder Neat Bayowet C4 powder from
Lanxess Deutschland

CAS No.: 029420-49-3

Polyphosphazene Polyphosphazene powder --
Flame Retardant SPB 100 from
Otsuka

Talc Talc: Ultra Talc 609 powder
from Specialty Minerals

PTFE Teflon™ PTFE 6C Drip
Suppressant powder

Stabilizer Irganox 1010 Stabilizer Package
powder from BASF

Antioxidant Ultranox 627A, antioxidant

powder from Chemtura

[000069] Table 4 shows the mixing conditions in a Coperion W &P
ZSK25WLE (L/D=44) twin screw extruder with all raw materials in pellet form
being pre-mixed and then fed at throat at Barrel 1 and with all raw materials in

powder form being pre-mixed and side-fed at Barrel 5.

13



42.15 44.65 45. 15 Feeder Rate # 2 S/ M(lbs./hr.) 5.1 7.88 7.85 5.35 4.85
Total Rate 50 50 50 50 50 Vacuum I nches 21 22 21 21 20 [00071] The

ext rudat evoasiyabdiet i zed for | ater nol ding. [00072] Bef oPeTrusbaizngss24 he
pellets were dried for nore than 8 hours at 90C to reduce noi sture content
to less than 0.02% WO 2013/ 010012PCT/ US2012/ 046520 [00073] Usi ng a DelMag
nol di ng machi ne, Table 5 shows the settings used to nold test bars of each
Exanpl e and Conparative Exanpl e having a thickness of 0.75 mm Table 5 -

I njection Ml ding Conditions Tenperatures: Nozzle (C) 277 Zone 2 (C) 282
Zone 3 (C) 271900Me 4 (1e extrudate was pelletized, while in a water bath, for later

injection or compression molding.

Table 4 — Extruder Conditions
A B 1 C D E

Zone 1 (°C) 260 260 260 260 260 260
Zone 2 (°C) 260 260 260 260 260 260
Zone 3 (°C) 260 260 260 260 260 260
Zone 4 (°C) 246 246 246 246 246 246
Zone 5 (°C) 232 232 232 232 232 232
Zone 6 (°C) 232 232 232 232 232 232
Zone 7 (°C) 232 232 232 232 232 232
Zone 8 (°C) 232 232 232 232 232 232
Zone 9 (°C) 232 232 232 232 232 232
Die Temp (°C) 232 232 232 232 232 232
RPM / Side 400 400 400 400 400 400
screw RPM
% Torque 77-84 67-79 | 71-83 | 80-88 | 74-86 | 68-76
Die Press (psi) 329 290 288 303 316 284
Melt Temp (°C) 242 238 239 241 243 242
Melt Temp Pyro 285 288 284 262 274 281
O
Feeder Rate # 1 44 .65 424 | 42.15 449 | 44.65 42.4
S /M (Ibs./hr.)
Feeder Rate # 2 5.35 7.6 7.85 5.1 5.35 7.6
S /M (Ibs./hr.)
Total Rate 50 50 50 50 50 50
Vacuum / Inches 22 21 22 21 21 21

14



271 Mold (C) 88 G| Tenp (C) 41 Speeds: Screw RPM 80 % Shot - Inj Vel
(in/sec) 100% 1.0 Pressures: Injection Pressure (psi) 1247 Hold Pressure
(psi) 100M02sB1600- 3sec Back Pressure (psi) 75 TinersPCTiusp@eiemo Hol d
(sec) 8 Cure/Cool Tine (sec) 20 Fill Time (sec) 1.48 Cycle Tinme (sec) 36.26
OQperation Settings: Shot Size (in) 1 Cushion (in) 0.23 Cut-off Position
(in) 0.25 Deconpression (in)

Table 4 Continued

F 2 3 4 G
Zone 1 (°C) 260 260 260 260 293
Zone 2 (°C) 260 260 260 260 293
Zone 3 (°C) 260 260 260 260 288
Zone 4 (°C) 246 246 246 246 288
Zone 5 (°C) 232 232 232 232 288
Zone 6 (°C) 232 232 232 232 282
Zone 7 (°C) 232 232 232 232 282
Zone 8 (°C) 232 232 232 232 277
Zone 9 (°C) 232 232 232 232 277
Die Temp (°C) 232 232 232 232 271
RPM / Side screw 400 400 400 400 400
RPM
% Torque 62-75 72-83 77-84 78-87 72-85
Die Press (psi) 303 326 307 320 274
Melt Temp (°C) 242 242 246 254 284
Melt Temp Pyro 272 267 N/A N/A 296
O
Feeder Rate # 1 _ S 449 42.12 42.15 44.65 45.15
/ M (Ibs./hr.)
Feeder Rate # 2 S 5.1 7.88 7.85 5.35 4.85
/ M (Ibs./hr.)
Total Rate 50 50 50 50 50
Vacuum / Inches 21 22 21 21 20

[00071]
[00072]

90°C to reduce moisture content to less than 0.02%.

15

The extrudate was pelletized for later molding.

Before molding, the pellets were dried for more than 8 hours at




0.2 [00074] Sampl es of all Exanples and Conparative Exanples were al so
subj ected to conpression nolding. About 25 to 30 g of the material was

pl aced bevoeers/tiwa2Tef | onTm coat ed trays, inserted intoPaTRIS20140030 t on
manual hydraulic press (nodel: P2150) preheated at 213C (415 F), then
started slowy increasing pressure to 2.72 x 107 kg (30,000 tons) over 3-5
m nutes. After that, renove the plates fromthe press and cooled for 3-5
mnutes to take out film wth a thickness of about 0.4 - 0.5 mm From
those filnms, an Arbor fitted with a flexural die cut a flame bar sanple
shape out of [00@7¥i | m flaying}h DeMagessldimg. micdOR7Tiablsbo6s Sleowsinghie physi cal

ti tested, t I f h I d_Co ti Ex | e.
Tebl e 6 - PhyBrod MPRIBRR AL SHCFFOLY FOICP PR SESTEPEARINER C OF kr)
CD T0O TO Oickh&abepbibinty. Rating (UL 94 Test harnonized with |1 SO

9772/ 9773) (sZ=z1-01) Z-A

(s0z=z1-01) Z-A

' 88

Table 5 — Injection Molding Conditions
Temperatures:
Nozzle (°C) 277
Zone 2 (°C) 282
Zone 3 (°C) 277
Zone 4 (°C) 271
Mold (°C) 88
Oil Temp (°C) 41
Speeds:
Screw RPM 80
% Shot - Inj Vel (in/sec) 100%-1.0
Pressures:
Injection Pressure (psi) 1247
Hold Pressure (psi) 1000-5sec/600-
3sec
Back Pressure (psi) 75
Timers:
Injection Hold (sec) 8
Cure/Cool Time (sec) 20
Fill Time (sec) 1.48
Cycle Time (sec) 36.26
Operation Settings:
Shot Size (in) 1
Cushion (in) 0.23
Cut-off Position (in) 0.25
Decompression (in) 0.2

?-1 CODCDOr CDco

[00074]

subjected to compression molding. About 25 to 30 g of the material was placed

Samples of all Examples and Comparative Examples were also

between two Teflon™ coated trays, inserted into a PHI 40000 ton manual
hydraulic press (model: P2150) preheated at 213°C (415 °F), then started slowly
increasing pressure to 2.72 x 10’ kg (30,000 tons) over 3~5 minutes. After that,

remove the plates from the press and cooled for 3-5 minutes to take out film

16



TO QUT (sO.=z1+4) T-A (s6Z=z1+4) Z-A Conp. C L'88 1-1 *T*0 CD Or
COCDTO TO OQUT (s9i7=z1+4) Z-A (sSZ=z1-01) Z-A .8 ?-1 CD CD Or
kr) co TWO203/010U%T PCT/US2012/046520

with a thickness of about 0.4 ~ 0.5 mm. From those films, an Arbor fitted with
a flexural die cut a flame bar sample shape out of the film for UL 94 testing.
[00075] Table 6 shows the physical properties tested, two samples for

each Example and Comparative Example.
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[00076] To the required ingredients of polycarbonate and

polyphosphazene, three functional additives were evaluated, in all of the various
combinations because of the unpredictability of achieving a UL 94 V-0 test
rating: polytetrafluoroethylene (PTFE) drip suppressant, talc mineral filler
which serves as a viscosity enhancer and an oxygen barrier during combustion,
and a char former of the potassium salt of perfluorobutane sulfonic acid.
[00077] Comparative Examples A-F demonstrate that, in order to achieve
a UL 94 V-0 rating for either the 0.75 thickness (injection molded article) or the
0.4-0.5 thickness (compression molded article) of the compound that both PTFE
and talc are required, but not the sulfonic acid salt char former. It was
unexpected that no sulfonic acid salt char former would be needed. More
specifically, Example 1 showed that only PTFE and talc need be added to
polycarbonate and polyphosphazene in order to achieve the coveted UL 94 V-0
rating for both thicknesses tested.

[00078] Examples 2, 3, and 4 introduce that the presence of the sulfonic
acid salt char former. Example 2 contains 10 times the amount of sulfonic acid
salt as that found in Examples 3 or 4 (or as found in Comparative Examples A-
C) which adversely affected flame retardance in the 0.4-0.5 mm thickness
testing, demonstrating that there can be too much char former to achieve a UL
94 V-0 rating at the 0.4-0.5 mm thickness. Likewise, Example 4 contained half
the amount of polyphosphazene as did Example 3, demonstrating that there can
be too little polyphosphazene to achieve a UL 94 V-0 rating at the 0.4-0.5 mm
thickness, all other factors being equal. Examples 2-4 perform acceptably when
testing at least one thickness, as compared with Comparative Examples A-C,
because both talc and PTFE are present in each of Examples 2-4.

[00079] Examples 3 and 4 were also tested for physical properties and
had a heat deflection temperature (HDT) of 114°C and 128°C, respectively, as
tested according to ASTM D-648 at 66 psi. Therefore, there is a correlation

between an increase in HDT and a decrease in the amount of polyphosphazene.
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[00080] Examples 2-4 show that a compound with sulfonic acid salt char
former, PTFE, and talc achieved a UL 94 V-0 rating for the 0.75 thickness
(injection molded article) but not the 0.4-0.5 thickness (compression molded
article), unless the amount of polyphosphazene was more than 5 weight percent
and the amount of the potassium salt of perfluorobutane sulfonic acid was less
than 0.06 weight percent. Moreover, with the presence of all three functional
additives, a drop in the polyphosphazene from 10 weight percent to 5 weight
percent to 4 weight percent caused a loss of UL 94 V-0 rating from 5 weight
percent to 4 weight percent, as seen in the trend from Example 3, to Example 4,
to Comparative Example G. In one respect, the change from 5 weight percent
to 4 weight percent (Example 4 to Comparative Example G) could be viewed as
only one weight percent difference of the total compound. But in another, more
important respect, the change from 5 weight percent to 4 weight percent was a
decrease of 20% of the amount of polyphosphazene in the compound. The
dividing line between Example 4 and Comparative Example G was more
pronounced than first appreciated.

[00081] Thus, the drop in flame retardance performance from Example 4
to Comparative Example G was particularly surprising and demonstrated how
minor variations in the total compound can cause major differences in
performance results, another indication of the unpredictability of the present
invention to a person having ordinary skill in the art. Nonetheless, with
Examples 1-4 and Comparative Examples A-G, without undue experimentation
after reviewing these Examples, that person could tailor other formulations
within the ranges identified in Table 1 to produce other embodiments of the
invention.

[00082] Example 3 was also tested for its physical properties. Table 7

shows the results.
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Thi ckness of Sanpl e WD 2013/ 010012PCT/ US2012/ 046520 [ 00076] To t he
requi red ingredients of polycarbonate and pol yphosphazene, three functional
addi ti veswoens/avabuated, in all of the various conbi narcoms2biecadsse of the
unpredictability of achieving a UL 94 V-0 test rating:

pol ytetrafl uoroet hyl ene (PTFE) drip suppressant, talc mneral filler which
serves as a viscosity enhancer and an oxygen barrier during conbustion, and
a char forner of the potassiumsalt of perfluorobutane sulfonic acid.

[ 00077] Conpar ative Exanples A-F denonstrate that, in order to achieve a UL
94 V-0 rating|for either the 0.75 thi @abkss (injection nolded arti¢le) or
the 0.4-0.5 thpgdgeegs (conpression nol ded| TeitiMethpddf { Res@lonpound|t hat
both PTFE and| §alctri@Ganit§aul red, but not ThRe;gulfoni c agixdgsalt char

former. It wa Méﬂ%ﬁ’s%cﬁl&gﬁa 2§Q‘ft/§.ﬂ'6f<@”i ,Da}g'ggi sailt Cl,j.ri)lfgg’fqﬁlﬁn. ul d be

OB ¢TI T A R K AR £ 0510 S A PRt
UL 94 V-0 rat LhensigElongaiion. break iiccoc 1 ast D038 00078] E 8l=30% 5> 3| and 4

i ntroduce t hat FenaahS@engfee of the sulfon{P-B9 d salt ¢had208bimer. | Exanpl e
2 contains 10| Fiemesl Modulsount of sul f oni ¢Datd salt as4ih800 psund|in
Exanpl es 3 or| Binfiang &xytauhdex n Conpar at i yB-B&npl es ACH6WE Oh adversely
af fected flanpGI®t ¥igaRaRionMd}e (084- 0. 5 MMECE BOGIFESS {6093,
?S??E;t;?tlﬂg G WiREFIGmy@BilRE IRQ (TEEN CHar 6hQUBN 2T 00g¢Htt eve a fgl?4tx;0
anount of pol 5/8ﬁloép%alzdegnﬂelri zliygéd{agl%g%dr_r%fl(e 3?369d5ermnstrati r(1)g %haé there can be
too little po PROsphazeneto—achieve—a U094 V-0 ratifgat—the6-4-0.5 mM
t hi ckness, al | LBENEHo SHEFRGEEURI . | Bkol es 2- 4| BB accpt abl y
when testing afloVhast one thickness as conpared with Conparative Exanpl es
A-C, because bBOBEM wnlessatiprPEmdigatedor esent in each of Exanpl es 2-4.

[ 00079] Exanpl &823nchagimdn.wer e al so tested for physical properties and had a
heat defl ection tenperature (HDT) of 114C and 128C, respectively, as tested
accordi ng to [66088] D- 648 adle Bohdwedd. that EXagipRy Bcard Jieki@ini excélle@OEdrRpnION
between an increase in HDT and a decrease in the anount of pol yphosphazene.
WO 2013/ 0100 ferayldisp eirydassanfilgons dlerraiopmas, or athehdapinp RFocgssci®npound

Wi th sul foni ' r, PTFE, and talc achieved a UL 94 V-0
rating for tﬁgﬁ%wetqﬁl%gﬁg%csir {:lﬁecti on nolded article) but not the

0. 4-0.5 thi c{0eas:#] ( conprressvantionid tkedinarteditc kte) aboua bdbsditreatsambant of

pol yphosphazene vvz%s nore than 5 wei ght percent and the anount of the

pot assi um salt® Y| uor obut ane sul fonic acid was | ess than 0.06 wei ght
percent. Moreover, wth the presence of all three functional additives, a
drop in the pol yphosphazene from 10 wei ght percent to 5 weight percent to 4
wei ght percent caused a loss of UL 94 V-0 rating fromb5 wei ght percent to 4
wei ght percent, as seen in the trend from Exanple 3, to Exanple 4, to
Conparative Exanple G In one respect, the change from5 wei ght percent to
4 wei ght percent (Exanple 4 to Conparative Exanple G could be viewed as
only one wei ght percent difference of the total conpound. But in another,
nore inportant respect, the change from5 wei ght percent to 4 weight
percent was a decrease of 20% of the amount of pol yphosphazene in the
conpound. The dividing |ine between Exanple 4 and Conparative Exanple G was
nore pronounced than first appreciated. [00081] Thus, the drop in flanme
retardance performance from Exanple 4 to Conparative Exanple G was
particularly surprising and denonstrated how m nor variations in the total
conpound can cause nmajor differences in performance results, another

i ndi cation of the unpredictability of the present invention to a person
having ordinary skill in the art. Nonetheless, with Exanples 1-4 and
Conparative Exanples A-G w thout undue experinmentation after review ng

t hese Exanpl es, that person could tailor other fornulations within the
ranges identified in Table 1 to produce other enbodi ments of the invention.
[ 00082] Exanpl e 3 was al so tested for its physical properties. Table 7 shows
the results. Table 7 Property Test Method* Result Specific Gavity
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D792 1.249 Melt Mass Flow Rate (250C/ 2.16kg) D1238 2.07 g/ 10 mn. Tensile
Strength, yield** D-638 9,170 psi Tensile Elongation, break** D638 60-80 %
FI exur al vgorersgtii®- 790 15, 120 psi Fl exural Mdul us D 720TAK301000%5p6 i
Limting Oxygen Index D 2863 46.8% 02 A ow Wre Ignition Tenp. (1/8") IEC
60695-2-13 900C A ow Wre Flammuability Index (1/8") |EC 60695-2-12 960C

Li near Mol d Shrinkage (direction of flow) D955 0.005 in/in Linear Mld
Shrinkage (transverse to flow) D955 0.011 in/in *ASTM unl ess ot herw se
indicated ** 2 inches/mn. [00083] Table 7 showed that Exanple 3 can yield
an excel | ent ®dmpouwkdmedis: nol di ng, extrudi ng, cal endering, thernoform ng,
or other shaping process to form marketable plastic articles. [00084] The
invention is not limted to the above enbodi nents. The clains follow

1. A flame retardant polycarbonate compound, comprising:

(a) polycarbonate,

(b) polyphosphazene,

(c) talc, and

(d) polytetrafluoroethylene,

wherein the polyphosphazene is present in the compound at a weight
percent from 5 to about 15,

and wherein the compound tested at a thickness of 0.75 mm and a

thickness of 0.4-0.5 mm has a UL 94 rating of V-0.

2. The compound of Claim 1, further comprising the potassium salt of
perfluorobutane sulfonic acid, wherein the compound tested at a thickness of

0.75 mm has a UL 94 rating of V-0.

3. The compound of Claim 2, wherein the compound tested at a thickness
of 0.4-0.5 mm has a UL 94 rating of V-0 if the weight percent of the
polyphosphazene is more than 5 and if the weight percent of the potassium salt

of perfluorobutane sulfonic acid is less than 0.06.

4. The compound of Claim 1 or Claim 2 or Claim 3, wherein the
polycarbonate is a branched polycarbonate of virginal source, recycled source,

or both.

5. The compound of Claim 4, further comprising an additive selected from
the group consisting of adhesion promoters; biocides; anti-fogging agents; anti-
static agents; anti-oxidants; bonding, blowing and foaming agents; dispersants;
fillers and extenders; smoke suppressants; impact modifiers; initiators;

lubricants; micas; pigments, colorants and dyes; plasticizers; processing aids;
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What is clainmed is: 1. A flanme retardant pol ycarbonate conpound, conprising:
(a) polycarbonate, (b) pol yphosphazene, (c) talc, and (d)

pol yt et r avbroroabddiyl ene, wher ei n t he pol yphosphazege/tissoipnesent in

t he conpound at a weight percent fromb5 to about 15, and wherein the
conpound tested at a thickness of 0.75 mmand a thickness of 0.4-0.5 nm has
a UL 94 rating of V-0. 2. The conpound of Claim1l1, further conprising the
pot assi um salt of perfluorobutane sulfonic acid, wherein the conpound
tested at a thickness of 0.75 mmhas a UL 94 rating of V-0. 3. The conpound
of Caim 2, whleneiagenthesilooesatandtet eist Bdcoattes; slipiao#t nesblaoking.agets’5 mm has a
UL 94 rating of .V-0 if the weight percent of the pol osphazene i s nore
Chan 5 and| iz AR e Carp oo e R P U AR RO R ror obut ane
sul foni ¢ aci Gafadysk 88RtiVNBA, hd@muinatltas epmeaund of Caim1l or Caim2 or
Claim 3, wherein the polycarbonate is a branched pol ycarbonate of virginal
source, recycled source, or both. 5.The conpound of Caim4, further

conpri sing an. addi.tive selected fr t.he ou onsi sting of hesi on
ronoters: bitber dettc PFEhET " T MSe LR oF 2Rl T B un G S 31 gan s:
bondi ng, b|Owh@gdﬁﬂﬁiﬁ@@ﬂhﬂgeﬂgeﬂk§h1db@pﬁ@ﬁaﬂﬁﬁ; fillers and extenders;
snoke suppressants,; i mpact nodi fiers: initiators: lubricants; m cas;

pi gments, col arBphycarbonatedeisix p| astici zers; pr88&8si ng i ds; rel ease
agents; sil angolyphospiarzes and zirconateg; slip-End ant] - bl ocki ng agents;
stabilizers; gted ates; ultraviolet |ightf absorbers; viscosity regul ators;
waxes; cat al ygtpdipagitnedé@kigensand conbi nationg jofp g hem| 6. The conpound of
any of the abqVg &l@Eir FHEFRicoiidmecONpOUNd QRas, i ngredi ents in anounts
expressed in vﬁﬁﬂgﬁcgghcen . Pol ycar bonatje Matri x 80-90| Pol yphosphazene
5-15 Talc 2-9 TSRYLC]éTélgﬁT ethytere—0-13 -O.S(EStassi“n1salt of

per f | uor obut aneRANALQINET SdUNES g 5 ot i dnal %dr Additives 0-5 7. The

ponpound of any of the aboye cl ai ms, wherein the conpound has i ngredi ents
I n anmounts eXPressﬁQcbﬂq%ﬁh@@ﬁmB@ﬂQE@&kwEQkMﬁéRQ%&QB%uﬂﬁhhk%néﬂaﬁo
Pol yphosphazene 5-10 Talc

ingredients in amounts expressed in weight percent:

Polycarbonate Matrix 80-90
Polyphosphazene 5-10
Talc 3-8
Polytetrafluoroethylene 0.3-0.7
Potassium salt of 0-0.1
perfluorobutane sulfonic acid
Optional Other Additives 0-3
8. The compound of any of the above claims, wherein the compound has

ingredients in amounts expressed in weight percent:

Polycarbonate Matrix 80-85
Polyphosphazene 7-10
Talc 4-6
Polytetrafluoroethylene 0.4-0.6
Potassium salt of 0-0.01
perfluorobutane sulfonic
acid
Optional Other 0-2
Additives
0. A molded article made from the compound of any of Claims 1-8.

24



3-8 Pol ytetrafl uoroethyl ene 0.3-0.7 Potassiumsalt of perfl uorobutane
sulfonic acid 0-0.1 Optional Other Additives 0-3 8. The conpound of any
of the abwoeociEomms, wherein the compound has i ngredi enPETIUS2@GINDWTRE
expressed in weight percent: Polycarbonate Matrix 80-85 Pol yphosphazene
7-10 Talc 4-6 Pol ytetrafluoroethylene 0.4-0.6 Potassiumsalt of

perfl uorobutane sulfonic acid 0-0.01 Optional OQther Additives 0-2 9. A
nol ded article nade fromthe conpound of any of Clains 1-8. WO

2013/ 010012PCT/ US2012/ 046520 10. An extruded article nmade fromthe
conpound of any of d ains 1 8 11 A calendered article made fromthe

compound of of d ai r nof or d arti fromthe
Compound of A orAtrariRa Figle Mide fo Y FRREHR oL ARG f BT hound of Ql ai m

1, conprising the step of shaping the conpound into an article designed to
resi st conbustion or nolten dripping in the presence of flame. 14. The

met hod of C alilm 13} celpedesddartiple npasleyromm Bereatmpond ofvnycdrigaoiornsd-8.s a branched
pol ycarbonate of virginal source, recycled source, or both. 15. The net hod
of Claim 13, wherein the shaping conprises extruding, nolding, calendering,
or thernoforni2ng. A thermoformed article made from the compound of any of Claims 1-8.

13. A method of using the compound of Claim 1, comprising the step of
shaping the compound into an article designed to resist combustion or molten

dripping in the presence of flame.

14. The method of Claim 13, wherein the polycarbonate of the compound is

a branched polycarbonate of virginal source, recycled source, or both.

15. The method of Claim 13, wherein the shaping comprises extruding,

molding, calendering, or thermoforming.
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