5 Cctober 2006 WD 01/36527 PCT/ US00/ 27143 FLAME- RETARDED POLYPHENYLENE
[ETHER COVPOSI TION AND METHOD OF MAKI NG SAME BACKGROUND OF Gtpbarid0BRTI ON
This application relates to a flanme-retarded pol yphenyl ene et her (PPE)
conpositions and to a nmethod of naking sane. PPE is a thernoplastic
material with high glass transition tenperature, high dinensional
stability, low specific gravity, hydrolytic stability and good nmechani cal

5 performance. This combi nation of properties allows PPE or.mul ati ons
to be inj ect 8438Yded into products which are used for hi%ﬁﬁ‘ﬁ@g{‘“’

applications, fQLAMMBERETFARDED POEYRHENVRENESE THH R COMPORITIONANDONSt r uct i on
I ndustries. For sone applications, where increased nodulus and strength

are required, PPE may be reinf it fibers-. However, these
rei nforced PPE fornul ati ons h&@%ﬁﬁ‘ﬁ‘ay&ma? bility lo

characteristics. At high tenperature or when exposed to flane, glass-filled
PPE tends to burn continuously w thout extinguishing. Because of this,
fire-retar ded®AFKGROWBD OF| IENT@NPPE (especially those rated UL94 VO
tend to be fornulated using a large anount (for exanple >15% by wei ght for

a rating of UL94 YQR)sabpibaddirBatesoh fabirétkraes solygenyldnt echepfPrR)ant additives
such as phosphorus-contalnlngggr anjc 15 conpounds. This increases the cost

of the producempesiipngaadt magpgsame ficult to fornulate gl ass
fiber-reinforced PPE to neet UL94 VO fire-retardant standards, because the

addi tion of | argeppERsNihsmdhblaRitaspdial with Kigingiass Miangticanenpéranepipounds | i ke
resorcinol st e cites 0o cameL Lt At anligancly
-+ @P0002* 5 performance. This combination of properties allows PPE based formulations to be

injected molded into products which are used for high heat applications, for example in

the autombtive, electrical, and conétruction industries. For some applications, where

increased modulus and sirength are required, PPE may be reinforced with glass fibers.

However, these reinforced PPE formulations have undesirable flammability
10 characteristics. At high temperature or when exposed to flame, glass-filled PPE tends

to burn continuously without extinguishing. Because of this, fire-retarded grades of

glass-filled PPE (especié.lly those rated UL94 V0) tend to be formulated using a large

amount (for example >15% by weight for a raiing of UL94 V0 at 1/16th inch

thickness) of fire-retardant additives such as phosphorus-containing organic
15 compounds. This increases the cost of the product, and also makes it more difficult

~ to formulate glass fiber-reinforced PPE 1o meet UL94 VO fire-retardant standards,
because the addition of large amounts of phosphorus-containing organi_c compounds
like resorcinol diphosphate plasticizes the composition and significantly reduces the

heat deflection temperature of the formulation.
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5 Cctober 2006 SUMMARY OF THE | NVENTI ON The present inve t('g?rbep%%des PPE

conpositions with good fire and flame- retardant characteri 17 i ch
utilize lower |evels of organophosphate fire- retardant and which therefore
do not suffer fromthe drawbacks of previously known fire-and

fl ame-retardant PPE conpositions. In an aspect of the present invention,
there is provided a conposition conprising: (a) a polynmer conponent

conpri si ng at SUMMARYOOF FHE DSYENIHON/| ene et her; (b) gl ass reinforcing
fibers in an amobunt sufficient to increase the rmdul us and strength of the
ol ymer conponen c) a.fire retar com erein the fire

Iroet grdant is an Jf%?é;‘&%ﬂ‘ﬁﬁtﬁ’§ﬁﬂ%‘i8fo“f?f?’§ﬁ°8fr§’ X’VWB é%?ndlfj?% anmount
effective to mtmézmt@hm‘aeﬁen$ti®nwhxehaml¢iamtov@ndmralstoérormpbosphate fige-

conposi ti on; @mdﬁrﬁ)an@wmdrﬁthaﬂef&eaa%emffermﬁ{ fhle Ardvisackd BEfreliog@yponent is
m ca. O her onve In formul ati on of E may be

i ncl uded. Thi ‘Y,Ib %e'ﬁeéﬂdﬁé&ﬁ‘a”ﬁ’wsﬂ’ﬁé‘s ‘manuf act ure of injection
mol ded articles bwclmsagct oé theressnt inventinuo thene is providédaicomgpasétioayvi si on
internal s suckomgrigigd:| ecti on yokes; printer chassis and pI astic pallets.

I n anot her aspect,of_ the present nventi.on nj ection-
nol ded article f ?meBOI?'m Sha s {scchl%léﬁmggtlﬁ?sgﬁ@é’dﬁﬁ 8’?98?%%%h%{ her
conmposi tion, whedi giaqsrrém@rgglg fiheprainanginteunt suftcign typmﬁaﬁpéhfemed B¥

conposi tion anigireng®of thapolgmpotoipsneagponent conprising at | east 50% of

a pol yphenyl ene anount
sufficient to in ?hiﬁre re%pamgg&ﬁﬁor{eﬁgn%c}%‘fmrlg%gﬁ%qg%?({ahgl %gl yphenyl ene et her
conposi tion; PEMPhOFRNAG et ar dant conponent, wherein the fire retardant

“ cbnponent is an (dagargapbdsybanponent in an amount effective to enhance the

flameretardant characteristics of the composition; and

(e) amineral component, wherein the mineral component is mica. Other

‘conventional additives utilized in formulation of PPE may be included. This

composition can be used in the manufacture of injection molded articles such as
electronic components, including television internals such as deflection yokes;
printer chassis and plastic pallets.

In another aspect of the present invention, there is provided an injection-
molded article formed from a glass fiber-reinforced polyphenylene ether
composition, wherein the glass fiber-reinforced polyphenylene ether composition
comprises: |

(a) apolymer component comprising at least 50% of a polyphenylene ether;

(b) glass reinforcing fibers in an amount sufficient to increase the modulus
and strength of the polyphenylene ether composition;

(c) a fire retardant component, wherein the fire retardant component is an
organophosphate;

(d) an organoclay component in an amount effective to enhance the flame-
retardant characteristics of the composition; and

(e) amineral component, wherein the mineral component is mica.

In yet another aspect of the present invention, there is provided a method for
preparation of a glass-remnforced PPE composition. In accordance with this
method, the composition is prepared by compounding a mixture of

(a) apolymer component comprising at least 50% of a polyphenylene ether;

(b) glass reinforcing fibers in an amount sufficient to increase the modulus
and strength of the polyphenylene ether matrix;

(c) a fire retardant component, wherein the fire retardant component



(d) an organoclay conponent in an anount effective to enh%rtgq é}ez Bbarre-

. g N cto 0
retardant characteristics of the conposition; and (e) a mineral conponent,
wherein the mneral conponent is mca. In yet another aspect of the present
i nvention, there is provided a nethod for preparation of a

gl ass-rei nforced PPE conposition. In accordance with this nethod, the
conposition is prepared by conpounding a m xture of (a) a pol yner conponent
conpri si ng at compasesa0Wrganophgsphatp ieasdtadantet her; (b) gl ass rei nforcing

fibers in an amﬁd)tanw%afdoeia%bmbenw%&aﬁﬁoﬁm%ﬂeam'ty%nhﬁfaéu%fength of the
pol yphenyl ene et r I,re retardant conponent, wherein the

er X; (c).a f
fire ret ardanp%%%ﬁéﬁtchaffc‘%n%%?%&e TSIO8I ses an or ganophosphat e
fire retardant; (&) aarineraleompsinant, whersonthaminerabeonapoment is afite as wel aso
enhance the bhasHl 6thef SafporehRIAAE R Stkind raftire IR0 RIFAGShideRRousdIhd( €) 2
m ner al corrponf:@ts, %%herels,l%ét he m ngral.- cogsglnent dl[Stm ca, as well as
optional ot heP! BSHHEITY I it eampesnding s spaply @rried oyt ip g 5¢raw t?ﬁp%ﬂwﬁ’a@ﬁous
bl end of theahatemperdtare of H26 ta6h Guprsfarably srosus4tel S60CEr ried out in a
screw type extruder at a tenperature of 520 to 620 OF, preferably from 540

to 560 T. DET EE%%BM%%%%WNTM PPE conpositions of the

present inventioh COonprisée a po ¢ 1 conprising at | east 50% of
a pol yphenyl ene &heBPE cgmpesitipes offthe present inventien cormprse apalvmer sufficient to -
i ncrease the oadpbnent ecttpdingadedst 56%tdfa pop@hypflenydthee gREIRInfoRIng X; an
or ganophosphafiedid & hiabdaARciGR FPMRRAL the bR 9ARMELA, SPRONSNT 10 an
anount effective t%ﬁﬁfn ag}ce the tlame-retardant, charact®errstics of the
conposi tion; BXyPBenyleRsciier MR8 rsanpphesphats fvietardant campenent; aa st i cal | y
1o provide gl esgsnédliecompinehbmeanchniint eff¢dive twehtancethafidnietranidant et ar dant
- charact eri sti udtidils bl ielob b ANBH; difshiel cRhEARARARSR AhpohbhiS-
retardant and I ch.t hgfefore %o not” suffer .frggi) e dra l%_c
“actsynergistically to provide glass-fiber reinforce with good fire and

previously ame-

retardant characteristics, which utilize lower levels of organophosphate fire-
retardant and which therefore do not suffer from the drawbacks of previously
known fire-and flame-retardant PPE compositions. '

This synergism is demonstrated in the results of the tests described below in
the Examples which are summarized in Tables1, 3 and 4. In these tests, samples
of glassfiber reinforced PPE without organoclay and with various loadings of
organoclay were prepared by compounding in a twin screw extruder. - Some of the
compositions were prepared with a mineral component (mica) and others without
a mineral component. The samples were then injection molded and tested for
flame-out time in accordance with the UL protocol for VO rating,

The experiments indicated that additionof small amounts of organoclay along
with a mineral component to fire-retardant glass-fiber reinforced PPE allowed



- ether. -As use

known fire-and fl ame-retardant PPE conpositions. This synergism.i
denonstrated in the results of the tests described bel ow srggct?st?f" zé%lrrpl es
whi ch are summarized in Tablesl, 3 and 4. In these tests, sanples of

gl assfi ber reinforced PPE wi thout organoclay and with various | oadi ngs of
organocl ay were prepared by conpounding in a twin screw extruder. Sone of

t he corrposi tions were prepared wth a mneral conponent. (mca) and others
wi t hout conponent. The sanples were then injection nolded and
tested for Wﬁh@%ut time in accordance with the UL prot %SUP SUEI40
rating. The eyRR{iHFERObSenhdtdédLmtedarifiapertuibice amblonpiiaick varoyls4of
organoclay along wth a mneral compon nt to fire-r | ass-fi ber
rei nforced PPEO atandsf dAdditpnf fapise pmaie? ‘tfi%s%’é%"f%ﬁ%l"/“ﬂgf&%n4s

achi evement of &@ﬂad?%?inédl{y% fhe hiss AR the Sikeedl BBgmen nebutiedlai ance with the
UL94 VO standa tion of |arger amounts of. ogagﬂtagc%g or tI

addition of sdaéroratiomefHedireoretagtagpesoraancs. nl updt is g Fe BAE S ner al
conponent [es I Qhich R&dS lolRrimplovied @RdracRAitO mance.
Thus, it |£ C%H ?'q:t%gl@coﬁlgrﬁ%ﬁ{ns&g@iéﬂ??fcalc 5 and synergi stic conbination of
i ngr ed| ent' s wbf thécdmapdiionst of thetpsesempvetd- char acteri stics of the

conposi tions of the present invention. The conposition of the invention is

made froma pol ymef,g E@Qﬂmtofma iR is M@delmsd ﬂ‘;dl)lnkeeban@bﬁlenaﬁldhxthves are
i ncorporated. As use rein, the term onent refers to the

conbi ned massvmouaﬁllerb?ftjaﬁﬁhéveﬁé!eyﬁ‘ﬁé’f@’%‘?‘gs”e‘r\{seq 'i‘?“’t“h ttﬁ"ﬁoﬁ%‘@?f tion. Wile
the pol ymer C%FRO;PJ&@&" rdfBY| HAfe é&&@eefmaes dPall M%ﬁ:ﬁawlﬁﬂ@s ﬁl’felﬁaft,m e may al so

i ncl ude ot her ner s se ected to achi eve sired pro the final

conposi ti an. Id)rumsmphe“ﬁm hapelymerRomaRIent By QeHQO%&%Bg‘?’PF' F"P‘Fcﬂpﬁ 'Ses at

I'east 50% and pref el AbctQNE ablieVeRESred ér@i&sm‘thmhlyphenyl ene
('*IP lé?g’?ﬁhymﬁérplogﬁé‘tss ' 3 eene gt E@ﬁ refers to individual

rm " pol yph
pol yneric PPEcsxppxtsues Ghust the palpmeri cemgensat @%hWWﬁ%‘l‘qncWPr‘-@sgsﬁélﬁarsbs unl ess
the context 384{ é gfefe%b@eam@aﬁ%f REJD & aibe&lpdlied &t pblypheRyi&RLther AY@BE i ON IS a

pol ymer havin
herein, the term “polyphenylene ether” refers to individual polymeric PPE species or to

15 mixtures of polymeric PPE species unless the context indicates otherwise.

PPE useful in the present invention is a polymer having repeat units of the

general formula

R, R
0-)-
Rj R4
wherein in the formula, Ry, Ra, Rs, and Rq which may be the same or different each
represent a member selected from the group consisting ot hydrogen atoms, halogen
30 atoms, substituted and unsubstituted alkyl groups and substituted and unsubstituted

alkoxy groups. The PPE may be a homopolymer, i.e. the repeat units have the same

structural formula, or a copolymer consisting of a combination of two or more types of

4



general formula R R2 R3 R4 wherein in the fornula, R,

Wwhich may be the sanme or different each represent a rrenbg%‘g(é%%éczggg from
the group consisting of hydrogen atons, halogen 20 atoms, substituted and
unsubstituted al kyl groups and substituted and unsubstituted al koxy groups.
The PPE may be a honopol ynmer, i.e. the repeat units have the sane
struc%ural Eﬁ(:)rrml a, or zg copol yner consisting of a conbination of two or
nmore types ¢s2; Cctober 2006 WO 01/36527 PCT/ US00/ 271 units
where at | east éne of the Rl, R2, R3, and R4 are dlfferenfégn?)sﬁwggﬁsh

different repgat udmwheeeodmgtsmagthdﬂle,, RQIRG)] ant Ry are Tiffereno Forreach diffrebter m nat ed
at each end by a nonoval ent chem cal

h d
hal ogen, a nDYRRARMBHEOMATISES BiE SPRATS- aaﬁe&aﬂvfnrgét‘%}'ﬂ% %gﬁ?@aﬂ’c{%é{ ggegr

aromatic) or ﬁu&fovklbﬂﬁ%herlhﬁrgﬁ)uaroeateﬁa s@ch&ahydrs%éhadhm@sﬁ fai abhovElEnt on t he met hod
of manufacturing PPE. For exanple his ma

b t
phenol s accor liidragarben radicalsaseralgdasatysptedsn %‘i“hg‘ttﬂ%ﬂ ggﬁ/efageggf i :)22 of

U S. Pat. B R /medol of Rlanudactitihg ¥PB. FdPeR4MpIethidinay ehese
phenol s i ncl u%f@‘%p eéﬁycﬂoﬁ%n% e"rlle’g 02 gmﬁ.la et hyI phenol yMF%G dlgb?JytH;I phenol ,

2,6-di | auryl ppreduskd bzre@ctmgwhwwam&mg to the EoGsHWREPrgTepisd iR the

2- met hyl - 6- et
5 xt hzl o 1(:30 +€Jlﬁ§%0?fl}g PaF. rﬁo%Wﬂ@é@?@%‘}iﬁg?zﬁ%ﬁ%*ﬂ@ﬁs Ex;%;:gfbutyl Shenol .

2, 6- di met hoxyshbesepbénoldin@uds-26- dlrrethﬂthuﬂehéidlethytph@‘% 2¢-dibuyy byl phenol ,
o ey PhE Ry fhdiot 2 Rilpr b AEALRL SRR SAD: 2ol -EbuBrendifies e One

may either espon nmopaol e al ned by“reacting one of the
above subsé anmm@r&aymmxﬁlﬂpmi,cﬁ-mqhﬂtﬁﬁglyi)n@nolomthm'eﬁinwhqxﬁéwl ng two or

~mpre 15 of the apbov S units contained in
t he above forff g']ggﬁté{@ﬁ? Paéx%%aﬁ )ngb& %’qur'ﬁkéﬁ'g sﬁggseful in the

i n\éent i onI i ?Ci 8 d®-tburhmethyphendl, 1,6- methexyphttnol ptnl }a(ththmantlhgﬂIIOt liitedtopheny| ene)

ether, poly(2

pol y( 2- net hyl fhese {)ﬁilwz&elﬂlefpﬁgﬁﬁ?ré%gsnge% rL}gmopolymer obtained by reacting one of
pol y( 2- met hyl 4@ -atyve Bithstahced-op b edrydsganding copolymer obtained by reacting two or more

15  of the above substances and having the different units contained in the above formula.
Specific examples of PPE polymers useful in the invention include but are not limited

to poly(2,6-dimethyl-l,4-phenylene) ether, poly(2,6-diethyl-1,4-phenylene) ether,

- poly(2-methyl-6-ethyl-1,4-phenylene) ether, poly(2-methyl-6-propyl- 1,4-phenylene)
ether, poly(2,6-dipropyl-1,4-phenylene) ether, and '

20 poly(2-ethyl-6-propyl-1,4-phenylene) ether. Moreover, an example of the PPE
copolymer is a copolymer partially containiﬁg an alkyl trisubstituted phenol such as
2,3,6-trimethylphenol in the aforementioned polyphenylene ether repeated unit. The
PPE resins may also be copolymer§ having a styrene compound grafted on. An
example of such a styrene-compound-grafted polyphenylene ether is a copolymer

25  obtained by graft polymerization of a styrene compound such as styrene,
.alpha.-methylstyrene, vinylstyrene, or chlorostyrene onto the aforementioned PPE.

Additional polymeric materials which may be included, individually orin
combination, in the polymer component of the invention include crystalline
polystyrene which can be added in amounts of 0 to 50 % by weight of the polymer

30  component to improve processability, high impact polystyrene (HIPS) , which can be
5



et her, poly(2,6-dipropyl-I,4-phenyl ene) ether, and 20

_poly(2 et hyl - 6- propyl - 1, 4- phenyl ene) ether. Moreover, an é%&ﬁﬁ@%ﬁ%WGthe PPE
copol ynmer is a copolynmer partially containing an aIkyI trisubstituted

phenol such as 2,3,6-trinethylphenol in the aforenentioned pol yphenyl ene

et her repeated unit. The PPE resins may al so be copol yners having a _
styrene conpound grafted on. An exanple of such a styrene-conpound-grafted

pol ypheny!| epgofisher is a copol ynmer 25 obtained by graft physRkization of a
styrene conpound such as yrene, al pha. - net hyl styrene, vinylstyrene, or

chl or ost yr enedd@ﬁtrbam%@ts@ﬁf@ﬁ@%?ﬁhyoth Fﬂ:‘Ee polyfpeaicoT Rt RAMYAEr i c material s
whi ch may beg) g&gmﬁg and dkask kalsyrer%ﬁh IErpD@vpmalsf}?énb Bitadiehe bitg pol ymer

conponent of PRe 1 nvention 1 nclude crystalline "polystyrene which can be
~added in anncmtos'nwfs Whickhycahe agded jn amguatsof Bfo 30é bbme‘ﬁhfé?fthseplmﬁponent to

October 2006 £t dns il FiFRR o sy St S e bhhen, W 0 PON 08,010
wei ght of st hgolmlymucbwmbnérﬁandmylpm‘ﬁm calpTe(ﬁdé@sabnbuutyo@nda’?:@cL ease )

t st P - can be
added i n amodhreeBonE e YR BRTRI P Sl B e AR REE T T

i nprove the trdpande tprcﬁmrctsblemmfﬂkmelymaﬁqmpomnpmtinclad@ tEspepneI yam des
such as nyl on

ch can be to 50% by
wei ght of thBhﬁﬁ‘Bllrﬁﬂﬁ? c%ﬁ?ﬁ?ﬁ'gﬁf °étr5°'\°}?ﬁ’re8 ﬁ@?etngl sf'r?lvﬂsamr)ll rrpart |ncr eased
resi stance tQIswmanT) isahsaniof 0 ta'hie%myl\@e@r ofrhepriprene nbmpayentad SO i ncl ude a

t er pene henol S i .e, a copol r. of nonoterpene n enol such as
- NIREZ 2 I 0/ 7@%&&“??&&’%%@"‘8&“5&% thee PRRYRYTS (s %PIP § F%é"ptBol yneric
i-conmponent t 0confbs@ioAY bitee h@én'h&f métho’ly@héd?En&@lﬂdesh arhodiats @ohe ko 00l yner s
that can be bl ended in. the %gSItIOHS of g rHéentlon I ncl ude

et ‘

pol yphenyl en&® BUVFERLL iMR{oY Cf'?'btr‘?{"ﬁertatéfresaﬂ Y wei ght to inprove heat |

deflection tenperature and the flow dass fibers suitable for use in the
conposi tions of t@hass fibeessuitabie foruse hahoéompositibmwﬁtﬂeémgttiwl mppeofpri ate and

thi cknesses aﬁ’r%ug’l%ngt%ts gpr}rgpn%tfé%ngl &E)clkhecss?éts aggpropnq)eato thegdpphcatlon Coatings of”

15  coupling agents, such as aminosilanes may be employed if desired. The glass fibers
are added in an amount sufficient to increase the modulus and the strength of the
product by a desired amount, and persons skilled in the art will be able to judge the
appropriate levels and type of glass fiber needed to achieve a given result. In general,

glass fibers are added in amounts of 5 to 50% by weight.

20 The fire retardant component of the compositions may be a halogenated fire

retardant such as brominated polystyrene. Ecologically-preferred compositions,

however, are halogen-free and utilize an organophosphate fire retardant. The-
organophosphate fire retardant component of the compositions may be any of
numerous organophosphorus fire retardants which are known in the art. Specific

25  examples include resorcinol diphosphate, bisphenol A diphosphate, tetraxylyl
piperazine diphosphamide and the like, e.g. such as disclosed in US patents 4,933,386;
14,343,732; 5,455,292 and RE 36,188 herein and herewith specifically incorporated by
reference. The amount of organophosphate fire retardant is selected to achieve the
desired final level of fire-retardance. Because of the synergistic effects of utilizing the

30 organoclay additives in the compositions of the invention, the amount of
6



15 coupling agents, such as ami nosilanes may be enployed if desired. The
glass fibers are added in an anmount sufficient to i ncr ease AMRPEBA us and
the strength of the product by a desired amount, and persons skilled in
the art will be able to judge the appropriate Ievels and type of gl ass

fi ber needed to achieve a given result. In general, glass fibers are added
in anobunts of 5 to 50% by weight. 20 The fire retardant conponent of the
conposition a hal ogenated fire retardant such as nat ed

pol ystyr eneal co\5 ogi cally-preferred conpositions, homeve'?glr"'gpl 43

hal ogen-free @pshoplidshhatefiranetarigacopiosinheat, end witl gencatinbe smthe rafivef 5
organophosphat§ fire E‘(r#g_hardant conponent of the conpositions may be any of
numer ous or gafl BH s fire retardants which are known in the art.

Speci fic 25 exanpl es i ncl ude resorcinol diphosphate, bisphenol A

di phosphat e, tetraihyonganoqtnypemameme:onippdmspﬁfmmcmeotamcmhenaltwde Ae. g. such
as disclosed in d RE 36, 188
herein and het®& "’trﬂgs%%a(f'ﬁﬁ?yc'g? Fa‘sy/érf‘ﬁ%lé)cla ST egv 3o é’r’eleh?de‘str?(%:%.?als e anount of
or ganophosphaikici brgéni¢ gharucbamﬁvelb@emhmm@dndomom&d tlugrdtive exapls ofed fi nal

| evel of fire-retardance.. Bec e, of thesner ef.fe utilizin
the 30 or gano¥RHyF %ﬂ‘&ﬁ“quﬁ’één?‘ﬁﬂﬂi e‘%"f%%%’ 'GRh& @N ﬁ'gc’dﬁc‘\y%" ?Zghﬁm t he °

amount of 6 i'én@ﬁc@Wsuﬂﬁ@ﬁofCWl@lfs&ﬁﬁ&?hd?glalﬂfﬁgﬂka?&ﬂaﬁgemérgmphOSphate
fire-retardant can be reduced, an ener a eof 5 to
30% by wei ghte'ewllb?%%ﬁdvﬂfr%ﬁﬁﬁmm"dg‘ér?fﬁal‘gé’g‘s g‘ﬁ'&“’d? ?rﬁ?“g?%'? ganocl ay
materials. ASwih&Sstcl @R 1Byerdd i ARAS bidloyed irfthlsaventiddl otet tinatiat wéyaye derived
fromlayered mnerals, in 5 which organic structur hav cgen chem cal ly

“i'ncor por at®d. capphleefundereeing anighpichanss pith e prganic iy PhFiEY

t'rimet hyl dodegyhReRr ydr@ miasds Mhalhave LaReRay tatith dma{gewmhdrgaﬁb Since the
surfaces of clay |ayers, which have a lattjice-like arrang eqﬁggdm$ﬁ
ere is no

electrically eatianspad/or phwy cemrouadsy Hiypteatiye ol HtYREPdIRIBIAl ars

limtation Wi, IRSAEMbnndrilldAfe @Mﬁﬁﬁgam ReRiRtR seipRlopMidinbéidhé s i nvention
other than that they are to_capable under(?m ng an ion exchange with the

organi c ions. emey rpl(nelfaé,of thy illite group whlch can include hydromicas, phengite,
15  brammallite, glaucomite, celadonite and the like. Often, however, the preferred layered

minerals include those often referred to as 2:1 layered silicate minerals like muscovite,
vermiculite, saponite, hectorité and montmorillonite, wherein montmorillonite is often
preferred. The layered minerals described above may be synthetically produced.
However, most often they are naturally occurring and commercially available.

20 Organoclays of the type suitable for use in this invention are described in US Patents

Nos. 5,773,502 and 5,530,052 which are incorporated herein by reference.
The mineral component may be a silicate, such as mica, or regular clay or talc.

Other additives can be included in the compositions of the invention in
accordancé with conventional practice in the art. For example, stabilizers such as
25  sterically hindered phenols, organic phosphites, diazide oxalates, sterically hindered
amines or amine N- oxides may be incorporated. Other exemplary additives include
ZnS which functions to deactivate residual copper-based catalyst present in PPE, MgO

or ZnO which function as an acid quencher to quench acid generated by the



organocl ays are layered mnerals that have undergone cati 8 C?&%Ggggﬁ W th

_organo- cations and/or onium conpounds. |llustrative of sic
mnerals are the kaolinite group and the nontnorillonite group. It is also
Wi thin the scope of this invention to enploy mnerals of the illite group

whi ch can i ncl ude hydrom cas, phengite, 15 branmmallite, glaucomte,

cel adonite and the like. Oten, however, the preferred |ayered mnerals
include th referred to as 2: 1 layered silicate b i ke
muscovi te, Oﬁ?@?&rﬁsgﬂl ite, saponite, hectorite and nontnoril {;oﬁ ?3wher ein
nmont nor i |1 onidegtivaionfof esidudd cahiesr ad. carbbeblhckyoe bedr edlarat alisickifisdiodslhed above
may be syntheti cal l oduced. However, nost often they are naturally
occurring an&p&?ﬁ’?b%c‘{?’!ﬂrﬂvcawa?ﬁ"%l e. 20 Organocl ays of the type suitable
for use in this invention are described in US Patents Nos. 5,773,502 and
5; 530, 052 whi ch afke innentivpeillaioachelfartier destribed eftiereferaee toltte follawingal conponent
may be a sili caiije,..such S mca, or regular clay or talc. Oher additives
can be incl ud8fr Wﬁéa"@’i??posi tions of the invention in accordance wth
conventional practice in the art. For exanple, stabilizers such as 25
sterical |l y hiBxdmpled. phenol s, organi c phosphites, diazide oxal ates,
sterically hindered amines or amine N- oxides may be incorporated. O her

exenpl ary additi V?énfgl@%ﬂgggsnfgb%ﬂ%m&irpm {;.Q%egmmﬁas;ga\a@aa?m{desi dual

¢
copper - based catalys in PPE, MgO o nO whi ch function as an acid
quencher to qrithnetiousdoadingeeforaaneclayyThe materials ued irogach sapgdg arewD 01/ 36527

PCT/ USOORTLAS AEARHL YRHUY, Rhele 8y Bocsabaly 2ber fifbaERiRanyaskyor ot her

col orant whic uncti ons ment to co osi tron. °The
~.inventi on wi lah oxidativieeofipling hrocesd esidraivibgeh mirinfic viedoeitysaf €6 3t dNitehe f ol | owi ng,

were. prepllr adTad LAGLE *s7hst SR ety iRl B Ll Ehenicah o GRrRoBt 020 1 oy,
The mat eri al K-filsmehtighsefters aa#pindosg, ¢4 mnomdanete ¢lassfibdedsizedwithehere 0.33 |V
PPE refers t %m%xoaﬁa%ehc%gaﬁg Lgerg?gnd%ruergﬁa{ngglmb%mer obtained from Owens-Corning
Fiberglas; Mica Suzorite 200HK is a preparation of special delaminated pure
phlogopite mica having a median particle size of 45 microns obtained from Zemex
15 Industrial Minerals, Inc.; organoclay CLOISITE 15A is a sodium montmorillonite that
has been exchanged with dimethyl hydrogenated ditallow ammonium chloride obtained
from Southern Clay Products, Gonzalez, TX; and phosphite 168 stabilizer is tris-(2,4-
di-+-butylphenyl) phosphite which acts as a thermal stabilizer and antioxidant and
which is available from various sources including Argus Chemical, Witco, Great Lakes
20  Chemical and Ciba Geigy Corp. All amounts in the Table are set forth in units of

weight.

The samples were compounded in a Werner & Pfleiderer co-rotating
intermeshing twin-screw extruder. The extruder has a primary (upstream) melting and
mixing section for melting resins and mixing with each other, and mixing mica with the

25 _ polymer melt, and a secondary (downstream) mixing section for distributive mixing of
glass fibers. Thus, glass fibers are édded downstream. For the experiments described
in this example, the extruder was operated at a temperature of 550 °F, and a speed of

350 rpm, to result in polymer production at a rate of 40 Ib/hr. After compounding the



~an oxidative coupling process and having an intrinsic viscosity of 0.3 3 ;
Nirez to 2150/7240 is a terpene phenol resin available f r s Apkes $R96

Chem cal Co.; OCF R22Y K-filanment glass fibers are 4 mmlong, 14 mcron
di aneter glass fibers sized with an am no silane coupling agent and a
urethane filmfornmer obtained from Oanens-Corning Fiberglas; Mca Suzorite
200HK is a preparation of special delam nated pure phlogopite m ca having
a medi an pawd'o%% _?i ze of 45 mcrons obtained from Zenmex 15 Industri al
Mnerals, |NC. " %fganoclay CLOISITE 15A is a sodi um nont nBrT4SP%Hi4% t hat
has been exchﬁﬁ,g@giwwetiﬂedﬂﬁoﬁﬁfol’dyd udmach eyt Bdmag 1281 tbroiniestiproraldiPg chl ori de

obtained from Southern O ay Pr ct Conzal e X e 168
stabi | i zer i smeqhjng (melt RFmPB"iaé-‘/‘Fe-: B?Rd“?r Bﬁlgﬁ?"llp)erag ’%éﬁ%i‘i)(? aﬁg‘ gﬁélge(%:?‘?ngs a
thermal st abi i,gegtl;niand antioxi dant and which is available fromvarious -
sources incl Ugl ng Argus Chemical, Wtco, Geat Lakes 20 Chem cal and C ba
Geigy Corp. Al anmounts in the Table 8. g6t forth in units of weight. The
sanpl es were conpounded in a Werner & ﬁfei derer co-rotating intermeshing
twi n-screw extruder. The extruder has a primary (upstream—nelting and

M Xi ng sect i PrawatermE] t1 Ng [reeplnk |Saoplad fiSaepled t| F2ekch |oPREY, [ and ni xi ng
mca wth the 25 polyner nmglt, and a secandary ((downstream) m Xxi ng section
for distribuljyRavEsET Ng Of | OR&SS [Isbers.| sipus, |ghzss f[iBars are added
downstream For the experin scribedq in this exarple, the extruder
was oper at ed F—gnd a spgeed of | 850 rpm to.result
in polynmer p rate of| 40 | b/thr. Aftler congounding the 8 5

irez 215!
Odelfctl on at a

Cctober 2006 | A0-01/ 36627 PCT-US6G/ p7443-sgnpieggere Tmj;ectron nol ded
- using a Van DBPRFbenag 120 [ dn injlection ol dind ~machijne (melit

adhie

proguce—spectiens for
Eg%%le 3SSaane 4 Sanple 5

tenperature: |560 F,_nnld tehperat 190K —+6
testing. Tabll @CHRRKfilmprer i b3 Sanp] 871 Sanffe 2

0.33 IV PPE %@asdfibers53. 25 53} 25 53.P5 53. ZIS
Mica Suzorite 200 HK 5 5 5 | 5 .15
Organoclay Cloistite™ - 0.25. .5 .75 5 E
15A
Phosphite 168 Stabilizer | 0.3 03 - 0.3 03 03
MgO _ 03 03 03 . 0.3 03
énS 0.15 0.15 0.15 0.15 0.15
B CBlack 05 0.5 0.5 0.5 o5
Total | 100.5 100.5 100.5 100.5 100.5
5 The compositions made in Example 1 were tested for ﬂammability using a

flame retardance testing tool which provides a prediction of the likelihood that a
particular UL standard, such as UL-94 will be passed. The UL-94 protocol calls for
‘bar-shaped specimens of dimensions 5”(12.7 cm) x ¥2" (1.3 cm) width x the desired

normal thickness, UL-94 ratings being specified for a particular thickness. A flame

9



Ni rez2150/7042 9 9 9 9 9 RDP FR 12 12 12 12 12 OCF R22 K—fllam%&S
19.75 19.5 19.25 15 glass fibers Mca Suzorite 200 HK 5 508 r anocl ay
CloistiteTM0.25 .5 .75 5 15A Phosphite 168 Stabilizer 0.3 0.3 0.3 0.3 0.3
MO 0.3 0.3 0.3 0.30.3 2ZnS 0.15 0.15 0.15 0.15 0.15 CBlack 0.5 0.5 0.5
0.5 0.5 Total 100.5 100.5 100.5 100.5 100.5 5 The conpositions made in
Exanple | were tested for flammbility using a flame retardance testi ng
tool which ppeMicess a prediction of the likelihood that 3 LGyl ar
standard, such as UL-94 wil| be passed. The UL-94 prot ocolm%{f“g#

bar - shaped sedngamignesfcons efdgightoths (157 qm)s ?PPB%“’)?““SP?‘E"“‘?'!LS%‘ Tl wi dth X the
desired nor L € s @l I\0S eRELMNBe SREMET fr&fh Haof thepar ti cul ar

t hi ckness. ral'asl‘a""“@?g @c 6@ p%%béee WO 01/ 3652§/'£PCP/ US00/ 27143 havi ng an

i nner cone offlalwei Ghe fidhe i h¢ld inghat ppsition ferpldl seeands ndeep ieBP¥ MdH™so that a

di stance of 3/8" t ﬂg Qfe HB&NRRRCI Men from base
of the flamd'™eth eer"Iegasna‘e Fsg%ﬁ@e%%”%gt%%\ggpltn on f oersb seconds and then
renoved. A blu‘@dp,iehﬂembsmﬁngof the spegisnet heas$|wm1nr3@qmqné€dthfed1’dﬂtehfefeﬁppleﬁe i ssui ng
fromthe specinmen to 5 a [ f bur g.\P Diske@@ses within
30 seconds, tﬁéa“faldﬁ‘r‘r'é’"‘i‘lg gg‘gl ﬁ‘gﬂcnt?ngrorg{(\%aéﬁl talg]gga?&%gé{s%cgn The -
“criteria for Nble2. V- 1, and V-2 ratings are listed in Table 2. Table 2
Vertical Flanme O ass Requirenents -

Table 2

Vertical Flame Class Requirements

94V-0 94V-1 94V-2
.Individual burn #10 #30 #30
| time, seconds
Total burn time, #50 #250 #250
seconds _
(5 specimens x2) | #30 #60 #60
Glowing time,
seconds
(ndividual NO NO YES
specimen) Drip
particles that ignite
) cotton

For a V-0 rating, no individual burn times, from the first or second application
may exceed 10 seconds. The total of the burn times for any five specimens may not
10 exceed 50 seconds. Drip particles that ignite a piece of cotton gauze situated below

the specimen are not allowed.

For a V-1 rating, no individual burn times, from the first or second application

may exceed 30 seconds. The total of the burn times for any five specimens may not

10



94V-0 94V-1 94V-2 Individual burn #10 #30 #30 tine, secgonds Total bum
time, #50 #250 #250 seconds (5 specinens x 2) #30 #60 #66 Oc@%zﬁafiti ne,
seconds (Individual NO NO YES specinmen) Drip particles that ignite
cotton For a V-0 rating, no individual burn times, fromthe first or second
application nmay exceed 10 seconds. The total of the burn tinmes for any
five sp;aci mens may not 10 exceed 50 seconds. Drip particles that ignite a
pi ece of cq uze situated bel ow the specinen are not | owed. For a
V-1 rati ng,&hgp’?%%i vidual burn times, fromthe first or 35‘5@#8"”3515? i cation
may exceed 3@x&ed dstisecoridse Diriptparticled thithignite aipiece ofvegor ganzanyuafed bedowpeci nens
may not 10 5 Cctober 2006 I WO, 01/ 36527 PCT/ USO0/ 27143 exceed 250 seconds.
Drip particl &% PRAPER B§i"PLAI9VET ece of cotton gauze situated below the
speci nen are not. allowed. For a V-2 rating, no individual burn tines, from
the first or secoRor aNg ramg,rindividual lexe eses, 80m skedion de secpind application of t he

burn tinmes for any fiye speci ot .5 exc Drip
particles t hd’fayie@‘%’?ﬁi gxéecﬁﬁtgst:eh%\[})?%g %Euraélﬂfseéélg'fygfgg g”%cﬁlﬁ%gv%q? e speci nen
are al |l owsd. efcesdl 250 sdcbafs] Daipphiyisiesthafigditea pita¢ of @hivreganed sitwagadbelow | ane t est

can be applied to. deterpgine the probability of at | east one possible
out cone of t HBe Pedmen F"8§g‘1'i’%?de

A statistical analysis of the data obtained from a flame test can be applied to |
determine the probability of at least one possible outcorﬁe of the test. Possible
outcomes include a first submittal pass, including first time pass and retest, and a

10  second submittal pass, including first time pass and retest, and failure. The probability
of at least one outcome, preferably a first time pass .on a first submission, provides a
‘measure of the flame retardance of the polymer composition, while minimizing the

variability inherent in flame testing, particularly the UL-94 test.

The raw data may be transformed prior to use in the statistical calculations by
15  conversion to equivalent Iogarithnﬁc values. (“Logarithm” and “logarithmic” refer to
base 10 logarithms.) Times less than one second may be rounded up to one second in
order to avoid negative logarithmic values. The logarithm of the burn time may then
" be calculated and used in subsequent steps. Use of transformed data is preferred asa
more normal distribution of values associated with burn time is thereby provided. Raw

20  data do not show a normal (bell-shaped) distribution curve because there canbe no

.\_/,.'

values less than zero, and data points are typically clustered in the space below the
maximum individual burn time. The transformed data, however, more closely fit a

normal distribution curve.

The probability of a first time pass may be determined according to the

25  formula:

Pﬁntlimepass = (Pll>mbL n=0 X P12>mbt. a=0 X Ploul' =mitt X l:‘drip. n'=0)

11



outcones include a first submttal pass, including first tipe pass and
retest, and a 10 second submittal pass, including first t?r%’t?f%f‘égo%d
retest, and failure. The probability of at |east one outcone, preferably a
first tinme pass on a first subm ssion, provides a nmeasure of the flane
retardance of the polymer conposition, while mnimzing the variability
inherent in flame testing, particularly the UL-94 test. The raw data may be
transfor nedwareieés2i 0 use in the statistical cal cul ati ons pygrushegnver si on

to equivalent logarithm c val ues. g Logari thnt and "logarithmc” refer to
base 10 | ogarwherRs-gu Fp Hake prakabilipy s np HESt BUR GG eSS BOPHINBEE™ BSt 0 one

second in - orger, b9 2YQiAn0BLRIiNPkOBALIRABLR Mitledases dExhagaih L hm of the
burn tinme may then e cal cul ated and used in subsequent steps. Use of

transformed dmeavalus. Bueferis the peabability thet ihe sup pethe Byra impoisdess thaper val ues
associated w | I . rovi gded. - not show a
eéplal P&JX E\a%xl}r{g?lrt?%l IBLDr? [uﬁp}/ah}%, zﬂ? ﬁdf.,,. -1 I%meaﬁﬁmhﬂqm

normal (bell-shaped ution curve because there can be no val ues

| ess t han 5zerspeciraenckxtibitadippingtderiag e flamei test! Figst @ndisseend ddrn Hme Feer opace bel ow
t he maxi mum, ndividual burn . tine,. The.. d however, nore
closely fit a“"HEpsared srtS{?'ﬁﬁfﬁOB%ap E‘g’\t/'é& gq}ﬁéeﬁ){)ﬁgeé%?{'ﬁl{/ of a first tine
pass may be determ ned according to the .25 fornula: Pruat time pass =
(Pt1>nbt. n-o X Pillhbprobepilitpthet my frstum timperexceedpy Fraymup byyn time galuest ober 2006

WO 01/36527 RCTLUSOR) 24143 iR GoRlhe i £ 0 19 the probapility that no

first burn tingE gXteets a naxi mumburn tine value, Ptanbt, no is the
probability that no second burn tinme exceeds a, maxi rum burn tine val ue,
_Ptaul. tbt is the probability thdbeashe =dnPwfdthe burn times is Iess than

¢ or equal to a maximumtotal burn tinme value, and Pd,;p. is the probability

“that no 516 pesherEm,.Sxisitk dréa Whdédpd 10g nehgl digritidtien tdreenfer tlestbt. Fi r st and
second burn tine refer to burn tinmes after a first and second application

of the flane, respectively. IThe .probabili first burn tine exceeds
a maxi num buraﬁdf"‘l%%@%/ea"rxﬂ&e"t P{]Ir?lgtf’sotf), eﬁ‘b’%tbxrr?te{gg%é&t St ernined fromthe

formul a:
The probability that a single second burn time exceeds a maximum burn time

value may be determined from the formula:
Pl?)mbt. n=0 = (l "Plpmbi)s

15  where Poonm is the area under the normal distribution curve for t2>mbt. As above, the
mean and standard deviation of the burn time data set are used to calculate the normal
distribution curve. For the UL-94 V-0 rating, the maximum burn time is 10 seconds.

For a V-1 or V-2 rating, the maximum burn time is 30 seconds.

The probability Pusip, a0 that no specimen exhibits dripping during the flame test

20 is an attribute function, estimated by:
(1 - Pasp)’
where Pgsp= the number of bars that drip / the number of bars tested.

The probability Pyiceans that the sum of the burn times is less than or equal to

a maximum total burn time value may be determined from a normal distribution curve

12



Pux,bL "=u = (1 -P11 ,,,wWs %10 where Ptt,,nbt is the area under the | og
norrmal distribution curve for t 1>nbt. and where the expéﬁ%ﬁﬁ? org00fe| at es
to the nunber of bars tested. The probability that a single second burn
time exceeds a maxi mum burn tine value may be determined fromthe formula:
Ptv,,,K'=0O = (I -P1Tin,,4)3 15 where PQbt is the area under the nornal

di stribution curve for t2>nbt. As above, the nean and standard devi ation
of the bumwongsedat a set are used to cal cul ate the nor nmal petisslfigBut | on
curve. For the UL-94 V-0 rating, the maxi mnumburn tine is 10 seconds. For
a V-1 or V- 2 of simulated S-bes torabbimuiimeb uThe distititips m3Y begroerpigsl fromreMentobabi | ity
Pdrip,,, - st . 20
i s an at trl b rlo?%u?a%ﬁ Fﬁi@g?%&pbﬂivgﬁgg[1§n25pfh%lglsg{3l; d@qgr t Wﬁgtuln%ﬁgld%g t he
nunber of bardstetria¢d ahove Tectuhqyemimbmntecﬂarbamlattestaedvellmwmnolmadm lity Pb,
<-~,tbt that the su J"hﬁt e b ess 1 a maxi mum

t ot aI burn tl"h% S?“B””‘a fb%@éhb%mgﬁes %ayngrg&aeratg ?mr%t%utl on curve
12 5 Cctobyer :&Qﬁ)ﬁnd stindadd/ daGiatbn dPERE/siofiBEyd2I00d setof Tlerefond, I2i@6--a-t@yibet ot al  burn

times. The distribufion nma enerate m.a Mont mul ati on of
1000 set o of ieTHRBLEam (B e i StherBrTl st B i g Beral P
dﬁterm ned amemm-ﬁaﬁﬁm -batesalibQrn tWTbx&]?ﬁaK4=ﬁlaSIhﬂHitaﬁalleﬁn&m P ltle knowB in
the art. istribution curye far snay e
gener at ed usqﬁgg‘f K0 ting 4he maxynum Lo E‘f’ﬂ“ﬁ‘é\ﬁ ?)?‘JOfﬁ;\"rs]Pﬁm at ed 1000
sets. Theref Qlitfhg, ihd hakiniom tofiBburPEme B eb®Edtbitd fromthe area under a |og
normal distribution curve of a set of 1000 Monte Carlo sinmulated 5-bar
total burn t UL- 94 V-0

e, e e il EER TR AR R et oaplelnd B

Pretest = (Pt1smbe, o=t X Pizombt, n=0 X Protat- zoube X Pusip, a=0) +

(Puismt, n=0 X Pia>mby, et X Protate=mubt X Purip, 0=0) +
(Pussmbr, 20 X Pombt, a0 X Prutbi<toratemmrbe X Pdrip, a0) +
(Petombt, a=0 X Pi2ombr, 120 X Protatcmmint X Prip, 1)

15  where Piomir, o1 is the probability that a single first burn time exceeds a maximum burn.
time value, Pizmu, o1 is the probability that a single second bum time exceeds a
maximum burn time value, Pusicoui<=anp iS the probability. that the sum of individual

- burn times is greater than the maximum total burn time value and is less than or equal
to the maximum retest total burn time value, Pudp, n=1 is the probability that a single

20  specimen exhibits dripping during the flame test and. Pyj.mbe, n=0, Pasmbt., n=0. Pioutc=mum, and

Parip, =0, are-as defined above.

The probability that a single first burn time exceeds a maximum burn time value

may be determined from the formula:
Puismbt, o=t =5 X Piasmie X (1 -Puyomer)*

25  where Pyt 1S defined as above.
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rating, the maximumtotal burn time is 250 seconds. 10 Th bahility of a
retést is deternmined according to the follow ng formla: épcogiog’ﬂggéé
(Ptl>nbt, u.1 X PtYnbt, n =O X Ptuul, =nmtbt x Pdrip, n-0) + (Ptl>tnbt, n O
X Pt2>nbt, trl x Ptaal <=nmtbt X Pdrip, n=0) + (Pu>nbt. mO X Ptvnbt, n-0 X
Pnt bt gosWnrtbt X Pdrip, no) + (P11..1 . n O X Ptvnbt, n=0 X Ptasl <gntbt X
Pdrip, w1) 15 where Pcunbt. n., is the probability that a single first
burn tine ewoesstsz7za naxi mum bum tinme value, Ptz-,nbt. mpcrusdrhle

probability that a single second burn tjne exceeds a pmaxi numburn tine
val ue, Pnt bt oul <=Th¢ propabilitythatsinglespeopd pyrp jime gxgeedsganasirpym purg tge vi dual

burn tines i,0E R} 68 déthiafheli RBmTRX oM total burn tinme value and is |ess
than or equal to the maxinumretest total bumtine value, Pd;p,m, is the

probabi | i ty that a single 20 specinmen exhibits drjpping during the flame
test and. Pt1 >nbt. n=o, Pt Sk sh=p* Prpmw X (] i‘z'“b) and Pdrip, n-0, are as
defi ned above. The probability that a single first burn tinme exceeds a

maxi mum bur n viherseP V.3l is defingdigbobe det er m ned from the formula: Ptl>nbt, n -|
=5 X PL,>nbt X (1 - PtI>rrbt)d 25 vvherePI ,,,b, is defined as above. 13 5

o o3, | w0 Gk RRRRf Sl QAR AP GRAN el bl B 51 N9

second bu S a maxi me termned from
t he formul a: anRnu,m tolod! ,bur]n-tlinezvﬁué(arﬁtwlpssldtan)ér (equanlaahe mﬂam)wim reisetorl Pam i s

defi ned abov 5The r ob b||| ndi vi d times is
gr eat er than fpeim € fgftﬁm}['ﬁd:tlﬁopl "0"" uéS?ré{)Hl "lcéj eeés%mfuﬁgéﬁgor equal to

t he maxi num- rbei«aaﬂl txtnei,ai deséribedatioverfor 9(§J|<Hﬁn. rﬂa)& e md.etseqmlned\e freom t he nor nal
__dlstrlbutlonc of Si ted 5- Z+ ti mes e g"éd above for
" Ptota,",,,t pthdgs 4)?“{"6{9; '%“"?l'h%‘fe q?g s E Oot%g‘?%gargrségua {lg r a log
‘normal digtr .Itblultﬂuﬁﬂtuﬁblfdt&laﬂﬁ]uﬁl tSteltbuafmﬂd)QQn%ﬁttl& rfigainiuen sétesuloat teeh 5- bar

time value. For the UL-94 V-0 raiing, the maximum total burn time is 50 seconds, and

the maximum retest total burn time value is 55 seconds. Fora V-1 or V-2 rating, the

maximum total burn time is 250 seconds, and the maximum retest total bum time value
is 255.

15 The probability that a single specimen exhibits dripping during the flame test

may be estimated from the following attribute function:
Parip.o=1 =5 X Pgrip x (1 - Pasip)*
where Py, is defined as for a first time pass, above.

By definition, the sum of the probabilities of possible outcomes of a first

20 submittal is one:
Z(Probabilities) = P gt time pass T P retest + P tsiture, no retest = 1.
Therefore, the probability of a failure is given by:
P guiture, no retess = 1 = P first time pass = P reten
The probability of a first submittal pass is given by:

14



10 total bumtinme for maxinumtotal burn tinme < total <= Irri'gfﬁt |EH§1 ret est
total bum tinme value. For the UL-94 V-0 rating, the nmaxi v ér) ur
‘time is 50 seconds, and the maximumretest total burn time value is 55
seconds. For a V-1 or V-2 rating, the maxinumtotal bumtinme is 250
seconds, and the maxi numretest total burn tinme value is 255. 15 The
probability that a single specinen exhibits dripping during the flane test
may be esti omthe following attribute function: RgthReR7hs= 5 X
Pdnp X (1 a@z?%%sgf where Pd,;p is defined as for a first ti rr(v)soﬁaégs, above.
By definition, the suel=theuprobBhid) Rdasf possible outcones of a first
20 submttal is one: E(Probabilities) = P frnu tinme pass + Pretest + P
failure, nore r ef ability of a failure is given
by: Pbil., noﬁerree%f&‘f""“”a}pg”lﬂ‘ %?gs%erﬁ{;%%r?gsgegt - Pretest The probability
of a first submttal pass is given bg/ 14 5 Cct ober, 2006 V\D 01/ 36527

PCT/ US00/ 27143 P ITheprababibty of aseconssydmittplnass is detgrmigedaccording @i est x P rust
time pass where Pruel time pan and P rc,e,t are as defined above. The
probabi | ity of, a,Secondp slbMLIAP.AASS # BdePerakagd according to: P2nd
submttal pai' =P allure no nest X (Prusl tinme pas, + Prcte,t X Pant
time pan) 5 where Pr, % , Prde, ﬁneﬂag)ove il., norete,t as defined
above. Final V! erfﬁ@“ﬂf!ﬂb U‘P‘I‘ﬁ"ij;"&‘f‘ “‘H"“b%fss? ter a first and second
submttal, or the overall probability of a pass is: Po.erall pass =

I'st, ubmitul pass -FiRiBpdhsprbbeblityadf ampasy aldesiafigstiand secppdsulemitiab o biaeyerad) the
conmposi tions of %’g‘&%"f“l Jere. evaluated, and 10 the results are sumari zed
~in Table 3. ARroR npositions containing mneral filler and

.--Qr ganocl ay |n an amount of fromO0.5 to 0.75 % by wei ght had very good

Poverall pass = P 15t submittat pass + P20d submittal pass
'Using this procedure, each of the compositions of Table 1 were evaluated, and
10 the results are summarized in Table 3. As shown, compositions containing mineral
| filler and organoclay in an amount of from 0.5 to 0.75 % by weight had very good
flame retardance properties and high likelihood of passing the UL-94 tests.
Compositions with lower levels of organoclay worked less well, while compositions

with 5 % by weight exhibited a deterioration in performance.

15 Example 2

The experiments of Examples | were repeated using samples with and without
mineral filler in accordance with the compositions set forth in Table 4 and tested for
flame retardance characteristics. In these compositions, the importance of mineral

 filler with various levels of the organoclay component was tested. As shown, the

20  presence of both the organoclay and the mineral filler result in the best flame-

retardance properties.
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flame retardance properties and high |ikelihood of passin he UL-94 tests.
Conmpositions with | ower |evels of organoclay worked | ess \%e(ﬁqtc,)b%%OBg
‘conpositions with 5 %by weight exhibited a deterioration in perfornance.
15 Exanpl e 2 The experinents of Exanples 1 were repeated using sanples with
and without mneral filler in accordance with the conpositions set forth
in Table 4 and tested for flanme retardance characteristics. In these
conpositionsg, the inportance of mneral filler with variogus |evels of the
or ganocl ay g&%’c’jﬁg’nt was tested. As shown, the 20 pr esenceC UG t he
organoclay and the mneral filler resulpleisn the best flane- retardance
properties. 15 5 Cctober 2006 WD 01/36527 PCT/ US00/ 27143 Tabl e 3 Test
Sanmpl e | Sanple 2 Sanple 3 Sanple-4-sarpters—i ae- Qut Ti ne,

t TIaot-al -l a1
34 36 28 36 $BF 1° Flame Appl | SRS o SHBERY | PP I nspae ) [SA053u] Time, 84 81
51 59 -- 2"d|{Flame Applicatidn (sec) tl + 2 (sec) 118 117 79 95 Average
Fl ame- Qut ti fre -Jot@ Foauf-ORt Ume, (|S€c) Sf #ndar d|Bevi ati3én (FI|BfeL- 3(2.2 1.4 1.5
Qut tine, sef)fneR3Rickiot sy qf Passiing UL9% 0.80 0.85 0.198 0.98 0 VO
rating on t submttal of 5 fllane bafjs Notps: 1.{ Sanpl e 5 burped

conpl etely V“Fﬁﬁﬁlﬁﬁﬂeﬁdﬁi&‘@° PP g e [ r ST tE ThUS - a

2™ Flame Application (sec)

tl + 2 (sec) 118 117 79 95 —
. Average Flame-Out time 3 29 2 24 —
/ (sec)

Standard Deviation (Flame- |3 22 1.4 1.5 —

Out time, sec)

Probability of Passing UL94 | 0,80 0.85 0.98 0.93 0
VO rating on 1* submittal of
5 flame bars

Notes:

1. Sample 5 burned completely when the flame was applied the first time. Thus a
second flame application was not possible. A consequence of this was that t1-total

5  flame out time, first application (sec.) was 880 second, and t2 could not be calculated.
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second flane application was not possible. A consequence of this wgg t hat
ti-total 5 flame out tine, first application (sec.) was 8§(Pcé‘ét??(5|?8, and t2
could not be calculated. 16 5 Cctober 2006 WO 01/36527 PCT/ US00/ 27143 h
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ya p( ryry _ ~1t C mQ HGCyL 17 SUBSTITUTE SHEET (RULE 26) .5

_Cct ober 2006 WO 01/36527 PCT/US00/ 27143 wO u u s | Qclolgr 4806 o F
Co o ,6 1z 1s SUBSTITUTE SHEET (RULE 26) 5 COctober 2006 CLAIMS 1. A
conposition conprising : (a) a polyner conponent conprising at |east 50% of
pol yphenyl ene ether; (b) glass reinforcing fibers in an anount sufficient
to i ncrease the nodul us

WO 01/36527 PCTUS00/27143

Note to Table 4: The total loading of glass fiber and mica was kept constant at 20 weight percent which enabled studying the effect of

replacing glass fibers by mica.
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and strength of the conposition; (c) a fire retardant conpgonent, wherein
the*fire retardant conmponent is an organophosphate; (d) aRcP§aAeRE a
‘conponent in an anount effective to enhance the flane- retardant
characteristics of the conposition; and (e) a mneral conponent, wherein
the m neral conponent is mca. 2. The conposition of claim1l, wherein the
organocl ay conponent is a silicate. 3. The conposition according to claim
2, wherein the organoclay conponent is present in an amount fromO0. 25 to
0. 75 % by weight of the conposition. 4. The conposition according to claim
1, wherein the organoclay conponent is present in an anount fromO0.25 to
0. 75 % by weight of the conposition. 5. The conposition of claim1,
wherein the conposition conprises 5 to 50% by weight of glass fibers and 5
to 30% by weh £ﬁ¥ﬂg t he organophosphorus fire retardant. 6. The
conposition o aim 1, wherein the organophosphorus fire retardant . _
resorci nal di phosphate. 7. An injection-nolded article forned fron]a glass
f|ber-relnfqrced‘@@by@bgﬂyﬁ edifprighger conposition wherein the gl ass

fi ber-reinforced oI yphe ene et her 0S| t| on : a pol ymer
conponent conpri aalpchg'é‘gt cofRanght "a‘mb‘gF Ei(gypét’ﬂlgp?e'%gg”@ ‘_’éfft'ober
2006 (b) gI ass r(b) nf oglassirginfarbiag Sibers 1aranarrmuntsrrt‘ﬁé1émtaomnredsetliermodlﬂasa t he
nodul us %ats‘&gﬁ#h%v\ﬂ{e ctogﬁ) E)Qoxphenyl ene et her conposition; (c) a fire

retardant conpone Ne'fire retardant conponent is an
or ganophosphat e: ©}) anfitsrrgtardsst egmpenepb wherein theaffre aetatdant @mmnt\ﬂean 0
enhance the dif hodphh@f dant characteristics of the corrp05| tion; and (e) a

',_m ner al Corrponen Wherel n thf,\ m ner al conponent f?
O an organoclay component 1in ah amount € ectlve to enhance the flame-

retardant characteristics of the composition; and
(e) a mineral component, wherein the mineral component is mica.

2. The composition of claim 1, wherein the organoclay component is a silicate.

3. The composition according to claim 2, wherein the organoclay component is

present in an amount from 0. 25 to 0. 75 % by weight of the composition.

4. The composition according to claim 1, wherein the organoclay component is
present in an amount from 0.25 to 0. 75 % by weight of the composition.

5. The composition of claim 1, wherein the composition comprises 5 to 50% by
weight of glass fibers and S to 30% by weight of the organophosphorus fire retardant.

6. The composition of claim 1, wherein the orgé.nophosphorus fire retardant is
resorcinol diphosphate.

7. An injection-molded article formed from a glass fiber-reinforced polyphenylene
_ ether composition, wherein the glass fiber-reinforced polyphenylene ether
composition comprises: _ |
() a polymer component comprising at least 50% of a polyphenylene
ether;
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8. The article of claim?7, wherein the organoclay conponent | icate.
9. The article of claim7, wherein the organocl ay corrponeﬁtocit%b%ﬂg%nt in
‘an anmount fromO0. 25 to 0. 75 % by weight of the conposition. 10. The
article of claim7, wherein the conposition conprises 5 to 50% by wei ght
of glass fibers and 5 to 30% by wei ght of the organophosphorus fire
retardant. 11. A nethod for making a gl ass fiber-reinforced pol yphenyl ene
et rr:rgr conpoi iti qb) m@&elﬁfdﬂgng fibers ire@sarnunt puffipizhi 10gndedst ¥elthi@dudys

conbi ning t edi,ent ol ynmer conponent conprising at
| east 50% ot %5II ﬁ\'\%ﬁ%ﬁﬁ)&:ﬁgnyg%e ?ﬁherécgg"pﬁ?lﬁg%’ reinforcing fibers in an
amount sufficienf)to aficrretsdant bempaneot, Whsreanttie §ite etagddnt odmpdrent is an

pol yphenyl e&gmg;épmggp Haposition; (c) a fire retardant conponent, wherein
the fire ret cofrponent conprises an organophosphate fire retardant;
(d) an organocl agd)congbwsmOdaycammn@umalemn@mtueﬁgcttvm@ﬁrﬁwn@fet he flaane-

flanme-ret arfi@daaarﬁeﬁiraaéﬁgdc%m&ceﬁapbaﬁo&cmos' tion; and (e) a nineral
conmponent, vvhereé?? the m neral nponent é‘FE‘?mca and 20.5 Cctober 2006
X

conpoundi ng t he t uf B2 mOE}PéPn?rHeWhWS‘P wyinesalicamgoBent i MisAm
conposi tion. 12. The nethod of cI aim 11, wherein the organocl ay conponent

| S present §n anmAfpUabts, efxﬂthrg%ﬁogI/ Norlfeh @ Oifce, composi t i on.

13. The conposition o alm erein t conponent further
conprises a terpene phenol reS| n. 14. The corrposi tion of claimb5, wherein
t he organoc9.ay chnpotidadf clainp?eskatinitine agano&mywnmpbn@misq)ré’sintinaﬂ 75% by

wei ght of the o&R'ﬁB&?btiﬂBO %%b&%ngh‘?éﬁ% rﬁn’DUﬂt 5% by wei ght of

the conposition an pol ymer nent r conprises a terpene
phenol resin.

10.  The article of claim 7, wherein the composition comprises 5 to 50% by weight
of glass fibers and 5 to 30% by weight of the organophosphorus fire retardant.

11. A method for making a glass fiber-reinforced polyphenylene ether composition,
comprising the steps of:

preparing a mixture by combining the following ingredients:

(@ a polymer component comprising at least 50% of a
polyphenylene ether;
(b) glass reinforcing fibers in an amount sufficient to increase the

modulus and strength of the polyphenylene ether composition;

(c) a fire retardant component, wherein the fire retardant
component comprises an organophosphate fire retardant;

(d) an organoclay component in an amount effective to enhance
the flame-retardant characteristics of the composition; and

(e)  amineral component, wherein the mineral component is mica;
and
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15. -The article of claim7, wherein the pol yner conponent further conprises
a terpene phenol resin. 16. The article of claim1l0, wheP &4PheRg006
"organocl ay conponent is present in an anount from0.25 to 0.75% by wei ght
of the conposition, mca is present in an anmount of 5% by weight of the
conposition and the polynmer conponent further conprises a terpene phenol
resin. 17. The nethod of claim 11, wherein the polyner conponent further
conpri ses aconiiupding thdwebebreteblend theSngrédientsiith @ dniddmetanpositidn. Wher ei n the
conposition conprises 5 to 50% by weight of the conposition of glass
fibers, 5 to 30% by weight of the conposition of the organophosphorous
fire retardddt, Th¢ mgthadiofjblainnf 1 twiterein thiEpomdrioolay ebmpowant smesehtan apol yer

component f YiddiGt (GRS é%vg%sgg‘%%gnemggn{%:é&ien. 19. The conposition of

claim6, wherein the organoclay nen resent in an amount from
0.25 to 0.75% by weight of the conmposition. 20.. The conposition of claim

19, wherei n13he TROBGHpIsitRIM TRMENI 1S Yherid Be POIIRY comBbistht fikthe! ass fibers

and 5 to 30% by .wei qht of .the or.ganophosphorous fire retardant. 21
comgrlses aterpene phenol resin.

14.  The composition of claim 5, wherein the organoclay component is present in an
amount from 0.25 to 0.75% by weight of the composition, mica is present in an
amount 5% by weight of the composition and the polymer component further

comprises a terpene phenol resin.

15. The article of claim 7, wherein the polymer component further comprises a

terpene phenol resin.

- 16. The article of claim 10, wherein the organoclay component is present in an
amount from 0.25 to 0.75% by weight of the composition, mica is present in an
amount of 5% by weight of the composition and the polymer component further

comprises a terpene phenol resin.

17. The method of claim 11, wherein the polymer component further comprises a

terpene phenol resin.

18. The method of claim 12, wherein the composition comprises 5 to 50% by
weight of the composition of glass fibers, 5 to 30% by weight of the composition of the
organophosphorous fire retardant, 5% by weight of the composition of mica and the

polymer component further comprises a terpene phenol resin.

19. The composition of claim 6, wherein the brganoclay component is present in

an amount from 0.25 to 0.75% by weight of the composition.

20.  The composition of claim 19, wherein the composition comprises 5 to 50% by
weight of glass fibers and 5 to 30% by weight of the organophosphorous fire retardant.
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