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< (54) Title: FLAME-RETARDED POLYPHENYLENE ETHER COMFPOSITION AND METHOD OF MAKING SAME

7

€ (57) Abstract: Polyphenylene ether (PPE) compositions with good fire and flame-retardant characteristics utilize lower levels of

orgarcphosphate fire-retardant, and therefore do not suffer from the drawbacks of previously known fire- and flame-retar ctant PPE

compositions. The compositions include (a) a polymer component containing at least 50 % of a polyphenylene ether; (b) glass ein-

. forcing fibers in an amount sufficient to increase the modulus and strength of the polymer component; (c) a fire retardant cooamponent
which is preferably an organophosphate fire retardant; (d) an organoclay component in an amount effective to enhance the £lame-re-
tardant characteristics of the composition; and (e) 2 mineral component. Other conventional additives utilized in formulation of PPE
may be included. The composition is made by mixing the ingredients and compounding into a composition which is suitable for
injection molding. This composition can be used in the manufachure of injection molded articles such as electronic corryponents,
including television internals such as deflection yokes; printer chassis and plastic pallets.
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including television internals such as deflection yokes; printer chassis
and plastic pallets. 15 May 2004 WO 01/ 36527 PCT/ US00/ 27143 FLAME- RETARDED
POLYPHENYLENE ETHER COMPOSI TI ON AND METHOD OF MAKI NG SAME BACKCGROUND OF THE
| N\VENTI ON This application relates to a flame-retarded pol yptefgy €9 et her
(PPE) conpositions and to a nethod of nmaking sane. PPE is a thernoplastic
material with high glass transition tenperature, high dinensional

stability, |l ow specific gravity, hydrolytic stability an nmechani cal 5
perfornanceyw*WF@néonbination of properties allows PPE bﬁgg@&ﬁﬁpﬂélations
to be injected pphileElRETARDE! i ETHBR @DMROSITIQN ANpat

applications, for exanple in the autonotive, electrical, and construction
i ndustries. For sone applicati j d nodul us and strength
are required, PPE may be reinf@&@ggﬁgﬁﬁﬁugpggéﬁgﬁgers- However, these
reinforced PPE fornul ati ons have undesirable flamuability to
characteristics. At high tenperature or when exposed to flane, glass-filled
PPE tends toBAGKGR@ 'EEZEWNEW extingui shing. Because of this,
fire-retarded grades of glass-filled PPE (especially those rated UL94 VO
tend to be formil atigd apilicion selddr QL NanfdiRtunded pbphenylendietifr TOREO by wei ght for
a rating of UL94 VO at 1/16th inch thickness) of fire-retardant additives
such as phospKePersitiophand Az msthed gEMNE58Me onpounds. This i ncreases the cost
of the product, and also makes it nore difficult to formulate gl ass
fiber-reinforced PREE isa thembpidiohatefidl With Gighglagy etasitiotempelands high because t he
addi tion of | agrge anpunt. f phogphor.us- cont ai ni Qr.gani c _co unds i ke
resorci nol di gﬁ%@ﬁ?&?@%ﬁ%ﬁ?‘f’gﬁeﬁéggﬁaﬂg’ gﬁsfailb@ﬁ" a&ﬂg" #wﬁw@gm |y
reduces the bedirmeelel Qbisicombiitionef migenies aliovisPPEfasehfbradulivns dbel 5 My 2004

SUMVARY OF THE.I NVENTI ON The present inv ovi.des PPE conpositions
with good fir&sstd mq! 13‘°P@F§%‘éi’ﬂa' Eﬁ i

tion pr [
R P SR ARPLERS L TS | ovier
| evel s of or ggRepReasBbaleRekitd &nd construction industries. For some applications, where

increased modulus and strength 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, giass-filied PPE tends
to burn continuously without extinguishing. Because of this, fire-retarded grades of
glass-filled PPE (especially those rated UL94 VO0) tend to be formulated using 2 large
amount (for example >15% by weight for a rating of UL.94 VO 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 10 meet UL94 VO fire-retardant standards,
because the addition of large amounts of phosphorus-containing organic compounds
like resorcinol diphosphate plasticizes the composition and significantly reduces the

heat deflection temperature of the formulation.



retardant and which therefore do not suffer fromthe drawbacks of
previously known fire-and flame-retardant PPE conpositions. In an aspect
of the present invention, there is provided a conposition caonprising: (a)
a pol yner conponent conprising at |east 50% of a pol yphenyl drdidt &4 (b)
glass reinforcing fibers in an anount sufficient to increase the nodul us
and strength of the polyner conponent, (c) a fire retardant conponent,
wherei n the fiYEMMARYAIMTHESINWENTBIQMnophosphate; (d) an organocl ay
conponent in an anmount effective to enhance the fl aneretardant
characteristics t he conposition;. . .a e) a Inneral conpponen wherein
the mi neral corrpgﬁ'?rﬂreﬁegt lﬁ?i@on@.ﬂ?f@flesﬁo‘é}mqs 3P ¥4 OPH%é%mE{filW‘i'ed in
formul ati on ofrefpiankelardpgeristics, wchach utitiviedowerdeyrdsoft drganophospbateded i n t he
_rran:Jf gpt ur te lofret_ama@shﬁdawmeﬁlt&%rl o dd ﬁt@%ff&%inﬂ tﬁ%dr@dvﬁ‘é&ﬁ aﬂb&yﬁtaﬂponﬁnt s,
including te | [ rnal s, suc ef|l ecti on yokes; printer chassis
and plastic pgﬁﬁgiﬁhﬁ#ﬁ eﬂ@?“%@g%@ﬁ?%mp?W@ﬁﬁrespnt I nvention, there is
provi ded an i nj ediian@spagbeicthe peesent aneeniion,ieate ismavidedh gempésithen - r ei nf or ced
pol yphenyl ene @idpgisinggonposition, wherein the glass fiber-reinforced

pol yphenyl ene et | 1] l.ses: r n .
conprising at | e%? @%@g% %’%’@T‘e‘{gﬁgﬁl ﬂ%ﬁé ate]%ﬁs)etrs ?"/J’%@'pﬁngp&%ﬁ{ﬁf@% %ﬁ%rr ci ng
fibers in an anodBl s reieforsing fibers mranamennt pefficiat fouscreasedhemedilys h of t he
pol yphenyl ene antilsgengthopthsipolyouer composnert r e ret ardant conponent, wherein

the fire retardant) GoffRQERhn Suifbna! IRAORNRS BIALErkH) i OF ganoc ay

conponent in an nt.effective'to enhance the flanme- retardant

characteri sti c‘gg‘m"pﬁwhﬁtﬁnposi tion; and (e) a mineral conponent, wherein

the mneral conpddkat oniganasiayaompengrdtin amembent effeptiwet to @hhdrce ther esent

i nvention, theA@ndrétafialivdndRRteishiB JTeRk MiposioBPai@t i on of a

gl ass-rei nforced (P E co sition. | accg{?]dance W t h th% S .metdh?d, t he

conposition is pr _&r‘%%f’%%’(ﬁ’%a‘f fr, g HpgrALCqypponent 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-reinforced 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



(a) a polynmer conponent conprising at |east 50% of a pol yphenyl ene et her;
(b) glass reinforcing fibers in an anmount sufficient to increase the

nodul us and strength of the pol yphenyl ene ether matri x; (c)1 gwfi

retardant conponent, wherein the fire retardant conponent 2 P %@9%04
conprises an organophosphate fire retardant; (d) an organoclay conponent in
an amount effective to enhance the flaneretardant characteristics of the
conposi tion; awdipfsys an ergaeophbsphatefonestirdandier ei n the m neral conponent is

mca, as well as gppt @&?Agl@t&ﬁ{mﬁaﬁnﬂa@muﬁt%&w@%@%wture to

provide a ho enou eria ing is suitably
carried out ;ﬁnes‘f?: C@%‘F?Qﬁo‘g ﬁe%ﬂm@slt@?p%‘?‘ ture of 520 to 620 ,
preferably f _rom 34p atmmsﬁmc@ﬁpomtmueﬁlm DeSqiRbRT dthp enfisitAEWEIG The
PPE conposi ti Qﬁﬁloﬁil die cBﬁa%ﬁ‘éHts étélk‘,@:{i&d femp%fa@mé &&ﬁm%ld%%' nagrmé}iae nt

conpri sing at I Q% er ass rernforcin f| bers
in an anmount s % ?@“FH%PB‘?@Q é’??éﬁ@’t’v YR €%

pol yphenyl ene @aﬁ@npmtm of; 528ro 62@%@%@@%&@54@@5@?& dant conponent ’
an organocl ay conponent in an anount effectlve to enhance the

flanme-ret ardarBETmaE[ %@@T@? on and a m ner al
ﬁhr:

conponent. These conponents o provi de gl ass-fi ber
rei nforced PPE wikhs Ig&oepmenosiions e @ﬁ@ﬂntr@‘{@ﬁlﬁaﬁ@mpﬁwmlﬁmbm i cs, which

gtl | ze | over dﬁmhzlﬁmgagapmm%@fdpm@henﬁbﬂé etnar; ghBCheptToRing her ef or e
o not suffer i"%hﬁ %{ﬁ
flame-ret ardag}iﬁgﬁg&p ?r%%g%mé%‘?@%ﬂ%ﬁg% g%gd in the
results of th EWOH‘? 84mari zed
in Tables 1, 3rgmocly cobmpbires & sresmhoynt sfogiveso enﬁangé theSTaireeretatrdingf or ced PPE
Wi thout or ganqEhaeARk Wk dRipoRiton! ﬁﬂddm&rﬂfc M@qﬂe@c&f?ﬁoﬁeﬂc@epar ed
o coorea net hhelsin ety S e ey P SSAS gt
repared w Fa
E_orrgo_nent Theaetoedapt dwragtaristich svhichnjtidize loverrdeteleef ce{gradlopb@phaieﬁimﬂ:- f 1 ame- out
tinme in accor dRfRnYhddwhibR tHekefBeQicdfR buff@ froviPtHeatrhvihcks 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 mimeral component to fire-retardant glass-fiber reinforced PPE allowed



The experinents indicated that additionof small amounts of organoclay al ong
with a mneral conponent to fire-retardant gl ass-fiber reinforced PPE

al lowed 3 15 May 2004 WO 01/ 36527 PCT/ US00/ 27143 achi evenent, _qf cei%ib nced
fire-retardant performance and conpliance with the UL94 VO@&Q

Addi tion of | arger amounts of organoclay, or the addition of small amounts
of organoclay in the absence of the m neral conponent resul ted in a
deterioratiogffislae fire-retardant performance. Thus, 8? ear t hat
there is a critical 5 and synergistic conbi nation of mgré’ B i ch

| eads to the ijxpeRYRd: GltaKaacdddkd-Glardadt petbriahe an«bn@mﬂartqemshfbw&%e pr esent

i nvention. The conposition of _.the invention | ymer
conponent in whP &pnd a‘(ﬂar‘}‘@ﬁ"g“\"fll“rlgérraé"oé{ﬂtﬁog Pad tg? EeJdlltrr?%:ng?fQ@Jruat ed. As used

herein, the tef BunRQFYiFRioclaf ATROMRECE ﬁtﬁa‘ﬂn&altcﬁmpdimemcresdbuedm mass of all
organi ¢ polyners present in the 10 cgnposit f e thg%rg \ﬁr ner, component
may be 100% ofdeépﬂp@ltlybH%ﬁh?ﬁ@ﬁ@a@ﬂ%@fﬂf‘)r{“i‘“"e 9”5 if &t iRt 1B BAREF vol yrrer s

sel ect ed tosacfjjeup gﬁﬁ'CBﬁﬂnﬁBQBﬁﬁék@&td whitheadt totad impaorg @tirictedstics Thus, the
pol yrer corrponent f the conposition cqonprises at |east 50% and pref erably

at |east of on@'thﬂcmﬁmoét'%@ﬁihéﬁfeéﬁm’ﬂtﬁ“??fhenyl ene ether. As used herein,
the term "pol yphenyl ene ether” refers to individual polyneric PPE species
or to 15 mi xtures 9 BRpkIBH bEhERFrSPEeS nfade fidrh e$s|ymémoa¢m@xm whichdi cat es

ot herwi se. PPE useful in the present |nv$nhl on h 15) ?é_grre aV| ng repeat
units of the g@ﬁé&@le”f%ﬁﬁ{ﬂ“a’eﬂa’e)“cim%@é 5 psed prein. Sheig "R2, R3, and

R4 which may bg,t Jlaﬁ ent Of¥Rr b trmcaﬁs.hmaseam orga@iepelymers pﬂasﬂiﬂ:nﬂ)thfr sel ect ed
fromthe group ¢

sistin hydr ogen at ons, hal o n/gefn B"@E substi t ut ed
and unsubstwtuccenpoanmylngiedm)aolmcm%'}tmveﬂl%’ GRS Dﬁe 181 koxy
groups. The F’Pﬁ{ﬁnayo ,nau& Jmpp&%afmema tPachielteieliRR Ripertifth ithivaxte t he same

structural for ﬁ) ){ consi sting of a.conbinati oln of two or
nore types of don];@sm@y 'Ql@xg.q‘. e poly mer component of thé composition comprises at leas

50% and preferably at least of one or more species of polyphenylene ether. Asused
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

genera! formula

0
R3 R4

wherein in the formula, R,, Ra, R3, and Ry which may be the same or different each

represent a member selected from the group consisting of 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



WO 01/ 36527 PCTI CTSOO 27143 repeat units where at | east one of the R, R2,
R3, and R4 are different for each different repeat unit corrprisi ng the
copolynmer. The polyner is termnated at each end by a m)nov% nt @cﬁem cal
group or atom such as hydrogen, a hal ogen, a nonoval ent hyd A B

radi cal (saturated, unsaturated or aromatic) or the like. There are no 5
particular restrictions on the nethod of manufacturing PPE. For exanpl e,
this may be weropgdsged by reacting phenols according to thechigRgRHis es
presented in the specifications of U S. Pat. Nos. 3,306,874, 3,257,357, or
3, 257, 358. Exaamﬂaamusfwhertefaelsatm’reeuﬁdieﬁ;,im;:ﬂwateiMa&ﬁﬁm lfkyrl epéhaliffetent

2, 6- dlethylphenol but henol ur

2. 6-di propyl pHERFa! "mtfoglpﬂfl %DB‘H@F, The 5‘9%‘? R/ %nagetgﬁyle?ﬁeeﬁ%tfya 1 0

2- et Ey: 6- quﬁab%eﬂtﬁh?rﬂﬁh grodp m'tdiryiuclﬁastl@ﬂmhérphlﬁﬂﬁgen,amonovalt;]nt henol

2- met hyl - 6- met eno met hoxypheno
2,3,6-tri net hﬂyg‘ﬁ’éﬁg‘?“ raduz?alésaglraéedt S?téﬁ’ﬂfﬁ Hi’ﬁﬂé‘ﬁgf’f thﬁm%e d* W58 0phenol |

etc., but the darieat tedificlichs BPthe keflibd Sﬂndnﬁfact&h%SIH)E Enexamylecthit igrbeuse a
correspondlng hopopol ymner. obtalned ﬁCtln one of the above substances

or a corr esporfIPIHgECRERYiA Phepplt ageoy 'dgEN ¢ FRECHITG PRt H§re 15 of the

above Substan%&lfm@oda%wrsgpathﬁomﬁ@@mni 2msvsorgozsvgsm@kamaestdﬂe above
formul a. Specific exanpl es of useful in the invention include

PPE
o o o not ) vihest G arar o ARl -Gt R Bty G gl
pol y(2, 6-di et hyd. alkauA,mE%ﬂ @msaopﬁfaﬂesa z@@nby&%pmblhwmﬁwﬁtsrwytp&na phenyl ene)

et her, poly(2-nethyl- eng/ ene?l
pol y( 2 6- di%r (ﬁjgagthﬂ-aicyﬁﬁséwﬁgmb 2-@‘@%],- t ez:g] ?—methyl -6-methoxyphenol,
pol y(2-ethyl - szétﬁﬁs@-sﬁ léhe%l X ﬁéﬁ%fZBW?lﬁ@fﬁ?Eh&ﬂ@?rféﬁgglt e SI eg he PPE

copol ynmer is a copol &Ntla / containing an a
phenol such as?3. 26-aet6mtethy nily 2Gtvk ynhﬁloﬂ,h‘@ &Pbﬁhemwpbrlfe@tb@!“-?%enyl ene
et her repeate [ iAg a

St yr ene. compoue et d &ﬁhiﬂ;‘:‘% f“*ﬁfﬁ °§§§y€“ R gr af t o
pol yphenyl ene the¢ #beve substancep@al oprrespoifig sbpcdimes dbipedrvafactipgtyaasimioreat i on of a
styrene coppou r : I yrene, or
chl orost yr Eegr::e ggrle aH?'é A %"trc‘}eér?gﬂﬁa}vglﬁé% d&%%m%le%%ﬁ% '?g‘% ay}rgf{a&%ﬁ%mt erials
whi ch may be |Sped:1ﬁ|d@dmplendﬁﬂi’iEmwme§p usaful imthe mesrition akludeutiane tohlenited| ymer

CompEnent of RS BER D] ISIE: LK Sl P Yok 806 €1 can be

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 containing an alkyl trisubstituted phenol such as
2,3,6-trimethylphenol in the aforementioned polyphenylene ether repeated unit. The
PPE resins may also be copolymers 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 or in
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



30 conponent to inprove processability, high inpact polystyrene (H PS) ,
which can be 5 15 May 2004 WO 01/ 36527 PCT/ USOQ 27143 added in anmounts of
0 to 50 % by weight of the polymer conponent to inprove prqg sa%déity and
i ncrease inpact strength; EPDM and styrene-butadi ene bl ock 3@@1 rs

whi ch can be added in amounts of 0 to 20 % by wei ght of the pol yner
conponent to inprove the inpact properties of the polynmer conponent; and 5
pol yam des swghsmsrnyl on-6, 6 and nyl on-6 whi ch can be addg@misthyag8unts of 0O
to 50% by weight, of the polynmer conponent to inprove nelt flow and inpart
increased re d§@5‘r?€é"{“5°§f’ |%b¥WF‘5@r§§EEPﬂ¥E‘e%F‘F%P‘i'c?‘EtBWfFonent may al so
i ncl ude a ter pRR&sabME Bl indr&Sd ilipid: stangth; ERPA LM Rfreibutidiaceldkenes and
phenol such as NIREZ 2150/7042(tm) 1 n amounts of Q to_25 % by wei ght of
the pol ymeri ccanshypsrsembich @n ipaddedip apaupedilap 2f Moty wesht RETESMEi ti on. Ot her
pol yrrer st hat oGapnlt (DARERM pid BropG AR EbRRE @hpdriiaiyent i on i ncl ude
pol yphenyl enecs {llgges ﬁ am)ulnFs Frrogm 0to ?OQ %bypvvei ght to inprove heat
def | ect i on5t eppramidagrsucteasaylpme Sfapduyloncd whish ¢ap e pdded injamgwnts of e S0%e in t he
conposi tions DR df YRR i RftoRhproVShLiOty A-RRAAS indRREOP | ate and

t hi cknesses a p‘rv%)]gl?idat eeeﬂtz% tﬂce pnl Fgatlljfgn. Coat i nggrgﬁo_f 115 coupling agents,
such as am nosssistamedgo wegenipeoleants| dyeppiynierid semposent nEn alsqyinghide fempenes  ar e
added in an a t fici ' L he strength of
the product %EHQ rﬁ@?'keé%éog%ﬁ%rﬁf@ﬁéggﬁg%@?hg@?#gﬁ l?n the art will be
abl e to j udge2t39&042D iroguduats of § ©\231% baweightypp the pplygérgsoniiopaitoneeded to
achieve a given re . | | her 4. amounts of 5
o '50% by et B OE Bt ngh s B Bamian By Ra o R Bt B e T s ey
be a hal ogenatenpokitives ofitietisvedidomtincbude holpshelyi@mpiuifides o apolintstiioméne 50

Ecol ogi cal | y-preferr co Lt | ogen-free and utilize
an _organophos6%%’t‘%e‘¥kﬁg%lmrpg¥%§é gﬁ%}@ﬂ%é‘g‘?&g%{gga%%h%%p‘ate fire retardant
component of the conpositions nmay be any of nunerous organophosphorus fire
retardants whi ch dblessidibersuifable faraiseip the cgppesitioptofi25: ipveatipn awy ieaf| ude

i phosphani deVARE® SR seplebRAE R e fLBlRRRBRE o ElaRAIo CoBE ™ 02 s

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 4,933,336;
4,343,732; 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



4,343,732; 5,455,292 and RE 36,188 herein and herewith specifically

i ncorporated by reference. The anmount of organophosphate fire retardant is
selected to achieve the desired final level of fire-ret ardq%&g. ﬁﬁﬁause of
the synergistic effects of utilizing the 30 organocl ay addit’ Y t he
conposi tions of the invention, the amount of 6 15 May 2004 WO 02/ 36527
PCTItJSOO 27143 organophosphate fire-retardant can be reduced, and w ||
general |y beygykis; range of 5 to 30% by weight. The org?ﬁ%g onponent
conprises one or nore organoclay materials. As used hereln, 8%5 oclay is
a layered siliaerpinepiedsghaie foerctardut danoerddagedr ad will geserallyde in theSangghdféh or gani ¢
structures have gg%n chﬁlpi cally incorporated. Illustrative exanples of
organic st ruct 9re N E¢t i net hyl dodecyl anmoni um i on and

N, N - di dodecyl i m dazolium ion. Since the surfaces of clay |ayers, which
have a | attice-| i k&haprgamgyreemponent ompsisescane ptapieypraghenlayanaterialieds ar e

capabl e of bi ndj grgani c.i o LSi.N J.. ST j 1 respect to
the | ayered mlﬁ"g&:gﬁr%lg’é’ " "'gc;/agdy e}siﬁye}-{?ﬁg@?ﬁ@%}{‘l@ F'J(i)‘)ﬁﬁrg%ﬁtédty %Hggh ‘{Tlél'? they are to
capabl e of sndekigoérpgpicsruttors bave heenghemisailh incérporared diustratierexampief pr ef er r ed

or gano- oxt i orsHiRAryRtsh R Ry AL RIS el BEERARET ("
m neral s are tibge Sireklenuifees dichy pyasdvhichdavenrguicrlide homigemegy wup. It is al so

within the scopge of this invention to. .eaploy m.nerals of the .d]llite group
whi ch can incl Efé“cﬁ'%‘ih&ﬁ%‘igglﬂ aﬁﬁ@ﬂ?&fetog?m‘%g %%%‘r’ﬁ’r’%?si e BgP ahﬂlgac?ﬁ%l te,

cel adoni t e andwitRsgettks the@®ybRd mideaiamployed inehipineheer @itkrltbanatha tey v ner al s

i ncl ude those of tbglﬂtjeferr_ed to as 2: |I. I%%/ered Si | kﬁate m nerals |ike
muscovi t e, 10 vePRfRAfupderadingagion chapes i F Fealit RO AT ®ni te, wherein
mont mor i | | oni t &gArdcl@fstaplayepidaiimirilediar hiheurdecgorieadtion cRehiangswillagano-bed above
may be synthetically prod)l/Jced. However ,  nost Eftéen t he 1A ey tural ly
occurring and RURPEPYPEPTHYM campopads) I@‘.'Stré'(b"ed%&éfﬁ frad Qing W&“‘P@ﬁﬁ it abl e
for use in thi oﬁﬂ'%ﬂ@ﬁérﬁéhtrﬂ&rﬂioﬁﬂﬁ%édpbﬁdsdlfbMﬁinR&éﬁBﬁeSoftN@&weﬁmVﬁ& 502 and
5,530, 052 which are jncorporated herein by reference. The .m neral conponent
may be a sili cemrioy rainerpls gkthelltegrops whighgandichds ixdrospicas Ahengis her additi ves
can be Incllydeﬁamalmfe:egxﬁemﬁ&?béu&ﬁi& Ak tHeRe. (ORéR Molvevdr, ithe prResed lgaReE W th

conventional practice Tn the art. For exanPI e, stabilizers such as
minerals include those often referred to as 2:1 layered silicate minerals like muscovite,

vermiculite, saponite, hectorite 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



25 sterically hindered phenols, organic phosphites, diazide oxal ates,
sterically hindered amnes or amine N- oxides may be incorporated. O her
exenpl ary additives include ZnS which functions to deacti va]It,r;eMrezz{iﬂ ual
copper - based catal yst present in PPE, MyjO or ZnO whi ch functi'o® an acid
guencher to quench acid generated by the 7 15 May 2004 WO 01/ 36527

PCTI USO0/ 27143 deactivation of residual catal yst, and carbon black or other
col orant whi tions as a pignent to color the conpogjition. The

i nventi on V\A?Pu{ldévg\%gbe further described with reference tog#ﬂ‘ésu%ﬂ?'ow ng,

non-1imting @xRtwkiesof fesidusbdaplys:, landeutioh@clodr (haassohntb@hich Gintlibarazed PPE
were prepared w thout organoclay .and wth various |oadings of organocl ay.
The materi al s?B8EE™1A c¥aCHe CXMRFEONMr e  sunmarized in Table 1, where 0.33 |V
PPE refers to a PPE honopol ymer prepared by an oxidative coupling process
and havi ng an i nt rThedhentionsabaow e fafthd dSsclhed Mitheaferbfite 24 DY PReMngi S a t er pene
phenol resin avajlable from Arizona Chem cal Co.; OCF R22Y K-fil anent

gl ass fibers SPERURASFIBRGS 14 nicron dianeter glass fibers sized with an
am no silane coupling agent and a urethane filmformer obtained from

Onens- Cor nisng Exéngdel gl as; M ca Suzorite 200HK is a preparation of special
del am nated pure phlogopite mca having a nedian particle size of 45

' bt ai ned f | i : ' I
m crons obtal ned T¢ l%% éssliﬁer-raﬂx?d&w bt whﬁg?% agwgﬂda@mgﬁw@w ay

CLO SITE 15A is a sodiumfontnorillonite t ) een exchanged wth
di met hyl hydr odfbnericad ladilings of ovgaeadiann Thamaseriatsusedlan edsh sdrrield ared r om Sout her n

G ay Products,, ﬁ%ﬁ% g@@%ﬂ: Vﬁég%ﬁﬁﬂﬁm ,tet%rsltéﬁ @E%P&&S.{og%ﬁﬁ grgsra{fegg- (2, 4-

di -t - but yl pheny phite acts as a thernm
ant i oxi dant amuloxifiitivé couplingmodessrné hdvingram wenirisio wiscasoyiefded3 itdiedzudi ng Ar gus

Chem cal, Wt t S Leal O3 ' Coh@rpAY! amounts
in the Table g?sé}/?éﬁﬁfaotr%r?%n%ipﬁe'ﬁ)gfe sgybral&%m%oﬁgﬁilgngﬁgg@é%oég%r € conpounded
in a Werner &KHilineénd glagsrfibers aredit rarh iang, 14inmicron diesétemgiast fivens sicedowithext r uder. The

extruder has Gminb isii?;ur: onpHPgS;[gren M a errr%’.htarie% ?o@r%er 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 dimethy] hydrogenated ditallow ammonium chloride obtained
from Southern Clay Products, Gonzalez, TX; and phosphite 168 stabilizer is tris-(2,4-
di-r-butyiphenyl) 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 & Ptleiderer 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 added 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 lb/hr, After compounding the



m xi ng section for nelting resins and m xing with each other, and m xi ng
mca wth the 25 polyner nelt, and a secondary (downstrean) m Xi ng section
for distributive mxing of glass fibers. Thus, glass fi ber% ﬁ@aee&%red
downstream For the experinents described in this exanple, Phday, uder
350 rpm to result

was operated at a tenperature of 550 F, and a speed of
in polynmer production at a rate of 40 I b/hr. After conpounding the 8 15 My

2004 WO 01/ 3%,2" | USO0/ 27143 sanples were injection |.ded using a Van
Dorn Demag 1 E%%grnj ection nmolding machine (nelt terrpg};gﬁtgilﬂ@?"%%o F,

mol d t enper at u@pled R6reMmjection pbideticimng s Yae DeeriRemagd 0 tadtipsign midB e 1 Raw
Mat eri al Sanpl e 1Sanpl e 2Sanpl e 3Sappl : b4 i

PPELS. a55a. b5ouicbas ErIeRraRuU Stk ek ERTBy G, D RS s pedmens o oo
K-filament 201§ @€&k@. 519. 2515 gl ass fibers Mca Suzorite 200 HK 5 5 55 =
Organoclay Cloistite(tm) 5 0.25 .5 .75 5 15A

Table 1
Raw Material Sampie 1 | Sample2 | Sample3 | Sample 4 Sample 5
0.33IVPPE 53.25 53.25 53.25 53.25 53.25
Nirez 2150/7042 9 9 9 9 9
RDP FR 12 12 12 12 12
OCF R22 K-filament 20 19.75 19.5 19,25 15
glass fibers
Mica Suzorite 200 HK 5 5 5 3 5
Organoclay Cloistite™ - 0.25 .5 5 5
15A
Phosphite 168 Stabilizer | 0.3 0.3 03 0.3 0.3
MgO 0.3 0.3 0.3 63 0.3
Zns 0.15 0.15 0.15 Q.15 0.15
C Black 0.5 0.5 0.5 0.5 0.5
Total 100.5 100.5 100.5 100.5 [00.5
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-%4 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



0. 30. 30. 3U. 30. 3 Phosphite 168 Stabilizer MyQ0. 30. 30. 30.30.3

ZnS0. 150. 150. 150. 150. 15 C Bl ack0. 50. 50. 50. 50. 5

Tot al 100. 5100. 5100. 5100. 51005 5 The conpositions nmade in Exgg%Wre
tested for flammability using a flame retardance testing tool

provi des a prediction of the |ikelihood that a particular UL standard,
such as UL-94 will be passed. The UL-94 protocol calls for bar-shaped

speci mens ofygliweRsi ons 5" (12.7 cm) x % (1.3 cm w dth >Xdrhsedass' ed
normal thickness, UL-94 ratings being s _ecif,iﬁd for a. artiﬁaﬁl ar thickness.
Aflame 9 1 SthaB@@Efme@iV%Sf#(b%?'ﬁgwpi‘ g2 ?"Hﬁefh??t fer cone of
hei ght 3/4" (L9 G is (ﬂﬁeﬂggm&& tﬁg@n?ﬁdtaa@tmapesﬁemam base oflihet ance of

e 1ower en

3/8" (1.0 cm “Separates 't _ nd o he speci men from g%se of the
flame. The f| &aee.iBherfiamg is heldtimthet goaispn foo 0 Feg9nds endibRsFBeYednd ¥ fen r enpved.

A burn time is defl DRk 66 HidhEfsuf-@lirotige dpkai@niossui ng from the
specinen to 5“5?%%“%%@%&.5%?&# 8? frﬁaéoo?' t%]e_ $E)jé]gi Irrlr)en cgases wWthin 30
seconds, the fisapeari df becipgmofitiecspecimen ceasesaithiin J0sseands thefagsrivierrlithe criteria

for V-0, V-1, ,and V:.2 ratings arg |l.stesd i v ratiad e 1Rte@y ti cal
Flame O ass REYP %%qag{%ﬁ&nsgﬁffgﬁ{‘ﬁ@’ F%ﬁ@?@d‘% bur nE10#30#30 ti me,
seconds Tot al Tapep. ti e, #50#250#250 seconds (5 speci nens x 2)#30#60#60
G owi ng tine,

Table 2

Vertical Flame Class Requirements

34V-0 94V-1 94V-2
Individual burn #10 #30 #30
| time, seconds
Total burn time, #50 #250 #250
seconds
(5 specimens x 2) | #30 #60 #60
Glowing time,
seconds
(Individual 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 ailowed.

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



seconds (I ndivi dual NONOYES specinen) Drip particles that ignite cotton For
a V-0 rating, no individual burn tines, fromthe first or second
application nmay exceed 10 seconds. The total of the burn ti I fo§ %ny five
speci nens may not to exceed 50 seconds. Drip particles that ﬁﬂ?ﬁ Wy pi ece
of cotton gauze situated below the specinen are not allowed. For a V-1
rating, no individual burn tinmes, fromthe first or second application may

exceed 30 s The total of the burn tinmes for any fi ci mens nmay
not 10 15 Nae‘S’BQg’%i”v\o 01/ 36527 PCT/ USO0/ 27143 exceed 250 SSUIfiigIady | p
particl es t hatexdegh2iCeseaonds.cDep pirtidatiiadignigmapee i tavah goizbeitoard belhe speci nmen
are not allowed. For a V-2 |[at' ng, no individual burn tinmes, fromthe first

- |
or second applFCREGFBH Rl US¥Eed 30 seconds. The total of the burn times

for any five specinmens may not 5 exceed 250 seconds. Drip particles that
ignite a piece of Eaotd ¥ peiug eo gidividatiddrnisises front thefirsine sEoand applieation| owed. A
statistical analysis t he, d | 3 . be applied
to determnne 't xcﬁ?%géﬁc?'?dts'yﬁ)q?m%tj 3@&%@ %ﬁegq%’%gib‘%{gge%ﬁ? %So"%gﬂ%f the test.
Possi bl e aut eeered2$hskoade Brip partdesshabighite apieqeas sqtton paizeditnaedbelogt ti ne
pass and ret es%e, and a 10 seﬁond subm ttal pass, including first tine pass
and retest, antf PEITEHEEAUMEdS opability of at |east one outcone,
preferably a first time pass on a first subm ssion, provides a neasure of
the flame retar dandetasisticahamalyoy ofiterdapotpposd fico s, lapbicstcanibgiapiiedtag t he
variabil ity | RLERl ol BrdohHIF of & el podBbk bELAR dikhelle. oot Lest. The raw
data may be transtornmed prio 0 use 1n the statistical calculations by 15
conver si on t o catgomesihelnde d foganbroiatipessviedludsg firgt 'time gess kndhegtesiiaef 2' | ogari t hmi c”

refer 10 base d0:h QAR BAE oihid%Ps e Bash D1 RACA A TDpBbikpUNded UP

to one second
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 logarithmic 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. Raww
20 data do not show a normal (bell-shaped) distribution curve because there can be 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 fita

normal distribution curve.

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

25 formula:

Pt time pass — (Pusmbe, n-0 X Pi2ombt, a=0 X Protal zmust X Pdrip. n=0)

11



order to avoid negative logarithmc values. The logarithmof the burn tine
may then be cal cul ated and used in subsequent steps. Use of transforned
data is preferred as a nore normal distribution of val ues qﬁaﬁﬁgi%ﬁd W th
burn tine is thereby provided. Raw 20 data do not show a nor y .

(bel | -shaped) distribution curve because there can be no values |less than
zero, and data points are typically clustered in the space bel ow the

maxi mum i ndi wiodwadszourn time. The transfornmed data, howevegrusmHess$! osely
fit a normal distribution curve. The probability of a first tine pass may
be det er ni ned vdeeaeisng it the prabability trigiofigst Hurnpise frceeds ampdmymbum Bpe > gt | n=0
X Pt?3nbt, n= at al k: 7= P = ] W 8d+4 36527

hCT) Usorr 5712970k Rt s %%g%gﬁﬁsfﬁa?WeQS@g%%‘i tﬁﬁ%ﬂ%%ﬁéﬁ"rﬁ burn tine
exceeds a naxitmevebefuwst-eris theyprobpbilityphas the, sum of the byrnttifgs {srletsasrPi ty that no
second burn ti C | ipe val BrPdhatmo, L DL 1S the
probability tﬁgfai ﬁ%eﬁgéﬁ%l@%&?ﬁgﬁg@reﬁ%{)ﬁ%i Pig | géﬁr%%]lﬁgﬁ hatgmual to a

maxi mum t otsal sbesimmentexhibitsusippieg during tHedlaps test. 'Firstqind preonsrboism bimeirefey tot hat no 5

speci men exhi i £ s,,0c RO 0G4S L0 oL Biol ook Bhe. Ehlciteignd. second burn

time refer to “BUFF fiids a and secon ppl1cation of the
flame, respectively. The probability that no first bumtine exceeds a

maxi mum burn ti me Ve prebabilip; thatpg st glﬁﬂ)%lmﬁﬁ&“?ﬁé 2 RAKIEIUR ByER tie §#4et he for nul a:
/5 Pu>nbL. 10 = - £l gre P,i,,iit is the area under the
| og normal di gblt"rl ﬁt%‘?&\becﬁe\@g?%gntl$gfo\£@fﬁ1%', and where the exponent "5"
relates to the nunber of bars tested. The probability that a single second
burn tinme exceeds a nmaxi mum burn ?anhBWZVQIﬁemh)ay be determ ned fromthe
formula: Pa-,.KncO = (1 -Pi . ,bL) 15 where PQ>n, b, is the area under the
normal di sfori RuHete@), GUE M@ afe@ inde? theig noksl diegiv@iontcliee fomermiand st andar d
deviation of the burn tinme data set are used to cal culate the nornal

and where the exponent “5" relates to the number of bars tested.

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

value may be determined from the formula:
Poombt, a0 = (1 “Paombn)’

i5  where Pgoa is the area under the normal distribution curve for 2>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 Pygp, o= that no specimen exhibits dripping during the flame test

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

The probability Pyogicna 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



di stribution curve. For the LJL-94 V-0 rating, the maxi mumbumtinme is 10
seconds. For a V-1 or V-2 rating, the maximum burn tinme is 30 seconds. The
probability Pddp, n.o that no specinmen exhibits dripping durwq\g t fl ame

test 20 is an attribute function, estimated by: (I - Pdp)5 . p the
nunber of bars that drip / the number of bars tested. The probablllty P, I
LI.. ,tbt that the sumof the burn tinmes is less than or equal to a

maxi mum t ot awobigesert i me val ue may be determ ned from a nopdmlsedhradsr | buti on
curve 12 1 5 May 2004 WO 01/36527 PCT/ U500/27143 of sinulated 5-bar total
burn tines. TieésidulgtedSkhat iothburagimese Thedistributisd nfay bereeremtast feom Qdpite

simulation of AH00maRkS, Of 100 ¥R ﬁ&ébaws@gtﬁe%uﬁuuagmuyb%t Qliad e burn
time data determ ne ove. ues rlo sinmulation are well
known in the deferrmdhdrabnmlTedmmmcafMMDlUmCardnmaulitmn aSE—vIwéirkm@maithd)aJtn tinmes
may be gener até\?lgqnﬁ:iﬁ é:ln sgll'g}ulaon curv%ﬁf? Baafrrgot'cﬁ% %{g?m Gcr?t%d%gl{n%{tnee si mul at ed

1000 sets. e area under a
| og nor mal sdi sdead hﬁtstamﬂardkiéw&?lomﬁfthc s:eﬂilated 1000GQ€&s Mbherefore Galt;d:&nmsmmﬂeat ed 5-bar
total burn ti for UL-94 V-0

ot ing T he. naRETIATEIRine AP REt TgE rrmarrie i Rnei g s st of 00 pote 5
rating, the n@aHosiulatddes-babtotad birh e fo3 tcﬁﬁ&—smmndxsmtatmriﬁhmepF@b&bl lity of a

retest is det according to t f ol for o, Pr t =
it oot ot Ui Al vty Byt butipe S Cepds By AV it nso
Pt 2>nbt, n- 1 xatlag,uhémahbmmmadmmpi,mensﬂs)) secondsPt O. K n-0 X Pt 2>nbt, n-9 X

Pmbt<tom<-nTtht X Pddp nO) (Ptt,.b,, n=0 x Ptbt, n=0 X Pttat<-ntbt X
Pdr | p, 15 where Pt t he .probabi hai ngle first
burn' 11 e ‘)8xceeds hen%{ﬂ’aﬁu‘?%‘ﬁ ‘%"S ¥ d%’m‘“ﬁd&%""“’%‘%“’ "‘e)f%‘ ove %m“ilahe
probability that a single second burn tine exceeds a maxi numburn tine

val ue, Pnt ht 40t k<=n4bt i Bud HéPprobabPliu. yoX Rat -dshvePagowletof i ndi vi dual  burn
times is greater than the maxinumtotal burn tinme value and is | ess than or

equal to the maxinumrete glpburn Ap e _Vval rip, n=t is the
probability that a single % sp't(gm ﬁbeﬁ" gxhl 'it‘}éll dprdl pp)Fﬁg during the flane

test and Pt ,+nmht, n=o0, Ptvnbt, n=a, Ptohl<-ntb<, and

1>mabl, n-o X Pombt, n=0 X Prtbrctoratemmein X Pdrip. o) +
(Pitombr, n=0 X Piomby, 0=0 X Protatcmminr X Perip, 1)
p,

15  where Pysmm, o= 1S the probability that a single first burn time exceeds a maximum burn
time value, Pio.mu 0«1 18 the probability that a single second bumn time exceeds a
maximum burn time value, Pebcont<=nat i 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, Pygp, 51 is the probability that a single

20  specimen exhibits dripping during the flame test and Pij.mor, n=0, Pa>mbt, -0, Protsicms, ancd

Purip. =0, are as defined above.

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

may be determined from the formula:
Pt1>mb1. o=t =3 X Prismm X (1 “pll'ambl)‘

25  where Py 18 defined as above,

13



Pdrip, n-o, are as defined above. The probability that a single first burn
time exceeds a maximum burn tinme value may be determ ned fromthe formula:
Ptl>nbt, n-t =5 X Ptj>nbt X (1 -Pt t.n,bt)A 25 where Pt,-nbt15il\ﬁ)€§i' ned as
above. 13 15 May 2004 WD 01/ 36527 PC /USQO! 27143 The probabil 3 at a
single second burn time exceeds a nmaxi mum burn tine val ue may be determ ned
fromthe formula: Pts> nbt, t =5 x Ptvnbt X (I -Pt2.1nbt)a where Pty is
defi ned abowgpeimssthie probability that the sum of indivi dygdrubidhfaki Mes i s
greater than the nmaxinmumtotal burn tine value and is |ess than or equal
to the maxi mum r etEhstprebebilily thap g single serpnd\pyrmEnefxgeeps? TRYBIMIHBH™Er om t he
normal distri j ; | 5- bar total tines, as described
above for Pto?%ﬁﬁt%geﬁg?ﬂ%dbﬁ@gﬁ@g?nu bt is equal to the area under a
| og normal distribution curve of a set of 1000 Monte Carlo sinulated 5-bar
1o total burn time for maxi nufrwsearsBlemti(hePary ot al <= the maxi num
retest total bum tinme value. For the UL-94 V-0 rating, the nmaximumt ot al
burn tine is HBersegQpisdefimddbodehe maxi numretest total burn time value is
55 seconds. For a V-1 or V-2 rating, the maxinmumtotal burn tinme is 250
seconds, and the Xi mum r.et total. burn.ti e ) 5. 15 The

pr obabi | i tf/ t hat amﬁﬁﬂﬂ‘g’ %'i’tsyﬁgaﬁhr?é%m8x‘H$EF‘faéB‘HFq?B‘%ﬁ%%E’Q%ES‘E%"%‘é& he flane test
may be esti mamadmivnancial uen firod vabusiand)is s thadertegudl tntbe inoimudep; ot = 5 X

Pdrip X (1 - Pd,;.p)4 . wher d,:p js defined faor a first 1] pass,
above. By def FWPf‘F%ﬁ’f‘luf fay Eeu%t%'?“g?%%o"b&f)ﬂgﬁa} "l?}%stf'%u lmb?uné%ggsl%u}i%eg%at cones of
a }‘i rst 20 Subdl‘itétbl&imés&ﬁ@lﬁ;ibdﬂ(a%@ﬁ'ﬁmml.zi#t;)ui“.eBl)m.._aul.l?m{t Iis,&q;mj toeheprea + P Kt t ; P
talus, no rvteat = 1. Therefore, the pro i 0 .ailure i s given by:
P fadum o r B4 108 norma disrlitfop cue a6 %ﬁ'@@ T N

10 total burn time for maximum total burn time < total <= the maximum retest total burn

time value. For the UL-94 V-0 rating, 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 burn 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:
Pucip. o=t =5 X Parip X (1 - Pusp)'
where Pyyp 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 iy iimepass T P reten + P taiture, o retest = 1.
Therefore, the probability of a failure is given by:
P pitue, noretest = | = P fir time pass = P reremt

The probability of a first submittal pass is given by:

14



The probability of a first submittal pass is given by: 14 15 May 2004 WO
01/ 36527 PCTIUS00/ 27143 P 1st submttal pan = Fr it tinme past + P retest x
Pf rst tine past where Prust time pan and P rctrst are as d|(§f|\ié$e§0 bove.
The probability of a second submittal pass is determ ned accor yng o: P2m
submttal pass = P failure, no mcal x (Print time pass + P retest X Print

tinme pass) 5 where Pftrt tinme pans, Pretest and P rail, no retest as
defi ned abov i ly, the probability of a pass after a_fj and second
submttal, orafotog)%&%)ver all probability of a pass is: POVEIPE{PPS%B%Jé - P Ist

Subm ttal Pam + P2'P,gu.sMii=Phdin RSB LxiPRgul Rk s procedure, each of the
conpositions of Table 1 were evaluated, and 10 the results are summari zed

in Table 3. As ﬁ%l?%lﬁgpgqggﬁbi%pf%%gﬁg%(weng mneral filler and organocl ay

in an amount of y wei ght had very good flane
retardance properties and high likelihood of passing the UL-94 tests.
Conposi tions with [Thaerobpliltepia sseond sepamiend Pasy isdsieraiaed|26er diggtY | whil e
conpositions wth 5 % by weight exhibited a deterioration in performance.

15 Exanpl e 2 Tﬂ%,uﬁn%-s.ﬁef Lrent s, of xxanRles PLePR. fERpat ed using sanples with
and wi thout mnera iller 1n accordance wth the conpositions set forth

in Table 4 and tes#ed for_fla .retardagcf?e f%%racteristics. In these
conposi tiond, YR Pirgarswa Rew 383 F fripmesrmn S OF9EF 2°V6i th vari ous |evel s of the
organocl ay conponent was tested. As shown, the 20 presence of both the
organocl ay and t he Binaltgnis prétiabiligrof a essbfteriarfirst brel seesnd subkttal, orthetosgraldnce
properties. 15 .1/ 36527 .Tabl e 3 Test Sanpl e 1Sanpl e 2Sanpl e 3Sanpl e
4Sanpl e 5' 11 Pf%ﬁ"g‘ﬁﬁﬁ%‘iaﬁéﬁmt Ti me, 34362836880

Poverall pass = P 15t submittal pass + Pand submittal pass

Using this procedure, each of the compositions of Table I were evaluated, and
10 the results are summarized in Table 3. As shown, compositions containing minerai
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 Example2

The experiments of Examples 1 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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1" Flame Application (sec) t2 - Total Flame-Qut Tine, 84815159- 2" Fl ane
Application (sec) tl + t2 (sec)1181177995 Average Fl ane-Qut tine32.922.4
(sec) Standard Deviation (Flane-32.21.41.5 Qut tine, see) Pr%ti\ﬁbirédatéy of
Passi ng UL940. 800. 850.980.930 VO rating on 1" submttal of é R ars
Notes: 1. Sanple 5 burned conpletely when the flane was applied the first
time. Thus a second flanme application was not possible. A consequence of
this was th tl-total 5 flame out time, first application (sec.) was 880
second, anda{‘?"yf)ﬁgﬁd not be cal cul ated 16 15 May 2004 WO B% ’%58@’2727‘3

PCTI USQQ 27143 r~3"~ aoo0 ,n rn ~, pw OTgsldy~OVvV, g ~nz' ceco~+~ C LCC

' AOo(c) CS~00~0vV7

Test Sample 1 | Sample 2 {Sample 3 | Sample 4 | Sample 5'

t1 - Total Flame-Out Time, | 34 36 28 36 380
1* Flame Application (sec)

12 — Total Flame-Out Time, | 84 gl 51 5 -—
7™ Flame Application (sec)

tl + 12 (sec) 118 117 79 95 ——
Average Flame-Out time 3 29 2 24 -
(sec)

Standard Deviation (Flame- |3 2.2 14 1.5 —
Out time, sec)

Probability of Passing UL94 | 0.80 0.85 0.98 0.93 0
VO rating on 1™ submitta of

5 flame bars

Notes:

1. Sample 5 burned completely when the flame was applied the first time. Thusa
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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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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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 increase the nodulus and strength of tg coaposition;
(c) a fire retardant conponent, wherein the fire retardant d ﬁﬁy #is an
or ganophosphate; (d) an organoclay conponent in an anount effective to
enhance the flanme- retardant characteristics of the conposition; and (e) a
m neral conponent, wherein the mneral conmponent is mca. 2. The
conposition of claim1, wherein the organoclay conmponent is a silicate. 3.
The conposition according to claim?2, wherein the organoclay conponent is
present in an amount fromO. 25 to 0. 75 % by wei ght of the conposition. 4.
The conposition according to claim1, wherein the organoclay conponent is
present in appEApYRt fromO0.25 to 0. 75 % by weight of the conposition. 5.
The conposition of claim1, 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. 6.1, The Lesmgssition®aniphisilgal m 1, wherein the organophosphorus fire

retardant is resgrcinol di phosphate., 7. An injection-nolded article forned
froma glass fi begg)r ei r‘i‘fl:'(S’ij %CB%P%%ﬁWBﬂgng @'Itlﬁ@rtt 5@2’%9&9?‘8‘?{13%@% n the
gl ass fi ber-rei nf dbxed giasé yaforvid efiltere irhar amamipdiicichoio icoapeitsanodila) a
pol ymer conp I&T(a{‘rpf ' .. | east 50% of a pol yphenyl ene ether; 19 15
May 2004 (b) %gﬁg%% eln g?@?ﬁ&gﬂnﬁers in an amount sufficient to increase
the modul us and $¢r engtfive sftardpe coBIPpperdyhapia the Arerrciarlapbempansntifah a

fire retardanfsmepRRpeas; Wherein the fire retardant conponent is an

or ganophosphat e; an organqcl ay conponent in an_anmount effective to
enﬁancg thg £ arre-‘g? anorgganoc(:)lay cglmpone t i an amount effective to erﬁmucet e flame-

retardant characteristics of the composition; and
(e)  amineral 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 5 to 30% by weight of the organophosphorus fire retardant.

6. ‘The composition of claim 1, wherein the organophosphorus 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) a polymer component comprising at least 50% of a polyphenylene
ether;
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retardant characteristics of the conposition; and (e) a m neral conponent,
wherein the mneral conponent is mca. alt 8. The article of claim?7,
wherein the organoclay conponent is a silicate. 9. The arti gsauff20g4ai m 7,
wherein the organoclay conmponent is present in an anmount fromO. .25 to O.
75 % by wei ght of the conposition. 10.The article of claim7, wherein the
organocl ay conponent is present in an anmount from0.25 to 0. 75 % by

wei ght of the conposition. 11. The article of claim?7, wherein the
conposition conprises 5 to 50% by weight of glass fibers and 5 to 30% by
wei ght of the organophosphorus fire retardant. 12. A nethod for naking a
gl ass fiber-reinforced pol yphenyl ene ether conposition, conprising the
steps of: preparing a mxture by conbining the followi ng ingredients: (a) a

pol yner conponent GNPk AgnBcih %&swﬁoﬁtsmkﬁmﬁw&r@mtﬁﬁ%% lbLS

gl ass rei.nforcing fibe I n an amount. sufficirent to I ncrease
and strengthaBgs W%%{@BH@WPW@DSFH@FC%H%&% on; (c) a fire retardant

conponent, wher ei ifckt he affire eetardh@ticdfpbnert ONRABIAMhe BRIl dER6 cafiponent is an

or ganophosphate fire ﬁeit_ar dant; (d) an organoclay conponent in an anount
ef fect i.ve to OBFMSRAPRAE e £ | ame-r et ar dant characteristics of the '
conposition; and (é) ~ anwigaeppciky compmiwehin, anvdreruat efféchive 1o enhiante thefipmaent i s

m ca; and 20 r%dwcﬁ&génggwdﬁﬁéﬁﬁg% ure to blend the ingredients

-into a uniform conposition C claim12, wherein the
or ganocl ay conpond®} i & mpineabeampanenty whareisythe niipgral @mpoppentds giicz5 9 by
wei ght of the conpositiomn, 4. The conposition of claim1, wherein the

pol yrrer CO”D%T‘?Hé alftilcjzfetor}%{aim%? Wﬁgl.!e?ne e%réa%gag)rf] gorgggn%gtl israes?ﬁcrz}fe.

. 9. The atticle of claim 7, wherein the organoclay component is present in an amount
from 0. 25 to 0. 75 % by weight of the composition.

10.The article of claim 7, wherein the organoclay component is present in an amount
from 0. 25 to 0. 75 % by weight of the composition.

. 11. 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.

12. A method for making a glass fiber-reinforced polyphenylene ether composition,
comprising the steps of: ' '
preparing a mixture by combining the following ingredients:
(a) apolymer compbnent comprising at least 50% of a
polyphenylene ether;
: ®) glass reinforcing fibers in an amount sufficient to increase the

modulus and strength of the polyphenylene ether composition;
(©) a fire retardant component, wherein the fire retardant
‘component comprises an or;ganophosphate fire retardant;
(d an organoclay component in an amount effective to enhance
the flame-retardant characteristics of the composition; and
(¢)  “amineral component, wherein the mineral component is mica;
and
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15. The conposition of claim5, wherein the organocl ay conponent
in an anmount from0.25 to 0.75% by wei ght of the conpositi on

present in an anount 5% by wei ght of the conposition and t &
conponent further conprises a terpene phenol resin. 16. The article of

claim7, wherein the polyner conponent further conprises a

resin. 17. The article of claim1l, wherein the organoclay conponent
present in an anount from0.25 to 0.75% by wei ght of the conposition,

I s present

S

conponent further conprises a terpene phenol resin. 18. The nethod of

claim 12, wherein the polyner conponent further conprises a

I's present
m'cais

t er pene phenol

m ca

in an amount of 5% by weight of the conposition and the pol yner

t er pene phenol

resin. 19. The nethod of claim 13, wherein the conposition corrprises 5 to

50% by wei ght of J4he.GAdR ﬁ:letﬂl Ao BILASH, Qﬁ@&héﬁts 69“§ﬂgéé}?%y S ght of

the conposition of the or anop osphor ous |re retar ant
the conposition of mca and the polynmer conponent further conprises

t er pene phenal3, Thémethodbf claim 12, wherein the organoclay component is present in an

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

14.  The composition of claim 1, wherein the polymer component further
comprises a terpene phenol resin.

15.  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.

16.  The article of claim 7, wherein the polymer component further comprises a
terpene phenol resin.

17.  The article of claim 11, 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.

18. The method of claim 12, wherein the polymer component further comprises a
terpene phenol resin,

19.  The method of claim 13, wherein the composition comprises 5 to 50% by

a

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.
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