Title: FLAVE- RETARDED POLYPHENYLENE ETHER COMPCSI TI ON AND METHOD OF MAKI NG
SAMVE Abstract: Pol yphenyl ene ether (PPE) conpositions wth good fire
and flame-retardant characteristics utilize |ower |evels of

or ganophosphate fire-retardant, and therefore do not suf fer Pri¥ay 20

dr awbacks of previously known fire- and flane-retardant PPE conpositions.
The conpositions include (a) a polyner conponent containing at |east 50 %
of a pol yphenylene ether; (b) glass rein- forcing fibers | n_amunt
sufficient t%° M ¥ase the nodul us and strength of the p&%@ﬁ@%myé onent ;

(c) a fire retar gRAME-RETAROED POUVFHEN YL ENEEEHBRIQOMIOSITIONNIOSphat e fire
retardant; (d) an organocl ay conponent in an anmpbunt effective to enhance

the flame-re- tardant characte[,ist, sition; and (e) a m neral
conmponent. O her conventi onal Q%@F?ﬁ@%@ﬂﬁ?§§¥§§§9$n formul ati on of PPE may
be i ncluded. The conposition is made by m xing the ingredients and

conpounding into a conposition which is suitable for injection nolding.
Thi s conposi t BHCKERO BUHE INVENTIQMuf act ure of injection nol ded
articles such as electronic conmponents, including television internals

such as def | ect i ontuekgicativh rdlii&lio & hasSietarded GoRpianylene eflk (BPE.

compositions and to a method of making same.

PPE is a thermoplastic material with high glass transition temperature, high
dimensional stability, low specific gravity, hydrolytic stability and good mechanicat
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 automotive, electrical, and con;stmction 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.
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conposi ti ons. 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



In an aspect of the present invention, there is provided a conposition
conprising: (a) a polynmer conponent conprising at | east 50% of a

pol yphenyl ene ether; (b) glass reinforcing fibers in an a % f| ci ent
to increase the nodulus and strength of the pol ymer corrponé# Y )" fire
retardant conponent, wherein the fire retardant is an organophosphate, (d)
an organocl ay conponent in an anount effective to enhance the

fl amer et ardantcommsemmmrgmdphesghhtetﬁreramﬂmsi tion; and (e) a mneral

conponent, wher ei¢ nti onal
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wherein the mner conp I.S mca t he present
i nventi on, é}oiVH%Q tﬁ%rdn%mﬁmawhos DyAteSHF Ktardantgpmgonent ; an
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conposi tion i %hﬁfa@i&ﬁ&ﬁ‘& cmh ﬂféh”%daa Imﬁ&} eemBB #T s@mﬂ&% gonponent
conprising at ast 5 %f FFF (%%&he?ﬁ/ ene ar 3, ? or ci ng
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pol yphenyl ene retafiant eterackeristics, 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 mimeral component to fire-retardant glass-fiber reinforced PPE allowed



(c) a fire retardant conponent, wherein the fire retardant conponent 2 15
May 2004 conprises an organophosphate fire retardant; (d) an organocl ay
conponent in an amount effective to enhance the flaneretar ﬂg%
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others without | 0 KBRR RErcdRF [meﬁnmmnactuon nol ded
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rei nforced PPE Al
herein, the term * polyphenylene ether” refers to individual polymeric PPE species or €O

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 PCT/ US00/ 27143 achi evenent of enhanced fire-retardant
performance and conpliance with the UL94 VO standard. Addition of |arger
anounts of organoclay, or the addition of snmall anounts 0f1§ﬁﬁ (gkgy in
t he absence of the mineral conponent resulted in a deteriorat t he
fire-retardant performance. Thus, it is clear that there is a critical 5
and synergistic conbination of ingredients which |eads to the inproved

charact eri st wos@ts t he corrp05| tions of the present i nveng.t-gﬁboo,il;%
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PPE useful in srp&@ﬁcaﬁ&ﬁ%ws PAMERGS. @noe $433 @ﬂl.%lT%r 3th35@ B@pgiaiorunits of the
general formula 0--) ere and R4 whi ch may

for R3,
e e s o thetf PHBEIB G A4 TN O So HBITERO 2 SOl | ne_ o oy
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unsubstituted al k grouEs "and tituted and unsubstit ut ed al koxy
groups. Thi® pP=m -50@019 erstirbamel. Yrmethyl-§-tolyDphenal, upsthat--athariensk t he sane

structural for N 03 ¥/ { bA%-Bimedyipiabl, Nation of two or
nore types of iél%%tgyl 601511@%;&9& Hﬁ;e%l%%ﬁéng %TSO& 5%143 repeat units where

at | east one 3.8 ﬁéetﬂmetmheﬂRBZ 6 ahtpghoRuphexrod etPr fopethe pventigr isrpt kgl ©f er ent
repeat unit c I [ t each end
P gﬁ@&.c%m%gapﬁerﬁ&%oéo}%am H?Smgﬁélyd?@ ob’igﬁe& &Y f@aaa%sa@ of

by a nonoval group or atorm suc rogen al ogen, a
nonoval ent the above substances or a corresponding copolymer obta:ned by reactmg 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-1,4-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 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



hydr ocar bon radi cal (saturated, unsaturated or aromatic) or the |like. There
are no 5 particular restrictions on the nmethod of manufacturing PPE. For
exanple, this nmay be produced by reacting phenols accordin t[\ga)%%gm
procedures presented in the specifications of U S. Pat. 874
3,257,357, or 3,257,358. Exanples of these phenols include
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et her, poly(2, | ene
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pol y( 2. et hyl - 61%0:‘7@9%”):&1 atnqghtenw wn”é)% Y wgght okthe polymeric comporaripl e of the PPE
copolyner S C I LY I tuted

phenol suc PI grov@@ﬁ %cr;?lﬂ”r%g hh ?’Lp[}ﬂoé'ﬂ g'? rtlstﬁél{Hﬁg’ g]eég}rlaghie@r% Ib%ﬂg%ﬂﬁr@% yphenyl ene
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styrene corrpogg%\g?ga}{ go o &ehé?defﬁ&%?ér&e?aﬁur?%ﬁgheaﬂﬂ yrene- conpound- grafted

pol yphenyl ene graft polynerization of a
styrene conpound such as styrene, al pha. - nethylstyrene vi nyl styrene, or
chl orostyrene ont oGltaﬁeﬂbalfsgw@hﬁefﬂrlumed\emﬂposmm QﬁIWawenﬁs@m et material s

whi ch may b Ll Edns dBMhd LR thi¥ioRlsed @Hogaﬂnmm% Jiygﬂ:atio'ﬂ EREn QY Ter
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| mprove processabi l.i. hi ' . can be 5 15
May 2004 WO 0?{%@@@# %H?%%Wi‘i@ "g%gﬁﬁ%g@‘ﬁr’é é‘q ‘E@‘?e’gﬂt Hfﬁ‘go % by wei ght
of the pol yneprodmrppadadired andunp med/gersons 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



processability and increase inpact strength; EPDM and styrene-butadi ene
bl ock copol yners which can be added in anmounts of 0 to 20 % by wei ght of

t he pol yner conponent to inprove the inpact properties of t emé)ogw
conponent; and 5 pol yam des such as nylon-6,6 and nyl on-6 whi e

added in anmounts of 0 to 50% by weight of the polynmer conponent to inprove
nmelt flow and inpart increased resistance to organic soI vents. The

pol ymeri c cogpmigek; may also include a terpene phenol ;wW?
in

copol ymer of nonoterpenes and phenol such as N REZ 2150/
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better flowto EE‘% co ition. O her polyners that can be blended in the
conposi tions df e i ti on include pol yphenyl ene sulfides in anounts
fromO to 50 % by vvel ght to inprove heat deflection tenperature and the
flow. dass fibers Theptgaircly famponent comprisereons onporsiorsanseiayonaterige Ahvent i on
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general , glas fiber ade of 5to 50% t. 20 The
fire retardant ?987?61 0 ﬁ’ige hei’ﬁ'@“&%ﬁﬁ?gﬁ‘?%%g% I°Be i3';1erefll<'ilr%§' hﬁﬁ%‘tggd fire
retardant suchwigtsreleoito ftlgerep alintmisyemped indiod :ﬂgamn@d dtlgmphsztbat theyckre

conpositions, h ver, are hal ogen fre nd util nophosphat e
fire ret ar dntcaPaiRof undsraoine agHon ‘%ﬁ‘}ﬂ‘%ﬂf‘ EPI@?"&?‘B% ec'?{ﬁ%&'%gnt of the

conposi ti ons nEy¥ardelayiye Bfered MifBRAlOME: v maeRbespiOrchahge with @gas-dant s whi ch
are known in the art. Specific 25 exanpl es |n | ude, resorci n&gkaghﬁlhosphate

bi sphenol A di ??HB@&H%(PEO““{%TCF%W'WIIHUSHFYJ‘&O&E‘F SYHFLREE S he like,

e.g. such as dise) MAKE héhublFilRAtERbS. #iO3D WAtk the Copedo¥ 118 ivediorkd5, 292 and
RE 36, 188 herein and herewith specifically Lgcor por, ?ﬁseﬂweaém reference. The
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amount of or gagieRYJaiperals ef the illite gr@t‘%?’ﬂ&*h”ta“ include ydrqrad eve the

desired final dgushief ghichbfird lAOHRIYAE theBREDIRE, Rivelenehs yrreed Ifeiedd ef f ect s
of utilizing the 30 organoclay additives in the conp05|t|ons of the

i nvention, t hemingplincluge theseaftensferzd tmasig Bysresisilisge pineralsjidemueovites

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



or ganophosphate fire-retardant can be reduced, and will generally be in the
range of 5 to 30% by wei ght. The organocl ay conponent conprises one or
nore organoclay materials. As used herein, organoclay is a layer [ﬂ]r
silicate clay, derived fromlayered mnerals, in 5 which orgjgﬂ%i%yz Auct ures
have been chem cally incorporated. Illustrative exanples of organic
structures are trinethyl dodecyl ammoni umion and N, N -di dodecyl i m dazol i um
ion. Since tygesikkhaces of clay layers, which have a Iatt"‘%e-l i ke
arrangement, aré —electrically charged, they are capabl e BFVB¥H*Ty or gani c
ions. There i deddfivatibibf r@didu@lcatalyis, lind esiadlack o diie chiaar whichfingiomlas enpl oyed
inthis invention other than that they are to capable of undergoing an ion
exchange wi t h2PIBEHIGSAPCHE EHYPOSHMe preferred organocl ays are | ayered

m neral s that have undergone cati on exchange wi th organo- cations and/or
oni um conpounds. | THelsdenddn wikk nok bsfincther ldesgsived avitinirefeviesde so alieefotldwingkaol i nite
group and the noptnorillonite group. It is also within the scope of this
invention to “%‘?TﬁT"&?g?ﬁa A's of the illite group which can include

hydrom cas, phengite, 15 brammallite, glauconite, celadonite and the |iKke.
O ten, howsveExamgiel preferred | ayered mnerals include those often
referred to as 2: | layered silicate mnerals |like nuscovite, vermculite,
saponite, hectoritgan%ég iL:lani b e SRR j is often
preferred. The | ayer : %Fﬂégfa é’rké@@:%(? g%%%g}gg\%&ﬁay bil@gr/%dtnﬁgel]dtyita@al |y
produced. Howewith variows dadipgstof nraahesiay afee mperiaisabddyin gash samplagreand commercial |y

avail able. 20 f i I i i i ention
are descri bedSIIBIi] %%9{%1?%?}1? Z’w ésaﬁ% ;yg g%%qgﬁggghg@‘%ﬁ%geme@ﬁhgye

i ncor por at ed heeedativiyouprigaresteseand Thvingan mgirelc voorspoefdyii3;éiyezbe a sili cate,
such as i Ga. »PoB0N Abrolle Do celif i G ARSI Chiion KA. 6 gl uded 1 n

t he conpositions of e rnv n%l on In accordance w conventional practice
in the art. Féilenanplass, fibet aleid mmémg, [Yudtromdiaigersglass fiteas bigedwithcer ed

phenol s, organic osphi t.es i_,azi de oxal at.es erical | ¥ hindered am nes
e v N o SR Bhleliin el A SRuBH ier el 8307 SulhllobRE", 2
ZnS whi ch f untibkghs Mica Semdfei 200HE iy a@epdtadibn cfapoel ddasmded ptal yst present in
PPE, MyO or O whi ch function.as an acid.quencher to .quench acid

bonsr atod by PHGEOPRY Bl o P S SE0 o ST ORI rpd A5 Zeek

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
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Phosphite 168 Stabilizer | 0.3 0.3 03 0.3 0.3

MgO 0.3 0.3 0.3 0.3 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 100.5 100.5 100.5 100.3 [00.5

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 prdtocol 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



machine (nelt tenperature: 560 F, nold tenperature: 190 F) to produce
specinens for testing. Table 1 Raw Materi al Sanpl e 1Sanpl e 2Sanpl e 3Sanpl e

4Sanpl e 5 0.33 |V PPE53. 2553. 2553. 2553. 2553. 25 Nirez 2150/ 78@5‘?&@ RDP
FR1212121212 OCF R22 K-filament 2019.7519.519. 2515 gl ass fi INFLA

Suzorite 200 HK 5 5 5 5 Organoclay Coistite(tm 5 0.25 .5 .75 5 15A

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

ZnS0. 150. 15QydaResk20. 15 C Bl ack0. 50. 50. 50. 50. 5 PCT/US00/27143

Tot al 100. 5100. 5100. 5100. 51005 .5 The conpositions de.in Ex le 1 were
tested for fl havngtsnlinney cansiofkpight ’/f'l(hﬂﬁan'éﬁ%nha‘gw < 58?&’1’%5%@%”? whi ch
provides a predicti f hdtgbd bof fe sfRBifieA SUIndasedEthet andar d,
such as UL- 9431\:/;\§aﬁ‘{e ‘%g/%é‘sgg@ gekﬁgggdﬁggge?éﬁgt ocoliﬁg‘al s for gar-shaped
speci mens of dame riBiediamess keltidn thaiqepitign g 1q secands agd hgndemoyed; k.

time is defined as the time required for the flame issuing trom the specimen to

Uesired

5 disappear. Ifburning of the specimen ceases within 30 seconds, the flame is reapplied

for an additional 10 seconds. The criteria for V-0, V-1, and V-2 ratings are listed in

Table 2.
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



normal thickness, UL-94 ratings being specified for a particular thickness.
Aflane 9 1 5 May 2004 WO 01/ 36527 PCTNSOQ 27143 havi ng an i nner cone of
hei ght 3/4" (1.9 cm) is applied to each specinen so that a gg@t giloce of
3/8" (1.0 crm) separates the |ower end of the specimen from HRdE%f0Wnhe
flame. The flame is held in that position for 10 seconds and then renoved.
A burn time is defined as the tinme required for the flane issuing fromthe

specinen to @ (a pear. |If burning of the specinen cease 'tpi n 30
Plg%gzq %ﬁ%s."al’%scriteria

seconds, the is reapplied for an additional 10 sec

for V-0, V-1, easted 35@secatds.nDsp pardcldsitigt gdité mpiectalbtwtoR gauEalsiteatd bilewt i cal

Fl anme Cl ass Reguirenents 94;{-09 V-194V- 2 | ndi vi dual burn#10#30#30 ti ne,
seconds Total "BUPHTPFHEE A28 #250 seconds (5 speci mens x 2) #30#60#60

G owing tinme, seconds (Individual NONOYES specinmen) Drip particles that
ignite cotton For Bona V-2 mtinggy indiyidusi dinwitonea | fropushefistiomsscondappiisati first or

second appl1 cat of. 1840 EXSRRCTAOGREGANISm ThE Al UlediEn il Rt | o5 1o

any five specimr?gﬁ’éce t o exce seconds articlfes that
ignite a pisecexeakd 2301 teoondgaDrip psiidiesaliaggnived pivve of butos peierssnatddibelomot

al | oned. For -l.ratin ngQ individual burn tinmes, fromthe first or
second appl i cquSBﬁmm%?egqgé”@gd 30 seconds. The total of the burn tinmes for

any five speci nens may not )
A statistical analysis of the data obtained from a flame test can be applied to

determine the probability of at least one possible outcome of the test. Possible
outcomes include a first submitial 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 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



10 15 May 2004 WO 01/36527 PCT/ US00/ 27143 exceed 250 seconds. Drip
particles that ignite a piece of cotton gauze situated bel ow the specinen
are not allowed. For a V-2 rating, no individual burn ti nes, fhﬁ%yn%éd}e first
or second application nmay exceed 30 seconds. The total of tt? urn times
for any five specinens may not 5 exceed 250 seconds. Drip particles that
ignite a piece of cotton gauze situated below the specinen are allowed. A
statistical woahysrs of the data obtained froma flane tesbroginbes applied
to determne the probability of at |east one possible outcone of the test.
Possi bl e  out odweLuimci-a i the aTabrhiliy thay perdirst oy timesxceedsAMBATHE bEp HRE ¢ e
pass and ret e%)alu apd 2 14 tl% OR300 WS {eBbndRARSimd dA6delidd RxfiufiBdm 1 M@ pass
and retest, an Pature T probability of at |east one outcone,
preferably a ftimesalue.iRwe-padsshoprobabflityrtha theusymios die bumn tipes (i leRsshapor neasure of

the flanme retar ce af: ipt | ON; | : .41 ng the
variability i %ﬁ'ga?g)naf mlg‘;]m\&ragor%@%'lf' égﬁeﬁgggggftp}i"ﬁﬁl' grtwr%bﬁ%lwhg?ﬁt est. The raw
data nmay be t rspevsdenreriibitspiripping twing she flame teste Firstaanil sacprsidiure simeigfeatoi ons by 15
conversion to.equival gnt ithm c val . i.thai and "l ogarithmc”
refer to base bfgﬂimc?ﬁgﬁ?rtahdﬁ%g?ésﬁ‘t'??gls?&fh\ézggut% ggﬁﬁ%ﬁ%ggg%{dn ‘may be rounded up
to one second in order to avoid negative logarithmc values. The |ogarithm
of the burn tine nﬁbemrhh@biﬁt}bféat@alﬁéﬁlﬁglaﬂé@eame‘lﬁééﬂxiﬂwmst{%%@&’ﬂéﬂte’ steps. Use
of transforned, data | r { e normal distribution of val ues
associ at ed vvitH”B‘ﬁ?hh?’f%eﬁfeg%ﬁngffogﬁvggpg@?ded. Raw 20 data do not show a
normal (bell-shaped) distribution curve becausg there can be no val ues

| ess than zero, and data points a?le’mbb'y(pzl@aﬁ“yﬂﬂ)cl ustered in the space bel ow
the maxi mum i ndividual burn tine. The transfornmed data, however, nore
closely fiiy a wHeRIHXBI, i6lihe kreh Dikdel OB IpubNel diftfButphebabior tIymimf a first tine
pass may be determ ned according to the 25 fornula: PFint tinc pass =

(Ptl>nbt, n:Oa%(d Evhg'gm%tekporﬁl% “%<' rlzlaf%ts?()lthe fur ter 2)<fb|z:1) rtj-:spe’d. n=0) 11 15 May 2004

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



WD 01/ 36527 PCT/ USOOf 27143 where Ptt,mh% "-o0 is the probability that no

first burn tinme exceeds a maxi mumburn tinme value, Ptans,, ,=0 is the

probability that no second burn tinme exceeds a maxi num burn _ti me X | ue,
P,a,ai.=,tbt is the probability that the sumof the burn t i 1749 %% s s
than or equal to a maximumtotal burn tine value, and Pddp,,,_ " is the

probability that no 5 specinen exhibits dripping during the flame test.

First and sewoenthebirn tinme refer to burn tines after a fpEgissgtfhzsecond
application of the flanme, respectively. The probability that no first bum
time exceeds af sauwlpted Srigorore! byrntimesal The distribution miny be gepgrategbijonbeMduse er i ned

fromthe for ”@aﬁ%m{n ﬁthlllD ol lr@p(?'se cfg&?x tt:)ars us&lﬁ t]Ptdiis?rﬂ:i P&r)forltﬂf\mﬁgﬁe Iaat!:’ it s

t he area under nor ma utiron curve and where
t he exponent 'H&émmmdaﬂbese tT@cftniqaesrfurrMmte Chrldsimgatieasrerti k‘ﬁwnprtbebabl lity that
a single seco burn

exce Lmum _bur n 11:3% be
determ ned fr W%df%nbr#'dfncurﬁa-rs%goi%lb%m? esBayBééTEeL te?é'&\%’uere PQ>n, b, is
t he ar ea undemebhsdrzeand®t delision bixbid sioulatedil Q08 sétor TherehrBt Piofswalbbopbe, t he
nmean and standard.devj ati,on of he, burn a set, are to cal cul ate
The nor mal - oRBETAR T oh e dieg anderipg Pt GafiSh Bsvrsa B ot DM mum bum
tine is 10 semﬂdsmulaﬁdrs-tarwtalbmnMeEarroaiu@gnaxtnmnwasakbwsmmnteumtmd ne is 30
seconds. The ility Pdd n.o t no ,speci nen xh| |pp|ng
Guring i ho t1 SO ralid, e gRyn et B RET O B ek Ry
Pdp) 5 wher e Pdating, th@ﬁaﬂﬂnﬁﬂﬂ@dﬁtal@hmbiﬂfe&szsbaécoddisl p/ the nunber of bars tested
The probability PI, | ,tbt that the sumof the burn times is |ess than

normal ai sBri buti o hecw%ﬂ%“ o A B el e B LSBT

simul ated 5-bar total burn tines. The distribution may be generated from a
Monte Carlo simulation B T(BOw=get sPofn, i ¥Buwbanst Rigikmgtt he di stribution
for the burn tine data

(Puizmby, 1=0 X Prz>mbt, pm1 X Protatcmmnt X Parip, n=g) +
(Pll>mbL 270 X Pombt, w0 X Pmtbrcsoratesmnbn X Pdrip. wo) +
(Putmbr, n=0 X Pizombr, 020 X Protatommiot X Parip, 1)

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,
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determ ned above. Techni ques for Monte Carlo sinulation are well known in
the art. A normal distribution curve for 5-bar total burn tinmes may be
generated using the 5 mean and standard devi ation of the siqggﬁtq%) 000
sets. Therefore, Ptoe,,<=ntbt may be determined fromthe ar " a | og
normal distribution curve of a set of 1000 Monte Carlo sinul ated 5-bar
total burn time for total <= maximumtotal burn tine. For the UL-94 V-0

rating, the vimegisgasn total burn tine is 50 seconds. For a pérluspnys?2
rating, the maxinmumtotal burn time is 250 seconds. to The praqbability of a

retest is det er i rhe Pekebiliithag 2 siaele FrEOE GHIMIYRS RYCTeBT arAximumbyD fime =

(Pt a>nht, ht X Pdrip, 0) + (Pll>nbt, n=0 X
PLosmbt, N1 3@‘5?“15’“* eﬁ%ﬁ&ﬁﬁ%ﬂ%‘?H (PtO.K n-0 X Pt2>nbt, n-9 X
Prrtbt<torrK—nTtht X Pddp nO) (Ptt, n=0 x Pth nOXPttat< nt bt X
Pdrip, a-1) 15 where Pti>subt Pﬂwnwll‘é"?ﬁ@“ﬁr(bbpahrb ity that a single first
burn tinme exceeds a maxi mumburn tinme value, P,2:r,tb,, | is the

probabi ity tRadre,ShidefindlagoRd burn time exceeds a maxi mum burn tine

val ue, Pntht4otk<=n4bt is the probability that the sure of individual burn
times is greater t - L oum tog.al. .bur i.ne . s less than or
equal to fhe namﬂlfrﬁ ?tﬁlgggﬁ(a[t(% am {IBIJ ﬁw%?‘llarlrgur%}g use%/EIJ E’%gr a’?ﬁjthé— is the
probability thﬁim&m&bmgﬂmﬂrﬁem@hmnsﬂhm dﬁimsaltirﬂn@qnamhgudumcsn@td he fl ane
test and Pt are as

+
def i ned aboveb““?’ltl‘ﬁ’eb’f‘lﬂﬁm ?qn‘%)eye”f“ﬁ%l&oénp@?e H%"‘?F%'R?%Lim i fsrlr@maée@ééeds a
maxi mum bur n birfiBaMihdseas déRyibddabsletfarPrpngd Prwm the ISfeqt.lBltdeeaIBal >nmbt, n-t

=5 X Ptj>nbt X Pt t.n bt)A 25 wher b 13 15
May 2004 v\ooﬂﬂﬂgGt E’ﬂfﬁ@‘%ﬁ'@ﬁéﬁ‘%fﬁfge‘e’ﬁs‘ ‘8@‘2@0 ‘1‘3%’?‘%?{ aéeggub%rgf)\e/esecond

burn time 1gxceRddum tieforatitim totdl blﬁmnmakuaalnfaythbma:dﬁtrﬂrranenexht burom t he
formula: Pts>, nbt, t

t X, (I nbt wher e i 5 defined
above. 5 The {M&HHUS- Ilfctrﬁhetlﬂa?w&éa?&rﬁhf)?’aﬁ“ﬁ’ﬂi"\f?%@émtﬁlﬁ’ﬁpw"t‘i‘g@ S8 gr eat er
than the maxiguikinRirfletddUbfl SurBine/Alud & F@cdnds. | R8s Vihanva g to the

maxi mum retest total
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:
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burn tinme value may be determ ned fromthe normal distribution curve of
sinmul ated 5- bar total times, as described above for PtotaK- nthbt.
P,ntbl-.toul- -nu bt is equal to the area wunder a | og normall I\gés%qd buti on
curve of a set of 1000 Monte Carlo sinulated 5-bar 1o total l?u i #e for
maxi mumtotal burn tinme < total <= the maximumretest total bum time

val ue. For the UL-94 V-0 rating, the maxinmumtotal burn tinme is 50 seconds,

and the nawa%brs%t est total burn tine value is 55 secongﬁ{u@ﬁ% V-1 or
) 71
e

V-2 rating, maxi mumtotal burn tine is 250 seconds, Xi mum
retest total burn P RwMEke®um ik S 2B 2 xFan IR« probabi l ity that a single
speci nen exhibits dripping during the flane test my be estinmated fromthe

followng attribute functiop: Pdap,n=l.=. 2 X Pdrip X (1 - Pd,;p)4 where
Pd, i p i s defi nuaFEmpgimegnd P F‘é‘iaqﬁ)sndéﬁ%gggaeabove. By definition, the sum of
the probabilities of possible outconmes of a first 20 submittal is one:

E( Probabi | i ti es) = Theprobability pEa sseond sgbmigtal pass p deigrrojaed apeprdipg it = 1.
Therefore, the probability of a failure is given by: P fadum no retest

oo - PRI floe plia o Bokwest Jhe prebahilify of a first submttal
pass is given by 14715 May 2004 WO oi‘/136527 PCTI US00/ 27143 P 1st submittal

pan = Fr it ti past + P_rete x Pf rst ti ast where Prust tine pan
and P rctrst aVrs ﬁ“diefﬂi'"ngﬁ”éﬂ‘iééi!‘“-‘r’ﬁ@“%P%‘ﬁ%ﬁog?'y of a second subnittal

pass is determ ned according to: P2m submittal pass = P failure, no ntcal
X (Print tine pass FinaBy.niet meitabiktyrf o piss tfiame fipaarsl)se@nduubngttdf arthe ovérad pans,
Pretest and P rajl .. no.retest as defined above. Finally, the probability of
a pass after apr%‘:atngfy%fﬁcpa%séscond submittal, or the overall probability of a
pass is: Poverall pass - P Ist Submttal Pam + P2" a submttal pass Using
this procedure, eadhwofustRo:eonpediiionsaef Table 1 were evaluated, and 10
the results are summari zed in Table 3. As shown, conpositions containing

m ner al 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.

15
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15 Exanpl e 2 The experinents of Exanples 1 were repeated using

m ner al

fi

[l er

rth in Table 4 and tested for
t hese conpositions,

in accordance with the

flame retardance

the i nportance of PRl ¥RaYVAH3 i || er

1Sanmpl e 2Sanp
Fl ame Applicat
Application (
(sec) Standar
Passi ng UL940
Notes: 1. Sam
time. Thus a

this was that
second, and t

with various |evels of the organoclay ggmponent was tested. As shown, the
20 presence of both the organoclay and the mneral filler result in the

ot ardance proper i-es—J1.5\ L/ 35:')7 Tabl o 2 Fest-Sa er| e

B93Sanpl e 4Sanp| ¥8" ! 1/pa BRg SFER Y [Tt ?"ﬁ%‘*s 34362836880 1"

ion (sec) t2 - Yotal H ane-Qit Tinel848151K89- 2" IFl ane

st e Yol Flawe-OR Timse ¢341 181127995 A¥er age| ¥l ane- C§§? time32.922.4

O1=PRMé Appliebon(fhame- 32. 21. 41.5(CQut tipe, see) Probability of

800. 850. 980 930(VO ratfing on{1" submttal jof 5 flane bars

s € ol ThRTPiEt ey eWMeT the frafg was ppptTed the first
cond ane applicatijon was|{not pogsible.| A congequence of
”WEf@Fmﬁmﬁﬁgnﬁ out tfime, filrst applicatijon (se¢.) was 880

2 could not be calculatled 16

tl + 2 (sec) 118 117 79 95 -

Average Flame-Out time 3 29 2 24 -

(sec)

Standard Deviation (Flame- |3 2.2 14 1.5 —

Out tine, 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

flame out time, first application (sec.) was 880 second, and t2 could not be calculated.

16



g
a

~ ~Nn ~ev rr

AN

pw 0 ~rry-~ov,
15 May 2004

PCT/US00271 43

aC-~-en e+~ ~ v~

15 May 2004 WO 01/ 36527 PCTIUSOCO 27143 r~3"~ ao0 ,n rn ~,
WO 01/36527

~nz' ceco~+~ C. LOC ' *Oo(c) OS~00~0vV7 N n~*io
000og~pero NbQOo" 1+~4VenO CUCDO. . R1 00 f~

00 L0 oo 850 SL'O 360 66°0 06'0 ey ¢ Jo [Enoqne | o 3unes OA k671N nssed jo bﬁaﬁﬂ.ﬂ
vl §t £y 6t £ I't (4! 6l {595 ‘a1 [, 1nQ-sUmm]{) VoNEIAX] pEpuog
¥9 oy 1 (44 VE 17 4 £ (03s) S| no-auwre]f Beiaay]
LST $81 991 891 vEl £8 6L 6l (=) + 13
£LE 7L - ot 73 [+ 8 12 9L (90s) vonuotjddy aurer{ 7 ‘surl], 1no-auml{ (Mo} — 23
v £9 ¥9 9% [43 113 9 i (23s) voneonddy swmyy ;| ‘il mQ-sumd [E10), - 13
1524}
001 001 $'001 $'001 $'00( 001 $'001 $'001 feio]]
50 S0 S0 0 0 s0 $0 50 1Ed )
S1'0 s1'D SI'o SL0 s1'0 sl'o S10 $1°0 Su7
€0 £0 £0 £0 £0 £0 £0 £0 03
£0 £0 £0 £0 £0 £0 £0 £0 2qElS 891 nydsoy
St ¢ STO - st 3 $T0 - VST wMsI0]) Aejousdicy
3 s g g MH 007 Aomg eapy
174 or ot oc 5] sl Si 1 £2qy ssepd WHINY-Y 774 IO
ot ot oL o1 ot ol ol ot i d
6 6 6 6 6 6 6 6 THOLNOS 1T 290N
565 SL6§ 09 $T09 6§ SL'6S 09 ST Hdd AL ££°0
g1 ‘dumeg | 71 ‘duweg | 1§ dureg | f dumg | -durvg | g-dumg | £ -dumg | 9 dureg [ELIEpY M
¥ 3lqe],

17
SUBSTITUTE SHEET (RULE 26)



Ovlof ~I "~n ~o0Cof ~aCL Gan"'?y~ GGOSut|Q)O[~Jp 13 jhn rrn n Ch
S~-pP}O. 4e' ~a ooor ao ~"0000S~ro I, u7

15 May 2004

WO 01/36527 PCT/USB0/271<%83

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,

18

SUBSTITUTE SHEET (RULE 26)



y~ 3~~'"a~onoancnCqpv~ 17 SUBSTI TUTE SHEET (RULE 26) 15 May 2004 WO 01/ 36527
PCTI US00127143 18 SUBSTI TUTE SHEET (RULE 26) 1 5 May 2004 CLAI I\/B 1. A
conposi tion conprising : (a) a polynmer conponent conprising % t 50% of
pol yphenyl ene ether; (b) glass reinforcing fibers in an and rM Wi ci ent
to increase the nodulus and strength of the conposition; (c) a f|re
retardant conponent, wherein the fire retardant conponent 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 m neral conponent is mca. 2. The
conposition of claim1, wherein the organoclay conponent is a silicate. 3.
The conposition according to claim2, wherein the organoclay conponent is
present in apEAp4Rt fromO0. 25 to 0. 75 % by weight of the conposition. 4.
The conposition according to claim1, wherein the organoclay conponent is
present in an amount from0.25 to 0. 75 % by wei ght of the conposition. 5.
The conposi tiion OfA@dIﬂIBdﬁtﬂgndﬁhﬂﬁ-l@ -t he corrp05|t|on conprises 5 to 50% by

R T A s e s S G RRB RS 11 e
retardant is resdbxi n@lassitqifosgidmfieers in an amount sufficient to increase the modulus
and strength of the composition;
(c) a fire retardant component, wherein the fire retardant component is an
organophosphate;
(d)  anorganoclay component in an amount effective to enhance the 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;

19



7. An injection-nolded article formed froma glass fiber-reinforced

pol yphenyl ene ether conposition, wherein the glass fiber-reinforced

pol yphenyl ene ether conposition conprises: (a) a polynmer cq 4
conprising at |east 50% of a pol yphenyl ene ether; 19 15 May 2004 (b) gl ass
reinforcing fibers in an anount sufficient to increase the nodulus and
strength of the pol yphenyl ene ether conposition; (c) a fire retardant
conponent, wherein the fire retardant conponent is an organophosphate; (d)
an organocl ay conmponent in an ampunt effective to enhance the flame-
retardant characteristics of the conposition; and (e) a mneral conponent,
wherein the mneral conponent is mca. alt 8 The article of claim?7,
wherein the organoclay conponent is a silicate. 9. The article of claim7,

wherein the organ ay RNt S md @@%t- o 0.
75 % by wei ght  of @hepégéﬁrrgosi t%‘?\é ﬁblé(%g%sle ardt)_di?léleﬁe}‘ﬁo cl g%g%%vﬁlg?élﬁﬁgthe

organocl ay céhfaEegth plyehenyisre sHer AIUPRSILON om 0. 25 to 0. 75 % by

wei ght of the congesi t iadite rédrdarktenpohért] Wh@binGh@fird rétarddiéShporiehtis an
conposition conpri es%_to 50% by wei ght of glass fibers and 5 to 30% by
wei ght ° of thgr@agﬁo&% g’phorus fire retardant. 12. A nethod for nmaking a

gl ass fi ber-rei nf ¢dked aporgapbeay temporenhizrancommas efféctine to enhaped the figmehe
steps of: pr ' ICHE fo‘ﬁ?&i i .ng e following ingredients: (a) a
- pol yner comgﬁgl&lit%ﬂ%g%pdﬁ%%%%g?yﬁ east S@%@qodﬁa. pol yphenyl ene ether; (b)

gl ass rei nforci ng #)i beldningrabeprapaygnt wharein teapinerabconiponenisie miee nodul us
and strength of the pol yphenyl ene ether conposition; (c) a fire retardant

in.. fir ardant conponent co is an
g?ggggﬂgépwiﬁé ?q%{éfogtcgugt%?v?lere?n ¢ organoclay componen {sasz ?cate.

. 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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(d) an organocl ay conponent in an amount effective to enhance -the
flame-retardant characteristics of the conposition; and (e) “a mneral
conponent, wherein the mneral conmponent is mca; and 20 151@ﬁ%af§58&
conpoundi ng the m xture to blend the ingredients into a unifdrm
conposition. 13. The nmethod of claim 12, wherein the organoclay conponent
is present in an anount fromO. 25 to 0. 75 % by wei ght of the
conposition. 14. The conposition of claim1, wherein the pol yner conponent
further conprises a terpene phenol resin. 15. The conposition of claimb,
wherein the organocl ay conponent is present in an amount fromO0.25 to

0. 75% by wei ght of the conposition, mca is present in an anount 5% by
wei ght of the conposition and the pol ymer conponent further conprises a
t erpene phenol resi IBdin L4 j . ;ﬁﬁﬁ 3
conponent furtherQ?gﬁgrise% aIﬁ%%#%gﬁg&%%g%gﬁﬁéégyﬁhﬁég. 1@?3@?#% e of
claim1l, wherein the organoclay conponent is present in an anount from

0]; Zg(ytg 0. 75%3%)5&@@1'5%{@& dﬁf:lairh?lzglﬂﬁ’ﬁ@ﬁith% Q@méﬁl@%dnﬁaoﬂéﬁtﬁ@ﬁfetsér? ix@lg_!?1 anount

o] o by wei 0 4,Qn an ol ymer. conponen urt her

conpri ses a ?@%’8{1@0@%{@6% % yl‘%‘?lgqttf’g%#g‘fql%‘??s’é‘f’ncl aim 12, wherein the
pol ymer conponent further conprises a terpene phenol resin. 19. The nethod
of claim 13, er ey . pqt 4 gg;i % ﬁﬂﬁ. ght of the
conposi tion owogl_glbsﬂs% c%%@%@@&%%%@")&%y \Aetl?gi(fl%%&f%(%lgkr{rtpos&ri on of the
or ganophos ph@PBWPEIses & terpeae phenghresing% by wei ght of the conposition of nica
and the polyner conponent further conprises a terpene phenol resin. 21

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
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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