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.operties such as plate-out and mgration. Plate out
o410 g o e relaragnt e ieemoplestiv nRpaRtians st aften meet o
rdrige) WF driedapaiReiRtfrém phixtcad BedF@ERNE totdpBearaict td Efvidfimental

ases by a powdery or tack eel

. eVvi ced in sonme . f to
i e ey s hoam e SRy (S EBloRBsERARSS O
flaye rrevsidest @mnekded toMinBetninbuiy by alf dF €hedé RriteR@WNWhiN thedlise of
PE‘I?'F%‘}J evel s fre%uentl_y have a negative inpact on

TahaS HeED SPEretl ey dnsgicss: trghle lammablescompagitions
have édneindd! tof B pidbienfie. BighlydRMMmaTRREhSHINCt dpositions

frequently require high levels of phosphate flame retardants to obtain the desired level
of flame retardancy but high levels of phosphate flame retardants can result in
objectionable physical properties such as plate-out and migration. Plate out and
migration refer to the movement of solid and liquid component to the surface of the
article as evidenced in some cases by a powdery or tacky feel to the surface. Other
flame retardants such as magnesium hydroxide and aluminum trihydrate are known

but at high levels frequently have a negative impact on physical properties.

Accordingly there remains a need in the art for a flame retardant composition that
provides excellent flame retardance to thermoplastic compositions and has little or no

negative impact on the physical properties of the thermoplastic composition.
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provi des excellent flame retardance. to thernoplastic
conpositions and has little or no negative inpact on

t he physical properties of the thernoplastic
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DESCRI PTI ON OF THE | NVENTI ON The above descri bed needs
are addressed by a flanme retardant thernoplastic
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I rpact nodi ; a phosphoric acid salt
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foregoi ng; a netal hydroxide; and an organi ¢ phosphate

awigpLt Modifier; amount  of phosphoric acid salt by wei ght
is greater than or equal to the anount of organic

phps gaye by wei ght. In another enbodi nent, a flane
af@ﬁ?& Ont thernopl astic conposition conprises: a
poly(arylene ether); an inpact nodifier; a
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a metal hydroxide; and

an organic phosphate wherein the amount of phosphoric acid salt by weight is greater

than or equal to the amount of organic phosphate by weight.

In another embodiment, a flame retardant thermoplastic composition comprises:
a poly(arylene ether);

an impact modiﬁer;

a polyolefin;

7 to 20 weight percent of a phosphoric acid salt selected from the group consisting of
melamine phosphate, melamine pyrophosphate, melamine orthophosphate,
diammonium phosphate, monoammonium phosphate, phosphoric acid amide,
melamine polyphosphate, ammonium polyphosphate, polyphosphoric acid amide, and

combinations of two or more of the foregoing;

4 to 15 weight percent of a metal hydroxide; and



4 to 15 weight percent of a netal hydroxide; and 2 WO
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of an organi ¢ phosphate wherein weight percent is with
respect to the conbi ned weight of the poly(aryl ene
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consi sting of melam ne phosphate, nelam ne
I ymatit emphditrent, etedtrical mire@otnprgdsnsphat e, di anmoni um
phosphat e, nmonoamoni um phosphate, phosphoric acid
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co ?uctor, nd a covering di sposed over the conductor
*\m@ wiene #betk overing conprises: a flanme retardant

t her nopl asti c conposition conprises: a poly(aryl ene
apimpac) modifitdd 2006/ 104811 PCT/ US2006/ 010462 an i npact

nmodi fi er;
a polyolefin;

a phosphoric acid salt selected from the group consisting of melamine phosphate,
melamine pyrophosphate, melamine orthophosphate, diammonium phosphate,
monoammonjum phosphate, phosphoric acid amide, melamine polyphosphate,
ammonium polyphosphate, polyphosphoric acid amide, and combinations of two or

more of the foregoing;
a metal hydroxide; and

an organic phosphate wherein the amount of phosphoric acid salt by weight is greater

than or equal to the amount of organic phosphate by weight.

In another embodiment, electrical wire comprises:

a conductor, and

a covering disposed over the conductor wherein the covering comprises:
a flame retardant thermoplastic composition comprises:

a poly(arylene ether);



a polyolefin, 7 to 20 wei ght percent of a phosphoric
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Figure 4 is a perspective view of a jacketed wire.

DETAILED DESCRIPTION

The flame retardant additive composition comprises a phosphoric acid salt selected
from the group consisting of melamine phosphate, melamine pyrophosphate,
melamine orthophosphate, ammonium phosphate, phosphoric acid amide, melamine
polyphosphate, ammonium polyphosphate, polyphosphoric acid amide and
combinations of two or more of the foregoing; a metal hydroxide; and an organic
phosphate. The flame retardant additive cdmpoéition has the advantage of providing
excellent flame retardance at lower levels of organic phosphate than organic
phosphate alone, thus decreasing or eliminating plate-out and migration in
thermoplastic compositions. The flame retardant additive composition can be used

with a wide range of thermoplastics and combinations of thermoplastics to decrease
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In one enbodi nent the flanme retardant additive
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mel am rophosp ate ( exanpl e,
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As mentioned above, the phosphoric acid salt can be selected from the group
consisting of melamine phosphate (for example, CAS No. 20208-95-1), melamine
pyrophosphate (for example, CAS No. 15541-60-3), melamine orthophosphate (for
example, CAS No. 20208-95-1), monoammonium phosphate (for example, CAS No.
7722-76-1), diammonium phosphate (for example, CAS No. 7783-28-0), phosphoric
acid amide (for example, CAS No. 680-31-9), melamine polyphosphate (for example,
CAS No. 218768-84-4 or 56386-64-2), ammonium polyphosphate (for example, CAS
No. 68333-79-9), polyphosphoric acid amide and combinations of two or more of the
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acid salts. The phosphoric acid salt can be surface
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range the phosphoric acid salt can be present in an amount greater than or equal to 32,
or, more specifically, greater than or equal to 34, or, even more specifically, greater
than or equal to 36 weight percent based on the combined weight of phosphoric acid
salt, metal hydroxide and organic phosphate. Also within this range the phosphoric
acid salt can be present in an amount less than or equal to 57, or, more specifically,
less than or equal to 55 weight percent based on the combined weight of phosphoric

acid salt, metal hydroxide and organic phosphate.
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conbi ned wei ght of phosphoric acid salt, netal

hydr oxi de and organi ¢ phosphate. 6 \'/O 2006/ 104811

PCT/ US2006/ 010462 Sui tabl e netal hydroxi des incl ude

WO 2000184881 capabl e of providing fire retardan®ET/U§H06/010462
wel | as conbinati ons thereof. The netal hydroxide can
be chosen to have substantially no decorrpositi on

urin ocessing. of .the fire addi it
SuRb ] BHEoRUIPaut AT HiehSpRaE ¢ e BN FiiBbhce,
wellPgst @BhbhtiohsNEhefbREONTAS | thétaln hyé‘romdefdaﬁ ebk h:boss‘n ntoahave
anmounts of deconpositjaon that do o&‘Fp %gtt osu?on
STBREHAN RO derPaORBon OB EREPSITer ot e AALNG MR
aﬂﬁ&' fif2h JeRY@int ﬂferxﬁéﬂlﬁtlE Rb@pshaime -Subitedtllany deconipebition is
dr oxi des include, but are not Ilimted to

d yrcpdd;@redre ag fagoupss Afsleeompasition Nt dpzp.Dreves) ‘hrégﬁﬁﬁ ﬁ{iﬁt
E&‘l S R% ﬁ)ﬁ FroBX fidRidshe thé\Gesiied 1e4e10¢tfire tetddianceC Examplary

I OXI or exanple, CAS No. 21041- (ii
rrmmchamdmd@de tobargmot Hpited t9f mgRESIUBY '@6‘5‘%’5’1‘% (for example,
cﬁ{%’%' T885-47-8 he, 165%%%%%‘#5)8& dor %95(9151&8@%5 NBUDESISNY),

r oxi de. ments the metal hydroxide has

cabaltahodrcarg@ (fplacxmrmlfe CGAS ol 344 1t9%:0) #1d eupbanatipps eptwo or
r%g ro‘%nﬁ)%efo%eé%%orlna oRU e didfeRt @6 fB@n l@ﬁroﬁﬂ@al:omﬁrﬂes

In sonme enmpodinents it is desirable
nﬁagnesmm hm@loallde hyld rsosoe chenbiodimentsrhe imetad Jtydrozide; igp |39 angrage
@btn 1
b Ere e 0 ARG o A0 aRghp 8ty pRadElian or caue
teﬁbmlghemrgent i spatecimtioglitnenssi itiis desirablscfor B masipl hydrgride to
npl t C Mot f fperddie
RRARanilshy 53 G0k e WhEaf 1o dles (i X WA perdil vpon
daying bti 1\29°Cc‘:ﬁmi dout. i Inrsomn emhodimants the mﬂal]h)'dtoéld&GaQ\b‘? gfated,
ercent 0 wei ght of phosphoric
o gPs awi%ﬁ%&’r{c rﬂgeg%r&giﬁd organi ¢ phosphat e.
Wthin this range t he nmet al hydroxi de can be present
The rastal dydionide gae he present itnthe flamg aetardeny adgitivg,compgsition in an
a%%%ﬁf dr19ab |4¥' i\ %Iex‘éént ﬁa@éfbxﬂﬁ’le EGHBihed Qex%ﬂt of ospﬂ&ﬁé"amd
speci f greater than or equal 6 wei ght
spke,r memtt h)bwedt aml Qrba;mwhﬁ@phﬁéaal %thgltﬂiwdﬁn&?ﬁb% st »’n roxide

'bg pE ‘lt 53? %1 hurﬁéger %ﬁ oi”"g?.\af & 328, nd2b Qﬁaﬁﬁﬁlﬁy greater

I'sSr hydr oxi de can
tbareelecqual to h oramnmﬂeesgsmﬁ%bln geatergihan o §qued| t° é? weight

rchreSt bRed blF tHe' rﬁﬁm%de@eclgl{t hi ﬁh@s{ph@t‘?d@éld §43t, 3etal erydroxﬂk! @hd
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qjgamxepltostﬂm dAbn wﬂign tontsingethe metal hydroxide can be present in an

amount less than or equal to 40, or, more specifically, less than or equal to 37, or,

even more specifically, less than or equal to 35 weight percent based on the combined

weight of phosphoric acid salt, metal hydroxide and organic phosphate.

In one embodiment the weight ratio of metal hydroxide to phosphoric acid salt is

greater than or equal to 0.8, or, more specifically, greater than or equal to 1.0.

In another embodiment, the weight ratio of metal hydroxide to phosphoric acid salt is
0.3t00.8.



wei ght of phosphoric acid salt, netal hydroxide and
organi ¢ phosphate. In one enbodi nent the weight ratio

of netal hydroxide to phosphoric acid salt is greater
than or equal to 0.8, or, nore specifically, greater
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di but yl phe phosphat e, l'oroet hyl di p

Pbﬁ%ﬁﬁat(%S Spmtleﬂiwl hewsl( ph@pgate)s rgthpddi ﬂﬁb)ﬂl’lpap ate 2-ethyl-
PRASIENY, el AR AIBIRAN o FABSRIG el e

bisa@retiylhezyl) pwnywhnsehatgltwnorg%sqw)t Rhoerhatg; ¢i (dodagylh pelyl
pmpm@nmcr&p Lste heﬁﬁl @ﬂb elf &ﬁg%\x%ényp 'Bgés‘i&ﬁ&& €s.

Al ternative org ni c pno e c
Cb@lf%hmbmheeﬂalphemhp@u nettadyl  bis6d.§.Aetrimiothyiberyl) hehospiatel &

elifihex{idfiphenyPphdsghdtd, 288 1AikeOm bnd efdddim&H the phosphate is one

in which each R is aryl and/or alkyl substituted aryl, such as triphenyl phosphate and
tris(alkyl phenyl) phosphate.

Alternatively, the organic phosphate can be a di- or polyfunctional compound or
polymer having the formula (X), (XI), or (XII) below:

i
ol o fox!
R2
X) XHm n
or
3
o I : i -
R(}—Y (0] CY"? OR
R Xom ) R*
(XD p



R10- OIRz R2 (X) (X1)mn or I I R3i | R50-1] OO
PORS Ra (X2)m(X3)r R4 (XI) P 8 WO 2006/104811
PCT/ US2006/ 010462 or 0O - h R Il 7 R-Il O ~~R6
%I ) R7/P*O 0 -P~R7 including mxtures thereof, in
200¢/1p#811 R3 and R5 are, independently, hydrB@HF%’-’@W‘“‘”GZ
R2, R4, R6 and R7 are, independently, hydrocarbon or
hydr ocar bonoxy; Xl , X2 and X3 are, independently,
hal ogen; mand r are O or integers from1l to 4, and n
%nd p are from1l to 30. Exanples include the bis
di phenyl phosphates of resorcinol, hydroqui none and
bi sphenol --A, respectively, or thé&r_dpolyneric
counterparts. Methods for thegpr:s ation of the
af orenentioned di- and pol yfurcti'onal aromatic
phosphates are described in Brktish Patent No.
2,043,083. Exenplary gani sphabes i ncl ude, but
are not limited to,Rhhbsphates/cant alinjrfy substi t ut ed
phenyl groups, phosphabe® bas¥d u@n&e;orm nol such
as, for exanpl&m r&sorcinol bis-di pheByl phosphate, as
wel | as t hose based upon bi s- phenols such as, for

b h h hat ne
SR il S R 0 i o
Rzr RE®ung R’ pi%emﬁépen&hﬂym}ﬂtcﬁm(bbﬂ br IgpdedaibenogAS' Ng? and X°

|
s v pameny ARGeshat 4 o EREREES foms! g 4 and n and p e

from 1 to 30.

Examples include the bis diphenyl phosphates of resorcinol, hydroguinone and

bisphenol-A, respectively, or their polymeric counterparts.

Methods for the preparation of the aforementioned di- and polyfunctional aromatic
phosphates are described in British Patent No. 2,043,083.

Exemplary organic phosphates include, but are not limited to, phosphates containing
substituted phenyl groups, phosphates based upon resorcinol such as, for example,
resorcinol bis-diphenylphosphate, as well as those based upon bis-phenols such as, for
example, bis-phenol A bis-diphenylphosphate. In one embodiment, the organic
phosphate is selected from tris(butyl phenyl) phosphate (for example, CAS No.
89492-23-9, and 78-33-1), resorcinol bis-diphenylphosphate (for example, CAS No.
57583-54-7), bis-phenol A bis-diphenylphosphate (for example, CAS No. 181028-79-
5), triphenyl phosphate (for example, CAS No. 115-86-6), tris(isopropyl phenyl)
phosphate (for example, CAS No. CAS No. 68937-41-7) and mixtures of two or more
of the foregoing.

The organic phosphate can be present in the flame retardant additive composition in
an amount of 15 to 80 weight percent, based on the total weight of the flame retardant
additive composition. Within this range the organic phosphate can be present in an

amount greater than or equal to 25, or, more specifically, greater than or equal to 30,
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57583-54-7), bis-phenol A bis-diphenyl phosphate (for
exanpl e, CAS No. 181028-79- 5), triphenyl phosphate

(for exanple, CAS No. 115-86-6), tris(isopropyl

phenyl ) hosphate (for exanple, CAS No. CAS No.
‘6’899"?"&413“?) and mi xtures of two or nore of PREUS2006/010462
foregoi ng. The organi c phosphate can be present in the
flame retardant additive conposition in an anount of

t t t he tot I ' f
e P BB B BT e Bl e e
reangat dddiive cgmpoditida) 04RO @it s RfzePhe SRRhiciphosphate can be
amount greater, than or equal__to 25, or, nore
RIFSERY i o] Zoynt Igss dBANSE AREl{o 35 Bes peciiasal less ghagesr equal to

m%éﬂéﬂ‘iﬁ&& spcifichih? @&ﬁﬂﬁﬂl%@%lapfo d¥abeddphé fot dlelghs of the
fga‘li_neater than or equal to 35 sed on the total welght

erRardenta¢ditive emapqiiep- additi ve conposition. Al so
within this range the organi c phosphate can be

TRreas eshiboldfinedt) heWrghnid PisphdieRam be q}ﬂéééﬂn ﬁxomZSlan{EDfe&Idant
Bem fi call | ess than_or equal to even nore

WYE FOIRRQSItion in gsamquabaf Jfo Aéq»xraghtpercgs tiﬁ‘a“sdéal thetofah weight

dfmmmme&manoﬁddﬁm@ cofrlpdéTBodt. EvahfAms ragidithd $@anic phosphate
HBOSItIQn In one enbodi nent, the organic pho F

spha
BEPSEHY: 48 & APVt At (haperr cghial /tel A0 tveighiapreeny dased on the

c&amagmt dfQhe FBma RetAbRHd AHdiBke 8015 sfin VeI witRBI 68 Hhnge the
based on the total weight of e flanme retardant

ongrdic: PRAsPhalneresha: prssent w am |aﬁ1°t“Pﬁ lgssrthamyer equal & 43nere more
spEBRNRL1ess tﬁﬁﬁoxb&gltuﬂrtﬁﬁq%elg}ﬁ pRIteAMRSEH oPthE 36t w%\gllﬁgﬁgﬁe

equal to 10 wei percent based on the tota
etrﬁérdﬁ'llté‘ﬁé‘“?’%?oa’?@éﬁ‘f’naddl tive conposition. Al so
within this range the organic phosphate can be

I bAs embodiferd Rwl&melkﬁ&ﬁtlé beme@l hyedidde toPhshhoRé acid salt
.nor e t?]g%g e‘b g ’%HEA ess_than or equal to 41 weight
iperagnbapis PRI GEROGIRPSIEN saReconpriserd t6/30 mole
peRERT @m%) fpﬂdsphmses CINROSY tnhdMp- nitrdgRN @n® TPRAGERIY %Wl
the \gebgs 0&3@ a:[)f met al  hydr oxi de to phosphoric acid
drogide otaf Frsls 6f Bhaseoreysy Bitrpean-ond aetal Ripxing e
conp05|t| on can conprise 5 to 30 nole percent (nol%
Witdis eqiredsding Z&g‘e the fhosphoPous ichrt &gﬁesenﬁiﬁ&nﬁn{o@n@ﬁeﬂ&' thén
net a ydrgxi e, base H the total noles. of
% ﬁ%‘é‘h) kP S %> QF (pes ShecHiiral vl 2P AMPHRioRFAE. thanpr ¢ual o)
W BC eadsmglmmmmaepxédeem@ hmmMmMs Ren By SRRt inl A aBdunt
to 6 nol % or, nore

&3 Bish or 24Pty B ol o i becieaibin ab R sk iraior gkt
24 mol%.

Within the preceding range the nitrogen can be present in an amount greater than or
equal to 30 mol%, or, more specifically, in an amount greater than or equal to 40
mol%. Also within the preceding range the nitrogen containing can be present in an
amount less than or equal to 70 mol%, or, more specifically in an amount less than or

equal to 60 mol%.

Within the preceding range the metal hydroxide can be present in an amount greater

than or equal to 15 mol%, or, more specifically, in an amount greater than or equal to
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nmol % Also within the precedi ng range the phosphorous

can be present in an anpbunt |ess than or equal to 28

m)l% or, nore specifically in an anount |ess than or
uaI to 24 mol % Wthin the preceding range

WY tan be present in an anount greater W{HW“%’OW“Z

equal to 30 nol% or, nore specifically, in an anount
greater than or equal to 40 nmol% Also within the

i t
B RG% Rllo RSP LISt BRE R BN B e BE PR
zmpmm' essahan gr elqnal.an Samwifat od, apse dpacificadly in emmabudt tesSthan or

{ gN En the precedi ng range the netal hydroxide
e@ﬁﬂ %é ﬁ‘P €ent in an anmount greater than or equal to

15 nmol % or, nore specifically, in an anount greater
’Ifﬂea:nmponeaqm Ithet ftamel B tavian Side vE@é BipdsitRinTdab/B2 G od d b gdite? to

Alsovmthlnt ecedin ran 1
fz%ﬂ q‘gx?aéi MVE OO ISioR s egﬁ ‘?‘ﬂtw(fﬁy - %ﬁe’gsgettﬁgﬁ?ai?w the
oleqlpaﬂlantst canble mah&é;dl with azugem@g;miqr frt]o ttc&hﬂ y nha@teﬂﬁtoﬂm}t’dri]\iﬂed
.l ess than .or, equal to 0 e c onen t he
S RutBT sPHHES R PR oki &1 G BRRIBe tesa o
thageplasic dompoditdaduring a6 aftdriité €oraPRSI t i on.
Al ternativel y, as di scussed i n det ail below, the

t her no hﬁsti t.o form

.I%grﬂ)onen "her @ gnded WL ses in
er a |I RFRG HFP(?F\/H '&&BP‘PE} 8ﬁ§?s§“
adél(}umm ﬂlalﬂameaetaalammdhitwatcompodilﬁt&i €THe, théroplagtic resin can be

shSFEIRBISRE ot BPRRTnk of Rolitareih ond gp e ethen blends;
st}mmm@olb’mem arxdn@}prs'ﬂﬁrsaaﬂ&l&ighﬁﬂérﬂlg't p(ﬂycﬂéﬁi rpoilymlefm blends;
tlon e a retar {. a \Y

PRt P Rir i PEBelEulhe S ndtlubdse Bxfrgh iy ene
etfteu pblem]ss iisdlideg afmgaabm(zar ybﬁ?(eryﬁinbgre)her)ﬁlﬂlmew HeRis;
ners an coO nmer.s .

Pl o eV pptyBlath criitndR ol YOF cro o Hoismaend " ethen bletinic
ﬂmﬁ)yﬁmhes Svaleghidates) rpom(amailse @i&i)/ﬁﬁ}l&@r@gﬁﬁ&fn ehﬂble@idand

e ar e et er ends | nCl uyae

PBE%?%?%?T%W P@‘(@?@?@?’F&h 18Enif pelysn I Fepely e fiends;
ippacy (rAsdifien polgtahedn:/ Rdry tblesﬁﬁm DAepIFaSURE eftfer)/thermoplastic

b ping hERG. ° e hemmadia o prprasivin it beiginalegined
ab uhb&fnoplaﬁtd: cdﬂ(ﬂo}ﬁﬁaﬁ Yhene/Rtd1ein k(EB@Mro&ﬁhﬂﬁ (R deRRiter’s

/ nNer o[ copo bl ends;
La{)oratoz'y §u1¥ tan4 en%tle&l “Tests tor Fla?nma 111ty of Plastic Materials, UL94"
(UL94) at a thickness of 3.2 millimeters, a V2 rating or better. In one embodiment the
flame retardant thermoplastic composition has a V1 rating or better. In another

embodiment the flame retardant thermoplastic coraposition has a VO rating.

In one embodiment the thermoplastic resin comprises poly(arylene ether) and an
impact modifier. The thermoplastic resin may additionally comprise a polyolefin. In
this embodiment the phosphoric acid salt may also be melem polyphosphate or melam

polyphosphate.

In one embodiment, the flame retardant thermoplastic composition has a Durometer

hardness (Shore A), as determined by ASTM D 2240 measured on a specimen having
11



i npact nodified poly(aryl ene ether) blends; and

pol y(aryl ene ether)/thernoplastic pol yurethane

bl ends. A flane retardant thernoplastic conposition is
herein defined as a thernoplastic conposition having,
WecHaP4¥4 t o t he procedure of Underwriter's PCT/US2006/010462
Laboratory Bulletin 94 entitled "Tests for

Flamability of Plastic Materials, UL94 (UL94) at a
thickness of 3.2 m|lineters, Qr b tter.

o P BT oS b R og fial & O0-ciTRE SHaTe A Bages pin be

EAEP Bh ok BdualRB 5 r Weateathail @r &{uab@tme The &dh;ﬂ)@i@ibﬂ @fay have a
enbodi ment the fl ane, retardant thernopl astic

Sheigdd dgnesh aﬁggtelar% bupp Ry D |2ﬁ4<2>wea8éws&a.aﬁe?ﬂlmfrh%avmg a

3t AEAABEY @fdh&ss 310Nt CTPWitBRSthRAhydeahy KRAE DPhdi@hess Bdiibe

an inpact nodifier. The thernoplastic resin my

gerater thap paleayal éoRd PT greater Han gease] 19,26 pilsq fjithin this range the

s‘ﬁﬂi‘% $¥6iss LIADORAACE bfuaPlRl b 61 dlst IR Y: Qo BB, Ml em
osphate or nmel am pol yphosphate. 1n one

enbodlnent the flanme retardant thernoplastic

Ie SOPS sFRbasimenss flameyreipidant thermaplasiiss conpporibion hey a flexural
fiRILRS maE‘Qﬂ:téPrYimééST [A 234 ODPSRA SIS G0 WAesS raemlémess of 6.4
havi ng WO 2006/ 104811 PCT/ US2006/ 010462 a

mﬂlwqt%&r@m){ ofi lesonbaw or gauah e A 172, megappscaly (MPa).o Tée flexyral

mI¥ALLS chh halddgas oP@t{hapﬁ) 51@&@?& of lem«ﬁﬁh &F eRflUBlagh MF> A
or greater than or equal to . The conposition my

flgeg eretardagh theemeplastie Fempasitiens we!ét féP rebeneddasgribed 13hors ézarcsi
fﬁ?ﬁﬁpﬁ%’ulﬂ?@ﬁﬁdsz'tgg% &%Hg\y\ﬂf Qﬁpl?catlghsrﬂag ifingeh %%xlblc material,

t hi ckness, of hisr e the Shore D
Prdiculady witegaating ang fidmt whes; Augts, Glecteigaldns aéOfQ@Sldatxon barrier,

u%ﬁﬁiﬁbﬁ J bxléglég ]ﬂﬁte eqiLy pta er2 SnpeAl znc‘xﬁ Elh : g?ﬁclﬂhénsr %91%5 éhe

Shor e ardness ‘c
cgmbme%@ oftilamegetaidanssg) SOftgess @od ﬂ%lblbtyear@wnwidne nts flame
retardant thernoplastic conposition has a flexura

IR B brktsodiAént Q@El@étfﬂ:zﬂ %ewmﬁwa%%emg aisﬁaseb 3 & aWohduchor.

t hi ckness of 6. mllineters | ess than or
Thgarering C?!E‘PES%B%\E’&S@&F@“{ ml}om %cqm@a@uwa{ Thgsirgirical

VARNMBAY ad@fsnall %Hmﬁﬁseeéﬂ"&ihehgn ? l%rer 'd%ﬁése& WaRvelh the
equal’ to 482 | ame refard an t"her nopl asti c

elestitsaldy eandyrtixp Wetawéma@wr@%l@%@rcmwltmr e A and
flexural nmodulus finds use in a variety of

IRRR¢ efmBbdiflRft the Yl B@rdant! thevsldplBtid BdrBidsMon is applied to the
partlcularly wire coating and film_tubes, ducg

RSO DY 41 S0l SghOR sucty AL B CBRPE fsforin amlentinel wire.
Fof @Rkifple,Ph bRingV@trudRaRBipped Wi 2B8Ee®! BBEsheddD blaRdri pIas,
d\xlggr?bru%rt Hl;e)ple, and die can be used. The melted thermoplastic composition forms
a covering disposed over a circumference of the conductor. Extrusion coating may
employ a single taper die, a double taper die, other appropriate die or combination of

dies to position the conductor centrally and avoid die lip build up.
In one embodiment the covering has a thickness of 0.1 mm to 1.0 mm.

In some embodiments it may be useful to dry the flame retardant thermoplastic

composition before extrusion coating the wire. Exemplary drying conditions are 60-
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conbi nation of flane retardance, softness and
flexibility are required. In one enbodi nent an
electrical wire conprises a covering disposed over a
conductor. The covering conprises the fire retardant
WOSOMYG#HELt i ¢ conposition. The electrical  wPFEUR6/010462
additionally conprise an adhesi on pronoting | ayer
di sposed between the electrically conductive w re and
th astic conposition. |In one enbodi nent
%‘g S alf%éﬁqt I, s rrapedimente de@gensiditionh aies70a§{bﬁ| a 3-8
th CtheH
e e f?‘sﬁ*%héﬁ%g‘*r  CopPtin iy be filered
nsiog t RPLYiBg ddatths gondnetivgdwire, dypi¢atlydbirowgtt h f)étersharvewg a mesh
TS 00 IAETH B e iMohd bW Shenill BB B s
migromgterstochvmicrometets s«?s@gled cencentrate ¢t matarbaichemaeboidded
' . . loy. i.ngl e
FEREE Gt BB BTbbARo jop SRR Sl e o
color comrentnai¢ isowsedfit is dymeally@rqseml ihiaprantobat lessnitlarc boequal to 5

r [ u
RS okl R e Tl iind e e e, G oot
comPosifion. | As zmpmexamdtbqehnamﬁtlsll lrt theray, the calsiedflhe ﬂlamwlnegardant
tltleg'j?lo lzslslqlgﬁcogng)tafai 10, B{l?}l‘t t%etﬁgggéltag@sgte%?oéqxong? 2 .rﬁtla %]ay 1mpact %‘Ae
finehabhil dri aohisvealr and Gﬁ) somcad®} P BAH b @4\&ifhgaﬁ§' tdLaRpl0H & Blead i
In o

BB AElop o R, Wit g s B Rl gt e Pl apapization
aptres 4rb Rnmwi atthe damntd dmafmabﬁﬂy awaileslaposi ti on nmay be

filtered prior to applying it to the conductive wre,

’lg%?)go%g%slx% ntgageg&g%b% d;x%e)ttt?m{oﬁaw i & %ﬁegahlgflests an or equal to

3@Q%hiongsoﬂersptdlﬂcaﬂy,| lesrthat er dgal tond00PO,R] MbR: stpecﬁiéally, less

m cronme I or concentrate or nmasterbatch ma lg
thag oL gy FYEFOFESEIAE (rapReratwe isgspaterdhancor equal to 200°C.
Adanagiyt H{énpxﬁﬁésﬂhg tt&n 4thidSis Og?eaﬁé}aﬂlhﬁ‘ @r Y80 ahe GOHSHing

concentrate i s used is typically present in an
t%{mmvre|°é§1§ppwéqaﬂarree&fa>a| to 5 weight percent, based
on the total weight of the flanme retardant

Ii bes empddimtntahe HROROSE ibitrate @ARE 8fthaloBoingOl Gemdrally
skill in the art, the color of the flanme retardant

lesh dhacs| <44t to 298D o mosmspseifistlly: dess Hangaapdlon 280°C, or,
il HocFRIEL TS BhE o Bfual &Pg;%%ct ifie Joc&%g ??%op%ga&% 24y SRG

N SO cases It " ma e advan ageou
ﬂkﬂnemcﬂlquaigo 280¥nt A&idnhbnillycﬂib @rocsdsilpi thmpa’auumis afy€dtdr Shan or

equa‘? & 91% Qén?pe?aqgre oF hle polsi/t(ar)*ﬂene e%lzlietr)l on

After extrusion coating the coated wire may be cooled using a water bath, water spray,
air jets or a combination comprising one or more of the foregoing cooling methods.
Exemplary water bath temperatures are 5 to 80°C, or, in some embodiments S to
60°C. After cooling the coated wire is wound onto a spool or like device, typically at
a speed of 50 meters per minute (m/min) to 500 m/min, or, more specifically 50
m/min to 300 m/min.

13



agents are known in the art and are commercially

avai | abl e. The processing tenperature during extrusion
coating is generally less than or equal to 320C, or,
nore specifically, less than or equal to 300C, or,
WOr2806484881 fi cal |y, less than or equal to 28BEI/U4E6/010462
processing tenperature is greater than or equal to

200C. Additionally the processing tenperature is

reater than to.the softenin erature of
o8 sBihotirpt BiecOHIREION 1§ FPRURG te AORT LS FALHE oné or more
ﬂéﬂ/@ﬁﬁigllﬁﬂsti deRREAL tHE Rofldlictdl JarX the Usdveing @R tfbid al Sovering

enerally |less than or equal to 290C, or, nore

E‘idquE’a‘th gonduglos. Fernstaice.cam pptionah adhesion Pesmoting-layer may
b%ﬂﬁ@oﬁdd%h{/één th&8éndu@taiNaddl coP B, FUndhBlexatPR the c?nductor

processing tenperature is greater than or equal
mayoke cortrdi Vithaanetgl degetivaras PEISE i gprlving deqoyering sin another

AhRplkahe ididVerihe la‘?&u@dmﬁrﬁeg Q%&&E{;l@ﬁicn& &&%@ét%ﬂ{pﬁm%n

the poly(aryl ene éther). After extrusion coating
thadcif somQFases, ifefparped. cool ed using a water bath, water
spray, air jets or a conbination conprising one or

'I"Ii‘ércSndhf:tOE Hﬁg' COMmBAQI \GngtO/ah B Yr QTEM-L% of strgiiﬁ R @k cases, a

wat er eratures are 5 t N sone
PRI qfeﬁfaslds may be bondleg, tte\ﬂstade obrmﬁgd tcnea combingtioy o6 the

fbieg s ROfoRR taQoRdiRRRO| A dltich ik ﬂ@%&&tortrﬂé}' Iﬁ% kého@g shddes

speed of 50 neters per m nute (n
sBth asygpRd erhions: citable mondugfos wclelée :woarmnm hmltqutov\@pper

vaEéO Qlubfdid anP C&Mmo%@Méﬁgf alldys 2B& lﬁﬁ&ogﬂe"@r%ogerb? the

conposition is applied to a conductor ng one or
forseeing mafelsr Tha rensluptay mey albebagaatedivid, esntiuet siverand t he
covering to forma covering disposed over the

/C EYOsK gt 9dn of’:éﬁrexblﬂﬁlta@f@&)tmﬁﬂwﬁgtld QBRtn AgReS! Tpure 1 shows a
pronoting, | ayer be di sgosed bet weén t he conduct or

CQ¥Ingo e fispRycd IOHefaﬁ SPRRYCtoBx Amdh eone Hunkogirersb t e covatipghé.
c6@PHRY dVEdathed tﬂ@mplael@caesmy&h% ppér?{%ecﬁ@: RS Y B etnPRry

covering. In another exanp ervening [ ayer

elesiisal; viees age shesingin E!%lsqs|2canér3 tﬁh@mr%simwwwersng #oisposed
ovérad conﬂ&t&?f‘?coﬁ@vﬁﬁﬁ%r 'aﬁlrﬁlﬁﬁ Hpéilrana_mdcaﬁ% H{?ﬁapﬁd al la¥er

conprise a sing or uralt stran
65 divRosed et the Coypiing|4, tapd ghe g@qdaﬁas 2hn9?n loae lsmhqqhmm the

cBWrﬁkeﬂ’co%ﬁk&leadfoaﬁﬁd ﬁlcﬁﬁ(;fmsﬂétcbﬁpos El ot "Gon {18518 90LA%lso

forma conductor. Additionall e con uc tor’ may
cwagrése\patpqlt@%ccglﬁ%gs Figure 3 shows a covermg, 4, disposed over a urutary

conductor, 2, and an intervening layer, 6. In one embodiment, the intervening layer, 6,
comprises a foamed composition. Conductor, 2, can also comprise a plurality of
strands. In addition, the covering described herein may be used to form a jacket
surrounding two or more electrical wires wherein the electrical wires comprise a
covering disposed over a conductor. Figure 4 shows a jacket, 8, disposed over a

plurality of covered conductors (electrical wires), 10.

In one embodiment the coating of the coated wire has tensile strength greater than or
equal to 10 MegaPascals (Mpa) and uitimate elongation greater than or equal to 100%

as determined by UL1581. The coated wire can also have flame resistance of VW-1.
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such as round or oblong. Suitable conductors include,

but are not limted to, copper wre, alumnumwre,

|l ead wire, and wires of alloys conprising one or nore

of the foregoing netals. The conductor nmay al so be
VERARHFEh, e.g., tin or silver. A cross-se®CTyH208¢/010462
an exenplary electrical wire is seen in Figure 1.

Figure 1 shows a covering, 4, disposed over a

onduct.or, odi ne the coverin 4 .
oo gtres? pectidB BiEIATaE Seliriiontimsbas firh cument clctical
&edss DSBidable, auddswal cabkamBhiasiike. €l ectrical wires are
shown in Figures 2 and 3. Figure 2 shows a covering,

4, dis e Qver conductor, 2, conpri si

i e F?‘é % eyl g‘&fﬂsﬁa‘aﬁlﬁ%ﬁﬁmia ng&aﬁnp?sgtwa mpy, haye a

lﬁnsxl@l steAgtk hréver thiher @@Mﬂf th 17D n&gap@&dlst A £ el El@ﬁgatlon
| n, one enhodi e cove hlng conpri ses
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viRESin £F eddhRErubtufP 8fit, FEhQ M ig*ek Rddpehddnn§ B $drOfen3primary or

secondary lower alkyl (e.g., an alkyl containing 1 to 7 carbon atoms), phenyl,

haloalkyl, aminoalkyl, alkenylalkyl, alkynylalkyl, hydrocarbonoxy, and aryl. In some
embodiments, each Q! is independently alkyl or phenyl, for example, C,4 alkyl, and
each Q? is independently hydrogen or methyl. The poly(arylene ether) may comprise
molecules having aminoalkyl-containing end group(s), typically located in an ortho
position to the hydroxy group. Also frequently present are tetramethyl
diphenquuindne (TMDQ) end groups, typically obtained from reaction mixtures in

which tetramethyl diphenylquinone by-product is present.
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slkJJeeckgJ Ele magr grgcegyiné gte elgg(alte attexln\;;ee}at%res.p Suptgolc capping agents include,

for example, esters of salicylic acid, anthranilic acid, or a substituted derivative
thereof, and the like; esters of salicylic acid, and especially salicylic carbonate and
linear polysalicylates, are preferred. As used herein, the term “ester of salicylic acid”
includes compounds in which the carboxy group, the hydroxy group, or both have
been esterified. Suitable salicylates include, for example, aryl salicylates such as
phenyl salicylate, acetylsalicylic acid, salicylic carbonate, and polysalicylates,
including both linear polysalicylates and cyclic compounds such as disalicylide and
trisalicylide. = The preferred capping agents are salicylic carbonate and the
polysalicylates, especially linear polysalicylates. When capped, the poly(arylene
ether) can be capped to any desirable extent up to 80 percent, more specifically up to
90 percent, and even more specifically up to 100 percent of the hydroxy groups are
capped. Suitable capped poly(arylene ether) and their preparation are described in
United States Pat. Nos. 4,760,118 to White et al. and 6,306,978 to Braat et al.
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80,000 g/mol, as determined by gel permeation chromatography using monodlsperse
polystyrene standards, a styrene divinyl benzene gel at 40°C and samples having a
concentration of 1 milligram per milliliter of chloroform. The poly(arylene ether) or
combination of poly(arylene ether)s has an initial intrinsic viscosity greater than or
equal to 0.35 dl/g, as measured in chloroform at 25°C. Initial intrinsic viscosity is
defined as the intrinsic viscosity of the poly(arylene ether) prior to melt mixing with
the other components of the composition. As understood by one of ordinary skill in

the art the viscosity of the poly(arylene ether) may be up to 30% higher after melt
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allowed to flow through the analyzer at a flow rate of one milliliter per minute (plus or

minus five percent).

In one embodiment the poly(arylene ether) can be present in the flame retardant
thermoplastic composition in an amount of 5 to 65 weight percent, based on the total
weight of the flame retardant thermoplastic composition. Within this range the
poly(arylene ether) can be present in an amount greater than or equal to 10, or, more

specifically, greater than or equal to 15 weight percent, or, even more specifically,
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p6RTER ARy lsBRene)p 1P RadidleS pB@Q@FenE-Bglybutadiene-polystyrene (SBS),
polystyrene-poly(ethylene-propylene)-polystyrene, polystyrene-poly(ethylene-
butylene)-polystyrene, polystyrene-(ethylene-butylene/styrene copolymer)-
polystyrene, polystyrene-polyisoprene-polystyrene, and poly(alpha-methylstyrene)-
polybutadiene-poly(alpha-methylstyrene), as well as the selectively hydrogenated
versions thereof, and the like. Mixtures of the aforementioned block copolymers are
also useful. Such A-B and A-B-A block copolymers are available commercially from

a number of sources, including Phillips Petroleum under the trademark SOLPRENE,
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For the purposes hereof, “rich in” is defined as greater than the average amount,

preferably at least 5% greater than the average amount.

Low blockiness can be shown by either the presence of only a single glass transition

temperature (Tg) for the copolymer block, when analyzed using differential scanning
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will only occur if the conjugated diene concentration drops below the level necessary,

typically a concentration of 0.1% wt of diene, to maintain controlled distribution
polymerization. Any alkenyl aromatic monomer that is present at this point will add

in a blocky fashion.
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distribution copolymer block is taught in United States Patent Application No.

2003/0176582.

One feature of the impact modifier comprising an alkenyl aromatic block and a
controlled distribution copolymer block is that it can have two or more Tg's, the lower
being the single Tg of the controlled distribution copolymer block. The controlled
distribution copolymer block Tg is typically greater than or equal to —60 °C, or, more

specifically, greater than or equal to —40°C. The controlled distribution copolymer
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No. 4,898,914, or by reacting the polymer with carbon dioxide as taught in U.S. Patent
No. 4,970,265. Still further, the impact modifier can be metallated as taught in U.S.
Patent Nos. 5,206,300 and 5,276,101, wherein the polymer is contacted with an alkali

metal alkyl, such as a lithium alkyl. And still further, the impact modifier can be
functionalized by grafting sulfonic groups to the polymer as taught in U.S. Patent No.
5,516,831.
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Copolymers of polyolefins may also be used such as copolymers of ethylene and alpha
olefins having three to twelve carbons or functionalized alpha olefins having three to
twelve carbons. Exemplary alpha olefins include propylene and 4-methylpentene-1,
1-butene, 2-butene, 1-pentene, 2-pentene, l-hexene, 2-hexene and 3-hexene etc.
Exemplary functionalized alpha olefins include olefins such as ethylene functionalized
with vinyl acetate, ethylene functionalized with acrylate and ethylene functionalized
with substituted acrylate groups. Copolymers of ethylene and C3-C;o monoolefins and

non-conjugated dienes, herein referred to as EPDM copolymers, are also suitable.
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composition.

The flame retardant thermoplastic composition may optionally comprise a
poly(alkenyl aromatic) resin. The term “poly(alkenyl aromatic) resin” as used herein
includes polymers prepared by methods known in the art including bulk, suspension,
and emulsion polymerization, which contain at least 25% by weight of structural units

derived from an alkenyl aromatic monomer of the formula

25



exanpl e, pol yethyl ene, pol ybutene, polypropyl ene,
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TR nYPosiBON flay BmpAE: the poly(alkenyl aromatic) resin, when present, in an

amount of 1 to 46 weight percent, based on the total weight of the flame retardant

thermoplastic composition. Within this range the poly(alkenyl aromatic) resin can be
present in an amount greater than or equal to 2, or, more specifically, greater than or
equal to 4, or, even more specifically, greater than or equal to 6 weight percent based
on the total weight of the flame retardant thermoplastic composition. Also within this
range the poly(alkenyl aromatic) resin can be present in an amount less than or equal

to 25, or, more specifically, less than or equal to 20, or, even more specifically, less
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centi Stokes (cSt), or, nore specifically, less than or
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¢allgAlgss1thaeyy ¢992096100 20 &6@ m?ae S@(éﬁ@‘( 295 rﬂ*m\m &Aual fo

%hp YEEa Haseddn G ﬁ)‘tzhy\ilelglﬁ rofNtAé PERB; reérdahts théiridplastic

en or CI-C8 alkyl; and is 0Oto 5 Preferre

%mneﬁymlaronatlc NONONer s |nclude styrene,
chlorostyrene, and vinyltoluene. The pol y(al kenyl
ABAASLIG)thé BF reGrdaCthegRphefi@epositions maf optionaly kleqn ycbntam
aromati ¢ _nongner; - non- el as nerl random .ra
Yasiony @dditiyese ifor E’Ef‘ﬁféﬂl‘i/ ﬁ‘éﬁ‘@“ ‘Saﬁ“ RB g0 ﬁlg‘t‘

AROBSHRpheSiphosPRitS t Y I @AR2,4 8-t BthIpﬁe@[)plimpﬁte di f bsendi-t-
nononers such as acrylonitrile, butad

mtﬂn@nﬁapqmegp};}t@ln éixphoggl“tﬁ 91 rfi)?tﬁaéﬂz Qﬁrétaerythntol diphosphite,

Qk %tgérl’ |n§ﬂ)§2§l%ﬂ813,aﬂﬂyﬂmh&é and AkYldiel Géuctiéi froducts of polyphenols
- I f
w1th dienes, such as, for example, tetrakis[methylene(3,5-di-tert-butyl-4-

m&udmg

hydroxyhydrocinnamate)] methane, 2,4-di-tert-butylphenyl phosphite, butylated
reaction products of para-cresol and dicyclopentadiene, alkylated hydroquinones,
hydroxylated thiodiphenyl ethers, atkylidene-bisphenols, benzyl compounds, esters of
beta-(3,5-di-tert-butyl-4-hydroxyphenyl)-propionic  acid ~with monohydric or
polyhydric alcohols, esters of beta-(5-tert-butyl-4-hydroxy-3-methylphenyl)-propionic
acid with monohydric or polyhydric alcohols, esters of thioalkyl or thioaryl
compounds, such as, for example, distearylthiopropionate, dilaurylthiopropionate,
ditridecylthiodipropionate, ~amides of beta-(3,5-di-tert-butyl-4-hydroxyphenyl)-
propionic acid; fillers and reinforcing agents, such as silicates, TiO, fibers, glass

fibers (including continuous and chopped fibers), carbon black, graphite, calcium
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pol y(al kenyl aromatic) resins conprising blends and/or
grafts of a rubber nodifier and a honopol yner of an

al kenyl aromatic nononer (as descri bed above), mgereln
the rubber nodifier can be a polynerization product

BP 2886/1P845t one C4-CI O nonarorrgtl c di ene noRoEp2006/010462
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TR Bt Y heonesessaw, torpdivgt digeemppsititn of the ﬁmateeqolor fire

fehnOtherBspiatic Bmposi@én toeycecgm t@ aRPEEE fild %%EJny 0 the color

greater than or equal to wel per cent - base

BREThah0 AR ﬁ’éﬁfl C?lﬁéedfﬁfgrpéar @tt thecrooplastipy mmpqsitwsthuamng

5O BROHItS HFRAOmpbhets M dbfriBed dHove. @nge the pol y(al kenyl
aromat i c) resin can be present in an anmouht |ess than

ual to 25, or, nore speC|f|caIIg, | ess than or
@Pf o T¥erdayy, thesmaplasiis, compesition dg| plgnded e yader > gongitions

%ﬂﬁhﬂt@%ﬂﬁ folenbtibS P AOIN AR Blend! MRE cOhpdidht@larel &nflo%led and
er cent based on the total wei g%t of the f

PGP il SO O, o PR reBit WPicgBntri femphature
dufficgent @b AMEBANnek NAKIRPWARU GubRAS BLdoMBoS AP o Saﬁ§ drhfic

fire retardant _ additive conposition I n"an anount
VIPPRSe R OpQeaqdifnent gongponentsicambeblensied ireg twin serew extruder

dth |t&1|fp'é9a$§re of 2@)@ tJS'B d)d°Cmi1t sing, ffr Q%lgdlg 9 $5nitthider twﬁ?screw

fire retardant errm&pastlc i'tion may co
expuder i&}eémie@'ts&%iaﬂﬁﬂ ba d99 toi 608 r¢tht1<mq peirignte (win)15 to 45
wei ght percent, based on the total weight of the

Ih o BIPOdMERAhE PRGRPBorid iU salll IRiaDhjdb:8dd A0S Fnﬁ@ Bhdsphdte
presen I N an

R i o B2k psemesgs s o trmper st o
th:)memfdp!hah& ¥mel OB lor O WABmBEra@EBlow e 2ibit tenperEhRILf the
tﬁm ermoplastic to form a masterbatch. The masterbatch can then be melt mixed with
the components of the flame retardant composition. The masterbatch can be added

initially or after some mixing of the components of flame retardant composition.

In another embodiment the phosphoric acid salt, metal hydroxide and organic
phosphate are premixed, without thermoplastic, to form a flame retardant additive
mixture. The flame retardant additive mixture can be added at any point along the
formation of the flame retardant thermoplastic composition such as at the beginning of

the melt mixing of the thermoplastic or during the melt mixing of the thermoplastic.
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specifically, greater than or equal to 23 wei ght
percent based on the total weight of the flane
retardant thernoplastic conposition. Also within this
range the fire retardant additive conposition can be
HP&E@HP“i’h an anount |ess than or equal to 4BCT/Hp2006/010462
nore specifically, less than or equal to 35, or, even
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esters of .. : L : . :
%déftgf_e (‘@f“@’?ﬂ}“ﬂ- e y{h_llﬁlﬂ'l? FQegt_ltpfﬂj rthsc Qﬁﬁ@hw not srusisd ghei hoice of
diluiet Wiatelial "9y efpyEANY Cmitle wilR! d6RYi8ErhSon2 b MOtSin S T&LS the

of . . . . .
BRYALYE d1¢ DFutproinednyih-oxFeraensaply ifpthe ipasterpatdpicor e
@eibinedi vwith PEIN@RYEEIcthedY the Choib Gbi the ANERR HaforiabSIuid Trchilie
thloaikgl or thioaryl  conmpounds, such as, for
%o)](%{% ee ealllqbr} o %/IIP%/?F%W?&FP@H@P eWith poly(arylene ether) such as
philyseytent] HotydMRrORIdestaibed abodk, lor irfSdeyY mbiliets REQBLEA N AoSe.
am des of beta-(3,5-di-tert-butyl-4-hydroxyphenyl) -
ropi oni.c .aci fillers and reinforcing agents, such
T e e e
feceruf iconpaimdahalighofupeibnbl ReuSteactiva (P hchV rogen atom such
raphite, hcal ¢i ym 27 WD 2006/ 101811 PCT/ US2006/ 010462
% SPPeRUITs haping ¢ Tungtigostiecp sesrigd femea seclig gt groupye.g. an
pbSPLidap)s an atidinhydEide rouPChh BScyahd rous ! AxabARE Srétpdan
ot hers; lubricants; plasticizers; pignments; dyes; )
REFBE ATPY Unedj © f’%ﬂ‘&%‘de e s; Thindlageoitardans glbpmepplastic
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t t .
‘%52?5395' é‘? @QE%?%HO@P%&% the\pseges ofi compaunds havingt Binctional

grdup feaétive to an active hydrogen atom, fluorine-containing oligomers, and/or

silicone-series resins the flame retardant composition retains hydrolysis resistance.
Hydrolysis resistance can be determined by injection molding the composition into a
test piece for ISO tensile test and carrying out the PCT test (measurement conditions:
121° C.x100% RH, 2 atmospheres, and 24 hours). The tensile strengths before and
after PCT test are measured, and the retention (%) of the tensile strength is an index of

hydrolysis resistance. The composition typically retains 75% to 100% of tensile
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retardant thernoplastic conposition in a single color
and then nodify the color by wusing a color
concentrate which conprises a resin with a dye or
colorant in a concentration significantly higher than
YR8t in the final conposition. In sonePCT/US2006/010462
enbodi nents it may be necessary to adjust the
conposition of the single color fire retardant
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TSSO TT

of 13 weight percent that s
commercially available from Kraton
Polymers Itd under the tradename
Kraton G1657.
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I n anot her enbodi nent the phosphoric acid salt,
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cgnposition typically retaing 75%to 100% of tensjle
24 Sumitomo  Chemical under the
tradename SB-2400.
LLDPE Linear low density polyethylene

commercially available from Nippon
Unicar Co. Ltd under the tradename
NUCG5381.
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strength. Wthin

this range the conposition can retain greater than or

equal to 80% of tensile strength,
specifically, greater than or equal
WEIH18481% ¢ 1 engt h.

or, nore

to 85% of

t he
"Essentially free" as useHCHEPRPGP10462

nmeans that the conposition contains less than 1

wei ght percent, or, nore specifically, Iess than O 5
weigaht ercent—or—evenR—Hor csnaci fieall han
0 Bglyb\!ét?berwlt percent, based oh Polbntens; having.f d’l‘ﬁcosét?'? -
cpnposi tion. The conpositionposy %Stq,l@t;]% Eg(éximtgtmatle@bc
by the followi ng non-limting exanp MPLES The
fol | owi ng exanpl es enpl oyed m;nmpx@HYal ayvajlable edfrquy  BP
Table 1. AL Welght percents chlpiaeile mettﬂa&en%erm&o%a
ate based on the weight of the entire conposit

except where stated. Table lgrade]bQﬁ:ent

SCri pt| on/ Supplier PPE Po

y(phenyl ene et her) having

e LT, OO PR TR T

Pol ystyr ene- pol y(et hyl ene- but ¥1%ns8) -at pal tgmperateree of 100°C

rgving @ pol Yoty ene cont ent| - glASte! SRAHATE i, oP

Lid under the tradenanme Kral QherfitfiSuhdeSthe \Wadename Indopol,

2006/ 104811 PCT/ US2006/ 010462 S Eié;(l)l

Pl yst yrene- pol y( et hyl ene- but §128heY~ pol yst yrene

havi ng a pol ystyrene content| of 30 wei ght percent

t h®RDP s Resorcinol bis-diphenylphosphate
commercially available from Great
Lakes Chemical Co. Ltd. under the trade
name of Reofos RDP.

MPP Melamine polyphosphate commercially
available from Ciba Specialty Chemical
Co. Ltd under the tradename Melapur
200.

MP Melamine pyrophosphate commercially
available from Budenheil under the
tradename Budit 311MPP.

Mg(OH), Magnesium hydroxide commercially
available from Kyowa Chemical
Industry Co. Ltd. under the trade name
of Kisuma 5A.

BTPP Butylated triphenyl phosphate
commercially available from Akzo
Nobel Chemical Inc. under the
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commercially available fromKraton Polyners Ltd under
the tradenane Kraton GL650. SEBS |11

P?I ystyr enel- pol y( et hyl ene- but yl ene-

styrene) - pol ystyrene having 39% pol ystyrene conten
‘Xﬂﬁo%ﬂﬂiﬁépci ally avail abl g from Er a%/onyPoI yﬁET’é’S"ﬁ’{’(g"]O“z
under the tradenane Kraton A, grade RP 6936. SEBS |V
Pol yst yrene- pol y(et hyl ene-butyl ene) - pol ystyrene

fhat is commercially avail aBPEPPSRIRISE Sh Pol yirer s
Ltd under the tradenane Kraton G1652. SEBS V Blend aof
5qlpplst yT ene]; pol y(et hyl ene- IhOtiphenyk) - Posphstey r eammetgially
gopol ymer o et hyl ene- propyl en 2? m a Ll :
ils comercially available er‘fﬁ“ggﬁe : %n%ﬁalgr%gélafi&%al
Under the tradename SB- 2400 Ind (uiREtHeitradaramedhosfen JPPy
gol yet hyl ene commercially available from N ppon
4088204811 PCT/ US2006/ 01046;“3@8‘?%:% enﬁe‘g'ﬁgr“’ﬁ%ﬁ%hu%gé‘ﬁ?
Egélcng a viscosity of 200 23%ombiercidllya dveilqgbds afrome Akzo
’ Nobel Chemicals Inc under the
tradename of Fyroflex BDP.

LDPE Low density polyethylene commercially
available from Nippon Unicar Co. Ltd
under the tradename NUC8042.

EVA Ethylene-vinyl  acetate  copolymer
commercially available from Dupont
Mitsui Polymers Co Ltd under the
tradename Elvaloy A710.

EEA Ethylene-ethyl  acrylate  copolymer
commercially available from Nippon
Unicar Co. Ltd under the tradename
NUCR8451.

EXAMPLES 1-9

A thermoplastic composition containing 38.5 weight percent PPE, 26.9 weight percent
SEBS I, 25.6 weight percent LLDPE and 9.0 weight percent polybutene, based on the
total weight of thermoplastics was melt mixed with RDP, MPP, and Mg(OH); in the
amounts shown in Table 2. The amounts of RDP, MPP and Mg(OH), amounts are
shown in parts per hundred parts of thermoplastic composition (PPE + SEBS I +

LLDPE + polybutene). The composition was molded into 3.2 millimeter bars for
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commercially available fromBP Chem cal under the
tradenane | ndopol, grade H 100. Pol ybutene I
PoI ybutene having a viscosity Iolf 100- IllFGI CS1t: at g
erature of 100C commercially available from
wﬁﬁ@gﬁlhnder the tradename Indopol, gradePHEYS2RIR062
Resorci nol bi s-di phenyl phosphate commercially
avai |l abl e from G eat Lakes Chem cal Co. Ltd. under

: : RDP., NPP

AdindtS iR SeorlBE " BrandBRRY O e phfFOTEIeE o Estifet procedure of
@pbofvritbxt’ y LehemiogaBullgin 94tdﬂ1t1t]ﬂﬂ ﬁﬂ“es‘tsﬂ fort Flameasiley of IPlastlc

Q0. Me mne osphate commerci.a
aval%i LQ% roEr%l\gB%re xltm Q’faﬁégmiehéﬂgﬁal‘?éc‘gdlﬂ‘ﬁtm this
BAcENERE, ma/g(a@rwa \Wﬁfm%hﬁﬁeﬂmﬁvo cvmevg bitheYasis of the
avai |l Ky.owa | . Industry Co. Ltd. under
o e gBraierfor BFe KGRl She CHBP aLaFh 4F shese apHRRY
dssifiphivheaccoifipas CLIK) e, dYidfly, abkstlolsOm Akzo  Nobel
Chem cal I nc. under the 32 2006/ 104811

| ex. 71B.
P%%T&nuas %OIICI) %/ soa%'n%élle(? %lact Qtatge loﬁ)lgoa%s of the sample is parallel to the
flame, the rate of burn of the sample is less than 3 inches per minute, and the flames

should be extinguished before 4 inches of sample are burned.

VO0: In a sample placed so that its long axis is parallel to the flame, the average period
of flaming and/or smoldering after removing the igniting flame should not exceed five
seconds and none of the vertically placed samples should produce drips of burning

particles which ignite absorbent cotton.

V1: In a sample placed so that its long axis is parallel to the flame, the average period
of flaming and/or smoldering after removing the igniting flame should not exceed
twenty-five seconds and none of the vertically placed samples should produce drips of

burning particles which ignite absorbent cotton.

V2: In a sample placed so that its long axis is parallel to the flame, the average period
of flaming and/or smoldering after removing the igniting flame should not exceed
twenty-five seconds and the vertically placed samples produce drips of burning

particles which ignite cotton.

Results are shown in Table 2. Burn time is the sum of the amounts of time the bar
burned each time it was lit. “Burn” indicates that the bar did not self-extinguish.
“NA” in the UL94 rating column means that the sample did not fall within the
parameters of any of the UL94 ratings.

34



TPP Tri phenyl phosphate commercially available from
Akzo Nobel Chem cal Inc. under the tradenanme Phosfl ex
TPP. BPADP Bi sphenol A bi s-di phenyl phosphat e
commercially available from Akzo Nobel Chemicals In
WRAL/P434! ¢ r adename of Fyroflex BDP. LDPE L& W’H ﬁ 9/462
pol yet hyl ene commercially available from N ppon
Uni car Co. Ltd wunder the tradenane NUC8042. EVA
Thhby! ene-vinyl acetate copolyner comercially
aval | abl e from Dupont Mtsui Polyners Co Ltd under
—the tradenane El

et-hvl -
Exanglt at ¢ K¥pol yrrE'Mpgom’rer q M&@@aavg,i Buip tiger EHLRW’ Y88

Uni car Co. Ltd unger the trhadename |NUC8451. EXAMPLES

14-9 A theomopl ast| ¢ggonposilipi on contlapuirhng 38] lanei ght
percent |PPE, 26. 9} wei ght pé?rcent SHBS |, 25.6 wei ght

pe!: cent LDRPE _andl o 0O \AnL akht percept nnl ybbLt ehe baseal
2on the |t8Cal ME|gﬁ% of théﬁﬁgplastl was el ¥Oni xed
with RDP, MPP, anfd Mg(OH)2[in the anounts shown in

3Table 2. 1§me anouhis3 of RDP138PP and Mp(OH) 2 awount s

are shagwn in paris per hundred partis of ther1np|astic
a tl AN DD CEDC 1 [ ] =y nnl v

# onpos {41 ves rbfeld | nt§03. 2 mill[Heber ba E"Aro"'°

conposi tji was nj
33 WD 2006/ 104811{ PCT/ US2006/ 010462 {f | ammabi | it

——

S5testing.| 2Fl7amuabi | 11.y test ¢ 88ere per{fHdned foINBMAng
t he progedure of |Underwitler's Laboratory Bulletin 94

I3l tteg 24.GStS —f Jbﬁ':'r ammet if{rsty of F'i';.,’lﬂ_ﬁfm NA

7* 0 27.7 8.3 Burn NA
8* 23.8 19.1 0 Burn NA
o%* 22.2 194 0 Burn NA

*Comparative Example

Examples 1-9 demonstrate that all three components of the flame retardant additive
composition are required for flame retardance. Examples 1, 4, 8, and 9 all lack
magnesium hydroxide and none of these samples self-extinguished. Example 6
lacked melamine polyphosphate and did not self extinguish. Example 7 lacked
resorcinol diphosphate and it too did not self extinguish. The fact that all three
components of the fire retardant additive composition are required indicates an

unexpected synergistic relationship between the three components.
EXAMPLES 10-15

A thermoplastic composition containing 42.6 weight percent PPE, 32.0 weight percent

SEBS I, 21.4 weight percent LLDPE and 4.0 weight percent polybutene, based on the

total weight of thermoplastics, was melt mixed with BTPP, RDP, MPP, and Mg(OH),

in the amounts shown in Table 3. BTPP, RDP, MPP, and Mg(OH); amounts are in
35



Mat er i
ignite

al s,
d tw ce.

uL94" .

t est

procedure,
HB, VO, V1 or V2
results obtained for five

Each bar that extingui shed was
According to this
materials were classified as either
on the basis of the

t he

YaRNeEU8IThe criteria for each of these fl anRaHP$P3006/010462

classifications according to UL94, are, briefly, as

follows. HB: In a 5 inch sanple' placed so that the

l.on Xi h I f h
partg‘t r c%edo r[s St %1 gﬁls{u’?‘ c&ﬁpq% etls?g %B + EB% CIh-EgEDPE £

orhybmehe) ’Hm‘botxtpesmbm Nas moi;hd thtd 3iRemékimetegbiars h‘md‘lahrmﬁabnl&y

edigetfbEiede PR | of

aver ag

e period

In a sanple placed
to the flane,

t he

of flam ng and/or snoldering after
Tablerovi ng the igniting flame should not exceed five
seconds and none of the vertlcally placed sanples

SRR ¢

that i
averag

ULC
absor be
ts | ong
e perlod

ps—O
ht cottop
XIS IS

of fla

I T T
Vi :
parallel
M ng and

e

to the
or snol

GiRRiS

[ | anme,
deri ng a1

104
SO

N eatmg
ter

ld clTouVvli
tmenty
sanpl e

e
Tve se
shoul d

LAY

conds an
produce

ifl&lb‘ SII
1 none of

drips of

U IIUl
?he vel
hur ni

?éueed
Tcally
Ng_part |

VO
pl aced
] es

IMwhi ch
so th

1 \Yj
renovi
twent ‘,

iGnite a
its lo

bEB3 bent
hg axis

thtt on.
s paral

“Z: In
el tot

peri od
ng the i

Lfive se

294 Tla
hniting
honds-—an

M1y and
f | ane sh
the vef

Pr_sSnol |

bul d not
tic

13pr oduc

cotton,

0 dri ps
Resul t

b#3-Bur ni
5 are sh

hg7 part
bwn in T

&es wh
hbl e 2.

2 1%4npl e
ne fl ame

Mlaced
t he

g5 Ny a
exceed

Mg-ﬁ i gni {

Burn tim

¥er

.§%p|gs

b i s the

=

14 um of
it mas

é.he ano
Iit "B

Md.s of
brn" ind

AL

fine t he
cates t

o

ba4 Dbu
hat t he

r-at

peg eac
bar di d

na—e~aol

vii me
hot

IQ“WT N

hat t}h
any of

Kk iy

anmpl p

the UL9

1%Id not

rating

7?;.WIT

5.

at

1 ?n t hp

EAYAYARL
nggparam

'IIUCl”O

=t8rs of

2006/ 10

1811

PCT/ US2006/ 010462 Tabl e 2. Exanpl e RDP MPP My( OH) 2
Burn tinme UL94 rating

1*

19.3 19.3 0 Burn NA

2 19.3

E)ga?np%es %-31 55de§10}{§?rate that combinations of organic phosphate are useful in the
flame retardant additive composition and that excellent flame retardance (V1 and VO0)

can be achieved with the fire retardant additive composition.
EXAMPLES 16-19

26 weight percent PPE, 25 weight percent SEBS I, 15.0 weight percent polyethylene
copolymer (as shown in Table 4) and 2 weight percent polybutene, based on the total
weight of the composition, were melt mixed with BTPP, RDP, MPP, and Mg(OH); in
the amounts shown in Table 4. BTPP, RDP, MPP, and Mg(OH), amounts are shown
in weight percent, based on the total weight of the composition. The compositions
were molded into 2.0 millimeter bars for flammability testing and tested as described
in Examples 1-9. In Example 19 one out of 10 burns caused dripping at 20 seconds,

which resulted in a V2 rating.
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319.3 19.3 13.9 1.5 VO 4* 27.7 16.6 0 Burn NA 5
27.7 11.1 8.3 3.8 VO 6* 24.9 0 12.5 Burn NA 7* 0
27.7 8.3 Burn NA 8* 23.8 19.1 0 Burn NA 9* 22.2 19.4
0O Burn NA *Conparative Exanple Exanples 1-9
WertKdP48kt e that all three conponents of theP§T/HpAR06/010462
retardant additive conposition are required for flane
retardance. Exanples 1, 4, 8, and 9 all lack
W{e& um hydroxi de and none of these sanples

extingui shed. Exanple 6 |acked nel am ne

ol yphosphate and did sel f extinguish, Exanple 7
|| Bahmple rBEor ci nqBTHPp h8HFnat MR.Pndé Mg(Obe fBdmnot Us84
éxt i ngui act that all three conpongpts bf.ghbe
fire ?et Fda }P&addltlve conmpositi o are reqﬁl %ed Iatlhg
indicate~ an ___ungxpected syneéergistiic relat]onship
hééween tRBPENr ed 8cbnpohdAt s| SBXAMPIZBS 10- 154A | VO
tther nopl astic conposition coptaining 42. 6 ei ght

cent PG, T g TR PERS 1 A WEGgiTt
pg?cent LLDPEE?ino 8\2,1@0 N?élzght rFJ'g:r cemnt pol ybj_tgr'gne, +éJ]gTsed
on_the ot al wejlght bhermpl asflics, was nmelt) m xed
il8h BTPPEEADP, B a az-ﬂ/g( 5102 A0t he ahdlint s| ¥Aown
in Tabl e[ 3. BTPP,| RDP, | MPP, and My{OH)2 anpunts pre in
399 WO Z0PBEVAU481T giCTT U206 79904(» 7.0Par TS| pe3y npydred|
parts of |t hernopllastic COI’TpOJﬁItI onr(PPE + BEBS 1|+

L_DRE .+ —S"‘Lyh”f r\a\ ha ¢ mnc! tilon-was- dedl i nto

rHot—oroor Tt

| g ey = g ey

3.2 mllimeter barsi‘or flarrmablllty testing and
tested as described in Exanples 1-9. Table 3. Exanple
Exihipies RIoP1 VR ity {rédel) tRat Brompbsitions Wdddhinifigi b i sigghifichft @méunt of

po})%lgf'mla%d%ogxprzsigg' a2 vz\lr/%ty of polyethylene copolymers can attain a V2 rating

oo

or better using the flame retardant additive composition.
EXAMPLE 20

26 weight percent PPE, 25 weight percént SEBS I, 15.0 weight percent EEA and 2
weight percent polybutene were melt mixed with 8.0 weight percent BTPP, 12.0
weight percent RDP, 5.0 weight percent melamine cyanurate, and 7 weight percent
Mg(OH),, where all weight percents are based on the total weight of the composition.
The composition was molded into 2.0 millimeter bars for flammability testing and
tested as described in Examples 1-9. The composition did not self extinguish
indicating that phosphoric acid salt cannot be replaced by a nitrogen containing
compound free of phosphorous, further confirming the surprising synergistic

relationship between the three components of the fire retardant additive composition.
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11 0 19.3 11.4 7.7 17.4 V1 12 0 24.4 12.8 7.7 2.9 VO
13 025.7 7.7 7.7 1.9 VO 14 6.4 19.3 11.4 11.4 24.2
vl 15 10.3 15.4 7.7 10.3 8.8 VO Exanples 10-15
denonstrate that comnbi nati ons of organic phosghate are
WOSPY(14B t he flanme retardant additive conpbsl/P3xpfo10462
and that excellent flane retardance (V1 and VO can
be achieved with the fire retardant additive
ESRVE9§std o3 EXAMPLES 16-19 26 wei ght percent PPE, 25
wel ght percent SEBS I, 15.0 wei ght percent
pol yet hyl ene copol yner (as shown in Table 4) and 2
Comppesiions agcerding todhg bermuiptionphshowa ipTabled were arade ged tepted
foPtedse &&%pﬁmipﬂ r | XS¢MMD B3 ST
c’I\/P‘EI:DE arsid &,ggf iﬁa%?lhgc%n{ysﬁgﬁom F#?Taﬁgrrgﬁdl;@dums
acpmEmg RDASTMPER)79%Gnendvigiiamel) & bardness sceording HowhSTHMND2240.
' t,..based. [ f
FfEhilbn DARAR re B AP ol Sl AT wbllfl of the
comipobitinmst er Tdnailes sfromgth | wlneabark i iny ntegapscaly SviBla) esd aensils
' ] I 1- EX le.l ne out of
AR BSes aleln PERER, BRdralinol lu R G UERTC,
resulted in a V2 rating. 36 WO 2006/ 104811
TheCompssit o6y Ware 48ddedTiatyl 20 millimeterdlars IPE{IBTRAbIYReAE and

B G el B i At Y 6,2 G o, 5wt
18 EEA 8.0 12.0 5.0 7.0 3.1 VO 19 EVA 8.0 12.0 5.0

Taple)S 12. 3 V2 Exanpl es 16-19 denpnstrate that
conpositions containing a significant anmount of

ERgmpi©| ePEN(SERS 1SEBYI13IDPE [FEA[ADFE B M Yei(Ot)FBePP| RDP

copolynmerg can| attain a Y2 rlating of better usijng tihe

flame|ret qirdar1 adgli tive|conposi tfi on
21 252 | 29.1 - - 136 - |29 49 6.8 78 | 97
22 259 1235 3.0 - [143] - [27] 54 7.0 7.1 [10.7
23 250 | 255 3.8 - 10.6{ - 291 5.3 7.7 7.7 } 115
24 25212621 19 - 146 - 29| 49 58 87 | 9.7
25 2521262 19 29 |146{ - - | 49 5.8 8.7 | 9.7
26 252 [ 282 - - 175 - - | 53 53 8.7 | 9.7
27 308 {215 - 150 | - - (28] 56 5.6 - 187
28 26.1 | 234 - 17.1 | - - [27] 81 4.5 4.5 | 13.5
29 320350 - - [50] - - | 50 6.0 - |17.0
30 350 | 200 [ - - [170] - - 5.0 6.0 - 1170
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EXAMPLE 20 26 wei ght percent PPE, 25 weight percent
SEBS |, 15.0 wei ght percent EEA and 2 wei ght percent
pol ybutene were nelt mxed with 8.0 wei ght per cent

BTPP, 12.0 weight percent RDP, 5.0 weight perc
‘H@Iz‘éﬂﬂ‘ﬁ@l’cyanur ate, and 7 wei ght percent Ng'(ﬁ‘b@o“/o“““
where all weight percents are based on the total

wei ght of the corrp05| tion. The corrp05| tion was nol ded

1 £35 T[Tl qbgl ‘UcuS |5Lbr‘r| cum“au Le(;@rn;g Tl 170
tgsrtoeeE1 3)0 esztbed in BEfanmp| es 1} 9. Tﬁe gonposiftion
did n

ting lsh lindicati hat rhrmnh
gll APn

aétd :féls-f) Hfnpt “be| r epl aced BYCa ’4’;‘?1 roen cHht 11.0
conmpound firee pf phpsphornous|, furjthef COHHI rmng the

s@spri esm@synergi sti ¢ relélt i onsfa.p| bebwgens.shel vBree7
conponentg of fthe f re retaridant fadditive corrpositio .

7 AWV al la¥aVal /W aW.] 14 Hoannaoll N4 n D LN/ A DL O

o7 VvOIJ ZUUUO7T 1TUHOIL L IrUDL UL/ UlLUSU0UZ CARAIVE LT O 2J. OO
Conpositions according to the formul ati ons shown in
Table 5 were made and tested for tensile strength and
Tablofmgat i on according to ASTM D 638, flexural nodul us
accordl ng to ASTM D790 and shore A hardness accordi ng

Exingiey MTRaR0- | FPLRRs afl PlExu‘i‘aHU Mootoridtst |1 U949 Rating
percent based ¢n_the totlal weight of the
conpostrenss{MPa)y eBlopgations of  Madys | aflardResyr ¢ i n
megappscal s (MpPa) emd tengMpre) El ¢gagan)on val ues are
in percent. Flexural nodqulus vajues are in MPa. The
TYPOT tTgps were ppfded T o2 g Hmeter—b
flfampbi l Tty testing and tested as desclibed in
__Ex_a_r_r_pipq 1-9 Resul ts e shownlin Tahlel6 Table 5
EXanpl e PRe SEBS SEBS 11 LEPPE EEA BOPE PB MPPVG(OH) 2
BTPP RDP 21 2%.2 29.1 { - 13.6]- 2.9 4.9 6.8 7.8 9.7
22325[ 9 2335 3|0 -194.3[- 244 5 4 780 7.1 10./Vv123
25.0 5.5 3.8 4 10.6 - 2.95.3 .7 7.7 11.5 24 25.2
ﬁ@;fi.—g—lﬁm—qs—-—?ﬁgﬂ—.ﬁﬂp 8 7 955 2% 2572yg62
1.9 2,9 14.6 - |- 4.95.8 8.7 9.]r 26 25.2 28.2 - -
17,51 . 5351387 Q9 7
25 112 175 214 89 Vo
26 10.7 164 196 87 Vi
27 13.9 114 328 92 Vi
28 9.5 155 161 88 Vi
29 14.3 175 310 91 Vi
30 17.6 103 530 95 VO
31 18.1 105 666 97 Vo
32 134 163 322 91 Vo
33 9.0 , 170 102 83 \'2!
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27 30.8 21.5 - 15.0 - - 2.8 5.6 5.6 - 18.7 28 26.1
23.4 - 17.1 - - 2.7 8.1 4.5 4.5 13.5 29 32.0 35.0 - -
50--5060-170 30 35.0 20.0 - - 17.0 - - 5.0

38 \ VO 2006/ 104811 PCTI US2006/ 010462 31
‘38’28"699486‘ 10.0 - 5.0 - - 5.0 6.0 - 17.0 32 BgVESAYPH62
- - -14.02.05.06.09.011.0 3325.18.2- - 14.6
- 2.94.96.87.89.7 Table 6. Exanple Tensile

il | ti tren
THERLa! i RO b teflon o F QR Ble Atk cldidory Blek sttt baRsion can
dblaiBa ?urmsangdmﬁmﬂon of ﬂzystbal propstes Z&YHeB_,&oﬂnéss fB3ibllity 3nd
192 246 88 V 1. 24 11. 7 150. 85 VO 25 .11, 2 175
e ARt 5 whll s eggidapoq, wishous Yioquse of halsgeipied flamme
r2@8rdAntS. 186nel 6. ERBmpiks 22-931&;11%1&&3)1&&%9&% gratid® b¥ vifual
103 530 95 VO 31 18.1 105 666 97 VO 32 13.4 163 322
1B5PeiSn- 33 9.0 170 102 83 V-1 39 WO 2006/ 104811
PCT/ US2006/ 010462 The data in Table 6 denonstrates
Aduditionlip Hxameles @2ae8lant I3h@ereDRbtas tforC visaaiw Sbihg ANcapaliry

viscometer having a length to diameter ratio of 10. Viscosity values are in Pascal
seconds (Pa s). Data for Example 22 is shown in Table 7. Data for Example 23 is

shown in Table 8. Data for Example 33 is shown in Table 9.

Table 7
Shear rate (s)
10 100 1,000 4,000 10,000
Temperature
210°C 2584 1002 293 134 81
230°C 2031 650 199 90 53
250°C 826 474 143 70 40
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obtain a surprising conbinati on of physica

properties, nanely softness, flexibility and tensile
strength as well as flane retardance, w thout the use

of hal ogenated flane retardants. None of Exa

o 29/ lgﬁ%llﬂ bited plate out or migration by vi g((‘r}gpszooc/ommz
i nspection. Additionally Exanples 22, 23 and 33 were
tested for viscosity using a capillary visconeter

PR N9 a length to diameter ratio of 10. Viscosity
values are in Pascal seconds (Pa s). Data for Exanple
22 is shown in Table 7. Data for Exanple 23 is shown

\n Shept rateds )Dhta for [Exanple 33 is shdwn in Table O,

Takl e 7 Shear|rate (g9-') 10 100 1, OOO 4,000 10J000

Tenperature 210C;@584 10fs 293 2 2081

199 9O\53 25pC 826 474 143 70 4360 %2§86/LO£®%%O
CT/ US20Q6/ 010462 Tabl e 8 Shear rate (s-') 10f{100

FMPSHIC 0DQ 10, 000 Tenperatufe 210C 2022 959 £83 128
73 230C 2189 632 19¢ 88 50 250C 1608 453 139|68 40

P FAVaVaY

2letg e 9 Shear| rabg ({S” 95010 100,43 000~ 4,0 1P 0084;
Tenperature 210C 1988 750 237|113 /1

230°C 2189 632 196 88 50
250°C 1608 453 139 68 40
Table 9
Shear rate (s™)
10 100 1,000 4,000 10,000

Temperature

210°C 1988 750 237 113 71
230°C 1384 534 175 83 50
250°C 1001 373 126 63 38

The data in Tables 7-9 demonstrate that the compositions have excellent

processability, particularly for extrusion processes.
EXAMPLES 34-37

Compositions according to the formulations shown in Table 10 were made and tested

for tensile strength and elongation according to ASTM D 638, flexural modulus
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230C 1384 534 175 83 50 250C 1001 373 126 63 38 The
data in Tables 7-9 denonstrate that the conpositions
have excellent processability, particularly for

extrusi on processes. EXAMPLES 34-37 Conpositigns
‘3938?66'f’ﬁélt0 the formul ati ons shown in Tabl eP§HU§@PGé°1°462
made and tested for tensile strength and el ongation
according to ASTM D 638, flexural nodulus 41 WO

104 046 s 10 ASTIM BEOR.

L SR o R SR
Fdrmuhttibmt dnpoungsneuen s veight | pereest dlasedpen abettotoh seeehd roft the

total. weight, of the . c QsSitio Tens] .
cpieuear vt SR MR el L el blacon
valgds Wesin peeentn Fanmembduled estues ate imMRA us val ues are in

MPa. The conpositions were nolded into 3.2 mllineter

bars for. fl anmmbil,i t. o1 '
TG eisseiohd, FAGRbIE e &2 il dlihard 67 YR 61 7RG g 58
tedtd asdeacniied iPPEANGHRS -EFResultDRE sSRBviMAET abg(I0H) 2 RDP 1H
34 19.0 30.0 - 19.0 6.0 5.0 6.0 15.0 35 25.8 28.3
Té’% i) - 5.34.85.7 17.2 36 23.0 31.1 12.9 - 5.3 4.8
.67%7.2 37 25.8 31.1 10.1 - 5.3 4.8 5.7 17.2 Table
11. Example Tensile Tensile Flexural Durometer UL 94V

B&amplﬁjﬁ PPE{ [ SER§{ RERAVHALDBE bRBt MBR NBe(OHXsRPBf dness (%
(MPa) | (Shor amA] 34 13.8 2982 410- 8p VI 35 15.8 227
306 92 VO| 36 13.5 279 23? 89 VO
34 19.0 | 300 - 190 | 60| 5.0 6.0 15.0
35 258 | 283 | 129 - 53| 438 57 172
36 230 | 31.1 | 129 - 53| 4.8 517 17.2
37 25.8 | 31.1 10.1 - 53 4.8 5.7 172
Table 11.
Example Tensile Tensile Flexural Durometer UL 94V Rating
Strength (MPa)| Elongation | Modulus Hardness
(%) (MPa) (Shore A)
34 13.8 292 210- 89 Vi
35 15.8 227 306 92 Vo
36 13.5 279 235 89 Vo
37 159 224 290 91 VO
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37 15.9 224 290 91 VO 42 WO 2006/ 104811
PCT/ US2006/ 010462 Exanpl es 34 through 37 denonstrate
flame retardant thernoplastic nmaterials having an

excel | ent combi nati on of properties, notably_ high
VRI20%8%48} tensile el ongation indicating rraf’gpgﬁ’l”g“’mo“z
havi ng a resistance to breakage under stress such as
stress exerted by pulling. The flame retardant

B3 afiol i nstrate. a. . .
coi%l‘n]r‘gi[ggg’{4 i on %11} ﬁ’ggl]?x%l %’gi%te?lgég gﬁo%&?‘% 'Y FrHids fpuns
an qxgplipas combipetiorr ph properties | iotabhc bight ahes Ifer shsilengbodgation

: I . 38-4 ampl es 38
ElChuini e e 1D oS R N e B TR it e
byl awiing.et dihdaflame t tetardanp | thesuioplastivTpntérialsoAko Oflerdhistrate a

J . osltjons accordin o the
oplibBHh (8 soRBRRIR - BRSuREATLT (B sl upieest esopg ftame
résistance rienisile stedngdin gridflexnchl melwlagat i on accordi ng to ASTM

D 638, flexural nodulus according to ASTM D790 and
BHPr As Baugness according to ASTM D2240. Fornul ation
anounts are in weight percent based on the total

wei ght of the conposition. Tensile strength values are
Exampleg 38 tereush 42 deymenstratn thet wins properticongdd from flaateuretrdant
1Rot e s usal ul,ys values are in.Ma.
Theoﬂggsrtr%ogi t olrﬁlé)ﬁ%/veearfejsrarodi‘rg'? ﬁ%t ocgfnfosfh&?rfsi P%f"gllmgb%’ the
forglatipps, shewn |in tKableed2 iwege amde tapdt estedSordemsite Steigihnand

eﬁﬁ@'ﬂﬁheﬁc&d@ng tB@fS"tllJﬁ) @ﬁf ﬂ%Q r\gpmiocri]ulgg g‘%l_ogﬁé&%gaweéEO

wre nhaving cr OS_S sectlronal area
apd shorewd therdgessascording touAS Y 2340.cBormiuldtioh Amounts are in weight

i 4l I 38-42...The.coatin ad a .
pERREAL e Rl AR of e by idn C 760 ofthed s app o
nfegipascatss(M2a) sind dergilt elwnghtioh tvialuad ere ielpergad | PiBxural modulus

or di; he entj W re_was.tested
VRERORE AMPE, Shne ipoRlitnd N BbldsS gl £ Rt for
flagwebilipa@itingRad/ 1808 6]e0dbD4d 2 EXahples 1-2. Resatpdre sl in
Tﬁg%s%%ﬁpéﬁﬁ§e %gl‘:l‘ (Q‘E))SES sEc)c iol}/lglparb:/zp gfq)_')g S(I;l%l[gﬁ: mlll\llmg't%r]é was

extrusion coated with the compositions of Examples 38-42. The coating had a

thickness of 0.6 millimeters. The coating was tested for tensile strength and ultimate
elongation according to UL 1581 and the entire wire was tested for flame retardance
according to UL 1581.
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38 20.0 -
27.0 10.

13 4 2 0 5.4 5.415.8 41 35.3 28.7 3.9 -
16.7 42 30.5 11.0 -

29.0 -
0 -

20.0 6.5 -

6.0

3. 9 2
9.

18.0 7.0 5.0 6.0 15.0 39 29.0 5.0
6.5 4.0 4.5 14.0 40 31.7 26.2 -

9

0
‘fé’ 2606/%} e 13. Exanple Tensile Tensile Fl exlIJ’FE(IUSZOWO“’462
UL 94V Coating Tensile Utimte UL 1581
Strength El ongati on Modul us Hardness Rating Strength

Dur onet er

TaE?). El on

gation VW1
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covering had a thickness of approximately 0.7

Table 13.net er

S.

The covering was tested for tensile

strength (in MPa) and ultimate elongation (in %

S d

Example| Tensile | Tensile | Flexural | Durometer | UL 94V [Coating Tensile; Ultimate | UL 1581
Strength [Elongation| Modulus | Hardness | Rating |Strength (MPa)|Elongation| VW-1
(MPa) (%) (MPa) | (Shore A) (%)

38 13.5 245 195 89 V1 14.7 260 Pass
39 134 170 117 84 V2 21.0 245 Pass
40 142 125 210 89 Vo 164 134 Pass
41 16.5 110 300 91 Vo 20.0 165 Pass
42 15.0 120 227 90 A%¢] 18.9 193 Pass
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according to UL 1581 and the entire wire was tested
for flame retardance according to UL 1581. Sone
exanpl es were also tested for heat defornati on
according to UL 1581 at 121C and 250 grans
NOrBIHAL ?’on val ues are in percentage. lg\’/lgrat FSWUS%R&(%‘”OM
determ ned by putting two electrical wires in between
tvvo pI ates nade of polystyrene or two pl ates nade of
ci:ﬁg gpa stack. Prior to placing the electrical
res etween the plates the wires were visually
|nspected to verify that they were free of dust or
Compexitiasis nieonding emthe fermaations shaws oo Talle i Wereghadepad tested
d? B8 S‘Eﬂg{l%tg &n@felirg%a ﬁc%i‘dlﬁpﬁ‘j td ASTHVR ﬂ\%thﬂ@x@lrﬁtrﬁé‘dﬁlus

st ac Into an oven at
ao@btdmg tbSA&TM B7% ar@b&hort Hehasdnpsk awarshngem%wflﬁwt Fehe
oven..and di sa T S e | ate
c%%osplﬁm% :ﬂ oy 8?8%'“?41 el?'ﬁ?é %&th ﬂ\%\%@ﬁvofo Eta% pgerlp n@td §dd§tg@§
Fooulativar &sounef tarebyn tvadghti pezeent Urasadg o hibe ttetat WedgltWD the

20061104 1. PCT/ U 20 6/ 010462 *
COTRDQItioN. ?sﬂ.e Brer{ s ajein n&ﬁa@aca&s%ﬁyﬁn&e?m% B)ngatlon
viluds die @@cetnn B’l&xﬁraNnblel‘lhs\ @lm aB0inl MRh. 0 Th® Corhposoni\whte

qwt%glmtﬂ 3. %)rnl}%metei{l bars for% knh?y test\gg andl\{e's\{leg/l as descrlbeIH iy

Examples 1-9. Results are shown in Table 14. In addition electrical wires were made

using the compositions of Examples 43-61. The conductor was a 20 x 0.12 millimeter
copper conductor and the covering had a thickness of approximately 0.7 millimeters.
The covering was tested for tensile strength (in MPa) and ultimate elongation (in %)
according to UL 1581 and the entire wire was tested for flame retardance according to
UL 1581. Some examples were also tested for heat deformation according to UL
1581 at 121°C and 250 grams. Heat deformation values are in percentage. Migration
was determined by putting two electrical wires in between two plates made of
polystyrene or two plates made of ABS to form a stack. Prior to placing the electrical
wires between the plates the wires were visually inspected to verify that they were free
of dust or other obvious contamination. A 500 gram weight was placed on top of the
stack to form a weighted stack. The weighted stack was then put into an oven at 60°C.
After 48 hours at 60°C, the stack was removed from the oven and disassembled. The
surface of the plates that was in contact with the wires was visually inspected for

marks left by the wires during the test.
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wwv - cYCCOOCar Cal CdE 40, 0 47 WO
2006/ 104811 PCT/ US2006/ 010462 As can be seen fromthe
f oregoi ng exanpl es conpositions having an anount of
organic Ehosphate greater than the anount of

RFYHBBIE acid salt (Exanples 57-60) show §oBYSIPeiHse2
retardance but al so denonstrate m grati on agai nst
polystyrene and m gration agai nst ABS. |In contrast

exa | es h amount. of . phospho
rcé’ét SC’F’h 81 }c}lﬂ & mlgoengn&eﬁ Cé"“% RO {lmﬁ l?a%%erm?%{m#nétoé
01| htit [pBosphaté @redieg tah ithnamdlint be pmd’sphdrm\aeralt san EkespléseBn60)
gescrlbed W th refgrence to various enbod

S R L e e R R

iU RBSS 1A *Bniest Bﬂﬁﬁ)lc’%ﬂﬁvmgwlawﬁiuﬁmbfsmmwhobe acid
substituted for el enments thereof wt artin

slty grenteritleancs aral tagreamePhosRRat f?e&wnstr%e aPH‘ ‘gf?Pé’ y
nodi fications can be made to adapt a particul ar

Wilife YR inPdhtioh haPdeRh dedcribél Willeref@arbkargsiond embeliments, it will
i nvention w t hout depar&gq&hfron1esse tial

be padegpod Py dheseotkilled; in that, saripus ihEnse &2 :ﬁ’v eIWfdleoanncl
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aims. Al cited Patents are incorporated

seaph cheirt Resrelors, if 56 Mo dgt Lo G oo bRo e oy s

Qné‘\h&{semﬂodu{hu{t |d?s%séde£sath@| CTats utohe E&E&hﬁ&&d EorCRPag iotii this
rrp Il Si ene ether

n oly
imvoahidn, byt t%atahqo@wtwwlﬁ inclpd sﬁﬁgﬁﬁ%%ﬂté&qﬁﬂ%‘&ﬂtm the scope
o?ﬁule% é]e%gedélﬁms.t he group consisting of nelam ne
p osg at e,

All cited patents are incorporated by reference herein.
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mel am ne pyrophosphate, nel am ne orthophosphate,
di ammoni um phosphate, nonoanmoni um phosphat e,
phosphori c acid am de, nelam ne pol yphosphat e,

[ ol yphosphat e, pol yphosphoric acid anj n
'@ggﬁﬂﬂggﬁgns of two or nore of the foregoinﬁ&b§§W%ﬁﬂgmz
hydr oxi de; and an organi ¢ phosphate wherein the anount
of phosphoric acid salt by weight is greater than or

Cﬁﬁﬁ@b:to t he anmount of organic phosphate by wei ght. 2.
e conposition of Caim1 wherein the phosphoric acid
salt is present in an anmount of 30 to 60 weight
Lper ckflame refardans thermpplagtis xpapositionmoawdsing:i n an anount
of 10 to 45 wei ght percent and the organi c phosphate

a bSy@Fy&28Bthef)N an anmount of 9 to 45 weight percent,
aIF Pbased on the conbi ned wei ght of the phosphoric

acid salt, nmetal hydroxide and organi ¢ phosphate. 3.
arpPagtdpRddsTt  on of Claim 1 wherein the organic

phosphate is selected from the group consisting of
apolvsiéiyt yl phenyl) phosphate, resorcinol bis-

di phenyl phosphat e, bi s-phenol A bi s-di phenyl phosphat e,

tr] | .ph t tris(i yl. ph .
a phBRRR i@ SRRREE fal bR SR L ine e Pibleying phosohate
m?bhﬂﬁgoip’ygjphoiﬂmtep haslaim?fei Cblrthﬁﬂalﬁsﬂﬁletl Hﬁnﬁﬁ:lnh ﬁm: ephdsplis,
e rou consi st n (0] el anm.ne . po 0s al e,
et otiiin - issALe, nEREPATE 2o AidRa  TORPRE o EhAsHate
arfimbyiphaRDyphbsphate dpsTpphasphoeic RIS Hha teembBtods e two or

net al draxide is selected from the group consisting
m8F“ﬁﬁ§H§§?ﬂﬂ&hydroxide, al umi num hydr oxi de, cobal t

hydr oxi de and comnbi nati ons of two or nore of the
a fetablgyairoxdde; 481 WO 2006/ 104811 PCT/ US2006/ 010462 4. The
conposition of Caim1 wherein the polyolefinis a

oo T oy . _

oL BUCoRRLNEL S B i CPROBL: 03k iy g

theyt ozeqhilite theimobht of opgsnicmbesphate bpgeighpbol yst yr ene
content of 10 weight percent to 20 wei ght percent

2.bas efheQBiph§ribPLOEC1aWE 1t HHerddd ﬂfﬁgﬁo %Bﬁé adid Ofiis GRREIHEA

and a second bl ock copol yner g a styrene “content
amgunp of 3biocfidt weight pereentt te Beptal hpdrgride jsaresenttin bm gmdunsof 10

tol Sewhighherdit MY tRforfh% SREANRE B! R&KGRRA! WBRht of 9 to 45
weight percent, all based on the combined weight of the phosphoric acid salt, metal

hydroxide and organic phosphate.

3. The composition of Claim 1 wherein the organic phosphate is selected from
the group consisting of tris(butyl phenyl) phosphate, resorcinol bis-
diphenylphosphate, bis-phenol A bis-diphenylphosphate, triphenyl phosphate,
tris(isopropyl phenyl) phosphate, and combinations of two or more of the foregoing;
the phosphoric acid salt is selected from the group consisting of melamine
polyphosphate, melamine pyrophosphate and a combination of melamine
polyphosphate and melamine pyrophosphate; and the metal hydroxide is selected from
the group consisting of magnesium hydroxide, aluminum hydroxide, cobalt hydroxide

and combinations of two or more of the foregoing.
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6. The conposition of Claim1 wherein the inpact
nodi fier conprises a block copolyner conprising an
aryl al kyl ene bl ock and a controlled distribution
Br. block. 7. The conposition of d ai ,
‘&Egﬁg%ﬁﬁ?he wei ght ratio of nmetal hydroxide F%ﬁusxmwmomz
phosphoric acid salt is 0.3 to 0.8. 8. The conposition
of Claiml1, wherein the conposition has a Shore A
har dpes [ - e dI8tveleRhned
S G s g P R L e
thickness. 9. A flame retardant thernoplastic ‘
SconpBsi toropossiompef SHeigp 1 avhpwiny (her jhpask neadifisr) compyises a
| mpact | LB hi M PADCREEN
C%ﬂaﬁﬁﬁﬁggp %#F%kﬁ%?gﬁﬂg¥§J@%ﬁk&%g%9?§%ﬁ1the gr oup :
perods its 20 ngight perawit dasadeorptio sphlaweightra| therfirse block copolymer

ropho e | am ne o t i i
ol SBAEE B2 Sl e LSRR PIRHIEE 25 BT BT 50
waiphtigercentipdsadmibe pvalyydigis phet sccondrbiock eapplymer.
pol yphosphat e, pol yphosphoric acid am de, and
conbipat i - . - the I REmpAset @ bldtk
oo oRte puiRasph of ¢l SERihe iifoc SRHR: Bimpthes
caflind @4MpisiRCAT uFPARBLBIdeard a eyntrdllededigiribution cepalymer
bff an organi c phosphate wherein weight percent is with
oKpect to the conbi ned weight of the poly(arylene
ether), inpact nodifier, polyolefin, phosphoric acid
7sal t Thereqragositipd rof Glaim hriwheseig #ie weightgalimat wetal hydragide to
dﬁ¥ ﬂgaz A8 3 tdegopl astic conposition of Claim?9

rein e organi ¢ phosphate is selected fromthe

group consisting of tris(butyl phenyl) phosphate,
8 esoiThe pRImpDasiion gf Gheimyl, WS?@@@HB% gompgisitiop Batophoke A bardness
gpéa?e'r HRNGLRN@SENALE altbdnRh&nyy ASTROBPPRfCusing a specimen
tris(isopropyl phenyl) phosphate and m xtures of two
h@Yinaﬁﬁ@llEFneﬁﬁ@ldff'Gfsegoi ng organi ¢ phosphates; the
phosphoric acid salt is selected fromthe group
of ONS iaSfidnidre@fdafiBth@fopRsiOdonpasisphedmprisigt am ne

pyr ophosphate or a conbi nati on of
a poly(arylene ether);
an impact modifier;
a polyolefin;

7 to 20 weight percent of a phosphoric acid salt selected from the group consisting of
melamine phosphate, melamine pyrophosphate, melamine orthophosphate,
diammonium phosphate, monoammonium phosphate, phosphoric acid amide,
melamine polyphosphate, ammonium polyphosphate, polyphosphoric acid amide, and

combinations of two or more of the foregoing;

4 to 15 weight percent of a metal hydroxide; and
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mel am ne pol yphosphate and nel am ne pyrophosphat e; and
the nmetal hydroxide conprises magnesi um hydr oxi de,
al um num hydr oxi de, cobalt hydroxi de and conbi nations

f or nore of the foregoing netal hydroxides. 11.
&Ré&}é\“@ﬂﬁb’si tion of Caim9 wherein the netal P‘ﬁVH?zB%/Od%“z
conprises magnesi um hydroxide. 12. The conposition of
Claim9 wherein the inpact nodifier conprises a

oftbi nation of ca i : s ¥ith
5 ol u i aflef ot ol el e BRI BB IREAA, fith espoc
top thie Camtbitirals eveligbin of hige polyédrylews gher)ofmpagie nfadifier, polpIRfin,
copol yner nd seco. ck . I r having a
piepactiact s e piESERE At RMERREEE, 55" Ue o
percent. based on the total weight of the second bl ock
1@ opoTherfiame ré@rdatittberomplsotéd ¢anpositipn of Glaim 9 whistsinethg ofgaaic

. aotets . 0

oheBRs &1 Recte Ero G U] BT cBoohie D or SR8GL Fhensy phogphate

re@d'lz]xﬁinbl' bfﬁ-dipl!ibnglphﬁdp}lﬂ_e,r bishphendd. Aq.épjs-dipﬁdnaipbos:pbttar @;léphenyl

t her nopl.asti c (6} osjti.on,cC 4 Sl ;

PRASRIA  risiropHABdc PSR Rt B Rifiptae oF G, iy e’ B he

f&@o%%o&g&?é&hdsﬁﬁﬂd;hﬁ@@ﬁ&/pﬁgxmﬁfcti Zalt;is ﬁil)ecével:c fibin the group
ercent _of, a. 0 orLc acl Sa S ectle I

o RGBT RO a e A R RoPibE O EoMblAfon of

n@lﬁhﬁlﬁg‘h gtsm&tsphawrah@rﬁmmmﬁ tﬂwﬁihothm end tti averadriiydroxide

0os ate, nono ni.um Qs al e 0s of.1 .
cHRORES ey SIOR b GSBRATE. PERRRG o RPal ydkie and
chRbiRAs phidosr njvad yithe fpdpeidganadibydaridde, and

conmbi nations of two or nore of the foregoing; 4 to 15

i g percent of .a_wetal, hydroxide; d :
1&2 i gﬁ’e pcé’f‘?gﬂ{imbf()fa ﬁ:?ag?lg gn iv%lgrﬁ Hlos?g at egﬁmﬁgdrrzégﬁé \]/F/é) TRt
nfaghésfind hydsoxMe h respect to the conbi ned wei ght of the
poly(aryl ene ether), inpact nodifier, polyolefm

lghosgﬁeo ‘L& gscéic%qh 3! Epainl'® %@eﬁbﬁ?‘r g c@r}gocgﬁ&a& rises a
hosphate and e anount” of phosphorfc acid salt by

combightion of gfieshtbducktdopolymer baying a tpolysthiksne gortert off10 weight
percent to 20 weight percent based on the total weight of the first block copolymer
and a second block copolymer having a styrene content of 25 weight percent to 50

weight percent based on the total weight of the second block copolymer.

13.  The composition of Claim 7 wherein the impact modifier comprises a block
copolymer comprising an aryl alkylene block and a controlled distribution copolymer
block.

14. A flame retardant thermoplastic composition comprising:
a poly(arylene ether);
an impact modifier;

a liquid polyolefin;
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organi ¢ phosphate by weight. 15. An electrical wre
conprising: a conductor, and a covering di sposed over
the conductor wherein the covering conprises: a flane

t thernoplastic conposition conprlse}g,CT/USz(m/010462

n
%gﬁff ? Iene ether); an inpact nodifier; a
pol yol efm a phosphoric acid salt selected fromthe

group consi sting of nel am ne phosphate, nelam ne

| ' ium..
7‘5‘?22?”%??“ B O A S 3RR1R SRR ol of
mglamee rRliosphaite FelapING S mmrelOSPhawnomcMHne orthophosphate,

al : u Osphate
REVNGIORD PROBLaCO DIRBARNIGT ASGhaRl PESURRG. agid amige

mpgjaimio ipolkyphasplerts znmnmmlmmsmmtepﬁawezm Qdid46i2de, ami
Ll t.he anmount of phosphoric

Cg%?gﬁ &FQE§§P§2%§E%P|S?%r%3?%r than or equal to the

amount of organi c phosphate by weight. 16. An

4¢p d¢ treighbperognt of ametpklivdiaxide; aml conduct or, and a

covering di sposed over the conductor mherein t he

3G6M ¢ Riellht pRBINE btsﬁxsorgalf?c f)ﬂoégfaté' whé H%&ggt E £ Es regpect

conposi t1on conpri ses ary ene
tq (hacpmhingd fweeght of athp droj arytem: ether)o lmﬁaql\/snghﬁerp@blyeleﬁn

pRéspRorRREPHR! hEtaBifyiifh ﬁ@a}lﬁggpaﬁ{e%}ggspﬂt?na& he group

consisting of mel’am ne am ne
ro hO:PQFhEH mel am ne orthophosphate, di ammoni um
“%IXF&‘E‘H LelePhospiRB At ALY Yeishiin areater tbhlogrpfmgah to thecimbunt of

ofpahid hosphkk 8§ wRRhL 0l yphosphat e, ammoni um
pol yphosphat e, pol yphosphoric acid am de, and

15.  Anelectrical wire comprising;

a conductor, and

a covering disposed over the conductor wherein the covering comprises:
a flame retardant thermoplastic composition comprises:

a poly(arylene ether);

an impact modifier;

a polyolefin;

a phosphoric acid salt selected from the group consisting ef melamine phosphate,
melamine pyrophosphate, melamine orthophosphate, diammonium phosphate,
monoammonium phosphate, phosphoric acid amide, melamine polyphosphate,
ammonium polyphosphate, polyphosphoric acid amide, and combinations of two or

more of the foregoing;

a metal hydroxide; and
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conbi nations of two or nore of the foregoing; 4 to 15

wei ght percent of a netal hydroxide; and 3 to 11

wei ght percent of an organic phosphate wherein wei ght
is with respect to the conbined wei

of t
ﬁgﬁy‘{“d Plene ether), inpact nodifier, polyol E?T’HSZOOG’(’“”“
phosphoric acid salt, netal hydroxi de and organic

phosphate. 53 |
an organic phosphate wherein the amount of phosphoric acid salt by weight is greater

than or equal to the amount of organic phosphate by weight.

16.  An electrical wire comprising:

a conductor, and

a covering disposed over the conductor wherein the covering comprises:
a flame retardant thermoplastic composition comprises:

a poly(arylene ether);

an impact modifier;

a polyolefin;

7 to 25 weight percent of a phosphoric acid salt selected from the group consisting of
melamine phosphate, melamine pyrophosphate, melamine orthophosphate,
diammonium phosphate, monoammonjum phosphate, phosphoric acid amide,
melamine polyphosphate, ammonium polyphosphate, polyphosphoric acid amide, and

combinations of two or more of the foregoing;
4 to 15 weight percent of a metal hydroxide; and

3 to 11 weight percent of an organic phosphate wherein weight percent is with respect
to the combined weight of the poly(arylene ether), impact modifier, polyolefin,

phosphoric acid salt, metal hydroxide and organic phosphate.
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