4 FLAVE RETARDANT MOLDI NG THERMOPLASTI CS The present invention is c¢RBefned
with stable blends which 5 conprise thernoplastic resins and particul gsg ‘
heavily-m neral -filled thernoplastic resins and e truded sheet which was
rendered flame retardant with a netal acid qyrop

Background of the Invention 10 Ther nopl ast ?n& 5| ons
are based on a thernoplastic resin and are w dely used for t t|o
nol di ng or extrusion of many products. In nmany applications it was
necessary to add materials to the conposition which will inpart flane
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receives a VO rmtardant With anhetib ayidosyrophosphi&te cositsurid t he conposition to
act .as synergist for the brom nated fIarre retardant to obtain a VO rating.
Organi c phosphates have al so been added to thernoplastic conpositions to
i npart flane retardant properti eBackgromnd ofithedhventiahat 25 the organic
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are used to stabi I
pol yca nate and a brominated flame retardant in combination with an

antimony compound. Generally, it has been found that when a
brominated compound has been used as the sole flame retardant addlhve,
the composition has not been rendered sufficiently flame retardant so that
20 it passes the Underwriters Laboratory No. 94 test and receives a V0 rating.
The antimony compound was added to the composition to act as synergist
for the brominated flame retardant to obtain a V0 rating.
Organic phosphates have also been added to thermoplastic
compositions to impart flame retardant properties. It was theorized that
25 the organic phosphates act as flame retardants because they volatilize
- when exposed to the intense heat that was generated by contact with an
- open flame and form a protective barrier close to the surface of the
thermoplastic material in which they are dispersed.
Copending application Serial No. 07/994,794, filed December 22,
30 1992, by Richard C. Crosby and Douglas G. Hamilton discloses that
~ polyacid pyrophosphates are used to stabilize polyester-polycarbonate
compositions.
Copending apphcahon Serial No. 07/ 994 738, filed by Eileen Walsh
discloses that polyacid pyrophosphates are used to stabilize polyester
35 compositions.
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35 conpositions. 2 In the case of thernoplastic resins and extruded
Eheet whi ch contain | arge anounts pf n)neral fillers, there are sgne
limtations in applications requiring inproved flane retardancy. OL c
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difficult to flame retard conpared to the correspondlng unfille ends.
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affect flame spread. Smoke generation can also be affected as the
temperature at which the material burns as well as the degree of char
15 formation changes. An increase in the amount of dripping associated
- with the material may also be seen when non-reinforcing fillers are used.
It has been surprisingly discovered that filled thermoplastic
compositions may be rendered flame retardant, obtaining a V0 flame
rating under Underwriters Laboratories Test No. 94, by the addition of
20 effective amounts of a metal acid pyrophosphate and, optionally, a
halogenated flame retardant. This was unexpected because metal acid
pyrophosphate compounds are inorganic and are not considered volatile.
It has also been found that this flame retardance was obtainable without

the use of an organic phosphate compound or an antimony oxide
25 synergist.

Sumniat_'z of the Invention

The invention provides composnhons comprising:
(@)  20-90 weight- percent of a thermoplastic resin
30 (b)  from about 20 to about 80 weight percent of an inorganic
filler such as barium sulfate, strontium sulfate, zirconium oxxde and/or
zinc sulfate; and
(c) an effective flame retarding amount of a metal
‘pyrophosphate of the formula:



(a) 20-90 wei ght percent of a thernoplastic resin 30 (b) from
‘about 20 to about 80 wei ght percent of an inorganic filler such as barium
sul fate, strontiumsulfate, zirconiumoxide and/or zinc sulfate; and (c)
an effective flanme retarding anount of a netal pyrophosphate of the

formul a: 3 [err] wherein Mis a nmetal, x is a nunber from1l to 12, y is
a nunber from1l1l to 12, n is- a nunber from?to 10, z is a nunber froml to
5, and the sum of (xz)+y is equal to n+2; wherein all weight percentages
are based 5 upon the weight of the tot al conposition. The thernoplastic
resin may be a polyester such as pol y(butyl ene terephthal ate),

pol y(cycl ohexyl ene terephthal ate, pol \W&HHRERgt er epht hal ate),
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m xture congiitutés het er opol yner b the t et er gpol
t her mopl as?‘% resin @P@ﬁamn ‘l?‘é‘srfﬁﬁﬁf‘ &1mpac?modllr-l|ers, er flame

retardants, such as, for example, halogenated flame retardants, anti-drip
additives, organic phosphates, and stabilizers.
' The invention also includes articles molded from such
compositions and methods of rendering thermoplastic resins flame

16 retardant. -

Detailed Description of the Invention

The thermoplastic resins according to the invention include single
thermoplastic resins or a heteropolymer thermoplastic resin blend.

20  Suitable thermoplastic resins include, for example, polyesters, polyethers,
polyamides, polyolefins, polycarbonates, including mixtures of these
polymers provided that such mixture constitutes a heteropolymer blend.

. By the term "heteropolymer thermoplastic resin blend" it is meant a blend

of two polymers from differing classes of polymers, such as blends of the

25 foregoing but excluding blends of two polymers from within the same
class of polymers, e.g., polyester/polyester blends, etc. A heteropolymer
thermoplastic resin blend does not, however, exclude blends of two
polyesters which are part of a blend of polymers from different classes,

eg., a blend of poly.carbonate, polybutylene terephthalate and

30 polyethylene terephthalate. As polyester resins constitute the most
preferred single thermoplastic resins, the invention will be descrlbed

using polyesters as the example.
Polyesters suitable for preparing the present compositions include
those comprising structural units of the formula (I):
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: trifunctional or multifunctional carboxylic acid has been incorporated.
. Treatment of the polyester with a trifunctional or multifunctional epoxy
15 compound, for example, triglycidyl isocyanurate can also be used to make
a branched polyester. Furthermore, it is sometimes desirable to have
various concentrations of acid and hydroxyl endgroups on the polyester,
depending on the ultimate end-use of the composition. _
In some instances, it is desirable to reduce the number of acid
20  endgroups, typically to less than about 30 micro equivalents per gram,
with the use of acid reactive species. In other instances, it is desirable that
the polyester has a relatively high carboxylic end group concentration,
e.g., about 5-250 micro equivalents per gram or, more preferable, about
20-70 micro equivalents per gram
25 The R1 radical may be, for example, a Cp.1p alkylene radical, a Cg_
10 alicyclic radical, a Cg_o( aromatic radical or a polyoxyalkylene radical
in which the alkylene groups contain about 2-6 and, most often 2 or 4
carbon atoms. The Al radical in the above formula (I) is most often p-or
m-phenylene or a mixture thereof. As previously noted, this class of
30 polyester includes the poly(alkylene terephthalates) and the polyarylates.
e Such polyesters are known in the art as illustrated by the following U.S.
Patents, which are incorporated herein by reference:
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20 endgroups, typically to |l ess than about 30 mcro equival ents per gram
‘with the use of acid reactive species. In other instances, it is desirable
that the polyester has a relatively high carboxylic end group
concentration, e.g., about 5-250 micro equivalents per gramor, nore
preferable, about 20-70 m cro equival entsgper gram 25 The R1 _
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al kyl ene groups contain about 2-6 and nobst often 2 or 4 carbon atons. The
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wherein R1 is as previously defined. R2 is a polyoxyalkylene radical and

A2 is a trivalent aromatic radical, usually derived from trimellitic acid
and has the structure (III):

o OC

Such polymers and their mode of preparation are described for example
in U.S. Pat. Nos. 4,544,734, 4,556,705, and 4,556, 688 which are all
incorporated herein by reference.

25 Because of the tendency of polyesters to undergo hydrolytic =~
degradation at the high extrusion and molding temperatures encountered
by the compositions of this invention, it is preferred that the polyester be
substantially free of water. The polyester may be predried before
admixing with the other ingredients. More commonly, the polyester is



20 (rrer) [err] Such polymers and their
‘mode of preparation are described for exanple in U S. Pat. Nos. 4,544, 734,
4,556, 705, and 4,556,688, which are all incorporated herein by reference.
25 Because of the tendency of polyesters to undergo hydrolytic
degradati on at the high extrusion and nol dithg tenperatures encountered by
the conpositions of this invention, it is preferred that the pol yester be
substantially free of water. The polyester may be predried before adm xing
with the other ingredients. Mre commonly, the polyester is 6 used -
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the nore prefer sulfate, zirconium oxide, zucomum silicate, strontium sulfate, alumlna,
amorphous silica, anhydrous aluminum silicate, barium ferrite, calcium -

15  carbonate, mica, feldspar, clay, talc, magnesium oxide, magnesium

silicate, nepheline syenite, phenolic resins, glass microspheres,
wollastonite, titanium dioxide, ground quartz as well as mixtures of the
above. In several applications such as when a ceramic-type look and feel
are desired, it is important that the filler be limited to the more preferred
20 fillers including zinc oxide, barium sulfate, zirconium oxide, zirconium
silicate, strontium sulfate, titanium dioxide, and mixtures of the above.

_ The molding compositions may include a resin as specified above
with from 20 - 80% by weight, preferably 30 - 75% by weight or most
preferably 30 - 45% by weight of total composition of filler component.

25  For certain applications where a ceramic like product is desired, more
than 30%, or more preferably 40 - 70% by weight of the total composition
of filler component should be employed.

However, as mentioned in the background of the invention, these
heavily-filled thermoplastic resins have provided unique problems when

30 attempting to achieve suitable flame retardant broperﬁes. Quite
unexpectedly, the present inventors discovered that heavily-filled resin
compositions can actually be rendered flame retardant with a metal acid
pyrophosphate.



.20 fillers including zinc oxide, bariumsulfate, zirconium oxide,
zirconiumsilicate, strontiumsulfate, titanium dioxide, and m xtures of

t he above. The nol di ng conpositions may i nclude a resin as specified above
with from20 - 80% by weight, preferably 3Q - 75% by wei ght or nost
preferably 30 - 45% by wei ght of total condosition of filler conponent 25
For certain applications where a ceramc |like product is desired, nore than

30% or nore preferably 40 - 70% by weight of the total conposition of
as nmentioned in the

filler conmponent sh db ed. . However
background of the |(r)1ﬂ% %ﬂl%@ é}é’ °HB%RVlfa}e$?ﬁqhécPr?Wnbwmn areefsthes have
provi ded uni quefopmatlaens when 30 "attenpting to achieve suitable flane

retardant properties. Qiite ungg ’&f dé t he present inventors discovered
that heavily-filled resin conposi Jblﬁs lah actually be rendered flane
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optionally in cRypically,the mdst effebiV@ 8RR Rt rdifg Bmounts range from about 1
to 25 wt.% and preferably from about 7 to 15 wt.%, and most preferably
from about 3 to 5%, optionally in combintion with a halogenated flame
15 retardant such as bromine, as described below.
The present invention also contemplates the addition of a second
flame retardant to be used in combination with the metal acid
pyrophosphate above. Although most conventional non-halogenabed
: flame retardants such as monomeric, oligomeric and polymeric
20  phosphate, antimony oxide, etc. may be used, it is preferred that the
- second flame retardant be halogen based.
The halogenated flame retardants include those halogenated
compounds that are compatible with thermoplastic resins. Examples of
these compounds include those of the formula (IV);

// (X)d\ ( (X)e\ mq
(v) \\ / \ /b T ¢ >n

30 whereinnis1to 10 and R is an alkylene, alkylidene or cycloaliphatic
linkage, e.g., methylene, ethylene, propylene, isopropylene,
isopropylidene, butylene, isobutylene, amylene cyclohexylene,
cyclopentylidene, and the like; a linkage selected from the group
consig_tin_g of ether, carbonyl; amine; a sulfur containing linkage, e.g.

25




15 retardant such as bronine, as described bel ow. The present invention
"al so contenplates the addition of a second flane retardant to be used in
conbination with the netal acid pyrophosphate above. Although npst
-conventi onal non-hal ogenated flane retardagts such as nononeric, oligoneric
and polynmeric 20 phosphate, antinony oxid& etc. nmay be used, it is
preferred- that the second flanme retardant be hal ogen based. The hal ogenat ed
fl ame retardants include those hal ogenated conpounds that are conpatible
with thernoplastic resins. Exanples of these conpounds include those of the
formula (I1V): ﬂlﬁémul(qwe@oﬂ opRefarbanate; 3 phosphomsgantining linkag®y| ene,
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cycl opent yl | derlikages cophscled by suchatoups a3 aromalicy 4ming efer,seier,
consi sting of etanbonyl sulfistey sulfaxidessulfome, af phosphoras-conigininglirdages. g. ,
8 sulfide, sgul fay4 S| ) ?ﬁqﬁ. : hosp N} ad, Bl I nkage;
and the 1i kg. .@gaﬁ%aﬂgéj&;égﬁgibseﬁ i mé)@%lr‘&lnﬂ?ée)%é@{%ﬁeéﬁg%?ﬁgyi | ééene
| i nkages conneditkpgsy % sgPuppWhich arerrpresentedbi R willipsrur tsthose ,
carbonyl, sul figkilled in tixafte Comiponds ofthid g dreldisAosdRiUS! Patéritage, S
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| i nkage. Ot her Pﬁ[}p 1 PEWHGh are, jricorporated by re e.
skilled in the art. ASeapduiraremdriu-woripobpcarbecytlicGiromaticigrotpSsuflahent
Nos. 3, 6474447 la(& . ' re . d [.ROr.at eference.
“Ar and Ar' 19 re "NMono- el&é‘*’ééﬁé%@%%&%ﬂ%@%%ﬁp@ a@ﬂ%ﬁ%sﬁ‘s‘ﬁ@ﬁqg%é 1%§ afid
" phenyl ene, . bi pharRynay be thespmerpridiferentapht hyl ene, and the |ike. Ar and
Y is a substituent selected from the group consisting of organic,
inorganic or organometallic radicals. The substituents represented by Y
include (1) halogen, e.g., chlorine, bromine, iodine, or fluorine or (2) ether
15 groups of the general formula OE, wherein E is a monovalent
hydrocarbon radical similar to X or (3) monovalent hydrocarbon groups of
the type represented by R or (4) other substituents, e.g., nitro, cyano, etc.,
said substituents being essentially inert provided there be at least one and
preferably two halogen atoms per aryl, e.g, phenyl.
20 X is a monovalent hydrocarbon group exemplified by the
following: alkyl, such as methyl, ethyl, propyl, isopropyl, butyl, decyl,
and the like; aryl groups, such as phenyl, naphthyl, biphenyl, xylyl, tolyl,
and the like; aralkyl groups, such as benzyl, ethylphenyl, and the like;
cycloaliphatic groups, such as cyclopentyl, cyclohexyl, and the like; as
25 well as monovalent hydrocarbon groups containing inert substituents
therein. It will be understood that where more than one X is used they
may be alike or different.
The letter d represents a whole number ranging from 1 to a
- maximum equivalent to the number of replaceable hydrogens substituted
30 on the aromatic rings comprising Ar or Ar'. The letter e represents a
whole number ranging from 0 to a miaximum controlled by the number of
replaceable hydrogens on R. The letters a, b, and c represent whole

numbers including 0. When b is not 0, neither a nor c may be 0.



Ar' may be the sanme or different. Y is a substituent selected fromthe
group consisting of organic, inorganic or organonetallic radicals. The"
substituents represented by Y include (1) hal ogen, e.g., chlorine, brom ne,
i odine, or fluorine or (2) ether 15 grougs of the general fornula OE,
wherein E is a nonoval ent hydrocarbon radical simlar to X or (3)
‘monoval ent hydrocarbon groups of the type represented by R or (4) other
substituents, e.g., nitro, cyano, etc. said substituents being essentially

i nert provi ded Uﬂﬁéﬁv@@ éifhelr%atﬁlc,%‘fnapgo E@By WhE ehﬁlksoéeﬂ\ atoms per

aryl, e.g. phenyl nDnov rocar on ‘group
exenplified by ?Wé“??ﬁ BERMWg“ed‘P‘R‘?Fl Ysﬁéﬁ%’s‘%t’hﬁf et hgnd. propyl ,

ISOﬁrﬁplyl bbu:1 yl, de'(t‘hé d@dxﬂhﬁ‘\d Ylsgbsamehh ltsEé@ui@arloShmk emlanﬁl
napht hyl , |pe t i ke; rou suc as
benzyl, et hyI ph anx%ﬁa?ﬁ‘i ¥*kée°&€9'c‘?‘8 ?:pmp@,;&o S‘i"b‘%sp mahic rings
cycl opentyl 5 cy@llld) h@(gtqupsrﬂrtbem arkepossibl2geonvettic rehhnnnbipedvﬁhtrespect
hydr ocar bon gro% S Repi Ng inert substituents therein. It will be
under st ood t hat ere nore than one X is used the may be alike or

di fferent The | etter The pspparaipnefthegesnd othenapp lﬁa@erhgphewisare knewn
maxi num equi val @ithetdit.t itpideREthOdivatéttadipHatie &Sd{)@ﬁ@ﬁéa%‘@ééﬁd{gﬁg 30

unbor rangi ng. FRYCe B ekuted autie Offer: #nd Bg ke nunber of 1 opl aceabl e
hydrogens d® R The Ineluded withih theaabove stepctesainformiula aresubstitatednc! udi ng
. but ot bot neeanep kR pyfic By frfbotiBptnaeng TetackibliisRenft, 10l 184 by
a direct carbo nﬁemgmbsme,m bipheoyisisughas Q,Zémshlpmmmenph 2idhe
aromatic gr ow%:b%:-@ﬁ‘gﬁ:\ﬁ IC@a'-a&hy&{,bpﬁ\é ltl@ca%&lﬁ%g Ml or para
positions on the omatj C rou n’any possible
geonetric rel at PEAREAMO g gﬁéel?romobxpﬁe nyl and hal%genated diphenyl ethers
15  containing 2 to 10 halogen atoms.
The preferred halogen compounds for this invention are aromatic
halogen compounds such as chlorinated benzene, brominated benzene,
chlorinated biphenyl, chlorinated terphenyl, brominated biphenyl, .
brominated terphenyl or a compeund comprising two phenyl radicals
20  separated by a divalent alkylene group and having at least two chlorine or
bromine atoms per phenyl nucleus, and mixtures of at least two of the
foregoing.
Also preferred according to the present invention are brominated
polycarbonates having the formula (V):
25

Cha O

)]

where R3 and R4 are hydrogen (lower alkyl) or phenyl, X1 and X2 are
30 bromo and m and r are from 1 to 4, the average number of repeating units



to one another. The preparation of these and other applicable biphenyls are
known in the art. In place of the divalent aliphatic group in the above
exanpl es may be substituted sul fide, sulfoxy, and the |ike. 10

‘I'ncluded within the above structural fornul a are substituted benzenes
exenplified by tetrabronobenzene, hexachl orobenzene, hexabronbenzene, and
bi phenyl s such as 2, 2'-dichl orobi phenyl, 2,4'- dibronobi phenyl,
2,4'-dich|orobipheny| hexabronDbiphenyI oct abr.onobi phenyl ,

decabr onobi phe apd hal o E&g‘gl phenyl ethers 15 <containing 2 to 10
hal ogen at ons. o5} 8 ?B eenfshcomponent efthe comkination being

“aronatic hal ogenmmmmmns dvm&&dihﬁhbﬂ@tmwsrﬂm nﬁ[lﬁm nated benzene,
|

chlorinated biphenyl, chlorinated terphenyl”, brom nat e phenyl ,

brom nated terphenyl or a conpound conprising two phenyl radicals 20
separated by a dival.ent al kyl ene group and lgaving at | east two chlorine or
“bromni ne atons per phenyl nucl eus, ando‘{n_t_hurlles of at least two of the
foregoing. Also preferred accor di ng t ~eQant i nvention are broni nated

pol.ycar bonages havi ng t he- forrrula (V): 25 [err] where R3 and R4 are

hydr ogen (I owe [err] and [err] are 30 bromo and mand r
are from1l to Zf"ﬁ? raa‘g‘é’ 9meflcre‘é§a{r>h§1thydnc phemobei ng from

about 2 to 20, Hréfersldypﬁféycwm ?nsefrepbﬁmg)ﬂhwaruwr&ﬁms (R aromati
honmopol ymer conprising units of this fornul

OOt

R3 and R? are the same as hereinabove identified, the average number of
repeating units being at least 100, and preferably from about 100 to about
400.

15 With respect to such homopolymer components having from about
2 to 20 repeating units, the preferred compounds will be further
characterized in having low volatility when heated above 200°C.

If desired, an organic flame retardant phosphate may be
substituted for the halogenated flame retardants of the composition at a

20 level of from an effective amount up to about 25 weight percent or more,

preferably at a level of from 5 - 15 weight percent. The organic

. phosphates are well known and are described in US 4,033,927 which is
incorporated by reference. In general, the preferred organic phosphate
compounds are of the general formula (XI):

. 10 VD

25

8
Q—P —0Q
oo |

30 (XD



wherein Ais a divalent aromatic radical of the dihydric phenol.
‘Preferably, they will conprise repeating units of the formula (VI): R3

O [err] 10 (VI) R3 and R4 are the sane as herei nabove identified,

t he average nunber of repeating units bein ﬁ1at | east 100, and preferably
from about 100 to about 400. 15 'Wth'respect to such honopol yner
conponents having fromabout 2 to 20 repeating units, the preferred
conpounds wi |l be furt her characterized in having l.ow volatility when .

heat ed above 200 CIf desire organi ¢, flame retardant phosphate nmay
be substituted f 'P Q8R71358 gﬁm?mrﬁéﬁﬁhﬁéfﬁﬂeiﬁnﬁﬂ?m%ltlon at a

20 |evel fof L Ir mffefemfricm:hls\:ifﬁcwhydila%éa(i’bdi?@aldlciﬁ m?&hfﬁlk}m @ﬂlbal‘k&l
nore, prefera o we e ‘or
phosphat es are. ey ) SHBaifted a8l #31 AEpHHMARE ST nalogentaAth rPsen
i ncor por at ed by andfcombinations thereef provided tlpa‘teﬂtdeasédnelogaanchp
conpounds arg OfI'y?I&IQQQE{ s SQdithble ?ﬂ)g haas {rﬁ:ﬁic%]e sa@blﬁ%}'erand

ni trogen anal ogs ere eac resents t ent
radi cal s i ncl udiPRgsPhateop %ﬂﬁ"%“&&?ﬁ% ephate, phenylethylenahydsagenar y| |

al kyl subst t ut phosphitenphieyt: fgr-tﬁls-(s:.,tst:wtm imetRpekY phioditatap ehylydiphaay] and

conbi nati ons thegeg ‘eB}YE@‘b’ﬂ’jf'B’b ﬂ%hﬁﬁé‘%ﬁéﬁﬂ?&l%&a&%yéﬁéphat .

Typi cal exanpl e 8? %r Ogﬁ

phenyl bi sneopenethylhexdpiphieay! phesphate,tyi(roxyliphénpl)phosplate phenylmethyl

pheyl - bi's- (79 5. RydrbsdE PRSI diPAOTRY DL Flolyt PROSYHARN G BEbsy1 phosphate,
triphenyl phosphate, halogenated triphenyl phosphate, dibutylphenyl
phosphate, 2-chloreoefhyldiphenyl phosphate, p-tolyl bis (2,5,5'-
trimethylhexyl) phosphate, 2-ethylhexyldiphenyl phosphate, diphenyl
hydrogen phosphate, resorcinol diphosphate and the like.

15 " Asindicated earlier, the present invention has applicability in a
broad range of polymers and blends thereof. Among the preferred blends
are polyester blends such as polyalkylene terephthalates and
polycarbonates, polycarbonate blends such as polycarbonate and ABS,
nylon blends, such as polyphenylene ether and nylon, etc. Clearly, other

20  blends of these resins are also contemplated.

The polycarbonates of the instant invention contain at least one
recurring structural unit represented by the formula: (X)

®) RO

(I'?
—0 O—C
wherein:

RS is independently selected from halogen, monovalent
hydrocarbon, and monovalent hydrocarbonoxy radicals;

30 RS is independently selected from halogen, monovalent
hydrocarbon, and monovalent hydrocarbonoxy radicals;

25 (X



phosphate, bis(2-ethylhexyl)-p-tolylphosphate, tritolyl phosphate, bis(2-
et hyl hexyl ) - phenyl phosphate, tri(nonyl phenyl)phosphate, phenyl methyl 10
hydr ogen phosphate, di (dodecyl)-p-tolyl phosphate, tricresyl phosphate,
tri phenyl phosphate, hal ogenated triphenyl phosphate, dibutyl phenyl
phosphat e, 2-chl or eoet hyl di phenyl phosphat® p-tolyl bis (2,5,5'-

tri met hyl hexyl) phosphate, 2-ethyl hexyl di phenyl phosphate, diphenyl

hydr ogen phosphate, resorcinol diphosphate and the |ike. 15 _ As
indicated earlier, the present invention has applicability in a broad range
of polymers and bl erAiss ¢électedffromrdinglenb hyfdredazbor dadicalsfds are pol yester
bl ends such as pol yal kyl ene terephthal ates and pol ycar bonat es,

pol ycar bonat e bl ends such as pol ycarbonat e and ABS, | on bIend%) such as
pol yphenyl ene ether and nylon, etc. O earl ot her 2 bl ends ofjt hese
resins are al so contem@ated. TheSpot ycarbqnat-es of—ghe i radant—g-Avent i on
contain at l'east one recurring structural unit represented by t forml a:
(X) [err] 025 (X) wherein: [err] is .independently selegtedlfr hal ogen,
nonoval ent hydrocarhbgn, .and nmanqval ent drocarhonoxy, radi cal s

R6 is independent |y SardA eacfef'f‘a n?elﬁ%ﬁ‘é?"éﬂ‘ﬁ teﬁ?fﬁl&‘ﬁf‘gén"alﬂﬁd
monoval ent hydof feorh dntovdy inchukive;l and 12 A is selected from dival ent

hydr ocar bon radi cal O [err] n" and n" are
independent y sel ec?ecliso?r om T o%ors having a value of fromO to 4
i ncl usi ve; and- The monovalent hydrocarbon radicals represented by R5 and R6

include the alkyl, cycloalkyl, aryl, aralkyl, and alkaryl radicals.

The preferred halogen radicals represented by R5 and Ré are
chlorine and bromine.

10 The monovalent hydrocarbonoxy radicals may be represented by
the general formula -OR? wherein R7 has the same meaning as R5 and R6.
The preferred hydrocarbonoxy radicals are the alkoxy and the aryloxy
radicals.

The divalent hydrocarbon radicals represented by A include the

15  alkylene, alkylidene, cycloalkylene, and cycloalkylidene radicals. The.

. preferred alkylene radicals are those containing from 2 to about 30 carbon
atoms. The preferred cycloalkylene and cycloalkylidene radicals are those
containing from 6 to about 16 ring carbon atoms. Monofunctional phenols

~ can be added as end capping agents to the polyinerizatioﬁ to control
20  molecular weight and provide desired properties.

It may be desirable to add an impact modifier to increase the _
toughness of the composition. Although the invention contemplates most
impact modifiers, the particular impact modifier or combination thereof
'will depend upon the thermoplastic resin or blend which is selected. As -

25 the present invention prefers the selection of polyesters and blends thereof
with other thermoplastic resins, the preferred impact modifier would be
based on a high molecular weight styrene-diene rubber or an acrylate
rubber at a level of from 1 to 30 weight percent or more preferably from 5
to 15 weight percent. A preferred class of rubber materials are '

30 cdpolymers, including random, biock and graft copolymers of vinyl
aromatic compounds and conjugated dienes. Exemplary of these



5 y' is either zero or one. The nonoval ent hydrocarbon radicals
‘represented by R5 and R6 include the al kyl, cycloal kyl, aryl, aral kyl, and
- al karyl radicals. The preferred hal ogen radicals represented by R5 and R6
are chlorine and brom ne. 10 The val ent hydrocar bonoxy radical s
may be represented by the general formula -“OR7 wherein R7 has the sane
meaning as [err] and [err]. The preferred hydrocarbonoxy radicals are the
al koxy and the aryl oxy radicals. The dival ent hydrocarbon radicals
represented by

A jnclude the 1 al kyl epe, al kyliden cycl oal kyl ene, and
cycl oal kyl i dend™f 1%%&;.&1#@' g‘?SP’&r‘rlé)ﬁp@BEW@FleP?%flﬂ?@ahx‘g%nﬁ%@sQr
cont ai ni ng f r o’dch-hpdedgutiatéd bluekizopohimes. of the A>BeAainded-B yypeowihieydiane and

cycl oal kyl i dene,r. ar se cantaining,from6 to about. 16 ring
carbon at ons. ﬁ%ﬂhﬁ’%ﬁ‘&ﬁsﬁﬁﬁf?oﬂ%gléa‘??“b"e"g‘&%& G& Bﬂ'ﬁ PRAG agents to
t he pol yneri zatpalyisoprenmradial fdeblock copdlymensifgityrearandroVicdajugated ed
propert| es. gl digde Rrffe kst nfodified 4y Bfe WiAGInB R hS Shd iRl LIRE &RFC the
t oughness of the £0MDO i t1on. Although the invention contenp?a €S nost

i npact modi fi er@Fattqepoliymersohtained byh grafirsepelymerization of smonemeriarr eof

wi |l depend upanohbmet ReixcoRltfiainga sEFbRe 6ompoand astthe miin oMot to s 25

ner oot wi th ofREPerHsRaTRer: dhe FEbRE-ER pSlyBPLyral M R 1
woul d be based copolymenfs asuleeadyadesaribgd theseiprincknding pelybuthdiene; an
L e el e R B
materi al s are Zhylepgmrppylene copelymen sthylsnehutylene kopalymeraft copol yner s
of vinyl aronmatpdly: AR the dikeO THe%Y RAheLorijfsundirRIRIEY styRine, hese 13
materials ther € BBy istirehe SmBGIATeats, SprBaylstyreny, alpRaadfiisG rens
ethylvinyltoluene and the like. Procedures for the preparation of these |
15  polymers are found in US. Patent Nos. 4,196,116; 3,299,174 and 3,333,024,
and of which are incorporated by reference. :
If desired, reinforcing fillers such as glass fibers or carbon fibers or
non-reinforcing fillers such as talc, clay, mica, glass spheres, wollastonite,
and the like may be added in addition to the above-described mineral
20 fillers. In addition, stabilizers, lubricants, flow aids, colorants, etc. may
also be added. _ _ _ .
The stabilizers are used at a level of 0.01-10 weight percent and
preferably at a level of from 0.05-2 weight percent. The stabilizers include
_ an effective amount of an acidic phosphate salt; an acid, alkyl, aryl or
25 mixed phosphite having at least one hydrogen or alkyl group; a Group IB
or Group IIB metal phosphate salt; a phosphorous oxo acid or a mixture
thereof. The suitability of a particular compound for use as a stabilizer
and the determination of how much is to be used as a stabilizer may be
readily determined by preparing a mixture of the polyester component,

- 30 the polycarbonate and the filler with and without the particular
compound and determining the effect on melt viscosity or color stability
or the formation of interpolymers. _

The acidic phosphate salt stabilizers include sodium dihydrogen
phosphate, monozinc phosphate, potassium dihydrogen phosphabé,




.non- hydr ogenat ed bl ock copol yners of the A-B-A and A-B type wherein Ais
pol ystyrene and B is an el astoneric diene, e.g. polybutadiene,

pol yi soprene, radial telebl ock copolynmer of styrene and a Y conjugated 5

di ene, acrylic resin nodified styrene-butadi,ene resins and the |ike; and
graft copol yners obtained by graft-copol ynerization of a nononer or nononer
-m X containing a styrene conpound as the nain conponent to a rubber-Iike
pol ymer. The rubber-Iike polyner used in the graft copolymer is as already

d bed h - but adi !
e on o BB A kS e e o™

et hyl ene- but yl efermsdlsol yner , polyacrylate and the Ilke. The styrene
conmpound i ncl udes styrene IEF tyRat yrene, dinethyl styrene,

| sopropyl styrene, al phanethy st§rene et hyl vinyl tol uene and the |iKke.
Procedures for the preparat| f these 15 pol ymers are found in US.

Pat ent Nos. 54, 1%ei:é.Rl R229Q, RY dretind eﬁagnﬁ 4ele@féﬁ H{) \g@{secé}uckeas gl ass

i ncor porated by J erégp f desi “‘f}’g r.ei nF
fibers or car bon ydseereallyd ppd B@m%%\atat@asmmg/qf
m ca, glass sph@?e@ and|R Bthydrbgenmdlk)ﬂe I|ke may be added in addltlon to

t he above-descri bed Th@ I on abi |.i.z
| ubricants, flo q g%tessgl%t Ca%roup fgj {;' &%me?ﬂé“ Bidinger s

are used at a I G°¢D’P£M? hesphate apdrﬁerltkean'ﬂmphbsplﬂhbus oko acidgvel of
from 0. 05- A0wei 1 19 tive armount of
peluccphespordie bl 4 GRS Eal

an aci di c phos & sal &‘8 an ac;l1
havi ng at | east eplh%? 248 #ricdal Kyl group; a Goup IB or Goup Il B netal

R ey ot p““'“""‘“‘r e ), SO kA Ml | e
det ermi nati on ofé ahl:&HquQ dr?é)gmﬁﬂﬂggeghg%e BOYIHS are P“ﬁéiﬁddé" V&adily
det er ni ned by éﬁ: hichyisidingexparatediby peﬂemelGelmltbﬁﬁmm @010t he

ot Lrm ni ng ¢ h?“og k&?’f‘%‘*ﬁ‘*w"“‘?ﬁ *”i".e*{”y‘*‘%r im OBkt pgfcafeompe "

formati on of i MY %nedmaar wHlizedhat e salt stabilizers include
sodi um di hydrogen  Antioxidants such as octadecyl (3, S-di-ter-butyl-4-hydroxyhydro

cinnamate) methane may be used at a level of from 0.05 to 1 wt.%.
| As used herein and in the appended claims, the term "weight
20  percent" means the percent by weight of each component based on the
. total weight of composition.
The invention also includes the novel articles made from the
compositions of the invention.
Articles may be formed from the compositions of the invention by
25 extrusion which may be carried out by extrusion of pelletized resin
_ followed by molding. Preferred extrusion conditions are 480°F. die
temperature, 420-520°F. barrel temperature,150 to 280°F roll temperatures.



phosphat e, nonozi nc phosphate, potassi um di hydrogen phosphat e, 14

“cal ci um hydrogen phosphate and the |ike. The phosphites may be of the
formula: [err] 5 where RL, R2 and R3 are independently selected fromthe
group consi sting of hydrogen, alkyl and ar with the proviso that at |east
one of Rl, R2 and R3 is hydrogen or al kyl. The phosphate salts of a G oup
IB or Goup IIB netal include zinc phosphate, copper phosphate and the

| i ke. The, phosphorous oxo acids 10 include phosphorous acid, phosphoric
aci d, pol yphosphoric acid or hypophosphﬁrous aC|d Polytetrafluoroethylene
may al so be added to enhance flanme reta 63%%% as a drip inhibitor. These
pol yners are descri béteifollowihg exa0ples ase phesentadsin atdm'rto il sirate the

ref er ence: Geneggétskxt (3ol THey'ar notl BOEoRAFGED}o Al IR £oBE B BRAD! ¥

fromO0.01-5 ercen uor oe maly i zed.
Ant i oxi dants su® eybclaamewt (‘@hsrme&%npbﬁ’tbﬁ bmaqf//wldmbyldw@ ci nnanat e)

" met hane may ge used at a Ie\@‘lanﬁ‘;leflr&{m(t&ﬁ mtjvé/\gx‘%, P§Aused herei n and
i n.the appended cl ai ﬁﬁ{o term "wei per cent’ ﬁe

ht b E r] cent by
wei ght of each conpo oWing compAg awerﬁ,arsmre&r mﬂa le bleg msrﬁvs
i nvention al so ingrédidats, bbtkuddmtgin a5 inchwemtetbsinglosdraw extrgderiwithas of

the invention. éfeiﬂ %’ﬁ’i’. FRipeld CE@J Foﬁky%f&@?@ Lhariﬁolaedtcn\e?nSO

i nvention by 25 [ extrusion o

e carr
pel | etized resi tvnr\Snn Haera lnyechrgnan@%lmpmcbm@@t aetamn@namremfrwnﬂtmsi are
480[err] F. 10 e #RdPWRpFRurétéf15020] err] F. barrel tenperature, 150 to

280[err] F rol | renperatures:
Comparative
Example1 | Example A

PBTa , 36.15 36.15
Brominated polycarbonate® 32.2 32.2

| Glass fiber 20.0 30.0
PTFE concentratec x 20 - 20

| Na,H,P,0O, - 10 0.2
Antioxidantd 0.15 0.15
Mold release® ' 0.2 0.2

a. Valox 295, polybutylene terephthalate, GE Co., 1200-1800 poise

(ASTM method D-1238; Tinius Olsen melt indexer at 250°C., 0.0825 inch

orifice).

b. A 50:50 copolymer of blsphenol-A and tetrabromobisphenol-A
15 having an IV of 0.34 dl/g. as measured in methylene chloride at 25°C.

c. A composition of polytetrafluoroethylene and a polycarbonaté of

bishphenol-A prepared according to Example 1 of U.S. 5,102,696 which is

incorporated by reference.

d. Octadecyl (3,5-di-tert-butyl-4-hydroxyhydrocinnamate)methane..
20 e. ' 10% polyethylene, 60% paraffin waxes and 30% high molecular

welght olefins.



' Thefol | owi ng exanples are presented in order to illustrate the
,é?eséﬁgp!ﬁiention. Theygare ggt to be construed to limt the scope of the
appended cl ainms but rather to exenplify its broad applicability. 5
Exanpl e 1 And Conparative Exanple A The fojsow ng conpositions mereh o
prepared by tunble blending the ingredients, extruding in a 2.5 inc Een
single screw extruder with a nelt tenperature of 500[err] to 530[err] -
They were dried and nol ded on an 80 ton Van Dorn injection nolding nachi ne

at a tenper atur*pesgkeﬁﬂg .err]C. and a 1 0 nold tenperature of 150[err]C.

Conmpar ati ve EXx Ieﬁ[err] 36. 15
36. 15 ‘Broni nat ed poITR?&PEﬁﬁ?atléﬁz thick wese tested accordﬁigﬂ)m'udéﬁwh'téﬁrz 0 [err]
20.0 80 I bdFiforied T3P N2 98 afl the following res,ultsnwere obtained; = \p| g
. z ANt T oxT dantd 3 '

rlgl ease[ err] of 2 = ExampletA2 a. Qahfpariﬂﬁed | pag. |
. pol ybutyl ene erepht hal ate, GE Co}, 1200-1800 poi s i]O 238 s
-Tinius A sen | ndexer at ZbU[ETTIC O e—b- :
copol yner of - d tetrhhr nrmhu‘éQ)henoI t 1”5] Cﬁélll ng in |V of
0.34 dl/g. as magetﬂ'O’Ff net hyl ehe chl onjgge -at [e 186 . ool - A
conposition of Jeket raf | uor oet hiyT :alntz aggq x (é::))éb T U:Harél rlncgr P nted by

prepared acco _

reference. d. A\@;ggIEQZI* | 1.07 641

3,5-di-tert-bu TH%‘? dr ocl nnamat e€) net nane. 20—=: +6%6-
E)ol yet hyl en§ 6( /o par ¢ i/ X1 $ and 30% hi gh nol ecul ar

ample was aged 7 days at 70°C. according to Underwriters
Laboratories Test Procedure No. 94.
Example 2 and Comparative Example B
The following example illustrates the novel compositions of the
invention. The biend was prepared by tumble blending the ingredients,
10  extruding ina 2.5 inch vented single screw extruder with a melt
temperature of 500° to 530°F. They were dried and molded on an 80 ton
Van Dorn injection molding machine ata temperature of 500°C. and a

mold temperature of 150°C.

' Example 2 Comparative

Example B

PBTa ' - 32,65 32.65
Brominated polycarbonateb 3000 - | 30.00 -
Glass fiber 25.00 25.00
Sodium acid pyrophosphate 10.00 -
Polytetrafluoroethylenee 2.00 2.00
Antioxidantc 0.15 0.15
Mold released 0.20 0.20

a,b,.c,d and e are described in Example.



-wei ght ol efins. 16 Test Results: Test pieces 1/32" thick were tested
according to Underwiters Laboratories Test No. 94 and the follow ng -

results were obtained: Exanple A Conpar ati ve Exanple 1 Unaged

VO VI| Average FOT* 17 1.45 4. 86
Aged* - VO VI Average FOT* :
1.07 6.41 *FOT is flane out tine. 5 ' Sanpl e was aged 7

days at 70[err]C according to Underwiters Laboratories Test Procedure No.

94. Exanple 2 bV B, | he fqllow ng exanple illustrates
t he novel com?ﬁt%%&?ﬁghgu%\%?%ymraf%@ Wadenyrtersed by tunbl e

bl endi ng the | naboratories Test Nos 9 andi the followiiRg Tesulswaiditginsgnal € screw
extruder with fa melt tenpe *’ET;H&&;IQ&. 509!,@6 to . n3 err’] ,B;Hey were dried

and nol ded on SO o Var—Bborr—hjee a tenperature
of 500[err]C. agedm) 4 ténperaVOre of [150] err] CVIExanpl e 2

Conparative E{aApéd B PBT[err]. vy VI 3Z.

32. 65 Brom nat ed polycar bonaten 3606 30-00-GlJass fi ber
25. 00 . 25.00 Sodium acid pyrophosphat e 10. 00

Pol yt et raf | uor oet hyl enee . 2.00  Example3 2-00 Antioxi dantc

0. 15 5 '

0. - . - '
Yhe following composition was prepared using the same general

rocedure that was employed for the reparation of Example 1:
PBTa 3245
PET! ' 3.00
Brominated polycarbonateb 32.20
Glass fiber , 20.00
Sodium acid pyrophosphate _ 10.00
Antioxidantd ~ fo0.15
Mold release® ' 0.20

a,b,d and e are described in Example ; f is polyethylene terephthalate
having an IV of 0.57d1/g in 60:40 phenol-tetrachloroethane at 25°C.
Test pieces 1/32" thick were tested according to Underwriters
10  Laboratories Test No. 94 and the following results were obtained:
' Example 3
Unaged Vo
Aged Vo0




Mol d rel eased 0.20 | 0.20 a,b,c,d and e are

‘descri bed i n Exanpl e. 17 Test pieces 1/32" thick were tested according
to Underwriters Laboratories Test No. 94 and the following results were
obt ai ned: Exanple 2 Conpar ati ve Exanpl i:ﬁB Unaged VO

VI Aged VO Example 3 5 The

foll ow ng conposition was prepared using the sanme general procedure that
was enpl oyed for the preparat|on of Exanple 1: PBTa

32.45 PET[ err] . pgg Br om nat ed pol ycar bonat eb
32.20 d ass fiber 2BxewP%®4i um aci d pyrophosphat e
10. 00 Anti oxi daphd followmgocomposmon wa¥ pidpdred disirgy ttassanee procedure that

0.20 abd and e are d Ie1 fis ethlenetere ht hal ate
having an 1V o wasnseﬁfqr mlg;mm ha [ ok botha . ;

Test pieces 1/ BRETEhi ck were tested accordi n@s65 Underwriters 10
Laboratories TEJU NO. t arlmct e X te‘gl OW Ng %i'f)l ts were obtalned: Exanpl¢ 3
Unaged \O mmae polycay

Glass fiber 20.0

PTFE concentratec - 2.0

Sodium acid pyrophosphate 10.0

Antioxidantd 0.15

Mold release® | 0.2

b,c,d and e are the same as described in Example 1; f is described in

5 Example 3.
Test Results:

- Test pieces 1/32" thick were tested according to Underwriters
Laboratones Test No. 94 and the following results were obtained:

Example 4
Aged Sample Vo0
UnagedSample | Vo0
Example 5
10  The following composition was prepared using the same procedure
that was set forth in Example 1: - '
o Example 5

PETf . | 35.65
Brominated polycarbonate : 32.00

Glass fiber 15.00
Sodium acid pyrophosphate 15.00
Polytetrafluoroethylenec 2.00
Antioxidantd 0.15

Mold release 0.20

Test Results: _
Test pieces 1/32" thick were tested according to Underwriters
Laboratories Test No. 94 and the following results were obtained:
15 _ | .



Exarrpl e 4 The fol | owi ng conposition was prepared usi ng the sane procedure

‘that was set forth in Exanple 1. PET[err] 35. 65
Brom nat ed pol ycarbonate[err] 32.0 G ass fiber

20. 0 PTFE concentrate[err] Sodi um aci d pyrophosphat e

10. 0 Anti oxi dantd 0.15 | d rel easel[err]

0.2 b,c,d and e are the sane as described in Exanple 1; f is described in 5
Exanpl e 3. Test Results: Test pieces 1/ 32" thick were tested according to

Underwriters Laboratorres—Tgst Z—anp the following results were

obt ai ned: Exanple 4 Aged SamlExamP €5 10 UnagedSanpl e VO Exanple 5
10 The [ ghhoyiSEin &maolevo was prepared using the sanme procedure

t hat was set fm‘f‘h‘g'gl'gl_fxgllp J_.. Gxanple 5 PET[err]

35. 65 Broni natlefiggd|SamplBanht 0 32.00 d ass fiber

15. 00 Sodi um aci d pyrophosphate 15.00 .

Pol yt et raf | uor oet hyl ene[ err] 00 _Antiex therr]

0.15 Mol d rel ease Example&and Coﬁpﬁhfl@s xﬂ'—ﬁ{%{: Test pieces

1/ 32" thick were tesUsihgathematienpracedurescofExample Lah@fdicwings Test No. 94
and the follow %bﬁﬁﬁoﬁ Meprg*;;@dned

Example 6 Comparative
Example C
PBTa 33.50 48.5
Brominated polycarbonateb 33.50 48.5
PTFE concentratec 1.5 1.5
Sodium acid pyrophosphate -~ 30.35 0.35
Antioxidantd . ' 0.15 _0.15
Mold release® 1.0 1.0
5 These compositions had the followmg physical properties:
- ' Example 6 Comparative
Example C
Unaged 1/32" - VO vl
Aged 1/32" _ Vo | VI

(a)-(e) were the same as the materials of Example 1. Obviously,
other modifications and variations of the present invention are possible in
the light of the above teachings. For example, the present irivention has
uniq’ue applicability to thermoplastic resins or blends which contain large

10 amounts of fillers.



. : VO Exanple 6
15 19 Exanpl e 5 UnagedSanpl e VO Aged Sanpl e
“and Conpar at irree Exanpl e C Using the sane procedures of Exanple 1, the

foll owi ng conpositions were prepared: Exanple 6 Conpar ative Exanple C
PBTa ' 33.50 48.5 Brom nat ed

pol ycar bonat e[ err] 33.50 48205 PTFE concentrate[err]

1.5 : 1.5 Sodi um aci d pyrophosphat e 30. 35 0. 35
Ant i oxi dant d _ 0.15 . 0.15 Mol d rel ease[err]

1.0 : 1.0 5 ' These co sitio(r}s had the foll ow ng physi cal
p'ropert les: Exanmple 6 .- Conparative Q}H}F C Unaged 1/32

VO VI Thefellowiag'samples were run to tesi/the viability of metal ¥id(2) - (€)
P ; . i ousl y, ,ot her, .nodj fications
o var i onse W NEyeSedt AR be s B Kend nebor e
above t eachi ng§eAgrith inorganic fillersy Eest samplasowereturible blendetband
appl i cabi | iy extrutled wond 25tinch 6REIOScrRW BkEnds: Wit et Yo ferhfifrd® 10
amounts of il Le5een 480 to 520°F. The materials were dried and molded into test
plaques using an 80 ton Van Dorn injection molding machine at a
temperature of 500-510°F and a mold temperature of 150°F or extruded
into flat sheet using a conventional sheet extruder and roll configuration
10 with similar temperature profiles. :
Cone Calorimetry, NBS, and OSU date were generated using
certified testing equipment. '
As can be seen from the results in Tables 1, 2 and 3 that follow, it
was possible to effectively use metal acid pyrophosphates such as sodium
. 15 acid pyrophosphate as a flame retardant in thermoplastic resin blends
such as polycarbonate/polyester blends. The addition of the salt
surprisingly reduces the flame spread of the material by reducing the rate
of burn. This change in material flamniability occurs with or without the
addition of other conventional flame retardants such as antimony oxide or
20 halogenated materials. This was particularly surprising for one reason
because the metal phosphate was not a volatile material and most likely
cannot have the same mode of flame retarding action as typical flame
retardants such as organic phosphates and the like.
The NBS smoke test (National Bureau of Standards) was carried
25  out using standard test method, ASTM E662. The test employs an
enclosed cabinet (3 ft.x 3 ft.x 2 ft.) in which 3 in 2 test specimens are
exposed to a flame source providing a heat flux of 2.5 watts/cm2. Smoke
production is measured using light absorption techniques and is .
expressed in terms of specific optical density. The test provides additional
30 information on maximum smoke accumulation, smoke accumulation rate,
time to reach maximum smoke density and time to reach a critical smoke
density. . '



20 Exanple 7 The follow ng sanples were run to test the viability of netal

‘acid pyrophosphates in thernoplastic resins or
filled with inorganic fillers.

bl ends which were heavily
Test sanples were tunble bl ended and 5

extruded on a 2.5 inch single screw extruder with a nelt tenperature

bet ween 480 to 520[err]F. The materi al s?

re dried and nol ded into test

pl agues using an 80 ton Van Dorn injection nolding machine at a tenperature
of 500-510[err]F and a nold tenperature of 150[err]F or extruded into flat

sheet using a conventi onal

sheet extr

1

g{ rJ:Zmd roll

configuration 10 wth

simlar tenperature profiles G 3P ety —NBS—pmrd—6 qte T e
gener at ed usi ng:o&qiohi'tiﬁaheii 18st iR ieqm dneht | ARE chn7he| F&en THom Thelrékul ts
in Tables 1, 3 tha [ |t WdS 1p0$shl £ §p Bfiecitixnelly20s¢ pgt Al
aci d pyropho pz‘i',"gafm‘ suehta i}) ngu a\?lEu' pyrophosppiate [as a1 ang
retardant in [tPEnopl astijc9.8epi®hs Ié?rﬁdc su ' Jonat-8/geliredt-er—
bl ends. The ddghition of {hggspliy7sjurgrijsinglly +efluces|the [f| amg_spr¢ad o
the materi al pyzreducimgithe [ate of byr nba.chswga b r’r%erl% 26
flammability s wi-thiorr with H-orrof—other—fonvgnt rofrat
flame retar dankeatduch asjansi [mnmy joisdd or 20 - hal ogenate #atlerd alls 5 Thi s
was parti cul alrlliééoaurprl S|“r;g7f DI pnpe 9595 @ egausess he get aI37pFo;3Qh§it 82 WS
not a vol ati | e—faterteat—t ..Jm Hkety—camyot_gve The sajie ngde Orlt-Telsi
retardi ng actiBmP@s typigal-f aiﬂ= eParldant such -as brganf-e—pHosphates and
the like. The| smismpke ttegy {Natipnal [Buredu Df |Stlan Jlar'lds Yag chriied 25
out using stagardtest yerhiof, AJTM EQEZ.~ The: t ¢st, elpheyp an lengl ¢s
cabi net (3 ftiSAPRty 2 £t L h \Thi 5h063 I a7 o t(;esst opscu Tensrare c)'\p\.hciet P a
fl'ame source providing alheat|{flux{of 2.5 wdtts/¢nP.  $nokelproductidn s
measur ed usi ngNBég abscrptl bn t efhni ques gnd i § expjessef in fternyg of
specific opti SHty-—Hhertesttprovyrdes [agui | d N
maxi mum snoke| deswmaxl at i an, mﬁ%oﬁiﬁ’%t x.:: >£7% ngié ngﬂ] m
snoke density| afjghelnid® tq rea¢h a fritijcalsgnabe | 98-1 9.6 | 8.1 9.9

OSu

PHR 234 | 193

Pk time 1.27 | 148

Cone Calorimetry

" fenition(sec) | 79 | 84 | 64 | 51 | 43

Duration 550 | 667 | 750 | 361 | 474

5

10

g - VALOX® 315, polybutylene terephthalate, GE Co. 7500-9500 poise;

h - PET ICI D26, polyethylene terephthalate, available from [CI Americas;
i - PC151, polycarbonate, GE Co. melt flow 2-3 g/10 min. ASTM D1238;

j - PC 131, polycarbonte, GE Co., 3.04-4.12 g/10 min. ASTM D1238.
NOTE: Samples 7 and 7] used Kraton G1654, all other samples with Kraton

used G1651.

Samples 7E and 7F are repetitive samples.
NBS smoke numbers with > data, maximum smoke generated during

test. SAPP stands for sodium acid pyrophosphate.



21 Table 1 Conposition

density. | 7A 7B 7C I 7E 7F G
-7TH 71 7J PBT[err] 17 17.3 20 32 32 32 29
29 29 26 PETh 9.8 9.8 9.5 - P err] 27.8
i7.7 19 . PC ere] . 30
30 30 28 28 28 26 Kraton 7.5 7.5 7.5
5 5 5 BaSO»4 37 37 28 37 32 32 32 37
32 32 Br-PC 10 9 Stabilizers 0.9 1 1 1
1 1 1 1 1 1 SAPFrable 2 6 5
5 10 5‘j Data [0S Te 72 ?5
5500 288 |-Gemposition |57 T| n@lisx 7N | 70 | 7P | 7Q §s7Rqlog7S §
9.6 81 1%pr2 9.9 SWRHOR | 95 | 90 | 70 | 665 | 63 P3d5 |1%8 Hk &3 me
1.27 1.48[CO CalroTTT[ELTY [ gl CT{OT (SEC) 3 Z 51 13
Duration |PCHEsn 6674 ~-75p = 3d1 - 4ya3 . Tigggq}?r] 375 oot yiut vl efe
t er epht hal gtpy Co. 71500-9%00. pdi se; h -.PHT I.Cl |D26, poBgyet h)alsen|e 30
terepht hal gTe,_avairaplje Trom 1 T [AMET 1 ¢as, 1| - PClIat pPolycarQanafe,
Co. Prel t fl|cRPE] g104m-A SV gﬁJh; 5% R 1(,1,51%pcpy\,ar( a{t
3.0-4.12 g/J10 min. ASTNI D1238. NOIE: Saﬂrpl es |7/l and 7J uped Kjaton {G1654,
galnpf)teg?r szwpéssatawth Kratm use 6165_ . Sér.“pl es [E and] 7F arpe repetitiye
Ds max 100 | 185 | 364 | 121 | 219 | 197 | 430 | 504 | 185
Time max 881 | 877 | 651 | 557 | 655 | 7.58 | 5.67 | 443 | 7.21°

4
8



NBS snoke nunbers with > data, maxi num snoke generated during 1 O test.

'SAPP stands for sodium acid pyrophosphate. 22 Table 2 Conposition 7K
7L ™ 7N 70 7P 7Q 7R 7S PBTa 100
95 90 70 66.5 63 65 65 65 [err]
30 28.5 27 [err] _ - - :
30 - 25 30 SAPP 23 5 10 5 10
5 10 - NBS Data Ds max 100 185 364 121 219
197 430 504 185 Ti nme max 8.81 8.77 6.51 5.57 6. 55
7.58 5.67 4.43 7.21 = 23 Table 3 Conpositions 7T 7U
7V W 7X. 7Y [entbie 3 17
29 27 28— PET : 3t 28 Srme -
PC Compositions 7T | - 7U p7. 8Vierl] ™W 7X 2278
20. 3 PBTE - 15 . 20.3, 21.4%. Krpt onig 7 S
7.5 5 5 5—terri 32 274 32 28.7 37
35 | RET 32 Br -3¢ 28 98 | - 7 : - 10
7 PCSt abi | i zers . 0.7, 3 4 0.9 . 1 . 0.8
0.6 Tefl 01E&pnc p4 pARRSTal b —5
5 ACC 85/ 22.3 20.3 - 15 203 2 |5 217
Kraton - 5 7.5 5 ] 5
BaSOy4 : 32 32 37 35 . 36 32
Br-PC 7 7 - 10 7 7
Stabilizers 0.7 0.7 0.9 1 ., 08 0.6
Teflon conc 2 2 . - - - -
SAPP 5 5 . - - - 5
AOC 85/15! - - - - 3.5 -
Steiner Tunnel , .
Class 1 I . I
Flame Spread - 25 120 95
Smoke density 420 360 380
osuU ' _
PHR 113 127 119 124 152
PK time 2.23 238 1.83 - 1.74 1.64

k - PC1.21, polycarbonate 121, GE Co., 14.5 -21.9 g/10 min ASTM D1238;
I - antimony oxide concentrate - 85% Sby03 + 15% ethylene vinyl acetate



St ei ner Tunnel d ass I ] | ' 11 . 11l Flane S

‘r ead 25 120 95 Sno '

360 380 OSU PHR 113 15(7a density 120 119

124 152 PK time 2.23 . 2.38 | -

1.64 k - PC 1.21, polycarbonate 121, GE Co24 14.5" 2 l I

D1238; | - antinony oxi de concent rate - 85% [err] + 1 gi w
acetate 24 Cains 1. A flame retardant therm)pl astic resin corrp05|t|on

which conprises: (a) from 20-90 weight percent of a thermoplastic resin; 5
(b) from about ojphe about 80 wei ght percent of an inorgani c filler

sel ected fromthe grqup  con t '

zi rconi um oxi de ang rﬁc s%?lfs In?‘dﬁé“?@%’&%p@#t&ﬁém“ B&h‘#gﬂ[ygr é‘j‘ate
([al(ranr)trj]nt V\A?ergi ge}wallmqﬁ-is agés;pyr ophosphat e of the for mula: 1 0 _
metal s and al kaf@ )ne (S’é?n ﬁoﬁg&éhﬁixfr&&m gpn&;ﬁ?%ﬁh‘ 0 o2 :aln:mber
from1l to 1% n(bk afmmtadzoutﬂﬁrboab@%tﬁfbwezghw @Wﬁﬂ?@ctfﬁf% and

t he sum of xz+y Ay GAeREm ]ﬁﬂe ei gh
of the 15 tot aﬁé%grrpos#ﬁ Oéyl%upaédnsﬁﬁhg%ﬁ siti o%agfg&dg??gggﬁrzﬁd a%’vrenI % t

wherein said si ﬁgllcentlﬁgtﬁﬂﬂ a@\d%‘mégffﬁt%ra resin in the heteropol ymer

resin bl end congey sesarfeffettiveflane retardinghmouiibef x metalsicd pyrephesphated in

Claim1l, wherein
fttﬂe gnnr?ua

10 ' M=z H, P O3n41
wherein M is a metal selected from the group consisting of alkah metals
and alkaline earth metals, x is a number from 1 to 12, y is a number from 1
to 12, ri is a number from 2 to 10, z is a number from 1 to 5, and the sum of
xz+y is equal to n+2, all percentages being based on the weight of the

15 total composition.

2. The composition as defined in Claim 1 wherein said single
thermoplastic resin or a resin in the heteropolymer resin blend comprises
a polyester resin. |

3. The compos:hon as defined in Claim 1, wherein the amount

20 - of said metal acid pyrophosphate ranges from about 5 weight percent to
about 25 weight percent by weight of the total composition.

4. The composition as defined in Claim 1, wherein the amount
of said filler ranges from about 30 percent to about 60 percent by weight
of the total composition. ' '

25 5.  The composition as defined in Claim 1, which further
comprises from an effective impact modifying amount to about 30 percent
by weight of the total composition of a rubbery impact modifier.

6. The composition as defined in Claim 2, which further
comprises from an effective amount to about 70 percent by weight of the

30 total composition of a polycarbonate resin.

7. The composition as defined in Claim 1, which further
comprises from an effective amount to about 10 percent by weight of the
total composition of a polytetrafluoroethylene anti-drip additive. '



20 of said net al acid pyrophosphate ranges from about 5 weight percent to

about 25 wei ght percent by wei ght of the total COWO%

conposition as defined in Caim1l, wherein the amount of sai [ ges

from about 30 percent to about 60 percent by wei ght 011"

conposition. 25 5. The conpositi oﬂgas defi ne I* ’mmm, I”,I,M!Ich
*30

further conprises froman effective inpact nodifying anmoufit ¥o mbau

percent by weight of the total conposition of a rubbery inpact nodifier. 6.
The conposition as defined in Caim2, which further conprises from an
effective amount to &bout A7composition whichaioghprisds:t he 30 total conposition
of a polycarbonate resin. et . ' ' e . wWhi ch
further conprises from an (%)f thﬂ_?e-egaano.%n??tbg&gg?lfj?%wigglr\éc%}l&l %/&méelsbl)m] of
the total conpoSFRihsteropolymer astisrresinyBlende anti-drip additive.

25. 8. A conposition \Ahi(shmbbaesot&aaodtrma%%%ev&éxamamﬁsmgf a

(b) 1 rom ababt Buet Seleft oty e kehip SBRuERFE of bariumhaiiate; erentivm | or
sel ected from t Selfateozivconing oxideqrat zinasulfatesul f ate, strontium sul fate,
of o motal aci d pyrophosphdl oA sreriee AEReTelditiy fopERe phdafadd I
metal sel ected PYEeRhasphgtefthefasmula:ing of alkali netals and al kal i ne
earth metals, x is a nunber from1l Nz, PYOksS,.2 nunber from1l to 12, nis
a nunber fr 2_to 10, .z iS a nunber %o%i(:?{}*' , and the sum of xz+y is -
equal to n+2, ( &)hqf?‘&ﬁéﬁ ae‘?‘f*@&f?r%@teg o ﬁraﬂBGP%hMi%ﬁlkﬂgbm@Nﬁ of a
and alkaline earth metals, x is a number from 1 to 12, y is a number from 1
to 12, n is a number from 2 to 10, z is a number from 1 to 5, and the sum of
xzty is equal to n+2; :
(d) from an effective amount to about 25 weight percent of a
15  second flame retardant; .
_ (e) an effective amount of a stabilizer selected from
phosphites, acidic phosphate salts, phosphate salts of Group IB or Group
IIB metal and phosphorous oxg-acids; and :
(f) from about 1 to about 30 percent of an impact modifier,
20  all percentages being based on the weight of the total composition.
9. The compositidn as defined in Claim 2 wherein said
polyester resin is polyethylene terephthalate. '
. 10.  The composition as defined in Claim 2, wherein said
polyester resin is polybutylene terephthalate.
25 11.  The composition of Claim 8, wherein said second flame
retardant comprises a halogenated flame retardant.
12.  The composition as defined in Claim 11, wherein the amount
of said filler ranges from about 30 to about 50 percent.
13.  The composition as defined in Claim 6, wherein said
30 polycarbonate resin is blended with both polybutylene terephthalate and
polyethylene terephthalate with the proviso that the sum of the
polybutylene terephthalate and polyethylene terephthalate be at least 10
~weight percent of the total composition. '




; [ t of a stabilizer _
| ame retardant; (e) an effective anoun
’:ngl ezs'ggngr{)m phosphi tes, acidic phosphate sal t_s, p_hosphattra salts of G oup
IB or Goup IIB netal and phosphorous oxo-acids; and

o]
i fi ( ' d on
about 30 percent of an inpact nodifier, 20 all per cem'm ]l:“a d
the wei ght of the total conposition. 9. 26e conpo§| ATIR i TR *
Claim2 wherein said polyester resin is polyethyl ene t'rép . #10.

i : : i ' id polyester resinis

- The conposition ash?ﬁ;: gteg | SSCI alm 2, 1'¥.her'el'lhg .igrrpogi tiyon of Oaims8, |
pol ybutyl ene L er ep 14-aneAreamposition as defiredsinTClah o eoalisind & nally

V\,hereljn . c11286Cf(3:)'2e conposition as defined in OaimliI, erern (ne &nount

etar dant . e 50 percent. 13. The _

of said filler ranges f_ro&éja 85;@3'(35'[0'21?&]'[ edtgﬂasim(glé’patﬁégﬁﬂ'é‘siﬁ%?ia” i s

conposi tion as C{ef' n?d Iy, ﬁﬁ;’epht hal ate and pol yet hyl éne terephthal ate

bllended wi th .bCh Fngol Wﬂ}ygﬁt&fl@gf ql ybutyl ene_terepht hal ate and

Wi It h tEe| prg‘”t Z?oitﬁﬂﬁalt a@?@gﬁ-&ﬁﬁelg t pesicgnt of e braminatéd t he t ot al

pol yet hyl ene carban r i in Caim1, consisting .

e tion as defined in Ca : _ _

composi tion. PO Bimosi : i ngl e pol yester ‘resin

essentially of: (a) Iromr@pfﬁ?n‘%iﬂu}eiﬁﬁr er@éntoéf@an% grﬁcidf)!gBB%/Rhﬁwlmte;

per cent of a bror nat ed Ja)yEambAS weightpescentof PabbaryatipRepiaiben! 2

met al acid pyrepdosphate; (d) from 1-45 wei ght percent 0

i fier; .1-5 weight percent of a stabilizer.
modifier: rod 10 (&) ficth 018 ry_ve%gll\t percent of a stabilizer. |

15. A method of imparting flame resistance to a heavily filled
thermoplastic resin composition, said method comprising adding to said
resin composition an effective amount of a metal acid pyrophosphate of
the formula: |

15 | ' _ szHyPnO3n.!.1 _
wherein M is a metal selected from the group consisting of alkali metals
and alkaline earth metals, x is a number from 1 to 12, and y is a number in
the range of 1 to 12, n is a number from of 2 to 10; z is a number from 1 to
5, and the sum of xz+y is equal to n+2,
20 16.  The composition as defined in Claim 1, wherein the metal
‘acid pyrophosphate is selected from the group consisting of KoHP207,
NagP709, KNaH3P207 and NagHyP707. '
17. The composition as defined in Claim 15, wherein the metal
acid pyrophosphate is selected from the group consisting of KoHaPyOy,
25 NaygPy07, KN aHpP707 and NagHpPyOs. _
18.  The composition of Claim 16, wherein said metal acid
pyrophosphate is sodium acid pyrophosphate.
19.  The composition of Claim 1, wherein said composition has
an NBS maximum time of at least 8.5.

30 20.  The composition of Claim 19, wherein said composition has
an NBS maximum time of at least 9.0.



£

.15. A method of inparting flane resistance to a heavily filled
t hernopl astic resin conposition, said nethod conprising addi ng to said
resin conmposition an effective anmount of a metal acid pyrophosphate of the
formila: 15 o [err] erein Mis a netal selected
fromthe group consisting of alkali netal 2/and al kaline earth netal S, XI5
a nunber from1l to 12, and-y is a nunber in the range of 1 to 12, nis a
nunber fromof 2 to 10; z is - a nunber from1l to 5 and the sumof xz+y is
equal to n+2. ZFOAME RETARDANT WOZDIdGFHERMOPLASTIECS ned in Claim1l, wherein
the netal acid pyrophosphate is selected fromthe group consisting of
[err], [err], [err] and [err]. 17. TheAbeta&sition as defined in Caiml5
wherein the netal acid pyrophosphate is selected fromthe group consisting
of [err], 25 [err], l[‘j;rr] and [err]. 18. The conposition of C aim 16,
wherein said netal hiy filled refardantdhermoplastic pymposition e at  19.
The conposif i oleasf oné SHeFmbpl ity Bl ' ol S an.NBS maxi num
tinme of at |east 8.05. ;{ﬁp opl l;egﬁl' aﬁéésgggﬁgégzoiﬁeﬁ%ydvﬂ%ﬁﬁ,a%erei n
sai d conposi t i Breduc flletpand gffective flame refarding amoung o6 a metal acid
pyrophosphate, and optionally, an impact modifier, an anti-drip agent

and/or a second flame retardant.
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