; e3eDF" 62T r 2002 *cooooz* FLAME RETARDANT ANTI - Y.
COVPCSI T C‘mmmmmﬂwﬂﬁ' cation clainms the benefit of U S Pr % gcg‘?%ﬂr%ogz
Application N, 001 073,631, filed February .4, 1998. Background of the

Invention 5 This Invention relates to flane retardant polyam de
conpositions. Mre particul arli this invention relates to flane retardant

pol yam'dde c](c)rrp(fshf} WARBHAIN MHXE&R B%WBEF@WQSJHQNSSH cs when
haTed to alPabPUGRRaARRE e Wt & OF BrbBRofi RngiidgR HergPLneLt.®

heat refledtFapaRrppdigogame retardant properties, particularly for use in
connectors, circuit boards, sem conductor packages and the |ike. Were such

devi ces are used conti nuousl| y Bagigr [iventj ndi ng environnents, they
may ' encounter .extremely hi tenperatures. Further inprovenents in heat
resistance a%r; ‘_Sf‘P‘é“’rPé‘OPéF'éFeaégglaﬁ}cg}é@%négoséml_ CHmPRE HNSal Mogg %a‘i‘ﬁ‘_ﬂérly’
Cypi 11 eqpingidInraRugns tahel brdsBl ol ki ide bR gh AR st BRIQ(B A5G,
units, HayehasaeidtRetwhenekposedad flahéength, rigidity, heat resistance and

nmoi sture resistance. These pol yam des are finding w de acceptance for use
as engi neer i hje preadttpward iptegration| of relsetionicagnppanghts dias ledhta an dnesoasingineed

d i be.. d_f le,. |
el oot ) Py el Betid' PROTH e Boby YErifRGR R e, reieei BRopfitih.a
and ¢! egiiefafly $6Miseqn camtbcions, iY@l bedrlls, Rmph@Ntb: pRkARRlahAAbd BRS - Whkdel d

20 conpositions conprising such pol yam des in combination with reinforci ng
fillerssghcHedsesghzes used bentmuendy.abs ereuseddilin wemasdingr ervéronnments) wheye miayi n

heat resistance and rigidity is required. ,Like nost .other thernoplastic
oot no. etz exBemslveHehisrdpertibri biinG IRHAMERE BORFLFASRAS 2hg T5Ene s o
i oaool | . g o L ] e ame 25
ot ar darg AaaBobSHLS for SRALARY Bl Sty RURE pEARE by ¥ B 71T ¢
retardant. H¥acipdly ecomaticnipolyanridmsnitgpifiedpby nptdymersh campeisingl heeandtrglene
duct_of brom nated

pol ystyrene, pol ydi bronpstyrene, or condensati on pr
pherldl ~ GAmIBE ;}%Fﬁg’é‘gélaﬁg&e“%‘é% R‘aﬁg éac@sni sshanigal rng'éEtgf ety hepietesisi@acs n

certain i ‘ t i tﬁﬁ?]ﬂ?% [T A P
conbi natalgg nlxﬁlo\(’/}\/lmt1 e’f" ﬁ%%%og%ﬁ? Bgﬁ%%}dglg% orga ?’(‘:& iagg%;gﬁr?]ég ?8{ gsseleér%pérn ?eee?rfgarre
ret ar di plastios, pparpatianesn applicafion whiseer el20fted Itempetdiutésoand severarRvitaintents ng

for sonme pol yam de applications) it i,s _required that the pol yam de
conposi MY shrerntersde S example, in elpstsical applignce Patisdn cprrrgtars and similar parts

drippin [ d t |ogy. b el tor

the ari a3 SireBFeL Al ARl BRORF o ol or AORE aBRREoRy " JHES
pol ysm dﬁnf;f@siﬁiahgtcbmpri@mg such pudgnidey df eombihation seitiprelhforcingi fillérh queiphgi ng
process used _to make nol ded parts fromthe pol yam de conposition. The art,

t her ef ordassnlars aze gdsoyusefidewhergplisther improvementsin hegteresistance fnd) rigidisy dood
anti-dri roperties and does not aggl onerate. This invention provides for
such po|'§3‘§f"g’g conposition. Summary of the Invention 10 This invention is a
flame-retardapik: medtiotklri tRernitplaaat ¥edis] Q?Qﬂm&i drk QUbjee R bamig.' Whea the gh
tenperature pol yphtal am de, - from abou? 0O to 100 parts by weight per 100
parts bypolpanyide intd bohsea inrapglications rmwsﬂﬁmthignisﬁ'gigmlgmeﬁsriba flame
retardant c ound, .and a - fromabout 0.1 to out i ght rcent, based
on He. VISHESARIGRATIEY Tt Ronsserph oureaigt tetecadih, of i Bi ToRRGant dRgipests: p
pol yrer f : fl i ; 0 and
B0 | cast BilEflg RE bohPaRids e 31 B bdloatHiclpolysRTede, R HIGRLRARL I OF o

all of sgindegsation prbdict i tiomibiatdd phenal ¢o ipolyanfidesnhdve beeiitlistd fooimparOfire-
Detailed Description of the Preferred Embodi mnents The i nproved X

f | ame- r exetardiagtproperties. iardepainopo)yamide femulations. iAntimasty eampounds arg alsmused in
conprise_a polyam de, .pref.erably.a high tenperatur l.yam de d I

pr ef er abfm “T‘ﬁY‘lﬂa r“f‘ﬁ'ﬂ p%dﬁﬂ%ﬂ"?‘é}ﬁ}gmﬁt ?ﬁgamﬁo‘f%ﬁﬂ“&g? Q?I ‘ﬁ}%°€ee@3§e§%‘?‘ﬁ a
hal o n-@%?&qjegi ng flame. retardant conpound together with a | ow | evel of

an anti - p pol ymer conprising a polymer fornmed fromat |east one

et hyl eni cal | y unsaturated nononer and at | east one carboxylic acy

cont ai ni ng nononer. The inproved flanme retarded pol yam de corrposmwglmlmmm"m"““m
this invention 30 will preferably be a glass fiber-filled parti al

aromati ¢ pol yam de contai ning an organic, brom ne-containing flane
retardant The anti-drip properties of the conposition of this ' invention

are provided by adding thereto an anti-drip effective anount of the
anti-drip 24 Cct ober 2002
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pol yner to the conposition. By partially aromatic polyam de is,mapbe@2002
pol ymer containing units derived fromone or nore aliphatic dlartllnes and
one or nore aromatic di carboxylic acids; including copolyners containing
such units. Although any pol yam de can be used in the practice of this

i nvention such as nylon 6,6 or nylon 4,b, the preferred pol yam des suitable
for use in the practice of this invention include the various |inear,

t hennopl ast ifg,additin foeflae tatiing fPASMaIpblyaii@ Bplicatiiilsy RS fQiré that the
copol ymer anal ogs thereof, frequently. terned. partially aromatic nylons.
Pol yani m:émxuatcomp@svtswsw&em exposrd ¢ y\sﬂ%mw bavie| = redusep teidencieth depd A

partic arl eferred are th al I Oct.ober 2002
cryst aI‘# lé'ﬁ‘ { &hp dpgerd; d tSﬂﬁ'\ ! °88ﬁ%¥?mg;l?"ﬁg‘%tf§ﬁ%%&hﬁé¢‘am“§e%¥ of

al i phat SHGH:. C S r n

ter ephtihdglldagmagggﬁgfaone or mr%@?ﬂw&bl gﬁg?llgsﬁlpg%aﬁ{égyg%&ﬁﬂm“ bde?
hexanet ipglaneadi awdi caasoproblemsd inkhe maldihg drowgsdusedito amkbanoldgl para fesm e e

G -C4 alkyl substituents .attached to the hydrocarbon.portion. In 5 addition
to the palyapidereorapgsiionnithe arg rtaeref %mﬂeglam nféxmmy ogHoREion dbtpisi Bunes

structural its on re ad chal hati c

di am negfEl fkﬁ{g ﬁ@?{lﬁrﬁr%%& (io S @?ﬁgg‘?fi lBX?'B@Q)ﬂr?‘ed?fcfoﬂs or
rel at eds&gg}gwmqaﬁ StfPosifor. SOPNt haI ic aci d napht haI ene di carboxylic acid
or the.lik as well as diam des derived from al i phatic diam nes and C4-C

14 aliphatic dicarboxylic aci dSummargbfthednvemtippunds such as dianide units

derlved to from.adi pj ¢ .aci sebaci ¢ a cl ghexgne di car.boxyli¢ . acid
and!€Emi | ar ARSARYPR e & JEiesrotaR Al 0 AR R PR SamBE P SOrmeysicg

t erepht hal am de units are known in the art |ncI udi ng) for exanple,
copol yam des conprising a conbi nation of hexanethyl ene terephthal am de’
uni'ts anda h@béﬁ@?ﬁ?t%ﬁéoaﬂh%bﬁﬁléé units, optionally including hexamethyl ene
i sopht hal ggindgolPid & ld?)aﬁértscﬂ# @Eigkt poH lt@bda?tsfb?'rwéigﬁt ﬁ&y%ﬂiﬁlaﬁnﬁ@&&f &ﬁal@éen’} hi's
t5 invention are copol yam des conprisin | éast "50 nbl e% hexanet hyl eéne

t er epht hatemgigmeg piganic flame rbtar‘i’éﬁt@lb@? mfkarret hyl ene adi pani de units,
ei ther _al 88& @oul §.1G8HBLM WelkhWhliemD bas%dcmqut-, t@l wgigﬁ%hafeagmmmﬁsme
i sopkt hal am de units. Further exanpl es of yam des at nmay be suitable
f or .t heseCquPqsHius of raa qnwedrmpplym%vfﬁn&%&pm M leai| @epqile%rhaa@s feompd tx6ng
t ef epht haéa%ﬂw%nﬁfanawqut Jﬂer&orwmceﬁﬁuﬁyg 9a1%§x§lf‘8@e'?@hﬁ¥ét?e@ewl@rélmp@ﬁ &nd
2 20 nethyl - Pent anet hyl ene dianmine. In grea er detail, the polyam de
component 2lbpr §4id cpivoEYHERPiIL BR}SISE AIeoRBIZd Withea Betal jon. al |'i zabl e pol yani de
conprising at |east about 40 nol e% preferably from about 40 to about 100
nol e% recurring aliphatic diamne terephthal am de units which may be
further described as represented by the followi ng structural fornmula: 0 O
-HNRNH ~- C O C25 wherein R conprises at | east one aliphatic hydrocar byl
radi®®al . Preferabl y, aliphatic radicals Rin the above forrmula wl|
conprise at | east one straight chain, branched or cyclic, substituted or
unsubstituted aliphatic radical having fromabout 4 to 3 f 24 Cctober
2002 about 14 carbon atons. Pol yam des corrpri si ng such radicals exhibit
good crystallinity andedfa pabhsibh Pl PREREA BhboingRRI Ll €5, Logether with
mel ting and thernal aarton tenperatures makrn wel | suited for
mel t pr ocesYhagngpreveda lameattardant, nantindrie tpobyantidd domgositidne st thisiiavention
operations. Specific exanples of suitable aliphatic radicals include 5

t et ranEemptiERpolyamidee pwitrrew@ a high é@ﬁ?ﬁi@‘ﬁw M@mawla ansemprereferablya fibesy s

their btlt h nt anet hyl en

. ai SUEK UL st RIS, U0 riosd TRty SRSR AR R fime tardan
p-cycl @&ﬁfﬁdﬁn@w&eﬁ\@? withkg 10Mé¢e| Rif%n%ﬁmﬂlp pBlynder (cBphisin gUA ?019%}3 FhaRd 2
hexanet hyl ene radical, either alone or as m xture wth a onal aliphatic
4 to 1frouarabdeasht ame leﬁtyimadaﬂy iihsatyratefl emoaoimeo layd nat dieast cogeo rerbbgylid latidhave
a nelting point of at Ieast abogt 270C a(f a result of the high_content of

t er ephf P'amed@oqwmege Theiimpraysd d1 eé*cpfayaémser:granp%%e iaverion

mel ti n 0 addh: ef des

part;o: Rrggﬁa}eéi%rl b & Ra§§ 95‘[“%&0‘?9% B’ g nlaémﬁ%raf‘l %rg?“

ar omat lb?orﬂﬁb%%ﬂlaﬁﬁﬁ Cﬂanﬁ@?étm‘a&n& nt‘ﬂfc”ﬁﬁl—éh? ;S‘rbp’éﬁl&i bfztﬁé 'défhpbﬁh@n Cd!‘nﬂhw si‘ng
recurring units correspond|n to structural formulas A, B and C, shown

bel ow, inventiom e tprovided Shyohddibg uthert® o aitbdiip kffectivd athotnt Of tthe antitdrip35
rnol e% B and about 0 to about 60 nole% C. OO -NHRNH OO -C CNHRNH 0 O O
-C(CH2) 4CNHRNH C I n the above fornulas,2 R conprises at | east one aliphatic
hydr ocar byl radical as described herei nabove, and may represent a m xture
of aliphatic 4 to 14 carbon radicals; the nole ratio of the units A B and
Cmay lie in the range of from about 40-100:35-0:60-0, or about 40 20
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Cct obér 2002 .as hexanet hyl ene adi pami de units, hexanet hyl ene i sopht hal ami de
units, caprolactamunits and the Like are available froma variety of
comerci al sources, including ArlennB pol yani des from M tsui Corporation)
Utram d pol yam des from BASF, and Anodel pol ypht hal am de resins from Anbco
Polynmers, Inc.” 5 The term "pol ypht hal am de" as set forth in ASTM D5336-93
is reserved for poiyam des wherein the conbi ned content of terephthal am de
and i sopht hal am de units is at |east 60 nole% However, through comon use
in the art, the term has becone w dely understood as including any

pol yam de that contains phthaiamde units irrespective of the anount of
such units or whether the units are.terephthai am de or isophthal am de
units. , to The nol ecul ar weight of the polyanide will be generally
selected to neet the requirenents of the particular end use envisioned and
of the processing nethods contenplated .for the fabrication, according to
practices widely known in the resin arts. For exanple) fiber grade

pol yam des will be best suited when fib2a and fil ament uses are

contenpl ated, while those identified by the art as extrusion grade and
injection nolding grade resins will be 15 enpl oyed for those uses. Such
resins may be ftuther .described as generally having inherent viscosities,
greater than about 0.6 di/g, preferably greater than about 0.7 dl/g, when
neasured at 30 C, dissolved'in a 60140 phenoUt etrachl oroet hyl ene (TCE)

m xture at a concentration of 0.4 g/dl. Al though there is no particular
upper limt for nolecular weight to be suitable for use in these
conpositions, very high nol ecul ar wei ght pol ypht hal am des, those with an 20
i nherent viscosity as great as 2.0 dllg or even greater, nmay be extrenely
difficult to process thermally) and hence will not be preferred. The
anti-drip polyner additive useful in the conposition of this invention is
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‘25 ethyl ene/itaconic acidl nethyl nethacryiate copol yners, ethyl ene/ nethyl
hydr ogen mal eat el et hyl acryi ate copol yners, ethyl ene/ met hac24/iQatolzeyi 2002 ny|
acet ate copol yners, ethylene/acrylic acidlvinyl alcohol copolyners,

et hyl ene/ propyl enel acrylic acid copol yners, ethyienelstyrenelacrylic acid
copol yners, ethylene/ nethacrylic acid/acryionitrile copol yners,

et hyl ene/ fumaric acidlvinyl nethyl ether copol yners, ethylenelvinyl

chi or i dedya@llitle] Chighi derdperacpe! yopilgamidedyécnsisingVictahanplafides | sfe/Aiphyid ¢
acid copol yners, ethylene/vinyl fluoridelnethacrylic acid copolyners, and
et hyl endiantihess oSu¢l copnlpamides avill/ cammiise rag| stmictueal dunits dgrephthelapridgsogfone or
copol yners. ol yners..made from et hyl ene a acrylic,acid,, a t er pol.yners
nmade f rmr%t@ﬁéﬂeg?mlﬁa%ﬁw?eé B dXS( g\“%&ﬂ&&??l graine 2014 the, Iﬁgﬁ’r W’Q{Jé g
(e 9. ChislindORNARH Gl G Rofd! Cf-eLlaeh 1 30dtinsntePariaehel R hARMIrbEHBSN botibHC In
conposition of thi's invention. The "anti-drip polymer additives of this

i nvept i addicionttails reeephittealamidecyts) thesec capolbyrneatiesemay Camherl compbige ae wiricdtiiak ed
5 with one or nore basic conpounds to formthe salt of the carboxylic acid
moi et | egnitpgne oy mare pdditioncdiamudesoa fych alnhatiendiamings) for gxampleypsliamides

ot or 1 o (GG OB kiRl ARarRQ B8 heh P RAEE Mirpuls, Blopl B TroBbuniic el "
metal oxafigthAlend HithbokSRe abltir MWelike] ak MRl BMidrtide &N A%rdrh ATPIRAIR REmIHRE €

of sodium potassium zinc, alumnium |ithium copper, magnesium and
cal ci umanédl4+Qey 2liphatic dicarboxylict acidsomrslatechtompatinds sach asdipemidsl urfitsrderived

le, .| .than,10% of t. i | abl id,noieti , \ ferred, d
cxarpl o et Al b A sl £ EL LBl e B el et on
- addi tives usef Warely tdgg?ég?%i?ﬁbtddﬁibrﬁingt 'i’érﬁ%ﬁtﬂé{ﬁmdeoﬂnﬁ%r@‘kﬁb\lvﬁbﬂnethe art

commercially. For exa Surlyn pol ymer I as Surlyn 9320W

terirals su
manuf actincladingy for lexamdplepntombdyaxsides) r conapribing Conpambinatich Pof rexamethylepaer
materials such as Primacor 141 OXT, 15 nmanufactyured by Dow Chem ca' 1, are

useful itArep &la@&%%siq“iﬂén a1 1 hPeaethudang o Adipamide: Upits:p pRsiopAky dﬂ?]h“@lpﬁes.

Surlyn j: i 0 tgesald . . .
et hyl enﬁe%@%ﬁgﬁgggégﬁlggg% eﬁs‘ét?%crul%rgir gglﬁ/bﬂrgéﬁoﬁgﬁeﬁﬂlalﬂfez Ei“’b‘»?"t r?f thlrsic.
Pr i ngcorinddntfonXdre hapobaetiidele sompiisiflg iad 1édse 5Di heletd hecanethyleno paéphiedlarnide

ethyl ene and acrylic acid wherein aboyt 9.5 percent of the, nononers present
are fronsmtss $hei balance peingrhexamethydeneadipamide unifs githes, alone gr inseembigatirp with

Cvan e Pl . . o
Dol o 5O fARAF 30 ek npAtry MR LE Y PR Sl o SWaREST
nmeasur edthay miyT e DsuliaBled fod thesk pasusre the W Ckiowh Rtystallifdte @olydmidesky.

Met hods for preparing grafted copolymers are disclosed in U S Patent
3, 884, gscompising teserhshalamides @f twe ormase disminesajuch ag hexgsesthylenesdigming gnd 2-s. .

Pat e 3,264,272 These t atents are incorporated by reference 25

her e#&]. i?’ﬁg‘y&'é’F meﬁﬁ’zeqer&%ﬂ@%onposi tion of this invention are made flane
retardant by gpgRIdidgl] VWhe HolydnidedRofPbadi BT the AReMtidcorhyditionk | ia@Be a
or ganohal ogen conpound) and preferably a high nol ecul ar wei gh

t
or ganobr orystallizableppalpamideceompriding at keastoabpaih dAanolgém preﬁmbugﬁgnk Akt 40ntot he
t d d j hed hal taini fiye-retardant ill b
Ui t abi e ahaHt 190cimofi Ve ofiting AUARF ForBind dorshb PR WAL WA BY e Hither °°
desi r abl ae%gga%%??@s%ﬂehb? émgviﬂéaﬁ[cﬁhéyfogﬂgﬁgct erized as brom ne s

24 Cct ober alning”flane retardant conpounds are avail abl e
fromcomercial sources and include, for exanple, brom nated pol ystyrene,

avai |l abl e as Pyrocheck from Ferro Corp&tatienn ' bimi nat ed pol yphenyl ene
ether, available as P064P frw%m_l.l; Ii" "Or#Li_Qn, and
pol ydi br onost yrene (PDBS), availl f rom\Je n, Ltd. and as PDBS80 5 from
G eat?sLakes Corporation. Additional suitable™Mal ogenated conpounds are al so
disclosed in the art such as, for exanple, polytribronostyrene,

pol ypent alr onosgt yrene i chl arost wrene L v& 1k chl or ostyrene,

pol ypent é@‘rﬂ“ﬂf@&%@#&sgﬁi’fxﬁcﬂ'&?@ﬁPﬁ‘f‘E@%&?"a@?F@% styrene, as well as

pol ydi br ono- p- phenyl ene oxi de, pol ytri brono-p-phenyl ene oxi de )

pol ydi chl or o- dirbferabily redipbaticieadiqats l;{lin thecbove Fsmplaewil] eomptise a4 gast one straight

pol ybr ono- o- phenyl ene oxj.de. . A, nunber of such, gonpound .be .avai.l abl
from comfRal%, [ang @QF“M“@B@‘B‘?HEP&“@&‘%P%%@WEB? Eﬂﬁﬁ?‘?ﬂ?éﬂnﬁ Fré?ﬁb%P“Eéz? ns
and the like, as well as chlorine-containing flanme retardants such as

Dechl oraneO, are also available froma variety of commercial sources for
use as flame retardants, and these may al®%o be found useful in the practice
of this invention. 15 Pol ydi bronostyrene (PDBS) . flanme retardants, are
nost preferred in the pol yam de conposition of this invention because they
result in superior physical properties, such as the flow | Sroperties, of

S o . o o,




9" 24 Cctober 2002 Flane retardant fornul ations according_to_ the inyention
w Il conprise polyam de together with a flanme retardant ef fzé&?t\‘?ge t of
the flame retardant conpound, suitably from about 14 to 100 pbw (parts by
wei ght), preferably from about 45 to about 80 pbw flane retardant conpound,
and fromabout 0.5 to about 50 pbw, pr ef er abI y fromabout 1 to about 15 5

pbw of the fIa retard syner gi st co Q pbw pol yam de. The
part i cahox 1Aea onoatomﬁa@rae{la Préﬂﬂfﬂ ér‘icg Ihgeed FB’rS%/aﬂ HEtYp?%fi:t i ce
of thi n n e

A A e R, ST

retar d@ﬂ{ emmemﬂak efnrwetl atiedforkhelt proabumitig ahd tﬁbm&tfngtrhenﬁbt?d'fﬁmbﬁirﬁg dant

per Smpbw pol yam when used in conbination with synergist, will be
f ound |mersmnaquwér0ésr | a¥pscifist &manlres pp6pemrabl@s aflipy atm)stadm@lwamldds

oy bolRSFETGH RS SR iR BO e AR FE e B aPelras e kg

retard snmté& Mo sobh Qo e ABE AU AERAchL, O ol Y BRI ARDIcAE B BRNALE

that w be use In partia aromati1 c polya esvvr ontaln the two
conponend yelic analeggbichlas paytiohéxyl tané thatige. oMobr prefaablyt Riid the fadpaulh
15:1, and for nost purposes such m xtures will be found to inpart adequate
flame cemprisesrickexamsthylensdadicalaeithsr alene pres mixdureavishy additional aliphetic 4 1014 .

T o Ribon o Yadicdls, B brbiHes PORRRIS sortiSoteREPR AL hindEle Shetffl Dol GEH:' "

preper fr@!svaﬁ&h@tzve@ 8k rwmm tﬁ@ﬁl?h tcontét dfﬂe@gﬁﬁﬁra&ua@ﬁﬁni %ﬂu%&%fﬁeﬁgego UL
St andar d 94 with no durin the first and secon ur ns

speci flawpwlmamwe cbhmmentemeltlmttahmtﬂ%‘l@rm aboubB3FC.ant i -dri p pol ymer
additive is to ab 5 i ght percent ba n t.he total i,ght of the
conposi tion ﬂ%rﬂé’?@?’& lyang\?%% b m%“"m%“rlrfaf@ eseribed WS%@F SbFY™ip to
about {
s A i %?#‘p%ﬁ‘?’??‘%rﬁgrs skt iR oROIRaR0 rABcotBiing . o
t here |recdrﬁﬁg uhhauoricsﬁomhngm stpesturelnformalasl A, &sand Gashdwnbeloh, ip propertions
antr-drrp pol r addjtive pres in the rrposrtron A preferred anpunt
of ant 1a5bPY 4ciovibert LmOITeR: § ahout Smplavs FoAnd Abost O o ot PO Iath o
about 0.2 to about 1.5 weight percent, and nost preferably about 0.2 to
| ess than 1.5 wei ght Qerc an® nore preferably less than 1 weight
percent based on the &ot h —O'tl Dbol yam de conpositgon. 30 Wth
respect to the pol yantde nt in l" ormul ation, the anmount of
anti-drip polynmer additiv n be less than 3 parts by wei ght (pbw) per
hundred pbw of the polyam de 10 24 Cctober 2002 present in the
conposition, suitably up to about 2.5 pbw, nore preferably up to about 2.0
pbw per 100 pbw of the polyner present in the conposition. Optionally, the
flanme retarded pol yam@ge conposi g ons nay further conprise fromabout 10 to
about 60 w.% preferafly fiuom atnout 10 to about 45 wt.% cg) a fibrous

t

rei nforcing 5 agent . —fGh PiNHBNHg—agent s are added such

formul ations in order to further inprovenent in heat resistance and
fire-retardant properties,™~a8 wel|l as to increase rigidity) tensile
strength and flexural strength. Fibrous reinforcing agents suitable for use
in the practice of this invention include any of the inorganic fibrous

rei nforcing agents such as glass fibers, potassiumtitanate fibers,

net al -coated glass fibers, ceramc fibers, wollastonite, carbon 1 o fibers,
met al carbi de fibers and @etal - I@rdened fibers. The surfaces of such
fibrous . _ reinforcing ageehi reated as necessary ?n

conventional sizing agentsy, and the like. d ass bers are
preferred. The pol yam de conpositions of this invention may further contain

convent Z’??&l/ g@éjvggfoiﬁ%ﬁfa& - ﬁ%ﬁ{%@ﬁ? % 1Rt SbHaflc Ard byl Bhical 2P hoN BES

such ad

hereinabove, and may represent a mixture of aliphatic 4 to 14 carbon radicals; the mole ratio
of the units A, B and C may lie in the range of from about 40-100:35-0:60-0, or about 40-
20 100:35-0:50-0.



t-5 affect the desirable flanme retardant and anti-drip charactgr~Qf
formul ati on. For exanple, thermal stabilizers, W stabilizersfz(?“:)&ObEPEOO2
pl asticizers, nucleating agents, antistatic agents) processing aids
including nold rel ease agents, lubricants and the like, as well as

pi gnments, dyes, inorganic or organic fillers such as carbon bl ack, talc,
clay, mca and the like may usefully be included. 20 Metal oxides and

hydr oxi des ngﬁfeeB{Q@é‘leéia&}ﬂ“ﬁfHFlle_d@Pw@&!a& ﬁ‘ﬁﬁ%)‘dhﬁﬁ’fﬁ“ weghels iilﬁ'*PH?]de@%h:dg,
of the. Aol nd B tigul e HBECU (4in B0 L0, 0%, Ut B Wi Fresiiaplnet e

the pur pQ§ginGhe irdiiFé QY iffoeh Atiteit 48.702550050-5¢ ecakbesuRhi ddRfpoditRnk eRhiBit xdelli d
finely divided calciumoxide is particularly useful for this purpose.

Gener al | thermdlend méchanisal popettieh Sach polyemidss kavet meltingt pints hd abontiAvo 26
enpl oyed will _pbe from about 0.05 to ab bw,.preferably 0.1 to about
10" bt pahout 380 Th, 16 Farsis (rprarSoRlm otk 0 regau dgthd and farirent
char act ey . j bt : o f 0.2
o about HeGies RepEaRERgR rdty &t a7 o i e, Rih BP0 BN P ulien
fillers, belfigpicforrd feom te seavdpeint ofpropdrties dfamplded paits albéaseef eldiApact

nodi fiers may al so be desirable for use in_these fornmulations, 3 o

i ncl udi ng pol Genestallyisprefeered aamprg pushh pplyamidesopsepthasg | wheren® ol the above

copol yreforruliyb R ook R A 80 S1a8R 0B b e Bkngtios ot e
PrOPYd enfivhidi cERBofRBY atEblyARRUCE cOMPHSIAG o TR anitd RO BV C sROWHALBLLN

el astonmers, and i ends of a high tenperature pol ypht hal am de

i ke.
conponensuchiastthesetveith poleyrativuest 4R iaghasdnge of from 40:650:60- 6 6B50-b&: 0ts0esls i n

h iti f . thi.g i J | bl d i Si
oy arvT Bt exermlenotyanited SirtAliingls 33 AR IC wils BLERGE oF SOURI DR i35
oxi des, gidlss 05! dr&k Ridefiindiin AddesarBeayn e, mm&ecé&%ﬁxﬁé}mﬁlea%&gf %Hmiugtes,t he

resin conpounding arts may be usefully enployed for ‘mxing t yam
fl ane r evfitiedsdphttratamide compeneyt Bt farexpmplenin motegymtibe sucki ash50:5 46 p04&:5:55 and

rei nforci ng_agents a?d auch,fkgrévhfrvgﬂditives ) gﬂ be ijesi red, tot q
provitte theclikemayshe fomd marticy esiyanie ifepusepghetg S%ﬁl' gelt ismpsttyrgs will be
conponents. ik > blended in finely divided formusing a Henschel m xer,
V- bl ender, "ribbon bl ender or tunbler blender, and then nelt processed in an
ext ruder. The Ctherrsuitatile oopotpmenseomprifing eereptithaldmillet wmifscarerkhdven fahddihateBeen
article, or may be provided as &,stra}nd or the like and then choppe

may ped, .
gr anul at dgscsibed in ke pste For £Xamps gepelymers) comprising hexamsthylags serepfithalamide

formsuit er t ' [ e i Al ' .

nol di ng, agﬁetg&rzé@%tr%%si%"r}]ébpa égﬁ%?{é}é‘.f"?% gér%ﬁ?[?]gﬁ%oﬁ%%hﬁg?%e. g.e,%%sﬂe ecl'fj Fon
of sebsewndgshahylens! adigahlidterand caapidlactais Griich hate e edvailable, fréMogbiintdecial
selected to maintain a high nol ecul ar wei ght for the polyam de. The

i nvent ed sowieps shd thnse mayalsoche tund ysefpl. r Blends of gag oy mare polyemidasicapialsg, be
excel l ent heat  resistance &ij gi di bg and i npact strength, a high heat

di storti 8¢ E‘rfB%F%fPB?Sé,O“a?f BARDBEODo readily nol ded. A variety of articles

such as machi ”ﬂxe?@é&c{:ﬁtﬁ&%uﬂhtﬁ%éﬂtiﬁllﬁ%ﬁ&i@ fyaftife SATBGHYEHmIBR tdstnsBY Allfy

formed by convention nol di ng” met hods such ds conpressi on nol di ng,
i nj ect i ondes@it@dnig, thexant,ufiroexaapde, oinhBtS. t Patents f 48311 ,008;0541 26BHNn4,168d01 and
exanpl e the conposition of this_invention ca ke el ectrical

b d .
St orREMAM, and i Eh atani o 280 JT e I8, 800- 5021908 a5 5 D808 % b ieaclunEs o
| tri | il dt Wt ch i it b k 28 f hol d }
fuses, r dfadiese pilpits A trERAons e HeRftyinogmiorated ersif by, 8Bt | gy,
as punp %%hﬁt?ﬁﬁl%ﬁﬁﬂeym%ﬂil@ AR @iﬁgﬁﬁ%@&s@s B & dQBabedqhe art such
COITpOSl tions O a

I'S Invenion“dre partic ri'y useful for manufacturing
el ectri cals, ¢amneemiplé,Sthe Tdoatinuwous ndnidobatuh Iprodessebeset dorthirid el S daterity 4,603,193,
consideration of the follow ng exanpl es, EXAMPLES 30 |In exanples 1-6) Dbl end
f or mul at i RRM,44hand 7346043 ipeprporatedicenin By rafeonge. o4 yarighyea! sulisble epalygmigdes

copol yer O e 3y S MED RS LImURE Woaled T3P UWRRpR fof phBaRANL! Eoffiidlnd 2

hexamethylene diamine terephthalamide units together with one or more additional units such



24 Cctober 2002 containing nononer, a flanme retardant conbi nat
. brom ne-cont ai ni ng organi ¢ conpound and sodi um anti nonat e, %gg)&g‘b%ﬁ e%POZ
wi th exanpl es containing no anti-drip copolyner. The foll OWI ng anal yti cal

nmet hods were enployed to obtain the data.necessary for the 5 foll ow ng
exanples. Tensile Streneth (Tensile) and Percent Elongation at Break (%
EAB) Procedures of ASTM D-638-1 were foll owed. Kaxeness | Zheol oay The-
sanpl e smbetameshylemd edipamide units, shexamewiﬂnerwopdﬁﬂﬂamﬂn wsits) Gaprola@ caiyl infty €N

at t o 10 he nelt otoftedreda neasured in a
Kayenes%“‘?\%@d 25 a\quag(g i aéleéyaﬁqh?qwlﬁmf'?é\sfpﬂ €3, ipg aﬂ‘ﬁﬂ ¥ @f‘@eélwamldes

i nches 118 ﬁ,taﬁﬁdgg f t of
f 1. g?ljgnnﬁlﬁém Qoﬂicotrzlﬁﬁfg of 188 geconds efr §§?,{%A§bﬂ§[}§§%§§%&-}’ﬁéﬁ

mel t foresmscfforﬂ@ﬂnddmd’oliﬁlnersshrqal e was tested at a shear rate of 400 sec 1

and 315C. Melt viscosgity in g (or Kpogise) is shown after dwell tinmes of
5 mihutes (t3he teomm’ pelyphtha )as gt gforth rﬂlnﬁtsgé’((pigw -9¥| isntesdmyed fone

fl d | h
usi ng URBGRIR W oA 5?{’]‘@%“%{ Sl g bethalaiad BREIARbalRude bals B,
i nch thigly 6b rlnélg%s Hyvwever thﬁﬁighbéynuﬁf)n td@@ xH%@ rdrlalthf: Qerif h@%k@&n%%l??lgne

exposed to a flame for a period of 10 seconds. Aftér 20 renoving t

fromt henderstbo&baus incluyling, artyhpolyamizder that contajys plithalamidd Unitss irfespestivecof hkso
recorded is the burn tlmahgﬂeflned as the tine the test bar remains on fire
in the ABONALS sych ppis o1 Whetherhe Hnttweft?rpah‘beléguwr ispplthalamidengits; s

xpaged 0.t el Bl waighe Gt ehel bilae M 68 ST "IQUIPSY 10l P

and burn time Is record I nal™ test

burn ti requirthehtzoftthé p&maulabemd ade ehvisicneliraad dfakd) probessirgl éthaddconesapldted
burn. The 25 rating incorporates the nunber of drlps that fall fromthe

t est barfomhmfnlynqanen,t aesording-tey paglisesvadely loomasin tharesinaes.ufed e:emnplthﬁber

total d tal te ln.th t andard

et R ek e et S 5 b B B Bl o
dripis tﬁés@”ﬂd@ﬂxﬁédhs? the |a9NVE§ ekB1diBf grafeibic- mj\%nrflﬁ\‘&l&'iﬁgdgrﬁdér?&h{s' GAl Igen
of this test, where the nunber of drips are counted whether or not in

fl ands. emipleyedifor dmsaubesl oSwch tesing/ngay be further rd@scrdxedsastgcaerahp hdvingSnRaedtel |
during the test, | ro, dri for.all5 test pars rrrulatlons of
the. exartiteastinnpiaist tiasr Dot 0iodVe aerEig g B et 0ot Al hopmessitsder

2002 POI | '
551 45 il 20y G cissolfed B8 B0 4D RHEREEEACHIS oy e <R CET KERRM, P@‘ﬁﬁ?‘k@?‘{ﬁ#ﬁe
from Arrrﬂ:b ghihl yAdtomgh Ithere i nAr;tamdDiarp:@arhtmt forTheleauiar w&ighp 1@ b yiablevlis

either Surl yn 9320) obtained from DuPont, or Primacor 1410 XT, from Dow.
Fl ane Retsgri@athese FP%“PB#‘EI‘("&ﬁv byesyouel raplesilar yyrightopelyphthalamidssqthase wWish an

OO0 SHAI k55 T o R Wi S o S AR ot

borate: thermally, and hence wﬂl not be preferred.

The anti-drip polymer additive useful in the composition of this invention is suitably a
polymer obtained by polymerizing one or more ethylenically unsaturated monomers such as
ethylene, propylene, a butene or other olefin or di- or tri-olefin having 2 to about 8 carbon

25  atoms, preferably 2 to 6 carbon atoms, with one or more unsaturated, preferably alpha-beta
unsaturated, carboxylic acid containing monomers preferably having 3 to 6 carbon atoms.
The ethylenically unsaturated monomer can also be selected from styrene or vinyl acetate and
the like. Preferably, the ethylenically unsaturated monomer in the anti-drip polymer additive
comprises ethylene, propylene or a mixture thereof, and more preferably comprises ethylene.

30  The carboxylic acid monomer, in addition to being in the acid form, can be an ester, amide, or

anhydride or other equivalent of an acid group. Carboxylic acid monomers such as acrylic



I's Cbtained as Firebcake ZB from U. S. Borax Additives: Ca0 Caijﬂjé X %?02
obtai ned from Atl antic Equi pnent Engi neers. PTFE Pol ytetraflu %eé

| ubri cant, obtained as Al goflon DF-11X from Ausi nont, USA. 20 Tal c Obtai ned
as Mstron Vapor Talc from Luzenac Anerica) Inc. dass Fiber Cbtained as
Certainteed 994 from Vetrotex Certainteed Inc. Al fornulations in the
Exanpl es are given in wt.% based on total weight of the formulation,

i ncl udi ngeid,inke@thactiey scihrmaleiotacidoreanhly dide] fmarid heidcandmgilikepfireGhitkMamies
1-6 in Tables 1 and Il were prepared by m xing the requisite anmpunts of
PPA,  antameuitof pranpmers eaipining die carbextyiioasid graup cawbe intherraaganef atiost Bllend

| {eh ' f] ith a # 1. q
Vacuum vEREEASdreett, BRI sBEiC S8 PRy ekl el e Pt B0 1550
- 325C, fight bERORALAEpolphenbTS 20iip pINRIG AIHive MONIINAkhoFieaNASTaRH of

about 300 rpm 14 24 Cctober 2002 Tab ows the formul ation for

Exanpd esinvesticandarf bameadeebyt copnlymperizing therexnsioimers or eantie made dyEbmftgmt ihen

at Break data., Tabl.e Il shows the Keyness Viscgsit Rheol ogy), data. TABLE
2 5 anEaheRlicrp TRIORER BT GRERND: o 4 BAEAEY Atk s polymetigng site

o0 Bl Yo e A AR S e i 5T

Pol ymer S &i@nogwar%esuéﬂim)d, byCra&inkléheddOmdbie carboxylic acid monomer, such as maleic
~0. 41 0. 4Tal c0. 280. 280. 280. 280. 28PTFEO. 10. 10. 10. 10. 11Fl ane

Rat i ngVOinaividvonaei¢ psido nsthasoylisacsh | maleisTanid, femariaiagish 0@k 4Tish sirdtenic
Kpsi.) 1b. 0520. 821. 923. .3 87 .21 51, 51.61.61.5 "The 015 rati

i dhe 020 SaPFasene Loty R Pty R ual: Ranbienst glip.che

ratings kpdieatgthdné Bdlﬁn&' idde fronf Fgl@ﬁtehmgm ERWRRIally UinS@Brafed mbASthOOSH

were VIO, none of the ips were flam ng. bThis is the'total of the burn
times fomomasiersomentioned abayesusisgstandard metheds sown 6 thosg 4f ekilldbehe 20@chTABLE

Il K~;yness._Yiscosity (Pojse) at 3|5-C and 2400.sec -1 Ex.~5 t 10t

| 5205003 78485 o6 Siee akan ASReraUnS 2SR cors DY 4R THE Bt 0 B9 Aramilce 2
data in e he a B/n%¥, di

anti-dri PQJF gxgge & '? i QB%F%SHE’r egté?}{éﬁ%/h@@k%c{ngn%lpﬁ parr’t i gg\ygérﬂ,g/p?ﬁé%dcmgnc
conpasi t iterpslynfer,t éthglenhe/propylenelstyramerterpolyaméra bh eethiylxse/eingli pestate rcopolyimed) op
per formance even atﬁvgr,y | ow | evel s of the agti-driﬁfi) polymer in the

f or mul at ictylengfpeopydene/yinyly aeetats nieRalymer #aR abs rreacied eWith prg coxt gwre reft the
hi gher | : . el . u | 2 e.d Rt |

ot Fongt h TSiLSYe IRd3Mds fld BHRRHUEFLo AR ik Al Br SPRIETRT e Fbodibon
it may beotiesdritalfben polyumees usefullinved compositions afithis diventipn! e ramoun0bflgdids o
1o avoid any reduction in strength or elongation Broperties. The data in

Tabl e |1 2pdiepAshydsides ingarporated Ry graBing iy seitably,abqus P3| ta@bews! Ocweighs parergt ohe
Cidri I h i ; e 1  aht
por it ERUYEE A TEREIRRoH o eddty e RaRion 300 gritih BF b UEls S48 R Bed]
i mpor t ed gFonsjiRAEAt | ffade | tbyMBYopgMbyiriatioR! Cark O diRfehidlEcryR¥Eracid®V RbsolPinetshe
anti-drip polyner, i.e. levels of 1.5 weight percent and 15 | ower, for
exanpl e, dtigdene/methadrylieiagitt cepniyraers, bthybaetracenie acid gopolymers; ectbyapeimiethiybn.

o5 ok s A SRl R obab e M et
par (1 cul dPraEerfiile, iRl T ynctiitacrE™ WAV SUGHIES! glPdtymcrs
Tabl e2sl | | etlpflone/itdtoni2x C atidaméthyint mediaciyiqer f eopobtyinersof ethytereansthgl t ihgdogeh
maleate/ethyl acrylate copolymers, ethylene/methacrylic acid/vinyl acetate copolymers,
ethylene/acrylic acid/vinyl alcohol copolymers, ethylene/propylene/acrylic acid copolymers,
ethylene/styrene/acrylic acid copolymers, ethylene/methacrylic acid/acrylonitrile copolymers,
ethylene/fumaric acid/vinyl methyl ether copolymers, ethylene/vinyl chloride/acrylic acid

30 copolymers, ethylene/vinylidene chloride/acrylic acid copolymers, ethylene/vinyl

fluoride/methacrylic acid copolymers, and ethylene chlorotrifluoroethylene/methacrylic acid



this invention. This data shows the results for a fornul atioE ontaigjsc{}g
0.9 weight percent o f an anti-drip polyner additive. In tw?t F )
no drips were fornmed. Although the invention has been set forth herein and
illustrated by particular enbodi nents and exanples, those skilled in the
pal yam de art will readily understand that t6 24 COct ober 2002 further
nodi fi cati ons may be nade w thout departing fromthe spirit and scope of
the i Blyntdts. CopbBinfrerk mdder fedth athydéne and acrylic acid, and terpolyme d
(MW&M s Cobfiriort e Maini hitne and asrylic acid, and ternc By made from

Pol yneetbyle(x@nnmwu@aﬂd (arrmeﬂxacmb@:) qsmr&c:rytatdsfél gmmrmgmxv@aeﬁkd Burn
Ti me4 sec. .t es sitio of _Exanpl es 8-14
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and t hey aedict ivg ufvgﬁf'ox{"ébﬁtaﬁxﬁgr Hed wb&}qw an %M%h&g cn %‘Fsrosf)é)ﬁmg%téa?%di N

twin screw extruder filled wmth a #11 sc vacuum vented

Hg wsi withbae bemore basie adbmpemdsno foven thenght ofithd2Rboxy1R2BW@ mokities.t BRRSF af Ur es
of about 300 to 345C and a nom nal screw l({ﬁeed of about 300 m Table IV
shows @héucfhorcmbpéyh%ﬁcndomommﬁrpf@semm 9@%arf®0mesl’©fel‘%b1}’piif -gf% cambel e

t Vi These data al how.t h | |
ant |- QIoRPoAT P G il OB BARSHa o5 ) @i, s icaion cap. e coF ober

il h, 9 d
i seosT s ERER S8R0 BB Rrort Pl don s dsaied S 8% o5 TARS B

Ant i rrtﬁﬁdt“@l POUBSIYBB Z8E3 a@mlmmnbtmrtlaum?, cOiper M Bg Bl and calcium. Polymers
23.2823. 4623. 123 28(%3 5423. 36@0' 8d ass Fi ber 33333333333333Ant|-Drip™
Poll meFl@Euﬂ' t@k?ﬁ o 2 JK dgve rexampiey degsdaped 8% of the available acid moieties,

3&&&&%@ -l s ?é&%ﬁf@&f@@?@ﬁﬁ% iy SR b ReiRlR®,, povicin egvanes |

(Kpsi ) adfiti0@Akscfil In HRZbnipdsitiod DT thi8 AiveAtien\Brelavailabié cE&m@scnﬁﬂ SloPd@UIpES S
(t5)c 4.313.773.893.573.694. 184. 3a See footnote Table |I. See f oot note

Tabl e Suﬂynmelwer dneterials sushoas Suplyn@: 8320W. manu&ctux@d by2E detdPent 2602

CLAI M5 fla et ardan nti-drippin t al m de 0Si

compr Nemgirs 3 Gerdrgapid Pilncct) pRBH, RHierRl BB & okt L.
pai$s anwiicitéd BRDM THeafit, &y vseful it tl{é)bdxﬁbési‘ﬂx@}{ Bf dfs mveﬁnon as anti-dri

hal ogen- cont ai ni ng organi c flame retardant conpound, and - from about 8 1

to abopolymeneiadditivesr cntyn®a8E0Wn hase been aldembgtﬂlt inf thenelitecdtyphtaal ani de
f t f df ) t |
Fr o 2 ctsfegilsas ity Bietarsy i 618 EPE ROl STE REMEREFS Stk aney 8139393&&1&12 vine
act 0 MRaChidactliated il theliterRiuels'a lpotithét SEURAKM b AGYH BB HeRin 366
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ionized wth a nmetal ion. The co sition ein
i on i s9sepactmbfithe mammems prnsexa aré fﬁmﬂlawydxcmidas?hel mltl-ziripc.polgdnumdﬂmas
lithium cop magnesi um and c? ¢ium 3. The conmposition of cla

whéfei Nsedhia't gﬁtPPlYéFl‘ fie pempoRtion ef Bus mmw%emwa&ays atragls oy mé%e«rlaw

ester r.pgl f ein
The. antp A OTE L GHUAFin e et Stcyooth 1 15 BLSRTROND SR, RealPLBY ASINTE,

t enper 3238 & OfenipIRfurdnd ]@O°Cﬁaﬂd)ﬁdl Rhd 3f 29 6kg. WaétebdS ﬁ»rlpeapam@@rﬁiedlo mn.

5. The conposition of claim1 wherein the anti-drip polyner amount is from

0. 2 t o capdumers. e disclosed ilbdsSe datent 8/884,882. aMetlidgfor mbkinpehcmemd abitraized 6.
The co ition of, i in.sai ol htal am de i s a cqpol r
conpr | SPRGIYEER ek UShhatent At % - GBeker (G PAERBIRE fecoupdipeaby teterence

t el gph%@{,eqﬁn de units. 7. The conposition of claim1 wherein said
pol yphtal'am de is a copol ymer conprising recurring aliphatic diam ne

compri ses. attHecHOVABiE ﬁé%%#ﬁixﬁoﬁéﬁéﬁwﬁﬁvqﬁoﬁaveggﬁiﬁﬂ%%fl;e ey " "
71 om asonpoar e i, 3 e B pRRY Bpicdly it PaRR O SRR, A 19

al i phatprefefiblm H@h%b%ulwe@he&ghﬁwmm P3aee) pnsi sting of hexanet hyl ene
adi pam de, 2-net hé‘ pent anet hyl ene adi pam de, hexanet hyl ene sebacam de,

hexanet hy| erGeneza ehmo@nohaéugnmmwmmds kogwodndha grtand dsscribsd asdelogeeme

cycl ohexanedi car boxyl am de and d net.h e adi,pa
o0 CORGBIIE HEp-SF HRdant camPRndS OR DL FHEROIS B e dn A prictoach e Benion o

Eg?ne)?i gﬂlﬂﬂ fagﬁ%ul@r%ﬂ%ﬁrﬁlgn O&gﬁﬁ%ﬁm@ﬂr be %hoﬁgngér{&aqff bRGadRSR0 2 bhdfing-

8




'10. An extruded article conprising the conposition of claiml . 19
. A AN_. A3y. A A9H Al . A. AY. A9. A A A" 2. AL A A AFuFr. AA A3F. A. A&241Qctober 2002

o DGy1Ahi j zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ¢
~a] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa] ca]c”a]caljcaljp> XO,}.I }
nP888808808%6 | wgl gb] X] ] ca] ca] c&a] cTa] cal] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]jcajca!"!"# & ('"I1())z**Y,f,n///01

22 34B5 teatadining {pGeGaipidants W Suchcedropdueds cad enjitable &pna]ma]mec]mias]ouec]es ahda] ca
L heRhea Cagﬂﬁg@lﬁpﬁ Pl oRL pehBkss ) aviable 3l °Bliochedds KSR - Feroh O
2l cal caf AT ERPESY \@df?}é‘da]ﬁ?ﬂﬁ@%‘%‘%’aﬁ?g@ﬁEE R o) e gy Sy
ca] ca] dapipatatiohcajd pbhyalrainnsiycariec@DRg ) al sitdbta fioa] Tajjinallad] aal aaPDESsa] cal

cal ca]ca]ca a] ca] caI i ] P ] ] kIl OnnoboooSpppaqqqq) r 7rrr>ssQ t uduuv] v} xsni d_
Z] c]ca] %@l]‘ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca

LV cal cal gg]‘@i’]‘@g}‘%ﬂ‘@ﬁ 1 oRSHAE Ribln € X s ] e Pl e c o
lca]ca] @xa?ﬂdﬂ@] ca] G| ﬁbf‘a’l‘ﬂl refd, 3X olygentabromostyrene ogdxchlorost rene,

{/:y\NV|vgl gb] Xj e [V]]ca] cd ca] ca] ca] ca] c*a] ca] ca] ca] ca] c*d] ca] c*a] ca]c”a]
ca] ca] cpelyrichtapstyrhe apaypettadhbarpstatena]and) pxd]'trﬂb]mao-alpha-methylstyrene as well

Z%?Iié%l?% L’f;?@ém%a%}é?] S c DAy LapLamtiy bt @l o2y ¢
cal ca] ch]?&%ac%] gl f’?%’%@%ﬁ %bﬁ&%& ﬁlgeg]n? _%ﬁ}c })cg]ocglfe]nngg]i%:)g?écg] %!a]:g!a

et 8 105 3‘2?*” T IOSZNENE, (o7t} LOVE: () 70 10VPoPott () 70 [ PYA0NE: ()
ca 0 * [0) 0 [0) - 0
-7 P) 1obgph8m() Womg%%x nmmigp 1&&9&%% Wil as chiorine- c(ozitalmgg ame. )

) d0e s S DR fd sy AR b2y SEVERd ] AR o

10T& ' 198e & famSBARLRE, and W@t&% dlso be falmlOldeful (i theypra&ideSof(this invention.
#100/5& *pl s ODGy WX9NCS8! +1096&' (
¥

‘10988 OB EENL) (P@BSioﬂs@& rytaxiants; ' agoHER! (pne@ufed 'in 04B5 golypmbjel A” <

) SORMM ) B TSR Bk A B 150 10 10
e A

Group IIA orlIB metal borates are useful in the practice of this invention as flame
retardant synergists and include the alkaline earth metal borates such as strontium borate,
20 barium borate, calcium borate, magnesium borate and zinc borate. Particularly useful are the
variety of zinc borate compounds heretofore known and described for use as smoke
suppressants and in reducing heat release characteristics for a variety of engineering
thermoplastics. The forms of zinc borate readily available commercially for such use include
hydrated compounds having the nominal composition 2ZnO+3B,0,°xH,0 where x is between
25 3.3 and 3.7, such as 2Zn0+3B,0,+3.5H,0, available from U.S. Borax as Firebrake® ZB, as
well as 4ZnO+B,04°H,0, available from the same source as Firebrake 415. Anhydrous
2Zn0+3B,0,, available as Firebrake 500 may also be employed in the invented formulation,
Other hydrates are also known and n;ay also be found useful. Other known flame retardant

synergists for polyamide formulations including antimony compounds such as antimony

30  oxide, sodium antimonate, and potassium antimonate are useful.
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will be useful in partially aromatic polyamides will contain the two components at a weight
15  ratio in the range of from about 4:1 to about 15:1, and for most purposes such mixtures will be
found to impart adequate flame retardance when used at a weight ratio of about 5:1 to about
10:1.
The amount of anti-drip polymer added to the composition of this invention is an anti-
drip effective amount. An anti-drip effective amount is preferably that amount which results
20  in a flame test run according to UL Standard UL 94 with no drips falling during both the first
and second burns specified in the flame test. Suitably, the level of anti-drip polymer additive
is up to about 5 weight percent based on the total weight of the composition, preferably up to
about 2 weight percent, more preferably up to about 1.5 weight percent based on the weight of
the composition. The anti-drip polyamide composition of this invention is also effective when
25  there is less than 1.5 weight percent, and less than 1 weight percent anti-drip polymer additive
present in the composition. A preferred amount of anti-drip polymer additive is about 0.1 to
about 2, more preferably about 0.2 to about 1.5 weight percent, and most preferably about 0.2
to less than 1.5 weight percent, and more preferably less than 1 weight percent based on the
total weight of the polyamide composition.
30 With respect to the polyamide present in the formulation, the amount of anti-drip

polymer additive can be less than 3 parts by weight (pbw) per hundred pbw of the polyamide
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#1093 (ehsile strengts a6l difedueal 19gngth.  Fibrous reinforcing agents suitable for use in the
practice of this invention include any of the inorganic fibrous reinforcing agents such as glass
fibers, potassium titanate fibers, metal-coated glass fibers, ceramic fibers, wollastonite, carbon
10 fibers, metal carbide fibers and metal-hardened fibers. The surfaces of such fibrous
reinforcing agents may be treated as necessary with conventional sizing agents, lubricants and
the like. Glass fibers are preferred.
The polyamide compositions of this invention may further contain conventional
additives widely known and used in the resin arts, provided such additives do not significantly
15  affect the desirable flame retardant and anti-drip character of the formulation. For example,
thermal stabilizers, UV stabilizers, plasticizers, nucleating agents, antistatic agents, processing
aids including mold release agents, lubricants and the like, as well as pigments, dyes,
inorganic or organic fillers such as carbon black, talc, clay, mica and the like may usefully be
included.
20 Metal oxides and hydroxides such as calcium hydroxide, calcium oxide, magnesium
hydroxide, magnesium oxide, zinc hydroxide, zinc oxides or other oxides or hydroxides of the
Group II metals of the Periodic Table are preferably employed for the purpose of improving
thermal stability. The oxides are preferred, and finely divided calcium oxide is particularly
useful for this purpose. Generally, where the use of such additives is contemplated the amount
25  employed will be from about 0.05 to about 50 pbw, preferably 0.1 to about 10 pbw per 100
pbw of the polyamide component, and may also be characterized as being about 0.2 to about 2
wt.%, preferably from about 0.2 to about 1 wt.%, based on total weight of the composition,
including such fillers, additives and fiber as may also be present.
Polymeric impact modifiers may also be desirable for use in these formulations,
30  including polyolefins such as polyethylene, polypropylene and poly (4-methyl-1-pentene),

olefin copolymers such as ethylene/propylene copolymer, ethylene/l-butene copolymer,
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10g D+&10%& (Ahydf the compounding processes commonly used in the resin compounding arts may

be usefully employed for mixing the polyamide, flame retardant and the synergist component,
together with fibrous reinforcing agents and such further additives as may be desired, to
10 provide the compositions of this invention. For example, the solid components may be
blended in finely divided form using a Henschel mixer, V-blender, ribbon blender or tumbler -
blender, and then melt processed in an extruder. The formulation may be profile-extruded to
form the finished article, or may be provided as a strand or the like and then chopped,
granulated or pulverized to provide the flame retarded formulation in a form suited to further
15  melt fabrication, for example.by injection molding, sheet extrusion or the like. Blending
conditions, e.g., selection of screw design and extruder conditions such as temperature, should
be selected to maintain a high molecular weight for the polyamide.
The invented compositions have excellent fire retardancy with low dripping, excellent
heat resistance, rigidity and impact strength, a high heat distortion temperature, and can be
20 readily molded. A variety of articles such as machine parts and electric and electronic
component parts may be formed by conventional molding methods such as compression
molding, injection molding, extrusion and other thermoforming operations. For example‘ the
composition of this invention can be used to make electrical connectors such as surface mount
connectors, insulation for wire and cable, electrical film and tape, switches, circuit breakers,
25  fuse holders, fuses, relays, terminal blocks, and switch gear, as well as articles such as pump
housings, and under-the-hood automobile applications. The compositions of this invenion are
particularly useful for manufacturing electrical connectors.

The invention will be better understood by consideration of the following examples.

EXAMPLES

30 In examples 1-6, blend formulations containing a polyphthalamide (PPA) copolymer.

an anti-drip copolymer of an ethylenically unsaturated monomer and a carboxylic acid
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and a melt force of 300 lbs. The sample was tested at a shear rate of 400 sec” 1 and 315°C.

-3 N

Melt viscosity in poise (or Kpoise) is shown after dwell times of 5 minutes (t5), 10 minutes
15 (t10), and 15 minutes (t15).
Flame Test
The flame retardancy and the anti-drip ability of the copolymer were tested using
Underwriters Laboraties Standard UL 94 using a sample test bar 1/32 inch thick. In this test, a
test bar of the material to be tested is exposed to a flame for a period of 10 seconds. After
20 removing the flame from the test bar sample, the number of drips which fall is recorded. Also
recorded is the burn time, defined as the time the test bar remains on fire in the absence of the
flame. When the fire goes out, the test bar is exposed to the flame for a second time for 10
seconds. The number of drips and burn time is recorded again. The final test report contains
the total burn time and the total number of drips from both the first and second burn. The
25  rating incorporates the number of drips that fall from the test bar during the test. (For each
test, 5 test bars are used and the total drips and total burn times are reported.) In the standard
test, if the drip is not in flames, then there is no debit in the rating. If the drip is flaming, then
a lower rating results. We have used a modification of this test, where the number of drips are
counted whether or not in flames. Thus, in data below, the 0/5 rating indicates that no drips

30  fell during the test, i.e., zero drips for all S test bars.

The formulations of the examples were prepared using the following components:
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Polyamide:
PPA Hexamethylene terephthalamide/hexamethylene adipamide 55/45 mole ratio
"copolymer, obtained as Amodel A-6000 PPA polyphthalamide from Amoco
Polymers, Inc.
s Anti-Drip Polymers .
The anti~drip polymer was either Surlyn 9320, obtained from DuPont, or Primacor
1410 XT, from Dow.
Flame Retardant:
FR  Poly(dibromostyrene) flame retardant, obtained as PDBS80 from Great Lakes
10 Chemical Company.
Sodium Antimonate:
Obtained as Polybloc® SAP-2 from Anzon Division of Cookson Specialty

Additives,

Zinc Borate:
is Obtained as Firebrake® ZB from U.S. Borax

Additives:

’ Ca0 Calcium oxide, obtained from Atlantic Equipment Engineers.

PTFE Polytetrafluoroethyléne lubricant, obtained as Algoflon® DF-11X from
Ausimont, USA.

20 Talc Obtained as Mistron® Vapor Talc from Luzenac America, Inc.

Glass Fiber Obtained as Certainteed 994 from Vetrotex Certainteed Inc.

All formulations in the Examples are given in wt.% based on total weight of the formulation,

including fiber where present.
. Examples 1-6
25 The composition of Examples 1-6 in Tables 1 and II were prepared by mixing the
requisite amounts of PPA, anti-drip polymer and other additives, then meit extruding the blend
using a Berstorff 25 mm twin screw extruder fitted with a #11 screw and vacuum vented at ca.
25 in Hg using barrel temperatures in the range of 320 - 325°C, melt temperatures of about
300 - 345°C and a nominal screw speed of about 300 rpm.
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10% & ()-:F 10% & ()-:F 10% & ()-:] bfglqrtT<6 F 10% & ()-:F 10% & ()-:)F
10% & ()“F 10% & ()-:rxpX<6 F 10% & ()-:F 10% & ()-:F 10% & ()-:F

10% & ()-:F 10% & ()-:j H<6 F 10139 : $hG9 () - 33@ 10%-&& ()- 3 ~10%-&& ()-F

10% & ()-: F 10% & ()-: Z' 25678| [ NA410~&10~&310~& 3LI =10%-&& () -

35018%-&& ()- 79 : $109Fiasie( Test, Pripirid) Fehfile Strerdth afll OE&R' () - 8HS} | =NA410~"
110%): & ()-S# 110%): & ()-S# ! 10%): &() S# 3910% ) &() Wo10%-t ~& () -
3$10% ) : & ()Eormulagioni 100 ): & ()-S# s5weC 3 4 6 (control)

PPA 368 3691 3754  38.04 3834 38.14

NaAntimonate 39 3.8 3N 3.92 3.95 39

FR - 242 225 2296 2325 2342 23.28

Glass Fiber 30 33 33 33 33 33

Anti-Drip Polympr 5 3 2 1 0.5 0.0

(Surlyn) | |

Ca0 0.41 0.41 041 041 0.4

Talc 028 0.8 0.28 0.28 0.28

PTFE 0.1 0.1 0.1 0.1 0.1 1

Flame Rating N \( Vo \( '\ \Yi|

Drips® 05 05 0/5 0/5 4/5 5/5

Tot. Bum Time" 0 3 1 10 4 4

Tensile (Kpsi) 1605 208 219  23.63 2431 23.87

% EAB 1.2 1.5 1.5 1.6 1.6 1.5

*The 0/5 rating indicates no drips for all 5 test bars within the test. The 4/5 and 5/5 ratings
indicate 4 and 5 drips, respectively. However, since all rgtings were V/0, none of the drips

were flaming.

This is the total of the burn times for each of the 5 bars used for each test.
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110%): & ()-S# 110%):& ()-S# 110%): & ()-S# 110%): & ()- Sk NAG
110% ):° 110%):& ()-S# 110%):& ()-S# 110%): & ()-S# !10%%“’%&002
110% ):& ()-S# 110%): & ()-SHNN2NAA™ 110%): & ()-S# 110%): & ()-S#
110% ): & ()-S# 110%):& ()-S# 110%): & .()- SHSWSC! r V: Na4™ °
110%): & ()-S# 110%):& ()-S# 110%):& ()-SHEWEC!-* 110%): & ()-S#
110% ): & ()-S#!' & ON2NA4™ 110% ): & ()-SH&SWSC! ~ 110% ): & ()-S#
110% ): & ()-S# 110%): & ()-S# Ilo%o\B&E(Ij S#06; AGVS_?NA4™ 1 10%
110% ): & ()-S# 110%) & l <8 & ()-S#
110% ): & () - S# I10%). . E%@déi@ﬁ@.l Q S
110% ) : & ()-S#H &S T I0% = en () -
110% ): & ()-S#5 % UvmOBNA4™ 110% ) : ) - S#° !10%51—.5-&'()-5#3‘
110% ) : & () - SHSWBCTD) ~ [ 1094598 () {S# 3754 3356
4242 3500 3066

4 3586 3092 2552

5 3622 2860 2578

6 3382 2022 2402

The data in Table 1 demonstrate the excellent flame retarding and excellent anti-drip

properties of the present invention. In particular, the compositions of this invention shown in
5 Table | have superior anti-drip performance even at very low levels of the anti-drip polymer
in the formulation.

The tensile data and % EAB data in Table 1 indicates that higher levels of the anti-drip
polymer result in a decrease in tensile strength and a decrease in the elongation at break. In
some applications, it may be desirable to use low levels of the anti-drip polymer in order to

10 avoid any reduction in strength or elongation properties.

The data in Table II demonstrate that the viscosity of the formulations containing the
anti-drip polymer increase with levels of anti-drip polymer over 1.5 weight percent. In some
applications where,the viscosity of the composition is an imported consideration, it may be
desirable to use the lower levels of the anti-drip polymer, i.e. levels of 1.5 weight percent and

15 lower, for example, less than 1 weight percent based on the weight of the composition.

Levels of less than 1 weight percent of the anti-drip polymers based on the total

composition are effective and it is surprising that the low levels of the anti-drip polymers of

this invention are so effective, particularly at levels below 1 weight percent.

Example 7
20 The data in Table III show the excellent anti-drip performance of the compositions of

this invention. This data shows the results for a formulation containing 0.9 weight percent of
an anti-drip polymer additive. In two flame tests, no drips were formed.
Although the invention has been set forth herein and illustrated by particular

embodiments and examples, those skilled in the polyamide art will readily understand that
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1.10% ): & ()-SHZ: NAA 110%): & ()-SHSWSC!® 110% ): & ()-S# ! 1084 Delorfer-2062
110% ): & ()-S# 110%): & ()-S#HI LNA4® 110% !110%):& ()-S# 110% ): & ()-S#
110% ): & ()-S# 110%):& ()-S# 110%): & ()-S# 110% ): & ()- StnR6NA4
110% ): & ()-S# 110%): & ()-S# 1109 ):& ()-S# 110%):& ()-S#

110% ): & () - SH5WSC! r V: NA4 I10%) &'()-S# 110%): & ()-SH

110% ): & () - SH5WSC! - ° !10%}3 -S# O 110% ) : & () - SHUBNAG®

110% ) : &ul(t& rSedgcations @may) be r(\; esmthonmi@par@ng YroB# the 1pirtit) ad (s;ceps#(,f the

1109% ): & ()-.S# ?2NAA " 110%):& ()-S# 110%): & ()-S# 110%): & ()- St
110% ) : &“’é HBHS 1 1006): & ()-S# 110%): & ()-S# nN2NA4™ 1109%): & ()-S#
110% ): & ()-S# 110%):& ()-S# |10m3@gm3# 110% ): & () - SH5WSC!
I $rR2NAAS 110%): & ()-S# 110%): & ()-

Formulation (wt%)

PPA 38.19

Na-Antimonate _ 3.91

FR 23.32

Giass Fiber 33.00

Anti-Drip Polymer 0.9

(Primacor)

Ca0 0.4

Talc 0.28

Drips 0/5 E 0/5
Flame Rating VO A1)
Total Burn Time 4 sec. 13 sec

5 xamples §-14
‘ The compositions of Examples 8-14 were prepared by mixing the requisite amount of |
PPA, anti-drip polymer and the additives, then melt extruding the blend using a Berstoff 25
mm twin screw extruder filled with a #11 screw and vacuum vented at ca.25 in Hg using
barrel temperatures in the range of 320 to 325°C, melt temperatures of about 300 to 345°C and
o a noz;xinal screw speed of about 300 rpm.
Table [V shows the formulation for Examples 8-14 and flame test, dripping, tensile
strength, %EAB and Keyness Viscosity.
These data also show the excellent anti-drip performance of the composition of this

invention.
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1 10% ): & ()-SHEWSC! -~ 110%): & ()-S# 110%): & ()- S#H$' *-01<I - ober 2002
110% ): & ()-SHEWSC! © 110%): & ()-S# 110%):& ()-S# 110%): & j‘%i
110% ): & () - SH<@HLPT_?NA4~ 110%):" 110%): & ()-S# 110%): & ()-S#
110%): & ()-S#° 110%): & ()-S# 110%): & ()-S#
110% ): & ()- S#TUFi kognN. NA4™ 110% ) : &'() S# 110%): & ()-SH
110% ): & ()-S# 110%):& ()-S# 110%): 5WBC! gsuv vk NA4®
110% ): & ()- St |10%) & ()- St !10%): SWSC! )" 110%): & ()- S’
110% ): & () - SHl - NAGe, | 16%) n& () - C 1109 )& ()-SH
110%): & ()-S# !1 $ 3¢ e nesd hiifs
!10%):&'( S# . 110%): & ()-SH llO%) 0) 110%.) : & ()
110% ) : & )F AP Nag llogAj) & (3-s# 1CS%O%)Siéi( qz)I10%‘)3 & ()&
!10%):&'() S# 110%): & () - SHEMB CIerSNA4 110%) &()-
PPA 3814 3843 37.85 38.14 386 38.31 38.02
Na Antimonate 3.9 3.93 3.87 39
Zinc borate 395 3.92 3.89
FR 23.28 23.46 231 23.28 23.54 23.36 23.18
Glass Fiber 33 33 33 33 33 33 33
Anti-Drip Polymer
Surlyn 0.5 1 1.5
Primacor 1 0.5 1.5
Algoflon 1
Ca0 0.4 04 04 04 041 0.41 0.41
Talc 0.28 0.28 0.28 0.28
Flame Rating vO vO Vo VO VO VO VO
Dripsd 0/5 0/5 0/5 0/5 /5 0/5 0/5
Tot. Burn Time? 4 12 5 1 4 5 6
Tensile (Kpsi) 22.09 21.4 22.09 21.34 23.2 22.78 219
%EAB 1.5 1.5 1.5 1.3 1.6 1.5 1.5
Keyness (t5)¢ 431 3.77 3.89 3.57 3.69 4.18 4.3

? See footnote Table L.
® See footnote Table L.

5  °Kpoise, dwell time of 5 minutes, i.e. t5.
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110%): & ()-S#S' 110%): & ()-SHSWSC!) " 110% ): & ()-S#

110% ): & ()-SHTZ: NAA™ 110%): & ()-SHEWBC! © 110% ): & ()-S# ! 10%73)0:(:&?%"-2&?2
110% ): & ()-S# 110%): & ()-SH789:; <=t XNA4~ 110%):& ()  '10%):& ()-S#
110% ): & ()-S# 110%): & ()-SH# I10%‘).&',() S# 110%): & ()-S#

1'10% ) : & ()-SH#H=>I moprV: NA4" 110%): & ()-S# 110%):& ()-S#-~

110% ) : & ()-S#H-~ 110%): & ()-S#-°

110% ) : & () - S#S5WBC! pgr st wxyzwwvl </ 10x* 10x* 10x* <10%* & () -

110% ) : & ()-SH5WBC! * 110% ) : & (%1 %ﬁ 110% ): & ()-SHz|[:1</10x* 109K ()-z
1099 () - 1099 ()- 10%K& )L 09K () - ( $10%<°/&' O)-~T|[:1</10x*
&s! 109KY&' &s! 10%KY& &s! 10%#& 1109%#& () - &s!.10%&' ()-(

&s! 10% $& ‘)ftf@rf[e"ief@ﬁ %Wg@drm%@m Bt Q?‘“@GWSIP D comprgioKor’ () -

j 610%)K%3& ()- -109K%' ()-( +10%K%& ()- Normal" "Heading 13]c" "Heading
23] ¢" " Headt abigb33mperatupestilyphtal@hide, " Headi ng 53] ¢" "Headi ng 63]c" "Headi ng
73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font70%%/ 9D
OX=cm\k 7y]j ' Grofn\a¥gtni [0kt rho0 pafs by Akight per 100 parts by weight polyphtalamide of

%", 0G38<AGHalige-doitaihtiRrdrgart flakk rdthidadidotapovnd, and

’>"n~ 9 xe6Mif 3] r8OSo$<Tq7 pzr;t uvwxyz{ | } ~6Ti mes New RomanAri al Courier New'h
Root Ent r yVWrgRos abou# %ﬁ\ péce f %géﬂﬁﬁie&%tai weight of the

<= >°@\BCDEF§%M%“M e anti bq{lé HHOP RO RS YReldidtin

having from 2 to 6 carbon atoms and at least one monomer containing carboxylic
acid moieties wherein part or all of said carboxylic acid moieties are ionized with a
metal ion.

<Q

-

2. The composition of claim 1| wherein the metal ion is selected from one or more of
sodium, potassium, zinc, aluminium, lithium, copper, magnesium and calcium.

3. The composition of claim 1, wherein the anti-drip polymer is an
ethylene/methacrylate/acrylic acid ester terpolymer ionized with zinc.

. 4. The composition of claim 1 wherein the anti-drip polymer has a melt flow index
‘ measured by ATSM D-1238 at a temperature of 190°C and at a load of 2.16 kg
which is below 50 g/ 10 min.

5. The composition of claim 1 wherein the anti-drip polymer amount is from 0.2 to
about 1.5 percent based on the total weight of the composition.

6. The composition of claim 1 wherein said polyphtalamide is a copolymer comprising
at least about 40 mole % recurring aliphatic diamine terephtalamide units.

7. The composition of claim 1 wherein said polyphtalamide is a copolymer comprising
recurring aliphatic diamine terephtalamide units having the structure

'I—INRNH'COpara'CGHS‘COpN‘a-

wherein R comprises at least one aliphatic hydrocarbyl radical selected from the
group consisting of substituted and unsubstituted aliphatic radicals having from
about 2 to about 14 carbon atoms ; and recurring aliphatic diamine aliphatic diamide
units selected from the group consisting of hexamethylene adipamide,
2-methylpentamethylene adipamide, hexamethylene sebacamide, hexamethylene
azeleamide, hexamethylene dodecamethylamide, hexamethylene
cyclohexanedicarboxylamide and dodecamethylene adipamide.

8. The composition of claim | further comprising from about 10 to about 60 wt. %,
based on total composition, glass fiber.

9. An injection-molded article comprising the composition of claim 1.
10. An extruded article comprising the composition of claim 1.
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