;e3e& 4@ 6T&pxd FLAME RETARDANT ANTI - DRI P POLYAM DE COVPCOSI TI ONS Thi s

“applqi cation clgm nefit of U S. Provisional Applica
601 073, 631 fi IMM’”HM’@@&4 1998. Background of the Inven”llllmmlmmmumII‘”",
invention relates _to retardant poi yam de conpositions. MiEgses
particularly, thi %% enti on rel ates to flane retardant pol yam de

conposi tions whi ch have excellent anh drip characteristics when exposed to

flanes. The tr dieAMERETARRANr ANTERRIP POLSAMBINE EQMRPSHEMNS has | ed to an
i ncreasi nb negd far. bl J. teri [ - [ ea a 1 st ance
and flame r e?g?c?gﬁ{‘“‘gf’ g;cieér"f‘f glge : g{?ﬁﬁ{ ;8{:Qféérq}gvlggﬁgu‘%g’(?ﬁc%\@:noﬁﬁe%?@?g%ﬁci rcuit
boar ds, fisvcbaRBU4 1908 packages and the |ike. \Were such devices are used
continuously, or are used in demandi ng_environnents) they may encounter
extremely high tenperatures. Bagkgwund obthe faveptiont s in heat resistance and
flame retard . i 0 [ th opt I nual.l ei ng
sought by t hgﬂisﬁg%eg@?éﬁé@g? %oi g?lﬁé;&garrg%%? f)lcyglf)‘gqe%ﬁ%p(%@ ,E“ic'y%# T B%J“%%/ia%ol ymers
conpr i siiig imexadre tdyteneflaha rmtadar goBahiidetampodigiond which K¢ exesral hent
mechani cal strength, rigidity, heat resistance and noi sture resistance.
These pérlyﬁhifé‘égﬂséﬁcéwf‘F‘h%ﬁm@CW@é"ﬁ%cept ance for use as engineering
plastics, pardl ?zlék.é‘ tdwarl @nt@%ﬁﬂiénc&t élQ&% W& efhofib iy ﬁ&eféd ot %%R@E&%ﬁ&sm‘%ﬁd
severe environnments nay be encountéred, for ‘exanplé, Tn electrical

appl i anGer pREHES matetialonaagd afush agtehteri hdak aesifuaict Santioflarkd @etardafi@propbidies,

el ectronic devices and in a var.i e.t%pof autonotive applications. Filled
conposi tPRBitylarly A yss iimepnsecters Tyl #pards semicondistas aackegesdndribe bkef Whetkng
fillers suc gl as i ; r > further inprpvenent in
neat rodiet Aadiestud el AREGES, 33 WS 1 dURESod YRl BTIRY,

resi ns, epedundstied@emely chighitngetatdres. bBtrtied gmpMbenerdthéen Redt yesitalRe iafd thamde used

in applications requiring self extinguishi Q.% characteristics and flane
r et ar darfetapsiaptgaeperaes fox such mptssialssys (hus epntipugly being sodght Hydhe induster a fire

retardant. o kiQi . i - hal

pol ystyr ene@ﬁgﬁ%i grtrag%ggté}g%%g@sgr&gmggﬁ%%%ﬁ%%hcﬁﬁﬁg{é g?’gab%%gﬁrﬁ?%nﬁt ed
phenol tdiarpiak taepldksarhaie aumiite clave xcellent meplaanical steenpei, aigidityg hpitopsisthaRks 1 n
certain pal yam de fomul atjons. Antjnony_ conmpounds are also used in

combi nat3gMaiFtu resiancs) Shes-Pelyamides arrfindingayide accSRIRLINIQSE USCASICABINGRFEST | ame
retardi j : Aaddi i g I f.Qr m de
appl i ca';}?;i %ﬁégpﬁ&‘%“?'{%iﬁ‘uw ggﬂg,' gt@ﬁ%ﬁ%&%yam@?@%ﬁ%g& ts'ig‘(')erﬁ;é %\a\ﬁéﬁmgégos ed
to a fl| an®y bdhencoudtered,doc exhnipde)dre clegtritad agplignce partdl inpionfigtqrs aydrsimiias patshazar d
and technol ogy. has been devel oped to . reduce the dri pﬁ%ﬁng by addi n%,a PTFE
addi t i veor iral angeleptrofie deyises) apd, ity 2pwAnePHaUPBORYE 2pPlisstiony, Filled

aggl oner ; . LA : 00 Dr : t | ded
part s 1 ramboRne PR S ol i RortbtoR R inttEeile MFPERTR. o e
conposi tglass fikedd atesalkd aneful etharedfunther haprogandht dntheadrdsistanco pad trigidityaind does
not agglonerate. This invention provides for such pol yam de conposition.
Summary %§Au¥ade | nvention This invention is a flame-retardant, anti-dripping
pol yam de co it i Sl 1 - iy gani c
Comound, andiing miisf RGP MR Rohft, Kalfaiics the AP bR, TR B

conpr i si pyydnide isytoete dsed egpplications requiritg! setfratinguighigdimedcteristicssaid flanteed
nononmer and at | east one carboxylic acid contaj.ning mynoner. Detailed

Descr i ptictasdast propertiosdt dy pesgsaphduresertte thaaddyien fie firg seracdany dlalngar-

or et or et PEAtfE ghesir AR AR o' ellgbndt Y Bl On IPRIAOBRB ORI

hi gh t engaidadsdiieh PRIMESBromidalde plichbRtd f6lyivhidss daveabe@edsed abtiaipit e f | ame
retardant conpound together with a |low | evel of an anti-drip polymer

conpr i si retpréding prapegies {oeerain polpamide foraulationsnAntimeny eampoandls argradsatusediined
nononer and .at. | ea n ar boxyl.ic acid.caont ai ni,ng nD ro.The i nproved
flane retyt 8@%0?’%&&%2”@5%8%4“8% Oéémt"ﬁ icgmpéw‘le gf’ olnm%?m&ﬁ ﬂf)rlngfrgtlrma l[fgyvbe a

gl ass fia%baﬁgiled partially aromatic pol yam de containing an organic.
brom ne-containing flanme 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 polyner to the conposition. By partially
aromatic polyanm de is meant a pol yner containing units derived fromone or
nore aliphatic diam nes and one or nore aromatic di carboxylic acids,

i ncl udi ng copol yners contai ni ng such uri t s. Al t hough any pol yam de can be
used in the practice of this invention such as nylon 6,6 or nylon 4,6, the
preferred pol yam des suitable for use in the practice of this invention

i nclude the various linear, thernoplastic, high tenperature, partially
aromati c pol yam des and copol yner anal ogs thereof, frequently terned

o - o, o " o,




crystalline, high tenperature copol yam des conprising terephthal am des of
‘al i phatic diamnes. Such copol yam des wl! conprise as structural units

t erepht hal am des of one or nore C4-C 14 aliphatic diam nes such as

hexanet hyl ene di am ne or the |ike, including diam nes having one or nore C
1-C4 al kyl substituents attached to the hydrocarbon portion. In addition to
the terephthal am de units, these copol yam des may further conprise as
structural unitg,one. or re addi tional dj am.des of such, aliphati

di am nes). 1 onh@aBR S T aRlR lor 308, oPb AR &Rt it BB gt g or
rel at ed gORAEOdEmpUsitiodswhaDpkidiad ks aafarfl, AR halssie ddilary bexay.c acid
or the like, as well as diam des derived from aliphatic diamnes and C4-C
14 al i pHitPpnedpAunefoidyd hezagk apgsteghnolegyshas beew dpvalangd te wedvca shegdrippinmbyini t s
derived fr.om adi-ai j S i i, I xane_ di carboxylic.acid and
simlar 3308s ggé(ﬁ%c@gg{%ﬁﬁ's. Rﬁ@zglé% g’?ﬁ%o?’ﬁ%‘g|“3§‘fﬁ“g§sP@Sﬁ‘p‘ﬁ‘r"?sﬁf&“‘a“"“ can

t er epht hisRifdifte Whd tousdpeobiéayvh the n’idl@n%bfocbﬁﬁls&dj toghakd @oldRY PERY Bom the

copol yam des conprising a _conbination of hexanethyl ene terephthal am de

uni ts argplyrexidersomppsitien.adihsaart. dhergioirg, sneedpai potiaimiide coropenitiongthaeisaffembly| ene
i sopht hal am de .uni ts, Particularly suitable for use in the practice of this
| nvent i o ARAET KT EPL TP RpETiedaoposy Rotagelomstaic TusdnisnionRy gy r

t er epht ha(cRBbHAmiR dofnpokifienbal ance bei ng hexanet hyl ene adi pani de units,
either alone or in conbination with up to about 30 nol e% hexanet hyl ene

i sopht hal anide units. Further Summdreefthe Inveniemi des that may be suitable

for these purpaoses are the,well kno rystal |l izabl ol yam des conpri si ng
t er epht hal ani ﬁlélg OISt én“ﬁ‘ar're?mé‘l‘aél\‘rf?aﬂg's%g HER pé)_gyaﬁ’é%a‘%&%ﬁ“gﬂéor&%\ﬁ%% and
2met hy| - pApdrAIdE] 4 iAl6geh-EintdihiAg ordaficOionfiotnd, At ahlantildiip dTRLNTAASUME QFRRNENT
of the invented conpositions may be a crystallizabl e pol yam de conprising

at | eastantbduip caroponsnogmpsiseieed palymer fogned ot at kst ane tholenicallp unsatweted

recurri n%‘ al i ghati g <:dite})rn'engrbt erl%paht calngﬂi.ﬁje units which may be further
descr i beHoREMyTAnd AL least one sarbpyliciagtd comAMBE MORAMST: o1 f orui a: O 0 - HNRNH- C
O C wherein R conpri sePeaiilell ERSdripdios ofithie Phéttired BMBsAmealy! radical .
Preferably) aliphatic radicals Rin the above formula wll conprise at

| east one st r dhghimprovad rflamerigtacdantl anti-dripc pplyamidebenmppogitios of thigsiobentionut ed

aliphatic_radical having fro bout .4 1o hout 14 .carbon.atons.

Pol yam dELPEo Tl RS E Bith chontae nyBRits J6¢ By RRERR cer-

desi r abl gi1bd 8ighttemperatié pelyRhRIRElirme Setari@) G4ther halédeh-coRdalniipoflane rdiirasdial
degradation tenperatures making themwel| suited for nmelt processing and

f abri cat rergpeund tagether with gopwi lavel ad dinegatirditn pely®ereemprising, a gplypiet fermed
exanpl es.of suyi,tapl e aliphati,c radicals include tetr t hyl ene, .. .
exanet nPEna! St R et ARG SR EReT PR g Catichy BB B pbovtc acia

al Kyl subgédthinir@nérAamed STl ialpréved dtaiRi Btatded poBariideydoaipRsition of this invention

2, 4-di et hyl hexanet hyl ene and the |ike) and cyclic anal ogs such as

p-cycl ohwayllpr@fn@bb’hbe laj glass fibrsifilled efagtiadly| rometi polypmideogantdining @npoteawe a
hexanet hyl ene radi.cal , ,eit he{am%hgneghgr S . m xt urg. w t.h,addi ti oLPaI z?.l t'?“ohati C
4 to 14 CHPWBRoARAng, g st p f Ay dop BEIRy ieF %'8rﬁ?8}?8ﬁ1 128 M have
a nel ti ngnRAlieH aff pﬁividdﬂa_ﬁ* adBRE! théréRCam Sanfi-drips biféctivt dniunbhiofhhe ARty Of
terepht hal am de units; still nore preferred are pol yam de conponents

mel ting aplyaizote tR2I0@positiaivo By B8Gily ardmatisr pol xamidelisgodant Aipdlymerggntipingor e
particular]y described as crystallizahl e.or sem crystalline partially.

P it 1 o UBY JEe OB i finbade it B AE o o b deni oi ng
recurri ”Qciﬁﬂiihau&iﬁ%wﬁﬂf(ﬂ&is@&&ﬁin'%tshélﬁrﬁ{sa' formulas A, B and C, shown

bel ow) in proportions of about 40 to about 100 nole% A, 0 to about 35 nol e%
B and about O Althoagioary ilyamide éanbe Sedin the QraCri¢d-iRXiHs (rventi@ Ok I ©6
-C(CH2) 4CNHRNH- C I n the above formul as, R canprises, at .| east one .aliphatic
hy dr ocar By AYIoRd: e pretemed eplypmisien awizbb e In BicPrardige PEHHEBYFNOR ifhluda o

of aliphag] 14 C i cad 8, e e I L , and
C may |1 & oftpl” ihfert ARl PR’ el ool sROmddts pRahiuct o8 5
5- 0: 50- 0.cofolymbbifaldpsaheres R Grequantly téred ppaialig atotiesic aiytonk.h Oskyainindes ehan atehe
mole ratio o?_the units A. Band Clies in the range of from about _

40- 90: 35-cayssulit®)orgnystallizable are peefosreds andaparuculacy nrefemed F the Grysaling frigmiof
from about 40-70: 25-0:50-5, because such conpositions exhibit excellent

t hermal and mechani cal properties. Such pol yam des have nelting points of
about 290 to about 350C, glass transitidn tenperatures (Tg) of about 90 to
about 130C, and inherent viscosities generally ranging fromabout 0.7 to
about 1.4 duUg, with about 0.8 to about 1.2 dllg being preferred fromthe
st andpoi nt of properties of nolded parts and ease of nolding. Especially
preferred anong such pol yam des are those wherein R in the above formnul as
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the like, may be found particularly desirable for use where | ower nelt
‘tenperatures will be encountered. O her suitable copol yners conprising

t erepht hal am de units are known and have been described in the art. For
exanpl e, copol ynmers conprising hexanet hyl ene terepht hal am de and
caprolactamunits, and terpolyners conprising hexanet hyl ene

t er epht hal am de, hexanet hyl ene adi pam de and caprol actam units have been
avail abl e from co rcial sources hese ma | s found useful .

31 ende ofSIAIRS: *NoRe S5orsrRRtta SoBU AR (RRTY  ARerai cl ABls
this inveminiass. $hes CoppMehnilidsewils torsdk @s pauétual uiitd csphitatnidsysadeorand
copol yam de resins are fully described in the art, for exanple, in U S

Pat ents 4n®8 ¢4-€08; aliphatio dimines; sugtnay hexametinderredigmingy or bed like, inclgding
Patents 5,288, 793. 7 ~ 53 . - Lh chings of
t hese patd(laarﬁ"él é%tn%‘ﬁ%q%iogg?o ?g% Qgﬁ' égﬂgrag “?/lﬂ:ﬁ tr?%grg%%? g‘?é‘& h&%&%%rﬁglbgorgg?'e@ence.
Parti al | yadaitionmé itle: REdphithaiatifde anies, Hrsdidpslyamideanesd fisthEricoBipRis€ 3§ SFudaramn
and described in the art_such as, for_ example, the continuous and batch

pr ocessedindgtone (it Mofenadditpnapgiamides of sgh aligphaticrdiamings.7 fosrrxampleg disgades

i ncor por aje rej ref. . A ' ' l.e.c | Lfles .are
readily a%ﬁ%‘ggﬁogd rol(i)l%%ng o‘%ﬁgre{rrg{g:sﬁz’lc s(l)&é?ézljegayﬁgg;o@@éﬁr%ggg,sc%g%ﬁﬁﬁﬁgﬁjcan‘? ‘Tes
conpri si ngph@yrRARURYbERAcCcalTbd e liké, ap Wehak diihtlesdeiilél e alifiettic Widnkin@ne or
nmore additional units such s as hexanethyl ene adi panm de units, )
hexamet hydndriés-Cs o pliphatic tisadeoxyhi¢ aeids ertslagdznompenndsi sugh ahdiamide yriifgalerived

avail able.froma varigty. of. I al . squrces, .incl uding,.Arl en= pol.yam des
¥ om Wt T agiepoiRl diaticdd SRRTRuR A IS cid R L) Aol R

pol ypht hal ami dg v#iztynsf fpoBmidesC eonfgstisitige tetdphthatamidd @nite a8 'kROWY ARt dal i de”
as set forth in ASTM D5336-93 is reserved for pol yam des wherein the

conbi ned iseludiaar oF exampint kaPAyrBden rRMpsisigrt Ralcambinatiomi efs hexammethyleasst 60
nol e% Howeyv 3k ough:. CO n i e art. .the m or . del y
under st oot eggﬁ’fﬂr?éﬁ %edi %“%n%oﬂ‘%‘rﬁn“%@‘% at ﬁ{é%a[n?lgl ns"hg'ﬁlt h‘gﬁqg"Pan?g E;ﬁcll 48

i rrespect hékamefhylene isophtiatantile St Particalagly stablbedr b il el fradti® of this
t erepht hal am de or isophthal am de units. The nol ecul ar wei ght of the

pol yani deinygntjonpare sepelyamidgs campesing at dpapted] moleds hexamethylens: terephthalpaide
particul ar _.en LS f . SSi n | .at.ed
For the r oy the Gl bl B AR adhidful GHRTSMIP HOEL 4P HEcHAINSIIR, BUED, |
For exanphgjo 460aeB0 giotsde hpimetiilelrssophthalahfidea@tits. Futthe@kxudples bf pslyariides
filament uses are contenplated, while those identifted by the art as,

ext r usi onthgt arpy hecsuitable clor JhessoPuPegs radlee Mwedl kaowy crystallizahls| polyemidey

t hose use 5l ' ' ' [ . [

i nher ent ?/?[g@k)ggl {cge?hglrﬁlggﬁ %ﬁstﬁ?ﬁ%lr)] l&g OE@( ﬂ%ﬁg{eé %g‘ﬂ "%?‘8‘ era %/Aeédrlge}g%{% Eg(tl %én'
about 0. 7natly)-puhancthpleseidiaghit 30 C, di ssolved in a 60140

phenol /tetrachl oroethyl ene (TCE) m xture at a_concentration of 0.4 g/dl.

Al t hough t her elni grear datatli the| Rolyamigde compopent pfythe Hpyeaisd) campQsitigRs may e

sui tabl e r I 151 Yari, Qe i

pol ypht ha{:%ﬁ%agg‘%lk[bﬁ‘ se (g\ne ?%%ﬁ+%h€%tﬁﬁts%dgg@{lﬁ§g%ﬁé§{ fras %%t ?j P or
even greabdut 108Ymbleve xédubrimg Miphaflié diadlike teeephttaafide Wwhiey Which Ymayabel flithec e
will not be preferred. The anti-drip polynmer additive useful in the

conposi t i descobed a5 representeditiyche following symediral fqsemipirer obt ai ned by

pol ymeri zing one or nore ethylenically unsaturated nononers such as

ethyl ene, propyl ene, a butene or othergolefin or gli- or tri-olefin having 2
to about 8 carbon atons, preferablm 2 1o g, cakbon| atons, with one or nore
unsat urated) preferably al pha—tdNBNHsEa \& bY—CGarboxyl i ¢ aci d cont ai ni ng
nononers preferably having 3 to 6 carbon atohs. The ethylenically

unsat urated nononer can al so be selected fromstyrene or vinyl acetate and
the like. Preferably, the ethylenically unsaturated nononer in the

anti - dri p wheteymBrcomprisasiay leastonp plighasic Bydrocashid radigabpy| ene or a mixture
thereof, and nore preferably conprises ethylene. The carboxylic acid
nononer, in ad@idfe@bly! sliphaiidgdicalstihim e sbvé Gsrfiul @il dotpiie aslesst onastiaight Or
anhydride or other equivalent of an acid group. Carboxylic_ acid npnoners
such as achsinhj rasched aréxslicnubstituted ot unsybstiutedhalinbpiic radicabhayingfry abquy dyto
fumaric acid, and the like, are suitable. The amobunt of nonomers containing
the carboxylic acid group can be in the range of about O to about 25
percent, preferably about 0.2 to about 13~ percent by weight relative to
the total weight of the anti-drip polyner. The anti-drip polyner additive
useful in the nethod of this invention can be nade by copol ynerizing the
nononers or can be made by grafting the carboxylic acid nononer or nononers
to the polynmer nmade by polynerizing the ethylenically unsaturated nononer
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General |y, the organohal ogen conmpounds known in the art and described as
‘hal ogencontaining fire-retardant conpounds will be suitable for use in the
practice of the invention and particularly desirable among themw || be
those generally characterized as brom ne 8 containing flanme retardants.
Such conpounds are avail able from comrerci al sources and include, for
exanpl e, brom nated pol ystyrene, avail able as PyrocheckO from Ferro

Cor por at g 187afHoRAkAs. PPblyRARIBY Lafrisiidhfich rAdadld aiisic aggoﬁ’%&aut[ﬁ@%@r eat
Lakes Corporation) and pol ydi bronpstyrene (PDBS), avail fromTéijin

Lt d. anddesrabieRERD tmwa@treapromattes @sether avitto rmelibogi anido tizermelidegiaHation

hal ogenat ed compoun n such as,. for ex

ol yor 1 plrsEromaking B &t RuaT AR trostheind g Fbreaio B bishidn RO ©

pol ytri CQﬁd)ré?&(tu){lbﬁn@perﬁﬁbtﬁépenSQ&h'ﬂcoréiﬁﬁt?%E”@f aifable aliphatic radicals include

pol ytri brono- al pha- net hyi styrene) as we as pol ydi br ono- p- phenyl ene oxi de)
pol ytri bmmmemytﬂmenylbmmetbydcm dqded:aylmthylfﬁmr @ndpplhnadgkleems oxildas their alkyl-

Clich. conpti RSty aaE s mr s pPamHab e & AF methyfieae™<oyfEps e

bi phenyl )an@rc?mcnﬁ{aﬁfks%@ﬁ‘%)b -dyRRhBgyl and thd Gkl M@st%ﬁef@?&bly,% in the formula

chlorine-containing Tlane retardants such as Dechl orane, "are al so avail abl e
froma v&oinptn;es@fhetcamwtbylcllcaﬂadsducldws albue onasanixturé wahmddemaaldthph&t;c 4dl4 hese

may al so be found e ce of thi nyention
mol vl by ShtGeR b TR pieirefl s fatmid: Smpatents el Rave fdhslting paint g6 a

pol yani dqeagpm%ztdoerhsafreédt éfthé't{gifcbﬂ&ubﬁ@éwﬁﬂtéli}ﬁb& ttﬁgy,:os}).p'y@%é ;,Jl.gatarat

physi cal properties, such properties
CONposi t|am1polﬁrmdpcd>mwmmntsImelmlgmtahd>utﬁe®°&tEsabamtém%(ef ul in the practice of

this inventi orJr as flanme retardant s ner |sts ﬂ?g de t he al kaline earth
met al bor at es @Wf%dsﬁoﬂm‘fi‘ifrﬁ‘ﬁo B'aﬁct’@ a%:%ﬂ/%f?‘t}mbé%?ategu-
magnesi urghg% f
zinc .borate 12%m%ﬁlg?r%?tﬂﬁ%ﬁdiﬁg‘%%ﬂnﬁfﬁg?t?fcl-yé ﬁngggatéag&{s‘%%né)

suppr ess am'tsnwgtmltsrconesmodmg th etauctural fosmeac AaBaod €1, isbowr beiber, uapmaomehy of

commor o Aty D BT Lol B JRnctssh @%w% oo 135 e Al el

conposition 22n038203xH20 where X Is between 3.3 and 3 7, such as
2Zn03BZ033. SHzZ0, avai l lPS Borax as Firebrake ZB as well as
4Zn0B203H20, avallabJ_eC r@ éarNﬁRNH‘..e_as Firebrake 4¥5. Anhydrous
2Zn03B203, avail able as Fi ke 500 may al so be enployed in the invented
formul ati on. Qther hydrates are al so known and may al so be found useful.

O her known flame retardant synergists for polyam de fornul ations including
anti nony conpounds such as anti nony oxi de) sodium antinonate) and potassi um
antinonate are useful. 9 Fl ame retardant formul ati ons according to the
invention will conpriseQpol yam deQtogether with a flane retardant effective
amount of the flane ret#rdap co%swtably from abouig 10 to t 00 pbw
(parts by weight)) preferap ro 5 to about 80 pbw flanme retardant
conmpound, and from about 0 about 50 pbw, preferably from about 1 to
about 15 pbw of the flame retardant synergi st conponent per 100 pbw

pol yam de. The particular level of flane retardant and synergi st enpl oyed
for the practice of this invention will depend in part upon the particul ar
pol yam de and fl ame retardant conpound sel ected. Were a brom necontai ni ng
flame retardant i s enpl oyed, froaﬂﬁbout 45 to about 75 pbw of the flane
retardant per 100 pbw pol ygm de en used in conbination with synergist,
wll be found to inpart adg(maz)ecNmnHLet ardant properti e for nost

pol yam des. Partially aromati c“pol yam des having a high level of aliphatic
conponent may benefit from having a higher level of the flanme retardant. A
flame rethr dardbove fdrmubaspR dongmiseeatcloast ane iatighdtik:atydmoetbai dadical aandiegdribed
borate that will be useful in partial IK aromati c o%i)‘)%n‘i ntain

the two cb‘ffﬁ‘ﬁﬁt&’fﬁsanétm%}’ WBY"@?&‘ ar‘ﬁ't"?‘lse phalinbatic 4 5¢,d %%d{m Jroe §ago
about 15° of thedfifts | A n9§m§%§t6ﬁff&uraeamvud 106265 DBO0 of ApbAPAL

adequat e f) Bfe refardance en use ratio o about to about
10: 1. Thej@®stof50af anti-drip polynmer added to the conposition of this
invention is an anti drip effective amount. An anti-drip effective anount
is preferably that anpunt which results in a flame test run according to UL
Standard UL 94 with no drips falling durfing both the first and second burns
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is not in flanes, then there is no debit in the rating. If the dripis
flam ng, then a lower rating results. W have used a nodification of this

test, where the nunber of drips are counted whether or not in flanes. Thus,
in data bel ow, the OIS ratlng |nd| cates t hat no drlps fell durlng the test

o r - ., —— r Y b1 o o




Pol yam de: PPA Hexanet hyl ene terepht hal am del hexanet hyl ene adi pam de 551 45
‘nol e ratio 'copol yner, obtained as Anbdel A-6000 PPA pol ypht hal am de from
Anoco Polyners, Inc. Anti-Drip Pohrmers The anti-drip polynmer was either
Surlyn 9320, obtained from DuPont) or Primacor 1410 XT, from Dow. Fl ane
Retardant: FR Pol y(di bronostyrene) flame retardant, obtained as PDBS80 from
Great Lakes Chem cal Conpany. Sodi um Antinonate: Obtained as Pol ybl oc SAP-2
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994 frongegmg frohXmé&y PAymesScl nc. Al fornulations in the Exanples are

given in wt.% based on total weight of the fornulation, including fiber
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Hg using barrel tenperatures in the range of 320 - 325C, nelt terrpera{ures
of about uBleBtood 3A5Gciadiohgaanyopriyahide chatveonpaedpluhalakaist wBBOimespectifedof the

amount of such units or whether the units are terephthalamide or isophthalamide units.

The molecular weight of the polyamide will be generally selected to meet the
requirements of the particular end use envisioned and of the processing methods contemplated
for the fabrication, according to practices widely known in the resin arts. For example, fiber
grade polyamides will be best suited when fiber and filament uses are contemplated, while
those identified by the art as extrusion grade and injection molding grade resins will be
employed for those uses. Such resins may be further described as generally having inherent
viscosities greater than about 0.6 dl/g, preferably greater than about 0.7 dl/g, when measured
at 30° C, dissolved in a 60/40 phenol/tetrachloroethylene (TCE) mixture at a concentration of
0.4 g/dl. Although there is no particular upper limit for molecular weight to be suitable for
use in these compositions, very high molecular weight polyphthalamides, those with an
inherent viscosity as great as 2.0 dl/g or even greater, may be extremely difficult to process
thermally, and hence will 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 unsatura‘ted monomers such as
ethylene, propylene, a butene or other olefin or di- or tri-olefin having 2 to about 8 carbon
atoms, preferably 2 to 6 carbon atoms, with one or more unsaturated, preferably alpha-beta
unstaturated, 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.
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




Table 1 shows the fornulation for Exanples L-6 and flanme test, dripping,
"Tensile strength and % El ongati on at Break data. Table 2 shows the Keyness

Vi scosity (Rheoiogy) data. TABLE 1 Fl anme Test, Dri ppin~~" Tensile Strength
and % EABFor nul ati on123456
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ethylene/propylene/vinyl acetate terpolymer can be reacted with one or more of the
hereinabove listed acids and anhydrides to graft the acid or anhydride to the hydrocarbon
polymer to form polymers useful in the compositions of this invention. The amount of acids
and/or anhydrides incorporated by grafting is suitably about 0.05 to about 10 weight percent of
the polymer. A combination of copolymerization and grafting can be used as well. Examples
of polymers made by copolymerization are ethylene/acrylic acid copolymers,
ethylene/methacrylic acid copolymers, ethylene/itaconic acid copolymers, ethylene/methyl
hydrogen maleate copolymers, ethylene/maleic acid copolymers, ethylene/acrylic acid/methyl
methacrylate  copolymers, ethylene/methacrylic  acid/ethyl acrylate  copolymers,
ethylene/itaconic  acid/methyl methacrylate copolymers, ethylene/methyl hydrogen
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
copolymers, ethylene/vinylidene chloride/acrylic acid copolymers, ethylene/vinyl

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




Levels of less than 1 weight percent of the anti-drip polyners based on the
'total conposition are effective and it is surprising that the |ow | evels of
the anti-drip polynmers of this invention are so effective, particularly at

| evel s bel ow 1 wei ght percent. Exanple 7 The data in Table Il show the
excellent anti-drip performance of the conpositions of this invention. This
data shows the results for a fornulation containing 0.9 weight percent of

ti-dri | dditive, n two fl tests,. ' f d.
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are preferred, and more preferred are polymers that are not neutralized. Anti-drip polymer
additives useful in the composition of this invention are available commercially. For example.
Surlyn® polymer matenials such as Surlyn® 9320W manufactured by E. I. duPont de
Nemours and Company and Primacor polymer materials such as Primacor 1410XT,
manufactured by Dow Chemical, are useful in the composition of this invention as anti-drip
polymer additives. Surlyn® 9320W has been described in the literature as an
ethylene/methacrylate/acrylic acid ester terpolymer neutralized with zinc. Primacor 1410 XT
has been described in the literature as a copolymer of ethylene and acrylic acid wherein about
9.5 percent of the monomers present are from acrylic acid. The anti-drip polymer additives
used in the polyamide composition of this invention preferably have a melt flow index below
50 and more preferably in the range of about 1 to about 15 g/10 min. measured by ASTM D-
1238 at a temperature of 190°C and at a load of 2.16 kg. Methods for preparing grafted
copolymers are desclosed in U.S. Patent 3,884,882. Methods for making the metal neutralized
copolymers are in U.S. Patent 3,264,272. These two patents are incorporated by reference

herein.

The polyamides in the composition of this invention are made flame retardant by
compounding with a flame retardant compound, typically an organohalogen compound, and
preferably a high molecular weight organobromine compound.

Generally, the organohalogen compounds known in the art and described as halogen-
containing fire-retardant compounds will be suitable for use in the practice of the invention

and particularly desirable among them will be those generally characterized as bromine-
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composition of this invention because they result in superior physical properties, such as the

flow properties, of the polyamide composition.

Group IIA or II B 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,
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 2Zn0O+3B,0;°xH,0 where x is between
3.3 and 3.7, such as 2Zn0+3B,0,3.5H,0, available from U.S. Borax as Firebrake® ZB, as
well as 4Zn0+B,0;°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 t;lay also be found useful. Other known flame retardant
synergists for polyamide formulations including antimony compounds such as antimony

oxide, sodium antimonate, and potassium antimonate are useful.
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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
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.
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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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 filiers such as carbon black, tale, clay, mica and the like may usefully be
included.
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 Il 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
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,

including polyolefins such as polyethylene, polypropylene and poly (4-methyl-1-pentene),

olefin copolymers such as ethylene/propylene copolymer, ethylene/l-butene copolymer,




23 . A@

LA@A A F. AL AGF. AsY. As. A9l . AAI . Al . A9l . Ahl . AU. A" h. Al . A9A, . AY. A" . A AU . AF, . A
U 3j}e"$3%) $~yt oj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] cMa
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] caU] c<a] cTa!) $;

SNV U1 ***+,,/ /" 1266(: -: DDFM GBOP} TXX"j bc| wr mhc”Y] c] calca] ca} ca] ca] ca]

ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal- caU] ca] ca

Il c N
L oav] carely el TARARbEN il AR ACY bl S RS PGt SRRl AT 2] <
a] ca] ca] malika
MXe$3s6C' | } xr ng Xnhc"Y] a] ca] ca c™a] ca) c™a] ca] ca] cal ca] ca] cMa] ca] ca] calc
n g betaggie apbvphine oaich o polyamides Such
:’:‘lé?LSkZ‘]Ca]C ) g}%m Ry @Pﬁ‘éﬂ;"éﬂ LT | salqal.salsalaaleal cal o
~a] cal] calc W}'&E’? éf l‘f }"g%} ca ca?%:\g'?gég s“ortnfiAnfanioR S s 4R 8
ar @[ ahsmf@pr&ﬁ@ ptyarytedUpsythrbadata] palyasdtala) palysdfones del eaplkhabgaksal ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] caU] ca] cal cal JP JFLI ) O 9JE{vql gb
] X] c] ca] @}'l&i] elikaa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]ca]ca]ca]ca]c

ol cal cal cal i3] cre Yo e Edredpepatiton Bt I 8 PR R R 0L Oy

a] ca3f H* be dfily(empldyeddiol hixingthe P8l delfﬂ%&e(rétardant@ﬁ%ie é))nerg@%/i&péﬂcm
@QLO%& () - Lj H)+10%& ()-"109& () 310%& ()-"109&" ()- 109 () -
109& () - topetigr wythfibrous) rrinforceng, pgents) and_puchofurher pdditivesces may 1 be1desioek; t0) - 10

0 555§t U i O i A9k, Doy s o

7" 10%39%(6)@635&@%1& Cﬁ\)ldl:@fonnwmeﬂsc%l tﬂ&%@g&b(ehderlﬁ%lﬁq lﬁl):ndc$$l°/ﬁ}rﬂé¥ 109
<990- 10%&' ()- < ' 10%t& ()-F < Z109%D& ()- ! E, #10%& ()- F, #109%& () -

10g) $; $” Wm%%ewliwgowm izag yxtgaqeao%u@rwﬂatlon may be proﬁle-exuuded 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
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
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,
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
In examples 1-6, blend formulations containing a polyphthalamide (PPA) copolymer,
an anti-drip copolymer of an ethylenically unsaturated monomer and a carboxylic acid

12

-




10 10 10" < 109& ()-4"109%& ()-990- 109%& ()-' %1 ***+, aBbC 10gSH#" 10% U& ()-!10%
"U& ()- 10% U& ()-1" $10%JU&E ()-"10% U& ()-' 10% U& ()-,,///1/0" 1b@

10g! &F#109% " & ()- &F#109% & ()- 10 U 10 U 10 UL<L10% U& ()-L-"10% U& ()-+10%
U& ()-'12266(:*:+: }724@1 10" <s10% & ()-s+#10% & ()-y! L#10% " & () -

L#10% & ()- !'L"10% "& ()-L"10% & ()-+:, : - : DDDDDFM NkI 1

10" F1"109%& () -ss-#109% ()-m( 10 10 109< 109% ()-sY- #10%& ()- 2

containing monomer, a flame retardant combination of a bromine-containing organic
compound and sodium antimonate, were compared with examples containing no anti-drip
copolymer.

The following analytical methods were employed to obtain the data necessary for the

following examples.

Tensile Strength (Tensile) and Percent Elongation at Break (% EAB)

Procedures of ASTM D-638-1 were followed.
Kayeness Rheology

The sample was first dried to a’moisture content <500 ppm using a vacuum oven at
100°C. The melt viscosity of the dried sample was measured in a Kayeness rheometer fitted
with a capillary having a diameter of 0.04 inches, L/D ratio of 15/1 and an entrance angle of
90°, using test weight of 11.0 grams, a melt time of 188 seconds, a delay time of 87 seconds.

and a melt force of 300 lbs. The sample was tested at a shear rate of 400 sec’! and 315°C.

Melt viscosity in poise (or Kpoise) is shown after dwell times of 5 minutes (t5), 10 minutes
(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
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
rating incorporates the number of drips that fall from the test bar during the test. (For each
test, S 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

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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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
Chemical Company.
Sodium Antimonate:
Obtained as Polybloc® SAP-2 from Anzon Division of Cookson Specialty
Additives.
Zinc Borate:

Obtained as Firebrake® ZB from U.S. Borax

Additives:
Ca0 Calcium oxide, obtained from Atlantic Equipment Engineers.
PTFE Polytetrafluoroethylene lubricant, obtained as Algoflon® DF-11X from
Ausimont, USA.
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

The composition of Examples 1-6 in Tables | and 2 were prepared by mixing the
requisite amounts of PPA, anti-drip polymer and other additives, then melt 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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Tot. Burn Time® 0 3 | 10 4 4
Tensile (Kpsi) 1605 20.8 219 2363 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 § drips, respectively. However, since all ratings were V/0, none of the drips

were flaming.

YThis is the total of the burn times for each of the 5 bars used for each test.
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TABLEII
Keyness Viscosity (Poise) at 315%C and 2400 sec -1
"Ex. t5 tio ts
2 4598 3754 3356
3 4242 3500 3066
4 3586 3092 2552
5 3622 2860 2578
6 3382 2022 2402

The data in Table 1 demonstrates the excellent flame retarding and excelient anti-drip
properties of the present invention. In particular, the compositions of this invention shown in
Table 1 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
avoid any reduction in strength or elongation properties.

The data in Table I demonstrates 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 be
desirable to use the lower levels of the anti-drip polymer, i.e. levels of 1.5 weight percent and
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

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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further modifications may be made without departing from the spirit and scope of the

invention.

Formulation (wt%)
PPA
Na-Antimonate
FR

Glass Fiber
Anti-Drip Polymer
(Primacor)

CaO

Tale

Drips

Flame Rating

Total Burn Time

Examples 8-14

TABLE I

38.19
391
23.32
33.00
0.9

0.4
0.28
0/5
Vo

4 sec.

0/5
Vo

13 sec

The composition 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

a nominal screw speed of about 300 rpm.

Table IV shows the formulation for Examples 8-14 and flame test, dripping, tensile

strength, %EAB and Keyness Viscosity.

These data also shows the excellent anti-drip performance of the composition of this

invention.
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LI0%B & ()- LI0 & ()- L1I0WM & ()- LI0W & ()- ~_j Kkl ptuxX@10#L10% & () -

Flame Test, Dripping, Tensile Strength. %EAP And Keyness Viscosity

Formulation 8 9 10 (' 12 (3 14
PPA 38.14 3843 37.85‘ 38.14 38.6 38.31 38.02
Na Antimonate 39 393 187 39

Zinc borate 395 392 3.89
FR 23.28 23.46 23.1 2328 23 54 23.36 23.18
Glass Fiber 33 13 33 33 33 33 33

Anti-Drip Polymer

Surlyn 0.5 1 1.3
Primacor | 0.5 1.5
Algofion 1
Ca0 0.4 04 04 04 041 0.41 0.41
Talc 028 0.28 0.28 0.28
Flame Rating VO VO VO vO VO voO voO
Dripsa o/ 0/5 0/5 0/s /s 0/5 0/5
Tot. Bumn Timeb 4 12 5 1 4 5 6
Tensile (Kpsi) 22.09 214 22.09 201.34 232 22.78 219
%EAB 1.5 1.5 1.5 1.3 1.6 1.5 1.5
Keyness (t5)¢ 431 3.77 3.89 357 369 4.18 4.3

* See footnote Table L.
® See footnote Table I.

¢ Kpoise, dwell time of 5 minutes, i.e. t5.




L1098 & ()- L10% & ()- L10% & ()- uzpX<410#L10% & ()- L1098 & ()- L10% & ()-
'&L10% & ()- L10% & ()- sX6410!9s, "10% | & ()-@10% & ()- L10% & ()-

L10% & ()- L109% & ()- \*5678A] 0bU310!"' Y10% & ()-10"010"10" 9@ 10% & () -
s, "10%& ()-@9s, "10% & ()-@9s, "10% & ()- @\ _?bU310!"

Y3109 & ()-"310% & ()-"310% & ()-"310% & ()-"310% & () -

Y109 & () - mvi bU3310% & ()-"310% & () 'S%W ()-"5W

e30310% & ()-"310% & ()-"1-bU3310% &'?

€30310% & ()-"310% & () - "310% & ()-"310% & ()-"gKbU3310% & ()-"5310% & () -

S1OWE ()3, 1080 Slrs ot S opl-aBA ool ity corapiskion "CONBSL0% & () " 31
e30! &mvt bU33 10¥nerfaure %&9%&alﬁ9mde§ h0ickehdcontaftiig organic compound, and an anti-

drip effective amount of an anti-drip component comprising a polymer formed from at

least one ethylenically unsaturated monomer and at least one carboxylic acid

containing monomer.

2. The composition of Claim 1 further comprising from about 10 to about 60 wt.%, based

on total composition, glass fiber.

3. The composition of Claim 1 wherein said polyamide is a copolymer comprising at

least about 40 mole% recurring aliphatic diamine terephthalamide units.

4. The composition of Claim | wherein said polyamide is a copolymer comprising

recurring aliphatic diamine terephthalamide units and recurring aliphatic diamine

aliphatic diamide units.

5. The composition of Claim 4 wherein said copolymer comprises from about 50 to 95

mole% said recurring aliphatic diamine terephthalamide units.

6. The composition of Claim 1 wherein said polyamide is a copolymer comprising
recurring aliphatic diamine terephthalamide units having the structure
0] O

I Il
—HNRNH—-C C—

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.

7. The composition of Claim 1 wherein said polyamide is a copolymer comprising at
least about 40 mole% recurring aliphatic diamine terephthalamide units having the
structure:

o 0

1t I
—HNRNH—C C—
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€30310% & ()-"310% & ()-"& 28>?Nl - bU3310% & () - :

e30310% & ()-"310% & ()-"310% & ()-"310% & ()-"NQIWz] * _?bU3310% 310% & () -

31098 & ()-"310% & ()-"310% & ()-"310% & ()-"310% & ()-" astuvwzZ>bU3310% 31

0B & ()-"310W & ()-"310W & ()-"310% & ()-"310% & ()-"

e30wxyzrV: bU331093109% & () -"31098 & ()-" 3109 & (-

€30- 3109 & ()-"3109 & ()-"N2bU33109% & () -" &W ( & ()
303109 & AR 8o Y

A0S0 ) (SRR ot 30N ok BRRIONS s ERURRLA A (R TIA

0% & () - " 3109angisting 08 saiauted and; yo%b&tl@)ed @iphatic radicals having from about 2 to

:ggg%&uzs(lg) @Ogl‘& g%ﬁgg?l) a/téD%Sg %é@g/fs&g‘ &lz’haglg\\/glammc aliphatic diamide units selected
303310% & 3 & (

e (ﬂ'om tHe? ()) condiktl 80(( hexa?ﬂe@h@ e ()1d1 mw&mﬁlﬁgé&%%é%

310%&() "310% & 310% & ()-"310% & () - O/d&()
% & () - " 310%dgpanyide,3 mrgtl(y)leucg sceanidy, h5Wnethylene azeleamide, hexamethylene

e30' + Mt bUBJ008 & (3 -" 31096 & (j " 31
63031006 & () RSOy Ipsids 7 v‘%@j"’“ﬁ&ﬁf@@ W@Wan“’dwa"’“y'amlde and

e30310% & ()dc,(@gg%tﬁm@ae sBpaRtE () - " 310% & () "QIVZ\* _?bU31096 310% & () -
109 & ()-"310% & ()-"310% & () - 310%& ()-"310% & ()-""av{nN. bU310% & () -

égoo/é m& 1(3%310(%?% ?0[‘11)%5[@%1‘9 (é!f 83}[9 r% 1% %% (s,);lg\/\ﬁyg'amxdc is a copolymer comprising

e30! 310% &' (feedrBih@Unhits felectéd RCMIBEFRuUP Loristslihg of units having the structure:
0 @)
1] ]
—C —@—C-NHRNH— A

O

o)
i 0
—c—@—CNHRNH— B

i it
—C(CH,),CNHRNH— C

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 wherein said recurring units A, B and C are present in the

molar ratio A:B:C of 40-95:0-35:5-60.

9, The composition of Claim 8 wherein said polyamide comprises recurring units A and
C in a ratio A:C of 50-95:50-5.

10. The composition of Claim 8 wherein said polyamide comprises recurring units A, B

and C in a ratio A:B:C of about 50-70:25-0:45-5.




£30310% & ()-"310% & ()-"310% & ()-"310% & ()-"_?bU310% 310% & ()-"310% & (
")-"310% & ()-"310% & ()-"310% & ()-"310% & ()-"vZ>bU310% 310% & ()-"310% &
()-"3109% & ()-"310% & ()-"310% & ()-"5W e30

"H#$rV: bU3109810% & ()-"310% & ()-"310% & ()-"5W

e30-310% & ()-"310% & ()-"$%& () SZ: bU10%B10% & () - " 5W

e30310% & ()-"310% & ()-"-310% & ()-"310% & () -" STUMWKYt XbU3109810% & () 310

I G e e

"109&' () - Sl@?&\ﬁx):-conta&ﬂ%ofg)amc mpblfid and is QMR from th |grodp3ddaSHiO¥E () -

"T109R () - 10%&' %e 3"10%& ()- z10%&' ()- W'"10%& ()-qg-|[:F310% 210%&' () -

1" 109&' () - / Provipe 5ipoly5tm5%@(‘Pﬂlwlbimtl(l?ne I''m 10%&' () - L- 8JMNOPKv W4

Y@#10% & ()- Sy 10% ()-101010 "<109%& ()- \6m 10%& ()-°

4s10%&' ¥3-"J|A cmmosmgt aqpristng 3 highggmperatuge polypteiealarguissad @)flame re@9dang, () -

)

<& 10% amount of a bromine-containing organic compound and up to about 5 weight percent,
based on the weight of the composition of an anti-drip polymer comprising a polymer
formed from at least one ethylenically unsaturated monomer and at least one

carboxylic acid containing monomer.

13, The composition of Claim 12 wherein the anti-drip polymer is present in an amount of

up to 1.5 weight percent based on the weight of the composition.

14.  The composition of Claim 12 wherein the anti-drip polymer is present in an amount of

less than 1 weight percent based on the weight of the composition.

15. A composition comprising 100 pbw partially aromatic polyamide and from about 0.5
to about 150 pbw of a bromine-containing organic compound and less than about 1
weight percent based on the total weight of the composition of an anti-drip polymer
additive comprising a polymer formed from at least one ethylenically unsaturated

monomer and at least one carboxylic acid containing monomer.

16,  The composition of Claim 15 wherein said polyamide formulation further comprises

from about 10 to about 60 wt.% glass fiber, based on total weight of the formulation.

17.  The composition of Claim 1S wherein said polyamide is a copolymer comprising at
least about 40 mole% recurring aliphatic diamine terephthalamide units having the
structure

o 0

I Il
—HNRNH—C C—

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.
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& ()-: £S10% & ()-JFIJKL|[NA410 10 10 @<10% & ()- 37 10% & ()-
'y5#10% & ()- s310% & ()- 1-#10% & ()- LI)O[:NA4LO % #109& () -
@109 ()-m F@109%& ()- SHI0%& ()- @109 ()- | @10% ()-G | obUd

| "10%$& ()-101010 9<109%& ()- &3 109%& ()-3 X@F 109%& ()-s f)-#109%& () -
/9JE|[:bU4  91098>$S& ()- MLOYB>$S& ()- @ 1098>$S& ()-& @ 1096>$S&' () - d;
S3 :

18. The composition of Claim 15 wherein said polyamide is a copolymer comprising at

least about 40 mole% recurring aliphatic diamine terephthalamide units having the

structure

0 R
—HNRNH—C C—

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 dodeca-

methylene adipamide.
19. An injection-molded article comprising the composition of Claim 1.
20. An extruded article comprising the composition of Claim 1.

21. The composition of Claim 1 wherein the anti-drip polymer has a melt flow index

below 50.

22, The composition of Claim [ wherein the carboxylic acid comprising monomers in the
anti-drip polymer is about 0.1 to about 25 weight percent based on the total weight of

the anti-drip polymer.

23. The composition of Claim | wherein the anti-drip polymer is prepared by a
copolymerization of at least one ethylenically unsaturated monomer and at least one

carboxylic acid containing monomer.

24. A method for improving the anti-drip properties of a polyamide composition
comprising adding to the polyamide composition an anti-drip effective amount of an
anti-drip polymer additive comprising a polymer formed from at least one
ethylenically unsaturated monomer and at least one carboxylic acid containing

monomer.
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