3eV] V$"6Tj zK 23 Decenber 2002 POLYESTER MOLDI NG COMPCSI TI ON The
i nvent| on M"MMHWMMHMWH mol di ng conposition conprising a pdDgestlsar 20831 n
W|thaf|II BACKGROUND OF THE | NVENTI ON For thernopl astic

pol yester resi msgest he fibrous gl ass enhances the nechanical properties of

Ejhe resin. m ‘m‘ Lm‘“"mm crystalline resin blends are 5 diffi cu:_t Lo ][mlﬂ
or oper .aeE%BB H o1 GREYESERR MOLINELOGBIFOSRIONG, LTow ol aimg,

i nj ection nol di f%%nMd extru5|on nol di ng techniques difficult to achieve.
The crystalline resin has poor ‘nelt strength and high shrinkage upon

cool i ng. Thi s FIBKESOFTHE TNVENTION obtain good 10 di nensi onal tol erances.
Typical Iy, extruded bl ends al so have a very rough surface. Unfortunately,
in such resins, the_addition of ass fibers can substantially |ower the

| zod i mpact st rengtThe igventianrel sgas te eimelding-eprapesiBen crBpsisinga polyester
substantially reduce,t biaxi al ;i nmpact (instrunent 15 inpact) energies of
such conposi ti S?f?wﬁga{}ﬁle&mﬁﬁﬂ b S. Pat ‘No. 4,122,061 describes pol yester
rei nforced bl ends of poly(1,4-butylene terephthal ate) and pol yet hyl ene

t er epht hal at e)BACRGROUND ORTHE INVERFIENJi ti on of a polyolefin or olefin
based copol ymer resin. The polyolefinic resin is dispersed into the

pol yester blend and used for, 20. injection mplding. Wrkpieces nolded from

such pol yester resifies therneplastiG n@lae@tgr Ff&msntj\eaflbfpg}ﬁ gbr@gue@bamesghef ace

har dness and a i [ ce friction.
It is desirabl e‘?&’@?‘% f%%ertn%ﬁg? g%’ﬁ‘é lg%é‘glef{]&y %Itgpe ﬁﬁﬁ‘?g %o the
properties of diffsdulStodhold'@ué ¥PE cERbIMatHRAbipdoliphdlA f&iwahd sHes» patent
5,441,997 describes pol yester nol di ng conpositions which have ceramc |ike

qual i ties, carsebsitivelydédck of these paopertiey make thinecall oy dingnstich asaney begh

i npact strengt The ositiqn is directed.to a butyl e

L eF opht hal at o CETHPE o PS et Turulm RalunS sBRER s me s

pol ycar bonat e t&\&ﬁrﬁﬂh&oa@@mwfa Adti&yes T GOLiEMirk radh HAE poP URelEOPhT NG Of
barium sul fate ontium sul fate, zirconium oxide and*zinc su I f
desired, a st)alnelrlughlshhakagempon cmmgl'éhlsml(ées!Odlfﬂmdtasobtauagm to the
10 conposjtion, as well aflb ‘assr rainPflller Al t hough

t hese cofijpos. dligkasional ilewagey o ffSy., exirvdae Seé}aé(macvqweuahm ities
are desired, coppgsitions for prof| | e type extrusions are having different
property baI ance 1s desirable. The prior art focus is to add vari ous

i ngredi ents to enhance the
Unfortunately, in such resins, the addition of glass fibers can

substantially lower the Izod impact strengths of the fiber reinforced
compositions, and, also, substantially reduce the biaxial impact (instrument

15 impact) energies of such compositions.

Holub et al, U.S. Pat No. 4,122,061 describes polyester reinforced
blends of poly(1,4-butylene terephthalate) and poly(ethylene terephthalate)
impact modified with the addition of a polyolefin or olefin based copolymer
resin. The polyolefinic resin is dispersed into the polyester blend and used for

20. injection molding. Workpieces molded from such polyester resins are
described as having a high degree of surface hardness and abrasion

resistance, high gloss, and lower surface friction. It is desirable to provide



15 properties of the polyester material. However, with this approach, it is
difficult to achieve the desired inprovenent in properti &3.D&dembad20d2 on of
one ingredient may inprove one property but result in the degradation of
anot her desirable property. As a result, a conbination of various

i ngredients are added which further conplicates the production of a

consi stent produ 20.dye to the jnteractions of t various ingredients

W th one anot hosthegentiatEedentstS she pEbsRiHes PLebinsa thé i HevstBidher 11 os.
it is known toppddplppact nodifiers to polyester resins to inprove the
ductility or the notched |zod inpact strength thereof. However the effect
of such inpact nodifiers on reinforcing polyester resin conpositions, such
as those 25 cont ai nlUng padénttHy441€997desofibesspaiiyester npldirgscorhpdsitisns which
relatively nodest inprovenent in ductility and, unfortunately, an increase
in the meit vi evereramys likegualitien cam be paolded into rslativaly thinsegtions, and

distortio ro Les . th OSyml | - 0 robl em
wi th pol yg)-s!tO er E‘g%h}ﬂi] 125&.3}%%&%%. ;'fg‘gl{éaép%pq’lbI P%sé??%gss&%?gﬁgﬁgé aﬁ:io(?ﬁ%&@genngt i mes
difficult to fitérb{)hﬁfa%e BRHAST pEHttiy1ege teebghthhbite hadGinhioddaticery thin
parts because of the high nelt”vi'scosity of the polyner. A solution to this

problemis to pealwerhdrate withdnatgardc fitlerstrelqstdd/from thel groupraensistngiofng its
5 viscosity. This SO|L1 ion is often not sati.sfactqry f.or. polyest tr pol ymer s
i de apgiing sulgie.

si nce pol yest eP&rHBhEH ate,SEQnkgen sulfateqZitcopiproXige and;izine ¢ t€ellevat ed
processing te”ﬂ%i?é&”a%eﬁle?ﬁbb%ﬂ%ﬁc@% iBEfs PRk lﬁé@%‘@ %ﬂﬁ!e&'téfﬁ%e whi ch
y of polyest

i
reduce the nelt Visdosi ers. wever, these additives usually

make the wesul tbigoditionlsdesl] sk €ibrahs glassreinfrcnglfiiks. Redtioughsthasant ,
and/or function only by breaking down the nolecul ar wei ght of the polyester
resul ting in r&ampesitionsate suifgcfor dppéicytionsiwherg eceramyieblie gualiesigee sinpl e
gl ass reinforced .polyester.resin L] ] iRty {stent and
uni f or m proper 1%%%@‘331@8%@6&%03}% f&r § ﬁé@gﬁgéﬁ%:g%?%%%%g{e%@@g C}lﬁ%‘r%g\\t/e nol d
flow, incr easepigp@myggl@ﬁggis\detsﬁabjencr ease tensile strength, and increase
fl exual nodules in glass filled material. SUVMMARY OF THE | NVENTI ON W& have
found that nodification of a polyester resin with a small anount of a netal
sul fonate salt gi vedhgipaios att focusl issocadesvanieus ingvedigntsdaephaseaiiey i npr oved
nmol d flow,. increase she sensitivity, .ingrease tensiltle strength, . and
i ncrease M exu&ORTHGP 8@%&?@3%%%_}/ rbal_a M?/V&t‘é’?é‘rt S ?P%rl%g}{tlf ¥he netal
sul fonate. ThesgffieliRME ackibvé thd'@¥drdd i%pﬂd%ﬁféhtﬁ{pﬁgﬂérﬂesgm@aéaﬂufohr&ss and
mechani cal properties along with good appearance and processability. 25 W
have al so foun®nelimgrediant ofiayt ineproyeaineseropertytbatt yesulest tre degradatiasy of
modifies the r ggglh%gﬁegifraglg %rg}laeerrt]}g.sA%Sépr%(s:ﬁﬁl,l al Xonulgl%%rtiolr%’y vsagl%%rs ingredients
are added which further complicates the production of a consistent product

20 due to the interactions of the various ingredients with one another.

As an example of an additive used to improve properties, it is known
to add impact modifiers to polyester resins to improve the ductility or the
notched Izod impact strength thereof. However the effect of such impact
modifiers on reinforcing polyester resin compositions, such as those

25 containing 30% by weight of reinforcing glass fibers, is a relatively modest
improvement in ductility and, unfortunately, an increase in the melt viscosity
or reduction in the melt flow, modulus and heat distortion properties of the

composition.



3 23 Decenber 2002 where the nelt strength is enhanced. Enhanced nelt
strength is very beneficial in facilitating processing udd&ecember298ar
condition |like blow nolding and extrusion, it may al so be useful for
enhanced thernoformability. 5 In accordance with the present invention,
there is provided a thernoplastic resin conposition having enhanced shear

. t . . t . H 'f . . N i . .

nhanci ng. 31 kyl ene R SR RA AR ORERbLMs HBbA e (S aP R

uni ts represens ssmofmebdiffienlrubdill Htg&&iblds&@@uﬁinglbn% %ﬁwﬂ@?ﬂgslgﬁv@fy the
- 7 p+ =z~ 7

formula IB: 15 (Mtn 03S) d-A—§-CR‘ p where p=1-3, d= 6, n=1-5, M
is a metal, arfbingpdrés becausedf greduighanelt visndsity ofriibe polymen Asohtondtorthisgs

where the sulfonate substjtuent is directly 20 attached,to,an aryl ring, R'
20 i val ont PEpRlp S5 apia e terbereture ot e BelyfusrJreioid I6edRg s ¢ o

pol yest erg t hr &v! his oNKRSE S : | | ta. the
preferr ed5 enbodi n%lﬁf's?ﬂg s'fo uncti %ncgféﬁ)sl?ﬁ% g%gftﬁgtogﬁép?x’pclﬂggsgﬁﬁeﬁﬁ&g{ré%g%ﬁ'm?%

i ncor por at ed ipalyestdrs terad yeedé@adeport losé maldrubnrdveighpcit phstated proessirg and

gl ass fiber has inproved properties as conpared to blends not utilizing the
pol yest er i ondeRperafuresp3 Decenber 2002 According to other enmbodinents, the
above pol yester nmay have addition ingredients such as: other resins,

fillers, reinforcengpl Shert! ABIJth&SWel known additives which reduce the melt

viscosity of polyesters. However, these additives usually make the resulting
10 molded material less rigid, less heat resistant, and /or function only by
breaking down the molecular weight of the polyester resulting in reduced

impact.

Accordingly, there is a need for a more simple glass reinforced
polyester resin compositions which exhibit consistent and uniform properties
15 together with enhanced properties of improve mold flow, increase shear
sensitivity, increase tensile strength, and increase flexual modulus in glass

filled material.
SUMMARY OF THE INVENTION

We have found that modification of a polyester resin with a small
amount of a metal sulfonate salt gives glass filled blends that have
20 surprisingly improved mold flow, increase shear sensitivity, increase tensile
strength, and increase flexual modulus as compared to a polyester resin
absent the metal sulfonate. These blends still have high impact strength, good
stiffness and mechanical properties along with good appearance and

processability.

25 We have also found that use of the metal sulfonate polyester

copolymer modifies the rheology of the blends especially under low shear

3



flame retardants and rubbery inpact nodifiers. BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a graph of Viscosity as a function of shear rate at 250C
for the 5 materials described in Table |. DETAI LED DESCRI PTI ON OF PREFERRED
EMBODI MENTS The term pol yester iononer, or sulfonate poly

sul fonate pol yester, refers to polyester polyners deri vedffbsmlﬁtﬁeégﬁégctl on
residue of an aryl carboxylic sulfonate salt, an aromatic dicarboxylic

acid, an al ivera the aicli| stisngthnis ephandedi Enbenced meli sirengtllds ivorn bensficial e

ionorrer pol k I /

sul fonat e Sé‘fcﬁﬁtﬁﬁn@ gh}ég?s }rféégqegm Sh%ﬁ c%ﬁ 1%{3?%% ZIL ‘ggﬁﬂlﬁﬁg a%S g{r}ﬂﬁéx‘?g{ or
fornula IB: rﬁd%dlsd]?eﬁ)déﬁﬂféx@h&cdd)tﬂerﬂxﬁfwﬁﬁbﬂim p=1-3; d=1-3, and p+d=2-6,
and Ais an aryl group containing one or nore aronatic r| ngs: for exanple,
benzene, napht hal ene, ant hracene, bi phenyl, terphenyl oxy di phenyl,
sulfonyl di phenyl e S
directl y attac he(!in c&hlﬁée ‘ghﬂ Im@ﬂef‘ﬁmﬁ(’&}tod&péﬁé# e ?}%\@?@S?E@é@%ﬁﬂ%‘%& t he
pol yester tmsﬁugdinp@ﬁthmd;dvmg ahhaded shedeagastiviBOcohsitiag yI: gr oups may contain
one or nore sulfonate substituents; d =1-3 and nay have one or nore
carboxylic acid linkages; p =1-3. Goups wth one 5 23 Decenber 2002

sul fonat e substi tue = | 1 r
preferred. Mis géﬁ '}‘}onl(ldso;&) 19.99% %r ef@?&g%‘%@!{f% Eh%!rfgé;%?&&% alll%;hm%a al i ne
eart h net al polyhsteecapolyinds having meted stlifonase enitsl reprepangddelry thel foretdd $A: R' is a
al kyl %up, for exanple, -CH2CH2-, -CH2CH20CH2CH2-, - CH(CH3) CH2-,

CH2CH2 5 CH2CH2CH2CH2- .~ Typi cal sul fonate substituents that can be

i ncorporated into the mnet aI uI fonat e pol yester copol yner may be derived

fromthe foll ow carb aC|ds or their ester formng derivatives;
sodium sul fo i soé‘g pot assium sul fo terephthalic acid, sodium
sul f o napht hal ene di car xyI | 10 acid, calciumsul fo isophthalate,

pot assi um 4, 4' -di (car bonet hoxy) bi phenyl sulfonate, |ithium

3, 5-di (car bonet hexyshkes ente SodnfanEs:e, sodi um pcar bonet hoxy benzene

sul fonat e, di potassi um 5-car bonet hoxy- 1, 3di sul fonate, sodio 4-sulfo

napht hal®ne- 2, 7- di car boxylic acid, 4-lithio sul fophenyl -3, 5-di carboxy
benzene sul f onat ﬁg (fj)séh We apht hyl -3,5 15 di carbomet hoxy benzene
sul fonate and di net sodi osul f o) phenoxy] isophthalate. O her

sui tabl e sul fonate car boxyl ic acids and their ester form ng derivatives are

described in US tents 18,27 6 referred
sul fonat e pol yes ge %r]e§d8 F@eag‘?a%% Eoﬁ‘g h‘?és 8 naqt%aiag@ 'i’)l}( 15 &0 e
sul fonate. Zéhthheigebhiedr ifRerBomRGE ¥RigE Svhd® [(NETBH1FEMP khisstitucht Y@'dﬁ@étly
ionomer_units represented by the formula I]1:

attached to an aryl ring, R" is a divalent alkyl group and the metal sulfonate group is

bound to the polyester through ester linkages;
(b) aglass fiber.

25 According to the preferred embodiments, a functional sulfonate salt "ionomer"
group is incorporated into the polyester so that a blend of polyester ionomer and glass
fiber has improved properties as compared to blends not utilizing the polyester

ionomer.



R -C C SO3 M+ wherein R is hydrogen, hal ogen, alkyl or aryl, and Mis a
nmetal. The nost preferred pol yester iononer has the form3aécémber 20023
Decenber 2002 Q0 0 _Co R oG A d f ~-E SO M x Y where the
ionomer units, x, ark fromO0.1-50 nole percent of the polyner with 0.5 to
10 nol e percent being preferred. Mdst preferably Ris hydrogen. Wen R is

hydr ogen, is ph from Cl-Cl2,
preferably from Q%‘)nérébaﬁg tﬁ&%@%@gﬁﬁ}eﬁ sjf%ﬂermﬂfov%;e?g S%gll “\%& hr?pl is from
about 1 to abqudit#éh Rfre@idhts AtH A0GthePFRirR] AN, felifBrEiRetts tilsiliadeut 15
percent, and nost preferably -from about 3 to about 12 percent. Typi cal

gl ycol or di olflanesxstandasts &d rubberyitepsctmodifiershai n, branched, 10 or
cycl oali phatic al kane diols and may contain from2 to 12 car bon at ons.

Exanpl es of s i ] imted to ethylene glycol;
propyl ene g|ygﬁaﬁgIﬁ%ﬁ?@ﬁgﬁegﬁﬁﬁﬁhéggﬁ%gﬁh gl ycol ; butane diol,
l.e.,1,3- and 1, 4-butane diol; diethylene glycol; 2,2-dinethyl-1, 3-propane
diol; 2-ethyl, 2mewgl 115 Spph séHsﬁk aéa%un@ﬁ%éfs‘}\eaﬁpé@a@zgo«d for the

di propyl ene glycol; 2 15 t , 5-pentane diol; |,b-hexane diol

di met hand demiﬂerialsc&esetibe&niﬁblej{cl 0 oct ane; 1 4- cycl ohexane di met hanol
and particularly its cis- and transisoners; triethylene gl ycol ; 1, 10- decane

oL e KR BN O Wb BUGERGRE, on) | Phet e o

cycloaliphatic diols are used as the diol 20 conponent, a m xture of cis-
Lo traps-isonmers mgyelgri ijo&es’t rlbﬁorﬂéﬁfo‘?%m&‘nét@ F@g)@%té% driiabial baRiTRite

content of 70% or nore. equi valents to diols 1 nclude esters,
such as di al kylolysste; sefersi tar polyesteepslyareds dhxavéd Etrem Eheampl:tem absiduemit i c
di carboxylic acid yeactants, {as represented hy ar b@yl %ilﬁgl r.esi due
Al, are isoph@RATVkcasPoxeliepionats %lfaenarqmaﬂﬁfi{ca i s PPREPYVRYIEL hane,

4, 4' - di car boxyy : 2002
m xt ur es thereoéﬂﬂgﬁﬁ} fﬁﬁﬁéggéggi sgggﬁﬁéﬁkg%?ﬁ%eégﬁq gog%g Pﬁggnhgéleus
Aci ds coll ai nicoghgriseednid n@socalenparsdy drelipalenediilforatesnlaanitdirdprdsehted or
2, 6 napht hal ene carboxyllc acids. The preferred dicarboxylic acids are
terephthallc dvithe @@BEH%MhIlC acid or mxtures thereof. 5 The nost
preferred i ononer polyesters are polyethylene terephthal ate) (PET)
i ononmers, and pol y(1, 4-butyle terepht hal ate) iononers, (PBT), and
(pol ypropyl ene terephthalate) PPT) iononers. Also contenplated herein are
t he above pol yestersiono h m nor

(M+n O3S A %

or formula IB:
(M+n O35)d-A-(OR"OH)p

15 wherein p=1-3; d=1-3, and p+d=2-6, and A is an aryl group containing
one or more aromatic rings: for example, benzene, naphthalene, anthracene,
biphenyl, terphenyl, oxy diphenyl, sulfonyl diphenyl or alkyl diphenyl,
where the sulfonate substituent is directly attached to an aryl ring. These
groups are incorporated into the polyes‘ter through carboxylic ester linkages.

20 The aryl groups may contain one or more sulfonate substituents; d = 1-3 and

may have one or more carboxylic acid linkages; p = 1-3. Groups with one



anounts, e.g., fromabout 0.5 to about 15 percent by weight, of units
derived 10 fromaliphatic acid and/or aliphatic polyols 23Déember 2002

copol yesters. The aliphatic polyols include glycols, such as pol yet hyl ene
gl ycol) or poly(butylene glycol). Such polyesters can be nade foll ow ng the
teachings of, for exanple, U S. Pat. Nos. 2,465,319 and 3,047,539. The

f d ly(1, 4- but y| : h I i opopn [ din 15 thi
Pivent | on | 3 SUIRIBHPHEEBEOINAREL T FRTDaY Po NBRRECS BT AR EresAsd: oi ng a
di met hyl 5- i fo-1, 3- I ' f 1 10 le %

g: ;né ol ycorrpzﬁjgl?éjmg?eﬂaltRfelég't-ia%g%ﬁﬁgg &;alcsﬁrg?%l{%ﬁefp ra%lﬁ#igges?atrgb"}%? OeA; %f :

tetramet hyl epghegé hwi-za'mnéﬂn&ﬁhchréﬁlﬁé%}@férréﬂ mridtalb GR¥Sis aﬁﬂk?ﬂ)gﬁ) ,for
preferably at |least 90 nole % of terephthalic acid, and polyestér-formng

20 deri vat i vesamply, eCH2EH2FW € HR2GHRO @326 bize v HRHB)CHBnCH2CH2EHB)E e t han
30 nole % prgg_berﬁbl nore than 20 nole % of another glycol, such as
et hyl ene gly ,C e “ene gl ycol, 2-nethyl-1, 3-propane glycol,
hexanet hyl ene gl ycol, decanet hyl ene glycol, cyclohexane di methanol, or
neopentyl ene 25 g ' %HB%F . oA HSh, han 30
nol e % preferabl ;wﬁggtal Srr%ﬂrr}g‘a?ﬁg‘%sg no Zﬂéﬁ;égﬁélalﬂgt erg'eaegil &}shch gtgt

i sopht hal i ¢ aglfonat8 poly3tddeopolyener2dap be derivedfrdval tha doliivwirighentpbxydicaci d,
1, 5- napht hal ene di carboxylic acid, 4,4' diphenyldicarboxylic acid,

4, 4' - di phenoR§ies 195 taeir petar sayng degivativey sadiim sylie ésephithalicadd, sebaci ¢
acid, adipic i g rf.Qrm I I { eof . Is also
possible to ggasgm%?gﬁlg‘%%gé%ﬁfggg 81?’ ?g%%ﬁﬁe%éﬁé hxﬁﬁfhc?}g&{ie I8 %rr?c%ﬁ&hﬁ agent,
for exampl e, a@dgtaeRim batfd fs_ﬁphﬂ{aﬁ@tepgoﬁ@éi_@nh&,@f—@i(&drbﬁh%ﬂ]ﬁ@xﬁfbiphenyl
trifunctional or nultifunctional carboxylic acid has been i'ncorporated.

Tr eat ment of sulienate] Nthéurer 3,6idicarbamethomy)bepzeane sulfondte,sodigmippnal epoxy

conpound, for exa e, triglycidyl jsqcyanurate can al so be,ysed to nake a
10 br anched SUBSEMBOLY PeRdRE SHEDBAe: SR SURBO ACOMEBI P& Lo have
vari ous concelRihifSodh A ARthRKI-R/Y-dRab SRR A fifto PO! Yest er,

depending on the ultimte en the conpositi‘on. In sone instances, it
i s desirabl estldopleetud S, 3-diearhodydserabnasiulioratd, @sadipsulfo-2maydithyl-3,6- | ess

t han abqut 30, m cro equival ents r gram, Wt e Zb yse of acid reactive
speci osld | n” diEpomathinybenzene squr@g%aaéml@egwég-léﬁéo syHa) enoxy] o
relatively hi I : Fiele ers

i ononers w t%%%ggﬁaggﬁ?ﬁ%‘%gﬁg&ng%gfbﬁgg{gaﬁgbgg@é alcsi%élﬁiﬂge}b?%?g rég he

pol yest er i odefiwhaticeygresieberibod IOUS @aedmms 8,0018272 Ané B1546)008BTheonsstst of a
blend of sulfonate salt PBT and the PBT iononmer 20 resin. Preferred non

sul f onat e sabptefgriedasifonateqradyestersarg deeined piromegodiwmpbi-dicarbemettioxypr esent
nol di ng conpg@sitions arg reinforced or stiffened by the inclusion of a
fibrous glas e%erbeasr%c?ﬁlaﬁ‘l | er, preferably glass fibers, in anmounts rangi ng
from about 3% to 50% by wei ght of the total conposition, preferably 25 from

about 726 to about P4éferetoRopeepelybley pb?ﬁﬁbﬁ&ﬁﬂﬁdé&oﬁibﬁle&bmﬂorﬂ%nifﬁhe
glass fiber or filanentous glass enployed as reinforcenent in the present
conposi t i ons represenrtedbyyihe formmuledIl i ne- al umi num borosilicate glass 9

1ol

soiM*
wherein R is hydrogen, halogen, alkyl or aryl, and M is a metal.

The most preferred polyester ionomer has the formula IV:

6



23 Decenber 2002 that is relatively soda-free. The filaments are made by

st andard processes, e.g., by steamor air blow ng, flane 2B Recembersi)2
mechani cal pulling. For conpositions ultimately to be enpl oyed for

el ectrical uses, it is preferred to use fibrous glass filanents conprised
of borosilicate glass that is relatively 5 soda-free. This is known as "E"
glass. The filanents are. nade by standard processes, e.g., by steamor air
bl owi ng, flane bl ow nmec i.cal pulling. The_ preferred filanments fox
pl astic reinforce nﬂga dellb nechanical pulwl g. The filament

di anmeters range from;g 1 6@_19 __ég4$g tthis is not critical to
the present inventi I t~dranetets ‘prefdgrably range from about
3-20 microns, but this i ot crf{fical to the presgnt invention. Use of non
round fiber cross secti§0F ¥ Hl possi ble. The le ?th of the glass
filaments and whether or not they are bundled into fibers and the fibers
bundled in turn into yarns, ropes or rovings, or 15 woven into mats and the
like are al so not owhérethé idronidiamitsy RNhredfioml0i1-p0 aple pegrenief il di ng
conpositions of the present invention, it is convenient to use filanmentous
gl ass in the fretymer witlodpde 18 maleperaent beingpasfetredoMdestgeferablydbisut 2

inches long. In articl ded fromthe c sition on th t her hand,
even shorter |*tYr‘F§Pﬁ§“- BN _lsgl'fyc%ﬁﬁ?ré o g‘gﬁﬁ@@‘? a&\ﬁf‘?‘}ués e ndi ng,
consi der abl e frhagest #bhP01-\@1b) p&?&%}ly 6T §r ESINPPLRA yHIEEN fole DECAUSE
the best properties are exhibiteed by thernoplastic i njection nol ded

articles in wperterththehix iafromn abewigh tesalioud 26 pewent andonorOpBi@ads framd
0.125(1/8"). The | di C osi tions include om abqut 50 to about 97%
25 pref er abi y BOUNPLDONCEONO LT MIBEPECRENGRR ARt e BOE Thol yeot er
copol yners, olrs ¢ preferably fromabout 60%to about 90% by wei ght wei ght
al kyl ene aryl "polyester copolyners. Preferred conpositions conprise 10 23
Decenber 2002 gl ass contents are at levels of from 10 percent to about 40
percent by wei ght dhpicdgiycst cesieneacthhts, BRI, ipdiie streighémbaig, bsanched,
Additionglly, it y.be desired to enploy inorganic fillers to the

t her mopl 5t i ¢ Q‘Qgﬁakﬂ?%‘i‘%@%a‘t‘%@o&aﬁ HKIYCOoptap @40 ¢ carhan yemst er i ousl y
5 effected. Ty j {:C1cfi [Walell i ' us silica,
anhydr ous. al uranlet BEERBNGLsthila Bt B MRS BRI ATHPER

m crospher es, prepglenexivied, ixydip-andtl,3-propyientt giycalebutanedislii.bi, §8; agd ound
quartz, and the Li ke. Sone inorganjc fillers na rovide a _ceram c-Like

feel to arti clletPnbareetiok dinthylege glycph %_;%ﬁﬁagﬂwx-é%:pmpamﬁéi%mh #on of
nert ore i I ER oS TeR R T B R AER B AR 2T

ot her faM®r ablethydRS-pérgane Hodes-hexaetiol; dateihanvbdedlie, dafkthahby present

in an anount at |east sufficient to reduce the flammuability of the
pol yest er resibicyqle ectenanl.4-cydokexase dimethanpl and pagicularly #sisnandittansvary

with the nature of the . resin and wi.th .the efficiency of the additive. In
general, home\}%?l:“efsh ‘?#%%ﬁ? g&cahénditoﬁlq/cgnsﬁfql, Ty Pfc.foané’oo Fcent by
vei ght based gBrddegngleAPibietfed §RioAliphakit 8fofls B4l cy@BREaMNe dinRhdrk@'Brabout 5
to 15 percent. Typically hal ogenated aromatic flane-retardants include 20

t et r abr onobi s ptsetheimigalpguirederisodien aykcloglipkatic diolsy areonsedrasrtie déolher

brom nat pol ystyrene, braom nat ed BPA pql yepoxid brom,nat ed, i m des,
br o nat B8 pol VR BEALAIRBTS O/ 58 &5 SARoPD 34 be PR (R areterid to

met hacryl at ) ,hQ% 4% 2 ) : ; i r.ef:arred
wi th the nost par gfa(ra?rr %*%8@5% Eg{tgo g/f p/ié% g@?%%ﬁ%‘*&?f%‘%%‘%ﬁ%@ @lﬁgé&f%’A has
25 been known ihdudeesters,isteh asdidliyd estevsidisabl estérscared thetlikedant materi al
useful in a nunber of synthetic resins. PBB-PA is prepared by the

pol ynmeri zati on of nt alr o benz¥,l G_gcr | ate ester (PBB-MA). The PBB- PA
pol yneric flame 11 Exaspleg ig searPexicpsi radgtants, a6 rerreserigd Bythe ed

into the synthgld | : | r ' i ?g re4_akdant
characteristics. g‘%ﬁﬁt@%g%?a%gﬁg’ré}g&é@g{gﬁaeﬁcﬁratgn%?’?@#e{lr an‘?'s%?ﬁe(gbr om nat ed
25 carboxyphenyl)ethane, 4,4'-dicarboxydipheny! ether, 4,4' bisbenzoic acid and
7




pol ystyrenes such as poi ydi bronostyrene and pol ytri bronostyrene, 5
decabr onobi phenyl et hane, tetrabronobi phenyl, brom nat ed2aldeambemn2fiiga
al kyl ene-bi s-phthalim des, e.g. N, N -ethyl ene-bis-tetrabronopht hal i m de,
ol i goneric brom nated carbonates, especially carbonates derived from

t et rabr onobi sphenol A, which, if desired, are end-capped w th phenoxy

radi cals, or wiith brom nat enoxy. radi cal s, . or brom nated epoxy resins.
16°0t her " ar orR X RBHA Al O SReSera6ids PRALD 24156 BRE RISDALS RUGER. Pt ont
4,636,544 to : £ .Ccalhy. Oy i :
synergi st pa}ggﬁgﬁp;a[%??l&gﬁgg?%gh%% g%ﬂ%&g%{\eﬁ) %%&n%bﬁlrggsésqgﬁléﬁwé% %ﬁ?ﬂ(’nds are
wi dely avai l aﬂéﬁtﬁﬁleﬁé@li&@b@%ﬂﬁ: Adid& ToWprefyfed dixRiboXlyliciaBids@adi C syner gi st
conpounds include 15 Sh20b6; SbS3; and the like. Especially preferred is
anti mony tri oterefghthdioadyl, isgphthajicacikl eumixtusesghereadny oxi des, are
typically used at about 0.5 to 15, and nore preferably from1l to 6 percent
by wei ght based onqt he i ght rcent of resin in_the f.inal conposition.
A'so. UhE f1nal comsRio BFtas et PalsReh #R AT EEbIRNt ane 20 ( PTRD
type resins OferwﬁﬁM@r(PEYF%o&ﬂerﬁ%&?% 1,0udehd _térb?ﬁ?ha'lﬁbﬁr dant

t her nopl astics. "The conposition nmay opt al'ly contain Tnpact nodifiers
such as a r ubioawmnersy{BBT), mndi (pPobrpropykenertetephtivalate) (FPBdonondid.i ers are
utilized in an anount |ess than about 30 % and preferably from1l to 25% by

wei ght, nore 25 preferably |ess.{han aboyt 20 percent, .even nore preferably
st han_about ©5AlsercaimBites herin Bethe RvE RoDXeBISH ISTSmgHT Wi Trier
conposi tion. LGl ol b Ri i ] : nomer s
sel ected f rom;-l%‘tﬁlelﬁ%e%qggﬁ{[\)ggg%g}s qgggg{lg}%%ﬂcggﬂ%%st |1$|13@§¥ H%ﬂtgerglélﬁgg)vi nyl
ar omat i a0nonofrefrsaliptaticldcid amdl/ ot &jplaticypolgolacs frnandpolyesterseTher
derivatives as_well as conjugated dienes. Especially preferred inpact

rr})di fiers arealiphaticpsdpely inglgde ghycotupaeh aePeiriethrleaeigyeoliaowi ng
copol yrrer 5, -1 RESAMERRI A Sycl BYyashis S pPBlah OMBRANKIR RaahnBRE

copol yner s asofjbd exasnple/WiSnRat. D0Gs. 2265809 andBi04a[339. modi fiers include core
shel|l polyners built up froma rubber-like core on which one or nore shells

have been grafted. The core typically consists substantially of an acrylate
rubber or a but adi%??ﬁ%é‘ﬁpo%@ﬂobu%ﬁf@ terpphthalate) iengmer fgsin ysedfined on

;he 10 q8re. HigiRAklibn R SAELBRINLBYBbIyiREAnY JMibRLHR LhpoRaRrpund and/or

comprising a dimethyl 5-sodium suifo-1,3-phenylenedicarboxylate, from 1 to

10 mole %, a glycol component of at least 70 mole %, preferably at least 90
mole %, of tetramethylene glycol and an acid component of at least 70 mole
%, preferably at least 90 mole %, of terephthalic acid, and polyester-forming

20 derivatives therefore.

The glycol component should contain not more than 30 mole %,
preferably not more than 20 mole %, of another glycol, such as ethylene
glycol, trimethylene glycol, 2-methyl-1,3-propane glycol, hexamethylene
glycol, decamethylene glycol, cyclohexane dimethanol, or neopentylene

25 glycol.

The acid component should contain not more than 30 mole %,

preferably not more than 20 mole %, of another acid such as isophthalic acid,

8



vi nyl cyani de and/or an al kyl (meth)acrylate. The core and/or the shells)
often conprise nulti-functional conpounds which nmay act &3 Beenidss200hki ng
agent and / or as a grafting agent. These polynmers are usually prepared in
several stages. 15 defin-containing copolyners such as olefin acryl ates
and olefin diene terpolyners can al so be used as inpact nodifiers in the

t jti A | e,.of . fi | at | yoer, j, t
a1 er 1o crtprahdiaut ST n drangnaind BtnorRiARE & Anh be
I di i g s ~al Kyl d f . Dk d
o huty acrypReddiBlcrbllcusky 4 AchishdioRSeulatl ARG MERAFEOGE |
and gener al | Yoehabic dcitd, @ebaréc &M dipidudidard pobesterrforshign deritativesy of
terpol ymers. Polyol efins such as pol yethyl ene, especially | ow density

pol yet hyl ene them®PE) , and pol yet hyl ene copol yners with al pha ol efins are
al so of use in these conpositions. Polyol eEin copolynmers wth gyl cidyl

mod 110t on of pat PALRLRosslY 17 Bréla bERRREN Pelter Bk ubRB rene i ¢ n
al kyl acryl at&ﬁn&ﬁngtagbap, o agitplandsBeyichAhe Wb e mibR{18RIrBRY RBups

especially preferre Styrene-contai hing pol yhers can al so be used as
i mpact nodi f iafragtrif@xetiqriad or mulsiﬂmctmaymgexﬁi@cid has been incorporated.
acrylonitril 2[ but adi 232255t {Yene %Sé &&q Zét Decmﬁ)fer 200%

acryl oni tril BRI RS PRIYESICEL tyfunctonalqr IBHAIENCERRAl SROXK t yr ene

but adi ene sty : BEs

nmet hacr yl at e-&b)gﬁg) I eﬁg%rs%x%%ﬁgp{?kggl?{ygﬁgc}%ﬁ hgéﬁ%?g%tlégnpactee%@ke a

st yr enet®nt aibramchegopotyester. Furthernirenid$s ssimétimess dasieatile enhawswvdrioysr ocessed
by various techni ques 1 ncluding_ injection nolding, blow nolding, extrusion
into sheet, fPPEBFatiNsiafjasid andhpdenyi spd gEPeRsen thripyestersieperdingal so be
fornmed into g vari el ticl for .1n, for exanple; electrical
connectors, :qnetgiteruﬁééa?%g\?‘? E‘:‘gg??gﬁenc%lﬁé%ztf&gui | di ng and construction,

out door equi pnent, trucks and 10 autonobil es. EXAMPLES The fol |l owi ng

exanpl es il | ustr atir sbhe ipstaneds, itiindesitdabdeito ducatite Aambeeahhcid@nbie
limtations to the scope thereof) The ingredients of the exanples shown in
the tabl es berowrsdypically telass enhds e d0anigre eerivalentspecgtam avith thei nch HPM
single rew extr roWLt vacu . b, r 30:1 L/ D
at a ba??el alﬁ'é oglsgéhrgg%ﬁ ‘?ee%&ggét 31318 EEEI&%%%&gégllsg% 6§§\§g¥¥}§es F and 100
rpm screw spagflyesiichad felutilely Wosh €bbeliddndopdiprcomRbstratieh.h prior to
pelletizing. Test parts were injection rnolded on a van Dorn nol di ng nmachi ne

with a set 20 tenperature of approximately 500 to 510 F. The pellets were
dried for 3-4 houmlends ofpplyegtersiignamers with nemysudfonats salt PRlyesiess maY or to

i njection nolgl i r I . a «.unnot ched
| Zod (U i1y, NS eBENAR dihe BOARBH: (Sodlel Gorh B30 Ry et tnd 40
psi, ASTM D648veritedibina§ cdhkienof HblehddfsulfbfFatENaFHY arkd erePBL icHoh@irgt h
(F.S.) and flexural 25 nodulus (F.M}, ASTM D790. ~4 23 Decenber 2002
Mel t Vi 2@osi trgsinmPrefesredmarssiléanate salbpayesterspars the alkydera phthalaiiel UE- 4- 78
rheoneter, a gﬁ%&#t of 5,000g, and an orifice with a 0.0825 inch dianeter.
This set of ¥8ns results in a shear rate of approximately 100s-1. 5
Viscosity - shear rates profiles were obtained at 250C using a Goettfert
rheometer and shedhesgrgent widldingReorapaditiond ate aeinfdieed @i Riffehed b the
viscosity neasured at a | ow shear rate (--50s-1) to the viscosity nmeasured
at a hi gh shdaelusigncof(afibroosglass)or cankorhfillere prefarably gldss fibetse imameountsear

sensitive h%‘agglin%rfrgllﬁ about 3% to 50% by weight of the total composition, preferably

25 from about 7% to about 45%, more preferably from about 10% to about 40%.

The glass fiber or filamentous glass employed as reinforcement in the

present compositions, preferably comprise lime-aluminum borosilicate glass

9



10 Ash content was neasured according to ASTM net hod D5630. Fl ow | ength was
determined using a spiral flow nold with a channel depth2®DeceroBd 20Aehes
and a Van Dorn 110 ton nol di ng machi ne. Conditions used for the
measurenents were: barrel tenperature, 480F;, nold tenperature, 150F
injection pressure, 1500 psi; injection speed, 3.0 in. /sec.; 15 injection
time, 6.0 sec.; cycle time, 30.0 sec,. 15 23 Decenber 2002 Table I.

Descri ption &atigaielanyeyisada-freeawIhefilmentpereanagde by stanrasd psocsssesne

0 0IPBT 5. auB i I it BHIRE: fahp Plsing B Repisrio Buliith) thk T
Formula | wi Eaﬁoﬁt@ng%ﬁ%%%’( Q§N@§H‘8§’Ml9yéd“fo'i7‘é[é&ﬂi&l us¥y ‘it*ls?‘)re_fepreat_t ass

Fi ber OCF 183F from Owens- Corni ng, 14 un short glass fibe and 10 m cron
short fi ber LuBPHEsmor glass filanteh®c@nprised &bbarnsilicateigladsshat iswelativelyw densi ty

pol yet hyl eneEEAE T!\T1l§§6570 et hyl ene-et hy| acryl at e copol rHytrel Hytrel
4056 11 8m DuPeRR-TIes fyS kpovp&st Er gbés-ytleeh naAris A AR fat e67%
Brom nated p L hopat r 9;@@% %ﬁl Lcal 0 "I nony
trioxide 13%?’ g%?‘f%?‘%ﬁ’@?%@?&ﬁ?‘%on r tdgn 89%??1?%%1 %&é?jﬁ%&em' cal ,
styrene- et hyb@ﬂ@{é)utyl ene- styrene el astonmer MBSEXL 3691 from Rohm & Haas,
but adi ene-based core-shell inpact nodifierlrganox 1076H ndered phenol

anti oxi dant from Ci ba- Gei gyPTFE50% fi bul ar pol ytetrafl uorethyl ene, 50% SAN
(styrene- acryl oni ThepsglenrdHilesianis for plastis xeiaforcemepharsanade brheni cal  Cor p.

16 23 Decenber 2002 Fornula |., Chem,cal struc of, sul ed PBT. 0 /~

0 070 o (( ehaRERlpifirE dhe nlamtil et cAREEHEE A LR Bk s Usea

i n the 1gxanpb@s tHifis Mt @IMABIEHRMENER thintioRETHE HlarRé tyTBletat | on of

di met hyl terepht hal ate (DMT), di nethyl-5sodiosul fo-1, 3- p.h_enill ene

di car boxy! at eréfenddlPrangaftom abdait3ad{bmiarbng, BD} this iswpttasitical toieqrypsent

titanate (TPT) as. a st. For, exanpl e, a.PBT-iononer .5 containing 5.0
erﬁgssap

t al
mol e per cent MYANGRa e PEE BRsAPOSRIg 123.3 | bs of
DM, 9.90 I bs. of DVSIP,100.1 I bs. of BD, and 43 ms. of TPT to a 40CV

Hel i cone react or %E@éhg’!ﬁﬁf@l}@g%% fithrhéhtd 2REwhEIRer B HUTRReyThrd BUIRIIMGS T hen

heated to 225C at a rate o m nut e under at nospheric ‘pressure and nost
of the nethaiwto fiberpand tivd fibershbuadlldd inlitira irstbi yarag, ropes Ghwvimgs, or e was t hen

subj ected to a gradual reduction in pressure at.a rate of 20 Hg/ mi nut e
whil e (e t eMRYERIIRMAkS2 F&ﬂ%@r@@émqu@als@dg\ﬁanmnat@ rate of

1.5C/ m nute. [ 13/ ' i
pol yreri zat i g-rgg%r%%]g{ee(fh g@%#:agﬁ{(?ﬁéﬁ&\#%%Eﬁm\}&%ﬁ?t’}'}m&sﬂ% Og‘é%née%tnd
shear rate oftoabefilaméeud ghiss &b the fohih I cROPppd sisenddwih ftomsabiouteaeh of the

tables to follqQw represents_a single experinent, Thus, for each exanple in
a given tabl &ghthdoe ?%%ireﬂla\ee@mtlp@ﬁ§9 eHB) froghiderqomRrosIiRY PRg

diti , pdent. | ial ' R RZ", etc.
e rof or enc S RHeF BEnt" R §rter TN I bR R ARRERIY e drigg™C, . Ll

exanpl e® of icBehpotivelitig, @dnsiderable fragmentation will occur. This is desirable,

however, because the best properties are exhibited by thermoplastic injection
molded articles in which the filament lengths lie between about 0.000005" and
0.125(1/8").

The molding compositions include from about 50 to about 97%,
25 preferably from about 50% to about 90% by weight alkylene aryl polyester
copolymers, or most preferably from about 60% to about 90% by weight

weight alkylene aryl polyester copolymers. Preferred compositions comprise

10



I n general, the exanples show that the shear sensitivity of

PBTi ononer-containing materials are significantly hi gher23 Baceniti®T 2062 ed
materials of simlar MV. Shear sensitivity increases by greater than ten 17
23 Decenber 2002 percent, preferably greater than twenty percent and nore
preferably greater than thirty percent. The higher shear sensitivity

results in greater flow.|engths as, denpnstrated using spiral_ flow
nmeasur ement s FaBLONERtarq at eveiq 9? fr peresRy tPﬁBPHS/g%HGWF}‘bW weighth wer e

found to increas i th iner kR Lfonate content over the range of
sul fonat e cor?f‘gnét%ggskS%gggﬁﬁg?ghl?&ygs%gﬁ{@5&'??‘ nost of the materials based
on PBT-iononer showed increased tensile strength, flexural nodulus, and

flexural strength AddifionaRYy agmay beRidaaeddo BRiploY dlorghniedillbadtetel | and
Tables V-XI). The ability to inprove flow, tensile Strength, flexural

modul us, and themweplasticresémprayviadéd thiefevorfable prdpectiassare miod deleyeriowsdy por at i ng
sul fonatge groups into PBT.~ ~as, gujte unexpected. 18 .23 Decenber 2002
Tabl o 115 2 AiBgeer dypical dngrgpicdtiers jnddsha bR amarphotiesipeT 8500

poi s€54. 78- - nhyBRJus fithiRGIsfedfes Mica; feldifat, AR BMe, %as%@ﬁicrospheres,

poi se----69. 78-<-PBT- 3%03Na, 6,320 poise------"-- 69. 784 ass

Fi ber 30. 0030.mMé&3Doxides gactoas iRt @idxifde,Zifc dulRES@rohihd. qubdtz] Andikar
Sensitivitysee Fig. |see Fig.,lsee Fig. I.ﬁpi ral FI ?yv («?330 ]
mi | (i n.) 2. 253ikes Sopmigorganic fifersimay provide a zeramye-like feel to articles formed

§B§§ 3 % 838%2?‘%@8%%?%@‘8%05@%2?1?b§52832(7)i 1‘8333%1 Oggg'sis' (0) 220219215 19

23 Decenber 2002 Table Il1l. Properties of 30% gl ass-filled PBT-iononers as
a functi®n of sul fiheadotnsesiti@ndt thePradehEaRBhtiofdAsy hlwdsaddibional - - - - - PBT,
700 poise34.52---------- PBT- 1%503Na, 6, 848

poi se- - - - 6. 0Fomponentprhicodmaatinterfere wigptheepreviously mengoned gesirallg0o3Na,
7,047 poi Se----:=- - 19803 1247 noj.se---63.81------- PBT- 3%803Na,
1816 hoi se. Propértis PUsEhRIn ERE Ay alnte' frillies - < 05- 01 100 R

Fi ber 30. 0030. 0030. 0030. 001 rganox 10760. 100. 100. 100. 10Vis. Q | ow shear (Pa
:sec.) 516055 s-' SHliBegetad@UAdtiti Gdsldr8 desirablg préseht fhars Arwunt Releast

sec.) 6110, 195 s-~4910, 928 s- 14411, 494 s-~4411, /99 s-~Shear

Sensi ti vi t y8.sefficientiogedueavibre flaanmability gbheqmuipestergsivgprpferably 1@ aw D 30
ml(in.)2.75 L3 5QUNI. (ft . ba/in. )13 8513 .6511..9711..43T.,S. .

(psi) 18?54217 0 13’%8??@?%%%&@&(%(1 »Qllllvar}y)wxﬁx frdiedndtor Ré tait3hdTvith
(psi) 996, 8001hQ3fH MY, (F3he Q8QLivE3th Fal however, the amount of additive will
(psi)26,97027,98027, 18024, 640HDT, 264psi (C)192192184162HDT) 66psi

(C) 218215211 %efrom 2 to2f) prrcentthyr weighp bazed an the welghpef tesizs Aoprefayed

gl ass-filled PBT-ion rs with 0 . % LLDPE. R3EGE7ESPBT, 8500
poi se31. 32- - range will %ggffon?%obb?s toipbepgem | PBT- 19603Na, 6, 848

poi se----5.49----- PBT- 3%803Na, 7,272 poi se--------13.89----PBT-5%503Na,
7,047 poise------- Typidally HdiSdenb DB at fihhepetafdmts flelidde PBT- 3%B03Na,
1,816 poise----- 47.91----PBT-5%03Na, 1, 857 poise---------- 48. 384 ass

Fi ber 332333333¢iraimprasissphennd A polycorbeoatezdigonsw., palybramophenylebtherhear (Pa:

.) 55758 s-~56160 s-' 64960 s-~6S759 s-.= h .
Cpa ) 0000 4o brarinared polstiress brontaates FPA bolieps¥ait, B Rinatec impides,

Sensitivity* | \ ; jral Fl C-3
30 mi | (1) 3. eg R pelirdate Iy lddodiP et eohatabingl ™ T ov

(psi) 17, 1701 mebaay1ate) br raixbites thereof. Poly (haloaryl acrylate) is preferred with
(psi)1,024,0001, 027, 0001, 053, 0001, 067, O0OFS.
(psi) 25, szozﬁgam pe«sfeg@aygemgpolz abromobensyircpplate) HEPB-BA b

(G2 1723421130Q3n %&\own for some time, and is a valuable flame-retardant material, useful
in a number of synthetic resins. PBB-PA is prepared by the polymerization of
pentabromobenzyl acrylate ester (PBB-MA). The PBB-PA polymeric flame-

11



23 Decenber 2002 Table V. Properties of 30%glass-filled PBT-iononers with
different glass fibers. RAEORSELIOR6E11PBT, 8500 23 December 2002

poi se35. 33----35.33-35.33---PBT) 700

poi se34. 47--34.47----34.47----PBT- 3%03Na, 6, 643

poi se----16.48-16.48----16. 48PBT- 3%603Na, 1, 826

poi se----53.32----53. 32-_,%,326! ass Fi per OCF 183F, ) . )

10C30. 0030. oorefardant matet l%&comr@rec&n@ Hstynthetic myirpdugngprocessingas s

Fi ber OC 123Q 10C- - - ;m=- - - - ) X

10300, 200, 2002385 5hBaBG EENima it FAARS,

(Pa. -sec.)537~153s- ~51953s- 59853s-"' S87wWr54s- ~52653s-51953s-Vis. tugh shear
(Pa. - sec. ) 70~e 198 (BB ol 604 $uitd5R FhoRR fotAllhh i S bFORMASRA4411126s- ' Shea
r Sensitivity.7.711.58.013.07.511. 8W

( poi se) 9, 1538p@9syrawssugh a8 pehribomSHirexie aridmpelptidorontdstyrene,
(in.)4.255.12%4. 005. 254. 255. 00OUNI . ,

(ft.ib./ B ) &<aBRanaBipkeayhehang desaspraobiplienyl, brominated alpha , amega -

(psi) 17,9401 . . ] hic- -

(pei ) 1. 000, ogHsY 085 LG BBTE I e 080 P01 DAL o fhrpgepaimide,

(ps~) 27, 5502 8pMigtaReti OBAsAinA P EarboNaes, 26 petidlly edrbopates deyited ¥Pdrh97191199193
22 23 Decenber 2002 Table VI. Properties_of 30%glass-filled PBT-iononers
with diff er entetigbraraobispaenol ARaehichaif gepiged apgendgigpped with phenoxy

boi seaa. 47 SApis e ot bRl plckcyggicals, or brominated epoxy resins
poi se. . 10- 16. Bhel rdSmaiib c4PBRAte1RAS NtatdBd6 are set forth in U.S. Patent

poi se---53. 32----53. 32-53. 32d ass Fi ber OC 127C 10C30. 0030. 00------ d ass
Fi ber OC R17B¥836,544-®0ep30. 00----d ass Fi ber CSC 173X
10CG---.----30.0030. 00l rganox 10100. 200. 200. 200. 200. 200. 20Vis. | ow shear

(Pa: sec.)566-53s' fobh- a5, 048043 BRETEIRAN . ARR 3% moARRY Bt htaril) O
(Pa. -sec.) 75riaéBsAne hﬁﬂ&ﬂaia?k@&x 7R3 18 dbompsdddy 4% WiRiedy? Soaitible P8l 1146s
' ~Shear Sensitivity7.512.710.612.47.712. 2\MW

( poi se) 91338430286 78 knowa388eH Typidal dhorFamic sy3@rgist cdmpounds include

E } t |) ﬁi ? o ? %ﬁ&?ﬁ% S%é%%ﬁ@é?%z@saa@»éelhsgﬁ%f%r.red is antimony trioxide (Sb203).

00400007 5. Uhsy 5 oesD 73 00 P 0O 0sSE O IID) S8 T CoRgaa) o Torantr 4480

(©) 196190198 1®btOpifbradbly froRd1l Be6 pebent BYO2ighitasedlon thevogight percentf 0f30%
gl ass-filled PBT-i oBorpanr?g cont ai .ni ng EEA. R1OE15E16E17E18PBT, 8500

poi se32. 80- - - LeSININGAE HNAHEPTRRPSIHED. Op- - - - - - - - - - - - PBT- 1. 5%803Na, 7, 647

poi se--14. 6315. 083- - PBT- 1. 5%503Na, 1, 783 poi se----50.1751. 72-----

- PBT- 3%803Na, 7, 5041480} £ 15 =139

001 Sen - - 50, 4648, glgléBéls R al cotfpostiibn fafednibPaNaettaldioethylene

Fi ber 3020030. (RTFRE) Wré&ﬁ&@)r&ﬁ?ﬁ%&n&@ﬁ:s@&iﬁo peudeGripfihg gaflaxne retardant
10100. 200. 200.,200. 2?0.,20\ﬁ S. ow shear (Pa.-sec.)378d112 s-~39p109
s-~410107 s- ' thepmoplasticy910111 s-* Vis.  high shear

(Pa.-sec.)5610, 082s- 3911, 053s-4310, 915s-"' 40~11, 236s- ~3611. 164s- Shear
Sensitivity6. 7510. : T : ; Y/ I
(b Tin )16, 41600 Crapd gt ey EpuoRaY dntdinifiact ROGAHS bull 254

(psi ) 14, 58016rubbeipimpadt modifibd, Bigferaly such impact modifiers are utilized in an
(psi) 845, 700933, 600996, 400973, 000962, bOOF. S. ‘ .

(psi ) 23, 200242m98ptlegs than aboys 30 e AnEprefesably from) h o536 byweighbmone 23

Decenbers2002 W r i) 309 -1 T

cont ai nizgg ng&z&aBlygﬁ%%Eﬁgﬁzg%%}é%h,é%é%%@%ﬁ)é%é&é@?IEEt’hgﬁ %%gﬁg , 700
poi se32. 00~- - percent by welght bhset¥&R the totdl Miggmt of the composition. Typical

poi se--14.6315. 083------= PBT- 1. 5%6503Na, 1, 7

poi se- - 50. 175impast-modHieTs 3secdaliiaad fFpH0ane or more monomers selected from the

poi se-------- 16. 3415. 85PBT- 3%503Na, 1, 730 poise------ 50. 4648. 95d ass

Fi ber 30, 0030. 0030. 0030. 0030. 00OHyt rei 5. 005. 003. 003. 005. 00l r ganox

10100. 200. 200. 200. 200. 20Vis. | ow shear (IRa:
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sec.) 6210, 114s-47010, 780s-4510, 881s-42C911, 132s-~42~11, 006s- ~Shear

Sensi tivity7.09.99.910.910. 6M/ (poi se) B, 3597, 7487, 6177, b287, 487UNI
(ft.Ib./in.)15.116.414.415.915.4T. S.
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(psi) 23, 19024, 81026, 32026, 21025, 420HDT, 264psi (C)19018919018S184 25 23
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_PBT-1. 5%503Na, 1, 783 poi se--50.1751. 72----- PBT- 3%603Na, 7,507

poi se-------- 1b. 3415. 85PBT- 3%503Na, 1, 730 poise--------- 5Q.348et8mborPa02s
Fi ber 30. 0030. 0030. 0030. 0030. 00Kr at on5. 005. 003. 003. 005. 00l r ganox

10100. 200. 200. 200. 200. 20Vis. | ow shear (Pa:

sec. ) 468e?52s- ~47553s-47851s' ' 47154s- 480~e?54s-~Vis. hi gh shear (Pa.
sec. ) 699, 920s-4511, 119s-' 46et 11, 160s- ~43~211, 206s- ~4311, 296s- Shear
Sensi ti vi t y* 6SWOUD. WNsisting of elefingvingbaranatiamepomess agnyilic apgbalkylacrylic
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, 130HDT, 264psi (C) 189189191183181 26 23 Detenber 2002 Table X. Properties
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ise32.80------- PBT, 200, poi se32, 0Q----:-PBT-1.5%03Na, .7, 647
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. RL4E31PBT, s¥tf3 ea%me@tk@rs%ﬁnasze@naerlgew%@pwy%e%m&,msg&lg@f%oi se0~
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10100. 200. 20\%%.;‘%91‘%8\/&2?1%%5 ¢ HRE g ?ﬁ%%é%s‘ﬁﬁgggg&fg? @’e?’%h%r“g shear
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(psi ) 93856001, 020 QShEor Rl copej meissnich s oIS RN HGBR g X I
b . : . . _ >

poi Sou0. 57- paFPI3ReRL AT b ksCd gt o ARERTEGhe phcet Cibgoliils

Fi ber 20. 0020. Afkample MDolefihraganate cbPpbBindlitnpdtynsodifiepiy ethiglane

(Pa.-sec.)79354s-174156s- 1Vis. . hi g,? shear (Pa: _
sec. ) 9949881 sethylaenyiaies Otbarhigher alefin mppgmergeem kagmployed in copolymers

e
264psi  QE) 195dieRe ?&golyEﬁer@ec@Vdéﬂrkrﬂ)@ﬂ?inT&bla@t ad penétatipdall it thé EBDM

gl ass-filled PBT/PBT-iononmer blends. RL6E33R17E34Extrusion
#A13735- 1A137@thyiemepmpybresligne)dprily efterpolpmerss £ otyolefingsuchas - - - pPBT, 700

oi sel4.987.4938. 5934. 85PBT- 3¥&6031 Va, ..6, 020 noj Se-++wad. 857 34. 8 ass Fi ber
O 18330, 00R0Y BRI oS ooBRAcY G8i51T 55 HesBTeRE (LDREY <hd polydstehe

10760. 150. 150cchaflyched with alishd SBAAS alefisa 8Psd iB3RERACIBOSBIREVSE S- ' 51056
s'491A58 s-'Vis. “ high shear (Pa.-sec.)105H79, 720 s-'72A0,580 s''61A0, 088
s-' 48A0, 480 sPolghlefin Bpnkimérsiwigls gplridyl&cryloted by methacrylates may be
(poi se) 13, 71913, 5806, 8466, 3L7UNL (ft. 1 b.[in,)14.414.713.012. 0T.
(psi) 17,536017‘?%?6‘?. y 84845/ e .eW%ﬁ%’?‘?é‘f&??éb@é??b@@%@??&%‘l‘?‘ﬁ%‘ﬁoF. S.
(psi ) 25, 7902 - ' F
‘5 21821521825%15%5:1&%@ StASEL th AR criiiel U Rdthad 1ePind §BREdy1

methacrylates may be especially preferred.

Styrene-containing polymers can also be used as impact modifiers.

Examples of such polymers are acrylonitrile-butadiene-styrene (ABS),
13



23 Decenber 2002 CLAIMS: 1. A thernoplastic resin conposition having

enhanced shear sensitivity consisting of:
wei ght of a shear enhanci ng al kyl ene aryl

sul fonate uni

resi dues of the fornula |IB:

p+d=2-6, n=1-

aromatic ri ngemrydmumle-}’mtaadlbﬁe-lamlm-
aryl ring, R

bound to the

al kyl ary$ or
strai ght chai
from2 to 12

10

15

20

25

ts represented by the formula A: 10 (Mn 035 Af C1| d or

5 Mis a netal, and Ais an aryl group containing one or

5 (a) from 50 t23 Decepbder2fi2 by
pol yest er copol yners havi ng net al

(Mtn 035) d-A-(OR'OH) p 15 where p=1-3, d=1-3,

nore

meltisylstyvens, styserk-betadigneastyaeded to an

s a dival ent aIkyI grou nd the netal sulfonate group is
disnestyrene {387, styrene ethy éwtylzoeéqyrem(ﬁﬁ to about 50%

by wei ght of | as e r to for ti onposi t
and Torm a r SPRMATES %ﬁv%dmy it (bs) SEP 8 hidh isppdd sha®pga
conposi ti on Qdorthii 8. the rret al 25 sul fonate pol yest er copol yner

has the fornula I'V: -R~ 0o- CSO M+t x OL Y 31 23 Decenber 2002 where
the iononer units, X, are from0.1-50 nole % R is halogen, alkyl, aryl,

hydr oflembleRrds iof th:ie imvesdiolry cam ke pfooéssed bytvamious deqhnigiiasg

m or

N, . branched, or cI o {ﬂ‘\%g}i\ﬂc al kane, di.o Ssﬁen? fﬁont ai ni ng

ingusting fugeHon K‘P N8aeyrusion ip

profiles, compression moldmg and etc. They can also be formed into a variety
of articles for use in, for example; electrical connectors, electrical devices,
computers, building and construction, outdoor equipment, trucks and

automobiles.
EXAMPLES

The following examples illustrate the present invention, but are not

meant to be limitations to the scope thereof.

The ingredients of the examples shown in the tables below were
tumble blended and then extruded on a 2.5 inch HPM single screw extruder
with a vacuum vented, double-wave screw, 30:1 L/D, at a barrel and die head
temperature between 490 and 510 degrees F and 100 rpm screw speed. The
extrudate was cooled through a water bath prior to pelletizing. Test parts
were injection molded on a van Dorn molding machine with a set
temperature of approximately 500 to 510 °F. The pellets were dried for 3-4

hours at 250¢F. in a forced air circulating oven prior to injection molding.

Mechanical properties were tested as follows: unnotched Izod (UNI),
ASTM D256; heat distortion temperature (HDT) at 66 and 264 psi, ASTM
D648; tensile strength (T.S.), ASTM D638; flexural strength (F.S.) and fiexural
modulus (F.M.), ASTM D790.

14
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5 3. Athernoplastic resin conposition of claim2 wherein R is hydrogen, x
= 0. 5-10 nole percent, R is C2-C8 alkyl, and Al is deri23ddedember 2602 or
terephthalic acid or a m xture of the two. 4. A thernoplastic resin
conposition according to claim3 where p=2, d=1, and Mis zinc, tin,

al kaline or alkaline earth netal. 10 5. A thernoplastic resin conposition
of claim3 wherein the netal sulfonate polyester of formula IV.is a

al kyl ene pol yest er M@ltVificasim (MY) tras measumebat 250n¢ aisinga Tinius@enent of i so
y poly

or tere phthalic i d.deriyatives ,ther and, Rl i.s the.resi froma
di ol corrponenlm%‘?eq?wé'?gfrbsm '%?V&ﬁﬁ;‘t@gr?g)lﬂég'i%dggggﬁf?‘é"llﬁ}&a@bg&ehyl ene
gl ycol , propampgg @i%\me@éil. aﬂ‘lﬁﬁb&'of cBhditions Yeh M3 e anadhiRitd8npproritfatel
derivatives thereof. 6. A thernoplastic resin conposition of claim3 where
the nmetal sul l6@sle salt is iso- or tere- sulfo phthalate. 7. A

t her mopl astic resin conposition of claim3 wherein x is fromabout 1 to
about 20 percent. 20 8. A thernoplastjc resin co sition of claim

conpri si fr om 10 Vigsosiey nehepsirages peetiles pegs Shg‘g)‘igéégods VA8 zeégti c
resin conpositj i j ARV t]%‘éﬁ?c‘d using a
Coettfert rhe%if‘rgn %Ier% J&agg%%r%%%@g@’gﬁ?%{néﬁ%? g#itbégé%%gg qu%ﬁ i fying
shear sensiti vhdagured dthelomashaar @htel(RB0¢1)26ake Viscafitymeadiired adh high ow shear
rate 050s-1) to the viscosity nmeasured at a high shear ra to (~ 11,000s-1 )
wher ei n nat er shear mata(~13,080ghbr Thehigber tivratier hasmeze stear senmitivethenber 2002
sensitive, said L& i n having higher shear sensitivity than anal ogous
materials in WAEH2t he metal sulfonate copol yester polyner is replaced by
an anal ogous polyester with no netal sulfonate groups. 10. A thernoplastic
resin composition afshcbatdhtIvafiabfiRed at®rdingfoASTMUhetRoHDF8I0Ut 12
percent. 11. A thernoplastic resin conmposition of claim210 conprising from
10 to 40 wei ght percent fibrous glass. 12. A thernoplastic resin

conposi tion of cl aFiav lengihmeasdeienmined using a spiral flow mold with a channel

depth of 0.030 inches and a Van Dorn 110 ton molding machine. Conditions
used for the measurements were: barrel temperature, 480°F; mold
temperature, 150°F; injection pressure, 1500 psi; injection speed, 3.0 in./sec.;

15 injection time, 6.0 sec.; cycle time, 30.0 sec..

15



resin has a 20 percent higher shear sensitivity than anal o
10 which the netal sul fonate copol yester
anal ogous pol yester with no netal
resin conposition of claim®6 wherein the iononer units,

to about 12 nole percent of the polyner.
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The PBT-ionomers used in the ekamples to follow were produced by
the melt polymerization of dimethylterephthalate (DMT), dimethyl-5-
sodiosulfo-1,3-phenylene dicarboxylate (DMSIP), and 1,4-butanediol (BD)
using tetraisopropyl titanate (TPT) as a catalyst. For example, a PBT-ionomer
containing 5.0 mole percent sulfonate (PBT-5%SO3Na) was produced by
adding 123.3 1bs of DMT, 9.90 Ibs. of DMSIP, 100.1 lbs. of BD, and 43 mis. of
TPT to a 40CV Helicone reactor which was preheated to 130°C. The monomer
mixture was then heated to 225°C at a rate of 1.5°C/minute under
atmospheric pressure and most of the methanol by-product removed by
distillation. The mixture was then subjected to a gradual reduction in
pressure at a rate of 20 mm Hg/minute while the temperature was
simultaneously increased to 250°C at a rate of 1.5°C/minute. The total time
under vacuum was 68 minutes. This polymerization produced a PBT-
ionomer with a melt viscosity at 250°C and shear rate of about 100s-1 of about
9,000 poise.

Entries in each of the tables to follow represents a single experiment.
Thus, for each example in a given table, the extrusion conditions, molding
conditions, testing conditions, etc. were identical. The materials designated
“R1”, “R2", etc. are reference materials while materials designated “E1”, “E2”,

etc. are examples of the invention.

In general, the examples show that the shear sensitivity of PBT-
ionomer-containing materials are significantly higher than PBT-based

materials of similar MV. Shear sensitivity increases by greater than ten
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Y" 10988 () - +xnbC91! Os!, 31096& ()- 10M 10M 10MDL<sS10%VE' ()-2 10%V&' ()-0
1090V ()- / 109 ()-/ @EmHCOL! 051096& () - 1096& () - m109%6& ()-9 GLOYB& ()-
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9y/ 1096& () & Iv 10%
sS& ()-1" ov%’g%g B éég{lo(%“;mgés'ﬁggé&&mo‘}v%%ggéﬁ%g %ﬁ‘z'fsilloo\/)(I
I N& 10%& () -Shear sensitivity and flow length were found to increase w1th increasing

10% & | &( #1098 91"10% & () - O =911 1 yL10% L10%&
NEES |_(1) /gzg(zg%fpnategmt;@t(gver 1]%;2 raggg of sulfonate contents 1nvest1gat @L () O

1079t 10% & O dfthi6h riost i Re natdridl? bad €h PhT-iBohetEhiwelindeaddd® () - M

tensile strength, flexural modulus, and flexural strength than analogous PBT-
based materials (see Tables II and Tables V-XI). The ability to improve flow,
tensile strength, flexural modulus, and flexural strength of glass-filled

10 material by incorporating sulfonate groups into PBT v.as quite unexpected.
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10! #934" 109%&' ()-! C934"10% & ()-199' "109%& ()--./F////?0dEoP110% 10%4&' () -
310%4& ()- ~109%4& ()- 310%& ()- 3 10%& ()- ys1l0%& ()-

20001 111dEOP110%& 10%& ()-L10%4& () - &10%1& ()- 10%4&' ()- FF10%44& () -
@ o0& () - 1(202333>4dEOP110‘V<9 S10%H&

@ @0%H& () -) 1094 kahle lePramerfies of 30% gi@%ﬂ&leé)EBMré

>4445" 5b5c5d5e5aVK@ 10H 10H 10H 910%H& () - LF7Z10%4& ()- 510%4& ()-!4Y1

109%H&' () - &)= - 7 Ei
e5v5a678* 99 [ OVK@ ! 10%RHR& ()I- 1! 184HH& ()-1Ty" 1QA£L&'_%)-I LIy"10% [ & ()-10%
C& ()-!, 310988, 8500 90158 <<<<zX9.|@ 164FD10% & (9=!y5 -
10% : & () - -] ik VA R oL A W IR
"10% T & () - gs<&=>7 3 @ )
10: ! 0#109%& (I)Bﬂ-ﬁébﬁmm%BﬁonelO% h: h&' ()-|S!! 69 : &[()-S— 3100 & ()- 10:
10: @8BS CDOzAS SRR (T C2  TOYR (=50 — -
IC"109& () - K () - DDIY FEEEGQE@ 10t s
"10% & () - wFsvenO%&' ()--18&|3" 16988 ()-|- 1030 () {L! 40Pk [)- 10t
Irganox 1076 011 0.11 011
PEPQ 0.11 0.11 0.11
Shear Sensitivity see Fig. 1 see Fig. 1 see Fig. 1
Spiral Flow @ 30 mil(in.) 225 275 325
UNI (ft.1b./in.) 14.5 14.7 13.7
T.S. (psi) 17,090 18,360 18,540
EM. (psi) 918,600 987,400 961,000
F.S. (psi) 25,090 26,660 26,380
HDT, 264psi (C) 197 201 194
HDT, 66psi (C) 220 219 215
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10M 10M_MBNFENNNOJErV/
“10% & ()-10% & ()-10% & () - FL0%& () - &On0O
| 9810% & ()- #10% & () -
RAEMN. Lnd 10% 410% & () -

agsonilled FBT

, S10% & ()-y1l0% & () -
Ln'10% 910% &' ()-10% & () -

P*Pj PPAEMN Lt 10% )" 10% & () -

"10% & ()- f "10% & ()- PPQX
10% & ()- / 108abte HJ. Fropegties o

F10% & () -

'£10% & ()-

1310% & () -

3"10% & ()- Y1
! ML

"109%& () - 10% 0& % Uit o8 ()- 10\ 10\ 10\910% & () - &s6ML0% & () -
cTTTI UUVVdEb@“ﬁ‘#l E?!C?h%%o 0& ()-Y10% 0& ()-3'!10% 0& ()-

R2 E3 E4 E5
PBT, 8500 poise 35.38 —_— — —
PBT, 700 poise 34.52 e ——ee —
PBT-1%SO3Na, 6,848 poise — 6.09 —— -
PBT-3%503Na, 7,272 poise —— - 15.62 —
PBT-5%SO3Na, 7,047 poise —- e - 15.08
PBT-1%SO3Na, 2,247 poise — 63.81 — -
PBT-3%S0O3Na, 1,816 poise - - 54.28 ——
PBT-5%S0O3Na, 1,857 poise — —— — 54.82
Glass Fiber 30.00 30.00 30.00 30.00
Irganox 1076 0.10 0.10 0.10 0.10
Vis. @ low shear (Pa.-sec.) 516@55 s 552@58 s 600@57 s 651@58 s°!
Vis. @ high shear (Pa.-sec.) 61@10,195st | 49@10,928 s+t 44@11,494 51 | 44@11,799 s
Shear Sensitivity 8.5 11.3 13.6 14.8
MYV (poise) 7.186 6,820 8,003 8,386
Spiral Flow @ 30 mil(in.) 2.75 3.125 3.375 3.50
UNI (ft.lb./in.) 13.85 13.65 11.97 1143
T.S. (psi) 18,470 19,440 18,970 16,140
F.M. (psi) 996,800 1,030,000 1,030,000 1,034,000
F.S. (psi) 26,970 27,980 27,180 24,640
HDT, 264psi (C) 192 192 184 162
HDT, 66psi (C) 218 215 211 202
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& 10% 0& () --Z20ZZZZ7Z[ JuV4 1[-#10%\ & ()-MO% & ()-"!1310% & ()- 1000 1000
1000! 7nML0%0& () - S96&10% 0& ()- ]0]9]11]1V__~<uv4

[ "#109008& ()-!"#10%\'\ & ()- -10% & () -

4100 () 10PN FaoBarbias o 03 gisseceR T Borhers nin g et EERRRG: ()

10%& () - 9GLOY%& () - LF 10%& ()-ni 10% ()-L3 109%& ()- c&dxdddddddxn‘nC

L[99 3109 ([J= IU IU IUSYTOY&T()- 38! U1q7V& (gk- 07& €7 - ES
L10%& () - dddecedenepcaC | N O%EL%%__J_EL_J_O_OA&.(.).;AII__’I.DT@A Q=N
10%&' () - 109 FEY-858)isBeceqeecedu] GB32 NL [109%&() - (NL 109&' ()|- NL 1T0%&' ([)- NL
109%& () - NL Wm@ Ggeeeee, TXT7C 3l 107& (- N TOY&_L) - TOZ& () -|NL
1098 ()- NL [LO%&. F\} A NEOELEEHEEQYRC | 1094 (e NL~10%R: () = NI Jgo@(-()_NL
109&' ()- NL f@%@@% PP PoFEGX N 2C1 NL 00/@4%) NL 109 () -] NL To% () - NL
109 () - N FBY8%EpsNgzengedejqr - 13.89 —

PBT-5%SO3Na, 7,047 poise - —— — 1342

PBT-1%SO3Na, 2,247 poise — 56.31 — —

PBT-3%S03Na, 1,816 poise e —_— 4791 —

PBT-5%S03Na, 1,857 poise —- - o 48.38

Glass Fiber 33 33 33 33

LLDPE 5 5 5 5

Irganox 1010 0.20 0.20 0.20 0.20

Vis. & low shear (Pa.-sec.) 557@58 s 561@60 s 649@60 s 687@59 s°)

Vs @ hugh shear (Pa.-sec.) 49@10,583 s*! 38@11,367 s 36@11,917 57 35@12,187 s

Shear Sensitivity* 114 14.8 18.0 19.6

MYV (poise) 7,978 7,321 8,220 8,600

Spiral Flow @ 30 mil(in.) 3.0 35 3.75 4.0

UNTI (ft.lb./in.) 1446 16.55 14.96 15.56

T.S. (psi) 17,170 17,980 19,040 17,970

F.M. (psi) 1,024,000 | 1,027,000 1,053,000 1,067,000

ES. (psi) 25,820 26,430 26,650 25,740

HDT, 264psi (C) 194 193 185 170

HDT, 66psi (C) 217 217 211 203
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NL 10%& ()-NL 109%& ()-
QL109%B& () -

NL

<NA4

N-10%g" & () - No! 310%:]" & ()-101010 N 910%&' ()-tijjk9ldm]|[:vU4

N) " 10%g" & () - "10%" & ()-N N 100/&'63 N W 109" & (&‘ NF" 1098 & () -

F'10% | 1& ()T HOBWS oNpQboglase-fil] RB’I@%@@;&M different glass

N 410% & ()-.10qg" 109" 109" NLL910%g" & ()- N&3@0% & ()-nppgBrrrrrr|[ NA4

10" 10" 10" N 5 & ()-N NyF "10% & ()- Ns10% & ()-& N 10% & () -

N109%6 & ()-rrrrrrrbBNA4 10" CO10%1 H& ()- CO10%H H& () - C010%H H& () - CO10%H

R b A PR e AV A S B

H&! 109 ' SB-504 ' 40109 M@?g@u NAL

10#30010% |HE Yo% 3/ co10%+ R () - o000 K1) -|co 10w e P72 col o0&t

H&' () - BESKIBEMEpams{ ?NA4 1800 10%+H&' [ ) -36810% H& ()}#33437(c010w

H& () - C0109 X R ) =TSSR Zop o0 2] TTER 0T

H& () - CO10%WHE #3231 CF10%4HE—(}—001DUHHe () —ssessiss—2NAG 1O

He' () - 00109 P T O3 ¥ 8% her 1) - do1 M He: (17#3 |3/ T010%H HR() - ssé @ss

10#3" 3/ CO1(AHs+AerOFF BEFI004] HR.0P) -|COI H&' (- CQ10%+ H& () ~#3

3/ ssssssss| CIARRPIBs60% ()7 CALOY H&T) - {73 30.00 30.00 = -
Glass Fiber OC 123D 10C —_— —— —— - 30.00 30.00
Trganox 1010 0.20 0.20 0.20 0.20 0.20 0.20
Vis. @ low shear (Pa.-sec.) 537@53s"! 519@53s-! 598@53s°! 587@54s! 526@53s-1 519@53s
Vis. @ hugh shear (Pa.-sec)) 70@9801s | 45@11024s! | 75@11032s! | 45@11319s'! | 70@9798s-1 | 44@111265
Shear Sensitivity» 7.7 11.5 8.0 13.0 7.5 11.8
MV (poise) 9,153 8,699 9,653 9,817 8,852 9,071
Spiral Flow @ 30 mil (in.) 4.25 5.125 4.00 5.25 4.25 5.00
UNI (ft1b./in.) 16.03 16.27 15.93 16.25 15.23 17.83
TS. (psi) 17,940 18,900 17,620 18,290 17,100 17,950
FM. (psi) 1,000,000 [ 1,052,000 | 975400 | 1,080,000 | 1,031,000 | 1,058,000
ES. (ps1) 27,550 28,470 27,070 29,160 26,500 29,260
HDT, 264ps: (C) 197 191 197 191 199 193
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/ CO10%H H&' () - CO10%H H&' ()- CO10%H H&' ()- CO10%H H&' ()-sstt

t 2, 40010%C010%4 H&' ()- CO10%H H&' ()- CO10%H H&' () - 0#3 23/ Txgreater 2002

)= C010%4 H&' ()-*t/tOt At Ft Kt Pt _?, 4C010%C010%4 H&' () - CO10%H H&' () - CO10%H
) - CO10%H H&' ()-#3 3/ CO10%1 H& ()-PtQt\tctjtgtrt <, 4001043 3/ CO10%
)_
)_
)_

~ W
=

C010% H&' ()-C010%H H& ()-C0109%H H& ()-#3 3/rt}tttttt D, 40010#3C010%-

#3 3/ C01094 H& ()- C010%H H& () - C010%d H& () - CO10%

tttttt tTable VOPropeities of 6% glassdilledbB Hionomers witlodiffesantiglass - c010%4
)-C010%H H&' ()-ttttttt 2, 4CO10#C010%H H& () - C010%H H&' () - CO10%-
H& ()-#3 3/ B8 H&' ()-CO10%H H& ()-ttttttttureX7 s!310%& ()-10 10 10
"s910% & ()-C0109H H& ()-#3 3/ C010%H H&' () - uPucuduguj urmubBeX7 s!S

EEEEERE

10(%(1)&"()-!8 TORT(T-TS 109&K[() Rv S Iy:/«gu(C};! I-[:zlgU‘V ()E13 -,LRf@ /§14 O
G 100 () | LA voexy & ot (3. IS 1dve ToiL b 1o {3 P b (11] 7 G
109 ()-! uujEBRAYPFBeX7 S 10%&@4] - ||S 10%&'|() 34498 1pvg—t)-|S ®#de |()-H 2 S
1098 () - ! UUUTFRNAVEORE 5643 soise | 16.48 — 16.48 — 1648

PBT-3%S503Na, 1,826 poise - 53.32 e 53.32 — 53.32

Glass Fiber OC 127C 10C 30.00 30.00 — ——— —— —

Glass Fiber OC R17BX1 ———- -— 30.00 30.00 —— ——

Glass Fiber OC 173X 10C JE— — — — 30.00 30.00

Irganox 1010 0.20 0.20 0.20 0.20 0.20 0.20

Vis. @ low shear (Pa.-sec.) 566@53s-1 558@54s! 648@54s! 558@545°! 759@53s 548@54s°!

Vis. @ hugh shear (Pa.-sec.) 75@9745s" | 44@11310s" | 61@10186s1 | 45@11174s! | 98@9554s™! | 45@11146s°1

Shear Sensitivity» 7.5 12.7 10.6 124 7.7 12.2
MV (poise) 9133 8480 10557 8710 13359 9037
Spiral Flow @ 30 mil (in.) 4.00 4.00 4.00 5.125 3.75 5.00
UNI (ft.lb./in.) 14.7 16.26 18.91 19.28 12.44 16.59
T.S. (psi) 16530 18010 17870 16960 15480 16240
FM. (psi) 959700 1047000 992300 1082000 944600 1049000
E.S. (psi) 24862 27970 27490 29610 23640 27470
HDT, 264psi (C) 196 190 198 191 197 188
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Table VII. Properties of 30% glass-filled PBT-ionomers containing EEA.
R10 E15 E16 E17 E18

PBT, 8500 poise 32.80 — — — —
PBT, 700 poise 32.00 nonn — - -—
PBT-1.5%S03Na, 7,647 poise —— 14.63 15.083 — —
PBT-1.5%SO3Na, 1,783 poise — 50.17 51.72 — —
PBT-3%S03Na, 7,507 poise - — — 16.34 15.85
PBT-3%503Na, 1,730 poise — — — 50.46 48.95
Glass Fiber 30.00 30.00 30.00 30.00 30.00
EEA 5.00 5.00 3.00 3.00 5.00
Irganox 1010 0.20 0.20 0.20 0.20 0.20
Vis. @ low shear (Pa.-sec.) 378@l12s! | 397@109s1 | 410010751 | 428@108s7 | 391@111s7
Vis. @ high shear (Pa-sec.) | 56@10,08251 | 39@11,053s" | 4361091557 | 40@11,23651 | 3601116457
Shear Sensitivity 6.75 102 9.5 10.7 10.9
MV (poise) 8,457 7,647 7,754 7,700 7,743
UNI (ft.1b./in.) 15.4 160 154 14.8 150
T.S. (psi) 14,580 16,170 16,680 17,027 16,335
F.M. (psi) 845,700 933,600 996,400 973,000 962,600
E.S. (psi) 23,200 24,990 26,690 26,210 25460
HDT, 264psi (C) 193 193 195 188 184
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Table VIII. Properties of 30% glass-filled PBT-ionomers containing Hytrel.

R11 E19 E20 E21 E22
PBT, 8500 poise 3280 - -—- — —
PBT, 700 poise 32.00 —~— —— —_ —
PBT-1.5%S03Na, 7,647 poise — 14.63 15.083 ——— —
PBT-1.5%503Na, 1,783 poise —— 50.17 51.72 e —
PBT-3%SO3Na, 7,507 poise o — — 16.34 15.85
PBT-3%S03Na, 1,730 poise -— — - 50.46 48.95
Glass Fiber 30.00 30.00 30.00 30.00 30.00
Hytrel 5.00 5.00 3.00 3.00 5.00
Irganox 1010 0.20 0.20 0.20 0.20 0.20
Vis. @ low shear (Pa.-sec.) 436@52s51 | 465@53s! | 447@53s 458@53s+1 447@53s!
Vis. @ high shear (Pa.-sec.) 62@10,114s" | 47@10,780s"! | 45@10,881s | 42@11,132s | 42@11,006s"
Shear Sensitivity 7.0 9.9 9.9 10.9 10.6
MV (poise) 8,359 7,748 7,617 7,628 7,487
UNI (ft.Ib./in.) 15.1 164 144 159 154
T.S. (psi) 15,000 16,870 17,080 16,650 17,030
FM. (psi) 836,700 885,900 955,200 955,300 923,100
F.S. (psi) 23,190 24,810 26,320 26,210 25420
HDT, 264psi (C) 190 189 190 185 184
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Table IX. Properties of 30% glass-filled PBT-ionomers containing Kraton.

R12 E23 E24 E25 E26
PBT, 8500 poise 32.80 — —— ——— ——
PBT, 700 poise 32.00 — —— — —
PBT-1.5%503Na, 7,647 — 14.63 15.083 - —
poise .
PBT-1.5%S03Na, 1,783 - 50.17 51.72 — —
poise
PBT-3%S03Na, 7,507 — — -— 16.34 15.85
poise
PBT-3%S03Na, 1,730 — — - 50.46 48.95
poise
Glass Fiber 30.00 30.00 30.00 30.00 30.00
Kraton 5.00 5.00 3.00 3.00 5.00
Irganox 1010 0.20 0.20 0.20 0.20 0.20
Vis. @ low shear (Pa.-sec.) 468@52s” 475@53s"! 478@51s7! 471@54s"! 480@54s-
Vis. @ high shear (Pa.-sec.) | 69@9,920s | 45@11,119s" | 46@11,160s" | 43@11,.206s! 43@11,296s°1
Shear Sensitivity* 6.8 10.6 10.4 11.0 112
MV (poise) 9,876 9,395 8,931 8,938 9,771
UNI (ft.Ib./in.) 16.2 15.9 15.5 154 16.0
T.S. (psy) 15,260 16,350 17,320 17,350 16,610
F.M. (pst) 862,100 894,700 956,000 949,400 904,300
E.S. (psi) 22,970 24,240 25,570 25,560 24,130
HDT, 264psi (C) 189 189 191 183 181
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Table X. Properties of 30% glass-filled PBT-ionomers containing MBS.

R13 E27 E28 E29 E30
PBT, 8500 poise 32.80 - — — -~
PBT, 700 poise 32.00 — - — —
PBT-1.5%S03Na, 7,647 poise - 14.63 15.083 - —
PBT-1.5%S503Na, 1,783 poise -~ 50.17, 51.72 — —
PBT-3%503Na, 7,507 poise — — —_— 16.34 15.85
PBT-3%S503Na, 1,730 poise - — — 50.46 48.95
Glass Fiber 30.00 30.00 30.00 30.00 30.00
MBS 5.00 5.00 3.00 3.00 5.00
Irganox 1010 0.20 0.20 0.20 0.20 0.20
Vis. @ low shear (Pa.-sec.) 452@52s1 524@51s” 489@52st 492@51s* 521@52s
Vis. @ high shear (Pa.-sec.) 70@9906s ! | 50@10870s! 48@11016s! | 43@11361s | 44@11470s"
Shear Sensitivity* 6.5 10.5 10.2 114 11.8
MYV (poise) 10,294 10,958 9,717 9,171 10,830
UNI (ft.Ib./in.) 15.5 15.8 15.9 14.8 155
T.S. (psi) 15530 16490 17210 16420 15880
EM. (psi) 850200 904400 949100 935800 890400
ES. (psi) 22840 24720 25990 24890 24110
HDT, 264psi (C) 188 189 191 185 178
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(M+n 0O3S)d-A-(OR"OH)p
15
where p=1-3, d=1-3, p+d=2-6, n=1-5, M is a metal, and A is an aryl group
containing one or more aromatic rings where the sulfonate substituent is directly
attached to an aryl ring, R" is a divalent alkyl group and the metal sulfonate group is
bound to the polyester through ester linkages;
20
(b) from 3% to about 50% by weight of a glass fiber filler to reinforce and

stiffen the composition and form a reinforced molding composition.

2, A thermoplastic resin composition of claim 1 where the metal

25  sulfonate polyester copolymer (a) has the formula IV:

N Poq
' C_Hro—Rl- 0-C Al
SOSM* y
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@S2mlo% 2# & () 7, A thermoplastic resin composition of claim 3 wherein x is from

about 1 to about 20 percent.

20 8. A thermoplastic resin composition of claim 7 comprising from

10 to 40 weight percent fibrous glass.

9. A thermoplastic resin composition of claim 8 having a shear
sensitivity as measured using a Goettfert rheomenter to determine shear rate
profiles at 250°C quantifying shear sensitivity as the ratio of the viscosity

25 measured at a low shear rate (~50s-1) to the viscosity measured at a high

shear rate (~11,000s-1) wherein materials having higher ratios are more shear
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11. A thermoplastic resin composition of claim 10 comprising from

10 to 40 weight percent fibrous glass.

12. A thermoplastic resin composition of claim 11 wherein said
resin has a 20 percent higher shear sensitivity than analogous materials in
10 which the metal sulfonate copolyester polymer is replaced by an analogous

polyester with no metal sulfonate groups.

13. A thermoplastic resin composition of claim 6 wherein the

ionomer units, x, are from about 3 to about 12 mole percent of the polymer.

14. A thermoplastic resin composition of claim 13 comprising from

15 10 to 40 weight percent fibrous glass.

15. A thermoplastic resin composition of claim 14 wherein said
resin has a 20 percent higher shear sensitivity than analogous materials in
which the metal sulfonate copolyester polymer is replaced by an analogous

polyester with no metal sulfonate groups.

20 16. A thermoplastic resin composition of claim 9 wherein said resin
comprises from about 1 to about 30 percent by weight of a halogenated flame

retardant.

17. A thermoplastic resin composition of claim 9 wherein said resin
comprises an impact modifier in an amount less than about 1 to about 25% by
25 weight.
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19. A thermoplastic resin composition of claim 17 wherein said

impact modifier comprises an olefin containing polymer and copolymer.

5 20. A thermoplastic resin composition of claim 17 wherein said

impact modifier comprises a styrene containing polymer.
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