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25  polymers contemplated within such a definition include, without limitation, polyolefins (such

as polyethylene, polypropylene, polybutylene, and any combination thereof), polyamides
(such as nylon), polyurethanes, polyester (such as polyethylene terephthalate), and the like (as
well as any combinations thereof).
Thermoplastics have been utilized in a variety of end-use applications, including
30 storage containers, medical devices, food packages, plastic tubes and pipes, shelving units,

and the like. More specific types of such thermoplastic end-uses, particularly those to which
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Such conpounds and conpositions that provide faster and or higher polyner
crystallization tenperatures are thus popularly known as nucl eators. Such
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benzoi c acid type conpounds, particul ar sodi um benzoate, are the best
enbodi nermuchyfs 1,h®-Radiskht-dinetademedidepgisothitel (beraimaftes DMDBShavailaleagent s,

allu to a ted -l : NO.

3, 16211 o Wl flen KRS ORI A R aRETNTRRY 36, Rovich Bt niBbarioh®

nucl eat i nghamotdristica forftytigetpobgmpyiendsand ptheypdlwfléfmsr Ogienwell Knomm eommundd . t hen
suggests i . S...Pap. 20 No,. 5,342 868 that t addi tjon aof .an.al kali netal
car boxyl a‘flgluhj‘bs"g’a‘g]? Ee“ﬁ?ﬁt‘il\?%41%‘?1?’%ﬁgqu%ms"%f&@i}@lg‘gﬁwb 8&&(%‘?@"6 oric ester
can furt hefon ARMPPEnkaKOeGd BIK S kfodkinl LINLA {0 el af the like) SudHicbmp@mds Ionpounds

that are based upon this technol ogi es are market ed, under, the trade nane

‘NA- 11 impart high polyolefin crystallization temperatures; however, each also exhibits its own

30 drawback for large-scale industrial applications.



and NA-21. Furthernore, a certain class of bicyclic conpounds, such as

bi cyclic dicarboxylic acid 25 and salts, have been taught as pol yol efm
nucl eati mgoagerTor as well within Patent Cooperation Treat yCaaso2/eads on WO
98/ 29494, to M nnesota M ning and Manufacturing. The best working exanple
of this technology is enbodied in disadiumbicyclo[2.2.1]heptene

di carboxyl ate and fornul ations with such conpounds. Such conpounds all
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articlde ifhther aWéga@E‘Moécracfdr%Pﬁ %9H}P8 SO’P ppitighlar yadt ‘wﬂ‘aefﬁgiﬁf Wﬁgﬁ’ trength.
Fur t her M fpodisdedf GORe Sicatihg bgen@f nucl eat or conpounds and conpositions is
anot her 20 potential problemw th ther n}égl astic nucleators and thus is of
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provi ded f Fl%M%?{‘ | 8w 91{ P@bﬁs'ﬁﬁer{b@bb{& RitéswdvRdioagladr er, and
si nce uni ormsrra parti'clés o eating agents is inperative to provide

t he requimtieatingand o}arrfsdnﬁmms f@mounlﬁﬁpeqsmﬂﬁmm!@ et &yidbpn suggestiun 8sS-Mabt
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aggl oneration. Such aggl operated particles furt her l,ing or
ot her pr &%ﬂﬁﬁs thefrarg &b?ﬂﬂ‘?é‘i“éch]b‘f?&qgi‘PSGFedﬁ?&?tﬁ‘?g’&dr‘ﬁ g\?é'aii?‘l‘éa Jg%\rléd

uni form dj gpe(sion within the target thernoplastic. Furthernore, such

unwant ed aggl oneration due to hydrati on may al so cause feedi ng and/ or
handling pr obIF@rtherf!@re pleertaiis elpss of bicyglis gompoundacpuch i higyelis licajbwéc acid

Co”pai b'A é{; %géh &Rémgym%owﬂn cfébtﬁrfgea!’g'l% Yele]) evmﬁﬁanat%p@o\éeﬂﬁ&d wi thin

typlca ropyl ene, pol yethylene, and the |ike)
pl astic Treaty Application WO 98/29494, to Minnesota Mlnmg and Manufacturing. The best

working example of this technology is embodied in disodium bicyclo[2.2.1]heptene
dicarboxylate and formulations with such compounds.
Such compounds all impart relatively high polyolefin crystallization temperatures;

30 however, each also exhibits its own drawback for large-scale industrial applications.
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WO 02/ 077092 PCT/ US02/ 06493 articles. As noted previously, calciumstearate
conpatibility is particularly inportant. Unfortunately, nost of the
nucl eat ongoogooends not ed above (such as sodi um benzoat e pPCHAsSDI/p64d3 SOodi um
bi cycl o[ 2. 2. 1] heptene di carboxyl ate) exhibit nmuch del eterious nucl eating
efficacy with such conpounds within pojyolefin articles. In order to avoid
conbi nati ons of these standard nucl eators and cal cium salts, other nonionic
acid neutrali C i f Y2 9—9}% ary for
use in conj un?tgf %Cr?m%n}éfﬁfég%gdt%égllée)%f@g%éa\ﬁg% h aué%cn%n?ﬁr%g{l%o‘ﬁ@ &t}ggv\lgét:r, has
proven pradditieesmtidely usedoeititiatypicel podyobefingp.ge solgprepyleneypniptindehcaadithet i ¢
characterjstics, (e g.,.higher haze), and certainly,higher casts in
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tendency to plate-out_ at gti{éh processing tenperatures. DBS derjvatives,
thecuelepigscomnoupgsmgted ghavs exhibfleletsrigh? much
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conpounds are ljmted in thei.r practical in so J rtant .a S, such as
nedi cal CPJ?)I?S(}EJC’F%W&?&F‘H@ .re"réﬁ%%l%ﬁf}'t“ﬂ%ai’g% PESIIS S egﬂﬁ%gﬁ%@’grtuﬁ%@g%r eated a
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such conmpounds that do not_ exhibit the aforenenti on%%@%globl ens and provide
excellPentang @xgalt reguged muclsation parfommases @t H]F%%‘refioﬁor e érd(j‘étff‘sﬁéﬂ yol efin
themsel vegyslatah mpella&u{mg%ﬁmwwﬁ,ofeﬁﬁ p%@ééin?.ybﬂ&%?ro%é‘s{gﬁﬁ Brdoliaie not ed
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peak 30 crystallization tenperatures within polyaolefin articles. A further
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this i nVe&'ih&é}ﬂlﬁieﬁtof &ﬁo@ﬂﬂ@e gﬁiﬁfaﬂgb'td?lgiedﬂcbo&}dlaf d)ﬂgz‘tmigirmrrpmghuk and
conpositions that exhibit 5 exceptional ther stabi.lity and non-.m gratory
pr oper t i eRelyojen AR acReroH)dsttce BF‘f‘frH’eS“i‘Wl}\P_éﬁl"{ggﬂ_f?‘??eﬁgn%‘?%ﬂsd%‘%@%%t i ng
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mechani cal "properties. Additionally, it is an object of this invention to
provi de nsnedllepartioley trowghouiorags. Gierteimmyelsitoisomeh asadivmalenpeate sehibit Highar i ous
pol yolefip nmedia for [ i - yell hsid nvention
encogipsgs s@eg eteggr %%S%Og’?cﬁlg sﬁ?@%ﬁe@%&ﬁ%#&%ﬁ%& %gﬁgyimgﬁlﬁggﬁfucl eating
conpoundspdriiailateuigglqnieedtionaiSheh apptoneadtiabpantiie mayreqingduriler salling ondthdsi cycl i c

di carboxyl ates, preferably,. bicycglo[?2.2.1]hept.ane-dicarboxyl ate r,
general | yproeﬁﬂﬁ@&gﬁgagg e WPH{:;X“@BV tLG?%‘ieéhe(‘F lr% ‘ﬁ,gtlom dispértiof within the

target thermoplastic. Furthermore, such unwanted agglomeration due to hydration may also

cause feeding and/or handling problems for the user.
30 Also of great interest is the compatibility of such compounds with different additives

widely used within typical polyolefin (e.g., polypropylene, polyethylene, and the like) plastic



15 Ra wherein Rl, Rz, R3, R4, R5, R6, R~, Rg, RO, and R o are individually
sel ected fromthe group consisting of hydrogen, Cl-C9 al kyl, hydroxy, d-C9
al koxy, @&io @/mmabdkyl eneoxy, am ne, and Cl-C9 al kyl arni ne, Rafragengs4phenyl ,

al kyl phenyl, and gem nal or vicinal Cl-C9 carbocyclic, R and R' are the
sanme or different and are individually selected fromthe group consisting
of 20 hydrogen, C 1-C3o al kyl, hydroxy, am ne, polyam ne, polyoxyam ne, C
1- C3o al CRfp ) agxyal kyl

(O - NR Fﬁg((:?oe)g] s noﬂg?mlwgyaéaﬁﬁﬁg?teeﬁe EoHp AR pafEnlerlPIARKUAKY ¢ oup
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al kyl hal i de, | am ne; wherein at | east one of R and~R' is
ei t her C(Sm}h m@monohw@(v@) hasﬂa'rovenmkmaﬁcmceﬁemwnwmﬁmeﬂduea*? e C(OOR"
then R"' C I ion
(such as "Cigied Sesall RalRee (CE AL el o BordlePhined ol BRI,
over base withutdadad cAlcin@Hsalié.or 5 one non- I imti ng exanple). Prefer abI y, R

and R. are the sane and R’ t he r. ned.t oget her .for both R
and B and Ca ‘-’rmeﬁ‘ﬂ%artm%%?fsbf"é %%thlgs a? e Yesscﬁ‘?‘dbé © ?‘fntpﬁmfﬂ?eferred
enbodi MeRkfigsifclds 3icHRla¥ndeR TyQB Bl at [igh protRsn@baiperanséc IDES conmpound
conforms to the structure of Formula (1>) (I) 10 wherein M- and M2 are the

same or deriYadivesparsinglady whernthe geomadia rings e moae-sepstifid: shew MrdupPoveim O O
consi sti pa fal b ERARY. AbwEld asﬁ& ﬁﬁ)%hl?dl%lsgrter{dqs ekt {ﬁ?akableqagra@&@ uni fied

|ntoaS|ng |on( Iva or 1 nstance, as calcium for
exanpl e) pr(q:mtheReourm, wnRBproﬂdmatRSQrgmlepma-defk&pcmwlthmaemmm@ly@leﬁmd| vidual 'y

sel ec m t.he u onsi sting of . hydr al k dr oxy,

i s Rpig Al Rk BRmegl P Rl g pd ke i
ghepyl blfbﬁc}ﬁdsﬁxyddﬁﬂieﬂbl(}hcepaﬂdgﬂgm nal f)r vicinal C E - CB car bocyclic. f
referably, the netal cati el ecte the gr con sting o
cal ci um st r ofbessaetiesableRr] 1%3%% ﬁfreﬁP‘gi‘r\I Ez?lt %‘?efig‘b ﬁ’l‘n lithium
rubi di umy,pRLBSINMPBundiRd &mo biokRle sWh 3ot that 8O R&. exﬁibﬁ'tﬂé | and group Il
metal ions are generally preferred. Anmong thegﬂrou | and Il cations,

sodi um péuemeitioned prableing mndpravide pmllmgm%swéys waten sEpepfyessdonthe odi um and
cal CI m [ may al so
be. o nugetFERpIAR BRELRE. o a1 iBiBoulifor Wie pilfo ol RS, T2

bari um rm@ﬂehb\wmUﬁbmmmualmdmdnhnighnm«ommmﬂl}dhgmaakl oyystallidatidme | i ke) .

Al t hough this invention enco cheni cal .configurations of
such conpoargures; ﬁ%wc!‘?' BIOXGRIL SF‘%@F’E}%& tﬁ?@gy’raé‘ NGRDPERROATREISS o i s t he
nost  pxefyaiigserRiP@tkenFiNolefih) shduofipeitis var a@btsemtiar eblyolefh bddivesi Cl es
arid additive WO 02/ 077092 PCT/ USOZ/ 06493 conposi tgons for polyolefin

f or mul at i(EHFS aBanst apargntls, caleiistearie) Brvesiol Reea dRpBLRTdee PRy BPeEFRt ed as

sat urgt eqnéusﬁ,ycl ic carboxylate salts, are al so enconpassed within this
i nventi on.

Objects of the Invention
Therefore, an object of the invention is to provide a polyolefin nucleating agent that
exhibit exceptional nucleation efficacy as indicated by exceptional high polymer peak
30 crystallization temperatures within polyolefin articles. A further object of the invention is to

provide a nucleating compound and compositions thereof that exhibit excellent calcium



Det ai |l ed Description of the Invention As noted above, in order to develop a
proper pol yol ef m nucl eator conpound or conposition for industrial

appl i cat ivome2/0m0sUNDer of inportant criteria needed to bePGEFUSOTIEI3
inventive nucleating agents neet all of these inportant requirenments very
well. For instance, as discussed in grgater detail below, these inventive
salts provide excellent hi gh peak crystallization tenperatures in a variety
of polyolg i i i

pol ypr opy %*n% cff’ ﬁ%r el fri‘ltté/f“? %E ﬁdlﬁcﬂ&ﬁ%&rﬁ%%% @%&%&“@ﬁ%@ﬁ%ﬁ@ﬁ%g‘fg nafter
HP) . As ahis é@seition 1$toqinov1dn/ﬁmhulamrsahalt qudnbmtlamew@‘elhwmcomdhmrdwo

Tl grai fyirgdbieyy s st St Pbeceding SEhaller BRERHE cuch 2o

i mpr oved iffna6d i€ ko providk ﬁudlbdﬁﬂg afld\6larfin; SorapEmds f@veormpositibmtha eedbit
hygroscopi city conparin

g prior art and thus gr anul ar Qr ptgtgd

*f or mulSat i%seeptigal therma] st %‘tﬁéﬁ}dtm&ﬁmﬂ@fo%@‘ﬁp%ﬁﬁ% a¥ & Bppthey obasst pifhet her .
Lastly, sheRbMehioYRe E@él&a“tmggoxﬂﬁtgunﬂ%ﬂrvﬁﬁﬁn éx%lteﬁ'é&rpb%ﬁhﬁ aYMcIeB eRAbiEI UM
stearate addi'tlves. Suc rties are highly unexpected and

unpr edi. ctexbdlient mechanical pmpblgtles nAdditignably, itipan QbJ@@@ﬁthIWV@tloam proyige WO

98/ 29494 ref di At N f
ool yol of ARAFRIETERPPIRS bttp eat O aPayBasedh fhacisRlyoRRySREOUES "

however, ihRgkigd érfdl-udes. 20 exenplification of a saturat ed di car boxyl ate sal t
of this type. The cl osest, enbodi nent within t at art | S ngntlfled as

di sodi%um bi cydcerdinglys thisdpyeatien encomprssaherog ﬁf“taé?d?srﬁ SHiLqrent types

investig D65 et eRRGIcaMkdof as

di scusse?ogigpﬁ\l}\% {ln%d‘%rag%t er c?gfegatﬁlﬁm{hﬁgf&abgﬁsgtggd#ﬁﬂﬁoﬁl of pé’2\1uch conpounds
provi des higsti¢ dicarhguytaresdpreferdblsabicyelodt h]%@@efdmﬂfbloﬁﬁlaieh@érﬁ%v@lkorrpou nds
and within the i nven tllgetoollpgr}ﬁﬁ‘g fyyn conpositions. It has now been 25 found
that the SRPGPEL “Oh e) reaction products to form di carboxyl ate
salts, an@ in particular, wthout intending to limt the scope of the

i nventi on, saturated l:ﬂ cycl i c dicarboxylate salts, provide unforeseen
benefits for pol yol ef i’ nucl eation processes. As indicated in Table 1,

bel ow, the peakgerystajlization tenperatures provided target polyolefin
articles with thege ntlu@saturated conpounds are fromabout 2.5 to
about 5C 30 abt® B2rel at ed unsat urated conpounds. Such dramatic
i nprovenents are sRg T pect ed and are unpredi ctable fromany known
enpirical or tﬂg : SemaRger ati ons. WD 02/ 077092 PCT/ US02/ 06a93 9
Furt her nore, % |rr15’!poverrents in hygroscopicity of the saturated
conpounds were abso un xpect edly observed. Such unpredictable inprovenents
are of great practi caIRS| gni fi cance as di scussed before. As noted above,
the thtget fornul ati ons' for introducti on of such novel nucleati ng agents
ar e t her nwhdréia Ri, &%, RQR. Y, RsSpeR, Rocantl Ryo arpiidjroduaily sdecteBufodm fhorgmubat i ons

Sﬁzhbﬁn‘;;é&ngéﬁr%mkﬁla%' ErSaptSh Bt U o Brch e Rpdd b by £ o7 o
(e.. 0., pi- @%M@Mﬁ@pﬁl@m gmngyi vty enyirand Igemawmcmaemcg chzmyanc, R’

thlcknesses et'ween mls, for_ exanp %ﬁ t hi cker pl.aque or ot her
li ke sol |@t1delﬂﬁr%1he§ar(l%0fgilffelﬁﬂfcﬁﬂﬁ o mdjwilsad)lywp%te# omphe AU eopsistigPfey en

LA R LD M oA e 2 g

| ndi vidua I nc "W t hou |mtat|on ei t her
as conpl eple:ngalr hdlegdensCi-Cy akoxy,chptn polysyakylaC(@)NRs C(@hand (AR Tig: a)

i bers. of VEHGEduHT SHCTAdRp Sine? byt SRR I RBRT ok ot

natural f aﬂme(c SCH Poloxyalkel, badwheéraii R, isweledted froml thegrotp dompisti) ofthipdnogdni | m

carticles: cast filng, candy w appe ers 15 arette
box wr app@métal jog (sugh agithput IHWEFJ"BP%& ﬁﬁb”ggoﬂ}q ag@)?fhreﬁﬁ ’&‘g"aggt ‘8‘3s§r

simlag type,otatibh |(§Hcﬁ-9ﬂdn9§ﬁ1hﬁrhs ofSndBlirhitias eidﬂiﬁlb)V\?dltcﬁQ -@Lt-aikglne,sUCh as
drinking cups, thin containers, coverings, and c) thicker plaque
or other Cidce atloliGi-Gum elkyleas Crdab dlkdensos, Asiceoid matesy (feugsampleool er | i ni ngs,
syringes, |abware, nedical equipnent, pipes, tubes, urinanalysis cups,

i ntravenous bags, food storage containers, waste containers, cool er

housi ngs, autonotive




20 instrunent panels, flower pots, planters, office storage articles, desk
storage articles, disposable packaging (e.g., reheatable food contai ners,
ei t her t wepoméwodzed or thin-walled or high speed injecti oRCEAISAZE493/ pes) ,
and the like; and d) even thicker-walled articles: i) autonotive
applications, such as door panels, insgrument panels, body panels, fan
covers, steering wheels, bunper fascia, fan shields, radiator shields,

aut onot i V&totetfefoql) a%ytapa%&nyt%l @gtat@tnah@@%ﬁ@cl-etommlﬁ@ ARt RS and
the like; ii) dg/ | Tances, such as refri ger at or I|n|ns refrigerator

parts (e.ape, Othelll Sis elltb@ G@b@m&(ﬂb%@@@-wﬂdﬁhﬂﬂarfmoﬁ %ﬁdd{tqﬁ@ | i ke),
_di shwash daglr%’naneatllg” ﬁgst\ﬂ‘ﬁé E&i RPAG ﬁe gz&nl?ned 15%0 leoﬁl%iént rﬁé)t'ﬁ‘?c?n (Sﬁ&or

handl es, det er a rtment
machi ne darstm%“,, amhtongmﬁﬁmg‘axﬂmphgbﬁaatmgls tnvatedt mdstel dveetbese (sudh)as AROH, for

appli ances h .as bl ender u $ %end r cont aj e,rs ter oven 30
"housi Mgs, °“Fc5‘8§ it wmﬁlahd]frﬁgra%bogf ott thesaipe g Rotis FthFE Na gt coffee
pot handl c%aablﬁeaqygeﬁtepﬁﬁ BSOS and R bndCHEr Sthef s1913%6ﬁ’18§und§ taft difegssel ke, 1 V)
housewar es, such as | arge storage totes, 02/ 077092 PCT/ US02/ 0493 10

| ar ge stdhag@f%@dtembﬁ@n@ntsmtmbﬁw ei ther such totes or containers, waste
baskets, |aun t

products suc?ti:rr%;fsegl %‘lnt%hege (?‘1 ﬁx%h a%8 n?ﬁgﬁfragmwaz%% ég??mééé%}‘@ﬁgéﬁ i@e),
toys, sportinghgoods, disposabl e packagl ng (e.g., reheatable food

g di VD di
cont aithor s SR e b RS L rouast rapndepsndtly SReRt son Rt e

fl oner pots, planters, cIothes hanggrs, | awn accessories (e.g., Iamm tool s,
and the |ike), garden accesgg @ar den i npl ements), |awn nower
housi ngs, fuel containers, pi oses,, tool boxes, tackle boxes,

| uggage, conduits, |awn tri arge tmash cans, infant car
seats, infant chairs {e.gR, ®) , Mgnd the like. 10 Yet
another surprise was the |npr '-at|b|I|ty bet ween these inventive
saturat ed conpounds andRriyp+€ scavenger salt ~conpounds utilized
Wthin polyolefin formul ati onhs andsanNi cl es, ch as calciumand lithium
stearate. Such conpatibilityg ébumzed o % t hlgh peak crystallization
tenperatures avail abl e frontfhe inveptive ounds, thus provides a highly
desirabl e thernopl astic nucel ator c@hpound 15 The inventive salts are thus
added wi tdunsistifpeofinastd et opgadiy cdtmhs or thetvanmetalions aré¢ widfrediintnig sibgle petal fom about

20, 000 pm by, weight .in order V|dethea e igial
char act embé‘%}e’é‘% fgrrfﬁssf‘tncf)rs}é‘f é? ?frﬁx% ’?c{)g"‘ta&nng%ﬂ%g%ﬁ 3% “H gher
| evel s, €afd.Ryo até%&mdmwelwed/\m@ ltte, gro@yconbitthgdE hiiBgknl 0,-8, BRSE €r bat ch
formul ati on. Optional additives within the invent]ve salt-containing

conposi ti Bdroxgy CuCo Alkorys RisCr plicdpnesny ot apd G-y dlkdeminghaezenbeili t h, rmay
I ncl “ﬂﬁg PhRFPAGYE BAP Bl genfHi bﬁtlattttcc,a@geat&c c?ltcabféférﬂﬁ% $he lﬂttttr AUbRY 8¢

absorbers, and ot simlar standard yo efin ernopl astic additives.
O her ad dsetqcteelﬁomashe gtowp cmlspnegﬁqﬂmwm,tsnpntntrwbgnmnp@@ptlu@nalumm, not abl y

Pl ast ci 2a1,5: (BG4 AERLCARRSn ANLLILCEANALS (PHALALPRIL Shhidsbased

i on- exchan e corrpou su I'mcro bl'e f xom

MI1iken &oﬁ@m@)onsaf&geﬁetaldtambﬁned|AﬂiBngfhb@t‘cﬁiﬁmhm1Hk:atgimB setiatn, | i zer s,
antistatic ag ents, 25 cqlorants, g ?éments er f unes, apl ori ne scavengers,
And & ho. | PR, GIE R AR SO S ot st Fo e g Aeahtibd £ o
€NCOMARAS SprafeYrelBitugthbr@lope, GRS Anded, @bupitmd tbe@BAbIBY 360ofh b RingRHRAIN.

Pr ef erredpexarrpl es include isotacfiic an syndl ot act | c poI ypr opyl ene,

pol yet hy| eatien (§yeh 93 crloimn.isirpytimn bamen, megnpsivnyglupaumgipglug mntﬂne sc or

copol yrer h The

oryol a1 uliiat fhe s SRRUDRIMGA M Ol Al SRRl Iy SAEREERAGPT 10, o

pol yol ef i cmﬁgmatimplflsmlompmnﬂe, the omcatﬁghaaem lswmfermdl viteadin cis@héd istheand one
or nore eth nsa ate 7

PCT/ US02/ 5‘8 I}JTIG P8t ée 8%6 nnboﬁg??%p?ltml%géargﬂfs m% ﬁ%flmgg provi ded
in a mnor anmount, e.dg., about 10 percent or less or even about 5 percent
or | ess, based upon the weight of the polyolefin (e.g. random copol yner
pol ypropyl ene), but copolyners containing up to 25% or nore of the
conmononer (e.g., inpact copolyners) are al so envisaged. Qther polyners or
rubber (such as EPDM or EPR) nay al so be conpounded with the polyolefin to
obtain the aforenenti oned characteristics. Such co-nononmers nmay serve to
assist in clarity inprovenent of the polyolehn, or they may function to

i nprove ot her properties of the polyner. O her exanples include acrylic
acid and vinyl acetate, etc. Exanples of olefin polynmers whose transparency
can be inproved conveniently according to the present |nvent|on are

. Y. I ~




et hyl enepr opyl ene copol yner, pol y{1-butene), pol ynethyl pentene, 1-hexene,
1-octene, and 15 vinyl cycl ohexane. The pol yol efns of the present invention
may be deggonrdedeas basically linear, regular pol yners tha&CcTrsg2/e@bd onal |y
contain side chains such as are found, for instance, in conventional |ow
density pol yethyl ene. Although polyolefins are preferred, the nucleating
agents of the present invention are not restricted to pol yol efins, and nmay
al'so giv FWoY at ' 8 Broadl

Pl yet hyI SR Fasr (i nolitfo b gRllths Rtlstd ot Ratthy BEER bR IR

pol yet hy|seatel as agthtated| bacyeli¢ SAEDYxylatessalig hie also epesmypasied sdthintbis iawntign. on 6,

Nyl on 6,6, and others. Cenerally, any thernoplastic conposition having sone
~crystalline content may be inproved with the nucl eating agents of the
present invention. The conpetiiled Desriptioia hfthedasartioni nventi on may be

obtai ned by adding the inventive 25 saturated bicyclic dicarboxylic salt
“(or combi nat i é\?”@%délgﬂ% “b?rd%rcfi’rg%@F"Piad’ﬁop(?B V‘iﬂg{"h. uci‘i? cagpue 0%/0 t he

t her mopl aglin6siRoH MR BIduSHalRPRENDRY, a ARFbF Rhporhidridiaidgied st héThe
conposition by any suitabl e nmeans. Alternatively, a concentrate containing

as much dsveabvemuckatingageatstmdsyalhe these irforianiaeqyiteaentswerysally For gtanee, 2 1 |
salt in a _peolvolefin I.Sd i i cavenger may
e pr epargaesiaeb Lol TEL MG bR I b W B LEIANER i oy

Fur t her mrgstallidadion teupetatutes iaavanay bf mibwldfin folmdatives, mditularly esthipot ent i al | y)
may be present in any type qof stand dﬁt?g,r | astic (e.qg. ol yol efin,
most Pt ef'@p WOE(H{T}/P?‘&E‘OPQJP%(E‘?WE%& ,?a“ @%1‘6“2)36‘7“%6@‘%?"19@%‘15502/ 06493 12
Wi thout | ih&etnafdrQIR). ROWERNL, sREH i_hlbentiaggallt@mﬁfe%xcdlieﬂm&hsluw?fbpexﬁes foand the

| i ke, particularly conprising dispersion aids such as_polyolefin (e.qg.,

pol yet hy| rotus)efinaxales withont the aewlfprexira diflersiapd seidifyingadditiyespddesitahiener al

oil, and . J.cal X By &h

conbi nat i rﬁ&g&rﬁ%%ﬁ{)aggeﬁs ?%ﬁh%n?ﬁ%gﬁoﬁgc{ @Wc@%% ?%%ﬁﬂ;gﬂeéo 1‘§Hr6§’21n bl endi ng, 5
aggl oner ainipesved bpgrpsopicin comaprting to o ax sidihus Faeulsvorpowided formulatipns éfen be

d_and fabricated b f. different techni i nel udi ng,
W nolt | £ 881 ot P TRt B et o B R B SO e A g0 TisEL  on

stretch bepyeriakigiwigh caloling seara additivdsi onal nol di ng, extrusion, extrusion
bl ow nol di ng, sheet extrusion, filmextrusion, cast fjilmextrusi f oam

extrusion, theluehppsitisgare bighdiunexnested Ardunpradigtable parfigulpsly ’r?s",le"b?fgtgﬁé ally
orient ed %béegﬁgn’o hiURe Vﬁ% bS/ﬁﬁﬁ%ﬁ@ﬁber@%‘cwsﬁ%ucﬁﬂﬁbﬂ 498 clakifiBatioR h@diftves

fabricated article.” Brief Description of the Draw ngs The acconpanying
drawi ng, fehpaiolefin articles poludingamsatratedi2ck Histisarbaxglatesaliy however.thgra is 1ig
specification..]ll ' Yo R r ol R Rimeaf wiiRduci ng
i nven%(? vee’ﬁ‘elmg}aﬁricaélﬁgﬁ g% %ngr?tﬁatdﬁ:g%b%#gé 1t| OC%SE@%] de ‘?[r{;%accor ggnr?cewvm' 1t h this
i nvent i ontharuh it dipetifiel aswlidoliuhcdig2. il feptone diearvexylate. eAfidrantensiiee pri nci pl es

of the inyvention as jt._concerns ch fibers wherein.. FIG, .1 is a schematic
of the poVSHESHOS IphasHERT PR J ohi FERRRRY: PO RRoldr BiBhy T ene.
20 Det ai | gdaiDaaiyifigb@ion b §ukB cBhpdihdgpravidesolastlyienprs el andlediostiosiyfont Fl G
1 depicts the non-limting preferred procedure_followed in ]orodug)i ng the

i nvent i vethedventive cermpeundssnd pythin ke inyeniive polyelefin ermpasitionh, df hasmgy Peet on
assembky ﬂognﬁﬂl\%ﬁfhg Eﬂ?ﬁ%g@ri p{eﬁ%ﬁeruacﬁmhlﬁtm thtficdbd S anenls zanes 12, 14,

16, 18 t hroug olymer (not 1llustrated) passes at different,
i ncr easi npartiengrewdont s¥enditpdo Mnlitthescppd ofitky inventiphxaatirated bicxche nucl eat or

conpound (.al so lten) w.thin a nxer . j.cal pol ymer (not
1ot 1t SRr0R IR RS RrRe o e PRl r R ot e R Bl elfis D 1
particul ar w tAs diched &xTivkslgbelbiy, thélpeakt @ysedlizition empemturenjreddalbaget, of the
i ndi vi dual extruder, zones 12, 14,16, 18 and the m xi zone are

Fol | ows:  Pefmaiplgtiwih Sisp inyortye sefigaied cormpme 45 Mg 3%8%’59 R PAC at

215C, 3phi pighyvexdat HH e r2RARA vhértdhicd datfipouh@UrSubh EXbatid fhpréeenkdreimglyoC, and
m xi ng zone 20 at 245C. The nolten polyner (not_illustrated) then noves

into a sphmexpecid avdagnposiqabiy mp 2m0gwys empirical or theoretical considerations.

o=




head area 22 set at a tenperature of 250C which is then noved into the

spi nneret 24 (also set at a tenperature of 250C) for strand extrusion. The
fibrous syoara®mo8 t hen pass through a heated shroud 26 ha¢irrupoaos4exposur e
tenperature of 180C. The speed at which the pol yner strands (not

il lustrated) pass through the extrudergll, spin pack 22, and spinneret 24
Is relatively slow until the fibrous strands 28 are pulled through by the
draw r ol | ®yidermoé sigafficant MR pfoveh S inHy rd8ebpichY o£kib 4tGraied cbRPEinds deR to a
greater pulling speed in excess of the initial extrusion speed within the
ext | - uderalsppunexpestefliyiobengeeds Speinenprodictahlemmersments precaf gipahpetica uch

ext ensi on,; 2 (set at a speed of 370 neters per m nute)
into a Igsr1 eﬁ&g%%ﬁéﬁ%sé%%f% "is drawn by the aforenentioned draw rolls 34,
38 into a si nghsnoyeraho B3 the Tirgetdomwldtions foi irdrodwatioh efisvetl novel audeatipg| ow | evel
as folJows: first draw roll 34 68C.and sec dgaw ol 1. 38 88C, as conpared
ot h the SeenaRs e TaReseS o mtr e RS B E M SO BNk Y e

conpar at i Wgizéd ﬁnﬂﬁfﬂﬂ@?ﬂ‘d@t Bid6RE SeAudiddwitlidut Shitslicsucbkoad® dopdiddres at a
speed of about 377 neters per mnute and is able to hold fifteen waps of

the pol ypsreyssiasfbers thiafilmr fhin-valed artides 6191 piable sparpersathing¥alisdqrakigee
bet ween thg, g2 agigg bickhe RBhekhéen! 0% £d18!rhils3for elMHISSHRRE: iAW ol othEO! | 38

rotates at a hi'g speed of about 785 neters per ‘m'nute and hol ds ei ght
wr aps of likelzelid 3Biclea(eds. tivus 1 ¥ toojihi0maiks in thickmas), iand evendhickesgvalled aréelesir awi ng by

t hese cold tenperature.ralls. 34 .t fi i hen heat - set

co nbﬁr?at i ﬁ"&f@a%ﬁgja i1 ?9 lél‘?ﬁ@ h}wkﬂ%%? -Sgg]tm{rﬁg]l W%eg Eg?acﬁﬁ} ¢ § ﬁ?ﬁ?‘b‘%r %g%g‘f ngoﬁet urn
SClhlefTE Suﬁhitiﬁbﬁleimblgﬁfcﬁﬁﬁlewwmisoﬁr afsicbmp?rﬁsatsa’f&ﬁbhﬁ,rthé fotidwing: r esi de on t he
rolls 42, 44 at any one time. The tinme of such heat-setting | s very | ow due
to a | ow AnmbheiE: Bl @rrdrr@nwvemob@.lﬁﬁmolmlﬁe,@PW@@C@@? e TEAf1has A of | s 42,

44, so a Lt Rhict mERuRheRADA N elPasHISRE W DtteSsyRitRRAG! hturdHbekQBRSERIH! €S Of

such rolls”42, 44 are varied bel ow to deterrmine the best overall
t enper at uramis evoek adihe tike); Biubin fdmpatiqiess sast filres, sandy avrarpershpackegetiaRReIsON of

ol xS of - n iR Sty ) o B! e lob, Elllea b iE P 5, 0 °

its own fw®peoffilin appBcatidineas syph adthid-whitel arddlesxsucbhd ddbkingscu®$, thinwentainéran t he

heat - set rol |l 1 ters. per  m nut L. order.to rel.ease sone.tension on
the heat -?@Fn?ésbaééqg%]%@&ﬁ\c?ﬂé’}a@}w %Ogl)‘efrih%gfo@fﬂffé‘?fege{‘ §OMBRFTRIE 50 and i s
pl aced oncwssdeeR} liniAg syrinkets labrhithedical Ydipkaérd, HIRE 2ub¥sT otz 864ips, 14
Preferred Enbodi nents of the Invention This invention can be further
el uci dat eltreYRIOUGNSs. frodistarpanonginesatteeoninstse ceoler iR Eaeso fUpBeYeC ul ar | y
prefeyqed, g&h fs, M dbipBtst @&@&9&&@%&&%@&&5&%&& st akicRE, are
pr esent ed. robuct!on of I hventive Salts EXAVPLE 1

disposable packaging (e.g., reheatable food containers, either thermoformed or thin-walled or

<)

high speed injection molded types), and the like; and d) even thicker-walled articles: i)
automotive applications, such as door panels, instrument panels, body panels, fan covers,
steering wheels, bumper fascia, fan shields, radiator shields, automotive fluid containers,
25 battery cases, storage compartments, and the like; ii) large appliances, such as refrigerator
linings, refrigerator parts (e.g., shelves, ice machine housings, door handles, and the like),
dishwasher linings, dishwasher parts (e.g., racks, pipes, tubes, door handles, liquid and/or
solid detergent storage compartments), washing machine drums, washing machine agitators,
and the like; iii) small appliances, such as blender housings, blender containers, toaster oven
30 housings‘, toaster oven handles, coffee pots, coffee pot housings, coffee pot handles, food

processors, hair dryers, can openers, and the like; iv) housewares, such as large storage totes,



Di sodi zena bi cycl 0~2. 2.1 Jhept ar ae- 2, 3-di carboxyl ate 10 To a sol uti on of

di sodi um bi cycl o[ 2. 2. 1] hept - 5- ene- 2, 3-di car boxyl ate (10.0 g, from exanpl e
3) i n watweo 04/d002g) was added 0.5 g pal | adi um on acti vat e@CTAIShIo649H Wt %) .
The m xture was transferred into a Parr reactor and was subjected to

hydr ogenati on (50 psi, roomtenperatung) for 8 hours. The activated carbon
was filtered out, and the water was renoved 15 in vacuo at 75 C. The

resul tingarpt QOMES cHAfindds, 11136 foR Bithebildh@6ted 60 dantaeie, waste DMt Mindd? anal yses
were consistent with that of the expected structure. EXAMPLE 2 Cal ci um

bi cycl o~Dbagketssheprencaelers, addhedkeppipnatmer ppdyes. suduisdumiyre (g gnadbdi um

bi cycl o] . i = A ' . oS }eH 150
wns adde e BPEE ARy BEAGRAY LB, figondiPoeckagngBLS betkfutlERRy 117 )
wat er (| @ontginers)ltempact tiise easem VL ¢asess FDaROBDcasysf foppd disowedaindindlapp¥ul ti ng

1 edn e Mot YD thie iy s HE OB RS BBy Bt RaidsoC P
rubi di UMlayWRRSHREEbNED (e 81, Tawitbaliandihd 1iRaY, parfibabdsSorith (¢, CaredenlidpRmbhisppt ane

di car boxyl ates were synt hesi zed throug& simlar gr ocedures of reacting a
Group | d#wn mowsy hougjngs, fenl covnings. BinecwkspAosess PREREh&chle bosrscliesisry | at e.

VIO 02/ 077092 ; EXCANEE Eur. S Q0B SABITLL fE] 7 2. 2

| Jhept ar |c§g(§m€’glﬁ?§§ﬁ@g§lﬁ§? ’18a . 0 5 ?‘513’715% mmFéeAssj of "Rt m gé/%’nhildri de (
164. 16 g/dimihgiablkes)laddibe likd. of water was charged into a 1 L round bottom
flask With stifring. To t.his sol.ution.was , 492 .3 5 mmol es} of
NaO—|klf)40. 00 gyﬁg?gqghefﬁ%mgso W S?tgr%m rosve%f ???%%ﬂwlt’%%ﬁegggesg H}Qi%fd%aell conponent s

were in sefutkddvdmpopads aad elpicalgicidakyvehgdrsalp egrgouhds tdized witisin pOoletin of wat er
was added to fully solubilize all sol 1aﬂs Pal | adi um on act.j.vated %gr bon (5

. 3 | ad
w9 was farmRideions 2rdaticlet Sefies cApEm;apA ity s ritF{J EBC}\/@?PP'FIHH%W into a
Pan’ 1 eact,gfy, @0HiNeSaisH Pl 8eh RpBMAl QS B ORork B Rbhtive QAHPobREPALAL UT €)

for 8 hours. The activated carbon was filtered out, and the water 10 was
renoved iprovidesadiiglitly 3&%@ably thermapiagtic henglagr sompeundas dried and milled (mp

>300 Q) . -An.l R anal ysi | n ' . O tructure.
o5 e oh S CoB RS b AF SR B gl isRh i B HBE R0 e 2
and Tc = phadtoQbauit 2200 ppybiy)weidhKadRtér td provide the aforementioned beneficial

characteristics, most preferably from about 200 to about 4000 ppm. Higher levels, e.g., 50%

or more by weight, may also be used in a masterbatch formulation. Optional additives within
the inventive salt-containing composition, or within the final polyolefin article made

20 therewith, may include plasticizers, antistatic agents, stabilizers, ultraviolet absorbers, and
other similér standard polyolefin thermoplastic additives. Other additives may also be present
within this composition, most notably plasticizers, acid scavengers, antimicrobials (preferably
silver-based ion-exchange compounds, such as ALPHASAN® antimicrobials available from
Milliken & Company), antioxidants, flame retardants, light stabilizers, antistatic agents,

25  colorants, pigments, perfumes, chlorine scavengers, and the like.

The term polyolefin or polyolefin resin is intended to encompass any materials
comprised of at least one polyolefin compound. Preferred examples include isotactic and
syndiotactic polypropylene, polyethylene, poly(4-methyl)pentene, polybutylene, and any
blends or copolymers thereof, whether high or low density in composition. The polyolefin

30  polymers of the present invention may include aliphatic polyolefins and copolymers made

from at least one aliphatic olefin and one or more ethylenically unsaturated co-monomers.



15 Hydr ogen Lithi unal Sodi um bi cycl 0~2. 2. 1Jhept a~ae- 2, 3-di car ~boxyl ate (half
neutralized) 82.0 g (500.0 nmol es) of himc anhydride (164.16 g/ nole) and
175 m ofweat/errossas charged into a 1 L round bottom fl| ask PETIUS0%04483 i ng. To
this solution was added 10.00g (250.0 nmol es) of NaCH (40.00 g/nol) and
5.999g (250.0 mmol es) of LiOH (23.95 gipol). The solution was stirred with
heat until all conponents were in solution. Half of this solution was 20

t ransf er (Reehily, 8leQbhiRdnoklers, Fpnctelpk lbpEdvadeld in Uﬁﬂmr(amhnmgg ﬂﬁ)hi Bxli um on
activated carbon (5 9% was added to the re nln tslq(iueo ff? gélon The
m Xt ur e \REECRLORIGST Aeveationt HPRCh P 1e§selpssdoipoR Yolgi

hydr ogen SNy 0 d carbon
~was fil tgl}ﬂedgﬁll c()?ﬁylﬂé‘ﬂ&) ol}ﬁ%%t er vvacglg r e%@g&%ﬁlﬁngggE%zsagh%%&tofrﬁgtcrgesuI ting
product wamonker (eg., ampachtdpobuneishare a0 GragednOtRr pelzingss os rulher (8ghes st ent

wi th tha 5 ex ted str ur. GS; i on of
‘the d%ubltsé)% ﬁ%‘%@‘%@lﬁﬁb& GQmIppHIAcE ‘tﬁ?@é"’}'}%ﬁ%‘ t%’é‘thélg%‘{ ﬁ‘%‘ﬁ)é‘g%pm
EXAMPLE 5h§ﬁ)ctéﬂiédéso @u6h bo-irfonombrSadhy Yéiee to assist in clarity lmprovement of the

bi cycl o~2. IJIaeptarae 2, 3-di car ~boxyl ate (t.hr e rter neutralllzed)

WO 02/ 071’@9’2 ePurer sy Zeg duitaion ¢ MpEOVGOFeT PIRBFTHe 358 Ty B Fdr ogen
Li thi um o6k 4 ¥Gh %@vn@yl%]:&ﬂ@te@@qixamﬁreﬁlbf:ﬁéﬂpifd'l £18 whiosd ﬁan@ﬁkﬂnﬁﬁ' i zed)

solution was further neutralized with an additional 5.00g (125.0 nnol es) of
NaCH ( 40. o@@bgvfmv)edamuwme@@sgac(cq@mgoo therpresent inyentignawe polgmers agd npl ). 5 Upon
cool i.ng, pal.l adiu act gueous

sol utl:aon cgﬁ?%gn?ﬁ }pﬂatlc mé) rl’ii(%gl g(?Hr% e@ﬂg n? %a%@?ﬂgﬁgwﬁg%hm ag‘ subj ect ed
to hydr ogeaagd Iﬁdilec(lﬁtﬁ vmgh; of fheMabane,0ed mrahéuthQ]OOE?ObmleferabfﬂfmnBabbuw at ed

car bon was filtere ut, and the vva £er. was re 75C. The
resul ting &1?339 V%Qg 09 sugn %&"t}ﬁ"}t TEFfaQR; B°1¥%Bﬂ lhﬁfr?rf g‘?‘i‘ﬁ ysis was

consi st eRfolpinl R élfts%t ﬁé d1 fRCHAdoaLH 18- dWatadiapned > 99%
saturati O’Hﬁ}’%&o? - p ?ﬁ ﬁ% yi:16301 C|rﬂL‘e\Og}:bﬂ)?l@pyHaze = 44.9 and Tc =125.5 at

1000 pprr)ethygﬂmr@ cgpqurperup(plyqlg',@@ﬁng)npolymethylpentene, 1-hexene, 1-octene, and

bi cyglso %1 %%Zo%?%‘n@' e 1?01 olgﬁr%%f%%s%?m%gu& o Veéﬁé)&s&ﬂm‘aé fiska®f himic

anhy r| de /rno wat er s 15 charged into a 1L
round botlinem felg,ﬂsd@al\ymdns it may oygionally cohtaim sgielchainosnchas aradoled, 0. 00g (250.0

mol es) of NaCH nd (250.0 nmol es) of LiOH (23.95

g/ mol ) . ?H%a@ﬁllﬁé?"é’ﬁnt\‘ﬁgghg‘f"lq)pPsé’Efp\ﬂﬁf‘ﬁy at until all conponents were in
sol ution. Hal fAr@budhioSyolefink hieQReftyadd, the andéating agbntsofamoiriRnt iklentionmd bot t om
flask, and an additiognal_ 5.00g (125.0 mmol e%il of NaOH (40.00 yF%?f)é and

2.99g (12%tBsiEasl @syolﬂflefmsmdm alpg giyebppeficighucleatien Pfoaeliﬂﬁ%t%’ i ni ng
sol utjqon. ugp%g) ﬁgﬁllyleﬂgteréﬁﬂ{ﬂaﬁ@y (9iLyY Bol?&It&l&?ett@fipﬁtﬁﬂQ@QPléﬁ WPolyeasicadlded to

t he aqueou ti1on he mxture was transferred into Parr reactor and

was subj ewpltialate (PENI: axyeelhas polyagrides gudh as Nylom 6 Miionioa, aﬁ‘bwhﬂér Genepdlyr s. The
activat edan(fl ?rgoplgg‘rf’iﬁ c&h]%sﬁ{o%qlag HE some crystalline content may be improved with the

nucleating agents of the present invention.

The compositions of the present invention may be obtained by adding the inventive
25  saturated bicyclic dicarboxylic salt (or combination of salts or composition comprising such
salts) to the thermoplastic polymer or copolymer and merely mixing the resultant composition
by any suitable means. Alternatively, a concentrate containing as much as about 20 percent
by weight of the inventive saturated [2.2.1] salt in a polyolefin masterbatch comprising the
required acid scavenger may be prepared and be subsequently mixed with the target resin.
30  Furthermore, the inventive compositions (with other additives potentially) may be present in

any type of standard thermoplastic (e.g., polyolefin, most preferably) additive form, including,




and the water was renoved in vacuo at 75C. The resulting product was dried
and mlled (mp >300C). An IR analysis was consistent wth that of the
expect ed w0 p2/@170922. GS- MS 25 showed > 99% saturati on of tRETASOHIEGIDON.
(6501 resin, Haze = 35.8 and Tc = 126.1 at 2000 ppm. EXAMPLE 7

Bi cycl o(2. 2. 1 Jhept ane- 2, 3-di car boxyl i gpacid 30 100.0 g (438.3 mmol es) of

di sodi um bi cycl o[ 2. 2. 1] hept ane- 2, 3-di car boxyl ate (228.15 g/nole) and 280 m
of water wauCMakaRE, po¥d 2;5 gnﬁ Laggrohﬁmsyﬁﬁxdfshs%sﬂfslaﬂ bkl 86 liké) perticdigry hi s WO
02/ 077092 17 PCT/ US02/ 06~93 sol uti on was added fumi ng sul furic acld until
the pH ofcompesing digharsiomaidosugh poplypefin(e.g.. aolyethilepsi WasesantearateiedtFis,of a white
floccul e Cl.pl.t T to room
"t enper at [Ebécenﬁ’ Teonn &'S(eg ?1{1?&91 ol B?d tﬁg\i}ﬁ% %ﬁlc (o 1{?}”0?:5 Frglty}? %ﬁgg‘ln dried
over ni ghtsubma eomlﬁﬂaﬂamoﬂmnipoainoﬁ mmdn@mcn ﬁmn]dmatmg nadoftomtblemdimngdr i ed and

mlled mg An | R anal XFI s 5 was consistent with that of the expected
st r uctur feEloBs Io?égmﬁaC‘IPﬁ’fé‘ lor grusion g Tc = 122.9 at 2000 ppn). EXAMPLE 8

Sodi um  2-oct qﬁe@am@gﬁﬁﬁmgrtﬁ%lbe?r&ewg hﬂ(ﬁbﬁoaﬂe&'b@%ﬂ} AlrhSG JF Bzt € 10
50.0 g (301 mml e ObeC clo[2 1] hept ane- 2, 3-di car boxyl anhydri de

U;—

(166. 1E deghoiquys, 2 mbmltﬁﬁlmlm@}w@mokh%rnﬁcuam bletonoldmegp. 49 g/ nol )
bl
ther mometdpciay %r%sfé‘g%%@?w&l R 88 iRk fhahly b BRBERPTD o

for two hﬁmldmgﬁdheét&ﬁtﬁlsﬁcm i]]neb:druki@ﬁ,g::asﬁﬁlhﬂmtrammd-fm’( ettrusidnlthermoforming

'R al adRirhinime fimes Hony Hips Migoallysoree) BB dlinfe Sortstiectilct 'was
stirred whi kR dthbigtcdanrle.i n a 600 nl beaker until the sol uti on turned

m | ky. The suspension was brought to a pH of 11.5 by dropw se addition of
NaOH (4g/ 40nl net hanol) NEt hanol was renoved by rotary evaporation and the

resulting sample (mp ? ﬁﬁéﬁﬁ&h‘p{'bﬁgf&%ﬂrgw ok enperature. An IR 20

anal yS| s was consistent wit e expecte structure. . (6301 resin,
Haze 37 2 aridhe 'ﬁccompmgﬂrawlngﬁ@lﬁlclppnjcorﬁmanQ c@wtifutea a part of this

|2 J ﬁ]g 2’{1}%&%‘{@9 ustrates § Irnotel?tglljlt };ﬁafe?r}era%rr)b%&lm%g ) prodem:g)’ mZVSen xllec Cl 0~2.2.
and/or yarn thermoplastlc articles in accordance with this invention and together with the
description serve to explain the principles of the invention as it concerns such fibers wherein:
FIG. 1 is a schematic of the potentially preferred method of producing low-shrink
polypropylene.
20
Detailed Description of the Drawing and of the Preferred Embodiment
FIG. 1 depicts the non-limiting preferred procedure followed in producing the
inventive low-shrink polypropylene fibers. The entire fiber production assembly 10
comprises an extruder 11 comprising four different zones 12, 14, 16, 18 through which the
25  polymer (not illustrated) passes at different, increasing temperatures. The molten polymer is
mixed with the nucleator compound (also molten) within a mixer zone 20. Basically, the
polymer (not illustrated) is introduced within the fiber production assembly 10, in particular
within the extruder 11. The temperatures, as noted above, of the individual extruder zones
12, 14, 16, 18 and the mixing zone 20 are as follows: first extruder zone 12 at 205°C, second
30  extruder zone 14 at 215°C, third extruder zone 16 at 225°C, fourth extruder zone 18 at 235°C,

and mixing zone 20 at 245°C. The molten polymer (not illustrated) then moves into a spin




20.0 g (120 mmol es} of bicyclo[2.2.1 ]heptane-2, 3-di carboxyl anhydride
(166.17 g/nole) and 40.9g (120 nmol es) of stearyl al cohol 0340 g/ nol) were
charged iw0o02077820 nlL round bottom flask with stirring as®emisg2/06493

t hernoneter, and an argon bl anket. The solution 30 was stixxed with heat

for two houxs at 150C to yield the acig-ester as a liquid as confirnmed by

| R and acid nunber. The liquid was transferred to a 250 ml beakerwith 100

m of me 2 H of 12
by ar opui' S8 B s.‘**éﬁ%#%%% S e DT ottt 2 A1 ed by
rotary ewsepmba aempeiawrecbmﬁ@O‘) denshtidxtresion| Ee(ﬁhlpls%tr@)dswsthmmssmoadl at room

t enper at ure. Si s was consi s ected
strnot ar & neprekhrona A gD oXBu Ygtas i ot AR 8o e a8 Excanr e
ZO 2-cla esAnaREBOMY a3e £ @hrBupd. the ddnaatiangi@pier2y) dnd spighetet®459 g (S
1.7 mmol g)gl)%ﬁgfsblnc@((rzl 05 5 Ee tag%gﬁzt 3-dicar bggggpanhy{jrl oslg% 81?56 17

g/ ol &) mrebﬁaelz@gwe@y ﬂlerﬁbfﬂwtyar@fs 2%% Péléqdéhwgle e gevolief3s 3ded®e char ged
intoal I ter.

The ol utis qoipus Sfils 2818 'kl e D pebef ARl ARERERIRIT

aci d- est &Rtrmon:spnéd winhndldmhhd%rathwﬁlﬁomuﬂmbmds 28ﬁnethuemllecuemft% awmghle (mp ?

C was air drie room erature | R anal t ent th
that of teKENEY %@HC'EP F‘t}tfﬁ@%t atq §§6‘i°tfﬁg Tppter “z‘yé“m“%hl % aaﬁﬁg‘lll%s!map 11\slam. 3 at
2500 ppmzg v&ﬁc}ﬁgdﬁwﬁ%@ thd afbfepiER@dmRY M) rofd 3498 UiMd a single yarn 33. The draw

bi cycl 0~2. 2. 1Jhept - 5- ene- 2, 3-di car boxyl ate To a suspensi on of
endo-1i cyrollsrrehentet]tr @ yerydow drvebasFoliiivesa fise dyaw xolldi6cl perbsecang drawyrolbg 0, 1
nols) in | s) at room
t enper at t?\rgggtggérhaé %%9}%%%& m%qgﬁgnﬁgtq %e?{%@%{@‘éb%g?ge?exg %(r)?f% V?el cI ear,
honogeneadmpsati v fiten dmmgqhbmsmdmdmmraml Irotesait a speedloiabnufal7775C and
the resulting white cr Lroduct dried a | | m > 3000).
Ot her coFiFaPFVRINER S [1119,161 P Vips gg P%lgpr(‘}?ﬁ?\ﬂelrﬂbﬁﬁgj@%@’g}?ﬂ’seodi um 25
benzoat e mﬁNéauje%,ofae&Luhl@ @%e Y& EenUBEhat Roll B4 &&M@ia@qbu% The Wobild driiC| eat i on
efficacy test: Thernoplastic conpositions (plaques) were produced
conprissi gl ﬁ&eotadmttmhw&i@r sneodfidbeutEida meteespea e anholdseight VERpROHBP e r
pol ypr opy: p ex m xer
at 2000 rgg %tf’ Y ec? “ﬁ? g’h ‘ﬂy%is‘tlongq%yg%%% xtﬁr uglélrﬁ@%xl?&ﬁ%%e ?On\é\%h’

38, the ﬁber is then heat-set by a combination of two different heat-set rolls 42, 44 configured

in a return scheme such that eighteen wraps of fiber 33 are permitted to reside on the rolls 42,
44 at any one time. The time of such heat-setting is very low due to a low amount of time in
20 contact with either of the actual rolls 42, 44, so a total time of about 0.5 seconds is standard.
The temperatures of such rolls 42, 44 are varied below to determine the best overall
temperature selection for such a purpose. The speed of the combination of rolls 42, 44 is
about 1290 meters per minute. The fiber 33 then moves to a relax roll 46 holding up to eight -
wraps of fiber 33 and thus also having its own feed roll 48. The speed of the relax roll 46 is
25  lower than the heat-set roll (1280 meters per minute) in order to release some tension on the
heat-set fiber 33. From there, the fiber 33 moves to a winder 50 and is placed on a spool (not

illustrated).



WO 02/ 077092 PCT/ US02/ OA93 19 450 F, and pelletized. Accordingly, one

kil ogram bat ches of target polypropyl ene were produced in accordance with

t he fol | v ogotredal e: HOMOPOLYMER POLYPROPYLENE COVPCSI TI ORCTABLE0GH93
Conponent Anount Pol ypropyl ene honopol yner (H nont ProfaxOO 6301) 1000 g

| rganoxQO 1010, Primary Antioxidant (fiyom Ciba) 500 ppm Irgafos 168,
Secondary Antioxidant (from C ba) 1000 ppm Cal ci um Stearate, Acid Scavenger
800 ppm 10 Inventive NuclgafepfeddBmbeiifentsDe theadPertoaPosi tion but with

Hi nont Profax 6501 pol ypropyl ene honopol ymer present instead was al so
utilized for flhis lmreafl@rcrae@eémﬁmdﬁhteldatsdtlmhlﬂu%llwng@iaﬂmttsm or 6501)

mnute ar st SopEhGeY B AL S RE S b Rl e T

Killion sirgsghted.screw extruder at a rarrped tenperature fiom about 204 to
232C through four heating zones. The nelt tenperature upon exit of the
“extruder die was about 246C. The screw had a dianeter of 2.54 cmand a

| engt h/d'ﬁ'g%fgﬁsn éﬁtﬂzéﬂh@és'ﬁé 1. Upon nelting the nolten polymer was filtered
t hrough a mcron) screen. Plaques of the target polypropylene
were then made 20 through extrusion into an Arburg 25 ton inj ection

nol der. The nol der nol der was set m‘; ﬁgerature anywhere between 190 and
260C, with a range of 190 to 240C preferre nost preferably from about 200
to 230C. The pl agues h@dsodierigicaid.2d] hapntat?, dicaioifiat&é nmrn X 1.27 mm and
the mold had a mrror finish which was transferred to the individual '
pl aqt}Q . The nold cooling circulating water was controlled at a tenperature
of about 25C. 125 shR%ibh Bﬂdltdmmﬂ Bfékr@l@]?l mh@itfsearﬁt-z 3ad16arbuxyRite (100 tramt
criteria were acconplished throu formati on of plaques of clarified
pol ypr opydxemelet3har waser (404 z)cwasediifrd 0.58 @eléadptna@m@élvm earb sy (3D hBagh t he
process out | X n the
above TabIPIXkur%]'ﬁ’gs &Q& e?ra%\'ienttt?or nu}e%?t%g#sd vgarsg%jpcgéfc%u mgéﬂﬁg{ngﬁo%%?ie@gir red
enbodi menempahtutel ﬁ)r3010i11|’3\/ dht hativa@d carbbrewanfiltenelt dut cind it veater westremnomednded t o

I|mt t he sc S in entio Ther ul t a tested
for peak B Q{%éif % Zédt Rgires Pr8 it &S eﬁﬁfsﬁdﬂa-{i?%@??g?&sw

PCT/ US02/ Qﬁﬂv@e%v?e@eo%rﬁatﬁtemnﬁtmtwﬂtmxby&ed stupateal | 1 zation is inmpouant I n
order to determine the tine needed to forma solid article fromthe nolten
pol yol efin conmposition. Generally, a polyolefin such as pol ypropyl ene has a
crystallization tenperature of aboEkAl\ﬁP%EQt a cooling rate of 20 CUmn. In
order to reduce the anount of tine needed to formthe final product, as
well as to provide the Gosiumdiidveln1.9.4] eptohedBidaerbaplatene pol yol efin, the
best &ucl eat or conpound added will invariably also provide the highest
crystallization tenperature for the final polyolefmproduct. The nucl eation
conposi tion effd £abition padisodinth dicyplo[221Ehemank?, -digabetylatz (22.60g) Otlempls)y at ur e

(T~), was, eval uate by DSC a r. di STM D.. 794- .reasur e
these t enferalerét¥s “taﬁé‘y‘ie’ﬂégf’lflflenﬂ q%ﬁ%?@%ﬁygﬁﬁﬁgﬁ% %ﬁiﬁ)ﬁ%‘%‘@at ed from
60C to ZZQQe?(Eo@g)r At nRfktuRDFasRBFred B GU°0UBE2 ﬁdhrdomﬁuesaltﬁlgrmhte@fkctpﬂmul ation
and held at the peak tenperature for 2 mnutes, At that tine, the

t enper at uyes filtesed: ik Whijpppwépry produgtayag deed @d@lB@t (P 1i08 G?ml it reached
the sjarting tesHm eérgtyf Endai 5289 Ginile ﬂtaéﬁtrﬁtdw@h' ARerdeGIRE SRk, #RAS thus

measured as the peak nmaxl num dur ng crystallization exotherm The
clarifi cabdrinm qabs Minmtm@z d)]heptlane dmarb@a/lab&sswem&ynﬂ!eam@rtb@uahﬁlm@amSTM D
1003-92. 15 The f ak. n tenperatures
for the pPreR&“@@EESB? }e°r(1\k1\faﬁ deB’!E“ [? ntZ%Pr of ax 6301 as
t he pol ypaleﬁyd,)@me and 6501 PP denoti ng Hi nont Pr of ax 6501 as the

poI ypropyl ene): WO 02/ 077092 PCT/ US02/ 06493 21




EXPERI MENTAL TABLE 1 Pe~fornta~ice ofBicyclic Nucleatofs irt Pohpropylefte
Hont opol y~ner AdditivesAdditive Conc. (% Polytn. Cryst. Tenp% HazeExanple 1
(in 6301 WApPRoN922634%xanple 1 (in 6301 PP)0.2512830%xa®piraIsa2/06463 6301
PP) 0. 112548%xanpl e 2 (in 6301 PP)0.2512745%xanple 3 (in 6501 PP)

~0. 2124. 938. 5% xanpl e 4 (in 6301 PP)0.13125. S44. 9% xanple 6 (in 6501

PP) 0. 212b. 135. 8%&xanple 7 {in 6501 PP)0.25122.941. 7%xanple 8 (in 630l

PP) 0. 25126. 337. 2% xanpl e 9 (in 630EXRMFLR3I12632. 1Exanpl e 10 (in 6501

PP) 0. 25119. 361. 1%.i t hi um bi cycl o] Zf]zé?rlm%hept aneQ.2512356%li car boxyl ate (in
6301 PP) Pot assi ur nbil&ifEegs Sodum piaEge él”iﬂﬂ%%?%ﬁaé%‘ﬂﬁﬁ?y! ate (in 6301
PP) Rubi di um biggie) @k23 M&lﬁeﬂaﬁﬁﬂarﬁg&%ﬁm CRRBRY M7 rhll IF WaRP Jvas

PP) Magnesi um bi cycl o] 2. 2. 1] hept ane0. 2511778%li car boxyl ate (in 6301

PP) Bar i urchiyiged/inked 2L found pbiegm Hasks Gvithsstiping diochis seluiioravas added BREPE (492.3

PP) St ti i 11 hept 512456%li | i PP) No
690 shles) e KhR o o B AR SE AR Gy Sttt SRR ML L iohtbondls. N0
Dk e B e I O o052

in 21 % Na-21 (in %
bCT Do02 /M Alsohds Labitiins oF AEa(HEabRy LAY AR de Heagieadt |

si gni fi capfukiyn MTEORIxnRE WUEBInsRARK irft6 ¥ Phi kdabBPdd dORas!sGHRREBlo Wy Brogéifition N Some
i nstances, | ower haze than the conparative unsaturated conpound. Another

i npor t ant(5@ psifropmrtemprrators) foo R hewisi dheactivated pasbay yastfilterad ot aphthe avafert i ne

(T1/2). § This neasur o wher.e . eshd ¢

pol ypz)lbop)ﬁ agﬁ%m%‘gcr‘;ﬁ%g?ct% ?g{rﬁsmggﬁvﬁéé%%gﬁﬁé ?%31&%@ %%Sglg%he(ﬁﬁa&(;%ﬁ 20C per
m nut e t QAPIRDEHADRIsavagDbiistsient withthabof thaiexgrcehahdiuat. GHdIpdwked 2199% at ure for
2 mnutes. At that tine, the nperature t hen | r ui ckly to 140C,
wher e t héa'é“aar?ﬁf‘é’?%@{@f’ H‘.’nq‘rﬁé%éiﬁst“hé%ﬁ? B\fg%% ,393& arl 1%@13?%99%\38?5('%% ur ed
with tinme. The tinme where exactly one-half of the heat of crystallization
is generated was 10 recorded as the crystallization half time. Shorter
crystallization half tine is indi cBXAMPBE4hi gher nucleation efficacy. In a
practi:cal sense : ey SLald i Lon.bal f . 1] kS 20nbAReah or of a
shor tlé5 r cyc?@alta ﬁ@%ﬁ@%ﬁ%ﬁl{ﬁ@ b@/{:}g&’ jg%?ﬁe}é‘gﬁ? B’?aalflcuatél.’@f? Il?%illiél\@%ﬁ ABLE 2 15
Crystal | i zat i @2.0Ha{500.0inmheles) iof hikldnardyyddider(il 6416 Zohable) Ancek/ Sobafivater ¢ T1/ 2

At 8 ShoVTERLITE oL Fa AP e Dotk LR R o e T30 b ¢

mmoles) of NaOH (40.00 g/mol) and 5.99g (250.0 mmoles) of LiOH (23.95 g/mol). The

solution was stirred with heat until all components were in solution. Half of this solution was

20  transferred to another 1L round bottom flask. Upon cooling, palladium on activated carbon
(5 wt%) was added to the remaining aqueous solution. The mixture was transferred into a
Parr reactor and was subjected to hydrogenation (50 psi, room temperature) for 8 hours. The
activated carbon was ﬁltered out, and the water was removed in vacuo at 75°C. The resulting
product was dried and milled (m.p >300°C). An IR analysis was consistent with that of the

25  expected structure. GS-MS showed > 99% saturation of the double bond. (6301 resin, Haze
=47.8 and Tc = 124.1 at 1000 ppm).

EXAMPLE 5
30 Hydrogen Lithium/Sodium bicyclo[2.2.1] heptane-2,3-dicarboxylate

(three quarters neutralized)



significantly shorter crystallization half tinme. Calciumstearate
conpatibili test: 20 In this test, the nucleators were tested in

f or mul at mome2/4u7092 and wi t hout cal ci um stearate. The nucl eBRCTHISOHIHPX acy of
the nucleators in each fornul ati on was studi ed by neasuring pol yner
crystallization tenperature. The fornuéati ons and testing conditions are

I dentical with those discussed above. A drop of 2 Cor nore is considered a
failure. 25 WD 02/ 077092 23 PCT/ US02/ 06493 EXPERI MENTAL TABLE 3 Cal ci um

Stearate Conpatibilit st Additjives Loadin %. Loadi ng .of t (9
Pol ym Peak ‘?thqféﬁﬁ'?}% Soéﬁaﬁﬁiil%yd%?ﬁe? ‘@g'éf’ﬁﬂﬂ‘ Blc go g@”b%%ﬁEﬁa@rrpl e
110. 25013 A% 481 aﬁ%@utﬁb&%@%&nﬂ&ﬂv&%@&lBéMﬁﬂemvihanDm%anmge
©10. 250123Exanpl e "10. 250. 08121 The data shows t hat og%é t he inventive

nu?:l eat ol E25 thrumelashefdNaOH (9. (S@impl) end2. Medd 250 prreolesd AHBIATHIZ31% w/malst wi t h
cal ci ym r . . 0 I: t
Che. 11 SpsR Bl S AR B A H o \IRGAEFL I REEIRHEE D Ve
Two gr anghemieaehyvarangiteediatos Biprrestbr and wassubjeazt chhyglregssatan ¢50msi,ghed

i medi ately after drying.in a vacyumoven. The. sanples re then placed in
a cont rolr?%ﬂtma&r?iﬁlo gg%rs'e %ﬁ?ﬁ%“éﬁfﬁf Xalsia ﬁge% %?n%%w?tﬁ&‘g?f each day
for 7 daysmovEden %ﬁsetrusc’@ermbtesﬂﬁh%pm&ﬁn o dracthnd sillE(nRE >86AL). Nih B ur e
upt ake. Table 5 bel ow summari zes the results: 15 EXPERI MENTAL TABLE 4

Hy gr oscophalyslsywasensisigrtavithihatyeS thaskeapisd giectas FSMRSIRIEaiiy 82889 Exanpl e
113E43P! 8 1 Athivle Y d ?(ﬁﬁézrgﬁﬁ I?a‘%ggq]:b%@ $86493 4t {odopprhear fromthe above

data that saturation o anpl e reduces the hygroscopicity over that of
the prior art significantly, and.the use of calciumas the netal reduces
t he noi sture uptake to zero. 5 NUCI!:M% gf ficac~pol yester:
Lithium/Sodium bicyclo[2.2.1] heptane-2,3-dicarboxylate
82.0 g (500.0 mmoles) of himic anhydride (164.16 g/mole) and 175 ml of water was
15  charged into a 1L round bottom flask with stirring. To this solution was added 10.00g (250.0
mmoles) of NaOH (40.00 g/mol) and 5.99g (250.0 mmoles) of LiOH (23.95 g/mol). The
solution was stirred with heat until all components were in solution. Half of this solution was
transferred to another 1L round bottom flask, and an additional 5.00g (125.0 mmoles) of
NaOH (40.00 g/mol) and 2.99g (125.0 mmoles) of LiOH (23.95 g/mol) was added to the
20  remaining solution. Upon cooling, palladium on activated carbon (5 wt%) was added to the
aqueous solution, The mixture was transferred into a Parr reactor and was subjected to
hydrogenation (50 psi, room temperature) for 8 hours. The activated carbon was filtered out, '
and the water was removed in vacuo at 75°C. The resulting product was dried and milled
(m.p >300°C). An IR analysis was consistent with that of the expected structure. GS-MS
25  showed > 99% saturation of the double bond. (6501 resin, Haze = 35.8 and Tc =126.1 at

2000 ppm).
EXAMPLE 7
Bicyclo[2.2.1] heptane-2,3-dicarboxylic acid
30 100.0 g (438.3 mmoles) of disodium bicyclo[2.2.1]heptane-2,3-dicarboxylate (228.15

g/mole) and 280 ml of water was charged into a 2L Erlenmeyer flask with stfrring. To this



The inventive additives were also tested as nucl eating agents for

pol yester. Additives were conpounded with a C.W Brabender Torque Rheoneter
at 5000 pyorntenred2Shel | C eartuff<M 8006 PET bottl e grade PEFIUSONBOAPTg an |V
of 0.80. Al resin was dried to less than 10 20 ppm water. Sanples were

t aken, pressed, and rapidly cooled intgg 20-40 m| films. All sanples were
dried at 150 C under vacuumfor 6 h prior to analysis. The sanples were
anal yzed Jfgeh wak idde@Rhifgsuiufiehdid ﬁhtﬁ:ﬁ{é%H o?ﬂﬁ&&mtlhg%lﬁtﬁ@m&ulahs&fé@mnl ng
calorineter using a heating and cooling rate of 20 The pol yner peak
cryst al | i beatrhe acidieppehite fleculwaicprenipitate wrmeds H@%Wlbéa’abéﬁliﬁdeand?ﬁ@e@@t ais

Rosul s hi Eneliferthe propliWEREved oty ERSERAT GRS | )

194I Thus, vabh.]:an bVBﬂ&lﬂl]O?é Ta¢ resdtinghprodugp vasdtiedxhd irlllnllad(ﬂnlmfb?C)l AR wealysis . .
the 5‘?53;?Q?sgﬁogéstﬁrﬁewlégﬁ%%e%%%éwrﬁev‘éﬁﬁf Lol B L TR Ts RATRANE: Ve

Nucl eat i nghod 2(3 25 a) Fibers WD 02/077092 25 Yans Producti ora:

PCT/ USOZ/OG4 arn was made by conpoundi ng Anoco 7550 fi ber grade

pol ypropyl ene resin {nmelt flow of 18) wth a nucleator additive and a
standard pol yner stabilization pac PRg sting of 500 ppm of |rganox
1010, 1000 ppm of Irgafos 168 (both antioxidants available fromS Ci ba),
and 800 ppm of c&oGium2sicedealoycaFbmybidizycio 2t éepiaecadmpdataded at 2500
ppmipn a twn screw extruder (at 220C in all zones) and made into pellets.
The auoditive was Exanple 1, above, and was conpared with a control with no

addi tive. The 18 ¢ @05 miRI1&) bhsiBydieg. 2llﬂlﬁe@tahé12 3ematwk9rarmpdrm (&K Janes &
Associ ates fiber extrusion |ine as d above in . yarn Was spun with

the ext rug/mete) PRl 280300 Frmples) gtﬁt@aﬁsdmow (%79&9&%0% éﬁewhafge@%? e00
Spi nner et mLQBlYﬂd%ttﬁmmg]{'wﬁfl st %&E&Ulaltﬁgng%le? fand 'Béﬁn-gﬁﬁ@c@i@&lsteﬂ Vl?le f our

yanms were spun wth heat-set erat ures of 100, 0, 120, and
r espect i velhytionWae stirrddemideheat ﬁnr two bous 4tl&0%kto ylekht%galf dree?sldﬁister,t%e

contr Ierfrthe ar lon, s, found to exi st
over gne %‘iﬁ SYeKYSHr ?Wig'bd?ylc?@l%l hffﬂtgneﬁﬁr% 13§°‘f1r\é5 ﬁongtn%li%@l' ﬁﬁfm%l% t's wi t)r(1| no
nucl eat or naflstrt 50/@g {184.6 nitficlek) b thidderl- @mbfoahctfmbemed with J0temhmathariobirent s

bel ow have a statistical error of +/- per centage units. S were
tested fof 6@hm Pﬂ@h@}é‘“?‘lﬁhﬁé‘?h‘%ﬂnrm%dm %“F@BW%WWPR?H@O ﬁgﬁﬁ ?Lgcti on

of yarn, plachide h&dlﬁdﬁ &ma@f?@gmfnl Heﬁﬁnﬂ}) M@ SnoRival RenFBEBHBRE Nt
tenperature, and simlarly measuring Yo shrinkage after renoving the

yar n fr omevaheratioreand thergsulting jagple (m.p ’7 °C) was air dried at room temperature. An IR
20  analysis was consistent with that of the expected structure. . (6301 resin, Haze = 37.2 and Tc

=126.3 at 2500 ppm).

EXAMPLE 9
Sodium, 2-(poly(propyleneoxide-monobutylether))ylcarbonyl-3-
25 bicyclo[2.2.1] heptanecarboxylate

20.0 g (120 mmoles) of bicyclo[2.2.1theptane-2,3-dicarboxyl anhydride (166.17
g/mole) and 40.9¢ (120 mmoles) of stearyl alcohol (~340 g/mol) were charged into a 200 mL
round bottom flask with stirring assembly, thermometer, and an argon blanket. The solution
30  was stirred with heat for two hours at 150°C to yield the acid-ester as a liquid as confirmed by
IR and acid number. The liquid was transferred to a 250 ml beakerwith 100 ml of methanol



sanpl es were neasured, and the average shrinkage results are reported for
each sanple in 20 Table 1. The shrink neasurenents are |isted bel ow the
tested nwbeavoow for each yarn sanple. The yarn sanpl es ReTASax0d403 | ows:
PCLYPROPYLENE YARN COVPOSI TI ON TABLE Yarn Sanples witlz Specific Nucleators
Added 25 Yarn Sanpl e Nucl eat or Added AO}from Exanpl e 1, above B

(Conpar ative) None (control) WO 02/ %7092 26 5 PCT/ US02106493 Fi ber and
Yarn Physj l.84: 43 K
I A R A P A S

t enper at ueresvedityfretareygwrdtion anhthe hesalting eample (the)? ‘@hmwangir deeddtaeamur e and

di fferent heat-expaosyre conditions _(.ho Lrcat vari \ and
~boi l'i ng &%FP%‘?’“&E?pW@%‘FS‘? ‘g?ﬁ)ceorn 5@8’&% lhl| %ateof gheeseg P ocfte%ll%a{ﬁgﬁsgn%esgfjl ts are
t abul at edidee=aa.]1 mdBR BPERLAMONDAL). TABLE Experinme~atal Slz~-irrk
Measurenents for Saiple Yaf-~as 10 15 20 25 Sanpl e Yarn Heatset Tenp.(C
* A110A220A130A140A110A120A130A140B110B120B130B140B110B120B130B140 Shri nkage
Test and Temrm. . (C) 150 Hot air 13kAdatprad fo 150 Hot air 150 Hot air 130 Hot
air 130 Hot air 130 Hot air 130 Hot air 150 Hot air 150 Hot air 150 Hot air
| 50 Hot air 130 Hot2-ghiolesteBbcarbanybd-bicyclofFo2. Hbeptapacarbgwyliageidai r  Shri nkage 16%
13% 13.5% 7. 5% 9. 4% 8% 6. 2% 4. 0% 19. 9% 18. 2% 15% 10% 12. 2% 10. 3 8. 4% 4. 0%
The inventive fibers were also tested for tenacity and nodul us strength
conpari sons t @.39pq5¢.0Rinialds) ofibicyeld{d2. 1 jhsjtaneck3-(idarbdat anhgdridel (3661 17 glmedle)t | on t o

h :
eat Sl%t taggggé ?Stl Wn%r?l%fes)to? gholesterol (386.66 g/mol) were charged into a 100 mL round bottom

flask with stirring assembly and thermometer. The solution was stirred with heat for two hours at

150°C to yield the acid-ester as confirmed by IR and acid number. The resulting sample (m.p ?
°C) was air dried at room temperature. An IR analysis was consistent with that of the expected
structure. (6501 resin, Haze = 61.1 and Tc = 119.3 at 2500 ppm).
15
EXAMPLE 11 (Comparative)
Disodium bicyclo[2.2.1] hept-5-ene-2,3-dicarboxylate

To a suspension of endo-bicyclo[2.2.1]hept-5-ene-2,3-dicarboxylic anhydride (16.4 g,
20 0.1 mols) in water (100 g) was added sodium hydroxide (8.0 g, 0.2 mols) at room
temperature. The mixture was then stirred at 80°C for 2 hours. A clear, homogeneous
solution was obtained. Water was removed in vacuum at 75°C and the resulting white
crystalline product was dried and milled (m.p. > 300°C).
Other comparative examples of commercial samples of Millad® 3988, sodium

25 benzoate, NA-11, and NA-21 were used in this evaluation as well.

Nucleation efficacy test:

Thermoplastic compositions (plaques) were produced comprising the additives from the
Examples above and sample homopolymer polypropylene (HP) resin plaques, produced dry
30 blended in a Welex mixer at ~2000 rpm, extruded through a single screw extruder at 400-



30 inventive fibers were conparable to those neasured for the control
fibers and yarns. Thus, WO 02/ 077092 PCT/ US02/ 06493 27 the addition of

t he i nvemovBomoesgpounds within the target pol ypropyl ene fiPOBMUSOPOEYS ded
excel l ent inproved physical properties. b) Thin Filmor Thin-Wlled
Articles 5 Therntoforfttiirg of thin-wglled dri~tlci~tg cups: Produced were
8.5¢g drinking cups having di nensions of height - 139mm top dianeter -

93mm thi - %[rﬁm . ) : - sanpl e cups
wer e rradég(#()&gr%rﬁq %?/lvgtr}e t é‘f%\fv&&p%i)%? glp %ﬁé“ﬁ%ﬁé’é%?%ﬁgélﬂ?ﬁ’ﬁ’é%%ﬁ)( Exxon
non- nucl ealdeckdhs @etoedaacd Wit GidFelowhiitiablm | npact Copol ymer base powder) with

sheet extrusion conducted using a Mrex-WReifenhauser sheet extruder
~equi pped with a coat-hanger manifold sheet die. The Mrex-Whad a 3 roll,

410-mm ( 16. 1 i HOMGPELYMERPOINPROPELENE COMEGOSMAONIDABIM (35.4 in).

.The sheet extruder was run in-line 15 with an Il1ig RDM 54K t her nof or mer
i ncl udi ngomppneier oven having | ongi tudi nal row contABPUtlor ¢t he upper and

| ower i nfﬂ)g,?gogg%g% %&Pe%?ﬁ%m?%fm §oyps pol i shggygt um num and used a

Delrin plu nperature for all the sahples was
apprg)(;icnﬁﬂgeﬂqu@ﬁno,Pr'ﬂnerythttioeidanuﬁfmnéﬁba)he | ower rol500pers 60C, the middle
was , .an er.was_al sp 60C. le tinme was erm ned for each
sanpl e a?gﬁgfég%gg%ﬁ?w3ﬂ%%‘§gﬁ(%th(%ac)l i ne 20 speelgg%?ﬁnlll parts coul d not
be feed tqudidie Stantk @lcid Sagengett e cup wal | had not gooppd sufficiently to
withstand the |oading force of the stacker). Trial Result Table

of Maxi0i ntlEventivgNWaeate Cycles with Conmercial 25 ar i8"®¥8beri ~tt ent al

Nucl eatirtg Agents Control 12001200800 ppm 400 ppnB00 ppm

1200500/ ppmppmNA- 11 from Ex. from Ex. ppnl500DVDBSNA-211, abovel, above from
Ex. pprl, abov&BNBBS: ddEposition blywiheinpnpPrAx®G506 pelynropglesplpmopglymeso. 37i e

(cycles /;;resgiixtr}rlljs;[te%a)was a}/s%)ugﬁée%zfgrqgez pr%%nggﬂy(%%%{a&g%e base HP (either 6301 or .

6501) and all additives were weighed and then blended in a Welex mixer for 1 minute at

15  about 1600 rpm. All samples were then melt compounded on a Killion single screw extruder
at a ramped temperature from about 204° to 232°C through four heating zones. The melt
temperature upon exit of the extruder die was about 246°C. The screw had a diameter of 2.54
cm and a length/diameter ratio of 24:1. Upon melting the molten polymer was filtered
through a 60 mesh (250 micron) screen. Plaques of the target polypropylene were then made

20 through extrusion into an Arburg 25 ton injection molder. The molder molder was set at a
temperature anywhere between 190 and 260°C, with a range of 190 to 240°C preferred, most
preferably from about 200 to 230°C. The plaques had dimensions of about 51 mm X 76 mm
X 1.27 mm, and the mold had a mirror finish which was transferred to the individual plaques.

The mold cooling circulating water was controlled at a temperature of about 25°C.

25 Testing for nucleating effects and other important criteria were accomplished through
the formation of plaques of clarified polypropylene thermoplastic resin. These plaques were
formed through the process outlined above with the specific compositions listed above in the
above Table.

These plaque formulations are, of course, merely preferred embodiments of the
30 inventive article and method and are not intended to limit the scope of this invention. The

resultant plaques were then tested for peak crystallization temperatures (by Differential



The data show that the inventive conpounds provide (and thus the inventive
thin-walled or thin filmarticles exhibit) significant cycle tine

i mprovenavod on@iTp®r i Nng to the un-nucl eated control and resPa3/uSON0@EINI ng

ot her commrercial nucleating agents. c¢) Thicker Plaque or other |ike
Articles (having thicknesses between apout 15 and 150 mls) htjected Ml ded
Container: 10 A rectangul ar contai ner conprising polypropyl ene havi ng

di mensi osam@inglTfotkmdtsh. KR wMlizate it ithpurahiia sslepfo ditdimine thathnecedéd wi | s) and
vol une of approximately 1 litre was produced, havin ﬁMWEi g}h% of 23-24g. The
cont ai neﬁo%soﬁﬂ@ﬁ%%ﬁomﬁh%@@ﬁntmb’OWBP COBBRSIHOR- (ﬁﬂng‘a 2pplyesan b RS wal |

I njectio AP ri}@ﬁ ' i i Pt /bhinl S

~cool i ng ?9%@%?‘5%3 lﬂsﬁc helmrarlgﬁlr tgﬁllP gﬁ%ﬁd&%&;@ﬁggg %gc&? glgtﬁrgt? ?gz%we(%/\;\hlé%n

10- 60C. Therdeotaredb@dhhamownn offirectesdedsty Soranthe Anal paodusines well eidd ppavide t o be

removed fromth | d r.api di i t hout. d . [ ad Was a
’ hom)pgl yr'iléerm eﬁgcglt‘)’ ﬁgf“él lgﬂcg%/fetﬁ\é %0}3(#%'}1& ?’%ggsgnﬁcegaﬁoﬁgl o{#rgdtaélugf‘g?]\r,\gm

40- 459/ | Givafiably BRo prdvide thehigkesecrymalbzadas tehtperaturé for ite fimbpolfalefinpradicons as
not ed abgve (6301 PP; ahout 2000 ppm of anpl e 1 added) and exhi hited 20
sui tabl e TuhéEilfrl?aéwe}90%30%“%4'2‘?&%@&5’&?1%90%’6? W%%H%%tﬂﬁ?"g)f’n gﬁweiaﬂﬁe ke, d)
Thi cker - Wk beduAed byl D8 ha@rdiky 6 MRTSE D70 AT méaBRe tHebOteipbiatad, | t
jection Ml ded Doired Lids for Mediutrt Sized Tote: The part mage measur ed
1 S x 22 thespesific pelypioprleBo®myositioh Washieatgd Fomi0fe te BIBE at altate ofR0Re PeY i ng
whi t igrent.intg the fee [ I 70 m hs) and
corpritEedn By stParce ey B8 A R bt B G5 R el MR AE) O
WO 02/ 07 16 BmeOthPtehipdtiinre 0G4 fidn beveseedud wekee of 20PR per shjnuichingil i agatheddbe nol ded

on a 1000-ton G nci nnatfji@ﬁ%lrrﬁr on IHEJFEC“ on Mol d a.2-cavity

i ggqjl\/achi ne .with
mol d. A tSIAFEPIPHPIERY HRPABRL PRI WeF s MERECLARISRFK  The
t enper at qﬁﬁixﬁﬁmtdhﬁng% IcB)stallfafiéi ExbRbin€ OTHRAN MR Bt i f3hhdncastiheli e
tenperature of ' S 300C. This é)roduced a polymer nelt~of approxinmtely
220- 240C. nuglpatorspyay meapyed uting ASTMPD t¥tHol | ed at 30-40C. The shot wei ght
used s 60 el [1 01 g [afo BT ' ssure of
2200 Boi v dLSdephE TRt e By PR e AR e R b BaRle s P
i nj ect i orpréparedabbvejwaitht (301 RA sleubting timaors Prafn{® 63&nas theapalgropylese aedieSlr om
unnucl eated. resin,. i nyentiv Si d other resins conprising the
af or enentpﬁ'odr‘?ﬁﬂmﬁgﬂmgfoé?"é@%#ﬁc?ﬁ gigtp(agfygr_opaflgrbq).e of Cycle Time with
Comrerci al and Experinental Nucl eating Agents Control DVDBS NA-11 Ex. 1

Total Cycle times) 26.2 20.8 22.6 20.0 15 The data show that the inventive
nucl eati ng agent provides significant cycle tine :




i nprovenent conparing to the un-nucleated control and resins containing
commerci al nucl eating agents. Furthernore, flexural nodulus was neasured as
wel | for wdneserremanpl es, as noted in 20 the foll ow ng tabl eCT/sbt/es40d

Fl exural Mdulus with Various Nucleating Agents Control NA-11 Ex. Y Flex
Modul us 1057 1266 1277 (MPa) 25 The daga show the inventive nucl eating
agent provides significant inprovenent and/ or conparabl e physical property
enhancenent s. WO 02/ 077092 iXPERIMENDALIBABOE Wanper Lid: . A Colormatrix
Liquid Platinumcolor was netered into the feed hopPIer and the sane

pol ypropyl ene f oftelilosEsnsA chBicytisWauckgprsin EobaroayiergionsBadingion- nucl eat ed
Escorene PP 5 7035E7 Medi um I npact Copol yner base powder) was m xed
“therewith _and nolded on a 550 ton Gincinnati MJlacron lnjection Mol ding
Machi ne wadditives sSi ngl e cavity nol d. Hdéitie Cens &ipl eRolymnCiyst. Tehips 1% Hake wer e

visc-broﬁgn—f-ﬁgma— s MER gy g—€6
“inj ecti orXA0PEiIHE $3EELs was used 3 nmake the par f
of the bdxambleviat ¢OMPPd| | ed bet weefl.2340- 255C and t3e die tenper @ e was

10 about g@BARG. T 19ppdi tions progyced a pol ymerygelt of approxsgwptel y
220- 24oc.E3‘T ‘Ur%o(flﬁéﬁ) 2

3] t enqperature was trolled at 30-40C and the shpt wei ght
used was %‘@Wﬁ*e%&ﬁ‘ﬂﬂlg}é& on speed o?ﬁgZSmﬁls and a 7|nj ection pre‘lgs/?tjre of
2200psi VIRamplesgih 65Dhé@Pentire cycl e0t2i ne used to nitded a good par t38f5om
i njecti orfhxta g@r@nggoqq;tpgd was 4 secgnds. 15 Trial Resylt Tabl e ofgyuGugl e

n

Tirne wt inzercial “ari d Experinaefatal Nucleatirag Agents Cantr ol
Sodi um NAxampis6 (im 634 FFat e 0.2 134 f 33d%
Example 7 (in 6501 PP) 0.25 122.9 41.7%
Example 8 (in 6301 PP) 0.25 126.3 37.2%
Example 9 (in 6301 PP) 0.25 126 32.1%
Example 10 (in 6501 PP) 0.25 1193 61.1%
Lithium bicyclo[2.2.1]heptane 0.25 123 56%
dicarboxylate (in 6301 PP)
Potassium bicyclo[2.2.1]heptane 0.25 125 67%
dicarboxylate (in 6301 PP)
Rubidium bicyclo[2.2.1]heptane 0.25 123 55%
dicarboxylate (in 6301 PP)
Magnesium bicyclo[2.2.1 heptane 0.25 117 78%
dicarboxylate (in 6301 PP)
Barium bicyclo[2.2.1]heptane 0.25 121 71%
dicarboxylate (in 6301 PP)
Strontium bicyclo[2.2.1]heptane 0.25 124 56%
dicarboxylate (in 6301 PP)
None (in 6301 PP) 110 68%
Example 11 (Comparative) (in 6301 0.1 122 50%
PP)
Example 11 (Comparative) (in 6301 0.25 123  46%
PP)
DMDBS (in 6301 PP) 0.25 123 11%
Na-11 (in 6301 PP) 0.1 124 32%

Na-21 (in 6301 PP) 025 123 20%




Total Cycle time (s) 9.0 7.0 6.5 5.5 20 The data show that the inventive
nucl eati ng conpound provi des significant cycle tinme inprovenent conparing
to the uweouzbwased control and resins containing comrer ciPET/UN2DE&E83 | ng
agent. Table of Fl exural Mdulus with Various Nucl eating Agents 25 Contr ol
Ex. 1 Flex Mdulus 1122 1275 ( MPa) W) 02/ 077092 31 PCT/ US02/ 06493 The
data show the inventive nucl eating agent provides significant inprovenent

i n physical prgpesis yho%uam?are%W&F&@gmwmxhﬂw@ignmmmﬁgmE@lﬁ?a?etaﬁ. Havi ng

ille

descri bed the invention in detai it is obvious that one s in the art

will be aiystallizatiorsikmperatticcaniioinsoma istanesiss pwerticghban hecempaigiivhout departi ng

fromt he.u%ga%ete%oého LRresent invention. Accordingly, the scope of the

“present invention shoul'd be determ ned only by the clains appended hereto.
10 WD 02/ 07 AaetheSizhpGitit hdst o atcledtion bfficscyds te npdtallizatidaCBliB62(I0E)93 A

Filmar SR porored on TR e B PaiE PEPpERERe FrneUsR S art f i o
havi ng a gelib& kBRBH O R WD at a rate of 20°C per minute to produce a molten formulation and
held at the peak temperature for 2 minutes. At that time, the temperature was then lowered
quickly to 140°C, where the sample was beld. The exotherm of crystallization was measured
with time. The time where exactly one-half of the heat of crystallization is generated was
10  recorded as the crystallization half time. Shorter crystallization half time is indicative of
higher nucleation efficacy. In a practical sense, a shorter crystallization half time is an

indicator of a shorter cycle time, and thus of significant value.

EXPERIMENTAL TABLE 2
15 Crystallization Half Time in Homopolymer
Additives Loading (%) T1/2 (minutes)
Example 11 0.25 4.50
Example 1 0.25 0.98
Example 2 0.25 1.40

The data shows that the inventive compounds in Example 1 and Example 2 exhibit
significantly shorter crystallization half time.
Calcium stearate compatibility test:
20 In this test, the nucleators were tested in formulations with and without calcium
stearate. The nucleation efficacy of the nucleators in ealch formulation was studied by
measuring polymer crystallization temperature. The formulations and testing conditions are

identical with those discussed above. A drop of 2 °C or more is considered a failure.

25



about 15 and 150 mls, and a thicker-walled article having a thickness
greater than 1 SO mls, wherein said thernoplastic article conprises a
conpound womod/@r7o92i ng to the structure of Formula (>] (n tBC™MUSIBIGEIR , R2,
R3, R4, R5, R6, R-, R8, R9, and Rlo are individually selected fromthe
group consi sting of hydrogen, C~-C9 abkyl, hydroxy, Cl-C9 al koxy, G -C~
al kyl eneoxy, amne, and Ci-C9 al kyl am ne, hal ogen, phenyl, al kyl phenyl,
and gem nal or vicinal C ~- CEXPMEIOOIENTAL, TABLBBd R' are the sane or
different and are individually selected fromthe ?r oup consisting of 15
hydr ogen, Gi-C30 al kyl, hydraséym StaerHe CopBespiify 46T pol yoxyani ne, G - C30

al kyl amTre AL AVARE M= i X - (0] ' )
'qc»-NR1~C€td8§{?{}%gndLO O @ L&vﬁ?gée)fl%sﬁ%x i%“@‘é‘f‘%é??é%f?%‘ﬁ?f@ group
consi sti ngx4hple?- C3o @bkyl, hydrogen, C 1-Cso al koxyj2&and Cl- C30

pol yoxyal kyl , and wherein R'"' is selected fromthe group consisting of
“hydr ogen, Ezample 3| i or0-2%n organi c 008t i on, pol yoxy- CcZi®1 $- al kyl ene, C~-C30
al kyl, Cj ,gﬁ%l@ilkyl engys G - C3o0 20 kyl eneoxy, a stef®jd noiety, phenyl,
pol ypheny]?, -C30 al kyl halide, and C,-C30 al kyl am ne; wherein at |east one
of R andEmplslleit hed.2C( O -NR11COM8 or C(OOR'', whEtein if both R and
R' are C(%H” thenOFi?" both R d R' may be conbilﬂfad into a single

bi val ent I'"ion or "a single trivalent nmetal overbaSe. 25 2. The

t her nopl astNAg-1articl epaf Claim 1 wogrein said conpounzil confornms to the
structure_of Fornul a 611] WO 02/ 077092 PCT/ US02/06:193 33 Rn O M O
wherei n MExamRleNy ar 0¢he same or #ifferent and are il?ﬁzlependently sel ect ed
fromthe groilmed consysting of netylg or organic catigps, or M and Mz are
conbi ned_t o oma sinagle noiety, and R, R2 R3 R4 RS R6._R-. R8, R9,
and Rio are individually selected fromthe group consisting of hydrogen, C
1-C9 al kyl, hydrqoxy,, C ~-C9 al koxy, .C 1- al kyl enepoxy, ine, C 1-C9

al kyl ani ne, hﬁgsa@% shoyysdhaf only £hq lﬂéﬁmﬂﬁéﬁw%%t%ﬁ%é’f?ﬂ% ang EXample 25t . o
car bogyclih€eondifatiBility B withichelugh Qéarkkai m 1 wherein said netal or organic
cation on said conmpound is a nmetal cation selected fromthe group
consisting of Goup | and Goup Il netal ions. 4. The article of Claim?2
wherein %@%@b%&non on said conpound is selected fromthe group

consi sti a potassium calcium lithium rubidium barium 15
magnesi um and strontium silver, zinc, alumnum 5. The article of Caim3

wherein said %Ees%l tes sa\}/érg Cartisd gu(%%ln'fhng Dlled %%o%{lé{mo give adequate surface area for

10  moisture uptake. Two grams of each example were spread out on a watch glass and weighed
immediately after drying in a vacuum oven. The samples were then placed in a controlled
humidity (65%) environment and the weight was taken each day for 7 days. The percent

weight gain was defined as the percent moisture uptake. Table 5 below summarizes the

results:
15
EXPERIMENTAL TABLE 4
Hygroscopicity Test Data

Entry Sample Weight Gain (Y%ow/w)
1 Example 11 8%

2 Example 1 1%

3 Example 2 0%




6. The thernoplastic article of Caim1 conprising a polyolefin. 20 7. The
thernopl astic article of daim2 conprising a polyolefm 8. The
t her nopl a0 020702 cl e of Cl aim 3 conprising a pol yol efi n. PCT/U802/039977092
34 The thernoplastic article of Claim4 conprising a polyolefin. 10. The
thernoplastic article of Caimb5 where4n said article is a fiber. 5 11. The
thernopl astic article of Caimb5 wherein said articleis athin film
article . PCT/US02/ 06493 12 The t her nopl astic article of daimb5 wherein
said article is a thicker gue or other |ljke solid article havi ng}{

ticle

t hi ckness bet %é%ﬂeaé@@mﬂ“iﬁ"‘é(ﬁ atg tfept ﬁart?rétm“l‘ffEl‘Smpl?ﬁée‘WfﬁWBBV%@%CPB“’

of O al MygeMBRLEH] pﬁ@i‘ﬂtﬁ%ﬁﬁ&ﬁlﬁy Ia8d heludé 6KAciniRhd BE il talSes@yvi ng a

"t hickness greater than 15 . A conpound confornming to the structure

of For nmul@igturp upBke fojzeR~ Rs t 2 Z3 vvher ein Rl, R2, R3, R4, R5, Rs~ R7, RS,
?:d Rio are individually selected fromt he gr oup consi sting of hydro

'gen 1-C al kyl, hydroxy, C 1-C9 al koxy, C 1-C9 al kyl eneoxy, am ne, and

C~--C9 al @ulcaaimﬁafﬁﬁabﬁgﬁmestﬁhenyl al kyl phenyl and gem nal or vicinal

Cl- C~ carbocyc]ic, <{? and R re th or different and@c{

i ndi vi dual |y g@?@(‘f@‘éﬁcﬁ iy etsl’f@reg"’riﬂjtﬁs" ‘??sr}“g pUng agenti g PRIYETET AFYESS al ky! |

hydr oxy, v@c&e oegdenmmq: v@cﬁrma&nﬂo&ﬁe Fzoatr a2 lsba0h fﬁﬁﬂﬂ%ﬁShdﬂhenW

hal ogen, c? C30 pol yoxyal kyl, C(O -NRL and C(h ) 0-R"",

wher ei n IQlleartufﬁ“ &)QEQEﬂ"éJdﬁlhmdetrm @memdﬁ’r@ PS80 AY refin ms@mdtaﬂqsg/

hyd | K Ci-Cs "
D e S SR R BB R PR S L
organic @ﬁh?l@@weﬂ@@h&@aﬁ:ylﬁ@zc Gﬁ&r&h&;ﬁhﬁfdﬁ6 h(ﬁimﬂ?t&nﬂb'é{sﬂ The@imﬁ&@wafekyl ene,

c - | k h
al |(§,:|3 (r), a?,aaéygegﬁlgx%f{uta@% oil{ é() ; gr %}/Sysl? 7 )c/hffere%tlalysgan%{]r%é calonmet%:r)’ gsmg a

heating and cooling rate of 20 °C/min. The polymer peak crystallization temperature was

measured as described before. The data is shown in Table 6 below:
15
EXERIMENTAL TABLE 5
Polyester Nucleating Results

Sample Peak Cryst. Temp. (°C)
Control 155

Example 184
11
Examplel 194

Thus, the inventive saturated compound exhibited much improved nucleation of
20  polyester over the control with no nucleator compound and the unsaturated nucleator

compound.

End-Use Applications for the Inventive Nucleating Agents

25 a) _Fibers



WO 02/ U77092 35 PCT/ OS02/ 06493 wherein at |least one of R and R' is either
C(O-NRL1C(O or C(OOR'"", whereinif both R and R" are C(OOR'" then
R'' bot hwogorodt® may be conbined into a single bival ent poatuso2/oans3 or a
single trivalent netal overbase. 5 15, The conpound of C aim 13 wherein
sai d conpound confornms to the structune of Formula (I1] (-~ R, 0O OM O M
10 wherein ML and M~ are the sane or different and are independently

sel ect ed yL, 1P ddh&ifr oup consisting of netal or organic canons, or M and M
are conbined to froma single nmoiety, and R, R2, R3, R4, R5, R6, R-, RS,
R9, and R o aiem el medgbacempaatiagigaocor/§af fibes seade nplyponylpas tesin (Belt

hydr ogen - QXY - - ] @A ne,
oo BT e e Sl iy BBl S bn RRBO o BE T
| - C9 car bds§Tpprt of IZando® 101 10empauofirgfos@ Ba8r(bdth andvidants asailablerfeinal or
organi_.c canQn Q ai d conpound is tal cation sel ect t he grou
Conel 8t 1 fhabarenh R G RGBS THER TBLe VA CORPREE] AL LB ai m 15
wher ei N $@indcRRt éduua@ft(atqao@ﬂip%ﬁizén&?mm ih peldte CriRdddRivé HadEkdmp1gr oup
consi sting of sodium potassium calcium Ilithium rubidium barium

magnesi urh ak@ve and s comparedsyifhypeontie] with nepddiiiveum  18. The conpound of O aim
i 11 el B 8L WP Rk g BRI 2O 1
PCT/ US02 efiBusi@B3lire aainmed shoveireFES.i1. Séard wagighuh iwith thoenposibn liomcanditpnesent in a
For m186| %ﬁc&v%(lj inf”ll:a(l)ni’rr:;| lttt]s?nggar&%le spinneret, giving a yarn of nominally 150 denier. For each

additive, four yarns were spun with heat-set temperatures of 100°, 110°, 120°, and 130°C

respectively. These temperatures are the set temperatures for the controller for the rolis 42,

44. In practice, a variation is found to exist over the surface of the rolls 42, 44, up to as much

as 10°C. Pellets with no nucleator additive were used to make control fibers.

15 The measurements below have a statistical error of +/- 0.4 percentage units.
The yarns were tested for shrinkage in hot air at 150°C and 130°C by marking a 10”

section of yarn, placing it in an oven for five minutes at the measurement temperature, and

similarly measuring the % shrinkage after removing the yarn from the oven. Again, five

samples were measured, and the average shrinkage results are reported for each sample in

20 Table 1. The shrink measurements are listed below the tested nucleators for each yarn

sample. The yarn samples were as follows:

POLYPROPYLENE YARN COMPOSITION TABLE
Yarn Samples with Specific Nucleators Added

25
Yam Sample Nucleator Added

A from Example 1, above

B (Comparative) None (control)



consisting of a powder, a pellet, or a liquid, and wherein said conposition
al so conprises at |east one polyner, and, optionally, at |east one conpound
sel ect ed woombt7a® group consisting of plasticizers, acid PCINESNYG4933
antioxidants, antimcrobials, flame retardants, light 5 stabilizers,
antistatic agents, colorants, pignmentg and any conbi nation thereof. 20. A
nmet hod of form ng a nucleated thernoplastic article conprising the steps of

a) provi dijkg agd YehdBRsitd1emaRsasti ¢ forrmul ation; 10 b) adding thereto at
| east one conpound o$ Fornfula (1~ of Clairn 13; and c) allow ng said
conposi ti on oflhstessamplsyamg wetsdhen tasterd for shyjnkichpracterishipswith a gumbes oAl N& . AYa&
CAN& A A AN AL e Tudbh NS at- & Qégh\{)erdﬁﬁgsl-:diﬁln&%ee‘kcﬁi theaﬁéat&set?&ls) Ahrirfs¥e AN&Y
.Au&y . A99% A& . A& AY. AYalL% A99. A2 ". A9 . Al . AY9
. A9+. A9r midaufesurdgnd difrenthE8@4p0sBE® conditions (hot air at various temperatures and
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The inventive fibers were also tested for tenacity and modulus strength comparisons

to the control. In each instance (differing only in relation to heatset temperatures), the

30 inventive fibers were comparable to those measured for the control fibers and yarns. Thus,
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Injected Molded Container:
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A rectangular container comprising polypropylene having dimensions of 170 x115
x70mm, wall thickness of 0.5 mm (about 20 mils) and volume of approximately 1 litre was
produced having a weight of 23-24g. The container was produced through the utilization of a
Husky S90 Thin Wall Injection Mould (TWIM) Machine, highly polished, and equipped with
15  cooling system so that the mould temperature can be regulated between 10-60°C. The mold
also had an ejector system that allows molded part to be removed from the mold rapidly
without damage. The material used was a homopolymer PP (as noted above) exhibiting a
melt flow rate of from 40-45g/10min. The articles were made easily with the same
formulations as noted above (6301 PP; about 2000 ppm of Example 1 added) and exhibited

20  suitable resiliency as a small container for foodstuffs, and the like.

d) Thicker-Walled Articles Having Thicknesses Greater than 150 mils

25  Injection Molded Domed Lids for Medium Sized Tote:

The part made measured 15 x 22 in and weighed 565 g and having a white color (due
to metering white pigment into the feed hopper)(thickness of about 160-170 mils) and
comprised Exxon non-nucleated Escorene PP 7035E7 Medium Impact Copolymer
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unnucleated resin, inventive resin, and other resins comprising the aforementioned

10  commercial nucleators.

Table of Cycle Time with Commercial and Experimental Nucleating Agents

Control DMDBS NA-11 Ex. 1
Total Cycle time(s) 26.2 20.8 22.6 20.0

15
The data show that the inventive nucleating agent provides significant cycle time
improvement comparing to the un-nucleated control and resins containing commercial
nucleating agents.
Furthermore, flexural modulus was measured as well for these samples, as noted in

20  the following table:

Table of Flexural Modulus with Various Nucleating Agents

Control NA-11 Ex. I
Flex Modulus 1057 - 1266 1277
(MPa)

25 The data show the inventive nucleating agent provides significant improvement and/or

comparable physical property enhancements.




A[[\]i”") a}[9uSl! ! D #10%& ()-@! 6] #10%& ()- @! 6] #10%& () - @

y#109%&' () - F! y#10%&' () - F&#109%&' () - @@cMINdOdPdoddr S4! &M 109%&' () - &M 109%&' () -
10\\ 10\ WG 03d#7bd2#10%\ & () - @ ! N #10%& () - @ #109%0& () - @ B€TIUS02/06493

hhhi a?r S4!1161 "109%& ()-s10%& ()-s: 10%& ()-! @L4"10%&' ()-1 !10%& ()-G

109& ()- ii!jxjjklaBrs4!l)109%& ()-Isgi#loty&' ()- f# 10%& ()-L!"10%& ()-S
1098 () - 109%&' ()-| i | &Bnnnnnzl AP4! ! 0 10

10! \/#ga%ué)a N #10%& ()-4!al, #10%& ()-"3+10%&' ()-nopprrrzX9P4! @O%& () -!
1&S#109 S#H109& () - &SH109& ()-1, &SH109%&' () -! &S#H10%&' () -rcst u! vXvwwx6P
41 I NAO#109%&' ()-8. 10%&' ()-! X #109%&' () - 91 | #109& ()-9!' N #10%& ()-9!l #100@0&' ()

-9V\G(HX|XJXIX 0%& 9.1.10 9 1 10%
- 10! X404#109&! '(\) %W Io‘fl]l@ﬁ%#‘?‘ colof Jgg! Sere@’f&% 1%% ?Bﬁfén%}ﬁe)sa‘f U ( ) -
10%& () bl l@ﬂe fohﬁlllb[l&iﬁilwg\le' for the tote lid (Exxon non-nucleated Escorene PP

109 ( 10%&: -9 10% ()-3 1109 () -y#109%& d(t)l
. f | 106}/& (7935@]] 1u1&|\'[qnpgp%§opylymgldaa§_qp r) was mixed therewith and molded on a 550

109& () 1ol L(ég%ﬂ?%t‘ %ﬁla(ﬁﬁn i]rge/d‘gioﬁ Mofilin gllolna/&n(e) Witta ¢ 1@@&\%&'&&3/ ® () -

t 1098 () -
109&' () Th&hvd Sivplebdsn {n) thistEawedydishrokenviratEp MER= 4 W/MFB?% during

)" dovep OBk e s g ine sk Gk s et Wk IABEAC) Mt 10 ()

10 10 1GHekEs rﬁﬁlrel S0 U B 49 coh¥ (e Latiker 240-258°E 1R tie!did terhPS&tufe) was10%& () - |
1 109% ()-M 1 %-! M 10%hh& ()-!LM 10%& ()-"~5CaB{\:!!!F" 109&' - - 10%& () -
109 ()abouiéw(b hesge| gugditiops prrguped @polymeyrelBef approxmmataly 330-240°C g dne

o O)ld AR b0 oot 40 @0 00 ot ppRHFed waGARA. n
+SH10%& ifjdctibh SPEAURT 42 5ndhks{anil Kn infectibhYprodsifd 68 2000pSi wétedieq) Fiik entire cycle

time used to make a good part from injection to part ejected was 4 seconds.

15 Trial Result

Table of Cycle Time with Commercial and Experimental Nucleating Agents

Control Sodium NA-11 Ex. 1
benzoate
Total Cycle time (s) 9.0 7.0 6.5 5.5

20  The data show that the inventive nucleating compound provides significant cycle time

improvement comparing to the un-nucleated control and resins containing commercial

nucleating agent.

Table of Flexural Modulus with Various Nucleating Agents
25

Control Ex. 1
Flex Modulus 1122 1275
(MPa)
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wherein M; and M, are the same or different and are independently selected from the group

5  consisting of metal or organic cations, or M, and M; are combined to from a single moiety,
and Ry, Ry, R3, R4, Rs, R, R7, Rs, Re, and Ry are individually selected from the group
consisting of hydrogen, C;-Cy alkyl, hydroxy, C;-Cs alkoxy, C-Cy alkyleneoxy, amine, C;-Cy
alkylamine, halogen, phenyl, alkylphenyl, and geminal or vicinal C1-C9 carbocyclic.

10 3. The article of Claim 1 wherein said metal or organic cation on said compound is a

metal cation selected from the group consisting of Group I and Group II metal ions.
4. The article of Claim 2 wherein said metal cation on said compound is selected
from the group consisting of sodium, potassium, calcium, lithium, rubidium, batium,
15 magnesium, and strontium, silver, zinc, aluminum.
5. The article of Claim 3 wherein said metal cation is sodium or calcium.
6. The thermoplastic article of Claim 1 comprising a polyolefin.
20

7. The thermoplastic article of Claim 2 comprising a polyolefin.

8. The thermoplastic article of Claim 3 comprising a polyolefin.
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and C1-Cso Polyoxyalkyl and whereii R™ is selected from the group cons1st1ng of hydrogen,

25  ametal ion, an organic cation, polyoxy-C,-Cis-alkylene, C-Cag alkyl, C-Csp alkylene, C;-Cso
alkyleneoxy, a steroid moiety, phenyl, polyphenyl, Ci-Csp alkylhalide, and C1-Cso alkylamine;
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and Ry, Ry, R, R4, Rs, Rg, R7, R, Ro, and Ry are individually selected from the group
consisting of hydrogen, C;-Cs alkyl, hydroxy, C;-Cs alkoxy, C;-Cs alkyleneoxy, amine, C;-Co
alkylamine, halogen, phenyl, alkylphenyl, and geminal or vicinal C1-C9 carbocyclic.
15
16.  The compound of Claim 14 wherein said metal or organic cation on said compound is

a metal cation selected from the group consisting of Group I and Group II metal ions.

17.  The compound of Claim 15 wherein said metal cation on said compound is selected
20 from the group consisting of sodium, potassium, calcium, lithium, rubidium, barium,

magnesium, and strontium, silver, zinc, aluminum.

18.  The compound of Claim 3 wherein said metal cation is sodium or calcium.

25 19. A polymer additive composition comprising at least one compound defined in
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Claim 13, wherein said additive composition is present in a form selected from the group
consisting of a powder, a pellet, or a liquid, and wherein said composition also comprises at
least one polymer, and, optionally, at least one compound selected from the group consisting
of plasticizers, acid scavengers, antioxidants, antimicrobials, flame retardants, light

5  stabilizers, antistatic agents, colorants, pigments, and any combination thereof.

20. A method of forming a nucleated thermoplastic article comprising the steps
of
a) providing a molten thermoplastic formulation;
10 b) adding thereto at least one compound of Formula (I) of Claim 13; and

c¢) allowing said composition of step “b” to cool into an article.




