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PCTLUSQ6/ 14748 by ASTM D 2765-84) npolyolefin-bhased foam structures woul d
exhibit maximumtensile strength, elastic recovery and creep and fatigue
resi stance properties. The crosslinking level, however, is typically
restricted to 50-70 percent gel for optinum5 foam expansion. Optimally
crosslinked fwengnigss| i ze a sufficient anount of bl ow ng agearasespeaduce a
foamto its mnimm possible density without cellular collapse. Excessively
crosslinked polyolefins restrict foam expansion during processing, yielding
hi gher than desirable foam densities. As such, an upper crosslink or gel

limt exists duri ' praocess. Polvaol efin-based foam
conmpounds t hat ha§®s§g§“&@mwﬁﬂgﬁ% &@OS%ESS %@K?’éﬁl“ 5@0 I not
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different*half-lives are also a possibility to further crosslink expanded
foam but this redupsstinkedifodmsy ferexampip erosslinked palyplefinictfoas; ateused in a variety
second-i n-t i gt apfiicationdWherd-LubhiBnifg undeP high OF dyramit 1bidid i€ Hleddlel. Theke feflms 5" al
finished article applicati on?. El ect ron beam irradiation can also be used
to further cdf‘é"'f‘ﬂgg’\"t‘&fﬁ'ﬂﬂs g fchepicalblowing agent. fear exgmpleagedicarbemamide. ipat i o
of the foanecombinatibrewith tresglioking ingirced by peroxiveatscabaiositioh yr élexyron Besm When
exposed 13 elinadiatiin. WidHekpbdbdio diiVated temperature (>150'8), HMdwidy éﬁ&ﬂe detBfibStes

superior fatigue and creep resistance properties are criticdl 1S a éoamed
mi dsol o for AMORGRFIoF eXaTipls.zeqen AN the pRIYRIRfiic pastt 1 srosstinked iwliangousiy via
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runni ng, wal kj ng or.an aeraobi c workout can cause serious injury.to ankle,
knee, back oir(d e PMEgsiten g‘"&’f”?ﬁ'@’ éﬁ'ﬂﬁ"‘ﬂg@dpﬁ?ﬂwm“ or injection molding at

elevated temperature. Very small cell size foams yield maximum cushioning from dynamic or
high loading. Other foaming methods, for example, extrusion, do not yield as small an

25  average foam cell size and are not suitable for use in demanding cushioning applications such
as foamed midsoles for athletic shoes, carpet underlay, cushioned vinyl flooring, and gaskets.

Foamed midsoles, in particular, require excellent creep and fatigue resistance, and hysteresis
properties.

30 Several methods are known for crosslinking polyolefinic materials. Some common
’ methods include the use of free radicals (-for example peroxide and electron beam irradiation),

sulfur cure, and moisture cure methods { for example those using silane grafted polyolefins or
chiorosulphonated polyethylene). Crossiinking the polyolefinic matrix stabilizes the foam
expansion process by increasing the extensional viscosity (melt strength) of the poilymer and

35 minimizing cell wali collapse. Furthermore, crosslinking enhances the physical properties (for
example tensile strength, elastic recovery, creep, etc.) of the foamed article by establishing a
molecular network within the polymer matrix. Higher levels of crosslinking result in higher
tensile, elastic recovery, and creep properties. Fully crosslinked (100 percent gel as measured
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athletic shoe manufacturers have a continuing interest in technol ogy that

can extend the useful |life and cushioning ability of a midsole. Creep and
fatigue resistance properties of a 35 foanmed mdeole can predict the
useful |ife of a shoe. Another application where creep and fatigue

resi stance properties are critical is in cushioned vinyl flooring.

Cushi oned vi nYP"8¥&8 s to the thin layer of foam on the und&®CIUFE64748. 5.
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to forma shafdd e enBOrE i P{’"l‘f e GopPguAgs thathave been crosstifked 14108, 15
B. Per f.or mpergent gl will potsaxpans dug tethe very ihighelevated tempegaturStenpile’strength of thea

manner that ngshpdiindWhthREstARE has Bubbelexpifisiod. f unctional ity remains
unreacted; C Si mul taneously with or subsequently to the first stage

cure of Step B, foam ng the precursor of Step Ato forma shaped, partially
cured, foaned arti@pepotentisl methpy to furthes ephanne the tensile elastic retovgry, and creep

NDi St ur e- act i prjpehies of the Rlambl) BridR i Sddt-exgaRHioh toaih cifind. Us\iing GR&Y thinl exandibis
shaped, paptiall Cu@c%f '1: oa art "’%’léf (&1; Step C. I.n anot her enbodi nent,
the procedd C’&ﬂﬂ#’ pragtical wit "gf'g;é S rsuiiyIuR th"’Eg'Tﬁ'jB‘Bﬂ%ﬂ ﬁﬂ'"ﬂﬁ'bee‘?"pﬂlﬂf’d‘r afting
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at | east ebe prickstthasBfitbd iMlity MfseVeral FiHidhéPuHidifhplicAiORB.IBIBG R beam irradiation
uncrossl i nked can also be used to further cure the foam but due to the high free surface-to-volume ratio of
the foamed article, the polyolefinic foam oxidatively degrades when exposed to electron beam
radiation.

25 One application, where superior fatigue and creep resistance properties are critical is a
foamed midsole for an athletic shoe. Foamed midsoles provide a cushioning or impact
absorbing characteristic to an athletic shoe. The typical useful life of a cushioning midsole is
approximately 804 kilometers (500 miles) of running. With repeated wear of the shoe, the
foamed midsole breaks down (the foam cells collapse) and the ability of the midsole to

30  provide cushioning diminishes. The shoe in this condition is called a “dead” shoe. Wearing a
“dead” shoe during high impact athletic activities such as running, walking or an aerobic
workout can cause serious injury to ankie, knee, back or other parts of the body. Accordingly,
athletic shoe manufacturers have a continuing interest in technology that can extend the
useful life and cushioning ability of a midsole. Creep and fatigue resistance properties of a

35 foamed midsole can predict the useful life of a shoe.

Another application where creep and fatigue resistance properties are critical is in

cushioned viny! flooring. Cushioned vinyl refers to the thin layer of foam on the underside of
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foamed article precursor; B. Shapi ng the precursor of Step A under
graftimng conditions such that the free radical initiator is activated and a
shaped, substantially uncrosslinked ol efinic polynmer with 35 pendent ,

noi sture-activated crosslinking functionality is formed; -3- WO 97/ 11985
PCT/ US96/ 14748 C. Si nul taneously with or subsequent to Step B.

perform ng avioysiiegd age cure of the olefinic polynmer wth pendsysiarss

noi sture-activated crosslinking functionality in such a manner that nost of

t he pendent cvin@®obig. For thisupplication, wmﬁtembmauwa&keﬁmﬁum are cmié'al

Poani ng o priebil i ehBag bifbinnhed o clfapied o 3MEnet iy Boorite™, 1 o) o

and E. Perform ng a second stage, noisture- actlvat ed cure of the pendent

crosslinking f unCtAﬁaidmdtytlﬁi inbéiftioR, 2hé leﬁ&iie}’elﬁé!fc@é&ovér?ﬁﬁﬁ-’&eéﬁ dnd%dfyuef Step
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and first st SgAmfig] ﬁnm,a distielaktibaiés e T1h biiemitioainiont, He6e E&nﬁ}ﬂ.gs
foam ng steps r‘I P various enbodi nents of this |nvent|on can

performnmed ei t“‘@ * simul taneousl yorsequentlal ly. However, whet her

si mul t aneous or sequential, these steps are perfornmed in a manner that does

not substgntial ly gCti \Gaimpolrin Qﬁmms&a@'drem W%Pﬂlguemm;fhe

first stage, cur |ncludes eroxi d oxy and ot her
known 20 ° he&ﬁ'ﬁ%ﬁq\'}ﬂ?’@a’ Rengent Froftiioking W'WW‘EP‘ iggst gae foaming agent

r adi at i on- act andaoptipnally; at leastorenuring ageds to folm a shaped,zabstantilylywitrassiini@ad ot her
known radi at i faamed'aribid pRidGRbS. Curing agents are also know by other nanes
such as cure agent, cure activator, etc. Both of these cure nechanisns are
performed under conditions such that nost ( that is greater than 50
percent) ,15r ef er alB.y s Pedfonming afirsystagecufd drcthe prcysaraf Stepl AiRzubila pRMGE Ma} ,

of the pendeﬁhoﬂ%@ﬁﬁ'phﬁﬁ&hf‘&oﬂéﬁﬂﬁﬁ*ﬁﬂ@&dn‘hﬂt{?eﬁnainsrmhﬂﬁ unreacted. 1f the
first stage curing agent is a he actival ed substance, for exanple a
peroxide, sulfur, etc., then this activator Is Included in the conpoundi ng
of Step A If t he G.i rsﬁimwlt;gmuslym&hmsﬁmqmmwmmeﬁmtﬁtaneimmawm,foaimﬁg
exanpl e el ectghe ,,b@,gmoftshfpm Qbym Srtidfy t i ncluded In
t he corrpo%ndl ngBof Step A but rather ?Jhg mxtdﬁ% BET%@?HBL ﬁl?‘oam&*d article
precusor)

D. Performing a second stage, moisture-activated cure of the pendent
crosslinking functionality of the shaped, partially cured, foamed article of Step C.

in another embodiment, the process comprises the steps of:
25 _

A. Compounding under nongrafting conditions (i) at least one olefinic polymer, {ii)
at least one moisture-activated, crosslinking functionality capable of being grafted to the
olefinic polymer to form an olefinic polymer with pendent, moisture-activated crosslinking
functionality, (iii) at least one free radical initiator, (iv) at least one foaming agent, and

30 optionally (v) at least one curing agent to form a substantially homogeneous, uncrosslinked
foamed article precursor:

B. Shaping the precursor of Step A under grafting conditions such that the free
radical initiator is activated and a shaped, substantially uncrosslinked olefinic polymer with
35 pendent, moisture-activated crosslinking functionality is formed;



formed In Step Ais sinply Irradiated in any conventional manner to affect
the fiwyst stage cure. Sulfur as a curing agent is, of course, used only

wi th those ol efinic polyners capable of being crosslinked with sulfur, for
exanpl e those containing diene functionality, such as

et hyl enel propyl enel di ene terpolyner (EPDM. The various curin ents can
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course i f nor ¢hediafinicopolymenwith pergiget, moistureractivated crobslinging unctionalify in such a

i nvention, th ot | L ) eir
conpati bi K ty%r%gwgh?;’ﬁ\% éﬁﬂ‘ﬂeﬁ%?m’"%g'ﬁ&%dg@ réihs ubrBictéd?

PCT/ US96/ 14748 ot her conponents of the system but also with one another.
One enbodi sent in Bhi chsimuitameblstywith or subséquentiyde tte filst\stage cukefiStep C} damingN

whi ch a peroxgﬁ, ?‘%?%‘?ﬁgt“f’ﬂ""%‘ﬂﬂ'“}w'@" EQRic@‘- the free radical
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silane with an oleflnl ol t. 200 parts .mllion
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Subsequent |y m@ommmmer ﬂlaéd@&mob@bﬂuﬂtﬂﬁmwé@ pendentsrosslinkingr af t ed
vinyl silane yaRBomfiBOSUre to noisture at anbient and/or accel erated
conditions. Under simlar conditions, the resultant article exhibits
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are performed under conditions such that most ( that is greater than 50 percent), preferably
substantially all ( that is greater than 90 percent), of the pendent crosslinking functionality

25 remains unreacted.

If the first stage curing agent is a heat-activated substance, for example a peroxide,
sulfur, etc., then this activator is included in the compounding of Step A. If the first stage cure
activator is a radiation source, for example electron beam, then obviously the activator is not

30 included In the compounding of Step A but rather the mixture ( that is foamed article precusor)
formed in Step A is simply irradiated in any conventional manner to affect the first stage cure.
Sulfur as a curing agent is, of course, used only with those olefinic polymers capable of being
crosslinked with sulfur, for example those containing diene functionality, such as
ethylene/propylene/diene terpolymer (EPDM)}. The various curing agents can be used alone or

35 in combination with one another, for example two or more heat-activated curing agents, or
two or more radiation sources, or one or more heat-activateq curing agents and one or more
radiation sources. Of course if more than one curing agent is used in the practice of this

invention, then the agents are chosen, at least in part, for their compatibility not only with the
4~



applications such as mdnoles for athletic shoes, carpet underlay,
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exceed about WM@E‘HF at W@Pmﬂé'ef aricelpiated conditionse mdér@hnilaheolpitOMMe on
of | t hte hf Ioam Stesulaht irtkde eXhibitBiefihdnBocBhdiR) elablic rdcgcd:w |@Rd kk@@a{d 1l r&’fsﬁcg?/

ol ye e 'M;@D xanpl e,
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sol

Exact[err] by
applications such as mid

25 and gaskets.

Ietic shoes, carpet underlay, cushioned vinyl flooring,

Any olefinic polymer that is curabie by heat or radiation, is capable of grafting with
silane or a similar compound that is subsequently curable upon exposure to moisture, and
has a relatively high ( for exampie > 0.0506 nanomoles/meter-sec (0.2 g-mil/100 in*-day) at 38°C

30  (100°F) and 90 percent relative humidity) water vapor transmission rate (WVTR) can be used in
the practice of this invention. These polymers include, but are not limited to, linear and
- substantially linear ethylene/a-olefin. copolymers such as ethylene/1-propene, ethylene/1-
butene, ethylene/1-hexene, ethylene/1-octene; ethylene polymers and copolymers
manufactured by high pressure, free radical polymerization such as iow density polyethylene
35  (LDPE), ethylenelvinyl acetate (EVA), ethylene/methacrylate, ethylene/acrylic acid (EAA); and
diene containing polymers such as ethylene/propylene/norborene, and butyl rubber. Preferred
polymers are those with the higher WVTRs ( for example > 0.0253 nanomoles/meter-sec
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20 honogeneously branched, substantially linear ethylenela-olefin

pol ymers (for exanple the Affinity[err] and Engage[err] polyners

manuf actured by The Dow Cheni cal Conpany), and high pressure, free radical
pol ynmeri zed et hyl ene copol yners such as EAA (for exanple the Prinacor[err]
pol ymers manuf actured by The Dow Chem cal Conpany) and EVA ké_? | e the
Escorene[err] 87"9%?5 rranuf actured by Exxon Chem cal Conpa 5’3??2‘%%

El vax[err] 25 I u )
The mor e pr of EPIEIP T BB HRSHaRE s ects « nrofomsly R ARy A HieairesR al.
and substanti mniwitﬂwwﬁumrbmnMd-ipmgPW#MMHMl ty (nmeasured In
accordance with ASTM D 792) fromabout 0.85 to about 0.92 g/cnB, especially

fromabout 0.85 to /| C e neasured in
accordance with A ?q‘f&ﬂgg" d"i&? gﬁ?'&fﬁ? “é.'y%"’ﬁﬁ"%ﬁ“ upgatyrated
m nut es; t#e B&kbmsomamplbbytyl nuhbarcaabhybuhn theqpadtigerof this inventidngthess | OUS

functionalize I A0
to about 50 v 'ﬁ"r:?'%‘s Porb AP nkiin3 &’f"%‘ poelationé ‘@?“eﬁgﬂﬁgﬁ'r%f f"; %?@P%*ré’@f’

especi al | y WY%“H&W Ylyr. Dlpfinie mwm-sm #39'22!2, By andam

ggout 0.1to aﬁtmtedlﬁclgdoina mmmpoliﬁkl wuﬂﬂtcanﬂsﬂgeﬁmmhb@wcﬂ&&tﬁiﬁl Flbout
wt percent i ally

unsat ur at ed ca'rgg'(k)xyl I'C %%g %@R%& %.‘I rﬁbﬁg% iﬁ@%&r%kﬁ{ 's'géﬂés@ersqu"ﬁl n the

present i h¥enfaagtipnsTeRuitin ehainscission of syohypo gl'""ét HY sushdlends. thase sciggian-prone

C Ear act ﬁr i z eg polymes igenevallyid ot bxteed §boub$0 wii serdent) based pér\Wbiotal Migh/ﬁbﬂﬁw

short chain WO 97/11985

PCT/ US96/ 1474 &gﬁpy%dgéﬁérk@}*kgﬁ?@r uc%’ﬁ:regi]&v?n ng ?ﬁ? Ahdi ng tensile,

tear and hysteresis properties. These substantially |inear ethylene

pol ymers are nore préfdrivd dRAfIpbIRftelsTorth’plodiotion SBthe fdanYstfictifed of Bifls invention

fogﬁg ﬁég 15 ]?'r g.&%aﬁmaa9n 8? dgning(ﬁg&%%gﬁee(ﬁppﬁ il e@glre{eﬁinﬁfpl%ﬁﬁﬁgbﬁ it Bk 5§

585, 769, 5 sasamypis Dalex™ e by The Degw Chapical fompumei o Gwiinets SO e her i

by reference, papdnﬁxﬁer(udaabpf(wmmdaﬁﬁmhammmowmaiwamﬂ. éto) |y

described 11 hohogenddhn gtdncied, ﬁﬁ@&jaﬁ@m-olﬂﬁie‘g?&%wa{m (13 Blafiple YathétS 5 ©C

her ei n by refere ese subst ant | bi't

out st andi ng pMjewPatrobhemicals Corapany L!H“FE‘GE" Eract oy F‘*P&ﬁ“ﬁwmwyhar r ow

SCBD coupked hoibgdneadsiciranchel sahstimtiatly (ieaBithyldirta-glefeamiyemrof fot Emple thé1ese
ol eflnlc ol =1 [ ter
bt 0cess ng.r atinty s ¥hged et mifuepceblol BF ¥4 O Chibl EoRbdlyh dp hER

The utility oPfesEYipfeeesadical polumerized sthyiane.eoPolymersuch as B Clopexamplathe ¢ hes e
subst anti al | y Primaeax™ miiynydre manyfadtyred by TheRov Chemickd GCompanyhsrelEVAY folSitample

5,288, 762 and gy Bi¢GreRé™ polymers manufactured by Exxon Chemical Company, and the Eivax™

25 polymers manufactured bu E. |. du Pont de Nemours & Co.). The more preferred olefinic
polymers are the homogeneously branched linear and substantially linear ethylene
copolymers with a density (measured In accordance with ASTM D-792) from about 0.85 to
about 0.92 gicm?, especially from about 0.85 to about 0.90 g/cm® and a melt index (measured in
accordance with ASTM D-12338 {180/2.16)) from about 0.1 to about 10 g/10 minutes; the

30 substantially linear ethylene copolymers and the various functionalized ethylene copolymers
such as EVA (containing from about 0.5 to about 50 wt units derived from vinyl| acetate) are
especially preferred, especially EVA polymers having a melt index (ASTM D-1238 (190/2.16)
from about 0.1 to about 10 g/10 minutes; EAA (containing from about 0.5 to about 25 wt
percent units derived from acrylic acid) and similar ethylenically unsaturated carboxylic acid

35 containing polymers are also useful in the present invention.

The substantially linear ethylene polymers are characterized by narrow molecular

weight distribution (MWD) and narrow short chain branching distribution (SCBD), and these
8-



Bl ends of various polyners, particularly olefinic polynmers, can be

f J ' -nel.ude,
but are not limted to, substantially |inear

pol y(et hyl ene-co-1-octene)/substantially |inear poly(ethyl ene-co-1-propene)
bl ends, etc., linear poly(ethylene-co-1-octene)/substantially |inear

pol y( et hyl enwowaafesbut ene) bl ends, etc., |inear PCT/US96/14748

pol y(et hyl ene-co-1-octene)/ | i near pol y(ethyl ene-co-1-hexene) blends, etc.,
subst anti al | polymeescyield foam structures with outstanding tensile, tear and hysteresis properties.

T noar 20 - Aapsy bRy hiva: diplbpalifint o iory iy GsShthle L8P 2 B8, - 2N
bl ends, etc. #éﬂﬁ%’?&ﬂ' of wiyseh Ggﬂx'g‘?gh UP‘QH WFWF%[E'PV,""W&WH y
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HEiemeotrdra Dy i, e o

bl ow ng) agents use I'S IL.nvention | nNnc si cal chem cal

bl owi NG agonPoYMaE Ao fuksisseried iy USH $240R4R ARLS 69108, hothof mhicd o ¢

chemi calb bl ovindgporstedihereifi BE FetéronceZ Thidse sulbtaiaiaihtiine. aﬁiﬂyﬁdtﬁdmﬂiwl ufstinking| ea
4, 4- oxybenzen ' | < ] car i de,
or endot her m"?”% ék%@g'{‘iﬁ%w&mﬁé]%&%{gﬁ?g@g uc g@ '53'%&%%4‘%9@"8@%&‘ go,ﬁg g@@h of
whi ch | nduce branshing §-GR). Therserenes 9fLGE inghege glg8nig pelymprsallowgforgasiste agent s
ar ehpr ﬁf Qro?b:cﬂ‘odeﬁsiﬁg)‘ﬁsﬁbrﬁmﬂ@, Sadtedr pAdcedsiirateB)lant alcvastor iordfficiewt ﬂed&hadlsuiedb
with the ol efjni 0 t al so be
Used. | Add t Soselindi HE bonf be b RorBian UBRRRg B Ml OB offBend) 3°, |
t he Handbook sybstastialiyinearathylenenolymprschas beensemapptrated)ip. »28R.d629nd 5340849,
edited by D. Klenpner and K. C. Frisch, Hanser Publishers, Minich, Vienna,
blowing agent s are usual |y

New York, Barcel O%I% 3‘ &9 v]é)'i%l(x) B%ISOI!VE"I!"T' Rartlc%r%lﬁ nllc s‘l‘ﬁl mers, 9?6 trr]mmsla to

bl ended with the olerTnicC an a I'cl’ent to evolve about
0.2 to aBdut Pseduspdsuitablp foant staugtumese Suckpblendsdncliste, but3re nog limites te, swbatpatially)| y
f r7 om ab%t 9%/!’n9ar@b@!&hy&n5—coﬂ%ﬁieﬁb€tﬁ&iaﬂi lineaPpuly(PBYleid-t SO pRPRr) bidkdsy i) -
PCT/ S9! 147 DERSfetyjenges:tioctensysutpsantaly inest pohfethylen cosfoutens) plep st
agents, incl d@@'\%ﬂﬁhﬂ@eﬁPﬂﬁtﬁe)ﬁ?WiP&M%ﬂgésés!'emhma'é‘}/sam-p?ﬂﬁtﬁeﬁaﬂv
hygr ]gc?lr bons Ollméarhog(e?f;umoammauﬁiﬂaMde@pah@ﬁbahﬁ) blbndb; a:c.]?ﬁf&]mgarat st,
an ul Iy, an ; | rpon -

carbon atoms. 5&(&%@# é"?’ f&\k{e&%ﬁﬁ{(ﬁ@%‘eﬁa |a%e%*€é'?§a’p% ?)’\'/mgﬁgﬂegdsecr?f‘ 2152, ¢
but ane, xyl erféntaingas pated previoustys minorityamaustsi(¢ &0 wirercemt based po the yrejghtaf the

| nor gani ¢ phyulénapof seissiéh-peona goWiners] Rt lekdhblé palygibmytene! al gases such as

ni trogen, argon, helium hydrogen, and carbon di oxi de. These physi cal

bl ow ng agents are t%/,gi cally blended with the ol efinic polyner in
proportions simn | Jhe tfogmingd thag isilowing) apents wepful inthisdnvention include physical and

25 chemical blowing agents. Suitable chemical blowing agents include exothermic chemical

blowing agents such as azodicarbonamide, azodiisobutyronitrile, 4,4-oxybenzene
sulfonylsemicarbazide, and p-toluene sulfonylsemicarbazide, or endothermic chemical
biowing agents such as sodium bicarbonate, both of which induce foaming by decomposing
into a gas upon heating. These agents are preferably in solid form so that they may be easily

30 dry-blended with the olefinic polymer. Mixtures of chemical biowing agents may also be
used. Additional teachings regarding chemical blowing agents are found in the Handbook of
Polymer Foams and Technology, pp. 205-208 and pp. 382-402, edited by D. Kiempner and K.C.
Frisch, Hanser Publishers, Munich, Vienna, New York, Barcelona (1991).

35 Chemical blowing agents are usually blended with the olefinic polymer in an amount
sufficient to evolve about 0.2 to about 5, preferably from about 0.5 to about 3, and more
preferably from about 1 to about 2.5, moles of gas or vapor per kilogram of polymer.
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10 Suitable crosslinking agents Include free radical initiators, preferably
organi c peroxides, nore preferably those with one hour half |ives at
tenperatures greater than 120C. Exanpl es of useful organic peroxides

I nclude 1, 1-di-t-butyl peroxy-3,3,5-trinethylcycl ohexane, dicurnyl

peroxi de, 2,5-dinethyl-2,5-di(t-butyl peroxy) hexane, 15 t-butyl-curnyl
peroxi de, di MOYMIS peroxi de, and 2, 5-di net hyl - 2, di - (t - butW’ﬁﬁ% ]
hexyne. Dicunyl peroxide |Is the preferred agent. Additional teachings
regardi ng organi c peroxide crosslinking agents are available In the
Handbook of Pol ymPhysicel biowingcgdts,and mbdyres mhyéi@ﬂbﬁﬂﬂng ®yents Ancliddd volatile

F di cal i -

g;ﬁﬁa r fa'yfa qog énidu%'upS SJ.JZEH.&H&R;»W %S&Jrﬂéiﬁ g'&rﬁg :gﬁ&aani,ﬁ‘a\sﬁe

bel i eved to a¥qobels °§‘F'6§3'PPF|R!°H'§ and é&m‘d’t’ﬂh&v NPW‘ Fmﬂ%h)@mhomy
conbi ne amd Gfdafisoniatdns. Represaitatne ok thede digh Em xylétié fa

at pp. 198-2 4 r n suI
may be used g‘s’ a'Pe('ﬁ‘c')a/"é’&sj'fe m'{dag‘e?n%h@'g?&% ene con 3?'?1%“5% S as
EPDM and pol ym!vmwﬂmmlmwmpmmnt araen, haliunh hydragensandcartion diaxide
m xture incl Uggsd pﬂykﬁﬁl&:mﬂﬁd"ag%ﬁtsf‘a?&ﬁ idally bRenB6d'Ritie the oRfifiic pbly@¥ér in rmeawm

carbonate, ang ct ivators 30 including salts of
transition nﬁ"ﬁ%&@gﬁgﬁpﬁgﬁ?"&% | ead, cadmi um and zi nc) pol yol s,
urea, al ashol am nes and organic aci ds Zi nc oxide and zinc stearate are
preferred. Free ragitasie cﬁ&ﬁﬁﬁihb B&nﬂﬁn&@éﬂ%&ﬁdtcaﬁ Hitiatdrs, ﬂf&%’l&g

co-Ilnitators, inc]ude nul 0 oners and pol yners tr| I
cyanur at e and"ﬁ’ﬁﬂﬁg’t'ﬂ Br%ﬁ%‘éﬁ'é"f Y&h%’f‘rﬂfi'F mq}a)fp' atfpmyparesy ﬁ‘f@ﬁ@ 12
acryl st es ancExamples of ydefitl exganic pprokides includé 1 y-u--tamm paroxyid,B,5-rirbetindeyclohmank,0 W
mol ecul ar 35 dnchl qu&"Z}éDJﬁh@tﬂ&l%l(tﬁWnymﬁW&%é nki ng pronoters include

benzot hi az di sul - mer capt obenzot hl azol

G ot hyl 3 i GG Piroxide Hik Pt AR Mecand 4 6 ety .6 Hcl DYty perory) hexyne.
t et r abut yl t hi Dicwmyl gerouidé istthe prafsrned agenh yAdditionakteactiings regaslingrosiganic peroxide

tetramet hylt mrwsm. %&%ﬁ&'afré Sanatid 1% Yshabsbil of F, r%@rﬁﬁ'&cmiowgﬁrﬂpum
di oxi de, cadrqgg_gh‘gase or other -8- W97/ 1198
4

PCT/ US96/ 147 F@%{m c or organi c based pignments. Foam nucl eators Include
talc, silicon dioxide, titaniumdioxide, and clay. Antioxidants for exanple

p][letngl I ]9,2d0hg58h' ts{:&u&eacmsm.@luﬁgamvtamécudedemoemm Cgdninanpel f-1ife

(o} e finished ar rocess ailds, s

pol yet hyl ene $&X&E" “@?P&VSMX@E‘ bﬁ&F‘BW?‘ﬁ%ﬁ?é‘”‘b‘éP%Fg %{“ °'?fgﬂ'§ﬁ"<‘ﬂb"0| s,

napt heni ¢ oi |gpneratmg polymer radicals, which may combine and crosslink. The Handbook of Polymer
Foams and Technology, supra, at pp. 198-204, provides additional teachings.

25 Elemental sulfur may be used as a crosslinking agent for diene containing polymers
such as EPDM and polybutadiene.

Other components that can be added to the foam mixture include fillers such as

calcium carbonate, tak, clay, magnesium carbonate, and mica; foaming agent activators

30 including saits of transition metals {(especially those of lead, cadmium and zin¢) polyols, urea,
alcohol amines and organic acids. Zinc oxide and zinc stearate are preferred. Free radical
crosslinking coagents, that is promotors or co-initiators, include multifunctional vinyl
monomers and polymers, triallyl cyanurate and trimethylolpropane trimethacrylate, divinyt
benzene, acrylates and methacrylates of polyols, allyl alcohol derivatives, and low molecular

35 weight polybutadiene. Sulfur crosslinking promotors include henzothiazyl disulfide, 2-
mercaptobenzothiazole, copper dimethyldithiocarbamate, dipentamthylene thiuram
tetrasulfide, tetrabutylthiuram disulfide, tetramethylithiruam disulfide and tetramethylthiuram

monosulfide. Pigments include carbon black, titanium dioxide, cadmium-based or other
8-



5 bi st eram des, stearam des, calcium stearate, and stearic acid can al so
be used. O her additives, for exanple ultraviolet ahsorbers flane
retardants, etc., can also be included in the polyner m x. Finished
articles can be manufactured by nmany different processes, and these 10
processes | nclude conpression molding, Injection nolding, extrusion,

el ectron bealq;kﬁy,r,hgg vertical and horizontal oven expansi OPCT/AS9E14748
oven-curing. These processes can be used alone or in conbination and If
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crosslinking iddltwbs.dna#xntnple ultraviolet abaorlises, amm #ict, pancaisa hegncisdeddn the
ol efinic poly ';@* méthilx.2 crosslinking compound and then the latter can be
grafted to th ormer during the shaping step. The 25 conpoundi ng and
shapi ng steps can be perfornmed sequentially (conpounding first) or

si mul taneously, f cFinishestptictescepbe mamifyctwred by manyi ditfereitpravessss, aod thesé ol | oved
by conpr eﬁf @o&’&samaﬁaé e,mkﬁh%u:ﬁg nﬁmmaﬁmg ,amaoﬁ hefuirBibedind during,

reactor ex respectiv ewm se s adi atlon curing step
and the foamYﬂj“%‘!W'!?éPFP'!Sﬂ% BRI E'E’cﬂl’éﬁﬂ"mgl' ﬁﬁﬂ’?cﬁﬁ’*l n,pg usgg alone
si mul t aneous| yr.in Borbistivhland ifubel io combigatiopcthese wocesses can be isedsequentiallyer e
chosen so as ﬁﬂl{:ﬁ{“eg{ﬁy hdbendi oﬁ&@&eﬂé fhe CbmbAtBIRPSIRE plodess viHthURb@#Y. A of

activation, rom act | at I on ore 'f"oam ng is conplete. Since the
curing agent S‘M°EWSWHG‘%?EMP%°%T9W/BFPE@“EW moi sture, that is water
- vapor, prggerably the foam ng and first cure steps are performed in such a

manner that water vapar L,ﬁ,ﬁ% e EMGRALED as a byproduct. In this regard,

hydrazi nes and atum nu mirinydrate are disfavored as fi rsh st age chem cal
35 bl owi ng agent s, oupIpgthatds shaping, the fagmulatiap into,a prefarmeg)s

anhydrous fillers arlmapﬁreidi:ﬂuaatunngaefthe preibrgad shapB 5
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Mg agent, and

foaming
20 _ post-foaming moisture cure

The formulation can be compounded with an olefinic polymer grafted with crosslinking
functionality, or it can be oompoulided with an ungrafted olefinic polymer and a crosslinking
compound and then the latter can be grafted to the former during the shaping step. The

25 compounding and shaping steps can be performed sequentially (compounding first) or
simultaneously, for exampile separately compounding the components followed by
compression or injection molding, or compounding and shaping with a reactor extruder,
respectively. Likewise, the heat or radiation curing step and the foaming step can be
performed sequentially (curing first) or simultaneously. Preferably, the curing agents of the

30 first cure are chosen so as to shield the curing agents of the second cure from early
activation, that is from activation before foaming is compiete. Since the curing agents of the
second cure are activated by moisture, that is water vapor, preferably the foaming and first
cure steps are performed in such a manner that water vapor is not generated as a byproduct.
in this regard, hydrazines and aluminum trihydrate are disfavored as first stage chemical

35 blowing agents, water is disfavored as a physical blowing agent, and anhydrous fillers are
preferred.



The process of nmaking olefinic, particularly ethyleneic, foamstructures is
described In detail the Handbook of Polyner Forms and Technol ogy, Chapter
9, supra. Any pendent crosslinking functionality (that is a crosslinking
functionality that is 5 grafted or attached to the polyner backbone)
preferably a silane, that wll effectively crosslink the olefinic
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of factors, #heut@x.ness penhvadsed esin (Ph) isrused.\Gonsiderations)df conneniente Ingdregspnomyhe
presencez®r #HauLmg titftwo pﬁﬁmﬁﬂ fikiitatfons Bn &fe rhaxiniich oK 3fdtbskliRker @idtlcdn

ProPETLT @S Oladd S il BLches or ik o Dhfon et ank R Hddfilth Bpbe bf SjafE s RS
about 5 and mmowxsmm&.mfmbhasdmﬂ prcepdiahout 2, phe: Asisadiini rarts pént h a

l'i ke amount mindrdd résih Bt pir)-aEsmi-ahéans theldidfinfcolyaith leithéraginglePolier BF Aikeiie
anount of inb '&Wr present is 35 at | east about 0.02, preferably at

| east about fﬁw Typi cal Iy, under these circunstances, the maxi num
amount o#5initiator does not exceed about 2, preferably it does not exceed

about 1, phr. |f TheGPossfiet isigiafien to the RfiNic polyierby dhg coyRhtidhal ibthbdigypicanpunt
of initiator ini tRe ﬁlesln%gg; a free radical initiator such as any one of the peroxide initiators, for
example dicumyl peroxide, t-buty) perbenzoate, benzoyl peroxide, cumene hytroperoxide, t-
butyl peroctoate, and methyl ethyl ketone peroxide. The amount of initiator will vary with a
30 hostof factors, for example the crosslinker, the nature of the initiator, the presence or
.absence of a co-agent such as triallyl cyanurate, and the properties of the grafted olefinic
polymer ( particularly its meit index (M.1.}). For a silane-grafted olefinic polymer with a M.l
from about 1 to about 5§ and with dicumyl peroxide as the initiator in combination with a like
amount of triallyl cyanurate as the co-agent, the typical minimum amount of initiator present is
35 atleast about 0.02, preferably at least about 0.06, phr. Typically, under these circumstances,
the maximum amount of initiator does not exceed about 2, preferably it does not exceed about
1, phr. if a co-agent is not present, then the typical minimum amount of initiator is at least
about 0.5, preferably at least about 1.5, phr, and the typical maximum amount does not exceed
10-



about 0.5, preferably at |east about 1.5, phr, and the typical maxi num
anounts does not exceed -10- WD 97/.11988

PCT/ US96/ 14748 about 4, preferably it does not exceed about 2, phr. First
st'age cure systens that include a co- agent are preferred. If a peroxide is
the cure activator for the first stage cure, then an anobunt in excess of

t he above tymwagd/11088xi nuns can be present during the graftipgresspsmsch
that the excess |Is available for activating the first stage cure. This is a
preferred e n‘mhd'nma preférably it dees riot exceed abiont2, phe First stagetture systems that iricivdg a asvd

first stage Gy gnﬁmennshwmétmkwm e irdl/itagl ol GO B Gl N2
nmet hod can be used o graft the silane craossl |n & SIEHIT & pol'yner,
one pref er r ed™fEReR% Of éﬁ(!’fﬁb“m“mwwet%ﬁ'ed‘ﬂﬂﬂ ﬁ’&!ﬂﬂ“‘ﬂ $teR sHchthat the

stage of a r cexcéssis avalllhldmr activating thefirst sfageculed Thidds a préfeered bﬁﬁﬁdim&u In those

bout 160 SancED ineed L whEF il idurk bnd SFTRAL i EapPiek phniSyiE imfepaots”

dependi ng upon the nature of the olefinic polyner, the residence time in
the kneader, the haile ahy &aweihohhﬁnétmdaﬁbsmedaaémﬁtm siRhe ér%ﬁélﬂk&«oiﬁe f oam

structures of LS | 0 of
different 15 I&E}' oé‘F‘Y ({"e% ’Fﬁé'% e§'§“‘£¥9@ﬁ¥§°tﬁt/@m W"'fﬁ"ﬁms"'e
one- enbodi nerffa wav@remwr, iSH&has & BJng kegader| The gsafting cohditions camvaily,tbatthg maftt ed
pol yner ifo t h@impérapachre fypioilly bevadn Aboue 1803 26U, prefeditil) heNosh aBOEE9b by | ¥

si mul t aneousl t her. raf ed wth a

crossl i nker |%°5Hsﬁ g'[[; eBg'ng'%"qh %wgpf‘“\erogeﬁi#ﬁg{v Hﬁ’ %ﬁﬂﬁ"ﬁ{j“&ﬁd free
radi cal cr osskneaderthe haltdileof theinifistor, andsimilenfactoisnent s, the foami ng and free
radi cal crosslinking steps of the first tw 20 enbodi nents are separate

from one anot her. 1@5 eé% Rgﬁ{t he first enbadinent, alefinic poly

bl owi ng agent, per 8' gvestinn.pre PIPATH oy oy ?“?QSP"!—!’X‘HM@"’BT"BW ng
agent -actisvatembodiments Q!shmesiﬁstns inyention. droonegpavbodingnt theasosslinkat is grafted

- cyanurate; fig Wﬁﬂynﬁ'ﬂ@nﬂ%ﬁeﬁb’m&e&m%ﬂmNo’&shﬁﬂd%&ﬁ&&arfﬁee%&i&i‘é‘ro&élﬁﬁod 25

for exanple di ti.n dilaura ann oct ate ct oat e and
tetra-i srgpr opyT "{t%t' A “‘3‘# 3'&”@3"?8“’ @m ?iB?'g'"'Fﬁ%%?'ﬁ R Erossfinkere
conponent s arisastepseparate andapart from the shapingcfopmingand free ridica wpxssiinkirarsteps. In

tenperature qﬁtma&tmmmmemamnh%mmwaﬂmmd $#E5% the ikl Of "
tenperatyfe of btgPF" romdeghﬁ nsure hat the silane is not grafted to the
Bef ore

pol ymer e'%?ﬁ% 8ﬁ0geneous| y di spersed within the
pol ymer. Once the conponents 30 are rel ativel y honogeneously dispersed

Wi t 2. n the p ]9| Y METAs ahlaRaniié of thé firgt dﬁebamns. BRARK paiyfhes, Bﬁﬁn%&ﬁ%r&ﬂde
por o o | et AR ifbr 67 Sl papl ettt et s skl 1 <
deconposed. Teagents such as triallyl cyanurate ﬁllers. antioxidants; plgments. catalysts for silane cure,
25 for example dibutyitin dilaurate, stannous octoate, lead octoate and tetra-isopropyl titanate)
are added to any suitable mixing device. These components are then mixed at a temperature
below the decomposition temperature of the blowing agent and below the activation or “kick-
off’ temperature of the peroxide to ensure that the silane is not grafted to the polymer before
all the components are homogeneously dispersed within the polymer. Once the components
. 30 are relatively homogeneously dispersed within the polymer, the resulting mix is shaped and
then exposed to conditions ( for example heat, pressure, shear, etc.) over a sufficient period of
time such that the peroxide is activated and the blowing agent is decomposed. These
conditions are usually sufficient to graft the silane to the polymer too. After the grafting, first
stage cure and foaming are complete, additional cure is achieved by exposing the foamed
35 article to sufficient moisture to activate silane crosslinking. This will occur under ambient
conditions naturaily over time ( for example 1-4 weeks), or it can be acceierated by exposing
the foamed article to elevated humidity and temperature, for example a curing sauna.
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conditions are usually sufficient to graft the silane to the polynmer too.
After sthe grafting, first stage cure and foam ng are conpl ete, additional
cure |Is achieved by exposing the foanmed 35 article to sufficient noisture
to activate silane crosslinking. This will occur under anbient conditions
naturally overtine (sfor exanpl e 14 weeks), or It can be accel erated by
exposi ng t he YO XHH®¥Sarticle to el evated huni di ty and tenper BETVE96/18748
exanple a curing sauna. -11- WO 97/ 11985

PCT/ US96/ 14748 As an exanpl e of the second enbodi nent, the ol efinic polyner
s first grafted vhstamexamplk afthe second bmbédimentsthe elefinic polimelie fisst praftad Wit

separate and Ay i L] r nd_ot her
component o of e erosiiilled edsrBU Jigwd tep d¥BAIH s bl e Y orh agent
silane, it I|sPesexideiniffator, apd other compopents,of the\pracess; Afterdhepalymerisgratted with the
ho (rjmg e \rllﬁ_o uars] beileme] itasabintikes withathel other dnhﬁﬂnﬁhﬁﬁ&drgﬁil ﬁ;la@ﬁap Réflodenesud HinkiaRd S
under ich t g§$8 e oXi initiator
activated. Th@?@gﬁﬁtﬁﬂ'ﬁ?(@gﬁgia [ cp;&ﬁgg?ﬁég% ﬁﬂ'ﬁ@f"’?‘ TP MPE | ane
crossl i nki ng desompessd and the pgroxideiinitiator agtivated. The respiting Sodmatkarticie is then furteenc e
or absence ofcuratifysilae crosslipKing fSsrevibusiy descriiedent i on will vary with the
process particulars. The presence of water Is Inportant in the context of

activating the silane cure process. If substantial water is present during
t he shapi¥y, fir stTheefient otthe presenseor ahpencacif wates in theprogessiof thiginvéntionwillivary

si| ane may begithé procsiahiciiars) TR Piedbrte bt ated 18 inptriahi Wi e éiﬁfesd oF3Eyy filg the
t he ki net I ane g

foanmed articl rties. er. .|f X s of the s

crosslinking %%‘“ggg“% e sﬁo|‘s"¥'ﬁ'?3'.'aéﬁ‘f'i°‘\'/'§t"é°&"'étrd&§§$ &ﬁl?@?ﬁ'“%ﬂ@'?’é?%ﬁ‘!’?fel y
sl ow, then t Heaping andiersilane giafting, tori theigjlane, may hegin tasrogsiinisprembataety 1o tiee,

f oam n?_ and/ ?ﬂtitﬁité a&ﬁnﬂﬁmmeﬁeTrﬁJﬁAlmfé ﬁhb?&_ﬁéé( Hwemf?,qﬁnammﬁ& thﬁ}ﬁ‘a sham?!
properti o] . article. r ive | ese kinetics are

rel at i'velelé’ f a"é‘%‘l} ﬁ‘t"{%ﬁ‘qu"é’ °6$‘é’§%°§%“é%?%£‘?é’!°’8h¥"i‘ﬂg’ﬁ_'ﬁgg‘@'%%{wyhm%s- of the
process can prespaceefiwatergduting the shaping, firshstagexues Enamiingsandfior sitene fgadtingchrealr t i Cl €
and_as such, relatvely G@fpsranPio tRéfinal prabéried of thERAmEXSrtitie SRt hatibip) Hihgid
during these l&r?&il:&'aétrﬁﬂﬁm }a@%ﬂ?e'nl ne-crossi | r‘kl.ge‘,(i foaned structures produced
by the dual cure process Iy faskthen the prengnce 7F waterduding theps parv stapaof the pracess;y
90- 100 per cerfian prave datrimentatio dhe finahprppertiesoof s foarned article and as sugh,|theyiresenee of

st ruct ur ecaf twatertiditesb @atiuded of Mikinikzéd durihy tiRsbudrlyldtépl tO the noisture cure
Is 25 typically fromabout 5 to about 90 percent gel, preferably from

about 30 to about _70 _ﬁ)ercent el . The second stage cure, that is the silane
noi st ur e-i nduced dHp allangsipssiinked foemed strycturas producediby theriual etreprocess of thishi ent

condi tions. Ghveation have ah DRImatY gl R oPSD-T0 PelcBitiibtervined B ASTAD785-84)Y
exposi ng t he {naQutibvas O thdstrittling' htef e Hod! r'ridiStion 20 buf Srich tS Hle midetsdunad,, The
25 typically from about 5 to about 90 percent gel, preferably from about 30 to about 70 percent
gel. The second stage cure, that is the silane moisture-induced cure, usually takes 1 to 4
weeks to complete under ambient conditions. Of course, the cure can be accelerated, as
noted above, by exposing the foam to high humidity conditions, such as a curing sauna. The
rate of the second stage cure can be controlled through the combination of vinyl silane
30 selection and the presence or absence of a cure accelerator, such as dibutyltin dilaurate. Over

time, the foamed structure may actually crosslink beyond the measuring capability of the gel
test.

The foamed structures produced by the process of this invention typically have a foam
35  density of less than about 500, preferably less than about 250, and most preferably from about
10 to about 150 kg/m®. The foam has an average cell size of from about 0.05 to about 5, more
preferably from about 0.1 to about 2, and most preferably from about 0.2 to about 1 mm which
is measured in accordance with ASTM D-3576.
-12-



rate of the second stage cure can be controlled through the conbination of
vinyl silane 30 selection and the presence or absence of a cure
accelerator, such as dibutyltin dilaurate. Over tinme, the foanmed structure
mey actually crosslink beyond the neasuring capability of the gel test. The
foamed structures produced by the process of this Invention typically have
a foam 35 owodhAwsef | ess than about 500, preferably | esspthasosdamst 250,
and nost preferably fromabout 10 to about 150 kg/nB. The foam has an
average cell size of fromabout 0.05 to about 5, nore preferably from about

0.1 to about 2, a . , ichis
measured i n accor glg‘ncefévﬁiﬁ]&%«@wgng?%g&%%@%%M'%
PCT/ US96/ 1474 pventions Hplessptherwise anted.all parsteand perreptages are byweight t ai n specific

“enbodi ments of this Invention. Unless otherw se noted, all parts and
percentageg are by e

ht . e a _neasur.e stance.to
f1 ow under>a const antP gt’éﬁ‘%"?%’&""é!!% ?Igug "81’”&"3” nt 8§8§°a n g”
| oad on shoes statieloads ipeludecthe !wandshmwhema persenstaniisforansitended period otxi-b t he
L omper abur o el SaFektds 8f ‘*‘*?'““"‘““"éwce%"*ﬁﬁf‘%'ﬁi'ﬁ‘.’ meﬁ't""'“ U or
her Bhoase. ot ot hess Raap R AsRoeOS dunbe S B S oo g M
conpressi on sYte)pepmianent d&fmmnamsmlc&pmowbtiamstﬂmeanmtant mudmtﬂdr;rerl od
will give Boaﬁﬁdnd&%ﬁﬂﬁﬁmaﬂemaﬁﬁdioﬁ%ﬁ %ﬁ%ﬂ?ﬁﬁ&hﬁn&?%ﬂ%ﬁﬁﬁémﬂﬁ of I €€p

resi stance perfornmapce can, be acce erat conductin tatic

conpr essi on s&?’%?ﬁGﬁ"ﬁ%m"ﬁincéFM @Wé&&?’lﬂ“@‘é"g PiptR compression sete i s
t he per manent exh;ﬂmmatmvawmﬁMasured after cyclic 15 | oading and
unloading. if the cyclic |oading and unloading is done under conditions

that sinulate runnin t hen t he per manent or mat i or d

conpr essi on set) o*'tgﬂﬁ'ef'ﬁgﬂf'tié W"ﬁﬂ'd@g{"" 8 ’Ug"‘f‘ﬁ‘@ ?&F‘iﬂyc?‘i fe of
a shoe m dsol wadindasdvnieasiing. dithépyslicioadingsandiuniaading jsodane uhdes donditions that
ystoress | s e "ﬂ“?"ﬁ‘iﬁﬁ"e"eﬂ" D oA RS iy Bl ot the

| oadi ng and ufT2eA ‘ﬁﬁ"t epsu ﬁ'g\éF%gﬁ%%\& CHB%%'?"%F“f %’nrfgé'f Bre rise
and accel er at duringryclizdoatingant udlohdingristalsorn mﬁastrhef pammpoit deformattion of the foam.
Accor di ngly, aé.ai; tslmnma.te%ﬁ mama Lmqai.ﬁgepai.e B£hn(J &a JAitlalling.

dynam c an t|c | S 1 nport t0| n |

resi stanc ég g 'ffgéf %D s iing ﬂ'%ﬁ%ﬂ'ﬁwgﬁ'ﬁs”(ﬁr’é‘”?&u rmation

For mul ati ons Qﬂae tﬁamm m-@pMF@rﬂim.w-mlnwhyptewwm pemmageBaleformatiopi(foe BR
i nt ernal both dynamic and static loadings) is important to improving the fatigue resistance and to

extend the useful life of a foamed midsole.

25 Formulations 1-5 (Table 1) were individually prepared in a Banbury size BR internal
batch mixer, and the mixing was accomplished using a 80 percent load factor. Each
formulation was mixed to a drop temperature of between 95-110 C for 4-5 minutes. This
temperature range was below the decomposition temperature of the peroxide and the
azodicarbonamide blowing agent. The formuiations were then sheeted off on a roll mill heated

30 to B0°C into 6.35mm t012.7 mm {one-quarter to one-half inch) thick slabs. Each formulation is

.described in Table I, and the only variables in these formulations are the levels of filler and
silane.

-13-



bat ch m xer
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formul ati on
formul ati ons
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4.5

1.35

Per oxi de
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Ant i oxi dant [
Filler[err]
Silane[err]
Pi gment
2[err]
[err]Parts p
substanti al |
g/ cnB and an

manuf act ur ed ;{

an azodicagrb

911, a zinc

10

15

20

25

and the m xi ng was acconplished using a 80 percent | oad
formul ation was m xed to a drop tenperature of between 95-110
nutes. This tenperature range was bel ow t he deconposition

of the peroxide and the azodi carbonam de bl owi ng agent. The
were then sheeted off on a roll mll heated 30 _to 8%Lerr]c
t¥2871%m (one- quarter to one-half inch) thick SFHHS?

is described in Table 1, and 'SF lonIy vari ables in these

I[erk

are the levels of filler and ®%'ane. -13- WO 97/ 11985
48 Table | FORMULATI ONS 1-5 Conponent 1 2
4 5 ( ph r) keRrmuLAhBNS AisC 100
100 100 —100 Pol'yner[err] Foam ng Agent
r?c(,,,,p,,.,,,,t 175 4 225 3 4. o[roal 3
L. 35 (phr)’ . 35 1.35 1. 35] Activatoff[err]
| Olefinic 2 100 Z 100 2 100 100 100
Polymer® 2. 5 2. 2.5 2.5 2.5
SFoaming Agent'0| 1 4.5 045 4.9 1 45 0|1 a5 0.1
FoamingAgent 5  1.35 5135 1.35 138 1% 135 16
Actlivator* 2 4 2 4
eroxide® 2 3.2 23 2__3|Pi gn2nt
0 §5 &frn 25 0 p1 <i: 0. 085
' 4 c gh o 4l eng/l - &t ene
F?EL1 sit\18of 870
—LO—Fg—n—H , 12016) 4
—Eherical—gerpaty—i +-Bel-adhnf-edr - —aZNR1B0
-ab+é¥£;fw44lzi héhéﬂ#ea{ S JﬁL Aiagg\fefr]’

%ﬂ?p@hﬂ%ﬂg rRHENt activator avail abl el fromC. P Hal |

2 Engage™ EG 8200, an ethylene/1-octene substantially linear homogeneous sthylene

copolymer with a density of 0.870 g/cm® and an |, of 5g/10 min (ASTM D-1238, Condition

490/2.16) manufactured by The Dow Chemical Company.

3 Celogen™ AZNP 130, an azodicarbonamide available from Uniroyal Chemical Company

* Kadox™ 911, a zinc oxide blowing agent activator available from C.P. Hall

SDiICup™40 KE, 40 percent active dicumyl peroxide on clay available from Hercules

Corporation

¢ Sartomer™ 350 Monomer, a trimethylolpropane trimethacrylate crosslinking coagent
available from Sartomer Company )

T irganox™ 1010, an antioxidant available from Ciba Geigy Corporation

® Magcarb™ L, a magnesium carhonate available from C.P. Hall

* Vinyl trimethoxy silane (VTMS), 88 percent active, available from Aldrich Chemical Company

1°TIONA™ RCL-4, a rutile chloride process titanium dioxide available from SCM Chemicals.

"Uitra Marine Blue, a sodium alumino sulphosilicate available from Whittaker, Clark and
Daniels, Inc.

Foams were prepared from Formulations 1-5 under two different conditions. In
condition 1, the roll milled sheet was cut into approximately 12.7 cm by 12.7 cm (5”x 5”)
squares and scraps. Approximately 200 g of these cut pieces were then placed into a chase
with an opening of approximately 12.7 cm by 12.7 cm by 1.27 cm (5”x 5"x 0.5"). The material
was then foamed at temperatures ranging from 150 to 160°C, at 25,000 kg (25 tons) of pressure
and for times ranging from 40 to 50 minutes. A Carver auto-hydraullic hot press, model 3895,
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Gei gy Corporation [err]Magcarb[err] L, a magnesi um carbonate available from
C.P. Hall Vi nydoimbgget hoxy silane (VIMS), 98 percent activepcrusvshehage from
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titani um di oxidéusayiprépatené foafiis STRdseoontitors weredptimized Fdr'thd foamilg bf theseBl ue,
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conditions. In condition 1, the roll mlled sheet was cut into

approxi mately 12. {ngéd dakdifien Z, tie Yoll milled Shdet #as als& St ite SproimaelyAR? cm by 12.7
cut C | aced ipto a chase with

imately 2 f th ' t
AP Gpeni g ofcT RS\ RaR Ao oe5Abs. Rafisou 6 g of Bedsa)sies phe torap aifs et
The material Intas chisawithowmpening ot 12:7xen byt 12:7cum b AZT oy ($x STk 950). The mawfiadr r ] C,
at 25, 000 kg g piicad a Tatraddroromiis ediprbsdion prodiSat 160°E to? S0 miritBs 401008 kg (1
m nutes. A Carver auto- h'¥draulllc hot press, nodel 3895, -14- WO
97/ 11935 ton) pressure, then immediately taken to Carver auto-hydraullic press (moqel 3885t 11583 \\qs

used to prepaina keprat thattemperatuesior & Minditdsiad 25000y (25aprs) bf presbufeo cidsstink@wi nNg
of these rt] I i condition 2, the roll mlled sheet
was al so %ﬁt °%ﬁé%{)€om h?teetﬁ{)ﬁ'ﬁ?“gqgéﬁhby 12.7 5 cm (5"x5") squares and

scraps. Again, about 200 g of these squares and scraps were placed into a
chase with an operronpoth tondRiohs,ane foumad formaiaticng with ¥TMS Wetdmaistare curdd.iba) . The
mat eri al was ' P-8 conpression press at 100[err]C
for 20 m nut e@%ﬁ%&é%gﬁ?&&?gbﬁﬁngﬁggure, then Imediately taken to
Carver auto-hydraullic press (nodel 3895) at 175[err] C and kept at that

t ﬁnpi E) at uml for 8 Anitiedatriplestwerdmbistiraddor(ddhsityana statié carnpressivncset. OThe ffeans | | Ek

t he 0 . _ . e

Foamed. 1 of mul FH EEGR Y et el o A8 1 gt Bl SRR e

40[ err] C f or Theskip of theffoam wagfomovepand the samplethickness waspflistad to 22 cmdQs yr o

]1: or density aneéhesusiriga mntg&ai TH® I6rigith, widti aidthiEknbas of thy swfisle mswmlelbyTh
Irst cuttin ' : C es. e

skin of the 1%3%%8'\/?/&??@'& er%{\'/)gﬁ gﬁ%’% H?é‘é?s‘g?’rr%?hg gipﬁ'ig%‘??'é'é éﬂev\vg'sd"{ald? %J'g’tss gﬁa{ 'o&f .27

cm (0.5 20 the mass was obtained by simply weighing the sample on a scale. The density was then

calculated using the equation

density = massivolume

25 The static compression set was determined by first measuring the initial thickness of
the sampie using calipers. These samples were then compressed 50 percent using 0.635 cm
(0.25 inch) spacers in a static compression set jig as described in ASTM D-395 Method B. The
compression set was then measured at two different conditions as follows:

30 Compression Set Condition 1: 60°C for 3 hours, 50 percent compression,
30 minute recovery time
Compression Set Condition 2: 21°C for 22 hours, 50 percent compression,

30 minutes recovery time
35

~ For the static compression for Condition 1, the jig with the samples was placed in an

oven heated to 60°C for 3 hours, the jig was then removed from the oven and the samples
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inches) using a Hobart slicer. The length, wdth and thickness of the

sanpl e. were accurately neasured using calipers. These val ues were then used
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static conpressign set for Condition 2, the jig with the sanples was pl aced
at 5 anmbi ent™@8Mi ti ons (21[err]C for 22 hours, the sanples were renoved
fromthe 1¢g, and then the SRegentStaticGampressionset ¥ {T+BMITJor 30 ni nutes
before the final thicknesses were neasured. The static conpression set for

both the conditi ons e cal cul ated using the foll owi ng equation: 10
Percent Static Conpr ion Set = [(T[err]-T[err])/(T[err]-T[err])] in which
T[err]= Oiginal sanple thickness 15 T[err] = Final sanple thickness

Tlerr] = Spacer t ht aloiyhl Jdnpid MRRhgeNsi ties and the percent static
f?ﬁgagsls: g set (a'ﬂ=$\|/r?a gggp@{hicﬁn&r‘l al s per sanple) are reported In Tables
T, = Spacer thickness

The foam densities and the percent static compression set (an average of 4 trials per

sampie) are reported in Tables Il and lll.
20
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20 -16- WO 97/ 11935
PCT/ iSOG/ 14748 Tahle L1 EOAM DENSLTIES AND PERCENT STATI C COVPRESSI ON SET

OQF SAMPLES A- E PREPARED UNDER FOAM CONDI TION 1* 5 A B C
D E Description No Sil ane w  2phr w  4phr w  2phr
w  4phr Sil ane, 5phr Silane, 5phr Sil ane, Silane, MCJ err]
MCO err]  wo 97/1188shr 15phr MgCJ err] MyCO epctusssamadensity,
1928 27510 32216 2803 3643 kg/nmerr] (ib/ftlerr])
(12.00.5) (17.20.6) (20.11.0) (177BR.IR) (22.70.2) Static
81.52. 1 66.11.1 55.32. 4 55.13. 1 53.82.1 Conpression Set
(percent) Condition 1*50"6!'&??5!“53‘“‘9"5"‘:%’37%WCCO“PBEQQOUSET 27A2. 1
34.93.0 _ 27.21.7 Compre¥tMis £ PREPARED UNDER FOAM, BIONA" Foam condi ti on
1 = 150 - 160C for 40-50 m n, 25 000 kg (25 tons) pressure **Static
Conpr essi or Lon, 30
m nute 10 Jrecovery Stphtic Conpressi on S Conditi()H 2 =21 Cmg, 50
percent con e ' I4phr WO i‘w;’é';h;CSE .wl4phr
PCT/ US96/ 14 Silane, 5phr | Silane, Sphr | Silane, Silane,
MgCO, MgCoO, 15phr 15phr

| . _MgCo, MgCO,

Foam Density, 19218 275+10 322416 28043 36413

| kgim?® (IbAt) (12.010.5) (17.2+0.6) {20.1+1.0) (17.5+0.2) (22.740.2)

Static 81.5+2.1 66.11+1.1 55.312.4 55.11+3.1 53.8+2.1

Compression

Set (percent)

Condition 1**

Static 63.31+2.4 38.4+2.0 274121 34.913.0 27.2414.7

Compression

Set (percent)

Condition 2*

*Foam condition 1 = 150 - 160°C for 40-50 min, 25,000 kg (25 tons) pressure

**Static Compression Set Condition 1 = 60°C, 3 hours, 50 percent compression, 30 minute
10  recovery

*Static Compression Set Condition 2 = 21 C, 22 hours, 50 percent compression, 30 minute

recovery

A7~



Table 111

Descri ption
5phr MyCqJ er
1813

(11. 30. 2)
74.62.2
58.52.3
*Foam condi t
175[err] C an
Set Conditio
recovery *St
50- percent c

Tables Il an
dual cure sy
15 conpres

(Conparative
anbi ent cond
Agai n, stati
the lower th
resi st ance.

1 and 2 (see
conpr essi og

cyclic defor

r] 5phr

2055 (1 b/ f

w0 9711108% 80.3) Static Corrpressi on

F
w/

MyCJ err]
tlerr])

G
2phr Sil ane,

Foam Density kg/nferr]

H

FOAM DENSI TI ES AND PERCENT STATI C COVWRESSI ON SET OF SAMPLES F-H
PREPARED UNDER FOAM CONDI Tl ON 2*
No Sil ane

w  4phr Sil ane,

(9. 10. 1)

1461. 6

88.72.3 PCT/US96/14748

68.91.3 Set (percent) on 1** Static Conpression

36. 81A 20. 51" ge t (percent) Cbndltlon 25
lon 2 =
155 000 FORDE gsﬂr%éud%ﬁm&géaﬁpﬁ&%@fb P essi on
n1l 60[err]C, 0O mnute
frTT COMPTESSTOT St T,pnultTor P 41¢em TC 122 ||Um|—,p
TBEE I, 30 [T TTUUNG Sifane T CCqVETw -
I 11, the stat)c conpression |set r i f'oa ps%h a
S FGam DensRyRgIMe B, C, 148218, G gdnd H) 18&3 | owell  hanz stat] c
s{ipft’)set of thef f oani@.1pe.tiduced wi t i11a3+8.20NnQl e | cur e(12880.3M
StaticGowpressiomd| F) . &AR3t rend was Miss@Rved for besbitde
Setdpe err]Q and elevated jtemperature (6Q[err]C) sanplep.
 Condition-Bsi on skt is g nmeasurd of hetter creep resistance. hnd
Statie ComPEEHER cbsi 058223 cadijng, t¥¥8*hAtter [t he 20889
ﬁgﬁ ':’“'if’ Foans | and J (Tablle I'V) produced|with formul atipns

A c

S Uk &no to
e caloRg B2 0168 hnd LorpSlieior By s SRR ERARS

conditions 1 a-sdmz ComPRsSIBE SELTVNENLE S = 60°CT R RORS, 50 perdBit corhplessid®, 30 minute  AS

noted earli er recovery he athl etic footwear

I ndustry the useful

|ife of a

cushi oni ng sy ‘Statie GomplessionSet Condition 27 e21°C, 22 heura [50rperceitiompyesSiod, 30 ntinoté 500
m | es) of 1ounmecogery The test nethod designed for this study sinulates the

| oadi ng cycl es experienced by the shoe cushi oning system

e A 8 A Ty RO

nmet hod used
conpr essi on
| oad

15

20

25

30

in thi
set vva

In the test

iy b

(Y

produced with a dual cure system (Examples B, C, D, E, G and l-l) was lower than the static

am ¢

e

compression set of the foams produced with a single cure system (Comparative Examples A
and F). This trend was observed for both the ambient condition (21°C) and elevated
temperature (60°C) samples. Again, static compression set is 2 measure of better creep

resistance, and the lower the static compression set reading, the better the creep resistance.

Foams | and J {(Table IV) produced with formulations 1 and 2 (see Table 1) were also
tested for dynamic set performance. Dynamic compression set is a measure of the elastic
recovery of a foam subjected to cyclic deformation. The foams were produced using both
foam preparation conditions 1 and 2 (see the * footnotes to Tables Il and ).

As noted earlier, in the athletic footwear industry the useful life of a cushioning system
{midsoles) is assumed to be approximately 804.5 km {500 .miles) of running. The test method

designed for this study simulates the loading cycles experienced by the shoe cushioning
system. In the test method used in this study post-fatigue percent compression set or
dynamic compression set was measured. The test was run at a constant compressive load
amplitude of 4 Hz sinusoidal fatigue from 0.35 kg/cm? to 5.3 kg/cm? (5 psi to 75 psi) for 20,000

cycles.
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30 anplitude of 4 Hz sinusoidal fatigue fromO0.35 kg/cn2 to 5.3 kg/cnR (5
psita 75 psi) for 20 000 cycles =18 WD 97/11985 .

PCT/ US96/ 14748 Testing was conducted on an MIS 831 El astoner servo
hydraulic test frane. This system has a capability of up to 680 kg (1500

| b) I oading, 10 cm (4 inches) displacenent, and 300 Hz frequency. The | oad
was nonit or esvossvisgssan MIS Model 661. 19C, SN 44108, 907 kg Sectn(sveasras b)
capacity load cell, operating on a 227 kg (500 Ib) full scale range. The
di spl acenent full scale during testing was 5 cm (2 inches). MIS Mdel

682. 01A |1 ght wel 0 Yeetingfinda Eohdiacted ThlanUTd 34 Elastohdr derttlhy i ebtHankel YR
conpression platens was al so used. The nanm c conpression Set Wwas

cal cul at ed asS¥ptsm Wg:“ﬂﬂ?"ﬂﬁf&m‘%swﬂrﬂ@i@!ﬂ#dg'ﬁtwﬁ“((ﬂ'!""“')’m’?cﬂ“%@nﬂ n
which T[err] 3amMplreqiducy. Thedeadivak aionitbred using alMES Moaél 681.19C; SN 569D, 907 kg

t hi ckness ) t ' t conplete, 15 This
appr oach OE?E 33%@39#‘%‘8“@% ﬂHIri g‘;"é ?%Jr{ﬁgngtou%s{zggé gggg'hﬁ'iﬁ %ng'b Sm(? Siaplagement
test method Auleexnfusiog testing was S ¢m (Ripchesly MTgModet82.81A lightweight TAram(3 inch)
conpr essi on sdidmeteri1492 kg {3300MbFRARYIcOMpiesEion PhRis was décudedlUs! Y described) are
reported in Table IV. Table 1V 20 FOAM DENSI TI ES AND PERCENT DYNAM C
COMPRESSI ON SET OF FOAM SAMPLES | AND J PREPARED W TH FORMULATI ONS 1 AND 2
UNDER FOAM CONDI TITopidymamigepnipresgionset was calculated as follows: J* * De_scri ption

No Silaneio Dynamic compriation Seti=3(Te. Ty )PAbo MUC err] Foam Density, kg/m

3848 65 (Ib/ftlerr]) (24.0 [err] 0.5)

(24.1 [err] 0.3) (WHShc 11.7 0.8 5.5t 0.5
Conpr essi on Set T, = Sample thickness before the fatigue test

Ty = Sample thickness measured 30 minutes after the fatigue test was complete.

15 - - This approach of measuring compression set is based on ASTM D-395 compression test
method A (compression test under constant force). The dynamic compression set and the
foam density (measured as previously described) are reported in Table IV.

Table IV
20
FOAM DENSITIES AND PERCENT DYNAMIC COMPRESSION
SET OF FOAM SAMPLES | AND J PREPARED WITH
FORMULATIONS 1 AND 2 UNDER
FOAM CONDITIONS 1 AND 2
25

It Jtt
Description No Silane w/ 2phr Silane,
§ phr MgCO,
Foam Density, kg/m*® 38418 38615
{ib/ft?) (24.0 £ 0.5) (24.1 £ 0.3)
Dynamic 11.7%03 5505
Compression Set
(percent)

*Foam condition 1 = 150 - 160°C for 40-50 min, 25,000 kg (25 tons) pressure
**Foam condition 2 = 100°C and 1 ton pressure for 20 min., then 175°C and 25,000 kg
(25 tons) pressure for 8 min.

30

Dynamic compression set was lower for foams produced with a dual cure system
(Example J) than for foams produced with a single cure system (Exampie 1), and this
demonstrates that dual cured foams have better fatigue resistance than single cured foams.
35
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" The m xture was then abs

(percent) *Foam condition 1 = 150 - 160[err]C for 40-50 mn, 25,000 kg (25
tons) .pressure **Foam condition 2 = 1 00C and 1 ton pressure for 20 mn.,
then 175C and 25,000 kg (25 tons) pressure for 8 min. 30 Dynamc
conpression set was | ower for foanms produced with a dual cure system
(Exanmpl e J) than for foanms produced with a single cure system (Exanple 1),
and this denoWew?At9% t hat dual cured foans have better fatiP§d s?'ié’g'? ance
t han single cured foans. 35 -19- WO 97/ 11985

PCT/ US96/ | 4748 The Tae $iaticcompression setyypsaiso measursd on foams prapaged fomitya
prepared fromfbimsulstionsisiwhichahsolefinic'dolyrheriwae grifted with silape byforrthefasmdorakitation
with silane b ' wRa &Ef}g
exanpl es, the\;‘ﬁo &%ﬁp{'@g%&e err E%qgég , Srgéﬁ@ggét' ngtéeaggb'?gbra. eQIt
were grafted vhablehweegmn fgotngte P4p Table 1) by feactiva-extrygion uging 3 34T,
using a 3/ 4" Singledchol Baaké HxtiidbicatiaChmerit eqiippedalithackrand ilie setitb fedcliowirigh a

- strand die set tﬂg.tt”%e follow ng conditions: Zone 1 140C Zone 2

- 181 err] c8 - 205[ err] C Adapter Zone 4 - 205C Die Zone
- 5 - 205[ err] C Screw Speed - 40 rpm 10 D Cup[err] R (100 percent
©active dicunyl peroxide 2¢aéqabl e fromygescul es Corporation) was di ssol ved
In the liquid VIM5, and g;e %esulting Xl € was poured onto the polyner.
B2% Into t'he%l‘%/jmer over the course of an hour
before the polynmer was f Zined t he Haake208% ruder reactor. 15 Tabl e

V reports in weight perc PAed on thg.conbi ned wei ght of the pol yner,
VTMS and peroxi de, the r%ﬁeve anounts_of polyner, VIMS and peroxi de used

_to prepare silane-grafte®®fm®Pers AA A4 BB; Table VI reports Fornul ations
- 6 and 7 prepared with si|strwSpeadit ed- polspapms AA and BB (the formul ations

. were prepared by the procedure described for Fornulations 1-5); and Table

- VIl reports the static conpression set of foans K

10 DiCup™ R (100 percent active dicumyl peroxide available from Hercules Corporation) was
dissolved in the liquid VTMS, and the resulting mixture was poured onto the polymer. The
mixture was then absorbed into the polymer over the course of an hour before the polymer
was fed to the Haake extruder reactor.

15 Table V reports in weight percent, based on the combined weight of the polymer,

| VTMS and peroxide, the relative amounts of polymer, VTMS and peroxide used to prepare
silane-grafted polymers AA and BB; Table VI reports Formulations 6 and 7 prepared with
silane-grafted polymers AA and BB (the formulations were prepared by the procedure
described for Formulations 1-5); and Table Vil reports the static compression set of foams K

20 and L prepared from Formulations 6 and 7 using foam preparation method 2 (see the footnote
to Table Ill marked with *). Foam A (made from Formulation 1 reported in Table I) reported in
Table Nl is also reported in Table Vil as a comparison. As this comparison demonstrates, the
dual cured foams of this invention had superior static compression set properties relative to
comparable single cured foams.

25
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20 and L prepared from Fornul ations 6 and 7 using foam preparation nethod
2 (see the footnote to Table 111 marked with *) Foam A (nade from

Formul ation 1 reported In Table i) reported in Table Il is also reported In
Tdble VII as a conparison. As this conparison denonstrates, the dual cured
foams of this invention had superior static conpression set properties

relative to geyWAjmbl e single cured foams. 25 -20- WO 9PCTa38614748

PCT/ US96/ 14748 Tabl e V PREPARATI ON OF SI LANE- GRAFTED POLYMERS AA AND BB

Silane Grafted Silane G afted O efi ryableRol yner A efinic Polyner AA

BB A efinic Polyner[err] 99.5 98 Sil ane[err]

0.75 PREPARATIONH SILAN AA AND BB 0.1

[err] Engage[err] EG 8200, an ethylene/l-oct ially Iinear

honbgeneo#s et hyl enecapalyner with ] el : and an

| [err]of 5g/10 min (JASTM D- 1238, Cdndj it (U efi“ Dy The Dow

Chenfcal Conpany. 10} [err]Vinyl trfi * ¢ ‘ B el cent

active, avail abl e frpmAdich—Chedi-ca 100

percent active di cumg-2 Polymer,, o | on Tabl e
Silane - .

VI 15 Peroxide’ S L1 oNn

(phrlerr]) o afted

Qefinic 'Engage™ EG 200, an ethylene/1-octene substantially fndaPhotiBienddls elnyRie G af t ed

Aefinic copolymer with a density of 0.870 g/cm’ and an 1, of Sdb rhifi {ASTM DFE38F0am ng

Agent [err] Condition E) manufactured by Tie Dow Chemical Company. 4.5 Foam ng Agent

Act i vat orjeer r*¥inyl trimethoxy sildneJUTMS), 98 percent active, available from38drichiChemical Cdmpany
Rel ease[ err] ®DiCup™R, 100 percgntactive dicumyi peroxide available from beGuies Corppratiprer r |
1.94 1.75

Table V!
15 FORMULATIONS 6 AND 7

Formulation (phr') 6 7
Silane Grafted Olefinic 100 0
Polymer AA
Silane Grafted Olefinic 0 100
Polymer BB

| Foaming Agent” 4.5 4.5
Foaming Agent Activator’ 1.35 1.35
Internal Mold Release* 0.5 0.5
Peroxide® 1.94 1.75
Filler® 5 5
Coagent’” 25 25

| Pigment® 3 3
Antioxidant® 0.1 0.1
'Parts per hundred resin

?Celogen™ AZNP 130 available from Uniroyal Chemical Company
20 *Kadox™ 911, a zinc oxide blowing agent activator available from C.P. Hall
4Zinc Stearate available from Witco Chemical Corp.
SpiCup™40 KE, 40 percent active dicumyl peroxide on clay available from Hercules
Corporation
SAtomite™ CaCO, avallable from ECC International Ltd.
25 7 Sartomer™ 350 Monomer, a trimethyloipropane trimethacrylate crosslinking coagent
available from Sartomer Company
*TIONA™ RCL-4, a rutile chloride process titanium dioxide available from SCM
Chemicals.
®Irganox™ 1010, an antioxidant available from Ciba Geigy Corporation
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Flller[err]
Coagent[err]
Pigment[err]

Anti oxi dant[err]

[err]Parts per
Uni royal ChenVP4MB8%pany 20
activator available fromC P. Hall
Cor p.

Chem cal

avai |l abl e from Hercul es
from ECC | nt ernati onal
trinmethyl od propane tri

W N O

0.1
hundred resin [err] Cel ogen[err] AZNP 130 available from
3Kadox[err] 911, a zinc oxi dPEUSMHHBagent
[err]Zinc Stearate available fromWtco
[err] Di Cup40 KE, 40 perceﬁf %ﬁﬂl ve di cunyl perOX| de on cl ay
L3 : avai |l abl e

.5

.‘ '{u m&-h tl!

5
2.5

3
0.1

bl e from

Sartoner Conpany Ti O\lA[err] RCL-4, a rutile chloride process titanium

] Trgangk LULU, IdH dHLlUAIuaHL

di oxi de avai

nE 11 0m SCM

Chem CaAS. [ ef

SET

r]8
r

avai | abl e frprodm Density kgl JOT POT Nop#s1 - 21 30
PCT/ US96/ 147 bl e VI FOQAM DiRioks blSES APhD Pmﬁ\ﬂ'nss;TAT C C@Mf}%ﬁl ON
OF FOAMS K ANStatic Cothpréssion UNDER 8t 1CONDI| TT ONg¥§ & 3.4F0am 43317
A Set Condikion 1 ' L Fqam Density kg/ 192[ er
200[ err] 0. 5 | Static Compres:@G[lerr | GIZR24 r[erlr]) 316+3.0 1581, P [er
0.5) (1 s!t‘?f’eﬂiﬁ!’"!f 03\ (19 1 [ rr] 0.0) Stati¢ Conpression
81.5 2.1 6 1.7 Set Condition 1* Static
Conpr essi on F°"" -100°c and 9 °°°’o“! (B“PH"F*P“"’J%“ min., "'e" 175°Q and 25/0004g
Condi ti on 2[e ﬁ%ﬁ;’%’%n 1 ton

"° for 2S5 ey, BEoweEand pompriench

pressure {Qr

**Static Co Wp‘sﬁ'iﬁ Ic%p%k.oﬁsaf&anuﬁﬂn 2 =RoBMTemperit

conpr essi on,

15

Fmikutetbddvery

8°'I" %8

Although the invention has been described in considerable detail through the
preceding examples, this detall is for the purpose of illustration only. Many variations and
modifications can be made by one skilled in the art without departing from the spirit and
scope of the invention as described in the appended claims.
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10 recovery *Static Conpression Set Condition 2 = Roomte r
hours, 50 percent conpression, 30 mnute recovery 15 mnmamﬁ“m"l
i nvention has been described in considerable detail through the precédi hg *
exanples, this detail is for the purpose of Illustration only. Mny
variations and nodifications can be nmade by one skilled in the art w thout
departing froiBéifesPirit and scope of the invention as desecrumsse14ms t he
appended cl ainms. -22- 42, 505A-F 1. A dual cure process for producing
a shaped, pofIME4ini cAlGATER piédebstof probiliting ¥ €aped; pEOIBAnic foagied hticie/thps Of :
A Conpoundi ng and si nul t aneougly or subsequently shaping at |east one

ol ef mi ¢ pol yrEscehcampristngthe §tepeal s pstantially |inear ethyl ene/a-olefin
copol ymer, ethylene/vinyl acetate, ethylene/nethacrylate, ethylene/acrylic

gci d, et h)d/l ene/ propyl ege/ ”%&Qﬁﬂ(:uﬂﬁng Qﬁdl Qﬁﬁﬁnaﬁwﬁﬂmrmyehﬁmﬁmaﬂm ynmer
ears pendent noisture-activated crosslinkin nctional,j . ast
one f oani Bg agent and, opt i NeRkApic p&@“‘éﬁ?ﬂ"@ﬁgﬁgﬂﬁ%ﬁ'&@??&%&nﬁﬁl%

shaped, substantially uncr omastionkfadmingagensdnd, optionally, gt least oneecuring agent, to
Performng a first stage he ndRfl! sbtatiaiy bricrotlsfiftke@ UbSimat arlidlé prok fisdt] SOT
of Step A in such a manner ?’hatggno‘gt' 0 theaﬁ%endent crossl i nki ngp
functionality remains unreacted, to forma precursor having fromabout 5 to
about 90 percent gel, @ neRéafunbihgiafirsetage ciam ortheiprévusST Ol Step Adbs@ha C.
Simul tanegusly with or subs bQ of 118 phiideRt crodsifing thEtidhbiity téhthins:

f oam ng t¥e precursor of St g'g“%raygy?‘orr% a ghap?ed‘f part’i‘%l 'y curngd, f oamed
article; and D. Per f or m n§nr@aeond st age, noisture-activated cure of the
pendent crosslinking functionality of the shaped, partially cured, foaned

article of Step C. 2. o A dual. GULE. BiR6FSBedcRbntl 18 Firit St ShRRFStep B,

pol yol ef i ni c foaned
foaming the precursor of Step A to form a shaped, partially cured,

15 ‘foamed article; and
D. . Performing a second stage, moisture-activated cure of the pendent
crosslinking functionality of the shaped, partially cured, foamed article
of Stap C.
20 |
2, A dual cure process for producing a shaped, polyolefinic foamed article, the

process comprising the steps of:

A. Compounding under nongrafting conditions (i) at least one olefinic
25 polymer, (ii) at least one moisture-activated, crosslinking functionality
capable of being grafted to the olefinic polymer to form an olefinic
polymer with pendent, moisture-activated crosslinking functionality,
(iii) at least one free radical initiator, (iv) at least one foaming agent, and
optionally (v) at ieast one curing agent to form a substantially
30 . homogeneous, uncrosslinked foamed article precursor;

B. -Shaping the precursor of Step A under grafting conditions:such that
the free radical initiator is activated and a shaped, substantially
uncrosslinked olefinic polymer with pendent, moisture-activated

35 crosslinking functionality is formed;
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article, the process conprising the steps of: A Conmpoundi n

nongrafting conditions (i) at |east one REPLACEMENT SHEET ‘“\m “““I““l‘l“l“‘
ol efinic polynmer which is a linear or substantially linea

et hyl ene/ a-ol efin copol yner, ethylene/vinyl acetate, 2 2 SEP 1997 23 J
AVENDED SHEET 42, 505A- F et hyl ene/ net hacryl ate, ethylene/acrylic acid,

et hyl ene/ pr opy@ eHup8snor bor nene, or butyl rubber, (ii) at | eBST/USIE4748

noi sture-activated, crosslinking functionality capabl e of being grafted to
the ol efinic polyner td@&-for Sinuyitapsquslywith opsetsagyent o Sten R, Redoming a first stage
rm:jst ulre activated ((:ro)ssl [ n:éhﬁ@fimmdﬁ?ﬁlﬁl_yhﬁywm(pdnuintﬁgoibﬁiﬁctﬁitledf ree
radical initiator, (iv) at |leas n am agent tign V), at

| east one curing agent to fSW'&I‘E‘H&T@H*%P?%&n%ﬂ@%’é‘é‘ﬁgvﬁﬂﬁégﬁehﬁ(ed
foamed article precursor; BcrosslingBingfunctionaiity emaips unreactest; St ep A under
grafting conditions such that the free radical initiator is activated and a

shaped, substantially uypcro sllnked I ni.c_pol endent

noi st ure-activated crostlin 'ﬁ'ﬂ“f'fﬁ'f'@gvﬂ{'feﬂ F'f?gv‘é‘;%hf@%&" g Gilte 6f Step C,

Si mul t aneously with or subs@pminﬁtheor@&sprtsswmommgerualmcnw.bamgb heat
or radiation-activated cure agfeid s 0! €f i ni ¢ pol ymer with pendent,

noi st ure-activated crosslinking functionality in such a manner that nost of

t he pendent crosslinking functionality renmains unreacted, to forma
precursoridavi ng from ahout Performingosecofstpgs, melsturgaétwand caedf thependent

accordance with ASTM D- 2765
g?ogésm@l gfuncﬁbmﬁt} ﬁqmllla‘ﬁy \%Jeb fi mem% or m

to the first stage cure of foam ng the precursor of S
a partially cured, foaned archcl e; and REPLACEMENT SHEET

3. The process of Claim 1 or 2 in which the copolymer is grafted with silane
15 crosslinking functionality.

4. The process of Claim 3 in which the silane crosslinking functionality is at least
one of vinyl trimethoxy silane and vinyl triethoxy silane. '

20 S. The process of Claim 4 in which the olefinic polymer is a copolymer of ethylene
and an a-olefin of 3 to 20 carbon atoms.

6. The process of Claim 5 in which the copolymer is a homogeneously branched
substantially linear ethylene copolymer.

25
7. The process of Claim 4 in which the olefinic polymer is ethylene vinyl acetate.
8. The process of Claim 6 in which the optional curing agent is present, and itis a
peroxide.
30
9. The process of Claim 8 in which the peroxide curing agent has a haff life of at
least one hour at 120°C.

10. The process of Claim 6 in which the optional curing agent is not present, and
35 the precursor of Step A is cured by irradiation.

1. The process of Claim 10 in which the irradiation is at least one of electron

beam, beta-ray, gamma-ray, x-ray and neutron rays.
-24-
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E. Perform ng a second stage, noisture-activated cure of |
1997 pendent crosslinking functionality of the partially ru “h l II"I“

article of Step D. 3. The process of daiml or 2 in whic e copol yner
i $ a honbgeneously branched linear or substantially linear ethylene
copol ynmer. -24- AMENDED SHEEET 4. The process of daiml or 2 in

whi ch the corgbypRbgshas a density of from0.85 to 0.90 g/ cnBcr/bssenara8he
process of any of the preceding C ains, wherein the polyolefinic foamed
article has an ultimate gel |evel of from 90 to 100 percent gel, as
measured in accord ce th AST 0 ny of the
precedi ng C ai s, er el W&%‘P@%&TQ’P‘"@?"%‘%@"%’E)M'& %?%ﬁ?'giriﬂged as
havi ng fr om 3@ccelerdtor foxthe sevondjsthge eute.neasured i n accordance with ASTM

D 2765-84. 7. The process of any of the precedi ng Clainms, in which the
copol ymer |s graft

process of 3C ai m 7% nWI h(ﬂ%‘l’%’g%sq "3?12*’!:‘%%@‘%%% é"?r 8*"1“&!%‘&“1"?‘9‘%’5

| east one of vinyl trinethoxy silane and vinyl triethoxy silane. 9. The
process of C aim 34p0r 4A§d;m%hﬁh|emeg+ﬁfelp%&sp&|dmﬁdr§ a copolyrrer of
ethyl ene and an a-olefin of 3 to 20 carbon atoms. . The process of any

of the preceding Cains in which the optional curi ng agent is present, and
it is a peroxide. 48. Thelfeaneuattictessof@lairhd3 with atfeoapiddniity of drooxide 150 kgini’y
agent has,g half life of at least one hour at 120[ERR]C. 12. The process
of any of "the preceding Cains in which the %ptlonal curing agent I S not

present, and the pi®curdshosspidegiemade bysheprogepsisy Claim 1854 i on. The

process of Claim12 in which the irradiation is at |east one of eI ectron

beam beta-ray, galirﬂa-z r2 i‘égsgﬁfgﬁinﬁ?ﬂommﬂﬁyﬁme@ﬁ?m SHEET - 25-

AMENDED SHEET

15 ~18.  The process of Claim 4 in which the olefinic polymer is an
ethylenel/propylene/diene terpolymer rubber.

18. The process 6f Claim 18 in which the optional curing agent is present, and it is
sulfur.
20
20. The process of Claim 3 in which the free radical initiator is a peroxide.

21. The process of Claim 5 in which the copolymer is a homogeneously branched
linear ethylene copolymer.

22. A foamed article made by the process of Claim 6.

23. A foamed article made by the process of Claim 7.
24, A foamed articie made by the process of Claim 21.
25. A shoe midsole made by the process of Claim 6.

i 26. A shoe midsole made by the process of Claim 7.
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42, 505A- F 14. The process of any of the preceding Cains i i :
precur.sor of Step A contains an accelerator for the second sqm.ﬁm;mymuml
The process of Claim14 in which the accelerator is dibutylti cl i -
16. The process of any of the preceding Clainms in which the olefinic -
polymer is an ethyl ene/ propyl ene/ di ene terpolymer rubber, in which the
optional curiWM@9HY&%% is present, and it is sulfur. 17. TRETHEWA4UE of
any of the precedi n7g Clainms in which the free radical. initiator is a
peroxide. 18. A #panddyshoeimidsale madebyihe paeessobCi2tyf any of t he

preceding Cains. 19. The foanmed article of aim18 wth a foamdensity

of from1l0 to 150 }@/ N&,&gadawlﬂ%*?ggﬁgﬁggw&&@k@ aim18, in the form

of a shoe midsol e,” cushi one nyl carpet underlay, or gasket.
REPLACEMENT SHEET - 26- 22 SEP 1997 AMENDED SHEET

28, A shoe midsole made by the process of Ciaim 18.
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