68486- WO- PCT ETHYLENE- BASED POLYMER COMPCSI TI ONS CROSS- REFERENCE TO RELATED
APPLI CATI ONS ThlSapplication clainms the benefit of U S. Provisional

Appl i cat iwo 2bl/o087 222, 371, filed July 1, 2009, and f ul lPgTiuscanparsas ed
herein by reference. BACKGROUND COF THE | NVENTI ON There have been many
varieties of polyethylene polyners polynerized over the years, including

t hose made using high pressure free radical chemstry (LDPE), nore
traditional linear |ow density polyethylene (LLDPE) typically nade using
Ziegler-Natta catalysis and metgh EOSEAHEPINFENFIOR! ned geonetry catal yzed
pol yethyl ene - some |inear pol? one substantially

l'i near pol yet hyl ene cont dPROGESS EG&MAHN&JAtCGMHQS\UE:h& n branchi ng.
Wil e these polynmers have varying positives and negatives - dependi ng on
application or end-use - nore control over the polyner structure is stil
desired. W have now found t haIERDsOFHRINVENTEONat al ysts can efficiently
pol yneri ze ethyl ene into polyners and pol ynmer conpositions having

control | € cononoh®? figld < theinvealiPpeaiamrasseqss FPFQC%%f@FQ%I?rPSPP‘i'%Of

unsat uration I g%mﬁx In one
enbodi nent , C%e5§ﬂ§§ﬁ?¥%ﬂﬁﬁagﬁmg?&9 Eﬁgﬁggfg pol ﬁ@?ﬁggﬁ@ S|Fﬁgﬁm
characterizegﬁwvﬂaﬂbbm@mbﬂ@mbﬂbhﬂﬁrbut|on Const ant greater than about 45,
nore preferably greater than 50, nost preferably greater than 95, and as
hi gh as 400, preferably as high as 200, wherein the conposition has |ess
than 120 total unsaturati OBAIIKGROIJWDQ)E)WBEINVEN'EIOENJI y, the

et hyl ene- based p ner co |t|ons co rise up t ut | ong chain
br anches!Y 1000 ca¢: BResited '@eﬁr%"@m%/ 'T‘FQﬂ?i%'BS&?a OEW‘?U“&H%'&""S | ong
cham br a”Cheééﬁ‘tﬁ’\@@u§%ﬁQQé‘SandT&%sﬂﬂ)hMérﬁBﬁsﬁ@ﬂ@grdb@y)‘r@(s GRS (é?;'&hca“ have

a ZSVR of at |east 2. et hyl ene-b pol ymer conp05|t|ons can be
further chara%g@ssilbars@ya tiess, re@dl gfgshltm%berabar\ﬁ\mﬂ KrreindRs &ur at i on

unit/ 1,000,
b nodar " ol el anoBf of By BRF AR RRY B i gRe Rk iR aSeptRY el
et hyl ene- baspdyprer yTtmseqwopemBs cansnabade d:mep resustamdeasulm&tmmjtﬂnand on
rofil e68486- C 03| a nono,or ter on from350C to
D o0C, okl vaonyusuPae Tes e Sl Age Blaii dfe sEiTarbing del PhtieThnn commnse
a single DSCgérﬂ%rtanylﬂaygaﬁghEﬂ%@@yh@dmu@aﬁ@@treﬁ?wmén HBEGInkl gldBecan
aver age nol ecul ar wei rom about 17,000 to about

conpnse a wel ght

220, 000. Fabvqi@é!t%ﬁu%mpp'&ﬁ@ﬁ 'Scw‘%\%th@g“@iﬁ@( ﬁ%‘ﬂ@?r Qéld@ﬁéﬁ*b%fh‘ifém theons are
al so cont enpla hﬁﬂg 'it@lolft)én'H&sr{j' Wtﬂb%fttrl%tegeﬁﬁ‘?lho@%%l Jdrdishayer Qher
enbodi nents 1 nc e nDp astic formulations co he novel pol yner
conposi tion a$1UIgdaltterrmasitummsmmaandomhe;mnalheslstarpel whteh makfesuch

et hyl ene; ased oSiti n can be  at rtiall | i nked
Cat”| eactd Sob QB isshfl PR HRrls, RS k@Ml et reem o rath B o

process conmppsd Qmong/&)e @l@;bmafﬂtms ey eRitib k@ peovide & hﬂstﬁdﬁ@&ﬁ?mﬁ@pﬂfdu@tlérh r st

catalyst to forn1a sem crystalline ethyl ene-based poly in a First
reactor or afF$ychtPqhyrer edmeosiigstthataxhibitigpreysd p@ﬁ&“teB)a’}detﬁcWPﬂéethe

sem - crystalgme%sqﬁgﬁég?gmpﬁégqxpolyner with additional ethylene in the
presence of a second alyst to forman ethylenic polymer in at |east one
other reactor or RBatkgreundpafarmetion regardingmieduciegcomposigreeigialymae cat al yst

of (A ( f : i conplex of
2 pol yvatent 2 JPSSITeREE 2EPF Bindind gl REGERE Brtodhaih Ty o

or Zr, | pref ededdph (ZrSalémﬁner(ﬂiﬂpQBdemﬁ yl&BNgODOSﬂ'd@&’Zﬂ:T@Q(, iSIPF]N-1S3lJ9$84 t Ut Ed C
20 aryl grou erein the stituents, independently each occurrence, are
sel ect ed froﬁ$4$§é 3&@966§§§2ﬁﬁﬂé of aikyl; cycloalkyl, and aryl groups,
and hal o-, tphydr%@@m&cﬁgﬂoﬁhd RBEUBLRINVHESS Bk torShStAd Mt ed68486- WO PCT
derlvatlves thereof, with the proviso that at |east one substituent |acks
copi ana pty iWedelingoiiaat tr@ﬂéﬁ@plﬁ @%D@'ﬁsil%cwp%tﬁédﬂaﬂwfaptmegendent |y each

| Ak : ,
Tnertly SinefoRlpE Bk Bl b2, Yo e T X LREA PR 80Ul once

i s hydrogen, hal o, hydrocarfayl, tphydrocarbyls lyi,

t phydr ocar byl si | yl hydrocar byl , al koxy orl di (hydrocarbyl)am no group of up
to 50 atons not counting hydrogen, R3 independently each occurrence is
hydr ogen, hal o, hydrocarbyl, tpnydrocarbylsilyl,

t nhydr ocar byl si | yl hydrocar by], al koxy or ammp of up to 50 atons not
counting hydrogen, or two R3 groups on the sane aryl ene nng together or an
R3 and an R2 1 group on the sane or different arylene nng together forma
di valent ligand group attached to the arylene group in two positions or
join two different arylene rings together, and




RD, independently each occurrence is halo or a hydrocarbyl or

t phydrocarbyl silyl group of up to 20 atons not counting hydrogen, or 2
RDgr oups wogetiiees7ar e a hydrocar byl ene, hydrocarbadi yl , pdirarse10ou0588

pol y(hydrocar byl )silyl ene group, especially where the reaction of step (B)
occurs by graft polynerization. Ln yet another enbodi nent, the invention
it, a method of characterizing an ethylene based polynmer for conmpnomer
conposi tion dlstrlbutlon (CDC) conprising the follow ng steps (A Cbtain a

wei ght fract ‘B 00C with
a tenperat ur'é/% tep g?&% Eg%r rdéi%ssc’:Eé acc%épg%égaEqua?ﬁgn&%g&%lﬁg (T)dT
- | Equati onVolugte 3®)Issied uhagust tiREO nagest @3pe4at ure (Trean) at currul ative
wei ght fraction of =0 5. Equatl on

368986 w0 pCT (0 KeawR e HRtedS Arbiapter s Redu ar< shERR R Eanc ent i n

ol e % ( nediidied td Uhited smiegpateemw 81An0e4 (OTIBED @dynB)et ik | IBgugdMononer
content calibrati on curve (Equation 4), 207 26 1n(l - cormnorrercontent) =

0. 5533 Equat NeKemoer;28, 1995, erditled"Ryoerss foppalmedivonerolynebrinBawiescont ent
calibration gHi¥gsbites Pattht NoS 813597 td BEMRBCRSIBY %b@ét% Wigh3, known

anount of conononer content, eleven reference materials with narrow
conmononer di entitieol ﬁrmor(snhﬁmlqmacessd@bﬁm fthosopolymer eempasiEsE from 35, 0

015,090 My S PN A i AT e

GPC) at a conononer rangi ng are anal yzed
with CEF at éhilesldPeoessseamidmeotiadt prepatetifions tetpdicbfdetityleme fhllymexpadi ment al

enper at Ut ¢ URBPMHbaECHIR ERbS B P ARTENPab A2Ad 1 te ChsRDRGEL BNt -t he
calibration jgie 52 1995t Bﬁtltfé?f'f(%rﬁéﬂegéloﬁ%@éhﬁ@tof s(rE&tuFé%J CHhRURItEPMONONET
Distribution Index fromthe total fraction with a conononer content

rangi ng fronP&tss Batasit No mQ1d, 11115th 3P|@@J|€érﬁi| i SswediManch 34n2Qee entitieth 98. C0C,
Co_m)norrer Di %:dnhgtaé?ﬂe#.teﬁ‘ cc{rﬁpr@g%éln%‘ﬂ' AS 0.95, (G Obtain Mxinmum peak
I

hei ght from nononer buiion profile by searching each data point
for the highest péadhtltbmajmmaﬁrnO@@tetcbmlaﬂmnd@)ﬁd(arhclehmdiunte ipatades nat e 1 denti cal

then the | ower tenperat. i Ldth is defined as the
ommer ac bt o GredsSPRRIE HaR IR SaRR A FN 5 208" 1 Meckel Fiays

tenperature aind he1d4us, fenﬁ’ﬁied @a@ﬁb@éﬁrﬂ&ﬂlﬁgﬂ%rﬂ@?{bveﬁ b@lyfﬁe@Webt gAyerature
at the half of the nmaxi num peak is searched forward from 35 Q0C, while the

rear tenper aPiOCESKIOr RPN sasne.t AR wKEMRIRISEAlaten! I%‘(1331'5("(‘:@\Qaae‘ff)éf?:kvvard from
119. @0C, in [pg %%ﬁ@d@cté’bé’?‘eidj 1985] é@ﬂe@"'m&% Q‘no‘;éﬁbg}?fds%r W&ﬁfnﬁ the

difference in the peak tenperatures bel ng equa to or larger t the sum
of hal f wi dt higbly dexshiiegeshilegts’'he hal f- wi dth of the polyner is calculated as

the arit tic average of .the hal f w dth of Cal cul ate the

St andar dhevi ot o gR TeaitsrLoitt o driete X BRI AE E r T bnTRERAEEE o per
Stde\ = Equathees fieldaEhsludiiy lﬁlﬁmllll?i'ﬁb@‘tb@smmﬁﬂéwﬁﬁéls%f hiangfaturiet ocesses,
processing aids, such as Iastlcrzers can al so be included n the ethylenlc

pol ymer pr od@E&bust BT serieducibleriecessuel marUTagiure fhat £am Presiucerebust
phthal ates, gh¢br ﬁb?)rgd&%lé'préﬁl}df‘aé BFd?:e@é‘fb Hﬂddﬁe@%ﬂrtléié'bhﬂc?éé%ednat ur al

oils such as lanolin, and paraffin, naphthenic and aromatic oils obtained
f rom pet r ol edensityf armarigzle ahidcieiagad den@lsu RProeess toawpaucs pieduetsi haying

i e o wor oo ank peidRE gl ofeletedRaIRR oA BT AR "Conn )

and SHELLFL EKa8ifkluvapd sbieentoravdte; $h@bbesksuﬂmr usmgtf&erd—tbiasbm’serv'ﬁsmb)er Anot her

suitable oil is TUFFLO oi| (Lyondel | bri cants; Housto &) In sone
processes, efAPINFiRIORH Q lé‘?eep'iofjé‘étt g 2 Hnifpren BFOH‘?BWéhr 9BPYiZers, for
exanpl e, ant gfud@lirPe; SMEProd8sd ég%nﬁi&ltémh&@ﬁ Ci ba Specialty

Chem cal s; Glattbrug Svi t zer | and In general, polyners aretreated W th
one or rore diremionpFRIOpERE{BICh asntebsile stsensin cﬁon&rﬁéﬁ“’lvﬁ"rﬁlrﬁr\@ho@resses I n

ot her e di are not
i ted 1, GPnpatyERaTeRR Al G BRh SELbEIA IS R LRl o7 e,
nucl eating agents, fillers, slip agents, fire retardants, plasticizers,
processing aids, lubricants, stabilizer2 snoke



inhibitors, viscosity control agents and anti-Dbl ocki ng agents. The ethyient
pol ymer conposition may, for exanple, conppse |ess than 10 percent by the
conbi ned woi2gtitooed77one or nore additives, based on the weirgistolofo4ashe

enbodi ment et hylenic polyner. A particular benefit of the clained polyners
is the absence of catalyst kill agents, other than water, thus elimnating
the need for calciumstrearate. The ethyl enic polyner produced may further
be conpounded. I n sone ethylenic polymer conpositions, one or nore

ant i oxi dant Sm@%¥ur{§>'rﬁérrﬂ26r Qﬁfo?rﬂr%?%glﬂgﬁﬁr ir'btrﬁé dir*é%ltiBH,' é/rrll?{ifoﬁﬂ%rtsl]ﬁeﬁ&”pounded
pol ymer pelletized. conpounded et hyl enic polyner may contal n any anount
of one or noindwamritmgodaidisactibns), erdithd Bke.t he conpounded et hyl eni ¢ pol ymer
may conprise fromgabout 200 t0 tabout GQﬂ.rgarts of one or ret.qrfhenol ic
antioxi dants per bme ol TATPGHIEAP AL SPUGT §$§§-Wrﬁc§?”b°o‘ﬁr'}oﬁ€(' ¥ dddi ti on,
t he conpoundeskd ey iproohtifoRseMizpneadtor maAufacare ahcivcrdiOparty imbout 1200
parts of a phosphite based anti oxjdant per one mllion parts of polynmer The
conpounded dPdieMmsdivg Patiayingaskels nesalsr@pditiediker conprise from about 300
to about 1250 parts of calciumstearate per one mllion parts of polyner
Uses The et hyl ent pol yner nay be enployed in a vapety of conventi onal

t her nopl asti c fabpcati onBRIER BESCGRIP fpdi cl es, including
obj ects conpri si ng L ol ayer film or at
| east one | ayer iﬁ'gg};errjlljsﬁﬁ%\}vaggﬁe%?{“{rﬁ”g%é%@%H%Og@gﬁfn%o%ﬁ, cal ender ed,
or extrusion coatFiggrep2 ehews efvation dietvsasftd mhts anduwb campasiavanivleked,

i njection nol ded,. or rotonol de% arti cles, extrusions, fibers, and woven or
non wovel f aBrGEdingrie thrpieseni ASe'8flEsi ti ons conprising the et hyl enc

pol ymer include blends with other natural or synthetic materials, polyners,

additives, reinforcing agents, ignition resistant additives, antioxidants,
stabilizers, colorants, ext eﬁHNH\gARXrQEJWW\&ENWQM ng agents, and

pl astici zers The i - r - i i:hers for
ot her applicati on/gtn%t g@i&'ﬁ%‘“ﬁéﬁ@%ﬁ%gﬁ%@% ?%%'t&ﬂ%hc%@ﬂg{'ée'n pol ymer or
bl ends t her epblymechbuoddéibstsapbid rhethedconmpuisingrul t i conponent, sheat h/ cor e,

tw sted, and nonofil ament . Suitable fiber formn rocesses,incl ud
Spunbondba and. maPeVEIGH TS i Roreesiag: qngu 5 48 aBp i &Snl BRieeRE.

4, 340, 563 ( Ammst andedbailt 1D.to 4bB6BIRERIghY\bereakpoelylier adaid first nfi@, Hefidhg Nohr ,

et al ), and 4,322,027 (Reba), gel spun fibers as disclosed in U S Patent
No 4,413, 1 18 deraiiedim. less f1an DCwherRinsaid ReN ST 8as Ba3nfiedid as di scl osed in
U S Patent N }ht8Rrd06 (May), or structures nmade from such fibers,

i ncludi ng bl ends wth other fibers, such as polyester, nylon or cotton,

t her nof or med ar t i déreiflyingxayr eaepiessiapesid matié telandenmityfdréateetanukil ons and

Co-extrusion cal endared arti and dra tw,sted.. or.c e arns or
i bers adi v Tves Bl andur Bt DRy rmBS s o ity SRt SAEGR

post formati o dbw teptpeeataricks e $ai¢suflenihg térapsratwecto grevidegani ¢ or
inorganic particles, including clays, talc, titaniumdioxide, zeolites,
powder ed net 8PEPESEEARIA ) r i norganic fibers, including carbon fibers,
silicon nitride fidamg said 86hpMissd MatiBBioughddt (YA MinSEraRib RsitgF cor di ng,
nano-si zed particles, "clays, and so forth, tackifiers, oil

ext ender s, 684@6-sAD saiering tanaargtuse mdile iah acoosolitgtethdersiiygreates thaind ot her
nat ur al d f I } i t e or can be
made accordi i Toct R B S e ORI BilieRGh ¥ RbEorlniRkedh, N

et hyl eni ¢ pomwtter with ot her polyolefins may be perforned. Suitable

pol yners for blending with the embodi nent ethyl eni c, pol r include

t her nopl asti c an&%ﬁgﬁﬁlﬁﬁﬁlpé’éqqrbo Py REFCEN Wgnaitﬁﬂ ’E@ttég‘i"a@r al and
syntheti c polenBdraiturdlcRRRhan ¥aiBYortBRing t& eFHt@r@,jtd‘?rdvfb%l aldendmbineaopy! ene,
(bot h inpact nodifying pol ypropyl ene, i sotactic pol ypropyl ene, atactic

pol ypr opyl en@attghd r andom et hyl ene/ propyl ene copol yners), various types of
pol yet hyl ene, including high pressure, free-radical LDPE, Ziegler-Natta
LLDPE, netallocene PE, including nultiple reactor PE ("in reactor” bl ends
of Ziegler-Natta PE and netal |l ocene PE, such as products disclosed in U S
Pat ent Nos. 6, 545,088 (Kolthamer, et al3.); 6,538,070 (Cardwell, et al.);
6, 566, 446 (Parikh, et al.); 5,844,045 (Kolthamer, et al.); 5,869,575
(Kol t hanmrer, et al.); and 6,448,341 (Kol thamer, et al.)), ethylene-vinyl
acetate (EVA), ethylene/vinyl alcohol copolyners, polystyrene, inpact
nodi fi ed pol ystyrene, ABS, styrene/butadiene bl ock copolynmers and

hydr ogenat ed derivatives thereof (SBS and SEBS), and thernopl astic

pot yur et hanes. Honmobgeneous pol yners such as ol efin plastoners and

el astoners, ethylene and propyl ene-based copol yners (for exanple, polyners
avai |l abl e under the trade designation VERSIFY(tn) Plastoners & El astoners
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certain SCBD, as shown by CDC, in conbination with certain MAD, and a
certain level of long chain branching (LCB) has shown to inprove hot tack
and heat weabiipwes7or mance, i ncl udi ng increased hot -t ack P&ThiSa4109¢@RkS
strength, |lower heat seal and hot tack initiation tenperatures, and a

br oadeni ng of the hot tack wi ndow. The ethyl enic pol ynmer maybe enpl oyed as
a pipe and tubing resin through an optim zation of the SCBD and MAD, with
| ow unsaturation |evels for inproved ESCR (environnental stress crack

resi stance) and t The
et hyl eni ¢ pol yne?étg&g%%ﬁg%t\ggg r};ﬂ‘%ﬂa‘g %g??%]nss \A%%penq-%{?{sdt@g?ﬁé a

weat her abi | i Umcmsehdﬁsd @aetetle;hr ough an opt| m zation of the SCBD

and68486- WO- PCT M/\D n combi. nat i on w. unsat uration leve e}nd | ow

level s of | ow nol SEFCLYANE BT UNRY G0 Q%W%?'e PYCOMPEP A 5 Tgee's The

ethyl enic poéamrncanefdmaawmémmecbndrh@mngltm@UQﬁm tohetemperatutey@laterof
pl at e-out, bl oom n die build-u snoke formation, extractables, taste,

and odor ‘ar el #ESTAHEIOHRNNA PMRETALER IRIPFRYIFRA ONSPHAtetRpMRRYIAREBCR t h | ow
| evel s of | oyngrol ecul ar wei ght, high commoner incorporated oligomers The
et hyl eni ¢ pol ynmer maybe enployed mstretch fil mapplications Surprisingly,
certain SCBD, in eanliibpmaieashawiortorcefrsaid ponatiidateddcompasite @irlicle éval of | ong
chai n branch' mr . St hty and dynam c puncture
resi stance ' %ﬁ?‘%\ls%ﬁpé\grt' %%S%ﬁggmg téﬁ]}%ﬂﬁ@ﬂ as used, includes a m xture
of materials V\:hl ch conprise the conpositi on as wel | as reaction products
and decoq805|t|on pr ody 3 he conposition The
terms "bl or "pol yr& et e physi cal
mxture (that is, wwihesd H@r@ﬁil’s@‘ﬁweﬂfodtfbpn@kld@)é Qorlﬁﬁbéff@éﬁlcle'%fm end may or
may not be m sci bI e (not phase separated at_nolecular |level). A blend may

or may not b@emﬂhté{sl%c §@B§ﬂ%ﬂ@@0|ym%3@ﬁdlb@§§/ The majhorbdislosednaraime or nore

Spoct r oscopy SPAreY FoyPi 7 hEE AR GAL @b 3HeAPUESH B0eent. 1 nown

in the art Tﬂtmertﬂrmirmbdmy) tbeabenf%v\mgktbyoepdeynisotsmdyoomnxerng'ktehaatte\basr nor e

pol ynmers . on t he | evel . (for ex mel t d| n r esi
conpound}ﬁg)a(glenf' : Ty gng éﬁ/lglss *} x"?ﬁ%ﬁ@ said pg Cgfet?i% Wi t hin
t he same rea@ime)ratﬁh@ TRE Matld @e@hs.ﬂé@fb@ro@nime@mgmmame%ath;ﬁtaspol ymer
backbone of the polyner |acks neasurable or denonstrable | ong chain

br anches, fo@'e’é%{té{r&ﬁﬂéterfh?é‘ bditymas Deandyless thas LA daegi Do V!‘;‘m'ezafﬂl)ierage of

| ess than 0 %aétégeﬁudﬂrmﬁé'rr%‘%ﬁeu fAPQtéFrﬂ DORSe 18& tfh%h@aooé)cﬁb@?ﬁ%ogr refers to a
pol ymeri c conpound prepared by po ynenz ng nonomners t he sanme or
a different teyrmrmmee demepdde erapnpwegsesr maties Toataadiee thet trampressed

type ot HonomeréTe R EndRRueNs b ERlRabie Staldihi SR Elinel oo e

terms "ethyl @hﬁi@a@r@fmﬁﬂl@@kHﬁﬁhsollo&temdemlgteat@f' tHamt €1 piphes Bisarab
described. The term"interpolyner” refers to polyners E@epared by the
pol yneri zat i s $rans®-Padistes W taiPredfe AtPreyreazolieterma The generic

terminter pohyRREt ;h BSHH)ﬂeo? tﬁ@PR&l Y RIohdatedRater i§BBbIRY €6 attQm'b@Faﬁuret 0
pol ymers prepared fromtwo ferent nononers, and polymers prepared from
more than t sgithdresaidsoftgpag tenpematigeeiosprovide a egnaoctidatad neite. bahked

pol ymori 2ea Gryi S BRIEhebhBla SRTERE TRICeSARNAR TP R rer 2

monomer S) anﬂrovajmtarouﬂLtdrbsolldm;d @ﬁrﬁlal Mhauntessiidated articioiothen. The term

"et hyl ene/ a- olefnlnt n.interpol.ynmer that cqgntains
mor 6t han SoCHRIchIpER Tute R Ssie TS hSighho TRt ChABRIaEs 2 RSt he tot al
ampunt  of pohé{éfﬁfg|Zﬂf%l§’9ﬁ6?ﬁ'ﬁﬁ§ﬁ&hp@@%r@tgréﬁéﬁth%%@s%&ﬂﬁ@ The term
"ethylenic polyner" refers to a polynmer resulting fromthe internoecul ar

bondi ng of atesnResalre.itadreviasg pavaseitaier pompasite amgleatAtlleasita patiomphhl y

| ong chai n branched et hyl ene-based pol yner. Resin Production Al raw
materials (ethylene, 1-octene) and the process solvent (a narrow boiling
range high-purity isoparaffinic solvent trademarked |sopar E and
commercially avail abl e from Exxon Mbil 4Corporation) are purified with
nol ecul ar sieves before introduction into the reaction environnent.
Hydrogen is supplied in pressurized cylinders as a high purity grade and is
not further purified. The reactor nononer feed (ethylene) streamis
pressurized via nechani cal conpressor to above reaction pressure at 750
psig. The solvent and conmononer (1l-octene) feed is pressurized via
mechani cal positive displacenent punp to above reaction pressure at 750
psi g. The individual catalyst conponents are manually batch diluted to
speC|f|ed conponent concentrations with purified solvent (lsopar E) and

o v s




reaction pressure at 750 psig. Al reaction feed flows are nmeasured with
mass fl ow neters and i ndependently controlled with conputer automated val ve
control syetenmodB486- WO- PCT The continuous sol uti on polP¢marsz@nioasss eact or s
consist of two liquid full, non-adiabatic, isothermal, circulating, and

i ndependently controlled | oops operating in a series configuration. Each
reactor has independent control of all fresh solvent, nononer, conononer,
hydr ogen, and cat al yst conponent feeds. The conbi ned sol vent, nononer,
conononer an : ; Hﬂf‘.el? gpgature
controlled t%e;er@{ ere %%8#] Eﬁlt§%H{&|6r %%%é%rdt Sdtﬂ)‘/apl ca %ﬁ)é I%§ pasf]5| ng the
f eed stream sdidsofeniagheapemtaieanger. The fresh com)norrer feed to the

pol ymeri zati on reactar ned to a r to one of

oL bt ool { poh e Ahnid BRI iR Garl oA BRRAAT Aol 20%, o1,

and then splidtheeirtvaenndoiiarieatd aclkiens ope bt hurauaeksedtégosol vent feed
split. The total fresh feed to each polglmerlzatlon reactor is injected into

the reactdr 4Prefistaie ERSUSRSINPEHINge RESIR!Y r BRRIIEFISH ATHNPERAIFtaP®act or vol unes

bet ween eachchmb@gliblof rRsakd. @nglg%ﬁlérﬁ%fbffsﬁé’ri’ah?fn&ﬂrr‘kru%le'L?Si PfaYeFHt§a| ly
wi th each injector receiving the total fresh mass flow. The

cat al yst con’é@ﬁ%ﬁs 696@395112@@9@%24%9 70&@%|7ﬂﬁ@91%6ﬁ58@ﬁ556ﬁ4ﬁ%’1 2t hr ough
specially de i 0, e r %1 y injected nto
t he sane rel i?l ve | 4§§$‘|%én grrbl%gﬁ M Qgﬂ% 2t“%ShO Cgﬁ@?ﬁ‘@g"%@?é prior to the

reactor. The64xt41rm’r 34 428t 3 1y o SQWWOml@Iﬁdtlmﬁs therguiit tae disoidsued bedll t o
mai ntai n_t he m)nomere%gncentra |on at a specified target. The two

eac
cocatal y§¢ ¢ fr nBIA ﬂﬁ@cai?p@r?ts LB PYJRISEENEI at ed specified nolar ratios to

the primary cat al léhs@ﬂdﬁ’%ﬁﬁﬁsﬂe lapieRel @érﬁbé’dfe@rhﬂﬁ’édfw/ R8T D"?@Qh— b@j ection
| ocation (either feed or catalyst), the feed streans are mxed with the

ci rcul ati ng pEngaEd TQStM@WOﬂééﬁ’tQﬁn&ttMrﬂnérﬁl@Qvﬂot(ﬁraﬂém(B@aHV%lﬂe@Shﬁy)ﬂfng

el enents. Th n %"ﬁ%‘n r | t hrough
heat exchanggr (sé9§§e§ b?ssp?%ﬁ orf@gﬁéﬁsn& n‘?at ML%H&L @%Igtgl on and
with the tenjﬁét’aﬂ'hrokneés MpeQMfﬁ’rxpeslm@arlmwdrmdtﬂ:@nbmedr&uand amd ng

i sot her reac VI ron a,[ t he %pemtfl ed te rat ure. rcul ation
oy ound ebtn' FEEDE 8P TOpe e o ye aingy T S R SREVETS LS {r om ¢ he
first pol ymengahi 916 ANt thieRN 48 BcteFRINGE By, TARPIOTE! 1, aH8 GRS |

hydr ogen, cat al Kst conponents, and nolten polyner) exits the first reactor
| oop and pastes PO NE me eloneiel val ve (responsible for nmintaining the
pressure of the fjr cied into

t he second ponrreAnzt tl?%ﬁﬁér:t{eé;g@l rf)} Sl m%ﬂﬁtél% Qﬁ&hgg&%g%g;f@é%njém ts the
reactor it |er tOnf gured! By arta meosnteoargclepnawhaveeacdtenemy ofakzadiiOtd on,

vari ous itjives such a td- dant s e added this point. The
stream t7bn §olsct RSy ASaflchh el 8 Misfe (g ST e A AR arent s 1o
evenly di spewg@htédedmtgldme fsblymeaafd diddid iiserls . A 8pRcal Yehsilafeoinbawi ng

additive addition, the effluent (containing solvent, npnoner, conpnomner,
hydr ogen, ca?a?cg}lémeﬁﬁ?fi%ﬁéﬁ?@deénc?qm'@%w Blf'P?r@r )17pé’§§8'éretm)oi@ﬁ”% heat

exchanger t opsal §%eh£sey i@éﬁé%éﬁma&yfﬁvaéﬁmeas%wtanannéfha»s@aar ation of
t he pol yner fromthe ot | ower l'1ng reacti on conponen The stream

then enters densiy oftehget 6.8psmattp @orhd IdEmb: depara:tlmg)aomwhahwﬁae t he
Dormort® THERHEE R e RYERL Y BERAEe, S0 R0 Bl mOAET o

conononer. recyc ering € reactor
agai n. The spparat edd amﬁndbauhdéﬂswdilrtg)ﬂhymvembht Figsirp tARdwWsor oagh a di e

speci al | designed for under wat ization uniformsolid
S ers. Y ars T S Ras D0 stere RareIS 302 Shy3Ders Tog SibtatCaBetiHard ot i ni t i al

pol ymer propgiatdriasss,62 Rakhsk m%vmeaaahl Elénﬁry%é”@ﬁb'@dl bitwiliginge i nto a box
for storage. Each box typically hol'ds -12 Eounds of polymer pellets The

non- pol ynmer platansdits 62@’?@\/@@ maite hé caepeped p &Qﬁrﬁdms’ﬂtnéﬁ)qbﬂﬁ%r t hr ough
vapous p%(?cﬁ??r%legql {P‘ute SeRE cﬁﬁ%@ r ucp/rﬁgﬁérvﬂ&? B%"Fre% 8 ich is

renoved he "systém a vent n-uni I'S r ed in
manuf acturing units). Mdst of the solvent is recycled back to the react or
after passing through purification beds.5 This solvent can still have

unreacted co-nononer in it that is fortified wwth fresh co-nmononer prior to
re-entry to the reactor. This fortification of the conpbnoner is an
essential part of the product density control nmethod. This recycle sol vent
can still have sonme hydrogen which is then fortified with fresh hydrogen to
achi eve the pol yner nol ecul ar weight target. A very small anount of sol vent
| eaves the system as a co-product due to solvent earner in the catalyst
streans and a small anount of solvent that is part of conmercial grade

co- nononer s68486- V[>PCT68486 WO-PCT Time Ex. 3 Ex. 1 Ex. 2 Run # 08Cl6R04
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DOC-6114 1 96 34 96 90 86 1 42 MVAO 1. 19 1094 6 97 RIBS-2 0 72 199 DCC-61
14 1 54 76 1 08121 MVAO 1 68 1094 6.96 RIBS-2 1 22 199 CAS nane for

RI BS- 2: AwoDnreesl/o0kd73( hydr ogenat ed tal | ow al kyl ) met hyl , t @CTAlIS2010/040588

i s(pent af | uorophenyl )borate(1-) CAS nane for DOC-61 14 Zirconium [2,2""-[1
, 3-propaned iylb is(oxy- kO]b is[3",5,5"-t ps(1, 1- dinbthyl

gthyt)-5 -nmethyl[1 ,1'" 3,1 "-te f henyl]-2'-olato- kO]d inethyl-,
(OC-6-33)- MMAO = nodi fied nethyl alum poxane68486- WO PCT TEST METHODS

Density Sanplegi thérn%tféeﬁ%glégaeﬁ ThelRAtE 4 CEF' %Ipﬁgrﬁ‘é%%%upﬁ%ﬂfh%&g to

ASTM D 1928. Measurenents are wi thin one essi ng using
ASTM D792, Mewhezht&ctieessurafroxn tel platend@s heat is, appliedwathe mdttes, faccor dance

WL ASTM D 4l R AC o T8 R p el LR S BT, o ut el

190 0C¢/ 10 kgwarfy&ha@ermmré@dedmggh@esft@mug @np@@tu’k@ oftHep&gmeRSC
Crystallinity Differential Scanning Cal opnetry (DSC) can be used to neasure

the neltny ahi@ues yBtllistraes 3 m@ttﬁéhﬁf\ﬁ%‘rb%f)bté"ﬂ?@l 35be 1BVPeraHURE de range of
tenperature E%ee%é%%@fteﬁﬁ&té?ﬁpérﬁﬂré B HsSthEéitatidRCr bRaHs RB8 G th an RCS

(refrigerated cooling system) and an autosanpler is used to performthis
anal ysi s. Dufapgonalt weignghthei fitesywithipuheg daygad 71 INswad theoriginalnealyrsetused.

Each sanple |s.nelt press j ! 17 t |t ed
campl o e ¢ nRSiERseBHER RS bRal Il R YRR eSS B! L

di ?ms}] er ispea;bpsfmd tbsplfem ggmmdusm@éhbae@mbemﬁmb&iw ?ecw_eagdaed hpI aced in
a light alum num pan, (ca . and crijnped shu al ysi s t hen

per f or medd + ol GUPBAM SRV O ELAT ST Ll £ DSt i RGHR CHBRES o of the
sanple is deé@éd@&ﬁ@e‘%tﬁ%H&htt*e%r%ﬁiéﬂ'tﬁrdn@ﬁ@@f ﬁ@fe%b&?at@?é’uﬁi@d%l&o
create a heat flow versus tenperature profile. First, the sanple is rap| dly

heat ed to 18bigber Hhaa th@palmﬁﬁéﬁmg tepemtyieriaie a ﬁOW@@ﬁtqddﬂﬁﬁ‘ﬁ‘Dve its

thermal “hi Sty 1Blue LORLSHIRNSS IrPa FOAEH ifeq %@ra%%daétat%%q’htge%% S

cooling rate an [ so er nma nut es e Sa
t hen heated bbthéfpﬂ)at@ﬁs,(lteh,na tmeswt-;bianéﬂeeotrtdmsh&wréfor@ﬂm)ﬂtmrs gaalBeC/ m nut e

heat i t | d d t . ded. Th |

curve U Bnalpyet Ha Bn G PRGEER RARaHEsROny raMnenes BEGRI ng of

crystallizat ’3@9”%0 édme@lnére Jérpedi@amarawme He%] rarireyE@totme 9edttd 19 basel i ne
e

endpoi nts from OC to the end of nelt val ues determ ned are peak
mel ti ng t enpeeighidieectivmpeingylagie dirgesiea) @”Q&ﬂr%ﬁafaé'ﬁb@rtaﬁlm‘%e’QT

), 68486- WOPCJ agat, of fusion (Hf) (in Joules per gram, and the calcul ated
%crystallinity tor polyethylene sanples using Equation 2: % Crystallinity
= ((H t)/(292 J/ gdince tne)polym@rﬁper Mirecarebe uotornsisiinad inHfaneaddringhanypeak

rreltlng r at. dfromthe .second_ heat
cryst a1 at von tiangly el B8ed B cpapineiidF aPrn BSBefithlT 1o P
axis, and buckllng need not occur. The consolidated matte can optionally be
cooled under pressure, particularly to below the softening temperature. This
same sequence of events can be achieved on a continuous basis using a
heated belt press or similarly a heating zone and nip rolls. The process can
25 include the polymer being heated above the softening temperature at some
point; this can occur before or after the application of pressure that produces
significant densification. The composite can be cooled under pressure.
Belt press pre-consolidation matte or (debulked plies) result in a very

flat product versus the incumbent platen press pre-consolidated/debulking ply



Dynam ¢ Mechani cal Spectroscopy (DVS) Frequency Sweep Melt rheol ogy,
constant tenperature frequency sweeps, were perforned using a TA

| nst r unerwe 20REB287Tneonet er equi pped with 25 mm par al | el ppiratSesiommiies a
nitrogen purge. Frequency sweeps were perforned at 190 OC for all sanples
at a gap of 2.0 mmand at a constant strain of 10% The frequency i nterval
was from0O 1 to 100 radi ans/second. The stress response was anal yzed in
terns of arrplitude and phase, from which the storage nodulus (G ), |oss

dul G' I
ggr lrtha:ttsl E)n ! dhromat og&grfﬁ?pr%?é?é@?ﬁgggg@lsysté?n\&%gﬁlgggtpg fbtrz]q?/l\gﬁgrs

(MIford, MA;te;DSOC hi gh terrperature chronat ograph (other suitable hi gh

tenperatures GPC instrunents.include Pl Labor.at or. i (Shr ire,
Vodel 210 and NoaRB gt Sitple’ i mrent Bilesh A8t hEMTodRag Ay

refract onet elesé Bhan orfelflid toaalesided Géh@tysarﬁﬂylatldwbm@eor&ﬁoﬂeﬁhah nbra- r ed
detector from Pol ynmer ChAR (Val encia, Spain), Precision Detectors (Anherst,

M) 2-angl e 928" th?@ﬂt‘“%é’&f‘%‘é‘r |Fﬁ@ed%ffﬂ€ giniglfansiy 2ba mate ig Aot ot ek
(Houston, X shBQnft-dRRhb!cRSYod BEMIAT J/EciHiBERHcRAici6 it bl Ligid ast t wo
|ndependent detectors and at |east one of the first detectors 1S Sonetines
referred to @attsora@ratack efhsuch makes isrdl 9EPIC thah 508 demsificdtion ferediers to
conventi onal ' egr angl e or
the. 50- degr eBaT By nate oA eCalrPR) Sag ILols 2% 8IS 75

cal cul ati on gmlposes. Data collection is perfor rred usi ng Vi scotek TnSEC

software, Version 3, d a scot Manage The
system i ¥ al so eqﬁlcﬁB%‘g %?Etdnméﬂ 3%@ %\/U'?OA!('%EW?% rf%”d%la\gg%gﬁ

Pol ymer Laboggéw tod8rrh %hh@ll%scﬂ\érfs‘ﬁledulﬁbtte §H bbagbat@admé PN Rfulré & DGPC
colums can be used such as four cm | ong Shodex 13 mcron col ums

or four 30 cﬁh@@ppﬁ@ﬁuia?&ﬁ f@bfuﬂ’ﬂ% cgnscmah%my ba &'@(ﬁ%@@@@f diffeeenpacki ng
(MXxA LS, Po t"l?st% sel conpartnent is operated at 140
0C and the cht%ﬁqrrﬁaco %)m{ mgqpﬁ'?g@%’%éf?‘%f“gﬁesmsampd at 150 OC. The
sanpl es are pr epalﬁgdrea? showsetmmtmratnews coffarﬂorﬂergazcanmttefaqddw;orrer i n 50
mlliliters of sol.ven The chronatogor C, SO the sam

f

T epar at | on SOMOSHE MY RSO IR BT BekES ol BaA SFoRsaR  Brm) . Both

sol vent s ar epséraed ethtid 2(301n|fc§rrcﬂ>élﬂ9r fibERE aRPE RIS ABe SR NeSoordifatent | y
stirred at 160 OC for four hours The injection volune is 200 mcroliters.

The flow rat 8Xis §ebxnyrz 202 iemtefingd sethatithe hgightphiheamnatipis egentedl um set i s
calibrated bgf ! e B4R 0 ow

nol ecul ar vve? &Tlad?gﬁﬁ%%{soh%pol yst%/rgg%ée)gg{%ll!yHa gh‘é@ﬁ?a&e ? gﬁlrlé wei ght
(MY of the siresiidamgsperahigdar ortbenz56¢s, me&meﬁs@ﬂﬂhgtamtlpeﬁo mol e, and the
standard§ are_ cont alq in_6. E,o rpxturdes Each standard m xt ure has
at | east (é%ra%F‘é)o&d ggb%ﬁgﬂso eﬁoeet'@écé'll'?r R&iANduareHiI Q%Mlaa "wei ghts. The
standard m Xt ur esTiag enateriniasest fnrretgmrlao,tA(ﬁas bbah@uatr@ﬁlaelarge‘ahﬁat@hore UK) .

The pol ystyrene standards ar ryga red at in mL of sol vent for
nol ecul ar weMgke dwegyhfaces ( %QO%? ?‘é‘?ﬂtn?éﬁ"eit@tt@ @G@Sg?marﬁ‘ﬂ‘? Rdh@ and

0.05 g in 50 %hd‘%faé‘?,'ré%lictlf@lﬁ/ Bylsaewhaﬁ.ng%rgebaerbsﬁéaﬁ A& thatGfHerd00 grans
per nol e. The ol ystyrene standards were di ssol ved 80 OC wth gentle

agi tation foP0Bbcan herceswitlTielatiealy cifcWareraas gectiindyineszdaee 20A6.fandst and

i n order,of imze

degr adat |2§dn ﬁl’%ﬁ'é@@ tyregér}g%\étth%(? 'ggl&aé]laﬂ(%b%}é%% M%ﬁe(%%gqag%l converted
to pol yet hyl Bewlywpamlle@gtdtm Wthek:bfmerﬁoOK and a (sonetines referred to as

a) val ues nention r for pol ene and pol yet hyl ene. See the
Bxanpl o5 sect | on TEHTELBEHBNS AR G b Pridsprs P aris (2% eeepe
absol ute wei glaldedyasta@endhi a@t@d'c@ﬁe&\&érﬂm% AiduréR Thardnigdisite Bfticte Vi scosi ty
are al so obtained’i nde&%ndent I ng rom suitable narrow pol yet hyl ene standards

usi ng the satesteaagimatesdeterd r@%rc@mt@umdtﬁermwe@eent@twwqmr

(St opsti o, 2R eRay e yiFeetf S SbaERe! CRDRGESR SR AR GRS oo

approach for the determ nation of nulti-detector offsets is performed ma
manner consistent with that published by Bal ke, Murey, et al. (Murey and
Bal ke, Chromat ography Polym , Chapter 12, (1992)) (Bal ke, Thitiratsakul,
Lew, Cheung, Mourey, Chromatography Polym, Chapter 13, (1992)), optim zing
triple detector log (Mv and intrinsic viscosity) results from Dow
168368486- WO- PCT broad pol ystyrene (American Pol yner Standards Corp

Mentor, OH) or its equivalent to the narrow standard columm cali bration
results fromthe narrow pol ystyrene standards calibration curve The

nol ecul ar wei ght data, accounting for detector volume off-set

deternlnatlon are obtalned in a manner con5|stent W th that publlshed by

L s ~ a1 A o~ A PN L A PN AN Y MY ~~



cal cul at ed nol ecul ar wei ghts are obtained using a |light scattering constant
denved fromone or nore of the polyethylene standards nentioned and a
refracti weoizndex287encentrati on coefficient, dn/dc, of OPLOASSenMu@EBEy, the
mass detector response and the |ight scattering constant should be
determned froma linear standard with a nol ecul ar weight in excess of
about 50,000 daltons The visconeter calibration can be acconplished using

t he net hods descpbed by the nmanufacturer or alternatively by using the
publ i shed valu rence
Materials (S 19@52%51%@@“ édl'%%@{a(gééél}ﬂ?ﬁ]g%?ﬁe ?ﬁ%ﬁ%@%%%} (Eﬁs}f]te

concent r at i oasgles.df assatteeid made ey oangolideting twrj thén maatadrvteﬂnsf'heg 2nd viral

oL hent, AR, SCPREPRLATUEIS) L6 P kgt R0 by

calibrating staekéd ghh eachiztaid p@'alle'll(ﬁé@ﬁtmye smde@pmeuatarraé lcompdetect ors
descpbed in the Gel Perneation Chromatography nethod supra with SRM 1475a

honopol yrer PoCleeRiyowre- d¥otathatdia Maters madedherrnsplidaing twgnnatiesit t epng
and vi scomet giin 8L Hiaf S8bReREELASIATTYNRM IRl hifid Sulhs
concentration detector as describ in the calibration Baselines are
subtracted feermolidatedirghite scanalegeus maites carnel apaatndpneestecked vith
chromat ogr a t 0, t nto

it egrate al A AeRIan R Ty RaR et oo FEREI ' e

l'i ght scattes@graﬁﬂ VI scomet er chromat ograns that indi cate the presence of
det ect abl e pol yne ge refractive index chromato Ab

oropor yHor  pol y ek YA oS SeReTTn BEARB EaIR PoRmRaS BOURHROBRATEL | near

reference |ipggn By matesy ét@@klﬁ? rsed d&teeﬁyhéth?\t@ngme oly/§t bybenadr ef erence
such as SRML475a standard cul ati , and recording the

intrinsic vi2e¥di Netg the)araweinesf ébmletuesmmﬁtesomgroem@%n%&%mse WO PCT
fromthe lig I i t t nd t he
concent rat i oo 3E A EME BUEARY K £ PR milleS Sirie PRIREEIL KALHACT 20

chr omat ogr apparallsl, sormefeoe oribptedredIright anglés sﬁn@bempbele prrtmteedwws dor each
chromat ogr aphi¢c sli.c ted to tain.a.sa r i ne.

ot et hat { opadesive’ ShrsedRRHEA Brulsimid it e SGET Bt of Re; Y b1 ¢

Vi scosity angouagrdml ecul ar wei ght data may need to be extrapol ated such

t hat the measured nol ecul ar weight and intrinsic viscosity asynptotically
approach a |i nearARFHsHEATY AR Pregared By BBy ¥0PWA teelnjduesthof istansgd, many

hi ghl y- branc IJi)r?qs SHB ighear
reference I|i gﬁﬁ 6%6 te S '?g)ht %’mtggr:saccou‘%lt?rﬁ)f(%orew#heepc&loﬂﬁér%ﬁ?f’hn of short
chain br anchmngurteeforcatle"rspr%eeeding;rrwanamaydoa oseyl, bobprefénablychefigrausdex (g')

chr ot off apfiEPRRRU a(Pmited & UK O Bor BN AR O AR ZB0B i ng <o
Equation 5: @.§. confpriéasgioa 3 pad Bdﬂtﬂsﬁo%@’%%@aﬂé agbgousdgolutidrese t he

calculation utiljzes the | Vhnear reference ui val ent nol ecul ar wei g

M
in the |ineaWalesk dherdemsaiRyItaen Pa dipigd wi wa T 1@ gBhaRGRcEMANPTY |3nddt (| ) and
ref erence | Vil i@ bi 88 RaiddSyif PR IR HoBht 4%d BhindddlreMnibn-aidor
sinplicity, thée I'Viinear referencej sliceS are calculated froma
fifth-order ptaﬂrylnam dhetj the dipcetatedaniiuse o sMEKN #ip baiptacerR] ato aTaper vV
rati o, o%.g, j t j e 3,500
because% sfngrit!';rﬂ% rﬁ%ﬁ%‘?g&e%? %e@tlp@%%ﬁhﬁtg\fﬂ)gﬁl{ﬁg\g@t eeﬁliart[é)t}' ata. The
nunber of brﬁakﬁmfbeﬁV\Hﬂhougortélﬁaixarr@ﬂtEembese‘rpbsilﬂly)or@hte&iamhhela!trectﬁdrl@fe (i) can
be determned b assum ng a viscosity shielding epsilon
Pactor of 0 mevEmaal pnGHaNe, daint e ase: fipig PeRst of GRPCHBIAILS, 1 t he
pol ymer acr ogt alréctm‘n txherrﬂtwe@sm(elmaﬁemag%@et@émbg%cuem%s kayaid on
7:68486- WO PCT gpcBR Branchi ng” | ndex Pa/e C In the 3D-GPC configuration
the pol yet hyslary osethgsdnsteegs.vattes eanibe tRymedndewariedng 8 sias fiere t he
Mar k- Hou é?td@ﬁ pol ymer
types, po ys?)gér}ﬂ?ttee%%n F@@?%s%l ene ggg{%@g?[ %r%hlssgﬁﬁgﬁhgqq;eebﬁﬁlgb‘{@%é
WIllianms and Ward pol yet hyl ene equi val ent nol ecul ar weights in application
of the follow ng nethods. The gpcBR brarkching i ndex is determ ned by first
calibrating the Iight scattering, viscosity, and concentration detectors as
descri bed previously. Baselines are then subtracted fromthe |ight
scattering, visconeter, and concentration chromatograns. |Integration
w ndows are then set to ensure integration of all of the | ow nol ecul ar
wei ght retention volune range in the light scattering and vi sconeter
chromat ograns that indicate the presence of detectable polynmer fromthe
refractive index chromatogram Linear polyethyl ene standards are then used
to establ | sh poI yet hyI ene and poI ystyr ene Mar k- Houw nk constants as.

I T T - a . Y 1



The gpcBR branching index is a robust nethod for the characterization of

| ong chain branching. See Yau, Wallace W, "Exanples of Usng 3D-GPC - TREF
for Pol yovef2zon/@ksrract eri zati on”, Macronol. Synp., 2007 PC28/82018940588 The

i ndex avoi ds68486 WD PCT the slice-by-slice 3D GPC cal cul ati ons
traditionally used in the determ nation of g values and branching frequency
cal culations in favor of whol e pol yner detector areas and area dot
products. From 3D GPC data, one can obtain the sanple bulk Mv by the |ight
scattering ( det U4 voi ds the
sli ce- by- s | HBbIGHE; AchRan g dt?ﬁgtggﬁtb%ﬁrnl%ﬁ oo %%ﬁ%’ BF 913fing

concent r at i odrutes, ©c bymayiggair. Ber a egue dethiled deberipgionddisems standard. M ( Eq.

10). The area_calcul.ation in Equation 10 offers_ no cl,si use as
an oversl 1 oBntaranah ¢ e A dahd SRl B aSR U BB LR el by
det ect or noi g@ dsclosdre of Ahidhig Sncvtpbasel hereirabhdrdfetepgeation limts. Mre
inportantly, the peak area calculation is not affected bK t he detector

vol une of ¥ sets. BR$itying,can %Cﬂﬁrﬁﬁﬁt’é@yﬁomﬁ"’%%?ﬁﬂ gr PiREF KRRWR vi scosity
(1V) i's 0Bt arRatbday whith e Be MRLACH MBI SkeSOufIBReddsly bY =[N (Ea. 1 t
) where DPlstands for the differential pressure signal nonitored directly
from t he onl ¢enseghtivaiyrether axepondgbemtitnally bdhegarBR stich@si, Nganthdex, t he

| i ght scatteé)i(&g elution area for the sanple polyner is used to determ ne

t he nol ecul ar”Wei ght of the sanple. The viscosity detector elution area for
t he sanpl e pol yneMattss usgchdve algtamvenient dienensiansrnsfilength,seidghi,toy (IV or [h])
of the sanmple.. itially, the nolecu]ar weight and intrinsic vjscosity for
a |inear ol Q%Iighgl'\iﬁ@s RS IL?m§%ﬁ%€5é’ %%ﬁﬁ%?@a@-%ro-g’ 6-§q@-§val ent,
are determ ngd B95)8r blRACEAGPhMERPCT conventional calibrations for both

nol ecul ar weight and intrinsic viscosity as a function of elution vol une,
per Equations 12 andnitBe neethad\pfihemesant)invemign1ie firstmatte vaY P2 a s used to
determne th j i : B3RS : : : cc
where [h] i ssltUI E%%a@L@@%RF%’?W'QQ%G\%co& tt\'\%t%ilac@e?gg (\tﬁﬁee) Slﬂa;k%(rolfnlg‘s/,vi C

vi scosi ty frphrdlineotCthinveattesnal calibration, Mis the neasured wei ght

aver age | ecul arwei.ght., and MN CC iis the wei ght average | ecul ar wei ght
of “the cbhvent | orRFBTTISPAENIE RS P BYPTERTHES SEdot ar 1o FIESPNdsi ng
Equati on (103s hRhcMIMPd, ahe'at fleri/al Greséiires despbsr gbddw100kPA@nbdhe My, cc
from Equation (12) using the conventional GPC nol ecul ar weight calibration
curve is of t apPytei0OMRay Pengificaionyndhe eeihad ithe Rresest Hivestior 8AN P8I ues with
the "cc" subggri ! j Iy jxe el ution vol unes,
the corr espoﬁﬂflﬁgédc\gﬁﬁgﬂﬁﬁgr{g%g’g?'??rnyfgﬂ%éscagﬁefgtéss?éy descri bed, and the
concentrati on (ClDengfi¢atiod, heatmg, keolings or dembiations ebpunisean Odearried

LALLs: ot B AtBR T e E o g R D TR BE Bl Pt e bRy unt 1

the linear reé¢g®heneeosmop.e has a gpcBR neasured val ue of zero. For
exanple, the final values for a and Log K for the determ natiaon of gpcBR in

this particular c%%%t@cbofwsgwagﬁ@ng%q Mays Besakiaj 6335t spaye PYdhget hyl ene,
and 0.722 anf#oér§-d%%ﬁgfp%cd%@inﬁé.sﬁ\}céié&ﬂﬁyglft‘ﬁ%ﬂ@@%th‘&ﬂh’e fil&rs @ah bR aaesh.a val ues

have been determ ned, the procedure i's repeated using the branched sanpl es.
The branchedltsawpiadly agivantagabys tdmaisitaig a high fibealeagihg bulADIsPEIal BakbeHouwi nk

The i nt efbr P ST ARl ERF P R Al BT R AL BbrERI AT (oo

cal cul ated fconpésjteadrtiole akd imptdvede cl ose to zero since the val ues neasured
by LS and vi sconejr ¥vi|| %g cl s% tg the conventional calibration standard
For branched pol M@t,e TE¥ BR AT PROMET gheans, RUrn 28Ap/ i qyid aptiopally ¢ h hi gh
level s of LGCRith besausdritae hed Matt hdifi ' lihgan the

cal cul at ed M/vecf9 and fbhe caglrgﬁ%gt ed I\%C%‘:rﬁﬁyl tlwvgghiiedﬁg}r/ chﬁglﬁédt hg measur ed
pol yner |V | nomgaaspectseofgpaiBRioghnolegy aps prsentediind)$ Patant 68ap298/ thidange due
t he nol egul ag:.s C : j : of pol ynmer branching A
gpcBR val ue %‘Pé%ggreo@%@?&%ﬁ{%ﬁ%ag‘%& Q@ﬁell)r:i ggﬂ‘lgfgféHsc%'ze contraction effect of
IV at the level of 50% and 200% respectively, versus a |linear polyner

nol ecul e of equival ent weight For these9particul ar Exanpl es, the advantage
of using gpcBR in conparison to the g index and branching frequency
calculations is due to the higher precision of gpcBR Al of the paraneters
used in the gpcBR i ndex determ nation are obtained with good precision and
are not detrinentally affected by the | ow 3D GPC detector response at high
nol ecul ar wei ght fromthe concentration detector Errors in detector



vol ume alignnment also do not affect the precision of the gpcBR index
determ nation In other particular cases, other nethods for determ ning M
nonent s e 2be/qesser abl e to the af orenenti oned t echni qeeTUISk@OH4@BBher Wi se
stated, inplicit fromthe context or conventional mthe art, all parts and
per cent ages are based on wei ght AU applications, publications, patents,

test procedures, and other docunents cited, including ppopty docunents, are
fully incorporated by reference to the extent such disclosure is not

i nconsi stent wt | falytoTolS p%ﬁﬂﬁ@@ I
jurisdictions m mé;ﬁo'gﬁ%ﬁ O?ﬁ%gpgor at |éoa{:rr11| ?‘255@?% tt'ed té@)gm%trmnorrer
distributi onofaihalim%ion@ap@oﬁmrmdematmrﬂsmmnqnz@rs|otbn El ution
Fractionatio al et al gonol
Symp6a86. WosERIoRe e Bt (i hBRRpe ity I 5 Barh Ao mesaeh 4t
600ppm ant i opérdadio(Wnyydrapw bt rimxetieoreprey(eid] thiokottistosthyrakeyent .

Sanmpl e preparatl on i s done with autgsanpler at 1600C for 2 hours under

shaking at 4ethyleRe. piaRyiess. ot ?@T‘W%O’lﬁ)@@qufé%pdyrﬁ%rsl) nj ection volune is
300 m . The terrp&ﬁyabywewo@mé |ﬁvé’r§tlo¢|'-:é%n‘ éptlowé)fﬁlé\}v'dpéﬁtHe%ﬂn t 30Cmn from
110 oC to 30 oC, the thermal equilibrium at m nutes, elution at

30C/ mi n fronp3todatiy abave e pqi?mef mlrvngancentonnglaﬁ} ttargesttcm temperatore i s at
0.052 mM/mn j ' data is
col | ected at -I-o(;;wﬁc'ig t) 8%{51?% S coﬁ%ly%ﬁhg%Ph%ﬁg%ggld%%e@é{eg%gq%ﬁn w

Chehm' c?l Connaanh yoml%/rinegb’aargy d‘xﬂ@dﬁg)mbf mgﬁogmsﬁ%é b@atﬁﬁi o&ﬂccth o cghcbr}brﬁ’eroduct S)
with 1/8 inch stainless tu as eads, a aci d washe y MO SCl
Speci al t {0 wi £3 VA F%E]@QQW M]g)n?gf W@'%&RP@?QHPE@P REMBENy. Col urm vol ume is

2 06 m. Colum tﬁﬁpsbl%wr@fﬂr@.hbérmdn%hri@eﬁ@ﬁérﬂfd%u@yaw@rﬁ@sat B xture of
NI ST Standard Referencé Material Linear polyethylene 1475a (I O’rg/rnl) and

Ei cosane (2n@tnesiar bends. thaweehemt pelumes ottheiinyentien oayp kedsrass-inkakie ut i on
heating rat eorS%oEQ?erNﬂ Ebﬂg@%gg@Bf@tﬁgé{/&ﬂ%n%&w@o%e% B&%E hggper ature

at 101. GoC, an | cosane ure of col um
resol ution is cal Aoy edpect whit br maanamoétrm‘pcbWrﬁﬁr tameamppsé Q€lHytbene 1475a

(1. Ony/ a xacgnt ane urum >97.0% Inmg/nl ). A baseline
separat i Q“gﬁgg apr?éc%{ﬁ g@le{/et hyl ene 1475a is achi eved. The area

of hexacont ane (fTIﬁEns&’ﬁerQn fén@ﬁerﬁﬁ@ ofmetgb”tﬂ¥raé9% @fenhﬂe‘ié\’tuléﬁﬁ@hfchom 67.0 to
110.00C is 50 to 50, the armunt of soluble fraction below 35.C is <1.8

W% The CEFthedralymer earbbesiowdy byt Q%fﬂ%ﬂﬂhgeformedlbéﬁﬁa'kyéwm%ture of NI ST

1475a - Peak a f Gleght W dt h
of NST 14750 R %Mbs'ﬁ@ of SeiGaM S Baia, of 8 3ofenintAeiperdifiedt] WY OLN.
6.0 CDC Met hmdllﬁertbammngjp@nt ithitowest teonsrature CCBO@)elting rmiwutmt ed from

com)norre d| t tion I’Ofl b efi,ned..as Com)n

B oty hot onfoheeehPeraLg & mlinasaneS b olfe B RR e PR

mul tiplyi ng by 10@a&tuE@s@tre@man);ﬁ&b&6or\ﬁ@nBC6r tiny pértions onfsckst Partichsst i on
| ndex Comononer Distrjbution In = *100 Equation | Conpnoner

Di st ri but i onC&hap&egftavipg %?WCW%FW"& Eﬁé‘?ﬁs@frﬁﬂm |uderflakgsi FANSndex

stands for tE'i‘?reHQtf%ng‘@r‘ntghérqu%C&hBQ SdleRO a8, %h@m?s With the cononomer
content ranging fromoO medi an conmononer cont ent dian ) and 1.5 of

Crredi an from 35 oFlb@r81|mgludb(but@asmnbh‘ertecbtcstth¢mqromp$ﬁiacpfeglaa@t or is

defi ned i bution profile

di vi ded gf/ t%’l’a%h t %rb@t‘ﬁlg@ﬁh%te‘é‘rg%;?hlgeoﬁ%%ﬁ%%l % Y){I? tion profile from

t he pea(lgbt enpleemﬂene&e?eﬁhbhtal%e ;Sb@l@h@iﬂﬂrldbﬁﬂ|I@IB(CHTHIng[()¢)|§Ie$th a‘fnfdl | owi ng

st eps tain weight fraction at e WL rom 35. Q0C
Lo 130, 00C wPeSES FAEsai e Bl o s TG Gebhie APLEISTa SLHPHERG Equati on
2. 119 0 n (flp&ks, F.Bergaﬂmel &esant%ﬁsér@élﬁélcah%@&@e dgenper ature (Trean)

at cumul ative WEI_? fraction of 0.500 (Equation mean (J)dT~0 5

-Equation 3 35 Ca %W@ﬂ'ﬁég%‘cﬁfr’fh@ﬁbﬁ@%@ bﬁa'@ﬁﬁﬁr @ro‘ihﬂﬁ@'?@f theosamat in nol e
% (Cre iyn) 2t tﬁ&ﬁg%ﬁ;ﬁ‘%@?ﬁw AlaHE S oR¥aitly Bk fiOLRNomMer  cont ent

calibration curve
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207 26 In(l - conononercontent) = i-0 5533 -Equation 4 273 12+ 7 J? 2 =0
997 (3i). Conmpbnoner content calibration curve is constructed by using a
series ofwpebarmesre mate pals with known anmount of conoROFAIS2€IONIERS .

El even reference materials with narrow conononer distribution (nono nodal
conmononer di st pbuti on68486-WO-PCT in CEF from35.0 to 119.00C) w th wei ght
average Mwv of 35.000 to 115.000 (by conventional GPC) at a conononer
content ranging fromO0,0 nole%to 7.0nole% are anal yzed with CEF at the
same experimental g ARESd Ctdeons. (3ii).
Conononer cont ent cafgqllr)]%g??zsrll 'S CE{? cu L”?té‘ rb@ﬁﬁ%g@he ppr§% ferrperature
(Tp) of eachexaiﬁpleeap@(wmsmslcailpoaﬂmbrst Breﬁmmamnérﬁed@rwowresﬂ'mer cali br atl on
is: R2|sthe|correa F | oq(i} r|bU|on ndlex'&irs%9

total wei ght PPYASLT &HX}&S‘%U%S'B%%RS%BF’F% <ot rerséfﬁg‘frrPgOW%rﬁr B8N twn to
1.5% Cm . t!iAgingd ér Mmewswpblsumtmrdsh@rbaﬁ)mn@r@ pSlgo@anonate Bsidsdrbut i on
Index is defined as 0.95. Maxi num peak hei ght is obtained from CEF

comonomer? di BRYMSEY: |R9}VGHPQ§W' 8 rgsing PN MEES LORUILEMIHST#RINS BF t he hi ghest
peak from 355Q0Geto pBily%t@&/r(dlﬁe Fdwnd W)pdﬂ%léﬁs ?b?g‘/%@%%slﬁablsﬁﬂ?&mﬁ&@ | ower
tenperature peak s sel Halt wdth is ined as the tenperature

di fference bessisesr pciymersope yselfmerr@smse)rmwnwe, pelgetheeuifenaresins at t he

hal f of the f u it | f of the
maxi mum peakPpLELe BRal IR et s BRI A by SR er ot ur o
the half of tdWW@ohymemeeklyvmys@arcmhedeb@ectrks/\arrpbltfmere 189n®0EL. hi the case

of a wel| defined binpdal on where the dlffere in the peak
Cemper at Ut esPHUEE BRI Sheial (UengR diyios SO RRCTIPARE QUNBE hal

wi dth of eaCBorHBét'i%letéﬂﬂj ﬂ%kfbe éw\ﬂatnfﬂseﬁubteh@mpﬁlo,vg&tJbFeSPerw Rfid&se t he
arithmetic average of each peak. The standard devi ation

of tenperat UGFBJR)Sﬁd@@)’an %Zlﬁglagantalse@“@é@’cﬁ%lb{g th’mﬁrlf’@@dQ')f"OmEbaatl on

s shown 1 n BeoarE! MoBRAphidbril QR iRl SRAR Ao el 0 ¢
Schemat i c dr20080299862; OI3. &lati Mos. [50393,822rped &t 185516al f WI dt h and nedi an

t ture from CEF. 68486- WO PCT Ot h it t
method: Por o- shear POBBSTRIEE OLNE WA et VRd TP akger B0 e RE wer o

conduct ed onc@npdEReErtislelRPtaitoat6al bEEss HRANEIOE ndnbMdles betgri 6f New
Castle, Del) us| ng 25-mmdi aneter parallel plates at 1900C. The rheoneter

oven is set $Qfliu@sPOBERPET £AIFH N HId AWMIRYB: eIBTEr RdiideallyRriless hanzer oi ng
fixtures. At UG &S dijgsk is

i nserted bet %%détﬁn%ﬁ%ﬁbl@gtozggg%ﬁ?B a%'\%@éﬁto é@ﬁmbﬁga%ﬁﬁﬂb“ um ‘?dor ”ESS

m nut es. Thelsuppsirprpﬂeartee that thb @onmpostde adiaikbopntains 3essnimaddveanonwleesi r ed
testing p perfluous material is trinmred off and the upper
pl at e is%i V\é‘?'e%ramftﬂ ﬁwred gap. Measurenents are done under nitrogen
purging at a fl owOnatprossJoltheiprodddibaldfta golgrer-fibereconspasete for 2 hours. A
constant | ow shear stress of 20 Pa is applied for all of the sanples to
ensure that CPEPESERSAERy epsrtsmi#@apolwateéﬂﬁ%eq baviensoys iTsayar fikviahe

Newt oni an rth'r&riureTéS&erﬁcﬁﬁ%H’rbhﬂﬁn FRRMN pﬁr@h@ryshﬁéﬁflaké‘éeo‘%tﬁé 8ol N the range
of 10-3 to 10-4 s-1 e sanples in this study. Steady state is

det er mi ned b¢ispaiseddlakes an@éberrleg/v@tssmﬁdft@madslela madedwtraperrmaiéngd ast 10%
time w n%)w %f h{wﬂﬁeg I8’:\tn P?Jv é)&a{‘léélta%])stgﬁ arhcﬂee%es}s"&e@{r(@at& P?anI 2?)0Cu ep
corrpllance an 'S creeptlme hes ope O near regression is
great er thantoOth@FreerhwdestSrhakumunsof:ﬁmo deTrkmijatl«esber theawohdigpersbeén t he creep

test is sto d. In cases in is stud he sl ope ets the criterion
w thin 2 hourakesd St apipd ituiioks Gitede buBeerTREROTPGRIHRS s  ope of

the l'inear rggiRavd S6HIPY tithds @fffrcsrhel tdafPORPESonds brinigte! 8&#IinkOiné igre Wi ndow
of the plot of Uvs. t, where Gs strain. The zero-shear viscosity is

det er ni ned fMeasYIed, pationallywithibe fippr centert nadig Hytveighidohedindyd i8@at e shear
rate. Inyord o; annl e eep
tost, a el | ool T LA GSEE, seluleh 2SR e L1 A Ak S g EF 20
after the creep test on the sane specinmen from0.1 to 100 rad/s. The
conpl ex viscosity values of the two tests are conpared. If the difference
of the viscosity values at 0.1 rad/s is greater than 5% the sanple is
considered to have degraded during the creep test, and the result is

di scar ded. 68486- WO- PCT ZSVR definition.




Zero-shear viscosity ratio (ZSVR) is defined as the ratio of the zero-shear
viscosity (ZSV) of the branched pol yethyl ene matenal to the ZSV of the

| i near powvgebhiydoeste naterial at the equival ent wei ght averageomwphesssl ar

wei ght (Mwgpc) as shown in the equation below ZSVR - B, The ZSV value is
obtained fromcreep test at 1900C via the nmethod descri bed above. The

Mr- gpc val ue is determ ned by the conventional GPC nethod as descri bed
above. The correlation between ZSV of |inear polyethylene and its Mwgpc
was establis e materials
A descr pti ofFr o JR A n e aP R o e RogRpE: Al ok RS R e
proceedi ng Kme]dHJgetp aregresm tdrultim@dehyifarm am&i@r pbgervejant heish tvbe a naw

| k S, | ,
7 Rt chok RER PRI ORaf RO o5ie KT St 18 Ths bkat ¥ )br anchi g i n
pol yol ef ns. Séulingpdimdeah Me@bat@@ﬂmrma@bouﬁmﬂi & sbait 12 GO0 seronlEBgi neer s

(2008), 66th 887-891. IH NVR net hod % of stock solution is added to O
133 g of Dol yol ef |nraryaﬁmb%d'mnmemvmpﬁn9 peaterfemdtaik isOrma Wat i s a

mxture of t@e{faCRinphAe] H%ng&?er(fﬂdﬁﬂh@w}epﬂf%%%f &?trhé{tkee%?ylﬁé@n@ w: W)

with 0.001M Cr3+. The solution mthe tubé is purged'wth m nut es
to reduce th@yarrmfnfm@fs@&wﬂlﬁm@aeameﬂes@pmnelly m@emrakty ta@kmgatheroom

e QU A B g BB g o R Rl 0 v

contri bute teatirgpdaid atatt@rabo@eghe @blymagjﬁeﬂt ’&nmmhtua@tcefmmﬁereﬂhe | H NVR
are run with a 10 nmm cr ro at . 1200C on Bruker AAN

spect r ot er MeiGotNERADF sy ?'8”?@@%‘6’%@(”’@?@ t@ﬁspsz %tsf rnIVl_%etocontrol
and the dOUbeJd@tﬂéfﬁoWn@ér*t@'?IOW@Q’BH‘E%t&eéﬁﬁ%ﬁdﬂi@dm%@ndtd&)@hﬁ@m&o'
expepnent, the data is processed with E@nentl al w ndow function with LB=I

Hz, basel i nemais- e padeeup slumycanbe supsigptiaihises phather cershtyents.dual | H of
TCE is set to 10 d as the
signal from whol ce)Thé ﬁﬁ%&f‘f‘%ﬁ%@é&&ﬁ}? % &]thg ﬁaste t%lgﬂ%n%gtbﬁﬁf CH2
group, NCH2, abmutt1hte Qﬁ)nght pecentfiarl at ed as foI I OWI ng NCH2= total/2 For

t he doub presatyr. ti 0 X ment data_is w, th exponenti al
il ncdow { b1 on- v uiBBet EBERRE e well Fphfhcior BaBBE RS PRteMe o 8 5 ppm
The signal fgasorsest duals dat; af365U83; 5, ’S@tzasosmﬁs 145165 WBMFBWMVBQ
integrals for unsaturations (ivinylene substituted, Ivi nyl and

| viyhdene) wePd0ia90e§5406 h asd®, 619 t5I592$ |57r59836v§189$v59ﬁ@3f36pf owi ng
F Th

nd vy hdene VR i nBreHy AN B BBy Hiktercalin Hdhe Ry, aRdTaEbELA. VIV
Nvi nyl i dene-swltabnlwhelépm’szeirrmrtimda'dwnsabamdmmle/oe|1 POEBE008 Held bons i s

cal cul at foI I ovm i ayiene/l, 000, 000C = / NCH2) 000, 000
N paubot 1 ut Larasgtt BRueH RS, e RrL RS RCR S pEbSig e usetu

Nvi nyl /1. OOGd@eer reirfdhted)thémididastics i B8 rrdp B&mm@hﬁiﬂﬁ@f Auiff, 000C =

(Nvnyl i dene/ NCHZ)* 1,000, 000 The requirenent for unsaturation NVR analysis
i ncl udes | evel of SHtAe ipkie plalgn presses gre4\7yell snewn.1fonexeee Yarsded for Vd2 with
200 scans UQ??S"ZHQ“S@S'@‘BW @33?2% W&B%@Q%M@Jc‘lﬂ%f%@ﬂ EEndrpy Un the
control expepnent) W 39'wt% of sanp ﬁmor Vd2 structure, see

Macr onol ecul Bsorppsated byae%en@oloawelrgotlrm Phfagnfees af svitabte pEssede The

| evel of a tl t

10. 6848620 @%zll"td% Mgk e’ﬁ?r‘gg%@ﬁﬁgﬁb%ﬁ Z(%ré‘ie’gﬁ 'E%sef”arng’ g‘g’d&r’"p"re oF the I'H
signal from oelandmmlngmre*ssms erqamddels AE’V Foeingdeso AH\EBMyor WHWSZG pul se,
TD 32768, NS SVWH 10, 000 , AQ 1.64s, D s. The doubl e

presat ur ati off! Q%BSP dAPS PEessyre %\W(i_‘ﬁe%\t”}%)%]?tﬁsé’d’ tﬁtﬁ@éé)sequence , OLP 1.354
ppm CeP 0. 960 ppeuiithnfeliis Aebhiify dhemdh3E68s NERBRsSIdR dhd SV

10, 000 Hz, AQ 1.64s, 1l s, 8486 |3 8486- WO PCT ;lclp

f z prosol m@atuweareAstW@efqrr%ampI@Uﬁz&@t@nt6887,-_449 ea z:éwmlcz]oIrS:_hEmtw 2" 30m
30 incorporated by reference in their entirety.
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dl 3 dl2pl9:fl dl cw fl ph29 cw.f2 ph29 dil do.-fl do:b dl2pll:fl p i phi
go=2ph31 30mne #0 to 2 FO(zd) exit phl=0 2 2 0 1 3 3 1 ph29=0 ph31=02 2 O
1 3 3 1 AvQi20pa®287vi nyl i dene68486- WO- PCT Gel Content GeCTAISRM16/08058%
determ ned in accordance to ASTM D2765-01 Method A in xylene The sanple is
cut to required size using a razor blade Film Testing Conditions The

foll ow ng physical properties are neasured on the filns produced Total
(Overall), Surface and Internal Haze Sanples neasured for internal haze and
overall haze are &g ARSH izl i D I nt er nal
haze was obt ai ned§€'|fgaﬂl‘$g*ractslo(\5/e .Hﬁ@%ﬁ%ﬁtﬁ@ﬂ}’ﬁg beg?rr%gqar\{lﬁ“npg%gﬁgoil on both
si des of t hecénthotingla Hmatiegarabniplasge @BHe Githdnleot sugace Gabuedriductidh) i s used
for testing Surface.haze ti S determ',[.neiji as, the di ffter nceyﬁet \Aﬁen overal |
haze and int 8P A4P TA2ES A EifbRRTYFHRGN Ao SHFUR0dCRh JIAeREE (o be

rel ated to thecrewab@eiistwrghness of the film where surface increases with

i ncreasi ng surface rqughness The surface haze to internal haze ratio is the
surface haze val ueedsilcaiion methers are el kKaPwWRPE examale IR RSN n Equati on

3 Haze = Int G,VO'SQ!44@3e?é%:h+of$¢Hié@%%é?@@dﬁnﬁzgﬂao?étegdy refrbRcEintRépehiiledy. na Haze
(Eq 3) 45 G oss ASTM D- 2457 NMD and CD El nendorf Tear Strength ASTM D 1922

MD and CD Tensi | eConsadidgtion s8TheDags2l outander tsasamscpeditions ASTM D 1709

Puncture Str . Punct ur.e,.i d I g/gﬂe with Sintech
Test wor ks So§‘t§\?\§é1}r'1céa t er i‘.%“ﬁd't?%lggﬁ’ﬁd Eopaegél?n nﬂagﬁéggﬁ\é %(ofge%g 4

measur enment steatigeraieke ot heat@icetion feenpotaive balger thersoftenimgtamperatre, brl mi s
condi ti oned {)% 40 hours after fil n‘l(lﬁroduc ion and at

. . | east 24 hours in an
ASTM cont% ol N YBE?'E 6PYORALRRS B NAUY e|arr,scaasb@ocaxx'%ioafzwe}mﬁ@“gpeci men

hol der 12 5635 gafmdehdram, RUNAY ¥bRsdlidalen.i AcBorMid2Rk&aniRhikeshed stainl ess
steel ball with a 7 5"" maxinmumtravel |length There is no gauge68486- WOPCT

| engt h, the gPBBesitesartislecif geasitisDpsogimpisiatrolymer anbiibersustid methedhe
speci nen. Th L5.16.\Ym The thi i s neasured
m t he m ddl eg%@bﬁﬂég?g%&?ﬂn@ﬁgﬁu@EEW%ﬁﬁngggq?é#}%%%e Pﬁyé{g z?Edregf%?st ance the
crosshead trewapeskd afittlint tnattpealn ¢ithed case thesmdtte codprisesiine Stiiveightinct ur e by
the software, The, puncture. probe is.cleaned using-a ~Kinmwnpe". after each
spect ment0° hepR e R GENeldh PP LR G TR B 4 e Fi LD
OF THE | NVENdéAdNy BI®rhiisleds @lari De. | nvention enconpasses a process for the
production of conposites containing reinforcing fiber and a_ pol yner,

@%&@!ND OF THE

particul arly conpri sfgfigt gpatier the peaseahidventien B\3yIcpRRise pigh

| NVENTI ON Co j ! 1S\ F ; i St | usual |y
2 cont i nuous? ORaE: S0 B b B Ru AR IR B o PR e
(such as gl asscrbiitidasstrushureaxténdiry herefremgriapreafier bhbenay) cadispaetsel known

in the att. The additiqn of.fiber.,to.a matrix polynmer .can i.mmprove certain
oroport | 28 oPecnatiet Ukes SWiv 4ald Tigb 3 B A llebuR SO B 48 BRodibh B C T e
tensile stre(givingen CanadiahBtan@drd Fréeneysalalsd)r ang fdedanyithesiutyi a The
reinforcing fiber chosen general I%Mhas a hi_gher tensil e nodul us and
strength thaﬁcrﬁﬁ@t%BTC&}’hd@raéﬁyﬁﬁéfs diake apd i PBB@PPW@POW‘@’U’SF@@O&@Q he matri x

pol ymer, as gagfiidaedaifghwirn, the resulting conposite often has many of the
attributes of fluoropolyners such as high tenperature resistance and

chem cal resistance, which make such
25 The first matte is densified by compressing to a density greater

than 1.1 times Dm and less than 0.999 times Dc while at least a portion of the
first matte is at a temperature less than said softening temperature. This will
provide a compressed matte. Thereafter, the compressed matte is heated
throughout to a temperature greater than the softening temperature of the

30 polymer, while at a consolidated density greater than 1.1 times Dm and less

13



conposites useful as parts, for exanple, for the chem cal processing
industry. It is anong the objects of this invention to provide a nethod for
t he prodwwOi2zon/873uch pol ymer conposites that exhibit Popruse@Ed/oprseperti es
and to provide articles made by the nethod. Background information

regar di ng produci ng conposites of polyner and fiber or fibers can be found
in Polyneric Materials Encycl opedia, by Joseph C. Sal anone (July 23, 1996),
| SBN-10: 084932470X, | SBN-13: 978- 0849324703 pages 8327-8343. Sone
background i pfqligh f.%gtodorﬁﬁévd.maaoﬁ}%'é)précanéam?ed MalibDiifichiothel heat
transfer in thernoplastic conposites manufacturing: double-belt press

| anmi nati on" ©goléd, oFreeledet a Bort“ﬁn igsoolethto A teMpgiatigrerlesCihenysaid sdfteriiag t zel |

in Corrposite Part, A gg;% d SC| ence. .and l\/anﬁ%a}cturlt , Vol une 30, | ssue
8, August 19 pqgg%%o %9 V'Fjglaa(foéﬁo ?ﬁgtﬁ% nd articles include

but are not necessarAlp:udahmdf@dnéauddmd pAttSlatRem statiel hdightwisede0, 409 to
Deakyne et al., issued Novenber 28, 1995, entitled "Process for making

f 1 uor opol %/nePrOthﬂ?p%kP'f“’éé"S@“WP@ &dicls-af Be heghb At thegincgnsaislatedsartiglepg aky ne,

| ssued Augus&orﬁpre%ggéan@%bEéoet‘ﬂrOL@h%ﬁ%sé’kérﬁﬁér’aRﬂe @Fééiérsﬁﬂaﬁ%e maki ng

fl uoropol yner conposites,”™ United "States Patent . 163, 742 to Mansure,

i ssued Auguspolyme.msq@enle@temp@r@tm@rf@d@gwda@dcqmscturmied pom@sé@aftmn

tetrafl uoroe I I [ es Patent No.
5,427,731 tok%ggﬁ%pgﬁao}g@ thé‘gg%sg)rl %rdleC%#&%%“dgmtéqqq npr essi on

mol di ng of stemysdratues |éssahah tﬂmﬁcﬁténﬁtgﬂﬁeﬁa)elﬁam@bftlie po?yrﬂér 1, 1 11 to Spiegl

et al., |ssued March_14, 2 entitl eal i ng el enents fo ressor
vl vost Iadi 11 onal | RISGESEH SRIRIGE fotsoes R ARG PR CBERORES SHESOHh o 6 not

necessari | y biidAthsh tbg d»#@bér%l|§htﬁ{ge§a|5’§¥é%¥ltbyl\|ﬁeatﬁ1g7§£d %?a?:kttQ abBek@ie issued
June 2, 1998, entitl G ass-fi ber-contai ning non-wven pol ynmer web, and
process for meéﬁampﬁgat@r@rﬁf the aﬁbrrr@m thed appingssushgient PrRBSUrS NeeEDale4 t o

Hel d, i ssued , for making

hi ghl y densi ?“%Q’gfé‘é‘?‘é"m%@??gmégménﬁﬁaﬁg '%Nﬁég}%ﬂfag{éﬁe{ﬁw%k‘g&gﬁeconbi nati ons
of i npr ovenedirection to ltaase theeﬂlwtrropml;nmleuth fihayv brientimgg thlelfrtuetserm substamtisllyrpl i fi ed
process nufacture; a rqbust and epr.oduci bl e proc f nuf acture
Phat -cant pr olSeare Bt G vt mraty Lt BPR §romare S Rpitasd hE%hr oduce
an article of increageehpdensaticledtaribé Ugé&fd?fchual@’ easSGNERespiny; a process
to produce products having fewer netal, netalli ionic, or related
impurities, PAMAIBUIPHIN gORtSF Cb@’ﬁ@@"s?*st@é‘oiqw‘é@fqr%cquf@'écmPs@?%ﬁtforor water; a
process for ERR" f %@1@ to produce
product havi ﬁglag%u&%@géﬁ%ﬁgggpty thdrtgl%arggt%ﬁl%éluse upl VO %I%t%%zmy process
to produce a Cﬂ\dﬁmd%artlwlprﬂy)rJMrrMarm@@deﬁw arerratated apeutt theif gweds as
tensile ren npLessi ye stre or, el on atlo to brea that is

uni Torm 31 sapeh sRBFEE 8P dust St Ring 1S HBe BRLE AR  or ani  or m
or superi or allbvwmgdememsﬁms dbhugnyrfratemooSpéemwb@uSezm aﬂlmr@rfohogonal

directions), and the |ike. These inprovenents are sou in areas, where
conposi te ar lBregrehugks o laeger wafgrs gdapishBrRcepsing SE MY rﬁﬁ@t‘ﬁtcﬁ’ﬂ’oﬁﬁlﬁ‘gacture
inaircraft pag &efe'rr%d%%ﬁﬂ@%é A8 RRidSitel AlFeksl defolaitfliforegnd the |1 ke.
BRI EF DESCRI PTI NGS Figure 1 shows schemati cal E:mssorre mat t es
of the knownhalding the gafer ip asplanar rosian foo prepisier pisiceasingt Clean

conposi tg. ar r t THE

| NVENTI A {né§'h0 &%Pé%lgﬁtg ogv éggoglseﬁgt?&a?ﬁg H8§§E§E'H§}%W e(gosnprl si ng
pol ynmer and #lsberiged wsmmhb@docmufa&tm@g rtides dhagdiagfin spin, nagd,e
conprising: aboyt 1 to about 90 weight percent ger and abo t 0 to about
56 el ght pePEBHDY Horyes rdsaiaky [ SrpoRiEs e tolueg B SEHRTSIUSHTEl ose ¢ han
Dc, wherein it BOACEREUABEWafeT0d HEBUBH swﬁmé@aémﬁes Q@@Rhéwh Rg by
conpression said matte to a density greater . times Dm and | ess
than 0.999 tWAtes Cbb,'Ck/ﬁa|SU§C%Ftt0’ISe9§Wa@r@§ﬂ@$tél$ @ﬁn@@@rwq@mrtr@améa@un@g

t enperat yf e t ot f 38G4Pr essed
matte; h%%t|%§'§%§|%§&%”§@éa‘; Frg) %ﬁ{mg FflétogrﬁtgtYB%ZS?%%edé g’? gre dgreat er
than said softening tenperature Whl | e at a consolidated denS| ty greater
than 1. 1 times Dmand | ess than 0.999 t4nes Dc, to provide a
preconsolidated matte; cooling at |east a portion of said preconsolidated
matte to a tenperature |less than said softening tenperature, to provide a
consol i dat ed



mat t e; st acki ng heightw se a plurality of said consolidated matte to provide
an unconsolidated article; consolidating said unconsolidated article by
conpr essiwg 20hobssrght of sai d unconsolidated articl e amdThiSae10/0g0588

t hroughout to a tenperature greater than said softening tenperature, to
provi de a consolidated conposite article; and cooling at |east a portion of
sai d consolidated conposite article to a tenperature |ess than said

softeni ng tenperature. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Di scl osed
herein is a : [ 05?160@3 rd -6/ ~Hens) Dc conpri sing
pol ymer and %@?gg %%Aé{?r%ét%gggg?’sc ose%%ﬁgrégcﬁ Ogﬁﬁﬁkﬁlgg?r%qyovi ding a matte
conpri si ng: @borordtet byabtauen ibtbeigkntieér.cent fi ber and about 9 to about
99 wei ght percent .of said_polyner. The.matte has a depsity of Dm and is
ess than Do, whePBROSls aRbise e msRal oo ai g EeRh sidrlieh The mat te

i s densifiedcénipeRepr esigddgs tilkelogad ireUsoPatehiha D11 3 1deasdt of wiiieaier than 1.
1 times Dmand |less than 0.999 tines Dc, while at |east a portion of the

matte is at AereexpoRYrted Reelfereare MnihgiIresWeti ng tenperature, to provide
a conpressed mat tfne FRALAANEALIIIE USBIRIESSIBSsIBHE Br hoffMA/nt B oughout to
a tenperature greater than said softening tenperature while at a

consol i dat ed(iending ypugnetdineited toara simplified pescebmod nanugaturehamolgu”o9 ti nes
Dc, to provi - consql i dat i f

pre-consol i dgrl?de/gr E%ﬁ?%lﬁr)&lﬁg pé(g%qsgg)f{r%; r{éﬁ?cet%etlp gf‘%rneﬁrlo@gjéé tr%r??gggj}&?sof t eni ng
t enper at ur e, rdpPoduaile peoduct,anpricessiteeprodate an afiele peixicresdsed dedsity;arki ng

hei ghtwi se a I13] gafl.itry of the consolidated matte tg (gtr vi de an

unconsol [ Yat BdCl PliirereaseatdensilyoA LEPTEFEIR FrafUceAradyeds NAYIRIIBWEDI i dat ed by
conpr essi NG faeal hetlic, Rni® dr delHREORRRItSALRA AN AdyElof pritésheatiang it

t hroughout to a tenperature greater than said softening tenperature, to
provi de a coW§bIdiecPa$@we@MMﬁg@'ﬁéF§@@¢&§lf@r uging [fieges that preserves fiset he

consol i dat ed ' [ ' - r j ess than
ol d sof t eni 500N Bagro St dpBuiSpbankAadh & RTINS hithbno 4 25

conbi ne el enaesdfal kahawa; ary proeess to prodace awomgpusde pradwet haeng aone or nore
unexpect or. unpredi ctable results,. including, possibl expected or
npr bai ol bl BreRRAHEPAM: i aTsie SEigh dtmBREate shpndBctar  may

i ncl ude US P@lbﬁgbﬁorﬂ@ocﬁ@ﬁ@thﬁﬂi@@ﬁ%rm%Gﬁagwaéardm%‘lﬁ% difd&iAlst,

5589055, 4420512, 4975321 , 4555446 , 52272385, 4448910, 4, 455, 343,
20070082199, mgagurengent (ar, ml@,r@lorf,up@F'O"\?Qs‘E‘@szre@F'O'&,d?Ft}IWQfm&ﬁ§upﬁ@9reof ; the
di scl osure of I I [ <5 ] ENC : herein by reference. Density of
conposite arknitg%oe%ﬂoggﬂ%g&]?gpgb%i’ %ré@%?ﬁ%TM D 792 - 08 Standard Test

Met hods for DensiAygompdsBpadicle of tGeaweanyiof RahatsieddorDarmsint gplohtithsast i cs by
D spl acegaent. Thi c.knes§ of matte fan be 1:dettlgarn‘i nerd ﬁy TAPPI %41 £L

Thi ckness’ (&% pal'P 51" P&&&P}'%EE‘&%%?W A dhBrAal RalSr i 2URBOWE ght per
vol unme can bpardstiepasikes iRsealst hhdthelikedl Brie aftickensiuie presen( mventid® cm by 16
cm) and thickness as determ ned by TAPPI T41 1, and wei ghing that known

vol unme of maf@¥.beR eRipids matte of polymer flake or particles and fibers
(17 of figure 1A or 1T of figure 1B) or a conposite article nay have a
density of about 0.2 g/nlL or less to about 1.9 g/nL or nore, depending
somewhat on the wei ghted density of EXRMRIESer and fibers used. A typical
consolidate matte rf e r.parti i e L.t fibers

(17" " of "tigure 1&?&2'&%%%‘!1%[185\%%;6 @gﬁ\’s\llrﬁlgéé @a‘%@?d{ﬁ)ﬁﬁ% gnﬁ”?é it was
gade L rom amateriys hwagmleéeaséhﬂgtatbééd Hblpuitecﬂfs&t? P‘ate}h@N@béM?OZn}ngtg/ m., |
ependi ng so at on the iight e Si of . oolyner and .fibers used.
i bures 1A CDrabmesEl (SNt Ter 2Bntod. EniCS B ek s kGGt he

i nvention. Fﬂ@frb?m%e‘ﬁ ReMpositdmt UﬁitéJSFé?@@Pb’f‘e!nﬁ'@lopglmzﬂ%rméﬂfﬁé, 102 and
fibers 101 situated between tvvollpl atens 60,62. Release filns 6 1,63 can
optional |y biespeddegusiel, I88A, entbleg"Bregensedation niaeessHer mgking 17 conposed
of fiberg, 10 LidCf g | at j 1y

ot her wi 2 be ¥ 9apn e} SEPBSds Chiled Riater Palct AR BTy 70 AR et o
17 can optionally be initially under |ow contact pressure fromthe platens
as heat is applied to the mattes, for ex&nple through the platens. The
polymer particles will soften and typically change shape upon exceeding the
softening tenperature of the polymer. Figure 1B illustrates a natte that
can be obtained as the tenperature exceeds the softening tenperature and as
the formati on of beads 102 on (optionally wetting) the fibers wthin the

| ayer 17'. Not all the original polyner particles need be heated above
their softening tenperature. Pressure can be applied to platens 60, 62
causing the height of the matte to decrease



(optionally densifying or conpressing it) as illustrated in Figure 1C for
the change in density, for a natte densified throughout at a tenperature
uni f or m ywbi2ghier2¢7man t he pol ynmer softeni ng tenperat ur e PCO/US2MO/080588
consolidated matte 17". The matte as illustrated is in a relatively
unconstrained state at the edges of the platens, i.e., in the in-plane
directions, therefore the fibers can be noved, along with the polyner, in
those directions, giving the fibers an arrangenent nore perpendicular to
the height diy (?Qéde‘?j”m?mfe %f‘%@@%ﬁnt&eﬁ%oﬁﬁir@&uofh{o‘?&ﬁ f‘st*?@étﬂf%st"%dz
direction) and nore parallel to th pl aten surfaces |nce

pol ymer - fi beUnrlted<S¢a1as Paten dNen 9t 163, AFBdta Map$uxaelsdued Aggasty’, d@ﬁi@; fication,

t here need be G ression f e lar to.t XIS d

bucki 1 ng nectBe RGeS o b ST PR Rl bl b ypiend a2 Poor o
under pressug@phpafibessyl g biywhioh bed @MbEdmeatédfﬂyﬁéfdﬂ@deélmﬁélabht‘t%ty This sane
sequence of events can be achi eved on conti nuous basis using a heated

belt press or si r’rII”ItQ?I@”%'%Q‘?W@'%@E@ﬂ%@ PRAYS aglegistereq dradestask 8f can

i ncl ude the pod ¥ORIatheiBS H9aHEPAPAY Ndnhsurs ShH Mg e WikhiAGtIne at sone
point; this can occur before or after the application of preSsure that

pr oduces si gaefa\/\@aﬁ,tardb@m incligeizopelymee certapdd akow &9 melequstet under
pressure. C i dat result in
B Very i ar (ol BIGiCaRE B odte B REth G B ofERe LB i) e,
pre-consol i dat ed/ Aeardda fitger G nesdibwias Veiyacrfylcﬁﬂtrltd bhaesedehae s lemgthalfi ity to

| oad debulked for | di n te lflcant sifjcation is nmeant
to describe ﬁté‘ﬁét EHYi A t‘é’%eﬁﬁ‘ﬁ&?t 'Cf%ao?“ﬂ%aﬁ%ﬁ' ¥ a desired
density and M@éroﬁmélytZDO%/L”@d;ﬁoilhﬁi‘el}wﬂ/&gﬁﬁé@r&eﬁthﬁﬂef Bbr‘hbailblée”S' ty. For

exanple, if initial dénsity of a matte is about O. /L and the desired
density of asig®@pasattonadarisdy of AnprOximainiyal-8igigne byt (5}15&’5sﬁack of such

mattes is 2. t tteis a
density of 0@%@@%%5@@%;5?%%%@%&%@? HSP@ %%%r ﬂj/a“ con oI I Eéehe matte
17" of fi gurmoﬂi(ﬂmaﬁatb@abhapﬂ)mmmmﬂmm@Msedy%TM@A@moElfemontai nor e
densifie matt e icle 17"' of figure 1D. The apparatus used
for turchor donsp of R B i Aplet Brdeatinartls dirPhfols net HadHER hsed 1 or
the initi al @l%wed re%@ttsoﬂap;ﬁbgmae@ﬁfmay@memuwpwmlf@motgésuam gspent ed
matte and two conposite articles conprising such oriented mattes. Figure 2A
shows an ori @hcagiymtand 29fpr alumigune| arity, fibers are shown as inbedded. A
coordinate axis Sglyriafpef®P3 oy BRGF BSefCol Byl Bioleh@ inSlsit Bp matte
is oriented paralle he z axis I nce ers are a ghed, on

aver age, al othg fires fati meiat coneptanwﬁdloéoaaomolestpw gzarailberskmeed:an assi gn
that di r%:tl e X aX| Rer pendi. cul

o the yi Goulf of B0 BRRIPY RO E Rt D10 SANSE, Bn Vit PR

| ar ger mat t ecaltioniyake 31waamurmnﬁmcafénéu%oﬁfer@ﬂdwae&??oommqi>3 ab GRa), he z axi s,
and parall el to t he and x axes respectively cutting, an observer

can note t hatensilgarodubisoras a0ddsida2Qh eRat é!”gtth%@t)?r RREAIPAIO B® 0ss section
by the xz fag&nawﬂﬁt st?d?@ew%r@ﬂoﬂ% §.§mgh§vé1wasve Bmé.@l.taééry&hyth@ liptical
cross section (or ultimately nearly a parall el ogram the xz tace 2006.

Fi gure 2B sh@dmgavasoehdragiedzechas watesriodubleonposite art| cle that can be nade

b t k tt it |

1 bstratos mat o5 108 GPIBERIY o1z iisat bropthBsr BRBTRU B e such

?Sban ori ent ateltaios:cmndnt@@rt:@ yetonas epsndibllefre lo€sigimgwi se ;stacked%t alr)ld t he t
i erorlentatlon ea c con acting matte being a
ri ght angl es. tYRe oﬁqf%%@\wﬁtgﬂ%@ﬁﬂép?a@qr%t G- ?rat tes with °

fiber orient mgar Bfin@lethdry Bbpd b?%A§Q€BS§-O@95 tavera Mefinggous mattes
can be stackg%l Wi tcﬁb%gg zﬂam srg p ?ﬂ i ght wi se)stacked) It@o obtain a

conposi t e ar peit ef agprexigately 285 féow hﬁ@ Oiff'4£/(ﬁﬂtm|@) ped ferrdepjeld

consol idgtin f to give
a thlckegs ?qéwﬁggﬁhbﬁﬁgﬁﬁggp'gp$ gg%pggggbgﬁouspﬁé?@g o%%énot
apparently, be stacked with each z aX|s par al | el (helghtmnse stacked), to
obtain a conposite article of Figure 2Bl6Figure 2C shows a portion of an
oriented conposite article 2030 that can be made by stacking nattes
corresponding to figure 2A (e.g., 2031 and 2032). Note the groupi ng of
pluralities of mattes into groups (2037, 2039, 2035, where the plurality is
atriplet of mattes). Sone mattes are oriented parallel, sone are oriented
at right angles. This conposite article shows a pattern of stacking that
can be terned an orientation pattern of 0, 0, 0, 90, 90, 90 degrees. A
matte can be prepared by any known techni ques. For instance,



usi ng a paper nmaking process, fibers can be mxed wth a polyner to forma
m xture or slurry. Any m Xxi ng neans nay be used, but preferably the fibrous
conponentwoana/aessed at about a 0.001 %to 5% consi st en®gTars2&0lok@ss cont ent
(e.g. conprising 0.01-5 parts solids to 99.009-95 parts aqueous sol ution or
water). The slurry may then be diluted with water to enhance formation, and
it my finally be flocculated with floccul ati ng agent and drai nage
retention aid chenicals Then, the flocculated m xture or slurry may be

pl aced onto t n e ossi bly
Wi th orient at| on o ?%{E]'g?% @?%%tﬁgu?bgﬁ%ﬁ?aqﬁggz %) ?ﬁggglflgyé\m pdgsm bly
oriented in apodimaielyikhhd gimlnovermrent of the matte during the paper naking

e T ormed by vacdun GReT e A Dt AT Bre e FuB R Bt B8, D™

formed by det&@b&ﬁamﬁa@tuﬁéwwy&RndrfthSpﬁQi@th@cySPAgagtémjht|rpr ess. A belt press
manuf acturer 1s Bri ght Technol Oﬁd §$ Ekl ns, M chigan. Mattes can be dried,

for exar‘rp?e PategyExBlicalion Nirapen 2Adpy Bakt\E ng air. For a nore
detail ed descri ptA%t%at@W1%§é‘ﬁ@d@ f%@@b?ﬁ%%@ﬁ@ﬁ%@%@twt can be

enpl oyed, see U S. Pat. 9, the disclosure of which iI's

i ncor por at edwiight PR Ayl acgp@mtfethemeﬁt@pﬁypﬁ@%éﬁ%’&#bar ri ed out by

conpr essi on or ot h axes,

si mul t aneously orPﬁ%ﬂw%?\%* %gaﬁé%@ﬂ@éfﬁg u%f%p%pg‘%stsr%gfnal such
asdxh, Y, ﬁnMV\ﬂ)amaﬁngmb’%ppmmmmmwar% mom_raleﬂgt_hobgrmesnaiimm% Ihenggh8
wi dt or hei ttes nor e t min height, or less than 0.8,
0.6, 0.400. ?’?débfs's weight gf?ﬂpp(ﬁo’ﬁﬁ‘ag‘?waaﬂr}ﬂé f@h In the nethod of the
present '”Ve”t'0”Tﬁ@§oﬁéréﬁim€ﬁé%1%?éd@$roﬁq Mdurebfdran@fabwb@n 5@p, Whi ch
is fewer than twenty or a heightw se stack apuralty of thin mattes,

Densi fi cati off WMdh) hes 8 dhicknassaiapatoxpnaiest. 895 #chesvaprroxnmetRiy2-4 and as

hi gh as 100 - 10CkPa and about

100MPa. Denséw: C%Wﬁrgh%%@g}r@%ﬁﬁaﬁéﬁﬁﬁe Qigrtgsen 'Sla‘ﬁ(\%h%i on can be
achieved with a bélpﬁfeqmmsﬁadatad prale G Apr e%swasmamal ccmdeptat@m eesss from

Densi fication, tin oolin or C tions such carried out

from aboﬁ{ OClit poffa ngCO% té%ttﬁwae%u SL1agS r%ﬁ‘ﬁgﬁyag%}o about 135

hours, or rmrn@hes‘\mérére@thﬁfbkMg rﬁ’cﬁé%ffhé@ﬁglﬁémen AdireBYon. Npprdxirdatdlgast sone

of the fibers during processing. Accordi n%?ﬁ te | ength of the fibers can
iV

be reduced. 24 spdargs\ygreptagkednggiondhe helhg |%"91hg’ﬁef3‘i'%l§reqcé‘ngth but
this goal nm I s if
ot her pr Oper?ﬁt@@&%ﬂ?%@@@%ﬁ}ggy&%l@%gfﬁmo@ artﬂé&{og?pﬁ%&}%é@r%@ﬁ{ﬂbﬁﬂférﬁ@ be nade
by ot her neam@lte$ueareabnejglsrb@t'sﬁo Ioaqduwg anﬁacbab®luty2 Rindhepdhigkerhepstatk cl es

pr esent needl.in

Pechrol ol nBtesseRRYNCEnBRAT e ilotite WabslSER! h MeriRiRu ARES R et an s

i ncor por at edplagdrepriesdynd eleateRnsethbid theplemperatund tirbegHow e stadk aas be a
fl uoropol yner and a @% g I[C%rrer of the invention can conprise repeat units or
nmonomers of YR PIRCh{ASSE, S99 FWhily e SRR IR MMy spMPresseda car bon

atoms such agioRghid LRI roz)ldm%ﬂ@ubt §oReislire @%é%émgo%er@@yb@m
chlorotrifluoroethylene, hyl ene, propyl ene, or conbi nations t her eof
(copol yners) whw@nyelpglmﬂstoame%éy |any@dﬂedwwrwwr©mﬂ1@ﬁmgtp ahd ovidipesn

heat i ng, ,par ]y t sition
t enper at %grje %Elggw &%ée{mﬂgoynee%&ﬁ %?él% étﬁge%téém?gﬁe% f]“ ﬂhgr?é@rﬁ%rets ‘l%(:ul arly
after softenalogg thmtkﬂcmpald}rereuoraﬂ/hwyeaimgwast eadedandooolimgywas t he cont ent

of any conpnoner n var m about 9 rce f the
ol yror - Ay BRIy TP 7R we® Farreotiatan (8 KRR B0Rs: 0 28Sinawer moset

or mXxtures gfd Meet@ﬁﬁ)érﬁt@r@%s déebéa@@aymu?ﬁ&uttth@artw@f&|b§@tmétﬁc
cross-linkable or crosslinked. Any conposifion of the invention can

conprise a cta®3K|3afkker Thapyhe aﬁ@%ﬁrawepf and prassHEs o the slaclhveygrer can
comr i ses. Oy ¥R b ofel £ Al SheUlfgRIzs . The sof teni ng
tenperature o whi ch t'"he pol yner can be
sl ow y but pernanently def or med typlcally wi t hout breaking, chipping, or
separating. Exanples of the softening téhperature include the nelting
point, the |lowest tenperature of a nelting range, the highest tenperature
of a nelting range, or the glass transition tenperature. Particles are
smal | pieces or parts, or tiny portions or flecks. Particles can be
free-flowing or stuck to fibers. Types of particles include flakes, grains,
shreds, fragnents, crunbs, chips, pellets, specks, shavings, etc. Fibers
i nclude, but are not limted to, those conposed of: gl ass;



graphite; carbon; fluorinated graphite; aram d such as

pol y( pphenyl enet erepht ht al am de); boron nitride; silicon carbide;

pol yest erwoand/qed77am de. Carbon, graphite and fl uori natret/use@ploidses fi ber s
are preferred fibers. Fibers of the present disclosure can also be chopped.
The medi an I ength of the fibers can be | onger or shorter or the sane as the
medi an height of the natte containing the fibers.Fibers may be sized as
known in the art. Sizing may conprise, for exanple, epoxy resins or

pol ymer's, - ur et hangaRdi EASI4SHIAS O3 iroGhadl0bY 1B A1 DAI(ARILRHABR! NS OF
pol ymers, phenol resins or polyners, polyam de resins or polyners,

pol yur et haneofr esbeors fibersfolf 3 aed £F Jpekpectivietyfat EFle$hasvad maitsl Mwdr s,

pol yet heri m de resi.ns I r.s. polyam dei mi.de resins _or. polyners,

ol oty tyl pyPealmEa i Cha ¥ BB gnaP SX Bl e el BT hoteRUndRRlT e  r esi ns
or pol yners, gpsdaranicd esrapaesi to M@ apalMWRircorpsralied 0E2s UiHeodwmpstens or

pol ymers, epoxy-nodi fied urethane resins or polyners, polyvinyl alcohol
resins or> poM@ARSE mags Yam Ahe siggd carqandipers @E:iz RRNSYSISHBYREIOF esi ns or

pol yners andidnsind Wir&sgth ReHeRpearinebngs may be sol vent conpatible or water
conpati bl e, and may be sol vent sol uble or water sol uble.

Pol yvi nyl pyrr ol i ddmeataplerhpelt prassdwdP tor HRB2agesiused to mak@t er - sol ubl e

pol ymer made fr j p i Lzl agents are
i sel osed i nPSe e BBERaTES 440" Has ftin B8 Bual Bgepissh Sl 5975575 T,

I n the net hodorking Waltihoealesut 30nvieinds amd atwarkingreigth oédbbdiitat0 feke Thenposi te
article contain total of less than, 2000 nano es pe ram of sodi um

Dot nosi UM caPESIaI SaR OGS W PGP BPis DB IR 5 e TRt MRS 2000
nanonol es of 53§08{aBA inkRGIBSIE AdMescal ci um and al um num combi ned. It is nost
preferred that" the conposite article contains |ess than 10 nanonol es per
gram of al um num Inwe%bé&gnvmcqmq@rﬁdﬁm veresetdof®0ydhe fntermeal
conposite co i =dj i i Vi i rregul ar
i bul ar ot r ue sl BT 00 B, Hnd Bl R oo o I IR e o7t e
codi sper sed Wwbelirgsleagth Wetzecodled bpinvater arderhg ihermkes at apptoxirbyteyaiier - maki ng

he Fr oohbsst FROCNIG REANar (300820t ealae: 00 Ft Kb GBP HEET SR 11 akos

and fiber i ntwsbglts whs 86t tobdake.028MREH AYmBadeied TRE tHigkrices ifelEkis, can
have settllng times of from1 to 13 000 seconds or nore. Settling tine is
Y

measur ed, opPY 8reNgth ohseldet Rassadderougbrine pressaBol bgltsupigneoated Béaused in a
matte, 1In anr@é’éé%%ﬁpﬁl‘éhb'ﬁ.'ﬁ?ein@e &eet'o?ﬁ%tﬁ%%&ui%?d@%ﬁﬁ&é&ﬂp%’i wadf
pol ymersolids suitable to form’an apparently honbgeneous sl urry appropriate
for feeding passeddbraugh the podssi toroaligudushnprodoee Beprecrsotidatédunatie such

time an | ayer, A4 orped. on .t he_bot t or the to i scernab to the
naked s ai0d ftp RS i iebaC IPE DR Pha R rltedifese 3 2 dpout 12
000 seconds. inchegpgr @il Inensl, BPE Y far@ miks bf mattewdsrintheaséd & 1® form a
wet matte; renoving nore water fromthe layer to forma dry matte; drying
the | ayer to'”PB??nogr BEYte.supporting planar matte; optionally thermally

tacking the veb t@ igRspyaniliomaiibenatdcoAndoasgdmcimtlaRiargneal | dating

said matte by heating said matte above the p melt tenperature to form

a di fferent mi the balheresambilgiatignedimth theinkengihsaialiel nbrergdp betwaen pl ane of
sai d mat t h fo : r r | tte;
and coolliﬁg ﬁﬁ&@%ﬁﬁlt&ﬁa%ﬁ%bggﬁ OS ur'&@hésgr?wgghgl?g%gbg%&l'daaﬁ?élﬂﬁt%g of

ot her const i height was approkirhatelyom04 8 iriches. el cterpa@si t2enofied per pineisent
invention is, from aqout tfo 90 i ght percent {i ber. Suitabl Pelt presses
are wel | knofhaloggys lé%hﬁ%ﬁe Ve MBEEPYELR PNt UPH§ly=Kt simu 9’8‘?%55%‘, 8 369, 083;
5,1 12,209; fddd HedboreSs Wpfle 3dnePARA 16dr 1eAghRDb 23R, Trdd&o BSivedh 555, 799;
5592874; 5759927, 5, 895,546 each of which is hereby incorporated b

ref erence i ntherwiorbedistwascagproxmaieinOatl incbes @ndsthe tosgtanspidated maftees
particul &l vy,i. i SEad - i ﬁn‘pé%
Germany.%A n%%léﬁﬁ@%%%g?ﬁgwﬁgw27%@@?@%@%@3‘%&% E%C.pgr?éf,?%@p. el nf or ced
t hernopl astics is Berndorf Band GrbH of Austria. Suitable platen presses
are well known, for exanple US Patent 5]§75,214, 5,253,571 , 5,323,696 and
5, 333,541 each of which is hereby incorporated by reference in their
entirety. Manufacturers of suitable presses include Maschi nenfabrik Herbert
Meyer GrbH in Germany (vertical presses or |amnating presses, e.g. nodels
APV, Fusing Press AHV-Bm or AHV-S with up to 20 tons pressure and heating
plates up to 673 K). Suitable nethods of applying alternating stages of
conpressi on and heating are known, for exanple US Patent 6,287,410 each of
which is hereby incorporated by reference in their entirety. Suitable

met hods of applying heat include but are not Iimted to contacting a nmatte

o M. s g, Y



using a hot gas jet (e.g. convection); and using radiation (e.g. infrared
or mcrowave radiation). Densification nethods are well known, for exanple
in US Patwote1180282, 446 each of which is hereby i ncorporaras2ig/onesser ence
in their entirety. Consolidation can be carried out under the sane
conditions as densification. In addition, heating to a tenperature above
the softening tenperature or heating to a tenperature bel ow the softening
tenperature, or both in various conbinations as known in the art, can be
car i ed out opt i ofigl hicBAsSIRIAAIPHREE Fof AT bAPRRABTALAARIBRA-4. eic)
Accordingly, one can nake a conposite arti ity conprls

pol ynmer and wletﬁasqqara@i)dcutemthmmassemglebymptuewdntln@gcmallyrrﬁo rratte The

first mtte ma r connli se n either case the
mt e conpr i S26ka 5 foroRb AT BRBELERte Matra alfEhig e Guttetiin “per cent
pol ymer. Thefdilbwst matte haV|ng a den5|ty of Dnis less than Dc. The first
matte of the present jnvention may nprise disk refined polyner so as to
provi de f1akes hakilfg! pr,eﬁglemoé,staﬁg? iof)H@?”W'M@t%mﬁ?%@{ﬂ%m%eépof| bul ar
structure exheeidiindipRe@icoBbolies fithesiin ABRNIRY Co-di sperse the pol ymer
flakes wth said fibers in an aqueous solution to provide a slurry (having
a Canadi an St andafficpnedigeisd matte eyadeapn tiecpldiengorehs ata densityt of h8screen to
provide a la j i.her t wat er
From sai d 1 21 Ron B8 pbietiE PRnd SHER PRI 15, B L BRb R Y M denet 1y
great er t handdridg héates tDraband SDescsmhameélraﬁrS?éﬁ by [B8stobs onhilid s mth). east a
portion of t

te is erature | e t ha sof t eni ng
enper at Ui e. PRROSSHHIASH Y dadce BN Basaatvean Gt Hss Baf eetersther
compr essed M4 1. gIRELRT ddhausRKo halRbRIBRIAIRIGTRAIGTgaN L he

softening tenperature of the pol whi |l e at consol i dated density
greater than34Q ¢ whlim@smmr@ﬁdayl té§§ﬁﬁ@np'@89g§ Finﬁbéermﬂcahﬁngvaﬁ highgst ovi de a
preconsol i da n is cool ed
o o tonper aTLng Pas S anSOideled BEReEIetn 10 oot SRR ABEe Y er o
provi de a conrs«térndlerhteﬂl oaidittionsfoffExposed pgeseﬁrecmrstmlmmma’em pedfiless ins t hen

st acked Pﬁlg@ﬁﬂ%fq rOV|de an unconsol idated article. The height of the
unconsol fdat TP A ﬁs conpressed and heated throughout to a tenperature

greater than the moéom@dssn%cérh@lelc@g d eraRdi@itloteherhfal BkEAMSIGn i tBenool i dat ed
conposi te artlcle | east a portion of the consolidated conposite article

is cooled to 'éeftt'@ﬁﬁraQPH?bo PeFK ttha soefisiesy pt Bermg! Q’@@ﬁéioat'ﬂlt@ 4f the
Doy o SBHESBA RNE dheloferr IRNIAG {PTRY MG, COMPOsi Le articl e wih
orientation, by preconsofidating said stack ﬁeatlng said stack to above
the nelt tenperatﬁMeadﬁanhbypwmymmkﬁsunmﬂmmﬂpmqmdg sufficient pressure
normal to the plane of the natte while the matte is unconstrained in the
in-plane direction to cause the fluoropolyner to flow orienting the fibers
in substantially the plane of the layer by neans of said flowto forma
preconsol i dated sheet; Conposite articles can be used for chucks, for
exanpl e spin chucks used in coater chanbers to hold wafers, or for CW
chucks for hol ding wafers or polishing pads during chem cal nechani cal
polishing (CWP). Particularly preferred are chucks which are rotated about
their z axis at high rates of speed, where strength in the x-y plane of the
conposite allows higher dianeters or higher rates of speed to be used,
allowing for larger chucks or larger wafers or faster processing or nore
robust processing. Also preferred in chucks are conposites that resist
deformati on, thereby holding the wafer in a planar position for precision
processing. Ceanliness (e.g. low netal content, |ow or slow elution of
metal or ions) in conposites is also prized in sem conductor nanufacturing
articles, including in spin, rinse, and dry nodul es and chucks. Conposites
are valued as a support structure for the sem conductor wafer, e.g., such
support structures al so known as wafer chucks, susceptors, or wafer
pedestal s. Sem conductor manufacturing articles are well known, for exanple
in US Patents 7357842; 20090033898; 5451784; 5824177; 5803968; and 6520843
each of which is hereby incorporated byl9eference in their entirety.
Conposite articles are useful in sealing elenents, for exanple in
conpressor valves as disclosed in US Patent 7,01 1,1 11; each of which is
hereby incorporated by reference in their entirety. The present invention
is useful in at |east one, or a conbination, of (including but not limted
to): a sinplified process of manufacture; a robust and/or reproducible
process of manufacture that can produce robust and/or reproducible product;
a process to produce an article of increased density; an article of

i ncreased density; a process to produce products having fewer



nmetal, netallic, ionic, or related inpurities, particularly for processes
that include a solvent or water; a process for using fibers that preserves
fi ber | ermyjol2p11200p876cess to produce product having a uni POTMSPE100EISBY

t hroughout a useful volune; any process to produce a conposite product
having a directional property (such as tensile strength, conpressive
strength, or elongation to break) that is uniformor superior regardl ess of
the direction of neasurenment (or uniformor superior in one direction, or
uni form or superior in two orthogonal ~dj tions), and the like. A
conposite article of the invention c CEAIE for known applications, e.g.
equi prent f oWhadiis claithestist nanufacture, in aircraft parts, in autonotive
parts, in gaskets, ipn seals, and e like. The article of, the.present
invention may be a sB‘i n di &.m ﬁ?% %FPB’I‘OQS’@‘? ﬁ{t'lcéerc’ft%entsﬁ‘z ol | owi ng,
and net hods g@hprigiid polyiaridnarfiveed, eaicamettinidcamprigihges, are detailed in
United States Patent No. 5,470,409 to Deakyne et al., issued Novenber 28,
1995, entitled "FPO¥IEHY 2 §rst matienPrPPIRNSG sy ke to eBapod] weight PelsePkd St at es
Patent No. SfigetZandi’abduf 1688'51B6: 99 %L@;ﬁ@ pBHEHE Fo@mel,%%?»d fir%_'f‘Fﬂétt'e%vingt
"Preconsolidation process tfor maki ng Tl uoropol yirer conposites,” United

St at es Pat ena drositys D esgthancdD chwherainesad polymss hed ajsaienig, 1995, entitled
" Conpr essi onter@eq%{&g\e.of structures,” and United States Patent No. 4, 163, 742
to Mansure, Issue Ugust 7, 1979, entitled "Process and product prepared
fromtetrafl uor oeddnsifgimg pyodommressiod sgidaphite ¢o hi dersity'gredter tfanwhiich are

incorporated by reference in their entirety. In the follow ng Ex | es,
Tef Lon( 0 pRIMES B Aag Steeen A SSHuner Bogth gl leqetia RSt P S Eale | a
Pont de NenDidrst ARehdeeamatss W28 seflenikgt @iturdN@ Frdtidene! ude a

pol ymer contai ning about 99 nole percent tetrafl uoroethyl ene and about 1
mol e per cent cgjeprasged 8{atteopyl vinyl ether). A carbon fiber CFl used was

B i orons, - enD Said BB SOd bt b Pitn Wi aflBBRSAtE, O, TP0

wei ght per cetitanveaidsoftomnmptaniperatire whhje abacanbolidatkxhdensityajreatepttaa mat el y

1.8 g/c by, ASTM D1505 t ensi trength of at. | east about 500 ksi

Cor eat er 11 o 12ees MAbst fissiBsis pReS it oS Greriviop EXpedBiltafat oy 3 1.6
Msi by ASTM p4@té; 8. El emental analysis of the fiber for netal content in
units of nanonol es p,ertagramfi ber showed results of apProxi mately 170 000
for sodium 770 fenolipgtahieastmpotiim ¢fgiaid aresppsslidatrf Patede aal uni num A
simlar fibe t araE | qLS,40f the
fiber for rre{eglga:eggtr:@%lneltsg;eﬁértlj%@Ps%@%nﬁgggﬁlngﬁ}eazurg’e#&g&gﬁ%%f? er %‘E%t\%gd results
of appr oxi mateltg; 830 for sodium 5 10 for potassium |ess than 10 for
calcium,and 3 for,_al.um num .Tensile.strength was > 500 ksj (>3.45 GPa),
tensile dul us V\%@g@n% eigﬁtw%g 32?5"}r agf,sa caoqﬁgﬁd?t]eaé’?atgepkeéﬂoglgeta& be
sonmewhat st r ongeisofidted Gricle; The sizing | evel was 3.8 wei ght percent; the
sizing was characterized as water soluble. A fiber CF3 simlar to CF2 in
physi cal propert i @Nsolifaiingsaid HasRnsAlidaied Astide &Y somnressing thedeiotdl was
essential |y §8inebnsdiihftd arficleddt Rfatingth0GhutREA Rfidepitard §raBler

(tetrafl uoroet hyl eneperfluoro( propyl vinyl ether) copolynmer,  CAS

26655- 00- 5) hanesaid aeftaning tepeneratuse, tappedse aecasglidgded comaositeoarticlet e of 14
g/ (10 m&) agrthensi l e yield strength of approximtely 13.8 MPa and tensile
strengt h"of approxi mtely 25MPa at 25 C and 12 MPa at 250 C by ASTM D3307,
and a specific grealinyg adttesspprpoxtiornadfedayd 2orisoligateld. corfpbsite alkitde (PRAFL ) from
PFAP1 were de us{ n‘g a (L:z sc mll of. th tr%FaS manuf actured by Andritz
Sprout  ( Munc{FMRSARIUES I§sg émswﬁ $o4ERINe/BURFIAYE on Nunber US5506052A by
Deakyne. A wet natte Myl was made from 20% by wei ght CF1 and 80% by wei ght
PFAF1 according to the nethods of US5506052A. The dry matte Mil nade from
Myl (before notabl e Zonpr esEleonetiodairlaimhbhwharain grayiding adivstanatigt el y 16. 75
i nches, ?(%le&%hgri&f .over 18 inches, and a basis wei ght of approximtely
0.12 Ib/ft2. Coherent matte MI nmade from Mil (before notabl e
conpression of Mil ) has a thickness of approximately 0.095 inches
(approximately 2.4 mm, 2400 mi crons) ap@ approxi mately the sane basis

wei ght. A preconsolidated article CApl-24 was nmade on a platen press from
cut portions of coherent natte type Ml . Squares of approximtely 16.5

i nches were cut, naking note of the original |length direction.

Approxi mately 24 squares were stacked one upon the other with the length
directions each orthogonally oriented to their one (for top or bottom
matte) or two (for internal



matte) nearest neighbors to produce a stack about 2.2 inches thick. The
stack at essentially anbient tenperature was placed in a

t enper at we-20omoegy| ed pl at en press and heated so that Phe/USeompouEseIr e

t hroughout the stack was greater than 310 C (583 K, 590 F) while the stack
was mnimally conpressed along the thickness (z) direction at a pressure

| ess than 90 psi (4310 Pa), while being unconstrained by any added pressure
in the length and width (x and y) directions. The conpletely heated stack
was then furg; FrRTEP teh S dj i i ting was
ended and CO%IP?IEIGQ msgﬁgéﬁﬂ/nﬁrﬁgﬂ%@gﬁﬁ f\%éggpﬁzlég?cﬁ\@%%%g{)éﬂw%yg\ﬁ?hi ckness
of about 0. 285 anrnrhgglaanmicrofilul aestpetenciexéending thecefeemed t hr oughout t he

article to |l ess. than 290 563.. K, 5 F). Then the t erature of and

o essure on (hdiserand sap Seken il sl bt Shunaf FONEH 6 Hhtigke fhe
article CAL-24shrirty isdvesg S8mMisaNStafddrdresness valde, as for CAL-24 by
substitution of carbon fibers CF2 and CF3 respectively for CFl . The wet
matte M@ i nCSARGSRAIG plYrya agcrern OrPrevide YRy ek’ seft Batand filb@rr ent i n
processi ng and apphdtRAce conpared to Mvl and M2 incorporating CF2. The
conposite material nmade fromthe sized carbon fibers CF2 denonstrated
superi or t enginmeving waigytitonasaiddpyrratcaproridesaiklitshhlatiebel t press HBP1 or
HPB2 was used to make preconsolidated mattes. HBP1 was a conti nuous dual
belt press with a working width of about 30 inches and a working | ength of
about 10 feet. The c®nst antTrgapethaidkifrtpitne! wherevasaiddijrstahattd eomphisedel t
press tenperature was adjustable in Jtiple zones. In run BP1 , the

ent r ance! on%i‘e&?‘t‘ﬂﬁpf? f agRipraliyy %{&E'”I'—r,” {t?ﬁe internal transport zones were
set to 700 F, and the later cooling zones within the working |l ength were
cooled by water entering the zones at approximately 32 F and exiting the
final cooling zone a# | ess theamethod gf clamme! whpraie sadaturelily afilinbel t s was
set to aboutm%tt ]ie%rp@ﬁ sured the thickness after exit by a |l ength

of sol der passeggt rough %rﬁ@' press. Both belts were coated by a rel ease
formul ation. A single sheet of matte about 0.095 inches in height was
passed through the press ta.,contjnuoysly produce a preconsqlidated natte
bout 0. D15 Tnches | hei gninE PR ARG WhEE fef BRPBIP e fess at 12

i nches per nignthitis d totdl lof Rlss Bt 200@ nhe@doledtper gfari®ff 66divRE pofsdsrRased to 15
inches per mnute. In trial BP3, three mattes were continuously and

si mul t aneousF3ICIHEY anAtaumieiNbedmbiedss while aligned with their |engths
parallel. The gap between the two belts was approxi nately 0.084 inches, and
the preconsolidated matte hei ght was approxi mately 0.045 inches. Feed rate
was 12 inches per mGwute. Arfe mgtheslof daimBPwhefdiv eaidetongxosite agtidd®nt i nuousl y
and si rru% aneo s.Ig fed, i nt1% t he bqlt %)rr eSS V\pi |l e.aligned with their |engths
paral |l el - Th‘é"’ﬂ%‘fi‘ 6%%5\/\55'89 CHEPIE FePr'sd \?&Oaﬂtﬂ?‘b’}ﬂ%tm y 0.10 inches, and
the preconsolidated matte hei ght was approxi mately 0.075 inches. Feed rate
was 12 inches per mnute. The preconsal idated mattes from each belt press
process (BPl-4, etc.§ were Q¥pAPHIO8Qf Al 1 wherehe paiddivers aeseiBPd nmut ual |y
ort hogonal | yfhdts0 stacks as for the platen-press-nmade material, and finally
conpressed as follows. A final conpression of stacks of preconsolidated
mattes were made to &chi evelle mathograldlaims! abéutheseis saiscp@gmen hei ght .

nas. been-hot & o ARRARH by BrB R Bl iy S FEPE e o/ 0 ™

during heating to above 300 C while restrained by [80 tons on 16 sqg inch].
Preconsol i dated matt de gn the constant gap. belt press had a density of
Dbout 104 g1 and. o d HOMCTRIAGA Ro! PRGN SBE MR TIRRSaRA heat g t o
300 C while frRehbplabsEpBlymiche sane pressure. Final densification was higher
in the case of reconsoPidated matte made on the constant gap belt press
under identical conditions of exposed pressure and tenperature profiles in
the article press. A conposite article can a coefficient of thernal
expansion in the XY direction of about 10 ppm K; the coefficient of thermal
expansion in the Z direction can be greater or less than in the XY
direction. Al parts are by mass unl ess2bt herw se noted. CLAI M5 What is
claimed is: 1. A nethod for nmaking a conposite article of density Dc
conprising polymer and fibers, said nethod conprising: providing a first
matte conprising: about 1 to about 90 wei ght percent fiber and about 10 to
about 99 wei ght percent polyner, said first matte having a density, Dm

| ess than Dc, wherein said polynmer has a softening



tenperature; densifying by conpression said matte to a density greater than
1. 1 times Dmand |less than 0.999 tines Dc while at |east a portion of said
matte i s WO 2a11@eg7er at ure | ess than said softening tenpecatuse@o/odasspr ovi de
a conpressed matte; heating said conpressed matte throughout to a
tenperature greater than said softening tenperature while at a consolidated
density greater than 1. 1 tines Dmand less than 0.999 tinmes Dc, to provide
a preconsolidated matte; cooling at |east a portion of said preconsolidated
matte to a tenperatu | es teni ; : I provi de a
consol idated matte; g?acklﬁgkﬁ@?”ﬁﬁV#éggé‘gﬂhgg?é?gagkﬁégpgv%%ﬂsol|dated
matte to pr oavetegalslzamfcblnmoﬂaktasleel destributios; greaiasthand’mm ragposb@and
unconsolldated i-cle by co SSi hel d unca sol i dat ed
artrcre and FERRE kRt RBH PRI AN s PR P D R TrRERARS o Sof teni ng
t enper at ur e, awgagé@mbde a consolidated conposite article; and cooling at

| east a portion of said consolidated conposite article to a tenperature

| ess thar® sai d softening tenperature. 2. The method of claim1 wherein
providing a first majje Comyd rﬁemo@léfkc|g.ﬁf1%ege.§§5.e Pﬁ%ltlﬁg%'é\rd_ to provide

fl akes having an irregul ar periphery wth an irregular of I bul ar
structure excemgiasged eatief capnprises-therspalydacking at i@asl akedioniafisaihi d fi bers
in an aqueou I t v ry having a Canadi an Standard

Fr eeness vaIﬁ e%ﬁg ﬁ%@ﬁgéﬁﬁﬁyigp %jﬁ%g% screen to provide a |l ayer of said
fl ake and flber conbi nati on; renoving water fromsaid |ayer, to provide
said first matte. 3. The hod of claim erein said first o tte
conprisefY a hei ghtwi & st nEIIIbeo'?“e OSIQ}C%'”‘I@/WBP"Q”P\?W RRMRESIte Arlici$y S Fret hod
of claiml hejidk said plurality of thin mattes is fewer than twenty. 5.
The nethod of claim1 wherein said conposite article contains a total of

| ess than 2000 nanonol es per gram of sodium potassium calcium and

al um num conbi ned. 64, The fi Gl e article
contains |l ess than 183nanog§%g@gggp(ﬁf%ﬁgggw ﬁ%ﬁ%ﬁﬁ] ﬁﬁﬁggﬁgiﬁod of

cl aim 1 wher acoonsglistied ibyer Iselapress aa platert pless sor dleridae pImESShOd of claim1 or
7 mherelﬂ%said pol ymer conprises a (tetrafl uoroethyl ene-perfl uoro(propyl

Vi nyl r) copolyner. 9. The method of claim 1l wherein said polyner
conprises a thernoplastic polynmer.10. The nmethod of claim1l wherein said

fl akes have an average size of their flake size distribution greater than
from about 50 and about 700 m crons, and optionally a thickness | ess than
0.5 tinmes said average size. 11. The nmethod of claim 1l wherein said heating
said conpressed nmatte conprises thernmally tacking at |east a portion of
said flakes to at least a portion of said fibers. 12. The nethod of claim1l
wherein said conposite article is a spin disk. 13. The nethod of claim1l
wherein said densifying step is acconplished by a belt press, a platen
press, or cal endar press.
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