TI TLE OF THE | NVENTI ON ORI ENTED COWPCSI TE FI ELD OF THE | NVENTI ON  5The
field of the invention enconpasses a conposite article conprising

di fferentwyp aigessd | ayers of oriented or partially ori egragdéiobherssiin a
pol ynmer conposite. BACKGROUND OF THE | NVENTI ON 10Conposite articles
conprising or consisting of a polyner (usually a continuous phase, and
possi bly conprising fluoropolyner(s) and fibers (such as glass fibers,
carbon fibers, and graphite fibers) are well known in the art. The addition
of fiber to a matrix pol yner Gﬁ?LEWBF ﬁ@géﬁ&})ﬁroperties of the polynmner.
These properties can include ' —tensile strength and

15nmodul us, and flexural strengtORENTEDOGOMPOSIRE rei nforcing fiber chosen
generally has a higher tensile nodulus and strength than the pol yner al one.
When a fluoropolyner is used as the matri x polymer, as described herein,
the resulting conposite often FiEE DOFYTHE INVENTIONI but es of fl uoropol yners
such as high tenperature resistance and chem cal resistance, which nake
such 20cohposi t esT g Beld|of e ipypplion ergorenasser @ canapositRartigle sPewIisiigocessi ng

i ndustry. It i I ; S ; | : Q4 t hod for
t he producti %'ﬁ%%%ﬂ%@l@%f&@%@é%‘? ?'Léaﬁtlﬁrgf%‘%(rﬁlg%?ﬁtee@rlrg\ré ve %'lrrrgperti es
and to provi demposiiecl es made by the met hod. Background information
regardi ng produci ng conposites of polyner 25and fiber or fibers can be
found in Polyneric Materials Encycl opedia, by Joseph C. Sal anone (July 23,
1996), | SBN-10: 084932470XBACHBROIND OF TOHERMMENTNON ages 8327- 8343.

Some background in doubl e-belt press lamnation 1s found in "Nodelling of

heat traH&fer in $ABPRBIT adicles CHMRISING Yscansiling Of @mahgner (usually a

continuous phase, and possibly comprising fluoropolymer(s) and fibers (such

as glass fibers, carbon fibers, and graphite fibers) are well known in the art.
The addition of fiber to a matrix polymer can improve certain properties of the
polymer. These properties can include creep resistance, tensile strength and
15  modulus, and flexural strength and modulus. The reinforcing fiber chosen
generally has a higher tensile modulus and strength than the polymer alone.
When a fluoropolymer is used as the matrix polymer, as described herein, the
resulting composite often has many of the attributes of fluoropolymers such
as high temperature resistance and chemical resistance, which make such
20  composites useful as parts, for example, for the chemical processing industry.
It is among the objects of this invention to provide a method for the production
of such polymer composites that exhibit improved properties and to provide
articles made by the method.
Background information regarding producing composites of polymer
25 and fiber or fibers can be found in Polymeric Materials Encyclopedia, by
Joseph C. Salamone (July 23, 1996), ISBN-10: 084932470X, ISBN-13: 978-
0849324703 pages 8327-8343.
Some background in double-belt press lamination is found in
“Modelling of heat transfer in thermoplastic composites manufacturing:
30 double-belt press lamination” by A. Trende, B. T. Astrom, A. Woginger, C.



30doubl e-belt press |amnation" by A Trende, B. T. Astrom A. Wginger, C
Mayer, M Neitzel, in Conposites Part A: Applied Science and Manufacturi ng,
Vol une 30wolssue2gss August 1999, Pages 935-943. Known r ecatusdowwidsods and
articles include but are not necessarily limted to United States Patent
No. 5,470,409 to Deakyne et al., issued 5Novenber 28, 1995, entitled
"Process for nmeking fluoropolynmer conposites,” United States Patent No.
5,232,975 to Deakyne, issued August 3, 1993, entitled "Preconsolidation

rocess for i f - i . i I i No.
B o5 742"t oTRNEh M NI RO CHRosRBEPRAR A SfopiicliHcicribe Ui MAnfREERDD: | oo
prepar ed fro¥oleta 30, leswadt Aydushd 9p8) Hagas 948 gr aphite fibers,” United
States Patent No.,5,427.7 to esng et .al., issued June 27, 1995,
ohl £ et Compr o<kl felABt henpag PR et & o R e B dbesd™iat ent no.
7,011, 111 tolirbpée®d UstedBtates Patesdl NWRBXUT01409 200&akyRBld: bl eidstiseal i1 ng

el enents for conpressor valves". Additional known rel ated nethods and
articl es 1 ncNQ¥RMBEE 2& ©9%90 entitiige FEacess; fPyMaKinatTRIPrerpIYIReE eRMEesitess Pat ent

No. 5,759, 920nk&q MeRKE Patdnt NEES 213G 2t0 é@%@e,egkbé& %@gust 3,,1993,

"d ass-fiber-contai ning non-woven pol yner \ nd procCess for preparing
sanme, " and Unitited "Srecansoidationt prieesstion s@kingdfl uasopelymer cempesitesct ober 24,

1995, entitlged.,” r r i ng._hi i,ted sheets".

20Ther e reml@ﬂgeiﬂ;’%&%gg@g&tmﬁoﬁgﬁﬁ @ol\ﬁgﬁﬁlar?i '8%%%?@&%&3\}%;@113 in these

fields, incledtited "Pubcesstand protiest greparedSiomptetidfiiedrqatiogesspoiymapantiact ur e;

a robust and/or re ,[)odq,ci bl e process of mapufactuyre that can produce robust
57 EbBFRockiied 3ialReE Aedicd

and/ or rb(broa'@@f‘ 'PSO_CM 3%% %tggt Ng- pAddUSd taf-hasnpat @l oifsyektr eased
density; an 3id 5215, bAGIRATESIRSSHh Yol BnBISAGBLIES, PARIUGRedT OduCt S

havi ng 25fewer netal, netallic, ionic, or related inpurities, particularly
for processeStates Patent No. 7,011,111 to Spiegl et al., issued March 14, 2006, entitled
"Sealing elements for compressor valves".
Additional known related methods and articles include but are not
15 necessarily limited to United States Patent No. 5,759,927 to Meeker, issued
June 2, 1998, entitled "Glass-fiber-containing non-woven polymer web, and
process for preparing same," and United States Patent No. 5,460,764 to
Held, issued October 24, 1995, entitled "Method and apparatus for making
highly densified sheets".
20 There remains a need for any one or combinations of improvements in
these fields, including but not limited to: a simplified 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 increased density; a process to produce products having
25 fewer metal, metallic, ionic, or related impurities, particularly for processes
that include a solvent or water; a process for using fibers that preserves fiber
length; a process to produce product having a uniform property throughout a
useful volume; any process to produce a composite product having a
directional property (such as tensile strength, compressive strength, or

30 elongation to break) that is uniform or superior regardless of the direction of



that include a solvent or water; a process for using fibers that preserves
fiber length; a process to produce product having a uniform property

t hr oughowoaousedssk vol une; any process to produce a corpodist@opurasduct
having a directional property (such as tensile strength, conpressive
strength, or 30elongation to break) that is uniformor superior regardless
of the direction of neasurenent (or uniformor superior in one direction,
or uniformor superior in two orthogonal directions), and the |like. These
TP oV SENt S a8 SN of dh IG5 SBER6T IRATRARId 0! &l il Bimdf Quperiorsed.

e.g. equipnment tor sem conduct or nufacture, 1tnh aircra

5aut onot i ve m\atmos)rthqgogabdhmc@pns's)nasédﬁ&hkeand the |ike. BRI EF DESCRI PTI ON OF

THE DRAW NGS Fi f & 1 shows sct aqt Y SO nmat t tt he ITnovvn
Figure 2 shows el eVatd 'H}PFQY%U%” B@F%S%Q é QH%F‘St%e@ocr%’b%‘isﬂSaé‘}‘%‘?%?rees

10accordi ng tiged, feeg.w@@ﬁ@ﬁéntdbﬁgérﬁ*@uh@uct&uwﬁa‘écﬁa?eTHléuerE;bHrtm

Di scl osed herein is a nethod for nmaking a corrp05| te article of density Dc
conpri si ny p%qltﬁ’ﬁ@rt'vﬁt@értﬁi iperasketsaingsanty. 1A tB8M®-i si ng: 15di sk refining said
polymer, to provide flakes having an irregular periphery with an irregular
m crofibular structure extending therefronm wherein said polyner has a
softening tenperature; BRIEF DESGRIPTIQNOE THE DRAWINGSt 1 wei ght percent

99 woi ght per cent 9014 | anaws e aal FEMARRNCS rnb B B8 T ber “and

pol ymer, in an agrigors2 Shows ietsvation pietis sfea mage whtftwo composite articles

10  according to the present disclosure.

SUMMARY OF THE INVENTION

Disclosed herein is a method for making a composite article of

density Dc comprising polymer and fibers, said method comprising:

15 disk refining said polymer, to provide flakes having an irregular
periphery with an irregular microfibular structure extending therefrom; wherein
said polymer has a softening temperature;

co-dispersing from about 1 weight percent to about 50 weight
percent fiber and from about 50 weight percent to about 99 weight percent

20  flake, based on the total composition of fiber and polymer, in an aqueous
solution to provide a slurry;

feeding said slurry to a moving screen to provide an aligned layer;
removing water from said layer, to provide an aligned matte
having a density of Dm, less than Dc,

25 stacking heightwise in an aligned manner a plurality of said
aligned matte to provide a first matte;

densifying said first matte to compressed density greater than 1.1
times Dm and less than 0.999 times Dc, while heating said first matte
throughout to a temperature greater than said softening temperature, to

30 provide a preconsolidated matte;



feeding said slurry to a noving screen to provide an aligned | ayer;

renmovi ng water fromsaid |layer, to provide an aligned nmatte having a
density oboDRmi/doesss t han Dc, 25stacki ng hei ghtw se i n arcalisgned4osanner a
plurality of said aligned matte to provide a first matte;

densifying said first matte to conpressed density greater than 1.1 tinmes Dm
and | ess than 0.999 tines Dc, while heating said first matte throughout to
a tenperature greater than said softening tenperature, to 30 provide a
preconsol i dated matteg;, . ; | i of said

pr econsol i dat ed mattgo?lggaattl%ﬁgr%%ﬂd@ge‘ ééa'gg IOt Cgﬁgggqaé@dsgﬁt%épn%g

t enper at ur e, tempepatove bes dharosaidisottaniad tempeture, to provide a conssiidatedng

hei ghtw se a ghu_ral ity of said consolidated matte to 5provide an

unconsol i dat ®d &r ti cl e; consolidating said unconsolidated article
by conpressing the hegiagkingaieiyHerel nglutdinpondnd tosstlidatsdonagots dat ed
article to a tenperature greater than said softening tenperature, to

provi de & cobroylded weconsplidated agigdeicool i ng at | east a portion of said
consol i dated articl ecfsdhaafhd EBeBbISidbRRCartiBIb SRirtbrelihg Mg
tenperature to provide said conposite article. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON  1ighpkicansslkeentingrtbiaughgubsaig uhoohsalidatedidriige 40 adempsratarearti cl e of

comr i Ses. pr GvRi A sRE B RBpAIPoRRC, (B R A Bl e BT e con

fiber and about 9 tocadimgtatd€asiei girtiopef saithiconéolislated! gtitiertera The natte has

a density of and |s |l ess than_Dc, wherein said | ymer. has a softenin
}/0 tePanerature less than saig softening temperature to prg\ﬂdgsald composite g
article.
DETAILED DESCRIPTION OF THE INVENTION
15 Disclosed herein is a method for making a composite article of

density Dc comprising polymer and fibers. The method disclosed herein
comprises providing a matte comprising: about 1 to about 91weight percent
fiber and about 9 to about 99 weight percent of said polymer. The matte has
a density of Dm, and is less than Dc, wherein said polymer has a softening

20  temperature. The matte is densified by compressing the matte to a that is
density greater than 1.1 times Dm and less than 0.999 times Dc, while at
least a portion of the matte is at a temperature less than said softening
temperature, to provide a compressed matte. Thereafter the compressed
matte is heated throughout to a temperature greater than said softening

25 temperature while at a consolidated density greater than 1.1 times Dm and
less than 0.999 times Dc, to provide a pre-consolidated matte.
At least a portion of the pre-consolidated matter is cooled to a temperature
less than said softening temperature, to provide a consolidated matte. The
next step is stacking heightwise a plurality of the consolidated matte to

30 provide an unconsolidated article. The unconsolidated article is then



20 tenperature. The matte is densified by conpressing the matte to a that
is density greater than 1.1 tinmes Dmand |less than 0.999 tinmes Dc, while at
| east a pwotzoomoedeet he matte is at a tenperature | ess tiram/sa01d/0367t eni ng
tenperature, to provide a conpressed matte. Thereafter the conpressed matte
is heated throughout to a tenperature greater than said softening

25t enperature while at a consolidated density greater than 1.1 tinmes Dm and
| ess than 0.999 tines Dc, to provide a pre-consolidated matte. At |east a

portion of F%Mi&é@ﬂ%dﬂ&b%&ngm% fééig'hﬁof‘?% ﬁﬂ%éarﬁggdéntgtﬂéﬁgﬁ&ér%h& | ess than

said softening tenperature, to p e~a conso e next step
i s stacki ng heatgigihinseughoit tor altémpemituretgreatenwini whad edftering e t o 30provi de
an unconsolidated article. .The unconsol idated .arti.cle i.5 then onspl i dat ed
by conpr essi MEMAALREI§RFoUIS 8 Soas AR SPnaas BrAnFlEr Ades g mrelSFRE |

t hr oughout t heacdn@BIEIted YoM pokieahRicld iBadoRA t8 Stehipratage theiRaess thae, to
provi de a consolidated conposite article. At least a portion of the

consol i dat ed?@gﬁﬁggﬁ"ﬂg lPe@ide s cooled to a tenperature that is less than
5sai d softening terﬁﬁ’%éﬁéiHre‘f?nboqiments, %Hé‘in@@ﬁﬂcﬁi CarEERRGhERME mentsR@olvent i on

can conbine el enents known to the art in a new nmanner to achieve one or
mor e unexpectoeiiea@rt inrgpnemdineaniier ¢éo aglyave ene pholardiungxpgnte® bl y, unexpect ed

di ct ' QN . : i nal I .Qf h art
"ncl ude us Patgo G b8 RuiskeBb By Todieside Ghtddar® 5061s, ™
ggg?ggg,z13326&2?351%?753&%?%5#@16,eléggérﬂébeQUCMéﬁ&%gﬂ_ in;:lﬂldéﬂﬂis %Bent? .
: , 0 Qr i nations er eof ; e
di scl osut® 0?5%@‘?5]2@@0%%8%03%%%42&07 ggingz%gﬂéﬁﬁ%%y's é?e@m nsity of
conposi te ariopdgs, 485504 dsierBesed14n01654M5B J2 2008G0sHDoSt andard Test
Met hods for Density and Specific Gravity (Rel ative Density) of Plastics by

Di spl acenent 644887k A8, B, prbR38IGHer eambipations thetbadythg Alrmiostug of gihi ckness
(Caliper) of oﬁﬁﬁigﬁ’is ﬁ%Bﬁfo?&%%e?Qﬂ bgq,g%ir & Board, and wei ght per vol une
by cutting 0

can be determ ne Ing an are nown size (e.g. 16 cmby 16 cm
and t hi ckness as Detnstywfredhdogitd ARRIesTédrilbe datérmmeghhyndSZM DIYH2 kO®wn
vol ume OIS mié%a%’dard Test Methods for Density and Specific Gravity (Relative Density) of
Plastics by Displacement. Thickness of mattes can be determined by TAPPI
T411 Thickness (Caliper) of Paper, Paperboard and Combined Board, and
weight per volume can be determined by cutting an area of known size (e.qg.
16 cm by 16 cm) and thickness as determined by TAPPI T411, and weighing
20  that known volume of matte.
A typical matte of polymer flake or particles and fibers (17 of figure 1A
or 17" of figure 1B) or a composite article may have a density of about 0.2
g/mL or less to about 1.9 g/mL or more, depending somewhat on the
weighted density of the polymer and fibers used. A typical consolidate matte
25  of polymer flake, or particles, combined with fibers (17" of figure 1C) should
have a density greater than the matte it was made from, and may have a
density of about 0.3 g/mL to about 2.9 g/mL, depending somewhat on the
weighted density of the polymer and fibers used. Figures 1A-D represent the
prior art and aid in the understanding the invention. Figure 1A shows a matte

30 17 comprising polymer particles 102 and fibers 101 situated between two



A typical matte of polynmer flake or particles and fibers (17 of figure 1A
or 17" of figure 1B) or a conposite article may have a density of about 0.2
g/ nL or |wexotimoasseut 1.9 g/ nmL or nore, dependi ng sonewrat/useomhersiei ght ed
density of the polynmer and fibers used. A typical consolidate matte 25of
pol ymer flake, or particles, conbined with fibers (17" of figure 1C) should
have a density greater than the matte it was nade from and nay have a
density of about 0.3 g/nL to about 2.9 g/nlL, dependi ng somewhat on the

vei ght ed densialahsaio, 5 RABLYITINAOfS AR LBILRAN bbidbEEBetfich (yBPr esent the
prior art and ald in the understanding the invention. Figure 1A shows a
matte 3017 cplapansstth@2poidythremattte 17 compod® oaflebrs i1bédramdi@lyrset uat ed bet ween

two platens 60,62., Release films 61, 63 n ti.onal | e, bl aced ,bet ween
too pf e e BOTCES 19350 fE hiatenE a8 cnfinGBiBivieY B ibaley Bt s ror
particl es 10gickig éfitAe Phattectidsa plafero Thieanattd Y7 ehh epbubsslylds initiedy addéo
prevent sticking of the matte to a platen. The matte 17 can optionally be

i niti al |y> uni®¥ CENt@ey REBRRUER fropt Besiniens ASiheahis aRiedia themaliay. P& appl i ed
to the mat t egxarhpie 15RRRIRe pREHT TR SatRclod DAl BSHIOHIa RBICaiG! o5 wi !

soften and typically change shape upon ‘exceedi ng the softeni tenperature
of the pol ynehande shape upBni éXcasdingttes saftening éernperaturanf b pdlyaened as t he

t enperature eds . f i e n rati on of beads
102 on 10(opﬁé‘§'ﬁ%ﬁl 3}"4%‘&??8%‘99%“%3%% LSyt %@%ﬁé@@&#“}’@ Not all the
origi nal pol gxaedpahé¢ soft@sing eedpdrature ahedsaheYernidtienrof debtien0den

tenperature. Press to ausi ng the hei ght of

re can be applied | at ens 60, C
the nattbOtoﬁqpéep%@swet@agl%ﬁ@ae%waelﬁsth?%w%1 f&%ﬁﬁﬁ&ewaahegw@@r o
ilTustrated partitiedWeRdYe hdtited BBoGI BRUS It NIRNEMpkrath®. PredBleiemnsi fied
t hroughout at a tenperature uniformy 15hi gher than the pol ymer softening

tenper at ure @epligdvie piatean §8I62causimartae heiafty of tpaakiete deerease | ustrated is
' a relativelofioHARPAMHSRGY Shith€sdtlg 'S AIPSed in Figure 1C for the

change in density, for a matte densified throughout at a temperature uniformly

15  higher than the polymer softening temperature to give a 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
moved, along with the polymer, in those directions, giving the fibers an
arrangement more perpendicular to the height direction of the matte (the

20 height direction being the z direction) and more parallel to the platen
surfaces.

Since the polymer-fiber mix can be unconstrained in-plane during any
densification, there need be no compression forces perpendicular to the z
axis, and buckling need not occur. The consolidated matte can optionally be

25  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
include the polymer being heated above the softening temperature at some
point; this can occur before or after the application of pressure that produces

30 significant densification. The composite can be cooled under pressure.



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
ar r angenew0 20awvoe2§ser pendi cul ar to the hei ght direction eCTtuseonmidsel (t he
20hei ght direction being the z direction) and nore parallel to the platen
surfaces. Since the polyner-fiber m x can be unconstrained in-plane
during any densification, there need be no conpression forces perpendicul ar
to the z axis, and buckling need not occur. The consolidated natte can

optionally be 25cggj ﬁ%sggag&rcoﬂé&%%%ﬁmaﬁ@ & (Elégéikéé( Rpgsﬁggawnwe of t eni ng

tenperature. This sa uence events can be ac on a conti nuous
basi s usi ng #athrated Vieedus the éssindrend iphatémapresspracansolgatertidetankingiply r ol | s.

{empor atur o SevsheY et Plodifesdihe ABEY )R PEoBROUBIGT R REOGEAI | Cat i on

of pressure §taps. produces 30significant densification. The conposite can be
cool ed under pressure. .. Belt press pre-consolidatjon matte or

(debul ked pl i es) pigalicany Q’ﬁ@'f\F@F"?” 9 @?%U@di?@@”%ﬁ@%f'@%@”itﬁé\ﬁﬁi@ﬁv pl at en
press pre-copsehh Mate] A0yt RfuMl fol G I1hsn8@ases the
Bbility to | 6aq d%ﬁ%f%ﬁ%%??@f%df%% ing St ?E?é’?ﬁ é’s‘?rg”r”\?'#e: Ran 10%

densi fi cat i ogreia¢erteaminitia dgosity. iFoe edameplef, ifdaitialatensdy af dematle ig dbest t han or

it al densy ey Wpf Y B5ed Bhnstl Bha tanBhu ook il B SRNE 026
TatTe or 2 Stack Of Such maLlos e o oLaL, i Dea £0% densi i pat ton for a
10pr econkdl " bcensqligRie mat ISR IeNEY %&096%18&5‘56@8-&5@?f-1o§§%e)] = 1.343
g/ L. @ynqp_nsol idated matte 17" of figure 1C can be further

consol i dated as above to forma nore densified matte or conposite article
17" of figure 1D.AThesclisigiachmateddeof figuref\iy carbe ot dopaelidsteday be t he

same or dif f§l55‘\net to form a more densified matte or composite article 17" of figure 1D.

The apparatus used for further consolidation may be the same or different
15 than that used for the initial densification.

Figure 2 shows elevation views of an oriented matte and two
composite articles comprising such oriented mattes. Figure 2A shows an
oriented matte 2001; for clarity, fibers are shown as imbedded. A coordinate
axis set x-y-z 2002 is defined so that the height of the matte is oriented

20  parallel to the z axis. Since fibers 2003 are aligned, on average, along one
direction perpendicular to the z axis, one can assign that direction to
correspond to the x axis. Perpendicular to z and x axes is the y axis.

The matte illustrated in Figure 2A has been cut from a larger matte, to
make two cut faces (2006 and 2007) parallel to the z axis, and parallel to the

25 vy and x axes respectively. By such cutting, an observer can note that fibers
2004 can be cut with relatively circular cross section by the xz face 2006, and
fibers 2005 can be cut with relatively elliptical cross section (or ultimately
nearly a parallelogram) by the xz face 2006.

Figure 2B shows a portion of an oriented composite article that can be

30  made by stacking mattes corresponding to figure 2A. The composite article



15t han that used for the initial densification. Figure 2 shows el evation
views of an oriented matte and two conposite articles conprising such

ori ent ed watzvamo2gesgur e 2A shows an oriented nmatte 2001pcrars2abarisvy,
fibers are shown as inbedded. A coordinate axis set x-y-z 2002 is defined
so that the height of the matte is oriented 20parallel to the z axis. Since
fibers 2003 are aligned, on average, along one direction perpendicular to
the z axis, one can assign that direction to correspond to the x axis.

Per pendi cul AfjjustPatés ‘mﬂte%ér gﬁ%o? idt% Yzaf’PHa% dlfferent &Ié%téfﬁ)tnge?déﬂ dstrated in

Fi gure 2A has een cut cut faces (2006 and
2007) par al | ah otientatien witaxdash zamds parradiel @Ielgmanlaestafmdehrammhailber

| B h b fib 2004 b
Cut v th el QEFRYT R Fatn eS8 QBESH arfiRrlteiRe P ala b B8t idhh Fher o
2005 can be érb{?lew |fb nﬁatea\l‘slm@de/b;ebbmsrﬁluuamhg BV OHN &%@tbs@ﬁth(ﬁﬂerm timtely

nearly a parallel ogram the xz face i gure 2B shows a
portion afrintakion %@C‘S?f?;ﬁb@ght@r‘élqsr é‘{l‘%h ?F‘i%ﬁttec%!’r?’l?éo%ﬁdﬂétt%‘yc%ﬂ BRki ng

mattes corregpERCH Whlach 'z%é’s%%llel?ﬁ%gﬁ%?@%iatcﬁe@)r td 6b@in & 'chr%bE@é es

mattes (e.g. 2022, 2023) can have rent orientations, such as an
orientation afticle efatgure 2BiNptp dhatlif 2 matteds gradsi @eC@IS@hdi@tm twonmatie i ber

or et at L on Sho S dTEH ELBLIAS AR S RTsCT AR AR R LS,

fiber 5ori ent@idolidatetankieslophndloghis mageesan aot rappamﬁly,eb@staamd! agihus

mattes claon bgach z axis parallel (heightwise stacked), to obtain a composite article of
Figure 2B.

Figure 2C shows a portion of an oriented composite article 2030 that
can be made by stacking mattes corresponding to figure 2A (e.g., 2031 and
2032). Note the grouping of pluralities of mattes into groups (2037, 2039,

15 2035, where the plurality is a triplet of mattes). Some mattes are oriented
parallel, some are oriented at right angles. This composite article shows a
pattern of stacking that can be termed an orientation pattern of 0, 0, 0, 90, 90,
90 degrees.

A matte can be prepared by any known techniques. For instance,

20  using a paper making process, fibers can be mixed with a polymer to form a
mixture or slurry. Any mixing means may be used, but preferably the fibrous
components are mixed at about a 0.001% to 5% consistency or solids content
(e.g. comprising 0.01-5 parts solids to 99.009-95 parts aqueous solution or
water). The slurry may then be diluted with water to enhance formation, and it

25  may finally be flocculated with flocculating agent and drainage retention aid
chemicals. Then, the flocculated mixture or slurry may be placed onto a paper
making machine to be formed into a wet matte, possibly with orientation of
fibers or without orientation of the fibers, possibly oriented in the direction of
movement of the matte during the paper making process, or perpendicular to

30 that direction. Alternatively, the matte may be formed by vacuum casting the



stacked with each z axis parallel (heightw se stacked), to obtain a
conposite article of Figure 2B. Note that if a matte i s nade by

consol i davongittoseseaat tes with fi ber orientation stackedpat/ysasialohesiiito gi ve
a thicker matte, such a consolidated matte or anal ogous nmattes can not,
apparently, be stacked with 10each z axis parallel (heightw se stacked), to
obtain a conposite article of Figure 2B. Fi gure 2C shows a portion of
an oriented conposite article 2030 that can be nade by stacking mattes

correspondin B ng of
pluralities %thgrat Pg}sgrm(f?tﬁbggOl\ﬂaatge@g%él%@ﬂ%%g@ﬁez@% ﬁn%\/ﬁ%hg&)he plurality
is a tripletexdmpletussy) a bstbrmeessaAttMt rrees oraneifdaiarep s Bilighe I T.echpategmse
oriented at y,ight i,.S _conposite article shows a attenof
ot acki ng t hatio8hs JA%hERn. MuRs SARER A, B ke Torved. BR48088 ™ 00, o0
degrees. A natings, oAby Peown@ pirr Bsk Pihor@Yeldiowdet i@h%ﬂ%@meﬁﬁéndé\ﬂt ance, 20
using a paper maKi ng process, fibers can be m xe QP nmer to forma
a

m xture sP%i?W“alﬂ\ﬂg t%r%iqﬁﬁsﬁ@%@%e'@é"qy@édse%ms [ﬁ%f I4§813I38 fibrous
conponents afif %&%r@%f%%ﬁs@n&:r&@r%%dIﬁ’er’é%lg;f’gé?ét%h@é‘.cy or solids content

(e.g. conprising 0.01-5 parts solids to 99 5 parts aqueous sol ution or
wat er). The slurry nBgnsifiing ban belcatred outtdy aempression enhthes&nbwnnat i on, and

it 25may fing| C I cu i nd_dr ai nage
retention ai %’ %OJ% %&' L rﬁ%ﬁé%%%f’ﬁn tngl%rcc a%’%%’ %ﬂ%ﬁ%rﬁg&%‘sﬁy gr urry may be

pl aced onto mmpat’vekahmamhayleetr@utballyf orti@sbnian tstich asey, ynatﬁd g, possibly
wth ori entati on of f{bers or w thout orhentati on of the fib possi bly

ori ent ed! n P4 FPERIVINGCBY b BEFERE QUL Yt RIalgRt RrEsefIsaRp!e R %per maki ng

process, or Br%rsﬁeﬁlgh@é&haératttﬂe:’rgllérgalhfrgfferoq?édt%'ﬂhl tbﬁ’fdé@éth?’eebéﬂ I\g@%@. matte
may be forrred by vacuum casting the slurry or other methods. ttes can be

fornmed by dewat er Mageamayravg, ariygroneaiept dimesisipnseaof endath,pwidds orA belt press

gf‘{‘g;ac} or k hé@pﬁrl\haq{é‘s AW POt trigh 1 ¢ H‘HHK hfnt, '\Arcié'é%ﬁ‘.ﬁn d\@td 620. ﬁaﬁ"g oo

ovens, On' ro nmovi’ng ai'r
nore detail ed. 106, prlOdrnmﬁn Beight. st andard S5paper ITB.kI ng technl gues t hat
can be eppl oyed, i

i ncor por at ed her e ﬁn%tljca?é’f‘g?%ﬁé'm?e[\lgérrigd %aﬁét?,gr%&&fgg@g:@‘élags ﬁg%cé‘\t{]\/a: gg Bat
by conpressi ganhrih £ 16 MP2OWAd BB IMedal preBieras Hayvésh SRR 100RPAfandDr € axes,
si mul t aneously or
about 100MPa.
Densification, heating, cooling, or combinations of such can be
carried out from about 0.1, 1, 2, 5, 10, 20, 100 minutes or many hours, up to
20 about 135 hours, or more. Densification and heating may be done batchwise,
stepwise, discontinuous, or continuous process.
Any method of densifying can, and may, break at least some of the
fibers during processing. Accordingly the length of the fibers can be reduced.
It is usually advantageous to maintain a high fiber length, but this goal may be
25 advantageously compromised for certain applications if other properties of the
composite article are improved.
A matte may be made by other means, such as dry air laying optionally
with polymer particles present. A matte may be densified by dry needling.
Some aspects of matte technology are presented in US Patent 6855298, the

30 disclosure of which is incorporated herein by reference.



consecutively. The axes may be mutually orthogonal, such as x, y, and z
10axes. Densifying can be carried out wwth a platen press, heatable platen
press, hiwb 2wamoeseat ure rollers, infrared heat or high trerpseaboses7bel t
press. Mattes may have any conveni ent di nensions of length, width, or
hei ght. Mattes can be nore than 1 cmin height, or less than 0.8, 0.6, 0.4,
0.2, 0.1, 0.05, or 0.01 cmin height. 15Densification can be carried out at
pressures as | ow as 100 kPa, and as high as 100 MPa, and at interval

pressures betweeny QK B A0SR | LikFation,
heati ng, cooling, @‘%ngﬂ# g’aﬁ%olnsgbf&suc ﬂ%gwﬁggopggrrrrlelreaéwo%&w mbabout
0.1, 1, 2, 5of the,in&mtioh@anrmiompriss repeataumits momanomerstod 20 about 135 hours,

or nore. Dengifi,catign and heating may be don at chwi se, .stepw se,

i scont i nuoueragiiosftietic eTibd GRS aRanPAFs BELF HeRra Bl BRy can.
and may, brep&flabrd(d@agtpropyretiedr) tHexaflidrebropiigrien ghipraifBssibatylefecor di ngl y
the length of the fibers can be reduced. It is usually advantageous to
mai ntai n & hegulenepeioPyieRg: Ar cubinatiers keEgof \e8PahEMemSidyant ageousl y

conprom sed for ceprtah lovGRdK RRRING(t tiaRSs Rbvihhgnconposi te
article are irrpro?e%l. ékérr@?tog%sr%y bemgaggq' ya%PEgﬁférrregngs,’ é\acg%gs dry air
| ayi ng opt i oivggllarwetibheryiwithean pseegulasineisrgiibeee structarerexteadingy be densifi ed

patent 6565288 eTE SHRPORAE BloSR - oR IR B S RE) by ™
reference. solution. Thiee plalry mempmiset fren avauttliviigitgerdsnt 2o Bboor sipaeklger and

any polyner of the invention can conprise repeat units or nononers of
tetrafl ubt oe@?f??%trf@,erﬁ@BffT%%PBO‘ﬂtaﬁ%WQQQF Pa?@?“@p weeighit pereenty @t ons such

as perfl uor ofydedydn B c8nbBEition REKBE! 3RS SRVPRY.! RNEpreferable that the
chl orotrifl uoroethyl ene,
slurry comprises from about 20 weight percent fiber and 80 weight percent of
the polymer, based on the total composition of fiber and polymer. The slurry
is then provided to a moving screen to obtain alignment of the fibers.
15 Thereafter, water is removed to provide an aligned matte having a density of
Dm, less than Dc.

Any polymer of the invention can optionally flow upon heating,
particularly above the polymer melting point or glass transition temperature
(Tg). The polymer can optionally wet the fibers, particularly after softening.

20 In a copolymer of any collection of monomers, the content of any comonomer
can vary from about 10 to 99 weight percent of the polymer.

Any polymer of the invention can be a thermoplastic, a thermoset, or
mixtures or blends thereof. Any polymer of the invention can be cross-linkable
or crosslinked. Any composition of the invention can comprise a cross-linker.

25 Any repeat unit or monomer of the polymer can comprise 0.001 to
99.999 weight percent of the polymer.

The softening temperature of the polymer is a temperature at which
the polymer can be slowly but permanently deformed typically without
breaking, chipping, or separating. Examples of the softening temperature

10



5et hyl ene, propyl ene, or conbinations thereof (copolyners). One may
enpl oy disk refining to provide polyner flakes having an irregular

peri pher yweoizbti/m@mesesr r egul ar m crof i bul ar structure extemrdirrus2aibeuesitom The
pol ymer flakes are co-dispersed with the fibers in an aqueous solution. The
slurry conprises fromabout 1 weight percent to about 50 weight 10 percent
fi ber and from about 50 wei ght to about 99 meight percent pol yner, based on
the total conposition of fiber and pol yner. is preferable that t he

slurry Co”prfn%ﬁﬁeftﬁé’gﬁegw;houﬁptr‘{@o%é%tfé‘?ﬁ&é’rﬂfuré f’sfmﬁer Fang t percent

of the polyner, base e tota conposition o ymer. The
slurry is thlallhpstderrmmtumdammitm‘g raogeemthegtﬁssaramsallongamnpatatmfe.t he

fi bers. 15 There t@ i wat er ”s renove {owd an a i?q{%eg Hﬂ t e having
a density of Dm Tad§eR SEall pieces Or%’{? Bot P8RS PhECT RV EALIYSH can
optionally fb@rv\foellﬂ@@-fhﬁ@rﬁg BEstupRKd fllﬁérlsaﬂfp%a&fmé@tldlé@wi@mwérfﬁkegﬁérbinsg poi nt
or glass transition tenperature (TQ) ynmer can optionally wet the
fibers, p%lrt?Wﬁﬂérfr%r&@ﬂtérC"é'mbﬁeﬁh'ﬁﬁ peilgtq ﬁpﬁckﬁaﬁbﬁ‘{)ﬁ% &¢- any coll ection

of mononers, the FuBBFsﬁH&IuBé &méré?ﬁpﬂﬂﬁ&ﬁ t&@ﬁbé@édfnééé&@éfbgl% 10 to 99

wei ght percent of the polyner. Any polymer of the invention can be a
t her nopl ast i graphiteearhos dtucrioatedi graphites asamigl suehisas paly@of . Any pol yner of

the inventio b r sjtion of the
i nvention caﬁh&@prlr% e?%'%bﬂﬁﬁ?%s A%a) !ﬁ(gré’r n'ﬁjg%h%,é péagp'd ¥9|§§§8 r?@msr of the
pol ymer can pelgamidee GariBéH, draplite adflveringbdd gaipbirefibeifs drbgrefelngaer .

The softeni n%éé rrE: ratur%1 of theéﬁol nmer is ,?i%?te erature at which the

pol yner thin r$1 SIS Bhthe e ReMtTd s cap '?ngl%%ﬂq dy wit hout breaking,

chi pping, or sepaftigd hdQiarEkAGH cﬁ’ihé’ﬁbér‘%%a‘hq;é RRbELor SHEPRY 3F tHeSsarh@cl ude the
melting point, the | owest tenperature of a nelting range, the highest

t enper at ur e as$ the meHianfpighimgéhe mwetietrontinieg the BbsBti on tenperature.
o £t Sk AT Rez e Bl DA SIS Moty £ L
grains, 5shr emmplfaragmmmeslnsmnprmtwmershmmaqmednbemed epprY kssinsbravi ngs, etc.
15 polymers, polyester resins or polymers, phenol resins or polymers, polyamide
resins or polymers, polyurethane resins or polymers, polycarbonate resins or
polymers, polyetherimide resins or polymers, polyamideimide resins or
polymers, polystylylpyridine resins or polymers, polyimide resin, bismaleimide
resins or polymers, polysulfone resins or polymers, polyethersulfone resins or
20 polymers, epoxy-modified urethane resins or polymers, polyvinyl alcohol
resins or polymers, polyvinyl pyrrolidone resins or polymers, resins or
polymers and mixtures thereof. Sizings may be solvent compatible or water
compatible, and may be solvent soluble or water soluble. Polyvinylpyrrolidone
(PVP), a known sizing agent, is a water-soluble polymer made from the
25  monomer N-vinylpyrrolidone. Known sizing agents are disclosed in US Pub.
20080299852; U.S. Pat. Nos. 5,393,822 and 7,135,516.
One process for the production of a polymer-fiber composite
comprises co-dispersing-thin polymer flakes having some irregular fibular
structure extending from an irregular periphery. The flakes, or the co-

30 dispersed flakes and fiber in water, used to make a matte by paper-making
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Fi bers include, but are not Iimted to, those conposed of: glass; graphite;
carbon; fluorinated graphite; aram d such as pol y(p-

phenyl enewvenenhbtsal am de); boron nitride; silicon carbipde/uspalopesver; and
pol yam de. Carbon, graphite and fluorinated graphite fibers are preferred
10f i bers. Fibers of the present disclosure can also be chopped. The
medi an | ength of the fibers can be | onger or shorter or the sane as the
medi an hei ght of the matte containing the fibers. Fibers nay be

si zed as k”O{@&hhuﬁuEQecaﬁ{ vesé §'aﬂ9d|§ﬁ3StSH&H}H'F$8er1$5s% cff%e r esi ns

or pol ymers, urethane- nD epoxy resins or polyest resins
or polyners, tqother’r'meemmltast maxmnjnyné?@QO polhesfiakes, orethert@ ahsp@‘eeg?rrers

pol yur et hane_r,.esi ns, gr rbon e resins o | yner s

ol yot her | m WA Bt il dse B ARs AR Pl B SemAln g e oTs s,
pol ystyl yl pyearihaee s€8ingSingds @mofﬁart@ 1$@ﬂwsmdﬂﬂsroe$mme BesImgy haigle resins
or polyners, polysulfone resins or pol yet her sul fone resins or

20pol ynmers, @@@ﬁyreﬁ*nepmr@éiyw@ttharﬁ'@ef %%”tﬁgt r@F'OMI"W@? i beHSpEiR@A  al cohol
resins or poj el & arPQé]l)’éﬁdéyéolLRDbW Pel %@Qhéﬁ%%‘@aégd &va)é[%ft Bf %? Zt%'ePS or

pOl yrrers and m xtures her eof Si z1 ngs may be sol vent comnpat| or water
conpati bl e, acvlwsmwtabl@ tedoveAD apphienily homagenepus sluarylappropriate for

Pol yvi nyl pyr r
ol et el ROl B RS Sui io Bul R i o8P oo RN B TS M s are
(g)iqscl osed i nlayer |Elr{brmé?d)gl8(ﬂ9599&5cﬂhf ddtf& ’?dBa‘.Ilsce?hableEBo ¥8n&&Y eyy). 7, 135, 516.
e process for the prodyction of a o ymer-fi conpQsite conprises
co- di spet%i néetﬂmght"ag greaies haiy ’Hg’j‘bQHH@ fFQ abRHtal2 ‘#qoo%ﬁ%nd& ructure

extendi ng from anp drfyeegﬁb@dlrﬁéﬁf irBRRkMg Mbst vf/étélkf?ém Rhttd tt?fo@ﬁ’ra wet di spersed
flakes and fiber in water, used to nage a matte by paper-nmak |n?
matte; removing more water from the layer to form a dry matte drying the
layer to form a self-supporting planar matte; optionally thermally tacking the
web to improve dry strength for handling and preconsolidating said matte by
15 heating said matte above the polymer melt temperature to form a different
matte, then applying sufficient pressure normal to the plane of said matte to
cause the polymer to flow to form a preconsolidated matte; and cooling that
matte. The aqueous slurry can be substantially free of other constituents.
Suitable belt presses are well known, for example in US Patents
20 3,159,526; 3,298,887; 4,369,083; 5,112,209; 5,433,145; 5,454,304; 5460764,
5,520,530; 5,546,857; 5,555,799; 5592874; 5759927; 5,895,546 each of
which is hereby incorporated by reference in their entirety. A manufacturer of
suitable belt presses, particularly isobaric double belt presses, is Held
Technologie GmbH, Germany. A manufacturer of double belt systems useful
25  for fiber reinforced thermoplastics is Berndorf Band GmbH of Austria.
Suitable platen presses are well known, for example US Patent
5,775,214, 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 Maschinenfabrik Herbert Meyer GmbH in Germany (vertical presses
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techni ques, can have a Canadi an Standard Freeness of greater than 200 up to
the Freeness test maxi num of 2000. The fl akes, or the co-dispersed fl akes
and fi berwDreomeamesess used to make a matte by paper - maki n@Craskoiogwess] can
have settling tinmes of from1l to 13 000 seconds or nore. Settling tine is
Sneasured, optionally with the fiber content ratio by weight to be used in
a matte, in an aqueous solution (i.e., less than 1% based on wei ght of

pol ymer solids suitable to form an apparently honogeneous slurry

appropri at e Bplrén{iﬁé?gf;%’]?eyé’es?‘_ez&;rﬁ@dblé apy, ?h%gqir)ésé S&W-Bﬂg%tP Iy gbser ved

until such trme a n ayer i rmed on the bottomor t op di'scernabl e
t o t he nakedwidlyep.to 20 t8as$ ptassgre amkheaimgogatpsemt tor6A3&n from about to 2 to

about 12 000 seconds., . ln any, enbodi nent, repoving nost water.frommtte to
o et et ¢ o8 ans Medsr SRRS bresheR SPRo T BT b WBissia 8, Mot e
drying the | aygting srefl@omnaisrelxbnpid DS Pateat L8N ar Oreicheif whpdh ienarélyy

thermally tacking the web to inprove dry strength for handling and
pr econsol 1 dalcAPOsAted bydetesense intBeiRgatiiely said natte above the pol yner

el t temperature saudus fdhdtid drupiVindbatinglBE BuPRRL AdiighiRUbT ! ent

pressure normal to the plane o . matte to cause the polyner to flow to
f orm a pr ecotaybtiing @ hattetarecompusite @olidleyithlsahotrasrfaee (Thecenfuston); sl urry

el 1| known, - FOPY ek get 55 (8o SRR BRN LN Sl @8 el ofr ovea by

reference i nmidrewaverddiateiny. A manufacturer of suitable belt presses,
particul arly isobaric,doubl e belt reSﬁgs, is Held Tec,hgj)%?)%i e  Qr1bH,
Ger many. [\ manuf A28 EFatoN rasiBAe A vell speyRnfer G3@ple i SN

rei nforced thenpupleasichCst whicrBRIery inBarsbriih dydbffsdd indneipdhli@p).e pl aten
presses are well known, for exanple US Patent 5,775,214, 5, 253,571 ,

5,323,696 and 5, 38gnsidaket RanbewhITEt ¢ Undeedie $afte Fpaditertady ref erence
ool R B AR ol DAL RSP0 Pl e
temperature or heating to a temperature below the softening temperature, or
15  both in various combinations as known in the art, can be carried out optionally
as defined herein, during consolidation. Accordingly, one can make a
composite article of density Dc comprising polymer and fibers, said method
comprising by providing a first matte. The first matte may be a matter
comprised of thin mattes. In either case the matte comprises 1 to 91weight
20  percent fiber" and "9 to 99 weight percent polymer. The first matte having a
density of Dm is less than Dc.

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

25 provide a compressed matte. Thereafter, the compressed matte is heated
throughout to a temperature greater than the softening temperature of the
polymer, while at a consolidated density greater than 1.1 times Dm and less
than 0.999 times Dc. This will provide a preconsolidated matte, which is then
cooled, or a least a portion is cooled to a temperature less than said softening

30 temperature of the polymer to provide a consolidated matte.
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or lam nating 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). Sui tabl e
nmet hods ofoapplopessg al t er nati ng stages of conpressi on amdThisatliongosar e
known, for exanple US Patent 6,287,410 each of which is hereby
5incorporated by reference in their entirety. Suitable nethods of applying
heat include but are not limted to contacting a matte or conposite article
with a hot surface (e.g. conduction); using a hot gas jet (e.g.

convection); and usig Iur%ﬁ!é/ac}f cBﬁs Ifetaed fttfe’i‘é ﬁ%n‘%’taéﬂeﬂr@g@ﬁ%ué@@' ation).

10Densi fi cati on net ho nown, or exanple 1n atents 6,032, 446
each of whi cpravilehar emx;onsnbdﬂtpdraattm lﬁlye hefgéat ehthe uncohbdidateshaiticletiy .

Consol i dati on_can be, carrie t sane, condi t.i ons

Gonerti aat i oo ibs3te i bieate o Shl 0 A ferfdBuiR B AbER IR sof t eni ng

t enperat ure pélymeakbiighihg temp@aRee afolirevidelacabrisbrdsted cemipagité aresy.at ure, or
15both in various conmbj nati ons as known in the art, can be carried out

optional 13 a8t gast aeartveriithe cgmﬁqllﬁgte@mqsﬁgtq%e ISnRARUINAI y, one can
meke a conpogiiSerafuld 8 tRin ﬁ'f’é@dffe}‘nﬂ%teﬁgﬁi’éthﬁé BOthRYoyFRér. and fibers, said

met hod conprisi'ng by providing a firs The first matte may be a
matter conprised of Disclosadieesin ig a mathopdforcaaieng he contposite antigld wds 1 to 91

wei ght 20per [ 99 .wej. ght I r r st

mat Lo havi neoioaiel Ey ppligscebihashid SNy REATY A8 W0 aBBfe WD . |
densified bymeftrtpmesedting dfah@ pdignsart hegrapptyirig $uthciedt dressuresobmabtod | ess
than 0.999 tjnes Dc t\Q\Inile at Is?ast a of the first matte is at a

t enper at Ht e theddane,q h§a{Fﬁtt%Wf‘t%H?%@aﬁ@hi)é?%qflﬁ@'”eﬁwéh%’] Plabg provide a

conpressed mafd&ion theaasd EH%rﬂudrB@ol M@Pf&ﬁcﬁﬁ@n@ﬁt‘ir{gethb?lb@@@heéhb%m&lé%hom to
a tenperature greater than the softeni ngﬂterrperature of the pol whi | e

at a consol i hetRianeiehietlgyeryameans psaid flowttp dersn expreprnspbdaied i§ ﬂeto 999
L e T ovt) b oMo BoREPEREELILIR B BP0l L SghD T, S00) e
t enper at ur e ofiudksaispdliy reatet ohambeisde kmld:wat'msk,l atdbre@Mirathueks for
15  holding wafers or polishing pads during chemical mechanical polishing
(CMP). 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 composite
allows higher diameters or higher rates of speed to be used, allowing for
larger chucks or larger wafers or faster processing or more robust processing.
20 Also preferred in chucks are composites that resist deformation, thereby
holding the wafer in a planar position for precision processing. Cleanliness
(e.g. low metal content, low or slow elution of metal or ions) in composites is
also prized in semiconductor manufacturing articles, including in spin, rinse,
and dry modules and chucks. Composites are valued as a support structure
25  for the semiconductor wafer, e.g., such support structures also known as
wafer chucks, susceptors, or wafer pedestals. Semiconductor manufacturing
articles are well known, for example in US Patents 7357842; 20090033898;
5451784; 5824177; 5803968; and 6520843 each of which is hereby

incorporated by reference in their entirety.

14



A plurality of consolidated matte is then stacked hei ghtwi se to provide an
unconsol i dated article. The height of the unconsolidated article is

conpr esseaoand/dessbed t hroughout to a tenperature greatecTiusanobes7pol yner
softening tenperature, to provide a consolidated conposite article. BHAt

| east a portion of the consolidated conposite article is cooled to a
tenperature | ess than the softening tenperature of the polyner.

Di scl osed herein is a nethod for nmaking an conposite article with

orientation, éSﬁﬁBB?u@é hﬂ@@s%e%@ieﬂxlﬁ%é%ﬂn%%lerﬂ@ﬁt%' ex@inPleShack to above

the nelt terrperatureo en a I'ng sufficrent pressure
normal to 1oc¢mpmsanevaWe&asedmatosed\imusd:’atlaet atd 1 d 11 seacicohshichisned in the
i n-pl ane d|r on to ca f uoro&ol rttofloworlentlngtheflbers
in substant i e;t?yf'?ﬁ?r%?rg réa’nf:%ﬂ: eﬂbﬁﬁé%xs of said flowto forma

preconsol i dated snﬁa@bresentmvent.on iSuzRAsin 8t l8ast cHegdr aadnignate@dof or chucks,
for exanple spin chucks used in coater chanbers to hold wafers, or for CWP

chucks for 16ndvéingfuhaeidimites oy pighlifigd pereesaef m?é;w@?é‘r'ﬁecalm*h%ham cal
pol i shing ( Cikg/or F@irédt?d%l@rp'rdcé%%@f%drﬁﬁa&ﬁt% tﬁQP@éﬁ?ﬂP@&lhE@ réB st bRERFed about

their z axis at high rates of speed, where strength in the x-y plane of the
conposite al recmsduw@h@ro@carmpmcgssato ploghiee anariale of insrrasedidensiy; wed,

aIIovmngfor r. f f r.o or nore
Fobust pr occRURleet nGREET B bR eR Eilaloo R (BBl Bhar 1 ot ot
def ormati on, mteltm,riiab;allhpi@um@rv}éiete@aﬁ?fulrmes q)tamﬂuanmly ﬂ@ﬁﬁ)l‘ddeleﬁesf ﬂr{at{)_r eci s:c on
processm nl i ness : ow netal,_ content, w or slow_elution o
met al or! on@?'q% %ﬁ}ﬁ%ﬁré{‘%t?% aeeeSSf PEH%”QE‘E@%@BH%@W@F E’ﬁﬁuf acturing
articles, i ”@n@ﬂi %%rb@es%otbrbroauéésﬁroda%évr}’g HROAO®S pﬁiﬁért?hh‘r@&@hompos' tes

are val ued as a support structure 25for the sem conductof wafér, e.g., such
support st r ugsefblewlanspamhergess prodice AYORIOsEE PEecd hgvinga waf er

pedestals. S g % I Ek é@ for exanple
P 0s pat ent STrB0HoBERP BT LB R ElhSevE skl na o5z0840
each of whi chlongaﬂrmtebgrealn)ctbapuermﬁfednlwysupérmreragardiesstdmme dieedtionedfy .
Corrposit? articles ar use]u in seallnﬂe nEs for .exanple in
5~ measurement (Or uniform or superior in one directioh, or uniform or superior
in two orthogonal directions), and the like.
A composite article of the invention can used for known applications,
e.g. equipment for semiconductor manufacture, in aircraft parts, in automotive
parts, in gaskets, in seals, and the like. The article of the present invention

20 may be a spin disk.

EXAMPLES
Materials similar to the following, and methods for making similar

materials and articles, are detailed in United States Patent No. 5,470,409 to
25 Deakyne et al., issued November 28, 1995, entitled "Process for making

fluoropolymer composites,” United States Patent No. 5,232,975 to Deakyne,

issued August 3, 1993, entitled "Preconsolidation process for making

fluoropolymer composites,” United States Patent No. 5,427,731 to Chesna et

al., issued June 27, 1995, entitled "Compression molding of structures," and
30  United States Patent No. 4,163,742 to Mansure, issued August 7, 1979,
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conpressor valves as disclosed in US Patent 7,011,111; each of which is
hereby incorporated by reference in their entirety. The present invention

i s usef ulwonontookssast one, or a conbination, of 5(incl uecmgsbam/omari|imted
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
increased density; a process to produce products having fewer netal,

metal lic, iogh I'edo'rlz’réé'ésgt% brEFBHcEt' bSred R téiﬁélflﬁb#dég@ésnét)ggl?ﬁ%?%ﬁdt hat

10|nclude a solvent or rocess for usin preserves
fi ber | engt hgraphjie fibesss albofpmmdlmaee incoghwcatet doyi ra@aranctmihftbeineptir@nerty

t hroughout a usefu c oduce a conp osjte duct

havi g di recti ondn® SoliiEne BRI T8Redd SHOS & BaRur RO R Rel b ve
strength, oragd atgribiefiotdE ir éaPont beNdnsoutsiahaGoraparsy Melriagtanegar dl ess of
t he dlrectlon of 15nmeasurenent (or uniform or superior in one direction, or

uni form ot shp@wase. and @%méwﬁ@g@%meap?@éwraﬂn%lgout&ﬁdﬂ@'ﬁéoqri% A
conposi te ar {hfodkttyihd AEIRORM FBR ;s&egntfﬁgrrm?x{moawméme?ﬁs

equi pment for sem con uct or manufacture, in aircr arts,” in autormtl ve
parts, in gasket sA carbasefifies CRindsachwas prfaCrvlmltatetbaae@l bad laHengih@ient

i nvention 20 pi n._di smlar to the

f ol | ow ng, a%@gu&eqf%g'ﬁﬁ’ %era%neéér g s.h‘%":@? rrﬂjé:{c’er}si ghbu%ﬁ%l'étrytl cles, are

det aimljed in bmrbgmwaﬁélgtze)i@ ggat@mirokhat;&y47\ﬂelgﬂﬁpérole:r2t5ﬁaakydiﬁpaﬁblal , issued
Novenber 28, 1995 title Process, for i uor conposites,
Uni t ed Stht eSiZipg: 8ATOGH density of gpRroxinaigly "E 73&@@5@%5%55361 1993,
entitled "Preeanselé h'o@'ﬁt @a@?ﬁ’&?ut%@b KSR rEstef tHiRr 250l MPBY ag@t@RAEt es,
United States Patent to Chesna et al., issued June 27, 1995,

entitled " Comedekisiaimt Iﬁﬂstjan@roesnmaé@lmﬁﬂt@l\/&by ASTM B30 Bt BlerBnagles Pat ent
No. 4,163, 743n§|98|%'f'ﬁ+érf?oer'f§rsﬁ‘\ggl 'Aﬂ)lrgtgﬁfln unlt%%?%anomoles per gram fiber

showed results of approximately 170 000 for sodium, 770 for potassium, 180

15  for calcium, and 22 for aluminum.

A similar fiber CF2 had lower content of metals. Elemental analysis of
the fiber for metal content in units of nanomoles per gram fiber showed
results of approximately 830 for sodium, 510 for potassium, less than 10 for
calcium, and 3 for aluminum. Tensile strength was > 500 ksi (>3.45 GPa),

20 tensile modulus was > 30 Msi (> 207 GPa), and the fiber appeared to be
somewhat stronger than CF1. The sizing level was 3.8 weight percent; the
sizing was characterized as water soluble.

A fiber CF3 similar to CF2 in physical properties, also had content of
metals similar to CF2, yet was essentially free of sizing.

25 A type of Teflon® PFA pellets PFAP1 (tetrafluoroethylene-
perfluoro(propyl vinyl ether) copolymer, CAS 26655-00-5) have a melting
point of approximately 305 C, a flow rate of 14 g/(10 min) and tensile yield
strength of approximately 13.8 MPa and tensile strength of approximately 25
MPa at 25 C and 12 MPa at 250 C by ASTM D3307, and a specific gravity of

30 approximately 2.15 g/mL.
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entitled "Process and product prepared fromtetrafl uoroethyl ene polynmer and
graphite fibers,"” all of which are incorporated by reference in their
entirety.wOnotihe2d66l | owi ng Exanpl es, Teflon(r) PFA is aPrcegisstienai71
trademark of and available fromE 1. du Pont de Nemours and Conpany,

W | m ngton, 5Del aware, and can include a pol yner containing about 99 nole
percent tetrafluoroethylene and about 1 nole percent perfluoro(propyl vinyl
et her). A carbon fiber CFl used was polyacrylonitrile based, had a

I ength of about GPPAWEyﬁé Iﬁiltﬁiﬂ@tf%m@fFA@bPWEresmtaeeLs gcé Hﬂﬁ’mlﬁ‘opmek density

of approxi mately 200 ximately 4 wel wat er conpati bl e
10 si zing, atyparrbmufdeiusactlyyéhdratppﬁm&ut@ﬂ@cy EAsagﬁaumtby ASTM D1505, a

tensile stre h, of at reater than 3450 MPa) and
tensile rmduP%ﬁeng?uQﬁlcqt' ﬁ“%@%ﬂéf’?@@% @%Bg %ﬁ] by ASTM D4018. El enent al
anal ysi s of the fAkest nigtte mmaha@ﬁmgrﬁom aowwm@htmomd 8F%MHr gram

fi ber showed results of approximtely Q for sodium 770 for

pot assi ug 186i9h5PEAFd Acepising 591@‘32?3?‘8?3 Qf U|$|5|59ﬁ9 2A\-si ni I ar fiber CF2 had
over contentof 11 gyanaf MY Blie 198 HAY £lo IR DREnEREsIT & Cont on

in units of nanonol es ‘per gramfiber showed results o I‘OXI mately 830
for sodi um Bwdl)fhaes guidisef apnrokiswdely H& Slioches, aclahghhmﬁovandlSBﬂcms,

al um num Te 5 GPa), 20 tensile nodul us
was > 30 m.g’?@g’i’%@ﬁ% %%S%%X' ge&ﬁa%@ﬁﬁd to be sonewhat stronger
tEan CF1. T“ﬁ si ZThgcoleareht watte 3d| NvedglfrtorrpMdde(béforé hetabie corgpmsssion
characterj ze

t | ubl 3 | t h |
ot oper 1 . & 31 P 2 SNEEIRSSGH aRBIATBASHHY O IHCeHEPOPEr e Zdsent | al | y
free of sizipgn, 2269 Wd%né’)faﬁﬁeébﬁﬂﬁlh‘)ataﬁh@§ér|n6tb?as|%':\ﬁ5’éht

(tetrafl uoroethyl ene- per | uor o(propyl vinyl ether) copolyner, CAS
26655- 00-5) have épmqnsn@dqj@d artic CApAraskvaansde @08 p tera prassviranat e of 14

O a0 oy S ST B Pt PRI AR 3006t bl Y 210 el e
and a speci finchegs averd yutofnaikﬂwmtemfﬂﬁ%gmﬂ |&gth/dirkection. Approxmately
15 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 ambient temperature was placed in a temperature-controlled
platen press and heated so that the temperature throughout the stack was
20  greater than 310 C (583 K, 590 F) while the stack was minimally compressed
along the thickness (z) direction at a pressure less than 90 psi (4310 Pa),
while being unconstrained by any added pressure in the length and width (x
and y) directions. The completely heated stack was then further compressed
along the thickness direction while heating was ended and cooling was
25 begun. The stack was thus consolidated to a thickness of about 0.285 inches
and the temperature was decreased throughout the article to less than 290 C
(563 K, 554 F). Then the temperature of and pressure on the stack were
reduced to ambient conditions to obtain the article CA1-24.
Articles CA2-24 and CA3-24 were made as for CA1-24 by substitution
30 of carbon fibers CF2 and CF3 respectively for CF1. The wet matte Mw3
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PFA fl akes (PFAFl1) from PFAP1 were nade using a disc mll of the type
manuf actured by Andritz Sprout (Mincy, PA) as taught in Patent/Publication

Nunber USE6Q60FD286y Deakyne. A wet matte MvlpPeagiscede4dsrom 20%
by wei ght CF1l and 80% by 5 wei ght PFAF1 according to the nethods of
US5506052A. The dry matte Md1l nmade from MvL (before notable

conpression of MM) has a width of approximately 16.75 inches, a | ength of
over 18 inches, and a basis weight of approxinmately 0.12 |b/ft2.

The coherent in%BFptg?at%ﬁ@?ﬁeé Bféﬁ“z%@%gég?nfo?e[]b‘?y Hﬁgﬁéﬂt% PRJEBE%@& 'gﬂﬁ rlr?nOf 2’23%

has a thickness oxi mat e i nches ppr oxi mat e ,
m crons) andappgarencaretrepgredie Mahandddwa inmeirgdrating\Ch2e cldresaimpledited arti cl e

CApl-24 was made. on a platen press_fromcut rtions.of coherent matte type
Voo Squar esPareran Braettidh i i3 Batde e P2 demeruBle SR of "t he
origi nal | engikilélstresdth@nd ppeamriceat el y 15 24 squares were stacked one
upon the other with the length directions each orthogonally oriented to

their oné (for top heatabin belEPiasst e3P ber H\ﬁ@z(\f’%?’ Uf?ﬂ Krmake mat t e) near est
nei ghbors t o, RIBHAR afe FHBRKs AP whs ERREDUL BLSKoel e ss Wakks at

essentially anmbient tenperature was placed in a tenperature-controlled
pl at en pr esswardindhwidtieaf sboutl incihes ardrparaikingeendih ofighouit 1G feet.stheck was 20

greater than ) Ll.e ! ressed
a ong the ¢ hrartRY Sepjofnedio vl b fgbbe, The Heu BT aBelts SRE 10" P
whi | e bei ng adjostadieiaimeltpleyzoaey. added pressure in the length and width (x
and y) directions. The conpl etely heated was then further conpressed
al ong t h& t hi cknel@dYB; Pekgiiﬁ)%ﬁ” iq%%qfﬁﬁgﬁmﬁyeﬁa%oég@%dg?im@m\%gs
25begun. Theyghasdft Yaresiiiere 00500 #ahed tHlateriddbidesseOhittiReyd 0. 285

i nches and the tenPerature was decreased throughout the article to | ess

than 290 C (Wewing lepsih were qunted bywatergieernding 2onea i appess0aielyor? t he
At ol s cact A BBEsE todiR0 Zohb AR sty 0T B BB Bt 25 oy
carbon fi ber avdbatsands Set}orabmpe01028ehghdsaas i@Easuréd ehavtticknest aftshexit
appear ance cOnOLFAINEDSRRET Brer R d RO E IR RGPS WhE Simolide
mat eri al  madesiédsefolmalatibd ol shgledsibet ob fiatte Gbdull 0 MBBS hEHRIsTH heupe el
tensile strength and aRpear ance. 5A heatable belt press HBP1 or HPB2 was
used t o makepassed through the press to continuously produce a preconsolidated matte
about 0.015 inches in height. The matte was fed into the belt press at 12
inches per minute. In trial BP2, the feed rate of matte was increased to 15
20 inches per minute.
In trial BP3, three mattes were continuously and simultaneously fed
into the belt press while aligned with their lengths in parallel. The gap
between the two belts was approximately 0.084 inches, and the
preconsolidated matte height was approximately 0.045 inches. Feed rate was
25 12 inches per minute.
Analogously in BP4, five mattes were continuously and simultaneously fed
into the belt press while aligned with their lengths parallel. The gap between
the two belts was approximately 0.10 inches, and the preconsolidated matte

height was approximately 0.075 inches. Feed rate was 12 inches per minute.
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preconsol i dated mattes. HBP1 was a continuous dual belt press wth a

wor king wi dth of about 30 inches and a working | ength of about 10 feet. The
const ant wepomaokssag hei ght was adj ustabl e. The belt press/useonmpt@Erur e was
adjustable in nultiple zones. 10In run BPI, the entrance zones of HBPl were
set to 500 F, the internal transport zones were set to 700 F, and the later
cooling zones within the working I ength were cool ed by water entering the
zones at approxinmately 32 F and exiting the final cooling zone at |ess than
100 F. The gap b bRC S
measured the thic %%E%CEP §g£%$ﬁa¥§%w§ ?%thg{)ﬁt g%gggplr(gceegggggge%%?%?ough

t he press. Botte beparstelyecid intogiogiibrisy aasersbled srutbelhyhottaegamally Atsi ngl e sheet
of matte about 0.095 inch in hei ght wa ssed.t hrough the press to
cont | nuouel y BrBte rahe BT Befittoee e P SR0 et S PR hei ghe
The matte wamllbgd. into the belt press at 12 inches per mnute. In trial
BP2, the feed rate of matte was increased to 15 20i nches per m nute.

In trial BP3, thréé‘”ﬁ’a@c_tr@%reﬁéip_@ %éWﬁQBH@W”ﬁ‘H@_%‘?WPﬁ%W@mﬁdleete into
the belt pregsiwd liﬁal%rb(ﬂft@ga%ﬁt_fb.é h}gdlhgsg@gg@hﬁ in parallel. The gap

between the two belts was approxi mately I'nches, and the
preconsol i dat ed nfatecens@idgtad matie apgaeon thet plAtenereas at adkesity ¢feb85r at e was

2512 inch j | j i t ' |
and st il andbts e Pl paltd BREMEAY 5o Bedb oo IR T A CHE Bbr P engt hs
paral | el . Theugraphéatingeterabohe 300 hellé sestrsnepy [80 toms @hyl 0sdlidichpches, and
s 5o REnoeles SRl ool S PRy Babaerouel “pr oot
process (BPlhpdt 164 %ML WRH Qi REAIRIRIY nbiidedblt &xRAEIdndFingdfafing e d

mutual [y orthogonal 'y into stacks as for the platen-press-nade nmaterial,
and finally @ wRikeestgined yoihe saBk preasyrec bimgt eerdiftnation vasdyakerof

preconsol i da i i t 6.5 i nches
' her gt e BEe8 BEESAIRALH hEMBINAGY i S Bond D OB -2
density of luBdergdentidabsorimitonsaftexgosed prazanct sud tegngevaluoswerofidssindensity to
about 1.4 g/ éjrgf_ri ng%heati ng to above 300 C while restrained by [80 tons

on 16 sqgld nc BBPEeShsol i dated matte nade on the constant gap belt press
had a density of A composite article can a coefficient of thermal 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.
All parts are by mass unless otherwise noted.
20
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about 1.4 g/nL and did not undergo noticeabl e expansi on during heating to
300 C while restrained by the sane pressure. Final densification was higher
in the cawe 20f1/messonsol i dat ed matte made on t he const antPCgas2@elotospr ess
under identical conditions of exposed pressure and tenperature profiles in
15the article press. A conposite article can a coefficient of thernal
expansion in the XY direction of about 10 ppm K; the coefficient of thernal
expansion in the Z direction can be greater or less than in the XY
direction. Al parts are by mass unl espafjger Wi se noted. 20 CLAIMS Wat is
clainmed is: 1. A method for making a conposite article of density Dc

5conpri si ng Whatneclaamedfisber s, sai d nmet hod conpri si ng: di sk
refining said polyner, to provide flakes having an irregul ar periphery with
an irregular mcrofibular structure extending therefrom wherein said

pol yner has a softening tenpafeiicd Br ntakin &R6APoBIGe hrtien efesity Dei ght
percent to about 50 weight 10 percent fiber and from about 50 wei ght
percent td aBRUPIISNg RS anekfhers. saiGrethasheBPiHNg:he total conposition of

fiber and pol yner, i gisRRcRANG QMR suliHéd, RIpidRidd MikedhaRing H ngulfpedi ng sai d
slurry to a noving screen ;
periphery with an irregular microfibular structure extending therefrom; wherein
said polymer has a softening temperature;
co-dispersing from about 1 weight percent to about 50 weight
10 percent fiber and from about 50 weight percent to about 99 weight percent
flake, based on the total composition of fiber and polymer, in an aqueous
solution to provide a slurry;
feeding said slurry to a moving screen ;
removing water to provide an aligned matte having a density of
15 stacking heightwise in an aligned manner a plurality of said
aligned matte to provide a first matte;
densifying said first matte to compressed density greater than 1.1
times Dm and less than 0.999 times Dc, while heating said first matte
throughout to a temperature greater than said softening temperature, to
20  provide a preconsolidated matte;
cooling at least a portion of said preconsolidated matte to a
temperature less than said softening temperature, to provide a consolidated
matte;
stacking heightwise a plurality of said consolidated matte to
25 provide an unconsolidated article;
consolidating said unconsolidated article by compressing the
height and heating throughout said unconsolidated article to a temperature
greater than said softening temperature, to provide a consolidated article; and

20



renoving water to provide an aligned matte having a density of 15stacking
hei ghtw se in an aligned manner a plurality of said aligned natte to

provi de awOi2nst002®Et €; densifying said first mrartus24io0/0esrpressed
density greater than 1.1 tines Dmand | ess than 0.999 tines Dc, while
heating said first matte throughout to a tenperature greater than said
softening tenperature, to 20 provide a preconsolidated nmatte;

cooling at least a portion of said preconsolidated matte to a tenperature

| ess than said softeg&&f}ﬁ%%%mﬁrﬁon gpsé?a%blgcgid%téépmeﬂeitg%t ed matte;

stacki ng heightwise a p sai d conso ated nmatte to 25provi de an
unconsol i dat ethpmratuce Ess than said softening déingeataturg te giravide saidswimpisited articl e
by conpressi n&gt he hei ght and heating throughout said unconsoli dated

article to a@ Ir‘?perature greater than said softening tenperature, to

provide a consolidated article; and cooling at |east a portion
of said consolidated article to a tenperature | ess than said softening

t enper at ut e to provi %}_e sai dneomgiedid claim; %WB?"%’??@*H@%?M@ sgtectdhi m 1
wherei n sai digg) t}ﬁ%ﬁf?dnpac&f‘éiﬁﬁﬁbecﬁ fUbRIPlyIFerHRUBoI FRBR! &drhpigking rdgader opol ymer

and pol yners conpri’s repeat” units or nononers” of tetrafl uoroethyl ene,
per fl uoro (abhitxgankaomerodf tetraiiucraetbsiebenperfloats. (alkezyalkenelaftiold 6f cl ai m 2
wherein said I LS selected fromthe group consisting of

perfl uoro(vi %€rgo%;£g%r9%. et her),

10 3. The method of claim 2 wherein said polymer is selected
from the group consisting of perfluoro(vinyl propyl ether),
hexafluoropropylene, chlorotrifluoroethylene, ethylene, propylene, and

combinations thereof.

15 4, The method of claim 1 wherein said slurry comprises
from about 20 weight percent fiber and about 80 weight percent flake, based

on the total composition of the fiber and polymer.

5. The method of claim 1 wherein said fibers are selected
20 from the group consisting of glass, graphite, carbon; fluorinated graphite;

aramid, boron nitride; silicon carbide; polyester; and polyamide.

6. The method of claim 5 wherein said fibers are chopped
fibers.
25
7. The method of claim 1 wherein said densifying while
heating is carried out with a platen press, heatable platen press, high
temperature rollers, infrared heat or high temperature belt press.
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hexaf | uor opr opyl ene, chlorotrifl uoroethyl ene, ethylene, propylene, and
conbi nations thereof. 154. The nethod of claim1l wherein said slurry

conpri seswbnommbssat 20 wei ght percent fiber and about @0TwEs2gl4@er cent

fl ake, based on the total conposition of the fiber and pol yner.

5. The method of claim1l wherein said fibers are selected 20from the group
consisting of glass, graphite, carbon; fluorinated graphite; aram d, boron
nitride; silicon carbide; polyester; and pol yan de. 6. The net hod
of claimb5 wherein said fi ! - : 7. The

met hod of claim1l V\/n%'r ein gﬁ%mgikﬁgﬁ?%@qmpgﬁgﬁﬁ%”q osr k(]:%artlrnrqeoé out with
a pl at en pr ebsth ihdanabbthplist, stegyies gisdonghutwsyee cabtinwusgirbesss, i nfrared
heat or high tenperature belt press. WO 2011/ 002866PCT/ US2010/ 040571

8. The method of claim 1l wherein densifying or heating or both is done

bat chwi se, stepw se,9di sconttgwettdd dficlahns WRLIS saidasHying while 9. The
met hod of claim 3 wherein said densifying while 5heating I1s carried out
with a hehat eledinais saried outyvitha heatediheltRiges-py the nethod of claim1, 4 or
5.

10. An article made by the method of claim 1, 4 or 5.
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