TI TLE OF THE I NVENTI ON COWOSI TE ARTI CLE MADE BY A PROCESS FlI ELD OF THE

| NVENTI ON The field of the invention enconpasses a process for the
product i onoab113wessposi t es cont ai ni ng rei nforcing fi ber aod/im2q@oloyises
particularly conprising carbon fiber and fl uoropol yner. BACKGROUND OF THE

| NVENTI ON  Conposite articles conprising or consisting of a polyner
(usually a 10conti nuous phase, and possibly conprising fluoropolyner(s) and
fibers (such as glass fibers, carbon fibers, and graphite fibers) are well
known in the art. The addltlon-l-leﬁ_Ef SHE INGENRIONX Pol ymer can inprove
certain properties of the pol WW%WWTWTFE can include creep

resi stance, tensile st GONMPOSIIE ARHGLEMADE BY AXRRAQCESS engt h and

nodul us. The reinforcing fi berF ngé Nhas a higher tensile
nodul us and strength than the a fluoropolyner is used

as the matrix polVh@nemaﬁtw@ménwemwnﬁapassemqorbeésd ﬁorm;s sroapeEdrt 6f of t en
has many of the attributes of fluoropolynmers such as high tenperature

resi stance aﬁﬁ“@%?ﬁsc%”tq'@'@%@'&ﬁt’é‘”g\mpﬁﬁ”ﬁ’rﬁl«%"%@%pé‘HWH@é'Vtcé’énRE@éTgul as
parts, for exapgheibef Shd FIU@ro‘foB&Fﬂe?a' processing industry. 20lt is anong the
obj ects of this invention to provide a method for the production of such
pol ymer conposites that exhibit i rrproved properties and to provide articles
made by the nethod. Backgr r‘produm ng conposites
of polymer and fiber or fifetrs ' 5t-yrefric Materials

Encycl opedi a, by QBdmselWaﬁcleSaiommrsmqdnktqns&’ﬂngw%ﬁjolymé‘rl?(lhlsﬂ@lly £84932470X,

| SBN-13: 978-
10 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
modulus, and flexural strength and modulus. The reinforcing fiber chosen
15 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
composites useful as parts, for example, for the chemical processing industry.
20 Itis 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
and fiber or fibers can be found in Polymeric Materials Encyclopedia, by
25 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:
double-belt press lamination” by A. Trende, B. T. Astrom, A. Woginger, C.



0849324703 pages 8327-8343. Some background in doubl e-belt press

lam nation is found in "Mdelling of heat transfer in thernoplastic
conposi t esormarwmagssur i ng: doubl e-belt press | am nati on" Poy/US2010/0¢05de, B. T.
Astrom A. Woginger, C. Mayer, M Neitzel, in Conposites Part A Applied
Sci ence and Manufacturing, Volunme 30, Issue 8, August 1999, Pages 935-943.
Known rel ated nethods and articles include but are not necessarily limted
to United States Patent No. 5,470,409 to Deakyne et al., issued 5Novenber

28, 1995, e”ﬂ/liakl%r.e,‘i/%"lg%i%%ﬁﬁ Cfo%pdgﬁéé PG A Wﬁﬁ%@'é’é@?{ce 1§bg%§turln ni t ed

St at es Pat ent 75 to yne, iss Au ust entTtled
"Preconsol i ddbiuore p0,desiss8 f AugusiPAY, FPdigﬂﬁrﬁbiﬁaBt%rer conposites,” United

St at es Pat ent No. 163.,742 to nsur,e,..i,ssue 1979 ntltled
TProcess. ang prodﬁe?wgr%s%?ﬂéaeﬁh?’@?napgﬁr%'%w@@?@*@ﬁ%nsto|%ﬁ%@? afffly

10gr aphi te fliragssdto Ukkéd Scht&s abmtRl@tewongt‘émé’aﬂayﬁaJettao icbgsha et al .

i ssued June 27, 1995, entitled "Conpression nolding of structures,"” and

Uni ted Stat eNOpamBeE 281999, 9&"1""39 f’ reeessiPegIakieg fhoropqlwaaEeIRPEIEST4, 2006,

entitled " Se@hlté'cgsﬁétéérﬁ%éﬁtfw S%Mﬁ?ﬁ)qj')eé/@nﬁe%sued\ﬂ@bhét@al'99l‘3”0""” rel ated
met hods and articles include but are not 15necessarily limted to United

States Pat enentiled "Sre@asolation iveedss: for makingoflpuieeolgmen 6oBposiesi't | ed

"d ass-fiber f prepari ng

sanp.» and. Uik SRbT BRREN AP P fRlhaEte, 8O0 ABEFET, 5780 ober 24,

%(9)% entitl emutldvé'ﬂmmbsarmlmdampauatpmpéred fnmktm@ﬂhbgiﬁtryyldwpolf/nmd anbeet S'f"l
ere remains, a e Q venents in these

fields, %clgﬁpﬁﬁegg?rs’ @”'F‘?%pg‘?f ”gR‘QI %E 7%3 ;Siflﬁ,sggse? , Igaed act ure;

a robust andjgie PEPIIYBUEHIMRS '@d?ﬁ@r%s@ﬁ n'i’&&%b%ﬁ%%@tu?é@tarﬁTdiUnﬁé@duce robust
and/ or reproducibl’e product; a process to produce an article of increased

density; an §F&t$%PétQ§'ﬁ NOn(?rOéés@d tocrrieghet ah, ispureMarehn 1426 enpitestuct s
havi ng "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



25fewer netal, netallic, ionic, or related inpurities, particularly for
processes that include a solvent or water; a process for using fibers that
pr eser veswOi2bawookssagt h; a process to produce product haPCmgSa010/0id508 m
property throughout a useful volume; any process to produce a conposite
product having a directional property (such as tensile strength,
conpressive strength, or 30elongation to break) that is uniformor superior
regardl ess of the direction of measurenent (or uniformor superior in one
divection OfcdBlcidht0r SR MaubBribiR el dIRIBR orlirifBRhic? Baberigind the

| i ke. These 1 nprovenments are sought 1 n areas where conposite articles are
used, e.g. eiuvometitogooal deavtions)daod dre enuf acture, in aircraft parts, in
S5autonotive parts in 'ﬂﬂoﬁkets ti n_seal t.and the |ike. BthEF d SCRI PTI ON CF
THE DRAWNGS  Fi glP eI M3V SUR SRR Py ) Alire Vg P @RS B RE RO NS art .

Fi gure 2 shoused:leay.alquipmantevssearhicand@dtbemandfaictre CiaMerdft gardd, tin Cl es
10according to the present disclosure. SUMVARY OF THE | NVENTI ON

Di scl osed® hef@iPAqtiye RapgnpRasketsain seale awdihadke density, Dc, and
conprising: (i) polyner having a softening tenperature and (ii) fibers,
said 15conposite article nade by: Brovi ding a matte,
conprising: from about 1BRIEE P N Wejlagie Dpsvieyissof said fibers; and
from about 10 wei g r ' t icles of said
ol ymer . sai d mat CQUY PGS ok SR ings BPHERodi oc.

20densi fyi ng sai dFigatd 2 showa etavafioe sked censiatty apteabeoniduaie brticlds nes Dm
and | ess_than 0.8.99 times Dc while at least a portion of said matte is at a
t enper at U e PERUCINAAR G PRESRNTHYSEIBRYEr at ure of pol yner, to provide a

conpressed matte; heating said conpressed matte throughout to a tenperature

SUMMARY OF THE INVENTION

Disclosed herein is a composite article having a density, Dc, and

comprising: (i) polymer having a softening temperature and (ii) fibers, said

15  composite article made by:

providing a matte, comprising: from about 1 wt% to about 90

weight percent of said fibers; and from about 10 weight percent to about 90
weight percent particles of said polymer, said matte having a density, Dm,
that is less than Dc;

20 densifying said matte to a compressed density greater than 1.1
times Dm and less than 0.999 times Dc while at least a portion of said matte
is at a temperature less than softening temperature of polymer, to provide a
compressed matte;

heating said compressed matte throughout to a temperature

25  greater than said softening temperature at a density greater than 1.1 times
Dm and less than 0.999 times Dc, to 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 a plurality of said consolidated matte to provide an article;



25greater than said softening tenperature at a density greater than 1.1
times Dmand less than 0.999 tinmes Dc, to provide a preconsolidated matte;
cool i ng awol2engm2gs3porti on of said preconsolidated nmatt@CraSaoomses at ur e
| ess than said softening tenperature, to provide a consolidated matte;
stacking a plurality of said consolidated matte to provide an article;
conpressing the height of said article and heating throughout to a
tenperature greater than said softening tenperature, to provide a

consol i dat ed corrposr&f;nerregg theﬂ@fg;ht of said article and Or%%hrh Ghidk h&?tstfy
portion of said conso date Ite artrceto 5a te era ure less than
sai d soft eni tegnperatore gtaater. thmEAldLEﬂeDESORhmErmrﬂo PHEIJENVENTI ON

Di scl osed herein,.is for ,making a conposite article of density Dc

conpri sing p% mgatgﬁ&omp&sqg @ ﬁ%q hod di scl osed herein 10conpri ses

providing a matte copglingiatfsastbditich dfsaidovisdidatee @htpditecendle to ber and
about 9 to about 99 weight percent of said polyner. The matte has a density

of D and |etrreeerattqraAe%thawrerderqft%%teﬂm%rﬁ@re has a softening
tenperature. The matte is densified by conpressing the matte to a that is
density greater than 1.1 trrres Dmand | ess t han 0 999 tinmes Dc, while at
15| east a portion of tRETA D DESSRIBTIOM T FHE! IR .;.Mu an sai d softening
tenperature, to pr S t r ressed matte
is heated thr ougho(uwgggs%d rﬁée)%'?‘a @geHsgr%an Wﬁhagﬁ&irgﬁﬁ so &eénn&%n

t enper at ure Mdrt@/mc@npﬂmaglpb@ma@rﬂdms yThe eddtiesd tisaloséd hetermres Dm and

| ess than 0.999 t rovi de a. pre-consoli mat 0 At | east
e mort 1 ol of CORBNSHCAERdNg § FEA G LR UI0: el BEtOY 3 FERBLPEEaRD. | cos

than said sof Eeﬁrﬁd?ﬂlgaﬁcﬁﬁb%%‘b%?% Wérg(Pﬁ%rdé‘ﬁt @f %G%@Nn@@t ethe'Mbit€ hadhe next
step is stacking heightwise a plurality of the consolidated matte to

provi de an uﬁ@@ﬁ@@{ ofglameanar& lees éhanTHe, WnrrsinseAid atyaierdesiacsataning hen
consol i dat ed e f icle and
2Sheati ng |t THRIAGRG oY 1t LrellS gBsARt o cohrbediy BERALER SR T

density greater than 1 1 trmes Dm and Iess than 0.999 times Dc, while at

15 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
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.

20 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
provide an unconsolidated article. The unconsolidated article is then
consolidated by compressing the height of said unconsolidated article and

25 heating it throughout to a temperature greater than said softening
temperature, to provide a consolidated composite article. At least a portion of
the consolidated composite article is cooled to a temperature that is less than
said softening temperature.

In certain embodiments, the invention can combine elements known

30 to the artin a new manner to achieve one or more unexpected or



tenperature, to provide a consolidated conposite article. At |east a
portion of the consolidated conposite article is cooled to a tenperature
that is |Iwe=otimesssai d softeni ng tenperature. PCT/USRO100&09RI N
enbodi nents, the invention can conbine el ements known 30 to the art in a
new manner to achi eve one or nore unexpected or unpredictable results,

i ncl udi ng, possibly, unexpected or unpredictable conbinations of results.
Single elements of such art may include US Patents 5506052, 6066395,

52272305, 4adiaTaC o N ouBRTbBaR TNy R PRI . 0s600,

or conbinati mbmlatwreﬁ)q‘.)f reshits. Bingle eamentsfof alich aft mw iohluids U Caterds at ed

h inb i f [ [ t i ned
by ASTM b 762506" Bpasans 7RR06 24 SRREE TiBRE! 3y oS AR e 1y
(Rel ative Deas733pn, a655’44a&t52.257213$5m4s4391©em55 34B)20BM@E82 190, mat t es can be
det ermi ned by TAPPI 10 T411 Thickness er) of Paper , Paperboard and

Conbi ned fBoag‘ﬂjA' 418 WEiBaht 1> 9B P290PG AR %ﬂb'ﬁét'%t@ﬁfﬁ%éﬂeﬁ&SW‘? Rb2hn area

of known si zgr (RicH s %@o%r%d%@r&ﬁ%y%@%réﬁ&ék”ess as determ ned by TAPPI
T411, and wei ghi ng t hat known volume of nmatte. A typical matte of 3[1)0' ymer
e

flake or parti cl edeasity dfidemosite artisfles ¢a;ub@d@t@rr115md ky7ASOM Pi79a2re04B) or a
composi te a ki gl &I R RoRe ASSAdct oo g Joy Bl ThoBid PRASHA 00U 1.

g/ nL or nore, depend what ol'ymer and
fibers used. P}%stws)byz@hsptamméntdﬁhlekmwstcﬁ nodittggodannies déﬂeahm,edd)“y PaPPI cl es,

conbi ned W t | ber 17" of f| r shou have a de gre ter than
Che et el Hhichadds icpaiipapen dlaelsonsd alacs o bied Hst o/ L to
about 2.9 g/ wbgh@EQﬁMum RFRVStErmRinet by dmnrﬁj%redréaewnbmoé.zé tae%polyrrer

and fibers use %ures 1A-D represent the prior art _and aid

under st andi nb CAEbY H enviand. tthk@Qﬁ’SeaS’:L@@HBW@déPVM'?%' T4 b@ﬁﬁr"i’%gfﬂigg pol ymer
particles 1031a?[2ﬂo®h98lruﬁwe19flm§{té.uat ed between two

A typical matte of polymer flake or particles and fibers (17 of figure 1A

15 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
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

20 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
17 comprising polymer particles 102 and fibers 101 situated between two
platens 60,62. Release films 61,63 can optionally be placed between two

25 platens 60, 62 and the matte 17 composed of fibers 101 and polymer
particles 102, or the platens can optionally otherwise be treated to prevent
sticking of the matte to a platen. The matte 17 can optionally be initially under
low contact pressure from the platens as heat is applied to the mattes, for
example through the platens. The polymer particles will soften and typically

30 change shape upon exceeding the softening temperature of the polymer.



pl atens 60, 62. Release filns 61,63 can optionally be placed between two
25pl atens 60, 62 and the matte 17 conposed of fibers 101 and pol yner

particl esw0QB11/00e888he pl at ens can optional ly ot herw se PETIUSe@DAWHD
prevent sticking of the matte to a platen. The matte 17 can optionally be
initially under |ow contact pressure fromthe platens as heat is applied to
the mattes, for exanple through the platens. The polyner particles wll
soften and typically 30 change shape upon exceedi ng the softening

temperature Ploutd SaRRIERIs o nfBiBUAS if b LB 518 BRbERuAAL can be

obt ai ned as erature excee e softening te ature and as the
formati on of exeemds th@SOf(beni(n@pimmratUrg andtasthg)‘omﬂailohldﬁéxesdwmﬁlorm t he | ayer

17'. Not all, the original rtjcles e eat ed abovye their
sotientng t cinppndly HeftRn, B PR whRihe L 125 Mo & HSE bREnA0ImER o g
t he hei ght obaﬁt.bl@smteae)etr@eai@@aea&etr(e&mdft@nmglmn@@raufauFﬁ@s@urecmmeeSSI ng
it) as illustrated in Figure 1C for the chan in density, for a matte

densified t h?%@@ﬁ*&@tma&?”%af’&@ﬁ&%mﬂ@e heighée }’5‘? LR de¢rsAse he pol ymer
sof t eni ng te(Hib%ﬁéle@eﬁ %/ﬂ'g‘ﬁ?' BrfiPEsShd APASHuERAES il Figurd AE BRI as

illustrated is in a relatively unconstral ned state at the edges 10of the
pl at ens, i . echarige inisensity, pforaaumaiierd-;eftsif@dsthrqugéoglf racteneeraiupe veifarany be

noved, al ong,.w : j t.i QF ers an
et angenent nEhE"bER I8 oML sofBn PRIERREITE b A BRI malee {1 he
hei ?ht dir ecﬂ?bﬁ'hbei;]aitm a@&qutrdﬂedetn' anglativedy oncenstrairaidl ahtetag th@ed?éﬁt en
surfaces, 155 nce the po er mx ca u stral ne pl ane

Gt ool BRI 5. s l-rlka Clrecliee ass Bee g ety £88 Dher pandi cul ar
to the z axi &ové@dalbhlgwlth"!ﬁe B@F?fﬁhé?olh tﬁ&é‘élﬂlreéﬂ'&ﬂscgmﬁ@théiﬁb@r@ dmtte can
optionally be cool ed under pressure, particularly to bel ow the softening

t enper at ur e. amnge@gm@n@m@n@@dlgwlaétpehhp@m db’éC%hOfetO@anitﬁ d@heont i nuous

bast s usi g Aedfh ARAEA Hafld B L bn Phil WL kaPBPRLhAgRe and nip

rolls. The process can inc bove the softening
t enperat ure sarfam@se point; this can occur before or after the application

f t hat p d t d f t t b
oot cd ultlor  pr osSOPG VERPUTRrdRe’ RRbeRbRE U P AR AT R ORI e ked

plies) resul gendificativh there need be no compression forces perpendicular to the z
axis, and buckling 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

20  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
significant densification. The composite can be cooled under pressure.

Belt press pre-consolidation matte or (debulked plies) result in a very

25  flat product versus the incumbent platen press pre-consolidated/debulking ply
method. Very flat plies eases the ability to load debulked plies for molding
steps.

Significant densification is meant to describe densification to a density
less than or equal to a desired density and yet equal to or more than 10%

30  greater than initial density. For example, if initial density of a matte is about



25f| at product versus the incunbent platen press pre-consolidated/ debul ki ng
ply nmethod. Very flat plies eases the ability to | oad debul ked plies for
nol di ng sweps11/i828$3i fi cant densification is neant to de®criuseoidomesps i cati on
to a density | ess than or equal to a desired density and yet equal to
or nore than 10% 30greater than initial density. For example, if initial
density of a matte is about 0.586 g/nL and the desired density of a
conposite article made froma single matte or a stack of such mattes is 2.1

g/, then 5@%)8??217 I)dngjathb%s r& gégﬁf Edthb i ?Te%ﬁgddé §or?1 QQH@I‘ety of

0. 586+ [0.50 86) | /L. H5A con matte 1
figure 1C camalie drarsthes otmrbohaites s hg/mbahen 5% demsificationdoransi f i ed

Consol {dat | on onapSHRelEBu b  Fenbhlr Enpot 1S FBR LB Fr e i il

densi ficatiogmlFi gure 2 shows el evation views of an oriented matte and two
10 conposite articles cor;gl sing such oriented mattes. Fi gure 2A shows an

ori ented hatte 200FON$Qjidaighmatty 17 ohigureal(e cam Bfuriericopsaliftated as
coordi nate axhsyeS@iforn ¥y r%o?eoé)@nélf%oqﬁéité‘%g céMng‘i?é aftipR 12 efigupé 1bhe matte

is oriented Earallel to the z axis. Since ers 2003 are allgned on
aver age, al ohge @nea@tUSeusacbf@r ﬁgth@endhmjldatlom oayree thessane obdifferstt assi gn

t hat di rectl 3n tﬂatlés%%hfép | (]er]ishrf ﬁle s. Perpendicular to z and x axes

is the y axis. Ped in Fi gure 2A has been cut froma
| arger matte, to FRigkes Z\ssbowsmle‘vaﬂeﬁv(eﬂ\&(lﬁa&mhéﬁﬂéﬁ?mauaraidltwlo to the z axis,

and parallel to the nd X axes res ectl uch cuttin an observer
o P alq PreomphufadrBes b B Ro PR L B i e 24 S AP s eect | on
by the xz faggerRE8eatREOPEOFdlagamy 2Htps arNsievE HE |Mbédhefoe|Aaédo‘f‘@|h¥te

el liptical cross section (or ultimately nearly a parallelogram by the xz

face 2006. axis sefFxyw Q0B siehned éoﬁbattthéﬂi'e@ht Qﬁth@rméﬁ@ EPER@ds| te article
o, PR 2SI 8B s 5008 SRPQUALBOGh LI Sitfondle
ori ent at i onsdireaiioh pegpendicular to the z axis, one can assign that direction to
15 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
y 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
20  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
made by stacking mattes corresponding to figure 2A. The composite article
illustrates mattes (e.g. 2022, 2023) can have different orientations, such as
25  an orientation with each z axis parallel (heightwise stacked), and the fiber
orientation of each immediately adjacent and contacting matte being at right
angles. If a matte is made by consolidating two thin mattes with fiber
orientation stacked at right angles, such a matte or analogous mattes can be
stacked with each z axis parallel (heightwise stacked), to obtain a composite

30 article of Figure 2B. Note that if a matte is made by consolidating two mattes



25an orientation wth each z axis parallel (heightw se stacked), and the
fiber orientation of each i medi ately adjacent and contacting natte being
at right woghu#02488 a matte i s made by consolidating tweCrhisSeonwmiises w th
fiber orientation stacked at right angles, such a nmatte or anal ogous mattes
can be stacked with each z axis parallel (heightw se stacked), to obtain a
conposite 30article of Figure 2B. Note that if a matte is nmade by
consolidating two mattes wth fiber orientation stacked at parallel to

give a thi Ck@th@‘BEF&ierﬁé‘@hd E%Pgtaé:ﬂéﬂét%ﬁ%ta?t ﬁe@fﬁi(t Ha“es can

not, appar ent e sta axi's para el g W se stacked),
to obtain a cmq@dndated reatté of analdpgdisgmatie? Ban BB, gpparedCy sthesmckepwithi on of

an oriented conposite ar 030 t.hat n made b st acking.mattes
cor r espond: ngeube Pl aeERIsAT oL aitediatt A Rotte ke ibBin g of
pluralities pigur@pBes into groups (2037, 2039, 2035, where the plurality is
atriplet of mattes). Some mattes are oriented parallel, sone are oriented

at right angl es. FFHPEE ¢oPpBYs EPYten of an §H60§d§°ﬂm9§lt?@ftﬁ3|%? 3¢ fati ng t hat
can be ter ”eéiar‘?‘Be‘Pr'ido%’"'é)ﬁ&t'a@l@ng?‘t‘iétfersrbd?l’fesﬁon&ngQ@ figGe 20 (e.§02089LA8S- A

matte can be gr epar ed nown t echni ques. For |nstance usi ng a paper
maki ng procedgd fNp@rt@ecgmumgmfnbmalmesmfawqjtﬂsym@rgroops @%7a2%9<,ture or

slurry. Any pixd ng ne égfg?y t)p% %ﬁ@geit&t? at%jf§c§rﬁg!ﬁ' tfegear% ol%ﬂ

conponents afre Th xed at consi st'enc r so s content
(e.g. conpri sanagelos@ﬁe&r@@rléatesidtlr@ht h0g188.. THI® cOmppaitd artuatqmtm sol ution or

wat er) . Thes ry ted W th water to enhanc ion, and
e eyt Ithal b5ttesh o FRckncaaCan b s o meL oo A D ot 2.
retention aidgebgrEesal s. Then, the flocculated mxture or slurry may be

pl aced onto a paper 20maki ng machine to be forned into a wet matte,
possibly with oriRifaia ean b¢ pranneed by anwiknhwlttedmieursarpbinsEincehe fi bers,

possibly ori 8&5@‘3 edsésbetr eqﬁ@trc]g?% J{B%Fs’?é’rﬁﬁ%g@xeg{ wih& 68?%% UbkRS the

paper maki ng pr rection ernatively,
the matte rramlﬂerefcmsm'dy U&nyvramngmneaess may behesed, but pretﬁerabtyttbe fibedusods.

S T A L AN o R R
(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
may finally be flocculated with flocculating agent and drainage retention aid
chemicals. Then, the flocculated mixture or slurry may be placed onto a paper

20 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
that direction. Alternatively, the matte may be formed by vacuum casting the
slurry or other methods. Mattes can be formed by dewatering a slurry, for

25 example using a belt press. A belt press manufacturer is Bright Technologies,
Hopkins, Michigan. Mattes can be dried, for example in ovens, on rotating
drums, or by moving air. For a more detailed description of some standard
paper making techniques that can be employed, see U.S. Pat. No. 3,458,329,

the disclosure of which is incorporated herein by reference.



Hopki ns, M chigan. Mattes can be dried, for exanple in ovens, on rotating
drunms, or by noving air. For a nore detail ed description of sone standard
paper makwogotigobssdques that can be enpl oyed, see U S. Par/ushino/ 034868, 329,

t he di sclosure of which is incorporated herein by reference.

Densi fying can be carried out by conpression or other known nethods, which
may be upon one or nore axes, simultaneously or consecutively. The axes nmay
be nutual ly orthogonal, such as x, y, and z axes. 5Mattes nay have any

conveni ent dlnensb i Lok eR be nore than
1 cmin height, OrQﬁ‘sﬁ%ﬁ?{g[% S%E%rri‘@g%d?bgf&&n{bgé%ﬂ&%oﬁ%g n&ﬁ@r 0.01 cmin
hei ght . methdﬂ@nmhfth’aayba upan dﬁem’anorieeaj@@usirrmltapem;ames as low as 100
kPa, and as high a MPa, and i ressures between,about 100kPa
And’ 10" about CaBBeRlve i Brsstsy B hMEh Bindddian YuBh eR V80 Eonni nat i one
of such can Beegarried out from about 0.1, 1 2 5, 10, 20, 100 m nutes or
many hours, up to about 135 hours, or nore. nmet hod of densifying can,

and nmay, break atMpE&SMaydiRYesy daavenisnt ﬂ'%@'%rqfﬁ%{‘%?’o‘ﬁ@gbl%g
Accordi ngly p&gni angidi @h Bé‘ﬁﬁoFé @%rns’l E@ﬂn lﬂ%ldh?%%‘}é’gs thah 0.8, G’éu@lﬂf' y.2,

advant ageous t0 maintain a high fiber length, but this goal nmay be
advant ageousPyl, 88proRildewn froheight-t ai n appl i cations if other properties of

the consol | dat ed SIRASIHR ARCLS:RY 8| TRLAXES e AT LE A de by

ot her nmeans, such olyner ticles
present. A na:thi@hwmml\/m?@nsnﬁ|aed1téwabhsr¢sswedIblen/geerﬁahmjtampmbsmdf matt e

t echnol og@/ e%LF) %ﬁw ed in US Patent 6855298, the disclosure of which is

i ncor por at ed abtel ‘ref erence. The pol yner of the invention can be

a fluoropol ymer aDQnﬁfWatiéﬂ' Méfﬁfng?i:oélhfg 'oF‘B@Mbh%'ﬂoﬁ@Bf SQUREArSEe ESpRat units
or nmononers of 25tetrafl uoroethyl ene ﬁf | uoro (al koxyal kane) of 3 to 14
bpyn

car bon at onsO4ifEdM @0k} to?.oF, \ﬂlOnQO utes ﬁéﬁbanyﬂi@%éﬁ, lupde @pedby| ene,
chlorotrifl u%gﬂw%l Spﬁ’or(?t hyl ene, propyl ene, or conbi nations thereof

(copol yners). ol ymer of the invention can optionally flow upon
heati ng, particul Any meﬁiﬁmi/ef d&slfplogmaram@mayngrqulaiﬂeast sginess the ansi ti on

t enper at T The otlo aII t the fibers icularly
Lror aolt enfiotrs Hiing Do nct Al 1Bl of e io6is sahdegedfitid L ont ant
of any CONDNRIEGs A} a\d@éma@é@m aPeEintdif o WgR Ab¥eiealth, Baf BRNGoR  mayse

pol ymer . Any pol yner of the invention can be a thernoplastic, a

t her noset, oRdYANtagRAMSIYoROMPreRtEed fos caBRin armjicaliansieether Pioperiesaiihe on can
be cross- i nkghlfdated composite article are improved.

A matte may be made by other means, such as dry air laying optionally
20 with polymer particles present. A matte may be densified by dry needling.
Some aspects of matte technology are presented in US Patent 6855298, the
disclosure of which is incorporated herein by reference.
The polymer of the invention can be a fluoropolymer and any polymer
of the invention can comprise repeat units or monomers of
25 tetrafluoroethylene, perfluoro (alkoxyalkane) of 3 to 14 carbon atoms such as
perfluoro(vinyl propyl ether), hexafluoropropylene, chlorotrifluoroethylene,
ethylene, propylene, or combinations thereof (copolymers).
Any polymer of the invention can optionally flow upon heating,
particularly above the polymer melting point or glass transition temperature

30 (Tg). The polymer can optionally wet the fibers, particularly after softening.



50r crosslinked. Any conposition of the invention can conprise a
cross-1linker. Any repeat unit or nononer of the polyner can conprise
0. 001 to wO.200%0ms83ght percent of the polyner. Tire TAISRA 1000598
tenperature of the polynmer is a tenperature at which the pol yner can be
slowy but permanently defornmed typically w thout 10 breaking, chipping, or
separating. Exanples of the softening tenperature include the nelting
point, the | owest tenperature of a nmelting range, the highest tenperature

of a melti N9 &B85olyier Bhgn)gé@}%ﬁtléﬁ qur%'ohb%ré § &F any com ondrRé&d i ¢l es

H?EBR&%H{

are smal| pieces or parts, or tiny portions or Partic es can be
free-fl ow ngcan vanylfndm aboti Htes99 Wempin pefcephot thelpadymerc| ude f 1 akes, grains,
15shreds, fragnmengs, crunbs

Fbor oo nel uad ARy eP MR i nPE P RS SRR S 1A REeE S o api ¢ e

carbon; fl uommarte(strgmm theieofiraiy @blymhoﬁmepma{t@n can be cross-linkable
phenyl enet er epht ht al am de); boron nitride; silicon carbide; polyester; and

pol yam de>  Car §8RSInkedpAny omRasHPl 8F NSAMERN g7 GANRTISSe? Srogpdnfelef er red

20f i bers. Fibers gfy Fé}fea@hﬁﬁ%ﬂhdﬁbﬁ@r%W@p&%e%&?c@r‘ﬁpﬁ@é’@ﬂﬁﬁ ‘to The
medi an | ength of the fibers can be |onger or shorter or the same as the

medi an hei gh99899tvmhtmemer&@ﬁﬂm polyget.ne fi bers. Fi bers may be
sieed as known | miRec il B2 00 BY: GURAY RS s PrBIARhS oy GRREY 1 oS! ne

or polymers, uret Epoxy resins ester resins
or pol yners, thehsolgher esi bs smwlpbuymmnepw y!amrrded tysicaly vmthqmml YITer s,

polyurethane resjns or polyners, arb nat resins o ol yners,

Dol ot hetl m HEaKEG: RSPBMOLST SHeale, SrFtTeR Pt 8 SorBa A e BRI s

pol ystylyl pyrnlcmde%é %?élt"}‘?g scsmp@rhéumre%t td?ﬁ’ééfbfﬂré'%fé%élﬂng Far@éahfé m de resins
or polyners, polysulfone resins or polyners, polyethersulfone resins or

30pol yiers, BigORS tamwmeratute eireeking raage ey the gwsyreéusélonﬁ@weraiwe al cohol
resins or pol YT 8, iR Yaph | II%éel%'ndgr 6?%;}“6?%@8 Hé@?%t Fgft%%sns or

pol ynmers and m xtures thereo be “'sol'ven or water
conpati bl e, aa‘rdbeﬁxeeb‘bvxsng vestiuck td fitbdrs. Bypewqurarmccbdasulnicmde flakes, grains,

POl YT Y} YT L0l dPE (ENE) eru " SMBo S SBUSIE snbfings e - SO1 ubl ©
Flbers include, but are not limited to, those composed of: glass;
graphite; carbon; fluorinated graphite; aramid such as poly(p-
phenyleneterephthtalamide); boron nitride; silicon carbide; polyester; and
polyamide. Carbon, graphite and fluorinated graphite fibers are preferred
20 fibers. Fibers of the present disclosure can also be chopped.
The median length of the fibers can be longer or shorter or the same
as the median height of the matte containing the fibers.
Fibers may be sized as known in the art. Sizing may comprise, for
example, epoxy resins or polymers, urethane-modified epoxy resins or
25  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

30 polymers, epoxy-modified urethane resins or polymers, polyvinyl alcohol

10



5nmononer N-vi nyl pyrrolidone. Known sizing agents are disclosed in US Pub.
20080299852; U.S. Pat. Nos. 5,393,822 and 7,135,516. One process for the
product i omoah1izopssBymer - fi ber conposite conpri ses co- di PPES201GA8GFON

pol ynmer fl akes having some irregular fibular structure extending from an
i rregul ar periphery. The flakes, or the co- 10 dispersed flakes and fi ber
in water, used to nake a matte by paper-nmaki ng techni ques, can have a
Canadi an Standard Freeness of greater than 200 up to the Freeness test

Hgéh”?g‘ (r)rfakg%%%ﬁa qr{ﬁ;m%m@#gegmwmwr&.eoﬂ ?&‘?ﬁé&dpélgﬁéﬁs; r88lfs b ber in water,

ng techni ques ve settling tines of
from1lto 13p@1§ame@am¢sxturesrmeeeof @zmgs meat bereoliventidomeeadibleedr, wateri onal | y

ol uti on (i . oA S fel oot Skl b Qbbb B lufnrte to-

form an appa(ryr), i Knowngszieg dgest, i & Watdrsoliilé poymemadefibmgheo a screen
toultimately forma matte, observed unti| such tine a new | g# Is fornmed
A

on the bot t oMoBPMERA-YiBYPYiTeldansaitowbsizRg aagkisiansydisclosss g Wy tine
can be great 86043300850 ANPUINES 239D8oPGHY 71B509{E seconds. I n any

enbodi nent, renoving nost water fromnmatte to' forma wet matte; renoving
more water from tﬁeelm@ssﬁ@rth@rm@q!m qf@tncéymalrgvberg:ouanSItayer to forma

sel f - support e bto

i nprove dry é@ﬂg ‘%h&g 8%8% glgﬁeﬁﬁg%%nég%%ég)%%qhé hﬁil e by 25
heati ng sai dsmwdture atenvding frerrp@rh yr@ularr&ietnphewp%atﬂuk&e tap trﬁ@bcm a different
matt e, then uffl pressure nor 0 pl ane of said matte
[0 cause t nedRBRFRANakeES PaBPLINART Aopr e BIkGI4 MAEPYRAEE AP cool | ng
that matte. {ERANRGESLEN IFAVEd Eaﬁaﬂlah%téh@%ﬁfﬂﬁééﬁédgoff%éﬁepfhaﬂtm up
constituents. The fiber content in the conposite of resent invention

i s from 30abuheFreeness tagl mAxinen 06300Q.i blhe flabgst abthe QQeqilﬁprﬁ@@ses are
wel | known, ﬁﬂes%%e‘? i Q/akg‘, E@éoefa)trﬁa:kse éf?ﬁatﬁg@y paper-making techniques,

can have settling times of from 1 to 13 000 seconds or more. Settling time is
15 measured, 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 weight of polymer
solids suitable to form an apparently homogeneous slurry appropriate for
feeding to a screen to ultimately form a matte, observed until such time a new
layer is formed on the bottom or the top discernable to the naked eye).
20 Settling time can be greater than from about to 2 to about 12 000 seconds.
In any embodiment, removing most water from matte to form a wet
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
25 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.
The fiber content in the composite of the present invention is from

30 about 1 to 90 weight percent fiber.
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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

whi ch is hereby

i ncor por awecofayooessBer ence in their entirety. A manufact eCe&rusedlo®sesps abl e

belt presses, particularly isobaric double belt presses,
Technol ogi e GrbH, Gernmany. A manufacturer of double belt

is Held
systens useful for

fiber reinforced thernoplastics is Berndorf Band GrbH of Austria. Suitable
pl aten presses are well knovvn for exanple US Patent 5,775,214, 5,253,571 ,

5, 323,696 and S, 3chid g Fbs%fes% GRINAORRT P ARPRARS

in their entlret Manu UI’EI’S sui table I’ESS I nc

rl:’%tt&ﬁs by reference
ude

Maschi nenf ab8,|1|59|@6b§r21981‘&§§7e|4 BAN83; 15, ‘Gé’rZﬁﬂl)fS 43/38145 el 548460664,

Lo 20 tone. pPeeoorl: BICHET Py ool oF 89U L €K RUPARPEN ALt nods of

appl yi ng al t whivhtis Rgreblydgesrpofatedbprefaaines inttkilditeatyl Agnah@asommpf f or

exanpl e US Pat ent 6, 287,410 each of which is hereb

suitable belt presses, particularly isobaric double belt%resses is Held

Technologie GmbH, Germany. A manufacturer of double belt systems useful

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

10 incorporated by reference in their entirety. Manufacturers of suitable presses

include Maschinenfabrik Herbert Meyer GmbH in Germany (vertical presses

or laminating presses, e.g. models APV, Fusing Press AHV-Bm, or AHV-S

with up to 20 tons pressure and heating plates up to 673 K).

Suitable methods of applying alternating stages of compression and

15 heating are known, for example US Patent 6,287,410 each of which is hereby

incorporated by reference in their entirety.

Suitable methods of applying heat include but are not limited to

contacting a matte or composite article with a hot surface (e.g. conduction);

using a hot gas jet (e.g. convection); and using radiation (e.g. infrared or

20 microwave radiation).

Densification methods are well known, for example in US Patents

6,032,446 each of which is hereby incorporated by reference in their entirety.

Consolidation can be carried out under the same conditions as

densification. In addition, heating to a temperature above the softening

25  temperature or heating to a temperature below the softening temperature, or

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

30 comprised of thin mattes. In either case the matte comprises 1 to 91weight
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I ncorporated by reference in their entirety. Suitable nmethods of applying
heat include but are not limted to contacting a matte or conposite article
wi th a howo=aorifmess3(e. g. conduction); using a hot gas | @CT(US2@.0/040598
convection); and using radiation (e.g. infrared or 20m crowave radi ation).
Densification nethods are well known, for exanple in US Patents 6, 032, 446
each of which is hereby incorporated by reference in their entirety.

Consol idation can be carried out under the same conditions as

densi ficati OBercleHrhﬂ%# Lh@MG t 6@ e t?@rc%n& E&Qﬁ{e?ﬁ’ﬁﬁ(?fir% Hl‘é?tetﬂb%@oéte”i ng
25t enperature or heating to a tenperature below t he softening tenperature,
or both in veaensityofdunis kessitltarsDas known in the art, can be carried out

optionally as defin her ei n,.. durijing.consol idation. .Accordi.ngl one can
Toke A composi te o & 11a¢ Brg s e SaEE BY ot erg e 4 b hhgHAetr s o o
met hod conpr ikainng1 isheRrDwi dtidngsaitantGo99rtiies.DAWAiE bf Ishstapbeionry the a
matter 30conprised of thin nattes. In either case the natte conprises 1 to
91 wei ght5 p st Byateris BE?'te"ﬁﬁﬁrat@etl%ﬁ%t@aﬁé?%ﬁoﬂ?@i%ﬁﬂ“R%?tyﬁ%rTh"ﬂY\é”fi rst

matt e havi ngpa,fens bbMpRissBmaitd. eFiferbAReY, B compressed maltdSs hehly matte is
densified by conpressing to a density greater than 1.1 tinmes Dm and | ess

than 0.999 tiheegoet itha tlemperatwegreatepdiani tba softening té}ﬁpe@umftt@e is at a
e DR A R BRI Fon T Sl BER I 2,
a tenperat ur thagreeed®timebdr. t Tids sWif prewideta perpasaidated ohttehwhigaliy then, whil e
at a consol i dated densi t reater than 1.1 tine and | ess than 0.999
£ s Dol THEGOIG 9 285t 4 BOR 0P B ERIEEI? AdPURCTAYEAC AR Ak SIS
10cool ed, ortemperatire 8f PRIJdIRRel ® r80HES édhsBlidsBRRhAture | ess than said
softening tenperature of the polymer to provide a consolidated matte.
A plurality of consolidated matte is then stacked heightwise to
provide an unconsolidated article. The height of the unconsolidated article is
compressed and heated throughout to a temperature greater than the
15  polymer softening temperature, to provide a consolidated composite article.
At least a portion of the consolidated composite article is cooled to a
temperature less than the softening temperature of the polymer.
Disclosed herein is a method for making an composite article with
orientation, by preconsolidating said stack by: heating said stack to above the
20  melt temperature of the polymer, then applying sufficient pressure normal to
the plane of the matte while the matte is unconstrained in the in-plane
direction to cause the fluoropolymer to flow orienting the fibers in substantially
the plane of the layer by means of said flow to form a preconsolidated sheet;
Composite articles can be used for chucks, for example spin
25  chucks used in coater chambers to hold wafers, or for CMP chucks for
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

30 larger chucks or larger wafers or faster processing or more robust processing.
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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 essendoand/dessBed t hroughout to a tenperature great @CTiUs2010/0lE598

15pol ymer softening tenperature, to provide a consolidated conposite
article. At |least a portion of the consolidated conposite article is cool ed
to a tenperature |l ess than the softening tenperature of the polyner.

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

orientation, AR¥ éi%?r%'aﬁﬁ'chgﬁiéé}%c%?ﬁnéﬁbsﬁéﬁ%tl?é!su ey oﬁa'trféréﬁﬁ‘:k to above

the 20nelt tenper ature of en app yl ng su I Clent” pressure
nor mal to t heolgingribe ofafehie amaiana" walticm fpheremmrepm@eeslogn@[aaallmm in the

i n-plane dir ctlon to e fl uaro rienting the fibers
1 Substant | G 9yoRibear Beas e HRYETR Far br BUsPl NGRS For m
preconsol i dasled psikeein sémitpagiidter mahuRicesingadttiies Uaeddingrin epme kese,f or
exanpl e spin 25 chucks used in coater chanbers to hold mafers or for CW

chucks for hBMAARGMRANIES 2NGICHEKS. SHAMBOIESLaNAIURY asteRsRRAM SN cal
pol 1 shing. ( Pk EBFicoAbabt WaRrod 8 <aenalBpsh uetien il A ahwr akat ed abou

their z axis at high rates of speed, where strength in the x-y plane of the
conposi te al Wefes Chugkfersua‘b@n’t@ltSeoswafertmgﬁétaISr sesycatdusipsedandagiering ed,

al L owi g or o SAIHELSMGIT, B SARRTE W BEFA S BTREE AiRopIZay O ore

r obust processi referre Ks ar conposi resi st
def or mati on, 54&@%19582431111,6@089@8 vmfd%52084a gaich i whiesisthepabyf or preci si on

pr ocessi n Cl eanl i ness fgfg |.O\§/ met aL ontent, |low or slow elution of

met al or! onQFOTH?F%tS%sf genesindheipepiieded i n seni conduct or manuf act uri ng
articles, includi ggmipBsitdbAicles! 418 @iseful #NSkAihY éf@ﬁéht@sfo@@ﬂaﬁ]bl&lhs
Conposites are valued as a support structure for the sem conductor wafer,

e.g., such se@pprassat yaleesupedisglosed khdwraisnivaPéil, 1dﬁu@€k@ ofsMRiee it ors, or
waf er pedest §¢({H ticles are well known, for
exanple in L@l}%ayen srﬁ%ﬁéﬁ:@é@ef%ﬁ%%ﬁ%@ﬁﬂg@ 1784; 5824177; 5803968; and
6520843 each of whhe prdsenhiervethiyorili8iusetul poadeast dne, oebeverigmation, bhei r
entirety,_ Co si.te ticle usef i,n_sealli nts, for exanple in
conpr essbi vingaang oAnaidiloR A SEriet ArocH 3 ot en AR 2 PSR oh | s
her eby i ncor ged/at RprEJuditsie QredEss df marfhdturthbt €4rprotil€e PoIREEBhdIoAVENt i ON
is useful in at |east one, or a conbination, of

reproducible product; a process to produce an article of increased density; an

article of increased density; a process to produce products having fewer

metal, metallic, ionic, or related impurities, particularly for processes that

20 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

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

25  measurement (or uniform or superior in one direction, 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

30  may be a spin disk.
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15(including but not limted to): a sinplified process of manufacture; a
robust and/or reproducible process of manufacture that can produce robust
and/ or reNoadugiokdse product; a process to produce an ar PCTIES2a0/080508 eased
density; an article of increased density; a process to produce products
having fewer netal, netallic, ionic, or related inpurities, particularly
for processes that 20include 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 conposite
product having a directional property (such as tensile strength,
conpressi ve strength, or eIongationENAMWEEﬁ) that is uniform(N superi or

regardl ess of the,di.rection o sur ement n'for erlor in one
G Pection or un Mg s e SYE TROVRG B¢ Risghed ek SRURF Lna t he

li ke. ﬁa@érrau@ahd artelds, aredethilédinh UnivenSiatss Patentsliedsf4g0,40900n
applications equi pnent for senlconductor manuf acture, in aircraft

parts, in auPSﬁJ@frlev%t ParssyediNovgadess; 199 sodfled | 'Riogesh O Madg The articl e
of the pr eseﬂﬁorbﬁb’l?ﬁie‘r%n%@ﬁ@é’s 'bgnﬁeéBtd’!egPﬁkent @%@2@5 to Dea%be“ al's

simlar to the f oW n and nethods for making sinmlar materials and
articles, ariésded éiug@@tii r 998 @ra,idleSt"Er@@npahdmlonmwoc%sscfrzon%mgto 5Deakyne et

al ., issued f 21% ol yner
conposites,” | nrﬁﬁ@ﬁﬁ@fgprgi)%%g% phk%& §gat%§§88§;‘§ﬂo akyn@% (if\'éés{s%e August
3, 1993, ent iarbl|s@héaPJlmeqzVs,dBEd%mtﬂl@deg&qggssfggnMn@gf strucoesd gruer .
conposi tes, " Uni S : to Chesna _et ., issue
Sune 37 T ooB e Sfatre Falen At detsoi 201 HAny ar ssvedAtarad 19284’ 100m t ed
St at es Pat engnided "brddeds Hhd 6r@dl|}@£ri§é'|6§red'fl%?#ﬁﬁraﬁ%#b'ﬂthﬁenel%l?meﬁﬁhﬂt led

"Process and product prepared fromtetrafluoroethyl ene pol ymer and graphite
fibers," allg@Phitpifibarsarall efnekieharainearnsyated yrrefesengeaninithelr entigty.rety. In

the fol | owi ng ExafhhgSollohiid BRblRF Ao PRGk S RiflkrbE AR of

and available from E. I. du Pont de Nemours and Company, Wilmington,
15 Delaware, and can include a polymer containing about 99 mole percent
tetrafluoroethylene and about 1 mole percent perfluoro(propyl vinyl ether).

A carbon fiber CF1 used was polyacrylonitrile based, had a length of
about 6.0 mm, a diameter of about 5 to 7 microns, a bulk density of
approximately 200 g/L, approximately 4 weight percent water compatible

20 sizing, a carbon density of approximately 1.8 g/cm3 by ASTM D1505, a
tensile strength of at least about 500 ksi (greater than 3450 MPa) and tensile
modulus of at least approximately 31.6 Msi by ASTM D4018. Elemental
analysis of the fiber for metal content in units of nanomoles per gram fiber
showed results of approximately 170 000 for sodium, 770 for potassium, 180

25  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),

30 tensile modulus was > 30 Msi (> 207 GPa), and the fiber appeared to be
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and available fromE. |. du Pont de Nenours and Conpany, W/ m ngton,

15Del aware, and can include a pol ynmer containing about 99 nol e percent
tetraf | uowoabtwdoesse and about 1 nole percent perfl uoro(pcomskomwiomsbs et her) .
A carbon fiber CFl used was polyacrylonitrile based, had a | ength of about
6.0 mMm a dianmeter of about 5 to 7 mcrons, a bulk density of approximtely
200 g/ L, approximately 4 weight percent water conpatible 20 sizing, a

car bon densi ty of approximately 1.8 g/cnB by ASTM D1505, a tensile strength

oL et S T MRS st e o

| east appr oxi mate AST sis of the fiber
for metal cosutzmltwamchmacfsrmw aammhm‘l%hi&r gram fi ber showed results of

i I f I d
25 1 or ot umi num A TGP TP G BRE L ARS B el kB &l Crnt o

anal ysis of tri@@aléerarft@CHZES'@ﬂW@@éésﬁmtlall)ﬂfraélofslzmb nanonol es per gram
fi ber showed results of ap sodi um 510 for potassium

ooe’  has'T0 T or hivne o TORe B R GR s R A T e et PETPEn Gt h vee 5 500
ksi (>3.45 (fé?)ﬂuo ploPPBlih e éﬁ?&%b‘éol%ér E@@Z%SS@@%%@meﬁlﬂg the fiber

appeared to be sorrewha stTonger than . The sizing |level was™3.8 wei ght
percent ; t hepsihkpeppraximettely & 5é3|azfémwa$ewét1érg/(§@|mml)end tensile yieldi ber CF3

to 2. yer seenEEARRERImARRERLE IR o AsIBS EAGhE eBio fR By REA" |
pel | ets PFAPN/IP(aI atzmlamdrmmmlam@o @ey STV QIBOBP3hd wisptifieghreavity of

copol yner, CAS 26655- 0Q- ﬁ% ve a melting point of approximately 305 C, a
f1ow rat & of BARFO¥IMABY A tensile yield strength of approximtely 13.8

MPa and tensile sprgAgkés giF@pﬂrfﬁamrmiﬁqdea@ fMBae AsingPa @sawﬂu la?-tH\éPa at 250
C by ASTM D3307, and a specific gravity of 10ap E)rom mately 2.15

PFA f | akes (WpAmqnwfa@immP&nd@tzeSmwte(mcugPé gs saught in of the type .
manuf act uredpg%gﬁﬂgylglgﬁ%@g)er(0@@@@(605!%)b}géegmf)t in Patent/Publication

Nunmber US5506
A wet matte Mw1 was made from 20% by weight CF1 and 80% by
15  weight PFAF1 according to the methods of US5506052A.
The dry matte Md1 made from Mw1 (before notable compression of
Mw1) has a width of approximately 16.75 inches, a length of over 18 inches,
and a basis weight of approximately 0.12 Ib/ft2.
The coherent matte Mc1 made from Md1 (before notable compression
20 of Md1) has a thickness of approximately 0.095 inches (approximately 2.4
mm , 2400 microns) and approximately the same basis weight.
A preconsolidated article CAp1-24 was made on a platen press from
cut portions of coherent matte type Mc1. Squares of approximately 16.5
inches were cut, making note of the original length direction. Approximately
25 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
30 greater than 310 C (583 K, 590 F) while the stack was minimally compressed
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A wet matte MvI was made from 20% by wei ght CF1 and 80% by 15 wei ght PFAF1
according to the nethods of US5506052A. The dry nmatte Md1l nade from
MvL (bef owe 2notmbkdse conpressi on of Mwvl) has a width of appruszéwmieshy 16. 75
inches, a length of over 18 inches, and a basis wei ght of approximtely
0.12 Ib/ft2. The coherent matte Mc1l nade from Mil (before notable
conpression 20 of MIl) has a thickness of approxinmately 0.095 inches
(approximately 2.4 mm, 2400 microns) and approximately the sane basis

wei ght . Aprsepaw%uﬁa&e@ tdl@cﬁo%Phéf?ég‘gﬁile%q rPg%g @%ﬁ@ﬁb ress from

cut portions o er ent tte t res o i mat e 16.5

i nches wer e wbile bengiungonsirained bylaey@uddgd rpa&ssluwgtthedemgibtandrwndth(

Appr oxi mat el 5, 24 s S were a one. upon t her with the length
o eori ons cind L FTedBHRL TR YT 2 BS AR ok RER e tuthBE oribredstd's
matte) or twaloh§die tHidkeieBaldirgBidrewhineas sty was ehded and eoplrmedugs a st ack
about 2.2 inches thick. The stack at essentially anbi ent terrgerature was

placed in a P%@#ﬂhr@ﬁﬁt%‘?‘%‘ﬂﬁ Hy1s cansplicated toa dRiskngss HaRerb0 <85 inest he
tenperature L B HerslRe ﬁ/b@%'écﬂé%%eé%r%ﬁﬁ&ﬁrthé BakiSitess (mF%dd ¢590 F)

while the stack was mninmally conpressed a the thickness (z) direction
at a pressur6563dé§&4hléthen;ﬂ@.¢te(mmretupepfamw@suea oy thensteplswesg ned by any

added pressurree(\jucgg é;%n*bﬁéyﬁtﬁgng]ﬂgrﬁ%{ d&tﬂaﬁxth %qtl % |1r gtl ons. The conpletely

heat ed st ack r co ressed a |ckness direction
whi | e heati ng wasAEmt&chMade G)AS—ZWa/ser‘éngdmas Td‘r@M-&d%wm&shhﬂm

consol i dat ed n 28 nd the te rature was
Gotr o all et ihsRn b es ane (X specbeRifah CogoThS b arade BG B " Then
the tenper at pe8rfratfedCPs %@é@bﬁs@.@gs Was %@aﬂfy MﬁeﬁerftWHﬁ%@sélﬁg angi ent

conditions to obtain the article -24. Articles -24 and CA3-24 were
made as for meagan@ﬁjccyn@e&adttgtl\ﬂwh ang Mw2¢rmommrafmq)@rF§ G eoapae

respecti vel yma?({rlam de T e sEB&tcSrdgf}rﬁ‘@ He?gelrF@OJé?ﬁér{EQra%dgs@({r%? of si zing)

was not ably di ere i'n processin appearance co o0 MM and Ma2
i ncorporati ntyn@F@str&rh@hmn‘mweeeanmt erial made fromt he si zed carbon fibers

Cr2 demopstrated RyBSLI pifprissHER! SPRPBLANSs GBS R AakS:
preconsolidated mattes. HBP1 was a continuous dual belt press with a
working width of about 30 inches and a working length of about 10 feet. The
constant gap working height was adjustable. The belt press temperature was
adjustable in multiple zones.

20 In run BP1, the entrance zones of HBP1 were set to 500 F, the internal
transport zones were set to 700 F, and the later cooling zones within the
working length were cooled by water entering the zones at approximately 32
F and exiting the final cooling zone at less than 100 F. The gap between the
two belts was set to about 0.028 inches as measured the thickness after exit

25 by a length of solder passed through the press. Both belts were coated by a
release formulation. A single sheet of matte about 0.095 inches in height was
passed 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

30  inches per minute.
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15A heatabl e belt press HBP1 or HPB2 was used to nake preconsoli dated
mattes. HBP1 was a continuous dual belt press with a working wi dth of about
30 i nchesweandiizooeg38ki ng | ength of about 10 feet. The comETASROIGARSMOr Ki Nng
hei ght was adj ustable. The belt press tenperature was adjustable in

mul tiple zones. 20In run BPlI, the entrance zones of HBP1 were set to 500 F,
the internal transport zones were set to 700 F, and the |ater cooling zones
wi thin the working I ength were cool ed by water entering the zones at
approxi mately 32 |5 fadeX] thidBmbiies WeP@Eor‘FtE‘RJIth% aé@”s.‘?mﬁﬁ%rlu&i%.l fagn 100 F.
The gap between the two belts was set to about 0.028 inches as neasured the
t hi ckness af inks thexbelt &by wihile @ligndd with $didiengihsgsedlldl hThrigap bavgeness. Bot h

belts were cgat.ed by _a release formdation, A single sheet,.of matte about
0c005 | nchestErivhdindearmag ey i G4 Aoes el P& behidHied T or oduce
a preconsol i BayrdwaRbBpproxhaatelydn.045 inchebeBeddIrdienaBt12 ihbigepértminges fed
into the belt press at 12 inches per minute. In trial BP2, the feed rate of

matte was’ i néF‘%'é?_Q@HS'YH‘ @848@‘{%@%@3 pere ﬁP’FHﬂUé’.US'V_a”d simuf{apgqusly 1863, three
TALLes wer e FRHdBSYs Abfle Highid AEME! bR dhbi (1R Bab boifass while
aligned with their lengths parallel. The gap between the Two belts was

appr oxi mat el thedwogeltisiwasegppranmatély Optincheslandahe precanselidaiedimatigas
approxi mat el y_.0, 045 i S i i e. .

Aol ogous y Hei0nRts pPERR e BB QLS LenbR ol RE WS e T MRS y e
into the belt preSbise pladoasalldatgtbhattes frohheach belhpiteds ppedesls|(BP1-4letc.pap
between the two belts s .approxjmately 0.10 inches, .and the.

pre_consolq dat'&tP ferarate e‘i"&ﬁ’?tov%’ét'%ﬂfpPﬁ%mﬁ?glwtﬁa&@rth?@f@ﬂy NtRed rate was
12 inches pegtabkdIté for tAEBIRERPRIISOhhd@ hifler! ARSfiddINBopABsRR] s Pr ess
process (BP1l-4, etc.) 10 were separately cut into portions, assenbled
mutual |y ortfedgwBal |y into stacks as for the platen-press-nade material,
and finally conprgs - i folppels i t.acks of
preconsol i dat ed n’g?'ﬁggcc\%ﬁeerfgg%ﬁ??gcggﬁf B@ecgblgﬁladla pr ogﬁégg&g%gi d%6’[.85 i nches
i n hei ght. 15¢hieoofisallproduictsl abeaattGes iredhesamheigat.pl aten press at a density of

1.85 g/ has beep noted. t xpand sp as,to |lower its, densi. bout 1.4
gint. dur g heat REEOBSlsaT SB0E SR P2 tirRiirest B4 FAoS DU B8 16 sq
inch]. Pr eCOgﬁﬁL' h8&beén RBtddeoBxPan@ 8o ko tRisiBHer@ap thabdutPr #ggmhad a
density of about 1.4 g/nL and did not undergo noticeabl e expansion during

heating to 209U ESHi0IE abeye AAORHy resteadehty [HOH08808. 16mahien]
densi 11 cal | 0pioigA.BIHRGY rideliiyo88 fofiGaAnesl baiRkeds TR LA 0 Lhe

const ant gap press under identica Ions of expose ssure and
t enper at ur e ab@itil.4g/mih anhtalicinet widerge sekceable expansion during heating to

20 300 C while restrained by the same pressure. Final densification was higher

in the case of reconsolidated matte made on the constant gap belt press
under identical conditions of exposed pressure and temperature profiles in
the article press.
A composite article can a coefficient of thermal expansion in the XY
25  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.
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A conposite article can a coefficient of thermal expansion in the XY
25direction of about 10 ppm K; the coefficient of thermal expansion in the
Z directiwo20amokss3greater or less than in the XY direcPcoms20iolospasts are
by mass unl ess otherwi se noted. CLAIMS What is clained is: 1. A
consol i dated conposite article having a density, Dc, 5and conprising: (i)
pol ynmer having a softening tenperature and (ii) fibers, said conposite
article produced by: providing a matte, conprising: from about
1 wt%to about 90 wei ght percent of sgj_mg!'sber s; and from about 10 wei ght
percent to about 90 wei ght percent p s of said polyner, said matte
havi ng a den¥What is Dlimedtisat is | ess than Dc; densi fying said
matte to a conpressed density greater than 1.1 tines Dmand | ess than 0.999
times Dc while at least a portion of said matte is at a tenperature |ess

than softening tenpetrature ptomslidard, confpddite\dritge AacingrRr easid Datt e;
15heati ng sai d conpressed matte throughout to a terrperaturg,(w@r eater than

sai d sof teni AQd CempeEriagur &) RPIYA I AiINGy2 gpftening tanpaiatirg apd (Bd1beRs.and | ess

than 0.999 tisé‘iﬁ%oﬁ?positéaPthfPé’FF!fdu@e@'b?PO”SO' idated matte; cooling at |east a
portion of said preconsolidated matté to a tenperature |l ess than said

sof t eni ng t enper at ur e, pProvidingoy Mddteacevpgsng.dsere dbeut 1 evt%osabeekPAg a

| i ; : . . . _
Conpresst ng. VRDTRESRACG} B4 ey ohd b RS LER AR Horb o abotog
t enper at ur e @eight percehaparsisied of ehidesvlyrget, @ajgenatiehayint @ gerityd®na,

consol i dat ed %grrp site article; and cooling at |least a
portion Bt sHRh'ScHFSINPYRCed conposite article to 25a tenperature |ess than

said softening tenperaddisfying said matte to a compressed density greater than 1.1
times Dm and less than 0.999 times Dc while at least a portion of said matte
is at a temperature less than softening temperature of polymer, to provide a
compressed matte;
15 heating said compressed matte throughout to a temperature
greater than said softening temperature at a density greater than 1.1 times
Dm and less than 0.999 times Dc, to 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;
20 stacking a plurality of said consolidated matte to provide an article;
compressing the height of said article and heating throughout to a
temperature greater than said softening temperature, to provide a
consolidated composite article; and
cooling at least a portion of said consolidated composite article to

25 atemperature less than said softening temperature.

2. The composite article of claim 1 wherein said polymer is
selected from the group consisting of fluoropolymer and polymers comprising
repeat units or monomers of tetrafluoroethylene, perfluoro (alkoxyalkane) of 3

30 to 14 carbon atoms.
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2. The conposite article of claim1l wherein said polynmer is selected from
the group consisting of fluoropolynmer and pol ynmers conprising repeat units
or nononew® 20f1/aesssaf | uor oet hyl ene, perfluoro (al koxyal Pama)S2a0/02539 to 14

carbon atonms. WO 2011/ 002883PCT/ US2010/ 040598 3. The process of
claim2 wherein said polyner is selected fromthe group consisting of
perfluoro(vinyl propyl ether), hexaf | uor opr opyl ene,

chl orotrifluoroethyl ene, ethylene, propylene, and 5conbi nati ons thereof.
4. The process of claim1l wherein said polyner conprises

(tetrafl uoroet hyl ene-perfluoro(propyl vinyl ether) copolynmer. 105. The
process of claim1 wherei n & protéssenisclaine? sdlegginsaid paymehes splenigd

consisting o l.ass raphi.t.e, carbon: fluorinate raphite; aram d, boron
et et i DiredRE o B S BER Rin s bR 6o e of ocees of ol aim
1 or 4 wher ehéxaRibebgropgese, antordbiinoreet)Iénd)etiserd) propylene, and

5 combinations thereof.

4, The process of claim 1 wherein said polymer comprises

(tetrafluoroethylene-perfluoro(propyl vinyl ether) copolymer.
10 5. The process of claim 1 wherein said fibers are selected
from the group consisting of glass, graphite, carbon; fluorinated graphite;

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

6. The process of claim 1 or 4 wherein said fibers are

15 chopped fibers.
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