TI TLE OF THE | NVENTI ON COVMPCSI TE ARTI CLE MADE BY A PROCESS FI ELD OF THE

| NVENTI ON The field of the invention enconpasses a process for the

product i onoab11owegsssi t es contai ning reinforcing fiber amrdTaSpalopnesps
particularly conprising carbon fiber and fl uoropol yner. BACKGROUND OF THE

| NVENTI ON Conposite articles conprising or consisting of a polyner (usually
a conti 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 addition of f"?l‘?*LEt@F"TI-i@iNi\'IENW&N”H can inprove certain
properties of the polynmer. ThesSe propertres carmr rnclude creep resistance,
tensile strength and m&QMROSIABARTIOUR MADRE BMMARRQOGESSOdul us. The

rei nforcing fiber chosen gene%&_ﬁ%nm | e nmodul us and
strength than the pol ymer al ore _ mer is used as the matrix
pol ymer, as descriheflelder ehdlinvehtor! @sstnpauses erprosédsefopttieeprodastisraaly of the
attributes of fluaropol ¥mers such as high tenperature resistance and
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exanpl e, fOrcérﬁ%n‘ﬁb@ﬁbﬁ@hu&%ﬁﬁ@ﬁ%rng industry. It is anong the objects of
this invention to provide a nethod for the production of such polyner
conposi tes that exhibit inproved properties and to provide articles made by
t he net hod. Background i nfgr conposi tes of

pol ymer and fi ber or flber%A G6 £Ke! Ir '-grwl\/aterlals

Encycl opedi a, by Josepbit€artiSkisavpmgris(ntbrycotidistihg b b, pdlysré (L8ual(Ba 9324 70X,

| SBN- 13: 978- 0849324703 pa es 8327-8343.. Sonme background i n doubl e-belt
press | ahi nafPumuPys PhasEY q g’iY FPrRBging ﬁHQ'EOpryg?%’?{ira”ﬁrf'qeﬁ% $¥SPI asti ¢

conposi tes ”ﬁ@gfa%‘s‘tflﬁéffsngarb@)‘hthUeﬁs %‘dtgrﬁf)ﬁﬁﬂﬁég) ARLVAMKNEW Ay théTapnde, B. T.
Astrom A Nei tze in Conposites Part A: plied

Sci ence and Meh@gdkt;lpmqf ﬁger to a matrlx polymer can |mprove 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.



Vol une 30, |ssue 8, August 1999, Pages 935-943. Known rel ated nethods and
articles include but are not necessarily limted to United States Patent
No. 5, 470wo0911rm2488akyne et al ., issued Novenber 28, 1996T/USnttoiokesds
"Process for making fluoropolyner conposites,” United States Patent No.
5,232,975 to Deakyne, issued August 3, 1993, entitled "Preconsolidation
process for making fluoropolynmer conposites,” United States Patent No.
4,163,742 to Mansure, issued August 7, 1979, entitled "Process and product

prepared fro naf I i y Wt ed
St at es Paten??akloF \ N%&%Pgﬁ Mﬂ%&?ﬁgﬁgﬁ al”. ,|elﬂssueé:fe§auﬁ;deﬂ§§,§fa%%@@,b,
entitled " ConNmB@rissnﬂ 3i Aggustt 1909 Uikagese838-948d United States Patent No.

7,01 1, 111to§Q entitled "Sealing

Jioremis tor comhh rébuednemodRdGH e ngllini i Bre fit dreRRaiy® and

articl es i ncliraded BIUndéESEnes Pares Sy, 61470409 foeDedkgnbiit bR dis§tied es Pat ent
No. 5, 759 927 to I\/beker i ssued June 2, 1998, entitled

"Q ass- f i ber NO¥eMRERE®g WS eniesh FiersasePr Makingdherepdlwagscersposiiespar i ng

same, " and %h&@@s@t@éﬁ%t&@W%MQﬁ 9 i8mMet %Sb‘@tﬁ S&ugb§t5{3jel@9@c'[ ober 24,
1995, entitled "Method and a pparat us for making highly densified sheets".

There renai nentiflede é’decfcmsoadgtloaarmomssd@rrmaim fmomwmﬁbﬁ@véﬂﬁtﬂss" in these
fields. ol udhogcbile pale B Lefbt io @ MRl LE0 PhREFRY, qorgmnul act ure:

a robust and rocess can produce robust
and/ or repr oelmtﬁleldl "@r@afesdtaﬁd pr&dmthreﬁaretidrqm teimﬂaomtméme:belymfer Bndr eased
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for processegyidat, 19%' éﬁ@tleﬁj %Hn\r&@tss@h MEHiRG:; of%trnétgﬁ@ss'Saﬁd)Unwéd ng fibers
that preserves fiber t h; process to produce product havi ng a uniform

property thrStﬁB%Bﬁteélt b@e?@”vﬂﬂutﬁ’egplé%ﬁtﬁ oseded Margn dé~-H6a eobifgsbsi t e
product havi g &ﬁér‘utgr?&] co‘?ﬁ;?r@ggéryan\%ée.h as tensile strength,

conpressive stren
Addltlonal 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



el ongation to break) that is uniformor superior regardl ess of the
direction of neasurenent (or uniformor superior in one direction, or

uni f or m owo=0peRsss i n two orthogonal directions), and Pha&/useke/405bese

i nprovenents are sought in areas where conposite articles are used, e.g.
equi pnment for sem conductor manufacture, in aircraft parts, in autonotive
parts, in gaskets, in seals, and the |ike. BRI EF DESCRI PTI ON OF THE

DRAW NGS Figure 1 shows schematically sone mattes of the known art. Figure

2 shows el evg}.l i £ t : Lt N qgrding to
the present  JFesmertttodmaiyrspliE OERIRRRu S Fiiohl Fovaeiet ' 2
conposi t e ar initeloeorttegongl cirebéings ) wnd g liknd conprising: (i) pol ynmer having

a softening tenperature and (ii,) fibers. .said composite article made by:
o ovi i ng 5 et Lol RSRTETR et Ak S BB e e B er vent
of said fibeused ang dquipmeddot séricord gdibr Panaiaturé Onalerdft S&rtsven ght per cent
particles_ of said polyner, said matte having a density, Dm that is |ess

D
than Dc; JendpiPmatiye H3rts, 'Hsﬁalsléettso'”ase@dﬁrﬁ”@stg%ﬂk‘%iensi ty greater than 1.1
times Dmand less than 0.999 tinmes Dc while at |east a portion of said
matte is at a tenperature | ess than softening tenperature of polyner, to
provi de a conpressed mat BRIEHBESGRIPIIOL DRAWING S
tenperature greater i 21 density greater
than 11 11 ms orf GHI T 2037 ReEbESURohEIRELEE B FsoPatas
preconsol i dat ed nRigues 2 shows ef:vatioh easits ¢f pmatte anddivosanthosite aativted | dat ed
matte to a tenperature |ess thaan said softening tenperature, to provide a
consol i d&¢ edaﬂn%(rg'gg QI RIGSENLIBPIBP YR ty of said consolidated matte to
provi de an articl e;conpressing the height of said article and heating

t hroughout to a tenperature 8reat er than said softening tenperature, to
provi de a UMMARY 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;



consol i dated conposite article; and cooling at |east a portion of said
consol i dated conposite article to a tenperature |ess than said softening

t enper at Wwe.20DBD248BED DESCRI PTI ON OF THE | NVENTI ON Di sclpo3ar$2¢10/0e0598 i S a
met hod for nmaking a conposite article of density Dc conprising polynmer and
fibers. The method di scl osed herein conprises providing a matte conpri sing:
about 1 to about 91wei ght percent fiber and about 9 to about 99 wei ght
percent of said polyner. The natte has a density of Dm and is |less than
Dc, wherein said pol r i
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Dc, to pr%w AeBPR r@d‘?l%sotlhﬁﬂéﬁ@dsqwr@ teRiParale’- a portion of the
pre-consolidated matter is cooled to a tenperature | ess than said softening
tenperature, to provide a consol i dat ed matte The next step is stacking

hei ghtwi se a pluralityDE - THE IN
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t hr oughout t dersityedpesaptising @bﬁ_ya’ieﬁ’ranﬁffﬂu&@aﬂde swfthahdisglosedperedt ure, to
provi de a consolidated conposite article. st a rtion of t
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conbi ne el ements known to the art in_a new manner to achi eve one or nore
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density greater than 1.1 times Dm and less 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



5506052, 6066395, 20090062426, 7094468, 7150913, 5589055, 4420512, 4975321
, 4555446 , 52272385, 4448910, 4,455,343, 20070082199, 64441 87, 4,448,911
1, or 523802R1102888nbi nati ons thereof; the disclosure ofCaluS2ab/owsvogh is

i ncorporated herein by reference. Density of conposite articles can be
determ ned by ASTM D 792 - 08 Standard Test Methods for Density and
Specific Gavity (Relative Density) of Plastics by D splacenent. Thickness
of mattes can be determ ned by TAPPI T41 1 Thickness (Caliper) of Paper,
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two pl atens _and the matt C se i ber ymer
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of the polyner. ure rates a nmatte that can be obtained as the
t enperature 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.



exceeds the softening tenperature and as the formation of beads 102 on
(optionally wetting) the fibers within the layer 17'. Not all the original
pol yrmer paiot2otl®zssaeed be heat ed above their softening PERAS2EDOHEIS
Pressure can be applied to platens 60,62 causing the height of the matte to
decrease (optionally densifying or conpressing it) as illustrated in Figure
1C for the change in density, for a natte densified throughout at a
tenperature uniformy higher than the polymer softening tenperature to give
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under pressure, particularly to bel he softening tenperature. This sane
sequence of ehangesncsignsite ferch makedensifigddbravighaoiual temigerairaignégoment ed
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pre- consolldated/debu met hod Very flat plies eases the ability to

| oad debul kearr@mgeé@emtdnomeipﬂ@dIgwléro@ thejhgightidiratiorjefteematia (tee i s meant
to descri be. faBfl 4iabh YBkPe ASAALEN) haPhdEBaRE EHElidg 2 desi red

density and ye nore
surfaces

15 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
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



greater than initial density. For exanple, if initial density of a matte is
about 0. 586 g/ nL and the desired density of a conposite article made froma
si ngl e mawbeorooa8sst ack of such mattes is 2.1 g/, therChAXdengiH$ cati on
for a preconsolidated matte is a density of 0.586+ [0.50 * (2.1-0.586)] =
1.343 g/nL. A Consolidated 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. The apparatus used for further consolidation nmay be the

sae or di f1g18gly/tNapdialieussdabal) & Lathbodle SRBSIHAGHLAN sihRuT e 2

shows el evation views of an oriented matte and two conposite art
conpri si ng sonatte@riaegiagdositchevattds igut. € gl sthems0andensiticatiod fomat e 2001 ;

for clarity, fibers.are shown as inbed L cli S X-y-z 2002
o def | ned” SR CRIORIH BRI SRepRB o Pee FEETT L IR 538 o Ve
axis. Since §inlers 2003 are aligned, on average, along one direction
perpendi cular to the z axis, one can assign that direction to correspond to

the x axis. Perpehd@PpERidaiqdmatigdd" of fgws 1(cambe judharaonsaidaied ae
11 ustrated hpofd @UBen ¥mBRSIGRARCHANE BPBbRPbSIISHICRR] #'€of furgBle two cut

faces (2006 and 2007) parallel to the z axis, and parallel to the y and X
axes respect Theklppajussugds fonfurtheg coasolicleten wsy keathernstnee ohaiffefdrber s 2004

can be cut V\{htala t@% @%eitdvf@ml?ﬁ?%@%ﬁ@?ff,sgfcraﬂéﬁ section by the xz face 2006, and

fi bers 2005 can y i ptical cross section (or
ul timately nearl yFigupa? 3hbws etvatipn biewshef anzorfemted 2H06.ankdi tawer e 2B shows a

portion of an oriented conposite article that can he de by stacking

ot t s oot r CCHBRER RS oR LTI DI SUPhE OIRSD LTS drowEI 2 PGS Pt oo mat t s
(e.g. 2022, gRendd et PO orf I 8HtP Mbe?s bRNSMSWIPBS imBeddePA @br@hhfnt ati on
with each z axis parallel (heightw se stacked), and the fiber orientation

of each i meaxiasel yy=? ¥eistdedingd sornhaldhe hgiahkof thepupiig isseriantetht angl es. | f
ook b PRGSO 2 BTBIES, 0 el ot o
direction perpendicular 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



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 davpregifonesspat t eswith fiber orientati on stacked a&CTame@bloglsogt o gi ve
a thicker matte, such a consolidated matte or anal ogous nmattes can not,
apparently, be stacked with each z axis parallel (heightw se stacked), to
obtain a conposite article of Figure 2B. Figure 2C shows a portion of an
oriented conposite article 2030 that can be nmade by stacking mattes

correspondi ngif, @pkf " 12&% Bl ; Heh upi ng of
pluralities 01l ngtétgﬂsrgrﬁ%@ %‘régﬁedsa é?é} gg%%s‘;%é%g?ﬁ%r g“‘?ﬁg plurality is
a triplet ofcodlidaied r&itﬂaommalegotamatjeis ean adt, papatdndy, be stasked witbr i ent ed
at right angles. Thsc ) artlcle pattern.of stacking that
can' be ter ot SRR A D1 it siBgfecd; Rbign e R RarthBE  ces. A

matte can beFguepaBed by any known techni ques For instance, using a paper
meki ng process, fibers_ can be mxed with a polymer to forma mxture or

slurry. Ahy mi xi ngIHERAS SRAYYS FEPQriier of B@P”BW@?&O&M%"‘? Retigle BPeU & onponent s
are mxed at chBé”ma'fﬁeooprtécl%é(Pna'?tf’é’scéﬁ?r%s%ﬁ&ﬁéj tQfigse! A8 §0PbgNbnEe- 9-

conprising 0.01-5 parts solidsS to : 5 parts aqueous sol ution or
wat er). The E(D%Rrpdotmmetgfeuplbg Otﬁlplunalé@s\m‘fmatwatneho arouph(Z3¢e20389.mat i on, and

¢ ey £ nal byodbe, L aqeulatag 1S il agehlat) g pasn A drahnsge

retention al emc re or S arry may be

pl aced onto paraé@lesormmekiragriontedi aieighbahgle$ oTi® dompbsiteattiele srvisea  possi bl y
with orientation of ers or without orientation of the fibers ssibly
or | ent cdl n PRETHA SIAKEY AL RERATIEran FRSTHGATEORAT 76 Ot Hed 8. raki g
process, or gggegrdiscul ar to that direction. Alternatively, the matte may
be formed by vacuum casting the slurry or other nmethods. Mattes can be
formed by dewat erfmgpte eInupe prefased by anpkaowsiteenquns. FOpiNsEICeA bel t press

manuf act urer L5, 8 eda%tr Tagﬁ@‘;? o%géﬁubem%ﬂ Bému%ocwltﬁ%rbmwﬁéh%%ﬁﬂ% be .

dried, for exa rotatin For
nor e det ai l enhndeﬁaoasn qhmwpmrwfmmm’gsmsaamdmyobe used, but preferably the fibrous

15 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
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.



paper naking techni ques that can be enpl oyed, see U.S. Pat. No. 3,458, 329,
the di scl osure of which is incorporated herein by reference. Densifying can
be carri edoaoti/dogsssonpr essi on or ot her known net hods, wrCThUSa®Ep/OEBSIRIpON one
or nore axes, simnultaneously or consecutively. The axes may be nutually
orthogonal, such as x , y, and z axes. Mattes may have any conveni ent

di nensi ons of length, width, or height. Mattes can be nore than 1 cmin

hei ght, or less than 0.8, 0.6, 0.4, 0.2, 0.1, 0.05, or 0.01 cmin height.

Densif1 cati on_CanpBRsiffid defh ol di B3 SHRReaSod B6@Er KifPa, and as

hi gh as 100 MPa, and I nterva pressu tween out 10CkPa and about
100MPa. Densinfethuatsi wh;chheaybag:,poocmlenmgnor@ramnﬂmmmnemslxobr such can be

o about 135 b0eaI Ay thsracesangy memdbiay Smtlhelistih BTVl ey, br eak”

at | east sonaxgd. the fibers during processing. Accordingly the Iength of
the fibers can be reduced. It is usual|y advantageoqus to nmaintain a high

fiber lenyth, butMgHeS Wg?dahavr%anyu‘@naeo'&m dgEnsang of eRgtbnVidly o or certain

appl i cat i onspg; hPtl\)rb%{esta‘hP&é flofS triain 1 B9 if PRRML] S SAheRS) By arpicl e are
i mproved. A matte may be nmade by ot her nmeans, 'such as dry air laying

optional |y wilhOgsl, pnB01pzmnin beight.present . A matte may be densified by dry
need! ing. Some asgerls. gl LS. LERBAS| PGULALE, BE asqAlad 0B S Batent

6855298, the di sclosuré ereln by rafe

pol ymer of th@hlgthMOJMRaaanbetmtédvabmr@psxhrgmretmmh abyutp@okPRerandf t he

i nvention can conpri repeat units or nononers of tetrafl uoroethyl ene,
perfl uorbo(a?mﬁob@%é) of 3 to 14 carbon atons such as perfl uoro(vinyl

propyl ether), hexghdifiitinr ﬁ@éﬁl@@oom{@ o @émbfdau@hgaf Sdreseh bethirieane,
Propyl ene, O(r)utcf?onnglaggb’: 8q51 2,5 hes e1% 2800(?0 mlnr[ﬁés? or many hours, up to about
135 hours, or more.
Any method of densifying can, and may, break at least some of the
15 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
advantageously compromised for certain applications if other properties of the
consolidated 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.



Any polyner of the invention can optionally flow upon heating, particularly
above the polyner nelting point or glass transition tenperature (Tg). The
pol ymer coai020ptdoessal |y wet the fibers, particularly aft@ecTastaieniosgs i n a
copol ynmer of any collection of nononers, the content of any cononomer can
vary from about 10 to 99 wei ght percent of the polyner. Any polyner of the
I nvention can be a thernoplastic, a thernoset, or m xtures or bl ends
thereof. Any polyner of the invention can be cross-linkable or crosslinked.

Any conposi tjon c8@ol§/rﬁ§r %f;%@ﬁn%c?lfé@tﬁ@ﬂf FOABAIeRE t@%%éﬁ’t'éﬁggr" égrjéﬁéom giepeat

unit or nononer can conprise 0 t percent
of the pol yrmean vatydrasnabeunt ‘r[]\;tcx@ﬁnzvemllt peeceof of the poty nyﬂner is a terrperature

at which the poly can rranentl f or ned t cally

M thout breaki ng AEhPERMEG O BBl e EPE B b MerabBL o g

t enper at ure mpaledertoiendsethéledd Qv pdlymehef thewesdntibaaarnad ¢ross-Okabléeel ting
range, the highest tenperature of a nelting range, or the gl ass transition

t enper at ut e. OPPEFIKES- ARK:CAmRPFitipn gLk 'BYe’H@Pt%”‘” GMRriseA pospiligher or

flecks. Particl esAﬁybede%t g8 omehies o@rheswwﬁer Barh tBPDRAse Eb'metoof
particles include flakes, grains, shreds, fragnents, crumbs, chips,

pel | et s, spe&9<999§mhtrp@ﬁcerét0éth$ﬁ>®wm§rr nclude, but are not limited to,
Lhose composed of ol agsin SIARNLRir ERER B EEAT] AL S0 REERNL ) 2 am d

such as pol y(pphen am de I con car bi de;
pol yester; atné pmymemaiebe Swbut EerataEniehty aefd)rrhbddryprmwerdtrgnmphr te fibers
are preferred f Fi bers of the esent d cl osure can al so be chopped.
The e Hh | BIRpHRGFHIpRES: PhtRaralio. Bue B! BF SONNetoBPotideaae an ¢ he
nedi an_hei ghincRidetthe Bt Lp&iAn tRd Riwest iéﬂﬁpérbﬁﬁé of amh Q8K $ rafe, B si zed as

known in the art. Sizing onprise, for exanple, epoXy resins or
pol ymers, urbrghaﬁetemmratur@jofeq)@sgjpmgergnge, Jrthe glasgdransitiop| to@eeeatuicesi ns or

polyners, phenol pggifag a‘?{: sH%JHé{ﬂ?J or@:%'rr%bnaﬁ@ 6&%H§0Pﬂe&&' BERIcRes

pol yur et hane resins or pol yca f esi NS or
can be free-ﬂowrng or stuck to fibers. Types of particles include flakes, grains,

15 shreds, fragments, crumbs, chips, pellets, specks, shavings, etc.

Fibers 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



pol ymers, polyetherimde resins or polyners, polyamdeimde resins or

pol ynmers, polystylylpyridine resins or polyners, polyimde resin,

bi smal ei MvOe0r1e®2s83 or pol yners, pol ysul fone resins or [pOyUsRI19/040598

pol yet hersul fone resins or polyners, epoxy-nodified urethane resins or

pol yners, polyvinyl alcoholresins or polyners, polyvinyl pyrrolidone resins
or polyners, resins or polyners and m xtures thereof. Sizings may be

sol vent conpatible or water conpatible, and may be sol vent sol uble or water
sol ubl e. Pol d a

wat er - solubl%%%g%%ﬂ¥ rﬁéﬁke?&g&ﬁ‘5%ng%§§g%pw59?%@?%@?%2%&9%§E. Known

si zi ng agent polymersiand histecks theLd@fF&bingS(mmm@%Wnt aonhatibit or Watker

5,393, 822 and 7 516 Ch f t he_product i mer-fiber
Composi e conrPaile Rmel BBl elBlsy it Follfles PRSP ERIROR ; egut ar
fibular stru@ypg asknoandiziog byen, &na watergsdidsle pelynmirenyde ffom theakes, or the
codi spersed flakes and fiber in water, used to make a matte Q&%paper-naklng

t echni ques, ERROME -wngRKEalidanes pRw Hzipgcageatsarsrdistlesadin YR &NP200 up to

the Freenessyp@sioomdsh U, Hat 20095 Iesds ake s, 13y 51die co-di spersed flakes
and fiber in water, used to make a natte by paper- maki ng techni ques, can

have settling ti n@se prodassienthe@raduaion of equmisenfibermompasiet | | ng tine is

macte, in anaBslo kel B RETER:s AVhS s Bhe R Bb ARyRE G711

pol ymer sol i sisucturet @téredib@ frbor an arecaimraegipheny. Maodigras@rshs o ry
appropriate for fe a matte, observed

i to screen to ultinatel for
P PPL LR fiberse diakes oae Tpe haratet UshU a6 BIG B Hbor BRI oot b &

to the nakediRWpbuesSeddn haﬂ&éC@ﬂaGl@H NENEHrBFEENSITF Jre BT ARAUOT G 2 T O
about 12 000 seconds. In any enbodi nent, renoving nost water frommatte to

forma wet ni@the;Freemess tagt mﬁxlmwv&péZOQQ orﬁhenféaheéy@"rthﬁ@of@ﬁmréeﬁiry mat t e;
drying the lﬂ’%l?ers érﬁﬁt%rrnﬁ FabsH LsengﬁorﬂéRé & @B?haﬁ&l ttnﬁkln RLLRA édty

thermal Iy tac b to inprove ren T ng
preconsol i dad:aamga\wsettlmgttmed)gf freratli tog EGMstemm'de cfbboore. Shmllr;gdirymasr mel t
tenperat % € Fn%a];‘,grre%1 8pt(?cl)rfaflly W|th 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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matte, then applying sufficient pressure normal to the plane of said matte
to cause the polyner to flowto forma preconsolidated matte; and cooling
t hat mat twoO 20hio2gpaeous sl urry can be substantially fre@eCofusotlomnoss
constituents. The fiber content in the conposite of the present invention
is fromabout 1 to 90 wei ght percent fiber.Suitable belt presses are well
known, for exanple in US Patents 3,159, 526; 3,298,887; 4,369,083; 5,1

12, 209; 5, 433, 145; 5, 454, 304; 5460764, 5,520,530; 5, 546, 857; 5, 555, 799;

5592874; 5759927, g &tﬁébéﬁ%r&%@ga?é}z\)é’g'kﬁgwhsfo?% gé'bipgﬁl%l@%'iéﬁt gd by

reference in the| rentiret manu turer el't presses,
parti cul arl y3,1681526; 3 2@6&:&@4@@%&&, ©sK165209; S, 4&3 ME@%B%l@WﬁH

Germany. A | ) f fib rei nf orced
Chermopi ast | Bo2P ML PAS o Ba T B A e Pe02E B3RP0 SPERh pr osees
are wel | knOWﬁtchﬁQhe@b@ﬂﬁécﬁpbﬁt&abﬁPéfefen%@nBfﬂe4rerﬁtr8§3A5ﬁénufa5tuﬁ’é%3)f696 and
5, 333, 541 each of which is hereby | ncorporated by reference in their

entirety.S Mad\ifeRg belbpeesses, sQﬂ"F%fP"B/ BPE%%QOH‘M%PGH@FW(%WSH@W abri k Herbert
Meyer GrbH i Sd%vdn‘ﬂ%tGEﬁfharW %&%ﬁu@ctdr@%f@ddb’i@b@lf Systéfis Refl Nodel s

APV, Fusing Pres up to 20 tons pressure and heating
plates up tof%ﬂgewelnf&neddbelénmﬂ@dss Bﬁrrmpﬂ FancyGarbkbphAustrig. st ages of

compr essi on and hegiigoRie K0S ol PANRh e BERRBTIS AG, 410 each of

whi ch i s hereby |ncorp of ence TH 't RertAe Tety ui tabl e

met hods of aﬁﬁl?;zmg 5233, BYHCIEJHEB Bo6 aau s, 368,541 HHMEdeDICthhGI@ang a matte
or conposite, articl

e wth ace duct i sing a hot gas
oL C0aPom ¢ cneamoraRg DR easag 2l anSies of Slitagle pisgsoye

radi ation). ﬂ@mbfmwlﬁhféﬁmﬂé&eﬁ%ey@'(bmbHQHﬂ'GerﬁanyE{%@ﬁEél%erséés Pat ent s
6, 032, 446 each of which is hereby incorporated by reférence in their

entirety. Cofslgmirritnddesses. B« daedaleAPYufusingdtresh aHaR, @mﬁ‘dﬂ\{ Pons as
densi ficati oy B 1398 thhOBreIfA AP Qi HISTRUALEA RPove the softening

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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tenperature or heating to a tenperature below the softening tenperature, or
both in various conbinations as known in the art, can be carried out

opt i onal Iwoastidetssaed herein, during consolidation. Accecuiusgdp/o4@pe can
make a conposite article of density Dc conprising polymer and fibers, said
met hod conprising by providing a first matte. The first matte nmay be a
matter conprised of thin mattes. In either case the matte conprises 1 to
91wei ght percent fiber" and "9 to 99 wei ght percent polyner. The first matte

having a de”?értc)énpﬁbel?‘%hé"é 589 We ?%CGFPFO&E et LT irls€ ess@%ﬂvﬁir?f%ed by

conpressing to a density greater tha s Dm an 999
ti mes Dc whi tlensity df ésts mspthan Bn. of the first matte is at a tenperature
| ess than said soft ingrg&ie er.at ure ssed matte.

Thereaf ter . the comp B8 hSed PledthorsBha b Srashs Y Shslens o, o

great er t hanthahe!.$ Giicerdmacaridespetraing. 899 timeB D P@hYaTBI Icasta peértidh of the
consol idated density greater than 1.1 tines Dmand | ess than 0.999 tines

Dc. This Wil firshiaiteds aba ferepeialsrilens ban fald ©itepmcikmperalyen EosMEE, or a

| east a portpRRideSa E%bﬁ‘é%sbe nfatte TRREBEHEC tHESTMbr2aBe & AldfteSOhESRIUNT
tenperature of the polyner to provide a consol i dated matte. A pl urality of

consol i dat edthmgf@ut@ atempeeiuraeater wg§0ft©nlpgcb@m§@raéwemf¢mlsol i dat ed
articl e TheoBghaRle JecHiegaagl daLasoLkishe, s fAIRERSsEd aRd heat od

t hr oughout t e’rrper ure grea mer so g ténperature,
to provi de athaaredd daeed o ofesiilt Bro&rdel a:bmcoﬁsolldaaai mattpowhichrns tifent he
i osite article i.s coo rat re | ess than the

consolidated c dt
ot ont D TR ar 41888 § REMBBIS FERSt B S mBetA I EshNg Sed S0l o

meking an comrb@r@bﬂh@wyméhtoodrbﬁabaat¢&&on@éﬁe@rn%1@180| i dating said
stack by: heating said stack to above the nelt tenperature of the polyner,

t hen applyi ng suffi cAeqwrabtyetg‘mnéolrv@fteﬁhmaﬁ@ i H@npﬂta%ddielgwlsrﬂaﬁot e while
e obor o PRI ALk bl Phave il CPEL AR pRSERE s
the | ayer bycorepressed asdlhéafdml\vvrcbughbutm atgneerahselgrekteethaseet ;
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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Conposite articles can be used for chucks, for exanple spin chucks used in
coater chanbers to hold wafers, or for CMP chucks for hol ding wafers or

pol i shi ngwpadsi/m@essdng chem cal nechani cal polishing (CMPLT/USarthiogusbar | y
preferred are chucks which are rotated about their z axis at high rates of
speed, where strength in the x-y plane of the conposite allows higher

di aneters or higher rates of speed to be used, allow ng for |arger chucks
or larger wafers or faster processing or nore robust processing. Al so

preferred | ”A%Bgﬁgf%rr%'a‘?n%ﬂw&sérﬁr: Condtdlites Bt FosiSEd A5l hetré‘lﬁ;f eby hol di ng

the wafer in a planar position recl sion processing. ean ness (e.dg.
| ow nmet al coheoldimg, the svaferinsd gana mmsdmm fof premisidn prociessiny. Chzaohfmssi tes is
al so prized m con uctor nuf ct uni n in.spin,

i heer and. ol BRnear ket FRRY SBirLEh BUhERL SCenelE SO S
structure foalsblpeizeem Qm@uﬁa@cftomfaamacmr@g,arﬁuég isdpp@dGtin spinyehse,.es al so
known as wafer chucks, susceptors, or wafer pedestals. Sem conduct or

manuf act ut i ngN&FRY ’E‘P@g'eéraé‘d\ﬁé‘lupk% (RUAPOSIISE a5% YAIYEE 3srP SRSkt HFHAUrE357842;
20090033898; fopipd dflicondadidr \X/afe$89§9@.%ch 30Hp&230E4ARAE, Rhowhiagh i s her eby

i ncorporated by reference in their entirety. Conposite articles are useful
in sealing ewaresehycks, susesinnst er wafesr pegestatso Semi¢arsiictos niprydaciveng i n US

Patent 7. 01 ubicklio S8 hount By Shal Bl FLOLA 08B S dpsopsigsgnce 10

their entirety resent’ f nven or a

conbi nati on, 541517(84ﬂ682¢|1m 518089618ztarid 66208d 3teach ofl whidipisiHerasy pr ocess of

manuf act ure;. a robust and/ or Btgdum&?& process of manufacture that can
I

produce FohudcoRsRiEH qyéﬁf%“ﬁ% €hFo a process to produce an article

of increased densCbmpodite aft'ble@s'aﬁ‘e%fsefdﬂﬁf&?a‘}lﬂg eqinﬁﬁéhttsyfor@xamgféems to produce
products having fewer netal, metallic, ionic, or related inpurities,

particul arl yComprassecavessas Hisclosad iniliS Ratesl 7,671,137 ; eagheef: whichiscess f or
using fi bershér}én&lrpcfo%&f[é\’eﬁst#fe@gfenk r}gfhtéw Fét?/cess to produce product
er u

havi ng a uni for hou a use ol ume; any process to
produce a conposi Tleae prerséatmvhalmmlg wseful in at least one, or a combination, of

15  (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 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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directional property (such as tensile strength, conpressive strength, or
el ongation to break) that is uniformor superior regardless of the

di rect i orwof2onmmesssenent (or uni form or superior in onePOrASee100ms9or

uni formor superior in two orthogonal directions), and the like. A
conposite article of the invention can used for known applications, e.g.
equi pnent for sem conductor manufacture, in aircraft parts, in autonotive
parts, in gaskets, in seals, and the like. The article of the present
invention may be a spin di sk. EXAMPLES Materials simlar to the foll ow ng,
and nethods for making simlar materials and articles, are detailed in
United States Patent No. 5,470,409 EXADHRKESe et al ., issued Novenber 28,

1995, entitled "Process for ki,ng, f,l uor opol onposi,tes Uni ted St ates
Patont o 5 230 oSas sRhiANS i olp iR RSt HEtSS RS similgh

"Preconsol i dﬁtialtérmls)a@@eﬁmlefsoarémétem@d frl lUﬁlltéd)SiaYéE?Pamm@S 61499,40940i t ed

St at es Patent No. 5,427,731 to Chesna e sued June 27 1995,

entitled Co'l;?ﬁ?@é’“sq @@'ﬂiﬂSHPﬁé\‘QYﬁnml?@t L?%ré e”t'H‘ﬁQj "Riqcesiiosmakiag pat ent No.
4,163,742 t 0f|d}@r8§b'|5/ﬁrer b§ﬁ1‘¢%§.t&u'99ﬁﬁted7 Statdd Pate?i Ndt 5erb2’ sﬁ@@%@a@ﬂ@ pr oduct

prepared fromtetrafluoroethyl ene p ymer and graphite fibers," "al'l of
which are i ntsauerbAage@t Dyl 9pef entitlede Precanselidatientireegss. for making f ol | owi ng

Examples,  TefGRblnBEARORILo0lSHEY Shitt BARIRNG RleAb A aDl e Tom &

| . du Pont awar e |ncI ude a
pol ymer cont all rissugdahmiet 2799 996] entfiledc'Coimpression htmmn@bhyﬂr@cnarean'@rmbout 1

nol e percent rfl ro r | _ et her A carbo used was
pol yacl?ry {®Bni PB%‘P%S g® %tﬁﬁlc’a Qﬁ’g?‘f? @fM)QB%? |§S@ecﬂﬁyg%stg ?9%9 of about
5 to 7 mcroggtitled "Prbdesdem |5r}zSd9<§t ROPARY o %tbaﬂaaﬁbemwen@?apmeraaael y 4

wei ght percent water conpatible sizing, a carbon densit proxi mately
1.8 g/ cnB bygrehie fbersgll of W*@ﬁhﬁr@@@m@@ﬁ hyfreéﬁrem%@tthelben re§00 ksi

e e e aas 1 NEROHh RIS, TBANS PR s regfistoa WAReERBE ©! ¥ 3 1.6

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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anal ysis of the fiber for nmetal content in units of nanonol es per gram

fi ber showed results of approximately 170 000 for sodium 770 for

pot assi urwok80/doess3cal ci um and 22 for alum num A sim PaT/US2Me/043P2 had

| ower content of nmetals. Elenmental analysis of the fiber for netal content
in units of nanonoles per gramfiber showed results of approxi mtely 830
for sodium 510 for potassium less than 10 for calcium and 3 for

al umi num Tensile strength was > 500 ksi (>3.45 GPa), tensile nodul us was >

30 Msi (> 20 ' M%sg)g@ygag\ﬁ t han CF1
. The si zi ngg?ﬁgr]aﬁtygkg%v\% gﬁ? %ﬁ%gﬁgﬁe\%ﬂe Si ZI ngI tsp%g%égﬁgtﬁgeri zed as
wat er sol ubl &zing waseraraptrizédvas svatercsotke.i n physi cal properties, al so had

tent of netals,sjm t 0. CF2,  vet . tially.f f.sizing. A
Cype of Teflon(r) BRR GEPLRLTAB GEY B Rich BEPs R, BB k&l "B opy
vinyl et her) meenokiniei to CA3, 616has 88sdntiaMairee af Bieingl ng poi nt  of

approximately 305 C, a flow rate of 14%(10 m'n% and tensile yield
strength df appr oRitYRst @ (efipaGsPhppelalg R (tetralyragihnless- appr oxi mately 25

MPa at 25 C i 2336 IRReid | avity of
appr oxi mat el 3&9“%'?50(%{}8?{%9@%@?%%%%%1 )égﬁggn-@lggs&m V\ed;@%ﬁgge using a
di sc mill of peinkof ggreoximnaiginSObrad figw ratdof 14 gfdOonin) antitensilem®id as t aught

i n Patent/Pufl i i was
made from 2Ogjtj)r%rffgqf\)vgfgRW%&?M%%&%%%Qﬁgq%ﬁ@éﬁ%ﬁqthgg‘é@b@%gﬁme

met hods of USFR0SE2@.ande NPy ate50eC bt ASTIM © 3303 andvk speeifioigeavigtaibl e
conpression of Mal has i dt h of approximately 16.75 inches, a | ength of
over 18 l%ch%@?roé'ﬁbgt‘ély&ﬁggwﬂ!ei ght of approxinately 0.12 Ib/ft2. The
coherent matte MippRagKES WM@ fthB PP NAbADIMAJE UMES Bisemiffof MEL ) has a
t hi ckness of appr oxi mateI&//bO. 095 inches (approximtely 2.4 mm, 2400

m crons) andty@ppraxifasiveadby AadrizaprealsiMungyi Al as taught in
Patent/Publication Number US5506052A by Deakyne.
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 preconsolidated article CApl-24 was nmade on a platen press from cut
portions of coherent matte type Ml . Squares of approxinmately 16.5 inches
wer e cut ,woekimg28set e of the original |ength direction. PApASOxiconises y 24
squares were stacked one upon the other with the I ength directions each
orthogonally oriented to their one (for top or bottommatte) or two (for
internal matte) nearest neighbors to produce a stack about 2.2 inches
thick. The stack at essentially anbient tenperature was placed in a

tenperature I rature

t hr oughout tﬁlgﬂétt@%:tﬁ&n%g? ;Htlrgcﬁ;érﬁ3?\‘5%1%5%%P%%§§9%r{1%%8%@3mil "the stack
was m ni nal Iwhtt@bpmgmdaistmmed by ankiiacdkae pseqsuye th thedengih aad vedir@ssur e

| ess than 90 i\ (4310 P whi | ein ngo stra added pressure
0" the T eng ARERIERAERE e imbiBily R TR0 kA e iyt S e RE S ack
was then furalbay tieotmclerssdiratiurowhinehédtimgiwgs endéd aed codlingwhe heating was
ended and_cool i ng_was begun. The stack was thus consqglidated to a thickness

of about 9. ZQ@quJW@SSt%%W?ﬁ@LtS&%@PMq}?@ iqadhigergssd @gorh? st isinest he
article to | g5 tid@mpePRufe Wabdekreared thibugHBiiiné BRidEPrES Y291 cand

pressure on the stack were reduced to anbiéent conditions to obtain the
article CAl- @63 Hr334ck e dhentheeraprialong opangwressieien e stack @ate 24 by

substitut ] oy ol CRTDANIRELRa RS RrduTipLaraetinsehy for, CF1 - The vt

matte Mi\3 i ncorpor ree o t different in
processi ng and ap@&mresmzaarmﬂr@ABm vk raa@b dEori mwpmwljblsgtuﬁﬁﬁ The

conposi te nater | si zed ca bon f s CF2 em)n trated
Super; or 1§ andt faban FBSTGGFAAS b sKieear B A Gt abne WL ot 88 18Pt or

HPB2 was Useﬁhcbﬁbd’r‘ﬁlﬁﬁﬁ(@Fg?@é@@f élQlﬁb?Wagﬂbﬁfﬁy dllrfBPeht‘nﬁﬁrc%ewH%'aﬂHOUS dual
belt press with a wor about 30 1nches and a working | ength of

about 10 f ee@ppeﬁﬂén%ﬁ@ﬁﬁﬁﬁeddadﬂ%ﬁnﬂ Wam@ﬁmorah@g &ffi2usthentampasiie bel t
Do BN R b B AL BB bl e
tensile strength and appearance.

15 A heatable belt press HBP1 or HPB2 was used to make
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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transport zones were set to 700 F, and the |ater cooling zones within the
wor king I ength were cooled by water entering the zones at approximately 32
F and exiworgiitdoessBi nal cooling zone at | ess than 100 FPCThS2@gapp4d5es ween
the two belts was set to about 0.028 inches as neasured the thickness after
exit by a length of sol der passed through the press. Both belts were coated
by a release fornulation. A single sheet of matte about 0.095 inches in

hei ght was passed through the press to continuously produce a

preconsol  dat ed 6, @R9hrdh BAflel RRSSorhuBSk G hng TG AR AR od 1nto

the belt press at 12 inc mnute. In trial rate of
matte was i nioteiedekltpress wihile dgngrbwithitimeit lenginstparallel BRS; gapbebvaeat t es wer e

cont i nuousl y,,and si nul t aneous!l.y fed i . the bhelt, press whi ligned with
Chei 1 engt neRNedie g0 LA PRBSS. A PR Bld e S iR el

0. 084 i nchesheightwa$approxiramenl 0.04% @ithes! Feedeitgaswasinahey v imued.y 0. 045
inches. Feed rate was 12 inches per m nute, Analogously in BP4, five mattes

wer e contd nufldrgodsiv BRI Hun@aties yere gontuouslyeansetifuipreausihiede al i gned
with their |gagisodiesdks Whilegﬂgn&?ﬁlitﬁ%é’}ﬁl%ﬂgm&epérﬁ\ﬂél.bﬂé %aﬁ"ﬁétween

approximately 0.10 1 nches, an he preconsol irdated matte hei ght was

appr oxi mat el thegworsltisiwamegpprrgiothteltle! Quashes andcthe preranspelidaiee matiee
preconsol i da &} ( - wer e
separately ch 'guh{r@%g géP{q&gﬁ%t§®gdggzr%ﬂtcggg'nﬁ?seucg{e\?%a%?ﬂhz?géﬁegﬁ P‘g’lrﬁm%e'st acks
as for the platenfis pesonsolriatet eattas froandadh belt prese pnpessyBR1ag dia) | ows. A
final conpression of sﬁackts of preconsolidated mat&)e? were made to achi eve
final prHucVEreBRRAraENECHLRIRROTINS, aPsHTDIeBREYAbLPRARR IVl e made on

the platen ps@ers as fot tHE pitépRissImide tHatbridlasnPafdlyntdhistesoe¥pand so as
to lower its density to about 1.4 g/nL during heating to above 300 C while

restrai ned bfpllp®®. tons on 16 sq inch]. Preconsolidated matte nade on the
e 00 o MRS RGHEF Sk of R OHborkb g Uty under oo
achieve final products about 6.5 inches in height.
15 Preconsolidated matte made on the platen press at a density of 1.85
g/mL has been noted to expand so as to lower its density to about 1.4 g/mL
during heating to above 300 C while restrained by [80 tons on 16 sq inch].
Preconsolidated matte made on the constant gap belt press had a density of
about 1.4 g/mL and did not undergo noticeable 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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300 C while restrained by the sane pressure. Final densification was higher
in the case of reconsolidated matte nmade on the constant gap belt press
under i dewDi2onlooessadi ti ons of exposed pressure and tenpecatuse@opushs| es in
the article press. A conposite article can a coefficient of thernmal
expansion in the XY direction of about 10 ppm K; the coefficient of thernmal
expansion in the Z direction can be greater or less than in the XY
direction. Al parts are by mass unl ess ot herw se noted. CLAIMS Wat is
claimed is: 1. A consolidated conposiggaigi ¢l € having a density, Dc, and
conprising: (i) polynmer having a soft®enrng tenperature and (ii) fibers,

sai d conposi Whadiis cldimegrisduced by: providing a natte, conprising: from
about 1 wt%to about 90 wei ght percent of said fibers; and from about 10
wei ght percent to about 90 wei ght percent particles of said polynmer, said

matte having a density, DmA thadolidatedaesengdsits dicle daviagfaydargitgabe, nmatte to
a conpressed density greater than 1.1 tinmes Dmand |l ess than 0,999 tinmes Dc
whi l e at I eadPd SOPBFiEiNGn & PRYMEN having 3 gofigning temmssabire rd (Bdbefhan

softeni ng tegﬁ@rc%?dﬂo%itefartﬂ%ﬁ%uceé%ypr ovide a conpressed matte; heating
said conpressed matte throughout to a tenperature greater than said

sof t eni ng t enper at ur e Rrevidingemgiatle, gervarisingtfrem about 1 wikstormhoah 801 ess t han

0.999 tines rovi Qe c I.d e ' st a
port i on of - sarlgnhPeltRtof Tl rBr Ry Bol LA AT G RaCrld Phul ST o
sof t eni ng t ewpigghtparcent partipkes\df daidgpatynsgisaidiahatie ating;a ddrasity) Mo .a

pl urali t¥ of s?i d coqgol idated matte to provide an article; conpressing the
hei ght ofY sal@t & 5581188 R heati ng t hroughout to a tenperature greater than

said softening tenperaddisfying@akf @%itE® 8 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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consol i dated conposite article; and cooling at |east a portion of said
consol i dated conposite article to a tenperature |ess than said softening

t enper at We.2001/001888 conposite article of claim1l wherei RCTAiSAPOUYSORr | S
selected fromthe group consisting of fluoropolyner and pol yners conpri sing
repeat units or nononers of tetrafluoroethylene, perfluoro (al koxyal kane)
of 3 to 14 carbon atons.3. The process of claim2 wherein said polyner is
sel ected fromthe group consisting of perfluoro(vinyl propyl ether),

hexaf | uor opr opyl ene, chlorotrifl uoroethyl ene, ethylene, propylene, and
conbi nati ons thereof. 4. The process of claim1 wherein said pol yner

conpri ses (tetrafl uoB.oet hylldreeprpeesd oforlai(p? ehereinisaid paymer )s ssigudégner. 5.
The process pf aim1 wherein said fibers are selected fromthe group
cons st ng. ofomaggrods SHRd FHtulA ORI PR EUEY: aphi e arantd. boron
nitride; silheafuoddrogigenddhysstrfiuorcRislig, wajicies, propyléiee, pmacess of claim

1 or 4 wherein said fibers are chopped fibers.
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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