TI TLE OF THE | NVENTI ON PROCESS FOR MAKI NG A COWCSI TE FI ELD OF THE

| NVENTI ON 5The field of the invention enconpasses a process for the
product i onoab11owegrosi t es contai ning reinforcing fiber amrdTaSpalopnesss
particularly conprising graphite fiber and fluoropol ynmer. BACKGROUND OF THE
| NVENTI ON  10Conposite articles conprising or consisting of a pol yner
(usually a continuous phase, and possibly conprising fluoropol yner(s) and
fibers (such as glass fibers, carbon fibers, and graphite fibers) are well
known in the art. The additionrgd £ bPSHE NPERFIGNX POl ymer can inprove
certain properties of the pol : s can include creep

resi stance, tensile strengROCESES FORMAKING AGOMROSKTE strength and
nodul us. The reinforcing fiber chosen generally has a higher tensile

nodul us and strength than the pol yner al one. When a fl uoropol yner is used
as the matrix polymer, as descFIER®JOFSTHE MIVENFIONRSuUl ting conposite often
has many of the attributes of fluoropolynmers such as high tenperature

resi stance® and chEng Beld of dhg Kvanlien engarepassere @’QEWSQf@Eg?ﬁ)B"WHé@m%feful as

parts, for exsfpbsies @hnidififigtERMIEAL 1BePSAdsiduyhaiahickiarl cnbrdRnd ¢ he

objects of this invention to provi a met e produdct such
pol ymer conposiphis fibemanefitwropelymepr oved properties and to provide articles
made by the nmethod. Background information regarding produci ng conposites
of polymer 25and fiber or fibers can be found in Polyneric Materials
Encycl opedi a, by Joseph C. BAGKGROUNDWOF THE INVEMNTION SBN-10: 084932470X,
| SBN-13: 978- 0849324703 pages 8327- 8343. ... S0 background in
doubl e- bHl t pr essCPARPHIR EB' 'quCOI”beWH‘Q‘Pf@%@é'PQiqgg yrﬂ%ra(tusf‘?léi/n%fer in
t her nopl asti goRPRIBAS 'phﬁ%,m%&_%tw b&ﬁ%ri@ﬁ&ﬂUQﬁo%bR@r‘nér(é?ra?@S’ide?é"(éﬂﬁh' on" by
A. Trende, B. T. Astrom A. gi nger, C.

as glass fibers, carbon fibers, and graphite fibers) are well known in the art.

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



Mayer, M Neitzel, in Conposites Part A: Applied Science and Manufacturing,
Vol unme 30, Issue 8, August 1999, Pages 935-943. Known rel ated net hods and
articl es wochude28yat are not necessarily limted to Uni Pea/iSt@nososRat ent
No. 5,470,409 to Deakyne et al., issued 5Novenber 28, 1995, entitled
"Process for making fluoropolyner conposites,” United States Patent No.
5,232,975 to Deakyne, issued August 3, 1993, entitled "Preconsolidation
process for making fluoropolyner conposites,” United States Patent No.

4,163, 742 t OM}!?Q:SlM Neit2P Lﬂﬁ@)dﬁﬁﬂiéﬁés F’art];@@)r%l%QtSc‘iérf‘dé ardl @%Eﬁi%c?ﬂ?ﬂ product

prepared fro et'raf | uoroet hyl €ne po Ographite ers nlted
St at es Pat enVolNme 5042§ue781AlugJJS¢:ﬁ999aPmesa$35 94%sued June 27, 1995,

27011, 111 co Spr ook Pt Hepad e A4S nosBla Bl ot ST g™

el enents forlimepteonitsd BaltyePatentlid 6!@@@40%@%@%@@ igelidpds and
articles include but_are not l15necessarily limted to United States Patent

No. 5, 759 92MHovemReeiir1 9% siliedyiniecess feomakingtuorpralymer composites,”

"d ass- fiberyapad é&ﬂé@@a@ﬁ%%%my@beyig)ﬁe %@Gecﬂ)meﬁﬁ% fi@gzpreparing
same," and United States Patent d, "1 ssued Cctober 24,

1995, enti t | eqtitleEPriecpnsatidatipparracess foo maliki fthl’QﬁXQJWIn?F gdempositesd sheet s".
207Ther o el e § SEC oA ARY 420, P12 EYBLITE] RUSOh HIR-AYEFENLS 1 these

fields, incladi ess 'of manuf act ur e;
a robust andéml’tlerde'mrmhwdﬁid&prpd@@t&ﬂép@%drfmmmfeiﬁﬂun&)dtm&éne:aﬂyme@dude robust

and/ or reproduc (o] ess.to pr an . article of increased
density: on dapnds BoBie : il SulbEaeh . 8437 de8 S b ppSat copthuct <

havi ng 25f ewglind'®?, a1995”§hﬁ‘tleld '@om&@sgon%o|amb%$f@ﬁubm" érhd?@nlt@@” icularly
for processes that include a solvent or water; rocess for using fibers

t hat preservettes batent é#ﬁ’gﬂ@”aﬂﬂr@c%@ggheﬁ apr l@éU@d& SJHiliet 2008y enbitled uni f or m
property thr%} g%lﬁn%‘rﬁgffbpco\fﬁ \pa?\yesprocess to produce a conposite

product having a directional prop 871 such as tensile strength,
conpr essi ve strenfddifiomal 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



30el 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 owo0peR8I” in two orthogonal directions), and Prha&/useke/o4058ese
i nprovenents are sought in areas where conposite articles are used,
e.g. equi pnent for sem conductor manufacture, in aircraft parts, in
S5autonotive parts, in gaskets, in seals, and the |ike. BRI EF DESCRI PTI ON OF
THE DRAWNGS Figure 1 shows schematically sone mattes of the known art.
Figure 2 sho I i I f : ER% Leles
10accordi ng P{r‘%aﬂ%\‘@%ﬁé (grnqdl iwzlc g’gﬁ?g&tls Nr%@@n%ﬁ INWI%%I‘IE?'E'RIM&E
met hod for nakivegrthogonpodiraotions ) aodl ghefikedensity Dc conpri si ng pol yner and
fibers, said nethpd cogfori Sl n(%:t 15grovi qi.n% a first rratte.c%\r;ﬁrli sing: about
1 to about 90 wei QAT SpEIIRYRMFRBATC SREUHAACTORYCAHIIROSYE AT Ghe per cent
pol ymer, sai dsdd,lesd. stigreertaut sgmizodelistot hanbactdresia dirdedft ports, Wher ei n sai d
pol ymer has a softening tenperature; densifying by conpression said matte
to a densityageawtivg p?%ﬁn'”ﬁafk@?’ﬂ??@is’lﬁ’?'ﬂéﬁﬁ "g%ss than 0.999 tinmes Dc
while at |least a portion of said matte is at a tenperature |ess than said
softening tenperature, to provide a conpressed natte; heating said
conpressed matte throught S 5 e BRAWINGSN said softening
tenperature whil e-at _a i [ t 251.1 times Dm and
[ eos than 0. 000 ¢ B bEROFS sLhEh AT BisldLes EinecRucet.

Figure 2 shows elevation views of a matte and two composite articles

10  according to the present disclosure.

SUMMARY OF THE INVENTION

A method for making a composite article of density Dc comprising

polymer and fibers, said method comprising:
15 providing a first matte comprising: about 1 to about 90 weight percent
fiber and about 10 to about 99 weight percent polymer, said first matte having
a density, Dm, less than Dc, wherein said polymer has a softening
temperature;
densifying by compression said matte to a density greater than 1.1
20 times Dm and less than 0.999 times Dc while at least a portion of said matte
is at a temperature less than said softening temperature, to provide a
compressed matte;
heating said compressed matte throughout to a temperature greater
than said softening temperature while at a consolidated density greater than
25 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;



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

| ess than said softening tenperature, to provide a consolidated matte;

st acki ng weixghitosesse a plurality of said consolidated narCe/useopnssgie an
unconsol i dated article; consolidating said unconsolidated article by
conpressing the height of said unconsolidated article and heating

t hroughout to a tenperature greater 5than said softening tenperature, to
provi de a consolidated conposite article; and cooling at |least a

portion of said ¢ : i rdok : t han
sai d softening teﬁgggh ?@ﬁgﬁlg%ﬁﬁﬁég %@#@&%ﬁéqﬁ%ﬁmﬂ#aﬁ

Di scl osed heumé¢ansobdatedertndel f or nmaki ng a conposite article of density Dc
conpri sing polyner and f.ibers. The t.hod di.scl osed herein,c ri.s

o ovi di g a et oA WBGG TR AHGE LY R BN Her anc
about 9 to abaiutunaanmugfdd Jracleemd fatiagittropghyuEd .a tehpermuteghaserl Sa
density of and is |less than Dc, wherein said polymer has a softening

t enper at ut e. th?ﬁe’sat'\%ﬁ‘?féeﬂ'@ tETRSAiUER tBy’r‘é‘ﬁ%ﬁé?@@ﬁﬂ'Q’%t%C%PPﬂtq gt hat s
density greajgg than 1.1 times Dmand |less than 0.999 times Dc, while at

| east a portion of the matte is at a tenperature |ess than said sof t eni ng
tenperature, to peaslindét easbamostixedf said censolidatedafonposith @rigaenty essed
20matte is h : ; reater than said softening
tenperature %‘%qe%fulﬂé Pe%ggﬁés%ﬁé'g St%ﬂ%ﬁ'rﬁgq '%})Maglrj%at er than 1.1 tinmes Dm and
less than 0.999 tinmes Dc, to provide a pre- consolldated matte. At |east a
portion of the pre-con 11(1 ] A perat ure | ess than
sai d sof t&ni ng tenper a2k Pty e. The 25next

step is stacking h@.g&]by&&ﬁempﬂstmbtﬁo\a f@F mtalkﬁ]g%)eémbbgleé%d@véfte to

density Dc comprising polymer and fibers. The method disclosed herein

—

comprises providing a matte comprising: about 1 to about 91weight percent
fiber and about 9 to about 99 weight percent of said polymer. The matte has
15 adensity of Dm, and is less than Dc, wherein said polymer has a softening
temperature. The matte is densified by compressing the matte to a that is
density greater than 1.1 times Dm and less than 0.999 times Dc, while at
least a portion of the matte is at a temperature less than said softening
temperature, to provide a compressed matte. Thereafter the compressed
20  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.
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
25 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
heating it throughout to a temperature greater than said softening

temperature, to provide a consolidated composite article. At least a portion of



provi de an unconsolidated article. The unconsolidated article is then
consol i dated by conpressing the height of said unconsolidated article and
heat i ng iwothrigngdTout to a tenperature greater than sai @CTASRE@0QIONEFSS
tenperature, to provide a consolidated conposite article. At |east a
portion of the consolidated conposite article is cooled to a tenperature
that is |l ess than said softening tenperature. In certain

enbodi nents, the invention can conbi ne el ements known to the art in a new

manner 1o achjg eéb‘:r‘mlsBﬂd?at% c8??1r %sr‘tlé‘ﬁﬁr%?e%%% d 8 h@ﬂ APl 9884 fran

i ncl udi ng, possibly, unexpe ted or unpre |ctab |nat|ons of results.
Si ngl e el enesaid softesinghemperatwrg. i ncl ude US Pat ents 5506052, 6066395,

52272985, 4448910, 14 HAANFIPOLBBA 0 RR BU TR PG HedaTR KiPug 3506

or conbi natlwwmetdrﬂh@orﬁewtrﬂmr@rwbaﬁawoﬁé ofthlord Gakxpdutedor s i ncor por at ed
herein by reference. nsity of conposite articles can be determ ned

by ASTM D 799nRregistabie meata, 'W@'é‘fj'r\gbpﬂ%fd%'yf WEXDERE S Wpiedipiableri ¢ Gravity

(Rel ative DepshbhhtiGhs 8 RSUKS SilYle @Iéﬁéﬁ%%ﬂ&h aﬁhﬁ&km%%ews PatdRs can be
determ ned by TAPPI T411 Thi ckness erg @:5) Paper board and
7H50863,65589

Conbi ned Boa5506%2d69663&5 @609Q@6242@ Mﬁ% Réd, 42aXIRt i ng an

area of kno 1 a term ned by
TAPPI T411, V\glgilé %44%hawkn0\§h&\'/ 10 2%}‘5 %%@%6?0@8%1:5?& nmatt e of

pol ynmer flake441¢187am44t8l@fs1 ang286%8Y or éo&ﬁbrnﬁtrdnsgﬂheaaoiﬁtherdrch?dsmmé of dlgur e 1B)
or a co osrt

icle m ens of about 0.2 20 g/mL or less to
about 1. WB'FF‘ 'r”@orpéi%?)t@a eﬁ%i”g) b@l‘ié’fceon the wei ghted density of the
pol yner and flberﬁeh@@ﬂbfcﬁnfra&rté@rt.&w(@aﬂ b@ab@rmﬁréd%wAswm wrep fogke, or
particles, conbined wi'th fibers of figure 1C) should have a density

great er t hanStandarhiest M@th@ﬁ§f qrty@md 2nrtifieegraviy éRelatied Bengityfof about
0.3 g/nL to ﬁfég'tf{: @érs é@e&w&ﬁpﬁamgkﬁ&f tcé?ﬂ)% B%%W%HW?EPQF”S' ty of

t he pol yner an use ures r epresen
T411 Thickness (Caliper) of Paper, Paperboard and Combined Board, and

15  weight per volume can be determined by cutting an area of known size (e.g.
16 cm by 16 cm) and thickness as determined by TAPPI T411, and weighing
that known volume of matte.

A typical matte of polymer flake or particles and fibers (17 of figure 1A
or 17' of figure 1B) or a composite article may have a density of about 0.2

20 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
density of about 0.3 g/mL to about 2.9 g/mL, depending somewhat on the

25  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
platens 60, 62 and the matte 17 composed of fibers 101 and polymer

30 particles 102, or the platens can optionally otherwise be treated to prevent



prior art and aid in the understanding the invention. Figure 1A shows a
matte 17 conprising polyner particles 102 and fibers 101 situated between
two pl at ewie 260/02877Rel ease filns 61,63 can optional | y becpluscad/obesssveen two
pl atens 60, 62 and the matte 17 conposed of fibers 101 and pol yner
30particles 102, or the platens can optionally otherw se be treated to
prevent sticking of the natte to a platen. The matte 17 can optionally be
initially under |ow contact pressure fromthe platens as heat is applied to
the mattes, r |
soften and t éﬁklﬁm% ?%%%;B;%glgyﬁgg %ﬁ%@%%?sﬁg OP ﬁ{)aa{és]@ begﬁlmr?gyly g?r%ﬁgr ature
of the pol ymew c@ﬁa@mressmelfnorru&termtessasr’matsam:itedctathebmatibs afbned as the

102" on (opt 1 SRR s DB hE RN et RS vEg R SR 1 cpe
original pol &WgepafatﬁeQJpw eD@@ddlhg th@abmuﬁ@@afﬁpérbmré o$tﬁd @mymgr
t enperat ure. Pressure can be applied to platens 60, 62 causing the hei ght of

the matte t oF GeEs dRdBISTGIEsR m%tgﬁh?t GNRS PhiaMedAs BEIBTEEEIWE it) as

i1lustrated pyedddd4hé sdfterding térhﬁer%nﬂﬁé%d'al?s tﬁ@'?&*rﬁéﬁonfd?rbeﬁdér%?%ndens' fied
t hroughout at a tenperature unit her than the polynmer softening

tenperature taptighally \&etﬁﬁgkt’ﬁllelftm{%wlthntth@ r A7 TNt @ﬂﬁh@ownau palgneated is

I
e nepi aner eSS Sty BhBIE Rl SEnFUIERpRlabie McBiMar e - 1"
t he po:jyrrelr , applicditoptatdng GOBmeslrglthemguaneffhehaaﬁeamdedsreaggerrent nor e
per pendi cul a

e height direction of th he h ht direction
el hg e hid 7 lanteRCIRSSRG S TR MG 3 THAEABH 41 Ut FAPELe S nce the
pol ymer - f i begndHge indfenBRy, HBtCQHﬁttreadé?ﬁéﬂle'drthML@ﬂéuﬂé{rd %;%?Mtu?@dﬁﬁ&dﬁlycat 1on,
t here need be no conpression forces perpendicular to the z axis, and

buckl i ng neebighet thaadhe polyper sefisainp demearateiette dbvna @9@$Qilﬁatqdymgtr§e cool ed
e L5 P, TR AR BRI AR e O ABE AP I B kErmaE S el s o
bel t press oof therpldtans,i.eq ihdlad innplane deeceatwhsnihereford the fildees palmbess can
15 moved, along with the polymer, in those directions, giving the fibers an
arrangement more perpendicular to the height direction of the matte (the
height direction being the z direction) and more parallel to the platen
surfaces.
Since the polymer-fiber mix can be unconstrained in-plane during any
20 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
heated belt press or similarly a heating zone and nip rolls. The process can
25 include the polymer being heated above the softening temperature at some
point; this can occur before or after the application of pressure that produces
significant densification. The composite can be cooled under pressure.
Belt press pre-consolidation matte or (debulked plies) result in a very

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



25 include the polyner being heated above the softening tenperature at sone
point; this can occur before or after the application of pressure that

pr oduces wWOgniffaoesrmt densificati on. The conposite can becCTtask@dowsder
pressure. Belt press pre-consolidation matte or (debul ked plies)
result in a very flat product versus the incunbent platen press

pre-consol i dat ed/ debul king ply nethod. Very flat plies eases the ability
to | oad debul ked plies for nolding steps. Si gni ficant densification

is meant to gdesgyd t\?erg%g' fd8adAnb ApfifieNBh Yok A’)u?lgédfggéé‘fd?rmﬁsmﬁl to a

desired density and to or t han ter than initial
density. Forsteparrple if initial density of a matte is about 0.586 g/nL and

t he desired densi te article de fr.om i patte or a
Stack of such nat PUBTeaRAGRRRRlbR <takag B dififos PR fedlopdp 5,08k

preconsol i dakeed tiat dreeduial & delesirédy defsif). aftbyet[dualto‘or(rRork-tAah86yd = 1. 343
g/ m.. 10A consolidated matte 17" of figure 1C can be further consolidated

as above 1o 9GRRr4NaAM Mitial SRBSIHY- g@"ﬁﬁ?'ﬂ“@'%#'@'Bmstt)éoéﬁtm%tee'sfpoubf figure
1D. The appag %%B%/Mﬁ%dftﬁé dfegfré@@énﬁﬂfﬁf%{ ESAbOSIR AFYIeRadd ' RosBlE n@Fe

different than that used for the initial densification. Figure 2 Shows
el evati on vi Batiesri agsiady dlesichdnaties is ?afng/mmhgséﬁﬁfpdens@a&p{nf@n @s

conprising s e te 2001;
for cl arity,H%I&Be%‘ésl%gﬁegcd@%ﬁéﬁsgdeﬁ%%yéf?})eégaﬁbg%@r ?ng{ §®j<| s’'set x-y-z 2002
i s defined sg/tlhat the height of the matte is oriented parallel to the z
axis. Since fibers 2003 are ali d, .on average | ong one djrection

per pendi 8l ar to 7KENSOlidgied m@ngga,qfﬁg%qeg}é P%’épez'i"%é%tqoﬁﬁok‘i?t%%@%rrespond
to the x axi fébod%etroﬁ@ﬂﬁlawb.%rdér%.f?edaﬂatté oﬁé@r%pb&té Bfticle A §ffigure 1D. The matte
illustrated in Figure 2A has been cut froma larger matte, to make two cut

faces (2006 &helapparAfuspased foefurther crasqlidaliers mayree ﬂi@r%nﬂ%wﬂlﬁefqifé y and X
axes reSpeCth}\éﬁltMa L?%é eCintitai ({i‘@nsﬁ?&étﬂpserver can note that fibers 2004
Y, ar

can be cut w clrcu Cross section by the xz face 2006, and
25fi bers 2005 canFllgara:Elshmws kelevalian viealsyofen ornEntedmatieess tsect i on (or
ulti mat elé’ composite articles comprising such oriented mattes. Figure 2A shows an
oriented matte 2001; for clarity, fibers are shown as imbedded. A coordinate
axis set x-y-z 2002 is defined so that the height of the matte is oriented
parallel to the z axis. Since fibers 2003 are aligned, on average, along one
direction perpendicular to the z axis, one can assign that direction to
20 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
25  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

30 an orientation with each z axis parallel (heightwise stacked), and the fiber



nearly a parallelogram) by the xz face 2006. Fi gure 2B shows a
portion of an oriented conposite article that can be made by stacking

matt es cowoespanel7ng to figure 2A. The conposite articl @Criusesmwnaises matt es
(e.g. 2022, 2023) can have different orientations, such as 30an orientation
with each z axis parallel (heightw se stacked), and the fiber orientation
of each imredi ately adj acent and contacting matte being at right angles. If
a matte is made by consolidating two thin rrattes with fiber orientation
stacked at rj acked

w th each z a@%@agﬂ?gl ?aﬁhslHﬁﬁb&ﬁ@wé a@%n&c Péb‘fm t%tlﬁezbgﬁ bf I:?}ttte
Sarticle of &ngas dfanattebrsenadmby p¢>n$ohdat|mgatwcsthmd"@ttb§z vuthrfﬁmln dat| ng two

mattes with fib orienta n.,stac dat ive t hi ck matte
Stch a consoPenpidt EPkE! BfRal PGS tng le G pridledBulpies k1) B e
stacked wi t hstgakdd withxash paixi b@bllélnae@htwis@ starkag ) esldbtairoa ebinpositér
conposite article of Figure 2B. 10Figure 2C shows a portion of an oriented

conposi t & ar fitileertZigwetdfhiiNeia thaidl aEpdieds madediy srRpSPHEFEY ey matiddndi ng to

figure 2A (ewfn fub@PérlerﬁQ@or?%@&ed B{%é‘raﬁé]% gr\@@w&eﬂna%%aén fies of mattes
into groups (2037, 2039, 2035, where the pfurality is a triplet of mattes).

Some mattes m@obdaf@dtr@@ttq)alramaI@gommaﬁear:@n opt, @ppaendy, be gackethyltbs. Thi s

or 1 entat i on B EPRCGE gl PEGHAEHS S G A Bom e Bl " C 0"

prepared by E@mr&ﬁly\n techni ques. For instance, using a paper neking
process, fibers clgn be 5nxed W

mer to form m Xt ur r slurry.
Ay mixi Hy means BRyeERCabans Ao B e S5Py et nsns i 2EahHient s ar e
m xed at aboghn Be%%;ﬂstb@kuﬁ@{m{é%'@r@é%n@lhgf’e&hg% IO, @nQOQanﬁd

conprising 0.01-5 parts solids to 99.0 @rts aqueous sol ution or

wat er). The 203g) DJOFﬁaVeth@%plbﬁoﬂpllMQ'é@S\m’fmﬁt t“étlo qr@um](?&@ae 939.mat i on, and
it may final ge
retention ai %dBﬁ?vﬁég%@é’b%ﬁﬁy}@%mp %tocghtﬁt@s rte%or S 'gb{ré?i may be

pl aced onto aar[aﬂelesorzﬁrmklongnmalcdhrngbt anglbs. Thos ma@pomte:)alalcwhmma e,

possi bly rie f flber or wthout orientati the fibers,
Poss! bi y1br i Baar o seckROdRrean B FPedt it tin eRtenal BeOeR T gbt pe
paper meki ngopyegess, or perpendicular to that direction. Alternatively,

the matte may be fornmed by vacuum casti n?( t he
A matte can be prepared by any known techniques. For instance,

using a paper making process, fibers can be mixed with a polymer to form a
mixture or slurry. Any mixing means may be used, but preferably the fibrous
20  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
25  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

30 example using a belt press. A belt press manufacturer is Bright Technologies,



slurry or other nethods. Mattes can be formed by dewatering a slurry, for
30exanpl e using a belt press. A belt press manufacturer is Bright

Technol ogvegpiieplkirns, M chigan. Mattes can be dried, f®CcTaxs2a0mplogs8$ ovens,
on rotating drunms, or by noving air. For a nore detail ed description of
sone standard paper meking techni ques that can be enpl oyed, see U. S. Pat.
No. 3,458,329, the disclosure of which is incorporated herein by reference.
5Densi fying can be carried out by conpression or other known nethods, which

may be upon RB?ﬁHE, Ry RfrtteS I cBH AR fnex@ gt e G e Sﬁ'ré{tﬁtﬂ € axes may
be nutual ly orthogonal ,” such as x, y, and z axes. Mattes nmy have any
conveni ent ddmems ooy nodvihg aigt For avimdrd detailed Arecripiion diisbtresstandarde nor e
than 1 cmin_height,. or less t 0. 0.6, 0.4, 0 L1 0 0.01 cm
i hei gt pabermaking feor e Frbe AnBipBteied ViR 4t BR 2438 RPst nat e
may be a pl uthal digslofiretdfiwhidraititsrpavatethhérgirf iy\esfedehas. twenty or a

hei ghtw se stack of a plurality of thin mattes,. 15Densification can be
carried out at pr@8RRiVEg ean beGARied Ryt DX BRMPLERFIR OhPIHRT KIOWDO MPa, and at

interval pregaiHRR, WRIHEREy BEUon HRKRInGRMAROMM ARGy Bensi fi cation in

t he met hod of the present 1nvention can be achieved wth a belt press, a
pl at en pr esscorgecytivainddre prassyay be mutuallyDerRegdneatsiugh asheat 8mgz cool i ng,
or conbi nati NS of such can be carried 20out fromabout 0.1, 1, 2, 5, 10,
20, 100 m nuteS or many hours, up to about 135 hours, or nore. Any
met hod of densif yMaglesatmay raavéd amyconveniakt dimdnsasis of dereytiof widtre ofi ber s duri ng

Gsual |y N aREage ol R e 2] G IF MBI AR OB G Sothp o0 ol may be
25advant ageogs| p .05 BP0 &R th [-,@i@hgertai n applications if other properties
of the composite art Ilnctlhg n?ertﬁoé rg)?’{h%vﬁ)ergéent invention the first matte may be a
plurality of thin mattes, which is fewer than twenty or a heightwise stack of a
plurality of thin mattes,.
15 Densification can be carried out at pressures as low as 100 kPa, and
as high as 100 MPa, and at interval pressures between about 100kPa and
about 100MPa. Densification in the method of the present invention can be
achieved with a belt press, a platen press, or calendar press.
Densification, heating, cooling, or combinations of such can be carried
20 out from about 0.1, 1, 2, 5, 10, 20, 100 minutes or many hours, up to about
135 hours, or more.
Any method of densifying can, and may, break at least some of the
fibers during processing. Accordingly the length of the fibers can be reduced.
It is usually advantageous to maintain a high fiber length, but this goal may be
25 advantageously compromised for certain applications if other properties of the
composite article are improved.
A matte may be made by other means, such as dry air laying optionally
with polymer particles present. A matte may be densified by dry needling.
Some aspects of matte technology are presented in US Patent 6855298, the

30 disclosure of which is incorporated herein by reference.



A matte may be nade by ot her neans, such as dry air laying optionally with
pol ymer particles present. A matte may be densified by dry needling. Sone
aspect s ovormattm287echnol ogy are presented in US Patent ®8PAR@0/080568
30di scl osure of which is incorporated herein by reference. The

pol ymer of the invention can be a fluoropol ynmer and any pol yner of the

I nvention can conprise repeat units or nononers of tetrafl uoroethyl ene,
perfluoro (al koxyal kane) of 3 to 14 carbon atonms such as perfluoro(vinyl

propyl ether), Cg%ﬁ%‘g@?ﬁ@%@ iﬁ{??nti(og\gépé?ﬂ?é 5'ﬂhbf5bro%é}yérl%“§ny é(ﬁ gk ene,

propyl ene, or ons thereo yners mer of the
i nvent i on caof thptimamdibhycahlcomprise e peattunity orpmrtqmwts@rfl y above t he pol yner

opt 1 onat 1y wist BRI PR AETPEIGRELP & P 4 o R s oy mer o
any col | ecti parflbrotengneosyl diffie), mtaﬁMropfo@reheQ@ﬁl@ﬂﬁﬂﬁﬁor&a@th@@hevary from
about 10 to 99 wei ght percent of the pol Any pol yner of the

i nventi or® cafihylens. P'F‘P@W?@ﬁl Q%QQ’Eb'”at"?rF%trhﬁﬁ%‘gt(CORﬂlyrﬁ?@ -ures or bl ends

thereof. Any pol WSIﬁ;{ RQIS/rﬁefﬂ%f HRVIBOEARIN CRoRRNGNPASW UpBK#RLENgr crosslinked.
Any conposition of e’invention can conprise a cross-linker. Any repeat

uni t or nonop&ticerly Beoydhenrelymanmetingriaiet @.Jiass ransiyoteoperaereght

percent of t olyner is
a tenper aturg@pﬂl'v%ﬁgﬁmehcan pt'gﬁglyivg%t tﬁglﬁ igrs\hﬁgR %ﬁlgé’lﬁtﬁg%gﬁ%}ﬁﬁdef or med
ty]E)![ cally w mub?dﬂymakoﬁi@y @dﬂ!{eptbmnﬂgllf m_@hosepeartlaé b?l%tenfmfaawt&?n@iomﬁ? f
sof tenin eratyre include the neltin | e | owes enperature o
a nelti _ngo it%éva"y ©Bag Pt!jtf{g% 55] Wﬁ&hg \%@%gPP@erP@'XWWg range, or the glass
transition terrpemh;wg Iymer of the |R@ér‘it|cﬁ1|<%$1 @éﬁtﬁéﬁdplﬁt@cﬁ%é}ho@@ﬁo‘i or tiny
portions or flecks afticles can be free-flowing or stuck to fibers. Types

of parti cl esmiielesds bensisdberegi AAmspolymeekihefinvafientoen ber ensslinkhips,
pel | ets, Spe8rk§ro]s§lnf’?<}éld nﬂﬁy cEmBosifibRBF the! iIRFEMRES: cahWorfSris e Whrdsk Fhk&d t O

t hose conposed o]
Any repeat unit or monomer of the polymer can comprise 0.001 to

15 99.999 weight percent of the polymer.

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

20 highest temperature of a melting range, or the glass transition temperature.

Particles are small pieces or parts, or tiny portions or flecks. Particles
can be free-flowing or stuck to fibers. Types of particles include flakes, grains,
shreds, fragments, crumbs, chips, pellets, specks, shavings, etc.

Fibers include, but are not limited to, those composed of: glass;

25  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
fibers. Fibers of the present disclosure can also be chopped.

The median length of the fibers can be longer or shorter or the same

30 as the median height of the matte containing the fibers.
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25graphite; carbon; fluorinated graphite; aram d such as poly(p-

phenyl enet erepht ht al am de); boron nitride; silicon carbide; polyester; and
pol yam dewoCarinoes77gr aphite and fl uori nated graphite filperasSare/oprses erred
fibers. Fibers of the present disclosure can also be chopped.

The medi an I ength of the fibers can be | onger or shorter or the sane 30as
the nmedi an height of the matte containing the fibers. Fibers nmay be sized
as known in the art. Sizing may conprise, for exanple, epoxy resins or

polynmers, uret hangy, B%Eg%@p s ﬂir‘?&/l/r{‘ﬁm e ROISHTRG Fha FBEM Eforl €si ns or

pol ymers, phenol resins ol yners, ani de resins or ol yners,

pol yur et haneexaarsplﬂsemxyp@sylﬁmrspolmmrycanelﬂmm -modified epory réxis gmner s,

pol yet heri m de resins,o 1 de resins _or polyners,

ol st yryl pyb el Rauh SpHBE o] peb RS T PRl s e eV nls BOWFIHE  esi ns
or polyners, reilsysrddiymners! pe|lyoEet@ain@@sm@olmémepblgémbﬁaﬂe&eemsld‘ns or
polyners epoxy nodi fi ed urethane resins or polyners, polyvinyl alcohol

resins or> poPYMEEES: REHIRBTHYIde FG$iPS P 88'H€‘e|r%§qqlﬁéar@i?e'ﬁ81j?ﬁ%?'%$ Of esins or
10pol yners  apdlyfexd, Lﬁoﬁétﬁlyf]ﬁxyr?fﬁﬁe re%n?é &%ol%%rsb%o%hﬂﬁ%sﬁoﬂﬁﬁa'lé?ﬂnﬁjé)r wat er

conpati bl e, and may be sol vent sol uble or” water sol ub
Pol yvi nyl pyrrasmwmlxwm polysWfanarresinsianpohiesrs, p¢lsetae\m!fene sesinghoe

pol ymer made 2 Loyl | i n : gents are
B st o POk, Kol paRTHindly S Bne R dr R ner BB A AP ITTE S 20
151 n t he et resthsodr denerrsepehyt/inyrmethone résinsoppaf@ers dedingbr t he conposite
article contains a to ﬁ é? 2000 nanonol es per %%§n1of sodi um

pot assi ul cBPI¥MERT aB W"&H[ﬁﬁ GrROT P iEing? m%Yd*i’Q/?B'M%”tl%Pp”Eﬁat Qr Wateh 2000
nanonol es of csAghtitIR, Y RS Iuér@mm.lt@bmme @W\}’at@F 4SLBRTPERARIy S Froliidnd S nost
preferred that the conp05| e article contains |ess than 10 nanonol es 20 per

gram of al ur{f\{M, a known si¥iag ggedie ssa uatertspiulie palymaranads framgbeymer - fi ber
fcorrp05| te COHB%H%? gkiﬁ&rcﬁin%g Krftvh QQﬂn}SrH:denH é‘rjée&sagé/émﬂ l??%b' rregul ar
i bul ar structure e

{70 an 1Tt e akes, or the
co-di sper sedzmmmaazwfs lmart Nos. m@aazmaadn@m a matte by

- 25 techn di St f
Erbat e than 200 up PoEReetSdBr BB e Rert AN TS PIIR06C IRt akes, o
t he co-di spessfodiledditisleadhtdindgitotaNoMasS thanEBd AahoieiEes pengiaheoby

paper - maki ng techni ques, can have settling tinmes of fromlto 13 000 seconds
or nore. Set$9PFing, pptassiug, calcium, and aluminum, either individually or less than
2000 nanomoles of sodium, potassium, calcium, and aluminum combined. |t
is most preferred that the composite article contains less than 10 nanomoles
20 per gram of aluminum.

One process for the production of a polymer-fiber composite
comprises co-dispersing-thin polymer flakes having some irregular fibular
structure extending from an irregular periphery. The flakes, or the co-
dispersed flakes and fiber in water, used to make a matte by paper-making

25 techniques, can have a Canadian Standard Freeness of greater than 200 up
to the Freeness test maximum of 2000. The flakes, or the co-dispersed
flakes and fiber in water, used to make a matte by paper-making techniques,
can have settling times of from 1 to 13 000 seconds or more. Settling time is
measured, optionally with the fiber content ratio by weight to be used in a

30 matte, in an aqueous solution (i.e., less than 1% based on weight of polymer
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measured, optionally with the fiber content ratio by weight to be used in a
30matte, in an aqueous solution (i.e., less than 1% based on wei ght of

pol ymer swbi2ds/®es7Wabl e to form an apparently honbgeneo®R€ETAISA1040588
appropriate for feeding to a screen to ultimtely forma matte, observed
until such time a new layer is forned on the bottomor the top discernable
to the naked eye). Settling tinme can be greater than fromabout to 2 to
about 12 000 seconds. 5In any enbodi nent, renoving nost water fromnmatte to

forma wet ”Q&Ih%;suri@?%“[b@&n@{w%péﬁ%@@y%%deﬁ@oh%lﬁ tagpf'(%fr@t@fcﬁiry matte;

drying the layer to rma se ting planar natt ptionally

thermal | y t atseding toreesaeen toultimately éordr g nsattes whsérved unbibsudihi timge armgw
preconsol i dating. said tte heat i,ng, sai.d nmatte . ahove th lymer nmelt
Penper at ur o oo AraedPh 1 BeoHS o M 1B SOt o R BeAetF ol ot pr essure
normal to thgeplirdnmeicas dedyraater ehdrofreauiBut te2 pohlysmr1 2 @0d sevands. form a
preconsol idated nmatte; and cooling that natte. The aqueous slurry can be
substantial |y fre® W grhedimeshdemoyiagtrgost water framemaiigie fEGA Wt in the

conposite of e RIGGRRY mohy KakdrGForh ?nelf rage} fPekh aldi/ Onb; WejiaG theer cent

fiber. 15Suitable belt presses are wel nown, for éexanple 1n"US Patents
3,159, 526; 3lazestogiarm asdiboyPBBingGplanar, mede; aptivdall termsliviekegahe 5460764,

5,520, 530; 5,249 fRdrove dry Strdrith roP4rliRy and Pre&hisonading St nfae by’
heating said matte above the polymer melt temperature to form a different

10  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
about 1 to 90 weight percent fiber.

15 Suitable belt presses are well known, for example in US Patents
3,159,526; 3,298,887; 4,369,083; 5,112,209; 5,433,145; 5,454,304; 5460764,
5,520,530; 5,546,857; 5,555,799; 5592874; 5759927; 5,895,546 each of
which is hereby incorporated by reference in their entirety. A manufacturer of
suitable belt presses, particularly isobaric double belt presses, is Held

20  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
incorporated by reference in their entirety. Manufacturers of suitable presses

25 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
heating are known, for example US Patent 6,287,410 each of which is hereby

30 incorporated by reference in their entirety.
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which is hereby incorporated by reference in their entirety. A manufacturer
of suitable belt presses, particularly isobaric double belt presses, is
Hel d 20 Twohlmnolmwes7e GrbH, Germany. A manuf acturer of dombTasShebo4Eyst ens
useful for fiber reinforced thernoplastics is Berndorf Band GrbH of
Austria. Suitable platen presses are well known, for exanple US Patent
5,775,214, 5,253,571, 5,323,696 and 5, 333,541 each of which is hereby

i ncorporated by reference in their entirety. Manufacturers of suitable

presses 25i ncl udeg M%@M%&béﬂ%gﬂﬁ%ﬁé%t W&é&é bgﬂgﬂé hét liffrfeaRgy (verti cal

presses or |am nating presses I ng Press AHV-Bm or
AHV-S wi t h upontactl@ a mﬁtemrmmposltamtldimmthmghcpﬂswrfese (e gt corgiiBtien);

St ol e 008 ooy BB B8, B0 A 0 R SRR EDS ot 0

30i ncor por at gtcrbyavetffigirg. in their entirety. Suitable nethods of
appl yi ng heat |ncI ude but are not limted to contacting a matte or

conposi t & arti cl ePansificationdretlonrs aceweb kgowpoiRageamele)in Q%Pﬁ&?rﬁs hot gas j et

(€.g. convecigp)iseadntstiwhicr %qié‘ébypl?lc()ﬁ)cﬂateﬂ My rBfefenyd mWhéﬁ’ BWECEy.
radi ation). 5Densification nmethods are well known, for exanple in US

Patents 6, 032, 446C@a$mndatlorwnar¢helcgrmwwndﬁcmmeedntﬂwom%a%rence in
their enti re&é( |f|cat|Pn In@dﬁ?%nl é{cﬁoé] n%rpﬁeréﬁfréla%ﬁvé)m é’&ge%rin he same

condi tions as ens cation enper ure above

t he sof t eni nggnigerpeIr@brheating ﬂ@esatam]@ramrabélenmtaeeﬁoﬂemngeémwetd*ler@oft eni ng
10both in various conbi natjons as i e art, can be

tenperature, o nown .in
carried St B?)’;‘ I3 yarPyYs RMBBAligR AR &PRYR N tgarhap Qﬂ"i"%PPE?Pt'O”a“y

Accor di ngl y, a9Befiséhéralke d@nﬁ@@@ﬁ&r@au@rﬁ t neESrdfigly ®Rgidalh rkdkec@MPT i Si ng
pol ymer and fibers, said nmethod conprising by providing a first matte. The

first mtte mp%teaarﬁﬁlﬁtqfrdeeélhspprss:@mpdsrrswlgm%yrnﬁlt arafiberg, eqid rgthedse t he
matte conpri éﬁ‘ﬁprjrs 58 b?%‘?@\/l@l% a first matte. The first matte may be a matter

comprised of thin mattes. In either case the matte comprises 1 to 91weight
15  percent fiber" and "9 to 99 weight percent polymer. The first matte having a
density of Dm is less than Dc.

The first matte of the present invention may comprise disk refined
polymer so as to provide flakes having an irregular periphery with an irregular
microfibular structure extending therefrom. Thereafter one may co-disperse

20 the polymer flakes with said fibers in an aqueous solution to provide a slurry
(having a Canadian Standard Freeness value), and feeding the slurry to a
screen to provide a layer of said flake and fiber combination, and removing

water from said layer.

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

30 polymer, while at a consolidated density greater than 1.1 times Dm and less
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15percent fiber" and "9 to 99 wei ght percent polyner. The first matte
having a density of Dmis |l ess than Dc. The first matte of the
present iwoentioes7may conpri se di sk refined polymer so asTius2@oovisde fl akes
having an irregular periphery with an irregular mcrofibular structure
extending therefrom Thereafter one may co-di sperse 20t he pol ynmer fl akes
with said fibers in an aqueous solution to provide a slurry (having a
Canadi an Standard Freeness value), and feeding the slurry to a screen to

provide a |aygf G?%%%?ﬁin%?fdékﬁniéml {:Eo%fg é;@t‘é&bﬂ%llg%ﬁbd RBtte! RARKIIGhapRL T
fromsaid | ayer. e tirst mtte is densified by conpressing to a density
gr eat er t hancdolgdtarreelseatina padiohes soolhdto 6.t999etdtuedes thani dagd softdreagt a

portion of the first te iis at. a temperature l.ess than said softening
Perper at ur e, Cresate Pk GRA e oo P e et 8T Pl cat cer , ¢ he

conpressed natte i s hgatdtytdirconghidiated matteli® freer Aheker ligigaividge tohan t he
softening tenperature of the 30polyner, while at a consolidated density

great er t%a_np"P.VPet ?%@CW%@G? é’§t§3 et hap hgiahoof WHGEBCOD%C."id'PFﬁdsaW!el 'Sprovi de
a preconsol i dahpsEBY bRd Nt thiGudhdBNtE? MrfSkrallire Jréf8sthaft tROT tion i s

cooled to a tenperature | ess thansaid softening ténperature of the polyner
to provi de apedymesspiienied teraperature, iol prowdeeycasisotidaied icpawosite atictee i s t hen

stacked hel ot e, 18,50/ YIEoAD HBRANSHIAALEA AL 1] Elgeq The het gt of the

unconsol i dated € 1S COnpress r oughou 0 a tenperature

great er thantenfgerpiolry fes tbad trensof@nirgnteeaipatiratues of thepobymele a consol i dat ed
conposite article. ortion of the consolidated co site article

o Bool ol to & t empePisebRe et inafation LiTedinngn componss AREIOME o
pol ymer. 10Dbsenitas®tl vyasretdhdofidatinges 1@ dtdcRMoyTRKAtHY Sdid SRIBRAS iabBvéakdd cl e
with orientation, by preconsolidating said stack by: heating said stack to
above the neMeltitemperaiyrerd the pelyagsol 9ﬁ@pplwqgewfﬁcpipmwrﬁgsw_@fnqr@abm .
P the. i n-pl e BEfieBhaRe whlic Wi maRlo ibdsBalra e A-bBne ™ ot ng 1 he
fibers in subisecionhitalchysd Stehftugubpaigmef td fmv bagetindiherfibersincfubstandiafly ow t o
forma p[secoﬁlseoglérqg%?%eﬁgf&tﬁy means of said flow to form a preconsolidated sheet;
Composite articles can be used for chucks, for example spin

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

20  at high rates of speed, where strength in the x-y plane of the composite

allows higher diameters or higher rates of speed to be used, allowing for

larger chucks or larger wafers or faster processing or more robust processing.

Also preferred in chucks are composites that resist deformation, thereby

holding the wafer in a planar position for precision processing. Cleanliness

25  (e.g. low metal content, low or slow elution of metal or ions) in composites is

also prized in semiconductor manufacturing articles, including in spin, rinse,

and dry modules and chucks. Composites are valued as a support structure

for the semiconductor wafer, e.g., such support structures also known as

wafer chucks, susceptors, or wafer pedestals. Semiconductor manufacturing

30 articles are well known, for example in US Patents 7357842; 20090033898;
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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 ngwpads/a@es7irng chem cal nechani cal polishing (CMPLT/USasthiogusBar | y
preferred are chucks which are rotated about their z axis 20 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

pr ef er 1 ed | N gbies 58581 £0 18RS Sarkd 13208831 Hlon UF LR o] Ner eby hol di ng

the wafer in a planar position preci sion processing. nl i ness

25(e. g. | ow imsbegloratedtbyrreferénne iortheir entiretyut i on of netal or ions) in
conposites is als rized i.n, senm caongduct or .manuf acturing artijcles,

el udi ng i n°spi rCOMPREEE RSPy SRR Salfl RS BBkl s e vl ved
as a support ceahprestor ealley ag biecRest aoudLRAtent Maf @11,11eedch ofSMGibh sdippor t
structures al so known as wafer chucks, susceptors, or wafer pedestals.

Seni condutt oPeTRRM INcEReIAiePBEfaenre el &ty known, for exanple in US
Patents 7357842; ?Wﬁ%ﬁﬁﬁﬁéntioﬁﬁé%éfdl in5§t2|éé§t7dnte2%95%@%&@@&%@51’20843 each

of which is hereby incorporated by reference in their entirety. Conposite
articles are(ngeding buhneidinitethtogl @amlised porcess afiplanufacture; acabyrtessor

val ves as di 58&/8??%r&&c%§e%?5$%50?'era]anLIrfgr&e%r;?tﬁgFQanOLtPh\ggl:% Ipot;lfst?ngfo?by

i ncorporated by reference’i'n eir e resent rnvention is
useful in atrdpeadicimagroductaa picksnal praducetin(@rtieé otlinegedset deosity;iam t ed
to): a sinmplified process of nanufacture, a robust and/or. reproducible
process B nARGRLRINTERSeLECREN: BRBORRSS P BERAICCHTBRNNS NBHPEAREPbI o pr oduct
a process t onRENdMeRIR) icHid, i r8lald iniperieas shrt@nsiy tbr prstet9ad that! e of

i ncreased density;, a process to produce products having fewer netal,

metal | ic, ioWcktided soleenftasavatermarnrecess fopusing ik that presepiesd®sses t hat
include a so ; 0 flor . using.f i es fiber
ongth: a prials ool B R RRR, vt s Wit b e3R8 e
useful vol umesefainyolymerassprtoceps tidproduee acopygxistte ppodicttbivihnga ng a

15di rectjonal,. propert uch as tensile strength, canpressiyve strength, or
el ongat | b S5+ EBR] PoRERY g EPRlefrSidEriomreSEuE STeseior” he
direction of clgRgatisreEsteak Xthatiigi frifoih OF sEp&Sriregardlesens ik HRgdtiodnof Or
uni formor superior in two orthogonal directions), and the like.

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,
20 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

may be a spin disk.

EXAMPLES
25 Materials similar to the following, and methods for making similar
materials and articles, are detailed in United States Patent No. 5,470,409 to
Deakyne et al., issued November 28, 1995, entitled "Process for making
fluoropolymer composites,” United States Patent No. 5,232,975 to Deakyne,
issued August 3, 1993, entitled "Preconsolidation process for making

30 fluoropolymer composites,” United States Patent No. 5,427,731 to Chesna et
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A conposite article of the invention can used for known applications,
20e.g. equi pnment for sem conductor manufacture, in aircraft parts, in

aut onot | Weopartt®?877n gaskets, in seals, and the |ike. TiReTArSRé10l0¢058 t he
present invention nmay be a spin disk. EXAMPLES 25Materials simlar to the
foll owi ng, and nethods for making simlar materials and articles, are
detailed in United States Patent No. 5,470,409 to Deakyne et al., issued
Novenber 28, 1995, entitled "Process for making fluoropol yner conposites,”

United States P, t .ob, , ¢} ' P93,
entitled "Pr élé’dﬁgsﬁai JJE% %J'ﬁ %réé’c%i@e ordaﬁ?ﬁ?%g“’%o i i ﬁ@r"ﬁ%@ﬁr‘rﬁ% conposites,"
Uni t ed St at ebnitad Stated@ateht Noy 47188, 142 Ohdansuret isalied Augssied 19dhe 27, 1995,
entitled "Conpr.essi-on nol di n f structuyres, ' .and United States Patent No.
4,163, 742 t OB FLoCE 3 AngPalucidrenared o tetrifliproRyign ¥ eL ARY oy oduc
prepared frogrdpaite abersgr aledyhiem arepkyippratat bygerpondeinfthéieeatiretyal | of

whi ch are incorporated by reference in their entirety. 5ln the foll ow ng

Exanpl es,’ Tef | on@Pha felowing Exppiase defonf &y R aoedisiRredvadeamreof rom E. 1.
du Pont de NemPH{ & IANr&APRaANY Y POht B NEnSUrs BRH % Sany2NIrkAGtdn)Cc! ude a

pol ymer contai ning about 99 nole percent tetrafl uoroet’hyl ene”and about 1
nol e per cent Dpawarecans| garoingludeiangolymeneentainigab®d 9 mblerpetr@ntused was

ggloﬁ? cr5y![ 8ni7fertrjalflﬁor%%ﬁ1€§gerbe8$r% %%&lﬁﬁg%gﬁgerégntglgem?rgg@og@di@/) E{’h%rf’ft er of

m Ccrons, nsity appr
approxi matel y 4 wkicghdonpiihyet @1 ugddewas polyatiyldnitriid Zased, had adetgth oflensi ty of

500 kai Ll cHpait & Pai A dBmigia) O B1ST BRI IR W et
appr oxi mat el ¥pskbxndvEly 200 HETABIELARtelFaonBhheperéerndtes tomphtitiBe fiber for
metal cont enéizilnrg];, grclzlaut*t;sonoéenr;ﬁg%?g:ogrsox%ar\te%r1%71 gf/cl,nEJBe rby 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

15 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

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

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

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

A type of Teflon® PFA pellets PFAP1 (tetrafluoroethylene-
perfluoro(propyl vinyl ether) copolymer, CAS 26655-00-5) have a melting
point of approximately 305 C, a flow rate of 14 g/(10 min) and tensile yield

30  strength of approximately 13.8 MPa and tensile strength of approximately 25
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showed results of approximately 170 000 for sodium 770 for potassium 180
for calcium and 22 for alumnum A simlar fiber CF2 had | ower content of
net al s. Bvermentmbs7anal ysis of the fiber for netal conteRrCTiUS200/0868%f
nanonol es per gram fi ber showed 20results of approximately 830 for sodium
510 for potassium less than 10 for calcium and 3 for alum num Tensile
strength was > 500 ksi (>3.45 GPa), tensile nodulus was > 30 Msi (>207
GPa), and the fiber appeared to be sonmewhat stronger than CFl. The si zing

|evel was 3 FPAEAG o BRECENIPA 25N bPAAR LRI 26h & bIHRATBBral

sol ubl e. 25A simlar to n physical properties o h d
content of nepmbmnsataivlh‘rSgtﬂnlCFZ yet vvas essentlal ly free of SI zi ng.

At f Tefl 1 | : |
vi ng;f)ee?her)e cgg%%@?ge%é \g%eulglra eng%%:w,hgf{h%( pr opy

appr oxi mat el yypdQharufagufédy Aa@@tzcsprédt @AUnLY, PAmas sght gnsil e yiel d
30st rengt h of appr.oxi mat el a and tensile strength of approxi mately

25 MPa at? 25Pateaigullcalip ’\ﬁim%dJ%ﬁW ORSMR8BKYNeand a specific gravity of
approxi mately 2. 1/§m%t%atte Mw1 wﬁ’ﬂaafdleéf‘!‘cﬁﬁzb‘?fﬁ'?% dhit @rPrPdosase made

using a disc mll of th C{)e manuf actured by Andritz Sprout (Mincy, PA) as
taught in 5 W&tgéthFPlEBIaC@Qt inghtoNhetreethogs 50 665206852Deakyne. A wet

ot fe ML was g (T ZReNRY WELEHorCHhy AR SRR AR cocording

to the nethods o rom Mnal

(bef or e not akivel ) taspr witisth ohagdrokiviblelia$. 76 lwbldééj aoengtppofovenad écheb. 75
I nches, a length of over 18 inches, 10an asi s wei ght of approximately
0.12 1 b/ ¢ 2. A 3 baS@h\gelgBﬁ%fr%}woW%y@g%l from Mil (before notable

conpr essi on of 'Vd'ﬁﬂe B@ﬁer@nir‘ﬂb&@’ﬂﬂtﬁsm@ﬁe%ﬁf WWKBE@ré’tha@%Scd)rﬂﬁﬂ‘&&on _
(appr oxi mat el .4 mm, 2400 m crons) and grom mately the sane basis

wei ght. A pré@ Mﬁébhaﬁaﬁf@qkrmesqula@pwmat@ww 5ﬂi‘ﬁ2ﬂ‘@sdﬁp@'%ln@t@|ry%94ess from
mm , 2400 microns) and approximately the same basis weight.

A preconsolidated article CAp1-24 was made on a platen press from
15  cut portions of coherent matte type Mc1. Squares of approximately 16.5
inches were cut, making note of the original length direction. Approximately
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
20  at essentially ambient temperature was placed in a temperature-controlled
platen press and heated so that the temperature throughout the stack was
greater than 310 C (583 K, 590 F) while the stack was minimally compressed
along the thickness (z) direction at a pressure less than 90 psi (4310 Pa),
while being unconstrained by any added pressure in the length and width (x
25 and y) directions. The completely heated stack was then further compressed
along the thickness direction while heating was ended and cooling was
begun. The stack was thus consolidated to a thickness of about 0.285 inches
and the temperature was decreased throughout the article to less than 290 C
(563 K, 554 F). Then the temperature of and pressure on the stack were

30 reduced to ambient conditions to obtain the article CA1-24.
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15cut portions of coherent matte type M1l. Squares of approximately 16.5

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

Appr oxi mawel2g112W2&yquar es wer e stacked one upon the ot hePCrituskomwiogeosBengt h
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 20at essentially anbient tenperature was
placed in a tenperature-controlled platen press and heated so that the

tenperature throughds é&f-gﬁ;ﬁ%kcmfm%ﬁégﬁ%%% BarordRy -§4(b§/§ub§tzisu§§9 F)

while the stack was mnima conpr esse the thickn Irection
at a pressuref ¢arben fibens O pei OFA3IeepeERtivelwibr C& 1béhagvalntadtesMwai ned by any

added pressure in the h apd wi dth (X a directions. The

compl er ety noaptpraft kP agss REH-MbF his RouBg Pletdy MPERESTRZ apdl ckness

di recti on whapgedraatd ogmpasdaddas1 and MWRlinddgoaraind ©€F2nN. ThEnGorap@site was t hus
consolidated to a thickness of about 0.285 inches and the tenperature was
decr eased t hGRjIRbMadeEom the sizad carhandibers, S 2oaamenstisszd fUPSSON F) . Then

the tenper at ¥ Okiréfsih Rh8SHpedraiect he stack were 30reduced to ambi ent
conditions to obtainthe article CAl-24. Articles CA2-24 and CA3-24 were
made as for CAl- 24 hgatablihbelt prassdiBRt ot HPEZnwas beedtagmakend CF3

respectively et e i rporati ree of sizing)
was not ably %’lref%g) Br%@ta tqd&ﬁs‘lr’{g%el—g@%igva%c%ﬂ&%glgﬁgrd@éf tg%trfgaégségj 'tboa MvI and Ma2
i ncor por at i ngofindy widtle of abput3Qt iackhémared batorkiag éergtioof bbheutsi(zfedt. Clanebon

fibers CF2 denonstrated superior tensile r th and appearance. A

heat abl oltbel COTRELSALIAKED 5190 e adiusiablen LRS! Frees Ragterab S HaRat t es.
HBP1 was a caiubiapRus Auaplet®hbspress with a working wi dth of about 30
inches and a working | ength of about 10 feet. The 10 constant gap worKking

hei ght was adj ust @yl BPrhéheentrapgeseenaseipiiit weee spidofd0Us the itemal
mul ti pl e zongs, g 54usRRlre dePfo 06 FAARE ROBES BbiitdEEndEhifighe 0 500 F.

t he internal
working length were cooled by water entering the zones at approximately 32

15 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
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

20 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
inches per minute.

In trial BP3, three mattes were continuously and simultaneously fed

into the belt press while aligned with their lengths parallel. The gap between

25 the two belts was approximately 0.084 inches, and the preconsolidated matte
height was approximately 0.045 inches. Feed rate was 12 inches per minute.
Analogously in BP4, five mattes were continuously and simultaneously fed
into the belt press while aligned with their lengths parallel. The gap between
the two belts was approximately 0.10 inches, and the preconsolidated matte

30 height was approximately 0.075 inches. Feed rate was 12 inches per minute.

18



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
15 F and wi2vimg287me final cooling zone at |ess than 10@CF/USTHe/0¢Ess bet 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

pr econsol i dat ed i i i . € fed
into the belt prggﬁéE?%%gg?ﬁ%ﬁgéﬁégggﬂ?ﬁﬁ§%§$P§FP§%§PngggfqPﬁﬂa%ggﬁ)rate of
matt e was i noeeasezhraelyléutiimorpestigres, asserabled mutually onthaganally B3, t hree
mattes were continuou nd sinmultanegusly fed into the belt press while
1 gned i ¢ nEBHES PRt BP0 sty B (R ST et s v
appr oxi mat el §llow884 i nches, and the preconsolidated matte hei ght was
approximately 0.045 inches. Feed rate was 12 inches per m nute. Anal ogously

in BP4, five mattR4NAFANREABILA R FHACKS QhBresORBPICRRDLINSIGS Mede MRS Phe  bel t

press while ghiignealigrbuddiehboliesiithelas Abighl. The gap between the two
belts was approximately 0.10 1 nches, and the™preconsolidated matte 30hei ght

was appr oxi mat el yP@consolidatdtematieseatia on thenplatenpreas Ak dpasitndfniB2. The
preconsol i da r Nolo : e 4 3 Wer e
separately cé@qT ﬁ?%)t)%%rr] Pﬁ%ﬂ@stsaegggﬁﬁ,%%gg t?rﬁ%é;{'%yoe%%ft%?gé%%ﬁ“l 155 %A’iﬂ(‘) st acks
as for the pHairenhgategstorabdee BOVET ivhile restchihediy [80 tonspheldssingh].f ol | ows.

5A final comression of stacks of preconsolidated mattes wer de to
achi eve 16 naPresopanitaledRialie made pRUMCOTSEHapel Press hapadesilbof dat ed
matte made ogpélle HLAHEBNARERoRindergs éiiéééb@e%eaﬁn%icﬁ{ddfir@a%éﬁﬂgﬂomt ed to

A
expand so as to lower its density to about 1.4 during heating to above
300 C while #3ECruhircestpineddyttbasane aressydei hivk| denvfmation s highered nat t e

made on the fORSiABt cIARAIEhIARLLABAads H5RN binRinaRertydsg T and did

not undergo notri ceabl e expansion I'ng e restrained
by the sane pndssderdicaFcorditiatesnsiexpostd pressae dmdjteenparaturd prafidesseinof
reconsol | dat gd tte made on the constant gap belt press under identical
conditio o%ee@rfﬁg@é)(ﬁe?ﬁessure and tenperature profiles in 15the article

press. A composite article can a coefficient of thermal expansion in the XY
direction of about 10 ppm/K; the coefficient of thermal expansion in the Z
direction can be greater or less than in the XY direction.

All parts are by mass unless otherwise noted.
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A conposite article can a coefficient of thermal expansion in the XY
direction of about 10 ppm K; the coefficient of thernal expansion in the Z
di recti orwoaniihm2gyreat er or less than in the XY directi ®@aT/UAR2010pa058% are by
mass unl ess otherw se noted. CLAIMS What is clained is: 1. A
met hod for making a conposite article of density Dc conprising polynmer and
fibers, said nmethod conprising: 5providing a first matte conpri sing: about
1 to about 90 wei ght percent fiber and about 10 to about 99 wei ght percent

polymer, said first matte having a degghjg Dm |ess than Dc, wherein said

pol ymer has a softening tenperature; 'd'E'rT§|'§yi ng by conpression said matte

to a densityWhatds elainteshisl. 1 10 tinmes Dmand | ess than 0.999 times Dc

while at |east a porii on of, sai.d tte s at _a era¥urfedén%ﬂs han said
¢

softening tenperature, to Fﬁmﬁtr&oeﬁrw%gggwptﬁgﬁ?gfnceo 5 ng said

conpr essed nedrhpriding poyhmitanddibard, eaRematiodecame@ligg: t han sai d softeni ng
tenperature while at a consolidated densi %@greater than 151.1 ti nes Dm and

| ess thar 0.999 tPREEINSa fifsh MatSATBPIESING: AR 4119 aaeePtyeigbt percent

cooling at | mastary ARYk 10Mo BboSPISIWRIGHE BERBNt B8 RrBid first fhrafte! ature
| ess than said softening tenperature,” to providé a consolidated matte;

20st acki ng heidghsiiy, $¥mdeps thaml Dewhireiwagaid pokyssrihaateespfigninge t o provi de an
unconsol i dat F‘e%@errgf.u%;e;
densifying by compression said matte to a density greater than 1.1
10 times Dm and less than 0.999 times Dc while at least a portion of said matte
is at a temperature less than said softening temperature, to provide a
compressed matte;
heating said compressed matte throughout to a temperature greater
than said softening temperature while at a consolidated density greater than
15 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 heightwise a plurality of said consolidated matte to provide an
unconsolidated article;
consolidating said unconsolidated article by compressing the height of
said unconsolidated article and heating throughout to a temperature greater
than said softening temperature, to provide a consolidated composite article;
25 and
cooling at least a portion of said consolidated composite article to a

temperature less than said softening temperature.

2. The method of claim 1 wherein providing a first matte

30 comprises:

20



consolidating said unconsolidated article by conpressing the height of said
unconsol idated article and heating throughout to a tenperature greater than
sai d sof twoi2og/aesyper at ure, to provi de a consol i dated coecpaskaie/oassscle; 25
and cooling at least a portion of said consolidated conposite
article to a tenperature |ess than said softening tenperature.

2. The nethod of claim1 wherein providing a first matte 30conprises: disk
refining said polyner, to provide flakes having an irregular periphery with

an irregularqgg ?éfﬁ{ r?)é)%la oﬁlrﬁé%ciéd‘ﬁr%v%ét gk 'P.Qvuhpeafnﬁ%gﬂ%eEQruﬂhé?%\ﬁFﬁ' ng said

flakes wth said ers |n an aqueous utlon 0O provi a slurry having a
Canadi an St andaindrrégelenmofrlalllaestrlﬁﬁwecm@d;m theséfoomy to a screen to
provide a la

of said .fla fi conbi nation; remvin ter from
Boa | ayer reUisPar b SatAKEs PO shid ferd ATEn B8R R ATRIBCE ol aim 1
wherein said fisigty hmm@a@amﬁlaﬁﬁstahaarmeghém g¢glustack of a plurality of
thin mattes. . The method of claim1 wherein said plurality of
thin mattes feedngsaid ?'HHM 1@ ReSPrSeN PSHOYiHE aey PR S5id Baks Ardfikgler ei n sai d
conposite arti ghguadlical Ns a total of less than 2000 nanonol es per gram of
sodi um potassium cal cium and al um num combi ned. 6. The
met hod of cl emevingwetesifrons sdid layarptesproridgrsaictfist p@tteont ai ns |1 ess than 10
nanonol es per gram of al um num

3. The method of claim 1 wherein said first matte comprises

10  a heightwise stack of a plurality of thin mattes.

4. The method of claim 1 wherein said plurality of thin

mattes is fewer than twenty.

15 5. The method of claim 1 wherein said composite article
contains a total of less than 2000 nanomoles per gram of sodium, potassium,

calcium, and aluminum combined.

6. The method of claim 1 wherein said composite article

20 contains less than 10 nanomoles per gram of aluminum.

7. The method of claim 1 wherein said fibers are carbon
fibers.
8. The method of claim 1 or 7 wherein said polymer

25 comprises a (tetrafluoroethylene-perfluoro(propyl vinyl ether) copolymer.

9. The method of claim 1 wherein said polymer comprises a

thermoplastic polymer.
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7. The nethod of claiml1 wherein said fibers are carbon fibers.
8. The nmethod of claiml or 7 wherein said polyner 25conprises a

(tetrafl wwoaetimpbsgne- per f | uor o( propyl vinyl ether) copolPgmarS2010/040588 9.
The nethod of claim1 wherein said polyner conprises a thernoplastic
pol ymer. WD 2011/002877PCT/ US2010/ 040588 10. The method of claim

1 wherein said flakes have an average size of their flake size distribution
greater than from about 50 and about 700 m crons, and optionally a
thickness [ess than §o5 tingg ﬁ@{k@dgﬁf%ra%uel Wné%ln éald flakes have an-  1he met hod
of claim1l wherein said heating sai ressed matte conprises thermally

t acki ng at IawagasmraﬂtlamrMksazddfsﬂrmb@ugntgueater themstora a]bout!ﬁQ)and)f sai d
fibers. 1012, Th thod of claim1l ef artlclels a spin
di sk. 13. The? %Ei "BETUeA PR fp%%?lw% hé%h”&%lﬁ?éﬁ%ﬁ? 9 acconpl i shed
by a belt pragssag@splaten press, or cal endar press.

5
11. The method of claim 1 wherein said heating said
compressed matte comprises thermally tacking at least a portion of said
flakes to at least a portion of said fibers.
10 12. The method of claim 1 wherein said composite article is a
spin disk.
13. The method of claim 1 wherein said densifying step is
accomplished by a belt press, a platen press, or calendar press.
15
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