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

al i gned |Iwpeos/okseeri ented or partially oriented fiberspcwis2@oloyorer
conposite. BACKGROUND OF THE | NVENTI ON Conposite articles conprising or
consisting of a polymer (usually a continuous 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
fiber to a matrix polymer can +HREP 158 INVENRIOREr ties of the pol yner.
These properties can include c renisil e strength and

nodul us, and flexural strength QRIENITEDIQGMPDSJTEel nforcing fiber chosen
generally has a hi gher tensile nodulus and strength than the pol yner al one.
When a fluoropolyner is used as the matri x polymer, as described herein,
the resulting conposite often FiEE DOFYTHE INVENTIONI but es of fl uoropol yners
such as high tenperature resistance and chem cal resistance, which nake
such conpdsites utke Uﬁldﬁtfﬁwgnthmen@w%s &W@Q@em@ﬁmpﬁﬁkﬁ‘@esm ng

i ndustry. It r t hod for
the pr oductlglﬁfér@ﬁg a&%&f&@%@f&q ?':aéarlt“ﬁryte exrﬁlg%heer?rlrgr ve %'lrrrgpertl es
and to provi d@ﬂaosltecl es made by the nethod. Background information
regardi ng produci ng conposites of polynmer and fiber or fibers can be found
in Polymeric Materials Encycl opedia, by Joseph C. Salanone (July 23, 1996),
| SBN- 10: 084932470X, | SBN- BACKGROUNE GRFAEINVENFION27- 8343. Sone
background in double-belt press lamnation 1s found 1n "Mdelling of heat
transferlqn thern%ﬁ'l“&gﬁht@ca’é'&@ﬁd@i”ﬂ@@'%‘?ﬁﬁ%@ﬁ?ﬂgr?éa polymer (usually a

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

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

30 double-belt press lamination” by A. Trende, B. T. Astrom, A. Woginger, C.



doubl e-belt press lam nation" by A Trende, B. T. Astrom A \Wgi nger,

C. Mayer, M Neitzel, in Conposites Part A: Applied Science and

Manuf act uworegi1/odedeanme 30, | ssue 8, August 1999, Pages 9BETA%3010MmBzAN

rel ated nethods and articles include but are not necessarily limted to
United States Patent No. 5,470,409 to Deakyne et al., issued Novenber 28,
1995, entitled "Process for making fluoropol yner conposites,” United States
Pat ent No. 5,232,975 to Deakyne, issued August 3, 1993, entitled

"Preconsolid r r y ted
St at es Pat en?qtaklg'n v %E@A@ rﬁ%&tgﬁf fghq?s elgxﬁi% %@% 9 Mg%ﬁa(ﬂe&rﬂa tI ed
"Process andehmmJ&@ Ipsta?p&,r/élagdstdﬁw,el?agﬁsl%ﬁeéii hyI ene poI ymer and graphite

fib ited | ol d
27, %1505, ont 1 11 a8 O EBRIRiECaahoHs AaR AR eeRgElER Ak Rouftrondia st at os

Patent No. 7ifitedto Unitdd Beat&®Pant dlo. 81470, 405BteeDedWyhelet b, iseG&s, entitled
"Seal i ng el errents for conpressor valves". Additional known rel ated nethods

and articl esNPHRMBBR2S 9%y 8niiad Fseeassder makingriuocsepalymenseraResitest s
Patent No. SyApéy Seafed @ahé?ﬁh&rﬂszaszw@to]@ wé'% %88&1 A8H béttd @93,

"d ass- fi ber-contal ni ng non-woven pol yner pro ess for preparing
same, " and Usititeed "Etr@@momt@mprmloessa‘onamkmm‘lucmowymercempe&lte@c"t ober 24,

There remai ng ioSIICT bR S 2 P4z R e S WigdgU 8BS Tn these

fields, inclenlitked "Pubcasstanid protiect grepared Siomptdtfafi@draztingesspofymeaanéiact ur e;
a robust_ and/ or dyci bfed groce s of manﬁf actg‘gre t hat can produce robust

and/ or r&p roﬂ'@@hﬁ?g[)ﬁ'isodd@ laipbaieat Ng- pAg 9 -hgsnp@t @l oSSyt r eased

density; an gydd 275‘19@‘5 bﬁﬁ"'ﬂe%a‘%ﬁﬂn&@%bhYnoléln?rd?%t?ﬁétuffé% PaRAURRedr oduct s
having fewer netal’, nefall ionic, or rela inmpurities, particularly

for pr ocesseStatemPaiant Nodé,04 1sHl viertpieg! aial. eissued 44, 2496, gotittefl fi bers
t hat preserv&§e%|h§%rerhg&gtf&chn&regg&s\ﬁal\;e%"produce product having a uniform

property throu
Additional known related methods and articles include but are not

15 necessarily limited to United States Patent No. 5,759,927 to Meeker, issued
June 2, 1998, entitled "Glass-fiber-containing non-woven polymer web, and
process for preparing same," and United States Patent No. 5,460,764 to
Held, issued October 24, 1995, entitled "Method and apparatus for making
highly densified sheets".

20 There remains a need for any one or combinations of improvements in
these fields, including but not limited to: a simplified process of manufacture;
a robust and/or reproducible process of manufacture that can produce robust
and/or reproducible product; a process to produce an article of increased
density; an article of increased density; a process to produce products having

25 fewer metal, metallic, ionic, or related impurities, particularly for processes
that include a solvent or water; a process for using fibers that preserves fiber
length; a process to produce product having a uniform property throughout a
useful volume; any process to produce a composite product having a
directional property (such as tensile strength, compressive strength, or

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



useful volume; any process to produce a conposite product having a
directional property (such as tensile strength, conpressive strength, or

el ongat i omot2o1ibessk) that is uni form or superior regardipesarsedionmes71

di rection of neasurenent (or uniformor superior in one direction, or

uni formor superior in two orthogonal directions), and the |like. These

i nprovenents are sought in areas where conposite articles are used, e.g.
equi pnent for sem conductor manufacture, in aircraft parts, in autonotive
parts, in ga i I A :

DRAW NGS Fi gﬁ'lr&%gﬁ"egl' et &?érﬁfé’r?@?? CSE‘PFGJ”'S@?QG@GFE%RE?%@FE?c’\fﬁn%%@‘%f Fi gure
2 shows el eviattinororthogwealodirestioas ) anditite ko conposite articles according to
t he present discl?sure. SUNNAR% Q= THE HNVENTION1D scloseq her?in is a

met hod for maki ng' AXYEoMPERYTREP A PRI I BFAT YN OO SIS B0 Frer and
fibers, saidusai kogl expipmeéntifogserdicoldicbt MmiaRgfasird, iRGincraf party) ipr ovi de

fl akes having an irreqgqular periphery with an irregular m crofibul ar

st ruct ur & exPeRAIoYE PREP SN AABKEFhisY 8als. Saddh® 8§ mer has a sof t eni ng
tenperature; co-dispersing fromabout 1 weight percent to about 50 wei ght
percent fiber and from about 50 wei ght percent to about 99 wei ght percent
fl ake, based on the tota DESGRIPTION OF [{¢ AV er, in an agueous

U

: il AVHIN (g
orovi dean ali gnetiob Gy Lot sehF g aly SBHE Batba bR e g o e an
aligned nmatte haviFiggre2 drows elevatiomiewsests mhte abd,twstcaatposie hetiqdy W se i n
an aligned manner Iuralitxtn&f said aligned natte to provide a first

_a
matte; dEhsi ?%Oﬁa'ngégéhq PreSEN@B¢/esY§- conpressed density greater than 1.1

SUMMARY OF THE INVENTION

Disclosed herein is a method for making a composite article of

density Dc comprising polymer and fibers, said method comprising:

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

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

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

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

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

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

30 provide a preconsolidated matte;



times Dmand less than 0.999 tinmes Dc, while heating said first matte

t hroughout to a tenperature greater than said softening tenperature, to
provi de awpnretionzsski dat ed matte; cooling at | east a portipom/ustoiwaia71
preconsolidated nmatte to a tenperature |l ess than said softening
tenperature, to provide a consolidated matte; stacking heightw se a
plurality of said consolidated natte to provide an unconsolidated article;
consol idating said unconsolidated article by conpressing the hei ght and
heati ng t hroughout said: i - g MRESRAtHIE greater
than said softening %ﬂ%@?@?ﬁﬁa @{I%?Sﬁ%g%g&gggg@%gat eét%aitpta?cl e; and
cool i ng at |teayeratupnless dmarosaid sobtieniog seinpdeted, fr priovide & corsmdlidatedr at ur e

| ess than said ts_ofteni ng tenperature to provide said conposite article.
DETAI LED DESERI'BTI ON OF THE | NVENTI ON Di scl osed herein is a method for

maki ng a conposite agtacking HefgHiwizeid ylubdincomgid sbngplidaledvaatt@rsl fibers. The
nmet hod di scl osed herein conprises providing a matte conprising: about 1 to
about 9 1iwei BRVidsaatertonsPiated At iout 9 to about 99 wei ght percent of

said pol yner. The rra&?ﬁscm_aéti £58%ink¥n&lidRBd é]fﬂgleibz/ dtesebfiag kX, wherein

said polyner has a softening tenperature. The matté is densified by
conpr essi ng heightnand keatimgahtaughoussale nsconsajjdatedearticla dm atempertdtutes Dm and

| ess than O. ti : i | i O : t1e i t a
tenperature 3%%5”5&%?1Sgs@ﬁ&@@f@é%%%ﬁ%p& g@&idg, Q?%Sﬁﬁ'ggﬁeg}r{éagb nG?essed
matte. Thereafter theocingutéssstd patidreof saitheahsslidatsdoagbleuwd & o a
tenperature greater t[%an sai d ,s%fm;en,i ng tenperature while at a consolidated
density Yt ealPBIPErRFE £5§ thameaid SeIigRAYIERealA 18 P5RUde SRIELOBPOSIS provi de
a pre-consol jaafeed matte. At |east a portion of the pre-consolidated nmatter
is cooled to a tenperature

DETAILED DESCRIPTION OF THE INVENTION

15 Disclosed herein is a method for making a composite article of

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

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

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

30 provide an unconsolidated article. The unconsolidated article is then



| ess than said softening tenperature, to provide a consolidated matte. The
next step is stacking heightwise a plurality of the consolidated matte to
provi de amountiongsski dat ed article. The unconsol i dat ed aPCraiSeoio®40571

t henconsol i dat ed by conpressing the hei ght of said unconsolidated article
and heating it throughout to a tenperature greater than said softening
tenperature, to provide a consolidated conposite article. At least a
portion of the consolidated conmposite article is cooled to a tenperature

that is |esscihay ééh%ﬁneﬁﬁhﬁﬁﬂgﬁrﬂ?gﬁfﬁﬁ&d LiRc&RIlidhBdSfgd ANt s, the

i nvention can co i ne e art 1n a new manner to achieve
one or nore beaiqgettheoughoultipa detnpersture greatarthea,n sandt Baftkmng possi bI Y,

unexpect ed oy_unpr di t abl e caonbi nat of re eIe of
tioh ar ¢ may AL e PP AL PRaRIsT oRpppSRtanidis i AR Rcs,
7150913, 5588e5nns8ndAed 2ompBgitsdaicle 4TobikdGo.a t’é?rﬁa@&&&; th‘bﬂ%ﬂ%@@than

4, 455, 343, 20070082199, 64441 87, 4,448,91 1, or 5236982 or conbinations

t her eof ; % hesaif sefterinederpperatyreof which is i ncor por at ed herein by

reference. Density Iﬁfceﬁﬁuﬁ%?ﬁbéﬁm%his' M@uﬁvéﬁ%rp@arﬂédrﬁﬁuﬂb%éﬂts&%%D 792 -
08 Standard Test Methods for Density and Specific Gavity (Relative

Density) of W thstdrcis sogevdingl r@cmmleverhnelonme@rhenmqt@@omn be determ ned
by TAPPI T41 nbi ned Board,
and wei ght p%&p %‘C%r%g gsﬁj t%%hél@?@?gnﬁé%fﬂgyu%%ﬁt% é)r%fn%rr‘%ﬂ&g nown size
(e. gh 16 chm bymbinations afn@suﬂns;.cS{m@sselaﬁAerdetoesnTmadnbay'ﬁfélalab UELPaﬂefnlt@Ed

wei ghi ng_ t haf 0 e. ca e 0 r ake or
par 01 1 o4 anspy g 608as% BpoliddzengbiRe gn BB et oabs B amposi e
article may hewszoa d35§446/ 5507303081 4@48?31@/ m455r3439§80?@0@0|@9t 1.9 g/nL or
nmore, dependi ng somewhat on the wei ghted den5|ty of mer and fibers

used. A typi e44&Ind48HitTe oné%@%ﬂ Olb‘éﬂfpbﬂﬁ&t@flsaﬂbére%rthpé#&q qgue of albrmbi ned
with fibers Sﬂ\zhlch(?g |nfcb§bl6 ﬁe&@erén%’/lrgference.

Density of composite articles can be determined by ASTM D 792 — 08
15  Standard Test Methods for Density and Specific Gravity (Relative Density) of
Plastics by Displacement. Thickness of mattes can be determined by TAPPI
T411 Thickness (Caliper) of Paper, Paperboard and Combined Board, and
weight per volume can be determined by cutting an area of known size (e.qg.
16 cm by 16 cm) and thickness as determined by TAPPI T411, and weighing
20  that known volume of matte.
A typical matte of polymer flake or particles and fibers (17 of figure 1A
or 17' of figure 1B) or a composite article may have a density of about 0.2
g/mL or less to about 1.9 g/mL or more, depending somewhat on the
weighted density of the polymer and fibers used. A typical consolidate matte
25  of polymer flake, or particles, combined with fibers (17" of figure 1C) should
have a density greater than the matte it was made from, and may have a
density of about 0.3 g/mL to about 2.9 g/mL, depending somewhat on the
weighted density of the polymer and fibers used. Figures 1A-D represent the
prior art and aid in the understanding the invention. Figure 1A shows a matte

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



have a density greater than the matte it was made from and may have a
density of about 0.3 g/nL to about 2.9 g/nlL, dependi ng sonewhat on the

wei ght ed wensitop28sh t he pol yner and fi bers used. Fi gure®cTAsDwpprsesent the
prior art and aid in the understanding the invention. Figure 1A shows a
matte 17 conprising polyner particles 102 and fibers 101 situated between
twopl atens 60,62. Release filns 6 1,63 can optionally be placed between two
pl atens 60, 62 and the matte 17 conposed of fibers 101 and pol yner

particles 10 |atég?{soe§d]§%ﬁié}és£§fnﬁ%”69§§icQH%H%%Fy%%E%B&\/\Fée%at%d to

prevent stickin e matte to a platen. can optionally be
initially unpaterisda@, 62reralcthe pnatés i eofmposed bEfipgrati®@nsandspdhgaer i s applied to

the mattes, for. ex |l e through the pl.ateps.,, The lyne articles wll
Corton o+ blieBSTR, fr sl 5B6 ol SAg nt s e BRIl b R or ot ur e
of the pol ynetickifg githe niditd tol aiplateH. Theanated t B chiabtiordllylise Bhia#y DAdeds t he
tenperature exceeds the softening tenperature and as the formation of beads

102 on (obt | BHAFITAGATESSHES TORLINE Rigieas dstigahis RPlipd e ineImatiender al | t he
original pol é!)@fﬁpl@eiﬁHu@?ﬁﬁ%g%?%sbﬁrh@‘?ﬂﬁﬁ?%&eg Ol Eoredf érﬁﬂgﬂ%ally

tenperature. Pressure applied to platens 60,62 causing the height of
the matte tocChiRngesstape(unoni excebdingdea softgning temperaiyse of denpolymer.as

illustrated | | gy for t i i f te densified
t hr oughout at:@é{ﬁ% g%’)@rsir ;[Jerseé m%l&f% 35%%%&%@%%9%%8@8% er sof t eni ng

t enper at ure gxcegidéeha softasing tatapedturatang dbthe fdmeativatdf&eads M1ORwst rated i s
inarelatively unconstrajned state at the edges of the platens, i.e., in
t he in- pl%ne?%){'%%'yi‘ﬁfﬁ@',”gl her g’leﬁsr _@"tb'ﬁéh?ilqy_é’lr 9c§+?t B th9 Pa'afrfimew th the
pol ynmer, 1n bﬁ'r‘ﬂ%l%sqie"e@%é e Hied ng\'/e_Dg\eﬁHb%ftfeh%%m%@ra‘%ﬁf@%@?@b ke
perpendi cul ar to the height direction of the matte (the height direction
bei ng the z appliectipatgteasn 80p8reausmadhe dleight of e patie émdecrefeges. Since the

B Elo A AR HSREALAS, s BlSeatl PR g CEPBid cot i on

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

15  higher than the polymer softening temperature to give a consolidated matte
17". The matte as illustrated is in a relatively unconstrained state at the edges
of the platens, i.e., in the in-plane directions, therefore the fibers can be
moved, along with the polymer, in those directions, giving the fibers an
arrangement more perpendicular to the height direction of the matte (the

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

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

25  cooled under pressure, particularly to below the softening temperature. This
same sequence of events can be achieved on a continuous basis using a
heated belt press or similarly a heating zone and nip rolls. The process can
include the polymer being heated above the softening temperature at some
point; this can occur before or after the application of pressure that produces

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



axi s, and buckling need not occur. The consolidated matte can optionally be
cool ed under pressure, particularly to below the softening tenperature.
Thi s sameweegqueéness6of events can be achi eved on a conti RODAS20@9HE7USI Ng a
heated belt press or simlarly a heating zone and nip rolls. The process
can include the polyner being heated above the softening tenperature at
sone point; this can occur before or after the application of pressure that
produces significant densification. The conposite can be cool ed under

pressure. Bel t preggy PFe%é%‘Pﬁ-%Bh%&%%ggﬂtn{%fet& @Egélggés’ﬁéhéﬁ%%ﬂ A végsult in a

very flat product versus 'the Incu aten

pr e- consol i déatguibdded veksusghe lincumsicnd ¢l at&fe pyessipae-cohs@latedabulkisgphi 1 ity to
| oad debul ked pl i f or .ding steps..Significapt, densificatign is meant
o descr T be. MEAd V&P inghBlds ShenEPpiRLEon SRBUKETATeT HF HlRes; g
density and ypsequal to or nore than 10%greater than initial density. For
exanple, if initial density of a matte i s about 0.586 g/nL and the desired
density of a conpe¥ntieaaidsnsiicalisnes Meam tg deaspgpe dpasitietion ta asdesityof such
mattes is 2. {hs@hiHn of | RO Yedshsd Bbﬁ?fy‘éﬁa fétreq%;aptroe&%&%'thgﬁﬁg% matte 1s a
density of 0.586+ [0.50 * (2.1-0.586)] "= 1.343 g/nL. A consolidated nmatte
17" of fi gurgreaeradban ndticfl dendity. Fooasamplaifenitialgdensdy of andtte imabonbr e

for further donealThaRIRe By PEL bEhdnad acdpetiBdieh heddfoPREEhELS For”
the initial gefteidriacstacloof suchgrakeisshowime| teaboondensicatioh fana or i ent ed
Shows. anibr i BIRCBEHARIE P02 2 o FBNoB] oo 550" 187 &2 Arbo8hbn - 48 | mbedded. A
coordi nate ayjngset x-y-z 2002 is defined so that the height of the matte
is oriented parallel to the z axis. Since fibers 2003 are ali %ned, on
average, al ong ond cans@isiafeshmaiiegenef taurgr1G eam he farthgrioonselitatedAs assi gn
that directi 880vPto form a more densified matte or composite article 17" of figure 1D.
The apparatus used for further consolidation may be the same or different
15 than that used for the initial densification.

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

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

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

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

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

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



correspond to the x axis. Perpendicular to z and x axes is the y axis. The
matte illustrated in Figure 2A has been cut froma |larger matte, to nmake
two cut fwoes1(@e6 and 2007) parallel to the z axis, amdTpsea@abloads7to 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 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 af,ark JSQhﬁéﬂtoe%f H&ﬁ%bég Azf’dém%bﬁ hta'(}étduffe?Qntb&efﬁ‘Pé{%nQ Glrgki ng

matt es correspon e conposite articlelll ustrates mat t es
(e.g. 2022, ambﬁysntaann mtheea¢hfzfmn@paradiei @ﬂtmwsasiaMdh amel the fibei ent at i on

with each z axi ara d and the fiber orientation
of each 1 mretharafy® ApaiehtradatelAfad S b e e boRh g es " 1
a mtte is ebylfamfd s ha&d By bM@sdllh!afhgT’Mdﬂﬁn widttes fwitbefbe@r i ent ati on
stacked at right angles, such a matte or anal ogous mattes can be stacked

with each z a&%aﬁm slecked ahughjianglese Sueha keatie ot RSN At FHbEE t
article of Fi@kes flfn obbhe dibarbliclnsRhiisé 31EREE), Y ob@IPE LLARGLARY WO

mattes with tiber orientation stac t parallel To give a thicker matte,
such a conso#itiget efd-iguret28. dyota thatdlgap nwatieds Mmeadedanconso|idalingatvenmaties be

st acked W|th a ain a

conposi te ar V' @I?geo?ﬁ%{%tﬁ&egtgék ‘iz?té‘gaeré@wg% fhicﬁ%?ﬂia}ttgnggﬁpén oriented
](c:orrp05| te ?rbor(éoedﬁﬁa(}néttmbr QMO@@Jsrdeﬁ@yarshaclalppgre{cmyltl@@stla@keéttwlilhpdi ng to
Igure 2A (e , 2031 Note t ng o uralities of mattes
into grol ?%@B?ax'ﬁ@?éa%iéﬁ&t\‘/\\ﬁ@r%a?@ q%ﬂggpt%,cqrgp(gst[erq flew of matt es).
Sone mattes RigeropBented parallel, some are oriented at right angles. This

conposite article shows a pattern of stacking that can be termed an
orientation patt efigugs 20 shows@ p@tion gban ggenlegroosiposie maticle 203A thad pr epar ed

by any knovmcér?BQ%:ﬂ:léeéy st§8k|nb rf'l%t?egccf‘drrespondlng to figure 2A (e.g., 2031 and
2032). Note the grouping of pluralities of mattes into groups (2037, 2039,

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

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

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

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

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



usi ng a paper nmaking process, fibers can be mxed wth a polyner to forma
m xture or slurry. Any m Xxi ng neans nay be used, but preferably the fibrous
conponentwoana/meseed at about a 0.001 %to 5% consi st enegTars2eaolokast cont ent
(e.g. conprising 0.01-5 parts solids to 99.009-95 parts aqueous sol ution or
water). The slurry may then be diluted with water to enhance formation, and
it my finally be flocculated with floccul ati ng agent and drai nage
retention aid chemcals. Then, the flocculated m xture or slurry may be

pl aced ont o & RARPLEIAAOFRANRE & BEFdARRS ddhfefndSliTR) 6 POSSi bl y

with orientati bers or w thout orientati‘on o , possibly
oriented in e*mrnpllerLemg a)betbfpreasvérimittpre{ss tamufedtyrer cuBlighy 'I'telwbnplag'@s maki ng

PO o o by PORR R MR, Mt 2on el e, Bt eapriel REGErS) o rbB8ad Lo ™

formed by dewainy,ion® an@\hht\?]éty‘ Fdrog nﬁ%@ﬂ'@iaﬂedlﬁb@@‘lmlohﬁiffsoﬁfeeﬁéndﬁdbe|t press
manuf acturer is Brlg t Te noIo i es, Hopkins, M chi Matt es can be
dried, for eRaRflImBaking Eﬁﬁé\"i'éclueﬁﬁ @t(ﬁaékt?%@mﬂfqyﬁﬁ St U%r PrﬁivNﬁg3 4PB:32Ror a

more detail e [ RARE g techni ques that can
be enpl oyed, g?g%%&q% gty I?%ﬁ@%é?%bgﬁ&f}he dfeg%%glggre of which is

i ncor porated herein Dfenméﬂm eanbe cBeTes whhyg:cxtmfeb%on@r pthed koawnby

conpr essi on ot e t n nore axes,
si mul taneousﬁ]ftorcg‘c%' \Sgygg J;%ﬂﬂ?g aerre:%{? bgml{ﬁ)t% S&I’%e/fy §;r:t hogonal , such
as x , vy, andoriSe@N’&\ﬁely I:Ehmaaiewmgybamnlhteamaomm@br@utsumhtah xayphad en press,

heatable | at en ess hterrgrg ture bollers infrare het or high
tenperat e PEIS: ‘?’é%!fé/'” c A it @pemﬁ?%ﬂe%ﬁ &hs of

length, widt Bres@rhlbﬁ'té}hberaﬁ@rbtréﬁer@alﬂfrﬁﬁéd‘%aq or Reyh tén?ﬁ@rétﬂré‘@élghﬁessor | ess
than08 0.6 5 or 0.01 cmin gg . Densification

can be carried ouMaIi@S mfae/smyle@ﬁya@rwgweatdmmsm ofémg Aswiligi®ras 100 MPa,
and at i nteryab,PRESEWES REMBRSThACPUN it AR #18:PP8H .8 W84, 0.2,

0.1, 0.05, or 0.01 cm in height.

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, heating, cooling, or combinations of such can be
carried out from about 0.1, 1, 2, 5, 10, 20, 100 minutes or many hours, up to

20 about 135 hours, or more. Densification and heating may be done batchwise,
stepwise, discontinuous, or continuous process.

Any method of densifying can, and may, break at least some of the
fibers during processing. Accordingly the length of the fibers can be reduced.
It is usually advantageous to maintain a high fiber length, but this goal may be

25 advantageously compromised for certain applications if other properties of the
composite article are improved.

A matte may be made by other means, such as dry air laying optionally
with polymer particles present. A matte may be densified by dry needling.
Some aspects of matte technology are presented in US Patent 6855298, the

30 disclosure of which is incorporated herein by reference.



Densification, heating, cooling, or conbinations of such can be carried out
fromabout 0.1, 1, 2, 5, 10, 20, 100 m nutes or many hours, up to about 135
hours, orworna/00B%ksi ficati on and heating nay be done baCThiseee/04&Srepw se,
di sconti nuous, or continuous process. Any nmethod of densifying can, and
may, break at |east some of the fibers during processing. Accordingly the

| ength of the fibers can be reduced. It is usually advantageous to maintain
a high fiber I'ength, but this goal may be advantageously conpromni sed for

certain appli Cat'ﬁ?@gbl&nfetr%ﬂheqﬁ%’rﬁ[?tn'% 4 atﬂU‘Sr h asér‘ rfd & o rb(ﬁg eftf €

inproved. A matte nma made b nmeans, yl ng
optional | y wotthepaigntion qaarciomﬂrles rppwenmts QAI’Tm&['tdeI’B'BW be densi fi ed by dry

needl i ng. So S of rrat hnoI resented i.n US Pat ent
G555208° "« nelbredup peliachs: FRHkBr FERRREBRis A e SRRy SreiurRiate. The
pol yner of t perflubrgvihyiqitopy etier) chdxallosropdpyiarie, andranfudrebiiyrRiheof the

i nvention can conprise repeat units or nononers of tetrafl uoroethyl ene,

per f | uor @ ( aflyleps) R@Pé!benﬁf orcqmabipatiens thered{ePrOI¥NR)-as perfl uor o( vi nyl
propyl ether), hexgflngr Wlﬁ@t‘aeﬁn %lte PGVl %)H@MHBM&@HEVIH%%“W ene,

propyl ene, or conbi nat| ons er eof pol'ymers One may enpl
refining to lmeguiaﬂ@epphwltwarakwumwn@ﬂénlarrstregtureaextpedmghery Wi t h an

e co-ai speinetidtatc fheeM T ReF ShERERbelel Gl B wES i ¥ieey ™
conpri ses frswtmt&bﬂuThéLmrrgrvonnﬁrseembm ab@iduwieidt pwd:@‘hﬁo pboae3d weigher and
from about 50 wei ght to bout 99 vaa g%tgjercent po nmer, based on the total
conposi t {®Gn RECEN rgnd W?H@H‘tf’ Yy %t?cé’rtz?@l"ée' RRereen RQ RAYIPFYy

conpri ses fr@é@emwtheaetanebﬂ]@bsms.ﬁ@eﬂbe#émolg@@r 8@.%@@@%@%5%@ of the

pol ymer, based on the total conposition of r and ynmer. The slurry is
t hen provi deglutrpy campiises oscaka 20ovejahtnaicentifiperand 8@fWQ|gfet parpentof

Ther eaf ter, yRtefyhs LSGRY B thtdEIRHoshbr A 19BPEnTBb fnd B drflensi ty

of
is then provided to a moving screen to obtain alignment of the fibers.

15 Thereafter, water is removed to provide an aligned matte having a density of
Dm, less than Dc.

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

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

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

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

The softening temperature of the polymer is a temperature at which

the polymer can be slowly but permanently deformed typically without

breaking, chipping, or separating. Examples of the softening temperature

10



Dm less than Dc. Any polyner of the invention can optionally flow upon
heating, particularly above the polyner nelting point or glass transition
t enper at uwe 20Tligin2866he pol yner can optionally wet the filperaiS2@ansiscul arly
after softening. In a copolynmer of any collection of nononers, the content
of any conmononer can vary from about 10 to 99 wei ght percent of the

pol ynmer. Any polyner of the invention can be a thernoplastic, a thernoset,
or m xtures or blends thereof. Any polynmer of the invention can be

cross-1 i nkabj.e) A 6 A% nﬂd"ﬁ&ﬁt tﬁé‘bbw?e%’frfé‘?ﬁbérbftﬁe of 2t n'@ﬁe pi can

conprlse a cross-|inker peat unit ‘or nonomer ol'ymer can
conpri se 0. Obighest temp@%uwemfgmmeﬂmgdengeair theglqseltgammon'[bmpsca‘tu@ni ng

t enper at ure of th a. terrperature r can be

S ouy but per rmngALRFEaEr SPRLPERITAAY (F (oo iapebklege BT hg, o
separating. &Exapglres-fwihder stk enfibers! TRy Gtparedies indiRletfkesBdraingg poi nt,
the I owest tenperature of a nelting range, the hi ghest tenperature of a
mel ti ng rangeregs. ffq‘%“%ﬂ‘tﬁs‘é’uﬁ}b&ngh'f)ﬁo?ﬁuﬁéﬁwﬁ@?’%%ﬁ avipgs.1aiel es are smal |

pi eces or parts, IﬂibeFé |H¥Iu88rk5dt%l?é n%fhrfwlté&ﬁ? th&’@%drﬁﬂ)&%dcﬁ“ glgs;f ree-flow ng

or stuck to fibers. Types of particles i1nclude flakes, grains, shreds,
fragnents, cgrapbie; ebps, flq@ehaedsgraslmtwasamsimhmyspolya(uoe Fi bers | ncI ude,

Flor 1 nat ed BTt epp kiRt Pa R R e SR rarbloRE PRl A e
boron nitri dﬁolyarhﬂde!:@mrl@@f,_lgraimlte}imiwmiiremlecag@pmde yibaistere prafebred, graphite
and fluorina éed gr hite fibers a referre | bers. Fibers of the present

di scl osut® cHPers 5 9(5%0 ggent %C P &ANI %C*@)‘?pﬁ%’e fibers can be

| onger or shorterTgy m%’@?arﬁl@ﬂ@thacﬁ tﬁé‘ﬂb@@cﬁa@fbéﬂ%hgéﬁ or%$hdrie® ofBid $arkeNt ai ni ng
the fibers. Fibers nay be sized as known in the art. Sizing may conprise,

for exanpl e, a®pexyedi@si heighdrof Hes m@ﬂﬁ§ontﬂ1@ﬂgéh‘rﬁeﬂbﬁf§4 fied epoxy resins or

Fibers may be sized as known in the art. Sizing may comprise, for
example, epoxy resins or polymers, urethane-modified epoxy resins or
15 polymers, polyester resins or polymers, phenol resins or polymers, polyamide
resins or polymers, polyurethane resins or polymers, polycarbonate resins or
polymers, polyetherimide resins or polymers, polyamideimide resins or
polymers, polystylylpyridine resins or polymers, polyimide resin, bismaleimide
resins or polymers, polysulfone resins or polymers, polyethersulfone resins or
20 polymers, epoxy-modified urethane resins or polymers, polyvinyl alcohol
resins or polymers, polyvinyl pyrrolidone resins or polymers, resins or
polymers and mixtures thereof. Sizings may be solvent compatible or water
compatible, and may be solvent soluble or water soluble. Polyvinylpyrrolidone
(PVP), a known sizing agent, is a water-soluble polymer made from the
25  monomer N-vinylpyrrolidone. Known sizing agents are disclosed in US Pub.
20080299852; U.S. Pat. Nos. 5,393,822 and 7,135,516.
One process for the production of a polymer-fiber composite
comprises co-dispersing-thin polymer flakes having some irregular fibular
structure extending from an irregular periphery. The flakes, or the co-

30 dispersed flakes and fiber in water, used to make a matte by paper-making
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pol ymers, polyester resins or polyners, phenol resins or polyners,

pol yam de resins or polyners, polyurethane resins or polyners,

pol ycar bomat2eiwmzsens or pol ynmers, pol yetherinm de resi nsPOT/USed1poerss]

pol yam dei mi de resins or polyners, polystylylpyridine resins or polyners,
polyi mi de resin, bisnmaleimde resins or polyners, polysulfone resins or
pol yners, polyethersul fone resins or polyners, epoxy-nodified urethane
resins or polynmers, polyvinyl alcohol resins or polyners, ponvinyI

pyrrolidone %‘Eﬁhlﬁﬁegrcrﬂmm @apé&%h@aﬁ(ﬁarecﬁrééérr‘?és%btﬁyeé‘fb?‘mérn reof .

Si zi ngs may be solvent conpatible or water conpati and ma e 'sol vent
sol ubl e or watthe Fsreemﬂeﬂsdesﬂ?nlaylmuwbb?@mal |'E1m1fmk(eBV@)thea:okd19pmssd zi ng agent,

is a water-sgluble r de e_no N-vi ny| byr.rgli.done. Known
5 2o agent BERens el dE gt Sosd RiToRS g gRaS0 B8 ARE P GEEY

5, 393, 822 anéar?héﬁ’ésétﬂlﬁn tloes @ﬁfﬂﬁrﬁslstofwoﬂerdUn@dldﬁtrﬁdr@ Séttlmgirhy ier - f i ber
conposite conprises co-di spersing-thin ﬁ/mer fl akes having sone irregul ar

fibular struteapdresxeeirnaly withdhe dRer P‘P@@G raio By rYeiaRY ) beredfin kes, or the
codi spersed fl;akes, a'?Pé’qJéij%rso'ldllo‘r“ﬁF gr les43RSh 49, PRIR éh W%thh?oPMoI mer

paper - maki ngt echni ques, can have a Canadi an Standard Freeness greater
t han 200 up saidsireitAbledndersn ae SppatetiynoMsigenc00s sty a‘plpmw@,tefnr t he

di d. fl i i . .
Soner - haki ng PR agety R Ui o W3RE hBTRES R 3 np
seconds or mayerisIetrhdd og the bettors oitiees topediscerpablonatie/nakddeyd)e fi ber
content rati o0 be used in a matte, in an a@ﬁous sol uti on

(i.e., |8s gﬁﬁ%ﬁ%‘%&é@ egHeqler Jrn %‘Pm&ﬂ%‘ﬁ@rz%ﬁ?% WL$rONES form an

appar ently hOm)gel'heé?ﬂlserﬁbé’dlﬁﬁéh@ﬁ@ﬁ@mn!g%éstfv%tef REM M8ttd & frecd feD to
ultimately forma matte, observed until such tine a new layer is formed on

t he bottom omattnerenwlm BEe Walerdran thenlayaatedarmeyedry nsette;|dryigd there can be
Ot oY EE SR s bAoA ek RGNS, e
from t he | ayeebttoirhomowearygstyemgth tfer, hatrdfing @ntlpgeconsolidating said matte by
15 heating said matte above the polymer melt temperature to form a different
matte, then applying sufficient pressure normal to the plane of said matte to
cause the polymer to flow to form a preconsolidated matte; and cooling that
matte. The aqueous slurry can be substantially free of other constituents.
Suitable belt presses are well known, for example in US Patents
20  3,159,526; 3,298,887; 4,369,083; 5,112,209; 5,433,145; 5,454,304; 5460764,
5,520,530; 5,546,857; 5,555,799; 5592874; 5759927; 5,895,546 each of
which is hereby incorporated by reference in their entirety. A manufacturer of
suitable belt presses, particularly isobaric double belt presses, is Held
Technologie GmbH, Germany. A manufacturer of double belt systems useful
25  for fiber reinforced thermoplastics is Berndorf Band GmbH of Austria.
Suitable platen presses are well known, for example US Patent
5,775,214, 5,253,571 , 5,323,696 and 5,333,541 each of which is hereby
incorporated by reference in their entirety. Manufacturers of suitable presses

include Maschinenfabrik Herbert Meyer GmbH in Germany (vertical presses
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| ayer to forma self-supporting planar matte; optionally thermally tacking
the web to inprove dry strength for handling and preconsolidating said
matte by weavimg2s&ai d natte above the pol yner nelt tenpecatuse@oneosiorm a
different matte, then applying sufficient pressure normal to the plane of
said matte to cause the polyner to flowto forma preconsolidated natte;
and cooling that matte. The aqueous slurry can be substantially free of

ot her constituents. Suitable belt presses are well known, for exanple in US

Patents 3, 15 , 454, 304;
5460764, 5, o3y e ag sl & mEIOBEY, Puliog eSO ArR BT oAb L 28 ach
of V\/Pi c{] is we?epyoﬁﬂdon@preﬂse[b anyd heaﬁtmgemtaEsw:p ﬂorﬁii3rK)eBt| _reté ﬁ\ el t
manur acturer o S arl soparl c. dou e e

T oatac T er Lo o Sl fedfods ARG AREDRUTS s BeF oL BORBIe I EL o bel ¢
systens usef héatfrey arbikpewn, ﬂjrrﬁx@mpeédutsheateﬁpds a8y 499 dazhBEwhikh ik Haastsy GrbH of

Austria. Suitable platen %Zesses are well known, for exanple US Patent
5, 775, 214 5'”29@0‘5@@‘1 bygetesanesop thaik eBtlirgds, 541 each of which is hereby

i ncorporated by r&iedifdRfeth (Efedl_glﬁﬁﬁ héﬁtthcluB@'BHfét‘etrﬁ’dt%ﬁte%ftosu' table

presses include Maschi nenfabri Meyer Germany (verti cal
pressesor | ammta@tmgga pragiesusompagite @blie wnthla\hotrawsﬁang @gee@quvorﬁa)m or

s S8 SRS R R P AR M L
known, for emiarpiavéfadiation! 6, 287,410 each of which is hereby incorporated

by reference intheir_entiret Sui tab net hods of heat i ncl ude
but are Hot Iinitldansitcationtme %Pﬂﬁaée Wﬁl ?‘BO‘HP f@Bﬁﬁ%P@éRéﬁf F’gieé‘%mth a hot

surface (e. gg, O@QW@@%dcﬂfBﬂwH@i Rhereb\PincBsoratet &y&efbreﬁc%‘\ﬁetﬁéﬂr@ﬂﬁret)ﬁ“d usi ng
radiation (e.g. infrared or mcrowave radiation). Densification methods are

wel I known, for e&emgslidaiion o patcerried wtmeam ara® CoRdilipnEas i s her eby
I ncor por at edde’r¥snrceaft|8l:|.elrﬁcfddltfbnt, rﬂ@bﬁngeﬂ)t eeﬁtugerature above the softening

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

15  both in various combinations as known in the art, can be carried out optionally
as defined herein, during consolidation. Accordingly, one can make a
composite article of density Dc comprising polymer and fibers, said method
comprising by providing a first matte. The first matte may be a matter
comprised of thin mattes. In either case the matte comprises 1 to 91weight

20  percent fiber" and "9 to 99 weight percent polymer. The first matte having a
density of Dm is less than Dc.

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

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

30 temperature of the polymer to provide a consolidated matte.
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Consol i dati on can be carried out under the same conditions as
densification. In addition, heating to a tenperature above the softening

t enper at LWe 20ri1/doessbi ng to a tenperature bel ow t he sof t erCmgiSt@oparsat ure, or
both in various conbinations as known in the art, can be carried out
optionally as defined herein, during consolidation. Accordingly, one can
make a conposite article of density Dc conprising polyner and fibers, said
met hod conprising by providing a first matte. The first matte may be a

matLer comprised of Wil drnsbishid fiictatfal BEcTH R oes L to

91wei ght percent fibe ercent pol irst
matt e havi ngpmvittenarn uycarfsol]liated artedes ﬂ'hahelght ofTthe dncossdrmmobantlsledensi fied

by conpressing to a it ater than 1.1 tipes Dm.and | ess than 0.999
T s bo i Panaieshed ana bepie Biieheul Bla frfedrafliS a5 @ Gieh I enper ac ur e

| ess than sapdyﬁ@?%@mmggt@ﬁp%airarm prélide anddrisopdated demposidarteirsed natte.
Thereafter, the conpressed matte is heated throughout to a tenperature

greater than”t W@S%%PPEWP#& the pprsoifales IMRasde FHligents Colpd [ at a _
consol i dat edifanshfuYe H8IHSH tHe SHhehing h@?at@ﬂ% 6ﬂﬂerﬁ%§nér}.‘a” 0.999 tines

Dc. This will provide a preconsoli date tte, whic then cooled, or a
| east a portion is cltsb@@eddsleaammmeihm forinealéng aa@omoalt@aftmw@

t enper at ure of. . I 0 e ity of

coneol + dat eaoigttPloR PvTErorPuBam o SIRIEhEA ST RS 10 RebR M | Yot ea

article. Therﬁ@&itgﬂmbem‘tuﬁehﬁ then polyar) theh egphling suffciest mawremdlaam heat ed
t enper at ur e mer t enper at ur e,

throughout to a ater than the po softe

to provi He R@o‘?@’@ﬁp @Fé’ﬂa%%’ﬁﬁ%meeméﬁ?l'%%co’%fa"@é@f‘ the n'f"f‘ n of the

consol i dat edyipeutiRAtb (cBudé EHeCﬂld%)rbéoWﬁ’l@F &ﬂﬂdv@ oﬁeﬁtﬁ@ﬁbﬂb@?@ml mtéﬁﬁaw the
softeni ng tenperature of polyner. Disclosed herein is a nethod Tor

maki ng an co@d@iam%owﬁlewbmmnam pesaidfipario foyn proseennselidaiad ishgetsai d
o oAt 9 A RAE APl 1A onl KR oAb IO kphe POl YITer

t hen appl ying sufficren ressure nor
chucks used in coater chambers to hold wafers, or for CMP chucks for

15  holding wafers or polishing pads during chemical mechanical polishing
(CMP). Particularly preferred are chucks which are rotated about their z axis
at high rates of speed, where strength in the x-y plane of the composite
allows higher diameters or higher rates of speed to be used, allowing for
larger chucks or larger wafers or faster processing or more robust processing.

20 Also preferred in chucks are composites that resist deformation, thereby
holding the wafer in a planar position for precision processing. Cleanliness
(e.g. low metal content, low or slow elution of metal or ions) in composites is
also prized in semiconductor manufacturing articles, including in spin, rinse,
and dry modules and chucks. Composites are valued as a support structure

25  for the semiconductor wafer, e.g., such support structures also known as
wafer chucks, susceptors, or wafer pedestals. Semiconductor manufacturing
articles are well known, for example in US Patents 7357842; 20090033898;
5451784; 5824177; 5803968; and 6520843 each of which is hereby

incorporated by reference in their entirety.
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the plane of the matte while the matte is unconstrained in the in-plane
direction to cause the fluoropolyner to floworienting the fibers in

subst ant ivabI2g11tdoesepl ane of the | ayer by means of said flPowuseoosrs a
preconsol i dated sheet; Conposite articles can be used for chucks, for
exanpl e spin chucks used in coater chanbers to hold wafers, or for CW
chucks for holding wafers or polishing pads during chem cal nechani cal
polishing (CWP). Particularly preferred are chucks which are rotated about

their z axis at high BQItt@ért%essaQS%@efu}Q’I?P%@aluﬁ ROALR 'f%r%?%m?reyugp' ane of the

conposite allows hig er draneters or ates o spee e used,

al | owi ng forcd:rapgaessocmlvmsas)dlsb@sgénn w&ﬂ%atsnb'r’ oft aSﬂéremmcfeslsmhgs or nore

r obust procegs 2)9 Al so quﬁferred in.c uckstarte conposi tes that resist

def ormati on, é’b%?r'ﬁ%rﬁ %y tqierengs & el &p 'fﬁ dnar position for precision
processing. CI eantheé passentingenticisiekall irc afeasttond, ewa@ontdimiodl bt i on of
nmetal or |ons) in corrEosMes is also prized in sem conductor manuf act ur i ng

articl es,d i ndéngleding bupnaeldimited foys simplified pyocesa of Bw@nyfrftwguaKkePUtonposi t es
are val ued aﬁné’/oﬂé{b‘?ﬁédcﬂaé F&ééé%eoffn?énuﬁélﬁur%etﬁbPégHth‘btd%e‘P@&%ﬁ an@/og such

support structure Swn as water ¢ hucks, susceptors, or wafer
pedest al s. Seapreduvile troedunkraipcess fnpgroduce ahasticle of ml‘eaSIedcdmsmf(ﬂn exanpl e

e i e

entirety. Conpetdlf @etlid, fdrixs orrelatesieifrpurities, yemliculgiyefoe pridessed thiat exanpl e in
conpressor val ves as disclosed in US Patent 1 11; eacg of which is

her eby i %orﬁ&@?&sﬁwqt&r&%ﬁreé RrACES LY U%’HQlf'B@fsythatl'Wé’SEFV§§ IR€r i nvent i on
is useful ineabtr: egsbeftto ﬁ?bd@cecﬁ’r%@wﬂﬁé\mg a%ﬁlf&ﬂnﬁlﬁfdﬂj@rtvght@athQtta| imted

to): a sinplified process of nanufacture; a robust and/of reproducible
process of nusefflalume; amaproeass isr p@duee acﬂ@umos&ﬁ@mﬁuqtépwaqm bl e product;

2 Process t 0P AMNGEoRBeRy I RhGbnbieLRAREH URISLYLo B0eALY! 6l © O

i ncreased densi uce
elongatlon to break) that is unlform or superior regardless of the direction of

15 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
20  may be a spin disk.

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

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

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

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

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

al., issued June 27, 1995, entitled "Compression molding of structures," and
30  United States Patent No. 4,163,742 to Mansure, issued August 7, 1979,
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nmetal, netallic, ionic, or related inpurities, particularly for processes
that include a solvent or water; a process for using fibers that preserves
fi ber | eryoOlp1i1Z00p866CESS t 0 produce product having a uni fPormspeiopersvy

t hroughout a useful volune; any process to produce a conposite product
having a directional property (such as tensile strength, conpressive
strength, or elongation to break) that is uniformor superior regardl ess of
the direction of neasurenment (or uniformor superior in one direction, or

uni form or SHrﬁ’tﬂ[eido'rlz’fré)ét%?ts%darfrwﬁ’&gf?@ﬁar%rﬂ%?ﬁ ;&%?Ihor&'?&/léﬁgPéngl%r afid

conposite article o e I1nvention can used tor known "ap tions, e.g.
equi pnent f ograpbite dbechcalloof wikiol Beeinaorporated diyrrefesiéncepiarthgir entireyut onot i ve

parts, in gaskets, ,in al.s. —and the_l}jk e article qof the present
PRventi on may b 1 BRTIRGSkEXgRalger EIRAD £Nie S sofaieian tgSTHE PbI | ovi n,
and net hods 4&d at@ElbdbngfreinE | ladu PRheHe Aledn@ird adttGarhgany, &vienidgtonl | ed in
United States Patent No. 5,470,409 to Deakyne et al., issued Novenber 28,

1995, entitl B&'a"\ﬁr%,c%%cqrb'mw&@i%@'Yﬂnﬁbpwﬁai%@b%r?&dQPkeé%%mer!Bni ted States
Pat ent No. 5te¥t%ﬁu8r%%tﬁﬂer@§‘@’§ﬁ’@ut!1S®H%jpﬁ98h%erﬁnor6§%§%ylwyl birfed).

"Preconsol idation process for naking fluoropolyner osites,” )Uni ted
States Patent No.ASadwn fitgr Gl Gaskwas eolyatrylonitsieueaseguhad 22engtb g8,

entitled "Co j l,di truetur " an ' St gt es Patent No.
4 165, 742 ¢ conengey B auRCe Ao S g Thom el bEIRT e ana” product
prepar ed froapprekinadtey@00ed/byhsprexinaitsigerwaight gerapht watef copatibleal |  of

whi ch are incorporated by reference in thejr entjrety._In the follow ng
Exanpl es!Y Te?'F'(S'H(?)Ca%f’R @S&ypéape@émewaé&(zﬁvi b@gﬂ%ﬂ\é?}:‘kﬁgﬁ 8ble fromE.

| . du Pont ggsNesRerkdhaMdt fCasPasdut 580!KE REENRY tHaR! W IAPafBAd 63k ncl ude a
pol ynmer contai ni ng about 99 nole percent tetrafl uoroethyl ene and about 1

mol e per cent Medpiusded (aasbppprovintaielyet e Msi bAASEND &4 0fl Bbelengtalused was
pol yacryl oni Lﬁélbﬁs t&‘i"ﬁ'neédﬁbe}??& rﬂe{a?egﬁtgnpi% units of nanomoles per gram fiber
showed results of approximately 170 000 for sodium, 770 for potassium, 180

15  for calcium, and 22 for aluminum.

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

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

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

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

30 approximately 2.15 g/mL.
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about 6.0 mm a dianeter of about 5 to 7 mcrons, a bulk density of

approxi mately 200 g/L, approximately 4 wei ght percent water conpatible

si zi ng, awoanhom2sbensity of approximtely 1.8 g/ cnB by ARETMSEN12HOG]1 a
tensile strength of at |east about 500 ksi (greater than 3450 MPa) and
tensil e nodulus of at |east approximately 3 1.6 Msi by ASTM D401 8.

El enental analysis of the fiber for netal content in units of nanonvol es per
gram fiber showed results of approxi mately 170 000 for sodium 770 for

potassi um 180 foerg{ﬂ'LaRj?y? ﬁt Fﬁf \‘/&B‘ré‘@%ﬁﬁsﬁig@ lrdi%g; hill BftheCF2 had

| ower content of neta ana ysSI'S 0 met aI cont ent
in units of tyaronaiwdactpead l@réndrﬁtlztfm'rosﬁmrd:yr EADJBsmughthprom mat el y 830

for sodium ot.as calcium and 3 for

al um num Teé?%ngggp Ceaﬁ'&{‘ﬁ\“\')(ﬁ?éer 8%%56%}'%%6%‘(@61) tensile nodul us was >

30 Msi (> 207 GPa)weamshtic w1 bas n@i@@ewnecioe/pbWesgwmmaénosgm%mer than CF1
The sizing | evel was 3.8 we Qn?qt percent; the sizi was characterized as

wat er sol ubl weight PFAEY ageardingdq the rethess of HSpR0e? properties, also had

content of netal sy ﬁéwaattémﬁ%adwonmm«e@% 'rﬂémefcbﬁgréésioﬂ &ing. A
type of Teflon(r) PFA°pellets PFAPL (tetrafluoroethyleneperfluoro( propyl

vi nyl et her) I\/kvdpcbiayrae\mdt@@mﬁeﬁma@@ysﬁ Heinehes, relengthofpyiend 8 giches,

appr oxi mat el n) and tensile yield
strength of %gso?glﬁa\ﬁ%'p Péf@@’trﬁsﬂi‘ 5‘9@09@(@92? strength of approxi mtely 25
MPa at 25 CI and l‘Ehéx/E’eh@:anlﬁ?’ltté?kl\mfl nhS&IMrBBﬁMfM (pofbre nstadis torapasssiont y of
appr oxi mate PFA es FAF rom PFAPl wer e ma e using a
disc mll g“t'ﬁ@hk}%‘e% eéét%a@ﬂr 11%%9 GhesHEpREKEAteS4 as t aught
in Pate”t/PUFh'nh Caloi Y Q%za laye Eml%%.s WelyRt Matte Mvl was

made from 20% by wei g an 80% by WEI ght PFAF1 according to the
met hods of Us5506®5>2¢ponsolldated 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
15 24 squares were stacked one upon the other with the length directions each
orthogonally oriented to their one (for top or bottom matte) or two (for internal
matte) nearest neighbors to produce a stack about 2.2 inches thick. The stack
at essentially ambient temperature was placed in a temperature-controlled
platen press and heated so that the temperature throughout the stack was
20  greater than 310 C (583 K, 590 F) while the stack was minimally compressed
along the thickness (z) direction at a pressure less than 90 psi (4310 Pa),
while being unconstrained by any added pressure in the length and width (x
and y) directions. The completely heated stack was then further compressed
along the thickness direction while heating was ended and cooling was
25 begun. The stack was thus consolidated to a thickness of about 0.285 inches
and the temperature was decreased throughout the article to less than 290 C
(563 K, 554 F). Then the temperature of and pressure on the stack were
reduced to ambient conditions to obtain the article CA1-24.
Articles CA2-24 and CA3-24 were made as for CA1-24 by substitution
30 of carbon fibers CF2 and CF3 respectively for CF1. The wet matte Mw3

17



The dry matte Md1l nmade from MavL (before notable conpression of MM ) has a
w dth of approximately 16.75 inches, a length of over 18 inches, and a
basi s weiwbtoofooagspr oxi mately 0.12 Ib/ft2. The coher ent pomtuseoiv4osate from
Ml1l (before notable conmpression of Mil ) has a thickness of approximtely
0.095 inches (approximately 2.4 mm, 2400 mcrons) and approximately the
sane basis weight. A preconsolidated article CApl-24 was nmade on a pl aten
press fromcut portions of coherent matte type Ml . Squares of

appr oxi mat el Mcé@z}g?aﬂr[@;‘é@% éﬁ‘@é 8f §itthg) WéE'nBQaH\PEﬂSRJntWEro%EQhQ%d' engt h

di rection. Appr mat sq uare were stac one on t other with
the | ength dapmaramcmphredrto%gdmahIMwannoemchdtimg)CtFlﬁerl'rheowwnmcﬁ&me top or

bottom nmatte r f i,nt er nal t nei rs to _produce a
o ack mbout - Sabrdh Hack B (R SRR caffin Herd CR 2R TadBr Cenper at ur e
was pl aced i@ngilé gm@;egtatalmaeapp@atgr@bl ed platen press and heated so that the
t enperature thro\l;‘ghout the stack was greater than 310 C (583 K, 590 F)

whi | e the stack vAdeaiabisael 9r%§rﬁﬁ%§§éﬁpﬁ2o‘ﬁﬁs pRd inmakess (z) direction
at a pressurﬁre'c%ﬁ%l?d@?é?ﬂ 919tt8§'Hf§ﬁ$ P@%@nt%bh@dﬁﬁl‘ 5Kt SRS RFh A ned by any

added pressure in the |l ength and th (x and y) directions. The conpletely
heat ed st ackwagdéng witih bﬁabmdrBOc:loaimsears@a vedrising lenrgsh ohabauiesfegt.rldet i on

consol i dat edcw AP R0G Gi00s X8058BR Top B ot Babt Bes: ¢ ves
decr eased t hagjugtable intrhetipletdonks. t o | ess than 290 C (563 K, 554 F). Then
Condi L1 oS to obt BTHNEIEl 47t Py eEdanps of Kt | pete B0 AP0 ERICRR wer o
made as for (Adspift hesUbsrel detitd o0 Pf aﬁ@ﬂ@l@té‘r'c’é@l‘ﬁg Ebre ANEhiFTRe

respectively for CF1 . The wet matte MaBincorporating CF3 (free of sizing)
was not abl y Wpfkirg length wegsy enndes by watgrenigiaingrioacs gvpapeXinaieMd? and M2

| noor por at | ng - ex TG AMBPSdifig TBhE e s TREF 166 PThB B deilesion 11 ber's

CF2 denonstr at
two belts was set to about 0.028 inches as measured the thickness after exit

15 by alength 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

20 inches per minute.

In trial BP3, three mattes were continuously and simultaneously fed
into the belt press while aligned with their lengths in parallel. The gap
between the two belts was approximately 0.084 inches, and the
preconsolidated matte height was approximately 0.045 inches. Feed rate was

25 12 inches per minute.

Analogously in BP4, five mattes were continuously and simultaneously fed
into the belt press while aligned with their lengths parallel. The gap between
the two belts was approximately 0.10 inches, and the preconsolidated matte

height was approximately 0.075 inches. Feed rate was 12 inches per minute.
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tensile strength and appearance. A heatable belt press HBPl1 or HPB2 was
used to make preconsolidated mattes. HBP1 was a conti nuous dual belt press
wi th a wowbizng/osstsh of about 30 inches and a worki ng | engtus2ab/oadsout 10
feet. The constant gap worki ng hei ght was adjustable. The belt press
tenperature was adjustable in nultiple zones. 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 | ength were cool ed by

wat er entering th?hgeﬁcgﬂ%ll@%@ Hf?ﬁg@g@bﬂ}’%g’& gel?ﬂ%ﬁg)ﬂrééé%g( Be_4 i@

cooling zone at |ess et ween e two belts was Let to
about 0. 028 weuhsspasteheaguntogartiens, bsskmelsd nadtuielty enthagdmallpintengt h of

sol der passed _through .the press. Both belts were.coated by a rel ease
For mil at on. gtk RS b BalEEPRnshede firietay. SHETTARHEI T S e
passed t hr ougiolvBe press to continuously produce a preconsolidated matte

about 0.015 inches in height. The matte was fed into the belt press at 12
i nches pet m nut e final eampiiesgipp of slacks ok Aracaneoliiaterhmaliefsers Aadsd8ed to 15

i nches per ”%&H%@e fihd) p%éh?dts%ﬁ’ it 4.5 RS IcEBY heghyer e conti nuously and
sly e

si mul t aneou ed into the t press while aligned with their lengths in
paral | el . The gapPtespnedidatdtematiie nhade en thesplaigprressrat adgngityog4!.8aches, and

t he preconsolj da igh i e 45 i nc .feed rate
was 12 i ncheé)ng‘ebg%bg%ﬁ h&eﬁﬁg%&égﬁ@?g%ﬁ&W% (é/élensﬁg?? ggb@eﬁ%@a[ﬁt i nuously
and si nmul t aneairs] hedti tordbove BE0E Whilp resttindd be[8l togsed M ddiinchei r | engt hs
parallel. The gap between the t belts was appr.oxi mate 0. 10 i,nches, and
t he pr e_cb(hso?f‘?fé’géﬂl_'cf?é?cf@%ir@ﬁg\gﬁﬁéh%ﬁ%%%tr%pé?%t W.eé?ggij ﬁc‘%?é?.'ty ebed rate
was 12 incheghRar g/t @nd R REEHRIZPG hefdeB| Bk SRSidn &Iﬁr@%tih?'té press
process (BP1-4, etc.) were separately cut into portions, assenbled nutually
or t hogonal | y3@&£owhile 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
15 the 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.

20
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stacks as for the platen-press-nmade material, and finally conpressed as
follows. A final conpression of stacks of preconsolidated mattes were nade
t o achi ewsof2onalo2gssoduct s about 6.5 i nches in height. Pretarssabiodsred matte
made on the platen press at a density of 1.85 g/nL has been noted to expand
so as to lower its density to about 1.4 g/nL during heating to above 300 C
while restrained by [80 tons on 16 sq inch]. Preconsolidated matte nmade on
the constant gap belt press had a density of about 1.4 g/niL and did not
undergo noticeabl e expansion during hephjpg to 300 C while restrained by

t he sanme pressure. Final densification was higher in the case of
reconsol i dat Whatas claimeddson t he constant gap belt press under identica
conditions of exposed pressure and tenperature profiles in the article
press. A conposite article can a coefficient of thermal expansion in the XY

direction of about 19 ppm K niditfodfehidkiigatcomposiieaile ehdumRay Ot in the Z
direction can be greater or less than in the XY direction. Al parts are by

mass unl ess BPMEFGING oI RANELiRes sAmmetro¢NpsiNg's: 1. A met hod for
meking a conposite aﬁfsk%f%lﬁ’é SQI%%MMGID@Q ERMHe' fiked k%%n?”éﬂlr Ia‘(rI bers,

said nethod conprising: disk refining said pol yner, rovi | akes
havi ng an i rpeyiphesy Wﬁblanprregvlammcrroabulatr$teg1hur@rexm¢nﬁ1rmgthaudafa@mswharteurure

co- ai spersi nght PassdbE A DI BBtERlen o about. 50 verght  per sent i ber
and from about 50 wetghlispeesing front sbaliduveight perceit tofoaes0 widigike, based on
the tot 3 CO ros}lttt1 %r'] a?lfd fltc;rrt])g[)out 590 VF\)I(e)IJ t erce:’ltntoa%out %S%Jesl k?tmellj'ct:elnqtn to
provi de X s RFFGF p ghtp
flake, based on the total composition of fiber and polymer, in an aqueous
solution to provide a slurry;
feeding said slurry to a moving screen ;
removing water to provide an aligned matte having a density of
15 stacking heightwise in an aligned manner a plurality of said
aligned matte to provide a first matte;
densifying said first matte to compressed density greater than 1.1
times Dm and less than 0.999 times Dc, while heating said first matte
throughout to a temperature greater than said softening temperature, to
20  provide a preconsolidated matte;
cooling at least a portion of said preconsolidated matte to a
temperature less than said softening temperature, to provide a consolidated
matte;
stacking heightwise a plurality of said consolidated matte to
25 provide an unconsolidated article;
consolidating said unconsolidated article by compressing the
height and heating throughout said unconsolidated article to a temperature
greater than said softening temperature, to provide a consolidated article; and

20



feeding said slurry to a noving screen ; renoving water to provide an
aligned matte having a density of stacking heightwi se in an aligned manner
a plural iwg20fi/®ased al i gned matte to provide a first narCeE/USdansidsyi ng sai d
first matte to conpressed density greater than 1.1 tinmes Dmand | ess than
0.999 tines Dc, while heating said first matte throughout to a tenperature
greater than said softening tenperature, to provide a preconsolidated
matte; cooling at |east a portion of said preconsolidated mtte to a
tenperature | ess tha i i ; oM a consol i dated
matte; stacking hei gE?@mmggatz% %:Baq}ﬁ?@sggggm&gpg%% %glkéetg%rmtte to

provi de an uecwpesaiurelksedhan saidlseftesiogdempdmtinedgo pad\dde nsidrmootpabite ed
article by cor’nglressi ng the hei ght and heating throughout said

unconsol i dat%ra' &ticle to a tenperature greater than said softening
tenperature, to provide a consolidated article; andcooling at |east a

portion of said consolidated article to a tenperature |ess than said
sof teni ng® tenperatur® to prd\@ Bethesof caimpbwhetein saidqolymer is pgleciRd hod of

claim 1 whergpp tﬁ@ig@?lﬂpwﬁe?gtinkh;;of%b%oﬁﬁnéﬁ% SFmBFOLImERIRY Rchd of

f1 uoropol yner and pol yners coffprising repeat uni nononer
t et r af | uor oetimi{d ehvonpwetd eidetafludrretay@nkaperfluofo @lkoxsyalkanerdcntoatdons. 3.
The net hod O;ar I ﬁi [F(%]r% wherein said polyner is selected fromthe group
consisting o %(Q,rﬁ o?'o(vi nyl propyl ether), hexafl uoropropyl ene,
chlorotrifluoroethyl ene, ethylene, propylene, and conbi nations thereof. 4.
The net hod of cl ai m% V\herelln said slurry conpri ses, ,
10 . he method of claim 2 wherein said polymer is selected
from the group consisting of perfluoro(vinyl propyl ether),
hexafluoropropylene, chlorotrifluoroethylene, ethylene, propylene, and

combinations thereof.

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

on the total composition of the fiber and polymer.

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

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

6. The method of claim 5 wherein said fibers are chopped
fibers.
25
7. The method of claim 1 wherein said densifying while
heating is carried out with a platen press, heatable platen press, high
temperature rollers, infrared heat or high temperature belt press.
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from about 20 wei ght percent fiber and about 80 wei ght percent flake, based
on the total conposition of the fiber and polyner. 5. The nethod of claim1l
wher ei n swodofiidoeses are sel ected fromthe group consi st iPag/uskoigloassy
graphite, carbon; fluorinated graphite; aram d, boron nitride; silicon

car bi de; polyester; and polyam de. 6. The nmethod of claim5 wherein said
fibers are chopped fibers. 7. The nmethod of claim 1l wherein said densifying
while heating is carried out with a platen press, heatabl e platen press,
hi gh tenperature rolgers, i Lor+ phdah.: ! ress. 8.
The met hod of claim1 wher eﬁéﬁrgﬁ&d@%ﬁ%m&%g%@ ﬁgnﬁf O(‘tSrﬁn%)agm ooﬁlle

bat chwi se, sbeipiis sene bhatbhwnd, stepygse,aliscontinuows s cpnivwests.procesbhe et hod of
claim3 wherein said densifying while heating is carried out with a heated
belt press. 10. An article nade by the nethod of claiml1, 4 or 5.

9. The method of claim 3 wherein said densifying while

5 heating is carried out with a heated belt press.

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