TI TLE OF THE | NVENTION COMPOSI TE W TH LOW CONTENT OF METAL FI ELD OF THE

| NVENTI ON The field of the invention enconpasses a conposite article
havi ng | omocontmesé1of netal s. BACKGROUND OF THE | NVENTI @NT/US2010/0836pOSi t e
articles conprising or consisting of a polyner (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 polyner can inprove certain properties of the polyner.
These properties can include c-[-ﬁcf,_% 6?3:”91% N\?ﬁ”ﬁ(ﬁ’l@s' |l e strength and

nmodul us, and fl exural strengt inforcing fiber chosen
gener al I y has a hi gher COMBOISITEWITHIEOW)GONTENTIOF METAL he pol ymer al one.
When a fluoropolyner is used as the matri x polynmer, as described herein,
the resulting conposite often has many of the attributes of fluoropolyrrers
such as high tenperature resi sgignpcOEHE IMVERTIONES! st ance, whi ch make

such conposites useful as parts, Tor exanple, for the chem cal processing
industry. It is aﬁlﬁmgelﬁmthﬁ)]né@ﬂ%orbenqqmassm@rﬁqrmpsut@ ¥ inguing let hod for

t he producti g(gan g&téﬂﬁes&ol ymer conposites that exhibit inproved properties

and to provi made by the method. Background i nformation
regardi ng producing conposites of polynmer and fiber or fibers can be found
in Polyneric Materials Enc&&g& '(;a Qpone (July 23, 1996),
| SBN-10: 084932470X, | SBN- ¥ - 27-8343. Sone

background in dou@bempbeid aWc%%Scdnmﬂsmagombnssst.hgwd polymém@delliyg of heat

transfer i n t her nopl asti c corrp05| tes manufacturi ng/ doubl e-bel t press
| ami nati on" QI”tWUO*F?@H%e ad pessidy CYRPrSing fpgiorghimerts) a”d fibers (such

as glass fibers, carbon fibers, and graphite fibers) are well known in the art.
The addition of fiber to a matrix polymer can improve certain properties of the
polymer. These properties can include creep resistance, tensile strength and
modulus, and flexural strength and modulus. The reinforcing fiber chosen
generally has a higher tensile modulus and strength than the polymer alone.
When a fluoropolymer is used as the matrix polymer, as described herein, the
resulting composite often has many of the attributes of fluoropolymers such
as high temperature resistance and chemical resistance, which make such
composites useful as parts, for example, for the chemical processing industry.
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
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:
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 arti cweoiwmmwbssde but are not necessarily |linmted toPOmUSedoSIBEHES
Pat ent No. 5,470,409 to Deakyne et al., issued Novenber 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 fluoropol yner conmposites,” United States Patent No.

4,163,742 to | :'ﬁﬁ% 79, ~eAtd & N d_product
prepared fr OMXS’gﬁ Mﬁﬂﬂ%zr%ggﬁg:yl neﬁ%%h%te]ﬁr?' éﬂ%@@éﬁc&nﬁ&arﬁ@éﬁ@,ﬁpﬁﬁﬂpt ed

St at es Pat enVohNme 30,425ye/81A0gqustio99aPagesad35-943.sued June 27, 1995,
entitled "Conpression | di n f stryctures," an ni t ed St ates. Patent No.
7011, 111 to Spi egnos repted fieBogd s AtFIES nch BBt alg R BRESsSaN | ng

el enents for|iGRePiCOnREd BRt¥ePatent No. 54D 400D ediyAvRt BE] i86@sH met hods and
articles include but _are not necessarily limted to United States Patent

No. 5, 759, 92ovemieek®r1995s sniitiedy'inracess fonmakingftuoreralymer composites,”

"d ass-fi ber ey f preparing
sanme," and UH??%%@ggggﬁg%F%mgﬁ?%et gggﬁ@é?g?%?dég@%ct ober 24,
1995, enti t| eotitledEPnecbrnsntidatjpparracess foomakidg fhopropaiingr dempositesd’ sheet s" .
There remain n f any, one i.nati ons_of , i.npr S in these
fhel s el Dinfted SEiled Ratdtel ers i B B R el NI 882 L f et ar
a robust andégtitiddeProchssi dhldeprpt ostesspared Mml taeilubethaénas polymepduge robust
and/ or reproducible pro a process to praoduce an_ article i ncreased

oty oo Caphae S0t Ustes Suleseant bio. 437 Jod 8 Gbsnn & Bk assi Shuct <

having fever et o 1908 8hlitd "dbressiOh MGliRbeA striBuFds 1 &5 URREG 1 cul arly
for processes that 1nclude a solvent or watef; a process for using fibers
t hat preser vetates Batent dlag V1 1al 19rtoceriegitad apr isduetMardu it 2008y entifled uni f or m
property thr%@?iﬂgtelé”}ngﬁtgffb'r]co\f%rlég?r LePr O0Cess to produce a conposite
product having a diréectional property (such as tensile strength,

conpr essi ve st r engtditiomal kabengakatedhmiethdasesmid) artitlat incdudenbdtarenot superi or

et bed SN K LRI TC NG ST A R
l'i ke. These2] 19090 eaiEs Glas&fibeustHtaihmgHRRRoVEEpSly RIS hRdarti cl es
are used, e.g. equipnent for sem conductor manufacture, 'in aircraft parts,
i n aut onot i vBrasass &r prepayingkeanse,” pRd $kifed Staleg Ratent| N, 4@y 6 tDESCRI PTI ON
OF THE DRAW H@% issued October 24, 1995, entitled "Method and apparatus for making

highly densified sheets".

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

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

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



Figure 1 shows schematically sone mattes of the known art. Figure 2
shows el evation views of a matte and two conposite articles according to

t he presewo 2digoksssur e. SUVMARY OF THE | NVENTI ON PC3aisosiem4isez ei n i s
a conposite article of low netal content, conprising: (a) about 70 % to
about 90 wt % of a thernoplastic polyner; (b) 10 to about 30 wt % of chopped
carbon fiber; (c) .001 to about 10 % of a sizing agent selected fromthe
group consi sting of polyvinyl al cohol, copolyvinyl alcohol, copolyvinyl
acetat e, copmlesdlbHle G AbE ARG bR LYY pggl ul ose.
and optional 'y Tuorther nanono! as per gram of
fi ber of sodinumo q&dtmaalnineomahs:)l ang tfelikeal um num conbi ned. DETAI LED

DESCRI PTI ON OF THFh ENTI ON
ese improvements are sought in areas where composite articles are
used, e.g. equipment for semiconductor manufacture, in aircraft parts, in

automotive parts, in gaskets, in seals, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows schematically some mattes of the known art.

Figure 2 shows elevation views of a matte and two composite articles
according to the present disclosure.

SUMMARY OF THE INVENTION

Disclosed herein is a composite article of low metal content,

comprising:

(@) about 70 wt% to about 90 wt% of a thermoplastic polymer;

(b) 10 to about 30 wt % of chopped carbon fiber;

(c) .001 to about 10 % of a sizing agent selected from the group consisting
of polyvinyl alcohol, copolyvinyl alcohol, copolyvinyl acetate, copolyvinyl
alcohol-acetate, and sodium carboxymethyl cellulose, and optionally further
comprising (d) less than 2000 nanomoles per gram of fiber of sodium,

potassium, calcium, and aluminum, combined.

DETAILED DESCRIPTION OF THE INVENTION

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
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



Di scl osed herein is a nethod for nmaking a conposite article of density Dc
conprising polyner and fibers. The nethod di scl osed herein conprises

provi di ngwve 2nataesseconpri si ng: about 1 to about 91wei ght Pp@rusenw/ofiosber and
about 9 to about 99 wei ght percent of said polyner. The matte has a density
of Dm and is less than Dc, wherein said polynmer has a softening
tenperature. The natte is densified by conpressing the matte to a that is
density greater than 1.1 tines Dmand less than 0. 999 times Dc, while at

| east a port | d softening

t enperature, |e%§t Q})OH& d@ﬁ%@dttr%égrsaé térﬁﬁ?&ﬁlﬁ%ﬂér&eg 0{?‘332‘3* ressed matte
i s heated thtemm;@mamltre tto pmomdzerpmoa'lpresseghaatte.r Thlaaamfteathda sohpressen)
tenperature while at a nso |d ed, densi t ti mes Dm and
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said softening tenperature, to provide a consolidated matte. The next step
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unconsol i dat ﬁﬂle%%féghﬁronﬂ??hé‘ F@@&@o‘h&'?ﬁe@at edér |§E80I g td Qg&@@%&lé dated by

conpressing t sai d unconso e an ating it

t hr oughout t esa thanpad soliering teraperatureato ;s‘avuesaoctctramild@ed engdte. athee, to
provi de a cop | i, dat e artl Ieast aortio f t he
Ponsol | dat e el dadiey Br ahfust sy 7 s BB BP Rl S Fess ¢ nan
sai d softeni p@vtmeumoﬂsahdated artuclelmh@@hb@rhsmlueaﬂéatrhrtméﬁ§thehhe i nvention
can conbi ne el enents known t he art in a new manner to achi eve one or

nmor e unexpecP‘é’%Fodiidat@Hﬁ)ryeQﬂ”&F?r%@@g the; peight of sqid HG‘F‘?T&O“%% iapigle addexpect ed

or unpredi ct ABhLPHPLIGIR RS a %m ét%*tbrbggeaﬁblﬂma%ﬁ fngf such art may
Uncl ude US Paamies L e B350, h 00446 0 7150013,

5589055, 442mraW53MOVI%BWSO|Id%@2¢@3858|t9424m18@1(1\t Ielaswaocshcm of

20070082199, 0441 81acida 4494k oALIEIRNE B CATRLABH B35 c EE BB e

di scl osure o i hcorporate erence.
Density of ceapesfteringtémpbeturean be det er mi ned by ASTM D 792 - 08 Standard

Test Met hods for nS|t and Specifi¢ Gravit Rel atjve nsit
P actics by Dl opl adBRErEn Sbeeals. fe hieaiah GarCRRbE CETHONEKNBYN T APP

T411 Thi cknegstheGl |hF£ﬁﬁéw<PrﬁaH?@P@d actiiape bhe af thord dnERvRYte@dr Board, and
wei ght per volune can be determ ned by cutting an area of known size (e.gqg.

16 cm by 16 enjredisteleresuiesiaciydingepessipliicdnaxpetiadmr unpradictahle wei ghi ng
that known vobupR-a5ndBf feSults. Single elements of such art may include US Patents

5506052, 6066395, 20090062426, 7094468, 7150913, 5589055, 4420512,
4975321, 4555446 , 52272385, 4448910, 4,455,343, 20070082199,
6444187, 4,448,911, or 5236982 or combinations thereof; the disclosure of all
of which is incorporated herein by reference.

Density of composite articles can be determined by ASTM D 792 — 08
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.g.
16 cm by 16 cm) and thickness as determined by TAPPI T411, and weighing

that known volume of matte.



A typical matte of polynmer flake or particles and fibers (17 of figure 1A
or 17" of figure 1B) or a conposite article may have a density of about 0.2
g/ nL or |we=otimoassout 1.9 g/ nml or nore, dependi ng sonewrat/usomierseri ght ed
density of the polyner and fibers used. A typical consolidate matte of

pol ymer flake, or particles, conbined with fibers (17" of figure 1C) should
have a density greater than the matte it was nade from and nay have a
density of about 0.3 g/nL to about 2.9 g/nlL, dependi ng somewhat on the

wei ghted density e S sent the
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Figure 2 shows el evation views of an oriented matte and two conposite
articles conprising such oriented nmattes. Figure 2A shows an oriented natte
2001; forwolarayselfi bers are shown as i nbedded. A coor #CRAISR01QN0HE6S et
X-y-z 2002 is defined so that the height of the matte is oriented parall el
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. Perpendicul ar to z and x axes is the y axis.

make twocut MPORLArEIabBeidis G SfbciEn) ARERof bt e Ao BAER Tl S of 1o

the y and x amersespectlvely By such cuttl ng, an observer can note that

fibers 2004 can % tt tlh refgtlvelg fPrcuI ar tcros sefctignggd/ t he xz
face 2006, and fiBEFE HBYYEMESHTBE Wik caf e UpEPnRtANGdindylane,dyring any oss
section (or Hérﬁélf@h@h}’th@ﬁ@héé’d BeFh@ro%inh;ﬁbé’éléﬁfﬁrc@é/péﬂb@n&%ufa@@@tk@i)ﬁ

Fi gure 2B shows @gfortlon of an oriented conposite article that can be nade

by stacking bt %‘éﬁ‘ﬁ*'égﬁ'@ﬁalnﬁboff‘wrfT@%P@”@Ndatﬁﬁ’é“@%ﬁéﬁppﬁo%@lb’lhﬂ e

illustrates 2 Y/ i a ns, such
as an orient g@%ﬁ%\r,\m(j?rh&gg Zpa@?é@%g?ﬁf}?lgﬁ/ t?ﬁg'iog%ﬁwﬁ%m té?gmgd?_heand t he
fiber orient aamerseqﬂermw emmtsjc&ttlaeyclaid}/ed:enta qmﬂnumm badis ngingwt t e bei ng
at right angle rrattel consollﬂatln th|n mattes wth

fiber ori ent JFTH b?ita"é%%s Clat ?@ﬁ?%gﬁ‘éﬁ‘%éon%ﬁﬁ OPTO&HAY 6Ybus mat tes

can be st ackpediudetthe @aBimer b@ﬂ@héméalabe{/e (H’e%@iﬁnVMgSt@n’ﬁdea@tKlﬁéiét sdrﬁeObt ain a
conposite article of Figure 2B.

Not e
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a triplet of mattes). Some nmattes are oriented parallel, some are oriented
at right ang?t@gs This conposite article shows a pattern of stacking that

can be terned an Srghﬁ“llabﬁttd%lfl@@béﬂsﬂm@ﬁnﬂo dbschibe 8BnsifiéhtioAdo GedHRAS -
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with orienta®dn of fibers or without orientation of the fibers, possi bly
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process, or perpen |cu ar to that direction. Alternative e matte may
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as x, vy, anda%s%@??—y -z 2002 is defined so that the height of the matte is oriented
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Mattes may have any conveni ent di nensions of length, width, or height.
Mattes can be nore than 1 cmin height, or less than 0.8, 0.6, 0.4, 0.2,

0.1, 0.O05yvoantnogsbicm i n hei ght. Densi fi cati on camChasc@omiesd2 out at
pressures as | ow as 100 kPa, and as high as 100 MPa, and at interval
pressures between about 100kPa and about 100MPa. Densi ficati on,

heating, cooling, or conbinations of such can be carried out from about
0.1, 1, 2, 5, 10, 20, 100 m nutes or many hours, up to about 135 hours, or

e vers AeTE B, nfloBd i 505 oA, oRGBGR! SofBThes o of

the fibers rin roce55|ng ccordi bers can be
reduced. It dma@uaﬁrgeraﬂmﬂaﬂa@,beua@sg amaloaheasmgm thagdhréatlbartol engt h, but

t hi s goal be adv a eousl conprom sed for certain applications if
ot her proper S r "A matte may be
h o1 BTN 8 A0S P SITUA" 26 424 Hrsvidhe 5 2 b

made by ot her neange nﬁm@hn@e&ra@léd/maﬁguﬂeaa/A Rés 8BEH @maﬂrém VakdbrPRANETRS
particles present. A matte ﬁ @r@d?enSI fied by dry needling. Sone aspects

of matte tecl’ﬂ%ﬁd‘g9 cyf acgp QOUEP%H%FQW@%%’E@@”Q peralieldeitRRur e of
which is i ncg Egrﬁé%g. BES&D I?%’TE?%DSH Eﬂﬁlﬁg, an obsérrUS’r &QLN&Erthé’tfﬁbFepé?

I nvention ca I"u oropo e I nvention can
conpri se rep2d®4 oan be cot wrtbmeia’évety orfrculat crrafs$ amt@e\tbwﬂhene fape 2006l
(alkoxyalkan of erflL.uara(vi.nyl propyl
Cthers ) hexalbaraR90p sayte et e e RUPRD S e RS e RBh bR e by ene,
or conbi nati ﬁ@@rlyﬁ@émbldg@@ﬁpbym‘ﬁjface 2006Any pol yner of the invention can
optionally flow ugon heating, particularly above the polyner nelting point

or glass transiti lQuEeAP éhaW?uaeoqrﬂ@n of %8”%?9&8?7&9%3 @th%mﬁ‘lt F3N Q8L the
fibers, partjgaka) s)faél&r‘i&ﬁwa‘%t@&%%ﬂb@&ondlﬁb 139 ﬁg?ﬂ@'%”ﬁ’he%fonﬁ%‘élté(éhk‘?&t i on of

nononers, the content of” any conononer can vary from about 10 to 99 wei ght

per cent of t Hestpatey mattes (e.g. 2022, 2023) can have different orientations, such as
an orientation with each z axis parallel (heightwise stacked), and the fiber
orientation of each immediately adjacent and contacting matte being at right
angles. If a matte is made by consolidating two thin mattes with fiber
orientation stacked at right angles, such a matte or analogous mattes can be
stacked with each z axis parallel (heightwise stacked), to obtain a composite
article of Figure 2B. Note that if a matte is made by consolidating two mattes
with fiber orientation stacked at parallel to give a thicker matte, such a
consolidated matte or analogous mattes can not, apparently, be stacked with
each z axis parallel (heightwise stacked), to obtain a composite article of
Figure 2B.

Figure 2C shows a portion of an oriented composite article 2030 that

can be made by stacking mattes corresponding to figure 2A (e.g., 2031 and
2032). Note the grouping of pluralities of mattes into groups (2037, 2039,
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.



Any polynmer of the invention can be a thernoplastic, a thernoset, or

m xtures or blends thereof. Any polyner of the invention can be

cross-| i mkakzba/messer ossl i nked. Any conposition of the i BgEAtS2@0/0ew@n2
conprise a cross-linker. Any repeat unit or nononmer of the polymer can
conprise 0.001 to 99.999 wei ght percent of the polyner. The softening
tenperature of the polyner is a tenperature at which the polynmer can be
slowy but pernmanently deformed typically wthout breaking, chipping, or
separating. Exanp I I ting

poi nt, the Iomest}\?'zatfge?% Beép%#a‘?é‘d ﬁglab?rmg\fvgﬁgée}ﬁ“ l%}% ﬁg?h bLjﬁm?errper ature
of a rrel t i ngusiag@epaper nidkngpasess, e d:arolne trexmiawaln arpnlymer to forrParti cl es
are small pi eces orccﬁarts or tln%gortio S or s can be

| ks. P
oo bwi bt Greloy Mg HeBRs s e Piad bEERierphlahS Mie™" o o ns.

shreds, fr agpsRpsnerits W MixedthatsooulP 8ld.80 B% t6 B%K@ns@@ﬁdy HAolid€centent
Fi bers that are useful herein include, but are not limted to, those

conposed of : (&0 mPrsing R0 pers Bolids tPIA9RAHAT party PAKPRUSSOIWHAMP such as
pol y(p- pheny Rt Q*hpe%d#\} ﬁ"ér[hé#’?be OfeRWitH \‘}vétﬁj?cr eﬁhér‘ucce%éﬁﬁtra{ A it
uori nat e

pol yester; pol yam graphite an graphite fibers
are preferr emasnﬂmeﬁys be Hoberlgtedfwithhitoqoudiegtagensahddaimageaetatitioo dd chopped.

The nedi an | engt he ers ¢ be | onger or sh he same as the
redi anhet gheghcaRe Thett: 2o dBREUFRR %8 o Shudana) BE bidceiofl 08 iBEE horefn
may be si zedrr@mdgnawnn@td be fehied |ﬁtoZzh @t MRifteC pOFHIbIG avithf EfentxtRmdfe, epoxy
resins or polyners, urethane-nodified epoxy resins or polyners, polyester

resins or pollReREcE W'tﬁﬁéh%'eﬂi@é‘?rh%f tB? f'BSTSy ﬁ@?%b'y;%ue%ﬁﬁ 'Béh‘? dupeiongt
pol yners, pohbb%ﬁ{eh%ﬁthbefﬁétﬂasd&’rr ndJEPlley;f%fe? maky/ ﬁr%"c@@é‘%tr%el‘ IdftR11 & to

pol yners, polyetherimde resins or polyners, polyam dei m e resins or
pol yners, pothpéﬂyegthmyNtam@élvelesihﬁsn@t:te pelyyesiosned bl wiarsude aasting the

bi sl ei m de;lh P trr nﬁ’&h&&’?ﬁ\ﬁatté’s"éﬁ’rﬂ%‘é tOPRd Cp%lftgiéé/gatgﬁn@%ls}'m Yor.

pol yet her sul resins or yners, epoxy ur et hane resins or
pol yners, poéyampiglusiigabelt prw Asbeﬂlrprpesk muﬁactwensvﬁsmght T;e;chnolbgm:ene

resins or ,.fesins or pol r .a m xt ures thereof zi ngs may be
i T A IV N TR T SHay S M O(Een " SRl o or vt e
sol ubl e. Pol ¥iiny Idp Yk red Vi BR. EMPInora dkemes deb&iplignag 8Bine dtndard

wat er - sol ubl e pol yner made from the nmononer N-vinyl pyrrolidone. Known

si zi ng agent Bapgranaking tephedues thd qanoe emplyedosspl. 3y Rat. Mat 3,488 529,
5, 393, 822 ang,74iddGs &%t which is incorporated herein by reference.

Densifying can be carried out by compression or other known
methods, which may be upon one or more axes, simultaneously or
consecutively. The axes may be mutually orthogonal, such as x, y, and z
axes.

Mattes may have any convenient dimensions of length, width, or
height. Mattes can be more than 1 cm in height, or less than 0.8, 0.6, 0.4, 0.2,
0.1, 0.05, or 0.01 cm in height.

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.



The fiber content in the conposite of the present invention is fromabout 1
to about 90 wei ght percent fiber, preferably fromabout 5 to about 45

wei ght pewoenti/dopdser and nost preferably from about 10 toTalsoun/08Genei ght
percent fi ber. One process for the production of a polyner-fiber
conposite conprises co-dispersing-thin polyner flakes having sonme irregular
fibular structure extending froman irregul ar periphery. The flakes, or the
co-di spersed flakes and fiber in water, used to make a matte by

paper - maki ng t echgj . ca Vi I e ._qreater
Phan 200 p to ¢ noefideheReale” sBof 8P kAR EEABASRES [hERIEHS el
co- di sper sedoti fadresabantd0 fli be2, 5,1 020100 onirades or makg haurgupdo lapout

paper - maki ng 1Iagﬁhni gues, can have settling times of fronl to 13 000 seconds
or nore. Setif? AU REMOC neasured, optionally with the fiber content ratio

by wei ght to be uag@nighdd BRddrRifying caiR, A8 ARIYS belkWtilédst 6bme. of théss than 1%
based on wei ght of polyner solids suitable to forman apparently
honogeneous Bpersdpring pregassinge Arerrdingbuingderdh £f the eays can betrefggrd-y form a
matte, obser il ' : I d or the
top discer nagﬁsgu%{ic?”pﬁg%ﬁg%ggbgteﬁg g%'b%?/ﬁghiﬂlﬁ?ré@@gﬁ’ Bgﬁgiggg?aé(r%ét)ﬁg%\ from
about to 2 teadebvageddyoddnseoousetsior certain dpplieationsriibattiemempertiesmidiieng nost
water frommatte t.o f Lm.a wet matte; renoving nore water fromthe |layer to
forma dry nﬁ?@@?s'ger?/ﬁﬁﬁ %rﬁémPE%P- to forma self-supporting planar matte;

optional | y ther mahlnyatteagiay @ rhhige webttied rhearsovactilay dayft sierginy dptionamndl i ng
and preconsolidating said matte by heating said matte above the pol yner

mel t t enper aMiP @obF I RANGAePrasEne At MAHE 17eAY b densifipd HY Aty ReAHING; ent

pressure nor 8Bind £50bR & rAstte RichRdibly R brskbAtetaHSS PaRRebysEds e f | oW to
forma preconsolidated matte; and cooling that matte. The aqueous slurry

can be subst distioguteyoffwhien isfinperperated herdin bgneferersei t abl e belt presses are

vwel 1 known, for exauplefdh P ALEMH nlea 1h8roponymish & any polymer

of the invention can comprise repeat units or monomers of
tetrafluoroethylene, perfluoro (alkoxyalkane) of 3 to 14 carbon atoms such as
perfluoro(vinyl propyl ether), hexafluoropropylene, chlorotrifluoroethylene,
ethylene, propylene, or combinations thereof (copolymers).

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

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.

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



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

i ncor por awecotayooessiier ence in their entirety. A manuf act ecerusediodwisbabl e
belt presses, particularly isobaric double belt presses, is Held

include the melting point, the lowest temperature of a melting range, the
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 that are useful herein include, but are not limited to, those
composed of: glass; graphite; carbon; fluorinated graphite; aramid such as
poly(p-phenyleneterephthtalamide); boron nitride; silicon carbide; polyester;
and polyamide. Carbon, graphite and fluorinated graphite fibers are preferred
fibers. Fibers of the present disclosure can also be chopped.

The median length of the fibers can be longer or shorter or the same
as the median height of the matte containing the fibers.

Fibers used herein may be sized as known in the art. Sizing may
comprise, for example, epoxy resins or polymers, urethane-modified epoxy
resins or 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 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 monomer N-vinylpyrrolidone. Known sizing agents
are disclosed in US Pub. 20080299852; U.S. Pat. Nos. 5,393,822 and
7,135,516.

The fiber content in the composite of the present invention is from
about 1 to about 90 weight percent fiber, preferably from about 5 to about 45
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Technol ogi e GrbH, Germany. A manufacturer of double belt systens useful for
fiber reinforced thernoplastics is Berndorf Band GrbH of Austri a.

Sui t abl e whabamopssesses are wel |l known, for exanple US PaTarsto1d/ 070562 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
Maschi nenf abri k Herbert Meyer GrbH in Germany (vertical presses or

| am nating presses, e.g. nodels APV, Fusing Press AHV-Bm or AHV-S with up

o 20 tons PLERRYHE ISR BERS D ifl 13" 1o angut afyiddlt o methods

of applying a atin €s 0 sion and heating are for
exanpl e US Paewant@ém? 410 each of V\/m ch is hereby |ncorporat ed by

reference in theig entirety. tale appl.yi ng heat

ol ude. but ar 6. S RAREHon e st SRIoN D o T Pe o COBEBLEt 6 articl e wi th
a hot surfacgorhgriges @@B@Péﬁél@lﬂhm Hélyﬁﬁrﬂal@éhﬂﬂﬁgb@rﬁwe(ﬁe@slaﬁﬁlﬂﬂ@ﬁt' on); and
using radiation (e. rared m crowave radi ation).

Densi fi cati of r%ﬂﬂ@o@gem'ég fiem a’kﬁfﬁﬂwarfwlpéﬁ'é/nﬁh@ flake$,Sr tae 6ot s 6, 032, 446
each of whi CBlSEérSQErﬂ%%s bﬂ&gb&om%ﬁg ‘?(f) ﬂ{a‘?'écfm'agl s 35 ge??r‘iékrﬁé y.

Consol i dati on e carried out undeér t e sane con
densi ficati ote.chhlquaddctari hﬂve méanadlgntSiaadardrﬁneemwrc# gabateethaine20dadp eni ng

bot n i n var | SueTahen BaflooSERERRL RO, ThE S, e ER-sherfd o "

optional l'y afakiefantetbdren Waltbr dsléd mnan@aahat@by pAperA®aRihgitBeHniqueye can
make a conposite article of denS|t rising polynmer and fibers, said

met hod conpr £ Agvesetiingvinesshef feerpit rtgﬂ%@é&)%ecomg ormq;p weiting tff’ﬁ?'soe a

mat ter conprpeduld bB!lddetv&lfﬁsthe|f|Be?bér’ﬂ§ﬁt 188 By Wiy ﬁ‘ﬁbtb"e fs@MRiaSes 1 to
91wei ght percent fiber wel ght percent polymer. The first

mat t e havi ngmattgeinsan §qldﬁ0®rﬂ0||l$il0he(se tesarihae 1% based on weiphéof pelgmenatte is
el 20" FAEESRIR oy B S0 SRR b Rty S0 o5
t enperature fe@s!mgttbemsaaeldtcs offtitrente:n dortre et &, nbeervébluatmddh time a new
layer is formed on the bottom or the top discernable to the naked eye).
Settling time can be greater than from about to 2 to about 12 000 seconds.
In any embodiment, removing most water from matte to form a wet
matte; removing more water from the layer to form a dry matte; drying the
layer to form a self-supporting planar matte; optionally thermally tacking the
web to improve dry strength for handling and preconsolidating said matte by
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
3,159,526; 3,298,887; 4,369,083; 5,112,209; 5,433,145; 5,454,304; 5460764
5,5620,530; 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
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provi de a conpressed matte. Thereafter, the conpressed nmatte is heated

t hroughout to a tenperature greater than the softening tenperature of the
pol ymer, wbi2be/@e86a consol i dated density greater than 1PCTiUSa®e/0DFsANd | €SS
than 0.999 tinmes Dc. This will provide a preconsolidated matte, which is
then cooled, or a least a portion is cooled to a tenperature |ess than said
softening tenperature of the polyner to provide a consolidated matte.

A plurality of consolidated matte is then stacked hei ghtwi se to provide an
unconsol i dat ' e ' 0 ' icle |

conpr essed aﬁ Crﬂ{e%é%%%irﬂgaugﬁﬁh 'oA @abg%pcgjr} %?ﬁf@dé’?%g?g?%%ﬁéﬁ ut% ﬁgﬁpol yner
sof t eni ng t efgpdibat reirforded themmnoplastas ¢oBeoldodfBadt Gonposf Aesteaticl e. At

| east a portion of . cpnsol i dated co site article i ooled to a

Lomper at Ure. | ess SHIAPE RETSOPIERPR g URD KRavG: B SR TS FARR.

Di scl osed hepgi7g 412, 8 2%8t4vad 4 993 BB laREl BB 84PEEEH 6f @hichGd Retéblh

orientation, by preconsofldatl ng said stack by: heati n? said stack to above
$

the melt tenjpEPERARIENSN refesensst Vribeir eﬂﬁr@w&ﬁnytgfaﬁgr%p iabl PisERS ur e
normal to th%c@d@ﬁ\ﬁa%hiﬁé?ﬁa%@@@é{ﬂ'I\l/ls%érr’@mmaltih%#rﬁg‘r‘\?‘w&%%l%rggﬁé n the

in-plane direction to cause t |'uor opol yner to w orirenting the fibers
i n subst ant i at lapindiemgarassent.g. moday APVH Y usipgriyress AsM-BnT, looAH\GSf or m a

preconsol i dat sheet.; Sit rticl be used for chucks,
for exanple \g’ﬁﬁHpgﬂéng“ﬁeree&SPW%@@%‘%@%&U&P@ﬁé@ﬁ wafers, or for CWP
chucks for hol di nguivatiie heetiasdsdsr dpphying altedatity siages ©h esinprdssCAraNi cal

polishing (CW), Particularly preferred are chucks which are rotated about
their z axi shesting I/ knenes fsrexapwir)USdraieat &L eAdPeach of MbishLis Nerelye of t he

conposi te al |eWedrhidRey iraRieingnalr chtiger rates of speed to be used,
allowing for larger chucks or larger wafers or faster processing or nore

robust processi ngsuikibie matkdds efeapplying heatkiaclude bubafsowttisttedtat resi st
def ormati on, [ Wﬁ fer . in: it . Py eci sion
pr ocessi ng. Eﬁg@%‘ﬁﬁ%@ t%e&éb.o I ov?/“@nea?tgqlé Q’&ﬁt@@%ﬁ%@g3‘?-55?%“v‘vjugf'8t ron of
metal or ionaegingm unpesett(esy. iconeddionprandasingrasiéatioadpdu aiferedranuf act uri ng
articles, including in spin, rinse, and dry nodul es and chucks. Conposites
are val ued ag"%{o\é’ag%@q'a Mucture for the sem conductor wafer, e.g., such

support struct ur epeAdifiGatioRGBthads Wed eIl KRBWK Sfor SKSHBRLIATUS Patent@f er
pedestal s. Sem conductor manufacturing articles are well known, for exanple

in US Pat ent 8,0328@machaiodudsizduaeb s nsomauated gy 1¢fErenasgio3beis enbigly- 6520843
each of which is BSﬁé‘é?ilﬁa{i@?g{aﬂ?%%taﬁ%dodutrﬂd% %C%m€cgn&{i5n§$§e 'rety.

Conposite articles are us I'n sealing elenents, for exanp in

conpr essor vdénscaisndinsaddiged heatingstoRateamperaiuda hpttd theesaftenofg whi ch i s

hereby incor %%Sér%%ré’ %r F1ggtlenrgetgcaeteirrq]pé[rgﬁirer bglr(]);/vi trh%ts\()ftening temperature, or
both in various combinations as known in the art, can be carried out optionally
as defined herein, during consolidation. Accordingly, one can make a
composite article of density Dc comprising polymer and fibers, said method
comprising by providing a first matte. The first matte may be a matter
comprised of thin mattes. In either case the matte comprises 1 to 91weight
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

12



The present invention is useful in at |east one, or a conbination, of
(including but not limted to): a sinplified process of manufacture; a
robust amsiOeniwvmpssoduci bl e process of manufacture that eamn/yseadoes6? obust
and/ or reproduci ble product; a process to produce an article of increased
density; an article of increased density; a process to produce products
having fewer netal, netallic, ionic, or related inpurities, particularly
for processes that include a solvent or water; a process for using fibers
that preserves, IddbeEohBRAtl Ll OPRSSaNG, OIS BLOfHEkNaKbaga2 uni form
property thrboughout a Gsefrul volume; any process to produce a comnmposite
product havi thgoeghdiut &x b itempérapuregeeater {reamche asfteming itérapstat@rgif tthe

conpressi ve strength,. or. el ongati.o 0 break) that ,is.uniformor superior
Fegar d ess  oPOW T hISCH SHOGRIRES deBalhEreets AR f1of e DEhARRIR T n one
direction, Othaan.H99 fes R PEis Will bidvidela prdcBrsSIAtedinagE! WRIBR)s thand t he
like. A conposite article of the invention can used for known

appl i cat i onscoqled, oreyigpshRPTtIoArS serled dnademeeraturlest thansaid sofianing af t

parts, in a“fe‘?ﬁ%rﬁfﬁ‘?e B?‘fhteﬁ%)y/rﬁe%%?%iaeg ﬁﬁs@ﬂﬁ%ﬁ%@@ he like. The article

of the present '1nvention e a spin Material s
simlar to the foll ofiplgalitynf copstlaEded matterak theg sackdddreighitvess tal s and

articles, are detailed in lnited Stat atent . No. 5 47 9,10 Deakyne et
oG eeuen VB TBetrtobdubi ariid The hBIBTbLLR wpoRdRIIY PRGBS bl yrer
conposi t es, " cénpitdeSaat eatdrt tirdugNout fo, 2 Bt Sarature gheakyihan thesued August

3, 1993, entitled "Preconsolidation process for paking fl uoropol }/mer

conposites," leWleé_éOfé%’HE‘%ée%%r@H{r?i\I@ prQYiﬁ_Q?, ceppotidated sempogite grticte. | ssued
June 27, 1997 |¢88t 4 bbAbn FAPEESSIiBBAUHBHBite arflIE UCtdbiES10 g and Uni ted
States Patent No. 4,163,742 to Mansure, issued August 7, 1979, entitled
"Process andtgpsraiie tﬂSQﬁha@meWQﬂﬂni@heaTﬂaﬂ@imﬁeoﬁgemnm ynmer and graphite
fibers,"” all of which; j - - i i i rety.
In the foll ow ng Exa@r';')s’l%reog'ea[%%"gﬁ%%ﬁ%ﬁ%ﬁ%@%?@ﬁéﬁlgggﬁé éﬁ@%‘?’ﬁﬁof and

avai | abl e frorefatidn, bgiyprecaisotidativezaid stamkbyChaplinyysaitstarkngtboye el awar e,
ercen

and can include a pol yner contaj ni ng, about 99 nple t

et raf | uor oeliERBSINICHINR LV AhBB ABEMN BRI EB S ERTSBYOPPHS et her)
A carbon fi bgfe Siide ubt@d Mage RABIIY 8% MatBiid Uhéshsaarrd in i@glingplbgagt h of about

6.0 nm a dianmeter of about 5 to 7 mcrons, a bulk density of approximtely

200 g/ L, appfisxetivatteicpuge i@ mropelymento firw erieeidigteifibees igistibstantiallcar bon

densi t f j | hf; th of at
eact  about LB EATE! Belajerbyineds QYo AEIL L ot aBro@iRRIG B SRER 2, %) cast
approxi mately 31.6 MionpposASaMdRE0dsh bé&lsed furahueks fyséxanyfle shia fi ber for

I [ [ f fib d I f
appr oxi mat ol ko et Era @ EraRpeH/8 Feu Alra e Tor VAR AR & om ana

22 for al um RYlding 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.
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
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A simlar fiber CF2 had | ower content of netals. Elenental analysis of the
fiber for metal content in units of nanonoles per gramfiber showed results
of approxwoavelo2830 for sodium 510 for potassium | es®Crhsro1004d562
calcium and 3 for alumnum Tensile strength was > 500 ksi (>3.45 GPa),
tensil e nodulus was > 30 Msi (>207 GPa), and the fiber appeared to be
sonewhat stronger than CFl. The sizing |level was 3.8 wei ght percent; the

si zing was characterized as water sol uble. A fiber CF3 simlar to CF2

0 physt cal g R CLeBnaal P AR, S81IFER shoE bal BB fndy GE2. Yet vas

essenti al | y pel "'ets PFAP1
(tetrafl uor owafquobnekzersU‘sm&ptor(spoowfer\piedgi;taBt Semicamjuctoy meanuf&AGring

26655- 00-5) hav mel tin oi.nt of r t el te of 14
9/ (10 min) aRdICes AP e 'Ji”grﬂp reéﬁalpﬁeo E‘rﬁgdﬁ #&gggyf @%Bb%%%d tensile
strength of sppr7IRY; BBLE 37; 530888S; aénd2@52@8ﬂt3(éalzﬁ o“f/Rﬁhucﬁths%@e by ASTM D3307,
and a specific gravity of approxi ‘mat el PFA fl akes (PFAFl)

from PFAP1 wicernesaied byirgtprancs '§dhﬁ'fleﬂ%/"@FYthe typé manuf act ured by Andritz
Sprout (Muncy, P%oﬁ?ﬁ&@é’ﬁ%srbrg%tsgpe{rré@él|h§%g}rﬁ8nt§uﬁp%&a@§%596052p‘ by

Deakyne. rom y wel and 80% by
wei ght PFAFlcemprsdongalves asdisnioshdisUSIPaiBe50605AA1; each ofeichirsy matte Mil

made from M’\%er%gef'or? nro a tl)er?Or re:lss on oflrl\{l/\rl) has a w dth of

appr oxi mat el JOERY FETRUAIE OLSTERDER TP AN | nches, and a basis wei ght
of approxi mately Phd prdsehi Inﬁentlon |s uﬁhmlﬂﬂbﬁéaﬂtoﬂmbta cM?riblrﬁmﬂ)ﬁ 6f om Mil
(before notabl e conpression as a thickness of approxi mat el y 0.095

i nches (apprﬂ&?'%f‘@lby‘t QOW'rﬂ'Fﬁd to)@@'”?ﬁ"@?%ﬁégceéﬁ@ AFPERGIYRE 8Ir9PYShe same

basi s wei ght gng/or reproducible process of manufacture that can produce robust and/or
reproducible product; a process to produce an article of increased density; an
article of increased density; a process to produce products having fewer
metal, metallic, ionic, or related impurities, particularly for processes that
include a solvent or water; a process for using fibers that preserves fiber
length; a process to produce product having a uniform property throughout a
useful volume; any process to produce a composite product having a
directional property (such as tensile strength, compressive strength, or
elongation to break) that is uniform or superior regardless of the direction of
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
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

Deakyne et al., issued November 28, 1995, entitled "Process for making
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A preconsolidated article CApl-24 was nmade on a platen press from cut
portions of coherent matte type M1l. Squares of approxinmately 16.5 inches
wer e cut ,woekimg2ssot e of the original |ength direction. PApASoxiconisety 24
squares were stacked one upon the other with the I ength directions each
orthogonally oriented to their one (for top or bottommatte) or two (for
internal matte) nearest neighbors to produce a stack about 2.2 inches
thick. The stack at essenti aIIy anbi ent tenperature was placed in a

v oaghout 1 MG RPN SBEbEled Spled SyErRRRL AR S R0 RoBRERELC' ¢ e

was m ni mal | bssueairﬁugasteij 19!96ngntttbel "Phecdasekdation)processdbr oakilg a pressure

i che | engt RAIRBOWPEPROTROSIRF y Dntird BEPD ARG Baieg) IO RERAR st ack.

was then fur hlhﬂésmrmfn%s@?ed%m@tﬁhtbﬂedomp%%nﬂjldlﬁ‘@bf Stiiudtbiidse digiat i ng was
ended and cool i egun. The stack was thus consoli dated to a

t hi ckness of UQBQ&&%%Q@"Q%%& W’ 4hie Mangpepaisared Mgutecr'@48ed
th hout t L
roughout t By d‘%é%ssgaﬁﬂge%r%dtﬂ??e@g @ro@#ﬁﬁraﬁga@%@ﬁéne %@ et BRd

tenperature of an were re to a ent condltlons
t o obt ai n t hgraghtte dibersCdll @4vhich are indotpochted bgAfe?dncamio tBABeAtdretyver e made as

for CAl-24 by substjtution of carbon_fib 2 _and s ectively for
G . e et ma 1B WA IR R PRy TBO PFECS A RisserRg R Phb y

di fferent inapd acsizdiaGoE. [app Fahtde dlebtipanad Coamplry, avithilgdn,

i ncorporating CF2. The conposite material nmade fromthe sized carbon fibers

CF2 denonst r REBWasad ean m@wgmaep@vm@hg@m\taw Ay AOdnele percent A heat abl e
bel t press H%?r]aﬂQérﬁﬁ%ﬁ@én&ﬁﬁ&tﬁomg%kﬁer@é Rrofbsy v gﬁﬂ ). HBP1 was a

continuous dual belt press wth a work h of about |nches and a
wor ki ng | ength ofA@BdQﬂn fikger fCefett usemwa@on@aarrytorgai@ haseki had hdength ofias

adj ust abl e. r 0as j LIS LI tiple zones.

In run BPI, %ﬁ(guten%narﬁ(:%ﬁzﬁagﬁ]eggpgfg&fggﬁ tvver e%gée ’%got@ggér%,'%e i nternal
transport zoamsrouma&elyélOOthL7@@r5xmmbdyt4heeugait;mrcemomategcampaﬁblm thin the
wor ki ng | ength. were cool b ter ente the zo roxi mtely 32
F and exiti n@'zi‘qﬁeafciaﬁ& %%lﬂ'tyﬁgﬂ%ﬁ%”ﬁ?te yegg %%ngésrﬁbﬁ%@ggap bet ween
the two belt mn4ns sehgth@f abriabt SoARB0DKENRFeEr ﬂ%sw&d\/lPhﬁah@té‘léﬂéss after
exit by a length of sol der passed throggh the press. Both belts were coated

by a rel easeMogpiusl it ast aprionimatelyded Msi byAS M 588 Bleowmtalnches in
hei ght was p ugh,

preconsol i da?§%§%§1{0{ﬁ[er%aboJ?S%mg%géiérﬁ%ﬁte@%ﬂs%ﬁgﬁ{)%o%ﬂg‘?@ ﬂvt\)/gg fed into
t he belt preslsowd Eleis,uitaohesprperrnatehymt?@ 0Qhfor sodiuMBPZ0 foreotassdmy 48@ of
matt e was inrea edtoq}é tﬂfChes m nut e. In trial BP3, three
mattes were %\ 3&9% fThneoust fed into the belt press while

aligned with thelAsirﬁumtfib‘ér pE2aiddEibwel BentgAPofraeaRe Eldrentanandlpdis of was
approximately 0,084 inches, and the preconsolidated matte hei ght was
appr oxi mat el egfibga 01 Retaksonteatin Ynie ©f Ragonoles e gearpdibepphriyed

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.

A fiber CF3 similar to CF2 in physical properties, also had content of
metals similar to CF2, yet was essentially free of sizing.
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Anal ogously in BP4, five mattes were continuously and sinultaneously fed
into the belt press while aligned with their lengths parallel. The gap

bet ween tWe 201obssiit s was approxi mately 0. 10 i nches, an@CThis2010/040562
preconsol i dated nmatte hei ght was approximately 0.075 inches. Feed rate was
12 inches per mnute. The preconsolidated mattes from each belt press
process (BP1-4, etc.) were separately cut into portions, assenbled nutually
orthogonally into stacks as for the platen-press-nade rraterial, and finally

conpr essed as fo'A?ersofTeﬂoné ﬁFR%‘ell&%W@ﬂtBﬂafPJorBét%

preconsol i dated na achieve nal gféf"s about 6.5 inches
I n height. perfluofepopgisvhylddher)l copdlyrmendtiaS QﬁGSMOpﬁ)ata@/B gmekingat a

density of 1,82 g/ni.h d.t . ts density t
about 1. 4 of RoRbOk RIORBARGOP S ZLIRE 60T G PaTPLane SN 80 1 ons

on 16 sq 'nCQtPend?ﬁ%QBﬁt@')(Inﬁ’éthmMF% aRd eerizile shengansF bpproxdaateRebd press
had a densi tK@’Of about 'Fg/llrrL and di d not undergo noticeabl e expansi on

during heati Nfaa 2500 30dvﬂﬂ Baral 2004 Ry AWM D380 aad prspssifie @ravity

densi ficatiog 5\%%.%5@@@215 /rﬁlbe case of reconsolidated natte nmade on the
constant gap e t press un I dentical conditions of exposed pressure and
t enper at ure pr of i PEA fiakes H%F/MF‘[ )i fodre RbAdSkwere madeAlsmgrq)dscmllaf thecl e can a

oot 1 oi ont BPetTErTar B ARaN TR ShronEMENgy BET P Sl Be ar eater or | ess
than in the Kitewhit/Peblidadion I\mmb@anssswos%\yby@éakw. ess ot herw se not ed.
CLAIME A wet matte Mw1 was made from 20% by weight CF1 and 80% by
weight PFAF1 according to the methods of US5506052A.
The dry matte Md1 made from Mw1 (before notable compression of
Mw1) has a width of approximately 16.75 inches, a length of over 18 inches,
and a basis weight of approximately 0.12 Ib/ft2.
The coherent matte Mc1 made from Md1 (before notable compression
of Md1) has a thickness of approximately 0.095 inches (approximately 2.4
mm , 2400 microns) and approximately the same basis weight.
A preconsolidated article CAp1-24 was made on a platen press from
cut portions of coherent matte type Mc1. Squares of approximately 16.5
inches were cut, making note of the original length direction. Approximately
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
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
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What is clainmed is: 1. A conposite article of low netal content, conprising:
(a) about 70 wt% to about 90 wt % of a thernoplastic polyner; (b) 10 to
about 30 w0 20d1af28shopped carbon fiber; (c) .001 to abowCTAB20000#0582 Si zi ng
agent selected fromthe group consisting of polyvinyl alcohol, copolyvinyl
al cohol , copol yvinyl acetate, copolyvinyl alcohol-acetate, and sodi um

car boxynet hyl cellul ose, and optionally further conprising (d) |less than
2000 nanonol es per gram of fiber of sodium potassium calcium and

A um num COBBUTP e d 08, BOTRRSsBRaAEY ok kU Bodu 4985 Fidheln®

copol y(t et r abhd theotehipdratnepeast [deoreaspd thrpLighowtl the betd jo. 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
of carbon fibers CF2 and CF3 respectively for CF1. The wet matte Mw3
incorporating CF3 (free of sizing) was notably different in processing and
appearance compared to Mw1 and Mw2 incorporating CF2. The composite
material made from the sized carbon fibers CF2 demonstrated superior
tensile strength and appearance.

A heatable belt press HBP1 or HPB2 was used to make
preconsolidated mattes. HBP1 was a continuous dual belt press with a
working width of about 30 inches and a working length of about 10 feet. The
constant gap working height was adjustable. The belt press temperature was
adjustable in multiple zones.

In run BP1, the entrance zones of HBP1 were set to 500 F, the internal
transport zones were set to 700 F, and the later cooling zones within the
working length were cooled by water entering the zones at approximately 32
F and exiting the final cooling zone at less than 100 F. The gap between the
two belts was set to about 0.028 inches as measured the thickness after exit
by a length of solder passed through the press. Both belts were coated by a
release formulation. A single sheet of matte about 0.095 inches in height was
passed through the press to continuously produce a preconsolidated matte
about 0.015 inches in height. The matte was fed into the belt press at 12
inches per minute. In trial BP2, the feed rate of matte was increased to 15
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
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.
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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.

The preconsolidated mattes from each belt press process (BP1-4, etc.)
were separately cut into portions, assembled mutually orthogonally into
stacks as for the platen-press-made material, and finally compressed as
follows.

A final compression of stacks of preconsolidated mattes were made to
achieve final products about 6.5 inches in height.

Preconsolidated matte made on the platen press at a density of 1.85
g/mL has been noted to expand so as to lower its density to about 1.4 g/mL
during heating to above 300 C while restrained by [80 tons on 16 sq inch].
Preconsolidated matte made on the constant gap belt press had a density of
about 1.4 g/mL and did not undergo noticeable expansion during heating to
300 C while restrained by the same pressure. Final densification was higher
in the case of reconsolidated matte made on the constant gap belt press
under identical conditions of exposed pressure and temperature profiles in
the article press.

A composite article can a coefficient of thermal expansion in the XY
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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CLAIMS
What is claimed is:

1. A composite article of low metal content, comprising:
(a) about 70 wt% to about 90 wt% of a thermoplastic polymer;
(b) 10 to about 30 wt % of chopped carbon fiber;
(c) .001 to about 10 % of a sizing agent selected from the group consisting
of polyvinyl alcohol, copolyvinyl alcohol, copolyvinyl acetate, copolyvinyl
alcohol-acetate, and sodium carboxymethyl cellulose, and optionally further
comprising (d) less than 2000 nanomoles per gram of fiber of sodium,

potassium, calcium, and aluminum, combined.
2. The compositive article of claim 1, wherein the

thermoplastic polymer comprises copoly(tetrafluoroethylene-
perfluoro[propylvinyl ether]).

19



