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cont i nuat i onbetween the glass fibers and the polymeric matrix material. For exarnple starch,
which is a commonly used sizing component for textile fibers, is genera!ly not
compatible with polymeric matrix material. As a result, these incompatible materials
20 mustbe removed from the fabric prior to impregnation with the polymeric matrix
material.

The removal of such non-resin compatible sizing materials, i.e., de-greasing
or de-oiling the fabric, can be accomplished through a variety of techniques. The
removal of these non-resin compatible sizing materials is most commonly

25 accomplished by exposing the woven fabric to elevated températur_es for extended
periods of time to therrnélly decompose the sizing(s)} (commonly feferred to as heat-
cleaning).” A conventional heat-cleaning process involves heating the fabric at 380°C
for 60-80 hours, However, such heat cleaning steps are detrimental to the strength

~ ofthe glass ﬁbersT are not always completely successful in removiné the

30  incompatible materials and can further contaminate the fabric with sizing

decomposition products. Other methods of removing sizing materials have been
. fried, such as water washing and/or chemical removal. However, such methods
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2004 can lead to fabric damage and decreased quality.
Efforts have been directed toward i improving the efficiency or effectiveness of |
some of these processing steps. There nevertheless remains a need for coatings
that can accomplish one or more of the following: inhibit abrasion and breakage of
25  glass fibers; be compatible with a wide variety of matrix materials; and provide for
good wet-out and wet-through by the matrix material. [n addition, if would be
particularly advantageous if the coatings were compatible with modemn air<jet
weavmg eqmpment toi increase productivity. Furthermore it would be advantageous
" o eliminate the non-value added processing steps in a fabric forming operation while -

30  maintaining the fabric quality required for electronic support applications and -
providing for good laminate properties.
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Figure 1 is a perspective view of a coated fiber strand at least partially coated w1th a coating
éomposmon according to the present invention;

- Figure 2 is a perspective view of a coated fiber strand at least partially coated with a sizing
composition and a secondary coating composition according to the present invention on at least a portion
of the sizing composition;

Figure 3 is a perspective view of a coated fiber strand at least partially coated with a sizing
- composition, a secondary coating composition on at least a portion of the sizing composition, and a
tertiary coating com?noéition according to the present invention on af least a portion of the secondary
coating composition; ' |
. Figure 4 is a top plan view of a composite product according to the present invention;
Figure 5 is a top plan view of a fabric according to the present invention;

' Figure 6 is a schematic diagram of a method for assembling a fabric and forming a laminate

* according to the present invention;
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25 gl ass fibers; be conpatible with a wide variety of matrix materials; and
provi de for good wet-out and wet through by the matrix material. In
addition, it would be particularly advantageous if the coatings were
conpatible with nodemair jet weaving equipnent to increase productivity.
Furthernore, it would be advantageous to elinm nate the non-val ue added
processing steps in a-fabric form ng operation while 30 naintaining the
fabric quality required for electronic support applications and providing
for good | am nate properties. -4 16 Septenber 2004 In one aspect of the
present invention, there is provided a fabric conprising at |east one fiber
strand- conprising a plurality of fibers and having a resin.conpatible
coating conposition on at |least a surface of the at |east one fiber

strand, wherein the at |east one fiber strand has an Air Jet Transport Drag
Force val ue of greater than
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th t t I
view of an AEERIARE vl et R R S R B APRISRRVBI T on: i gur es
8 and 9 ar e auidifiem, ceaded fibenstrands efiilse méseal ibventiomtoan berbmlblmme iafanan el ect roni ¢
support aCCé?J&%'t‘%Q dB#’plIoE'%s p}i\?ﬁs%ﬁthe}efh"%ﬂﬁét &Béver“ ﬂH!Fr?s aét?péoc?f i chematic

di agram of a ormng an aper ric of an
el ectroni c S¥AFHHS inwhishgis @l yam (ngt)awns:em'edwcetwwpah bablastplustrating t he

primary ggt tdofigreRSkir from one or more air jet nozzles.

The coated fiber strands of the present invention preferably have a unique -
coating that can facilitate thermal conduction along coated surfaces of the fibers.
When used as a continuous reinforcement for an electronic circuit board, such
coated glass fibers of the present invention can provide a mechanism to promote

25 heat dissipation from a heat source {such as a chip or circuit) along the reinforce-
ment fo conduct heat away from the electronic components and thereby inhibit
thermal dégradation andfor deterioration of the circuit components, glass fibers and
polymeric matrix material. The coated glaés fibers of the present invention

‘ - preferably provide a higher thermal conductivity phase than the matrix rhaten‘a{, ie.,

30 apreferential bath for heat dissipation and distribution, thereby reducing differential

thermal expansion and warpage of the electranic circuit board and improving solder
- joint reliability.
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. corrosion an react

Figure 12 is a schematic of a drill hole pattern; and Figure 13 is a -
diagram of circuit patterns. The fiber strands of the pi6eSanémbenanodi on
have a uni que coating that not only preferably inhibits abrasion and

br eakage ofwbhesdszbers during processing -but al so provirdewsalsdsgast one of
the followng properties: good wet-through, wet-out and di spersion
properties in formation of conposites. As fully defined below "strand”
conprises a plurality of individual fibers, i.e., at least two fibers. As
used herein, "conposite" nmeans the conbination of the coated fiber strand
of the .present 5a 16 Septenber 2004 WO 01/ 68752 PCTI|JSOL/ 08684 inventi.on

_Y\Ath an ?ddl;lgla'l'hermbt@d glaé.s,fitbfamra@dwnk@resautnvaﬂtonb{elfar& eé-ﬁ;oﬁmg Ortﬂvre
ayers of a i,c..incorpora e c rand conbi ned- wi a
- pol yneric '? e W&t"g?cféf '"?WW%W%HE"?% ‘?{gi’@“’e @85?55"? HRAEX 5t ¢ ength, good
. thermal st abrdsint which igpodedipaineteymanofasttudtigi dperatjion§ iane lowemssbhstlyaratriix t 0 ni grati on

of water alo tehg%u&v{gap@wr@.ﬁ]y HiEkdifteddRtd | X material interface), |ow

presence of .high hum dity, reactive acids
and al kal i%s and U‘G@B@t@‘# fier ﬁtt%ﬂd%\ﬁ)ftﬂhﬁ preseatinentjongirefergbly ppssesadhighat r i x

et eri als, - biHa opéhes]. 'AH a4 Fortiand A RS irrBRh M risin Bl 00, and in

. particul ar heat ?1 gressurl zed wat er cleani ng E’rl or to lamnation, are
other desi r S#And haan enlarasd cesssectigpal @reaanghthethe Tigments efdhestrandarecoat ed fi ber
strands of t het tightlyboprdte @né anothet MHetigh skt dpeaiisy cari fadlitate pbmttafidnber  strands

ni t 41 ng. Lo Vet 95C MatR oA e PR Bnd iR et s Tow strand tensi on,
high f1id8i1ity drinpositgsi anddn partnulat iaminates.of fegfesenténventivar mededrdnst i cs,

| ndivi dual 1y y@inpbdbRa i3 bt msm}réhqﬁ&e%?ﬂ boSelneatt b 8Afle || DOT Strands

of the 15- present I nvent | tate weaving and
knitting andffiemes R’P@quymwﬁPﬁﬁH‘E@éﬁéﬁ%ﬁFFB‘*"?SP@:NW‘&W*Q@Fﬂ@@@hdef ects for

printed circybdd uﬂ@ﬁdndnaiﬂ&'ndéﬁ@ﬁgt@%ﬁd Fédm hy&d@hadtmny.ceaths%sfstaheémstrands of
t he present | nvention ca air jet weaving

S
process, As [¥EOR&HY t?fa"’"ﬁ?’fe 8?“‘%'059%"9 fs?‘g E" F'ﬁﬁ?"!?fs"?%?ﬁ‘?l c weaving
i n whi ch 1Bheard printegaireiftwobiti} of the prassat heshtiorhadet froen thafigersiredsby a bl ast of

20 conpress eg%c@l’dén(f,er vﬁmt%"ﬁ‘e&rn lﬁ@ﬂﬁonaﬂ %feJaGl% Ihgk%h a‘e%& onggﬁhg %ﬁt Sg%I : Ee r

strands of. esent |nven ve a uni que t hat
can facilitaP@Perhes aedd %'Hﬁ?d‘h’e@ﬂcbﬁﬂﬁﬁ@ﬁgo m@tatreiaragm(ﬁbeeeger@ﬂ tode fi ber S.

Wien used ascaindeiinoBib fimeRtIbibiinG? CAR. deRTumafl (BE) &I C circuit board,
such coated gl ass, fibers of the present invention can Br ovide a mechanl sm
to pronote 2@@%@%@%&%&&1%@&* PagRsBeR- 8P aNHPEIRATERI p or
circuit) 20 ofRlectrbehemical MigRfice - Eléwatthehﬁbalfﬁﬁdilﬂtﬁd FaIRR%k irfMRited Wiy t he
el ectr 0n| ¢ Cﬁggjgyan%tﬁssenqgleg hﬁ 558 %hlﬁﬂ are spemf cally incorporated by reference
herein. Fiber strands in accordance with the present invention with ggod driltability
have at least one of low tool wear during drilling and good locational accuracy of
drilled holes: .
25 As destribed above, typical fabric forming operations involve subjecting fiber
glass yarns and fabric made therefrom to several non-value added procéssing steps,
such as sfashing, heat-cleaning and finishing. The present invention preferably
provides methods of forming fabrics, laminates, electronic supports and printed '
A circuit boards that eliminate non-value added processing steps from the fabric '7
30 forming process while providing fabrics having quality, suitable for usé in electronic
packaging applications. Other advantages of preferred embodiments 6f the present
: rmvention 1nclude reduced production cycle time, elimination of capital equipment,
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. thermal degradation and/or deterioration of the circuit conponents, gl ass
fibers and polymeric matrix material. The coated gl assisfSdpterabgrf20ohe
present invention preferably provide a higher thermal conductivity phase

t han the i erial, i.e., 30 a preferential path 4di ssipation
and distr rﬁﬁpl ic()ﬁi,}?zt hereby reducing differential ther mﬁc&ex%gegél on and

war page of the electronic circuit board and inproving solder joint
reliability. -6 16 Septenber 2004 WO 01/68752 PCTI US01108684 The coat ed

gl ass fiber strands of the present invention preferably | essen or

elim nate the need for incorporating thermally conductive materials in the

matrix res'rgduc%faﬁﬁb ﬁeﬂﬂﬁ g\éﬁéiabgﬁggt?%omgﬁgcﬁ%ﬁ%n# nanr al OnS and | owers N

costly matri x +materi al rgin cgmd%dThe coated
fiber strandprefertiepe present i nvention preferably possess high strand

‘openness. As USEdTﬁ@ﬁr@ééﬁt lnﬁé?xﬁoﬁaﬁgo"ﬂromeg %eﬁ%ﬂ%%h@ﬁﬁ%@%@ﬁé w?é%?ﬁﬁe rthat the

strand has an en| %@ﬁ_{a cross-sectional area and that t I'lanents of the

strand are YENYSigAYFoptapiyith gthepscld ebiegtt surbas peiansof gnvindingawervis@enness can
facilitat ESpGiﬂ&ﬁamaQ teite, @by Wedrfilankint Bradi®H byl S6leBMigdbbradrandsiHa@ng Be St rand

bundl es. 10 nd in i cular |am nates, of the present

I nvention, m‘ﬁ?{”ﬂ% &rﬁg?ft%@ W‘?@t ‘%ef'ﬁ%ds of the present invention, :

pref erably possesEordlie puspases afitds gfecifitadion, othiet than ingheoperating examples oW

coefficient Q:frwtt%@ IoffRhwi dOQI’nugng% g r%%%@%gatﬁ{hé%& dlen&OOd
ro

i nterl am nar bon strent Ie., the
resi stance tdeacﬁ?"g‘l"c*&E"F'% Wsﬁféﬂr@rus%ﬁ 'OH@ PRE @ﬂ%e&ﬂﬂmnila e tqtteerface

Addi ti onai¢ y,un@érﬁﬁédﬁﬂeﬁhgmﬁ@d inSll fetaAStd bptﬂeﬁérﬁﬂ"aﬁémwcaorbmﬁ ds of the
pr esent Invent ér?age fromthe fiber strands in accordance with the

present inve ﬁt‘ eﬁsh'" FLio 45 SPrtaRy, dhefpumegical pargmgtersrset fggh indihg Talwing
properties: gpedficdidnisndbitdchéd/claims drerappiosiations tiiadmap vy degediag igpa (al so

f dt fil See T |
(B et ar. TgesrdfigierneRRainfiobs bARRR of @ ARMR I oioB oS ng e 0o 506 807
and 1 PC- TR- 41@@ aﬂletpt@Eaeettamthéumt@w aleogtuqatqfthe doBtrieeefrequitndenitetal | y | nduced
Fail ures g fd é%ﬁéjof\f“éélé?ﬂs emmnargaméemobﬁgt Eg&%%nsttgt il are

specifically |ncorEorate by referencé herein ) strands 1 n accordance
~with the pred@iof iR pumbsrofreRpred sigpBeantdiits and by ppRlyingRrdinaly rquading one of | ow
t ool wear dunéchgiqesi1|ing and good | ocational accuracy of .drilled holes;

25 As d bed fab f ti ' | bj ect
fiber i ass yar nooirndfy it e Rineial dhePo A Reeder o e adted -
processi ng stead Smpswéﬁneme@loasmapgroxuhm&insptheammm@alamﬁieé sanfcsmurng The

oo nat lzb/efﬂ{é@@cﬁ&fa%@%%r &9&’5 ém@dél%gsr'@%lé&[)oargg@ ?ﬁt‘gflf CZI i m nat e

| am nates, el ectronic support
non-val ue ad &Eﬂevﬁf-dﬂ’é@ﬂwﬂﬁtﬂéﬁéam PR DeResIaglyirpsgiiting from the standard

deviation found in their respecfive testing measurements.
Referring now to Fig. 1, wherein like numeraIs indicate like elements
throughout, there is shown in Fig. 1 a coated fiber strand 10 comprising a plurality of
25  fibers 12, according to the present invention. As used herein, "strand" means a
plurality of individual fibers, i.e., at least two fibers, and the strand can compiise
fibers made of different fiberizable materials. (The bundle of fibers can also be
referred to as “yam”.) The term “fiber” means an individual filament. Although not
" limiting the ptese_nt invention, the fibers 12 preferably 'have an average nominal fiber
30 diameter ranging from 3 fo 35 micrometers. Preferably, the average nominal fiber
- diameter of the present invention is 5 micrometers and greater. For “fine yam"




30 form ng process while providing fabrics having quality: suitable for use
in electronic packagi ng applications. O her advant agesiedepnraberaoed

enbodi ments of the present ,invention include reduced production cycle
tinme, elimypgbhims0f capi t al equi pment, -7 16 SeptenbepcRRiloyigy 01/ 68752

) PCT/ US01/ 08684 reduced fabric handling and | abor costs, good fabric
quality and good final product properties. The present invention also
provides methods to inhibit abrasive wear of fiber strands from contact
wi-th other solid objects, such as portions of a winding, weaving 5 or
knitting device, or by interflanent abrasion by selecting fiber strands. :
having a un purposes of this
speci ficati O%ﬂ:‘ﬂ%ttﬁ%fﬁﬂ[e%gﬁr%e ﬁﬁﬁnﬁﬁ&gﬁgﬁl?th?fgggghg%ggg%onﬁ g\i;ener e ot herw se

i ndi cat ed, aWP“Wﬁﬁﬁ%rs expressing quantities of ingredients, reaction

condi tions, and Sﬂheff@éréhzbﬁméfbr&eaﬂ&n%ﬁﬁﬁbébf(ﬁﬁérlzﬁﬂeﬁqatinﬁﬂkﬁdmﬁﬁtoare to be 10

“under st ood a bel nodi nst ances m "about .
Accor di ngl y, k@g‘é'“ ﬂi’ﬁﬁ%‘ﬁﬁ%‘{'}"gtf@e?zﬁ@e W%P'ﬁng?lﬁgg?ﬂfﬂ@? PEANC har amet er s
" set forthBsi nmhhﬂalé aid omiureg of aw&cmbﬁaegoirgnmﬂo@aﬁuammlgmmmmre .
appr oxi mat i on oy N h r ti es sought
to be obtai ne ﬁb?{%%r eagd;ae% 9&%\%/ ""gqﬁqer{aﬁ]e%\?gr%ghedlegg’% %Qﬂ{]d not as an
attenpt tor anﬁﬁqatetmetthmﬁﬂenzﬁ@teumamfc anﬂergamemalendscﬁnat&mhe\mlymnms to 15 the

scope. Of  NenlRiilloas 888 RoRITRE LA pRAICAITLRarcHAHE  riderkfitlea D constr ued

in [light of the nunber o reporte | cant Its an y appl yi ng

ordinary roufim ﬁﬁ‘cmﬂ’é@ﬁﬂ?stﬁ?é@"seﬂl(?ﬂﬂﬁﬂ ﬂ!é‘t"&ﬁfﬂt?f@s?‘ﬂ%ﬁ’e Wnked fegetheriaddl r anges
and par amet emat @fbbédik dntdnbld inheiutid @atths sapetatf, Ad@et AWRR! the Ebn]:v\r e |
appr.oxi matio .t he, nuneri et fort speci fic exanpl es
are reported%égnzﬁaﬁc'ﬁaé'mng‘ze"ﬁ ?B#Lgef ‘g%e'ﬂ%if'"ﬂffﬂ@lf’lacgﬁperelklcﬁﬁh "Rwever ,

I nherently cﬁlammt,rﬁbeesh‘andmrmmors necessarily resulting fromthe st andard
devi ation found i r ﬁaq%pse&t ferrlng now t o
Fig. 1, wherein IFf} nt%éa S | ndé%{ggb&%fdnﬂ ﬂ?@ﬁ%mﬁ %ig}'%hout there is
shown in Fi gmaterigl. E@a&zehleslab%matgw%mmm thecnigsentdnvegtion lmﬂlqﬁﬁm ary of 25

fibers 135 apsemedie tﬂo@e bleBarbd ﬁ&ﬁmenhmeegiégs%mpmom Besyitys,” St rand”
means a pluf allty ndi vidual fib east two fibers, and the

n I ll II
~ strand can c&ﬂ]‘f‘q Se ‘gfaﬁﬁer%giﬁdeR'S'Ps i ?T@P%n?""fﬁﬂéﬁdﬁﬁ“&eﬁﬁerl als. (The
bundl e of fiteedhecin“Byiass dedvativaaf mear&@lats@caﬁposmamtt)atmdé mmdr ' fiber' neans

an i ndi vi dua | n r.es l,nvention, the
fibers 12 pr'l;‘ é‘%ngibmgﬁavé%%%%é&er OSt(?ﬁ?r}%r(%\llfly greglngn %g‘:k%tbgp ranging from
3to 35 m cr@ﬁetlﬁlﬁbemmawwbhyfemt‘Inmoaampm;seofrﬂmnnﬂ'ahesfmmﬁthadloérret er of the
present ifveqlisipelcintAubhne! &Q@kﬁl& fes8idn 81 SRR perdedl ﬂuofihé,‘ &nd/fhor- 8

amounts of boron” means less than 5 weight percent boron, preferably less than 2

weight percent boron. Basalt and mineral woo! are examples of other fiberizable
glass materials useful in the present invention. Preferred giass fibers are fo@ed
from E-glass or E-glass derivatives., Such compositions are well known fo those
25 - skilled in the art and further discussion thereof is not believed to be necessary in
view of the present disclosure.
The glass fibers of the present invention can be formed in any suitable
.method known in the art, for forming glass fibers. For example, glass fibers can be
formedina d:rect-melt fiber forming operation or in an indirect, or marble—melt fiber
30 forming operation. Ina direct-melt fiber formmg operation, raw materia!s are

N T e e Ve helets ek AN P s v 20t b Vel haret ar e ' = e um e




. 16 Septenber 2004 WD 01168752 1' CT1(S01/ 08684 applications, the average
nom nal fiber dianmeter preferably ranges from5 to 7 mqersupids 2004 he
fibers 12 can be fornmed fromany type of fiberizable material known to

those skil L ed ] he art including fiberizable inorganj §kdqal S,
- fiberizable orlggﬁ%c - 5 materials and m xtures of any o(fcrﬁie/ Fc‘)‘regoi ng. The

I norganic and. organic materials can be either man-made or naturally
occurring materials. One skilled in the art will appreciate that the

fi berizable inorganic and organic materials can al so be polyneric
materials. As used herein, the term"polyneric material" neans a materi al

formed 11 OMoBMEnEY RieRetdrlhof BIEARSRA aQfask RBNCRAIBS. Hlo MlBHRLLNA! are- -

| inked together- and 10 _that can becone entargied In so r in thes

- solid state' MoXes YRRefEnace fp a forpbeqrityard intg fisblorming prparatusen where thet er i al
‘capablj e of beiditen @If@sfsﬁeﬁiltehﬁﬁtédhiﬁto?&ﬂiﬂﬁﬁls|glés§ﬁ5’é¥é. ']HQHEar?Ié-hE@QiEé’E’ fiber,
strand.or ya Prefer . _the fipers 12 are fo from an i norganic,
fiberizabl e g‘}"é’g’g%"e aﬁogrﬁ(:%ﬁe_s oﬁpﬁb@f 2@5581'@‘9’%‘&9 &fgféﬁsfrﬁq@aﬁsef ul in the
present i riverempasitiomelewdsforimed amd fed intalBbushing Whete thregl ateaméife@sad pr epared from
fiberizabl e gligssted MPLSlidul as. ' F- eed s Qlass” . O C-gl ass”,

D gl ass", uR—gI.asse", "%?l'#ggga?égﬁgs'gangg%h%}?llls\?gttﬁ%g?&’?eﬁ?fefﬁ ed herein,
"E-gl ass_der fighipiafeaspremelien nelipd 45d henihe stefteciasstinted intma fiked rmingor  anount s
of fluorine apshratis Mir@e 3RSk TRBnuRES (BEADLYitRIEs ﬁdei’k‘?rlllg B8 ?efsgﬁi and/ or

bor on- fr-ee.-FurIagénﬁre, as used herF| n, "mnor amopunts of Tluorine" means
| ess than 0. EVoBondhegiessfoers atipreterably foraed bythe direshynsit fhesomaingn 0. 1 wei ght
.per cent fllQuopperationa Fdr dditioral informmativim fetating tolyRis® BompBRmss AraSetHonals 5 Wei ght
per cent boro | ess, tthan 2. . wei ght percen oron. Basalt and

ni neral wool fbgpgﬁg%%a%?é%emdgé%it(ﬂ_g%@qs &M%M%M%I s useful in
the present LCapsHeusdHassiFibdse (AdEd. 11985t phgdsa0si4pde1 Bpametis-165,ans E- gl ass or
E- gl ass deri paghi@s. 4,556 6 | 400 & ANElnls e, 25 skilled

c1o0 SRITH 969, 339001 (BE Rl Mloh for FIRREY

in the art apd further discussion there 'S I'i'eved necessary

in view of PEECHYVERHm F SlasylonPintediBrards atpage itrcpublicstion ofTher esent
i nvent.ion 5camsmeteffmmadodnacmgundsmok@gfmg@ée%ﬂe@ir&memné Rod7lGumidht, for

form ng gl'as%efs' Q&rs“ .Fcor exgrr’g)l Gored] ahss.,fi bers can be forned in a
direct-nelt TrBBFOTRM NP B A TBErSRherr-an i ndirect, or marble-nelt,
fiber. 30 form ndNaodieriting exampldsrof suitdble eari-glassl fiberdizable incf@hiFiniger@ger at i on, raw

material s ar@cde cetdnicRBlRND mgg%@?‘%’%#?%@ﬁt@%&" 8684 conbi ned,

mel ted and honmogeni zed In a glass nmelt 't en gl ass noves
“fromthe fur#4BBEURGxXide pestRigzosipetric ceramit matsrisls. blen-tinjtingi exgmplepafr at uses wher e

t he _ - 20 suitable fiberizable organic materials include cotton, cellulose, natural fubber, flax,
ramie, hemp, sisal and wool. Ndn-limiting examples of suitable fiberizable 'organic
polymeric materials include those formed from pdlyémid_es {(such as nylon and

A aramids), thermoplastic polyesters (such as polyethylene terephthalate and
polybutylene terephthalate), acrylics (such as polyacrylonitriles), polyolefins,
25_ ‘ polyl_.rrethanes and vinyl polymers (such as polyviny! alcohol), Non-glass fiberizabfe
materials useful in the present inveﬁtion and methods for preparing and processing
such fibers are discussed at length in the Encyclopedia of Polymer Science and

Technology, Vo!. 6 (1 967) at pages 505-71 2, which is specifically incorporated by
- reference herein. A |

1 James Mark et a!. Inorganic Palymers. Prentice Hall Pol i i
I £Q v 3 ymer Science and Engineerin
. Series, (1992) at page 1 which is hereby incorporated by reference. s s
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nolten glass is attenuated into continuous glass fibers. In a marble-nelt
glass formng operation, pieces or marbles of glass hana $uptéigerfaooal
desired glass 5 conposition are preformed and fed into a bushi ng where they
are. nel t ed wodissasg2t enuated i nto continuous. gl ass fi ber scrikoisdgs enel ter is
used, the marbles are fed first into the prenelter, nelted, and then the
nelted glass is fed into a fiber formng apparatus where the glass is
attenuated to formcontinuous fibers. In the present invention, the glass
fibers are preferably formed by.the direct-nelt fiber form ng 10 operation.
~For additional information relating to glass conpositions and net hods of

form ng the gl ass itfis Welestood tat tends OLSURBIGHET BF an?*&?th%ﬁéﬁe%‘d’té}%i?%ﬂ Technol ogy

of  Continuo L br Ed. 1993) at pages 30-44, 4/-103, and +

- 115-165; U, S%Bﬁ"gﬁ‘s Eﬁa@?gi‘?’g‘gﬂ% é“%ﬁ]‘ﬂh%%bi’%‘:"gtfgé's Sficpe used in the -

| PC- EG 140" Spreesentipventionnif desired-i Méredved theFerbr stand\éncemphssesmat Idist fgoass f or
Printed Boar dffferat fileadifade frofh difidthg ikl e lastitute for

I nterconnegti %'ané Pac?<agi ng El %%ﬁ%%%%t?@& tlééf"\?ﬁaﬁr@dfgéﬂ‘?‘e%i ch are

speci fi cal Py ThiR5F pitands efdieRresent invaatienconiainet isastioe glassiber, aithoagtanpl es of

sui t abl e non-tiyassy dontaimrothiepiybss df figirgani ¢ materials include ceramc

~materials such aSTI?iH:rEsCOQ caﬁqbi d% carhon, graphite, mullite, alum num

oxi de and pi ezoel eCthTE "t eYFRITVITERvEPS dlfcussefigangrallyiin the gontexbefglass of 20
suitabl-e fibdbersiiids, afthgaghicne skileelin b art WOl UG AR thexBhhdiASG. nat ur al
i tabi e 1 beerERE Eers 12 BhmedtaFeny ABEthR mare Rl koot #nose for ned from
pol yani de'0 ( Sisesrsedaboye.oFhugfie disquasionibdt, follotve internisat bliass flpels)spgiles” S- (Such as
pol yet hyl ene gbgdrap kd thabfheemaRGiscReby Dy ene terephthal ate), acrylics (such

¥ .
as polyacrylonitriles). | yol efins, 25 pol yurethanes and vinyl polyners
(such as pol yvi ny '“é?%‘&ﬁ%ﬁ)’.ferﬁbﬁtﬁfﬁs& iy ?,W@éﬁzéﬁmbodimmt@t leastoneisef ul in the

present i nventd prfeebly alfef the biserd O of fb6RBEAIYD RS PPERRERRhEY haveigh fibers are
di scussed at lakrgﬁ‘ﬂtot?aicﬂat{gggo Enc%cl ongi a of Polymer Science and Technol ogy,
Vol . 6 (1967) at pages NRPSOn, RiI§Tahia esidis ¢fiacopting compesitiaram ed by

r ef er encd %hePElp#pt 2 porfiemisof Mersueiaceatl of the fitsesi Tto PRdtebiTE FberBiRirki ce Hal |

Pol ymer Sci eRg gor88ra ' ' : ' . at page .1 which is hereby

i ncor por at ed % r ef efﬁgﬁgﬁe}.ﬁ'e_f’ }fg& f'g&%é%@@%ﬁeb%?%élﬁfg 1V 5 layer

PCTI CFS01108&8% Plaseqton fipafiioyles syrfage 1®eranstichenr ofttmfiberter s of any of t he

above material s ame costingbbrygdisitiontsof &fe &ésgﬁtri@eﬁﬁn%éj?é%%yaa%eogf the above
i T desI'red.

e o 1 s S S o aby ow s o v 1o o 11511
fiberi zagle ermpositietss Atthaugmnaiipediareddst sertyeisoRs) the RatidRofhbiionst  ands of
the present tiNeRhinQBIafE Blgdhilsdenlsas! asoa?c%hgllo?ggetgr{egg rnéed%‘d'.t brll(t) Hgh
preferably are free of such solvents. Additionally, the coating compositions of the
present invention can be used as primary sizing compositions and/or seco'ndan;r )
_ ‘sizing or coating cnmp_osilions. ,
25 As used herein, in a preferred embodiment the terms "size®, “sized” or
"s-izing{” refers to any coating composition applied to the fibers. Thé terms “primary
size" or "primaryrsizing" refer to a coating composition applied to the fibers
immediately after f_on'nfc_:tion of the fibers. The terms "secondary size”, “secondary
~ sizing" or “secondary coating” mean coating compositions applied to the fibers after
30 the application of a primary size, The terms "tértiary size”, “tertiary sizing” or l‘tt.'-:rt‘iary
ooating’ mean coating compositions applied to the fibers after the application ofa
_ §econdaw sﬁ;ize. These coatings can be applied to the fiber before the fiber is
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- they may contain other types of fibers. The present invention will now be
di scussed generally in the context of glass fiber str agdSepterhbdraogh one
skilled in the art would understand that the strand 10 can conprise fibers
12 formed fwowi/@me fiberizable material known in the apbragihfssi scussed
above. Thus, the discussion that follows in terns of glass fibers applies
generally to the other fibers discussed above. Wth continued reference to
Fig. 1, in a preferred enbodi nent, at |east one and preferably all of the
fibers 12 of fiber strand 10 of the present invention have a layer 14 of a
coating conposition, preferably a residue of a coating conposition, on 15

at | east a ponéoutieiddindle it of KEAARBRAR Ohothe ARl el (0 PrOtECt Lhe
fi-ber surface.s - 16 f {g] abr asi on duri nﬂﬁ rocessin I nhibit fiber .

‘breakage. Pr &RERARH [Reiagrig, £.g. by aating the fabsie nin aprelternative ambedimentt er sur f ace

16 ort per i phethgteahs tsize” fs‘de&"r&dlélmngﬂa@d:maﬂylréﬁr@@%P&ﬁb%rﬁﬁ%nt@ﬁ didae p][ eseglt

i nvention ar ous 0Si ti ONS (% pref erably

aqueous, resﬁﬁ'g@ggﬂ %BL?{IEQ %6%*@%”36%5%?&’ iablgest a ppdinn 388 not preferred

for safety®r el%i%f@ﬁé'y all tfer aoovenlionyl, camesinicompatible sxg c&ﬁﬁdsn{bﬁhé%e%ﬁ' l'e organic

sol vents suchegsvaly ﬂgﬁloi'ﬁ'fenﬁfe é%ﬂﬁe %en&%%ﬁ%& P it Ol are. free of
g edn §rid

such solvents. Addl I ona e coat'ing co 8" present
i nvention carPa5é 'Q%'%Bc%{%‘"'ﬁﬁ‘i’ interg/fabicfomy conposi ti ons and/ or secondary

si zing or coat i NgAS GéEadRIel, ﬂ:@%rmz'@siﬁ%oMﬁﬁﬂlehEEQ'lthe r%séafngfos%or eg oet i ng

enbodi nent ”L leg B F @ "oor Si zl ng
conposi tion a§B &40 glpy efsl'%‘é?"%"at'bl’ﬁlé"“? Be ﬁ@tnxmatemwo which ge glnSS" primary
si zi ng" r &9 erfibers \nd! beaabrm@tﬁﬂ@ﬂﬂﬂ&hﬁth@ébaﬁﬁﬁotr@dsrﬁdﬁ (érﬁ‘élet:tbg%a?m i medi atel y

ft f t ' d
o e 11 o Sl Bl S o 61 o ORI e o o e

- fi ber S af ter f@DOVPWO'aﬁmOP@ataﬂmntoﬂhmgnx maleyial fsuzieas Byhde-dredsiig ort erti ary
size", "tertidaloiingi GkiGtes §dod v&e%&t'aﬁ? %et—tﬁf?:g%rl &?n ,g;ﬁ,pm%%%b%comosi tions

applledtotheflbers after I catio sec i ze. These
coatings can“B&¢ tﬁ?ﬂ?l"é‘&?‘*f%‘&%’?@ resu F'ﬁﬂiﬁf:@ﬂl@sl!mmlucbélavmsdesiréd 16 Sept enber

2004 WO OUBGWBEaREaBedE@bM)&@&Ayub.ggimporat ed into a fabric or it can be

applied to the fi %rcogét 18 S‘P Eﬁ incorporated into a fabric, e.g.

. by coating-the fabric. 'EPPS F8t3?’36%“@%@%995?@@’?@%"@& ze",
"sized" and Peiferabia Plal@htvpﬂ mﬂwlebyathefwmentappl&dwﬁtlédwmﬁ%mldf{h@n (al'so

2 A AL O S o

portion, -and 5 ﬁrefer a conven
“si zing corrpogf"E’ BH"%%@%%@FWSUP%ﬁmpedszet\hmtadfanem bless fitets 23 ePémmnt, 1. €.,

]E hg fini 40 ngtraid0 b showpith FX. {MhebehRrstifidl ed bPERsIdAG GerkPifto ed into a
abric form the'size 19 of the particles 18 pos:tfoned between the adjacent fibers.
The particles 18 of the present invention are preferably discrete particles. As used
_herein, the term “discrete” means that the particles do not tend to coalesce or
combine to form continuous films under conventional processing conditions, but
25 instead substantially retain their individual distinctness, and generally retain their
- individual shape or form. The discrete particles of the present invention may
- undergo shearing, i.e., the renioval of a layer or sheet of atoms in a particle, necking,
i.e., a second order phase transition between at least two particles, and partial
. coalescence dunng conventional f ber processing, and still be considered to be
30 “discrete” particles
The particles 18 of the present invention are preferably dimensionally stable,
. As used he_rein. the term “dimensionally'stabie particles” means that the particles will
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As used herein, the term"resin conpatible” means the coating conposition
applied to the glass fibers is conpatible with the mat riexSdpérabéraioognt o
which the glass 10 fibers will be incorporated such that the coating
conposi ti ORyd Aliesig! €ct ed coating conponents) achieves ,{I S3rdesPNe of the
follow ng properties: does not require renoval prior 10 |ncorporat|on into
the matrix material (such as by de-greasing or de-oiling), facilitates
~‘'good wet-out and wet-through of the matrix material during conventional
processing and results in final conposite products having desired 15
physical - properties and hydrolytic stability. The coating conposition of.

the present referal a plurality of |
particl es 18b%hn §}\?ﬁ@ﬁﬁgﬂgﬁv§§a?g a‘ile{'zeeasfi%har?% uf'd%g?"vfgt'%? %Fr plurality
~of fibers 12Pf86ﬁ$é'ﬁ@cqrém9weswbtaetheitucésag@eera'sd bétwedreadiacentdibas daing fi ber 23

and  provi dewémrﬁlg%w rﬁidtﬁ&ﬁfoﬁés‘shb@ﬂmr&ﬂﬁ@%ﬁag% n%&%ﬁ{%o@g jacent gl ass

"fibers 23, 25 of. st rand hown | n hese interstitial

spaces 21 c olffest ﬁ?fca%%we&wey agigeent fiRerssd3; &5. 1ig OE‘FPV words, gimensionally 18

' positioned bsibepatiddreietably aMhof drttis d.sJ&Mé d?ﬁuﬂstaﬁh#l?défgmﬂf'n tre present

|nvent|on argoag foﬁlragn%%o scret&g rt i cl es. duse herein; the term

"discrete” nBan® tHEFTHE t?gpﬁlpﬂ g8 hayina oy dimeneispssdean ir  conbi ne to
f or m cont i nussigstediaveraga padiizie menméeﬂypmatedlaspﬁm@&ses&@geamdwhs @Géh but 25

| nst ead Subsé@é%bs’%l.é ,ﬁﬁ%]tur}eg &%PE‘%%?%&%’H&% glo% FP'&eI and generally

Tetain their |nd|V| cre es of the
pr esent mve‘ﬁ?fﬁfﬂmyﬁﬁ)to 14%@@@@@%&4# Pﬂi@tlesﬂﬁehqulctmsmmmy emlérga | ayer or

sheet of 10t OfFffexpdhddh 2 trd6r dass ﬁﬁ‘é} I&o@&sm Scor%tma@arﬁieﬁgﬂaqaa%ﬂ |f phase

transition between at |east two part ttral™ coal’éscence duri ng
convent i onal YNIPEROMPREFits PECESSiNg co ngwhffrpth?@rq,cewgd@nmtw@sw 30 "discrete”

particles. Téxeeqnmsmczli&ﬁusé&hér&mtth@ptﬁé@%ﬁld'nﬁb’ﬁxﬂ&h%nﬁn&r&' |ﬁ§ﬁé‘aP| %I
stabl e

di mensi onal P, t abl her ei t he i MENsi ona
particles” ﬁéé&ﬁ%@%ﬁ? “‘FWE“‘%&? mpsdhat mpﬁmdﬁshfe'd oebaxagnday i mzw@ae WO 01/ 68752
PCT/ USQOl / 0868 dizgjterraore kHan apmroxihiatelp tmd.reemweswm@esmanh@ b@c&biﬁg and shape

under cogye NEdriRBHord, bP6Led hQ#eﬂ‘ubﬁié %n@gdlmgns(il %anaﬂpj(%g‘?%ééraﬁat orces

gener at ed between ad] acent ers ot her
processi ng. m‘%mpa%nowsﬁlm@@anﬁmm ain the deS| red interstitial spaces

21 bet veen aRaeNIthé chithgodibositdhs of e HeBER IBHAS are SLERIRLRNALLY S stable

R , dissolve or su Iydeformln

particles prefﬁra
the coatind 8'#‘?']98["!""?!83 fﬁ?r‘i?ﬁ%h‘?f%‘i’-tthﬂeén fheat expandable partisles” di nensi on | ess
than its sehem ﬁﬁﬁ'@m@m'a@ﬁmfpﬁ‘rcbmtﬁlhlﬁgShfé&nbllnﬂﬁiéh When &pbsadlt@ss i ber

o of or abty coeessty B8 Bem AR volieS SRR R P o oy susR Ponal |y, ¢ he
particles 18512@h6'b¢56 heattexparigeble narticés tyerefalesaxpmd e @ra ghapadithngdlofsi ze under
glass fiber 1R MERAS e Sk LGNS bRWAg aftH: GnBA bint bidbdsting
conditions. Consequently, the term “non-heat expandable pariicle” refers to a
particle that does not expand due a phase change of the material in the particle
25  under normal fiber processing conditions, and, in one embodiment of the present
invention, the coating compositions comprise at Ieast one non-heat expandable
particle.
Generally, the heat expandable particles are hollow particles with a central
cavity. In a non-limiting embodiment of the present invention, the cavity can be at
30 least partial filled with a non-sohd material such as a gas, liquid, and/or a gel,
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. under conposite processing conditions where the processing tenperatures can
exceed 150C. As used herein, the phrase "shoul d not subistSaptérabdrizoeal ar ge
in size" in reference to the particles neans that the particles should not
expand or o in size to nore than apprOX|nater mes their
Jnltla| 5|¥g’dur|ng processing. .15 Furthernore, as us% ’%?3&% the term
"di nmensionally stable particles” 'covers both <crystalline and
non-crystalline particles. Preferably, the coating conpositions of the
present .invention are substantially free of heat expandable particles. As
used herein, the term"heat expandable particles” neans particles filled

wth or containl ter aI whic . di eratures -
sufficient to vo?lgf’?eldl %Ft'a“hﬁ&aﬁég%r%ggmg%@ﬁ? y enlarge 4n

- si ze. These rthesmb lesxwandahbaghtpalrcemtwf kst GMM@bbrPeﬂlelﬁ?)amatQﬁJéO‘ldé a phase :
change of tlﬁ'agusWr@@}eﬂraﬂlﬂeésnﬁan%rﬁéaéﬁl ﬁ‘é?cen? I\gore p\%fé?émﬂ&oaiﬂ@nt . under

nor mal processihg ondi t’i ons. Consequent | q}ﬁ term "non- heat expandabl e
particle" reﬁOEWQSWQBSafth‘barﬁﬁqr@:l“@'%'%i"eﬁﬁ%ﬁﬂ bf"eee‘?fﬁ'ﬁﬁcfxﬂﬂ’@a phase change of

thg mat er alp, dnrtg:tegshﬁs Qétrdth:cefeirﬁthaierh\”ﬁéééntﬁﬂyff&|ofﬁédﬁﬁipaﬂﬂﬂﬂm;&wﬁdtg condi ti ons,
and, in one enbo |nent of the present 0 ng conpositions
conpri se at MeARSEhesiAINg fMPPREion @Eﬂiﬁﬁlﬁfﬁ@ ﬁ‘ﬁ'@#@ef"%ﬁﬁﬂi’ } t he heat
expandabl e p@@ﬁm@bi@@aﬁbl&s&:ﬁﬂom%qﬁdﬂhassj regre \picfdnakly lesrihamm$ welglatw ty. Ina
non-limting e r the cavity can be at 30
| east parti g’fe"fe ﬁf’%%'%%ttpﬁ feégﬁﬁn&stg%%m %%é%ﬁa%%r such as a gas, liquid,
and/or a gel. - 13hg gariiden WrevepreRGOY npEve YL 97 SPmATn YRy TeAsdie As used
herein, yge ﬁ%ﬁaﬁﬁ&?%@ﬁ{hb%b&mﬁ dr€ forrbd é}sa&w@mwd@k@d Rérehni BbES”  nMeans

| ess. than 50 wel ercent of heat exp and artl%es on,a total solids
basis, nore 1&%?"@“‘&5‘? ;F“qaé%@a‘@%"%"?@é'l Rj‘ﬁla Htlang' 'f'y«gmﬁ?’é’f"ésr ably, the
coating - Con&ﬁﬁbhh\ﬁﬁgsarfﬁveiab@cmﬁmaih Idngtheﬁ‘rtgirgrtomrzs tessecdrbanl | y free of heat
expandabl e 5 B 4icles. As used herein, the term"essentially free of heat
expandabl e pHPPFCl es” neans the sizing conposition conprises |ess than 20
wei ght percent ofin hmirefemeqmmaibieetqjmemreslee@n\@nﬂm. thepatticlen18 iddhebasi s, nore

preferably | gsg rﬁj@@é}mén abbete, AREGRRE sggebg wRpafrerabl y | ess than 0.001

wei ght " pércent are: pre non- waxy. The term

- "non-waxy" . means "i“h@a'we?r‘iﬁ@ﬂ|haY%aWﬁb?ﬁeWﬁF?iﬁ9‘frﬂé’"rS’§Fif"idcI""‘E‘%P“HP B% or ned are
not wax |i kegmifisy |H§ﬁ$ré%€ﬁt%v@nuohh&ambleém mdaﬂhﬁ'shapanﬁctmt erials conposed

Chain 1 L%Q?Lsﬁf@mﬁ Gh s rAoE LB Oy R kB e, rea
- enbodi ment . ofeldnbateporefibarut). wddmrtaiip the pattielep 38 tdndiage arl Btermal sthusturel 5 .pr esent
| nvent I 0 50ar Emaf’tlis ﬁ&{oﬁt gdrou%i o?%i& #rgé? gll i eYon%r%%xﬂher@&?é.W%ll&ﬁ '&édté‘rlvﬁtﬁ
porous or solid walls. For more information on suitable particle characteristics see
H. Katz et al. {Ed.), Handbook of Fillers and Plasji_cg (1987) at pages 8-10, ‘which are
. specifically incorporated by reference herein.
The particles 18 can be formed from materials selected from polymeric and

25 - non-polymeﬁc }norganic materials, polymeric and non-polymeric organic materials,
composite 'materials, and mixtures of any of the foregoing. As used herein, the term
“polymeziE iﬁorganlc material” means a polymeric material having a backbone repeat
unit based on an element or elements other than carbon. For more information see

2. H. Speriing Introduction of hgsn cal Polymer Science, John Wley and Sons, Inc {19086) at
. pages 2-5, which are specifically 1ncorporated by referénce herein.
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The particles 18 can have any shape or configuration desired. Al though not
limting in the present invention, exanples of suitabl elgSeptérabsr Zigapes

i nclude spherical (such as beads, m crobeads or holl ow spheres), cubic,
platy or agigiledfsz (€l ongated or fibrous). AdditionallyerifiRepgiticles 18
can have an i1nternal structure 20 that is hollow porous or void free, or a
conbi nation thereof, e.g. a hollow center with porous or solid walls. For
more information on suitable particle characteristics see H Katz et at.
(Ed.), Handbook of Fillers and Plastics (1987) at pages 9-10, which are
specifically incorporated by reference herein. The particles 18 can be

formed frompaterja el ect ed. from pol ' YREri C |

i norgani c nﬁi%ﬁ%[kgl—aﬁ—p%wg?eé i""g‘“’é}ﬁf pﬁ%'ﬁ;@%’g;? Jfr?%ﬁ%&r%%ﬁag@%%%}grﬁl S, .
- conposi t e matsed harbia, thaitedn frolymerieergarfic mafprials” menes syoihedorabneias used herein,
the term “polyier Eé}ni’s@@%ggﬁéﬂgﬁnéﬁ@hﬁféﬁﬁg and AR pRyREY WBtkhifls Rl i al  havi ng

a backbone repeat uni é on an el enent or elenents other than' carbon.
For nore i nfabaskhonefepsatanytbasedon cagpel| i ng | ntroduction of Physical Pol yner

opeal T eabiy i nea e e RO s 2004 10

, 0L/ 68752 PCMASHI e apRan 5 ypiealyfopgadio iﬁ&?aa*?loﬂya@g@} a(}(ﬁ’mi?@[ﬁ)' ¥ g;ggrpeci fically
i ncor por at edetéifentsefsaietldrd eReltdss hinakcompaunds hches the dalben beides, tpol yner i
Dol yirer i o e SR A b Sy O bl a OB 6 el cpes) T 1o ©
repeat unit retslccasrongiarghosgendsartbonyd suifide, etet andicarbon-caaiainieg iphlser ei n, neans
car bon ¢ ﬁgt W%.&%Mﬂﬁ’émmﬁé Sirforiafas, sudk ROGudin EafRtinal dni sbdmdled to

itself rogen, and often to other elements as well, _and excludes
bi nary conpotAResatey ﬂEBSLWSEdIWH@MJ%F%W

di sul fi de, eigsajataugésmwaarammpsmm@caaﬁiemm:ﬂéduiam gnifdes, nmetallic

car bonyl s, . phosgen car |  sulfide. .etc.: r - aining ionic 10
conmpounds su@ﬁjgé—iﬁ%w g e ?@p%[)iaép%gfréggh‘?ﬂcz‘sﬁre Epfgﬁgaggﬁ‘ggrgg?%%%&ar bonat e and
-sodi um car befesdnee h&eie. R. Lew s, -Sr., Haw ey's- Condensed Chem cal

D ctionary, (12t ﬁ%éfaél JASHIERTA SV | . Cﬁem’ stry
The Mol egél ar Na Sﬁgedo &3@?@"‘ an cangeng 188%%%(2 S%’éngéstgﬁﬁm ch are

speci fi cal | yan org¥¥qypetadadd by reference herein. 15 As used herein, the term
“inorgani c mat er iaglyged REBRGR Ihe b TBEPESIE maldiall mesnsWéombRAteT gFawd 6r mat eri al .

As used herein, the term/"c osite terjal" neanps conbi nation of two or
nore differi Wgrer%{gé‘?q laﬁ'fgf_!aﬁrﬁ@gﬁﬁw'ﬁ%féggefﬁfﬂﬂh‘é%“ﬁﬂﬁgerﬂ‘%ﬁ, SNt eri al s
general |y hiawe atahinesie sir surfdch ¢hiat issilifiefeatieont thahaidsessidl fherirdernalf r om t he
har d ness 28f ;taohrflaonls rc‘nI’ t% Bgr'ﬁcle beneath its surface. More specifically, the surface qf the

' pariicle can be modified in any manner well known in the art, including, but not

limited to, chemically or physically changing its surface characteristics using
techniques known in the ari, such that the surface hardnesé of the patticle is equat ta
.or less than the hardness of the glass fibers while the hardness of the particle

25 beneath the surface is greater than the hardness of the glass fibers. For example, a
particle can be formed from a primary material that is coated, clad or encapsulated
with one or more secondary materials to form a cbmposite particle that has a softer

. surface. In yet another alternative embodiment, particles formed from composite

materials can be formed from a primary material that is coated, clad or encapsulated

IW. Pushaw, et al. “Use of Micronised VWaxes and Wax Dispersions in Waterborne Systems”
Polymers, Paint. Colours Journal, V.189, No. 4412 January 1999 at pages 18-21 which are
* -specifically incorporated by referenr_;e herein. .
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- 20 portions of the particle beneath its surface. Mire specifically, the
surface of the particle can be nodified in any manner tgesdptéiearpooa t he
art, including, but not limted to, chemcally or physically changing its
surface chaygeig7sSti cs using techniques known in the ﬁ{]ﬁuso 'ﬁg,ﬂ t hat the
surface hardness of the particle is equal to .or |ess than the hardness of
the glass fibers while the hardness of the particle 25 beneath the surface
is greater than the hardness of the glass fibers. - For exanple, a
particle can be fornmed froma primary material that is coated, clad or
encapsulated with one or nore secondary materials to forma conposite

particle thatwnhﬁesdnﬁer&ﬁff&ﬁrofthﬁFﬁ:ﬁﬁ@‘ﬁwateha ¥6! merd HidH dnfial Efek‘d?eﬁﬁ”b"d' ment

'partlclesformﬁ_d?fromco 0Si terrals ean roma pri marys

‘material that"e REgRgRdRventiangzee . Vibinyehy Handheelcpf illers 2rid s, (1899)at . use of

M croni sed Wpages 85:202\\éKich brs BpdcHically Sncoipodéld®y PsterafcePerdigms”  Pol yners,
o™ oot 11 o 1o Moo Patepcien ruane A s ReTo s fogh g D b e
WD 01/ 68758 RGTcIes 08 o0H6 Bresant nbertiominlfdsr iporaricomatertdis schgtetionmr y mater i al.
ypyen, e%ﬂéﬁ%ﬁ“ﬂ*‘%ﬁw oRBES, LSS, HaRod baided, dufied SAGREL cdfiales, T, e ©
speci fical ly §¢ ﬁﬁ@rhé(ﬂ’éﬂd?fy/\mﬂ E’F"é'?ﬂ:@fame‘ﬁ@fﬁsu'mpl@mmcaﬂmdedmm

non- pol yner i ouhuamaéga&ﬁuws1mkerwn?éd$s&b$&fﬁihdé lapfr btotaﬁ @I&@t'd es 18 of
the present mvenéll on |n | ude |% ﬂanl c materia e ected Trom graphite, -
nmetal s, oxi dd&c>ep P‘E?PE‘E‘S opannittiqeRarticiss pavinga he§ﬁ$°"?'cf'@§ta’ sryclusesres |

car bonaft et mtictladyrsetaned. chhhamltiﬂlg&xanﬂolmﬁfﬁrdsém mrggm@mrmé An®f a suitable
BRSO e O RS
havi ng a hexd¢fssien digpijda and Z@Pﬁd&dﬂjmewleﬂ@mqﬂmhesmdadé glupineder red. A
non-1im ting smsasPi tﬁégn@sléiﬁ’ ﬁfldékes' difeh Qéﬂérfﬁlcglﬁé dﬁjntla\glﬁﬁgﬁh?s mg | Sde Sui tabl e

I nor gani c sulfl%es i ncl yde nol ybdenum di su ulflde
tungsten di s (Ralybgenugh glagaum, P§'|§F'Pf“d@¢*“*b§lé‘ﬂ!ﬂ""’i: pePPeraaole. iron sivert adeys, ncl ude
-al um num1%i Iandaﬁ:daseﬁmfdnmn‘@ﬁfdga'h§l | i cates, such as vermculite. Suitable

nmet al s i ncl ude . platinu al | adj u ni ckel , al um num copper,
. gold, iron, silver °¥'§?‘ Ugn'l' g’ odien @W?‘@t' 2 Rgrtiges ﬂ%@equ‘éﬁm ng. In

one non-1 i ni ﬁfpwommmmerafs Al @sédheestt, itterternt ‘selidiabricist rﬂéan?s%nﬁlre f ormed
O SOy & &P e berBlrb Bifaced ' R oLl rorh Ul i o lang (V01 ©2n”

“nmeans any solid used between two oV 0 "$h from
damage duri ngeneptiagdior tﬁﬁﬂé?ﬁsfﬁﬁmaﬁﬂ‘ﬂwaft@ﬁr@mmbedlfnenfcmecsduhnd wear. In one

enbodi mergQ Ildbﬁcafmd drélinorgdRic lsd;llb HubFiedMtsS P@ﬁ.@ed REPEIR, afr\bl%aﬁi&’ L.?]ﬂ IlJbHPJ HC?EEEI cgﬁ ‘s

used. herein ni l-.ubri cant
have a char alls ePT SF 'lqﬁ &9 E@g?qnisﬁgvﬁgﬁhqa%w%gabﬁ which causes
them to shear into thin, fiat plates which readily slide over one another and thus
~ produce an antifriction lubricating effect between the fiber surfaces, preferably the
glass fiber surface, and an adjacent solid surface, at least one of which is in motion,
2b See_R. Lewis, 'Sr., Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at
' page 712, which is specifically incorporated by reference herein. Friction is the
resistance to sliding one solid over another. F, Clauss, Solid Lubricants and Self-
Lubricating Solids (1 9?2) at page 1, which is specifically incorporated by reference
herein. A '
30 Inone noh-limiting embodiment of the invention, the particles 18 have a.
~ lamellar structure. Particles having a lamellar structure are composed of sheets or
~ plates of aFoms in hexagonal array, with strong bonding within the sheet and weak
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themto shear into thin, flat plates which readily slide over one another
and thus produce an antifriction lubricating effect beto&gerhbe Jooher
surfaces, preferably the glass fiber surface, and an adjacent solid
surface, atywhgpahs;one of which is in notion. 25 See R Plcs. V\??r Hawl ey' s
.Condensed Chem cal Dictionary, (12th Ed. 1993) at page 15 Ich is
specifically incorporated by reference herein. Friction is the resi st ance
to .sliding one solid over another. F. C auss, Solid Lubricant's and Sel f
Lubricating Solids (1972) at page 1, which is specifically incorporated by
reference herein. 30 In one non-limti ng enbodi nent of the invention, the
particles 18 st,ru [ alarrellar
‘structure arveala?é?n‘{)vgglgaon%sbﬁ "ssr'oeFé P 'réig%%ﬁe%%?%gﬁff xagonal arr ay,

. Wi th strong $heeldi ﬁ@omlmhnmenamlesrhebmetianeltrw@aklsamxa@nse:p@@hber 2004 WO :
01/ 68752 PCTindSENOR0 8ok lfien, Viial, 3 ubipaith MboBRd pEGIY S8018GHS . DI ovi ding | ow

shear strength between sheet €ets. A non-Timti n% amnel | ar
structure i skubrieapisand Seli-Lubricating Solids af pages, 1 %22 2‘5EJ r?asoﬁ‘rlagtqoon Wear

- Lubricatign {0k09f3)}120tand 32 adPW, CaRpHeR, “SidRUbRARESE anﬂaﬁe;hﬁnclam, i cat | ng

Sol i ds- at pages 19-22 75- 82,..90 5 . 113-120 and 128;
~and W Canp M&—@Mﬁéﬂ.&% é&?g’"'ﬁ'ﬁfﬁ?’b il1iﬁgrsApprai sal of
Worl d Li teraatlwagesm Rémharaﬂpeﬁﬁmim mdomrateﬂ byrbferened herem(lb@@ﬂn)lc at pages
202- 203, whi SR ' n. | norganic
'solid partic es a?il ngﬁg e?"‘?( fﬁug%ﬂ% ﬂlf@m{?% rs?%g?ruc téjre are al so-
useful | n tHesesestigeaafion. | nvent ion. 10 ' Non limting exarrpl es of suitable

mat eri al gphravi ng MnliAlRg bﬁarmp'ysrowﬁ_ﬁthm@mhiaaﬂs hilAr aisRéid} sthﬂtufélﬁéf‘ ng the
particles 18 of t resent Inventlon i acl ude boron nitrid graphite,

e
net al di chal %’85@#’]&'5"“'%5 the particigs:18 of s orrspntinysntion inciide E%EPEFWQ cadni um
i odi de, ‘si | vgraptste) rhetaleljchalbsbemtides, uicQStal@,fgyﬁﬂm'l ®&holinite chlcitepe@imilgn Pref erred

i al d I d d
ot ur os-of gt el IR Bl obnp Bl Freglfl “heford MRS Cogen aoe
i ncl ude nol yinekede heratindade;, giehite, meteldidheloogenides ehdmixtises of ang efitem di sul fi de,
tant al unygi SleginglCuitstia gﬁiamcmcabﬁrﬁdeg frolucid 1B Rl dféhm&‘%]em de, and

m xtures 'of any oregoi n n one e articles 18 are
formed from faﬂvl?%aﬁ"@ Q’HF'EH’% Fantf'um disifide dastalumdiseiealre. unasten d'aulf%m | ar
structure. Auﬁgst\enldxsélehidsganakmé@of%yaﬂhéfaﬂargaﬁ@l c 20 solid lubricant

mat eri al havi ng | ane dodt s% uct LB t he, coat.i ng .conposition of

t he present invei’f?'??ne"fé) BEH {E’EHF‘??‘F% arﬁf"é'?’%#% 9“[5'8'?8W°Pﬁ%r‘i de having a
hexagonal  dryigeatimaerialitaving @ lanidiat strotiers. Acomnbalitify exariple ofan motgahide, zi nc

sul fide Q@d SOIlm?JBMER{ ﬂ'lJa\tlaﬁthév% %Ilgrgeiﬂflﬁﬂstg% f?rq_gg gﬂgé Ec?a@iﬁ& éorﬁposfig [posi tes

wth polymerlcmar I's suc
: of the present mventlon ss boron nitride, preferably boron nitride having a hexagonal

crystal structure. Particles formed from boron nitride, zinc sulfide and
montmorillonite also provide good whiteness in composites.wit'h polymeric matrix
materials such as nylon 6,6.

25 - Non—lirﬁiﬁng examples of particles formed from boron nitride that are suitable
for use in the present invention are POLARTHERM® 100 Series (PT 120. PT 140,
PT 160 and PT 180); 300 Series (PT 350) and 600 Series (PT 620, PT 630, PT 640
.and PT 670) boron nitride powder particles, commercially available from Advanced
Ceramics Corporation of Lakewood, Chia. “PolarTherm® Thermally Conductive

30 Fillers for Polymeric Materials”, a technical bulletin of Advanced Ceramics

- Corporation of Lakewood, Ohio (1996), which is specifically incorporated by
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25 Non-limting exanples of particles formed fromboron nitride that are
suitable for use in the present i nvention are POLARTHEB\§sptdiberSmoyes (PT
120, PT 140, PT 160 and :PT 180); 300 Series (PT 350) and 600 Series (PT
620, PT 630wobles40 and PT 670) boron nitride powder park &‘{g@
commercially avail able from Advanced Ceram.cs Corporation o akewood,
Chio. "Pol arTherm(r) Thermally Conductive 30 Fillers for Pol ynmeric
‘Materials, a technical bulletin of Advanced Ceram cs Corporation of
Lakewood, _G’li 0 (1996), which is specifically incorporated by -17 16

Sept enber 2004 WO 01168752 PCTI US(c) 1108684 reference herein. These

particles hayg.@, m;mlngggmc?s%@/ &E&?Qongg%w#g%oﬁﬂi%e%ﬁlr n[( at .2.5C

a.dielectric coenstant -of a vol Unme I esrs .
- centi net ers. MRS " 6125869 dieleqiinagestany af 3.9 endssvdiumeaesistiviwelr@enpar ti cl e si ze

rangi ng frorzebém&rsllkrr@@bQaﬁés%ﬁdertp%c:mv%%@éa&%ﬂ e sB@T @bes have an

aver age partlcle size ran |ng from mceronsters and°t he 600

Series powdefoRatel¢ misomelers the3p0Rpdpsrpwdprpartices bavg ancaversae particld r om 16 t o

% [f aAtR$ L EtRK/Imn s%é) ﬁanghtg Er&ﬂﬁb@t;?ﬂso hifcrartérs lafidiha 600 ?&eF gmér«agmgy%ﬁa?a i g ppl ier,
rt s, have. an_avera icle size o 0

m cromet er s, gveisqe p@ﬁlgfaessfz?éaqggﬁ 8'“3? t%&ﬁ?f?@ﬁméﬁ“cr?@et?ﬁ Ifi croneters, and

a particle spzl@ctdhrstsrrBMd bitasippliet, IROMARTHERM 160 p&HIE habé daveRige 18.4 7.4

0.6 Accordin aﬁlaegtgééfﬁ%ﬁ?hiac{%ﬁt\été}g’ n%ﬁﬂle%%gﬁﬁa gfubtg\t)cg?rg @tﬁ ERMr) 160

boron nitrid particles asure icle size
great er t han™igometers; ad @rpattile size distribgtiod ahfollewsy, t he " average particle size"
refers to the-nean pgrTigle Frze du e pgbtlu ¢ The average particle
size of the partic| ek f\hhnrrll 1r1 fn fhn nrn en n\/ng Lon can be neasur ed
according to known | hsSize @t teri1Rd t ebhni%fies. |1 n ®fe ndn- Iimiting

enbodi ne of the present invention, the particles size is measured using a
Heckman Coul f\&erding to s ‘I"%Iﬁ'%!&*‘c"ﬂf‘ﬁf"fﬂeéﬁ@ﬂﬁQﬁihe;ﬁﬁl-ﬁﬁé'HERM@z‘@Olbnmnnumbnt whi ch

uses a laserparbamwebe.aem»éahg@aamr@epz.%aeeﬁbeg PG £at he Size of the

partlcles and. 20 art.icle has ape, i.e., the

Ssu
'‘particle si Técmr'l’eg?r&rge ’t'sc?dthﬁ'@ - ORefverge P%‘B‘H%?’ée tefers fadhe meanpgiide el y encl ose
t he parti cl esizd-ofitheepeatigidse, part | cl es of PC]_ARTHERI\/(r) 160 boron nitride

o o T e UM Seor s Roa b sty o1
particles rafRjibegneasuied gﬁmrdlngrt@ mmrlasteoscaﬁeﬂngctasohm«sr th @ethodS havi ng t he
fallowi ng di ghifiiguHboRiedi offR drésehBfvention, the particles size is measured using a

Beckman Coulter LS 230 laser diffraction particle size instrument, which uses a laser

beam with a wave length of 750 nm fo measure the size of the pamcies and
20 assumes the particle has a spherical shape, i.e., the “particle size” refers to the

smallest sphere that wil! completely enclose the particle. For example, paﬁibles of |

' POLARTHERM@ 160 boron nitride paﬁicles measured using the Beckman Coulter

_ LS 230 particle size analyzer were found to have an average particle size was 11.9

micrometers with particles ranging from submlcrometer to 35 mlcrcmeters and
25 having the following dlstnbutlon of particles:

% > 10 50 )
Size (um) 20,6 11.3 40
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>1050 90 Size (pn)20.611.3 4.0 -18 16 Septenber 2004 WO 01168752
PCTI US01108684 According to this distribution; ten percEnSemémbére2004
PQJ. ARTHERM r) 160 boron nitride particles that were neasured had an
aver age par I ze greater than 20.6 m croneters.
non-limti n‘gbgn%o%l ment of the present invention, the ngrﬂt%lg@%og@" 18 ,5 are
forrred frominorganic materials that are non- hydrat able. As used here| n,
"non- hydratabl e" nmeans that the inorganic particles do not react with
nol ecul es .of water to form hydrates and-do not contain water of hydration
~or water of crystallizat'ion A "hydrate" is produced by the reaction of
nmol ecul es of wat W, t.h a . bstance [ ond js, not split.
See ‘R Lewi sAcgrdin 0 10iF 8'3"-‘@ ﬁﬂb%‘&&%%%“ﬁg“%%g’ﬂ@wmﬁzt h Ed.-
.1993) at pag@smawmﬁthﬁbraﬁﬂa&]red?adlaasvemdeqmm!b size gie@terhad20.6 pages 186-187,
whi ch are spgﬁ%&{,lgtg]lly i ncorporated by reference herein. In the fornulas
~of hydrates, dition of the wat er nol ecul es is conventionally
i ndi cat ed by a clomnetherthoddmiting embodirGiuty o tieSreRDIoventier, te paditle® 8 2Si 2. 2H20
(kaolinit Q. arcibimidliidhhdrbanidWEeRiARkGd AAHEBIGR. ﬁ?h@d‘lﬁt e, ki3h! ude at
| east one’ rox group W ayer attice (but not
“including hy&V@%‘?P'egﬁﬁiﬁéh#WeﬂW&@'ﬁpﬁ'ﬂ@@'ﬁﬂf&’h@s""td‘ﬂth "!9‘%914'?% ofyfateiét ure. or

mat eri al s WhigGh riplhaRE Bnd\ad £t cOMaik hrﬁﬂef of$1yarame;rﬂbﬁn&%ryeralnﬁaﬁon CRpil lary
action), for Le a

e,structure ao iven in Fig.
3.8 at page @E ispro °?€WV¥F? ’eaﬂ?ﬁ&ém'ﬁ?‘iqsgﬂ?te% %@E‘ﬁ (1976) and as
shown i n t hewhish thedd-OHdood |shnﬂspamc$e2R1Léva§(6r Hawley'sCondeiwedChemicdti gs. 18 and

%877; e:? e?agM1%E§93y peci 9?98(5&‘.?193%799&?9'@F%&g‘ﬁééyygtr (eﬁgeEﬁer ei n.

"l ayer" of pagesrp&8l, whichiarecepetifically inepmisirated byoefersice havelnt lnthenhi ch 'is a

conbl hati on %mnshaeﬁ@deies%@aad.noﬁ%eﬁe Maté%aqb&:ésns mwénuo@yinafeaa@nt s, Soil
Sci ence’ Soci et of ggrl ca | S speci ficall y

a
i ncor por at ed )5? Cprierar dpte & 891‘52}3'021‘115 %%MF‘&@@Z@HZ%WQ%@ and 25
wé er lt ayer rrstredstmahy, (\)‘&iﬂﬁ&ﬂ@ﬁo@aﬁlt Magialé mﬁu@é‘me{jaetbnbthyc&taxwgrbumt withff r uct H] e.
rates oor coor di nat.es atiops in the
vdr ot o TH0r BB SIS RS s R SRR RS i i 8 b
structure,  anditslruciire orohaterizls wiitheabsorbivatehomtheitglirfase plaiesiosby ces 1 n' t he

structure to 0 e} Sibiicror SLRREIASH AN iﬁth%@ﬁﬁ%%&%ﬁ%&ﬂ’éhgﬂgﬁﬁtﬁy 3g,tne bal ance

of charge. vans uction to 48) at page
276, which |§f@3§e@ﬂpféa4'ﬂcpeﬂ ﬂﬁ@ﬂﬂgﬁuﬂéﬁ;@mé%@@@daepmmmnerally,

the coating ¢meEnRs bf1:PBSd ZPRYS Andfs sHoWNIPFIGE RBARY 93, redBOdkively, of H.
20 van Olphen, Clay Colloid Chemistry, (2d Ed. 1977) at page 62, which are specifically

.incorporated by reference herein. A “layer” of a crystal {attice is a combination of

sheets, which is a combination of planes of atoms. (See Minerals in Soil )
Environments, Soil Science Society of Ametica (1977) at pages‘1'96-199, which is
specifically _i‘n‘qorporated by reference herein). The assemblage of a layer and
25 ' interlayer material (such as cations) is referred to as a unit structure.
' Hydrates contain coordinated water, which coordinates the cations in the
hydrated matenal and cannot be removed without the breakdown of the structure,
- and/or structural water, which occupies interstices in the structure to add to the
electrostatic energy without upsetting the balance of charge. R. Evans, An '
30 Introduction ta Crystal Chemistry (1948) at page 276, which is specifically
g incorporated by reference herein. Generally, the coating compositions contain no
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- WD 01168752 PCTI USCOLI 08684 nore than 50 wei ght percent hydratabl e
particles. In one non-limting enbodi nent of the presemtSépwtabéiaood t he
coating conposition is preferably essentially free of hydrat abl e
particles. herein, the term"essentially free g bl e
particles” ‘ﬁg(g#g%?he coating conposition conprises | ess /Eé’lcﬂ %?we ght
~ percent of 5 hydratable particles on a total solids basis, nore preferably
less than .5 weight percent, and nost preferably |ess than 0.001 wei ght
percent. In one enbodi ment of the present invention, the particles 18 are
formed froma non-hydratable, inorganic solid lubricant material. The : .
coating conp sent inventi.on can.cont .10
particles fo&ne ? '?%%‘?’?C]%P gﬂcgrglh%&ataﬂleﬁ(}&@ﬁm? seg’ ?r}?&oaa\ﬁ'ft'gg ﬁﬁ?%q"f'%ﬂtg in lieu of
“or in . addteifesentdniehionntha coafidy edrarvkition in prelpratilyceseertiellyl fle of di scussed :
above. Non-| hﬁétFQQ oGS Ese Pherst fl RO BLARG rEOBY 9BAlafE ™! 1 21 S ar e
cl ay mineral 0 | cat es I ncl u Er miscovite), talc,
mont mori | | onP@@°|e§<alﬂaﬂﬁﬂ1?é°ﬂ§ﬁﬂj°‘§W§lmﬁ WNQNS%MFQIE‘H@G “@[ﬂb\/@m@pt’ﬂft icles

formed frem g aﬂ¥ﬁ£rﬁ&l@stﬂr&t@fal d0¥4Y k8 UndtB pRIdratyBlessangigIREigsl Y constitute
no nore than welg ercent of thSOBﬂgtldes in the coatin

conposi ti on. PP ﬁfﬁﬁa\yrlféﬁfhaﬁ e'B'P‘@ﬂ“—'?ﬁ'P |'T1?)'l9rﬂ‘qbﬁﬁ'meg°rﬂ§ parti cl es
18 can be f dtemeesehtioventionnthp phisicies 18Care et framn aRérenydedtsble, ReajaRices of

non- pol yneri Ig@m terials useful in the present invention Include
but are not %?hr%?"ﬁ tfhate earates (such 20 as zinc stearate- and al um num
stearate), carbonlis Qﬂaﬁnga;nl@w@@tbas aaeprdiag td the presend inverilien camdootdinnent of t he

Present 147y eBAkias folfih AT dyufelBf o fydialy iaﬁrgarh%a@ﬁa@ 98 wwam ¢ polymeric

mat eri al s. lTmting exanples of” usefu I norgani c yneric material s

i ncl ude pol yﬁ%@ﬂﬁﬁﬁ\?rﬁ‘@%‘hy%ﬁwg1"Pf§ﬂ@§ma‘ﬁ6ﬁ"§/§'§qu§§9&‘r?é’°ve ﬂ'&ﬂ";hg'@iﬂsrranes

-|t0ﬁl y][rerl c subiaﬁﬁplembudmwrﬁtasleh@fyaumnaﬁnbls@@m miAdHEl pRyekARs. of any 25 of
e ore90|n

ecific non-limti artlcleformadfroman
i nor gani ¢ poﬁ’&?‘l’fgpg "i’?ﬁfsé'}’f?%f‘imgsl?f"f"ﬁbfaécg t”lgglk’"lt?l k?‘%'@ HFEGYRRUM- fifent i on i s
TOSPEARL4, ekplaiiied above, parmtlea:fbnawﬁcrbnﬁdcﬁ myﬂratablecm-&ydlrauauadteﬁailsoxanes and is
-comerci ald y h | Ltd of Japan. In
still anglt P%ﬁ)&gmﬁm r{?m %g'%prbgggl tpie%\g/@n Hn%?lﬁ ?“E'rges 18 can be
30 fornmed froeemepgiiometi c, organic polyneric materials. SUI tabl e organic

POl Yeric 1 -20 13 anakHBSAmEARH BRI 645 U bl R9GRG. ™t o7 al s

i nclude, but _are not limted to, thernpsett a erials and thernoplastic
mat eri al s. SAMehHirem P%P%%f‘émfsﬁg“mf@taﬁsm%am 2§ efden-pelenerics ergenia g

pol yesters, maféﬁhls useful in the present invention include but are not limited to stearates (such
20 as zinc stearate and aluminum stearate), carbon black and stearamide. ‘ -
n yet another embodiment of the present invention, the particles 18 can be
formed from inorganic polymeric materials. Non-limiting examples of useful
- inorganic polymeric materials include polyphosphazenes, polysilanes, polysiloxane,
polygerema‘ne‘s. polymeric sulfur, polymeric selenium, silicones, and mixtures of any
25 ofthe foregoing. A specific non-limiting example of a particle formed from an
inofganicf_ pqumen‘c material suitable for use in the present invention is TOSPEARL*
which is a bértic!e formed from cross-linked siloxanes and is commercially available
from Toshiba Silicones Company, Ltd. of Japan.

In still ancther embodiment of the present invention, the particles 18 can be
. 30 formed from synthet:c organlc po!ymenc materials. Suitable organic polymenc
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esters, epoxy materials, phenolics, am noplasts, thernosetting

pol yurethanes, and mxtures of any of the foregm ng. A6Fplarhbsr.2004
non-limting exarrpl e of a preferred 5 synthetic polyneric particle forned
froman epowpoies®sial is an epoxy microgel particle. fRuidseistrs

thernoplastic materials include thernoplastic pol yesters, polycarbonates,
pol yol efins, acrylic polyners, polyam des, thernoplastic pol yureéthanes,

vinyl polymers, and m xtures of any of the foregoing. Preferred 10

t hernopl astic polyesters include, but are not limted to, polyethylene

_terephthal ate, polybutylene terephthalate and pol yet hyl ene napht hal ate..
Preferred pol . | yl ene,

pol ypr opyl ene'X%J?lr%ES' Yi Sd'l'g&rgglﬁfelmmg@r g@g@rag%urlg rﬁgt{,r%% atf)lglﬂilﬁ?as{eslhgcl ude

-copol ymers ofm%@rwSeﬁeﬁamdhmomﬂmgImatsanalamludmhﬁmettlwlusetbssmﬂm cont ai ni ng

met hacryl at e.esfii ahdxiraleRdls, %@mse&mms e d)s@ttiﬂ%pog%éﬂ%éi% n@articles

formed froman acrylic copoly are FQ—KP I S an opaque,
 non-crossii nlﬁ“ﬁ@’e%ﬁ"ﬂ ofike W"F%'"&a‘?‘ﬂ’%’lﬁé« 'E’HUT" NG exampiek eprsfersedHp- 10556,

which i's a§ epmfetR poR@srid gattidlelisimed R6n af bidxp Aatenaliy/an spoRPmicRagel C synt hetic
pi gment haw\r% 1.0 microneter particle size, a solids content of 26.5

. percent by 6%t and a 55 percent void volunme, ROPAQUE(r) OP-967.and
ROPAQUE(r) 20 HP- vizbte thenhopldstiamaterialeintivdeghemegladtic bdyesgeran opaque,

non- fil mfor @Fa’b%’ég%ﬁ’°‘8ﬁ'§r5é{4’>’"889@4‘* 'ggmiﬁ%pa so+p? 9& gnent di spersion

havi ng a -parti Sl ze content of 30.5
per cent by wdlyHethapgsevimbpamers @pnd mixtyses QQa"!UOf “Fﬂefpliegmﬂgkdb'ﬁfﬁﬁm i ons for

Cr oss- Li nigd u%dnemadaspﬁ?ésiemh@@e lg"l'ﬁrerﬁoﬁmtedF@?ély@ﬁﬂenége?%)htrﬁat@ages 39-44.
6 See "Chemcalgfor the xtile | ndust “avai'l abl e from

Rohm and Haad greph t?%%ﬁﬁh&'enﬁjgﬁﬁh@ﬁ'g aﬁfegﬁ”eﬁpg’é" ef¥oduct property

sheet entitl @rdﬂudeRﬁPﬁQdEl(mrﬁte&B- ddiethylehis) [pbwproidne aad phigsebatend.or Paper and
from.Rohm nd Haas Conpany,

Paper board. 4, avail ab

ot T dor i o PreteRPecn( LAt miik cobdithrd ot St BRSOV RS o751 oo b

ref erence. 7 n@mempr asdwghrmens@hmtalwam mpthkdrgaten Nemlimitihgeekamplés ofsyhtheticur al
Coatings-4 éﬁ%ﬁéaadg%s%mea_ﬁ&ra eTrylﬁegW%eae LEX@MPES" wikdP / avai | abl e

from Rohm and Haas Conpan nnsyl vani a at ge 1 which Is
her eby i ncor @?%?@BU%WWP@F‘M@M@CRW?’9”'4% BORAQUR® "EBDAQJE( r)y OP-96 .
a[] e the sane JWW&I@H |§ afh BiRaqU® nBii-fildlfoknfing, biiRAé héf&lﬂ@ol@:ﬁerﬁqam (rj) HP- 543§1| n
the paint industry, an c t nustry -
16 Sept enber PEOYH 'Wﬂ"gf/ %'grfm%'ﬁgqﬁﬁﬁ??s%gﬂ f%%é/ﬁ#‘?ﬂ s also an
opaque, non- fveigit érm!rarﬁﬁrp@rceattmdembmapmtym&umb?ms? ardd ROPAQUE®
20 HP-543P% which are identical, t_each being an opaque, non-film-forming, styrene
acrylic polymeric synthetic pigment dispersion having a particle size of 0.55
micrometers and a solids content of 30.5 percent by weight, and ROPAQUE®

~“SeeR. J. Peny “Applications for Cross-Linked Siloxane Particles” Chemtech February 1989
at pages 3944,
5 See “Chemicals for the Textile Industry” September 1987, available from Rohm and Haas
Company, Phitadelphia, Pennsylvania.
¢ See product property sheet enfitied: *“ROPAQUE® HP-1 055, Hollow Sphere Pigment for

. Paper and Paperboard Coatings” October 1994, available from Rohm and Haas Company,
Philadelphia, Pennsylvania at page 1, which is hereby incorporated by reference.
7 See product technical bulletin enhﬂed *Architectural Coatings- ROPAQUE® OPR-86, The All
Purpose Pigment”, April 1997 available from Rohm and Haas Company, Philadelphia,
Pennsylvania at page 1 which is hereby incorporated by reference.
® ROPAQUE® HP-543P and ROPAQUE® QOP-95 are the same material; the material is
identified as ROPAQUE® HP-543P in the paint mdustny and as ROPAQUE® OP-86 in the

-, coatings industry.
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synt hetic pignment dispersion having a particles size of 0.40 mcroneters
and a solids content of 36.5 percent by weight. Each ob ddpesberipeosfic
particles is comercially available fromRohm and Haas Conpany of

Phi | adel phiwo opggssyl vania. 5 The particles 18 accor di RgrhRoldagsPr esent
invention can also -be formed from sem synthetic, organic polyneric
materials and natural polyneric materials. As used herein, a

"sem synthetic material” is a chemcally nodified, natural I y occurring
material. Suitable sem synthetic, organic polyneric materials from which
the particles 18 can be fornmed include, but are not limted to;

cel | ul 05i c5, opEGRRRICIEL IY ESLL Y, 8RS Sl sgrabRhghe: and_modi {1 ed

st arches, sucC rc ace Sui t abl e
" nat ur al poI ysuathietic pigment digpessien havingaiparicleygize ?fé?ﬁplnm"@@etﬂ? agd A spliglsf or med

pol ypept i des o B e e oot Do uch ab. nat ur al
rubber and gﬁ‘ﬁ'@%@‘?”&ﬁ&hm?@ﬂ*"i‘?‘sﬁﬁ'@pﬁ@’rf’fﬁ‘fﬂgép'ﬂ@ @F'Wﬁnt of the present

inventiong the pothzpanices 1awc6ru|ab ®thd fresent infantione chinf isprhetiyrehied frambi c

pol ymeric mater.ials..to redu n he coat ed
strand. Non- FETPRMEHC 8533%P %ﬂﬁ%ﬁsaﬂgﬁ?@}aﬁ’“@"@gﬁﬁ‘ﬁ%@% %?%lg’atherl al s

i ncl ude bai t hereie, m‘tsemlsynﬂnanedzateualbeIa)cbfedwyallen'@;llﬁeqmmymﬂbwuwn@ pol ystyrene
and pol ynet h h - | ystyrene

copol ynerss i }#cfgﬁ%’e%%f%%@ dr gﬁo.d &%ﬁ@mi ﬁ?s fom ml,cnmlg@AQJE( r)

HP- 543P, andpﬂwm%@ﬂ})e@n ‘P_@epp‘éﬁ@rﬁ‘%h"("@&é% °€ﬂ"§’(§l§§§é€h @bove). In
anot her Ren- Hemyr‘céms@mmsélm&@tao&&tetm nﬂfdﬁi&@ﬁbrchéweurwae@:ardh@cytaﬁrl c

particles 18 are forped from rials hayv s transition
t enper at ur e End Starsls hygdroxyelpvl FbpY 1%%[? "ﬁf”%?@&'f'@?“’f‘ %ﬂ?‘%@‘ﬁ'ﬂﬁﬂﬁ?eferabl y
greater -t hanpﬁﬁ&‘es 18can be fdrmediadiinz; bmareddtnmnadngpélymmmsmashe present

[oventi on, ¢ Qe cRALiEEhGS: 48 SR0AE LY HACLABLESLRLIRLL] O Tl or el s

sel ected fro c an yneric rnorg pol yneric
and non- pol yrt@bercandlggme@chﬁaterl aI s, conposite materl aI s,. and m xtures of

~any of t foreg R bR e ﬁ@ﬁ thé t echni cal
bul | eti nhfesnt it egh%HeA?égﬂﬁltg‘g%g‘lmﬁ%ggl nps-e mve nggﬁé"cThe Al

Pur pose Pi gBafticles 1§ fompestirom st qphiphiePqiasie re@rﬁvﬁaweﬂ%ﬁssor&ﬂa fpany,
Phi | adel phi amoiskpnsisy \i&ﬂby&h@éoatbﬂ@&aﬁd NufHiniting @xdmeplesinf sidhc or por at ed by

ref erence. ﬁ r%%og‘ Bteme:)er 004}.5 0 /6 7% iﬁﬂfﬁ?&éﬁﬁg}%‘l sui.tabl e
materials fr8¥ ' H'E rﬁ(f"ﬂ b’é rl1 & descri bed
above. Non- | poligropyienexaiyplyese orid mlylnmthytnwttmmame r¥an-tigutingiezdraplessadf ul | n
present  jgw Fhdgtd OPROORB e 3B AR GUES PSR, ROPAGUE()
HP- 543P, 2d1 g&@ f Iﬁ% { ach di scussed above). For .
ot her non ROPAQUE® HP-543P, and ROPAQUE® OP-62 LO pigments {(each discussed
' above).
. In another non-limiting embodiment of the present invention, polymeric pérticles 18
are formed from polymeric materials having a glass transition temperature (T;)
25 - and/or melting point greater than 25°C and preferably greater than 50°C.
In still another nondimiting embodiment of the present invention, the particles
18 can bé hollow particles formed from materials selected from polymeric and non-
polymeric inorganic materials, polymeric and non—poiymeric organic materials,

composite m_aterﬁals, and mixtdr_es of any of the foregoing. Non-limiting examples of

? See product technical bulletin entitled: “Architectural Coatings- ROPAQUE® OP-96, The All
Purpose Pigment”, April 1997 available from Rohm and Haas Company, Philadelphla
- - Pennsylvania at page 1, whlch is hereby Incorporated by reference.
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5 1imting exanples of hollow particles that can be |Iful in the present
Invention see H Katz et al. (Ed.) (1987) at pages 437t64%shtembarciooar e
specifically incorporated by reference herein. The particles 18 useful in

t he coati ngv(gaq@g?i ti on present invention can be pr esgg{.méf?{u&spi spersion,
suspension or enulsion in water. O her solvents; such as m neral oil or

al cohol (preferably less than 5 weight percent), can be included in the

di spersion, suspension or enulsion, if desired. Anon-limting exanple of a
preferred. dispersion of particles formed froman inorganic material is
ORPAC BORON NI TRI DE RELEASECOAT- CONC, which is Wdispersion of 25 weight

percent boron . njtride particl In water and is co rcially avail abl e

from ZYP COat*\‘-'F’?‘S‘?,'“"\“?{E!SQ’(S’f“ "i"s‘c"?ﬁ%“qri?‘ﬁa@?"'eﬁéﬁ%%g’ ed grpeeer NI TRI DE

. RELEASECQOAT- @IZNE' Noalimitieg éwamples obalhdllew potymdric paificiCosdfal mggresehnc. , is :
specifical lyd f |0 '  9,.bhi s technica

Bal et n ¢ hEVBABAaR Rk BBy REPAQURR Ty, AOPRLOER P SIk Ver age

~ particle siz@$ROPAIYERIQRE2I rpigmenietearisdisereset Abdvaki ot opermoent of
‘magnesi umel yiing'Safriples GPkdRol Barlibieitndt28n BOK@R R e drélenRiVehiidn s Lo the
Substrate tol_ﬁﬁ(% whj ch th%&glﬁs ersion is %%plled. I'ndependent testing of the
 ORPAC BORON MhRatRer: (Reh) eRARICI 2o Wil IR shrRcticgliy ipcoreprated biie  Beckman
Coul ter LS adérenmerieleil.e si ze anal yzer found an average particle size of
6.2 mcroneters, qith. particles rangi.ng from.subm cronefer to 35

‘mi croneters and hﬁ\?i"%&}m@ﬁ@é *’?ﬁﬁf?m%ﬁ’%l"?ﬂg?mp?%tlﬂ’ipf?ﬁe'if""ﬁ"aq"f‘icﬂ'?%: 25 %
>105090 Si zepiepent ¥n dignesiond suspersiodionemulgion ih wated | Gtherisolventersuch &an  per cent  of
t he ORPA i ' - ' Wi Fd . i cl es that

G POl rdNbif 6 didon ol b iera ﬁéﬁé@ae o ?%MB@%H%%H%HE}‘M&

wer e neasured had an average particle e greater m croneters.
Ot her usef ul 9SPSR SYSPRRTIEN O grwlsion ffdesitqta W npndmiing exsmplef of epretyredCoat i ngs .

30 1 ncl ude BERRbIbA dpkiAEt IBRLIATA hogaic hutedld PASBETIGR and VELD -23 16
ept enber 0L/ 00684 , products. Specific,

mon- L1 mi 11 ng MR RELEAEXDAICONR gt e A epiana 4 A3 WEIBH REFRIBIR. pol yrer | c
particl es f onitriged partides acvaldr and is obryurercialiedveilabR o2V Goatiigs| meles RHOPLEX(r)
B-85 acr ylg c ' Lscu = Mhich is an

al | acry'lylisic P? mdé%'ﬁ?ﬂé%l“%%uﬁ??oﬁ%wn%”@@%&%gﬂ%oﬁ 45 percent by
wei ght 5 andteshni¢ahBudletin of #YPiGoglingsdnpds shagifieellp incgp@atedhteBiraide E- 23211" whi ch .

s a hard, - ARERAALkPORG KERfcaPSA! A8 bIBY hillle Parddld HRyORAIENT OF 45
percent by %‘%ht and a glass transition tenperature o i ;

ROPAQUE( r ) @n avera 7 of [gpg than 3 micrometers and include 1 percent of
. magnesium-aluminum silicate to bind the boron nitide particles to the substrate to

20 which the dispersion is appliéd. _Independent testing of the ORPAC BORON
NITRIDE RELEASECOAT-CONC 25 boron nitride using the Beckman Coﬁlter LS
230 particle size analyzer found an average particle size of 6.2 micrometers, with
particles ranging from submicrometer to 35 micrometers and haVin'g the following

-distribution of particles:
"% > 10 80 90 -
Size (ym) 10.2 55 24
25 o

According to this distribution, ten percent of the 6RPAC BORON NITRIDE -
RELEASECOAT-CONC 25 boron nitride particles that were measured had an
average particle size greatér than 10.2 micrometers.
_ - Other usefu} products which are cdmm_ércially‘availab!e from ZYP Coatings .
30 'inc[ude BORON NITRIDE LUBRICOAT® paint, and BRAZE STOP and WELD
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543P (di scussed above), which are supplied as a dispersion having a
particle size of 0.55 microneters and a solids contentlécfegeonber@®dent by
wei ght ; ROPAQUE(r) 10 OP-62 LO (discussed above), which is supplied as a

di spersion 89,2 particles size of 0.40 m croneter l'ids

cont ent of‘ggxg&%%rcent by wei ght; and ROPAQUE(Tr) HP-%S%@Q)?Jﬁgcussed _
above), which is supplied as a dispersion having a solids content of 26.5
percent by weight; all of which are commercially available froml Rohm and
Haas Conpany of Phil adel phia, Pennsylvania. 15 In a particularly preferred
enbodi nent of the present I nvention, the coating conposition conpri ses -a

m xture of at éPE?x p?éhﬁct%”@ée%ﬁ@ ' rﬁ"in:[\ Iecxar%PIa%? emul sg)g? ra{\%gtgrf%rrsgog'ngﬁ Heri de'

and nore partic ron i vai € un
PO . ARTHERM r%%ﬁ@l@%@ﬁ%ﬂ@%ﬂeﬁrﬂa@ﬂcmw@s&@tﬁmm include: at | east

one ther nopl Wéﬂ%@-ﬁé %wllcgﬁiﬁlglbﬁ: w15%&45¥d Qbo%)Pﬁlh?ﬁﬁX@&L %ﬁ?‘ ﬁlﬁ\& and an

acrylic 20 nononer, nor e ticularly a copolyner avai e under the
t r adename R@WEW'C r”l"rf@'yﬂ'!ff ?'P'éweshareg apelidg é‘l’ré‘iﬁt s RerEpHIveNRishin aver age

| P'aL ticl eFSEZ&anﬂlQ g frbrsition tempbRtued bresic; Ehl&lLfSllmlhE&SMS'th?Qa Rl veen adj acegt
i bers. For ex ver si ze of t ar t i ncor porate

inta a sizi nd“%%g%? P&%er ?gﬁaa"t‘r@ afﬁ°%%r°§"ti'f °§@é)'fer5“15' %Vﬂégé‘%d on air

jet loons is. agia&sﬁmnaﬁﬂnyemrmlrﬁweeﬂmsw ROPACHE®F-$6 anddROPAQIED HP- bet ween at

st 10 AIBAGE e b bBoukD iR B sugsugaa%t?&%grg%%hngi. %Jﬂ&e Lpbgy strand 10

across the | oom use loomin
whi ch the fil% 551@685@6&as@@cstoh%rce'piemttowﬂsﬁmenbwwwed%wﬁmﬁ@ ex(r) GL-623,

Sel f - Crosgbi rtKP-BQLé‘{diédJé&dEbMCEhh@ﬁ is sb msrd @épemvmﬁa@ partibBd ch 1997

avai‘l abl e from a??hm and Ha adel p Pennsyl vani a, which- i s

" hereby | ncor FFES 840 BUFTQRaters apftas °"dg‘§€t§’“‘;ﬂfé§i§€?r°ﬂ‘r‘bw’fa'99‘ ¥Keet entitled: |

wa | di Rg Pr (RORAGUE@HBS 055, (ais?]@@atdamg? -widli ﬁjppifeldEs a%&B&rsv\:ﬁn ﬂu&%a a\éal I gbl e
rom Rohm an Phj, | adel |a Pennsyl vani a er eby

| ncor por at eddst)),;& %z) tg'gr& em‘n(é;éeé'lIJ erﬁelf'tb. §<!,! whpeye e’ﬂff“yoaff'%@gg

PCTI U50110868?Dh9mfﬂF(aaeﬁompafB0fﬂnledajm Pertneyl\lahe warp shed by a bI ast of

conpressegigai r frgm ﬂ?ﬁcu@ﬁ préfefréd ﬂ'glﬁodlnfeht& r&%ﬂt’ ifVeRtidhPhE Shat known to

those skilled in the art, n anot exa e average Siz 19 of the
- particles 18 @W&%ﬁ“f?&t"a’i‘%’&e’?ﬁﬂ‘i‘“&e ofi 3 Jengf 06%%@5“'? payticiey pprticarlytheroni bers 12 to

be i npr egnat eftriod, ki Aol bWy & HFRhnitide RAIRBE @hder theltadsinfct ed to provi de
sufficient %IRQ‘HER%D and/or 8&1’1&8 %8&0&%7&3&%%?%3%&8% %OtN% and at
least one thermoplastic material, pamculariy a copolymer of styrene and an acrylic
20 monomer, and more particularly a copolymer available under the tradename
ROPAQUE@
The partlcles\18 are selected to achieve en average particle size 19 sufficient
- to effect the desired spacing between adjacent fibers, For example, the average
size 19 of ti_i'e Particles 18 incorporated into a sizing cbmposition applied to fibers 12
25 to be processed on air-jet looms is preferably selected to provide sufficient spacing
betWeenéa‘t__least two adjacent fibers to permit air-jet transport of the fiber strand 10
across the loom. As used herein, “air-jet loom” means a type of loom in which the fill

19 See product property sheet entitled: *Rhoplex® GL-623, Se[f-CrossImkmg Acryhc Binder of
Industrial Nonwovens®, March 1997 available from Rohm and Haas Company, Phitadelphia,
Pennsylvania, which is hereby Incorporated by reference.
™! See product property sheet entifled: *Building Praducts Industrial Coatings- Emulsion E-
23217, 1990, available from Rohm and Haas Company, Philadelphia, Pennsylvama which i is
’ hereby Incorporated by reference

-24-




permt good wet-out and wet-through of the fiber strand 10. Al though not
limting in the present invention, the particles 18 pr efecBetmbér-2084 an
average size, neasured using | aser scatteri ng techni ques, of no greater .
than 1000 wigesmsers, nore preferably 0.001 to 100 migshafRlgea, and nost
preferably 10 an average size of fromO0.1 to 25 mcroneters. In a specific,
non-limting enbodi nent of the present invention, the average particle
size 19 of the particles 18 is at least 0.1 m'cromaters, preferably at

| east 0.5. mcroneters, and ranges fromO0.1 microneters to 5 mcroneters
and preferably from 0.5 microneters to 2 mcroneters.. In an enbodi nent. of -

the present Iw&nﬁéﬁ)&,mﬁeh@ilﬁﬁtﬁlﬂﬁ#%eﬁﬁy&%Ia%@orﬁﬂeéﬁ@%ﬁﬂ-ﬁmgﬁé% jcle size 19
e

that is general‘l i qa 573 averag{ di anet er ers 12 to
whi ch the coa{"ioﬁ JBMSEETST B raprer welhmewg to theseskilled ip therarto frsanothed t hat
‘twisted yans mla‘. tl'@ravérragrewizes‘llsroamd$adaﬂed1mhd%ﬂno?atécﬁﬁera skfhgof a residue of

a primary sizf RLLSLN 18 having average
_particles si chg'\gposﬁ@ ggﬁésitggper%ove gémrpr%&@% 56888@'“?""&‘@0’? glegdls f i ci ent
spaci ng 20 Sheisweleredsrievidersulfivierd spacihg betdBert @ Iquet twbadjaent fitets teeavabi | ity

(1€, alr |cperha0&ntiou AAWRBHHALorkRANEL mai ntaining the integrity
of the fiber Strm row[:l 5\?0 acceréte%b‘#e ‘wet -t hrough and wet - out

characteristics H°HQHﬁPHUH@9§HhWﬁ%Fnhmvmwy therpagiclen i@ prefenatlydraval . | n

anot her - speci 4 ameragemzé|mﬁatsmregus&rgb£§éréﬁaﬂérmgftechheud%rmghaké?ﬂﬁﬂt'0” the 25
is at |east 3 mcroneters,

average parti 19 _of rti
preferably at ngns%b'%éeﬁ n&?rSREe? A‘g‘ﬁd" Ygicometestand mgstprrierably cr onet er s,
pr ef er abl J05 araver@e sizepidroon®e1 ter2s microdetams e preferably 10 to 25

m cronmeters: It i r enbodi nt th t the average
particle size 19 Z?étg'?\éa'ﬁp o % '@f "i%d{':]?)ap ?%éheooﬁ%i?" avEntgn, ﬁ\e?"?"ﬁget he average

nomi nal di angR@gclegizeri§eof Pag@clﬁ ids at least 0. ha:@crmeedwsmm‘enablgdt 1B&stojsat fabrics
made with st rmrﬁdmemhﬁdjraﬂgéshroﬁﬁf 1 l'nfél'oﬁﬁtécr@tUS' Hitrolfelefd %dtppe?er%]iﬁgrp di scussed

above exhi bi togmlcm i?% % End wet - out characteristics npr egnat ed
with a pol ynetlc r%%?'? Eepelers. In smembodimenhefdbaerpsepbipvention, the/ 68752
PCTI USO1/ 086 &urticles 18 el antseerngecymativiezstrd 1bYhadid@endailylshfidrthdnige art t hat

m xt ures of V|n different. average particle
si zes 19 canqggragﬁg'giﬂé%?g@gerjbh& ﬁ%cf%%dn ?ﬁgmé%‘?ﬁ'g%‘]"?f*%'e?n th@scor dance

W|hth t he pres@ﬁ?Oli’WéﬁihabWSE@Yﬁmpalaﬂewrefbhlstrar&ﬂ1Dpaﬂw tay@aat@naibprocessi ng
t t ts 5 t
et her of 1 oot b Bfintt 38ho Sttfion et PdiddeRafity Sletad 1 b 1S Y

made t herefrom ]l\/bre speci fi cal S|ze
combi ned in ABPIFEHIFER © diveisad §bQVB°ﬁTQﬂY?@@GQﬂ$WGQdWcmgt@aG@ air jet

transpor t20 prbefwess hdscentiberi2s, 2510 PEmitiaifet debiBlity (. & XA th'tFahgk%rtQOOd wet - out
and wet t hr 0%%55 the loom) while mamtamlng the integrity of the fiber strand 10 and providing
acceptable wet-through and wet-out characteristics when impregnated with a
polymenc matrix material.
In another specific, non-limiti'ng embodiment of the present invention, the
25 . average particles size 19 of particles 18 is at least 3 micrometers, preferébly at least
§ micrometers, and ranges from 3 to 1000 micrometers, preferably Sio 1000
micromefers, and more preferably 10 to 25 micrometers, It is also preferred-in this
.embodiment that the average particle size 19 of the particles 18 corresponds |
A generally to the average nominal diameter of the glass fibers. It has been observed
30 that fabrics made with strands coated with particles falling within the sizes discussed

above. exhibit good wet-through and wet-out characteristics when impregnated with a
. polymeric matrix material, |
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. characteristics. Fibers are subject to abrasive wear by contact with
asperities of adjacent .10 fibers and/or other solid ot§ 8eptember 20er i al s
which the glass fibers contact during formng and subsequent processing,
such as weawphgek, roving. "Abrasive wear", as used hey {,_% ns scraping
or cutting off of bits of the fiber surface or breakage 0 y ers by
frictional contact with particles, edges or entities of materials which are
hard enough to produce damage to the fibers. See K Ludena at page 129,
which is 15 specifically incorporated by reference herein. Abrasive wear of
fiber strands causes detrinmental effects to the fiber strands, such as .

. strand breakage d @9&% ' ucts such as
‘woven cloth and C%MI%E{% V\ksifwﬂeS@%g}ngg%%@%aﬂﬁnéggﬁodﬁa%ﬁ%g%t uring. cbst
‘In the form ngmeieeig) havisg défﬁ@ntﬁverawm&ql%ﬂzeﬁéptcmbﬁ ingargorgtpdinto the ber s,

contact. sol i goating Qofftislich B a%&lﬁcﬁhnaéwﬁ: B prabdnit ﬁweﬁbmenmaﬂt fhbagsad a traverse
or splral bef ore bein

nto.a formn acka In fabric assenbly
operati ons, p?ﬁﬁ'ﬂe%@‘d%ﬁ?‘ieﬁlwhﬁr@dewaﬁ#ﬂ& fbg?émgﬁ‘%&a"f’ﬁ%@ﬁ PEAMERd cont act s
solid obj ea:t sutsseqienthsmpdy therefism. offlork Bpedifichly| diffaam eiadd partigizaanbels (e. 9. - a
| oomor knittin h surfa 6 of the .
cont.acti ng g arggn%eﬁe &z%e@(’g&g?eﬁgﬁ S‘%?é]l on'ggg?odea'rl"%tcj)[ﬁpﬁﬁ?ﬂch cont act 25
t he gl ass fi pepertiehed welido pioyidg efabﬂmvdtlbﬂlhglmdde'@t-o&imnﬂ wetthawpleri ti es of these
solid object gharga@,[?t,gave a hardness value greater than that of the gl ass
fibers can cause

rasive wear of the glass fibers.. For-exanple, nmany
portions of the tiPYE afersgbigct tq Fherpivaear Rifoptartwih aararities of ediaeept med fr om

nmetal lic ot ﬂsérabﬁdfamr 8dlid 5hje@é or nidiérals viich the é@%?bersla&ﬁtﬁtﬂﬁﬁﬁ up to 8.512.

Ab fib t d t act t f
heae ol i a bt Sobem s ek s e s JE T Ryl NS e 15
Handbook of Gsasihesdin, yneanﬂs@ip;mmsutﬂﬁgqﬁa:@pﬁs]utﬂﬁfber%rf&@ dobpiakageef 2004 WO
01168752 PCThboch) (A% SHELARR pHALEE Lieok B BHALGLRIAHIEN0RA NED. ©1 OLN ana

conposi t es, I NCr eases ring cos 0O mnimze
abr asi ve wea®nough twedmﬁamamfpﬁﬂbmﬁm@ﬂma&me &%wnh is i nventi on,

‘the partigg e%péeﬂ' cﬁ@Y&o%oWd%?&@reH&' Hé%ir‘/‘mlfib \E%ﬁr FberaRRtaudes® » 1S | ess

5 than or % ess val ue: r? ass fiber(s). The har dness
val ues of th efﬂ%}P'etP*a gels %?Hbe Bhengteanps. lﬁ%?“s"s@é[ﬁ dRrezfagedyAnd etposspingny

convent i onaI ahdisifaes defediia prudadt® aich e Whah, cldiuai campdlitek edhichor Bri nel |

har dness, fnc}e\%ﬂ "?S?L%?ﬁng‘g&@ﬁ{gm ed according to the original Mbhs'

har dness - sca ] el ative scratch resi stance of the
surface of a mat elpitid fommingsten; &r exaviple; filkers, padicul@ly. glsFh Gbel) chvithe 'solidar dness

val ue of g a%%eag e es QGRANIR! dabhe iy B afd fibred of G &85%9%"%5 generally
ast Chém stry and sicCs,

woun intoa formmg package In fabric assembly ope fons, such as knitting or
weaving, the glass fiber strand contacts solid objects such as portions of the ﬁber :

. assembly apparatus (e.g. a loom or knitting device) which can abrade the surfaces
16 of the contacting glass fibers 12. Examples of portions of a loom which contact

25 - the glass fibers include air jets' and shultles. Surface asperities of these solid objects

that have a hardness value greater than that of the glass fibers can cause abrasive ~
wear of the glass fibers. . For example, wany portions of the twist frame, loom and
knitting device are formed from metafiic materials such as steel, which has a Mohs'
hardness up to 8.5%, ‘Abrasive wear of glass fiber strands from contact with

30 asperities of these solid objects causes strand breakage during processing and .

* +12 Handbook of Chemistry and Physics at page F-22.
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(1975) at page F-22, which is specifically incorporated by reference
herein. In this enbodinent, the Mhs' hardness val ue o6 $dpterpbertd0ties 18
preferably ranges from 0.5 to 6. The Mhs' hardness val ues of several
non-limti | es of- particles ..15 formed fromin terials
suitable for use In the present invention are given in%’%g%qll%ssgpbel ow. . 16
Sept enmber 2004 WD 01/68752 PCT/ USOL/ 08684 Table A Particle materi al Mohs'
hardness (original scale) boron nitride2l3 graphite0.5-1 14 nol ybdenum

di sul fidell5 talcl-1.516 m ca. 2. 8-3. 211 kaolinite2.0-2.578 gypsunil. 6 2'9
calcite (cal ci um car bonate) 3 cal CI um fI uori de471 zinc OXI de4. 522 :

al um nunt. 52 | 5-,328 nLcke al | adi umg. 82
pl ati nund. 32 @egé%sgpﬁ% szulcngs "é"ﬂ g:ﬁ‘sang,c?r,naqﬂeﬁg %a%er?a Fricti'on,
- Wear, Lubri cmate)and reargEeluring coslige 27, vvh| ch is hereby i ncor por at ed by '

_reference. 14 R M‘%ﬁﬁi&m:z(a%ﬁrahteb?d?cmgn‘i&‘n& \ﬂﬂg%}n%dg% .geﬂhé’ge% CRC Press

(1975) at page F- ense em cal
Di ctionary, vetien the partiglssys aqveeé@@inesyafaluemc Hogsqoheceed, L.e.nigtespor at ed by

referenceg l@aigvdea'ts a%rua@smﬂe Qhﬁé'blﬁ@d fb@t(é)t TR Rdinesé Jaidd difhe 1993) - at
page 1113, which is her e goﬂg gg referen e. 17 Hawe 's
 Condensed ChRARdEsanghdiass e cf"i ¢ fictergnine 93%’ Wﬁ“es%l ch is hereby
i ncor por at edmbasurenfent reethed, such as Vickers or Brinell hardness but is preferably
determined according to the ongmal Mohs' hardness scale which indicates the
relative scratch resistance of the surface of a materia! on a scale of one fo ten.. The
10  Mohs' hardness value of glass fibers generally ranges from 4.5 t0 6.5, and is |
generally 6. R. Weast (Ed.), Handbook of Chemistry and Physics, CRC Press

(1975) at page F-22, which is specifically incorporated by reference herein. In this
embodiment, the Mohs' hardness value of the particles 18 preferably ranges from
0.5 to 6. The Mohs’ hardness values of several non-limiting examples of particles
.15 formed from inorganic materials suitable for use in the present invention are glven in
Table A below. . S '
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. 18 Handbook of Chem stry and Physics at page F-22.

19 Handbook of

Chenistry and Physics at page F-22. 20 Friction, \Wear, 1&5entembers?004t page

27. 21 Friction. War, Lubrication

Lubricati onygfoe@@e V. 23 Friction Wear, Lubrication alpcpgfsss
-Handbook of Chem stry and Physics at page F-22.
26 Handbook of Chenistry and Physics at page

and  Physics at page F-22.
F- 22.
Chernistry and Ph sits at page F-22.

at page F-22. 30 Handbook of Chem str

27 Handbook of Chemistry and Physics at page F-22.

at page 27. 22 Friction War
24
25 Handbook of  Chem stry

21 Handbook of
28 Handbook of Chernistry and Physics
y and Physics at page F-22. 31 R :

Weast (Ed.), Handbook of Chem stry andyBhyai cs. CRC Press (711 Ed. 1990) at
page 4- 158. -28 16 Septenher 2004 WD Q1/68752 PCT/1)S01108684 nent i ohed
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B K. Ludema,
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Friction, Wear, Lubrication, {1986} at page 27, which is hereby incorporated by

" R. Weast (Ed.), Handbook of Chemistry and Physics, CRC Press (1975) at page F-22.
¥ R. Lewis, Sr., Hawley's Condensed Chermical Dictionary, (12th Ed. 1993) at page 793,

which is hereby incorporated by reference.

16 Hawley's Condensed Chemical Dictionary, (12th Ed, 1993) at page 1113, which

incorporated by reference.

7 Hawley's Condensed Chemical Dictionary, (12th Ed

" incarporated by reference.

\is hereby

. 1993) at page 784, which is hereby

* *® Handbook of Chemistry and Physics at page F-22.
% Handbook of Chemistry and Physics at page F-22.

2 Friction, Wear, Lubrication at page 27.

- 2 Friction, Wear, Lubrication at page 27.
2 Friction, Wear, Lubrication at page 27.
& Friction, Wear, Lubrication at page 27.

24 Handbook of Chemistry and Physics at page F-22.
2 Handbook of Chemistry and Physics at page F-22.

% Handhook of Cheristry and Physics at page F-22

# Handbook of Chemistry and Physics at page F-22.
% Handhook of Chemistry and Physics at page F-22.
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I norgani c particles and functionality capable of crosslinking into the
filmforming material or crosslinkable resin. Such coulfl Semermban0d4ar e
described in U S. Patent No. 5,853,809 at colum 7, line 20 through col umm
8, line 43 wokigts2i S i ncorporated herein by referencepctb®imdsssi | ane

coupl ing agents include glycidyl, isocyanato, 25 am no or carbanyl
functional silane coupling agents. In another non limting exanple, a
sil-ane coupling agent with al kyl side chains can be reacted with the
surface of an "inorganic particle formed from an inorganic oxide to provide
a useful conposite particle having a "softer” surface. O her exanples

ol ude ol addi ngc b EORABFHIILI ROk FARGLDHIRTLEEEIH, OLIRE diEom

non-pol ymeric or’p Fric naterra non- pol ymeric or*
-pol yneri ¢ nendefiahtoscraichinp e Thef ingam iwentiontherefoge %ﬂm@emﬁﬂe%md@orrpoy te

particles i sldiald JFaradihl chhéir%uﬁac%%‘attEeélﬁe?enp%rﬂffﬁrhhﬁn&%roﬂhﬁl e -29 4 16
Sept enmber 2004 WO 01/ 68752 PCTNSO01/ 08684 coated with cal cium carbonate that

i s commer ci dniespakredionsefitee HW‘PI*PP'?{“&ES sifface. dasstnecihieally. 38¢8% i on of Buffal o,
“NY. In ong G\iﬁb@ﬁ’deﬂﬁﬂﬁveothe Eﬁ?&c@ﬁf&ﬁeﬁﬂi&mddﬁéﬁlbé wivtified ihanpasdnecvels 18 are .

th | duct th | t t f at
Teast 0.5 vatpen e St s 20 B PR S ERe PGBl U Der ot e
K, neasured smtfataa @arapbnslmwmgdéchﬁﬁmé knbwniaﬂmsuplmhmthgsurbn@odl ment, the
particles 1 més %&E’iﬁ&%r e\ﬂhéﬂt’o thQEaraﬁes.L. 6ARd glé 5\%&% whité meter K,

€s &t}
hore prefera é?at |"east K, measur tenperature

of 300K. | n thepardnese pithe partidkripaneait: | hetSHGaqertFesrﬁ#r tauvibeoardREse 9ftBe t he

particl egpi Sgpﬁésﬁb&aSAs%tﬁéasliemaw a%ﬂn&éc%b&%&d%&fﬁrﬁﬁ at least 10 30
Wat t:s per and even nore at |least 100 ? per neter K,

measured at 'ﬁatF%ﬁEF I3 £opted. gipd Sr(ﬂﬁ‘ngsP'ﬁ ﬁl"?’&'ﬁ' ﬁ'éer°r;5'?°é? %‘?"P'&qﬁ'wé'ﬁﬁﬁ fSent, the
t hermal * congtini avdobiposit nididialthatihach esfter anaes Atemativelyt @ p2ti@@camt t s per

meter K, pr e preferably
from30 to g‘ﬁ%&ﬁ&%ﬁmgO’ma%ﬁ“%‘gna%%(gps\é%g‘édsc‘gﬂréx?‘se"sg'ﬁé” wWie 100 to 2000
Watts per medifaringformetibe pidan materialso tosnp@mapq;ﬂem@tenamha%sqﬂ%d herein,

"t her nal 180nghetd vity" means the property of the particle that descrlbes
its ability to transfer heat through itself. See R Lews, Sr. Haw ey’ s

Condensed Cheni ¢} OIS sXpmplprang withoub frpting the Rrgeenf invgntipm, @B inggginicyhi ch | s
specificall yparﬁmmmbﬁ&nbwgaafceﬁmamﬁaesmmn Thbidé bediumthurs onduct i vity of

Bt For - exanBresnte ayberfidh R4 Sl v e ost S B o he test e
ranges from @mﬁ:@sﬂe\mrtbie freanothet embadinent, fi@dndrgenicpapticles cartkerreagted t he t her nal
conduct i Yot Yyifif 2 LddpingREER hilind aikibGif Shebld df 8oakity tbnlihG Rpef erred-

: inofganic particles and functionality capable of crosslinking into the ﬁlm-foﬁhing
material or crosslinkable resin. Such coupling agents are described in U.S. Patent
No. 5,853,809 at column 7, line 20 fhrough column 8, line 43, which is incorporated
herein by reference. Useful silane coupling agents include glycidyl, isocyanato,
25 amino or carba;myl functional silane cbupling agents. In another non-limiting
example, a sﬂane coupling agent with alkyl side chams can be reacted with the
~ surface of an inorganic particle formed from an inorganlc ‘oxide to provide a useful
composite particle having a "softer” surface. Other examples include cladding,
encapsulaﬁng or coating particles formed from non-polymeric or polymeric materials
30  with differing non-polymeric or polymeric materials. A specific non—lirﬁiﬁng examble
~ of such composite particles is DUALITE, wﬁich is a synthefic polymeric Vparticle
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- guarded hot plate nethod according to ASTM C-177-85 (which is specifically

i ncorporated. by reference herein) at a tenperature of ®i%spternbentd084t her nal
25 conductivity of the material to be tested ranges from 20 Watts per neter
K to 1200 WeM6ESher neter K, the thermal conducti vit yP@HUSeHess#at eri al can
‘be determ ned using the guarded -hot flux sensor nethod according to ASTM
C-518-91 (which is specifically incorporated by reference herein). In

other words, the guarded hot plate method is to be used if the thernal
conductivity ranges from0.001 Watts per neter 30 Kto 20 Watts per neter

K. If the thermal conductivity is over 100 Watts per neter K, the guarded -
hot flux seresgiedith haleum sarbenatecthaldsedmniemially avaijahle froroRieR® and 100 Watts, per

~neter K, . ei t&efenteblemnsadt I -30 L 6 Septenber 2004 WO 01/68752
PCTI JSO1/ 08684 I'n tﬁe [uargg%ﬁot pI ate nethod, a guarded hot plate

appar atus cdRPg§ ﬁ'F‘PRf;’"‘&e“t of ok Riesentiavantiony the patticles 1arathermaliir y heat i ng pl at es,
two cool i ng denddctive, Blg@efeably hald aamermaecohmmemt atn@sm@waaé p&d secondary

d, t t t to test t
Gusent i at by HETEFdl HGrBF AL RS Wahsbe BUSHE vl G Pabahmer si de o
_ the guar ded d4i&a@K.rg ammn—tummg;émuddmwnppms*.xaﬂnelei m:Meefthe‘nhﬁ cBpRetivigns in -
cont act ¢ ferbi¥eed i Rf olBPRUIDE RS o 06 SRR et DD heated to

the desired tes drature "a aperlo required to
achi eve t her'ﬂ%ﬁsu@ﬂéhﬁympgﬁ&l{@f3@9!@elﬂtameef@ted&d§w@mamtethcﬂlednal| on |s achieved,

the heat 1 qnéidiifydpmb Pﬂwém auedyt ﬁéwa hfefer Rﬂ%&@ﬁeéérg%aﬁéﬂést” e

dlfferen?s (A across the sanples are ecor rage thernal
t

‘conduct i.V pepfetenl @gﬁﬁ@gorpgrefqﬁq!y gt igegt 10 Vatts pergmater Kohe f ol | owi ng
formula (1) mmm@u/am“e‘nﬁéaawm@nm( Nn bnmﬁerbmer@uemaeﬁm&ﬁv & HRRalOf t he

sanpl es and ver the sanples. 15 It is
bel i eved thaﬁéﬁ%&%fﬁ? & EW?%s?ff)ﬁ'ﬁé? %)dr? %Elpef:@ﬁtﬁﬁlé "FEAOY Wi 11 nore

qui ckl y di-sdtopa2eto?AeD Walts peg mater Ki mofe grefdrahly feont80 fol200@Waitepet i on from t he
hol e "area, !Pfﬂ%ﬁ i | ' [ conductivity
of . sel ect ed rﬁrrﬁ?’ctakr %g@glloﬁ%m%r%}! ?gsdjt%r%c O%lid]s &&B@ebi{nﬁ%&n&f’qﬁ%ugh not

“requi red!8i ACEPRSEHEC! 0RKo disvert hasgiaripmahcandectigivemesns thewveprryoh, 20 the
particles arthe piridd thitambdried iRl masferrnmﬁodghq&uels%ew L&A, sresistivity,

i.-e., have el ectrica esi Stivit croohmcm Use of
particles h%ﬂm g'lz‘?&'rt %323;5’?3?%%%”?& convent i onal

el ectroni c cpedfigally ibespotateiiyl refesntoliseint 0 i nhi bit | oss of electrical
signals due to C?ﬂ@ﬂ‘nﬁ“a%bnﬁﬁcti@i{yeb% hi2tsial 3k B Gleriifed by any method
20 known to one skilled in the art. For éxample. if the thermal conductivity of the
material to be tested ranges from 0.001 Watts per meter K to 100 Watts per meter K,
the thermal conductivity of the material can be determined using the preferred
‘guarded hot plate method according to ASTM C-177-85 (which is specifically
incorporated by reference herein) at a temperature of 300K . If the thermal
25 _cond_uctivity of the material to be tested ranges from .20 Watts per meter K to 1200
Watts per meter K, the thermal conductivity of the material can be détennined using
the guarded hot flux sensor method according fo ASTM C-518-91 (which is
specifically incorporated by reference herein). In other words, the guarded hot plate
method is to be used if the thermal conductivity ranges from 0.001 Watts per meter
30 Kio 20 Watts per meter K. If the thermal conductivity is over 100 Watts per meter K,
" the g'uarded hot flux sensor method is to be used. Forranges from 20 to 100 Watis .
. per meter K, either method can be used.
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rei nforcenment. For specialty applications, such as circuit boards for

m crowave, 25 radio frequency interference and el ect r ontgPentember?®4f er ence
applications, particles having high. electrical resistivity are not
required. WNsBBeEtrical resistance of selected naterped/esmmssiabl e A is
lncluded in Table B. -31 16 Septenber 2004 WO 01/ 68752 -Table B -

PCTI US01/ 08684 .| norgani c Solid Thermal conductivity Electrical Resistance
Mohs' hardness Material (Wm K at 300K)(mcro ohm (original scale)
centimeters) boron nitride200321.7,x 10191_84 boron phosphi de35035-9. 536
~al um num phosphi de13037-- al um num ni tri de20038greater than 101839940

~gal lium nitridel70theguged thduﬂllaﬁmbﬂfbhj aigmﬁegwsdzdté Efparatay @neevh %g4 X| |1015,| to
1 x 106 44gr r an $45 siljcon nitride30461078 to 102, 47948 beryllilm
oxt de20ag ol reARE B i Bedling piates, e PO wirS 0P it et T
~'Conduct:i vi t ya temperiwye confthllechse®@otiarglguard, 260 3jempetatur8densyr. red2ayt which i s
her eby i ncor ; PRTL IR ANY/.Y ) ' Nitride and
Boridb Nator D aleRtEhedto St @ €8S o by e sambiRl Aeiicadbh o)
Fri ction. Swegither $i4#f theguprdpd beatingnit vith theappasite Bicaeof the spsaimensihl i ¢ Crystal s

wi th H gh Thentat wihanélabdibry ihbating dnitsPié apdehis theh hélted to IR/dkied! - 34, .-
- 325, which i reb |nc§h§$£?at ed by reference. 36 R Lews, Sr., Hawey's

e ¢
Condensed Ch f‘ﬁnﬁ'ﬁ ST En T a parisdiof fipe reqipd Yo aghieva terma steadyynj ch i s
her eby ‘i ncor glateaOeck thy steadyasttnconditidvls Echictbd ake heatNWWIED) phdsing Crystals with

whi'ch s hor SEPBF HE Stk angine Gy lien8l g Sorags i Sdmal@ie o 1 e
Crystal s 10V t tecoiesh Thaaverede thumeioondugtivity (Kid).of fhiesemplEhisthenSalculeied
using the following formula (l): ’
| Ko =QLJAAT o ” )
wherein L is the average thickness of the samples and A is the average of the
combined area of the samples.
15 [t is believed that the materials with higher thermal conductivity will more
quickly dissipate the heat generated duﬁng a drilling operation from the hole area,
‘resulting in prolonged drill tip life. The thermal conductivity of selected material in
Table A is included in Table B. |
Although not required, in another embodiment useful in the present invention
20 the particles are electrically insulative or have high electrical resistivity, i.e., have an
electrical resistivity greater than 1000 microohm-cm. Use of particles haviﬁg high
- electrical resistivity is preferred for conventional electronic circuit board applications
to inhibit loss of electrical signals due to conduction of electrons through the

reinforcement. For specialty applications, such as circuit boards for microwave,

25 radio frequehcj; interference and electromagnetic interferencé applications, particles
having high electrical resistivity are not required. The electrical resistance of
selected materials in Table A is included in Table B.
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- 75 rding to ' Wb El enents”
EtSff)C?I \c/iwxw.gshef . ac. ukl - - chenl web- el ent sl nof r - i mage- | nari§ri¥eptember 2004
ronerais-1.htm (February 26, 1998). -33 16 Septenber 2004 WO 01/68752

Tabl e B contwb Rig#lsk/501/ 08684 | norganic Solid Thermal copgpgédMscky

El ectrical Resistance Mhs' hardness Material (Wm'K at 300K)(mcro ohm
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It will be appreciated by one skilled in the art that particles 18 of the coating
composition of the present invention can include any combination or mixture of
'S particles 18 discussed above. More specifically, and without limiting the present -
o invention, the particles 18 can include any combination of additional particles made
from any of the materials described above. . Thus, all particles 18 do not have to be
the same; they can be chemically different and/or chemically the same but different
in configuration or properties. The additional particles can generally comprise up to
10 half of the particles 18, preferably up to 15 percent of the pérticles 18.

. 7 Microslectronics Packaqing Handbaok at page 174.
7 Microelectronics Packaging Handbook at page 37.
7® Handbook of Chemistry and Physics at page F-22,

7 Microelectronics Packaging Handbook at page 174.
% Microelectronics Packaging Handbook at page 37.
81

Friction, Wear, Lubrication at page 27.
¥ Microelectronics Packaging Handbook at page 37.
- % Microelectronics Packaging Handbook at page 37.
 Handbook of Chemistry and Physlcs at page F-22.

% Microelectronics Packaging Handbook at page 174.
. * Microelectronics Packaging Handbook at page 37.

®" Handbook of Chemistry and Physics, at page F-22,

Microelectronics Packaaing Handbook at page 174.
* Microelectronics Packaging Handbook at page 37.
% Handbook of Chemistry and Physics at page F-22.
* Microelectronics Packaging Handbook at page 174.

2 Handbook of Chemistry and Physics, CRC Press (1975) at page D-171, which is hereby
incarporated by reference. .

* Handbook of Chemistry and Physics at page F-22.

# Microelectronics Packaging Handbook at page 174.

% Microelectronics Packaging Handbook at page 37.

., % Handbook of Chemistry and Physics at page F-22,
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81 Friction Wear Lubrication at page 27, ez M<croel ectronics Packagi ng
Handbook at page 37. 93 Mcroel ectronics Packagi ng Harl@iSispleraher 2864 37.
114 Handbook of Chemi stry and Physics at page F-22. 98 M croel ectronics

Packagi ng ahehegk at page 174. se Mcroel ectronics RagkReioagssHandbook at
-page 37. 87 Handbook of Chem s and Physics, at page F-22. 88

M croel ectroni cs Packagi ng Handbook at page 174. 89 M croel ectronics
‘Packagi ng Handbook at page 37. 90 Handbook of Cheni st and Physics at page
F-22. 91 Mcroel ectroni cs Packagi ng Handbook at page 174. 92 Handbook of
Chem s and Physics, CRC Press (1975) at page D171, which is hereby
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ture of 30 -
non- hydr at a “E"T?af?eterﬁ?"e@g&??b? “F'eﬁgpﬁ' %gérrn anot her enbodi nent, the
particl ess 18 conmransthefenitddintent, 8@ padicigs 18 grenprie0.00 blo 98 weigbbreréent)

Compos’ {1 0N ookt Ayl iy BTl SoicRbRe bAREA) 130 il Por cent a'nd__

nore prefer ercen e particul ar
enbodi - and more preferably 1 to 40 welght percent. In addition, in the partlcular embodi-

ment wherein the particles 18 are non-hydratable inorganic particles, the particles
preferably comprise 1 to 50 weight percent of the coating composition on a total

20 solids basis, and more preferably up to 25 weight percent of the coating composition.

In yet another embodimeﬁt, the particles 18 comprise greater than 20 weight
percent of the coating composition on a total solids basis, preferably ranging from 20
to 88 weight percent, more preferably ranging from 25 to 8D weight perdeht,' and
most preferably ranging from 50 to 60 weight percent. In this embodiment,

25 -particularly preferred coatings include resin compatible coating compositions
comprising greater than 20 weight percent on a totai solids basis of at least one
particle selected from inorganic particles, organic hollow particles and composite
particles, the at least one particle having a Mohs' hardness value which does not

. exceed the Mohs’\hardness value of at least one glass fiber.

30 In another embodiment, the particles 18 comprise 1 to 80 weight percent of
the coating composition on a total solids basis, preferably 1 to 60 weight percent. In

- one embod_irhenti the coating composition contains 20 to 60 weight percent of _
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- ment wherein '"the particles 18 are non-hydratable inorganic particles, the
particles preferably conprise 1 to 50 weight percent ol $¢pterobertaong
conposition on a total 20 solids basis, and nore preferably up to 25 wei ght
percent of the coating conposition. In yet another enbodinment. the
particles WBOHSHPrise greater than' 20 weight percenf¢of® 1138984 oat i ng
conposition on a total solids basis, preferably ranging from20 to 99
wei ght percent, nore preferably ranging from25 to 80 wei ght percent; and
nost preferably ranging from50 to 60 weight percent. In this enbodi nent,
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t ted t
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. semi synt het i thermobatirgy ateriatst Srdferbldly, theplymedt ﬁlmdbmmmatemfm al s, and
m-xtures of feﬁxraw%?k oLﬁﬁlrﬁ%Epgpsphed%\ﬂM%& &f@@lgﬂggfﬂe‘?s material s include

but are not trc materitals and™ thernosetting
materials. Pref elG&beyiﬂiv. thﬁ@mﬁmtwr@mrfmnswﬂqr@lwwgsWﬂmérﬂ?%ﬁ‘ge%r m a

general |y copdrddntishise éo'a{:r@dﬁﬂﬁ&ltﬁﬁlahh@daltselldslbﬁsﬁbmfnﬁé:@nﬂcﬁhnﬁntitHaae gl ass

glgb:;;sghge nearm?oluln}/of fi } h?ormmg matenacﬁs prel'eraray range?frorﬂ 1'1&%(? weig t%errcgqgaes frem1 to

more preferably from 1 1o 25 weight percent. In another embodiment, the amount of
film-forming materials ranges from 20 to 89 weight percent, and more preferably .
-ranges from 60 to 80 weight percent. .
In aﬁdtber embodiment, the amount of film-forming materials preferably
25 ranges from 20 to 75 weight pe-rcen_t of the coating composition on a total solids
basis, and h__'_gore preferably 40 to 50 weight percent. . In this embodiment, particularly
preferred coatings comprise a film-forming material and greatér than 20 weight
percent on a total solids basis of at least one particle selected from inorganic
particles, organic-hollow pariicles and composite partiéles. the at least one particle
30 having a Mohs' hardness value’which does not exceed the Mohs’ hardness value of
o at the least one glass .ﬁber. '
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. percent of the coating conposition on a total solids basis. In one
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preferred po ng_nat er n the, coating
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witht heﬂﬁos'@lafdsnﬁlcf‘rﬁﬁ FR)G Ermaxmrewm whicis ard pelgfuhdiohat apeg rdéstns apd indned circui t
15 boards, spifty ﬁ?erﬁﬁédﬂnéf@%ﬁe |F1§]‘et%h5}fis a%nﬁﬂnﬁf n‘?ﬂ!ﬂc\ﬂ 9(%* pal epoxy resins

and in one particular enb ron IS tRct i onal
br omi nated € ec dﬁ“’c'"tvmaé?ﬂaM?gS%mﬁggbﬁWS?ASM

I nternati 0nahhuﬂ-ﬂa%Qbecaibaﬂpaﬂ%orééﬂbgp?&erenc\gﬁ%@m are specifically -
"incorporat ed by ffgﬁéence herein, Useful thernosetting materials include

t hermosetting p O| rgloseéw)[?atenals include thermosetting polyesters, epoxy
20 - materials, vinyl esters, phenolics, aminoplasts, thermosetting polyurethanes,

carbamate-functional polymers and mixtures of any of the foregoing. Suit'able
thermosetting polyesters include STYPOL polyesters that are oommerclal[y available
from Cook Composites and Polymers of Kansas City, Missouri, and NEOXIL
polyesters that are commercially available from DSM B.V. of Como, italy.

25 . A non-limiting example of a thermosetting polymeric material is an epoxy
material. Useful epoxy materials contain at least one epoxy or oxirane group in the
molecule, such as polyglycidyl ethers of polyhydric alcohols or thiols. Examples of -
suitable epoxy fi Im—formlng polymers include EPON® 826 and EPON® 880 epoxy

~ resins, commercaa_\lly available from Shell Chemical Company of Houston, Texas.

30 Useful carbamate-functional polymers include carbamate-functional acfylib

poiymt_ars in.which pendent and/or terminal carbamate functional groups can be
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"20. materials, vinyl esters, phenolics, am noplasts, thernosetting

pol yur et hanes, carbamate-functional polyners and ni xt UlSeSeptémben2008 t he
foregoing. Suitable thernosetting polyesters include STYPOL pol yesters
that are co |y avail abl e from Cook Conposites an of Kansas
Cty, lesoﬁg?§%§% NEOXI L polyesters that are connercgbfﬁg avéflable from
DSM B. V. of Conob, Italy. 25 A non-limting exanple of a thernnsettlng
polyneric material is-an epoxy material. Useful epoxy materials contain at
| east one.epoxy or oxirane group in the nolecule,-such as polyglycidyl

et hers of pol yhydric al cohols or thiols. Exanples of suitable epoxy
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~ranging from

000 I cuI | ent Wi ght
typically .10 wit Hﬁ%‘”‘ﬂ‘l’\@e't“ﬁ’ﬁ@&” ePBe 8%%@ on eq% ents of
reactive car bashedimngiolyeess typidally aontair résitheal ydcryidunstienat srepspiichpr ef er r ed

carbamat e functiqgna b dual .
ydr oyl 1 uncoPyRaRi SBsoaR Aed Adrehihy ﬁ?ﬁ%ﬁﬁéﬁﬁ'ﬁ'ﬁfgﬂg res

Pref erabl vy, tbmupmlmmrmlynwdhwsﬁltﬁhbldr%‘a’?'“emﬁg freg A¥ pol yner has
a resi dual 5hyQP o4l ue ranging from0.5 to 10 ng - 15 KOH per gram
Useful thernopla %

| olyneric materials.in :ge noYmepsonmars '
thernopl astic pol %éﬁfﬁ’gih§m°ﬁﬁﬁtj}7cﬂ°@f“f3ﬂ%ma‘66?'§/'3ﬂ¥ "'é"yl Y™l i phati c
pol yam des or theﬁﬁ%ﬁd SolyeetexsapolydRanss poljenddesde.gnalighatic pﬁmldqﬂ qistic
B Ly of 1 e R e SR arts il o BaRlofeplntrafioct ot pof R 1 Ur S
present i nventsuehas pdiacyylicdcti)rapd miguses/efeny ef the ﬁOFﬁQPiﬂﬁ ‘ming material is a
vinyl polygr.  Useful KL nhiiithy EFicinidht e present invention, the preferred
_ polymerlc fiilm-forming material is a vinyl polymer. Useful vinyl polymers inthe
present invention include, but are not limited {0, poiyvinyl pyrrolidones such as PVP
. K-15, PVP K-30, PVP K-60 and PVP K-90, each of which is commercially availabie
from !ntematlonal Specialty Products Chemicals of Wayne, New Jersey. Other
25 suitable vmy! polymers include RESYN 2828 and RESYN 1037 viny! acetate
copolymer emulsions which are commermally available from National Starch and
Chemtcal of Bridgewater, New Jersey, other polyvinyl acetatés such as are
commercially available from H. B. Fuller and Air Products and Chemicals Company _
of Allentown, Pennsylvania, and polyvinyl alcohols which are also available from Air

30 Products and Chemicals Company,
o Thermoplastic polyeéters useful in the present invention include
DESMOPHEN 2000 and DESMOPHEN 2001KS, both of which are commercially
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~present invention include, but are not Iimted to, polyvinyl pyrrolidones
such as PVP K-15, PVP K-30, PVP K-50 and PVP K-90, eaclé Ssfpterhbert2004
commercially available fromlnternational Specialty Products Chemicals of
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for, use as RolkdRik thisn{ahflc mBRHAL bAhe o Bol oMb By 1oL L1 00 1O
ce e a

cel lul osi.cs such as hydr ox ose an rches such as
KOLLOTEX 125%PmpHss RV 130 ee!&‘{"ivywmlm"ar?ym;@@ Comiined with EPON 626 epoxy

20 resin.

Semisynthetic polymeric haterials suitable for use as polymeric ﬂlm.-fomiing
materials include but are not limited to cellulosics such as hydroxypropylcellulose
and modified starches such as KOLLOTEX 1250 (a low vnscosrty, low amylose

_ potato-based starch etherified with ethylene oxide) which is commercially avallable
25 from AVEBE of The Netheriands. )

" Natural polymeric materials suitable for use as polymeric film-forming
materials include but are ﬁot limited to starches pi'epéred from potatoes, com, wheat,
waxy maize, sago, rice, milo, and mixtures of any of the foregoing. |

_ It should be apprec‘iated that depénding on the nature of the starch, the
30 starch can function as both a particle 18 and/or a film-forming material. More
o spec;f cally, some starches will dissolve completely in a solvent, and in particular
- water, and function as a film forming material while others wilf not completely
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pot at o- based starch etherified with ethyl ene oxide) which is commercially
avail abl e 25 from AVEBE of The Netherlands. - Natural pi§ Seniemnben90dri al s
suitable for use as polyneric filmformng naterials i ncl ude but are not
limted to“%t ghes prepared from potatoes, corn, W 4RI ze, sago,
Tice, mle, 3 m xtures of any of the foregoing. It s Olf,H e appreci ated
that dependi ng on the nature of the starch, the 30 starch can function as
both a particle 18 and/or a filmformng material. More specifically, sone
starches will dissolve conpletely in a solvent, and in particular water,
and function as a filmformng material while others will not conpletely

39 Lo Sept sl 4 il 4 BiTakr QG S0 RRGRA oFpasbi g and |

maintain a particular ‘grain size and function as a particle 18 Al though
.starches (botAWwH%H ﬁ?f&!’esa(PRih adnrakand spaisyrifetio) gan B%”ﬁ?gébﬁqc?fd%!?f’@é‘ﬂtﬂance Wi th

t he present trﬂ\pmsémtmenﬁoheth@@ﬁmgl@mp@wfhb‘i)ﬂaséﬁt |rtvbtaaoﬁtsq:iaa:fablynvent ion is
preferably herfel n, the

h
Cer m » cubst ab(RRN Yl ifarrerdiaias: f bR e ln @l 1R oat i ng
" conpositidén etawpmawslﬂ regzms thabihe SGating caphpositioresogprises dass than S0 aleighl | ds basi s

of the coati c&@mg&éusgﬂs bR HoRButh 'csrﬁ%%gkltaﬁ[ﬁrééamwﬁm n8 starch

materials. ref erab coating resent
i nvention i s“@ﬂ%‘@ﬁ?‘?"&h F&atq1P|EeM8ﬂe Péﬁtf%@h thpsgoaling £psposition G%@@IPW@?T& n, the term

"essential Y|nvéritue:e|s<éfsséﬁt(aiw&5e B&iaﬁéﬁ rﬁét lmiﬁ&dﬂb?ém H&Qe:ﬁ%&ééi\%ﬂ?orfp%' tion
conpri ses- leE% %fh n,20 .10 ywe g tl’% cen on a total Olldstg S|.S of the

coating conp h materals, o campRstigh PorpRlFeRts e
preferabllp i werbhtepercelht oataaotalksonﬁstbes:s of tBe co’a‘;my @aipogition) prefurably 2458 thahO rrposi tions

cont-ai ni ng sga,r or rctehﬁ{ndg{?e;ﬁgigra?@%ﬁe% i kb Qﬁfna?%él?nds to be Incorporated

into | am nates CiTcult boar are not resin conpatible ‘and
must be renoved Tppic‘eirpnmwmmelcgummpmmnhmmgtsmchps)mtrm appliector | x 15

material . Asgii eidrs & Bé isHofforkistifto uﬂ.ﬂ&rf@r%mea Eiﬁ:uﬁ%ﬁr&éwe AaTRGsi tions of

the present inventiop are resin conpatib and do not require renoval from
“the fiber sPiBRFHQe gRd mpg e eempuedyprior *mmoraéwrpmé@%aqiwnc Mt

pref er abl1p, . materialo Ak pregioushodiFvasdet] errabll tHeltatg e6Rpdsitibny/efiid on ar e
conpatible w nat er. | gl t boards

al d ke
(o eussed berS Mdriin BRI rdpllic oldB ool B Hrhabforshb B, o Ul o The
pol ymeric fi stranfioenfibarg prierte fabr¢ srocessing eMove preferahty, ﬂblceahnerrul sifiable,

di spersi bl e emﬁogmorwge ?eseﬁsmféﬁcgoﬂareeéoﬁipaum e W mﬁﬂ oflRRD S that the

polynmeric materials ar of bel n‘g essenti a un bI ended
and/or ol ewakeawﬂﬂgﬁd&mq“@ﬁaréaqusyl'%ﬂa% pelewand mqst\mf@a ty arefetsm rasutl rue
sol uti on.20Seeonmabie. Ys a 25 page 1075, -which is specifi cal l'y incorporated

by refer ence. her eIlhe pol'yEenc f?m-form:nlg%atenals can be water soluble, emulsﬁ‘ able,

dispersible and/or curable. As used herein, “water soluble” means that the
polymeric mat?aria!s are capabl'e of being essentially uniformly blended and/or
mofecularly or ionically dispersed in water to form a true solution, See Hawley's at

25 page 1075, WHich_ is specifically incorporated by reference herein. “Emuisifiable”
means that the polymeric materials are capable of formiﬁg an essentially stable
mixture or betng suspended in water in the presence of an emuisnfylng agent. See
Hawley's at page 461, which is specifically incorporated by reference herein. Non-
limiting examples_ of suitable emulsifying agents are set forth below. *Dispersible”

30 _means that any of the components of the polymeric materials are capable of beirig
distributed throughout water as finely divided particles, such as a latex. See

~ -Hawley's at page 435, which is specifically incorporated by reference herein. The
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means that the polynmeric materials are capable of form ng an essentially

stable mixture or being suspended in water in the preséfapterhbar2004

enul sifying agent.. See Haw ey's at page 461, which is specifically

I ncor por at eglolyesif erence herein. Non- limting exanpl egT §01i§kk‘sl abl e

enmul sifying agents are set forth bel ow "Dispersible" means that any of

- the components of the polyneric materials are capable of being distributed
t hroughout water as 'finely divided particles, such as a | atex. See

Hawl ey' s at page 435, which is specifically incorporated by reference
herein. The -40 16 Septenber 2004 WO 01168752 PCTI US01/ 08684 uni formty of
t he di sper si unifoomity ditheidispersiars eah bayndréseedibitthé amloﬁw&ﬁrtg BiSberdthgoder si ng -or
enul si fying i_ch.are scu el ow. "Curabl e" *

means t hat ta ﬂgﬂ oly Hrﬁt% gﬁltf&%t"&} v'fhygﬂg ad’scf‘?‘FgabElB‘?‘rpﬁéﬁ?Fes mgngthat si zi ng
conposi.tion H'leé"’ esmeenaﬂﬁansemgmmnme‘ma siing campoditionare epaisis| | nked to

each other tef A c naterial s.
See  ‘Hawl e 'S aléta:?%g egce@in&mwhm%%géh@%gﬁ#ggﬁﬁfegFlﬁl%ge Rl%lp)4 ?EC(T* by reference

her ei n. abePEIEP f"l? PBW‘“F'?‘F Matelipis fSep iiawley's af Pﬂs&ﬁﬁhglhi'rhiserl al s” di scussed
-above, the mu"baigmeaﬁmﬁdbymereéhédaﬁ present i nvention preferably

conprises one or ass r ents such as organo-sil ane
coupl i ng agents, Fgém Of"???frll" Ifﬁgt g&' I gﬂ%‘j@?ﬂ‘?edﬁhﬁ@pﬁenat e coupl i ng

agents, al untaning eowobiiong ofihe plesent mnermon pﬁ&ﬁb@loﬂhﬁ@e&‘éﬁ@@*m&@um ing agents,
and m xtures ou nts typically have
gi9ds BBYcof Im% Q%‘&sqs{u@iggé &geno-shg Opﬁrp ggenpsgﬁzrgglﬂré Hle[ai; ,

dual functionality. I'con It one or
nor e groJBs GHPENY ages, é’?’?%’é‘?"afee@éplmﬂnagwt&aﬁlummtmabuwny agents| minof | ber surface

and/ or the cwmmﬂgyw&ngfmﬁﬁﬁﬁg ég%’ﬁts”ar\mﬁ&thés oﬁ?n lb?@lgf aﬂgi Th he term 15

‘conpatibiljze. S are ed, but not

ou
bonded to ?Qr‘i'g""lglaﬂ?ﬂ Q’ﬁ'ﬁ%ﬁb%"eﬂ'{g'ﬁmﬁ?m tycB ?hoss nglem hssat i ng
conposi tion, aﬂaoheddc(anpeerme gmcﬁsavhnchmhblmgre@&tvﬁtﬁloyagnl,@[po,ﬁzgrﬂqées I n one

non-1imtingg i.con ato s attached to it one
or -nore hgdrol yzab| gracr)uh%s mﬂ‘g% ofg'\?vr?sf?emat%tfﬁlqs n}'%{%@ﬁ'ﬂeieﬁ“react Wi t h-
‘the glasd flmpﬁlaimaeeansah%thﬂwoms arenhemicallyctiaoted) bLlﬂﬂ)otgbm'leﬁStot hat al | ow

the coupl i ngh@feMburtate BRAGH the/ rix. Exanples
. of hydrol yzabl] @rl(])ups i ncl udgmgl%ﬂ@g?%%?t’nﬁ &Fl%m@&x I&'b , -NCGR2,

-ON=C-R4, - sRivationgorcas. InsneRgIdimitng embedientcsach metabar C3 r esi due of
a.1,2- or 1,sficon stomlhas uthehe to itBhe bismérd hydrolyzable groups that allow the

coupling agent fo react with the glase fiber surface, and one or more functionat
20  groups that allow the coupling agent to react with components of the resin matnx
- Examples of hydrolyzable groups include:

O H O R®
| P I |
.- 05 -QR‘ -0-C-R?, -N—C-R?, -O-N=C-R*, -O-N=CR®, and
' .the monohydroxy and/or cyclic C,-C, residue of a 1,2- or 1 +3 glycol, wherein R' is C,-
C, alkyl R?is H or C,-C, alkyl; R® and R* are independéntly selected from H, C,C.
alkyl or C¢:C, aryl; and R® is C,-C; alkylene. Examples of suitable compatibilizing or
functional groups include epoxy, glycidoxy, mercapto, cyano, allyl, alkyl, urethano,
30" carbamate, halo, |socyanato ureido, imidazolinyl, vinyl, acrylato methacrylato,
" amino or polyamino groups. '
- Functional organo-sitane coupling agents are preferred for use in the present

| lnventlon Examples of useful functional organo sﬂane couphng agents mclude
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C3 alkyl; R2is Hor G-C4 alkyl; R3 and R4 are independently selected from
H CS.C4 alkyl or C8-C8 aryl; and R5 is C4-C7 al kyl enel6 $optember2004
suitabl e compatiblizing or functional groups include epoxy, glycidoxy,
mer capt o, wwemsms7sal | yl, al kyl, urethano, 30 carbanst e, pdidds@insisocyanat o,
ureido, imdazolinyl, vinyl, acrylato, nethacrylato, am no or polyarnino
~groups. Functional organo-silane, coupling agents are preferred for use in
the present Invention. Exanples of useful functional organo sil ane
coupling agents include -41 7 -:7 16 Septenber 2004 WO 01/ 68752

- PCT/ US01108684 ganmm- ani nopr opyl tri al koxysi | anes,

ganma- i socy nEATUmprdnykriatkixysiesis, gamma-isocyahatopropyitieliboxysilaae elpyl-

gl yci doxypr r nes. '
Brlferren’t optadaa s ikalogan ARGyl AR PU LB O,
gamma- gl yci d88§uediaggn Prugﬁm-wawplaaegenmmdm A-187 gamma-glycidoxy-

ganma- nmet ha%f&ﬂyméﬁﬁ&%ﬂbﬁé N‘i‘?ﬂ B%MMe&@%loﬁp}opﬁ%eﬁmxysﬂane A-1 ?LO
~ ganma- am opro ltrieth o i | ane sjilane coupling agents, 08 ani no
si | ane a&'@%‘ﬁ‘f""& BB SRR cRtPlinaA9aRtSr Ash 8t§"]"@§’t?’1’6'9@513| | ahe (each

KI]; V\Q i CE) i s coum:nyagant ad A1 ‘Eﬁﬂ@ah&hlniﬁe_lddpﬂﬁy!ﬁ&hWy%mg (eich onvitlidhag  of _Talr lr ytown,
. New Yor n ng agent._can be. at st partia

hydr ol yzed Vé&ﬁnwe?c’ia[(ﬂg%ua%l or "FSW%%FP@S{?% I Ffﬂgf’g‘?‘ _ gf er abl yyat a
1: 1 stoi chi cwganp ﬁtﬁnﬂ&oupbngﬁgenﬁ dan te ef leastiparigyp hydedyzé@witmwatahgridr ol yzed form
The pH of t'“a%pl\@ﬁd?ﬂoﬁ@'ﬁb&? ﬂ?@&%ﬁlb@ldap?' sthibRorRdid rtahc%]' ?Iiesﬁ'gd gﬁlieg or a base

to initiate or: spe SIS O I's well known

in the at?. "SHWWQBW?dtfP'HhS%PPHr%WEW&W eastn?wq%gﬁpagae&'sgg@mma@ titani um

zi rconi um wcrdroruBaseaadntratérdaapdémmw&blyﬂgoag@é&@nng%éﬁtabEsﬁwéu' tanate
coupling agents agt a?mrconate 15 coupling agents are comrercially avail able

from Kenri ch Pt FEE cal ‘Conpany. Suitable chrom um conpl exes are
commer ci al | y avabtitabk drahsitomnigtdl mtlbﬁr@mgéntslhcluﬁeﬁtmurs, ZirEonlilitd, pitd@rt on,

Del aver e. T bR A3 Bhdfs. YHAR HsRSoGaHRLEGE 2 RRFNLEAT © COmPI ex

“conpounds_in which a triv nt nuc romu S
coor di nat®d SRHRIRY agentsraieanamereially ahalablﬁgoraﬁﬁemhmh@qhemml Gampan(t her net al

chel ate 20 mdaurémmm&atc&nﬁme aFé&mnieﬂﬁhuﬁQ@dﬂéb‘?e #AREN ddbohftese skilled in
the art cangpe us%? her ei hbe1 € unt of coupling agent %]ener all'y ranges
Cfrom 1 to 98" XNEHGH WiaineeRt ‘ﬂ‘fa % a@eéﬂﬁplcﬁ@'a@’ﬁﬁﬂﬁ'ﬁﬁﬂ@ﬁ B¥Pleg t ot al ~ sol i ds
basis. |n omgerdsriredbmpiat contgoandsiimwhich Diivaler® Hipdidan gtoRGRIBH ad @Rgiem’ rom 1 to 30
sy ably © ¥ Yoshipgled iR olsic SRR M, e il el oy g
percent . 2 and coordinate type coupfing agents known to those skilled in the art can be used :
herein. '
The amount of coupling agent generally ranges from 1 to 99 weight percent
of the coating composition onxa total solids basis. In one embodiment, the amount of
_ qoupling agent ranges from 1 to 30 weight percent of the coating composition on a
25 total solids basis, preferably 1 to 10 weight pércenl, and more preferably 2to 8
weight percent. | ‘
The coating compositions of the present invention can further comprise one
. or more softening agents or surfactants that impart a uniform 'charge to the surface
_ - of the fibers causing the fibers to repel from each other and reducing the friction
30  between the fibers, so as to function as a Iubrié;nt. Although not required,
preferably the softening agents are chemically different from other components of
the coéting;composition. Such softening agents include cationic, non-ionic or
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- The coating conpositions of the present invention can further conprise one
or nore softening agents or surfactants that inpart a ulfi$eptembére?0gd to t he
surface of the fibers causing the fibers to repel fromeach other and
reduci ng t @ difskeii on 30 between the fibers, so as to ;%{,@@B@s a
lubricant. Although not required, preferably the softening agents are
chemcally different from other conponents of the coating conposition.
Such softening agents include cationic, non-ionic or -42 16- Septenber 2004
WO 01/ 68752 PCTI USO1108684 ani oni ¢ softeni ng agents and mi xt ures thereof,

- such as anmine salts of fatty acids, alkyl imidazoline derivatives such .as
CATI ON X, wanienic seftepipgagents andimixtaresitherebl, suchfas eminRiseltseof Rty eids; | Rhodi a of

Prii ncet on, NG ' | Jbi ki ] ) condensat es* of
"a fatty aci Eﬁ( g‘dﬂ'ﬁ%%‘%%?ﬁﬁ?@%i%ﬁ?%g@?ﬁ )Ié%&]ﬁbe{[sg?gg&e{%ﬂ% %%ﬁ%bl%ol yet hyl ene -
i m nes, sucfoRRhoRERRyienc/Rbedia of Rringeleq, iNgw|Jgrseyrpeid selabized (a8 Agid ene i m ne
cormmer ci al | yamides) dodldnRaths 6 FAIGGHRICENERERMyRnE RRn®@ind@niad SUbattiteg ONi 0. Wi l e
the coatin ICOLEEOS"“M can [ s% ?p to, 60 Wellght per cent of softening
agents,  r BPEFRHFT mines stdyas IR ET 14 Reftale i Bolydulenenan 20 wei ght
per cent and imine eommpereibiyravbilaple fresiCdghia CofporaBbrodTCinehae Whiod WHiB ehes Of t eni ng
agents. For | | O Q I,ng_agent see J. Hall,
Textile Fi nicgﬁlfnﬁg{nﬂéo%gﬂ%%n %@%@éﬁ@%ﬁo{%@g p%@g[ﬂoﬁi%}am%?%eﬁ are specifically
i ncor por at edrefsrablpte ceativg comeposition copgsesdess ithag 20 awejgbtperéentmndotfiore he pr esent
| nvent | on Bfdiitiy RS a5 gt pBRE QY ne YReRink RS Y MoAliviatby that are

chem cal ]y different from F'O ¥_me_r| c mal softeni ng agents
di scusself® apBFeftanigiagens seeibsh HahTexdisiding 2nd Eda 68D bPagssil8®& 15 to t he

fiber strandss,cinichag: spRaHdaMGncoRritadbyrelettitd Rir@HS Material s can be sel ected
fromoils, waxes ses, angd m'ixtures n t-he foregoing. -

re of a of ;
Non-liniting exHfawase Opefabs erpsen javentien qan fyriter ipeiudeaRe of nvent i on
i ncl ude aquewslubrizics materiale that are themlitatly differditdpartae pdlwnatienatdikri al s such as
veget abl e, | . 7] . nt het | . ol eum waxes, .e. paraf fin.
G s useful gﬁ%@*“@%@%ﬁ”{‘“’?sﬁ% A0V d gl o B bR Shct ol s,
sem synt¥et tethefipes sisangs dyingiweaying. cFuitable Bbrinigua NMagerials lcan beasrtagted of wax or

ot her | ubri gbQufs, Wake, brabsesadhdnAGEs b A i inde hghk cent of the
- sizing corrpositison on-g tsot al soli 2 bag})fs)t,h E’rr%(falg ah‘?@ﬁrp'?o 1 to 50 weight
gnip

percent,  nErRMRESA WAX AREAlE B3 i the,prageniayepten ipelvdeaqueoussaiublest pref er abl y
from 25 to 3mulsifishlghidispersbiviax ndterBlselieh 4s8@dgdtathls, iafinl) mikgdier i al s i ncl ude

e o0t Sbhirdil B e Y AP 3k PR el R o' ol s
above 330 aitglufiebeth patufabeilaHepnisyitbets olbad syBbetis oilmit Gerieedllp, teer € bel i eved to
| mpr Q\{e t he a8t SEvadit SreRbAcLE HEtiRcal %lnﬁé &t 8880 weight percent of '
: the sizing composition on a total solids basis, preferably from 1 to 50 weight percent,
more preferably from 20 to 40 weight percent, and most breferably from 2510 35
Weight percent.
25 Preferred lubricious materials include waxes and oils having polar
charadteristics, and more preferably include highly crystalline waxes having polar
characteristics and melting points above 35°C and more preferably above 45°C.
Such materials are believed to improve the wet-out and wet-through of polar resins
~-on fiber strands coated with ,sizing compositions containing such polar materials as
30 compared to fiber strands coated with sizing compositions containing waxes and oils
that do not have polar characteristics. Preferred lubricious materials having polar
: gharacterist_ics include esters formed from reacting (1) a monocarboxlyic acid and
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-on fiber strands coated with sizing conpositions containing such polar
materials as 30 conpared to fiber strands coated w th sitZBeperoben@d4t i ons
cont ai ni ng waxes and oils that do not have polar characteristics:

Preferred |ywppigghsaus material s having polar character 'i,éi.,'gg obdag! ude esters
formed fromreacting (1) a nmenocarboxlyic acid and -43 ept enber 2004
WO 01/ 68752 PCT/ US01/ 08684 (2) a nonohyddc al cohol. Non-limting exanples
of such fatty acid esters useful in the present invention include cetyl

pal mtate, which is preferred (such as is available from Stepan Conpany of
Maywood, " New Jersey as KESSCO 653 or STEPANTEX 653), cetyl myristate (al so

available fr %ﬁ&swmngﬂmﬂwoﬁ»‘ﬁmﬁﬁﬁ)émpiéﬁﬁfééﬁ}aw aéd Qﬁ&éé'uséﬂ‘iﬁ ate,

oct adecyl Iaﬂ_@ate qQct ade nyristate, octd tate and oct adecyl

‘stearate. lp’?sﬁf'tt'@)’eﬁtﬂ‘d%ﬁ'g? estyl paimyiale, |"'61“‘6'd%9 ﬁét’féﬁ‘ (55?"53%15 ayaijgble n t he
present. inveoh |smpan ooinpshy of maymbh\wewﬁfsepaﬂm%ssa?esﬁmhﬁrmat gr al 3
spernmaceti a e _oi such as.but no soybean oi
IPnseed oil, 8936 ﬂk?{s? {sgsoﬁ%aéﬂ %T"? EE?HE" S%Rﬁ"aiaigiﬁéﬁ'&.@gaé)&é? y 10 The

| ubriciou® naetﬂriau@ﬂts Octadeculllwte,rwladew mpistate, ecthdeoypajrdthierandi c material s.

Nonllmtlng&m I polyols and
pol yoxyal kyl ene po oI S, %{ﬁfﬁé& %%%ﬁ@%:gﬂ#ﬁﬁ%%ﬁﬁ% lﬁ! ?egg?atl |y
avai | abl e flﬂ&?ﬁt!BABF'U%tﬂﬁefhﬂeipr@Pﬁr\ﬁﬁnmar@nﬁwrai Resumgestiand,  and CARBQ/\AX
280 andt CAR&@MQ&DQQG& s\ziu-nﬁbbut%oﬂﬂﬁi@@fo@xﬁlétaﬁ om\raéehalbﬁ @p {:itd?i@dun' Onl Car ][3' de

r por ation, . Another non-limting exanple of a
useful | ubri & g’ﬁ? %ﬂ?@q"ﬁ’l‘c&ﬁ%ﬁ *‘rféﬁ?‘iax WBR 301 which is a poly(ethylene
oxi'de) cd@nmer ci alThg lubdeiodsalidteriafsrcanalstintiode EasrsoRible Galyefichiteals, Danbur y,
e ot NN AR AR C OTRAR SRR ehucb B BLTERE By ¥ed L O can

additionally In € Or nore o such as
non- pol ar peeelysixgalyiane reiyols, ﬁmhIaSMAC(QL E-3@® which isicamitertiakyraviitablef  t hose

lubri ci ous nBéRBaBF SofloRfibiSeed éyl Qﬁcfd)%@\?@mp@%&)f non- pol ar

petrol eum waxes_include M CHEM LUBE m crocrystal 1 ne wax,

POLYMEKON( 1) WW“@P%W@t%ﬂ"WFW@"W"@MTWEﬁ'm%@dQ%Wfaéﬁfbcryst al line

‘wax whi chsar Pastangesmicaticuly Ancthid rﬂ:hh;mmﬁg Me&k{%hﬁ&m HiieiouPhatefidINCi Nnat i ,
Chi o and Baklg ia, 25

- respectively. rPéner %"I{g%%@c ﬂ?‘*%ﬂeq%‘?’%"ef%%"wa a'gglgrﬁg@ up to 10

wei ght perc@ﬂpnﬁﬁrbldhélomotaabn thbmj,gsCotﬁnebﬁwt si zing conposi'tion. Tile coating
conposi tions of typg cQJtﬁE@&ﬁpdsﬂ&%’Uf%hQ@ %?-@h&%nlc&%u %an%grr?cﬁfdg reactive

diluent to further r’rL)rove rica coat éd r strands of the
present | nvePits BMosheing Iivicions reaerialspsush as erbpalarpgtroleuneaxasnip stnef kni tting

by _ 20 orin addition to of those lubricious materials discussed above. Non—llmmng
examples of non-polar petroleum waxes include MICHEM® LUBE 296
microcrystalline wax, POLYMEKON® SPP-W microcrystailine wax and PETROLITE
75 microcrystalline wax which are commercially avallable from Michelman Inc, of
Cincinnati, Ohio and Baker Petrolite, Polymer Division, of Cumming, Georgia,
25 - respectwely Generally, the amount of this type of wax can be up to 10 weight
percent of the total solids of the sizing composition.

The coatlng compositions of the present invention can also include a resin
reactive diluent to further improve lubrication of the coated fiber strands of the
.~ present invention and provide good processability in weaving and knittiﬁg by
30 reducing the potentia'l for fuzz, halos and broken filaments during such
o manufacturing operations, while maintaining resin compatibility. As used herein,
“resin reactive diluent” means that the diluent includes functional groups that are
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30 reducing the potential for fuzz, halos and broken filanments during such
manuf act uri ng operati ons, while maintaining resin conpal $gatember 2004used
herein, 'resin reactive diluent" neans that the -diluent includes
functional s gues.that are. . -44 16 Septenber 2004 VWO.O1J68752

PCTI US01108684 capabl e of chemcally reacting with the Ssane resin Wth

_Wm ch the coating conposition is conpatible. The diluent can: be any

| ubricant with one or nore functional groups that react with a resin
system preferably functional groups that react with an epoxy resin
system and nore preferably functional groups that react with an FR 4

ePOXY T ei N abieBhorbhiRalyinHld i AT OhnR AL Eodibpr | cant s 1 el ude

| ubricants wth amne g rou roups, acid groups
.or epoxy gr p‘EﬂBT.PPS‘W"H%PPmHaH@'Q |T‘f@déli@lhﬁ e(ﬁly &nbmntws&-amomw an am ne ‘group
“is a nodififaktpedl F@hﬁ&’thﬁiﬁéhc&ﬂ?ﬁﬁesnﬁ s&e#'ﬁ%ﬁ]ﬁﬁcﬂom 'gm%oﬁnata partially

am dat ed poI X‘?trlﬂh’ ene imnpe commerciall y avai | ab from ni s Corporation
of G nci nnat¢ @IFWWESW(§M§?T And moge @?&WBW@-‘W“&' Qrﬁlﬂslﬂ&ifﬂac\/\n th an
" al cohol gBougith 2 R4 wEidpydsiasgsterg um@tmmr@ eFamplOEDIREUAME Ig6iantyhi ch is a.
pol yet hyl ene, y__availa om Uni on Carbide
Corp. of Danb Qu&é%ﬁ %ﬂ%@'ﬁ"l %‘l‘fﬁe 'mF D?"Plrﬁr?qpﬁga"%%g'@u"sofm‘%g PUSY i cant with
an acid groufs epwmwy :&oblﬁlsnmﬂgeexgﬂplsoﬁalubrwaatmw anAoinegrdup id stearic

acid Non- | | R0 I i ncl ude,
epIOX|Sd| zed 1:263;&6@2%%?{%%% égom J# %ﬁ‘?“ﬁ%“é‘ga?’gw%@“ﬂﬂ“@ﬁxh LlaE

whi ch is an ROys%Yiareape @F‘H@@@Hy Hiajlablefrrm W@@OMOUMG'@HHQ%. an epoxi di zed
soybean 60! , Ofiat Anareinifig-exampt b/ abitbhtalith @n bicens! Eﬂdﬂ;b Rpofyathpégie Corp. of

Danb Con whi ch
conmer o1 al | yohgh Bt 5od WP S Rb AR aol i STy, New Yor k.
Al t hough notavaiatietfionglUnion CarkidpCep.crt Dantwe Coareaticul 0A hérelinsiiing exgmpienposi ti on
can | ncl ude & aieikahy RSt dkEndl LR ad dRSGHRS0a ROURS bl ATOUNT UD Lo

15 wei ght percent of sl Zin oSl fl n on a basi s.
anot her enbcﬁﬂ’ldﬁEHP"""I"H@ %E*P'Pﬁgf *Wﬁﬁ&%h WrAPOX gredpdngiydesspexidizedy ent | on can

conpri se1at doﬂmh oD & épdkidiPédlinsdbaldbit Y. (FLEXOEE@EQW&I iShl bRzaFt | ve agent.
As used herﬁl Mo saur}.ﬁé)g @Eﬁé eim% ent rraterl al which tends to
| ower the 2amegPola0fFHQ P 570 &g ‘5 5°(¥ . Roth gaEeEyr ed

conmposi ti on cally avadatié fngm URion Carbide Somesf mﬂnbm,ecqmnealemt ard\EegBopon, solid
surface ten iy ergg,q&ig ndt net hod using
a Rane’ HartSé gcﬂ%t actll#a%\1 ﬁ\q%an‘ggg&glh&?lﬁuyta&mat%% WME‘F and et hyl ene
i odi de as r &gesirtion °fI"F?éW¥9W"4 hiays Yorly nAltheug!f net imiting in the peegentineatiorbe sel ect ed
f rom anppo phid sifing c&@uﬁnﬂ&ﬁah%lu&@ﬂ?@sm@&kw&lﬂéﬁ af BRLR5LY MV@ﬂla}fs' | oxanes,

anphi h|||cfluoro acryl ates and m xtures of any of the
f g‘ro e ggl ng. ]Rcél‘]%wg:ghttpsr t° 1'|he §%1pg Fraposition on a total solids basis. Y

!n another embadiment, the coating compositions of the present invention
can comprise at least one aniohic, nonionic or cationic surface active agént. As
used herein, “surface active agent” means any material which tends fo lower the

25 solid surface tehsion or surface energy of the cured composition or coating. For
purposes of the present invention, solid surface tension can be measured according
to the Owens-Wendt method using a Rame'-Hart Contact Angle Goniometer with
distilled water and methylene iodide as reagents.

o The at least one-surface active agent can be selected from amphiphilic,

30 reactive functional group-containing polysiloxanes, amphiphiiic fluoropolymers,
polyacrylates' and mixtures of arly of the foregoing. With reference to water-soluble -

or watér-dis_persible amphiphific materials, the term “amphiphilic" means a polymer
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. or water-dispersible anphiphilic materials, the term "anphiphilic" neans a
pol ymer -45 16 Septenber 2004 WO 01/ 68752 PCT/ USQO / 086i845Septarpry 2004
generally hydrophilic polar end and a wate.(-insol uble generally -

hydr ophobi ¢yo §iRgss2 Nonl i mi ting exanpl es of suitable anphj # 1)0&84
fluoropolynmers include fluoroethylene-al kyl vinyl .ether alternating

copol yners (such as those described in U. S. Patent No. 4,345, 057)

avail abl e from Asahi G ass Conpany under the 5 tradename LUM FLON,
fluorosurfactants, fluoroaliphatic polyneric esters comrercially avail able
from3Mof St. Paul, Mnnesota under the tradenanme FLUORAD; functionalized -

. perfluorinategd: | : 1= rtl -nonanpl, -canmerci al |y

- avail abl e f%ﬂ%@?%ﬁ%@@ﬁ?@gﬁ? pﬁ%ﬁéﬁear%fl HJ@?%%]"&S{#@%Q?% ﬂ? a%drr%ﬂ%gl?"é resins.
Ot her nonl i r§di Aignlissitingsxeraplest of suitablglamphighilichropelymérainsludet i ve agent s

include 10 muldefhyiefc-Qkyl S ERBASIBRMat péﬂ%ér& (Rcﬁme%s@%ﬁéﬁi table

noni oni ¢ sur%gcgﬁg{g&vgy%ch%g}%a#q%% e ﬁ@f@gﬁ&om al mdngth er |linkages and
which are repPe - | COMPFRNYMAEF MR R O, H; wherein
t he subst bt uesienaweOllUMIRLON;MUGDSUHaBtafts TBiloaipRatRPOymBFdser§ONt @i Ning' 6 to 60
carbon atons,_ the.substituent qor | T represents an 15. al kyl ene group
cont ai ni ng 2 QFQEC'%IK?E%HN%FMQ' °§Hg Pﬁﬁﬂﬂgﬁgé&"dﬂﬁv 9593Me f or egoi ng, and
n i s an int d44lORARN finctipnélizethpdiivodnat€Dmaterals, sadh\as 16 1H-feeflucpaichabi val ues such
as SURFY Q. r i | rom Ai'r
Product o | ConeAay Syl R Bl RE S ARl BRERN Sl O on:
TERG TOL  f rBHRuRMBer neplimiting exaraples abispifabiviagionis suface activeragertongisieat i on. Ot her
-exanpl es1@0 snﬁatmmmneteg_pni' onic surface acti ve agents i ncl ude bl ock _
e Loe! % o b R RS S oS R oy e
Cor por at’i on con@iingtelher lijkages ahd whiskleredesegpniat bpthe fabiiBERbrieral Nonl i mi ti ng

ST Bl ky! T MAREA, ol B < BSRERO U RO P e a B or o coe, o

“ cocoani ne et4fpyropieing Eihekyrkanatonis theysubstitueatgrouprR] regkgserts wh  esters. Ot her
~exanpl-es19f aMfichaBloBp SoHiditE2 G daftn st ﬁdﬁ%{%@ﬁ@@&gl@%@e@ and

copol yners of  acrylate nononers, ftor exanp | l'acry rand

- copol yners- a&@Pi'%/%H"‘F?"dﬁ?"QE‘S}?P&‘t?emﬁﬁ?imﬁ’ee Rreckad velupgsuch et h) acryl at e,

2- et hyl hexy | SURFYNSLmonidAic poljoretiyidied)fadewoie agaritdirers AR PHaglctacr yl ate), and
hydroxy et hdieifal) RE ¥ KB W TefiERYRH BAF casi S A& S ~ 40

- ~ from Union Carbide; and SURFONIC from Huntsman Corpbration. Other examples

20 of suitable nonionic surface active agents include block copolymers of ethylene oxide

and‘propylene oxide based on a glycol such as ethylene glycol or propylehe glycol
including those available from BASF Cbrporation under the general trade designation
PLURONIC.
Nonlifniting examples of suitable cationic surface active agents include acid
25 ‘salis of alkyi arﬁines; imidazoline derivatives; ethoxylated amines or amiides, a
cocoaming 'e_thoxylate; ethoxylated fatty amines; and glycery! esters,
Otﬁefexamples of suitable surface active égents include homopoelymers and
~ copolymers of acrylate. monomers, for example polybu;ylacrylate and copolymers
. derived fram acrylate monomers (such as ethyl (meth)acrylate, 2-ethylhexylacrylate,
30 | buty! (meth)acrylate and isobutyl ai:rylate), and hydroxy ethyl(meth)acrylate and
© (meth)acrylic acid monomers. -
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16 Septenber 2004 WO 01/68752 PCT/US01108684 The anmount of surface active
agent can range from1 to 50 wei ght percent of the codi Septanbg@di on on
a total solids basis. The coating conpositions can additionally include one
or nore emhsiferkng agents for emul sifying or di sperSgciseamenents of the
coating conpositions, such as the particles 18 andlor |ubricious .
materials. Non-limting exanples _of suitable enulsifying agents or
'surfactants include polyoxyal kyl ene bl ock copol yners (such as PLURONI CT" "
F- 108 pol yoxypr opyl ene- pol yoxyet hyl ene copol ynmer which is comercially
~avai l able from BASF Corporation of Parsippany, New Jersey, (PLURONIC F-108
copol yner is avai FRACNREB w NRRRENI C F- 108)
et hoxyl ated al k“y4lnllp eﬁjgf&s%%cgg&vga% g;ﬂé%SO gtgho%}%t ed

- oct yl phenox ke ¢eaHRg cogmpipn;od ad@ﬁ'ﬁé\"i‘ilba?'?y avail abl e from GAF Corporation

of Vayne, New Jefrgedohtingsdhipositiont barl fiatioray Mthﬁﬂbﬁ:m; lor gbwmﬂiulslf,tuhgar s, ethylene
" oxi de derivative of s,

esters comer -
cially avai |a§‘5'|‘§ g@ﬁls%fnglgéﬁlgm%%?mpﬁﬁﬂ&fé ey? nIss y°\§4>%!§/e ﬁdcﬁat ed
" veget abl & oidsﬂmelﬁrt(cmada aasﬂor/khﬁﬁﬁh«nﬂhﬁatﬁials?mn-lmmm@hxamlee@fﬁm&m ally avail abl e

[rom RIOne- SoUGRELIIATY 8 aBhEDELHT A PHESCBIRAE RuFed DL CP- 10

~SP which is z'arf aval and nonyl phenol
surfact ant s RLSJRQNIG@ FMQ@@MWMBY‘WW@WME'P@@IWWWWN% al so

cormer ci al | ycoﬁa\é%ké.a%gbx?anésl&ﬁarﬁié%l: cafgérauon%EBMs!ppEN R&Baerkeych i s commercially

avail abl e from CON enel ux ner al | 'b mount of emulsifying -
agent can r dREERPNIGH- FOS(Q?P@U“%%P%?E@HPG’G%E’ ‘F\Ea %H‘? ng- conposition on
a Eot al | $0! Isimhﬁmmc FRIoeY, %@Qla}édfdl@?hgndls)(sﬂ&l aseGBPAL QR6seENt . Orﬁssl i nki ng
materials, suyc y Il such as

pht hal at es, ﬁté?qxﬁlﬁalf?”%ﬂ °’§’ﬁ a %ablﬁﬁ m@ﬁﬁ'ag’fgvgﬁlaoe f%’nc tUded I'n the coating
25 conposi t |(cmﬁorat'ﬁhef%menNewﬂereemstIyoxykaermrocmmsmw gysobetheran range from |
to 5 weight o JnE%QiE{ Qénvgtﬂ'? g&gidn&%s %rm%'ag *I'ﬂlﬁz(ﬂ'?wﬁlcﬁ RlcBhmeR! i ds basis.

G her additi v s can I N coat 1 ng nEo& ti ons, such as,
sili cones, fQﬁHgP\!ﬁﬂéh!%BA%@&W'M@&&'%HEFS@H{WNPE&W Edl’fﬁﬂe@bf%‘?‘% general |y

I'n gn anpy nt(sudﬁfaslAQRﬁMUh%Lm?\mhﬂ:Ms fiERikly aédigidtrdin Rmﬂeor i norgani c acids
or bases in an a suf ficient: rovi 03|t|on
with a pH ofF%’T'Er}RE?&@aﬁh%V'@ dB RROPIS g‘é’ ?%Mgﬁglt‘ @&@ '%r’r?)%g"?ot i on.
non- | i m ti ngeoanantdlie avdilaile fmntBABF)aarshnbnmmlam! syréaciahis i{(sich asMBEOQSOO
epoxi di zed Sy, | | S L Ch -47 16
Sept enber wb&%@@%@g%&%ﬁf&éggggw ﬂa@’%ﬁﬁgr por ation of
Tarrytown, NeERMk RN 68 whishigspramercially aygiiablgiiog CON BEA, Benelux).

20 Generally, the amount of emulsﬁ_ying agent can range from 1 to 30 weight percent of

the coating composition on a total solids basis, preferably from 1 to 15 weight
percent. - .
Crosslinking materials, such as melamine formaldehyds, and piésticizers,
such as phthalates, trimellitates and adipates, can also be included in the coating
25 composmons The amount of crosslinker or plasticizer can range from 1 to 5 weight
percent of the coating composition on a fotal solids basis.
Other additives can be included in the coating compositions, such as
sflicones, fungicides, bactericides and anti-foaming materials, generally in an amount
~ ofless than 5 weight percent. Organic and/or inorganic acids or bases in an amount
30 sufficient to provide the coating composition with apH of 2to 10 can alsobe
| included in the coating composition. A non-limiting example of a suitable silicone -

. .emulsion is LE-9300 epoxidized silicone emuision, which is commercially available
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- bactericide is BIOVET 66 antim crobial conpound, which is comrercially
available from M & T Chenicals of Rahway, New Jersey. 18Sdpddihiger 2004
anti-foaming materials are the SAG materials, which are commercially

avai | abl e g oYNd760 Corporation of 5 G eenw ch, Connecticatisoiasss MVAZU DF- 136,
which is available from BASF Conpany of Parsippany, New Jersey. Ammoni um
hydr oxi de can be added to the coating conposition for coating
‘stabilization, if desired. Preferably, water, and nore preferably

dei oni zed water, is included in the coating conposition in an anmount
sufficient to facilitate application of a generally uniformcoating upon

the Stlri'ind- f%hﬁCKﬁﬁcd\cbrg&hﬁdggwwmc%g@N@ﬁvml Aﬁls:farafplet&esem!ja ng cor'rpﬁsi tion
general ly ranges .from: . weight percent.. .In one epbodinent, the -
- coating cong’égtre?q";?ﬁ B@“%Pheg %F'@@@h%P@H@BWFr whjehip @mgﬂﬁg@ﬂ\’ﬂ'agﬁl y free of
gl ass nat er ifheM SBChmdchisod Rahury, New beseyn Suidbleyantifaamingf maikdadsare mat er i al- s”
means-that the ' ] | £ . o | ume 15,
per cent of gt %%ggﬂn%#rﬁ%)s(‘ 'mai“' %%?&ié‘ci S %%érﬁgggér"?nﬁ%(gzkgﬁggya@gﬁgg%é{fes, preferably
| ess t hanS IFesnwtichaSopnestisutand MAZUDRHI8ewhighis @vatllakle Eom BASHSeMpamhe coat i ng
conposi t i onsy Bhrsiphdly, REW IGEy. InRRRuHYdR%iGe &MIRMHHEA] th he doShgOf 0l ass
materials. As used herein, ""essentially free of gll ass material s" neans
that the codrmresitioniyeanting siabiizagion ifdedred, BrsterablyaWaton agdMmpife per cent of
g Ihas s .mat Ir | Yprétertaply Habﬁzéch\(F;\tér.% iﬁbIB@d?H: e g?a:iagramp' ; boksiion i]g af laproaiter ably - : ess
than 5 vol une_percent.. and nore prefer e | ree o SS terials.
Exanpl es of %‘[ﬁg‘ﬁ"ﬁ? %g@ta%ﬁ’fﬁ}cﬁt'%acfﬁp?'ﬁ@y Fﬁf@f’ﬁ&%ﬂt‘ﬁﬁ'%ﬂ?tgﬁ %@gd'c fani c matrix
mat eri al"$0  oweight percentage |of extitiseof theet qoptingrratnpesitinh gersalip rangesiram tl 20 known to
t hose skill g,ggid'hp ihpgiart. In one enbodi nent of the present invention, a '
fiber strand conprising a plurality of fibers is at |east partially coated
with a coating thﬁﬂeiem agimart. 1He gealing compogiiens ohbaPresent invamien@® particl es
Pavi ng ? t-hEHuPﬁ%nt% I(b?blﬁésilﬁhat&fals?r%ﬁsgugﬁﬁﬁ_ etréin,Wii;o?stgﬂﬂﬂy fré&ﬁfgrassK at a
enperature o . I n anot her enbodi nment, a er . strand conprising a
plurality ofm‘?tf"!?gsr E‘eF'és~t5?at%?ee°£§Y"9pfﬁF‘P?sétl°f‘§/%"ehswmgé?'%ti ng conprising
an organii peespioiglats maltx materilly thr forraibg glasd campbditas, ppderbblg lessthan n each of
these enbodipgn - Lk ' . and . ticles can be
- sel ected from tt'i'g"e@gef?ﬁthgr{%glmce%ﬁponi en%@%{ﬂ%&@é&%ﬂh@%ﬁﬂ%ﬂ%ﬁr gani c
conponent arttie piaeent iMentipmare gasentialy free ofgiass eterigfe. Anvaeddierein. f erent, and t he

coating can 'Q&_eﬁﬁaﬁl?ﬁé@&?la@é mai&riﬁalh?éa%thaﬂﬁ@&&aﬂ% &dagaaaéaﬁsicem @ & powdered
coating conposition. -48 16 Septenber 2004 WO 01168752 PCTI USO J0OB684 | n

yet anot her &353R0 FPeriumeperceof olass maitk mRTA'S fof fRgME0 BPFAMPeeDf fibers is
Ftt I Ieiat_st 20argréfatably 0 8iaf @ vw'uhg pac@?,aénamgar@ﬁaﬁrdbgiim?eaﬂgllaemhtem boron-free
anel | ar patticle having a tnhernal co I I_t of at ast . tt per.
moter K at " PSS PL kel R ek ol AR PRI T HE, s and
conpri si ng aorplumirpisiicae métrik materigs siwhat are well known fo those skilled in the art.
: In one embodiment of the present invention, a fiber strand comprising a '

plurality of fibers is at least partially coated with a coating comprising an organic
25 . component and lamellar particles having a thermal conductivity of at least 1 Watt per
meter K at a temperature of 300K. In another embodiment, a fiber strand comprising
a plurality“of fibers is at least partially coated with a coating comprising an organic
component and non-hydratable, lamellar particles. In each of these embodiments,
~ the organic component and the lameliar particles can be selected from the coating
30 components discl.issed above. The organic component and the lamellar particles
" ¢an be the same or different, and the coating ¢an be a residue of an aqueous
. coating composiﬁon or a powdered coating compaosition.
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5 least partially coated with a residue of an aqueous conposition
conprising lanellar particles having a thermal conductii®Sepferober00dieast 1
Watt per neter K at a tenperature of 300K 1In still another enbodinent, a-
fiber stragghgmeRsising a plurality of fibers is at |gasisoPaldd al |y coated
wth a residue of an aqueous conposition conprising alumna-free,
non- hydrat abl e particles having a thermal conductivity, of at- 10 least 1
Watt per nmeter K dat a tenperature of 300K The conponents in these

enbodi ments can be selected fromthe coating conponents-discussed above,
and additional conponents can also be selected from those recited above.

| n anot her enbOd'lﬂ‘%égEnd?ﬁerEm%ﬁ@rﬁ%e}&’éﬁ fdnﬁﬂsm El'upclﬁ? offidefldaf 0PI I SiNg & |

15 plurality of f rs 1s-at ast artla h"a resin conpati bl e
_coating con'ﬁ%ﬁP@W%%ﬂ%wﬂh%%ﬁn%omﬂ%tnmleaﬂoae berpr-fieelapeliait | east one of

~said fibers,pdriitR HaGifg atheﬁﬁd’rﬁ&ich&lvw &Qﬁl&hdﬁg vmrﬁéﬁﬁnbtbfﬁat &féﬁ%éﬂaﬁ:’r@g (a) a
om nat er eectedfrom

I it f t ticl

LY e R S ¢ s GRS S i Rkl oI

" non- heat Expe;mlaaﬁmyamigbmthterea&lesjfaahweaumboﬁﬁ)osﬁmtcumﬁﬁsirtghahdl@f the .
ticl h | t d wet

Bt (b ar Reniae AR N BRL G er Bl GRSk b AN 00 T Lral oy o

di screte partemeeratyre G AROK; dYy stiitanplbersmbodiment; 4 fiker oiranidcgmprisingral al . The

conponents i m|Wmse£w¢b&%@&@|mae@%m§}e%ﬁh§&afn aaaohﬁsmﬁ;fb%&.wg

conponents di scyssed above. further enmbodi nent urality of
di screte par‘i"f‘l?f‘%‘%g ?W'B'W -Hee. &H"“FW%?@? Pat"ﬁ'céﬂs hé‘ﬁ%ﬂ:%thz'g‘%ﬁ‘{’\ﬂ)é@h'm%ét at | east
one of sabd !éaﬂmwattaﬂdnetbrlke%l’emﬁélﬁtuﬁdhfamt fiber., In another enbodi nent,

a fiber strand c ur al of fibers is east partially
coated with a regf'@'&m;5 g'lts'ﬁ%esﬁggk’ %Bené %SSFIP‘E?ICI@?{"E'F PGt a portion
of a surfacGOWOMSEQﬁhovefar‘daddtidrﬁb@mpnmtse:an also he saleqpaifidal € coat i ng

corrp05|t|on thOYEREditSh Mbve () @ plurality of particles conprising (i) at
| east one particle 30 formed from an organic material; and (ii) at |east

one particle for F%‘°W6W%q'mqnh@fﬁ‘§feﬁfﬁ%mﬁﬁ‘teé¥qﬂaﬁﬁ%ﬁ%ﬂ@é"‘ﬂﬂ%&ooron
nitride, 18r annhhlttseoffﬁﬂd'sEﬁ‘l&bst@laﬁ@@ldégﬁ@ﬁr!ﬂdﬁﬁasm c%ﬁéﬂalerboa plurality of

particles have an.aver article si ufficient.to all'ow -49 16
Sept enber 2064 %fpég'ggs}glﬂ@ﬁ 7 7”6%%98" at lgqsf opf P! elifl fibgre: theIB§inat | east one
| ubri ci ous rmtnsahbw codiirfgf compoditichrcomprisingd (a) layluddlitytof diedrete@igicieet e parti cl es;

s OLy o [BRRI 3R LR i OB L Bpanddlel e IRRERE, P01 PO 2

fiber stran conpri si ‘partially coat ed
with a resi d"QfWBEéC @é@ﬂ?‘ﬁ@oweﬂmmmdaﬁﬁ aompasite|npderialsang portion of a

surface g aﬁlxth@amer@n%e%ﬁﬁz&h@la\fm&e{aﬁemb@sarﬁ&éé.ié SftidRAlth ero% coati ng

corrp05|t|on zrn%rls n?%ﬁ{ % plurality of discrete particles fornmed from
material's SHPRLY Ig Séa?ﬁ 'BW?E’F%F‘F"&@ dﬁF'ﬁB‘r@&h?%‘-" Rweivel i ¢ material s,

conposi t e nediseretepasticles; and (c) at least one film-forming material. The components in
' these embodiments can be selected from the coating components discdssed above.
In a further embodiment, the plurality of discrete parficles pfovide an interstitial space
25 between the at least one of said fibers and at loast one adjacent fiber. =
In another embodiment, a fiber. strand comprising a plurality of fibers is at
least partially coated with a resin compatible coating composition on at feast a
| portion of a surface of at least one of said fibers, the resin compatible coating
~ composition @mpﬁsing: (a) a plurality of particles comprising (i) at least one particle
30 formed from an organic material; and {ii) at Ieést one particle formed from an
inorganic material selected from boron nitride, graphite and metal dichalcogenides, -
- wherein the plurality of particles have an average pafticle size sufficient to allow
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. and m xtures thereof, the particles having an average particle size,
measured according to |aser scattering techniques, ran§ SeptémbenZD0od to 5
m cronmeters; (b) at 10 | east one |lubricious material different fromsaid

plurality of di screte particles; and (c) at |east on rmng
material . WhY434r t her enbodi nent, the resin conpati bﬁgT}ggggIG%ﬁ

conpositions set forth above cont ain (a) 20 to 60 wei ght percent of the
plurality of discrete particles on total solids basis, preferably 35 to 55
wei ght percent, and nore preferably 30 to 50 wei ght 15 percent, (b) 0 to 80
wei ght percent of the at |east one |lubricious material on a total solids

-basis, prefer fr to 50 we and ferabl'yfromZOl
to 40 weigffa “gé‘f‘%%‘ﬁt(g{n?ms%@f?% Y?ﬂ‘g %{%e%g?@éﬁ%[walﬁﬁg at | east onhe
~fil mform ndiscraetperticias; and (d) ot ledst arel filmlfonoiag materigir ef erably 5 to 50 wei ght ‘

per cent. and mor e B BOREANRbaY, & P bl Gy GRob@iauiot et

enbodi nent of resent 1 nvention conprising a plurality
of fibers i ba@ttparteu}sqoawdmth aresip comaatible agpting compesition ogghigt Rbl e coat i ng

CONMPOSi t ig0N pQorPdf ol BiSde dRafledst briibf 8did foehd, e 36 Smpalinié 6RSikg one of sai d
fibers, the resin conpatible coatin

osition conprisin a
plurality of°RpeSKiPREAUNPTiSHG:. (ﬂ&%?“mf%gﬁ‘i"r %W%anﬁﬂnr%ﬁt%?l al s sel.ected

f rom or gani §elwécﬁﬂ‘dnﬁib@an:@mﬂﬂéﬂds tnargm“c po:ycaér& rterafcompotite eatekdier eof , t he
particles havi red accorrgl ng. to.laser

: T avinﬁqu { ere falﬁ %grt Lol ast ave p?ﬁﬁ easure!
scattering FaLRRITi0seonIig PHEFSENIHaM Y f:)ag% CF ARG ™%nd” (b) at Ieast
‘one lubrici acrzordumtelaseﬂ scditefring teelmiquis, mangsmfrdmm Ut mitrpmefersi{g et et e :

particleg |deShb ana&]g&{a%nafm&t @tsaﬁ’;ﬂumtgtop?x?éagbaﬂha¥§QHIy . @ fiber

strand conpri sing ers’iIs east parti'a ated with
a resin confagtlpastone mrfPl'g‘"IgOT'ai@ﬁboleon on at least a portion of a

surface of- at | epglufaeeMbodiAint tﬁér@ﬁﬂi &mpat.m@cdaaﬁg EompeSifiditseitofn coat i ng
conposi tion conpri Sj n% reater lﬁf cent on.a tot sol i ds
boa o of | ot ehORBPnBR IS S Pweiont Brgert BEihe Pty REREFEE BITRER ndpEL o pan ¢
hol | ow -50- %ﬁ:dSB@éi@WratﬂﬁMoP&v@@ht&%ﬁ& &dndoSPAdaHB3D tpasoiuletgﬂesdand
conposi t arti,c east vVin ar dness

val ue V\I|’11I%Ch 8r8%"t dﬁﬁﬁm Ei?c“éeégt%‘ P f e%scﬂq%iu‘%ng su"é D hg\{FQ‘Seast one of

. said fi berssolidﬁbasmtpméeralémmmntmﬁﬂtwmchtpﬂeenpraeémnte preferablyifrom 2040 f | ber strand
conpri sing QOwB‘gHﬁs’QréeWaﬁ’J(c ’iB%%:eig’ﬁtﬁércelnﬁé‘%{e&@a&t‘cﬁ‘nk'ﬁh—ﬁ%ﬁ&d with a resin

conpati bl e coating osition on | east a tion of a surface of at
tpgsols

| east: one ofmatesiplpny s Bagig, H’@%‘F‘WVQQ)FP%!R‘Q%PMél“F‘ FPrRRBEEN i on

S conprising @8l sﬂwé.ﬂaggm@me | anel l ar, inorganic particles having a Mhs'
- har dness,_ val ue

e IR IREC M R e e
addi tional ity affivers isfat lelxe partialy eodted withanetio nomgatible lveatingt r and
composition on at Ieaft a portion of a surface of af least one of said fibers, the resin -
compatible coating composition comprising: (a) a plurality of discrete, non-waxy
particles fom’_iéc_i from materials selected from organic materials, composite materials
25 and mixtures thereof, the particlés having an average particle size, measured
accdrding_ to laser scattering techniques, ranging from 0.1 to 5 micrometers; and
{b) at least one lubricious material different from said piurél'rty of discrete particles.
In still another embodim’ent-of the present invention, a fiber strand comprising
~ a plurality of fibers is at ieast partially coated with a resin compatible coating
30 compasition on at least a portion of a surface of at least one of said fibers, ‘ther resin
" compatible coating composition Eomprising greater than 20 weight percent on a {otal
' Solids _basis of at least one particle selected from inorganic particles, organic hollow -
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10 conprising a plurality of fibers is at |least partially coated with a
resin conpatible coating conposition on at |east a port6i3apteahbex 2004f ace of
at | east one of said fibers, the resin conpatible coating conposition

conprisin a | east one holl ow, non- heat expanda c particle;
and (b) atqvﬁgg’)é??é one lubricious material different ?ﬁﬁl’?ﬁi@&g | east one
hol | ow organic particle. 15 The conponents in each of t he foregoing

‘enbodi ments can be selected from the coating conponents di scussed above,

and "addi ti onal conponents can also be selected fromthose recited above.
I n one enbodi ment of the present invention, a fiber Is coated with a

" conposition conprising an o nic c e cles haV|ﬁg a
20 t her mal BHYRATAH GPERPSHR tﬁ%?t?égjeﬁletpaﬁw?g'av'whw ?aaﬁe%gmerat ure of

. 300K. In anmﬁbemmdaednmmieedmeﬂuohemandsesscduedf ailepst one otaaistibersi on .

~conprisihg an or Iganl gﬁreﬁgm_ﬁ&bg}th@&gséapﬂvﬁyg{ gkpdsFand RMBlidiRya Particles. In

yet another enbd 1S coat a_conposition conprising at
| east one bpluxahtybff@erslla#éealsmaﬂpwtm?@ﬂé"th ﬂﬁ?}"r@“‘&attbllfe‘r"ﬁ‘ﬁlg conductivity

Jnorher SnpSopteoliib o lieall MitoR ofd sebeHTREAk Ui o O oot 51 ng. ot
least one Ia?f@?#'%!?- coptipg FQS‘I'H?S'H%{\WH‘Q“%"Q(\AL?’PF&&“ °é‘8%§?rr VPEGr eat er than |
]\c/\a'l[)t per ”Ebfﬁlﬂé% tf&'ﬂnn@amﬁ@ﬂhéﬂhu{s@raloéwﬁaﬂdﬁes hot @(aedalnuiﬂmrha!drtmledl mentf a
i ber is coated W C 0 one al unina-free,
" non- hydr at ab#e ?fﬁbieaﬂﬁp%"f%g@%ﬁ%'?eangﬁbigﬁE&kgﬂw{}% e"{:ﬁ'g%hﬂuct ivity greater
than | Watt per lrmtqaddutléndtenmodnmﬁlpt@f&emeeerlbfﬂverﬁloﬂ@(f@m'smand anot her enbodi nent

f th
(o) o pi 0 ooy eBf el o ford 851 g iy Sue it Frock E‘?@%‘;%'E' 51l

Sept enber 200tiny\@rarsysTEYat feat 2 podion obpBatacofat least ope BfRiddReReat expandabl e
Or GaN ¢ Tat G/l cork MBI EMIN SmpRGI(BFdt east o s e pandabl e

bar Lol e i besteupEeEapaiiae et sk aoF Ll iR SREERD e Ve oo
lubri ci ous frﬁﬁttﬁﬁat@éastbrfemeltcmnrgénieqnmslm d plurality of discrete particles,
and (c) | east %ngﬁeﬁsﬁ Qciﬁ'\r&ﬂg fd?%g%ﬁl%'eﬁ\boduln?n!{ &n @%‘e%ﬁ femoodi ment, a

fiber is oatedvvl I'SIn urallty of partlcles
conpri si ng (che)coatmgloemsone@m@lqgmsﬁﬁl 2oue, fapd MW?‘G&WPW“ cgaAPebtat eri al, and

(i) at | ea%leaggfr&ﬁt%g@}e%té‘d%aﬁd froman inorganic material select ed
fromboron nitride, hite and net a dIChalfﬁrge ageg wherein the
Pres €pelad vy

plurality of paﬂ"t"F‘EP@EWﬂ'ﬁ%"%\tﬁe %%Béer‘ﬂ%tal fficient to allow
strand wet Quinpositioh corhpritglapafjanio bemponbnt and lamsllarparticeshavidgaf er ent from sai d

1L 50O S B e bR e
conpri si-ng another embodiment, a fiber is coated with a compasition comprising an organic
component and non-hydratable, tamellar particles. in yet another embodiment, a
fiber is coated with a composition comprising at least one boron-free lamellar particle -
having a thefmal conductivity greater than 1 Watt per meter K at a temperature of
25 300K. Instil aﬁother embodiment, a fiber is coated with a composition comprising at
least one lamellar particle having a thermal conductivity greater than 1 Watt per
meter K atb a:'temperature of 300K. In yet another émbodi'ment, a fiber is coated with
a composition comprising at least one alumina-free, non-hydratable inorganic particle
having a thermal conductivity greater than 1 Watt per meter K at a temperature of
30 300K.
g In another embodiment of the present invention, a fiber is coated with a

" ‘composition comprising (a) a plurality of discrete partlcles formed from materials
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- (a) a plurality of discrete particles formed frommaterials selected from
organic materials, inorganic polyneric materials, conpéstdptemidreraoal s and
m xtures thereof, . 15 the particles having an average parti cI e size,

masured'qggg{f g g to laser scattering techniques, ??,h mO0.1to 5
m cronet er at | east one lubricious materi al erent romsaid

plurality of discreteparticles, and (c) at |east one filmformng

material. |In-another enbodi ment of the present invention, a fiber is coated
with a .20 conposition conprising (a) a plurality of discrete, non-waxy
particles formed from materials selected fromorganic materials, conposite .

raterials aubedbdddt fon ﬂéaleéﬁﬁédablero&%meﬁ{aiéna&%r&@ﬂe;mnenc Augrage particl e

size. neasured -accor aser scattering tech h%ues ranging fromo. 1
‘to 5.mcr onﬂ?@h%ﬁfemd cogyposite saterigls ang m%ﬂ%@“ parfigleg hay $fer ent from

lsgl goglt géa{lmlabﬁvgégecba&ereﬁzegwamtalamcm strandyet gtflﬂb}ahﬁé’asﬁi‘igrlghﬂ?a‘st | nSS a fiber
o e L et e 2
wei g ®er g@iateria asaliiar asy @ eqis icles
sel ect ed ”Og‘méﬁ‘s ngﬁ@”L;ﬁural%ﬁ&ftpa%&scw%ﬁﬁ&‘ﬁﬁt Eg& oﬂévp%fléfoﬁh rfid _conposite

particles, es havin ness’ va ch does not
exceed the rabmwanhmamelsswo)|aubaaﬁoneaaracle foonagl fepssary ingrganic m#e%ﬁi.ot her

enbodi nent %Ie e&t@@fr{?ﬁ g&ﬁﬁ‘h!tﬁd@‘ﬁ?ﬁﬂﬁ\h@éhd rRethlidRRAlcdgeniasivRseititid pidaliye OMPOSi ti on
conpri sing urality of lanellar, Inor% ni /38@“0'2@ and (b) at :
| east -52 P@E‘i’ﬂsé\%?n %mem‘m?m@mﬁ& 1R WELPUb R 3ol yneric

mat eri al 10 | feget drellubAiold RateNEifeentioin, said plurdligrof Hiscretle patides)iahth () .
conposi ti on ris lurality of hollow, non-heat expandabl e '

or gani c Fffg%%é’gehlgﬁﬂ&ﬁ% %{%) areast one polyneric material different from
the at I east oneln ghihanather embaiment, pdbenl%b@tedlwhammmmqnmprl@%od| ment, the
present i nve%td ﬂ&aht@offcﬁs@fé{e Harticles W&@ﬁorﬁ%{énﬁs La&ddy FRAMBBadid! e coating

conposi tion coat i ng S|2|n§ conp03|t|on on at |east a
- portion of @%%ﬂﬂfsa@@fgéﬂlc E@X"@P"PFB@F'%'Sva’ﬁE'PaS"&@@Eﬁ?H rai)d mpd4es hereefonpri sing a

residue g aﬁbﬁﬁmmw@a{é@egspmmé maa@mmsmmg tcalasaabwuahngt y of

di screte partches appl 1 rtion t he ry coating
. of the sizi ?@’"@B%EE‘E‘W E?{"81i®5%°rﬁ% o‘ﬁ)eiﬁ?e?s Wee”g’gﬁmgfm?q ET:‘aor egoi ng
enbodi ment s differenbfiors ehie pluatky bf distretd bartuabe;aand{g) at teaptome fitmsfoomisg ussed above,
and addi ti 0'},?4 I,faprrponent s - can also be selected fromthose recited above.

In one non-1l1i enbodi ment of the present invention, at |east a portion
“of at |east onelrtﬁnomi‘%jﬂliﬂdb@n%of@ﬁmmnﬁlﬂ@éﬂms@ﬁ%@@ﬁteﬂ%hBresent

I nvent i 089 NagaiBdilon@Bmprising (a) a plurality of discrete, non-waxy particles formed from
materials selected from organic rﬁateria!s. composite materials and mixtures thereof,
the particles having an average particle size, meastured according to laser scattering
techniques, ranging from 0.1 to 5 micrometers, and (b) at least one lubricious
material différent from said plurality of discrete particles. in yet another embodiment,

25 -afiberis coated with a composition comprising a resin compatible coating
composition comprising at least one coating comprising greater than 20 weight
percent on a total solids basis of a plurality of particles selected from inorganic

_particles, organic holiow particles and composite particles, said particles having a
_ Mohs' hardness value which does not exceed the Mohs' hardness value of said
30 glass fiber. ' '
' in another embodiment of the present invention, a fiber is coated with a
- .composition comprising (a) a plurality of lameltar, inorganic particles, and (b} at I’east,
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15 thereto an aqueous coating conposition conprising POLARTHERM r) 160 boron
nitride powder and/or BORON NI TRI DE RELEASECOAT di sper d6@eptdthtidN 28286 epoxy
filmformng material, PVP K-30 polyvinyl pyrrolidone, A-187 epoxy
functional wogasmossilane coupling agent,. ALKAMULS EL- 7 3@TR@hMmssy et hyl at ed
vegetable oil, |GEPAL CA-630 et hoxyl ated octyl phenoxyet hanol, KESSCO PEG
600 pol yet hyl ene 20 gl ycol nonol aurate ester which is comrercially

‘avai | abl e from Stepan Conpany of Chicago, Ill.inois and EMERY(r) 6717
partially. am dated polyethylene imne. In another non-limting enbodi nent

~of the present invention for weaving cloth, at least a portion of at |east

. oneI of ds'?lh d gltoasﬁoajméi@rn&t@fal tmamfahaﬁéreﬁ{baamdmcﬁfaeh@ coRtbPREY Izgv§nt ion has
app i e ereto rie I esi uyeouas Si nposI 1 ONn ¢
S ny. POCRERRR EoTA B0 () S e PelEw HRUEH SARKEHS BOABR NI TR DE
RELEASECOAT diparticles iandh (b) R348 dns mmasmwsmal Birtétett-fidth the biyiydstotle pyr rol i done,
DESMCPHEN 200 7 nal or9a% Si | coupling
?lgl%me%ga}yﬁ{amcﬁ }h aﬂ‘n %%ltlgllall gmbo'ﬁp en{ ﬂle r«iﬁ%p WS"%?QE%

~agents and A- UNCt 1 onat ~or gano SITane I"SPLURC]\II C
F-108 pol yﬁ)xypatgq;yﬂemes'p@brymhpbtcngﬂnemmw having 2 phitva@@icodlirg®f monyi phenol

surfactant, 3 B%!}A | sion. -53
.16 Sept enber gg?ﬁ s?f%é@SZ Pﬁlﬂ%@%?ggg}gg&é Qi%ﬁ!@g?};‘gtahﬁgegcgﬁ%m ting

embodi nent of €o@lNg GpMmirising a repidueofanaqieeys SAALIAG EpmpRqsitien copiisiRgaof t he present

i nvention, at plumgtofais@aétpamae@éppﬁéd dveﬁ&tea&mq:oﬂfon%amépﬂ%aﬁsod‘uh@@fr s of the
fiber strand the [ S &l I nvention has applied thereto an agueous

coating conpo st'z'r@n E‘BP&I)PPSI ng POLARTHERM r) PT 160 boron ni-tride powder
and/ or .5 ORPAC BORe asinpBtichEs lmwm@@&@baﬁmdmtswms@!&de&’%h K- 30

pol yvi nyl pyr r oupl i ng
agent, A-1 87&%'6&8%%%? mﬁ%’ﬁeﬁ%rﬁﬁus}é&& gor?ggs% P g%%h%’%&’ﬁﬁ&%“a en%}& KAMULS
EL- 719 pol yoxyeleHsd %H‘OSW@Q?F@E@‘@ oi |, "EMERY(r) 6717 part ially am dated

. Eollzgt hy: ene im nelln oP@n%Mn ma%b)é&ﬁﬁﬁtlrofth@%ﬂ\&ﬁﬁﬁ%t%ﬁoﬂ|eQ9:|an%&fo%f PLURONI C
ol yox ene e ene. co
al koxyloat gd %ghﬁ{’)e{ﬁ%?fﬁﬁ'dgﬁﬂs\éﬁﬁgﬁwrsz’ ‘f“ég inerien hag appliad desi r ed,
t hi 11 /s parthla ?&Mrmmmmam compbsition corfiptising POLARTBERIG® 1BORAGAE( r) HP- 1055
and/ or res.
" anot her non-| F& C%Epggd% %8?%&“%%%&@%%@?%@%&@%% cir cw t 15
~boards of t heemwﬁbhionh?nwmﬁtemmwa?&%ﬂ peipinybpypolidona - ti7 epbxyiferationabne of said
gl ass fibers offand ffind a&asrngsﬂrgaanm@m@%wegs[péxyetnwaea uegg@tanra%ﬁapp' | ed

thereto a reS| ue of aqueous Ssi zZin

POLARTHERM ) fﬁﬁpﬁi&“ﬁ%ﬂ?ﬁ%ﬁe# P%Phqﬂem@ﬂm&rﬁﬁ%ﬁm tﬂmahylmneml DE
REL EASECORID: Ogiyal Blanslaie esieOiich iRbumifidrélaly a6 fom SidfiEn ComBardry Vi Ny

pyrroli done Bﬁ%awgg?ﬁlr%lc\)%s an 9 Emeaké%%?pamally amidated polyethylene imine.

In another non-limiting embodiment of the present invention for weaving
cloth, at least a portion of at feast one of said glass fibers of the fiber strand of the
_ present invention has applied thereto a dried residue of an aqueous sizing composi-
25  tion comprising POLARTHERM® 160 boron nitride powder andfor BORON NITRIDE
RELEASECOAT dispersion, RD-847A polyester, PVP K-30 polyvinyl pyrrolidone,
.DESMGPHEN 2000 polyester, A-174 acrylic-fuhctional organo silane coupling
agents and A-187 epoxy-functional organo silane coupling agents, PLURONIC F-108

po|yoxypropylene~polyoxyethylene copolymer, MACOL NP-6 nonylphenol surfactant
30 VERSAMID 140 and LE-9300 epoxldlzed silicone emulsion.

-h3-




. 20 A-174 acrylic-functional organo silane coupling agent, A-187
epoxy-functional organ silane coupling agent, PLURON G6Rs¢@@nber 2004
pol yoxypropyl ene- pol yoxyet hyl ene copol yner, VERSAM D 140 poI yam de, and

MACCOL  NP- 6, H Ygdisophenol . If desired, this particular % pt can
-opt i onal furt er include ROPAQUE(r) HP-1055 and/or H§ OP- 96
styrene-acrylic copolynmer holl ow spheres. 25 In stil I anot her non-limting

‘enbodi ment for weaving fabric for use in lamnated printed circuit boards,
at least a portion of ~at | east one of said glass fibers of the fiber
strand of the present invention has applied thereto a residue of an

i mal 1055 "and/ -
aaueous 1 I SR SRR R SRk, 1055 a0l

eres, PVP K-30 ‘
" pol yvi nyl 3@oampmfu1e|m@natmvmtmmat@@stwnosmnefrﬁiﬁaﬁwae °&%‘R§S§P¢'§ne coupling

- agents and ﬁrtﬂ@ibeﬁa%u oftﬁélﬂ%dnpﬂeénn&{mrésplﬁa hﬁfé@b bhuaGodgnt s, EMVERY(r)
6717 partially amdated -54 - - --------- 04 WO 01/ 68752

PC. i i | USO110w8ewationgomerising RAIARTHERM® @rﬁ%‘%ﬁ?ﬁk °¥f’ "r’ﬁ‘g’gal mtate, TMAZ 81
et hyl ene 50X bAPAC BORONRKITRIE RéLEaeeboAnboustasrdgpemmympaao et hoxyl at ed

| kyl phenol ed
'? hi g Ba(ra'? |OCE‘I’ ﬂ’f"ywé%ﬁtﬁgﬁﬂ‘fcw%ﬁ?@ ?rg?r{ohéarne Cgtéqnn Ageéemgé_%HEerv??;ﬂ IrD'(Ia'
160 bor on nepoxy-fimcimakbegana sitthe couplirgRBAGHORBMUNS ERITE pRiF:FABREEIAT- CONC 25

di sper si on. Eéqgtam%tmla%ﬁﬁé% Gﬂ?rﬂ?lluhimatrﬂld}%d%&ﬂﬁlé%qﬁungmﬁ 8 ¢ for use in

el ectronic Cui t resent I nvention | east a portion of
at - | east onpolyrstes, DESMPRAERN zﬂioﬁevlmeste@.fPLUR@NfG 408 ealyoxyrionylenehe present

inventiqgp h@gﬁ%pﬂf‘q &%&@{n%rQcéNbEﬂPmowzatadlmnﬂqmswmd:mn@g conposi tion

conpri sing ester, A1 tional organo
si | ane couppithigaralye Araterial. YS‘?S"@BGQ‘?PF’HWPBH 'm‘?ﬂt 5%\«?9“%?#@&% fcoupl i ng agent,

‘PLURONI C F- ;h@ﬁd@gbpmgaa@ﬂpylloe@mqmlmmmommmmémx:opoWERSAM D 140
pol yani de, P-6 nonyl phenol,” POLYOX WBR 301 pol y(ethytene oxi de)

and” DYNAKOL[® Y"SE Fosin. In addition, ‘this particular enbodiment further
i ncl udes 'ROPAQUHG mpothé?-nddEbiticgahitodinREFAGREE foy usein gectronis cistultr ene- acryl i ¢

copol y "0 f Itride powder
~and/ or %A@%%W%ﬁ%@gaﬁ 5%%%#?%%t idaseh G@Q?Iés)lg‘g%rrbﬁﬁ anot her
- non- 1 i ni ti ngftbaflrastndof e presentinventign h%@ﬂl‘ﬁﬁ"&ﬂf%te?r ugot? cuit boards Df
the present g J&b@@ém@ggmnﬂ:bsducﬁ.a:‘ahpﬁezmomrmakmtpﬂ madbronmiridel sai d gl ass

' rest due. oPouter sl ORGY NomE SE AR onrROW e s T EN 2000 ¢
pol yester, RDIGHA palyéatérl RVH K430 polpavad pyarolijiane DESMORHEN®ROPDO polgestegent , A- 187
epoxy f %t iAgmlacaﬁcgfarq&m%l J::n%gl% silane coupling agent, A-187 epoxy-functional organo ’
' silaﬁe coupling agent, PLURONIC F-108 pcIyqupropylene-poiyoxyethylené
copolymer, VERSAMID 140 polyamide, and MACCL NP-6 nonyl phenol. if desired,
this particular embodiment can optional further inciude ROPAQUE® HP-1055 and/or
ROPAQUE® OP-96 styrene-acrylic copolymer hollow spheres.
25 o In still another non—limitiﬁg embodiment for weaving fabric for use in

laminated printed cireuit boards, at least a portion of at least one of said glass fibers
of the fiber strand of the present invention has applled thereto a residue of an
~ aqueous primary coating composition comprising ROPAQUE® HP-1055 and/or
' ROPAQUE® OP-96 styrene-acrylic copolymer hollow spheres, PVP K-30 polyvinyl
30 pyrrolidone, A-174 aéry!ic—functionét organo silane coupling agents and A-187 epoxy-
" functional ofgano silane coupliné agents, EMERY® 6717 partially amidated
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coupling agent, SYNPERONI C F-108 pol yoxypropyl ene- pol yoxyet hyl ene

copol ymer, EUREDUR 140 pol yam de, MACOL NP-6 nonyl phetchgptSaRMADCEN 668
25 ethoxyl ated nonyi phenol, POLYOX WSR 301 pol y(ethyl ene oxide) and
DYNAKOLL  §o didgzs50sin. In addition, this particul ar epppdiiiRfis, further
includes ROPAQUE(r) HP-1055 and/or ROPAQUE(r) OP-96 styrene- acryl I C

copol yner hol | ow spheres, and/or POLARTHERM r) PT 160 boron nitri.de powder
‘and/ or ORPAC BORON NI TRI DE RELEASECOAT- CONC 25 di spersion. 30 Wiile not
preferred, fiber strands having a residue of a coating conmposition simlar
to those described above that are free of particles 18 can be nmade in -55

16 September N0 AL SHEPRNTIIS LONANBRI TIAS S dAPEre diddh the present

i nventi on. artICU ar, - IS conte resin ati ble coati ng

.conposi ti onsd?WYE‘P"Gﬁler%’bﬁ?lés'ﬁfs- MAEELOPr nﬁﬂ”&xﬂ?tﬁ%*ﬂhﬁ *@F‘?'éﬂ@m - as PvP
k— igélpol yv: nyss @mrf?aﬁmgiﬁaeuai .ORYhoGgh rigPFequifed)| tﬁﬁ@aﬂi&ﬂﬁetﬂb@dlﬁl@ﬁtﬂti 7such as
- acrylic 0 ing a

epoxy- funchBﬁEﬁ'a%B' %&WS“@%W@%@%@@%@“‘%&H@QF%W& eNag%8t 25 percent
" by wei ght gof oRhacamom\:lTammmimsaooancmnqn&adispsmimds basis of a .
cotyl “paimi tat o, 'Biet b Def Enfhe Rl § oI Bie R SRR W ant 1 on. 1t
‘Wi |l be furt beardsqfthequésantdayebijont ﬂdﬂ?@l spardnefiat I¢ast ortee:f said glasafibefs ber strands
having a_r eStfing HEPatnd ofiné Bk By GRERAN dobid (ididh ahsicd opgpent ial Iy free

of particles ' can woven de I1nto electronic
suppor t s and3@iegis $oainacorPesition comeriting PESHORIERI00B elyestardinf 74 n accor dance

with : he 10pr @c&ﬁlﬁifudcmmrgém silaHe@oGphAg 4 ?gagt ﬂoimpeﬁdax*ylf@ﬁﬁohrﬁf orfdifd dﬂér&f ent |
g e | RorBligea athoNe Brios gy ReeroNoystyiSp: SrebaBty o
conponent s dVER&mmmlpolymmae eMAGOLNRE nomyl phenelf POLYOX WSRsBhe desired

wet ght _per ceply il Ao il XAAROR I coil I Bk Blsanklaran be prem xed

W th water erw se e conponents of the
coati ng conﬁmbt‘rdimmfl{ihwmdtldés RAPAQUED WP 1955 hed/ord3RRAQUERP @B9Bonent s of t he

coating. 1@03&%@9&9&%%&&3}&?ﬁolféﬁ“sﬁﬁéﬂéé“gn&l& AL ARRHERABIPY fdnon can be
applied in , exa 'e“bTFF%/ con%r&the anents with a
roller or beF'i"daﬁﬁ‘!’qua@%?fORpsﬁﬁ%‘}ﬁ‘na@ T‘Gﬂﬂcé-’éat ed fibérs are
preferably dgisgisigd room t errper ature or at elevated tenperatures. The
“dryer renoves exgess  nDi st rgm.t he fi present, cures any
curable sizing c cghe[rpgq.'fjr@@mﬁyﬂ:@ toﬁ{?g'nc °éH??éP5IFBtF95“°°5ﬁ‘ﬂt time for
dryi ng the gb@sds df Ili‘@em'&em uh\denlthapairl&hslmpnmmnf bt lvat orddfesid glass fibers
20 of the fiber strand of the present invention has applied thereto a residue of an
aqueous coating composition comprising DESMOPHEN 2000 polyester, A-174
acrylic-functional organo silane coupling agent, A-187 'epoxy—functional,organo silane

coupling agent, SYNPERONIC F-108 polyoxypropylene-polyoxyethylene copolymer,
EUREDUR }40 polyamide, MACOL NP-6 nonyl phenol, SERMUL EN 668
25 ethoxylated nc;nylphenol POLYOX WSR 301 poly(ethylene oxide) and DYNAKOLL
Si 100 rosm In addition, this particular embodiment further includes ROPAQUE®
HP-1055 . andfor ROPAQUE® OP-986 styrene-acrylic copolymer hollow spheres,
‘and/or POLARTHERM® PT 160 boron nitride powder and/or ORPAC BORON
NITRIDE RELEASECOAT-CONC 25 dispersion.
30 While not preferred, fiber strands having a residue of a coating compbsttion
" similar to those described above that are free of particles 18 can be made in
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.25 the percentage of solids in the coating conposition, conponents
of .the-coating conposition and type of fiber. As used 1I6€$Q§Jitemb€trm04er m
"cure" as used in connection with a conposition, e.g., "a cured

conposi ti orwdogdsdzl nmean that any crosslinkabl e componggtgsifscsi e
-conposition are at ‘least partially crosslinked. In certain enbodi nents of
the-present 30 invention, the crosslink density of the crosslinkable
‘conponents, i.e., the degree of crosslinking, ranges from5%tol 00% of
conplete crosslinking. In other enbodinents, the crosslink density ranges
from35%to 85%of full crosslinking. In -56 16 Septenber 2004 WO 01/ 68752 -
PCTI O SOL/ 08@&ebrdahtrewithethdprdsentintentior. hepmmlmwonwmdtéoythﬁtmes from50%to

85% of full the a derstand that the
-presence and Qgéﬁtblb%g%hﬂg r@z’g'f'&ir%lﬁclhl“%mg ok °rm?rﬁ@m'f?'8§'lq '71%‘? "AeFMR y, can be -
det er m.ned by"sBvﬁéraowwlmﬂpmlmyneosmnwedﬁymna agemis; uchiasal t her mal
anal ysi s (DIVD;A)7 { I lyzer
t enperatu 93\5 queF 9 aﬂgﬂg or pol yners.
These physi C%mmfsmﬁeﬁﬁaﬁ&l Qfltds?\b&léroﬁdlv.ﬁﬁél&fs'nfh‘teﬂﬁﬁ%mh@bé\&red to the structure

of the croslln ed.. J1e IS, met hod, thelength wi dt h,
and thi cknes§haur clefislics h%'f\gg %T%%m%geggﬁ?@f@ﬂ“@?e“’f‘l be&ade feasur ed, t he

sanpl e is ti gtrordangeonithitepresent inentol. ymilbemallmanirea‘atasby\modelgk.uecppar at us,
and the di mﬁﬁh@%haﬂ”fﬁ@&ﬁ%ﬁd’&%hﬁg g@ln%h%tﬁﬁéogﬁn co'tng h%ﬁﬂ\ar agtus. A thernal

scan i$ run at- a heating rate o equ FP a strain of
120% and% &ssgntially fresof parslest&ran ke wayan l@afabﬂ%méa:ademmdmmccur every

two 'seconds. sigperd@mdeleirorfiedieliiiald las dbabad baGHGH SdcOab &R ure. and 15

crosslink density.of the sanple can be determ ned according to this nethod.
Hi gher ‘cros&FF H%Wg'?ty val ves i ndicate a higher degree of crosslinking

in the coating. 'ﬂhecaatbgnﬁmmnfauﬂéﬂﬁfﬂfééﬁésﬂﬁhmmﬁ%hﬁ bé)ﬁi-ep&rs@wén on the fiber
strand is th per.cent, .b e pr ef erably | ess
than 10 per cé‘%gﬁ%%h%d L'?'%Sas §h %Q?' g %?’ld‘ﬂgvm%é‘?‘ﬁﬁéﬂ@'ﬁ”?@ R5 percent by
wei ght ad %B@iﬁf@y B‘?CPUB@GBB dt;ﬁ-tssgmttoma'e(dllmc)wﬁh‘ﬁhmerao)aauen@ ‘conposi tion on

the fiber stgafedwa | si,tion or
. powdered coat] ‘ggcro&ttggﬁcﬁ“%ﬁﬁb gﬁp’gﬁ%d E’Qe ﬁghﬁ‘h&%a‘t ﬁggf’%gﬂﬁﬁ‘%n t he LO|

is less t hanWdh sty of gthgmise aAgeq}g@ae ol{egre pempanarts pEthercodtiogs on-
i gni tion" meeomgpobitien piei PMixiRAKIhARS reﬁfairﬂfglceﬂp&ﬁﬁlfs'oﬂﬁe cb4RROSI tion present on

t he surface of t I’t%rﬁrkg%%mpit“{oand as. %%ﬁ:ue eqm{g ﬁuat ll) on 1l %5 LA =100 x
[(Vary Wb, ,.)1wd YUORR ARG e Preseqt iveriion gan be,aeplieding i per st r and
plus the 2@9, Aty ways tforeexgmale by gcmtactlng the filaments with a roller or belt applicator,
spraying or other means. The g:oated fibers are preferably dried at room
temperature or at elevated temperatures. The dryer removes excess moisture from
the fibers and, if present, cures any curable eizing c:ompbsition components.- The |
'temperature'and time for drying the gléss fibers will depend upon such variables as
25  the percentage of solids in the coating composition, components of the coating
composition and type of fiber.
As-used herein, the term “cure” as used in connection with a composition,
e.g., “a cured composit_ion," shall mean that any crosslinkable components of the
E composition are at least partially crosslinked. In certain embodiments of the present
30 invention, the crosslink density of the crosslinkable components, i.e., the degree of
crosslinking, ranges from 5% to-100% of complete crosslinking. In other
_ re'mbodimer_ns. the crosslink density ranges from 35% to 85% of full crosslinking. In
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conposition after drying in an oven at 220F (about 104C) for 60 m nutes
and W,,g is the weight of the bare fiber strand aft eri6i@aptémizeri2884f i ber
strand in an oven at 1150F (about 621 C) for 20 m nutes and cooling to
roomtenpenad aarersen a . 30 dessicator. -57 16 Septerrbef-cﬁ@mmgeg 01/ 68752
-PCTI C1S01/ 08684 After t he application of a primary size, i.e., the initial
size applied after fiber formation, the fibers are gathered into strands
‘having 2 to 15,000 fibers per strand, and preferably 100 to 1600 fi bers
per strand. A secondary coating conposition can be applied to the primry
size-in an 5 amount effective to coat or inpregnate the portion of the-

strands, forgRar@mBb@mbts, tﬁE&&sﬁ&&eﬁﬁty%?@&ﬁﬁoﬁ%“ﬁﬂﬁ%%‘oﬁwpat h containing the
secondary coat i ng.conpositiQn, spra secondary coating conp05|t|on

.upon t he coat8FiE{nda e giillggn @Sﬁfté’@'t'-?lﬂﬂ'ga atd'??aﬂrﬁ?"@%/?%ﬂfgﬁet" an

~appl i cat or woﬁlmus%,dhahmk dEhsitycean be detemimsdby @aaridigof methaied t hrough a

O 0 Ty G R hORL G AIROTLANRR (SIPAT G o Bl ARE| ROiRC 10 dried as

~di scussed above °F oY 8 1 T s “{I eas 4 lﬁ ry-or cure the
secondarySCOMKlllh@MEBHpﬁmet ¢apducterimdergiitiogen. i m&immmlnés)ﬁealapi; ying the

secondary Cogldsigh REBARK 4 rersQn kh@nﬁ;ﬁ_ﬁﬂ@gﬁh%o@l%aﬁﬁdgd??glyhgrspart by the

~configuration of the stran naterla e strand 1s prefe 'y dried after
appl i cat i on Thsee physicalarenstiss 9f auad mrjeriabap frlated tothe sirugluieenifer “ wel | known in
the art. 15 &ugsil,q@aae@eﬁ(pndary coating conpositions can |ncI ude one or nore

film formng materl ubr | S, a her S _su S are
- di scussed above. Qé%i WSB'?)%IF"%WF %&‘5&%]59 Hran fromthe
primry d0zi argalyzemqareﬁrst measurad, the samyile |s(aQt)tIymnhtad tasth@Polyraarst one conponent

whi ch is chep f e sizin :
conmposi tion; .bgpat(@é ﬂlk gﬁp%gtuasf glﬁm'é @ﬁleﬁg&mﬂﬂg%h%"@hftraltkaerﬁer%i"%rmunt whi ch
is differentthe: ﬁmﬂrqtuﬁa ﬂaﬂmmﬂ sagf lqmeatmﬂr@m@ﬁ%ﬁmmmwm ofh the sizing

conposi tion. Hi\k&%trbh%ﬁzm aﬁ&ﬁ%ﬁc@rﬁm@ﬁf BN, aky é‘anfpf&ﬁ&&iﬁfe%eﬁ@%&tﬂg
conposi tions incl usécréggél) yuret hane are disclosed in U S. Patent Nos.

4,762,750 afH@VAwe n‘ﬁm"é‘ﬁ obflorapiop; i ARNSINARBRSSULEEY by ref erence
‘ her ei n. Ref etrosstgk deytoﬁthElsgmpla can e deferfink®adtaiding o BEmshdde Mighaecording to

Ahe (25 presaalul WAl Bl hBedh BB 0SB EhAuo R SGRAEC |1 b o
conposi tion whi cﬁ'h@amoumaftbdeﬂatlamwmosmm@ezﬁ tmgh@ﬁhepmntls in the anmobunts

di scussed ab g,)géygm set forth in
Loewenst ein a'}"@r gges ZSE?%S rch(?&@%igﬁt mﬁﬂe@ré?&a&?l@@é’ﬁnh%‘l?gﬁtc&&o 4,390, 647

and 4, 795, 67‘89‘9'3561’1“‘%‘ Piierably Patwagnd.] ﬂ°|5d‘&l’q99t Ryyeighbas measyred by Ws ref erence
herein. 20seeadigalfdrfLORY Bie cbhiingtompositf @R ShRIMbeCsdahd bh BRI RaGId df@R | S

aqueous coating composition or a powdered coating composition. In one’ '
embodiment of the invention, the LOI is fess than 1 percent by weight. As used
herein, the term “loss on ignition” means the weight percent of dried coating
composition present on the surface of the fiber strand as determined by Equation 1:

25 o LOI= 100 X [(Wi,- Woare)Woy] Eq.1) -
whereln W, is the weight of the fiber strand plus the weight of the coating
composition after drying in an oven at 220°F {about 104°C) for 60 minutes and Whsr
is the weight of the bare fiber strand after heating the fiber strand in an oven at
1150°F (about 621°C) for 20 minutes and cooling to room temperature in a '

30 dessicator.
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applied to at |least a portion, and preferably over the entire outer
surface, of the primary layer 214. The secondary coat itgSepderplari2004n
conprises one or nore types -58 16 Septenber 2004 WO 01/ 68752

PCTI USOl JCRfise@fsz Particl es 216 such as are discussed ip defail. above as
particles 18. In one enbodinent, the secondary coating is a residue of an
aqueous secondary coating conposition, and, in particular, a residue of an
‘aqueous secondary ‘coating conposition conprising lanellar particles on at

| east a portion of the primary coating. |n another enbodinment, the
secondary coating is a powdered coating _conposition, and, in particular,

a powdered coati Wtepﬂggﬁ}ﬁibén@oﬂﬂfé:;‘l}m& giﬁnﬁee {tﬁ%&ﬁ%@&e%@i@d%hgrsﬁbgn at least a

portion of the-primary coating. 1n an a Ive € CENt ot he particl es
of the secon@ﬁ!’%}'%d%ﬁ/tﬁ@ are gathrsed infostrands heying 2 tohBel06 fibérs per strand, gani ¢ sol i d
particles thaid péreash 1001 1664 fehs pe sthbier in the interstices of the
hydrophilic particles., The h drloiJ Ic inorganic solid particles can

absorb water or SWECPMARAAUNg cpmpesition o3 kaArRliadde thewrimamsizsipan e i n a
cheni cal Beaatounhefective td beat veiinpreghaie fhe poitiod GithetAmd, for-cRanviisgpus gel -1 i ke
sol ution whj Lol hhibits further ingress of water jnto the
interstices %ﬁﬁﬁ g?@efnﬁtﬁﬁ‘ﬂ%‘?ﬁ @ncgntggl{)lp& Ay iceating comePsiicRs s fi ber
strand is us¥aying.the gsceridaryseating témpsition eporithe edated stahd arty contaging t hat t he
wat er penet r @it esatdd \Gral J | ISt the hydrophilic
material "and is éubs?gﬁﬁﬂ?féﬂph%g&g%ﬁg%&f %dg;yg?ﬁ?‘fggggatgéwagg‘:@'}/g%ndensed
Cheni cal Di ctassfdPipugh 2 gia dpremovesgicess coating sempdsition from the steod proifart ed by
r ef er enceOhedrieli s disGisedd éboi?@ﬁﬂ&tirh@aim&éh&othféé&%hikﬁﬁrf@&%ﬁeg\l}g)s _eéxpand in
y a

si ze or Vvol une. 2ee V‘Fbster' s. New Col |€ch ate Dictionary t page 20
1178, whi ch TGRSR SrMposticno Mmethedand\Arparelus Eargepifeg e n. ~ Pref er abl vy,
the hydr ophiekordapyaobtinglcompasitioh ko taé sieand adetaminetMnipartwgiiRy to at | east one
and one- hal f }-mi ' i i ﬁgr .. ght d, .nor referably two to
six times t h°e°|P'r' or FB%’Q% g‘&‘@p B’ﬁdkerﬁg‘l ﬁ-g‘f’ﬁi'%’ﬁfﬁmggé’ﬁﬁ?%@’ EWP%H%}'BFophi lic
i nor gani ¢ so¥fthe sepmdrtyenating sempasities intaraennemesil knowminlthedart. siect i t es such as
verm cul i5e and e0RdHEYekdaaR cb&ing BBHESRER cahGii |-nor gani c
absor bent 'getj s.. Preferabl y,@t hesg ﬁégrp_pﬁ#?aﬁc pg%?!ﬁ%?{e}goré?"eﬂ applied in
. powder form'o Al e e.nbhemat eri al s.
wder f or m ‘8PN TaleRafs LbPgants 3 obetrdditvarssh avwe diseussedaoventheat er i al
I,ln onle_ f:nbo?hema_ ,ry&faaﬁdgest mffe&el?wiﬂe&wﬁmm_ : lﬁe pﬁmaﬁlsﬁﬁbfcﬁﬁﬁéfﬁgnﬁgfmr I S t“_g-bl a -
plurality o - | east part] coat ed w a resin conpatible
coati ng co%@?ﬁ%ﬁk %ﬁsqgf'e ?°é%P§Pg"§WbG€Fi%F{“B$]}Y£%[ﬁH¥mU‘Gf the at |east one
fiber, the reegiponBd of hepizinglshepasitah; a(R)cottpins atiléasortdadmpeneat Rlahmar y coati ng
of a. sizhH9 HYIRQHIdH IOBxSE rtion of a surface . of the-at |east
“one fiber. ang a secqn@aﬁy nt é@@tt*jzﬁ%ﬁéun@oﬂﬁe S component contained in the
: sizing composition. Non-limiting examples of suitable secondary coating '
compositions including polyurethane are disclosed in U.S. Patent Nos. 4,762,750
and 4,762,751, which are specifically incorporated by referénce herein.
Refefriqg now to Fig. 2, in an altemative embodiment according to the
25 present invention, the glass fibers 212 of the coated fiber strand 210 can having
applied thfl‘?to a primary layer 214 of a primary sizing composition which can include
any of the sizing components in the amounts discussed above. Examples of suitable
sizing compositions are set forth in Loewenstein at pages 237-291 (3d Ed. 1983) and
~ U.S. Patent Nos. 4,390,647 and 4,795,678, each of which is specifically incorporated
30 by reference herein. A secondary layer 215 of a secondary coating composition is
applied to at least a portion, and preferably over the entire outer surface, of the

© primary fayer 214, The secondary coating composition comprises one or more types
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conprising a residue of an aqueous coating conposition conprising at |east
one -59 16 Septenber 2004 WO 01/68752 PCT/ US01108684 dits®apd¢rabgrad00ic| e
applied over at least a portion of the primary coating of the sizing

conposi ti ogwodigs@z pref erred enbodi nent, the at | east Oﬂg\,@goﬁ&l@;ﬂte particle
1is selected froma hydrophilic partlcl e which absorbs and retains water in
interstices of the hydrophilic particle. 5 Further to these enbodi nents,
the amount of particles in the secondary coating conposition can range
froml to 99 weight percent on a total solids basis, preferably from20 to
90, nore preferably from25 to 80 weight percent, and even nore preferably

from5S0 to GfhapfiedRis Qﬁ:ﬁ%@ﬂk dlsjcﬂss@@m@efaﬁ'émgagﬁarﬁﬂm MRBke Shown in -Fig. 3,
atertiary Ia 320 of a‘tertiary 10 coatr% ggoméﬁgn can be appli‘ed

.to at |east elazgﬂyrlﬁqf.dhe Fcordag/ %"65"1961%%"99'5%”319 PPNdRIEFOHINE entire
surface, of canﬁoemem@ad yn baﬁlwﬁrar 3¥bsidue oban adisels secéridagrcostingand 312 woul d

h ' I 315 of
cecondary couMRROTEmRENd e ReEeYarratfeart plien e PR RO SBHRG, i re” °
" tertiary so#tanother erfineiinent, thesseyorder tchating &fa powdered soalig torpesitien.r and 310 |'s
preferably did, f,%a%uai g%&é}sd énémggao FiBpafich!chinpie @qsm i parfilsPRD t he

- secondary coO coating conposition (1)
cont ai ns at atle%séapemn %fdhﬁﬂﬂﬂmcquigch is chemically different fromthe

conponent s of thﬂa%uéméweémzddnﬁar@m%aﬂeeadahysmweoan nposition; or (2)

contains. at | east one coppon n rent fromthe
Souat | of & RSN CORSEH BRTOR MaAdG St H%?fﬂfée%@?mﬁvgévé R or
secondari0 ceater Ingheiaterstisdstof the hydraptilisipartielad) Ofhierhydrbphilictieorganizesolitar y coat i ng

COMDOS {1 0N CORE LS8 B0Roff oWl i ERIALwIRUEE) A Labagiisped above.  such
as pol yuret RENE.~ Ghd The tertiary —powdered Coating conposition comprises
solid parti chengjcal saagtiPnadth fheavat@® RTHERMEMple [sovissausgaikedslufien t i cl es, and

hol I ow partmicﬁemetbmhmsB@Pﬁ%%sgbf@aﬁermtgmmtasuae@w are di scussed
above. Preferably, th owdered coating. is_ap assing the strand

havi ng a Iléﬁﬁcﬂmgﬁ’ﬂ'ﬁﬁﬂ’ﬁ? ?blﬁﬂl'thfﬁe %ﬁﬂ@@sﬁf% S%M'% 'éﬁ?&‘ﬁ"él"@t’?? t hrough a
fluidi zers bag usdd hepdi, aabsdevmea\sttmtméhmaptemammﬁnqaawcméas to the tacky
secondary (of0) t| n osition. Alternatiyv ands .can be assenbl ed
into a fabrit® fgs?)fgﬁg)l?ygrﬁphgc mptg(ial pndp s't"g’%n}l%‘y QE‘B%%"F‘WS'“Q%% s applied, as
shown i n Fi giawi 80deGse gEintical D Idn'anpawSQWBiphmeﬁcellynbl nes fabric 912
with a resi |y a | :@ﬁib sl ayer 922,
simlar to { el:bé‘ghegt ?3%%@@%@%%\[1@“"@ %Eﬁé t‘ﬁét-thé/h. ) qﬂgéﬁﬁ% be di scussed
later in gr expang ingsizeqr volunpe, e SeaiVals Gollegiate Dictionary (1977) at page

20 1178, which is specificaliy mcorporated by reference herein. Preferably, the

hydrophilic particles swell after contact with water to at least one and one-half times
their original dry weight, and more preferably two to six times their original weight.
Non-limiting examples of hydrophilic inorganic solid lubricant particles tHat swell
include smectites such as vermiculite and montmorillonite, absorbent zeolites and
25 inorganic absorbent gels. Preferably, these hydrophilic particles are applied in
powder form over tacky sizing or other tacky secondary coating materials.
In Gne embodiment of the present invention, a fiber strand comprising a -
plurality of fibers is at least partially coated with a resin compatible coating
_ | composition on at least a portion of a surface of the at least one fiber, the resin
30 compatible coating composition having a primary coating of a sizing composition on
at least a portion of a surface of the at least one fiber, and a secondary coating
-comprising a residue of an aqueous coating composition comprising at least one
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- 16 Septenber 2004 WD 01/ 68752 PCT/ USO J48684 powdered solid particles
adhered to the coated fiber strand 310 can range from 0l61SeptemBér 2084 ght
percent of the total weight of the dried strand, and preferably 0.1 to 30
wei ght per&sr&@ 87g’zhe tertiary powdered coating can al sQdRihitag&sONe Or nore
pol yneric erials such as are di scussed above, such as acryllc pol ymers,
epoxi es, or polyol efins, conventional stabilizers and other nodifiers known
in the art of such <coatings, preferably in dry powder form In one

enbodi ment, a fiber strand conprising a plurality of fibers is at |east
partially coated with a primary coating of a sizing conposition applied to
at | east a gddreRdriicR hpBleddversk feﬁ&% gottioh Bﬁh@ﬁnﬁﬁﬁé&aﬂﬁﬁ‘ﬁtﬁém{ a secondary

coating conposition conprising }/merl c mater) al ag‘g iled to at |east*a
“portion of tREPPFicRaMA Pf&%ﬁ?fb%‘?‘{qd Hiecpt lpastope fissrote adele fy conpositi on
conpri sing %ﬁ&é@&@nam&mmlwamﬂam@ﬁ abdofbsaind eddisd waeroinfetsticesaft t he
secondary c ﬁ)@&p ‘ %@ ther enbodinent, a fiber strand conprising a
plurality of bili garigle- | o 55t partially coated with .a prinmary coating of
a .15 sizéng conpartiet fodnesepmboditents) tist araabdf partiges it thersecdndarysur f ace of  at
Ieast one of, ;?e%i‘ vl npri si ng a
pol yneric mecrer | gf) gﬁﬁ 't%g at ?gc?sét E%%}tgﬁn?mpﬁﬁdhwb&% ry

conposi ti on, pr%fﬂablafrpreﬁp "Qa?ﬁjﬂ‘@f%ﬂ"i’fﬁ'@bltﬁﬁﬁ@lt‘t ?W‘Q%B?ﬁ?ﬂt-ﬁnﬁg"?"aml | ar
particles apﬁgréggfetréb@ﬁo,ﬁmgisga,e@gﬁ;ér@m of the secondary coatl ng. kn one
preferred enbodi t he 20

at I’l c
f or egoi ng enbodi %ﬁ%‘e”"@w&leﬁi’gﬁl’@ﬁw Sﬂ?"ﬂ’ 'H%Et ﬁé’rtérﬂ 1'aé{? 33@ E gﬁ’f"hent at
| east tV\IJOOfcoaﬁrigaompﬁitlongm mmW::afleadne pbrtisrecfthiesyriscdhadi nents are the

sane. Addit nger} ra bver@m en(ijl [lrfa%eyof% %Eér{&&g?a%eﬁ%% I% r %%r g‘a vk aqueous
enul si on or powder e CiTng toRpos ng conp05|t|ons
conpri se oneﬁ‘l@Monbmgvmmmamglammmr@anm@wsse,@hdaﬂ)bm 3128farhe vari ous
embodi ment s Qfoddh cﬁ%b‘régrﬂﬁdshi@ﬁ an%tmﬂaﬁ, s'm&q%}é?% R R \&HSRBodRg USed. as

conti nuous strand’or rocessed I nto verseﬁProducts such as
=

chopped st r 2kt tertigy s9ating %ft“%@ateF‘@W’r?ﬁamP&? prefgrably diffeenidpemytiie oy ens,

: non\/\ovelnq;? E)prﬁféhwiﬁmybobiﬂbsﬂibﬂfandj theisbemdiarg cbﬁhhﬁlbdlﬁﬁisitl&ﬂaé thb tenting | and
triaxlia apri

cho d_.cont i nuou strand mat s)
. and rul til afé’? ch'B?ﬁ'tmg W w'ga'"%étg‘?alsg "g@g?h %? mf“?@‘h ¢ held together
by stitchi ng:hfmrerﬁime tltetdmmpoumtse:ftfalpntnaryfsmmaad smwml onal fabric
structure). ﬁgﬂ s and weft
(i.e. fill)" ands O#Q)’bopt%@?#é@%%ﬁﬁebédnﬁgﬁen?vﬁmag{&gﬁI?l SO re rdr?ed to as
unt Wi st ed Orfro:rgtﬂe amgurg;@bmgﬁqy@q coppgnent contained in the primary sizing or
20 secondary coating composition. :

In this embadiment, the secondary coatmg composmon comprises one or
more polymeric materials discussed above, such as polyurethane, and the tertiary
‘powdered coating compoesition comprises solid pariicles, such as the '
POLARTHERM® boron nitride parficles, and hollow particles, such as ROPAQUE®

25 pigments, which are discussed above. Preferably, the powdered coating is applied
by passing the strand having a liquid secondary coating composition applied thereto
through a"ﬂd'idized bed ar spray device to adhere the powder particles to the tacky
secondary coating composition. Altemativély. the strands can be assembled into a

-~ fabric 912 before the layer of tertiary coating 920 is applied, as shown in Fig. 9.
30 Composite or laminate 910, which combines fabric 812 with a resin 914, also
~ includes an electrically conductive layer 922, similar to the construction shown in
- Figure 8 which will be discussed later in greater detail. The weight percent of
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WO 01/68752. PCTI US01108684 zero twist) or twisted prior to weaving and the
fabric can include various conbinations of both tw sted Sepdemiper-2084st ed
warp and weft strands. Preferred enbodi nents of the present invention

i ncl ude an awoleeass2 partially coated fabric cdnprisinglﬁgﬂkgﬁ@g 4one of the
fiber strands conprising a plurality of 5 fibers discussed in detail above.
Thus, an at l|least partially coated fabric made from each of the disclosed
fiber strands conprising a plurality of fibers is, therefore, contenplated
in the present invention. For exanple, one preferred enbodi ment of the
present invention is directed to an at |east partially coated fabric

~conprising at powmsom@arﬁes@aﬁr&qmelosate@ﬁﬂ&a%hlawcéhfraﬁge%ﬁfo the coating
conprising -an qgrgani ¢ 10 conponent and |amef| ar ticles having a thermal

- conductivity Bf/oeightperpent of ‘Ptabﬁ‘gh‘rﬁftt@dﬂ%déi’afé’ ?@%@F'&P‘&Pé t®PI 300K, In

one enbodl rrentveugﬁtpbhentpresent i nvention, the coating corrp05| tions
according to the %§? la’g ny. nt I O vidual fiber. In

Rude q@are qﬁocp [ddoooran | gl
~anot her enbodi nent ? TOHEEE Ot 1 BAEPOERE i ber strand.
I'n anot her 515metebddsmnbrasaretdmuwaahqvg. suchgscesiic patyreers, @poliiesgort 0 t he present

i nvention is Ecﬁﬁ:l!éﬁﬁg cb&enficmgl sfta%mféhrgand% ﬁa&hér@kﬁ@n'lﬁ’@le%ﬂ@f’&x’cﬂem s are

fully discussed bel ow. Althou rior discussion 1s generally directed
toward appl vyi FF@‘"?Q'fepfef?@é’ly"hﬁfy@%%W1 on of -the present invention directly

on glass fibers aflhgfie érmtRiment, amﬁaraaa@r&mgmw@awwﬁb&s%@%aﬂ ng the
fibers into aB%{ﬁll?lrl [ @qu ent 20 Invention al so ipc| udes enbodi nent s
wherein the cBEIT™M %%41?5 EW”EW@P tingypfa siging cuppostiion aapieddp aileasia | i ed to a
fabric. The cpatidnuo acodmest the atleastonefdernp pédoadhry tmmg donlpbsiion f or exanpl e,

- by applylngt ' . [ ber str.an for fabric is

manuf act ur ed, aﬁn&%@b ggg'ﬁ;}%}fg“%%"%F%D(ggﬁdirtﬁaﬂ?a&? RE"S %ﬁaecpr-ig\a{yer It has been
manuf actur ed mm’gﬂfvaﬁn@wrt@mmmwempmm cmlmg discretelpertigles appbehbendi ng on

‘the 25 procegsk !%gst%fpoﬁf&ﬁ of tﬁ@EéoGnda%aﬁﬁatld %tf&?@?ﬂ&ﬁﬂrﬁé ?'} e bl PT esent

i nvention can be  a E el t her dlrectaﬁag lass fibers 1n the fabric
or to anot her “AHLHN 8"5@'@&8@;’3{%5 fieashp YF‘?aEf‘é'r"ﬂ apirew cpatisgioka For

exanpl e, fru'.;e gtiags confpobitiorsappigdl tbﬁle&ﬁ@b(?ﬁbngthlﬁcﬁQf?ﬂlhgﬂ o8 af said ﬁrCthi I
sizing after .en inta.a fabric e fa en be
treated to re{r‘;’%\r}sg1E| g §?‘§ﬂ78°a\¥'"%°°ﬂpﬁ§n'°&?°g'lpﬁst"§ aa‘b"&";‘ﬁ"ﬁa‘a eﬂ@'ag 985;%% ng
conposi ti on oagtAdopicr otthe pirmanecamposition] iidsa feitiaryrugating wompdsitioan be

acconpl i shed gndiSing %ﬁﬁliﬁ%ﬁﬁcl&fﬁﬂptx%ﬁ?‘éﬂe#ﬂa b&ﬁo fithe s%%a@%o&t{ﬂ?r el

treatment or washi ng | ns ance

conposi ti on woul d 'EIP’FPeQ'FfPSVed eyphodiments atdpast e hepoatinosin egaly efdhes 2
PCTNS01/ 0868 4fofesaing eBodimérieis aiffeient arfotepréfeRbd EMBodirAd, iafleadt bwdgty  PWLIT ON

of the S|Z|ng
the coatings in each of the foregoing embodiments are the same. Addztlonally, the
tertiary coating can be a residue of an aqueous emulsion or a powdered coating
composition. The coating compositions comprise one or more coating components
. discussed above. ,
25 The various embodiments of the coated fiber sirands discussed above can be
‘used as continuous strand or further processed into diverse products such as
chopped strand, twisted strand, roving and/or fabric, such as wavens, nonwovens
. (mc!udnng but not limited to unidirectional, biaxial and triaxial fabrics), knits, mats
~ - (both chopped and continuous strand mats) and multilayered fabrics (i.e. overlaying
30 layers of fabric held together by stitching or some other material to form a threé—
: dimensional fabric sfructure). “In addition, the coated fiber strands used as warp and
, weft (i.e. fill) strands of a fabric can be non-twisted (also referred to as untwisted or
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. conposition initially applied to the glass fibers after formng is not
renoved, the coating conposition of the present inventlbd&epiarhat 208én be
appl'ied over the remaining portion of the sizing conposition rather than
directly'tqgéplﬁsgzber 5 surface. In another enbodi ment ef t he present

i nvention, ctéd conmponents of the coating corrposiP HHSP8Ehe pr esent

i nvention can be applied to the glass fibers inmmediately after form ng and
‘the remai ning conponents of the coating conposition can be applied to the
fabric after it is made. In a manner simlar to 10 that di scussed above,
sone or all of the sel ected conponents can be renoved fromthe glass

fibers prior b t&@%ﬁl%teh{;‘:ﬁoﬁt& RELvhh %ﬂgth‘;‘?&rﬁ%‘&a%&@de.tvheaurs?mii' ning L
conponents. AS-a result, the tenalHing Conponants va 1 &ither directly ‘coat
“the . surf ace cgmbipgfions piheihdwigted andnandyisied werp and weft strarde. sel ect ed conponent's

that were not reppiadd bnBdtirdi dftRresshtifvantn inl:ﬁlfjégn&rlégshﬁ{ma‘ﬂ eferred
a

enbodi nent acc%ééi}ég to the agr esent invention, abric conprising at

| east one st & ‘?Fp‘f"f’%’f‘?‘@ 53pt 9P P the, fiker strande pagnprisinga pluealitytof parti al | y
c_]?at ﬁd Wi th dibgrs unars_yeda@aéthir@owdnxgs,&a@oledapumﬂgabét&gfa% rﬁédelﬁ%ﬁﬁlt a p?rt ion
of the prinmgr tin e secondary.coatlng C risin articles of .an

i nor gani c mant%g%{hl ‘gﬁ% drﬂsgg;s%alﬁgr %’ﬁ%‘%ﬁl""ﬁ%‘mﬂw@r ?@ig%){Fésath%ﬂ'Fﬁan 1 Watts per
neter K at aceriempeiated intiee présentitveB@MIK Fot examplet drerprefereddimedimentaf f abri ¢
conprising ajyd i -y I &l rabity of fibers is at

| east partiall yﬁg%gttlﬁe‘%ﬁt\'/\n&t'{)%gtg‘tg % dé%%r%%ﬁ@?‘%&%ﬁ? l:a\lbé%%q"}pg?’?g ?E'}lnor gani ¢
particl es halR3RPng siaoompising piusalith of fiorss. fite contingsoriprising amorgsei t he Mbhs'

_hardness Mal empinetitidd &imeli® @oiticlosRavihh d%erdhaIRBAducHAtf o B leait 1f\iv£tf?5e{r0r mt ng
eas one

material. 25 Iege X(Ett ?not Pagr e{}‘%@gi ment, a fabric conprising at

strand conmpMeST id" & 'PIRTFENe ey 8% fibers is at least partially coated with
a coating conpri sirege efibodinmeat oflthe mregeat itventi@s thaavating compdaiiens har dness val ue
whi ch does ngl..& t : ) . the at | east one gl ass
fiber. the mr ‘i‘_’.‘ac'sg‘aef??%sﬁ“i@@a" %Serﬂgfgﬁ%g% @%&%F%ﬁ?eﬁ‘dﬁﬁﬂ?m?rhal lium On,
copper , . zi nc &mgedimentibe enatingds apriiedito@blpast one firer stBAS bramvthegr mat eri'al . I n

anot her  erH0@mB&dRhent,dhd &llingcofPBIdn SedidifY to iRARE emﬁ\ﬁﬁﬁanpgp g’ ! st hg a
plurality ofmfl efsT%)% at least partially coegteds wth a pri rPary coating and
" a secondar y Ned®nggThesga © epepsinigntsr¢ Bitlydiscupretiibelew1/ 08684 coati ng. on at
| east a portion oAithouyh tinr priobdiycussict i Beherdlj GirseRAGWEd 2pphR@ithd’d conprising a

Pntersti es S EMHostdh Beinidsafiindler drsels 58 o Poal AP=B nbodi mont o
" the present foviagerdsubseguently ircorperating thesfitegs ialb a fabric, the present
20  invention also includes embodiments wherein the coating composition of the
present invention is applied to a fal?ric. The coating composition ¢an be épplied :
_ to a fabric, for example, by applying the coatiﬁg toa fiber strand before the fabrig
_is manufactured, or by applying the coating to the fabric after it has béen
manufacturéd using various techniques well known in the art. ‘Depending on the
25 procgssing of the fabric, the coating composition of the present invention can be
applied either directly to the glass ﬁbers in the fabric or to another coating
already on the glass fibers and/or fabric. For example, the glass fibers can be
. coated with a conventional starch-oil sizing after forming and woven into a fabric.
The fabric can then be treated to remove starch-oil siiing prior to applﬁng the
30 coating composition of the present invention. This sizing removal.can be
~ accomplished using techniques well known in the art, such as thermal treatment
- .or washing of the fabric. In_this _instant:e, the coating composition would directly
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5 least one strand conprising a plurality of fibers has a resin conpatible
coating conposition on at |east a portion of a surfacd6deptdmberabodc, the
resin conpatible coating conmposition conprising (a) a plurality of
discrete particles formed from materials selected fromorganic materials,
inorganic p¥PYHE?I%c naterials, conposite materials anHC'H’Pg@@?Sé% t her eof ,
the particles having an average. particle size, 10 neasured according to

| aser scattering, ranging from0.1 to 5 mcroneters, (b) at |east one

| ubricious material different fromsaid pl ural ity of discrete particles,
and (c) = at Ieast onefilmforrn'ng material.. In another embodinent, a - :
‘fabric conpris ne | urality of flbers has
aresin conp&? Eﬁt"?ﬁ"@ gﬁﬂ@éﬁéﬁl@n?{éﬂw qgglesgorﬂortlon of 15 a °
.surface of tba'nﬂiaslttbm initialtylapplicd $d the giesqubnslaﬁe'fmnﬂnglmgatwmyedsltme on conpri sing
(a) a plurall I)Qfmgz:onqﬂo@‘ﬁ&?{f%e d?%@nt\’f%xnoﬂ%omd%eﬁ%e aPﬁngqvér mmaterials

sel ected fromor mat er m xtures thereof,
and at | east rwingmrﬂoapbtbgsmnmmnoahorcramerethmlrept!yd@rﬂe@ber plurality of
“discrete parjglgs. | n another enbodi ment of the present invention, a
fabric conprisi ngl[I | east 20 one strand cog;ﬁ)rlm g a pl urallty of fibers
has a resin conpd FB?tBer@B‘gP‘F"Hﬁ"tBB‘HﬁB?F?qtB‘He'@ 'sglectp %*Emaer}%?t ion of a

' ?U;facel of It !ﬂ%cfoaﬁfhblﬁﬁmpéshﬁn bftRé nesemmeénum @ncbeappragtotﬁ@gllmsl tion conPrl sing
(a) a plurali 0 0 c rticles t ast one polyneric
et eri o1 a1 fksre fimsiRlen HePiARG et nS sopfirepbr BhcbFRE, oo mont of
present’ i nvewrbmposition cal heepplied ta the fabfiadster ¢ iscuadpr Irsd mannet simild t¢ east one

strand Cofpr ingh &&us@ed%&ea%qrﬁé’or%iotfdléﬁé‘eﬁe‘cted%ﬁf,&ieﬂts%&n b&Rfovéy POrtion of the

fabric has a resin co e coatin 0ss on 1 gnition of ranging
fromO0.1 to fremghe garg fi ﬁspﬂoaiqcoswm&herﬁwfahﬁw&w@aemm ding to ASTM D

737, of No geeApsents.NANa reblk, %&aﬂaﬁﬁ? €onkpoRertE @il eﬂﬁéf difgctitécat A€r square
foot As use air ermeab

Lo T ow of - aPIAESGF bR Bhest o1 islghe chFrat e R PR RS BB RO Reur od by ASTM D
737 St andar d ndtasmovelitbinaik fiber sutface. Per neabi | ity of "Text i l e Fabrics, which is
oL oy RRR b HELSR AR Eb e ffplnnd o BB o0 200"
* .enbodi nent s cemprisiag atleast pesistfand pemprising a plitaliyiohpessoippdeastpastialy scussed above,
and addi ti on@batePWRL\HMaPy CRfhgHnd @ sBEondH§ L&fihg o b0 & Paaé drafel t ed above.
| primary coating, the éecondary coating comprising particles of an inorganic materiaf
having a thermal conductivity greater than 1 Watts per meter K at a temperature of
20 300K . _ ,
" In another embodiment, a fabric comprising at least one strand cdmprising a
plurality of fibers is at least partially cogted with coating comprising (a) lamellar,
_inorganic particles having a Mohs' hardness value which does not exceed the Mohs'
hardness value of the at least ane glass fiber, and (b} a film-forming material.
25 In yet another embodiment, a fabric comprising at least one strand
~ comprising a plurality of fibers is at least partially coated with a coating cbmprising
(a) metai’l’ic‘inar_ti‘cles héving a Mohs' hardness value which does not exceed the
: M,dhs"hardness value.of the at least one glass fiber, the metallic pariicles being
selected from indium, thallium, tin, copper, zinc, gold and sliver, and (b) a film-
30 forming material. . '

In another embodiment, a fabric compnsmg at least one sirand comprising a -
‘ pluratrty of fibers is at least partially coated with a pnmary ooatlng and a secondary
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. Inm a preferred enbodi nent of the present invention, a fabric adapted to
reinforce an 5 electronic support I's made by a net hod EovgptérsberP00ke st eps

. (@) obtaining at |least one fill yamconprising a. plurality of fibers
and havi n@yceifefsst resin conpatible coating on at | eapérmgsopdesd on of the
at least one fill "yam (b) obtaining at |east one warp yam corrprl sing a

plurality of fibers and 10 having a second resin conpatible coating on at
| east a portion of the at |east one warp yam and (c) weaving the at | east
one fill yarn and the at | east one warp yam having a loss on ignition of
| ess than 2.5 percent by weight to forma fabric-adapted to r.einforce an

el ectroni c spghlRg bn atdéast @p@fbn@ﬂﬂlbtphﬁa?bmﬂi’i@%b mdaqfoohﬁng pr esent

~portion of Zchrﬁ‘ebr b g pledef Bk s By oot SRR TG o7 i ace

fi bers havi nigtepsticed ofittestgytirophifpquatticless of surfaces thereof a coating

according to any ' ﬁﬁh@ ' It 1y or in
conbi nat i on, V\hllg%mu?ﬁthg&f%wagﬁgl Ve \(ki: @e?tﬁ)e %ﬁ? da%g'lg“é‘ the plurality
of glass i bieestonp atrasdicamprisingc: Rlﬂi?iltmfﬁb%? bae %@F‘P&@"épaé!@ﬁséﬁﬁﬂﬂﬂes of a portion

of a fabric é&ﬁ;?dmwordﬁ\(éaﬁﬁa pdritA of & B8 of tASABHJ, mee&.rr@mpam@ Mohs'
har dhess val ue gr eat.er an a | ue of gl ass

fibers of t hé°a|*'f‘9 Qm%@%wmpﬂﬁ?g @l?&'ﬁ'&"waﬂgm‘%ﬁ pari rf%'gafrﬂ'a the first

gl ass fiber rr&tdnﬁlade!wtédﬁm organigwatbiidls norfania polyrhaicieterials, doniposite.  Fur t her
enbodi nents of . t. [ec s for 25

I nhi biting am%?é'%sé% reg therec?% ga rSZ'ﬁ‘g Q:gn évgggéﬁarﬁﬁé LL%‘%ast one gl ass
fiber by Wi mea@rwm*ardhgtqlawr mﬁéme’awlpmfmmﬂégo @mlcepnmr!s.db)(ﬂbj ect

conpri si ng: Gial s y of .the
previ ous n%g %’ﬁoneﬂﬂﬁé,né(ds a md‘%n\?lgo Qﬁ?gﬁtﬂiﬂy?ﬂmﬁa F%ﬁa?%otr?ﬂd?ég at least a
portion ‘of: aaélaaata@eﬂméqmwsnraé%@l one glass fiber of a glass fiber strand:

30 (b) at 1east Qﬁ%ﬁétﬁér'e)hbddiﬂléﬁigafabﬁhdbﬁﬁ'ﬁﬁﬁétliééﬁtdnﬁsfrﬂ{dﬁcﬁlpﬁélﬂg%j gl ass
fiber strand h V|oplgqea resi due of ﬁ osition up a portion

St
of -the surf a@rallly of ihefshas a resifeompg cafrjpRiion OQﬁgga%:?Efm%mle Sept enber
12004 WO OB GEEﬁliacﬁ’Gﬂ%éiﬁﬁﬁd.meﬁﬂcc(mgahble shatiog conmtitioreastprisng@)4i on of t he
| fib [t t, th
| gu?fsaicel aggefsﬁ:fa‘ﬂtg%f %{QC’&Q%RQ‘{?"‘? ra;ﬁecze%‘??/ a %m‘iﬂlaﬁlaﬂfse@méé)ﬁdn‘?o@? 90 . €
har dness val u@te@ﬁls.tquaqrte|n@éslalsgn@rng¢ua@$sth¢r¢qfeand atlgast 0“@ Ihicioms r a5| ve wear

of the at |e%§engrme§grﬁﬁ§“§él@ﬁ|ﬁmm§ofch&ré]é g@@dgsl ber strand by contact with

the surface asperit i d obj ect nhi bited by the coatin
conposi tion. p anod1er em%odlment o?t%e ' aiJabntt]:compnsmg t least g

20 one strand comprising a piurality of fibers has a resin compatible coating compasition

present lnventlon,

onatleasta portion of a surfacé of the fabric, the resin compatible coating
composition comprising (a) a plurality of hollow organic particles, and (b) at least one
~ polymeric material different from the hollow organic parﬁcies. ' |
Another embodiment of present inventioh is directed to a fabric comprising at
25 - least one strand oompnsmg a plurality of fibers, wherein at least a poriion of the
fabnc has a resin compatlble coating with a loss on ignition of ranging from 0.1 to
1.6, and an air permeability, measured according to ASTM D 737, of no greater than
10 standard cubic feet per minute per SqLiare foot.
~ As used herein, “air permeability” means how permeable the fabric is to flow of air
30 therethrough. Air permeability can be measured by ASTM D 737 Standard Test
© Method for Alr Permeability of Textile Fabrics, which is specifically incorporated by
, reference herein,
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As above, the conponents of the coatings used in these enbodi nents can be
sel ected fromthe coating conponents di scussed above, dedapteinber@oal
conponents can al so be selected fromthose recited above. The coated fi ber
st rands 10w02,1493752310 and products formed therefrom sw@;hmsa;aygm t he coated
fabrics recited above, can be used in a wide variety of applications, but
are preferably used as reinforcenments 410 for reinforcing polymeric natrix
materials 412 to forma conposite 414, such as is showmn. in Fig. 4, which
will be discussed in detail below Such applications include but are not
limted to lamnates for printed circuit boards, reinforcenents for

t el ecommuni cat i on'ae&adahﬁsnen&nﬂed/mItHe@Mﬁerﬂtxdmﬁboﬂmﬁnﬁmbsééle&ﬁedfthé coat ed
strands and &gbrgtlgs of th & eS8 mver&t d?g rablré conpati bl &
W th typical 8? n%?°“&°°r‘%%'t? S aﬁgve LEFU° 8?%'%?38&' g bg upports and
~printed ci rc%ﬁlacfeldt.fiarrdboselrevltem@hove on, the coat ed fiber strands are suitable
for use on aj, arasnémd.m\eneome%go BB iR habed B EnbRE o O T OF €1 N
fabrics for such I cations nvent ona

_ si zi ng conmpositions applied
to fibers toe?}‘é"%léﬁ'é%’"ﬁ@lmﬁj’eb&?ﬂ“ﬁ*‘@ﬁ'@@wgwﬁtj’a@fcorrponents such as.

starches and oil ga)t haabtaam@gﬁ%@thym&omm@abtuml.@owiﬁeh;aﬁch resin
. systens. - It has beﬁen obser % teristics_of fiber

strands coat @YY éesg'&ﬁf‘?ﬂ%'eé’(?%ﬁ‘gé’f'ﬂ 18??988 il eﬁﬁﬂ“?éﬂ' es 18 in

accordance vwyah the present .invention approximate the weaving 25
characteristics fi ' . j L rchI0|I based:
sizing conposi t(@ns %ﬁ%n'ﬁ#&%%gﬁg%ﬁ% bﬁgmxo}rﬁ"]%&%&g%hg%rb 8@ Al t hough
not meanflOt mayggatﬁemmdr@yl@Walpmqoptimloaratlemgmyr,ﬂompfthesathtmed that the
particles 18ygaf yhh&danstant . invention-function in a manner simlar to the
starch conponeng of conventional 30 starchloil sizing corpositions during
processing and ail? j e¥eBaER)least ope Blyse g thard learirE 4B ¥A™ i ber separati on
gn](cjllc air dr?gﬁving atids® ocAighitipebf luulemrzgﬁ pe&féﬁﬂbﬁ}'tWegyﬁth%nnfdJéBﬁcldaﬁptedln g lminner

ifferent fr ventional .conpositions by providing conpatibility
with the epot>8<y : f‘é@?%ﬁ)g‘ éfog'&suwgm exanpl e, the particles 18 contribute a
dry, powd&r -66 1r66l‘83,qﬂﬂlenﬁbembmhtm@ﬂrb%7i5@nmr bifif0d is@8&bladhar act eri sti c
to the coatlgaMilihbipborkdbild\s it doridh o ik @%@h@&%ﬁéﬂd%h@ﬁs.&‘; a starch

coating. In the coa present invention articles can
advant ageoustally ehaiass fibars ’éﬁ"ﬁ"ﬂl“éé&'%ﬁé?ﬁ&'@?ﬂ efisurfgcep thergob caafing st rand whi ch

fag} litat ef &cﬁramwﬁnytohﬁe Mhu%mwdmwal StnbMAdERRIVG I cdnbiniBee qui ckly
an or unirtaor

and rou i bers t he strand.
Addi tional | y,h'f'ﬁ@?@‘iﬁbﬁ% afﬂ ?Feﬁg{}geg B‘Y] &'?ﬁa%‘e’%ﬂéﬂ'ﬂ@gs (dl scussed
above) wabc hcoatasbmﬁ'l&surfauetaapemeé dfta\pomibn birecfabivizgtassembly device, the surface

asperities having a Mohs' hardness value which is greater than a Mohs hardness

value of glass fibers of the first glass fiber strand; and (b) interweaving the first glass
fiber strand with a second fiber strand to form a fabric.
Further embodiments of the present invention are directed to methods for
25 mhibmng abrasive wear of a fiber strand comprising at least one glass fiber by sliding
contact with surface asperities of a solid object comprising:
" {ay ~ applying a coating compesition according to any of the previous
embodiments, either individually or in combination, to at least a portion of a surface
 of atleast one glass fiber of a glass fiber strand;
30 (b) at least partially drying the compaosition to form a sized glass fiber
* strand having a residue of the compositiori upon at least a portion of the surface of -
_ the at least one glass fiber; and ‘
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- material into the bundles. Surprisingly, in certain enbodinents, the anount
of particles can exceed 20 wei ght percent of the totall6s2gptersbeyf2004e
coating conposition 10 applied to the fibers, yet still be adequately

adher ed t owWd\fse g.;s%)ers and provi de strands havi ng handddrgefiiggsact eristics
at | east conparable to strands without the particle coating. Referring now
to Fig. 8, one advantage of the coated strands of the present invention Is
that |am nates 810 made from fabrics 812 incorporating the coated 15,
strands can have good coupling at the interface between the fabric 812 and
the polynmeric matrix material 814. Good interfacial coupling can provide

for good hydrol y&ic §Hﬁ§ht|lédsya§cﬂﬂorfcﬂﬂ19?gla%9ﬁ&rts@anm@dntdiﬂﬁﬁ'@éé on
orts 818 made from | am nat es *810.

(previously di's uss l ectronic s

“I'n anot her nBHT Pﬁf’% %?&d M&?WH?C%%BE#%W”@@ haednessyalugyhich fer st r ands
510 20. nudgeatertbarth mgdriess tahe gbthe siklekst oy gladsifioer, mntmamamé vagar War p and/ or
weft strands, | nf orcenent,
preferablé ﬂ%]alheagt%qlagégsﬁb?r&ft%ndléSS%er\éﬁé{nﬁg qﬁ % 5?8 hown in Fi gs.
7-9) oLRSREigS Ofrtb‘qﬁﬁllﬂeUECftsh@lblmmpthsmaﬂnniso@%@an be twisted prior to
use by any convensighal th&%n’%ﬁoh&%&ﬁﬁé‘é&%ua&ﬂﬁ%aé&g% sdgh! 1ed in the

art. One such technique uses tw st frames to art tw st to t he strand
at 0.5 to 3 eﬁgpml hifcqratingramperients Sseyssgd @%?qaedsqdzﬂoa@ln pref erably

i ncl ude 5 tmoh@enmqanatsbwdaemoaemo@aa&atbmcﬁé (about 13 to 254 warp
(about 16 to andlt e hgrdreudt o plotand pesics e CBeR R oHGt r uct s on can
‘be ‘a r egliParasghetoatedismiceredted zbale, ¢attewsed in aﬁwd;vaﬁéty oEdprmantgia mimy ot her
weavi ng Stylé?e)ﬁ@l‘éraM‘é@aé :%m?b?cek%ﬂé%é%ﬂé rﬁ%%h%?&#&%[ngma a[?e 3s a twil | -

weave or satin weave, ABl’e woven
tei nf or ¢i ng 4%&1e fogm 31’2‘“5?5“?‘%} 2Hch & fershowmipdiig. #ovhichanl lh?edlﬁcmmm by using any

convent i onalddta‘mmwebhcﬂqwma&@ idchas Butskd rhdtﬁﬂneu(ig lam?nEtes?orﬂaﬁmeQ@pt ember 2004
WO 01/ 68752 PCTYUSEOd1108 such as a shuttle 'oom air jet |oom

or rapier | cEf"RIESIFR é‘l’ag'ﬁwﬁgqr EEI?CBWWEB'“‘BB‘? FRylesAnd vanqUE PNEHO M Pref er i ed

air jet NBomemprstesormercially available from Tsudakoma of Japan as Mbdel

175200 whi oh ar o TSccaisaSfshas 3Hy £8fce e iGRERIERB0 g REY s 5 LT, o
Zurich, Swi tGPE\PP@'ﬂ}VIth‘WC Watfisresits usg PGB elegropistsugports bnd n the
P o AR et PR A A o110 2
20 applications, Conventlonal snzung compositions applied to fibers to be woven using
' air-jet looms include componenté such as starches and oils that are generélly not
compatible Wlﬂ'l such resin systems. It has been observed that weaving _
_charactenstm of fiber strands coated with a coating composition compnsmg
particles 18 in accordance with the present invention approximate the weaving
25 rchar_acteristiés of fiber strands coated with conventionat starch/oil based sizing
compositions and are compatible with FR-4 epoxy resins. Although not meant to be
bound by any particular theory, it is believed that the pariicles 18 of the instant
invention-function in a manner similar to the starch component of conventional
- starchfoll sizing cqmpositions during processing and air—jet weaving by providing the
30 necessary fiber separation and air drag for the air jet weaving operation but function
in a manner different from the conventional compositions by providing compatibility

wlth the epoxy resin system For example, the particles 18 contribute a dry, powder
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.into the warp shed by a blast of conpressed air 614 fromone or nore air
jet nozzles 618 (shown in Figs. 6 and 6a), as di scussdé SdptaraberP004fil |
yam 610 is propelled 10 across the width 624 of the fabric 628 (about 10 to
about 60 'G&hﬁ and nore preferably 0.91 neters (abpebuﬁgm%@phes) by the
.conpr essed al r.. 'ﬁﬁe air jet filling systemcan have a single, main nozzle
616, but preferably also has a plurality of supplenentary , relay nozzles
620 along the warp shed 612 for providing blasts of supplenentary air 622
to the fill yam 610 to maintain the desired 15 air pressure as the yam 610
traverses the width 624 of the fabric 628. The air pressure (gauge)

| supplied to {fgaciErse t@!ﬁec@ E;ﬁml@ﬂt@tﬂ% ﬁE&Qﬁ%ﬁér@&gf‘i‘sﬁcé SF Ak 413

ki i oPascal' s (KkPa) (about o about 60 pounds per square inc (pSI)) ‘and
more. pref er%B?F'S)gls 310 kPa (about 45 psi). The preferred style of main air
nozzle 616 is a u$uiebe§te&ttmd§l@femuﬁe@hrinveaﬁoma@@bﬂicwcén Model No. 044 455

001 which h t ch ter 617 of 2
o e o oA P Ml e e e 30 ©
centi net ebs flovoofier roatex in;zteaazsaiihembétweérftomo&mmw aRWor urdfbrmiyBpetrdunbur g, - Nort h

Car ol i na) P & 8bbitn thd Vel kS, 'Bip%ag%ﬁe%%m hdebfnad

suppl enentary air Xiar
di rection of high $fWé|0PQme$5HélS¢MS$¢d a,bavn)@rh'@h also facililates flow ofthe patrixi ng t he yam

610 across t hgehAMR @.zﬁuna?e% Eﬁ]ﬁm&lhﬁly,Iﬂ{&&ﬁt%ﬁnbwﬁb'rﬂ@)méém&ln{80' to each
suppl errentarﬁ air nozzle preferab ran rom3 to 6 bars. The fill

yarn 610 is cep SR‘HE’F%%O ‘é’ﬁigﬁlpﬁ“’e'ﬂﬁf: SW'S%GS Bitha ceatingipeigposifion em 632 at
a feed rape a;fpuaﬁe tﬁeﬁfb’é&@yéﬁﬁii&fe%dﬂﬁfatem datiérad toNEIfiUrLARY péide strddiset er s

(about 300 y The 1ill 610 is, f o the main nozzle
618 30 throu '"g)hgﬁcﬁﬂﬂ)gﬂ "3%"? E'Faséc?m%ﬂ%ee?yﬂ'dﬁ?@g tg'?erﬂ 2§ | ength of -
yarn (approcaatmg.el y equal to the desired vmdth of the fabrlc) t hrough the
confusor gui de. 4 \Wen the

i nsertion is co -If% H‘%éﬁﬁ%? nd %Q(Bﬁ 'Xé% stggﬁ Fg'qs %%gﬁozzl e 618 is
cut- by a cut'ﬂ%ﬁ““@B‘&lﬁa’m@'“@@ﬁﬁé@ mgig frony fakiries %QFWﬁ@MQ:thepm’t i es of

di fferenﬁSYaéffanUéédhﬂat?@gtﬁ)Hrcod:ﬁﬂﬁg atweamenﬂcemeﬁfeeﬁmemctﬁzgﬁétﬁém ned by the
fol |l owi ng net hod,. which ener al 5 referred to herein as the "Ar

. Jet, Transpofd¥ Tﬁ“ﬁ@‘%r"&%‘*"?b% - fRopH, @{frfaqiﬂgomhﬁg gy pravide{eraopd Drag Force
Test I's usedhydmlytie siailitg ahdwesisiahdets Hictet migkatipn (frévidisly disedséd)Gh ag  force")

pxert ed Ponabdiinl iy b A g gsid "0, o 21 T L nozzle b Lhe
274 neters (aboutn amrym liaitingrembodimeot showh indiigy 5, eraBdlfiberstrBudsiSineedl e air
jet nozzbg URkde MebiGing NPihe Pradent invention can be used as warp and/or weft strands
514 and 516 in a knit or woven fabric 512 remforcement preferably to form a
laminate for a printed circuit board (shown in Figs; 7-9). Although not required, the
warp strands 514 can be twisted prior to use by any conventional twiéting technique
known fo those skilled in the art. One such technique uses twist frames to impart
25 twistto the strand at0.5t3 tums per inch. The reinforcing fabric-512 can
preferably mclude 5 to 100 warp strands 514 per centimeter (ahout 13 to 254 warp
strand per mch) and preferably has 6 to 50 weft strands per centimeter (about 15 to
about 127 weft strands per inch). The weave construction can be a regular plain
. Weave or mesh (shown in Fig. 5), although any other weaving style well known to
30 those skilled in the art, suchas a twill weave or satin weave, can be used.
; In one embadiment, a suitable woven reinforcing fabric 512 of the present
" Invention can be formed by using any conventional loom well known to those skilled
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10 455 001 which has an internal air jet chanber having a dianeter 617 of 2
mllinmeters and a nozzle exit tube 619 having a | engt H663pterhiber@004
centimeters (commercially available from Sul zer Ruti of Spartanburg, North
Carol i na) avoaiwsseszr pressure of 310 kil oPascal s (aboupcflsiifsdasds per
square inch) gauge. A ténsioneter is positioned in. contact with the yam
at a position prior to the yamentering the air jet nozzle. The 15

tensi oneter provides a neasurenent of the gramforce (drag force) exerted
upon the.yamby the air jet as the yamis pulled into the air jet nozzle.
.The drag force per unit nass can be used as a basis for relative conpari-son -
of yam sanpl ésthedssuckebai shuttledam air jes1o6m of RgicElbord, HubprefRrdBRAS fthREENt S are

Contmeter | o fn OPet BER PIERrRH g RGN &5 R eR N IR | on > “Gram
Mass = (7t (d#9gaKpma n)Jappsas)Myde! Nesn1030#9310330n AX; SifzeyBulj Model Bgs. 2)  where
d is the di anedosn, 195108 opLBSIoRNHdRRRS coﬁfmegé?ﬁg¥%ﬁg€ﬂ§h§ugyér§thgge nurmber  of

fibers in.th g%gbundl_e and p is the denSit: ass at a

t enper at ur Doef upicly, gyyitzeang!; gndlogodadfiodel M. JATEIR: i neter). Table C lists
tlhe di ?_nEters andAmsmmwheﬁéiﬁes_i_aﬁ_jeh@éé&i\r}bfbf@sk@ef:& é&rf%lb?i@\éﬁeﬁﬁﬁg }\IYﬁLCal f
glass fiber . . Tahl e a i ber amet er’ Nunber o

Fi bers In Bu%'giﬁgg'i %gﬁﬁ%’ﬁ%te %5 Eovarn 'gxs}i'b‘?m%g&ﬁ%&?ﬁh@p@%e@257 X

10- 200 D4505 intethg wagnished by & blagi®f Qeptresstxbair 1@ Grém\iBe 0 M6 Airjetiodids) SO 108684
_ For exanpl g¢48th ) ' I . Of yamls (aa
(9 x 1,0r/12%) E%BO&@?@SI\@%@B& g?dg%f%eéc}tg{f]%tﬁy@?w@%ﬁ%% er length of
yan) _ .6t %2agrogpiie widih 924t the fahre 62813boup 3o abpid 6Glinshes)easd micge 1. 34 x 10- 4

gram mass.  Bhferstly abi MRtefly @8but 9 FiéheBy th bdmpPRSsy dir. Al I Jet Transport Drag
' g force neasurenent (gramforce)

Force"_) .i s cal C“'ﬁﬁegaﬁ'r bty dividing the dra I
det erm ried by the JPtSHiRg Bysteman have asingls, mabiorzle 616, butpysferably yam t est ed.
For exanpl e, alsohasa plasfity of subplééntary,ashy ndzzIb$1620l AinGiti Warp chélgygrement  of
655 i vi ded” by <o 85=8 of WpBHhNGr g Bp2 e MU R mebEhahedoibed yarm 10 The
Air Jet T¥angipBressiry aytheyam 810¥ravetses thawidisedd of theffabrin6as.\Wheear f abric for
pressure (gauge) supplied to the main air nozzle 616 preferably ranges from 103 to
413 kiloPascals (kPa) (about 15 to about 60 pounds per square inch (psi)), and more
preferably is 310 kPa (about 45 psi). The préferre‘d style of main air nozzle 616 is a
Sulzer Ruti needle air jet nozzle unit Model No. 044 455 001 which has an internal _
20  air jet chamber having a diameter 617 of 2 millimeters and a nozzle exit tube 619
having a length 621 of 20 centimeters (commercially available from Sulzer Ruti of
Spartanburg, North Carolina), Preferably, the air jet filling system has 15 to 20
supplementary air nozzles 620 which supply auxiliary blasts of air in thé direction of
travel of the fill yam 610 to assist in propelling the yam 610 across the loom 626.
25 . The air pressure {(gauge) supplied to each supplementary air nozzle 620 preferably
ranges from 3 to 6 bars.
The fill yarn 610 is drawn from the supply package 630 by a feeding system
632 atafeed réte of 180 to 550 meters per minute, and preférably 274 meters
- {about 300 yards) per minute. The fill yam 610 is fed into the main nozzle 618
30 through a clamp. A blast of air propels a predetermined length of yarn
(apprqximately equal to the desired width of the fabric) through the confusor guide.
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.a’lamnate according to the present invention, determ ned according to the
Air Jet Transport Drag Force Test Method di scussed abdbeSeptemberefoédabl y
greater than 100,000 gram force per gram nass of yam nore preferably
ranges frogolfis7®0 to 400,000 gram force per gram mepsSrgdorsagd and even
nmore preferably ranges from. 15 120,000 to 300,000 gram force per gram nass
of yam The fabric of the present invention is preferably woven in a style
which is suitable for use in a lamnate for an el ectronic support or
printed circuit board, such as are disclosed in "Fabrics Around the

Worl d", ‘a technical bulletin of Cark- Schwebel, Inc. of Anderson, South
“Carolina (199.‘Bi)en tidiineditionds crpic] the bhd/ofitRnainastattethe Aidnozsebeg gnce herein.
The | am' nat e g“a%gm directional |am ndte-wherein nost of the fiblers,
~yanms- or stran s ihoen layer of fabric are oriented in the sanme direction.
For exanpl e, a nofihe ¢ompetibiiy dndlaeiodyretnid rronesies of difft@ént Fargs wittsthé aibjat yans i s

Style 2116, Whaghy Pdsest £6h el %nﬁi@@?bﬂﬁgfoynvén%ﬂnéth?% gﬁ c}_WJE}I sgggé(r%i%per 5

centineters (60 vvarp yans an 1x0 (E225

110) war p Andeiired toereipasine “fis det Iranerari g Ferpe"iTeskMateada dbe Ailletn. 094
mllineters (mmﬁragszmem@dmsl};emamas@eﬁﬁlwﬂ.mrgmng(f%ePaégs wei ght) of
103.8 grans r a er ut nce er square

nonlimting 9{3%%%? 8‘?"'%?“ @ ey‘fag' 'ﬁﬂ"??é %ee"gﬁta e"ﬁ’lﬂl!fbfP""?anB is

Styl e 7628, wihithelairfedsingfis methed, gacteyaardnHik if fel lat o eatesof 274 netete@bouiet ers (44
war ans an and fill
30 yane: h 5 0 808 Farlty oy HALER 1RGch o cE%\%%@%o?dlgaﬁgé%&%%mg%ywaiﬁout 0. 0068
i nches); H?\d 45§°@‘a‘miﬂtilaﬁéhgﬁﬂmabﬁiflgb®ameTMQ pdlal'reqmﬁikoﬂmniﬁamebwbout 6. 00

ounces per sSG@HahPozzidk [ YREER styl e usi ng
D450 E-glass fi oz éﬁt%esﬁmmilg léggmmdgg ogr ZO{Iﬁe%(aoﬂrg%%@

|
PCTI USO1/ oses"ﬁa‘gte"ﬁlﬁémf%e’ Ruflye Sparigatwurg, North Sarolina) atanaipressureiaf B1Q/ans per 5
centineters (kMPamalsp(aqunmﬁouaMeﬁqdard nhcmgm‘gepﬂrtensibﬁﬁ}en oreddnt 1x0 (D450

110) warp an noni na o ) of 053
‘il |)I rretgrs ?m{')t%étﬁ" "%ﬁ’ﬁn‘&i’fa? B%S&Tpnﬁﬁ%lihﬁy?@ﬁm%@g% !‘F?"?}F%%h% grans per
‘squar e net®r tgnslometer progdescamessurement of thegram ;oanede)lragtbrmaxéiteﬂ updri i Nng exanpl e

O 2 nbri . Hielet s i ERA i @ p0ighiRE o 4R nbsSLY! 106 which has

- 110 warp yans and cen 56 warp yans and 56 fill
‘yarns.per inch); 0‘3‘9B&’)&{D't('BQ%)@"BGO'PGW%)b%ﬁdoﬁfﬁllawewmsansnas a nom nal
fabric thi Clcﬂmsa@:ﬁpl& %&eﬁludebbmﬁélﬁbﬁ tﬁ@&ﬁglfor& ikdureMeRisane and a fabric
wei ght of 24. 4 e?qzeﬁ squar e Ee §r 0. 72 ounces per square yard).
Anot her non- I'P g°vi 3%*7@36 ng 1°5 Grem Mass 9a eaf00 E- gl ass i ber
yarns is 28 ylentit@gr Ien{;ﬁmhydna&nbb&letemn@ acﬁofamgtwlscﬂ@tldnil yans per 5
centineters (60 . uses 51x2
(09001/ 2) vvaE an E P'aii @é@fﬁﬂ(ﬁg ihom naté}?%{ﬁmrc} 'ﬁ*ckneség 2)

where d is the diameter of a single fiber of the yam bundle, Nis the number of fibers

_ in the yamn bundle and p., is the density of the glass at a temperature of 25°C

(about 2.6 grams per cubic centimeter). Table C lists the diameters and number of

25 . fibers in a yam for several typical glass fiber yarn products.

: TableC - \
Yamn type Fiber Diameter Number of Fibers in Bundle
‘ ‘ (centimeters) ' ‘
G75 - ex10° : 400
G150 - 9x10% 200
E225 __ 7x10* 200
D450 - 5.72x 10" - 200
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of 0.061 mllineters (about 0.0024 inches); and a fabric weight of 47.5
grans per square neter (about 1.40 ounces per square ykr3gpterber®®0Ki niti ng
exanple of a 15 fabric style using both E225 and D450 E-gl ass fiber yans is
Styl e 2113wowlkskr has 118 warp yans and 110 fill yansp@gisepodegnt i neters
(60 warp yans and 56 fill yanms per inch); uses 7 221x0 (E225 1/0) warp yam
and 5 11 1x0 (04501/0) fill yam has a nominal fabric thickness of 0.079
mllimeters (about 0.0031 inches); and a fabric weight of 78.0 granms per
square neter (about 2.30 ounces per square yard). A non 20 limting exanple
of a fabric style using both G50 and G7/5 E-glass fiber yans is Style 7535

whi ch has 87 wargy ¥?dﬁﬁ:léi%(§zmi~llaksé oﬁ%ﬁ&c@ﬁfme&r%ﬁ&@f@?&?ﬁmﬁs‘m warp yans
and 29 fill yairs I'nc % uses 681x0, g{ l?ﬁ@é_@\{vaeo %?31 and. 9 991x0

(G50 1/0) M(PP”Q AR (Hem ( ﬂ'@l’f‘ﬁﬁﬁ'lcuf"ﬁﬁ?'?"@ g "8 Y*WT1i meters

( a:)out ( 0b00§g2 xlmsjj@ﬁ,)masgnplormgb@gmltﬁe mnglglhss]h 23R 16 grammmasper squ?r Ie
meter (abou 0 per sguar r r usefu

" fabric styl Eh%’ﬁggfef‘r r?e"aﬁ'ré"bqsgg% ﬂ%awmgggégége%gll %@gtlon f or

' Flh ni shed Hzabidlﬂid'b@mmrafgfm imigasufdngent (gfzom foRe) dnterdﬂr@d@vﬂmsansmmqbejbl i Catl( on of
The Institute a rcuits June
- 1997), - whi ch ‘h?%’%% P{P'stpgntp:]gar"ﬂ%rgtg fﬁr%gérﬁg?erenc edr?ele%n Al t hough the

30 af or enenyarosititie t&aﬂometesmyaseems@fthmmgefﬂf@%5 then fhe Ablet enpl at ed t hat

these or ot hepodilh éf’o %leﬁéallb'idsr@diﬁﬂd%yts‘@2§<t10ya%3Q’Mélﬁhﬁlfﬂlﬁé in |
conjunction w t% I'n ITeu of twsted yans can be nmade in accordance with

the present PF"rﬂf@HﬂaéﬁOfoi'T' 1 16 September 2004 WO 01/ 68752 PCT/ US01108684 In
an enbodjgrent of THe!Pr Jot Brasport DRMAFUden theyamused tofbim fotehdabiafy yam in the

fabric can have fibers. c ed with a fir I 2|ng
conposi ti on?® at%B‘ﬁ’Qrd&gq%f'F PEseqtiyention, ée&e%"%%ﬁﬁ%%h%@s %:oat ed with a
second resi Mranepgpiclrad Ferce Text Methgd disfussed aerVé iscprefetably oreater thebnposi ti on,

i.e., the sgﬁé)gﬂ; W‘%‘?Aéﬁ g&n{ﬁl‘;ﬁscog?g ki ﬁegm dlﬁ%ﬁées‘%% fRGeRENt Whl ch is —

chem cally ers mponent s of the first
si zi ng conpd89.09%gram farce pBy grashnagsIeS Yarn, and guen 'B?fé P&ﬁﬁﬂh@ﬁseﬁ fPm an ampunt

whi ch i s;i fH@BRIY 306,660 4 1 graafmamfﬁaﬁe corrponent contained in the
first sizing conposit]on, Referrln |7a@ E’ aé)lrlc 712 can be
used to forma c 6'3’!0t°é*h6rpresintdf‘“? r‘Fa'?rﬁfe XQWQ’UB&@ fiod :
-1 pr egnat i n@uidblelforusB i 4 laininaRifardnadectraicsupparbbrpriated pmduytmsaard.csubm | m form ng
- t'her nopl asti c _or .%?rer setting I t T onposi te or
| aminate 71854 QFﬁat;r‘f’%e%tbg?s- %ggﬁdtat@é é’rﬁ’ﬁgr %Ez %%J%ﬁlgﬁr#‘ﬁ%le{rﬁ As used herein,
el ectroni c Sapyehet, Incnefamgeraons Sputh Cardlina (1895)whididnsres Fq}lvmp@ﬁbd and/ or
electricgll % 'r&%r@ﬁ&%%?tﬁ'le%rﬁﬁﬁ& Sm bESARTArESiohd? fdntidfe whitbin floSt gtot | im ted
to, active ¥ ectroni c conponents, passive el ectronic conponents, printed
circuits, i fnedipess ¥ams or strands in each layer of fabric are oriented in the same direction.
For example, a non-limiting fabric style using E225 E-glass ﬁber yams is
Style 2116, which has 118 warp yarns and 114 fill {or weft) yarns per 5 centimeters
(60 warp yar'ns and 58 fill yams per inch); uses 7 22 1x0 (E225 1/0) warp and fill
25 yams; has a nominal fabric thickness of 0.094 millimeters (about 0.037 inches); and
a fabric welght {or basis weight) of 103.8 grams per square meter (about 3.06
ounces per square yard), A non-limiting exampie of a fabric style using G75 E-glass
fiber yarns i5. Style 7628, which has 87 warp yarns and 61 fill yams per & centimeters
(44 warp yamns and 31 fill yarns per inch); uses 9 68 1x0 (G75 1/0) warp and fill
30 vyams; has a nominal fabric thickness of 0.173 millimeters (about 0.0068 inches); and -
‘ a fabric weight of 203.4 grams per square meter (about 6.00 ounces per square

' 'yard). A non-limiting example of a fabric style using D450 E-glass fiber yarns is
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circuits, sem conductor devices and other hardware associated with such

el ements including but not limted to connectors, sockKétSepterabaiatoag clips
and heat sinks. Preferred enbodi nents of the present invention are directed
"to a reinfewoogdsrseonposite conprising at | east one parbipiseseaked fiber
strand conprising a plurality of 20 fibers discussed in detail above.

Rei nforced conposites nade from each of the disclosed fiber strands
‘conprising a plurality of fibers are therefore contenplated by the present
i nvention, For exanple, one preferred enbodi nent of the present invention
Is directed to a reinforced conposite conprising a matrix material and at

| east one p%&le&b&@wﬁhmhm1EIW2$ya$ﬁsra%H©3ﬁlDfEﬁllidﬁdragemnﬁkéﬁfﬁblmfa p of fibers,

i, om0 R o 0y SRR bl L

~ tenper at ur e remig0Bkiic fiskiees ofl) 5B enilimcles tilndt oreopt z@eﬁ)fmdmfsﬁﬁant [ nvent i on
coated i ber "2yt QLAFS el i bV RRRY Lol T dupbeditel Mailah. ATRF, 7011 Y
conpri si ng dmiﬂr@%@mﬂﬁefafah@ UWQSOBIEQBSSSOET&HUISQ@WIQTWM'IIGR material .

Yet anot her. naerwtbaa.rpe,dneah@mm%msﬁeﬂh ﬁ%ﬁgrst(%\ﬁarfr%rﬂ%; Qﬁofmucorm%' te

conprising (a) an at lally coated rand nprising a
plurality of¥ aé!”d’?ém"h)?’seigsgew{)mgr 110) e apgfihyaress heva F“E‘FF‘!J@?!!208684
fibers, the thiolatessiof 00IBPHiliiAELaG (éboummmmé). ﬁml aaﬁb\ﬁmﬁgmmw tion. |
COMPT LS50, kBl st Bhu 0723, L . BISTRE PR 01205,
mat er i al $0arrxampleofia Bbrie $tge veifig DA S-QIasS fibeiysitns iD8iylel 108,nvihichdvas 118t eri.al
different fr I f at 5 | east
one filmf or%gﬁnﬂ?@r% f?kléﬁlyaé}Sc%hﬁ'ﬁét&Egﬁmr%y ﬂ\?&rdﬁgﬁ %‘Jf'é ggnrot her
preferred eﬁ'&f@@ilw5§f‘x¥(@09ﬂ@b‘é@f9anﬁﬂékﬁﬂsbhaﬁ%nm'maé&be@thtcwe&s rei nf or ced

COnposi t e CQIpoES$ nillinelérs (B0, m&.&h&zranahmﬁéwa@ﬂt cﬁw%rduﬁ& gapterial,
wherein the rei nforc«z%) ,gq)osMe er conprises a residue of an aqueous

conposi ti on B8P et aa°‘19F‘?,§rPo?F ?‘!V’W"% Scpei@itipgpamplect at or med from
nat eri al $5 1cfatm|se<n mﬂmgfbbmrﬁms ganD450ERplass fbbSyaris 10 SHRIE163, RMHIBS | C

materi al s, and m her eof | east one
~ lubricious rrat eri a’faﬁﬁﬁpgﬁdeﬂ{ g 25 me{eﬁsr WFS?"*‘BF Eﬁ?é%ﬁbfa@’spart i cl es;
and (c) at |regisch)oRes ¥i2R1xq (R2R% WQ)maamthd5Amdxm@459n@jﬁma&dhwbodl ment of

the present 4 onprising (a)
an at | east ﬁ?%fazﬁggﬁg%@ﬂ@grﬂginggn&%@ ggeﬁgﬁ,@gﬁpg t‘?lf'ﬁr%:al ity of

gl ass fi ber Sveighhef /BRAFRYPY SAYATS apleq w&%"@sﬂ"d&ﬂ@%@%ﬂ“&%@&% newnposi ti on
conpri siagy ghﬁtmb ekarﬁﬁl@lﬁf az%ﬁ&&tMsmgﬂfomo 4na Gﬁ'stgﬁ?lﬁés 1BeY yaft id8§les of

g' screte par7t5!3§ which REY (91 warrf;i ¥§ms aanaJ}Sﬁil ygrzriué per}esscsentlmeters (44 Jué:r{)] ygr?zg > not exceed
and 29 fill yamns per inch); uses 9 68 1x0 (G75 1/0) warp yam and 9 99 1x0 (G50
1!0) fill yarn; has a nominal fabric thickness of 0.201 miltimeters (about 0.0079
inches); and-a fabric weight of 232.3 grams per square meter (about 6.85 ounces per
25 square yard). _

These and other useful fabric style specification are given in IPC-EG-140
“Specification for Finished Fabric Woven from ‘E’ Glass for Printed Boards®, a
publication of The Institute for Interconnecting and Packaging Electronic Circuits

~ (June 1827), which is specifically incorporated by reference herein. Attﬁough the
30 aforementioned fabric styles use twisted yarns, it is contempiated that these or other
fabric styles using zero-twist yars or rovings in conjunction with or in lieu of twisted
. Yams can be made in accordance with the present invention.
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- Mohs' hardness val ue of at |east one of said glass fi bers; and (b) a matrix
material. Another preferred enbodinent is directed to d6S3gptérobersdos
conposite 20 conprising at |east one fiber strand conprising a plurality of

"glass fibewo@pghsa natrix material, wherein the reinfgeggehpRpPosite
further conprises a residue of an aqueous conposition conprising greater

than 20 wei ght percent on a total solids "basis of discrete particles which
have a Mbhs' - hardriess val ue whi ch does not exceed a Mbhs' hardness val ue
of at |east one of said glass fibers. 25 An additional enbodi nent of.the
present invention is directed to a reinforced conposite conprising (a) -at

| east one fiber dShaaembedmait ofthepregenpinventbi, %Mn@&ralloaﬂiéwafﬁﬁﬁflﬁthet he strand

coated with g,resin _coppatib I t.ion rjisin Iur ity of ‘
~di screte par %bﬁféds'ﬂ}% i %%ﬁyﬁ}ﬁﬁwfrgfgcgwﬁgggamg @ c rrét erials,
i norgani ¢ pedmerenall of e fibyarméan havelihecssioated wilh esecahéreahcbompatbler es thereof,
wherein the eaar.ﬁwrf@f.na%mﬁetmalce.apmm;anu@%sme%oms ibly 1???1&% | ess than 5

m cronet ers; trix . ticu urality of

di screte {ar 8 '%?Ségnea‘i"é’PP'i‘ﬂ"Fr‘éUcrf ip shanealle differprf or '?‘gefs !EB’O'EbiBt"eWBer 2004 WO
01168752 PCdeuﬁQJh&r&SSﬁﬂe firtl sfrig ROmpdsRioh; 1P (2) ReRAinSH BRI o@mgrﬂﬁﬂh c

materials, |nor eri al heat ex ndabl e ,conposi te
materials, afd® 'ﬂ?%& WP'E%’%?%?HVP&B‘;‘? ﬁ@“‘f’@f’%’ﬁ%ﬁ{@e °°'“Pﬂ Ms of the
coat i ngs andthedist siziopogreositidre conpositions used in the foregoing

enbodi nents. di r eG{g, %mgsgq_mmbg{ggfbov rx;g%éd_fateetusgmhfg&g& rf’é%r d fromA 5 the

coati ng conponents cusse 16nal - conponent<rcan al so be -
sel ect ed 10r oleminaissts 4 by cpating andiariapregratitgwitharmatrix materatareferably s useful in the

present i nVGB&Iﬁrﬁé’hc'ﬁl?ﬂ’oHﬁiﬁg mEWpEQ&%riHeﬂﬁosgﬁihﬁ%hﬁ‘&?na@r'iﬁlrhasﬁié"er mosett | ng

pol yesters, vinyl esters, {) (containing at |east one epoxy or
oxi r ane ‘gr oufP® s'f%%"%!‘%%ﬁ Ss'gtﬁ@ﬂf%é'sepﬂﬂwl%ﬂﬂ%“%@teﬁl@?% of pol yhydric
al cohol s or némein) el)zctrqnh&npﬂorttaearamslﬂoahra@m metRRcERNSRpidte end/fto! yur et hanes,

d t . f f th f

e e bl Rlrckfock UchRl o RS e R ot BREAR g88, o1t Do,
are FR- 415poﬁi§ctroe@|cnmponmtsmasaveeelemwe conpionenis [pristpdsicuits; Bilegmtaiich as ‘
di functi onal c,mgﬁ@ggﬂgg,ﬁqct&m%&sra% bﬁéw‘a@m%é g% P&ée@mﬂ} Mcﬁgfege%yst alline

pol ymers, the onposi t1ons of ose skilled in

Cthe art. If 'F‘Eﬂ"i' 'P%*P“t netfligyteehicicamnectosgsrcketn detainiog clips gpdbeat Biakss i s needed, see
El ectroni c Mater IF&éfSrrétbéh@BbﬁiﬂiéIiMof tﬁ&Mesémrﬁéﬁl@h b rected R binfofceBages

334 537, - whi goh |os sD e%l o %l . |nncor gor f?gb ref erence herlel n.
n-1i miti ngHPERIs @IPEYnatgasifng PRy 'fﬁ%? 3{ (9 SemEESna@ SRR of naterial s
20' i ncl @@e flwrsdiscedseddn dqtaﬂlapwu dreifortdaiecompaditasinade fodh yachef flanes and
t her mopl ast i Gseiosed fiber strands comprising a plurality of fibers are therefore contemplated by
- the present invention. For example, one preferred embodlment of the present
invention is directed to a reinforced composite compnsrng a matrix material and at |
feast one partially coated fiber strand comprising a plurality of fibers, the coating
25  comprising an ‘organic component and lametiar particles having a thermal
conductivity of at least 1 Watt per meter K at a temperature of 300K,
Arsother prefen'ed‘embodiment of the present invention is directed to a
reinforced compasite comprising (a) an at least partially coated fiber strand
, comprising a plurality of fibers, the coating comprising at least one lamellar particle,
30 and (b) a matrix material.
Yet another preferred embodiment is directed to a reinforced composite

. fcamprising_ (a) an at least partially coated fiber strand comprising a plurality of glass
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pol yesters, vinyl polymers, and m xtures of any of the foregoing. Further
exanpl es of useful thernoplastic materials include poltpiSaptesbensdiodet her
sul f ones, polyphenyl sul fones, pol yetherketones, polyphenyl ene oxi des,

pol yphenyl gr des, polyacetals, polyvinyl chloridgsygdgossss
pol ycar bona es 5 A preferred matrix material formulation consists of

EPON 1120- A80 epoxy resin (commercially available from Shell Chem cal
Conmpany of Houston, Texas), dicyandi am de, 2-methyU m dazol e and. DOMANO L
PM gl ycol .ether (commercially available from The Dow Chem cal Co. of

M dl and,” M chigan). Qher conponents which can be included with the R
pol ymeric mhﬁé&ﬁ%@ﬁnb%bmpﬁs@\ga@a&er&hﬁaﬁe&rsrwmmeﬁ b&hprrs gtr.srs conposite

i ncl ude col orants or. pig | ubri cants, or &rocessrn ultravi ol et
light (W) sP‘a@!'WP%?%efe a?fl"i'%??fﬂﬁﬂrffgm matetials selpgiedfram oy ‘é'%?’@?ﬁ:!%r s. Ina
_gr ef erﬂrj ed tzegigg@aﬁep&rymermrmlspcoi’@otlaslirenﬁtaraeraad mrmiresdm“ieaﬁ (ihattdast - 7|4 %ﬁ
ept ember erial. These
i norgani ¢ ma terials,' and
P Elots ReYer gep R asbAeE Rl sanBh b o
"~ can be selbecteest ohe fim-foiming materighrand (Maetrixahaeridescri bed..i n detail above. The

bath o e o0 pesfisfbfie e SR ﬂgersrfegérrmrér@mfraﬁ.ré&ér&l bg 712 in a 5

“bath of the polyneric natrix nater scussed in R
Tumal a (Edfejﬂfﬂfﬁﬁdcﬁoﬂ‘@P%'étcP@m% apigast an? ﬁ’rzgrr»ﬁnas@fb%mafr-wewalat pages

895- 896, Whi Ghergihhe réiRRfdel b&ﬁ,&ds&emnﬁ&wﬁﬁre&eairebwué&faaraamsher ein. Mre
general ly, chopped or contéguous r stra

rei nforcin terial can be
di spersed in%” sHeR $ImPrisiRg Pai“ra"w%?ﬁaﬁaPﬂr‘g%%ﬁeiméﬁ?'?'amag ’Iﬁ‘;Et omat ed feed
or m xi ngodeyéletedfuincérgshicmatelild, @ergahie pdlﬁnéralmﬁamalsj agpbsieadterialsgeneral |y

evenly thr Ougmfnﬁ’idur '%‘?he?é’oft@eaé leGst TR idgﬁaé\lﬁ%ﬁ dri c||fferé: Plrom E&?@Eﬂhﬁtﬂat he

reinforcing na can perse terial by
dry bl endi ngofdidcrats Pamﬁ,escgwddr@hasooeﬁwpmma}lenﬂ sequent ially. The

pol ymeric matrix Arinef rnerenz&@m@daﬂne%r aﬁﬁ@prs@m.aenﬁd?rmweewaa conposite or .-
| am nate 714 by a vari et whi ch are%ﬂgden dent upon such factors

as - 15 the tiﬁﬂi‘é"’ﬁd wOBEP PP'EP’I'F’HEI{%@"%PQ?‘P&'I"“"U B5F stednpl e, for a
t her nosetts ngorffising ¥ plufityr blabs fibkREthe 06UAG tdntbrisingla RRidLe bM@tkqiysusCoNPr essi on

| d | d :
o by eheet SR syiRg SR RE k20 PO brrdtrt ) S en SRR pder et on
nmol di ng. Thedrwstetpaitinlgs whithy e adMohgHtardngssivatue whigh doesanot deessia ed by t he
i ncl usi f ' j.al h
I ncrusion o g@ﬁﬁ@%h&#%&rﬁe brfbtieQQt Bféai&g;{‘%%&ﬁﬂér@ap@@&é%’trﬂrm%? aI e

appl i cation at or exanp Cross ers use

crosslink the polAetier erefeaed ?'RW@HF%\‘ isaliregigdeto girejaforeadteprpgsiice. The

tenper at Uit 88Hprising afiBash bii®fidePstrdnh GorhpHRING B Ririity B giRQY fibeRang ailix X nMat eri al

depends upon materlgl wherein the remforced composite further oomprrses a residue of an

aqueous composition comprrsrng greater than 20 weight percent on a total solids
basis of discrete particles which have a Mohs' hardness value which does not
exceed a Mohs’ hardness value of at least one of said glass fibers.

25 - An additional embodiment of the present invention is directed to a reinforced
composite comprising (a) at {east one fiber strand comprising a plurality of glass
fibers, the strand coated with a resin compatible composition comprising a plurality of
discrete particles formed from materials selected from organic materials, inorganic

_ polymeric materials, composite materials and mixtures thereof, wherein the discrete

30 particles have an average particle size less than § micrometers; and (b) a matrix .

material. In particular, the plurality of discrete particles are formed from materials -
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- factors such as, but not limted to, the type of polyneric matrix materi al
used, .ot her addltlves in the matrix system and t hi ckndésseptdmbdre2004
conposite. 25 For a thernoplastic matrix material, suitable nethods for
formng the osite include direct nolding or ext r oundi ng

fol | oned bvqwggtlon mol di ng. Methods and appar at usqt%or ?%dragnélung t he
conposite by the above nethods are discussed in 1. Rubin, Handbook of

Pl astic Materials and Technol ogy (1990) at pages 955-1062, 1179-1215 and
1225-1271, which are specifically incorporated by 30 reference herein.
Addi tional preferred enbodi nents of the present in'vention are directed to

rei nforced | % BmER by an at

| east -75. 1%’%@%#@ %ﬁp{%ﬁ%@ﬁg%ﬁ@&%@% Ug g grn art iall y coat ed
~fabric conpr gt waﬂ@ébm'@ﬂ@@ T“B@F'a%taf‘ﬁﬁ'a‘“ﬂ?sﬁfﬁ%%fahq A 8@5‘% above. :
Thus, reinforced th@f&bﬁa&r@ntgdﬂné e&huﬁgsrana?esmcﬁmbém cbrrﬁ:ustmsusamde from each

of the di scl osed fabric St on r r are
t her ef ore colt® a'mef' ?F?eé'g‘gfﬁ"tfqrﬁ@ﬂwp%sﬁes =it e%?%%rtp‘?ﬂ one
preferred wm%mgbomﬁonbhe distuas@idbote, and/aittionat corapadiente carcalsale a r ei nf or ced

| am nat e ada te&#{go n eI BaQJ“C support conprising a matrix material
and an at | 3% "b y coated fabric conprising at |east one fiber

~strand, t he coat |ﬁ’rgferrecmnatm;mﬁtgrldﬂu&ﬁﬁ@;@ﬁh@r@@ﬁbb‘f@mn ineléde anel lar particles
having a the;@ﬁéﬁsﬁggmg@hé,%/tw anheﬁﬁosblgﬁéﬁolﬂest%t VinyPBster§RipBKidds at a.

tenperature 0 urther enbodi e coatin atible
with the 10 frenteiningahleastong eqoxy onofisanegroyp %Hw{;&‘l't? r?éf?tbasgﬁ’hﬂlt égy for an

el ectroni®g semeRIk alMdMo’hbl@BﬂhloleyTbImﬂabmrEmimfplthempmettng i nvention is
directed to a re| orc am_nat I e support, the
| ami nat e conﬁ?i"gf’ reps enéa%ﬁqaﬂy&&etqa'%gﬁg’a% e%o‘?géi dfie non- degr eased
fabric conpr rcsegmgtgaPrdfthatmaemﬂertabrfors‘@mumdamm%tes fpeerﬂed&lfﬁdrftotﬂ@ﬂ of the at
| east one falpl 'Iﬂ? : gﬁ.(clxpgesﬁ.s &t{ﬁtufcﬁorlaﬁep%}'ié%é QcR a¥ifilhctionall he matri x

material in sal orce m n te adapted for said el ectronic support.
Anot her embotfominatedstpoxyresips. eahdmides preliguid srystalingipaivsearadh® o a rei nfor ced

1 ani nat e 4 @daphsslitoRs of%mcﬁlawéufkawmame@mad i:thheahamﬁnmteﬁnﬁmmanm ng (a) a

mat ri x materlal and ast e bri c ! t one fiber
strand and hzﬁ?ﬂaﬁﬂ‘ge?“ﬁ'béP“%ﬂ"ﬂP@ﬁ £§?ﬁﬁ%%%%ﬁmmcﬁ%osmlon on
at | east a pmttémam;nﬁlf(mgwrpﬁgesesaamt lnich ssepidficalUnodspanatedibyvefesnne a -
"non-degreased fabric" is a fabric.that has not .undergone a conventi onal
fi ber proces “hovi ng non-resin conpatible sizing materials from t he

fabric. As di scusBeulimitingexamplesiof sultabieriolyqetinthemmopepticyaatixmatiiialy, -
addi tion 3¢ include polyolefins, polyamldes, thermoplastic polyurethanes and thermoplastic

puiyesters. Viny! polymers, and mixtures of any of the foregoing. Further éxamples
of useful thermoplastic materials include poiyimidee, polyether sutfones, polyphenyl

_ sulfones, polyetherketonies, polyphenylene oxides, polyphenylene sulfides,
'polyaceta!s',‘ polyvinyl chlorides and polycarbonates.

25" A pteferred matrix material formulation consists of EPON 1120-A80 epoxy
resin (commercially available from Shell Chemiica! Company of Houston, Texas),
dicyandignt'ide. 2-methyiimidazole and DOWANOL PM glycol ether (commercially
available from The Dow Chemical Co. of Midland, Michigan).

: ~ Other co_rnpohents which can be Included with the polymeric matrix material

'30 . and reinforctng material in the composite include colorants or pigments, lubricants or

" processing aids, ultraviolet light (V) stabilizers, antioxidants, other fillers and

g extenders. Ina preférred embodiment, inorganic materials are included with the
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scrubbi ng are exanpl es of such conventional fiber processes. As used
herein, a non-finishing' resin conpatible coating congéSepternbar@De4s to
the resin conpatible, 25 coating conpositions discussed above that are not
used i n cowoaksenal fiber finishing processes. For excamHEoeosess
-non-finishing resin conpatible coating conposition refers to the primry,
secondary and for tertiary coating conposition discussed above, but does
not refer to typical finishing sizes nmade, for exanple, froma silane
coupling agent and water, and applied to the fiber after degreasing. 30 The
present invention, however, does contenplate a coating conprising a resin
conpati bl e goytmerigmatiz amtetialn Jhése iddnganjcmetsial inclwde néramic matérialsaanti ni shi ng

si ze applied 1.0 | 752 N
PCTI USOl_lOngéIQI i "a%)%g"ie rbreesélg“%%‘@"ﬁ R '%g&é'rs\eésgse%}éc?ﬁvent ionis
~directed to ugtailgbeveod of forming a laminate for use in an electronic
suppor t appl i cat redjapkd'Pr28h B@éoatéafaﬁaimp?éga.atea B?d‘rri&ﬁ@ﬁ\e@ébné@iz @t aining a

_ fabric adapted to reinforce an-el ectraoni forne weavi ng at
I'east onedf jhath ?ﬁ?ﬂﬂ?&ﬁﬁf‘?§‘F‘W§"E‘teﬁF'JﬂEIf?rte%a'B?’ef"’\SIS'E'F%SS%B %Jéwmaa first
resin COWDE(EHWWC@QQ&MDHEG pébkagmd 1ah@booR, (7989 leﬁngé assst@sawmbmt one fill

.yam and at | eas LN f| bers -and havi ng
a second resPh 'a?qﬂfﬂf%@ gg)é?{ag“tﬂf’@ggf' 'ﬁl’ ¥P *of. the at |east
one warp- yarnont(rtu):usaﬁbersimd rqnﬁmrbmgimbtpnaiom bexgsmtseumm matriporaterieh of t he
fabric W|th [gaa;@ wiRAdithe! | Yy curing the
at | east HZF:F agﬁpa 8 fa rlageldtf%e%? gﬁ'}ﬁ"g%\ggéew*lgﬁa% ayer;, th%nd (d)

| ani nat i trmfommgrfmt@abswra&ge\feawmugh%é‘lerr@wleac malrimateriahiFeRt e adapt ed

for -use in téiﬁm laetﬁéféiﬁbr@m?h'l@ﬁﬁéltcan Qeﬁréﬂé%eémrfﬁé)ﬁcﬁﬁﬁ&cﬂiatﬁxhﬁat&%t' ngs used
directed to reinforced | am nates can be

in the forego odi men
sel ected f rg%d{ﬁ@emquﬁ bithe gempranens congreantiy esgauebgle, and additi onal

corr?onenéI s- can ahﬁ@p&lmaalmﬁ:ﬁﬁbtéﬂaomstdhessaﬁdeﬁm befbradbiv.a diidbsiteonal
preferred enp

_ t he p nyent directe repre
Por an ol ect SRS  F51a vengn Bl Fafdtls wiith 3 doBnhfiursh oG i B i rabr 1o 20
conpri si hg dhe typasf polywerié mbkix neterialnged! | Foc esawpit, fon adermedettnb onalix Thus, .
prepregs forgab: %eemgg%\{eccgﬁugm%dPpa‘gﬁlp{eﬁgénewg&gﬁmghﬁgdl scl osed fabrics |

conpri sing at. east e contenpl ated by the
present i nvems!tqugﬁn filament winding, hand lay-up, spray-up or by sheet molding or bulk

molding followed by compression or injection molding. Thermosetting polymeric
matrix materials can be cured by the inclusion of crosslinkers in the matrix material
20 and/or by the application of heat, for example. Suitable crosslinkers useful fo
crosslink the polymeric matrix material are discqssed above. The temperature and
curing time for the thermosetting polymeric matrix material depends upon such
factors such as, but\not limited to, the type of polymeric matrix material used, other
additives in the matrix system and thickness of the composite.
25 . For a thermoplastic matrix material, suitable methods for forming the
 composite include direct molding or extrusion compounding followed by injection
tmolding. Methods and apparatus for forming the compasite by the above methods
.are discussed in 1. Rubin, Handbook of Plastic Materials and Technology (1990} at
~ pages 955-1062, 1179-1215 and 1225-1271, which are specifically incorporated by
30 reference herein. |
| Additional preferred embodimerts of the present invention are directed to
- reinforced laminates adapted for an electronic suppdrt comprising an at least
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. Anot her enbodi nent of the present invention is directed a prepreg for an
el ectroni c support, the prepreg conprising (a) a mat r i Xi6r@gptemizdr 2084d at
-l east one 25 non-degreased fabric conprising at |east one fiber strand, at
| east a porwbonesod2 the at | east one fabric having a ceakibdeydas ch 1S
conpatible wth the matrix material in said prepreg for said electronic
. support. Yet another enbodi ment of the present invention is directed to a
prepreg for an el ectronic support, the prepreg conprising (a) a matrix
material,.and (b) at |east one fabric conprising at |east one fiber strand
30 and having a non-finishing resin conpatible coating conposition on at
| east -a port partiallyabated fubrid cvenprisig dtIeastfoabﬁtiaats&énddié&usséﬁmﬁeml eBdwer 2004 WO

01/ 68752 PCTLE0 ) t s used i*n
the foregoi ngh&é%ﬁ%g%én@atggg Edf&%ﬁ %?%%géﬁ%'ﬁ;edecﬁ%a %ponents
di scussed abdiselosedfabriceenmprisiogatiieasionmp besstrandenethatefae wtmlawth’/d from t hose
recited aboveg, SHrébeﬁt |ﬂiéhﬁdnc%r9éxamﬁg “dnb B?'e?én@g eﬁnﬁﬁ@ﬁérﬁ%ﬁ&? B{)esét{?e | nvention

shown in Fig. osite or |am nate rorc 812
i npr egnat éd W"?’H‘°a‘scd6ﬁ‘ﬁﬁ‘{‘i°lﬁ'lfﬁ'"fﬁ'§?‘i‘ iaW'"aW@@EE‘P"aT“ g electrppie surpgitegnat ed fabric

can then be aﬁtﬂﬁ%mgdMm&aaarﬁﬁnaofeastaﬁéﬁmangcdat&dﬁbdc%hﬁma@ nmeasur.ed
form an upport in the

anount of maiﬁa tt: and dried t.o %_g
formof a se E‘ﬁﬂ“gﬁ Q?@"%'Pg RAmRgiag,an %ﬂa"&‘f@&ﬂol‘ P amet ductive |ayer
820 can be ppslilclesjmmgalﬂmngalaormucﬁvumfabbasiwvalta:esﬁ@teokathe prepreg 10 in a

manner o beharkBserhoBR! A dihet BRncHRA W@Rls cAISBDGIRREP o9 |5 cUred

to. forman tronic suppor conductive | ayer.
I n anot hd0 aebismatasiatin Sk reinfercpdhiminete sdaptedhiar ml%ctmsnpsmpﬂy in the

el ectronic SUpporAnédﬂﬁiHﬁéléMboduﬁé?@oﬂﬁeﬁ%eﬁtlﬁﬁe%ﬁérﬁg&ré&e%ﬁﬂ@?dEI‘@%!W'th one or
’ m nat ed..t oget her and cured in a

nore el ectrically conductive | |

manner wel | k"‘l'ﬂm# 3d3pted fr an eleptionic gupaqrt, the lagynate TB‘PF%"Q“G}W& Mul til ayer ed

el ectroni ¢ suppasl anchmleamwb@degmatembnclcbmpﬁslmttehﬁ o @5 Bfrand| Nventi on,

the prepreg b te s n tack bet vveen
g{ |Q§ﬁ¥a§aﬂ?n gfth Ipleagt %@%X%lg ta cogn ﬁn giga&béegw

pol'i shed stee &vate fredd
-pr edet er rfignethe ma!mgmtemﬂl mtsamemfgrowﬂmlnah@dwqﬂnesald:elmpmc supgaid for m a

| ami nate of ﬁn&lﬁé‘eﬁﬁgdih%&km@%%serﬁwn@ era.reaem% (8 fomaaianfa{ ethe prepregs

tibh
. can be provided wth eectrlcaaf conductive r‘a er elt prior to-or

after |ani na?i"i‘ﬂ‘?daf?fcﬁnﬁﬁcrrﬁ'ﬁ“ BN I dAmitate comRIS (9 ﬁgﬂ%ﬂi@wﬂ&h ,a@d support is
a.lamnate hay angaambné ﬁwcoﬁ.aﬁsn@ # Rbstiopatiber sEanaGMa havmg a ﬁmrsmag ong a
o e A R bR im0 bRl LS SR LR e et v
| ayer (s) 28f the %.lssd heykie, 4 ‘ayredegmsasmﬂabmd” myacfelartt tiedt bad nadohdergonpport usi ng
techni ques WebdyefidRi ot prdcBSs Bhbving non-resin compatible sizing materials from the
| fabric. As discussed above, heat cleaning and water-jet washing, in addition to
scrubbing are examples of such convgntional fiber procésses. As used heréin, a
. "non-finishing™ resin compatible coating composition refers to the resin compatible |
25 . coating compositions discussed above that are not used in conventional fiber
ﬁnishing processes. For example, a non-finishing resin compatible coating
composition refers to the; primary, secondary andfor tertiary coating composition
discussed above, but does not refer to typical finishing sizes made, for example,
_ from a silane coupling agenf and water, and applied to the fiber after degreasing.
30 The present invehtion. however, does contemplate a coating comprising a resin
compatible coating according to the present invention with a finishing size applied to
-, the coating.
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to construct an electronic support in the formof a printed circuit board
or printed wring board: (hereinafter collectively reflérSeptenzer 2604
"electronic circuit boards"). Additional preferred enbodi nents of the

present i ngabi/@atszare directed to el ectronic supports apghusth@sded oni C
-circuit boards conprising an at least partially 30 coated fabric

conprising at |east one fiber strand discussed in detail .above. Thus,

‘el ectronic supports and electronic circuit boards nade from each of t he
di-scl osed. -78 16 Sept enber 2004 WO 01/ 68752 PCT/ US01108684 fabrics
conprising at | east one fiber strand are therefore contenplated by the

" present Inventi Oﬂ\notﬂaqiréfa’temmmnftmfpre‘sb& invenibe st directecttota on i s directed

comri si ng. aPePEL B Rl Sl g Rl BREARR EREREITCC, O S,

one non- degresmypasing tbsieps dfavi ng a coating which is conpatible with a matrix

‘material; and (b =1 rtion of
the at |east one)(? abr{)tfgé}lﬁ{l] %) sn%%gt%ﬁgnr?@kgc&agglre?% ﬁsubgﬂﬁﬁﬁgﬂl :

" enbodi menB i weaying atleas) cossfillyamerompsing A R!urgfﬁ&p?fcﬁ ¢rs g dvingiadigst resin at | east
one fabric CéH?ﬂHa{llﬁé BéhtiRg orl ﬂfb’i‘std}ﬂﬁlohloblﬁé aﬁéis@&%ﬂ@dm%ﬂhﬂ&s@oﬁ@n finishing

.resin 10 conpati ble coatin on..on, at n of a surface
of the fabriV¥¥PIHY mT‘Bﬁs"‘&@gﬂl'ﬁé@‘%%ﬂs Agd having ﬁﬁ?cé’f'ﬁéﬁs mﬁ?t'bfeast a portion
of -the at | eesitingdreatisabys mrtion of the at ledstaterveamp gars;uppor t. - Yet  anot her

erbodi ment  of { NGeP” AN Is diealld SRR Yr £ EROap O an

el ectroni ¢ suppo a). obtaining a
fabri c adB@pt mdtetia resi; nf or ce an eI ectronic support forned by - weavi ng at

least one fill yag Cogﬁédsﬁbd?&llf‘c&hg'ﬂ@atfe¥st9§méllyl&6ét§dﬁﬂﬁhth?dﬂn'w a first
resin conpatibl e coating on | east a portion of -the at |east one fill

yam and "at I@&E’Fg@ﬂg"a%rp yam conprising a plurality of fibers and having
a second resin cqapat iaRlifatingCtera o Nore Prepadg layeatbgathep rfomoalaninatehe at | east

one warp ya IIy coating at |east a portion of the

fabric wthn%dq?gefj&?%?sew&% ?ﬁ?(érf’g "ip (c) at least partially curing the

coating itBto the mcbraats'emaoﬁbemabma}fsad héha‘famgolug embddimentsedinectehr eg | ayer ;

~and (d) . '8131 d&gtaﬂiﬁté% HBé?el&Ee%ﬁngo @cﬁxﬁﬁ FednPRRiEdisclibded One or nore
'y co e

25 electrica uctlve ayers to ectronlc support. In a

further "pref @W@-@“ﬁﬁﬁ%ﬂ"ﬁﬁ?m}mﬂeﬁ% can a'F‘éB%fe‘?ﬁ?é‘ f'IOH'&F“PE@ regigd gh¥eat | east one

matrix forma fir Aadmendpsfehtd bb@imdnts dfiiR ;ﬁés%ﬁttiﬁ\iéﬂudh awmefea to I n anot her

fs gggggr co Pr{)gfgq?eg)%gg fo?grP &gtl:trgﬁlg supp%rtt] %on%'m%%ﬁ 2\1’? gi Ieas% ue%’é?ly coatec}r fta conprises a

20 comprising at least one fiber strand discussed in detail above. Thus, prepregs for an
electronic support made from each of the disclosed fabribs comprising at least one
fiber strand are therefore contemplated by the present invention.

- Another embodiment of the present invention is directed a prepreg for an
electronic support, the prepreg comprising (a) a matrix material, and at least cne

25 . non-degreased fabric comprising at least one fiber strand, at feast a portion of the at
least one fabric having a coating which is compatible with the matrix material in said
prepreg for'said electronic support. Yet another embodiment of the present

“invention is directed to a prepreg for an electronic support, the prepreg comprising
_ {a) a matrix materiaf, and (b} at least one fabric comprising at least one fiber strand

30 andhavinga noh-ﬁnishing resin compatible coating compasition on at least a portion

of a surface of the fabric.
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layer different fromthe first conposite |layer. 30 An additional preferred
enbodi ment is directed to an electronic circuit board 6cvapteaber00d) an
el ectroni c support conprising (1) at |east one non-degreased fabric
conpri si ng V@ 0Ve@#Et one fiber strand, at |east a porti earmboiobss at | east
one non -79 16 Septenber 2004 WD 01168752 PCTI US01/ 08684 degreased fabric
having a coating which is .conpatible with a matrix material, ad .1 (ii)
t least one matrix material on at least a portion of the at |east one
fabric in.the electronic support; and (b) an electronically conductive
layer, the support and the conductive |ayer being contained in the '
“electronic circuifs398%s dhe compenents of the serfinasymsd i theferegoiba di r ected to an

el ectronic Cemawnmedwwn(bec‘s@ﬁ&éd fidnithe &ﬁ%gé&n&in@ﬁt& bR EUsSeP4HB R0 é\EdCO”p“ si'ng
(1) at |east e fa ric c %ast one fiber strand and having a

non-fini shi na ﬁ@B?Pﬁﬁrgr‘T’g @%ﬁeﬁeﬁﬁd grdrserecled hevet | east a portion

of a surface of tlhe pﬁarb.narmpn-&nﬂng(embodm‘tent aaﬁmmeombmmﬁ'@%@ri al on at
. least a pgrt |C|n £l ectronic_support and
, & ¢ Mot drl 5r£hﬁu Réteh c@g'?abfla erlmpreHréa § Gompafiple m tng :

(b) an 10 el ectronic SRS onductive
| ayer being E@Wﬂﬁu%d’rﬁq twmﬁea@t%l felartcrcamr@nbe squgezedietwedn alset ail f urt her

- preferred enphegiingis toldife Qhﬁﬁi&édﬁhduﬁtﬁﬂﬁ%%dﬁﬁl Eﬁa’&{ed'téﬁorrﬂgﬁ' tioned

adj acent to sel ected portion of the el-ectronic support n.anot her

further pr e?‘@ﬂ"@ﬁ sERRos N the form °f%@“§?“’?%“é’§?“%@'ﬁ%9 Anglastricaly at | east one
matrix form eonifiictive lagér 820 ot dositibri2yl @long hboﬂﬂ@&ﬂﬁ‘de@@@%%@r t he

el ectroniyg s rlse cPo 03|tela r dlfférent
fromthe ? i r@%qﬁ%rhﬁﬁgb%%%usse e'%r'@%@rsgﬁﬁ'fﬂe?’t'qnh%" REPEg s auled R onduct i ve
| ayer is posfmenéﬂdm]c&umm&l&wm&eélentmt:auqudummﬁr tnhamother St and/ or
second coMposhinhdlafthe RdHb 85 foRARRZH 1 sGLhGY, SBRATARRY, Of e

present ‘invention i s direct e sI‘;I?'n'[ ed circuit

board, the M%W°W@|%WE§F@EQ"‘WF mqre plegtiically eanductivelagérect r oni ¢
suppor t corrpandsmﬁigatem&,g@:herrma BurBd ARG harmad Wl l&é\n:dtéctﬁds\é%mile%xﬁ&é nd at | east

one fabrL‘ ted t ce the electronic support ormed by weavi ng
at | east. %ne"?'? avgﬁl? %P'H‘@s?i’pm %PFQTPI%P“W%@WE“Q&H%PWMQ a first
rezI in corrpa]t mtﬁneomﬁumrepyegmacktcad mm:natepovmeaﬂngxhetshac atg l!:étﬁ&én Ong Ll Il yam
and at 25 ass, an avin
FiftSHed Q06 H@%{) atéda eﬁ%mﬂe ur 9?1% ada%ssureﬁgq%lp&eﬁi %{m 9

~'a second resin conp e coa on a at | east
one war p yan'ﬁ"Qi‘th‘W)‘OﬁUfﬁﬁletF@WWn\gmaw prstiom a laminate tufhleieslrad or nore

el ect f cal | wiRRisicA piton r&Sbrimat of eoRbG! EAGrARAN ah O forma printed
ci roult Eﬁar%«?q lfy CRSIP 1\'113612}&? er81fer tn%?toco?*aaﬁérrllaningtiﬁ and cnuntnhguc agoing
embodi me AT P g such that the
resulting electronic support is a laminate having at least one electrically cohductive
layer along a portion of an exposed surface (hereinafter referred to as a c!ad
laminate”).
Circuits can then be formed from the electncally conductive layer(s) of the
25 ":single layer or mu.ltllayered electronic support using techniques well known in the art
to construct an electronic support in the form of a printed circuit hoérd or printed
wiring board: (hereinaﬁer collectively referred to as “electronic circuit boards").
Additional preferred embodiments of the present invention are directed to
electronic supports and_elec_:tronic circuit boards comprising an at least partially
30 coated fabric comprising at least one fiber strand discussed in detail above. Thus,
electronic supports and electronic circuit boarc!é made from each of the disclosed
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- 30 to electronic supports and electronic circuit boards can be sel ected
fromthe coating conponents di scussed above, -and addi tibdieptersken@0nént s can
al so be selected from those recited above. -80 16 Septenber 2004 WO
01/ 6&752 PGYd binei#208684 | f desired, apertures or hol espciusniRierred to as
vias") can be forned in the electronic supports, to allow for electrical
I nt erconnecti on between circuits and/or conponents on opposi ng surfaces of
the electronic support, by any convenient nmanner known in the art,
including but not limted to nechanical drilling and |laser 5 drilling. Mre
specifically; referring to Pig. 10, an aperture 1060 extends through at :
| east one | ayfakrics cemprising atipast onelfibeostand ane tidreforeconteoplsiegppthe 1054 of t he
present i nvehtdenfinvehtigh. f abric 1012 conprises coated fiber strands *

‘conprising a plurality of glass fibers having a |ayer that is conpatible "
with a variety of ABGP%/fﬁE}bP@mﬁﬁPfﬁhRP’%tW?@PQ isiregtediigion eestretiin. I n forning
the aperture sLffidi comlpfisiig @)ateaSiimB Pbii-d é&ea&bﬁ@gd&%'eihgg A&t by registry
with an apgrtdér]e Ja%'r%pg apg&rat S tJuch as a drill bit 1064 or |aser-tip.
The apertute TOGO 'S o GFTHE& AT - o NgRrdagseRsed fabiigbavilg 3 east one
| ayer 1062 ofcoftignvhich idompbibleiwithl 4 matdx maferig); dndgb)dit iebdt chOmmétrirr | ase. In .a
preferred enmppdi ) L at | dist.ance after drilling
2000 hol es thr oiﬁmaaté%aggﬂ(ﬁ%@"%%g%pﬁ%tt ggéj%g'l‘cgﬁ H'%I%ée %%%T'{pﬁo"gf 2 hol es per

square 15 c&efitigha e/pbodingmt i direstedde an elgelenic sipror comprising ()t feastoad of 0. 001

with a 0.46 rﬁﬁbﬁ'&ﬁ@ﬁ&nﬂrﬁiﬁ@hI%%ﬁér&ﬂdﬂ@éﬁ&%vﬁﬁ%%ﬂﬁﬁigfﬁ resiff no greater

e

than 36 njcronet addi ti onal enbodi nent, t m nate has a drill

ers. lp an of )
t ool % we ﬁ?@?hbger"r"ﬁﬁgﬁﬁmﬁ'iﬁﬁ@" AR pieast @ perfion,ef asudecgk theffateici agdi nat es at a
hol e densi ty (byatG2stunt emtrixerateigiunrat least doffioh ©f the GHIBLt B BEidIfhesquar e i nch)
and a chip | ‘%cgh 89& with a 0.46 mm (0.018 inch) 20 dianeter tungsten
carbide drill of no 8 eater than 32 percent. In further enbodinent, a fluid
st ream conpri si ngYetr@nptheregiaedizentuih the easentiinventibinsgpdiresied tqoa misthoase to t he

aperture for %rﬂﬂ\g%%cﬁ&%@%ﬁﬂ%%&%ﬁﬁﬁ@ﬁﬁ@&gpé&b” cant contacts at .
n the ap

| east a pprtion o{%an I nterface between t erture form ng apparatus and
the el ectPdni c sufor tobtaningradabiisiadapted e reinfaicg an plectranissuppantformed b ect ed 25

from the i nomgavingatlledst bredi yarfl eshgrisiia @ pluraitled @bdrs &m\éﬂm?'ﬁrﬁ%rt hel embodi ment
- of the presenf.l Lon, is di rec%.ed 0 maého%,for orm ng an aperture
through a'l ayerpb%iéﬁ;gaogtﬁ‘ﬁgngfleasﬁa@’f’ & ?fé'hef 3 lpkane il ¥arpapd et leastonen
el-ectroni c ciwaguyam emprising a plurality ofiipers(ahjl hpdsg & sexondgsiacompdtiler ONi ¢ syst em
support CoNMPichsting @n at 1B b bORorPds b dt RUE "Pt”aépﬁg['{' abric conprising a coated
fiber str acgd conpri si n? a resin conpat i PF & )atl'ng conposition on at |east
a portiortdf a suf®) ac &t lspstppdialy gpating at least aippdinn efithefabric withe inatrit 0 -

material resin; ' -

{c) at least partially curing the coating into the at least a portion of the
Tabric to form a prepreg tayer; and '

' {d) . laminating one or more prepreg layers together with one or more
25 electrically conductive layers to form the electronic support.

In a further preferred embodiment, the at least one fabric and the at least one
matrix form:a first composite layer in the electronic support. In another further
preferred embodiment, the electronic support further comprises a second composite
layer different from the first composite tayer. '

30 An additional preferred embodiment is directed to an electronic circuit board
comprising (a) an glectronic support comprising (i) at least one non-degreased fabric

’ comprising at least one fiber strand, at least a portion of the at least one non-
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be formed in registry with an aperture form ng apparatus; and -81 16

Sept enber 2004 WO 01168752 PCT/ US01/ 08684 (2) formi ng df Sgpéerabere0D4 t he
portion of the layer of fabric. After formation of the apertures, a |ayer
of el ectrigghhyssgnductive material is deposited on theredilsespl the
-aperture or the aperture ls filled with an electrically coné‘uct lve
material -to facilitate the required electrical interconnection between one
5 or nore electrically conductive layers (not shown in Fig. 10) on the
surface of the electronic support 1054 and/or heat dissipation. The vial
can extend partially through or entirely through the el ectronic support
and/ or pri nt eldgreaseddatiic badngth coatireywhishdsicdnpatibieaitregimattix materigly adoot h sur f aces
of the el ectr ' X r. 1 can be”
.conpl et ed bur@%&gﬁw%ﬁ &'Xﬁ'g "9' “eg%t%g)omﬁ éfﬁﬁéoéﬁrl%g%gfa Bﬁgqﬁé/and/ or-
circuit boar G‘eeﬁmfruéépﬂrﬁw(b)afh@e@fbemllvmubtyemﬁdmeﬁumﬂba@/&e 820 shown in

Fig. 8 can beohdiRiaysynchionERbdAthe BbdroliBalili brd Nose skil led in the art.
For exanple, but' not limti present I-nvention, the electrically

" conduct i veP | ayer RRAddiions!smba %mgg; iy %l’r?Ftﬁ‘é&q nglegtronis reuithoaet copiprisieg | of

metal | i c mat qa)raaleremﬁrab ﬂbp&r&&iﬁfpnﬁng)@rdt ie@st oné fabricdofprishg Athste@l - cured or 15
cured prepre rnative, the.electricall é’r’ conductive

"layer can be%b?rc? %Jogr@?‘aﬂ%%g?rlain%%mg rgsil| coppatble goating cOmPRSoR P Bt ont o at

| east a port ﬂmt aportionsif d eurtdice of the fabsdeyiand (i) atdeast one umratitk npateiat @gator | ami nat e
usi Il | ectrol yt
pfa??n\é\e el ect T0 %‘g@ﬁ%%%ﬁé&%gﬁhﬁcﬁeuﬁ%ﬁe%#qpﬁa& ggdrr@fe’r?r :?:Sr gu?/t a(t:)l e
for use a¥0 alestrenically @aﬁll"-"}‘\’et’é!ﬂﬂ-l}b‘! support anrkthe conduclivelayribeipg eontained20 | i t ed

to copper (W @b efeStrddicdralivedn, Silver, alum num gold, tin, #in-lead

al l oys, pall adi um afn@?ﬁ n}) nations thereof. In another no_n-l imting
embodi nent of the™F# Preeﬁ'%ﬁ'f‘mﬂ‘f“e'it-ﬁ%e@?%‘??P*yd??f‘@‘ct"éed%b&st can be in the

formof a -rruIpbﬁrtmyeadjabeatteetsehaed:porﬂorrdﬂheteldwafdstmmtll‘: eedtied fdiher | @am nati ng
t oget her one reﬁxngErﬁr(éttit @Q'aﬁeg'E L ncai.? aafeggtsﬁ%'glb d aboeﬁe with one

25 or nore cl a am na escri repregs-
(descri beth &popasite layer. Momemme!ﬂl direcdlectbric supporbfurtrercomprises ave | ayers
.can be 'ncorQ@MHQthd%ﬁ@layérfﬂﬁfe@nﬁﬁnﬁ @:@'ﬁ&té&hﬂﬁ?&éa ef' ObrefeXBifPhg 2l ONg 2

portion of- an ose mul til ayere ectroni'c circuit board.
Furt her nore, efeFt"P%éiﬁ?'rdélﬁ“’eaadﬂ" i P?ﬁ‘f%?f‘e‘%?qﬁi’ﬁ‘r"ttt%aéﬂ?ﬂewr‘!"wﬁ’ﬁ@f’ﬁr om t he

el ectrical | y andfockecsridwombesite idfyeisicatrofdsipportli scussed above. 1t 30 should be
appreci ated that e .on .t re a Lve he layers of the
nul tilayered el ecﬂ'(fogtrre?gmggdr‘ tf’“ﬁ%ﬁ'reae" f"l‘i%"“g%érdtﬁecg%ﬁ" ai'féh"ﬂc?fh i nternal and
ext ernal 2@ fawing.prigiéd cirdud badrd dpemeibod songrising the stegs ofas di scussed earl i er,
partially through(a?r

obtaining an electronic support comprising one or more electncal!y
conductive layers and at least one fabric adapted to reinforce the electronic support
formed by weaving at least one fill yam comprising a plurality of fibers and having a
first resin compatible coating on at least a portion of the at least one filf yarn and at
25 _ least one warp yarn comprising a plurality df glass and having a second resin
compatible coating on at least a portion of the at least one warp yam; and
() ~ patterning at least one of the one ‘or more electricatly conductive
| layers of the elet:tronic; support to form a printed circuit board. |
' The components of the coatings used in the foregoing embodiments directed
30 to electronic supports and electronic circuit boards can be selected from the coating
components discussed above, and additional components can also be selected from
, those recited above.
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- -82 WD 01/68752 16 Septenber 2004 PCTI USQ / 08684 corrpl etely through the
board to allow el ectrical interconnection between the |'®Rgpiembar 208fect ed

| ocations. It should be appreciated that the resulting structure can have
sone apert uwesyeshmt extend conpletely through the strugcwieees@ie apertures
that extend only partially through the structure, and sone apertures that
are conpletely 5 within the structure. Preferably the thickness of the

| aninate formng the el ectronic support 254 is greater than 0.051 nm (about
0.002 inches), and nore preferably ranges from 0.13 mm (about 0.005 inches)
to 2.5 mm (about 0.1 inches). For an eight ply lam nate of 7628 style -
fabric, the thicklgesied, @P@Eﬁ%ﬁ'%m’?s@'SSZEfWG‘aaﬁ)uﬁsmcmfomHMe The 10

nunber of - Iaxé@eﬁorﬁ&subpdnsl:eaudwﬁrénmdaﬁﬁ@rc&ﬁeamﬁwm@a?fﬂuﬁmef&he desi red
“thickness.of the | am resin content of the |amnate can.

preferably r&ﬁ'@@"q’aPtBr?‘FSBp"PBQS ofitfte elastionicsupPorh RY amroBvamest er abl y 40 to
75 wei ght pemeanér. knéﬁhﬂnwmmhclodmd 8o hibtdimite tb hﬁchdn&mdﬁmhg?aﬁ‘cﬁﬁsepr eferably

f 2 t f 25
o 00 wei bt ot Aol SleERbarl SRS 3 o 0 Bophs B penas oA T Sor {0 ang
usi ng an FR- Jﬁaeﬁﬁm%yet‘@siﬂ nffamcr1m2 ofenelectainidsappaniot 084 of the m;sangl ass S
transition t guB&ioR! Yhérabic 11349&‘)m|5ng& co?{eﬁf"fé’rgf%d%%ﬂgf ﬁ{%ﬁgyac{f strength in

the cross nmachine or wdth direction eneral T'y per o the
| ongi t udi nal 9§RF &epyhaving afaygiithat is Gompatible withyawariety pf palymese matsin) 20 i s

greater thanniitefialt @3 tdﬁgﬁtmgremnmi ﬂnﬂﬁ@&@"aﬂ@lub@ %@Qﬂé%froﬂi&‘ﬁﬁpﬁi% 107 kg/ n®
(about 5&( rﬂ é{ e efera eater than 4. lo 7 kg/ ng
(about 70 pg ong ?gtﬁ\'"ﬁ HBT"HQS%B%P?‘F é&?ﬂ%ﬂ?‘l’fﬂrbﬂé%wat erials
for 'Rigid andaswtjipt Thaymﬂureﬁloamsédwaomrdlgh aporiip@ yi5620the at Pagbbheat i on of The
Institute f05(géﬁfﬂﬁﬁSﬁ%}ﬁ%if@cﬂﬂggug)ﬁ@h@gﬁuﬂﬁfsﬁéﬁ%t ronic Crcuits (Decenber

1997). I'PC-4101 1 s specifical’l ora i?reference herein in its
entirety. In the 'Péﬁ&f?ﬂﬁgleﬂ‘é’é@'m@ﬁ, the Fa@lmeehas@diwaumudmmamdnmig strength

in the |engt bOlIb Ho%@&ﬂr@jgh(a%%ﬁﬁ% labinis at & fdle &éﬁsﬂlﬁﬁbﬁ{ﬂy e axi s of

the fabri di'rection) 1s prefera ter than 4 x

107 kg/ n125c serifmistsr EBB?‘QF%P%E r@m@a@evamww@m with? 048/, The fl exur al
strength.is (aGtSuncblidianetartoigatnicarb¥S Tl 6Pnd QReatenthah B&n'@&r&'ié}s Tash Met hods

Manual of th I f |.nterco a ck El ectronics
( Decenber 19 't?b?am% aé’rgﬁetethg%@é aﬁ'?:ailalc{/"lpﬁ’ﬁé%l“%ﬁr%faéﬂﬁ %8 &nce herein)
with netal cthighpagtasoaid lemleatys ateniwiesdbnbity of6Zmlespensparaticngmdter sect i on
3.8.2.4 of | g0 hdBd perAdiAe'ihafShd 8 thib 8 ofB001 with 2 0.46 mm (0.018 inch)

20  diameter tungsten carbide drill of no greater than 32 percent.

In further embodiment, a fluid étreém comprising an inorganic lubricant is
dispensed proximate to the aperture forming apparatus such that the inorganic
lubricant contacts at least a portion of an interface Betwéen the aperture fonhihg

~ apparatus and the electronic support. Preferably, the inorganic lubricant is selected
25 from the inorganic lubricant described in detai above.

Another embodiment of the present invention, is directed to.a method for
forming an aperture through a layer of fabric of an electronic system support foran
electronic circuit board oompnszng

' (1) positioning an electronic system support comprising a portion of a tayer of
30 fabric comprising a coated fiber strand comprising a resin compatible coating
compasition on at least a portion of a surface of the fabric, in which an aperiure is to
. be formed in registry with an aperture forming apparatus; and
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16 Septenber 2004 WD 01/68752 PCT/ US01108684 el ectroni c supports of the
present invention include high flexural strength (tensiléSentembea@dfdessi ve
strength) ,and high nodul us, which can | essen deformation of a circuit
board i ncl ugblgeszrdre | am nate. El ectroni c supports of therpcansesi | nvention
i.n the formof copper clad FR-4 5 epoxy |am nates preferably have a
coefficient of thermal expansion from50C to 288C in the z-direction of
the lam nate ("Z-CTE"), i.e., across the thickness of the |am nate, of

| ess than.5.5 percent, and nore preferably ranging from0.01 to 5.0 weight
percent, according to | PC Test Method 2.4.41 (which is specifically

I ncorporated by r } tormaing an apertuterk) the Bortion of thetlayenefifataice pref erabl y cont ai ns
ei ght 10.E -_-1lay, b iRy sas, but Tot
Timted to, Too. s erndtads 6 baduigyd e iR toraptimatiinn, Pl ot
al t er nat i vel {epnsitesqnhe walls ofithe apesiure oritee aperure fediled ‘@ﬁ?ﬁ“l%%‘l!r ate

ccﬁnbl nfit | ons coriduttive satdrialtd fé@:illfléte){r@&qu#eﬂféleﬂﬁéﬂgltdmﬁhéwoﬂ Eétbveéh%iaf hCI ents of
_ thermal expansion ner ess- susce t o ex n an _
‘contractio 35’3“‘&%"%"%6 'ﬂ’ééary foi ‘i |"b¢f 1%5"“@8 EF") foﬂ‘ i nvention
furt her cont elmpfﬂaioempmdnb‘l 054 bnd/adieataiissiphtionL [The Vizseneslend paiiafipt es and

‘el ectroni ¢ cigh SRR 6B oORRILEp Al hORR RS SATRES! by | aver  made.

according to t ings herein an east one co yer made in
a manner di W@PWW@&P@W bethrpydares ef theglegtronip sipport h@d’@lmnwé g. made using

convent i onal cﬁiuﬁ%ﬁarﬁ bbméy &nrﬁa%mb@teas@fmgke&uamewtﬁn%eérécirbrﬁ@' ly and as is
wel | 20 wn to in the art, tradltlonallythefllarrents|n

conti nuou glsﬂg’gﬁﬂ‘%%"rc"c'&t?"ﬁméz’ UiRANE’)- n weaving fabric are treated with a
“starchloil sizi ngrndula:mcauymbw:emelayarszoahbwnmﬁgfalbémbeeremwdlbphapd starch or

I , - hyd | sif
agont - and na ot ald At SRl mindert 3ok Biinie, B bt bty T oY "
Loewenst ei n Etesp'ﬁ@'@snf@&ﬁ@ﬁlﬂct(i@w Gaducigiayer catbiedbrmied by fpadictingathing 25
i ncor por at edsmez5ﬁag%fmmm%ta+anomm@svmota @Quiﬁsa‘nﬁé Qén..kn.%a% strands are

thereafter treated with a_solution prior weavi ng to protect the strands

agai nst  Hbr SYEYAreR s chigminate- \ﬁéamahﬂnas%é!@sﬂect@@ °°W°W$M¢yﬁﬂatiecohol ) as

g. slcl ose(ill N fdrnéd byd%@bamg d"@yeréﬁrﬁéﬂh&zﬁeﬁ orﬂ?hﬂéﬁ%t@por#téﬁkﬂa@ﬁefﬁhr ough %ﬁ' um
, line spe |nc Jora erence herein. is

operation i sm‘]’ %W‘ﬁ%% :{,orcg?eglpFe@Eth%I%a S?Pé‘?ﬁﬁ’??ﬁx' ﬁ‘ﬁ‘@'qﬁ%ﬂ YWy| al cohol )
as wel | as t he rotlimiteti tolectolylieplating, dehalesd dlating ot spuitsing.abetalie Wit h t he

pol yneric ma @ﬁ‘f?‘ -84 16. ,

Sept enber 208%*%3{;)!%1;},3%“}5&%%%%8% B %& %i@gp%g@stg?e%@g cl eaned to

renove es¥bniifitad ity copper (hish isi Recfpmaddrsiiver. Ay, Beld dior Yrdeed allovs

palladium and combinations thereof.

In another non-limiting embodiment of the p_resent invention, the electronic
support can be in the form of a multilayered electronic circuit board constructed by
laminating together one or more electronic circuit boards (described above) with one

25 ormore clad laminates (described above) andlor one or more prepregs (described
above). [f desired, additional electricélly conductive layers can be .incorporated into
the electronic suppoart, for example along a portion of an exposed side of the
muitilayered electronic circuit board, Furthermore, if required. additional circuits can
be formed from the e!é_ctﬁn_:ally conductive layers in a manner discussed above. It

530 should be appreciated that depénding on the relative positions of the layers of the
multilayered electronic circuit board, the board can have both internal and external

N circuits. Additienal apertures are formed, as discussed earlier, partially through or
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of the glass fibers "prior to inpregnating the woven fabric. This can be
acconplished in a variety ways, for exanple by scrubbitgSettenber2God or,

nore corggYisrsRy heat treating the fabric in a manner wpelsdigyda i n the
art. As a result of the cleaning 5 operation, there is no suitable

interface between the polyneric matrix material used to inpregnate the
fabric and the cleaned gl ass fiber surface, so that a coupling agent nust
be applied to the glass fiber surface. This operation is sometinme referred
to by those skilled in the art as finishing. The coupling agents nost

~comonl y erat | are S|Ian I nclu n but not .
linited tgaﬁih)se yﬁ@@@h?@%ﬁg%al@ Q@WL@%ME iondietuegn %Lﬁﬂeﬁ]g Agent s
(1982) at qiaymtéﬂlﬁeéhﬁﬁs lbishalid bé-appresiatddandttie rdsing BRuaRGRNE er ente

' es 249-256 (3d Ed.;. 1993) After - :

.herein. Al so see
treatnent AMHR mﬁ'&ﬁ@ﬁe? np;ﬁ%%]yéhroggh Fﬁ?r%ﬁf&f%&m%apﬁﬂﬁfeé}dhﬁiat i bl e
pol ymeri ¢ exérid anlyphtialybthrougf HREARALIE AHRNR agféﬁw%fs R e bﬂ‘ﬂg gl,LS and

~dried ti forma semcured prepreg as 'di scussed above. It s
appr eci t oufthim e ftRIClURR. 15 present i nvention depending.on the nature of the

sizing, the cl epgk
_ COh‘pOgl te, the sl aés}ﬁlljlgﬁﬁéaﬁg%asﬁ ?fﬁﬁégm'haggﬁﬁdc%ﬁ e%?!%?iﬁg%oﬂ%gme or
nor et Er ep rQ!gBtef ﬂ'@@rﬂa@ﬂeﬁﬂﬂﬂgbwmlnmm) aydme brdferabtytrmgmﬁmfgnec hn ;)I o?y
can then it pr ncor e instan
i nventi anﬁ g?mrtg%bégh%?@ﬁzlgngﬁng FF bgén‘gg'ﬁhg‘g@& eiq(}ﬁ\?b a‘%ﬁ'a&’nﬁf in
parti cul ar7e28miylé fabm;zmemud:mmtgeneranfhmtmmriab‘om uru@niuﬁcgﬁe)a(rjme For nore
ectronic circuit boards, see

|nforrﬁ| on re !jgyng rJ cat on of e

El ectr a"ﬂ@ﬂ?l‘ﬁf‘é‘?ﬁaﬁﬁ%ﬂ&”"{ thegigpired thickgess af13- 115,
R Tunmmal ahélailmhate M croel ectroni cs Packagi ng Handbook, (1989) at pages
858-861 '‘and 895-909, M W " Jawitz, Printed Grcuit Board Handbook (1997)
at pages 9. 1- 9. 1 regipgontentof the lamiaate ggn preferably rangerfram 86 do 8D weight s
Handbook. ﬁé?@g,gcgndjfﬁ %ﬁ,s ]{?QM

i ncor porated by ref e%?npcr%@h e‘?cﬁm J%ht E%F‘ % e@ﬁ%auaﬁ@ﬁ%?%dgﬁgg%&m ng the
el ect r oni daminglsosanspreferatiierange fram 20 forBfawmeightrpeceant bad meesipreterdlbly m packagi ng

used Hgtf}g e8| and nore particularly first, second
and/or thir ever{' gé‘gégg‘@ §bé5§% as that disclosed in 30 Tunmal a at pages

25- 43, which i Fas %emmwnhyed froravmven Eeglass/ fabré andcosing S8 FR-epdxy
Tevel o. - 46 B ABleralNNihg ARl s iRt lemasrr R e ORE hgr coen
i nventi on,preferredmlmimilm flexutal 8geryId RthaRAdss nidthink! swidtRldirdtdggnot h  of an
o o B e e o o ar
::SC ?Tﬁﬂ%g@yﬁ?ﬁrg@i :!2x ?%l@ﬂl’ 3ndre p?éfe%%r@&l@r {Bn % LI USh b
50 kpsn and even more preferably greater than 4.9 x 107 kg/m? (about 70 kpsi)
accordi ng to IPC-4101 “Specification for Base Materials for Rigid and Multilayer
Printed Boards” at page 29, a publication of The Institute for Interconnecting and
Packaging Electronic Circuits (December 1997). 1PG-4101 is specifically
25 incorporated by reference herein in its entirety. In the length direction, the desired
minimum ﬂexural strength in the length direction (generally parallél to the lonéitudinal
axis of the fabric, i.e., in the warp direction) is preferably greater than 4 x 107 kg/m?,
and more preferably greater than 4.23x 107 kg/m®. The flexural stfength |s
N “measured according to ASTM D-790 and IPC-TM-650 Test Methods Manual of the
30 Institute for Interconnecting and Packaging Electronics (December 1994) (which are
spemﬁcally incorporated by reference herein) with metal cladding completely

removed by etch:ng according to section 3.8.2.4 of IPC-4101. Advantages of tﬁe
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- 5 specifically incorporated by reference herein), is preferably greater

t han 100, 000 pounds per square inch (about 690 nmegaPasl®apepte 200dst ed
par al | elwoo1sss2warp direction of the fabric and pref eredivgsarogaiaer than
80, 000 (about 552 megaPascals) when tested parallel to the fill direction
of the fabric. In another non-limting enbodi mrent of the present invention,
the short beam 10 shear strength of an unclad |am nate, made.in accordance
with the present invention from8 layers or plies of prepreg forned froma
Style 7628, E-glass fabric and an FR 4 polyneric resin having a T. of 140C

and teste ' . . ' i cifically.incqrporated -
by refer e%ée ﬁeﬁﬁlﬁoﬁgpﬁ@;% éggéﬁﬁ?%rﬁé? H{CWQE%E% tie%ﬁ%&h’?ng‘ﬁ? be%sr“e&"gi s

pr-ef er abl ycompegasive strangtiy 400 hjphunatiufysewhish o st Befofhatioh of 2 dirduit i

" megaPascal e arallel to the warp direction .of the fabric and '+
pr ef er abl f%@@?@rd}r@ﬁﬁ%ggﬁeppunds_ per square inch (about 39 negaPascal s)
when - tested paflettraric suppohe of thk lprébiehEifvertion #f thk #6mf éﬁdﬁﬁer él%ti RRQ{ her
non-limgti n% e[TdeI nent of the esent, i nventi on, short beam shear d

he pr the
streng XY iamiestey preferehlyhave aeaeficiantal thermmalewansion fromsQ3Ede ent
i nvention : N re A |l e 7628,
o s 2080 I 8 dlaiebie 3t b Iihihae (2 CPETRC b bl e HibAEorhY °, 1070,
accor di ng lamina®TRf Bsg Y- 53 percast, and mosppreferablgtanglng ftdm 0/01465.0 ati o of 5

d aft ' ' | | L1 fqr,. .24 .h ] f bl
o eater v MO BelyHE REhalh 16 e 183 W8h 2443 wiich 1 Toalical ) o
O o8t a1 b o e B e e M e t est ed
reater. than oynds .per -square j nch (abou negaPascal s) when teste
gar al qu*ll%'eﬁ@&gq%% ‘é@?? iﬁﬁ"%lﬂﬂah Ftﬁl{?sisﬂﬂ? 7% butpet 'b?i@gé%t1qﬁth ion al so
includes 20801013, DO16 6ETSHOUNE hibries B3 silenalfiby edlsehi® 1] Qldfidh, FRIPOST ¢ €.

‘The nethod conprises: (1) applying-to a fiber Stran rernfor¢ing materi al

at | east C¢RIBINGIS SARIpCoRRAatakpsmliinations of thees fabrde stylesatiaminages bavimgolewt i on

di scussed chpffigRh@! df tRIM4 Sl 6 ' rovide interstitial
spaces between adj acent E?%@Bhgw%%@ #%ﬁ%?s%%tﬁ)%rtgie%éé?w@ ting.to
form a co&pniigctiop@nd ran sepimizetnard gistbrtiond 01/ 68752 PCTI US01/ 08684 upen t he

rei nf ing ma lrales o ?Igfv I rei nf orci.ng. material with the
mat ri E i mat er i ;[ff-.& 'anﬁ"-tg'@e“g 5@5{]&)&3&&%@?3’%{?% on "Hﬁtﬁ‘?}i terial to
provi de alareinates and ¢leatronioaircaitboatds which nciude at lgsist omgcdriisoste agRPt
I nvention e | Af or GJ N terjal.can e conbined with the pol yneric,
mat ri x na{réérc{éaq&gﬁﬂg %ﬁg‘ﬁ%agﬁiﬂ? h?@ﬁ'eﬁ@iﬂgqu&ri‘%‘:?'ﬂ@sﬁem madedR ari al .
Pr ef er abl ynarineeditfertint frgmahe eompbsiedayer talight Rrbim 81t hidldkXisiigi f or m  coating
upon the reinf 9r Cl rég n% erial upon drying. In one non-limfting enbodi nent
of conventtonal glass fiber composite technology. More specifically and as is well _
20 knownto those skilled in the art, traditionally the filaments in continuous glass fiber
strands used in weaving fabric are treated with a starch/oil sizing which includes
partially or fully dextrinized starch or amylose, hydrogenated vegetable oil, a cationic
wetting agent, emulsifying agent and water, including but not limited to those
disclosed in Loewenstein at pages 237-244 (3d Ed. 1993), which is spacifically
25 | incorporated by reference herein. Warp yamns produced from these strands are
thereafter treated with a solution prior to weaving to protect the strands against

abrasion during the weaving process, e.g. poly(vinyl alcohol) as disclosed in U.S.

Patent No. 4,530,876 at column 3, line 67 through column 4, line 11, whichis .- .
| | speciﬁcally incorporated by reference herein. “This operation is.commonly referred to
30 as slashing. The poly(vinyl alcohol) as well as the starch/oil size are genefally nat ‘ )

compatible with the polymeric matrix material used by composite manufacturers and




the present invention, the particles conprise at |east 20 wei ght percent of
the sizing conposition on a total solids basis. |n andfrEaptemberi20ait i ng

enbodi meRh.o1kEB2z Particles have a mnimum average partigdfgugRes on of at
| east 3 mcroneters, and 10.preferably at |least 5 mcroneters. In a further

non-limting enbodinent, the particles have a Mhs' hardness value that is
less than a Mhs' hardness value of any glass fibers that are contained in
the fiber strand. The present invention also includes a nethod for

i nhi biting adhesi on between adjacent fibers of a fiber strand, conprising

e ot 2Pl 1 TR B8 e S bl B BB oM B o e
:c Ing 'ei‘g' glgo?ﬂgtggs?gﬁgmmhtqammgiﬂtmgmnervﬁdveh fabirics Thisacaniiet ageomphsheacent -~

‘g tﬁmco to forma coati ngﬁgpon t'he
fibers of Mah¥ariety yays. 4o ﬁB‘P g e FRISIC Oh B soBMMOnlY. kY fibers of
the st ranﬁeétihg'tﬁ@ ifRricesl 2 mdinef ﬁélﬂmdévn lhlﬁﬁa &02aAs BIedllt cToR bl@ﬁﬁné orm a

* substantially uni form coati n%tu pon the 20 reinforcing material™upon dryi hg
" I'n onebnorperatign, thefe dsm R elitep lnf@ﬁa@mbetweasmpolmmﬁr@rmam material psed i cl es

t ot al

ol s bl ielate el nd 1t EiBhed biatd et edigte, SERAS! doliho et ' 2" °
m ni mum amsbmap;daemtctfm aglasediber smrfawh dhisl apesttios |51smrneinm mafarred to by

d- f t, 5 h I ticl f
axampl o, - Tge Hiotphinifa 3t 23 58y hE choming Bef8 Mitet FPpTREl 88 Hna "t o the
dlh amet er ﬂnﬁisﬁmopenatmrw iﬁe slnama(sjs inelitiimg Gut mtllmtefemmeﬂ&btosédlmEfmr faxarrFIhe
t he
w dun 1By "leghtermat. Siahe coudio Avenls (8¢t ragss He-t it Seobivent - 1 he

particl esingaipd ?sefeﬂaawﬁa%m VRks!Sed mwenaehm%argegm@-zyéh@d Edhar dness

val ue of a glass tibers that are contaiined in the fiber strand. 30 The

present i hEHt AGET Hpatmenhwity thessilangrdbe talrie &mpmgmm with agempatidle s of a
matrix mabagfnahc Rfatrik thdfkr, g@eéla%ga BEheeR ARRE bt‘rﬁft §roR'anadaea ! | ses: (1)

app! yi ng fiber strand orcing nmateria east one primary,
secondar yfasmdy samiceiedinsenreg 89 dispissed/abeves it §ml$épe emnlammt in the

oy 18 ARSEd AR AR b3 halld 638 Shitd s biBLdind BRUERGD D! ' "

Pateri Fsa"m oy o he 1ol o o ne oLl e et oy al
a4y ab® PlmERER, Rorkor e FesSt feoReratng chiventbh S5 PR de a5

r ei nf or cedompogketedtoldgyehn tivdi be cdrmtinaDRith BGe 6F mefPprepasysf orm a

substanti al | ni form coating upon the reinforci mat eri al upon dryi ng.
As di scuswﬂx’&ﬁ%\'x‘g thg instant oy l?PéPW%JP?tﬁ?"“‘c%Ppgg gssligruserd IBave: t he

mat r i poMRGRd irfpartidubdr LmaiRleredBminate or electronic circuit board. For more
information regarding fabrication of electronic circuit boards, see Electronic Materials
Handbook™, ASM Intemational (1989) at pages 113-115, R, Tummala (Ed.),
Microelectronics Packaging Handbook, (1989) at pages 858-861 and 895-908, M. W.
. Jawitz, Printed Circuit Board Handbook (1997) at pages 9.1-9.42, ahd C.F. Coombs, .
25 Jr. (Ed.), Prifited Circuits Handbook, (3d Ed. 1988), pages 6.1-6.7, which are
specifically incorporated by refererice herein.

The composites and laminates forming the electronic supports of the instant
invention can be used to form packaging used in the electronics industry, -and more

o particutarly first, second and/or third level packaging, such as that disclosed in
30 Tummala at pages 25-43, which is specifically incorporated by reference herein. In

addltion, the present lnventlon can also be used for other packaging levels.
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~di'spersing the reinforcing material in the matrix material. In one,
non-limting enbodi ment of the present invention, the f@Bé¢pterniser2D04

preferakfyoygsesn into a Style 7628 fabric and has an ai pdagtidimessi t y- of
‘less then 10 cubic feet per mnute and nore preferably less than 5 cubic

feet per mnute, as neasured by ASTM D 737 Standard Test Method for Air
Perneability of Textile Fabric¢s. Although not limting in the present
“invention, it is believed that the elongated cross-section and high strand
openness of the warp yans of the present 15 invention (discussed in. detail

bel ow) reduces I e

I nvention as cgﬁr"% e cﬁn{fi’ﬁé{&@gbﬂg dﬁ\%é?ﬂ-h"hmﬁ %'ﬁg&rdllrgémfm té@g%rﬁ%&ﬁaﬁhed vvarp

- _yi’:lmst As pfawundau?ardnstfmazm amo:dﬁnmlttn ﬂmqiresmm';z?mﬁmmenmtfgr 't )
electronic rt a P |c3 ons 25% | gts are rgéﬁ%%xcoa ed w a

sl ashi ng 9]’2@353‘? FH‘PPI'PS OI§ HWﬁB’ Fqu%srs gl a MeHe war p
yams duri pésis havmgavrr amwe%a&eszwacc&irmﬁ@ tOPCTRISGSIONBOZ Y4 @J]‘ndh?lst ypically
apptied to the warp é passing the warp yarns through dip pan or
¥

bat h c&nt spegificplly mgostoa@ﬁqi refereacehereindn prqterablymreﬁer than 490,808 et s of
squeeze r %’%t‘fa e :
conposi ti g’hgﬁcéaﬁerrsﬁlgﬁég 8&@22‘6 %@%‘?or m ng {aggﬂg;&ge WalIl asti ci zers
and 25 ![uuwecimﬁthwabntamd mefaratysl.! geetatarithan ?@ﬁﬂ@ﬁbput@:int > egai%asaals) ng Sld ze .
conposi tions s Q e ashi ng, e warp yans are drie
and mund“%ﬁpée%eﬁg’%%ﬁé@%gﬁ%l c‘fﬂﬂw‘@é‘& fﬁ?ﬁ spaci ng of the warp yam ends
depends on thelﬁhplbthe?'lﬁont-“;ﬁhng ahFdeIm'ent éfthgvpresent uﬁénﬁbn Ghy shat Eéém sl ashed
war p y have a | 0ss ni tion eater than 2

por heD G ahbarHhBls apmaes Tarmipis; Redain ASSaIRA wil 167 BenHghanYes

Typi cal |y groh]@ 18/ensdhi pRes &f gr E?ﬂg fenatiidm asstjieTe28 aE-@lhé@ ralbn*é lafE afFR-
general I'y not conpatible wth the\%m}l/rrerlc resin materi al used by

conposi t e 4ArRaimens ’@F@rh?"%ﬂéﬁrs-‘éé‘m tegtedaecoringte AS Tl P 234484
T o) NI il R Rl RO BTGS2
-essent i al fhickress mtgmﬂSC lsrmeferabu grbatentitdnemmmoarl& pér sgnare |g¢|amoﬁi bers
D e SRR ke S B BE R AT R B PSR dBmon 1., “by
heat 5 tr peeferablyt dreateathan G600 pountdsipies squarel indra(aboat 39 medaPascAlS) whéres uI t of
e o e PR R el AR 0 € |7 {208 Deteen he e
gl ass fiber sung aa@thensmmhﬁhn@emaumhengoﬁa@ preseftipbedtnaipRlshed beamt he gl ass
fiber surface. This operation is sonetinme referred to by
shear strength of an unclad laminate, made in accordance with the present invention
20 from 8 layers or plies of prepreg formed from a Style 7628, E-glass fabric and an
| FR-4 polymeric resin having a T of 140°C and tested according to ASTM D 2344-84
.using a span length to thickness ratio bf5 and after being immersed in boiling water
for. 24 hours, is preferably greater than 5000 pounds per square inch (about 34
megaPéscaIs) when tested parallel to the warp direction of the fabric and preferably .
25  greater than 4200 pounds per square inch (about 30 megaPascals) when tested
parallel to the fill direction of the fabric.
‘ The present invention also mcludes a method for remfarcmg a matrix material
1o form a composite. The method comprises: (1) applying to a fiber strand .
_ ‘ reinforcing material at least one primary, secondary and/or tertiary coating
30 ‘cc‘n'nposition discussed in detail above‘comprisi‘ng particles which provide interstitial : )
spaces between adjacent fibers of the strand, (2) drying the coating to form a coating

- -86-




' secti ons) cealingtineg

those skilled in the art as finishing. Typically, the finishing size
provides the fabric 10 with an LA |ess than 0.1x. _ ..16 Sefersbert2084t ment
with the finishing size, the fabric is inpregnated with AT 4ibIe
ponnerWé)%ﬁsﬁzx mat eri al , squeezed between a set of mef &t ng rolls and
dried to forma sem cured prepreg as di scussed above. For nore information
regarding fabrication of electronic circuit boards, see Electronic
‘Materials 15 Handbook''. ASM International (1989) at pages 113-115, R
Tumral a (Ed.); Mcroelectronics Packagi ng Handbook, (1989) at pages
858-861 and 895-909; M W Jawitz, Printed Crcuit Board-Handbook (1997)
at pages . 9pon theqeinfarcidg Gatetial; (3)osrmshining the reiRforging matatiabwittOheauattiis Handbook,

(3d Ed. 1988)..: 1= 6. 7. Whi inc b .
Vot er encetAtRTERE & tast phatil g MEmARETALAS 1o brolBE R BRI O
coat i ng oeoinpesitearAlthpagisnot linlithg/teeprdsentineentionitie sekdforcirigl raatetidieans conpar ed
t | d Th | ashi i.ze, tends t | d the . t oget h
o ATt onpesarRrEai the PAYieRe RET Mard. fos Frarre By SBpPrl X Mlhough not
meant 50 bgstfi Matdrial Préferdlsly, Thésedlingion é64ting® formi d substanislly @ifeen t hat such a

yam structure (i.e. telﬁrght‘ undl es and generally circul ar cross 25 : -
dhe reiiorsingdnatatial aipop Aryng. \JRepe Bop-daytingembedimant of nt o t he

warp yam g, i b s izi

e i or o RS TG K P BB R 20 WSl roH OB Eg | ough

sl ashi ng compositiereen A fetalselids basis dnpnethennon-liriting emipodigieat theng i s not

preferred, T ef reeatad [ : ’ f . t _Lavention,

t he warp QB;EG r?% a_gég%‘ngﬁgf)eé%egééﬁglegﬁ@%&sﬁét fs%ta gﬁ)@ﬁlgc?%rﬁét?% \‘i\léa;vi ng and

ar e ' sqi0st-prafembly\at leasts midromkeesdi inga firther morslinitieg erbodiment, thermirticles he t érm

substantially free, ns t hat e war a have, l-ess thap 20 percent by
e e prhers: BAnSs el thilds 1945 i ong $ofinesE Tke S mES ot oot
2004  PCTibSR¥h&E0E tomtink@ irpthe fibér sthamahi ng si ze residue. In a nore
preferred enbodi nent of the present  invention, the warp .yans are not
Bh'b%lP%aE'%%s&ﬁ‘tt?

subj ected to a@Fd’é‘f'ﬁeﬁbi"%'gﬁﬁ}?Fﬁ“dFCIP‘éP%E'\?m‘?S ferd SAWeSN free of
sl ashi ng gyjReAtdberiT a fiver P&, @St‘hg}iﬂng e dP (DSPRirgabatibef F €€" mMeans
that the warp yams have |ess than 0.5 percent by weight,” nore 5 preferably
~ less _t'llﬁan styand pﬂee%mewyim, greonsiagy er tBﬁ@W@%ﬂFQWB@%@SW%i ght of
o Qe S AR 00 WA IAE i IS G SRS Sl | VP
pr ef er abl fibetsrof theasteamdt (2 drving:the sostintaioyformba coatingamenitaeifibess ofibesur f ace of
ts|h§ e\é\’a\rNg ( ﬁ%s#nh?éu&%at%&igg bgﬁveleﬁsa%jatcgﬁﬂibgrgoﬁﬁé §@£Hd iQ YnhWeg.ht _ of the
' Preferably, the coating or coatings form a substantially uniform coating upon the
20 reinforcing material upon drying. In one non-limiting embodiment of the present
invention, the particles comprise at least 20 weight percent of the sizing composition
on a total solids basis. In another non-limiting embodiment, the pafticles have a
minimum average particle dimension of at least 3 micrometers, and-preferably a;
least 5 micrometers. In a spherical particle, for example, the minimum average
25 particlg_ dimension will correspond to the diameter of the particle. In a rectangularly
shaped particle, for example, the minimum average particle dimension will refer to
‘the average length, width or height of the particle. In a further non-limiting
. embodiment, the particles have a Mohs’ hardness value that is less than a Mohs'
~ Thardness value of any glass fibers that are contained in the fiber strand.
30 The present invention also includes a method for inhibiting Hydrolysis ofa
' matl'ixmateriél of a fiber-reinforced composite. The method comprises: (1) applying

to a fiber strand reinforcing material at least one primary, secondary and/or tertiary
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10 . In one preferred enbodi nent of the present invention, the |oss on
igniti.on of the warp yams is preferably | ess than 2.5 1fcPepdemben200di ght ,

nore pr |l ess than 1.5 percent by weight and no ly | ess
t han O. g&(gfe'?gc&e-lﬁt during weaving. In addition, the fabr ?E@ﬁh%égr esent

invention preferably has an overall |oss on ignition ranging formO.1 to
1.6 percent, nore preferably ranging from0.4 to 15 1.3 percent, and even
nore preferably between 0.6 to 1 percent. In another, non-limting

enbodi nrent of the present invention, the vvarp yam preferably has an

| t d d hi d d h the t :
® el ongat e S EORERYRT s Rl ibeue REPD o ahaler Beg ANty {1t o
ovul ar cr qaseert ohizootd soliis Pasis Hfﬂf@cr‘éfd&d?ﬁblé%@?zt)%ﬂﬁﬁg th@c%ﬁﬂ?l%%ﬁﬁ’ove refers

.20 to the ch?racterlstlc that the individual fibers of amor strand .
are not tiSGRINGUR} tre reigfpesingmatargl; &%)éﬁn@m@beéqnfgrclmmeal wittether nore of

t he i ndi vigatak nfdt@ﬁﬁ]sandf(ﬂ}?ét'léés?gbﬁféllfﬁﬂﬁ r“? hgfﬁx atéidl é‘lﬁfigf} terial into

t he bundl e. Sl ashed I'scus ove) gener ave a v
circul & d’ﬁ'@fﬁfc%fb@‘!mmﬂan referablyt theredatingeonoeatingsdomi & substaldialipt facilitate

bl oved (et Eos e ERHAE Aol ik yPor iy AR Rruichel e tnee. ' good

resin wet Jauchldguma@dlean batorabined with ey Maieix iiiterial foradxanipye byl Yt i c
st abi | i ty

ﬁf) 1 rr{hréate and eLﬁj“’L |c su orts made in accordance with the

present \P@ﬁﬁ% lﬁm T, 0 ?tﬁﬁapat hs of ingress for

noi sture into- tlhené,amrﬂmﬁlm‘g @ﬂﬂo&ﬁinéﬁidf% ﬁresér\tﬁmféhg ﬂ?&‘ﬁasnei?;n al so have a-
30 circult boards-mde

posi ti eeffﬁ{%ln reduci ng the tendency o rinte
fromd '?f it waverjptod %‘aleﬂcﬁ@ﬁéa Mm@lr@enngahﬂdymébas theal10 short "
failures quictfeetigee niimitdBhd %r@f)re‘?é}ﬂglygsg‘ﬂgal??% E%%Jﬁﬂ{-}% g{i‘e” exposed,

under bi'as, to hum d conditions. - / 68752
PCTI US01/ (Rsasurefky ASTMAR73 Standanddr stﬂnﬂ@dstMnP@mewMé'@xtﬂ; an F -index

test. In tﬁ%ﬁncs!: Albegh nbfl mnifﬂethé(ﬁms&?tlﬁ\? nmgﬁéﬁsg% gﬁ?ﬁrgad over a series

of vertically aligne ro I'S posl a horizontally
-di sposed sisnggieg aless-sastiorcamphighistrgndiopermiets efthée Wangya?ué bRipe pRéénn

oppos f ch,.that 5 .a vert xis of the yamis
- PPPoenBY o GO LR Bt ek ionE e e Eieeblhog T fabrias afiee Sons! ng

sur f aces. piesenbiavention aéwomreﬂomr@toadv@ﬂmﬁawﬁrks ﬁiﬂdehﬁir%@as‘h@ét |
positions it about half way between the vertically aligned rollers and the

hori zont a@RY¥M&¥nce bet ween the yam and t he sensing device is controlled

by moving the pelprevisushouisdsed, |ﬁ¥5@hﬁreilfu9{3l %Svﬁ&g%ér'aﬂor%ef& Ectrdiic L Ne yam

passes over the rollers 10 (typical at about neters per nnute),
depend| ng SHRPYHZP 5%tmﬁlsothe wq%ygms@mj pically coated with a slashing size prior to

20 weaving to help prevent abrasion of the warp yams during the weaving process.

' - The slashing size composition is typically applied to the warp yams 5y passing the
warp yarns through a dip pan or bath éontaining the slashing size and then through
one or more sets’of squeeze rolls to remove any excess material. - Typical slashing
size compositions can include, for example, film forming materials, plasticizers and -

25 lubricants. _A' film-forming fnateﬁal commonly used in slashing size compositions is
polyvinyl alcohol. After slashing, the warp yams are dried and wound onto a loom
. beam. The number and spacing of the warp yam ends depends on the style of the
fabric to be woven. After drying, tﬁe slashed warp yams will typically have a loss on ¢
| _ ignition of greater than 2.0 percent due to the combination of the pnmary and
30 slashmg sizes. _
Typically, the slashing sizing, as well as the starch/oil size are generally n.ot
: compaiib!e with the polyme_riclresin material used by composite manufacturers ﬁhen
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~one or nore portions of the yamcan eclipse a portion of the |ight
emanating fromthe enitting surface thereby triggerind6Bapéerpers2004n t he
i ght sqggipfgs7syr face. The nunber of eclipses are then gabdedfos@sf or @
given length of yam (typically about 10 neters) and the resulting ratio
‘(i.e., nunber of eclipses per unit length) is considered 15 to be a
measure of strand openness. It is believed that the tight warp yam
structure of -fabri'c woven from conventional, slashed glass fiber yans as
wel I as the | ow openness of such yans as discussed above, results in these

conventio Al ving an.air rneability that is higher than the
air per rreg%%oré?q ﬁrﬁﬁfﬂgbrﬁra%frgw%ﬁe@%ﬁfqr@g %wpﬁ'@ SHPRAIESR Wﬁ&@ﬁ@bﬁm, 20
whi ch pr efnusa b cleaned telfenfove s SigRIE Al Sraaic Fidterial ﬁ&ﬁi?@&l&rfa‘%@ AR hi gher®
“war p- yam. ngn-limting enbodi ment of the present

.. n one, )
~invent i.on,Q?ﬁggS%}ﬂ%?%'gg&%“m Fheg@\'i?ég@hriﬁ {Tjis g8 becaesomplishied ih8TM D 737
Standard Tagdty Oﬂreﬂm%ébgé%gﬁihglﬁyéﬁ%ﬂ@ ls[.n[gpgzlganqmgmﬁ‘i ‘rg}'u*ﬁega%t per m nute

+ per square foot abogt_ 0.05 Standar u |c°he ers per per square
net er) B mifeating tednbis ip amaanyies wel knounin the sibis aabstileefthpeleaningut e.  per

square fo : ' L. M pute.per square. neter), and
nmost pr ef gﬁ)g'b(aﬁgé'ﬁtgé%?gg?é&-t aﬁ?&g&?%%%tiﬁ?ﬁ&e% m?ﬁ%ﬂ?@xgﬁe%ﬂﬁﬁ?@ f oot
(0.91 st atelimptegnate thenfobric andibe csansd glape fiberGueface, 8B tiRdt)a coupliy \Ridie"

enbodi ment . o IS woven into a 7628 style fabric

dnvention, the fabrigc. \ .
and has an ai &eégglfgeag;ﬁﬁ 9lgss fiher sudacs: Q&"%?Peﬁ@'ﬁnl‘%s%?“@? Eefereditorias t
Met hod. othase sfilledirethe atast finiwhingQ BrRaMA R fridhing iferobBbs He Wb Per square
f oot , 1§_r(‘e\wﬁref Igbslégr/t no q%ater than 5 cubic feet per mnute per square
f oot, ‘and ?FLS:F P2 an 0-1% greater- than 3 cubic feet per mnute per
square foot, -ﬁﬁertm&meﬁﬁwﬁ?ﬂfeqmﬁhg%%ﬁhe%éﬁﬁgﬁa SEd ARG/ 08684
way l1mte B

Al t hough not neant to be bound or- in any y any particul ar
theory,' ©Pmpalifle pelimgtic Mattmatphalpsqueseedbativagn aisehofametering rdlls aind

Cr'oss- secghsd® fefi ' WA rformance in | am nates
made from fabrics al%ﬁ%ﬁ%?ﬁ%p%%ﬁgﬁ}érg%d %Args?? ‘:%g'}‘g’%dﬁ’%{% Yrl y, since

't he cr oss regagding fabrcationenf wiastrosic chieuittanapdsy see Eldctronia Matérald abri cs havi ng

war p S 4 4 ; 3 | qns wi | | ower,_profile than
Convent! ohhdthle 8 e rhad FRES AlBolt ats 1R K Smrree el © 1
cr oss- sec Miooelecteonins Pdckbaihg Hantibodk) (1980Pat g 858-881 hAd WoblopS ot pet ever .
glass fiRer ring.dril]ing and thereby be subjected to [ess abrasive
wear . As-g?‘g%‘ angboog 983458&99& 1-842; ard Gr BsGonmbsivent i on,
~ pref er abl yr. (Ed), iFeinked Oifcuite HandBeBk, ErEd. 1osb], bhoad 4R \hidh &85SI N conpati bl e

primary coati conposition applied thereto during formng. The resin
conpati bl apiﬁf?%'y%aﬁ%bv reérfpBes herein- applied to the warp yam can be the

sane 2@ the resinte SRRALHIRY Srocess puts a relatively thick coating on the warp yams,

' the yams become rigid and inflexible as compared to unslashed warp yams. The
slashing size tends to hold the yam together in a tight bundle having a generally
circular cross-section. Although not meant to be limiting in the present invention, it is
believed that such a yarn structure (i.e., tight bundles and generally circular cross-

25  sections) cari hinder the penetration of polymeric resin materials into the‘w;rp yam
“bundle during subsequent processing steps, such s pre-impregnation, even after
the removal of the slashing size. -
o Although slashing is not qetﬁmental to the present invention, slashing is not
_ ‘preferred. Therefore, in a preferred embodiment of the present invention, the warp
‘ 30 yams are not subjected to a slashing s{ep prior '_to weaving and are éubstantially free
of slash_ing size residue. As used herein, the term *substantially free” means that the

. _ugarp yams havg less than 20 percent by weight, more preferably less than 5 percent
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primary coating conposition applied to the fill yamor it can be different
fromthe resin conpatible primary coating conposition WPgptedber20de fill

yam Aswgwi§efedigzein, 15 the phrase "different fromthe rgsigssipggati bl e
primary coating conposition applied to the fill yan in reference to the

rTesin conpatible primary coating conposition applied to the warp yam neans
that at | east one conponent of the primary coating conposition applied to
the warp yamis present in an anount.different fromthat conponent in the
prinary coating conposition applied to the fill yam or that at |east 20 one

. conponent ,pr. el r|rra oating co on appljed to the war
v s b agonshing sBe e JR AP AeEB ot by&mﬁﬁsbﬁ? BEFSEBt the 111
yam or _t hatvention, the slaipysms areni etbjeflee 508 blakhing BRpHHoFRY Weditil dritd ’

- conposi tion a Ile@iy%o tth fill yam.is not present in the prinmary coating-.

conposi ti G® Eg%fq@ %e?tfzasﬁﬁﬁgpﬁ'%ﬁ?‘d!‘ﬁ A¢ FF‘Fd bersinpthe temmsrsemﬁadly ng
-embodi mentfreaf ﬁé&asm&wwaﬂp%ﬁﬁtﬂa% les’s*l ardh 8per cgf@fﬁ WQE;B the yams of

~the fabric are E—lg ass fibers having en5|ty ess 60 grans per
cubi ¢ &entArefetably eﬁﬁﬂ@l‘lﬁﬂ D%rmtrbarweighmndmst DW@:ralrdvéfmmawbyeWe@htrrent t he

E-glass fi 2 roduceafabrlc
. hagl ng a o?gnm ?Hégﬁ\gﬁéﬁlw&%g*%s@o%%g%%? ﬁa\"gg ‘%’?IBtYaF? great er
t hgn ]E he s¥e emlyeﬁeg tna Sh@nﬁaarqmatiiig omdra tnm)priml' lta:waavjmg |pwf|eidb1yt feat - ?1’1) eaal_ned t
and. fini e e non-limting enbodi nen
'of the pr%@igﬁl nvé%?"c@{gah@@?ﬁ? ﬁm?&ttﬂg‘erwaﬁeeg@ﬁﬂ%ﬁmﬁﬂ"%&y coating
;:ﬁrrpom ti weaumg?mtmismﬂﬂ b?rcéﬁﬁsy Wélghttdt"tﬂ@széfd Wﬁﬁg{ hlﬁn ng ”f]mt erlloal 32 i 12 ,
e ry coati 0si compri ses prefera ess than
Selotgﬂtﬁgb Jo0a1n ﬁbﬁ%?%gefg?“wmé %@%B{g&ewwﬂ?&w lss gnigritiencoft ?t ?I |
solids ba #n atota
“solids ba?:lééwa??a ﬁisgrg%regwgnﬁgrtﬁe% ?rﬁgﬁrr es hrﬁ cgﬁgﬁ%&ﬁbf%ﬁ
coating cé'i*ﬁfbbﬁtﬂefﬁ?"t by weightand mpstpreferabliiess thanid8 petcent dusingi ng rrat er| al s,
.e., th o] th 1
i.e., theypoiwgal Yn Eaﬂﬁdm%éﬁﬁﬁé'mgé bf%@n?ﬂ%%ﬁ@?e&?@ Lfi'!ia% arycrvg@ls an

percent by wel ght on a tota , than 0.5
per cent biosaangmm@hra@gmtfm 84ito S jpmeerst, maredprefevalily mrglr@“fammdtess t han

0.1 pqicent S _basi f tacky film. form ng
naterl(:ls'lC ’iargé(r fllm rm}r?g)tr%ﬁf%ﬂ%% ﬁsg(gq ntal to the
weavability oﬂn gootber, aondimiting iehdpdinient ap thel resent irventish, e waguyarmd thek
alrJettra i1t 0 fill arn andcasm warp yams to stick to
each ot heP™® %'%g’[y r%% gnd dgrfﬁ#?ql?rﬂ?st? atl}’fﬂhes'@f’ LPERRESS- ASiusetor ni ng

mat eri al  herein, Whe rmSelonbated eRBEcERET Bnéanls it BWaED vy has hdenerilly
alternatlﬁe rreth%g of form nP a fabric for use in an electronic support

appl i cat i SA A VYR CrRFSSECtanal $hapee hligh siransd oreRness, dissusseskabove.gefere d
gener 2 Y to the@haracteristic that the individual fibers of the yam or strand are not tightly held

fogether and open spaces exist between one or more of the individual fibers
facilitating penetration of a matrix material into the bundle. Slashed warp yams (as
discussed above) generally have a circular cross-section and low strand openness
and thus do not facilitate such penetration. Although not limiting in the present

25 invention, it i believed that good resin penetration into the warp yam bundles (i.e.,
good resin wetfout) cfun‘ng lamination can improve the overall hydrolytic stability of

laminates and electronic supports made in accordance with the present invention, by -

;educing or eliminating paths of ingress for moisture into the laminates and electronic «
_ ‘supports. This can also have a positive effect in reducing the tendency of printed
' 30 circuit boards-made from such laminates and electronic supports to exhibit electrical

short failures due to the formation of conductive anedic filaments when exposed
under blas to humid conditions.




- 15 method conprises the steps of. (1) obtaining at |east one fill yam
conprising a plurality of glass fibers and havi ng a fi ri$tSeptermnierc®ipat i bl e
~coating WeN1/68d2t o at | east a portion thereof, (2) obtaporTmgosdscseast one
warp yam conprising a plurality of glass fibers and having a second resin
conpatible coating applied to at |east a portion - thereof, and (3) weaving
the at least one fill yamand the at | east one warp yam 20 having a | oss
on-ignition of less than 2.5 percent by weight to forma fabric adapted to
reinforce.an electronic support. A nmethod of formng a | am nate adapted for

use in an el ectTiRNd&ySe BRMahd Wpbhness cQRWe%agb%gm%@q: -FREg ! frgpdhe method -

~conprises a_first step of obtaining a fabric weaving at | east
one fill yeindestestiihe ygmdo bemessureg r@pa@eawenamwnmuwumne:g a

) “firstresi %mﬁﬁ"%t?sltfbﬂ?&sbﬁﬂcéﬁ% %ura 0%33&3{5%?%%%"%%@ on thereof and at

| east one warp yam conpr YC%nd havi ng a
_second r esf-FQmPrlsmrﬁal!themltWMurﬁage ap@ bh eppésinglight ssmingsupface, sudh tikdr eof

wer ght B vl R B ey Sinctany itple) Rfbrient e bt SoRuta AR an:

i nvention Ilgptﬁmmuﬁacéﬁmfeédwsmgldévﬁéib&ﬁburﬂéd dtaffréiﬂcal?n@l gff that ashi ng si ze
resi due. RJ’eVl%ﬁ uty |SCthed In typical fabric form ng operations, the
conventlorﬁﬂ 085 §;3hg dlﬁ’ﬂﬂ@ el“B?@"t&ﬁﬁ?ﬁ@ﬁ"&‘tﬂgt‘%fﬂﬁféﬁidﬂh% pezamtal/ or - yar ns
(i.e., pridisthycesbetivaen tha%amléqcﬁmets%m s c¥fitrdiikd 7n‘§&n @{ny 08684

conp05|t|ons and sl ashing size conp |on are not e5|n | e and
t her ef or e toyfamshorway &iopy g sepsing ﬂﬁ‘écﬁ ad!ﬁﬂ‘@ Yarm passes oventhe gollgts ng t he fabric

W th y hi.s st ,commonly
nccomny S SOpeaLY pEdtbut 5 inelert e mitpucl eh il oA A Grorhs pl o hondrcar
cl eani ng dugmmemmoas pEthgtyaroéan éclipseca gbrtien ofihbesgﬁt dramibting ffoni iee t he
yams and fg fro and cau ass _to densify. The
resin conpat | Bge coa grgegapgfg%[ Hed gredefpe f%@%ﬂgmﬁﬁ"gWPEW%r@%ppl ied to
the warp aniber of edlbsgsaare tﬂmn fabulatedioey bivgn Isﬂ?ﬁwtyaﬁﬁﬂybléaﬁlyraﬁaﬁwﬁ pr| or
to. |rrpregnatrs§|‘a ﬁjé%rher I|mnate th for heat-cleanin

‘Ther ef or e, 'R 8?'1’ BIQEY'I'FH"E'W @ 588 RRNHnitdengti)ds gpps]

i nventi®n tobba medyu@oﬂstrahae,peﬁﬁéyy 10 ther mal treatnent and ther rral
- - Additionally, in conventional fabric

- degradation prior .t regnation-
forming procesdbs! beg‘?"Fth g?ﬁ)\!gi\t“@mif% st@ﬁﬂrmgfemqunfm by heat
cleani ng; canfertiohdl] N8sHdZffasiliibb
|rrpregnat|o,r: to | nprove the co rgf\rlnsg?WEQ% tél{ibv\%@ﬁoﬂeﬂpééfs %frl ¢ g%u'a'rs%ﬁe
~ pol ymeri c Jissypsed 'ﬂ?vﬁdﬁﬁﬂsﬂgﬂlﬁsﬁ@gmﬂefﬁlgnﬁd@brms@amnatanw pevmiebkilitgahgt and/ or

bt £ s Mt e B b o g |
errbod i2fb ntwhigh prn@@pl;e@ghde anelmgated, warh gam cross-sectlon and higher warp yamn
openness. In one, non-limiting embodiment of the present mventlon the fabric has
gn air penneat_nlxty. as measured by ASTM D 737 Standard Test Method, of no
greater than 10 standard cubic feet per minute per square foot (about 0.05 standard
| cubic meters per minute per square meter), more preferably no greater than 5 cubic
‘ 25  feet per minute per square‘ foot (1,52 standard cubic meters per minute per square |
meter), and most preferably no greater than 3 cubic feet per minute per square foot
.(O 91 standard cubic meters per minute per square meter). In another embodiment
of the mventlon, the fabric is woven into a 7628 style fabric and has an air
“permeability, as measured by ASTM D 737 Standard Test Method. of no greater
- 30 than 10 standard cubic feet per minute per square foot, more preferably no greater

‘than 5 cubic feet per minute per square foot, and most preferably no greater than 3
_ cublc feet per rmnute per square foot.
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fabric is preferably substantially free of residue froma secondary coating
and/or a finishing size, i.e., less than 15 percent byl6vespigrober 2604

pref er aRlg/od/ @55 t han 10 percent by wei ght of residue fr dary
coating and/or a finishing size. In a 20 nore |o'referredI£ear:¥!|¥}?;sg?/rsna&(r%i{41 of the

present invention, the fabric is essentially free of residue froma
secondary coating and/or a finishing size. As used herein, the term
"essentially free” neans that the fabric has | ess than 1 percent by weight,
more preferably less than 0.5 percent by weight of residue froma secondary

~coati'ng and/of,.a finishing size. 5 The present .invention will now be-
' Ust Fat od. byAlogIo BRAHS L5 dound gr iy Wl e by DY BAGPUET  ExavPLE 1

The ™ conpowestysit ispddhdlaraBit wfars famés BaviRg BlondaBd or ik cré¥sesediortdne form™ 30

- aqueous form naéste conpositions A-F according to the present invention in

~a  sini| AISKignAde meroveherilingeariosanee)p jamingles nadediem fahieyht percent of
 Gomposi {1 ek e apat, ABGR ERTRRR SR (R e RS 0sces -

iyt e s et et
o or m SRS bR SR chEnyoB BeT a8 i3 sy Bima hafes ng

convent i ogimular efoEsisegtiangyia pirikbit drillisgptrsughBie fabe wilcitas fidrglagueous
formng size cooposition byt . vacuu ried 5 at.a tenperature of 1900F
for about"l"*"i?és ﬁ‘ﬂﬁ&&"'%ﬁﬂdggeﬁﬁgy Eé‘a\@ﬁgﬁaﬁ° le58 8bESVENGA on val ues of |ess

than | a Aé phiiobelyaistussed FbrRSerRbodimamb e ﬁédeﬁtmnﬁéh.gﬁéfbﬁab val ues of
1.59 and 1.66 wei ght gerr;:ent, respectively.. -95 WD 01/68752.Table 1A 16

Sept el erbotpihe w ek youws dave pregiccompntidiepimamerating TOTAL SOLI DS
BASI S_SANGlricostoNaiidd thefdib-buitly Bhing. The Pesin dohpaibhlprm@y cRERIYCPHEN 2000

9843. 739. 10000 __ ) :
composition applied to the warp yam can be the same as the resin compatible

primary coating composition applied to the fill yam or it can be different from the
'_ resin compatible primary coating composition applied to the fill yam. As used herein,
15 the phrase “different from the resin c’ombatible |:'>rimary coating composition applied
to the fill yam" in reference to the resin compatible primary coating composition
applied to the wamp yarﬁ means that at least one component ‘6f the primary coating
compositidn applied to the warp yam is present in an amount different from that
component in the primary coating composition applied to the fill yam or that at least |
20 one bomponent present in the primary coating composition applied to the warp yarn
is not present in the primary coating composition _a-pplied to the fill yam or that at
least one componeni present in the primary coating composition applied to the fill
yarn is not preserit in the primary coating cdmposition applied to the warp yam.
-In still another, non-limiting embodiment of the present invehtion. the glass
25 fibers of the yams of the fabric are E-glass fibers having a density of less than 2.60
grams ber cubic centimeter. In stilf another, non-limiti'ng, preferred embodiment, the
E-glass fiber yarns, when woven info a Style 7628 fabric, produce a fabric having a
tensile strength paralle! to the warp direction that is greater than the strength (in the : *
| warp direction) of conventionally heat-cleaned and finished fabrics of the same style.
' 30 In one non-limiting embodiment of the ﬁresent invention, preferably Athej resin i
compatible primary coating composition is substantially free of “tacky” film-forming
' maten'éls. i.e., the primary coating composition comprises preferably less than .10 |
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- EP1- REZ 3522- W66 990021. 05000 EPON 8261000000-16. 1263. 54

PVP- K3010109. 715. 7915. 211. 315. 18 A-1871022. 32. 38. 428. 111® 3epte@mbdr 2004

A 174" ' Wo1%47530000 A -1100104008. 428. 11. 00 PLURON C FpEqfusé9asess 75 60000
| GEPAL CA 63016004. 74" 6. 391.636.44 VERSAM D 140' 074. 84. 80000 ALKAMULS

~EL-7191d100001. 636. 44 KESSCO PEG 60010900000. 793. 11 MACOL NP-6 -

7103. 63. 64. 746. 3900 97 RD-847A polyester resin which is comercially

avai |l abl e from Borden Chenicals of Col unbus, Chio. 98 DESMOPHEN 2000

pol yet hyl ene adi pate dial which is comercially available from Bayer Corp.

vai 1 et B4Rt bERR b 88 sl oG e et B b pbodif RV Uiy (o

commer ci addightana lotd) selidsibasisShel | - Chemi cal of Houston, Texas. 101 PVP K- 30

ol yvi nyl rr,ol_i done ich s mer ci al | ai lable from ISP Chem cal s of
Beyne. Kew Jer8apretgisd Smbogisiest Mg Fesit Sormiatpls bisiew Sontit tamRssitane. whi ch
i s comeriskedentialipired cititaeky M 6iming riatatiale? .89t priviarp Codifg’ Yt own,  New
York. 709 A-174 gamma-nethacryl oxypropyl b i met hoxysilane which is
comerki aaompoa@agpaw@sqsrmﬁﬁer@w ipps thenclopgyeentdy yveight onatelal selids New Yor k

104 A-1 +8 0 | I ' | | ' is ,
comrer ci ;E%Ig 5??\?2? Plgge#}gﬁl gﬁth%{(g'\g/\ﬁééc?n%bﬁfgg a??%ﬁ@%?'a%?% 9%@0%/%%dNew Yor k.

zos PLUROWstpReferablydessothgn Ryloperpgntdyaveight poa totah solisisbasispitadke filnwhi ch i s

COMTer Ci | I ti.Ql | LJersey. 11
AL cAotipe BRrRY fockd SRRt BeRb R calibe HeriérafE Mk wodVRlfin " *©Y

avai | abl efiyaomto whidk tiiey arerapiplied) soth dé pp eedusing the airgst trahSfont4biE el D 140 '
‘pol L de ' ' rcially.avail.abl e from ni.s Corp. .of G ncinnati,

oot 510 o TR e CeL R agh S 8 5t 15126 O Bk e. oPUiite, (0 T
commer ci axaynplevelid ackefilfrformingimateridlesh watsr-solubfFepdxpRsdh MRGoARMg ' '
‘pol yet hyl ene .gl ycol nonol aurate ester, which is comercially avail abl e

from St edﬁ%e npany of Chicago, Illinois. 110 MACOL NP-6 nonyl phenol

surfactant whi ghatsmaReTRStAbA bt torriing'd fabriefor L& iFMEle@fonic support
' application according to the present invention will now be discussed generally. The

15 method comprises the steps of: (1) obtaining at least one fill yam comprising a
plurality of glass fibers and having a first resin compatible coating applied to at least
_a portion thereof; (2) obtaining at least one warp yam comprising a plurality of glass
fibers and having a second resin compatibie coating applied to at least a portion
thereof; and (3) weaving the at least one fill yam and the at least one warp yam
‘20 having a loss on ignition of less than 2.5 percent by weight to form a faﬁric adapted
to reinforce an electronic support.

A method of forming a laminate adapted for use in an electronic support will |
now be discussed generally. The method comprises a first step of obtaining a fabric
formed by weaving at feast one fill yam comprising a plurality of Qlass fibers and

25 having a first resin compatible coating applied to at least a portion thereof and at
' |gast one warp yam comprising-a plurality of glass fibers and having a second resin
compatible coaﬁng applied to at least a jaortion thereof wherein the Warp yam had a
lpss on ignition of less than 2.5 percent by weight during weaving. In one, non-
| limiting embodiment of the presént invention, preferably, the fabric is essentially free
~ ‘30 of slashing size residue. '
| As previously discussed, in typical fabric forming operations, the conventional
- sizing éompositions applied to the glass fibers and/oryams (j.e., primary' sizing-
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Par si ppany, New Jersey. -96 WO 01/68752 Table 1A (contt'd) 16 Septenber
2004 PCTI US01108684 WEI GHT PERCENT OF COVPONENT ON TOTA SGGuhDS Magl S
SAVPLES W@\ dsfdTABCDEF EMERY 6717...0000' 0. 401. 56 EMERY %%01/08684
72004. 214. 0600 POLYOX WBR- 301 i 130. 600000. POLARTHERM PT
1141. 01. 00074. 781. 00 RELEASECQOAT- CONC 25 75001.051. 0100 Comparative sanpl es
of commercial products 631 and 633 D450 starch-oil coated yans; 690 and
695 starch-oil coated yans and 1383 G 75 yans which are 5 commercially
avail abl e. from PPG I ndustries, Inc. were also evaluated. In addition,
t hree Conp | | es. X1, . X2 and X3, each coated with the sane aqueous
formng c o@ﬁ%@"é‘#ﬁ%ﬁ%?&mﬂs £ CMPesiipns) presngldeyn comartibleantdtheemsiored.
‘Conmpar at i viaustdsEmeimeovid floacths fabridgiriehto iRpFedhdti F7o 8 ‘W- TR eginanpl e X2
~-had 4.9 wei g%t pgc nt _solids ﬂgﬁfd _‘msﬁgiéﬁdfl?ggglbff%?@a out ﬁdg\jrggs'ﬁat 25C. .
Conparat i VEIELAlSH scrbed pheve, thisig mgRt cosemenly ecenmplighed by heaEVERYO 6717

tially @éa Fi3r ) i I | ' | vaj |l gble from
DN 5. Loy iy e, T S YieBfo. FoBRvehheat bR TEBFE s s BtBinatnt “wni on -
is comer dhegiaps fbars (and thefgie the gams @ndfalwics domEditherafiam) and cdlses. 13

Onion Cartps JRto HAH: 0 1) Eabpdlite Crdfo® SERE PhErbuiR0 Y 160
bot on ni t rare @pplistierthe watp andéar, il privt e weaving, dodot seqaia idnidVaborior
NI TRI O Reb SHRBrA ERn ROy SRt et fa o P8anre: Bepfeloms in @ sper si on
whi ch i.s quefeeed] adi-imiting ehbblifeht 8Mthé PR<eABinbarion, tha%abridfis FEkrRihdoe.
Tenn.esﬁfe'thér?r?al trea ncl)elr{t gﬁ ir)hzen;glbéeegralda%on prior to impregnation: - - e
Additionally, in conventional fabric forming processés; after removal of the
sizing compositions by heat cieaning; a ﬁnishihg size must be applied to the fabric
prior to impregnation to improve the compatibility between the fabric and the
. polymeric resin. By applying a resin compatible coating to the warp and/or fill yams
15  prior to weaving in the present invention, the need for fabric finishing is also *
eliminated. Therefore, in another preferred embodiment of the present invention, the
fabric is preferably substantially free of residue from a secondary coating and/or é
finishing size, i.e., less than 15 percent by weight, more preferably less than 10
percent by weight of residue from a secondary coating and/for a finishing size. Ina |
20 more preferred embodiment of the present invention, the fabric is essentially free of
residue from a secondary coating and/or a ﬁnishiﬁg size. As used herein, the term
‘essentially free” means that the fabric has less than 1 percent by weight, more
preferably less than 0.5 percent by weight of residue from a secpnd;ry coating
and/or a finishing size. - '

25 The present invention will now be illustrated by the following specific, non-
limiting examples. - '
EXAMPLE 1

| The components in the amounts set forth in Table 1A were mixed to form
' 30 aquieous forming size compositions A-F according to the present invention in a )
similar manher to that discussed above. Less than 1 weight percent of acstic acid . _
was included in each composition. Aqueous forming size compositions A-F wére )




16 Septenmber 2004 PCTIUS01/ 08684 WEI GHT PERCENT OF COVPONENT ON TOTAL
SCLI DS BASI S COVPONENTSAMPLE X RD- 847A28. 9 DESMOPHEN 2(0@(Bebtdmberp2. 3
AL74" 9430 PldRENI C. F 108' 210. 9 VERSAM D 140' 2' 4. 8 MACOL PRA0R@%86 - POLYOX
WBR- 301 7230.6 The yans of Sanples A-F and the Conparative Sanpl es were
evaluated for loss onignition (LA) and air jet conpatibility (A r Drag)
using the "Air Jet Transport .5 Drag Force" Test Method di scoed above in
detail. Each yam sanple was fed at a rate of 274 neters (300 yards) per
mnute through a Sulzer Ruti needle air jet nozzle unit Mddel No. 044 455
. 001 whi ch chagdanto E e 2

LisTbr Stdnds CEaeh af‘ih@ '?ornﬁ? {i&ng n#tﬁ;ﬁaégﬁ adb 5

mllimeters and a nozzle exit tube ..havin cen'tlmetersi
- (comner ci Yaight peEGEnknlidss Farh &ﬁ%llaﬁuﬁbereﬁaﬂd)wa)wlstadmﬁogn alyam andCar ol 4 na)
~at an air 4 are inch) gauge. A
t ensi omet ng ”ﬁgz’“f)fgﬁb.’%ﬁg I'n cg’?\%@bfug‘“iﬁﬁgﬁﬁﬁ%gmﬁuni%B‘B@ief'{)on prior to
t he yam efampleB.t wes adated with aquedus. forfiling siee sormpedition B)bot vabetim disisur ement s

2. AR p o hehEcraldle PR wulEa Aot e Pea@s?%%‘gf@a%%ﬁ? ot den
Cheni cal s igritionQailuesyy fess GirO1 wet hmHEHn%%QSHPﬂ i 16 on‘?ﬁhﬁ%e di ol
. which is cogrres?&%lly avatlablefromBa er of |lbltt

Pennsyl vaNP&es f@’?dg}aﬁﬁfﬂe'ghwfmyﬁwah rret hoxysi | ane. Whl chis
commercially availabl.e fromCK Wtco Corporation of Tanytown, New York. "s
‘A-1 74 gammm- net hacryl oxypropyl tri met hoxysil ane which is comercially
available from CK Wtco Corporation of Tarrytown, New York. '2 PLURONIC m
F- 108 pol yoxypr opyt ene- pol yoxyet hyl ene copol ynmer which is commercially

avai.l abl e from BASF Cor por ation ofParsi ppany, New Jersey. VERSAM D 140

pol yam de which is comrercially avail able from Cognis” Corp. of Cincinnati,
Ohi 0. 122 MACOL NP-6 nonyi phenot surfactant which is commercially avail abl e
from BASF of Parsi ppany, New Jersey.
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' 23 POLYOX WBR- 301 pol yet hyl ene oxide) which is commercially available from

Uni on

Car bi de Cor p.
01/ 6875%‘,89;%,}@91108684 air jet as-the respective yams
into the air jet nozzle.

gpul

w

These values are set forth in

of Danbury, Connecticut -98 16 Sepibe3ptemaC0000O

| ed

e 1 C bel ow

‘Table 1C Air Jet Transport Sanple No.Yam TypeLG (% Drag Force Drag Force

(grarnt)(

gram,,, per

B. G 750. 3595. 0143,587 CD 4500. 5237. 33278, 582 DD- 4500. 4047. 1351, 493
E. G'750. 3579. 3119, 789 FG 750. 3583. 2125, 680 Conparati ve Sanpl es

631*D- 4501. 621. 45160, 075 633*D- 4501
695*G 751. 0100. 46151, 752 1383G 750

Tatfa 1

gtam) AG 750. 3568. 5103, 474 BG 750. 3084. 9128, 248

84, 328 690*G 751. 0108. 23163, 489
21, 858 XlG— 750. 3336 454 985

9 RD-847A polyester resin which is commermally avanlabte from Borden Chemicals of
Columbus, Ohio.

+ %8 DESMOPHEN 2000 potyethylene adipate diol which is commercially available from Bayer

Corp. of Pittsburgh, Pennsyivania.

* EPI-REZ® 3522-W-66 which is commercially available from Shell Chemical Co. of Houston,
Texas. -

1% EPON 826 which is commercially available from Shell Chemical of Houston Texas.

0 PVP K-30 polyvinyl pyrrofidone which is commercially available from iISP Chemicals of
Wayne, New Jersey.

2 A-187 gamma-glycidoxypropyltrimethoxysilane which i is commerclally available from CK
Witco Corporation of Tammytown, New York. -
® A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporation of Tamrytown, New York.

1% A~1100 amino-functional organo silane coupling agent which is commercially available from -
CK Witco Corporation of Tamytown, New York.

5 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

1% IGEPAL CA-630 ethoxylated octylphenoxyethanol which is commercially available from
GAF Corporation of Wayne, New Jersey,

% VERSAMID 140 polyamide which is commercially available from Cognis Corp. of

_Cincinnati, Ohio.

198 A KAMULS EL-719 polyoxyemylated vegetable o‘l which is commercually available from
Rhone-Poulenc.

" KESSCO PEG 600 polyethylene glycol monolaurate ester, which is commercially available
from Stepan Company of Chicago, llinois.

1% MACOL NP-6 nonylphenol surfactant which is commercially available from BASF of -

: _Parsuppany. New Jersey.
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X2G 750. 1519 028, 701 X3D- 4501, ST IEcrBreR SISy IS « .
“phi D-4501. 66' 10. 4377, 836 .5 * Q)at ed W|th st@oﬂbgmsﬁm ng i ons.
As shown fri—Tabl@ T C apbove, eacirof—tte yars ASARMPLE X ric
matri x ngterTat Qe—stzfrg—-cpn RS ac et rg—ta—t{e—predent
i nventi oﬁw@—g%‘,?m??.‘w?znspcr AL Jes1gr \IIJ : i“ %J‘), ooff Mnly the
star ch- oi\REBIEY 10 commor cial bty 2oHs | L3158 | h0dd BiiY idcafharible
with the %DHQ_P i) x—mat et i 2f47 i ‘.(39& bd BhaveO hhd @i+ [Jel Transport
Drag Val U i A -WH86,"100 00 0 21057 0 0 0
B EPON 826 '™ 0 0 - 0 0 16.12 | 63.54
PVP-K30 ™ 0 9.7 | 15.79 | 1521 1.31 5.18
A-187 2 2.3 23 1842 | 811 | 317 (| 1251
A-174 %% 4.7 48 | O 0 0 0
{A-1100™ 0 0 8.42 | 8.11 -0 0
7 PLURONIC F-108 105 10.7 5.6 0 0 0 0
. [\GEPAL CA-630 ™ 0 0 474 1639 | 1.63 6.44
VERSAMID 140 % 4.8 4.8 0 0 0 0
ALKAMULS EL-719 ' 0 ) 0 0 163 | 6.44
KESSCO PEG 600 ** . 0 0 0 0 0.79 3.11
MACOL NP-6 '° 36 36 { 4.74 | 6.39 0 0




Sanpl e yans Cw and DI v, which had polyneric matrix conpati bl e coati ngs,

had Air Jet Transport Drag Values | ess than 100, 000 beéz8spteroertA0gh
coating we\ekssen the yans, i.e., loss on ignition greai@fuidiabest: 5%

whi ch i nhibited separation of the 15 fibers, or fllanentization, of the yam
by the air jet. To evaluate | am nate strength 7628 style fabrtcs (style
paraneters discussed above) were fornmed from sanples of 695, Sanple B and
Sanple B. -99 WD (c) 1168752 16 Sept enber. 2004 PCTIUS(c) 1108684 G 75 yans
(di scussed above), respectively. Eight plies of each fabric sanple were

| ami nated with a FR-4 resin system of EPON 1120- AB0O epoxy resin

(commercially available from Sh.FI I EEE a El Conpany of Houston, Texas),

di cyandi am de, “2- et hyl i m-dazol PM gl ycol et her (cormerm all y
~avail abl §Trom 5 The Dow Chem CWEICHT PERCENRT OFCOMPONENTO '

| am nateq. - = Each |am nate wa

5 eval uat ed f ghLiDSBHSHE strength (' Mmpxi mum

failure
Met hods
- El ectroni 5 .
referenc Mgt-R—retal—ct '“%h-e itng
~accor di ng ?6 n-3 51313? 4. 0f d sBea
st rengt h | PoOX WORBQhear st rehgt 80 us{n® al 1909 Ini 01 i et @y 519th i nch)

" span and ROLARTERM ATt ' 1. b7 40 | i het8rk (@. d5 Onchd$)78oér 1.80n{t e
accor di ng RELEASEDOAT-ZONG 25M7 ch - ar@ spgcitf i £a1.05 |i hoédrpordted bp réf erence
herein. The results of these evaluations are shown In Tablle 1 D below. 15

Table 1D Sanpl @Br@mﬁwessmpﬁswfhﬁn%maﬂ ramasmsm FHea8D Sheer-oibt r engt h
Pascal spsi Pascal sPsi Pascal s X 106715342 101034650002 6 X

1073742 Bcoated Yams) 690 2&%@9§stﬁrcb@1mémm and 3}.3@@65 yaggywhich gre
106629592 ém&aé@f%ﬂma?mﬁn PPG Im?r@é,[ @g WeRWikd dValtARE 1h aDngﬁm nat e

Sanpl es B and prepared according to present 1 Avention 'hi gher

f1 exur al %m@@!ﬂpwerﬁﬁﬂmlftﬁsth Xheach gpated with thehgame paugoushear

strengthm Sfdnt qillr;ﬂl.pt m PLE m rch-oil
coated gl ass chdm )g?ié%p siﬂﬁgn Lglﬁg {“fo'lr%{ aelgt\'/eg éﬁ’% M383 and X1
were al so eifiht per¢esh s aa ample idchweighB0 gr ans

I Saﬂmxaﬂwed:.’fﬁ)w Ehtl eldsc € dmpaaatpve\Sangple X2 dradi ig
to each yam S%{TQAT%S and was air dried for about 8 hours at 25°C. Comparative Sample X3

10 had 4.6 weight percent solids.

" EMERY® 6717 partially amidated polyethylene imine which is commercially available from
-Cognis Corporation of Cincinnati, Ohio.

112 EMERY® 6760 lubricant which is oommerc:a!ly available Cognis Corporation of Cmcunnatt
.Ohio,

3 POLYOX WSR-301 poly(ethylene oxide) which is commercially available from Union
Carbide Corp. of Danbury, Connecticut. ‘

% POLARTHERM® PT 160 boron nitride powder particles, which are commerclally avaiiable
from.Advanced Ceramics Corporation of Lakewoad, Ohio.

18 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron riitride particles in aqueous
dtspersmn which is commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.
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. as the sanple is pulled at a rate of 274 neters (300 yards) per mnute
through a pair 25 of conventional tension neasurenent d@\ﬁ&p@emlbm\ﬂmg a
station post of about 5 centinmeters (2 inchesglqt nount ed
t her ebetwv\%%ﬁgh{gﬁgl splace the yam 5 centinmeters froma strail gEB 6?line pat h
‘between the tension neasurenent devices. The difference in force in grans
Is set forth in Table 1 E below. The Friction Force -100 16 Septenber 2004
WD 01/ 68752 PCT/ US01/ 08684 test is intended to. simulate the frictional
forces to. which the yamis subjected during weaving operations. Sanples A
and.$ and Conparative Sanples 1383 and X9 were also evaluated for broken
filaments using an abrasion tester. Yable #8indred grams of 5 tension were

applledtoe-&e-lﬂr—t-es-t-—sma‘p-l-e—ae—e-&eh— 7 at e of
0.46 neterq {18 inches) per minute fpr f i { o bgasi on
testing af LIDS ‘§t| ve danpl e

wer e eval udied an&%ﬁﬁ@l‘lﬂﬂnp of e nunber roSAMPd-IEéﬁ i‘J lamentsfis
reported i | RBS¥EAT E bel ow._ The ab asi on_tester 28hsi sted of tw] parall el
rows of stddPESMEPHEN2008 ¥ow being L0 positioned 44.1 nch apart Eadh test
yam sanpl e w387 Af eaded bet ween two dj acent reed®3of the first rfow of
reeds, therl A-Wv4&8ed bet ween two ad) pcent reeds ofgghe ~ second r oWy of
reeds, but q:b[gm@m{glpqognm ance of ofie-nart Ach BRygeen The BT of ,
reeds. The CTTOLES armd—forth OVER g | fFfour—mch—+4qngth in a
~direction e 4

per m nute.
No. 1383-->

t msrm2. 01. 03 81 0 fllarrents per‘fyard of yamAs shovvn in Table 1 E, Sanples
A and B, whi ch HieyamseiSemples AL andihe Copmsalive Samplesorergievalugteddenn

: d O d
ow 1100t Sea Paed (O el 2F R b BTk B DR usifye AR REPankborfATE & 5"
Each ofS t hrag bppendastMethod disoursed abovesiordetalik th i n Tabl e 2A were mixed to
25 Torm aqueousedcR'yahi\aripié Wa WA fat b4 RBErS {386 $aFdL) P& tinule® PTesent

“invention
through a Sulzer Ruti needle air jet nozzle unit Model No. 044 455 001 which had an

internal air jet chamber having a diameter of 2 millimeters and a nozzle exit tube
.-having a length of 20 centimeters (corhmercially available from Sulzer Rufi of
10 Spartanburg, North Carolina) at an éir pressure of 310 kiloPascals (45 pounds per
' square inch) gauge. A tensiome;er ﬁas positioned in contact with the yam at a
position prior to the yam entering the air jet nozzle. The tensiometer ﬁfdvided

measurements of the graﬁl force (drag force) exerted upon each yarn sample by the

115 RD-847A polyester resin which is cornmerc:ally available from Borden Chemicals of
Columbus, Ohio.

117 DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer

Corp. of Pittsburgh, Pennsylvania.

Y18 A-187 gamma-glycidoxypropylirimethoxysilane which is commerciauy avallable from CK

‘Witco Corporation of Tarmytown, New York.

¥ A-174 gamma-methacryloxypropyltrimethoxysilane which is commercrally available from

CK Witco Corporation of Tamrytown, New York.

2 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
-~ available from BASF Corporation of Parsmpany, New Jersey.

121 VERSAMID 140 polyamide which is commercially available from Cogms Corp. of

Cinginnati, Ohio.

2 MACOL NP-6 nonylphenot surfactant which is commercially available from BASF of

Parsippany, New Jersey.

' 13 pOLYOX WSR-301 poly(emylene oxide) which is commercially avallabie from Union
Carbide Comp. of Danbury, Connect(cut.
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and a Conparative Sanple Y in a simlar manner to that discussed above.
Less. _101 WD 01/68752 16 Septenber 2004 PCT/ usonosesm&mmmogm

percent of acetic acid on a total weight basis was incl
conposi WOJH/687Rach of the aqueous forning size conposi t#gfg's@)%ﬁ F of

Table 1A in Exanple | and G H and Conparative Sanple Y of Table 2A were
coated onto G75 5 E-glass fiber strands. Each of the forning size
‘conpositions had between 6 and 25 weight percent solids. Table 2A Wl GHT
PERCENT OF COVPONENT ON TOTAL SOLIDS BASI'S SAMPLES COVPONENTG . HConp.
Sanmpl e Y EPON 826 12416.1263. 5460. 98 PVP K-30 121. 315. 184 97 ALKANULS

EL-719' 21..63

6000. 793. 39 a%ﬁ'%?%éﬁﬁ@%f"%@%wgéﬁféﬁ%@i 130. 401 561 W& proTAL UBE
. HD 131 -A&e4ebforthROTABEMERNIEN. 160' 32000 RELEASECOAT- GONG 2513374. 781. 000
124 EPON 826 which is commercially available from Shell Chem cal of

" Houst on, Texas. 125 PVP K-30 polyvinyl pyrmidone which is commercially

avai l able from | SP Chem cal s of bR 1New Jersey. '26 ALKAMILS EL 719
' \/\hy\g_%— j oM

pol yoxyet hyl ated vegetable oil whi | s _comerci J _
Rhone- PJul enc.Sangi®No. CA- 63D Yamiywg||4Q8 §%b et Prambersay ¢t Aidel Trapsrayt { s
conmmercilal Iy available fron] GAF Corlporati on @Famaghe | NAFagdioses,. {28
" KESSCO REG 600 pol yet hyl ene| gl ycol ronol aufate ester, [whil@AMse BSmmbrci al |y
avai | ablle from Stepan Conphny of CHicago, |I1linois. '|29 /K28
‘gamma- gi[y&T doxypr opyl tri net hox@sis arle WS cly i s @8Bmer di al | Y0484 | ablle from
CK Wt CoTpor aton of Ta ry&oen, INepwagonk. 18400 EVERY(r) 138248 partfli al |y
am dat e B’,,;’,.,' yethytrene 1.m ne[Wigtis T J ceasielci aldg/o aval|l abl e43 68m
o C D450 | 052 37.33 278,582
{D ' D-450 0.40 4714 - 351,493
E__ G-75 0.35 793 119,789
F G-75 0.35 83.2 125,680
-{ Comparative Samp]es _ '
631* D-450 1.6 21.45 160,075
633* ' D450 1.3 38.1 284,328
690" ' - G-75 1.0 108.23 163,489 °
695* , : - G-75 1.0 100.46 151,752
1383 ' . G-75 0.75 14.47 21,858
X1 G-76 0.33 36.4 54,985
1X2 G-75 0.75 10.0 28,701
X3 D-450 1.37 12.04 89,851
1 Cu D-450 1.59 9.00 - 67,164
Dy - : D-450 1.66 1043 : 77,836
‘B * Coated with starch-oil sizing formulations. :

As shown in Table 1C above, each of the yamns A-F coated with polymeric
‘matrix material cbmpatible sizing compositions a;cording to the present invention
| had Air Jet Transport Drag Values greater than 100 000. Only the starch-oil sized
10 commercial strands which are generally mcompatlble with the polymeric matrix
materials discussed above, had Air Jet Transport Drag Values greater than 100,000.
" Sample yams C;; and Dy, which had polymeric matrix compatible coatings, had Air
- Jet Transport Drag Values less than 100,000 because of high coating levels on the
- - yams,ie,losson |gn|’aon greater than 1 5%, which inhibited separatlon of the
15 fibers, or flamentization, of the yam by the air jet.
. To evaluate laminate strength, 7628 style fabrics (style parameters
discussed above) were formed from samples of 695, Sample B and Sample B,,,
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- Cognis Corporation of Cncinnati, Chio. 131 PROTOLUBE HD high density

pol yet hyl ene enul sion which is comercial ly avail abl e f¥oBepterSlydorang4

Chemi cal i<, M ngham New Jersey. 132 POLARTHERMr) R n nitride
powder g??lilg eé, whi ch are commercially avail abl e frongﬁgor}@géﬁ@r am cs
-Cor poration of Lakewood, Chio. 133 ORPAC BORON NI TRI DE RELEASECOAT- CONC 25
boron nitride particles in aqueous dispersion which is commercially ’
avai l able from ZYP Coatings, Inc. of Oak Ri dge, Tennessee. -102 16

Sept enber . 2004 WO 01/ 68752 PCTI U$01/ 08684 Each coated gl ass fiber strand
was twisted_to formyam and wound onto bobbins in a simlar manner using

convent i of&?St¥aMs (isgussediabave)t resmediivelinEight plicseofiiacts fabria sampleaxdriabi t ed

m-ni mal  Sipzd —e“d\ﬁﬂ'ﬁj' ' Wi Sid -t ans_of . Sanpl es E and G
exhi bi t ed EnPEICH V4 ﬁ&fﬁ%’&‘&%&%ﬁﬁ%@”?ﬂ?&ﬁ%ﬁg&%@ RS (Gommeptialiya ) es E- H
and Conparareilable Bamdbtel Chemim! Conlpany etHbwtor\Texad) digydrdiamige,m | ar manner
to Exanpl xce | r Drag val ues were _determ ned for

t wo' bobbi ?’é‘%ﬁ'&ﬁ@ﬁ%&eﬁﬁgb@&‘g@@@Sﬁ&?’&&'@%&c‘?mmw"& ayglablefion . yam was .
eval uatied TherDaw GhamizahOot Migand \McRBan) tb 3FR1Tafirds, 1200 neters of yam at

No

200-neters perljl_:m gqt e. using a Shirley Mdel . 847041 L broken filanment 10
det ect or, whi cfF9°8 '‘XBRaleEsavalualadfor Benueal sirengtimaximuen failorestrebs) nc.  of

Engl and. té'dliﬁg%cb}@rhgﬁ&g g\ﬁmg@b *EE@W 886 ekt I\ﬁ?ﬂ&ﬂ ﬁlgﬁﬂél 3’5 onduct ed on

four bobbins  of ea The . bro anment val ues are ed from

sect i ons ‘Bstitfe fordaterronnecting mod RagkagirsElgctionicy (Detompentatyd) angicia gr ans
6/ 10 pou : : 0. 1 ch ya s al so-

-(eval ua!to ed'gg %?’ﬁ%gyg{&i’ nﬁ%% gésf?rieﬁbge Q‘%@'@%R%?t?lhgﬁcﬁ'a"mrga\é@S bel ow. The

nunber Gof remevastby ¢iching aceording tnisention 882, dioh PC-410hand3dk fterk@miaaon Met hod

is determ 1. 0di a_sa e amfr a.bobbin at 200

-Imet ers/ mmﬁﬁ?%ste%ﬁg{ggg%% s@%ﬂ?#ﬁ?@hb ng §é%ir8e'§'“l5'ﬂ‘*t8rl (GHitainch) spasy ani ¢

pins and apdsmisabeadpepdof 1127 milinetdis (605 irchs)}e? kanutt abadgrang Xglet ector

di scussed 20, count the nunber of broken filanents. -103 WO
01/ 68752 f‘%gﬁ’éﬁi‘é%iﬁw Eh B InsFitioglly sncarperateddy refesenre herein. The results

of these evaluations are shown in Table 1D below.

15 ,
Table 1D _
Sample Flexural Strength Fiexural Modulus Short Beam Shear
: : Strength
Pascals psi Pascals Psi Pascals | psi

B 4.9x 10° 71534 | 2.4x10" | 3465000 | 2.6 x 107 3742

Brac 5.0x10° 72215 | 24x10" | 3450600 | 2.5 x 10° 3647

695 4.3x 10° 62959 | 2.3x 10" | 3360800 | 2.3x 107 3264

\As shown in Table 1D, Laminaté Samples B and B,,. prepared according to
' the pres_ent invention had higher flexural strength and modulus values and similar
20 short beam shear strength when corhpared to laminate samples prepared from 695
starch-oil coated glass fiber yamn. ‘
Samples A and B and Comparative Samples 1383 and X1 were also
eiralgated for Friction Force by applying a tension of 30 grams to each yam sample
Vas the sample is_ pulied at a rate of 274 meters (300 yards) per minute through a pair - )
,' 25 of _conven'tional tension measurement c_ievices'having a stationary chrome post of
| ‘about 5 centimeters (2 inches) diameter mountéd therebetween to dfsplace the yam
§ centimeters from a straight line path between the tension measurement devices.
“The difference in force in grams is set forth in Table 1E below. The Friction Force
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- Sanpl e NUMBER OF BROKEN Conp. FILAMENTS PER METER EFGHSanpl e OF YARNY ful |
bobbi n0. 8870. 241greater 0.0650.192 than 10 136 grans ( 3ibl®eptember 2004

pound) O greater 0.0130.320 .than 10 272 grans (

pound) o."%gg’g@g%gr eater 0.1010.192 than 10 GATE- TENSI m%@r%é’#’“s‘éf hairs
per nmeter) Gate 2-0.039-0.02350.721 Gate 3-0.025-0.0280.571 Gate 4-
.0.0125-0. 0680. 4795 Gate 5-0.015-0.0930.85 Gate 6-0.0265-0.1180.993 Gate
7-0.0695-0.311. 0835 Gate 8-0.117-0.5571. 81 AIR DRAG (grans) 25 psi Bobbin
| - 10. 420- 10. 86011. 610 Bobbi n 2-10. 600-7.85011. 610 30 psi Bobbin

| -11. 690-12. 50013, 680 Bobbin 2-12.200-8.54013, 850 35 psi Bobbin

1- 13. 490- 1dst@Sinténdea do Salokite i fictodat force @ which thelfarn & Sbjeeted during
1-14.740-14.11017. 560 Bobbi n 2-14.860-11.01617. 610 45 psi Bobbin *
.- 1- 16. 180- YEAEF1PERY Bophi n .2- 16. 680- 12. 70018. 950 50 psi Bobbi n

1-17.510- . 19. 28-4npldd A B8 iy Corhparbtiit $4mP18o 3888kl X1 were also
. evaluated for broken flaments using an abrasion tester. Two hundred grams of
5 tension were appliedn each test sample as each test sample was-pulled at a rate of
0.46 meters (18 inches) per minute foi' five minutes thrdugh an abrasion testing
apparatus. Two test runs of each sample and comparative sample were evaluated
- and the average of the number bf broken filaments is reported in Table 1E below.
The égrasion tester consisted of two parallel rows of steel reeds, each row being
10 positioned 1 inch apart Each test yam sample was threaded between two adjacent
reeds of the first row of reeds, then threaded between two adjacent reeds of the
second row of reeds, but displaced a distance of one-half inch between the rows of .
“reeds. The reeds were displaced back and forth over a four inch length in a direction
parallel to the direction of yam travel at a rate of 240 cycles per minute.

15
Table 1E
Samples
A B Comparative Comparative
Sample No. Sample No.

' 1383 - X1
Friction force {grams) 24,7 | 18.3 239 38.1

Number of troken 20 | 1.0 3.8 1.0

filaments per yard of yam

As shown ir Table 1E, Samples A and B, which are coated with sizing
compositions containing boron nitride according to the present fnvention, had few
20 broken filantents and fow frictional force when compared to the Comparative
Samples. _' |

- EXAMPLE 2
Each of the components in the amounts set forth in Table 2A were mixed to
- 25 . fofm aqueous forming size compositions G and H according to the present invention

and a Comparative Sample Y in_ a simifar manner to that discussed above. Less
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55 psi Bobbin 1-19.570-23. 35029. 350 Bobbin 2-19. 660-20. 25026. 580 Wil e the
test results presented in Table 2B appear to indicate tltaSepbambere2004E- H

accor di He present invention had generally higherpaphgisesd €Si st ance
t han S‘P%ﬁ%g?rparative Sanple Y, it is believed that these results are not

conclusive since it is believed that a pol yethyl ene emul si on conponent of
the Conparative Sanple Y, which was not present in Sanples E-H,
contributed to abrasive properties of the yam -104 WD 01!68752 16

Sept enmber . 2004 PCTI US01/ 08684 EXAMPLE 3 Each of the conponents in the
amounts set forth in Table 3A were mxed to formaqueous form ng size - :
- CONpOSi t {AAS Weight Peroént!sf acaticradidn d total eight basimwasinclwdedin @a¢h Each aqueous
form ng size cgnposition-was prepared in a Simlar manner to that .

. di scusse@omPeHON-| ess than | wei ght percent of 'acetic acid on a total =~
vei ght = basi s pugp of el Hieeud Brfing Bize @ompesitiors'E afthE lof Table A lmqueous formi ng

si ze conpositions of Table 3A was coated_onto 19" E- ss, fi strands.
Each of Ewemple hand Gs Hand Crmpparaiivestrinmiey %ﬁb&l@i e’F(?"g@@é‘h‘f b’ébﬁi ds. .

- Tabl e 3AFYE] PEB@@\“ o@@k@@hﬁ sizd chipObiticHelHaaDeRASHrTD SAA/P5 ES
CC]VPOQEN%Q_l Irref)rasra | \ieE%glrrpl e thgr nopl Ig-sﬁt I ¢ pol yurethane film.
. 34. 434. 23z@ight peedlisdlidbor m ng. p6l yner| thernopl astic pol yurethane film

51. 551. 250. 1846. 951. 7 form ng pol yner-' 35 pol yoxyal kyl ene pol yal
copol yrrer 0. 30. 30. 30. 3 0. 33 epoxi di zed pol yester lubricant7.27.17.06.557. 22

ganmma- ami nopropyl 2.72.72.72.52. 76Table 2A /
' — | WEIGHT PERCENT OF COMPONENT
ON TOTAL SOLIDS BASIS _
SAMPLES
COMPONENT G . H Comp. Sample Y

EPON 826 ' 16.12 63.54 60.98
PVP K-30 & 1.31 5.18 4.97
ALKAMULS EL-719 ' ' 163 6.44 ~ 6.18
IGEPAL CA-630 ¥ 1.63 6.44 6.18
KESSCO PEG 600 0.79 311 2.98

TA87 & 3.7 12.51 12.00
EMERY 6717 0.40 1.56 ~ 150
PROTOLUBEHD®' . ) 0 461
POLARTHERM PT 160 ™ 0 0 0
RELEASECOAT-CONC 25' 7478 1.00 0

12¢ EpON 826 which is commercially available from Shell Chemical of Houston, Tegtas.
125 py/P K-30 polyvinyl pyrrolidone which is commercially availeble from ISP Chemicals of
Wayne, New Jersey. ~ ] _ ;
126 o] KAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc. . -
127 {GEPAL CA-630 ethoxylated octylphenoxyethanol which is commercially available from
GAF Corporation of Wayne, New Jersey. o . .
128 KESSCO PEG 600 polyethylene glycol monolaurate ester, which is commercially available
from Stepan Company of Chicago, lllinois. )
129 p_187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
"Witco Corporation of Tamrytown, New York. )
1% EMERY® 6717 partially amidated polyethylene imine which is commercially available from
" Cognis Corporation of Cincinnati, Ohio. . _ ]
3t pROTOLUBE HD high density polyethylene emulsion which is commercially available from -
~Sybron Chemicals of Birmingham, New Jersey. o . .
12 pOLARTHERM® PT 160 boron nitride powder particles, which are commercially avallable
from Advanced Ceramics Corporation of Lakewood, Ohio.
13 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride particles in aqueous
dispersion which is commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.
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- triethoxysil ane coupling agent gamra-urei dopropyl 3.33.33.23.03.34
triethoxysilane coupling agent am no-functional organo 16iSeptamber 2004

0. 10. 10 MO 01/687528 coupl i ng agent RELEASECOAT- CONC 251360.PCi/@sb1886830 | oss
on ignition (% 1.111.141.051.081.17 134 Thernopl asti c pol yest er - based

-pol yur et hane aqueous enul si on having 65 percent solids, anionic particle
charge, particle size of about 2 mcroneters, a pHof 7.5 and a viscosity
‘of 400 centipoise (Brookfield LVF) at 25C. 135 Thernopl astic

pol yest er - based pol yur et hane aqueous di spersion having a solids content of

62 percent, pH.of, about 10 and aveyage rticle size rangi rom about ‘0.8 -
Lo mbout 2.5 ERc orebytEss g @@‘@%‘&&%\éhg bt 2 CONC 25 .-
boron ni tlﬁdﬁbﬁmﬁratsuﬁheﬁﬁnanheaw a&wedtrmﬁmstmg edliphfent.sTieoyaras ef al |y  *
“avai l abl e_from ZYP Coati.ngs, Iﬁgg of GCak Ri dgg Tennessee. -105 WO 01/ 68752

' 16 Sept enSemplesdzanditextikited migirl sizingehsddling 'HFﬂ)‘l‘“&“‘é‘"B\a"Q aps phe above
coated glgﬁ hBRe P Jﬁz éggm; L dofRig 89 Z were extrusion
nol ded at 8%#??émﬁg secé%ds g% "\ lgg ps? to produce 254 x 254 X
3. 175 & | | i met €he yams okSaoples -1 26d mmwesa)twp BamwbasY vergawluated iirddh was
eval uat edf or. dul us
accor di nngag 'Kﬁ%&%eg%&?eﬁ%%&a? ﬂ{ét g % ;b)?(%ér a %dul us
accor di ngdéterrifed/fdviniid babtih s&iiplesatithe (preﬂsamsalMcaiadl mt'Eeh:dn:lsz Bdch npact
strength accordin STM Met hod D- 256, at _t he Ias nts ) C|f|ed
bl o, TaYAtE WBS SYPREIARher FyreAGEdThes ofproka lamepfiire A2t BIFs phv
f or med usamohﬁefer@?mﬂhﬂemsmpa smuémoaemdma 10441 bskeR filahipk E 3B Sarml es
uni t sKLIMNCo 8%‘ e Z Tensi ? si27.127 7. 3217 4%?

VP2 18500 19ejedian M idis samateiee) V@Hafisé??f’s v ‘m@é Epglangs 3. 423. 32

: . These values represent the average of measurements condugted on four bobbins of

each yam. The broken filament values are reported from sections taken from a full
bobbin, 136 grams (3/10 pound) and 272 grams (6/10 pound) of yarn unwound from
the bobbin.
15 Each yam was also evaluated for Gate Tension testing are set forth in
Table 2B below. The number of broken filaments measured according to the Gate
Tension Method is determined by unwinding a samiple of yam from a bobbin at 200
meters/minute, threading the yam through a series of 8 paralle! ceramic pins and
passing the yam through the Shirley broken filament detector discussed above to
20 count the number of broken filaments.
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Tensi |l e Modul usnpsi 1. 481. 551. 471. 441. 51 GPal0. 210. 710. 19. 910. 4 Fl exural

St rengt hkpsi 44. 646. 345. 745. 544. 0 - MPa- 307. 6319. 3315. 236N cptaitder20B4exur al
Modul usnweielss®B2. 561. 541. 541. 5 GPal0.5' 10. 7. 10. 610. 610. 6pepishrekessZCOD ft

| bdi n1. 862. 241. 941. 631. 16 Inpact .. kJ/ nR7.899.508. 236. 914. 92 unnot ched
1.ZOD ft | bdin2l.822.921. 1-20.522.0 I npact kJ/ nR92.4397. 1089. 4686. 9293. 28

A ass content 32. 932. 632. 432. 332.4 As shown in Table 313, glass fiber
strands coated with boron nitride particles 15 (Sanples K -N) according to
t he present invention exhibit inproved tensile strength and notched |zod

‘i npact properties and simlar tensi.lJ gation and nodul us, flexural - :
strength and nodul us and unnot ched act properties when conpared to

a co_rrgar At Tve sanpl € havi. NG 1 mrar conponent %dMB!&“ ara not_contarm bor on
.nitride L orgen —WretTE evauatEd orm=0—tes] n .
under siy IBM]E BER D RGKEN 1 873:2 1 2 UsdL/ 08684
condi'tigns Q en”en ngth and not ched| I'Z npact
propertijes—wne t , ' Reeompohen s—injthe
" anounts fet for ' f? gl B85t 7e
comosi th ~C - ot he priesdd j mmnr Laon}_ Fach _afjueous
) fo?ﬁi ng pP@ﬁgred PZ S rgreater nlanR3t of t B320di fcussed
above. Uess than | weight pekcent ofl acetic add8ndh b total leight basis.
was i ncludetR gremsdSH0neupdsi it i 8:67610 ERD300f| tgreatatjuosiOlor hi 0192 zp
conposi ti ons of Table 4A was| coated jonto G Bxhaéyl@dsk fiber ptrands.|Each
of the fPGATIHITENSION (mmiertj ons had] 10 wei ght * percent solifs. Tabl'p 4A
of hairs per meter) - _
Gate2 -t —- 0.039 ~ 0.0235 0.721
Gate 3- : - 0.025 - | 0.028 0.571
Gate 4 - 0.0125 - 1 0.068 0.4795
Gate 5 - 0.015 - 0.093 0.85
Gate 6 - 0.0265 - 0.118 0.993
Gate 7 - 0.0695 - 0.31 1.0835
Gate 8 - 0.117 - 0.557 1.81
. AIR DRAG (grams) - '
25 psi Bobbin 1 - 10.420 - 10.860 11.610
Bobbin 2 - 10.600 - 7.850 11.610
30 psi Bobbin 1 - 11.690 - 12.500 13.680
Bobbin 2 - 12.200 - 8.540 | 13.850
35 psi Bobbin 1 -- 13.490 - 14.030 15.880
' Bobbin 2 - 13.530 - 9.570 15.630
40 psi Bobbin 1 - 14.740 - 14.110 17.560
Bobbin 2 - 14.860 - 11.010 17.610
45 psi Bobbin 1 - 16.180 - ~16.390 19.830
- Bobbin 2 - 16.680 - 12.700 18.950
50 psi - Bobbin 1 - 17.510 - 19.280 22.410
Bobbin 2 - 17.730 - ~14.000 20.310
55 psi Bobbin 1 - 19.570 - 23.350 29,350
{ "Bobbin 2 - 19.660 - 20.250 | 26.580

While the test results presented in Table 2B appear to indicate that Samples
E-H according to the prx_esenf invention had generally higher abrasion resistance than

5 _the Comparative Sample Y, it is believed that these results are not conclusive since
it is believed that a polyethylene emulsion component of the Comparative Sample Y,

which was not present in Samples E-H, contributed to abrasive properties of the
yam. |
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VEI GHT PERCENT OF COVPONENT ON TOTAL SOLI DS BASI S SAMPLES COMPONENT' PQRS
t her nopl astic pol yurethane filmform ng 2328. 7528. 7523 1p@eptanbed’ 2004
t her m)gjgﬁ%li) gspol yurethane filmform ng 34.4543. 143134. Abyr/po4ayiaees S
pol yoxy kyPene pol yol copol yner 0. 220. 270. 270. 22 epoxi drzed pol yest er
| ubricant4. 86.06.04. 8 ganma- am nopropyl 1.84.2.32.31.84 triethoxysilane
coppling agent ganma-urei dopropyl 2.222.782.782.22 triethoxysilane coupling
‘agent am no-functional organo silane 0.10.120.120.1 coupling agent
POLARTHERM PT 1601333. 3. 16. 700 "7 Thernopl asti ¢ pol yest er - based
pol yur et’hane aqueous enul si on having 65 percent solids, anionic particle
charge, particle size of about 2 mcroneters, a pHof 7.5 and a viscosity
of 400 centipoise (Brookfield LVMPEES‘ ' Thernopl asti c pol yester-based
- pol yur et hane aqueous di spersion having a solids content of 62 percent, pH
of about 10 anEaek efthgeopmohends in the asmauatsgieh fprthrio iTable GAtweére @nikexd wbout 2. 5
m croneters. 139 POARTHERM r) PT..160 ron pitrid owder particles, which
Care connequ%?oﬂ?/ FinKNg, See #Eﬂﬂsi&aoaﬁgﬁ'z?“@%ﬂeﬁﬁc@ﬁ@ﬁﬁgﬁ %'FE%‘H of Lakewood,
Chi 0. 510iHvERlidhl/ EdthaduébusSerhing e sitibiovepfebbiiiofi 4 sithliddiiaieRCENT OF

COVPONENT ON TOTAL SQOL| DS BASI S SAMPLES COVPONENTPORS, ]
- to that discussed above. Less than 1 weight percent of acetic acid on a total weight

basis was included in each composition.

Each of the aqueous foi*ming size compositions of Table 3A was coated onfo
2G-18 E-glass fiber strands. Each of the forming size compositions had 10 weight
. ¥8 percent solids. : | o

‘Table 3A
WEIGHT PERCENT OF COMPONENT. ON
TOTAL SOLIDS BASIS
_ ' SAMPLES .
COMPONENT - K L M N Comparative
Sample Z

thermoplastic polyurethane film- | 344 34.2 334 | 31.35 - 345
forming polymer* .
thermoplastic polyurethane film- 515 512 50.18 | 46.9 51.7
forming polymer'™ '
polyoxyalkylene polyol copolymer 0.3 0.3 0.3 03 0.33
epoxidized polyester lubricant 7.2 71 § 7.0 6.55 7.22
gamma-aminopropyl 2.7 2.7 2.7 2.5 2.76
triethoxysilane coupling agent ' ‘ ‘
gamma-ureidopropyl 33 3.3 3.2 3.0 3.34
triethoxysilane coupling agent , K
amino-functional organo silane 0.1 0.1 0.1 0.1 0.14
coupling agent )
RELEASECOAT-CONC 25 1 0.1 1.0 2.9 9.1 | 0

.| loss on ignition (%) ‘ 1.11 1.14 105 | 1.08 1.17

134 Thermoplastic polyester-based polyurethane aqueous emulsion having 65 percent solids,

- anionic particle charge, particle size of about 2 micrometers, a pH of 7.5 and a viscosity of 400
cenfipoise (Brookfield LVF) at 25°C, ,

. Thermoplastic polyester-based polyurethane aqueous dispersion having a solids content of
62 percent, pH of about 10 and average particle size ranging from about 0.8 to about 2.5
micrometers. . o
%% ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride particles in aqueous
dispersion which is commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.
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VANTALC 20031400016. 733.3 loss on ignition (% 0.520.810. 800. 64 Conposite
sanpl es of each of the above coated gl ass fiber sanpl ed6d¥aiptarnker@ofpar ati ve
Sanpl e g3 € 3A above were extrusion nolded to progiga; 5 400 x
2.5 m I‘I&Ii(?rselt,ers (16 x 16 x 0.100 inches) plagques under the csgg’gﬁsﬁons set
forth in Exanple 3 above. Each speci nen was eval uated for tensile strength,
tensile elongation, tensile nodulus, notched and unnotched |zod i npact
strength as -discussed in Exanple 3 above at the glass contents specified
bel ow. The color tests were perfornmed on conposites having a thickness of
3.175 10 millineters (1/8 inch) and a dianmeter of 76.2 mllinmeters (3
inches) using a Hunter colorineter Mdel D25-PC2A. To eval uate materi al
handl i ng char a&ia8nosite samples afeach of theahaye cgated glass fihensamplescandthepl es “of

- chopped f o ad a .
sevggt ee%&ﬁ.@#réc}% Sa@ggff)%ﬂgggw}'Had?@%@bdbggmﬁ%wgﬂg%aﬁﬁﬁng on the

bott om TKE7S poiytelprodie\B5h k54 RNTE mmenétemmmsmrmmsimhéss plag0és.20 pounds

of sa unnel-. The PD-1 04 test eval uates:

|
Che” PoB o ERrh Ehbmeh S cylutigd dhradensle st fenie elonrliomand eoblen | o iy
grams of prsuRlue ackdidingyta RS TH Mefhoalu-emxeﬂémiawré}{gltﬂ PGt dauugshel |

particles No. 6/10 which are comrerci al ﬂé/ avai | e from Hammn rooducts.
B

Conpany) &RePreingdeAvdM Methad D-63nang petched prd tonaichndylzed impact steagth encl osed
4 | Red Devi |
e sk ek R gy 0 | 2

shaker SIX mnutes ‘was screened
usi ng No. 5 andakle 3Bpresaits theaasialtschf tes&scmntiycmd@nemmpﬁhmmdusmg cent of

fuzz e eens as a percentage of original sanple
S reggitécf%b %ﬁi&hﬁ%&ﬁﬁgﬁ%ﬁ%&ﬁs the results of tests conducted on
conposites formed using 25.Sanples P-S and Conparative Sanple Z using

~-nylon 6,6 matrix resin. '46 VAI\FFAL&éﬂg%éaIC powder particles, which are
commercially available fromR T |t Conpany, Inc. of NorwalKk,

Connect i fUT. - 108 Tabl € [4A (Cofpt a.) VWWETMEF
2004 PCj A Sar piull-.‘litéllli tsw;ull;t S3 OhE 2 N Comp.
_ Sample Z
Tensile Strength | kpsi 27.1 276 27.3 27.4 - 26.2
MPa 186.9 | 190.34 | 188.27 | 188.96 180.68
Tensile Elongation | % - |  3.32 3.37 3.36 3.42 3.32
Tensile Modulus mpsi 1.48 1.55 1.47 1.44 1.51
GPa 10.2 | 107 10.1 99 - 104
Flexural Strength kpsi 446 46.3 45.7 45.5 440
e MPa 1§ 307.6 319.3 315.2 313.8° 303.4
Flexural Modulus mpsi 1.52 1.56 1.54 1.54 1.5
' GPa 10.5° 10.7 10.6 10.6 10.6
notched 1ZOD it Ibfin 1.86 224 1.94 1.63 1.16
Impact . .
o kiim* | 7.89 9.50 8.23 6.91 4.92
unnotched IZOD ft Ibdin 21.8 229 211 - 205 22.0
Impact .
- kJ/im® 92.43 97.10 89.46 86.92 93.28
Glass content % 329 326 324 323 324

As shown in Table 3B, glass fiber strands coated with boron nitride particles
1 5 (Samples K-N) accordlng to the present invention exhibit improved tensile strength
“and notched lzod impact properues and similar tensile elongation and modulus,
flexural strength and modulus and unnotched Izod impact properties when compared
1o a comparative sampie having similar components which did not contain boron

nitride in nylon 6,6 reinforcement. When evaluated using nylon 6 resin under similar _
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Tensil e Strengt hkpsi 29. 528. 628. 7. 27. 729. 6 Mpa203. 5197. 2197. 9191. 0204. 1

- Tensi |l e El ongati on%3. 033. 052. 982. 973. 01 Tensile 16 September 2004

Modul uskipg bli861 779172017411748 Gpal2. 8612. 2611. 8612. 013 ddivbsdeed | ZOD ft
It/in2.101.961.941. 782. 26 | npact kJ/ n28.908. 318. 237. 559. 58 unnotched |Z0D
ft 1t/in24.923.422.8.22.226.4 |npact kJInR105.5899. 2296. 6794. 13111. 94

. Actual Loss on %0.810.520.800.64"'1.17 Ignition PD 104%. 30.70.11.40.1
‘Funnel Fl owseconds13. 815. 215. 423.513. 0 Wi teness | ndex-15.1-12.0-17.6
.-18.5-18.2 Yel |l owness | ndex40. 037.542.5.43.443.6 d ass

cont ent %33, 303332..9031. 7033. 80, shown in Table 4 |l ass fiber strands
coat ed w tGRTElPG BF MordueTents dpese sHoneh apf Bolohed ol imeest araRsHies 1 ho

present i nv&BinopPoBbserEdi t- | nproved whiteness and yel | owness and sinilar’
.tensile strength, elongation and nodul us, flexural strength -and nodul us,

~and notched and unnotched |zod inpact properties when conpared to a

Conparative Sanple Z having siml amfmts. whi ch did not contain. boron
* nitride in nylon 6,6 reinforcement™ LES Each of the conponents in
" the amfunt s setEdchraf the compdsientsSn ther amountesktfarttf ioTabeotower hixedtong Si ze

conpositi ' rding to.the esent, inveptio Each aqueous
form ng 339‘3“ g%'?répbglg :’H?'lﬂﬁﬁgag cg'?‘BB%‘i'%‘a Piothrqyg iShqoaF '%Wﬂg? Pe§efthat  15.

di _scEssgd imlentien. Ead?aqdagn;wmghﬁzmmnmmgﬁﬁreﬁﬁéiﬁziaa;q?smﬁq a total
wei ght basi s included ip ea onposi tion. Table 5A presents the
results ofoﬁﬂ\i\%@ﬁg%ssed Heyg?ﬁsotg!ﬂ‘égé"?@?@rc%trﬂj@&?t&ﬁ%m&ér\%@s‘ﬁﬁlﬁ f or med
usi ng SanbaeR was iktladet i eatA Yomposition. ' o

10 Each of the aqueous ferming size compositions of Table 4A was coated onto
G-31 E-glass fiber strands. Each of the forming size compositions had 10 weight
percent solids, ‘ |

Table 4A _
‘WEIGHT PERCENT OF COMPONENT ON
TOTAL SOLIDS BASIS '
. _ . SAMPLES
COMPONENT P Q R S
thermoplastic polyurethane film-forming 23 28.76 28.75 23
polymer™ ]
{ thermoplastic polyurethane film-forming { 34.45 431 43.1 34.45
-1 polymer™® :
polyoxyalkylene polyol copolymer 0,22 0.27 0.27 0.22
epoxidized polyester lubricant . 48 6.0 - - 6.0 4.8
gamma-aminopropyl 1.84 2.3 23 - 1.84
triethoxysilane coupling agent ' :
gamma-ureidopropyl ' 2.22 278 | 278 222
triethoxysilane coupling agent ’ ' -
amino-functienal organo silane 0.1 -0.12 0.12 0.1
coupling agent , : o
POLARTHERM PT 160 = 33.3, 16.7 0 0

‘”_Thfannnp]asﬁc polyester—!:ased polyurethane aqueocus emulsion having. 65 percent solids,
-anionic particle charge, particle size of about 2 micrometers, apHof 7.5 and a viscosity of 400
centipoise (Brookfield LVF) at 25°C. '

“3“ Thennoplasﬁq polyester-based polyurethane aqueous dispersion having a solids content of
62 percent, pH of about 10 and average particle size ranging from about 0.8 to about 2.5 -
micrometers, o

¥ POLARTHERM® PT 160 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.
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WD 01/ 68752 16 September 2004 PCTI USCL/ 08684 Conparative Sanple Z (as

- di scussed in Tablg 3A of Exanple 3 and repeated bel ow) 163eptember 261046, 6
mat ri X reeiolves7Be col or tests were perfornmed on conposit per/pgMiosessd
thickness of 3.175 millimeters (1/8 inch) and a dianeter of 76.2
mllimeters (3 inches) using a Hunter colorineter Mdel D25-PC2A. 5 Table
5 VEEI GHT PERCENT OF COMPONENT ON TOTAL SOLIDS BASI S SAMPLES'

- COVPONENTTUConpar at i ve Sanpl e Z thernopl astic pol yuret hane film
31.3528.7534.5 form ng po thernoplastic polyurethane film 46.943.151.7

' | t I di zed -
form ng pol yner pol yoxyal kyl en ol yol_ c | ymer 0. 30. 270. 3 epoxi d
pol yester | ubricant6.556.07.22 giﬁ&ﬁ—l‘é{t@%‘%ﬁgpyl 2.52.32.76

tri et hoxysilane-coupling agent gama- "'WEI@WWE*R’(‘)ENTE)?@S * |
ctriet hOX’ESI | ane coupl i ng ag’e\[l\tmarr‘n'_rlo;f UEIEIEI .(_)m Rl,%a]lﬂj§ W‘g%"‘%“ﬁ&"‘t 0.14 .

[ COAT—CONC—251H43Pp—116—+0—H
coupling cc-tandekq 220 $AMPLE§ shown in Table 5
| ndex- 163~ —20¢ €3S5—+Reex39—338- . ,
Sanpl es A g oo-ed—w-t-h—a—s ZLJPr: g nm’\rQ:I tibn cBnt afnj Ry beron
nitride b AEQ- Lcording to the pr se® i dventd on. | 101%&d | 0@83

whi t enest ;_l_nd.l_oes—l nnvlon 6 & t han Corr_ ar _'ttlve Sanple Z ofja sim lar
 fornul at Ligss ®Aiigmtien ¢ehot i ncl ude borbn Oh2 rifde 0.81 0.80 0.64

Composite samples of each of the above coated glass fiber samples and the
| Comparative Sample Z of Table 3A above were extrusion molded to prodtice 400 x
S 400 x 2.5 millimeters (16 X 16 x 0 100 inches) plaques under the conditions sét forth
- in Exampte -g;abo\_ie Each specnmen was evaluated for: tensile strength, tensile
" elongation, tensile modulus, notched and unnotched Izod impact strength as
discussed in Example 3 above at the glass contents specified below.
The color tests were performed on composites having a thlckness of 3.175
10 ‘millimeters (1/8 inch) and a diameter of 76.2 millimeters (3 inches) using a Hunter
colorimeter Model D25-PC2A. To evaluate material handling characteristics, funnel
flow tests were conducted on samples of chopped glass fiber. The funnel was
- eighteen inches long and had a seventeen inch diameter opening at the top and a
_ two inch opening on the bottom. .The funnel was vibrated and the time was recorded
15 for 20 pounds of sample material to flow through the funnel. The PD-104 test
evaluates the resrstance of the chopped glass fi ber sample to filamentation. Sixty
grams of sample, 140 grams of an abrasive material (ground walnut shell particles
No. 6/10 which are commercially available from Hamhon Products Company) and a
_ conventional foam type antistatic dryer sheet were enclosed in a 4 liter stainless
| 20 steel beaker.and vibrated using a Red Devil paint shaker Model 5400E3 for six
' minutes. The vibrated matenal was screened using No. 5 and No. 6 U.S. Standard
testlng sieves. The welght percent of fuzz material collected on the screens asa
: percentage of onglnal sample is reported below.
Table 4B presents the results of tests conducted on composites formed using _
25 Samples P-S and Comparative Sample Z using nylon 6,6 matrix resin. -

9 VANTALC 2003 talc powder particles, which are commercially available from R.T.
: Vanderblit Company, Inc. of Nomalk, Connecticut.
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141 Thernopl astic pol yester-based pol yuret hane aqueous emul si on havi ng 65

- percent solids,

anionic particle charge,
m crOrmW@,G@SpH of 7.5 and a viscosity of 400

particl e si zd6d@eptdyober 2004
cent i pecsassoBogsekfi el d

LVF) at 25C. 142 'Thernopl asti ¢ pol yester based pol yuret hane aqueous
-di spersion having a solids content of

62 per

cent,

pH of about 10 and
average particle size ranging fromabout 0.8 to about 2.5 mcroneters.

'43

- ORPAC BORON NI TRI DE RELEASECOAT- CONC 25 boron nitride particles in aqueous

di spersion which is commercially available from ZYP Coati ngs,
-1 10 16 Septenmber 2004 WO 01/68752 PCTI USO1l 08684 -
needl ed chopped gl ass fi ber

hBEES{E | €S,

Mt

Ri dge,

. mat - havi
_ounces p
(about 1
~ tenperat
conmponen
sanpl es
~di pped a
consi st
wei ght p
millilit
gama- gl
coati ng
particle
sanpl es
an oven
t her mal
(about 7
I ncor por
t her ma

Sanmpl e X

10

15

Tennessee.
EXAMPLE 6 Five layers of ADFLO C
is conmerci-all'y avail abl e from PP

I nc.,

I nc.

mat ,

of (Oak

whi ch

were stacked to form a

ng__a surface weight of 46 per square neter (about 15

br square 5 foofl)- The thi ckness of eac8amplepl e was 25 m || neters
I nch). Four ei¢ht ynich BquRre [sarpl OR tHis gal [Wwacempeajed to a
ire of 649C (aba ut 1200F) to rlenove - ssent ilal 'y alll sghplkfe] si zi ng
mww TP c] a9 hrative

Conparatt ve — $anghd )442=5'3t5 qt qlgygﬁlwgb,cglp '191b me E1X" wer e
LS /A S W Rz Rt 2 o, (25

ghlle Magulls o, kpsto_ } THERCT 51888 ahd 150

i enf e ﬁar..&lzmuﬂi 6 gt 1207147 12.0
Bdnry s | 848, |THOG of al-%4ol]i d678f |t h-28uebus
[ s118. 5 weight perlcent. {The amgunt of |boron nigride

5 15 applied tojealkmfat| s8801 4 31 1P08gBans. 7.55e jcofLE8] mht
YaneotdneclZQDr i rft iyiar n) gP4.9at| @3tenper2Burle 20.225C a6 hepted in
‘pimpadC for three hours|] Each jset off - sanplles was feval uat efl for
conductivity and tkgmPal| 10868 Jt a2 | 67 [alg4l @ THeET pfiudg S| of 300K
PREtAPCESsBmy (¢ ASHV VEINa@12( G 74 B/bCT] 10.6aPqC! 14 570 1

Aiditiony ref erenge hereing- The val ues folr t hgr mal conductlv t%l and
i —Tor d.(,ll%>dnp T3 E. beizldm T8 [ oA 6 CE-‘-’JY,V' able 6
m e béé&?las 'Tﬂralgb} N ak Hs-alnkuz—sgn 14131_0.':1-
Whiteness Index -15.1 -120 { 176 | -185 -18.2

Yellowness Index 40.0 37.5 425. | 434 436

Glass conient %’ 33.30 33 32.90 | 31.70 33.80

As shown in Table 4B, glass fiber strands coated with boron nitride particles

_ (Samples P-S) according to the lﬁresent invention exhibit improved whiteness and

yellowness and similar tensile strength, elongation and modulus, ﬂéxural strength
and modulus, and notched and unnotched Izod impact properties when compared to

a Comparative Sample Z having similar components which did not contam boron
mtnde in nylon 6,6 reinforcement.

EXAMPLE § |
Each of the components in the amounts set forth in Table 5 were mixed to
form aqueous forming size compositions T and U according to the present invention.
Each aqueous formlng size composition was prepared in a sitnilar manner to that
_-d' scussed above. Less than about 1 weight percent of acetic acid on a total welght

' basis was included in each composition. Table 5A presents the results of whiteness

and yellowness tests conducted on composites formed using Samples T, U and
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Tenperature (F)75.6274.14 (C)24.2323.41 Ther mal
- hour square feetF0.3730.282 Watts per

the thernmal .

met er

conductivity Btu inches per

K , 0. 054" 0.1643epleraversd004
resi st anp@otAmrsz square feet OF per BTU2.923.55 Meter2 K pramudbansssqd. 5150. 626
-111 WO 01/68752 16 Septenber 2004 PCTIUS01/ 08684 Referring to Table 6,

conductivity at a tenperature 300K of the
with boron nitride particles according to the present

test sanpl
i nvention

e coated

was

greater than the thermal conductivity of the Conparative Sanpl e which was
not 5 coated with boron nitride particles.

.cylindric
sizing G

into a cy
~ Each of t

0.635 centineters (0.25 inches). Thq.a

Bl

e

el gnt

Savedn

C nders was

. ends of .yamfrom a

imelars {143 inshlandediapgter of ¥

§Pﬁﬁfér5§6ﬁlﬂet&ﬁmﬁﬂa‘tﬂﬁm | filanment winding apparatus.
2

12. 7 -centineters

EXAMPLE 7 Fil anent wound

am su

, coating

meteraihg t

i

i d | G, 75 ted with
| BRS¢ e BRAREHED Tk plBerranahn iEpstSibion) °
C(r) rem\;:1 : g Lagénig gayraﬁn!%bhﬁum@ﬁwﬁ’& kgt Ebkivasie peiémelineh campodiées Raviy ©
-prep by Wi

with the pdbicknessfl
deneéyl g

the yam-
he yam

5 inches) high, had an internal
di anet & of 14.6 centineters (5.75 15 inches) and a.wall thickness of

tgix materials were a m xture of 100

Tt

10

formulation which did not include boron nitride. -

! Thermoplastic polyester-based pdlyuretl‘aane aqueous emulsion having 65 percent solids,

. parts EPON 880 epoxy resin (commer avail able from Shell Chem cal),
80 parts AL-220J nethyl tetrahydro JPhNVERSHT PERGENT OF GOMPONENT! v
_avail abl e {rom Anhydrides and Chenicgls, |ORTOfAL Sonkpadiyy Jergey), and
1 part. ARRCDITEO DY 062 Denzylr drmeghyi—am e ng\,-er ator_(topmerci al ly
avai | abl e from=<i bch .FL@NE Ftre—fraentswond——cHi T WL ed for
two hours @t 100C and then fTor threelhours a ) rmal
~di ffusi vi t y=ttherral—eanrtductriEtd-hdat-eppopt ach test
sanmple.in f -Eﬁﬁrﬁ@anﬁ)t}l“&xbosi ) Bhe wal | of
t he sanpl e s _sensing ge on the
25 opposi t~¢eﬂl€?rﬂ’€plﬁ'ﬁh‘fﬂ‘é‘3’2‘%ﬁﬁhﬁnﬁﬁl g alccPdrr a rate of
up. to 2000 M@'ﬂﬁﬁ? second Thernml difflisivity vialues were allso
det er mi ned | apyexyalivieneqdiyol egpolymery arh (&3 cuhf eP&Tt i al ) an®-3l ongla 1ength |
or hei ght . pepokidized poliester lubridaat ) . THe 6868st| refifts lare sél2fortH bel ow’in
Tabl e 7. gamma-aminopropyl ' 2.5 23 2,76
1 triethoxysilane coupling agent _
gamma-ureidopropyl 3.0 278 3.34
triethoxysilane coupling agent : ‘ _
amino-functional organo silane 0.1 0.12. 0.14
coupling agent ) '
RELEASECOAT-CONC 25 ** 9.1 16.7 0
Whiteness Index -16.3 -15.0 - =20.7
| Yellowness Index 393 38.1. 42.7
As is shown in Table 5, Samples T and U, each coated with a sizing
composition containing boron nitride particles according to the present invention,
had lower whiteness indices in nylon 6,6 than a Comparative Sample Z of a similar

- anionic particle charge, particle size of about 2 micrometers, a pH of 7.5 and a viscosity of 400
centipoise (Brookfield LVF) at 25°C. '

¥2 Thermoplastic polyester-based polyurethane aqueou

62 percent, pH of about 10 and average particle size ranging from about 0.8 to about 2.5
micrometers. , _
2 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride particles in agueous
dispersion which is commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

110--

s dispersion having a solids content of




- .-112 77 WD 01/68752 16 Septenber 2004 PCT/US01108684 Table 7 Ther nal
- Diffusivity (m®/sec) radialaxialcircunferential Sanpl &6.3plerdd 2004
Conpar at | e0. 380. 380. 57 Referring to Table 7, th t her mal

di ffusiv %%lgg-mt he test sanple (which was coated wthepé(’gljﬂgkﬁﬁ'sggﬁount of
boron nitride) are less than those of the 5 conparative sanple, which was

not- coated with boron nitride. Air voids in the filanment wound cylinder
‘and the smal |l sanple area-tested are factors that nay have influenced
these results. EXAMPLE 8 10 he coefficient of thermal expansion in the
e-z-direction of a lamnate (Z-CTE" ), i.e., across the thickness of the

| am nate, was eval uated for | am nagKAMPUES es, each containing eight |ayers

of. 7628 style fabric prepar ed from sanpl 3. . c ated .yam (di scussed
.in Exanple 1) aiveBYssRIARRLOL™ nesd h9B‘?F‘§’f9'? %‘ éxarrpl e 1)

(Contr.al) | ;n}é@egﬁcﬂéﬁ scussed
I n Exanpl ecoﬁﬁgove anc}l%b‘é@:?ﬂ??ﬁéﬁég%&{% g%cordl ng to tigg%mﬁl'g?tihﬁ/bwﬁ od

- 2.4: 41, wha strface weightiof #6H4 grpmismeo spuaremeteriigbous B ouness pREsEUdre The

Vam nare eofly ThSHEBlssEAAAER Aol e P frd B @B R FotbRR- 0 PR

of the eviahwaﬁmarasampbsshtbnvmairwé’rabieeteﬂ tb altemper2turd aH646°€ (Sbouil eZ- CT E (h)
Sample B",.14. 10 Sanpl e B, st)4.41 Sa ! 06 le B"~
(retest)4. W%I’E"‘B"%ﬁssﬁt‘%‘!%ﬁﬂli%, 1ZIng @@%@Pﬁﬁ%ﬁﬁo‘?ﬁ’?@@w 0. Oont rol

25.4 -113 ~ Two uncoated samples were used as comparative samples ("Comparative

, Sampies"). The other two samples (“Sample X) were dipped and saturated in a bath
10 of an agueous coating composition consisting of 1150I milliliters of ORPAC BORON
NITRIDE RELEASECOAT-CONC (25 weight percent boron"ﬁitride particles in an
aqueous diépersion) and 150 milliliters of a 5 weight percent aqueous solution of
| A-187 gamma-glycidoxypropyltrimethoxysiiane. The fotal solids of the aqueous
coating composition was 18.5 weight percent. The amount of boron nitride particles
15 applied to each mat sample was 120 grams. The coated mat samples were dried in
air overnight at a temperature of 25°C and heated in an oven at 150°C for three |
 hours. | _
Each set of samples was evaluated for thermal conductivity and thermai
resistance in air at temperatures of 300K (about 70°F) according fo ASTM Method
. 20 C-177, which is specifically incorporated by 'reference‘herein. The values for thermal
conductivity and thermal resisiance for each sample are set forth in Table 6 below.

Table 6 _
Sample
ST X Comp. Sample
Thickness (inches) ‘ 1.09 1.0
(centimeters) - 277 2.54
Temperature (°F) = . 75.62 74.14
(°C) 24.23 23.41
Thermal conductivity - -
Btu inches per hour square feet°F 0.373 0.282
Watis permeterK = 0.054 '0.041
Thermal resistance
.| Hour square feet °F per BTU 2.92 3.55
Meter® K per Watts . 0.515 0.626
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WO 01/ 68752. 16 Septenber 2004 PCTIUS01108684 As shown in Table 8, for
~lam nate Sanples A7 A3 according to the present invent1i6c$epterhlmr2004

coef fi civpgloge®is2t hermal expansion in the z-direction of ghgubdnkaates are

| ess than those of Control Sanples 1 and 2, which were prepared from 695
starch- oil coated yam 5 EXAMPLE 9 Each of the conmponents in the anmounts
set forth in Table 9A were m xed to form aqueous primary size conpositions
AA, BB and CC according to the present invention. Each aqueous prinary
sizing conposition was prepared in a simlar 10 manner to that discussed
.above. Less than 1 weight percent of acetic acid on a total weight basis

was included in _each conposition. Each of the agueous sizing conpositions
of Table 9A wadiefemingdo dnkle 6; thedhermabeondugfivity 7ba tergpesatere 300K ofdhe ands. ‘Each

-of the coeéﬁgaw&ﬁém ﬁérfaﬁﬂﬁﬁde ided s&m&. Vengp.tegg{\ﬁ{.mng.sm and

wound onto bobbrns in er using
equi prent was rgseatsr tmnéhe;thgm cmdthttwlt}eofﬂhq CnmpanhvaampterWhlﬂxhab nbte d

_mni ma | ri wi sting. WD-01/68752 Tabl e 9A 16 Sept enber
2004 F%ﬁ/"@g‘ b@\&?ﬁéﬁ’ ENT CF COMPONENT ON TOTAL SOLIDS BASI S
SAMPLES COVPO\IENTAABBCC PVP K-30 144. 14.714.713.4 STEPANTEX 653

.14530. 029. 927.3 A-187 '461.81.81.6 @ i;4é473 73.73:3 EMERY 6717 ‘
1482.42.42. 2 MACOL OP-10 149 1.6 1 =81 7503. 3. 3.33.0 MAZU DF- 138

"0.2.0. 2_Q 2 Filament wound cylindrical composites were prepared from samples of G-75
yamn coated with sizing G of Example 2 above and 1062 glass fiber yamn that is
' 10 commercially available from PPG Industries, Inc. The cylinders were preparéd by
drawing eight ends of yarn from a yam supply, i:oating the y‘am with the matrix
' materials set forth below, and filament wmdlng the yam into a cylindrical shape using
a conventional filament winding apparatus Each of the cylinders was 12.7
centimeters (5 mches) high, had an mtemal dxameter of 14.6 centumeters (5.75
"1 5 :nches) and a wall thlckness of 0.635 centimeters (0.25 inches).
The matrix materials were a mixture of 100 parts EPON 880 epoxy resin
{(commercially available from Shell Chemlcal), 80 parts AC-220J methyl tetrahydro
phthalic anhydride (commercially available from Anhydrides and Chemicals, Inc. of
Newark, New Jersey), and 1 part ARALDITE® DY 062 benzyl dlmethyl amine
20 accelerator {(commercially available from Clba-Ge[gy) The filament wound cylinders
were cured for two hours at 100°C and then for three hours at 150°C.
The mdial thermal diffusivity (thenﬁal conductivity/(heat cépacity X density))
of each test sample in air was determined by exposing one S_ide of the cylinder wall
‘ of the sample to a 6.4 kJ flash famp and sensing the ternperaturé change on the
25 opposite side of the wall using a CCD array infrared camera at a rate of up to 2000
frames per second. . Themmal diffusivity values were also dete:mined along a length

of the yam (clrcumferentual) and along a length or height of the cylmder (axlal) The
test results are set forth below in Table 7.
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. ROPAQUE HP 1055152042. 40 ROPAQUE OP-96' S342. 3' 038. 6 RELEASECOAT- GONG
- 25' 540. 06. 3 POLARTHERM PT 160 15500. 2.6 Yams sized w t hi6t$epteabér 2004t he

si zi'ng Ll ons (AA, BB and CC) were wused as fill é%]ls vVing a
7628 stw&%rl c using-a Sul zer Ruti Model 5200 air-jet @V‘yg%% 30
polyvinyl pyrrolidone which is comercially available from|SP Chem cal s of
Wayne, New Jersey. 145 STEPANTEX 653 which is comercially available from
‘St epan Conpany of ‘Maywood, New Jersey. 146 A-1 87
gama- gl.yci doxypropyl trirnet hoxysilane which is comrercially available from
CK -Wtco Corporation of Tarrytown, New York 147 A-174
ganmaanet hacryl oxypropyl tri met hoxysTalded which is comercially avail abI e
from CK 7 .
partially hni e inminelQ) friusiyity illabl e from
Cogni s Corboration of G ncindatiFediphia |140 awghny g -¢lmumfw&!atﬁ‘aj ed
al kyi pheno| Samples material id sid-Bar td MAEB3IOP- 1D SP &dpt tlhat OP- 10
SP recei vebCampasiive Saaipleent |t o re8®ve 1he c@B8l yst| MACOD.8- 10 i|s no
| onger commercially eval able. 150 TMAZ-81 et hyl ene oxij.de derivative of a

sorbitol esterRefeneiy tbSl'aﬁléWéiﬂréluésYomeaﬂﬂiﬁes:\fﬂyqﬂﬁthB&b%Fsﬁiaﬁlé- of
Par si ppan New Jers% 1$' MAZU DF- 136 anti:-foam ng agent ich is

cormer ci alwhjchawyas Featedwith 8 smalgmagst of boggn mtﬂgﬁ)s?rsd%&ﬁﬂ‘ammsg ofthey. 752
o |QU§( r é?.hﬁ’ar;ﬁ\ﬁe%arﬂpug Jm.amas H&réobfe'dfig.ﬂ'n' LRI fitrflR, Wit Vol i triePTEr i al |y

rom Rohm'and Haas Phi ['adel phi a, Pennsyl vani a. 153

ROPAQUE( r filarmeniogours! eylindsrend mhq)small sﬂr@l@l pEstested nre/\iapiors thet meywhavei al | y
- avai | abl e, Haas Conpany of Phil adel phia, Pennsylvania. 151

QRPAC BOR’&QP%% SECOAT=EONC 25 boron nitride di spersion which I§
commercially available from ZYP Coatings, Inc, of Oak Ri dge, Tennessee. 755
POLARTHERM r) PT 160 boron nitrid el JWhich is coomercially avail abl e
from Advanced Ceram cs Corporati ewood, Chio. -115 WD 01/68752 16
Sept epher 2004Th@ETeHiSet /P BRffal O@ansidhm msrzmmetmmis iaminatesst ed G 75

E-glass fiber _strand with fiber coated w.th a d|f esin conpatible
“si zi ng coff &T&? a8 3@"“‘1"#??‘!?5??%%&%?@"&%@ PEIFPURARD with an

FR-4 epoXxyarhies, edeh \CoRtdirtngldigittiiayetd 6t 'Kei%?dnﬂé'ﬁébﬁd pf’éﬂai?e&frm ghiples of
B, coated yam (discussed in Example 1) and 695 starch-oil coated yams '

(discussed in Example 1) (Control). The laminate was prepared using the FR4

15 epoxy resin discussed in Example 1 above and clad with copper according to IPC
Test Method 2.4.41, which is specifically incorporated by reference herein. The
coefficient of thermal expansion in the z-direction was evaluated for ea&t laminate
sample at 288°C according fo 1PC Test Method 2.4.41. The results of the
evaluations are shown in Table 8 below.

20
"~ Table 8

5 Sample ' Z-CTE (%)
Sample B,,.1 _ 4.10
Sample Byl Bl (retest) - 4.41
Sample B2 - 4.06
Sample B2 (retest) 4.28
Sample B,..3 . ‘ 4.17
Sample B,,.3 (retest) ' 4.26

{.Control 1 ' 5.0
Control 2 ' - 54
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by Nel co International Corporation of Anaheim California). The sizing

. conpositions 5 were not renoved fromthe fabric prior tié $eptaniegdoog.

Lam nat e@y owsses2rade by stacking 8-plies of the prepregeetmmimesésal bet ween
two | ayers of 1 ounce copper and lamnating themtogether at a tenperature
of 355F (about 179C), pressure of 300 pounds per square inch (about 2.1
nmegaPascal s) for 150 mnutes (total cycle tine). The thickness of the

1Tam nates wi t hout copper ranged from 0.043 inches 10 (about 0.11
centineters)ol 0: 060 i nches (about 0.13 centineters). After formng, the

l'am nates (desigg cor the . fiber strands from
whi ch they \/vereg‘l;%%1 l@j?%l '%tegﬁmpéi/gh}\gém’f‘ mgesa‘;'g Duri ng
testing, inaafn!lmt,eh@&amémﬂoﬂhemmeﬁ;ﬁmlohume&sd@cﬁbﬁ §ﬂthb¢dﬁ1|ﬂ§fe§ de 4rom
. gl ass flbgr ih ﬁaoate WItFPE ,Zﬂkfg' 05|t|on Sampl e .AA (hereinafter 15 -~
desi gnat etfs3 A&PECY avhlc&t\@rea’aﬂ@redm starchwas t est ed
at the sghBodtbd®adf a second Iam nate made from gl ass fiber yam coated

~with sizing conposition Sanple CC (hereinafter designated as Lam nate
Sanpl e5AA2). Table 9B 20 based on 2 sanples based on 3 sanples Lami nate

Sanmpl e Test Uni t SAAL* BB* AA2* * CC*- *
_ Thi cknessi nches0. 0480. 0480. 053- 0. %@g@gﬁo 055 Sol der
Fl oat seconds40§38693$2@n$ohems iﬂpsamuntztsﬁéﬂﬁﬂhi%ﬂﬁbl@@& wésethikéd toSt r engt h
kpSI 99102&&,% ' 57. FI 6 3. 72 WNeft
"Direction SBM‘?&S ‘?ﬁdé@ ng]aqq%@m ?q}gﬁﬁ’é?sﬁ"hl ly

avai | abl eunﬁedﬂmrglMacmﬁbmH pn‘fu@ry snzﬂfgsdo@fp%ﬂidn%sgr ng'aréﬁ MYPsifilder yam coat ed
W th G | ndustri 1383 bi nder. 157 Per C- TM 650 " ¥l exur al

StronbPn BPRLEfo iRt sisqited Ve kespdingt) HEBRLpeTcent o oaetic AulonRolal 155
e e R L T e e
onto fibers formmg G-75 E-glass fiber strands.
Each of the coated glass fiber strands was dried, twisted to form yarn, and
_ wound onto bobbins in a similar ménner using conventional twisting equipment. The
15 yamns coated with the sizing composi_tiohs exhibited minimal sizing shedding during
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* The | am nat 4

-(10.1 6 centineters by 10.16 centineters) of the copper clad lamnate in a
- eutectic lead-tin solder bath at 550F (about 288C) unt i16 $datahlesrd a0940r

del am nayponesms2 observed. The tine until the first bligtBtsdlsess

del ami nation was then recorded in 5. seconds. .. The solder dip test was
conducted by cutting a sanple of the |am nate, renoving the copper from
the sanple by etching, snoothing the cut edges of the sanple by polishing
and placing the sanple in a pressure caoker.at 250F (about 121 C)° and 15
pourids per square inch (about 0.1-negaPascals) for 60 mnutes. -1-0 This
test i's the pressure cooker test refe Ir% toin the followi ng table. After
the 60 m nute exposure, the sanpl e: noved fromthe pressure cooker,

‘patted dry and- di pped into a eut egt \WEIGHOPERBERT. N 30F (about
- 288C) until blistering or delamnagion WT@H?E@@.DS%J&' me unptil the -
first blister or delam nation was tjem—Tecor LSAM' e COTOS: +5—fhe :
flexural teqrtmng di..%ut.c. Standard--hdi cat ed.
Ag—Eher tra sizled hdizing
espectihely14had decedfdbl e lpr oltti¢s (shown
in Table OBt MR 888 ol oct rani d sup®Pts flor @8t ed ci2%3i t |boar ds.
The fol | owi (f-#8&ts were also perfdrnedtdh sarpl esl-BA_HB an® CC| and are
20. set fortf|i-ifA%ap| e 9C WO 01/6d752 Babl e 4C 168.8ept dnbes. 32004
PCTI US011084EMERMH74Z “fest Uni tsAAgBCC. 2479 Oy 24 25 :
DSCC141/ 1401 18ACQQ0/QP+10 14138/ 140/ 1 MmN 1767 e 1 r %
- Moi sture Upt{InAD-8378. 3/0. 38 VAt er op VT giF  GaIn0- 1xg 099 093Resigt ance’ s
DVF Resi st afjqeAZODE{IF® Gal N0, 350727 0o MG 2%3‘% B3 +40. 820. 68
Resi-st ancel§ rop G R ETE: B (o i 2 1= 4-St+engt h' ' -
(Marpl 1) | nIe35E '6

RELEASECOAT-CONC 25 ™ 0 0
POLARTHERM PT 160 ™ 0 0 26

conposi tions

louk Lot
ont—Cta
2 /31 1
-

Yams sized with the each of the_si'zing compositions (AA, BB and CC) were
used as fill yam in.weaving a 7628 style fabric using a Sulzer Ruti Model 5200 air-jet

1% PVP K-30 polyvinyi pyn‘olidorie which is commercially available from ISP Chemicals of .
Wayne, New Jersey. o ' ' '
"*'j STEPANTEX 663 which is commercially avatiable from Stepan Company of Maywood
New Jersey. ' - ’
* A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from
mtoo Corporation of Tarrytown, New York. . _ y avetane .m oK
¥ A-174 gamma-methacryloxypropyltrimethoxysilane which is commercial ava;l ble from
' SsK Witco Corporation of Tarrytown, New York. Y aveliable ‘
EMERY® 6717 partially amidated polyethylene imine which is commercially available fro
- - - - m
E’pgnts Corporation.of Cincinnati, Ohio. _ . !

MACOL OP-10 e_moxyiated alkylphenol; this material is similar to MACOL OP-10 Sp except
that OP-1_0 SP receives a post treatment to remove the catalyst; MACOL OP-10 is no longer
?sgmmerc:ally available, : : ‘

TMAZ-81 ethylene oxide derivative of a sorbitol ester which is commercial availab}

- ,BsfSF Corp. of Parsip_pany. New Jersey. : Y © from
" MAZU DF-136 anti-foaming agent which is commercially available from BASF Corp. of

!:grsippany, New Jersey. - .
ROPAQUE® HP-1055, 1.0 micron particle dispersion which is commercially availabi
%hm and Haas Company of Philadelphia, Pennsylvania. Y © from ;
ROPAQUE® OP-6, 0.55 micron particie dispersion which is commercially avaiiable from
E?hm and Haas Company of Philadelphia, Pennsylvania. :
ORPAC BORC?N NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
::sgmmerclaﬂy available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.
POLARTHERM® PT 160 boron nitride powder which is commercially available from -
- Advanced Ceramics Corporation of Lakewood, Ohio.
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EXAVMPLE 10 Each of the conponents in the anounts set forth in Table 10 were
~mxed to 5 form aqueous size conposition Sanpl es DD, HE Sapterffer®2004r di ng

to the i nvention. Less than 0.5 wei ght percent acid on a
t ot al 'ﬁ?&gay s was included in each conposition. g&ﬁ%ﬁﬁﬁ >~ TM 650,

-No. 2. 6 2 1, "Water Absorption, Metal Cad Plastic Lam nates", 5186,
Revision A Per | PCTM 650, No. 2.3.4.3. "Chem cal Resistance of Core
Materials to Methylene Chloride, 5186. 16" Per |PC-TM 650, No. 2.4.8,

"Peeél Strength: As Received, After Thermal Stress, After Process
~Chemical's", 1186, Revision B. 1'~2 Per [PC-TM 650, No. 2.4,40, 'Inner Layer -
Bond St r elogmh Bite wam yarawas aRwistedd@-76iE-glass fibeBetrantbwith filr@datedidith A\0

01/ 68752 VR K- 30312, 31 STEPANTE .
. 653- 16425%%%@% SigiRg, Compesy knﬁﬁbﬂﬁ‘f{ﬂfeﬁs’ sequently 1 4
POLARTHERpfeRogHeatoaniER Soph SRR P31 00 Q3ubbighelel e 50 2.0.2
 ROPAQUE cﬁy g!@@%géewaf@géﬂ% eratign oféinahgim, Salifontial- Thrsizingesmprsitians. 3 | PVP.
K- 30 I iRk 'S | SP
Cham o) LWe “°*§ 4 O e RLAG pitly 16 BIETREAY ariales ARKTmBBBY P o i s

_ commer ci aPtagking S "&5 |0éﬂlﬁmr@aq%matenﬂw§meamh~omm® oundeioepper 165 TVAZ
51 Sty eagy RiRSIAAREAbdolfercl oerdRLBiuO br REHF etk ok, SRUEIRE 612! Y
' 300 pounds per square inch (about 2.1 megaPascaIs) for 150 minutes (total cycle '
fime). “The thickness of the laminates without copper ranged from 0. 043 mches
. 10 (about 0.11 centimeters)to0.050 inches (about 0.13 centimeters).
After forming, the faminates (designated AA, BB and CC according to the
fiber strands from which they were made) were tested as indicated below in Table
9B. During testing, laminate BB tested at the same time as a first laminate made
. from glass fiber yam coated with sizing composition Sample AA (hereinafter
15 designated as Laminate Sample AA1). Ata later date, laminate CC Was tested at
| the same time as a second laminate made from glass fiber yarn coated with sizing

. composition Sample CC (here:nafter designated as Laminate Sample AA2)

-

Table 9B
_ - Laminate Sample .
Test Units AA1* | BB* | AA2™ cc*

Average Thickness inches 0.048 | 0.048 | 0.053-0.055 | 0.053-0.055

 Solder Float ‘| seconds 409 386 - 235 253

| SolderDip seconds 320 203 243 - - 242
Flexural Strength kpsi 99 102 91 90
Warp Direction™’ ' A _‘
Flexural Strength  kpsi 86 81 73 72
Weft Direction'™® : '

20 * based on 2 samples
: ~** based on 3 samples

% The warp yam was PPG Industries, lnc 's commercially available fiber glass yam product : -
designated as G-75 glass fiber yam coated with PPG Industries, Inc.'s 1383 binder.

¥ per IPC-TM-650 “Flexural Strength of Laminates (At Ambient Temperature)®, 12[94
Revisios B.

2 Ibid.
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. 766 MACOL OP-90 et hoxyl ated al kyi phenol; this material is simlar to MACCL
- OP-10.SP except that OP-10 SP receives a post treat mert Septercpen2804 he

catal ys Mp§gshe OP-10 is no longer comercially availa hseag - ARTHERMO
- PT 160 %%?on nitride powder particles, which are comTer(t:i{ a{‘fyiaéval | abl e
from Advanced Ceram cs Corporation of Lakewood, Ohio. 158 EMERY(r) 6717
partially am dated pol yethylene imne which is commercially available from
‘Cogni s Corporation-of Cincinnati, GChio. 169 A-174
gama- et hacr yl oxypropyl tri net hoxysi |l ane which is comrercially avail abl e
from CK Wtco_Corporation of Tarrytown, New York. 174 A-1 87
gama- gl yci doxJPF &plgek ﬂqa*rﬁshwwgméwd\hmfbahmgsaménntbrhyl%hblysmmI able fr rom

CK Wtco g 7 CRCN
. NI TRI DERE @%@%@%@U@a@oﬁﬁ Al [é\l%g@ggbgﬁg i?doﬁ?w\?ﬁ?% In 3 guteglics her si on of
about 25 lnaﬂghtsqt;arbeﬂmﬁsatm(abomsem)pm blisteringion delahiration wasr ci al | y

avai |l abl e Z of K nnessee. ' 72 MAZU DF-1
.. 36 anti-f oaén‘%’n%a aﬁip &%ﬂ?@%‘# @S@gﬁ%% F'F‘{f'agg%“’?ﬁg]e@ rEFRpRIRSF Corpany of
Par si ppanyecdNdsy Jer sey 13 ROPAQUEO OP-96, 0.55 mcron particle dispersion

whi ch is comrercgi al I lable from Rohm and Maas Conpan
Phi | adel phi a, ﬁﬁe‘bgﬂx‘iﬂ? t wis gongucied b w@'@pﬂﬁamleeﬁmeﬂméete oi |

conmer ci afdnyovingpdh ba;bgperfffoamﬂé@aﬁﬁ;l.ﬁw&bﬁ#ﬁg, dbthifl uﬁl@{?e g’ro&‘%ﬁé‘ec“-wt /s

FLEXQL EPO epOXI di ze bean oiI' comrercrally av hi on Car bi de
Corp. of -S3BRBbY yaohwm@m placing e soppleinapressod cosleTRUSEIFGab&EL Tabl e 10

01/ 68752 YabLa g ﬁﬁhﬂ%f?ﬁmﬁn@wﬂﬁ%@%ﬁéﬁ%ﬁuﬁl%ﬂ“’pE-RCENT |
.-OF CCA®ONENS text :m,g[essmg ®ekerssiSetaeBLER HOFMoWHYTRbeE Alftekgie@nt per c entr=—-—""
S ol i ds3. 4§11rﬁr§e &xposure, the sample was removed from the pressure cooker, patted dry and |

dipped into a eutectic lead-tin solder bath at 550°F (about 288°C) until blistering or
delamination was observed. The time until the first blister 6r delamination was then
recorded in seconds.
15 , The flexural testing was conducted according to the IPC standard indicated.
The laminates AA, BB and CC made using fiber strands sized with sizing
_ composttlons AA BB and CcC respectwely, had acceptable propertles (shown in
Table 9B) for use as electronic supports for printed circuit boards,

The following tests were also performed on samples AA BB and CC and are
: _20, set forth in Table 9C.

- i
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LA 0. 420. 390. 30 Each of the aqueous size conpositions of Table 10 was used
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fibers formng G 75 E-glass fiber strand$ Sdeerhber@anad gl ass

dagbbins in
yam of Sanpl e
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G | ndustri

,e‘lPGB
, I'nc.'s

éél“‘” S

conmer ci a
M th P
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. fiber yan &
EXAMPLE 1IL,£ ﬁten‘oer

CC d vAn ] ul. 1
‘eva?lrjlat Zd éﬁgg ‘i‘?’ﬁﬁ ;Eg‘r"lfﬁl peﬁﬁ?ﬁer t
LLit \.

air Jet C ir Drag) and B |Pf|nn Eaorte . The 5 fesults arel
'shown in Table 11. The | oss on ignition (weight percent of solids of the
formng size Conposition divided %mﬁ&ggt al weight of the glass and
dried form ng size conposition) o nple is set forth in Table 11.
Each yam was- e\EaPthﬁ'@moA'entsmlﬂtgaﬁmlm:satfmrﬂwm'liablebWWemdnmgdtme yam at

10 a cent rough a
checkl F%nem.trl &g'fefgﬁgrgr% %ﬁ’p\%"é’gé%%ﬁ%g@ ﬁ %‘?%?%%3%05&5%% %ﬁ?g a Ruti
two mil i irvestion. diessia 0.5iweight pefcentof mttaad:ld phaststal weight Basts wae (20

pounds Pe; c?u%"é mea&nc&mposutuon

grass—yar T
933[ bi

. : o ]
eSSt r i e | nd £ RIET 153 'P\?@ o) 6E752
pl es AA and-

2004 PCTI US014.08684 The - yam of Sa
oat Dib—si-zino)t were

aal A 211 (a/Aam
i§1§ch hs | g on | gnﬂ?-r“onw( | QL) ,

N

19 Per [PC-TM-650, No. 2.6.2.1, 'Water Absorpt:on Metal Clad Plastic Laminates”, 5.'86
“Revision A.

1% per [PC-TM-650, No. 2.3.4.3, “Chemical Remstanoe of Core Materials to Methylene
Chloride”, 5/86.

¥ per !PC-TM-BSO No. 2.4.8, “Peel Strength: As Received, After Therma! Stress, After
Process Chemicals”, 1/86, Revision B.

122 Per IPC-TM-650, 'No.2.4 40, “Inner Layer Bond Strength of Multllayer Printed Circuit
Boards", 10/87. _
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The Sanpl es and Conparative Sanple 2 were also evaluated for Friction
- Force by applying a tension of 20 granms to each yam samé Sepembdre20dnpl e is
pul | ed womigg7s2a rate of 274 neters (300 yards) per m nuperiiSoesgty a pair of
conventional tension neasurenent devices having a stationary chrone post of
5 centineters (about 2. inches) dianmeter nounted therebetween to displace
the yam 5 centineters froma . straight line path between the tension
nmeasur ement devices. The difference in force in-grans is set forth in
Table 11 bel ow. The Friction Force test is intended to 20 sinulate the
frictional forces to which the yama@éagj ected during weaving operations. -
During testing, Sanple BB and Conp Sanple 2 were tested at the sane
time as a first quantity of glass f{[DPRERERT OrPE opi tion
. Sanmpl e AA (hereinafter designated ag$ Sanple -ﬁ;se? L 3P 155 BIA s was tgsted -
f ' [ th -

at 25 the sane time as a second quaptity—of—gras 3

sizing f| T . —n-a-f-—ﬁ—d-e—sr g..aE e MskSarrpEgAM_

Sanpl es TPt BE-wer-e—2 ~81-wei-ghHt—perijcent li.d Safifl e CA was
C 3.1 wei ¢ Mo ,-_i%;_d__i;gapay_a.r_ie_gggprp > watl-E g ' 2.3er eht

solid. EA Q8 PG Industried, 1880 s conme?®Pal |l av@3@ble i ber

_glass y# e as G 75 glassifibedSyamloat 8@ with PPRFndustli es,
Ino.'s ¢ N8i'"T binder. .-121JW0 01868750 TaRloe 11} J 1613ept enper
2004 PCPOUARTHIBRMA BI6HI"e AA3SBB2APMCC 240 (viei ghp3 24
per-cent ] EMERY 6917 10. 380. 37 Air Drhg (@ens) 5p. 253,0252. P53. 8bg 2 Frj ction
force (@Aat®'83. 661. 595. 148. 8689 F[om mplre II, ' gcamnm pe SEEY ttrat} si zi ng
Sanpl es [AMgBB and CC have an _al I {irag £gnpar gt eggothpt—of 1':5un‘pur at i ve
Sanpl.e FREENCHBOA - CrOGSE ia t et —e+-p1

urttert <, the—t i feorck in
Sanpl esW rdrcates—the th“&Zyam S r'%g eapi-ky gz\ from
the | oo ot .ﬁﬁﬁhﬁg—%ﬂ%—ﬁg%}—e@#ﬁ&md %9 Cohparabivve Sahple 2.
EXAVPL ELR! dﬂ_iblif-ﬁgr of—Sanples AN BBIZnd AC armdB-Conhr at 3838 Sanpl e 2

vere eyEFRARL W«} in a s|nil 3 man 110.-Fxanble 110 above
except OLERO™ o ag val ues .wete deferni ntd fd® a bbbbi n78anpl ] at t he

pressures indicated in

183 pyP K-30 polyvinyl pyrrolidone which is corhmercially available from ISP Chemicais of
Wayne, New Jersey.

154 STEPANTEX 653 cetyl palmitate which is commercially available from Stepan Compahy of

Chicago, llfinois. o

%5 TMAZ 81 ethylene oxide derivative of a sorbitol ester which is commercially available BASF
of Parsippany, New Jersey, )
% MACOL OP-10 ethoxytated aikylphenof; this material is similar to MACOL OP-10 SP except

. that OP-10 SP receives a post treatment to remove the catalyst MACOL OP-10 is no longer
commercially available. Co

7 POLARTHERM® PT 160 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio. ' o
1 EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Cognis Corporation.of Cincinnati, Ohio. L
%9 A-1 74 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporation of Tarrytown, New York. ' '
7 A-187 gamma-glycidoxypropylirimethoxysilane which is commercially available from CK
Witco Corporation of Tarytown, New York. . ‘ ’
":‘ ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is

. dispersion of ai.:out 25 weight percent boron nitride particles in water commercially available
ggm ZYP Coatings, Inc. of Oak Ridge, Tennessee. - I

WU DF-136 anh-fpgming agent which is commercially available from BASF Company of
Parsippany, New Jersey. . ' ' , _
1 ROPAQUE® OP-96, 0.55 micron particle dispersion which is commercially available from
gfmgLHaaz Company of Phifadelphia, Pennsyivania, .
d LOE epoxidized finseed oil commercially available from Union Carbi

Danbury, Connecticut. Y e Corp o

5 FLEXOL EPO epoxidized soybean oil commercially available from Union Carbi ' ‘
el i .
Danbury, Connecticut. Y , e Corp.of
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Tabl e 12 Each yam al so was eval uated for average nunber of broken fil anents
‘per 15 1200 neters of yamat 200 neters per mnute usi1|6q3@t¢8hberlaﬂgb4l\/bdel
No. 84 Qidlés/dareken filament detector, which is conmerci @Urms@iﬁéﬁsh@m e from
SDL International Inc. of England (shovvn in Table 12 as Test 1).

‘broken filanment values are reported fromsections taken froma fuII

. bobbi n, the sane-bobbin after renoving 227 grans (0.5 pounds and the sane
‘bobbi n after renoving 4540 granms (10 pounds) of yam 20 Each yam was
further evaluated for the nunber of broken filanments at increasing |evels
of tension and abrasion (shown in Table 12 as Test 2). In Test 2, a sanple
of yam was unwound from a bobbi Mmﬁnﬁtﬂrs/m nute, threaded ih a-

serpentine manner through a series ensi on
“control device (sonetimes referredft @ Y ‘S 'q ice),| and -
passed .t hrough the Shirley 25 broke | o cussed aljove) to

count: the_numher of braken filamentk The _snrr|$ﬁ|MRf-E$ e pins on_tHe

t ensi onfng devi c&CWMBOMENTed usi ng Ui ffd¥Ment .dial EB22 (16 Selpf enber] 2004 -
WO 01/ 6§ Yesig@Eresdbeolitig684 settingsito [@4bvi dd var3.Bus. llevel s3.4f tedsion in
the yanf LOhi s particular test used h Md2l UTC 2008 t erfsi onio@d devilce.

commercially aval [ abl'e Trom St eel Heddl € Co. of South Carolina. T1ne broken

filaments was Eﬁﬂ%ﬁtﬁ@aqﬁhoﬂu@E@rcoa{poamekéarfdbh@m5§us&% g8 QhsOf yam 5
The results of these tests for Sanples AA BB and CC. and Conparative

Sanpl e 2 @heés fsmingd# 17§ B-glassfibes Sﬂﬁﬂ%l Baeh gasted glassfiber sirand was diied; hat -
di scu “HP Fplg@o W anple 2 were
‘teste at t H’Ydsafg@ tinE a |nﬁ I'rst qua b@?:ﬁ'&%u asnglg#ly %qs yam coated with
- si ziing. cmrweaﬁanabtWIStlnSaqpipmem (hereinafter deS| gnat ed as Sarrpl e AA5)and
at a latter s te t he second '
-quantity of glatlg %gsaﬁﬁ%]@%%&ev&ﬁ{aﬁe% @?’W&"@@% B AA
( her ei naf teatediwith g sireccorpoSition lsimildf6) Samp IEMEuﬂﬂiﬂﬁAﬁﬁB EEdAl R DRAG
(gramns) S 1042 42. 2347, 47 si 56. 2051. 2 9458 453 18 25
bal 67 backebeeel 1 i%ﬁewpéﬁtlﬁ%g?mpﬁeﬁ'g @'mo-?a%@ozgne?u Visyal
psi 89 62&95;9&:%511 %ﬁ@-aﬁ&&aﬁée éfa P26 e IEB A IwaAER D EhCdir j%?l%m.l 8me
woven fabric used Sample DD as the fill yamn a twisted G-75 E-glass fiber strand with
fiber coated with a different resin compatible sizing composition'”® as the warp yam. |
It was observed that fabric woven with yarn coated with Sample DD exhibited less
loose fuzz on the fabric as well as less collected fuzz at contact points on the loom,

15 especially at the yam accumulator, when compared to fabric woven with yarn coated
with Comparative Sample 1. No fabric was woven uéing yam incorporating fibers
coated with Samples EE or FF because of the high initial amount of fuzz observed
on the loom. It-is believed that this condition was the result of an LOI level lower

7 than required to p‘revent excess fuzz formation. In the present invention, it is
20 anficipated that an LOI of at least 0.40 for the s:zmg composduons dlscussed above
- is required to reduce fuzz formation during weaving.

. 6 The warp yam was PPG Industnes Inc.’s commercially available fiber glass yam product
designated as G-75 glass fiber yarn coated with PPG Industries, Inc.'s 1383 binder.
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45 psi 113. 41107. 74110. 3499. 91102. 91 TEST 1 full

~ bobbi n0. 1700. 8820. 0321, 7350. 066 227 grams (0.5, 16 September 2004
pound) 0. 16 80. 0410. 9040. 075 4540 grams (10 \
pounds) %0 BB 100, 0050, 5180052 TEST 2 et | ng 20. 6835 9170 4480, 3720. 011

Setting 3. 0.7534.7720.0830.4500.017 Setting 40.7133. 7530. 1470. 3670. 017
Setting 51.2674.0250.1500. 8110. 061 Setting 61.6088. 3830. 3220. 2860. 044.
Setting 74.1286.5170. 6110. 4030. 058 Setting 84.47214.8000. 9780. 4060. 128 15

As can be.seen in Table 5, sizing Sanples AA, BB and CC have an air drag
~conparable to that of Conparative Sanple 2 (starchloil binder). Sanple -123 .
16 Septenber 2004 WO 01/68752 PCEXAMPIE®684 EXAVPLE 13- . Electrical grade

- | am nat es madef r - preepreqs. | 0 i ng“fabrics. with - havi ng *

. different sizi r‘,’g\egjé]m;g%fﬁ%pwﬂe&s %?@ 5‘%@@’8@"?@ @%’P%‘f‘@- Haplp 52?&”7 ng g
properti egpateddithos stacchivilisizngdinlere évaludidtbfofi séleral iphipsisdt propeftied! $uchs used to
drill holes thro_uaig taﬁﬁ am. nat es algl i_% the | ocational accuracy of the
hol es dri PE&RFSIGT GTYRN » Afr eticopatpl Prro) apd Ergfiondiaiee e wer e

|'ani natges rbdife ERPERSWITE TabIORS style fabric as discussed earlier. The
fabric in Control GG was a heat cleaned and silane finished fabric

- commerci al |y aV/i&¥|less en ighiten Greight perssnictfsplidarf theformingisize comppsiborr628-718.
e ey SR Bk s ol GO o SRR SR 205
13A It i'Sampk IscebforithtiniTablad1f abric al so included Sanple HH as the warp
oty e et SaEe LBl sk o el Rt By R et
The -gl@s of dontroliedierd raté of 2745metere (300 yahdsh per minutedBough a dhBtilingn of 0. 35
82 g s BRI PRAE AR F0 R b Biimger o
diameter air nozzle at an air pressure of 138 kPa (20 pounds per square inch).
The Samples and Comparative Sample 2 were also evaluated for Friction
Force by applying a fension of 20 grams to each yarn _sample- as the sample is pulled
15 - ata rate of 274 meters (300 yards) per minute through a pair of con\fenﬁonal tension
 measurement devices having a stationary chrome post of 5 centimeters (about 2.
inches) diameter mounted th_erebémreen to displace the yamn 5 centimeters from a
straight line path between the tension measurement devices. The difference in force
in grams is set forth in Table 11 below. The Friction Force fest is intended to
20 simulate the frictional forces to which the yam is subjected during weaving
operations. ' . ' o
_ | During testing, Sample BB and Comparative Sample 2 were tested at the
same time as a first quantity of glass fiber yam coated with sizing composiﬁon
Sample AA (hereinafter designated as Sample AA3) and Sample CC was tested at
25 the same fime as a second quantity of glass fiber yam coated with sizing
composition Sample AA (hereiriaftér designated as Sample AA4). Samples AA3,
AA4 and BB were 2.8 wé?ght percent solids. Sample CC was 3.1 weight percent
_ solid. Comparative Samble 2 was 5.9 weight percent solid.- '

t

7 The yam was PPG Industries, Inc.'s commercially available fiver glass yam designated as’
G-75 glass fiber yam coated with PPG Industries, Inc.'s 695 starch/ail binder,
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- DESMOPHEN 2000 17936.2 PVP K-30184 -.. 9.0 A-! 87181-2.1 A-174784.4 178

RD- 847A pol yester resin, which is comrercial ly avai | abl1€é SaptemiBaraded

Cheni ca I unbus., Chlo_ .. 179. DESMOPHEN 2000 po %E adi pat e
di ol , mﬁflfss" comer ci aI |y available from Bayer , Cor ph)ﬁ%d%ﬁtts ur gh, ,
-Pennsyl vani a. 164 PVP K-30 pol yvinyl pyrrolidone, whi ch I's comercially
avai l able from | SP Chemi cals of Wyne, New Jersey. . i81 A-187

"ganma- gl yci doxypropyl tri net hoxysil ane, which is commercially available from
CK "Wtco. Corporation of Tarrytown, New York. 782 A-174

gama- met hacr yl oxypropyl trinet hoxysilane, which is comrercially avail abl-e
from CK Wtco Corporation of Tarry‘l’ahleﬁ New York. -124 WD 01/ 68752 Tabl e
13A (Cont d) 16 Septenber 2004 RS ; ; - HH PLURCNI C
"F-108' B39. 0 VERSAM D 140' 844. 4 NMACOL NP-6185§€'4n ARTHERM PT [L60 1860.9
RELEASECOAT- CONC 2518' 1.5 acetic I BE T ERTE0S| WeA& Pr €ear gd by a hand
| ay-up procedure that involved. dpplvihg sténdard! FR-4 epoxy fesin ( EPON
1120- ABO r esi nLOW givcight perdentym Sh¢l 0.42h¢n0.dal | St lDb @.38t pe0.Babli cs using a.
pai ntbrush. The—tesip—satbrated-fapiewasH el ded-eed and B- st aged

in a vented hpfrPRILYEMS) or 3 tq 3035|nPhat b 5% ulg’o@( L bote 325F) until -
the desired OEFrEHdHoRe (grafns) CC 008381 | 164.5C] ( __pu 4¥gF] ak§ |reached. The

'vv-

_prepregs wereptrimed o 46 cm by 46 cin (18 inc 18 inch) s$ections and
wei ghed to det ermne resin content Only prepregs W|th resin contents 10 of
44 per cent r 5 t edure.

Pr epr egs vvere %’ﬁﬁg@e\gﬁhﬁ {thﬂzHﬁgg%@%Wﬁr%@sbP %%ﬁm nut es

at 177C (aiam)g mﬂpaablaﬁmmtmpmahVe(Sﬁﬁplpﬁl(mWﬂ bmder) am nates were

nol ded t hout coppe ers. Jhe la d va s |levels of

ot et apHiigrmcre. I owsg FrctioB1o7bs o Sapies By i SEFaE i e,

t enper at'uygmia Mvre eaﬁyrremgvémmmﬁe 10Bm accumulator during weawng when '
compared to Comparative Sample 2.

| EXAMPLE 12
10 - Theyams of Samples AA, BB and CCand Comparative Sample 2 were'
o evaluated for Air Drag in a similar manner to 'Example 11 above, except that the Air
" Drag values were determined for a bobbin sample at the pressures indicated in
Table 12. | - |
‘Each yamn aiso was evaluated for average number of broken filaments per
‘15 1200 meters of yam at 200 meters per minute using a Shirley Mode! No. 84 041L
- broken filament detector, which is commercially available from SDL Intemationel Inc.
of Ehg!and (shb'wn in Table 12 as Test 1). The broken filament values are repbrted'
from sections taken from a full bobbin, the same-bobbin after removing 227 grams
(0.5 pohnds) and the same bobbin after removing 4540 grams (10 pounds) of yam‘ '
- 20 Each yarn was further evaluated for the number of broken filaments at increasing
levels of tension and abrasnon (shown in Table 12 as Test 2). InTest2,a sample of
' yam was unwound from a bobbin at 200 meters/minute, threaded in a serpentine
-manner through a series of 8 ceramic pins on a uniform tension control device .
(sometimes referred to as a gate tensioning device), and passed through the Shirley
25 -bi'oken filament detector (diecuseed above) to count the number of broken filaments.
- ~ The spacing of the pins on the 'tensioning device was varied using different dial

-122-




15 contributed to this condition. 183 PLURONI CTM F-908
. pol yoxypr opyl ene- pol yoxyet hyl ene copol yner, which is cdér@apterabdri2004
avai | abl e from BASF Corporation of Parsippany, New Jers RSAM D 140
pol yamwg.ol&/ﬁﬁ‘fh is commercially avail abl e Cognis. Cor p.§%¥m%g%§§nati :
Chio. . MACOL NP-6 nonyl phenol surfactant, which is conmmercially avail abl e
from BASF of Parsippany, New Jersey. . POLARTHERM r) PT 160 boron nitride
‘powder particles, which are conmercially-available from Advanced Ceram cs
Cor poration of Lakewood, Chio. 19 ORPAC BORON NI TRI DE RELEASECOAT- CONC 25,
~which is comercially available from ZYP Coatings, Inc. of OGak R dge, .
Tenness eesettinkd%o plWidelvaHods Rvels bbtefsioh imthe yad) Ohis pagliculsoestoseda Tool Wear

he Ui T Mipe) UTG pab fenSigaRe i Bometiall AValebB IR sEeR HERE o Br orCent
vear whi i MR Eafdiinau Tk Sfokendiltteritdwaé Apoibdin riinber of bpker flamehtsrear = 100

X (PrP()1P, where Pi. = initial width of the primary cutting edge P, = width
~of ‘the priparansiecefi¥@mg edge after the allotted holes were drilled. -10

Referrgng 10 Pigh reblits bitRedd i f&rﬂf?ﬁnﬁl@s Aﬂ?B@Ph@?Uarﬂ@bhﬂﬂ‘aﬁ@e 1172 of

the drTll 1174 “was neasured at the peripheral edge of the drill tip. The
drilling Sample@arecetforiidn Tgble 12ibslgwe Ihagaanner fimilagtothatdismssathe “dri | 1 i ng

o, R Rt SRR any Eshibaifie bl 2agfe SRS i | 1 2, O 20,
‘core 15 pémnetine sscafistiqlemtity-of plasBfibér armcdatedhwitinsizing composition.i me i s

1y stand tigce. in thednd : L, tie. t
s det e Sl Abfherhafindesionfiel 38 SaRbIE A anh f edédsr gt SafiBEICE 10 e
MM (-07§18whe teest) at 1RO same tinld & a8¢cond quartity efyldsadiben pamtosatedanith de- dri | I

available from Tul on Co., Gardenia, California. ghe_ C&é@ | oad during _
drilling mgﬁemos,@%ﬁawlw@%ﬁaﬁ%ﬂeﬁsﬁmﬁiaﬁ ample d herein, 20 "chip

| oad" neans the ratio of the drill ‘insertion rate neasured in inches per
mnute to the spindle speed neasured in revolutions per mnute (rpn). For
the 0.35 mmdrill, the spindle spd@BLE12 100,000 rpm and the insertion
rate was 100 inches (254 cm) Sample
, o AR5 | BB 2 AAB cC
~_AIR DRAG (grams) ' , -
15 psi : 46.10 42.50 42.23 47 .47 42.33
20 psi ' 56.20 | 51.20 | 5294 | 5884 | 53.18
25 psi : 67.33 60.30 64.13 69.45 67.66
30 psi 7734 | 7084 | 75.74 | 75629 | 77.63
135psi 8942 | 89.96 | 8596 | 83.70 | 82.74
40 psi 104.97 | 101.21 | 98.48 87.23 02.18
45 psi ' 113.41 | 107.74 | 110.34 | 99.91 | 102.91
TEST 1 : ' -
. | full bobbin . - 0170 | 0882 | 0032 | 1735 | 0.066
| 227 grams (0.5. pound) ' 0.160 0648 | 0.041 0.904 | 0.075 ~
4540 grams (10 pounds) 0098 | 1.348 | 0.008 | 0.518 | 0.022
~ TEST 2 ' - |
Setting2 ~ * 0683 | 5.017 | 0119 | 0372 | 0.011
Setting 3 0.753 | 4.772 | 0.083 | 0450 | 0.017
Seffing4 ' 0713 | 3.7563 | 0.147 { 0.367 | 0.017
| Setting 5 - | 1.267 | 4025 | 0450 | 0.811 | 0.061
Setting 6 1608 | 8383 | 0322 | 0.286 | 0.044
1 Setting7 - 4128 § 6.517 .| 0.611 0.403 | 0.058
Setfing 8 o 4472 | 14800 | 0978 | 0406 | 0.128
15 As can be seen in Table 5, sizing Samples AA, BB and CC have an air drag

comparable to that of Comparative Sample 2 (starch/oil binder).
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. per mnutes. For the 0.46 nmmdrill, the spindle speed was 80,000 rpns and
-~ the insertion rate was 80 inches (203 cm per m nute. 18 Sapteraloari2®f4r at e. of

2.54 m (100 5 inches) per mnute and a 1.65 nm (0. 065 . er drill
%m%gggzh ' iscjrusedoaﬁ&o

head | i eld constant for both tool dianeters. erein,

Mdrill head limt" nmeans the distance that the drill tip was vmthdrawn
above the upper surface of the lamnate. The drill tip percent wear was
determ ned based on a 500 hole drilling pattern shown in Fig. 12 which

i ncluded 391 holes drilled in a 0.635 cmby 10.16 cm (0,25 '30 inch by 4
i nch) block (section 1280), followed by 100 holes in a 10 by 10 hol e
pattern (section 1282), followed by 9 holes in a 3 by 3 hole pattern

(section 1284)- The holes in eacﬁﬁm were drilled at a hole density
~of 62 hol es per square centineter | e per, square inch). The pattern
was r-epeat ed tiyeeRicadfthdd lammatéslrnaaefr&ﬁ prégifinddtporatng Ribkes waiR04 VO .

01/ 68752 PCTI USQO1/ 08684 total of 00 hoI es. The drilling for Tests 1 and 2

was done mm@a\ama\ﬁptenésrngomew@qr@mtf#ﬂq ﬂ°|<ﬁ\fﬁyawetbﬂlrﬁ@"l%d t he
drilligg regeﬂigétarﬁd’l‘@é g?&ﬁvfa\lgm e%nﬁ:théar of &ﬂk'ﬁs@@@drﬁrﬂollés' ng machi ne.

Bot h mac are avail a ter ne Technol ogi es, | evue, :
Washi ngt cihrm@h’th@lammas smdaoastheﬁecallpnal|accurgcxpefrtbehplewdaﬂedﬂ1rqus|btlw| 1 for

Cont r-ol Is after-
drilli ngcigw Frol 62 (%?’Ta;g';d)é "E‘pgr"ﬁ-‘ ?f???g'g“sn%t B@%&%@g{%% was started
Wi tlh 32 rﬁgnggs Hiscd;ssbd egﬂrbt e‘l/;\IieEIanc oaCdntol GGGEasp heatHﬂéaT\esltanﬂl thx‘mar ofl_ :
t ool s33 - ia. dri ver r . 2-.percent wear Test
2Nunber oﬁ“'ﬁrﬁélfg%@"@“ﬁrﬁ’a %ﬁ'&g‘%gm #R{}%$§8'52Qﬂ ‘fdtg’i‘ﬁpe?ﬁ? 5024. 4 percent
wear 'JTGSW@werabﬁ@hm&e PiHARas WovEndrorl il yé.ﬁ\cerrmemgrgldsé fbérB 30.829.3

percent wear 10 As can be seen in Table 13B, . Sanp HH in Tests 1 and 2,
which i nc‘FQM%P&%%“ FPmestiblg ‘F'%!H%ﬁ??”@Bﬁ'ﬁ‘%ﬁ"\/ﬁ’l"ﬁh&W&’QTﬁB‘eé§At #ight herein

that is couaatd tHaBth¥ fhbric also included Sample HH as the warp yam. However, itis
' ~ possible that the warp yarn could have been PPG Industries, Inc.'s 1383
corhmercié!ly available fiber glass yam product. The glass fibers woven into Sample
- 15 "HH had a loss on ignition of 0.35 percent '

Table 13A

Welght Percent of Components on Total Solids Basis
for Sizing used in Sample HH

COMPONENT -| SAMPLE HH
RD-847A™ ' ~ . 270
DESMOPHEN 2000 - | 362 -
PVP K-30" - 9.0
A—187"“ : o . : 21
A174™ , - 44

8 RD-847A polyester resin, which is oomrnerclally available from Borden Chem:cals of
Columbis, Ohio. ~ :
% DESMOPHEN 2000 polyethylene adlpate diol, whlch is commercially available from Bayer
‘Corp. of Pittsburgh, Pennsylvania. -
16 PYP K-30 polyvinyl pyrrolidone, which is commerclauy available from ISP Chemlcals of
Wayne, New Jersey.

- BTA87 gamma—glycldoxypropyltnmethoxysﬂane which is commercially available from CK
Witco Corporation of Tarrytown, New York. . '

. 182 A-174 gamma-methacryloxypropyltrimethoxysilane, which is commercually available from
CK Witco Corporation of Tanrytown, New York. _
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lami.nate matrix resins, exhibited significantly less drill tip percent wear
after 2000 holes than Control GG which includes gl assléf$dpemberd 2008nt s
that had to at 15 cleaned prior to being coated with '

cont ai ni n 9&12‘182% ng sizing. Test 3 showed only a margi ngﬁﬁﬁ%ﬁ%%ent in
drill tip percent wear but it is believed that this is due to the fact
that the CNG-7 drilling machine used in this test was ol der and afforded
less control during the drilling test than the Uniline 2000 drilling

machi ne used for Tests i and 2 20 Locational Accuracy 1A comon netric
used to assess the drilling performance of a lamnate is hole |ocational
accuracy. This test neasures the YshiedBAqCohtidf he di stance of the -127 16
Sept enber 2004 - WQ.01L68752 PCTI1IS01103634 =actual hole |l ogcatiaon fromits

i nt ended | ocati oh. The measur cB@MPONENT aken on | owelr SAMPLEGHH bf t he -

" bottom | am nate DpLBRONIG L {pal® STack where The ari11] exi ogf thg lamnate
stack, since it —s—e*peet—ed—t—ha-&—&-h»—s—-h-e&%—eea-t—wn—mieu#d—ha—v—e— he | ar gest

di screpancy fronj YERSAMIRAGR T or "true" hol e locationt Thid# dif{erence was

assessed 5 in term\cmmﬂ.@ 1USdeV| at | on d| stance" I .e.|..thggi stfnce from

t he actual true ed—hote—omr—tie adi“f'ﬁf's_ e | am nate
to the intended ﬁ LK EQFBM%. 1@@ hole,.. The devjiatibn d¥sianceé was . .
measured after thREEEﬂsEODATmNemé’?dl scussed above | was 1t®peafed 4 tines,-

i.'e., after each a%r]‘reu a totat—of—2000otes—The ';‘iou'on
di st ance was ne fq L the last drilled 100 hole paifer i ., the | ast

drilled 10 section 582. The bales-were drilted using a 0.46 .mm (0. 018 inch)
di aneter series Pregegsiwerel prépased hyia bandiay-upfprocrsiure/ihet velvedspplyisove. As

was'. used ig gg tﬁ?—4 res E"—’OI\I %@WS& zﬁr@ﬁsﬁ)ﬁiefr&h éf‘[@ﬁ diiir }nlléal was

80, 000 rpmss? the |on rate was es, per mnu or a chip
.l oad of ‘6. 0ChL)idlte hbﬂ@sunlgapaemm dihgresin isatesatéd fabrie aals irfimetiatdly GG and

costl t of trarech Ay Povagedih B)enRY nLaF ofigl ora it pos reiten 3 Eiibodiy A or

drilling 20805 hatl thd abdirdRlifeof 124 sddohasral ml‘ti(mmioaaom) w@\r;l | 1588

aver age deviat'on | stance (m cromnet 3828 .20, _As be s Sanpl e HH
“exhi bited af¢asigd: B¢ PRPess fﬁmégf% om &y 60 ( ¥ 48 ick) of

particul ar- gbétitink 'aﬁa%%%déﬁﬁmhé%ﬁiﬁ&ﬁwwl&. Wpﬁﬁre?@ wuw.l r86ik COMkAtsS UPpOr t
i ncorporating a |arge nunber . hol es and circuits his is consistent

‘with thd Our of 44 pergentse?. eementmrp uged i e supsaqyentdaminatingpraseduse. Mor e

Prepregs were stacked 8 high and molded in 2 Wabash Press for 70 minutes
at 177°C (350°F) and at 345 newtonslcm (500 psi). All the laminates were molded
without copper foil lay_ers. The laminates showed various levels of air entrapment. It
is believed that the lack of vacuum assist and ter'nperature ramping during famination

15 contributed to this condition. '

& PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer, which is commercially
avallable from BASF Corporation of Parsippany, New Jersey.
~ ™VERSAMID 140 polyamide, which is commercially available Cognis Corp of Cincinnati,
" Ohio. .
85 MACOL NP6 nonyl phenol surfactzint, whlch is commercially ava’lable from BASF of
. Parsippany; New Jersey.
15 pOL ARTHERM® PT 160 boron nitride powder particies, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.
. 1% ORPAC BORON NITRIDE RELEASECOAT-CONC 25, which is commemlly available -
' ;fmm ZYP Coatings, Inc. of Oak Ridge, Tennessee.
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~specifically, it would be expected that |lam nates that exhibit less drill

- tip percent wear 25 would al so exhibit |ess deviation di6sSepberabdredggyse t he
drill tiigoYMpstssl be sharper for a |onger number of dril lgdiggse1bfsspept enber
©2004 WO 01168752 PCTI 11501108684 EXAMPLE 14 I n Exanple 14, additional

drill tool percent wear tests were conducted. Electrical grade | am nates
Control JJ and Sanples AA, BB and KK incorporating a 7628 style fabric as
di scussed earlier were tested for drill tool percent wear. The 5 fabric in

Control JJ was 7628-718 fabric from d ark Schwebel , Inc The fabrics in

Sanmpl es and K re woven fromfill yam corrprl sing glass fibers
coat ed \ﬁq'??g" %.SA'IIP atible sizing as taught in Table 9A of Exanple 9

and Tabl €. 14AThdRbosries BPRERwieré biind il 18R ThE @bkt il afyd | DT s *
~~coated with a different polynmeric matrix material conpatible cOating B
conposi t i diie.ip Wear waR eppeesagd [ tpems okidrilbticpencentvaarashich wes calculateder ci al | y
avai |l abl e r@g_& .yam product designated as G 75 glass fiber yam
coated w t gust'r-i es, Inc.'s 1383 binder. -129 WO 01/68752 16

Sept enter 2004 PCT/dﬂﬁ(tib/;ﬁﬂﬁﬂﬂwé‘ab* eOURAPARWP,Si zi ng used in Sanple KK

WE| GHT PERCENT OF ONTOTAL SCLI DS BAS| SA LE COVPONENTKK PVP
K-301813.4 A-1871901 r ingialwig wmary S®AG 10180.2
'RELEASECOAT- CONC 25 1943 @,Wmmﬁamnﬁg%aga aﬁ&ﬁééﬁoﬂe%ﬁ?&eQ

10 Refemng to Fig. 11, the width 4 170 of the primary cuttmg edge 1172 of the dnll 1174
* was measured at the penpheral edge of the drill tip.
The drilling was conducted using a single head drilling machine. The drilling
was performed on 3-high stacks of laminates (dtscussed above) with a 0.203 mm
~ (0.008 inch) thick aluminum enfry and 1.88 mm (0.074 lI'ICh)'tl’lle paper.core
15 phenolic coated back-up. Driling 3 laminates at one time is generally standard -
practice in the industry. The drill tip percent wear was determined fortwo drilk
diameters: 0.35mm (0.0138 inches) and 0.46 mm (0.018 inches). Both drills were a
~ series 508 tungsten carbide drill available from Tulon Co., Gardenia, California. The
chip foad during drilling was held constant at 0.001 for each tool. As used hereiﬁ
20 “chip load” means the ratio of the drill insertion rate measured in inches per mlnute fo
- the smndle speed measured in revolutions per minute (rpm). For the 0,35 mm drill,
‘the spindle speed was 100,000 rpm and the insertion rate was 100 inches (254 cm)
per minutes. For the 0.46 mm drill, the spindle speed was 80,000 rpms and the
insertion rate was 80 inches (203 cm) per minute. A retraction rate.of 2.54 m (1000
25 inches) per minute and a 1.65 mm (0.065 inch) upper drill head limit was held
' constant for both tool diameters. As used herein, “drill head limit* means the
distance that the drill tip was withdrawn above the upper surface of the laminate.

The drill tip percent wear was determined based on a 500 hole driliing pattern
| shown in Fig. 12 which included 391 holes drilled in a 0.635 cm by 10.16 bm (025 - -
o 30 | inch by 4 inch) block (section 1280), followed by 100 holes in a 10 by 10 hole pattem

- (sectian 1282), foliowed by 9 holes in a 3 by 3 hole pattemn (sectlon 1284). The
holes in each section were drilled at a hole density of 62 holes per square centimeter
- (400 hole per square inch). The pattern was repeated three additional times fdr a

o -126-




PLURONI C F-108 1B -8.4 ALKAMULS EL-71978"'2.5 | CONOL NP-6204.2 LO (9% 0. 35
- 1119 PVP K-30 polyvinyl pyrrolidone which is commerci all6ySeptanbétdoa4f r om

| SP CheRrygalgses \Vayne, New Jersey. 790 A-187 PCT/US01/08684
gama- gl yci doxypropyl tri nmet hoxysil ane which is commercially avail able from

- Ohio.
" Bor den &heni caIT§b!ﬁ13

CK Wtco Corporation of Tarrytown, New Yor k.

- di spersi on_whi

Ri dge, Te

ch |s connerc

e far R e v

avai

e hol

191 A -i74
ganmma- net hacryl oxypropyl tri met hoxysil ane which is commercially avallable
from CK Wtco Corporation of Tarrytown, New York. 192 EMERY(r) 6717
partially_ am dated polyethylene i mne which is coomercially available from

V\Cﬁlgglhsl ?&W@W{F s J0F

~ Connect i Clﬁng@mlrﬁmildﬂ QﬂatﬁEd

SAG 10 ti-
SRl 2 U

ping 2Bgh

mat eri al .,
eenw ch,

Test8Twid dnedhidios ONCIP L ri de -

able from ZYP Coati ngs,
maclwe%@ qyaﬂah!ﬁﬁwmﬁstpe'hrpﬂ)mﬂ which is

| nc. of QGak

- commer ci algekhAdi tgéﬂeweowasﬁgwced Cer am cs Corporation of Lakewood,
% resin which is commercially avai l.abl e from

199 RD-8

ester

awsdhe drilhip percard wepEsiMheidrilf @aotrpbGGardy | ene

Bt Pebur i Bl BerE b3 eyl B Shoo el B

~pol yoxy pr quitesndisqussebalymeh Haeh dest ayas Istaned withiaotew driil lionmer ci al | y

avai | abl e from BASF Cor poration of Parsippany, New Jersey. 199 ALKAI\/ULS
EL- 719 pol yoxyet hyl ated vegetabl e qjl Iwh' h is commercially available from
Rhone- Poul enc.+~ 200 | CONCL NP-6 al kgt@yh—ﬂ nonyl phelnol which is

comercially avail abl e from BASF
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a). The

Si zi ng conposi

Test 2

| 0.46 mm dia. drill

Number of tools

20

20

Average drill tip
percent wear

34.0

. A4

Test3

Nurhber of tools

10

10

0.46 mm dia. drill

Average drilt tip

30.8

29.3

percent wear

- 10 : . .
'As can be seen in Table 13B, Sample HH in Tests 1 and 2, which includes

glass fiber ﬁlaments coated with a sizing as taught herein that is compatible with
laminate matrix resms exhibited significantly less drill tip peroent wear after 2000
holes than contrpl GG, which includes glass fiber filaments that had to be heat
b!eaned prior to being coated with a silane containing finishing sizi_nQ. Test 3 showed
only a marginal improvement in drill tip percent wear but it is believed that this is due
to the fact that the 'CNC-T drilling machine used in this test was older aﬁd afforded
less control during the dnllmg test than the Uniline 2000 dnllmg machine used for

“Tests1and2.

20 -

15

Lomhonal Accuracy

.A common metric used fo assess the drilling performance of a laminate is
hole lo;:atlonal accuracy. This test measures the deviation in the distance of the
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~fromthe fabric prior to prepregging. Lam nates were nade by st acki ng
8-plies of the 5 prepreg material and four |ayers of 1 ‘§uRiderpogn904( as
shown bevowyesmsel | ami nating themtogether at a tenperatpepusfiesésar (about -
179C); pressure of 300 pounds per square inch (about 2.1 negaPascals) for
150 minutes (total cycle tinme). The thickness of the |ami nates with copper
ranged from 0.052 inches (about 0.132 cn) to 0.065 inches (about 0.165
cm). In formng the | am nates, eight prepregs were 10 stacked with
copper-layers in the followi ng arrangenent: one | oz/ft2 shiny copper

| ayer | twaciyRLE LplgRar 18 Risned Tocplion. The eSthent was fken on  nf oo

prepreg | jyRrsuface éftﬁé BBﬁo?'n ﬁdi\hlﬁé’te%PQB%mln%}é%tack \mli@efmémr@aiebﬁr@ nat es’
“were-trimed to 40.6 cm I nches by 20 20 inches). The

drilling laminaterrderk élac%%lsrﬂgcp'acteﬁ ihagﬂus h@edp@tlwgweulﬁ@aue theilangesty nachi ne.
The drill h f | d above
wth s o BEsHRRch ROy dRibdR STt e notk RecefoR ThEiaReed velREeg SO
“thick & uinteoms oftheddpdationciistanpelrie., e distancd fremdhe kttualdole qeaterefit wear was
det erm ne £ 3 t. ne ri &8s 80 -
ungst en i 1168 rale ?ﬂ%ﬁ?‘%‘?@%ﬁ@ RREET g tEhac ARGy o B RS, 1 . The
_c]t]i 8 I 888 THe devigtiol disiano@wwmehemré?fa&eusherﬂooab!g%&qﬂeﬂo:g:sddss@d atpaved| e sEeed
o] 5, man ertion rate 5 1.Nn nutes. The
Gri LT ot WEBPaTAed U 5, i Eadutop byl atoist ot Hhon lles . HBe cRdatio per
drill headistari¥etwatafiedsuiiPiot thehast difledP1 000l pBRSrndid. | the RRdrlldd M t. 30 The-
drill tip percent wear was exanined-based on a 1500 and 2500 hole dril i ng

pat tel® "~ sRetiaaN8Zs The holastwere diilleduising @ 046 mind@.048 inchh diametrrsgries of 28

ahows. t he SIB AR ABRCRIG O it 8 Hiscisked M PRS y38 4R5F1C e fol wal' ©op anc
KK after dest)the sgindeGpeadtor #0drilhwassl0, 00hgpimsand tbe insertion W&%ﬁted with a

-131 WO P |t and each.
stack of ?%Jﬁggé? ?rﬁrte%?é%ﬂ@»%#w{%mg%a@ ngg‘{s' Sﬁ%@é?@ﬁ‘gésb eﬁg
. gr oupi ngs eadt CentrsitG laad ShrriptenHHatitheach test slarfirgowitic a ngweadriler e dr| |l ed so -
_ ggﬁtﬂ %e dril Ll'auepﬁ%e rhco%%tthg\?e%hlt]cc:b?{l'le:ioca%onal asccl\f\%&? te@%?%o%golf(gé a%%Ch
. Sample HH after drilling 2000 holes. - i

Table 13C

_ Control GG | Sample HH
number of drills ¥ 8 8
average deviation distance (micrometer) 38 28
20 . Ascan be seen, Sample HH exhibited a lower devnaﬂon distance than

Control GG, which is of particular significance when the Iammate is used as an
elec_tromc support mcorporatmg a large number of holes and circuits. This is
consistent with the drill tip percent wear data shown in Table 13B above. More
specifically, it would be é_xpected that laminates tﬁat exhibit less drill tip percent wear
25  would also exhibit less deviation distance because the il tips would be sharper for
- alonger number of drillings.
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5 Table 14B Drill Tip Percent War Sanple AASanpl e BB. Sanpl e KKControl JJ

- 1500 hol es21.5.19.519. 824. 9 2500_ . hol es28. 024. 3- 25. 32863 gpterpber 4seen in
Tabl e iy les AA, BB and KK, which includes gl ass péhesordsk@ment s
coated Wth a’'sizing.as taught herein that is conpatible with | am nate
matrix resins, exhibited significantly-|ess percent wear after 1500 hol es
than Control 10 JJ, which includes glass fiber filanments that- had to be
heat cl eaned prior to being coated with a silane containing finishing
sizing. After 2500 holes, the anmpunt of drill tool percent wear for

~Sampl es AA, BB and KK is still less than for Control JJ but |ess :
pronounced. -This is to be expect EXAMBEE14he majority of the tool wear wll
occur during.t Py Her holes drilled
~in a groupi ng.’}' %aﬁgfge‘fﬁ (%ﬂ%#egl gg‘é@g%ﬁ'ﬂ%gﬂ%‘%ﬁ%%ﬁél%ﬁ'n t he present’
- i nvent i orEledtticd] graderarhinatesCdritrat J.barebBaplesAl cBRanH Kl tnsarporating af abri ¢

coated wi_th a, polyneric. matrixX ompat,i bl e .si zi | rein have a
Cdrilling 7@&%%% aﬁ\éﬁ?"?ﬁedﬁgﬂéf g'gfeetPgFﬁgq{ é'gg‘%bgé'}éﬁ‘%gﬁoﬁ?epr ef erably
'O gr aft ghnAdiATCortoRRY WA 7628 faBfid frérh Siark-Sehywels), Ingr The éabrickdm 25

percent, as determ ned after drilling 2000 hol es.through a Jst%% of 3 20 -

| ami nat esSaraplehAPRE 2ad KK Were wpviep Tomytilk yas expridiing glps EOYehsity of 400
hol es pe mg;&;&dwb@%ﬁg gée]{a&?!]?ﬁd-aﬁ% gAdg@amp(erg andT48e Al about 0. 018

i nch) di er tungsten carbi | addi tion, based in_the above,
‘al t hough betow, | respectively. iandwramp pamdwvingiglass fibewieoatediwitha differestr ed t hat

pr epregs de w . i e J.ad fidd a pol ymeric 25 matrix
conpatibﬂ%ﬁgv?ﬁﬁégggh?%%g&?Qﬁé?%%%&%ggg%g%ggﬂwgiibn di stance -of no greater
than B8 mcroneters, nore preferably not greater than 33 mcroneters;=— -~
and-nost  preferably not greater than 31 microneters, as deternined after
drilling 2000 holes through a stack of 3 |am nates, each | am nate

i ncludi ng ei ght prepregs, at a hole -132 WO 01/ 68752 16 Septenber 2004-
PCT/ US01108684 density of 400 hol es per square inch and a chip | oad of
0.001-with a 0.46 nm (about 0.018 inch) di-aneter tungsten carbide drill

Al t hough not neaning to be bound by any particular theory, it is believed
that the presence of a solid lubricant in the glass fiber coating
conposition disclosed 5 herein, -and in one particul ar enbodi nent; the
presence of the boron nitride, contributes to the inproved drilling
properties of the | am nates of the present ‘

8 The warp yarn was PPG Industries, Inc.’s commercially available fiber glass yamn product
designated as G-75 glass fiber yam coated with PPG Industries, Inc.'s 1383 binder.
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~invention More particularly, the solid lubricant contributes to the
-~ reduction in drill wear and inprovement in |ocational ®c%enteroherc00dhe

dri 'l edylepdsgrsd nproved drilling properties in |am nat epﬁﬁﬁomé@ gl ass

fibers coated with a 10 resin conpatible sizing as taught herein
‘provi des-several advantages. First, longer drill life neans that each
drill bit can drill nore-holes before reshar pening or disposal. In

addi ti on, because the |ocational accuracy. of the holes drilled through the
| ami nates. of the present invention is greater than that for conventional
laminates, it is expected that nore than three |am nates can be stacked
for drilling at a single time 15 lable e sane accuracy as that achieved

| in a 3 lamnaté st 3f |gﬂ ?Q%K?Qf% f?nga@&ﬁr&a‘pgﬁéyﬁg&st hese advant ages
result is.a-nore cos urthernore, the .
| ocati onal -accuracy of the oI e%' 3

; “613 i npr-oved . so
that the quality of the electronic sup or oloid Lagﬁ:elamnateln
i mproved. 20 EXAMPLE 15 The fol | owi ng nép abl'e epr esent
addi ti onal enbodi rrents of the i nvent i coSOURSBARB. 11 das produced
but not tested. e not $AMBLE odyced,) . -133 WO
01/ 68752 Tabl e |15 3 1605(&4&@145@1’ 2004 |PCT/ USO1/ 0684 W\EI GHT | PERCENT OF
COVPONENT ON - T{GAVP K80 PDS BASI S SAVPLHS COVPONENZAL L MVNNOOPRQQ POLYOX WBR
301 201 0.56 O. W 043 0. 47 0. 34 A I74 2111 $g68 4. 3T 4474
‘ A-174 ™ _ 3.8

v EMERY 67172 S 1.9
SAG 10 % ' . . 0.2
RELEASECOAT-CONC 25 '™ 3.8
POLARTHERM PT 160 ™ - 5.9
RD-B47A ™ 23.0
DESMOPHEN 2000 ¥ 31.0
PLURONIC F-108 ' - 8.4
ALKAMULS EL-719 ' 2.5

| \CONOL NP-6 2® - 4.2
LOI (%) ' 0.35

18 pVP K-30 polyviny! pymolidone which is commermally avallable from ISP Chemicals of
Wayne, New Jersey. .
10 A-187 gamma—glymdoxypropylmmeﬂzoxysﬂane which is commercially available from CK
Witco Corporation of Tarrytown, New York.
91 A-174 gamma—methacryloxypropyltnmethoxymlane which is commercially available from
CK Witco Corporation of Tarrytown, New York.
22 EMERY® 6717 partially amidated polyethylene imine which is commercially avaifable from
Cognis Corporation of Cincinnati, Ohio.
18 SAG 10 anti-foaming material, which is commercially available from CK Witco Corporahon
of Greenwich, Connecticut.
133 ORPAC BORON NITRIDE RELEASECOAT—CONC 25 boron nitride dispersion whichis
commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee,
1% POLARTHERM® PT 160 boron nitride powder which is commercially available from
Advanced Ceramics Corporation of Lakewoocd, Ohio.
% RD-847A polyester resin which is commercially available from Borden Chemicals of
Columbus, Ohio.
157 DESMOPHEN 2000 polyethyiene adlpate diof which is commercially available from Bayer
- Corp. of Pitisburgh, Pennsylvania.
128 PLURONIC™ F-108 polyoxypropylen&polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.
19 ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc.
2% [CONOL NP-6 alkoxylated nonyl phenol which is commerclaily avallable from BASF
- Corporation of Palslppany. New Jersey.
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3.32 3.68 2.61. A-187 2031.742.08. 2.291.60-1.781.26 DYNAKOLL 'Si 100

- 20426. 6026. 58-20. 46 SERMUL EN 668 2"53. 33- DESMOPHEN 20i06@GEQ08nkdr.208439. 93
43. 9230. WO 81vedrd2 24: 15 SYNPERONI C- F- 108 2"9. 98- - _ POLARTHERMi$1/0863

2065. 466. 45- - 6. 006. 00 EUREDUR 140 2094. 43----- 'PLURONI C F-108 210 - -9.83
10.81 7.56 8.40 5.94 MACOL NP-6 2"-3.283.602.522. 801. 98 VERSAM D 140
212-4.364.80.3.36T3.732. 64 20° POLYOX WSR 301 pol y(ethyl ene.o)ide) which is
commerci ally available from Union Carbide Corp. of Danbury, Connecticut.
202 A-174:gamma- net hacr yl oxypr opyl bi net hoxysi |l ane which is comercially

~available fro ) t , Y, 0, A- 187 :
- ganmma- gl yci d%%%%ﬁ?%ﬁ%eﬁég%ﬁeWﬂ%g%MP%&&? F@g@vai | abl e
- :‘NL thC_K Yédie hadng }a.Tg'xif ﬂ_ech xtllasigmf atdueonKMa&‘s‘in ﬁ?ﬂel&‘égbgdéﬁsd\fg?l 100 rosiSER'NUL
' I C I'S commergl a val e 110 ad em cal s . en. COS S
EN 665 ot ROTATEQION AR RHOTIR)- The SoaG AFEPEHORS el APAT8IOKeY { om CON
BEA, Ben ; id Sriohid) . i | SphsyergRei al |y
* avai | abl e%:‘o‘rﬁ;t%e ggﬂne[. Corgl.,éyg P ﬁgﬁ)ﬁ%ﬁfﬁ%ﬁ%ﬂgﬁ%ﬁ%d %87 _SYI}IP%RC]\II C
F- 108 ol pisifed righ angh Ly By ofyl| URee coRnsr (afcshowntbejoyhang laminstingin .

count er pa 1god8 0, DC y 4o er whi.ch
. 1's conmer ("t;I?e zﬂt' %ﬁ%ﬁ&@p%§ﬁ 8%%%#?’%Q%’?gp8{%dg%%ﬁgg ‘akewood,
Chio. - square inch {(about 2.1 megaPascals) for 150 minutes (total cycle time). The
- thickness of the laminates with copper ranged from 0.052 inches (about 0.132 cm) to
0.065 inches {(about 0.165 cm). In forming the laminates, eight prepregs were .
10 stacked with- copper-fayers in the following arrangement: -
' ~one 1 oz/ft® shiny copper layer
three prepreg layers :
one 1 oz/it? RTF (reverse treated foil) copper layer
two prepreg layers
15 : one 1 oz/ft* RTF copper layer
- three prepreg layers
one 1 oz/f? shiny copper layer
The finished laminates were trimmed to 40.6 cm by 50.8 cm (16 inches by
20 20 inches). ' . "
The drilling was conducted using a Unifine 2000 single head dﬁlling machine.
The drilling was performed on 3-high stacks of laminates (discussed above) with a
0.010 inch (0.254 mm} thick aluminum entry and 0.1 inch (2.54 mm) thick aluminum
clad particle board back-up. The drill tool percent wear was determined for a 0.34
- 25 mm (0.0135 inches) tool diameters, series 80 tungsten carbide drill available from
Tulon Co., Gardenia, California. The chip load during drilling was held constant at
0.001, with a s__pindle speed of 95,000 rpm and insertion rate of 95 inches (41 cm)
per minutes. The drill retraction rate was 90 inches (2.29 r) per minute and the
- upper drill head limit was 0.059 inches (1.5 mm) upper drill head limit.
30 - The dirill tip percent wear was examined based on a 1500 and 2500 hole
-drilling pattern. The holes in each section were drilled at a hole density of 28 holes
per square centimeter (about 178 hole per square inch). -
Table 148 shews the drill ip percent wear of the Control JJ and Samples AA,
“BB and KK after drilling 1500 and 2500 holes. Each set of holes was started witha
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. 209 EUREDUR 140 is a poiyamde resin, which is commercially available from
Ci ba Geigy, Belgium X10 PLURONIC F-1 08 pol yoxypr opylérepteniendd@dhyl ene
copol ymyfo ¥hiksd2 i s commercially available from BASF Corgaingdels esksef

Par si ppany, New Jersey. 21 MACOL NP-6 nonyi phenol surfactant which Is
comercially avail able from BASF of Parsippany, New Jersey. 2'2 VER$AM D
140 polyam de resin which is conmercially avail able from Cogni sCorp. of

G ncinnati, Onhio. -134 WD 01/68752 16 Septenber 2004 PCTfUS01/ 08684

VEI GHT PERCENT OF COVPONENT ON TOTAL SOLI DS BASI S SAMPLES

COVPONENTSL L COAT- C. 25 2133.643.63---4.004. 00 ROPAQUE
oP-96 214 E’W g@%&%ﬁﬁg 'W%é:%%adéeﬁd|5pe bole,groupings and ten 2500 - pa
coat i ng5. %le?‘oihﬁm@@ Phred sERVBLIEmRtdd BHeagh fant Wgs%r%@ﬁ dfiaf t['lgm t e

"materials an t he processes as 5 described in xce t hat no.
copper wa&h QEd’eﬂiﬁ‘#Wﬁa‘lfSW%%'lsdﬁfemU@ﬂfOltmh@ﬁmp&d | ami nates were t hen
cut into 52, 1 inch x 112 inch (about 2.54 centineter x about - -1.27 = .

centineter) rectangul ar pieces. About half of the pieces were cut paral l el -
to thedwarp direction and about hall_glé_j_e pi ece were.cut parallel to the

fill direction. 26 rectangtrar—pteees ilmr“ each—lam-nate (13 cut parall el
to the' war p di rection Ad-10 13 . ciH i Frqeﬂtv\{éarfl |l dl recti O])' wer e
t hen p| acedin—reflux _adn We BBn ISI"I'E"PMEr \mtrbhbb ]ht to.a

boi | . The #808halgss al | dqwed 28-5boi | |f or ®5hourls. 18er P4 Baws, |the

S.
pi'ece wer e J5PpHERE TOm tireﬁggﬁen—a-r-el—t—% tHee—Fhe —prai-ni-ng—P6 pi ece-
from ea_chjl amnate were [not BOTl ed. {An ad dont.r g!._arr nal€3 mafle usi ng -
-a conventional heat-cleaned and fini shed fabric 1n the 5a mEnner- as 15

described abovs canfbeasehn Patilon4Bpsamgles PA, BB%nd'Wﬁﬁed&f%rt beam

fabri cat egh r}ﬂﬁ testedeaﬁ@ﬁrdl ng@to t.he above proc
~shear st'r 8Rgt'TPD nif spat (FofiFagas vohhmeindaatis eerapatibleowith batinateasur ed
accor di ngmmxA'%EMsPeﬂﬁ%d%fgmrEhﬁﬂf leéélbércaﬁ Cg&é!ﬁ ahéﬁidoﬁguofés% §H&[cgbe' ow in

Tabl e_9, where Unc| ad Sanpl e correspon

made, 1 95| ridy Whieh incidegigloes ﬁlE%d' ’ﬂ"ﬂfiﬂE(thﬁbhed ) behbest n{,eahed)pmr ts beuag with

Si zing  goated with a silane containing finishing sizing. After 2500 holes, the amount of dirill
tool percent wear for Samples AA, BB and KK is still less than for Control JJ but less
pronounced. This is to be expected since the majority of the tool wear will occur
during the earlier drilled holes rather than the last holes drilled in a grouping.

15 . Based on the above, although not limiting in the present invention, ﬁis
 preferred that prepregs made with glass fiber fabric coated with a polymeric matrix
compatible sizing as taught herein have a drilling tip perceht ‘wear of no greater than
32 percent, more preferably no greater than 30 peroenf and most preferebly no
greater than 25 percent, as determined after drilling 2000 holes through a stack of 3
| 20 laminates, each laminate including eight prepregs, at a hole density of 400 holes per

square inch s;m__d a chip load of 0.001 with a 0.46 mm (about 0.018 inch) diameter A
tungsten carbide dirifl.

In addition, based in the above, although not limifing.in the present mvention,
_ itis preferred that prepregs made with glass fiber fabric coated with a polymeric
25 matrix compatible s:zmg as taught herein have a deviation distance of no greater
than 36 micrometers, more preferably not greater than 33 micrometers, and’ most
preferably not greater than 31 micrometers, as determined after drilling 2000 holes
_ througl:n a stack of 3 laminates, each laminate including eight prepregs, at a hole
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co‘rrp'ositions AA, BB, CC, respectively. As discussed above, the control
- sanple was nmade using a conventional heat-cl eaned and Y6 $eni¢roberf200di c. The

t hi cknesgyPbyse ?%he test |am nates (Undad Sanpl es AA, BB apgyfessidsggped from
0.050 i nehes 213 ORPAC BORON NI TRI DE RELEASECOAT- CONC 25 boron nitride

di spersion which is comercially available fromZYP Coatings, Inc. of Cak
Ri dge, Tennessee. 214 ROPAQUE OP-96, 0.55 micron particle dispersion which
is comrercially available from Rohm and Haas Conpany of Phil adel phi a,
Pennsyl vani a -135 Table 15 (ConVvd.) WO 01/68752 16 Septenber 2004

PCT/ US01108684, ( . 127 centineters) . tq 0,063 inches (about 0.160 - .
centineter ps@@%ﬂ&p%&-pﬁsqqml@ Zhd F&H@’ﬁﬂa‘iq(’s With 2 Qi46ummdabenty i ng
testing V\/a@,f,ﬁgﬁa{)ldmﬂéieﬂ'@ﬁgyaﬁbﬁ-biﬁé%ﬁﬁ;CContfroI Short BeamPounds -t
. per 7787847777697 %2 Shear Strength, square inch(54)(56).(54) &gl) No Boi-l,
War p( megaPascal f&t prgTLRatinganing {6 (be beund By amepaliabrdheanndt is bslieved that

Thi ckness ( gereSBHc ol iid Ribligd irf the) A5 b g Camishiboigidselic A TEOUN S

« per662675947118 -' 5506 Shear Strengtih, square -1 .(.38) No
" Boil, FBI| hateimRaddmprg paticysr erobodirBentpihe Ipresesse ofthe barod. rikag,. 0600. 055

per s6os052pBUR B ERUEPRYED aited bpdft b acf Peayess) 2" our
Boi |, ( megaRaentiore) Muerpariulariyt thersofiaiblicind eomaltltébtokhd rdfubtioin@wfi 0- 057. .
I SR AT e S b <5 (2
_ " Improved drilling properties in laminate made with glass fibers coated with a
: 10 resin compatible sizing as taught herein provides-several advantages. Fifst, ?onger
) drill life means that each drill bit can drill more holes before resharpening or disposal.
In addition, because the locational accuracy. of the holes drilie'd through thé
laminates of the present invention is greater than that for conventional laminates, it is
. _ expected that mbre than three laminates can be stacked for drilling at a single time
1 5 with the same ac_cdr_aqy as that ach_ievé_d in a 3 laminate stack of conventional
'.Iaminates. Both of these advantages result is a more cost éffective drilfing operatiﬁn. '
Furthermore, the locéﬁonal-aocdracy of the holes drilled in the laminates is improved
so that the quality of the electronic support incorporating thé laminate in improved.

20 | EXAMPLE1S S _
The f_o!ldwing samples in Table 15 represént additiohal embodimenis 6f the
invention. Coating sample LL was produced but not tested. Cdating samples |
“ MM-QQ have not been produced. | )




- 24 Hour Boil, Fill(nmegaPascals) Direction. Sanpl el nches0.063D. 0510. 0620. 056

- Thickness W 13(centimeters)(0.160)(0.130)(0.15!)(0.142)16Papterhbert200dam
shear siy@pgtdisy of the test |ami nates (Unclad Sanples A@CTél%%iloﬁ@ in both
the warp and fill directions, both before and after water boil, were
-observed to be higher than the control sanmple in this testing. 10 ,
EXAMPLE 17 Fill yans nmade from E-gl ass fiber strands sized with sizing
conposition CC gi'ven in Tabl e 9A of Exanple 9 and.warp yanms nmade PPG

| ndustries, Inc.'s 1383 commercially available fiber glass yam product
were woven. into 7628 style fabric 136 .57 WD 01/ 68752 16 Sept enber 2004 .
PCT/ 1 USOL/ 08684 using an air jet Io&ﬁﬂl‘iﬁﬁe fabrl C was subsequently :
prepregged and Tam nated t0 TOrmqrco ‘ gbove

in exanpj e 9. Oopper cI ad Iam nate C@?gs ggg@@ﬁ?ﬁ& e]9) was

- e | L nto fdst
flest patterns {fSAMFEES ng nmetal migrdtion
backl bqamdMi fcINMed WODed¢ PR s [olqgelen -

SB®&N [ 8,557 90.6%3: 3 PRGNS was
I Bu: g 06* ngg‘m ; i'%ﬁf the .

board, dr 37ﬁn'rr 2] cB68 [\ 261t

pattern P8 " ncluded 50 rows of |f A4 dr 2108ed- B@Oed 1802 #F6h[hawend a 10

di arret er] RYNABOBL&i 100 *And a cent 226.60]c26:58 spaci 'I!DJIEt ween Mojegeas 1IN
adj acent $mmu|_rmgsmgﬁfrom 40 T¢- 3@3( m 1. . ari g ftese—fotes—{t wo

boar ds OEHEN ttrer—soTt ottt otd-—be—dritfeddnla singl e
dr|| | | n@%—.@fw 3 nle 2Q\¢c %hgfl nﬂ Mr\qu Fs&f y $f|£:1 43 ZF (@-r’ﬁ; \;414 \1\@4@15

i nterco REROMGEA982 1514° 1n8-9Bedds ~1316 al ofg -a flirst imjer durface
of the HI2PWAREHERMMPT 1607 ., 13. 5M6r d baisds were solL.deffeggho [ Th ggagh bus

“bar for |EUREDURORIO?® a power Soyrggs fach cTcl tlir uunu rrctuded— 4 K

hm f ersyre—thg Ae—eiHeti-t—iai !'ed, aYalty=Yi
onm S'ur %Q_Lﬁ@ﬁ‘éFQbB-twéé ::’hlll 1' [ \I\n||| ( ﬂ@% I‘I §1 I'F‘z E Cﬁ'480 LI a%s

supply t P
soaked .?Mﬁ@yﬂl? 70E) dei oni zed wateq B3B8 | eB.60i JuR&2 1fo02:80mpv¢.98ny o
sol der fIVERSAMIRI#40%hd dried. The -boa}rdgswe#rqa‘ohﬁnamsa( ed.7an | ag@aaiber . at
85C (185F) and 85% relative humdity;, 20 and a 13 Vot DE—current S -
. continuously applied across the patterns. Every 200 hours the chanber was
_shut. down, t.he chanber door was opened to allow the patterns to stabilize
to anbient |ab tenperature, and the insulation resistance for :

boar ds
per f or
simlar
oriented &

as
_'(I‘Te X. aXIb of—the

20 POLYOX WSR 301 pon(ethylene oxlde) which is commerciaily available fro
Carbide Corp. of Danbury, Connecticut. fy m Union

=MW A-174 gamma-methacryloxypropyltrimethoxysitane which is commeraall
SGK Witco Corp. of Tarrytown, New York. i : ’ avallahle fom
A-187 gamma-gchldoxy-propyltnmethoxys'lane which is commercial available fr
L\{itgo Corp. of Tarrytown, New York. Y omeK
YNAKOLL Si 100 rosin which is commercially available from Eka Chemicals AB, Swede:

n.

-": SFTRMUL EN 668 ethoxylated nonylphenol which is commercially avaitable from CON BEA,

enelux..

2% DESMOPHEN 2000 polyester polyol which is commercial i '
PiBhagh, Pommeriae poly mercia !y ava:iab!efrom Bayer Corp. of

207

ﬁéﬁ%ﬁ%ﬁ%ﬁﬁiﬁ;ﬁﬁ&f&ﬁ ev?hﬁodg sso Ecl:nmem:ally avalla:le from Clba :e|

'g"e'gllir}rlliomc F-108 polyoxypropylene-polyoxyethylene copalymer which i is g:

T e L T A
" Parsippany, New J ersey. s commercially available from BASF of

%12 VERSAMID 140 polyamide resin which is com
. Cincinnati, Ohio, commercially available from Cognis Corp. of
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each pattern was neasured. . There were two Sanple CC boards and two

- control boards. The control 25 boards were made in the ¥aSeptember-200dhe

Sanpl e Gwdmagsese but used conventional heat-cl eaned andpftmkeiasessd abri cs.
Each board included 21 circuit patterns (i.e., three sets of seven circuit

patterns) for a total of 42 circuits tested for both the Sanple €C boards

and the control boards. The results for 200, 400 and 1000 hours are given.

below in Table 17 where the tabled val ues are the nunber of patterns with

the 30 specified resistance. -137 WO 01/68752 Table 17 16 Septenber 2004

PCT/ USOL/ 08684 | nsul ati on Resi st %@1 - Control OHVS200 Hrs. 400

Hrs. 1000 Hrs.400 Hrs. Short01742 _ -—0 1061110 1070200 108'i010
1093210 210' 03632300 The Sanpl e CL bogefsHPERDENITOB COMBONBRT GE Ccpntr ol

-boards affter 200 hours of exposuje. After WALtmLigschggposure aI t'he
-cont I“O|‘ foard- deLt:l s —trad—5—far{ed—For Pt mLEinrb test aall‘p‘l e, a

"Short" rﬂfe'és t o 1nm_|_|::_t|nn L NE. .
EXAVPLE 1ICRMBO ENT%B_ component sti hE MMbunt Nkt | 190 W i RPTabl @Qis)A were
m xed to | RELEASBECOATEDNC 288N cpnpeti bl Bepr maxy 51 Ze Sanpb® RRLegcprding

to the: prqggp QUE®Pg?en. Less Than_T yer gnt E5o0h FS54° 3BT gln ad
ie

. | - |ILAYAI UUCU U IC U I I T \ er A=y =4
Egt& a\gglﬁfvﬁ §°‘!‘15r'h1"9ﬂt"}9_7:£ g ar§4 h§61 ;_Eri'dq ; b o8 mpé’he fiber

strands were twisted to forma twi st ed yam and wound onto bobbins in a
simlar manner usi ng conventi onal tENA‘i\-‘IPmﬁ

Unclad laminates were made from the materials and by the prooesses as
b described in Example 9, except that no copper was used dunng lamination. Eachhof o
the unclad laminates were then cut mto 52 1inch x 1!2 inch (about 2.54 centlmeter X
about 1.27 centimeter) rectangular pleoes About half of the pieces were cut parallel
to the warp direction and about half of the piece were cut paraliel to the fill direction. .
26 rectangular pieces from each laminate (13 cut parallel to the warp direction and
10 .13 cut parallel to the fill direction) were then placed in refiux apparatus with water
and the water was bi'ought to a boil. The water was allowed to boil for 24 hours.
After 24 hours, the piece were removed from the water and towel dried. The
remaining 26 piece from each laminate were not boiled. An unclad control laminate
~ made using a conventional heat-cieaned and finished fabric in the same manner as
15 descnbed above in Example 9 for making the test lamlnates was also fabricated and
| tested according to the above procedure.
The short beam shear strength of both the boiled and unboiled piece were
‘then measured according to ASTM D 2344-84. The result of the tésting are given
below in Table 9, where Unclad Samples AA, BB and CC correspond to lammates
20 made using fabrics (descnbed in Example 9) having ﬂbers sized with sizing-
‘composmqns AA, BB, CC, (espechvely. As discussed above, the control sample
- 'was made using a convention.al‘ heat-cleaned and finished fabric. The thickness of
- the test laminates (Unclad_ Samples AA, BB and CC) ranged from 0.050 inches

2‘3 ORPAC BORON NITRIDE RELEASECOAT—CONC 26 boron nitride dlspersmn which s -
commercnaily available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

24 ROPAQUE OP-986, 0.55 micron particle dispersion which is commercially available from
.Rohm and Haas Company of Ph1adelph|a Pennsylvania.
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- 15 equi pmrent. The coated yam had an LO of 0.35x. -138 WD 01/68752 16

- Sept enber 2004 PCT/ USOL/ 08684 Tabl e 18A Wi ght Per cent16ctepBambanadit oh
Total SevddesBasi s COVPONENTSAMPLE RR RD- 847A 21527. 0 DE@Nmdrbssa900
21636.2 PVP K 30 2179.0 A-1 87 2182.1 A-1744.4 PLURONIC F-108 229.0
‘VERSAM D 140 2214.4 - NMACOL NP-6 2225.4 POLARTHERM PT 160 2230.9 _
'RELEASECOAT- CONC 252241.5 acetic acid<0.1 5- Each of the conponents in the
amount set forth in Table 18B was m xed to form aqueous resin conpatible
primary size Sanple SS according to the present invention. Sanple SS was

whFe ot 1ot Rt b e e 1800 51D Berie RS o B TS R0 BA7A

pol yest er thespan lengthcto samplecthicknesis alutiyg testing'wbs 6. f r om Bor den Cheni cal s ‘of -

- Col unbus, ©Chio. 215 DESMOPHEN 2000 pol yet hyl ene adi pate diol, which is

conmerci al | y available from Bayer of Pittsburgh; Pennsylvania. 217 PVP
K-30 pol yvinyl pyrrolidone, which i sragmrm ally avai-lable from ISP
Chenical s pfMayne New lersey 2186 A-T87 .

gama- gl yc} doxydesbyl t r i net hbwlisi | ank, i cH i BB onher@Cal I|y Cantrol dbl e f rom
OSi  Speci pShodBeamnc. ¢f Faundstpenwn, { Ng&B¥or|k. 8479 - Y769 7382 -
ganma- net hh8hedrdStrangtipy | t r squatdtinelysi | an(84) WHi c(86)s porgay cilal g1yavdi | abl e
from OSi. Pe@di] Wags, | nmegaPadls)y| own, - Ngw: Yor k.| PLURON C. F-10¢ :
pol yoxypr oppirettionpol yoxyet hyl ene coppl ynmer, |which ik commerjcially -
avai | abl e fsamplASE Cor por alihgesOT PRT piggDarTy.c.080v Pcooes. |220- FR%AM D 140
pol yam de, | v'ickieskS corr‘rer(génﬁh{ei@rg,va I(g_tqlsg) f rﬂmﬁgn ar(gl.MM I{1 ?O mjcal s, ‘
wlnc. - IN=13 2 ' ' N .
- ShortBeam | Pounds per 6626 7594 |. 7118 .| 5506
Shear Strength, square inch - (46) (52) ' (49) (38)
| No Boll, Filt (megaPascals) ' . i,
Direction o e '
Sample inches . - 0.061- | 0.050 0.060 | 0.055 .
Thickness N=13 {centimeters) (0.155) | (0.127) | (0.152) | (0.140)
Short Beam Pounds per | 5695 6522 | 5081 - | 4929
Shear Strength, square inch (39) | . (45) (35) (34).
24 Hour Boil, {(megaPascals) '
Warp Direction , , .
Sample _ inches | 0061 0.051 | 0.057 0.057
Thickness N=13 (centimeters) (0.155) | (0.130) j (0.145) | (0.145)
Short Beam | Pounds per 5266 5832 5179 4116 -
Shear Strength, square inch (36) | (40) (36) (28)
24 Hour Boil, Fill | {megaPascals) L '
Direction ' : : . :
Sample - Inches | 0.0863 0.051 0.062 0.056
. Thickness N=13 {centimeters) (D 160) | (0.130) | (0 157) (0 142)
.The short beam shear strengths of the fest Iamrnates (Unclad Samples AA
BB, CC)in both the warp and fill directions, both before and after water boil, were
observed to be higher than the control sample in this testing.
10 R . - EXAMPLE 17

Fill yarns made from E-glass fiber strands sized with sizing compaosition CC
given in Tab!_e 9A of Example 9 and warp yams made PPG Industries, inc.'s 1383
-commercially available fiber glass yam product were woven into 7628 style fabric
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222 MACOL NP-6 nonyl phenol surfactant, which is comrercially available from
BASF of Parsippany, New Jersey. 223 POLARTHERMr) PT 160S¢memhenz@0di de
powder Qgfdidahes, Which are commercially available frogpfydaimesy Cer amics
Cor por ati on of Lakewood, - Chi 0. 224 ORPAC BORON N TRI DE RELEASECOAT- CONC 25,
which'is coomercially available from ZYP Coatings, Inc. of Gak Ridge,
Tennessee. -139 for Sanple RR Sizing WO 01/68752 16 Septenber 2004

PCT/ USOL/ 08684 COVPONENTSAMPLE SS MAPEG 600 DOT r259.24 ALUBRASPI N 226
xal. 9 A-174 21710.9 A-1875.45 A-1100 rM2. 41 EPON 880 230.91.1 PLURONIC

eonrcaoiod sR AR Cind i ek ol 870 Bobraiet e 5 v 1

" (or weft)fmrmppemwmaté&@sa&%ﬁbﬁaﬁ&etcﬂkalﬁmeé control yam which was a
~commercially a|Ia le G, 75 E-glass twi sted yam having fibers coated with

PPG 695 si zi ng Qﬂaef ° ad \amingabs €Clrs Aegopibeq Abryeiin Fample@) waspi t t sbur gh,
P | 7628
ennsyl vagiissebienkts p?@éésséd aee gﬁﬂﬁ, Ibf%lt %@%nﬁdm&mﬁoaﬁ’&’é’ ﬁc{a}uﬁg{‘go a |

style fabric. The sized oxyftat e |l ate
" from BﬁSFplefahy OfZ%PAnﬂBmﬁewnazmetplanuﬁmbhpedomdmbedwpoé ymtltulady)e i m ne,

TTLC A 17450 B Ry ke Hite 805 B sel AR Rol e IR e RRPE My mer o1 i 1y
avai | abl err 63 OoE\8et qu:_aﬁen'qsmastcmntedfaldf@rthﬂ(m t.:ofl“lshief\lbt?i(értil}<anofhél\'87 '
& oy TehS YRR o e e D R alina ke S 35065 mberd e onal
organo si tieouit pattepi 1310 ing@iid S0owB of fiveCSHIIEE heles HBY2, akdh Ihﬁhh&af rom CK Wtco
Cor poxi 8t | 8|ameter@?4{3¥;tn Ymand\le Xven\t{gr[tié-center spacing between holes in adjacent rows
. ranging from 40 to 54.7 mil. In drilling these holes, two boards were stacked
together so that both could be drilled in a single drilling operation. Altematin_d rows
of holes in each pattern were interconnected by bus bar 1314 and leads 1316 dlong
' .' a first major surface of the board as shown in Fig 13. Wire leads were soldered to
15 eath bus bar for connection to a power source. Each circuit further included a 1K
chm surface resistor 1322 to ensure that if one circuit failed, power supply to the
- yemaining circuits would be maintained. Each board was soaked in 76.7°C (170°F)
deionized water for ten minutes fo remove any solder flux residue and dried. The
boards were then placed in a chamber at 85°C (185°F) and 85% relative humidity,
20 and a 13.5 volt DC current was continuously applied across the pattems. Every 200
hours the chamber was shut down, the chamber door was opened to aliow the
pattemns 1o staleze to ambient lab temperature and the insulation resistance for
each pattern was measured .
There were two Sample CC boards and two control boards The control
25 boards were made in the same way as the Sample CC boards but used conventional
heat—cleaned and ﬁrushed fabrics. Each board included 21 circuit patterns (i.e., three
sets of seven circuit patterns) for a total of 42 circuits tested for both the Sample CC
boards and the control boards. The results for 200, 400 and 1000 hcurs are given

. 'below in Table 17 where the tabled values are the number of pattems with the
30 spec:ﬁed resistance. |
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- 23 EPON(r) 880 epoxy resin, which is commercially available from Shell
- Chemi cal Conpany of Houston, Texas. PLURONIC F-1 08 16 September 2004
pol yoxy W pybasa2- pol yoxyet hyI ene copol yner which i s compmomusshioysssavai | abl e
from BASF Cor poration of Parsippany, New Jersey. -212 ALKAMULS EL-719
pol yoxyet hyl ated vegetable oil which is commercially available from
Rhone- Poul enc. ?a MACOL OP-'10 SP et hoxyl ated al kyl phenol which is
comercially avail'able from BASF Corp. of Parsippany, New Jersey.
Di spersi-on of a solid bis-phenol A gI yci dyl ether epoxy resin from Shell
Cheni cal Conpany -of Houston, Texas: Ay Tabl e 18B -Pounds of Corrponent per . .

100 Gal lops___of Sangple 5S Si zing 16 nber 2004 WD 01/ 68752

PCTI USO1/ p$esiatioorResistanganys had an LS]amplbd(% Prior tq weagphtgel LNE] Waryp
Cyamwas S ; cohol conpositionlthat jncreased the -

LA of thha war p to abdui?®9 Hrs: |atA0Hrs. 5po10PR&E.cdul t 1499 Hrabr i ] had an

LA rangipg Trongferp t0 L 9% gGach [fabric wap Lezellrlw at-rspetrreapi ity

accordi ngft he test proceddres 5 edtablished|. STM I) 737 andar d] Test

Met hod fof Air PetOeabi | i tly of1Textji| e 4Fabr cs ZThe 3qveragegair

per nmeabi | -t-y—f'ur—f?s'e—f-a-&‘fe—we“e% —s—showa—belowin—{Table 18C _Taple 18C
Ai r Peimepbility ('standard cubfc f get p(i.r m Huteip qquare Poot) Cpntrol
Sanpl e41 jSanpl e AR2. 8 Sanfle S$I.6 |10 A3 canjbe gpen (i Taptg t8€—f he air
per neabi | y—for—the-woved fabrics li ncorporaling S@bl es A and B i
signific tIy Iov@s than tlhat bf tHe faBrlc poverd withh the @ntrol | Sanple.
i EXAMPLE AL e adgrtTogat—hprg—t+iit gizfng—f-e;-mul'" ations-
applied t . ers tihat ta?”Were subsgquen |y venlinto a“fabric} Less
than 1 wgi ght pe?‘l@é"nt of |aceBBc adid g2 1nfluded 1njeach cgrrp051 tjon.

v)

| The Sample CC boards had fewer shoﬂs than the contro! boards after 206
hours of exposure. After 400 hours of exposure, all the control board patterns had

5 failed. For purposes of this test sample, a short” refers to an insulation resistance -
value of less than 10°ohms. : =

- EXAMPLE 18
Each of the components in the amount set forth in Table 18A were mixedto
10 form aqueous resin compatible primary size Sample RR according to the present -
invention. Less than 1 weight percent of acetic acid on a total weight basis wés
included in the compqsiti'on. Sample RR was applied to glass fibers forming G-75 E-
glass fiber strands. The coated glass fiber strands were twisted to form a twisted
yamn and wound onto bobbins in'a similar manner using conventional twisting
15 equipment. The coated yam had an LOI of 0.35%.

-
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-141 WD 01/68752 16 September 2004 PCTI USOL/ 08684 Tabl e 19 Wi ght Percent
- of Conponent on a.-Total Solids Basis COVPONENTSanpl e TIES3eni¢robenieddpl e
WBanpl e wi¥\Gaese XX PVP K-30=13. 713. 515. 314. 714. 2 STEPANEE{S01/08684
6532W27.913.612.6. A 1872371.71.91.91.81.7 A 174233.43.83.8= 3.73.5 EMERY
6717nm2. 31. 92.52.42.:4 MACOL OP-102401.51.71.61.6 TMAZ-817413.03.43.33.1 MAZU
DF- 1362420. 20. 30. 20. 2 ROPAQUE .OP-9624339. 343. 942. 340. 7 RELEASECQOAT- CONC
252444.26.4 4.5 POLARTHERM PT 160242.72: 62.8 SAG 102as0. 2 RD-847A24723. 2
DESMOPHEN. 2000 24931.2 235 PVP K-30 pol yvi nyI pyrrolidone which is
comercially available from|SP Ch eajf% Vayne, New Jersey. 236
STEPANTEX 653 which i$ commercially ava bl e from Stepan Conpany of:
Maywood, New Jer seWeighBRerseiBof Compoenegityn Total$olisyBagis net hoxysi | ane *
+-which is comercially avail abl dof SampldRR 8idieg Cor poration of Tarrytown,

New York. 2§00 A-174 garma mmp@mmxypropyl Trimne Tﬁomx R ¢h is
commerci al | 7“;‘,' e—H-om—CkW-eo—-Corperati-onr—gi—ar iy iown lew Yor K.
239 El\/ERY(r % artially amdated: poI vet hyl ene_ijm ne \%ﬁioch i s '

- commerci al | { DEBMOBHEN 2000/° Cogni s Corporation of |G ncigsati, Ofi 0. 240
MACOL OP- 10] BJBRYpated _al Ry piemnot; —thrs materral—jrs srrgfar—to]MACOL -

~OP-10 SP ex i nacr_'rrp tnent 10 reppde.t he
cat al yst I\/Aﬁ"@ 10 is no | onger commer ci al ly avalil abl e2.1241 TyAZ- 81
et hyl ene oxilgetde?? vative of a sorbitol ester whichy i's coggercrallly
avail abl e f % y—%ﬁ@%ﬁ—g 136
anti-foamn oy AV 0 f |gmm~rprma||v available ffrom F.-Corg. of

VERSAMID 140 ‘ 44 -
MACOL NP-6 ## S ' 54
'| POLARTHERM PT 160 %2 g _ ‘ 0.9
RELEASECOAT-CONG 252 - - L I 15
acetic acid . <01
& Each of the components in the amount set forth in Table 18B was mixed to

form aqueous resin compatible primary size Sample'SS according to the present
invention. Sample SS was appl_ie_d to glass fibers forming G-75 E-glass fiber sirands
and the strands were not twisted. The coated, untwisted yarm had an LOI of 0.7%.

15 RD-847A polyester resin, which is commercially available from Borden Chermcals of
Columbus, Ohio.

. 218 DESMOPHEN 2000 polyethylene adipate diol, which is commeraaliy available from Bayer
of Pittsburgh, Pennsylvania.
#17 pyp K-30 polyvinyl pyrrolidone, which is commercially available from ISP Chemicals of
Wayne, New Jersey. -
28 A:187 gamma-glycidoxypropyitimethoxysilane, whichis commercially available from OSi
Specialties, Inc. of Tarmytown, New York.
2 A-174 gamma—methacryloxypropyltnmethoxysuane whlch is commercially avaitable from
0Si Speciatties, Inc. of Tarrytown, New York.
20 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer, which is commercially
available from BASF Corporation of Parmppany, New Jersey. .
:z‘ VERSAMID 140 polyamide, which is commercaaﬂy available from General Mills Chem:mls
nc.
22 MACOL NP-6 nonylphenol surfactant, whlch is commercially available from BASF of
Parsippany, New Jersey.
~ “ POLARTHERM® PT 160 boron nitride powder particles, which are commermal!y available
. from Advanced Ceramics Corporation of Lakewood, Ohio.
_ 24 ORPAC BORON NITRIDE RELEASECOAT-CONC 25, which'is commerclalty avallable
from 2YP Coat!ngs. Inc. of Oak Ridge, Tennessee.
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- Parsi ppany, New Jersey. 243 ROPAQUE(r) OP-96, 0.55 micron particle

- di spersion which is commercially avail able from Rohm dfdapiembard®fdny of
Phi | adeM@0H6872nnsyl vani a. ORPAC BORON NI TRI DE RELEASEGUATUSIONESS25 bor on
nitride dispersion which is comercially available from ZYP Coatings, Inc.
of Oak Ri dge, Tennessee. 245 POLARTHERMr) PT 160 boron nitride powder
which is commercially available from Advanced Ceram cs Corporation of
Lakewood, Chio. m'SAG 10 anti-foaning material, which is comercially
avai l able.from CK Wtco Corporation .o-Geenw ch, Connecticut. RD 847A
pol yester resin which i's comrerci alfhyleagsi | abl e from Borden Chemicals of
Col unbus, OChio. 246 DESMOPHEN 2000 poI yet hyl ene adi pate dial which is
comer ci al | y avail abl e fl?mdsagf&ommwt pef 109 Gallons gh, Pennsyl vani a -T42

. WD 01/ 68752 Table 19 (cont'd) DGSSBM%SS@ZIBQO4 PCT/ USO1/ 08684

COVPONENTSanpl e ' TfSanpl e UCSMPORENSanpl € | ArSsmFELQQSPLURO\II C F-108

. 1 W‘F
cans AL el im0 TR 610 012 rron
provi des gl ass fibé NJJ Wﬁﬁ[’“ﬁg@. ng én abr asign- res"r%t ant} coating which

provi de good ther fd174tHbility, |ow corrosion andi®8actility in the
presence of high hﬂjm.mﬂ%‘, , reactive acids. gnd aglegl 1 esy and conpatibility
with a variety of pRIFgEBEERC THITTX —MHETT als: '”eiﬁ stTapds can be tw sted
or chopped, forned o—f ,g,;#ng-,—e—hepped—#mt o M.n*'m'ws strand rrat or
woven or Knitted ihEE' éhfg ric for usein a wilde 18%darie y of '

appl i cations, “suchj REURONIE br 87t s for conpdsite8.1duch hs Printed circuit

‘boards. It will be AQ&AMS’[ELWW hose skiTTdd ngifhe arf that changes
coul:d be made to- mell)ﬁﬁl.{ Pmaut—:scrl bet QW departing from

t he broad inventive—cohee e r-eof—I~t—is 4k herefore, that
“this invention is ﬁm’?&f to the 15 parti. uljiL_Qﬁbde ents di scl osed,
but 'it is intendeflaeaficagider nodifications that ar@6withjn the spirit and
scope of the invention, as defined by the appended clalrns. 249 PLURONI CT4

'F-108 Bal yoxy pyaisseRa vith|SeMOIas Rt B SSRER JS88TasWiairs Bnkl il (2R C1 2l | ¥
yams and woven into 7628 style fabric. ‘A control yam, which was a commercially -
available G-75 E-glass twisted yam having fibers coated with PPG 695 sizing and .
available from PPG Industries, Inc., Pittsburgh, Pennsylvania (hereinafter the

" “Control Sample”), was also wbven into a 7628 style fabric. The sized warp and fill

%% is an ethyoxylated di-tallate from BASF Corp. '

%5 ALUBRASPIN 226 partially amidated polyethylene imine, which is commerctaﬂy available
from BASF Corp. of Parsippany, New Jersey,

- A1T4 gamma-memaory!oxypmpylmmethoxysﬁane which is commerc:lally available from
CK Witco Corporation of Tarrytown, New York.
8 A-187 gamma-glycndoxypropyhmemoxys'lane which i is commercually available from CK -
Witco Corporation of Tarrytown, New York.

- 22 A-1100 amino-functional organo silane coupling agent which is commercially available from
CK Witco Corporaticn of Tarrytown, New York.
20 EPON® 880 epoxy resm. which is commercially available from Shell Chemical Company of
Houston, Texas.
241 pj URONIC™ F-108 polyoxypmpylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

22 Al KAMULS EL-719 polyoxyeﬂ'ly!ated vegetable oil which is commercially available from
Rhone-Poulenc.

3 MACOL OP-10 SP ethoxylated alkylphenol wh:ch is commercially available from BASF )
Corp. of Parsippany, New Jersey.

- 2 Dispersion of a solid bis-phenol A glycldyl ether epoxy resin from Shell Chemical Company
. ofHouston Texas.
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avai |l abl e from BASF Cor poration of Parsippany, New Jersey. 250 ALKAMILS

- EL-719 pol yoxyet hyl ated vegetabl e oil which is commercilé 3$eptemberi2@otte from
Rhone- Powb@ngs7s2' 51 1 ONOL NP-6 al koxyl at ed nonyl phenol padiiSdi/oséss
comrercially available from BASF " Corporation of Parsippany, New Jersey.
252 FLEXOL EPO epoxi di zed soybean oil comercially available from Union
Carbide Corp. of Danbury', Connecticut. -143 16 Septenber 2004 - -WO
01/-68752 PCT/ USO /08684 WHAT IS CLAIMED IS: 1. A fabric conprising at |east
one fiber.strand conprising a plurality of fibers and having a resin

_cohpati bl i a of . the | east -one .
{bor st r SO0 YRR R0 ar P, HBic% o w8Rihe g Hatx Ve s sfFSed viha ©

Trans p]?r t tpayamdymdmtl CMﬁbbbﬁl((j)ﬂEhﬁﬁ&ﬁ’éﬁBd}tlﬁ@DOQ@ﬁh?%nﬂﬁftmﬁ Qﬁ(?.ﬂ %ﬁ@r gram

- mass- of stran ermned by  a needle ajr _jet nozzle. uni aving an -
“internal Ut 2o cﬁi&?ﬂ@?mm;??@‘?do‘?"a'n&r@ﬂg'ﬁﬂﬁfm hoite 1:986-er s and a nozzle
exit tube haV' Ehch fAtsHIANAY t8bted for @it HehiBALTity aééor&nilﬂ & fir8 rate of

* 274 neters per mnute and an air pressure 0 | oPascal s 2 A fabric

" accor dlﬁwgeﬁ bb?r"@idrﬂ‘ ﬁSMBﬂ@Vﬁt@m’@fﬁE@tMEﬁmf@tAEIP@rmﬁd!lﬁtMnge)éﬂmwl tionis
a re5|due eeq?\?ér i A fabric
.~ according to al m Wr%@%ﬁ@i@ﬁhb%ﬁ%&ﬁ%fs&%@ %%IO%C'E)]WDOSI tionis

a _pomdered'ablaﬁt&(hg conposition. . 4. A fabrl c according to claim-1,
wherein the at |east one fiber str é)(g‘pl‘l ses at |east one glass fiber.
20 5. A fabric according to clai mi‘nq\’%i n the at | east one fiber strand-

conprises a plurali ty of glass Tibers. b6AifPédrieabilityaccordilng to claim5,

wherein the pluralijty of glass fi Fsﬁa;ﬁ{aﬂj cubic feek pef mphufe 1+ E gl ass fi bers,

D-glass fibers, S-g¢lass fibers, ass pePSdibre fool) ass  derivati ve~fibers,
. and m xtures Of any &unt lgaﬂ'lﬂEEQU' Ty fT accordrmg to claim6;

wherein 't he pl uralifsga— e BRCS> ||JJT(?I“S—&I"€—?G gl ass fi bers.

30 J 8. A fabric atcsrorhgto—ectalm-6—whereip tfhe—ahdfﬁ' Hty of glass’

fibers are select .dgr-i-uai.i Ve bers :

1 0 As can be seen in Table 1 8C, the air permeab:hty for the woven fabncs incorporating
Samples Aand B is 5|gmf cantly lower than that of the fabiic woven wrth the Control
-Sample

EXAMPLE 18 - 7 7
15 . Table 18 includes additional nonlimiting sizing formulations applied to glass -
fibers that were subsequently wdven into a fabric. Less than 1 weight percent of
acetic acid was included in each composition. '
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- -144 16 Septenber 2004 WO 01168752 PCTI US01108684 9: A fabric according to
claim, mherein the resin conpatible coating conposi ticcseptemipsri2004 a
pluraliieopfeshsy ticles. 5 10. A fabric according to clab@gﬁ; solpR&ei N the
plurality o( particles are forned frommaterials selec from polymeric
inorganic materials, non-polyneric inorganic materials, polyneric organic
mat eri al s, non-polyneric organic nmaterials, .conposite materials, and

m xtures of any of the foregoing. 10 11. ' A fabric according to claimiO
wherein the polynmeric inorganic materials are selected from

pol yphosphazenes, pol ysi | anes, poI*sglq%pne pol yger emanes, .polyneric

' fsul fuL,jnpol yneric jﬁelﬁgg E g ;bco q],q)falﬁgpq nx 'rl'?\fp Fhé o
n N NIJ nargani anpe Safle Uy, isﬁﬂlm]qw M

oxj ¥R K-3%7hi des. nitr|dest3.borites 13.8ulf| desi5-3ililat 4.7 carpondies,

suj SEEANTEX@SB?Fdes, and 2.t urps of any pf t186 foyegoing. .{ 20 18% A
f ajoadtg@7&Ccording to cl fi m 1Q, wherei n.ot he pol-yt@ric jorgapgc npterqgg s afe-
sef aatrgg@ rrom t her nosefti ng4natef i al 8,8 theyf nopgast1 [ mat gfyl al' S| arT§5 :

i RERIERY 6717201 . 147 K TabR T 3 WWMg@el e gy e i ¢

or; 129pPT . d.l-su d Llf%l erb-'Lll Mg Tt eT Tl Sy ?"EI L,ILleGI ] U|| 18

th Ag—pPoTryesteTs; gy esStetrST—epoXysiaterrarSy: pru, -C..Lg:r,

an m" Ao therrosetHAg 'gc! yulet-hanes—carharate fungé-ena po Joprs!
6 _t_h.gggg.r_e Ding.-—15_ A f_ab_gqgg actor 20 ta rlaoﬁj’%

an 9 - ,
' v\,h Pﬁql-"fe ('ﬁamcprlr mg;§§3~ 3D neterialk arfS-Pher pl4 Jic t Q.81 s
sel 01 hst i #-2pol ybst e pol ycarbonat ks, pol yol bfi n4,5 ,
acrﬁOLAREHEﬂ%PFlG vani dé8d. t hper nogleast it pol yur el hanes, vi hyl acayrrel s,
anpgsaGatifes of any of the foregpi ngD.2 145]i 16 Sep}enber 200fF WO _
0¥ R APECTI QSal/ 08684 16: A fapriz:gzcorfing to clhim 10, WhErein the
' BEMOPIEI ©000F2 arf selectep Trapparficl es thaj have a hardaness ar
thefT-—surftace that-1s difrerent fromzune araness of the Tmterma—portions- - -
of the particle beneath its surface. 5 17. A fabri.c according to claim 16,
wherein the conposite materials are T

25 PVP K-30 polyvinyl pyrrolidone which is commerc:ally available from ISP Chemicals of
Wayne, New Jersey.

%% STEPANTEX 653 which is oommerclally available from Stepan Company of Maywood,

~ New Jersey.
27 A-187 gamma-glymdoxypropylmmemoxys|Iane which is commercially available from CK
Witco Corporation of Tarrytown, New York.
, 28 A-174 gamma-methacryloxypropylirimethoxysilane which is commercially available from -
" CK Witeo Corporation of Tarrytown, New York.

29 EMERY® 6717 partially amidated polyethylene imine which is commerclally available from
Cognis Corporation of Cincinnati, Ohio.

2% MACOL OP-10 ethoxylated alkylphenol; this material is similar to MACOL 0P-10 SP except
that OP-10 SP receives a post treatment to remove the catalyst; MACOL OP-10 is no longer
commercially available.

211 TMAZ-81 ethylene oxide derivative of a sorbitol ester which is comrnerclally avallable from
BASF Corp. of Parsippany, New Jersey,

22 MAZU DF-136 anti-foaming agent which is commercnaﬂy available from BASF Corp. of
Parsippany, New Jersey.

- 2% ROPAQUE® OP-96, 0.55 micron particle dispersion whnch is commercially available from
Rohm and Haas Company of Philadelphia, Pennsylvania. ~

2% ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
commercially available from ZYP Coatings, inc. of Oak Rldge, Tennessee.

2% POLARTHERM® PT 160 boron nitride powder which is commercially available from

-Advanced Ceramics Corporation of Lakewood, Ohio.

%6 SAG 10 anti-foaming material, which is commerclally available from CK Witco Corporation
of Greenwich, Connecticut,

#7 RD-847A polyester resin which is commercially available from Borden Chemm[s of
Columbus, Ohio.

248 DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer
' Corp of Pittsburgh, Pennsylvama.
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selected fromparticles fornmed froma primary material that is coated, clad
encapsul ated with at |east one secondary material. 1E0Septargber 2004 f abric
accor di ngobpesysAi M 16, wherein the conposite materials arerngsglbsssied from
particles formed froma primary nmaterial that is .coated, clad or

encapsul ated wth a differing formof the primary material. 19 A fabric
according to claim9, wherein the plurality of particles have a 15 thermnal
conductivity of at least 1 Watt per neter K at a tenperature of 300 K. .,

20. A fabric according to claim19, wherein the plurality of particles have

- fe

. ad

.a thernal

conductivity rangi nordui®

fedntdf000 Vatts per neter K at a

tenperature of 300 K. 20 21. A-fabric according to claim9, wherein the at
| SEOMPONENPE! St and gam r-,'-lbtss 3t & ENAD Hets- el 2

$l’:!r Ey‘- 0 51"0#%@%&%:" .bt ye- psﬁmﬁhw ?M‘? 'nﬁﬂaﬁgga_:
23— F§‘ 7—.6555'0"'3! dHe—whi-ch—dd ced _the Mbhs' bardneéss val ue df
a;]. T ' he at _leadt o bt £ | bdr strand 23. 1A fabric

' wherein tHe pld3dalitdy of partilcles havela Mohs'

h e BBOME rangind from0.5]to 6. 30(24. 126f abfi c..a660r dijng 4R.6c] aljm
9, wherein the plurality of particles have an average particle size ‘

~sufficient to strand wet- out. - . -146 -1 6 Septenber 2004 WO -
01/ 68752 PCT/ ugdli'%‘é%g’ﬁegfﬁ?gv%sf’%@loﬂc#ﬁ%% aﬁ?fb‘%?b“'élpmﬁﬂm?mr ein the

pl ural I8 y pedvide dlass! fiber SieatRis haling WA'ReRidRcsistne cSdt i or di ng
to |l aser gcatteri t echni ques, rgangin fror% 0.1 t@ESWHmﬁg.gg%&, A

2 ng
fabric ac awﬁtaIEL’ clo Gerrosiopaad esactivifydn thespresenpenfhigh wnidi, i ng
| Ui gead ' i o jal different
conposi t i e&adtive hbﬁﬁ.aﬁ@%ﬁé%d%rﬂﬁ%gﬁ%% Az\l aeﬁ%ﬁé@éﬂ%ﬁﬁ% Lrreren

fromthe pllralily of particles. oclaim9,
wher ei n tI'\"éat'P'@linT'{Qﬁﬁﬁ@PQ? earcletwistgd oc dmpped; fooned:intgoa raving, ehoppedst one
- fil mformppg ' ' ' ' laim.1, wherein the
resin conpat iﬁgﬁ"};’g‘f‘? %?@8%@5%%# g@ﬁ%&f ﬁ‘é@gfé?%é’i%’i%eﬂ'éaé‘f"ﬂ%e di | uent.
15 2910 afietyof epplicatinnsi suphtas reintireeriénts Vdranaipositdssuch 3 prirddircige  di | uent
s a I'“b% t conprising one or nore functional groups capabl e of
reacting w an epoxy

l_t_ \_.uill be appreciated by those skilled in the art that changes could be made
| t_o the embc_:dimenis described above wit_hout departing from the broéd invénﬁ..ve.
concept thereof. ltis l.n"n:karstood.,j therefore, that this invention is ndt limited to the -
particular embodiments disclosed, but it is infended to cover modifications that are
within the spirit and scope of the invention, as defined by the appended claims.

15

24 PLURONIC™ F-108 polyoxypropyIene-polyoxyeﬁ]ylene copolymer which is coﬁ1tﬁé i

) rcially
gailabie from BASF Corporation of Parsippany, New Jersey. iad
> ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially avaitable from
Rhone-Poulenc. : '
_?‘_‘ ICONPL NP-6 alkoxylated nonyl phenol which is commercially available from BASF

_ ‘Corporation of Parsippany, New Jersey.

2 FLEXOL EPO epoxidized soybean oil commercially

available from Union Carbide . of
Danbur;h Connecticut, oo of
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. resin system and sel ected fromthe group consisting -of am ne groups,

al cohol groups, anhydride groups, acid groups and epoxip Sgpterpber 2008 30. A
. fabric waxewadrszy to claim 1, wherein the at |east one fippayuseifiskggl has an
Air Jet Transport Drag Force value ranging from 100,000 to 400,000 gram
force per grammass of strand. 25 31. -- A fabric according to claim 30,
wherein the at | east one fiber strand - has an Air Jet Transport' Drag Force
val-ue rangi ng from 120,000 to 300, 000 gram force per gram mass of strand.
32. -A fabric according to claim1, wherein the resin conpatible coating

30 conposwHATNISGEAIMEDESS on ignition value ranging fromO0.1 to 1.6. 33.. A
reinforced | am nate conprising: -147- 16 Septenber 2004 WO 01/68752
PCTI US01/ 086845 10 15 a) at least one matri'x material; and b) at |east*one

“fabric conpris{ng %féﬁﬁ%bmﬁﬂﬁnéhgﬁﬁst%r{e% Mmé}ﬂo@ ﬁlﬂ‘é}lr@l fty of

fibers-and having a resin conpati bl'e coatl ng Conposl Peast a
surf ace dibersand navirga resiheompaiible enating dompbeitioni on atleasit dudass obthe i ber

'strand;_—> haasug&téhéﬂg&tstr'gmnsport Drag Force value of greater than 100, 000 *
gram force per gram nass of strand as --deternmined by a.needle air jet.

nozzl e unit hauherglnathe ahbastmaleﬁberstraid lﬁ&wﬁﬁfJeth&ﬁmsmrtaDrdgFﬁﬁieer of 2.
millinmete @Z“ (E\kd a no§I qﬂﬁf)@{) tubF having.-a | ength of . 20 centineters at a
strand fe@s Y Heer Bian gram forge pef dram massof gtrand P Selaminegiby3 10 o
ki | oPascah fieedid air fot hozé Oﬁ:ﬁﬁ@lnﬁg-?laﬂu MedrRalaGcer d’ldﬂﬂ)e‘i"ﬁaﬁh b%a?ﬁetei"@ﬁé ein the

reinforced, | am nate has a flexural strength in the fi direction of the

fabric grialiimstersad angzzigexitivhehavinga jpagthsef 29raentimetars amﬁmti@edfor ced
1 am ned e REECH e et ﬁér%mtﬁﬁgd‘@fﬂ%ﬁl%r sg,_?g oﬁﬂ?ﬁ@%@& | ami nate has a

flexural strength in the fil Irection o ric greater than 4.9
x. 90" kilograms per square neter. 20 36. A reinforced | am nate. according -

' | ai b and _h
Tansport b ag For N R0 0B 4 hgEinybe e wﬁﬁa@o’%’é“@ty‘éﬁ% force

per gr am cong®siionds a seritiue of at [east one aqueous coating composition.

16 3. A fabric according to claim 1, wherein.the resin compatible coating
composition is a powdered coating composition.

4. A fabric according to claim 1, wherein the at least one fiber strand - -
comprises at least one glass fiber, -
20 | |
5.  Afabric according to claim 1, wherein the at least one fiber strand .
comprises a plurality of glass fibers.

R 6. A fabric according to claim 5, wherein the plurality' of glass fibers are.
7 25 selected from-E-glass fibers, D-glass fibers, S-glase fibers, Q-glass fibers, E-glass
derivative fibers, and mixtures of any of the foregoing.

7 A fabric accordlng to claim 6, whereln the plurality of glass ﬁbers are . .
selected from E-glass fibers.

30 : ’ 0 | B o
' 8. A fabnc accordmg to claim 6, wherein the pluraltty of glass fibers are
‘ selected from E-glass derivative fibers.
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37. Areinforced |am nate according to claim36, wherein the at |east one
- 25 fiber strand liar an Air Jet Transport Drag Force valtuBeptembenRPOdr om
120, 000 w@o1/6¥762 000 gram force per gram mass of strand. m8yushinsggsaf or ced
| ami nate according to ctaim 33, wherein the resin conpatible coating
.conmposition has a loss on ignition value ranging fromO0.1 to 1.6. -148

a. A fabric according to claim 1, wherein the resin compatible coating ¢

" composition comprises a plurality of particles.

5 10.  Afabric accordihg to claim 8, wherein_'the plurality of particles are
forméd from materials selected from polymeric inorganic materials, non-polymeric
inorganic materials, pBlymeric organic materials, non-polymeric organic materials,
composite materials, and mixtures qf any of the foregoing.

.10 11.° A fabric according to claim 10, swherein the polymeric inorgénir.:‘
_ materials are selected from polyphosphazenes, polysilanes, polysiloxane,
polygeremanes, polymeric suliur, polymeric selenium, silicones, and 'mixtur’és of any
- of the foregoing. ' ‘ '

15 12. A fabric according fo claim 10, wherein the non-polymeric inorganic -
~h1atéﬁais are selected from graphite, metals; oxides, carbides.-nitrides, borideé,
sulfides, silicates, carbdﬁates, sulfates, hydroxides, and mixthres of any of the h
foregoing. '

20 | 13.  Afabric according to claim 10, wherein the polymeric organic
materials are selected from thermosetting materials, thermoplastic materials, and
mixtures thereof.

14. A fabric according to claim 13, wherein the pol_wﬁerib organic
25 materials aré thermosetting materials selected from thermosetting polyesters, vinyl
esters; epoxy materials, phenolics, aminoplasts, thermosetting polyurethanés,
carbamate functional polyfners, and mixtures of any of the foregoing.

| 15 A fabric acc'ordiné fo claim 13, wherein the polymeric organic
30 materials are thermoplastic materials selected from thermoplastic polyesters,
po!ycaljbonates, polyolefins, acrylic pofymers, polyamides, thermoplastic
polyuréthanes. vinyl polymers, and mixtures of any of the foregoing.
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-46. A fabric according to claim 10, wherein the composite materials are .
selected from particles that have a hardness at their surface that is different from the
hardness of the intemal portions of the particle beneath its surface.

5 ,
| 17.  Afabric according to claim 16, wherein the composite materials are
selected from pariicles formed from a primary material that is coated, clad or _
_encapsulated with at least one secondary material,
10 . ... 18. . Afabric accbr'ding to claim 16, wherein the composite materials are

selected from particles formed from a primary material that is coated, olad or
encapsulated with a differing form of the primary material.

-~ 19  Afabric according to claim 9, wherein the plurality of pariicles havea
15  thermal conductivity of at least 1 Wait per meter °K at a temperature of 300 K. - - -

20.  Afabric according to claim 19, wherein the plurality of patticles have a
thermal conductivity ranging from 5 to 2000 Watts per meter °K at a temperature of
300 °K. '
20 ' . _
21.  Afabric according to claim 9, wherein the at least one fiber strand
comprises a plurality of glass fibers.
.22, Afabric according to claim 21, wherein the pluralrty of particles have a -
25 Mohs' hardn‘ess value Whuch does not exceed the Mohs' hardness value of any glass
fiber in the at least one fiber strand.

23. A fabnc accordmg to claim 9, wherein the plurality of particles have a
. ‘-Mohs hardness value ranging from 0. 5 t06.
30 o |
24,  Afabric according to claim 8, wherein the plurality of parhc!es have an
: average particle size sufficient to allow strand wet out. -
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25. A fabﬁc.accordi‘ng fo claim 24, wherein the plurality of particles have | .
. an average particle size, measured according to laser scattering techniques, ranging -
from 0.1 to 5 microns.

- 26.  Afabric according to claim 9, wherein the resin bbmﬁatible coating
composition further comprises at least one lubricious material different from the
plurality of particles.

10 27. . Afabric accbrding to claim 9, wherein the resin compatible coating

composition comprises at least one film-forming material.

28. A fabric according to claim 1, Wherein the resin compatibie coating
composition comprises a resin reactive diluent. h
15 ' |
29. : Afabric aécording to claim 28, wherein the resin reactive diluent is a
lubricant éompn‘sing one or more functional groubs capable of reacting with.ah epoxy
resin system and selected from the group consisting.of amine groups, alcoho!
groups, anhydride groups, acid groups and epoxy groups.
20 |
30. A fabric according to claim 1, wherein the at least one fiber strand has
an Air Jet Transport Drag Force value raﬁging from 100,000 to 400,000 gram force
per gram mass of strand. ‘ |

25 31. - Afabric according to claim 30, wherein the at least one fiber strar_id . |
has an Air Jet Trarisport_'Drag Force value ranging from 120,000 to 300,000 gram

* force per gram mass of strand.

32. A fabric according to claim ;l, wherein the reéin compatible coating
30 composition has a loss on ignition value ranging from 0.1 to 1.6.

'33.  Aveinforced laminate comprising: .
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a) at least one matrix material; and
T b) at least one fabn'c comprising at [€ast one fiber strand comprising a
pluraiity of fibers.and having a resin compatible coating composiﬁon onhat
least a surface of the at least one fiber strand,
5 wherein the at [east one fiber strand has an Air Jet Transport Drag
| Force value of greater than 100,000 gram force per gram mass of strand as -
detennined by a needle air jet nozzle unit having an internal air jet chamber - -
having a diameter of 2 millimeters and a nozzle exit tube having a length of
<20 centimeters at a strand feed rafe of 274 ‘metefs per minute and an air

.10 o pressure of 310 kiloPascals.

, 34. Areinforced Iaminaité according to claim 33, wherein therreinfcl:rced
' 'laminate has a flexural strength in the fill direction of the fabric greater than 3 x 107
kilograms per square meter. ' -

156 _
35.  Areinforced laminate according to claim 34, wherein the reinforced
{aminate has a flexural strength in the fill direcfion of the fabric greater than 4.9 x.107
| kilograms per square meter. B
20 36.  Areinforced laminate according to claim 33, wherein the at least one

fiber strand has an Air Jet Transport Drag Force value ranging from 100,000 to
400,000 gram force per gram mass of strand. |

) - 37.  Areinforced laminate according to claim 36, wherein the at least one
25 fiber strand has an Air Jet Transport Drag Force value ranging from 120,000 to
'300,000 gram force per gram mass of strand.

38 A remforced laminate according to claim 33, wherein the resin
‘compatlble coating composition has a Ioss on |gnlt|on value rangmg from'0.1 to 1.6. -
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