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matrix material that the strands are incorporated into. In thernosetting
nol di ng operations, good "wet-through” (penetration of a 5 polyneric

mat ri X mehgydigk7hhrough the mat or fabric) and "wet-out" (Rengdh@édsen of a
polymeric matrix material through the individual bundles or strands of
fibers in the mat or fabric) properties are desirable. In contrast, good
di spersion properties (i.e., good distribution properties of fibers within
a thernoplastic material) are of predom nant concern in typical

t her nopl astic nol ding operations. 10 In the case of conposites or |am nates
formed fromfiber strands woven into fabrics, in addition to providing
good wet - t hr ough Thisdnyeplien ieatepgenasalyptorcoated figer strandsdonrainfcingt |
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matrix  rat 8PechHistripHion Rraperties of b@[ﬁ:wrtmﬁ@th@rmqplmﬁmar@ﬂ>@rg oki ng
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through a variety o tec ese non-resi-n conpati bl e
si zing Mteri al sintbecase omnmnnsltgs Qﬁammabeqforrsédaﬁtomf bexgtomids gvavbe inkoven

fabric to e for ds.of  tinme to thermally
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t
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removi ng t hen dikjétnssmPand Bé EorfiBatld witis thnsblyiaetic :Héthia%atérmﬁrﬁm/vﬂﬁh%é he
fabric ﬁét h_si zi ng%deconpom tion products.” G her nethods of renoving

si zi ng tat efifeystrapdy, aredacarporatede dlowayen many&iging cappanents atgacbr chem cal
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require significant reformilation of the sizing conpositions
conpat i bi | i bgtwegp the glassfibess and thepiolymprismidtix material.cBor examplegistavgrer at | ons

and are gengal iy/a BGhmonly used sizing component for textile fibers, is generally not
compatible with polymeric matrix material. As a result, these incompatible materials
20 must be 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 temperatures for extended
periods of time to thermally decompose the sizing(s) (commonly referred 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
of the glass fibers, are not always completely successful in removing the

30 incompatible materials and can further contaminate the fabric with sizing
decomposition products. Other methods of removing sizing materials have been

tried, such as water washing and/or chemical removal. However, such methods
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as effective as heat-cleaning in renoving all the inconpatible sizing
materials. In addition, since the weaving process can be quite abrasive to

the fiberywg @%g8752° yans, those yarns used as warp yarns argghyddl/esdsh Y
subj ected to a secondary coating step prior to weaving, comonly referred

to as "slashing", to coat the warp yarns wth an abrasion resistance
coating (comonly referred to as a "slashing size") to help mnimze
abrasive wear of the glass fibers. The slashing size is generally applied
over the primary size that was previously applied to the glass fibers
during 10 the fiber form n% operation. However, since typical slashing
si zes are alBgoerati reqyise sigaificgnt cefiopnulativreofithe kizingeopwositiens for nerhpatibility
materi al s, tk r t abric prior, to its
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de- greased s effectivelasthehtibleaning anentdvingpedil thercbmpatitsié sizing rhatenigi®li ng si ze,
typically a sil age upl in ent and wat er 15 i.S lied to the fabric
to re-coat the gP’h%‘gqqqunoa'Pgeﬁ'%V%?V'%Wf’ﬁ%ﬁs ‘fﬂn&,ee%tﬁﬁgpéf"@pto the-Sharsiasy
cal | ed "&i niyafmsnoge yahs uséd adaam VAs ¥R t?ﬁic@@%ﬁje@fe@QG%%eB&'! BSating

I ni

sl ashi ng, de-gre.as' ng or de- oiling, and ni shing, increase fabric
producti on &% Ipé'°f{ Aing. cemmonjfafariesiia psyslashingytoseatthamagp yamsi r e

si gni fi cant with\6ASIRERYN leBisfaml tahtirddebmRRly r@fé%h@bgéa"égsmﬁgg%é{g{o the
b d ng st eps

n
added handling of the fabric associated wth these processi can
| ead to fabP¢lp rejpimizReakipsiveweprekibe glasalfibers. ThHefslashinglsizeds berarallli r ect ed

toward i npr gy ffd-cl f . ] t hese

bt 0cessi ng. oyeied NN grinny BEX Ut s okt ledlo 1B s SbritdliPonar can

acconpl 16h thediber faming arferatioe. fHwever, soceitydicab slaskibg aizewaresaish boteakage of

orovi de. 1 or SEEN ofiHRR it e el hehs et Riarler iy 5 tupthe Brmoved — °°

addi tion, i fromwihé dioben fabeic bricttoatsliyc androigRaHs rédin.t he coatings were
oRpb

conpatible with ern air jet weaving equi pnent to increase productivity.
Furthernore, it |9d"18ée’éai}’éwpéaa@1®'q *’2‘("? therde-graasasdrde-gilgd fairiged

processing atdhe polynferfcaBsinCa fitisRth§ 9iz8 Pgphilydsibik cBup!g Sﬁght"ﬁ A the

fabric ggal ity required for electronic Support applicati an prdvi di ng

for good®l alsidPRiied 19/the &tricda re-coat\ies glass s ipEt AnSiber pB6EessingTiten f or egoi ng

summary, asdimorpcdiRg “firdéHioy ng detail ed description of the preferred
enbodi nent ss W | Irﬁ%e bettler lmerst ood when read in conjunction with the

appended dr awi ngAll of thesépontvalue mdded processing steps: slashing, de-greasing or de-
oiling, and finishing, increase fabric production cycle time and cost. Additionally,
they generally require significant investment in capital equipment and labor.
20 Moreover, the added handling of the fabric associated with these processing steps
can lead to fabric damage and decreased quality. |
Efforts have been directed toward 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. In addition, it would be
particularly advantageous if the coatings were compatible with modern air-jet
weaving equipment to increase productivity. Furthermore, it would be advantageous
to 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.



Figure 1 is a perspective view of a coated fiber strand at |east partially
coated 5 with a coating conposition according to the present invention;
Figure 2 w® @/easpective view of a coated fiber strand atpdpastiopgiti ally
coated wth a sizing conposition and a secondary coati ng conposition
according to the present invention on at |east a portion of the sizing
conposition; Figure 3 is a perspective view of a coated fiber strand at

| east partially coated 10 with a sizing conposition, a secondary coating
conposition on at |east a portion of the sizing conposition, and a
tertiary coating conposition according to the present invention on at

| east a porti on e foregomgeurueary, asosell arthe detlowsiordasaited degernintion of thea t op

pl an vi ew of C si,t e | Y ian; 15

B gure 5 i PePrERSpRRHH, ) 6 R ShibbolihuieleRd xeRunci B Tt 120
Fi gure 6 i sappefddidrawingsdilmthealrawihgst net hod for assenbling a fabric and
formng a lamnate according to the present .i.nventiqn:, Fiqure 7 IS
cross-secti onal aF\}g‘gﬁﬂd? afershestive e BFgﬁﬁ?r}S? pg%{csé@pgiahﬁaggtqrﬁaély CB?tggent
inventi an; ifh EeHnG TompRSitlo® adddidifg BSthe pRsdenbin@éntiohews of al ternate
enbodi ments of an el ectronic support according to the present invention;

Figure 10 is a JUSHRe:is@ RETSRGEHVA dew &f ?ﬂS?ﬁSﬂ ﬁP?ert'iaGiji‘Ff i?@sb‘??’%'&icpﬁieg in a
| ayer of f gipﬂi é:siQifng?:Eren%%?iﬁM 9Rd 5 séeii?ia‘awe %ogagi_wg eg@pés}tidnsa&amwio\fhéw of a

drill illustrating rrmary cutting e Figure 12 i's a schematic
of a drill present parentionon afrieastiaorionmd thessigingdica@pPastiast. circuit patterns.
The fiber stran . r I i i -1 t not
oni'y  pref er ably iR ESRLHRERe EU RER SORHRKE: St cf Bt AR koD
processig witH a aizivg coprpositidesa secohdary tcoating cvimpokitioh oh lableasia portipeot | es:

good wet -t hyough, wet-out and 30 dispersion properties.in, f i of
conposi tes%%%l@?‘pﬁéﬁpﬂeﬂ‘dﬁei‘a&ﬁ,w oatgigrcgﬁiogosﬁ%rb%%cipfdsl%%toétﬂé{Eﬁérsgﬁ{"ty of

i ndi vi dual ihvdHEibe oniat Rast &bortieA st thewechndaey SoatiAg comedsiti@r,ei n, " conposi te”
neans t he conbination of the coated fiber strand of th esent -5 WO

01/ 68752 PCT/ USOT9¥8disa a tpp plaRivighold emBeesits pirquchacoer Cﬁ%ﬁ? @rtﬁ%P{esFBi

exanpl e, b%végi%n;l imted to, one or nore |ayers of a fabric incorporating
the coated fiber strand conbined with a polymeric matrix material to form
a | ani ntRe. GoodFigursisigiador plasnigwnof atabric epearding tathgtreseny invention;

Figure 6 is a schematic diagram of a method for assembling a fabric and
forming a laminate according to the present invention;

Figure 7 is a cross-sectional view of an electronic support according to the
present invention;

20 Figures 8 and 9 are cross-sectional views of alternate embodiments of an
electronic support according to the present invention; "

Figure 10 is a schematic diagram of a method for forming an aperture in a
layer of fabric of an electronic support;

Figure 11 is an end view of a drill illustrating the primary cutting edge;

25 Figure 12 is a schematic of a drill hole pattern; and

Figure 13 is a diagram of circuit patterns.

The fiber strands of the present invention have a unique coating that not only
preferably inhibits abrasion and breakage of the fibers during processing but also
provides at least one of the following properties: good wet-through, wet-out and

30 dispersion properties in formation of composites. As fully defined below, a “strand”
comprises a plurality of individual fibers, i.e., at least two fibers. As used herein,

“composite” means the combination of the coated fiber strand of the present
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good hydrolytic stability (i.e. resistance to mgration of water along the
5 fiber/polyneric matrix material interface), |ow corrosion and reactivity
in the presangers2of high humdity, reactive acids and al kgldrassoaoghss
conpatibility with a variety of polyneric matrix materials, which can
elimnate the need for renoving the coating, and in particular heat or
pressuri zed water cleaning, prior to lamnation, are other desirable
characteristics which can be exhibited by the coated fiber strands of the
10 present invention. Preferably, the coated fiber strands of the present

i nvention provide good processability in weaving and knitting. Low fuzz
and hal os, inkentiohmdtheam éddltmnahhaterialofnr examaladbutemtsiimiiﬁd foi ghe Of mats | i ty and

| ow i nsert] ontl are refe er| r

conbi natiohyerﬁro(g iT2RIls 18 r?‘?{é '?:% ecaa%ﬁjii)gq rC%glb'{éaﬂ*s' %H@k%}éig pr esent
i nvention fagix R4tefisinafdrih 4 Redindté aGoouwemvihatg s&edgthngddd thernaal etabilitysi st ent |y
provide a fabric with few surface defects i .nted c rcuit board

appl i cat i ogeod hygrolyfigstabily (.6 segieiangs tBé'?'g'?L?'éﬂ at&f alopg r}?r esent invention

can be gui abloRlyhidric Wik thatidtial Rictiakcs), |0PSHRBNRINMATESEtiVitY\ tHS preseaEsi N,
“air jet weavi ng means a type of fabric weavi n% in which the fill yarn
|

(weft) | s pihigh hemidithtreactive agids andipti@lies angd eanapatidiity with 2 ¥afistested a| r from
one or golgrbéné @%tr&ﬁé&lleﬁéls WhiEh EaRbRAnAleREE Réécf fah Fb?n&fmq {he cBé

i nvention ve a unique coating that can facilitate er mal
conduct i onasd mrpyrtnmmwﬂatsmrrﬁramlﬂzed walee cleaing.sprior Whlaminatied, are Oéhedf ont i nuous
rei nforce

ro I fibers of
the. pr esenfeTRYB Bl rafcs PHIGT o8 B8 ShhipBertfine 3U5iad ERPLGAE PR
di ssi pa0i Opre‘séﬁtﬁm\zenlﬁemt source (such as a chip or circuit) along the
rei nforce- nment _t ct he fromthe e c_conponents and
t her eby i nhi bit Pr #W@B&a ecﬁ?@@ V\%ﬁargﬁ& Qf@?eé'&f'HFﬁtﬁno?{%'Pglgﬁgdm rcuit
conponent sprogbasubility i WfeavmgEndRAltHHEE o iRt BhhaTB$, 86w drokemitaneeras, dslv gl ass
fibers of F resent invention preferably provi de a hlagher t her mal

conduct i vi 515}3 geion,thigh flipkilitengdilow iRgedipn dime gre grefersed ghanacieristisht j al pat h
for heat dln%m&éﬁrly gﬁa%ﬁ'nbma%ﬁ O;%}H&l fh@%s@s d’é%@‘fi%éf‘&réi‘idfsfo?fﬁént i al

t hermal expansi 0 war page f ectroni ¢ circuit board and i npr ovi ng
sol der 15j opresentdhventtioh thap preferamfequte’@mvmndwwmw"m@%’bat ed gl ass

e ot R A TGP b Y BB P R BN pEo St Ruge T2t the
whi ch i npr asdition, @maﬂ@dtﬁbenarawﬂa@f thei prgsenbmvanuamrtsnd:ecbustebbrf@* usesn By matri x
air jet weaving process. As used herein, “air jet weaving” means a type of fabric
weaving in which the fill yarn (weft) is inserted into the warp shed by a blast of
20 compressed air 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 to conduct heat away from the electronic components and thereby inhibit
thermal degradation and/or deterioration of the circuit components, glass fibers and
polymeric matrix material. The coated glass fibers of the present invention
preferably provide a higher thermal conductivity phase than the matrix material, i.e.,
30 a preferential path for heat dissipation and distribution, thereby reducing differential
thermal expansion and warpage of the electronic circuit board and improving solder

joint reliability.



materi al supply tank purging and maintenance. 5 The coated fiber strands of
the present invention preferably possess high strand openness. As used
herein, t{® fi1%&"," hi gh strand openness” neans that the stgangkohasssan

enl arged cross-sectional area and that the filanents of the strand are not
tightly bound to one another. The high strand openness can facilitate
penetration or wet out of matrix materials into the strand bundles. 10
Conposites, and in particular |amnates, of the present invention, nade
from the fiber strands of the present invention, preferably possess at

| east one of the follow ng properties: |low coefficient of thermnal

expansi on; good mbmoatailglassrf‘megsﬂnandsgﬁmé prasmhranehtmprtefmdblsiaseergbh and
good hydrol ytic,stabil St a rat f water

A ong T he Bt et nearRathafartal P Rjev e e U RSl 1 15 ana

printed ci rrgsih twmaarn@hoﬁés lafhald eiRAtfaciurtg bpératioriseahel lbwemdobw fiatyixr strands
in accordance with the present invention preferably have at | east one of

the foll ovm'?@e"?irsﬁﬁgyﬁré@urgfﬁ%énﬂFIEH"T‘%’Eﬁ'\CFty and resistance to netal
mgrati e (al so 1haf@atRthivep standsrtktosteserdhtior! blefdrBRYY pbededBhighn or CAF) .
See Tummala (Ed.) et al., Mcroel ectronics Packagi ng Handbook, (1989) at
pages 896- Syand aEenTess TASABesherem theriean  high Ksand apenuegs’ peans:that the

El ect roche [

rsserl | corTart by pREHERIbd bt keohdl g Shdhal e siner B! 18 sl are

herei n. Fi et tightlydotsd taore smetblem chehighsttand qmeee@stcanrfa@htaiemenmraﬁnrgood

drillabili t have l. eas one of ar during drilling and good
| ocat i onal uP'ét %fanaz-ftnx rIaésdmﬁ) tp%g%r&@gws éscri bed above, typical
fabric #orm ng o:;mmadsrtemandnwphmeulaulbnﬁﬁtesj@f frelpreseny iraestioramgledroch f abri c
made there&é‘gﬁto sever '

non-val ue added, processin eps, ch as
sl ashi ng, ?flséréﬁf’ﬁ@?tgﬁ(ﬂ’"?%eﬁ 'é’M?"H@” ﬁ'ﬁ@pfﬁlégg?ﬁesgﬁgt?ﬁ%%ﬁog erably
provi des mapitisy grfopéﬁiégﬂ&ﬂ cheftieftof thatfiaNaxinsion! §Edd fuXufal Stréty@r;t s and
printed circuit boards el i m nat e non-val ue added processing steps

from the fg9pfdntgtamivanbond siiesekys sndapechysirelviicistability als-i 1S resistans tqual i ty,
sui tabl e fqp ng‘égrﬁn oPwd e‘?%‘dnﬁ'?h&f b} AtAR InfstRBP g8 bh l}selegrcﬂﬁ% ! bagt ages of

preferred e e present I nvention Inc u ere production
cycl e tligwe andlprntadamncum boérds aptheairesant invarticn made fr@ndhe GigsrsramdsTinUS01/ 08684

reduced fabar grd?ﬁ‘gegwltq_ﬁweaﬂ}gsénqﬁlvenﬁ&sﬁr?fer%?gﬂa\;eaﬁrléé:st Hé‘lo{‘ﬁ%f&&% Od f! “?"

product proper resent I nvention rOVI net’ho I nhi bit
abr asi ve wgaoperfies: igoed drrllablllty, and resistance to metal migration (also referred to as

cathodic-anodic filament formation or CAF). See Tummala (Ed.) et al.,
Microelectronics Packaging Handbook, (1989) at pages 896-897 and IPC-TR-476B,

20 “Electrochemical Migration: Electrochemically Induced Failures in Printed Wiring

Boards and Assemblies”, (1997) which are specifically incorporated by reference
herein. Fiber strands in accordance with the present invention with good drillability
have at least one of low tool wear during drilling and good locational éccuracy of
drilled holes.

25 As described above, typical fabric forming operations involve subjecting fiber
glass yarns and fabric made therefrom to several non-value added processing steps,
such as slashing, heat-cleaning and finishing. The present invention preferably
provides methods of forming fabrics, laminates, electronic supports and printed
circuit boards that eliminate non-value added processing steps from the fabric

30 forming process while providing fabrics having quality, suitable for use in electronic
packaging applications. Other advantages of preferred embodiments of the present

invention include reduced production cycle time, elimination of capital equipment,
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strands fromcontact with other solid objects, such as portions of a
wi nding, weaving 5 or knitting device, or by interfilament abrasion by

sel ecti ngwig ARK7t rands having a unique coating of the prgeidypigent i on.
For the purposes of this specification, other than in the operating

exanples, or where otherwi se indicated, all nunbers expressing quantities
of ingredients, reaction conditions, and so forth used in the
specification and clains are to be 10 understood as being nodified in all

i nstances by the term "about." Accordingly, wunless indicated to the
contrary, the nunerical paraneters set forth in the foll ow ng

speci f i cat i mducerifahti¢ hatrlidg @hdilater avsts,gwod dabiriverfuiabty sand lgabd fingl preduct

dependi ng u&g %@e desired properties sought to be obtained by the present
i nventi on. p?’r‘. very |least, and not as an attenpt to limt the

applhi cation of thlﬁepbesémtirm&armbré e&uipvwrmtrgethadslfb rt:HiiBr(tj ampﬁewfeﬁt bEr]rberﬁi s,
eac numerr ca rame uld at |east be construe t of the
manber of SRR TSR TR MR Ahes Sgid SIRHE DR 28 POYIORS obR N, WeRRG ng

t echni quss oMgiithhd 8&Vied) @ BY irtéilanicReabid§Bh I 'b? BbleERRser aRShdAHAIRLL! S

setting forth the broad scope of the invention are approxi mations, the
nuneri cal véligasceating phtherpresent InyeplipR. speci fic exanpl es are reported as

preci sely as POsPirihé pufiBledHiTR!akindoH BN B ine BB AP LdmERR! 21 1
fspacinic g P

certain errors necessarily resulting romt e standar eviation flound in
their respe@twwetomwng mﬁb@é@r eﬂenwersmeeaslnggquaowQsmf rnggedlents wher ei n

a coated fiDer &tran I'sing a ers 2, according
to the b@esmtterstmdaas being rrtksirfmlerdammstames bystheaenk‘i “abeat’s Aacqsrkimrgm ity of

I ndi vi dual fiber.s . at |l east two fi be n conprise
fibers made" ’B?SSdP‘F'F%thm the; %’é‘f??’ameé‘%ﬁfk&? p(ﬂrgme%ﬁ.%eet&fhh gﬁ%%ﬂ?‘fvﬁgr s can
al so be r edmkiiiedtidncaritBattachéd claimsTare dppraXimatione that Mfnarpdepdnding uhaal
filament. Al thouigﬁ?ij not limti nggit he present invention, the fibers 12

pref er abl y W& AESER{ RFPBPAIGR SoIaht frabe phigiped By the BieseRtinYeRtion nbt heyan3 to 35
M cr onet er Sieafil ShfhétisYan étfé‘?nﬁ‘f@ﬁrﬂﬂ%e’%ﬁh@ﬁ‘onfdf% doc@ﬁlﬁr@teg[uvglgnfsh@ present

invention is 5 mcrometers and greater. fine yarn WO 01/ 68752
PCT/ US01% 08tbg #copgef the slairas sach humatieal @g@nﬂﬁsﬁﬁ gheuld atieast be anmt@redm eferably

e LA P BT ER dMRL EE ahd 3hog SO0RS ey VP
fi beri zabl etechrmiquesni c materials, fiberizable organic
Notwithstanding that the numerical ranges and parameters setting forth the
broad scope of the invention are approximations, the numerical values set forth in
20 the specific examples are reported as precisely as possible. Any numerical value,
however, inherently contain certain errors necessarily resuilting from the standard
deviation found in their respective testing measurements.
Referring now to Fig. 1, wherein like numerals 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 comprise
fibers made of different fiberizable materials. (The bundle of fibers can also be
referred to as “yarn”.) The term “fiber” means an individual filament. Although not
* limiting the present invention, the fibers 12 preferably have an average nominal fiber
30 diameter ranging from 3 to 35 micrometers. Preferably, the average nominal fiber

diameter of the present invention is 5 micrometers and greater. For “fine yarn”



5 materials and m xtures of any of the foregoing. The inorganic and organic
materials can be either man-nmade or naturally occurring naterials. One
skilled iwghRst Wil appreciate that the fiberizable i &%@/Ogﬁsand
organic rraterlals can also be polynmeric nmaterials. As use ereln t he
term"polyneric material” neans a material formed from-nmacronol ecul es
conposed of long chains of atons that are |linked together and 10 that can
beconme entangled in solution or in the solid state'. As used herein, the
term "fiberizable" neans a material capable of being fornmed into a
generally continuous filanment, fiber, strand or yarn. Preferably, the
fibers 12 applidations;dhé averagenominabfitier dianfetdremrefeedhleraggesomretbar i al .

Fi beri zabl e gl ass materials useful in the present invention include but are
15 not i m"i"g ei Pfhose prepared fromfiberizable glass conpositions such

as "E-glass", " ﬁﬁﬁ'f@‘éﬁs 12 cﬁrlﬁg Rffied frof-dilyagse of fibBrigdths Materiabkrwwass”, and
E- gl ass deri vat I ves. sed herein, "E-glass derivatives" neans gl ass

conposi t i otRkoserlled HUhG(ﬁFt 'HFIH@‘F‘Q fB‘Ff&?Hleéanﬂa‘f"F mterials, herzableRIPamc and nost
preferaly y igridis 4Rd m&u,fe&%?aam/tﬂé GG &g. ’rﬁ@morg%urctahﬂrargérﬁc nfaferidfied

her ei n, m nor anounts of | uori ne” means | ess wel ght ercent
fluorine, maefbereatbelymaesrsadetmmamra"ympwgmat@r@h ©ne skillesbin thgart will nor

amount s of Jgﬁ e%fate thaf! f*b%ﬁfatﬁ%ﬁng aan[n}ﬁeéngm rgatic ﬁfé'fgrla O«fa?{blso%@h@?ﬁ@hé’ less

than 2 wei per cen oron exa es of other
fiberizabl enatglhaﬂssAmsed herein, thedemh “palynbdric patedalh meany ematenial faPmeter r ed
gl ass fibers are for eriva uch

Soasos! 11 o paciiqegies st stane Shai Ff A5 il teeS Joarte Artle:

di scusgigon théiesaﬁcbfscome@atanbaulueyadndmorbmmaswteﬂ IAS usetidiaredt, théeeripr esent
di scl osure. The glﬁass fibers of th resent (gntlon can be formed in any

suitable niReSBAPIENEIRANS A "iaﬁ%!"aaP?PaebI'%?f tﬁ‘ﬂ%"ﬁ'@e N2 9pnefalscontipiousy anmpl e,

gl ass fi beransal, fitRr, dt@hBRfyam, & direct-nelt fiber form ng operation or in
an indirect, or marble-nelt; fiber 30 formng operation. In a direct-nelt

fiber forning o@e@rab&m the Blaprad2 ere termed frem argnqanic/ BeTizablegRseiS01/ 08684
conbi ned, rﬁ?&%r . é@?rﬂ?%%@’s (fjerl &L%fﬁe égén'i‘gwtahﬂo?\qgaude-rm 42! ten

gl ass noves ace eart and I nto er formng
appar atlés emomnrter.l tohbosmMepmdgjdoasﬁ:ergalaletglasaa;be@oslmrts stohtas ﬁEfglassgl ass
fibers. In,

gl ass havin Q%sc-? 'f"%n%rpassdegJ &égsg{ r énssgg'éoﬁ%a t I?'%c:ﬁ gi%sg c%?&%gle g;ﬁz 19 Iad
i nto a bushised hefwir, eEtgm cﬁheatlvektmdarwgiassactdnamsaibﬁdthaltltrmludermﬁmdsluous gl ass
fibers. If a Aaun?srrg onné gn gre gorortt grew g‘a%rsp ;laree ergkr:l)? af'eef;fiuorine-free and/or boron-
free. Furthermore, as used herein, “minor amounts of fluorine” means less than 0.5
20 weight percent fluorine, preferably less than 0.1 weight percent fluorine, and “minor
amounts of boron” means less than 5 weight percent boron, preferably less than 2
weight percent boron. Basalt and mineral wool are examples of other fiberizable
glass materials useful in the present invention. Preferred glass fibers are formed
from E-glass or E-glass derivatives. Such compositions are well known to 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
formed in a direct-melt fiber forming operation or in an indirect, or marble-melt, fiber

30 forming operation. In a direct-melt fiber forming operation, raw materials are



first into the prenelter, nelted, and then the nelted glass is fed into a
fiber formng apparatus where the glass is attenuated to form conti nuous
fibers. | esent invention, the glass fibers are pr or med
by the di{ri]g:({l?ﬁﬁgzt fiber formng 10 operation. For addltl(gﬁfﬁ@%%rsfr‘mtlon
relating to glass conpositions and nethods of formng the glass fibers,
see K. Loewenstein, The Manufacturing Technol ogy of Continuous Qd ass

Fi bres, (3d Ed. 1993) at pages 30-44, 47-103, and 115-165; U.S. Patent
Nos. 4,542,106 and 5,789, 329; and | PC-EG 140 "Specification for Finished
Fabric Wwen from'E dass for Printed Boards" at page 1, a publication of
The 15 | nst icPmbiedomelied antlrmeaariaed llaﬁ(glaack%ltyigfgrracecfrhemcﬂ:teﬁ:lgtasa| ts

(pune. 1997) madsdm #ed,MBEA d (Al obrh A8 RO TBL AN LELSREREE MRS,

Non-limting exa sul tabl e non- ass
i ncl ude cer amliengassiis @tl@ustedhntas:osilmuwerglasarf béede In aam:bbl&m@lf giasd te,

mul lite, zoel e ceram c terli Non-limting
exanpl es of lﬁgﬁ] ﬁskﬂgge?%* P %g 5} @81%2 Eﬁ%‘%ﬂ@é’?‘%@? d?ﬂfﬂ%&i‘@scotton

cel | ul 0s&, namnosllorraliehnefprrﬁé(aand feﬂa:ﬁtb%, bdsﬁﬁig,wlﬁréﬂiey@ﬁéimwléél andNoln L' m L' ng
exanpl es of | t e fiberizable o neric materials include those
f or gd from B% '{ﬁg?fi igiesc %@U%‘H‘S’aﬂiaﬁﬂfr bg dﬁa Prefpelier ifysed; hermaples are fed

pol yesters (istiitito the gromgrdrieRse dn@ﬁl@éih%@%éﬁe@g?d&@ is féaha{tt%létf}ﬂe? mlng

t er epht hal at eg%[ﬁ@sr ylics (such as polyacrylonitril éb pol yol e 25

pol yur et han&8 wihese t"]@cﬂ'@?ﬁé? atteryatar tadormo FYRtinHgus Bhesshbi the pl‘@ﬁngl ass
fiberizabl einvBRid, R QassSitferd ar‘e"br% Faf BRFED by fh\ée&?lﬁhpﬁ’:eﬁrﬁgel{\;ﬁmﬁ s for

prepari na and roce55| ng such ers ‘are di scusse t he
Encycl opBdi ap%vﬁtl%l @Qfeﬁddwn%lnﬁferraatmn rFlatingtol glggs, covtositionsg a%m)etraidsmges

Vark et al . oineBRRLIbGE, o K LeBRGE InXac flling T8ciiSayy 7
referance, “1g s BT 0 00 W'?Lﬁgﬁas?gggpﬁgfqg%ds or
referen

copol yner s O%@g}rﬁ@o%%{ ?‘%@f@oﬂ@é ﬁ?é‘é?eﬂ"gl}%ﬁﬁ% PRedfisationsfor Finised f or rred

from any of Falbric \afowefrmt‘E’rCBlaéﬂo@a’ﬁnt*é@ Boafds” Iaf\pégféﬁl eﬁ@ﬁ?ﬁ? 'dg\tﬁ?te'r gﬂt

desired { 1(3 Fﬁrf H{le term strand enconpasses

fibers hRde"PFYHR far intereorngciing,and Ea%ﬂaemsélﬁtfom%cquw#s@weemwx adhich
enbodi ment , afe gpae.rwﬁe,ﬁcoﬁdrg@qq,ngfepg}ﬁe%gégnt i nvention contain at |east
one gl ass f| ber, alt may contaln other types of fibers. The

present inventi oN°WF'!“I't'nS@)Oa(§\@|e§|0§éwtﬁ'bdﬁjn@'enlessaﬂbe]lzaueummgmmatdnalsf gl ass
: include ceramic materials such as silicon carbide, carbon, graphite, mullite,

aluminum oxide and piezoelectric ceramic materials. Non-limiting examples of

20 suitable fiberizable organic materials include cotton, cellulose, natural rubber, flax,
ramie, hemp, sisal and wool. Non-limiting examples of suitable fiberizable organic
polymeric materials include those formed from polyamides (such as nylon and
aramids), thermoplastic polyesters (such as polyethylene terephthalate and
polybutylene terephthalate), acrylics (such as polyacrylonitriles), polyolefins,

25  polyurethanes and vinyl polymers (such as polyvinyl alcohol). Non-glass fiberizable
materials useful in the present invention and methods for preparing and processing
such fibers are discussed at length in the Encyclopedia of Polymer Science and

Technology, Vol. 6 (1967) at pages 505-712, which is specifically incorporated by
reference herein.

' James Mark et al. [norganic Polymers, Prentice Hall Polymer Science and Engineering
Series, (1992) at page 1 which is hereby incorporated by reference.
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fi ber strands, although one skilled in the art would understand that the
strand 10 can conprise fibers 12 fornmed fromany fiberizable materi al
known in ﬁ%ﬁnﬁ§%zas 10 di scussed above. Thus, the di scussigf tddfhsds®! | ows
in terms 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 |ayer 14 of a coating conposition, preferably a
resi due of a coating conposition, on 15 at |least a portion 17 of the
surfaces 16 of the fibers 12 to protect the fiber surfaces 16 from
abrasi on during Pri®dederstagd thad blends br copfolyimars bf amkefithe aBowes matebiblg antihe

| ayer 14 | r|ph of the
fibors 12, FARDRARHHs Robiatofild i oy Sf 8 o8 iR aRiTA s OBt of e abl y
aqueous coatssegt lnvamhIoauf dwrﬁdalhﬁbremreg the ]férarsﬂ:n? eaaquafpws,es aeRast twarrpﬁt I bl e
coating 20 tions. t npt preferred for sa reasons, the
coating COH%ﬁgP&%?EP%rS B@%H"Q/ﬁ?ﬁ&?&@ Tﬁtaréﬂ? c geﬁ%/%d pkasdimenta| cohol
or acetobe mﬂheedmhdstuﬂthe priesértiinRinyioEsntaih &8 1akt éﬁ@@aé@ﬁbé?ruuﬁough

Addi ti onal | t he coat.i conpositions of the present invention Can be
used as pri ﬁ"aé“'zq "8 bors PbiRer&ind/ or secondary sizing or coating
conposi tions. 25TRS presert iRGriioR will ﬁbv@‘b@ﬁ%ﬁ:@ésre@%eﬁgﬁéﬂgH‘fﬁgtcoﬁtg?t c;fgf%ge dto

'size", "sized" or "sizing" refers to any coatlng conposition a

the fibers. fihefstrapdsnalthouaneneskillsd inthedrt weuly wadgrstang .tma; the stfamd t00cam
coati ng corrp&ﬁ er formation of
the fibers %ﬁétegibr?s?so?isfeog@ﬁég}o IQ'h%]yfzﬂe[}%%%sleecon (%l# gﬁ&érl}ﬁ?ﬁﬁ%artg? "secondary
coat i ng'Onediacussad ahgves ofiptssthieidistsissippttiat tlibws irhterrhs beglassfifers agflieshe

appl icati Ong@ﬁerg\l Bﬁﬁ’&aé%srsﬂ eg%ggflﬁsgteﬁgﬁ%&t ertiary size", "tertiary sizing

or "tertiar I tions applledtotheflbers

after the appli Cﬂﬂih(mnﬁriued remdd .9 hea prEheRd RdinaR, sacadienapp! i ed
to the fiber V\D 1/ 68752 PCT/ USO1/ 08684

i ncor por at eﬂ"crpﬁe bIY QE Pf fhe 'lbe'fst"?cé:f'bﬁés%ﬂﬂﬂ 1%:2f the Presantrinyastionhavg at he
fiber is iBkgerosfat étiiatlh@bgmﬁoilﬁ&f 'p?efer%bg a r*é%rdﬁ@%?é'&gaﬁ@ecofn%ﬁhlﬁn 41 an

aIternaL ve enbodl the ternms "size

addi ti ohal | §t lpast érpom%ﬂ e ﬁ@rfit@ﬁﬁéyftthaﬁbe(r%m%tp pnom\theaf@easurfaoassm ng
si ze") appl {@fohmQbrakor dtﬂﬁfg?r@éés@fngaabfi it i U%r'BPe(atkb Pe'?graﬁlg,spthgéagl goly all

of a conventional, non-resin conpatible sizlng conp Pids
renoved by Heistpresent Re thecentire peter surfice 16. ar.periphesy fof thes‘iblersmzl ze is applied

to bare glass fT}peeéosatihB%E?l[nB%l%ns of'tf% 8re%erf1ta}rl?\;en?on are preferably aqueous

coating compositions and more preferably aqueous, resin compatible coating

20 compositions. Although not preferred for safety reasons, the coating compositions
can contain volatile organic solvents such as alcohol or acetone as needed, but
preferably are free of such solvents. Additionally, the coating compositions of the _
present invention can be used as primary sizing compositions and/or secondary |
sizing or coating compositions.

25 As used herein, in a preferred embodiment the terms "size", “sized” or
“sizing” refers to any coating composition applied to the fibers. The terms “primary
size” or “primary sizing” refer to a coating composition applied to the fibers
immediately after formation 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 “tertiary size”, “tertiary sizing” or “tertiary
coating” mean coating compositions applied to the fibers after the application of a

secondary size. These coatings can be applied to the fiber before the fiber is

-11-



As used herein, the term"resin conpatible” means the coating conposition
applied to the glass fibers is conpatible with the matrix material into

whi ch thewg A%8752,10 fibers will be incorporated such that gdieyseasdshd
conposition (or selected coating conponents) achieves at |east one of the

foll ow ng properties: does not require .renoval prior to incorporation 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

t he present inocgupenated inte arfpbricserst ccamdaeoapplredmthalﬂder aitexfties fiddrys a plurality of

articles 1 edt i ber 23 of t lurality
PE H bers 1oRnRal o ARBbcCE of By BhateBRd GRAE. I AT e el cmgiteie. b
and provi dmejheensﬂ'snmﬂ,r‘lslzed’t alics'tsizﬁngmad&ﬂaﬁaﬂ? r%r@é&@&ﬁ\g%@h@@ﬁﬂén |5 S
fibers 23, ese interstitial

h
spaces 21 ch?"& ﬁ%ﬁdf@gﬂ@ é'F? 3 aPB"e%tStﬂZheg'iy\@és qfter, 1ﬁ% lgaska partioncanss 18
posi ti ongd b%ﬂwab? dilltp aadhsiftidhall hbiRFesin aah‘i‘pa‘?iﬁfetélﬁﬁféorﬁﬁos‘?t fontH28 b%ﬁsent

invention are preferably discrete particles used ereln, the
"di screte” FRMAEdhyieat Rechamical treatmens, it the &nishing sizeds esiied dw bareorbi ne t o

formconti nggg§f5érgrwcow%dqﬂﬁ\éqggdco@% processing condi tions, but 25

i nstead subStantially retairn their I'vi dual di stinctness, and general ly
retain their i nAB\WSGdlhereyhélpﬁateon “fesineonTfiatiblel seans mepmatnm@bmpdﬁhohhe

present inv N t he, renoval a Iayer or

sheet of at gﬁéﬁeﬂ% maey%a?%% gnecﬁ'{}%ﬁ@e“ﬂﬁhth‘e maH"%'Eé‘&Ha" fouic qbﬁ’?

transitibn ﬂbemmdrbamcbmasated mhnaatthebestmgm;mambh r sefeeddaspange during

conventlonal |ber ess n@ % % lﬁ)e considered to be 30 "discrete"

particl es. THEPY eIn{ '?Vi%a pastione @ g’@éﬂ "Y"Pﬂ/@rr?PFB'ﬁs HAES FobregHiE® | y

di mensi onal +e;mmxaab:ra to lrﬁarpwﬁ%nhﬂb%é‘mafrﬂ%ét@ﬁ %1 %‘Uétof"bl €
particl es” particles w /68752 PCT/ US01/ 08684

th
gener ally n'ae FRt! ﬁg)hf"’qu'@t?seSM‘H@temﬁ@P@|“@[t'tﬂ‘r§ﬂ9|'é°féh€| maidpeatgnigeduringnvent i onal
fi ber proce&sﬁenﬁbr%@afdicéé%anﬂé% SR fihQPc r@ddéﬁé Ha%'&@(s%@ﬁp%%&\‘@oe” adj acent

fibers duri ng  weavi nrgt r ovl ng ot her Cessing operat POz °So as to
mai nt ai A2t hehsical pregertien eed bydrolytic S®péltyes 21 between adj acent fibers 23

25 e o e cSMRRISRARBADY ol AOLHEH SAGPRRLSLER Mol "7t
form a par t prefesabiiyaiphgality whpartices d8 thet sihen applistl tolat feast 6ne fitek 8 loftheaver age
particle si Elﬁralﬂ@do%’b&%pbcgclhege P St}S1e ou e?rsu a;coeC SSIthg atC |223dt otnle?‘lrl;gr 23S ggdh
provide one or more interstitial spaces 21 between adjacent glass fibers 23, 25 of the
20 strand 10 as shown in Fig. 1. These interstitial spaces 21 correspond generally to
the size 19 of the particles 18 positioned 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 removal 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 during conventional fiber processing, and still be considered to be
30 “discrete” particles.
The particles 18 of the present invention are preferably dimensionally stable.

As used herein, the term “dimensionally stable particles” means that the particles will
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as exposure to tenperatures of up to 25C, preferably up to 100C, and nore
preferably up to 140C. Additionally, the particles 18 shoul d not

subst ant i @id y1/8M.ar ge 10 or expand in size under glass fi i Wo9e&as NY
conditions and, nore particularly, wunder conposite processing conditions

where the processing tenperatures can exceed 150C. As used herein, the
phrase "shoul d not substantially enlarge in size" in reference to the
particles nmeans that the particles should not expand or increase in size
to nore than approximately three tinmes their initial size during

pr ocessi ng. 15 Furthernore, as used herein, the term"dinensionally stable
particl es" gapeeally mzintain theiy svarbge paticadizeandshgse amdérrmen\pmmbmad lfiber.

Cubst ant 1 21Ty eE8 haini SO o Toreas ghripH e Moer AR BR Hiingc (v m

"heat expamming, mwtg andesther ;rreemmgarpb'ramb% shoi dslte thamithip thé désiiedai ni ng a
mat eri al , en eﬁggosed to 20 teggeratures sufficient to vol atl lize

the materi aﬁ‘ter%'y?}aﬁ‘?ac?ﬁ Befvesh aAiacent fibrisady @5 in othprwordsdimensienally

expandalg e gpalé bﬁﬂtleléstpPéTél%BQr\,ﬂll RSAIADRUGiss SvoPRdSRnGARHorRY in the'e
material in the particles, e.g., a blow ng agent, under "normal processing

condi ti ons.CoBHME eRTRARIAR, to feren a paRiclerhaning EamaxmyRdimsngon lassithandts refers to
a particl gy M?&gé}%r?&%gééﬁn@éﬁ cdl gg@@&e@e@n tégﬁdm@ﬁse sl@l 1 n the

particle 25 under normal roce tions
enbodi nent aﬁemhwrpﬁ@wmerammsmiwpdﬂZSTGI@r@‘eablymy todiPeLsS,i andcmerecorrpri se at

parti ol o AEETHR ifeh R PBeGRal. febanieTeunalic it Suekiahiai PRRGE ng

enbodi Mt avfexpived iprsiamder graeswﬁberrpmdebgngaumdnuorsaamdbmoaé parBéuldrgast parti al
filled Wlthré non-solid material such as quid, and/or a gel. -13
WO 01/ 6875HNEBTFURRPSIE PEREESSIRG C%%P'ﬁélvhﬁr?.thetR{BCQSémte@a?@M?& ¢l iy free of

heat expandibb&y Psueti Qﬁlset%ed%?éiﬁ th@ﬁﬁra"s@aého‘éﬂi H&'ngtarR%;ﬂF@Wafg%fl? hpat
expandabl e particles on a total solids basis, nore preferab ess than 35

wei ght per dereferenee to ihepadicigsl Weansﬁbafdbapalmgles @bmkb 8ot éxpasd of mbtaas«pr esent
I nvention gg lzgféﬁ{&é ﬂllapégF) o%ﬁ?é%&g%f%& W?}R’tl l eoﬁﬂa 'gtpr(g(feggAS used

herein, the erm essen expan abt nmeans t he
si zi ng 1(53rrrF0$tihermepasmsec8Imelheme térha‘mlrﬁéhsm@%*staphrpaemesohoxbmaboth
expandablecoart cles on a to |IdS basis, nore preferably less than 5

wei ght  per srti? ?{E?PAB?W?}P@P%P Fl§ 1 ess than 0. 001 wei ght percent. The
particles r&eierabm itied edaAinh CoMPBsteRsyof tHd prekeritThventon WRXSUbsERBAY ffdaof

heat expandable particles. As used herein, the term “heat expandable particles”
means particles filled with or containing a material, which, when exposed to

20 temperatures sufficient to volatilize the material, expand or substantially enlarge in
size. These heat expandable particles therefore expand due to a phase change of
the material in the particles, e.g., a blowing agent, under normal processing
conditions. Consequently, the term “non-heat expandable particle” 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 least one non-heat expandable
particle. |

Génerally, 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-solid material such as a gas, liquid, and/or a gel.
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10 materials fromwhich the particles are formed are not wax-like. As used
herein, the term"wax-like" nmeans materials conposed prinmarily of

unent angl ¢ fiwgdsacarbons chains having an average carbon b 1SRt h
ranging from25 to 100 carbon atons2.3. In one preferred enbodi nent of the
present invention, the particles 18 in the 15 present invention are

di screte, dinensionally stable, non-waxy particles. The particles 18 can
have any shape or configuration desired. Although not I|imting in the
present invention, exanples of suitable particle shapes include spherical
(such as beads, m crobeads or holl ow spheres), cubic, platy or acicular

(el ongat ed or fiAwuses)herdidahe termaislipstantially frae of héat exp®dable faticiesin i nt er nal

structure 20 that i,s hall ow,, porou r _void [ | . on t hereof,
e.g. a hol m%@zﬁsetﬁawg{)Hven%ggﬁgntggf%ﬁ ?)&Pa\rl\mé%tﬁgpalﬁglre gr?’ﬁ%gg {Iaﬂ olirdrgrat i on on
sui t abl e pajdsisC hore prafarablp ldss thars3Sweightbertenitz Metre plefer@Blg, the chiatirdbook of

Fi |l ers and Pl astics f(et1987 at . ﬁéﬂng%_es 9-10, ﬁx/qugh arfg]g ts eci f it?igl |y

i ncor por at E@MRPsitierspidhe Présepkinyentien are gssentiplydrepdf hept ¢xpapdakiey ¢ om
materialg SelfGdedd i ReLiNBE témpRdsentiallyPée Bltasiexpdhdablemafitics”

materi als, polynmeric and non-polyneric organic materials, _conposite
mat eri al s, mernsthe s@ingLoFiPosiion spmprRtestlessthan 8 welght percantRiheah, the term

"pol yrrer i ¢ d,406 gl £adiBebh 2lotal 508 basiBahUETHLE bR BEd Mansidige_a backbone

repeat uni on an el enent enents other 'than carbon. For nore
i nf or mat i orpeseant, ghdlmost.preSprablyi lags than O] ovaight pefcephysi cal Pol yner Sci ence,

ncor por at ed by Tt 19 aikditsrePluny RAHRRA, n SR iRy BiERRS S L

hl\/ar k,et1 (ils .maﬁerigla%enﬁv_vhmhtmd‘pérﬁcles)mi f?ninmad drg riohwex-fike. aAsadsqwlwareihehhence
erein. us rein, the term"po r.c .organic terial s", means

Synt het i o P8I neRrkeeans Materals prribrsen A YT e reioRg igioarbdis,

nat ural pol gHaRis HavifB iRl dvatdgelGirbdttchath IBAGHkRaNging #oRa5 tar00 ch@sad on car bon.
5 An "organic naterral”, as used herein, nmeans carbon contai ning conpounds

wher ei n t heate@msbon i s typically bonded to itself and to hydrogen, and often
to other el eﬂer\h%negor&ghgd e%@dﬁi)&%’t BARE pRi<RAL MvERIRROMB Partrlea 8as thde
the carbides, c

carbon oxi des, 2s, carbon disulfide, etc.; such ternary
conpount’s apresdrd invention are discaete ddimensingally stakde, n@ntyaxy IParticlisosgene, car bonyl

metal |16 car bonal Batgen 16 6H il A ABBLEr EERIRONAGESH BBk AR, .
R Lew s, Simitindiathe ptesefitindeniisn dex@mgiescatisulbatie parialeyshapdsinbludiel.
spherical (such as beads, microbeads or hollow spheres), cubic, platy or acicular
(elongated or fibrous). Additionally, the particles 18 can have an internal structure
20 thatis hollow, porous or void free, or a combination thereof, e.g. a hollow center with
porous or solid walls. For more information on suitable particle characteristics see

H. Katz et al. (Ed.), Handbook of Fillers and Plastics (1987) at pages 9-10, which are

specifically incorporated by reference herein.
The particles 18 can be formed from materials selected from polymeric and
25 non-polymeric inorganic materials, polymeric and non-polymeric organic materials,
composite materials, and mixtures of any of the foregoing. As used herein, the term
“polymeric inorganic material” means a polymeric material having a backbone repeat

unit based on an element or elements other than carbon. For more information see

2 L. H. Sperling Introduction of Physical Polymer Science, John Wiley and Sons, Inc. (1986) at
pages 2-5, which are specifically incorporated by reference herein.
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1993) at pages 761-762, and M Sil berberg, Chem stry The Mol ecul ar Nature
of Matter and Change (1996) at page 586, which are specifically

I ncor por a{yfh1R¥7s.r ef erence herein. 15 As used herein, the gk o8349ani c
mat eri al s" neans any material that is not an organic material. As used
herein, the term"conposite material"” nmeans a conbination of two or nore
differing materials. The particles forned from conposite material s
generally have a hardness at their surface that is different fromthe

har dness of the internal 20 portions of the particle beneath its surface.
More specifically, the surface of the particle can be nodified in any
manner wel lj_ ke dtral.tdiags b, whiok isusbesificallyunconpdrateldibyirefecerice hesgiemisal | y or
physically changing its surface, characteristi,CS usin h E.ech,ni yes known in
the art, suégd F?f&t"-m?eteﬁ'ﬂr'P%(\é’@erl‘fé?@ﬂ%@é“%?"eﬂ%é"?ﬁ;ﬂstsiyaﬁ gl¢ RO ¥'Hgé to or

I ess than Hﬁeﬁ%,%ﬁﬁ@nﬁeﬁ&?@yﬂieﬁ& endterits and\hatlil pbigmbad thaeslsdiavinge
particle 25 beneath the surface is greater than the hardness of the gl ass
fibers. Fom @c&bmeecepaatwrbtaiseqien@a%oae formed froma primary material that
I's coatgd, clad,Qr« ] SHESR i@l s to
forma grrposi t@%pgﬁkﬁ@q‘%@k{{eﬁéﬁd%sauys&gfhgg%?r?,erﬁéaﬁgg{a]?o ace. I[Hr?qg%f @%ﬁdﬁgr

al t er nat i vavhendintheneatbon isdypically donded tedtself apdtabydseasn and plierta ether can be

formed froma primary,material | r CTYII d 3 W
Pushaw, et S§M "tiﬁﬁ"%ll" Wﬁ%ﬁﬁdgég%ﬂ) ‘§e°s"%§’6r%1'§8€\2‘>‘< sSngSngﬁs | ng tger bor ne
Syst emi ;3 2?@\%:5&[] &arbBaidrﬁulﬁd_@,?qato.u ls?crﬂt_emanﬁbomp?urgig ijasrtlme ]rcnetaljiz: cyanides,y 19925at
ages 18- ich are specifica i ncar.por.ate ref er herein. -
WO 01/ 68755952iHe CrBeRyBamRsOeRe, FRpony FEEFE RIcs 8?%°%’P°‘E“ﬁ8“t§\r’\|ﬁ§d?y'° mat eri al .
For nmorg) i RMHpRBhAPEUPbSRAE MethIRScatbEriaits, suth b ealpiumseniboriaty/ and saflumsee G
Wpych, Handbook of Fillers, 2nd Ed. (1999) at D 15- 202, %n&p are
speci fi cal logrhanats: pReeaRcRW§. $roftiavdeiis Cardensad Chemical Dictignary (12th Ed.

The Mdidtelar Naas lof cl es 18 of

non- pol ynerfg%sz/ét g8876¢-782! H1d R SilBersdry! chéhwfs@f .
the present T nvertion include inorganic materialS selected from graphite,

netal s, oxiMatter and/Giiatige (1996) at pRas, 586owhishare spadficabisincarpprated By |

car bonat es, fat and hydroxides. A non-limting exanple of a suitable
i norgani c r{fe{eﬁﬂggq}eﬁ%?ﬁ which the particles 18 are formed is boron nitride,
a preferged enboxl asthevéing the tempr Grsrganic matarialsh meaBs oy material that sanati cl es
havi ng a hexa&onal cr%rstlal structure are 10 particularly preferred. A
non-1imti A} TRAMWGIMAGA, useful inorganic oxide is zinc oxide. Suitable

i norgani c sul fi desuddichergin, theltyrariRanipositsmbfdridl mdanas aadombirditisn lof tveteor

more differing materials. The particles formed from composite materials generally

have a hardness at their surface that is different from the hardness of the internal

20 portions of the particle beneath its surface. More specifically, the surface of the
particle 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 art, such that the surface hardness of the particle is equal to
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 composite 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

3 W. Pushaw, et al. “Use of Micronised Waxes 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 reference herein.
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tungsten disulfide and zinc sulfide. Useful inorganic silicates include
alum num silicates and magnesium silicates, such as vermculite. Suitable

nmetal s i nglgiARs7930! ybdenum platinum pall adium nickel, glfiddyRessOPpPer,
gold, iron, silver, alloys, 15 and m xtures of any of the foregoing. In

one non-limting enbodi mrent of the invention, the particles 18 are forned
fromsolid lubricant materials. As used herein, the term"solid lubricant”
means any solid used between two surfaces to provide protection from
damage during relative novenent and/or to reduce friction and wear. In one
enbodi ment, the solid 20 |ubricants are inorganic solid lubricants. As used
herein, "i nwithamifterertiforn pltbeipcmary matesiah sFarimaare trfernsation @nlpadidesarseful have a

h Lerisii 1l hahi , ; intq thin
ot pl ot eomafe Breehempdlon L & WAbich, ERHGER drriie 2R 1okl A 20"
anti fri cti opagasota-26R, iwhichedré epécificztiyirenrponsted by eeferencé heretn. preferably the
gl ass fiber surfgc

e, antd.an adL cent solid.surface, ah‘ | east. onrt‘a of which
is in motion., 25 ERESENMAlVERAN- @Y'!’?”‘iqé%f%%ﬂ'% 'Bgd’ssé 'a@wqagﬁ ®i ctionary,
(12th Ed5 1p&ditleati8 op@cprédeht indBhiidh inslud®Retdankahhterials eeleBRuaionsl by

ref erence herebn. Frictign is the resistance to sliding one solid over

anot her. F. 9GP E%é?eté'ﬁl ?’Hd‘?_ﬁuﬁ?ﬁb!%ﬁt@t@ﬁ& begides, sulfiges.iicates. %P‘P'&%GSMWZ) at
page 1, whi &lifatds SREGckbxiddsl X doBQH{iW%%@éﬁgfé@ﬁi@bf’eﬂﬁ@rg?@i@ﬁﬁh& frg} | n one

non-limting enmbodi ment of the invention, 't particles”18 have a |anellar
structure. Phichitke partiglgs 18 gresformaae is karors pitride; apeefarred emhpdiment offtheheet s or

pl ates of a Is g : ) . ' t Ll sheet
rd veak - 18 o TyRE0a3BARn RS Panbish Pelhd -gRE Bos Sl 3R 2.
sheet s, 1@r opartcuigrly pafesiedarA sen-imitjndg ekarmple @ha uséfabinergaAicroidel is minti ng
exanpl e of : lar re.is.a,hex nal cryst structur K.
Ludema, Fringl!li%g,EM zlier &B{gtéﬁc:'%é@dlegwcbiflgé'@t?%%nt@gcﬁs%%, t@g?l\‘"a J'Jﬁ_lfﬂﬁiﬁ cants
and Sel f - Lutnm'gstgn idisglﬁﬁelagd&imtsub"ﬂgeﬂséﬂﬂ E\Blrgagﬁréﬂi&ateﬁndﬂde éiﬁmﬁﬂaan 82, 90 5
102, 113-120.and 128: and W ¢ ell, "Solid Lubricants”, Boundary

Lubr i cat i onSCalep iﬁﬁmﬁ?%%ﬁ'”%ﬁ'ﬁaﬁn%wf”@ #8 VermiFdite. sRytebigDetaIIAClEdd t t ee on
Lubri cati onmoly988num, adlathRee paiddium tckeMHisRingmScaiRE I dold fbh YsilvaC Qfigar at ed
by reference herein. Inorganic solid particles having a |'anellar fullerene
(buckybhP| ) ard mixtyrgs ef ankotdhe foregainil in the present invention. 10

Mhne T or T i ARbea B AL R BB I Sbrhi
i ncl ude bor®emsplid [ufdcant materials. As used herein, the term “solid lubricant” means any
solid used between two surfaces to provide protection from damage during relative
movement and/or to reduce friction and wear. In one embodiment, the solid
20 lubricants are inorganic solid lubricants. As used herein, “inorganic solid lubricant”
means that the solid lubricants have a characteristic crystalline habit which causes
them to shear into thin, flat plates which Areadily 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.
25 SeeR. 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 (1972) at page 1, which is specifically incorporated by reference
herein.

30 In one non-limiting embodiment of the invention, the particles 18 have a
lamellar structure. Particles having a lamellar structure are composed of sheets or

plates of atoms in hexagonal array, with strong bonding within the sheet and weak
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graphite, netal dichal cogenides, mca, talc, gypsum kaolinite, calcite,
cadm um iodide, silver sulfide, and m xtures of any of the foregoing.
Preferredw@phirgiaal s include boron nitride, graphite, metgcrysorosess

di chal cogeni des, and m xtures of any of the 15 foregoing. Suitable netal

di chal cogeni des i ncl ude nol ybdenum di sul fide, nolybdenum di sel eni de,
tantal um di sul fide, tantal um diselenide, tungsten disulfide, tungsten

di sel enide, and m xtures of any of the foregoing. In one enbodinent, the
particles 18 are fornmed froman inorganic solid |ubricant material having
a lanellar structure. A non-limting exanple of an inorganic 20 solid

| ubri cant & deéd wbaraamhagg@etvwmlsihaetss;brbudmnm Siogaristrength biehvieenoat i ng

conposi tion of the resent |nv nt'o i nitride, preferably boron
nitri de ha¥PeRiS-aAMERAGHING exapng; 'r;@leﬁ?fcﬁ%lﬁ'f: re ﬁfr?‘?’@%'g F?gd from boron

nitride, Zbﬂﬁctﬁn‘é' fK d@damd, FrittiBh. rweaﬂ Lgmdaaoratmspétqsagdazgosdwml teness in
corrp03|tes V\At Dol erEI’IC n’B.tI’IX materl al s suc

Non- | i miti hHbricas 2alids @f pagest 1943 ngﬁﬁ‘m7§17t7r §%§1vt§?atgoare

sui t abl tl Al REAA/ ries (PT
120, PT?’148gﬁ t’?e'fgh .aldn%ag%ﬁ&ig\g;cd onsgr8 {Hegu?'ﬁgrﬁgs@wand é%)lgé%glro ﬁgs (PT(
620, PT 63&[’.@1&5&1__&@_@11_@&12 %MERW@@WW@@IOHMWP@OQ@969)

comer ci al gﬂf@od

Chi o. " Pol gﬁ%r%%ﬂra %ﬁh%h@l#ﬂjg@bﬁﬁgﬁ |ﬁ§<§engFSFe|§_i lﬁ)'ler S ?éoérr?élgoﬁyrrer

Mat eri al s" solid partidies balinda ldnedlianfuliéredd iauckguhliCstruantiure are @iso pisefat indine of
Lakewood, Ohi ogéw%g% which is specifically incorporated by -17 WO

01/ 68752 PETEH B4 reference herein. These particles have a thermal
conductipvi ty of NoRQiniiiy é&&frrt;ﬁesp@'rsultém& ﬂfatéﬁa&tha?rﬁ@a Rridllet stadcture tiepnst ant  of
3.9 and a volune resistivity of 10 ohm  centi nmet erseugﬂg 100,.S rles

powder par ereyesiulinieming the 8?5@@3 ﬂ§r°F the Rresgry nveaiigh I hen Bty

m cr onet er | RASNAS, @Y&é&%nﬁ]aﬁqt i cI e 5
si ze rangi %aéhﬁl%ﬁ%b&%él@o?oeﬂmég?gﬁgf%h@%%gn{‘ he 600 Series powder

particles irdide, siver svideadgaixures of asy pbthedprgonigas F@?fﬁ!@d U@tij’ra&at er than
200 m cr O"ﬁ{  nofdh niftide! {;r%ghﬁé ’mé??l cfufh% F;grqd@s?' aEH %lﬁ%fé@ldfeah ARTHERM
cles

160 partl ave an avé mcr ers, a
particlé sifaregeingig8uitdbles mstal drcbaled)@mdes indudennalybdartuer disulfidel a particle

size distri bll' b'd%ﬂur%sdlsfe?emé) W%antg/l?Jm d1 sulf5 d% tg ntalljsﬁzci'iasefe%me, gu%géte?\'d%uﬂl‘dg, 10

tungsten diselenide, and mixtures of any of the foregoing.

In one embodiment, the particles 18 are formed from an inorganic solid

lubricant material having a lamellar structure. A non-limiting example of an inorganic

20 solid lubricant material having a lamellar structure for use in the coating composition
of the present invention is 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 with polymeric matrix
materials such as nylon 6,6.

25 Non-limiting 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, Ohio. “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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According to this distribution, ten percent of the POLARTHERM r) 160 boron
nitride particles that were neasured had an average particle size greater
than 18. 4ywgiiketers. As used herein, the "average partigeheu®iisess’ €f ers
to the nmean particle size of the partlcles 15 The average particle size
of the particles according to the present invention can be neasured
according to known | aser scattering techniques. In one non- limting

enbodi ment of the present invention, the particles size is nmeasured using a
Beckman Coul ter LS 230 laser diffraction particle size instrunment, which
uses a |laser beamw th a wave length of 750 nmto neasure the size of the
par ticl es amfer@fcessseineThebeparticles hbwe hHermabqonductivity of 28800 Watts pet he

"particle SIZ "refers to.th smal | es p hat wi || ely encl ose
the. part 1 oreeteegk SLEET pardne ARt o SR AR 1o b B SR« 1 e
particl es ngsntitetss UTh@d0b Beri&esdat paRidleselave b® azsﬁég@qtkmcfd SizStapgingnal yzer
were found to have an average particle size was_ 11.9 mcroneters wth

particles ri9ioig 1rraRiosialer cihePEP Series pawdsfi RS kave amrAyermge Ay t he
fol I ow ng dijsd fdn EM Q)M 9 90 RA{8d rﬁic?o?nete@?anﬁ%é@O@@enecé %&mfé?@art%fés@a% 3 4.0
-18 WO 01/ 68752 /' US01/ 08684 According to th but'ion, ten percent
of the POLARTaERAgE parligle sizeranging trede@togaeatterdhmw@]aucrmet@rmmsured had an
average par S § t t

o i repriferied FerBRERb s SRt ROLARRIAR B0 anadt R N Hhemoe;
for med fronparm:le gaalocsmtlelmlerbmetdnsa,ta mrﬂclmsaeinmbeadfashbmxcré\nems&ﬁ?mer ein,

"non hydratabl e" neans, that.the ni c ticles do not react with
mol ecul es oSAPYEPTS, gnd pHaH ? 'gaK*Pd‘ %sgfah%’f ‘contain water of hydration
or water of crystall[lzakfgn. ratﬁ" Sg@r odgced thg reaction of

nmol ecul es of water Wth—a—subdtance-+n—which—thetH-Od-bend4is not split.
See R Lewis, Sr., Ha\ﬂ'%g/ﬂ‘g‘)Cc nde84d Cleni daf 10 |Di ct@®nary, (12th Ed.
1993) atOpages 609-610 and T. Perros, Chem stry, (1967) at pages 186-187,
whi ch are sheirding & this distdoution eheerdent ofthe POLARTHERM®. 180rbdrdrenitrfder mul as
of hydrates, the addition of the water nol ecules is conv%ntlonall

i ndi cated RAFlICeL kWt WeEMaRRUredhg an gygjage RREpIRSF S Qraptey thap 8gks2si cp2H20

(kaol i ni t e)microthétdfs UAidet hehiArtAE We%def}%rﬁ@é‘biﬁe’%?&é kihe mélr pHifoi@t | east
one hydroxyl group within 15 a layer of a crystal lattice (but not

i ncl udi ng hyizr oiDe pgrtisless in the surface planes of -
15 The average particle size of the particles according to the present invention

can be measured according to known laser scattering techniques. In one non-
limiting embodiment of the present invention, 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 to measure the size of the particles and

20 assumes the particle has a spherical shape, i.e., the “particle size” refers to the
smallest sphere that will completely enclose the particle. For example, particles of
POLARTHERM® 160 boron nitride particles measured using the Beckman Couiter
LS 230 particle size analyzer were found to have an average particle size was 11.9
micrometers with particles ranging from submicrometer to 35 micrometers and

25 having the following distribution of particles:

% > 10 50 90
Size (um) 20.6 11.3 4.0
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a unit structure or materials which absorb water on their surface planes or
by capillary action), for exanple as shown in the structure of kaolinite
given in {§A gh1/6378 at page 34 of J. Mtchell, Fundament al q,cqa}US%%J;GsBehaw or
(1976) and as shown in the structure of 1:1 and 2:1 | ayer mnerals shown
in Figs. 18 and 19, respectively, of H 20 van O phen, Cay Colloid

Chem stry, (2d Ed. 1977) at page 62, which are specifically incorporated
by reference herein. A "layer" of a crystal lattice is a conbination of
sheets, which is a conbination of planes of atonms. (See Mnerals in Soil
Environnents, Soil Science Society of America (1977) at pages 196- 199,

V\/n: chis dsmm'rd’mg:mltrl,s dmﬂmmrtehlepdrd@mt d?]faﬁemmmwmo]}mormgmsbl age of
a layer and 25 interl a material (such as cations) is referred to as a
uni t struct%ewa’r‘ﬁ?ésm%%ﬁ‘r!%ﬁ bAtIHRYRTASR BiGlE Size IreMeLiRaR 88€di nat es t he
cations in hidgfomdt¥dr ated material and cannot be renoved w thout the
breakdown of the structure, and/or structural water, which occupies
interstices in tin@nstherpendimiting eshodireent bthediresant weaﬁqneﬂ@rmrwew& hout
upsetti r ystal
Chem st % (%giﬁﬁlﬁq%g%r%ﬂmﬁnaﬁ tl%%g%ggl 4&.& %l(&:%dpﬁ%{ e 9{,)

ref erence Hejldeatable’tmaemsalhlaythetlmmgmmapamgles dmml; retalcbwm swolecaien ofwater 1:9 WO

01/ 68752 P 8684, , nor.e _t.han erc rticles.
n o mon TP Ryt e Tk Gpha et AR B Bl of SRS RIRRIR, 2 1
conposi ti orfhydraw"@‘mabcbed lf,lstae;néambh]?f ifr?bgseulefs grlwdfeatl\Etblaelem&fahc@lrES. ﬁs used
herein, the ter y. free_o r at articles” ans the
coati ng con‘ﬂ?ﬂéf {Red'ﬁ%ﬁ'ﬁﬁﬁ?qa &t ?@%ss??lgn[?‘ﬁ'smg d lat abl e
particlgs qmcﬁort_agzt Q’IZtﬁ@d dggé)@pggemgeemai@rab&r»bsl ensmidhan(106medtght

nos

per cent, preferably | ess than 0.001 wei ght percent. In one
enbodi ment RAYes{1RE- 1§7e\y@ﬁh arw@stfpelw inggyROrgtad: hyetasenas hereing B thed from a

non- hydr at afflad ?@f ¢ tbg t?ﬁghalﬁoA bithé GAMr Sk &lidSs coﬂ_%tlﬁ%gl'l ated .

conposi tions acco resent invention can contaln particles
f or med fr orbyra cerdergdidet, 9. h?M9@?@0&%%@@1@6'“«@5'@&%@4101(Hapm!tebf or in

Non- 11 1 ¢ 1 oy AR PRSI BofbahliapRius ittids 2 Heb SheUeposH oREB Wpin,,
m ner al1 ?Pgénlla?en dfiacaristal, lattub@(tiuudbngcluumgaydmwi Ryré&upsin feostirfaée plahes of
nont nor i

K I|n|t and expl ai ned above, rticles
formed frorff gwgﬂr Fé’féﬂﬂ %98?5?@3%? ph?'és'i cﬁéﬁ@eiqp Yconstitute

no nor et t hagaphidrydtishy, fcﬂ%rxﬁﬁibie & sHolg iR $thlcAfre iofkadNRite §RE MOFig. 3.8
conposi tion.
i at page 34 of J. Mitchell, Fundamentals of Soil Behavior (1976) and as shown in the

structure of 1:1 and 2:1 layer minerals shown in Figs. 18 and 19, respectively, 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 lattice is a combination of

sheets, which is a combination of planes of atoms. (See Minerals in Soil

Environments, Soil Science Society of America (1977) at pages 196-199, which is
specifically incorporated 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 catidns in the
hydrated material 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 to Crystal Chemistry (1948) at page 276, which is specifically

incorporated by reference herein. Generally, the coating compositions contain no



I n anot her enbodi nent of the present invention, the particles 18 can be
formed from non-polyneric, organic materials. Exanples of non-polyneric,

organic ri.ad,s useful in the present invention includ Ct‘%ﬁ not
limted tgﬁfs é%‘r?éét es (such 20 as zinc stearate and al um nﬁjms Seog@gsé),

carbon bl ack and stearam de. In yet another enbodi nent of the present

I nvention, the particles 18 can be forned frominorganic polyneric
materials. Non-limting exanples of useful inorganic polyneric materials
i ncl ude pol yphosphazenes, polysilanes, polysiloxane, polygerenanes,
polymeric sul fur, polymeric selenium silicones, and m xtures of any 25 of

t he foregoi mgre thasBeaidight peasent hydratable paatigsl. @n ohe AoRdmitinglentodini@ of r om an
i norganic p Iymarin? materi&‘l sui.table fQr use in the present invention is

. . Q :
TOSPEARL4, rR§FNT invenion, thegoating, Ferpaestianfs Prefrablyiesrentially fresafes and i s

commer ci al | ydatabledrftlest rAtisEAHRYAIA the kdrRORSSeraPREY of Hylfhtatpd Japan. In
still another enbodi nent of the present invention,” the particles 18 can be

30 forned fPYHHEFISY MeRAS the cortipgrfiompesitionepmerisastless thar 20 ggighi berseatrajani ¢
| . . : e t
pol ymerig pylatdBlebLites e & gélggﬁcg %%hog?ﬁ%egérggw%§SQ%¢g%§ﬂg are no

limted to, thernosetting nateria eri Sui t abl e
t her noset t i PRJcentt and wiost praterakiicless thandket weightmergesd.t by ane amimdimentsifer s,

epoxy mat erj.al i CS | , teir | yur.et hanes, and
et ur o of taresshe FRGhch: e YA, RENR foinlel M3 iR SorgRa o 2
preferred Ssdidrigbvieantmatertigimeri c particle forned froman epoxy material is
an epoxy m crog Suyi t abl e ther astic materials include

icle. |
t her mopl asti ¢ pgl(%g‘?aréfnlg%‘)%%f' V5 I5R '@sthﬁgP%F’étr'W%‘, lon €3N, FentaiRol yer s,

pol yam ti@s, particlesifapinad friom hyeietsble oF Rpdrated iNdroihic RRHHER i lie@Bflofth Xt ur es of
any of the fﬁé@ (o] nlg. Preferred 10 thernoplastic polyesters include, but
are not |inf 1 the,per,Bydrglaklednergpaip riatenaly discussed pbemey | Nardingitingpht hal at e
and. pol yet heaRiifed oHtioh Rl dkafable h6/oBhic HatBIMY Bty inerdl phifRjicdid, are not
limted to, polyethylene, polypr ogy ene and pol yI'sobut ene: refrerred

acryl i c pol ippiEdiag imieas(guchvapmusemits), talc, sngntemodlianitd, kaolivite 3nd gypagind Asmonomer

and pol yner L4 AG L L s.of synthetic 15
pol ymeri c pe;’xIp tic Qgésgqvg‘r%ée]:gél rowg%hgr@r%ﬁ@bé%})%q@%%&&gﬁb H:SX( r) B-855,
which 1% agenepallywenstitate-norrosrel thark Stgeigbt petcartrof khecpgrticiés inltke esatingi on,
ROPAQUE( r) Ian 0(195%5056, whi ch is an opaque, non-filmformng, styrene acrylic
polyneric s herretiog: pi gnent having a 1.0 mcroneter particle size, a
solids content o ap6tier peibodintenbyr the present invention, the particles 18 can be

formed from non-polymeric, organic materials. Examples of non-polymeric, organic
materials useful in the present invention include but are not limited to stearates (such
20 as zinc stearate and aluminum stearate), carbon black and stearamide.

In 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,
polygeremanes, polymeric sulfur, polymeric selenium, silicones, and mixtures of any

25 of the foregoing. A specific non-limiting example of a particle formed from an
inorganic polymeric material suitable for use in the present invention is TOSPEARL?,
which is a particle formed from cross-linked siloxanes and is commercially available
from Toshiba Silicones Company, Ltd. of Japan.
In still another embodiment of the present invention, the particles 18 can be

30 formed from synthetic, organic polymeric materials. Suitable organic polymeric
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wei ght and a 55 percent void vol une, ROPAQUE(r) OP-96' and ROPAQUE(r) 20
HP- 543P8, which are identical, each being an opaque, non-filmform ng,
styrene @S mlesfsap0l yneric synt hetic pignent dispersion hagydpmgedofaiticle
size of 0.55 mcroneters and a solids content of 30.5 percent by weight,
and ROPAQUE(r) 4 See R J. Perry "Applications for Cross-Linked Siloxane
Particles" Chentech, February 1999 at pages 39-44. 5 See "Chem cals for
the Textile Industry” Septenber 1987, avail able from Rohm and Haas

Conmpany, Phil adel phia, Pennsylvania. 6 See product property sheet entitl ed:
" ROPAQUE(r) HP-1055, Hollow Sphere Pignent for Paper and Paperboard

Coatings” GrABAMS inkiRHe, bd\aré hallinfitddteNthERHEBeRNg nritasaléand tieymoplastic
Phi | adel phi a, Pennsylvani a at page 1, which is hereby incorporated by

ref er ence. matesalspSyirkie tneereﬁwtw mB’iﬁ’F'P'ét'"‘?‘P‘@rﬂ‘P"t”l“@& ting RolygpieE: Mivh
Coat i ngs- %gf)de%%égfo& nidteris, pgﬁﬁt?l mnﬁ’b’ﬁl@&§%5ﬂnﬂi§§ﬂﬁ1§ ,poﬁgfétﬁanégggnoava' | abl e

from Rohm an npany ph| Pennsy vani a"at page which is
her eby i ncamxmf%ﬁt ofcantyyof thet feragoing. FBSmﬁAQQ!E( imitingrexarape gha pm;m@wE(r) OP- 96

are the sa el HP- 543P in
the pai i T HGEE poinans BRI ford angBER) npleRl @ 2n BbARKIGe 17 240
WO 01/ 68753)dﬂ€5fé US01/08684 OP-62 LO9 which is also an opaque,
non-filmformn ne a lic.polyneric nthtlc nt di spersion
havi ng a part|c?%’gtab?éztger&”g’sﬁﬁ"}’ﬁtgrlaé%@nqg?%ﬂ?r[réo%ag oyésgg%ntent of 36.5
percent by pubjcafionatedcpolpdlefifeacrylisstyrhére, p@yémudégs*.hermopmmr cially

avai |l abl e from Rohm and Haas Co of Phjl ad a Pen ia. 5 The
particles 1l %%ts?raﬁwnvboodwrﬁgwﬁmrﬁgg riANY Hre&og’tg B%ZAF d from

sem Synwetthépmdm&ae bSIyBQ(lebérlﬁélh&e Bt Srel rich ﬁmﬁéuitwablgémyleﬁ@{é@mhaateat erials.
As used herein, sem synthetic material" is a chem cal dified,

natural |y (ﬁﬁb(huiyﬂ?f@ terephthalate andpelyetbylene éﬂﬁ’fgly?i@ﬁetﬁf@fef red QQ’MP'@f'Qﬁ)I ymeric
materi al s f; t gut are not
limted to, |E&H¢%ﬂ"&h?£‘ﬁec®? Ilmﬂ&#& gb@%thg(rlép %’ﬁba&??%)se a %%F? Inose acet at e;
and nodi f i efrefareedcdcedic pslymersamctslﬂalco;bplmensauf styrenedarsi aar admylicyagidox y et hy|
ethers. Suitable natur ric e les 18
can be forrﬁgan‘?'ﬂ%rl m‘%}sé‘rg'étawmg'ﬁ% %‘%o’tj E"}"w’lg ?I'EEISS 8P§Jngﬂe % as

st ar ch;1%ol pmeﬁénwtmnclmhne@frsmsaﬂ dcrylﬁl‘ﬁdpﬂlamur ale REOPDEX®IB85S, whichh as
B?Ea:(raﬁlt i Lag%ﬂog%ggq ttﬁgq T Chasoh%i acryllc par?lclgoe%tlxlsmn tﬁSIQASBE%CLIIgem of the

1055°, which is an opaque, non-film-forming, styrene acrylic polymeric synthetic

pigment having a 1.0 micrometer particle size, a solids content of 26.5 percent by
weight and a 55 percent void volume, ROPAQUE® OP-96" and ROPAQUE®

20 HP-543P8, which are identical, 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®

4 See R. J. Perry “Applications for Cross-Linked Siloxane Particles” Chemtech, February 1999
at pages 39-44.

5 See “Chemicals for the Textile Industry” September 1987, available from Rohm and Haas
Company, Philadelphia, Pennsylvania.

% See product property sheet entitled: “ROPAQUE® HP-1055, 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 entitied: “Architectural Coatings- ROPAQUE® OP-96, The All
Purpose Pigment”, April 1997 available from Rohm and Haas Company, Philadelphia,
Pennsylvania at page 1 which is hereby incorporated by reference.

8 ROPAQUE® HP-543P and ROPAQUE® OP-96 are the same material; the material is
identified as ROPAQUE® HP-543P in the paint industry and as ROPAQUE® OP-96 in the
coatings industry.
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particles 18 are formed from hydrophobic polyneric nmaterials to reduce or
limt noisture absorption by the coated strand. Non-limting exanpl es of

such hydrQehAkkssypol yneric materials include but are not Igdft&@0k3s
pol yet hyl ene, pol ypropyl ene, polystyrene and pol ynet hyl net hacryl at e.

Non-limting exanples of 20 polystyrene copolyners include ROPAQUE(Tr)

HP- 1055, ROPAQUE(r) OP-96, ROPAQUE(r) HP-543P, and ROPAQUE(r) OP-62 LO

pi gnents (each di scussed above). In another non-limting enbodi nent of the
present invention, polyneric particles 18 are fornmed from polyneric
materials having a glass transition tenperature (Tg) 25 and/or nelting

poi nt gr eaigR.2 hoNwhkk isEido Ah@bate) npndiim-ddreting, Istmeris0atrylicrpalyimdric anot her

non-limting enbodi nent of the present .jnpventiqgn, the particles can be
hol | ow par SVNELS RigPARiFITReGHPRBEERY 3Ip§rt'§§Fe°'theec8r6fAfoo'm°b°3ﬁ} rqn aasnoén%ﬁon_
POl yneri ¢ ichRteRtdt 36, STdrentdy Sweidht! YBBR bfthaseslspeuificisairioiey is Commpacially
materials, conposite materials, and m xtures of ?%rm%;s'vt he foregoi ng.

1

Non- | i mi t i Ayailakierffire Robm sseHarsoaempPaneeiiaesirha Rit 1 ed: ,
"Archi tegctural ?ﬂ@k}]'aﬁg;ﬁe'r% 1?%?%%?%&@@%@%%%%41 carHisB ®edofieddth ", Apri |

1997 avail able fro npany, Phil adel phia, Pennsyl vania at
page 1, whisemmisysthitic,agarinpayperiamaterials ansknatwatrolymerc malenals 6 &psised

PCT/ US01/ 08684 ui t abl Il i ; i cl b
for med_ar o Mg A BeayRDelE gl s aoRhKaNCholfiea tnldty ikirg °5 t20. 0¢
L e s sy ety b ot 8 L

- 96, E( r - ,__an r), OP- ac
di scussed XBE .1%“5%55?3‘?16‘9”9)31 t?“%aj‘fef( Héf "&tgﬁs?’ecgl@#’gg%{gpg‘wgiart icles
that cap bendisptdiuldst shb@essecatiettavat modifisstarches, Isuch aststaath adelate)

1987) at pages 437-452, which are specifically incorparated by.  reference
§1er ei 21 Thgngétarm hydroniethd ethgrs. | SHiteRis nasuel mj%B%fﬂFp’&é{)e{'F@ﬁf"ﬁ? whigh the

i nvention i St Yorrd ' S Rot [PMEELO SIoNBaBEhaFiabS, SuBRak N wat er .
O her sol vg%ﬁ!s(;%%guag% as rlda&mﬁﬁglpg éil o? al coholsdc?ygr eferably I ess than 5

wei ght per cstarth; potypeptides; sudhasceasein; and natues) Bydioesrbors $pemas AV enul si on,
I f desired. Anon-Lim.ii xanpl e of a preferred dispersion of particles
formed frorft ef%ﬁ%@%?@%r erial is ORPAC BORON N TRI DE RELEASECOAT- CONC,
whi ch 15 a di spéan shenoodimiigvesniaidimentrot tet prosend invention, thiep@lgneie| es in

T o iR S P R Ch A b i O
moisture absorption by the coated strand. Non-limiting examples of such
hydrophobic polymeric materials include but are not limited to polyethylene,
polypropylene, polystyrene and polymethylmethacrylate. Non-limiting examples of

20 polystyrene copolymers include ROPAQUE® HP-1055, ROPAQUE® OP-96,
ROPAQUE® HP-543P, and ROPAQUE® OP-62 LO pigments (each discussed
above).

In another non-fimiting embodiment of the present invention, polymeric particles 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 non-limiting embodiment of the present invention, the particles
18 can be hollow particles formed from materials selected from polymeric and non-
polymeric inorganic materials, polymeric and non-polymeric organic materials,

composite materials, and mixtures 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, Philadelphia,
Pennsylvania at page 1, which is hereby incorporated by reference.
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technical bulletin of ZYP Coatings, Inc., is specifically incorporated by
reference herein. According to this technical bulletin, the boron nitride

parti cl esyigyilddhs product have an average particle size glcd@psoddian 3
m cronmeters and i nclude 1 percent of magnesiumalum numsilicate to bind

the boron nitride particles to the substrate to 20 which the dispersion is
appl i ed. I ndependent testing of the ORPAC BORON N TRI DE RELEASECOAT- CONC
25 boron nitride using the Beckman Coulter LS 230 particle size analyzer
found an average particle size of 6.2 mcroneters, with particles ranging
from subm cronmeter to 35 mcroneters and having the following distribution

of parti cl esuitathemateriale fdeh wiich thel slbwifariklds danbeornidd Areciesetibz@ to this
distribution, ten percent of the ORPAC BORON NI TRI DE RELEASECOAT- CONC 25

boron ni t ri 8PV§aMandiraiing sxamples ef #hellow RAIVMeNs particle,yssidlda PERseRt cl e si ze

greater thamydftiod dfé ROPRAGES- HFﬁibSS’ RWAQUE@VGWQ@ ROPAE@ HP-s4apTer ci al |y
avail abl e from ZYP Coatings 30 incl'ude BORON Nl TRl DE LUBRI COAT(r) 'pai nt,

and BRAZE WQFAQ@@)QP Q%L%'m¢@8mhm®wmamer0fﬂﬂL@SE products.
Speci fi cg fﬂﬂ'tlh% F](érh?lgs ‘Sf(gﬂptn@?arf?éle u&ﬁﬂ iflth %Fb‘?éénf’meﬁ’( onspgnthetic
es m

polynerlc parti or e acr c yners and "‘copol yner s 1 ncl ude:
RHOPLEXO B- B5Kaizrey bl. (E@ {1987 pat gagdies éﬁ%{déﬂ witicly ade, spREERIE itieoypaBhte82910 whi ch

is an all a | i | rm pol ymer enul sion having a solids content of 45
percent by &%%Sh% 'EérSﬁ]d a glass transition tenperature of 98C, EMJLSI ON

E- 232111 which i'Shéiphaclds 18 uetfubiortyé abanngwomsitianpdesémnnmwmgambéoI i ds
content of 45 per.cen ht and | ass, tr I tjon erature of
105C, ROPACRIEEP! ibR. ﬁgﬁw‘?@é(‘ﬂ' Pig"s'%'ép‘?’ i §§;‘h eéq%m?!éﬁ ahi ch are
suppl i ewioaSmmeamn%ralceﬁomﬁf@férsb@martﬁarcsWe ¥ Bereént), Qaﬁ@e%Mdyaqﬁmé and a
solids content of 30.5 percent AQUE(r) 10 OP-62 LO (discussed

above), me'ﬁpﬁ@'ogtmﬁpﬁ@ﬂ%gr %mu @Be‘f g%'ﬁdhmhralﬂ@&mrmle@f agreferret 0. 40
ROPAQUE
m cromet ersd@;s@rs.enﬁ%goaegw&%atm Ia% %ﬁ@@@ham B0 ROPAQUE(T)

HP- 1055. (di scusse ve S su as a di spersion having a
sol i ds cont BHIRIBE %@&ﬁ@éﬁ&%mmlgms aéspersbnwﬁ%wemhéperomténoccbral |y

e e BB g R BB e SRR R,
15 Oak Ridge, Tennessee. “ORPAC BORON NITRIDE RELEASECOAT-CONC”, a
technical bulletin of ZYP Coatings, Inc., is specifically incorporated by reference
herein. According to this technical bulletin, the boron nitride particles in this product
have an average particle size of less than 3 micrometers and include 1 percent of
magnesium-aluminum silicate to bind the boron nitride particles to the substrate to
20 which the dispersion is applied. Independent testing of the ORPAC BORON
NITRIDE RELEASECOAT-CONC 25 boron nitride using the Beckman Coulter LS
230 particle size analyzer found an average particle size of 6.2 micrometers, with
particles ranging from submicrometer to 35 micrometers and having the following
distribution of particles:
% > 10 50 90
Size (um) 10.2 5.5 2.4

25 :
According to this distribution, ten percent of the ORPAC BORON NITRIDE

RELEASECOAT-CONC 25 boron nitride particles that were measured had an
average particle size greater than 10.2 micrometers.
Other useful products which are commércially available from ZYP Coatings
30 include BORON NITRIDE LUBRICOAT® paint, and BRAZE STOP and WELD
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conposition conprises a mxture of at |east one inorganic particle,
particularly boron nitride, and nore particularly a boron nitride

avai | abl ey\n\flgk7Hhe tradename POLARTHERMr) and/or ORPAC 2R AbsERI DE
RELEASECOAT- CONC, and at |east one thernoplastic material, particularly a
copol yner of styrene and an acrylic 20 nononer, and nore particularly a
copol yner avail abl e under the tradenane ROPAQUE(r). The particles 18 are
selected to achieve an average particle size 19 sufficient to effect the
desi red spaci ng between adjacent fibers. For exanple, the average size 19
of the particles 18 incorporated into a sizing conposition applied to
fibers 12 2RELBABE produpts s@pkdific, aon-limitihg kramples of @nealkiohabhy despbrhedft o

i d fficient ' _bet t |east t dj t fib t it
Do et tr angBhet nolPo Whrickes ek o oAl polG R a, Gy mess obEoor e
"air jet | oBHORBEXEBB5aGpgic@muigenidistudddddbolée RHOPLE XS GBes2arhadetst

property sheet tit]ed: "Rhoplex(r) G.-623, Self-Crosslinking Acrylic
Bi nder of |srﬂﬂéltn"?°|“é{'|°%m ?"?“ﬂ?{}%ﬂ W'%@W’%&PF‘&B?@%M@%HWMt Haas

Conpany, 5Phah@deldebitransitibie asperatary ¢ 989 UL SICIEESRY 1 i Q\g-@érﬂg E%‘?&’, by
reference. 11 See product property sheet entitled: "Building Products
| ndustri al O&achiate pelyines eawision Feying'a saligs gontantafi4sirescent byweightramchd Haas

Conpany, Phgl kRRE; eﬁg{g | Az MH ' RRVani S5 by
reference. h#\%\bﬁg?ﬁ%@% PW&?PO%@BAQEE we t%ndi S i'ﬁ@gr e P"l nto the
war p shed b§43P (sispyssest aknya) whicheate siipplied anaodispersion havieg aiparticlet sizeoafz| es i n
a manner wehl e ' i e art.. In anp npl e, the
aver age Si Zgﬁigﬁ] g%e%%stﬁggt% i S(?Iﬁéés&%@g'?tr?rgSb‘gcﬁeé(feghb‘f WF@Hg%ﬁqgé%conposi tion
appl i ed100 OPEEZ KO (distussbe aboya) agtiiet Bcupplidd 28 Pdibpersivh haviBg bipartikiser i al 5

Is selected to I de sufficient aci ng between at | east two adjacent
fibers to pDEF ﬂf) é'gégﬂcfp %aﬁgaﬁ&ﬁ ?Q"G%YBﬁ S percenkby weight: a0d and 10.

Al t hough noROPAGUE® §iF-1055N@isBligsea Hbold)V RAkh %up%aﬁ@d 224 Tdisﬁlal%ﬁn]f%vf?lbe% erably
have an average size, neasured using l'aser scattering techniques, “of no

greater thaPPlid§ gontent &f2mpereant byyyaighly alk efmeiighyare commergialiyoayajiakie foe er s,
and st pr REGNFAIHAL UHG IR BRiIIehid PehhGeflial 10 25 m crometers. |n a
ment of the present

specific, non-limting enbodi I nvention, the average
particl t5si ze 19IngF partieulariy prefaried ebdbodinentt of thapires@nt invemtionytreetoating

i or omet e sComereaRh dmibst & HEReCiran 3o R EBEnt BTl prddpdrEoeTn an
enbodi nent wifridehandpmesepdrticulargrd boron nithde available under the tradename
POLARTHERM® and/or ORPAC BORON NITRIDE RELEASECOAT-CONC, and at
least one thermoplastic material, particularly a copolymer of styrene and an acrylic
20 monomer, and more particularly a copolymer available under the tradename
ROPAQUE®.
The particles.h18 are selected to achieve an average particle size 19 sufficient
to effect the desired spacing between adjacent fibers. For example, the average
size 19 of the particles 18 incorporated into a sizing composition applied to fibers 12
25 to be processed on air-jet looms is preferably selected to provide sufficient spacing
between at 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

' See product property sheet entitlied: “Rhoplex® GL-623, Self-Crosslinking Acrylic Binder of
Industrial Nonwovens”, March 1997 available from Rohm and Haas Company, Philadelphia,
Pennsylvania, which is hereby incorporated by reference.

"' See product property sheet entitled: “Building Products Industrial Coatings- Emulsion E-

23217, 1990, available from Rohm and Haas Company, Philadelphia, Pennsylvania, which is
hereby incorporated by reference.
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15 particles 18 have an average particle size 19 that is generally smaller
than the average dianeter of the fibers 12 to which the coating

conposi ti Qi di%ss?3pl i ed. It has been observed that tw stegMAdsosmeae from
fiber strands 10 having a |layer 14 of a residue of a primary sizing
conposition conprising particles 18 having average particles sizes 19

di scussed above can advant ageously provi de sufficient spacing 20 between
adj acent fibers 23, 25 to permt air jet weavability (i.e., air jet
transport across the loom while nmaintaining the integrity of the fiber
strand 10 and providing acceptable wet-through and wet-out characteristics
when i npr egdatndwefi) istinserted dnty ithe warpraiied iby arhiast of admpriessexhait frem cheeri i c,

non-limtin ' i ' ti ~the 25 gvera articles
S 7e 10 of e AnjtEBeHer 4 PERE R ol 5 B 8Bt d R upe pl Y ket S
m cr onet er s exampler tha gwerage sire3! & af tHP4Hicies 18 inzbmosated irtd @fsiilgy 5 to 1000

m croneters Y ref er.abl O to 25 mcroneters. It is also preferred
in this enB%@P?rsérll %@?gi%ébeﬁi? gcbl%e W?S?’at%cl\é'l% pfg'”lﬂ*'ct'%”’b%aﬁr@ﬂ es 18
cor r espobds is sptsvtadiol provide siificieivtaspading BamieRalat fiagMoaidjstent fiergdlass fibers.
It has been_observed 30 rics made with strands coated wth

hat fa
particles fBFrI"?'mgo%‘Q’ﬁTWE AR wet-theualy of dhes ey strand §@ exhi bit good
wet -t hrough and agh tnot iRltiRe it theré id QO ] | ymeric
matrix material . -205, y 01/ 68?52_ P%?%é&‘ﬁ?g@ggzmelt V\nﬁdmggfe%ergt(%ﬁlg\ﬁ%d by
one ski | | ed@D AVQTAgE &2, MAAIUred Using lasevscalipingiechmineesy af né greater iarhavi ng
different a | ' il | ed jntqg t oating
conposi ti onyﬁlﬁggé%}ﬁ%%hﬁlgﬁv&ém&%ﬁé@pf eséﬁ?opmgﬂé&%‘%g‘t%cﬁ ﬂ%%}rqret}gﬁé’i:ydesi red
propert i@s améverage sigeiofifomtat fc2®emicsometsrs o the fiber strands 10 and to

the products 5 s ent Ly therefro re spacifically, different
si zed particles gg;n&g%%ch%%ﬁ;ﬁgﬁgfe gﬁ'ﬂ}eé‘g]Pﬁfggé’f%ﬁ?@ﬁWt'%"f{% (e SYPEAgest r ands
havi ng goodpaticlejsize forafispparticled 8 pedtiisas 0AsmioRIhetb@, prefarbBlf atlehaty b C

exhi biting t - out, and rough characteristics. Fibers are

0od t- . .
subject to %bﬁf%{'g? és'\ﬁggfaws\é\%m é‘gtm' ofmeters o pimicremetars apf Realerablyfon i ber s
and/ or - ot he.53nitiothetés 86 RnifonTB¥r8! 1RbrFeBb&imehtsr tHE Brsseht iRGdntioR ARL aCt
during éorm g and subsequent processi n%,d S as weaving or roving
" Abr asi ¥ V\B%{{' es 38 hayr; gy ayriage Rartiplesize 19dhaljs egnerallemalienthanithe of bits of

the fiber Sél\fé(ré’géadighe?érr%@ﬁé%egﬁ{oim&rthg\%ﬁgﬁr??c%érﬁ litiogqgé@(ﬁ)itgawltih%spr oduce

particles, edges or entities of materials I C ar
damage to tbrenFobserved tistdwisted yadrsmade frpmdibed Steandstioctavirg a layer 14 of a

residue of a primary sizing composition comprising particles 18 having average

particles sizes 19 discussed above can advantageously provide sufficient spacing
20 between adjacent fibers 23, 25 to permit air-jet weavability (i.e., air-jet transport
across the loom) while maintaining the integrity of the fiber strand 10 and providing
acceptable wet-through and wet-out characteristics when impregnated with a
polymeric matrix material.
In another specific, non-limiting embodiment of the present invention, the
25 average particles size 19 of particles 18 is at least 3 micrometers, preferably at least
5 micrometers, and ranges from 3 to 1000 micrometers, preferably 5 to 1000
micrometers, 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
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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15 specifically incorporated by reference herein. Abrasive wear of fiber
strands causes detrinental effects to the fiber strands, such as strand
breakage @{\yjiRg79r ocessing and surface defects in productp%ﬁ@gbtﬂ/o%%é‘mven
cloth and conposites, which increases waste and manufacturing cost. In the
formng step, for exanple, fibers, particularly glass fibers, contact solid
20 objects such as a netallic gat her| ng shoe and a traverse or spiral
before being wound into a form ng package. In fabric assenbly operations,
such as knitting or weaving, the glass fiber strand contacts solid objects
such as portions of the fiber assenbly apparatus (e.g. a loomor knitting
devi ce) which cahwihbea[dtmgnizedwrohacsklﬂed irdhefarttthat miomrea:d:fiqn@ cglnme fibers
12. Exanpl es oom whi ch cont ers

Tl
ol e o Portles ARt Pred 2 EReIR R 52 7 kafBe NSRS I PR et o
t hat have @obﬁfms\mm@a&cﬁf@émé viifhdhe pleakntifivérition 3 mssarf thbelesiretn cause
abrasive wear of the glass fibers. For exanple, a ortions of the tw st
frame, | ooRrenstiesandrr FPQSSHIQ\Hh@EaCéqr @“‘Fﬁ)tpﬁé%igg?rcﬁﬁaﬁa%/é& tfedrodycts such as
steel , Wi ghpdagiedtyMrade théﬂ@ﬁ&ﬁe%ryepéd?c&uﬁJa&ferémrs&éu\banmrcaﬁfbegI ass

fiber strands fromcontact wwth 30 asperiti'es of these solid objects causes
strand br e&REgNedin PRRIOpHale @swunts tadaovide strands iBvibg geed efidetitensporand

R R R Y e e

products such as woven cl I nCreases ~“waste and
manuf act ur ichgractesisticsTo ni ni m ze abrasive wear, in one non-linmting

enbodi nent of t sen S har.dness

val ue which doeﬁeg% g&%@ée(ft Pq 5%5159? ye%@ go%gé%t%gﬁ aS&%E%% ?aﬁ]gcerg har dness
val ue afo t ie! arsiforfotteersolid objétte oh avatiaiatsswivel thesglads fidees gantadt dudsg and gl ass
fi bers can_be _.det eJm ned conventi onal hardness ;}5 surenen} et hod,

b
such as Vi (XBFO &) %ft?sﬁ@i’?'}ir‘?é‘? fE/8E, SUGRES MEINGIOE FAIY, "AREASMENGREy s

accordi ng fuged Rereit, lnﬂéd?x@'schh'P or&ﬁftﬂ@%ﬁ&ﬁ%ﬁ@bﬁth@ﬁrbéhsurfa@é@abﬁéﬁkaﬁ@of
relative scratch resistanc the surface of a material on a scal e of one

to ten. Thdbaws hyfrionabeeniac with prrlicless eqdgesy entl%eﬁ@ r@@ﬁ@alamhwhraéﬁgé@ from

4.5 t0 6.5enficht gﬁ&ea 3 t@th&bé‘?a% gEﬁ%ag Eh%m stry and
Physi cs, cﬁ& _ eso?ro 1975@1‘3(e page F- v I C |n§ speC|f|caI y i ncorporated
by ref difenspetifically incorperated by refetande ml’enn Abrasive wear phiingn strandsagayeenf t he

particles Jd%rpﬁeq{tﬁre?fg@é tb ﬂp%gbseog{rgms Qu% itganfd-g?ga P%unn %@8?&] %al ues of

several non- exa partic or he rom organ
mat eri al s sndtsalfaee defectssrepnoductbeum aswoven clothrEndaongrosites, whithi n

increases waste and manufacturing cost.
In the forming step, for example, fibers, particularly glass fibers, contact solid
.20 objects such as a metallic gathering shoe and a traverse or spiral before being
wound into a forming package. In fabric assembly operations, 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 shuttles. 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, many portions of the twist frame, loom and
knitting device are formed from metalfic materials such as steel, which has a Mohs’
hardness up to 8.5'2. 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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Tabl e A below. -27 WD 01/68752 PCT/ US01/ 08684 Table A Particle materi al
Mohs' hardness (original scale) boron nitride 213 graphite 0.5-114

ol ybdenugpdd ide 115 talc 1-1.5 16 mca 2.8-3.217 k e a¥ 0-2.518
gypsum 1. 6- Zfég%%al cite (cal cium carbonate) 320 cal ci um flqit?g‘r/l:ﬁgtéﬁ%%i zi nc
oxide 4.522 alum num 2.523 copper 2.5-324 iron 4-525 gold 2.5-326

ni ckel 527 palladium4.828 platinum4.329 silver 2.5-4 30 zinc sulfide
3.5-431 13 K. Ludemm, Friction, War, Lubrication, (1996) at page 27, which
I's hereby incorporated by reference. 14 R Wast (Ed.), Handbook of

Chem stry and Physics, CRC Press (1975) at page F-22. 15 R Lews, Sr.,
Hawl ey' s Coudeans defe€lsanmpraluctSistth asamoyen ¢lat andeebmpb8iéas, whichpagrease®3, whi ch
i s hereby incor Oéat ed. by reference. 16 Haw ey' s Condensed Chemni cal

Di ctionary,w"’(s%g'ﬂ E@n”?ﬁé‘gf'g&fmpage 1113, which is hereby incorporated by

reference. 17 Hapd @jnirdizEbeRNearkdcia Bne abnfhfitingamiiodimédtdf thdastesdl93) at
page 784, which is here_bP/ I ncorporated by reference. 16 Handbook of
Chenistry dﬂ\(quﬂg,,sth%gaglp eﬁééepape ajardness value which does not exceed, i.e., is less

5 than or equal to, a hardness value of the glass fiber(s). The hardness values of the
particles and glass fibers can be determined by any conventional hardness
measurement method, such as Vickers or Brinell hardness, but is preferably
determined according to the ofiginal Mohs’ hardness scale which indicates the
relative scratch resistance of the surface of a material on a scale of one to ten. The

10 Mohs’ hardness value of glass fibers generally ranges from 4.5 to 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 given in
Table A below.
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19 Handbook of Chem stry and Physics at page F-22. 20 Friction, War,
Lubrication at page 27. 21 Friction, War, Lubrication at page 27. 22
Friction, woeareg72ubri cati on at page 27. 23 Friction, WarPpCTsonogati on at
page 27. 24 Handbook of Chem stry and Physics at page F-22. 25 Handbook of
Chem stry and Physics at page F-22. 26 Handbook of Chem stry and Physics
at page F-22. 27 Handbook of Chem stry and Physics at page F-22. 28
Handbook of Chem stry and Physics at page F-22. 29 Handbook of Chemi stry
and Physics at page F-22. 30 Handbook of Chem stry and Physics at page
F-22. 31 R Wast (Ed.), Handbook of Chem stry and Physics, CRC Press (71St
Ed. 1990) at page 4- 158. -28 WD 01/ 68758PI8F/ US01/ 08684 As nenti oned

above, the [VONS gry=st rc'l?m%fé‘i‘iEF rerateg o M{L)'F%’h?ﬂnééé—" pave ing'scglel gtergial to
scr at chi ng. e i..otoh..or Tyenton t+hetrefotre—Forther—e ticles
t hat have ha+r-dhress—at—the+—surface{ ' ' dness

of the int i WPJ{’_ the partigle beneath Lpé'gl“lrfm‘e Mor e
speci fi cal | p—and Rlybdepumdisulide ahove| the surface of” the particle fcan be
nodi fi ed ig any manner Vel  known in fhe art. inclddi.®§, but not Ili]nited
to, chemcally changi ngmi¢se particle's| surface ch&.&8t2tistics using

t echni ques [known i n t hkadlinite such that tthe surface heRB¥ess of the particle
is less than or equal gpgpdupe hardness of the glass FiggPs while the

har dness off the qpitt!(6AI6luRARsBRtd)NE SYTTace 1s greatg@s than thne narjdness
of the 10 [Iass TT1@IGum fivor¥aot Ner_at yermattve, a pgetTcte car be—flor ned

froma prinary —mater e dial TS coat et —ctador cng,gsam—a-t—ed—w—t—h—ene or
nor e secondary—fretet alLﬁ'qin'?ﬁ formea—ecof ws:t%%&ter:ggﬁ rat—has—a——sdf t er
surface. —erhRat-re—a—part-ele—cant—beforred f%;..%—pu-aa-r_)urralerl al
that is co - 0 wilth a diffprgjﬁi?‘ ormof the grimry
material tdforma conpd®Mte paterial t has a sof®F 15 surface. In one
exanple, a ' i 8Pldi ng t he presént invention2.%¥°inorganic darticle

formed from an i norganimickeht eri al suchlas silicon car®ide or al unm nym
nitride car] be provi dedlladioth a silica, |carbonate or #8foclay coating to

form a usefiul platinum 4.3%
silver 2.5-4%
zinc sulfide 3.5-4%

3 K. Ludema, Friction, Wear, Lubrication, (1996) at page 27, which is hereby incorporated by
reference.

" R. Weast (Ed.), Handbook of Chemistry and Physics, CRC Press (1975) at page F-22.
®R. Lewis, Sr., Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 793,
which is hereby incorporated by reference.

'® Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 1113, which is hereby
incorporated by reference.

'” Hawley’s Condensed Chemical Dictionary, (12th Ed. 1993) at page 784, which is hereby
incorporated by reference. '

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

'9 Handbook of Chemistry and Physics at page F-22.

20 Friction, Wear, Lubrication at page 27.

# Friction, Wear, Lubrication at page 27.

2 Friction, Wear, Lubrication at page 27.

2 Friction, Wear, Lubrication at page 27.

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

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

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

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

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

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

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

* R. Weast (Ed.), Handbook of Chemistry and Physics, CRC Press (71 Ed. 1990) at page 4-
158.
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conposite particle. In another enbodi ment, the inorganic particles can be
reacted 20 with a coupling agent having functionality capable of covalently

bondi ng t®dRs7d.n0r gani ¢ particles and functionality capgld®y®hosess
crosslinking into the filmformng mnaterial or crosslinkable resin. Such

coupling agents are described in U S. Patent No. 5,853,809 at colum 7,
line 20 through colum 8, line 43, which is incorporated herein by
reference. Useful silane coupling agents include glycidyl, isocyanato, 25
am no or carbamyl functional silane coupling agents. In another
non-limting exanple, a silane coupling agent with al kyl side chains can

be reacted w th gshRentoHed é@&/eofheﬂmolhsfmé@ﬁl@b@scﬁaﬁé telatbetd te mesisthnanofan
i norgani c oxide to provide_a useful conposite particle haying a "softer”

surface. Omaieraliapgpielingndha dstant inygntigy! thersierg futher coRigMprateRATICIES
particles fyoq 'f‘i%g? bHaRgHees apt%h‘ SBfade thht |QQ1'ifﬁéP@{t *fr‘énf‘ﬁb%f%s 8fthwi t h

differing non-polyneric or polyneric materials. A specific non-limting
exanpl e ofintemnehpartionsoefitheparticleibeneathiits spripgs. Teorevgpeeifically. apds3mt het i ¢

pol yrer ig¢ %Pé&deabovggthg\gu %1{/66}15_’@?5%%@?9 d if QRY RfAnkkd Reipal ci um

car bonat'e commer ci al aval | erce and t evens
Cor por at i orknofvn Buﬂrbadrbmcm!mgl hutmméllmi’ted)tﬁ nbemlcally chapgippdeeparticledent i on, the

particles 18 are therml f t her nal
conducti vi tsyrfﬁ? g}ar:‘a(ggrés[tlc%u?ng\gqcﬁ B %%n PQ%S%@@aﬁrﬂe&% \éffag?y at | east
0.5 Watts perdrises of this,partioisig lesd thén or éqtaptorthe hariness of868 §lass fibers while

non- I|mt|ng enbodi ment part|

T cast 1 WPOpe A pakole iBnEsth s Syisse F Heolos o B VRPER el Mo br K,

measur g atgla%stfﬁgﬁe IRy sHothe? TaltSative, |arba@t|dl>é 8arehé RAmMEAReM aBiharyt he ther mal
conductivity of particles is at | east 25 Watts per neter K, nore

preferably mtem@a@at i goater, \wRdtas epeRPswiated Wit oanar W@ﬁ%n@a%m‘tw%| y at
| east 100 %ﬂ%&rﬁx :—P@&PB&IItE Afﬁnal %ags% fibr é’hrfa%@pﬁpé‘ﬁqﬁﬁ\?el cah anot her

preferred e errra on uct|V|t o} articl es ranges
from5 to meOrnw:tfwm;aemmnmymateqal ﬂmfsmoatﬂdyclaﬂmﬁnmsubte@b@lm aatts per

or et or abl y JeaR To8! Bind a8ttt fes toith LBbpboflEmePRy hathes BNBEL e

of 300K.5 Assurfaesl herein, "thermal conductivity” rreans the property of the
partlcle that d transfer heat h itself. See R

Covi 5. SR oh EemhbSa Rl B S b ghtach s S
page 305 %ﬂfdlb fofmed RBEI drl iRdigbiicintaerid eual 88l siivor eirsidedesluletug n. The
ther el Connclitlrjlgé Ic;1/r|1 Lg p?cjvndaedm{[hear ISIﬁléa %gr%opxgte%ertnglr\ggzlanyecdoaltjl}gg t n%rnqgths% ul
composite particle. In another embodiment, the inorganic particles can be reacted
20 with a coupling agent having functionality capable of covalently bonding to the
inorganic particles and functionality capable of crosslinking into the film-forming
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 carbamyl functional silane coupling agents. In another non-limiting
example, a silane coupling agent with alkyl side chains can be reacted with the
surface of an inorganic particle formed from an inorganic oxide to provide a useful
composite particle having a “softer” surface. Other examples include cladding,
encapsulating or coating particles formed from non-polymeric or polymeric materials
30 with differing non-polymeric or polymeric materials. A specific non-limiting example

of such composite particles is DUALITE, which is a synthetic polymeric particle
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20 known to one skilled in the art. For exanple, if the thernal
conductivity of the material to be tested ranges from0.001 Watts per
nmeter Kt tts per neter K, the thermal conductivit terial
can be deﬁ%%ﬁée% using the preferred guarded hot plate n%tﬁséﬁlgﬁﬁgg?di ng
to ASTM C-177-85 (which is specifically incorporated by reference herein)
at a tenperature of 300K . If the thermal 25 conductivity of the materi al
to be tested ranges from 20 Watts per neter Kto 1200 Watts per neter K,
the thermal conductivity of the material can be determ ned using the
guarded hot flux sensor nethod according to ASTM C-518-91 (which is

speci fi cal | goatetcwithpealcitmdcahonate thatis comineareially) available froerPiewedsd t he guar ded
hot pl ate thod.is ta be.ys if,the thermal conductivity ranges from

0. 001 V\attsgtgg?nsﬁ’é?rgprageng@ﬁa% tts per neter K. If the thernal
conduct i vi tiy ong embaidindéh of Wetprésert inveRtic, tHe parfidies BlafedReémitmy f1 ux sensor
method is to be used. For ranges from20 to 1 er. neter K, either

00 Watts
met hod can $R8dUCIVE, i-e-gRretRraliv Navera theprg) coagystiydy ghat "F??tB WatisPeled hot

pl ate meg hodetep KIMRFSIBE 1My Bl BES RO RRRBIHES nfeddHIQinfd Rared s'%abMBErAGat | g
unit, two auxiliary heating plates, two cooling units, edge insulation, a

t enper at ur XfERKr &1 8 dandisdtbermBedinentathensdiciest dhigavea thpenal sprdictiviiad- out
systemis yseg Ie{?gt{ tﬂéi‘?né?%ﬁ%%br%' r feh Ll | G4t 5SQ5R ‘?%.T%QIEKSG.I’TD| €s are
e of the d hedt

pl aced on 5 either si guar de Ing unit w € opposite faces
of the speoneaswed at a teomesatture/dftIV0Kh dn aprefeired gmhedimenty thenthesmal The

apparat us i .h t he L,r est te rature and  held f.or a
e of 1 omalEie) BPing hakibicellf a8t i ahE Bhr hEUPR. Potd Sreflit B faet .5,
st gt ehc‘rmdi 30 Viatts $ealg1_b$fkednd tVen Mend prefepsbly ?leaasmPWatté diﬁr%@br K,heds grrplTﬁs
and the tenperature er ence cross the, sa S are recor ded. e
aver age thggﬁ%?ur%%ﬁtcﬁj Rﬁfﬁtyfe(qi('?g?‘o “?'ﬂ‘gﬁ?a‘?fﬁﬁeé@g}ég‘%(oﬁ@?ﬁrﬁ'éh%me&@‘éb usi ng
the fol | ow degdiigtivity bethe [paiticteEGangds foni'b t6 Rboo Wi §leh rrle(t:éors(, oher@¥Rr 2ge

t hi ckness of the sanples and A is the average of the nbi ned area of the
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Hawley’s bondensed Chemical Dictionary, (12th Ed. 1993) at page 305, which is

specifically incorporated by reference herein.

The thermal conductivity of a material can be determined by any method

20 known to one skilled in the art. For example, 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 conductivity 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 determined using
the guarded hot flux sensor method 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 thermal conductivity ranges from 0.001 Watts per meter

30 Kto 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. For ranges from 20 to 100 Watts

per meter K, either method can be used.
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20 the particles are electrically insulative or have high electrical
resistivity, i.e., have an electrical resistivity greater than 1000

m croohm Gig o1ldg®20f particles having high electrical.. ragSidoYoddss! S
preferred for conventional electronic circuit board applications to

inhibit |oss of electrical signals due to conduction of electrons through
the reinforcenent. For specialty applications, such as circuit boards for
m crowave, 25 radio frequency interference and el ectromagnetic interference
applications, particles having high electrical resistivity are not
required. The electrical resistance of selected materials in Table Ais
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her eby i f d d d
Bor oo Ny oPELie BRI B RIERF Ensidy ot € idilied [ aghieviThainiE Bl " o &N
Friction, VWéate, Qndertheateiadynsate cagktion7s adbeved, Bedelat ﬂd\/N(mmsainbl c Crystals
ith Hgh T Conduct i 1973) , Vol . 34, p.
505 whion EoU e SAHES Al N g At Bcifetiite (3hediss fhgRamnigs are i ob ¢
Condenseg Gresideal The %Vé@?é&hérméﬂ@dﬁau&dnty %&%ﬁbf taé shmpRs Idthen calbleted S

hereby incorporated by rererence. 37 G "Nonnetallic Crystals with
H gh Ther maysitpigdeliowing formyla (Bhys. Chem Solids (1973) Vol. 34, p. 333,
whi ch is hereby incorporatgd by reigfence. ()

wherein L is the average thickness of the samples and A is the average of the
combined area of the samples.

15 It is believed that the materials with higher thermal conductivity will more
quickly dissipate the heat generated during 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 having 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 frequency interference and electromagnetic interference 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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38 G Slack, "Nonnetallic Crystals with H gh Thermal Conductivity, J. Phys.
Chem Solids (1973) Vol. 34, p. 329, which is hereby incorporated by

ref erenceywoifl/fhos,Vei mer (Ed.), Carbide, N tride and Bori dgJdyai®hsss

Synt hesi s and Processing, (1997) at page 654. 40 Friction, War,
Lubrication at page 27. 41 G Slack, "Nonnetallic Crystals with Hi gh
Thermal Conductivity, J. Phys. Chem Solids (1973) Vol. 34, p. 333 42 G
Sl ack, "Nonnetallic Crystals with Hi gh Thermal Conductivity, J. Phys. Chem
Solids (1973) Vol. 34, p. 321, which is hereby incorporated by reference.
43 M croel ectroni cs Packagi ng Handbook at page 36, which is hereby

i ncor porated by reference 44 A VeiTable@Fd. ), Carbide, Nitride and Boride

Vet eri al Proceossi ng ( 1997} ot
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Mat eri al § Sybotengiitidand Pr ocess20@” (1997) at 1.70at@°B54. 48 Fri @i on, Vear,
Lubri cat il onbarbn phosph®ie. 49 M cr 880%ct r onijcs Packagi ng Handbook @6%*page |905,
whi ch i s [haturaibymi phospties at ed by 13g%f er enge. 50 Haw ey' s Condensed Chemjcal
Di ctionaty, alb%drh Fitride1993) at pa@® 141, [Whyehtel haR€iD®BY |1 NCOT oo at ed | by
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32 G. Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids
(1973) Vol. 34, p. 322, which is hereby incorporated by reference.

3 A. Weimer (Ed.), Carbide, Nitride and Boride Materials Synthesis and Processing, (1997) at
page 654.

34 Friction, Wear, Lubrication at page 27.

% G. Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids
(1973) Vol. 34, p. 325, which is hereby incorporated by reference.

¥ R. Lewis, Sr., Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 164,
which is hereby incorporated by reference.

¥ G. Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids
(1973) Vol. 34, p. 333, which is hereby incorporated by reference.

% G. Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids
(1973) Vol. 34, p. 329, which is hereby incorporated by reference.

¥ A. Weimer (Ed.), Carbide, Nitride and Boride Materials Synthesis and Processing, (1997) at
page 654.

“0 Friction, Wear, Lubrication at page 27.

41 G. Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. ths Chem. Solids
(1973) Vol. 34, p. 333

“2 G. Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem Solids
(1973) Vol. 34, p. 321, which is hereby incorporated by reference.

“® Microelectronics Packaging Handbook at page 36, which is hereby incorporated by
reference.

“ A. Weimer (Ed.), Carbide, Nitride and Boride Materials Synthesis and Processing, (1997) at
page 653, which is hereby incorporated by reference.

“5 Friction, Wear, Lubrication at page 27.

“¢ Microelectronics Packaging Handbook at page 36, which is hereby incorporated by
reference. )

" A. Weimer (Ed.), Carbide, Nitride and Boride Materials Synthesis and Processing, (1997) at
page 654.

“8 Friction, Wear, Lubrication at page 27.

“ Microelectronics Packaging Handbook at page 905, which is hereby incorporated by
reference.

% Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 141, which is hereby
incorporated by reference.
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page F- 22. 73 Mcroel ectronics Packagi ng Handbook at page 37.

51 Friction, Wear, Lubrication at page 27.

%2 Handbook of Chemistry and Physics, CRC Press (1975) at pages 12-54.

%3 Handbook of Chemistry and Physics, CRC Press (71st Ed. 1990) at pages 12-63, which is
hereby incorporated by reference.

%4 Handbook of Chemistry and Physics, CRC Press (71st Ed. 1990) at page 4-158, which is
hereby incorporated by reference.

% Microelectronics Packaging Handbook at page 36.

% Handbook of Chemistry and Physics, CRC Press (71st Ed. 1990) at pages 12-63, which is
hereby incorporated by reference.

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

%8 Microelectronics Packaging Handbook at page 174.

% Handbook of Chemistry and Physics at page F-166, which is hereby incorporated by
reference.

& Friction, Wear, Lubrication at page 27.

5 G. Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids
(1973) Vol. 34, p. 322, which is hereby incorporated by reference.

©2 See W. Callister, Materials Science and Engineering An Introduction, (2d ed. 1991) at page
637, which is hereby incorporated by reference.

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

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

% According to “Web Elements” http://www.shef.ac.uk/~chem/web-elents/nofr-image-
l/hardness-mmerals L.htmi (February 26, 1998).
&7 Microelectronics Packaging Handbook at page 174.
® Microelectronics Packaging Handbook at page 37.
© Handbook of Chemistry and Physics at page F-22.
7® Microelectronics Packaging Handbook at page 37.
" Microelectronics Packaging Handbook at page 37.
"2 Handbook of Chemistry and Physics at page F-22.
7 Microelectronics Packaging Handbook at page 37.
74 Microelectronics Packaging Handbook at page 37.

75 According to “Web Elements” http://www.shef.ac.uk/~chem/web-elents/nofr-image-l/hardness-
minerals-l.html (February 26, 1998).
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composition of the present invention can include any combination or mixture of

5 particles 18 discussed above. More specifically, and without limiting the present

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 fo

10 half of the particles 18, preferably up to 15 percent of the particles 18.

. ® Microelectronics Packaging Handbook at page 174.
’” Microelectronics Packaging Handbook at page 37.
’® Handbook of Chemistry and Physics at page F-22.
7 Microelectronics Packaging Handbook at page 174.

% Microelectronics Packaging Handbook at page 37.

®! Friction, Wear, Lubrication at page 27.

® Microelectronics Packaging Handbook at page 37.

% Microelectronics Packaging Handbook at page 37.

* 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.
® Microelectronics Packaging Handbook at page 174.
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*' Microelectronics Packaging Handbook at page 174.
%2 Handbook of Chemistry and Physics, CRC Press (1975) at page D-171, which is hereby
incorporated 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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of the coating composition on a total solids basis, preferably 1 to 80 weight percent,
and more preferably 1 to 40 weight percent. In addition, in the particular 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 embodiment, the particles 18 comprise greater than 20 weight
percent of the coating composition on a total solids basis, preferably ranging from 20
to 99 weight percent, more preferably ranging from 25 to 80 weight percent, 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 total 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 embodiment, the coating composition contains 20 to 60 weight percent of
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percent of the coating composition on a total solids basis. In one embodiment, the
20 amount of film-forming materials preferably ranges from 1 to 50 weight percent, and
more preferably from 1o 25 weight percent. In another embodiment, the amount of
film-forming materials ranges from 20 to 99 weight percent, and more preferably .
ranges from 60 to 80 weight percent. )
In another embodiment, the amount of film-forming materials preferably
25 ranges from 20 to 75 weight percent of the coating composition on a total solids
basis, and more preferably 40 to 50 weight percent. In this embodiment, particularly
preferred coatings compsise a film-forming material and greater than 20 weight
percent on a total solids basis of at least one particle selected from inorganic
particles, organic hollow particles and composite particles, the at least one particle
30 having a Mohs' hardness value which does not exceed the Mohs’ hardness value of

at the least one glass fiber.
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nore preferably from1l to 25 weight percent. |In another enbodi nent, the
amopunt of filmformng materials ranges from20 to 99 wei ght percent, and

mor e prefw&@hd752r anges from 60 to 80 weight percent. |In gRal&4 /08684
enbodi nent, the amount of filmformng materials preferably 25 ranges from

20 to 75 wei ght percent of the coating conposition on a total solids
basis, and nore preferably 40 to 50 weight percent. In this enbodi nent,
particularly preferred coatings conprise a filmformng material and
greater than 20 weight percent on a total solids basis of at |east one
particle selected frominorganic particles, organic hollow particles and
conposi te parti cingst apgthergmbedipentpthe ameunt of polgnerafimigrminymateriaiar dness

Ol ass 11 ber o 3RotRonti RATAEIRG XDy pLBER dhisith orfd ISl O
armount of plasjaypreferablyl Sitof rwieiglt peacent,i anldgnergrpreferaply 10 tord0lweightc0 wei ght
percent of éé‘r8er&°% f@ﬂggggﬁn@@%?dr&% rpthgﬁérﬂli@rin ﬁ’%&lﬁde QﬁSIIE%%ﬁéa§WFrabl y S

to 50 wei gh percen e pre melg
Preferrefl comtinggsmprisindyéa) at murtality of disbmb patitles fuotined éroen metdrialseegetdd bl e 5

coating conprisin raI|t di screte particles dfrom

macer | al o oBr 8pEdeaf dianHehle RusieRpsHARONG o8P E PRYEFE AP, N SR ani
pol yneric f’@ip%hdéﬂlécoﬂﬁp@sni&&ﬁétenﬂ&ﬂﬁﬂﬁﬂi&hfés(tﬁéﬁaﬁtHeepéméI@i halifg and M xtures
t hereof, the particles having an average particle size sufficient to allow

strand wet HFrags RAbcle s'&ﬁﬁPfﬁE'&N terpllgw Séfi‘f‘@ wehput witheut agriivation of externalne
| ubri ci ous Reab) ﬁleﬁgtfohﬁﬂlﬁi?kloﬁ’é %té@dl Qlﬁﬁl'éH't %h]tééld)ﬁlufyhﬁ%f%‘is%rég particl es;

and (c) at |east one | mformng terial. In one hon- ting enbodi ment
of the b@es@aﬁ'deﬁ\aédt(@(ﬁ’i lea5h9m¢rfﬂ§eiormmrg m@i@lﬂglmsrl c filmforming materials

are the preferreg ol?lglﬁé’ﬂq{nflgnsc{sérjplﬂ%dérﬁémt&th@[egé’\t%\?entl{n? "th séﬁ'inéhe coating

conposi tion for coatin rand h et erial’s are¥ conpati bl e
wi t h t her nogadyrhenfi hrmdbnnmg mettendlsaare the prefersed mfymemeﬁ!mf-formlpg imretexdhlsi r cui t
15 boards,

and in one f%bg% ﬁi'ﬂng‘;’a @%88%%@?"8?’09“@"94& ffqegﬁ r¥|§c}’ Cs[d,lcﬂgﬁ%?n Sate " esins

br omi nat ed mwbreemtmmerrﬁmulﬁlgeﬁétmamatem @dddadsSamatdaoekdivited\SiMuit

Interna o] 19 es 534-537, which are specifically incorporated
by refe% 3@%@% ?ﬁ @EB PQXNé?m&WQW@'erPe{vémcma' PREXYGEINE BBF N8 t i ng

pol yest er s, pfiiiar endARERIOf HeSinvettiB lis £ akGHcBond? 'B?Jiﬁihht‘éa epBl frRApkast s,
t hernosetti ng pol yur et hanes car bamat e- f uncti onal ynmers ‘and m xtures of
any of the $&8 E@B{%QM@LEM ASM lInternational (1889) at pages 534-537,
which are specifically incorporated by reference herein.
Useful thermosetting materials include thermosetting polyesters, epoxy

20  materials, vinyl esters, phenolics, aminoplasts, thermosetting polyurethanes,
carbamate-functional polymers and mixtures of any of the foregoing. Suitable
thermosetting polyesters include STYPOL polyesters that are commercially 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 polyglycidy! ethers of polyhydric alcohols or thiols. Examples of
suitable epoxy film-forming polymers include EPON® 826 and EPON® 880 epoxy
resins, commercially available from Shell Chemical Company of Houston, Texas.

30 Useful carbamate-functional polymers include carbamate-functional acrylic

polymers in which pendent and/or terminal carbamate functional groups can be
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t hernosetting polyesters include STYPOL polyesters that are commercially
avai |l abl e from Cook Conposites and Pol yners of Kansas Cty, Mssouri, and
NEOXI L pRlyvAgk®hs that are commercially available from D%T%%I/OQJMCOHD
Italy. 25 A non-limting exanple of a thernobsetting polynmeric material is
an epoxy material. Useful epoxy materials contain at | east one epoxy or
oxi rane group in the nolecule, such as polyglycidyl ethers of polyhydric
al cohols or thiols. Exanples of suitable epoxy filmform ng polyners

i nclude EPON(r) 826 and EPON(r) 880 epoxy resins, comrercially avail able
from Shell Chem cal Conpany of Houston, Texas. 30 Usef ul

car bamat e- fma:pbrahexﬁlntq)thlepmams polyoien iy copglyaezing theachiis manomer yitha
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acrylicgpo éﬁﬁé &Ym@r |stré§d?§c9ﬁftlbafmvhﬁilddmar Wemcbanbamate ddnvehframl*qmlr oxyl
functi onal acry

I s reacted V\nthalow ‘% el
car banmat e @lsohele afg*m 9 er. aThﬁ)%Pa'B?teaQ"%‘I'Rﬁc‘?ﬂCh%'?Q‘Fe‘f’ ﬁg‘ya?f?(}ﬂ pés gr oups
exchange W thy; ﬁ%e%}éﬁ Wé f@{cﬁ&\'ﬁ? afﬁé(lh@b&lyrﬂgr érhﬁthé JriginapdicoHouoicglysnal

acrylic poI yrrer an ohol " or ol ether. The carbamate
functi onal egfanuWheoarﬂaamalmiymaml gr@up@pyﬁﬁﬁ\mg%%Y'@élqb&mer\'é)é"'%?"wﬁasf“ i ng
from 500 to 300 JoreTusch hwpi cal |y
10 within {8 '?gaﬁ%@%@ﬁ t‘igﬁﬁgﬁ%grag%gcggﬁon ebﬁpggltgeﬁlﬁgﬁﬁ w%@?lg??l\c/:ewgar bamat e
groups.10 | twitslirotté darie ofri@eo 960 bdsdchart eqmmlgﬂebémaemlecwlb%m%t?@qumct i onal

group- contai ni ners, t I functlonal
groups whi ch prl%ﬁ}'rd‘ Qfquer%ﬁ%qcﬁl\ L%‘Esﬂ“%tﬁﬁe@&g@? Cg{ I" v

car bamat e/ Ryffaing pdiyrieisitpsiedily o@hmupreeﬂualmynrdxgl fpnttsamargrha:ss uhlckesu dual
hydroxyl value ranging fromO0.5 t 15 KCOH tEI Y#}ﬁl ﬁ%

t her nopl astArevigaf %Cfﬁﬁﬁl@ki"slsge?r n%'feﬁ@b\‘h fH9|°a$5’%m?ﬁ% &9 M asti
polyesters,g, &{}Lé‘ t&fﬂngi)io P:@rlﬁ%g‘aqé%lﬁé#hgdroﬂifllvalmétraﬁg@g)frumm Sles1®mg ar omat i c
pol yam des < as ar g) , thernoplastic polyurethanes, acrylic polyners

(such &5 pdQdeeygiam.aci d) , and m xtures of any of the f or egoing. 20 In
anot her non-1im i tﬁé%%?la@ﬁ@f)ol r§1eﬁ<}9ﬁa@rﬁ%ﬁﬂéludé‘%ﬁﬂtﬂo@%ere& he preferred
polyrrerlcfllmfor s avin eful vinyl polyners
in the pr etaerm’ﬁopllamiepblyestetsnpblydetmémblyameieﬁde gl aliphatieipelyamiges 0% ny|
pyrrol | donea;srorsngt(%ci1 pglyamldes such as aramid), thermoplastic polyurethanes, acrylic polymers

(such as polyacrylic acid), and mixtures of any of the foregoing.

20 In another non-limiting embodiment of the present invention, the preferred

polymeric film-forming material is a vinyl polymer. Useful vinyl polymers in the
present invention include, but are not limited to, polyvinyl pyrrolidones such as PVP
K-15, PVP K-30, PVP K-60 and PVP K-90, each of which is commerciaily available
from International Specialty Products Chemicals of Wayne, New Jersey. Other
25  suitable vinyl polymers include RESYN 2828 and RESYN 1037 vinyl acetate
copolymer emulsions which are commercially available from National Starch and
Chemical of Bridgewater, New Jersey, other polyvinyl acetates such as are
commercially available from H. B. Fuller and Air Products and Chemicals Company
of Allentown, Pennsylvania, and polyviny! alcohols which are also available from Air
30 Products and Chemicals Company.
Thermoplastic polyesters useful in the present invention include
DESMOPHEN 2000 and DESMOPHEN 2001KS, both of which are commercially
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K- 15, PVP K-30, PVP K-60 and PVP K-90, each of which is comrercially
available fromlInternational Specialty Products Chem cals of Wayne, New

Jersey. Gylefdmysui table vinyl polyners include RESYN 2821,%1%%3 1/ieayN 1037
vinyl acetate copolynmer enul sions which are comercially available from

National Starch and Chem cal of Bridgewater, New Jersey, other polyvinyl
acetates such as are comercially available fromH B. Fuller and Air
Products and Chem cal s Conpany of Allentown, Pennsylvania, and pol yvinyl
al cohol s which are also available fromAir 30 Products and Chemi cal s
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commer ci al | Belgivmi. |Uselfid thermoplaktidbdlpretbansgs mOfEd@W:‘IEOWBﬂND@VLl | ReOH | C|Ut y and
RN SR ENT AR T I CAETE B A S
conposi t i OrRUGOTHARIER %ﬂfﬁ_tpdlyw&ﬂ&ﬁéﬂtékaﬂhféﬁ@édrﬁrﬁel%ldw é(/éifaﬁle(#om one or
more thernosetting polyneric materials wth one or nore thernoplastic

pol ymer1@ ity Pelyrger Corpopidinksyillei NewiYiegk. errbodl ment of the present
nvention part | fid diztivg %ltq@%fkmreéérﬁweﬂﬁorpémo‘?ﬁpr@b Gifidur P8P 4.

the polyneric materi agueous Si zin on conpr |
m xture of dRB-@47g%e pheryreselding pelsmlerlc P\derials- \Bith mﬂ gr\molyelthqﬂyrrqpldstldone

o 11 m 1 PR e A o e sl tspe BrenfodekReLl T boar as,

t he pol yrrerpaztmwrlganafusfomﬂarﬁuheteamremu&deurzumaoardsmné pbly®Bric fatgRialssH PVP

ot 8% Aol ity Garbp bR RT e § RSB DBATA pebester 8ol FUPI o

filmform ng3omelyehliadyerolidsHel HESMOPRER 2000 pbiyeitbeshd YERSAMYUY 0Si cs such as
hydroxypropylcellulose
po yamlde In an alternative non-limiting embodiment suitable for laminates for
printed circuit boards, the polymeric materials of the aqueous sizing composition
comprise PVP K-30 polyviny! pyrrolidone, optionally combined with EPON 826 epoxy
20 resin. |

Semisynthetic polymeric materials suitable for use as polymeric film-forming
materials include but are not limited to celiulosics such as hydroxypropylcellulose
and modified starches such as KOLLOTEX 1250 (a low vnscosny, low amylose
potato-based starch etherified with ethylene oxide) which is commercially available

25 from AVEBE of The Netherlands.

Natural polymeric materials suitable for use as polymeric film-forming
materials include but are not limited to starches prepared from potatoes, corn, wheat,
waxy maize, sago, rice, milo, and mixtures of any of the foregoing.

It should be apprec;iated that depending on the nature of the starch, the

30 starch can function as both a particle 18 and/or a film-forming material. More
specifically, some starches will dissolve completely in a solvent, and in particular

water, and function as a film forming material while others will not completely
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and nodifi ed starches such as KOLLOTEX 1250 (a | ow viscosity, |ow anyl ose
pot at o- based starch etherified with ethyl ene oxide) which is commercially

avai | abl e}V(ﬁﬁ/Gfsysgm AVEBE of The Netherlands. Natural pol ymgsi, @sk())'i%ﬁ()%!ii al's
sui tabl e use as polynmeric filmformng materials includ ut are not

limted to starches prepared from potatoes, corn, wheat, waxy maize, sago,
rice, mlo, and m xtures of any of the foregoi ng. It shoul d be appreciated
t hat depending on the nature of the starch, the 30 starch can function as
both a particle 18 and/or a filmformng material. Mre specifically, sone
starches wil] dissolve conpletely in a solvent, and in particular water,
and functi offisg@ive;and wih majp rhﬁpﬁ'ﬁﬁlé?f gRInFHe Adjunetion agig partige 18onpl etely
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conposition_co rlse Ies t.han nt on tal, solLds basis
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invention is essentially free of starch materia used herein, the term

"essenti al | {VERYoRds gpsertighyciFes efisiarrhy matertalss fas E'erﬁ?t etr‘HB e dRrmhgseantialsi t i on

conprises | g8 ot aafbh%@atéﬁawahgéns tastrtﬁs '&Baﬁ?@) @n&ﬁ&mbn %@.hbﬁs%shas% thaRbot he

coating conposition, preferab ﬁgﬂs ess rcent and nore
pref er abPy weight percent °§t%ﬁ0€9{i$ crasig|of thersqatlaapompw&fy peaferiably leﬁsrfbml tions

cont ai ni ng BWQP?&&H@% GreRBlel ﬂ@lofs(?r o diRfferpina@dR, t 0 be incorporated

into | am nat es CI rcw are not resin conpatible and
nmust be renoved mypml pnmamsmn@oompomhonsruootalmm statopee that areaapplied 1

The. " presentodyangs BipeMborpUa s Breldolao e SROl PGS PR SoURb0ar 17 om

the fiber eséompatilte ard mubdyesreptoved ptior tbamombr@trmmah@golymnenmmef erably,
t he coaﬁrs magq |t|ons of . the pres &ﬁentlon are conpatible with

mat ri x %Bretv@us'ifé’!@é”ﬁqdni"@ rE'P'V ¢0apg coPPHiUS MR bel ow) and

nost pr ef er plaksEntafenBiBR %k fe8im ddmpafible @B Joi ik Requild ferR@laY fBf the fibérm f Or i ng
materials can be water soluble, enulsifiable, dispersible and/or curable.

As used her 8F#nds-afdibers psier tadpkric progpRsings dYloretpseferably, the coating
compositions of the present invention are compatible with matrix materials used to

make printed circuit boards (discussed below) and most preferably are epoxy resin
20 compatible.

The polymeric film-forming materials can be water soluble, emulsifiable,
dispersible and/or curable. As used herein, “water soluble” means that the
polymeric mat;rials are capable of being essentially uniformly blended and/or
molecularly or ionically dispersed in water to form a true solution. See Hawley's at

25 page 1075, which is specifically incorporated by reference herein. “Emulsifiable”
means that the polymeric materials are capable of forming an essentially stable
mixture or being suspended in water in the presence of an emulsifying 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 being
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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polymeric materials are capable of being essentially uniformy bl ended
and/or nolecularly or ionically dispersed in water to forma true

sol ution. werfceewl ey’ s at 25 page 1075, which is specificgldypdoipsyspor at ed
by reference Aerei n. "Emul sifiable" means that the polyneric materials are

capable of formng an essentially stable mxture or being suspended in
water in the presence of an emul sifying agent. See Hawl ey's at page 461,
which is specifically incorporated by reference herein. Non- limting
exanpl es of suitable emulsifying agents are set forth below "D spersible”
30 neans that_any aof the cog)“ﬁonents of the polyneric materials are capable
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a | atex. Segnul et R38Nt Which Hrs gl Adw C ed by
reference herueiéiﬁ’.M he -4 uV\%‘gOlt/é)gB;"deuFﬁ%a}SE%sos%/eg%!G%ﬁ @Hﬁﬁl%pﬁn%r)‘%q(@?gthe

di sper si on tBaRoly@erin aateriaisans othpecearInentsrof e siging icagpositiepanesiangbler
enul si fyi n%f%@ﬁ@cﬁrml@?.&gdc it é‘ﬁﬁnsér ?rx‘@liﬁ%ugt{oeeagh dfH? ?&&%ﬁgkgﬁ% ?h 5 Lfp! e’

nmeans that the polyneric materrals an her conponen SI zi ng
conposi t9 orprepestiesefdhe polymierib eiaterials abeesdewlelstab page B3 tnwiichcis oss! i nked to
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at page ,

See Hawl ey’ i'fically incorporated by reference

herein. In addi tihaddition to oriin liil 6ttheffilh Reming mMfeciamiongusiiceibort sthei scussed
above, the c?at é%%%rrpo& é}l ons of .the <{)r esent invention preferably

conpri ses di78'"%} o Q& therRragant inygptianye COTBRIESPS LECHF MB- si | ane
coupl i ng agftsTibef Ecuipfing b§ENtIBHGH asl SrgaRBIAHRLRPRTY fyentd) @aREMIANBLFOUP! i Ng

agents,_al um num couglsl ng agents, am no- containing Werner coupling agents,
and ni xtQir SOUBINGAYENES PhosPhpaate FOLPING apeatse aluptLsn Coupling @gertstaminoal | y have
dual functiQpaliditdweRdste I Shli .t one or
nor e groups V\/ni_léhélcan eif E@Frfﬁraegggtts’ \L/]\A}ldtI @%ggéﬁgnﬂngfléfgpgﬁgg{lﬁg 1‘@?gger surface
and/ or t he coupiingragents typicallychave siual foactionality AEacts metah or silicnn atbma Hasr m 15

"conpati bi | jyzen- t e_. .cal l tracted, .but not
bonded, to dtttéﬁ'éeﬁg{;@’esur %%g‘? %'%55’% a? %gen %@%35%“%%“8? E?’H%ac@g'é? iﬂ??g

conposi t i orfibef surfage aangloe tHeyconmuinants ofétid festn rmatris 0lAe alsed hedell, Gesterrhn one
non-limgin Lnent, each netal or iljcon atom has attached to it one
or rmren'1 %yd&dﬁ%@@@ @F%rﬂﬁp@a{]WStgr%Hqs(ﬂXPFﬁ%’mc@@’ﬁ}ﬁ?ﬂﬁd'gﬁiﬁ?t Bndedater with
the gl ass, fthdfibersurfacs and/emnte @BMPBHerTd bEthk WBBkNEMpofliod! HBRarhhabyal | ow
the coupli nt. to react with conponents of the resin matri x. Exarrpl es

of hydroly Qogﬁ?gsifp%%sqhﬁppgagpe@ In aneppn-limiting embodiment, each metal or
silicon atom has attached to it one or more hydrolyzable groups that allow the
coupling agent to react with the glass fiber surface, and one or more functional
20 groups that allow the coupling agent to react with components of the resin matrix.
Examples of hydrolyzable groups include:

0] H O R?
I 1l I A
-OR', -0-C-R? -N—C-R?, -O-N=C-R*, -O-N=CR?, and
25
the monohydroxy and/or cyclic C,-C; residue of a 1,2- or 1,3 glycol, wherein R' is Cs-

C; alkyl; R? is H or C,-C, alkyl; R® and R* are independently selected from H, Cc.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, isocyanato, ureido, imidazolinyl, vinyl, acrylato, methacryiato,
amino or polyamino groups.
Functional organo-silane coupling agents are preferred for use in the present

invention. Examples of useful functional organo silane coupling agents include
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111 -OR, -OCR2, -NGR2, -ON=C R4, -ON=CRS, and 25 the
nmonohydr oxy and/or cyclic C2-C3 residue of a 1,2- or 1,3 glycol, wherein Rl
is C, - dk752R2 is Hor C -C4 alkyl; R3 and R4 are inqqﬂ%%g%g(jsy
selected fromH Cl1-C4 alkyl or C6-C8 aryl; and RS is C4-C/ kyl ene.
Exanpl es of suitable conpatibilizing or functional groups include epoxy,

gl yci doxy, nercapto, cyano, allyl, alkyl, urethano, 30 carbamate, hal o,

i socyanat o, ureido, imdazolinyl, vinyl, acrylato, nethacrylato, amno or
pol yam no groups. Functional organo-silane coupling agents are preferred

for use in the present invention. Exanples of useful functional organo
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the art canghigplées@flomii@t EdrAiplexes are commercially available from E.l. DuPont de
Nemours of Wilmington, Delaware. The amino-containing Werner-type coupling
agents are complex compounds in which a trivalent nuclear atom such as chromium
is coordinated with an organic acid having amino functionality. Other metal chelate
20 and coordinate type coupling agents known to those skilled in the art can be used
herein.
The amount of couplmg agent generally ranges from 1 to 99 weight percent
of the coating composition on a total solids basis. In one embodiment, the amount of
coupling agent ranges from 1 to 30 weight percent of the coating composition on a
25 total solids basis, preferably 1 to 10 weight percent, and more preferably 2 to 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 lubricant. Although not required,
preferably the softening agents are chemically different from other components of

the coating composition. Such softening agents include cationic, non-ionic or
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The amount of coupling agent generally ranges from1 to 99 wei ght percent
of the coating conposition on a total solids basis. In one enbodi nent, the

anount of worAR4,Ng agent ranges from1l to 30 weight percq;gT/@gmﬁ)mé‘coatl ng
conposition on a 25 total, solids basis, preferably 1 to 10 wel ght percent,

and nore preferably 2 to 8 wei ght percent. The coating conpositions of the
present invention can further conprise one or nore softening agents or
surfactants that inpart a uniformcharge to the surface of the fibers
causing the fibers to repel fromeach other and reducing the friction 30
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mneral, $yon h&t waxes, gpdses) sndmixturesof mygaftwoaég‘oing Nar-imitisgf ul in the
present inventio ﬁo I ncl ude both natural oils, sem s&nt hetic ol s and
synt hetic (ﬁxﬁ@p wiax materigly, usefulip ha Presertpveption inFufe paFquSisolilEmt er i al

can range fehfiRifhbieotdlsyarsiBRiwdemaRAhlsQlch as vegetable, animal, mineral,
syhthetic or petroleum waxes, e.g. paraffin. Oils useful in the present invention

20 include both natural oils, semisynthetic oils and synthetic oils. Generally, the
amount of wax or other lubricious material can range from 0 to 80 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 preferably from 25 to 35
weight percent.

25 Preferred lubricious materials include waxes and oils having polar
characteristics, 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

characteristics include esters formed from reacting (1) a monocarboxlyic acid and
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the sizing conposition on a total solids basis, preferably from1l to 50
wei ght percent, nore preferably from20 to 40 wei ght percent, and nost
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The coating compositions of the present invention can additionally include

one or more other lubricious materials, such as non-polar petroleum waxes, in lieu of

20 orin addition to of those lubricious materials discussed above. Non-limiting
examples of non-polar petroleum waxes include MICHEM® LUBE 296
microcrystalline wax, POLYMEKON® SPP-W microcrystalline wax and Ff_ETROLITE
75 microcrystalline wax which are commercially available from Michelman Inc. of
Cincinnati, Ohio and Baker Petrolite, Polymer Division, of Cumming, Georgia,

25 respectively. Generally, the amount of this type of wax can be up to 10 weight
percent of the total solids of the sizing composition.

The cbating 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 knitting by

30 reducing the potential for fuzz, halos and broken filaments during such
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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m crocrystal li ne wax, POLYMEKON(r) SPP-Wm crocrystalline wax and PETROLI TE
75 mcrocrystalline wax which are commercially available from M chel man

Inc. of <wigwWieBAaLi, Ohio and Baker Petrolite, Polymer Di e/ osyss

Cumm ng, Georgia, 25 respectively. CGenerally, the anbunt of this type of
wax can be up to 10 weight percent of the total solids of the sizing
conposition. The coating conpositions of the present invention can al so
include a resin reactive diluent to further inprove |ubrication of the
coated fiber strands of the present inventioon and provi de good
processability in weaving and knitting by 30 reducing the potential for
fuzz, hal osapablelsf glk@wcaI?M reaetingovith the sgmedesin wiirwtvieitthacealinoper at i ons,

whi |l e mai nt at reactive

Gt uent - manboRfioh fednGRERE Tl bk cafi e RTEHERR Wit ond Shéke” SRCLTVE
WO 01/ 6875 FuRk@ibhalYpauixttatireactagitiod sesof systmmn prefergblyfyacﬁqnaggmupﬁtl'tahe same
resin with which, the coatlsﬁ[g (Eo %ﬁt on_ i at{i'bl Thetdltlue t can be
any |ubri cafﬁ?Ct\M"thkFrb?'PeoxéSfe PESterf mBF?a‘?regetr%@% efiRer groNRe % {974 resin
system Br afity &PFR-4 eptxy irediabygeral pntlifdting éentiles/oftshitable amxants esin

system and nore E{referably functi onal grou s that react with an FR-4

epoxy resi Andyds Whiicagthwith AMineRjouwns AsPEY BPURsy AP "Qeﬁmplsc%m groupPfic| ude

lubricants dNethxfgf‘oOSs gA%ﬁa.mlﬁig%aJampléléwmsncamwﬁ A &fnifs ﬁuﬂﬁns gcid groups
or epoxy groups non-limting exanple | ubricant with an am ne group

's a modi fmedt ebpgjxathyersiamine ag; EMERY @f\JERwh@msza Paftialamidatedhar t i al |y
am dat ed ?H%Wbﬂaﬁ%é éﬂnﬁlﬁe:‘&[&rfg]'é&éﬁaﬁie f}’onﬁ%% @@o‘?pc}r&@dﬁ SR ﬁnéfiﬁr poration

of Cincinn A non- ting exanp of a cant wt
al cohol 1Qr ddijoi & neotlinetimy &xameple gf qwrlparﬁ with a@/m&bpmosoms palyétoyiens a

pol yet hyl e col ' i.all il | bide
Cor e of sty e GARBOPIA T RIS pintive i Bne led) heCGebR oL 2 i ¢ 1
an aci d gr cavpilatde framt Yniaws CalehideeCorp. of Banbity, animieetmﬂut sAlnba-liofitingtexarmipte

aci ds. NonI| S Wt e i ncl ude.

pox i sod 18 WOBELRISAR 6 ereumi TRihoatis: pitk sBant prt 2t sShepsede e

which is arh@%omdﬁ #hiting bké?ﬁﬁéﬁoﬂubrlca@MNﬂLﬁi(%o@F@:uMb@Heleﬁoﬂdizéﬂ)om di zed
soybean 0| |, both commer- cially availabl e from Union Carbide Corp. of

Danbur y, 5 cotaean eiland W'Q@Q@é@d eh &g FLEEPLLQE. e s Am %°é'ﬁ'ze%| chis
conmmer ci al |jpsgudbil, %mﬁ*ﬂim Edfo WihiERis aﬁ'\\oéd&fd?ie'd%ge anlGf, byihRshmdew York.

Although not [imting in the present invention the sizing conposition
can i ncl udesiallyraveilable amtinien GathiderEorasoidanuns &dnaeeicst, iand AR-9398ount up to
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Corporation of Tarrytown, New York. Although not limiting in the present invention,
20 the sizing composition can include a resin reactive diluent as discussed above in an
amount up to 15 weight percent of the sizing composition on a total solids basis.

In another embodiment, the coating compositions of the present invention
can comprise at least one anionic, nonionic or cationic surface active agent. As
used herein, “surface active agent” means any material which tends to lower the

25 solid surface tension 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.

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

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

or water-dispersible amphiphilic materials, the term “amphiphilic’ means a polymer
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I n anot her enbodi nent, the coating conpositions of the present invention
can conprise at |east one anionic, nonionic or cationic surface active

agent. Aswdiafdsf3erein, "surface active agent” means any rg@idodbsddai ch
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o oo o A BLSABTR 2 A AR LIMRAER A lnider o
and propyl 8U4RIBYXNOE noaiweid polyoayethylertd sisfach aativecadentsinem glinfrotluads pr opyl ene
glycol Chemicals, Inc.; PLURONIC or TETRONIC from BASF Corporation; TERGITOL
from Union Carbide; and SURFONIC from Huntsman Corporation. 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 propylene glycol
including those available from BASF Cbrporation under the general trade designation
PLURONIC.
Nonlimiting examples of suitable cationic surface active agents include acid
25 salts of alkyl amines; imidazoline derivatives; ethoxylated amines or amides, a
cocoamine ethoxylate; ethoxylated fatty amines; and glyceryl esters.
Other examples of suitable surface active agents include homopolymers and
copolymers of acrylate monomers, for example polybutylacrylate and copolymers
derived from acrylate monomers (such as ethyl (meth)acrylate, 2-ethylhexylacrylate,
30  butyl (meth)acrylate and isobutyl acrylate), and hydroxy ethyl(meth)acrylate and
(meth)acrylic acid monomers.
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I ncludi ng those avail abl e from BASF Corporation under the general trade
designation PLURONIC. Nonlimting exanples of suitable cationic surface

active aggiysesnsl ude acid 25 salts of alkyl amnes; im q@%ﬁjo%%s“
derivatives; ethoxylated am nes or am des, a cocoani ne ethoxyl ate;

et hoxyl ated fatty am nes; and glyceryl esters. O her exanples of suitable
surface active agents include honopol yners and copolyners of acrylate
nononers, for exanpl e pol ybutylacrylate and copolynmers derived from
acrylate nmononers (such as ethyl (neth)acrylate, 2-ethyl hexylacrylate, 30
butyl (nmeth)acrylate and isobutyl acrylate), and hydroxy
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i

sur f act ant sethyaesoxide fedativespd sgraiiohestersn@ychngs. BMAA 8 wvhighd ger-
vai | abl o 1 A pan e e o e Fying
agent chp risngeas ALKAMULS 5107%i@hh ipspaercial "avafieble Bami Riyneonposi ti gn gn
a total sol ﬁ&lﬁe%ﬁédia)%ﬂaﬁngt% %lkpfpﬂgﬁc;ts Es?ncljrgs‘ﬂﬂé@lt_ OF2FS 8P hich is also
commercially available from BASF) and nonylphenol surfactants (such as MACOL
NP-6 and ICONOL NP-6 which are also commercially available from BASF, and
SERMUL EN 668 which is commercially available from CON BEA, Benelux).
20 Generally, the amount of emulsifying 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 formaldehyde, and plasticizers,
such as phthalates, trimellitates and adipates, can also be included in the coating
25 compositions. The amount of crosslinker or plasticizer can range from 1 to 5 weight
percent of the coating composition on a total solids basis.
Other additives can be included in the coating compositions, such as
silicones, fungicides, bactericides and anti-foaming materials, generally in an amount
of less than 5 weight percent. Organic and/or inorganic acids or bases in an amount
30 sufficient to provide the coating composition with a pH of 2 to 10 can also be
included in the coating composition. A non-limiting example of a suitable silicone

emulsion is LE-9300 epoxidized silicone emulsion, which is commercially available
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Crosslinking materials, such as nel am ne fornmal dehyde, and pl asti ci zers,
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conposition with a pH of 2 to 10 can also be included in the coating
conposi t i orfrom\GifoWitce Fotronationad Fpmatown, Mew Yorlabfe example ofia suégshlé si on i s

V6 01/ 68752 ToH GEdS PIOER SRl el TR Saage £,

York. An eﬂmTph/b&dTChemlnaISabRehwbﬁd‘iav Jarsele SwtaBlerEHfosm:r@nnatmlalsabe aI

conpound, er e avai |l ahl e aI s of Rahway,
ew Jor sey NeSAG BRERER ol R e dy Bvatd R b e ahi oh
arg mg@wggwncamvebhﬁmmt@ﬁdl\wgzlm D:CFDT:M)Kl_gﬁtdhcmavvefllaBIe@’oe:]?B)Iégzsfs'h)onﬁmﬁyec}\lie cut
an ich is available frgm ar si_ppany, w
Jersey. AmtiaBIPRANYY @?Wd’@’%?ﬂn%“%ﬁ@g‘yf’@xfgé%% dﬁﬁd B’ﬁﬁ?@t“ﬁ onyfor

coating st akjmdositioh fh cobfl dgigtabmﬁi.onpreéﬁrreablwefemtyewatea%dma@ preferably
dei oni zed water, is inclu in the coati ng conposi tion I n an anmount

suf fi ci ent mrefer%m feiprized water.iie inclugad 87 thg cgating eanRpsitienfinARREGHDE ng upon

th t d { t
gencral |y 1t AR PR R Rl ik Vol B sRe” afRe 1 O

coat i ngl @ onyeighttdencentage erselnqaﬁslemcoatm@nmpoaltum genesallysanges fadrhyl t6128e of

gl ass rraterwﬁéﬁt eA$ gsed herein, "substantially free of glass materials"
nmeans that t 6% I ng corrp03|t|ons conprise less than 50 vol une 15 percent
of glass matri x Inmherenddoglirhent, the coating @ngrsitionsphibe pessenpineértioaldry | ess

than 35 vol ent preferred enpo t he .cpati ng
conposi ti onﬂ"%né P"l’q[){greﬁr‘?s@iaﬁﬁ m%&éﬁ?l ﬁ“ﬁ?‘{ehgg@erﬁ“gﬁtlap{)a'wr&? %S%SF ass
materi al s. MatersligetdmBaneingt the o%&ﬁrﬁjﬁédrﬁ;bdsmohéeamﬁﬁsé)ie%ﬁwaﬁwoarohﬁhhé" means
that the_coati n%@conposmlons conprise |l ess than 20 vol une percent of

gl ass nb®r i BerRRIt &F 91aFs magix matﬁﬁﬁlﬁéorgpra@gg g95p senpesites pyetsralilesp than ess
than 5 vol ufeyd&he ?QFcentarlﬂ ATR6R drefehel @mabdfn-?er& rtﬁ@ ceétmglc%ﬁ?poemﬁg bl s.

Exanpl es of such glass matrix materials 1| nclude | ass ceramc matrix
materi al s 1be psgagnt inventioncse esmtlallmrmfeglasalmatsuaih As usgcbhierein, known to

those skill. %gsén[ﬁaﬁmee%ftglass materials” means that the coating compositions comprise

less than 20 volume percent of glass matrix materials for forming glass composites,

20 preferably less than 5 volume percent, and more preferably is free of glass materials.
Examples of such glass matrix materials include black glass ceramic matrix materials
or aluminosilicate matrix materials such as are well known to 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 lamellar particles can be selected from the coating

30 components discussed above. The organic component and the lamellar particles
can be the same or different, and the coating can be a residue of an aqueous

coating composition or a powdered coating composition.
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I n one enbodi nent of the present invention, a fiber strand conprising a
plurality of fibers is at least partially coated with a coating conprising

an organi fo2Asaponent and lamellar particles having a t herigdot/0ses4
conductivity of at least 1 Watt per neter K at a tenperature of 300K 1In

anot her enbodi nent, a fiber strand conprising a plurality of fibers is at
| east partially coated with a coating conprising an organic conponent and
non- hydrat abl e, lanellar particles. In each of these enbodi nents, the
organi ¢ conponent and the lanellar particles can be selected fromthe
coating 30 conponents di scussed above. The organi c conponent and the

| anel | ar parti clleyet armthdyenbodigentea Gbergitbhe cemprisiognd plunality offiiengjisaan be a

resi due of epu ating ¢ osition qr a, powdered cqati
Conpos: t | oot BEHER St Pl BteS RS oAt Aot SN BRBiteb iR i et o
fi bﬁr st r arpdritoteniavieg @ thetmpl condlctivity of at{)l'em msghﬁ pé:lt meieﬁKSét aqamb@aﬁltdurnhcoat ed
with a coati opprising at least gne borgn-free |la ar particle having
a t her mal aﬁﬁﬂa@[ "T'E?’f h%%’&oﬁ@%ta%bmﬁangé??mﬁﬂi'@ ?%?%?"téOF@%%Feﬁture of
300K. Irg anéaéﬂgéma@&sﬂté@mh adediiResf £ dquURbus EOMRPpdsHidhLomnisigdarhbiarof
fibers is at 5 least partially coated wwth a residue of an aqueous
conposi t i orP3elsRsaving tharaal conduddivity picatdeash AWathper meterf Kt aconduct i vity of
av 1east 1 WibbraRRE ofiSA0K. K S afotBIORbAIERY b8 SSndl ddnirising MOt el

a fibe ty of fibers

enbodi nment , _ r strand conprising a plufali s at | east
partial | y dduraly ofihers is atdedstipartielly coatedywithva sesiduepafsintaqueous corppasitiong

alum na-fr - : e | [ -t he o uct i vi of at
1o least 1 FrSfia BN Fes fPhid aalR ARG P TR SRS

t hese drfbodéastnitWait per etes Kl at atteshpérature tofi80@Gat i ng conponents di scussed
above, and addi tional conponepts can 3l so be selected fro those recited
above. In anot hé]llhe 8P%Etﬁtm S?ﬁ@bﬁa@?&tﬁcﬁm%?ﬁ(i?@%? Efaqu}'%é?af@sr and
conpri si ng campbherts diselided adové, Rl fditPnall confabnts 2ah bftbl e Rt frdht h a
resin conpatible coating conposition on at least a portion of a surface of

at | east onossireciguPYBers, the resin conpatible coating conposition
S S st i e M
mat eri al%, AAlthebiibask jseatdeast patisiipensatacwitne @Simcwéﬁﬂb@@éﬂmgt ures thereof,
wet out: (155 EeoaRn A1eBu BHoR Bl 4 it S Fle M e RAk S MEWSIG L 21 1y
of  di scr etcompatible cbating amtpostipnabmpdsiny: (@) glurality fobdistrete patieles al . The
component s fJ)rPned from materials selected from non-heat expandable organic materials,
inorganic polymeric materials, non-heat expandable composite materials and
20 mixtures thereof, the particles having an average particle size sufficient to alfow
strand wet out; (b) at least one lubricious material different from said plurality of
discrete particles; and (c) at least one film-forming material. The components in
these embodiments can be selected from the coating components discussed above.
In a further embodiment, the plurality of discrete particles provide an interstitial space
25 between the at least one of said fibers and at least one adjacent fiber.
In another embodiment, a fibef 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 at least one of said fibers, the resin compatible coating
composition comprising: (a) a plurality of particles comprising (i) at least one particle
30 formed from an organic material; and (ji) at least one particle formed from an
inorganic material selected from boron nitride, graphite and metal dichalcogenides,

wherein the plurality of particles have an average particle size sufficient to allow
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t hese enbodi nents can be selected fromthe coating conmponents di scussed
above. In a further enbodinent, the plurality of discrete particles

provi de a@dﬁ;&’;ﬁtitial space 25 between the at |east one éﬁﬁﬂ 6fsj‘bers

and at | east one adjacent fiber. In another enbodinent, aPﬁTf)er $¥¥and
conprising a plurality of fibers is at least partially coated with a resin
conpati bl e coating conposition on at |least a portion of a surface of at

| east one of said fibers, the resin conpatible coating conposition
conprising: (a) a plurality of particles conprising (i) at |east one
particle 30 formed froman organic material; and (ii) at |east one particle
f or med fr onsteamd welout &) at lewst ene hibrisieliematetal diferebiofran saidtplurdidy ofyr aphi t e

and netal di.chal cogeni des wherejn the plurality. of particles have an
average par?Tef ReyUEies: arg K%iaéf?ﬁs{ﬂ“eaﬁﬁ"é%m'ﬂ%"\%@g/ 68752 PCT/ USO1/ 08684
strand wet out; [alykt atoth&eshbsriaehtul fibér add @BINRrisiAg adldraity effibdrg Rratsai d
plurality of discrete partjcles; and t(ic% at least one filmformng
material . |'Rasteartiaiy coripd witn adesiB sompatile seatingicoqipgsitignar ckieast & plurality

of fibers igorfidn ofl £&ftacBf bi Bhitbnetad fibbishi re§AicBmpafiétbting coating
conposition on at least a 5 portion of a surface of at |east one of said

fibers, thecamnerasition SAPRIIFINGe (DFRIuiality of dispista particles forped prynaiesplsa
plurality ' e S 1o o terd

b gani ¢t S ATERGhPOpRC HalofRll AElERAc AR FieRals, Rl BREERT.  and
m xt ur es t handgixfuresthersofithe pedicleanaving an axerage gartisker size; Ieasiited, neasur ed

according to | ter,d | ques, [ ' .0 .

i or omet or steep Rt W@ sEalgH g E ARl BnohE R 1¢ SHivplelfe P atn sai o

pl ural itQ oeastiohengdrizions miatediat sliffeerd frotcgaidiplutatitydf disceesté pamiclesy andng

material . | agf ur.t her eg‘oodi rren{?,[r, fhe resin conpatible coating

conposi t i on&) 8eastonefim-IyEing Waleial n (a) 20 to 60 weight percent of the
plurality of di sgreugh&ashbsdifentothelrgéirlcompatitiél SodtmgicempoEiasey sdtkorth3d to 55
wei ght percent, and nore preferably 30 to 50 weight 15 percent, (b) 0 to 80

wei ght per ciinvegpniaie(aj 20 te6@ weighbpergentiof theulunaliy of digcrelmpaytieles an totalo] i ds
basis, prefgy gr | P;gpfg r rom 20
to 40 wei gﬁlaﬁgé‘%&en@%gﬁgﬁ%e W%B%tﬁgﬁﬁndp@é}g nt gafbﬂ{ﬁfet%aW%g@t one
filmfoltPi neercenit @) D40 80 mweight percent df dive atdeast ong fubricions mategial on Blotaki ght

T oy o

enmbodi nent esent ‘I nvent1on,
of fibers i40waeighgzesternpaand (@) i yo 60 akigiit percéntaf thesatieast opafiinbfeemingat | ng

conposi ti Onm%%gi?ltnonl tcea?a? tsol%s%%rsfs! p?rnefe?’;bh{;1 S%J rSB ev%leg;h?];)er%léntl, gr{?1 Fno(r)en gre efragl? d

fibers, the
10 to 30 weight percent.

20 In another 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 Iea§t a portion of a surface of at least one of said fibers, the resin
compatible coating composition comprising: (a) a plurality of discrete, non-waxy
particles formed from materials selected from organic materials, composite materials

25 and mixtures thereof, the particles having an average particle size, measured
according to laser scattering techniques, ranging from 0.1 to 5 micrometers; and
(b) at least one lubricious material different from said plurality of discrete particles.

In still another embodiment of the present invention, a fiber strand comprising
a plurality of fibers is at least partially coated with a resin compatible coating

30 compasition on at least a portion of a surface of at least one of said fibers, the resin

compatible coating composition comprising greater than 20 weight percent on a total

solids basis of at least one particle selected from inorganic particles, organic hollow
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conpati bl e coating conposition conprising: (a) a plurality of discrete,
non-waxy particles formed frommaterials selected fromorganic materi al s,

conposi t ew@hRkhaal S 25 and mi xtures thereof, the particl esdiaydoidsaan
average particle size, neasured according to |laser scattering techniques,

ranging fromO0.1 to 5 mcroneters; and (b) at |east one |ubricious
material different fromsaid plurality of discrete particles. In still
anot her enbodi nent of the present invention, a fiber strand conprising a
plurality of fibers is at least partially coated with a resin conpatible
coating 30 conposition on at least a portion of a surface of at |east one
of said fi lpartilestdmd coamiosite partipias,ith¢ et leasttonapadisiepaying aMobs h@dngsag

greater than, 20 wei ght rcent,.on t.Qt ' ] | one
ar i ol e sdmEcMEh o o sr e BF M efnesS Spivdir 8PRa: Bl el 3=, 1150,
PCT/ US01/ 08684 |pahbthel &abédishetostiios piesertanventiom s fideh strand caragrising e
particle havin '

g{ a_Mohs' hardness _ val gee Wﬂ'lb(:h does n%{b exc Ied t he Mohs'

har dness va&llufalitypf iers isatleashparypllycaated Wilka tesin cPmpaiR|e-0ali8 o gi ment of t he
present g n\gdoCiflon 8n it R85t £psraon ofHBMFAceioRat Rastinerdiishidyibefs, tieresin is at

| east partially coated with a resin conpatible coati rr:% 5 corgaosl tion on at

| east a porcompatiele caating gamnosision spmpEsiag ()7t legpt 8 IMEIIYINO9ANG 1 esi n
conpati bl e ' he 118 WREN( 84 tMohd Matdraks

I norgani c p%&ﬁ%sgﬁggﬁ%@?h% h%%ﬁgpélhgm%gs@\s}g%ééﬁﬁmch does not exceed
the Mbhs' haiubfst leasboneeofshidfibersasd (iras lesfst erg polympes matesish. (b) at | east

one polyneric terial.. | Lt I ' esent

i nvention, a fi B?“&%F%Sfﬁaﬁf%%é@%ér”ﬁé’?ﬁg P gpﬁ“ﬁ?’é’?lﬁt@ gIﬁbHL%rea?\g s at | east

parti al1(yf Cdbﬁtﬁ?id}n@dﬂurf&liﬂyeﬂ rinersw@taeaén}pertia_ﬁpe?qtz@w&bapeﬁh compatinie at | eaglt a
ortion of a surface Qf at ast one. of .sai i ber e atible

(F:)oat i ng corfP8tng F%p?ﬁbtﬁ’ﬁ‘r‘?”s?tﬁ%asé 3)p°§{°nl°é333”%8?1%°ﬁ%ﬁ?%\$\/§m%Sﬁs-easr‘#]ﬂ%%g’np ,

expandabl e a5 g SorRBatiletdating 88mpBSiticH cdniiiingdapat lehstionk Giokowraioer i al

different fromthe at |east one hol|ow organic particle. 15 The conponents
in each of hestexpandgblemsoanippaticierand Ehat 'B%@@Fé‘g’ﬂ"@l?uﬁ Fl?ﬁ?r'aiﬂgé@‘gti ng

conponents ffgrﬁ%@%@%ﬁgﬂélﬁollcﬁ@grgﬁﬁigiprahfél@' conponents can also be selected
] > I )

fromthose recite ove. I'n oné enbodi ment of the present invention, a
fiber i%5coated The ¢praponepisineach oithe &rpading ambadimentssandefiRstrtiieMand

moter K at eRnl ARfidneaR cittpl R SRR colntneie caialo bk 0 i bd
wi th a conpseedtéditoradingse recitegl @bover gani ¢ conponent and non- hydr at abl e,
lamel lar particl I%Sdnelerr]n oedtlméanr}%tf {Leerprg%?grivgﬁtﬂ}n’, atiber is coated with a
composition comprising an organic component and lamellar particles having a
20 thermal conductivity of at least 1 Watt per meter K at a temperature of 300K. In
another embodiment, a fiber is coated with a composition comprising an organic
component and non-hydratable, lamellar particles. In yet another embodiment, a
fiber is coated with a composition comprising at least one boron-free lamellar particle
having a thermal conductivity greater than 1 Watt per meter K at a temperature of
25 300K. In still another 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 at a temperature of 300K. In yet another embodiment, 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.
In another embodiment of the present invention, a fiber is coated with a

composition comprising (a) a plurality of discrete particles formed from materials
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fiber is coated with a conposition conprising at | east one boron-free
| anel | ar particle having a thermal conductivity greater than 1 Watt per

nmet er {V(ﬁ)lﬁgg@erature of 25 300K In still another enmbggifiglnsdsfiber
I s coat ed W th a conposition conprising at |east one lanellar particle

having a thermal conductivity greater than | Watt per neter K at a
tenperature of 300K In yet another enbodinent, a fiber is coated with a
conposition conprising at |east one alum na-free, non-hydratable inorganic
particle having a thermal conductivity greater than 1 Watt per neter K at
a tenperature of 30 300K |In another embodi nent. of the present |nvent|on
a fiber is wratedfromineneat expandable sroanispiednlsginergaNis RYMELicirpstedals,

di screte pafdd (£ ;EéHd&Bfé do F%&%Eérf%iéandrﬁ&tm {hblé thé pBRitlel'HaYing 8684

sel ected from non- eat expanda organic materials, inorganic polymeric
mat eri al s, amaverageapartisle sizeauffisicoblepaliowtstrand wet pal, )@t tast snabrciolser eof |

t he partlcl V. Wstrand
wet out, (o eiBdfidenfort sEHAEARTG Sy A g ahl QR leabOoft )

pl urali t5' obrming mmmlpm yet ahether enndodlm)enaia fibenistcoated WithH arcdmpasitininng
material. In yet.ano a fiber ted .thac osition
conpri sing Pfﬁ"}s{](a ap ‘{@'%?fd&?g& e FUAWPISEIG; aii' ?n3 F’%&'C‘?é gﬁ’
particle fosiBgahiconatedd, @fcg@pathmbﬁé palticledindd frgmaih ih&rgaic Aidterzhr ti cl e
formed froman inorganic material . selected fromboron njtride, E‘v% h| te

and netal dieleriedbyBRoRILNitriggegraphite and metd dichalgogepidesawpereindbe piiy
average pardigaliic et iopicRartds bt QUBLRADAINRSIEN] wel &, @) adl0 | cast

one lubricious material different from sai urality of di screte
particl B8, laa%t one)ubrigiousseaierial disferent fromosaid n@ra#ﬁ/t @rdls&rete partistes| andyedt her

enbodi ment, ?tefedgsltgﬁé{ Ry oot al’é’h h a conposition conprising (a) a
plurality o I scre parti ormedfrommaterlals selectedfromorganlc

materials, i nor glarstitt apothpnembodmman’emﬁbbsls coatedodiht &corapasitionl comgonidingi xt ur es

h f I i cl ' ured
2ccor di g 16 PRUEAL BEyEEe A et R LER T aRGHh 5o e B TEm TRaRE ©
m cromnet er Sma’(dﬁ)alsalhofgaaibtpdhﬂﬁerlcuhéteﬂalﬁlbbnit&fs&e hrateriath drficemixtires theredfai d
pIuraIi%g of disc ete articles, %?at Iea one fllor?aform

mat eri al® |theRRBIG cﬁﬂ‘i%Fﬂgeo?a”ﬂques' dBERRYTG %"éi‘?fq'% ?fsrieﬁtegfm coat ed

with a 20 eerhqsdst réf@uﬁ_;omrﬁ oS 8% lﬁ%}orﬁetgr‘su(tﬁ)'dtlééspénéjméﬁél@iﬁnaﬂéﬂar waxy
particles forned from naterials selected fromorganic materials, conposi te

material s adifierenidrensgidpiwalityfof disglete pRIicles |88 (RALilerst ane Beforgingpart i cl e
size, neasugedgccording to |aser scattering

In another embodiment of the present invention, a fiber is coated with a
20 composition comprising (a) a plurality of discrete, non-waxy particles formed from
materials selected from organic materials, composite materials and mixtures thereof,
the particles having an average particle size, measured according to laser scattering
technigues, ranging from 0.1 to 5 micrometers, and (b) at least one lubricious
material different from said plurality of discrete particles. In yet another embodiment,
25 afiber is 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 hollow particles and composite particles, said particles having a
Mohs’ hardness value which does not exceed the Mohs' hardness value of said
30 (dlass fiber.
In another embodiment of the present invention, a fiber is coated with a

composition comprising (a) a plurality of lamellar, inorganic particles, and (b) at least
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techni ques, ranging fromO0.1 to 5 mcroneters, and (b) at |east one
| ubricious nmaterial different fromsaid plurality of discrete particles.

In yet angig\Rlesepbodi ment, 25 a fiber is coated with a cormRasidor/okss
conprising a resin conpatible coating conposition conprising at |east one

coating conprising greater than 20 weight percent on a total solids basis
of a plurality of particles selected frominorganic particles, organic

hol | ow particles and conposite particles, said particles having a Mhs
har dness val ue whi ch does not exceed the Mhs' hardness value of said 30
gl ass fiber. In another enbodi mrent of the present invention, a fiber is
coat ed wi t lore pohyomgizsmatedal. do st arsithey e(mjodmmltmﬁkbeirﬁsycaa%ed witiehl ar

i norganic partlcles St 752 / / 08684 one
ol yier | ¢ TEIACRP cpRipgng =) ARl oE A RERPE=C AL SRk, oq vt a
ConMposi t i OMpzREiER, bAd IS e(t@éasﬁorﬁé Nlﬁhéﬁdnﬁferibbdhff@\dnt fnern theattlegst paedabl e
organic particles, and at | east one 83F%ner|c mat rlal different from

the at | eadtollBWOraadis P%W'Br Ynen additignaf emi ”E\H"%Ef&?? dyenti Fnt, the

present g nvgatddlith & rddiP88mpatibke cdiihgBombbsttich RRfiga paiBg doblity et i ng
conposi tion having a primary coating of a sizing conposition on at |least a

portion of ¥ZiRgiEeBREsitM Apatdedst paogion aé“ﬁé%ﬁfﬁﬁ*@/fbﬁéam’ AGEEIMFHY si ng a
d f f
resi due of apg @Q g ﬁq)ﬁr&éé%ecd?rﬁﬂoiﬁh%@c&a‘ﬁgg%ﬁh%?&} %de?ﬁé”sﬁ"gaé y o

di screte parti over at l'east a portio . ry coating
of the si zplmrgllta@ﬁptssuete particle afitlied cyapatrieast @ nwmnhenprlmard coalingyefi ng
enbodi nent e sel d from the coating conponents di scussed above,
and addi ti §‘H§F'Zg‘§r%8?1"e° %éﬁcan al so be selected fromthose recited above.

I n one 1®n- | i m tThegcommfmentsanieact oftthe fqrega&glEmbndlmuntsman bt sdlextext frampor ti on

of at leasf one.of said fibgrs of the fiber strand of the
i nventi on HAg g glctﬂ?’%ef’ﬁéﬁﬂ’ﬁs%bgdﬁeﬁfg dcc@ Q‘b"”?ﬁﬂ?ﬁB ':l% rcl??npri si ng
POLARTHERM delect&PirératRose ,@b,{erdl slpveowder and/ or BORON NI TRI DE RELEASECOAT

di spersion, EPON 826 ep ilmformng material, PVP K-30 polyvin
pyrrolidone, A- ﬂBP”@Mﬂ"ﬁ'%mmWen@f presentamention st leqst apeitien o LKAIVULS

EL- 719 I
octyl phgﬁoiyetﬁ%%! B %#%S%gég{éegl Ltf nfeﬁifbre%ﬁ%n%ﬁ%yéﬁ‘@g

ene col nonol aur at e
ester whb cHhelsatacemmqmenualdoytlrm/@nnnmn@nfcpmwsng|5’ gié%w@dm berircago,
o not nor B ESENHGY abEA ROREN SRR RE R Rk BN p ol

epoxy film-forming material, PVP K-30 polyvinyl pyrrolidone, A-187 epoxy-funcﬂonal
organo silane coupling agent, ALKAMULS EL-719 polyoxyethylated vegetable oil,
IGEPAL CA-630 ethoxylated octylphenoxyethanol, KESSCO PEG 600 polyethylene
20 glycol monolaurate ester which is commercially available from Stepan Company of
- Chicago, lllinois and EMERY® 6717 partially amidated polyethylene imine.

In another non-limiting embodiment of the present invention for weaving
cloth, at least a portion of at least 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 and/or BORON NITRIDE
RELEASECOAT dispersion, RD-847A polyester, PVP K-30 polyvinyl pyrrolidone,
DESMOPHEN 2000 polyester, A-174 acrylic-functional organo silane coupling
agents and A-187 epoxy-functional organo silane coupling agents, PLURONIC F-108
polyoxypropylene-polyoxyethylene copolymer, MACOL NP-6 nonylphenol surfactant,
30 VERSAMID 140 and LE-9300 epoxidized silicone emulsion.
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cloth, at least a portion of at |east one of said glass fibers of the fiber
strand of the present invention has applied thereto a dried residue of an

aqueous Sy f1%ss@Mposi 25 tion conprising POLARTHERM r) 16R-1a@o@Msdaktri de
powder and/or BORON NI TRI DE RELEASECOAT di spersion, RD 847A polyester, PVP

K- 30 pol yvinyl pyrrolidone, DESMOPHEN 2000 pol yester, A-174
acrylic-functional organo silane coupling agents and A-187
epoxy-functional organo silane coupling agents, PLURONI C F-108

pol yoxypr opyl ene- pol yoxyet hyl ene copol yner, MACOL NP-6 nonyl phenol
surfactant, 30 VERSAM D 140 and LE-9300 epoxi di zed silicone enul sion. -53
WO 01/ 68752 PCTIrstith€rd®B4imiting emioddireentrada-fhbnid for uge vrefirationisisircdt a fabric

f in el ic circuit. boards. of th ' i

bor t1on of bARrds ahEE Ripeerh veRia- B Sy Hadii o S1H o0 Wid Qs flers 0201 o
present i nwgg%iAme_arh gmd&mﬂipd;rﬁdg%MQﬂehﬁommwwmemetatahraaqq;lemmngégi Ic og

co rrsin ] r). n § (0] er, an or ORON
NI 'rlnlgl DE R%EERBW%N%‘ 5 élr'%%ﬁgéﬁg@'ﬁ‘) bt\‘l/bgio'%@m'ﬁﬂg? 99‘9’“%3'%{9[ rol i done,
A- 174 agl ylgrpAd BEIREON NITRDEROLSASIEOOATTONC 28 dididion, FVEBL-30

epoxy-functional organo silane coupling agent, ALKAMIS EL-719
pol yoxyet hppkiviey pyuretidangbfd 7diacrylicfumirpnal opgare siane ¢aurfing aggnbA-da7

| yet hyl L. : ; | )| URONI C
E7108 ol y R oPhGHorESAAS g UGG ageb AMGRIL 07 10 oS RlsHyiarcd
?Ih_koxyl at edegetalyle o FEMERY@rRY 13A@rtally amlida}ted pdmthyemltrrene,aRD-BMA (é((asi) r a(Fj) ' 1055

is particu)ar, e | optiona r -
and/ OtP ROPA, YE?tﬂ %@Ekﬁ@gfﬁbﬁiﬁf Lc%%’lt]@n%ﬂbgﬁgwgmﬁgghgg es. In
anot hen onopolybetthyishecdtpaliEeNCONOL RP*6 alkdxglatetsroriynpltdreCand8AG i rcuit 15

boards of the present invention, at |east a porfion of a& Iaﬁg@% one of said
gl ass fi be@sti-feamingmateriby If desigd thiy P"l‘rﬂ‘éﬂifr IAMEhFBRCPEN M AL "Dl i ed

thereto a nesidYtoPAQiE® ﬁﬁ%@y_%naﬁomwmms)ng@%mm ibr¢ap0|yrmer
PO_ARTHERI\/(r PT 160 boron nitride powder and/or PAC B NI TRI DE
RELEASECOAT0 I&gesli spersi on, RD-847A pol yester, PVP K-30 pol yvi nyl

pyrrol done.  DERNGRIHR @%@aj{?@pgﬁﬁ&ﬁﬁaen@&fﬁ B 84 iHleldzbhigchbgal  of gano

si | ane coupling agent, oxy-tfunctional organo ane coupling
agent , 1BLURGRIdS of tHEQ@eparit jrvepiior pY leasicss putigmeiaiteast eneof sritholaghieers VERSAM D

L bt B0 ehB A bR BBk b ek ¢ o
ROPAQUE(T) aqRedlfs sititg emapasition domprieipg BOIEAR THERM® RPMES baron nitride :
powder and/or ORPAC BORON NITRIDE RELEASECOAT-CONC 25 dispersion,
RD-847A polyester, PVP K-30 polyvinyl pyrrolidone, DESMOPHEN 2000 polyester,
20 A-174 acrylic-functional organo silane coupling agent, A-187 epoxy-functional organo
silane coupling agent, PLURONIC F-108 polyoxypropylene-polyoxyethylene
copolymer, VERSAMID 140 polyamide, and MACOL NP-6 nonyl phenol. If desired,
this particular embodiment can optional further include ROPAQUE® HP-1055 and/or
ROPAQUE® OP-96 styrene-acrylic copolymer hollow spheres.
25 In still another non-limiting embodiment for weaving fabric for use in
laminated printed circuit boards, at least a portion of at least one of said glass fibers
of the fiber strand of the present invention has applied 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 acrylic-functional organo silane coupling agents and A-187 epoxy-
functional organo silane coupling agents, EMERY® 6717 partially amidated
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25 In still another non-limting enbodi nent for weaving fabric for use in

| am nat ed print ed circuit boards, at |least a portion of at |east one of
said gl asa,of of the fiber strand of the present i nV%ﬂ&% /Ia appl i ed
thereto a reS| ue of an aqueous prinary coating conposition conpri & ng
ROPAQUE(r) HP-1055 and/or ROPAQUE(r) OP-96 styrene-acrylic copol yner

hol | ow spheres, PVP K-30 pol yvinyl 30 pyrrolidone, A-174 acrylic-functional
organo silane coupling agents and A-187 epoxy- functional organo sil ane
coupling agents, EMERY(r) 6717 partially am dated -54 WD 01/ 68752

PCT/ US01/ 08684 pol yet hyl ene i m ne, STEPANTEX 653 cetyl palmtate, TMAZ 81
et hyl ene oxpalyethyl@te ivdvd, STEPANTEX 853 cdtyl eainaitate, TMHEOB1 élhylla@e@bddexyl ated

al kyl phenol , and . MAZ te Al t uired,
D sy sk AP B 1 el Rl o AR AR AL L
160 boron n1aaardﬁo§mw@aﬁatand/ FithBudBRRACEGIREY, MNisThalrfifulfRENBAIEMT- CONC 25
di spersion. In yet_ another non-limitin of .fabric for use in

enbodi men
el ectronic E!’Pfe&h‘if furthgripgiedes PPLARIHE %’n@%r%m trigle RoWder a0/ ¢ i on of
at |eastg Oglgﬁfé\c’?d)ﬁgﬁi TRIDE l?@LEAS@S)CS cbr\lt?és lsperdnof the present

i nvention thereto a residue of an aqueous coating conmposition
conpri si ng DESNURHEt\BIZCGb)@ neoHipeitngembodiment afdabrinfor use in@lestroaig&ircyt gano

si | ane COU%@% @%ﬁ%@reg’a‘rﬁﬁ\?en%eﬂxyt'lééé?gEboﬂﬂ)ﬂlof% %ﬁ orl%I 288 of é:s(%%l#{/ERS AM D

agent, PLU oxypropyl éne- ene copol
140 pol yami ofdhe ﬁM@rahﬂ’eﬁth&mngéenphwemio,n I'I%@.amd/\ﬁarewa res,mdﬂem‘tdwl ene oxi de)

and DYNAKCOLL Si 100 .rosin. add tion nt further
i ncl udes RCPIMEOES Fatis. Cfgg)gsn F%’PP’#&%BEE@% gé&li l¥?§? acryl iC
copol yneo hé&rylquﬁ@haamgawdvaaé cB’@IﬁBE@EMWB%o&WdEMm orgainbrsilah:‘e powder

and/ or ORPAC BORON NI TRI DE RELEASECOAT- CON %@ cP&erSf anot her
non-1imti n@m%rﬁl-%ow%Fﬂ@sfpewofﬁ%"ﬁ’ﬂe'@ YPYRinylepe PEEF? ¥Mehoar ds of

the presentvERSﬁnﬁm QA9 p@ﬂ/ahﬁﬁsf\nﬁ@(ﬂ?ﬂpl@ﬁbr@i Pﬁ’éndl FOLYOXGVSH 3641 d gl ass
fibers 20 of fiber Strand present invention has applied thereto

a residue oPOlﬂﬁtM@ﬂ@@dﬁebé%d DMQ‘AKtho%! 1996@5'%0|ﬁﬁdd§i°ﬁgthl§ﬂ!§m4EN 2000
pol yester, éﬁn&gﬁmeﬁﬁhﬁhéﬁn{lw&tRﬁﬁﬂbﬁﬁolo‘é*s'aﬂg@&%%”@@%gé A-187

epoxy- functio organo silane coupling agent
pol yoxyp5 opstyrene-asoiliy oapyayrhet reiewspheres nand/or FKUEMRURERMI® Bol19@bome, MACOL

NP-6 nonyl ﬁg%g%lo&lg)er% or; %&gﬁ&&OﬁtﬁW6€kﬁEﬁggew BRinc 55-YOX VBR 301

pol y(et hyl e
dispersion.

In another non-limiting embodiment of fabric for use in electronic circuit

boards of the present invention, at least a portion of at least one of said 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 140 polyamide, MACOL NP-6 nonyl phenol, SERMUL EN 668

25 ethoxylated nonylphenol, POLYOX WSR 301 poly(ethylene oxide) and DYNAKOLL
Si 100 rosin. In addition, this particular embodiment further includes ROPAQUE®
HP-1055 and/or ROPAQUE® OP-96 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 composition

similar to those described above that are free of particles 18 can be made in
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Si 100 rosin. In addition, this particul ar enbodi nent further includes
ROPAQUE(r) HP-1055 and/or ROPAQUE(r) OP-96 styrene-acrylic copol ymer

hol | ow sSp{gy Aks7s2and/ or POLARTHERMr) PT 160 boron nitri dggoyad¢hsend/ or
ORPAC BORON NI TRI DE RELEASECOAT- CONC 25 di spersion. 30 Wile not
preferred, fiber strands having a residue of a coating conposition simlar
to those described above that are free of particles 18 can be nade in -55
WO 01/ 68752 PCT/ US01/ 08684 accordance with the present invention. In
particular, it is contenplated that resin conpatible coating conpositions
i ncluding one or nore filmformng materials, such as PVP K-30 polyvinyl

pyr rol i done3CeSFianse Withitae presamtdnvestipn.i Ipastiaiiarsit iseptemplated, thep sesin
acryl | o UncirhRle S8R0 o bbaRSIALRINIGSBERS MorAG By sl | onal

5 organo silane coupli agents ' east 25 percent by wei ght of the
si zing conpdBEVPiksA0 cnlywnylcwsrbhckmlel cm @ramo@ sianeicoupling egents, suehe@si al havi ng

pol ar _char S8k et BudkoSIERANENNG B i i AR T3] funchih be e

in accordance W i'nven appreci ated
by thosebskorghead silane dohplnmageintsaiand ableastsﬁﬁrpmncmt bawelgy]t ef thesizingconpati bl e

coating conposition tha esse fre a.rtlc es 18 can be
woven into fHBRLONGNA ?Jéo\l‘%[t@séﬁ @tlﬁwﬂﬁ{ %B ,!’%g ”gr'?a @l ectronic
circuit boaemadta%tndeambh lae STEFANTDEX B5D 6ty pdifitke, Wah betridde AT esent

i nventi on. oatin 03|t|ons of the present inyention can

pr epar ed by angg; wit gB‘P"ep PSERJavenen Eé"’"b%(%tﬁ?r FResecigied |bMéh%§lﬂk'"ﬁﬁom to

those skill gdné an&m fBért stranaé hemﬁ@ arradh )éombBﬁbI& @ﬁﬂ@%hﬁaoghéﬁm gd above
are diluted with water have t desi red wei ght percent solids and m xed

toget hetQ TeRseptialyifigecs p@ﬂlc@arwtf@nmeem\ée@dnto\mttrwsmﬂ@_ia,deerntmeiecrtrp_a@_ or
ot herw se agfbr?@rt%lgn&’@%cﬂ&ni%fr&i%@@@td%? elibR1o oot akbradritBMAR'the O PT! Of
at1ng

to mixing wt € remal ni ng components o e coat'i ng.

conp05|t|onBreaemtmw¢inﬁq1to t he present inventlon can be applied in 20 many

ways, for exarrpl ng th t.S oller or belt

oo | cator . apr 107 NerBR cBFieR fersiane pREERAvabS e b piePErl i Ehn

dried at rowiﬁabte&nuhbabwreas)d:ora'bnl@dr@vaﬁ)ﬁfb wanmmmttunm;e skied ¢ therart. enoves

excess |s£ure Q gtg% the fibers and, res es any curabl e si zing
on

conpos SOMPRRSTIS Bisparas aPEvEAts dbtl W VRIEG O IE P g1 ass
fibers will déaa@e RbigH? PBreeHESbIMS bhd e t@%etﬁér R PRI 8 I pRflikdds 10
t he coating conposition, conponents of the coating conposition and type of
fi ber. with water, emulsified or otherwise added to one or more components of the coating
composition prior to mixing with the remaining components of the coating.
Coating compositions according to the present invention can be applied in
20 many ways, for example by contacting the filaments with a roller or belt applicator,
spraying or other means. The coated fibers are preferably dried at room
temperature or at elevated temperatures. The drygr removes excess moisture from
the fibers and, if present, cures any curable sizing cbmposition components. The
temperature and time for drying the glass 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.gd., “a cured composition,” shall mean that any crosslinkable components of the
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

embodiments, the crosslink density ranges from 35% to 85% of full crosslinking. in
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As used herein, the term"cure" as used in connection with a conposition,
e.g., "a cured conposition,” shall nean that any crosslinkabl e conponents

of the cQEPARkION are at least partially crosslinked. | pcGgaido@issss

enbodi nents of the present 30 invention, the crosslink density of the
crosslinkabl e conmponents, i.e., the degree of crosslinking, ranges from5%
to 100% of conplete crosslinking. In other enbodinents, the crosslink
density ranges from 35%to 85%of full crosslinking. in -56 WO 01/ 68752

PCT/ US01/ 08684 ot her enbodi ments, the crosslink density ranges from50%to
85% of full crosslinking. One skilled in the art will understand that the
presence anstheramitsmiiménts cthe sedsisinik demsity ramges from &Y ts85%f tiinsi ty, can be

det ined b rari et t hods, . h ' hani t I
anal ysi o ( cRsinGem G <Bled uhe paisgy Shbrrale BARE iR AN Sossef ™
conduct ed ugg&dlinKihg,i@gaRe crbbimkrehbiod caiebe tsienaimet bg aglatisty oftmetidst i on
tenperature and crosslink densjty of free f 'Sﬁqsr&%%ﬂ%%; nmer s.

! I  f i of. co
These physi ®4h 3§/ ypanis raechanicy! tharer| apalyeis Q*"[@? HSIP@ R AT ucture
of the if OfR! 1 EEA 8R4IV kondietdd GHdRe nit@gémi ThisRidhwsh détéeniha@k ylasel dt h,

and thickness of a sanple to be 10 analyzed are first neasured, the sanple
is tightly thansitioadempenatise pad prasslink depsityefdrgedimarf ¢9ating$, BEPAYRTS- and t he

di mensi onal : ' h ek stfuctdie bPflemal scan is
fun ot o neliregtVapabodics & ol abRRRBIE dhoufie bRTT | 205%
and a st at i co$siinked odtwOrk01l N, and sanpl e neasurenents occur every two

seconds. The nodg_of .defor mati.on t I.t1.QRn: t 15
crosslink densit cc&rdlw]Lo tgﬁﬂ}?tﬁog'atﬂéEez]awép@r?ﬁﬁatr?ggn'g%@%rgﬁ%gsgbgﬂ%%irb% nmet hod.
H gher 10r oslyzeld atkefist mpasurbd ghe isatipleds dghilyhmalinted tetye Selyafercr ossl i nki ng
in the coating. The nt of the coating conposition esent, on the fiber
strand is (RROrdpYss @Eﬁﬁggp@rﬁ&ﬁ, Qﬁffg@rdd@%?s'?fiy?maaﬁ’fﬁne %eﬁpﬁ%q'é"g?y | ess
than 10 permeippiatusVel tekmandaRsiunfit afeamt tatdef 3veahinOa frefigereyRencent by
wei ght as nmeasured by | oss 20 on ignition (LO1). The coating conmposition on

the fiber shzemeirainal 10%, andsa efatic Greenf 0.¢1 _@aé§a@@ﬁmﬁ@f%€mﬁf6_§i°9?l6n or a
powder ed Coé\;é{)nﬂv&%ﬂa%t T%‘moh@ of’@@forn?éf@ﬂfj%@?é‘ﬁ'al%fitiotnh@mbgﬁéﬁﬂé,' sy the LO
y wel ght. As use

is less than 1" percent “herein, the term"loss on
i gni ti ohB nerasslink densikyi ojthe gample can be deicrmined agedrdigy te tipmethodotighatsent on

s accaBhahh Bebadb AR e BABE B e heboagy L0 100
pl us the wei ght Tife ameoustadthencpating composition present on the fiber strand is
preferably less than 30 percent by weight, more preferably less than 10 percent by
weight and most preferably between 0.1 to 5 percent by weight as measured by loss
20 onignition (LOI). The coating composition on the fiber strand can be a residue of an
aqueous coating composition or a powdered coating composition. In one
embodiment of the invention, the LOI is less 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 LOI= 100 x [(Wary-Woare) Win] (Eq. 1)
wherein Wy, 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 W,
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 ina

.30 dessicator.
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conposition after drying in an oven at 220F (about 104C) for 60 m nutes and
Whare is the weight of the bare fiber strand after heating the fiber
strand i at 1150F (about 621 C) for 20 m nutes ' to
roomterrperalﬁkégﬁi n a .30 dessicator. -57 WD 01/ 68752 PCT%%é@%%ﬁg Af ter
the 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

fi bers per strand, and preferably 100 to 1600 fi bers per strand. A
secondary coating conposition can be applied to the primary size in an 5
anount effective to coat or inpregnate the portion of the strands, for
exanpl e by di ppAfter thhepplmati@dofsa}] pmﬂdyisl‘zsai.é)amb ingithail tsizerdpplied ﬁf.%I'SiBélondarK
coating conpositio sprayi ng the secondary coat.i osi tion upon the
coat ed strgﬁﬁ"%tfono ehsrse i%@ﬂef?fﬁ@?%ﬂar@a "'ét"f’&%&ﬂgto%g'ﬁe@p%rﬁgé’ﬂcgr as

di scussed admy/srefelatsly 600 te U608 fivafglpsiafraR@ passed through a die to renove
excess coating conposition fromthe strand and/or 10 dried as discussed

above for a time*§BFINdENEFRAting camppitian cashe arplied tathg nemagysige fan
secondarg caﬁ&mn@ffeamqa!cbém-immtgﬂaﬁttnésomaﬂoﬂge%ﬁaﬁa@ f%rxra] plyf ng the

secondary coating conposition to e strand i's determne art” by the
conf i gur at | ¢pping theroated strandria adath¢ontainieg the sasandary geatingreopippsitioned af t er

application . ' | ' r . known in
tho art. 1oncaind i SEEABARCHa R s RONBES etdaled oMY SEBY adiarinds or o
film form thg coatedsirahd with abrapplicater asrdiscoséest ataddi The esated Glramd cat be

di scussed above,.The secqndary coating is preferably different fromthe
primary si Ao B ?ﬁﬁﬁ? “‘r"?“é‘.’e, exqess ?ﬂat'ngﬁﬂmpﬁ'go'hﬁorlné%&Ftrﬂ}#ea’&?ﬁ)onent
whi ch i $0 chérigdes discudséd abartfof 4 timetshficRAMON &tst partiallydy Bt &irddhe

conposi tion; oréﬁzl) contains at |east one conponent in an 20 anount which
i s di fferentSPREFY CRRUINGRAMROSEEN: HBe Hgthe ftustoneapiBa they the si zi ng

conposi t i onsechRdary cBhfing Ebnfpcaih €5 tHefst@Hl PdtermifEPRGRIbydREL | NY
conposi tions including pol yurethane are disclosed in U S” Patent Nos.

4,762,750 sandouratigpofibe strand aatesieb Hiresirandds preferably dripd aierapplisationf er ence
herein. Refghkd ' J: ' L grnt according to
&thé Q&oﬂew&aﬁhé}ﬁ%ra%?éétfsbgﬁ Iagrléérrglreg%ll \é?ov?rﬁ@qqé 9

the 25 present 1 nventi on, coated fiber strand
210 canl®avi ng Syifsiblecgecohdargicoatingnompmsifiohsigay inglide ofe ar moretfilmy si zi ng

G omse SeoE e A0 i FONRL LB (S BRRE B PATTLR
Loewenst ei nseabngsaygesatitiyiis peeferaBly diftbrert $idd) themimary sizing composition, i.e., it

(1) contains at least one component which is chemically different from the

components of the sizing composition; or (2) contains at least one component in an
20 amount which is different from the amount of the same 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 reference herein.
Referring now to Fig. 2, in an alternative embodiment according to the
25 present invention, the glass fibers 212 of the coated fiber strand 210 can having
applied thereto 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. 1993) 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 layer 214. The secondary coating composition comprises one or more types
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U S. Patent Nos. 4,390,647 and 4, 795,678, each of which is specifically

I ncorporated 30 by reference herein. A secondary |ayer 215 of a secondary
coating CQiPARkdon is applied to at |east a portion, angdy&sogllky over
the entire outer surface, of the primary |layer 214. The secondary coating
conposition conprises one or nore types -58 WO 01/68752 PCT/ USO01/ 08684 of
particles 216 such as are discussed in detail above as particles 18. In one
enbodi ment, the secondary coating is a residue of an aqueous secondary
coating conposition, and, in particular, a residue of an agueous secondary
coating conposition conprising lanellar particles on at |east a portion of
t he pri mar gf gntitlesy16 Sudhnasaare tdisenssendtin detail mbove asparéclendr ynemating is a

powder ed coating c ositiaqgn apd.. in rii i ng
Compos t 1 ofMbBErE g Seohdrt.sealas bietieBeUs gt 4 BvecdsROLERER SRRL, D,
prinmary cogémpésitidn) afd, idlphRicliaf, iaresiand oflanmaqicout secqraiaty cdatingof t he
secondary coatin conposition conprise h qro?hlllc I norgani ¢ sol i d
particles FPRPOHIILEIMRIISNGIaMgHa PatslesAnest Pr?&”l“ﬁtﬁ*&g?%?y&ﬁgﬂ’}%

hydrophigl i ¢, ?f&t@\%fénﬁ’&odiﬂ@ﬁ M%@@&#H’r?'q} 6odting iYa pbwdsrel icdafray ddnfdosionan absor b

wat er or swe en in contact with water or participate in a  chemncal

reaction wand inpertisalana pawdesecheoating cexppsiiien cmrisingdaeln rartigles Ab) ut i on
whi ch bl ocgﬁe?gtgégﬂim f"sth\%*ﬁ%{ géﬁgéess of water into the interstices of a
cable IC %e

t el econmuni"catt on cOated glass fiber strand is used to
reinforce. 15 Asn asalierhetivei embddithentr tite pastioles afitke sedeadartceptiftenet r at es t he

I nner structure .or interstices..of . Iy k)i d | A4S
substanti aICPST/'p?ﬂﬁ%ﬂ %%pr{sﬁg}yg[%?ul@é@%&%é%@?%%ﬁ@ééﬁgg%@éeb%B@%nﬁa h Dictionary
at paga03, wakdramtHesintepstices btk lhydrophitio particlas.e Théhydrephilieinorgahisrselich. " Swel | "
means that the hydrophilic particles expand.in size or volu ee
Webster's Néwcbﬁl"ﬁ‘a@gé?rg Watek revs 'y"i'(eﬂg‘i "Qﬁcft “ﬂ@d’égtﬁborlpff%'paﬁ'nc% i s

speci fi cal lofetaPicBeticH With P WRéb eaHE fdraxample, Bridceuabehiiketsbiatiomydr ophi | i ¢
particles swell after contact with water to at |east _one_and one-half timnes

their ori giwhigh Rlesks\singiiits fuiteriRgressfaralerapiofne %‘?rﬁ_b"eﬁ@fati nmes their

ori gi nal weLigtdmmy &'dnbf@abfef%ﬂmiﬁmmb%d%aﬁ%épﬁmddl i§ ub&Plodeifdtcs ol i d

| ubricant particles that swel I ncl ude snmectites such as vermculite and
nmont norlidl | dysiused hersimrbesarb’zmeanst that the waps peneiretanthe inpercitsiie gel s.
Preferably, .these L. i ' i e orm over
tacky si zi r%}gr@ﬁé?ﬁ ﬁéﬁé ﬁ g@béﬁ@%@%{ﬁhg%/n%ﬁggp ?sﬁgmr%g g%alzg?% .tr%?ér!]m'oﬁgéenbodi ment
of the preseniley$Condersed Chehidat Dictibnamat pagen3,ivehichyisspepificallyl i ty of fibers

's at | eaStiné?)%grgtaelcilel rg e?etnecg hvénretirb. @Svce(?ls Im%a%s? fﬁ%\?ttﬁeq'liyecirgp?\ﬁltc' p%gticles
expand in size or volume. See Webster's New Collegiate Dictionary (1977) at page
20 1178, which is specifically incorporated 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 one 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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conposition on at least a portion of a surface of the at |east one fiber,
the resin 30 conpatible coating conposition having a primary coating of a
sizing c lkh@n on at least a portion of a surface of ghey@ls@ast one
fiber, and a secondary coating conprising a residue of an aqueous coating
conposition conprising at |east one -59 WO 01/68752 PCT/ USO1/ 08684
discrete particle applied over at |east a portion of the primary coating of
the sizing conposition. In a preferred enbodi nent, the at |east one
discrete particle is selected froma hydrophilic particle which absorbs
and retains water in interstices of the hydrophilic particle. 5 Further to
t hese enbodfisfEpiePartigraplisd gverst least aipertion of the primany caaling §f the §igingng
conpositio SrbsltigRY Y=Y | i ds basi s,
pr ef er abl ynﬁ" r omsglgﬁ't g‘ %B%n%?ée&grg%@@ggme %ﬁ%ﬁ?g%e teg(:%éé %@glﬁ?é)per cent, and
even nore gelestest e \a ydeophiiio padickowhieh gbsorbsardreataing waten innintesstices ol e

enbodi nent W ELOe: 3, a tertiary layer 320 of a tertiary 10 coating
corrpositioﬁﬁggﬁﬁ}ggﬁggg%'gg' to at |least a portion of the surface, and

preferaldy over Rurtheetd these embbdimentsythecarsaund ofiparficlesingthe 3&&gndane. , such a
fiber strand ..312 woul.d have a L mgr ayer, 314 of a prjipmary Sizing, a
secondary |%37HP9 SQBPE;itiap C@J@%%ﬁ?'gqc%aqgi %ﬂg@cﬂ%‘i@ﬁ Py aﬁotgﬂgohés ?’3?'?4 ary,

out er | ayerpraf2aty frbfe0lte0D| mble Srefiratslg from IdBetot 80N Weighit\pestmt,iand evbnt he
coated fi ber strapd bﬁ% is preferably different fromthe 15 primary sizing
conposi t i orMairPreReEd %&Qrf9_69&aedsfﬁgetcsﬁbosi tion, i.e., the tertiary
coating conposi thef HitbinatieebRloBdinitht Si56W in®iE 399@98@0?%&9'&1’!3?&%}%”1 cally
different fromthe conponents of the primry sizi ng and secondary coOati ng
conposi t@ orpoaling compesiinegandeapplied ta atdeast anepipnaithe surfaseaanslnt which is
di fferent ; nt ai ' I mary
Gizing or 20 eEi AR S bl O B el 18 O el S
secondary c¥@twould bavepa piilmagriaya8idiof eprioraey sicingnasecondbyrfayerSibmf er i al s

di scussed ahagy such. as_pol yur et hane, .and the tertiiar owder ed. coat i ng

Commosr i1 otHfiaary d8RingioRtbodiibs bhF Adert B piaE b A isthe AR pFst s on

\r/]vih tr ihde pa(roHeCﬂeﬂﬁryd@dfinb@f thgvntofawdtﬂ'tljolek eﬁanhdsmi;d @Eefa(?al&@iﬁ_(rér)t firtfn th'eglfT?nEjS, o
iC i scussed above. . Prefera , e powdered coating is applie y

Dassi nal 4 hePrBian: AENGRPTIRTSKON AR P SSFoRiAT pot B TR o dei e biabp! | ed

thereto thycausdicémpdsitich @PeoriSifls af leaftiohe dfipoRentiwhi@fiBehemidagy powder

particles tg the tacky secondary coating conposition. Alternatively, the

strands carfifreatfeomfieepmpangnts of the primary sizing and secondary coating
composition; or (2) contains at least one component in an amount which is different

from the amount of the same component contained in the primary sizing or
20 secondary coating composition.

In this embodiment, the secondary coating composition comprises one or
more polymeric materials discussed above, such as polyurethane, and the tertiary
powdered coating composition comprises solid particles, such as the
POLARTHERM® boron nitride particles, 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 fluidized bed or spray device to adhere the powder particles to the tacky
secondary coating composition. Alternatively, 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 912 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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fabric 912 before the. layer of tertiary coating 920 is applied, as shown
in Fig. 9. 30 Conposite or |am nate 910, which conbines fabric 912 with a
resin 91l4w@lxg7s2i Ncl udes an el ectrically conductive |ayerp 010kl ar to
the construction shown in Figure 8 which will be discusse ater in
greater detail. The wei ght percent of -60 WD 01/68752 PCT/ US01/ 08684
powdered solid particles adhered to the coated fiber strand 310 can range
fromO0.1 to 75 weight percent of the total weight of the dried strand, and
preferably 0.1 to 30 weight percent. The tertiary powdered coating can

al so include one or nore polynmeric 5 materials such as are di scussed
above, suchor8erdglsplid parficlby Beticted &ptheiceateddiber stuinddd 18fdansangsoimra Bt onal

stabilizers and other nodifiers knp i.n the art pof j
pr ef er abl y 19 7 Welghbegident qu'ferﬁ°?al| Welgﬁg°€etﬁﬁ88?%atﬁ?q£3n$ Eﬁez?ragggaing’g%orrpri si ng
a pluralityenthbRens is at least partially coated with a primary coating
of a sizing corrg_osition applied to at |east @{5’ 10 portion of a surface of

n RP8Si

the at |east ondhpitgitiary Rowslaeeshatipe EbRIFAfIcY of msye BBIWFT'%i ng a
pol ymerigC pnberdial dPq g didclstld 46898 tsun BE/akHE poiymERS epbieR oy
conposi tion, and a tertiary coating composition conprising discrete

particles aplyblefius, coovertiondstabilizerscand ethergnodifigrs kBewn ithg 2HMEHHY. 1 n

anot her enbadi. nen | he onprising a plurality of fibers is at
| east part i°8?‘|"§§%cé"§{e§8%91‘{’{@Hﬁ’ralgprrfé’?@' coating of a 15 sizing conposition
applied to at | ¢mshe ampoditient) adffbeastsand coraprisingza plueditytof fhersds adgast  fi bers,

a secondary coatin onposition ¢ riSin i ] rj plied to
at | east &aﬁlﬂﬂY FB%egf”r'EBﬁeerq%ﬁ?é}%o%osﬁ% %oﬁr% a%haa(bp régrac{ t?)adrt 34 agggt i ng
conposittg Ofportfd i stifabe bithe lak Rasiperet fiel, essetppdarg dostingadonpeaiipna portion of

t he secondary coating. In one preferred enmbodi nent | east one of the
coati ngs i IFOBMERINGR RAYENEITS m%tPBﬂ(ﬁpﬁbEdeWt?géﬁﬁ?gﬂPQ'q‘Pg °gfhl‘3fpém§¥. I n anot her

preferred %’éﬁ-@%l‘siﬂsﬁ',tandaé tehRRPLodiiNg cBfpokifiéh EstABrisTEsdisdteteqiitionds dgpied
foregoing e Iments are the sane. Additionally, the terti &ﬁvﬁcoa{%l ng can

be a resi dieableasts petiovatthesaraidery enatind plvanatiel sededimgnt FERRSSYPRY on. The
coating co %ri&fnﬁ%@ﬁ@@r&f fiferS W?at%aﬁéﬁ?aﬁf@édéé@wﬁl? HRARRIR} Soatiflg DEHSSEd

above. 25 The‘var odi ments o e coated fiber strands discussed
above cHEh hezingisepasitionapplieriiouat lezst apdrtion of asurfage phraddeastenp ofiaid di ver se

R e i ik ol
bi axi al andestiagor#dn éfaks pirdary dofigositionedrsl a tertiary coating composition
comprising lamellar particles applied to at least a portion of the secondary coating.
In one preferred embodiment, at least one of the coatings in each of the

20 foregoing embodiments is different. In another preferred embodiment, at least two of
the coatings in each of the foregoing embodiments are the same. Additionally, 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 strands 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 wovens, nonwovens

. (including 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 three-

dimensional fabric structure). In addition, the coated fiber strands used as warp and

weft (i.e. fill) strands of a fabric can be non-twisted (aiso referred to as untwisted or
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(both chopped and conti nuous strand mats) and multilayered fabrics (i.e
overlaying 30 |l ayers of fabric held together by stitching or sonme other

mat eri al %@Jl%@za three- dinensional fabric structure). Igg hbhi@Rp, the
coated fiber strands used as warp and weft (i.e. fill) strands of a fabric
can be non-twi sted (also referred to as untwisted or -61 WO 01/68752

PCT/ US01/ 08684 zero twist) or twisted prior to weaving and the fabric can
i nclude various conbinations of both twi sted and non-twi sted warp and weft
strands. Preferred enbodi nents of the present invention include an at |east
partially coated fabric conprising at |east one of the fiber strands
conpri si ng éerBIthSQIqut\y's‘@ﬂ PEiof fagueaying and ibs éabriceanénciude vaeve. Thus, an at

| east parti é‘t‘)rhbflnﬁt‘?cﬁﬁ%g J%Jr[)%te@%rb d‘k%grﬁejé, sl osed fi ber

strands conprising a ura ers 1s ere contenplated in
t he present i nveRrdfesned Gmboti;manbloéIhewresgﬂmventl@'dinelnﬂ@dh akleastyartiiipe

present inv | east partially coated fabric

conpri sing a%ﬁtéé)%gg cg'lnéﬁ& §§H§g ﬂﬁ F&%@%F{ﬁ?rﬁsictovpxlfmgiau‘glr'r?('tytoﬁe coating
corr;d)r i ts! Egt ﬁber?ldgausltsedlf)detaﬂrabdsmtTmﬂﬂad améétquartha{ béazé@&tbhamamfa f?gl(i) Eer Irml
conduct i vi eas erature o n
one enbodi rré‘ﬁ‘% ?ﬁ't“? fligc B?%@ gfﬁ'\%ﬁﬁq"b‘ﬁ'swlgr?ep'lé@a&ymg S dgreforms

accor di ng t eortéRpRicdSh He pra¥ainventicH. eF&Fthhﬁ% bRe Fféférﬂsu &thSbHhedt drer -

anot her enbodi nent, the coating is ap to at | east one fi ber strand

I'n anot her % RERRSHHINYRRALON i Hlée‘é%iq %rgatd@?ﬁimmallbepaé@%tﬁbac gempisindhat pr esent
i nvention i Ragfyhe %n&%omgahﬁné ﬁﬁﬁ%ﬁy of HBRRE t (t,opa'h I:J)M rﬁgﬁjblﬁﬂfcs are

fully di scussed bel ow. hou prior scus ner y directed
toward ABpl Wn@ortewband:tamallargoartmkpmlsawngoantl*@rmamnpu@wémf atreasht \Watt pem ect | y

on glass fipger lﬁgrttaet'én{p%paqure off% ng and subsequently incorporating the

fibers into a e e presen 20 invention also includes enbodi nents
wherei n the coat inapecsmipostimentan thef prebent inveatiem the coating compositishgpl i ed to a

fabric. The Q ilon.can be lied. abric, for exanple,
by appl yi ngafﬁ%gé g’t‘ﬁﬁgp%SS"Q"Y‘?'B'QP aLg ?%ﬁ%gﬂ%?ﬁf'@t“ﬂqﬁ’é’l %baﬁﬁr i angtier

manuf act ur eembedimeyt, tptoating ist dpplied e atéhst Bné SerfshBRE C Irtdridteri t has been
manuf ac }Sred E%‘#W%“toﬂ'[l ous techniques wel| known in the art. Depending on

t he r ot'8 ec‘I‘P@t'P%S?'T'E°S't!"r'PeaQ9SE§¥’PQ1‘Q the AEesentinstion istapplied t9sent
Inventlon CHh8 fAtstic. mbéaﬁerﬁhﬁ\i@ém@&ﬁrﬁéﬁtkﬁré Rm%ti%c@séa%efowers in the fabric

or to another coating already on the glass ers and/or fabric. For
exanpl e, the gl aé‘éhol‘JBBéfF%Pfdﬁirﬁ“S@éSS@bﬁtwﬁerY Hirectedbtowand appiying thear ch- oi |

sizing aft egodtifg TbMBodtish YAME BrdsBhOnThrkiBh 'alrgctly on glass fibers after fiber

forming)and subsequently incorporating the fibers into a fabric, the present

20 invention also includes embodiments wherein the coating composition of the
present invention is applied to a fabric. The coating composition can be applied
to a fabric, for example, by applyiné the coating to a fiber strand before the fabric
is manufactured, or by applying the coating to the fabric after it has been
manufactured using various techniques well known in the art. Depending on the

25 processing 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 sizing prior to applying 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 instance, the coating composition would directly
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The fabric can then be treated to renove starch-oil sizing prior to
applying the 30 coating conposition of the present invention. This sizing
removal - c@igy A%s7acconpl i shed using techni ques well known igatig1ddss Such
as thermal treatnent or washing of the fabric. In this instance, the
coating conposition would directly -62-. WO 01/68752 PCT/ US01/ 08684 coat
the surface of the fibers of the fabric. If any portion of the sizing
conposition initially applied to the glass fibers after formng is not
removed, the coating conposition of the present invention would then be
applied over the remaining portion of the sizing conposition rather than
directly t ccoahthefsupieee of tba?bar@epf thefabriet hery peied PHBRSIZNAY t he present

nventi on. SeeehE HURAPENESo M g BICHRAEEAINORARBRS oMo, Hae b1 esent

i nvention can 'be ap ers rmmedi ately after form ng and
t he remai niaovgtiog ogropesiticn affthe hlesemiamvamgon woulddhen beapplied OMer'fhppI ied to the
fabric after it a. manner | ssed above,
sone or all™® malrmgep(rgrﬁ?régfttbasgmpcg%oﬁﬁzo&%ﬁ%etﬁé)%%%@g% h(réofrﬁﬁ(zé he gl ass
fibers ppi agurfage.coating the fibers and fabr| c wth the remai ni ng

conponents. As a result h rema nt s either dir ectly coat
the surface of P%Ohebewg @f“ef‘h% %119 ‘?58“ %’ﬁ'&f‘ ?Gw %dg%p%c&eg onponent s

that were tﬂ@%oétﬁ@%&ﬂbd‘sft@ﬁbrmé dredett invERtiohCean bkbapplledtothBeflaser ef erred
enbodi ment accordin ﬁ to the present jnvention, a fabric  conprising at

| east one sfihesminre elygft@gfoammgmrﬁﬂh@ {eragining semgonants, of ‘lhﬁé@?t"}ﬂart ially
coat ed Wthco?nwslt.gﬁrcxn%eaaﬁghr& @Bk bﬁ@%ﬁ&qarsmdaatnhagn%e%.nh@aﬁi a portion

of the primary coat e secon coating conpri si ng parti-cles of an
i nor gan1@ nihabdlsqlssemalwwegsqne healhaﬂthe@ﬁldgf@duoomyng?tééa@ efremeved Watts per

met er . K. at fg?r}'l l?ﬁeg;@légst ﬁge?s IIIOI' tégog’tﬁ\%ﬁhe hgelg%?lhl? I'ICWP’HQE g?l'ﬂ%lnlbgr f a.br I C

conpri sing one s ran ura s is at
| east partiadnhponentst ¢d aveishit dbatenmmognpmpemmgs (Ndl)elmam!l’dcﬂy coatither gani c

particles havjin SS va S_not d the Mhs'

har dness va¥ P?EH%/&%SES &2‘&%?“ Hﬁgrﬁ? splsggqpe W@W"éqgﬁvﬁr‘?orm ng

mat eri al . 25otlrémyedd RoHtheiibee 8hgadarent, a fabric conprising at | east one

strand corrprlsmgaplurallt% of fibers is_ at |east artlallé%ﬁ%ated W th
¢ r

a coati hg conpriBiangther greferegchembedimgpt acoprlingig\fhe, gregefighventif BES val ue
Whi ch does aghofiets éshen?mcd?ﬁdrgﬂfg%gplﬁﬂl|f3'/eof@if.)erfsh§aﬂbaét%ﬁfal19ne gl ass

fiber, the netallic particles bei
coated with a primary coating and a secondary coating on at least a portion of the
primary coating, the secondary coating comprising particles of an inorganic material
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 comprising 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 one 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 comprising
(a) metallic particles haiving a Mohs' hardness value which does not exceed the
Mohs' hardness value of the at least one glass fiber, the metallic particles being
selected from indium, thallium, tin, copper, zinc, gold and silver, and (b) a film-
30 forming material.
In another embodiment, a fabric comprising at least one strand comprising a

plurality of fibers is at least partially coated with a primary coating and a secondary
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selected fromindium thallium tin, copper, zinc, gold and silver, and (b)
afilm 30 formng material. In another enbodinent, a fabric conprising at
| east onewgfdiagescomprising a plurality of fibers is at |RasisoR@sdshal |y
coated with a primary coating and a secondary -63 WD 01/68752

PCT/ US01/ 08684 coating on at |east a portion of the primary coating, “the
secondary coating conprising a plurality of hydrophilic particles which
absorb and retain water in the interstices of the hydrophilic particles.
In still another enbodi ment of the present invention, a fabric conprising
at 5 |east one strand corrprlsmgwa plurality of fibers has a resin

conpat i bl e eealingeg at lﬁ@ﬁb@pblﬂlponf piEmane geating, therserendany ceatidgr f ace of the

ol ural |ty orohacy BRR R yafRfi R EReRRter dBonr ol BT 108 .,

or gani ¢ nuat intarsticss ofﬂlmrrg/dmphlllpcplaptimmsi c materials, conposite materials and

I Xt th f . ti [ ' 0
Teasur od_ accor di Wil anPRELpLETmERY o1l B RNTREEERR Y bt BabAia dl et or s,
<(:| b) att Bea&?stculm étnahdijcﬁin@tlsingtatplmral&y offfifere hana résrimommpdattblqad:aatlagi Ty of .
iscrete particles, and (c) at, qne n anot her
enbodi menlto c%{“?%ggsﬁnconc%ﬁ%ﬁ# §ipﬁamgto?'laeséﬂg?c%ﬂethgIf?lﬁ‘r‘?ggh@gﬁii? F%mﬂgt'bée plurality

of fibers hagatig E:SﬁleSlﬁ&iT&ﬂhpﬂilefg ﬁpatmu?gntpefm@@rete pHiticks REméERSM a portion
of 15 a surface of the fabric, e resin conpatible coating conposition

conpri si ng (‘@)er'élspﬁelﬁcéﬁq frgm @fgaﬂ%@a@nals 'HBWW'WFF&?@@W SORRISE om
material s SPrx'a?éFffa% JH&ILP%%@P&f tH@fJSﬁubI@L ‘ﬁawﬁ&gﬁ%értaﬁe %g&@ e and

m xtures thereo east one [ubricious terral different from said
pluralil19Q ofmedswed et:@orplagttcp lesesscattaring; canging fecm@m eemicsemetees, Hrleent

i nventi on, ri ' . [

plurality o@a%ﬁa%eerlgb Eas a %8@%%%%@3@%?598 ‘?F‘ﬁamé%qn%‘gg‘gﬁ de% ré‘SACIE%%& | east
a portion oétlaastwntdire-farmindwatesinl.i c, the resin conpatible coatl ng

at Toast one - pornotte: Shnogibert afabr pdmpriine At bAY OISl opRiaR e

particles. ﬁmf&n ff@é@@s%&m@‘o BIQ%atlﬁQ/@ﬂﬁpd%mth)nchtllé%@t Q?oﬁ@n@ff abric
corrprlsmg at | east one stran npri sing plurality of ber s

wher ei n18t PéH@?CeaOfpﬁB? fabsp. the rgmcomaqulq;cqgggg §°W89$'W%69fﬁ%ftsi'rl§l @) 8oati ng
Wi th a | 0sspppitydstididcéte HonlRag) Mlélé%t‘%&frbﬁl mateRals 3BcRA fdh] orgamc10

per nmeabi | i ty measured according to D 737, of no greater than
standard c uma@erqatseporpgpsmm matedalp@nd grqgtme@ ﬂﬂ@'@pf and at least one lubricious

material different from said plurality of discrete particles.

In another embodiment of the present invention, a fabric comprising at least
20 one strand comprising a plurality of fibers has a resin compatible coating composition
on at least a portion of a surface 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 particles.
Another embodiment of present invention is directed to a fabric comprising at
25 least one strand comprising a plurality of fibers, wherein at least a portion of the
fabric has a resin compatible 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 square 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 Air Permeability of Textile Fabrics, which is specifically incorporated by
reference herein.
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As used herein, "air perneability" nmeans how perneable the fabric is to
flow of air 30 therethrough. Air perneability can be neasured by ASTM D
737 Stand?{ Method for Air Pernmeability of Textile gabidosfsesyhi ch is
specifically |ncorporated by reference herein. -64 WO 01/68752

PCT/ USO01/ 08684 These conponents used in these various enbodi nents can be
sel ected fromthe coating conponents di scussed above, and additi onal
conponents can al so be selected fromthose recited above. In a preferred
enbodi ment of the present invention, a fabric adapted to reinforce an 5

el ectronic support is nmade by a nethod conprising the steps of: (a)
obtaining at | ea%hewmnqnpnéasﬁd #oigse ¥aninys emitogiragnts garmbe s¢leeted framd

h f
hav IS ng a_ } fhl%tcoréglzdr ﬁorﬁ?ﬁ%&%@é&s@@&b&% 9Rd Qadlﬂlc?r%%orﬁpé?% d & flo é‘e at

taining at Ieast one yarn conprisin
plurality ofelestpdfromdhdse regitechalbavg. a second resin corrpatl bl e coat i ng on at

| east a port J:ﬂﬁ lﬁ% S 4 av n t he at

| east one fHé)B?ng" %@grgtt&tﬁe)é;@ S%}ﬁé&ﬁ%r%m?af?ﬁ& %cg%) %oa{elp € Th

i gni ti onbof eleetsanic *suppoﬁ |5npelecbgmimh&od/eombnsmg)trfecstépwoff abric adapted to
reinforce an el e%t)ronl ment of the

present inventiol’ a ?lgtaﬁwfr@pqcigeagggré%ﬁl \?HR °B’§/"p 'ﬂ?ggﬂ‘ﬂ?'ﬂbP&h?&?%u ng at

| east a por havamy @firstrdsint 6dmghtdRscoatiig bn St leastth |SSHIBH bitha gt Rastidrdrl i ty of
glass fibers having on at least a portion of surfaces thereof a coating

according t¥%8ny of the previous enmbodinents, either individually or in

conbi nation, whigh i Bitapirg é%h’éa%?br‘{@wﬁfp%{arﬁ%%?nﬁ’sa@déé gﬁﬁaﬁy SfnpbReady ural ity

of glassflbers In sliding 20 contact wt speritie a portion
of a fabPic %rzgearﬁegpr@de&a@omm@blgmatmm aimtauopé@nwathemg leastvoies '

har dness v di S greater than a Mhs' hardness value of glass
fibers of t e fII’St gI ass fiber strand; and (b) interweaving the first
glass fiber stré@hd V\WeiawagﬂrlecaMEasfon’nmﬁll )&alfmanditrtetlatﬂeasnbne!?vatyyarn Furt her

e e i 15 SN2 b BBl 5 BB n o
fiber . by sl ﬁodemg:rce:am;bm&orwb ‘shppwtr f ace asperities of a solid object
o evi oukd ermbot: R Mg fbedigRol 0 RSO MenGST S AdiG Bascaehed [ east a
portion of Iy @elidisdly contacting at least a portion of a first glass fiber strand comprising a
 plurality of glass fibers having on at least a portion of surfaces thereof a coating
according to any of the previous embodiments, either individually or in combination,
which inhibit abrasive wear of the surfaces of the plurality of glass fibers, in sliding
20 contact with surface asperities of a portion of a fabric assembly 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  inhibiting abrasive wear of a fiber strand comprising at least one glass fiber by sliding
contact with surface asperities of a solid object comprising:
(a) applying a coating composition according to any of the previous
embodiments, either individually or in combination, to at least a portion of a surface
of at least one glass fiber of a glass fiber strand:
30 (b) at least partially drying the composition to form a sized glass fiber

strand having a residue of the composition upon at least a portion of the surface of
the at least one glass fiber; and
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of at |east one glass fiber of a glass fiber strand; 30 (b) at |east
partially drying the conposition to forma sized glass fiber strand having
a resi dueyef ol conposi tion upon at |east a portion of the Sufiasgs0f the
at | east one glass fiber; and -65 WO 01/68752 PCT/ US01/ 08684 (c) sliding
at least a portion of the glass fiber strand to contact surface asperities
of a solid object, the surface asperities having a hardness value which is
greater than a hardness value of the at | east one glass fiber, such that
abrasive wear of the at |east one glass fiber of the glass fiber strand by
contact with the surface 5 asperities of the solid oehect I s i nhibited by

the coating conp@si t i YHingRL lefsbe eortion of tergiRiedibes standtacoriast sutgse used i n
these enmbodidiRpiics SFasoli@DbRet, ¥ St % ésrg% #aghy 84he 90SNE wnilisgussed

above, and additional conponents can a Be selecte romthose recited
above. The @realeethaniaardressamlye of the atileast 3ne glass fiberosustt thaff ahrasive whar ef r om
such 10 as f i | \. bn_a.wde variety
of appli cat?fgﬁ%?ﬂg%t%qglgzﬁ %rﬁgéreérfg@% gsgségg as’?ap(g?gfc gﬁgéﬁn@ﬁ}tbeigga?eor

r ei nf or cd ngaspetitjeseafitice salidrabjectistismibitddsby thé Zostingf compositionnposi t e 414, such
as is shown in Fg,, 4 ich will be discussed in  detail RQel ow. Such

appl i cations i nclf‘%%%ovlguwgaqp@p%?ntp i°ﬁmee‘i§°a 95 Upgd i these FB}b°B¥"?erW%EF" circuit
boar ds, reiby ssleseefts the todtibh LoMPBEHEMS discested GRbE and2aditivagll ous ot her 15
conposites. The coat ed%trand%and fabrics of the present invention are

pref er abl y CHPSREIRE Ao e sgastechiropingarderitedAbovex resins used to make
el ectroni ¢ suppoTHeScouiel fitdr strhRdd 10, '2@9')310%\?[[5}'5@&&0?1%\,\% E:ILe‘Pé\‘rorﬁ,%cﬁoalt ed

fiber strands are suitable for use on air jet |oons, are -comonl y
used t o Yrai@s thagoated faksics regited abeyes san be used i 2wWidgpiarielyf applicatidisnbent | onal

Sizing co Ik [ ; ' ; L Q. Akl ] eYolgs
nel Ude. corhiapablyTRRN B8 fehfreantihe ol ProP FBikEHh iRt udich Fhardd
conpat i bl e 4#2tth feyored compositesdidt suah. as is shasn Indeig. 4 ndiohweitl be liiscuyesaiin ng

compri si ng Uesartey- SUaaRioRS i Relyde Mothaia e BU SRR B eliod
appr oxi mat ecirchiéboards,i reipf@beméras & ttelecarhmanicationkicables sdnidandisus embed Wi th

conventf' nal starch/oil based sizing conpositions and are conpatible with
FR-4 epoxy "‘foglqoﬁg?s'Although not nmeant to be bound by any particul ar

theory, it is befHeasoated stRinds BAd Ribiits 6f B8 pléset inléiRioh2pd BRferabijVent i on
function in a manner. simlar to the starch conponent of conventional
compatible with typical polymeric matrix resins usecriné)o make electronic supports and
printed circuit boards. In addition, the coated fiber strands are suitable for use on
air-jet looms, which are commonly used to make the reinforcing fabrics for such
20 applications. Conventional sizing compositions applied to fibers to be woven using
air-jet looms include components such as starches and oils that are generally not
compatible wjth such resin systems. It has been observed that weaving
characteristicé of fiber strands coated with a coating composition comprising'
particles 18 in accordance with the present invention approximate the weaving
25 characteristics of fiber strands coated with conventional 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 particles 18 of the instant
invention function in a manner similar to the starch component of conventional
starch/oil sizing compositions 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

with the epoxy resin system. For example, the particles 18 contribute a dry, powder
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starch/oil sizing conmpositions during processing and air-jet weaving by
providing the 30 necessary fiber separation and air drag for the air jet
weavi ng Ry E but function in a manner different froq) ggntlonal
conposi tions provi ding conpatibility wth the epoxy reS|n sys em For
exanpl e, the partlcles 18 contribute a dry, powder -66 WD 01/68752

PCT/ US01/ 08684 characteristic to the coating simlar to the dry |ubricant
characteristics of a starch coating. In the coated strands of the present
i nvention, the particles can advantageously provide interstices between
the fibers of the strand which facilitate 5 flow of the matrix materials

t her ebet wee¢haracteniatic to thecddafingsidiiler tathe dor Inbrjcané characternstids wéa stanclough t he
fibers of t brand. Additionally, the strands preferably have high
strand openness (di scussed above) which also facilitates flow of the matrix
mat eri al into thiathendited strﬁuﬂqousfitbé p@isgnt invention, ttaé pagickedanent s, the anount
of particl

n eed ercen ot al | ds of the
coating con%%’?in%%ﬂ“ bp%tﬁilel"\gé“? Be§ %twﬁ?%h}es’jb fté? PV?"%WL'&B&?J%%I y
adhered §0 ﬂdveotfthb%aﬁn@ﬁﬁtd@raevthéebéweeﬁ(dé moP@uuuamY bAgel Ltbralatacduer | sti cs
at | east conparable to strands w t hout rtic coating. Referring now

to Fig. 8, weldhEavoh dee tihers Heth@c%ﬁa@ﬁ éﬁ?'&%’ydhetsﬂémﬂﬁ Rrefarably haveent i on i s
that |ani Nkigh SstRebd fwachepéd Q@gamh.bneggg%mgﬂeeaow% tﬁ@;ﬂ%ﬁa 15

strands can have good coupl | | nter etween the tabric 812 and
the pol ynema@ﬂﬁﬁmolthehun@%a urptiginglgoio gertain @nfkodiragnts,dbe binegntoafn pr ovi de

f d
(b evt ous! yP e barfeiedl 20 delarf BErdePYThE R s e cBooRerBisiigp es s10.
!Sgoan(z)g Her applied tcnihelﬁbgisemtztﬁailll ive redeq iratelp aldher‘édgo tHe, fi hemaraﬂpﬁovihelstrahdﬁng/s

ma o_t.he | venti o as_warp and/ or
weft stran av‘ﬁglcr}? %k@ﬁ%clﬁ%cte%stfé E@FS PTRAR P l;qngsgﬁ °Vﬂh?\f’6’ft8 ﬁent,

preferably ¢oatihgrma |amnate for a printed circuit board (shown in Figs.
7-9). Al though glgt required, the warp strands 514 can be twisted prior to
use by any conveREEBRGINOWodiig.ify ope @rraniege ofithe fpated sirardsofdig Presenti n t he

art. One suﬁ%ﬁta@ﬁwhgmnm%qés 80 Sladé FraRFRabA& 8 1PNREIrpaatingMhelcobi fdt he strand
at 05t03turns per inch Terelnforcmgfarlcg can preferably

i ncl ude! B t¥rands camhavesgeashersphngaihe "ﬁ@fﬂqer@lt\wer(tab(ﬁhﬂcl%2tamd25a war p
strand per SdH ORI HERIETARYY, B Subacl fbingREhTRNLPR]GEEP Tl ot

(about 15 to stran S per ve CORAStruction can
be a regul arydpigtiostability and resistance to metal mlgratlon (previously discussed) in

electronic supports 818 made from laminates 810.
In another non-limiting embodiment shown in Fig. 5, coated fiber strands 510
20 made according to the present invention can be used as warp and/or weft strands
514, and 516 in a knit or woven fabric 512 reinforcement, 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 twisting technique
known to those skilled in the art. One such technique uses twist frames to impart
25 twist to the strand at 0.5 to 3 turns per inch. The reinforcing fabric 512 can
preferably include 5 to 100 warp strands 514 per centimeter (about 13 to 254 warp
strand per inch) 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, such as a twill weave or satin weave, can be used.
In one embodiment, 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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weave or nmesh (shown in Fig. 5), although any other weaving style well
known to 30 those skilled in the art, such,as a twill weave or satin weave,
can be us@g ¢1lg;@ne enbodi ment, a suitable woven rei nformlitq/lf@%g(,%“SlZ of
the present 1nvention can be fornmed by using any convention | oom wel
known to those skilled -67 WO 01/68752 PCT/USO1/08684 in the art, such as
a shuttle loom air jet loomor rapier loom but preferably is forned
using an air jet loom Preferred air jet loons are conmercially avail abl e
from Tsudakoma of Japan as Model Nos. 103, 1031 1033 or ZAX; Sul zer Ruti
Model Nos. | L-5000, L-5100 or L-5200 which are commercially available from
Sul zer Br ot fehe a8, $4gh asa shuitle loam, aifiatieam aneapies Ivemy dyb BrefeBbikiis lemed AT610.
As set fortfsihgahhf jét'l%e@ref@irédbﬂet : %cﬁﬁmré?ﬁfa\% V\%Mg?ro fabric

weaving wusing an air jet loom6 wn In Fig e fill yarn
(weft) 610 irsudakemeatasdapamasMotel Nes: 403 HE3! HY33ordA tSulrer RutiplatesNds.ai r 614

from one or S

di scussed a I)géfe)s H’Eﬁoq glt'l'ggquvﬁ%[i@?%goré&g%wyegal%%afg?rgss@‘%%ﬁgg%m%?h 624 of
the fabrbc EPB. ¢fadich, SWitzenandicund TéYodablods)No.aAT6Mr e  preferably 0. 91
neters (about 36 t esonn ssed a system
can hav<(a a singl éggﬁg%ﬁ}]r%%f Upepg ﬁ?f’veﬁ\"egé?fﬁﬁlt9at&‘?%?)#fﬁéréc‘é(e?)‘{'?é; al |>/ty of
suppl ement ausing aeairyetrioa 1626 (§iivndh FRY 6§ Mawivien theillgermblveft) 610 isthededi Ng

bl asts of su {hmanta glrb?eﬁg o the fill arn 610 to nmaintain the

desi red g‘? em‘ae@?hg% he {/‘"aq“PPrSist?dtar" A feQra ope & o Air @22!0@’95[ he

fabric 628 em@hawr. iR FRESE BAd ég)aasa)scﬁwéalabsdetvhéheyérﬁleao@é bropéiedl e 616
preferagl y ranges from 103 to 413 kil oPascals (k (about 15 to about 60

pounds pEr 3¢Qss thejwiglh §29wffhe fa&ﬁ%ﬁ%%f?é’oub?%m%t inshes)oandmoteabout 45
psi). The p t Sul zer Ruti needl e
air jet nozgﬁz&ﬁﬁﬁﬁﬁ rﬁbfé ﬂ)abggf44 Iag%sggimvﬁicoﬁfﬁ %ss%dgan internal 20 air jet
chanmber havi ng aThg¢ aimigt&iling systeh canrhiavé arsirgle, shaimdozzle®18; lbet prefarablybe 619
having a le ers able fr SuI zer
R ot ook Hapa b By SRR BT, ol RERS BRY alopR . b et

syst em has p@v!dmg&ﬂastspfm]p@lmmmry altie22ne thd fillsyah? 610y mblnfdlrpmle)deélﬂé‘d | | ary
or ope | {Rg- eherpair asibe SangEld taverses in wilh 6365Hhe fairl B dheat” gauge)
suppl i ed tOpreagj‘reigmjgie@?@Ep‘ﬁhé&Yo ﬂiermélﬁéﬁn%zﬁg@wbﬁf@aﬁ@'r&ngéﬁf&ﬁﬁoé fpm 3 to
6 bars. Th%Lﬂ“lg"%@ n 610 drawn fromthe supply packa 630 by a feeding

system 632 eals (k= (%Ffo”l@@tq QP%‘S@O RBYRISPEE SAURE PSI:b)néncﬂ)ﬁ‘@f%r abl y
274 neters preferably is 310 kPa (about 45 psi). The preferred 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 the direction of
travel of the fill yarn 610 to assist in propelling the yarn 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 at a feed rate of 180 to 550 meters per minute, and preferably 274 meters
(about 300 yards) per minute. The fill yarn 610 is fed into the main nozzle 618
30 through a clamp. A blast of air propels a predetermined length of yarn
(approximately equal to the desired width of the fabric) through the confusor guide.
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(about 300 yards) per mnute. The fill yarn 610 is fed into the main nozzle
618 30 through a clanp. A blast of air propels a predetermned |ength of

yarn (apgigpidgihel y equal to the desired width of the falydiglselpsgygh the
confusor guide. -68 WO 01/68752 PCT/US01/ 08684 Wen the insertion is

conpl eted, the end of the yarn distal to the main nozzle 618 is cut by a
cutter 634. The conpatibility and aerodynam c properties of different yarns
with the air jet weaving process can be determ ned by the follow ng

met hod, which will generally be 5 referred to herein as the "Air Jet
Transport §/§8 %rce Test Method. The Air Jet Transport Drag Force Test is
used to measipen thednsariienyis crmletnd, tha endf theyae distal ta the maindwzsle 18is ed
upon the yardyt Bpalclllenddad is pulled into the air jet nozzle by the force

of the air jet. In-this nmethod, each yarn sanple is fed at a rate of 274
met ers (about 3J@emmylblbfdrand1a¢mdanamtccm r%ﬂflﬁ@femrnmwe aitijet j et

| | hanb
noving o i SOl dhbloeslédn b dRfbrmiti )the IBRHa Wethlh SAH wiftpbrdeBly IO CT
| engt h 651 aéfepred tehereineascthe “Aic detiBraos il Brag Foedel’ AbstaMéthodn méz\erJleRut | boft
S b , f P ou
5B e 0N R0 e T B R BB AT

with the yarforcat) exemeduparothe yaintds the ybhﬁs)bﬁlléﬂ iafoltRé bﬁgbttnbﬁzlélby theSfordeozz! e.
des a neasurement of the gramforce (drag force)

The 15 t t
exgrted 533' H'F i grl %‘? maiiody each @rnéénlpf?e'sw?fw@%ﬁﬁﬂéd“?tﬁﬁ{%b% air

j et nozzle. 3-5b@aﬂfs§9erf Aot ﬂhﬂfugHQi $ul£@%t%d@%:ﬂ§ﬁ%ﬁ@ (FhitMSHe? NbOb44
relati ve conparison of yarn sanple rel ative conparison, the drag

force md&surtdRdRt avhighchasrsyipternal ar JwbamaemaylrtgeawdlarfeteémV@ﬁgmmmfeteyar n.
The G am Nagho@inds-R e Ot hARIF lehGHh ka ned
according to Equat |Zon b éam le %hzcﬁ%))é?%}n%? @?m&atgg lr”
centi et er |a¥aigble om\Guizer Rutigf Spartanbiueg, (Nodh@arolh\a) df amait pressiire af Smgl e
fiber of th , er | be t.he arn bundl e and
(err) ol ass. FLRRba 860 s ol for oG QUehord cplipch TensicnayFis B8S onddt, °»°
grans per cuebntacoeith theataer it a ﬁrcsduioa griok testhe yhhreerdérdnthe o jaﬂﬂzﬂﬁ.ntlfﬁé of 25
fibers i 5 at%’bsﬁ n ftor sever aI | cal gt&ss fi %Eelr ?/%r n C@é?o?duct s. Table C
Varn typ® FAOBIOMSETRPUACRA fmrseUisant BLRS oram direidiad [dreskoeeet e G750 X
10-4 400 the yarn by the air jet as the yarn is pulled into the air jet nozzle.
The drag force per unit mass can be used as a basis for relative comparison
of yarn samples. For relative comparison, the drag force measurements are
normalized over a one centimeter length of yarn. The Gram Mass of a one
20 centimeter length of yarn can be determined according to Equation 2:
Gram Mass = (n (d/2)?) (N) (pgiass) (1 centimeter length of yarn) (Eq. 2)
where d is the diameter of a single fiber of the yarn bundle, N is the number of fibers
in the yarn bundle and py,; 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 yarn for several typical glass fiber yarn products.

Table C
Yarn type Fiber Diameter Number of Fibers in Bundle
(centimeters)
G75 9x10* 400
G150 9x10* 200
E225 7x10* 200
D450 572x10* 200
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G150 9 x 10-4 200 E225 7 x 10-4 200 D450 5.72 x 101 200 -69 WO 01/ 68752
PCT/ USO1/ 08684 For exanple, the Gram Mass of a one centineter |ength of

Gr75 yarn 9 x 10/2)2) (400) (2.6 granms per cubic c (1
centineter eng of yarn) _ 6.62 x 10-' gram mass. For mﬁg@t‘é@%&s“the

GamMss is 1.34 x 101 gramnmass. The relative drag force per unit mass
("Air Jet Transport Drag Force") is calculated 5 by dividing the drag force
nmeasurenent (gram force) determ ned by the tensioneter by the G am Mass
for the type of yarn tested. For exanple, for a sanple of G/5 wyarn, if the
tensi oneter nmeasurenent of the drag force is 68.5, then the Air Jet
Transport Drag Feféﬁm;aeaﬁel@rammné:‘a&cﬁawnelaéaﬁnbger&n@m0<f Q76 yarris1 03, 474 gram
force per

h h
yar n used (BEDoIOTE M g0REreams meapubl cpfineian 81 SRASIPL BN Y RinDccont

| nvention, sQet.efda %’SH\ ﬁﬁg@rlddrrtﬁtgoq’ahh@h%?arﬂ PlassT¢ ﬁaﬂmﬂ‘gﬁnﬁg\dé@r ce Test
Met hod di scussed I's preferab élmgreater t han force per

00,
gram mass dheyelative dregéorm péreynitongss gé%tﬁr?@ﬁﬂomaecfefqeg) ‘5&8'6‘?] gram
force per (o) [ f dsigphatdo
120, 000 % o PY GRSt it AL EXEH GRATR 10t Bt B ARE Ror el e
present i nwbyte GramMasséérahatypje ofiyanertestad a Fot grampipifera sample @ GBI e for use

in alamnate f troni c su [ such as
are di scl oy Ffﬁheﬁe rA??ﬁ?HEFW%E%Q C{:ﬁa&HrQ%Q 8% tﬁéf”%' %ﬂ‘é{e?n of O ark-
Schwebel , Higns 8@& D‘?@g’ﬁbﬁjéﬁs e@.ﬁdltleSZErdeedaay(&GESMD“‘wfﬂQ3h47|459r8rpécrICE| cally

|ncorporat ed 20 by reference herein. The | am nates can be a unidirectional
| ami nat e WREF 81am M38e obYamt he fibers, yarns or strands in each |ayer of

fabricqgye ori enigdhit Jbttﬁ&sﬁaﬂbrgg FefkioPthe ydﬁ@ﬁs@(ﬁrfbirﬁa woven fabdricrfort i ng
fabric style usi ng E225 E-

ass firber yarns is é *‘hlch has 118
war p yarns adamunﬁqacpqqrqhng tﬂthﬂ/@FQSF“SI'QV%'Oﬂeﬁ’etsrr@@ P‘Fﬁ?[ pg to g ANt 5 yar ns
and 58 fill Y/ 2 fbfabiweeteptianf 1 11 25
yarns; has Tré’r?sr %ﬁnaﬁfséfgg& s% Ht%ﬂl%r?eds%%g%é@aﬂ&g ‘,é,pl?l netyé?s (eabo:]t 0. 037
i nches) : anld)o m)Ofgndnmfcrcameggltan( washabyasn.weergrgfesbly anges femHP0H9P tequar e

Fabri o oty DO RSB bl ot eRE 4 oy AR eSS SRS o7
warp yayss m@o@koﬁomoou@raﬂﬁ fqres per gramtmasst afryarn. (44 warp yarns and 31 fill
yarns per inch); 'The fagrlc of tﬁe prese&t mvenjfjon IS preFeD abefy wovéA *n a style which is
suitable for use in a laminate for an electronic support or printed circuit board, such
as are disclosed in “Fabrics Around the World”, a technical bulletin of Clark-
Schwebel, Inc. of Anderson, South Carolina (1995), which is specifically incorporated
20 by reference herein. The laminates can be a unidirectional laminate wherein most of
the fibers, yarns 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 yarns is
Style 2116, which has 118 warp yarns and 114 fill (or weft) yarns per 5 centimeters
(60 warp yarns and 58 fill yarns per inch); uses 7 22 1x0 (E225 1/0) warp and fill
25 yarns; has a nominal fabric thickness of 0.094 millimeters (about 0.037 inches); and
a fabric weight (or basis weight) of 103.8 grams per square meter (about 3.06
ounces per square yard). A non-limiting example of a fabric style using G75 E-glass
fiber yarns is Style 7628, which has 87 warp yarns and 61 fill yarns per 5 centimeters
(44 warp yarns and 31 fill yarns per inch); uses 9 68 1x0 (G75 1/0) warp and fill
30 vyarns; 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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30 yarns; has a nomnal fabric thickness of 0.173 mllimeters (about 0.0068
I nches); and a fabric weight of 203.4 grans per square neter (about 6.00

ounces p yard). A non-limting exanple of a fabrj si ng
D450 E-g?gvs(’:ﬁkt%sgr yarns is -70 WO 01/ 68752 PCT/ USO1/ 086 ﬁ/@%ﬂ%‘%ﬁs%so,

whi ch has 118 warp yarns and 93 fill yarns per 5 centineters (60 warp

yarns and 47 fill yarns per inch); uses 5 11 1x0 (D450 1/0) warp and fill
yarns; has a nomnal fabric thickness of 0.053 mllinmeters (about 0.0021
inches); and a fabric weight of 46.8 grans per square neter (about 1.38
ounces per square yard). Anon 5 limting exanple of a fabric style using
D900 E- gl asStykei 1080, whichfas 4 1&varpeyar0$ and\B8 §ith yarina ped 3 CentimgtersdBf0 svagmd 110

fill o) | met d fill i nch);
uses & 5.5 YA R0 M TS ke BonSee 7 1 YRS (RO 20 et At e "

t hi ckness ofiorRin@133brid thick@dsasf®.(530aillimdlers 18bdut OI0O2) iinches); and alfabrie wei ght  of
24.4 grans squar e r Anot her

e re neter (about 0.72 ounces per ar.d)
non- 1 i o1 ¢ 1 Pt & A A aramsroes shage eeteh Fhat gt ursss Fers G KR tA ROy ar e i s
Style 108, hitisdekdspld bPa fabicRipalsifg 8900 83lhdd ﬁbngél*h% iPStyled1 0B Whicket er s
(60 warp yarns and 47 fill yarns per inch); uses 5.5 1x2 (DQOO 1/2) warp

) .

and fill yahass10HarPyammsmandal10flvarns refisgentimeters{Sevarpyarms and@s iy s ( about
0.0024 inc : . haryg ' PRy . (about
1. 40 ounceg}eaghesf p@gﬁ%@'e”%g’rdd??w@\bg@%qq)?'gf "[X’iaﬁ)gg{exarrpﬂ?lg{ (')1? §glh?55rﬁ?dgﬁbﬁ% style
usi ng bot h tAeReessraf OBPSoniimsters{aliqud 8:01pdmahes); andyfalriowaight af@deh has 118
war p yarns i f | ) 6 fill
yarns per Qﬁgﬁﬁpaé%%gﬁ%%ggﬁﬁﬁﬁ%% 5}5@&%%@&@?’2&%@@1@%1%&3 50
1/0) fi10 yexampléraka fabriostylenasind BBO0 E-gldesdibeeparnsis Sty ®D8nwhich g 418 ( about
0. 0031 inches); and a lc _weight of 78. rans _per e neter (about
2" 30 ouncecigkyaiatod il vans B DiFrsBletsTaic0 ot 4t ALGRBEPST (i e
usi ng bot h iFEK); aset 585 1x2qbess 112) harp ad Mbydras; Hak latnomiha FabMeithibkitzs 87 war p
yarns and 57 fil arns p(er 5 centinmeters ( arns_and 29 fill yarns

! : 44 warp y
per inch); ?fsoe%bﬂgmﬁgnqtﬁ'@_ plsut 0100 inghiep): A 17 falbric Weight of 433 T8 PEr0) fill
yarn; has asqiapd mgteri@ut ff.4b*Bu‘ﬁl§é‘§§e°r KRuafd vid). A hén-iRkiRg %x&rﬂﬂ?‘btf a0- 0079
inches); and a fabric weight of 232.3 grans_per square fheter (about 6.85
ounces per fabdc styleaising/eatil F227ned D450 E-gasrcfiben yamglis Syler 2113 which has

Shscn' <o PR R Y8 IR A% cor BRI (P AR A L0
f or | nt er coparéndh);ngeaiRPhd(EGRS d/MEmacp yamiand@ 1L Ixa ©4500)dill Y887 has whi ch
I's specifi C@h!}%iniap%%g Rmrlc tnggs l315/05';3 r%ﬁlﬁrﬂectgrsh(eagglhtrb.od%wchC:i'lue%s]; atngea fabric
weight of 78.0 grams per square meter (about 2.30 ounces per square yard). A non-
20 limiting example of a fabric style using both G50 and G75 E-glass fiber yarns is Style
7535 which has 87 warp yarns and 57 fill yarns per 5 centimeters (44 warp yarns
and 29 fill yarns per inch); uses 9 68 1x0 (G75 1/0) warp yarn and 9 99 1x0 (G50
1/0) fill yarn; has a nominal fabric thickness of 0.201 millimeters (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 1997), which is specifically incorporated by reference herein. Although the
30 aforementioned fabric styles use twisted yarns, it is contemplated that these or other
fabric styles using zero-twist yarns or rovings in conjunction with or in lieu of twisted

yarns can be made in accordance with the present invention.
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30 aforenentioned fabric styles use twisted yarns, it is contenpl ated that
these or other fabric styles using zero-twi st yarns or rovings in

conj unct i Qi Wiekhs0r in lieu of twisted yarns can be nmade gt @GsRsdance
with the present invention. -71 WO 01/68752 PCT/ US01/ 08684 |n an

enbodi nent of the present invention, sone or all of the warp yarn in the
fabric can have fibers coated with a first resin conpatible sizing
conposition and sone or all of the fill yarn can have fibers coated with a
second resin conpatible coating differi ng fromthe first conposition,

I.e., the second conposition (1) contains at | east on n‘gonen_t which is
chemical Iy diff el embodimenthfdng WGF%'Ptr‘r'i“fei“Bﬂﬁ‘ tSeEe ¥ 3o ﬁ@rﬂ‘%’ YA iRdhe i r st

si zi ng conpRsit bAhal¥ fidefd c&R8d RitR3 fifst ré SR EEmPAMDIC ARG B6Mpodifion 44 anount
which is different fromthe amount of the sane conponent contained in the

first sizingeraeapakefithefill yaaican have fipere coatediwith arsecopdresiibeanepatipe can be
used to for 1 gnating
W th o matr ootngeRRRR, Wrthe SR chBBLIRKE L heSecs i Lo (1] e e €
or t her nbseatleas onatcomponexitavhichl is chémicalyedifferentardiffars svfofrafiormethe 714 i s

cupport~ mokeashelfs &g SCHARR SFmBHARRE or (4) ol EE M ool el 1
I Nt er connecars amoan®atich iskifferphtdon thel amieunt bithe samersoimponemttoedtdined iact i ve 15

el ectronic gnhent s, sj ve electronic conponents, printed circuits,
i ntegrated ! ?‘@W?,tlf‘fzﬂ@ C%@?ﬂs&f'{?ﬂductor devi ces and ot her hardware associ at ed

with such el emenRgferrindChdifioFlg bt theabrit 712 E&tlbé Os&PidITesh 8cOBmpBSiek&t S,
ret ai ni na clips and heat sinks. Preferred enbodi nents of the present

inventid ala@mreﬁte 8&'& by coating and{asimpregnatingomiiba matixpalsHals Pisferably Beast one
partial Coagagmfeh %r’fhgghirg%ra'sﬁé S5t rribddtt mglrﬁé&n? ate?rQl tl’lé)efﬁe di scussed

in detail el nf or ¢ osites made m eac e di scl osed
fi ber strancempesitproribmigata 73K is suitable fof uge aﬁearselacteommwbdr Asasadenpl at ed

Y oLhe Pr el KU pb8 AP F1ci 0% B SLSERES TRGTEI O e

present inven conposrt ing a
matri x mat eeleeﬂncallydntatconhecasblemmtqanXanmlés/mclodé eout bretrent lisitedited activepr i si ng

a plural .ty of fibers coatin co | Si ng an .or anlc ;comp nt and
anel | ad SpuPBHETS Corbaria)te PRRLYE S carts cER ot Paeh SRS JRTRIRT  por
neter K at SirdugsRinaédHoacel dSHEES antinithéreiardwrt @sscuiated il s élementshe
present invention is directed to a reinforced conposite conprising (a) an

at | east patelugingyput petliseitedite gpnnactosmsockpppiainingClips gnd hgpt sigksor {1 ber s,
the coating comppieiéméh &hbbfiMmehts A thd 1Bt FHveRASH el drected to a reinforced

composite comprising at least one partial coated fiber strand comprising a plurality of

20 fibers discussed in detail above. Reinforced composites made from each of the
disclosed fiber strands comprising a plurality of fibers are therefore contemplated by
the present invention. For example, one preferred embodiment of the present
invention is directed to a reinforced composiié comprising a matrix material and at
least one partially coated fiber strand comprising a plurality of fibers, the coating

25 comprising an organic component and lamellar particles having a thermal
conductivity of at least 1 Watt per meter K at a temperature of 300K.

Another preferred embodiment of the present invention is directed to a
reinforced composite 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

comprising (a) an at least partially coated fiber strand comprising a plurality of glass
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30 and (b) a matrix material. Yet another preferred enbodinent is directed
to a reinforced conposite conprising (a) an at |least partially coated
fiber strapf %em@rising a plurality of glass -72 VWO 01/ 68¢82ys01/08684

PCT/ US01/ 08684 fibers, the coating conprising a residue of an aqueous
conposition conprising (i) a plurality of discrete particles forned from
materials selected fromorganic materials, inorganic polyneric materials,
conposite materials and m xtures thereof; (ii) at |east one |ubricious
material different fromsaid plurality of discrete particles; and (iii) at
5 least one filmformng material; and (b) a matrix material. Still another
preferred cffesuithreeratiog comerigng 8 detiduenefean ayeouss campasitioacconprigingidianf or ced

composi te Commlid o BRcte Jaﬁngaas RAfe bR matehaldeRRRaddMbigaticRiEhha

wherein the reinforce osite er conprises a resi an ‘aqueous
conposi t i oninergapicipslymeri¢ aaterigis, womiposite matedalsandmeixtpeasttheleef; (i)t temdt f r om

materials 1 r .C_mat.er] a I porgani.c. pol AN

mat eri al s, %&ﬁg%rgﬁ‘%“gq“n%t?g%ﬂ“iff%g&é% ?ﬁ'gf) lﬁ’rr%'iy ?flffgsrc %? ;Paﬁﬁ%sa%{’ﬁ@aﬁ one

| ubrici obis lsadtene Alm-rivirey materibl andl goiadnatrivhedtédiay. of discrete particl es;
and (c) at least_one filmfornn terjal. Another preferred enbodi nent of
the present i nveﬁ'ia&q{neé pgﬁf?réqraggb«?%mgnt %éﬁ‘?}?@ﬁ%@d“ Ho S diectediBAi si ng (a)
an at | eastreppdrbéctdipssiaicBmplising bt Bh&tMa fiber SPARAdndl A \aftixthateadli ty of

gl ass fibers, the coatin risi ngha resi due of an agqueous conposition

2 g conpri, ! .
conpri si ng Yreseindhe teipfarced compegite fyaheraempsisesa refidie of gniagiweslssi s of
di screte p | ' ; xS : ' ot exceed
2 “Wohs:. haomrRsfien (oBsHELS haR of JRERIE IS, R HARTRRC ) o
mat ri x it eselested froro organipmatedalscidorgabisdiolysrericinsatefiale coayosite mategialsf or ced

conposite | S4 t . t . I Sing. | yrality of
ol nbs 11 perteafisst B o] igte 81 WibBls R BRRRLI S et
further comgidissese partielestara (o] atdeast @age dmformingoaatetialon conpri si ng greater
than 20 wei ght pgrgent on a total. soli basi s. of discret articles which
have a Mbhs' har"ﬁ'f?g'%eg p\?%fgﬁgd Weﬂ'"W(S'Lgﬂﬁﬁtpresg%'ﬂ\éﬂ’tﬁnI\ﬁ)‘flige"%ﬁgtf’@ness val ue
of at | eastrefgcedf compabitglcamprifing 64)an at fealipartisliytdoated fiverbwshident of the
present, invention is directed tg a reinforced conposite conprising (a) at

| east oM fq%mf'sw@atﬂura&fdr%maﬁ fibers, tﬁF&Pﬁ‘l"’lgt%PW'_stﬁ‘_Bé‘s@Sidﬂ? 9EAR agye@eisst r and
coat ed Wi t heopydo8ibA cénﬂ%ﬁ# Bicater EP0 fvbight ;lsa?wﬁ 'gﬁ:carwta@s&idg hakisly of

discrete particles formed Trommaterial s selecte romorgani c nmaterials,
i norgani ¢ RAStEParticlasavhich have a Meohp dwrdnesarnalue which desd not sxcged@ t her eof |-

wher ei n t heugis® fihahEss value of at least one of said glass fibers: and (b) a matrix material.
Another preferred embodiment is directed to a reinforced composite

20 comprising at least one fiber strand comprising a plurality of glass fibers and a matrix
material, wherein the reinforced composite further comprises a residue of an
aqueous composition comprising greater than 20 weight percent on a total solids
baéis 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 least 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 5 micrometers: and (b) a matrix |

material. In particular, the plurality of discrete particles are formed from materials
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30 particles have an average particle size less than 5 mcroneters; and (b)
a mtrix material. In particular, the plurality of discrete particles are
formed fr@imkenials -73 WO 01/ 68752 PCT/ USO1/ 08684 sel&qy@éhm(,@m

non- heat expandabl e organic materials, inorganic polyneric materials,

non- heat expandabl e conposite materials, and m xtures of any of the
foregoi ng. The conponents of the coatings and resin conpati bl e conpositions
used in the foregoing enbodinents directed to reinforced conposites can be
selected from 5 the coating conmponents di scussed above, and additi onal

conmponents can aIFo be selected fromthose recited above. Preferred matrix
material s uSReGpd ramines-Neat expandahle arganimmaleialsqiBorganicRAbLRSG Mgterdiseri al s

such as t hepdmAgitiekpshdle/@Histe mitérHss, %ﬁ&%{n&ure%ﬂﬁéhﬂﬁﬁthe(f&%@& jning at

| east one epoxy or oxirane group in the nolecule, suc ol yg yC|dyI 10
ethers of pol yhyHe eorapensnts of the ceatings and resireeasmpativle mmﬁloas used in

t her nosetti H?&rt and

m Xt ures ofmgrﬁ‘f/@g#myhe or egso?iﬁ%dté/cgto r%@forrcgé %Jg%(go% fes & BQETQQ&F Bgmfn orm ng

| ami nat €8 fthe corfing @unprineotsi disduesediabovar mdzﬁdddtloepboqmpmntssqanvmso:be are

pol yfunctio esin h.as di functional brom nated epoxy resins,
pol yi m des %eﬁ%t$$ﬁﬂ¥éﬁ%§%;§?'5?$? epol ynmers, the 15 conpositions of which
are well know t oPteferes rakirik Ineateridls Lsefulan the presdritiriveation intlageat i on

regar di ng StECh co osi ti Q S is ne ee Electronic Material s HandbookTM

d,
ASM. I nt er npTTBASEY nggagsa atsuaba%g’eggas g Polysstars. Wnyd gRlers; pRaiigs
i ncor por at e@ohtainirf &N64%E 8ne BE6K dt-oxiNaRe bﬂoﬂ’gtid {ha rRNaeme, %‘Elcﬁfas ?Hvybseihﬁ

polymeric thernoplastic matrix materials 0 include p I NS

pol yani {8s, € hﬁ@rqfrﬁﬁiyﬁtqucca'?ﬂﬂoiﬁﬁréh'ﬁﬁhé’é‘eﬁ?\'&st%‘ﬂﬁﬂﬁ?ﬁsﬂ“ﬁﬁ“oﬁwmest ers,
Vinyl POl YT RoRafedTochiAEs B /ot A T BIIOLAGBRGrecT TR BF ATl o5 of

useful thernoplastic materials | pol yet sul f ones,
pol yphenyl fomgofr@néyefep'oﬂymtwem&relse’gc fowlwﬂammgteerie' m‘mteﬂe@ccupbbgl;dsenyl ene

| fid I I 25 A
p lrJ ef :ar rGZd rralé{t8 ﬁﬁ)é;l& %E?‘@f ﬁegﬁg’f %Pr{'rbrﬁ 3 o%faéét;&glglﬁ%%g% Feosgédifr Eo S gitfg\% °Bﬁ|ox y
resi n ( comisnomiiretéd/e@oxyirsihd, epofyumndb§badi liquidh eryeiatiine Polypriny, tikd Houst on,
Texas),,-di cyandianm d

(commer £? al $MPARIQNF SEY"Q%? rgeﬁ‘%th"éLE %Z‘%ﬂ%‘?ﬁa@%dwl\% Wlﬂﬁ‘&ﬁﬁ‘%rmeai'aﬁgan)

Qt her conporegaidingvdiich tofpBsiliénd 8 fleb@es sué ElectrbRic MEtiERS HandBdokM™X AGM er i al

30 and reinforcing material in the conp05|te i nclude colorants or pignents,
| ubri cant s lfernational (1989) at pages 534-537, which is specmcally incorporated by reference
herein.

Non-limiting examples of suitable polymeric thermoplastic matrix materials

20 include polyolefins, polyamides, thermoplastic polyurethanes and thermoplastic
polyesters, vinyl polymers, and mixtures of any of the foregoing. Further examples
of useful thermoplastic materials include polyimides, polyether sulfones, polypheny!
sulfones, polyetherketones, polyphenylene oxides, polyphenylene sulfides,
polyacetals, polyvinyl chlorides and polycarbonates.

25 A preferred matrix material formulation consists of EPON 1120-A80 epoxy
resin (commercially available from Shell Chemical Company of Houston, Texas),
dicyandiamide, 2-methylimidazole and DOWANOL PM glycol ether (commercially
available from The Dow Chemical Co. of Midland, Michigan).

Other components which can be included with the polymeric matrix material

30 and reinforcing material in the composite include colorants or pigments, lubricants or
processing aids, ultraviolet light (UV) stabilizers, antioxidants, other fillers and

extenders. In a preferred embodiment, inorganic materials are included with the
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processing aids, ultraviolet light (UV) stabilizers, antioxidants, other
fillers and extenders In a preferred enbodi nent, inorganic materials are

i ncl uded %#i 74 WD 01/ 68752 PCT/ US01/ 08684 polywewqbﬁgﬁ[&§

mat eri al . ese |norgan|c material s include ceram c materi'al s and tretal i c
materials, and can be selected fromthe inorganic materials described in
detail above. The fabric 712 can be coated and i npregnated by dipping the
fabric 712 in a 5 bath of the polyneric matrix material 716, for exanple,
as discussed in R Tummala (Ed.), Mcroelectronics Packagi ng Handbook,
(1989) at pages 895-896, which are specifically incorporated by reference
her ei n. Morpolypeetisrmaatiiy matérigbp Eblessr inongenit inaiernials include cetamin thatariaksf andci ng

et B e i b B R o '

mat eri al geieemladuoyeevenl y throughout the poI yrrerl c matrix material. For

exanpl e, the rei n terial ed int lc mat ri x
material by dry If@ﬁ'(lﬁ ﬂbim be)eoa[te]cgargg E%ﬂ'BB'PQB?ﬁ @"é%

sequent igl Ipath ditae lb@lybﬁ@ﬁbln%tﬁﬁﬁiétéﬁaﬂ‘ﬁ‘t@'féraalxau?\b@ asdissligsadn RaMuiehalpr ned
into a corrp05|te IIam nate 714 by a varlegé/ of nethods whi ch

ar e
dependent Uf8n: ¥ ie: ) P PgeRBITBMAwhich 3t er i al
used. For %égﬁéaﬁly ﬂd&?p&aﬁeh%@féﬁ‘ér{cé%réﬁt Ko¥e géﬁéfrélfy éﬂoppEB%rCO”pos' te can
be forned onpression or injection nolding, pultrusion, filanent

wi ndi ng, hmatlmtwslfper gEngyeinforeing matesisbean h@ﬂl@perge@m tbalnketnxmsﬂatarng

fol ) Oued DYoyfifsIor 3R Blitdbie A0bEGIAB! M aelREWSLLLBhR M TeT C

mat ri x mate S can I ncl usi ono Cross ers.lnthe

mat ri x Tt aeinfdrcing nmheﬂabgerlue;ralym/emmhroughomrli"ne)polymamc; mibix reatarigd] &or Sui t abl e
crosslinkers Cross c matri x nater. al

ol ousson” il e ehiartnB ek e chfl Be spHRE 0T 1B Hay e et sl ng

pol ymeri c rytdry menaihgrauaiftremnpimeuﬂ@cmn&uﬁémlybaséqueﬁu@wch as, but not

limted to, the_ltrﬁ/pe Of?ﬁ %ITEI‘IC matrix materjal used, ther additives in
the matrix syst ei® X naerigl {46 apehpisang ean ba%foF"B?d te ASpmppSitest i ¢

matrix mat gfijghinaeUt 4afy Sv dﬁ"@ﬂﬁeﬁw@ﬂs %ﬁk%l@déﬂb@ndeﬁﬂiﬁ%ﬂ%‘u&ﬁf&ic’f&g yde direct

mol di ng or extrusi on conpoundi ng followed by injection nolding. Mthods
and appdt atthe typgof pelyrierig matix watepiekised. Fyr examplpdora thermeaettingmatril scussed

055- 1062, 1148 918 ot bE PRy EompRRSOREr BTG 72 o6 by

30 r ef er enguiltrusioni flament 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 to
crosslink the polymeric matrix material are discussed above. The temperature and
curing time for the thermosetting polymeric matrix material depends upon such
factors such as, but hnot 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
molding. Methods and apparatus for forming the composite by the above methods
are discussed in |. 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 embodiments of the present invention are directed to

reinforced laminates adapted for an electronic support comprising an at least
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Addi tional preferred enbodi nents of the present invention are directed to
reinforced | am nates adapted for an el ectronic support conprising an at
least - 7R oW7,874>68752 PCT/ US01/ 08684 partially coated fglrigsosggasi si ng
at |l east one fiber strand discussed in detail above. Thus, reinforced

| am nat e adapted for an electronic support nmade from each of the disclosed
fabrics conprising at | east one fiber strand are therefore contenpl ated by
the present invention. For exanple, one preferred enbodi nent of the present
5 invention is directed to a reinforced | am nate adapted for an el ectronic
support conprising a matrix nmaterial and an at |east one partjally coated
fabri c conphartalygoated fakriesqomniising; ab ieaskenelifer strard disessag inceaipl 8kavBg an
organi c co ent: b4 et | ' yjvity of
at east 1 TRt niaRed iRyte ek &1 S dipodypie i ERdr e

enbodi ment , disdieseddabriasgomprigingphieabl enefibenstrang are therefore contemplated byn t he

rei nforced ' e [ e | |t} onal
enbodi nment th%ﬂ‘%%&ﬁpg%gﬁb ?ﬁflgﬁnﬁgﬁ’ 4@%&%@@%@8%@%&”} 8@1‘3 }?géee# | am nat e
adapt ed 5 orineentieh écdireztedctoaunejndorted ahdndte adaEted far anpalecdionig stpporb. mat ri x

material, and at.least one non-deqgreased fabri 0 I Slnhg at | east one
fiber st farkmprsno - matbamargtalagh 2ot jast o partial Solsatabm OmpIsIggta
coating whijghstiohe fibBPStdnal MieVdohtingl SorhBingedrT bryafie ceimbaheritand #rfeliagi nf or ced
| am nat e adapted for said el ectronic support. Another enbodi ment of the

. ] € R

present i nRAWHeThIWNgR thesmakranguetivitepiatdeastd Walhperaneter gt ed for an
electroni ¢ (gBRiire df B0k A1 & RltheF BFBEAiIRRY toding ™ ddfpaABleSfilrahe and - (b)
at |least one fabric conprising at |east one fiber Strand and having a
non- f i M@ himatrix meaterial doimpaeintaresddaminatryadapigsbior an slectipniasupraist a porti on
of a surface of ADEdifieh EmbBlnfit HIRE pREER Rverfion ROArREN 6B AR 1 " 18
a fabric that has not undergone a conbenti onal FI ber process renovi ng
non-resi n dempete adapted for ag efextrenic sligpdrt, tha laminaté edmprising’@) dinsattis sed above,

heat cl eani ng and ter _jet washjn in.addition.to cr.ubbi re exanpl es
of such corIBRTRoAN oF PRROT Bhdlegtasetabe samRlriad At 55t NG bt Fianchi ng"
resin conpaitiddst apocionnd tienagiesst bhe fabriehaving taccoatity whish is compaibiebith 25
coat i ng}gongosi tions, dj i,cus_sed_ above that are ng} used in conventi onal
fiber ni R MApMgtesiekiBsaidHginfaceiaminate adapied 194said; glerthonis sYPRpat i bl e
coating commARdridntBbdirREMIot tHelprbSht RiveRBdYis dFe&ed iA Yeirfdftelllarhble ar y
coating conposition discussed above, but does not refer to tépﬁ)'l cal
fini shing sfdaptedfatian elestronis supnost, theflaminate camprisnd@lpimaitx axgtanel, and wat er
and appl i ed(bggt 158 dhb8bricddnfrisig St RSt &% fin? stthf BEER&Mg 4 R¥RRhAAg
however, doeS contenplate a coatrng conprising a resin

resin compatible coating composition on at least a portion of a surface of the fabric.

20 As used herein, a “non-degreased fabric” is a fabric that has not undergone a
conventional fiber process removing 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 conventional fiber processes. As used herein, 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 and/or tertiary coating composition
discussed above, but does not refer to typical finishing sizes made, for example,
from a silane coupling agent and water, and applied to the fiber after degreasing.

30 The present invention, 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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conpati bl e coating according to the present invention with a finishing size
applied to the coating. -76 WD 01/68752 PCT/ US01/ 08684 Another preferred
enbodi men{yPfi ek present invention is directed to a met hg@@fsolfgdgk N9 a

| am nate Tor use in an electronic support application, the rret%md
conprising the steps of: (a) obtaining a fabric adapted to reinforce an

el ectronic support fornmed by 5 weaving at |east one fill yarn conprising a
plurality of fibers and having a first resin conpatible coating on at
| east a portion of the at |east one fill yarn and at |east one warp yarn

conprising a plurality of fibers and having a second resin conpatible
coating on at | &mothespprierecembedimpat ¢fthe presentdmventian s directedteB) at | east

partially %édﬂ'%rci?ﬁgb&%ﬁém{ﬁafé%F b%ﬂﬁr\%% élg&roﬁ%bgubﬁo%fuﬂic@tiémﬁﬁé Phethbd

material resin; east parti y curing the at least partially coated
fabric to fcomprising pheegiepsyot ayer; and (d) laminating two or nore prepreg

| ayers together ,to form.a | anginat r e I,,C
support. 15 The (%)onpé)r?g] ' 8%&%5&?8%? ?ﬁé@ﬁﬁg‘%& “ﬁ%‘@'#%ﬁ’@g@ﬁ@eﬁmy
embodi MmNt wvedvingeit st drie filejanh osrapdsingarplusdlitsofdibersandsiedvirg & first resim t he

cel cct od 1 FBPENS S5 o 1At A @O IR oA Fash PBF O VT ERGRARETS of t he
present i ny@apb yan cdnfbrdingeriedlity f fibére RhE Bavihga seBod RSIN cUMpatiBleppOT t
conprising an at |least partially coated fabric 20 conprising at |east one

fiber strafgaingenaileastiapaiangfiithe,gdeast oNRWArP §a@pr egs for an. el ectronic
support nade frgﬂit ea“é@#é%fst ﬁé}ﬁalf&'c% *iﬁ%ﬂe%é%%rdo‘?ﬁon‘?&% fabliBWithla rhaRgt one

. &
fi ber strand ar herefore contenp y the present invention. Another
enbodi Méht nodtetiglgegimesent invention is directed a prepreg for an

el ectroni c suppQrt, t . | Sl . ' | and at
| east one 25 nogl-:')degr%gesagégé}g%&icgjﬂg@wﬁr%tg%r?éag?lgvggi#éaéﬁgﬁ#| fgﬁks’atrand, at
| east a porgrepreg tdyet;laadat | east one fabric having a coating which is

Cop bl . Tobind B el Bl SRR PGP BLdhRHEC 071
prepreg foradaptedlfeciidednitite SlBERMid suppbR. prepreg conprising (a) a matrix
30 and Wi ng o WErFOmAANSR 8 e SRHMG ST o toana g LRIFReEs Ereedn ot
| east a porng k&hforced laminates can be selected from the coating components discussed
above, and additional components can also be selected from those recited above.
Additional preferred embodiments of the present invention are directed to
prepregs for an electronic support comprising an at least partially coated fabric
20 comprising at least one fiber strand discussed in detail above. Thus, prepregs for an
electronic support made from each of the disclosed fabrics 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 one
25 non-degreased fabric comprising at least one fiber strand, at least 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 material, and (b) at least one fabric comprising at least one fiber strand
30 and having a non-finishing resin compatible coating composition on at least a portion

of a surface of the fabric.
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of a surface of the fabric. -77 WD 01/ 68752 PCT/ USO1/ 08684 As above, the
conponents of the coatings used in the foregoi ng enbodi nents can be

sel ected {iPMes8 coating conponents di scussed above, and pEashol hsaal
conmponents can al so be selected fromthose recited above. In a particular

non-limting enbodi mrent of the invention shown in Fig. 8 5 conposite or
| am nate 810 includes fabric 812 inpregnated with a conpatible matrix
material 814. The inpregnated fabric can then be squeezed between a set of
nmetering rolls to | eave a neasured anmount of matrix material, and dried to
forman el ectrg‘gic support in the formof a sem’,c%ﬁ? substrate or

t

prepreg. An el ectt RRE i€ OmRAneRis\vé thesnatingDeseHn MRfoRagiNG oned al ong a

portion of émBédifemtdZafbeldRRRITRIE theldatifg BoBorsts di8ciiBed bEsueSaRd bel ow
in the specification, and the prepreg is cured to forman electronic

suppor t 81eadditionabgonenasentsicanialsp eried fremithgagrrecited 2hyeher  enbodi nent
of the inventiong a?g'tiéﬂ?éﬁommiﬁ‘gﬂ ér}{%d?m Hteof?lheeﬁmbé&lqncsh%wﬂ@r?ﬁg gndustry,
ea w e

two or nore prepregs are conbin one or nore ectrical Fy conductive
| ayers @andcdmpasiiabelantingle 8he inchudes fahrie® 1R impregnatediwithed torkpetdile matrikhose

okl o, DnaEnE . e iholedin R difid dAnER BS sGSeRl BRlfeeh BT - 1 L an be
I iam' nat Sd byeteriag sillsdo tdage atraedsure g;momﬁtdfmtréx rpeﬂe'ri_alhagki ditieko fﬁdna]‘c'aﬂs_, at
el evat e te rat ur es n ressuyes or edet erm ne engt (0] tine to
Curetire bR bR R I RIS B & SernPlned DEEREE oL Pirbesy At PRFERANSS A

portion of synauéetiven@yer 820 chh Be PbSRGRESalSRIa BErtiBh @F h@éRfé a¥2tdi tipréPreg
el ectrically conductive |ayer either prior to or after |am nati-on and

curi ng StcHN@HBEMERE be disgiissed belmeip the pracification anditke erepergimavediavi ng at
| east one %ﬁﬁbh'efe%trbﬁic%%ﬂ&ﬁé’{&’ﬁith Eﬁlé,f"e%}rgéﬁvq%r@u%fetlé . 9 aftiingxposed

surface (hereinafter referred to as a "cl “lamnate™). Crcuits can then
be formed ferabedimentafdhs inventionyandbmaractypigallyl inghe ¢leptrartic supportdidusimpgl e | ayer
he art

il ) . ; . wel .
Co const r utiiogh M Bt erd dBRBIdeaiipi e Gt Heckicdiy bork BB ot Do o
or printed and lamingtdubtagethéhandcured tnea maahéreesll krown to eficserskilled th ths art,

"el ectrgni g _circuit ds") .. Additi onal f d diments of th
pr esent 7 nVBHTER MAHeRT L PP SURROH. oD R B rEL s ecerereshi o

circuit boanesntiontaé pféprgg atacktan B BimiRited biblassing@he satr @ 4. datiden
conprising at, | east one fiber strand di scussed in detail above. Thus,

el ect roni ¢ RA steel piries | at elevaied demperatures arrhpressyras forarrspdataremined t he

di scl osed |ength of time to cure the polymeric matrix and form a laminate of a desired
thickness. A portion of one or more of the prepregs can be provided with an
20 electrically conductive layer either prior to or after lamination and curing such that the
resulting electronic support is a laminate having at least one electrically conductive
layer along a portion of an exposed surface (hereinafter referred to as a “clad
laminate”).
Circuits can then be formed from the electrically conductive layer(s) of the
25 single layer or multilayered electronic support using techniques well known in the art
to construct an electronic support in the form of a printed circuit board or printed
wiring board (hereinafter collectively referred to as “electronic circuit boards”).
Additional preferred embodiments of the present invention are directed to
electronic supports and electronic 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 boards made from each of the disclosed
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-78 WO 01/ 68752 PCT/ US01/ 08684 fabrics conprising at | east one fiber
strand are therefore contenplated by the present invention. Another

enbodi men{yPfi k8 present invention is directed to an el egld§os@YPPOrt
conpri sing (aﬁ at | east one non-degreased fabric conprising at |east one 5

fiber strand, at |least a portion of the at |east one non-degreased fabric
having a coating which is conpatible with a matrix material; and (b) at

| east one matrix material on at |east a portion of the at |east one fabric
in the el ectronic support. An additional enbodinment is directed to an

el ectronic ort canprisin a)..at |least one fabric conprising at |east
one fi ber sﬁ{gﬁﬁ CBWBr'ﬁEQIaﬁ'Gag q&‘ug,{lb{e{ Pirand 3 thesefore anterppigied;byithe coat i ng
conposi ti on pessedt ink@ih. @ portion of a surface of the fabric;, and (b) at

| east one matrix material on at | east a gortion of the at |east one fabric

in the el ectronf®othehsmbpdimpst ofthe presentinyentiondndirested teeangleatonic i nvent i on
is directed ‘;}% ' ~ I Ci : hod
conpri si ng tsﬁ'gpf%gﬁ of :go(ff)sa?%épg@tge{?ﬂioﬁgﬁ%%%gﬁbﬁlg%gﬁgg%@%a{ lgg?terq?’rﬁf orce an
el ect ronPc Soppdrands afrleasy atppriioneaf ihenat leastiopa sionslegreiséd fapec hadogpr i si ng a

lurality o ' ke f] L resin . | ati.ng on at
Peast & por CPamBSAmeRBLoRBAOE it d maliabliy SRIBTH Bad PEHAM 0V ar n
conpri si ng Material ahiat leastfa porkiem of thacit leasi ong fabseindhel eleesonic sappoat iAN e
coating on 4. ortion.of the at |east one r arn: 20 (b) at
| east gart i %f’?‘bg'i%éﬂ%ﬁg'“ﬁm lsedér'ff’tegqﬁgptei'e& °gF sf'ﬂ%o"},\g‘ﬂﬁf? ing @hatleastt r i x
mat eri al r eshe fabfic)comipriking at lepstrdriedlbley steatid A1@ hdvehgCPAdH-gshiRg esie at | east
a porti of the. fabrjc to forma prepreg |ayer; and (d) |anm nating one or
nore pr ggr e§OTRINS CoR I RBIPOTHIPMH OB ABlegFt heprtion o syriace o tie fRbrics enduct i ve
| ayers to f q)atidagt Qﬂl@ﬁbfrﬁkﬁhé’teﬁél%%{t‘ieas{ 8 pBrtioH ok el at Mt 65 f‘a?rigmjtﬂg' ment,

the at | east one fabric and the at |east one matrix forma tirst conposite

| ayer in t h@’_eétr@'@'? F¥PRGt. support. In anot her further preferred embodi nent,
1o o NP B SR No RAAI SRIRAIS 5 IS,
enbodi ment fasmitigrarcelectranic suppettethemoethed comprising theateps ofonpri sing (a) an
compri o8y at | ol: *oRBETLT rbpb afltptod RS [l AR e o0R poohraed rast
one non weaving at least one fill yarn comprising a plurality of fibers and having a first resin
compatible coating on at least a portion of the at least one fill yarn and at least one
warp yarn comprising a plurality of fibers and having a second resin compatible
coating on at least a portion of the at least one warp yarn;
20 (b) at least partially coating at least a portion of the fabric with a matrix
material resin;
(c) at least partially curing the coating into the at least a portion of the
fabric to form a prepreg layer; and‘h
(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 layer.
30 An additiona]l preferred embodiment is directed to an electronic circuit board
comprising (a) an electronic 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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-79 WO 01/ 68752 PCT/ USO1/ 08684 degreased fabric having a coating which
I s-conpatible wwth a matrix material, ad (ii) at |least one matrix nmateri al

on at |eaglo@RAption of the at least one fabric in the §@eidoPkSs
support; and (b) an electronically conductive |layer, the support and the

conductive layer being contained in the electronic circuit board. 5 An

addi tional enbodinent is directed to an electronic circuit board conprising
(a) an electronic support conprising (i) at |east one fabric conprising at

| east one fiber strand and having a non-finishing resin conpatible coating

conposition,on at ,Jleast a portion of a surf of the fabric; and (ii) at
| east one nETTEIERplNq hgvi 8?at'"9§“3'§ﬁh '§~°B@P$§$°E%W5'F at%r'émafeéﬁ‘%@gone fabric
in the el ecij anleastunemedttix mabslia( o) ablBastQ dree 6faRé ablbhst dheTsbHelih e | ayer,

t he support and the conductive |ayer being contained in the electronic

circuit boaf'BCINF SHRPQH: #rst (b) AR elsicirapicallyisoaRuNe laven dhe purportiand)thy

conducti ve é&wﬁbtideﬂa){é?%‘éiﬁgidéﬂ%eﬂ%ﬂf@éléct?&i@ch%ﬁlt%ér%d portion of the
el ectronic support. 1n another further preferred enbodi nent, the at | east

one fabrPc and tfeagditionalsmbedimenhisidireciedrtoran efectranic chcuithass corapriisingr . | n
anot her enbggli ; ' - cond
conposite |(§§gﬁ% iF?fa"rgSH?‘Lﬁ%gnwﬁgqﬁq&%ggga%%ér%go{sapﬁéccﬁg%ﬁ&%ﬁ% ér"ﬁ ly, the
el ectri cal | fiber strand and/ kavirga non-finisbisg résim eshpatjblecenating compssiicrcoreat porti on
of the firs c opnosite | ayers.,el ectronic. support. Anot her
embodi ment 'tg?Sttaér:‘gg rgrneéfgangd}fiﬁqééﬁﬁeo#ﬁgri'cs aﬂ¥§'35t E&S %Feaf“ﬁté'f‘ﬂb%gréﬂd oN%H forming
a pr: nted cleasts portirasithe thleastesnieddbrixoiniie slbdgolrﬁdlﬁmﬁ)bﬂﬁﬁnd)(fb-) aﬁg) obt ai ni ng
an el ecftonic su ret c rising. one or nore electrjcally conductive

| ayers Lﬁd %JFC*r"é@gﬂY Swgﬁgg‘fﬁ layera thgsupRort gng g’lerﬁoﬁﬂﬁ%t'v?tl@/eép@eg ceptareduppor t
formed by whane Bigctadnit en®it eaRy. fill yarn conprising a plurality of fibers
and having a first resin conpatible coati nP on at least a portion of the

at |east one fillnafftherpigfesred epwodisant, thaeletiicaliyeanduetveavesing a
plurality ofosionag a@féger#ﬁc‘/ ia'%@le'cl%d %ﬁdofrtﬁéélgcﬁé?{f@é\%dg)m‘t.e Iﬁ?ﬁéth@ﬂuﬁﬁ At
| east a portion of the at [east one warp yarn; and patterning At | east
one of the Rrtered empodire¢ndctheiat lgabloredfatiic and/the at last sneohatrindored aditst oni ¢

SuB" 181 S PP i bR DB OTR SRR e SR 0%
el ectroni ¢ sscoodcompositedsyer diffebent Sreheibie dicst icompositecdagesra PrefgrabBo eonent s
di spussed agot\:écﬁt:alla%gngt?c%é iaogla“lls %(s)i I r?en arll 'gcecn?po a‘? lségctgg gr%lor? %% t?g fifrst om those
recited aboVe y y P ) P t
and/or second composite layers electronic support.
Another embodiment of the present invention is directed to a method of
20 forming a printed circuit board, the method comprising the steps of:
(a) obtaining an electronic support comprising one or more electrically
conductive layers and at least one fabric adapted to reinforce the electronic support
formed by weaving at least one fill yarn comprising a plurality of fibers and having a
first resin compatible coating on at least a portion of the at least one fill yarn and at
25 least one warp yarn comprising a plurality of glass and having a second resin
compatible coating on at least a portion of the at least one warp yarn; and
(b) patterning at least one of the one or more electrically conductive
layers of the electronic 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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-80 WO 01/68752 PCT/ US01/ 08684 |If desired, apertures or holes (also
referred to as "vias") can be forned in the electronic supports, to allow
for el ectyif@lesh43t €rconnecti on between circuits and/or CQHRARGMHSsPN
opposi ng surfaces of the electronic support, by any convenient nanner
known in the art, including but not limted to nechanical drilling and

|l aser 5 drilling. More specifically, referring to Fig. 10, an aperture 1060
extends through at |east one |ayer 1062 of fabric 1012 of an electronic
support 1054 of the present invention. The fabric 1012 conprises coated

fiber strands c ri.si,n | ur fipers having a | ayer that
i's conpatible %le\S'agﬁ’eé-{‘{/) %‘P%‘F%%WE%HQEE? RS ViR )e?qnaﬁesf%ﬁgeq i that
herein. In éléﬁtmnilﬂslfpbﬁrtﬂﬂsbﬂtbw for bieticabinRFEdrPBEToNBEARESH cifcdid ahdor O
positioned in registry with an aperture form ng apparatus, such as a drill

bit 1064 orConMRAS Ptstqnpppp?ﬁlggéﬁé?Q%rcé thepgjectrapic Hppad, l?Yrﬁfb’l@ﬁW@'E'@irt i on 1066
of the at |masderkAwn hr?ﬂ‘:@rartlf?@%dﬁlfg(ﬁ W Rbt Iﬁnlfégjtgrrmhgﬁlbélldhnﬂg URY Ref he drill

1064 or laser. In a preferred am nate has~a deviation
di st anceb afdrdlinggdMarg ispecificalpor efe@mngstOchg d@g An apertuie K069 egehdsrihnaughsatat a

"nch) and abarondeyaftes: BARRTAAzor ahaigiEhie bl 40k onlf GReRE o 1 ©

t lrjrtr;g?i t en canyentiendiThe fabmib 1062 gomanﬁs toatenl fR@r an”mds][mhmnsmg llalrplmhtyauddi ':1 i ?)nal
2000

R T T

centi rreter météfals las taghp Rerefiuafemiimsthe apaduR mbopeléaaﬁud)éudboﬂ%smst h a
0. 46 0.01 'OP?}fFafgzo d| ter tung*sten carbide drill of no greater than

32 per t .P9gs 9‘3@%’ H@l‘??””"& PINUNG 3Rk 8 ARSI AIHPIIEA RS gani ¢
| ubri cant iigserdips nae%@artmbovosoﬁé Rrhed iH?Sugw&béﬂﬂbﬁ 1068 8? tHe afRASY GHeUS Such

that the inorganic |ubricant contacts at |east a portion of an Interface

bet ween t he2¥sdPP?PEfabee AP TRbY difing wsingstharsill 1AG4 er leeen oni ¢ support .
Preferably, the j '&35 H’kg& el't’rb%irﬁé?ﬁtthé %r@ﬁtgcﬁagg o%?naﬁ&???sfa;ﬁ@? ﬁﬂgrr @rﬁln}gn )

| ubri cant descri be etal | above. er enbo e pres
i nvent i on, 3090diolesdhrough @ stackef Bdaminates &t arhwlendenaity awmolesaper’mqua@ a |layer

Ot e oS e B AN S AU 5 B RTE MR Bt o o
portion of (B.018yreh) diamedd timdsterccarbiapidriis ofgp greatertiem 36 rhl%l’*orﬁétél%ndn an
o sur  ace_ GHORGe RIS * epb SN BB 400 PRlRPegi oty
Wi th an apehitougk afs@idkion 8 |@Ripateatad ahof@knsity of 62 holes per square centimeter
(400 holes per square inch) and a chip load of 0.001 with a 0.46 mm (0.018 inch)
20 diameter tungsten carbide drill of no greater than 32 percent.
In further embodiment, a fluid stream 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 Between the aperture forming
apparatus and the electronic support. Preferably, the inorganic lubricant is selected
25 from the inorganic lubricant described in detail 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 for an
electronic circuit board comprising:
(1) positioning an electronic system support comprising a portion of a layer of
30 fabric comprising a coated fiber strand comprising a resin compatible coating
composition on at least a portion of a surface of the fabric, in which an aperture is to

be formed in registry with an aperture forming apparatus; and

-81-



-81 WD 01/68752 PCT/US01/ 08684 (2) form ng an aperture in the portion of
the layer of fabric. After formation of the apertures, a |ayer of

el ectri calo/pi@pguctive material is deposited on the wal lggrpfsologsaperture
or the aperture is filled with an electrically conductive material to

facilitate the required electrical interconnection between one 5 or nore
electrically conductive |layers (not showmn in Fig. 10) on the surface of the
el ectroni c support 1054 and/or heat dissipation. The vias can extend
partially through or entirely through the el ectronic support and/or

printed circuit t he exposed at one both surfaces of the
el ectronic suppégf%é%@/g i %quer 'Hl%ﬁ%f’?'ﬁﬁn PP@SE?Y(TFEW%E’H%y can be conpl eted
buried or cont ai Afted forridtion of the a‘pbﬁaﬁersomlaweﬂ&éiémly c@rﬁ‘dﬂcﬁﬁe friatefidi & board
("buried vi The Iec conductive Iaé in Fig. 8 can

be formed HFPRHEd ﬁd@'ﬁ/@fﬁl‘ GUtHe: Q the, BR]ruULE js fj f"@ﬂ "\f'th a[nrﬁiecémqally For

exanpl e, blﬂonﬂﬂﬁtlvé infetérid) €o feMtat® IrRIE/birdd RIS idP ﬂrter%}ﬁ'!e% iGFbéthve
conductlcele | ayer can be formed by lamnating a thi sheet or o

net al | i rre&ré'ﬂqraﬁle@mcaﬂxaﬁond@a%\te laygss fnat show IreFlgmaoofthe a@rfa;@mfﬂm ed or 15
cur ed Pr epldigdhicl BRbHR4654 é%/&mésthgﬁgaaamﬁhén& S ALy conduct | ve

| ayer can be formed by depositing a net a erl a onto at
| east a porthrogﬂh ef eratlrslh/cﬂl@'ough theme@mmowppalﬂaod/ocmmdd preyjittegrdy thdyani nat e

usi ng wel | ted. to elec lytic

pl ating, el ec?’r xéggm‘%?f?é bgﬁ spu??sé?ﬁﬁ% e%?réf:g}:%p%?réd/?raqr@ e:fﬁl tabl e for
use as an diliregit boardlor ;hetymadlbetdommlétaybmnecmrldodtaldmdtwmmetha@lectraﬁld imted to
copper [ ef err | um num gold, tin, tin-lead alloys,
pal | adﬂMa%ﬁp&gWﬁ/ﬂr ?'ﬁcb‘ﬁg’)’?ws(lr d far?) anot her non-limting enbodi nent of
the present i nvélmblellét.tnddﬂﬁcehde@layGr 820L4MeWANtin anslzan ibB folafed 197 dRyOf a

mul til ayered onic circuit board constructe | am nati ng toget her
one or é’ﬂ%tﬁ%(g 'E)h“?i”’b*or@%q SW@SHH%"@(%SE‘PW%B‘Piﬁaévte')m\}\mtmgdh% 25 or nore

clad | an nfﬁr@é‘én( MOSRonDR AN éaﬁdd%ﬁvé)@?er%an?@é@rrﬂé@ﬁ%%ﬂﬁnétﬂé%qynbed

above). |f desired additional electrical con lve yers c
i ncor por at aheetrdoil effastallie satesisl entowas famst a pbmpn ok asislel Hieosmiscupert i on of

T T eau g A oreg R erfuis A S e he Bk ah el BB R bR ™ ©

conduct i ve formpagirhy dapoaitm@aﬂm/rer df metadicenatalial\vato attlea¥d agzjoatidncbflassidpgr eci at ed

ol ct roni ¢ 18 FeifaTal ErE} hisPrBE iRt G WEl K BrRnierino e nat -

circuits. Adtindtilioet taplectrolyisplatirgy, bRiiBidss piatiny scdpraethgankiafie, partially

through or materials suitable for use as an electrically conductive layer include but are not

20 limited to copper (which is preferred), silver, aluminum, gold, tin, tin-lead alloys,
palladium and combinations thereof.

In another non-limiting embodiment of the present 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 or more clad laminates (described above) and/or one or more prepregs (described
above). If desired, additional electrically conductive layers can be incorporated into
the electronic support, for example along a portion of an exposed side of the
multilayered electronic circuit board. Furthermore, if required, additional circuits can
be formed from the electrically conductive layers in a manner discussed above. It

:30 should be appreciated that depending on the relative positions of the layers of the
multilayered electronic circuit board, the board can have both internal and external

circuits. Additional apertures are formed, as discussed earlier, partially through or
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-82 WD 01/68752 PCT/ US01/ 08684 conpletely through the board to allow
el ectrical interconnection between the |ayers at selected |locations. It

should b reciated that the resulting structure can ha ertures
t hat exten?f 0tcl()‘srg}fﬁzetely t hrough the structure, sone apertu?@g/@gﬁ%ﬁgxtend

only partially through the structure, and sone apertures that are
conpletely 5 within the structure. Preferably, the thickness of the

| ami nate formng the el ectronic support 254 is greater than 0.051 mm
(about 0.002 inches), and nore preferably ranges from0.13 nm (about 0.005
I nches) to 0.1 inches). For an eigh y lam nate of 7628

2.5 b t pl
styl e fabriE?m?'g@étﬁf‘géhég%b?%'dé‘éﬁ'@%"‘éﬁ'?‘}tfiia.lQﬁeWﬁP'Q%R%QGPeM@BZhE? leyerss) . The
10 nunber - 0t defaéfictloBdtion3DiisholiR 12 dpBRIALFiraRthe (BEURASRRIID M, hifs desi red

thickness of the lam nate. The resin content o m nate can

pref erabl y $URYEPETERS Ut etepd compighaly thpuigbdhe struptdrensome pperturesitilay 40 t o
75 wei ght  pghecdbniv BAR o ' an preferably
range from20 to %%BV\E'?WP%}@P gé%tgﬁg%%h%&e&gﬁeera é‘?’i&porgél{h%iérer%dﬁbo%te@r om 25
to 60 webghwithiethsestructFer a | aminate forned from woven E-glass fabric and

using an FR-4 e S4 rix terial vi.ng,a mni mum gl as .
transition terrpglrg ?a&%!(ﬂfleﬁbt?"gi ©S3 Rﬂﬁeﬁ?’ev‘aﬁ}gﬁmﬂgmﬁﬁ&fQ%&}%&P”?f*&gt hin
the cross ngrehienthanr0.08 tinm (hbbeicd. 00MinClsy) earrl hyreNReRAIN Gnbas b d.1e
| ongi t udi nal ' fi direction 20 is

axi s e fabrigc, i.e.. in the fill )
gr eat er thaﬂ"@@oﬂ@'o%'/’ﬁ%s?ﬁ%gé Bindpbout i 1 inghesys Epr amaightly laninatg of k g/ np
(about 50 748 style fesficetrenioRTeds I @4iah a0k AeBbut d168 foflest. Hlp Ko/ e
(about (S m&% accor di n%t 0 | PC-4101 "Specification for Base .Materials

for Rig |of [ayg(ecaf falic in ademinater easrvasy basegdipeo thexdesietithigkriess 0bf The
I nstitute fipg idmihseconnecting and Packaging El ectronic Circuits (Decenber
1997). I PC-4101 is specifically 25 incorporated by reference herein inits
entirety. |n thelhediegintcontant of the taminate chegirefechblynmangerfromf 350 B0aleightr engt h

in the len fe I ' rallel to.t | ongi i nal, _axis of
the fabri c%e!?c%h&fotnh? %eé rg\%?%bﬁﬁ%é éc%ﬁ‘?hfgerﬁ?rgf 3538[’&9%8{%3?@!" pEhs 4 x 10
kg/ n2, andaminate careprefeiily rangedtort 20 ko6t Weidht perdéhit avg/nidte pldisrablyexur al

st rengt isr H&&gfg&ﬁ% chgrdi.r}g to ASTM D790 and | PC-TM 650 Test Met hods
Manual of tRe Stt? PHMEISTB PEICEPLr connect i ng and Packagi ng El ect roni cs
(Decenber 1994) Ko lafirateformpe o weldn)E-bREO DAL ahg dsiy ahdirel ep6s herein)
w th netal cl.addlggmco |l etely renoved by etching according to section

3. 8.2 4 of TEPRMALHY ma h@\g@%g mipimuRLglass transition temperature of 110°C, the
preferred minimum flexural strength in the cross machine or width direction

(generally perpendicular to the longitudinal axis of the fabric, i.e., in the fill direction)

20 is greater than 3 x 107 kg/m?, more preferably greater than 3.52 x 107 kg/m? (about
50 kpsi), and even more preferably greater than 4.9 x 107 kg/m? (about 70 kpsi)
according 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). IPC-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 parallel to the longitudinal
axis of the fabric, i.e., in the warp direction) is preferably greater than 4 x 107 kg/m?,
and more preferably greater than 4.23 x 107 kg/m?. The flexural strength is
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
specifically incorporated by reference herein) with metal cladding completely

removed by etching according to section 3.8.2.4 of IPC-4101. Advantages of the
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-83 WD 01/ 68752 PCT/ US01/ 08684 el ectronic supports of the present
I nvention include high flexural strength (tensile and conpressive

st rengt h)w\‘q/@,ﬁh nmodul us, which can | essen deformation Py h§ddht
board including the am nate. Electronic supports of the present 1nvention

in the formof copper clad FR-4 5 epoxy |lam 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 fromO0.01 to 5.0 weight
percent, acg in to | PC_Test Method 2.4.41 ( his, s C|f|caII

i ncor por at eﬁ'ce)ﬁe 'é‘?q,pﬁ@é’fﬁ@r%r??ﬁnt inveptiprsinelHde gfhgh%lg{ugaﬁt Qﬂ‘a(fﬁrxﬁ"%éﬁ@ ai ns

ei ght 10 | ayérhpressivd 63&91&)3’5@ Hl%!bhloaulué"vtlmgﬂéh 186 L rEfefSHfdRoA S a RifduithOt
limted to, 106, 108, 1080, 2116 or 7535 style fabrics can

al ternati veP?a"Sé"‘UéCE‘EQ" erami@ate: i on, the |aminate can | ncor por at e

conbi nati ons of f L,ents of
t hermal expansi OEI%gt;ﬁgmggﬁﬂé‘? s%fwegirgsésrﬁ&\}eégfg@r&ngﬁ%/gd?@xdgg%?ég%ggnﬁ 4

cont r act Ponerexy laminatastireferabliblirved chefficiant pbihermal expansiorsfrem50P@tent i on

el et ron o 208 G hona R iR e L A8Y St RS YR, e

accordi ng ttam.mmetcﬁaessuth@sslsqwmemmﬂ raérelpe@fstabm@ngnagmmmm t@ggr made in
| ayer taught here . made using

a manner different fromt 03|te
convent i onaweﬁﬁg%%"’?'?tb%‘?c%‘g‘?ﬁ) Plel ast Metoidsy$-41 (@high WPTF@IHI I y and as is
wel | 20 knOMBoﬁp@rdté'd)Sfreif&bhb@Herbm)tEﬁcrﬁédoh Iéﬁ\ﬁa‘été br@fé‘?éﬂl;y coritgin blg@frents in

conti nuous ’gl ass fiber strands used in weavi ng abric are treated with a
starch/ b9 Byers 76A8 §wleifﬁl@mqje8§ouqb@rtxle%$uo;n asy betunat imideskto; 106,288, st ar ch or

anyl ose, hygsagenss, %995%.3&9@%!5 csel:aﬁaati(}é%’tnf%y lé@h&%d‘gmaa%%én,i tﬁgw sifying

agent and water, inc | ng t "not | m t sclose
Loewenst ei nlaatmqifagels lr@emozata comtinBtionsld %Bse fabriccdtyles kawinafdstalving I&b

i ncor porate | R, \ar n roduc fromthese strands
are therea &f ci r}r?“I’eg ﬁﬁal@%ﬁﬁ%‘)& (¢ i%ﬂé/%h %PQFBS%B@@? rtu‘be’f‘??"ﬁ'f’ﬂtagat t he
strands agacormtactuabarmscmmdumuegoaﬂdeiimaiwh.ng process, e.g. poly(vinyl

al cohol )-as disclosed colum 3, line 67

.U S Patent No. 4,530,876 at
t hr ough%%ol um 41§ |"ﬁ?"gTveR}sﬂﬂ"<§H§he§ 008%5&'4%?%%#9“?%8@? plnuitiayenisg r ef er ence
herei n. Thi Bnﬁmﬁém@aebﬁom@@m Bodrds &HRdH iRBludi® aBiBadtone | cBRTpbE lajdle
poly(vinyl al cohol) as well as the starch/oil size are generally’ not

conpat i bl e RNPHR 2E¢REdiAG Y therteachingsihereinand pt lgpst pnecopipos gimadein a
manuf act ur esanAtdiffer8t from the composite layer taught herein, e.g. made using

conventional glass fiber composite technology. More specifically and as is well

20 known to 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 watér, including but not limited to those
disclosed in Loewenstein at pages 237-244 (3d Ed. 1993), which is specifically

25 incorporated by reference herein. Warp yarns produced from these strands are
thereatter 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, which is
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 generally not

compatible with the polymeric matrix material used by composite manufacturers and

-84-



WD 01/ 68752 PCT/ US01/ 08684 the fabric is thus cleaned to renove
essentially all organic material fromthe surface of the glass fibers
prior to {ygyRgmating the woven fabric. This can be accomydsi@dosdsh @

vari ety ways, for exanple by scrubbing the fabric or, nore commonly, by
heat treating the fabric in a manner well known in the art. As a result of
the cleaning 5 operation, there is no suitable interface between the
polymeric matrix material used to inpregnate the fabric and the cl eaned

gl ass fiber surface, so that a coupling agent nust be applied to the gl ass

fiber surface, This, operatipn IS soneti referred to b t hose skilled in
the nrt . ne e apBRIsinOO SRENR sbnid BenshlE ALFb ot mafarl! tebdfs fufateni ni ng
oper at i ons ofite gladsibefs pridied hehregndiing thieowoldnfabesl Tisis chobe adicinplighed in E.

P. 10 Plueddemann, Silane Coupljng Agents (1982% at a%gs 146- 147, which is
speci fi cal Y2 VRIRIY WY dPERKaFPIS BY g‘l’r&%@@g Hherfabric oramose s@BmMERlvinBRdi n at

pages 249- Zeftingdthekabric in B3 ahner Akl Rhowr fAhEBRT AY 4 feshiif 6f hie!cRiaRingt he fabric
is inpregnated With a conpatible ol }F/)merl c matrix material, squeezed
mﬁacé

bet ween9a $eeragpn.thereris Ag switablesin peendhe pelymedc matfixduatetalpisedr eg as

di scussed SO ' | Lyention
dependi ng génm;{ 8g¢1£§(teur e %ﬁc ?@eﬁgﬁ%ﬁsabﬁghgﬁ%ﬁg ﬁ%’r%pté%a%)?%ﬁ)ﬂﬂé\ﬁ or the
mat ri x r esimustibedppliedithéhegagofiber surfadee Blimeperatiprein dometimenefehied fp by eps can

comosi t o R a1 AR R Y el SRR Poafnls” T "

i ncor por at finghing @peratibanarel sitaney, irzfuding Bubnot kmitea te thoserdisclasedME! PAS

di scussed oV 20 [ paj ticul ar ltil ayer am.nate or_electronic
ci rcui 35003’?%5%‘?"@@&@98%@3& f@ag}rjﬁi 9?§e¥ gﬁg'ﬂéz't"f"?iah 5rsPefiEically oni ¢
circuit boaiddfporated bifreflefenes iherdiit Alkb 8k Lodiddribaae kil paged Mol a¥eq 38 &4i. onal
(1989) at pgg@; 113-11 Tunmal a ( Ed M croel ect roni cs Packagi ng

5 R , u. .M ( :
Handbook, (! Yhfter trgatgeant %bﬂ%a_llaaﬁdhsé%hr%@smnwgwed withacempptiblat ed

@ it B i - , 25 Jr.
ey pry BoRmiEAE WA mbfeHal bodea8l §RRucon s St Of mefliig rollFand iBARG, 2> T

speci f i cal fgrm agemisurestrrepreg aﬁ@i&@ﬂ@&&ﬂeﬁhﬁ&eItrshomﬂ@emmiﬁtettmahindhe am nat es

form nggeth ] ' [ . | . - used to
for m packaBrSeREDkeRch RHERSNA 8y s el o fis2Hpe. T ERRARG BERBF L7 s
first, secandoatid matriknesinuseriialtheeakpasitegthe slashingandloafinidhiag lstepedann 30
Tummal a at bea es %5- 48 which is specifically incorporated ref erence
herein. In fgﬂ’imﬁ h, Obe 8 BPERRIRPreoR NERROLHING FONKFUONIIIRSAWSF or ot her
packagi ng lcompbsite teS8noidythhGletbide ESMbkE® With 8RS8 4r more prepregs

incorporating the instant invention to form an electronic support as discussed above,

20 and in particular a multilayered laminate or electronic circuit board. For more
information regarding fabrication of electronic circuit boards, see Electronic Materials
Handbook™, ASM International (1989) at pages 113-115, R. Tummala (Ed.),
Microelectronics Packaging Handbook, (1989) at pages 858-861 and 895-909, M. W.
Jawitz, Printed Circuit Board Handbook (1997) at pages 9.1-9.42, and C. F. Coombs,

25 Jr. (Ed.), Printed Circuits Handbook, (3d Ed. 1988), pages 6.1-6.7, which are
specifically incorporated by reference 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
particularly 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

addition, the present invention can also be used for other packaging levels.
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The present invention, in one non-limting enbodi nent, the flexural
strength of an unclad | am nate, nade in accordance wth the present

i nvent i Onwfdﬁ%%zl ayers or plies of prepreg formed from %(ﬁ%%%gnﬁgg&

E-glass fabric and an FR-4 polynmeric resin having a T9 of tested
according to | PCGTM 650, No. 2.4.4 (which is 5 specifically incorporated by
reference herein), is preferably greater than 100,000 pounds per square

i nch (about 690 negaPascal s) when tested parallel to the warp direction of
the fabric and preferably greater than 80,000 (about 552 negaPascals) when
tested parallel %o the fill direction-of the fabrjc. not her

| 1t bric. In
non-1imting enbblf REESENiJRvantian,jp gae penimNtagSTRodiIpeRt, @ﬁglfe{‘”rﬁ'e%‘?ﬁngtfb shear

strength of ofdh i Admirie, Wl dR in FREGdhRteARBPIE PRSIV EntloRGrdM 8 %88Fs
i nvention from8 |ayers or q%l es of prepreg formed froma Style 7628,

f
E- gl ass f abfi Rliesefpepresormeg iipyracpiyle 1628; F-giassifakyicaanpanfRAsmlyregiie t est ed
according t 4 ° [ | | {4 16a =R C ted:
ref erenc g htceérS @W s%ﬁbéra&@p%% gérfg(?%éﬁcgﬂﬁﬁfdclﬁﬁé@!drsgt ﬁé@;?ﬂéﬁfﬂ@ s
pr ef er abby sperificelly inbarporatédlbyprefaresceimarein)) s prefaralni gfemberibharl 50000

megaPascal s en tested.parallel fto the war i rection of the fabric and
preferably éﬁ%&er F%‘Eﬁegggéglb%ﬁ%@ "F@lasgﬁﬁﬂsgéﬂ\eﬂgﬁﬂ?‘g%r IeIé@ ‘ﬁ?irﬁascal S)
vvhenI _t est edirgotivabf the fémidfdiﬂhﬁréﬁekamy greaterr mmﬁo,mdwaﬁmrsﬁ.mé%amﬁlh)ﬁr
non-1imting, enpodi nent present _invention, the short beam shear
strength of‘%ﬁ?f‘n{)ﬁ dd?f’?'!fﬁﬁfg?@'dﬁ_ﬁﬁ@“iqflt'?cf@g'?“dance with the present

i nvention 20 frprardtherOhJinftingRerh5dirRéntf e Si8sdr inRAtidr, M8 shorl bdan 7628,
E-glass fabric and an FR-4 pol éﬁrl c resin having a Tg of 140C .and tested

accor di h§ teheassivenstb ghan guclad,lmigate, rapdmin asegidanegwith theipresent inyentiprof 5
and after | | # | [ L] i |
areat er t had DO0g LS o flos d pPlired RAmE it o SBll Ao Bden febrifnfy SRR

t est ed par aft pelymegc reain having aiTy et 14056 anid tested hadardiog dmASPHMAD 884bBY 25

reater thapn,4200 pound er sqgyare inch (about .30. negaPascal,s) when tested
Oral Tor 1 WP sy e B By dtetbnb8 RO OBt R e el oo
iTRcI udes S thiesihess ka6 of ?,i iﬁbmfiér'bbg g’?edf&rtth??( gm pdsduralsdperr eqqiarfé Ach (aiegROSIi t e. |

e net rSes.: a 1 N 10 a | per stran relf nrorcing materi a
at | eas{]go_né?g%g _?iﬁalé@é@ﬂg“{%‘%’_ B il to %"@_rwaweett?@tqfﬁge \ r"&B’f‘{‘bosi tion
di scussed i preftl@hity GreditétRart S60U hSUnas pBREJUaPE Mieh (BBl 30 nidgaP8sdal) Yinehi i al

spaces between adj acent fibers of the strand, (%B drying the coating to
form a coat iested Rasallelo the fik direptiopofthedali®g684 upon the reinforcing

material; (3) COUAYAE noRSinditHy ErMEddifEntBR R brakeidVRntidle thBLHd0eam

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 of 5 and after being immersed in boiling water
for 24 hours, is preferably greater than 5000 pounds per square inch (about 34
megaPascals) when tested paraliel to the warp direction of the fabric and preferably

25 greater than 4200 pounds per square inch (about 30 megaPascals) when tested
parailel to the fill direction of the fabric.

The present invention also includes a method for reinforcing a matrix material
to form a composite. The method comprises: (1) applying to a fiber strand
reinforcing material at least one primary, secondary and/or tertiary coating

30 composition discussed in detail above comprising particles which provide interstitial

spaces between adjacent fibers of the strand, (2) drying the coating to form a coating
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material; and (4) at least partially curing the matrix material to provide
a reinforced conposite. Although not limting the present invention, the

r ei nf or ci ial can be conbined with the polyneric r|aI
for exanp eﬂ%ﬁzspersing it inthe 5 matrix material. Pre r/ %?he
coating or coatings forma substantially uniform coating upon the
reinforcing material upon drying. In one non-limting enbodi nent .of the
present invention, the particles conprise at |east 20 wei ght percent of the
sizing conposition on a total solids basis. In another non-limting

enbodi nent, the particles have a m ninum average particle di nension of at

| east 3 mi cHRRRthereinfossing matsesiak 2reambjniag thee'a@forgngmmteméwah the matria f urt her

Pone e FeRHRR AnlRAY ot k3P oGl R nd M4 ngYBRS 1o BRAARSABINALUE 1 hat, | °

| ess than a Mo ness v | ass ber's are c ined in
the fiber secompesiteTAdhpuaksroifimitingdne pr:aseaﬂ Is\cerrtlnn,lthelesnfarqmmakénélcnan

I nhi biting e . a t flbers er,.strand npri sing
the. st eps.oft cpmpiies b B Aen SRR malsBvioh dtobie B isPailt i)
secondar§ amdtrormateriali Rrgfecaiht, trregcmm@oscchatmgs formcsusRthntially Wifbah| above

I ncl udi ng par icles Lnterstitial aces between adjacent

bere of Phtatiof uBin e rihidhos nitetal Uy IING: (B Ohe ATAmMEB EnTRIAE of he
fibers of time prédepenvantica)the ﬁ‘alﬂﬁdlbstéﬁﬁpr%@@@%agmd)ﬂé"éﬁ%réélit%Ff’h@tsﬂlﬁgper5 of

the strand is inhjbited. Preferably, the coati n? or coati n? form-a
subst ant i al FYMRAIOFrAR 2 tpial SAlifs hnsis- tIhanolber ranlinaiieg agibadiment. dhe upon dryi ng.

I n one non- padiEiks Hﬂveeémﬂqhmve?; etggb‘ﬁflcﬁé ﬁﬁﬁé?ﬁmn'd?‘é?fé%ét@mlc}&ﬁetg@ rah&l es

conprise at |east 20 welg per cent e Sl zl ng conpos

sol i ds B@si erefarablmbba%tﬁ mwnomama |lngfgﬂlmrmonﬂxmnt;ngmbmnemtctmsaanwm a
m ni num ave, il ters
preferably g%&e? @gé% h%#ﬁeg% g?r@?tlta?%si .'sol ﬁ%ab p '?%Q&“@Sgﬁn?%ﬁ‘%m’ 3"'(¥r %%?arrpl e,
t he m ni nunfitere thaf areXéontaingd ialtiee fiberstrandn wi || correspond to the dianeter

of the particle..ln a rectangqul arl aped icle, for exa t he

mi ni mum aver age pAt P"%?@ "Eﬁeﬁg?&g' ﬂ¥%lq4gsﬁé?% &Pr 'QW“%@@\QH%SW wi dt h
or hei ght Oédjztadsmt flioeirs of & fiberl irand eUrhpRing thE stepdiof:| (’19 apﬂ?’ﬂ@% g%pér the

parti cI har dness value that is |less than a Mohs' hardness

val ue o an%ragﬂda?é goa,s f R RrmaRy; segopdany ANg{on tattigny CPﬁ'@Q‘ QWS@PF gdisqussed The
present i nvigifetArabalé theludfilgUstifclss Wﬁ&lﬁ‘ﬂ%vfd‘érmtbfbﬁha]'sbhé& t%)f\gé Yfih&ne a

matri x nmaterial of a fiber-reinforced conposite. rises:
appl yi ng  tpess pf the strang; {Adryiap theeedting terterara @qatlag up@athe ftbnss oftherar vy,

secondary ir Qfranc's gbﬁfﬁét alesion V%&Qéé,@&] ggen? gér?%?&{eos%gﬁé is lﬁﬁlgtécpg ght

conposition I scussed 1 n defai r sin han
Preferably, the coating or coatings form a substantlally unlform 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 particles have a
minimum average particle dimension of at least 3 micrometers, and preferably at
least 5 micrometers. In a spherical particle, for example, the minimum average

25 particle 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'’
hardness value of any glass fibers that are contained in the fiber strand.

30 The present invention also includes a method for inhibiting hydrolysis of a
matrix material 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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percent on a total solids basis of discrete particles; (2) drying the
coating to form coating upon the reinforcing material; (3) conbi ning the
rei nforma,g)ﬂ?ﬁtg |aI with the matrix nmaterial; and (4) a d / rtlaIIy
curing the ma PIX material to provide a 5 r ei nf or ced corrp03| i erably,
the coating or coatings forma substantially uniformcoati ng upon t he
reinforcing material upon drying. As discussed above, the reinforcing
material can be conbined with the matrix material, for exanple, by

di spersing the reinforci ng material in the matrix material. In one,
non-limtin gtnbod m::n{él t he presen@ bnventlon the fabric is 10

pr ef er abl y- WBTEIP GOMRySYO F?FBSS? g detall abovegammising greater thae 2Rwveight i t v of

| ess then 1@ercenbdrta taltsol@s babi\H fscréte paRicRs 5 cubic
feet per m(r?ute, as nmeasured by ASTM ngg7 ngzgé{'%bdl%gtﬁﬁb%tt%b or Air
Per nmeabi | i t fORNIHPRPjthereinfgigingdaatenal; @b&g’ﬁb'ﬁtﬁ\g the rainfpreingi matetial withdbent

i nvention, h{atﬂlﬁmﬁﬁlhﬁ‘!ﬁﬂlﬂ)%ie Ehﬁamﬁ rﬁétﬂ§®1a?§r&? a)o Bhofiad ghi gh st rand
openness of the war p yarns e pre ent I nven QUSEEd in detail
bel ow) r &duéeisforagd campopite. n%rafﬁrably ythe oating of abatings farn 4 bebstantiethent

I nvention a brics de using.slashed warp

yarns. As p?ewgﬁﬁaﬁﬁ%hé%ﬁ@égaﬁ%?ﬁﬁgMegﬁl w;o% (Fry\/vgag\a rqgscﬂfﬁﬁd%bi Hﬁstn?or

el ectronic reinfpming materal c:aatbeoufw;bmddemmp nyatl’mmaﬁarral forexamipley bgoat ed with

a sl ashing 20 weavi n | p ent abrasion of the warp

yarns duri ngfsfzjﬁr@%\%ﬁ?/r% °E?F’§C'B§t§”al1“ﬁg1es'f‘3§'ﬁ"?‘£ Ylze conposition is

typically appl | eth éree, nBR-liMiting eyfiodimént oPBRSIregknt Rentid the@bsist hr ough a

di p pan %& ontaining the slashing size and then through .one or nore
10 BESR =l poer inio s

sets of miYe 7648 fabyie aad hﬁ%@%?lfﬁﬁfm%ltlca legs thenitAg  si ze
conposi t i ongulsiafbet PEf MBte rdf mExATRlePably reémhfaﬂ 5 rinfhdt é’énaSt I cizers
and 25 lubricants. A filmform ng naterl al commnyus In SF I ng size

conposi t i onEeasureg Sy \ATM P 7é3l7c§5ﬁmafd Kﬁﬁté\ﬁetbbdlfmNd’ertrieeblhtarqﬂyanms are
dried and 0 T n t he warp yarn
ends depen\é\ggtg}ﬁ:st hwcl,tﬂg@%ﬂ e g]f.n 'tpﬁqm}}eﬁgsmgm g@%&w% g%k?‘?g\a y| ng, the

sl ashed war plopaated cigiskisectioni arall High i;teanel apehpnsss afthe wgm }tarma”lonﬁe pregaiter than

2.0 pereggnt: a the ri e shi ng_si zes.
Typi ool 15" R IakPiEE TR bR fiadhcss Re i tetmidiidof e ot de e
gener al | y nptesextomgentio be compiireti e moed Uméhﬁorfaﬁﬁbﬂcmbéé usihg 4&8RedY
conposite manufacturers when -88 WO 01/68752 PCT/ US01/ 0868% I ncorporating

the fabric W8PY¥ ™ orcenent for an electronic support so that the fabric
As previously discussed, in conventional weaving operations for electronic

support applications, the warp yarns are typically coated with a slashing size prior to
20 weaving to help prevent abrasion of the warp yarns during the weaving process.
The slashing size composition is typically applied to the warp yarns by passing the
warp yarns through a dip pan or bath containing the slashing size and then through
one or more sets of squeeze rolls to rémove any excess material. Typical slashing
size compositions can include, for example, film forming materials, plasticizers and
25 lubricants. A film-forming material commonly used in slashing size compositions is
polyvinyl alcohol. After slashing, the warp yarns are dried and wound onto a loom
beam. The number and spacing of the warp yarn ends depends on the style of the
fabric to be woven. After drying, the slashed warp yarns will typically have a loss on
ignition of greater than 2.0 percent due to the combination of the primary and
30 slashing sizes.
Typically, the slashing sizing, as well as the starch/oil size are generally n‘ot

compatible with the polymeric resin material used by composite manufacturers when
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nmust be cl eaned to renove essentially all organic material fromthe surface
of the glass fibers prior to inpregnating the woven fabric. This can be
acconpl i siiefhilg73 Vvariety ways, for exanple by scrubbing m%@%dsg or,
nore commonly, by heat 5 treating the fabric in a manner wel nown in the
out As a result of the cleaning operation, there is no suitable interface
between the polyneric matrix material used to inpregnate the fabric and
the cl eaned glass fiber surface, so that a coupling agent nust be applied
to the glass fiber surface. This operation is sometine referred to by

t hose skill sflm hing., T I the f h|n Si ze

provi des t hggefggraﬁ n&u-%ofta&f? A EANTeK 66"1%85@{? % BX'TC ?rt@gtf‘?r'ﬁr?t wth
the finishi mgsisoezdeanelmetofrabbweesanirmraﬁwr?arﬂdmuénbl ffom Wéc@'o?tr@m yneric
matri x mater,ial,. squeezed between a set metering rolls and dried to

forma seni $87%EPEST BIOTAR "Bgreﬂf’%t&ﬂgstg%&’%%fﬁé’”c Fdis ean bejaseemptishedin a

regarding fwdiet <0 For @kapbRAY {
Materials 15 Hay[rjr‘g‘?)}:)ok(rer:rﬂ)b gﬁr@é@nﬁ%%ﬂgw%g% at paggﬂe%gi% 115, R

Tummal a P Edtrgating the fabds ixa F@ﬁﬂ@%@u@mwdﬁeemswtmm cleanimg@ges

858- 861 and, 0 Handbook (1997)
at pages 9. &3515’? ﬁwgrr]é(;/isgé/ sﬁlé@%n'ﬁnéﬁa@wgﬁﬁe)p%waﬁ?rﬁﬁﬁ%ﬂm% af ndbook,
(3d Ed. 1988)'”19@99@@ tge 1ab6|cand\mﬂ cdearmdylagsfitiel surdddey so ﬁmamuﬁtngdagbht
reference ia ocess . .puts a relatively thick
coating onwﬁﬂél f%gedgiroﬁg'gg Bépﬁ%#gcge%'ﬁﬁpﬂaé'g SRSt '@)fﬁrfﬂd)&

conpar ed t dhosesskillelden thesarpay finisising. Tgpically ptbbifinghivig szetodded e fsird t he yarn
t ogeth in.a fi bupdl ving a generally circular cross-section.

Al t houSL n%%’gﬁ&??&@ eqﬂ?ti ng in the present invention, it is believed
that such a yar mftﬁrnmtmmmmtmﬁnewgzbunémmw%ﬂem@dwh gi rcular
cross 25 sectlongl)ﬁ ogln hj nder. the penetration of polyneric resin materials

into the wdf mRiicanix Materay, Isauerresbevernca setaf mgtesing, roband as
pre-inpreg rHﬂeHQé‘forﬁrVéfgerﬁfchr%"cltpréﬂ@%'é@@%%Qése‘afabtobg Edr A%tk Moriidtign . A t hough

sl ashing is not_ detrinental present 1nvention, g1 aghi I'ng i s not
preferred. rMedagdakication of elecitania cituit hbards neaet EledtrarfreMpteeialsnt | nvent i on,

t he war @l t t ri,o 0 weavi ng and
re sarey PR AsibieliroR(F5hd 31 Bades LR TBulalEdl, “The torm
"subst ant i i pggeferc&ehlcsrﬁadsag!@artdbeo vmag)mpagesrwaeeemeérﬁj 8@539092‘% REr cent
by wei ght, ref ablty Ie t han (gg;rce 01/ 68752

PCT/ US01/ o A %‘é’é%ﬁr% %2 @n#& &. prembsy ed
enbodi nent Jnf(E‘df)ﬁ'PMteG ©irtuits Handbook, (3d Ed. 1988), pages 6.1-6.7, which are

specifically incorporated by reference herein.

20 Since the slashing process puts a relatively thick coating on the warp yarns,
the yarns become rigid and inflexible as compared to unslashed warp yérns. The
slashing size tends to hold the yarn 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) can hinder the penetration of polymeric resin materials into the warp yarn
bundle during subsequent processing steps, such as pre-impregnation, even after
the removal of the slashing size.

Aithough slashing is not detrimental to the present invention, slashing is not
preferred. Therefore, in a preferred embodiment of the present invention, the warp

30 yarns are not subjected to a slashing step prior to weaving and are substantially free
of slashing size residue. As used herein, the term “substantially free” means that the

warp yarns have less than 20 percent by weight, more preferably less than 5 percent
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I nvention, the warp yarns are not subjected to a slashing step prior to
weaving and are essentially free of slashing size residue. As used herein,

the term, ,ally free" neans that the warp yarns ha n 0.5
per cent bmﬁg#tz nore 5 preferably less than 0.1 percent 1{//{?@2/'0% ? and

nost preferably O percent by weight of a residue of a slashing size on the
surfaces thereof. However, if the warp yarns are subjected to a secondary
coating operation prior to weaving, preferably, the anount of the
secondary coating applied to the surface of the warp yarns prior to

weaving is Iea&ﬁ%han 0.7 percent by weight of the sized warp yarn. 10 In

one preferrBY bof siasing;3izq residype feaMmare peaiereshembodimppisef thshpriegentt i on of
the warp yajnQsntion, tHeSl & Uit ' !
preferably Inesg t han ???Iaperécr_gﬁ?_t %oy v_vgl'?dgﬁtaoﬂél sggygﬁﬁtg%l\/@ﬁlaggs t han
0. 8 per cent agassagtiallydgeiofglashing siazgiresidie. Aseseddierein, the tarhe'epsarntialiyt

I nvention p§gs: e[ RN i orm0.1 to

16 per cent e aretshindeShrd YaREhave RS Thal S Beor ) UABE M * T oven

nor e pr eber pisfarablyfassdnar00.6 peoceht peweight and mostwefeeably 0 parcentbyt waight

enbodi nment ‘ r t.jnaventio t he r ref.erabl y has an

el ongat ed c&;asFseggdélgto?%ﬁsrﬂaasmﬁ‘glﬁ'thor%&Fszga%e\égh%gég.ﬁ%&&ééﬁhel’f&%y?{"st he term

"el ongat ed anecbjesttiito aiecoRdars coitig ddamtmrpﬁomrwedwg@, preg@ay,algéy fl a]g or
| scussed above, refers

ovul ar cross-sectignal shape. Hi.gh strand openness, 3

20 to the cﬂ@?ﬁ'&ttoéﬂ'f%?qcenaﬁé(tm? ?9?5&?5?%@5|SUﬁ?%e9f§h%wafms@r%Pmprdp strand
are not ti gheavindBlisss thad o7 srcéHl By QRfht DPheakeBWarp yRpl ween one or nore of
the indjyidual fibers facilitating penetration of a matrix material into

the buniPe. sl ashieheRieteried entodiment of thewrsesant ivention, therlessaon ignitian of a
circular cr ' I cilitate
such penet rgtg %ﬁﬁgﬁrﬁﬁ%?géﬁe’%@w%%@f%g%ﬁ%? Egy Bv?@gtéﬁwggpeﬁ%r@g&tlés%n it is
bel i eved t hikanddopercentiby wrighitandtnaest prei¢rably hessvtbham0 Barencamtidatires (i . e. ,

good resin ~Out i ' L, on n..nmprove the gverall hydrolytic

stability o‘pgé‘f"g% n&aﬁ%‘é@'°§%‘3£2‘i§g§@%&6¢ﬁ %rggﬂBé'b@eP@%r&Eer?‘ﬁy Beg8r QU18b wi th the

present | nviess onignition rangiogifirm. dto €Biperdeat,innge pedfablyirandiag #6m d.9to

noi st ur 5ini t he lam’ nates and el ectronic rts. This can al so have a

poSi t i vﬁ ef .g(&erqeﬁ\ 'ﬁ@&?&’?ﬂ@"otrﬁ@e?@'ﬁg'é!r?@&?ﬂ“ (ﬁgfﬁeamsbt- circuit boards made

from such | am nainemothud, r&irﬁlﬁﬁiﬁ@éﬁb&&iﬁi&ﬁf 6fthé BreR¥ht ilentiBh 8RE Waf)arnshor t
formati on of conductive anodic filanents when exposed,

failures due o th
under bi as,P® fﬂalhﬁas o Rlangpisasrosssgclign and kigh sranstpensess. oksesed The degr ee
of str and ORSBACHE tEM “AendBRaPtbElsdBioA mBahd WaKthk Sp yéM Hal% generally
flat or ovular cross-sectional shape. High strand openness, discussed above, refers
20 to the characteristic that the individual fibers of the yarn or strand are not tightly held
together and open spaces exist between one or more of the individual fibers
facilitating penetration of a matrix material into the bundle. Slashed warp yarns (as
discussed above) generally have a circular cross-sec‘fidn and low strand openness
and thus do not facilitate such penetration. Although not limiting in the present
25 invention, it is believed that good resin penetration into the warp yarn bundles (i.e.,
good resin wet-out) during lamination can improve the overall hydrolytic stability of
laminates and electronic supports made in accordance with the present invention, by
reducing 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 Iaminatps and electronic supports to exhibit electrical

short failures due to the formation of conductive anodic filaments when exposed,
under bias, to humid conditions.
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F-index test, the yarn to be neasured is passed over a series of vertically
aligned rollers and is positioned adjacent to a horizontally disposed

sensi ng onprising a light emtting surface and a PR | i ght
sensi ng Sﬁwf a%e 59such that 5 a vertical axis of the yarn |r1]s in g)e%kg‘r‘ally

parall el alignment with the light emtting and |ight sensing surfaces. The
sensing device is nounted at a vertical height that positions it about
hal f -way between the vertically aligned rollers and the horizontal

di stance between the yarn and the sensing device is controlled by noving
the rollers toward or away fromthe sensing device. As _the yarn E@fses

over the rollers W?Qrﬁpﬁﬂﬁnﬁ openpgssAaN He measered pean Fn"i‘ﬂﬁxé?St drependi ng on
the opennessiiexidif. b yafflo belfitastied R8sl dvePASeRls siRrika pa@@edecl I pse a

portion of the |ight nating fromt emtting sur acet
tri ggeri ng rRllere @paisspositioned @djacemttto adesizenjallydisposed samsing demidser of ecl i pses

h f met
2nd the r eotytitsgl it Btk St R oonkBifi fenkREhg KRB SucilpalC °7 )
consi der®ed a gertical ais dthmuiein@bnsnaﬂﬁpafaweligrmmt wlth the;hgjﬂlenﬁuagiahdnat t he

tight warp n struct fabrlc ven nventiaqnal . sl ashed gl ass

fiber yar nsl}/gggswqg %EPaFﬁ%Ojf'W%E&Q i mQH%tﬁdﬁ'g?HEHﬁgﬁ‘ 'Em?ésed above,

resul ts in pdsitivas teboetidiong bédtaben G Vertivalgalijhed rsllepeamtemeitorizontainat i s
of the preferred fabrics of the present

hi gher than_ _the ajr perneabilit
i nventi on, 99 a}&‘?f‘"’g?‘éf'?ryém ?“‘yﬂlel ﬁﬁﬂﬁ'"ﬁﬁeﬂf’%ﬁg‘"éinge"‘?ﬂah’ypm?élf‘%"‘@rr@ Ssecti on

and hi gher BRI by IR IRSSERsing Helis. Ae%wrmpsgé& REBPRRIrERAE Of the
present invention, the fabric has an air perneability, as neasured by ASTM

D 737 StQnddricaty st abaut B8 metess pebminyiteladenendingronttbe openness of thesitiantieet per
ot e SRR 800l rfSor LRI o R PERRBGTN L P

square neter nmore prefera per m nut e
per square ¢ml¢1mg(surfﬁeeﬂteaswarlgb&mb|aueam$em fherlight semsingserfasejutinee neter),

h f f
o073t Lo e Ra AR bl B i Bl B Bt ©
enbodi ment mefers)aeditiey msuiting ratiohBe { almber df eclipes pei tiitleAgtiPR&onsidéredf abri c
and has, an air perneabi as neasured by ASTM D 737 Standard Test

Met hod. 19f RS @S?ﬁfre%ﬁ)tr%/r}‘f‘a PP} andard cubic feet per minute per square

foot, more pref atBlefied HEEAE Bhht WaIBYam SRt bERbri®ALVER fsthe per square
foot, and nost preferably no greater than 3 cubic feet per mnute per

square f ootConvetiopg), G@FB@?QESWMGU@/%S’%'@S the {avoeraNngss ossghtyatns a@se bound
or in any v@ycuss&d hbshePvestity infAEdd &tvehtional fabrics having an air permeability that

is higher than the air permeability of the preferred fabrics of the present invention,
20  which preferably include an elongated warp yarn cross-section and higher warp yarn
openness. In one, non-limiting embodiment of the present invention, the fabric has
an air permeability, 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
(0.91 standard cubic meters per minute per square meter). In another embodiment
of the invention, 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
39 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
cubic feet per minute per square foot.
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theory, it is postulated that warp yarns having el ongated or fl at
cross-sections can also lend to inproved drilling performance in | am nates
made fromyf@afildsss 1 ncorporating the warp yarns. Mre par tdcqguhhodsss Si nNce
the cross over points between 5 the warp and fill yarns in fabrics having
warp yarns with elongated cross-sections will have a | ower profrle t han
conventional fabrics incorporating warp yarns having circular
cross-sections, a drill bit drilling through the fabric will contact fewer
glass fibers during driIIing and thereby be subj ected to | ess abrasive

A i di
e er an b S 10 Htbuth RSt RRS 10 bR ST STRERY TR e bV Rod BERRMGe 1V e O™

conpati bl e tpédglrmf i postuldteqithat warpOydrhd mwag)abn@ied bﬁmactifcﬁ)sdtﬁﬁt:MSfdéhm ng. The
resin conpati bl e |rrary on lied to the warp yarn can
be the sama"'%&ef‘ Wdc%aﬁ‘ﬁtﬂeﬁpﬁnn%e yn%fe aqg foph{shErs i on applied to
the fill yapsbrpératitg %WNJ?B ks M&QPaﬁkﬁla’ﬂ& %certﬁ@ brrbs§9{7$’r36dnﬁé BebWebl‘Tar y
coating conposition appl ed 10 the arn. used herein, 15 the phrase

"di f fer ént the warR ard fileyarps tfrd’ﬁbrmrrﬂvegmawamsw@telwaé%qm%s seaianapil i ed
tothe filly a\(/@raﬂ?w%rgorﬁmfa‘%ﬁﬁﬁ%véﬁn&n@?fabﬁée ﬂﬁﬁgﬂ@ﬂéﬁi %@astrhyﬁé\x oating

corrposrtlon to the warp yarn neans one nponent of
the pri mar ycrrcolat trogs-sectiops,sa diilblrit dripig terbugb thenfabriawll opatact fewepglasent i n an

amount di fferen ro t| ng conposition
appl i ed tof"[%ﬁgs #Lrlr{n Jﬂ'ﬁ‘a%bf‘ ﬂi’eﬁgﬁpg Sllt'béeCt?é {}g n%bngﬁﬁ%gﬁ nt present in the
primary cods prgvioastpdscnssed, nEpkieptbadimdritef therppesemt mventon) ptef@rablgent in the
pri mary, £oatin com ositio ied o the fill rn or that at- |east one
ormonakl ot theivarh vaims v B Vs bAve = S eemiatle g éed e 111 |
yarn is notcopipstih abplicdtReretd diing f r%nvhsﬁagwpcsdnspaﬁarea@mdrﬁdoétrhgt he warp
yarn. In still apnother, non-limting odi ment of the present invention,

the glass SP5ACSHER §P@fedttﬁéh%/@{?frﬁ’§/aé‘? C"t"hBe therame ag eregid se@PalillRr s having a
density of A@esy tbathgeo %osﬁibﬁ%@pl%rto%ébﬁl a?ﬁ’ert r'tH?rSEedrffeFEnﬁrbrn th@not her,

non-limting, preferred enbod t he g ass r yarns en woven
into a Stylresinge@patiye raamaprmatmecamp@mmorcamw trgthaf"llwemsrASeuxdrrer@nh

par Lol |k Bl e LRI B SRR 1 "2
sane styl e.to ti¥Ofill yarohie referenice o therrgsra chmgatitee priméryt dvatipg esrepésitiomvent i on,
T e o0l e BGRB8 A REP Aot rary
coating corgagickition apprraartb $Iﬁ§w§rrpefaﬁﬁ RiYr¥sere iart AdbuntQifferdt 1M bt 68752
PCT/ US01/ 08684 per.cent n>1la ht on a total solids basis, nore preferably
| ess t han EFOHER%'@ pkin ng prirhary coatrng composition applied to the fill yarn ‘or that at least
20 one component present in the primary coating composition applied to the warp yarn
is not present in the primary coating composition applied to the fill yarn or that at
least one componenf present in the primary coating composition applied to the fill
yarn is not present in the primary coating composition applied to the warp yarn.
-In still another, non-limiting embodiment of the present invention, the glass
25 fibers of the yarns of the fabric are E-glass fibers having a density of less than 2.60
grams per cubic centimeter. In still another, non-limiting, preferred embodiment, the
E-glass fiber yarns, when woven into a Style 7628 fabric, produce a fabric having a
tensile strength parallel 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 present invention, preferably the resin
compatible primary coating composition is substantially free of “tacky” film-forming

materials, i.e., the primary coating composition comprises preferably less than 10
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wei ght on a total solids basis. In a preferred enbodi nent, the resin
conpati ble primary coating conposition is essentially free of "tacky"

filmfornmyegieigrials, i.e., the primary coating 5 conposic @dd /6P’ i ses
preferably less than 1 percent by weight on a total solids éasis, nor e
preferably less than 0.5 percent by weight on a total solids basis, and
nost preferably less than 0.1 percent by weight on a total solids basis of
tacky film formng materials. Tacky filmformng nmaterials can be
detrinental to the weavability of yams to which they are applied, such as

b duci h Iroj tabili f fill d '
yarne o SRELEnt B eteht op RSP SRt Berir: o usieraeld brd fR B EBYT 2° ek

fil mform ngeightionrd tatal k6lids bagiser - sol ubl e epoxy resin filmformng
material. An alternatjve nethod of forrri,ng a fﬁbrig for use in an
QpPat

el ectroni ¢ suppdf @ Pref§ped embodiment.dae msiy &€ RIIeR¥ SPating RMROSHoN 11 now
be di scussqgleQRRAIR1fFak of HARKky i TBMIRE maRifals, fEStHeRintdrPRSattly: (1)

obtaining at least "one fill Yyarn conprising a pl ural ity of glass fibers and
havi ng & f icoBwopitien pormprgRstAreferablblgss thgndppsareend by aveight pe adptal goligsr t i on

t hereof; ( bt ajni rQ: kS ; wty of

gl ase " {1 baPEeaneiidfedbi |8 o108 plftcht BPLAGREITRNSLADIG, Gookf B04'Y %0,

| east a pomoshpreferablydess tham@. 1 [Brcemt &y iweight los adotal eclisls basie of tdcky film-n and

the at |east on r n,2Q _havin I n.ignition | ess_t 2.5
por cent | by TRENDRmeRes s TAbY P Ve Relas oBf o SRl R G EnbPifY ¢
support. Aldmadrmdogfhicf;ahe@mg?plieﬂﬁsna‘lilasayieqweh ithg ftioes ?jiu-wtr‘anspmtaellig?dfroni c
suppor t, Wi now be discusse enera . _The_ net hod ¢ rises.a first ste
of "ot cheht [ VAR A caUSAg A VRS SRSl 1 each PIBRG (A SReSEs PRS0y i 51 ng.
a pluralit\examp@ @r%&aEk;bmmsfoaﬁid%%tw isWwaterisblRiblelepoky résiiiimtfofthiggcoat i ng
applied to at | east a portion thereof and at |east one warp yarn

conpri si ng M@tBlialral ity of glass fibers and having a second resin

conpati bl e coat iA}%u%?ﬂ@@%éﬁ@&nbﬁﬁﬁ@ aFalfy toF G¥k iRl & troM&%ruﬁJF&ét he varp

yarn had a loss on ignition of less tThan 2.5 percent by weig uring
weavi ng. | rapplication @acortlingito thegpresand iivestian wifl noWdbendiscuisaed geneasaltyi dine

f , Co i gkl : i i i due. As
oy eus ooy s abde o SRREQY AL el 65 e 8 G5 BB wTHRR o ' O1°
convent i onglurality of gigs< filvgre antl haviag afipdtiresin tempatibl@teating fapplisdstomttbast  yar ns

i o e Pl St oot SRS SRR o™
fibers and having a second resin compatible coating applied to at least a portion
thereof; and (3) weaving the at least one fill yarn and the at least one warp yarn

20 having a loss on ignition of less than 2.5 percent by weight to form a fabric 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 least one fill yarn comprising a plurality of glass fibers and

25 having a first resin compatible coating applied to at least a portion thereof and at
least one warp yarn comprising a plurality of glass fibers and having a second resin
compatible coating applied to at least a portion thereof wherein the warp yarn had a
loss on ignition of less than 2.5 percent by weight during weaving. In one, non-
limiting embodiment of the present invention, preferably, the fabric is essentially free

30 of slashing size residue. |

As previously discussed, in typical fabric forming operations, the conventional
sizing compositions applied to the glass fibers and/or yarns (i.e., primary sizing
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must be renoved fromthe fabric prior to inpregnating the fabric with
polyneric resin materials. As described above, this is nost comonly

acconplis eat cleaning the fabric after weaving. Hq;@qx@s' t

cl eani ng gg}gjorlgéeég the strength of -5 the glass fibers (and t eref%’?g t he
yarns and fabrics forned therefrom and causes .the glass to densify. The
resin conpatible coatings of the present invention, which are applied to
the warp and/or fill yarns prior to weaving, do not require renoval prior

to inpregnation and ther eby elimnate the need for heat-cl eaning.
Therefore, in a referr nop-limtin nbodi ment of t pr esent
Mvent {on. SESGsRs anf SEhBE Secamessiiins f et Esin compeia 0% Bierkipre
degr adat i onmpst ¥ rehfovedRoROMB FALRE. pnﬁﬁ'dﬂ ifipPettiatitg thefas Wigbolpatic Fe§#\“ c
form ng processes, after renoval of the 'sizin nposi ti ons” by he .

cl eani ng, amP?eﬁ'?@h|'°r$gd9§P'2té9dfﬂE°tveH€'sd§)H\OFEGP’E"BO'%M@C‘FW'!SBM BY heat to

DT €Nt | Ofeding (R, 48 RAURG! Holebbrl OSBRI SErd ARG b

pol yneric resin. @TZ; so(p ying a résin conpatible coating t
fill yards ths giassdibetsdang therefgre the tynensandJabricsifermsst thenefromh ench eauses or

fabric fi n'lﬁ? q%e'té d@é% A The%éuquﬁbs“lﬁ] g&ﬁi‘hﬁé 8f ff\le %seﬂ %ﬁogp\%‘” Lgrred

enbodi nent o I nvention
subst anti al érg a‘ppm wfthe ewirpamd/6r fllpaenssprioo talwe gviog) atoi mog rexquité ocemaval briov shi ng

per cont by RdFBiRoaich an BEteSS Rlmer e i 5 bt PR A g 19 A ahi ng

size. In a gefemedengi-Bhiing edwbeﬂhﬂﬁlit BEthE piésehbRveritRactie falticas fre€@fromt he
fabric 11 et?‘sent i al h‘é fre resi due froma secondary coatl ng and/or a
fini shi @ gimal ireafiaent ap féﬁ‘"ﬁ'a' feraqatiopprioptodmpreanption. r ee” neans that the

fabric has | ess Addifionhilpah eShlenfidnaMeALRie Forniiy &oc&s@geéf%l?lré’mb\%?ﬁf t?@a“ 0.5

percent by weight of residue froma secondary coating /or a tinishing
si ze. 25 Th¥zipg eepesitionsdythegh cigpning,rofiniging $IZ%|Qtuﬁthaapni'9dﬂ¢1§\effebri00vm ng

specific, nopy tﬁn@ﬁ %gﬁloﬁ)f@mr \Zp tth'éé‘f%wlaﬁb gteSBQRNe%WERQ ik Sinly the N€ amounts

set forth |n Ta were mxe aqueous mn Sl ze
conposi t i ongplyméticaresior (BwﬂypiymgmeesmmrmatlblernDaHMQ torthe rwaap asd/nn fillararmmnner to

e et PR i et RS ol B BB A e
-94 WO 01/ 68nGaateCT ThEieior8,86 dAotheppreftredrdntbddirgerit 2 tHe presers inventitsm, tHeach of
e O ™ "oBh 2 OB, s SPRuR et AR Sl ar | 07 o
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/or 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 finishing size. As used herein, the term
“essentially free” means that the fabric has less than 1 percent by welght more
preferably less than 0.5 percent by weight of residue from a secondary 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 aqueous forming size compositions A-F according to the present invention in a
similar manner to that discussed above. Less than 1 weight percent of acetic acid

was included in each composition. Aqueous forming size compositions A-F were
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wound onto bobbins in a simlar nmanner using conventional tw sting

equi pnent. Sanple Bvac was coated with aqueous form ng size conposition B,
but vacuuwod({ll 5 at a tenperature of 190F for about 46 lfs @ Ies A-F
each had 1'0s8 SR> ignition values of less than | mght percen anpl es Ch;
and Dhi had loss on ignition values of 1.59 and 1.66 wei ght percent,
respectively. -95 WO 01/ 68752 PCT/ US01/ 08684 Table 1A WEI GHT PERCENT OF
COVPONENT ON TOTAL SCOLIDS BASI S SAMPLES COVPONENT A B C D E F RD 847A 97
28.6 29.1 31.58 50.71 0 0O DESMOPHEN 2000 98 43.7 39.1 0 0 0 0 EPI-REZ
3522- W66 99 %8 21%‘!%5l 0 g 0 EP%;I 826 100 0 0.0 O 16.12 633.54 PVP-K30107
0 9.7 15. 79%9HeS NP =glags jler sfaqds: pachofihefosmingsizescompositions had 85  A- 174
103 4.7 4. 8wight PerBentAolidd) Eith da ki ERE N 10.7
5.6 00 0 0 oepapetol Bk Balbdbids el rdhduas MRl MM 07 4. 6
4.8 0 0 0 OWoWIdARIRIbSbRipS i3 sipllapm@neersingg@ngentionalKEEEADeREBNE00109 0 0 O
0 0.

79 3. l1safple®, t
resin Whl chslas corf'?‘fll\adfacsﬁzé)]ai& Vgigg?fhegﬁf%ﬁlor%%?egperﬁpa%&gﬁ%%u c?;ﬁJny SL‘?(rartr)us
Chio. 98 Dmfﬁg@mfﬁ@pife@h?betﬂéﬁdmumt%ardplek Aviheadh hal lossorer ci al |y

i | abl f, Pi.tt.sbur 99 EPI - REZ
3522 W 66 vl IRr Aies oHBRE IR R RARE PRBRCler 4 odmdAcaeFS e
Houst on, Tvawes of HOSD &OINGB 2eightipeiteht reupabiiesj. al | y avail abl e from Shel |

Chem cal of Houston, Texas. 101 PVP K-30 polyvinyl pyrrolidone which is
commercially available fromI|SP Chem cal s of
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Wayne, New Jersey. 102A-187 gamma- gl yci doxypropyl tri net hoxysilane which is
comercially available fromCK Wtco Corporation of Tarrytown, New YorKk.
103 A- 174wgaggasd3et hacryl oxypropyl tri met hoxysi | ane whi ch ipge1GpREg:al |y
avai lable from CK Wtco Corporation of Tarrytown, New York. 104A-1 100
am no-functional organo silane coupling agent which is comrercially
available from CK Wtco Corporation of Tarrytown, New York. 1115

PLURONI CTM F- 108 pol yoxypr opyl ene- pol yoxyet hyl ene copol ynmer which is
commercially available from BASF Corporation of Parsippany, New Jersey.

106 | GEPAL CA-630 et hoxyl ated octylp t hanol which is commercially
avai |l abl e from GAF Corporation of hﬂbqé)i w Jersey. 107 VERSAM D 140

pol yani de phich is comercially aWaEIGRT®ERCENTOFCOMPONENPON TOTAL phat i ,
Chi o. 108 ALKAMULS EL- 719 pol yoxylet hyl at ed veggbalBepagls which is

commercial [y avarTabl e Trom Rhone- Pourenc. 109 mmﬁﬁ—pvﬁyﬂyl ene
gl ycol nonplaur at@oRPON M CTh T[S CMTETICT gi ar ot fromrStepa
Conpany of 'RRL @7 iiquu’ur\Ll;[:wa. 16 A 4 ?%?——%urfe‘c E“*Eh chis
: m mpACE I~ f vl Z‘Q\J Pl vy )]r1cn\l OA N \I\95

comer ci al E&NRP W...unu. of M A i s 3

01/ 68752 PEIFEERTAGE Table 1A (&34 o S g P pErcENT Of colCREN] ON
TOTAL SOL %" ,§!3§DDZ'W7§5|:Q covBanENr AR B O 2185 IEBRY 6707 1 O 0lo O
0.40 1.56 |ERPMBAE760 112 0 0 4 31 4 D6 0 00 HA Yox|wegR- 3016.123] 836540/ 0 0 O
0 POLARTHERXP#B018014 1.0 1.0 0]0 74 78 [1.990 | HBFFAIBCIAT-ICENC| 2518 § 0
1.05 1. 01 pAU8TIMHhparative sanpl e§ of2.80mer3 a sptod@ts (6B 1ANH 18383 P- 450
starch-oi | |Ad@4t'®d yans; 690 and [6954.83t arcl-®i[ @oafledy ygrnp anfl 1g83| G 75

yarns whi cpAare0 'S conmerci ally gvailgabl € Toom BB Trelgst|ri a5, | Ncg were

I
t
13
9

Il
1
|

al so eval upPEldRONIC g&dibgirson, 10.7 56 0 0 0 0
IGEPAL CA-630 ™% 0 0 | 474 1639 | 163 | 6.44
VERSAMID 140 7 4.8 48 0 0 0 0
ALKAMULS EL-719 ™ 0 0 0 0 163 | 6.44
KESSCO PEG 600 ™ 0 0 0 0 079 | 3.11
MACOL NP-6 11° 36 36 | 474 | 6.39 0 0

¥ RD-847A polyester resin which is commercially available from Borden Chemicals of
Columbus, Ohio.
*® DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer
Corp. of Pittsburgh, Pennsylvania.
 EPI-REZ® 3522-W-66 which is commercially available from Shell Chemical Co. of Houston,
Texas.
:2" EPON 826 which is commercially available from Shell Chemical of Houston, Texas.

" PVP K-30 polyviny! pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey.
192 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.
'® A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporation of Tarrytown, New York.
'* A-1100 amino-functional organo silane coupling agent which is commercially available from
(gg( Witco Corporation of Tarrytown, New York.
K I?LURONICTM F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
?o\éaulable from BASF Corporation of Parsippany, New Jersey.

IGEPAL CA-830 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.
1% ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc.
1% KESSCO PEG 600 polyethylene glycol monolaurate ester, which is commercially available
from Stepan Company of Chicago, lllinois.

110 MACOL NP-6 nonylphenol surfactant which is commercially available from BASF of
Parsippany, New Jersey.
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three Conparative Sanples X1, X2 and X3, each coated with the sane aqueous
formng conposition X set forth in Table 1 B below, were al so tested.

Conpar at i g o138/l € X1 had 2.5 weight percent solids. Comai@tdoyRseegnPl € X2
had 4.9 weight percent solids and was air dried for about ours at 25
Conparative Sanple X3 10 had 4.6 wei ght percent solids. EIVERY(r) 6717
partially am dated pol yethylene imne which is commercially avail able from
Cogni s Corporation of Cncinnati, Chio. 112 EMERY(r) 6760 | ubricant which
is comrercially avail able Cognis Corporation of C ncinnati, Ohio. 13
POLYOX WBR- 301 pol y(ethyl ene oxide) which is commercially available from

Uni on Carbide Corp. of Danbury, E‘ﬁégﬂegéicut, 114 POLARTHERM r) PT 160
boron nitride powder particles, c rcially avail abl e

fom Advarfeed Ceramcs Cor por al T qyelGIFRERERT CROOMBONENTASNHOTAL

NI TRI DE RHLEASECOAT- CONC 25 boron nitride partgglipg BArS@queous di spef si on

whi ch i s dommerciatty avartabtefirommZYP—Coat n%;.\M of Cak R ug ;
Tennessee. n_’ﬁl\ﬁél S 2—PCT dSG]./POSG':-‘r Tab DS"\EI GEPERCENTF
COVPONENT == HBS—BASHST—COPONEN C"I‘V’PE DG d-7AA—1-1 20
DESMOPHEN Z/' s—A-—21871812 Qo A 17/'q° L LL(,: OG- F--1 8{%‘\2@ 10.9
VERSAM D 1128VERY DZS “MACOL_NP-6122 8 & Drgvnx4\ RIAP 1230 gl T yhrns
of Sanpl e RO QR NVPRB0 0 par at i e B8l ds Qerde Bvaludted 1 & 0s® oh

i gni tion (lLF@AA%TidEBMrPTé@O Ehnpatli bi1.0ty [(AG [Dr8g) [udl nd T4&8"ai 1-00¢e}
Transport |REURABEFCOATEONBLE 'Wetlhod 0di squsGed 4B6ve 1.0 detdl | .| Eath jarn
sanple was fed at a rate of 274 neters (300 yards) per mnute through a

Sul zer Ruti needtemparativecdanifas bconithércidbprdudle 6304Ad 635 00450 hichlbilhad an
coated yarns; 690 and 695 starch-oil coated yarns and 1383 G-75 yarns which are

5 commercially available from PPG Industries, Inc. were also evaluated. In addition,
three Comparative Samples X1, X2 and X3, each coated with the same aqueous
forming composition X set forth in Table 1B below, were also tested. Comparative
Sample X1 had 2.5 weight percent solids. Comparative Sample X2 had 4.9 weight
percent solids 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.

"2 EMERY® 6760 lubricant which is commercially available Cognis Corporation of Cincinnati,
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 commercially available
from.Advanced Ceramics Corporation of Lakewood, Ohio.

> 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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loss on ignition (LOI) and air jet compatibility (Air Drag) using the “Air Jet Transport

5

Drag Force™ Test Method discussed above in detail.

Each yarn sample was fed at a rate of 274 meters (300 yards) per minute
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 (commercially available from Sulzer Ruti of

10

Spartanburg, North Carolina) at an air pressure of 310 kiloPascals (45 pounds per

square inch) gauge. A tensiometer was positioned in contact with the yarn at a

position prior to the yarn entering the air jet nozzle. The tensiometer provided

measurements of the gram force (drag force) exerted upon each yarn sample by the

1% RD-847A polyester resin which is commercially available from Borden Chemicals of
Columbus, Ohio.
"7 DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer
Corp. of Pittsburgh, Pennsylvania.

18 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.

"9 A-174 gamma-methacryloxypropyitrimethoxysilane which is commercially available from
CK Witco Corporation of Tarrytown, New York.

2 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

2! VERSAMID 140 polyamide which is commercially available from Cognis Corp. of
Cincinnati, Ohio.
2 MACOL NP-6 nonylphenol surfactant which is commercially avaitable from BASF of
Parsippany, New Jersey.
2 POLYOX WSR-301 poly(ethylene oxide) which is commercially available from Union
Carbide Corp. of Danbury, Connecticut.
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C D-450 0.52 37.33 278,582 D D450 0.40 47.1 351,493 E G 75 0.35 79.3
119,789 F G 75 0.35 83.2 125,680 Conparative Sanples 631* D-450 1.6 21.45
160, 075 &3 1/68v450 1.3 38.1 284,328 690* G 75 1.0 108. 23 46GK0tdskss 695*
G 75 1.0 100.46 151,752 1383 G75 0.75 14.47 21,858 X1 G 75 0.33 36.4
54,985 X2 G 75 0.75 19.0 28,701 X3 D450 1.37 12.04 89,851 Ch; D 450
1.59 9.00 67,164 Dh, D450 1.66 10.43 77,836 5 * Coated with starch-oil
sizing formul ations. As shown in Table 1 C above, each of the yarns A-F
coated with polynmeric matrix material conpatible sizing conpositions
according to the present invention had Air Jet Transport Drag Val ues
great er thaair Jiaf)ﬁs ﬂ)ﬁ&es;@’chye ydre satrplechasoplliediinte theldlr jpbnoezie i Eiesstvalued's,

whi ch are gener{a\ Hé %a:orrﬁg e?(l?e with the polyneric matrix materials

di scussed aHEFEt ORAD Apble Minsport Drag Val ues greater than 100, 000.
Sanmpl e yarns Ch; and Dh;, which had polyneric matrix conpati bl e coati ngs,
had Air Jet Transport Drag Val ues | ess than 100, 000 because of high
coating levels on the yarns, i.e., ITgble i ignition greater than 1.5%

whi ch 1 nhi | [Gf[(§1) :L(:Dré 81’_; Tt IAFLJFPT nHart 1€
yarn by tf nat e 02 | Cd
(styl e pananeters d| scussed jabove) wgre for Pﬁesar $anpl e
B and Sanple Bvac -99 WO 01/(8752 PCJ/ USO1/ 08684 G 75 ya Cg?a Cusded
above), r¢ | of —dach_{-abre—ganplewere— d
with a FR- resin Qy':f em. of QN '17570- A5913§pnvw r _g_m‘,l_%’ ‘4 y
avai | abl e |fB om Shell Cheni cal| Cdéi@ny lof0-8Rust an 84Rxas)l  di 8488 ani de,
2-met hyl i fiBlazol e and DOWANOL| PNBgBycdl ®8hed (cdBrcidlly ¥A88%pl elfrom
5 The Dow|GCheni cal Co. of M dl afd45M dhi®ad) |t o Bd:Bdh | arfi nat 283,582

D D-450 0.40 47.1 351,493

E G-75 0.35 79.3 119,789

F G-75 0.35 83.2 125,680

Comparative Samples

631* D-450 1.6 21.45 160,075

633* D-450 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-75 0.33 36.4 54,985

X2 G-75 0.75 19.0 28,701

X3 D-450 1.37 12.04 89,851

Cui D-450 1.59 9.00 67,164

Dy : D-450 1.66 10.43 : 77,836

5 * Coated with starch-oil sizing formulations.

As shown in Table 1C above, each of the yarns A-F coated with polymeric
matrix material compatible sizing compositions aécording 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 incompatible with the polymeric matrix
materials discussed above, had Air Jet Transport Drag Values greater than 100,000.
Sample yarns 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
yarns, i.e., loss on ignition greater than 1.5%, which inhibited separation of the

15 fibers, or filamentization, of the yarn 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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Each | am nate was evaluated for flexural strength (maxi numfailure stress)
testing according to ASTM D-790 and | PC-TM 650 Test Met hods Manual of the
I nstit ut eylpfycher connecting and Packaging El ectronics (W%@ 861;994)
(which are specifically incorporated by reference herein) w nmet al

cl addi ng conpletely 10 renoved by etching according to section 3.8.2.4 of
| PC-4101 and for interlamnar shear strength (short beam shear strength)
using a 15.9 mllineter (5/8th inch) span and crosshead speed of 1.27
mllinmeters (0.05 inches) per mnute aCﬁOI‘dI ng Er(r)] ASTI\/: {}234?, t\r/]vglsgh are
S ecificall cor ated by reference herein. e results o

e\F/)aI uati ons %’ g?ﬁﬁsquﬁseﬂaﬂ%’el resnestivaly- EIQhM'ESQanQDgfshﬁ@‘ﬁammewege al I
Strength Fl waédbmﬁlwm h EySteR r Bp RS inBRlayl 252! o
Psi Pgscal S psi 4.9 x 10?@15 %E@ﬁﬁ%ﬁ(yf% 3 f‘fﬂ& Bvac
5.0 X 106 72@1‘9*312 fwnksmem@h@nsemmarw @Kl-[mstoﬁﬁ'ﬂ?(a[s)ﬁgfcyén&amdb%6 6I22§QBzaﬁd
x 1010 3360 36

Bvac prepargg%etlﬁyélﬁ}l ? @H:‘ Ei'w?@ﬂ?”ﬁ&@‘ﬁ‘{ fcgmrﬂ%{rala a‘ﬁ’éP&FI ral

st rengt h5an'ﬂh¢1Bdethenvealtﬁkzs oamulemdrercanganx(b ﬁ)hﬁﬂémlheﬁﬁm shlear st 2: gnglt Qs\évhen
conpared to | am Ies rch-oil coa

fi [)ne)r yarn. Sarrpllegéhel Haaﬁéﬂ&@%ﬁgi? ?"\’f@ B’é&“%gmafﬁ'ﬂ"g(itr e al so

eval uat ed ftestufgacfdbrdhﬁg foASEV D7 8 and/ IPTI TR- 65@rrﬁés@m&iod%%£mﬂ§nh9 each yarn
at arate of 274 meters (300 yards) per

?}?E‘Jli thro{'lhE‘“‘%ﬂ‘“ﬁe%’ﬁ“%ﬁ"\%@%am Blegtonies (lﬁé%ﬁmh%ﬂ@ﬂﬂ) hcase havi ng
a stati onarspe@tre@nvanwgéraw‘d byefiénd HeRdlhy W Rietal él%dauﬂg *&8@}) eyt er

ted, therebetween to displace the yarn 5 cent om-a straight
InFlrjlg pal® empves by gichingraceidingtasertianeh8. 2dbefi |B@34101'Hmd foii ihfedaminae i n force

62/ gg?‘g :DSCST%FS(S)tg/ (%Ggéh'art;%g {neﬁhieaﬁ]i)&l ﬁgﬂl& S-Egeasfgn%ﬁé' Zé/ﬁﬁ 'E%S&Hﬂrl' forces
to whi ch thRndeiesshiesd spegdbeft 27 oillimetgrs Mnc@swpa{mm?%@%coﬁmgg)dgﬁz nA and B
3 nd.. X eval ua or_ br
F T amante. CAs Y Co234 Sibuch 4fe sBRticaty PRbTntiias buReifghes Berein: e resuts
of these evaluations are shown in Table 1D below.

15
Table 1D
Sample Flexural Strength Flexural Modulus Short Beam Shear
Strength
Pascals psi Pascals Psi Pascals psi
B 4.9x10° 71534 | 2.4x 10" | 3465000 | 2.6 x 107 3742
Byac 5.0 x 10° 72215 | 2.4x10"™ | 3450600 | 2.5 x 107 3647
695 4.3x10° 62959 | 2.3x 10" | 3360800 | 2.3 x 107 3264

As shown in Table 1D, Laminate Samples B and B..c prepared according to

the pregent invention had higher flexural strength and modulus values and similar
20 short beam shear strength when compared to laminate samples prepared from 695
starch-oil coated glass fiber yarn.

Samples A and B and Comparative Samples 1383 and X1 were also
evaluated for Friction Force by applying a tension of 30 grams to each yarn sample
as the sample is pulled at a rate of 274 meters (300 yards) per minute through a pair

25  of conventional tension measurement devices having a stationary chrome post of
about 5 centimeters (2 inches) diameter mounted therebetween to displace the yarn
S 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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5 tension were applied to each test sanple as each test sanple was pulled
at arate of 0.46 neters (18 inches) per mnute for five m nutes through
an abrasi Qi f1%8¥4n0 apparatus. Two test runs of each sar’rﬁJC@rnlzg;a,(il/o8684
conparative sanple were evaluated and the average of the nunber of broken
filaments is reported in Table 1 E below. The abrasion tester consisted of
two parallel rows of steel reeds, each row being 10 positioned 1 inch apart
Each test yarn sanple 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 tesbigdnieoded th sipidatecttie friationalforces ta Whiok the yarn insubjestad dusingt h in a
di rection e direction of yarn travel at a rate of 240 cycles
per m nute.R'%‘%%gPe'taﬁo "Sanples A B Conparative Conparative Sanple No.
Sanpl e No. 1383 S&mpl@sikhinbﬁafrﬂr@c&n;ﬁqyathne@arﬁﬁleﬂm &hd2R1 @eBBalio Number of

tauten 2.0 1. in Tabl e 1E,
Sanpl es A aﬁ%ﬁ@e&mrtpﬁ%ﬁnﬁ §Hs agralsil%iegt%%\ggp %\MQ fi€ 9™ 9 ni ng
boron ni bri tspacrdiabpliddio Eagh EHS@S@rﬁblela@\ééﬁh it safplé vf/a@puua@ ab4 edte 'of
filaments and |l ow frictional force when conpared to the Conparative

Sanpl es. Ex@ifBeetersed8inches prr reiguis derdiyedmin teﬁﬁ@%%ﬁ"hf"gr%lﬂ' teglingh in Tabl e

2A vere mi XSﬁpérgtuszﬁ'vio(?céé‘f'rﬁﬁ&'@%hfs‘éﬁ{ﬂé”%o%&ﬁpém%%' éﬂl@ﬂérecév%ﬂ@téﬂ
according to the present invention and a Conparative In a simlar

manner to tBadths W%ewbem@@sokenﬂawtwregm ipdrblestEbele®84 t han
1 veight peﬁ'ﬁ?%ra% olczlatgﬁérl ?or{%ﬂs‘téha&g\évg Bgap*l@f ro%'oggfeeﬂ%ébé e‘%@ﬁ \Fﬁéaned In

each conposifion ormng Size I ons and F o
Tabl e 1A0i npositiened| kingh apdi(‘;’ad:ﬂl teatjy@mmpbtwasethmpd betWe@h tWalaUJac@ﬂ wer e

coated onto G .75..5 as |oe stran ac f the. formng,size

conposi ti on [e qsaggfﬂaﬁg%nwﬁ I szgwen threaged be% éen two adjacent reeds ogt
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 yarn 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) 247 | 18.3 23.9 38.1

Number of troken 2.0 1.0 3.8 1.0

filaments per yard of yarn

As shown ir Table 1E, Samples A and B, which are coated with sizing
compositions containing boron nitride according to the present invention, had few
20 broken filaments 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 form aqueous forming size compositions G and H according to the present invention

and a Comparative Sample Y in a similar manner to that discussed above. Less
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wei ght percent solids. Table 2A WEI GAT PERCENT OF COMPONENT ON TOTAL

SOLI DS BASI S SAVMPLES COVWONENT G H Conp. Sanple Y EPON 826124 16.12 63.54
60. 98 PVPwi§aR475 1.31 5.18 4.97 ALKAM U LS EL-719 126 1.53/&0ds@418

| GEPAL CA- 630127 1.63 6.44 6.18 KESSCO PEG 600128 0.79 3.11 2.98 A-187129
3.17 12.51 12.00 EMERY 6717130 0.40 1.56 1.50 PROTOLUBE HD 731 0 O 4.61
POLARTHERM PT 160132 0 O 0 RELEASECOAT- CONC 25133 74.78 1.00 0 124 EPON
826 which is comercially avail able from Shell Chem cal of Houston, Texas.
125 PVP K-30 polyvinyl pyrrolidone which is comercially available fromISP
Chemi cal s of Wayne, New Jersey. 126 ALKAMULS EL-719 pol yoxyet hyl at ed

veget abl e @idn Weight percertmiracaticaicldyorea titalatsight basiswartinalideddupaste. 127

| GEPAL CA- 630 et hoxyl ated octyl phenoxyet hanol which is comrercially

avai | abl e FPORPSHE" Cor porati on of Wayne, New Jersey. 1211 KESSCO PEG 600
pol yet hyl ene gl yeh ofieGlqasb@s ferming @lze cohipokitiorss EandErdfiTableyl Aainai | abl e

from St epan Conpany of Chicago, Il]lingis. -

gama- gl ycEXenpis bayd B Hand r?t&’ﬁg%‘?lﬁ y&ségé%wgﬁeaﬁq%eda%né? Pt e from
CK Wt 0 | T YorMNRY siterdempbsiiomsMidvietiveéiva angast i al |y
am dat egopc%o@gﬁﬁéé%gaﬁérﬁ' n%éd&hyﬁfwos cglrmerci a?lbl y avail able from Cognis
Cor por at i omweight @ereenhslids., Ohi 0. 131 PROTOLUBE HD hi gh density pol yet hyl ene
enul sion which is commercially available from Sybron Chem cal s of

Bi r m ngham New Jersey. 132 POLARTHERM r) PT 160 boron nitride powder
particles, which are comercially aviablet8A from Advanced Ceranics

Cor por ati on 0 ak-8wBoa—Ch-6- SRPAC—ROREP EREPE=RIECEASEEORTICONC 25
boron nitride particles in aqueous 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 '* 1.63 6.44 6.18
IGEPAL CA-630 '# 1.63 6.44 6.18
KESSCO PEG 600 ' 0.79 311 2.98
A-187 '® 3.17 12.51 12.00
EMERY 6717'° 0.40 1.56 1.50
PROTOLUBE HD ™' . 0 0 4.61
POLARTHERM PT 160 ™ 0 0 0
RELEASECOAT-CONC 25 74.78 1.00 0

124 EPON 826 which is commercially available from Shell Chemical of Houston, Texas.

125 pyp K-30 polyvinyl pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey.

128 ALKAMULS 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.

128 KESSCO PEG 600 polyethylene glycol monolaurate ester, which is commercially available
from Stepan Company of Chicago, lllinois.

129 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.

130 EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Cognis Corporation of Cincinnati, Ohio.

31 PROTOLUBE HD high density polyethylene emulsion which is commercially available from
Sybron Chemicals of Birmingham, New Jersey.

132 pOLARTHERM® PT 160 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.

133 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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di spersion which is cormmercially available from ZYP Coatings, Inc. of QCak
Ri dge, Tennessee. -102 WD 01/68752 PCT/ US01/ 08684 Each coated gl ass fi ber
strand wagygWeshgd to formyarn and wound onto bobbins in @ 1SidHhh@dss MeNNES
usi ng conventional tw sting equipnment. The yarns of Sanples F and H

exhi bited m nimal sizing shedding during twisting and the yarns of Sanples
E and G exhi bited severe sizing shedding during twisting. 5 The yans of
Sanpl es E-H and Conparative Sanple Y were evaluated for Air Drag in a
simlar manner to Exanple 1 above, except that the Air Drag val ues were
determ ned for two bobbin sanples at the pressures indicated in Table 2B.
Each yarn was &ashgaated dlass finerstrand wasrtiyistedio fpind ke and|wawed esther 1200

nmet ers of 84 041 L
oroken 111 SapAps e Sl TraRhe: g U BndBMing otibiefy M famder 2

| nt er nat i orSzim;iles:F anfl Hendribdted minifaésizing ahedding dyingdersting bad theeyaageofof
nmeasurenents c bobbi ns eac n..Tthe broken fil anent
val ues are s%%qg%@ﬂlsgﬁgretsmﬁﬁdg fu{'ﬁﬁl W'Stfﬂg’bbl n, 136 granms
(3/10 pgund) a”d’ h%@%nﬂi GFBanigiésLe-HantOdmpéaralios Bamplsoyiferd evaatdchier Birbbi n.

15 Each yarn was al so evaluated for Gate Tension ;@@Ang are set forth in
Tabl e 2B b&¥agin aa@IALMaERETdP EXpEIRIE.T Abevgnexiept tha LPRIRHUEENE o t he

Gate  Tensidafaridaqer iwd BEBbRY Briish &tns Br@sga#bemcmlﬁb@fzwamﬁ rom a
bobbin at 200 nmeters/mnute, threading the yarn roug2 a series of 8

paral | el caeemwes pyalgated fpr apa@sem\gmbﬁeowpkmﬂama@tﬁ peh &2@shinetess ok en

{11 amont s. = 208 M s L RDER BRRY Bioydie Ot DPURMERES el e o
BROKEN 1© F detddtaCowhich iﬁdmnvﬁm BERialETER S&kﬂhf@rr@ﬂomm wf Engiend.bobbi n
0-887 0. 241 Qe BLe RedO2nP ik WerdgdHh misdsddfnehihalidled BnRiH ibLMRs BpO O 017

greater
each yarn. The broken fitament 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 yarn 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 sample of yarn from a bobbin at 200
meters/minute, threading the yarn through a series of 8 parallel ceramic pins and
passing the yarn through the Shirley broken filament detector discussed above to

20 count the number of broken filaments.
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272 grans (6/9D pound) 0.676 0.030 greater 0.101 0.192 than 10 GATE
TENSI ON (nunber of hairs per neter) Gate 2 - 0.039 - 0.0235 0.721 Gate 3
- 0.025 -w A48 571 Gate 4 - 0.0125 - 0.068 0.4795 GatIQ:T%SOI)gs(QJ,S -
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 - 114.740 -
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 - IBEBAEB18 950 50 psi Bobbin 1 - 17.510

- 19.280 pZ#r0—SBopbrm 22—t 730—1#-000 QU.S‘ |§5 psT—Botbrm1——39. 570
- 23. 350 Po350 ““'“'“iB“ 2 9660 202562658 qul ts
present edfi fo ﬁdl C hat | Sanpl es | E- H'g) t he
present i ly highe abrasi dn resisfance than a
Conpar at i j Bl i eved fihat- thede results sive
since it]is bl {APeRERhar a ol Q& hy | erfe24tul sg@ﬁt%ﬁmc%@ﬁ of G2
Conparatife Sanple Y___which was not present inth@8dfl ¢s F-H_¢ontribufed to
abr asi ve pr dgeeraness (3410 povnd) yar 0.856104 AL/ bsgleatﬁgcr/ GRS 08684320
an
272 grams (6/10 pound) 0.676 0.030 greater 0.101 0.192
than 10
GATE TENSION (number
of hairs per meter) :
Gate 2 - 0.039 - 0.0235 0.721
Gate 3 - 0.025 - 0.028 0.571
Gate 4 - 0.0125 - 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 present 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
yarn.
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EXAMPLE 3 Each of the conponents in the anmounts set forth in Table 3A were
m xed to form aqueous form ng size conpositions K through N according to
the pres A/dgMention. Each aqueous form ng size conposigdiiko\agsskr epar ed
in a simlar 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 aqueous form ng size conpositions of Table 3A was coated onto 2G 18
E-glass fiber strands. Each of the form ng size conpositions had 10 wei ght
10 percent solids. Table 3A VEI GHT PERCENT OF COVPONENT ON TOTAL SOLI DS
BASI S SAMPLES COMPONENT K L M N Conparative Sanple Z thernoplastic

pol yurethane film 34.4 34.2 33.4 31.35 34.5 formng polymer'

t hermopl astic pol yurethane film 51.pf5ykipgedP- 18 46.9 51.7 formng

pol yner 131 pol yoxyal kyl ene pol yol coporymer 0.3 0.3 0.3 0.3 0.33
epoxi di zed pol ye%@'ﬂo thigrdogypanents n theanfoudtseses forth, i TablgedAmemmixeg twpy| 2. 7

.7 2.7 2.5 7 | | ' -ur.ei dopropyl 3.3 3.3
52 3.0 3. o bl BRG] AR K PO N o R Br BRE o 11 ane
0.1 0.1 ©. lirgentich ]Ebchcamupbmm@rm'g\grsizemaﬁ)wﬁsWre;gizja_l'ﬂ_ﬁmﬂarhlénr%r?- 9

) I I gniti 0 .11.1.14 1. 1.0 A7, ernopl.astic
go Ilygst e?-s Eé‘g@g{ %gﬁf:ﬁggﬁﬁ‘ﬁ?e ]]?f(fﬁ S &’ﬁ@?‘gf’?{ﬁerﬁé\% PRJicas'd,n 2 Eatel vegightys
ani oni ¢ par basis was olugied imaadh edrapdsitin. of about 2 microneters, a pHof 7.5
and a viscosity af 40 centi poj se, éB_rookfieI_ql LVF)_at 25C 135
Ther nopl asti ¢ po&?@%f’&"?lﬁggﬁ $8IMGine &28 SABPLSt T@olenth wrsROEI PR a
solids cont QGT-183E-glag.3 fIBEF SRMdSs. E?clgf)f e tidPsiBd EoRYSIRAE HBA"!idightS! 2@

rangi ng_from about 0.8 to about
percent solids.

Table 3A
WEIGHT PERCENT OF COMPONENT ON
TOTAL SOLIDS BASIS
SAMPLES
COMPONENT K L M N Comparative
Sample Z

thermoplastic polyurethane film- 34.4 34.2 33.4 | 31.35 34.5
forming polymer'*
thermoplastic polyurethane film- 51.5 51.2 50.18 | 46.9 51.7
forming polymer'®®
polyoxyalkylene polyol copolymer 0.3 0.3 0.3 0.3 0.33
epoxidized polyester lubricant 7.2 7.1 7.0 6.55 7.22
gamma-aminopropyl 2.7 2.7 2.7 25 2.76
triethoxysilane coupling agent
gamma-ureidopropyl 3.3 3.3 3.2 3.0 3.34
triethoxysilane coupling agent i
amino-functional organo silane 0.1 0.1 0.1 0.1 0.14
coupling agent
RELEASECOAT-CONC 25 ' 0.1 1.0 2.9 9.1 0
loss on ignition (%) 1.1 1.14 1.05 1.08 1.17

‘“-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
centipoise (Brookfield LVF) at 25°C.

'35 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.

‘3.5 ORRAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride particles in agueous
dispersion which is commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

-105-



m croneters. 136 ORPAC BORON NI TRI DE RELEASECOAT- CONC 25 boron nitride
particles in aqueous dispersion which is comrercially available from ZYP
Coat i ngs, wlg\fises®h Oak Ridge, Tennessee. -105 WO 01/68752 &qtﬁ%dgggfj898684
Conposi te sanpl es of each of the above coated gl ass fiber sanples and the
Conparative Sanple Z were extrusion nolded at 270C for 48 seconds at 7 MPa
(975 psi) to produce 254 x 254 x 3.175 mllinmeters (10 x 10 x 0.125 inches)
pl aques. 5 Each specinen was evaluated for: tensile strength, tensile

el ongation and tensile nodul us according to ASTM Met hod D 638M fl exur al
strength and flexural nodulus according to ASTM Met hod D 790; and not ched
and unnotched |zod inpact strength according to ASTM Met hod D- 256 at the
gl ass contents speEPpsitessasenlenol eagh|of thembere Seqted alame fibersiamplesoinditbet s

conducted o v, mat ri x
resin. TABLEO%%%FEET étjtht%ge %ﬁtdg%lnlﬂjr%oe@a% 6[&? ‘%%Qfensﬁ}e Ig{:‘rgengt h
kpsi 27.1 2Q@76 1) t@p@ﬂude 284 2 25NR:£.1]7£56nHlmiélérs$1lo 188 X271 2588 closs) pRquées
Tensile Elo L.on. % 3. 3.,37 6,3.42 3.3 Tensi Modul u 1.48
1.55 1. 45 JEgA ﬁp‘%ﬂ‘(‘%ﬂﬂﬂ 18val tﬁgﬁrib?“fﬁ%?‘éerﬁé?’ienﬁﬂ? 819993?%@%5?@ kpsi
44.6 46.3 4mmodulds abeotding to NBIMANEthd BILEBSM; JibRural s'iﬂe?lgﬁ': é}Qﬁﬂe‘kuEI meduRk
Modul us npsi 10.6 10.6 notched

1.5 GPa 10.5 10.
| ZOD ft | bf F?ﬁ?"i"%é’ ‘g&é& "ietbﬁd % -19%. ?L"CiBOfgh‘?Pp%r& Uﬂ@?ﬁﬁ?ediz@bmasf@tr@nm 6.91

4.92 unnot §$&¢dlh@@$TM|hbétﬁb@D22%686t%@a?slcoht@@s gpe%%reg beidW)aCt kJ/ne 92.43
97.10 89.46 86.92 28 d ass content 32.4 32.3 32.4
Table 3B presents the results of tests conducted on composites formed using

10 a conventional nylon 6,6 matrix resin.

TABLE 3B
Samples
units K L M N Comp.
Sample Z

Tensile Strength kpsi 271 27.6 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 10.7 10.1 9.9 10.4

Flexural Strength kpsi 44.6 46.3 45.7 45.5 440
MPa 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 1IZOD ft Ibf/in 1.86 2.24 1.94 1.63 1.16

Impact :
kJ/m? 7.89 9.50 8.23 6.91 4.92
unnotched 1IZOD ft Ibdin 21.8 22.9 21.1 20.5 22.0
Impact

kJ/m? 92.43 97.10 89.46 86.92 93.28

Glass content % 32.9 326 32.4 32.3 32.4

As shown in Table 3B, glass fiber strands coated with boron nitride particles
15 (Samples K-N) according to the present invention exhibit improved tensile strength
and notched Izod impact properties and similar tensile elongation and modulus,
flexural strength and modulus and unnotched Izod impact properties when compared
to 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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As shown in Table 3B, glass fiber strands coated wth boron nitride
particles 15 (Sanples K-N) according to the present invention exhibit

| mpr oved %\@ﬂ)ﬁ%%zﬁ rength and notched |zod inpact propertlicq,;sU@@,qs@hm | ar
tensile elongation and nodul us, flexural strength and nodul us and

unnot ched | zod i npact properties when conpared to a conparative sanple
havi ng sim |l ar conponents which did not contain boron nitride in nylon 6,6
rei nforcenent. Wen eval uated using nylon 6 resin under simlar -106 WO
01/ 68752 PCT/ USO1/ 08684 conditions, the inprovenents in tensile strength
and notched |z act properties were not observed. EXAMPLE 4 5 Each of
t he corrponeﬁ?réa)tfq‘f'st g '@H&Xﬁ&“@é’t’ tensile sirgngthrang eotghed\zpd impagct grapertiesor m
aqueous f or @eROndtiobSerw8gpPOsSi tions P through S according to the present

i nvention. Each aqueous form ng size conposition was prepared in a simlar
manner to that discussed above. Less than 1 weight percent of acetic acid
on a total weight basis was incl Udﬁﬁ%@ﬁgﬁﬁh conposition. 10 Each of the
aqueous form ng size conpositions o A was coated onto G 31 E-gl ass
fi ber stbPands. Eksth oftheitcemponertsin the amonnisses fdrthdn TabladiAlWeremhighd to per cent
solids. Tab] I PERCENT ENT TOTAL .SCLI DS BASI S
SAMPLES cov@?ﬂ%%‘r’%%@g %e@msﬂaf@e? %SP@OSI&H%’H‘Q‘WP%EFPFSF?W@ 23 28 75
28.75 23 pmwmtmnmachraquemw famhmg sﬁelcysmpeﬁnh@ﬂﬁaé p.‘dpafémma%n% rfehrfes- 1

43.1 34.45 ﬁt\éérerm \)/ ryl'te | ene pol yner 0.27 0.27 0. 22
epoxi di zed }5}}9 c&ss? beveartess thangl weigh e!ic%‘t °g§?ﬁ§'ﬁ-a§\%%t%§iwelgbt84 2.3
2.3 1.84 tbiss Waxirideath easnidniibs@eRNt ganma- urei dopropyl 2.22 2.78 2.78

2.22 t{bethoxy5|lane coupl i ng agent
Each of the aqueous forming 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 28.75 28.75 23
polymer'¥

{ thermoplastic polyurethane film-forming 34.45 431 43.1 34.45
polymer'®
polyoxyalkylene polyol copolymer 0.22 0.27 0.27 0.22
epoxidized polyester lubricant 4.8 6.0 6.0 4.8
gamma-aminopropyl 1.84 2.3 23 1.84
triethoxysilane coupling agent
gamma-ureidopropyl 2.22 2,78 2.78 2.22
triethoxysilane coupling agent
amino-functional organo silane 0.1 0.12 0.12 0.1
coupling agent
POLARTHERM PT 160 ™ 33.3. 16.7 0 0

7 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

centipoise (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.

13 POLARTHERM® PT 160 boron nitride powder particles, which are commercially available

from Advanced Ceramics Corporation of Lakewood, Ohio.
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am no-functional organo silane 0.1 0.12 0.12 0.1 coupling agent POLARTHERM
PT 160139 33.3, 16.7 0 O 137 Thernopl asti c pol yester-based pol yur et hane
aqueous e qle@fshavi ng 65 percent solids, anionic parti qlq,cddosRs
particle size of about 2 mcroneters, a pHof 7.5 and a viscosity of 400
centi poi se (Brookfield LVF) at 25C. 138 Thernopl astic pol yester-based

pol yur et hane aqueous di spersion having a solids content of 62 percent, pH
of about 10 and average particle size ranging fromabout 0.8 to about 2.5

m croneters. 139 POLARTHERM r) PT 160 boron nitride powder particles, which
are conmercially available from Advanced Ceram cs Corporation of Lakewood,
Ohio. -107 WD 01/ 68752 PCT/ Uso1/ odable 4A{gent'dh ( PERCENT OF
COVPONENT , PO . = 003
140 0 0 1d
sanpl es of
Conparati \

X 5 400 » - -t
condi ti ong VANTALG 2
t

praodude 400

7 g\ r
C E.?gEN\I@ x—16_x pl gque® under $he
XY 03 Exanple 3 ahové  Fhch lspecPnen |wad6dvalluad®a flor:

tensile stlrength_tensjle elongation,ltensild nodul us,| notched and

unnot ched | 19ss@n igpitien (%) rength_as  di stus352 i|n Ex8fpl & 30&80ve a0.64hq

gl ass contents specified below. The color tests were performed on

conposi t es havi nQorapbsitecdangses affeadh b7 fhe abdvetbatbdnlass Sbérldaphpididhd RAd a

di amet er of gG. 2 ﬁ\ Iéi rre{egs ](:’ﬁlé‘%hgs) usi neg(ga Hunter colorineter Model
D25- PC2A. 1o ROARHYG BamRles plala BPRYF weredugipn Malded tomiediise 40P IXow t est s
wer e corgluc4onsk RS mifiFters (98 x 9B XD il ' &m@ﬂ j ght een
I nches Ionﬁggcﬁimg d a seve(nt )éen i nch ld%ﬁfgpggég%ﬁgqéat t tan%"g%tfgﬁﬁ a two

i nch openi BbRves tRachispesimenavas qyaluatask far: densde dtremgsh ttensilewas
recor ded 1%1éyatidR), teRsiRAodiusS ABRhEd ' ghe funnel.
The PD- 104 t eﬁsq eval uat es tLF'Ié pieablgstgm;}lgéﬁ%{;he{cﬁé%%ﬁtﬁg%?é@ﬁgﬁs fi ber sanple
to fil amentdi¥qusped igiExample 3 above at the glass contents specified below.
The color tests were performed on composites having a thickness 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 resistance of the chopped glass fiber 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 Hamron 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 material was screened using No. 5 and No. 6 U.S. Standard
testing sieves. The weight percent of fuzz material collected on the screens as a
percentage of original 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.

140 VANTALC 20083 talc powder particles, which are commercially available from R.T.
Vanderbilt Company, Inc. of Norwalk, Connecticut.
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grans of sanple, 140 grans of an abrasive material (ground wal nut shel
particles No. 6/10 which are comrercially availabge from Hammon Produrts 4
Conpany) @ifh onventional foamtype antistatic dryer shretydehssgnc! ose
|nng 4y?|ter]§?§?nless 20 steel beaker and vibrated using a Red Devil paint
shaker Model 5400E3 for six mnutes. The vibrated material was screened
using No. 5 and No. 6 U S. Standard testing sieves. The weight percent of
fuzz material collected on the screens as a percentage of original sanple
is reported bel ow. Table 48 presents the results of tests conducted on
conposi tes fornmed using 25 Sanples P-S and Conparative Sanple Z using
nylon 6,6 matri x resin. 140 VANTALC 2003 tal c powder particles, which are

commercially available fromR T. Vapg [ Conmpany, Inc. of Norwalk,
Connecticut. -108 WD 01/68752 PCT/ U TABLE 4B Sanrpl e _units PQR
S Conp. Sanple Z Tensile| Strength kpsi 29.5 28. 6Sawplé 27. 7 29. 6 M ph
203.5 197.p 197.9 191.0 2P4. dnitsTenst e Elfongatijon go 3.]03 g 07 D7
3.01 Tensjle Mdulus kps| 1866 1779 172Q 1741 (1748 Gda 12. 84 %aé 1|l 86
12.0 12, 05 TOEBRENGRCD [T W 11| 2739 1 SR el a7 7823728 i wp e
AR AR I I Sl o 3o M T T MM LM PP i
0780 0. 61 %ﬁ—%g o0 "on 18y ouly 308 1 305 41,288 T 2ar " o301 ol onds
13.8 15.2 10_%"% tf§ 0 \I\Ihkpgn egs 1r8t$:p 17@1 -117;0() - 1744 | 18 1%48 13 2
Yel | ownessblndex.40.0 37 5 Aqu A7 12& d 12.26 11.86 12.0 12.05

notched 1ZOD ft Ib/in 2.10 1.96 1.94 1.78 |~ 226

Impact .

kJ/m? 8.90 8.31 8.23 7.55 9.58
unnotched 1ZOD ft Ib/in 24.9 23.4 22.8 22.2 26.4
Impact
kd/m? 105.58 | 99.22 | 96.67 | 94.13 111.94

Actual Loss on % 0.81 0.52 0.80 0.64 1.17

Ignition

PD 104 % 1.3 0.7 0.1 1.4 0.1

Funnel Flow seconds 13.8 15.2 15.4 23.5 13.0

Whiteness Index -15.1 -12.0 -17.6 -18.5 -18.2

Yellowness Index 40.0 37.5 42.5 43.4 43.6

Glass content % 33.30 33 32.90 31.70 33.80

As shown in Table 4B, glass fiber strands coated with boron nitride particles
5 (Samples P-S) according to the present invention exhibit improved whiteness and
yellowness and similar tensile strength, elongation and modulus, flexural strength
and modulus, and notched and unnotched Izod impact properties when compared to
a Comparative Sample Z having similar components which did not contain boron
nitride in nylon 6,6 reinforcement.

10
EXAMPLE 5

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 forming size composition was prepared in a similar manner to that

15 discussed above. Less than about 1 weight percent of acetic acid on a total weight
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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G ass content % 33.30 33 32.90 31.70 33.80 As shown in Table 4B, gl ass
fiber strands coated with boron nitride particles 5 (Sanples P-95)

accor di ngwlgiléd®s,pr esent invention exhibit inproved white 3684
yel l owness and simlar 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 simlar conponents which
did not contain boron nitride in nylon 6,6 reinforcenent. 10 EXAMPLE 5
Each of the conponents in the ambunts set forth in Table 5 were mxed to
form aqueous form ng_size conpositions_T and U according to the present

i nventi on. Cemparative 8ampleidiasidisgusseddn Jablec4 efi Foramplas 3 ghd prreated helaw)si ni | ar
manner to t 6 BGHSH o»gfe dissssik DR hed of& ey of
acetic aci d&’gﬂng iﬁ? o?’gl vve?glﬁ?rp as‘fs vvas"s in%gﬁﬁ ien oeagﬁ_mgglrrpo@ﬁgon.

Tabl e 5A prathickness tfc3. 1 Zxmillireeterfs (Wi inemawd a dianmetee pf TwA eul§metess B conduct ed
on conposi t; ‘ ' TR C 09 WO 01/68752 PCT/ US01/ 08684
Conpar ative'ﬁ@ééﬁgpg'ﬁga%ﬂ%ics%cuss%%'\l]_%d#g%r%ceb ‘of Exanple 3 and repeated
bel ow) ®ising nylon 6,6 matrix resin. The color tests were performed on
conposites having a thickness of 3.1 5blm limeters (1/8 inch) and a
dianeter of 76.2 mllinmeters (3 inche ng a Hunter col orineter Model

D25- PC2A. g Tante 5 VET GHT PERCENT OF QABGANPERCENT /OF BONEONERTBRASI S
SAMPLES COVHONENT T U Conparative Sanple ZQN hm@@gbb@mgyur et hane
film 31.35 P8-75—34-5—formmg potymert4t—tmer lluglAWHjuEtsl potyuretitape film
46.9 43.1 51— f""ﬂ’b‘"" el +42—pot 'ny:'al fy-erepot 30.Cb0“alt‘¥;ﬁﬁf 0.3
0.27 0.3 epoxidi zed r%f"@'go e 1ubricaht 6.55|6.0 7. 22| >~omparaive
Sample Z

thermoplastic polyurethane film- 31.35 28.75 34.5

forming polymer'!

thermoplastie polyurethane film- 46.9 431 51.7

forming polymer'#

polyoxyalkylene polyol copolymer 0.3 0.27 0.3

epoxidized polyester lubricant 6.55 6.0 7.22

gamma-aminopropyl 2.5 2.3 2.76

triethoxysilane coupling agent

gamma-ureidopropyl 3.0 2.78 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 39.3 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,
10 had lower whiteness indices in nylon 6,6 than a Comparative Sample Z of a similar

formulation which did not include boron nitride.

! 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
centipoise (Brookfield LVF) at 25°C.

2 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.

> 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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gamma- am nopropyl 2.5 2.3 2.76 triethoxysilane coupling agent
gamma- ur ei dopropyl 3.0 2.78 3.34 triethoxysilane coupling agent

am no- f ungld AR@¥s,0rgano silane 0.1 0.12 0.14 coupling ag%Qﬁnmoumm&t
RELEASECOAT- CONC 25 143 9.1 16.7 0 Wi teness index -16.3 -15.0 -20.
Yel | owness I ndex 39.3 38.1. 42.7 As is shown in Table 5, Sanples T and U,
each coated with a sizing conposition containing boron nitride particles
according to the present invention, 10 had | ower whiteness indices in
nylon 6,6 than a Conparative Sanple Z of a simlar fornulation which did
not include boron nitride. 141 Thernopl asti c pol yester-based pol yuret hane
aqueous enul si on having 65 percent &XRAMBLE 6ani onic particle charge,

Cant i poi se. ( Br ookPF BB IAPFHO G Ehecid: idgBd Gss FOGH Aol WRERT 1Y 20,

pol yur et haneorameRig adiikpRy fror PPGHOStries, 96¢. ) wierecstartked to fairm maplmwglt , pH
of about 10 and average particle size ran mg ﬁrog ﬁbout 0.8 to about 2.5

ni cr omet er s2 sydap OB ARHAOTAMSREHSARRE Negs BS?%’r'l’aFﬁ tride
particleg 'faoaqqﬁe%%ckrféb%?é@dmm ¢hs DS naMABRIGS (aboly1 Meh).| Pdlreight-om ZYP
Coatings, Inc. of Ri dge, Tennessee. -1 10 WO 01/68752 PCT/ US01/ 08684

EXAMPLE G Finol@sqlaayesgmalesm@eﬂwmm%dﬁ%q@m@éﬁt@eﬁ@?|Cb(9b°Hht, whi ch
i's commer cjds ¥)S %ngkgsefnﬁglméﬂpféﬁ@gﬂﬁngﬁ onért€ fromWRE Eaﬁkl@%.ked to form

a mat having a er square nete about 15
ounces per squar Twbd uhomiteéd sé’rhple&; Wewumiasodonamatlvsaampewmorﬁﬁarmivel i meters

bout 1 ingh). F i ght- 1nch | f t hi he dt
L enper at LramBesgadhe o e SEReRRS AT RY e Te doaky rld PR feEia"C °
si zing tvorrp@frhﬁﬂé ebngpbéth@ c@mmt kiti6n ca'mmg?@&ﬂﬁmﬂl&mhesmt BORONaS
conparati ve_sa at | e er
(" ggrrpl e x'N nt %’ﬁ ’E‘F ng,ght %Qrﬁ%ﬂttporwlgtpe 5%5%3% coati ng

conposition ids@r B
REL EASECOAT: %‘3?@&'&‘) R c|“§2="°.“§*’§§f

A-187 gamma—glycndoxypropyltnmethoxysnlane The total sollds 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 thermal

resistance in air at temperatures of 300K (about 70°F) according to ASTM Method

20 C-177, which is specifically incorporated by reference herein. The values for thermal

conductivity and thermal resistance for each sample are set forth in Table 6 below.

Table 6
Sample
X Comp. Sample

Thickness (inches) 1.09 1.0

(centimeters) 2,77 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
Watts per meter K 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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aqueous dispersion) and 150 mlliliters of a 5 weight percent aqueous
solution of A-187 gamma- gl yci doxypropyltrimethoxysilane. The total solids
of the agygpAHRms7Hoating conmposition was 18.5 wei ght percefiorJdheogdgpunt of
boron nitride partlcl es 15 applied to each mat sanple was 120 grans. The
coated mat sanples were dried in air overnight at a tenperature of 25C and
heated in an oven at 150C for three hours. Each set of sanples was

eval uated for thermal conductivity and thernmal resistance in air at
tenperatures of 300K (about 70F) according to ASTM Method 20 C 177, which
I's specifically incorporated by reference herein. The values for thernmal

conductivity and_thermal resistance for each sanple are set forth in Table
6 below. Tabl e RefeHingIta Taed, Hie thermelicendutiviskateastemperatesI00K afithel . 0
(centi met ergit shmbple foatéd 3.41
Ther mal COﬂdUCtIVFIZ? oa'it uwlﬁﬁrgﬁﬁ{n%ﬂgpg éﬁ%‘eééﬁg‘%g'?‘ﬁ ﬁf%%%%é Watt s
per meter Kvas geatep ﬂ!}!mthe Mmamcndestlmy ahthe CGooparstiyecdamnple athiobRvasaiot BTU
2.92 3. 5 0.626 -111 WO 01/68752 PCT/ US01/ 08684
Ref erri ﬁ% to b‘ﬁ't%&(a[’ﬁ %%é?r?r%?&conductlw ty at a tenperature 300K of the
test sanple coated with boron nitride particles according to the present

I nvention was greater than the the'iE Mﬁuctivity of the Conparative
Sanpl e which was not 5 coated with tride particles. EXAVPLE 7

Fi | ament wound csilaivemt weghd 6ﬁ|ﬁ§@é‘dl E@ﬁpwﬁtreg Wr@?ﬁarfﬁﬁédf de?ﬁ%&ﬁPBE%?GO% G 75
yam coated With sizin 2 above and 1062 ?I ass ber yarn that

is 10 conmmefah 5pated ngsfzé{%l G of FZS"I’H‘P'P@ Jhoye andi1862 glage fibaryareipat isder s wer e
pr epar erd bycontHhérdiallp apaidble I PPES Indddifed, IR The/&fifsts Nt/ prepQ3LIby9 t he

yarn with the matriX
drawing eight ends of yarn from a yarn supply, coatlng the yarn with the matrix

materials set forth below, and filament winding the yarn into a cylindrical shape using
a conventional filament winding apparatus. Each of the cylinders was 12.7
centimeters (5 inches) high, had an internal diameter of 14.6 centimeters (5.75

1 5 inches) and a wall thickness of 0.635 centimeters (0.25 inches).

The matrix materials were a mixture of 100 parts EPON 880 epoxy resin
(commercially available from Shell Chemicai), 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 dimethy! amine

20 accelerator (commercially available from Ciba-Geigy). The filament wound cylinders
were cured for two hours at 100°C and then for three hours at 150°C.

The radial thermal diffusivity (thermal conductivity/(heat capacity x density))
of each test sample in air was determined by exposing one side of the cylinder wall
of the sample to a 6.4 kJ flash lamp and sensing the temperature 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. Thermal diffusivity values were also determined along a length

of the yarn (circumferential) and along a length or height of the cylinder (axial). The
test results are set forth below in Table 7.
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materials set forth below, and filanment winding the yarn into a cylindrical
shape using a conventional filanent w nding apparatus. Each of the
cylinder syps eh7%2/ centineters (5 inches) high, had an |qkqmﬁ@hmg%@neter
of 14.6 centineters (5.75 15 inches) and a wall thickness of O.

centinmeters (0.25 inches). The matrix materials were a m xture of 100 parts
EPON 880 epoxy resin (comercially available from Shell Chem cal), 80
parts AC-220J nethyl tetrahydro phthalic anhydride (conmercially avail able
from Anhydrides and Chem cals, Inc. of Newark, New Jersey), and 1 part
ARALDI TE(r) DY 062 benzyl dinethyl am ne 20 accel erator (comrercially

avail abl e from G ba- GE|gy) The fllaniﬂh_ﬂbund cyllnders ver e cured for

two hours atr+66€—eamd—then—ot +—450C +hef |

d| ff US| V| ty t hr\r rml pnnr{uhf i \u I//CEIQI:I rmpjmslyltylg‘ lIl >$§I al nl Ir;ﬁh t est
. - . 1 l

sanple in ai p—was determ ned Dy of th al | of

the sanple tphSamples k] flash |dnp Fhd senging P88 t enherat lp-ﬁg change on the
25 opposi t e gtempamtive8amalel  udi ng &3%CD grravoﬁﬁf rared can®Ph at al rate of
up to 2000 frames per second. Thermal diffusivity values were al so

det er mi ned al ongRefetringdb Tablef7, tr’reevatwem c(fctlherrmanﬂiﬁusivityifat thedesi sampleg a | engt h

or hei ght o the cylind ax t est ts are set forth below in
Table o - AnbhR GasRerE R Hral e og Y PorerpirEe armle Bet Bose L ¢

(nmme/ secy rcﬁﬁh;ﬁﬁrataﬂéls%hpré mmmwwﬁmloabtedwmmoeorom%eo Ay dhisifl thConpar at i ve
Sampl e 0.38 0.38 0.57 Refernngﬂto Tabl e 7, the values of thermnal

di f f usi vi t yilargentpundsytindes apd the sl samRig areadasted alg fastoss hakmay Baveint of
boron nitrijdflendegtHeResedditgn those of the 5 conparative sanple, which was
not coated with boron nitride. Air voids in the filament wound cylinder and
the smal|l sanple area tested are factors that may have influenced these
results. EXAMPLE 8 10 The coefficie (MPLé‘ rmal expansion in the
z-direction of a lamnate ("Z- CTE")m—‘e—across t he thickness of the

| ami nat®) was evBEleuteffitidnt of thamalaxpansiamiplties z-deactionad atlaminateg ei ght | ayers

im;] ggﬁpfgy&ﬁ Céﬁg)r g’S Q\grto%le &%ﬂg{ckr?%s%}?ggel I%ﬁ\llr}%ie w%vsaev%ﬁ)JaEe%qoy I%rrn?na éj I scussed

samples, each containing eight layers of 7628 style fabric prepared from samples of

.)-'_

=
‘4: &3

B..: coated yarn (discussed in Example 1) and 695 starch-oil coated yarns
(discussed in Example 1) (Control). The laminate was prepared using the FR-4

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 each laminate
sample at 288°C according to IPC Test Method 2.4.41. The results of the

evaluations are shown in Table 8 below.

20
Table 8
Sample Z-CTE (%)
Sample B, .1 4.10
Sample B,,.1 (retest) 4.41
Sample B,..2 4.06
Sample B,,.2 (retest) 4.28
Sample B,..3 4.17
Sample B,..3 (retest) 4,26
Control 1 5.0
Control 2 5.4
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(di scussed in Exanple 1) (Control). The |am nate was prepared using the
FR-4 15 epoxy resin discussed in Exanple 1 above and clad with copper
accor di ngwigyle8ss2 Test Method 2.4.41, which is specifical lpgq llfgq)%%ggat ed by
reference herein. The coefficient of thermal expansion in. t rection
was eval uated for each lamnate sanple at 288C according to | PC Test

Met hod 2.4.41. The results of the evaluations are shown in Table 8 bel ow.
20 Table 8 Sample Z-CTE (% Sanple Bvaol 4.10 Sanple Bvacl (retest) 4.41
Sanpl e Bvao2 4.06 Sanple Bvac2 (ret est) 4 28 Sarrpl e Bvac3 4.17 Sanple
Bvac3 (retest) 4. 26, Control 1 -113 WD 01/68752

PCT/ USO1/ 08684 S SRAWHD T#P‘erﬁbfpé'amm% ﬁamfﬁsma%@ seeAsdiag tothemgesant or di ng
to the presppéntionysetd e
z-direction of thefh:éarcr)lg ﬁg{eggﬁogsgéﬁfa!egtﬁ%gﬂﬁw%g& 'F(?' lﬁﬁﬂﬁ%ﬂn@ﬂat’eﬁg&é‘l and
2, whi ch welegs frasghesarfiGasntiobdamelear sind 2whichovare grapared frém mm:& 9 Each
of the conMp@in&stsy ydint he amounts set forth in Table 9A were mxed to form
agueous primary size corrp05| tions AA, BB and CC according to the present

i nventi od. Each aqueous prinmary sizing conposition was prepared in a
simlar 10 manner to that di SCUSSEdsé@E[:ﬁéess than 1 wei ght percent of
acetic acid on a total weight basi | uded in each conposition. Each

of the aqueous sEactm@ftheourppsmetritmah@émlsabtb@e%rtwm@em@vé?@mxéd' foers
formng G7 | ass fiber strands. Each of the coated glass fiber strands

was dried, \Wf‘ HEOYS PR SiZ& R MPasitions @/ RE and SCAISBIGI torihePEsant ar
manner usi Nigvertiovne Eack aglied Jﬁﬁr\aﬁﬁ s@ﬂﬂ'c@ﬁﬁ@&ntlo Wrgs pﬂe‘éa?&@f'lﬂ% éﬁﬂﬁéred wi th the
si zi ng fgﬁpOSl tions exhibited mnimal “sizing

manner to that discussed above. Less than 1 welght percent of acetic aC|d on a total

weight basis was included in each composition. Each of the aqueous sizing

compositions of Table 9A was coated onto fibers forming 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 manner using conventional twisting equipment. The
15 yarns coated with the sizing compositions exhibited minimal sizing shedding during

twisting.
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twisting. -114 WO 01/ 68752 PCT/ USO1/ 08684 Tabl e 9A WEI GAT PERCENT OF .
COVPONENT ON TOTAL SOLIDS BASIS SAMPLES COVPONENT AA BB CC PVP K-30' 44
14. 7 14. Twhbdi%ks72 TEPANTEX 653 145 30.0 29.9 27.3 A-187146ch&olnsksl- 6
A-174147 3.7 3.7 3.3 EMERY 6717148 2.4 2.4 2.2 MACOL OP-10149 1.6 1.6 1.5
TMAZ- 81150 3.3 3.3 3.0 MAZU DF-136 151 0.2 0.2 0.2 ROPAQUE HP-1055152 O
42.4 0 ROPAQUE OP-96153 42.3 0 38.6 RELEASECOAT-CONC 25154 0 0 6.3
POLARTHERM PT 160 155 0 0 2.6 Yarns sized with the each of the sizing
conmposi tions (AA, BB and CC) were used as fill yarn in weaving a 7628 style
fabric using a Sul zer Ruti Mbodel 520Q air let 144 PVP K- 30 pol yvi nyl
pyrrolidone which is comrercially av from ISP Chemicals of \Wayne,
New Jersey. 145 STEPANTEX 653 which i s Y. res >m St epan
Conmpany of Maywood, - New Jersey. 146 5/ON TOTAL SOLIDS BASIS .. |

ganmma- gl yci doxypr opyl tri met hoxysi | ang—whtefi—s @Mp[g'ﬁa. H—avat+apl e from
CK Wtco Cor ' j 47 —A—174

gama- et hacr
from CK Wtc

rl

F £ hn’v\ll,ci i :\l‘:\vn IAA;\;"h*i S rcilal |QCF)VH | abl e
8% at i on_of Tarryt el Yok, 148 EMERY(1BY 67017
partially am ANBES SRy ene ining whid0is ¢om@9.8ial lly 274 [ apl e from
Cogni s Cor porgfil8f '6f Cincinnati, Ohlo. 148 MACDL OR-80 ef hoxy.bat ed
al kyl phenol ; Ailg4hbterial is simlal to 3®COL OP- 1B.5P eXcem.3 that OP-10
SP receives a PMERYIBHAt'ffent to renoye thg4catalyst 2 MACOL U530 I's no

(@)

| onger MACOL OP-10 **# 1.6 1.6 1.5
TMAZ-81 ' 3.3 3.3 3.0
MAZU DF-136 ™ 0.2 0.2 0.2
ROPAQUE HP-1055 ™2 0 42.4 0
ROPAQUE OP-96 '»* 42.3 0 38.6
RELEASECOAT-CONC 25 ™* 0 0 6.3
POLARTHERMPT 160 ™° 0 0 2.6

Yarns sized with the each of the sfzing compositions (AA, BB and CC) were
used as fill yarn in weaving a 7628 style fabric using a Sulzer Ruti Model 5200 air-jet

% PVP K-30 polyvinyl pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey.

195 STEPANTEX 653 which is commercially available from Stepan Company of Maywood,
New Jersey.

46 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York. :

" A~174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporation of Tarrytown, New York.

% EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Cognis Corporation of Cincinnati, Ohio.

'%¢ MACOL OP-10 ethoxylated alkylphenol; 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.

"0 TMAZ-81 ethylene oxide derivative of a sorbitol ester which is commercially available from
BASF Corp. of Parsippany, New Jersey.

' MAZU DF-136 anti-foaming agent which is commercially available from BASF Corp. of
Parsippany, New Jersey. :

%2 ROPAQUE® HP-1055, 1.0 micron particle dispersion which is commercially available from
Rohm and Haas Company of Philadelphia, Pennsylvania.

' ROPAQUE® OP-86, 0.55 micron particle dispersion which is commercially available from
Rohm and Haas Company of Philadelphia, Pennsylvania.

¢ ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
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 Lakewood, Ohio.
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commercially available. 150 TMAZ-81 et hyl ene oxi de derivative of a sorbitol
ester which is commercially available from BASF Corp. of Parsippany, New
Jersey. 1{} JYRgkd,DF- 136 anti-foam ng agent which i s comrerggdoyogsdi | abI e
from BASF Corp. of Parsippany, New Jersey. 152 ROPAQUE(r) HP-1055, 1.

m cron particle dispersion which is comercially available from Rohm and
Haas Conpany of Phil adel phia, Pennsylvania. 153 ROPAQUE(r) OP-96, 0.55

m cron particle dispersion which is comrercially available from Rohm and
Haas Conpany of Philadel phia, Pennsylvania. 154 ORPAC BORON NI TRI DE
RELEASECQOAT- CONC_25 boron nitride dispersion which is commercially

avai | abl e flc8Mm- Z\ie weyRivaryWas pivistediG-@h 1E-gipsryber strand wib berigated with a
POLARTHERM vai |l abl e
From. Advanoms L oL i o o eyt B eBqishyf ) £0752
PCT/ US01/ 08B@predaed withBindRvérgpoyresinieaying a T\g ot t40°G-(@8sighajed4800-2 besin st r and
wi th fiber t Si zi.n 03|t|on156
The fabri csﬁmtreggsl Fs%“ﬁ%%ﬁ"&%%@%r%@%% %H %Rer ee%&@"‘?'a Sy i ng a
Tg of 14B8C weresnalmernevedifodd i iabac pnortly pl‘@r@ggmmtlﬂanmaategmke fageeyati on of

Anaheim Cal, fornia Si 2| wer e renoved fromthe
fabric pri O§taf18n%§é%?%8§ﬁﬁ§req_ g"’??&c}y%?yeﬁ atg PHYCELOBPPes of the
prepregged amd Rmimdting ehare ayctive? ot ayahper@furéomwﬁ ééb&@l%??@@%% Bating

t hem t oget hgr at a tenperature of 355F (about 179 ressure of

pounds per BoUnds ef squase inch4akoytglipagaRassyls tef 15@0""#!*%(@9' Gyclst aI cycl e
time). The ﬁrhepk:mﬁ.cﬂﬁeéshﬁm@mséwm gewpﬁgﬁﬁ@%? fHoANE M fcAl 0 043

i nches 10 (about 11 centinmeters) to 0.0
cent i mel@r sfabouq. éi cedinmetens) tQQ}@5(D mnheﬁai‘abgut(m&cgﬂmwsm BB and CC

according to thep t t were . tested as
I ndi cat ed bel ow |frt1élj‘lfgﬁ'8§’ t@%m‘&%ﬁ%%ga e\[ggag? grqgm?éam rﬁ]agggaaé(é?nrtdg@ttgahedt t he
same time afiben sfrands froranihich theyrwdee mbde)wegb med aé)mdlc;m‘drbslmahembw th
Si zing conp, | e AA i nafter 15 desi d as. Lam nate Sanpl e
AAL). At a téyr'ﬂ%\fég&’i?‘ﬂ“ﬂﬁée?%sgﬁéat?@%? ‘t“eg‘is rshiRRina%®age a second
| am nat e nmd@nfgtasmf@bamntbma wnarsmrfgwmswohfsamdémuhé@mﬂéﬂ tion Sanple
CC (her%nafter ll:lat ed as Lam nate Sanple AA2). Table 9B Lanmi nate
Sanpl e designa e minate Sample AA1). At a later date, [aminate CC was tested at

the same time as a second laminate made from glass fiber yarn coated with sizing

composition Sample CC (hereinafter designated as Laminate Sample AA2).

Table 9B
Laminate Sample
Test Units AAT* 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
Solder Dip seconds 320 203 243 242
Flexural Strength kpsi 99 102 91 90
Warp Direction'’

Flexural Strength kpsi 86 81 73 72
Weft Direction'®

20 * based on 2 samples
** based on 3 samples

%6 The warp yarn was PPG Industries, inc.'s commercially available fiber glass yarn product
designated as G-75 glass fiber yarn coated with PPG Industries, Inc.’s 1383 binder.

'>" Per IPC-TM-650 “Flexural Strength of Laminates (At Ambient Temperature)”, 12/94,
Revision B.

%8 Ibid.
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Test Units AAl* BB* AA2** CC** Average Thi ckness inches 0.048 0.048

0. 053-0. 055 0.053-0.055 Sol der Float seconds 409 386 235 253 Solder Dip
seconds 43 242 Flexural Strength kpsi 99 102 91

Di rectioﬁ%@yﬁgﬁg%ural Strength kpsi 86 81 73 72 \Weft Eiré%??gﬁﬁﬁﬁwéo

based on 2 sanmples ** based on 3 sanples ,ss The warp yarn was PPG

I ndustries, Inc.'s commercially avail able fiber glass yarn product
designated as G 75 glass fiber yarn coated with PPG Industries, Inc.'s 1383
bi nder. 157 Per I PC-TM 650 "Fl exural Strength of Lam nates (At Anbient
Tenperature)", 12/94, Revision B. '58 Ibid. -116 WD 01/ 68752

PCT/ US01/ 08684 Tiresalggrdieat tesbiwas eenglucizg Sy dloatina-arcd ingh byl4oinch squaser 4 i nch

by 4 inch s@gar i t] E f opper

o ad 1 o nag o CrcenteleRs b0 PEERfReRi) SPne Ropseh IRk Bliile fla iBGEED;

until bli stlead-g seidegieath et hoQ Fdabeut 288U smtiMdidterimp er telmmination Washe fir st
blister or 14N &k : r N 5.seconds. The splder dip test
was conduct(Sejn(p?leﬁ{/gd'clsﬁh%e ﬁﬁ‘gél\%ﬁ'éyr%p sét b§$ t%l: ﬁ'ggﬁlé{ﬁﬁnﬁg?r}a‘fvas &5969?95634)We copper
from t heb sasgebrddy et chi ng, snoothing the cut edges of the sanple by
pol i shing and placing,th ample in a pressyre cooker, at 250F (about 121
C) and 15 poundsﬁbee?ggﬂtﬁq%spﬁﬁﬂc?%% 3b(¥°}.'RWE %Pg‘;ef'%ﬂ"né@' m nutes. 10
This test irenfobingihessper roAte sainpRiby @EIBRd, Rfhdothindthelet E@ddsring t abl e.
After the 60 rp%IBute xposure, .the sanple was renoved fromtihe pressure

cooker, patYEP'YPY PARIINIANS RIRFINgths sampleip @ hressueneoqkenat2iQiE(absst h at 550F

(about 288(2160f ahd P5 p&irRis! a8 sQiare ‘i’r%"%ﬁ?}déﬁbh%e%@?esgglﬁﬁfo\‘@g mifiggs L1 ME unti|

the first blister or delam nation was t rec seconds. 15 The
f1 exur alO t BHis o5t indRe presauretcoakerdessrefierigd taintthe folle@ngttabielaAtter the B0 at ed.

The | am natg ' [ r ized wth sizing
conposi ti onsﬁxt%\,bé )@Eﬁgggﬁ%gg r gspe(a:%?'lve ??k}ég@hg&)&%‘gﬂ%b%@%g? S\é\qé?({]ﬁj'gsan shown
in 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 or 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
compositioné AA, BB and CC respectively, had acceptable properties (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.
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Tabl e 9B) for use as electronic supports for printed circuit boards. The
followng tests were al so perforned on sanples AA, BB and CC, and are 20
set forthy e 9C. -117 WD 01/ 68752 PCT/USO01/ 08684 T | es
Test Uni Pysddkﬂ%%égzcc Tg by DSC C 141/140/ 139 140/ 141/ 14 1%%1/@8% g%ﬁm
0/30/60 mn 1 Pressure Cooker % Misture Uptake 0.37 0.37 0.38 Water %
Weight Gain 0.12 0.09 0.09 Resistancel59 DMF Resistance % Wi ght Gain 0.35
0.27 0.29 MC 2 % Wight Gain 0.77 0.82 0.68 Resistance 160 Copper Peel
Pounds 11.8/11.0 12.1/11.1 11.2/11.4 Strengthl6l (Warp/Fill) Interlam nar
Bond Pounds per inch 12.8 14.2 15.4 Strength 162 EXAMPLE 10 Each of the
conponents in the anmobunts set forth in Ta la8Cwere nmxed to 5 form
aqueous Si z L,UllpUbitiun Sallp: es—Db—EETand—FF——=accot "%‘éhﬁ éu the Pr-esefrt

Cnlt f Aot i o A~ 'I' r\'l' al \

i nvention. kEess *J“.at“. 05— wei-ght—percent—of H-e—ae 4
basis was jelud€l in W&L L BC. T'\'“B"\” 5 :
"\W\at er Abs Lgﬁgqscwet al d Plastic LadmihH{a¥139 o HOM41H4, sﬂ%ﬁﬂ?/@%(

Per | PC- TM [6¥80/6Qmino 3 3 __"Chenical Resistance of Cork Matlerials to
Met hyl ene  |dRiessyrg &ookey g6k Maistured)ptalec | Tv 6887 No.| 2. .3 " Heel &BBength:
As Recei ved, Waterer Ther ngl%SVeightdGainft er] Pr@d2ss ChemC@9 s",| 1/ 8G9
Revi si on B.] Resistege’'PPC- M 650, No. 2.4./40, "Inner |Layer Bond Strength ¢f

Mul til ayer [HDMAtResistariceui[t% Visightdsdin 10/[87. 0.35 0.27 0.29
MeCl, % Weight Gain 0.77 0.82 0.68
Resistance™®
Copper Peel Pounds 11.8/11.0 12.1/11.1 11.2/11.4
Strength'® a
(Warp/Fill)
Interlaminar Bond | Pounds per inch 12.8 14.2 15.4
Strength'®? :

EXAMPLE 10

Each of the components in the amounts set forth in Table 10 were mixed to
5 form aqueous size composition Samples DD, EE and FF according to the present
invention. Less than 0.5 weight percent of acetic acid on a total weight basis was

included in each composition.

15 Per IPC-TM-650, No. 2.6.2.1, “Water Absorption, Metal Clad Plastic Laminates”, 5/86,
Revision A.

"6 Per IPC-TM-650, No. 2.3.4.3, “Chemical Resistance of Core Materials to Methylene
Chloride”, 5/86.

¥ Per IPC-TM-650, No. 2.4.8, “Peel Strength: As Received, After Thermal Stress, After
Process Chemicals”, 1/86, Revision B.

162 Per IPC-TM-650, 'No. 2.4 40, “Inner Layer Bond Strength of Multilayer Printed Circuit
Boards”, 10/87. ,
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-118 WD 01/68752 PCT/ US01/ 08684 Table 10 WEI GHT PERCENT OF COVPONENT ON
T%)TiL SCLI DS BASI S SAWPLES COMPONENT DD EE FF PVP K-30163 12.3 11.7 12.3
STEPANTEX3@iA84225. 0 23.9 25.0 TMAZ 81165 3.5 3.9 2.7 MNMMGRksoPosck9166 1.8
2.0 1.4 POLARTHERM PT 160 167 2.4 2.3 2.4 EMERY 6717168 2.0 2.0 2.0
A-174169 3.1 2.9 3.1 A-187170 1.5 1.4 1.5 RELEASECOAT-CONC 25171 5.7 5.5
5.6 MAZU DF-136172 0.2 0.2 0.2 ROPAQUE OP-96173 35.2 33.7 35.3 FLEXQL
LCE 174 7.3 10.5 0 FLEXOL EPO 175 0 0 7.3 163 PVP K-30 pol yvinyl
pyrrolidone which is comrercially avai : abl e frm I EP_ Chem calrgi g}‘ I yV\&yne,

w Jersey. 164 STEPANTEX 653 cetyl palmtate ich is comre
g\?ai | abl eyf rom St epan Conpany of  Chi €85 ,10. I 1inois. 165 TMAZ 81 et hyl ene

. . . . L - I | N D'\SF
oxi de derivative of a sorbitol ester G 7 B
of Parsi ppany, New Jersey. 166 MACOL QOP-10 e h‘?@f E%ﬁ%ﬁ%@%ﬁgl ,d]fh S :
Is simlar to MACOL OP-10 SPlexcep ; - oF pos

H CI\\IUPL A% 1Y .
mat eri al nr$7qM‘ﬁ];]u comercially

ant Al \scot -

- + |\ 1L.S
;\r/:ﬁt gglnte. i ;CB%;ZQQJ . 2 'y;" aﬁﬁ\r on )ﬁﬁf ride pokfer p ol clFés. wh| ch
are commerneral K(3 i le from Advanced 1% amcs C:b?bor ati on t4.3 La!(e /\DOd,
Chi 0. 168 EX64Y "hartially ani dat e@58ol yel hyl2h@ injne w28.6h is
conmrer ci allINMAL81Tabl e from Cogni s Cprpordabi on of CBigci nnfti, @ o. 59
A-174 gampdAROR&R-§0 §Xypr opyl t ri met hpxysid.@ane whi ch2jos Cofmer chay 1y
avai | abl e | RQUARTHERM PT 160 ¢ 2.4 2.3 2.4

EMERY 6717 '8 2.0 2.0 2.0

A-174"%° 3.1 2.9 3.1

A-187"70 1.5 1.4 1.5

RELEASECOAT-CONC 25 7 57 55 5.6

MAZU DF-136 "% 0.2 0.2 0.2

ROPAQUE OP-96 17 35.2 337 35.3

FLEXOL LOE " 7.3 10.5 0

FLEXOL EPO ¢ 0 0 7.3

'3 PVP K-30 polyviny! pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey.

' STEPANTEX 653 cetyl palmitate which is commercially available from Stepan Company of
Chicago, Hlinois. 4

1% TMAZ 81 ethylene oxide derivative of a sorbitol ester which is commercially available BASF
of Parsippany, New Jersey.

1% MACOL OP-10 ethoxylated alkylphenol; 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.

"*” POLARTHERM® PT 160 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.

'8 EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Cognis Corporation of Cincinnati, Ohio.

% A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporation of Tarrytown, New York. ,
0 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York. ”

""" ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
dispersion of about 25 weight percent boron nitride particles in water commercially available
from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

2 MAZU DF-136 anti-foaming agent which is commercially available from BASF Company of
Parsippany, New Jersey.

' ROPAQUE® OP-96, 0.55 micron particle dispersion which is commercially available from
Rohm and Haas Company of Phitadelphia, Pennsylvania.

74 FLEXOL LOE epoxidized linseed oil commercially available from Union Carbide Corp. of
Danbury, Connecticut.

' FLEXOL EPO epoxidized soybean oil commercially available from Union Carbide Corp. of
Danbury, Connecticut.
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CK Wtco Corporation of Tarrytown, New York. 170 A-187
gamma- gl yci doxypropyl tri nmet hoxysil ane which is commercially available from
CK Wt confgfiR@iat i on of Tarrytown, New York. 171 ORPAC B@RQN;dvhA&sPE
RELEASECOAT- CONC 25 boron nitride dispersion which is dispersion of about
25 wei ght percent boron nitride particles in water conmercially avail able
from ZYP Coatings, Inc. of Oak R dge, Tennessee. 172 MAZU DF- 136

anti-foam ng agent which is comrercially avail able from BASF Conpany of

Par si ppany, New Jersey. 173 ROPAQUE(r) OP-96, 0.55 mcron particle

di spersion which is cormmercially available from Rohm and Haas Conpany of
Phi | adel phi a, Pennsylvania. '74 Flak@ 10 (Gondishxi di zed | i nseed oi |

comercially available from Uni on Car gt < HH-y——CaRee =gut .
175 FLEXOL EPO epoxi di zed soybean oil c\gﬂgﬂ I% '\é | & gh'l gn
Car bi de Corp. of Danbury, Connecti cut.—=119\ L 4

Tabl e 10 (Cont'd) I GHT PERCENT OF AOVPONENT QN SRMRIESQ | DS BASI S
SAVPLES CPVPONENT BOMIPONENTW| ght peircenDPsolids 3.8E3.513.4 ER®I 0. 42
0. 39 0. 30] Weight percentsalidsicous si ze cdnposidt4 ons |of Tabl e 10 was3.dised tlo
coat gl aspLOfibers forming G 75 E-gl ass f0.B2r stiran@®39 Eadh coa@t3®d gl dss
fiber strand was dried, b5 twsted to forma yarn, and wound onto DoDDi ns

in a sinilar margwh df $hd'8queofs KRB IcoMpasitiond SiiTabe RINAPIRM to chBEgNsY N Of
Sanmpl e DD was eval uat edﬁ%,f Icon})arl ng the coated yarn to yarn coated with a
glg

si zi ng cong®8rs lopningiGrY % fihemsirandsp Baeh cpptedalasstfiber stpasdi waszdried, | i nseed
oi | (herwei E@,{TQ ' “hhink ' :ncl uded vi sual
10 i nspe%t i’lgf;]stto totf e agég{é?gﬁgéﬁggbgtol})&gmg%?esﬁﬁ%ﬁﬁa‘gﬁ%éé on-an air jet

| oom The ceoventionaliwistingegdip®anhl e DD as the fill yarn a twisted G 75

i i ng_ composi ¢ 1 avantbt Rample P wae Azt Bubaling b CorlsE et B foven
W th yarn coateeldvithi 4 sizingrgphpoEiiore similar foeShrhsie ®D but without the epoxidized

linseed oil (hereinafter “Comparative Sample 1"). This comparison included visual

10 inspection of the appearance of a 7628 style fabric woven on an air jet loom. The
woven fabric used Sample DD as the fill yarn a twisted G-75 E-glass fiber strand with
fiber coated with a different resin compatible sizing composition'” as the warp yarn.
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 yarn accumulator, when compared to fabric woven with yarn coated
with Comparative Sample 1. No fabric was woven us'ing yarn 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
than required to prevent excess fuzz formation. In the present invention, it is

20 anticipated that an LOI of at least 0.40 for the sizing compositions discussed above

is required to reduce fuzz formation during weaving.

176 The warp yarn was PPG Industries, Inc.’s commercially available fiber glass yarn product
designated as G-75 glass fiber yarn coated with PPG Industries, Inc.'s 1383 binder.
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| oose fuzz on the fabric as well as less collected fuzz at contact points
on the oom 15 especially at the yarn accunul ator, when conpared to fabric
woven wi t{yoydigg7eoated with Conparative Sanple 1. No fabrdcg @ of@yen
using yarn incorporating fibers coated with Sanples 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 LO level lower than required to
prevent excess fuzz formation. In the present invention, it is 20
anticipated that an LO of at least 0.40 for the sizing conpositions

di scussed above is required to reduce fuzz formation during weaving. 176
The warp yarn mas PPG I ndustries, | @XAMPEBdfercially available fiber glass

yan product deshaygh eyt ek ng e ol GRSl R OnRB SR Sy 11
L et ey ety
S(r)g:):rt:mes 2§ loss%ao ‘@4{? s@(&ﬁa ggﬂ?l“é’ﬁ“? 'Ltb( bgﬁq) af'gt':?'ﬁ aqu%i ?lh?y (A r
Drag) and Fresnﬂtsareﬁmmanﬁbleﬁ results are shovvn in Table 11. The | oss on

i gnition (melght cent of..solids of the fo si ze, conposi tion divided
by the total ?%PQL"H%“'B‘? é’?%ﬁﬂeﬁ’?f"e‘ifsp ke rpg SHEaRIERaSEAN of

each Sanpl leidﬁdﬁwt’thé wtélhvelghtBaMeeglés% anE&med)f@rm Bo BAbSERIRS of MchNi I Drag

Force or tension by feed Inﬂ yarn at 10 a controlled feed rate of 274
meters (300SPHPIH ssbfpﬂm'm @@eﬂﬂw ough a checkline tension neter, which

appl i ed a tensi OgabRy érh%ééaéﬁéluggé?ﬁrgﬁAf%é Eé\ﬁas en's%ﬁtbgrfeeé?ﬁf]m%y%nrﬁf r

nozzl e at an air &gessure of are
Sanpl es 18ndaceniselledifeadratani? %t metees G08lysuisy pel mmutedthfongh Brdhetklipa For ce by

157at a0 o aprg0tEh wHbHBIB b o RN X Varh RS AT TR o T

convent i onaunanmterumazelawaamrpremm ofet38HkPa (20 paursdsqsereqaém ifdhy ome post  of
her ebet ween_t o di spl ace

5 centinmeters (a nted

the yarn 5 cenU?rﬁ?«%F'E‘p ?g@ﬁ’a}rg"vﬁamﬁo VbeéFﬁSB@(Vﬁ;é’éWdtfﬁreF HEAR on

measur ement FoeeibyedplyHige téhé'Bﬁ oE D0 Granil fo®aeR yainsaaipidEs th‘é stiipld 8 duheril]

Tabl e 1{J§§bel OW. Th Frl ction Force test is intended to si mul ate e

frictiohdl PR e ot e 4mpler (300 YREASH PREMEE EquUEl aRail quowpn@ tension

oper ﬁt I ons. nigdsirathehfddvidtd havmgR! fatfRaf chr&RERBE A s @nfif Bl & (abotis © test ed
a e
inches) diameter mounted therebetween to displace the yarn 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 test is intended to
20 simulate the frictional forces to which the yarn is subjected during weaving
operations. |
During testing, Sample BB and Comparative Sample 2 were tested at the
same time as a first quantity of glass fiber yarn coated with sizing compoeition
Sample AA (hereinafter designated as Sample AA3) and Sample CC was tested at
25 the same time as a second quantity of glass fiber yarn coated with sizing
composition Sample AA (hereinafter designated as Sample AA4). Samples AA3,
AA4 and BB were 2.8 weight percent solids. Sample CC was 3.1 weight percent
solid. Comparative Sample 2 was 5.9 weight percent solid.

""" The yarn was PPG Industries, Inc.'s commercially available fiber glass yarn designated as
G-75 glass fiber yarn coated with PPG Industries, Inc.’s 695 starch/oil binder.
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sane time as a first quantity of glass fiber yarn coated with sizing
conposition Sanple AA (hereinafter designated as Sanple AA3) and Sanple CC
was testegq@iydet he same tine as a second quantity of gl g/ fdopBgssyarn
coated with sizing conposition Sanple AA (hereinafter designated as Sanpl e
AA4). Sanples AA3, AA4 and BB were 2.8 weight percent solids. Sanple CC
was 3.1 weight percent solid. Conparative Sanple 2 was 5.9 wei ght percent
solid. "' The yarn was PPG Industries, Inc.'s comercially avail able fiber
gl ass yarn designated as G 75 glass fiber yarn coated with PPG I ndustries,
Inc.'s 695 starch/oil binder. . -121 WD 01/68752 PCT/US01/ 08684 Table 11
Sanple AA3 BB 2 AAA CC LA (weight Iableedht) 0.42 0.49 1.11 0.38 0.37 Air
Drag (grams) 56.2 51.2 52.9 58.8 5g—2—+Fr+ect+ U|s‘n¥blé,c tgrams)—5376 61.5
95.1 48.8 68.9 From Table 11, it cpn be seen thaet Si zi ng Sanpl es| AA, BB and
CC have an air drag conparable to|tAas pf BBonparati yveASanpl €2 (starch/oil

bi nder)_ 5 Furthermnre the | ower rictibn fork Sa;%é_ew AA._ BB and CC

i ndi cates that [t (Weighhpersendre eps9-#39 | hd@ep t.4bn] the8 | bdhdhcEunul at or
during weaving ' ed—to—Cpn at Se & B e AVPREE, TR 10 The
yarns of Sanpl esNKR,rad‘é@%ﬁ CC and C%Bj}n}%afa%lﬁ%e S%azr'rgl 3 %8:%\2 egfzev h| uat ed for
Air Drag in a s|Frdtien foree(ggamsp Exhng8.& [L161aHole95.exretd.8t na@8.ohe Air Drag
val ues were detlermned for—a bobbih sanple—atthe-pressuresindicated in
Tabl e 12. Each yarn al so was eval uated for average nunber of broken

filaments per IRod?Pdhided af Gartie 8N thAsiZfYSAMpRE A BB dHIUE Rals bRy a
Shirley Model No. 84 041 L broken fil anment detector h is comercially

whi ¢
avai | abl e faibdagopmpatabletethatnfiComparativeSample afelarchiodinden. Tabl e 12 as
Test 1).2T il : ‘ SECL ken from
U 1 R epE, L BB 53 RSSO 3 i OIRREA SR 1

a full bobbin, after re pounds) and
t he same botsish is méreegasilye ramivied fupitihedemeaceurgulatotdrilg wéawng wher20 Each yarn

was further e he of broken filanents at increasing
| evel s of t%oﬁﬂéﬁf{gnfgor&gérgheoﬁ%gﬁgfm in Table 12 as Test 2). In Test 2, a
sanpl e of

EXAMPLE 12
10 The yarns of Samples AA, BB and CC and Comparative Sample 2 were
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 yarn also was evaluated for average number of broken filaments per
15 1200 meters of yarn at 200 meters per minute using a Shirley Model No. 84 041L
broken filament detector, which is commercially availabie from SDL International Inc.
of England (shown in Table 12 as Test 1). The broken filament values are reported
from sections taken from a full bobbin, the same bobbin after removing 227 grams
(0.5 pounds) and the same bobbin after removing 4540 grams (10 pounds) of yarn.
20 Each yarn was further evaluated for the number of broken filaments at increasing
levels of tension and abrasion (shown in Table 12 as Test 2). In Test 2, a sample of
yarn 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 broken filament detector (discussed above) to count the number of broken filaments.

The spacing of the pins on the tensioning device was varied using different dial
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yarn was unwound from a bobbin at 200 neters/mnute, threaded in a
serpenti ne ~manner through a series of 8 ceramc pins on a uniformtension
control Eﬁ fsonetines referred to as a gate tensioni EAe\Asks and
passed throug the Shirley 25 broken filanent detector (discussed above) to
count the nunber of broken filanments. The spacing of the pins on the
tensi oni ng device was varied using different dial -122 WO 01/68752

PCT/ US01/ 08684 settings to provide various |evels of tension in the yarn.
This particular test used a Mddel UTC- 2003 tensioning device commercially
avail able from Steel Heddle Co. of South Carolina. The broken filanents
was repor t esfttingsie pividegraripus leyplstof msmtlg thepearn. Ekig pagiculap tast uspdmhe
results of TR nple 2
are set for'{nﬁ vg*&%gélgﬁﬁgﬂhé‘l n a mann @ %g?fr%qi’é;?oto tﬁ%dg?é;.ccugged
above, in B(%mqjh@ammnasahplbeoldsafwmbrﬁbwparméIrmlﬂmlb@ of byakes fitamsgndsl at t he
sane tine ?ﬁer%égn%rr& uantlty of glass fiber yarn coated with sizing
conpositio ‘(hereinafter designated as Sanple AA5) and at a
latter dhte SarrpTh:e 1ésulfDofithesd testsdor mmplbeAAaBB andiBC and Goswpacatide quantity

of glass fiper 0 05|t|onS | e AA relnafter
desi gnat ed g@“@é ﬁf}[@ﬂﬂ "‘I\M&ﬁr’]ﬁﬁ % B §r%a&s "5&%?5

(granms) 15 étﬁive%Eié]nﬂlB 19054 %aaﬂzndbo%a?a%ve 2amp 2 bere2Rsfel ol thed2. 94
58.84 53.18 25 psi 67,33 60, 50 64.13 60 45 67.66. 30 psi 77.34 70.84 75.74
75.29 77. 6353'@5%@aseeﬁratzztegﬂfg@fs@sgébwamcceezec&wﬂh giginggompogitioy 101. 21

98. 48 87. 23548nid DA therdiSaftet d8siflated 4s 64 A&S‘)a?%a%l&t@e%d%%e s&ﬁ@@cﬂcfu”
bobbin 0.170 0.882 0.032 1.735°0.066 227 grams (0.5 pound) O0.160 0. 648
0.041 Ol@oswas BFEd al Hrrosanefime @@ mgndigyarwtm‘aglqssa“mr marv(ma@dmtm 0.022

TEST 2 sizing composition Sample AA (hereinafter designated as Sample AAB).
TABLE 12
Sample
AA5 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 52.94 58.84 53.18
25 psi 67.33 60.30 64.13 69.45 67.66
30 psi 77.34 70.84 75.74 75.29 77.63
35 psi 89.42 89.96 85.96 83.70 82.74
40 psi 104.97 | 101.21 | 98.48 87.23 92.18
45 psi 113.41 | 107.74 | 110.34 | 99.91 102.91
TEST 1
full bobbin 0.170 0.882 0.032 1.735 0.066
227 grams (0.5 pound) 0.160 0.648 0.041 0.904 0.075
4540 grams (10 pounds) 0.098 1.348 0.008 0.518 0.022
TEST 2

Setting 2 0.683 5.017 0.119 0.372 0.011
Setting 3 0.753 4772 0.083 0.450 0.017
Setting 4 0.713 3.753 0.147 0.367 0.017
Setting 5 1.267 4.025 0.150 0.811 0.061
Setting 6 1.608 8.383 0.322 0.286 0.044
Setting 7 4128 6.517 0.611 0.403 0.058
Setting 8 4472 | 14.800 | 0.978 0.406 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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Setting 2 0.683 5.017 0.119 0.372 0.011 Setting 3 0.753 4.772 0.083 0.450
0.017 Setting 4 0.713 3.753 0.147 0.367 0.017 Setting 5 1.267 4.025 0. 150
0.811 0.0§}p ¢15384Hi ng 6 1.608 8.383 0.322 0.286 0.044 Set tgshH1/dsche8 6. 517
0.611 0.403 0.058 Setting 8 4.472 14.800 0.978 0.406 0.128 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 (starch/oil binder). -123 WO 01/ 68752

PCT/ US01/ 08684 EXAMPLE 13 El ectrical grade | am nates rmade from prepregs

i ncorporating fabrics wwth yans having different sizing conpositions were
tested to evaluate their drilling 5 properties, and nore specifically (i)
the drill tip wear of drills used to drill holes through the | am nates and
(ii) the locational accuracy of thesyphepedsi!!ed through the |am nates.
Control GG and Sanple HH were | am mates tncorporating a 7628 style fabric
as di scussed earEleetrical Ghadef latmiriates madainom pirepBSysvasorpotating fabrieawéd and

silane finished fabr commer ci al avai |l a rom bel and

i dentified ¥ a?é"si‘@ #fgrfg_sqlﬁgc?lggﬁlté qsﬁn%%ﬁﬁ?eJ ﬁ%@&ﬁ&fﬁ %m fill yarn

ﬁorrp_rl snmg mﬁﬁaﬂeé lah$rn§re<s§e¢mhuyv(|) theairit iep magofmmtlubéd!tcfsdrﬂll hojesas t aught
erein an 0 in Tabl e |eve t e i c al so

"l uded SAPOEN s lagedies 7R 1) rentcetiolertiracy b e o sufig] bfaibhihe e war p

yarn coul d lsmmté‘se@brmla%msémgé ,HH Wére laminates inésrporating al7bx8 awy | abl e

fiber glass yarn product. The ﬂ_lass bers woven into Sanple 15 HH had a
e

| oss on i griAbric#s @FCL@S% epdiet cHhe fafPﬁ%l“&%R' P wes 2 Pé?tc,‘éﬁﬁ“eéfa“@&%ent s on

Total Sol | d\idpag sbricl mmbrélallgatsiibie idmeEmt Scridet MiddehtieaVPLE HH
RD-847A 18 27.0 DESMOPHEN 200019 36.2 PVP K-3018 9.0 A-187181 2.1

A- 1741810 4 7628-718. The fabric in Sample HH was woven from fill yarn comprising glass fibers
. coated with a resin compatible sizing as taught herein and shown in Table 13A. Itis
believed that the fabric also included Sample HH as the warp yarn. However, it is
possible that the warp yarn could have been PPG Industries, Inc.’s 1383
commercially available fiber glass yarn product. The glass fibers woven into Sample

15 HH had a loss on ignition of 0.35 percent.

Table 13A

Weight Percent of Components on Total Solids Basis
for Sizing used in Sample HH

COMPONENT SAMPLE HH
RD-847A '"® 27.0
DESMOPHEN 2000 '*° 36.2
PVP K-30"° 9.0
A-187® 2.1
A-174%2 4.4

'78 RD-847A polyester resin, which is commercially available from Borden Chemicals of
Columbus, Ohio.

7 DESMOPHEN 2000 polyethylene adipate diol, which is commercially available from Bayer
Corp. of Pittsburgh, Pennsylvania.

180 PVP K-30 polyvinyl pyrrolidone, which is commermally available from ISP Chemicals of
Wayne, New Jersey.

'8! A~187 gamma-glycidoxypropyltrimethoxysilane, which is commercially available from CK
Witco Corporation of Tarrytown, New York.

182 A~174 gamma-methacryloxypropyltrimethoxysilane, which is commercially available from
CK Witco Corporation of Tarrytown, New York.
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178 RD-847A pol yester resin, which is commercially avail able from Borden
Chem cal s of Col unbus, Chio. 179 DESMOPHEN 2000 pol yet hyl ene adi pate diol,
which is GoURkshal Iy available from Bayer Corp. of Pitt eyeddnsess

Pennsyl vani a. 180 PVP K-30 polyvinyl pyrrolidone, which-is comercially

avai l able from ISP Chem cals of Wyne, New Jersey. 181 A-187

gamma- gl yci doxypropyl tri nmet hoxysil ane, which is comercially avail able from
CK Wtco Corporation of Tarrytown, New York. 182 A-174

gama- et hacryl oxypropyl tri met hoxysil ane, which is commercially avail able
from CK Wtco Corporation of Tarrytown New York. -124 WD 01/ 68752

PCT/ US01/ 08684 Table 13A (Cont' dJ'_jJEM(ENIIIt’@AI\/PLE HH PLURONI C F-108 183
9.0 VERSAM D 148484—4—4—MAEaE—NP——385—5—4—PE-ARTHERM 186 0.9
REL EASECOAT- comé 25187 1.5 adePMEONENS <0. 1 Prepregs %*"@"—Er@glr ed by a
hand | ay-up proqeRUIURONIGF-108V8] ved appl yi ng standargd FR9b epoxy resin
(EPON 1120- A80 rfesd ' 8 ' w)4401 e fabrics
using a pa| nt br ys n saturated fabric was imrediately 'tdried" and
B-staged in a vgAGOLANP-8i'Y oven for 3 to 3.25 ninutps at5.463C|(about
325F) until the @8 174 seconds at 17 C out }340F) was
reached. The prhqiﬁLAf@ﬁ-lﬁﬁMﬁT%bd t-0—46—cmby—46——=¢ 18 'bzégh By 18 inch)

sections and wei ﬁ@ﬁﬂﬁﬁ@@ﬁmmﬁzﬁem n content. Onl y preﬂrﬁags With resin

contents 10 of 44ppca8at 2 percent were used in the subs@q]uenEI | am nati ng
procedure. Preg ' ' Press for

70 m nutes at 7C 350F and a wt ons/ c 0, psi). Al the

am nates wer e SWaE RO e Pete i Py recute et PR o ued
various | evghadl Fm epody reSIRREPONI 11201A&;ob@bm%wsnhulé1ﬁémtshﬁll Caekicaf vacuum
assi st and ten?erature rappi ng during_lamnation 15 contributed to this

condi t i on. 483 tpihekrinjcetsing. al%"tbfﬂspoi-?ﬁFWP@H@%‘%’B&V’@? Hymediatebopol yner ,
whi ch i's comgBECArR] B¥taged in a vented hot air oven for 3 to 3.25 minutes at 163°C (about

325°F) until the desired gel time of 124 seconds at 171°C (about 340°F) was
reached. The prepregs were trimmed to 46 cm by 46 cm (18 inch by 18 inch)

sections and weighed to determine resin content. Only prepregs with resin contents
10 of 44 percent + 2 percent were used in the subsequent laminating procedure.
Prepregs were stacked 8 high and molded in a Wabash Press for 70 minutes
at 177°C (350°F) and at 345 newtons/cm? (500 psi). Ali the laminates were molded
without copper foil layers. The laminates showed various levels of air entrapment. It
is believed that the lack of vacuum assist and temperature ramping during lamination

15 contributed to this condition.

'# PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer, which is commercially
available from BASF Corporation of Parsippany, New Jersey.

184 VERSAMID 140 polyamide, which is commercially available Cognis Corp. of Cincinnati,
Ohio.

'8 MACOL NP-6 nony! phenol surfactant, which is commercially available from BASF of
Parsippany, New Jersey.

"% POLARTHERM® PT 160 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.

' ORPAC BORON NITRIDE RELEASECOAT-CONC 25, which is commercially available
from ZYP Coatings, Inc. of Oak Ridge, Tennessee.
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avai |l abl e from BASF Cor poration of Parsippany, New Jersey. 184 VERSAM D 140
pol yam de, which is comrercially available Cognis Corp. of G ncinnati,

Chi 0. 16543 MAftis7P- 6 nonyl phenol surfactant, which is copggledofbokets

avai l abl e from BASF of Parsippany, New Jersey. 166 PO_ARTHERI\/(r) PT 160
boron nitride powder particles, which are coomercially available from
Advanced Ceram cs Corporation of Lakewood, Chio. 167 ORPAC BORON N TRI DE
RELEASECOAT- CONC 25, which is commercially available from ZYP Coati ngs,
Inc. of Cak Ridge, Tennessee. -125 WO 01/68752 PCT/US01/ 08684 Tool Wear

Anal ysi s Th_? st %Rerl es of tests were conducted to evaluate the wear of
the drill pol WearApalysidear was expressed in ternms of "drill tip percent

wear" whi ch was wear =
100 x (PP Fhe Al Sh4 of Kt iold Bt B Geyahudlé td whadbr B Gl 1081 =

wi dth of th %F’P w&aywa%exnrﬁgseéd@éermstoé ‘drill{ip percant weerwdlickswaswealeulated| | ed.
10 Referringg; the wdth 1170 of the primary cutting edge 1172 of
the drill 117I Qtr@afgrmnéisured at the peripheral edge of the drill tip. The
drillingdwas conduct edrillp mjcmtsvaagI:eIOIOee(@ B | ng machi ne. The drilling
was perfornmed on 3-hi Stagks | sed above) with a 0.203
mm (0.008 inch) thi c%ngl umg(num't@rw h ef"%? F 99 i nch) thick paper

core 15 phenolic coated baCPtlmdtDIbHHelpm‘la?y betﬂh@aawa%rtﬁé@ndtﬂea%l&
general ly standard practice inwkkedrilggustry. The drill tip percent wear

was determned for two drill dianeters: 0.35 mm (0.0138 inches) and 0. 46

mm (0. 016 | Refefig toBw. h1dfhkelvh§thwqf7§ o@thesgﬁ'fn'\ﬁ‘? cé@_ﬁr%hagmiﬁ?? XL dﬁgﬁ'%ﬁf ]

available from Tul on Co.. Gardenia, California uring
drilling mwa%measweﬁétmpeaipherab@xperqfrth%dwhtln ool . As used herein, 20 "chip

020 TS, iy DR S4B B,
t he 0.35 nmas performedion high gtasks pElathinades (ﬁﬁs@um ah@ne)amm 40208 msrar t | On
Lot SRR A iy BB Ok pgg&irathe;“?zog
cm) perl9i npherolic\coated batk-up Dditirgy ®fanfindtds at 6ddffe is generally standard
practice in the industry. The drill tip percent wear was determined for two drill
diameters: 0.35 mm (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 load during drilling was held constant at 0.001 for each tool. As used herein,
20 “chip load” means the ratio of the drill insertion rate measured in inches per minute to
the spindle.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 drilling pattern
shown in Fig. 12 which included 391 holes drilled in a 0.635 cm by 10.16 cm (0.25
30 inch by 4 inch) block (section 1280), followed by 100 holes in a 10 by 10 hole pattern
(section 1282), followed by 9 holes in a 3 by 3 hole pattern (section 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 for a
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25 inches) per
hel d
nmeans th
sur face t he
a 500 hole dri

constant for

g}vdﬂl%ts%

mnute and a 1.65 nm (0. 065 i nch) upper drill
As used herein,
ce that the drill tip was w thdrawn abovedhgyRal

tip percent wear was determ ned based on
12 which included 391 hol es

bot h t ool

| am nat e.
ling pattern

di amet er s.

The drill
shown in Fig.

“drill

head limt was
head [imt"

drilled in a 0.635 cmby 10.16 cm (0.25 30 inch by 4 inch) block (section

1280),

followed by 9 holes in a 3 by 3 hole pattern (section 1284).

conti meter aiab2o

illed_at

ottt i g Tpr Eests

e_den of

Tpl

62 hol es
243% é?'?? Y

The

foll owed by 100 holes in a 10 by 10 hole pattern (section 1282),

holes in

squar e

g@b'@ﬁ? €808 nr ee

addi tional &ihgRheb@drifing AaBhiMOaRd HEBdRihger To85AMMABEHE usirRf fbNet7 2000

hol es. The dri|

head dri |l i¥igolAden _
si ngl e headngﬂé,g'oPl&, ﬁ&%@%aﬁﬁﬁﬂ

shingto

Technol o
wear of

I €S,

[ i ngﬁf or Tests

evue,

1 and 2

glling, machige d Brth maghines- arg ayailapl

was done using a Uniline 2000
dotaslingsi ng a CNG- 7
ofBchines are available fromEsterline
. 5 Table 13B shows the drill. tip percent
he dri | Tabled3Bshows the@Elidinder@atplear ¢fitheé drill fon€obtrélsc@mdd0. 46 nmm

single

di ameter drg hlakl in. . | scussed above.
Each test mgékékegﬁlﬁ g‘g*@é Pﬁggﬂ%g\?\/&%&?\ﬁ%gﬁﬁpr%%ﬁer@@h%ﬁ?@h e%ﬂstéﬁrrpl e HH
Test | Nunbeatteph disoudsed 2bdvd). Bachesidvas stdried Withaeeagdiliditi | | tip 28.8 22.2
percent wear Test 2 Nunber of tools 20 20 0.46 mmdia. drill Average drill
tip 34.0 24.4 percent wear Test 3 Nggggr Ef tools 10 10 0.46 mmdi a.
drill Average drill tip 30.8 29.3 p ar 10 As can be seen in Table
13B, Sanple HH in Tests 1 and 2, which includ§ TLoer, fitanments
coated with a sizing as taught herein that is @(?F'rJ élta(?él eéMﬁ Hy am nate
matri x resins, lexhi biréstdd si gni{fi Nambkyofitesis dyill 3ip gercemt -wear after
2000 holes than %%ntrol. wt-ch—retudes—grass—fiberr—F+t+anents that had
to be heat 0.35 mm dia. drill Average drill tip 22.
percent wear
Test 2 Number of tools 20 20
0.46 mm dia. drill Average drill tip 34.0 244
: percent wear
Test 3 Number of tools 10 10
0.46 mm dia. drill Average drill 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 resins, exhibited significantly less drill tip percent wear after 2000
holes than Control GG, which includes glass fiber filaments that had to be heat

15

cleaned prior to being coated with a silane containing finishing sizing. 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-7 drilling machine used in this test was older and afforded

less control during the drilling test than the Uniline 2000 drilling machine used for

" Tests
20

1and 2.

Locational Accuracy

.A common metric used fo assess the drilling performance of a laminate is

hole locational accuracy. This test measures the deviation in the distance of the
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15 cleaned prior to being coated with a silane containing finishing sizing.
Test 3 showed only a marginal inprovenent in drill tip percent wear but it
i's beli eVﬁq)(hI;@; othis is due to the fact that the CNG 7 diddddoidsdgmechi ne
used in this test was older and afforded I|ess control during the drilling
test than the Uniline 2000 drilling machine used for Tests 1 and 2. 20
Locati onal Accuracy .A comon netric used to assess the drilling
performance of a laminate is hole |ocational accuracy. This test neasures
the deviation in the distance of the -127 WO 01/68752 PCT/US01/ 08684
actual hole location fromits intended | ocation. The neasurenent was taken
on | ower sastdaibeledscatine frontitsontended legetionofThe rBeqi%ﬁ?'ﬁ%ﬂtéNaﬁta'@O Yhere the

drill exi t%&r«%ﬁ rfacé‘ &%}bg,;tgmg%mgfés 06£3 iém.h RHre fhléac;ndtegftéd dng{ © o

| ocati on wo ave crepancy romt e inten
hol e | ocat |lamma’l'é1$tacld isfrice litds expentes] taatstbssiwdb Ibeationtwouid hafe thiadargestvi at i on

di . he di f hy | |l ed
ol o ont helisiprancy figf B SESid &b loban. s Afidefite B abdiSse | ©
hole. The jdeathistdfehe dieeraammsmee ’UBasthleeﬂhtarﬁdeefrom tres &db@al rak eestequfence

di d ab t f h tool |l ed
Lotal of 2008 SRl ohdrassiiage obire iaricels oS SSTHe AP canehP PR AORas

drilled 10%%@1&@5@%%ce'w& meddifed aftdr tlﬁlé BdJ(b Réle %@q@eﬁﬁ:b idiveuss®d. abblie hol es
were drilled using a 0.46 nm (0.018 inch aneter series 508 dril]l from

Tul on Co. oOFag repedtegd tﬂ“%sch%éﬁefaﬁ?&béw' lleﬁa%tqﬁ@@aZPQP poles.t e dewation t est
the spi ndl eyigBRGAWESMme %Q{i‘reé'i‘drthe Parfadeg h'b%tl"éﬂ'dl%h%é B8ESAb@n rate was

80 inches per mnute tor a ch of 0.001. The test was repeated eight
times 0 semtion 68t The hakss wace d;alnpluemsua @#6 mre {018 ipch) diameter syiesi th a new

Cont r ol oG SRR, HIBAR, PPk 7 ndlisstd Bro/th b sl AR 4R, | °F

28 50" As Can be sean e ioOTy d"i“?s?"??"“?"l"aﬁé‘? v al Lo a‘%f”?? ance. ?L)an%
Cont r ol '"Wﬁsﬁ?’@"%ﬁ?%&‘eaagﬂ?g%aﬁi ﬁi”@é‘?‘lﬁ@’a\%@?#ﬁt 8 i s used
as an el eCdcATontdHEE Ard SARHE MM Rith BEcHtebBEtaRIng Whel ned drhpl es and

circuits. This is
15 Table 13C shows the result of the locational accuracy test for Control GG and

Sample HH after drilling 2000 holes.

Table 13C
Control GG Sample HH
number of drills 8 8
average deviation distance (micrometer) 38 28
20 As can be seen, Sample HH exhibited a lower deviation distance than

Control GG, which is of particular significance when the laminate is used as an
electronic support incorporating 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 expected that laminates that exhibit less drill tip percent wear
25 would also exhibit less deviation distance because the drill tips would be sharper for

a longer number of drillings.
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consistent wwth the drill tip percent wear data shown in Table 13B above.
More specifically, it would be expected that |am nates that exhibit |ess
drill ti %8, wear 25 woul d al so exhibit |ess deviati gp1i®h %8s
because the drill tips would be sharper for a |longer nunmber of drillings.
-128 WD 01/68752 PCT/ US01/ 08684 EXAMPLE 14 In Exanple 14, additional dril
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 O ark-Schwebel, Inc. The fabrics in
Sanpl es AA, BB and KK were woven frE%&ﬂﬁﬂJilﬁarn conprising glass fibers

coated W th @ NREEmBRIPAGHSiSn U 0 sl Akl s ekl @nddued, Bxarpl e 9

and Tabl e 14A respective d warp yarn having glass fibers
coat ed wi t IElectd¢al gaderiammptasﬁmtnotumd Pampigs &A, BB andridaincpiperatingtai ng

conposi ti ont38. ., ﬁfaé% %_Q%ct\ﬂ\@é’ep e\éﬁfe?véé?estegf §'f$rncﬂ'h\ bé! p%?cep \rg"éar ST(§e75 gl ass

comerci al 'y av ass yarn eS|
fi ber y& n faloridiaControh) R4S Tﬁnmmaflabsc frbmd.‘.lérk—Sch%béu mtterThe-féBIBss\m 01/ 68752

PCT/ US01/ 08684 14A ht Per onents on.Tot al lids
Basis for ﬁifgg FVRRN 3@("(5—%%&@ Rgdla mﬁﬂﬁ* TOTAL
SCOLI DS BAS'V&M@#&OW #taugMHn PfaB@@QofEcaﬁ\pleAe 38d ¥90le 4 A- 174191

3.8 EMERY 6717192 1.9 SAG 10193 0.2 RELEASECOAT- CONC 25194 3.8
below, respectively, and warp yarn having glass fibers coated with a different

polymeric matrix material compatible coating composition®
10

'%8 The warp yarn was PPG Industries, Inc.’s commercially available fiber glass yarn product
designated as G-75 glass fiber yarn coated with PPG Industries, Inc.'s 1383 binder.
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POLARTHERM PT 160195 5.9 RD-847A 196 23.0 DESMOPHEN 2000 197 31.0

PLURONI C F-108196 8.4 ALKAMULS EL-719199 2.5 1CONOL NP-6 200 4.2 LA (%
0. 35 1119\R/7s30 pol yvinyl pyrrolidone which is comer cigldysodygishabl e
from ISP Chemcals of Wayne, New Jersey. 190 A-187

gamma- gl yci doxypropyl tri nmet hoxysil ane which is commercially avail able from
CK Wtco Corporation of Tarrytown, New York. 191 A-174

gama- et hacryl oxypropyl tri net hoxysi | ane which is comrercially avail abl e
from CK Wtco Corporation of Tarrytown, New York. 192 EMERY(r) 6717
partially am dated polyethylene inmne which is comercially available from
Cognis Corporation of Cincinnati, ChiableddA SAG 10 anti-foamng material,
which is comerci al | sof Greenw ch,
Connecticut. 194 O?Pwé&%ﬁ%kf @gﬁ%‘ég '4'22 %or on nitride

di spersion which is conmercia o PsCaaitRegs;— I nc. of Cak

Ri dge, Tennessee. 191 PO_ARTHERI\/(r) PT 140 né’ ‘ﬁ er which is
comercially available from Advanced Cerfani BAS| Lakewood,
Ohi 0. 196 RD 847A polyester resin which i j l e from

Bor den Cheni cal s of - Colunhus. Chio. 197 |DESMOPLESAMBER nal yet Byl ene

adi pate diol whigh is coROMRONENY availdble from Ber Corp. |of
Pi tt sburgh, PenngAVaK:39.%91911 PLURON CTNI F- 108 13.4
pol yoxypr opyl ene-|pelgp®yet hyl ene copol yngr which ist.gommercial ljy avail abl e
from BASF Cor por §TA-97y F Par st ppany, New [Jersey. I19%9gALKAMILS EL- 719
pol yoxyet hyl at ed 7oe Wi ch T s gommer ci af Ty/gavai I apt € {f rom
Rhone- Poul enc. 2(tsACeH ' 1ES
comerci al ly avaift ahte ‘._i‘ BASE ot §r-of—or——r Hppany;—New Jer sey.
-130 WO 01/ 68752 H .%Jﬂ’l M%’;g,%g f—&bﬂv—e&—mf-e—%geeqaem—l—rforrred into
repregs wth an < .
prepred RD-847A % 23.0
DESMOPHEN 2000 ' 31.0
PLURONIC F-108 '® 8.4
ALKAMULS EL-719 ' 2.5
ICONOL NP-6 #® 4.2
LOI (%) 0.35

185 PVP K-30 polyvinyl pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey.

%0 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.

91 A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporation of Tarrytown, New York.

2 EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Cognis Corporation of Cincinnati, Ohio.

% SAG 10 anti-foaming material, which is commercially available from CK Witco Corporatlon
of Greenwich, Connecticut.

94 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
commercially 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.

1% RD-847A polyester resin which is commercially available from Borden Chemicals of
Columbus, Ohio.

%7 DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer
Corp. of Pittsburgh, Pennsylvania.

'%8 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

1% ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc.

200 ICONOL NP-6 alkoxylated nonyl phenol which is commercially available from BASF
Corporation of Parsippany, New Jersey.
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resin having a Tg of 140C (designated 4000-2 resin by Nelco International
Corporation of Anaheim California). The sizing conpositions were not
renoved Hoxtgefw fabric prior to prepreggi ng. Lam nates wWefreusmpdssshy
stacking 8-plies of the 5 prepreg material and four |layers of 1 ounce
copper (as shown below) and lam nating" themtogether at a tenperature of
355F (about 179C), pressure of 300 pounds per square inch (about 2.1
nmegaPascal s) for 150 minutes (total cycle tine). The thickness of the

| am nates with copper ranged fromO 052 inches (about 0 132 cm to 0.065

I nches (about 0..165 m.nat es epre s were 10
St acked with cophoteplbewerd suBsruey RimeR el Pieiieasitton PRRESSERG, /T 5
shi ny coppe:@sin&saerng et’rg eﬁ140°eqa@@gdaadce4@ooomesin BZNEe IRBfatiorey er se treat ed
foil) copper rep rel(f_lwa%ers 15 one 1 oz/ft2 RTF cop | ayer

three pr epr%@ppé}@P of 6H ejmp&a hiTRS sEigremAcaijiaps wake nqt ﬁ?@g‘(ﬁﬂi | ami nat es
vere trimeggrh %é@bﬁc Sﬂbrbdé p?&prégi?zﬁq Ulé?mhﬁl‘éﬁ%r@bhad@%y%@ackiﬁﬁ *BeaDes of e

drilling was conducted usin i ne 2000 single ng machi ne.
The drilPi refenes "@@ﬁf'@rﬂﬁ’édow’ria)@fﬁ phhodncgcsepper (ap &HP‘M’&P@‘@WQ éﬂ@ lﬁﬂ%@tﬂ’gabov e)

with a 0. m |

thick al umqﬁgmtggagép%tﬁ P@}%t %adr%§sg‘l£g@b ﬂ%{m@f}%” g'ﬁ%ﬁ(} t(;(J‘)BPb ggp%%sfﬂé
was det er m stpard inch galiduB2. 12begaRas0als)lfeb 1 5minetds (tajallcydlieai_tmst)eﬁ‘be_ seri es 80
chi b | oad. dTRKEESat thd ERYatEE Wi opeRg enanironr 6082 6505€ bt 4Tt PR s peca
Sf I9|5,000 r QOGS Mdhés Gl @ggsamg f fofting ﬂmemlr(a?éhlgigﬁzprepﬁfgs?@fﬂéltes- The

ri retractio e was i.n er _m nute an e upper

ari 11 niGa Tieehe wilkcoppaceverman ?'Pﬂ"snwa Edrill head linit. 30 The
drill tip percent wear was exggeNesk/ash db & 130 and 2500 hole drilling
pattern. The holes in each secti ofaesRp at a hole density of 28

Iy
hol es per square Centlw{eéﬂﬁaﬁ?ﬁ%ﬁ% Lat%dr?ﬁf) cggb@égyganch) Tabl e 14B

shows the drill tip percent wear q npl es AA, BB and

KK aftefgdrilling 1500 and 25 hol es was started wth a
{%1/ 68752 PCT/ US01/ 0868%'eh§"i erépreg lgf:?:lay%;

one 1 oz/ft? shiny copper layer
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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 Uniline 2000 single head drilling 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 spindle speed of 95,000 rpm and insertion rate of 95 inches (241 cm)
per minutes. The drill retraction rate was 90 inches (2.29 m) per minute and the
upper drill head limit was 0.059 inches (1.5 mm) upper drill head limit.

30 The drill 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 14B shows the drill tip percent wear of the Control JJ and Samples AA,
BB and KK after drilling 1500 and 2500 holes. Each set of holes was started with a
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new drill bit and each stack of |am nates had ten 1500 hol e groupi ngs and
ten 2500 hol e groupings. Three stacks of |am nates of each fabric type
were dril fQ7hhat the drill tip percent wear for 30 drlidT'/§so\i‘/6§6%4
measured Tor each sanple. 5 Table 14B Drill Tip Percent War Sanple

Sanmpl e BB Sanple KK Control JJ 1500 holes 21.5 19.5 19.8 24.9 2500 hol es
28.0 24.3 25.3 28.3 As can be seen in Table 14B, Sanples AA, BB and KK,

whi ch includes glass fiber filaments coated with a sizing as taught herein
that is conpatible with lamnate matrix resins, exhibited significantly

| ess percent fter 1500 hol es than Control 10 JJ, which includes gl ass
fiber fil an’éﬁ% ﬁh@ ﬁﬁﬁc Hageot{aminatasaddan 1pPQRole groupingg andden 2e00ui t h a

si | ane cont RblBigRSLiriga S*hké&stﬁblé'd?%mlﬁ&t{e@'bf 3&99%9:% T?Pe wWel€di %tthﬁft%%“ .,
tool percent wear for Sanples AA, BB and KK is sti I 'ess t an for nt r ol
JJ but Iessd"Hl‘R)ﬁ’RSG‘PfEéNfa i3§ drigs werepmeasysed fos @ach saplehe majority of the
tool wear will occur during the earlier drilled holes rather than the | ast
holes drilled in a grouping. 15 Based on the above, although not limting
in the pPesent invention, it is preﬂgbjgf,!ﬂ hat prepregs nmade with gl ass
compatible—si-zi ng-as taught

fiber fabric coated with potyreri+e ..ub =

herein have a drilling ti p—percent—we ¥ Ve PeaniWean pan 25 percept,

nore pref er pbly—ho—greate | SamplefA o pﬁﬁmple tmSempledste r b epotreldd lgr eat er
t han 25 per«:éﬁ@‘? hgles get er i ned21a$ter dri | I19;$g 2000 hd98s t rou@-hga st ack of

3 20 | am naf95pg REELT anm ate tHodimg—e gt prepregssat a—hgle—density
of 400 hol eg_per gﬂuare nch 2{%% a chip ?oad of 0.08?3 th a %836

(about 0.018 inch) dianmeter tungsten carbide drilT. Tn addrtion, based in
t he above, althoﬂgbambé séemmrnaa@ 14B, Safpl¥sOSE BB by RRE wiigh mclddeé@la@&ef erred

t hat prepr ber fabric coated with a pol ynmeric 25
n’B.tI’I)F() cgrrp ui B"eé’gz‘f%éeq‘la@ﬁ? 335!“9 a5dregM heeainthat sopmpetibla wﬂ%éarame@ of no

great er t haatr&@asﬂﬂ@ eRABHET Signifitdrely Rise TnaFcht Me&oéﬁegﬁgﬁé Roled i C?b%trol
m crone and nost preferably nhot greater than 31 mcroneters,

det er i d ~!alf wBichdnglydss glassdiber flamests thathsedde ba heateiéansd F8|or tnrbemg es each
PCTI US01/ 0BeR S i ey PR nisiha S2nG: Arer 2500 RISk WeXeBfins of gl o
0. 001 wi t h tRolpereentweprios SamplesA¥s Bharid Kidisstilitless thamgmﬂblntrOIarthuﬂ eesgrill.
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, it is
preferred that prepregs made with glass fiber fabric coated with a polymeric matrix

compatible sizing as taught herein have a drilling tip percent wear of no greater than

32 percent, more preferably no greater than 30 percent, and most preferably 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 and a chip load of 0.001 with a 0.46 mm (about 0.018 inch) diameter
tungsten carbide drill.
In addition, based in the above, although not limiting in the present invention,
it is preferred that prepregs made with glass fiber fabric coated with a polymeric
25 matrix compatible sizing 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

through a stack of 3 laminates, each laminate including eight prepregs, at a hole
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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
conpositiqﬁnqﬁgﬁbosed S herein, and in one particular enmbqgipgosdshe
presence of the boron nitride, <contributes to the inprove dr|II|ng
properties of the |am nates of the present invention. Mdrre particularly,
the solid lubricant contributes to the reduction in drill wear and

i nprovenent in |ocational accuracy of the drilled holes. Inproved drilling
properties in lamnate made with glass fibers coated with a 10 resin

onger a1 PPy B 75 A Phe et oAy b i iSe i oo e oG ainulabiet o e

r eshar peni nQ.048 ;mtihsamertumgstadcﬂrb:a@arm because the |ocational accuracy of
t he hol es drille&’thr h the | am nates .of the present invention is greater

than that for co éf'“ePHWF fabe bound by any parfeiiardheanat istslievedibat t hr ee
| ami nates caie gieseiica @k a@ofiPlubfédnt I the gfilss Aibsr ki osition diéél{b Phe. same

Eé:ﬂﬁ
accuracy_as that achieved in a 3 |am nate stack ﬁ% venti on anm nat es.
Both of  PheB@relidpamhinenespartictlarembediment, the prrsenes O‘etbelbomnd'ninué,l ng

oper at i on. cézd{ﬁﬁdiééf’é%émabﬂa fed mg@d @ﬁ@émﬁ%ﬁﬁbg‘%@%tﬁé %g;hg g%%?“ Iled in

the lamnates iIs rove so th C support
i ncor por at i inyenties. Il\mrematt@ulaﬂynh@sdwdbnczﬁt EootibiRitds tb3hd realutidrd iawiring sanpl es

in Table 15 di od| ment i nvention. Coating

sanpl e LL \Aﬂégfpérn?s%%%’%&lﬁn{ ?c tlgg? ﬁcur%%?ftﬂa dE@‘?FE“% MV QQ. have not been

produced. -133 WihitaveaBdiiithgREapduisslin0ahiBate madd RitH §ia¥ERIRTE cBRBETNR LOF
TOTAL glC]_I. DS BASI S . SANPLES, COVPONENTS LL MM NN 00 PP QQ

PO_YOXE%R resin cfPEgbleFizinges Gught herein prpvidesGeveral advanteges o Fitstelgngerst 4. 74

3.32 3.68 2dMMif ﬁqeéag r%@@ 100
3.32 3.08 2df 5183- t adh Jl‘ﬂl @t&ﬁd?ﬂl%%ré&%@g%}g?dg%éeségyeqw%gﬁ[ 5000

206 40.58 3§ asitign, @efasaewleqaﬂma'z&cwscy shtebResiddlied thogighdile 9. 98 - - - -

laminates of the present invention is greater than that for conventional laminates, it is
expected that more than three laminates can be stacked for drilling at a single time
15 with the same accuracy as that achieved in a 3 laminate stack of conventional
laminates. Both of these advantages result is a more cost effective drilling operation.
Furthermore, the locational accuracy of the holes drilled in the laminates is improved

so that the quality of the electronic support incorporating the laminate in improved.

20 EXAMPLE 15
The following samples in Table 15 represent additional embodiments of the

invention. Coating sample LL was produced but not tested. Coating samples
MM-QQ have not been produced. )
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POLARTHERM PT 160 208 5.46 5.45 - - 6.00 6.00 EUREDUR 140 209 4.43 - -
PLURONI C F-108 210 - 9.83 10.81 7.56 8.40 5.94 MACOL NP-6 271 - 3.28 3.60
2.52 2. 80wb Afs7s¥yERSAM D 140 212 - 4.36 4.80 3.36 3.73 2. &1/ 1/088k YOX WER
301 pol y(ethyl ene oxide) which is comrercially avail able from Union Carbide
Corp. of Danbury, Connecticut. 202 A-174

gamma- et hacr yl oxypropyl tri met hoxysil ane which is commercially avail abl e
from CK Wtco Corp. of Tarrytown, New York. 203 A-187

gama- gl yci doxy- propyl tri net hoxysi |l ane which is comrercially available from
CK Wtco Corp. of Tarrytown, New Yori.! Q‘é DYNAKOLL Si 100 rosin which is
commercially avail able from Eka Chem , Sweden. 205 SERMJL EN 668

et hoxyl at gd nonyi phenol which Is cpmapeiGhTe NEBFT P

Benel ux. 306 DESMOPHEN 2000 pol yester pol yol pdya! bElEfsoﬁ)&rSfﬁ' ally
avai | abl e [fTom Bayer.—Corp._of —Pr{tsburgis PcnnsgAvEL.' g 20-—SYNR C
F- 108 pol Joxy ’3"““' ce—pelyroxyret-hy copol vopr M E the European
counterpar:rﬁa“ 8 C F-108. 2011 & ARTMBRM PNNLGD B oh WP r{ d@Qoyder
which is ¢GORNQX WSR3av&i | abl e frpno.5ed)amesd| Geee| Ce480[ POAAT | O 32
Lakewood, |@him 22209 EUREDUR 140 1S as_gg)ly TReelT SET "2', T égswué.g,l ally
avai | abl e Iy & b Get gy, Betgiu 16 (WA . :

1l
\\& a1
r4

LIL) UT'T - R
p0| yoxypr e VoW Vo V2 AVAVZ-Y h\]ll ene r"\p‘h?y [ .Y a1 "hZ?% "OH’ﬁ%I’ C i va h¥@i | abl e
from BASFQrm INAKQUL SHT8% ™ par si ppany 2608w 26:58ey. 211| RA@BL| NP- 6 hdsydsphenol
sur f act an{ SERMUYL EN 668fffer ci al | y alad.Bab| e from BASF| of - PhrsI pppny, New
J . 21 [ d ' Iz tab
er sey. 2 EGUROPHER 2080 ol yam de| GRS WA 178 HOIMBTE Fiy oy iad] e

P\

from Cogn t 134 68452 U
R VoL Y210 A A =11 T i i e iy g

SAMPLES | POLARTHERM PT 160 2° 546 | 545 | - - | 6.00 | 6.00
EUREDUR 140 2 443 | - - - - -
PLURONIC F-108 - | 983 | 1081 | 756 | 840 | 594
MACOL NP-6 " - | 328 | 360 | 252 | 2.80 | 1.98
VERSAMID 140 2 - | 436 | 480 | 336 | 373 | 264

201 PQLYOX WSR 301 poly(ethylene oxide) which is commercially available from Union
Carbide Corp. of Danbury, Connecticut.

202 A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
g;( Witco Corp. of Tarrytown, New York.

A-187 gamma-glycidoxy-propyltrimethoxysilane which is commercially available from CK
Witco Corp. of Tarrytown, New York.
2% DYNAKOLL Si 100 rosin which is commercially available from Eka Chemicals AB, Sweden.

2B°5 SElRMUL EN 668 ethoxylated nonylphenol which is commercially available from CON BEA
enelux.

20? DESMOPHEN 2000 polyester polyo! which is commercially available from Bayer. Corp. of
Pittsburgh, Pennsylvania.

207 SYNPERONIC F-108 polyoxypropylene-pol yiti
yoxyethylene copolymer: it is the Eu
ggunterpart to PLURONIC F-108. Y Py opean

POLARTHERM PT 160 boron nitride powder which is commercially available from
2li;glvanc:ed Ceramlc_s Corporation of Lakewood, Ohio.

E!JREDUR 140 is a polyamide resin, which is commercially available from Ciba Geigy
Belgium. ’
21 p| URONIC F-108 polyoxypropylene ichi i

: -polyoxyethylene copolymer which is commerciall
:Yallable from BASF Corporation of Parsippany, New Jersey. !

MACOL NP-6 nonylphenol surfactant which is commercially available from BASF of

Parsippany, New Jersey.

#12 VERSAMID 140 polyamide resin which is commerciall i i
L availabl
Cincinnati, Ohio. y available from Cognis Corp. of

-134-



COVPONENTS LL MM NN 00 PP QQ RELEASECOAT- CONC 25 213 3.64 3.63 - - 4.00
4.00 ROPAQUE OP-96 214 - - 29.23 30.00 35.00 35.00 est. %solids in
coating Swé& /8- 1 7.3 6.5 9.3 EXAVMPLE 16 Uncl ad | am natpeg/iweelies¢smde from
the materials and by the processes as 5 described in Exanple 9, except that
no copper was used during |am nation. Each of the unclad | am nates were
then cut into 52, 1 inch x 1/2 inch (about 2.54 centineter x about 1.27
centineter) rectangul ar pieces. About half of the pieces were cut parall el
to the warp direction and about half of the piece were cut parallel to the
fill direction. 26 rectangul ar piggs f h lam nate (13 cut parall el
to the warp direction and 10 13 c &%I(ﬁ%{%@g the fill direction) were
then placdd in reflux apparatus w {h WAEESHT FERRCENT CEEOMPENENTOOgNT §0 a
boil. The |water was allowed to boill for 24 horypaL SOLIE BA4idours, the
pi ece wer g TEMDVED oM the water ' SAMPBLE T jece
f r om each lamrate—were—not—boertedl-Ar—uhelad—coni+ob——ampate—made_usi ng
a conventi(g{@r*r’”'JJ Ni§ eaned and fimidted [t MMi¢ it e Qe Bihner QR 15
descri bed |REMASECGATQONC 257281 kBB¢g fhd.6Best Faminates,| w08 &l 400

fabri cat eg mpAQMp@saecorfng to the @bove [Pr@cgﬁtprgﬁoﬂgmr t35t®a
shear stre g&_ri& L“?éﬂéﬁ@ UUIFJQ_ZurgckﬁﬁF”mUIsiu P;VZL:E’I [,D t Iéc;‘) u:&p A di i

accordi ng Lo
Tabl e 9, where Unclad Sampl es AA, BB and CC correspond to | ani nates 20
made using fabrics (descrlbed I n ExgaxpAMpOe 1gavi ng fibers sized with sizing
conpositions AA, BB respectively. AS discussed above, the control

sanmpl e was nade %@iaﬁgaramé@ﬁme madgl fronethe-raatedials @and kY the priosgss@s fabri c. The

e i A ey Al T T

di spersi on #e wicladdamiratesaweredhéry cutinatp [52b1 inchixoli2 YR (Slumdt Rrigcentimeter f  Cak
Ri dge, Tenn 6..0. 55 rticle dispersi whi ch
i s commerci gﬁi?&e'avééé}gﬁ%ﬁéﬁj ﬁﬁngﬂ%ﬁ RISSR3 ‘ﬁg]%‘@ éﬁﬁﬁ@’ﬁﬁ%@s BT g@eqaﬁﬂ'lréh
Pennsyl VaEI o thelr&ﬁp%@aﬁibh%ﬂ%oﬁ[ﬁ'dlﬂﬁ@ﬂé 6i86644ere(@.h@?tall@l td e ﬁlEd]Teicﬂ@i.ﬁr s) to
0.063 i t 0160 t t th to
e TS T o 5P et e RS

10 13 cut parallel to the fill direction) were then placed in reflux apparatus with water

a

and the water was brought 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-cleaned and finished fabric in the same manner as

15 described above in Example 9 for making the test laminates, 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 testing are given
below in Table 9, where Unclad Samples AA, BB and CC correspond to laminates

20 made using fabrics (described in Example 9) having fibers sized with sizing
compositions AA, BB, CC, respectively. As discussed above, the control sample
was made using a conventional heat-cleaned and finished fabric. The thickness of
the test laminates (Unclad Samples AA, BB and CC) ranged from 0.050 inches

#® ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is -
commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

#“ ROPAQUE OP-96, 0.55 micron particle dispersion which is commercially available from
Rohm and Haas Company of Philadelphia, Pennsylvania.
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Test Units AA BB CC Control Short Beam Pounds per 7787 8477 7769 7382
Shear Strength, square inch (54) (56) (54) (51) No Boil, Warp
(megaPascelospdrsecti on  Sanpl e I nches 0.060 0.050 0.056 G@a3so01/bdysgkness
(centineters) (0.152) (0.127) (0.142) (0.140) N=13 Short Beam Pounds per
6626 7594 7118 5506 Shear Strength, square inch (46) (52) (49) (38) No
Boil, Fill (nmegaPascals) Direction Sanple Inches 0.061 0.050 0.060 0.055
Thi ckness N=13 (centineters) (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 Ho h! |, rect i ches 0. 061 0.051
0. 057 0. 057%‘1‘&‘?913%(3"%?&@%%(3 2@#%@?%”@% 4459 g‘?ﬂ%@ﬁéfg( Jgr_\eﬂ?g? °?o. 145)
Short Beam Ruaispis Ipegth 5@ 64mpl8 MaicknkEd dddriftestiitpmas &t rengt h, square inch (36)
(40) (36) (28) 24 Hour Boil, Fill (nmegaPascals) Direction Sanple Inches
0.063 0.051 0.062 0.056 Thickness N=13 (centineters) (0.160) (0.130)

(0.157) (0.142) 5 The short beam shegabptfeengt hs of the test | am nates
(Unclad Sanples AA___BR__CC) in hoth f warp and fill directions, both
before and dfter Vefter boil . vidRits obskr vl td b8Bhi gherCE€han Ehatraloit r ol
sanpl e in tHiSharidBaamnmg. 10 PoAWBEBed7 |Fi F78% annB4Tdde| f 7068 E{ gl 23882 f ijber
strands si zddheat Btrengthng csupaiincton {CC(54) vén (56) Tapl ¢59A of Bxanplle 9
and warp yarjriéo Beitj V&G | ndmeyabassals) nc.' s 1383 co rcially avail abl e
fi ber gl ass |\@ireatign oduct were woven into 7628|style fiabric
Sample Inches 0.060 0.050 0.056 0.055
Thickness (centimeters) (0.152) | (0.127) | (0.142) | (0.140)
N=13 '
Short Beam Pounds per 6626 7594 7118 .| 5506
Shear Strength, square inch (46) (52) (49) (38)
No Boil, Fill (megaPascals) ‘
Direction
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 Baill, (megaPascals)
Warp Direction
Sample inches 0.061 0.051 0.057 0.057
Thickness N=13 (centimeters) (0.155) | (0.130) | (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)
Direction
Sample Inches 0.063 0.051 0.062 0.056
Thickness N=13 (centimeters) (0.160) | (0.130) | (0.157) | (0.142)
5
The short beam shear strengths of the test laminates (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 EXAMPLE 17

Fill yarns made from E-glass fiber strands sized with sizing composition CC
given in Table 9A of Example 9 and warp yarns made PPG Industries, Inc.'s 1383

commercially available fiber glass yarn product were woven into 7628 style fabric
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-136 WD 01/68752 PCT/US01/08684 wusing an air jet loom The fabric was
subsequent|ly prepregged and |am nated to form copper clad | am nates as

descri bedwghawgian Exanpl e 9. Copper clad | am nate CC (as pdgsgdohoseds above
in Exanpl e 9) was subsequently processed (i.e., drilled, plated
and-patterned) into test boards having a 5 plurality of test patterns for
testing netal mgration performance. Mre particularly, each board included
three sets of seven simlar circuit patterns 1310 as shown in Fig. 13. One
set of patterns was oriented along the X-axis of the board, another along

the Y-axis @f Jo¥e1r a vl 4 t board.
Each o1 ourt o Fafa a0 o e B Wi Bboihefu oo BR85S AT iAo 137
each havi ngfosm ropperaiast lamirstesiss described akove im ERamplerd.t o- cent er spaci ng
bet ween holes in | t ngi,ng fr 40 taq. 54. il. Indrilling
these hol es, twoC ae?ggﬁv{%é@\g%%@2@%0'6%6'5%?H}é?ves'ﬂ%fﬁ%%"}?scouI d be
drilled in subsequentlygrodeksettyienelritid, platedbricpNRindt iMt@vest bodrdb Bhfng k" each
pattern yere interconnecte us bar 1314 and | eads along a first
%‘;\Eqéyﬁ édb){?ﬁ b 1314 d | eads 1316 al fi
maj or su fa%ﬂraﬁ 9 et patleras I tesipaametal "pigERtion perfgymance o Mese attisligdy.der ed to
15 each busedthrbobfd in6RBEE fHré®Beth Of SevdR\¥Rhild} AbGiEpatientd Fiof fslnbwhls t her
included a L K_ohm surface resistor 1322 to ensure that it one circuit

failed, powd® Blipgns setefpatierns aagiaienigd @langthe X-aminiofthe boandi anathered. Each
board was @,l@ﬁ,i : Tyl b ] e 0 renove
any sol ders?I ux F J;?)gggigﬁgjb é&r)eaaégﬁih@&éléﬁgra \é@ \%é?'é%% thgﬂbﬁn%%ié Eﬁ&:‘i
chanber at @St pattsyp)1340 incBBlEd50Iraws vEfiveuwdrilldd hyles 2612 rethch hd@ing avol t DC

current : | | j h atterns. Ever 00, hours the
chamber @mgid‘ﬁ'ﬁgﬁe* ggﬁg Wh}%?hda%éﬁﬁé%gﬁte&géacg%%e ‘He?'?)hgfaf Bﬁ?cﬁ?@”t [P4% er ns
to stabili zengiog oty 40hto 4D nileipdriliigithese holds,ttwe boaris!vadre 8tacké®i St ance for
each patter sured. There were two S | e CC hoards and two control
boar ds. Thetgg%\(ﬁgrr%Fﬁﬁgbéégﬁpwg?\?ﬁ'ﬁg%c?es'?we%ﬁ@”gQﬂ%faﬂ%ﬂl Alterpalinggawpl e CC
boards but ofelkstoeschpatimiverdifircdngate8 by dd bhi M3 eN&d Eady Wﬁs-al&?fh boar d
I ncl uded 21 @_:s{cun pri%t erns (i sets of seven circuit patterns)

.e., three _ f
for a total?Ypt WIIOESYEaGe;of thekeatd ap showo inFignts. Shkiplleadswere saldereddnd t he
cont r ol1®oas4d6 busd Ibar for ; ' bel ow i n
Tabl e 17 where tu he {ab?gﬂc\iﬁe\?g{)ﬁgsgg%efsﬁgr%g%b%ﬁ%g?mggm %ﬁﬁ@u‘gﬁé‘%’%q{( he 30
speci fi ed rei? syrfacedesistog 133A0oENsBR B iAW ¢isOit f48dSdower supply to the

remaining circuits would be maintained. Each board was soaked in 76.7°C (170°F)
deionized water for ten minutes to 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 patterns. Every 200
hours the chamber was shut down, the chamber door was opened to allow the
patterns to stabilize 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 finished fabrics. Eéch 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 hours are given

below in Table 17 where the tabled values are the number of patterns with the
30 specified resistance.
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Tabl e 17 I nsul ati on Resistance Sanple CC Control OHVS 200 Hrs. 400 Hrs.
1000 Hrs. 400 Hrs. Short 017 42 1051420 1061110 1070200
106 1 0 1w 01%9%23 2 1 0 . 21010 36 32 30 0O The Sanpl e Cepdipedodesdaad fewer
shorts than the control boards after 200 hours of exposure. After 400
hours of exposure, all the control board patterns had 5 failed. For
purposes of this test sanple, a "short" refers to an insulation resistance
val ue of less than 105 ohnms. EXAMPLE 18 Each of the conponents in the
amount set forth in Table 18A were m xed to 10 form aqueous resin
conpatible primary size Sanple RR acc%ﬁi‘aqg to the present invention. Less
than 1 wei ght percent of acetic acid ot al wei ght basis was i ncluded
in the congomstlatioh Résistahée RR was applsgaple €@l ass T1hefs T ocgatrd G /p E-
gl ass fiberj—strands. _The coated glass fiber strands were twisted g fbrma

twisted ydrn andOiMshd ont ¢ BBBHrss |i #08 Hysni di00fdtimer usi48g Hrsnvent i onal

£ DI 0O/ 120 \AD\

twi sting 19 equ pEgRE.  TTe goat gyl yanm tag—am 1o 0 35%——338—W5
01/ 68752 PQT/US01/08684 Tahle 18A i ght Percent of Cofponent “on TotHl
Sol i ds Bas‘iJs for $hple RR{Si zihg COVPONENT SAMPLE RR [RD- 847@\ 215 2J7. 0

DESMOPHEN ceee—z-}e—ég%z PR K 30 217 90 A 187 216 2 1 A 174210 4N
PLURONI C E4108 22019 0 1 1 1 0

107 0 2 0 0

10° 1 0 1 0

10° 3 2 1 0.
>10™ 36 32 30 0

The Sample CC boards had fewer shorts than the control boards after 200

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 mixed to
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 was
included in the composition. 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
yarn and wound onto bobbins in a similar manner using conventional twisting
15 equipment. The coated yarn had an LOI of 0.35%.
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VERSAM D 140 221 4.4 MACOL NP-6 222 5.4 POLARTHERM PT 160 223 0.9
RELEASECOAT- CONC 25224 1.5 acetic acid <0.1 5 Each of the conponents in

t he amounivgs@Alesf®arth in Tabl e 18B was mi xed to form aguequs/v®ssss84
conpatible primary size Sanple SS according to the present invention.

Sampl e SS was applied to glass fibers formng G75 E-glass fiber strands
and the strands were not tw sted. The coated, untw sted yarn had an LO of
0.7% 215 RD 847A pol yester resin, which is commercially available from
Borden Chem cal s of Col unbus, GChio. 216 DESMOPHEN 2000 pol yet hyl ene

adi pate diol, which is commercially %ﬁle’ﬂ%ﬂ e from Bayer of Pittsburgh,
Pennsyl vani a. 217 PVP K-30 pol yvinyl pyrrolidone, which is comercially
avail abl e from | SP ChWleight|Rercént oflBompondnt/ oncTatal/SolRisBadsié 87

gama- gl yci doxypropyl tri net hoxysfdrsSemmpletRR Bizimg commerci al |y avail able from
Csi  Specialtfes, Inc. of TacCOMP®RENReW York. 219 A [I74AMPLE RR

ganmma- et hacr RQ w.m%gyi trrrethoxystane—whteh—+S—€6 i Il abl e
from OSi SpeflAlYi'8s  lnc of Tarrytown, New York. 220 PLBREN CTM|F- 108

pol yoxypr opy| fRESMERHEY @060/ f'2ne copol yner, which is |[conmes6izal |y
avai l abl e fr WARE3EOT porat 1 on of  Parsippany, New JErsey. gl VERPAM D 140
pol yam de, wh T i i eel—-M-ljis_Chem ical s,

I nc. 222 I\/ACCL_NE 6_nonyl phenol “surfactant, which is [commer&lally avail able

from BASF of | Rd74iBpany, New Jersey. 223 POLARTHERM|r) PT 4160 bor §n
nitride powdefpRGRONFE FS10gWtd CM_ar € Commer i at iy —avay vanced
; LN DE

Ceram cs Cor ood— Chio- 224 ORPAC _BCH

ooy ey

RELEASECOAT- S8MILAAR ' 'swcormerci ally avail abl e | from4#P Coali ngs,
Inc. of GCak HMgeOLNPBEFsee. - 139 WO 01/68752 PCT/ U301/ 08634 Table 18B

Pounds of Co ER]'[?THERM%SP1§’BEZE’U”° of —Sampte—SS-Sizing 09

RELEASECOAT-CONC 25%¢ 1.5
acetic acid <0.1
5 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 applied to glass fibers forming G-75 E-glass fiber strands
and the strands were not twisted. The coated, untwisted yarn had an LOI of 0.7%.

%15 RD-847A polyester resin, which is commercially available from Borden Chemicals of
Columbus, Ohio.
2'® DESMOPHEN 2000 polyethylene adipate diol, which is commercially available from Bayer
of Pittsburgh, Pennsylvania.
17 PVP K-30 polyvinyl pyrrolidone, which is commercially available from ISP Chemicals of
Wayne, New Jersey.
#18 A-187 gamma-glycidoxypropylitrimethoxysilane, which is commercially available from OSij
Specialties, Inc. of Tarrytown, New York.
219 /_\-174 gamma-methacryloxypropyltrimethoxysilane, which is commercially available from
OS:i Specialties, Inc. of Tarrytown, New York.
20 I?LURONICTM F-108 polyoxypropylene-polyoxyethylene copolymer, which is commercially
available from BASF Corporation of Parsippany, New Jersey.
:2‘ VERSAMID 140 polyamide, which is commercially available from General Mills Chemicals
nc. .
222 MACOL NP-6 nonylphenol surfactant, which is commercially available from BASF of
Parsippany, New Jersey.
23 POLARTHERM® PT 160 boron nitride powder particles, which are commercially available
gom Advanced Ceramics Corporation of Lakewood, Ohio.
“ ORPAC BORON NITRIDE RELEASECOAT-CONC 25, which is commercially available
from ZYP Coatings, Inc. of Oak Ridge, Tennessee.
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COVPONENT SAMPLE SS MAPEG 600 DOT 225 9.24 ALUBRASPIN 226 226 1.9 A-174
227 10.9 A-187 228 5.45 A-1100 229 2.41 EPON 880 230 91.1 PLURONIC
F-108 231w® chs7sALKAMULS EL- 719 232 9.11 MACOL OP-10- SP 3¢3/ékopdsesiEPl REZ
3522 234 20.9 acetic acid 2.6 5 Yans sized with Sanples RR and SS were
used as warp and fill (or weft) yanms and woven into 7628 style fabric. A
control yarn, which was a commercially available G75 E-glass twi sted yarn
having fi bers coated with PPG 695 sizing and avail able from PPG

I ndustries, Inc., Pittsburgh, Pennsylvania (hereinafter the "Control

Sanmpl e"), was al so woven into a 76281.%&%1 fabric. The sized warp and fill
225 is an ethyoxylated di-tallate fro Corp. 226 ALUBRASPI N 226
partially am dated pol yet Ppuade of Conmoneht pér 100 Galloves ci al | y avai |l abl e
from BASF Corp. of Parsippany, I\bf/\sdmple@ssmgA- 174

gamma- net hacryl oxypropyl Tri ﬁ@mgﬁrﬁe Wi cn | SSRM'ﬂIErS?S gl |y avail able
from CK Wtco Corp oy oW —New—Yor] 228—A—1g7
gama- gl yci doxypropmfe rqm Tz_zg\snﬂ which is ¢onne ‘?2431 |yt avail able from
CK Wtco Corporati qriLMBRASPINGZ26F® New York. 22' A- 1180 anmilno- f uncti onal
organo silane coupl ijng1ag&ht whi ch is comerciall y aumd | ablje from CK Wtco
Cor poration of Tarr WOWg;22NeW YOT K. 230 EPON(T) [880 §@9xy rlesin, which is
comerci ally avai |l alf i H5-ShetH—Chem-cal—Conpany Hotuqt on, Texas. 231
PLURONI CTM F- 108 pol m opvlene- nnl yoxyet h\/l eme :«g\ﬂ? voed which i s
comercially avail 4d tﬁ%éﬁ‘lﬁé% BASF Cor por ation of _Par&h-bhpany|, New Jersey.
232 ALKAMULS EL- 719 |flurcoNiES Pybaged vegetable ¢il vhith i9d commercially
\%ai Iha_bl e from Rhf)qu“m@_rg qulg:ﬁr-\g%rw-c’{?“ >Ph‘et 11)1(2/1 at gﬁ al Eg\l/vp?gpgle

I C IS comercCla yMRE6|Lde_15§‘j23§TI DASH—COot P61 l.g:?ol Pt Y, Y.

EPIREZ 3522 ¢ 20.9
acetic acid 2.6
5 Yarns sized with Samples RR and SS were used as warp and fill (or weft)

yarns and woven into 7628 style fabric. A control yarn, which was a commercially
available G-75 E-glass twisted yarn having fibers coated with PPG 695 sizing and
available from PPG Industries, Inc., Pittsburgh, Pennsylvania (hereinafter the

“Control Sample”), was also woven into a 7628 style fabric. The sized warp and fill

22 is an ethyoxylated di-tallate from BASF Corp.

25 ALUBRASPIN 226 partially amidated polyethylene imine, which is commercially available
from BASF Corp. of Parsippany, New Jersey.

27 A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporation of Tarrytown, New York.

28 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.

229 A-1100 amino-functional organo silane coupling agent which is commercially available from
CK Witco Corporation of Tarrytown, New York.

%0 EPON® 880 epoxy resin, which is commercially available from Shell Chemical Company of
Houston, Texas.

21 PLURONIC™ F-108 polyoxypropylene-polyoxysthylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

%2 ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc.

233 MACOL OP-10 SP ethoxylated alkylphenol which is commercially available from BASF
Corp. of Parsippany, New Jersey.

24 Dispersion of a solid bis-phenol A glycidyl ether epoxy resin from Shelf Chemical Company
of Houston, Texas.
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234 Dispersion of a solid bis-phenol A glycidyl ether epoxy resin from
Shell Chem cal Conpany of Houston, Texas. -140 WD 01/68752 PCT/ US01/ 08684
control yeigw/eed an LO of 1 % Prior to weaving, the wargety@soiodess

sl ashed with a polyvinyl alcohol conposition that increased the LO of the
warp yarn to about 2 to about 2.5% The resulting fabric had an LO
ranging from1.6 to 1.9% Each fabric was tested for air perneability
according the test procedures 5 established in ASTM D 737 Standard Test
Method for Air Perneability of Textile Fabri cs The average air

perneabi it the fabr ns,.. s shovvnb T, abl e 18C
Air Perrreab%nirf){,yar?ss?%%ﬁ%“él V\ﬁt?c%f' Eovg)%arwqgr arbggl;n @g%gﬁéﬁ%o‘%%g@ntrol
Sanmpl e 41 b;ﬁWVMyEaIBRdeEBmpSﬁfm'I l?aﬁﬁcrkaﬁe&&e@lmamé)ﬂamgem llorab'Babt ead18C, t he
air perrreal e woven fabrics incor ti es Aand B is

si gni fi cant3%p %\ﬁé‘i‘ TW%WSP‘HQQ fa(?f'cgﬁﬁ af‘é—ﬂlr%“ W“anng fﬁg’ Control Sanpl e.
EXAMPLE 19 15 Taklch falrid Was tedf faslt bémbm@%cbmﬁg A8 t&dt prdr@diresnul at i ons
applied to gl ass fibers that were su seguent woven into a fabric. Less

than 1 vei gt é'ﬂ%‘b'ﬁtA%'fM Da?:?(?t$'fén@%fﬂ5 ethed fordieiPermeakiity efdestisi ti on.

-141 WO 01/ r onent on a
Total Soli c!% égi E@-C%%Eﬁﬁ%‘}neﬁmm %%MF}'Q@EV%E lgﬁmwgalrgr‘gg WV Sanpl e
XX PVP K-3G85183. 7 13.5 15.3 14 7 14.2 STEPANTEX 653236 27.9 13.6 12.6
A-187237 1.7 1.9 1.9 1.8 1.7 A- 1742§§b|§.1§03. 8 3.8 3.7 3.5

Air Permeability
(standard cubic feet per minute
per square foot)

Control Sample 41
Sample RR 2.8
Sample SS 1.6

10 As can be seen in Table 18C, the air permeability for the woven fabrics incorporating
Samples A and B is significantly lower than that of the fabric woven with the Control

Sample.

EXAMPLE 19
15 Table 19 includes additional nonlimiting sizing formulations applied to glass
fibers that were subsequently woven into a fabric. Less than 1 weight percent of

acetic acid was included in each composition.
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EMERY 6717239 2.3 1.9 2.5 2.4 2.4 MACOL OP-10240 1.5 1.7 1.6 1.6
TMAZ-81241 3.0 3.4 3.3 3.1 MAZU DF-136242 0.2 0.3 0.2 0.2 ROPAQUE

OP- 96243 ¥% (/68329 42.3 40.7 RELEASECOAT- CONC 25244 4.2 G/d¥s0P/08684
POLARTHERM PT 160245 2.7 2.6 2.8 SAG 10248 0.2 RD 847A247 23.2 DESMOPHEN
2000 248 31.2 235 PVP K-30 polyvinyl pyrrolidone which is comrercially
available from ISP Chem cals of Wayne, New Jersey. 236 STEPANTEX 653 whi ch
is comrercially avail able from Stepan Conpany of Maywood, New Jersey.
237A-1 87 gammra- gl yci doxypropyl trinmet hoxysilane which is commercially

avail able from CK Wtco Corporationtgfehd rytown, New York. 238 A-174

gamma- net hacryl OXYPRg, ht PE%EEBN%H 'i’l‘én h%brdt |1y avail abl e

P VAR Y W N/Le \ f“l‘l7

FOTCOMPENERT 0T PoT =t P aiole T1 I Saifie UG Sahible vy | Sambic vk | 55rgy
par t BB K o ee oyl s 1 S—COHEBF-Cj—a )
Cogni-s—Co¥y Cihcin Q0 4 AcC-+p- 10_et P‘Q’rz(‘yl_ ed 142
al Kyl PHERANTEX 853 pr arifal 2. 9;| mjar to MAJD (880 SP except |t hat12@- 10
SP r|etdBl®s a post treathent1#o removelhe chtal $8t: MACOLTEP-10 is ha
| ondeA-1748hmerci al |y aval | abB4. 2411 TMBB- 81 ket hyB&ne oxi de3deri viati v@50f d
sor Qi EMER¥<B7d7*%Whi ch' is| conp®rcial |y &@ai |l abl e 2i5om [BASF24@or p.[ of 2.4
Par simaeoy, OMag®Jer sey. P42 WBZU DF- 136 antiF T oamiyng agent1@hichi 1S 16
%%gnermwg1y1 aé%lTabl € Tfom BASF Jor p. of ar STRRany, | Newz 4er's zsq

/-L;W)gz(j}[)p,]fg O 55 T CTOf opar tf T e dr Spef st o g Cf —TSQgUNTTE rCi 07
aval I ny—of—Phitade a1 Pet Hvaftas
ORPAEC HCR ‘FES ?M%w4 1 de 'ség?’s'r& Mh'4fo"‘ -5—
CONTHk r.-‘tirrli\ls p\:gl I O R _Caolat in c of ek IR de, Ter 5
POL FHERW Iﬁahnn nn2dride pow £r \Lhﬁﬁh4< —conmmercially avai}@bJ e
fro nsﬁﬁ\?gnrpd Cpr ani cs (Corporat | _of OPakewhod, Chio.| 246 SAG 10
antil- Lal ich is comrerd$idl|y| available fromCK Wtco
Cor fdPBESMEOFrHEN 2000 28 | 31.2

25 pPVP K-30 polyvinyl pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey.

2% STEPANTEX 653 which is commercially available from Stepan Company of Maywood,
New Jersey.

%7 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.

%8 A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporation of Tarrytown, New York.

%% EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Cognis Corporation of Cincinnati, Ohio.

20 MACOL OP-10 ethoxylated alkylphenol; 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. ‘

241 TMAZ-81 ethylene oxide derivative of a sorbitol ester which is commercially available from
BASF Corp. of Parsippany, New Jersey.

2 MAZU DF-136 anti-foaming agent which is commercially available from BASF Corp. of
Parsippany, New Jersey.

% ROPAQUE® OP-96, 0.55 micron particle dispersion which is commercially available from
Rohm and Haas Company of Philadelphia, Pennsylvania.

244 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

5 POLARTHERM® PT 160 boron nitride powder which is commercially available from
Advanced Ceramics Corporation of Lakewood, Ohio.

2% SAG 10 anti-foaming material, which is commercially available from CK Witco Corporation
of Greenwich, Connecticut.

%7 RD-847A polyester resin which is commercially available from Borden Chemlcals of
Columbus, Ohio.

26 DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer
Corp. of Pittsburgh, Pennsylvania.

-142-



of Greenw ch, Connecticut. 247 RD 847A pol yester resin which is
comercially avail able from Borden Chem cals of Col unbus, Chio. 248
DESMOPHENw2OARsl yet hyl ene adi pate di ol which is commer cipgdtysoavgysh abl e
from Bayer Corp. of Pittsburgh, Pennsylvania. -142 W 01/ 68752

PCT/ USO01/ 08684 Table 19 (cont'd) COVPONENT Sanple TT Sanple UU Sanple W
Sanpl e WV Sanpl e XX PLURONI C F-108249 8.5 ALKAMILS EL-719 250 3.4 | CONOL
NP-6 251 3.4 FLEXOL EP0252 13.6 30.0 12.6 Fromthe foregoing description,
it can be seen that the present invention 5 provides glass fiber strands
having an abrasion-resistant coatriaBfe ¥9){cotayovi de good thermal stability,
| ow corrosion and reactivity in the presence of high humdity, reactive

aci ECMPOREKA T €S ~and” oSk Hirf T tSaniiit P | "Sidhait VvoT SERip i T2t ”;éﬁq

mat ¢ T andscaT ettt oF—tHoPPet: B R0 o
cho;i" mlcofg?@“ﬁ;s' AHe4Ss—strand—rat ?r \OM or Itted into alfabric fo
use ’; 3\ A i&.&a.r_pep;g.f_appl icati grfk stich as reipforcenent$s for

compl *'qu-r\n?%ﬁi%_agpri nied circui bt ds. |1t will be appreciafed by those
ski LERBXOR BA™ar 1 1 hat [ changes cbul d be nafle 136t he| enb3W0 nenf's dex6ri bed

above wi thout departing fromthe broad inventive concept thereof. It Is
under st ood, ther that. this invention is n ljmted to the 15
particul ar enbodﬂ(r’gril g fgi{ggglpgggﬁﬁnpﬂa@, '{(fa"irlée ?eﬁ‘f‘gé\ﬂéée PrEseRVRYe BRI fi cat i ons
that ared wprbhides plaes SberrstianasHainPae abrasioRgedistdRiidatng whth Pedvidieghdyy the
appended C{Aﬁl e iﬁ) . PLURONI CTM F- 908 pol yoxypropyl ene- pol yoxyet hyl ene
copol yner whFaR® EPTERSIQR and reartivy ¢ e pressRcE otiigh bumidityn of

Par si ppany, rebletiveliidsadhd AalieSaKd\bbihSatiity with a%p&wbggﬂfaﬁ%@get abl e oil

which is commercjially available from Rhone-Poul enc. NP- 6
al koxyl at ed"AAgE- Jhesppiratidscanibe twistaskercahappsd, fvaiedaitb @ roviogn ddagFed

Cor por at | O/ingf orEhheRR Hrand il odifel’ ; di ged soybean

oi |l conmercially avail abl gn rortréﬁrk{lag%ﬁ rﬁtuegé‘lﬁég?;%iﬁ%?f’?a%ﬁ‘b%‘ww

Connect 1@ ytvariety of applications, such as reinforcements for composites such as printed circuit
boards.

It will be appreciated by those skilled in the art that changes could be made
to the embodiments described above without departing from the broad inventive
concept thereof. It is understood, therefore, that this invention is not limited to the

15  particular embodiments disclosed, but it is intended to cover modifications that are

within the spirit and scope of the invention, as defined by the appended claims.

249 I?LURON!CTM F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

9 ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from

Rhone-Poulenc.
251

. lCONQL NP-6 alkoxylated nony! phenol which is commercially available from BASF
‘Corporation of Parsippany, New Jersey,

252 .y
FLEXOL EPO epoxidized soybean oil commercially available from Union Carbide Corp. of
Danbury, Connecticut.
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-143 WO 01/68752 PCT/US01/08684 WHAT IS CLAIMED IS: 1. A fabric conprising
at least one fiber strand conprising a plurality of fibers and having a
resin compajgiagssacoati ng conposition on at | east a surfacem@iudoiesssd at

| east one fiber strand, 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 determned by a needle air jet nozzle unit having an
internal air jet chanber having a dianmeter of 2 mllinmeters and a nozzle
exit tube having a length of 20 centineters at a strand feed 10 rate of 274
nmeters per WHATUIS GUAIVED [&: I pressure of 310 kiloPascals. 2. A fabric
according to claim1, wherein the resin conpatible coating conposition is
a residue of at |east one aqueous coating conposition. 15 3. A fabric
according to clajm1l SRR &gﬁg Jetion is
a powdered coat|1n coﬁrpﬂci))g@?:oorﬁ’hgﬁg %Q(bl’l o aggtgérgjl ng trlgﬂ'% F'grgi]&s\{her ein

t he at | easfibesnand haying & resimebmpasibisr ¢oading aompesitinn emat lgasiesufabepf the0 5. A
fabric agcog "’{}‘%'}‘ |6:éras, Ijg‘hﬁ} wherein the at |east one fiber strand
conprises a plura 'ass fibers. 6. A fabric according to claimS§5,
wherein the pI ur\alherelyn tlmé agbastmnblfiber strardenas2im /Sieuadtradspfortcnragngmss fibers,
D-gl ass fibhers ass fibers derjvative fibers,
and m xtur sal“!ﬁ"fzgﬁ%t tﬁﬁﬂé%gﬁgg%ﬁ&om@/p%qr%]rrp%s ‘%ég'ﬁaﬁ Ay 9e ”PI"QP%

wher ei n t hea padi@hir fef nozzi@ LS Bavind e Mtethal aisiel ehahitdr hadny BdHnassr §iders. 30
8. Afabric @ccordl ng to claim6, wherein the plurality of glass fibers are

sel ected f riBVHiMete/s 268 aqzeieaxtidbe hayinga 'engttwf\?@wr"as am"fﬁﬂg(f9¢68684

9. A fafryi craeec&cmlnmeﬁsopeqInﬁhmbjand\e(ﬂeenre;sresédaéror@ﬁj KioPagRyN 1 bl e -coating
conposition conprises a plurality of particles. 10. A tabric according to

claim9, wherein the plurality of particles are forrred frommaterials

sel e;t ed from poj ymery ¢,pBQLeanG t58kfth 4 AiereM e PO B&hpSible coating

composition is a residue of at least one aqueous coating composition.

15 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. A fabric according to claim 1, wherein the at least one fiber strand

comprises a plurality of glass fibers.

6. A fabric according to claim 5, wherein the plurality of glass fibers are
25 selected from E-glass fibers, D-glass fibers, S-glass fibers, Q-glass fibers, E-glass

derivative fibers, and mixtures of any of the foregoing.

7 A fabric according to claim 6, wherein the plurality of glass fibers are
selected from E-glass fibers.
30

8. A fabric according to claim 6, wherein the plurality of glass fibers are
selected from E-glass derivative fibers.
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inorganic materials, polyneric organic materials, non-polyneric organic
materials, conposite materials, and m xtures of any of the foregoing. 10
11. A fabwigcoiagear ding to claim 10, wherein the pol ymeri ¢ pdios@a0ses4
materials are selected from pol yphosphazenes, polysilanes, polysil oxane,
pol yger emanes, polyneric sulfur, polyneric selenium silicones, and

m xtures of any of the foregoing. 15 12. A fabric according to claim10,
wherein the non-polyneric inorganic naterials are selected from graphite,
nmetal s, oxides, carbides, nitrides, borides, sulfides, silicates,
carbonates, sulfates, hydroxides, and m xtures of any of the foregoing. 20
13. A fabric according to claim 10, wherein the polyneric organic
materials are sd. ect gdfabrioactdrdinges elaim ngwhetiartheresin tdmpatibied asting
materials, and m xtures thereof rPéAf A fabric according to claim13,

wher ei n t h&EOPHPFHEN FRMBHSES A UKL ALPERICISSs are t hermosetting material s

sel ected fromthernosetting polyesters, vinyl esters, epoxy materials,
phenol i cs, am nopI asts, thernosetting. poI ur et hanes, carbamate functi onal
pol ymer & and ni' ur &sfaéflcaﬁgofélﬂgtt%@a%%\@@rﬁ@ the piupality@fRactidesyedi ng t o

claim13, %}ﬁ{ i ;m} astic
mat eri al s sel ect eéﬁp%té]}al éﬁ%r%% gé?ﬂgj'ﬁn yes&gg‘% ﬂﬁ%"ﬁg‘r bgﬂtes’c
pol yol ef i ndnorganig hiaterjats, pubrr@,rlcpog%'mmd@yaiStMTmipham prganiganatarials,nanes,

et ushy oaempos el i b BBk Ry b0Rer R0 %uer orn the conposi t e

materials are selected fromparticles that have a hardness at their surface
that is different fro he hardn ss,_of éhe |nt rnal, portions of the
particl'@ beneatHits’s '5@8°°r§'n9 claim 1f, wherglg '6‘? B?'M’S‘ef'%'"@f%“fﬁ 16, wherein

t he conposihfefidé afd s8isctad ﬁomswlmbeﬁhafzéﬁéa @ary&nahle@%d‘wlmef roma prinary

material that is coated, clad or encapsulated w.th | east one secondary
material . ROVESTEMANEsHPOIMEHE S RPINRErs SelanuE S"Wﬁ@?%laﬁdtnﬁé“’@?rﬁf@@yt e
materials e HR ed fromparticles forned froma primary material that

i s coated, clad or ncapsul ated with a differing formof the primary
material. 19 A fabric according to claim9, wherein the plurality of

parti C|1% have 2. A fabric according to claim 10, wherein the non-polymeric inorganic
materials are selected from graphite, metals, oxides, carbides, nitrides, borides,
sulfides, silicates, carbonates, sulfates, hydroxides, and mixtures of any of the

foregoing.

20 13. A fabric 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 polymeric organic
25 materials are thermosetting materials selected from thermosetting polyesters, vinyl
esters, epoxy materials, phenolics, aminoplasts, thermosetting polyurethanes,

carbamate functional polymers, and mixtures of any of the foregoing.

15 A fabric according to claim 13, wherein the polymeric organic
30 materials are thermoplastic materials selected from thermoplastic polyesters,
polycarbonates, polyolefins, acrylic polymers, polyamides, thermoplastic

polyurethanes, vinyl polymers, and mixtures of any of the foregoing.
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15 t her nal

300 K. 20.

conductivity of at least 1 Watt per neter K at a tenperatu
A fabric according to claim19, wherein the plurality of

parti cl eswopp@sss: t hermal conductivity ranging from5 to 3QGOuS0&héess P
meter K at a tenmperature of 300 K 20 21. A fabric according to clai

wherein the at |east one fiber strand conprises a plurality of glass
fibers. 22. A fabric according to claim?2l, wherein the plurality of

particles have a 25 Mhs'

har dness val ue of any glass fiber in the at |east one fiber strand.
fabric according to claim9, wherein the plurality of particles have a

Mohs' hardness value ranging fromO

to 6. 3 A fabric according

.5 0 24. , _
claim9, whereinl®he Pifepriaaccordsig tasiaimdlewhergiietha sompesiteapatepalsare | e

sufficient §octbd ﬁwﬁ%:alrn@dm t‘t2°{§f hd¥dla hardf

fabric, according to

alm 24, wherein tﬁ\eé@[t)ﬁ'isgﬁgté%tﬂc% Ipﬁ@%ﬁ@ﬁqaev

re of

er
m 9,

har dness val ue whi ch does not exceed the Mhs'

23. A

to
Si ze
25. A
e an

aver age parhargnessgif iiee intaragpodipna of thediantirle beneateits swiaceer i ng t echni ques,
rangi ng ?from 0.1 to 5 mcrons. 5 26. A fabric according to claim?9,

wher ei n

he resin conpatible coating

conposition further conprises at

| east one | ubricihus Adaleic atcodiirfyftercivh 16 wherelmethe pbmpasitet inatefialpard i cl es.

10 27. A fabri

cording to claim9, wherein t resin.c tible co
conposi ti Onset[%%%tfﬁglgspaﬂgqsefggpecghgqu ?rfﬁ'?%mﬁqﬁréaqﬁ?ﬁtésr?%t dp%% % fabri
accordi ng teénczbsailated withhatl&ist ohdSedonahry matenall i bl e coating conpositi
conprises a resin reactive diluent. 15 29. A fabric according to clai
wherein the resin reactive diluent is a lubricant conprising one or

functiopgl gr oupase.capﬂ%&ic%cm%ttbrwanw'1bhwﬁ@reﬁm&eomF;6§Lé3?q§béﬁ5@@r@nd

selected fromthe group consisting of am ne groups, alco

groups,

anhydri de gseiRgied fromirartiplesformedh iompondimayy dirierial fiwt is coated, clad or

15

20

25

30

encapsulated with a differing form of the primary material.

19 A fabric according to claim 9, wherein the plurality of particles have a

thermal conductivity of at least 1 Watt per meter °K at a temperature of 300 °K.

20. A fabric according to claim 19, wherein the plurality of particles have a
thermal conductivity ranging from 5 to 2000 Watts per meter °K at a temperature of
300 °K.

21.  Afabric according to claim 9, wherein the at least one fiber strand

comprises a plurality of glass fibers.

22. A fabric according to claim 21, wherein the plurality of particles have a
Mohs' hardness value which does not exceed the Mohs’ hardness value of any glass

fiber in the at least one fiber strand.

23. A fabric according to claim 9, wherein the plurality of particles have a
Mohs’ hardness value ranging from 0.5 to 6.

24, A fabric according to claim 9, wherein thé plurality of particles have an

average particle size sufficient to allow strand wet out.
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30. Afabric according to claim1, wherein the at |east one fiber strand
has an Air Jet Transport Drag Force val ue ranging from 100,000 to 400, 000
gram f or cwo @e87yr am nass of strand. 25 31. A fabric accormimigsot/osashai m 30,
wherein the at | east one fiber strand has an Air Jet Transport Drag Force
val ue ranging from 120,000 to 300,000 gram force per gram mass of strand.
32. A fabric according to claim1l, wherein the resin conpatible coating 30
conposition has a loss on ignition value ranging from0.1 to 1.6. 33. A
reinforced | am nate conprising: -147 WO 01/68752 PCT/USO1/ 08684 a) at

| east one matrix material; and b) at | east one fabric conprising at |east

one fiber stran onpf ksing a lyral ity of fibers and. havi a resin
conpati bl e coat ?Zr% cd‘M)afS? 'F%%?‘fdig'ﬁ%%?'laml" égi’s"f'h%{e@s&? Bﬁ'éaq'glfgftq‘?g& S fa¥Est one
fiber stranghaverageepatitle si2e, Mbadurés hedvhding tdlasersichdrthgtashriiduedi Fandiig
Transport q&}%& Force val ue of greater than 100,000 gram force per gram
mass of st Pl 0o BN ned by a needle air jet nozzle unit having an
internalgair jet chanber having a dianeter of 2 mllinmeters and a nozzle
exit tube having a length of 20 centineters at a strand feed rate of 274
neters per m nut4d- and® Eabrigiaccording ie elais Pewlagreitbe kesinFermpativie caing A

rei nforced ) i i GBS St I | am nat e
has a flexudrogqaogﬁégﬁggﬁp%ﬁhp ﬂseésﬁtﬁa‘%g?f‘rl%@%) l|ﬂon o@b{éﬂér@gﬁr@hgﬁgﬁea er than 3
x 107 ki | auurality opparticlgsare neter. 15 35. A reinforced | am nate according
to claim34, wherein the reinforced |amnate has a flexural strength in
the fill direction of the fabric greater than 4.9 x 107 kil ograns per
square tTeter. 2@R736. Afabeicmtcsrdiag td elainmef whereincthelrexin tampatiblewsdBng wher ei n
the at |east one.. fiber strand has ﬁ%é r.Jet Tr_%nsport Drag Force val ue

f
rangi ng fr SAMRSGMBDGOMBIISSR IRRshH ong o8 PPy am nass of strand. 37. A

reinforced | am nate according to claim 36, wherein the at |east one 25
fiber strand has an Air Jet Transport Drag Force value ranging from 120, 000
to 300,000 grard& or cfabEE ageairingda slaisn 1swWhera. the resin compatible coating

composition comprises a resin reactive diluent.
15
29. : Afabric according to claim 28, wherein the resin reactive diluent is a
lubricant comprising one or more functional groups capable of reacting with an epoxy
resin system and selected from the group consisting of amine groups, alcohol
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 ranging from 100,000 to 400,000 gram force

per gram mass of strand.

25 31. A fabric according to claim 30, wherein the at least one fiber strand
has an Air Jet Transport Drag Force value ranging from 120,000 to 300,000 gram

force per gram mass of strand.

32.  Afabric according to claim 1, wherein the resin compatible coating

30 composition has a loss on ignition value ranging from 0.1 to 1.6.

33. A reinforced laminate comprising:
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38. Areinforced lam nate according to claim33, wherein the resin
conpati bl e coating conposition has a loss on ignition value ranging from
0.1 to 1.%o 0176843 PCT/US01/08684

a) at least one matrix material; and

b) at least one fabric comprising at least one fiber strand comprising a
plurality of fibers and having a resin compatible coating composition on at
least a surface of the at least one fiber strand,

5 wherein the at least one fiber strand has an Air Jet Transport Drag
Force value of greater than 100,000 gram force per gram mass of strand as
determined 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 rate of 274 meters per minute and an air

10 pressure of 310 kiloPascals. ’

34.  Areinforced laminate according to claim 33, wherein the reinforced
laminate has a flexural strength in the fill direction of the fabric greater than 3 x 107

kilograms per square meter.

15
35.  Areinforced laminate according to claim 34, wherein the reinforced
laminate has a flexural strength in the fill direction of the fabric greater than 4.9 x 107
kilograms per square meter.
20 36. A reinforced 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. A reinforced 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.  Areinforced laminate according to claim 33, wherein the resin

compatible coating composition has a loss on ignition value ranging from 0.1 to 1.6.

-148-



