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the instant application, and U.S. Patent Application Serial No. of
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25 This invention relates generally to coated fiber strands for reinforcing
composites and, more specifically, {o coated fiber strands that are compatible with a
matrix material that the strands are incorporated into.

In thermosetting molding operations, good “wet-through” {penetration of a
polymeric matrix material through the mat or fabric) and "wet-out” {penetration of a
30 polymeric matrix material through the individual bundles or strands of fibers in the

mat or fabric) properties are desirable. In contrast, good dispersion properties (i.e.,



In the case of conposites or lamnates fornmed fromfiber strands woven into
fabrics, in addition to providing good wet-through and good wet - out
properti gsopfi2bft€ S strands, it is desirable that the gagidopgoseh the
surfaces ? the fibers strands protect the fibers from abrasion during
processing, provide for good weavability, particularly on air jet |oons
and be conpatible with the polyneric matrix material into which the fiber
strands are incorporated. However, many sizing conponents are not
conpatible with the polyneric matrix materials and can adversely affect
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20 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
incompatible materials and can further contaminate the fabric with sizing
decomposition products. Other methods of rernoving sizing materials have been
25 tried, such as water washing and/or chemical removal. However, such methods
generally require significant reformulation of the sizing compositions for compatibility
with such water washing and/or chemical removal operations and are generally not
as effective as heat-cleaning in removing all the incompatible sizing materials.
In addition, since the weaving process can be quite abrasive to the fiber glass
30 yarns, those yarns used as warp yarns are typically subjected to a secondary coating
step prior to weaving, commonly referred to as “slashing”, to coat the warp yarns

with an abrasion resistance coating (commonly referred to as a “slashing size") to
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the fiber form ng operation. However, since typical slashing sizes are also
not generally conpatible with the polymeric matrix materials, they too
nmust be re fromthe woven fabric prior to its inc into the
resin. Furgﬁﬁﬁﬁ%?é to i nprove adhesi on between the de- gggggﬁgkggﬁde-oiled
fabric and the polyneric resin, a finishing size, typically a silane
coupling agent and water, is applied to the fabric to re-coat the gl ass
fibers in yet another processing step (comonly called "finishing"). 10
Al'l of these non-val ue added processing steps: slashing, de- greasing or de-
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particul arly advantageous he co t1ngs were corrpatl :
air-jet weavisrRprlasieniabricte f?ﬁ@ﬁ‘fé'a%@'a?ﬁf&%ﬁ:'ﬂB’%ﬁ&“?fheFHP?%‘éinﬁﬁte@ it woul d

be advant ageo rhdhneldnbd FRlsRink§e non-val ue added processing steps in a
fabric form ngb%gperaﬁon fs mbt?mal ntaining the fabric quality required for

el ect roni dCsuppor tA&pfdhe%eawwyeméecbpr@wsmnagtqp&rslww Jesgreadneorsieopert i es.
25 The foregohiag, %Hm@fng %?cr%la'fa@é p?cﬁb‘ﬁcﬁd?rl c!y@@‘tlﬁrg aﬂ@b@ét' @Hdﬂﬁ%ﬂ}‘ i ption of

the preferred enbodi nents, w | better understood when read 1n
conj uncti on wihel gﬁh@aﬂﬁﬁﬁ@f?ﬁﬁ'@?w%@e#wQaﬁ%a'éﬁ‘ﬁW’ﬁ@js?nd BEbgure 1 is a

perspective Vigwdabr, %e%&@ﬂaﬁdhp&&ftﬁé FAAE addoclaRBMi IRk iRddeYsifPRbRd  With a
coating conposition according to the present invention; 30 Figure 2 is a

perspective vFawesd toafaéiﬁ'a‘!wgﬁlﬁéldeﬁrﬁ?ﬁqﬂuéml east partially coated with a

si zi ng conposi ti oNeRaHl s BeENERIE AR REpre ARPOS IckicRACPE Pt tivaleds s t he
present invention on at |east a portion of the sizing conpgsition; -4 WO

01/ 12702 PCT/ BEp®rhissesrroggsgine steps Shefe ﬁ%‘f%@@?# pEANEAReSH o SOBIGEd fi ber
strand at |ea§¢at§ﬁf§dc€hbbéh%éfo€ﬂm¥! éfhh@fo%vlih@%fﬁbk%%dnlahﬂbre’ékﬁ@?&ndary

coating Corrpoglagé t%?erg %ezicgmpgt?bsié wftih g w:de vanety of matrix materials; and provide for
good wet-out and wet-through by the matrix material. In addition, i would be

20 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
maintaining the fabric quality reguired for electronic support applications and
providing for good iaminate properties. -

25 The foregoing summary, as well as the following detailed description of the
preferred embodiments, will be better understood when read in conjunction with the
appended drawings. In the drawings:

Figure 1 is a perspective view of a coated fiber strand at least partially coated
with a coating composition according to the present invention;

30 Figure 2 is a perspective view of a coated fiber strand at least partially coated
with a sizing composition and a secondary coating composition according to the

present invention on at least a portion of the sizing composition;
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the sizing conposition, and a tertiary coating conmposition according to the
present invention on at |east a portion of the secondary coating

conmposi tiwhop7bd 9ure 4 is a top plan view of a conposiperiéoadess according
to the present 1nvention; Figure 5is a top plan view of a fabric

according to the present invention; Figure 6 is a schematic diagramof a
met hod for assenbling a fabric and formng a | amnate according to the
present invention; 10 Figure 7 is a cross-sectional view of an electronic
support according to the present invention; Figures 8 and 9 are

cross-sectional Viegife 9fs Rpdrepdtateviendrs coRed foddktramt atdéRe pardallycottenPOr t
according to the present invention; a schemat|c di,algram of a

Figure 10 is
met hod for f SftHaRZRhCAPRASItGReA pepogdary Kogting cpmpesitjanon A least & portipd et 1 oni ¢
support; Fi gukesiding bémpdsitindand £ Wiy _aoa(ﬁh? kbmpésitivhtacadriing td (he phsserBr y
cutting edge; Figure 12 is a schepmatic of a d{,l |1 hol % g_attern; and Figure
13 is a di agientan ¢n atdeast apartionohihe serpndanyfoating campesiigy:  he present

invention glave a Biyjufi® iscORbiphh VidWrbf Sesmsiialty prodlctRicedreing & the iprddieht t S
abrasi on and _breakage of the fibers during processing but also provides at
| east one of AMeBYIN| | owi ng properties: good wet-through, wet-out and

di spersion prODGfﬁgQﬁ?eSihé@Frﬁvéd\ﬁéweffaﬁaﬂwédotdmtome prebént irdehtioned bel ow, a
"strand" conprises a gl_ura ity of indivi duqh f't?bers, .. . ¥ at |l east two
fibers. As used h&f@®f§oisas ¢ giagram-ofiamethad fof AsTeTRING A I AAR coat ed
fiber strand fermitd& Iapfiese Btcor8ing toth@ biesdntuivehtie) addi tional material, for
exanpl e, t not '

jmted to, one or npre. layers.of a fabric incorporating
t he coat et fiber égfgf“é?lz'sc%ﬁ@ﬁfé%"t'ﬂﬁ'?ll‘f'e&' %8Pf¥?€f’?’8° swpi%‘?cq{élf‘gpq tg'fe to form
a lam nate. @pesént AGéritiehe strength, good thermal stability, good
hydrol ytic stabili

fiber/ pol ynmeric t“-i'l'ﬂrég %5?%? iragﬁsér%ﬁq%%ﬁ%{%gyi?nw? éﬁ?tl{ ﬁ%’%f‘gwgﬁ&'ﬁ%@gl g% t |t \r/]?t y in
the presence elefironit shpgiit dutoiditig ty ther prasent ingertionds and al kal i es and
T nate the need S 1 BrtirRath bR o hBhd for FRElg & e didfd £ 0,
pressuri z&sl vayeeof fabsaof awelegrangrsupport. ani nati on, are other -5 WO 01/12702
o o o e YA RSN bRt B i o (e
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
20 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
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
25 invention with an additional material, for example, but not limited to, one or more
layers of a fabric incorporating the coated fiber strand combined with a polymeric
matrix material to form a laminate. Good laminate stfength, good thermal stability,
good hydrolytic stability (i.e., resistance to migration of water along the
fiber/polymeric matrix material interface), low corrosion and reactivity in the presence
30 of high humidity, reactive acids and alkalies and compatibility with a variety of
polymeric matrix materials, which can efiminate the need for removing the coating,

and in particular heat or pressurized water cleaning, prior to lamination, are other
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Preferably, the coated fiber strands of the present invention provide good
processability in weaving and knitting. Low fuzz and hal os, | ow broken
filanments Rpstrand tension, high fliability and Io ntine
are prefer?gg cﬁaracterlstlcs |nd|V|duaIIy or in conblnﬁ?vgﬁﬁh%?gV|ded by
t he coated gl ass fiber strands of the present invention that preferably
facilitate weaving and knitting and consistently provide a fabric with few
surface defects for printed circuit board applications. In addition,
coated fiber strands of the present invention can be suitable for use in an

10 d_h
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shed by a bl asmreﬁﬁnttmanpnessed air fromone or m)][e air jet nozzles. The
ted fib t pni que

coating that can rasrrih BeRERtbe SHER T AR P B B0 O (e
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material, i. erent| eat di ssi pation and ri bution,
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el ectronic ci r@%ﬂﬁng%’%ﬂa%ﬁuiy@ﬁg@)éhﬁg i @h&tfihto thPlap srhé{; bla's{<¥6525 The

coated gl ass fiber “stran resent 1nvention prefe sen or
elimnate the Wﬁséﬁ airﬁemrom\groamor@aithémmﬂeﬁy conductive materials in the

matrix resin, 'c@&%&‘ﬁﬁ% k3l ttﬁe ;5@@5&1‘1@ G d-%h B&f&&ﬁ%ﬂ&&e‘%}ﬁx iGRd | overs

costly matrix rrat eri al tan mai nt ena e coated
fiber str ands W’f“’ﬂm@aﬁcﬁ%@@cﬁﬁaﬁﬁ Hvasmel @ﬁdwieﬁ é‘ﬁm%at%@é% Hithgtfibed0 strand

openness. {5 URREH el clifuch 8 oI AlnTb! HUbADRBRRAR holRRAR hat the

strand has an en Cr oss- sectlona area and that t ments of the
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The hi gh strangdPReHpasa rodh héxk bb&r&@&s@c@ﬁ‘@%u@&r‘ &r@uxt)%ron‘ﬂ‘?ﬁe RiHrored. matrix

materials into the strand bundl e Conposites, and particul ar | am nates,
of the pr esentmprﬁ\;@ﬁqngﬁ,hnﬁﬁ@@awff@h{he electronic compcnents and thereby inhibit

thermal degradation and/or deterioration of the circuit components, glass fibers and

20 polymeric matrix material. The coated glass fibers of the present invention
preferably provide a higher thermal conductivity phase than the matrix material, i.e.,
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. '

25 The coated glass fiber strands of the present invention preferably lessen or
eliminate the need for incorporating thermally conductive materials in the matrix
resin, which improves laminate manufacturing operations and lowers costly matrix
material supply tank purging and maintenance.

The coated fiber strands of the present invention preferably possess high

30 strand openness. As used herein, the term “high strand openness” means that the

strand has an enlarged cross-sectional area and that the filaments of the strand are



the fiber strands of the present invention, preferably possess at |east one
of the 5 followi ng properties: |ow coefficient of thermal expansion; good

flexural wig@nghh; good interlaninar bond strength; angcgrRehByr ol ytic
stability, i.e., the resistance to mgration of water along the

fiber/matrix interface. Additionally, electronic supports and printed
circuit boards of the present invention nmade fromthe.fiber strands in
accordance with the present invention preferably have at |east one of the
followi ng 10 properties: good drillability; and resistance to netal

m gration (alss tigefiyasdund td enedgnotirat fllﬁéihlghaﬁ@rdi spehhésergan fadlietapérietatioy CAF) .

See Tummal a (Ed croelectr P ckagl ng Handbook, (1989) at
pages 896-897°" ‘%% °FWW"&7’@N%”3'S"%P®H$ ﬁg’H’F M grati on:

El ectrochem cal | y Corepasitds, Babilinupatcular lmgnatbacbfmbrdre@nt iBeentids, ndatid from
Assenbl i es” re s

, £1997) .whi.ch f 15
noretn. B ber WEPaIaitEn oL e BreBRCAVRfH, plaitraR7 BBERES Fllem e R good
drillabili®y foliawiag ptopksias:tiow neefiidiert ofithtmed! exgsmsiodugdod dlextirailstremgh;and good
I ti I . dri | fab
| ocatt onal_eceu b et ol G soR A Basy R o R 2
therefrom to migrationlof waternmhgmwfdhddmapummeng\ddltlemmly, eléfrosic sbppasts

| ashing, h f bl
ot oo rund one ek RO B RGarh B L b e TR SRR i WP RRE L 5,
printed circascordanae dith thegiressint inventios preferabip have atdestions dfdiesfellawdngst eps

[ om he §80" boalBLHold oGRS Snd kit Qb fiol Al (i DRHEA, 2! 1Y

sui tabl e ron| agi ng ap ant ages of
preferred enbeathoricragodid ﬁlamentljormm on%AE)n&ntTummalmtEducte ak, educed

E;ggff;'gog gy FodibdtonicE Pall dBéokcﬁlezé)aét pﬁg%é%f‘sg% nd g@'grﬁgggéf‘b“ ¢
properties. TTFéeqbnoequcathr@hon drfecttashemicailyi ld@&eﬁﬁammﬁ’anﬁed MViting abr asi ve
wear of fiberg,git Qﬂgﬁsgern%bg'oﬂbg@t |'Lm t%@&ﬁca hé&p&?ﬂeﬂ%&?efer@t‘ as

portions of a w nding, weavlng I ng VI ce erfil ament
abrasi on B9 skereiry iRiRer sirands '@Pmﬁrﬂﬁ’cﬁa’ﬁhﬁ@ raesent 'qtﬁé"t'%m“i\ E@Qﬁflllﬂwéy pr esent

i nvention. -7p\\Q éiléa?s?Z%fﬁ’&J {oUﬁQQJr%Qﬁgg?dnllﬁﬁranﬁ @%o@%ﬁ%@lsaceuraéﬂfs

speci fication, other than in the operating exanples, or where otherw se
i ndi cat ed, al Priledile6s expressing quantities of ingredients, reaction

conditions, and soaf eéédﬂbe@%ve NtybiBA f&4ie $driingAdpefiiofdva X ubfeciigiveP be
under st ood as being nodifi in all instances by the term "about.
Accordingly, glass yarns and fabnc made therefrom to several non-value added processing steps,
20 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
forming process while providing fabrics having quality suitable for use in electronic
packaging applications. Other advantages of preferred emboodimerits of the pfesent
25 invention include reduced production cycle time, elimination of capital equipment,
reduced fabric handling and labor costs, good fabric quality and good final product
properties.
The present invention also provides methods to inhibit abrasive wear of fiber
strands from contact with other solid objects, such as portions of a winding, weaving
30 orknitting device, or by interfilament abrasion by selecting fiber strands having a

unique coating of the present invention.



5 unless indicated to the contrary, the numerical paraneters set forth in
the following specification and attached clains are approxi mations that

may vary deperging upon the desired properties sought tgi65808 3ned by
the present invention. At the very Ileast, and not as an attenpt

the application of the doctrine of eqU|vaIents to the scope of the clalns,
each nunerical paraneter should at |east be construed in 10 light of the
nunber of reported significant digits and by applying ordi nary roundi ng
techni ques. Notwi thstanding that the nunmerical ranges and paraneters

setting forth the gy %%u%@@@oﬂﬁls EB&tﬂchi’cﬁﬂHh@F‘thQﬁ f (AP BEH r%@gﬁgst he

numeri cal val ues set forth the specific exanples are repo
precisely as Po¥Spin henyise "?ﬂﬁ?ﬁsrdl- glhnungarg exprassingsinestiies of ingredients! y cont ai n

certain error SeR@eResmitiony, afrﬁ%ﬁlfértmeﬁF%%E@caﬁfae’?&%&xauﬂ%e%'b@” fOU”d in
their respectl ve testi n%ﬁmea surenents. Referring nowto FI g. rein

li ke numeral s YAHFKLE @s Peive madiSiag kyall ingtaices gnietterm Tabpet” |%CC§ﬁib'\ﬂv i n Fig. 1

a coated fiernkks dakaitd t@@%ohﬁér?ghé‘n@%éﬁéi béré(m@tErS Jet Qﬁﬁs‘fh ﬂ'x 'foll@ r di ng to
the present invention. As used herein, "strand" nmeans a ura

i ndi vi dual fi 58¢<ficafionand affachesalpime aie aRnFexigations that ﬁ@)’%wafﬁéem lmnprl se
fibers made ofthediidsires gmpeﬁzeb%ugﬁmlb% BRI b'!}r'tﬁe leddH? iRERdhe A? he Jgﬂ?r s can

also be referred t The term "fi be means an 1 ndi vi

T omont .l ¢ ISt ahe 56t 8 AnateliL oL 1 BRARIONG) Eca0BRnS DFASVRISBIsdo 12

preferably hawe wapamﬁha@elm@@baadmnﬁérta@:rparﬁhét@mremdra@ragsm cfoﬁameg i§ 0 35
mcrometer Pref ab%ynmt e average nom nal fi 25 di aneter of the

present i mvent®¥e e&PUﬁBQ'@rdss'gé?ﬁ’Ba@td@&?éPd bFEFPP‘Y‘“?Q $reingyrpunding
appl i catl ons, tédﬁﬁ:qadﬁl‘ age nom nal fiber diameter prefer abI y ranges from5
to 7 mcroneters. The fibers 12 can be formed fromany type of fiberizable

material known to NP%%@E‘E‘P&W fhapthe ﬁ“@ﬁ@%ﬁ“g?ﬁﬂmrﬁ@aﬁﬂ% ing fsthehe nor gani ¢

materials, fi beadaabbeofangntértion 3£é dppkcXimatiofis, AnurhericinaRieO betdtyn Af  the
f or egoi ng. Thﬁ}e nor. an| c nd or materi al s can be either man-nmade or
r

natural 'y occ %pﬁﬁ’ ?rﬁ’faé?‘?eaﬁ %’e’ e RY Pregigely 3s PARSIIG- 1 A tumeriggl yaliei at e t hat

the fi ber |15abhewemrxgtamemiy&ﬂdtamrcg&ah@rrmtr%blas’klaﬁ!y@@d&ttiﬂé FOmige Qﬁhdﬁ?@“ c -8
WO 01/ 12702 P used herein, the term "pol yneric

material " nea i l{ Rg?‘é'}‘%saf‘"#rd?wamft?%m W@P‘(‘fﬁ’ﬁ’?@éul es conposed of |ong
chains of atons t hEEfeafﬁg rlolartls &¢h. 1 O.g&irélﬁ!l‘ke’a‘rﬁldn&réib&fdzc@&ﬂtk@@!éﬁféﬁtsent angled in
means o mat er MiriGHEte 8Rhih g % g SEatiTed gt iBcamprampb e
neans a materia 358 A8 camPySInghBIHTRTy
fibers 12, accordmg to the present invention. As used herein, "strand" means a
20 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
diameter ranging from 3 to 35 micrometers. Preferavly; the average nominal fiber
25 diameter of the present invention is 5 micrometers and greater. For “fine yarmn”
applications, the average nominal fiber diameter preferably ranges from 510 7
micrometers.
The fibers 12 can be formed from any type of fiberizable material known to
those skilled in the art including fiberizable inorganic materials, fiberizable organic
30  materials and mixtures of any of the foregoing. The inorganic and organic materials
can be either man-made or naturally occurring materials. One skilled in the art will

appreciate that the fiberizable inorganic and organic materials can also be polymeric

-8-



5 filanment, fiber, strand or yarn. Preferably, the fibers 12 are forned
froman inorganic, fiberizable glass mnaterial. Fiberizable glass materials
useful i RyghP1PELseNt invention include but are not |ipgEeshokes2s hose
prepared fromfiberizable gl ass conpositions such as "E-glass”, "A-glass",
"C-glass", "D glass", "R-glass", "S-glass", and E-gl ass derivatives. As 10
used herein, "E-glass derivatives" neans gl ass conpositions that include

m nor amounts of fluorine and/or boron and nost preferably are
fluorine-free and/or boron- free. Furthernore, as used herein, "m nor

anount s of ”n‘dféraneAs'IE.é@ﬁerjeﬁsﬁwettEﬁrﬂ dolyeerideriagdial” Waﬁeatmaftémfdrmed
preferably less than 0.1 weig %grcent fl uori

' nount s of
boron" neans 'P'Bé%acf%?{e%“%éiws pilang C'I?H}sﬁagﬂ}sé?%traé%{n@kegé%g?%{eﬁaﬁd 2 15
wei ght per cefWat 840 %om@%%fﬂnbleaﬁdséﬁlmro’ﬁhn mﬁ@bhdaétﬁeEWﬁHee?neflf in, tHd @Fm
fiberizable ,glass materials use ful res i nvent Preferred

n
gl ass fi ber s TRPEZ0l MSANS f Matera! Ej?p%’ q:be@g ?rglg "H%Flgsa%fﬁ e‘?"t'@ffé‘ﬁ
conposi ti gnsnaﬁn@nuvﬁbér &muna,ryg»nt hose Skl lled in the art and further

di scussi on t her eof ot b eyed t pecessar the present
di scl osure. 20 Thgreéqr é]\é’ tlpgﬁtéqr§¥g]are[fﬁ %’EHP FHV?Q f%‘zgtgﬁg%é formed in
any sui t abl ematéah atibérizanme gla@s tmermst usequ In the piabery iryeAtim incilRs ut afeor
exanpl e, glass fi bers can ? & ﬂg dI i rect- smt fi bﬁr t% %

operati on or Nphfimiied t%ﬁ‘PF%E’tepaGF Tog) #hedzahls plass gomnositiens $HCA @S 05813 on. I1n a
di (r]I eﬁt mel t fA-g%EsS’f Q- grasg '(Epg!lé@é" wlaﬁsa,wsngﬁs_?tr'] |aaus-gaass demmegzlgds mel t%ad
and honogeni zed. in a rna e nolt S noves from
the fur ngge PBedah?rﬁpeﬁﬁsfﬁmmﬂvie%t'Be?qsbg«i?ssf%'?‘ﬂ?ﬂtbma&ﬂﬁ?ﬁ@gggn%ere t he
nol t en gl assamsunts ioefluttine dnd/ot bnromahd nmstnrefgfab&saré fidozing- frelerand/orr‘amrbhe mel t
glass form oper.ation, ar Jar bl ' I n

desired gl asgge' Eﬁt&%mf’ﬁ ﬂgﬁ “éPoPH%%E §WH&F og}hf&z'ﬁ%nﬁg qﬁsgg"‘w} re they
are nelted ameightpdéreendfitierihe] preteratiytess thand. Weight perdest fluoriné, andpmiewel ter i s

used, the mar bl es ak %rﬁﬁdrggé”}’"qgsswﬁ“s%@,&gesf%%g@ﬁ;&g’tgpépbﬁg&% Ilf’ﬁent!ce

Hal | Pol ynmer @&ugtﬁ nginéering 1 which is
her eby i 1&or peight petcd:nt boesine Basaiband Ming(at oollate exeprplescf otheOlbarizeble  fir st

into the pr egpals% fater le‘éﬁanQﬁ\?gs f0&R u‘i\}%ﬁtl&mlﬁr@fgggé g@% fiterd &4 toitled @ i ber

formng appdr Sis attenuate orm cont 1 nuous fi bers.
In the presefrom E-glaeﬂm io1glass ﬁeﬂ\@li&iﬁs Such eprpegitionp aeer welbimownitethegel by t he

di rect-mel t Ekﬁ&imftﬁéma.gd fuﬂnﬁfdgédue on fgFecf {cHot beﬁe@éd tb'BfleeE@éstffrlnrel ating

to gl ass conpositions an 5formngt e glass fibers, see K
Loewenst ei n, ViEmeofNpgpresent distlagurgechnol ogy of

20 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
forming operation. In a direct-melt fiber forming operation, raw materials are
combined, melted aind homogenized in a glass meiting furnace. The molten gfass

25 moves from the furnace to a forehearth and into fiber forming apparatuses where the
molten glass is attenuated into continuous glass fibers. In a marble-melt glass
forming operation, pieces or marbles of glass having the final desired glass
composition are preformed and fed into a bushing where they are melted and

attenuated into continuous glass fibers. If a premelter is used, the marbles are fed

¥ James Mark et al. Inorganic Polymers, Prentice Half Polymer Science and Engineering
Series, (1992) at page 1 which is hereby incorporated by reference.
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Conti nuous G ass Fibres, (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 Finishegoopahed c Woven from'E dass for Printed Bogigdgis,@espage 1. a
publication of The Institute for Interconnecting and Packagi ng ectronic
Crcuits (June 1997), which 10 are specifically incorporated by reference
herein. Non-limting exanples of suitable non-glass fiberizable inorganic
materials include ceramic materials such as silicon carbide, carbon,
graphite, nullite, alum num oxide and piezoelectric ceramc materials.

Non- i mi (1 ng enambete Shmefidt haileald ek tr%%béu@%@:%gé‘ﬁ G | %ﬁseﬁomggcl ude

cotton, cellulose, natural rub Sl sa wool .
Non-1imiting c3PRAMlSWhsTe %l&'%l*f‘eatfeinﬁéfﬁﬁ M@ﬁ%cmiwéberpoﬂ!yth@meaemm erials

i ncl ude those 1ﬁ€§dﬂ3ﬁj the Q%&%V%@%eré@r%@&bmé%‘e 'ﬂ%lt REATS d:)

t her nopl astic &e esters (such | ene tere | ate an
pol ybutyl ene t é%‘ﬁf’ hﬁPfaﬁdé)ﬁomﬁéﬁfwaégn (eéaﬁawoa%ass@pw@wwngmmé miethed of

pol yol ef i nsg f@@hlﬁ%ﬁ@d&%@ﬁ@er@%&( rll}ééwé?@{ §%Q§Mﬁ&u@% LXOYA#% al cohol ).

Non- gl ass fi beri zabl mat eri al s useft ul and
net hods for pr%‘#&ﬂ&ﬁé@ﬁmé%ﬁﬁg@%wmaﬂ@w 47408 and 185465, ah.tSI ength

in the Encycl omgelitayoef 4,540 youes a%tmr@@ ﬁmpcﬁyhgpl g H7) at
pages 505-712,_which is_speci fnl cal I% ncor por at e S é‘ y@#%’%%@{sﬁe"?eu n.

i s under st ood TAvHE YovemAem e GlassoprRited Baards st Rﬂgeﬂhépafkj@e@nmé'tfbm al's and
25 conbi nat i onastiite fdr MREGoARICHR ardd iTkadg Péctiohs CREAWSIIFH BB RlAicRaN be

used in th_g present,_invention, if desired. Mreover, the termstrand
enconpasses’ at?"? 8RRAficalydncogparates bnrefererrerhersidde from differing fiberizabl e

materials. In a pr Q\fcﬁrhﬁﬁtﬁwg@ﬁﬂg!egﬁf%uxtabié Rén- élb@\ﬁfbeﬁierb?éﬂ&g%c hBRrRE esent
I nvention cont ain at | eas er, ~although they may contain

other types of qudﬁeqeéam'gﬁ’aW@gﬁ%@%é?\f“'qoﬁ\?éﬁ'i’tdﬁoff?”wnl' Qraﬁﬁlw pellitg scussed

general |y in taneniaeniorise and pebassctrid dehffic ﬁfafeﬁﬂﬁlsNo@hMﬁﬁggﬂanQﬂ% gikilled in
the art would un nprise fibers 12 forned

%ﬁ that the strand 10 can

from any fiber§% ?éber?ﬁ? ¢ PIgANIE MANFTIASNGiyRe cqften. ggluiogg, nAtyre/ Trbben dax,

PCT/ USOQ 21652 FamiH, Sé?uﬁfsﬁﬁf M@x ﬂfbrhlﬁmdiﬁé'l@xa@ipﬁe@%%:@B!etfﬂéﬁzaﬂ@|o¥d%1% in terms
of glass fibers, a i} fﬁ_‘f Lt{ to the ot her fibers discussed above.
Wth continued ngf’g}‘?gee'agd” ‘%t se formeg fiorRolRrEtes dSHSB @S AT ancht | east one
and preferabl prahxhs)ofhetrh@xésnbgblxjesl&s Quch ko psiysityichBdardphthbiath RRY Pr esent

i nventi on have | ayer a copatin os I tiqQn, preferabl a residue
of a coating ggﬁﬁgt&ep? {fﬁephﬁ}?la?e) acryhcst(sucrgas polyacrylonitriles), poiyo!efns Y

polyurethanes and viny! polymers (such as polyvinyl alcohol). Non-glass fiberizable

20 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 herain.
it is understood that blends or copolymers of any of the above materials and
25  combinations of fibers formed from any of the above materials can be used in the
present invention, if desired. Moreover, the term strand encompasses at least two
different fibers made from differing fiberizable materials. In a preferred embodiment,
the fiber strands of the present invention contain at least one glass fiber, although
- they may contain other types of fibers.
30 The present invention will now be discussed generally in the context of glass
fiber strands, although one skilled in the art would understand that the strand 10 can

comprise fibers 12 formed from any fiberizable material known in the art as
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at least a portion 17 of the surfaces 16 of the fibers 12 to protect the
fiber surfaces 16 from abrasion during processing and inhibit fiber

br eakagewdi@harabl y, the layer 14 is present on the ggiusmqiser surface
16 or periphery of the fibers 12. The coating conpositions of the present

I nvention are preferably aqueous 10 coating conpositions and nore
preferably aqueous, resin conpatible coating conpositions. Although not
preferred for safety reasons, the coating conpositions can contain

vol atil e organic sol vents such as al cohol or acetone as needed, but
preferably ariscissee abbves Uithas Stbé viecussion i follpwmiaterys of Bleseers ?@lles

conposi tions g%}cm%[%@eto tﬁer&E%e}s %ﬂ&ée‘&@a g\ﬂ_.p be used as primary sizing

conposi tions secon SI Zi ng coating conpositions. As used
herein, in a pref th@antmbddefmnce torfig. t1e'ranstef§T"%emb°@m2@dat Iggst onesj zi ng”

refers to anyanﬁ??etférgg QWBHR@?’BérQQZ%pﬂJe'r@tgaﬁdoloto@ﬁ\efdr@é%rnﬁmvéﬂmn h&e® "primry

size" or prlmay3|z a coating cogtpoleo plied to the
fibers iredayer ¢4 9f aamaélng tompesitionrpreferablyc repiis of a aqating %‘?“FPE’S' tidw ®@ndar y

size", " SeCOin‘PeraF L& rﬁmmth&éuﬁae@mﬁmﬁé/fwm tBQ)rotBEthﬁb freRtirfes
conp05|t|ons appli

| bers after a I cat ] mary
si ze. The t erlfdrom %bfﬁ'%ﬂ 9Uf§‘9ﬂi°°ess'?%?'iq it @qeéP'%gkaQ& Pre[zf@r {ya'ﬁﬁpayﬁ'batl ng"

mean coating ﬂqgﬁfééﬁtbﬁftﬁe &itiPé b@er dupratd s origeaprenpbiithe fibdre12ppl | cation of a
secondary size hese coati ngs can bef ore the fiber

applied to the fibe
i's incorporated iThe Goating £eMpesitpns; °?&‘8£FP%5@ '%V;?Bf)‘?rb%fetpf)ef?rﬁ@y?F%eé’f‘s after the
f : Per | tS 1025crcrztb)| dﬁfb{o&h@ﬁb arfdtrAora pfelérablsz aqueogs, résin carapatiblg colingf abric. In an
al ternative enbodi en
addi tional |y qogPasitions- &'t%%q?\ ’}?Sp%ﬁé rsaf ?é%oﬁg thggg%‘a Céllng&'q‘ol ni shi ng
s :c ze") appli e(gintcentbine;ofaubefrgarﬁd $owentst)subieasalcdlopwracéton¢ agnekdegrister abl y al |
of a convention non:r es at en
renoved by he%{?ta@?’lyc%%ﬁf%gi s‘{cﬁéglp Agd'tﬁjln;lly gﬁ%%mﬁ%ohlpﬁgt@??fep‘l s appl i ed
to bare 30 glmesent inberitisnicac be ps&cbasepdlmam siziag éantposionipansd/or Ascandan her ei n,

the termjgesin t he coating conposition applied to t he
gl ass fi bé S sl"v'smig%gﬁr{&;‘l[ pv?ﬁg?ﬁ&she matrix material into which the glass

-11 WO 01/ 12702 P@:B/ussommzea prefeiyed emppdimepidhe {gFBs eat 885 QEN t hat t he
coating CONPOR,IHyORdrOfo é@'c%%ﬁr?gdcoﬁfb%&.hwappﬁmqweﬁ Beltbmeeprimbry| east one
of the follow n roperties: does not require mi)&g Bt\or to

i ncor por at i onsi¥n©h RIMENLEEIRG refeptod Fogting 5‘3%" tofpe B8y or

de-oi ling), fl?rﬁﬂ\édiétél% s&rg&%t.waﬂa@rb@@dmuaemtmmba;@fs.zehaemdw mat eri al

during 5 conventional processing and results in qn&osfj roduct S
havi ng dedPr egjzing” or “secondary coating” mean coating composmons applled o the bers

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 cdatings can be applied to the fiber before the fiber is
incorporated inio a fabric or it can be applied to the fiber after the fiber g

25 incorporated into a fabric, e.g. by coating the fabric. In an alternative embodiment,
the terms "size", “sized” and "sizing" additionally refer to a boating composition (also
known as a “finishing size”) applied to the fibers after at least a portion, and
preferably all of a conventional, non-resin compatible sizing composition has been
removed by heat or chemical treatment, i.e., the finishing size is applied to bare

30 glass fibers incorporated into a fabric form.

As used herein, the term "resin compatible” means the coating composition

applied to the glass fibers is compatible with the matrix material into which the glass
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physi cal properties and hydrolytic stability. The coating conposition of
the present invention conprises one or nore, and preferably a plurality of
particles I&otghaizonvhen applied to at | east one fiber 23 /ﬂg%urallty
of fibers 12 adhere to the outer surface 16 of the at Ieaéi one ttber 23
and 10 provide one or nore interstitial spaces 21 between adjacent gl ass
fibers 23, 25 of the 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 pef anaR lHCd#b&&E@E{FchQﬁéttthé:&?a%ng ﬁtﬁn;’:b%ﬁign JF%&@&% c&,?@gt erm

"di screte" neans that the partic do not esce or conbi ne
to form conti n%ﬁ%"ﬂeﬂshﬁcnmé‘éﬁt least pae £ 15A flloping peopsiting doemtbtirequre, but

i nstead subst apma¥hl piok ﬁi;aéd?pér&%nrmzb Ryl Mmy ﬁJatéﬂk%béﬁ%%cqr@éﬁ% ggneral 'y

retain their indjvidual shape or form di'screte pa t he
present i nvent f&AY 'ﬁ%)yfac'ﬂjﬁiférgﬁﬁd Wkt pﬁ@wet—thé‘)ughpm;e matixsasteds daringayer or

sheet of at BnBcdrivedtiddal frb&dsbing BEE IS in fhal® @sté
transition between at Iﬁeast '?%I\D parti cII esa omp : t| aF& gé\glﬁ%d%l}scence

duri ng conventP'B’ﬁé’F” RrPRRstiesAng dwdrsiviie stabifity. stl II be considered to be
"discrete" particl ephe ﬁé%@&fﬂdo@ﬂh%oﬂtﬁe B;esérh‘?m@ﬁﬁo%%]:nph%éedﬁ% P o G&nd

preferably di menfl onal | Xfot ab As used herein, term “di nensional | y

stabl e particl ¥Ee3RLRR %QtOfPﬁ@CIB%WF*@F whengnpied ’@@ﬁ@lﬂaﬂqn? fileri 3R citre t hei r

average parti c;bxmaﬁzyz:erwgi@emwﬂ@bu@m%h@Bﬁhe b !Qfsrtog%f r%ﬁ% ging
conditions, , such as the forces generated between adjacent er ur| ng

weavi ng, ro%i nRJOYA oBe APOseskls sRACED T B?W"éﬁ%adlé%’nh@aﬁsdr ibaEsi A% 35 of thtre

desired intergtdnti1@lasshaweh Hd 1b%\§@@fﬂte?§k@l%%géesf2'1 Q:@frésp%ﬁd &iral Vfo ot her
wor ds, dlrrensljtg ally ablegartrcles preferably wl 8 rfr%

di ssol ve or s Fgﬁt1§eﬂ?F'VpG5F # e iPasitioned bekeen My adinepaidibeison to form a

particle havi mwmm@w&m@mv&%ﬁ atdsrBfetdnly d?&re‘i@b%&;é‘éj @é’@sreﬁge
rocessi ng conai t1ons, such as

particle size under, t ! ass f

exposure to tenpar tpﬁ}/%g‘ @Pﬂgi@ F‘Sa’%@"t tB?@?’@F’%?%/“Qjﬁefidd" toARSCE/Rd nore - 12
WO 01/ 127095 PGS0 262 ntinicak ﬁmhlnﬁer'-&bnbéht@;ﬂé)Qfocééjéﬂigtdoﬂ&ﬁéﬂs}’butt he
particles 18 sh or expand in size under

gl ass fiber pr'%%%%cgf%ﬁ a@iﬂgsr%t%ﬁ%e”dﬁ%wg%a’é [l agﬁgpm%;alfy efaidieic onposi t e

processi ng condaixvidmmshmreorhhaharmmépm@sﬁﬁw et véifion nRyceed 150C
As used here| ”dgglg hrase ubst a tlall¥ enlarge in size" 5in

reference to t ﬁrl"@s”?‘ret ﬁgengqs(afoftaﬁ%yeﬁgﬁ egt f Sl BdaRiste. Bsgkied or
increase in dieze sacorrﬁ)o:ﬂeimﬂae apmitoNiveRiceh ut kA &8 partiBSs, bh€paraini tial size

during pr %Ssdoggmence during conventional fiber processing, and still be considered to be
“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
generally maintain their average particle size and shape under conventional fiber
25  processing conditions, such as the forces generated between adjacent fibers during
weaving, roving and other processing operations, so as to maintain the desired
interstitial spaces 21 between adjacent fibers 23, 25. in other words, dimensionally
stable particles preferably will not crumble, dissolve or substanﬁa!&y deform in the
coating compasition to form a particle having a maximum dimension less than its
30 selected average particle size under typical glass fiber processing conditions, such

as exposure to temperatures of up to 25°C, preferably up to 100°C, and more
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Furthernore, as used herein, the term"dinensionally stable particles”
covers both <crystalline and non-crystalline particles. Preferably, the
coati ng GPFRASHEd ons of the present invention are substghtisabhis2free of 10
heat expandable particles. As used herein, the term "heat expandabl e
particles" neans particles filled with or containing a material, which,
when exposed to tenperatures sufficient to volatilize the materi al, expand
or substantially enlarge in size. These heat expandabl e particles
therefore expand due to a phase change of the material in the particles,

e.g., a bl ovwipa A0PHH 10 1436ET ABRLSHRly, IROSAEGEB Q&%u@)ﬂiﬂb@bsﬁh’iﬁialiy@ﬂu}@auen“y,
the term "non-heat expandable particle" refers to a particle that does not

expand due aofsxagrd @Wm*?g@d@f9|§-°r$ef'bﬁﬁt3"é’ﬁ?§§ml Gondifiensand; ingreParticyiagy. nor nal
fi ber procesla,{oggc&ﬁ itk | Pdl:%ssn@?&ndit@n?ﬂﬁer@@é’ﬁbﬂ@é&hg%mbé‘r@tuiﬁsﬁﬁﬁnt

I nvention coat I ons conprise one non-

expandabl e ¢xgeed éﬁ@fc 48 l@éﬁ@?fﬂ"} she l?"ﬁ%senéﬁ?”"éR?féHB%tB"t@"bﬁ’Plfrﬂe ¥zer o

hol [ow pagti; ﬁlrgféréﬂcétfbﬁe%%ﬂfcfe@lmeaﬁé‘ma'ft Yhe patiches¥ABolti inBl éxpasd eMhGeagent  of
the present Invention e cavity can be at | east gezrtlal filled with a

non-sol i d nainsiZedp rrmnethaa@parog@'sately thieg timesihalr ytiabsigrduringProressinder ei n, t he

term "subst apirpl rhﬁref L& Gsd héﬂ&ﬁtth@mﬁ«nda@n&oﬁarytstacbleqsamcuéma@feré e&g than 50
wei ght percent ofr eat expandabl e artlcl es on a total solids 25 basis,

more pref er apygtalies gnd nemcrysialligs BtC¥er cent. More preferably, the coating

conposi ti OnSPFgferEB‘l? thé %65%5 cbﬁh\éséiﬁdr@rbf ﬁfeeprmemérmbh yird §tm€taﬁfailb$r%b of
expandabl e used herein, essen?é??’i ree of heat

expandabfi® phe QtleéPWab‘erﬁé‘&l??st %@FQPW&'%MB@ thiegtnexga I98%ss t han 20

wei ght per cepfeapd é}ﬁaésrmmdﬁl@brﬂa@m@@.ﬁé@ﬁanm.m wbeflexpased s basis, nore
preferably |ess tﬁ

an 5 wei ght ercent e .aply. less than
0. 001 wei ght tgFReratyLes SUEE'S”\ADVBIJ‘;Y"%Qf'@?zm%ﬁg{'@w;@%g@ afhépp%lafqe%'f‘es 18 are
preferably ngpeWaKyse rﬁwei;ﬁha&bmpmwmermrmadwum erphaéeScHangemM| ch the
particles are fornmed are not er ei rm"wax-1ike"

means nat eri JIeMRSHABIIRE pﬁf"l"f‘?ﬁr? Py E‘fwﬁ'?ﬁa?ﬁegﬁé‘f’g rﬁ’y’H?‘ 5°°e SII&% chai ns
havi ng an %Veéﬂﬁﬁaneamﬁﬁbq‘ubﬁﬂmmeeag’l tondegt expandabln @htides réfe toar bon 5

atoms2. 3 1N ong Bhel Jﬁggg%terﬁ%g S AR ofdse!cRgn Oq%fo%maaegm{ha%gm

particles 18PP t screte mensional |y stable,
non- waxy par uhgéreermalifibepprotéssingsoidtiansnanch irconergmbsidiment of the prefsegtur at i on
desired. Alt ri]n?/ltjarqtri]onr,]Ei;[e coating compositions comprise at least one non-heat expandable
particle.
20 Generally, the heat expandable particles are hollow particles with a central
cavity. In a non-limiting embodiment of the present invention, the cavity can be at
least partial filled with a non-solid material such as a gas, liquid, and/or a gel.
As used herein, the term “substantially free of heat expan_dable particles”
means less than 50 weight percent of heat expandable particles on a total solids
25 basis, more preferably less than 35 weight percent. More preferably, the coating
compositions of the present invention are essentially free of heat expandable
particles. As used herein, the term “essentially free of heat expandable particles”
means the sizing composition comprises less than 20 weight percent of heat
expandable particles on a total solids basis, more preferably iess than 5 weight

30 percent, and most preferably less than 0.001 weight percent.
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limting in the present invention, exanples of suitable particle shapes

i nclude 10 spherical (such as beads, m crobeads or holl ow spheres), cubic,
platy or a¢i¢slafez (el ongated or fibrous). Additionally, pthesdeaishscl es 18
can have an internal structure that is hollow, porous or void free, or a
conbi nation thereof, e.g. a hollow center with porous or solid walls. For
nore information on suitable particle characteristics see H Katz et al.
(Ed.), Handbook of Fillers and Plastics (1987) at pages 9-10, which are 15
specifically incorporated by reference herein. The particles 18 can be
formed from mat eri dlhe padicesti8ard preferaidl yanewaxy. ih@termomrp‘(wynﬁ‘ﬁﬁf@ theor gani ¢
material s, pol ki al

mator i al 5, and aegie rBRGRAINE Bty o BIARUCTUEIS S 1o IPRAHES L erm
"pol yneri ¢ i noegaiwax-ikat oeansl matm&ngorapqggtﬁ ymnf)cofrmeetanﬁed ngﬂoas backbone

repeat 20 unit %ﬁ%ﬁgﬂé‘ﬁﬁﬁﬁéww&aﬁ' &g@giaﬁgﬁ Prﬁr‘h Js1g 306 rP&H‘ For nore

i nformati on see at pag iI's speC| rcally

i ncor por at e8 bgtoqnng erence herein. used herein, the term "polyneric
organi c material s" \RANSeR¥ALR Hth ol Xf%br%sen‘?%?ﬁtioﬁ'tﬁe pﬁm&kéﬁ gt 1 C
polyneric materials and natura yneric nmateria aving a backbone

repeat unit bayeeEndiverdionaere df%emndiméﬁ@@nﬂfbsmﬁ@ denayaxy pagiclgged herein,

nmeans carbon contai r onded
T ot "and v, oy e AR R B SRl BB o or e
of Physical PdIytgin e pseraest ingetien\grasples shisuiapls particishaneedmiyieat  pages
2-5, whi chygr es.p‘ﬁ@@éé‘i fsh&h”"éé b’edd@crﬂfc%ég&e& h@h(owr @Jh@?e%j‘%@b&@%t ) Br ackuMf¥ Pushaw,

at al. "Use of M cronised Waxes and Persmns in er borne Systens"
Pol yners. Pai f@longgedar dorousyr ﬁ%ﬂ“"’”@“ﬂ!}‘@ PQN&? esAg gon U%‘fﬁﬁé‘r‘?"e‘f’f@g@mﬁwﬁaages
18-21 which argat isR& b&absl ¥ VORI BF AE S HbiMioh ﬁ'fe?éo?récg?ahﬁ)'ﬁ&k Benter hnV\O
01/ 12702 PCTI USOQ 20523 el enents as wel |, and excl udes bi nary conpounds
such as the car¥eHs Gsplgaalis; far meryinforreation o syshlediagislerghgeactegptics see ych

ternary conpouqdéast d rléd TBidabbdk GY¥ABIIRE PiasiB! (@bd7) Gt SRR FhickB@sgene,
carbonyl sulfide, etc. nd car bon-containing fonic conpounds such as the

metal lic ch? bo?P&F@%a”YWEWO%edc% refergnce dp¥bnat e and sodi um 5 carbonate. See
R Lewis, Sr., Hawygy ﬁn%@d%ﬁ% CRBYH Fah nhltélalsQaRicled fohbdyriedic and 993) at
pages 761 762 and M Sil berberg, Chem stry The Ml ecul ar Nature of Matter
and Change (19%’)9“&?"96’8(%"@8‘6’ m?ﬁ\"@‘h p&WE’eﬁ‘bé’&q ‘TQ”D%MW”FHE%”%?%?’@&F by

reference her eddmpobite MaRHalb I Mixtufda®f by dhthd BREEAG As IRdEdréih She @RANS any

material that js not
“polymeric inorganic material” means a polymeric material having a backbone repeat

20 unit based on an element or elements other than carbon. For more information see
J. E. Mark et al. at page 5, which is specifically incorporated by reference herein. As
used herein, the term "polymeric organic materials” means synthetic polymeric
materials, semisynthetic polymeric materials and natural polymeric materials having
a backbone repeat unit based oncarbon.

25 An “organic material”, as used herein, means carbon containing compounds

wherein the carbon is typically bonded to itself and to hydrogen, and often to other

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.

3 W. Pushaw, et al. * Use of Micronised Waxes and Wax Dispersions in Waterborne Systems”
Polymers, Paint, Colours Journal, V.188, No. 4412 January 1999 at pages 18-21 which are
specifically incorporated by reference hersin.
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10 an organic material. As used herein, the term"conposite material"™ neans
a conbination of two or nore differing materials. The particles forned
from compghi/prémterials generally have a hardness at gdwgisoosssns ace that
is different fromthe hardness of the internal portions of the particle
beneath its surface. Mire specifically, the surface of the 15 particle can
be nodified in any manner well known in the art, including, but not

limted to, chemcally or physically changing its surface characteristics
using techniques known in the art, such that the surface hardness of the
particle is egmahtstas walll andeasiudbabinalyeomapemissacines tHeeaglonoxides.dee s whi | e

t he hardness of. the part o t he
har dness of FHBY ?a?? °P|d6é':lf§ Ta g‘%&?ﬁ"‘?& C%H{pégﬁ&aérsﬁrgrnggﬂgny%m@mrred from
a primary rratnetallalcatﬁmaylsJ mosgeneedarbcmwawlfmte etw.apgaa@pe@ontammg ianiee or nore

secondary materials to for %,1@;“

surface. In 9%’?"%@? FEE 3 @8?"ng$ﬁ%§%°&r'§te§?£n%h% E%f){tgpﬁ cles %or meség@rom
conposi t e5 nearbonaé.sSeaR. bewis Smitawiava el : pieal Bidtighary {A2thiEgl. coat ed,
clad or encap a I al . For
nmor e i nf or mat ?%h E)Plaq?grtﬁ&sgsg{u(};hé%ﬁ)gglgiqodﬂeﬁSt%%ede%mNd < é\f see G
Wpych, Handbattkr arfd CGhdriger($9963 atpage. 586.199¢)) aratspegitapliy inggrpomied bwhi ch are
specifically incaor ed by reference herein. Representative

non- pol ymer i 5ef eﬂﬁéj'g%{%?'c materials useful in formng the particles 18 of

t he pr esent i nvenhs osed herbindibeiteror ‘Jwrdapicmaaterialymeans|asy riglthatis helaphi t e,
net al s, dgé ria%fc% &8al. nitrides, borides, sulfides, silicates,

car bonat es 4} fates and hydrOX| des. A non-limting exanple of a

sui tabl e | nor gani As mseéd hefeinf therterhicempesite material"dneans eecombination afdwoios bor on
nitride, n?orgd‘%rgﬁne%eﬂ?{%%ige%e BhribBErorREERER LomBYSRIhABraIlrRpag L 1 de
particles hav I'n structure are -

PCT/ U500/ 205213ve ahatdnesd :atrtheyr Sprf@f:%haé'e diffsreqt fromithe bardpesseatisiiter! a usef ul
i nor gani ¢ OX'pgﬁllolf'aé8?th@%artﬂ?é'&éﬁeaﬂ$ﬂé Lakice. M%%&lf@al@uihﬁlsdﬂ&eldlﬂ{&de

nol ybdenum di antal um di sul fide tungst en @'4 d zi nc
sul fi de. 1L5sefpaﬂ|ciem§ﬂ§§>§rﬂ‘%d'@dl‘i‘ any wannes wel; aowd | r‘ﬁ'%ﬁ%'" NS 't’té? and

magnesi um si 'lah&é&f‘oschéﬂﬁbnya& p“%l&ll?ﬂlhdﬁgﬁﬁg itSlsuffadel cﬁhafﬁbte@bﬁcsluﬁmbUde 5
nmol ybdenum pl atinu um nu

silver, all oﬁ%‘?h"'q&ﬁgl"ﬂﬁw& 'ﬁrt%a’é)fs”&'h@‘abtf‘ets\'\@a%\a F?\& é@ﬁg 'Sh%%‘iahom ting

embodi ment oforidas tHthﬁé‘hb:@ﬂesédT%dD@ééslfmb&SNﬁ@ thb“learﬂmafssmdthefplanmesol i d
| ubri cant materi al s. used herej

solid used bé’(e\ﬂé%tﬁﬂf‘i/\ﬂ‘rfé‘ﬁ?fsaﬂf%%te? arb}hgthaa%veﬁ 8” Of"lag#t?elr ﬁo%%%r%mggﬁfl ﬁgy

relative 20 particle can be formed from a primary material that is coated, clad or encapsulated

with one or more secondary materials to form a composite particie 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
with a different form of the primary material. For more information on particle'SI'USéful
25 in the present invention, see G. Wypych, Handbook of Fillers, 2nd Ed. (1999) at
pages 15-202, which are specifically incorporated by reference herein.
Representative non-polymeric, inorganic materials useful in forming the
particles 18 of the present invention include inorganic materials selected from
graphite, metals, oxides, carbides, nitrides, borides, sulfides, silicates, carbonates,
30 sulfates and hydroxides. A non-limiting example of a suitable inorganic nitride from
which the particles 18 are formed is boron nitride, a preferred embodiment of the

present invention. Boron nitride particles having a hexagonal crystal structure are
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10 novenent and/or to reduce friction and wear. |In one enbodi nent, the
solid lubricants are inorganic solid lubricants. As used herein, "inorganic
solid Iubrh&ﬂﬁt pmeans that the solid lubricants have ap&hadmssssi stic
crystalline I't which causes themto shear into thin, flat plates which
readily slide over one another and thus produce an antifriction

| ubricating effect between the fiber surfaces, preferably the 15 gl ass

fi ber surface, and an adjacent solid surface, at |east one of which is in
notion. See R Lewis, Sr., Haw ey's Condensed Chenical Dictionary, (12th
Ed. 1993) at d&ﬂ&ﬁlaﬁ}ﬁﬁefém!dch. Aoh- xﬁm@efx'a&gielcvaIu@@f@r,m?ﬁ@&ws&ﬁ;f;er ence

herein. Friction is resi stance to sliding one saolid over another. F.
O auss, Sol i d ¥ifsr iipkie ingregnicepifides ingvdecnelybgnayp disyide. terfalvimyisulidse 1,

whi ch is specitfimdgstdr dsuifldie @hB 2ing bk YUsehl fopipR smaéle@ﬁbl@ti@atulﬁmﬂﬂe
non-limting enbodl ment of the invention, the particles 18 have a |anellar

structure. Par¥icgles @ aRerRsium piliGRias: é‘r“’hsalsr"'ﬁff'f"ﬁ‘f“ff atiablp Myt clfe sheet s or

pl ates of & onboijltichenasiaiah, Balladiim, Wickd, StrmRDE, SPPeH B8d WonhéiRel Bfoygheet
and weak van der Wal s bondi hg, bet ween sheet s, provi di ng | ow shear

strength bet we¥f "?5‘“5%@@?@1 °fﬁh%§9fﬁgl°i”ﬁ1 ting exanple of a lamellar structure

i's a hexagonal cryssghe ncﬁiirnuﬁﬁgtﬁr@eodtﬁqerhuﬂm%veﬁrohqhegamcn)é\éas arefgRfddcat i on
(1996) at page 125, Solid Lubricants and Self-Lubricating Solids at pages

10-22, 42-54, tto5 sofid Igioant materialsg dhs urveéherfm*hfé@maﬁei*dlﬁma%sna\ews THpbel |,

“Sol i d Lubri caipl@isedBRuAA o biRides & § brofde proteciTicth 8ahadd dUBg kélative
Literature, ASME Research Conm ttee on Lubri catl on é1969 30 at pages

202-203, wif cHnaegieahad/arite Egdrge gy 3emaee oinfpe eRPRFIBKER et%8d n. I nor gani ¢

solid particl agbrizants g ifolgafie bbiRinutridhhter RH Gsddneediyy biablighnig bbrOlibtican@r € al so
useful in the resent i nvgfu&:l on. -1 US00/ 20523

Non-1initing S%eARSItRaL theysolid jubdgants WF&V\QQTag(EH%ﬁCﬁ@wﬂmPQﬁEF Wé‘Fh §8SGet ure
that are usef ltheriﬂfb§r€€aﬁln&ghhhﬁat@&téslm:@ﬁei&ly&fsddm:f &ﬁsemmer@ﬁaemtsl on

i ncl ude boron nitride, n C, gypsum
kaolinite, - calpé?‘{‘i?e a@é&% %ﬁﬂ ‘”b”f"'?f e"tgi %EE%%F ac%sh(?r rﬁ%"ﬁ?% of any
of the foreggoigkss fBéﬁLﬂﬁé@dmﬂr&bGﬁ;h@érﬁsahd-surfﬁcel Bidéast endOMveHicHTE irf tnditon.

Lt abl o ot al S LMo foreeL s Ganaatehahiben MAERr 1 748, TS5 baanum

di sel eni de, t grgalzumwhicus Ep&iﬁcaltyanfdo&bdnm«ﬂbﬁEdfamcdeaerdimngﬁ:hemsdmuI fide,
tungst en di sel eni de

f
enbadi mont ¢ 1ESRER GRS ol s oy Ciet. Holig Qiiengs Ang Seir.

Lubricating Solids {1972) at page 1, which is specifically incorporated by reference
20 herein.

Irt 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
van der Waals bonding between sheets, providing low shear strength between

25 sheeis. A non-limiting example of a lamellar structure is a hexagonal crystal
structure. K. Ludema, Friction, Wear, Lubrication (1898) at page 125, Solid
Lubricants and Self-Lubricating Solids at pages 18-22, 42-54, 75-77, 80-81, 82, 80-
102, 113-120 and 128; and W. Camphbell, “Solid Lubricants”, Boundary Lubrication;
An Appraisal of World Literature, ASME Research Committee on Lubrication (1969)

30 at pages 202-203, which are specifically incorporated by reference herein. Inorganic
solid particles having a lameilar fullerene (buckyball) structure are also usefut in the

present invention.
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10 lubricant material having a lanellar structure. A non-limting exanple
of an inorganic solid lubricant material having a lanellar structure for

use in {19k Ng conposition of the present inventi eQriuSoopesxnan nitride,
preferably boron nitride having a hexagonal crystal structure. Particles

formed fromboron nitride, zinc sulfide-and -- - - nmontnorillonite al so
provi de good whiteness in conposites with polyneric-matrix 15 materials
such as nylon 6,6. - - Non-limting exanples of particles forned from

boron-nitride that are suitable for use in the present invention are

POLARTHERMO 100 r 00 Series
(PT 350) and 60 (Jir"ﬁtzng( %IFJP%% pf E’Jta%f’eQnat'erFu)als R&;ﬂg?%lgﬁﬁﬂar?ﬁu?tﬁ%%tp ?)tﬁ nitri ::Ie

powder par tare beeful in frmingdheparicles A8 PHbe reserlirvantioa-egiude basonraitrigei ¢
Cor por at i Opq Q;Ewlae?#u‘él%?@%alggbﬁ’ideg %%@rtg @ﬁ'y Jr, kIB!ﬁﬁtéméaldite Qamim i ve Fillers

for Polyne eria t echni cal etin _of Advanced Ceramics ----
Cor por at i orjodifle,|silversuifide. a@ﬁhnasxt(l@g%?nv qhihe foregging, Ersferredympteriala cor por at ed by

refere“g@ hﬁén&dé‘borlﬁ‘ﬁ‘.ﬁfaep@l’aghufel ﬁﬁtéi@iéﬁaléoéelﬂ{aéﬁndmdﬂéﬁfof Ayt of tid - 250- 300

At t dielectric constant of 3.'9 and a vol une
resi stivit yforsigoing1 Suttale 'Z'Stad:é'ﬁ*ﬂﬁ"ﬁﬂeéidgs inlyde motybdenumdisilider particl es

have-an agﬁh&g@«%ﬁ% i, TN Gishive f(BRBLA diichitelupgaBpiiRiife,  he 300
Series po artic have an' average particle size rangi ngfromlOO to

150 micr orreiveg%eraﬁlael@me @00 midpres o BNef I9°ING1 es have an aver age

particle size rﬁﬂ%aamfbbaimeﬁﬁtﬁecbar@ﬁwarblf@me&ﬂemranqﬁ@gmeﬁdud In -
partlcul ar as reported rticles. have an

aver agel©O ‘Ub@@”bﬁ'ﬁﬁ'ell"@V@Filz"éa’B‘F"aG s{r‘é‘:t‘ir? r?i'l?f’cyf?étp@r%amﬁ'eﬁg?? I"P[2NE; ;¢ range

of subm cr ogaul Ribricant Athtersl FAVINERA Rinfallacstdlclurgior liseth thesdécatinglédiipasitih i on- as
follows: - - -17 WO 01/12702 PCTI ISQ0/ 2Q 50 90 Size n 18.4

7.4 0.6 Accoithe REpser inventons Lpronyifide, pre ?’éﬁ'VBB’PEé‘?Wd SRvIng R NP ERM r)

160 boron nb&étb@rucﬂ%tpéﬂuﬁésfbhﬁéd ﬂ@h@ol‘ﬁh&ﬁttﬂedlnbadfmarwJerage particle = -.
size greater than 18 4 mcr verage particle

si ze" ref er BopEqHientealso pﬁ%‘?“% %‘T°é’ W'Bteg’i”sfé" ?m‘fﬁgesp‘ﬁ' on Y'B ”“‘ﬁ%e aver age
particl ¢5si gatepbistsien parflore6,6s according to the present invention can be

T 1 ng embodi rUARBHRg AR @S per iRy Fed ok o A8 e B iiablR
measur ed us'fdngsam the piesat it@nlidreare PRLART HERM® 100 Sérre&c(PTdﬁO Far t4%1 e si ze
- instrument, Jwhigh 4395 68); 385 Shries (PT 350) and 600 Series (PT 620, PT 630, PT 640

and PT 670) boron nitride powder particles, commercially-available from Advanced
20 Ceramics Corporation of Lakewood, Ohio. “PolarTherm® Thermally Conductive

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

Corporation of Lakewood, Ohio (1996), which is specifically incorporated by

reference herein. These particles have a thermal conductivity of- 250-300 Watts per

meter °K at 25°C, a dielectric constarit of 3.9 and a volume resistivity of 10" ohm-
25 centimeters. The 100 Series powder particles have-an average particle size ranging

from 5 to 14 micrometers, the 300 Series powder particles have an average particle

size ranging from 100 to 150 micrometers and the 600 Series powder particles have

an average particle size ranging from 16 to greater than 200 micrometers. In

particular, as reported by its supplier, POLARTHERM 160 particles have an average
30 particle size of 6 to 12 micrometers; a particle size range of submicrometer to 70

micrometers, and a particle size distribution-as follows:
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10 beamwith a wave length of 750 nmto neasure the size of the particles
and assunes the particle has a spherical shape, i.e., the "particle size"
refers to | 'est sphere that will conpletely enclgsgy Particle.
For exanplg&ﬁggrtlcles of POLARTHERMr) 160 boron nitride p%}??g
measured using the Beckman Coulter LS 230 particle size anal yzer mere
found to have an average particle size was 11.9 15 mcroneters with
particles ranging from subm croneter to 35 mcronmeters and having the
following distribution of particles: > 10 50 90 Slze (pn) 20.6 11.3 4.0
According to this di Sta%l by TomTten R

nitride particles th we?é nmedsured had agie e size greater
than 20.6 20 nicronet ef SSizd wmingt het8.fon- |mHng rrboalsmant of the present
invention, the particles 18 are fornmed frominorganic materials that are
non- hydr at abl e&ccémiingsedwmdistﬁbm;on"mm perchrytd»‘ el ARTHERIVD 1 8labordrhseitridaor gani ¢
particles do not ct wth no . fo tes and do not
contai n water %g?%ﬂe%mﬁs%‘ﬁ@de%avgﬁg&pﬁ? F'ngﬁgfﬁi‘@r% o4 ydrate” is
produced by t heiciog®edrs.0As ofedmzreic, uheavekgapiréte mé"hefamstulﬂ&trawmparme whi ch
the HOH b0é1d |s ?%i? split. See R Lewis, Sr., Hawl ey's Condensed Chemi cal
Dictionary, a%@féef) at pages 609-610 and T. Perros, Chem stry,
(1967) at pages 186e harage\partitle aize okthe patitiemsdeyrdingdo theqredeatintntioef er ence
herein. In the_-18 WD 01/12702 P - or nmul f drates t he
addi 11 on of t HEMVRCURHEN SR aes FLVBBAsA Tanre e aTRur ba BYP e cent o ed
dot, e.g., 3MiBithgiebitidAnent of thy prebdROReRBInChe Dkifitles kiaoisi medseled using a

ar oup. wi thi b SPRERR PR LS Bter oAb s e s WRR e eeyt
groups i n the zamfwitha sphmﬁemgﬂmbf B0anutui heasuradbe sizecfdhe patided arids whi ch
B D it of  Us{E foe SHAEAGER B FAGRALIABY 1 R bl L bR 0T oxampl e

as shown in thé FUCE orini vVen' gee 34 of J.
M tchell, FunctmwestesbberethaSmnlcoB@Im)y enck(s&ﬁﬁ)adahd P@se&tmnm pamctehef

Fespect i vel y, TorRRTHERM By Bbro B s Wbl LG e Bhelith Gl ) o
page 62 whi cH.Sa238 reyttiets éxzecaialy;ermer'e freod pohavead absragepatidaciee es ¢1.8. A
coayer o018 GhYRhAlod Bid bESobe AhRFRITAbLA-Mor S B8 RIGomMBlsShy | S 2

conbi nati on of planes o s in nvironnents, Soil
Sci ence Soci etmvmﬁtMqum@&tgﬁmonafpam@m 196-199, which is

% > 10 50 90
Size (um) 20.6 11.3 4.0

According to this distribution, ten percent of the POLARTHERM® 1860 boran nitride
particles that were measured had an average particle size greater than 20.6
20 micromaters. '

In another non-limiting embodiment of the present invention, the particles 18
are formed from inorganic materials that are non-hydratable. As used herein, “non-
hydratable” means that the inorganic particles do not react with molecules of water to
form hydrates and do not contain water of hydration or water of crystallization. A

25 ‘“hydrate” is produced by the reaction of molecules of water with a substance in
which the H-OH bond is not split. See R. Lewis, Sr., Hawlev's Condensed Chemical

Dictionary, {(12th Ed. 1993) at pages 609-610 and T. Perros, Chemistry, (1967) at

pages 186-187, which are specifically incorporated by reference herein. In the
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specifically incorporated by reference herein). The assenbl age of a | ayer
and interlayer material (such as cations) is referred to as a unit
struct ur gyg dp1ipdr at es cont ai n coor di nated wat er, whi chpE@@odkias es t he
cations in the hydrated material and cannot be renoved w thout the
breakdown of the structure, and/or structural water, which occupies
interstices in the structure to add to the electrostatic energy w thout
upsetting the bal ance of charge. R Evans, An Introduction to Crystal
Chem stry (1948) at page 276, which is specifically 20 incorporated by

r58f er en(r:];a h%ﬁm?s o Fq[?ééblyhe éd?ﬁ![oﬁ%.afh'e%t&'(?ﬁméﬁﬂésl|QB&1v§mfmalyﬁndl@aéedmr f t Pan

wei g percent hydratable particles one_n enbodi nent o

the present Phaeeitersd dot 8- QS %’ﬁ%@g‘f’r BCse gg'ﬁﬁezﬁbé% ggsent ially

free of hydsaiahhi, R rh!asle(%ﬁorgéhﬁc Hhaffall icRide at leBst drerhydroRy Sedlipivainin/ fr ee

of hydratable particles" means the coati ngr cg 05|t @ g?rl ses |l ess than
X568 P SUGRqeE

20 wei ght pe® 2yak Ofﬁc%ah\%ﬁﬂ?edﬁb&b'l“é inchiding by QPE it PaGsf s, nore

preferabl g | ggsit &hiaméowa&hkusmﬁmbmmmaéuwre,fcemhés/omss than 0.001
wei ght percent. In one enbodi nent of fhe g esent tion,, articles

18 are f or meeRHllaBhAGtionls Y ieyaImBle A5 ISBOWR R StrcEIre ‘f?%'% & giyandn p terial.

The coating swage%utdf9rmlt&féﬂqflﬂbamehtalsthoupBafaemt(1|9rm)emd ashown ircet ai n - 30
particles for

from hydratabl e or rate ? rg;matef n lieu of
or in additf@etyre of kd aﬁﬁﬁah‘?m"d{“aﬂ?‘? P B9 ﬁ%ﬁ@ JdPEPES "éeiyugggéd above.
Non- i m ti ngyaespRen,aPEolfdif Ohéiging (2DEe 1|9mv)rag@ag@szrmmh @b Speificaltyl ay
m ner al phyI | osi l'i cat es, WO 01/4} 702 CT%ésiq%“ZOSB cl udi r}g m cas
(such as 'Rusbs9iPpeafed l?ya'lef,ere’?FGrﬂeFﬁS’l’l Ech ﬁﬁam DAL
expl ai ned abgpets, Wdhngbeambmatmﬂbffpvam Glm&nkly(Seetl\&hérelsdm shiydr at ed

a1 cres | QEnMoRmsh BT SLbsERRROR esbA gt MOk 185G il | e

present inve Bbédiﬂ&allyt |hcbrpca'étekjcﬂy&efeﬂdihce aereim Thievassenibfage of a @yepandy ner i c,

organic materlals n 0 L 0 terials useful in
t he present f'\’ﬁf%ﬁ?’l 'BﬁteF%éf‘ff&@sbﬁfmbsﬁ)'s & {’Fmst%%a{gtﬁ‘s ug%r ates (such as
zi nc st edmat e andHgdratescontast ceardinated wmalr. pdich isberdinatesdhescatigninitore. | n yet
anot her enbo t Of th I be 10
formed from ?‘H%'? f&gﬁn%erb n%&&%?h%tﬂo%% {Nﬂ%mgeorwdﬁwﬁ oﬁﬁ\g%ﬁ éeigr@of usef ul
i nor gani ¢ polapd/er stmctmalevaterl whichotaupies rderslides dptha strueture tpéﬂﬁr}j& thenes,

pol ysi | oxane cpgétgtﬂ:eé’n%w&oup&sgﬁﬁﬁ te batntY b chaf)eY BTEVENS @lheni um

silicones, ures
lntroductlon to Crystal Chemlst (1948) at page 276, which is specifically

20 incorporated by reference herein. Generally, the coating compositions contain no
more than 50 weight percent hydratable particles. In one non-limiting embodiment of
the present invention, the coating composition is preferably essentially free of
hydratable particles. As used herein, the term “essentially free of hydratable
pariicies” means the coating composition comprises less than 20 weight percéht of

25 hydratable particles on a total solids basis, more preferably less than 5 weight
percent, and most preferably less than 0.001 weight percent. In one embodiment of
the present invention, the particies 18 are formed from a non-hydratable, inorganic
solid lubricant material.

The coating compositions according to the present invention can contain

30 particles formed from hydratable or hydrated inorganic materials in lieu of or in

addition to the non-hydratable inorganic materials discussed above. Non-limiting

examples of such hydratable inorganic materials are clay mineral phyllosilicates,
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of the foregoing. A specific non-limting exanple of a particle forned from
an inorganic polyneric material suitable for use in the present i nvention

i s TOSPEARL#go oi/mmehich is a particle forned from cross- |Iﬁ&ﬁg anes and
is commercially available from Toshiba Silicones Conpany of Japan.
In still another enbodi ment of the present invention, the particles 18 can

be forned fromsynthetic, organic polyneric materials. Suitable organic
polymeric materials include, but are not limted to, thernosetting
materials and thernoplastic 20 materials. Suitable thernosetting materials

i ncl ude t her noBEtidihg enidd8l%RR 8 uscitB) kafc %ﬁﬁ&rne%o%%z;%% Xg?bélm A
phenolics, am nopiasts, thernosetti n?ﬁ){n yur et hanes, ur es ? any
i 96

of the foregoi FFRINRIFHOUE MRRICleR fimes h Bydsaipble o()hydéatgql @F@ﬂﬁ'@d
synthetic pol ygeerfy Randttued o fordmsh ¢ ngﬁtrbe%ﬂwf tﬁ@b&ﬁér@é m't de%'am?gooxy

m crogel particle. 25 Suitable thernoplastic materials inclu
t her nopl astic ‘Eﬁ?’% ‘9’érs pol ycar bonates, polyolefins, acrylic polyners,

pol yam des, 5t her m)ﬂh%ﬁéthﬁr erﬂ%d%&hﬂﬁ@ﬁ%se%':ﬁ%ht:&?@ih%%ﬁ%iesqg‘éa%é(t ures of
any of the for ogm @g'ﬂpref erred thernopl astic_pol yesters include, but are

not linited to" RON-gPlEMets. sRpiRAMateTials. Examplesof nemeoliearieptromnit at e and

pol yet hyl ene naabmaluaéf@a Pegh &y hﬂﬂvmbrmh@&é a& ' hot
limted to, poI L_e%l ene, " pglq{spreopyl ene and ﬁri’gotg?\gﬁﬂﬁﬂ%itea%{%l%&g% 12702

PCT/ US00/ 205233 garateang @jup)inym ﬁéﬁwﬁé«rf@ﬂ?qmcqlménéétséww s of styrene

and an acrylic acidn yéﬁ%ﬁfaﬂﬂ@:ﬁ@tm&%&%ﬂhﬁ#é&!&q RS PR M8LA be
nthetic polyneric particles forned from an

Non- | f
R L e Ay

non- cr ossl i nkiinggaat pelyaeniyhberifg o Qol%ﬂé&ﬁh&@nes‘*’&?ﬁ%ﬁs polfdiloxiné 0556,
which is an opa e, non- fi mfor yrene acrylic polyneric synthetic

pi gnent havi ndP Y 9F SNARERROMANESF sy tgqogqn@rtgﬁﬁlgmwa Sigoners apd mixiyses offenge. 5

percent by Weafg’iﬁfow@dmg i&paﬁfcﬁmthnﬁm@x&&bw@a p%é@%”d)fm@aar?m and
ROPAQUE(r) HR-5 E E\fe ? Eﬂ bei nﬁ an opaqu

non-fil mfor m'ﬁ%fga'g? Q?E'H%”C'Bﬁ {g! 58‘38 f%‘éﬁe'ﬁ ‘P“r?éf Yenbpryite; P(ﬁAﬁ!}er si on
havi ng a pHst ivelieh rsmmrtmfe fOenfely filh Eross-inked siickamddhnd iSQIMmscian tvamneof 30.5

on- 111 m 7 or ] TR HASEORES OPPRErBeH g eyt hot i ¢ pi gment i Sper si on
having a particlesths stﬁleamfheﬁerﬂﬂodﬁh@m@ﬂﬁb@?&eﬂﬂdve@:tx&ﬂ kHedSarciati@ndan pef 36.5
Ve 1 bl 6”1 r dorias P Aotk SRRGICRRG <k el s SroBBR ROy O 2.
materials include, but are not limited to, thermosetting materials and thermoplastic
20 materials. Suitable thermosetting materials include thermosetting polyesters, vinyl
esters, epoxy materials, phenolics, aminoplasts, thermosetting polyurethanes, and
mixtures of any of the foregoing. A specific, non-limiting example of a preferred
synthetic polymeric particle formed from an epoxy material is an epoxy microgel
particle. ’
25 Suitable thermoplastic materials include thermoplastic polyesters,
polycarbonates, polyolefins, acrylic polymers, polyamides, thermoplastic
~ polyurethanes, viny! polymers, and mixtures of any of the foregoing. Preferred
thermoplastic polyesters include, but are not limited to, polyethylene terephthalate,
polybutylene terephthalate and polyethylene naphthalate. Preferred polyolefing
30 include, but are not limited to, polyethylene, polypropylene and polyisobutene.
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15 The particles 18 according to the present invention can also be forned
from sem synthetic, organic polyneric materials and natural polyneric

mat eri al SyofFided herein, a "sem synthetic material" pcrresoshesas cal |y
nodi fied, naturally occurring material. Suitable sem synthetic, organic

polyneric materi.als fromwhich the particles 18 can be formed include, but
are not limted to, cellulosics, such as 20 nethyl cellul ose and cel | ul ose
acetate; and nodified starches, such as starch acetate and starch

hydr oxyet hyl ethers. Suitable natural polyneric materials fromwhich the 4

See R J. PePI‘eferréwdﬂrjllfégblyﬁiéﬁs ihBludéEsppimdra sty rShd antrdrcadnaic atial es”
Chent ech, Februar \é?a199 a mcals for, the Textile

es, 39-

| ndustry" Sep¥ 'fb@?fym%ﬁﬁ? aiping Wé?ﬁﬁ“%ﬁnﬁﬁﬂ%ﬂlﬁ%?a"@ﬁ%g@'“the tic
EngAadJ E |( p;ﬂ ﬁgol?gggéyﬁgﬁ& fbrrg@d 68 apraealic ?o;fcuyam ate/RSOPEEX® B85 mera

r - , ow ment for er r hoar
Coat ngs+ Cr PBEPaYe TN RSN AGIocol BTy RoMTTA S ABSS RPAQES HE:
Phi | adel phi anos?émﬁmh isaamia'paqme mag-@lniformhigphyneﬂe bewlﬁimlymmiarspmhatoed by
reference. See duct t hni cal . bul lL.eti n entltl . "Archit ect ural
Coat i ngs- ROPR E f,laV"@:? m“"r'ﬁg'esﬁrlpamgﬁrsff&s% ?—L\dﬁﬁg'ﬁt?m °f2€P pprCfggt?y avai | abl e
from Rohm and:eldaam&‘a)aaawent%ldl\@dﬂlquIOPAQummealand ROPAQUER: 1 which is

e Che SamcPRAEr Aot e e oafh Pehd snanpae! hor A o8 SBia'® 1o a3p i n

t he pai nt i ndayic polyanericasynfReRAGIRENt)dispersidh havinglagpartivleagizenaf9.95ndust ry. 9 See

Cr- 96, TS ANICOpeRlRaE £roRE rietas 0 b O i EHOMQUERTRRR s
Oonpahy, Phi L@Eiwh;nhusaalso Eienmmmbyrimi-fémdbm‘plaqgstyﬁgne\mm}hpblgmbmsthetlc

| neor por at e oy - gL RS o KB 427 00 BEHOSRALAURES, cofl g 10 oon

be forned in sacchari
starch; pol yp&Ps.5 desentshyoteigh. Eadeofrthearmbeqm m@lehydommrdmﬂnayaulableh as.

natural r ublﬂg{n @thn ﬁh’é hg.?spé&g{;&y Jgg,sgé}tgfp@ﬁgggﬁ@ﬁlmg enbodi nent of the

present inventli on, S are formed from
hydr ophoBi5c pol ynﬂ}he palmtbeﬂﬁ ateording todbieipresent invientian canw@isotherfermeddanpt i on by

the coat ed sgfmﬁgmg : d-amctopiol}ﬁ]e tﬁ{%r@& a%n% ﬂphw.@ﬁ@n\g@nsnsp%m §ic

materials inc are n I éne |'ypr opyl ene,
pol ystyrene &a@inpel” m@Wh%tnﬁﬁiefﬁH'ﬁﬁéhefNGﬁ“YI mqﬁ' tqdngat@rﬁuxmcegmsf
pol ystyrene goRHaY NBlitable YehilatnEE Afddric ponyiitrié AaterialR R WRich theOP- 96,

particles 18 can be formed include, but are not limited to, cellulosics, such as
20 methylcellulose and cellulose acetate; and modified starches, such as starch acetate
and starch hydroxyethyl ethers. Suitable natural polymeric materials from which the

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 entitied: “ROPAQUE® HP- 1065, Hollow Sphere Pigment for
Paper and Paperboard Coatings” October 1994, available from Rohm and Haas Company,
Philadeiphia, 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 materiai; the material is
identified as ROPAQUE® HP-543P in the paint industry and as ROPAQUE® OP-96 in the
coatings industry.

¥ See product technical bulletin entitled: “ Architectural Coatings- ROPAQUE® CP-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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10 ROPAQUE(r) HP-543P, and ROPAQUE(r) OP-62 LO pignents (each discussed
above). In another non-limting enbodi nent of the present inventi on,

polymeric Ragbichgs 18 are forned from polyneric materi gks )&g@g a gl ass
transition tenperature (T.) and/or nelting point greater than C and

preferably greater than 50C. 15 In still another non-limting enbodi nent of
the present invention, the particles 18 can be hollow particles forned
frommaterials selected frompolynmeric and non- pol yneric inorganic
materials, polyneric and non-polyneric organic materials, conposite

materials, an@afickk 48 sn 0 rAR¥d PEiub St %%@Frﬁi%t&'%ty%éé&hﬂnd& fxRRl es of
sui tabl e materlals from whi ch the hol | ow artlcles can be formed are

descri bed 20 &6 pQ’KEﬁPi‘ﬁ‘FﬁﬁSE“FW “é‘)’?&’ﬁp?’E‘s"aé‘f’a'é‘VWQF‘#"BWSpﬂcﬁ‘r?érqa@’?)art| cle
usef ul in presgiber ahd¥Bidldefihaar € ROPAQUE(r) HP-1055, ROPAQUE(r) OP-96,
ROPAQUE(r) HP-543P, and ROPAQUE(r) OP-62 LO pi g%rrents (each discussed
above). For other Howe nondiritinggribedimantel the Pieset svention; thepaymefat can be

useful in tge parRREAL ak%ﬁﬁ@d%ﬁ?&opﬂdbzc'ﬁ%‘yﬁeﬂ& rratena&l%&re\méel&%u at pages
437-452, which are specifically incorporated 5 reference herein. The

particles 18 (Rt soporplinn kydhe Ferietsiipes Nof"tyﬁ"t'ﬁﬁ gwleq *f\P¥R i on can be

present in a GySBERSHICOIblyrTHRReRS N Inidei lard mumﬁbd/\atperyeth%h@r sol vents,
such as mneral oil or alcohol (preferably |less than 5 grcent)
8

can be i ncl ud®8VpirYiage. palyelyens ?B%Pm%'i]%tﬁ)ﬂﬁ@#’@ﬁwﬁfe é\‘ﬁﬁ‘i‘f%"i"w ex?\’“p $fred. A
non-limting %@@Meﬂe@Bpmﬁ&refr@rues@kom&mapsmw rdPARUE® Oregs,f ormed from

an inorganic al_is ORPAC (E(I\I I ECOAT- CONC, which is a
di sper si on %f r%?’%@r’ HRHPRASE R RGP QU%I@ &ngéomqrﬁq (gach discuspedt and i s
comercially @uayé)abl e from ZYP Coat i ngs I nc of -22 WO 01/12702

PCTI USOQO 2052 ennessee, " C BORON NI TRI DE
REL EASECOAT- °the<£ nofi g@ﬁ*ﬁﬂ @mbO%memf ithe WPSGZWV%%’SEH RpyEerip particles 48

E plelm ficall K lagecmrﬁ@:r ﬁérﬁgaibmef@hefeaa;eaawﬁ@a QiaBs traﬁdgﬁ:@h @énﬁtgarétaret(mg)s t echni cal
ulletin, the on nitride part rodu an aver age
particle si ze38$’r°f meding ARt o W@hﬂh@% Qraé‘dé’ﬁ?:feraﬁ% p{?&ge 1“%‘2?0 @nt of 5

magnesi umid umi n_un’!rSsttiHIaﬁﬁtha' AcP-limiting enftdidenoof the prebete ivantiancihe pattiaiet he
ORoAC BoroN . 1P Faf e hABr SRR At Rorb BBlsn S stk P PR et Bk sk
Coul ter LS 230lyperit inctganisinzaterii bylgmerid advebneapalymede agenipavdterizlse si ze of
6.2 mcroneters, w.th articles rang{angoff{ subm cNomat

m cr onet er s aﬁamﬁgﬁe@at q.?és ]chF erﬁﬁ oregoing. Non- hmx? ng éx%m?;’:?es of

suitable materials from which the hollow particies can be formed are described
20 above. Non-limiting examples of a hollow polymeric particle useful in present
invention are ROPAQUE® HP-1055, ROPAQUE® OP-86, ROPAQUE® HP-543P,
and ROPAQUE® OP-62 LO pigments {each discussed above). For other non-
limiting examples of hollow particles that can be useful in the present invention see
H. Katz et al. (Ed.) (1987) at pages 437-452, which are specifically incorporated by
25 reference herein.

The particles 18 useful in the coating composition present invention can be
present in a dispersion, suspension or emulsion in water. Other solvents, such as
mineral oil or alcohol (preferably less than 5 weight percent), can be included in the
dispersion, suspension or emulsion, if desired. A non-limiting example of a preferred

30 dispersion of particles formed from an inorganic material is ORPAC BORON
NITRIDE RELEASECOAT-CONC, which is a dispersion of 25 weight percent boron

nitride particies in water and is commercially available from ZYP Coatings, inc. of
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10 distribution of particles: %> 10 50 90 Size (pm 10.2 5.5 2.4
According to this distribution, ten percent of the ORPAC BORON N TRI DE
RELEASECQd oMz 25 boron nitride particles that were nregggogostad an
average particle size greater than 10.2 mcroneters. 15 O her useful
products which are comrercially avail able from ZYP Coatings include BORON
NI TRI DE LUBRI COAT(r) paint, and BRAZE STOP and WELD RELEASE products.
Specific, non-limting exanpl es of enul sions and di spersions of synthetic
polyneric particles formed fromacrylic mers and copol ynmers incl ude:
RHOPLEX(r) B%@dwlﬂeonmmucb‘ﬁ’&@\é@&@g Hypé%ﬁé}EA E—K(QI\)CGE 62310

which 20 is r ' content of
45 por cant _ byocibical ARG Lezye COMREL IRE: s SERLRLATIncbrd By Mkl To) S o

E- 232111 whi dterel@, aequqﬂaq to thtéttefé)mcyll ufietinp theybeon rtttm*!ﬁ @armtes'fammgroau@ol i ds
content of 4 re of 105C
ROPAQUE( 1) R0 BUbra g Sico BMs QU 3R b A PR eP e
supplied & am%ungyémsalwnmh@wlﬁgteéo b@ﬂt"’?&:‘?‘éo%ﬂ'ﬁlée@ﬁmC@G)tOSb%Slpbséfdtedp property
sheet entitl gghicn thB'&QBéE?&(\r% @h @Zﬁde&%ént%ﬁgbnngwfﬁ?%bﬁ Bi nder of

| ndustrial Nonwovens” aval | from Rohm an as Conpany,

Phi | adel phi a, NITRIZEBELEASEGOATIGQNE 28 berep aitjds usinerthpBeskaaniGputterilss ence. 11
See product piaRakick s'i‘iéeéﬂalﬁé'rtfbﬁrll@ﬁ\ a\'/'erﬁé' daﬁlcfé%lferd?@%i%rohwgv{h{ !
Coati ngs- Enul si on E- 2321". 0, avail from Rohm and npany,
Phi | adel phi a,PapisigsIgngjaghirem sw'éwm%ef thé@ womﬁ%rq@smav'wthsjolmr@r ence. -23
WO 01/ 127 RfistiibdueRo s:0.55 mcroneters and a solids content of 30.5
percent by weight; AQUE4  OP-62 10 (di scussed above), whjich is supplied
as a dispersion having a %artidl es 1&i ze|of 040 i croQﬂat er$ and a solids
content of 36.5 percents,gy(ml ght; 1@@d AQQEO scussed above),
whi ch is suppli ed. as tH-sperstor—haviig—aS—sot+ds—ceontent’ of 26.5 percent
by wei ght; al . and Haas
Company o praceaisiila i Bpfina EhsRento f%S?’Sb?ﬁF‘é’%“ﬁ?@ erred
enbodi ment ofREltFé\S;ﬁ%'hCONQ/%bqrmmmmdq@ad@mIh?gwewdnwgreﬂlf'@d aponpri ses a
m xture of atg, vgpafgéltpaﬂfg% iécHrgﬁQHtﬁarP%E'nﬁérSmegfs” icularly boron nitride,

u e

and nore partic oron nitride aval l under the tradenane 10

POLARTHERM ) and/@her@ﬁm@wmm@emmammmvaﬁ@ams
include BORON NITRIDE LUBRICOAT® paint, and BRAZE STOP and WELD

RELEASE prodﬁcts. Specific, non-limiting examples of emulsions and dispersions of

synthetic polymeric particles formed from acrylic polymers and copolymers include:
RHOPLEX® B-85 acrylic emulsion (discussed above), RHOPLEX® GL-623" which
20 is an all acrylic firm polymer emulsion having a solids content of 45 percent by weight
and a glass transition temperature of 98°C; EMULSION E-2321"" which is a hard,
methacrylate polymer emulsion having a solids content of 45 percent by weight and -
a glass transition témperature of 105°C; ROPAQUE® OP-96 and ROPAQUE® HP-
543P (discussed above), which are supplied as a dispersion having a particle size of

19 See product property sheet entitled: “ 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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| east one thernoplastic material, particularly a copol yner of styrene and
an acrylic nnnoner, and nore particularly a copol yner avail abl e under the
t radenane (r). The particles 18 are selected to ggfy aver age
particle size i gufficient 15 to effect the desired spaC|n§M%g?€een

adj acent fibers. For exanple, the average size 19 of the particles 18

I ncorporated into a sizing conposition applied to fibers 12 to be
processed on air jet loons is preferably selected to provide sufficient
spacing between at |east two adjacent fibers to pernit air-jet transport

of the fiber %tsrﬁﬂﬁm?r%tergﬁ&?%%ghﬁ%ﬁnﬁﬁ’ﬁég@% ggﬁéﬁ V\é{%‘éé%?é]’ﬂ - ROPAGU @t | oont

nmeans a type of |06 I's T nser edlntothe
war p shed by ®M62asD (Wécuseerpatewgkdhigh is Sfuppimd@ﬁ@ digpersiny f@ving @ gadictesozzl es in

2, menner vel | KAUR b A0SE okl d Sl bl ortd s od aRBY iR oF¥ TP € the

average size s I'ncor pora si'zI'ng” composition
applied to fi ROPAQUER HIPHHISE frisagsed auvel wh!c?aIS[sopglwdras@ digpersion hasingmi al i s

to 25 permi” oo eaBtieo s ear AP A SRF R Bhs oERCRICa RN, Lougn
not |imiting iRehtrandiiaas Evmpany efittiledsiphi @epasyivetibes 18 preferably have an
average iz, MeAsW LSl dasslo SARkIGEL RO SRABLIER I b bRl

than 1000 m crone pre era m cror’ne ers, %nd nost
preferably amompesitiogeogiprisesos nﬁﬂtmwptatieasbo@nmma)mué&v partigiatinbaron
specific, non ' ' e average
particle size nklt'gdg f%@ﬁ‘e part |U§2F12ta @Foﬁ@ﬁ%@'&ﬁ %&Y%%tta%%%rﬁ%r S,

pref er abl y! Gat AQLARTHERM® pid/edBPAT SORENINTRIYR SEi-EbﬁEQO&TTﬁCEYQ)mﬂ@t stob

i cromet ers anghepi el REANAshE AteriaiZfartidl ot g%é’ﬁfw?&@a%%ﬁ% eyl

m crometers to m crorre esent FAvent i i on,
the particl esncmsmha\aed awrepaticidlypatopplgmer mai@lel@dehﬁ@ tiadenpsteer al | y

snal I er than tsacdygsage dianmeter of the fibers 12 to which the coating
conposition is applied. It has been observed that twi sted yarns nade from
fiber strands 10 hdbé payticles 8§ eve stiectetl tmadhiave oh auesagd partigle sineil § sefficikentg

CONposi 11 0 CoIPkcH| h@giegi?guté %l:xﬁg F&@Jegﬁgﬁjﬁ%ngﬁfﬁgi%r eRAhBI Ghe Sve? es 19

di scussed above can advantageou r ovi I ci ent spacli ng en
adj acent fi besgel§ of g pagicies r1ﬁvmcomorat?cbmtmw@gﬁqmnoymen applied iq ﬁbef'e‘e‘(?-‘

transport acrt@ﬁépJOE@ssteQenLum'aAo%sn@mff@ém gwec&éa% pFHvﬁﬁréuFfoeR(fs b8y f 1 ber

strand 10 and providing accep e wet-through and wet - out charac eristics
when i npr egnat:@dvegn @h!easti*eo B@)P%F?&fﬁ teerermik aifriet E?’PS&W °f the fiber strand 10

across the loom. As used herein, “air-jet loom” means a type of loom in which the fill

20 vyarn (weft) is inserted into the warp shed by a blast of compressed air from one or
more air jet nozzies in @ manner well known to those skilled in the art. In another
exampie, the average size 18 of the particles 18 incorperated info a sizing
composition applied to fibers 12 to be impregnated with a polymeric matrix material
is sclected to provide sufficient spacing between at least fwo adjacent fibers to

25 permit good wet-out and wet-through of the fiber strand 10.

Although not limiting in the present invention, the pariicles 18 preferably have

an average size, measured using laser scattering techniques, of no greater than
1000 micrometers, more preferably 0.001 to 100 micrometers, and most preferably
an average size of from 0.1 to 25 micrometers.

30 In a specific, non-limiting embodiment of the present invention, the average
particle size 19 of the particles 18 is at least 0.1 micrometers, preferably at least 0.5

micrometers, and ranges from 0.1 micrometers to 5 micrometers and preferably from
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I n anot her specific, non-limting enbodi nent of the present invention, the
average particles size 19 of particles 18 is at least 3 mcroneters,
preferabl‘yogildﬁgst 5 mcroneters, and ranges from 3 tacidBie0426" ONEt €r s,
preferably 5 to 1000 mcroneters, and nore preferably 10 to 25
mcronmeters. It is also preferred in this 15 enbodi nent that the average
particle size 19 of the particles 18 corresponds generally to the average
nom nal dianeter of the glass fibers. It has been observed that fabrics
made with strands coated with particles falling within the sizes di scussed

above exhi big 5 BP6hmdels th Bk y,\pgn-éht,go gpghg texehGiv g\qﬁ&ptﬂenpregnat ed
It Il re

with a polyneric matrix material. ogni ze one skilled
in the art tﬁﬁétdetﬁ?ﬂ)@thﬁﬂe@n@flﬂéaepamdﬁﬁlzé19;‘5&‘@1%"@@"&8‘1%‘@”\@9 "@ﬁ fferent

average par tdygtage %ia?ﬁ'e?erjo? tHePibeRe12 RGHIdAAhE ESHing %ﬁp&h’t?on |§£}§Hlét§‘ Jit f4TPOSI ti on

I n accordance wth present 1 nvention-to I npart desired properties

and processibggn @hmféﬁi twistedsyares Made irvrnébersstraa%‘so ﬂ@"wrﬂial% 18i9apr oduct s
subsequen | yrﬁga&e fiHnSdr) SPing MBMBostiidoriphisihg partieled 18 haMg SVerRd- parti cl es

can be 25 conbi ned 1'n approp rlate anounts to provide strands having good
air-jet trarkagisies S'ZGFdB Pﬁda@mﬁeﬁn gyapranpLely PEPvideRufficieptamapingi ng good

vet - out and paRbednHapitaht fieRPIH25 ¢4 bérhﬁt%ﬁ-;etﬁbé&@étﬁhtﬂ:% Fét‘i‘ﬁhsﬁo?t abr asi ve
wear by contact with asperities of adjacent . fibers and/or other solid

obj ects or rasfessithg '§°WP1WE!"F ’F‘H@tﬁﬂl'%@efqt?%‘l‘%°fé%ﬁbféﬁtrﬂlﬁr1Qﬁ‘j‘ 31')°“I“B'i’9n ng and

subsequent HcRERENE WBt-thPoligh ahE witaul dharateristitdiwh@n impregRsteyRithgar *, as  used
herein, means scraping or cutting off of bits of the fiber surface or

br eakage“?)f PolyMssicanatix mateggk onal contact with particles, edges or entities
of gﬁt er :ja| S Whlt Qﬁtaﬁétﬁ?r*‘s%ééﬁc 11%5-!|Mn8Hnbaalﬁﬁnm'fthéﬁ%rg@ﬁaﬁloneth@llgh to
produce damage to the fibers. See

speci fi cal | VEIRIS PRBicieE SR q@?’é‘?'@'ﬁ&é'sﬁzgfﬁi m%b‘ﬁﬁ"s‘?’i?eprﬁgg?b?yoqt lgasher
strands causgmicréirétersNBid Rhg&d fréf Blo 8 000 hikronidiers, préferiblisE togood as strand
breakage durin rocessin ducts suyc

def ect as woven
o ar o Bl aS SR rele by 8 85 i T BeRmy TR AR BT MEDat )
the form g ehis@imén that ¥engveeagefpaltielessizepierdf treipatidies 1§l avsresgonber s, cont act

lid obj | d I
bef ore bel ntaey P e§eE5s BrnrAPBheRLord® AR 1PdBNERERLRG P N
such as kni tthatfgbrizs madeawithrafrandseoatgdawith ﬂanftms faltincawithirc thetsizes dlswlsedzl obj ect s
such as por téb%@? e%nbl &oe ¢ \Al&%ro& éI‘%'uY r%?%r@ I&Swi(e% lgipre@nétg’&) mtlﬁ)g

knitting devi whi'c an abra e & Surraces
polymeric matrix material.

20 It will be recognized by one skilled in the art that mixtures of one or more
particles 18 having different average particle sizes 19 can be incorporated into the
coating composition in accordance with the present invention to impart the desired
properties and processing characteristics to the fiber strands 10 and to the products
subsequently made therefrom. More specifically, different siZzed patticles can 'be

25 combined in appropriate amounts to provide strands having good air-jet transport
properties as well to provide a fabric exhibiting good wet-out and wet-through
characteristics.

Fibers are subject to abrasive wear by contact with asperities of adjacent
fibers and/or other solid objects or materials which the glass fibers contact during

30 forming and subsequent processing, such as weaving or roving. “Abrasive wear”, as
used herein, means scraping or cutting off of bits of the fiber surface or breakage of

fibers by frictional contact with particles, edges or entities of materials which are hard
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16 of the contacting glass fibers 12. Exanpl es of portions of a | oom which
contact the glass fibers include air jets and shuttles. Surface asperities
of these sqldfd 9hhects that have a hardness val ue greatgeytfiapedhat of the
gl ass fibers can cause abrasive wear of the glass fibers. For exanple,
many portions of the twst frane, |loomand 15 knitting device are forned
fromnetallic materials such as steel, which has a Mohs' hardness up to
8.512. Abrasive wear of glass fiber strands fromcontact with asperities
of these solid objects causes strand breakage during processing and

surface defec K e I I ch

i ncreases m%tﬁ%ddgr% pgngﬁg% & #Pﬂg%cﬂggys rse% g}%?aﬁﬁg@ g%% tz!"s?7|$t7\1/1<alg\/nwear in
one non-1limt sp@mf@ﬁrﬁbfapmﬁtedmyweremeewﬁm Appsiuavearn! ibgistpals saskes 18
have a hardneﬁétn%h’té‘?effé&ﬁ@ tmas &%ﬂd@%ﬁgs sﬂran@ bredkﬁgé &sdg ptQREiQy equal

to, a hardness value o dnéss values of the

particl es andagd awéaeﬁm'@c@ '@éﬁd%‘i Wrﬂ%@ﬂdﬁﬁh B@HWO@B?W@NWW%I har dness
measur enen rinell hardness, but is preferably
25 determ rﬁegﬁ{g%g%;ﬁlgﬁg aﬁémhggfgﬁ[ﬁgﬁéﬁsgl\/bhs har dness scal e whi ch

i ndi cates the rel Htthgéomingstepnfor é&ﬁ@@'@.rf@éfsopﬁﬁ'%@rigﬁfﬁﬁ&&*éer%)fc*?ataﬁ*a‘mé@| al on
a scale of on T, general ly
Fanges. from 4‘3?)%&3%2&1 as Qﬁ\gt%%%%‘tgﬁid; %flv%sa%d\éq}a\@rs@far Q:r?ﬁ%ﬁ%rb IBQ:E% dboor o
Cheri stry andWeHydinksa fooring pegkege. Mgmasaemblagéerﬁﬂm,, sughag knitieg or

speci fical |y WRSARPIRALIEE, fikr RIRICBRGRS BeiPbectd dheh B Soribhorsrparkiggent . the

Mohs' --har dness val ue o particles preferably ranges from

Handbook 3 CResfnly W@fﬁivm plepmyer kilng devies) whigtscap@bipde thereigiaces

PCT/ US00/ 20523 oethé cbﬁtaémg%s IWBErs 12N eLANRES oMAIARS o los@URH coﬂ%f limting
exanpl es of partlc es forned frominorganic materials suitable for use in

the present i HreHRsdivesyieclylaaliiets and 5. BuFatersrerntiesobthasesglidiobjests

mat eri al 'Vbhsthalf'Bé@@ﬁ&dﬁ@is'v@!u@%l*ea?é%%a@that@ﬂfé%ld&b Tt’bérﬁ'@ar?éé’usg BBk e
0.5-174 Mol ybdenum di sul talc 1-1 mca 2.8-3.217 kaolinite
2. 0-2.518 wear of the glass fibers. For example, many portions of the tw:st frame loom and

15  knitting device are formed from metallic materials such as steel, which has a Mohs’
hardness up to 8.5". Abrasive wear of glass fiber strands from contact with
asperities of these solid objects causes strand breakage during processing and
surface defects in products such as woven cloth and composites, which increases
waste and manufacturing cost.

20 To minimize abrasive wear, in one non-limiting embodiment of the present
invention, the particles 18 have a hardness value which does not exceed, i.e, is less
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 Bréﬁe!l hardness, but is preferably

25 determined according to the original Mohs' hardness scale which indicates the
relative scratch resistance of the surface of a material on a scale of one to ten. The
Mohs' hardness value of glass fibers generally ranges from 4.510 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

30 embodiment, the Mohs' hardness value of the particles 18 preferably ranges from

2 Handbook of Chemistry and Physics at page F-22.
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gypsum 1.6-219 calcite (calciumcarbonate) 320 Calciumfluoride 421 zinc
oxi de 4.522 alum num 2. 523 copper 2.5-324 iron 4-525 gold 2.5-326

ni ckel 52¢qFpib@di um 4.828 13 K Ludema, Friction, Weaggribdebhréseation,
(1996) at page 27, which is hereby incorporated by reference. 14 R Wast
(Ed.), Handbook of Chem stry and Physics, CRC Press (1975) at page F-22.
75 R Lewis, Sr., Hawl ey's Condensed Chem' cal Dictionary, (12th Ed. 1993)
at page 793, which is hereby incorporated by reference. 76 Haw ev's
Condensed Chemical Dictionary, (12th Ed. 1993) at page 1113, which

i s. her eby r y VBRI S i OARHRRCS al
Dictionary, g)lz?%‘)ég{eﬁgorg ga{rﬁﬁé’sj%%ﬁ@s?gige whi ch is hereby i nc%fgiggat ed by
ref er ence. fH&H@l?BUROFGﬁn'QH@#ﬁf@iSriW%H%I fopyse :naae Riiespfueptiorare giugn ity ndbook
of Chemi stryrapd A&y.cs at page F-22. 20 Friction, Wear, Lubrication at
page 27. 21 Friction, Wear, Lubrication at page 27. 22 Fr| ction, War,
Lubrication at page 27. 23 Friction, V\éaﬁ '®Aubrication at page 27. 24

Handbook of ¢ [e}h},b at T Mobs' ha4§1e§§1 e l‘dﬁsc‘éfe)u istry
and Physics gt—age 'ﬁéron nifr‘ﬂem”uuuu“ pf—ChenrstTy gl £iT ysTTsat—flage
F-22. 27 Handbook—of SvABnRa T Y ard r'ny $TCS at—page g 5,-.i 28—Handbqok of
Chem stry anc—%y%rmemwsd—fvdég —27TWO 0112702 PRETU500/-26523—Tabl e A
( Cont" d) Pl atAta4—29 talc 1-1.5%
mica 2.8-3.2"7
kaolinite 2.0-2.5"
gypsum 1.6-2"
calcite (calcium carbonate) 3%
Calcium fluoride 4%
zinc oxide 4.5%
aluminum 2.5%
copper 2.5-3%
iron 4-5%
gold 2.5-3%
nickel 5%
Palladium 4.8%8

13 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.

5 R. Lewis, Sr., Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 793,
which is hereby incorporated by reference.

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

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

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

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

2 Friction, Wear, Lubrication at page 27.

2 Friction, Wear, Lubrication at page 27.

2 Friction, Wear, Lubrication at page 27.

= Friction, Wear, Lubrication at page 27.

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

%5 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.

28 Handbook of Chemistry and Physics at page F-22.
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silver 2.5 zinc sulfide 3.5-4" As nmentioned above, the Mhs' hardness
scale relates to the resistance of a material to scratching. The instant
invention Lhefighase further contenplates particles 5 thagrgdgesds hardness
at their surtace that is different fromthe hardness of the internal
portions of the particle beneath its surface. Mdre specifically, and as

di scussed above, the surface of the particle can be nodified in any manner
well known in the art, including, but not limted to, chem cally changi ng
the particle's surface characteristics using techniques known in the art
such that the surface 10 hardness of t?&i{:ﬂr«% éﬁ is less than or equal to
t he hardness of _the glass fibers while ess of the particle
beneath the syrface is gPatte than the jhardness of t4@° gl ass fiberjs. As
another alternrative, a pasivecle can be flornmed from azp&’mary materijal that
is coated, clgad or encaphukafidged Wi th onel or nore secafddry materialg to
forma conposite material that has a softer surface. Alternatively, a

particle can 15 beAfsQfeﬂ%hefﬂa@HW@ttWMﬂWUarﬂﬂés@%b@é rdd\@étoltsefe@ataaéeofcd ad or
mat er.1 a

encapsul ated w th er | form orm

conposi te nat &t %ﬂa?Y"HS&fat gﬁ‘?é‘ﬁ“ﬁ}i ‘“VETE}PF&'E%E"WF,{ Wécwmﬁt&s Pafﬁaew t hout
limting the maam&a hmﬁmslaomexranrfadmmmmeremmm thé Aafdasgrrd tHer om an

i norganl c nateria i.con carbi ni.tri de can be

o e e e Rhs BEng baiBR beh SR s B a%af?ﬁﬁa%ﬂsf BPRES usef Ul
conposi t e par disclssed bhov@tieberfaceosfihe parfidencandecanmplifed imasi hamer aeupl i ng

or gani ¢ par KRS REA T ROIR Dol WG cotier BerP oo e Do FRLIR Suco u

conposi t e par sudhce dnarsciagsties Lisiag terhi qsesrh‘nawmn thé kil encrethatitpd egfacacl ude

or “pol yrer 1. CAEPF LRI e e rore oy RaPheee sy R ndpre il ©

material s. A sipeicirfness nbihe Ipamclblbt&geeﬁb(&mbéa@fas greeter thanpleshdrénegantthel es i s

DUALI TE, ndbo and Ph a 0 Handbook of
Chem stry andH%ﬁ E‘Perg ‘gﬁ a’gg aégé‘\é“"e gp Xlé‘@%‘i?e %’Eﬁgﬁgpmﬁgrﬂﬁlg’g k of
Chem stry and nFﬂteymi thet is mwromisor(eﬁdmulmd witB 869 orahorpageorﬁary]rﬁﬁenals?S WO

01/ 12702 PCT/ US 0523 .which.i e coated
wi th cal cium g A %ac[ogppﬂgtm Ctgnéi mﬁ%‘% &rfaagg %@%‘%&F &bﬁ#&é 7 & and
St evens Cdrfpoibatféromd dbrmBubriradrp madyial that is coated. clad or encapsulated with a

differing form of the primary material to form a composite material that has a softer

surface.
In one example, and without limiting the present invention, an inorganic

particte formed from an inorganic material such as silicon carbide or aluminum

20 nitride can be provided with a silica, carbonate or nanoclay coating to form a usefu!
composite particle. In another non-limiting example, a silane coupling agent with
alkyl side chains can he 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

25 non-polymeric or polymeric materials with differing non-polymeric or polymeric

materials. A specific non-limiting example of such composite particles is DUALITE,

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

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

3 R. Weast (Ed.), Handbook of Chemistry and Physics, CRC Press (71 Ed. 1990) at page 4-
188.
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I n one enbodi ment of the present invention, the particles 18 are thermally
conductive, i.e., preferably have a thermal conductivity of at l|least 0.2
Vatts peny§oifBbey K nore preferably at |east 0.5 Watt sp@eusoneises K
measured at a tenperature of 300K In a non-limting enbodi nent, the
particles 18 have a thermal conductivity of at least 1 Watt per neter K
nore preferably at least 5 Watts per neter K, neasured at a tenperature of
300K. In a preferred enbodi nent, the thermal conductivity of the particles
is at least 25 Watts per neter K, nore preferably at |east 10 30 Wafts per
meter K, and ygydis aegﬂh&rceao%?é}icxbaatclé Rl Wi Caldfind SarB6Hatdbes K, nmeasured
at a tenperature of anot her preferred enbodi nent, the thermal
conduct i vi t y commerwally availablecicorn Rirgeasand SayensCornamaipnel BualpY.met er K,
preferably fig QﬁBé’nﬁb&d?mé’ﬂqgtﬁ%é%rﬁﬂveﬁ%e{helﬁamﬁﬁéﬁamﬁh@ﬁﬁ@ y from30 to
2000 Wafts per neter K, and nost prefera om 100 to 2000 Wafts per
neter K, rreaé’ﬂ?‘i*&t“é& i.g-, E@f‘i'éh'ﬁéﬁ‘éﬁgf@"ﬁ?'cg 'V'MfegksaSrPe?\é‘{aﬁs Pet her mal

conduct i vig Y 'met&a mdrE PredérabRat Jeast 0. 5st pameﬁk g Mbaéur&ﬁ&@tbh@ératdré
ability to transfer heat through i tsel ?/
Ys

Condensed Ch&Ped- Ipiaandimiting mtio‘ddrnergdhegg@gl)as §hB‘éFg%th§0"Sa' cﬂm‘{?ﬁ"'

specifically. dfaﬂeéanmawserhﬁe@ek%ewefb@bgldﬁ|eaImwah§baﬁhe@pnduct ivity of
a material can be determnedﬁ% :{Oémf 20 kno to one skillied in the
art. For exarffpfasuredrat agempafatusgpf 09Kq e P(ﬁfeerchﬁm mentdpetheanal; o pe tested

ranges from QoR§UctiViéy df Shedgdrtidled islat I6ast@5Maks\ifd nfetgrad, nideé prefdfably biieadther mal

conductlv f the materi can be dete referred guarded
ot bl at & SRR MAeI. a9 AaR el Sroterny ahigeah S Waffs Bormeied K,
i ncor por at ed rbeasnea@taméxﬁpéreruee 61)309K. dn aroine (padferredl erhbatiifaént, thé theirigl t her mal

25 conductivit mat e to b es fr t per meter
K to 1200 V\A’ng” f ﬁé’f ’{{deﬁ W@g?shé?rﬁg% 2@%&&5 Srf}g'tqﬁ "r?h@eri al can
be determ nedrmtm@ zmbwmaﬂmbtém rﬁdrmpre@alﬂpﬁommohodoaa:wmdbérg to ASTM

C-518-91 (whi pec al I nc 0 ref rence her
ot her words, T?qg %L?Q erﬁ*"}é/tfr m @F{%g@;& {B&’p qur'g m?asf‘ﬁ% a[t%i'er nal
conducti vigy temperaturd ochGO& Feluséd heeirp Bhermal enndecllvi{y”tmeaﬁ(s thgpropertyesf net er

K. If th h ded
ot 11 it sondb BhaERIH Sl o el ATl S K, b0 0
met er i awlen's Gondens hemi ary\¥ 2&’!\1&@2?9@) abmemmrzmmsa I n t he
guarded hot p g& }nta ora"?ecg feﬁdé?'gn i ate apparatus containing a
5 4‘? Bl

guarded heati I ary ating plates, two cooling units, edge
i nsul ati on, The thermal conductlwty of a materlal 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 B

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. [f the thermal conductivity is over 100 Watts per meter K,
the guarded 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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a tenperature controlled secondary guard, and a tenperature sensor read-out
systemis used to test two essentially identical sanples. The sanples are
pl aced on g&ikhes side of the guarded heating unit vvitl"k,é%{,g,&g%si te faces
of the specinmens 1n contact with the auxiliary heating units. The
apparatus is then heated to the desired test tenperature and held for a
period of time required to achieve thernmal steady state. Once the steady
state condition is achieved, the heat flow (Q passing through the sanples
and the tenperature difference (AT) across the sanples are 10 recorded. The

average thermal co t] .\ h ' ted using
the follow ng for rru@rl(;i,glt‘%(df}{i }dteérh %ﬁ&{%&%‘% o%jlggé%\,ﬁgdrﬁoﬁ ﬁ‘aie %@Sﬁ%@gﬁ%lr@ 5

t hi ckness of tduerdedmphing unitdtwa dusiiarh beating piadgs, to dobling uisdisdeeitsdatem, of t he
sanples. 15 It, ' [ | ' t her nal
conductivity v t}aﬁ\prgr%#dé@ngﬁfotg%%ecé{?&;ag”g\g%@ %h%t%é%}agé%éﬁg?ré%ﬂdéﬁ ing a
drilling oper @ystom i§ nead tolest v essantzdly identipalganiplg. iThe paropleseredladed bh ti p
life. The therg : YA foei SE : ' [ e i s included
in Tabl o 5.0 ARG & blirkoh BpeARURUEhIBh Rt Aaciebr rbiBelinra B | e
present i nventdootact wightthe luxilisgy héating sniter d'helapparatiug il thn heatad tathevdesioed have

hi gh electric VA j i ISt LI greater
than 1000 m c?%%?l%}ﬁ%%éu@sée%or}emp@ﬁ P2 \ggof E‘@?i’%‘ %? %ha%ﬂ’gY%@tg }rn?%g‘?ébéwesi stivity
is preferred fstate.cOnoetheistasdly staleceondition is achipadi thelhearfdwd@pbéssiagi ons to
inhibit |oss rd [ | : i t hr ough
the reinf orcgir’rzgg%ﬁﬁ%osjra E@%g%hgﬂt%ﬁggp %u(}:é;?!?%%g&éc@lﬂg r%fss t% %ﬁﬁe’({y%%ards for
m cr onwave, 1Q5 recadiler. f Thecpveragy thanhealrdondustivty (Knrilofdhe sampleraig thenicelcitatedr f er ence

appl i cations, ﬁﬁé&ﬁ&hﬁ%ﬁn?%‘fﬁwﬂ@éﬁzi gh electrical resistivity are not
a

required. The el éctric esistance of selected materials in Table Ais
included in Table B. -30 WO B&/SIQEJAACT|I USOCO 20523 Tabl e B {norganic

Solid Ther mal APV kL cal i ' Mat eri al
Owm K at S00Rf oo Eid Hbiaberaug fidd or Fe3aahRahs Mifide s0GRi03NEe 11 1T 40
20032 1.7 x 1CGbodded3uea dfdhosampiessphi de 35035 - 9.536 al umi num phosphi de

13037 - 15 it is believed that the materials with higher thermal conductivity will more
quickly dissipate the heat generated during a drilling operation frem 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 microwa\}e,'
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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alum numnitride 20035 greater than 101939 940 galliumnitride 17041 - -
gal I i um phosphi de 10042 - silicon carbide 27043 4 x 105 to | x 106 44
greater typgRyeAe Silicon nitride 3046 1079to 102047 948ct/bsuopbdzs um oxi de
24049 - 950 32 G Slack, "Nonnetallic Crystals with H gh Ther nal
Conductivity, J. Phys. Chem Solids (1973) Vol. 34, p. 322, which is
hereby incorporated by reference. 33 A Winer (Ed.), Carbide, Nitride and
Boride Materials Synthesis and Processing, (1997) at page 654. 34
Friction, Wear. Lubrication at page 27. 35 G Slack, " Nonnetallic Crystals
with H gh Thermal Conductivity, J. Phygyidgem Solids (1973) Vol. 34, p.
325, which_is hereby incorporated by reference 35 R._lews S Haw ey' s
Condensed [ChelmocganiclBalitlii or{aFfhermélii@ndudtivity (| Fitricat Resisjances i Mohghhartindss
her eby i ncpr por Matetiaby r efler 8NoeK a8306E) g ack (mickpehret al | i c(ogginaltsshls) Wi t h
H gh Thernpl Conductivity,|{ J. Phys. Chem| Sol iceptimetars)’3) Vol . 34, p. 333,
whi ch i s her ebboromoitideor atled by P@Ferencel 30 &7 x308¥K, "Nonmet2¥!lic
Crystal s W t Iborbrgshosipridenal; Condu88®vity, [. Phys.-Chem Sol i ds 8.84973)] Vol .
34, p. 329| awmimim pisospkideldy i ncon3t ated py reference. 39|A. Wei-ner (Hd.),
Car bi de, Nt ralareinamchititter i de Mat e200# s Synl heméaterdhen 1BFFcessi ng, 9£1997)] at
page 654. KO Hgalliaminitride \edr . Lubd7@ati on pt page 27. 41 G| Sl ack,
"Nonnet al | | c gélliys padsphidet H Hi gh T00%% nal Cpnductivity, J. Phys. chem Holids
(1973) Vol | 34jlicgn cashide 42 |G Sl a2¥® " Nonnkt 2 % 108 taChr x 80° &1 s | v@redtedthan9*Ther nal
Conducti vify, sllicoRhitddeChem Sol i 89* (1973) Voli0"s410%¥ 321, :vh8¥h is
her eby i ncpr pbeatiad osider efler ence240f3 M cr pel ect roni cs Packagi ng9®¥andbook at
page 36, wnich is hereby incorporated by reference. 44 A Winer (Ed.),
Carbide, Nitride and Boride Materials Synt hesis and Processing, (1997) at

page 653, whith—is—fhereby—tncorporated reference. 45 Friction, War.
Lubri cati on &G M“mﬂﬂl'q@'ﬁ%‘{”@&'?ﬂrﬁ‘?@?' olige page 36,

1Y ey Pl ehesns Roligs
which is her herp Fele "g% Ed. rbi de,
N tride and 3%7.\@" {Fapde et P e v bbb oA
3‘ Fnctlon Wear, Lubrication at page 27.
3 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.
38 G. Slack, “* Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids
(1973) Vol. 34, p. 329, which is hereby incorporated by reference.
33 A. Weimer (Ed.), Carbide, Nitride and Boride Materials Synthesis and Processing, (1997) at
page 654. '
“ Friction, Wear, Lubrication at page 27.
41 G. Slack, “ Nonmetallic Crystals with High Therma! Conductivity, J. Phys. Chem. Solids
(1973) Vol. 34, p. 333
42 G. Slack, * Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids
(1973) Vol. 34, p. 321, which is hereby incorporated by reference.
3 Microelectronics Packaging Handbook at page 36, which is hereby mcorporated by
reference.
“4 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.
6 Microelectronics Packaging Handbook at page 36, which is hereby incorporated by
reference.
7 A, Weimer (Ed.), Carbide, Nitride and Boride Materials Synthesis and Processing, (1997) at
page 654.
8 Eriction, Wear, Lubrication at page 27.
s Microelectronics Packaging Handbook at page 905, which is hereby mcorporated by
reference.

% Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 141, which is hereby
incorporated by reference.
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page 654. 4a Friction.

Mbhs'

Wear

| norgani c
MWat eri al

Di ctionary,

i ncor porated by reference.

Solid Ther nal

(12th Ed. 1993pcaiismases 141,

scal e)

01253 3.5-454 dianond 230055 2.7 x 1011 1057 silicon $456 10.059 760
graphite up to 200061 10062 0.5-163 nol ybdenum 13864 5.265 5566 pl ati num

6967 10.668 4.369 palladium 7070 1

51 Friction,

Wear, Lubri cat

ion at p

G St i3

Lubrication at page 27. 49 M croel ectronics
Packagi ng Handbook at page 905, which is hereby incorporated by
5 Haw ey' sygndensed Chem ca
whi ch i s hereby
Tabl e B (cont'd)
har dness

centineters) zinc oxide 26 - 4.555

r ef erence.

-31 WO 01/12702 PCT/ U500/ 20523
conductivity Electrical
(WmK at 300K) (mcro ohm (origina
zinc sulfide 2552 2.7 x 105 to 1.2 x 1

Resi st ance

tungsten 20073 5.574 7.575
ndbook of Chenistry and

Physi cs, CR
Physi cs, CR
I ncor por at e

~

<

>

I by reference.

~

d

PriresganiclSolid)

Pr eddateddlst Ed.

|t THeaga Soddchivity

480K atB0gKAge
54 Handbook of

5 FiddtvabRedistaice
Chenicsttimetasid Ph

atohst HaydrRasl

s 12<{f@ro otim-ch i § (oHgingikyale)

isics, CRCP

ess

(71st Ed. 1

D90) a@ihc pagie 4-

58, whizeh is hlereby i ncorporat

bd by 48T ere

55 M croel e

Lt r ondieSsulfae kagi

ng Handb®ok at

page: 1850 106 1Al

DOOK 0F_z%&nemnt

and Physics

CRCdinemg (719

T Ed. 255099) at

pages2.1¢483% Wi ¢

N1 S{gher en

I ncor porate

I by refig@nence.

57 Hanggeok of

Chem stqwsand Ph

STCS ##® pag|

Nce.
stry

F-22. 56 cr oelgpagnit@ni CS [PacKpgs papoHandbjook at feBe 1/4. |59 HealgdooK| of
Chemi stry apd Phiysyb&shuat page F- 1§gse Whi chy 1S hergp% 1 ncor por at gg=ny |
reference. platinum 69% 10.6% 4.3%
palladium 707 10.8™ 4.8%
tungsten 2007 5.57 7.5

1 Friction, Wear, Lubrication at page 27.

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

% Handbook of Chemistry and Physics, CRC Press (71st Ed. 1890) at pages 12-83, which is
hereby incorporated by reference.

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

%5 Microelectronics Packaging Handbook at page 36.

% Handbook of Chemistry and Physics, CRC Press (71st Ed. 1990) at pages 12-83, which is
hereby incorporated by reference.

" Wandbook of Chemistry and Physics at page F-22.

% Microelectronics Packaging Handbook at page 174.

* Handbook of Chemistry and Physics at page F-186, which is hereby incorporated by
reference.

® Friction, Wear, Lubrication at page 27.

' G. Slack, * Nonmetallic Crystals with High Thermai Conductivity, J. Phys. Chem. Solids
{(1973) Vol. 34, p. 322, which is hereby incorporated by reference.

52 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.

5 Microelectronics Packaging Handbook at page 37.

¥ According to "Web Elements” hitp:/Awww.shef ac.uk/~chemiweb-elents/nofr-image-
Vhardness-minerals-Lhtml (February 26, 1998}

¥ 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.

> Microelectronics Packaqing Handbook at page 37.

7% Microelectronics Packaging Handbook at page 37.

s According to * Web Elements” htip://www.shef.ac.uk/~chemfweb-elents/nofr-image-hardness-
minerais-1.htmi (February 26, 1998).

-32-



60 Friction, Wear, Lubrication at page 27. 6' G Slack, "Nonnetallic
Crystals with H gh Thermal Conductivity, J. Phys. Chem Solids (1973) Vol.
34, p. 3 oheh 1s hereby incorporated by reference. &2 5%62083 Cal lister,
Mat erial s Science and Engineering An Introduction, (2d ed. 1991) at page
637, which is hereby incorporated by reference. 63 Handbook of Chem stry
and Physics at page F-22. 64 M croel ectronics Packagi ng Handbook at page
174. 65 M croel ectroni cs Packagi ng Handbook at page 37. 'According to" Wb
El ements™ http://wwr.shef. ac. ukh-chem web- el ent s/ nofr-i mage-

| / hardness-mineral s-1.htnmi (February 26, 1998). 67 M croel ectronics

Packagi ng Handbook at page 174. 66'. &1 Séﬁc%lngaironi cs Packagi ng Handbook at
page 37. 69 Handbook of Chemi stry at _page F-22. 70

M cr oel ect[F oNhérgamaSsROT NP THermeE eorduativitp dg & Trical Résistameeod| Melts' bardness
Packagi n andigaeldaat pape @m K Z3dd&khdjook diic@hehmst ry a(odigiflalsdatey jat
page F-22.| 73 Mcroel ectfonics Packagi ng Handeatimheters) pagg 37. 74

M cr oel ect{roni csnigkerkagl ng Handbe®R at pdge 37. 8BAccordilng t o5™Web
El ement s" [ATT P didnvilorh shet | ac. uk/2o0sfent well- el ent s#B¥f r - i made- 1/ I&a8%Iness
m ner al s- [T Mchidne@muar y| 26, 19688F. -32 MO 01/ 12892 PCT/ US00/ 20623 Tlabl e
B (cont' d)[ TNoT Gapper S01 | §I Ther nggg*conducit i vity E7&ctrical| Reskstdhce Jwhs'
hardness [VATErT gbig{ Wm Kjat 3004y®( m cr o ohm (@rfgi nal sical €2.5-3%
centinmeterS) i ck@h 9276 6. 877 FAF® al umnum 205782 4. 380 2. 581 4-5%rom um
6682 2083 {97087 grEPer 39885 1. /8@*2. 5- 387 gol d18%/88 2. 289 2254390 ron
74.591 99Z2—A=593 siTver ZI894 .69S 2Z2.5-496 It wll be appreciated by one

skilled in the arf ywihsagprdddtéd BForlBsKilled e @ftalidt p@rtictes 18 of the coating

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 to

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

76 Microelectronics Packaging Handbook at page 174.
7 Microelectronics Packaging Handbook at page 37.
8 Handbook of Chemistry and Physics at page F-22.

_ 9 Microelectronics Packaging Handbook at page 174.
8 Microelectronics Packaging Handbook at page 37.
® Friction, Wear, Lubrication at page 27.

82 Microelectronics Packaging Handbook at page 37.

83 Microelectronics Packaging Handbook at page 37. . .
34 Handbook of Chemistry and Physics at page F-22.

85 Microelectronics Packaging Handbook at page 174.

8 Microelectronics Packaging Handbook at page 37.

8 Handbook of Chemistry and Physics, at page F-22.

88 Microelectronics Packaging Handbook at page 174.

%9 Microelectronics Packaging Handbook at page 37.

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

91 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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conposition of the present invention can include any conbination or m xture
of 5 particles 18 discussed above. Mre specifically, and without limting
the presenfygdipygption, the particles 18 can include anypeggdappasd on of
additional particles nade fromany of the materials described above. Thus,
all particles 18 do not have to be the same; they can be chemcally
different and/or chemcally the sanme but different 1in configuration or
properties. The additional particles can generally conprise up to 10 half
of the particles 18, preferably up to 15 percent of the particles 18 76

Packagi ng. Handbook TeTeeeodfen 08 bafiab 39 Fordyice,0 ol (P bS LARNIBIGRNNCS
page F-22. 79havtaatiogbeopesitivnes Ratakenjis basid pufoaiy &8 tq%@e!gmnercee&()
W Er ool ot ! onih s akagy TR B0RkAocRARE il elffodiif idbuapar

Lubrication at page croe onics
83 M cr oel ect rpoeferrsd fdikgsindgddhotidre okt lmited 4a) &) @Dﬁimgs compnsmgiarmdztgamk of

Chem st d P [ Handbook
t page 174 RbRneR sl R dores LAY AR ERA SRV G SRR {3
Handbook of Clmetersk gya mmbemesmﬁOU Kitil) pealigdcamrising @n ik gansabmponamhi CS
Packagi n Han oM. Gt r.QRl ' ndbook at
e e

M cr oel ectron es 1P artige Havidda dierme ivity 4f atdea mefer @redai st r
and Physics, I gf( %ﬁ% i 5{9 Ldus VU0 rpora%/ed
by reference. Qggpﬁéﬁ?j%%o% of )(ﬁeer%mg r%§/ aguéJ é?’n % 't'%ﬁc@ﬁg@g%é]gp

M cr oel ect t@nipsgicRadiavigd sdhaemmabitanductivity qfagba&t'ﬂéwaﬁ per materioel@ct roni cs
Packagi ng Han 37, St at page
P59 9 B0 Bl SR, P RER ciet o ERE RS L ‘?%dregﬁ'yeséf%?t "ol es 18
conprise 0.00RauecBFoMBOGHEN ermising abimina-fe, @@abydﬁgtablgnp@@as hawng(m a total
sol [ ds basi s, {peflaPechal dtiviPof @ I Ve bor REIRFR B a te @%tmrﬁswﬁf@rab' y 75

to 99 wei ght percent odi ne artlcu
alumina-free, non-hydratable particles on the fiber.

15 In another embodiment, the particles 18 comprise 0.001 to 89 weight percent
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 98 weight percent, more preferably ranging from 25 to 80 weight percent, and
most preferably ranging from 50 to 80 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 compasite
pariicles, 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 lotal solids basis, preferably 1 to 60 weight percent. In

one embodiment, the coating composition contains 20 to 80 weight percent of
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preferred coatings include, but are not Iimted to: i) coatings conprising
an organic 5 conponent and lanellar particles having a thernal conductivity
of at |easvobiiaszt per neter K at a tenperature of 300 goriidodfe9at i Ngs
conpri sing an organi c conponent and non-hydratable, |ane Iar particles;
1i1) coatings conprising at | east one boron- free lanellar particle haV|ng
a thermal conductivity of at least | Watt per neter K at a tenperature of
300K; iv) a residue of an aqueous conposition conprising lanellar 10
particles having a thermal conductivity of at least | Watt per neter K at a

tenperature OLar%E\Qéna bn otal éoﬁaﬂés@sr anéwe%wsm 55|'Weléﬂt Befcent Btk ML

resi due of an queous conposition conprising alum na-free, non-h c?rat abl e
particles havpfﬁée"abhl?ﬁéq B weigbherreent.y Preferesd caﬁt'ngéé@ther “Witste"ﬁ@ﬁ"ﬂmt er K at

a_tenperat ur eifiuqs A3sin boﬁpat.m@éaaﬁhaeoﬁ\ﬁmg (QP@plUBéqu%faﬁbr%teB@Jrﬁdlzfslt el the

fiber. 15 In anot her enbodi nment particles rise
wei ght per cenformgg ffPWemé'Ga@'F ﬁg‘e@éﬁf@%‘l rtondwabwpanqaw!eacprgw materiplssi s,

preferablyg ﬁ&r@td’ﬁlﬁﬁ\éncnﬁétﬁﬁéﬁ nonBsk é‘x’Béﬂia@fe%ﬁfp@Q{é’méteﬁﬂs 4y wei ght
percent. In addi In the particular enbodi- ment wherein the particles

18 are non- hym*ﬁvrsslﬂ@wqfomg@ﬁft@leﬁaﬁvlm%gveres?epaﬁ%ﬁlq sige sufficient i diowb| y

conprise 1 10ghbhdRbicut wﬁﬁétﬁaﬁﬁllcafoﬁ&%xféﬂ@ hég, (spﬂnsa%lt bh@RbMRIouB kb 20
solids basis, and nore prefera percent of the coating

conposi tion. diff ﬁ’%f“"&r?éldtfé‘l"a‘étyrﬁg@ﬁ%fﬁtpa”lcﬁé %‘Qr(F)l?fl'%’@ Qe UEripming great er

than 20 wei ghinatétal. Clﬂerd&]fmEdlﬁegﬁﬂkleaghsed%liﬂgbbmﬁé‘slm prefb@bRlcomplideds basis,
preferably rar&a[ﬁpg from nor e Rrefera rangi ng

DT o 26t %50 offe Pemora i deming TRirASion 38 Grae R PG ORER S AU R YDR 1 60
wei ght per cenimatdriald, fwséfmakgadlcrmﬂénaleﬁcmaé butcird Adtllishited &F golyreshcGRAéAangS

I ncl ude resin conpa e co 0si.tions ri sing greater than 20
:/vei gﬁt per clanlselsgga%f’ﬁ'tsdf‘ﬁ?g &gm nﬁﬁgteh?'ls f“‘%ﬁ@gp%@m%ﬁ%?@l' 'sel ect ed
from i norgani @am prl‘?hﬁﬁc malgakl endwixtiuee §fainy ofthe Soragsing: OByttt €

focs not - exceeMERE Toisrel indita il e iR ke B pmanierRyRaSnsd T per . 30

I n anot hen Eenﬂmjmmtﬂng mla'enalar Preférably,]tﬂe palmpemsﬁimafomun@ﬁhatmalg ffidrmzer cent of
the coati ng ngge %M)%o%p q’IrP ﬁ/bg% Sé;ﬂleh gostggéﬁ}‘f;cie 1%%% %)J.s)ﬁbgrst 0 60 wei ght

percent. onposttion c 20 to 60
wei ght per cent of Gaherdlly,0li¢ D307 oPﬂIfW-foﬁﬁiﬁg fateridls raragesifomettols® weight ot al

sol i ds_basi S ﬂ:g.npéf% eana@h%f: P&sﬁloﬁ%n\'ﬁb&m?l ﬁ:%siéptlp 8?’E%P’S%B@%"P fh(aéf erably

30 to 50 wei g percen coat1 ngs odi ment
include ar esuamouohqudnlm-l&breumaaherigs pqusablysramges( m 4 tpb0meight gercdnt,dingcr et e

particles 20 more preferably from 1 to 25 weight percent. In another embodiment, the amount of
film-forming materials ranges from 20 to 89 weight percent, and more preferably
ranges from 60 to 80 weight percent.
in another embodiment, the amount of film-forming materials preferably
ranges from 20 to 75 weight percent of the coating composition on a total solids
25 basis, and more preferably 40 to 50 weight percent. In this embodiment, particularly
preferred coatings comprise 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
having a Mohs' hardness value which does not exceed the Mohs' hardness value of
30 atthe least one glass fiber.
in yet another embodiment, the amount of polymeric film-forming materials

can range from 1 to 60 weight percent of the coating compaosition on a total solids
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formed frommaterials selected fromnon-heat expandable organic materials,
5 inorganic polyneric materials, non-heat expandable conposite materials
and mxtu eof, the particles having an average pgffi&laBoshze
sufficient tom?allgfbgw strand wet out w thout application g‘? /gxtae?nal heat ;
(b) at least one lubricious material different fromsaid plurality of
discrete particles; and (c) at least one filmformng material. In
addition to the particles, the coating conposition preferably conprises 10
one or nore filmformng rraterials such as organic, inorganic and natural
pol yneri c ”atb%thaﬂréfer 0%%@1??&0%}&@%' RS 8?&’?&%&! o Rido i not 1im ted
to polymeric mat eri al's se ecte om synt het | ?/ ric material s,

sem synt het i c pgephdTelerad ceatingg &irtherdathiy wbmwﬁm uge FEgséT Gampativiand

m xtures of any.pf & B GarBd AR fonRbRANE LSl | ude
but are not |.mté’d¢t°n§’” ﬁ%%ﬂ?iﬁ rrééterlsarf's and rrrt%se e&tQ&

mat eri al s. Pr &foar zgn-jeat amn@aﬂiwﬁam@mﬁtmﬁﬁsf!awgem@p@hsm@nclraatgnais@nm—aeat
general |y GONigh MR BIeldomb Mt érﬂ%&ﬁrésh@er@éfﬂixé‘ﬁ&h%@s Rlvirlg 9! ass
fibers. Generally, the anmount o formng materials rang esfromlto
99 wei ght per@éﬁtﬂ%fi‘a‘ﬁiﬁé S@éé@ﬁﬂ@t&ﬁwfftﬁﬂéweww’ﬂb% apphﬁeiion@éeﬁa@a!s In
one embodi Meninect 15 ot RARHAL Eﬁtcxghé rﬁétfeﬁéf@ﬁ%genﬁr%rﬁ%Eﬁ'pﬁ:{@iﬁf%fs%eV ranges
from1l to 50 wel ght percent nore prefera roml to 25 wei ght
percent. |n armgttiqes: aneelntieast onerfire-fermingrinatenals | | mfor m ng materials ranges

from20 to 99 wei gy or@ﬁ&gm:hng@%o%{eﬁt BH1Rd Erreéé?'lt%veﬁtﬁﬁglﬁém‘fo%@cm@o to 80
wei ght percent I n anot her enbodi nent, the anmount of filmformng materials

pr ef er abl y! O r #lygerie filgniopming matesialseraihe pripreastrolysrere ﬁ’@ -oraing Agtasidleposi ti on
on a total solgdze %ﬁh@%@étﬁlg c@%o%neformb@{n@ GRsMibé0stiaRd CsubR intidriaRedrgent . In

this enbodi ment, particularly preferred coatings conprise a filmform ng
material and GP@ARIHe wihirerrospiing Metrixseaterialy ussA 2a lanurates fé’b*PW”EPéi qysdt s of at

| east one par tyoghs8, £2has Fet é;roqmésm@rm Sre pRRTUNLIBh&poR @R SndiRlchew
particles and conposite particles, the at |east one particle having a

Mohs' har dnes§aU’éP’6ée'ﬁm e'ﬂ@é@‘eWﬁnf&@d\%@H'f‘f’}‘i@ﬂ%’P@mmﬁ?ﬁ'(ﬁR@@'ﬁ%‘ﬁ? ue of 30

at the |leay @Re HABRicMAMHais Hdhd¥EikmanSMIBfenaNBRd (198  at phita s3ABanAl  Of
polymeric filmformng materials can range from1l to 60 wei ght percent of

the coating caisbare seasifisalivinqomosgted By refreencedsreiip 01/ 12702 PCT/ USOQ 20523

basis, preferably %sbiiREmyREGRG MBRYEE Moluda ebriiBdeRing o8 n%@gté\@lébosho to 30
wei ght percent. Preferred coatings further to this odi nrent 1 nclude a

resin conpati B‘F%er’%éﬂ“i"r?@t%%ﬁb?'?% @W@P'aﬁcsptf‘%ff“&ﬁ?t@@ﬂ RAYURtaRE_Rt % ar ti cl es
formed from matigtGielos amebakd ®bgoing. Suitable thermosetting polyesters include STYPOL

20 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, ltaly. |
A non-limiting example of a thermosetting polymeric material is an epoxy
- material. Useful epoxy materials contain at ieast one epoxy or oxirane group in the
25 molecule, such as polyglycidyl 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.
Useful thermopilastic polymeric materials include vinyl polymers,
thermoplastic polyesters, polyolefins, polyamides {e.g. aliphatic polyamides or
30 aromatic polyamides such as aramid), thermoplastic polyurethanes, acrylic polymers

{such as polyacrylic acid), and mixtures of any of the foregoing.
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from non- heat expandable organic materials, inorganic polynmeric materials,
non- heat 5 expandabl e conposite materials and m xtures thereof, the

particl esy§ayizig an average particle size sufficient tpcabsoamoasrand wet
out without application of external heat; (b) at |east one |ubricious

material different fromsaid plurality of discrete particles; and (c) at
| east one filmformng material. In one non-limting enbodi nent of the
present invention, thernosetting 10 polyneric filmformng materials are
the preferred polymeric filmformng materials for use in the coating

conposi tion for ceahhdifr@oAfimitihk b.ﬁfboﬂweﬂﬂéﬁhe ﬁ'é%ht"fﬁ/bﬁﬂdnafhﬁ prgferre@¢ onpat i bl e
with thernosetting matrix materials used as Ig{ﬁeﬁtes rinted circuit

f
boar ds, such PalymMeRe fimsfosxing materakis ayinYt RolYmer M'Hl't‘p Sigfisy resins
and in one paddehfirléHtioR mémde rmmhremot tikiged mymwrwnpyrmnaonésfsumas RVR

brom nat ed epo resins. See e s_Handbo
| nt er nat i onalk- {@@) K30 %\é 53605%?‘5! Fg%'r(%la @WEQ’LQR%%’&W?E'Q& %yl\/}'?ﬁi%r por at ed
byI ref ter ernge frl%ﬁ{ ﬁlé?nat!{éﬁ@lfSﬂec%kyer&&ﬁ 'C?Bl@loﬁlstceWaahé Nemlaus&y tdtbér?oset ting
pol yesters, epoxy nmaterials, vin sts
t her moset t i n@uisBlg vipYrRlymeEs inglude xﬁ?%ﬁ@ﬁé@ a;ﬁHg%Qk&ﬁg'{ Kay {fm ng.
Sui t abl e t herdgB&igibt é}gulﬁghyﬁﬁlbﬁ?él% domﬂxe:dsny&wmmnmtumsem dridat are
comercially avail abI e from Co %ﬁr’g sjtes and s . of Kansas City,

a

M ssouri, and“heetisa!ef %’qu%?é’éieér%e“f P@eﬁeﬂmy&? t%/?/s PR & e from DsM

B. V. of COWD,coHn@érEallyAa\ﬂﬂéUé msth ByFaikaand Air fodactsaead msmtohisr(gpnm}inyrrerl c
material is an epoxy mater |ali E %lenfr | east one
O &/am d

X
epoxy or HXi reifdenpuyd ‘?"HSX'Y?@'a Qégﬂﬂ}"’é?}'ﬁ? °‘¥°§€Bwe'égrepa A'hers of
pol yhydri c almalets ad Chémicls Compampl es of suitabl e epoxy fil mfor m ng

I i ncl ud EP 880 ' i all
Vel [ able 1 om ShelMeTOHRARIE 2PV eFFs 4D UL et sntof el o =" € &1 1Y
t hler nopl ast i coelmMma_ NC20081a0d IDESMORHEN 400 1HS) pbthpbwhick res cammeemisliyt ast i ¢

ol yesters, efi ani i
gr o)r/rat ic pol y"ﬁ’ﬁ?‘%@%;@'ﬂé‘?"g %I{P fs,b Sr%ﬁg'?mrr%lﬁylp |'cﬁr8%wg3?g¥'€§§{££d acrylic
pol yners 1ssuelb-8a$A|cpolyyae:rmhmm~iad1 id comaedciailyavailable from Berdemhemisalsof egoi ng.
-36 VO 01/ 1278% %8 LL%"%&‘@Ke H#omﬁah R&kirE WRRAigreNt of the
'8N gty @&Wn

present inven he pr ymeric ormng material is a vinyl
pol yrer . Usefmdmmemgally p\cdulghﬂefrgmEkatqrt@mlqﬂseé%rﬁwqdﬁveHﬁ?flé'rPOFVﬁﬂ'l'QS’&é“C“lﬁ?t are

not limted ttﬁe é%@ié’AWll ?%rtﬂéf AAOBSRmSIEly Q&IIENE frodh- do@ms%ﬂ?p ks 30, PVP

K-60 and PVP Is comrerclally avalil
Cincinnati, Ohio, and EUREDOR products that are available from Clba Geigy,

20 Belgium. Useful thermoplastic polyurethanes include WITCOBOND® W-290H,
which is commercially available from CK Witco Corp. of Greenwich, Connecticut, and
RUCOTHANE® 2011L polyurethane latex, which is commercially available from

| Ruco Polymer Corp. of Hicksville, New York.
The coating compositions of the present invention can comprise a mixﬂ:re of

25 one or more thermosetting polymeric materials with one or more thermoplastic
polymeric materials. In one non-limiting embodiment of the present invention
particularly useful for laminates for printed circuit boards, the polymeric materials of
the aqueous sizing composition comprise a mixture of RD-847A polyester resin, PVP
K-30 polyviny! pyrrolidone, DESMOPHEN 2000 polyester and VERSAMID

30 polyamide. In an alternative non-limiting embodiment suitable for laminates for

printed circuit boards, the polymeric materials of the aqueous sizing composition
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5 fromlInternational Specialty Products Chem cals of Wayne, New Jersey.

QO her suitable vinyl polyners include RESYN 2828 and RESYN 1037 vi nyl
acetate coaphyBRe emul sions which are commercial |y avai bgbysoeht€sn Nati onal
Starch and Chemi cal of Bridgewater, New Jersey, other polyvinyl acetates
such as are comercially available fromH B. Fuller and Air Products and
Chem cal s Conpany 10 of All entown, Pennsylvania, and pol yvinyl al cohols
which are al so available fromAir Products and Chem cal s Conpany.

Ther nopl astic polyesters useful in the present invention include DESMOPHEN

2000 and DESMeRHEMNe2RRHK 58 nolihil @%W&h@,%ﬁg@ggﬁ@gﬁ Wit ¥PoR\62k bablye from

Bayer Corp. of Pittsburgh, Pénnsylvani a. yesters include 15
RD- 847A pol ye&%t resin, which is commercially avail able from Borden

Chenical s of Col uggmymg}%clcbo;mp ﬁ%@%&unaﬂle %9%&&@56:)&?&&%&%%& ed

rosin, which is commercially available from Eka Chem cal s AB, Sweden.

Useful pol yaniiéssialsieqiygedut aieanol/limityde meliesis Sbeh Fatdragyaropyeaiuiees al | y

avai | abl e f5r ognh&RGASd SafcRes flch &' KIRILRNEN 12560 Bw viREsiFUBRERFIRE0duct st hat
are available from G ba CGeigy, 20 Belg‘l um Useful thernopl astic
e

pol yur et hanes PPiaterkased otg ithePglgpe oxigi vhichiiscERersialy avaiigblavai | abl e
from CK Wt cosgRraves ofGhedamerBndConnect i cut, and RUCOTHANE(r) 2011 L
pol yuret hane | atex, which is commercially available from Ruco Pol yner

Corp. of Hicksvil | Naturppiymeric matedals suitadleforyse 38 SPYMEHS MY ormiag pr esent

i nvention can edAalsl iSdudd ik dfelHok liffted 14 3tREHRs RFepARErohSItABEE binn@he] yNeri ¢
mat eri al s,wth one or nore_ thernoplastic g%{)}/merl c mterials. In one
g

non-limti YRRO IR RB 0B icen ey ABd SptuseR PEA B Hhe f8ePNeul arl y useful for

l'ami nates for prinkefoud b& bbgreditad that dégeAding b RIMaturd Bl B sBikdh, e the
aqueous si zing conposition conprise a mxture of RD 847A rPazlnréESter resin,
PVP K-30 pol gwmrﬂ%nww PR @ Paftis %5 8 §n-ognipe sate OfERSAM D 30

pol yani de. | nspatifebilye661aé benBO Willldigsbive BemeBtth Aesivert lardabbartib@dr | am nat es
composi t1on WEPRSEIIYBY= BETURs MRS AL ST B PEATO pol yvi nyl
pyrrolidons apbsienatd will erirudinaganictlar FEENIZ820d &motioh ag £particle $&M synt heti c
et Ude bt afEhdlen ssee et potuet A SEBEMEEI a0 ot BrAPBORIFeCRI ul ose 5
and nodi fied wiegred@singsitionafe KEMnGPEENpdstivd of thelpPayeri inandibh 6, préferabgny| ose
substantially free of starch materials. As used herein, the term “substantially free of
starch materials” means that the coating composition comprises less than 50 weight
20 percent on a total sclids basis of the coating composition, preferably less than 35
weight of starch materials. More preferably, the coating composition of the present
invention is essentially free of starch materials. As used herein, the term “essentially
free of starch materials” means that the coating composition comprises less than 20
weight percent on a {otal solids basis of the coating compaosition, preferably less than
25 5 weight percent and more preferably is free of starch materials.
Typical primary sizing compositions containing starches that are applied to
fiber strands to be incorporated into laminates for printed circuit boards are not resin
compatible and must be removed prior to incorporation into the polymeric matrix
material. As previously discussed, preferably the coating compositions of the
30 present invention are resin compatible and do not require removal from the fiber
strands or fibers prior to fabric processing. More preferably, the coating

compositions of the present invention are compatible with matrix materials used to
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pot at o- based starch etherified wth ethyl ene oxide) which is commercially
avail able from AVEBE of The Netherl ands. Natural polyneric materials

sui tabl e @b/ 56 as polyneric filmformng materials ipclusheés are not
limted to starches prepared from potatoes, corn, wheat, 10 waxy nai ze,

sago, rice, mlo, and m xtures of any of the foregoing. It should be
appreci ated that depending on the nature of the starch, the starch can
function as both a particle 18 and/or a filmform ng material. Mre
specifically, some starches will dissolve conmpletely in a solvent, and in

particular wakeprintédelrdLitbearde Ndiscussed balow) amdmosy pretarably ate apioky st her s
will not conpletely 15 dissolve and will naintain a particular grain size
and funct i onciepajo %art icle 18. Although starches (both natural and

sem synt heti c) canmebmmad:ﬂlm-femngdsamasmm be whtee sgluls cembulsifimbdnt i on, t he
coating conpqgsition vent Lo ef er ubstantially
free of stare'ﬁp?fﬂP'@ﬁ"S°§cuﬁg{eu§€d"sﬁgﬁgmw ki erst%yrg [% I"guﬁpt Ehﬁal ly free of
star ﬁ[l ggBerbéii(rﬁendmaﬂéﬁ?lbhaé catdalelecmaglng_gsmtmﬂysnﬂwmw blengrdiandéor| ess than 50
wei g ercent on a sol i | : 0N,
preferably Ig‘é? cyif ¥1°r3‘3”' 5 ng‘l’%{:% ffgr'lfa %Pﬁ%ﬁ@&%%ﬁ%ﬁﬁ y, the
CO?t | ngl conppage 1078, which is&pFﬁmwNﬁncormm by)lelférmceMm.i Hnhysifiabied oI st alr ch
mat eri al s. use e term . mat eri al s
neans t hat tH@a%g‘F{]ﬁﬁ P8Qm?8§"{ TR %g'lga(suieés&lf%r}shsmg{ %’gﬁsfgbt'ﬂ%\gagﬁt per cent
gg g t ot al tsednxt@l—e dtaaemg soépented inoedteniy thecprpernice ptfgx, emuleifyingcagent. I%g t han
wei ercent_ an I inahs
Typi cal SE’ n&%&%—zﬁtﬁ g%gﬁp hﬁégé&?gﬁl{fe{ﬁ%&él&&g?a?!%ggseﬁﬁg?égr lg‘% applied to
fiber strandsimitiag Ienampiemotmmable@mwfwng ammmref»et forth pelow: cBiseersible’ t boar ds
are oL 1 i e RONRRLAPL RS B AR Rd SlcBBREF RPN |t 0

the pol yneri &8 ter previously discussed, preferabl’y the
coating conpdstrtbutudsthmﬂgmdwewathrpﬁée%mﬂlvidﬁﬁéﬁftﬂﬂ% sypfeas alatex. 8Afpat i bl e and

do not requi kg, i rgoé/tilagé 4?‘5”\»;!{}%: ik 'sB&ﬁf‘ cﬁﬁ\}lﬁ@d?go?ratga bl Ird¥8fePcdhérein. frlef abric

processing. onpositions of the present
i nvent i ol Bar enifamipof ubesﬂsnetsipnmﬁnrhexnmseﬁ iy the additign phwetling.\§SPEEINg27 02

PCT/ US00/ 205%§wlsq‘gih§ agéﬁtg' s‘%ﬁa&%ﬁﬁr Whlé?l%‘é 9 §ctfs§é§€él§\_ﬁ.efbtbﬁ’$lg'\/ﬂlea'ﬁ§dhéf05t

preferably a P yneric filmformn
materi al s caﬁhﬁ)EOIMQf@rméfGr'@lﬁlaEd 0@9[11’%!'1‘%“85‘%’ thea|zg1§é}og1pg|slgorhﬁ3/cap Qi abl e.

As used her eigppeiny/abdiéscelidt®him 8?@:6§snhmtto ehigh &hmbbﬁmgecthémﬁ)erohal s are
capabl e of being essentially uniformy '_e{ vﬂe at a/ Q331 which is
properties of the polymeric materials. See Hawley's at pag
20 specifically incorporated by reference herein.

In addition to or in lieu of the film fofming materials discussed above, the
coating compositions of the present invention preferably comprises one or more
glass fiber coupling agents such as organo-silane coupling agents, transition metal
coupling agents, phosphonate coupling agents, aluminunt coupiing agents, amino-

25 containing Werner coupling agents, and mixtures of any of the foregoing. These
coupling agents typically have dual functionality. Each metal or silicon atom has
attached to it one or more groups which can either react with or compatibilize the
fiber surface and/or the components of the resin matrix. As used herein, the term
“compatibilize” means that the groups are chemically attracted, but not bonded, to

30 the fiber surface and/or the components of the coating composition, for example by
polar, wetting or solvation forces. In one non-limiting embodiment, each metal or

silicon atom has attached to it one or more hydrolyzable groups that allow the
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nmol ecularly or ionically dispersed in water to forma true solution. See
Hawl ey's at page 1075, which is specifically incorporated by reference
herei n. "Enubsi/ihebl e neans that the polymeric materi al TRfsEos gzgabl e of
form ng an essentially stable mxture or being suspended in water in the
presence of an enulsifying agent. See 10 Hawl ey's at page 461, which is
specifically incorporated by reference herein. Non- |imting exanples of

suitabl e enul sifying agents are set forth below "Dispersible"” nmeans that
any of the conponents of the polyneric materials are capable of being

di stributed tbsuplinghagtnt wareart with thd giadsfibdi suridee apdoté of were fenetibnads a | at ex.
See Hawl ey's at page S5.which is s Lf] Ly ] t ef erence
nerein The BERBLARM ¥ S SeshERTbas th combERIsRR R e Ml C

addi ti on of wEkarmplegs ofthyspduzablagromps inelrde:si fyi ng agents (surfactants), which
are di scussed bel ow. "Curabl.e" peapns that pd he polyneric materials and

ot her conpgnents of the si zf'ng c'orrﬁuosi tion are capable of being coal esced
into a filmor cross_Id'FE\ke L Q€ \,\%QSENI DRENA! ﬁhﬁdphysi cal properties
of the polyneric material’s.  See ey’s —aC? page g L which is 20
specifically [ncorporated by refere relkn., - o) 1. 1R lieu of
the film fornh?d@?&?‘é%?ﬁ %ndz‘frézéﬂfgsc'gg’c”g%st’ﬁgﬁgﬁg géggg!y%%*' \gr(‘)ér?%(gg {5 (g‘ns of
the present i Gyelkyl Rhispr@fGrCalikyl; 88 amd Rsas iveperdentiyoyetectayl faesHf Cli&yr
coupling ents sueh as_or =Skl pki tal
coupling 3 en?%}” %??gé'gﬁ‘a’ﬂﬁ@gﬁgésﬁ% (?’n%g‘ygegg'n g%a{%&n%marﬁ%%ugi |'£r31lg£'glbgéﬁt S,

am no 25 cont ainofiong! §dupeinclodagdoxnghaiiont sercantd, nyanoualiys alsyl, wathand, t he
foregoing. Th . C ing .. i I my 5@,14& N lity. Each
metal or sili g%‘ﬁ lg?cgﬁﬁ;‘g's&e@gﬁ @@%@%'wb&@t!' %’ e d?ﬂ nor lggtél’%é@gv\‘ﬁi ch can

ei ther react wolydmioo gooppati bilize the fiber surface and/or the conponents
of the resin matri ¥, i ; " i.biliza: 1?5%9 t hat
the groups are che%’%@??%%QQP?'g@at%ég?u%‘aga%%[t rgr?gée?%pé}tﬂgp%% "’?ﬁ\g’ I e?

sur face arid omveftenc Gxpoplesbiuseful funetianelxrpany stengesiblinasgents dcludranpl e by
polar, wettin sol.vat i on . Yo ToToEN PN o0 5 @ E  ToY dhoei,. each
nmetal or sil g%@hya;ﬁ;m@%g@ﬂg%lgchgﬁgae%garlﬂ![?t gdﬁ%pﬁéﬁéﬂgn%y%?yzdbll igroups
that al | ow t htrialkegysivnes1 slycidoapPafiiaRaaszss and weldppiopgtratiensiangsr eact with
the glass fiDefersdd @ficionatlABRie dRhIRoHUBAL AL A- G QR fifladll oW t he
coupling agent to react W th”conponents 8f the resin matrix. anpl es of
hydr ol yzabl e gropuigénatmiysithes, A 114 @rmga-nethacrylogyrropytrimetoxysiizee, A-100R=C- R4,

- O N=CRS, 2@3ndgamma—aminopropy!triethoxysiIane silane coupling agents, A-1108 amino silane

coupling agent and A-1160 gamma-ureidopropyltriethoxysilane (each of which is
commercially available from CK Witco Corporation of Tarrytown, New York). The
organo silane coupling agent can be at least partially hydrolyzed with water prior to
application to the fibers, preferably at a 1:1 stoichiometric ratio or, if desired, applied
25 in unhydrolyzed form. The pH of the water can be modified by the addition of an
acid or a base to initiate or speed the hydrolysis of the coupling agent as is well
known in the art.
Suitable transition metal coupling agents include titanium, zirconium, yttrium
and chromium coupling agents. Suitable titanate coupling agents and zirconate
30 coupling agents are commerclally available from Kenrich Petrochemical Company.
Suitable chromium complexes are commercially available from E.l. DuPont de
Nemours of Wilmington, Delaware. The amino-containing Werner-type coupling

agents are compiex compounds in which a trivalent nuclear atom such as chromium
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t he nonohydroxy and/or cyclic C2-C3 residue of a 1,2- or 1,3 glycol,
wherein R is Cl- C3 alkyl; R2is Hor Cl-C4 alkyl; R3 and R4 are

i ndependemd yr/peizected fromH, C .C4 10 al kyl or C6-Cyg giprhsopdfrds RO IS
C4- C7 al kyl ene. Exanpl es of suitable conpatibilizing or functional groups
I ncl ude epoxy, glycidoxy, nercapto, cyano, allyl, alkyl, urethano, halo,

| socyanat o, ureido, imdazolinyl, vinyl, acrylato, nethacrylato, am no or
pol yam no groups. Functional organo-silane coupling agents are preferred
for use in the present 15 invention. Exanples of useful functional organo

silane coupl i ROccREHRHS) WG bt 81 anit 2BBaARY BARMARELbAAIR, Kak¥ShdtanRs ate
ganmma- i socyanat opropyl tri et hoxysil ane, vin siil anes,

| - trial kox
gl yci doxypr op§le FeUfiRateigre Gove gaﬁgﬁnﬁrk@?‘ﬂ'&é’rtaﬁﬁ W“Pé!%%??gicf"%lﬁ%ﬁf?ed
Preferred funggfepnal organo-silane coupling agents include A-187
gama- gl yci doxy- propyl trinmethoxysil ane, A-174 .
gama- met hacr yl oxy preaPERtioheeyRing agent generally 1anggs sigm 1 to 99 weight percent
gama- am nEpr gpik cbatigt@mpokitianen & tdtaAR6lidsBasls] MorROsHBdRiment, kA0 Smaint P
silane coupling agent and A-1160 ganma- urei dopropyltriethoxysilane (each
of which is 86‘%?‘?@3 ég%ﬂtI’%/"Qﬁé(PF‘aH"g’of"f’%Qﬂt PRIOpPLE Brecsoriing CaMResitien omar r yt own,

New Yor k). Theptal@bidBuskl par@atsipt i 10geightgiticedfland ord prefastly Parg i al |y
hydr ol yzed vvith_\‘\‘/ater rior to application to the fibers, preferably at a

1: 1 stoi chi om¥E8EPeEeMHto or, if desired, applied 25 in unhydrol yzed form
The pH of the wat erhe asuting comgoditiohe obthelpheseaditNdntionc fuifer ca@pfiseddnea base
i the art10 SOr PR ENERER SHETIE Y SHEBEEE S TR SRS ShRvDe (e Shas um
zi rconi um yt fof thefibeAusiRg thei fibBIsao repel figin @gehdtBer andirédiiing thd frictivat e

avar | 2bl'e. Tt oRFRBRR HAHBET #08h L eoden ES A A ST P PG compl exes
are comver ci. alpleferabigithecsdiflening agerts ale. chBmiRany differentNmpother ampditénts oyt on,
compounds i n S SRS CYTOER SHELTaer B E Lk S SRR AR B o
01/ 12702 RET/ 9806ic368a8ng sgentsoardi miatuess theredf, such@s ganinecsaits bfifattnacidsy am no
functionality, ; . R W6 ' gents
known to thosglk&ﬁ%{a@%}eg‘ie{' ﬁ%ﬁgg%&gaa% eT(f gfsae)gmﬁre‘sseéln. ef&'(éhgérrv%itij%t‘eaof

coupl i ng agenftrogeRimnal Roplenaiftirediafof BrindetanoNew Jersey) lacidselubiiizad fBttyécid he

coati ng conpos,in | | tQFI?d. '[ﬁ%g . anount
of coupling gg%ean%%‘ ?%Sgss&%%rﬁ Q‘t%&@ﬁ V\ﬂléeﬁtgy&e%g?@@ﬁ%ﬂg?ﬂ# e %:sf)tglitlg(ﬁg
conposi ti on omokethylene imines, such as EMERY® 6717, a partially amidated polyethylene

20 imine commercially available from Cognis Corporation of Cincinnati, Ohio. While the
coating composition can comprise up to 60 weight percent of softening agents,
preferably the coating composition comprises less than 20 weight percent and more
preferably less than 5 weight percent of the softening agents. For more information

on softening agents, see A. J. Hall, Textile Finishing, 2nd Ed. (1957) at pages' 108-

25 115, which are specifically incorporated by reference herein.

The coating compositions of the present invention can further include one or
more lubricious materials that are chemically different from the polymeric materials
and softening agents discussed above to impart desirable processing characteristics
to the fiber strands during weaving. Suitable lubricious materials can be selected

30 from oils, waxes, greases, and mixtures of any of the foregoing. Non-limiting
examples of wax materials useful in the present invention include agqueous soluble,

emulsifiable or dispersible wax materials such as vegetable, animal, mineral,
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total solids basis, preferably I to 10 wei ght percent, and nore preferably
2 to 8 weight percent. The coating conpositions of the present invention

can furthe ,se one 10 or nore softening agents or ts that
inpart a uﬁY(?o?%dcharge to the surface of the fibers caaé?@é&@hegfl bers to

repel fromeach other and reducing the friction between the fibers, so as
to function as a lubricant. Although not required, preferably the
softening agents are chemcally different from other conponents of the
coating conposition. Such softening agents include cationic, non-ionic or

15 ani oni ¢ sof m xt uyr t : ] salts of
fatty acids, Jn?ﬂ?h{gg %‘%’%\ \grrgsueegléléaﬁveéﬁ%%g{%“ 'QEM%&‘??%@%H%& chis
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pref erabl y t heeigitateraegt. conposi ti on conprises | ess than 20 wei ght percent

and more  pref er a6kl RaAho oS WARH altojt RguRpEhgn o agents.
or nore information eni ng agents; see A J. 97 Textile
Fi ni shi ng, Zn@aE{bter(sm%ir)d mprepgfesbhOaciat Haly crydialiite waxes bpéeg pélaral | y
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i nventi on can I ncl ricilous terials that are
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di scussed aboyenl «irARa'd atggmg@ain &&Q?ﬁﬁi‘s%ﬂmﬁiﬂﬁ%&%ﬁdt nh&énatste & the

fiber strands during weavin I Cl oUS teri a S can sel ect ed
30 from oil s, canpeased tog’nb@ra@@gds eantechwith sizieg campogiignsofontaiiing waxeg e gils

Non-limting hﬁmt‘ﬁ?v@ﬁof F&E’%ﬁét Al @réf&%&bbr!cﬂu%%te@i’é%%@ﬁ b&glent' on

i ncl ude aqueous sol ub I'e or di spersible wax nat rials such as
veget abl e, anﬁ?h?éﬁcfefﬁi@ﬁéﬁ‘é‘lide eslers W“@QM*Z*?@“E“P!E(]‘V) BITOPLEBdyic sghantt i c or

pet rol eum yaxesq n‘?onlghyd?i@ GiRbhdIN No@h!‘rﬁtmg %%erle& b s‘i:E'r?faI&K/ %ﬁ:@ %Eteké’\)é‘éﬂﬁ inon

i ncl ude bot h hat ur , sems ic olls and etic ol
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to 80 weight p&heedHanHomph P?oﬁh%dcﬁéwgékéy&kéﬁs@%%éflsféﬁAr\ﬁ%)@as' S,

preferably froml to 50 weig percent, nor e pref erablgfromZOto 40
wei ght per cen®53) a6ty Wﬁ%‘atﬁﬁﬂﬁ%?@dﬁvef"P@rﬁtQ@“tQP”H@nYﬁéﬁ@ﬁ ANEYBR f§4)

cetyl laurate, octadecy! laurate, octadecyl myristate, octadecyl palmitate and
20 octadecyl stearate. Other fatty acid ester, lubricious materials useful in the present
invention include trimethyiolpropane tripelargonate, natural spermaceti and
triglyceride oils, such as but not limited to soybean oll, linseed oil, epoxidized
soybean oil, and epoxidized linseed oil.
The lubricious materials can also include water-soluble polymeric materials.
25 Non-limiting examples of useful materials include polyalkylene polyols and
polyoxyalkylene polyols, such as MACOL E-300 which is commercially available
from BASF Corporation of Parsippany, New Jersey, and CARBOWAX 300 and
CARBOWAX 400 which is commercially available from Union Carbide Corporation,
Danbury, Connecticut. Another non-limiting example of a useful lubricious material
30 is POLYOX WSR 301 which is a poly(ethylene oxide) commercially available from
Union Carbide Corporation, Danbury, Connecticut.



Preferred | ubricious materials include waxes and oils having pol ar
characteristics, and nore preferably include highly crystalline waxes

havi ng pohaoouuhmwacterlstlcs and nelting points above 35 55@&&/&?%
preferably above 45C. 10 Such materials are believed to |nprov e wet - out
and wet-through of polar resins on fiber strands coated with sizing
conpositions containing such polar materials as conpared to fiber strands
coated with sizing conpositions containing waxes and oils that do not have
pol ar characteristics. Preferred |ubricious materials having polar

characteristics i nmewéetucgséaarmsmemsmrdhé b&@éﬁt@%ﬁiad&&aﬁb}idworﬁﬁl?mdQOX' yic
acid and 15 (2 es of such fatt

261 d ooters (BT Seh Lo BATRSTo TR 3R PPHE AP BLY Wa28E AN 8 wh ch
i's preferred drsnaddigsh todf these ludhiticus ﬁuét@ﬂt!SU&p@%e@éﬁ@ﬁﬂWdhﬂuﬂng\mod New

{1 om St opan TR o 8espem AR ayee ind RN EL BbE 268 o1 ) curat e

oct adecy| myrmmtmmtallmtmEB@LYnﬁkmBPwmlé&rmﬁlmﬁaﬂad arRitRETRBIGTE O her
fatty acid e I Ci OUS terials usef ent |nvent|on

| ub | 0. e

ol de-t ri et Een e B e oRmersa averPule TenLMEREBian 1 o
triglyceride ((:md:lﬁnats Qhlo el Buker Pettolitd, Polyeer Divistony dfdGumiming, Gédrgiaced oi |,
mator | a1 5. carl SR e c Pl FR il Bt SR R seriag s fenfDheiGhg
Non- i m ti ng percanp bithe ddtalisotidsudf timasizing adrepositohude pol yal kyl ene poI yol s and

ol yoxyal kyl ene ' reiall
gva?ll a%l ewf rom Eﬁ@% ‘l(f%t"bqs)r g‘ﬁh%ﬁ"%@;{r E’egg’gﬁ%h@ﬁaﬁ‘ ea(rfsg)?@u " BOWAX
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t he present I'ona ! mor e ot ner 1 ubri ci ous
mat eri al sl 5sumslm@anmqﬂwarmpemstbafénﬁﬂwwcludw funalignal fgroups that agaddi ti on to

of those DI daplonidr BRERELS!-Sacihg G BECkaRRcH B MR Thd biding SXATD! €5 of

non- pol ar petrol eum waxes I ncl ude LUBE 2 m crocrystal line
wax, POLYMEKCHMMResitippisgompgtibler e a'!qenh@r\m@ramnmmlonz or pRre

m crocr yst al | {yA&ioNBrgréliisthatdsfot GRAEBESH 8ystem %féfb}a%%: f@ncfhbﬁé’f‘gMdPQ fadfen | nc.
of Cincinnati, Ohio and Baker Petrolite, Vi si on Cunmm ng
Geor gi a, react with an epoxy resin system, and more preferably functional groups that react

20 with an FR-4 epoxy resin system. Non-limiting examples of suitable lubricants
include lubricants with amine groups, alcohol groups, anhydride groups, acid groups
or epoxy groups. A non-limiting example of a lubricant with an amine group is a
modified polyethylene amine, e.g. EMERY 6717, which is a partially amidated

- polyethyiene imine commercially available from Cognis Corporation-of Ciricinnati,

25 Ohio. A non-limiting example of a lubricant with an alcohol group is polyethylene
glycol, e.g. CARBOWAX 300, which is a polyethylene glycol that is commercially
available from Union Carbide Corp. of Danbury, Connecticut. A non-limiting example
of a lubricant with an acid group is fatty acids, e.qg. stearic acid and salts of stearic
acids. Non-limiting examples of lubricants with an epoxy group include epoxidized

30 soybean oil and epoxidized linseed oil, e.g. FLEXOL LOE, which is an epoxidized
linseed oil, and FLEXQOL EPO, which is an epoxidized soybean oil, both commer-
cially available from Union Carbide Corp. of Danbury, Connecticut, and LE-8300
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respectively. Generally, the anmount of this type of wax can be up to 10

wei ght percent of the total solids of the sizing conposition. 10 The
coating cogpasiitieens of the present invention can al so ipekusherds esin
reactive diluent to further inprove lubrication of the coated fiber strands
of the present invention and provide good processability in weaving and
knitting by reducing the potential for fuzz, halos and broken filanents
during such manufacturing operations, while maintaining resin
conpatibility. As used herein, 15 "resin reactive diluent” neans that the
di  uent incl udep;:xﬁumcBircmmlengnsmmsrhtch&tcmrcia{amabilamsedfonmﬁ&rthl |y reacting
wi th the sane a bl e. The
di l uent can be(l""fgrﬁj‘."ng X)db @a OW\W @Ewgﬁ'g‘ orﬁn{g" ?‘%gplw H ‘lﬂ@néa rege?‘g@eé'%ntoﬂ‘at react
with a resin styssemcg cpmeémcmsbiaya ifclude tai resia Feaghiveudigert ha tiiscussad tbwvetihamn epoxy
resin system . t wi th an
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an acid group Is aci d tearic
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V\Ei ch is an ep%w 1z I | n éegg%tgd é@i’pﬁr@%@%&%&i@vﬁ.@@ﬁﬁég an epoxi di zed
soybean oi |, Ritdxytasmstyiprenciyvethanslaibichlis eorfmerpinilyrdveitrt@airdn @& FCor p.  of
Egggng%egogpﬁérg%B%nnﬁWgang ﬁé\iﬁ ﬁéﬁspg E%é cla ZQ’? P%@kjﬁgg{i%&?r om CK Wtco
Cor por at i oh® ofﬁt?}ﬁt?neﬂwenmmﬁsfofrso!biw astassi (pychag TMAﬁﬁﬂ wiighiincantreerpr esent

i nvention, t r@a[@'a%éi@gfe%&oo?'ﬁa'r%aﬁg‘mémﬂr%w p@iyéx@%&h@la e@% LiyBe djid uent as

di scussed above in an anount efc Sl zing

conposi tion odsﬁcﬂﬂﬂ%w-l‘h%ﬁbﬁé%w@*c“% W%"éﬁ ﬂ’\fg“@!ﬁﬁﬁ@%ﬁhpws can
addi tional |y |mghdieRIaAR), %Eho%%ét%d %Wbﬁérfo&' (B¢bh RUTESL b@rme@’%ﬁ;bﬁ Wiy, or

di sperS| ng conponents of coatl n nposI tions, such as t

articles
T By or 1w br el ahal Eom RARE) S o asRLiHHR A (shiee MACDL
20 NP-8 and ICONOL NP-6 which are alsc commercially available from BASF, and

SERMUL EN 668 which is commercially available from CON BEA, Benelux).

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. T

25 Crosslinking materials, such as melamine formaldehyde, and plasticizers,
such as phthalates, trimellitates and adipates, can also be included in the coating
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

30 silicones, fungicides, bactericides and anti-foaming materials, generally in an amount

of less than § weight percent. Organic and/or inorganic acids or bases in an amount

sufficient to provide the coating composition with a pH of 2 to 10 can also be
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enul sifying agents or surfactants include pol yoxyal kyl ene bl ock copol yners
(such as PLURONICTM F- 108 pol yoxypr opyl ene- pol yoxyet hyl ene copol ymer whi ch
is 10 cORpEhfizaed ¥ avail able from BASF Corporation of Rafgudepasys New
Jersey, (PLURONIC F-108 copolyner is available in Europe under the
tradenane SYNPERONI C F-148), ethoxyl ated al kyl phenols (such as | GEPAL

CA- 630 ethoxyl ated octyl phenoxyet hanol which is commercially avail able
from GAF Corporation of Wayne, New Jersey), polyoxyethyl ene octyl phenyl

gl ycol ethers, 15 ethyl ene oxide derivatives of sorbitol esters (such as
TMAZ 81 whi clindwsled imthe keatingatdrypasitian Abioe-liBAiSEemdmﬂapfsa pq!itahlp silibleve Jer sey),

pol yoxyet hyl at e

comercially eg{/gs' gﬁé@t%b@ﬁﬁ%é ed(snlE%E %ﬁu'lﬁb{ﬁ%’w érﬁs ﬁ"% @le

al kyl phenol s friosuck Witeo KiaGidration-df 0 a®Rowi New Y@kaABexamldaméa switabley avai |l abl e
from BASF) a r :

NP- 6 whi ch aiﬁgc‘gﬁ‘g%é glyn’?@k&%aél %"3‘9';63%9@ °é'ﬁg r:g";’%“gﬁ%%mﬁ%éw@%ﬁ%@em 668
whi ch i s domienciad T Chamizalsai) Rahway iINe@GNrByASuilbiecanibdfpaming@eraterialslare t he
amount of e enk, | S nt of the
coati ng. compds o s Dhitiite SFRAErAE Matat OCR YA CHoorBBRAT 05 i Gy
percent. 25 Greerstich)KonpeatintteaniddAZU Bhe1R6 aghichdb amihbleffmﬂnm%ﬁgmaanyand

et uded i n A BRRN, NeW B Ao bydrb G padlh RN Boqen” 21 =0 D€
pl astici zer campositayefof cmgstablllﬁa_tmmlgdﬁslreq3eﬁ’re@rﬁblsoflvatelﬁear@dmr¢ ng

coating compaly ErebRlondls Waer BHichmed iRl ol LonRRuAM SFah iR 0TS
ant i - f oani ng swfiicient talfagilitaje appligation ¢fr$ @nerambwnfpm mafllnes@on thastrandaelnght
percent. O 9apight g&@é&s d E‘FHoﬁé’@bethé‘Eéd%ﬁg ecsmsm.eﬁ geﬁbraria, B Hom Fiefdoi ci ent
to provide the Ccoating orrp05|t|on wth can al so be -44
01/ 12702 PCTMe&OPEGEM3 i ncl uded in the coatl ng conposition. A

non-1imting exanmy Gn&émeomaeﬁta%%amglcs&assm&.m%q,?egeﬁ: .h\%naé{)&reepom di zed
silicone enmul sion, which is comrercially available from CK

W t
Cor por at i th dbstantially e of glgss meterials. mhs Esedisrein. cfubstactially fee ef g'fféct erici de

i s Bl OVET 66 matbiidi"Ghédpk Mat SRIGUMAT conitdistibnd conpAsERES thahlsp vame! abl e 5 from
M & T Chem cal s of Rahway, New Jersey. Suitable antj-foamn rraterl als are

t he SAG mat erRestest °f\/9rlﬁsélﬂ“aéﬁ"émé@ﬁ'ﬁ'érf‘?flf%(m"§9 aigssicrapriteePralErabl RS Y ati on of
G eenwi ch, mm&p&camdld%&&lﬁefb&sd eh’VBbdiﬂﬂemtStha‘éaatln@biomsz’mih BASF
Conpany of Parsi pg n New Jerserx moni um X romg be added to the
coati ng the present invention are essentially free of glass materials. As use erein,

20 ‘essentially free of glass materials” means that the coating compositions comprise
less than 20 volume percent of glass matrix materials for forming glass composites,
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. -~

25 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
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

30 component and non-hydratable, lameliar particles. In each of these embodiments,
the organic component and the lamellar particles can be selected from the coating

components discussed above. The organic component and the lamellar particles
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conposition for coating stabilization, if desired. Preferably, water, and
nore 10 preferably deionized water, is included in the coating conposition
in an amougl, gsihficient to facili tate application of a gengk@bdsys uni form
coating upon the strand. The weight percentage of solids of the coating
conposition generally ranges from1l to 20 weight percent. In one

enbodi nent, the coating conpositions of the present invention are 15
substantially free of glass materials. As used herein, "substantially free
of glass materials" neans that the coating conpositions conprise |ess than
50 vol une percaeh thefsagleas diffiesnt, iaxd thet eatind sanfliera fesidue ntprgdauesusconposi t es,
preferably le 5.vol une £ preferred enbodi nent,

t he coating cgcr?r%lg ?mgﬁ t:o&forat w@g{egg:g%tnglcﬁv n%m%n are essentially free of
gl ass nmaterials. Arnwesanbthmmhmdm&@t,'aé‘@eesttandlcbmpxﬁm@a plirajityad Sharmisaati al s
means that th at | L B e percent
of gl ass mat r%?gﬁ% a”l?gﬁﬁ"?%%%g?%ﬁ,ﬁgggﬁé%@fat 'éaes%gn% Q&Qn %Qe ?Aeﬂ%{bl y | ess

t han 5 vol &ne padicledating arﬁmbrmahmnpmﬂ'rf/ierdlat jpastst Waéeenﬁetgt l&stsa teatperatardes .
Exanpl es of s [ rratrl X
material s HF%bo?éh ﬁ%%f’ rﬁé‘“’%&ﬁ 64\91% %’tg‘% g ngu ﬁéiﬁiggﬂﬁaleqffg%

t hose skill ed!aaat ;tdnmnamated @8h b mesidhue of e adliianeia corvpoditivs cpmpssimg iamaWaarnt | on, a
fi ber strand i : ' [ I tially coat ed
with a coati négcOn%ﬁéﬂ%}?t%ﬁ%%ggﬁégﬁ{ygg%@%%%r}tﬁat?%er nﬁ:&értﬁ %?J particles

havi ng a t her temhpecatnrebued BDOK .t hn sbifl angthérembodimenh itfibpestrandetmpridihges a

t enperat ung o t | r a
plurality g}f Flugée?‘%f ﬁb&s@ e;%%'g pﬁﬂ?@%ﬁawggtéé&% ?fﬁkaag%g% %ﬁﬂ%&sﬁé&?l si ng
an organic 30ccrumumaadreﬁdwnHwéra&amgﬁcwsawmathm ¢Qﬂdé§l‘ﬂt!’ nf @dach of
t hese enbodi | é}ﬂ%?é} xthe lanellar particles can be
sel ected frogﬁgh? \éfoag[bgﬁg‘%%?gﬁ%ggen s&g{éts‘:g?gged above. The organic
conponent and the Fagedmpaneptgin ﬂ?@*ﬁ%%mbﬁdﬂﬁeW@’!melwmedjm fsEopth@s23 can
be the same Oqubcgrfe‘?\fsed?écus@%% 08 haakkifishaf inReis cSﬁhQHSe Qéleé‘}@dﬁ eous
coating conposition or red coating conposition. In yet anot

enbodi ment!? athosp eecited abm@ conprising a plurality of fibers is at I east
partially coated WH ofhef 83 bbdl@ wmaﬁé&a% ﬁbeﬂt@ﬁs}f&?armr&ﬁzgmﬁngtlanel | ar

5 particle havi ng? errra con uct|V|ty o} | east K at
a tenperat ur ePlu *fSGﬁ@KerSI'S‘nafd?ﬁ% partiallyppalad with@ regn P@W*b§t®am conprising a

plurality of {)RessHidnondt zeakﬁélﬁémmﬁd ftthde SRATAG d/Hetd? séid 'F@e% QH@ré%fn an
aqueous conposition conprising [amellar particles having a thermal

conductivity &pmagti ing cqgRasitign comprising: Kala Plyrality of discrete parhctes
20 formed from materials selected from non-heat expandable organic materials,

inorganic polymeric materials, non-heat expandable composite materials and
mixtures thereof, the particles having an average particle size sufficient to allow
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
25 these embodiments can be selected from the coating components discussed above.
in a further embodiment, the plurality of discrete particles provide an interstitial space
between the at least one of said fibers and at least one adjacent fiber.
In ancther embodiment, a fiber strand comprising a plurality of fibers is at
ieast partially coated with a resin compatible coating composition on at least a
30 portion of a surface of at least one of said fibers, the resin compatible coating
composition comprising: (8) a plurality of particles comprising (i} at least one particle

formed from an organic material; and (i) at least one particle formed from an
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tenperature of 300K In still another enbodinent, a fiber strand conprising
a 10 plurality of fibers is at least partially coated with a residue of an

aqueous CRBRYGIHE ON conprising al um na-free, non-hydrapapiy§ooeébi cl es
having a thermal conductivity of at least 1 Watt per nmeter K at a

tenperature of 300K. The conmponents in these enbodi nents can be sel ected
fromthe coating conponents discussed above, and additional conponents can
al so be selected from 15 those recited above. |In another enbodi nent of the
present invention, a fiber strand conprising a plurality of fibers is at

:east partia!iﬂdgé??@haénw%ée'kc&drfﬂﬁﬁ Boren Aitritiel, Bfaphiteodrid metal dtmmgérﬁdle&n on at
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particle 5 ze suffi yat@mbtrkoembbdlmentsa fibercsitrand caroprisingla) plarility effitersis ait
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enbodi ment s garticnef asuefatecof t least driecf saidfiberg, the gsimeampstible scatmged above.
In a further errbod ment . the u It de an
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one adj acent seleloted. frdnno:@ambhmteriaidamrgmh:tgolymdncmateralsr mrwosmermatemalsg a
luralit fflbeI’SI - Rant conpati bl e
oat i ng oKLt indpot, LEARARIHVAY oK 8L Patiul ol chEBLRGT O

a surfdce of at |east one
of said fi berascorting to issensaattering tethniquesaangigg frem Bpleis misremetersinbsdtng: (a) a

plurality of Igaaﬁ'i tohg lugﬁfu%’{?ﬂ% eﬁ{al%e(‘ér)t 3 Ja?oaﬁ‘lhraﬁ’( f §i8dr %Iaﬁlcfegré}ﬁd froman

organi ¢ mater ast one part orrre roman -46 WO
01/ 12702 PCT/(bWéS@EQ@fIm-ﬂomlgamaterﬁht erial sel ect ed fromboron nitride,

graphite and met a'mq'f&mér%s& E the rwgﬁesmaa.fagecogklugﬁ%m%p&.t.eﬁs w&rthcl es

have an average particle size surficient ran out; (b) at
| east onel’ ulatiove centaimda)saq tal60dveight persentiof the Riwrlly pf discigte portiges opitatalr et e

particles; ang .&ﬁgagg ptgﬁﬁsuy%e% 56 bvmghpgsem&ém dmtnﬂfré P}eferébw 80 Y0 wEIghther

errbodlrrent a r|S|ngf Ul‘altP/ bers is at | east
partial |y cozreseeni(bho to 3Qweightnereeat ¢ B\‘%atd%%ﬁt PRRylUBErionsINatediatopA totel | east a

portion of a giid Beds, Rreféraply §raAT 1 mwé.gr&@efbem BRd ford fr6fefaBR/ifontooTRAL i bl e
coating conposition conpriSi )g‘ tO%OWEIgh?l ural |0tf of discrete particles

formed from rfifl weight rercent, and (c percent e at least one film-forming
20 material on total solids basis, preferably 5 to 50 weight percent, and more preferably

10 to 30 weight percent.

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 least a portion of a surface of at least one of said fibers, the Fesin

25 compatible coating 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 techniques, ranging from 0.1 to 5 micrometers; and
(b) at least one lubricious material different from said plurality of discrete particles.

30 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

composition on at least a portion of a surface of at least one of said fibers, the resin
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selected fromorganic materials, inorganic polyneric materials, conposite
materials 10 and m xtures thereof, the particles having an average particle
si ze, neasygeflascording to laser scattering techni quespefa§@higsfromo. 1
to 5 mcroneters; (b) at |east one lubricious material different fromsaid
plurality of discrete particles; and (c) at |least one filmformng
material. In a further enbodi nent, the resin conpatible coating
conpositions set forth 15 above contain (a) 20 to 60 wei ght percent of the
plurality of discrete particles on total solids basis, preferably 35 to 55

wei ght per Centconﬁﬁﬂbl@@éﬁm? %@%Fééﬂnyco%n&ﬁg gaidringhbo wRRhESS Eant 69)3 t8lat 0 80

wei ght percent of east one lubricious material on a total solids
basi s, prefer ailligs pasifaf et leastzoe partiglstselseted S/ InUGRNIGRATECSS BISRISIHPYOW r om 20

to 40 wei ght pefidatnd c@%a&t@pakscﬁe@ @59 a‘l"@hﬁ@he p&tiae H&v:g% M&:ﬁs Hardrggst one

filmformng 20 material on total solids basis, prefer to 50 weight

percent, and n¥aiue Widydaegispiexceed the Wﬁ‘svﬁﬁf@?ﬁs Yﬁé‘l’%‘@frﬂ ’eaFtrP”&r%?‘Hé fibers.

enbodi ment gf the nﬁsﬁﬁﬂérén{b\samén@aﬁm@piebaqnnv@ﬁtroanyfs@@%mmr@m glurality
of fibers is at least partially coated with a resin co&fltl bl e coatlng

conposi ti on orPlidplity ghfiRersyis gbieestoarigly epatad wilidresn canratiditoalive of said

fibers, the regmpodifiof SREEdRhPolRALE 8ufREROSIIdSPELARBIIIMBERhe (& a
plurality of discrete, non-waxy particles formed fromnmaterials selected

from or gani ¢ nE¥Eatige §°att5‘5ﬁﬁ’68?5’t“é’“rf3&‘f@f'§'a$ &) aipzpt Apslemeda. PRYERIST , t he

particles haviggticds @Vﬁ@%@@orﬁaﬁéa—uﬁése v§ihéﬂrh:cﬁﬁ6§s‘ﬂo@€xce@@% Mbﬁ@hér@nés@ser
scatteri ng}éechnl ques, rang m croneters; and (b) at | east

one | ubriclBus’akadat lepstone Pég"é%f‘bqr'f (ﬁ‘?f’é@laél’eﬁftli’lnélpf"b”\’]‘eﬁ‘f mgieggl et e

particles. 30 In shbhbd@mmﬁbﬁ'mmIorrmetpr@%mtsmnmrewaérdzﬂas»s@ntlon a
fiber strand co |S|ng plurality of bers is at | east artlally coat ed
with a resin C‘Eﬂr‘}%ﬁ‘ﬁ‘i“l&? “{f'ﬂ%)t‘i’fr{@ersd%ﬁﬁziﬁ)%ﬁtP?'Sﬂ’y(S’ﬁatﬁ? Wf“ééé?s”bc iPlgn of a

surface of at éo@aﬁg coMsMibn 5@ bOehdt BeoRionloNE stirfek Bf atddasy\be of Sl BéR2
PCT/ USOQO 20523 atible coati gg conposi tion co r| sin gr eater than 20
BESH BRRL Oty

wei ght per cent! 8FF tBingtble soting ”&P"‘&f‘sm%@ 9llow} BOrse| ect ed

from i nor gagi Chawéipaﬁame orghga BhticlB ardqyy atmrstdr@ls@:smngln@mnﬁﬂfér@qt
particles, the at ast one pgﬁ?}'té i cl e havi hg a Mohs' hardness val ue which
does not exceé GOTH\?%?%?"W‘?&'P 8waigPARYSf at | east one of said fibers. 5

I n anot her enbodi MeMHe cofnpbihtsdih @aembf thélfbee’goin@I‘dzmb&dsﬁ'leb’@rca&bé_aéidcté@ pini sing a
DY o b e PP e LBl Al PheBnd i i FERE Lot
sai d fibers, tiueceistom thesaaltaddimveoati ng conposition conprising (a) at
| east one &6 el | ar 'In Ior[:]ec,) gr%g clzment of the present invention, a fiber is coated with a
composition comprising an o‘rgamc compenent 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 is coated with a composition comprising an organic
component and non-hydratable, lamellar particles. in yet another embodi‘meht,'a
25 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
300K. In still ancther 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
30 acomposition 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
300K.
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particles having a Mohs' hardness val ue which does not exceed the Mbhs'

har dness 10 val ue of at |east one of said fibers; and (b) at |east one

pol ymeri ayg8i/ei72al - In an additional enbodi nent of thep@res®abs2snventi on,
a fiber strand conprising a plurality of fibers is at |east partially
coated with a resin conpatible coating conposition on at |east a portion
of a surface of at |east one of said fibers, the resin conpatible coating
conposition conprising (a) at |east one hollow, non 15 heat expandable
organic particle; and (b) at |east one lubricious material different from
the at | east one mohrhmr@imdimenpafrthé ptesent Tiventioonp Gberris codted wilich of t he

f mbodi t b t

(oesosed SbooeaEveiifalE @4 AElid pthe b had oaaBRAly
recited abovesele2@d fromomm- lmdbexbamdalble ofganlhen&r@_isemprgan@mtymﬂc matdrialser i s
coated wth a %gp%ﬁﬁéa% go?rg%r e tn%gar@@ aﬂ? s Ir?s %PQH?QRQ arﬂags h&Vifg | ar

particles havI°A a7 are VIt east per net'er K at
a tenper atiur eanaiveﬁgélﬁarticte sizersoifficient t@rﬂﬂg\dﬁmwetauf Kt!)@’f leiagt Qf@al‘ﬂ@@ouﬁt h a

conposi tion ¢ Iy 1 Gt | anel | ar
par e ol eso 1 Rgrea ABnE Po phHfaiy BrER58E pa R0ds MR ARkt
conposi ti on dfomming sategialatin yetabthenembediventf a fiker issgaatddawithymeanmpgsition havi ng a
t hermal condug re . . t re of
300K 1 ot 1l 'Sl SEftices Riniprfp (PR i6st Encharfold RFRE 8L 1
conpri si ng atan d¢rgani¢ mategial, and:(ii) atleasione Qiﬂﬁdﬁ&Vmﬁ@]ffamtqfiefﬁmﬁn"‘e@ngﬂé& ivity
great er t{@ Jelj \égetdtfro?lﬁ)oro”ﬁftrg{e V\Fraﬁh|§éaaﬁoerﬂﬁﬁfd?éh'éfcﬁgé}ﬁdego\gﬁwelhQhé’ﬁhraﬁ@o'f her
er I's coa

enbodi nen a conposition conprisin | éast one
al um na- f r ee, of particles tiave amaeragropastinle @ZEp%Hfﬁq'ewF@ aligw\ptra HE&%

conductivity t OOK. -48
00 017 12705 Heaft ShE PR tnaliRb difin: FehYaid it °t‘ﬁmt?ﬁg%g$'g§§ﬁndl(ﬁvent i on,

a fiber is coattenst ope fimfouingmateripbn comprising (a) a plurality of discrete

particles formed fipqf) £Ffoﬁr¢err'eﬁ4b§dm§ﬁ4 %Qﬁ:@rqsfsééléﬂ il bemposhicRRBRIBRLIRG OF gani ¢
mat eri al s I nor gani c meric nmaterials non- h expandabl e conposite

material s énd(ah?ﬂ%ﬁ"és"f Fete participsfopmed frem @?t?‘i'é‘{?l sﬁ{f"?d 'i‘?"h?fg?%{%e particle
si ze suffici epbtelifisahorgihié bél?fﬂénd\ﬁbteﬂblﬁ,, coﬁ@bsn&tméteﬂcﬂé am@ixtuséy therleﬁfJS
material different fromsaid pluralit i scre ar.
Teast one 11 | 9P PRSIk AEvHGRGATerPeS baige fze, RBRURS BRGNS Greer soiNepty”
coated W th ateeRiigARs! fah@ifg froMRT toss mg:rdrﬁe)tera (fbb diriedst biye ibrighaustmatbxzs
conprising (i zilffgrtentl f?oanf tsmg ?xﬁ.}:rg |%/rcgfld|screte par{ﬁes ané) {B at least one film-forming

20 material. '

In another embodiment of the present invention, a fiber is coated with a
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 scaftering

25 techniques, 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,
a fiber 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

30 Dparticles, organic hollow particles and composite particles, said particles having a
Mohs’ hardness value which does not exceed the Mohs' hardness value of said

glass fiber.
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an organic material, and (ii) at |east one particle fornmed from an
inorganic material 10 selected fromboron nitride, graphite and netal

di chal cogeny -wherein the plurality of particles have_ap average
particle si%gslzluzf‘%nci ent to allow strand wet out, (b) at PCF@’&%‘(Z“%ZRG;

| ubricious material different fromsaid plurality of discrete particles,
and (c) at least one filmformng material. In still another enbodinent, a
fiber is coated with a conposition conprising 15 (a) a plurality of

di screte particles fornmed frommaterials selected fromorganic materials,

inorganic polynmeric _materials, conposite materials and m xtures thereof,
the particles havi (r:lla a&ﬂtggﬂl%?%@é"%f’&?@ |pg¢S§?9Fé\{enﬁ§‘a§3P§FdS SR WM to | aser
scattering tecimpcgiies compitdige) 4 proraif).of lshwilsr, beBRERhEESSs, dnBXb)ak dagast one
| ubricious material _ di ffgrent fr_?m said pluyrali t¥, of, discrete particles,
and (c) at | ea%l® EESo At ninsy! %‘%F%ﬁ*ﬁe"ﬁ’ﬁ D8/J% ARAteEWBYRI nent of the
plreselnt i nveng‘nmposmorﬁ blreprisirg (Gpaiblettliw}ofhol?w, mnmf ia:‘c;iaﬂﬂalﬂ@&ﬂ@é?@i ngI (a) S
plurality o iscrete n-waxy particles far rom nmaterials selecte
from or gani I‘é %’@"ﬁ?“"’af"%‘f‘ 8’88%8@"{’ PAYTETq ﬁ?’?”ﬂﬁggmf&ﬁw e gtigaskete  the
particl es havimgoamrgane: metie dn bh aliditiciazembotimei tas pres inlebnt Hhaser
scattering 25 éo%?egni' ues.. rangi framO0.1 to 5 m.croneters, and (b) at

| east one | ubrf&roue™ HEPBP aﬂﬁq ?‘@%891?‘}"?‘?% THAGNG R PRTRTY £oatH8 ofiR scret e

particles. I|n sang aomotdsition emhblastandortionaf & isbédceios ssl@ abersl ad & Becdng&yposi ti on
g ) bl : ice and I

coat ng compr i SHith GPRRs R RafifSt Aoyfe GRbueRmeBRiar FUPnG8! i o basi <

of a pl ural@t ylotlitpaf disablepasiclee appiddiovarat iuaer pporicr Fehed@inidre being 8f gani ¢

hol | ow parti cl ite particles, said particles having a Mhs'
har dness val uﬁ%?@ﬂcﬁ%@é’&?‘o& exceed the Mbhs' hardness val ue of said

gl ass fiber. -49 WOheLbhpaFlhtPEEAUSONhLRERBInglembadiatchercan b ediesBitroml t he
o iy Y : . e Sdll
reSent | et 0 LhEEnass SRS 0 e SOIBRRY LSRRI 308 ()

plurality of | ani arti ol ynmeric
mat eri al . | n steidcteddfroot these mcitesthhoreit, a fiber is coated with a

organ 5 bart1 ol ed Of Al hikdrheny B endBrcs Bl in BRI B e SBRRPERLA: 11 om
the at |east ciéeashylddweidifigensiofthediber stiand of the aresentdiventonetiasephliadi nent, t he
Bommosi t1 on- e o 4 2 Pals (Rt A Lo FOLARHEEME 1 &L Teast a
portion of a dJurifepewdsr asdodBORDNMNTAIME REIFASHEIDA Ty dispersion, EPON 826
epoxy film-forming material, PVP K-30 polyvinyl pyrrofidone, A-187 epoxy-functional
20 organo silane coupling agent, ALKAMULS EL-718 polyoxyethylated vegetable off,
IGEPAL CA-830 ethoxylated octylphenoxyethanol, KESSCO PEG 800 polyethylene
glycol monolaurate ester which is commercially avaitable from Stepan Company of
Chicago, lllinois and EMERY® 6717 partially amidated polyethylene imine.
in another non-limiting embodiment of the present invention for weaving
25 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-
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

30 agents and A-187 epoxy-functional organo sitane coupling agents, PLURONIC F-108

-50-



coating conprising a residue of an aqueous coating conposition conprising a
10 plurality of discrete particles applied over at |east a portion of the

primary ogalbhmigePf the sizing conposition. The conponepggukdegash of the
f oregoi ng enbodi ments can be selected from the coating conmponents

di scussed above, and additional conponents can also be selected fromthose
recited above. 15 In one non-limting enbodi nent of the present invention,
at least a portion of at |least one of said fibers of the fiber strand of
the present invention has applied thereto an agueous coating conposition

conpri si ng PebisHFRpMehs- bélyrh&le MAC LN P-BMdnFphdRoRidNabladtRl DE
RELEASECQOAT (?ie’spersi on?égé%%x@ﬁggg@yfi | mformng ma?gri al , IgVP tE 30

pol yvi nyl py MERSANMIRE 40 and 4 F-9308 epoxidizrd silleras ePHIsPgano si |l ane coupl i ng

agent, ALKAMULS Ely gibthd? b Minitk Ribalifény 6iirfabid for @dd in elebritbirciif:- 630
et hoxyl at ed octyl phenoxyet hanol ,;, KESSCO PEG 600 pol yet hyl ene %Isgé:‘gl

monol aur at e ©8REE ofilRe PRESest wyeAtiar.atigasta purtipt oAt ieast g i glas ny of
Chi cago, g | iohheSibarslranleRe predihlifvéioh has hpplisdtrdndte dn BGlasat byatmge 1 N ne.

in another non-linting enbodi nen f the present inyention for weaving 25
cloth, at |e&8TPesiinseompishe R %&F%@T&Psi’aﬁ% i §°"\’q_%5€'|"§°rof the fiber
strand of tNhORAKCBORON N}’IWDE(RELE_AS_E@M;i@OA%PFEEEﬁp@m{\gSVER-S(ESI due Sf an
agueous si zing conposi- tion conprising. r oron nitride
panrder - and/ oPSBURARVNPIHEIEEA- L BRUST RPN AP 5 17 CoHBInGABRNL B Bhst er . PP
K- 30I pol ]yw n)éboiyyflﬂ.xhétidndmganol @Eﬁe«/mﬂﬁ:ig ngg m«hmjseEL-gmAdoﬁgxyethylated
acrylic-functional .organo si couplin tsS an -
epoxy-fund i c‘!ﬁS‘FtaU?Q&%ﬂgm@ﬁgqi85’8’?&@"'&@‘8&?@?&&%"@' Bﬂ)l%lgA -50 WO
01/ 12702 PCT/dol5eaer, BESMOPAEN 205@peIpeshe R YRONIDE-208 polphigpopyiens ner ,  MACCL
NP- 6 nonyi phenol surfactant, Vﬁgg@m&?mo and LE- 93&?({_| epoxidi e,FIq silicone
erul si on. | n PRYSYYSEHYIENS£OPPINMET. Fakexyitedngnyiphepoland g(ﬁéb n
el ectroni c cighG4bdming arteiRal. Of désired Rhie panitulansrmisidirnent can optasitfurthepor ti on of
at | east one of sai fi | trand of .t he present
i nventi on haén%ﬁﬁ?ﬁg%g{lﬁggé?%ﬁﬁ?ﬁzﬁ%';@%‘? g)?'%%?%rggﬁa%’ﬁc CERYIPSI ng
POLARTHERM r )holfdw $ferér on nitri de powder and/or ORPAC BORON NI TRI DE
RELEASECOAT- CONC 25 _di.spersi o P = Vil . ! . A-174
acrylic-functi onal%" S?ﬁéﬁ&ogflwnq{'@ e\égi?g "igengt:joﬁgié%ctf?%el'@%{&tg%{écgéj@ fincti onal
organo si | aneocanispf thegoresemt invertio dtlik=5t &porfion 6f g deasberyecefispidalasd fildrs
vegetabl e oi |y 4 EMERY( dncof e H1BErk RvbMicA Fad abgida RA-UE LNLiGR o a1 ne.  RD-847A
aqueous sizing composition comprising POLARTHERM® PT 160 boron nitride
20 powder and/or ORPAC BORON NITRIDE RELEASECOAT-CONC 25 dispersion,
RD-847A polyester, PVP K-30 polyviny! pyrrolidone, DESMOPHEN 2000 polyester,
A-174 acrylic-functional organo silane coupling agent, A-187 epoxy-functional organo
silane coupling agent, PLURONIC F-108 polyoxypropylene-polyoxyethylene 3
copoiymer, VERSAMID 140 polyamide, and MACOL NP-6 nonyl phenol. If desired,
25 this particular embodiment can optional further include ROPAQUE® HP-1055 and/or
ROPAQUE® OP-96 styrene-acrylic copolymer hollow spheres.
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
30 aqueous primary coating composition comprising ROPAQUE® HP-1055 and/or
ROPAQUE® OP-96 styrene-acrylic copolymer hollow spheres, PVP K-30 polyvinyl
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pol yester, DESMOPHEN 2000 pol yester, PLURON C F-108 pol yoxypropyl ene-

pol yoxyet hyI ene copol yner, | CONCL NP-6 al koxyl ated nonyl phenol and SAG 10
anti - foam g, ‘ﬂa gial. If desired, this particular enmbodpd®ideos@ns opti onal

further include ROPAQUE(r) HP-1055 and/or ROPAQUE(r) OP-96 styrene-acrylic
copolynmer 15 holl ow spheres. In another non-limting enbodi nent of fabric
for use in electronic circuit boards of the present invention, at |east a
portion of at |east one of said glass fibers of the fiber strand of

the' present invention has applied thereto a residue of an aqueous sizing

conposi tion ¢ iligrieNA-17 éﬂﬁRMdn)atd? ar;bﬁéaamdammy dg”ehtd%naﬁ TEveiRky-and/ or
ORPAC BORON N TR| DE RELEASE CONC 2 A pol yester, PVP

K- 30 pol yvi nyUnEHpRA mrsma"mmnﬁowg%g@ﬁ&é? gpria YA?"T?%E

acrylic- funCtb&My!é}feQﬁqﬁ@ STERASTEX 658 ea% p@ﬁ'ﬁtﬂfe; TIAZST cBfyn¥okigct i onal
organo sil ane coupling ent PLURONI C

pol yoxypropyl@?@abﬁsﬁﬁ‘i}@ 9F%W9MW%QF*“°WWWHW’WIW% and

MACCL NP- 65Nn043H ari¥88ing rﬂd‘ser&esmﬂ@dgha&ra ;@dnﬁébmuu:arer@dﬂa%nﬂent can
optional further incl ude ROPAQU g HP- 1055 _and/ or QUE(r) OP-96

st yr ene- acr y| PEFEEIROIYtRRINGhésfes & EIEEM® P 189 ppron Qﬁrdﬁerf&wdﬁb?ﬂqfqrm ting

embodi ment  f opRrPRZVBORONNITRIBE RELEABEGOAT-CONCIB BgbeRidnnt €d Circuit boards,
at least a portlon of at |east _one of said glass fibers of the fiber

strand of the presBiet #ofEnpPRiTitag sappfmett "(ff?é’F’%foé uge ingdgcirgric giFcuitn 30

aqueous pri ”%dar&@@ﬁthé‘ﬁre@é%ﬂﬂﬁéhﬁdnoﬁt 16T ofton Bf BRI df)said a%%éergnd/ or
RCPAQJE(r)‘ tyrene-acrylic copol ynmer hol| ow spheres,

pol yvi nyl 10- 59f tW'EPI/SYQ%?tWPESﬁWQB‘S’Z‘é‘aSﬁ?P‘PSFW%Héfe%"‘??‘lf an’

acrylic-funct iqalis 658R5 Compdshidh cEMIRINDESUOPHENTDUD folSterc AOIPY -
functional organo sil ane couplsl&;% agents, EI\/ERY_%@I)]0 6717 g‘lrtl al ly.am dated

pol yet hyl ene FHYlisunclieps RRepEX @8?‘?9 agati§f ePoxypztiona! aioR) Bil8e oxi de
derivatives ofocupfidhdedt, FESREONIC :@&&byﬁnb%ub@éweaé kydogaesrol  and

erbodi rent  pYERSRHR 399 acﬁxeﬁrﬁéfrw%%%@%t SRTHRHRER o5 O R or on i ¢ 11 o
powder andsor po!@@l%@nB@R&é\al ant DRINAK ORIELSTADE- reo] 16D RIcADIHE iRk on. | n yet
SR LEACEC N T SR T O T AT
gl ass fibers stiRnefactyiecdpolyrier Abloarupheres tdrel/dp POSRRTHERMET 060 fHusn appl i ed
e O 8 of e 3l it SR FBBR TRIBORLL UL SR LRIy DESVOPHEN
dispersion.
20 tn 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
of the fiber strand of the present invention has applied thereto a residue of an
aqueous coating corposition comprising DESMOPHEN 2000 polyester, A-174
aciylic-functional organo silane coupling agent, A-187 epoxy-functional organo silane
25 coupling agent, SYNPERONIC F-108 polyoxypropylene-polyoxyethylene copolymer,
EUREDUR 140 polyamide, MACOL NP-6 nonyi phenol, SERMUL EN 668
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,
30 and/or POLARTHERM® PT 180 boron nitride powder and/or ORPAC BORON
NITRIDE RELEASECOAT-CONC 25 dispersion.
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acrylic-functional organo silane coupling agent, A-187 epoxy-functional
organo silane coupling agent, PLURON C F-108

pol yoxypreexisss: pol yoxyet hyl ene copol yner, VERSAM D 14€rBSdopadss de, MACOL
NP-6 nonyl phenol, POLYOX WSR 301 15 pol y(et hyl ene oxi de) and DYNAKOLL Si
100 rosin. In addition, this particular enbodinent further includes
ROPAQUE(r) HP-1055 and/or ROPAQUE(r) OP-96 styrene-acrylic copol yner

hol | ow spheres, and/or POLARTHERM r) PT 160 boron nitride powder and/or
ORPAC BORON NI TRI DE RELEASECOAT- CONC 25 dispersion. 20 In another
non-1imting enmbotvhirembt sreferraby fiber étcnndslsevnhgla eésejubrobaaboatmg cempdesitidnoar ds of

th t f d gl

fibers: of ¢ RERY luots Fesmesedhanore Pl aiedite ™ aflined BRbrnBli iy’ Pereto a

r elsi due of iml:c;c&qmuﬂthctﬁabnesg;tmmml tin particoarpit lsmontgmwn%ﬁbslﬁoog 181
ester, A- unct.l

Epoxy- f unet | SAEPeBIRSRsg G oR a8 of mof¥indRitRid R RAIE Hen

pol yoxypr dpy las irRRioi30 eolyeinyiplyerolEionepnie wonetore siBUREGIgNG adenfsobychrasde, MACCOL

NP- 6 I ERMUL. EN 66 t WER 301

ol yet by ene LA RTIETH oLt o SEra TPy ERa e Ald R8P Bpory Tclioh

Ezci]ra :[A\ |ch lé I( a; (CaP rda%téiamﬂaie dauptingeagentsc nctiatdeROPA\QRIEENt by welghtl ¢f3ke ggdg o] (rj /

r - styrene and/ or
POLARTHERM r )°°f—'91’°i'€§ 5°§q X{Edsu &gg %?mdﬂﬁg'and'ﬁ"l‘“g%gﬁgé E@f—’{o\l NI TRI DE
RELEASECQOAT- @m@c&Esmsswm@T EPAST EWBSG cetybrpitaeTeuB8e 0728823 Wi | e not

¢ fi _ ; . |
Po those Was @REyaiharating RiesBe bt Be sdueP e caBPRRS LRaZ M | &1
accor dance vvmn thetdrethprfmestrandaheving argsin wnpmllble codting compositiondaattienpl at ed

that resin
filmform ng &!hﬂr@e 8@%@(“&% %E%El“{?b%ﬁ E‘J\i/dlé%r/‘ %pa;‘;?&(;‘?élgone one or
nmore sil ane (aupmrtmdeﬁgamoslc ciseuitrboards (ps 4@"@9&?[ lqvg irf %ﬁ?@tan‘FﬁaW'ﬂbtlhgano

si | ane coupl ;d;gﬁe%gﬁogrg and A-187 epoxy-functi onal organo silane coupling
agents; and east ‘3 percent by weight of the sizing conposition on a
total sol1®s basi SThefcoatinaaempepitiens gttheRresgnt ipxentiag C%P%Prepi’ﬁﬁplﬁéf‘)érl stics,

such as STEPA\kEpfe frrethdatiuth a@é&rf?ehtﬁinal miking weh kﬂ@ﬁlﬂoltﬁbs&@km@@m higagyee with
the present invention. It will be further a E{‘ @ é those skilled in
the art that FrefsEsbly thesrmponants digcusspe apeye Eﬁ GhMIE WIS P REVEBRposi ti on
that is essedusirad Wiight ffcedt sadE bhé hb&d Ishetrin. Dise Paicds 19420 beperhived and
made into el ectronic
with water, emulsified or otherwise added to one or more components of the coating
20 composition prior to mixing with the remaining components of the coating.
Coating compositions according to the present invention can be applied in
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 dryer removes excess moisture from
25 the fibers and, if present, cures any curable sizing composition components. The
temperature and time for drying the glass fibers will depend upon such variables as
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,
30 e.g., “a cured composition,” shall mean that any crosslinkable components of the
composition are at least partially crosslinked. In certain embodiments of the present

invention, the crosslink density of the crosslinkable components, i.e., the degree of
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supports and electronic circuit boards (as described below) in accordance
with the present invention. 15 The coating conpositions of the present
invention Gahiheprepared by any suitable nmethod such ascwedayednti onal

m xing well known to those skilled in the art. Preferably, the conponents
di scussed above are diluted with water to have the desired wei ght percent
solids and m xed together. The particles 18 can be prem xed wth water,
enul sified or otherwi se added to one or nore conponents of the coating 20
conmposition prior to mxing with the remaining conponents of the coating.

Coat i ng CO”DO%PéisﬁPar%ﬁéﬁs‘*l'd?ﬂs%%tib@%%?é‘&rﬁﬂétebfb‘é@iﬁkim@n1r$éiﬁenbe applied in
many ways, for exa contacti ng’ roller or belt

appl i cat or, WQ?‘W@tSo?heé‘f%éWkr?@Qﬁ ranges feguifetr§itepiubpressirirariabl v

dried at rOomoti%FB@\b@ﬂiMEﬂthe@Fos@lnﬁ‘ﬂ@ﬁéitq rrRyER Bb@AHabES 85WS sall yer renoves
excess noi sture from ibers and, if present, cures an % curabl e

si zi ng conp05|°fq56’ff'kl§’8n‘5l§’ﬁéﬁ*ﬂ%d ‘”T*P%a” t”@h‘ﬁ@‘?féftaﬂ‘i‘ thabing Preseace id aff the

gl ass fibers wdskifkpgend th@%sﬁﬁﬂlﬁhe?{sﬁ?'c’éh'b%%e@%mn&@Sy @eéﬁé@aﬂg&h&is sol i ds
in the coating conposition, conponentsS of the coating onposition and type

of fiber. As §e€HEHGINEM m?ﬂﬁ’é“?@’ﬁ?ﬁ’”@[ﬁ*@“'&@@%ﬂ”ﬁ’w %Bﬁlﬁ@é‘f’rﬂﬂqr”lﬁ?ﬁeﬁ a

conposi tion, ANOIDMETA anﬁyz@%&wue@ma&érwt@@eﬁ FridinlotHdB dBtelhbs %Séllass
crossl i nkabl e conponents of nposition are at | east partial

crosslinked. [MANgE tﬁi“ﬁe"@ﬂ%ﬁ"‘%ﬁﬁ%‘”‘éf‘eﬂs%“ﬁfeé§ kg of oatingsor Bﬁlym?‘ﬁe

crosslink denghbge gty sEﬂ%rﬁeﬁ%’%'df BlcakbienfaEpoReastsd td the strudthe dle@r ee of -53
Wc) 01/ 12,1702 PCT| crosslinking, ranges from5%to 100% of

conpl ete crbsSTasH lgﬁ et}”ﬂr ther embodi ments, the crosslink density ranges

from35%to 85% of At:wrdnnngoqmslmamﬁimmeténgth Qlidig rane IR S Ssantpteto®e0S S| i nk
density ranges fromSOgoto 85% of full crosgllnkin f;skllled in the

art will undePBRYrRE Ak At PREsUrh herampigs tig F’é’é‘“qu e 8 Mki ng, i.e.,
the crosslink Ld@cli‘rﬁ!ohé’s MEam abﬁérﬂ&é %rnmtweeambys:@avmééﬁem@ﬁs aRtdRgsd intesuch as

RN U T AT TR T WS B A S
gl ass transi tHzpa str&NPLTIA) aad amebue rms&bﬂmm%mséms@hefagmmémb 8oL f
O e O DR ereb e o B B BB S TPl SR i T 1
met hod, the | engslink dehsitylof thenamiph eiknesisteohinad savanlingg fb@hrbmeﬂ&:ﬂalf-md are
first measur e%rossh % d%ensnglvg!v!ess xn%fcgtgtal ?}fgher Hergrgg of crossn'ﬁ(mg n ¥he coating.
The amount of the coating composition present on the fiber strand is _
20 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 mieasured by loss
on ignition (LOI). The coating composition on the finer 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
25 herein, thé 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:
LOI= 100 X {{Wiy-Whoare)/ Wy (Ea. 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 Wy,
30 s 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 {o room temperature in a
dessicator.
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Laboratories MK I Il apparatus, and the di mensi onal neasurenents are entered
into the apparatus. A thermal scan is run at a heating rate of 3C/mn, a
frequencyy@bidard® Hz, a strain of 120% and a static fopepusio265291 N, and
sanpl e measurenents occur every two seconds. The node of deformation,
glass transition tenperature, and crosslink density of the sanple can be
determ ned according to this nethod. H gher crosslink density val ves

i ndicate a higher degree of crosslinking in the coating. The anount of the
coating conposition present on the fiber strand is 20 preferably |ess than
30 percent by wei gﬂér,thérep;ﬂicasmfahqbimarym|ehme|riiﬁhlpizecaentedla§terﬁhe'rght and

g ton (Loryati Redkers e cainged b aengb hafButh 45 0o Raagbetuly 250 "

residue of a@and pafeabls 100k 1600 fibersipes strandn or a powder ed coat| ng
conposition. I n one enbodi nent of th |nv
Mpamdarypgpa g, gompas ﬁ B'é Eé):ﬁed Eoﬂﬂe Ipi’.i11'|a séeqﬁ 3n

t han" 1percent by Bre| n, s on ignition"
means the a/veiaghunmreemttoobatcurumpkegnme theg:ortcoowptwstram mfewnplecbn t he

f f the f | ; Wi
e 2P el S oo P Biarin P ARG e A RodinaChnodR (1"
t he wei ght ofsptalyagmwsacngdaryommg |cbmpqslta1i'\ttm°n theydoatgdistranghoiwegentactikp O E

e, 510 JE AT ol e e e g

strand after n an oven at 51 C for
20 m nutes arpdsmddhnoum t dierto semo\engxeess apating Wmosﬂets@oméhwrand@mdfm

01/ 12702 /dﬁg s élac@Fd A{)cﬁ\%rfoFg' 2ROkLGR RS ?ﬂeé% pﬁ'élaw dry E,.‘/c&ié ﬁﬁr ed | nt 0

initial SI I bér rrrat I on, rs are
strands havi rsgcéhdary cba;mmannpd;ﬁwe e method aad apm@t%f%ﬁeﬂwbweloo to 1600

fibers Per Sy aliher/ A BAORIMOBAY A ERTROMehnARy Rty 1OP! | o0 Lo the

primary size T h an coat gnate the portion of
the strands, doofigusatenyf mets;ﬁandlmﬁﬂfﬁg Th@étfébétsé’@fgfﬁp'dﬁﬂe After apaliastiennt ai ni ng

the secondary, co aﬁeﬁg&awgaggﬁgumao itichR &Y aRlel v KAERO RAAG ¥rtcoat i ng

conposi tion upon € coa trand or by contactin the coated strand with
an applicthor as §uitableseepndam coatingrompasitiens cap ingivde AR opROrefi@zed t hr ough

adieto rem)fXﬁmﬁd(ﬁ?ﬁaﬂaﬁqaﬁr’ldﬁﬂtmrbhﬁﬂésrsﬁéﬁ ad\dre Tiiscasuddabeied The0 dri ed
as di scussed' above tor a tine sufficient to at . |east. artlal ¥%dry or cure

the secondarspcensiary erptingisrseferably fifferent fiom the ArimaRY siZgeqPqE™ bpl yi ng
the secondaryy ghdihd 16t IERTBAS EdrhgdhehOwiicteis Shémitallyidiffesi@it domithed in part by

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 accordingto 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. 1883) 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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configuration of the strand material. The strand is preferably dried after
application of the secondary coating conposition in a manner well known in
the art. 1go3MjhARP!I € secondary coating conpositions can pRgldsdeesene or nore
film formng naterlals | ubricants and ot her additives such as are

di scussed above. The secondary coating is preferably different fromthe
primary sizing conposition, i.e., it (1) contains at |east one conponent
which is chemcally different fromthe conponents of the sizing

conposi tion; or (2) contains at |east one conponent in an 20 amount which

is different fdf%ﬁh’&iégzmwﬁas(&rebﬁa;s%m e8NS ;SéWHIe%I 18eth bz t he si zing
corrp05| tion. Non-limting exanples of suitable, secondar %%';’%
¢eting s .

conposi tions i K tB%FW@WM&H@‘“&H%E ERsiup gEAYAGUFOYS T§Co

4,762, 750 and;ofpbSilen 2kd, rmhﬁxbulﬁrfﬁrmloﬁbﬁabdébus Bé‘@hﬂ@?@&ﬁﬂgby reference
her ei n. Referrl%qnowto Fls? n an al terg{gttlveg fdbms\nt according'to
the 25 preserfPMPREERM pYRP ’}Qéar@?iéégarf"f"ffe‘?%at L3 PORIRR OIIBS PUBRY CRiNst r and
210 can havg ngn aaplbt @fbddieém] the aemuamwatingym peilcfered coatify tdmeogitieh,zi Ng
conposition whi ch can_include any of the sizin nB Pa%?éus i n the anount s
di scussed abov@¥. BRRRFHEE Bd?"wé’ﬁfefjé’BP@g@F‘PPﬁEP %’I‘ﬁ%‘é 8 ARABICEEONf orth i n
Loewenst ei n_atat RREES pdrtidn dtthe pAfladoatigO3) and U. S. Patent Nos. 4,390, 647
and 4,795,678, each of which iIs sgemflcall gq}rporat ed 30 by reference

herein. A secondary"Pa@kemnativs egibogdimegt Hig ferR§eNSRpFOPINGn i s

ap p:c ied to at dcﬂfp%h:t:&z @@ﬁ;ﬁﬁsemyd:aamncnh@fgar@bdm éﬁmeiés e aSIR 8188 rewirer

surf ace, secan coat ositjon
conpri ses I)(ﬁe ‘%?teﬁﬁlﬂée i Eésggs %féhwd@fﬁﬁﬁ a.}:'éjmmg%rgngw splich t i ¢l es
2r1£ Zuch as aL&nﬁdié‘sta&%ﬁﬂorlea@ToakWeﬂaﬁmv&% &Swtmwttih Qdatb'ﬁorl;ﬁ’artldtp’até)rﬁ% .

embodi ment, the sec a residue of an ag secondary
coating conmpdeFfiYH reaay%w w'?‘r#‘ g&ﬁf@ﬂi’f ora?x?'EE’Fd%é’S%q“ ﬂ%ﬁﬁ%‘ﬁtﬂ’é‘ secondary
C(ﬁat ing conpoghith Klecks@rhiits lﬂ.@thbﬁ:ﬁg’ekﬁdﬁf vasrtinte tiesnterstieds df@ast a portion of
the primary cq

powder ed coatifi Sc?,’g'ﬁﬂ%g?t{]of‘gga tlg%'ﬁﬁﬂ?ﬁmﬁgﬁtgfééﬁ%%’ 538“‘%‘3&@%%&‘**8 8{éﬁglgngs :
conposi ti ohg com:msesmgem damsottriimeaas thatthe waten peadtrateaahe insemstiuttiverorof  t he
B oo e AL A M RRR T s S8 Bl o I
particl es thatHatisws Sondehsed ChemicalThctinasre at pagetmwhuchumbnfmg of the
water or swel ITSHEHERH by ePAtEe Teh: ol Mot e hidodfiagoss, Co 20"
reacti on w th expendintsize mwommenﬁeémwm_gﬂMVm pagd uti on
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 hydrophiiic inorganic solid lubricant particles that swell
include smectites such as vermiculite and montmorillénite, absorbent zeolites and
25 inorganic absorbent gels. Preferably, these hydrophilic particles are applied in
powder form over tacky sizing or other {acky 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 agueous coating composition comprising at least one
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whi ch bl ocks or inhibits further ingress of water into the interstices of a
t el ecommuni cati ons cable which the coated glass fiber strand is used to

rei nf or cewobinfez used herein, "absorb"” neans that the wateiseeossrates the
i nner structure or interstices of the hydrophilic material and is
substantially retained therein. See Haw ey's Condensed Chem cal Dictionary
at page 3, which is specifically incorporated by reference herein. "Swell"
means that the hydrophilic particles expand in size or volune. See
Webster's New Col | egiate Dictionary (1977) at page 20 1178, which is

speci fical | y diserts partiele agpliey overf stliessce phtive bithe Pribgcadting, oftl-h&uz.ﬁgydr ophilic
particles swel cont one-half tines

their origi n&f’rlna?i)g%llaﬁtpre ﬁﬁﬁgmﬁ'ﬂp%‘y'\%?gt@?%%s&% deBrOe e&a%f %8s their

origi nal wei ghlected Nom & hydrophiliy paxtizhgpiideh afsolbysding pétaing waleninrigtamticesss! i d

| ubri cant parttlr(]:l s . that Yvell i ncl ude snectites such as vermculite and
nmont nori | | om'?e y é‘&!ﬂ?@ﬂPezem Ites and 25 inorgani c absorbent gels.
Preferablyg t hese FbsthleroamelseembadIMenisemeanmuamlpamdlesmth@@ywﬁdiarf, orm over
tacky sizing QL ot her

ng, mteri a enbodi nent
of the presefPiAEMRS! ﬁm éaq‘rlaB%? )qa{ﬂgs H’%F ?egf‘?{&%a?‘ﬁ?'ﬁp'é‘f% Sof fibers
is at | east peafeiablylfronc2itocsatd, moté]prafer:ﬁ:w frors @APm80 Weightesdeht)gnd ewMPOSI ti on
on at | east r f at | east one fiber, the resin 30
conmpati bl e c%‘a‘#gh efg%ﬂ@grgﬁi% eﬁﬁsﬁ'&pg& t mary coating of a sizing
conposi tion on ain arealdrnativp entbodimeof shmwsum Figcd, adtbrtintydayer 32teefd teqiasy f i ber,
and a se d 0 QuUsS coati ng
composi t113h eoiErBipaSiner BaRbe Sii © A EAE Bufon God MBR SRR 50525
di screte par lpreferebumyblr tbe eptirersudiace), efa secangry tayen315f i.¢. fsucipaifibersfrandat i ng of

t he sizing %qmmdtﬂaggadrﬂ}a?y Ig?grfﬁﬁro?ﬂ ﬁ %@lﬁqﬁng ’seé&ﬂﬁar?ﬁay\%\ﬁ?ﬁ{}ofone

di screte particle I's arti dbsor bs
and r et ai ns wacendaiycdatingexnpasision and attemammemyer 329 qf dhet tediney. coBtifgur t her to

these enbodi RRBLsHia Qg?ﬁ?&?ﬁ &faggﬁfbtefgta%ﬁ 3'15:5%?@%&%&%3{% o QR | N9

conposi tion can range wei ght percent on-'a t sol 1 ds basi s,
pr ef er abl P f PEMERCSIEIR0 c@MPeRifion apd decsegpndary eapingeprorpsition. e, Htetteierycent and

even nore picgh, oEﬁWﬁQoﬁtQm@gt I@ﬁétghé c&ﬁg&\%mwhléﬂ\s%ﬁerﬁlbélﬁr hative
enbodi nent shown i n atertiary |ayer a tertiary 10 coating

conposi ti on dHferend framd ?éampweats qféfmrm@npwm and sgcongasy seatingice, and

preferably O\éﬁhfbélﬁbrﬁﬂfr {2 RostHinG a€iBast @he BorAESHRAGIAEN ahRYRwhithds diffeent Such a
fiber strand_ 312 would have a primary |ayer 314 of a primary sizing, a
secondary | a);r@fn the mmpuntof 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 35 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

-57-



secondary coating conposition and a tertiary, outer |ayer 320 of the
tertiary coating. The tertiary coating of the coated fiber strand 310 is
preferably t fromthe 15 primary sizing conmpositi t he
secondary agap¥ng&£onp05|tlon i.e., the tertiary coati i ggég %t i on (1)
contains at |east one conponent which is chemcally different fromthe
conponents of the primary sizing and secondary coating conposition; or (2)
contains at | east one conmponent in an anmount which is different fromthe
amount of the same component contained in the primary sizing or 20

secondary coat O i ti n t enbodj ment,, t secondary coating
conposi tion cohprl S ‘%gasa%ﬁes ﬁ%t}eée%{?ig}%?q?%d ﬂﬁgi gﬁng{égﬂ 8?%@0%%%%“5’60%
such as pol yur &t Hawmsght padehttvd tHectotal weight g haciee etrardasndgeleabyas td N
conpri ses sol |$ﬁ§ﬁﬁrt| c:{51 such as the POLAR f"HERMr) boron nitride

rt i

particles, and cl es, such as ROPAQUE(r) 25 pignents, which are
di scussed above. Pr'&feded;btymowﬁbzedmoaﬁhgraad also artcludg ohs oappreipalymelly passi ng

t he strand hav uld s condar coatln osi,tion applied thereto
through a f Pui Heeoge skl rerd SPEIRAREPER" P B a0 BR3¢ 1 s Lo
the tacky secpeigdefinscmavéntignat etapilisirs aodiothdd medifiead knoeinyn tHelzet Bbeands can be
assenbl ed i nt Oc@atin%@BHfég%ak%% %L&%tﬁﬁl ayer of tertiary coating 920 is

applied, as shown e or lam nate 910, which conbines
fabric 912 with a rles:hae@nbddimahtsaﬁbénntdaudiem;arisinglaextxtraht;cdﬂbyrsc@ﬂdmti ve

| 922, . F

i Soussed | at er Bkl nf g RN ot G Qmebb eTedlf flkalla 1070,
PCT/ USOO 2@@2390W@r%ldasﬁ)¢flti@b ptdeast ohe@sea.cm@cewamcdam cmagtositlor i ber st rand
310 f ht of th

310 5o, 12092 Leghfeh ool s G A Ll g o (he
powder ed coat i sRiNREGHonlasd alftmawweamemﬂmﬂmrszomhyrmdlswretei—‘partnteerapales such
as are di SCUS S A0 Lo 1R5SBGAI, Eodifl Y HEhSine ARt RRar W rncPRLapa! €71 NS:

conventi onal Izers an Iref's kKnown int
coatings, prefemaisipgiarpiutalijy efdivdesris atdeast pa!r&aibfmeatemuarmmary cmaaﬁngxma st rand

conpri singig pé.}_!ﬁ?hdrﬁ;ﬁ/qs%n Lhes %o éﬁ?éﬁ a p‘3ﬁ’1§+ of a0 {)flﬁ){ Ee%gfén%%f %& por ti on

prl mary coat i gffgb a Sl zing conposition a
of a surface e @ sgeordarygoatiigeconiposition mmsmgd@pymo@mmar@@mmmm on

conprising a H@ééf@edohfbn%?‘{h@rp‘nmanm loSflod, 2ndh té t:ozﬁn@%%b&moﬂf t he

primary conposi tion, and tert coat'i ng n conpri si
di screte parti anygns;@gqueélgr partsc!es app ied to at teast a portto": of the secondary coatmg

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 agqueous emulsion or a powdered coating
composition. The coating compositions comprise one or more coating .components
discussed above. -0

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 unidirectional fabrics}), knits and mats. In addition, the coated fiber strands
used as warp and weft {i.e., fill) strands of a fabric can be non-twisted (also referred

30 to as untwisted or zero twist) or twisted prior to weaving and the fabric can include

various combinations of both twisted and non-twisted warp and weft strands.
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to at least a portion of the secondary coating. In another enbodi nent, a
fiber strand conprising a plurality of fibers is at |east partially coated

wth a prwggiyz7eoati ng of a 15 sizing conposition appligérisweabsbeast a
portion of a surface of at |east one of said fibers, a secondary coating

conposition conprising a polymeric material applied to at |east a portion
of the primary conposition, and a tertiary coating conposition conprising
| anel |l ar particles applied to at |east a portion of the secondary coati ng.

In one preferred enbodi nent, at |east one of the coatings in each of the 20

f or egoi ng enbodi n@r@fe‘?reu%nﬁb&%h%rﬁf thé &e@émmveﬂituoanﬁﬂmraﬁcbtmpﬁrtmnt at
| east two of the coatings in each fore are the

Qi 93
sane. Addi t i eAfigd fpbrig ?P@‘pr'ﬂé‘ﬁtaf lepst QE’Ga&f f'}?gbeéﬁr s g’F'Bré‘ﬁ'Qﬂfep'Hfa WPt aqueous
emul si on or foePOUERIsEEH ﬁQﬁtdn%ovéIOTﬂiQSaﬁ bidBast ima|mgteagammrmawh fidr@NS
conpri se one or nore .c nents. . di 0 25_The vari ous
enbodi nent s %?Chtqﬁ@ec%%(’? dfg?fe‘?'gg $ SRS H‘Igsac‘li @ @Sﬁa‘s BFefRESused as
conti nUOUS SEdrAdipiated inthé lwseﬁtnmmsuedr=¢rrw<amdlevmeemefprredumbedumeﬁhofas
chopped strand, tw as._wovens

d
nonwovens (i ﬁcﬂ"iﬁ?ﬂﬁ'tﬂ‘?’iﬂq%lrsa@rgf’tlegg%?p g'alﬁ?ﬁ gggualiykcma{eg fﬁtmf cr?H’tpé's'"Q At addi ti on,

the coated fich&trongtstramdticompisig pﬁﬁaM@bﬁb@ijth&&i‘oﬁtu{g coenpnshglah)orgﬁnioands of a
fabric can be non-tw ste rotW|st)

al so referre
o i st od pRoTBRoTeD SELIGTRGT aRdER oviEG ool ondhetiydhr o B
conbi nat|onsmferlmhlatémpérhﬁebembomn twi sted warp and weft strands. -58 WO
01/ 12702 CTIl US 20523 Pr ef d| en ts of | nvention
include aR at |ea ﬁ&f‘}%‘meﬁ?eéﬁ '('fsf'étﬂ?veg OC"OFn?r F’ﬁ’g&ﬁc’?pé\g‘? one of the
fi ber strandacoeding fothepresemlinveafiort are applietittyen mddndsaid&:sedmmotﬂlet ail above.
Thus, an at coat d f.abr t he di scl osed
fi ber st randgmggﬁﬁ'gﬁgfrﬁé;% ‘B PRY 599)5‘) gﬁ‘le%l beéj SRgA gﬁ%P ?ﬁér
cont enpl at edembodnhnenqot‘maﬁaﬂing wnmmbntnomacdéodsngabodlnmbteserm iveptiopfie apmdd to

0 T o e B0, FE8E BlorhdtVe BoBlimiehie il Rf) BflclsBedBal | 251 Partially

coated fabric conp one stra Ising plurality of
fibers, flbe coati A@wghﬁm miongdiseussion gaganerally gt wa@lrﬁppyméhq: ar particles

having a theg gbg%%qg%@ ndrthe @bs rﬁ% élvsaﬁh d.remtofn dRRS fibSBREr fbefl 2

temperature 0 n one e ment _of {;Eesent i nvention, the
coating corrptosmngcﬁmd subsagiyertlyrigrorrerating the @éﬁéﬁlﬂfqih A ithmnprasentapplied to an

i ndi vi dual Sﬁtlonlﬁoﬁﬂ&ﬁ&%remb%ﬂmtmelnﬁﬁ@cdé édMbdsitioRBPIheed to at

| east one f| stran I n anot her enbodi ment e coating conposition
accor di ng t oPesentipestion isiappiiedity g fatris. JﬁﬁICP@WQFBmP?%@”f%Ber@PP*ﬁ%se

al ternatiyge eThefiEEbt skaffpfe, by hbplyify Heldafith tHQlBYt 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
processing of the fabric, the coating composition of the present invention can be
applied either directly to the glass fivers in the fabric or to another coating ~ '

25 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
coating composition of the present invention. This sizing removal can be
accomplished using techniques well known in the art, such as thermal treatment

30 orwashing of the fabric. In this instance, the coating composition would directly
coat the surface of the fibers of the fabric. If any portion of the sizing

composition initially applied to the glass fibers after forming is not removed, the
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15 Although the prior discussion is generally directed toward applying the
coating conposition of the present invention directly on glass fibers after
fiber formagyargd subsequently incorporating the fiberspppf@pehefabric, the
present invention also includes enbodi nents wherein the coating
conposition of the present invention is applied to a fabric. The coating
conposition can be applied 20 to a fabric, for exanple, by applying 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 techni gostihgwehboitianet thepresnt RivéntioPRpeadhd b dbplidtRovepthecessi ng of
the fabric, the coatin .con?ﬁsilion of the gﬁesent,in enth can be

appl i ed eit her "gI'#"2BY PYUPY 04 RR Siging sempesion Jatper thandiregily odheioef o anot her
coating 25 alrea&ymon the glass fibers and/or fabric. For exanple t he

gl ass fibers can be oat ed nventional star sizing after
formi ng and woven i Ht efﬁﬁ‘yf"%fme'%‘ﬁig"efpéﬁ%n ingertion. ﬁ"@ﬁ?mﬁ cf”P%%ﬂeéﬁ %o renmove
starch-oil & zth&gpopﬁmg)dﬁontnmsmppbfymégretsmmv@ﬁwnld&g mqmmltwﬁ@a@é t he present

invention. Thig. sSizin an be acco | i she t echpi ques wel |
known in the a ?E’SEWE%“’ @%‘ﬁt&;w;ng P%%?’ﬁéﬂf‘a i3 B?mmﬂesr?gthﬁf""?ﬁ‘@ fabric. In
this instance, cnmmsumatcange@mmsatueasbm&éndudlnfaael Irya maasdr siigr pur f ace of
the fibers of t fabri i Zi

| f an ortion of the sizin osi tion
initially appl |r?gdlts?)usﬁ ‘ia%cfvgs?’"}/? %eﬂn?%g‘lets@{adfegfﬂmﬂ@epg cﬁ‘BgnF 8d, the -59
WO 01/ 12702 PCT rotdSE IO rs mtd cptigpting Aibérs ianth fabfic WiietHeIreB&ihg | nvent i on
vvouldthen lLied OVer th renmal nin ortion of the sizing conposition
rather than i F%@Pﬂ?n }?ereﬁvbg}e re@ﬁ?’f“ﬁ%@ p?q&;ngsrmﬁ HWTEWHHF‘??ZHF of the
present i nvent safceséthredbent of thgratrizrdr soatithost skibeted ahpdrgniagasid i on of the
present invent hgﬂeg’gpeﬁgorgg% Eﬁ%‘%{%gt he glass fibers immediately after

form ng and the rémal ni ng ‘'of the coating conposition can be
applied to the fabrincamﬂ"@eprefarreldssmmdimenﬂ avcerdimgnothie psesehi iaventien, atfdiaic

di scussed abov 1 Le ent.s_gcan, be .renoved
e e T
r emai ni ng c privhgryacon a sehendagnaiatingon apmtion ei t her
el ect et compobiieny ShlrR feRecdiiy/ doBfiCeatiobfiporldhs fisBinddifle peleRs

anot her prefer h@d’@@rﬁ@m‘lmnndl@d‘dwmaﬂg than t Wettpperseaier K mmn':peratureaoﬁ abr ic

conprising at t one strand conprising a plurality of fibers is at |east
nmp 9 &5

partially
In another embodiment, a fabric comprising at least one strand comprising a

20 plurality of fibers is at least partially coated with coating comprising {a) lamellar,
inorganic particles having a Mohs' hardness value which does not exceed the Mohs'
hardness value of the at ieast one glass fiber, and (b) a film-forming material.

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

25 (a) metallic particles having a Mohs' hardness value which does not exceed the
Mohs' hardness vaiue 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-
forming material.

In another embediment, a fabric comprising at least one strand comprising a

30 plurality of fibers is at least partially coated with a primary coating and a secondary

coating on at least a portion of the primary coating, the secondary coating
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15 coated with a primary coating and a secondary coating on at |east a
portion of the primary coating, the secondary coating conprising particles

of an i nowgpashgsaterial having a thermal conductivitypgi@ssoosishan |
Watts per neter K at a tenperature of 300K, In another enbodi nent, a

fabric conprising at |east one strand conprising a 20 plurality of fibers

Is at least partially coated with coating conprising (a) |anellar,

i norgani c particles having a Mohs' hardness val ue whi ch does not exceed the

Mohs' hardness value of the at |east one glass fiber, and (b) a

fil mform ngomprising alpluriity yeihydasphilib partieled aticheabtorbant adtainvateriPthiesi Ng at

| east one st.r,an n lurality of fibers is-at' |east partially

coated with 'a‘e’g %SP%M?WQ@I n‘%rt% (a) nmetallic particles having a Mhs'

har dness val ue whn efill ahotiser eotbodixeatdf thé prebbritdnvehtiorn] adstsic\campdsing at he at

| east one gl the netal | i lcles bein cte fromindi um

thal | ium '%53%80%% grid comprising & %urgp]tg%éf?qeve as aa'ﬁam%ﬁfn {'tf?f:?ﬁ " ormi ng

mat eri al . 5I rcoanpositien omatjedstraa;mﬁonaoffaedurfhce afdhgpfabrc, tige msinl comphtisie st rand

conpri sing L artia ated with a

primary coa%oﬁg gaggdk%%'t'g %ﬂ'g‘ "smgbgaﬁ)étplhﬁaﬂé#°ii%§7t%§§?'c'§s b’é&l‘ﬁgg Mof t he

primary coatmatgrial$ belested ranargariomeierigls - ibGrgsic palyrhedddafefidls iSmposith 23

conpri sing RVANe) r LLLC . b rb and retain
%&LH{I@EJ\ Xmé?ureg'}/r%tr?o]ogﬂh% hg%.giﬁ% fué\ﬁ.], an %@LC?C% Sp% ¢ gze |

water in the ntersiices o anot her
enbodi ment  gheasweedmosersing tbrlaﬁsnsciauaringararmmglfmntdm Bsmlq'gmaters (Badt one

strand cogPribsk Be @bnayus%afe\f. Rlindrbiioh AP oy pﬁ&%@gawés A8t Ng S

conposition on at |eas £ion rc Yesin
conpati bl e %dﬁﬁtwﬁjmrfpmng materigbnprising (a) a plurality of discrete

part | cl es Tormed ih SRbthe! BhEIdALR, & RbAE LARordd B UaBPlCafifl BblBlng 4 nor 9ani ¢

pol ymeric materials, conposi hat er m Xt ur es e €0
particles haWagy Qﬁf%h%@%fﬁqumﬂ%blg icoating ceppesitierdornatdesstia ngrtion of aser

scattering, 4ap@oes fh@%ﬂr@: thelr ?srlﬁc%[iétﬂlgeéo%ﬁrﬁ c&@osl{i‘ibn &8mb (aPa'€

Iubr|C|ous material different omsaid pluralit éﬁ@ dlscret partlcles
and (c) Tat Rlwally obgjscrete; ROF-WARN naﬁgt%&fem%q from majgrigistisiectedifion ereatic a

fabric CO”prrh&bﬁ'ﬂs %Hp%&?émgﬁﬁaﬁtah@%d%mér&f%daat |t ibritio g& fibers has
a resin corrpatl Ie coatl ng conposition on at | east a pOI‘tIOI’l (0} a surface

of the fabr imatefi3diffegant Ff°6'tﬁﬁ5’a?'}"[?l”é of diatretePatisitSosi ti on conprising (a) a 15
plurality of di sqh@hstheMSHiooM¥ntdRiHe grésRht ihesrtiBR o faBie SeMRkinglatleaql ect ed
from organic one strand comprising a plurality of fibers has a resin compatible coating composition
20 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
least one strand comprising a plurality of fibers, wherein at least a portion of the "~
25 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
therethrough. Air permeability can be measured by ASTM D 737 Standard Test
30 Method for Air Permeability of Textile Fabrics, which is specifically incorporated by

reference herein.
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materials, conposite materials and m xtures thereof, and at |east one

| ubricious nmaterial different fromsaid plurality of discrete particles.
| n anot her ygpfiadigaent of the present invention, a fabriceenuibhed g at

| east one strand conprising a plurality of fibers has a resin conpatible
coating conposition 20 on at |least a portion of a surface of the fabric,
the resin conpatible coating conposition conprising (a) a plurality of

hol | ow organic particles, and (b) at |east one polyneric materi al
different fromthe holl ow organic particles. Another enbodi ment of present

invention is directmgsd orApdnafEiusedIidseVaNEustEmbotiRpls RGeSkl from
conprising a pI uraljty of fibers, wherein at |l east a portion of the - 25

fabric has a rE%F??“@SﬁﬁFEP?Qﬁ“? %%F&F’feﬁgab\m"i [} af¢jianabeomnoReTts 6 F#o Paingi ng

fromO.1 to l.RlecRGroaithdsd reb®dd@nbelity, nmeasured according to ASTM D 737,
of no greater than 10 standard cubic feetb%x m nut e er square foot. As

used herein, "BRPeeTERaBPrdment ofihepeesepbinyaitinh Ajpkicad ptpgmre@fqrge 0 flow

of air thesetduddgs suppdrt i A1a0E 8P almdihodCdmphging BasslR@f.by ASTM D 737
Standard Test 30 Method for Air Permeability of Tex Ie F?brlcs which is

speci fical |y i ncor p&r at 88tang 3t laghongdill YR eMprising 3 PUigslity 9f ibere gnd

PCT/ US00/ 205231avfﬁb%3‘?st¢@§lﬂ9@c§lﬁ;§§tr§!elb§§td1§idh dt RS ta ¥eridrosisheeatadt SRS can be
selected fromthe coating conponents di scussed above, and additi onal

conponents caf®dlso be selected fromthose recited above. In a preferred
enbodi nent of the mp)eserabtairmgamtéaerbneauafrﬁbam@omdﬁm@dpmmwye'rrtte@g am an 5

el ectronic IS hod S|n the s

obtai ni ng 10 TESED acweot e paRRIANSY =St PRITRR o1 'BF o Prspbhnd
having a fi rstwa*rggam sehpati bl e coatl ng on at least a portion of the at

| east one fill ya (b)._obt ast 0 arn co rising a
plurality of fiberd “)ei‘w"% &g"é Hﬁmraé‘g%f?\,\%(g‘%ﬁg?qwaé P¥d8ting on at
| east a porti dmaviag attb& (atngzhxﬁxaﬁdf léssmanvm perg&itiby walytht odormefrricgddphsel at

| east one fill ar and egecggat | east one warp yarn having a | oss on

i gnition of Iég PEEMPBy weight to forma fabric adapted to
reinforce h el ect m@an edeﬁum'{awmbccﬂxﬁedt of the pest@ntinentidn, efdnidisessembledt he

PLesen ey ot BN i il b SRS RRL N
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 surfacas 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 af 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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plurality of glass fibers having on at |east a portion of surfaces thereof
a coating according to any of the previous enbodi nents, either

i ndi vi dugy yl ko2l N conbi nation, which inhibit abrasiveye@oais2i he
surfaces o e plurality of gI ass fibers, in sliding 20 contact with
surface asperltles of a portion of a fabr| c assenbly device, the surface
asperities having a Mohs' hardness value which is greater than a Mbhs'

har dness val ue of glass fibers of the first glass fiber strand; and (b)
interweaving the first glass fiber strand with a second fiber strand to

forma fabric. Fygfher;grpadesseaipdrtieh om@ gwseasértstrbmwﬁoh@at SUrRcéli 1 ect ed to
met hods for 25 i nh| biting abrasive wear ber strand COW‘” si ng

| east one glaseeritesipéa sp @l?%lth@s“’%ﬁﬁaﬁm'ﬁ? P‘H’"!ﬂﬁ 'P%{e'éeséé’ﬁlé‘F jcBds of a

solid object reaapahbﬁbmardnegavmfyh@a |Gast 084 gua@ mmsn thaPabrasiédwedrng to
any of the preV| ous I ment s elthgf_ I ndi vi dual nbi nation, to

at | east a pithe Fleast °%P s'a#% ftikes of e olass fiberstrang by ?ﬂ"&%&‘"’lﬂ? %‘grsug?c"a gl ass

fiber st r@n%spéﬁne(sb)rtrﬁ.ktsoh@aﬁéctwmhnbwédbytdé)ébéimgfcbmpmom tionto forma
sized glass fiber strand awq“% a residue of th nposi tjon upon at | east

a portion of the AsA%oNedhe Fompapentsof fheLoptingsdisgd ﬁ'stgesfel?f’ét?"d WO

01/12702 PCTid Saliuted{¥eahs the(dbhtitd ¢oipdests dlse@éi;bd abcmr andadditfonalhe gl ass fiber
strand to contact surface asper ob ect, the surface

asperities HRMAPERSKaR ARS8 s@'&ﬂﬁ%g’ﬁﬁ%‘ﬁe 'EC"earaB r than a hardness val ue
of the at |east omé@ka@a%éﬂ Qhds smmotmaramrmctwomrthereﬁomh@:cat | east
one glass . fiber of th gass fd%r str cont.act P Ee .sur ce5
asperitiig oAs ﬁ8°%1611?§5’ I5hiested 9 V?rﬁ?f‘ W‘f"ﬂ%vﬂr@ﬁ?r‘?@p As
above, the cqapeiienbly ueéd h@@m@aémaguwmlremsfortctmgsaelymhomamnﬁaem be
selected fro th coatlngqg g‘g‘g ts di cuss bo e 8‘6“9 u?%d t(sjonal
conponents C %'5‘ $ EOoaIsER ﬂ?Fﬁ QN Y- eH’ EB&0O® AT ed i ber
strands 10, &15]1 beldvd 8ikch gpplichtiotssintlodereut ardinstdifnitedito Isminiates 16 peistetihe coat ed
fabrics 1ectLed, AR o BiedtantiRlheldlofmihilfioh8 Lty 2Rk vARRELERL Ons, but

are preferabf'§! Fernforci ng polymeric matrix
mat er i al $5 A4ddindositésor m a conposite 414, such as is shown in Fig. 4, which

o og P S e oafb diahad Sl Wibricduf lheHRlen Rt ABR aldllifiy bt 2 e ot

limted to | anmi nate oards reinf cerrer¥tsfor
t el ecommuni ceﬁmnaﬂbleaatbll tﬂsqal aolimerig inelis resinscysed & r@@kﬂﬁscrttoeg sumpasts@ndt ed

strands and fARld GRuRboddE MY KRIRBH, thO¥&HEd Mikr Srghdeafd &1itBBE Yor 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 with such resin systems. It has been observed that weaving
characteristics of fiber strands coated with a coating composition comprising _
particles 18 in accordance with the present inverition 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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conpatible wth typical polyneric matrix resins used to nake el ectronic
supports and printed circuit boards. In addition, the coated fiber strands
are suitablgf@fzdsse on air-jet |oons, which are comonl, Téklg&}%;zg make t he
reinforcing fabrics for such 20 applications. Conventional srzin

conpositions applied to fibers to be woven using air-jet |oons include
conponents such as starches and oils that are generally not conpatible

wi th such resin systens. It has been observed that weaving characteristics
of fiber strands coated with a coating conposition conprising particles 18
in accordance eharacteristic jortes eoutihg singlat todhe dyputoisarmaharatiofstion ai/a stgreB5
characteristicg fiber strands coated with conventional starch/oil based
si zi ng corrpos&l ofis and are conpatible with FR-4 epoxy resins. Although
not neant to be bdumb:tmptwrsyrapmmﬁtbmbmemhwem;on,ﬂhé phasicleskaeved t hat the

Crar oh componer e etdRERbvs ERRbeL Ryl Bt P STRCi P Relil i ng

processi ng &ndfley ¢f- -thenatve matergidipembetwiedn togmbreeuidkly aed/essrafoymil Weesut

2 anner i 11 o7 oo Bt B kS ol kil “SRebd  PEEenf horiaelitge T "

conpati bility high strandlvpemmss (discessed me)avhlcﬂ-‘aho feotiitateh dow ohepaitdsi cl es 18

oL, S AT AR b

coating. In thearigiestaad extaedf@oveaidht pheeptrof tertdtal SWMﬂtbmc:odtthc@ﬁﬂSdsﬁﬁhes can

Faci i tat 005 AP 57 (R LBt o 88 PRI B e o s Snel

and/ or unifor rhaymélan@m chardctagstics lat leaajhomherab*eltmstand{; witheut ser manitle

Addi tionally, §t rands preferably have high strand openness (discussed
above) which aI so tacilitates flow of the matrix material into the

bundl es. Sur pri si ndigjerrignayeiotfig. B, end ediantage of the heatedrstarids of thepeasehc| es can
exceed 20 wei i co sition 10
applied to thgh\hngg E%!ﬂln&%?k@tgag%ﬁ%Ifﬁfé)&%ﬂgorg&%n@qﬁ%g’%@gers and
provi de st?%nﬁran%‘é&lnd‘@\’haﬁw ¢wg!:rtgmrtm:mrfam b&t‘semthé st StDambthabl e t o
strands wi t hoyly o t one
advant age. of ;Hﬁefrﬁcé‘?o:gfrga?ﬁ Srﬁirstgrr;] A%%‘ b@ﬁd m@ia@:'éf%oﬂ&mﬁ%ﬂh%J?ogf?e%r g[%ﬁg L ari nat es
810 made fromtatshtie staliity and cenigtencatte n'gtaﬂ migratisat(ereviodshsdiseuseed) ran have good
coupling at ! edihiESlans BES RBE thfifahfbb 6,912 and the palymeric matrix

material 814. Good interfacia cou can provide for good
In another non-limiting embodxment 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 these skilled in the art.-Cna such technique uses twist frames to im;iart

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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hydrol ytic stability and resistance to nmetal mgration (previously

di scussed) in electronic supports 818 nmade from | am nates 810. | n anot her
non-1i m t{yahAeedi ment shown in Fig. 5, coated fiber stprgadenaddd 20 nade
according to the present invention can be used as warp and/or weft strands
514, and 516 in a knit or woven fabric 512 reinforcenent, preferably to
forma lamnate for a printed circuit board (shown in Figs. 7-9). Al though
not required, the warp strands 514 can be twi sted prior to use by any
conventional tw sting technique known to those skilled in the art. -

such techni quRtHeRS stioM &l a EHANEIB o Oait jé'PBthn ot PagidMicdm, tbQ:t 5@%@&@ fhr%‘a 0. 5 tO
3 turns per inch. The reinforcing fabric 512 can preferab I nC e5to

100 warp st r &i§thg agAr J%‘é?°"ﬁeﬁqu?|‘éﬁcbﬁ'”€h’ﬁﬁ’ﬂ§ a@"t"ﬁ“?’?ﬂ"waﬁab'%{‘?fand per inch)

and pr ef er abltsubaenta dfQa aseﬁnbdawoanm ne3| msmﬂm%uxz!eahqwoaé Nd. about
127 weft strands per inc weave construction can be a reqular plain

weave or mesh- ?@Ho'ﬂ?mqprﬁr aZO%Wh'C'aFﬁﬁ?u@?Ffaﬁ!y eiable firm Buizgr Biojhess wel |

known to 3 tLl'rmefzdﬂchlWMeﬁaﬁdi%narrbyo@uadsueaﬂoaJMbI weave or satin weave,
can be:used. In one e t abl e woven relnforC|ng fabric 512 of

the present i nvelﬁsl%g}‘)’gal‘f’nﬁg f‘%‘ieﬁe‘i‘j”ﬁglw‘i%’i"}?def&ﬁ/t°@dﬁ%?ft faksicayeavivam wel |
knO\r/]vnt E f) t lhossmglﬁnlduqet |oor662M@|ﬁ%1r2#i@26)WH5me%%Mem §1teis ?Pf’]gsbste&gCh as
a shuttle lo air om i er refera |s or ne
usi ng an ai rojqétthq‘ﬁ E‘?ﬁ' g¥ 3P%§H°€q%mﬁr%s§e‘1?8'6pr€k]€§? °88f'?fr@l° alf et nozglss | abl e
]Ic\/tr) gml Eudakﬂéﬂ%wﬁ&p&l@sﬁﬁarﬁ&d@l gé\blscus&&ﬁabdbGBIhéﬂlBﬁarﬁsrii%rop%_u%dglr R]chtl

e re co a avai |l abl e from
sul zer Brd heaFE"S%gl%"g‘]"%gﬁ '?eL’ﬁg"“seﬁ%h?quéﬂ ﬁ  AdESeNo. IATE10.
As set forth prefetably 0f 9Ometess (about asenchee)aw thgcbmbfesgedtaw a type of f?blr: c

[ [ Lr. J 626 arn

Cnet 1) 2610°1 o1 nadRe 2l It pg SR fap BAa A andlg: milp rataie S1€ BulpeRBuy ai  G14
f_rom one or ralsodwsiarplnjarahty nbsmipmnen&itﬁ rélahomlesrszmagmg tie \aﬁrﬂ sﬁed 6128fr
di scussed aboyddifialit Lt o lbcharl Sir BoORAL fiflydh 676 IR Sinfalliindadlifng 62 Of
the fabric 628 (a ?38 Srabout 6 Skt PiRLKRY 9631790, 91
nmet ers (atﬁ)utalﬁﬁessnlﬂmbebgmta‘l@ttavaqseemeﬂdtaﬁﬂdr ofﬂhefamc 6]2&t The bsh ng system

cuppl orent ar yProiecre.(FRbb) SpEAeR e mat by PEEIEE B ihergBlyaGnaliof RS ¥
bl asts of supiB&iteftasaaly (kha) (@Rt !@tqab@uf 6Q wouylds per&0arednang(psil) cand radre
oo oot FUeRRHIOA R A OGN ARe Myt iEBOER D ! 12
preferably rahresRuf gﬁq,dlgglr ied nozzle unit Mo eI 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 810 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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413 kil oPascal s (kPa) (about 15 to about 60 pounds per square inch (psi)),
and nore preferably is 310 kPa (about 45 psi). The preferred style of main
air nozzle‘gég ,2 Sulzer Ruti needle air jet nozzle unit Ibdel No. 044
455 001 whic has an internal 20 air jet chanber having ACHUSAR 617 of 2
mllinmeters and.a nozzle exit tube 619 having a |length 621 of 20
centineters (comercially available from Sul zer Ruti of Spartanburg, North
Carolina). Preferably, the air jet filling systemhas 15 to 20

suppl ementary air nozzles 620 which supply auxiliary blasts of air in the

510 acr oss 1 e Taeeronifanipieted et el dyaho bR i Bk Mg n” "

suppl enent ary @ by acutidr&3620 preferably ranges from3 to 6 bars. The fill

yarn 610 is drawn ng.s m. 632 at a
feed rate of 180 tohg%hﬁettﬁ“’gmya&&%%% p@%%&@oﬁ?s rablyagiyﬁgbﬁ?

(about 300 yarwegyingeroagsscarebe dﬁi@’l’rﬁneldlbyylmﬁo"mm msthﬁedvhqhtwdl gelneranyibm nozzl e
618 30 throgg la.SdA; gth of
yarn  (approx Sar e & terafh S e Rebesdh 00 ot BT P8 Bl S Lgh "t he
conf :Js?r dgwt ﬂeTfaﬁSpeﬁéﬂma:EmO&]T et IOmeRGY MESDCE 18 ZEGctivaie pulfifysfoica $erdgi ?nbl s
conpl ete grﬂ% cut by a
cutter 634. Tﬁce’l%g r?%a’% oX?ﬁéEaWaﬁ%@%géﬂ Eﬁlemégmg%ﬁéetgo%#%&ﬁ? é’F@nt yar ns
with the air JCétthe a,waam!nywmmgtbeésaachmam@am!emeﬁabairama/uﬂzienfetﬂr& (abbuntg

t hod, which
et o, Ch ot R s SOkl LB P
used to meHSurdS50RS whichihae aninteroal gietichambdr deviag ¢ d@mgar Gﬁbvf(.?sﬂ!)lmeteﬁ t ed
upon the yarn 4g atr{b%z%%&i?tdbﬁ g‘ﬁ’é‘ h‘l"‘g'f;hné l@t‘\é{h 5he o?%Or c%%?tgﬁz(éc{nﬁng&a!i e force

of the air jet. In this net n sa a rate of 274
meters (about aVBW’%/fm@'Zﬁe’?UtmfrﬁH@*éﬁﬁbhmot@ﬁh Garglina et arRuit presseredif 81Qi r | et

nozzle unit Mggbashios (Qﬂ)ﬁt @pé}ﬁﬁs QQ'qu\’}Q’e bgﬁﬁ@n AltHsfrad: i o%zt:%(%i ﬁhanber

havi ng a dianeter 617 limeters o0zzle exit t aving a
| ength 621 of °P0RElMHi tﬁ%ﬁ'@ﬁs?“@@@ﬁﬂﬁémﬂoaiolfpe yaio ahtedns the g istn@alezdhe Rut i of

Spar t anburgs m:sudmémw@)a Abadifenfink ofth@ 8 Broliardd fhredf bleXRBBAAH S (about

45 pounds per square inch) g A tensiometer Is positlone cont act
with the yam &f® -‘é?"b&#tei%’de*p?sit ? YA is piileq inforthe A ist F%let he air jet nozzle.

The 15 tensi onmet er TRE @iigd6ite RefMATHHE ¥BA be fed 16 1R rsngﬁ@ cs%?r%eﬁorce)

exerted upon ; yam by the air jet as the yamis pu into air jet
nozzle. The di° &fﬂé?@@'eaefowﬁlat'vmaﬁm the dirafarcgsnegsyamps #er rel ati ve
conpari son 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) (pgass) (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 p,.; is the density of the glass at a temperature of 25°C

(about 2.6 grams per cubic centimeter). Table C lists the diameters and number of
25 fibers in a yarn for several typical glass fiber yarn products.

Table C
Yarn type Fiber Diameter Number of Fibers in Bundie
(centimeters)
G75 9 x 10* 400
G150 gx10¢ 200
E225 7 x 10° 200
D450 572 x10* 200
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of yarn sanples. For relative conparison, the drag force neasurenents are
normal i zed over a one centineter |ength of yarn. The Gram Mass of a one 20
centi met efyologigoh of yarn can be determi ned according teckes@ioe3 2: G am
Mass = (n (d/2)2) (N (pg,ass) (1 centimeter length of yarn) (Eg. 2) where
dis the dianeter of a single fiber of the yarn bundle, N is the nunber of
fibers in the yarn bundle and p.155 is the density of the glass at a
tenperature of 25C (about 2.6 grams per cubic centineter). Table Clists
the dianmeters and nunber of 25 fibers in a yarn for several typical glass
fiber yarn productEnrexé’mblleethé?@(ahquspefEbbecerﬁmtmi@gthmlﬁmryamﬁs Fi bers in

Bundl 2 10, 400.G150 7 0" 200
D450 ©. 70 x 108 5802 HORY @ Sams A S RIBeE 56 59 ey REG vEm) e r am
Mass of a oneb.8Zrt1Dfrgtaen mlaemgﬁdr mfso@aﬁ tﬁarGrasa Mass(91.84 £002gram ngak80) ( 2. 6

t
o am nes.  Folesagve SRy Forks B asRg 2 ot ToRRR trad Pk pabubtedye
rel ative d§ agpyfqule_g ngrdragfdrcmmesswérﬁem (gret fdrcejraapamineBbatheRonsidnater S
by the.t ens SR Sl ne B el B B R T ST W el Brs ror
exanpl e, for yarsafthé éensfonefés measumremenf of theediag fscais®B &( ther delkicseent I of the
d f to 68.5
oraaforve | Spherin SR ht e o ABFARER: IR0 TBLER o TR 1008

Al r Jet Transpavigrarbnegs bbyare of the yarn used to form a woven fabric for a

! fam nate COI’ di ngTI‘BAIFE%TP;ﬂ%E%S?{éQWO?%t%Q% gaqr?hgé’og‘o ?cbr% acg\‘%é(ill nigfft o the

Air Jet ansport orce cCusse Ur abl y
greater than a bomabe)acchrdim fodhe prepent inyeatinnndsisrnofied/ancordings thepvirakeer abl y

ror e pr cf or bl " Andaas FORS IO BRATHAAIEE RikeTh BRIEST gRret BBl (TN Maes
of yarn. The f%mqocgr@ﬂ ferke ppir gremmpasis ol ¥atn.i roereipsefgnably canges fromd0eA00 o a styl e
which is suiigid d(r%'ﬁ f&re€ Rérngramlrﬁégs%%ﬁn f Qs 98n RloRESERMLT Mg ok OF
printed circuit boar suc
15 120,000 to 300,000 gram force per gram mass of yarn.
The fabric of the present invention is preferably woven in 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 yamns 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 1xG (E225 1/0) warp and fil v
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 yamns and 31 fill yarns per inch); uses 9 68 1x0 (G75 1/0) warp and fill
30 yarns; has a nominal fabric thickneés of 0.173 millimeters (about 0.0068 inches); and
é 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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as are disclosed in "Fabrics Around the Wrld", a technical bulletin of

G ark- Schwebel, Inc. of Anderson, South Carolina (1995), which is

speci fi cal lwobneesporated 20 by reference herein. The | agchalksesan be a
uni directional |amnate wherein nost of the fibers, yarns or strands in
each | ayer of fabric are oriented in the same direction. For exanple, a
non-limting fabric style using E225 E-glass fiber yarns is Style 2116,
whi ch has 118 warp yarns and 114 fill (or weft) yarns per 5 centineters
(60 warp yarns and 58 fill yarns per inch); uses 7 22 1x0 (E225 1/0) warp
and fill 25 yaffyg 108@swhicinbas 18l wérplaine ahd D8 Kingsss mir 5QGefiBvetans|(60 waiper s

bor sauar e et St s af AEyesd SR hE oH5 1L i lnaSE Ry eM vty O
exanpl e of a f atminel fabrid thickreise of C053 fiphaasrs (atfoub®002 andhas); andSh fbAc 7628,
and 31 1111 yaneBnY @8 s B colars nEENGRRRLAR LS B Hi T s
yarns; has & nitmitingbxdnaie ofca mbmmwesnsmgbsco Eﬁ&saﬂbériya&k%&yk&b@@hi& 0068
nehes) | and Bed i g Bl i 8 ATl L R 30 0,
D450 E- gl ass f ydres pgrdnghs; Lsss 5§65 mqosmmma@@w HSEDhL 652 3 nobingl fabri080,
varns ang 471 1ol BRagRtindels! Ghod 8IS G o b RS iR of 858 100 111
yarns; has a Qr@msmr Scﬂm imetet tabom&owfceé)pe}%uam y&ndireArtiser Gadtmilting. 0021
inches): ang aqfahsi 8fd;3%r1&9§%99én469§?g ?JEEfBeerr 18 e R S rgérﬁl?b"“t 1.38

ounces per square'y exa W8ysi ng
D900 E-gl ass fwmymdl%ﬁfswmep&mszenmem (Sﬁasrmﬁemnmrqmmmryams@ﬂd 110

ill j i i nch);
Uses 555" 1o OB b i (ot 1) RafibdimaRie de d noinal BRF ifikhess
t hi ckness of 001'0'8@1ﬂﬂi”?ﬂm @bglﬂ((hmtmmee))land mfabats\)/elglatruﬂttangeetmés mrﬁel ?Et of
24. 4 r @:89 1 not her
non- 1| i gr%r?lrrfl pi%q%gé;ﬁ%%e{%?& ! 4a ri g rsﬁuaugs,%g 85%?@1@ %@r yarns is
Style 108, 1 |i9hn¢1%tsleymg bmarﬁizgianm§4é®ameb¢rlyamamstplerz153 cgihitast ers (60
warp yams and {4 \Lér{a ?1%"5?! yarERr s cléﬁfﬁﬁet?rsg&g\%%i 19\?%99 %/ﬂ? \é\%(r)gt and

fill yarns; has a abric thickness ers
0. 0024 i nches)Peréﬁfﬁﬂ) a‘sﬁﬁbﬁi dxnii2ghtl /o varpryabn gnceind! Her(D48Q (/) Bl yme; éms (about

L 40 ounces ped ngikal SukAhilnesbonohrd nfirchdld (BT, ey Land ppho ot ©

usi ng both E225 and ass yarns |s as 118
warp yarns andvaigtf of irg0 W%@erﬁé*ﬁafﬁ "!?éﬁft(?*?ﬁé*t 288 W@@S PRI Ssuyarysrdng nd6- il |

yarns DFV 20NCinitind SReple 4 1A sl deing bl CEBLRd ¥3% B.4and féerjylarnjs)fs(.)S&/BZBO
170) fill yar n7535%5hlch has 87 warp yarns and 57 fill yarns per 5 centimeters (44 warp yarns

and 28 fill yarns per inch); uses 9 68 1x0 (G75 1/0) warp yarn and 8 99 1x0 (G50

1/0) il yarn; has a nominal fabric thickness of 0.201 millimeters (about 0.0079

inches), and a fabric weight of 232.3 grams per squiars 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 1987}, 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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a nom nal fabric thickness of 0.079 mllineters (about 0.0031 inches); and
a fabric weight of 78.0 granms per square neter (about 2.30 ounces per

squar e yag@hiifenon 20 limting exanple of a fabric stypermusdongszpoth G50
and G5 E-glass fiber yarns is Style 7535 which has 87 warp yarns and 57

fill yarns per 5 centineters (44 warp yarns and 29 fill yarns per inch);
uses 9 68 1x0 (G75 1/0) warp yarn and 9 99 1x0 (GO0 1/0) fill yarn; has a
nom nal fabric thickness of 0.201 mllinmeters (about 0.0079 inches); and a

fabric weight of 232.3 grans per sgl;are neter (about 6.85 ounces per 25

square yard). Thegearegrdbadirent dﬂﬂﬁ:fptése‘nahwémioa,tsohﬁ orf2i of fhe kD @i M Bedi ven
in | PCEG 14 "Sge%ifi ation %‘90 h ﬁ fhed Fabrl(f \Wven frogj "E' dass for
Printed Boar &RNC AN NAYRRErS ¢qated Wb SISt feRi0coMpetible §#ing FABRASEIRRERE i ng and
Packagi ng El someangitofthe fillydrs carf BavecfibkBOcOatedwithchsdcend iesinicompatitly

I ncor por at ed

h 30 af d fab
styl es use t\?mg%t{ngdj fgegﬁ%grgmrlﬁe F?pﬁwoéﬂﬁﬁat <] h?e%egf’n?ﬁ%é‘ggg'?n 6‘8%§Pta‘"galralrfc
styl es usidng atieast-dneicetpyrert whish is chemicaly dlffe(eomndm inrform frdmétie i N | i eu of
t ted de jn.. t t -68 WO
01/ 12702 berrorpRane IR el S B ESHRARRR: Sl B BRR e SR LT Meome or
all of the wanmpmgantwihich 'stdifferéra[mhnheamomt\cétﬁelslaees:omammcamtiuhedimfI rst
resin comnpat k@'?sf?'ﬂs{]%ﬂ&%gmﬁ' tion and sone or all of the fill yarn can

have fibers coa second resin conpatible coating differing from
the first conposi Refaningnow to Fichd, thedahris 7d8repo beé usasitofdin zcompsitsob at | east

one conp n | ' ' ol : . f fromthe
conponenﬁ E’e o?aret"ﬂéetg_? i1lr‘§¥ %@P%@wg}é}?ﬂﬁgﬁ'ﬁﬁ"ﬂg% "%E'{ 'ﬁétg?éérbréfg{fmyl &ast one
conponent i n polumetifilmforming dterngplasticios thenmosettingindtex matedali716f Thee sane

component coRbAHAGH dr m.msmrssgupsmémsgggpﬁénb&m:suﬁéf% (gkgnow o Fig.

7, the fabric used orma co e 714 by
coating and/ d?pl’ellmmlefgmwlsﬁgpw tmeans mfﬂﬁwedmtemcaamcqﬂveﬂmtmtmapdlar pol ymeric

filmfornng etéaﬁrcgmh@%hﬁec% e[mgﬁt@v&%rhbueg.nemé It mtn%{ irffted {d; Bctivd'©

corrp05|te or | am nate i's sult for use as an el ectroni c support. As
used herl& ne'ech’é‘éF?fBPﬂr@“E?uBEﬁ?WP e‘ﬁ?ﬁ'ﬁ‘i‘i% c@meqnentst Eﬂ'l*;e"c Hrgtitsyintegsated al | y

supports and/c%unseéeemédddgab# devidel Ah& BiRBLRArawsre B8 ated WiltPdlch 8Rnidhtd ude, but
are not limted t active 15 electronic coni};onent S, passive electronic
i

conponent s, m‘l‘i’!’@cp“éf‘?td'm'tﬁg to cANNEEIPES SRPkets; E?lﬂ"igsc"p§é’ﬁﬁ bestdinks-or devi ces
and ot her har dwar ﬂrmrﬂﬁdﬂﬂnéﬂté Bf tﬁb‘@fbs@htﬂﬁﬂéﬂﬁ& ark Affbdiet 3G Rinfored | i mted

to connector Scomggéitié%%%pngl% gtl Igésrt] ng lpg lgl c%gtedr}ggrtstrsalncril légmpnsmg 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 composite comprising a matrix material and at
least one partially cuaied fiber strand comprising a plurality of fibers, the coatihg

25 comeprising 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 directéd toa
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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Preferred enbodi nents of the present invention are directed to a reinforced
conposite conprising at |east one partial coated fiber strand conprising a
plurality afoeidfd7da bers di scussed in detail above. Re|nfggq mﬁﬁﬁBOSIteS
made from each of the disclosed fiber strands conprising a plurality of
fibers are therefore contenplated by the present invention. For exanple,
one preferred enbodi nent of the present invention is directed to a

rei nforced conposite conprising a matrix material and at |east one
partially coaled fiber strand conprising a plurality of fibers, the coating

25 conpri sing fmfsprr@amta@ng:wmmgta rafi8ud ﬁ%ﬂ'a’q@éou@%&ﬁwb&uﬁ}% caﬁmhs’wga@ 4 her mal
conductivity of a per neter K at a tenperature

Anot her prefer'?"éraﬁéﬁﬁ‘gﬁ‘frﬁt@r??”ﬁiestf Hmep fregdnaterialy aipgt "‘?’%0@??‘66{3&5@1’50 a

rei nf orced conﬁ@gmepamd Hhtedalb ac)onﬁbas@tmé@ﬁeaé azﬁﬁﬁtxmés} Meresﬁb £t zéésbef
strand conpri sin Iura bers, the cgatln rising at | east

one |anellar pa¥t s%rgﬁ%ﬁ%rﬂt fromysaid plrality o ?‘P‘HPep?EFearﬁi‘ﬁWé)rafpref erred
enbodi ment §s fdasteﬁémdw-foﬁmagh@téﬁaeraﬁ@(b)raoﬁmmmm@naxconprI sing (a) an at

| east partially CO%@ ber strand cong ing a plurality of glass -69 WO
01/ 12702 PCT/ US00/ ?30 ¢ RsefpEed pRROYIHERt o fredrRsh @Y%Of&*srdé@@t%@ 2f an
aqueous corrpoa—emfmmmbtxfd dtehdrisihg at !eéétléhélﬁbér)étrﬁrﬁd SHSEMatni nfaddiial, Cl es
formed frommateri.als ected fromorganic materials, . inorgani ¢ polyneric

materials, confEFE erfﬁ’f' ?"'QI@%‘PB"“WJQ &5 CRWPEYeS AdBFidue ofian agkequeast  one

| ubrici ous natmkipakitish ééne;frsmg (é}r@ﬁu:%ﬁty@f mwétalpahme@?orﬁkbé erbRinfatdiald | Cl es;
and (iii) mat er X b) a matrix materlal

st one
Still anotﬂé s&ieg rf'fogij"r@ﬁf%maff‘éﬁ[? lagrgpﬁgpﬁiy@gwaqeﬁ BrfereRsiednaieiealct ed to
a rei n}‘ orced mmnﬂsthetsehemﬁqubp a lg@tahe tueﬂxséusoﬁﬁerfxdf BifereBt fréHh Said Pidrafity ”gt ri Xf
materia further conprises a residue o
an aqueous g.gre% %ﬁ'ﬁ{‘:@?’fﬁﬁ?#&?ﬁﬁ ST)‘)’ B] @F@Fq P@e5Rl di screte particles
formed from mat erl aslnsthéf)premlneﬁteaﬂ:oﬁxmm ﬁrtlwﬂireﬁenmb@ftioahzﬁdxrebt@@!cg@m C
pol ymeri c mat ite materi al hereof; (b) at

| east one | ubrle'gl ‘ﬁ:’gc ngig‘fe GOTRIPIPg £ aéﬁ‘f‘saf '|E8§1p§g1f’@ ?ﬂafeﬁdaftbfefif’a”‘éf di screte

parti cl es; 1@andofwyisiag a lphaality ofrpask ifibers fthe odatigg owrh@isingl a redidod sten spuefer r ed
conpri sing (2 aroBie Sl B SR AR pPal S Rl e B o o &
plurality of glissae paideswhith bamt«dnh@ heinpss aluegvhichrdess dotexededan aqueous
basy s of di sarie kel iRk B ol o o i PRS0 SatGirailh docs
not exceed a Another preferred embodxment 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 compaosition comprising greater than 20 weight percent on a total solids
basis of discrete particles which have a Mohs’ hardness value which does not
exceed a Mons' hardness value of at least one of said glass fibers.
25 An additional embodiment of the prasent invention is directed to a reinforced
compasite 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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Mohs' hardness val ue of at |east one of said glass fibers; and (b) a matrix
material. Another preferred enbodinent is directed to a reinforced

conposi t 6ygQeB0Pri sing at | east one fiber strand conprpgi/fsodesdbural ity of
glass fibers and a matrix material, wherein the reinforced conposite

further conprises a residue of an aqueous conposition conprising greater
than 20 wei ght percent on a total solids basis of discrete particles which
have a Mbhs' hardness val ue whi ch does not exceed a Mbhs' hardness val ue
of at |least one of said glass fibers. 25 An additional enbodi ment of the

present i nvendieefediffontlhdreRd exbdhdanle drgahRneAerals MERAMICRIYFRINE Matdfag, (a) at
| east one fiber strand conpri si ng a g_ural Idtc%l of glass fibers, the strand
coated with dopdephexpandatle sprapqsiaptaralsoandibirresfagy af e faregaings of

di screte particl exhtbmBEndri96R thebeHtings Sndorekin CbmPatibidrniBmbhCudERer i al s,
i nerganic polyneric materjals, osite materials and m xtures thereof,

wherei n the dh&toregoingRmbodiments Ggeo rejpforeed corpRosiss FatPeselgcied frams t han 5

m cromet ers; tAdEodtiRy campBridntsdisciBE&S didve, dnd adaitiérat bbrAtonehd&aRkbisbaki ty of
discrete particles are fornmed frommaterials -70 WO 01/12702

PCT/ USOO 205 #glected|fiom 1hgse rasiieddkPVReat expandabl e organic material s,

i nor gani ¢ pol ymer ipgeféftb & raBxSmatefiutdd in B prsRehwntsHineedd € materi al s,
and m xtures of any of the foregoi r;‘% The corTBonents gf t he coatings and
Hing gaitheim X

resin conpat iPBFEIOE aRteriglssug osefiing Polejersnyni RS FRA¥IdES i r ect ed
g o reinf grcgctcmaﬁmg lat Igﬁ_st(‘q?na elplexysaﬁaaﬁawbrbmpimthérrblbem@,@abm lagpaygwuyd : £nt sh

i scusse ove, a i.tional compopenpts.can als e, selecte romthose
recited al)(gvée.thqf'? 8?%9'%8”?@?? ‘3{5?fgg‘B'Ff8F§“‘{'J§§e1a[5‘|'"°f"%s€h"é‘ef5‘?°é§g'ﬂ$ i nventi on

i ncl ude the_rp(;i;ﬁﬁthéﬁég, d;ﬁh_&ﬂi\iealwa?}mhhemrdgbmgmehmum}_cp@hyefsth@r S, Vi nKI
esters, epoxides . (cqntainjng at |east one .epox r Oxirane.gr.oup in the
nol ecul e, sucfﬂregg'né'opgfg?rﬁ‘*'a fix teéllaffeff’rs ogtym%%ﬁ%@&pr&?@ﬁﬁwgbﬁdﬁ hi ol s),
phenol i cs, anarafR-astoxy rédies; whithtate palyfunmtibyal epdxdyaesiss sudhras didricti@sal of any of
t he foregoin and m xtures. of anv. of t for i n Preferred matrix
materials for POl ﬁ%eﬁgepf”é‘fﬁeﬁ'gf'e"’s°?*'§'|ge|so?ri'é]nf°é’5; ‘%Ys?%@}et (5"ae|rsdsthe are FR-4 epoxy
resins, whd chcompesitiohsydfovhidhi ave slell epoxio thosei skiledindhe ad. W ifdrthhecinfoonation

compos, t  ons. RargR ShOSsorRistiof RReREF pé ittt Makfus HARURARER: |17 20
I nformati on Integetidnal 19897 &t magep 584-683% mdichds speeifically ircepoEitetby refeérence
Materi al s I—laq%l?ngTM ASM International (1989) at pages 534-537, which is

specifically 1 hcorporated 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 chiorides 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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Non-limting exanples of suitable polyneric thernoplastic matrix materials
20 i nclude pol yol efins, polyam des, thernoplastic pol yuret hanes and

t her nopl astwe sypbyesters, vinyl polyners, and m xtures ﬁ{% the
foregoing. Further exanples of useful thernoplastic materials’i AEl ude

pol yi m des, pol yether sul fones, polyphenyl sulfones, polyetherketones,

pol yphenyl ene oxi des, pol yphenyl ene sul fi des, polyacetals, pol yvi nyl

chl ori des and pol ycarbonates. 25 A preferred matrix material formnulation
consi sts of EPON 11 20- A80 epoxy resin (comrercially available from Shell
Chem cal Conpanmyivikri X ¥ahal | e and
DOMANCL PM gl y(r:ﬂﬂgly etﬁgﬁﬁ(’(g’%&?ﬁ c?ﬁsmndﬁéaa?/\al I a%ﬁgl?g%d&?ﬁﬁﬁ Eﬁ]'a{e%g%ﬁgal Co.
of Mdland, M ﬂﬁf@mate@ﬁ@d@%ﬁ@ﬁ@mtgdWm‘ww@awatﬁwm@anwtm t he

pol ymeri c I’Yatl‘ldétafrgb&rel al 30 and reinforcing material in the conposite

I ncl ude col orants or %nents | ubri cants or processing aids, ultraviolet
light (UV) stabili zE’f*%fa Ho{ 1 25andieraogted and ismpregnatedby dippingdie ehircFi@in an a

preferred erpodifEsthe pdwe@aama@nma@ﬁmhé f&*é%arhﬂ@' M&uwehbn RMummdid WC)
01/ 12702 PCTI U 2052 pol yrrerl C. rrat rix material. These inorganic
materials incl roslecironigh Eackading Handbook: (1P49) at prgee BREAES, whish acan be
sel ected froms lﬂcaw:m&ateab?iéf%ﬁcéi%‘f&ﬁ' i%#é geﬂeraﬁ&%ﬁddpgé‘BPVG The

fabric 712 can be, coated and i npregnated 5 ric 712 ina 5
bath of the poPSTHEHPYS fiRgE strapd reintorging m#w' ca"bh?e sherseddn thagnatiinatedadd in R

Tummel a (Ed.) by Nasd &@n?@h:fa%ﬂa' SiftorPRAEK AAH BIMIFME dBASKwhitH 88@butad Rages
895- 896, i.ch are speC| alléglncor orated by reference herein. Mre

general |y, ‘Chofpdarcle %‘Eﬂﬁﬁ e f%?%ﬂ‘erpélyﬁpﬂ?ﬂiaﬁ@fn?ﬁﬁf@h@r can be

di spersed in tb%rﬁqﬂé rthereffidreihy AaterRlcdhdRWispbrsedin thehdiaherR Mt :OmBkRs feed or
m Xi ng devi ce Q#@ldstrl b ihes the 10 reinforcing material generally
N

evenly through8{i 5813 Eie ComRpRans GRREETaNHy or sfaventiddanpl e, the

rei nforci ng mat erl aTh@Mrm:cdhamemaﬁﬁa!Imsbh@st%ﬁ&&ﬂi@bé forfiBd It M&Exké’" by
dry bl ending all currently or sequentially

pol ymeric matr P&'awg Ey y%‘@”ﬁ&d’?W%E’HHWB'%a'i?é"*??fﬁ?@ﬂ‘ﬁ"ﬁt%“"h‘%@‘ﬁﬁés| te or

| ami nate 71% bmeayneadflpet)'h‘xeﬁé mﬁ&khﬁl&xa\!\b&@h F@f&ad@@efwsmewmm@%;i actors
as 15 the typﬁ?&? QR’ yneric, matr rial used. Faor exar’rP for a
t her nosetting RN er?&f"e?f’"r“?lca" °r8't‘i B SPRERSIAN BAISYPRBWIG. conpr essi on

or injection nplittisie, fuauiehfwiadmgl hahil la@rmr%prdy—mbrlmgshéb‘t%!dn@cr%ﬂik Spray-up
or by sheet m)lngaldp'%l %wgglbyﬁ%rpprgss;grgor lnjectcon molc}D r?é Cl‘?xe ro%gt%hé) Qoly(f)nzer;cnj ection

nol di ng. Ther nose
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 s-uch
factors such as, but not limited to, the type of polymeric matrix material used, other
additives in the matrix system and thickness of the composits; ="~

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 1. Rubin, Handbook of Plastic Materials and Technology (1990) at
pages 955-1062, 1179-1215 and 1225-1271, which are specifically incorporated by

30 reference herein.

Additional preferred embodiments of the present invention are directed to

reinforced laminates adapted for an electronic support comprising an at least
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matrix materials can be cured by the inclusion of crosslinkers in the
matrix material 20 and/or by the application of heat, for exanple. Suitable
crosslinkgpsy/eef ul to crosslink the polyneric matrix p@EggédBhsaar €

di scussed above The tenperature and curing tinme for the thernosetting
polynmeric matrix material depends upon such factors such as, but not
limted to, the type of polyneric matrix material used, other additives in
the matrix system and thickness of the conposite. 25 For a thernoplastic
matrix material, suitable nmethods for formng the conposite include direct
nol di ng or eyphrtialy cratefaprivctthipriging at leastethe fiber stjaad disoussedin dﬁtmmbob@t hods

and apparatu for the co | t oue e di scussed
in 1. Rubin, T 'I“% é@g?ﬁwpgtgtaldg%?Oéraﬁap%tréﬂg %gboﬁ( {%g’&%? ol pages
955- 1062, 113&cli>§éc5faamt dbﬁﬁﬁsmﬁaueasﬂmerﬁbarsyas@am therefuré yontempiaqedtbgt ed by

30 Lot e ence it i il PIPbeliL e ShERPSRMSN T R RHESET, |

support c@rrpnnvsntmy isudiredted baﬂtelnforﬁ’ézi l@inate ddapted fmwmm@amn part | aI |y

coated fabri LQer n det
above. Thus%O'%g rceg"’ﬁarh?ﬁgﬁ%t% édg E)'Pég% ei%%‘%@@%e@%%%l c g{L? 'B'B?? made
from each of letdsteonecf ibec btoarek theadoatingscoowniping e wgaaic dospeterd asd faniediar st r and

t her ef | e,
ot of erred BB Ae ARVng o il colieablyrableabt kAl Bmelelk SEEFCP %, o1 ced
| am nat e adafeneperéatgre @friiOQKeUIatmhef enangiment, the ppatingiiseprapatible witk tet er i al
and an at1d e?a%ln?rﬂﬁteﬁglrlﬁ {I'f'élrEMfo?&%tlﬁqmgt@gdbﬁteﬁWn'e?écﬂg @%u r{_JertaSt one fiber
strand, the coatl or gani ¢ conponent '3 el 1 ar particles
havi ng a ther mal é\omddmoma}ewowmeatofltf@a@resq\tvwemthnes dlrﬁ@te@rtonremfoeped
Lemperatur e fmidhlbdadiBy forlHcidafbrie SRRALITRlanihAlE SABldAgE) 8 neigPat bl e

with the 10 matri x mater orce an nate ad
el ectroni c sl andmt lﬁééh qr\emmdeewaeﬁﬁ farig cagIprising apleastone fbﬁ\ﬁéﬂﬁnd.on i s

directed to Gt ok Urir et Bk BaBR! REAES g WAhTOBIpaRbBRAR! . tNe

| am nate conprising (a) a matrix_ materjal, and at | east one non- ased
fabric cdforits matrixmaterialin ssiseinfosead lamingieadapted forsaidielactionic SURRPTf t he at

| east one fahnbthehavibédimantd?aid ﬁ}gsémnoéhtioa iCARREItD h Peitfordad lamihdte Mat ri x
material in said reinforced | am nate zamﬁted for .sajd el ectronic support.

Anot her enbodPARIAE fasanElRetrppie skrRoT 1he dmiNRIR cPUPHSING:(@) & natrx matedslangd ced
| ami nate adyp)tdetbasOénefabid @fiprieing Gt @uamétfbertéﬁanh and P&V a:ﬂcsmrmmﬁgg (a) a

matrix material, and b | east, one C conprisin st ,one fiber
strand and hé@?'%@orﬁp%@ﬁ? c%o@Hngscmn}pé:smon on ataleast a portnpx ofa surqace of th %abnc
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 compatiblc coating composition refers to'ihe 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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resin conpati ble coating conposition on at |east a portion of a surface of
the fabric. 20 As used herein, a "non-degreased fabric" is a fabric that

has not un%&r(gﬁﬂgzﬁatconventional fi ber process renovi n%(&gg%ﬁgggp

conpati bl e erials fromthe fabric. As discusse ove, heat

cl eaning and water jet washing, in addition to scrubbing are exanpl es of
such conventional fiber processes. As used herein, a "non-finishing" resin
conpati bl ccoating conmposition refers tohhe resin conpatible 25 coating
conpositions discussed above that are not used in conventional fiber

fi ni shing processeanofnaf paledER shmodimenurithd Sl Gveftivh ik Gi@bRatd Hl € coating
conposition refers to the primary, secondary d/or tertiary coatin

] ] ! an | ar g
conposi tion drateersefdermings iaminale foggeain@nelscprie syrport#pplication; thaimathaty si zes
made, for exar®hRrising feBtébsdrl ane coupling agent and water, and applied to
the fiber after degreasing. 30 The present invention, however, does
contenpl ate a coat i@y c8RBiNing;afgbrs adapied to rimprae A PIECERIIR SURBCTRioFBRtPNG t 0

the presentsi wm’gwe%ztdﬁemug&micalfhipﬁﬂn@é PRrARY FSds bR ndvii Lmatbg9- - 73 WO
01/ 12702 PCT/ USOQO 20523 Anot her preferred enbodi nent of the present
i nvention is derPatiieceating ofst Bast agrortiop ottt ipastanedlyammesd atigestione an

el ectroni c sURRPP SlarﬂFbBHpﬁﬁﬁg% 8 Burdiityeor WB4r @fd haMg4 ééiﬂoﬁ&refsih%o%%)% of : (a)
obtaining a fabric adapted to reinforce an el ectronic support formed by 5

weavi ng at | e£9ptingRA 3tilgast § pprfor 8 AlpRR) oBe PRWPYAM:ty of fibers and having

a first resin conpgti bhelesQphitaty QatiRd atleReh partiB@ bt tho bRt whih ralrixl east one
fill yarn d at | east one warp yamconprising a plurality of fibers and

havi ng a sE¢oltPP@esiMbonpatible coating on at |east a portion of the at

| east one warp yanjc)(b) apleadt@asihily@irihg Bel af le20idritgy sbatdRbrc 18 A4 | on of
the fabric with a H’FtI’IX 10 material resin; (c) at least partially curing

the at |east pEEAPRIS 8thted fabric to forma prepreg layer; and (d)

| aminating two or n@re pingREtag tWayaherepageddiayers bgb@enodormadlemaee  adapt ed
for use in the electronic t?‘él gort., 15 The conponents of the coatings used

in the foregoitgPERSdHH FIUUG $PP% rei nforced | ani nates can be
sel ected fr®m t he qoakbmgorRnd i doatifisaRes et fordiey, entadinaetd dieoteal

O o PR Biees S e FE B cappirs et ™
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 prepireg 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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prepregs for an el ectronic support conprising an at |east partially coated
fabric 20 conprising at |east one fiber strand discussed in detail above.

Thus, prephepPs780r an electronic support nmade from eacpepiisshhgsasli scl osed
fabrics conprising at |east one fiber strand are therefore contenpl ated by

t he present invention. Another enbodi nent of the present invention is
directed a prepreg for an electronic support, the prepreg conprising (a) a
matrix material, and at | east one 25 non-degreased fabric conprising at

| east one fiber strand, at |least a portion of the at |east one fabric
having a coating Ashitebe,itfe EsHipaHehtel o thid ddatihdbauseBin thy foregarig al in said

prepreg for said el ectronic support. Yet another enbodi nent of the present
i nvention i 53'@?9"&?"8%0?%"%5%?%‘%&5@“ﬁQﬁCQéH"%FQé‘E%“SWFE'ngﬁ?BQFP?V% RRd pr epr eg

corrlpr i sing a(d];u)tigaammbbp%ﬁt@éﬁél@d tﬁe ﬁéldctéd)ﬁrorﬁlthdfse@é?ditﬁwéﬁo\ieabr ic conpri E : ng
at | east one fiber strand 30 and having a nqn-f.inishi resin conpati bl e
coating conposit ﬁBﬁ Paficufar ?%@Pﬂ?ﬂ 5@b?$@ﬁ"t°gﬂ“ed"‘éﬁﬁ‘ﬁ?rh§g’“6‘fm F Weg'f abric. -74
WO 0%/ 1f275)2 dombobitEEY 12Mha e awan@me%eabrFm 2¢ﬁusr]?grmu Wittod corpatibeahiatgs used
in the foregoi,n ogj nents can .sel ecte romthe coatin onponent s
di scussed a?ﬂﬁtg?a@ﬁg' qh%lﬁ'i“i’?@?g?d %g%‘ﬁﬁﬁ‘etﬁ?%g%ﬁq’t'eﬁ e& g @%t"gd from t hose
recited abowugeteling @lptrieaveld measived hmountioh matixinedériat zhd dfied tofoinneent i on
shown in Fi %A?‘%f 5 co ,sitt e o kagi r?\la(:t ed8slg tiartlcl ruq,gs f a?r i % élzI
i npr egnat ed iRNig SUBRSHIP;th TormLef f SgmICHIR PRSP ORRE PASISEREYed fabric
can then be =gdesirve thybes20mn ke mositionéd alomg & portion ofcd side 822 df¢isesprepregeasur ed
anmount of~matrix material.. and dri of | C._SU rt in the
f orm of 0 setP Ay rga s#'?cé'te‘ %e%otgel%v? fe%ptbg a;?ec&ﬁh .tgq'ﬂe%ﬁ 'ﬁg él:q%eég R %H'(%ﬁ 8? ive | ayer
820 can be fosn &n eleetiordt support 818 mith@n eteictrizallyi abed@dive ayert Heapotbgrreg 10 in a
manner to be dis W | | £4.catd o [ eg is cured
to forman %'F%Oéﬁ{%ﬂ ?’gthg 3‘%‘%8 |¢rp g&‘g ﬁ'ﬁ?ﬁsfg%“yéﬁyg téjelc(t:rgﬁgﬁ E&%ﬁﬁﬁ%&h@ | ayer.
| n anot her tewivo dione pepregs aeecanbiret withmoneagrdanare electripally cahductivenlaydre
el ectronic s | , ﬂﬁg'- .t h one or
nore el ectri %@ﬁ%ﬁ“ééengﬁ%{“?%“?%%@ﬁ aamrygﬁ?@wﬁ%‘tgggt%g%{ er Héqﬁ e\(l:glﬁtr ed in a
manner web| tedewna multidyersd elgctrphio guppert fer axample, ut eotfigiting shenpresertay er ed
el ectronic %HmEa,-mgefeg@gamk%an ?Htlarﬂiﬂéteb b blekdig fh'%%té&keéﬁmetw%é?\vent i on,
the prepreg stack can b am nated by pressing the stack, e.g. between
pol i shed st eralishdostes plags, _i;“l lovatectempaiaiyras e%ﬁh’EPsﬁPre%_BfﬁF’%ml"B‘Pd a
pr edet er m negngth @GS tPEurd iHEolyPnerid niattil ShdOinY RImifatd 8f 4 bdsiad form a
| am nate of a desired thickness. A portion of one or nore of the prepregs
can be provi thicknegst A rogtion 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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20 electrically conductive |ayer either prior to or after |am nation and
curing such that the resulting electronic support is a |lam nate having at
| east one abveeinzveal |y conductive layer along a portionpphgsyR30sed
surface (hereinafter referred to as a "clad lamnate”). Grcuits can then
be formed fromthe electrically conductive layer(s) of the 25 single |ayer
or nultilayered el ectronic support using techniques well known in the art
to construct an electronic support in the formof a printed circuit board
or printed wiring board (hereinafter collectively referred to as

"el ectronic Ci ffdics chNRisihy at leabidiHetibeNaiand bR tREEREE SMRAbIaBNEEmef the

present invention are directed to electronic supports and electronic
circuit boards Eﬁ?ﬁﬂr?“ﬁ"ﬂﬂ‘ an at least partially 30 coated fabric

conprising at | eastAfftRerdnitRbinfdnt aﬂﬁeﬁte%ﬁi%ﬁ@ﬁhdnf?s SiRicRidlto abereronkhus,
el ectroni c supports and el ectronic circuit boards made from each of the

di scl osed - 75 SHHEOTPHYDS (-1 *@@F?@B%GQ’P%F?%CEWW@ ghipagkoneeast one

fiber strandg afﬂeﬁsheﬁﬁfaﬂreﬁst%?ﬁrmﬁﬂf@i&dl&)ét&dﬁon%@ﬁﬁﬁdfhmhhgﬁ Anot her
tign is directed to an electronic support

enbodi ment of the.

conpri sing (a) 83N B "B‘Fﬂé”ﬁ?gﬁ;edﬂ By MR e dBheast A Mt east one 5
L i ber strand, adatdriabs atdeds0a bbein of the b?leﬁét ohe &btic ks él@ﬁrdﬁ%&ﬁﬁﬁﬁie(imf abr Ic
aving a coatin S,.C Wi t matri x _pater.

| east one matr adW%m%’%ﬁ‘mﬂﬂp%‘% %gé? a’édﬁ%ﬂ"i‘c&Hp "I‘?B’”ﬁ‘f’g f%é&?a%ne fabrl c
||n the el ect r oohe fabtip pamprisingrat 1eadtcﬁﬁeif1&exeétraﬁﬁbﬁwha;vmgta oh-fhishiRg réih t O aln

el ectronic ,sup sin t as one ri i.ng at | east
one fi ber s?t%r aﬁﬂ“ﬁ?{@%* ‘%’#8%"”1‘ P%?éﬁ?sﬁua ppgtgnﬂ "(%8 &F? kﬂig" %Bﬁti ng
conposi ti on on{tat Ieaﬁainemamwmaieﬁal(mﬁ amesstra‘mmm@ftrferwe‘aﬁbfneeabnanokhe(b) at

| east one matrigﬁ material .on at least a portion of the at |east one fabric

inthe electr F%O%%WB?? Yet anot her enbodi nent of the present invention
is directed to a neYétatothkr ehissdimead ofitheghasehirioventiorsis Hipstdd totahesth®t dfod

R e e A ARG
plurality dﬁ_ fibers(@nd dbdaininga fathic adaptedisirainforempaldchbc sgpbit Rgmed bat
Least 2 Port ! Ofeflnd 06l b M ik o84 CHo8h BRI B
coating on at Feusitible qoeling @ratddast hpordion bidbes bt leaseonefiliyayaamt; at R@st(dnp at
least partiall %afp%% E@nﬁfsinb%apﬁraﬂy Qﬁfbtei'soen\d%faviﬁgg s&%% 'ré:s:ry\f:c}mhpa?bi fatrix
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;
{© at least partially curing the coating into the at least a portion of the
fabric to form a prepreg layer; and
) 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 additional 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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material resin; (c) at least partially curing the coating into the at feast
a portion of the fabric to forma prepreg layer; and (d) |am nating one or
nore prepwodihggers together with one or nore" 25 el echeygadddsgonductive
| ayers to formthe electronic support. In a further preferred enbodi nent,
the at |l east one fabric and the at |least one matrix forma first conposite
| ayer in the electronic support. In another further preferred enbodi nent,
the el ectronic support further conprises a second conposite |ayer
different fromthe first conposite layer. 30 An additional preferred

enmbodi ment i gegteattastic aving aedoeﬁﬁgwmblcls@bmpaﬁﬁle Wittaa ehatrbonaterigdiadg (a) an
el ectronic suPport conpr

east e
conpri si ng af@blgast %ﬁ@?tr"b@gteé?l °z9naé leaﬁ‘ta? ayof h%ﬁtﬁ %(t)ﬁ&s‘%g"% lﬂ%ﬁ | east
one non -76 \é@cﬁddlaaman%a’Wél@&%&allﬂmﬂeﬁae&y&ah& suphertamttha coati ng
which is conpatible qat | east one matrix
material on &anugg\éetla)éeriggpglc(gﬂtaglpdﬁb S{Ea{r@éc &rcgﬁéo% Qbric in the
el ectroni G suppor ah aaaudor(dv):maadnmbms tiieautetith lap eteatrdnic tiraud bbargeomptiding suppor t
and the condyctive, |l aye cont it board.
5 An additi of Ia"«,ﬁ)iW&P%{réH?pq © 9”3'5'928&5%3 fng {gg %&ﬁnﬁ r[SR‘glaﬁ:eélgttO?‘goard
conprising (fiBer mncbﬁ@hé\mﬁg snsmﬂmsﬂimg :esmmomsatm@ ¢aating torhmosition onat f abri ¢
conprising at | east  one | lL.ni.Shi resin
conpati bl e ci%ﬁ#?@°@8’?rﬁ%%?‘f ki °g{t|’ 3 qj)aa\aflléégtr e&ﬁ&g{( hgiezlgir%gaée of the
fabric; and (Iéds)aabmbleaSthe@nbast&inelfabnnfmmmewctrm sﬂpportleamit(b)aarport i on of the
at | east In the,.electron nically
conduct i V35]| %Pmmfﬂ'é cgﬁ?ﬂ‘fgﬁ Eéﬁdﬁ'?ﬁgpp(szogtﬁ uéeﬁ ‘\;/cg'|ra %“"ga'a‘%g?é"gg con aelrdﬁed in
t he el ect r oniigtheieleztrohic lbieuitchoatdy a furt her preferred enbodi nent, the
el ectrically condyc ected ortion
of the el ectroni clﬂ%ﬁk)‘ﬁ@ﬂ S‘r\éfﬁreg%o %’ ég?%p?r e?ﬂ‘&m&%e?a%%?él ment , IOt he at
| east one f alpositiosauchdjdventtd al &emtedmﬁlonuf thie)electsenie auppofts #n q@“@@ﬁqﬁbsﬁ te
|ayer. In angr QS&?&gBBQAAHEQémJa? foall &l s?fa'aﬁdmw@éést bl bk frAHrdses a

second composi ayer rent fromthe first conposite |ayer.
Pref erabl 15 tdempositedayari dmancyhezf@n@eémeobth%gl%qﬂowg SBEEq"‘tfP'UP?éSmHEﬂs&Eént to a

sel ected por t%?%hd%ﬁod&%rtrée fa?éﬂd.ﬁe?&ﬂ/fr% RS FRPEbnSRRORYEE #réf&@b@ tﬂéect ronl c

support. Anot resent invention is di re ?
met hod of 2oel¢qﬁrqailhgor@upiwpﬁwalsm°§@w adipgent to pisgleptet RedoR 8 n‘B? 8t ng the

steps of: 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 [east one fill ya'rﬁ"éhd 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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(a) obtaining an electronic support conprising one or nore electrically
conductive |layers and at | east one fabric adapted to reinforce the

el ectroni cywpupRens forned by weaving at | east one fill pyaisuRespri sing a
plurality of fibers and having a first resin conpatible coating on at

| east a patibn of the at |least one fill yarn and at 25 |east one warp yarn
conprising a plurality of glass and having a second resin conpatible
coating on at least a portion of the at |east one warp yarn; and (b)
patterning at | east one of the one or nore electrically conductive |ayers

of the electronic mm@ﬂtaﬁeﬂurfe@bmmsmaisatr&dvmtb@sli'\ﬁast)aﬁhde foFined apponent s
' enmbodi men directed. 3

f th ti d
gl ect ?oﬁ?g Isﬂg%‘étlfjctsngc sé':‘?ﬁo'iﬁ g’c?"%’ﬁ%c?te@ ﬁid?tﬁm%r?f:{-ﬁ% bce%eaeemf%‘?@e?’t@g fromthe
coating conpenmpirenidics@ppssith alavs, of theckistidnit suppalt, yompeeehenican al so be
| ected f th I.fed. ab =77 001/ 12702 .P 0523 | f
dosi red.  aper PEPEE Kapwh iy eSS Fa s L ford et o TR BRI o e i n
t he el ect Bondwdiirgu poe Speciftcaﬂyalrdfmng‘toergeHe(anraipemlzre|1ﬁﬁ%e)dmﬂnmbwgmmtbet ween

ci roui ts and gr GOURNERLS S ORAOLIN UELACERRGE 1idiSeHesgliznn’ ¢ SuppOTL,

by any conveni ng bu sef’ mted to
mechani cal dr invéntiog. dihelfabds 801 2codhprisdsi qogted Kberetramisciofmpdsing g pluraliyef ri ng to

Fi g. 10, an a GEd Mo ) Qz}%?% a%%?%;stt{%@ggﬂe %i?h?k%ﬁg}roefgggmm%ﬁétn}om of

fabric 1012 o an e ni ¢’ suppor I nvention. The
fabric 1012 cowteridises taught kateifi b‘efpnrsmgm@semﬁﬁﬁoselnqroaic}wwaﬂ 08¢ iof gl ass

fibers nayondpauldAlen ity i SPa %wﬁ% bt o6 5 ok a0k OIOANRKT © MRt X

materials as ture ectronic
support 1054 ia§9f1t®‘ absuaper@ﬁéa%msfcé@p W?PM%HQ”QM@%@&“@R@'@@FW%Q

appar at us, Sudedfed offablid 15’!'2tbyjagﬁﬂg stmg tlhéaﬁlﬁdshl%r iaIQe aperture 1060 is
f or med through a portion 106 | east one | ayer 1062 of fabric

1012 by drilling ugiarjefered G’P’P‘Pq’mi’ﬁdﬂe &mlmaé%@saq!qwaaorbqiigtﬁ@qeraggr &HiSdi nent ,

the | am nate hes moigiaMiongh 8 8tadk &ﬁ:ﬂ@ﬁﬁaa@%faﬁé h@lé Uéﬁdtﬁgfsm papéfﬁ@ret hrough a
stack of 3 lam nates at a hol e densi

15
centi met er! (46@‘“?1’@[‘%@%!0@@?5?@3?’%‘8% apRa cBF(‘R?P[S’Wﬁ%HW@? a 64501“ with a 0.46

nm (0.018 | nCmowxﬁde%heté#mEt@ﬁ c@rﬁfdbldd!ﬁoﬁifoldréat@fthém@ﬁgﬁl@@&ﬁferé hﬁ%n36
mcroneters. In_an additional errbodl nment

am nat e t ool %
rear Cart o ur PATRE ST dee AR /S aert ke i 3t aataBoteles) hore
density of 62iHrmighS stk of qUsmhiRateLatia ol dansity( of 60 hbleb per saesre SEhtRieteri Nnch) and

car bi Be dri 1 P HES gPetata? Dl AdToRiaar b BTt Do R IoHraithp= o
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 seiécted

25 from the inorganic lubricant described in detail above.

Anocther 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
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In further enbodinent, a fluid streamconprising an inorganic lubricant is
di spensed proximate to the aperture form ng apparatus such that the

| nor gani GyoloyPspcant contacts at |east a portion of an pai/gsdoassbet ween
the aperture formng apparatus and the el ectronic support:'- preferably,
the inorganic lubricant is selected 25 fromthe inorganic |ubricant
described in detail above. Another enbodi nent of the present invention, is
directed to a nethod for formng an aperture through a | ayer of fabric of
an electronic system support for an electronic circuit board conpri sing:
(1) positioning dR)ferniogaorpertyy it tompetipp of thedayepefifabritg a portion of a

| ayer of 30 fabrj drifd resin
conpati bl e coati nAf&r?d?FﬁBgésrf F%:hg%n atseP I%pyelﬁrm%ommgé E&%&@g of the
fabric, in vﬁﬁP@ﬁtQﬂmfﬁbeM@Lﬁ@f the apesturgyer th@ﬁh%’tllrﬂsf#le@wm ayelegtricalipn aperture
form ng app /

aperture |na{°ﬁgb%g?%|ag§ fx@'tg%éﬂ%?éa(a)'{&fcgbr I C. %? ter (gﬁﬁg{“&%wogg
apert ur es® zoringre elestricallyaonductive lave@dn@t@epww Figit 1) b@thel%lrfamqfdlseted on t he
val |s of ! heddnictup af1ééaear@rb¢hwro¢sssp§t.érs'+%% 4o AftnfpaRGH) 02l | Y

conductive materi al acilitate the require ctrlca I Nt €r connect i on
bet ween one tBroggh gpertirely dreyghdhe P?WPU@"W&W&GG(WQW kadptdhéyn Fig. 10)

on the surfa&a%uafexbbf‘ed sﬁloﬁeweaheumegfme%oﬁ@%%nf&ﬁ%r &frﬁe‘d pation. The
vias can extend Bart i al t hrough or entirel roug ectronic

support and/Seuib ??TE'@H"@V Pé’t‘JP? ce/Belptgd burid,or Q?Qﬁ"l?é“@t 'ﬂd%%@le%ttmlme or both

surfaces1®f dupBoreaRdibF GitLt bSatAIRBLkecARg).Or printed circuit board or they
can be conpleted buried or contained wthin the electronjc 10 support

and/or circuit bodeigotisally eandystiyeyayerfz0 shoxmyin FigeP pan baiosmed byany ayer 820

shown in Fi tnetho il RfovirPoRsseliXilléd i thé‘Bﬁ hPG’r SBblek BRWat frdttindhge skilled in
the art. For exanple, but not |limting present invention, the

el ectricall W’Eﬁﬁfﬁlﬁk‘!f’"ti?@ thgelactrically Q?@d?‘iﬁ'ﬂ?rﬁ!e'b‘iﬁnlb&rf?rﬁﬁdlbdda@“?tmgrﬁ thigsheet or

foil of met adHeecorrfaa @rrmabu.@mtaténatodt&aﬁéasaarpaﬁbh efa eiﬁe of thk demPéurddisr
sen - curﬁg cured re ternative, the
I

electric WﬁB‘EeP\Pé éﬁﬁ”ﬁ mgqyf*n@aAf?ﬁt”B%' c?é’l"?‘f‘ﬁ%e éy?ré;?élbeof

metal lic matfefméd bpdiép@su&hg & ea@ret ofangtalli¢ materiafonto atilekst @bombdnef $€@ ofcur ed or
cured prepr &

am na;[eru 2o | lt ec ! ue I’IIIC udj n but not
i ted to aheserbryee g drebgeur Lot Dund BTG eyt baiing
Metal | i ¢ nmatteetine igniteditd alebieolftiorplaling, clectralese patitg cbrcsqbbitgnngo Matatiici ve I ayer
e Ut a8 buitgbfe fo (el k! o GARRF LorldlBive FayPinBlLEE Bl aRsRer o' VeT-
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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pal | adi um and conbi nations thereof. In another non-limting enbodi nent of
the present invention, the electronic support can be in the formof a
nultllayeraqﬂﬁhgﬁgronlc circuit board constructed by | apgpadobag3 oget her
one or nore-electronic circuit boards (descri bed above) with one 25 or nore
clad | am nates (descri bed above) and/or one or nore prepregs (described.
above). If desired, additional electrically conductive |ayers can be

i ncorporated into the electronic support, for exanple along a portion of
an exposed side of the nmultilayered electronic circuit board. Furthernore,
i f required, addiplateniiroughitibaiboasd troallowtsiectrisehiatarconrastiermketueandhe layers| y

conduct | ve | aygisiehy foaRcT: SHo36 B8 35ealR Bt b BB rBeaARRLCC! 2l o

that dependi ng on | ve posi ayers |Iayered
el ectroni ¢ ci reome ansgured that h&tem)m@'@&fx ﬂhfa%@ %éﬁwqfw&eﬁﬂﬁ’&l aparigresshatr nal

circuits. Addi rtially
t hrough or é&%@gfp%g%gf@@# szcgﬁéi anﬁ%gﬂ%% é{ﬁf%i{:ﬁﬁ%% ﬁﬁ%!%tg@board to
al | ow el ect5| cwithin the stredwrgect i on bet ween t he | ayers at selected |ocations.

It should be appr e@r@fe%lﬁ)?@tﬁl lm%s SﬁHéﬁnﬁ%téFoWiﬁéWeee!&fr‘megt\{

apertures that extend co roug he struCture, sone @pertures t hat
extend only pagregtar thgn Mﬁbm(abn@t %@Qﬁm@hﬁﬁhanfémerewﬁfém@hémg@sé@mﬂaﬁ are

compl et ely -5 i Rhobe oS Fichit 0 & mR(BEE 817 kned ol 1 SARTaRERERE

Iarrinateform_/f&gg e el ectroni'c support ?
(about 0.002 i%2ReYje fabiin theghieknnse fscganerally i 84 gus (abpef. @h2imhemdmThgbout 0. 005

inches) to;@. 5mﬁme(‘ t@ru; s Bf fhprid 1A I&Qﬁmﬂg%n @Eg%h@ﬂtup‘% Yhe é%@?ré}?thﬁknﬁ%?s o{ 628

style fabrlc ess IS genera about 0. 052 Inc
10 nunber of |f59éﬁn§na§¢ fabric in a lamnate can vary based upon the deS| red

thickness of the |ggiBgh @ontéﬂi%f ﬁa@%rﬁin&t@ Bhi¢ Plefebdbly fARgd Rth B8t PaC@Bight

preferably range from 35 t percent, and nore preferably 40 to
75 wei ght per d&fgent. ard nmﬁ@grfe[er@};ly ﬁgiﬂ?%‘v?’ﬁhttpﬁ@eml dhe ameentehfabhs ibrtes abl y
range from 20 gQingfe R g&éraﬁﬁrr&ﬁj&tfroﬂﬂﬂo HE5wdXi R becaitlang mbrs prafaayy from 25

to 60 wei ght percent. anminate formed fromwoven E-glass fabric and
usi ng an FR? 4 "8pess,from 231af0gightergler i al havi ng a ni ni num gl ass

transition tenperatpgrg i4thindid @emeti em wisveh ELdiag féBri&laﬁHEHslﬁé axFRay ep%&*]engt hin
t he cross machine or width directiagn eneral l%/i“{a gendl cular to t

| ongi t udi nal %P8 Mt HetepalhaYiRg B g e PFTaRYs ¢ 0°Gdne s
greater than 3yfekBd nifthiR. ﬂe%&t@ﬁé’cﬁ% b lchbss hiRekiRS ol Wialh dRediénx 107 kg/ n2
(about {generally perpendicular {0 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 28, a publication of The Institute for Interconnecting and
Packaging Electronic Circuits (December 1997). IPC-4101 is specifically T
25 incorporated by reference herein in its entirety. In the length direction, the desired
minimum flexural strength in the length direction (generally paralle! 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 flexura! strength is
measured according to ASTM D-780 and IPC-TM-850 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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50 kpsi), and even nore preferably greater than 4.9 x 10° kg/n2 (about 70
kpsi) according to I PC- 4101 "Specification for Base Materials for Rigid
and Ml tiywaygi27fri nted Boards" at page 29, a publicatipgr/o$ooks! nstitute
for Interconnecting and Packaging Electronic Grcuits (Decenber 1997).

| PC-4101 is specifically 25 incorporated by reference hereinin its
entirety. In the length direction, the desired mninmumflexural strength
in the length direction (generally parallel to the |ongitudinal axis of
the fabric, i.e., inthe warp direction) is preferably greater than 4 x 10
kg/ n2, and eetteonrsspporiddfithe presemrtrinvention il highl lExutel stnengthTitensiid andur al
strength is | ; t hods
Manual of the géﬁ%gs%ﬁ g{hgbé’%p'bﬁm% ?r@:{%%@%&aﬁﬁghﬁgﬁ %ﬁéﬂ Jgﬁcel}(fr oni cs
( Decenber 19bapyrd nglvding the emingteci fi cal |y i ncor por at ed by ref erence herein)

with netal claddi tion
3.8.2.4 of | PC-41%%°ﬂb&gaglﬁ’§'lé%2h§€9%éﬁgnt%§ W}h 8%/@%8( ® /‘%@(%%523

el ectroni & sepgxyiaminates preferpbli bava a corflairnt efthermsl mnﬁpgﬁom@%@tcal strength
(tensile and IRV d g\/ﬂ.lu% essen

def ormati on z?aggrﬁgfh%csztsﬁ'{egﬂ@%éﬁgg%ﬁﬁ?%%?ng t aérgrér’%ttg E on| < supports
of the preseiamlriawmtdsgthahrﬁﬁhercérdrandoﬁorewquerablalrmuﬁﬂrm 091&pBRY | am nat es
preferably h f f. St © 288C in the
D G Fecti on BpapEhsei deEbdib S ng, Bk i dd RRE B BBt © S50 (e

| ami nate, of mbworatddaby refefenserneesain), Eanhisunbriamipatefpeeferiably contains eighf r om 0. 01

to 5: 0. ‘QP BEI rg%??@igsqlggachgwélm? érpstglggﬁere n%Yﬂ%EQngl%dl%olll (‘Y&é' chis

specific I'ncor por a uch am hat e
preferably cdﬁﬁQa?h‘b’i anfhor w5lsé)9%fa§ﬂ@ﬁcan@@8m9‘!\5ﬂ!/ebef®bd4 & adgitionagthgh styl es

such as, but Iaﬁﬁ’rﬁaté t4H ﬁ’lg:ﬂ 5iBte éer@oma’nggs of tﬂé@%bn’é:&%s a.l%ﬂrﬁ)a@gs I’Za@ﬁﬁg A

fabrics can alternativ be used. I'n addition, am nate c
i ncor porat e eesffidien ?fdh%ﬂ*@f exnaasien pegangrally VF%%USCEF&MQ'FQ%BW’#W@HQ | ow

coef fi ci ent scHirabfif 4 caB rRAIRbbard @is@RBAr 2l |y | ess susceptible to
expansi on and contraction and can minimze board distortion. 15 The

i nstant i1Bvent i onTheinstaBYInventioR fusthart contamplatesthe fabsication abmultiaveredayer ed
| 'am nat es angnfihdiéd érﬂﬂéléct:%hfcfc‘#b&lt mm.mhabdé a%dsd@n@éonhﬁaﬁé Ia?é}e t
east one

conposi te layer made accordin he teach In%ﬁ? erein and at
conposi t e | aff@fe AgepEdingtothe trag '@95 H‘F’F'I"@t“@ﬁf'ef‘?t CABPeiIRIRYSr Made A t aught
R/grel n, e. ]9 nﬁfﬂﬁ@'dtffdrélﬂfroﬁﬂﬁé%?r}hb@él@hay@l'&&ghtfl?khwf ecy)malelalugua te;:hnol O?y

re specifica as i s we ose ed I.n the ar
traditionall 9°"t"ﬁét' F%{ rF‘?f"B??ﬁ? f??ﬁﬂ%ggygﬂé‘g% S?‘?"H%?'I'y and s i€ well

20 known to those skulled in the art, traditionally the filaments in continuous glass fiber

strands used in weaving fabric are treated with a starch/oil sizing which includes
partially or fully dextrinized starch or amylose, hydrogenated vegetable oil, a cationic
wetting agent, emulsifying agent and water, including but not limited to those
disclosed in Loewenstein at pages 237-244 (3d£d."1993), which is speciﬁcall'y-‘ T
25 incorporated by reference herein. Warp yarns produced from these strands are
thereafter treated with a solution prior to weaving to protect the strands against
abrasion during the weaving process, e.g. poly(vinyl alcohol) as disclosed in U.S.
Patent No. 4,530,876 at column 3, line 67 through column 4, line 11, 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
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strands used in weaving fabric are treated with a starch/oil sizing which

I ncludes partially or fully dextrinized starfh.?r.anylosei hygrog?nated

veget abl e o, tionic wetting agent, enul sifying agent and water,

i ngl udi ng g‘h]tboﬁgztﬁ?i mted to those disclosed in Loewenst & &0 Hate

237-244 (3d-cci:-1993), which is specifically . . ." -. 25 incorporated by
reference herein. Warp yarns produced fromthese strands are thereafter
treated with a solution prior to weaving to protect the strands agai nst
abrasion during the weaving process, e.g. poly(vinyl alcohol) as disclosed

in US.  PatentthiNabridisiRis debheato RANEBssintidly B ofdnit 0B 6iR tHar e | | NE
11, which is s ﬁ](':eificg%%% i_ncorrgorat ed by reference_herein. This operation

is comonly refBFESESS PHErig)i BREPRING ¥ifeV QY8 ROUFnY s SR BhBEcPMAlishaRl | as
the starch/oil ishzariay ®agse ir efbhple BYscruBMPRE e ofVinidie ESHBMBAY WYBeLC NMatri X
mat eri al used q onposi te. manufacturers and -81 WO 01/12702

PCT/ US00/ 20523 "eE{IS TIFE I S MR el Bametindte b s/ resu ghite seeinl |

organi ¢ mat &5 i ajpefatimntmi?eios&wéuaﬁ_lﬁ_e irﬂﬁﬁab@eet@b%mefp}:b@ﬁﬁ% ﬁrétr&rmét:&?} ;i,:seetdy nays
[ ating the.wven LiC. S can be acgo | she in a v ,
or exanpl o by RITREETGAE I 257 e Gned Sds g it g’
the fabri I N anusthe epphee td this glaes fiber sUgeaMhi raflorf i8 SUmbtirdé r dQe 8RN NQ
op:ra?i (r)lnC !tﬂere IS %ps it%p:ge i.ri}téﬂeﬁr’sf cee be]\;tsv?ggn t he pol yneric matrl?x
material used B ?%'Bzi?ﬁ phinishig | Thegaip PR8ISR FOGIEEY used gy
surface, so t hdhishing opgrhiiong sagsiiahes, MeAlding SuBRR limlgéii tb%dsb@fi@t:ia?’ciﬁirewff. Fﬁr e
2t s i ni i AL, slaE R AAIIBES ol Saok 140020 WiF 9 RN

oper ati ons ar e irgiolpmreed by retdreretierrgrdinit Als®$ed ﬂdgiévgmﬂeiﬁ at ;ség@saﬁitéssigsgmah | nhE_-
P. 10 Pl uedd Il ane | ent 2) at S, - 4 ichis
speci fi C;ﬁ yemia'%g%}'r E‘S*F’g‘?%a&'%%@%@?@? Q%E%‘ tﬁ%&éf‘%’?*%’ﬁ@i@%&"&%mﬁgﬁp zgt .
pages 249-256 (p8ymEde matil9Bjteriahfstiosezd bativeemt suticf metdhiag #dilk aRe drid apric

IS i ted .t . L.bl e al rpc trix material ueezed

bot ween 5 set M rdpFReR Psbots drdREabts Troppie Bo elhetaiea i et eg as
di scussed difoveresknt imleotibrdddpendipy e tHeatabge bfrtfie sizing, tthecldanimy eedtion h?vent Ih0n
d di t r . g e cl.eani Q al I.on nd/ or e
% rosin uonBEE K ekt ec B om 8B kel ABor e s sBbps. can
be el ini nat ed. boslmioatedp Oae pr epregspieps brppomatiigneativen giaeaergl ass fi ber

conposite tech ‘;‘1915‘%3' i, £, ne_ or _nore prepregs
I ncor porating 'lta %Q%ﬁg?%ﬁp&%}%%%ﬁ i|1on %Jﬁfbg}e@\%tﬁ ogfgeppgrﬁrsprg port as _
di scussed abov écoporasing theringtant iriventicarto formahteldctyrde s.ppbad at diatwssed aigdvect roni ¢

circuit boagifd. Af@h JHcBiar b M RhdVRIdIEMnEEF el AR FR S " @marh €CT T ONi C
[ terrals

circuit boards, see Electronic Mat o ] .
. 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 895-809, M. W.
Jawitz, Printed Circuit Board Handbc_;ok (1897 at pages 9.1-8.42, and C. F. Coombs,

25  Jr. (Ed.), Printed Circuits Handbook, (3d Ed. 1988), pages 6.1-8.7, 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 levsls.
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HandbookTM ASM I nternational (1989) at pages 113-115, R Tummuala (Ed.),
M croel ectroni cs Packagi ng Handbook, (1989) at pages 858-861 and 895-909,

a)ﬁ%q);,l sy inted Crcuit Board Handbook-(1997) atp@®pgeenéi-9. 42, and
C F Co 25 Jr. (Ed.), Printed Crcuits Handbook, (3d Ed. 1988), pages

6.1-6.7, which are specifically incorporated by reference herein. The
conposites and | am nates formng the el ectronic supports of the instant

i nvention can be used to form packaging used in the electronics industry,
and nore partlcularly first, second and/or third |evel @%Fka ing, such as

that disclosed i nIBOPESPRHNVENAN. RReopdimiting efhodiment tas,laxursl steangih

i ncor por at edofah iRy 18RFAtd) Aadk th achrdaﬂ@lathH 198 prdsBAt iVenE& frorh BY  on can
al so be used for other ackagl n WD 01/ 12702 PCTI USO0/ 20523

The present PHRIEREOS BWp’elgrme??‘Fé’ fﬁ’g'?]a Isitﬁ? ?6%%&%86?%@ d ap FR-4 pelynerig

strength of aRinkingth T adTi19eiCcCandested aecoam@rodaowwm INd. b& PEWBRAK
i nvention from@§8 |layers or plies of formed froma St%le 7628,

E- gl ass f§brFQecﬁ-ﬁB"ydﬂcqu@rﬂteﬁ(Wﬁféﬁnﬁe ﬁ?r@ M Pre(Rranly greqter han 19900Qing t est ed
accor di ng t opbirds Pt Sqfare iNeh (éboét gbo(méyaPasédls) WheR tsstdd pardileMtoiticR&ROr at ed by

ref erence herein), eater than 000 gzounds per square

i nch (about QW'H%Q&%ﬁgibé\c@g\ﬂféﬂg@%gfe@&?rmq (@% (@bput fe? MegPasgdlplect i on of

the fabric awderpfe%féarp’ﬁﬁéllél@ﬁﬁélﬁlﬁdlretf@ibf&%ﬁﬁﬂb(abOUt 552 rregaPascal s) when
tested parallel to the fill djirection o ot her

non-1imting embotRoHer gen- "H@'”%F@ 8‘?1?“97’%@?‘?1‘?" "tf"I‘@"t‘gHotP‘? shrbhgam o shear

strengt h1Qf sheddBirbmih bbdn Gridi, lafirdte, madamdaam thl"lthe bfeeemrmﬁmn
i nvention ffom8 | ayers,. or Elles of

repre d_f | e
E-gl ass f abr [[BMAHFYS[R Ofplies pf BsPlRgPImed é‘?ﬂ% é% § %% “tested
accordi ng t o4pblyMelic 2Zebiihdidhg fdhoqmamaested acavrding iorksmporzaamby
reference her i ckness ratio

eforany o i 4BrabkaRy BBS Borafiby etk B e oo pabetiendn iy °
megaPascal s) thidkagss atié efls, psiprefdratly greatehthanango ﬁbUhdgbemiwﬁffe mdme(alscahr ic and

f bl h 5600 d | 39 P I
D" o, 50 B, SRR B i B3 AR Bk o B Tl T ool <
non- | i m t i ngpefdrebly geaaterdfiant 5660 poasdser Equezea inclo (aboth28 mbgafastas)wheahear
strength of %fg}e%ﬂﬂf@faf Jo%ﬂéﬁ?&%cn{%fihé bASCOr dance with the present
[ [ 2 rom ers

I nvention prepreg formed froma Style 7628,
E-gl ass fabric anth mtrﬁfemnﬂmltmgambgdlmeenqfthmremrt mvanfioof the 4@t beadh t est ed

accordi ng tosﬁe%TMrquﬁﬁéﬁar?&n%é&ﬁ%ﬂgia% ﬁﬂ@@ﬂ SR dewit the KRESH ifvBhtidh ©f

and after being ime
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
megaPascais) when tested parallel to the warp direction of thé fabric and preférably

25 greater than 4200 pounds per square inch (about 30 megaPascals) when tested
parallel to the fill direction of the fabric.

The present invention also 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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for 24 hours, is preferably greater than 5000 pounds per square inch (about
34 nmegaPascais) when tested parallel to the warp direction of the fabric

and pref er g yy/dm20r eater than 4200 pounds per square i nghrAgdeyds30
nmegaPascal s) when tested parallel to the fill direction of the fabric. The

present invention also includes a nethod for reinforcing a matrix materi al
to forma conposite. The nmethod conprises: (1) applying to a fiber strand
reinforcing material at |east one primary, secondary and/or tertiary
coating 30 conposition discussed in detail above conpri si articles which
provi de i nt er $pen thareinfopmingasatedalidkeprakifiag Btreinforminasmaeral H’gh rra@tX (2)

drying the cogafatdiai: bAd ttf}rame%s%a'ﬁﬁgunng &R HaleibPid drdvide\&xelnfe upon

the reinforcing nateri mbi ning the reinforcin mat eri a W|ththe
matri x mater P%H‘POS&ﬁdA(tW)U tﬂGF Uraiting tha prasant igvestion, g el roieg pRtRliamenri al to

provide a reigf Qérﬁﬁﬂed Qﬁmoﬁﬁ\er@n&aﬂ%ﬁﬁeﬁﬁtf& é)@ﬁp!eﬂﬂr didhRraHoe6iIA He

I nvention, the reinforcing material can be conbined wth the pol erEI’I c
matrix nat & i matnxmateéadaﬁrﬁferabty the sprting iohepatings ferme ﬁéuwtwﬁw yoifgem er i al .

Preferably, t ES‘atﬁxB%br‘i‘ﬁweC}Emfo?é}ﬁd AgRr&IAUEH awmgb% &{Hr‘ro?wl-ﬁn?dhdé@nf&ﬁ %z?gf"‘t i ng

upon the reinforcing material upon drying. “In one non-| |mt|n%ﬁé ment
of the preset® resashinvention the pp@ﬁlﬁs eoraprise etieastad waight sersent ot

percent of theorﬁb&slnm onGPIERP $dildh BEsiS NnBnb@EAhorsiPifirdSeriidsintent, ikl anot her
non-limting enmbodi nent, the particles have a m ninmum average particle

di mensi on of gertiflenBever MNiRYREVeRgE Palfide diprengiog peatdensy3 &ﬁcr‘P@%f@'fs and

m cr omet eny. bféféaﬁiy‘ éf l€§§t Wa@rd«ﬂe‘i@r&' S ﬁﬁ@&%ﬁﬁﬂﬁtmg%ﬁﬁo@ﬁz’éhﬂ fh'e%%rtecl%@Ve a
Mohs' har dness val ue | ess than a ness val ue of any gl ass

fibers that aFéV%MP§$ r‘i’éﬂ’”ﬁﬁﬁ yatee thatjs less thag gdMohehizardness uplie Py lassn al so

i ncl udes a nMekhQd a9 bre dhtdddiinthedBbestiana, bet ween adj acent fibers of a
fi ber strand, conprising the steps of |ngtoaf|ber 15 strand at

| east one prinary, T%Eeer@ﬁaﬁweawaﬁc ’P‘é‘t‘éeisér'?e for iRgibitipgrpenssion brwEeBcussed

in detail aboygaédMt fibshs B0 RSEristrBAE Somprisiiy the @t‘éb@'@f |(} Hpingltd alib&Paces
bet ween ag j.acent fibers of the strand; %!I t he coalngtoforma
"&’Qﬁéﬁm g

coating updn FVRNG3{RASEONR PHMALY. SePYWANS tpg SPMBRFEE PiSAUSEE ween

adj acent fi berzﬁdetwéaéblaee&icruamg plamcleemhtahrpaﬂ;de nﬁél%ftﬁél Sitlc¥s bétheertffddeny oOf
coatings for a Suﬁ@ anti y, yni form coat e| nf or ci ng

material upon l?ﬁr?P e sfrﬁ” 9e¥pe ﬁhf"ﬁ??tl"ﬁé" ﬁ’é’?ﬂu‘iﬁ’f‘%f eyl gy
i nvention, thebgratrandlsash mmmessen abtweeR adjaciit ﬁbvr@hﬁth@stfa?ﬂﬁémﬁibrtédm si zing

conposi tion an.a éio‘ttﬁl csotl S Si s i I n aB(%)tt 'g%@{ non- | i mt.t | r!}g nerrrr‘bodl ment ,
the particl es" R0 hGeAg Wﬁrﬂ 5 Pag forp 2 supsip QLT 6PRURP UER" NBast 3
m cronet e2d, aatfoRRMGireatamd! ip&t drying. In one non-imiting 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 § micrometers. In a sphrierical 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 methed 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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| east 5 mcroneters. In a spherical particle, for exanple, the mninmm
average 25 particle dinmension will correspond to the dianmeter of the
particl e.wbypgectangul arly shaped particle, for exanpt-gusdoBes281 ni mum
average particle dinension will refer to the average length, width or

hei ght of the particle. In a further non-limting enbodinment, the
particles have a Mohs' hardness value that is | ess 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
mat ri x mat ergagting compdsitioa discusseridn detal akayp sempésingigreataethadd0 weight | ses: (1)
appl ying 1 Cpdiodrit BRa t5ial SHls bAIQcl 18 pHRLIEL (B ardihy g 3BRNG el MBr Y

secondary and/or tertiary / 127 S Coat1 ng
conmposi ti on ¢Aafeq yRAHthe ﬁeldemgl m@ts@a)e(?'b@?mb'mm thg rejpieraing- matpda| with theei ght

percent on amb@ik Materpl; Aa (Jim'ue%spéarman§fewgem@a{amx%ﬁénau (@aro@laa/hng the

coating to form coat I ng reinforcing material; (3) conbining the
r ei nf or ci Bg rﬁﬂf‘é’ﬁ?dﬁmmﬁqsﬁetﬁ@fefﬁ%l%rth%c??é'ﬂéﬂ gratinggfarm asubgtantialist partial | y

curing the nglifohn caarn@rupah tﬁeoremfdwh ﬁ1aﬁan§l Jp%ham{gc% QBRI dbBve, T € abl y,

the coating or coatings forma substanti al uni f orm coat i ng upon the

rei nf or ci ng TRfEEingm @hcanlgﬁ ¢RIbingd ‘mhstﬁﬁlg?éﬂ malenAb forexampleebnf or ci ng

mat eri al Cand.b&ersm@mer}eﬂfdﬁé.ﬁdﬁmEManmﬁelmatﬂﬁh@fehal for exanple, by
di spersing the reinforcing material in the matrix material . In one,

non-1imiting enbdidRRrondimitingembadinent °fW9é’FﬁsF6‘d"VQ“H@ thadabricips 10

preferablyg Vereritabiyiveven iftold Stylé788s faRE bfd aéwbrmﬁpeameéth paBsERpbA hoty of
| ess then 10 cubic feet ess than 5 cubic

m nute a ef er abl
feet per mn‘EHbé‘ffeS’sperl’?‘B%gP%‘a"ﬁ{FR(SfPﬁﬁ ?%sit ﬁéﬁﬂ%{?a’ RIMINEBIRY] for Air

Per meabi | it ymeésuwagv ASTMRDP3I7 SanddM trasiuaétnswfor Air PeimeaaBility bf tregiler esent
' ection and high strand

I nventi on, I s belleved that the ated cros

openness of ?@cﬁa?‘lﬁhwpﬂgtlﬁ't"f%@t?ﬁ%@% '"i’Src‘{|°Hv'gﬁtst€erYeE'ma§8\.?ssed in detail
bel ow) reducesngdied ﬁgés wmaﬁu higk ytrarid ddé:&néfsalgf thesvapd yérheof theé ﬁfe@@ﬁth g

i nventiop_as, co to nventional, fabrics ed warp
yarns. AdSprBVe! ‘fe}s‘iﬂs!’i @ﬁ%ﬂqw Bﬁ‘l’@‘é?ﬁthﬁﬁﬁf’er égﬁxé’fﬁ'ﬁé% ®f or

el ectronic prepmnrtveamﬁ ascmhparentomime wenvenichalfabrios enddgpisingIslaghexbat ed wit h
a sl ashing S|%%épr| or to 20 weaving to help prevent abrasion of the warp

yarns during AWavi ng process. The sl ashing size conposition is
typi cal |y appl i edAs previbesiywdisgusgedvin tonvpatmaiweaving opeatignsyfar electtohicough a di p

pan or bath onbAlBhAdibRcnE\AR0 |00 SGoal bl Ydching 898 pl- 0T © Set S

w
of squeeze ro renove an cess ypI ca
20 weaving to help prevent abraswn of the warp yarns during the weaving process.

The slashing size composition is typically applied to the warp yams 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 remove any excess material. Typical slashing
size compositions can include, for example, film forming materials, plasticizeré'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 not

compatible with the polymeric resin material used by composite manufacturers when
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size conpositions can include, for exanple, filmformng materials,
pl asticizers and 25 lubricants. Afilmformng material commonly used in
sl ashi ng siweeg@ppsitions is polyvinyl alcohol. After Sﬂcﬁ?’(@o thepd he War p
yarns are dried and wound onto a | oom beam The nunber 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 conbination of the primary and 30
sl ashing sizes. Typically, the slashing sizing, as well as the starchloil
size are gener HICPiporayng thedalpigtasiseiaforertent locarpelbgtmeicisuppastiothatetbefabad  used
by conposite nmapuf when
i ncorporating the ?&%«%’:{n%ﬁz% el n gﬁg%@%?%%%%tggﬁgom cgg%ep?)f&?? so t hat
the fabric nu§iesyebess erinsdaimpoegneting/tse swsemiabrid. | Thisadah berageommlishaxtiemi al from
the surface of ,§ fabric.
This can be acgo ﬂ]a%%;é'@% By Q&M%n%t/\ae lré,m g’?”@iéa%r%%wbg%}bbl ng the
fabric or, ﬁoré’e@tm‘mﬂayﬂc by manper gel kwnm@etﬁneﬁ\mbesw: df thezclewmimger  wel |
known in the abberathsh, fhefSis Hb i S, i s_no
suitable int erf%ecrg bet \ﬁ/een %gf%c?t let%rr{;:f%%c rra%& th@@){n@édcqﬁ%m} gg{eﬁ?téjsed
i mpr egnat e t hetorigipraapataiiop f@h@ %ﬂcbthﬁebal@ﬁd@assff b@'aurfm sathat a souptihguaigent
coupl i ng agent mygust ﬁe@emé a gration
o Romati o1 oo prpiecRle s fhel el bysollon ki rofind R5)
Typically, the hpﬁwiglwidrvgthg.azt@sﬁmbmegymwyfthﬁbﬁm@mgme\mr@m@nmﬁbﬂd ess than
0.1 % Aftep t{vgagﬁrg@heygg.,gngh%fl ni shing size, the fabric is inpregnated
with a conpati bl e meric matrix material, squeezed between a set of
metering rolls and fifr treatmest wigh the Snisking slee. dop fabriads isepregnatidostissed above.
For nore i nfor gghpedble pofeRFis adix ralehd ablon 0k ards
see Electronic Ma’% eri gﬁ? 15l ng bookT q;IqASMeI n?@%ﬁg% %%nrblfaﬁ'efé 'éggting ngages
113-115, R Tufesl ta e %e'm‘CHWQ:Ff@éﬂeé@@td@ﬁi&%d PoQYR oltir mpredinfiimetidy  (1989) at
pages 858-861 @@Qrdﬁ@ffatﬁﬁgtton'\ﬂf e)éétroﬂ@&&& boaP bd, @Ee’?éi Qr&n%é}te pgar d Handbook
(1997) at ges : 2.—5 ted Gircuits
Handbook, (3d M) é%a@@@at@nzuem W%ﬁfﬁ-é‘!%ﬁe pmmetel (E¢L)i ncor por at ed
by reference mrcmenmr&qc@msqmﬁaﬁmablﬁ@gp&%sés;smdé dhele@babbly thi ck
I'd an exi

coating on the warp_yarns, _the yarns Decome ri ‘e as
conpared to um8“i boak (43¢) ﬁboaﬁﬁiﬁﬂtge‘?ﬂﬂ@n@@ Rdtabnttise yarn

together in a di mat) ﬂamsﬁszr&myHagdiﬁmge(G@Ea' 1968), Fég ‘dﬁé?%ﬂé&?aéeﬁ i on.

Al t hough not maan} be Timting in the presen nventi on,
speci ca!!y incorporated by réference herein.

20 Since the slashing process puts a relatively thick coating on the warp yarns,
the yarns become rigid and inflexibie as compared to unslashed warp yams. The
slashing size tends to hold the yarn together in a tight bundie 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 ‘génerally circular cross-

25 sections) can hinder the penetration of polymeric resin materials into the warp yam
bundle during subsequent processing steps, such as pre-impregnation, even after
the removal of the slashing size.

Although slashing is not detrimental to the present invention, slashing is not
preferred. Therefore, in a preferred embodiment of the present invention, the warp

30 vyarns 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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believed that such a yarn structure (i.e., tight bundles and generally
circular cross 25 sections) can hinder the penetration of polyneric resin
mat er i al Syé pi/@762he warp yam bundl e during subsequent prowsm@isg Steps,
such as pre-inpregnation, even after the renoval of the slashing size.

Al t hough sl ashing is not detrinmental to the present invention, slashing is
not preferred. Therefore, in a preferred enbodi nent of the present

i nvention, the warp 30 yarns are not subjected to a slashing step prior to
weavi ng and are substantially free of slashing size residue. As used

her ei n, t he byeveight ol slashingtsizel residdie. do'a mere prefertegtenbodiment pfthyg aresenthave | ess
t han 20 per I tslp%pp é’a%rﬂnﬁg 486 VWO
01/ 12702 PCT. ] USC'%V %é?é%m%mg%éamﬁ s@%?&@gf) glé}"fﬁﬁ’gl residu na nore
preferred erﬁﬁ%ﬂﬁ?ﬁ?‘ﬂuycﬁfﬁepﬁﬂaﬁﬁ%ﬁﬁﬁ res'#vﬁ/e/m '#SGH heteirg thtepn Jessentialiy e not

subj ect ed t Gre~ ﬁlba@m&hémmﬁrmavwesw'wp@fe&t by WRighB i1 al 1y free of

sl ashing size resid As used herein, the term’ essentlallé free" neans

that the %r&ﬁef9@PW§e§§éW 0.8 percenthy weidht gad mestiprefprahlyi Qparcentby weightor ef er abl v

I ess than O&ap@g*mfa%smggﬁboam@bm&e%@\fe@r 3Rdwever, R%&ﬁé}by% wei ght  of
a residue of a slashing size on the surfaces thereof. However, ? t he warp

yams are s sibiested tg asesendantieaaling sRaration RSEIP Mea¥IAg Jir Ffﬁﬁb{)’othﬁ/eaw ng,

FL eferably, dnksunt 6Mme8dcordary beatmg@gﬂféartdtr@%a&ad%gofamh@@?ﬁng pﬁ&QOSE{ f afcet ﬁf
e warp yarns prior s | ess .7 percent by weight o e
si zed warp WHP’ s()'e?ﬁwtgﬁ?\ge’;ﬂeé‘fegﬂl%'ﬁe'gméh\eﬁgﬁ W@f Y3® present invention,

the |1 oss1@n i gm in one m‘éferréhemuadlmeyi%ﬂtm présept inberitioh)] tiie loss n ighfien 8f 5 per cent

by wei ght, eferabl a rcent, b h nd nost

orefor abil y 1BEGaBBIRGE BreterpiE e R s percasblfl igoh, Mooy osme 1 abr i c
of the presdhdn 1.68perenthy weight @andbiogt meferably lessahizn 0.8 peest during gni ti on

rangi ng for t fromQ.4 to 15 1.3
percent, an e%\‘;ié ﬁ'o%ugﬁ 'Bﬁgtb g‘rahor' p@e m% 'gJegp({%orT%f)%r'yc (N VRl o her,
non-limti nQO%momlmanmmgthBOmtesle&mercmmre preferabli ranging froar 014 tr ef er abl y
has an e{gngga 35‘g.cg,gog,§,—é§,gmﬂ°9@p,@ adr%ans trLat t.ﬁpgrg&qss As used herein,

the term"el ongat ed cross-section” e vvarﬁ arn has a generally

flat or ovul ar cﬂ'b%%d@%c’ﬂqndﬁ%ﬂ'“ ambndimant ghthe pregent inyeation: the walp yarossed
above, ref ergrefdRblyhat AR emgateet%s-sééﬂsn bAdhigh Saridtberhéidalashbler s of the
yarn or strand are not ti

hel d g'@t her and open spaces exi st between
one or nore NGfeR, H'ée\eﬁ'ﬂl"?}?'?ﬂ?éq qresSesestiont ?Pﬂ‘ﬁ‘tthﬂyaf@f?é@ maeenesAlya matri x

material i ntfat étevula bdbesectbas BR&beNHigh tRInG Bpéritess, GistOsked oD i
general | é/o haig ﬁ'neach%rarc erllst?crthactrtﬁes ﬁ\dﬁ/%%gl f%ers o ﬁ\e ygm grtsEgRQ aroepneoptrt]ghtly 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-section and low strand openness
and thus do not facilitate such penetration. Although not limiting in the presenf
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 laminates and electronic supports to exhibit electrical
short failures due to the formation of conductive anodic fitaments when exposed,

under bias, to humid conditions.
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and thus do not facilitate such penetration. Al though not Iimting in the
present 25 invention it is believed that good resin penetration into the
war p yarn e., good resin wet-out) during |angggdeanesgan i nprove
t he overall hyér ofytlc stability of |am nates and el ectronic supports nade
in accordance with the present invention, by reducing or elimnating paths
of ingress for noisture into the |lamnates and el ectronic supports. This
can al so have a positive effect in reducing the tendency of printed 30 »
circuit boards made from such | am nates and el ectronic supports to exhibit
el ectrical short flaeldeges aﬂaeandjonehees‘swarmehmaswédbpadﬁémdeveeanudhe

fil wh 01/12702
PCTRI 5001 20523 THiRLeat fealtfY et @urdefls BEE o6 MechbdBhercdly et =21 e

test. In the Folarsiend is@@sxxnomddeaq;@em toa ?bezqmwtsmbe@epamwmver a series

O oot oy 2eny i EntR58 2 1o drfliho Ak rfl 37 bbAARIGRHUAGRL butde iR TR O 21 1Y

di sposed senS|ng I'ng a ace a

opposi ng |ighta mm axgs eithe yem,is mwheﬂaﬂbamaraiehahgemenmth the light eittidgeandarn i s
in generally | ' t I ng: o hight sensing
surfaces. Theggﬁﬁg’sénggn %lé'l\;?‘%g? ;ﬁs‘e @n%r%ﬂlg c%gm% ks%n{)/uéq‘rte Eaal\}&ﬁlm g %ghk ﬁg{]
positions it ammnnmabbouh/aylf—Wev hmemﬂsveéncaﬂycakgqu reliérg ardithe dbtizngal and t he

o o2l o S heRRIRRD R Snd MRl b B ARA BY 6iind B SO °) | o

by noving the To0 owar d” or awa € sensing arn
passes over t Hewardldrawsy ﬁ'Om(theypertsmbldpvm b&ﬁatyat}(pammr fherolier:ut e)

dependi ng ; e yarn
can ecli psg@a (B@i ? ﬁgér}%oﬁ alt‘ﬁ;m%éa%rﬁ%} eman eﬁ)@ﬁ?lﬂ%o%ebp&%ets 18 fkﬁegsraééf‘lace
t her eby tri ggeniersy nmore pertionssef thenyatrh ean e@h&e semmq the hghae@anaﬂng fromuihber of

ecl i pses are ik AL RetehPligflerly WiHshBOThOlory BidNRaal [ apeabout 10

nmeters) and the re ting rat s per uni t | engt h)
i s consi der ed numer of eniipsesrasa tendatuiated foamdiveplenstb o§ yamn (typicallyebpdviéd t hat

the tight warp,uafkhasd fh@%éw:ﬁﬁ%ﬁd@@rh&nw\e?@csggéyaer%mﬁ .eeaA idesecfShed

gl ass fiber yans asS we ow openness of such yarn scussed
above, resl®t doibp ameasdrecefplirend PRAMILSS abri cs having an air per rreabl lity

that is higher thfmsb m%va?]sha@&{e ﬁtg.urbwm%t ke JPERHE Wolch frghr i cs of the

present invention, refe 'nclude an e ongat ed warp yam
cross-section “@ﬁlﬂefﬁfpgﬂeﬁ‘aﬁhsﬁﬁiaféﬁ\?ﬁf Yé@'@ﬁﬁé@ﬂ as {he oW eperess pfisibh vargs as

enbodi nent of 5B f ity,
as neasured by&lé}g'srﬁ D 7%’ rgme{ltﬁcrjﬁa!rh géche&snb&mBﬁQ fé&mg%m@aéhg@e%ﬁr@rgé?ﬁ?mag

standar d cubi ds higher than thgiafureemerbilitsefiizg rreferst fabapvefithe presen invaetiond
20  which preferably include an elongated warp yam 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 minuie per square foot (about 0.05 standard
cubic meters per miinute 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

30 than 10 standard cubic feet per minute per square foot, more preferably no greater
than 5 cubic feet per minute per square foot, and most preferably no greater than 3
cubic feet per minute per square foot.
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cubic neters per ;mnute per square neter), nore preferably no greater than
5 cubic 25 feet per mnute per square foot (1.52 standard cubic neters per
m nute payosfi3§e neter), and nost preferably no greatgertdancsiscubic feet
per mnute per square foot (0.91 standard cubic neters per mnute per
square nmeter). In another enbodinent of the invention, the fabric is woven
into a 7628 style fabric and has an air perneability, as neasured by ASTI VI
D 737 Standard Test Method. of no greater 30 than 10 standard cubic feet
per mnute per square foot, nore preferably no greater than 5 cubic feet
per m nute per sqAlthaughowt meamtdo bebbumt @fircamblvay lintitegbyaing paitibdlar 3 cubi ¢

f eet ' PCI/ USOQ) 20523 Alth h
ngt(:a ng:Flt mt SHE)G%nguné&gﬁaﬁeﬂ 'Eﬁv’awtﬁﬁ‘s%"{ é(fjr% géﬁf%%{r FSEHESHO P 80ry, O:J? i s
post ul at ed t bisb levairtp improved drillingrpgrfeintanga ircldmovatesinsddedronsfabgesct | ons can

o 20, LN, 1 OB AL AP Rk LIRS B PR S P b

i ncor porating re p rcu
poi nts bebwethe \ﬁarpiaad\ﬁﬂwrnanﬂabmdslhaymgwarmyaf@wibelodngﬂedmomqntlmmuvvi th

el ongated crgses QFOWerBFB?Ie%M con@ﬁrYt'r?mgl thgmgrchfp%Htlhg walp éﬁfﬁ%ﬁ@t | gnglrl ]

fabrics incorporatl ar- c
bit drilli ngC!’¢wa)‘mg¢38t»s}e9tldraba dnilmidrllhngcﬂnmmhthééam;: wijl cm;tacl febeglassiur i ng

drill d As |

i scusead. | HDas LM Bl Bl b e RERABIAS BB Blar. o 7701 L ™10 bot h
the warp yarrﬁswlqusb' dismssegdanmenmbed:menwtm Bl@ﬁgﬂunmh@nppnefaaatyy coating
conposi tign a&n'th@@awﬁrﬁéangwé hn%ra@me%s.msmh&@ dprfiRifpBbdRL e PY ! MRl Y

coating conposition a arn ca s the resin
conmpati bl e @PmResito e@mmgﬁarmmgaﬂmeurew campatiblefdrimaryenatingr it can

be di fferent céhﬁ&lﬁmppflﬁ@hé‘ﬂﬁﬂa%hpéﬁe thEBhrke G el rBlin EAHPARIS| | O appl ! ed

to the fill yarn use ere rase eren romthe resin
conpati bl e pPlimamycoating Wﬂ@PO@tﬁlﬁ@QBW'@F‘éﬁﬁh&rﬁBNﬁf@(Pr itcgn be different frgmtire | n
reference torésl‘}?ccfnﬁ»‘ﬁdtlBleCﬁxméﬁ} Edakig BorhPBRItn %satewth%mam tAsQRed AGHRI €d tO

the warp ﬁarn means that at |east one copmponent of primary coatl ng
composi t il hrase Ftﬁfef%f’%ﬁr“ﬂ? Vﬁﬁ]@g’pﬁﬁ't&%@r‘f{'a’b’ﬁ%mg&ﬁm%%‘t'% gopligcnt from

that conponesheifin 5ame.rnéfe@fcu te M lrbdhd crAPEIBR! prifafy GRBhd BshmpdRitbRe fill yarn
or that at |east 20 one co%ent tg)resent in the primary coating

conposi ti on 2Ppieddethesvarpyaipdpeans shat at leastope CB'P"B%‘E'?E ofithe PWEarMICP#ﬁ\gy coati ng

conposi tion apppositibn dpplidttofthed Warpdfath i8prdsbatin aﬁ amb@&&ﬁffe@é‘rﬁfrﬁﬂrfﬁé}nent
[ [ coating conpositi.on the fill yarn|s not

Dresent in t REMBIISRBIIE BRTPRgoR B EIReFORT aiRird Gdne §1xars oudipiatydken,
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 component 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, theé Qlé'ss
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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In still another, non-limting enbodi nent of the present invention,-the
glass 25 fibers of the yarns of the fabric are E-glass fibers having a
density of \lvﬁ%ﬁu%?n 2.60 grans per cubic centineter. In still another,
non-1imiting, preferred embodinent, the E-glass fiber ydfn&Soe 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
sane style. 30 In one non-limting enbodi nent of the present invention,

preferably theefst By WAERAN Do SIHEBAS, ARAL pro@rdbB/BRShid PPerbsht by
substantially fr.erg of "tacky" filmformng materials, i.e., the primry
coating conmpoYFIHAN BLRR oUELaSIef er abl y | ess than 10 -89 WD 01/12702

PCTI USOQ/ 20523 penes prefdiedwphi@dimedt) i osih 8bmB&ibledsrinlaAphchting &4 ogﬁisrf, erably
In"a preferred

| ess than 5 percent aﬁg We'.?h(% on a total solids basis. :

enbodi ment, t ARSYERIEYY EBRRLIABY dipTorme el hey. e REBaMoaing | s

essenti al | y6 f rcempoditiont ceieyised premrdonr laésﬂﬂamﬁfv&f}érﬁbﬁ weighf‘cnafotb@sd?ig'é mary ht
a y wei ght on

coating 5 conposition conprijses preferabl ess than 1 percent

a total solid as'B‘afE?@,p"?'Fg'%@yz?séft%"aoﬁ WFP&QYWHEHtW%mEéP@@ﬁPH%QMi ght on a
total solids hastprefestsly les®fian prafeaterbbywsigt onbhaml ids RRHGE Rk PimMei ght on
a total solidg, basis of t'a.gke(‘yf} l{‘? .for%g materials. Tacky filmformng
material s can BETESTPFHRIF Arcky §int-REming BiptanRlsicay) be gdetripaptalio the waavaliity hey ar e
appl i ed, such cagarhytoetdticthegarehppiidl sichtas by armping tratdiliéttanslorthBiidick | yar ns
and causi e W%{g ans to stick to e@ch other. A specific, non-limting
exanpl e of a & ‘Vé AY FRUSESIHAR, YRS oSt tojeachothen 4 snegific moa-idiiesty r esi n
filmforning ermtpleioth tacknfial-forninginatedialn®s hagreblufioepi Gedh fiAlsheind Or use
in an el ectroni pport application according to the present invention

S
w |l now be dfnsageff? ed generally. The 15 nethod conprises the steps of. (1)

obtai ning at | east Aomterhitivie nyethari of EoTirigs fabricolselimhn slcthicalasst T i bers and
having a firs LN .C atible coatij.n lied to at least a portion

t hereof; (2) tg ‘E@?{r'\o?’n%cgg'{émlgé%g}e P&?F&“QB‘%@%‘P‘JH ”8‘6&?‘5#@%‘?%@ gensrafy-alve y of

gl ass fi Bér s methbdrawiprisesahs elepndf: {Edbtuirtagtadasbbre MQaii ddepagRd sed to at

| east a porti 1 her y d weaving.the at |east one fil arn and
the at |east @ﬁé""’%"? 8%3%? %gganig%/‘ﬁ"}?gaa%/gsﬁrgﬂgc%ﬁp%&'ﬁlﬁi“f’?t@ﬁ applied da at ’g’ﬁ‘én 2.5
percent by weRghttion thefrentni2hotitaibing at laalst phedarptyar @inpfising @ piralie] Fglasoni C

support w11 Mg naid ol AR IR SRS e bl et ST ot ctep
of obt ai ni ng thefedfirand (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 for;ming 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 yam 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 yams (i.e., primary sizing
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formed by weaving at |east one fill yarn conprising a plurality of glass
fibers and 25 having a first resin conpatible coating applied to at |east a

portion tyghepdeAand at |east one warp yarn conprising aciusthabdzsy of gl ass
fi bers and having a second resin conpatible coating applied to at |east a

portion thereof wherein the warp yamhad a |oss on ignition of |ess than
2.5 percent by weight during weaving. In one, non- limting enbodi nent of
the present invention, preferably, the fabric is essentially free 30 of

sl ashing size residue. As previously discussed, in typical fabric forning

operations, t&RpssRHioHE Bhd Qaéﬂméélié &and?.ﬁiaﬁé)%'ré hAURSsiEothptibietapd thiBefdledS S
fibers and/ or yarns (i sizing -90 WO 01/12702 PCT/ USOQ 20523

conposi tions "yﬁtpesﬂea@m%@org |t%f396‘17rﬁ’df§ itQ i”lﬂﬁ%%"ag?gethﬂ £abric with poly@sfiatesi e and

therefore nhgteriaR. NSHRYEHbel 206V, Iﬂﬁs fsahdst &rﬂhbﬂ{)aéd&nipﬁﬂfe@%?ﬂhbhﬂ‘g the fabric
wth polyrrerlcresm mat eri al s. descri bed his iIs nbst commonly

acconpl i shed®iggning:the fakricaltsr yeaving. ’f'%\‘lfﬁ”?& hﬁ?tt"@a"\’ﬂﬁgﬁgrﬁe"s the fleergth oheat

cl eani ngdéfegL@%s}tﬁb@rs%ﬁfﬂﬁ@i&?@fth&y&ﬁ@r@'fﬁﬁ'ﬁ:sffdrh@ﬂﬂweﬁ'@f%)tdhagzﬁtﬁﬁsfe t h$h

yarns and fabri or.me erefr cayses s to densify. e

resin conpat Frﬁlgiaséé%f’???& de fasin %{"‘5?8&? CP31ipas, oft %Pfﬁma}ewe"mwaﬁm ied to

Ehe war p an?é@raﬁ‘pu%d t{))gﬁé WarpHndar fit 9?mepworn@we§lm;gweb Rbﬁtﬁmlfe&eﬁﬁ@‘ﬁﬂbr prior
o i npregnation an ere mi nat e or hea eani n

Therefore, i 'H‘F’"?ﬂ"é?@r?r@c}xerﬁhﬁe’fm'ﬂ?t? f’?fgﬂ?éﬂ&?fi\eﬁbﬂ%awg t-'f%@ OresiBid

i nvention, tprféraddl hen-iritihg &abddimentld thehpedent intdrtiah, MRefabad’ fidadrorp

oo adat |8 Meee teprb e an Al perabaln SPEleoreaher o opel foPr 1 ©

cleaning, a fini _Shddﬂﬁbrﬁll)zm mménthmaefpprid fedgﬁppmbaséﬁbﬁememwltbftﬁeoh

i npregnation_to i nprove et.ween the | .t he

pol ymeric re8FR9 %@'P%‘bﬂ”ﬁl"wea‘ %aéﬁ"}g Eg?%'?;{?? ﬂf%mggﬁelq?ﬁﬁﬁdgo?%a{;&%‘f p and/ or

fill yarns 15n¢rrtb011prégnamemw mg;mwe théleorppambmytbehneeame fabric 4rittheeed f or

fabric finishin

her ferred
embodi ment of° I?' %8“ r‘;'tgse(néty apﬁ\¥ t3 ong ¢ 'Hg %’aﬁ'@ tor%heawgrﬁo a%diao%l?yams
subst ant i1&l | prlérrte@leevmg indhel preséntamveatiore thermeed for fabaic ifi nlghlamldi/aho a finishing

size, i.e. mﬁﬁ?{enarfhééfog; i BBindPorIE I modihéhy Bmé%réghtxnmﬁ?n fhan 10

per cent by wel i secondary coatlin 'ni shi ng
size. In a 2@hm9nSeprpfeeabyrst@ataamm‘emﬁtessﬂe frora amee@&aty Goatiehandfer,a t he

fabric is esﬁﬁgﬁ. bikd | %r ?e%sgfar? {se%rgéh?binﬁv&ﬁhtamﬁf‘e%%fa’bw 164G and/or a

finishing size. used'her essent al free" neans that the
fabric has |@s@enmmqgmef@eﬁuefryweghﬁdammng m&ié@r@rfmhy!glse@s ImAan 0.5

percent By Waldbrefrel@Mdtndnt 8 thé p?é%ﬁﬂmﬁﬁfon(?%tféﬂﬁ 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 weight, 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 foliowing 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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and/or a finishing size. 25 The present invention will now be illustrated
by the follow ng specific, non-limting exanples. EXAMPLE 1 The conponents
in the amoywygesrt forth in Table 1A were mixed to form p3flussauensis form ng
size conpositions A-F according to the present invention ina simlar
manner to that discussed above. Less than 1 weight percent of acetic acid
was included in each conposition. Agueous form ng size conpositions A-F
were -91 WO 01/12702 PCTI USOQ 20523 coated onto E—gI ass fiber strands.
Each of the form ng size caonpositions had 2.5 weig a{%,ercent solids. Each

coated gl ass $93ErOrde Fngs by stiands depoh 6f ?“SWW&WW" gsitiQlisiRe Zoht o

bobbins in a gightlparceBynes. E&h%afé@@xé@arw@ﬁbndeswm B ASHPI R ang Sanpl e
Bv.. was coated with aqueous form ng size conposjtion B, but vacuumdried 5

at a t enper at HPEdaMoRRBEINE 2 sitiat m%’eﬁﬁ‘t’li’%c é’ﬁt?f‘@‘stwﬁt"llg SHAMEDRd | oss on
i gnition val ugsmgé Bl 8wés bméu &nmlﬁb@s PRAIRGBike co'iﬁ;mtﬂaﬁ BChut vaBdint énde  had

| oss on igpition val ues 66 wei percent respectlvely -92
WD 01/ 12702 FEH @@W%@Q@Tgﬁa’ﬁf"é aﬁw \ﬁﬁi@ﬁ ﬁ@%@é SR ON TOTAL
SOLI DS BASI S il fefes SPMROHENT: i GoleRt. s aa\dai a81ds 8 ichidd . 58
50.71 0 0O DE MOPHEN 2000 se 43. REZ 3522-W 66 99 0

21.05 0 0 0 ‘&R o83&9A00 @GONWGP?L*’G‘?%Q*'&B@%OQYPW PVP- K30101 0 9.7 15.79 15. 21
1.31 5.18 A-187 102 2.3 2.3 8.42 8.11 3.17 12.51 A-174103 4.7 4.8 000 0
A-110010° 0 0 8.42 8.11 0 0 PLURONIC F-108105 10.7 5.6 0 0 0 O | GEPAL

CA- 630106 0 0 4.74 6.39 1.63 6. 44



VERSAM D 14010 4.8 4.8 0 0 0 O ALKAMULS EL-719108 0 0 0 0 1.63 6.44
KESSCO PEG 600'09 0 0 0 0 0.79 3.11 MACOL NP-6 110 3.6 3.6 4.74 6.39 0 0
87 RD- 84y polygster resin which is comercially avail abl/@sdof26438 Bor den
Chem cal s of Col unbus, GChio. 6B DESMOPHEN 2000 pol yet hyl ene adi pate di ol
which is comercially available from Bayer Corp. of Pittsburgh,

Pennsyl vania. "EPI-REZ(r) 3522-W66 which is commercially available from
Shel | Chemi cal Co. of Houston, Texas. 700 EPON 826 which is comercially
avail abl e from Shell Chenical of Houston, Texas. 101 PVP K-30 pol yvinyl
pyrrolidone which is comercially av-pdm@lp)\e from|SP Chem cals of Wyne,
New Jersey. 102A-1 87 ganma- al veidoxXvpropyltrimethoxvsilane which jis
commerci al [y avail able from CK VWE(EGH'CBEB&EQE%C@IMWEN’T%TOWW Yor k.
103A- 174 ghnma- net hacryl oxypropy| trimet hoxysiSHBSBASS i s commercibl |y
avai l able {rom CK Wtco Corporation of Tarryt SMMPLESw York "' A-1J100
ami no- f unc{i onal GOMBONEdIT ane _cbuplAng lagBnt| wBich Ps tonferciafly
avai |l abl e {ROB478R Wtco Corporafi o28.&f [T89.1\tHvire | S®W or®. 1050 PL{URONI CTM
F- 108 pol y¢pEsMOPHENI2OGOOP yoxyet hy 487 copd9.¢rerOwh| cl® i § cOnmmerclal |y
avai | abl e TEpRREASE2ZW-pePat i on bf Far si ppany, 21N Jér sey. 0106 | GEPAL
CA- 630 et horpbOaiazs ®ct yl phenoxyef han®l whi 6h |i sOcopm#r c| ABLA2 aedif4apl e from
GAF Cor por apvprKapi™Vayne, New Jefseyo 10/ VERSEMD) 18121 poll.B&ny d&18h| ch is
conmmer ci al IPa-geya®l able Trom Cogn{s @& p.| &3 [CBARI hBaili | 8NV o | 1P ALKAMULS
EL- 719 pol yasymatfyT at ed veget abl ¢ oul7 whj a8 i|s Oonperdci &l 1 9 ayai Dable from
Rhone- Poul §ACt1060¥ KESSCO PEG 60 pobyet hybenegsglyf@ 1inpnobaufate epter,

whi ch i's CcQPTORONKE Fyioava | abl e | T ram7 St s |Coopahy oof { Chocagdo, 011 ]i nois.
10 MACOL NHi@epPANZRmEIeN® surtaclantowhi chor 5 eganersc3al | y.6aval 6.asl g from
BASF of  P4RERBAMIB 1400 JerSey. |- 93800 PUld 709 PC 100SOO 80523 oTabpl e 1A

(cont'd)  [ALKAMULS EL-719 ™ 0 0 0 0 | 163 | 644
KESSCO PEG 600 '™ 0 0 0 0 0.79 3.1
MACOL NP-6 '° 3.6 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, Pennsylvama

9 EP|-REZ® 3522-W-66 which is commercially available from Shell Chemical Co. of Houston,
Texas.

100 EPON 826 which is commercially available from Shell Chemical of Houston, Texas.

101 pyp K-30 polyvinyl pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey.

102 A_187 gamma-glycidoxypropyitrimethoxysilane which is commercially available from CK
Witco Corparation of Tarrytown, New York.

193 A_174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporation of Tarrytown, New York.

w4 A_1100 amino-functional organo silane coupling agent which is commercually avallable from
CK Witco Corporation of Tarrytown, New York.

105 p| URONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer whlch is commercially
available from BASF Corporation of Parsippany, New Jersey.

1% |GEPAL CA-630 ethoxylated octylphenoxyethanol which is commercially available from
GAF Corporation of Wayne, New Jersey.

107 VERSAMID 140 polyamide which is commercially available from Cognis Corp. of
Cincinnati, Ohio. _ _ .

1% Al KAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc. o ) .

1% KESSCO PEG 600 polyethylene glycol monolaurate ester, which is commercially available
from Stepan Company of Chicago, llfinois.

110 MACOL NP-6 nonylphenol surfactant which is commercially available from BASF of
Parsippany, New Jersey.
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VEEI GHT PERCENT OF COVPONENT ON TOTAL SOLI DS BASI S SAMPLES COVPONENT A B C
DEF EMERY 6717 1" 0 0 0 0 0.40 1.56 EMERY 6760 112 0 0 4.21 4.06 0 O
POLYOX WBRy@Pk/idA3 0.6 0 0 0 0 0O POLARTHERM PT 160 114 gefudooBeddz 0 74.78
1.00 RELEASECOAT-CONC 25115 0 0 1.05 1.01 O O Conparative sanpl es of
commerci al products 631 and 633 D450 starch-oil coated yarns; 690 and 695
starch-oil coated yarns and 1383 G 75 yans which are 5 comercially

avai l abl e from PPG I ndustries, Inc. were also evaluated. In addition, three
Conparative Sanples X1, X2 and X3, each coated with the sane aqueous

form ng conposition X set forth in Table | B below, were al so tested.
Conparative Sanple X1 had 2.5 wei gipsnieqpqesirdiol i ds. Conparative Sanple X2
had 4.9 weight _percent solids and Was arr _dried for about 8 hours _at 25C.
Conpar ative $anple X3 10 had 4.6 M%QHTE&WT%CQWOWMrTPT@M?
partially amjdated polyethyl ene | lablg from
Cogni s Corpofation of Ci ncinnati, TJm 0. 112 ENVERBAMPLE$60 | ubri cant i ch
is commercialjl y avaCOMPONESIgni s Cor pokati pnBof] GEncl nBatji , E Chj 0.F 1113
POLYOX WBR- 3Q EMERY 7MY ene oxi de) wh®ch | s8camm@r cj abl y| a4 | pbl.®6 fir om
Uni on Car bi EMERDE78D " “Danbury, Cobnne@ti cut 0 144 POLARTBIERMG) PT ¢l6Q boron
nitride powd¢POLYOX WBBs301WH ch are comerci al lly avaj |l ablle drom Advanced
Cerami cs Cor pPOAARTHERM Prkeowod, Dhie.0 17p KRRA B NYR7BE 1.00
REL EASECQOAT- EBORAQICONE PEA® partgcl es pn aqgeous.01dl SpEr's] orp ichis
commerci al | y avartTapre TTonm ZYP-Coati ngs, Tnc. ol CakK R dge&,  Tennessee.
-94 WD 01/ 12702 PCg, gggﬂg;e@é&@pxegatmnae@m o5 QBERFANE SESCLRRAENT O

TOTAL SOLI DS BASI S 47A 78 .
coated yarns; 690 and 685 starch-oil coated yarns and 1383 G-?S yams 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. Comparzative 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.

Y12 EMERY® 6760 lubricant which is commercially available Cognis Corporation of Cincinnati,
Ohio.

Y13 POLYOX WSR-301 poly{ethylene oxide) which is commercially available from Union
Carbide Caorp. of Danbury, Connecticut.

Y4 POLARTHERM® PT 160 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.

115 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride particles in agueous
dispersion which is commercially available from ZYP Coatings, inc. of Oak Ridge, Tennessee.
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DESMOPHEN 2000 "' 44.1 A-187 18 2.3 A-17419 4.8 PLURONI C F-108120 10.9
VERSAM D 140121 4.8 MACOL NP-6122 3.6 POLYOX WBR-301 123 0.6 The yarns of
Sanpl es Ayf ofiidod he Conparative Sanples were eval uat ed p@fusdoR6330on
ignition (LO) and air jet conpatibility (Air Drag) using the "Air Jet
Transport 5 Drag Force" Test Method di scussed above in detail. Each yarn
sanple was fed at a rate of 274 neters (300 yards) per mnute through a
Sul zer Ruti needle air jet nozzle unit Mddel No. 044 455 001 which had an
internal air jet chanber having a dianeter of 2 mllineters and a nozzle
exit tube having a |l ength of 20 cent iTaBtect® (cormerm al | y avai | abl e from

Sul zer Ruti of_lﬂ_SpaL.t_a.n.buLg,—hbp-t-h—Gam' =35 3 goto—af 310
ki | oPascal s (45 pounds per square |ncr)W§é%' Pl;:;% %G%B%MSFSOW
positioned injcontact with the varn atla pos) At BASIS.e yann
entering the gir_jet EOMPQNENTe t ong; rn:e_t__e_r__pm of the

gram force (drréﬁp'laépﬁe? exerted upon egch yarn Qnmplz ghy the 116 RI) 847A
pol yest er resi|PESPMORHEN 20081 ®rcially gvailable froffforden Chenicdl s of

Col unbus, Ohi d.A-187""DESMOPHEN 2000 pol yet hyl ene adi frade diol which|i s
comrercially gveilTé4Bte from Bayer _Corp. of Pi ttsburd®. Pennsylvanila. t18
A- 187 gamma- gl [yRUURONID B8 t*t i met hoxysi|l ane _whi ch | 808ommercially gvail able
from CK Wt cd VERPAMED 1401%'0f Tarrytow), New York. 188A-1 74
gamma- met hacr WWMAGOLNPE (2 | net hoxysi l afje which is codercially availl abl e
from CK Wtcq RDLYyoX Wsr-30012 Tarrytow], New York. 126 PLURONI CTM H-108

pol yoxypr opyl ene-porl yoxyet nyl ene copolyner which 1s commercially avail abl e

from BASF Cor por atyHaryafts d?Séﬁ‘JIpIéBme’ and\ie Geniparstive $ampERBAMAIULEY fpol yani de
which is com‘rermall% avai |l ab '

f i S, . f Cipcinnat i io. 122
MACOL NP-6 ndP§A Phigniien gtﬂ)f%{&aiwetr%qﬁpgﬁgﬂﬁ@gﬁ%si g the &gg?qqaﬁsgog om BASF
of Parsi p@arlyragm%%eﬂﬁ’éﬁ%th&d?d?sdaﬁéﬂbo\iﬁﬁﬂéd pol y(et hyl ene oxi de) which

Iognﬁg (r:TT[’rle (r:ﬁ![ ally avé?‘acL\ayglrnesamp e wgsn%e% at a%e o% 9’?4 metelps (386 yaDgsr} per X\’inute

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 nozzie 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

116 RD-847A polyester resin which is commercially available from Borden Chemicals of
Columbus, Ohio.

17 DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer
Corp. of Pittsburgh, Pennsylvania.

8 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.

119 A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporation of Tarrytown, New York.

120 p| URONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

121 VERSAMID 140 polyamide which is commercially available from Cognis Corp. of
Cincinnati, Ohio.

122 MACOL NP-6 nonylphenol surfactant which is commercially available from BASF of
Parsippany, New Jersey.

12 pOLYOX WSR-301 poly(ethylene oxide) which is commercially available from Union
Carbide Corp. of Danbury, Connecticut.
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-95 WD 01/12702 PCTIUSOQO 20523 air jet as the respective yarn sanpl e was
pulled into the air jet nozzle. These values are set forth in Table 1 C
bel ow. TablwglGiSapl e No. Yarn Type LA (% Drag Force ,@é’xm%gg/z%ansport
(granf.) Drag Force (gram per grammars) A G 75 0.35 68 A? Zf B G75
0.30 84.9 128,248 B,ar G 75 0.35 95.0 143,587 C D450 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 21.45 160,075 633* 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

28,701 X3 D- aZo Bé hestalt Neé']ar'%grépc‘%wgg’ﬁ%@%ﬂ‘ié@s%g%égg %275&1%%595%@9 450
1.66 10.43 77, Bcet forth irghahied#C Welow. st ar ch-oi | si zing formul ations. As shown
in Table 1C above each of the yarns A-F coated with polyneric matrix

mat eri al conpatible sizing conpositions accordlng to the present invention
had Air Jet Transport Drag Val ues gr eatleble Han 100, 000. Only the starch-oii

sized 10 commETTTalg Wi ol Aty We
pol ymeric matjri x h'gl‘l a’crs di S(vusseﬁatove(‘aa é&@ﬁm t leﬁet ] ; ap
Val ues greatdgr than 100, 000. Sanple yarns Chi arﬁ Ly Whi ;ga ad prgpl yheric
matri x conpatfi bl e coatings, hadj{Air gram )
o mass

A G-75 0.35 68.5 103,474

B G-75 0.30 84.9 128,248

Bac G-75 0.35 95.0 143,587

C D-450 0.52 37.33 278,582

D D-450 0.40 47.1 , 351,403

E G-75 0.35 78.3 118,789

F G-75 0.35 83.2 125,680

Comparative Samples

g31* D-450 1.6 21.45 160,075

633" D-450 1.3 38.1 284,328

680* G-75 1.0 108.23 163,488

895* G-75 1.0 100.46 151,752

1383 G-75 0.76 14.47 21,858

X1 G-75 0.33 36.4 54,885

X2 G-75 0.75 18.0 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 according to the present invention
had Air Jet Transport Drag Values greater than 100,000. Only the starch-oii 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 Cy; and Dy;, which had polymeric matrix compatibie 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 yarmn 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

vac
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Jet Transport Drag Val ues | ess than 100, 000 because of high coating |evels

on the vyarns, i.e., loss onignition greater than 1.5% which inhibited
separ at i owofyibfee 15 fibers, or filanmentization, of the ptgfRediosine air
jet. To evaluate | am nate strength, 7628 style fabrics (style paraneters

di scussed above) were forned from sanples of 695, Sanplé B and Sanpl e BVac
-96 WD 01/12702 PCT/ US00/ 20523 G 75 yarns (di scussed above), respectively.
Ei ght plies of each fabric sanple were lamnated with a FR-4 resin system
of EPON 1120- A80 epoxy resin (comrercially available from Shell Chenmi cal
Conpany of Hausd piins (HREESsed abbfe)arRdpeiivdle, Eléht%ﬁﬁé&‘&ﬂéaﬁh%ﬁi@'s@mal@%mm PM
gl ycol ether (comrerm ally available from Chem cal Co

M dl and, M clamyeatgd vith PERryﬁ resin sygtegvof BEQM, 1120 80.gRroxy RSNt ammercially f or

flexural str avdiibble (ARG RBANHeMiddl B Eﬁﬁ@ﬁ-)oustbﬁstéxa@) diegdticilintige,t 0 ASTM D- 790
and | PC-TM 650 Test  Met hods Manual m?, for | nterconnecting

and Packagi ng-ntaimidazeleand Iﬂ%‘@’ﬁ‘h@- %9’4?” ("'*Xﬁf éﬂ"‘&?eéc'a'yr?é’éﬂqb fefeam y

Incorpora15edThyobﬂf@femwcbeémlabanwmm & fofrh Rlhates. corml etely 10 renoved
by et ching accor dkg‘g}to section | PC-

ﬁng 0 ]"a( and "h?r_ i nt erl am nar
shear strength (s a'ﬁg‘éfﬁ‘gi’ﬁeﬁ‘@‘ﬁt Roiexyral srengtn{maximpm failyre $ess) ( 5/ 8t h
i nch) span eésdng:é&% ASTR0-700 ahd 2PCTM-b50TRiseMethods Manudiehge) per

i nut ASTM D- 2344, whj ch N ted b
REC I A S S IGO0 S e o S

gﬁl ow. étS Tabbéhclﬁhgl[? |ﬁwmdrﬁteﬁlbg>wfeﬁdlnc§gé:em%t~hh Enleﬁaxuaqdlréﬁ\/bdﬂbg Iu&llggor7 t1 5géelarzn .

ear ren SC SI ascal S S C | X

x 1010 346’508?5"%8% e ‘“92"?&%“""33‘&83%' ‘E)E"%-?? 6@*’ éz@?&aﬂ?’%’"%""m%‘45oeoo 2.5

x 10' b|364; D§B£ar4tré’ngt{h C%Snﬁﬁﬂﬁ&héalgstmngtﬁﬁ&i@%mg@'glﬁmétex(%&h m%ﬁﬁe%aPﬁS shown
T e a. e a "a, re rea accorai 0] e

M esa SR THRaS SPeTLe T 7 ters 10-05 PR AR RS mBE dreerd e 1

pr esent |nveﬁP and
simlar 20 mmonemmimme spécificalijt ihconparated bypeferedcd erbinmThatesultsainpl es

prepared fr On}tgese eva uatlgrbs é)re shovgfﬂne'fjab%I ‘ﬁfgelgl ber yarn.

15
Table 1D
Sample Flexural Strength Flexural Modulus Short Beam Shear
Strength
Pascals psi Pascals Psi Pascals psi
B 49x10° 71534 | 2.4x10" | 3465000 | 2.6 x 10’ 3742
Blec 5.0 x 10° 72215 | 2.4x10" | 3450600 | 2.5 x 10’ 3647
695 43x10° 62059 | 2.3x 10" | 3360800 | 2.3 x 10’ 3264

As shown in Table 1D, Laminate Samples B-and B, prepared according to

the present 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
5 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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Sanmpl es A and B and Conparative Sanples 1383 and X1 were al so eval uated
for Friction Force by applying a tension of 30 grans to each yarn sanple
as the sa | lled at a rate of 274 neters (300 yar é_ nmi_nut e

t hr ough angglspi/ &gf conventional tension measurenent deg’% gjg%\%’é) ng a
stationary chronme post of about 5 centinmeters (2 inches) dianeter nounted
t herebetween to displace the yarn 5 centineters froma straight |ine path
bet ween the tension neasurenent devices. The difference in force in grams
is set forth in Table 1 E below. The Friction Force -97 WO 01/12702

PC T/ USOQ 20523  test I nt ended }o simulate the frictional forces to

whi ch the yar fetds E‘E%ﬁd@?:f"e%mﬂﬁfeltﬂ% rictienal forrgs & which theyerm issyiiRcied dirggd B and
Conpar ative Sapgdvig db@&'ﬁoﬁd’]d XI were al so eval uated for broken filanents

usi ng an abraS|on t est hundr ed of 5 tension were applied to
each test sanple a§a€&§?§%@$8§ﬁﬁﬁP@p QV ”%?m@ﬁs esand X averg als®). 46 neters

(18 inches) peadvaliatedtier Eer!EenfﬂIé!ﬁad’@ Mﬁn éﬂaémhstam AR ARHRE gheed d:fng

appar at us. %vvo test runs of eac a %ar ative sanple wer

eval uat ed AndeHHRN WeEARGLeddP egﬁbeﬁ%@}e ??fe"ﬂ’ LPRMIRIE WARPlied pka f"’é%@frted in
Tabl e 1 E bel @ws méhes alarmegrpetrﬁmﬁfoemmm@atm&ugh\w dbedsihltédting ows  of
steel reeds, each row_fel n%rl%gosmlon i nch a,eart Each test yarn

sanpl e was t hrPRa@SHe Sarsangle a?%%‘ﬁ%o tve fRaMpIE wege er“'éwaﬁld r eeds,

then threaded deitheaverhyworail Kty of mﬁm mémérh@s ré;m@m Tabw ™ pdieeds, but
di spl aced a di reeds. The reeds

f hal
were displ ac edﬁﬁzﬁg’kasé?%tfe%gﬁ%s‘(ﬁ@g F?ﬁ“’f ‘Eﬁﬁ‘" rr‘?’&’f"l °F§ﬁﬂf ??ds1 ??95 Y PRIRG i on

paral l el t10t hstibh@rt inen a@ért VIR tést amlsaaipreauafsaﬁxea@d b%&be@yﬁé aéja@ém
m nute. 15 Table tive Co agtlve No. 1383

Sanpl e No. X1 r??ﬁ‘%?f%%ﬁg@f’ﬁ’é’f (%?Fﬁrfgﬁnn%? eq getyeaying agigcen “ﬁi’ﬁ‘ﬁ ?heof br oken
filaments 2.0 skcndrol of rébdspRlt digplatedd diynte dionshaiinch Bethadi Be fows ofSanpl es

A and B, which t t t
N Erde accor dPR (ipeTrEc Tt isplep AR oL 5 BrR B ARl ne s
and |ow frict |pmmillei tbdhe dirastiencfgamieavetatiaaatehnd 24bogeRs pbt vbute.

15
Table 1E
Samples
A B Comparative Comparative
Sample No. 1383 | Sample No. X1
Friction force (grams) 247 | 18.3 23.9 38.1
Number of broken filaments | 2.0 1.0 3.8 1.0
per yard of yarn

As shown in 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 low frictional force when compared to the Comparative
Sampies.

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
than 1 weight percent of acetic acid on a total weight basis was included in each

composition.
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Sanmpl es. EXAMPLE 2 Each of the conponents in the anmounts set forth in Table
2A were mxed to 25 form aqueous form ng size conpositions G and H

accor di ngwoof/fzeo2pr esent invention and a Conparative S 0?2&93 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. -98 WO 01/12702
PCT/ US00/ 20523 Each of the aqueous form ng size conpositions E and F of
Table 1A in Exanple 1 and G H and Conparative Sanple Y of Table 2A were

coated onto G75 E-glass fiber strands. Each of the form ng size
conposi tions had EatheEtRe Bqa@dtilis 2rmintdia donfpreilieny E aad F d6Tatle TRkl € 2A VEI GHT

Sanpl e v EPENFEER 19¥ Gl £09 Gambaaie Sanpy 1305 PRsvers S981 o By

ALKAMULS EL- EL§ids¥ibkr Stearfis4£abh dBthe Fdrnitdlsiz8/tompositiohs hal befvedd 6Gnd &5 KESSCO
PEG 600 128 0.79,.3.11 2. A-187128 3.17 12.51 12.00 EMERY 671710 0. 40
1.56 1.50 P PRIESRSPYS. 0 0 4.61 POLARTHERM PT 160132 0 0 0
RELEASECO&T- CONC 25135 74.78 1.00 O Each coated gl ass fiber strand was
twisted to formyamand wound onto b ' in a simlar manner using
conventional tw sting equi pnent. The j‘%ﬂ?@)f 124 EPON 826 which is

commercially m_mmme K- 30
pol yvi nyl™ pyriol i done which is comerci al | y gwvaorabsoLio®BasiSP Cherfi cal s of
Wayne, New JelfSeY. 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 7 1.63 6.44 6.18

KESSCO PEG 600 ' 0.79 3.1 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 160 132 0 0 0

RELEASECOAT-CONC 25™ 74.78 1.00 0]

Each coated glass fiber strand was twisted to form yarn and wound onto
bobbins in a similar manner using conventional twisting equipment. The yarns of

12¢ EPON 826 which is commercially available from Shell Chemical of Houston, Texas.

125 PVP K-30 polyviny! pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey.

26 ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhene-Poulenc. -

127 IGEPAL 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.

' A-187 gamma-glycidoxypropyltrimethoxysilane 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.

13 PROTOLUBE HD high density polyethylene emulsion which is commercially available from
Sybron Chemicals of Birmingham, New Jersey.

32 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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| 2G ALKAMULS EL- 719 pol yoxyet hyl ated vegetable oil which is comrercially
avai l abl e from Rhone-Poul enc. 127 | GEPAL CA- 630 et hoxyl ated

oct yl phenoywgh gl which is commercially avail abl e fronmpckfdoogmbpor ation
of Wayne, New Jersey. 128 KESSCO PEG 600 pol yet hyl ene gl ycol nonol aurate

ester, which is commercially available from Stepan Conpany of Chicago,
[1Tinois. 129 A-187 gamma- gl yci doxypropyl tri net hoxysilane which is
comercially available fromCK Wtco Corporation of Tarrytown, New York.
130 EMERY(r) 6717 partially am dated pol yethylene imne which is

commerci al |y aSamipiedF and HexhibkaDminBndleizipg sRédding dmf'tng)meglaﬁd the yehisaf 131

PROTOLUBE HD hj gh .depsi ] yet hyl ene .emyl |on V\/m S COhTTEI’CI ally
avai |l abl e f ro%aq@i}%sr ﬁnéﬁeﬁgt’:’éf"i‘q%ﬁm@‘??ﬁ %ﬁ"éb ' 32
POLARTHERM r) PT l16Mehafrenf Bhﬁqpied&-ipamaiecmpmﬁuecsmte V&Awecémamte@cfmmr cially

avai l abl e Advanced Oera cs Corporation of 33 ORPAC
BORON NI TRI DEO‘%E SRR TR kAT e ?’88"*6‘&%5’? %égfaﬁﬂa@a%%
di sper si on Bhideterntneddontet Gobbih Yarapes htcthe sreiammm iRNEatedmt Tabg LB, IHm:h of QCak

Ri d T - 99 [12702 P /U
bl tod i A1 WS SRR BEAERE T RGPt R Rt Ny /AP RS R8s s
E and G exhi bitegdo sages ﬁer&hmumg:smb@cﬁhzm Mhbdei Ng 84\0i4st bagen ﬂfhrﬁemar ns of

Sanpl es E-H an lve Sa ev u edfor Al r in a '
simlar nanneréj#%‘?‘ﬁx%ﬁl & IS @E a@?@g%%r%gh‘ rngjopalipe, gf %’éﬁ; s were 5
det er mi ned f orThHeae vilo&dbicpresantphesvesdgetldi emeps@ssente sondudied ah &lir bobbhaddfe 2B.

Each yarn s .eval uated f wera e nunber r oken,.fil ts 1200
meters of Y ek aTeraee REER P A et Bt Bttty RMB i3 0011
broken fil aneruobbuieﬂm:grems (3G pdmnd}sam:mﬂﬁgramatﬁ!w povad) dlybe thwoandSBEm

I nt er nati onal kgg qx]; Engl and. These val ues represent the average of
measur enments con uctf eéd on four bobbins of 10 each yarn. The broken fil anent
val ues are report edsch ganyvestalsoreyalualed forfGaber T ensfonl testin atebdenforth 36 gr ans
(3110 pound) / obbi n.
Each yarn was. HPEZEbEbRaTe ke REHAkeR ki el Bitoldel veliarR

Tabl e 2B b ovilerfioe Mutimhids deterriinaxkianuriwildingensasnpieafyarrefdra e Gobkdn a0 the
Gate 15 Tensi n froma
bobbi n at 200 TEPLT R AR st il fedlin 4 B bt aerBABherie Bra SR

par al | el cer argassipg tie varmdthrough the Shzrley broken f lament detector discussed above to

count the number of broken filaments.
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passing the yarn through the Shirley broken filament detector discussed
above to count the nunber of broken filanments. -100 WO 01/12702

PCTI USOOw8%883702T ABLE 2B Sanpl e NUMBER OF BROKEN E F Gedi/EsugRes2s FI LAVENTS
PER METER Sanple Y OF YARN full bobbin 0.887 0.241 greater 0.065 0.192
than 10 136 grans (3/10 pound) 0.856 0.017 greater 0.013 0.320 than 10 272
granms (6110 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
- 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 TABLEO2695 - 0.31 1.0835 Gate 8 -

0.117 - O. _g_r_arml 25.psi Bobbin 1 - 10 420 - 10 860
11. 610 Bc . 10.600 - 71850 11 610 30 p§?mpleRnhh| n1 - 11. 690 -
12.500 13. gM@EEﬁ F BROKEN 500 -Eg. 540 #3.850 $5 pgi Bdbbi h_omp13| 490 -
14. 030 15. 5 METE'?rs 530 - 9 570 ' 15.630 40|psi BobpPamAleY f14. 740
_ 17560 ] 11010 47 .610 5 _ngi bhbin 1
PP P - i ¥ T ) L greater |~ 00851 01162
an
136 grams (3/10 pound) 0.856 0.017 greater 0.013 0.320
than 10
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
AlIR 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 17.660
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 22410
Bobbin 2 - 17.730 - 14.000 20.310
55 psi Bobbin1 - | 18.570 ‘- 23.350 29.350
Bobbin 2 - 19.660 - 20.250 26.580

While the test resuits 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
itis 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.

-101-



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 Bolg dissgiez 19. 660 - 20. 250 26.580 While the tespcresghisis presented
in Tabl e 2B appear to indicate that Sanples E-H according to the present

i nvention had generally higher abrasion resistance than 5 the Conparative
Sanple Y, it is believed that these results are not conclusive since it is
bel i eved that a pol yethyl ene erul si on conponent of the Conparative Sanple
Y, which was not present in Sanples E-H, contributed to abrasive
properties of the yarn. -101 WO 01/ 12ER&MPLEAUSOQ 20523 EXAMPLE 3 Each of

th ts int t t h in Tabl d t f
aqucons Torm ng. i zESCONBPOTBREnE 1 PSR 20607 I g B HE mhrRcdent

i nventi on. EacHomoageuss ﬁocmm'; B@e&bmmmmh:bum mrdlmgamheepiesemta simlar
manner 5 to that d sc? ﬁ vg Less t han i ;5) ‘% ent OI? acetic acid
on a total wei ghEMhLJFaL v%age ?’UH&F’%%""&P@E’ s ’ﬁ%d%{F Jrefhin AERRr BiEnpee
aqueous f or ré nge tHat disaaspbsbdvieo hessthar & deighBreresasofcmaticeatidnt Dtotal weihB

E- gl ass fi ber trands he for. g size conpositions had 10 wei ght
percent soli ds. ai’ﬁw?ﬁmcg' m%}’ ?’E@@EI\I‘I’ OF COMPONENT ON TOTAL SOLI DS

BASI S Sﬁxl\/PLEfS COVPEREINGT tKela iMdolds mmp@rs%mmposfi&ﬁpbﬂalﬂe ?MWBMW@
| t 33.4 31.35..3 ) 4
ey ool ot e 2sin Eiae beraings: aiics e Sodnosile Fongoliont FE 30 eighy

pol yner' s pol ygepshksdigne pol yol copolyner 0.3 0.3 0.3 0.3 0.33

10
Table 3A
WEIGHT PERCENT OF COMPONENT ON
TOTAL SOLIDS BASIS
SAMPLES
COMPONENT K L M N | Comparative
Sample Z

thermoplastic polyurethane film- 34.4 34.2 334 3135 34.5
forming polymer'*
thermoplastic polyurethane film- 815 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 8.55 7.22
gamma-aminopropyl 2.7 2.7 2.7 2.5 2.76
tristhoxysilane coupling agent
gamma-ureidopropyl 33 3.3 3.2 3.0 3.34
triethoxysilane coupling agent
amino-functional organo silane 0.1 0.1 0.1 0.1 0.14
coupling agent
RELEASECOAT-CONC 25 ™ 0.1 1.0 2.8 9.1 - 4
loss on ignition (%) 1.11 1.14 1.05 1.08 1.17

'* Thermoplastic polyester-based polyurethane aqueous emuision havmg 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.

'3 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.

1% ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride particles in agueous
dispersion which is commercially available from ZYP Coatings, inc. of Ozak Ridge, Tennessee.
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poxi di zed pol yester lubricant 7.2 7.1 7.0 6.55 7.22 ganmma-am nopropyl 2.7
7 2.5 2.76 triethoxysilane coupling agent gamma-ureidopropyl 3.3 3.3
0 %ng}lm%zl et hoxysi | ane coupling agent am no-f uncpdubrengano sil ane
1 0.14 coupling agent RELEASECOAT-CONC 25 0.1 1.0 2.9 9.1 0
| oss on |gn|t|on (%9 1.11 1.14 1.05 1.08 1.17 134 Thernopl astic
pol yest er - based pol yur et hane aqueous emnul si on havi ng 65 percent solids,
anionic particle charge, particle size of about 2 nicroneters, a pHof 7.5
and a viscosity of 400 centipoise (Brookfield LVF) at 25C. '3s

Ther nopl asti c pobbﬁrgbﬁfe'ééﬁﬁ%i a@bwaﬂhéawmmaaﬁsdrmampw@ dnawh@g a

oxi
7 2.
.2 3.
1 0.

owN®

solids content of about, 1 average, particle size

rangi ng f roﬁ"gﬁ’@[ﬁt“’%SSmPl? Za‘ﬁ%’t?texﬁ'”ﬂ"” M°&38ﬁég7é)r @ B NI TRI DE

REL EASECOAT ﬁé\!ﬁ.ﬂé RRALEE128Y  P54IR 3RFB nilimeterd (10 RG06I525 .elmaﬁpnaq@% which is
comrerci al | %?aval able from ZYP. Coat Tennessee.

-102 WO 01/ E290spesimen uanevaiated f oco%?ﬂage.%‘f@"%taﬁswsoﬁaﬂgé%@@n&fteq%q% above

coat ed gleas snddulk8lacsctiing BSASTH Mé\ﬁoébrazamaﬂemrhl &aéﬁgtmarii R0 BSHGIUST ON
nol ded at 270C for 48 seconds at MPa 975 roduce 254 X 254 X
3.175 nil|i RESUAIRY (qbswmf&%oﬁg 3 IMeRetStrRRgth was

eval uat ed f Qgeorif Me&s ASTRIMERSH b~256%ﬂﬂ1e|gﬂias€|c6ﬁl§m§ lsﬂé‘clfwad:eloenm l e 5 nodul us
according to AST and f uraI npdul us

od D63
recording 1o ASTNPRERRIeTAIDS reaiS AHpa SAFHES o sOTERSIFS (0t HREc 1
strength aecehdénigndlayibh b\ Mairixeekid)- 256 at the gl ass contents specified

bel-ow. T Ie 3B presents the results of tests conducted on conposites
formed J a conventional nylon 6,6 matrix resin. 10 TABLE 3B Sanpl es
units KL M N Conp. Sanple Z Tensi| TABLE8Bgth kpsi 27.1 27.6 27.3 27.4
26. 2 Samples
units K L M N Comp.
. Sample Z
Tensile Strength kpsi 27.1 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
Fiexural Strength Kpsi 44 6 46.3 45.7 45.5 44.0
MPa 307.6 319.3 315.2 313.8 303.4
Flexural Modulus mpsi 1.52 1.56 1.54 1.564 15
GPa 10.5 10.7 10.6 10.6 10.6
notched 1ZOD ft Ibdin 1.86 2.24 1.94 1.63 1.16
Impact
kJ/m? 7.89 9.50 8.23 6.91 4.92
unnotched 1Z0D ft Ibf/in 21.8 229 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 32.3 324

As shown in Table 3B, glass fiber strands coated with boron nitride particles

(Samples K-N) according to the present invention exhibit improved tensile strength

15 and notched Izod impact properties and similar tensile elongation and modulus,

flexural strength and modulus and unnotched lzod impact properties when compared

to a comparative sample 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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MPa 186.9 190.34 188.27 188.96 180.68 Tensile Elongation % 3.32 3.37 3.36
3.42 3.32 Tensile Mdulus npsi 1.48 1.55 1.47 1.44 1.51 GPa 10.2 10.7 10.1
9.9 10.4 §leyHeRb Strength kpsi 44.6 46.3 45.7 45.5 44, Py ¥eane9y- 6 319.3
315.2 313.8 303.4 Flexural Mdulus nmpsi 11.52 1.56 1.54 1.54 1.5 GPa 10.5
10.7 10.6 10.6 10.6 notched 1ZOD ft Ib/in 1.86 2.24 1.94 1.63 1.16 | npact
kJ/nm2 7.89 9.50 8.23 6.91 4.92 wunnotched IZOD ft Ib/in 21.8 22.9 21.1 20.5
22.0 Inpact kJ/n2 92.43 97.10 89.46 86.92 93.28- dass content %32.9 32.6
32.4 32.3 32.4 As shown in Table 3B, glass fiber strands coated wi th boron
nitride parti ckeslitcBanpé msprivaentio tardilngrengtitand npicbeedlrbd inpaghpropettieschi bi t

| nproved tensi S h ., 15 and notched | zod i npact properties and
simlar tensil g’%’é %‘{rﬁg’g%ut“éer?' and nodul us, flexural strength and nodul us and
unnot ched | zod i npact properties when conpared:- to a conparative sanple
havi ng sim | ar conponents which did n xm;gﬁé\kn boron nitride in nylon 6,6
rei nforcenent. \Wien eval uated using n sin under simlar -103 WO

01/ 12702 PCH US00/ 2688230f theoemhiganents jrt thhemionmis eetdontining able 4Aavese mixesitte engt h
and notched 1z [ g J indt AR 5 Each of
t he conponent S?O?W a{&ﬁ%&ﬁasr;gﬁﬁé’f&%ée a?%o\r@ﬁhﬁsl ﬁﬂ#g%ﬂ?é&k@\%nigg m éé%etﬁg form
aqueous form nipvsitoe. Ganipesucous fsmigtsire saghesicac@smdépaed o atshwailap maseert

i nvention. Eac .00 S C i L r | . sim | ar
manner to thalpJ @lgéﬁ%&ségse%o %dég%'el.‘élfé@asn fﬁ%ﬁﬁ \b\c%ﬁtg%{%ﬁ%@ra?gﬁ{neégtp {ag‘év%?ﬁec acid
on a total wei ghsis whabickidedin eanle bordeasition. each conposition. 10 Each of the

aqueous fony ng sizg [Em,ges leQRStoRhi b 8o EPE{?%% o - gl ass
fi ber strands. Each %‘?‘O he %%frem{%o s‘f‘gg&cocr}rpégsﬁ{?lﬁ%ns ad %V\%ﬁag%fbjmgercent
sol i ds. 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 43.1 43.1 34.45
polymer'®
polyoxyalkylene polyol copolymer 0.22 0.27 0.27 0.22
epoxidized polyester lubricant 4.8 8.0 8.0 4.8
gamma-aminopropyl 1.84 2.3 2.3 1.84
triethoxysilane coupling agent
gamma-ursidopropyl 2.22 2.78 2.78 . 2.22
triethoxysilane coupling agent- o
amino-functional organo silane 0.1 0.12 G.12 0.1
coupling agent
POLARTHERM PT 160 ™° 33.3 16.7 0 0

¥ 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.

%8 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.

*® POLARTHERM® PT 180 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.
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Tabl e 4A VEI GHT PERCENT OF COVPONENT ON TOTAL SOLIDS BASIS SAMPLES
COMPONENT P Q R 'S thernopl astic polyurethane filmformng 23 28.75 28.75
23 poly bz)\’l%/lng%er nopl asti c pol yurethane filmform ng 36—;,6500-;123;23 43.1
34.45 po ynerl pol yoxyal kyl ene pol yol copol yner 0.22 0.27 0.27 0.22
epoxi di zed pol yester lubricant 4.8 6.0 6.0 4.8 gamma- an1nopropy| 1.84 2.3
2.3 1.84 triethoxysilane coupling agent ganma-ureidopropyl 2.22 2.78 2.78
2.22 triethoxysilane coupling agent anino-functional organo silane 0.1
0.12 0.12 0.1 coupling agent POLARTHERM PT 160 '39 33.3 16.7 0 0 ' 37
Ther nopl asti c pol yester-based pol yrabhd #R(Com@ipcous enul si on having 65
percent solj-ds—anionlcparticle charge

pacticle size of ahout 2
mcroneterd, a pHof 7.5 and a viscosi {| YWBIGHIORERGENT QF S QUPONENTKON ¢
LVF) at 25¢ 938 Thermmplastic palyest F-r-haquTQEAbm%ﬁés ueoQus
di spersion fhaving a solids content of |62 percent Sabout 10_and
average parfticle si zZEOMBONENTfrom abodt P8 tlo atQ)ut D. 5 Rni cfron®ters.
POLARTHERM|MANTALG5200301°%0n nitri de powder ®artli cl &, whi c16.@r d cas@erci al
avai l abl e |from Advanced Ceram cs Corpgration Jof Lakewpod, Chifo. -104 WO

d

01/ 12702 P(T9ds300g@tEP®%) Tabl e 4A ( Contl' d0.52 \\EI GOIBPERCENISOF [CCOBANENT ON
6

TOTAL SCLIDS BASIS SAMPLES COVPONENT P Q R S VANTALC 2003 140 0O O
33.3 ~ Composite samples of each of the above coated glass fiber samples and the

Comparative Sample Z of Table 3A above were extrusion molded to produce 400 x
5 400 x 2.5 millimeters (16 x 16 x 0.100 inches) plaques under the conditions set forth
in Example 3 above. Each specimen was evaluated for: tensile strength, tensile
elongation, tensile modulus, notched and unnotched Izod impact strength as
discussed in Example 3 above at the glass. contents specified below.
The color tests were performed on composites having a 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 Hammon Products Company) and a
conventional foam type antistatic dryer sheet wefe enclosed in a 4 liter stainless
20 steel beaker and vibrated using a Red Devil paint shaker Mode! 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.

9 VANTALC 2003 talc powder particles, which are commercially available from R.T.
Vanderbilt Company, Inc. of Norwalk, Connecticut.
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%
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As shown in Table 4B, glass fiber strands coated with boron nitride particles

{Samples P-8) according fo the present invention exhibit improved whiteness and

yellowness and similar tensile strength, elongation and modulus, flexural strength

and modulus, and notched and unnotched 1zod impact properties when compared {o

a Comparative Sample Z having similar components which did not contain boron

nitride in nylon 8.6 re

inforcement.

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

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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Tensil e Elongation % 3.03 3.05 2.98 2.97 3.01 Tensile Mdul us kpsi 1866
1779 1720 1741 1748 CGpa 12.86 12.26 11.86 12.0 12.05 notched 1zZOD ft Ib/in
2.10 1.96yd09%h7d2 78 2.26 I npact kJ/n2 8.90 8.31 8.23 7p&huShords2s unnot ched
| ZOD ft Ib/in 24.9 23.4 22.8 22.2 26.4 |Inpact kJ/n2 105.58 99.22 96. 67
94.13 111.94 Actual Loss on %0.81 0.52 0.80 0.64 1.17 lIgnition 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

Whi teness Index -15.1 -12.0 -17.6 -18.5 -18.2 Yellowness Index 40.0 37.5

42.5 43.4 43.6 {ass content % 33.30 33 32.90 31.70 33.80 As shown in

Tabl e 4B, gl Gempanatice Sampladdss disasseld ini TableodA ofiExamplel Zlandrepeated Bslows

(Sanpl es P- §)qi ' ' | LRIt | maroved whiteness

nd "yl | onncas Ao B edf, RHEERL ebARL bAREL R chmb e S HRind'c

fl exural st rathitknessofd. 1idduillimeters (8 inoh)arslh dianletenoftécwitinieterd (3 npact
roperties ; ing.segRpl € Z having simlar

(F:)omgonent S m?@?}s‘?ggﬁaéo néegﬁ?lg?ﬁg%gr@%ﬁél l:)rg%t ridé in nylon 6.6 reinforcenent.
10 EXAMPLE 5 Each of the conponents in the anounts set forth in Table 5

were mxed to form aqueous formng siggei@nPositions T and U according to

the present ipvention. Each aqueous fOrming size conposition was prepared
in a simlar panner to that 15 di scussidNElﬁMéPElR@NTﬂFa&OHDOME pei ght
percent of acgtic acid on a total weight ba3N FORAs SOMDSIBALIS n eath
conposition. [Table 5A presents the reslilts of whi SAMPEES and yelT ojmess
tests conducted on coGMMAANENT or ned uii ngr Sarpl ed T, SoMparatie
01/12702 PCTIUSOO 20523 Conparative Sanple Z|(as di scuss8ampla ZTabj e 3A of
Exanpl e 3 and| thepeapiastic pellurathaneifinag nyl @n.38, § mR8.¥5X | €Si mg4.5ne cpl or
tests were peffoominggolgmectinposi tes haviing

thermoplastic polyurethane film- 46.9 43.1 51.7

forming polymer*4?

polyoxyalkylene polyol copolymer 0.3 0.27 0.3

epoxidized polyester lubricant 6.55 6.0 7.22

gamma-aminopropyl 2.5 23 2.76

triethoxysilane coupling agent

gamma-ureidopropyl 3.0 278 3.34

triethoxysilane coupling agent

amino-functional organo silane 0.1 0.12 0.14

coupling agent

RELEASECOAT-CONC 25 '* 9.1 16.7 0

Whiteness Index -16.3 -15.0 -20.7

Yellowness Index 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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a thickness of 3.175 mllinmeters (1/8 inch) and a dianeter of 76.2
mllimeters (3 inches) using a Hunter colorineter Mdel D25-PC2A. 5 Table
5 VEI GAIT PRBEENFOF COVPONENT ON TOTAL SCLIDS BASIS  SAMRIAESSo/@ERPONENT T U
Conparative Sanple Z thernoplastic polyurethane film 31.35 28.75 34.5
form ng polynmer"" thernoplastic polyurethane film 46.9 43.1 51.7 formng
pol ymer 141 pol yoxyal kyl ene pol yol copolynmer 0.3 0.27 0.3 epoxidized

pol yester lubricant 6.55 6.0 7.22 gama-anm nopropyl 2.5 2.3 2.76
triethoxysilane coupling agent gamra-ureidopropyl 3.0 2.78 3.34
triethoxysilane coupling agent am no-BXAMRLE®al organo silane 0.1 0.12 0.14

coupl i ng agent RELEASE S':Q%‘EJ\B v It anes: ndex -16.3
-15.0 -20.7 Yell omesgg?-rﬁfjex §M§§gﬂi§d4%‘o%§e,&sgi%§ ﬁé%o&v‘\n%’ ﬁﬁé‘:ﬁ%bl e 5,

Sanpl es T andctipmemitly evsitid frnint PPQ Irsiustiiery Incc erepostatked to oomiranaiihegndpor on
nitride partigl i t [+ L0V ' wer

whi t eness i nd%é’glzaclgﬁﬁe?éﬂqSﬂ‘gagfggr%'ﬂgﬁ%%%érté}t{%ggk gg%r?cégggg&%ué{ simlar
formul ati o whiotth The thickoess of elackl earbile was 25 milirdeters {4bouth échip floaseigid-

pol yest er - bas i %}g%l 6 sol i ds,

ani onic parti &%Q%&é&?é@f\ﬁ%ﬁﬁtﬁgﬁgﬁgﬁ% Eegﬁgé#e%atggﬁ rékng{ierdgr?g?gf@,g&é pH of 7.5
and a vi scosi t$005F}) 4 0émoveesssentally oll ¢iHnoskifg edropob¥fity frat (BS Gmde?

TP et e P VR Bl R RS SRR S RS, 2
rangi ng from Sbapkesy. Bhd cthatteatsathples (1Saoplee] wers dipped and saturated in a bath
10  of an aqueous coating composition consisting of 1150 milliliters of ORPAC BORON
NITRIDE RELEASECOAT-CONC (25 weight percent boron nitride particles in an
aqueous dispersion) and 150 milliliters of a 5 weight percent aqueous solution of
A-187 gamma-glycidoxypropyitrimethoxysilane. The total solids of the aqueous
coating compaosition 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) 1.08 1.0

{centimeters) 2.97 2.54
Temperature (°F) 75.82 74.14

°C) 2423 23.41

Thermal conductivity
Btu inches per hour square feel’F 0.373 0.282
Watls per meler K 0.054 0.041
Thermal resistance
Mour square feet °F per BTU 2.92 3.55
Meter® K per Watls 0.515 0.626
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143 ORPAC BORON NI TRI DE RELEASECQOAT- CONC 25 boron nitride particles in
aqueous dispersion which is commercially available from ZYP Coatings, Inc.
of Cak Riwl@eyztennessee. -107 WO 01/ 12702 PCT/ US00/ 2058S8r/usorpdd2.E 6 Fi ve

| ayers of ADFLO CT"' needl ed chopped glass fiber mat, which is
commercially available fromPPG Industries, Inc., were stacked to forma
mat having a surface weight of 4614 grams per square neter (about 15
ounces per square 5 foot). The thickness of each sanple was 25 millineters
(about 1 inch). Four eight- inch square sanples of this mat were heated to

a tenperature of Releyingtagable 6. theghermal gonduptyite ales teaperatye oK pf toe t he

si zi ng COWD@éL@QérﬁpIE"cQﬂb& With $85R! rifide Eamclwﬁ&aﬁoﬁ{a téﬁ@:ﬁr@én‘(‘ﬁﬁ/@n%ﬁed as
conparative sarTP (" Comparative The ot her two sanpl es

("Sanpl e X' VR tﬂl‘%@ﬁeﬁﬁﬂmébﬁ%ﬁﬁ?@@/ ?fﬁh%lz:ﬁ'at’?fa“@%‘ﬁp'&wh'&hM@éugt coati ng
conposi ti on c64t8& with bo@ntridel PaHicied.| i 1 i ters of ORPAC BORON NI TRI DE
RELEASECQOAT- CONC (25 wei ght percent boron nitride particles in an agueous
di spersion) and 150 mlliliters of a 5 weight percent aqueous sol ution of

A-187 ganma- gl yci doxypropyl tri met hoEXBMImEa The total solids of the
aqueous coating_co ' wel ght percent. The amount of boron

Sitl

nitride particl eg?algg)'gfﬂ’ﬁwiﬂyl'\p‘@"c@éﬁ?f"?ﬂﬂte%‘ﬁﬁﬁIpéeR%%d fiopm s@rRie%of G2 coat ed
mat sanpl es ya@rcdartival sizihg @iof Ewleaabbv@énﬂdeggmﬁ ﬁsé#ryarrﬂha@&C and heated
in an oven at 150C for Eg{eee P&r Each se]r rlw_g es was eval uated for
t hermal con&oPMERRNY axa H@H'h& IpsfriesgliEe ?%cyéﬂ“l’ perenipedad bY es of 300K
(about 7l(01t:) gmnya?mnaeoﬁfmrwarﬁn sma)ccaamg th&'ya@rhwltrfth%pﬁédﬁnf It cal Ity g

i ncor por at e e e here e ermal . conduct i vi an

t her rrgl res F??%W&ese%’f&g’g ?‘rﬁ'ﬁg‘ea%'@e% ﬁ\e(yla[rwnpr? Syipdricalshgeg eing ¥ab| e 6
Sanpl e x Canpnventiond! Glameht whdmgapﬁarambes)acriofﬂﬁb dyiiRddré aashagters) 2.77 2.54

Terrper at ur eﬁéﬁ’“%%ﬁg; gxc?%silh,g A ?eﬂégla eter op %I g%entl(r:noert]eq'lsJ ?é J/' yity Stu

i nches per
inches) and a wall thickness of 0.635 centimeters (0.25 inches).

156 The matrix materials were a mixture of 100 parts EPON 880 epoxy resin
(commercially available from Shell Chemical), 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 dimethyl amine
accelerator (commercially available from Ciba-Geigy). The filament wound cylinders

20 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
opposite side of the wall using a CCD array infrared camera at a rate of up to 2000

25 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 resuits are set forth below in Table 7.
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Watts per neter K 0.054 0.041 Thermal resistance Hour square feet OF per
BTU 2.92 3.55 Meter' K per Watts 0.515 0.626 -108 WD 01/12702

PCTI USCO 2Qa%32areferring to Table 6, the thermal conducidvidoy2@ts a
tenperature 300K of the test sanple coated with boron nitride particles
according to the present invention was greater than the thernmal
conductivity of the Conparative Sanple which was not coated with boron
nitride particles. 5 EXAMPLE 7 Filanent wound cylindrical conposites were
prepared from sanples of G 75 yamcoated with sizing G of Exanple 2 above
and 1062 glass fiber yarn that is comEakied| |y available from PPG

| ndustries, |ncg WHWWWS of
yam from a yar n-supphy—eoati-ng-—the—yam-wt MEe U%\( q‘efu a-s—get
forth bel ow, ang_fi indi i XIal) | iy CRGHMTe dsing a

conventional fi i th o :%e.cgd_l.ndeq"i was. J2. 7
centineters (5 G?lﬁmtwﬁ%ﬁnp_ﬁad di er of 14 ®%entjdeters
(5.75 inches) and a wal | thi ckness of 0.635 centineters (0.25 inches). 15

The matrix materi al Reforgng taTadlaT.dhevalpesid thasaphdifuEpONogEE t@qs@aryplpesu n

(comercially |, ekl o Tl

tetrahydro ?)ﬁ |v§agac%ﬁ{eg%%dgmmrg‘lgﬂo}onargtg?ﬁ%ﬁés{ﬁ a%%ﬁ dr| des and
Cheni cal s, 5ncconmaratm\ﬁamnle Wigh was gétﬁateamhﬁoraaﬂtHMDmﬁ(m }heDY 062
benzyl di met hyésarﬁém%unaeﬁﬁhswd%? SRANEER L Blob YosiBiPrt ARIGRs by have

C ba- Gei gy) . | anent ™ wound Inders 20 were cured tor two hours at
100C and t hen irienced eshmgilts. at 150C The radial thermal diffusivity
(thermal conductivity/(heat capacity x density)) of each test sanple in
air was determ ned by exposing one side of the cylinder wall of the sanple
to a 6.4 kJ flash lanp and sensing t hEXAMM&E Rt ure change on the opposite

si de of thegwall Uﬁ%&ﬁﬁ%@ﬁﬁ@%aiéﬁé@&ﬂn%@@cﬁénéfarl%ﬁa@f up to 2000
25 frames per second. Thermal diffusivity values were al so determ ned al ong

a length of tFEQEIN] cﬁ*‘i’%ﬁﬁrﬁ"%m‘fﬂ?ﬁﬂC)ftf‘&riérﬂé}?‘@n‘@afae‘f%&d}f°ﬂ?mﬁﬁeght of the
cylinder (axi adampidd)Bact @htaikifPsihhtIa@iLofTehs QR AbrRYrdparddtroh@drfids of 109

B..c coated yarn (discussed in Example 1) and 885 starch-oil coated yamns

{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 1PC
Test Method 2.4.41, which is specifically incorporated by refarence 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 B2 _ 4.08
Sample B,,.2 (retest) 428
Sample B,,.3 417
Sample B3 (retest) 4.26
Control 1 5.0
Control 2 54

-110-



WO 01/ 12702 PCTI USOQ 20523 Table 7 Thermal Diffusivity (mmR/sec) radi al
axial circunferential Sanple 0.37 0.33 0.49 Conparative Sanple 0.38 0.38
0. 57 Ref agponsh7s0o Table 7, the values of thernmal diffuspatsooheszst he test
sanple (which was coated with a snmall anmount of boron nitride) are |ess
than those of the 5 conparative sanple, which was not coated wth boron
nitride. Air voids in the filanent wound cylinder and the snmall sanple area
tested are factors that nay have influenced these results. EXAVPLE 8 10
The coeffici ent of thernal Eansion in the z-direction of a lamnate -

("Z-CTE"), i. Ascshews in Fi%b'? i feklaginate,$amples Adridrecardingde theviesent ed f or
I ami nate samnﬁsn t@%fﬁ&&ﬁ%ﬂh%aﬁé%ﬁsnbﬁhﬂﬁéz%frec?t@ﬁ%f %Yérﬁ“n{at%?%&

prepared from sarrpl es of coated yarn (discussed and 695
starch-oi | ¢&ttBen {hane of @mtsq&ﬁg@eﬁs|1@nezawblpews@5e l?’%?f?i’ fem. Sgﬁﬁ@rtfam nat e
was prepar eilkdhfed yaf? FR-4 15 epoxy resin discussed in Exanple | above and
clad with_copper accordl ng to IPC Test Method 2.4.41, which is
specifically incorporated by reference herein. The coefficient of thernal
expansion in the z-direction was ev@xsmdeE §or each lamnate sanple at

288C according tq | PC Test Method 2. 4. 41 The results of the evaluations
are shown in Tabl °§°5@\ecﬁ?}“p209"f%1!5'ltee BmS'éTFfﬁF%t forthoind blg) 9A wergpmiseddvacl 4. 10

Sanmple 8 .. farf é@je@&ﬁbrlﬁiaﬂyjslzeiﬁwzjgm&m B‘B%C@%ﬁ&ir@in%i@mg pkdshest) 4. 28
Sanpl e Bvae3 e B" retes Cont r ol 5.0 Control 2 5.4

110 nveni]' ion I:Sach aqueous prﬁna sizing cZamposmon was prepared in a similar

10 manner to that discussed above. Less than 1 weight percent of acetic acid on a total
weight basis was included in each composition. Each of the aqueous sizing
compositions of Table SA 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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WO 01/ 12702 PCTI USOCO 20523 As shown in Tabl e 8,

according to the present
in the z-diggeahhpe of the lam nates are
1 and 2, which were prepared from 695 starch-

i nventi on,

oi |

for

coated y

arn.

| am nat e Sanples Al -A3
the coefficients of thernal

| ess t han t hosepOfsasaniso!

expansi on

Sanpl es

5 EXAMPLE 9

Each of the conponents in the anmbunts set forth in Table 9A were m xed to
form aqueous primary size conpositions AA, BB and CC according to the

pr esent
a simlar

i nventi on.
10 manner to that di scussed above.

Less than |

Each aqueous primary sizing conposition was prepared in
wei ght percent of

acetic acid on a total weight basis wagblersgl uded in each conposition. Each
of the aqueous sizing conpositions of ers
formng G75 E-glass fiber strands. Ea HN%tht.FfE i BONENEr | st rands
was dried, twisted to formyarn, and jwound LI ‘ lm§ar
manner using conventional .fw sting equl poent TheSAMBLES) coated wWith the
si zi ng conposi tijgns exGOMRANENT ni mal ki zi M sheddi n®Buring isting.
-111 WO 01/ 12702 AMETK3801/ 20523 Tabl ef 9A WEV GHT | PEREENT (F CAWONENT  ON
TOTAL SOLI DS BASISHEPBAVEXES3COVPONENT A BEO.CC  PVP 28.80144 1273 14.7 13.4
STEPANTEX 653144 AB0870'*29.9 27.3 A-187/46 1.8 1.8 1.6.8 A-17414B8 3.7 3.7 3.3
EMERY 6717148 2.{A-Zz44*2.2 NMACOL OP-10149 BH 1.6 1.8.7 TMY-8335 B.3 3.3
3.0 MAZU DF- 13 BMERVB7/1X = 0. 2 ROPAQUE HB4L055| 2 @.#42. 4 0 2BOPAQUE
OP-96' 53 42.3 0 [IBAGCL OP-10 ™ 16 1.6 15
TMAZ-81 ™0 3.3 3.3 3.0
MAZU DF-136 ™' 0.2 0.2 0.2
{ ROPAQUE HP-1055 ' 0 42.4 0
ROPAQUE OP-86 > 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 sizing compositions (AA, BB and CC) were

used as fill yarn in weaving a 7628 style fabric using a Sulzer Ruti Mode! 5200 air-jet

144 VP K-30 polyvinyl pyrrolidone which is commercially avaifable from ISP Chemicals of

Wayne, New Jersey.

5 STEPANTEX 663 which is commercially available from Stepan Company of Maywood,

New Jersey.

%5 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.
7 A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witeo Corporation of Tarrytown, New York.
48 EMERY® 6717 partially amidated polyethylene imine which is commercially available from

Cognis Corporation of Cincinnati, Ohio.

8 MACOL OP-10 ethoxylated alkylphenol; this material is simitar to MACOL OP-10 3P except
that OP-10 3P receives a post treatment to remove the catalyst; MACOL OP-10Q is no fonger

commercially available.

%0 TMAZ-81 ethylene oxide derivative of a sorbitol ester which is commercially available from

BASF Corp. of Parsippany, New Jersey.

31 MAZLI DF-136 anti-foaming agent which is commerciafly 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.
133 ROPAQUE® OP-88, 0.55 micron particle dispersion which is commercially available from
Rohm and Haas Company of Philadelphia, Pennsyivania.
3¢ ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
commercially available from ZYP Coatings, inc. of Ozak Ridge, Tennessee.
155 POLARTHERM® PT 160 boron nitride powder which is commercially available from
Advanced Ceramics Corporation of Lakewood, Chio.
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RELEASECOAT- CONC 25 0 0 6.3 POLARTHERM PT 160 0 0 2.6 Yans sized with the
each of the sizing conpositions (AA, BB and CC) were used as fill yamin
weavi Nng aygertgt yl e fabric using a Sul zer Rut! Model 5g&fusionedet 144 PVP
K- 30 pol yvinyl pyrrolidone which is commercially available from]ISP

Chem cal s of Wayne, New Jersey. 145 STEPANTEX 653 which is commercially
avai l abl e from Stepan Conpany of Maywood, New Jersey. '46 A-187

gama- gl yci doxypropyl tri met hoxysil ane which is commercially available from
CK Wtco Corporation of Tarrytown, New York. 147 A-174 '
gama- net hacmhox'ﬁrpwmgyamiwastdwm GascE-ghsshiber strardiwithrfibeaddatedavith 4 abl e

f CK W f T Y 6717
pg;{nl ally aF ﬁlﬁ };3{6%9{5, }ngg }R/T’ & @arcé&ﬁxgﬁv%l ch heoélér(r)cr?n“éér?% ﬁ%&%@ﬁi | abl e from
Cogni s Cor pop@pre@gedJWitI@anERmmoxy rédlin baving/® TeM030° Ofdesignatet 4290-2 resih
| kyi phenol ; ] 1 t OP-10
ST eoei ves 8 Moo Fiédiitichal o5ip3tan Bf adeelth S, g el EBBbasddig' o
| onger cbmmwers radt rgmmmflioabﬂmfabriﬁ@riirmpr@]:eggmgylwnmatssmme dede byt i ve of a
bi t ol t
Par si ppany. - GRS 218 orTaBRRGlHg oRHEt beRhecs s ifbrs 34 bl Pocgt
commerci al | yaad/hm;rwnhetl'fmtmngFat@iempemure PEISSTp(eboyt, 170RAY, Pressupg of ' 52
ROPAQUE | ' |
ovai I%abl ¢ 11 808 B P eriale B BRbl £1 FrebPRaR) BE i Infllek RobPOUER °' 211
ROPAQUE(r) Ommep, Tt tbiskness Dbt’me;iammabs withow geprsr tangedfroth 0.043dnahesr ci al | y
i | abl @Af i ' P I ia. 154
cronc BN (iR DL hfellRRs pRERASR (qrol .78 Elefbr 0 OV, SO o
conmer ci al | y avai Atierifernting, theAaminatest (designated A, B ardC Reaprgding thdheessee. 755
POLARTHERM 1 }%cf &%ﬁ&#&?ﬁ :cH'ﬂ‘iJ |\ flére mpgfw il ésweéo_w@_ géiéi\g'i%bgé{a' | abl e

from Advance ram cs rpor t I on evvoo ) /12702
PCT/ US00/ 20588. Dugogrtesting: laminate B8rtastes ot the saine timg asafest lamgnate snafdeber st rand

with fiber C%ﬁ\eﬂi’as\é"ﬂtogr ¥arn %Jté@&lﬂ'ﬂ&lﬂﬁ&%bfﬂp&‘ﬂ@%hﬂ&%ﬁ tr@é?:%ﬂ%?”pos' tion'.

The fabrics were subsequent ed wth an FR-4 epoxy resin having a
Tg of 140& (desgnated @Lﬂ@g@@af@@ t a later date, laminate CC was tested at

the same time as a second laminate made from glass fiber yarn coated with sizing
composition Sample CC (hereinafter designated as Laminate Sample AA2).

Table 9B
Laminate Sample

Test Units AA1* BB* AA2* CcC**
Average Thickness inches 0.048 | 0.048 | 0.053-0.055 0.053-0.055
Solder Float seconds 408 386 235 253
Solder Dip seconds 320 203 243 242
Flexurai Strength kpsi 998 102 91 - 90
Warp Direction'’
Flexural Strength kpsi 86 81 73 72
Weft Direction'>®

20 * based on 2 samples
** based on 3 samples

'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.

7 Per IPC-TM-650 “ Flexural Strength of Laminates (At Ambient Temperature)”, 12/94,
Revision B.

158 |bid.
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by Nelco International Corporation of Anaheim California). The sizing
conpositions 5 were not renoved fromthe fabric prior to prepregging.

Lam nat es e by stacking 8-plies of the prepregged nmaterial between
two |ayer SVW8§)‘3¥593(81HC6 copper and |ami nating them t oget h&FTAE0%%%Enper at ur e
of 355F (about 179C), pressure of 300 pounds per square inch (about 2.1
nmegaPascats) for 150 mnutes (total cycle tine). The thickness of the

| am nat es wi t hout copper ranged from 0.043 inches 10 (about 0.11
centineters) to 0.050 inches (about 0.13 centineters). After formng, the

| am nat es (designated BB and CC accor,di 1o the .fiber strands from
whi ch they were maame)m%? goql%é%s[tév&sggnqcu&%fignéﬁgﬁmggpgwqhnby@m%squgg Duri ng
testing, |am (l&t1€ ddBlimetstsdry 1t 16 dentisaters) bf the capeaclbd atindtaimanatetioande from
gl ass fiber yarp.. i bZiN j L I A (hereinafter 15
desi gnat ed as%lj'fg"r!ﬁﬁ gg@gﬂ%ﬂ%{b@ﬁ@%&%ﬁ&ﬁ}g@:gﬁ&ﬁ@@ @gﬁ%‘ﬁ&?%w& was tested
at the sane tbsweveds The imeantd thafinshisiister oedbtanhination glaa sienfrebeded/iam coat ed
with sizi ng conF‘gssi tion Sanple CC (hereinafter designated as Lam nate

Sampl e AA2 ‘9B Lam nate Sanple Test Units AAl* BB* AA2** CC-*
Aver age Thi ckness Thecduider GipQdd was @48 BtedTy-cOtild s sBmpPledf heQihinateol der Fl oat

St engt h kps! OBV IBIRRoPpege e el e ey EoaNE Bt oent e psi s
81 73 72 \\&f sariple by polishing 8n& Platind tecchrple 18 agpeasplirecooker ab2808H (about3 sanpl es
156 The warp o G | Les, .l ) [Cl val l.abl e fi ber

gl ass yarn pr%g%tg% X\@%%{%uﬁggg%s%@a%r% ‘g?%%%?*]ﬁ‘? ra§°§?sh¥%§§{‘§%l‘* ‘th PPG

| ndustri e§0 | Tikis test B3iBSpresswie cookebiesiReferrb®®© M hadtibwing tlekiar AfterShe 8tigt h of

Lom 0205 L% R0 80yl TESA 0 Sl ol Y B0 B b ng 12,0,
4 inch by 4 i dippedinipas autectic 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
compositions AA, BB and CC respectively, had acceptable properties (shown in
Table 8B) 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 8C.
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(10.16 centineters by 10.16 centineters) of the copper clad lamnate in a

eutectic

the sanpl e

| ead-ti n sol der

by et chi ng,

bath at 550F (about 288C) until
del am natw@gi/¥®@e observed. The tine until
del am nati on was then recorded in 5 seconds.
conducted by cutting a sanple of the |am nate,
snoot hi ng the cut edges of the

blistering or
the first blpcgigbo 0523

The sol der dip test was
removi ng the copper from

sanpl e by polishing

and placing the sanple in a pressure cooker at 250F (about

pounds per square inch (about 0.1 negaPascals) for 60 m nutes.
referred to iTable®cfol | ow ng table.

Plest h_at
ed BBe t
494 Hidis|

g tao the 1PC stindar

fi be-3%t r athds @BZed

is the pressure cooker test

60 mnute
patted dry
288C) until
first blist
flexural te
The | am nat
conposition
in Table 9
The foll ow
20 set fort}
Test Units
0130/ 60 mn
Wei ght Gain
0.27 0.29
Pounds 11.8
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After
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abl®6®C S

Anpl es

@omeéggelre C
Strengtty” 09 0.
p/Fil Wei gh

hBRrRYAASY, Moi st ur
D9 Resi st ance'
@Ain 0.77 0.9

e UpBHRE 0|
, " DMF Resi

%

3720/137 0 381.2kAuder
st ance
2 0.68 Registancei b

i ght Gai
Copper_ P

%
n 0. 35
bel

Interlgminar Bond

Poyndsperinchh o

g

trentRhi161

Strength™?

14.2

15.4

EXAMPLE 10

Each of the components in the amounts set forth in Table 10 were mixed to

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.

159 per |PC-TM-650, No. 2.6.2.1, “Water Absorption, Metal Clad Plastic Laminates”, 5/86,

Revision A.

' per [IPC-TM-650, No. 2.3.4.3, * Chemical Resistance of Core Materials to Methylene

Chloride”, 5/86.

6! Per IPC -TM-650, No. 2.4.8, “ Peel Strength: As Received, After Thermatl 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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(Warp/Fill) Interlamnar Bond Pounds per inch 12.8 14.2 T----T5.4
Strength' 62 EXAMPLE 10 Each of the conponents in the anmounts set forth in
Tabl e 10 Wefsoh)gd to 5 form aqueous size conposition papt@sed® 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 conposition. 159
Per | PC-TM 650, No. 2.6.2.1, "Water Absorption, Metal Clad Plastic

Lam nates"”, 5/86, Revision A 160 Per |IPC TM 650, No. 2.3.4.3. "Chem cal
Resi stance of Core Materials to Methylene Chloride", 5/86. 161 Per

| PC-TM 650, No. 2.4.8, "Peel Strengt h: msidfarei ved, After Thernal Stress,

After Process Chem cals", 1/86, Revisi M"MW
2.4.40, "Inner Layer Bond Strength of Mul WHGYEPEREENT % NRONENT Bar fis" .
10/ 87. -115 WD 01/ 12702 PCT/ US00/ 20523 |-Fable 139N S T—CE
COVPONENT ON\—TOITAL _SQLLDS - BASHS.—SANPLES-CRNPONE SAMPEES - pup K- 30063
12.3 11.7 12i3._STEPA ENGL o5 0 o3 o P8 g iIrvazEB1 145 3 R g ol 7
MACOL OP-10 1E8¥PK-30™ 0 1 4 PO_ARTHERM. PT. %sh 167 2 W2 312 4 12RERY b717
168 2.0 2.0 DSAEPANTEXNEED™) 1 2 9 3 1 in.18%F 1 5 1289 5 25.0
RELEASECOAT- €AMAZ$#4'™ 71 5 7 5 5 5 5 ZI DB5136 172 #4982 012 0 2.7 ROPADUE
OP- 96173 35. P MAEOL Q16 ™% 1.8 2.0 1.4

POLARTHERM PT 160 24 23 24

EMERY 6717 ' 2.0 2.0 2.0

A-174% 3.1 2.9 3.1

A-187170 1.5 1.4 1.5

RELEASECOAT-CONC 25 M 57 85 56

MAZU DF-135 172 0.2 0.2 0.2

ROPAQUE OP-88 % 35.2 33.7 35.3

FLEXOL LOE 74 7.3 10.5 ]

FLEXOL EPQ 18 0 0 7.3

163 PVP K-30 polyvinyl pyrrolidone which is commaercially available from ISP Chemicals of
Wayne, New Jersey.

1 STEPANTEX 853 cety! palmitate which is commercially available from Stepan Company of
Chicago, linois.

185 TMAZ 81 ethylene oxide derivative of a sorbitol ester which is commercially available BASF
of Parsippany, New Jersey.

18 MACOL OP-10 ethoxylated alkyiphenol; this material is similar to MACOL OP-10 SP except
that OP-10 8P receives a post treatment to remove the catalyst, MACOL CP-10 is no longer
commercially available.

17 POLARTHERM® PT 160 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.

% EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Cognis Corporation of Cincinnati, Chio.

¥ A174 gamma-methacryloxypropyitrimethoxysilane which is cunmercially available from
CK Witco Corporation of Tarryfown, New York.

170 A-187 gamma-glycidoxy propyltrimethoxysilane which is commercially available from CK
Witco Carporation of Tarrytown, New York,

7 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 bcron nitride dispersion which is
dispersion of about 25 weight percent horon nitride particles in water commerciaily available
from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

2 MAZU DF-138 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 Philadelphia, Pennsylvania.

74 FLEXOL LOE epoxidized linseed oil commercially available from Union Carbide Corp. of
Danbury, Conneclicut,

78 FLEXOL EPO epoxidized soybean ofl commercially available from Union Carbide Corp. of
Danbury, Connecticut.
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FLEXCL LCE 174 7.3 10.5 0 FLEXOL EPO 175 0 0 7.3 183 PVP K-30 pol yvi nyl
pyrrolidone which is comrercially available fromI|SP Chem cals of Wayne,
New Jer saye of/$902STEPANTEX 653 cetyl palmtate which i s pomosoeos! y
avai | abl e from St epan Conpany of Chicago, Illinois. 185 TMAZ 81 et hyl ene
oxi de derivative of a sorbitol ester which is comercially avail abl e BASF
of Parsippany, New Jersey. 188 MACOL OP-10 et hoxyl ated al kyl phenol ; this
material is simlar to MACOL OP-10 SP except that OP-10 SP receives a post
treatnment to renove the catal yst; MACOL OP-10 is no |onger commercially
avai | able. 167 POLARTHERM r) PT 1&GbkoroqContdy i de powder particles, which
are commercially available from Advapeced-Ceran | ewood,

Ohi 0. 188 EMERY(r) 6717 partially ani da{"@dG'BBPgérgEgT ECOMPANENROM, s
i ‘M

comercially available from Cognis CO-I’—p-O-I‘—&lJ s i __Chio {168
A-174 gammwwyye ane PLES.omercially
avai | abl e from CK N poration lof TR0, yt o, Ew York FAF0 A 187
gamma- gl yc _WSWQ‘?R}W?Q"F’%T hoxysi |l angl whi e is FommBeciall y avhtl ahlé from
CK Wtco I ' w Yh#%k 171 @8hc BORONONIOTRI DF
RELEASECOAT- CONC 25 boron nitride dispersion_which is dispersion of about
25 wei ght per centEash pbthemauequssizeLompesitiansiof Takle 4P was Hhed teicaptiglassvai | abl e

from Zyp @%E%nmib\?}S-?ﬁ-g%ﬁ@r@%ndsT@H&ﬁ%é&@d ?llgszﬁmfférﬂ:wé@ied,
anti-foam ng agent ich 1S comerci al I¥ aval | abl e from BASF Conpany of

Par si ppar®, dteferaya yarn.andapmyngiopto)bobping & a gimitar mandebusingar ti cl e

di sper si on VdghgdhtioRal GRBTRY &uiiment.avai | able from Rohm and Haas Conpany of
Phi | adel phi a, Pennsyl vania. 174 FLEXOL LOE epoxidi zed |inseed oil

comerci al |y availhgyRen ¢ Sampis P8 vaesvalpated By Fompasing thesastadyardeya@ett i cut .
175 FLEXOL EidGte@nathi £idiziRg coriddafion siiilar ©EEMRMIE DBIbuywitbat thalebexidiz&yn Uni on
Car bi de Corp. of _Danburx, LQonnecticyt. -116_WO 01/12702 PCTI US00/ 20523
Table 10 ( IH?G%OIME?I’@IW SERemRaTatiye efNPeNPNT hsigomparison 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 using 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.

'"® The warp yarn was PPG Industries, Inc.’s commercially avaitable fiber glass yarn product
designated as G-75 glass fiber yarn coated with PPG Industries, Inc.'s 1383 binder.
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TOTAL SCLI DS BASI S SAVPLES COMPONENT DD EE FF Wi ght percent solids 3.4
3.5 3.4 LA 0.42 0.39 0.30 Each of the aqueous size conpositions of Table
10 was usedybeyeget 9lass fibers formng G75 E-glass fibersshfdids. Each
coated glass fiber strand was dried, 5 twisted to forma yarn, and wound
onto bobbins in a simlar nmanner using conventional tw sting equi pnent.
The yarn of Sanple DD was eval uated by conparing the coated yarn to yarn
coated with a sizing conposition simlar to Sanple DD but w thout the
epoxi dized linseed oil (hereinafter "Conparative Sanple 1"). This

conmpari son included visual 10 inspectiB¥AMALE te appearance of a 7628 style

fabri ] T f ' S | h
(i1 yarn ot sted bt vaRkorihes N L gRTh ot e STBRE AT bAm o
dibf fer egt t L e;si :ccoaieqirwam hlstaac@ilzéizhgg)me&{da&aﬁrfﬁr&hms tﬁl@smrppogéﬁt_re@,; s;uciat I was
r a yarn co Wi anpl e. DD. exhi hi ted | ess
Iooggev? uzz on f gg{ s% éBm@%Qé%W%s‘” @3@’”@%Wre%?@c?w{’§m§)&°é%t poi nt's

on the | oomd 1feseiipeareishbwyinafablehet.yarn accunul at or, when conpared to fabric
woven with yarn coatged wth rative Sanple 1 fabric was woven

usi ng yarn incorporz'%f I08° ?'% gg&@@v@eﬁ{t@amw ﬂ@@?ﬁﬁﬁ‘egﬁﬁ'“@ﬁ@@weam of

t he hi gh initi dividadbutite tofal Weigizt of treayiasscind dried foenihg@sine cémpdsitiohpdficamed t hat

this condition t.!? I f.an LO level lower than required to
pr event excess?’%ﬁ?ﬁet g‘?*é@?‘ﬁéﬁ?g‘ﬁrﬁ he present invention, it is 20..

antici pated that anEadyanfwas evahadad Or A Dfagy Fdrdecor sérmiontbyfesdrasthe van st

di scussed oV | Ler e romat i durjn ving. 16
The warp ygr%n \%é"'é’*‘@ég%%d% P ? g—’é‘[ t%g%gs (Séb’é%rﬁ%regﬁgﬁufe&hwg% Pgﬁﬁg\%ﬁ‘?‘? ber gl ass
yarn product thesiogmeterdwhich gpplisd gltersionfto theryayraand 2 Bati aeb milinet&?PG

| ndustries, |ng... ' i P usQ0/ 20523, . EXAMPLE 11

The yarns of Sgﬁp Ea% ﬁﬁo@é%&%xda 'r(%&%ﬁ%éngéé#}%%%tﬁo\%ésééﬁ%%ﬁ%arﬁmcwar n

coated with a starchieobamplégandGomparative\Gaimpd 2dekaisosaaiantal fptfyistional

properties, su Wola[ Y L] tibi]it Air

Drag) and Fri ctﬁ ?rgﬁ?’?:gé@gﬁg ?‘%&I S%Rrogggpiags S? éa% g\E\rfr\éa?’RrP 'ecr%g{g‘% szPleﬁéméegss on

i gnition (W8I ghta iRt ofTr myfters §3G0G@rdsh) perraintiertimownly sspaicof conentional @nsion
measurement devices having a stationary chrome post of 5 centimeters (about 2

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 composition
Sample AA (hereinafter designated as Sampie AA3) and Sample CC was tested at

25 the same time as a second quantity of glass fiber yamn 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 5.8 weight percent solid.

T The yarn was PPG Industries, Inc.’s commercially available fiber glass yarn designated as
G-75 glass fiber yam coated with PPG Industries, Inc.'s 695 starch/oil binder.
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di vided by the total weight of the glass and dried form ng size
conposition) of each Sanple is set forth in Table 11. Each yarn was

eval uat edyH@i1507 Drag Force or tension by feeding the ypeffusorzoshd a
controlled feed rate of 274 neters (300 yards) per mnute through a
checkline tension neter, which applied a tension to the yarn, and a Ruti
two mllinmeter diameter air nozzle at an air pressure of 138 kPa (20
pounds per square inch). The Sanpl es and Conparative Sanple 2 were al so
eval uated for Friction Force by applying a tension of 20 granms to each
yarn sanple as the sanple is pulled ZI&blatt1a rate of 274 neters (300 yards)
per mnute through a pair of conventi-eral—tensi-gr—easw-enent—devi ces
having a stationary chrone post of |5 centi neteria"(pi%out 2 inchg¢s) dianeter
nount ed t her ebetween to displ ace tI‘eAy\arrh BEcept iretlersad rore@ | strai ght

| i ne path bet weep—the-tepnsion—neasyrenend he difiference in force

in grans is set [fldPkiieioht Reigr®) 11 HeOdR: T?régFrﬁcH ﬁnmceoﬁést i s
intended to 20 SIAFHDAHGRgFAN®)T 71 CUI qN@b 2l PTEES [ GG [CIEglgTa B&EII i's
subj ect ed duringluweaving operatiods Dujing testing, Sanple BB|and

Conpar ati ve Sanp| Rriciomfores (Geuv8d at| 6AE s8he |i9%e! ajs 48.8 i[r §B.9gliantity of
gl ass fiber yarnToatedtwtiTSizIng—conmpositTonm —SanpteAA{her<ei naft er
designated as Sanple AA3) and Sanple CC was tested at 25 the sane tinme as a
second quantity offof teble 11, faanpasaer that sidngSemples AAnBB and Bdwmve aon Sanpl e
AA (her ei naf élﬁﬂrag%hﬁﬁﬁbﬁ%ﬂ%tWaéﬁWSaMkﬁ&chmd ¥ and BB were

2.8 weight percent solid .1 wel ght percen sol id.

Conpar at i ¥e S4tisreore, W&@V@r@%ﬂ@fﬁetﬂe‘?ﬁﬂm‘ﬁ %IEBCF"dl inpicetep dhrattheas PPG

| ndustries, ydifis MoeQEER/ gnated as

G 75 gl ass f*ber yam coatrgtd’{ﬁ’\kflxlléat/frahlglgl‘&aé Bﬁﬂnﬁag{:t?rﬁtgéstoﬂétﬁ'ﬁﬁ “?sé%(élg%q@tégrch/m I

bi nder. - 118cpanad to.Camparetive$ampieds523 Table 11 Sanple AA3 BB 2 AAM4 CC
LO (weight percent) 0.42 0.49 1.11 0.38 0.37 Air Drag (grans) 56.2 51.2
52.9 58.8 53.2 Friction force (gramsz 53.6 61.5 95.1 48.8 68.9 From Tabl e
11, it can be seen that sizing Sanpl and CC have an air drag

conpar abli@ t o t hathedfarfersiSanaiidsVRA, BEMMECE ahé Comphvativd S&hpaeiere

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 available 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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5 Furthernore, the lower friction force in Sanples AA, BB and CC indicates
that the vyarn is nore easily renoved fromthe | oom accunul ator during
weavi ng whep, o.nogpared to Conparative Sanple 2. EXAVPLE drndddoddyes yans of
Sanmpl es AA, Boé and CC and Conparative Sanple 2 were evaluated for Ar Drag
in a simlar manner to Exanple 11 above, except that the Air Drag val ues
were determ ned for a bobbin sanple at the pressures indicated in Table
12. Each yarn al so was eval uated for average nunber of broken filanents per
15 1200 meters of yarn at 200 nmeters per minute using a Shirley Mdel No.
84 041 L br okssttings teaprovitle dariceis tevels oitensibn inghe pameTiis abitigulaniest sdrd 2 from
SDL Internati . f Land (sh .0, Tahl The
broken f11 amerfour Pl E:2008 R0 Plflelsu Raubiq TpR Sk Bhed co o

bobbi n, the sa®mitthOhisiima. aftechrokenrfitaments @2sreportedsn nrobds opbrokesaraerds t he sane
bobbin after r Vi 0 grans (10 pounds) of yarn. 20 Each yarn was
further eval ua?eegg"e#%%ﬁ%é nunber of broken filanents at increasing |evels
of tension and abr decesults lobtiweseé testBddr] Sanipiesash, BBsnd DG andCofesrat®e a sanpl e
of varn vas uaneuod ofd aeuPRYBbE 13 o0 WE R TAN fnkiiceaded Tn a
serpentine nahner through™a serres o ceramc pins on a unitofmtension
control devi ceaboysirEampis1t, SeeplciB td Gempergtive Satrples? weregptadiatittee) , and
passed t hroug . Shi ' A di sed above) to
Bount o nunianigribed s Bt ek Bdes higp T colBh Rk PEnp EbmRERET 112

t ensi oni ng devamwepleAd (hereinatierdesigoated &% Sarople AABpdnd at aldgtevviate SAhpROXC

PCT/ USOQ 2082 | OV ' . | I .n.t he yarn.
This parti gﬁl gi?astﬁgét%é 3@@35§m8ﬁ}ﬁ*&ﬁ%}’ﬁ@%@%ﬂ{*@éﬁ#‘%ﬁﬁﬁﬁ* %2'\?/#(%% dlc\@mmr cially
avai | abl e fromifeesimpasiidh Sadple At (heSinafter desigobted as STmplelivdken fil anent s
was reported in nunber of broken filanments per nmeter of yarn. 5 The
results of these tests for Sanples AA, BB and CC and Conparative Sanple 2
are set forth In Table 12 below. In a hBiei2Zsinilar to that discussed

above in Exanpl fe 11, Sanmpl e BB ?ndl Conpar-attve Sasulin ,62 were—tested—at the
sane time as a first quantity of gl psgzEther fegp—ed—%'éﬂ 32406
conposition S s d& gr“{g as—-Sarphe mf,) a.f‘.cf, - a
| atter date S . tedl-at—t-hd-SoF i —%——9%@ ntit
of glass fiber - ' k48, Occ.. 82 t n‘%ﬁp! 5‘4,A;?§'¢;e%fnaf t gr
desi gnat ed as Lo AAG) 56.20 120 | 52.94 | 5884 | 5318

25 psi 67.33 | 6030 | 64.13 | 6945 | 67.66

30 psi 77.34 | 7084 | 75.74 | 7529 | 77.63

35 psi 88.42 89.96 85.96 83.70 82.74

40 psi 104.97 | 101.21 | 9848 | 87.23 | 92.18

45 psi 11341 | 107.74 | 110.34 | 98.91 102.81

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 0.804 | 0.075

4540 grams (10 pounds) 0.068 1.348 0.008 .518 0.022

TEST 2 e

Setting 2 0.683 5.017 0.118 0.372 0.011

Setting 3 0.7563 4772 0.083 0.450 0.017

Setting 4 0.713 3.753 0.147 0.367 0.017

Sefting 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 4.128 6.517 0.611 0.403 0.058

Setting 8 4472 | 14800 | 0978 | 0406 | 0.128

15 As can be seen in Table 5, sizing Samples AA, BB and CC have an air drag

comparable to that of Comparative Sample 2 (starch/oil binder).
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TABLE 12 Sanple AA5 BB 2 A:A6 CC Al R 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.WHobrs&6 30 psi 77.34 70.84 75.74 75.29 77.63pciosopR5289. 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 | 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 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 0.061 Setting 6
1.608 8.383 0.322 0.286 0.044 Sett'g%%ézs 6.517 0.611 0.403 0.058
Setting 8 4.472 14.800 0.978 0.406 G As can be seen in Table 5,
si zi ng Sanpl es AXle@Bcal gthde@arhiasates avada fromdirepfegscioeqsporatingdabriss mitht  of
Conmparative C US00/ 20523
EXAMPLE 13 ir‘%’t‘:’é éuﬁér@é« hﬁ[rgdréonﬁ-][ogﬂgﬁgwere#% Qed\l}greg%)l(rjgetégl%%r@(ﬁjﬁ orating
fabrics wbt hpropemess ahdvmmgspleqiffcellye(mthe;drﬁhtmgvaaon&ﬂnﬂsmaﬂgdmlialnaies ested to
eval uat e the drill
fip wear of (o eBhated SR thy Epaudhatacsliety SHAERDRS A virbderiE, 11
| ocat i onal alammmw Qrintioh@GhamideSanpie HH avgre laminatgs iomoratmmaﬂzﬁeéstyle(jont rol .GG
and Sanpl e lam ' I e 3VA:S
di scussed e%Pﬁ%égd%sgg%ﬁecﬂ %85%5%%?5‘@\%8 a ir&éédttglg eane l|9|'3e si |l ane
finished fabric commercially available from Clark Schwebel and identified as

10 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 '8 27.0
DESMOPHEN 2000 *"° 36.2
PVP K-30%° 8.0
A-187" ' 2.1
A-174%2 4.4

178 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 pVP K-30 polyvinyl pyrrolidone, which is commercially available from ISP Chemicals of
Wayne, New Jersey.

181 A-187 gamma-glycidoxypropyitrimethoxysilane, which is commercially avaitable from CK
Witco Corporation of Tarrytown, New York.

82 A-174 gamma-methacryloxypropyltrimethoxysitane, which is commercially available from
CK Witco Corporation of Tarrytown, New York.
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finished fabric commercially available fromd ark Schwebel and identified
as 10 7628-718. The fabric in Sanple HH was woven fromfill yarn conprising
gl ass fibe ed mnth a resin conpatible sizing as t in and
shown in Tgﬁ?@?ggi is believed that the fabric alsoggﬁ@%ﬁ§§%§8anple HH
as the warp yarn. Fbmever, it is possible that the warp yarn coul d have
been PPG I ndustries, Inc.'s 1383 comercially available fiber glass yarn
product. The gl ass fibers woven into Sanple 15 HH had a | oss on ignition of
0.35 percent. Table 13A Wi ght Percent of Conmponents on Total Solids Basis

for Sizing used in Sanple HH mwg&lt?y RD-847A '8 27.0
DESMOPHEN 200019 36.2 PVP K- 30i 80 2.1 A- 1 74182 4.4 18
RD- 847A pol yester gesin, which | SORPONENT al | ly a aval I ablgmpg@}_; rden

Chemi cal s of Col ut - DESMOPHEN—2000 potyettyt e—adi pate di O.| ,
which is comerci al '}53,&593 q:gbﬁo«g‘frnm Bayer .Corp. of Bittshilrgh

Pennsyl vani a. 180 HMEHSA&QDM@WH nyl pyrrol i done, whi ch i s4domercially

avai l able from | SP W@ﬁ sBmT V\ayne New Jersey. 18 A-387

gamma- gl yci doxypr oyttt L2 OXYSH-afies w*dori-e«h—i—s-—eﬁﬁ%epei—ﬁ—étava‘i | abl e from
CK Wtco Corporatlé’ 5 % New York. '82 A-174 &

ganmma- net hacr yl oxy rRm.EASECMkEmyGQEHhe, which is connerctéglly favail abl e

from CK Wtco Cor | of —Tarryrown, New YOr K. T2T VQE'%IZ?OZ
PCTI USCO 20523 Tal et 2K R G F-108 783

VERSAM D 14 MA N 4 RTHERM PT 160 188 0.9
9.0 S 0 lérepregs were p(r:e%ar cF bya %and fay-up pro cf\ re that involved applying

standard FR-4 epoxy resin (EPON 1120-A80 resin available from Shell Chemical
5 Co.) to the fabrics using a paintbrush. The resin saturated fabric was immediately

“dried” and B-stages 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 48 cm {18 inch by 18 inch)
sections and weighed fo 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/ocm? (500 psi). All 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 iamination

15 contributed to this condition.

183 PLURCNIC™ F-108 polyoxypropylene-polyoxyethylene copolymer, which is commercially
available from BASF Corporation of Parsippany, New Jersey.

¥ VERSAMID 140 polyamide, which is commercially available Cognis Corp. of Cincinnati,
Ohio.

185 MACOL NP-6 nonyl phenol surfactant, which is commercially available from BASF of
Parsippany, New Jersey.

1% POLARTHERM® PT 160 boron nitride powder particles, which are commercially available
fram Advanced Ceramics Corporation of Lakewood, Ohio.

87 ORPAC BORON NITRIDE RELEASECOAT-CONC 25, which is commercially available
from ZYP Coatings, Inc. of Oak Ridge, Tennessee.
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RELEASECQOAT- CONC 25187 1.5 acetic acid .40.1 Prepregs were prepared by a
hand | ay-up procedure that involved applying standard FR-4 epoxy resin
(EPON 1139p48f:76£si n_avail abl e from Shel| Chemi cal 5 Gpeyybdanbdds fabrics
using a palntbrush. The resin saturated fabric was i mediately "dried and
B-stages in a vented hot air oven for 3 to 3.25 mnutes at 163C (about
325F) until the desired gel tine of 124 seconds at 171 C (about 340F) was
reached. The prepregs were trimed to 46 cmby 46 cm (18 inch by 18 inch)
sections and weighed to determ ne resin content. Only prepregs with réesin
contents 10Tobl WéapAnalgsis 2 percent were used in the subsequent |am nating

procedure. Prep re stacked 8 high I eﬁ?in a i/%b sh.Press for
70 mnutes at 1;'?%%?%‘9)5 og%aéa\qergggﬁcﬂagﬁ%gﬁsﬁﬁe d(f%g ?%ﬂ\ﬁ'p't he

| am hat es wdhe tipwledewas exprésset irctepps of “toll lip pexpant weaiT Whichavascalcalateghowed
various levels ofe @hhugntrapnent. It is believed that the lack of vacuum

assi st and t%ﬁ%erature ranping during lamnation 15 contributed to this
condi ti o 183 PLURONUKITH perded@wpat 5 8890 (RiNRene- pol yoxyet hyl ene copol yner,
which is commercially ai babl e raf | of Parsi ppany, New
Jersey. ' 84VERSAM D 12’83'\éo| 5&4"5’8{&%@@%%@%%@@ %ﬁey avai | abl e Cogni s
Corp. of Cincinnati, Ohio. Pd*widingGhe pimaryreoting eddecafter theualibttert liods  whi ch
is commercially avail abl e fromvsag@ritgd. Parsi ppany, New Jersey. 1116 '
POLARTHERM r) PT 160 boron nitride powder particles, which are commercially
avai | abl1® Refatiingitedmia dd, themidth 347 Qof the pamaryreutiing edgee W@ therdrii 11787 ORPAC

2P Coat | ng&es [0S T T Rraepgl o B del 6705\ 0 01/ Y2705 PeT/ Usoo 20523
Tool Wear Anal ysiThe iling wasseondlueted ysipg atsingleshead deilliammechine dTheddriling| uat e t he
wear of the wlgighiolmdd on él:ﬂ?h Eia@k mifi8tes ‘?&ﬁﬁd’u@ o.\/%)_vyi@r é@.z«ﬁ m'['rpr il tip
percent wear"” which was calcul ate using the tornuld: dri | p percent
wear = 100 %0-0@8 inph))thick alminus entry-andii.88 mm (0d4 inchi thickdapericere y cutting
edge P, 15 WpHbAbiietohtB bRELGPR' Drilfrgtd faREhaBsidR onb iRk id diheRlil Slah@flq No! es
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) ubper drill head-iimit 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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were drilled.
cutting edge 1172

the drill wionkie

machi ne. The dri

10 Referring to Fig.

of the drill

11,
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edge of

| am nat es

(di scussed above) with a 0.203 mm (0.008 inch) thick alum numentry and
1.88 mm (0.074 inch) thick paper core 15 phenolic coated back-up. Drilling
3 laminates at one tine is generally standard practice in the industry.
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As can be seen in Table 13B, Sample HH in Tests 1 and 2, which includes

glass fiber filamenis 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
Tesis 1 and 2.

20

Locationat Accuracy

A common metric used to 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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Tabl e 13B Control GG Sanple HH Test 1 Nunber of tools 3 3 0.35 mmdi a.
drill Average drill tip 28.8 22.2 percent wear Test 2 Nunber of tools 20
20 0.46 WwoodyBez drill Average drill tip 34.0 24.4 perspepisooRadz Test 3
Nunmber of tools 10 10 0.46 mmdia. drill Average drill tip 30.8 29.3
percent wear 10 As can be seen in Table 13B, Sanple HHin Tests | and 2,
whi ch includes glass fiber filaments coated with a sizing as taught herein
that is conpatible with lamnate nmatrix resins, exhibited significantly
less drill tip percent wear after 2000 - hol es than Control GG which

i ncl udes gl a&3udl heledogation framtils intadedtegation The teasurentend Waatakdn pni or t o

bei ng_coat edobt durflcé b RBBoRAhAAEY: b iRkl SeR|cahB thd B exteg fined  only

a marginal inprovenent In percent wear eved t hat
this is due lahiategtagks since j{ ig expeetedtimt thisfhale loratipniveasid have theddrgest t hi s t est

was ol der ar@séi‘éﬁé?lrcgﬁ'gm thé ferfkiRl b q}uedwlgl&aﬁdﬁe T di cf‘ @ér&g:gt\@tas%@s%ﬁglt he

Uniline 2000 drilling machi ne used for ests 1 an
Accuracy A dBierms ofthe ‘deviatinagiistaneed des the distarnei fram thg astuef ovencentes obf a

| am nat e is thBakifed Ead viation in
t he di st ancet of fer?e %%B%ﬁg%%%%ml%% %é@&eg@%%ﬁ%@%&%{k‘?ﬁ% 7ocat i on

fromits i ntEleReyiatioe disiapge wanmessusd plisrihe SQRRole sequenca distusorst abmref ace of
the bottom |\gd8 lRpRe®@ tithes, ||@r‘§f{éﬁE§chstBé\(&ﬁllmf %]Bf‘fbdérﬂollés b Ead

| am nate stack, since it is expected that th cation wou?t hav t he

| argest  di SUFI@RRENAS Meatrrechior r}?t'éﬁﬁdé'&dcﬂroo *Pled@"e'ﬁ'el% thedast tidied Thi s
di fferent® VastigHsSss Sae %IészéréHﬁ'ﬁedQJcsu?hﬁO 4@@1 @td@ﬁncﬁ"nb afaﬂ'@fé‘? ﬁnés , the
riiled

di st ance frggaadjﬁe actual true center on the surface of
t he | ani nat rifl frem .FH'%'hﬁecPft“’r‘%@P%éﬁ?‘éﬁse‘b?bcﬁ’ﬁeAﬁd‘{aé.“SE‘T ifeheltop| wearon

di stance wastestpmespheieadpeed fdr ite HivAIB0D0DHHE BRPIHIiRkEHDA P5te AAR'ED
inches per minute for a chip load of 0.001. The test was repeated eight times for
each Control GG and Sample HH with each test starting with a new drill.

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 GC. 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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was repeated 4 tines, i.e., after each tool drilled a total of 2000 hol es.
The devi ation distance was neasured for the last drilled 100 hole pattern,
i.e., the ‘L"ﬁ%ﬁ{ p’éi |l ed 10 section 582. The hol es were draddigdosssisng a 0. 46
mm (0. 018 I’ nc )1 lameter series 508 drill from Tulon Co. of the type

di scussed above. As was used in the tool wear test, the spindle speed for
the drill was 80,000 rpns and the insertion rate was 80 inches per mnute
for a chip load of 0.001. The test was repeated eight tines for each
Control GG and Sanple HH with each test starting with a newdrill. 15 Table
13C shows the result of the |ocationgkampt@racy test for Control GG and

Sample HH after drjlling, 2000 holes.. . Table 13C Control GG Sanple HH nunber
of drills 8 8 ave’Paéd%”%&%aFF%ﬁlP"Bf%“ﬂ?P?Be’(’ﬁﬁ%a‘fes 1?"3?‘5”93%0";%&% As can be
seen, Sanpl e Hidceixhigradedaminales\Gontralal iaal Samplds SAABB and KK incofporiting GC.
which is of p jcular significance when the lampate is used an

el ectronic sug%}odrﬁ(w? %@5‘?6%85%%&" Sarf'%(r"beée fﬁﬁﬁg&r%ﬁ ?%ﬁ%?'ﬁwaa’cia'f"eui ts. This
i s consi sBenfabrit iNCdrive! drirdd 7628719 éateie rbmvEiark-Sdavebet; kM The fabliablre 13B

b . M ifi i ld b ted that | i t t hat hi bit
oo Cur 1 i SEEEh A bl W e RS forttRlog PR IR Rt o ¢ ance.
because the dwith k rédirpsormriible siringsdsasypdt infTable A df Grgraple Swmbdablefi4dri | 11 ngs.

-125 WD 01112 PCT1 US0Q/ 20523 LE 14 |I.n Exanple.l14, . addjtional drill
ool percent HEBY PRSI Rl AT SAMRIGE! BP0 Gese br P Saneg laE A hat oo Cont rol
JJ and Sanpl epoipieriiBBatir chalidfial comgmplle abating campddBd8™®styl e fabric as

di scussed Sarlier were tested for drill tool percent wear. The 5 fabric in
Cont r ol JJ was 7628-718 fabric from O ark- Schwebel, Inc. The fabrics in
Sanmpl es AA, BB and KK were woven fromfill yam conprising glass fibers
coated wth a resin conpatible sizing as taught in Table 9A of Exanple 9
and Table 14A below, respectively, and warp yam having glass fibers coated
with a different polyneric matrix nmaterial conpatible coating conposition”
10 The warp yarn was PPG Industries, Inc.'s commercially available fiber

gl ass yarn product designated as G 75 glass fiber yarn coated with PPG

| ndustries, Inc.'s 1383 binder.

%8 The warp yarn was PPG Industries, Inc.’s commercially avaitable fiber glass yarn product
designated as G-75 glass fiber yarn coated with PPG Industries, Inc.’s 1383 binder.
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-126 WO 01/12702 PCT/ USO0/ 20523 Tabl e 14A Wi ght Percent of Conponents on
Total Solids Basis for Sizing used in Sanple KK WEI GHT PERCENT OF
COVPONENTRy W1/ I&0AL  SCOLI DS BASI S SAMPLE COVPONENT KK PiPukedesh89 13. 4
A-187 190 1.9 A-17419' 3.8 EMERY 6717 792 1.9 SAG 10 793 0.2
RELEASECOAT- CONC 25194 3.8 POLARTHERM PT 160 195 5.9 RD 847A 198 23.0
DESMOPHEN 2000 197 31.0 PLURONIC F-108198 8.4 ALKAMULS EL-719199 2.5

| CONOL NP-6200- 4.2 LO (% 0.35 789 PVP K-30 polyvinyl pyrrolidone which
is commercially available from ISP Chem cals of Wayne, New Jersey. |SO

A- 187 ganma- gl yci doxypr opyl t ri net hoxyEableatdA whi ch is comercially avail able

e et e oy 3O ARl P i

gama- et hacr yl oxypr opyl tri nmet go& 1 onnerC|aIIy avai l abl e
from CK Wtco Corporation of arryt PE 6717
partially am dated pol yet hyl ene i m ne whi *hc Nall La ai | abl e from
Cogni s Corporation of Cncinnati, GChio. 'PpP3 D& SI g material,
which is comercially available from CK W £-a—-0h e# Greenwi ch,
Connecticut. 194 nitride
di spersi on which i P K30 34

A-187 % 1.9

A-174 ' 3.8

EMERY 6717 ' 1.9

SAG 10 '3 0.2

RELEASECOAT-CONC 25 ' 3.8

POLARTHERM PT 160 195 5.9

RD-847A 23.0

DESMOPHEN 2000 *¥7 31.0

PLURONIC F-108 ' 8.4

ALKAMULS EL-719 ™ 2.5

ICONOL NP-6 *® 4.2

LOI (%) 0.35

% pyP K-30 polyvinyl pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey.

% A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.

1 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.

% ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron mtnde dispersion wh:ch is
commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

% POLARTHERM® PT 180 boron nitride powder which is commercially available from
Advanced Ceramics Corporation of Lakewood, Ohio.

% RD-847A polyester resin which is commercially available from Borden Chemicals of
Columbus, Ohio.

T DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer
Corp. of Pittsburgh, Pennsylvania.

%8 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commermally
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.

-127-



commercially available from ZYP Coatings, Inc. of OCak R dge, Tennessee.
195. POLARTHERMr) PT 160 boron nitride powder which is comercially

avai | abl e fy@,Advanced Ceranics Corporation of Lakewooger/hdeRest 96

RD- 847A polyester resin which is conmmercially avail able from Borden

Chem cal s of Col unbus, Ohio. 197 DESMOPHEN 2000 pol yet hyl ene adi pate di ol
which is commercially avai | abl e from Bayer Corp. of Pittsburgh,

Pennsyl vani a. 798 PLURONI CTM F- 108 pol yoxypr opyl ene- pol yoxyet hyl ene

copol ymer which is comercially available from BASF Cor poration of

Par si ppany, New Jer BeyfabrlcdGveid KéthdalyGeritly fofi@d frad prepnees hith ah EB-4/qgey abl e oi |

which is commercially avail om Rh oul OICEEJ\IC%NPG
al koxyl at ed noWlanéﬂéﬁWﬁghfq @eg'gﬂ%? g&% fgpsg&gcqeéc&%tema ASF
Cor por ati on of CB@bm’txppamnaerwcwfmy). Thit 2izing(ooinpOsiticha Wede T FérkiiE@d 20523
The fabrics wepe sub uently forned ipto. pr e th.a resin
i ng a T of TanYte BRRCPH waPirag s CBoReS B b s Ara R 1
Cor por at i ongof pv&pmlgenmnétahd four Riyens.of Theancd copper (8osHRsI Belod) Sn&\ﬂhﬁwaﬁﬁ@
removed from efa BLQr t nat es I
stacki ng 6-pli t} 6?'85?%8"%%&?? E’ba‘%JTmp"F%%Vé% éﬁgﬁ p?“'?ﬁ%r?c?\é
coppe E E) as s homabeehawabanm i agarsdcaB) fdetr hEminage ot cyide titnd)emper at ur e of
355F (about 179C r re. of 30 ounds r. s e.in @ 2.1
negaPascal s) f c)kﬁg% ﬁr}?ﬂﬁ'@g’a o' IC%BWI%“&E#@S". @é’%mf}eﬁﬁ%ﬁ g%qzm){ Re
| am nat es wi t h0©8P prhes @bEGRD. fo5aM)0 IDf2ming tecamihales Wighd plcpregeerd 0 0. 065
I nches ( ab?ﬁt 0.165 cm. In *f or m Qg%{ Pe Jam nates,, eight prepregs were 10
stacked wit cﬁtﬁéﬁd Wi\ ROPRET Ve Ui oo 3T ee MR e ment :  one | oz/ft2
shiny copper |ayer three prepregnd agattsshinyecoppetdyer RTF (reverse treated
foil) copper layer two prepreg | ayéwrse plspegdaykrsoz/ft2 RTF copper | ayer
three prepreg | ayers one bnez/d1f? RIFi(revese rpeted fuily esppdhiaydri ni shed | am nat es
were trimed to 40.6 cm by 50.8 cm (b6 preméelyddy 20 20 i nches).
15 one 1 oz/ft* RTF copper layer
three prepreg layers
one 1 oz/ft? shiny copper layer
The finished laminates were trimmed to 40.6 cm by 50.8 cm (186 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 drili 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 spindie speed of 85,000 rpm and insertion rate of 95 inches (241 cm)
per minutes. The drill retraction rate was 80 inches (2.28 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
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The drilling was conducted using a Uniline 2000 single head drilling
machine. The drilling was perforned on 3-high stacks of | am nates
(discussgggahpyey With a 0.010 inch (0.254 nm thick apefpspepeRetry and
0.1 inch (2.54 mm thick alum num clad particle board back-up. The drill
tool percent wear was determined for a 0.34 25 nmm (0. 0135 inches) tool

di aneters, series 80 tungsten carbide drill available from Tulon Co:.
Gardenia, California. The chip load during drilling was hel d constant at
0.001, with a spindle speed of 95,000 rpmand insertion rate of 95 inches
(241 cm)  peewriilbit 8sd eadhestanki df laminatesibad ten 160 lwle\groudifgs ardles 2600 29 m) per
m nute and L] e ' per
drill head ‘lhﬁfé " sTﬁg‘l’égrslt%?(g? f%H;;)nea&ecs\égr?? a%efg?r?cv\%gqug%ﬁ#n l31‘%05 qrg]"_'r%“ on a
1500 and 25doll tippercentwear fon GO el wera mepguret ddresch sampleh secti on were
drilled at a hole density of 28 holes per square centinmeter (about 178

hol e per square inch). Table 14B shows the drill tip percent wear of the
Control $J and Sanples AA, 8B and Kiablé¢#4B dri|ling 1500 and 2500 hol es.
Each set of hol es was staftedt—wtir=a 2 8- WO O 02— PEH 'usm 266523 new
drill bit and each stack =g naies %ﬁrﬂl"nﬁ:P’er#NW G S QUL BES nd ten
o Saifiplg AA 1 Sample BB - T ‘Sampié KK:
2500 hole grEny Hrpe—3 of—6 preSt-a—ch e were
drilled sothplhlg dr|I ti rcent we for|30 gﬁills vvelzégmaasuredfor
each sanpl e.[ Z500ablee 14B Dri 12810 p Pdr cerg4.3\ar | Sanp.g AA| Sample Sanpl e
KK Contr0| J o271 5 ’IO 5 10_3 249 ?'—'\ﬂﬂJ‘\nled 3 25 3

28.3 As can be seen | Tabl e nd KK, which includes
glass fiber fil &HEAT e(s,?)%ﬂ '5(]1 a&(ﬁﬂﬁ%%&'ﬁﬁ@%@%%ﬁﬁ%@'awpqswéass. s
conpati bl e mbéﬁﬂdmeﬁmedaed WItH & sizing @8 itaLht eeréin Bat REofmpatitiid WltRiinatd €SS
percent wear_after. Control ,10 JJ \é\gd(:h I ncl udes gl ass

1h
fiber fil anSIRL EHQE: %ggﬂé’%sﬁrgﬁq%ﬁx legs perfent Weps ter de0qhalesghanGentiall with a
si | ane aent di mm@ ihtlodeshglag fibezfilagenté\ttat had ol Haal a@anea bﬂor&ﬂﬁbﬁﬁ? of drill
t ool percent Cont r ol

JJ but |ess °°a (')tﬂ %(r:sg%f’en%qfaé"'ﬁw 'E?es'zé%&fteéagésd helss: %ﬁé‘"{?@ﬁ&f.d{' b of the
t ool wear \Mtddl pememtrweadtqn&ag\pldsevem andrKKlis istill less thar tbs Cbmtdh gy biithews t he | ast
" the. pr es EnlnGal TS Rhe SXpebBA o the iy S B MR ) gl ase”
fiber fabri dutingtheeariiet drillad boley rathérdharethe iast 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 micrpmeters. 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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conpati bl e sizing as taught herein have a drilling tip percent wear of no
greater than 32 percent, nore preferably no greater than 30 percent, and
nost prefe greater than 25 percent, as determ rilling
2000 holes&@%?%ﬁﬁﬁ a stack of 3 20 | am nates, each Ianlﬁgﬁgﬁ%ﬁcqﬁglng ei ght
prepregs, at a hole density of 400 holes per square inch and a chip |oad
of 0.001 with a 0.46 mm (about 0.018 inch) dianeter tungsten carbide
drill. In addition, based in the above, although not limting in the
present invention, it is preferred that prepregs made with glass fiber

fabric coated a@nts;g@m@hm@ bscare TRAH dné LHPRAE B B0 wilh0 26 minfti@BLe herei n
have a devi ati on di stance O no great er than 36 mcroneters, nore

preferably notO-gi8iashs diamessr tanpstAnGaeiia &i's, and nost preferably not

greater than 31 i Nﬁ@iﬁtﬁ(&me@ﬁlngﬁiﬁﬁﬂdﬁﬁ@yaﬁi Eziméiﬂér't}ﬁéoﬂg ltmeMﬁﬁ
through a stack of 3 | am nates, each | am nate 1 ncluding prepregs, at

a hol e -129 W'oResenasef paErlidjabiiantisshe glassbet spaging W%w%glsﬁe?e quar e
inch and a ghifardi®ahdo ofd %Mr@mmdsﬁwﬂﬁtmré@h@@éfm@b%ﬁnitﬁuéh) di anet er

tungsten carbide drill. Al though not neani n%fto be bound by any particul ar

theory, it is 998lPEIgEL fﬂ"ﬁéﬁ""""t’%"'ﬁ'f”@é’é‘?ﬂ?ﬁ’% the dpipgtes olfhe B8t n the gl ass

fiber coating ieRmBeS| MbRpatticiRie IRslsdlid NB¥iearh cotilitds to @ereRadtibh GLdrAI
enbodi ment, the resence of the bgoron nitri %gfhé contrl butes to the inproved

drilling pr opé'\“iairég ErprevRnenk iy Ipcatigral gecuracy &efigd hlsSyenti on. More

particularly, the s@picled HIidgROberfadh lnihtie mali®withglasShbeed dodfed it i 1 |
wear and |{1@rovement in. |loqcational accuraCéPof the drilled hgles. |nproved

drilling ptPpdrei sempaiieszing pstapghidersn poyresseveiphaivantager ddrshiagen 10

resin conpati kg lifei rméahg tieeg ebamerhtmmh@nmmafmxei%f@@v&haﬂpem NS RS!.
First, longer L drill Life nmea each drill bit can drill nore holes

before reshar d@ﬁﬁ%%Pem%sa’?chamw ageHiR i ab e halss grited thipaah Beat i onal
accuracy of thgminglee%f theigrésedlt hiertitg R dréiter than tﬁﬁtf@&dafreﬁnbﬁaiwneﬁﬁeé it is

invention is eate t han that for conventi i s . expected
that nmore tha "P‘ﬁ‘?’t thFEWFWé?@%thE%a'BE‘a?FQE'RB tFEﬁE%g}?”ﬁ"i"ﬁﬁt afinglediMegl e tine
15 with thes Saﬂﬁtﬁ@em&@ycu%?cytéﬁaﬁata6ME@d&ﬂa Bnardindte lstidk BbdRveitiondt of

t [ t d t
T Loy RGBT bes® beyaanes ASLER 4 RE% bEtatebivs rlnd Bhsted ol ¢ he

hol es dril | ed Humthbdaeord ahe l‘chaﬁt&&al atclapy eiteslholsodriliBain thehamsl i& ymﬁrbvédhe
el ectronic supp the |amnate | LE 15

The fol | owi ng 83{1&&%{%%{1? ro;ﬂggpg%ogﬁwcogmﬁwg'ﬁea!ﬁmgme Bl"ﬂ‘érﬂY ‘of the

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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I nvention. Coating sanple LL was produced but not tested. Coating sanples
MV QQ have not been produced. -130 WO 01/12702 PCTI USOCQO 20523 Table 15

VEEI GHT PEREBN76F COVPONENT ON TOTAL SOLI DS BASI S SAMPhESUsEebEONENTS LL
MM NN 00 PP QQ POLYOX WBR 301 201 0.56 0.55 0.61 0.43 0.47 0.34 A-174 202
3.68 4.31 4.74 3.32 3.68 2.61 A-187 203 1.74 2.08 2.29 1.60 1.78 1.26
DYNAKOLL Si 100 204 26.60 26.58 - 20.46 - 16.08 SERMJL EN 668 205 3.33 - -
- - - DESMOPHEN 2000 206 40.58 39.93 43.92 30.75 34.14 24.15 SYNPERONI C
F-108 207 9.98 - - - - - POLARTHERM PT 160 208 5.46 5.45 - - 6.00 6.00
EUREDUR 140 208 4.43 - - - - - PLURG\Jm_Eﬁos 210 - 9. 83 10.81 7.56 8. 40
5.94 MACONP-6 211 —=S28360"2] : ' =

4.80 3.36 3.73 2. 64 201 POLYOX W5

comerci al | avartabte—f+romri-orn—Earbrde—Corp- f tH-y—Cerheeti-gut .
? o RAMEL ;
202 A_ 174 Aannm thacrvl nvvnr anvd r| rmi avvucetl h i
il T ]I \JI\] r.ll \Jr.l]l A AN ~J T

avail abl e ?ﬁrqu EN co Corn of 1 arl-vl-\/'r \/\MK’I I\lkn r/‘"q’nr k 93| APPg7] QQ
gama- gl yci BOLYOXMSR BO1 Phet hoxysi | a®86 whi®#b i[s 0BdneP4Bal | §4aviaid.abile from
CK Wtco Carr4%8f Tarrytown, New Yo3.88 RO#IIDYNAKGLL Si321D03.e®s| pevijch is
comerci al | A-Ryasl able Trom Eka Chem efl b 248 Smer. 1.660P £ UL1.2§ 668

et hoxyl ate XD glwomn Th |s CYUTHEE0CI 3563 dVdLI ‘I“id.:46'r onT O B

Benel ux. ;1 SE %H%Lb ¥ 26009 potyes 33,;;?['7‘6?:“\‘-. eh— S

,
o
D
N

avail abl e S-S Ok Co¥rp- “Dar

SYNPERONI C| PESMOPHEN 2000°% 1\ ene. hAloxﬁﬁxl;/ﬁ ﬁ§| 4‘#«9%;@’9’ k34181 2415 He
European ¢SYNPEROMIG F1188 B URONI C_F- 988 - - -

POLARTHERM PT 160 208 5.46 5.45 - - 6.00 6.00
EUREDUR 140 2 4.43 - - - - -

PLURONIC F-108 2° - 9.83 | 10.81 | 7.56 8.40 5.94
MACOL NP-6 2" - 3.28 3.60 2.52 2.80 1.98
VERSAMID 140 2'2 - 4.36 4.80 3.36 3.73 2.64

20" POLYOX WSR 301 poly(ethylene oxide) which is commercially available from Union
Carbide Corp. of Danbury, Connecticut.

22 A-174 gamma-methacryloxypropy!trimethoxysilane which is commercially available from
CK Witco Corp. of Tarrytown, New York.

203 A-187 gamma-glycidoxy-propyltrimethoxysilane which is commercially available from CK
Witco Corp. of Tarrytown, New York.

204 DYNAKOLL Si 100 rosin which is commercially available from Eka Chemicals AB, Sweden.
205 SERMUL EN 668 ethoxylated nony!phenol which is commercially available from CON BEA,
-Benelux.

% DESMOPHEN 2000 polyester polyol which is commercially available from Bayer Corp
Corp. of Pittsburgh, Pennsylvania.

%7 SYNPERONIC F-108 polyoxypropylene-polyoxyethylene copolymer; it is the European
counterpart to PLURONIC F-108.

%8 POLARTHERM PT 160 boron nitride powder which is commercially available from
Advanced Ceramics Corporation of Lakewood, Ohio.

%% EUREDUR 140 is a polyamide resm which is commercially available from Ciba Geigy,
Belgium.

%19 PLURONIC F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

211 MACOL NP-6 nonylphenol surfactant which is commercially available from BASF of
Parsippany, New Jersey.

%2 VERSAMID 140 polyamide resin which is commercially available from Cognis Corp. of
Cincinnati, Ohio.
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208 POLARTHERM PT 160 boron nitride powder which is comrercially avail able
from Advanced Ceram cs Corporation of Lakewood, Chio. 209 EUREDUR 140 is a
pol yam de {@sdiRargdhi ch is commercial ly avail able from C sarisbyszs Bel gi um
210 PLURONI C F- 108 pol yoxypropyl ene- pol yoxyet hyl ene copol yner which is
commercially available from BASF Corporation of Parsippany, New Jersey.
211 MACOL NP-6 nonyl phenol surfactant which is commercially avail able from
BASF of Parsippany, New Jersey. 212 VERSAM D 140 pol yam de resin which is
comercially available from Cognis Corp. of Cincinnati, Chio. -131 WO
01112702 PCTI u500120523 Tabl e 15 (mie_.ﬁﬂ}‘ommm PERCENT OF COVMPONENT ON
TOTAL SOLI OS SANP O ia A X RECEASECOAT CONC
25 213 3.64 A ’ ‘ ) . 0p
35.00 est. : - XAMPEE—-E6~URc| ad

| am nat es m#&-@&d&#@mmemn At s—as-5.descrj bed
in Exanpl e 9.COMB@NENTSAt no copper ludd ubeMMinki N 11aRali &F FaBR of
the uncl ad || RELEASECOATFGONGRRZEuUt iinB645P, 3831 hch x |1/ 2 i hchdlapoutd 2| 54
centi meter X ROPAMDE DPBSBent| neter) rect angul aF 2pp8dess.ooNbastoghilzE.ooT| t he

pi eces wer e |Gif oP&diial &bating0 [Ne VaNp glj T €CHigON] afg gbopg ialgls 0 BHE i ece

were cut parattet—to-thetrti—drrecttron—26~rectangutar—pireces—t+rom-each
| am nate (13 cut parallel to the warp direction and 10 13 cut parallel to
the fill direction) were then placedﬁm.ﬁﬁ_m& apparatus with water and

the water was brougilk %nﬂnal?ég \Lzere%e%tnﬁhe roﬁmﬁ thed 9és|se§

hour s. After 24 hours, | ece were rem) ter tovvel
dried. Theb réﬁﬁflﬁﬁ‘%g\ @@nml @meﬂ‘laéa@ﬁORP&Wﬁ&v%eW@ hmmattj@nl EGICh #n

uncl ad contr ok, lﬁ{&é&%rﬁmaﬁg%ré‘fﬁbﬁ‘gu@ntsgﬂvﬁﬂ% 9@9' mé?\e(%ouﬁ b%@%ﬂhrﬁﬁgr % for

finished fabric 1n the same manner descri b bove i n Exa
maki ng t he tegboutarRYr@m@eteM@cfamwrpms o%h%h%lfmi thez @@qeéweawﬁmraﬂgf to the

above procedUkgine warp direction and about half of the piece were cut paralle! to the fill direction.

26 rectangular pieces from each laminate (13 cut parallel to the warp direction and

10 13 cut parallel to the fill direction) were then placed in reflux apparatus with water
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 8 for making the test laminates, was alsc fabricated and
tested according o 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 8, where Unclad Samples AA, BB and CC correspond to laminates

20 made using fabrics (described in Example 8) 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

23 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

214 ROPAQUE OP-86, 0.55 micron particle dispersion which is commercially available from
Rohm and Haas Company of Philadelphia, Pennsylvania.
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The short beam shear strength of both the boiled and unbolted piece were
t hen neasured according to ASTM D 2344-84. The result of the testing are
given beheWifeTabl e 9, where Unclad Sanpl es AA, BB angcffsi@bsagspond to
| am nates 20 made using fabrics (described in Exanple 9) having fibers
sized with sizing conpositions AA, B8, CC, respectively. As discussed
above, the control sanple was nmade using a conventional heat-cleaned and
finished fabric. The thickness of the test |am nates (Unclad Sanples AA
BB and CC) ranged from 0. 050 inches 213 ORPAC BORON NI TRI DE

REL EASECOAT Lo, | I 0 I

avai |l abl e f}om ZYé%ng{tﬁ%%}g)ttB 0%3%6}{&@ (56&98\3% El%rt{ﬁéesrg)em SRS R(SDAQJE
OP- 96, O. SStWQHaOﬁPWMS@ml%#‘%@S@dGﬁ"WﬁSW was Zomercial ly available from
Rohm and Haas Conpany of Phil adel phia, Pennsylvania. -132 WD 01/12702
PCT/ US00/ 20523 (about 0.127 centineters) to 0.063 inches (about 0.160
centineters). The ratio of the spanJablegté, to sanpl e thi'ckness during

testing was [5—TH | -BBﬂL, TOo ot Pognds per
7787 8477 TI6§hse S S &7 " 3.',373 r 78 (Bg‘zj'g'lﬁﬂ) No
Boil, Warp Di sl anp( nch@, @6 050 (g 054 0. 055
Thi ckness (g 0 a %2 ?b 14 NH13 ort] Beam
Pounds per @ Strengt , squcre i nch (46) (52) (49)
(38) No Boi ras Brrgc 08 1 06106050
0. 060 0. 055 3(%%1%%'% gé 50, 1 % ggz gggg 0. 140)
Short Beam F’(NJ_D' 1 é sduare) ijlnch (39)
(45) (35) ({SronbahP PO bomtdTpPapCabas (e eP oo™ | 5508
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 5685 6522 5081 4929
Shear Strength, square inch (39) (45) (35) (34)
24 Hour Baoil, {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 Bail, 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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Sampl e I nches 0.061 0.051 0.057 0.057 Thickness N=13 (centineters) (0.155)
(0.130) (0.145) (0.145) Short Beam Pounds per 5266 5832 5179 4116 Shear

Strength, sd@heghnch (36) (40) (36) (28) 24 Hour Boil, pftiibeclpgaPascal s)
Direction Sanple Inches (0.063) 00.051.130 0.062 0.056 Thickness N=13

(centinmeters) (0.160) (0.130) (0.157) (0.142) 5 The short beam shear
strengths of the test |am nates (Unclad Sanples AA, BB, CO in both the
warp and fill directions, both before and after water boil, were observed
to be higher than the control sanple in this testing. 10 EXAMPLE 17 Fill

yarns nade fromsﬁggh%srs,etfxé&.ermé fa@ﬂ@laa§£m;esqum¢prs;br§gm aangenbteien CC
given in Tabl e 9A of Ex and X de PPG I ndustries, Inc.'s
1383 commerci ?frfycwa”# P@"ﬁfﬁéﬁs%ﬂﬂg@ ?é "SEW‘F were woven into 7628
style fabric -133 @ﬁlﬂlwsn%@@&a@e&}maabmnmaxmieeywa@t | oom The
| B nat oe_ as. SSBsSHEY HBAPRScH Bx BRI Go0 BRI BrL GERaLs g s
dlescr Id beddatB)VQﬂUrﬁhtyEdfm Inattéths Vﬁiestiﬁglbﬁﬁqmyﬁétby ppﬂé&ma&eW(me pﬁ;tsc?ldm{ Il ed,

pl ated and patternge S havi a es
patterns for t S8E7 %Q éﬂﬁeéﬁ?\ﬁ?ea?‘?? B s ﬁ?‘ﬁ%ﬁ&f@m Wﬁﬁ@sgé %‘/% O each
boar Io:I_ | ncllt?J)decélrI F&dmeeoae@gt $HpaBeme wa bmﬂt@daa@ngrmelxtax@aifthMrcﬂ,aﬁ&h@s shown
In I g. ns was, or.l. en e -

board, another @ ?%Fé’r’“?g\?iaﬁ'é 0%({%5%"?“’0?”‘? péhig Eﬂ"& aaaéﬁa»?%e ?‘F{P?Stfﬁﬁk’?}?fg 53‘3‘5 angl e
3C_r Ioissdt Eel boarlcgguzrﬁmbm memuddeaantr@w\ofiﬁéenneaabwdemﬁeadsmxr@fa five

ri e (6] av ter

cent or ot oo dih: Sbreter a1 SRt s FeprR o SPadia e eRpholss in ARG b 40 ¢ o
5;1. 7 lr)n I Ih I nI dﬁ;?)didgdfﬂgn ahess:. halile  driliwg tiﬁé_%léllh_dﬁs\mb eoﬁﬁﬁ%@hﬁﬁeget her so

t hat ot cou ri | ng..oper at.l on ternatlng I OWS
o hol s i 0 ondepsiher st et futh o B ARl 8 2 g B RO SPeReony AT A oS 1910
along a first ofbples mSalabFE patero ivetdiatehandbteaisoyue bar 1314king lealiS 131 dlénd eads
wer e sol dered t ?];5 each _bus nnect Each

ar. for c ower sou
U §or e ner T A Shrratsiordhe ndeth oS RGN FBord e R3S heR RS hn: 1 ¢
one circui t15 aiebetdbusimntsr canpiatiyn toca pdweer source. Each circuit further included a 1K

chm sutface resistor 1322 to ensure that if one circuit falled, power 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 controf boards. The contréi

25 boards were made in the same way as the Sample CC boards but used conventional
heat-cleaned and finished fabrics. Each board included 21 circuit patterns (i.e., three
sets of seven circuit patterns) for a total of 42 circuits tested for both the Sample CC
boards and the control boards. The resuilts 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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remai ning circuits would be mai ntai ned. Each board was soaked in 76.7C
(170F) deionized water for ten mnutes to renove any sol der flux residue
and dri edygpiipz7ePoards were then placed in a chanber atp8h@sdhhs) and 85%
relative humdity, 20 and a 13.5 volt DC current was continuously applied
across the patterns. Every 200 hours the chanber was shut down, the
chanber door was opened to allow the patterns to stabilize to anbient |ab
tenperature, and the insulation resistance for each pattern was neasured.
There were two Sanple CC boards and two control boards. The control 25
boards were made in the same way as tTsbi&anpl e CC boards but used

conventi onaI—MMWMMWWM 21
circuit pattdpsidationResistangede sets of° circuit pdtterf@tdor 4 total

of 42 circuiTS TeaqdsT Or D]l oD es. SANA0e Hes | PPGOSrsarid t Mo GHR&t 1 ol
boards. Thelresults for 200} 400 and{1000 houds are given helaow in|Table

17 where thg tabl e8'®hl ues dre the niinber? of Fatte?ns vith tife 30 seci fi ed
resi stance. I3 WP/ 12704 PCT{USOY/ 205¢3 Jabl & L7 [nsuratgom Reyi st ance
Sanple CC Cqntrol OHVE 200 {Hrs. 400|Hrs. 100Q Hrs., 400 H's Short |0 1 7
42 1051 4 30 10608 1 1 0| 10710 2{0 01108|1 01 0 (109 3@ 1 0 }21010
36 32 30 0 [fhre San.mbe CC-bgardsgtad {fewsg—shgrts—§tam|tte—cogtrot—Hoar ds
after 200 hqurs of exposure.] After 400 hours qgf exposurie, all the cqntrol
board patterns had 108 failed. Fof pufjpose® of |thisltest| sanpl@, a "dhort"
refers to arr—i—n-s-u-l—atg—)['gon fest stange ateyof fress—han105ohgs—BEAWLE 18
Each of the|conponents in tHe anbunt |set Torth in Tablg 18A were mYed to
10 form aqudous resi101° conpatli bl 86pri pary 32i ze [Sanm@0e RR accor@ing tq the
present i nieriiohr—oss—thah—t—wei-giH—percent—oi—acetHe—ae-d—er—a—t ot al

wei ght basi s was

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°chms.

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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i ncluded in the conposition. Sanple RR was applied to glass fibers formng
G 75 E- glass fiber strands. The coated glass fiber strands were twsted to
forma tw sfesiarn and wound onto bobbins in a simlarp&Bo6RR204351 N
conventional tw sting 15 equi pment. The coated yarn had an LO of 0.35%
-135 WD 01/12702 PCTI USOQ 20523 Tabl e 18A Wei ght Percent of Conponent on
Total Solids Basis for Sanple RR Sizing COMPONENT SAMPLE RR RD- 847A 215
27.0 DESMOPHEN 2000 216 36.2 PVP K-30 217 9.0 A-187 218 2.1 A-174 219
4.4 PLURONIC F-108 220 9.0 VERSAM D 140 221 4.4 NMNACOL NP-6 222 5.4
POLARTHERM PT 160 223 0.9 RELEASECOATrApid¥B#5224 1.5 acetic acid <0.1 5
Each of the conponents jn the amount set forth in Table 18B was m xed to

f orm aqueous resin conp¥¥eigh té’eﬁ?q“ﬁﬁfg wpogent anfqtalbolids Basis ng to the
present invention. Sanple SS vwas ShEemRle ‘EBSRI":!Q;S fihers forning G 75

E-glass fiber sfrands and t heCOMPENENTwer e not twi st éd. SAMELE &R ed,
untw sted yarn Q@.@,{yALﬂ of O 7% 215 RD847A pol'yester rgsgn WHi ch is
commer ci al | y av gpcn chentcat-s—of—Cot-unbtrs; 246

DESMOPHEN 2000 P@(ﬁ:’)ﬂgﬁgb |1naf e digi .which is.cC rm3§L LB\IFI | abl e
from Bayer of PPMP46@PEH, Pennsyl vania. 217 PVP K- 30|pol yvPRyi

pyrrolidone, whijghigrstcommercially available fromI|SP{Chem gals of | Wayne,
New Jersey. 218 A3 %wgamre- grycrdoxypropy trimethoxy$tiane; zwhictrii s

commerci al |y avail-able-from O8i—Speci-al-ti-es—ne—ofiTarrytown—New York.
219 A-174 gamrad FEVRONG IFol8Bor opyl t ri et hoxysi | ane. which i $Pcomedci al | y
avai | abl e from | VERSAMID 140 # 4.4

MACOL NP-g 2 54

POLARTHERM PT 160 % 0.9

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 88 according to the present
invention. Sample 88 was applied to glass fibers forming G-75 E-glass fiber strands
and the strands were nof twisted. The coated, untwisted yam had an L0l of 0.7%.

25 RD-B47A polyester resin, which is commercially available from Borden Chemicals of
Columbus, Chio.

#® DESMOPHEN 2000 polyethyiene adipate diol, which is commercially available from Bayer
of Pitishurgh, Pennsyivania.

27 PVP K-30 polyvinyl pyrrolidone, whlch is commercially avaliable from ISP Chemlcals of
Wayne, New Jersey.

218 5187 gamma-glycidoxypropy!tnmethoxysﬂane which is commercially available from OSi
Specialties, Inc. of Tarrytown, New York.

29 A.174 gamma-methacryloxypropyitrimethoxysilane, which is commercially avaxlab!e from
O8i Specialties, Inc. of Tarrytown, New York.

20 pL URONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer, which is commaercially
available from BASF Corporation of Parsippany, New Jersey.

21 VERSAMID 140 polyamide, which is commercially available from General Mills Chemicals,
inc.

22 MACOL NP-6 nonylphenol surfactant, which is commercially available from BASF of
Parsippany, New Jersey.

2 POLARTHERM® PT 160 boron nitride powder particles, which are commercially availabie
from Advanced Ceramics Corporation of Lakewood, Chio.

#Z4 ORPAC BORON NITRIDE RELEASECOAT-CONC 25, which is commercially available
from ZYP Coatings, Inc. of Oak Ridge. Tennassee,
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OSi Specialties, Inc. of Tarrytown, New York. 22 PLURONI CT"' F-108

pol yoxypr opyl ene- pol yoxyet hyl ene copol yner, which is commercially

avai | abl aydpp@78ASF Cor porati on of Parsi ppany, New Jer spygrugntosdERSAM D 140
pol yam de, which is commercially available from General MIIs Chem cal s,
Inc. 272 MACOL NP-6 nonyl phenol surfactant, which is commercially avail able
from BASF of Parsippany, New Jersey. 223 POLARTHERMr) PT 160 boron
nitride powder particles, which are comrercially available from Advanced
Ceram cs Corporation of Lakewood, Chio. 224 ORPAC BORON NI TRI DE
RELEASECOAT- CONC 25, which is commer qiaslel4gBavai | abl e from ZYP Coati ngs,
Inc. of Gak Ridge, Tennessge. -136 . WO 01/ 2705 (ggT US00/ 20523 Tabl e 18B
Pounds of Component per 10 °Eﬁ1’§8§°’“8?m§éﬁf. 0%Gallony g COVPONENT SAMPLE
SS MAPEG 600 DOT 225 1932928891 o  A.174 227 10.9 A-187
226 5.45 A-1100 229 |2. 41 EPGOMBONENTo1 1 p| URBAMELESBog 231 9. 11
ALKAMULS EL-719 232 9.MAPEG&QODAIP*10- SP 233 4.7 BEPRREZ $522 234 20.9
acetic acid 2.6 5 YarjsLUBRASPINIZRE 28anpl es RR arjld SSqgere {yised as warp and
fi-ll (or weft) yarnd gpfg®moven Tnto 7628 styrefabrfgg A tontrol yarn,

whi ch was a commer ci gt} o7 Ay e tabte—6 g2 —t—\m—iﬁd—%am havi ng fi bers
coated with PPG 695 ditihg—ahd H-ablefrom BPG Industries, Inc.,
the "Contlrol %&hple]), was al so

Pi tt sbur gh, Pennsyl vg ( ereinaft er
woven into a 7628 st IEPONBBPE’ The sized warp gnd 911 2P5 is an

et hyoxyl at ed di -t al | tRLURGMICEASES €or p. 9.11
ALKAMULS EL-719 #2 9.11
MACOL OP-10-SP #° 457
EPIREZ 3522 % 20.9
acetic acid 26
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

2% is an ethyoxylated di-tallate from BASF Corp.

8 ALUBRASPIN 226 partially amidated polyethylene imine, which is commercially available
from BASF Corp. of Parsippany, New Jersey.

77 A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK-Witco Corporation of Tarrytown, New York. g

%8 A-187 gamma-glycidoxypropyitrimethoxysilane 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
CK Witco Corporation of Tarrytown, New York.

20 EPON® 880 epoxy resin, which is commercially avaitable from Shell Chemical Company of
Houston, Texas.

' PLURONIC™ F-108 polyoxypropylene-polyoxyethylene 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.

%3 MACOL OP-10 SP ethoxylated alkylpheno! which is commercially available from BASF
Corp. of Parsippany, New Jersey. _

234 Dispersion of a solid bis-phenol A glycidy| ether epoxy resin from Shell Chemical Company
of Houston Texas.
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228 ALUBRASPI N 226 partially am dated pol yethyl ene imne, which is
comercially avail able from BASF Corp. of Parsippany, New Jersey. 22'
A-174 gamgg, yl oxypropyl tri met hoxysil ane which is
avai |l abl e frorr¥ " itco Corporation of Tarrytown, New %g:?p%@fgi 3A- 187
gamma- gl yci doxypropyl tri nmet hoxysil ane which is commercially avail able from
CK Wtco Corporation of Tarrytown, New York. 229 A-1100 am no-functi onal
organo silane coupling agent which is commercially available from CK Wtco
Corporation of Tarrytown, New York. 230 EPO\I(r) 880 epoxy resin, which IS

B o £ SRR B T o bR Ve S U Wi 22

comercially mhmdyaaib@of canpd3iSh tad n'pmaaed iba LOI ofRfhe wappanyte dieut Jer sey.

avai | abl o 1rorthoe AR R P Brton T 1 8B 0 byt phent

whi ch i s commer ci al&aghsakaicivesltestéd fonaiBp8meabiily pecondingPtesesy peovedurblew Jer sey.

Shel | chom 2a1=aat@etin A5 8187 SRR Btisid GERE ShadilidcTRtleny 20525

control yarns McanmvecﬁsJEHr%enﬁeaimny foo thadalwricmgyvenshie sikawpbsiaw im was

sl ashed with agb%) ézell nyl al cohol conposition that increased the LO of the
warp yarn to abou about 2.5% The resulting fabric had an LA
ranging from1.6 to 1. 9% Each fabrlc Met‘!aéted for alr perneability
according the test proge - AR { andard Test
Met hod for Air Perneabi air
perneability for the f3 18C. Table 18C
Air Pernmeability (stai e foot) Control

%Q 11 6 .
Sanpl e 41 Sanple RR 2. ‘Sampréﬁﬁ" SS-14-6 58
Sample S8 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 18
1b Table 19 includes additiona!l 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.

Table 19
20 Weight Percent of Component on a Total Solids Basis
COMPONENT SAMPLE TT | SAMPLE UUl | SAMPLE XX | SAMPLE Y'Y
PVP K-30%° 13.7 13.5 15.3 14.7
STEPANTEX 653%%° 27.¢ 13.6
A-187%% 1.7 1.9 1.8 1.8

2% PVYP K-30 polyviny! 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.

27 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.
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10 As can be seen in Table 18C,

the air pernmeability for the woven fabrics

I ncorporating Sanples A and Bis significantly |ower than that of the
EXAMPLE 19 15 Tabéguddbss! udes

fabric woyenind7bh t he Contro
addi ti onal

wer e subsequently woven into

acetic acid was included in each conposition.

Conmponent on a Tot al

|  Sanpl e.

a fabric.

nonlimting sizing fornulations applied to gl ass

fibers t

Less than 1 wei ght percent of

hat

Tabl e 19 20 Wi ght Percent of
Solids Basis COVPONENT SAMPLE TT SAMPLE UU SAMPLE XX

SAMPLE YY PVP K:30235 13.7 13.5 Thble31dl{ort'd)STEPANTEX 653236 27.9 13.6
A-187237 1.7 1.9 1.9 1.8 235 PVP K-30 pol yvi nyl

pyrrolidone which is

comer JIGOMPONENT abl € 17 0m | SKMPIENTJaSAMPLE UVAY SAMPYEWV 4T SANPLE VY
STEPANTEX1PFS WAT CIT 1S CONMME[ Cl aBlzy a a11a§ge T StEgan Qonpagm
May WoOd EMBRWE7 FF29€Y . 297 A [to7 ggrmg-gl y(,||go7(yp UpyIZSTHEL nuxyféf-a'rre_ whi ch
s com a1 _—a'r'r—a'b#e—f-r;rm-%g Wico—Corporaf Tomo; —Tanrytoyg—New
York. - _b%l/ +2762—FPCETH oGG'Fs 5231 Tabte—19—{conty th—COVPENEH—SAVPLE
TT SAVHEE ID;F'L\’I ke v . . . - P. 3
1.9 2. E%éo‘ A é}PZ 1624045 Q'. f—16—Fh -S4t -34-3-3——NMAZ|
DF- 136 ASPRAQUECP-86% —opad e 39365043 29 2 43-b 40939 peleasd2AAT cone
2524 4.TELE \2rdSIs L@Q@ﬂ% 242 69950 haoas g 2 [rD 8474247] 23. 2
ESI\KP 2- 2.6

g@G 10g 0.2

RD-847A* 23.2

DESMOPHEN 2000 2 31.2

PLURONIC F-108 ® 8.5

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 Cincinn

ati, Ohio.

240 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.

21 TMAZ-81 ethylene oxide derivative of a sorbitol ester which is commercially available from
BASF Corp. of Parsippany, New Jersey.
242 MAZU DF-1386 anti-foaming agent which is commercially available from BASF Corp of

Parsippany, New Jersey.

243 ROPAQUE® OP-96, 0.55 micron particle dispersion whlch is commerciaily 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.
245 POLARTHERM® PT 160 boron nitride powder which is commercially available from
Advanced Ceramics Corporation of Lakewood, Ohio.
26 SAG 10 anti-foaming material, which is commercially available from CK Witco Corporation

of Greenwich, Connecticut.

247 RD-B47A polyester resin which is commercially available from Borden Chemicals of

Columbus, Ohio.

248 DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer
Corp. of Pittsburgh, Pennsylvania.
249 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.
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PLURONI C F-108 249 8.5 238 A-174 ganma- net hacryl oxypropyl tri nmet hoxysi |l ane
which is coommercially available from CK Wtco Corporation of Tarrytown,
New York. 288 okEMaRY(r) 6717 partially am dated pol yethyl gpgqisgdAg3vhi ch is
comercially available from Cognis Corporation of Ci ncinnati, Ohio. 240
MACOL OP-10 et hoxyl ated al kyl phenol; this material is simlar to MACOL
OP-10 SP except that OP-10 SP receives a post treatnent to renove the
catal yst; MACOL OP-10 is no longer conmercially available. 24" TMAZ-81

et hyl ene oxide derivative of a sorbitol ester which is comrercially
avai l able from BASF Corp. of Parsi pp@Bates (Dgwajersey. 242 MAZU DF- 136
anti-foam ng agent which is commercially available from BASF Corp. of

Par si ppanyiaey J ey 243 RERAGHRS NPT e o\ o e = PaF 6 f
di spersi or%&ﬁm@gb ety avalfF’.'T:J cﬁw%‘g%chr 343  SAY Dv,fr':
Phi | adel pHi Bl I 244 cRPAC BORON NFTRI DB REL EASECOAT- CONC. 25
bor on nitri'g NYEd arsi | Ls-__(;gm..ci.al"'@ avgilable from 7YP
Coat i ngs, LFx'Exon Ghk Ri-dge, - Tdnnessee 45 Pd ARTI-HFRI\/(1I3)6 PT 160 B&€on
nitride powder which is comrercially available from Advanced Ceramcs
Cor porati on of Lakewnowe ($Bidng SerohOR; Mol deoh BANINBGraRhEifieRlion Wi Ch 15
commercial l.y avaj | able from Wtco Corporation of Geenw ch,

Connect i cuf®. EWY{d%g’QﬂsiW%étf%r@?’mﬁ 83 phrapRnEepistant eeptine mbichiProyidewepti abl e
from Bor den Chefhaiatebi, oW @ribdiaH and fdakvity #iBe PRSMEBIIFNRAMIRP! Yet hyl ene
adi pate diol which is comerci alnlgy avai I__az)l e from Bayer = Corp. of

Pi ttsburgh, PERRXRaFsiand abalbessr FeRp RtV witpg variety of polymeric matrix .

pol yoxypr opy| saeriae| Tasyestinke B thrch%ﬂeﬁhohﬁe&iﬁf@@ﬂbﬁh%'ch&p gavai | abl e
from BASF Cor%ogatlognof Pa%?s#‘g any, New Jersey. -139 Wc) 01/12702

PCT/ USOQ 205238t §fpnintipys gt %)Ofé@wmfmﬁ%)&ﬁ@bwfomwewﬁsmpm W
SAVPLE YY 10AL et abblicAfiohs? Buch. ob rbifiohienehB-16r cdmbosited shibtRaQrinkRQ%84t 13. 6

30.0 Fromthg fgregm ng description, it can be seen that the present
i nvention oards. '

5 A

-

L9

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 inventi\)e
concept thereof. It is understood, therefore, that this invention is not imited 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.

2% ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc. '

' JCONOL NP-8 alkoxylated nony! phenoi which is commercially available from BASF
Corporation of Parsippany, New Jersey.

»2 ELEXOL EPO epoxidized soybean oil commercially available from Union Carbide Corp. of
Danbury, Connecticut.

-140-



5 provides glass fiber strands having an abrasion-resistant coating which
provi de good thermal stability, Iow corrosion and reactivity in the
presence wh of)i@hy hum dity, reactive acids and al kal i espeurdsooaopat i bility
with a variety of polynmeric matrix materials. These strands can be tw sted
or chopped, fornmed into a roving, chopped mat or continuous strand mat or

woven or knitted into a fabric for riety of
applications, such as reinforcenents ﬂm" WF'!H @Ul@ch as printed circuit
boards. It will be appreciated by those s i T art that changes
coul d. be md&ﬂ&ﬁﬁh&w ments described above without departing from
the broad inventive concept thereof. It is understood, therefore, that

this invention isqnot indidiof MnibiiR ;éraeaewesmfarfbemﬁyaueemhﬁs.@ scl osed,
but it is intended to cover nodifications that are w.th e spirit and

scope of t he'qaﬁmﬂgliﬁ‘r‘,fb%b\ﬂﬂ'ﬂlnﬂé’enﬁﬁt WilfesutiapR AvREgtiRs of 2 olid oiert Al KAMULS

EL- 719 poh;,yow,gg- at ed vegetable oil which is comerciall y aval | abl e from
Rhone- Poul enc CC]\IC]_ NP- 6 al koxyl at ed noné phenol
commerci al |y avai (%ibl e2RRIING BARMPOSHON FOMRFISIEY 2 ?aﬁba?%P?Mﬁ?ﬂP mN@W"?@?sey

252 FLEXQL Elgn %m’&@oﬂu melcaﬁmsbﬁrzalesm 4t 1660 ERoRibA bf ¥ s@isak bedtigast e Uni on
Car bi de Corp Connecticut. -140 WO 01/12702 PCT/ US00/ 20523

Lilllnl 11119@%f'P¢r|°fP|9HSPfP?fs|tTPP‘F * CLMS WHAT ISCLAIMED IS 1. A
met hod for inhibi tu)ng alieast puialyedring theecompesitiostorfamtla e@eepglags mgrat | east
one glassflber sliding cop act W t.h surface eriti 50|d

obj ect 5 1Qongtard mg(ad|5es§%p§/ ﬁ@"@pi‘}ﬂ oni@ gﬁag ‘ﬁg‘ %ed%t one
pol ymeri c maty atdéashonke g|b§§mﬁ@rune solid | ubr:ccant particles t? gt | east g
portion of a surf e of  at SS s fiber stran
(b) at least part Ilys'lflil"XQi‘ﬂgeﬁs %%@%&ﬁ?ggﬁs%rfgﬂﬁggg? e PUPP%ss fi ber
1ﬁ st ra]pd hau?mmas b&&s@lmbg&t &mmwaspdnh@s‘lha!mm tedrdriesasalu@whioh is on of
the surface o

e at least o ass  fi C iding at | east a
portion of tQEE" 2@%“ ? PH@PQS&"F&‘?&Q k %6 EBTé @fﬁsf '5% )s”%‘stb%ﬁb??sé§ Wi a sol i d
obj ect, tie sbthearn kastsqrerglassdivehehtheglass fitzer dinagidbywcahiact with toé surface
asperities of the solid object is inhibited by the inorganic solid lubricant particles.

2. A method according to claim 1, wherein the composition is a residue
of an aqueous coating composition.
20
3. A method according to claim 1, wherein the composition is a

powdered coating composition.

4. A method according to claim 1, wherein the composition forms a
25 coating having 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.
5. A method according to claim 1, wherein the at least one polymeric

30 material is selected from organic polymeric materials, inorganic polymeric materials,

and natural polymeric materials.
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greater than a hardness value of the at |east one glass fiber, such that
abrasi ve wear 15 of the at |east one glass fiber of the glass fiber strand

by cont act we tinatde surfacejtmrerl ties of the solid obj&&tydesdssshi bited by

t he inorganic solid |ubrica j,mﬂmﬁuﬁ met hod according to claiml,
wherein the conposition is , queous coating conposition. 20

3. A nethod according to claim1, whefeih t*he conposition is a powdered
coating conposition. 4. A nmethod according to claim1, wherein the
conposition forns a 25 coatln having a loss on ignition of ranging from
0.1to 1.6, and an®&air @@g@qugwﬁ*ﬁ'ﬁs%w@erea‘c seeng Peyma®TM D 737, of

no greater th&ﬁat&@a@&r@%@%&@d%m tﬁe%@éttuﬂﬁhateﬁ&i@%é?’m@ﬁéstﬁ%&?ér%fsf% 5. A

nmet hod according to c aim1l, wherein the at |east one polyneric 30
material is selBesdNeem or ganic polyneric materials, inorganic polyneric
materi al s, and nat ural polyneric materlals -141 V\001/12702 MERERN
|I|||||Iljl 11 _PCT/USOQY 20523 111 11! . /A nethod according to claim§5,
wher ei n thesorganl d: pol §riegtped a‘%‘?ﬁ‘t"é‘ﬂl‘%{?’é’”’a? &'hereindbe eWaniE GRYMAES noset ti ng

materials, thenateq asmmseaat raémhs theaﬁ&kettmy ¥latriaBsel QRN thérmbsetfingTet hod
accordlngtoc in the or c‘%@%ﬁerlc materi al conprises at
| east one therq’?@gét?fs gy r?ﬁfleésr' Fa‘i’xyé‘?ﬂ SeBNaPlh FTBPRIES thermesethg| yest er s,

vinyl esters, pejyorxghanes,ehdahigurepobayl df ¢, foregdinppl asts, thernosetting

pol yuret hanes, and m xtures of any of the foregoing. 10 8. A net hod
according to claim7, wherein the at |least one thernosetting material is a
t hermoset t1&g pol yesterAraethéd amohﬂrql; tactabn 4 wigrdivthelaficabtoneWher ei n t he

pol ymeric mat Gt'ﬁérﬁ'zose w%{ﬁ%% g\fhgs 83 tm%P@%esPeggopl astic material selected

fromvinyl polyners; er nop pol yol efi ns, pol yam des,
t her nopl asti c pol yuret hanes acrylic polyners, and m xtures of any of the

foregoi ng. .10' A thOd c@&dﬁ%t&é@h@ %h?m%eeéayré%%n%tena?aﬁ one

t her nopl astic materlal |sa er nopl as
comprises at least one thermoplastlc material selected from vinyl polymers,

15 thermoplastic polyesters, polyolefins, polyamides, thermoplastic polyurethanes,
acrylic polymers, and mixtures of any of the foregoing.

10. A method according to claim 9, wherein the at least one thermoplastic
material is a thermoplastic polyester.
20 _
11. A method according to claim 10, wherein the thermoplastic material is
a polyvinyl pyrrolidone.

12. A method according to claim 1, wherein the inorganic solid lubricant
25 particles have a lamellar structure.

13. A method according to claim 1, wherein the inorganic solid lubricant
particles comprise at least one particle selected from non-hydratable inorganic solid
fubricant particles, and hydratable inorganic solid lubricant particles.

30 |

14. A method according to claim 13, wherein the non-hydratable inorganic

solid fubricant particles comprise at least one particle selected from graphite, boron

nitride, metal dichalicogenides, cadmium iodide, and silver sulfide.
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11. A nmethod according to claim10, wherein the thernoplastic material is
a polyvinyl pyrrolidone. 12. A nethod according to claim1, wherein the

i nor gani ow8@l/kged ubricant 25 particles have a | anel | ar p&tiisiphbde. 13. A
met hod according to claim 1, wherein the inorganic solid |ubricant

particles conprise at |east on i | ect ed from non-hydratable
inorganic solid |ubricant parﬁlmgﬁ'“j!ﬁa @3’ E'ft abl e inorganic solid

| ubricant particles. 30 14. A ne L i to claim 13, wherein the
non- hydratabl e inorganic solid lubricant particles conprise at |east one

particle sel ect ed fromgraphite, boron nitride, netal dichal cogenides,
cadm um i odi de, W%rﬂ k

111111 111111 VI X fll'ﬁ{ffa F%"fdr&*ﬁﬁ%’ﬁ% ne%’%ao"ﬁﬁgﬁ%'ﬁ% %‘59? ,%Q?f:a?@m 14,
wher ei n t he 98¢ lubyigant pamicles icwop@e@rﬁtéeaS§mei rEridshselectast frama peros nigedec onpr i se at
| east one p%&hﬁ&.&@@@@ﬁaﬁgl é&ﬁmnhea.a@ s'ﬂ\'/éh suﬂ&e indilh, %amuﬂs: *ﬁﬁ' é‘o%gsﬁ' des,

cadm um i odi de I ndi um |um tin,

gol d, si | R erzing aplgi ﬂw@aal%meqa@one& ealqmnfflugmq anc owdm@ndmmeresahwym xt ur es
of any of thend Rr&H 16. A nethod according to claim15, wherein the
non- hydr at abl e 1 nor ggnl c solid lubricant particles conprise hexagonal
crystal structure boron nitride 10 particles. 17. A nethod according to

claim 14, wherei g hememtaargea;rahéﬁ)amrma%sfemseéh& hwastw?nt particles
COITpI‘I se at | east one netal dichal cogeni de selected from no denum

di sul fi de, riBPrgBRIE ARl Idpricantnartifies coptprisg hexagpral crypigkstructure eerew&rve

di sel eni fig, padpgsd en disul fide, and tungsten diselenide. 18. A method
according to claim 13, wherein the hydratable inorganic solid |ubricant
particles conprise phyllosilicates. 20 19. A nethod according to claim 18,

wherein the phyllgsil IA:.aéde GEHRAING B cla"rﬁ'\ 142 ¥RéreBe REHhydPRAbIE %Pg%nfcel ected
frommeca, talc kaolinite, and montnorillonite. 20. A method

accordi ng t ¢®o¢ glbﬁ{gg"é patfidles E?"Hprﬁ?eatéfﬁﬁ%?ﬂ?smgt?&q ?‘B'“W"@o??ﬂﬁ?ﬁdt [¥h is
essenti al | y rolgedentimgislifiiepdbBbdeh@irgdiselénidd) kartallink Bisukiae) ta@iimi Cl es.

15 diselenide, tungsten disulfide, and tungsten diselenide.

18. A method according to claim 13, wherein the hydratable inorganic
solid lubricant particles comprise phyllosilicates.

20 19. A method according to claim 18, wherein the phyllosilicates comprise
at least one phyllosilicate selected from mica, talc, gypsum, kaolinite, and

montmorillonite.

20. A method according to claim 13, wherein the aqueous sizing

25 composition is essentially free of hydratable inorganic solid lubricant particles.

21. A method according to claim 1, wherein the hardness value of the
inorganic solid lubricant particles have a Mohs' hardness value which does not
exceed the Mohs’ hardness value of the at least one glass fiber in the fiber strand.

30
22. A method according to claim 21, wherein the inorganic solid lubricant

particles have a Mohs' hardness value ranging from 0.5 to 6.
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21. A nethod according to claim11, wherein the hardness val ue of the
inorganic solid lubricant particles have a I\/bhs har dness val ue whi ch does

not exceeqyd hgiMahs' hardnes | east onepcglussgokisber in the
fiber strand. 30 22. A net ho H mj H; a| m 21, wherein the inorganic
solid lubricant particles hav ss value ranging fromO0.5 to
6. -143 WD 01/12702 I1111111111111111111111111 | 111 PCT/ USOQ 20523 23. A

nmet hod according to claim1l, wherein the inorganic solid | ubricant
particles have a Mhs' hardness val ue rang |n\%€from0 to 6, 24, A nethod

accordi ng to clai m28; whAerethed a¢rerdingde §aim & qu'ﬂthﬁmgaé‘éi’rﬁohds’“%?f‘ﬁ cles

provide an interaddd s a%%&ﬁéﬁ@@ﬂuéﬁﬂglﬂéﬁbrﬁ@fﬁto@ne glass fiber and at
| east one adjacent fiber. A nmet hod according to claim1, wherein the

i norganic solid |ubricant partlcles have an average particle size,

nmeasured accordi ng 240 | &Sfﬁéthsd:a&dom‘rme c&ﬂnu@mmsmmemor@‘mdsemubﬁmm about
1000 m croneters. A met hod accordi ng o .cl

5. wherein th organi c
solid |ubri éanﬁamﬁﬁﬁﬁri“ﬁq’eegn RiggRtta sragahe “ﬁ'&er%[?ﬁsé orig gJassfi gﬁgainﬁa?lﬁ?%m 0.1
to 5 mcrons. dike 2lijacer filset. hod according to claim1, wherein the inorganic
solid lubricant particles are thermally conductive. 28. A nethod according
to claiml1, wherein the inorganic solid lubricant particles are
electrically insul a5 veA ﬂ&h&@acoﬁrdﬁ&jmmﬂxMtt&vjrecéimtjpeﬁzmrganiijamﬁdUpleaetr ein the

i norgani c soli d bri cant art icl. ut 99
wei ght percentP C?ﬁ*féa"‘éaﬂﬁ ria??g % s‘gg ea?ér?dggﬁ d‘sgqggag’%gécggﬁmgo A net hod
accordi ng 10 cleahnioibs, oftesdhan dbioet O8HpdTometers. conpri ses 1 ess than 20
vol une percent of glass materials. 31. A nethod according to claiml,

wherein the at |east one glass fiber is fornmed froma fiberizable materi al
sel ect ed from non- @8ass A methgdaceording terclainh 85, vaereintha ingraanigtseld labrisantor gani ¢

01/ 12702 111 11a g vBR s Pt Pidy AL Bla P 0D SEMERE: T 7O

15 27. A method according to claim 1, wherein the inorganic solid lubricant

particles are thermally conductive.

28. A method according to claim 1, wherein the inorganic solid lubricant

particles are electrically insulative.
20
28. A method according to claim 1, wherein the inorganic solid lubricant

particles comprise about 0.001 to about 89 weight percent of the composition on a

total solids basis.

25 30. A method according to claim 1, wherein the composition comprises

less than 20 volume percent of glass materials.
31. A method according to claim 1, wherein the at least one glass fiber is

formed from a fiberizable material selected from non-glass inorganic materials,

30 natural materials, organic polymeric materials, and mixtures of any of the fcrégoing.
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32. A nethod according to claim1, wherein the at |east one glass fiber is
sel ected fromE-glass fibers, D-glass fibers, S-glass fibers, Qglass

o e St 2ob et e [T o oo, 2 e

according to claim32, wherein the at feast «one glass fiber is an E-glass
derivative fiber. 10 35. A nethod according to claim?2, wherein the
conposition further conprises a resin reactive diluent. 36. A nethod
according to claim35, wherein the resin reactive diluent is a 15

| ubri cant conpri SRng émeetbed acgordingiteciain fawhefeinips atldeash bhecglass fibeaist i ng wit h
an epoxy r 1 1 : n _am ne
groups, al ﬁ%?’eg?‘%hﬁgg?%gﬁéﬁ%ﬁggfag?%ﬁgé %?%ﬁ%upggién@te”esbg&diégroups. 37.
A net hod f oglaspldetivativefiberdr asi ve wear of a fiber strand conprising at 20

| east one glass fiber by sliding contact with surface asperities of a solid
obj ect conmprising: (a) applying a conposition conprising at |east one
organi ¢ donponen®33. andm pegording toi im S2nwheraly the atirashene dassdibertisvi ty of
at least | ptgqpesawgeter K at  a tenperature of 300 K to at |east a
portion of a surface of at |east one glass fiber of 25 a glass fiber
strand; (b) at least partially drying the conposition to forma sized gl ass

fiber strand hawyng & membdlHEcording 1ORIHAMROWhdrbiA thd R hsPénd A3 ibdr iROr ti on
of the surface of the at |east one glass fiber; and (c) sliding at |east a

portion of tAE-grasdeivaiafibef.r and to contact surface 30 asperities of a
solid objeect, the surface asperities having a hardness value which is
greater than a hardness value of the at | east one glass_fiber, such that

abr asi ve wear 0f%t he Adhethadiaecopting {9 cialm 2 whereindhe tqmpagitiga turtheher st rand by

contact W t leohipfisss/d Fedfifrea@wB@lluent.es of the solid object is inhibited by
the lanellar particles. -145 Wc) 01/12702 PCTI US00120523 | 11112121 11111

ditt rrrre e *CcL MS 38 A nethod according to claim 37, wherein the
at | east one orgasi C A method according to claim 35, wherein the resin reactive diluent is a

15 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.

37. A method for inhibiting abrasive wear of a fiber strand comprising at
20 least one glass fiber by sliding contact with surface asperities of a solid object
comprising:

(a) applying a composition comprising at least one organic component
and lamellar particles having a thermal conductivity of at least 1 Watt per meter K at'
a temperature of 300 K to at least a portion of a surface of at least one glass fiber of

25 aglass fiber strand;

(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

"{c) sliding at least a portion of the glass fiber strand to contact surface
30 asperities of a solid object, the surface asperities having a hardness value which is
greater than a hardness value of the at least one glass fiber, such that abrasive wear
of the at least one glass fiber of the glass fiber strand by contact with the surface

asper.:ies of the solid object is inhibited by the lamellar particles.
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conponent and the lamellar particles are the sane. 5 39. A nethod according
to claim 37, wherein the at | east one organic conponent and the | anell ar

particles |fferent. 40. A nethod according to claim in the
| anel | ar pg‘&?l‘)gizfégsz are inorganic. 10 41. A nethod accor d’?%G’SWﬁéﬁ%ai m 37,

wherein the |anellar particl | conductivity of at |east 5
Watts per neter K at a teme‘muﬂmgﬂmﬂﬁﬂsﬁmjﬁﬂ A net hod according to
claimd4l, wherein the lanellar parti e a 15 thermal conductivity

ranging fromb5 to 2000 Watts per neter K at a tenperature of 300 K 43. A
met hod according to claim42, wherein the lanellar particles are selected
fromboron nitride, nolybdenum di sul fi de, graphite, nolybdenum di sel eni de,

20 tantal umdisul fi &, tAmeHiodmcerrdias éneige 37 whersindie #ileast ene@ganiangst en
di sel eni de, andompanehtiERBthe fantiir Rhtididaoré flea@Rkng. - 146

b 38. A method according to claim 37, wherein the at least one organic

component and the lamellar particles are different.

40. A method according to claim 37, wherein the lamellar particles are
inorganic.
10
41. A method according to claim 37, wherein the lamellar particles have a
thermal conductivity of at least § Watts per meter K at a temperature of 300 K.

42. A method according to claim 41, wherein the lamellar particles have a
15 thermal conductivity ranging from 5 to 2000 Watts per meter K at a temperature of
300 K.

43. A method according to claim 42, wherein the tamellar particles are
selected from boron nitride, molybdenum disulfide, graphite, molybdenum diselenide,

20 tantalum disulfide, tantalum diselenide, tungsten disulfide, tungsten diselenide, and

mixtures of any of the foregoing.

-146-



