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25 This invention relates generally to coated fiber strands for reinforcing
composites and, more specifically, to 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 strand§ of fibers in the

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

This Sheet Has Been Replaced

AN




predom nant concern in typical thernoplastic nolding operations. In, the
case of conposites or lamnates forned fromfiber strands woven into
fabrics, irWaaH®Mon to provi di ng good wet-through and g8SHURHY204%:
properties of the 5 strands, it is desirable that the coating on the
surfaces of the fibers strands protect the fibers from abrasion during
processi ng, provide for good weavability, particularly on air jet | oons
and be conpatible with the polymeric matrix material into which the fiber
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cl eani ng skt&pde nH&@#%?é‘ﬁ?'a|a"$§‘%%&"§°{'Pé'}?&xr{“§8 Al For expme bers, are
not al ways CORgMchli€A EorﬁMﬁmﬁasédduzmg‘canmmentﬁogte)tib fiberscis igpaeraly mtnmat eri al s

and can further co e th roducts
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conpatibility such water washing and/or chenical renoval operations
and are gekferal |y iibe remayalsff sechtnoperesin cerapatible|sizingi majenials. 1 enBe0iRgsiag | t he
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be quite abrasive to ber gl ass yarns, those yans used as warp
yarns are typiremeva)ofdbesesondesin @’%P%‘B'Géﬁﬂ‘&r’ﬂ}atﬁf@éﬁ'? mgst Wior to

weavi ng, CcoMMgkimgiished Bykpbshgithe Wal@bfabitto elévated Chﬁpei’d“lﬁl‘e%rléxtﬁﬁdéis with
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was previousl )4 rae%péo r%(nj:rst q-lotwbaselg suc?ﬁ'lea{ ann?ng%gps Qge 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 méthods of removing sizing materials have beén
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 yams used as warp yamns are typically subjected to a secondary coatiné
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 formng operation. However, since typical slashing sizes are also
not generally conpatible with the polynmeric matrix materials, they too
must be renowedi/mess om t he woven fabric prior to its i ncoPSAfUSMAWASY nto t he
resin. Furthernore, to inprove adhesi on between the de-greased or de-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
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- 25 The foregoi ng sumar

y,. as well .as the foll.owing detail description
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per-spective view o coated fiber stra ast partially coated wi a
coating conposi £fd ag&%&&’l %&’%98 apﬂgegfg%g%haﬂhﬁvent ion; 30 Figure 2 is a
perspective N8 ew of BEffartsctiavel béerbdirecteditawatd iroprbéngsthe pfficiency oneffeetivenessofii t h a
Si zi ng conpositi I o0&y | L1 t he

sBRe AP fhele ér%&%@@&gép& Hhdrd Re RO folrfihs eRE HrWatings

present invention on a on o 1€ SIzln cpnp05|{|on; -4
01/ 09054 PCT/ USGKxt 20w 8@ omplisiuane o8 mose of thefollowdeg: inibityabeagiopfand beeskeaarft i ber

~strand at | east ﬁPag,E%&L;'eé @g@%@&e With w@dﬂaﬁ?@ﬂ{ ﬁmﬁ?ﬁﬁtériaﬁﬂan@prsﬁmdary

coating conposi t10n on ‘at St a po?tlon 0 e sizing conposition, and a
tertiary coati ngoodwpbeitandwelthraug by thetraatixmatgrigls énaddition, it would be

20 particularly advantageous if the coatings were compatible with modem air-jet
weaving equipment to increase productivity. Furthermore, it would be advantageous
to eliminate the non-value added processing steps in a fabric form'ing operation while
maintaining the fabric quality required for electronic support applications and
providing for good laminate properties. o '

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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I nvention on at |east a portion of the secondary coating conposition; 5
Figure 4 Is a top plan view of a conposite product according to the’ present
i nvention; WOSPMWSS is a top plan view of a fabric accor dCwgisoozzessee present
i nvention; Figure 6 is a schematic diagramof a nethod for assenbling a
fabric and formng a |am nate according to the present invention; 10
Figure 7 is a cross-sectional view of an el ectronic support according to
the present invention; Figures 8 and 9 are cross-sectional views of

"vent on; Figur o 1gorecd s Mperdbelfub vt of B8 be MERA B0k bt coRGES
aperture in awith® sizamomsﬁl@malsecmdamoehmmosmorsmdeastaEougumef 11 is an
o e of At dling cdrdt3hibA{and S by RELiHR cbmbllfidr WboSAG 1o wE olefy 12 1S 2

gram'o Eﬁ rcuit

schematic of a atrtern s a

patterns. Theinvegtion omat partiorof the: ary enading compdsitior; a uni que coating
that not oy 20 p o Hiaiitly 'of fibers
during processi ng @gtﬁie:‘figgw%? owldes Zteaf’g%étt%ﬁg&o#wﬁk&g’e‘r%v’ﬁggg‘

properties: g#wentigg: -t hrough, wet-out and di spersion properties in
formation of Corfpoﬁlgin@ss:sé&oﬁbﬂiﬁVeﬂ%féfh%ﬂch&diﬁ?ﬁgﬁthéﬁré?é?ﬁimverﬁﬂﬂpr' S€s a

plurality of indivj bers .e., | east two fibers used herein,
"conposi t e” means FiAWeSAjnBisaaamalic dperamef a.mathed far apsembling a farieand he present

25 invention mrﬁmh\gmaﬁﬁhdtetacemdngwmerprabm.ﬁwmwarrpl e, but not limted to,
he coated fiber strand

one or | ayer a fabric inc r

conbi ned vh%t h a po?‘?'ﬁ‘ér i 18 2 CR%E rsf'??mﬂét"%ﬂ %Ia"te%"#rﬁ’?'ﬁ?%?pf’%ﬁ?‘??é‘mg todhe,d

| am nat e st r epgisént ipeatibr: hermal stability, good hydrol yti c stability
(i.e., resistance ra ber ic matrix
mat erial int erfacel;:'&"'g%)g aggr rage's%g?\smgéncg&'razgg‘?go}{]‘gma %' A 30 of

hi gh humi di tyelecfeqmsupporaemmlrmfdﬂai M’aﬁnémvemun.corrpatl b| i ty with a variety

of pol ymeric natrrc.rq udAbH 48 aﬁgaﬁ&ama%é:mmrgrﬁ..ngggsg&&%Jem)v' ng

the coati n% and | at~ or pressurize eani ng, prior
to | am natl on'ayﬂ'r@fiﬂ"ﬁéfan gew@nmuenmagom PCT/ 1 JSOO 20459 desirabl e

characteristics er.gheqaras&}eemmbﬁ%utﬂws&mmmm&m pands of the

present invention referably, the coated fiber strands of t e pr esent
i nvention provide dgl(lj'a 2|saschematrc 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 strength, 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 eliminate the need for removing the coating,

and in particular heat or pressurized water cleaning, prior to lamination, are other
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processability in weaving and knitting. Low fuzz and hal os, | ow broken
filaments, low 5 strand tension, high fliability and low insertion time
are preferr ¥PWMIS4ct eristics, individually or in conbi naPFENSMEAEI; ded by
the coated glass 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 air jet mea\ggsq,q.bqlgn AeRRRristed m@ﬁ%ﬁnsaekmned fthd GattFibEl SEENdEBARS 2 type

of fabric weaving yam (weft) is inserted into the warp
shed by a bl aspresentimwenfieressed air fromone or nore air jet nozzles. The

coated fiber strandg, e?éraﬁ?%ep bel’&Vé?ﬂE thﬂeBFé%Eﬁtﬁﬁ\hhﬁoriWﬂdél by que
coating that can facilit

er mal conductlon al on %&ﬁ(d ? acef of the
fibers. 15 Whefpcasssbiitydn weawha AMAIGINNG: doW iR akhIOs: 9w binkep flammentsn o
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material, i referential ribution,
thereby redli @ ’%"%%'P%ﬁﬁcﬁsfs Qﬁqtg%g % ekp ét%ﬁ%@%’ﬁ'ﬁ%éﬁt%@é of lﬁ?
el ectroni c ci r aaiabing rewltictathe fill g dweft)ds ipsdrtedrinto thei warp s&dmb'aﬂwf 25 The
coat ed gl ass flégglr e%&édaﬁpﬁorﬂfonégﬁmgfe‘%ﬁﬁ&tno 1);(sentlon preferably | essen or

el imnate the nee I'ncor por at Yy conductive materials in the
matrix resin, whicfhe mgd/ﬁt!ﬁrlsumdﬁzﬁ therprengntinvantiomprefarrhihave AUnigVe | ower s

COSLl Y MRl 11X B thloah st @RKaIRLAAIIh Afd SRisRIsEnaR of hEMRegoat o

fiber strands resent 1 nvention paossess high 30 strand

openness. A5 us\@bleﬂﬁﬁreé iag a QERtinuoLS mmfmgneréfqran&'%wﬁ@scyﬁ A¥ECPhat t he

strand has an eRbRuGREs fibas of he ésemahvear@acaa%ﬁmmémnfsmtamaeof t he
strand are -6 wool /0904 PCT/ US00/ 20459 not ﬁ'g’ ?l‘(ﬁlfxwg,a nd to o e anot her.

The high st randegh@issiration fram & heat poures EUAATA ttheo"ﬁ't"°(5‘? “matrix

materials into mhémtSédnanét %Ma?a‘ronﬂﬁgﬁm&lrérﬁ@conwﬂemta apdithierebylirhibil ani nat es,
i er, strands o resen

O e e RS Rlobin S S, s BB o
| ow coef fi cRent pabimérib etatiid matepaln The coatgbgiaksifibersiaf e présenhigvdntion
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



good interlam nar bond strength; and good hydrolytic stability, i.e,, the
resistance to ration of vvater along the fiber/matrix interface.

Addi ti onal | YO ronic supports and printed circuit b FET SR e
present invention nade fromthe fiber strands in accordance with the
present invention preferably have at |east one of the follow ng 10
properties: good drillability; and resistance to netal mgration (al so
referred to as cathodic-anodic filament formation or CAF). See Tummal a

(Ed.) et at, :gltﬁﬁﬁ@o%ﬁ&f leGhotraF: k‘ﬁiﬂl’ﬁ&é@ﬁdQEl ecs£ ddif¥ddinitate paReRsioR 96- 897

and | PG TR- 47 ectrochem cal Mgration trochem cally | nduced

Failures in PPFWRt@HtWMtW"a'BB%lFWﬁ'ﬁmwePeS (1997) which are
speci fically incorgghgdsiiés, Brd rﬁaﬂr&ﬁe&nﬁn&t&ebﬁwpreEemiveﬁﬁdnaﬁﬂae fr8m

accordance with the present invention wth d dril gﬁ%ﬁléﬁ% %e at | east
one of |ow toke f‘hﬂfaﬁ"aﬁﬂﬁ ofbe present inygntiongp R?(?ﬁﬁ &

dril : ed hOEesfoglAﬁnQPﬁ»géﬂHb@qbVﬁMent sthérial éxplnision; bﬁdidﬁleigraﬁftﬁngtﬂ ons |

i nvol ve subjectin ass yarn refr severa
non-val ue add8epdd GH@E@?‘?&? F@f}"ég\‘ é ggfgﬂy:@tgytigsg@ﬁfvnbe hﬁgéﬁs' ng and
fini shing. Thengaémemwaienmem ihefibenméteix imtsrfacer Additibaallyyrele btomhic smbpd’:rtsr m ng

fabrics, |am nR}Ja |, ecggonl C%fz%ef)ﬁggé §'"QQRPRH£F mftﬁ%ﬁﬁé}'s{r?m%%ds t hat

el i mi nate non® orm ng process
whi |l e providi a@:ofcaiﬁbe with ttna\presgnqmdntiolyprsmmaaeﬁblﬁaﬂ%e ofthe fallewingni c
packagi ng pI | cat.ion f JagatrValily: <\ of the

pr esent 2§ 9'(?8?'&'87‘1 g?ﬁ%& @gi'va%ﬁg%lé‘gﬁ%éﬁg%ﬁﬁﬁ%@% el Prr?{s‘nat I on of
capi tal equi prathogic-anagih ftareent fdomationaiCAR)-n§eaFigmmalp id. l:%tsﬁ's good fabric

qual ity and ggggogué&.%k.ﬁggmag.gg Haﬁ%%k,t(h@&) ol iRl BOS 8 ard1PEOtR 876ER SO
provi des neth wear of fiber . strands from contact
wi th ot her soflElerctigghersical Migratian: zﬂecﬁSF'ﬁ“B?%‘Y B'fd“‘?aeq/ﬁﬁ'lﬂieﬁfj‘ PRt \VKB9 30 or
kni tting devi BSardQEn@Xsée%ﬁésf"'(Hm%mﬂtﬁaﬁﬂe@mcény ircOlpRRitéd Y rbfehsice St r ands

havi ng a uni que coati ng resen 0

PCT! LS00/ 38 Serein Finer s i asebregion Winahe Bse R nvafton, i gend ARARUN | 1 ¢ he
operating exaﬁﬁ»}&a least onblu Iow tobilvasantaringidrilling and:ghoddddationalrbenusacg opr essi ng
guantities of P? FI ents, reaction conditions, and so forth used in the
specificationd'éI g holeSi ms are to be understood as bei ng nodified in all

i nstances by the tAs descritwaidbove, Aypiaai fabrigfoyming cperitinns invalve subiedling fberhe

pect {1 oati on ARG TAPE 2 BREeThbrehGh 1 BbVelht hh vl Seet ricBithing stepe.
dependi ng 2@porucht dsslasbing heat-geaning aﬂdef'mlsbtﬂug fihe prgsent lftYBtltaiﬂrPény '199'Yt he present
invention. At ;I lyeY fHethods 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 embodiments of the présenf .
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 or knitting device, or by interfilament abrasion by selecting fiber strands having a

unique coating of the present invention.



least, and not as an attenpt to |imt the application of the doctrine of
equi val entsé& @as% scope of the clainms, each nunerical paraneter should at
| east be coriPPU¥8 n 10 Iight of the nunber of reported PCEAISPVILT digits
and by applying ordinary rounding techniques. Notw thstanding that the
nunerical ranges and paraneters setting forth the broad scope of the

I nvention are approximations, the nunerical values set forth in the

speci fic exanples are reported as precisely as possible. Any nuneri cal

val ue, 15 however, iFghtHeqitidades Sihis sPeciiRBlioN, Bther thaH i tREGHRIAG kampigsul ti ng
fromthe standard de?rbatlor,\ ound jn their respective testin ’

measur enent s. EWER N ali '19’“%5%?’&'??5{?‘9 Iﬂéamﬂ?ﬁe?fﬂgiqu% cate |like
el ements thr ougbaioh cohditing, and ssmimrudea irFihg spéclf&amanedlafd@% tebs and 10

I fib 12 di to t t t
he ised her oi . UndBrekdnt S beiog mbeinea 4 s by e tomsmbo Bt erPebe i o
at | east twosf |Wssxnm¢dtthme&1bnmrﬂ. the nuraerigal pa&aneténsbst forthiadie Rilowthg f er ent
yant) - The 1 erfieETTaen akd Sl s ars ol GmfiPs fhaf ey Vory HERsAing bpon. °°
limting the pribedediretiprapatties soughhte Hel dbtairedlly the pressnt inventibay At the veryer age
Aver age nom nal 45t Aot SEREel Eiicinb Spnigadth'or AEhERe of dodvaefE] e or
and greater. Fdhes¢apaeofthermlaims eth ournérigatnarametersheuld gtleass e wanstriied ier
di anet er pr¢henghi of themsifter of Bﬁbr@dtéibnﬁ' caft didite TRd %%p(l)yﬂbﬁ:%ié%@é%n?ﬂﬁgcan be

forrredfromanytype of fiberizable Taterial kno din the
art including fiPH¥9UesDHl e i norganic materials, fiberizable organic 30

materials and mixt umestaaBMgm‘atih%ufrﬁh@aﬁﬁngSs ant Pardrh@érd 3Biifg ﬁﬂﬂtﬁ& gani ¢
materi al s can t}g{ﬁe&ther e or naturally occurring nmaterials. One

skilled in the YHCP? °P§E)B\V%’8\°Hta? Tﬂ?é?x'mﬁ@"f-ltmq'ﬂ%ﬁgé’awﬁ%ﬁjé‘?ﬂhd“and

origani c mat er i ahs spevificakanplbeaRebpuiea | la§ prec&eiwas Q&ésﬁ:‘w% Plutrlekisdd V188459
the term” nmeans a nateri al

material s sed her

f or med froﬁ‘? qH”SH%’r ﬁarpgtgv Q?Bﬁﬁb%eétai" iﬁ?ﬁ'yﬁ%s“k'f'g from the stendard;, e

| i nked t oget herdesiation fohad 1ndﬂ5irbq1mﬂnteﬂhgmg§asdemantsol ution or in the solid
state'. As used her I abl e" terial capable of
being formed into a%egehrg'&dﬁ?"& f&tt‘&uou@ . ?W%{?}@ '°atreq.5gele meMSand or yam

Preferably, thghfoughaus, thete isbovoiniiigl 1fa coated fitienstrane D comprisirgrd @aralitg ofl| ass

rater i al | F1 berdughte ol ML VSRl AL lrdd el SoBRl haNRN! | On

| ncl ude but are ose prepare rom ass
conposi t i ond0 s Rirality of ipdivjiugl fbers, 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. Preferably, the average nominal fiber
25 diameter of the present invention is 5 micrometers and greater. For “fine yamn"
applications, the average nominal fiber diameter preferably ranges from 5 to 7
micrometers.
The fibers 12 can be formed from any type of fiberizable material known to
those skilled in the art including fiberizable inorganic maierials. fiberizable organic
30 materials and mixtures of any of the foregoing. The ihorganic 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
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"A-glass", "Cglass", "Dglass", "Rglass", "S-glass", and E-glass
derivatives. As 10 used herein, "E-glass der| vatives" rreans | ass

conposi ti onVANHBSEnc| ude minor anounts of fluorine and/RETHWIMS]Nd most
preferably are fluorine-free and/or boron- free. Furthernore, as used
herein, "m nor amounts of fluorine” nmeans |less than 0.5 weight percent
fluorine, preferably less than 0.1 weight percent fluorine, and "m nor
anounts of boron" nmeans |less than 5 wei ght percent boron, preferably |ess

than 2 15 wei ghhaterkils eA8 udeaherein, Bstein -pamahem: Pafedihl® Hieghs @mateaammleas of
other fiberizabhl e ng ass ter| al s vent i on.

Pr of er red gl aqSiom BERGTBeBIPSFarRpeed PURMGSHgIRS oLatge e pieJokedipAssoRr apds.
Such conposi ti angt can besuiid entangled ik Solitivndein thksdiid athtd'n Ab lnsedtidrein, the ferrt her

di scussi on ther of SN0t bel i gcessar of .the present
di scl osure. %z@l?ﬁ%ﬂe*ﬁﬁ@%eﬁ W@Pepq’ f %'@#ﬂ?%ﬁ{“’@ﬁ% CHWNYUS =g i n
any suitabl &i rfitdnifend] fiberostraridortyam. art, for formng glass fibers. For
exanpl e, glass fibers ca r | e

operation or in an |Pﬁ?5?rfg|¥'t ﬁe&& rﬁg?gpﬂw&dﬁoﬁ%n%@ig;h?%bisg t|on In a
direct-nelt fi eatedahr Fiberizablegiassinaterialsasefirein thei présentineention inclodebutack nel t ed

and homogeni zed gl 55 BREbioRGrort fiRA5HIE U cBbiilind ks 22 gRYES [T om

the furnace to hear I'nto fform ng appar at uses eré the
nol ten gl ass i SAgyasehiRglass" Tﬂ-glawn'ﬁ-simuss'glaa% 'sand Erglags derivativesrad®| e- nel t

glass formgg &Q&B&Eino":@(ﬁlgésed\e‘?ﬁat ?s rméa% ﬁﬁsé’éon?o@ﬁéné\ﬁ%'lﬁ%&}?ﬁn&' nal

desired gl ass conp03|t are orned and into a bushing where they
are nelted and ampuptsifiByasine ?ﬁ@’éf basen and mert Pepferatly arefluptne-free agd/or BOrANt o1 i s

ﬂ;leld Pt Ihe mar g'ﬁ% ?ﬁﬁléf@grg 4805 Hevedi #éﬁhoﬁémodnwl‘ffg Qaéﬁrité" mehns l@ds\slt“t%arﬁgl .§ntice
ol ymer Sci ence and Engineering Ser at . page ichis

her eby incor porWaighY pergent Suerine,, preferabl wﬂm%&ﬁ B?M%@EQW'"P‘F rst

i nto the preneldnwuntsioebéroa, medis |édseﬁadmeugmlptmdntgiomspneserémdessnhmz fiber

form ng apparatu wherrgﬁthe '

| a attenuated to f i nuqus fi bers.
In the present Vo't ReFe ?mf'hgaﬁ?s'é@g pifigralweo E%rg eB?'B?'ﬁ? ﬂiﬁr F %ﬁ"ﬁ@ by the
direct melt fi lglassiaterialsyisefubiartiss presant iFventionidPrefered glass filmrsareifomedel ating -
to gl ass conpo %}{Eg ee K
Loewenst ei n, Tﬁ+e° 'ﬁﬁlsact .55@8%@3&]01 OL&r &J]ﬁa%gglg @@%E‘ res, (3d
Ed. 1993) at palilled pthesart armnummd.mwmmw natbbalievedigthernecessary int, 542, 106
and 5, 789, 329; \?ﬂpo cification for Finished Fabric W)ven

or b’ecbggn%é%ar%

from'E d ass rinted page 1, a publication of The

Institute f4R I nter donalass fhess efitte P&%@Vﬁﬁ'%%ﬁ@ﬁ'ﬂﬂ igiapy suitakle ( June
1997), whi ch 1Qnehcd KnBWA irf the akt! tor foRfRiRG BRESALRES. Por BRINTIE feBs sEretdh 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 and homogenized in a glass melting furnace.” The moiten 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 Hall Polymer Science and Engineering
Series, (1992) at page 1 which is hereby incorporated by reference.
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Non-limiting exanples of suitable non-glass fiberizable inorganic materials
I ncl ude ceramc materials such as silicon carbide, carbon, graphite,
mullite, alWaPHWRMoxi de and pi ezoel ectric ceranic nmat eri ZCITUSIA4I9 i t i ng
exanpl es of suitable fiberizable organic materials include cotton,

cel lul ose, natural rubber, flax, 15 rame, henp, sisal and wool .
Non-limting exanples of suitable fiberizable organic polyneric materials
i nclude those formed from pol yam des (such as nylon and aram ds),

h | i | "
b0l ybubylene. t ST 18 plarhsith TndiBaP ol e Ffled GRETR ARG N1 Rrming
pol yol efins, appsratusmnarecthe glads isiatighuated tpmmm&wsagerso!w%mﬂseen cohol ).

Non-gl ass fi bergzableuedy tﬁﬁéljsairéﬁ%ﬁ&ﬁ%n{)@?h@ﬁﬁé&mwim%ﬁiﬁ and

met hods for preparing a processi hg ~such s are discussed at |ength
i n the Encycl oppeiationf Foraidditional bforematien relating tplass spaggsitionsiand gethogg of ot

pages 505-7lg, f%iﬁd{}ﬁhk%ﬁéﬁﬁér&,is@é'&xoé'\ﬁéiﬁfem?irﬁé ﬁﬂn%ﬂuﬁgﬁcﬂﬁ&@mrei n. It
i s understood that "blefids or copol yners of an%/ of the above qgtgg@ls and
25 conbi nat i on<Continucus StassiFibres {39 £d1993)at pro§s -4t 400, 11311 8 be
used in the prgggiinos WM {08Mandis,768e320! £ IPMEGMETSpetificatibe forFinishea d
enconpasses at |east two di‘f,ferﬁe?gt gll?e‘{]é qr;‘?lqje fron11 di leer{,n'ﬁ fiberizable
materials. |n &FasieWaverfontsBlassdat Printed Roards, af page, 1, g publicatio %ﬂlﬁ'Fesent

i nvention cont ah&itdb fdr frconteeting draisPdckiing ElettidniziGiivuitd (Jaye 1387),mhidhai n

ot her types_of fibers. 3Q The present inventi.on will now be di scussed
general Iy i #Ot I‘%’eéB‘?ﬂfl??'g’ 'B‘T"r@'gtgggy rgpceglﬁyé{ﬁ.ds’ al t hough one skilled in
the art woul d under NonHlichitingaixainples of suitable hon-glass fikesiaahié inerganisenaterials f or ned
fromany fiberigz e erjal. L Dupe : - 54

PCT/ US00/ 20459 '"‘gl&sec%e se‘g "J'aab?éc')"\?‘ég%ﬁé?i"%gag*ieé%?%%r%éﬁg%%@ﬁgom in terns
of gl ass fi ber salapipbimesxide god pieaddigcticcearamnic materialst iNsarimitingsxamples obbove.
Wth continued [0 A ' ast one
and pr of er abl y Stp6iE iEFfRabl8 ofssbic isjefdle o oot X S0 Ryt oo, et

i nvention hdbe wmmis hempeyisal andwoel. Noatimiiga examiles ¢fisyitadly,fRerizabinPianicr esi due
of - a coating cow%ﬁéﬁc'n%ﬁmnaadé 836 tofdtDfdrh BBlyaficed (sLbbadiyidrpsis 16 of

the fibers 12 to protect the fiber surfaces from abrasi on during

processi ng and arAmYds) thermpelastispolyrsige. (syshaspolygihylens ferephifialate andy § 5™y esent
on the entire Opmﬁfuméhéftéréﬂwtﬁﬁa@f, aBlidsi{BedhyasPolybbrglohitrite), poldlefiig)e coat i ng
conpositions of the present |nvention, are g@f ﬁlrg | nglsouiaa %0 coglt I ng
conposi ti ons anBPlii¢taanssand vinwl RPIVIMATR (Sljeh a3 AYVIRY F“f%‘g i ppa-gjass fibergable
conposi ti ongo Aatefisig bséfoltin fregiresentitivéntion and methodsetas preparirghehd pradessing
conposi tions such fibers are discussed at length in the Encyclopedia of Polymer Science and

Technology, Vol. 8 (1967) at pages 505-712, which is specifically incorporated by

reference herein.

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, aithough
they may contain other types of fibers.

30 The preseht 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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can contain volatile organic solvents such as al cohol or acetone as. needed,
but preferably are free of such solvents. Additionally, the coatlng

conposi t i onWOOWEE present invention can be used as prift #43ng
conpositions and/or secondary 15 sizing or coating conpositions. As used
herein, in a preferred enbodi ment the terns "size", "sized" or "sizing"

refers to any coating conposition applied to the fibers. The terns "primary
size" or "primary sizing" refer to a coating corrposition applied to the

fib di at el t d
i 7o " secondpUFesB aEpE, T J5e Bl ol enmb ol ol fBre s e Y
conposi tions gpqtérallydolﬂmatlwfbeﬂsdssussfedabavet. he appl ication of a pri mary

[ The t ' t t
mean coating compoliiariualflerenpe B 3 i rdlfied ebodihé, diat ofe% | 00
secondary si zandiﬁteﬁarablyaﬂioﬁﬂ\gﬁbamﬂﬂ d’éib&pmﬂédot%th?wsﬂm@fenﬁmhﬁvéq he fi ber
s - - nccg p%@} £4lof 4 Lt W&sﬁioﬁ rptréf% ?@ rgﬁdt?eoﬂ?la' c%gtlﬂgcboHi!ﬁsnflérp%H af ter

t he fi ber | nCOrpor a coatlr}% fabric. In
an alter nat i vat Iea#t@boﬁmtﬂ ofmeesqumwojﬂpeﬁbers @‘E@EP‘E%HG Q'I'SH ges

addi tional l'y (r]g F'l%]'ﬂa?‘"ﬁ bB%éﬁ‘HﬁﬁﬁhMﬁb&ﬁr@akd@BOmfﬁb@ thé iapershi ng
ers

size") applie after at |east a rt| preferably all

of a conventi dAds Premohwwﬂmﬁpﬁ?@@%pﬁ 1'1 Eﬁ{‘qﬂas been

renoved by heat or tfdgsHtiRg corhpsiition®6fthe preeentuﬁdém.d‘nlaiepdefemmaqmous applied
to bare 30 glass fibers |nco orated,into a abrlcfornhAg(él d herein,
the term "¥&sicpatingpompprsiens mece preferanly aquegus. SeRiwmpathle ag% ied to the

gl ass fibers icsmpediioNs Altkoughinbt proferrathfor safetyareasons, (the coatingwsomgoesitibns gl ass
-11 WD 01109054 PCT/ LUS0OQ/ 20459 er A ' o) t hat the
coating conpoSPR coRtaipyp! a@'@l"@@f"&&"&ﬁ'ﬂf F‘Zcé'vgsc%cr?gglndé%?&§&£ eg\g/eééé%g{] | east one
of the foll owipreferablyaes fréecsf suctosaiventst Addij\iqmaﬂs the coating compasiions of the

i ncor poration ' :
de-oiling), fé’(%%e%t'a‘fe%gﬁ%%{aﬁgmﬁggg @ wet - t byhﬂ‘%gga’?ﬁ?cﬁgﬁrl X materi al

during 5 clﬁlvsmngm&batplg@omse?}iﬁvgwnd resul ts in fi naI conposite products
having desired  phygiused ndtefiPRialprésmed mboeithart e e izb, aea ghe_coat i ng

conposi tion of the present invention conprises one or ef erably

)
a plurality of'sigagtreterste ang ceating %W%@P‘@Gt?g‘ea@e'lsegg? t%’ﬁé 9’!"!%‘ 23 of

the pluralityp@fofphifbsy s?z?nga%rt@afc@aﬁnb%oﬁbbﬁﬁon%ﬂbieﬂqmﬁbﬁibefs the at I east
one fiber 23 and 10 provi de one or. ngF éﬂa?rstltla aces, 21nQet ween
r

adj acent gl asdmregiately fter fopmation of fhe o\ 5%y PPEN9AY These
interstitizd #geer %&mawmdn@emwamhg yornpositibhe appliad:tolthe Oifers after

particles 18 F%r?es Ia;taplhgant%n o? a pnmary slzeeThe%ﬁ%:se‘rt]etnlaw Qﬁé",s“tertiary sizing” or “tertiary
coating” mean coating compositions applied to the fibers after the application of a
secondary size. These coatings can be applied to the fiber before the fiber is - -
incorporated into a fabric or it can be applied to the fiber after the fiber is .

25 incorporated into a fabric, e.g. by coating the fabric. In an aiternative embodiment,
the terms "size", *sized” and “sizing" additionally refer to a coating 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 chemiczl treatment, i.e., the finishing éize 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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The partjcles 18 of the present invention are preferably di screte
particles. As used herein, the term"discrete" neans that the rtlcles do
not tend to WOA¥8¥e or 15 conbine to formcontinuous fil 459
conventional processing conditions, but instead substantially retain their
I ndi vi dual distinctness, and generally retain their individual shape or
form The discrete particles of the present invention may undergo

sheari ng, i.e., the renoval of a |layer or sheet of atonms in a particle,
necking, i.e., nd MEHE fdola

particles, and fﬁ’gﬁ"{'@ﬁe Qﬁ%egg%gﬁ@giﬁgﬁ%ﬁdggﬂgg@g%t | on'<:;1I§)é|ef¢:t ber géd\ogesm ng,
and still be cocomipdeents) achieies atletistonecaf the folowingpraperties; dogsfot reauUiE’ 18 of
the present '“V-%H\tob%p@h‘én f‘pT F‘Jﬂ@ﬁh&(a bfﬁ?a%drﬁaahélxs@h%blb9de-gmsmg%ﬁl her ei n,

the term "di nensi onal

nmeans art I es wll
general |y mai nt@aﬂhmefamhtdeegwgw ?'lq ‘!éetéﬁ“'?!ég'h?fdh%ﬁ‘aﬁ'é "?ﬁﬁ@" ¥Bdvent i onal
fiber 25 progesgigntioRs Prdde@8ify arkiebuiBin ﬁrﬂﬁc&rﬁﬁd&ﬁé paAles Riving desireen

adj acent fibers during weavi ngwrow Q%f ot her processing operations, so
as to maintain physicalesonegties andhydrotic § ""Vspaces 21 between adj acent fibers
23, 25. In other WOrfg codtingdbm %ﬂ&th&&rﬁé&rﬁuﬂéﬁ%%@@nﬁs&i\ebﬂhh&, anhd | not

crunbl e, dissolve or substantiall rmlnth 0 C nto
forma particl epreferabia a‘ufﬁﬁ%%ﬁﬁt'éﬁr@%‘g‘%‘ﬁhﬁ"@? antgﬁé fegg%gsgggrolécoﬁ

average partltcl P\uﬁah&%fﬁﬁt e h2 h?ﬁér@ﬁithgggtgﬁstﬁabfis pfrthe eeast gnefiberd 28 mnths, such
as exposure to eratures qQf u refer re
212 WD 01/ 09654 PEUIRGHD PO e‘ﬁﬁ‘@t‘ Ragks o1 ?)“"F%“ g‘%%"@ﬁ%ﬁ”%%%gr ?ggﬂ{,go
particles 18 shewdnd 10ais shows incfig.i 1ol Theseintesstitial spacesiramesdond gemallmeler

g e o O hiert® o Bl Rl Bt WA iibehtbersi e COMPOS! e

processi ng cond!"®%fs cessin atures can  exceed 150C.
As used herein, Thé]parﬁd:lesaﬁaof‘tbmmesmtmntmbmaﬁ ly giscsete padisles.nAspsas 5

reference (0 { g Rpl el i oEEARS I0aRk vl o Bakbin b RortbRioomBicadtpPaNd Of

increase in sizeée ?‘bﬂ‘ or e tﬁgn appr oxi mat e hree tinmes their initial size
during procds$si ngnb-nﬁwfpmmm'neousdlynmmr Wéﬂtl?"a'tﬂ'i@eﬁ@PW'ﬂlt'ﬂﬁﬁnngnal |y

stabl e particl essteadLabstartigiiy veta theit RbibvidA a&ﬂdcméaa Sid/genetally Rtaibmelri Cl es.
Preferably, the coating conpositions of the ent invention are

substantial | y f fnsividyal shape pefgrm e%‘i’iiﬁﬁ?f?@"“ﬂﬁ'ﬁ g present INveptiPn B n, ¢ he

term " heat eXpa%Flaé?b&sm%g Gle€ the refBvd) of PRYér o lsRéet of tomd inva particks, mcklﬁg:—;l ni ng
a nmaterial, which, when exposed t uff|c1 nt to v

|
the material, ekBafdecnd Pﬁ?ﬁqt%nplyolg%%&?eégart?% ﬁg{o z"é"" e%q? H?E%[ atilize

expandabl e pzyt icBhlesceheduiing IcBrvexsiishariibat protessingparakstill b aonpidecdd tobee

rial in th rticl | owi n n nder nornmal pr i
mat eri a t e&gcnteteppaemdes g., a blo g agent, unde ormal processing

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 probessing 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 substantially deform in the
coating composition 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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15 conditions. Consequently, the term "non-heat expandable particle" refers
to a particle that does not expand due a phase change of the material in
the parti cI O OYPEM™ nornal fiber processi ng conditions, ZREUSKRESe

enbodi ment of the present. invention, the coating conpositions conprise at
| east one non-heat expandable particle. 20 -Generally, the heat expandabl e
particles are hollow particles with a central cavity. In a non-limting
enbodi ment of the present invention, the cavity can be at 1east parti al

filled with a 2 | I in@dsiss : LKL . As
used herein, tpﬁgg&tagr?#ghsﬁ@é?’aﬁﬁ#gﬁgﬁfﬂ?ée%ﬁéﬁgéthbgg Bgtnsdggt? éﬁ%"!\rg?'lg'gfes"
means | ess t h@hexpandn sizeunder gjass:fibef processing cpadilivad Bad, megre pattiogaryn a t ot al
solids 25 bagj alp ' re

oref erably, ¢ bhder cERpSSIBIERIREAN dorkifiafs Wit tbrtSeding cipfsillbs odff
essenti al |y f eueeedi1SBiCatAsysed heeein. the phaase; “shauld nohsubstaptiallyenlarge inske” t er m
: tial : 9 il

essential lgy {f Gferétce li'cffgﬁse gggﬁ%ﬁﬂ%hﬁgﬁgﬁt& Ipattities sholliiHbt ekgind dF fﬁb%gaeol o

conposi tion conprises ] t "percent of heat expal
particles on #ngizetaimosethanappraximatelythrae timesthsiripiia) size duringpracessingi ght 30

percent, and gnsheribfel 85 adtidheleits the i “dimEslona ditile PAIAES covers Bath V'O
01109054 PCT/ USO0/ 20459 "The particles 18 are preferably non waxy. The term

"non-waxy" me&RstalingandpsrerystalineRAFHARS: ch the particles are formed are not
wax-like. As ppsarabig thé Boatihd) Compobitions vftie present inventivh afé b bistantisllyGreaneps ed

rimaril f unent angl ed hydrocar bon chagl ns_havi an era ar bon

(F:) hi’ii n :e%d?)n F‘ﬁﬁgﬁxﬂi{' ?'Sﬂ?ég'ef'o W%ﬂ%ﬁh?}éﬂ %Q&papﬁ%é@ﬁ??er red
enbodi ment of nicags particiesnfiled witie ot containind@ material, whiels, whign ierpdsed to pres_?_ﬂt

i nvention are,.djscret i Si - rticles.. The
particles 18 &e%?ﬁggwgﬂ%ﬁgop‘@?%ﬁ%’éﬁi agﬁ*ragt’e %ﬁ%&&%&%e{%&ﬂ not
limting in thkigep ineat expandablerpartic reforeceixp: it6 @ phaset ¢hahge efhapes

i nclude 10 s L cal L l%eﬁ res), cubic, -
pl aty or aci Etﬁdr‘& aelf"(?ﬁgg?rgﬂe%?#%b?l%gégsﬁgﬁgﬁnﬁgﬁ#ﬁ t ée?x%arti)cl es 18
can have dF i fenditions. Gensgauantly the term “nan-hest expandable parliclel refersitelaf ree, or a

conbi nati on t parigie that Bods nofexpahd Bué ssna&rchuﬁ;{ébfmauﬁanmmaah.iﬁ&ewai I's. For.

nore information on suitable particle characteristics see Katz et al.

(Ed.), HandboHRdesnomal fikar progassing copditiens, and ingnegmbodiment of thepregentch are 15

speci fical ly invemioRth@tesling ¥orhpdshioRs 6mpreat iRast bAE nBithédt@xsandablecan be
formed frommaterials selected from polyneric and non-polyneric inorganic

materials, poP¥HEFic and non-pol yneric organic materials,
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 expandable particles”
means less than 50 weight percent of heat expandable particles on a total soli&s
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 less than 5 weight
30 percent, and most preferably less than 0.001 weight percent.
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conposite rraterials and m xtures of any of the foregoing. As used herein,
the term "polyneric inorganic material" neans a polyneric material having
a backbone @AY unit based on an el enent or el ement s FGEMHSMV/A0A3Y,
carbon. For nore information see J. E. Mark et al. at page 5, which is
specifically incorporated by reference herein. As wused herein, the term
"polyneric organic material s" neans synthetic polyneric materials,

sem synthetic polyneric materials and natural polyneric materials having a

backbone repeat uni %Qgﬁﬁ&iesﬁ"i‘a g@r&p&gmb%ma I iR tefin FidhSYdx§! meardnélsed

herei n, means carbon contal ni ng nmpounds mhereln t he carbon I S typlcally

bonded to |tselmatamﬁbmwwmﬂ'%fequ@ﬁd?@"tS’fWE’F‘"'? 1As ysed berejn, the,

| ntroduction ofefflieixqiRe” kg Whiteriafd Wsed]ﬂ’ﬁﬁhanfﬁﬁerﬂﬂible‘&}%rochﬂﬁns ( 1986)

at pages 2-5, which are specifically incor orated ence herein. 3
W Plshaw, et cihains (SMna,mn AYeEaas FoGon ohalR Jenoliandias ol 25. S0EReban,

Wat er borne Systgems2?. Pol yners. Paint. Colours Journal, V.189, No. 4412
January 1999 at pages 18-21 whic re cific ngor por.at ed. by,
reference herein. -JnoRgpree FB@GB‘E %@?ﬂ@% SJ"V g ‘?réﬁ? gar({j@eﬁ\gq lI"')‘he'and
chl :J]gez bi n?ry rgggﬁpﬁ\mt natecdiso?étetdiﬁenwﬂaﬂs?shtwe d\ea-wakhpamcles bi des, c?r Iblon
isulfide, etc sug ernar oun S n allic
car bonyl s, phosgene h@&?ﬁ'&'ﬁ?ls V&ea”yéﬁ em%ﬁ@%(‘f %'J(‘)(F‘\lesg%ﬁt éﬁoﬁlﬁhn oni c
conpounds such ipsitirigin thepredent invertiol,axamples osmblepamdéehanesmudenate and

Bi ct i onar y. 191 Hetent gt el njgbbeacs § Hofbhy cnbRRL A ety rbckRler, L
The Mol ecul ar Nestongated br fibksus). eﬁd@mammmn(cbsgspemhavg@g@ntsml StUSIUE ar e
spectically | TGl PRAIBIE forble ol RIcAfeRD6Es Biffistaion Bbresh &t WioRb corkdiduir m

‘inorganic materia any nater | is not . 10 an organic
material . As usRIOYsarSpld walle FP@F‘W‘U@M@F PésWﬁ‘P@rﬂaﬁ!"'e chamaGtenstics 8#®i nat i on

of ~two or  nor eqdidi eun NEd YeHeRabédicor FIBR dhaFidstiés Fo879 afBshet 0O, ¢ARRAR t e
mat eri al s general | ave a hardness af their surface that is different

fromthe haPﬁne%c%Fa'WWWﬁfmmfwmw of the particle beneath its
surface. Mre speci fTrﬁqdahwesHbeaﬁuémed @bminfiterials seRicied@tom salyméiie amadi f i ed
in any manner well known.in th fyludnﬁ% but  not "mtrué{

cheni val Ty or pRRTSPRUTON RepRARA Fgers, ROEGE B4 pelsRRRERe Srgaple TPh

t echni ques knOV\ébmﬁbsitélma&hhls auoiﬂxmimtofhmaofsmbwgemgamnsaezﬂmémtthetquart icle
Is equal to

har dness of t he PB&F‘FFE 'ngrgaBtgmeag?ar F?ﬁ%ﬁg (é];pp @gnﬁgg\g%ﬁgl ﬁ&? ‘é’ﬁﬂ{ ﬁe‘%’%ﬁjness

of the gl as20f i bt ismsedon arrlamphixr 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 on carbon. T ] '
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. B. Sperling Introduction of Physical Polymer Science, John Wiley and Sons, Inc. (1986) at
pages 2-5, which are specifically incorporated by reference herein.

3W. Pushaw, et al. “Use of Micronised Waxes and Wax Dispersions in Waterborne Systems”
Polymers, Paint, Colours Journal, V.189, No. 4412 January 1999 at pages 18-21 which are
specifically incorporated by reference herein.
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20 particle can be formed froma primary material that is coated, clad or
encapsul ated wth one or nore secondary materials to forma conposite
particle tT¥@0H®E, softer surface. In yet another altePREUIPMRMSAhodi nent,
particles formed fromconposite materials can be forned froma primry
material that is coated, dad or encapsulated wth a different form of the
primary material. For nore information on particles useful 25 in the
present Invention, see G Wpych, Handbook of Fillers, 2nd Ed. (1999) at

pages 15202, el SNBISRRFoLci8) bkt BSRARAGFLEA dbld SFBARRRSIIGL ! 1

Representati v neric, I nor use 'mng the
particles 18 oarbtdhe. qarhmdmulﬁdﬂ\ﬂmwsh térpary aerapaunds @WF@%MF@#@.%I ect ed

from graphit tékb%"y'%mgﬁ‘? oC &l 'ﬁs‘sﬁwdglétél %ggcamfdoﬂﬁﬁnng%ﬂné | des,

silicates, car FREE r oXI A non-limting exanpl e

of a suitabl ecompoupdsBuchasthe d@tarllmmbnmte-ﬁ susfeasralaiyng carkonate %ﬂ"é"’ﬂ@mmd i S
boron nitrigle f d ER&RIBAI Didliv ghgor on
nitride par5?| g?@g'%lgv?%ég,ﬁ Lﬁ#@@ogﬁfeﬁ?gﬁ?sg@r uct ure |ar e - 15 V\D 01109054
PCT/ US00/ 20459993 &t pagss §ﬂ17§2-r#"\9f"érsf“é berg, GhamistyThe Molecular Natuge oft 5 sef ul
i norgani ¢ oxi %ﬁ#ﬁ%ﬁg_@’ﬂ@@) atfaagéaté Whicn@.fegs'yébmmyiﬁcmﬁe@tearwl ude

Su a

nol ybdenum di ntal um disul fide, tungsten disulfide and zinc

sul fide. Usef lﬁ?fefﬁn@ﬂ@ﬂﬁ'nc silicates include alum num silicates and
magnesi um si | i cat eas ysdiHerdif, the tefinCiribrighiic mSteritieieanseing nmaterialthatde nét

nol ybdenur(q pl ati num pall adi um nickel, al uni num copper, gold, iron,

si | ver Qy @norganig mateHak, s of any of the foregoing. In one non-liniting
enbodi ment of the Agusei hedein, thé terpdcdmpokitesmaterialt ednsracathbiratiomefdwb od

| ubricant materi al se re | ans any
solid used bet"?/%%ﬂﬁ?w @#P?%%h&%%a%#%\?%%%t%%%@ %rra'éégydurl ng
rel ati ve 10 imavearbardnesscht theirtsorfacedtatds differentifiom the hardness Ofthﬁ internal

enbodi ment, 3@@94 éfgﬁ'né ggflélgggﬁe%ﬂ?ifsesukﬁ'ég %}ﬁﬁ pSRlchify, thelRiirscak fhe AS Used

her ei n, '|nor at the solid lubricants have a
char act er i & i @adiclpsan be imedifind i anyupanesr wellkeewn intheast.includingsbutingt o ¢ hi n,

flat plates ‘Mﬁt\ggd (oeaiHuﬂiafau? lok &@sﬁuﬁrcheﬁmﬂ&csuhaée charhcidiistics usihgduce an

antifriction rrcatin et wee sur ces referably the
15, gl ass. 1 betedbaneRIona narata B SR thectines TREINEA o P poriol Beafdoof

which is in Myje8than BaEndrdndse of the gﬁssfb&mx&yhshﬁaﬁasnmd péiiclei cal

Dictionary, (12th Ed. 199 e 2, . Whi c s,.spgcificall
i ncor por at ed Bgreath éHE%c%épﬁaf'Fpﬂ%Pt 1‘?‘6‘?1“*F§°{}H 9""?‘2 ar'rc%gx%‘?f%ﬁ di ng
one solid zn/erpaaialatobﬁbe fdrme@iframssprintny indtetialithat issovatedaciat @Gaentapsulatedi cat i ng

ggl Ihgf el( ﬁ97 2) Wali‘\ F m%r‘e secor(\:Jl\ry r?:at%ﬁﬁg {o fbr?r% L:Xmﬂxﬂﬁg E)gl%lgth%gh&ya éo?tfePr ence

surface. In yet another alternative embodiment, particles formed from composite
materials can be formed from a primary material that is coated, clad or encapsulated
w-ith a different form'of the primary material. For more information on particles useful
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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In.one non-limting enbodi nent of the invention, the particles 18 have a
| amel | ar structure. Particles having a |anellar structure_are conposed of
sheets or WQP¥OY: atons in hexagonal array, with stron§CHYRMATwi t hin
t he sheet and weak van der Waai s bondi ng between sheets; providing | ow
shear strength between 25 sheets. A non-limting exanple of a |anellar
structure is a hexagonal crystal structure. K Ludema, Friction. War.
Lubrication (1996) at page 125, Solid Lubricants and Sel f-Lubricating

Solids at page - 4, = fl e S0 it sodoki nd 128;
and W Campbel PeRPUSty prefersd, e ffitngSxatlple 879 upihi E‘?:%S'ﬁ%ﬁﬁ%% ai sal o
Wor | d Li t er at uroxideASnitabiwisergaaip suifidasiinalude raelyhdapym digulfids, tantahwn isglfdeyt pages

202-203, whi N téoRehRisilfiak GRY piic bOIFRS WKeRll Ridrdaic SAEALORAGIS WHirfimim | nOr gani c
solid particles ftaving a lanellar fullerene (huckyball) structure are al so
useful in the Sieate®and magrasiymyilicatesssugmag yermueujte. higsmgtalsinciuge

Non-I'i mti ngs exsditideAudm] platintin2 PAIRCITRY, Rickel! aturfifirh,ddpger] GO liroR.silvdr! alloys!! €
that are useful in form ng the particles 18 of the present invention
i ncl ude boron @AngMmigures ofanyftheforegaing) gi chal cogeni des, nica, talc,

g]ypsum ]lfaolhi n} te, Grbnd ﬁclﬂ;\rlin?ﬁ@rﬁ'n&tmdinié?ﬂbﬂﬁe in%érlktma.lrthspértiélsbe'»a ﬂagbrmgat ures
ol any O the foregoi.ng., Pre rr mater] al s ncil.u Qron, nitride,
graphite, met alffom g‘?\‘ﬁl‘@’&ﬁ%’ﬁ mfﬁ;'?ga&a W?(bﬂ?@saﬁfe@n?q‘gf”bmﬁ@t PREHRNY ng.
Sui t abl e net al sJii¢lsddietstndws sirfacks thepravide/prototion frbnsddnidge euringwelagitel enum

di sel enide,, tantal um di syl fi d t I L.sel eni ungstg en di sul fide,
tungst en di 5l éﬂ?"&g',engﬁ@f%t%eﬁ?%es%géo aalr":'xg/1 “gefﬁﬁﬁé’ nt g&‘&%éd'?‘ﬁ‘g t"?ﬁolgne
enbodi nent, t hdulpizants ateciporg@niasaidfidbricants.f Asusedrhereim Finerganic salitlilubri¢ant”

| ubri cant rmmat erd&{ﬂn B ko {u@ nis%avﬁ%@i&ﬁak!(eﬁstic%g}&&prpé héﬂn{\m&m @a?ﬁégg)' e of
an inorganic soO G TUDFi cant materia having a lanmellar structure tor use
in the coating themfshear iste thips flat plateswhichreadily lidet averonesanothevandthes i de,

pref erably bor Qfodiick rahfaﬁtghamhmﬁeada.g;égg&% eef ineibet suMabelt biéfePabiyihe! i cl es

formed from boron nitri zinc sul and nontnorillonite also provide
good whi t ent3s 935S ysiace; andan pdigeany pelidisurfage; atIgast ane efathichiigingnalighh as

?Kl ;?m 6, 6. N?nbal*.éerﬁ.]gl.ie%, sx,ans%@ﬁs céndéﬂééd't Cheficdl tgiofiacbgi, r(mga &%&gﬂg&& r |) g 80

a are suita e or e ln € QRresen I nventl on are L £ . r

Seci ca' CPT 120.Pa0% T1acuhichis snesticalinasTporied bY rkense oein. (FBRtoBennd’ 500
Series (PT 620,refistaficEo sitindérie sofid Over Bnbthé) ) Clauss, 'Solid Lulficams\alers@mrti cl es,

O Ll el 0 B o ol e ol
Mat eri al s", 2@ tleedini cal bulletin of Advanced Ceram cs
In one non-limiting embodiment of the invention, the particles 18 have a
lamellar structure. Particlés having a lamellar structure are composed of sheets or
plates of atoms in hexagonal array, with strong bonding within the shest and weak
van der Waals bonding between sheets, préviding low shear strength between .
25 sheets. A non-limiting example of a lamellar structure is a hexagonal crystat
. structure. K. Ludema, Friction, Wear, Lubrication (1996) at page 125, Solid
Lubricants and Self-Lubricating Solids at pages 19-22, 42-54, 75-77, 80-81, 82, 90-
102, 113-120 and 128; and W. Campbell, “Solid Lubricants”, Boundary Lubrication;
An Appraisal of World Literature, ASME Research Committee on Lubrication (1969)
30 atpages 202-203, which are specifically incorporéted by reference herein. Inorganic
solid particles having a lamellar fullerene (buckyball) structure are also useful in the
present invention.
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Cor poration of Lakewood, Chio (1996), which is specifically incorporated by
reference herein. These particles have a thermal conductivity of 250-300
Watts per WOOEINM at 25C, a dielectric constant of 3.9 RRHUZMZ84ne
resistivity of 1075 ohm 25 centineters. The 100 Series powder particles
have an average particle size ranging from5 to 14 mcroneters, the 300
Series powder particles have an average particle size ranging from 100 to
150 mcroneters and the 600 Series powder particles have an average

particle size ranglm@i@ye}:ﬁmbesaf Eﬁlén{a?ﬁiﬁls?iﬁﬁ Fg;lhqén‘ié]iﬁltﬁfu%turéiﬁat

particular, as reporte suppl | 160 particles have an

average 30 paﬁfepﬁf\é‘ '%f%'“ﬂﬁhwefﬂarﬁ M@F@"e“&"'b!i‘i"'f‘ @ perog pifride; ange of

submi cronet er iSHERo8é GmEk=plirifR, Edidite! éddfidrpn as
ol lows: 17 WA B aogides) itapmlshigstin ashi

>105090$ E&%E?18474
0.6 Accor di ng ipdide, silver gulfide. apd mbxtyres piany gkine doreaeing- t'?f@fe B\ 1) 160
bor on ni E L' ge |néigdd 5&%@%’&9 %mméma@mmmgmmmmw Bay 6ﬂt§[ié e si ze
greater than 18. m Cr ome particle size"
refers to the fﬁ@ﬂﬁ'“&aﬁt"ﬁg"eé“etﬂl dé‘?"f@%?“"?%é"%f’?‘i‘f%@""’ﬂ'ﬁéﬂg&r age particle
si ze gf the p?héx Sdeﬁﬁm@ﬂdé%hﬁb{ﬁnﬁamm disulfdectaatatun dismmdeotungsteula disaifidesasur ed
according to known | aser sca one non- limting
enbodi nent of Q‘Fﬂa‘?ﬂ@%‘%ﬂ' ﬁ%ﬂﬁ%%otq?g%tgg?oﬁe ¥ size is neasured usi ng a
Becknman Coul t er LS|.286bémsadimdufﬂwepamclesn1§)anetfom1edfmmimrganiqmiint whi ch
uses a | asgh A0nBSAlfadlefid] ndvify Briehadlcte. W 7A5|Qorﬂ b SKaApIdof ah Hergahiee OF
the parti cﬁés alo{ggﬁ QQ\{ partic er| ca ﬁ ce.,
‘particle si z&éohd hbacant materiakhavipgal lanseltar gtpn:@}r@for Heg indhe @aewrmoemgm encl ose
the particle. Lol Gﬁé&[mngﬂ]tﬂﬁgﬁtﬁ&?ﬁitrﬂé prgﬂaﬁﬁ_gdl;e'ﬁ%tﬁ&e AdVihghPiexBgahial 1 i de

us

particl es neasure LS 230 8art i cl e size anal yzer
were found to MSMMPGQ@EBWPQF@W Ritgde, Zincsuidde apd; oneters with

particles rangnggtmbfiffite H@Hbfbwaapb&l whitenésSs ificompesRéSwith erftanatig t he
follow ng distribution of partic > 10 50 90 Size (p 20.6 11.3 4.0

Accordi ng 18 tWF@"ﬂFE%“?"lﬂ?dﬂ%ﬁeten percent of the POLARTHERMr) 160 boron
nitride particles N&iﬂtmlwaamgasufﬁm&teﬁomdammmmmuenndtaresunmgreater .

than ntzf)oﬁ, o ogg%r?ﬁ e respt invanton are POUARTHERME JoF8BR (B7 750, ¥r 44g¢ Present

PT 160 and PT 180); 300 Series (PT 350) and 600 Series (PT 620, PT 630, PT 640
and PT 670) boron nitride powder particles, commercially available from Advanced

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 constant of 3.9 and a volume resistivity of 10" oﬁm-

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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are formed frominorganic materials that are non-hydratable. As used
herein, "non- hydratable" neans that the inorganic particles do not react
with nol ecuM0¥P0dater to form hydrates and do not cont RCE/USRN204590f
hydrati on or water of crystallization. A 25 "hydrate" is produced by the
reaction of nolecules of water with a substance in which the HOH bond Is
not split. See R Lews, Sr., Haw ey's Condensed Chem cal Dictionary,
(12th Ed. 1993) at pages 609-610 and T. Perros, Chem stry, (1967) at pages
186- 187, which are speg¢+-+ealy—reorpotraie Feree—hefein. In the
-18 WD 01/ 09054 PCTI Usha 2%50” formfias b holrards 9% addition of the
wat er nol ecul es is conye8izequm) ||y i n8dcat¢d By a centd.@d dpt, e.g.,
3MOASIZH20 (talc), AIZ037ZST27ZHZ0 (Kaolrnite). Structural ly,

hydr at abl e i noAgdifg mﬁ.ealsﬁibandmtanwé&:eatofmommmmqwIbo@hoﬁtﬁaém thin

a |layer of acr stal Iattlceg ‘g i ncl udi n esgzdrox |g smthe

surface pl anesPHcies thatwgare maa 'ere?ﬂ? an,av eﬁ%ﬁeéﬁ'& Zagrestecthan 184 wat er on

their surface miceomssters As\used Bigrein| the Yaverige pajticlefsize” AXerST the ffeaf paiiolei N t he
L |ven|n Fig. 3.8 at page 34 of J. Mtchell,

structure o beﬁgﬂ
Fundanent al & of >S9 %\9? or (1976) and as shown in the structure of 1:1
and 2:1 | ayer ni nertiesavetagerparticlefsizasf thepadicies hécording fodthe preséntinvehtish  van

a phen, Cay Ar“:% rqeg?ﬁ EB%Ing ?nom Ias]e?%zgtteﬁlttrg gg\ﬂﬁ%ugé Jﬁ’\gﬂec&nar €

specifically 1071 ncor or erence herei a crystal
lattice is a chlmbmmembmerit of ttlee:&scnt inyention, ithe mrmlﬁslalzeas measuréd wsiegi@s of

t See Mg '
?18%) <(51t egagesgéfg%ﬁl d&ltéﬁhéz% s ecﬁ%cnéﬁyk?ﬁg%%a@%{%g alss eef\gﬁgleca
herein). TH® abmmnlagwleagmeojéﬁo em@ meaguse thesize qfrﬁtememlesegﬁch as
cations) is rEL&ruFr@ét Cpafhddll phsficalHagh Sie., Yre "i:'\éﬂfcﬁts%% ﬁm&ﬁ;

coordi nat ed wat er coordi nates the cations in the édrat ed mat eri al
and cannot be F@ﬁ‘ﬁbﬁ?hﬁﬁth%‘lﬂ'" ?‘H’EP'%F%&R‘E!W“%PW'H% Eorexamplecpartidesnfor

structural wat pPOLARRHERMECTE0RioRs NitREE pridieheddurdd \irg{the BéskhfaniCouiéeld to the
el ectrostatic energy w thout upsetti ng the baI ance of charge. R Evans, &n

I ntroduction tbS ey Baticle eize apalyzeyweredaund tg haypanaverage Rﬂﬁ!clﬁF'qeé”%spH@ fically
20 i ncor pongt eshidiymételsanitIpafticles ratigihg flof&ibdlidrymeted I5anAtioR@terOaMPSi t i ONS

contain no no e.tt}ﬁgrﬁo .vveidgﬂé er gent, Ih%q_drat able particles. In one

non-1initing ef® oWng “ﬁ%‘@ ‘®®¥vention, the coating composition

is preferably essentialfly #ree olf hygjrat bl e spartifcl esgg As Yised herein,

the term"essentially frege—of—hydratahte—Trart: :UWE coating
f_2 ydr

conposi tion conprises leSeeuml bo Lght | per s tabl e

particles on a,total solids basi more preferably |l ess than 5 weﬂgeht

percent, and nﬁ%‘i“‘ﬁ’?%PéP'éﬂIsy‘bP%h“rP& o dhe RRIARTHERM®JSP boron nis

enbodi ment of particles that were measured had an average particle size greater than 20.6
20 micrometers.

In another non-limiting embodiment of the present invention, the particlés 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., Hawley'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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the present invention, the particles 18 are forned froma non-hydratable,
inorganic solid |lubricant material. The coating conpositions according to
the present Wo9BM®%on can contain 30 particles forned frifH¥SIRME%UDI e or
hydrated inorganic materials in lieu of or in addition to the

non- hydrat abl e i norganic materials discussed above. Non-limiting exanples
of such hydratable inorganic materials are clay m neral phyllosilicates,
-19 WO 01/ 09054 PCT/ US00/ 20459 i ncI udi ng m cas (such as mnuscovite), talc,

nont nori | | oni E&Wuh@(& h@aﬁtﬂ ,Wa %ter%cﬁleg%dcd?lb%ﬁ al hrdidafedS

forned froms dr [ e or %éate materi al s 8enera constltute no

nore than 50 Mlagﬁt‘tefﬁé‘r%rﬁg OIMIPRESIQer Q- tale), NOL2RIOAZH,P fgolinitehposi ti on. 5
[0 anot her enighdbny, Héraiab AGBEAE maioRdS Hould at oBt 8 hydrekPErobd Wi O°

f or med fromnon pol ynmeric, organic materials. Exanples of non-polyneric,

organic mat e !8ye§o eyvstal '?'H“Q {hut nat including hydrem 9(9HP$ dhe surfage plapesofn ot

limted togst wn&tsﬁﬁctﬁrst&ihsatemlsmm &b&smoaméuadmwme%tmyat e), carbon
bl ack and stearam e. %/Eet anot nbodi nent of resent_invention,

the particl es cagl %ﬁct!?é)- (L id] as 9"6HP|“P?0? ﬁ:°f oiven infig 38y <.
Non-limting @xaé*gélsaﬁ:qu Mmfl,mundamg_rggaaf Sonmhgmrmwmhcas atlusm ifele de

o T Pory et 43 e Clydf PuneTs SHGH i Fickc 1A e 8 i o BE ' ©

f or egoi ng. AI vae Olghes, mgncbl}om’ Chengls gml Edp&de1977)@t pnuetﬁZcWhlclﬂ anermdclﬂ:ra:lyn an

i nor gani c neric . npteria | " re ion is
TOSP%ARL, 1% g&?"@r‘frﬁt% r,g?m%}"‘g;e?‘g A IJQ?" rog%%glrs%'s%{iﬁ %kae%wqagﬁﬁéﬁgs and is
commerci al | y shests,athich is & combifiatiohiobpla®id of atomss (SeerMlineals hiSell of Japan. In

still another Y%ﬂgﬁ&éo@émé&@ @Fﬁggawenafgbvg%p;@% 1981160, Ghificn 48 can be

formed froms tabeor gani c
pol yneri c maEeedifically ingarparated bbmferan@ hegrin) |TﬁP@§%FWQ§aget%éﬂ%§%ﬂQ i ng

materials andj amé.taﬁsu(&cﬁgseatoﬁé)l@be?eneﬁttbhabluﬁummmsettI ng materials -
i ncl ude t hernoset g@&s yesters, vinyl epoxy. materi al s,

phenol i c¢s,8ni nopl ﬂ!ﬁ Pﬂ'&?‘ﬂﬁg%’f’f‘ﬁﬁﬂ wﬁtﬁr';)’!ﬂ"'éw?&@?teséhﬂcatw{‘%t"l}h%s of any
of the foregohpdrtated nsatétal andcanfistibelremibiedvithoutanebreakdown af trefstuttare,

synthetic pol ric particle formed from an e terial n epoxy

m crogel  par EMEPESt r%w{e&m@cﬂqgqu@dptggs{%ﬁprﬁeeqqﬂ tPr‘i'gf'?ﬁJ‘g

t her nopl ast i c efeelrystatic@nsrgy wﬁtﬁbmapsmaheba!amlaydiaée NR.,Evang,An ¢ pol yners,
pol yam des, thl grr gﬁﬁJ %§t #c ! E&é/ugtetawgtp % \Bﬁ)cﬁ'ﬂ%pedlfcapd m Xt ures of

any of the fo
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
particles” means the coating composition comprises less than 20 weight perceht 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 particles 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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t her nopl asti c pol yesters include, but are not limted to, polyethylene

t er epht hal at e ol ybutyl ene terephthal ate and pol yet hyl ene napht hal at e.
Preferred poW?&V&‘H s 30 include, but are not linited to,"@ﬂ@@?ﬂ% ene,
pol ypropyl ene and pol yi sobutene. -20 W 01/09054 PCTJUS00120459 Preferred
acrylic polyners include copolynmers of styrene and an acrylic acid nononer
and pol yners containing nethacrylate. Non-limting exanples of synthetic
polymeric particles formed froman acrylic copol yner are RHOPLEX(r) B-855,

Which i ) e . i Ll  an.
ROPAUE( 1) 1 B 3ing kel (R 3¢ ey le, officflire Habirte sfia gL, A0
acrylic pol ymerexplaingdahexs, partiges)fosmed fier isueh hydiatablewrdydratedonatedals i cl e si ze,
l'id t ; i : : g yol :
RCPAGUE( 1) P Gte"e/alt ocs e inbre'tign ol oBfRintor e gaceli ek Bodtind™, 1%:
an opaque, non-9ampesitien.mi ng, styrene acrylic polymeric synthetic pignent

di spersi on hgvi ng a pahdthér! Hi i i ds
content of 30.5 F_‘?rcent b e%b%gﬁ?npémge%%g%ﬂ@dé%ﬂoﬂ@&é&zﬁdﬁggsﬁfﬁ] is al so

wei

an opaque, non-PMmedfFam AehePlyraeric, argania materiale. FxaPples elnosipelymefic.oraasicynent

di spersi on havimgtefal$ agefil M 16 pfesant iNNenforfiRciide Bl GR it imAddlo StedRidsdSudhont ent
of 36.5 percent_b \M?I %t. Ealch,of these specific particles is comercially
avai | abl e frorﬁsliél'(vﬂf‘rﬁ%ﬁ(il ean §”@ﬂ%ﬁﬁarﬁﬁe)'pﬁﬁaa@\%%’dﬁm%ﬁﬁ?yI vani a. 15 The
particl e?] 18 accor dilmgettan?mbﬁet_ﬁbodmmofﬁhr@fe‘sétgﬂm@ﬁfm rﬁflﬁ@a{&ﬁleﬁﬂ_&%&dbéroml
sem synthetig, organi c pol yneri erjals and.natural polymeric materials.
As used  held nP"%ﬂmﬁggséwﬁgf‘ﬁe’gﬁéwa#eﬂaﬁ«- ﬁf’%""ﬁ&%ﬁ?ﬁ"&@?ﬁ%”ﬁﬁﬁi fied,

nat ur al | y occurinonggnicrpdiymerixi mat&ials inblude palyphssphabertescpolysilayes) polysidxan®&r i C
materials from whi Ls . | ncl but .are not
limted to, cel g%%n%a??s,g&@hﬁggL@@r,#@pﬁ%ﬂ%gﬁfﬁﬁ,@fé%e 'E'ﬁj'ﬁm%%se"fg%t ate;
and nodi fi ed steftheforsgoina.ch specifict nandimitngexample ofia darticie farmed framany et hy |
ethers. Suitabl : Ly G | . . J.
Perry " Appli cat fg@?’?é@'&%&@fﬁ %@Eﬁf’%‘%&ﬁ"e{“@ﬁsﬁﬁq '@s&n{'{%ﬁ%#ggﬁ,ﬁ‘aﬁébr uary
1999 at pad®s whichjis a pariicledormeddipnterpes-linked silosarps,ant iscommeuneially\avaiblet ermber

1987, avai | abl exdrh P8aHRRISIICBREL ¢cHAgany QAERRNYpanthi | adel phi a, Pennsylvania. r
' See product property sheet entitl eg: "ROPAQUE(r) HP-1055, Holl ow Sphere

Pignent for Paper anetiBaphenembeginentof thgpresepkinysatiom theparticlegiiBanbef r om
th m and Haas GomidTiom synttetic, drddnid polynteio Afaldnal) iStitatle Sragfic Fot¥|¥l@r§c‘3 hils
her eby i ncorpor atted Ib' I{Jgf rence. lSeie product technical bulletin ent' itled:
Archi tectural Y5 ﬁéﬁ- ?&%@EE’? imiteg ) dhermpsetting matesials anddhesmorlastio . Apri |
1997 avai | a20e rhatertalioSuitabledhdrindsetiryhatsivals Rbiubememitkting polyesters, vinyl
esters, epoxy materfals. 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 microge!
particle. . .
25 Suitable thermoplastic materials include thermoplastic polyesters,
polycarbonates, polyolefins, acrylic polymers, polyamides, thermoplastic
polyurethanes, vinyl 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 polyolefins
30 include, but are not fimited to, polyethylene, polypropylene and polyisobutene.
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Pennsyl vani a at page 1 which Is hereby incorporated by reference. 6
ROPAQUE(r) HP-543P and ROPAQUE(r) OP-96 are the sane material; the materi al
is identifi%AUPOMOPAQUE(r) HP-543P in the paint indust r FCHE00:28459
ROPAQUE(r) OP 96 in the coatings industry. 9 See product technical
bulletin entitled: "Architectural Coatings- ROPAQUE(r) OP-96, The All

Pur pose Pignent", April 1997 avail abl e from Rohm and Haas Conpany,

Phi | adel phia, Pennsylvania at page 1, which is hereby incorporated by

reference. -21 %fInM@ﬁwg% iﬁ’@ifdel%@l&%@&fb?styﬁaéfaha b Gcrific &y be formed

I ncl ude. but t | t hari d t h

ol ypept i des, * SEReRmesandpaers Sinslnd Tiedtachpes. s i Samels 2 met a

r ubbe [ and ?ﬁt tpalyﬁﬁh@ particles ¥ofed mﬁah la?‘gﬁd dwol?ﬁbﬂﬂe mmmek&dnss’pmg&e nt

i nvention, e meric e are_forne iC

pol yneric matet'*I) ﬂqﬁe’r'I?HT?E‘gaIIII]" sFIIS‘I acryligipattigle smy ?SrBIII’gII‘IIIE&I? e coated
st rfang lglo II 8 i moss‘tn@hiam{mlop?qﬁ. mlsmﬁl?r—formdg wmlamﬂobulymemaymlew I al's
include but are.not linite Q ene r 0 rene
and oyt hy! FERIERRAATO FRBReiY bHYE BEs, o sblte BhitRL o8 nbianley

copol ymer s | ncweiight 2 \S%péreent Meid Vokie, ROPAQUEGIQP-§°-a8 RQRAGRIEBN\QUE( 1 )

HP- 54 3P, d I

anot her ngﬂ I IQH)% "IIB?S‘“‘??“I'&I) e?ﬁwé'rese ?%béﬁ?ﬁiﬁ%lngfs&ﬁe@ "
particles 18 anqhdmlywcfsvnthetmmgmvﬁldﬁpﬂapehﬂwssa paititle gize otf.0% s transition
temper at Ur &  Tieroff B dndl ks Corigth BF 3018 bt b g afa ROPARIERRIRBS Y

greater than 5 ano non-[imting enbodi nent of
present | nvent L&} whichés alsa-an epague, "PB‘W%{'?P"B@%RSY'PW%%IFPPUF@gc ?XSI“I'P@E from

materials sel eqithnt &.QgsaraaI WAVRH 'é;péii?éfes‘%ofb‘lbmbinétemdkﬂiﬁl@s Eontem i al s,
pol ymeric and non go ynerlc or anlc rials, and

mi xt ures of anyf 3% Percentdy ¥eighhgEagnt IIIW‘?‘?‘III@ p@ﬁ'ﬁ%ﬁ&"\ﬂ"“’@%‘t’ﬁﬁ"@

material s fromfiehi Réhni B A&ds| CoMpan beIhlﬁﬁelﬁlﬁdﬂ Haansfy%mad are described 20
above. Non-Jim ting_exanples of III

ol I art | cI e sef
present imfention APreP E‘E'I) X@E(r)
HP- 543P, and Remisghihétic) orghhi® aolyr&mn lga’emls anidaaaatliralctoiymms miatelialsv &p usédr

other non- lim Q | ful in the
present invent |h%Ir?rI\C§I3e§(eq‘II;—I?‘I"§'eI'§I"3IL% I %V% %%I-n&éa I@@“/I“II’&‘I‘*“%%Q%Q&X@S452 whi ch
are speci fi cal Inyatériab o3yitablasenisithetiti; ongatic pelyrericroatedigls from which the

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

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

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

¢ See product property sheet entitied: “ROPAQUE® HP-1055, Hollow Sphere Pigment for
Paper and Paperboard Coatings™ October 1994, available from Rohm and Haas Company,
Philadelphia, Pennsylvania at page 1, which is hereby incorporated by reference.

7 See product technical bulletin entitied: *Architectural Coatings- ROPAQUE® OP-86, The All
Purpose Pigment®, April 1997 available from Rohm and Haas Company, Philadelphia,
Pennsylivania at page 1 which is hereby incorporated by reference. -

8 ROPAQUE® HP-543P and ROPAQUE® OP-96 are the same material; the material is
identified as ROPAQUE® HP-543P in the paint industry and as ROPAQUE® OP-96 in the
coatings industry.

® See product technical bulletin entitied: “Architectural Coatings- ROPAQUE® OP-86, 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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The parti.cles 18 useful in the coating conposition present invention can be
present in a_di sperS| on, suspension or emulsion in water. O her solvents,
such as m nNO#9E o " 4 cohol (preferably |ess than 5 wePGHESWEMSENt) |

can be included In the dispersion, suspension or enulsion, if desired. A
non-limting exanple of a preferred 30 di spersion of particles formed from
an inorganic material is ORPAC BORON N TRI DE RELEASECOAT- CONC, which is a
di spersion of 25 weight percent boron nitride particles in water and is

commer ci al |y avgididdy fa ddn®e f%d%dé‘gét aré H& nmﬁéd ro2|\h30 Tga::&kh@&%dcn as
PCT/ US00/ 20459 " Oak R dge, Tennessee. " | DE RELEASECOAT

CONC , a technstash: paypegtides. %sqchzsmaﬁ'ﬂh@m’.gewra! wwcarbg"g»ﬁ@e'? fs atyral,
[ ncorporat ed bynbsérind'yula plRh&i N. According to this technical bulletin,

the boron nitride partlcles in t r odu have, an vera rricle size

of less than 3 ni cr dR@Pepen-iniing ﬁ@ﬁﬁ%@eﬁt ‘%h'}ec‘ﬁ?ﬁe"b'f“' d'?é%‘f"ﬁ?ﬁ'ﬁl um num

3 ilicate to Bi nﬁar}uﬁ@de?@gomeﬂglﬁeenodﬂwggg:mb m¥m?|§mge?mmé$&am% \II?VImDE h the
i spersion is plie nde en

REL EASECOAT- CO\% %"‘%G'PW‘WB?"V oF ?‘ﬂe’e 230

pa”] icle ts! ZF aRygdrophd blcfp:calyﬁdnamgte_riQBMdpautarelnetlm_ntedtmbolfetlﬂ(lenecrorreterst )

W particl es r.angi rqm,subm cr o c i ng e

fol lowing 10 dP%’YR'gﬁ?q]eoHaﬁyrb%er ?’P“rcﬁ°g’§‘§e%£¥3'§gﬁ%$€%‘egb'%§+‘ 35%‘ "8 5
2RE LLlEAéE((::gA gi ng pelystyrene ebpbtyniekajhblmla ROBAQUERJ#1055 ROPAQURENOPBERON NI TRI DE

| r an
aver age par t‘ﬁg\goi:%gg{yg?ﬁt an ka G‘%@?ﬁ) op@&gggq%%ﬁerqﬂ%ggul

products which abavegomrercially avail able from ZYP Coati ngs include BORON

NI TRI DE LUBRI %Tér{ah&abwﬁmn.ﬁggdm%&ﬁ {8 prékntflenior Spbiekc b4

Specific, non-Irm exa mul st ons and er si ons of synt heti c
pol yneric parti éleégﬂﬂﬂﬂrffﬂl}%iP?'VW%?‘?M'%“EYMW?%? tﬁ"fﬂ iseweraiie (ohcl ude:

RHOPLEX(r) B- 85aﬁd76ﬂ’ﬁ1élﬁnﬁ6ﬂt%i%r(tﬁﬁn9zﬂﬂef‘aﬁ@ m%gma%hﬁwd G- 62370
whi ch 20 |383n all acrylic flrmg %rrer erru sian having a solids c n ent of

45 percent wei ght In st gnothes nga-dimy Eﬁthﬁ"G‘ﬁ"‘t@FH?é?’%ﬁeﬂ ipvesiion dke parfigigss) oy
E-2321" which i 38 2ahbeé dollofmiah&:{é&yér&ieﬁ frbml mmrmem&cmm@pmym&ammbnds
content of 45 pe(r"cegt bé e &%9%@% | a S t'r ansi ti | on te aGIQat ure of
105C; RCPAQUE( r POPERinaa™ (PvmgsE g Br AP DT gL BREER i i ar e
supplied as a dcemposite aratdrinis, and mixhaed ofeng otthe éoredoingl NoBdimiting @daraplepofoper t y
sheet entitled: o RAQRLSKAAL 1 which the oibw Pz LA b BnhSd ok 'dBsdpblg'e” Of
20 above. Non-limiting examples of a hollow polymeric particle useful in present
invention are ROPAQUE® HP-1055, ROPAQUE® OP-98, 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 particles in water and is commercially available from ZYP Coatings, Inc. of
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I ndustrial Nonwovens', March 1997 avail able from Rohm and Haas Conpany,

Phi | adel phi a Pennsyl vani a, which is hereby incorporated by reference. See
product prJ¥@PY8OMeet entitled: "Building Products | nduBCTAUSI2@SAt i ngs-
Emul sion E- 2321". 1990, avail able from Rohm and Haas Conpany,

Phi | adel phi a, Pennsyl vania, which is hereby incorporated by reference. -23
I WD 01/ 09054 PCT/ USO0/ 20459 0.55 mcroneters and a solids content of 30.5
percent by weight; ROPAQUE(r) OP-62 LO (discussed above), which is

supplied as | S ' i ' ' ] meters and a
ol [ s cont erg gt Tehestdd, When®BORORN Wit €1 Q4sebdir-EONEECE

(di scussed abe¢hmjcal hylletimof ZYRGeatings, dncads spegifiicaly incomporated byrgfecersesol i ds
content of 2 e i ' i f ' : ECial ai |l abl e
rom " Rohm an hcac2hdingth HH ydtiicalBfed il Bo/Ef ifide daER i prdocd!
particularly %VEF_BF‘VQTGQ%H&/H? Rign of Iess than:3 micsamelersiand nelude 1 peraest ofoat i ng
coNposi ti 0§ GREGNekBMSaldmLkisilicate & bidd theDdfdn ffife haHIGEAB e &ﬁ&&&&(&j&

particularly boron hitride, and nore parti cul arﬁgﬂa boron nitride

avai | abl e und¥¥chthe dispergionisaprlied. dedeprndsntiesting of oy QRPARBRRANRON NI TRI DE
REL EASECOAT- GRRIDERRELIBASECOAT-CONTE2S biesr e Sbing tHedeRkian CollFLscul arly a

copol yner of styrene and anp acrylic nononer. and e . particularly a
copol yner av#30Larticle sizeanalyger foynd an ayarage Wﬁlﬁfﬁﬁpfgaﬂ'é‘“ﬂﬁt?ﬁ Witks™ 18 are
sel ected to gaRticRéFaryingirehi 8@micrombetee toc3ssiznieters dihd havirgithe foldwihg ef f ect

the desir S I ng_ bet n adjacent fibers. For exanple, the average size
8 o il SCper ey

19 of the fporated I nto a sizing conposition applied to
fibers 12 to be processegson air jiet | dons §¢ preferggly qelected to

provi de sufficient s I etrwee t—Heastz two—Hdagent—fji bers to permt
air jet transport of zq“'(ug Quielbﬁi 1 a-éﬁgss_l_h.ei&nm_As used herein,
"air jet |oomny an .type of loomin 'cg}%' 0 m(weft) is
inserted int ?CF%'"QE? g"ss%gtﬂb‘ﬁ?"'ée’bl’%fﬁ”t \é\ﬂhﬁ ééébgﬁ\w%ﬁgm one or nore.
air jet nozzIRELEASECOMTROONC\2SIbordamitiide panticlésthat vidte measirédhdddh art. In
anot her exa rage. size h articles 18 incorporated into
a sizing cor%%%?? }’gﬁcg\é%ﬁi%geét?éhqni %)%rgfcﬁe?%gbe | npregnated with a .
pol ymeri cl19mt ri x @iheruseful productsalhicht arel coromprcially availahié fromiZYPtCortings ng
bet ween at | éqRB ' t Fggé ' : and
wet -t hrough of t ee i 'g?t"@rﬁgnl'éﬁ . Q@ﬁgﬁgﬁnﬁg&??%ﬁﬁn&gﬁm@f e present
i nvention, t IRELEASE produsts $Sperifid, apadinijing sxamplesof sowlisivge asd dispersiemssafr ed
using | aser sgahdtR! doiherit paricRs ffmedfrom Aclicabithert B copolymers include:

RHOPLEX® B-85 acrylic emulsion (discussed above), RHOPLEX® GL-623" which

20 is an all acrylic firm polymer emuision 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 temperature of 105°C; ROPAQUE® OP-36 and ROPAQUE® HP-

543P (discuss_ed above), which are supplied as a dispersion having a particle size of

'° 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, Pennsyivania, which is
hereby incorporated by reference.
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1000 m cronmeters, nore preferably 0.001 to 100 m croneters, and nost
preferably an average size of from0.1 to 25 mcroneters. 30 In a
specific, noMANEPENg enbodi ment of the present inventi onPCTHI0ZUE? age
particle size 19 of the particles 18 is at least 0.1 mcroneters,
preferably at least 0.5 mcroneters, and ranges fromO0.1 mcroneters to 5
m cronmeters and preferably from -24 WO 01/09054 PCT/ QS00/ 20459 0.5
mcronmeters to 2 mcroneters. In an enbodi nent of the present invention, -

t heI | part ihcl eshb&sm.%nﬁ&rﬁam QS@idB%bﬁtéﬂ'&?@.Bbﬁm&& uyhaaigr&;jawwmh By

composi i on i s S5 A T fausHRLaboNEE AhiSh Bch-pRIpd R 2 PR VDR AESHERE o

fiber strands 1QizZe®f04Q nficromyters é\?BaJéholids Conltet o1 865 peércent by welhty and Z i n%g

conposition co t i nq aver age rticles sizes

di scussed abovgﬁcﬁd‘m%&@%g@ﬁw’%° % WiiFp 15%%‘?#9?53 sRﬁ“"’Bi'PWB%ﬁ

?dj acent : fib&s sijshCBBtle_hDofpersréeli'ceai by \jveightv\qlmfahir?hiarq?deq::iallpu}va;lér]bﬁ ffrorrt;
ranspor acro e Jli il e jmi.ntaini i.ntegrity o e fiber

strand 10 and pﬁ%\?ﬁaﬁnﬁgﬁa%?gge ?3‘6?@\)\5@%%%?‘%&8%@% et - out characteristics

when i npregnat ed wi t n apdricytasty\pneferired emabadimentat the peesentlinveatiny, thercoatingci f i c,

non-limting e | ; | he . I cles
S 76 16 of partioeoutn inpliplh £ BRAbe afbEfbneorodriportoie BAEARE it '

m croneters, anditridemged mprecparticuiagy adornmitideavailabieunder tedradetams to 1000
.1 mcromgegr %O@l?ﬁ'l-@m BRAIGCORBAY BEHROWNARIDE REPERSEESATICONG afd af

preferred in this 15 embodi ment that the average particle size 19 of the
particles 18 coreastprathermaglastc mptefial; partioyarly aceplmerofsiyeene and ap aenlicof t he

glass fibers. | tm&@ﬁae‘%%ﬂn@i’éﬁéﬁ@ﬂhdy@@po@ﬁ&f dvaRablBPstiierthk fra8érianeds coat ed

with particles falli n& w thin the sizes .discussed above exhibit good wet
t hrough and wet RORAQYERact eri stics when i npregnated with a polyneric

rT_Bt'[i X nat feri al. 20 frhebéﬁibieffe lél%@@&gieﬁw_a&m !alg faeé(rhbet peHidie sikd) £9 &if?qiéﬂlﬁat
m xtures o e or _nore  particles avi.n erent avergge particle

si zes 19 can'P%e tPﬁ@?ﬁ‘Hl?rdgg'é‘?ﬂ’ ﬁPﬁF'BQP%‘@'eeBB%I?%ﬁ‘gﬁtE &Ff?’?ﬁe'i_ 2 dance
UiE Ll ek o o s
characteristics e fiher strands . nd.to.the products. . subseguen
et her ef rom. ‘RGP BGREH £ aIR ST ety Speettn B R sdBt PRER S 7
conbi ned i n apprhspveentat leastiwo tdjatant ibery tafensit aijell ramspoit ofthg diber strand @t
Lransport pr ODEJddheASonhl el 6] “AFeRIob A hlins2 b bf B ARRIEh Bl OV

and Wet-throuc()gh characteris
2 yamn (weft) is inserted into the warp shed by a blast of compressed air from one or

more air jet nozzles in a manner well known to those skilled in the art. In another
example, the average size 19 of the particles 18 incorporated into a sizing
composition applied to fibers 12 to be impregnated with a polymeric matrix material
is selected to provide sufficient spacing between at ledst twio adjacent fibers to

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

Although not limiting in the present invention, the particles 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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Fi bers are subject to abrasive wear by contact with asperities of adjacent
fibers and/or other solid objects or materials which the glass fibers )
contact dur WP18Y5 or ni ng and subsequent processing, sucPCTASAMIMSNG Or
roving. "Abrasive wear", as used herein, neans 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 -25 WO 01109054
PCT/ USOQ' 20459 enough to produce damage to the fibers. See K Luderma at

page 129, hi olf itronfeléts id 2 AiitrbrietbidC o BPERb&SEH of R BERSAIVARAK) fhe A0r ST Ve

wear of fiber strands causes detrinental effects to the fiber ands,

such as st ranfamifies 18 haveAnaverpos PatticlesizeJ9 thatis anneraliy smallsr thenthei n product s
such as woven agérage\diameter OMTRE fibdre 32 toVMIEH the chdling BarmBSsitivn I8 sppfd It h

. It has
manuf acturing,cost. In . the formng st for exanple, fibers, particularly
gl ass fi bers?bE?ih?bo?Ef"eg&q?H"iStﬁq)}@g? g\aggﬁ'ﬂnigerastr $:10 having 2 uer ?ﬁgf%hoe and
a traverse or resftiue af a pimarysiZing dofmpositieicbmipising particles18Bavitigiva@ge | n fabric
assenbly operati.ons,. such._as knjtting or avil t he ass fiber strand
contacts soli 83'38]5%@?%5 @}l‘??“ﬁ%e 41 g%“d?""*%?é’"&? B@?"dfﬁ%gg'@ﬁm%}“%ppar at us
(e.g. al oomI aéweanf:gajhmtlm;zga)zsmpmtitmmtmmn% (ae..laid-jdt&ﬁmﬁ_bortlﬁ of the
contactin ass rs . ampl. orfians.of a m whi ch cont act
the gl as_sgf igbé?rgsﬁ ‘h&?ﬁ?&@ wi’f'? WE@A'ﬁtggérHM%{og&e oSt ?tﬁa@gqgéﬂgﬁ“f’ B9 of these
sol i d obj ect s acdeptublelwet-thraugicandivest-out chiatastegstics when inrregriateltwithfa t he gl ass
fibers cachaﬁgl%g]]ﬂ{ gtb\(ﬁ‘atéﬁgﬁr of the glass fibers. For exanple, nmany

of the’Tw's ramne,

portions ~l'oom and 15 knitting device are forned from
metal | i ¢ mat eri al sinsnethewspecifie dion-lipiting embadimantyaf the pregeat invention,dhe t 0 8. 512.

ADrasive Wear oradl ditiidslsiiar 19 pficiSs 16 B a8 FficroRftdhs, preBiabl bt 83wt Ot hese

sol i d objects_cauSes stran during processing ace defects
in products s8@icrametses, and Engesrom d te H0R0JRIcometers, preferably 8 te@ds waste and

manuf act ur i Ngmidesrheter2Oanmére bréTeraBly ADRG3S MitroNiérs. itTs NS praRAed inThit | NI
resent inventi rticles 18 have a hardness

enmbodi nent, .of the. n, the_p [
val ue whi blff d8®@ °‘fﬂ'§?mé%é'§‘tf"°f"".98.p,a'%i°‘§ sz d8 °?t“ﬁ:§’ﬁ“'6'fes dBgarespendsy har dness
val ue of the géresallyto therayerage gdsmindaﬂainmw thal glems ﬂ?érs.t ldas peuntobséreed and

| ass fibers r m.ne ntional h ness asur.enent
Tbthod,  ouch Bl EResHAdE WAL And colbl viftBegibien B0 wABH 10 ks et
det er mi ned acahaveiexijbit goddvestdhrogghranid webloot charcidristics whem ingpregnatel with@i cat es
the relative rﬁ%ﬁ)crnatﬁﬁﬁ\.%@iglnce of the surface of a naterial on a scal e of

e chs ar <

one to ten. TR ness val ue of glass fibers generally ranges from
4.5 to 6.20 and i sitwijbasecoghigedby ohe sikilled in tivatart that mibxtwiésoaflone br iebrerri st ry and

Physi cs, CRC B4§&&s 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 sized particles 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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(1975) at page F-22, which is specifically incorporated by reference
herein. In this 30 enbodi nent, the Mdhs' hardness value of the particles 18
preferably MK om 12 Handbook of Chenistry and PhysPEYUEN2848e F- 22.
-26 WD 01/09054 PCT/ USO0/ 20459 0.5 to 6. The Mdhs' hardness val ues of
several non-limting exanples of particles forned frominorganic materials
suitable for use in the present invention-are given in Table A bel ow
Table A Particle material Mhs' hardness (original scale) boron nitride

213 graphite Oehoughdo pidauydétanagete tielfibbistl Sebld LudethLatPagea 129, whichds
kaol inite 2.0-2 5 . gypsum %..Qg-bzui calgite ( W car %ggr%gzld 320 eCal ci um
fluoride 421  2pskicaly eomooraied by Iaierance harons Abrasiyn e of Meer syanas caises;5 o5
gol d 2.5-326 wuetinehtabéfectsatb tredibernstfandg Suct 3s strandrigakage duringtpravessiNgar .
LT cotnor AR St SR € ol i T By PRSSARIELE Sl 15T e
page F-22. S5lr jncreaseswaste afi manufactining costCondensed Chem cal Dictionary,
(1200 B 1093) ot BRRE ke ol el SR B b hopli e 10
whi ch | s her ebypbjects suchpas ametaliio gathefing shoe @and araverse erspiraltefate bsiegd Cheni cal
Pe:‘:telr gﬂgrey' (1 QholindFfito 4 R%ihg 3hcHaBe Cinaetic 4B Hibly bSerifdnE Blch LB kARG LA €T DY
weaving, the glass fiber strand contacts solid objects such as portions of the fiber
10 assembly apparatus (e.g. a loom or knitting device) which can abrade the surfaces
16 of the contacting glass fibers 12. Examples of portions of a loom which contact
the glass fibers include air jets and shuttles. Surface asperities of these solid objects
that have a hardness value greater than that of the glass fibers can cause abrasive
wear of the glass fibers. For example, many portions of the twist frame, loom and
15  knitting device are formed from metallic materials such as steel, which has a Mohs’
hardness up to 8.5'2. 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 Brinell hardness, but is préferably
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 4.5 to 6.5, and is
generaily 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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11 Handbook of Chem stry and Physics at page F-22. 'B Handbook of . .
Chem stry and Physics at page F-22. 20 Friction. War. Lubrication at page
27, Fricti OMOOV@AS Lubrication at page 27. 22 Fricti onPCHEEI20453pri cation
at page 27. 23 Friction. Wear. Lubrication at page 27. 24 Handbook of
Chem stry and Physics at page F-22. 25 Handbook of Chem stry and Physics
at page F-22. 25 Handbook of Chem stry and Physics at page F-22. 27
Handbook of Chem stry and Physics at page F-22. 20 Handbook of Chemi stry
and Physics at > RS aTeYy i Cont ' d)
Bt o - 3500836, Tngons prgHBa b3t fﬁ"ﬁ@é ik Asﬁ‘%%?? gﬁgﬁe{apove,
the Mbhs' har diegsed fseraingrgapicanaterialysuitable fardsse indhe eregent inveptignare given 9

scrat chi ng. Thﬁaﬂl%ﬁtb@% i nvention therefore further contenplates particles
5 that have a hardness at their surface that is different fromthe hardness
of the internal portions of the particle dabl@dth its surface. Mre

specifically, : : , es 1 n be
nodi fied in an i ' — T, [ I ted
to, chem cally] 5 ' ' '
t echni ques kno ohy i 3 €
particle is | eps—thar—oregfar t0 te manuness of L Ne.{6 ile
the hardness op—the—peartichpabermeatir the[surface s T an €

] £

hardness of the—gtess—fEise 7 anotnel al ternati vgg-2gpart1 cle cap be

fornmed froma prratry—re ﬁshrﬂi that— TS ¢oat ed, cl ad qg-2®ncapsulated|wi th
one or nore seg HEatboriat®) 1 Of M@ Cconposi (e g erral_that _has a
softer surface i T Cl¢ can 15 be Togmed froma prymary
material that fscoated Fogkdd cncapsuljated wiih a 4@Pifering formof the
primary materi ft—toformgERIRPoSi e nat ¢rial that hags® softer surface.

I n one exanpl ef—amd— W tTO@podef T LI Ng T NE [present | Nveay-g¥n, an I norgnic
particle formegfTomranm TTgpgant ¢ materi 4l _such as si ki5&Bon car bi de_of

al um num 20 ni Iri ge Tan beghgovi ded W ihla silica, ca®sghate or nanoflay
coating to for nickel 54

Palladium 4.8%

13 K Ludema, Friction, Wear, Lubrication, (1996) at page 27, which is hereby incorporated by
reference.
4 R. Weast (Ed.), Handbook of Chemistry and Physics, CRC Press.(1975) at page F-22.
15 R. Lewis, Sr., Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 783,
which is hereby incorporated by reference. :
_ ‘¢ 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.
® 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.
% Handbook of Chemistry and Physics at page F-22.
% Handbook of Chemistry and Physics at page F-22.
% Handbook of Chemistry and Physics at page F-22.
# Handbook of Chemistry and Physics at page F-22.
2 Handbook of Chemistry and Physics at page F-22.

-

-27-



conposite particle. In another non-limting exanple, sil ane coupling
agent with abkz{l si de chains can be reacted wth the surface of an i;
organi ¢ par t VP94 e from an inorganic oxide to provi FETASAYNTA
conposite particle having a "softer” surface. Oher exanples include
cl addi ng, encapsul ating or coating particles fornmed from 25 non-pol yneric
or polynmeric materials with differing non-polyneric or polyneric

materials. A specific non-limting exanple of such conposite particles is
DUALI TE, 24 Handbook of - Chem stry and ngéhqéo,ﬁa page F-22. 30 Handbook of
Chem stry and Ph;m_cs_a.LC.E%a.ga F-22 a' R __\\ast Y. Handbook of

Chemi stry and Hhysics a:mms (71 Ed :

01/ 09054 PCTJU : ) A , Hart |

with cal cium cd ) L i 4
Stevens Corporation of Buffalo, NY. In one enbodi ment of the pr esent

i nvention, the part As Imestiared abeve, the Mehs' hardoesssoale relates fo.the resistante ot y
have a ther mal nrdd %tégydtéhYnd)fThatméﬁﬁ‘ﬁ{ve&oa thidibre fhiiHer Eoﬁ@%@%tegga%gg

preferably at | east , heasure

DOOK. o & o that hetvs # hardnass ot Ihetssurfagedhas s dfepSrometin howingsa gt veral

conductivity Giterfhl doRtidhb ofma\éaﬁucna%némﬁﬁésdﬁsacérqme;e&keéﬁaﬁplaﬁdas l'east 5
Watts per neter K, ‘nmeasured at a I n art)referred

obodi hnt |t hEIEOHEReH Phove, e SRR, R BAOR oA oxegin Ay HaReE WSl 55 vt t
per met e][ K, blrmmmprnaﬁetmlfh%udavt\gt batast lirid30, dﬁﬁmtcanymangmg metpﬁmc?rsd evetn
more prefera S e asyr a_tenperature
of SOBK I'n angsf'ﬁ%?” %??F@F' %uﬁ'%gﬁfﬁﬂlﬂﬂ%}q "E‘H%gﬁﬁvég‘@%dg%ﬁ‘ﬂww of the
particl es rhgdardnessefhe parkiois lassithan grequalits the hikrdnessadf thecdiags fibbrsawhilds t o
2000 Watt f t ,
2nd ost - pr of o aEyinSs ofp BaRbELERGI he s EReid gt R el orpdy T
t enper at ur e of 9iAEe RbersAs gratheraiteinative; apanicle cambeifoorhed/frony'a prisans t he

f
property of ! fiatgfd %Pk%oét@@%!a%%?%ﬁ%ﬁfieﬁ%wtﬁ&é b tore QefdriAR/ idre s

through itself.. See R Lews
Dictionary, (12? ferm@ composite 'mterpﬁg@t hasa Sﬂmﬂ’ surface. Altssaatively canpariicle can

| ncor por at etk Dipeltéididhra b MaicHanbiIE bdEiba, CAH Y EidaKbIteR e T2l e L2l

can be determ nf(%ﬂ nown to one s art. For
exanple, if thd ng?éﬂ‘%@ﬁ@ﬂ@ﬂWﬁ‘?"ﬁ@@ﬁBa%P@ﬁ"?&!aﬁr@'iﬁ'@”ﬂ@sﬁ%ﬂﬁef anges
from 0. 001 WAt tsarfgea; neter K to 100 Watts per meter K, the thernmnal
conductivity of the material, can be determ ped usi n t he gl_Feferred guar ded

hot plate method aclboFisxgmpls: ”‘l"f“?‘“'!%nfmﬁi‘ﬁ nventionegn nprganicy

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

of

| 20 nitride can be provided with a silica, carbonate or nanoclay coating to form a usefui
composite particle. In another non-limiting example, a silane coupling agent with
alkyt side chains can be reacted with the surface of an inorganic particle formed fr6r'n
an inorganic oxide to provide a useful composite particle having a “softer” surface.
Other examples include ciadding, 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,

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

:’sl; Weast (Ed.), Handbook of Chemistry and Physics, CRC Press (71* Ed. 1990) at page 4-
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I ncorporated by reference herein) at a tenperature of 300K |If the thernmal
25 conductivity of the material to be tested ranges from20 Watts per neter
Kto 1200 ‘ﬁﬁmﬁér meter K, the thermal conductivity of PATESHYAME | al can
be determ ned using the guarded hot flux sensor nethod according to ASTM
C-518-91 (which is specifically incorporated by reference herein). In

ot her words, the guarded hot plate nethod is to be used if the thermal
conductivity ranges from0.001 Watts per meter 30 Kto 20 Watts per neter

K. 1T the ther Qhlon ONglHeni pbifmbric paffle cdlfhdlii' il cdirdfe st L NS guar ded
hot flux sensor net ho%hl' ' b%lg used eFor ranqes rom 20 teo 100 Wafts per

meter K, eit heF°'h@FW@HV€\éﬁ43UEf’8§‘é’de’°92@w rationef Byl NY20459 1n the
guarded hot pl mﬁuermmmenaoguebéedmh%nﬁanaﬂe paﬂmeasuﬁe thériafly Ni Ng a

guarded heating unit, lary heatin oolln units, edge
i nsul ati on, g‘?’é’h‘ﬁ'ﬁ’@a‘tﬁfﬁe yrhaw é@'%é’&%ﬂ%‘"@ﬁ?g c?‘ga@%?ﬂSer ature
? ﬁnsor rFadsoumte?KShvgra pr&fewht tieast eswmemsentq mbéeareddfattexﬁﬁéra??émlt ﬁs

e sanples are on | e eating unit w
t he opposite faf::&ﬂo FHB"’E’B@ 'F'ﬁ" 838%’5’8?*6\?‘?‘#? g%g&dpgw Yheat i ng
En: g Sf The appaf%'tneaf%t:w&@nmkedotawfﬁmbwleaacsmmpermmm at;Jre gd
the steady St aMEeaninta Ereeatur ff ok, ¥ hEtes Rt lime PR el o' % - ough
t he sanpl es andortdnetwitebnaepamms iat feast-230Aatts/pRy metar &S motewreferablyl atdeast e 10
recor ded e s then
cal cul at ed-lilbus%g\hﬁgge @F‘FOV\] n g‘r‘lﬁn{g é’ér%ﬁégébﬁﬁ]eagf 130%7%#E% §i wher ei n
L is the aver ag‘sasmd:itraatgmpelfaturhef@%pﬂw% prfereediambodiment ¢e tbermahe
conbi ned area ginduifiry ‘jémcl%%ré#%eéﬁonbﬁltd S0cvatiler idfer RO prRIdrall> W th

A

hi gher thermal con IVI uic |55é8ate the heat” gener at ed

during a drill freg 2@[5%?@&0 tts pesmeter W%Pfﬁfeé%P‘YfW"é fa 2009 Waltsipep| onged

drill tip |ifemefdtg, &mhaal &adu%mwobyoQdooaﬁbwwtauemeaéurwataTabl e A
is included_in Tabl e B. ?anOd' rren usef ul

in the predént %WE%’PGE“OOKZO”@H?& gﬁ'ieﬂ gﬁ“’é’?""ﬁ@@%‘f"@'&? I"T“EB? W%GY& i ve or
have hi gh el ectheipagticiertRgtidesérivies its abilitgto, trainefechent thraughdtself. code R.deivisl Brj ty

han 1000 h f. ' I
oL Lo, gl Eoagpated Bralies lachah (3%, A Bt o R °°
appl i cations specificalylndordotated by refdrencerersi. si gnal s due to c_onduct i on of
electrons through the v Lol PLGGENRPra fierd RETboLLNmARR byl g SUCh as

circuit boards for
20 known to one skilled in the art. For example, if the thermal conductivity of the

material to be tested ranges from 0.001 Watts per meter K to 100 Watts per meter K,
the thermal conductivity of the material can be determined using the preferred
guarded hot plate method according to ASTM C-177-85 (which is specifically
incorporated by reference herein) at a temperature of 300K . If the thermal .

25 conductivity of the material to be tested ranges from 20 Watts per meter K to 1200
Watts per meter K, the thermal conductivity of the material can be determined using
the guarded hot flux sensor method according to ASTM C-518-91 (which is
specifically incomoréted 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.

-29-



25 radi o frequency interference and el ectromagnetic interference
applications, particles having high electrical resistivity ar 0

requi red. TIHEOB®8% | cal resistance of selected material S™i %I‘%’ Ais
included in Table B. -30 WO 01/09054 PCT/ USOQ 20459 Table B Inorganic
Solid Thermal conductivity Electrical Resistance Mbohs' hardness Materi al
(WmK at 300K) (mcro ohm (original scale) centinmeters) boron nitride
20032 1.7 x 101999 234 boron phosphi de 35035 - 9.536 al um num phosphi de

13097  al uni num ni tjy g odREFnaRi Rieinbalh JAIEHNA Ilte pitustoniairiigle 17041
|

- - gallium phosphi de 10042 - silicon carbjde 27 4 x.lOé to ]] 108' 4
greater than 9guarded heating unit.twp Quxilinfy pealing glates W FRoling Hpits. £Aa6 fnsy ﬁﬁ?’bxi de
00 55,9 e AL G btk
, J. : . ) : . ich.is

her eby i ncor poS¥tiea ysedde ‘t:qsémpegssgxgla& '%é%’ﬂ'e‘?"\"l?&: PQ&T%'F%I@? A§FP e and
Eori ;:Iga Mat 3\25 alea?_&gn{ei&?iéglﬁﬁ{bdﬁreemg;gﬂwtt(Gelﬁhb&itmcemgm gpadimedd in. Cal
riction. ar. Lubrication. a age 27 stal s
with High Ther Fantagtyynine pptitany '?%P.%"%H?)Esz %gﬁéﬂ?éégg F&Ee*‘?%?"{%‘%s%%, p.
?C,:(Z)SEJI whi ghcihs hest r&mpdr?q@rmmtdefdrz :bvertodfoeﬂme\ne:quirécﬁtol%chlemmnnalssgeaﬂmvw ey's

ndense em ctjonar £d. chis
her eby i ncorporsg%dgﬁ'iptk'gfgaﬁ%sége%gd@k '§%§1@%ed%ﬁﬁg a i i[coe?%/gg{gal s With
H gh Thermal Candugt theisamples an@Pthedemirature diffirente (ATn®ress theosampdes arg. 333,
Orystals i l9 TpaHees, e SiagR hofialoflichy Wy for i irkpies SUMRARUA, ||
34, p. 329, whiusingitise folowibgformule(or at ed by reference. 39 A Winer (Ed.),
Carbide, Nitride and Boride t el hyl/a-Aynthesis and Processi ng(|?<(1997) at

page 654. 40 Friction. War. Wori cation at page 27. 41 G Slac
'Nonnet al | i ¢ Crwherein b isghe lavelage thickeess:of thesamales apd s the averaga of theiem  Sol i ds

combined area of the sampies.

156 it is believed that the materials with higher thermal conductivity will more
quickly dissipate the heat generated during a drilling operation from the hole area,
resulting in prolonged drill tip life. The thermal conductivity of selected material in
Table A is included in Table B. _

Although not required, in another embodiment useful in the present invention,

20 the particles are.electrically insulative or have high electrical resistivity, i.e., have an
electrical resistivity greater than 1000 microohm-cm. Use of particles having high
electrical resistivity is preferred for conventional electronic circuit board applications
to inhibit loss of electrical signals due to conduction of electrons through the
reinforcement. For specialty applications, such as circuit boards for microwavé,

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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3 Friction, Wear, Lubrication at page 27.
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% 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 Thermat Conductivity, J. Phys. Chem. Solids
(1973) Vol. 34, p. 333, which is hereby incorporated by reference.
3t G. Slack, *Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids
(1973) Vol. 34, p. 329, which is hereby incorporated by reference.
3% A. Weimer (Ed.), Carbide, Nitride and Boride Materials Synthesis and Processing, (1997) at
page 654.
4 Friction, Wear, Lubrication at page 27.
41 G. Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids
(1973) Vol. 34, p. 333
“2 G. Slack, “Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids
(1973) Vol. 34, p. 321, which is hereby incorporated by reférence.

43 Microelectronics Packaging Handbook at page 36, which is hereby incorporated by
reference.
* A. Weimer (Ed.), Carbide, Nitride and Boride Materials Synthesis and Processing, (1997) at
page 653, which is hereby incorporated by reference.
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“ Microelectronics Packaging Handbook at page 36, which is hereby incorporated by
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page 654.
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- % Handbook of Chemistry and Physics, CRC Press (71st Ed. 1990) at pages 12-63, which is
hereby incorporated by reference.
¢ Handbook of Chemistry and Physics, CRC Press (71st Ed. 1990) at page 4-158, which is
hereby incorporated by reference.
% Microelectronics Packaging Handbook at page 36.
* Handbook of Chemistry and Physics, CRC Press (71st Ed. 1990) at pages 12-63, which is
hereby incorporated by reference.
* Handbook of Chemistry and Physics at page F-22.
 Microelectronics Packaging Handbook at page 174.

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

 Friction, Wear, Lubrication at page 27.

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

& 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 F22.

84 Microelectronics Packaging Handbook at page 174.

s Microelectronics Packaging Handbook at page 37.
% According to “Web Elements” http://iwww.shef.ac.uk/~chem/web-elents/nofr-image-

Vhardness-minerals-.html (February 26, 1998).

€7 Microelectronics Packaging Handbook at page 174.
© Microelectronics Packaging Handbook at page 37.
€ Handbook of Chemistry and Physics at page F-22.
7@ Microelectronics Packaging Handbook at page 37.
7 Microelectronics Packaging Handbook at page 37.
72 Handbook of Chemistry and Physics at page F-22.
™ Microelectronics Packaging Handbook at page 37.

7 Microelectronics Packaging Handbook at page 37.
75 According to “Web Elements” http:/Awww.shef.ac.uk/~chem/web-elents/nofr-image-I/hardness-
minerals-l.html (February 26, 1998).
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from any of the materials described above. Thus, all particles 18 do not have to bs
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.

78 Microelectronics Packaging Handbook at page 174.
T Microelectronics Packaging Handbook at page 37.
™ Handbook of Chemistry and Physics at page F-22.
® Microelectronics Packaging Handbook at page 174.
% Microelectronics Packaging Handbook at page 37.
® Friction, Wear, Lubrication at page 27.

82 Microelectronics Packaging Handbook at page 37.
8 Microelectronics Packaging Handbook at¥hage 37.
%4 Handbook of Chemistry and Physics at page F-22.
8 Microelectronics Packaging Handbook at page 174.
% Microelectronics Packaging Handbook at page 37.
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% 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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94 M croel ectroni cs Packagi ng Handbook at page 174. es M croel ectronics
Packagi ng Handbook at. page 37. es Handbook of Chem stry and Physics at
page F-22. - JONMBY 00054 PCT/ 13500/ 20459 |n one enbodi mEGT/USHRE4S9
particles 18 conprise 0.001 to 99 wei ght percent .of the coating conposition
on a total solids basis, preferably 50 to 99 weight percent, and nore
preferably 75 to 99 wei ght percent. In this enbodi nent, particularly
preferred coatings include, but are not linmted to: i) coatings conprising
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tenperature of 300K, |cI es on the f
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particl es havi ngard noh!hgdratable; am@liartpatticley; ii)fcoatings eeraprising\if tdastxe bordner K at
a tenperature of, 3
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wei ght percent tempédature 6f800Kgv)Icorgsiise bf arequaocus doopesiticnadongsisibg ane|lar

bref erably 1189, eahisls'riiihg BHerRAl conaftithy B EFIef S VA drerk0ad) ! ot

percent. particu > wherein the particles
18 are non hydr dembelafumdr@am ie..Jamellag particles onthe fibari arideq a regidifecof ab| y

conprise 1 to 50, @%@ﬁ nsﬁasnmmgn&pmm pgh.a& Ravinglad! 20

sol i ds basi s, an nDre gb 25 wei g percen t he Coating
conposition. |nth W'Wﬁ@!ﬂy %frﬁS Yiatt Psmetsa'ﬁ@t%#eweraﬁseem k& gf eat er

than 20 wei ght f@hngiee HonlHySratddRi parbtideURRSfider.ON Oon a total solids basis,
preferably rgngl ng from 20 fo 99 weight percent, rmregfref er abl rangl ng

from 25 to 8&°wei ght bevmtembaﬁwemm&r%éﬁgem"% g °p mwsigh
wei ght percent. éfthd ddalingeonsbsitiembn a IdtalRokdsibasis q:rréf&ramyaftelaowéngﬁppmems

wel ght per cent oMIers pierany 14243 REEt rsfeest in addieh, ndhe Hareuieioott ot od
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In yet another embodiment, the particleé, 18 comprise greater than 20 weight
percent of the coating composition on a total solids basis, preferably ranging from 20
to 99 weight percent, more preferably ranging from 25 to 80 weight percent, and
most preferably ranging from 50 to 60 weight percent. In this embodiment,
25 particularly preferred coatings include resin compatible coating compositions
comprising greater than 20 weight percent on a total solids basis of at least one
particle selected from inorganic particles, organic hollow particles and composite
particles, the at least one particie having a Mohs' hardness value which does not
exceed the Mohs' hardness value of at least one glass fiber.
30 In another embodiment, the particles 18 comprise 1 to 80 weight percent of
the coating composition on a total solids basis, preferably 1 to 60 weight percent. In
one embodiment, the coating composition contains 20 to 60 weight percent of
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the coating conmposition on a total solids basis, preferably I to 60 wei ght
percent. In one enbodi nent, the coating conposition contains 20 to 60

wei ght per Wa/0M54 - 34 WD 01/ 09054 PCT/ U300/ 20459 part i RGIUSIG2859 t ot al
solids basis, and preferably 35 to 55 wei ght percent. and nore preferably
30 to 50 weight percent. Preferred coatings further to this enbodi nent

I nclude a resin conpatible coating conprising (a) a plurality of discrete
particles fornmed frommterials selected from non-heat expandabl e organic

materials, 5 |nok ' o ' - A nposite
material s ancfL arpt?ﬁ'e%?@ rog's L%b;ﬁg%#%-{ﬁé@%ﬂgﬁlr?bg %%Bh%h?ég%gg ged'gg article
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ener al | onti nuous filJn when i ed . sur f 1 f th | ass

19 i bers. Y ne‘?’i?lql#ﬁm? ﬁé"@%%?a@ﬁ%é ugh %‘%Piﬂgﬁ'& 'ﬁé’?gﬁﬁ?gﬁ“@"ﬁ?‘gﬁ%”é@ Bm1 to
99 vvelngh'él _ perr?aatialﬁf Usdnal omtc}umf]gﬁmml inclade; butareomot limitext talpolymericimatesiaiss. | n
one enbodi nen amount. of, fi : . ranges
e o 50 W B e s el
percent. In r o ,a erial s ranges
f 20 to 99 ' t . f . 60 to 80 .
werght per corovamaidihbuedf alof 6 WRhsbidie sl °0 |0 0,
preferabl §5 rthenyesettingmatedals.oPrterakly.dhn Polemericim-darmingamaterials fagn @onposi ti on
on a total SO#ngﬁang??rfﬁgé%ﬂ@ﬁﬂe%ﬁﬁe@fo&ﬁ@éémlchs1éQfﬁmegEQsﬂ6€r§lht percent. In

this enbodi ne p ul ar preferred coati.ngs conprise S%Ifilmform' ng

material and greatGanerainiheemaout ghiim-foyatingmptepsls fangst Hem dde PRwelglLi s of at
| east one pa H;érgén@oﬁﬁé 86atiRgl chrhsoBition oh @astalsolid@tidsist lIe6ne Erhlgtaithent,thé | ow
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polymeric fi lﬁpmffgr%%gnﬂatgﬁélg Hngtlassfrom 20 to 99 weight percent, and more preferably
ranges from 60 to 80 weight percent.
In another embodiment, the amount of film-forming materials preferably
ranges from 20 to 75 weight percent of the coating composition on a total solids
25 Dbasis, 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 patrticle 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 composition on a total solids
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can-range froml to 60 weight percent of the coating conposition on a total
solids -35 \%9%93054 PCT/ US00/ 20459 basis, preferably 5 to 50 wei ght
percent, and nore preferably 10 to 30 weight percent. Pr ef’@T’F@?ﬁ"’@ﬁatl ngs
further to this enbodinent Include a resin conpatible coating conprising
(a) a plurality of discrete particles formed frommaterials selected from
non- heat expandabl e organic materials, inorganic polyneric materials,
non-heat 5 expandabl e conposite materials and m'xtures t hereof, the

parti cl es havi nBadé) préreiabh &0 83 Welght forcdr n?'féJréF}e fbt%'dowgbqjﬁfand wet

out wi thout appl |cat|on of externa one | I Ci ous

mat eri al di f f er OffceM; Frefeedicoatingsfurther t%fhts(ﬂf%t&dm@ inpluﬂeatqsg@omtblq c) at
| east one film E@étii’ib '&Gmﬁﬁéu‘ib' (afth pluHHW%lsB&fh‘MrﬁElés'f&%eﬁmﬁﬁhﬁﬁﬁﬁls iedt

|

present inventi m)settl rrerlcfllmformng mat er | ?s are
the preferred pzoﬂ’iy a? ?ﬁpﬁvqﬂ?%ﬁrafrp waﬁtsr'?'m inorganis paliaveric matefialse aen-heay
conposi ti on for emﬂhﬂge@hmeiﬁdv@falﬁnﬂmﬂﬁnes&éﬁébﬂfﬁé partidléshaRing anCOnpat i bl e
vmththerrmsettl materfh S sg_m‘;amnatesfor rin ed CII‘CUIt
boards, such as® Tﬂﬂ § sig &yffictent {9 alloyy ek ot withaut applisatian glexterpal; s
gnd in ong par heatu(bmat least onle llhnttulmsfmatbﬁal Uifféﬁﬁtfrmlsalﬁ pﬁrdgtgfoﬂgiﬁﬁrbﬁnm

rom nat ed epox Si.ns E oni c terials HandbookTM ASM
| nt er nat i onal %@@éf déé@ééaéﬁfeggé O ergie specifically incorporated
by reference her ei n. Indhefnoh-limiting eobedimientpf ithet prasent invértion, ummbkmngoset ting -
pol yesters, I | { ast s
t her noset ti ng pﬁf‘ly Eﬁ%ﬁén@gﬁngd%é@ﬁgls% utrﬁ% re(f)e?ﬁ §‘yh§ﬁ? ﬂ@'?? 'ggg'H?tﬁ als
Sui t abl e t her nofesuseé inghe obating cemposition fardeatisy \dREk fibé sirandse Such matekials ars e
commer ci al | y avegﬂdb% yp.thnarmgéu.@mm iafetiaiided ol ?Amﬁ{a?esﬁr poh@BRAsC LY.

M ssouri, and ters that are comerci a avai DSM
B.V. of Cono, | bgargs. SA%%E’FﬂrﬁPPWS‘Q%éth@%POMUDWQMMBWW andliyome i c

material is an padiXfar eﬂmoarme?.t oftkm%ﬂnoﬁwa‘nﬂ&toﬁsm&rﬁ. E@g&@#ﬁgr‘?& g east one

et hers of

epoxy or oxi rsans g oup i.n nol ecul e, such 8 @8)/
pol yhydric dPco E-%&%Mmm 6$M§'EFPE"3§!H'@| B WP@Qeﬁﬁ%ﬁﬁ? ng.
polyners incl udWhERQd(ép\eciﬁé’éil ﬂi&drpEWEy)refé?éﬁceﬁ&ém resins, comrer cially
avai |l abl e from Shel | Cz’rcﬁ%ﬂ rg) ?% %%j Houst on, Texas. Usef
t her mopl asti ¢ pol ynmel§siuliRgropseliing mafey @c'W"rlS'/‘P'"fR?FWH%P@VeSI%PH@p’I astic
pol yest ers, I pol yratesialsneinyl astblssapﬂeisgﬁcs( ﬁmmoplﬁétils , einbSettitg! pofy Bhﬂﬁﬁe@ lang 0 I
aromati c po ya ar.ani astic po ur et hanes acry I C
polymers (such asaﬁgﬁp%c\! f'?'é”&%?'@ é E'g‘rﬁtlp l’éﬁ?"s(ﬁ clydg STY Pégm ng.
-36 20 polyesters that are commercially avallable from Cook Composites and Polymers of

Kansas City, Missouri, and NEOXIL polyesters that are commercially available from

DSM B.V. of Como, italy.

A non-limiting example of a thermosetting polymeric material is an epoxy
material. Useful epoxy materials contain at least one epoxy or oxirane groub ih 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 thermoplastic polymeric materials include vinyi 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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WO 01/ 09054 PCT/ US00I 20459 I n another non-limting enbodi nent of the
present i nv&atllon the preferred polymeric filmformng material is a vi nyl
pol yrer . 39%Why1 polymers in the present invention PCRESHMAS Ut are
not limted to, polyvinyl pyrrolidones such as PVP K-15, PVP K-30, PVP

K- 60 and PVP K-90, each of which is commercially available 5 from

I nternational Specialty Products Chem cals of Wayne, New Jersey. O her
suitabl e vinyl polynmers include RESYN 2828 and RESYN 1037 vinyl acetate.

copol yrrer el 51 on' Wil obh SmA Wbdiehvr ekt FvdrivafhhE ol Star ch

and Chem cal of Bridgewater ersei;m yvi ny acetates such as
are conmerci snolymesigim-fasnisgmateriakis aryinyFpglyrasr. é‘ﬁ@f“h{“?y' P?'Yiﬂ%@t‘%thand

Chemi cal s Congg, niulﬂ ﬁtmﬁ\ycﬁxa& Ware%ﬂﬁ?ﬁﬂéd‘(@%gw C?]\rwnawouagm aslpyphol s

whi ch are al so ava rom Al Products an em cal s

Ther nopl ast i ¢ Kodb. AR €139, PR K0 and RMFK-B0.aagh of whighds commercially ﬂ%b'BESNL‘PHEN

2000 and D@%ﬁhﬁ&ﬁﬁ.&nﬁ%peaalwre&uewcsémaé@ommr RévUbrdey. 2tet abl e from
Bayer Corp. of Pittsbur

Penn vani a, Pr ers I nclude 15
RD- 847A pol yestultable E‘QY'HPO'VNQFSC'H"' m?@%f\d‘j{% ﬁg%wg\y ?"'Gm Bor den

Cheni cal s of  gpbiy ﬁ@ﬁ@nulﬁbﬁﬂh@ﬂ&e@&%ﬁdﬂy 8lailaBle fromeNstiond! ISyareahd i ed
rosin, which is comrercij al l%& ai | abl e EP@ %Em cal,.s AB, Sweden.

Useful pol yanichesmicalef Bridgews ﬁW'[?t?ﬁ'(Fa P Y A ercial |y
avai | abl e fr orgopagertisllyGvaiablectfom Bi BFulleradnd Air@oductscand GheRida@rCampahyct s t hat

are avall aphe J e beceh e Zgﬁfﬁygwﬁm@g%hhEFL%@&UaﬂEﬁlé m Air

pol yur et ha conmer cl a y avai |l abl e
from CK Wt co Fodyxts arid Chendeald Compadynnecti cut, and RUCOTHANE(r) 2011L

pol yur et hane | at exgh%k%{ié&&%}?é Gée?dl }thgggé,ﬁmvgmomﬁg,?dguco Pol ymer

Corp. of Hicksvill a conposi tions the present
i nventi on can RESMPPHENZ089 adeDESUQPHEHQS’ é‘(%lmfhﬂfé’ht‘:h@fm?ﬁcﬁ@l pol yneric

materials wit m@%lé)ﬁoﬂesfer& . SPPkSSUNSH PeRdylvama. Preféi‘i‘e@rﬁo%&ersllﬁblme
non-limti ng enbodi mrent of the present invention particularl Xlausef ul for
r

| ami nat es RIPBATA Bolygster giesin, M@H‘PG&W’TW‘“B’M %Yﬁﬁbfeé%ﬁé’rd%% jcals Rk
aqueous si zi NECEGHRES OhloPand DYRAKGIEL Si 1I00>¢h¢mmlnfmd3&1e8€c75ﬁn pbichigst er resin,

ol yar de. 1 n SHAre N AAEIabE THEHERR CRATFP AHCTHRARE Dot RobB e FeR i ot e
for printed che VERSAMKDpducts that grelcymmerdaiiyavatiable fram@ogniscCampjweous si zi ng
ComoS! Lo R O SR SR b o Bl o Gkl 1 !
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 mixture 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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resin. Sem synthetic polyneric materials suitable for use as polyneric
filmformng materials include but are not limted to cellulosics such as
hydr oxypr opyWeersbse 5 and nodified starches such as KORCHUERMBO (a | ow
viscosity, |low anyl ase potato-based starch etherified with ethylene oxide)
which is commercially available from AVEBE of The Net herlands. Natural
polynmeric materials suitable for use as polyneric filmformng naterials
include but are not linted to starches prepared from potatoes, com wheat,

10 waxy maize, - Qvn Sikidie! bhfongily it ﬁdﬁfﬂ%ﬁdﬁﬁﬂ%;ﬁﬂy It
shoul d be apprecria ?nsg t hat 35?’ a‘ﬁﬁg"onateﬂe né‘t re o the starc
starch can funcrésih as both' a particle 18 and/or a filmformng material.

More specifically, §ofRy rﬁﬁ&%‘b?%e% Hatéish@%e&eb%fspur@é%wywenarﬂmﬁhmsnt

and in partlcular wat er unction as I mformng material whrl

others will not meangisdaciyde bubarginst limited taﬁellumcs YRR ﬁ?t'HF’W’%P'ﬁEYI“’PF"HQﬁear gr ai n

size and fungfi gy ﬁa%ume@éiafcheéﬁmﬁ&s Ko‘ttblvexgbsa§aa6wb%80sﬁt9qanaﬂ@ros§ al and
sem synt het i C) can be used i n accordance resent ent | on, t he

coating conposi PP@p-kased glarghatharified with ethylens oxide) B’F‘@gé“r%?ﬁ?’ﬁ}em'@ gllable o |y
free of starch FBmMeAVEBESef The Netttlahdy ei n, the term "substantially free of

starch materials' neans t the coat,i osition co i ses .l ess than 50
wei ght 20 percent onNat“f%Paym?éﬂ T&"ﬂ%@'ﬁ?glsgat”ﬁ% aEB&‘W‘ﬁgP @'6" 547 i on,
preferably | ess rﬁdfétﬁls?&h;\dﬂngbie ot lirsitetirto ktarohiee prepared frlvbmotalpoas]E ewmbh?e,at.t he )
coatlng corrp ition of t S y free of starc
mat eri al s. udEy W@F&% ° g 't%ﬁ'é anb mﬁ"%é Qer{y%ffﬁF Jore bé' ) [

erm  essen starch material s"
means that the coati ughwmapnremte@tmpdepse@ng ersttletﬂhmﬂe Qﬂhe slarchthe per cent

on atotal solidg, &i.o&&@b&ga%g@e%rm ot b oG hfdicifal ubrgSs than

25 5 wei ght per Ceh Mor e y IS ree materi al s.
Typi cal primary SDeqﬁcaly sonpgtgrqhieawél chq;ﬁlvammmaewaa selventangtin pariculaspl i ed to

fiber strands t i dfdifidih 8 &l Rfink Hitdidl Aile oflerdhi Rofébnfletdly'l | boar ds

are not resin atl be renoved prior to |nco%€ora ion into
the pol ymerit8 nﬂssplxe apehvill maintain Apagicuss gale size and BRsUQNRS pastcle Ml y the

coating conposi tARGHhGtarties (&Qh RARFP AR sei@ntretE) cah Be US&d iR ae&zfm Qite and
do not reqwre renmoval fromthe fiber strands_or fibers r|or fabrlc

processing. Mor dhepresestt iyertion; he cealing °ﬂ’QP°st'fl9Hﬁ6g‘FtPf <595t igy "P?fb's[?
invention are c @mantallﬁfrw ofi3taiet mbberiaiit AS iistdhettins; thd torm SubMGhtialy ﬁw&4

DT US001 20459 ot mBlaiHL s st i g Somiraniion Soveites oSy thaf B it
percent on a total solnds 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 total solids basis of the coating compasition, 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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The polyneric filmformng materials can be water sol ubl e, enulsifiable, .

di spersi bl e and/ or curable. As used herein, "water soluble" neans that the
5 pol ymeri cWRAMIBY s are capabl e of being essentially uRCTBI349| ended
and/or nolecularly or ionically dispersed in water to forma true
solution. See Hawl ey's at page 1075, which is specifically incorporated by
reference herein. "Enulsifiable" nmeans that the polyneric materials are
capable of formng an essentially stable mxture or being suspended in

water in the age 461,
which is spec%a?(ggﬁ y |E°@§?8%¥g§&%é%§%wgh%e &%&ﬁxﬁy %ﬁ'ﬂpng
exanpl es of sepmpdtible.enul sifyi ng agents are set forth below "D spersible"
nmeans that any of LW capabl e of
being distribut edﬁﬁ) out vvate &%?ﬁﬂﬁ IVIe’E?ﬁ ga?Jtnlalc 5'9 such as a
| at ex. See Hamwysbl%andpagwahlssmmtthpre@. seluble m%mﬁ%ﬂsﬂ}ﬁor ated by
reference fger gwmef{@ﬁateﬁés 4R édaaﬁbwbaﬁg é&@nﬁu? Bififorrhfy Blenddd didenCr eased by

the addition wetti'ng, dispersin enmul sitTying agents surfactants)

whi ch are di selesylariyer 'GMPG“VG@P&'E in Wﬂ!%!'r?gf‘trﬁzﬁ““eﬁ?@“'ﬂ'bl gerials
and ot her CO”BQ&@TG?% fHhich i%%pééﬂdaugme&m@dtweareﬁhea RétBiAb FEmuISiabhei Ng

coalesced into a filmor crossl ed to each her to chapge the physical
properties of Mmedes fhat thnpplymericmaienals are eapabl ogpmgaapss&%@yg@fe which is
20 specifi Ca' In¥ixtiir 0P bBiRg Slispendid ih Water fTthe pleemiernf ah Bmaldifiing agent. sseer in | eu

of the fil rmn mater Isdscussdabove Q sitions of
the pr eser#B d ‘é(B'Fé/' c,sBﬁﬂ ggg\o%rﬁgraggp%%éfgren&geg% WB‘%

coupl i ng agenmmntiagehamemfgalmuesemaatyumgphtsmge s@fmﬂhshelm dDispersible” net al
coupling agen honat e co ' ent s,

am no 25 cont ﬁéﬁp g'%f/g n°3?‘ec‘?9ﬁmgﬁ%§g”§%§ Sﬁ"% 6?" %gaggcgg@@ S%e t he

f or egoi ng. TdebUtedlﬂpbmgl'gua@atasﬂldemdﬂdwamg Qﬂlghﬂs f latex: |Smal i ty Each
metal or sili b i I can .
ei t her react %‘%‘?@%ﬁ?ﬁ%ﬁ?ﬁl}%ﬂﬁﬁmﬁ*m ﬁ@ﬁ%’?@é@‘*gﬁﬂ/ or |%‘\ﬂgﬁcorrponents
of the redih naiformity oftbe qlgnqjsln@mbemﬁfﬁesqdéwﬁhe aqdifiep of wetting, dispersing9s t hat
the groups ar @nfulsfihg agdn¥s @lrkdciintsy hidhdre ! B%Eugé@ﬂ'ﬂﬁ&u tGuratile*tnidank e’

surface and/or the corrponents of the coati n%s osition, for exar‘rPI e by
the,

pol ar, wetti n&reRelxrarc matesialsrand ather cpmpefgats Zing SORpOSItigAIe faRAble cach
metal or sil loﬁﬁéing?‘éd&lésbaﬁnﬁtdmmdm%ﬂmkéd toreacio6themd ehage tiwd pﬁyaibéle gr oups

that allow the -39 WO 01/09054 P 0Q/ 20459 , coupl i nt to react with
the glass fi b8F°p§3'PF8t: e palymer,ma F' ?ﬂ)g% ﬂ@ﬁ%# 538?' ®hat all ow t he
coupl i ng @Pentspédficalycintorparated by rgferencet lereif. t he resin matrix. Exanpl es of
hydrol yz_abl e OUpFn ainc&}ﬁilorlaJ %eér in fieu of the film forming 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, aluminum coupling 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-imiting embodiment, each metal or
silicon atom has attached to it one or more hydrolyzabte groups that allow the
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OHOR3- 51111l 1-OR, -OCR2, -N-CR2, -ON:C-R4 - 0- N:CRS and the
nmonohydr oxy and/or _cyclic Cx-C3 residue of a 1,2- or wherein R
is Cl- C3 aI‘K?I“}’Wis Hor CI-C4 alkyl; R and R are mg’é% f
selected fromH C1.C4 10 alkyl or C6-C8 aryl; and R5 is C4-C7 al kyI ene.
Exanpl es of suitable conpatibilizing or functional groups include epoxy,

gl yci doxy, nercapto, cyano, allyl, alkyl, urethano, halo, isocyanato,

urei do, imdazolinyl, vinyl, acrylato, methacryl ato am no or pol yam no

gr oups. Funct'gea&m m?o@&mﬁtﬁeaa%gmrgsfgag (el RS uRdioh&r use in

the present |nv |on es ol use unctlona organo sil ane
coupl i ng agent groups Iﬁm ellovgﬁnmus&no Aot tpfeRctwith cempoRantsefdie resm matrix.

gama-i socyana nyl - trial koxysi |l anes,
té}%‘gféié yﬁlgagvéﬂré 3 Shetué!

gl yci doxypropyl'tri S "an ureldopropyltrlalkoxyS|Ianes
Preferred functional organo- &1 atk upli ng agent S include A-187
ganma- gl yci ddbxy- propyl trinmeflhoxyki Mane,

gama- met hacr yl oxypr op§R -rTQr&%oMTRan@'NﬁcﬁO@'WRS and

gamma- am nopropyl tri et hoxysil ane sil ane coupl.i g agents, A-1108 am no
silane coupli ﬁée mgeshydew apd/arcydicferfradetidus ofduhessy | Srahicph whsrein %n%c('each _
of which is CCE”W'R‘HHO?&,%JQI@Istah@RFﬂéIWépGﬁdeﬁﬂi%&édﬁinﬂche{fyt own,
New York). The ‘organo_sil ane gaqu % &bant can be %east rtiall

hydrol yzed Wt RlRb®rGrangrandR '%g‘pﬁ k¥ieGn EX@mMPlgg of § '§°°"BP @F'Q%PS/ at a
1:1 stoichi orretfnmaioﬁatgrdmperncxuué epham gwuoxp,nﬁércqﬂo aﬁanmauyn a)gl; ofestvame, f or m
The pH of the e[ can- e cf lg&l § %ﬂltt ol n a.gld or a base
toinitiate or 58"%5'3%9’8?"81% agolifyl, yiny. %Pfﬂ% %{E' P& well  known
in the art. Suidolyamincgremsiti on metal coupling agents [ ncI ude titanium

zirconium yttrium F%Hélnoﬁglr ?@nﬂ%&%"&h@ﬂﬁ ggﬁtgtaﬁe profirb Ot Gsd .hﬁﬁé‘ﬁr%?ent

coupling agents and zifcona t's are conmer
avai | abl e f19minsention; Exemplesof usafid Junctienabongano sliane awmnmageomammﬁonm exes

are commer ci al |§éﬁﬁ+{élh|lnﬁa%l‘3p§lfn9 V&sﬁaneglﬂo ﬂ'{?\’ia-ﬂgcgal nE‘BUﬁyﬁn&f\oﬁ%ﬁdﬁb”\ﬁn

Del aware. The am no-contai nl ng rner-t dgents "are co Iex
conpounds in mﬁnelhoms&anw@Iyénngmpvmkoaxs&m@mﬁ U@%m&'ﬂ%ﬂ@%

01/09054 PCT/ Uﬁﬂ@feagéﬁ%cudniu &ea{odsnaaé @aapmgt ébeaa iR - P8 70 eintnd1glyEilsky@m No
functionality. QG her netal ch and coordi nate t% pe couplin a&onts

known to those @'RW“F@G‘“PWSHW éT"F 4 gammganetiagivioxygiopyliimethoxysiagg,
coupl i ng ageot gHeAHE-ahinsplopfiEiEtokyshafielsilhrie QRpiHY £yBits JRA €0 imino 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 commercially available from Kenrich Petrochemical Company.
Suitable chromium complexes are commercially available from E.I. DuPont de
Nemours of Wilmington, Delaware. The amino-containing Werner-type coupling
agents are complex compounds in which a trivalent nuclear atom such as chromium
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5 of the coating conposition on a total solids basis. In one enbodi nent,

t he anbunt of coupling agent ranges from| to 30 wei ght percent of the
coating conf¥8M ﬁﬁ on a total solids basis, preferablyPCTUSNI45%ei ght
percent, and nore preferably 2 to 8 weight percent. The coating
conpositions of the present invention can further conprise one 10 or nore
softening agents or surfactants that inpart a uniformcharge to the surface
of the fibers causing the fibers to repel fromeach other and reducing the

friction bet I hough
not required, "’?g&r?;ecéi%ﬁ%{;{vm@ﬁ%rgéﬁ?t@éitri]?-nﬁwﬁdéé}g {)s are ﬁme%ééﬁ%%ghﬁtérent
from ot her corﬁnd eeordioateftyperdeuplingagients kwq:fe§hqse(§lqclle<8n@hﬁ Ubﬁl‘dm usgdagent s

i ncl ude cati Ofjgpein.NON-10Ni ¢ or 15 anionic softening agents and m xtures
thereof, such as anmine salts of fatty acids, alkyl inmidazoline derivatives
such as CATI ON X Mheampwﬂ@bmwms agent generally ganpes from drte AR walshtRarceshc/ Rhodi a

of Princeta, Stin &\&pétbmn Lblias Hadiatt mxbnaehﬁod.mahfi&.% nﬁ{&ﬂﬂﬁ”sat es

of a fatty aC|d an Iye ene imne and am de substituted yethyl ene
I mi nes, such evgummqntyamwomé t9 30 weight pergent 8%1‘!'%8"%93?@'{“!%%"@!?@"20 i m ne
comrerci al |y auaidofidd fasks! Srateratiy fo 100wdight pbrcent, aHd rhorepreferably 2téBi 0. Wil e

the coating conposition can conprise up to 60 weight percent of softening
agents, pref &eigMperedt coating conposition conprises |ess than 20 wei ght

percent and nore Wh@&ﬁbﬁ@bﬁnb&ﬂbni bfthe presenit ¢riventiparoan Rirthef cdnliptise ohé eni ng
Tostire Fi 1R ST AT soanes onis o bR batnfah brqhEdhafyn dind Higece

speci ficall y mﬂttmrﬁpenszwashmeﬁbéretcemel fioer esich othehandredudingthe fictiors i t i ons  of
the present @éﬁﬁ%h?@r@?& Q&'@é{&%u&iﬂﬁbygﬁbﬂénbg-rt OAIthrcr:a ot F@I e/ Ous materials

that are chemC er en omt eria and softening
agents di scusmferauum aoﬁemmaaanmphmpdyﬂrﬁs&aﬁ&vmg@nmmr@msgt ics to

the fiber strandsafitd tdpshosfay ' Sdn s%ﬂéﬁ;ﬁdjé%n&sum&'dau&}mmﬁdnpéo$ can be

selected 30 fromoll's, Xes, greases m xt ures
f or egoi ng. 1o rAnjonisispitening @Eaﬁrﬂ‘é sniguref theraessueh a3 amipe seltq of fﬁWtaﬁlés-pr esent

i nvention i nclagAmiALSRAE Yeftive such a€ rmirm xamuaz i9 E:orﬁlh&ﬂﬁﬁllﬁ BliIEbIgaX _
mat eri al s such as_veget abl e, ani n@} 0\53‘5%‘) v%%??'},\tﬂ a?
PCTI US00/ 2045é’°"t'§*?ﬂ"ﬁ&°m?n?!$h%? pHngAt °'?¥ga°' Izeffattyarid yseful in
t he Er esent : RvrfidYs| &hgjemséfdsuﬂﬁ f&t@tdmmw@émgemmm?nmwmmuI s and |
synthetic oils. er t ri.cious materia
can range froM® Ucﬁ ﬁé%ﬁv%g;1 ﬂga'g?'yl S??S?TB@%?“E Y8 on a total
sol i ds basic, uplh_ei:arhmb}cjallﬁ amable from3CbgnisiGpidorgtion £ Cincinbat Ohin. (Wiilkatiebl vy
from20 to 40 c%gt%ng%mggit?o%nctah ogﬂgriép@tto 86 We%h?\pelrgeni EPs’Uné.%né gge%tr’s,
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 cne 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 aqueous soluble,
emuisifiable or dispersible wax materials such as vegetable, animal, mineral,
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wei ght percent. Preferred |lubricious materials include waxes and oils

having polar characteristics, and nore preferably Includ L ghl
crystal | i ne WR%¥¥8¥"avi ng pol ar characteristics and mel ti ﬁﬁwblg%ﬁ%‘?gabove

35C and nore preferably above 45C. 10 Such nmaterials are believed to

i nprove the 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 grﬁ diftlor BétidleunPlwitkes: B! Btk Bid Gsoful I e prsBRt ivetiar OUS

material s havin aracterlstlcs i nclude esters forned romreactlng
(1) a nonocar bmcl#?botamawl’drﬂis EWW)"‘“&“WHGH?IV‘I‘@"&P&%rﬁ?"e’ﬂh{n Bimiting

exanpl es of Su%mom(témaﬁ% &h@ﬁa&ic&uu%ﬁi‘téﬂal édh rahdiSiroth 09680 wb?HﬁﬁB‘rée(hﬂoﬂ ncl ude
cetyl palmtate, d ( E'nSte aln

ich1s preferre such as is avajil able
Conpany of waymmzmmmmémg@yn aéotﬂesw@aaﬁepfsfef@bﬁmﬁ
nyristate (& S?ncf?«é/Wé@&lﬁfr&ﬁ\@ﬁ‘t@ﬁ@%@hﬁéﬁ&%ﬂ)ﬁn&&w&ﬁﬁ%ﬂb\%tﬁiﬂh 35 cetyl

| aurate, octadecyl |aurate, octadecyl nyristate, octadecyl palmtate and 20
oct adecyl steaMSMtPRE#y fatty acid ester, lubricious materials useful in

the present ijnvent Pfuve&dmhmufs ﬁﬁawtahyhcnhqermmnd oilsphaling golaat e, nat ur a:
t

P nsoed of | o souPRBIYES. dod s posybly ihefiSe Bidby ARbtelihf Welés AtiBptRE Y ©

| ubrici ous mat mhaabtenstmaad selting pbintseabors 36°Cant nigire prefdrabhiyabaye#atGri al s.
25 Non-lim I I
ondpot yoxdh e FBRrEe ot pbliGodto WiBlofk b vietoliCard for it drpolBhfedid) 01 ©
avai l abl e f romnlﬁ&@Fstﬁndapmaﬁd with sizingreempositions, confainingsiich eplar materigis RBONAX
300 and CARB%%Q t&@) o Berhcits COATEB fith zint cBifBbAIER RoftEiiRy Wikl arkdrgi! de

Cor por ati on cut Anot non-l1mting exanple
useful |ubrici doat domemavamotaocmxamsmx mnsémbamm@rmatsnﬂs biﬂ"ﬁﬁﬁ‘#\'yl ene

oxi de) commrchdglg%eg%%g R fornh&d i fed mﬁmdxgmacMUry,
Connect i cut 054 PCT/ us00120459 The coa osi tjagns of
the present1$ nv@he menohydric algehol. N%"m?“gm%ﬁ@?‘d 3?1%‘%"?5 maseflin i ci ous
materials, suchn@greBél irivehtitn |Mdefﬂeﬁjllﬁ&|m6&vhltﬁk brefaired§ (such asiidlavailgble i on to

O D o et Sl N BShpodbep Bt EasCE 44 sTESRERS
vax, POLYMEKON(883), Syt Myristate mwaianéme frsm Stepan CompamREL S TEPANLLBE 654),
R T
Georgi a, 20 octadecyl stearate. Other fatty acid ester, lubricious materials useful in the present
invention include trimethylolpropane tripelargonate, natural spermaceti and
triglyceride oils, such as but not limited to soybean oil, linseed oil, epoxidized
soybean oil, and epoxidized linseed oil.
The lubricious materials can aiso include water-soluble polymeric materials.
25 Non-limiting examples of useful materials include polyalkyiene 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 fubricious material
30 is POLYOX WSR 301 which is a poly(ethylene oxide) commercially available from
Union Carbide Corporation, Danbury, Connecticut.
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respectively. Generally, the amount of this type of wax can be up to 10 |
wei ght percent of the total solids of the sizing conposition. 10 The
coating co¥BeWM¥ns of the present invention can also i REFHEW MSPesin
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, hal os and broken filanents
during such manufacturing operations, while maintaining resin

conpati bility. As ya€ehdiRg BompositibAs oftﬁébl‘ésérﬁ"i}ﬁl&hﬂbﬂ cdh Emnalli'ﬁaﬂée that the

di luent includes functional groups that are capable of chemcally reacting
with the same®P@Sf foug atherjibriciaus matepigs surh as BemPeRiarRepley Waxehin i, The

di Itlﬁent can ber ﬁh{ﬁddituﬂﬁ)fd c}ifﬁﬂsgmbh?oﬁ?aﬁﬁalfmkwsséwﬁwﬁbOﬂah-ltﬂm?glpSt L hat react
Wi aresin SyS em refera unctional ar ct wi an epoxy
resin system ?mpﬁi)? leum Waxss;! @E@%@ q‘ﬁ%ﬁﬁféact 20 with an
FR- I4 gpory ba emértoeryﬂalﬁlé w&bnowmemr@ smwl mizfochystatiine walk hﬂ% PEPROCEE S

i nclude lubricants wi amne al c [ roups,

aci d groups %g IORYStBfing NiRx Wiic ’}ﬁ{ﬁ"f’m 'ﬁ% %’3@5?’8’"&@ T%E‘Fﬁ%ﬂt with an
anm ne Iglr oup i as:u:i:énnaﬂct[c})ﬁli‘do g:ﬂhmlldeygem_teeﬁ'elymm lm,sloa af Cubrinfiiy Geoigia, \gm (c::(r)\gln ;ssa
partially am da )

Cor por ati on of® %G%B’Fﬁngl ,e'a%%al'{?)&ng&r@%?qﬁ? %%%e%a‘%ﬁF E)@'Jg{l ubri cant
with an al coh(pbrcgntcnime'tstapsdlwsa_omwsiziegcghgqsiﬁon e.g. CARBOMWAX 300, which is
a polyethygne ol Yepd cddifl rﬁpo%&gﬁ?éﬁ*@hﬂe&mﬁ\‘(lé‘r\doﬂlﬂllaﬁaltsli Rl ek DI de

Cor p. nbury, nnec ubricant with
an aci d gr oup réastivexdilugntie futher imptpve dibeieation of) P@%ﬁﬁ@jfﬂﬂﬁﬁwdéfofﬂleearl c

aci ds. Non-1i igidg a&PA de gUol ipFcteksab t.mwaé\mfgoamxknm i ncl ude
epoxi di zed 30 soy@gan ol rﬁ}r&fn oéxblta di zed ”rﬂ?ee oi | '@ngxo_ LCE,

which is an . &sltiging ﬂ);%QPteﬂt'P'rf%fefE? halps a%'amﬁ@&merﬁntsiﬂnaﬁv% is an
epoxi di zed Somﬁf&cﬁhh oéyﬁtlaneqmﬂ@fnauﬁauﬁhé bes\eain azlium f AsuBebiRkRin, Car bi de

Co f Danb Co t t 9054 / US00/ 20459

ep{)g | dlozec?%n | F’%g'ﬁﬁ?@m@%&gmeﬁ;ﬁ that t&g@'ﬁﬂh‘ﬁ?'?ﬁeﬁwvﬂ%ﬂ? FPURS 1BAA® M CK Wt co

Cor por ati on Ofﬁaﬁ'a'ﬁld bﬂoﬂ%wally&&ee(ﬂg With ﬂdetdamegéslmwlth whioh theregatir![g t hedplr ese?t i
t the sizing co i luent as

i scussed abodamprALe e SoTERIgey oY Skl et WBpEEE W e '

conposi ti on oWunetidred groupsithatteadd with @ resin S’Nﬁm;@e&f&rayy fLoaticmel groepsshatan

e ora Y o ik Wi o o] FestFrly BT Uhd il i horaf Ao broBt it a9, O

di spersi ng conpone ositio particles
18 and/ or 2Qubmith iap FR-4repaxy resinssysteon Nqnﬁmlﬁwxemalnapwlt&le bbricants e

?S”“ul:f]' ‘;g' NG agRRdE WBricaHts WlFARine Sroups,'stdRoRMupS Rty dndb Griips) Rffgrogiec! Y mer s
or epoxy groups. A non-fimiting example of a lubricant with an amine group is a
modified polyethylene amine, e.g. EMERY 6717, which is a partially amidated
polyethylene imine commerciaily available from Cognis Corporation of Cincinnéti,

25 Ohio. A non-limiting example of a lubricant with an alcohol group is polyethylene
giycol, 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.g. stearic acid and salts of stearic
acids. Non-limiting examples of lubricants with an epoxy group include epoxidized

30 soybean oil and epoxidized linseed ail, e.g. FLEXOL LOE, which is an.epoxidized
linseed oil, and FLEXOL EPO, which is an epoxidized soybean oil, both commer-
cially available from Union Carbide Corp. of Danbury, Connecticut, and LE-9300
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PLURONI CTM F- 108 pol yoxypr opyl ene- pol yoxyet hyl ene copol yner which is 10
commercial ly avail abl e from BASF Cor porati on of Parsippany, New Jersey,

( PLURONI C F- WM0358| yner is availabl e I n Europe under thePETESNSARASR
SYNPERONI C F-108), ethoxyl ated al kyl phenols (such as | GEPAL CA- 630

et hoxyl at ed octyl phenoxyet hanol which is comercially avail able from GAF
Corporation of Wayne, New Jersey), pol yoxyethylene octyi phenyl gl ycol

et hers, 15 ethylene oxide derivatives of sorbitol esters (such as TMAZ 81

whi ch commer-__ci.al ava F. of Par an
0l yoxyet hyl at ciFogE] BHe smblioh, Ghleh s Fomaespbiaiepie SR CRIFRE) |
conmmer ci al | y avGorperbiion df Tamytwn,New Purkl Aitisdugh odt limitingdn theqresentinvention,

oyt phenol (e RoS pMheTonaEod Rl b pond s O BEBIBEbbNa B0 ©
NP- 6 whi ch ar e amhaunt gpiormSrweight pgrcanta:f theisizing compoBitkson atodal sSigRNMakisEN 668

uhi ch 115 COMIET cl al e BXAL inBodial GO iha e e or iREDSAlling e,

anount of enul sifying agen ran e ercen
coati ng conposiageois fmnwls:fumabr dlaperdeg mmos\entproémercagﬁng qunsltion'a‘osm wei ght

percent. 25 Crogsh, Osuc%%'ag%ﬁ*'?% tﬁu&mwﬁa cfials ”ﬁbﬁ%ﬁ@g%&érﬂﬁégw e and

plast|C|zers es trlrre Itates an at es can al so be
i ncluded in t heerc'daﬁrlngggemmxﬁaﬁaﬂﬁsﬂdum@ouﬁwwem b'e%gqmlvmea (syeh as

Pl asti ci zer - canprARHRCH LADS piiforgpBHER polRSIARAENGopbfher At RO

conposition on a total soll i ves can be included In the
coating conp@si Qﬁi"!mﬁﬁ'a'!ylﬁ!’ﬁ“% ferm BABF Gomrosatiop o Barsippary, NBWJe®eY.ci des and

anti - f ?am Opg MBPEURBINIG Fgeaesedwruem@amaamb opeQindbeths traliéHante we:c ]ght t
percen gani ases sufficien
to provide the %ngﬁn‘g F@wﬁ\?ﬁfﬁk@"?ﬁw s@@a?ﬁgsglg#aqsgo be -44 WD
01/ 9|9954 PCT/ U%M@Gﬂdﬂ&:ctylpnehweﬁandl vdlhh:a ls:ﬂﬁimérﬁ?mmﬁ fron GAR g g
non-limting e sui t silic emul si LE- 9300 epoxi di ze
211 cone. emul o RO Wae i Jerses GVaRatPiRte SO e Bk
Cor por at i on19f étbylenet axide dehieativétoofisorbital esteasi{sich as TMAZ 81 whirhds cdmanérer i ci de
I s-Bl OVET 66 anf:igy_ cr.obi A ' ' | e5from
M& T Chem cal 2& l%&a%ﬁ%%Aﬁ%%g%ﬂ{ea g%gﬂ%‘é#hgig{ﬁ\éﬁgﬁgtakl }'al s are
the SAG nateri a&sgch WALAMULE Eloiti whichlis wm%rbihm\@ilanb frora Bho@nr por at i on of
G eenwi ch, Connggj M?;‘bla | |
Conpany of Par Sl ppany oa’ﬁgw e stgga&g%ﬁﬂ%d% %r@%ﬁ% 6?a@ %ﬁ&ﬂ? Eé?:? o the
coating conpostammeercialy-avaiiable frem BASH) andzrwnvlgmenol surigetents depchs MAGQIL | v,
water, and g enp-6 and ICONOL NP-6 which are also 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. ) -

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 5 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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10 preferably deionized water, is included in the coating conposition in an
anmopunt sufficient to facili tate application of a generally uniform coati ng
upon the stWaRH"M¥he \weight percentage of solids of thePESASYRGSs?
conposition generally ranges from1l to 20 weight percent. In one

enbodi nment, 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 volure P cBfha BibokilR RobRlduhe bl LM AlAS Buagapost o

preferably le unme ‘per cent re 5|nent
t he coating ccmmdsm s bE<9360 emxwzqsﬁ'sﬂvmemtﬂs«mmh@h wmersleﬂytavavab;e free of

gl ass materi alg, Yy, Jaterials”
means t hat the co in J@T@%%ns cgﬁrﬁ?ﬂﬂ%g} #e@iéﬁﬁnﬁﬁ VO urre per cent
of gl ass nat r ibactesicide Saﬁ'@ 66 antinicrabial Fempoupd, which is cemmersially avallalile | ess
than 5 vol uge Rl MDY ChRiitalkTr RaRWay, sm%as *Ssé.{ase L—fdynﬁﬁgsm%ﬁﬁ§ bl -

Exarrpl es of s gﬁass matri x materi al I NC | ass ceramc natrix

materials or the§ maemal%awhmw&m%‘emvaﬂ@le%wm oratian of known t o
those skilled ¢Rehath, Tonnectiélt and MR snhgellmus Na.ﬁm@frmeaemcmuﬁﬁt ion, a

fiber strand conprising a plurali fibers is | east rtially coated
with a coati ngf’fg’gfﬁfﬂPPQY-rﬂfwaf?WgM "%Mt”ﬁﬁﬁ#%ﬁ%mﬁ% icles

Paw ng ? ther ][B%gng”eﬁﬂ&ilﬁi bdatahysﬁf:m?go:h dfadesired., \Mférabmwatéiehgd mbreat a
enperaturg. o n_an r .enho rand co r|5|ng a
plurality ﬁ? f‘?’ff@@'leg‘%lzea &f '%QF‘P&%@‘%%"S‘E’@&W“P?I&%{‘ 1B ERAMREM . orpri si ng
an organi ¢ 30 sufficientioticiitate appiicationcf atgafrally undiorm doatinguuponitie stmand.| Theeach of
t hese errbodl r can be
selected from ?@“88'%?'%% gfas&'r% g{?&%@&ﬁs %&]\ gg'gﬁ;ﬁéesg@'glr‘lﬁcf&
conponent and wéightipercentl ar particles -45 V\D 01/ 09054 PCT/ USOO/ 20459 can
be the same or diffye ,e&émb%ee,;rthﬁ coat 5&% oﬁhéﬁ%#?*ﬁtv@ﬁtloﬁ r(,'aqueous

coating co osition o 9 OITPOS| t I 0N not he
enbodi nent 15 a substantially fremelf glansynateriaiy Pﬁ‘ﬁ?@lhﬂ’ﬂ‘t ;sul@ﬁ*arﬂ'?lyefres qfglags | east

partially coat,gg{em!g hné’anﬁﬂi’ai{ﬂég:oﬁﬁ?ﬁ%h@bﬂﬁbrﬁtcohﬁ%‘é !eé%flﬁammunfer ee | anel | ar.
5 particle having a thermal conduct]vi té of at |eas er meter K at

a t enper at ur e Pegfentefglass matrxatgagls ingglags °%{"9qu Pgef le3sh#R i sing a
Do, HopOS . e A e el
cgnduct i vi FE dpe BPSF@J%"W"\M?FSSEH%"@F%Ppiasitmaée gn% gﬁg@e{'}f 300K. In
still anot2@er “esdentiillytret of glads ihaterials"mesars thatithe iceating campGsitinins carhprisg Of
fibers is at | igastaPag idiithé YercStofHad¥ hitifmafeRiie 1 idbining iR L6RHskites,

conposition
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, lamellar 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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conprising alum na-free, non-hydratable particles having a thernal
conductivity of at least | Waft per neter K at a tenperatu of 300K The
conmponent s i WOPHBYE onbodi ments can be sel ected fromthe ck

conponent s di scussed above, and additional conponents can also be sel ected
from 15 those recited above. In another enbodinent of the present

i nvention, 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 suihReetraisamie dreﬁré;enmﬁdﬂfe c%af.rsa éah%ra%es.awofraﬁ%hnem@ormat' bl e
coating conposition conprising: (a) a plurality of discrete particles 20

formed from mat éP?@B@E‘EPWafRWHF’ﬁBﬁ*’#@&F°@RWabI e organic naterials,
i norgani ¢ pol yneri c (i@jeahdthéreniboBinientia fﬁmﬂ&%rﬁpﬁsﬂmﬁrﬁﬂy BEfuerd i g'ats and

m Xt ures thereof, thmartlcl es havi 2‘8 an avera article size sufficient

to al low st randfagRariglly cogtegy with a ceat °8'H9"q"i9cﬁt begandfreedameilar f or ent

; rf)m fsal d plw a![phﬁylemﬁvmglhwmhﬁboﬁ&{dtw:ﬁyl ot at leadld Wat partmrTb ét&%%t aqaﬁpergture
ilmformng ma en ese enbodi nents, can

sel ected fromtf gg@g{at'? ﬁﬁ‘ﬁﬂ rﬁg@?‘?g &@8@?@3 CappRing a piyrality of fihers s at

enbodi rrEnt , t helq;lswaﬂallly goatéd ﬂttlsalrﬁdaepaari aqeoas wmbdsﬁlan wmpﬁ%tn@ﬂégénhf al

space between east .one t |eas ne adj acent

fiber. In anot h%?%glﬁgga\{lqgeﬁhengalg%cﬁ@\ﬂylptlﬁge Wﬂ“sqeﬁﬂ'e riﬁ%?al ity of

fibers is at | ¢amspergtaretaf 300K. Inctill anbtivériembadiment, a fibarstrahd &dmprisingtai Ng

co osition f st _one f said

i bors, the T BhuraifF ity et iRl barbhy Soatly Gl » Ao or B aqB808 cofiogfion

plurality of palcompmamg almmpa-lf@e.rrg)nfhyﬁra&ﬁblel mesmwngarthérmhle:ohdmmw ofabm an

organi c materi a'egfgﬁwaé'gw m@ferkea?étten%h‘?at%rotfbﬁd formed froman -46 WO

01/ 09054 PCT/ US Inorgani c material sel'ected fromboron nitride,
graphite and netal dVeseamragens inthese ¢pkadiments ean el selestedfipmdhe eeating c| es

have an aver age compérieptsistuddeasibbie, ahd BdifoRartohfPbherts éamisovu'ets d flol At

| east one | icious material different fromsaid plurality of gl screte
particles; amd (Ropesmeitedalavesne filmforming material. 5 In yet another

enbodi nent, a fi ber mtarnaﬂﬂrevaawmsmrwtha ppésamahwetnﬂorp% fibbistfafid témptisinglatast
partially coat ed, wi reS| rTB{)leon on at Ieast a

portion of a suP’fué%'b’ ‘8?"%{? 5 ")SF"%%‘?@I"? f PREbIe eatiRd conpat i bl e
coating conposicompesitivawprat eastes pdrﬁt)n dof ajsurdcel of bi/leddt oflé BEsaRt e theirédie s

materi al 5. conpeenBable SR GRsERt TRy (TS pe st il fdfocs, s T
having an av a@mpafmmahatemlssgleqmwmm sah-hesat expaddatde brganiematerialsat t eri ng
techni ques, 1 angohfhnics3ifhidrid ntateriisTheH R bipafidatid®dontbosite 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 fn
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 ieast one adjacent fiber.
In another embodiment, a fiber strand comprising a plurality of fibers is at
least partially coated with a resin compatible coating composition on at least a
30 portion of a surface of at least one of said fibers, the resin compatible coating
composition comprising: (a) a plurality of particles comprising (i) at least one particle
formed from an organic material; and (ji) at least one particle formed from an

-46-



| east one lubricious material different fromsaid plurality of discrete
particles; and (c) at least one filmformng material. In a further

enbodi nent WQMH®95si n conpati bl e coating conpositions sefCHEINRMSAS apove
contain (a) 20 to 60 weight percent of the plurality of discrete particles
on total solids basis, preferably 35 to 55 wei ght percent, and nore
preferably 30 to 50 weight percent, (b) O to 80 weight percent of the at
| east one lubricious material on a total solids basis, preferably froml

to 50 i ght { L ey : t,
and (o) 10ro RrERRmate siBif fok bafoR e, R ridmerdytBlcdgendiBl TO1
on total sol i whetsircthe plumlityfa particles haveansayerage gatticl size sufficient ig a&ﬁ!\‘ e

preferably 19%& wit ol Klgbﬂ RSt g8 Nibrictbils MBRIHMNRIIfePsT fMSRRIpIRANI) b pr esent
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enbodi nment. of the present vent i i r a plurality
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conposition c ) percent on a total solids
basi s of at | ¢t leastonedin-farmingsmatesial.ed from i norgani c particles, organic

hol |l ow particles | e i 6 forhe havin
p \?},{;?Lugtﬂmhfg-.eﬁﬁ tihd rebifl Tompatibleidoati pREonkdet g

2t T oast e @owsamn (R73to 00 YA RAE RFMIARLPLIBrot ARSHreaRirel
invention, a fsoiRRbatls! preféraby a5 tb 55 Weight pgrcent andimorepreferatily 30 foS0aneightast .
Porti on of a el o) hio B wenGrerntotipe slPR pRgpacelB st b Sl 70!
coating conpogblidsiaskOprterablyTon( Rjo 50 weigistpercent andmedel peeferably droge2( o |
Par dness 10 v ARGl Perbent AT T R ety Bolon) of 883 gk i EAorlG, 10 10
pol ymeri c 2mt evdtevial on total aclids desis,iprefatably Sito &0 meight percent aing mesepreferallent i on,
a fiber str andlo 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 resin
25 compatible coating composition comprising: (a) a plurality of discrete, non-waxy
particies 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 plurélity of discrete patrticles.
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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conprising a plurality of fibers is at |least partially coated with a resin
conpati ble coating conposition on at |east a portion of a surface of at

| east one of '%Fbers, the resin conpatible coating coRgHESMN28459
conprising (a) at |east one hollow, non 15 heat expandabl e organic
particle; and (b) at |least one lubricious material different fromthe at

| east one hollow organic particle. The conponents in each of the foregoing
enbodi ments can be selected from the coating corrponents di scussed above,

20 1 one. enbodoBAE (Bafind &l ki Bampiiediés harf I WBR R SRL 7R 84"
conposi ti on corsplidsianig ohiat lﬁsg ane particerpelected from ihorganic fagiclesaorganit ballovavi ng a
t her mal conduch;a}ﬁcu afd c@rﬁpc{sﬁ@éﬁ?ﬁlgmﬁé atiédst d@éﬂr%ﬂvl@oén@% !‘»Qlthéses of

300K. In anot enbod I S coa on
conpri sing an &alamhich d@éﬁp@ﬁémedahﬂmbﬁhnsdo#%&‘@lﬂe@fat Iaastione of said filers.es. | n

yet | anot her @rbod! MRty &RpbiRER I eI dtin s HRFBRSId LABERR! | 51 10

at | east one boron-free avin rvity
greater than 1Pmrvﬁépemaﬂe%taaﬂ-awm@mtnaéemcorrw@meqoanm. || anot her

enbodi ment, a fcbhﬁbsufcﬁ\ ot et d\pértrorao@ém@éé 6f'a@réa§:%ardf§éraﬁbéi£ thé RRM One
| anel | ar part icle ?@{ a thernpl conductivi tiqagreat er Vatt per

neter K at a t&RPR ting °%'@Rﬂ§'t'°1‘ fopersing{a} o sé?ﬁ%ﬂpﬁ\'ﬁﬁt'""r&aﬂ'? ber is
coated with 30 partiélémhﬁﬁhd ) mhs'mruuess Veflueivhititdees nemoaédlmbmmaﬁsfwmess

non- hydr at 0 art havi t her mal .conduct.i yity..greater
than 1 Watt R’E oB# least e Wﬁl!’??t HPLE) ot lea gre PolyRerig T eseiAlo 54

PCTI UC810012(3459 I'n méﬂﬂﬂloaMOMt offthe pwesent invention| ?tﬂ?i’rstrﬁmd afi berI i's
coated with a cQ Sltl 0 Lscret articles
formed from rratcgﬁ'Bﬁ ggfag'@rggﬁ%om no t%ggaélyg%é%ét%gb? 'éesE‘r'ﬁHWa Bat eri al S,
i nor gani ¢ pol yroeafing aomipesifion an at leasha pertion ofqsunfdebbfat eastnei of saidfibers, al s and
m xtures there

sufficient to gf‘ I‘oe\t?vmg:to r ggtiy'ec&%ﬁn{]%%tﬁgté&r gﬁg@%@%?@%@ﬁ%@%&m erial

di fferent ft®mheat exppndablel drganicartinle; and (k) apleastiope bibricioyrometetialaifferardst one
film formng rfm,ﬁhég{leagtrag,gﬁgumgg}% Sidedi ment, a fiber is coated with a

conposition conprising lurality of part i cl es conprising (1) at
| east one particle ffB® ﬁ%’ﬂqu\eﬁﬁtm sarhaf §iefptearing embedimenta gan be jelegted femt one

particle fornednd edaﬁh@aommsaamseuéaaa 8bbvé] ardadiiftoRal cBMpbienta iy o tri de,

graphite and net | cha enr des, wherein the plurality of particles
have an aver agé® %ﬁtregfret“é ected@Pp¥a-ent to al | ow strand wet “out, (b) at
| east one 120ri ci Oummaﬂboalméiiéftﬁéﬁl%erﬁtf‘%hml,dﬁlﬁ&rhﬂ@ddtéd/mﬂfa discrete

particles, and c(aﬁv]aosition 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 is coated with a composition comprising an organic
component and non-hydratable, lamellar particles. In yet another embodiment, 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 atemperature of
300K. In still another embodiment, a fiber is coated with a composition comprising at
least one lamellar particle having a thermal conductivity greater than 1 Watt per
meter K at a temperature of 300K. In yet another embodiment, a fiber is coated with

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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at | east one fiImforrn'ng material. In still another enbodinent, a fiber is
coated with a osition conprising 15 (a) a plurality of di screte
particles prﬂﬂ rT?‘rom materials selected fromorganic nECEUSH2459; nor gani c
polyneric materials, conposite materials and m xtures thereof, the
particles having an average particle size, neasured according to |aser
scattering techniques, ranging from0.1 to 5 mcroneters, (b) at |east one
| ubricious material different fromsaid plurality of discrete particles,

a0 0] B oot ORI idihdd of e BB flonidr 1980/ SSargTag ment of e

present invention, | ber 1s coat osition conprising (a) a
plurality of Q‘P’BQQS!SIPQ compriging(R)/a pluralityof discreterpagtisles fgmed flamdnatatials sel ect ed

from organi © Eéaéd M nof AERIRbdrRaliB oRah riatéril, oliatic§BiyhaE Adlerpts| N°

particles having an averaqe par t si ze, measured accord ?aser

scattering 25Men-beatexpRndable sormpasiie matarials and mixtares theraafnthe.pastic ?%Prﬂ?v(“s) at

| east one lgubpp Gieraige pémeeﬁtééufﬁ&efni RO strard Wt dug (a)laweaétl o'hh! mhc.duss crete

particles. In yet another enmbodi ment is C a conposition
conprising a Fatsral @MF’PMﬁ?'%‘éf?'ftﬁgfd'mﬁag'ihf'?%ﬁngééﬁf 'ieg‘l"tt‘?@eg'f“'l east one

coating COWDrfoﬁhmg niitétfal. Oh yelwhothéPembodifiént, Pfiie? R doated withta®ompositidn ds basi s

of a pluralit articles se ected from.n ni ¢ 30 cle organlc
hol | ow partic @elueliy @ wﬁ‘ﬁ "S'E%ﬁ{jggiﬁsf?'lﬁ @?%JQVWS@ Mbhs'
hardness val ugn udgaﬁb mimm and (iip aesst onénpnrﬁmsmmm an muognhmenaténat ai d
glass fib

0905¢ 0 f th
pr esent ﬁ\%nfé%%mé " parep "ﬁ%‘f lai&ﬁ % 3?14&3 d'clhglcé%?'[ I on *%gg?n'gﬁe% lm;()a) ae
plurali ty of bfpuatidesrhave mam@mqsmmﬂeam dlwsmndlmgvt {mat pol yneric
ggﬁrgg!sﬁltlolnnc%r%r%tr "gig’%'?&%m%n? ifw'ﬁfsgﬁ%ﬂmw non- heat expand(az)l
organic 5 paraﬁleas&gneanﬂovmogaatenelast one polyneric material different from
the at least one |h%h¢ Qrgdumraa\eb&meﬁcransér@s cdafem@wrﬁdo@m@d cdmipremp TNt the

pr esent |nvent|on I's coated with resin conpati bl e coaling
conposi ti 4 h@)?rﬁ’b"’ﬂ'%?ﬂ%@e eastigles fgrmad fiom @P?Fﬂgsﬁ's?fﬂ%g?"ﬂﬂﬂ?"ﬁn at least a

portion of a marehaleein&garﬁapslyrﬁértwﬁaemc&nﬁmemrws ameaimnesmﬁvﬂ Si ng a
resi due of an atin on co

di screte part‘h%ﬁ’@&'céﬁﬁi’ﬁ%a'b %tpaﬁﬁ’tf amﬁﬁ %?F%‘F’"‘P?ﬁ%‘ag?ﬁﬁ?a ]fin éoat i ng
of the si zi ngchnkmessiahging frorhioet toGmiorartess, (i) at ieakt ank iubnieiobometedaing

erbodi ot S C8RelRf ith fit Pl FliolrBR cuRekMha I GRRASI fhhRHEgT above:
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 scat(ering

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 particles, 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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sel ected fromthose recited above. 15 In one non-limting enbodi nent of the
present invention, at |east a portion of at |east one of said fibers of
the fiber st MMMt he present invention has applied thePEVESHAMIYUCOUS
coating conposition conprising POLARTHERM r) 180 boron nitride powder
and/ or BORON NI TRI DE RELEASECOAT di spersion, EPON 826 epoxy filmform ng
material, PVP K-30 polyvinyl pyrrolidone, A-187 epoxy functional 20 organo
silane coupling agent ALKAMULS EL-719 pol yoxyet hyl ated vegetabl e oil,

| GEPAL CA- 630 et ho d oc h P et hyl ene
gl ycol nonol aurGat eX ?’5’ AT @%‘;"%Smm@’g&mf\‘j 'E\Ei%q%fggp?%%@ﬁ% d _
Conpany of Chicompasitidnl dompdsisg ta) e pﬂhﬂ]@(@mamﬂmﬂnqmria perticjesaandifh) atileast

| yet hyl ! . t
Povention for ohapoyhBndBRlens; yhafl bl emodiipitys fBeple e Wi 00" (/g
gl ass fibers ofcompesitiannemprsing () a@luralityof hollaw.mon-heahaxpandahleraganiopl | ed

thereto a drg | I ng
POLARTHERM 1 % %a&ﬁ%g%hﬁ ﬁg?tﬁage ¢ ré'gﬁ' ia Qe f?\l"ir'ﬁg %&QQ%H_HEASECOAT
di sper si on, RDhglpmnorganic partiele. |W44ﬂ'903||9mb9dlm¢91 therressnt inwention, St@KISPHEN

2000 pol yester Stibie lco2ihal g&itidh ME agents
and A-187 epoxc?%%ﬁrggggﬁgﬁgino S|thir?ec°§%up Iﬁvg@gﬁ% R%{IIS%F 108

-50 WD 01/ ogosélmﬂomsem' leasha 9@3&%?%%@5%“&@!#&925&4*}% safendapol yrrer
MACCL NP-6 nonyhaig %l‘npﬁélﬁé]a?ésiﬂﬁbof aVaqtiold Ebahﬂ@c@ﬂﬂ:shﬁn%@ﬂ rishipx i di zed
silicone enul sion. In anot on- | h tin nbodl nment (')1 abr c for use
in electron@ GuRIG ?fd's’l?fﬁé?ﬂ%"“ 7S 3Apde rq) ast 3\ peftion Shthe prmapLcaating ofyr ¢ i on
of at |east onenedizifgicsm@shies. fibers 5 of the fiber strand of the present
i nvention has appli t her et o,_an uequs, coating, c sition co | Si ng
POLARTHERM r) PT 16%%8?’8??’\‘?[“?#’? asecﬂp‘*i@zfifweaﬂ'asﬂ Sﬁb"%&%&&f@%@ﬁ

REL EASECOAT- COitite &iating sqrepchients disBiésed(aBbve, prd additional comporneEntscanaisobel 74
acrylic-functi || i ng agent, A-187 epoxy-functional
organo sil ane %(%%%ﬁegﬁ'% r‘ﬂésﬁt'ga%ff%s EL- 719 pol yoxyet hyl ated 10 veget abl e
oil, EMERY(YS 6717 preens nontimitingiedibodichepbofithe present inventioncat (¢St 8 p3rtion of

| t DES pﬁga\g ne-
Bgl zgiyg[ hyl enﬁ%ﬁ%@&@%ﬁl&ﬁﬁl&ﬂs kox&ggr&g&ton %@%gPMigﬁd SAG 10
anti -f oam ng nmdfesetoan. aQP$°l{§é§?tF'SG°mPﬁ$'E°WW'§'UQ BpLéRBé &@ﬂsmﬁompt i onal

further i ncl ugiRRARdFbidorBORER NIRIBEHEBABACHRT depoRIACEPONT e aCT V1 | C

copol ymer 15 hol | ow spheres. | n another non-limting diment of fabric
for use in el e@PPRHim-Toiming material, PVP K-30 polyvinyl pyrrolldone A-187 epoxy-functional

20 organo silane coupling agent, ALKAMULS EL-719 polyoxyethylated vegetable oil,
IGEPAL CA-630 ethoxylated octylphenoxyethanol, KESSCO PEG 600 polyethylene
glycol monolaurate ester which is commercially available from Stepan Company of
Chicago, lilinois and EMERY® 6717 partially amidated polyethylene imine. .

In another non-limiting embodiment of the present invention for weaviné;

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 silane coupling agents, PLURONIC F-108
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boards of the present invention, at least a portion of at |east one of said
glass fibers of the fiber strand of the present invention has a%ol I ed
thereto a WEH@MS4 of an aqueous si zi ng conposition co 8{2
POLARTHERM r) PT 160 boron nitride 20 powder and/ or ORPAC BORON NI TRI DE
RELEASECOAT- CONC 25 di spersion, RD-847A polyester, PVP K-30 pol yvinyl
pyrrolidone, DESMOPHEN 2000 pol yester, A-174 acrylic-functional organo

si | ane coupling agent, A— 187 epoxy-functional organo silane coupling

190 pol yan dePoRPRRIBR HSRBREN BitaR e MACOT NP ¥y BRRR) dlfRany =00 O
enbodi ment caNVERSAMIDA40 and LE-OB00 ennb(ldaed sineemuisionHP- 1055 and/ or
ROPAQUE(T) OP- 96 anyréﬁ{k‘éfg&i’ !YrJn’n 9@%&& bf #]&Lh@fﬁr SPA" roﬁn@cngcgtitl | anot her

non-limting enmbod ric use 1 n mna printed
circuit boardboards oﬂtbaptesmtmentlmhaﬁbaaiﬂ podign of @leashenesefisgidglass §beshers  of

he fib d f
an 30 aquedtic ohie Re pEng PIRE 9%3%%*3@?3‘?@%%5"?92’1‘%&95& U8 oSt 055

and/ or R@AQdEﬁpc}sutmcémpﬂsnyg BQLARTHERWM® FIO160) bffﬁé‘r"“ﬂﬁ? PW%ﬂ Ples, PVP K- 30
pol yvi nyl b%&%éﬂ (EE s?é&ﬁ@rcéwbrzadnm v k3o
ano sl |l an X

acrylic- functl e cou |ng agents_and A-187 e

y_
functional or qpalwn)dpvrmhdomﬂpﬂ natQyeanp silane;gopph Q?a?gFﬁ'aﬁT? ami dat ed
pol yet hyl ene g},,@erg : Faﬁ’ smcﬁ i a@&itMlIl@WLSTW193ﬁolﬁxVethﬁﬂed0X|de

Itol e

derivatives of sters | ated a enol and
MAZU DF 5 1136 Vasmhl¢ @hﬁMﬁ}Y%%ﬂ%ﬁ ia AF‘E‘W@&?&W&&W‘P%M%M par ti cul ar
errtv)\gdl m%‘néI / %%%%lébé K Tngdmcdo Ster, Pgmﬂmsboﬁwt&ﬁylbm-on Im tride
powder and/ or ORON r n yet
anot her non- | iPRYeXVSthYIERS GRRAMENR" @Wﬁ%ﬂ@w@ i‘gfrgrﬁ%cé)@rcw t
boards of the aﬁf-ﬂﬁﬁﬁ’ig hateasl! ifaesire, thisqasticular eobtdiroentaan aptidnakfuthesne of sai d
gl ass fibers ; of > plied
Thoroto a r esitiESHORRUER S Deb 30eF s AuBEIEh stRHE R RERIBRRED,
2000 pol yers empliow dphéresacr yl i c-f uncti onal organo sil ane coupling agent,

A- 187 epoxy-functi RetrbridNki -108
pol yoxypr opyl ene- pWoxyeﬁﬁmﬁfgﬁgé g’gp @%?#EB%E%g%'Be&O pol Qgﬁ de, MACOL

NP-6 nonyl phemand; ofifle p@senitnveptian, ablepssayporion f etdea%gnﬁef)sam%ﬁmou Si
100 | ud

100 1 |1 A et A e

hol | ow spher egqum/sazmgmmmmtsm 966R155¥BM® PTE#‘%ER?’I)UQK@& and/ or
ORPAC BORGY, NIgLRuEEanGior BRPACBORENHTRIDE RELEASECOAT-CONC 25 dispersion,

RD-847A polyester, PVP K-30 polyvinyl pyrrolidone, DESMOPHEN 2000 polyester,
A-174 acrylic-functional organo silane coupling agent, A-187 epoxy-functional organo
silane coupling agent, PLURONIC F-108 polyoxypropylene-polyoxyathylene
copolymer, 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 polyvinyi
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di spersion. 20 In another non-limting enbodi ment of fabric for use in
electronic circuit boards of the present invention, at |east a portion of
at | east one WY gl ass fibers of the fiber strand of PEBUBNESAL

i nvention has applied thereto a residue of an aqueous coating comnposition
conpri si ng DESMOPHEN 2000 pol yester, A-174 acrylic-functional organo

sil ane coupling agent, A-187 epoxy-functional organ silane 25 coupling
agent, SYNPERONI C F- 108 pol yoxypropyl ene- pol yoxyet hyl ene copol yner,

EUREDUR 140 pol na oxyl at ed
nonyl phenol, %’)@chﬁﬁo@rﬁﬁ?ﬁéﬂg@gﬁo ﬂ%?e g‘ﬁ'{? %ﬁﬁj@% %?H] “osi n.
In addition, t hlfmcpmal ongahmsulaee‘noublmg;agerts;EMﬁRY@ A7 padimliyaRidaiet( r )

HP- 1055 and/ or OP- 5 i 0 r | o pheres,
30 and/ or PO.AR’?%Q&‘%'{ ﬁ%ﬁgﬁgﬁﬁiﬁﬁ ?%‘@éah*@wﬁeeﬁ‘m o?‘%ﬁ&gd‘%m

NI TRI DE REL EASECeWRtiGENS sBhitdli esfers, MACOL OBA0\Atha3¢iated @lk¢iphentl aivDAZ0 459

Wil e not pregfer |

conposition EgS| r‘r|15 gnt: fdapﬁ%@%é scr@éh“%éslé%?hatg%gﬁ%u%%@%df part icles 18
can be made in Mﬂﬁﬂ&ﬁmewnphdﬁﬁcmlﬁﬂﬁﬂM@Wemlbewn nitridypowdecandior, it is
more 111 m for i g B R A B o r ol done: one
or nore silane coupl ir'm@tag@thers'\ondw;mg@mb;xdwnt qéagnpf@$em!¢@rnaic ciseufano

silane coupling u%%efoﬁmarbsﬂesénﬂ;&?enﬁ&%weaétr&%h%%k at 1048 8RO of ¥aldPisss B! | NY
agents; and at |east 25 ercent@c%s the sizing conposition on a

total solids'®asfthediperstiand of top eﬂ*d'f“@l"?‘%ﬂ h‘ﬁz%PP'l'?& thrspta.a regidyg ef@er j st cs,

such as STEPANTR4uéns oﬁ@ﬁrhé'coﬁﬁbﬁhélﬁédﬁnpnevﬁ@ DESMORHEN Z00bQoRester, dAaqrae Wit h
the present invention. be furth %gﬁlpgw t ed ?fé‘ﬂtho e skilled in
T

the art that fi l?éfy""s‘f"ﬁ“&'fﬂﬂ'él ‘Pfﬂ?ﬂ"rﬂa?f ?°é"§ EROYFURGUARA! PR Sfaneon
that is essenticalplgages, RIURONIC BhwpdﬁxmapMemwefydhﬁéhefcamym and

e et B BB Am BB BENGAE el OB i B ° e
corrﬁozI iti 0251 Bf polyetiperecxide) and-DYNAKOICAS 100 rgsire paadditidny trasparticilsrt aﬁl e

t.
preferaply, ¢ he SbeanisakiaheTaciddd sSAUERIPRP 108 i TapAQUER dETsg 0°
the desired weishirenesordiecopalyherdwliamspherescahd/ay ROLARTHERM® PEN60 bores 18 can

be prem xed W liidlad Slder S@%&%ﬁ#ﬁés‘&dﬂ ﬁﬁkYbéﬁEE‘Eﬁé‘@béRT posislor: Rl

conponents of the coating conpositron prior to mxing wt remai nl hg
conponents of t iSPEEN ng.
20 In another non-limiting embodiment of fabric for use in electronic circuit

boards of the present invention, at least a portion of at least one of said glass fibers
of the fiber strand of the present invention has applied thereto a residue of an
aqueous coating composition comprising DESMOPHEN 2000 polyester, A-174
acrylic-functional organo silane coupling agent, A-187 epoxy-functionai organo silane

25 coupling agent, SYNPERONIC F-108 polyoxypropylene-polyoxyethylene copolymer,
EUREDUR 140 polyamide, MACOL NP-6 nonyl 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 andfor POLARTHERM® PT 160 boron nitride powder and/or ORPAC BORON
NITRIDE RELEASECOAT-CONC 25 dispersion.
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Coati ng conpositions according to the present invention can be applied in
many ways, for exanple by contacting the filanents with a roller or belt
appl i cat or, WOM54 ng or ot her neans. The coated fibers RETHUIEPID| y
dried at roomtenperature or at el evated tenperatures. The dryer renoves
excess noisture from 25 the fibers and, if present, cures any curable

si zing conposition conponents. The tenperature and tinme for drying the
glass fibers will depend upon such variables as  the percentage of solids

N the coating comb hifiefsfeyRBEYHaAdNaving 4dld o7 cofthgRBmpbligkh and type

of fiber. As used herein, the term"cure” as used in connection wth a
conposi tion, siulagiqthose 4?3?,’[5’%&*’%%5"\’? fremot-padicies 18 Gambe MAGR inany

crossl i nkabl e ACESTRAHRE With tiRf présedit inGéHliBA S inldartituldf, & |§éoniéhﬁﬁétemé¢rb§h| y
crosslinked. In certal n enbodi nents of the p resenhm i nyenti on,

crosslink den&pmpatihle gqating.campositions.ingluding,onsf ore film-fogming ?‘ﬁ@"ﬂ%gﬁ“&'é of -
WO 0|11?90545 PGF/P\J@Q@BK Qﬂaﬁﬁnyl ﬁirﬂﬂdd;neﬂ&hé\@' mdraams couphing EQérﬁslisd&% ;)f

conpl et e cross|inki in y ranges
£ rom 350 + o8 Tk Sei-AuniosaLiDana Sighe FaPINg daebts o AcTRR spy-Uscianal? o5 o1 ¥ e
density range%rédn@@l&ﬁ%hﬂm&ﬁ&’emi ahd lat least 126 peicentiby weightdfithessizihg ed i n t he
art will understand.that t SC f l'inking, i.e.,
the crossl i nk SQBREFHAP °“c%‘ﬂgg%°? %n&ﬁe%;ggg&\gger"& q:%g?&%r;t hods, such as
dynam c necharhamattetisties,sath anSTERANTEX BB ety i paimijate, daobymade[rabor atories M

|11 DMIA anal yze er% %ﬁp%ﬁ&l}%&)réﬂmﬂhv&itlbﬁ O?% be hﬂrﬁr ?@r&?’ﬁ?zfiﬁ)}tﬁ Q(ﬁl%dt he

glass transitl re and crosslink densi r ee
coatings or pd thewstdhat fiiératrandsthaving 4lregin m&ﬂb'egoaim&omm%nmtm aI are

related to th%s?ér[t]uylfytfl'%%h%mél%ﬁ%&ncﬂmh mf&ﬂbrb%tammaaeﬁﬁ&ae&wm to this

met hod, the | engt | ckness of anple to be analyzed are
first measuredUPRaRs %QSPF@W@'W'QPRQW @Beﬂ%céﬂe"c??"t“ﬁé" psridanee WithdRer at or i es
MK M appar at UpresgRtnédiorli MENsi onal measurenents are entered into the :

apparatus. A thermal scan is rup at heating rate of 3C/ niln, a frequency
of 1 15 HAD a strailhe 6‘?“"&@%9“33'8"%°fg'[’%?'?§°¢ g’r”ﬁ'&”ﬂf’a'bb?ﬁ'eﬂfreghﬂa@’arrpl e
nMeasur enent s @QRabie meted Such\ed comentisiil miking well ésowf todiefse skitdd inthe agl. ass

et orm ned acEBraRRY. P coRPreRiE U etiob o Y PRI 1 Ve
I ndi cat e a hi glesirediesight peroént solals aind mﬁedgogetther hEhecpealicles(.8 cah be premixed of t he
coating Co”po%th'm?arﬁrp&ﬁa&&‘u ar'd htenﬁ%{ é&%ﬁ& té& 36?%& egc&gpo%ﬁt%%f)ﬂ?'cé!adn ss than |

30 percent by wei nor e era €ss ht and
most pr ef e’&chblcymbesnmlontomxm wlﬂp@ﬁwmmichmoglhntsaéthmaetmed by | oss

Coating compositions according fo 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
compaosition 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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on.ignition (LO). The coating conposition on the fiber strand can be a
resi due of an aqueous coating conposition or a powdered coatl n
conposi ti on. WO AVBAE enbodi nent of the invention, the-tQ" F’ég'gzoﬁ?an 1
percent by weight. As used 25 herein, the term"l 0SS on |gn|t|on means

t he wei ght percent of dried coating conposition present on the surface of
the fiber strand as determ ned by Equation 1: LO =100 x [(WWW 1Wi] (Egq. 1)
wherein Wy is the weight of the fiber strand plus the wei ght of the

coating Como%séﬁﬂ:ngfﬁﬁ%es%ﬁ?tb B0 Eﬁ'ﬁ*"&? cﬁ,ggﬁgf,gbm 04C) - for 60

m nutes and Wes of t and after heating
the fiber st raremnodnmtsomemlmkmasw rem@towaﬁ/o to) 850k ef fulbcrassiinkiag; tmnd

cooling to roo
PaT] Usa 20486 Dtie? SREbSAE, tgéc'?gs%?%&@mg?fg@%g@e% %.9&36' the initial

si ze appli ed afq’QﬁS“'NﬂQelom indhe art wil Wﬂéﬁaﬁdﬁ\a thg presencaend fegreetafands
having 2 to g5 cp&ghrfkingeiré tRE EroS4iinR BEnsity 2daf bBrd%{eﬁﬁiﬂm by éo&é@oﬂn@&%ds' bers

per st rand. A secondary coati ng, conposition can a rimary
size in an 5 S48kt deremicmechanics thesmal Wa'yﬁﬁdpwﬁb‘ﬁ’ﬁ)?@dﬂm’i'ﬁ?ﬁ’%&eﬁhe
strands, for emni BMPX analj2eP cortiutied uheérinitfbgeh.” Rilsimethod dbRtiineéSthedidgsnNg t he

secondary coating composition t he sec nd coatin corrp05| tion
upon t he coat edrabsifigmigmperagire E%F@Eﬁ%hag"sftﬁgﬁfﬁ? '@ﬁg{% 8'

applicator as dfnase'piyRitariiepertiesbia coedinateril mrrdateamhestrpaemeﬂtnw ough a
die to renove excess coati conposition fromthe strand and/or 10 dried as
di scussed aBdv&ressiinkgd P%ngfflm ent to at least partially dry or cure the
secondary coating cwaswehg'mhns rﬂ'étbodrﬂtﬁenbtlawddth.rqndnmtkmsséufrasmmlqiorlg t he

d t t by th
cont 1 gur 2t on. PROTE S8 e r8Relréy i ssrpERohe MSkfeaTh Bl Y L,
application ofLabh-tm'lesMiﬁtlﬂlapparauS.latgtb@d'p‘@!?ﬂ?ﬂ%tﬂ%#ﬂ@“ﬁﬁﬁﬂ@@%ﬁ infhown i n
the art. 15 SuldhgBhs ?ﬁEQORﬁ%wau%eeﬁm&\%h%@gmm.ﬁ afedtlencyp10r more

film formn ricants and tives such as are
di scussed abdveHz Bistraing $20%.angd astaticiferge PEO.B1N, ra8d SBMple MeRSWEMARISOSEHN t he

primary sizing &BRARS sbidiBs. 'rheemodéafdé&haﬁ&ngﬁsm.ﬁ&.oh%ra&e &Rmponent
whi ch is chem caII different fromthe conponents of the s

conposi tion; orcrpssinkdansity ofshesample,can Qﬁf?‘%‘l‘ﬁf&ﬁé’?ﬂ‘d'%m&ﬂ's W%Td’lﬁﬂermhl ch
is different f raeasluﬂﬂedéhawveefndda& §ﬁi§ﬁer®§§ﬁ6lbﬁﬂbssﬁﬁlmsﬁhmaﬂnd he sizing

composi 11 ons 1 nol udiTy FELG R Bl aRtrt. s Reelen Bese PR e e BREHR nos.
4,762,750 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 measured by loss
on ignition (LO!). The coating composition on the fiber strand can be a residue of an
aqueous coating cbmposition or a powdered coating composition. In one
embodiment of the invention, the LOI'i5 less than 1 percent by weight. As used
25 herein, the term “loss on ignition” means the weight percent of dried coating
composition present on the surface of the fiber strand as determined by Equation 1:
LOI= 100 X [(Woary-Whare)/ Wen] (Eq. 1)
wherein Wy, is the weight of the fiber strand plus the weight of the coating
composition after drying in an oven at 220°F (about 104°C) for 60 minutes and W,
30 is the weight of the bare fiber strand after heating the fiber strand in an oven at
11580°F (about 621°C) for 20 minutes and coocling to room temperature in a
dessicator.
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and 4,762,751, which are specifically incorporated by reference herein. .
Referring nowto Fig. 2, in an alternative enbodi nent according to the 25
present i nweToess the glass fibers 212 of the coated fiREVUSHR4FI 210 can
having applied thereto a primary |layer 214 of a primary sizing conposition
whi ch can include any of the sizing conponents in the anounts di scussed
above. Exanples of suitable sizing conpositions are set forth in
Loewenstein at pages 237-291 (3d Ed. 1993) and U.S. Patent Nos. 4,390, 647

and 4,795,678, eagf of which.is Lfically jn . ref erence
herein. A seconda?{g‘ef%@Pplﬁ?%?fsagf’%@ggoﬁ%af‘é' @Siﬁ‘ﬁgﬁgé 'Sglg?\g)c‘)irtl’e l|es
appl i ed to atfotnextion, the fiteré arergathensti iptostrandsiiaying 2de 15,000 fibers per strand:r
surface, of th LA ) econdary coating conposition
conpri ses oneangrpr#%'lragﬁﬂégg‘yﬁggﬁ%\%%{%354 PCT/ US00/ 20459 of particles
216 such as are difcsasendaty coatitig corposition van besapplied tothe primary sizs imane
enbodi nent . t i ' ' [ ndary
coating. | cBmyPF SRR t ool e PR B e e B 2 ondar
coating conxiigping the coategstrandrina baimeontaining she secpadaryeoalipg cerapasitignpor t i on of
the primary coath compoNti thltB8ate8 sPAdr by cobétihg | S a
powder ed coats%?iéd}"@gpr%g%(%Ow%g,%Qg%d I n _%g‘r%ﬁ%ul ar,a a ovvderr gd coa!thlgng
conposi ti on dherpeated strandavithianapplicator as digcusged above. The toated strapd Ganbe ¢ he
oo ol A A et
parti cl es10hcdriediss sissuserd abeefora time sfiicient tq gt ieasteariglly dovor cute e ¢ (o
hydrophi i ¢ pgdebhdanféoatind'€oniptditiop.NThe methodanshapparatud fodapplying tbé es can absorb
Feact i'on wi ¢ HPCHBIaRaGBng Eororgpeiion e B P eBitah BB By b 7.\ COOTL PR,
vvn: ch bl ocks wnﬁguihidnidifﬂwefsuahﬂmatdrlalgr‘Iaaestrarfd issmrefarably dried after appiieationi ces of a
t el econmuni catd.ons cabl e ' : ' i dis used to -
reinforce. 1 f&ef?§§%§ﬁ%?‘g%hj§”'ﬁ€b§8'§ﬁﬂﬁgﬁ{sﬁ%{dt em\i\l’}ae[ég{r'1 enetrates the
i nner str®6ture orSuitable eecondany coatingichmpesjtions pan inpludeenegrimgre iRy | s
subst ant | al | Yiohfihg inaffhals/ EbRafis aRe Binek BitiiRis SuchRadps gisslshieatioval TR ct | onary
Ich Ts specifica

at page 3, wh i ncorporated by reference_herein. "Swell"

means that t heecRRdanoeaating is preferably difiprent.iromm te Rrimagy siging Foreasiing. Legde
Vebster' s Newq§edrtiad aticastbrid éd?r?&h&m%&ﬁ?s) crinicap@ifférentifiohBthewhi ch i s

specifically I ncorporated by reference herein, Pr Eféerabg% the . hydrophilic
particles swefampenerts ofthe Sizing cRMPRSitRR; e {2) contains|at least qrig compANehit ala| t ¢ i nes
their ori gbonasmélint whkh & differéritdrofithe aipberitof thilssimé eompanent contdimasidn theei r

O 01 nal Rl QLT 58 Dok il YRl ol © 501 1 ¢
compositions including polyurethane are disclosed in U.S. Patent Nos. 4,762,750
and 4,762,751, which are specifically incorporated by reference herein.
Referring now to Fig. 2, in an alternative embodiment according to the

25 present invention, the glass fibers 212 of the coated fiber strand 210 can having
applied thereto a primary layer 214 of a primary sizing composition which can include
any of the sizing components in the amounts discussed above. Examples of suitable
sizing compositions are set forth in Loewenstein at pages 237-291 (3d Ed. 1993) and
U.S. Patent Nos. 4,390,647 and 4,795,678, each of which is specifically incorporated

30 by reference herein. A secondary layer 215 of a secondary coating composition is
applied to at least a portion, and preferably over the entire outer surface, of the

primary layer 214. The secondary coating composition comprises one or more types
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i ncl ude snmectites such as vermculite and nontnorillonite, absorbent
zeolites and 25. inorganic absorbent gels. Preferably, these hydrophilic
particles arWOMBM5¢d in powder form over tacky sizing orP pRUET Ky
secondary coating materials. In one enbodi nent of the present invention, ‘a
fiber strand conprising a plurality of fibers is at |east partially coated
wWth a resin conpatible coating conposition on at |east a portion of a
surface of the at | east one fiber, the resin 30 conpatible coating

conposi tion havy i & at least a
portion of a suﬁ‘}%gglegfmtg%{é%afé egs&tgu%%% Jét‘) IMV&% ia s‘gécdo{r?aa{ﬁg coating
conprising a reembediment, tha seepnday<oatingtis a gesidymohan aquaous senondary neptiag | east

one -56 WO 01/ Wnt.ﬂ’ﬂnﬁﬂ%&ﬁﬂéﬁardé.&g&hﬁa o%%@onagg chitfhgCVer at

| east a portion of the primary coatin I ZzIn ositron. In a
preferred embodfreapsition ﬁ@namsmséa@eﬂa@nemae%en @!t!easpappmen of QPB@FU@Detmgf roma
hydrophilic Barméhbﬁ\eV\QhB&nﬁEI&%E%eéﬁﬂéaﬁ%&inﬁﬁs %&ﬁéeré&‘ dﬁﬁ&&éﬁéd& the
hydrophilic partlcle 5 Further to thesée embodi nent S, e ahount

particles in th and, inparticylar, a pQywderedicoating romposition @&WPW&'E@“Q“FWR“P‘MHQQ

wei ght percent meﬁth@bﬂ.bnspdhb@amamﬂng preferabl y from20 to 90, nore
preferablyfrom25to 80 wei erpen and ve m)re referably from50

to 60 weight percentin@paltema haRsrpndapy ¢9ting 37 o
tertiary |ayer eaﬂpdsft:oﬁompﬁseayyropﬁiﬁe h@hnnﬁ@lﬁ%ﬁh&S&hﬂﬁbWaM' ied to

of a seconddPy ML th eides 8 nASpryRisBlnRes. e NeBtppi Reidinzgis
primary | ayer 3particés ecanmbsorhwaterior swej| whende cantatd with-watee or perficipste in a
Certi ary coati ngerisHTRaRd ith (8 thally \olh el h viBEiga i sBlien'S ¢

tertiary coating rary coa t

preferably di ffUhlelmblt)f:ksmnnﬁmtsi@mrhwsyOfsﬂdswomwmsmfaand t he
Secondary coat | kcbRRRARAIdNG Sanib which tid alelcidsd fker oA b Ged fTBARIE! 7 (1
contains at | east one conmponent I ch m ca erent rromthe
conponents 3P ﬁ%“iﬁdih?ﬁ?“y Q‘Psﬂhﬁg‘%ﬁﬂ“@émmwwﬁtqwlMMWteafn or (2)

contains at | eamterdidss mwwhuic%aiéhaﬁmmesuMnﬁQw'rétaﬁ:bﬁilféfré?ﬁ'tSeef romthe
anount of the s rreco ponent ggntal'ned in the pri mipﬁ Si zi ng or

secondary coat i Hg E%f{ra8densed Chemical Dictiopary gtipaaert wh @%P@E'S‘?ﬂﬂ&ry coat| ng
conposition Corrhmrpasteﬂrbq réferens®héreinO FSwanr hﬁaﬁﬁhﬁlﬁhé‘hﬁdrﬁbﬁﬂ@b’éﬁﬁﬂs above,

T S DL RS i i\ S o Sl Do (7 4t e

particles, 20d htiel ehicisrspecificatly insorpbrated bREEISGhEL Kerein. Preferably, the
hydrophilic particles swell after contact with water to at least one and one-half times
their original dry weight, and more preferably two to six times their original weight.
Non-limiting examples of hydrophilic inorganic solid lubricant particles that swell
include smectites such as vermiculite and montmorillonite, absorbent zeolites and

25. inorganic absorbent gels. Preferably, these hydrophilic particles are applied in

powder form over tacky sizing or other tacky secondary coating materials.

In one embodiment of the present invention, a fiber strand-comprising a
plurality of fibers is at least partially coated with a resin compatible coating
composition on at least a portion of a surface of the at least one fiber, the resin

30 compatible coating composition having a primary coating of a sizing composition on
at least a portion of a surface of the at least one fiber, and a secondary coating

comprising a residue of an aqueous coating composition comprising at least one

-56-



25 pignents, which are discussed above. Preferably, the powdered coating I's
applied by passing the strand having a liquid secondary coatin
conposi ti oWaM{#PI5eéd t hereto through a fluidized bed or ’Eg WMce to
adhere the powder particles to the tacky secondary coatlng conposi tion.
Alternatively, the strands can be assenbled into a fabric 912 before the

| ayer of tertiary coating 920 is applied, as shown in Fig. 9. 30 Conposite
or lam nate 910, which conbines fabric 912 with a resin 914, also includes

Fgur o' i cHisgier BaEle geBiod BF apieget  Poffoh B e il oE8IRG of ety Bown 11
percent of -5aomsnmmommemﬁumlmn5me quﬂe@'%ﬁ Rerticiariei cl es adhered

to the coated cent of
the total wei g%l%a% fr?rha éﬁ'ﬁcé ran éd@ﬁgﬁ {oo?ég‘ée&g eﬁ?'bggérwtggﬁcﬁght
percent. The tmrhydmpylll@mMed coating can al so include one or nore
polymeric g5 mter#@ﬁrﬁ;rﬁﬂﬁ eaé?lﬁﬁﬁnéi'ﬁssmn?&%ﬂidﬁmheée%oﬁﬁ ylic

pol ymers, epoxies I ns, conventional stabilizers %d ot her

modi fi ers knoweating OPNBO%!M" can range from: 192 wpight pereent pa g tofal;splids SBowder
form In one Qﬁbw% 2030 b bﬁ;regpgf&asiy fOMI25it6 80nweight/pettent, atd/evah fibers is

at |east par coat ed i mary coating of a sizing conposition
applied to at moeamefqiablntuo'bépf‘?@ﬂmw% htézegc\éptr ace of the at |east one fiber, a

secondary coating fospsekiativerslstmnent shawrecin Fig. § eteitiaryriayee 820:f ateriiaived t o at
|l east a portion of the prinar C Sitlo ' oati ng
conposi ti ok c SAMINGSPRBO °§'€P8¥8 aﬁﬁg%?tégasgsgﬁl{ﬂg%gftﬁgﬁar{a@% )eéggt a portion of

t he secondary blpgverltlﬁb ériiegd hﬁfacé:ldbad'ecmdary layef 315cie. ssucha fiersyapd i sing a
plurality of ers is at leas I 1 ting of
a 15 sizing cd ﬂgd’gf"f’lhan QBB'P?"@E”ggég’t&a a porwsg&na?@ dygﬁé%a(g%aof at

| east one of sacahdafyidoating, compssltlmamd@lemgm outer laverBeefthertartianfeating. ng a
pol ymeri ¢ mat Eirhé "i’érﬂ%g %étﬂg of e %{;ated f?&?gtr@nd@lbtté preferdblyldivferétt fromitie

conposi tion, coa nposition conprising. lanellar
particles ‘eﬁaplmmmsyzmcqnmsmoma ?FQR?“@?’YF‘P@'"S tipg. 'Goﬂ’ﬁtﬁ@awl n one

preferred enb%@hﬂﬁ%mpﬁértudrﬁ@?éonm 2 feabitheadmbbi@cwhich e 2hémicllyt he 20
foregoi ng enbodi ments i s

erent, |n_ anot ref erred enbodi nent, at
| east two of diffpeent framithe,compengnts Af the pf"ﬂ@”ﬁ&"@@ﬁ? ABFODARRY, %ﬂt s are the
same. Addi ti oRgmpysitidn6r (2 Sdntdiy At leaeﬂdnerugrrmamdbin an anesincwidichi differeatjueous
conpri s6 one. dIPTHDR aToukar s BamamBATe ot e Pl RARBT AT
enbodi ment 2o ofsetdiiafsdhtivtg d‘otﬂmsma—t r ands di scussed above can be
In this embodiment, the secondary coating composition comprises one or
more polymeric materials discussed above, such as polyurethane, and the tertiary
powdered coating composition comprises solid particles, such as the
POLARTHERM® boron nitride particles, and hollow particles, such as ROPAQUE®
25 pigments, which are discussed above. Preferably, the powdered coating Is applied
by passing the strand having a liquid secondary coating composition applied thereto
through a fluidized bed or spray device to adhere the powder particles to the tacky
secondary coating composition. Alternatively, the strands can be assembled into a
fabric 812 before the layer of tertiary coating 920 is applied, as shown in Fig. 9.
30 Composite or laminate 910, which combines fabric 912 with a resin 914, also
includes an electrically conductive layer 922, similar to the construction shown in
Figure 8 which will be discussed later in greater detail. The weight percent of
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used as continuous strand or further processed into diverse products such
as chopped strand, tw sted strand, roving and/or fabric, éﬂ S Wwovens,
nonwovens (Wﬂﬂl’??ﬂff“ng unidirectional fabrics), knits and r’r%%‘l .oﬁﬁiddition,
the coated fiber strands used as warp and weft (i.e., fill) strands of a
fabric can be non-twi sted (also referred 30 to as untwi sted or zero tw st)

or twisted prior to weaving and the fabric can include various
conbi nati ons of both tw sted and non-tw sted warp and weft strands. -58 WO

01/ 09054 PCT/ USOQ/4eRa38Iid Firfidiéy ddhdredth 1l coBRE Hibsstrahe® 310 &4iFrahgd Mork Dl ON
include an at least partially coated fabric cc_)é’g)rl si.ng at Ie%gt one of the
s perRb

fiber strands cderfmeiahhpersentpfthg totalweight of the dried gffand o303 pove.

Thus, an at | eagéigitPpeicend | y coated fabric made from each of the disclosed
fiber strands conpri_gsi of fiber t heref ore

ng.a pluralit S | 5.,
contenplated in the Tb\eé%@w Yderrd © ."9%?&'&%&%3%?"%9@%@9%%
enb?dijnFnL 05 mberidls mmstdr@flﬁmsbwamepamgg actylicpoimens, dlpﬂ)aéél, pf)al’t}m ly
coated fabric conpri_sing at . st..one strand ¢ risin urali 0
fibers, the coa‘?‘?%ﬁ% PY@P?@?gﬁL‘Nﬁ%ﬂ?‘%° o] "°3’Hg"ﬁ'5r?éthf§'f' articles
havi ng a t her nadoatings prefarably i doy powderémmt | Vaft per neter K at a
tenperature of 300K 10 In pne enbodi f the pr ' ' he
coating conpositiongd? °5%8’38%‘ﬁ'ﬁ§§?3%%§%?‘£ er'?ﬁr}i&?ﬁe%ﬁﬁ#‘&é@@&g%%ﬂ?aes to an
i ndi vi dual fi bepartidiip coated with a pemibryctoating of atsizingcoeppsitipn applieshloiat basta at
| east one fiher strand. In a f P%EQE | sition
accordi ng téBt h8°'ﬁ?"e‘r§}5rﬁurff%ev% tél]%r%ealsg%el'e %mﬁh%%?ﬁado%c& . ese
al ternative enbcamprisings palymefic vajerial appliediodt [eastaportion oftheprimany t he pri or
di scussion is g : L LeGCk: MY VA 3 | ki gt i on
of the present ?ﬂ‘\%"%{"%%naq fﬁ%@?&fb on gﬁég?g%ai”b%rgglgfﬁ% gi(réé}]?’fe'bﬁe}?ncfe]?? Pn%r?g and

subsequent | y i ntomtjeasta pastiprcof sher sasandary eraling, inappther embpdimertafier strandent i on

al so incl udes estﬁ?'%tp‘mr&ﬂhﬁéﬁib@rstiQQt 1685 barigllycoatea with aGfinfty édaing sFaSent
invention is applied To a fa osition can be applied 20

| | a ric. The coatl_ng fo
to a fabri c15f obizipg sorppasition applisd 19, atigast g Lotins o %%P'tase g gtieast onaof $ald pefore
the fabric is nidslfadseterdan coatingddonidisitivn dinprising @Qalymetic hiatdriabagpliéd foaat af t er
it has been mapufactured Siq?i?n vari ous,..t echai gu'gs well known.n the art.
Dependi ng on t h€3S{RReMA0SS ﬁ'@ 3y, eeranasitipn, and glertiypy coFHNS COMBEYYMY on of the
present inventi comprisingliemeliappdrticies ppliébto atlieasted portidnaf tHecsegbradasy ddathey.s i n
the fabric or to another coati.n . i nd/ or
fabric. For exanpl e?lntoﬁg p'éﬂ?ea(geg %%?V@n@%ﬁgését%ngégﬁggbaﬁ@ﬁi"a&%m@ﬁt i onal
starch-oi | 20z fegeguingembodimentsgs différent ie anctherpreferratheripadiméritcatfiaast tiwo of an
then be treat edyfQoLfER fedth 3f 8 éHeboifid EhBEiREitOhre tRe SRRE YARRIOhA, the
tertiary coating can be a residue of an aqueous emulsion or a powdered coating
composition. The coating compositions comprise one or more coating components
discussed above. .
25 The various embodiments of the coated fiber strands discussed above can be
used as continuous strand or further processed into diverse products such as
chopped strand, twisted strand, roving and/or fabric, such as wovens, nonwovens
(including unidirectional fabrics), knits and mats. In addition, the coated fiber strands
used as warp and wett (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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coating conposition of the present invention. This sizing renoval can be.
acconpl i shed using techniques well known in the art, such as thermal

treat ment 3YOMIPBENhi ng of the fabric. In this instance, PCRASEHAEIINg
conposition would directly coat the surface of the fibers of the fabric.

I f any portion of the sizing conposition initially applied to the gl ass
fibers after formng is not renoved, the -59 WD 01/ 09054 PCTI U300/ 20459
coating conposition of the present invention would then be applied over the

i ni i f _th h d
Tbor " surface. - nPlemsteRameppbafe HRE peerhiobalid nchidf Ao oA el e o
corr}oongnts 01;] coaﬂedhbnc?agpﬂsgtgmblepsts:nelolbtlneﬁbelmnnﬁsenmpnislng a\phuralitpsf can be
' to t
Somponant of e Bl FREE A e O AR 11
it is made. | pach ofthendisclesedifibenstrands comprisidy sphusalityo @, theoaferepr al | of
coat i ng. e 1 PORRERER T B8 BreleqlifIEAGE ror bldiie ondlgRided diftionnbinh f ' ©
result, the r ﬂteepresengmemtpmsduastemq an azulqastaparuallvogatenyfabdacommmgsamr face of
the fib f t
reﬁov:ade1[$og1 e%?t %g%hg acg'atpf‘;rna%?t e%%ggatﬁgggﬂa@g}&&% accordlngg
to the pr eseanIGnt ¢rtsHamaﬂar oerticles hwmmc%ftd”%?f%ﬂﬁ?s‘s‘t Wattper

conprising a meﬁrﬁét%ﬂﬁerﬁiu@éf%mﬁ at | east part ially 15 coated with a
primary coating an secondary coating on at tﬁaSt a port| of t he

pri mary cd®ing, tﬂ@@éﬂ&?ﬂ'&l@?&?%’éﬁ?rﬁ ERpRYoR; the conting cOMRRSIIGNS 41y i nor gani ¢
mat eri al havam:mghehﬂpdesmmmtoh\a'ré sppljed it vindividual fibédainisnoper neter K at

a tenperature_o not er. nt,ea fabric copprising at |east
one strand coﬁ’ﬂp?‘gﬁ“ﬁﬁt g'e °26t |§I?%thf{}ba8?eagf (flber grand. f"eari?{ﬁgbart ially
coated with cembodlgentomerobaﬁngg:o(npbslﬁmmbbrding to the pregant mvepﬁmt is appliedib@vi ng a
Mohs' har dnes does nog dness val ue of the
at |east one B] °f 8?93 'Y%?méof'%%ﬁ?g fg@ stegrbel%  In yet another
enbodi nentt5 a f abrAithoughvhei pribndjscussivreis generally @ttemdébwawamwr!g' thg a plurality
of fibers Is | ﬁmé‘s@ a@eh filepd 25 () .
nmetallic part?%ﬁthgiﬁ&eg&f&‘ O?kjo ﬁ{ﬁ%ﬁggi&v ﬁg oes not exceed the
Mohs' har dnes forming @pd stibsequently incamporating the fibersdnte Pl&hﬂc thepregental | i ¢

particles bei i}g T@ﬁ' %tﬁ&&sgmbwﬂbmgmhsm theuaaungwmpag&ma%nheﬂ nc, gold
and sil ver, form n? mat eri al
: abric. The coating composition can be applied

present mventlon Is applled toa
20 to a fabric, for example, 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 techniques well known in the art. Depending on the
processing of the fabric, the coating composition of the present invention can be
appiied either directly to the glass fibers 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, sucl;\ 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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I n" anot her enbodi ment, a fabric conprising at |east one strand conprising a
30 plurality_of flbers Is at least partially coated wwth a prinmary coating
and a secondX¥AM®4ting on at least a portion of the prinﬁEV“%Bﬁ‘ﬁﬁg, t he
secondary coating -60 WO 01/09054 PCT/ US00/ 2009 conprising a plurality of
hydrophilic particles which absorb and retain water In the interstices of
the hydrophilic particles. In still another enbodi nent of the present
invention, a fabric conprising at |east one strand conprising a plurality

porti on of o s P SxfiRREn phE pretBhWntor RO fieh b AR Bherefe
conposi ti on conemagingopoftion of thel sining Gomposifiordiather thiae diFestlyita thedibéor rred from
materi al s sel ecgmrérom organic materials, inorganic polyneric materials,

conposite materials and mixtures thereof, the particles having an average
particle size, neadonaaetheramhodimant ofthe presentdinvaotion; selested campongnts obm 0. 1 t o

5 micronetersg, ﬁ@bahg%@mk,s@@ga%rgé% m@tﬁa?ggﬁ;s %@nef{otﬁs £§ ffom sai d

plurality of discrete par

material . | n anferdmmadiately atesformingrand the-remsining eompgnents Dféagpoaﬂne st rand
conprising a pédwipdsiibt/ c4H be apphéPtoltRe aric ﬁférn.éz.ﬂaa@nhla' rﬁa@eﬁ;.hn&

corrp05|t|on on ‘ﬁﬂb‘l east a portion of a surface of the resin

conpati bl e coat 'i"(':'ﬁfﬁ?squY% §ome opall %flﬂi‘Rfﬂ'%P}eda"W%F'lﬁ &an l’%/"eﬁ\“\’ﬁﬂ screte,

non- waxy parti cie tﬁe@é&(ﬁb&%%ﬁafe@éﬂn@hﬁe ﬁdék@ﬁﬁda’dbrfmmtﬁé Eitiifing Mat eri al s,
conposi te erials and m xtures there one | ubri ci ous

mat eri al di f Per ARPOPERA éﬁ?deﬁb’f‘dpedﬁ’?a}m?# °9!"%°(9P'é‘? @’"ﬁ:%‘&’?’ Qineglly coptthg ot her

enbodiOI ment of tdiefape eﬁaélﬂluérflitﬂﬁ? fe:cbﬁ% oecdaﬁhbse:smctpsrimem& gllaﬁﬁéfe one
strand conpri sin rality.of fibers has a resin conpatible coating
conposi tion Onogﬁerﬁ‘?veﬂ tkéﬂb%rs{‘ﬁf%cﬁ of a surface of the fabric, the resin

conpati bl e coating douputhertpreferremembodnnerga(:@)'dlag {ol the plle'ser;t invention| émmer gani c
rticl d t h '
ol | ow or gani ¢ SaRiEing atias: ofF fuarRlYallEhbhg a BRESH) o odts i tichatparialV o "°
directed tol@ f@@teidcywthcmmmasv mjﬂag and @ aegondary ceatlnarw atlea;ira poirtion nithnl urality
f-fib wh
ot bre Cos: Hnfrfbodtfig e Sedifddry Bk chifsing deRfiios of B ofbehEidierial ,

conmpatible coating W 0SS 0N on rom

an air per maabl*H"l“?athmmu%twébsfeafﬁgthPMMMngfmﬁrKcﬂtartemgeretateeof t han
10 standard cubgopf eet per m nute per square foot. As used herein, "air
perneabi lity" neans how Eermeable the fabric is to flow of air

t heret hrough. Air pdPARIRSNambediment. gdabric.comprsing,3t leastanestrand compsiging @ Test
30 Method 20 Alurafity sk ik iat Mad iparliai ddafdwathdosiing cohipRting Ga) Rinfdad | cal |y

| ncor por at ed bynorgamc particles having a Mohs' hardness value which does not exceed the Mohs'
hardness value of the at least one glass fiber, and (b) a film-forming material.
In yet another embodiment, a fabric comprising at least one strand
* comprising a plurality of fibers is at least partially coated with a coating compriéing
25 (a) metallic particles having a Mohs' hardness value which does not exceed the
Mohs' hardness value of the at least one glass fiber, the metaliic particles being
selected from indium, thallium, tin, cbpper, zinc, gold and silver, and (b) a film-
forming material.
In"another embodiment, 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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reference herein. -61 WO 01109054 PCTI USO0/ 20459 These conponents used in
t hese vari di ments can be selected from _ the coatin onent s
W5 o 1t PTG

di scussed a nd addi ti onal conponents can al so be ¥rom t hose
recited-above. In a preferred enbodi nent of the present invention, a fabric
adapted to reinforce an 5 electronic support is nmade by a nethod
conprising the steps of: (a) obtaining at |least one fill yamconprising a
plurality of fibers and having a first resin conpatible coating on at .

| t t { t

war b yan compytateinh 3Pl GHHSUroBfily piricies WK atfit dAE Bl VilerTh 10,
conpati bl e cdateraﬂgesmfttmhndmmaawsm on of the at |east one warp yam and
(c) weaving the afy kmnaﬁomansmu&.hem@mﬂesfeh@n@énubﬁﬁbmmﬁﬁ&n o A havi ng

aloss onignition of |ess than 2. cent by wel orma tabric
adapted to r'E?ﬂPB?&‘@"H@E!PE%'BGBﬁluéa‘&ﬁfﬂb?fﬁhaiﬁfqﬂi‘%mpé&ﬂ???%ﬁl enbodi nent

of the pregentonpoyifeh st leddt Eibﬁabﬁ of & sifaes the ﬂabnb,whé as.rfdoh%mé y
contacti ng at |l east a pOI’t I on er strand COfT'pI’I Si ng a

a
plurality of tfalingcompesitian Fﬂi\)ﬁ'fﬁ‘ggﬂ) %P'Ufﬁ@gg{giscfﬁspﬁﬁ'sﬁs frmed fromces t her eof
a coating acﬁ%ﬂélélgelé&e(ﬁ?dm @fgahidendiériiis, Wﬁgaﬁi&‘@wm&ﬁ@ﬁmenabtmmsue
i ndividual ly or in conbination, gn bhit abrasive ar, of the
surfaces of tHatefialsang '?‘P‘Q'"‘Eﬁthﬁ'le&g efﬂ%‘? ‘haying ap Ayprage Wvﬁ%ﬁ%ct with
surface as per ﬂn&é@ﬁedfa‘cc&dﬁg td lagér sohttering Aanging faars 61111b B rﬁtmm&rr]s Jideatsur f ace
as erltle s_areater than _a
har dness 19 gsque UF’/EE)\ %"sf'ﬁ‘% ?@Si'{%’%"ﬁ'&f \A@PE‘@"Q".%% BleB parycies, gnd Zﬁ‘id (b)

i nt er weavi ng éthasforfesnm@m métetidr strand with a second fiber strand to

ot i vor' 55 i Bfdindt LRgLfFRRt 3 e cBRoRGPAMast et Botpfuudl  °CL o 1 ©

met hods for 25 |nH rasive wear ng at
| east one gl aplerakty bta"lbets)hanlal résin gompatibleconting WPQ&M@WH@@Q@ poities obf a

solid object coikl aftn%bg@kh@&ei»eo%aﬁuéaﬂ.h@&mmﬁ kbhBRkiny (@ n&;dl ng to

any of the_previous ts, eirther individ In co nation, to
at | east 12 poplvely ofdfiscrete, nonyvaxy paticigs h@%@@ﬁ?tﬂaﬁ'eﬂeﬂé’mb?’gﬂ“@l ass

fiber strand; m&@nél@)coﬁ\boéit@ﬁéterihﬁéﬂd&hlktﬂrdéftbéréﬂ dridieat @aBsHei librieldué 0 form a
Sized 01 355 1 R bl Sobabedy it fnddic, SOTPoS! 11 on upon at | east
in another embodiment of the present invention, a fabric comprising at least
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 holiow 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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-62- WO 01/ 09054 PCT/ US00/ 20459 (c) sliding at least a portion of the gl ass
fiber strand_to act surface asperities of a solid object, the surface
asperities hg{?“ﬂ@g@ har dness val ue which is greater than %FW&’H%% val ue
of the at (east one glass fiber, such that abrasive wear of the at |east
one glass fiber of the glass fiber strand by contact with the surface 5
asperities of the solid object is Inhibited by the coating conposition. As
above, the conponents of the coatings used in these enbodi nents can be

sel ected Trom the CopbidicheiRBRRBREFin B SAGH bl enftin Pl leib@0Fem, .

conponents can al so be se romthose recit ove e coa
strands 10, 21Ghe gaaling gempenentscliscusssdabave, aed additinnal components cansalsdike coat ed

fabrics recitedesplaRd8rontMBsd¥ecittfdbobé! @ W de variety of applications, but
are preferably used as rei nforcerrents 410 for reinforcing polynmeric matrix

materials 412 'p@ Arefemedembrdiment ofthe presest javention, adabricadapted toeiforae amhi ch
will be di SCSISSéiéWoﬂlcsdﬁdo@tllénﬁeéﬁyVam&%hélgﬁﬁ\b%&%s'of‘c' ude but are not

limted to | am nates ggrlnte circuit boar rei nforcenents for

t el ecomuni cati ons ¢l e8btaining af laastnne f@ﬂﬁ@ﬁ°ﬂ"€@ﬂﬁ8‘§fﬂ"@§fﬁma%at ed

strands and f aliaving adirstirésin Ssnfisutible coatiHRIYni 20 lbadt Fpditici &t bt YeasEoEMt | bI e
with typical pol%gerlc matrix resins used to neke el ectronic supports and

printed circui tY®ards. In addition, the coated fiber strands are suitable
for use on air jet |(Bpmpbmhimhtmaamrwwyamusmd1§ir@a*rﬁkaemyherﬂeeéarfdbr cing

fabrics for h 20 a J t|on zin osjitions applied
to fibers t?)8 Zh @r]so E%’?‘ﬁ' "g?'?'pft'%f ?Psm? %&?‘ﬁtﬁp@g fﬁB %ﬁ?eﬂ as
starches and oiwarpiyamt art e generally not conpatible with such resin

t . It h b b ' t b
T ands coat ed with @ coNeRi e I0BEHe MFyer 49l el el rbuetp orb |
accor dance wi t thaving ajesssrignitionaf iesk handoppessenthy welghidomm fagricadapted

char act er| sticgg }R&h edciramdsudpeat €d Wit h conventional starch/oil based
si zi ng n};o& t?%)'?l‘% a%ﬁ] arer co u%tgl ble with FR-4 epoxy resins. Al though
t

not neant t®%be bodman pditigngl ?M?qdrmnt afthe peasest inventions a fabric iaasgemblad t he

particles 18 ofbyt(aﬁsuumg&%aﬁtacﬂna\m&smémmla%t fds@isER BitHd B ls.gg al 0 the
starch conpone of conventional starch/oil sizing npositions during

processi ng and F’A‘I"F"t}’ gt aiggsdibessdrapipo gp gt ieast aportion °§W¢?€%’§‘§'€?P§/ﬁ £oatiag _
separation and dicérdihgag ahyosf thesredbiis éﬂﬁodﬁéﬂé @ﬂwé?lﬁﬂivﬁuh%rbﬂ&orﬁﬂﬁé}fohon In
a manner differ qt f %ﬁg] t he conve?h.‘ SI tions g@y Er ovidin
conpatibility ‘WeHPbiRLakrAgyswearg Plusaliby ofjglass fikgrs,jn stiding es 18
cont ri but e 20 dropptastwithesurfacé 8sperities of a pomon 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 irivention are directed t6 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 portlon of a surface
of at least one glass fiber of a glass fiber strand;
30 (b) at least partially drying the composition to form a sized glass fiber

strand having a residue of the composition upon at least a portion of the surface of
the at least one glass fiber; and
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WO 01/ 09054 PCT/ USOQQ 20459 characteristic to the coating simlar to the
dry lubricant characteristics of a starch coating. In th o ﬁ%eg strands
of the pre¥MP43ention, the particles can advantageo sﬁ e
interstices between the fibers of the strand which facilitate 5 flow of
the matrix materials therebetween to nore quickly and/or uniformy wet-out
and wet-through the fibers of the strand. Additionally, the strands
preferably have high strand openness (di scussed above) which al so

facilitates flow Cifg) t?%g%th%stg%ﬁ“@hhé g&&ﬁd&ﬁ%&gé%c‘%%ﬂ' si ngl y in

certai n enbodi ment particres can excee wei ght per cent
of the total aspeiiits oba sbidcobjerhithesprisoerpapsritiesthaving adefinessivalue which isj ber s,

vet still be adoglabebyaRlBel Gl &t e 1desfiiie YR Abbr Q)chdfat shradNe weahaVi N0

handl i ng char¥€ cs at [east conpara , ‘W thou
particle coaofitheyat |east one glass fikenofithe gliags fiber strand by gontastaith the surfaee coat ed

Strands of gt he ahf8aRine dof ShikisWinibidt9nd RlARSApARiEn e from fabri cs

812 incorpoOratlng the-coate strands can have.good coupling at the
i nterface between Asaboveithe eorgnoneptsaf the coatings Ysadin thess empRdimeMacany| 814,

Good i nt er f acj@lei&Rutitdr theCcRBting QrripdRertdisciRSsH abiavelrant ubiifiortal abi | i ty and
resistance to netal magration (pre ousl\s/ di §$Fg$bsed) in electronic

supports 818 eqnekrenents ean alse ke sele om fhose Frsf HBn-1imting embodi ment
shown in Fig. g Cﬁﬁé&ﬂteﬁiﬂbﬁ’stéhﬂs/ﬁmim@mo aRdprodoits focrned therefrotmpsudhe prkesent
I nvention can be used as warp, or weft str.an . ' nit
or woven f180r a%ths coatpd fabrigs @E‘Fﬁﬂjﬂ%?"% 2t é? Eﬁﬁ({)ﬁ? g:?qeo\%#étg @F&A@%@P %'rl}ugr a
printed circubfe gistarably LEE@REreinforEényents #103Yr. rejafar¢ingipdlymeric matdiimatsdalst he

war p strands 4 can be tw st or. : ; sQRaLd fnM stin
t echni que kngﬁmgﬂ“’t?\ﬁ%”?ﬁ? ??‘}égufhngst'%%'&g?‘? n P&g%ﬁﬁﬂygghfﬁl qyecI {'}ses twigst
frames to i npdstsil Bdow.wSadh dpplidatienssngiudecbubaremotiimiteddo laminatesfer printach. The

reinf oroing | BRLkBodhe EARrcaBleRlsTiAblorFlicibnsiakRs 100 el dirands SL4

per centinete strand per inch) and preferably has 6
to 50 wef f15st comphsitgger centi meter (about 15 to about 127 weft strands per

I nch). The weave Cﬁ.LéSéora L dtrARd<CEHa FRRics of tRE Preént ilvahtibn ah& piéeferably nesh (shown .
in Fig. 5), althou anbé(aotraer weavi ng st Fe wel | knoyvn tQ 30 those, skilled

in the art, sgempatibleyvitntynical pelypericpatixtesips ysed ta make elegltonic.slppoits,ang,
embodi Ment,  apgiied SRR bYSME NInRAA6) it ddgtetidibeén strahdsare suitdbie for seamt

ki 11ed - 64 WD ISPTSOUNCIET oY $8518 ake e eintor8Rgtalfed of BT 10 1 10SE

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 invention approximate the weaving.

25 characteristics of fiber strands coated with conventional starch/oil based sizing
compositions and are compatible with FR-4 epoxy resins. Although not meant to be
bound by any particular theory, it is believed that the particles 18 of the instant
invention function in a manner simitar 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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in the art, such as a shuttle loom air jet loomor rapier |oom but
preferably is formed wusing an air jet loom Preferred air jet |oons are
comer ci al | yYWO9¥MO%b| e from Tsudakoma of Japan as Model MNSI/USOUH430311033
or ZAX; Sul zer Ruti Mbdel Nos. L-5000, L-5100 or L-5200 which are
commercially available from Sul zer Brothers 5 LTD. of Zurich, Swtzerl and,
and Toyoda Model No. JAT610. As set forth in the figures, air jet weaving
refers to a type of fabric weaving wusing an air jet |oom 626 (shown in .

Fig. 6) in whi enarsa&d;:.ekch tﬁﬁpsgrﬁl?arﬁ:]tﬂeh bﬂﬁ:gfntc?\gra[c{ &i&stohss.vggcrp shed by

a bl ast of conpresse alr om one or ozzl'es (shown
in Figs. 6 andcwyls as discussed above. The fill yam 610 is propelled 10

across the width 62.4”9;3543&;@;,%&@3?,*@&% ‘]‘%‘ h@ah&’lé‘sc@ﬁ inches), and

nore preferably 0.91 neters (about I nch es ressed air. The

air jet filli nQdﬁﬂﬁﬂgéﬁ?%mwa%@tw&ﬁ?@eeﬂrﬁ'?rﬁb%ﬁﬂ'@% whigh fagilitatee r abI y

al so has a UR&W bf th ROud
shed 612 folrQd %gﬁ;gg%g%ggg%g%%ﬂ%ﬁgﬁgry k%ng%%ﬁ&ﬁg@%r yam 610

to maintain thé gh the fibers of the-stiapd. é@d'l"??é"%rwtﬁﬂés preferablchayet he
wi dth 624 of t highfstriwid 6pepndss (dldCussid aﬁHvEﬁﬁMéEalé@ﬁéﬂiﬁles&léﬁmﬂr@dnétﬁxt he main

air nozzle 616 from103 t kil oPascal s (kPa) (about
15 to about 60 ' y is 310
"ﬁ%ﬂ%@ﬁﬂ@ bt Surmreep i csain afbodiegs 1B amevntof

kPa (aboglt 45 pantu):les ermeemedmwechmaydem afithenatal solids oftthis zbating tompésitfon Sul zelr
Ruti nee npz 4 4 n interna
20 air jet elc ﬁh I%o @'eﬁbggu{ﬁ&m Jegq%el% é rﬁi?’l‘ﬁﬁé?eé? E““Q‘Fra‘ﬁae %‘@E‘Pe exit
t ube 619 haV| hgvnm bmdmmcfmmﬂstc&htmnmmable t6 stramdsrwithaliti the particié abl e
from Sul zer ht% Spartanburg, North Carolina). Preferably, the air jet

filling system 15 to 20 supplenentary air nozzles 620 which supply
auxiliary bl asts of Referringmowte Figi Bcaneiadvantdge of the.agiatedfstrars df thel prgsenb 610 t o

assi st in prOpﬂdhhtfoheacEﬁgﬁxﬁ%}e@%%%[d@%mtf%ck%‘?E}ngg@oraﬂﬁ HaSofbi Pressure

(gauge) supplie enent art¥, alr nozzle era ranges
8

from3 to 6 Dasandsican hayg ggwa@pmmag ﬁmcebemesnaw W%ﬂzmqmge 630 by

a feeding systpmymén%?maﬁuaaaftéradamt@mafmtmxdi Souphity £8H (Rovidd eF gdBldnut €, and
preferably 27%?%0&5 télabOUt 300 ard mnute, The fill yam 610 is

fed into the Iitic,statility 3rd resistan ¥9 ta '@Q'éﬂ?ﬁ (Previquslydisgyssgdllin o opel s a

predet er m ned kleogdric Sippyre1B18Aade fom edikites g@Ual to the desired width of
the fabric) through, the, conf q'sgal{mqgw de 9054 PCTI 0S00120459

When the insertion Ianelgpnen %b%rﬁthwn?:lﬁﬁd?@feélﬁb?bs faRds A1l n

nozzl e 618 4G medle abgording teithe preSént 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. 7-8). Although not required, the
warp strands 514 can be twisted prior to use by any conventional twisting technique
known to those skilled in the art. One such technique uses twist frames to impart
25 twist to the strand at 0.5 to 3 tums per inch. The reinforcing fabric 512 can
preferably include § to 100 warp strands 514 per centimeter (abonIJt 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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The conpatibility and aerodynami c properties of different yans with the air
jet weaving process can be determ ned by the follow ng nethod, which wll
general |y bWO0H03084 crred to herein as the "Air Jet TransBETUSIH2¢59or ce"
Test Method. The Air Jet Transport Drag Force Test is used to nmeasure the
attractive or pulling force ("drag force") exerted upon the yamas the yam
Is pulled into the air jet nozzle by the force of the air jet. In this

nmet hod, each yamsanple is fed at a rate of 274 neters (about 300 yards)

te th h Sul et. 044
PS40 e Lo 5 walodl 3916 ] o Bl AT g Ml B Ot
mllineters msdgan mmllannexwl'efarneualrm!bom\arelgpmémngt avalidble fpém 20

ti t , North
Carol ing) ot JRERpAadt idbantbépodibSs. 15 Tastioas or Bl subler RUFMAANGS.
square inch) deh090, L-NQanrsh—iﬁﬂBMuchlase pmmenctameavaﬂable fwntSatzer Blotherst he yam at
a position gorl $h. él%fnnﬁ é(;ﬁ&@nﬁ&t qu@o{!{ﬁloaémol Tquzzl e. The 15

t ensi onet er provi a '‘neasur enk ramforce (drag force) exerted
upon the yam by tHesaﬁfomwttha&gmaymewmfe&mam'@e@frfebrmweayleg nozzl e.

The drag fOfC%sﬂggP%ﬂguasﬁéézé:@no\Mﬁnwé ﬁ%rrﬁchlil?éﬂlﬁyaﬁpfweﬁ?éfﬁlbﬁﬁeﬁéﬂma” son

of yam sanpl es ative conparison, the d f'orce neasurenents are
normal i zed ovento theovarp gmurmblatqurﬁsss# ayémﬂq'n@naoamomgemozae%ne 20

centi net er ;gg?s EEDHY i s%aéhd%) Q@H%Eﬂgseeébé\lécqhéﬁmﬁarhmE"EM gefléd 2: Gram

Va d/ t | th wh d
|sstshe ((:hna{%t éPf°§$ tﬁ@p@oﬂ%g&bﬂg&? 0 1r°§‘r’] MBQ'%&?)'S; ﬂ@mﬁunbere(r)? '

fibers in thgreféably btmdhae;@r(sbdw:;é inches) by'thedompiesyedadir. t he gl ass at a
e O o Tk BEBl o 8 B AE ol R bl Lt
fi ber yam procisethas a phadlitofSuppiementary, feldy aozAlks620tatong thenwanp sbéd G12fer s i n
Sunl oo o buimbio 4 PR ety ARt 101,
Gram Mass B airpressurerasitimeyarn 61@traxenses theyidthyi2¢nof the fabric638.x Theair 12) 2) (400)
(7o et R oA WML delpaaEeted g binddim st 02 10
413 klloPascals (kPa) (about 15 to about 60 pounds per square inch (psi)), and more
preferably is 310 kPa (about 45 psi). The preferred style of main air nozzle 616 is a
Sulzer Ruti needle air jet nozzle unit Model No. 044 455 001 which has an intemal
20 air jet chamber having a diameter 617 of 2 millimeters and a nozzle exit tube 619
having a length 621 of 20 centimeters (commercially available from Sulzer Ruti of
Spartanburg, North Carolina). Preferably, the air jet filling system has 15 to 20
supplementary air nozzles 620 which supply auxiliary blasts of air in the direction of
travel of the fill yarn 610 to assist in propélling 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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The. rel ative drag force per unit mass ("Air Jet Transport Drag Force") is
cal cul at ed ding the drag force neasurenent (gram_force) determ ned
by the tens%ﬁél@t"y by the Gam Mass for the type of yarnptcggfsg 045%r
exanple, for a sanple of G/5 wyarn, if the tensionmeter neasurenent of the
drag force Is 68.5, then the Air Jet Transport Drag Force is equal to 68.5
divided by 6.62 x 104 = 103,474 gramforce per gram mss of yam 10 The
Air Jet Transport Drag Force of the yamused to forma woven fabric for -a

| am nat e accor qyRh the insblion s LDfpletdd) HREnH @R the Y8 didTAI I6 the M hoEis 18Gs t NE
Air Jet Transportb%)rwaté(Force Test Method di scussed above, is preferably

greater than rYbo 83t or ce per gram mass of yam nore preferably

ranges from 100, 000 Th@corﬂ@éitbﬁl%chnaraéfﬁdgﬁérﬁle gwgémeﬁ SiffERéTit yarins WitHthePdliFje€ vV EN
nore preferably ranaes from15 120,000 to 000 ram force Eer ram mass

of yam The fap¥qan pracss canbe determingd by theoawing, ergly gestyl e
which is smtabk&edwhwﬁasmmﬁaa\riaﬁspoﬁw r@éeegtmmm‘d snﬁmf.letor

i nted t_b | Fab d th
o a2 1 o R mBad priEave Tt Bed b oedki o s o PRI
%rol i na (3995)forwﬂgezéﬂwmpgmmlybnca§thyyarnd@pmleu intocttle arajdmoméwmamoé\e[)ei n.

e lamnates C n I I te e I bers,
yarns or ot r andd epiiek {1 heRhd. $38 varh TRl s AR £tath 27 oisters bt
direction. For300yards) ger minuie)thrd»uynasulzyrﬂwbneeﬂlesalyjetenazziemyst ERa6l No. g4ds s
fib ' i . il ft
yane por 5 100 A5 H0R yich e Ay nfilnal 8 ot el RAVATE et 87 b1 2 oot )
221x0 (E225 1/ Gndvenopzle et fube 61DBavingranlength §21 of 2nentimetersdpommercialiy kness  of
0.094 m |1 met efyguaiyun s&\zmiut.'o?shsﬁanbu%nﬁon@csﬁm{as Gt AFAiOEHbsduns oA S

wei ght) of 103. rans per uare neter ounces per square

yard). A non-| ikipFs ﬁﬁglsé%MH’tﬂ@%'ﬂd%PQ'éﬂP?'E '@Wﬂgﬁsﬁ@s@mﬁJﬁPﬂlﬁmeﬁ Mber

yams is Style 7@aRct with thlydiaat 3 o%nmrmatmhaydn ﬁﬂteﬁﬁ the ¥ j&% nB2lle, 5The
centineters,_ (44 war yams and fil %@H?H%F‘r i nch); uses 9 68. 1x0

(G751/0) wa??) ArRpigmeter Psw%rarfgeawwe&'f foegs (g faree) exertad ypono 173
milimeters (ahﬁdyarﬁbQQﬁealﬂjél@%Qﬁéyarﬁi%ullad ﬁﬁhhéﬁtrjwhiﬂife of 203.4 grans per

square neter (about 00 qunces uar | m tin exarrpl e
of a fabric style ug.?'ﬁ 8i5e Ee"g‘P .%Eeyéﬁ#é)ﬁ %as'sg jaon
PCT/ USOQ 20459 ofsamlsemiaﬂaﬂ Fonvelatife maaﬁcﬂ: mrqaagfmz nmduraa:ehtsl dreyans per 5
centineters (6 and 7 fill ya I nch);..uses 5 11 1x0
(D4501/ 0) war pq,a\qﬁg,{g?? PITS o Aimesbr iengl AaPt e MrehiaR B aBnd{ 5 053
mllimeters2Q ameut!méteoleﬁgth pfudﬂesa)q bepdiefermirfediactardingvs Erpiatiarf 2:46. 8 gr ans per
square neter (aboygel, lﬁgss@&(@é)’f)(ﬂ) E,2934 @eﬁ(ﬂe@ﬂedﬁ%hrbq Yamn) (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 numbér of
25 fibers in a yarn for several typical glass fiber yarn products.

Table C

Yarn type Fiber Diameter Number of Fibers in Bundle
(centimeters)
G75 9x 10* 400
G150 9x10* 200
E225 7x10* 200
D450 5.72x10* 200
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S limting exanple of a fabric style using D900 E-glass fiber yans. is Style
106, which has 110 warp yams and 110 fill yams per 5 centineters (56 warp
yans and 5&V@MW054yans per inch); uses 5 5.51x0 (D9001107 VH?'B”%%I fill
yanms; has a nom nal fabric thickness of 0.033 mllineters (about 0.013

I nches); and a fabric weight of 24.4 grams per square neter (about 0.72
ounces per square yard). Another non-limting 10 exanple of a fabric style
usi ng DO00 E-glass fiber yans is Style 108, which has 118 warp yans and 93

(L o e S CoRb Sahiles e RaMidhe Y fnd Bhirnd: iV @5 is| Nh) | Uses

5 5.51x2 (D9001/2)" war nom na ric’thickness of
0.061 nilli metfe@x {G¥)D14®) (ﬂ)@gl’amﬂ%@)b'c eantimater){d ceqtimpterdengthyef yam)s gr ans

er

exanpl o of eav\n?{if ?ﬁ.% hepd” u‘gs'.%fﬁ':iﬁﬁ%‘%’ﬁﬁﬁﬁ:ﬁ%ﬂ%? "Yams is
Style 2113, e relatiye I'Oﬁﬂ’ﬁbu'v'dﬁ%s dret er s
(60 warp y&:ﬂﬁ b?'aﬂldz&tf\éh Y&H@meﬂﬁfreth&ﬁ*@ramtfﬁl%é) Jeté’r&mle&@gﬁl’%%@ﬁsﬁ&ﬂétemr p

yarn and 5 fil a nom na ri ¢ thickness of

0.079 milli matbﬁlﬂ? HbMFsif%\'}siYPPl%V@ﬁ}e“%cf%eﬁ‘aéW?-é ragampie of§37578. 0 grans

per Sﬂuar]? ”E;ysnfn.  #HeQetisiometer rﬁéus%mheaftﬁau@g@owrsceb.s theR@ie APJeti ni ti ng
exa e o0 a

b tyl 0] b
Stylo 7535 m%ké’&éwﬁqaéﬁé”&a?% vigad by 525 0= 05 d @B bRt or o (44
war p yams a”%e??r ss}@psmper inch); uses 9 681x0 (Gr/5 1/0) warp yam and
9 99 1x0 (GBO 10 fill
mlli rr;t eg"so(about beblﬁﬁ%a'gﬂ?f@ﬁgyag %% %@F@gﬁ&%@%&%% gram; per
| u?r Ie ][re'lt) er (aahﬁmate&cS&dng tathe present id@ntian debﬂmaedjamfﬂmséeﬂ&rﬁif Jﬂft her t
usefu abric ?’éj% i fication
-for Finished ﬂiﬂﬁ’%"‘%ﬁ Cgérﬁk B‘Ethg@'asg&ss\é @ab é’ ﬂlﬁgﬁa;eﬁﬂﬁﬁ
publ i cati on of100,080 grast fotcetper gram maaseqfuamn@etq mgfe@hhr rangier £5MrAP0B08ER r oni ¢
Greuits (Jung R*’?ﬁé %M%?%eh@nﬁﬁ%'éf&%| éaeéveﬁ?:wa.efﬂbnw S?&ffecrnence

herei n. Al thoug ntioned fabric styles use t ed yans, it
I's cont enpl &t é@oﬂﬁ@tbﬁmmﬁmmﬂgfa&b?‘ﬁs%ﬁyﬂbs using zero-tw st yams or

rovings in conj unCﬁ'h@fhb%thebrels&mtlmvemdhfus preferitifiwoseniica efle wiichiigde i n
accordance with the present i nvent i on. /090 4. PCT/ I 20459 | n an

SO
enbodi ment of sﬁ’!‘ﬁ?'ﬁfﬁ’éﬂiﬁw‘[‘ ajlamigateifesan elggfren BF“%"% 6P %"'WH'F EJ AU t he
fabric can hawg atd fis¢iSsedhniFabrios Arburdl the World", @téchnicalruletinlof elask-2| ng

cecond resi n CmakaING of Bosersan, Soife Paraid (EPSR PrRE SippbpSi a0 Bt 1"
i.e., the z®c deefeﬁsﬁﬁé)ﬁerbho ﬂ'hé Eminated @nrbe unidiretliongt lamineteaheptimengst afhi ch i s
chem cal l'y dif Ilee ¥beerr]st, ygrrns %'r Ltra% ] H &cf-n fH’yQ} éf'%éﬂﬁctap?orlented in the same direction.
For example, a non-limiting fabric style using E225 E-glass fiber yarns is
Style 2116, which has 118 warp yarns and 114 fill (or weft) yarns per 5 centimgters
(60 warp yamns and 58 fili yarns per inch); uses 7 22 1x0 (E225 1/0) warp and fill
25 yarns; has a nominal fabric thickness of 0.094 millimeters (about 0.037 inches); and
a fabric weight (or basis weight) of 103.8 grams per square meter (about 3.06
ounces per square yard). A non-limiting example of a fabric style using G75 E-glass
fiber yarns is Style 7628, which has 87 warp yarns and 61 fill yarns per 5 centimeters
(44 warp yarns and 31 fill yamns per inch); uses 8 68 1x0 (G75 1/0) warp and fill
30 yarns; has a nominal fabric thickness of 0.173 millimeters (about 0.0088 inches); and
a fabric weight of 203.4 grams per square meter (about 6.00 ounces per square
yard). A non-limiting example of a fabric style using D450 E-glass fiber yarns is
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conponents of the first sizing conmposition; or (2) contains at |east one
conponent in_ an anount which is different fromthe anount of the sane
conponent coCAYI¥in the first sizing conposition. RefcPEI/BPIMAMI to Fig.
7, the fabric 712 can be used to forma conposite or 10 |am nate 714 by
coating and/or inpregnating with a matrix material, preferably a polyneric
filmformng thernoplastic or thernosetting nmatrix material 716. The
conposite or lamnate 714 is suitable for use as an el ectronl C support. As

d h ' t h t |1y
eoppor e, and or SYBORE et R e TRRE RS R e b Aol BRvees, bu
are not ![ im tedyams aralo47 filleyailris pel inch); bses® ToTRO(DESA ﬂp)warpsandell y!ms:hgoal C
conponent s, n evi ces
anglTp ot her hard # ﬂg{(sfé_g%lﬁ!{?@as (ﬁ&kﬁéﬁg‘e?e%n{ea%#m%%i%ﬁ %gh%’t limted
t ?m cgn nec% or sf weightaf 46.8geams parsguare imeterdalbuh €38 ouncek per sa_uafea«ard;dA non-
enbodi nent s | | ’
corrp05| te corgrprllgr@ﬁnr%éﬁwg“at%oneé‘? %@P coa'gfagg?ﬁebg Fsr% @16@% °th| ng a
plurality of 2uasti19avasp waros and E1P filkyamnstpar § centineters (%6 warp yares anh ki t es
mede from each ﬁméaémhf%efes 51 E%ﬁsﬁft@% BRI yahs Rad'a Rériindl'rart ©f
fibers are therefore con 0

resent I'hvention r exanpl e,
one preferred ethiskoessoip.033 "ﬂ'h@etﬁ‘iségm 0. 01:2\7‘6'#!3) ‘andiadabricweight of 244 o

rei nforced conpgQimsPefsyliafd ﬁb@g(aﬁoﬁw 72 ounB&yd |§Hr b&uaré?ﬁd?‘tAnJlI%?ﬁén-ﬁ}ﬂﬁn

partially coated fiber Strand risin bers, the Ttoating

25 conprisiA§ mﬁlﬁaéﬂﬁﬁ%ﬂéﬂ g QRGP gﬁﬁé?ﬁ%ﬁryﬁ@ﬂﬁ Style 408, whishas 1B er nal
conductivity of wadp yafiddnd ba\myamggér ménﬁmeiérsa(so Wafﬂawﬁdmu%msgw

Anot her preferred enbodi resentoiovention is to a
rei nf or ced corrpi?gl)t%seéérgg é rpaﬂ" fgggrtns P.'E?M"g? é‘lfﬂ??sﬁer
strand conpri soffoes mitlicetdrs (apom‘o oozummes)ttrwmaﬁowggmmmr Bigrmﬁr | east

t anot er preferred

e | | I
enbod ment 1 s dpeHete Bt iFbadtioad e BB shits TRHE A Borkibite el 2l
| east parti bl yfabricstyld uﬁhbbothsﬁméadd D45 Eigiass fbex ypinsisStyle\2143, wichdms - 69 WO

01/ 09054 PCT/ U t
agqueous conpos??fy‘z%ﬁgms ah?‘?'i@fll \gems &Qﬁf?g?"?q&ggéd @é'?%ra@?éﬁa Isgkh?@
fornmed from mat Bgfiinghy uses 682 é@ (’E@ﬁﬂ@b glam xﬁrmds& 1and (045@1tMOgﬁiwam ;ha‘s yneric

materials, coNpPefibhalfabiy thitkress BEo. w&mm%er; ?osgl.ﬁche ! ahEPfbric ONe

Iubr|C|ous material different fromsaid plura scr te particles;
and (iii) at 5 Yegetofggp gramﬁmr@ﬂwﬁg'qtﬁ{t(@quh? 30 awapewyr sgupRgtyerd). Awonri al .

St i1l anot hao PhrRitiRy &xfhph Sractabi Btyl@lisiid SotiP 586 8Rd G75 ECgids WBerl yarrdii€ 8fylecd 1O
7535 which has 87 warp yarns and 57 fill yarns per 5 centimeters (44 warp yams
and 29 fill yamns per inch); uses 9 68 1x0 (G75 1/0) warp yarn and 9 99 1x0 (G50
1/0) fill yarn; has a nominal fabric thickness of 0.201 millimeters (about 0.0079
inches); and a fabric weight of 232.3 grams per square meter (about 6.85 ounées 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 1897), which is specifically incorporated by reference herein. Although the

30 aforementioned fabric styles use twisted yams, it is contemplated that these or other
fabric styles using zero-twist yams or rovings in conjunction with or in lieu of twisted
yarns can be made in accordance with the present invention.
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reinforced conposite conprising at |east one fiber strand and a matrix
material, wherein the reinforced conposite further conprises a residue of
an aqueous WRBHIE¥ tion conprising (a) a plurality of di SETEBW2BEPt cles
formed frommaterials 10 selected fromorganic materials, inorganic
polymeric materials, conposite materials and m xtures thereof; (b) at

| east one lubricious nmaterial different fromsaid plurality of discrete
particles; and (c) at least one filmformng material. Another preferred

nmbodi t of th j ' ' t
crbodr et ot e B ol e BBt i oot e 58 DL ©
plurality of datresah hiner fiberst doated avithiafistresip comspatible sizing conpesitidn amd aqueous
t lid
basy s of i AP o" B fibleit, cir Vale SHett Ehaigh it SEna Mo, ' 00
not exceed a chating differing from dhe/first comppsition, i.e athe seerad spmpesitipndl beantainsber s;
and (b) a 8! igh joalngIchibonehf WhiBf fs RRIcaly iflrell3p R M fol rdmtRg L ed Lo 2

rei nforced conposite onprising at er strand conprising a
plurality of gompenenispfithe firsisizingrRomposition:ar @) pentainsptdeast ene spsmposentin ced

conposi te furthemdn m.eﬁ.emrern@ﬁaﬂ% aﬁo@flmﬁQW&mﬁ%ﬁﬂam@aﬁpml si ng

greater than wel ght percent on a total solids basi's of discrete
particl es whi d'hﬁﬁfawlﬁsms‘t'%rdness val ue which does not exceed a Mhs'

hardness val ue of  ReferfiigTiowdd Figd?, tﬁaraﬁnewzseanfuehﬁéatofaﬁn é\raomﬁ@hnbloenal
enbodi nent, of the present InveB‘&P”E‘PIS Lrected to a IR nf o conposite

conpri si ng!Q a)'a'&'PatPgéépy goAling p FEgRENg A gty m eB?'uP'&ﬁ'"‘f 3t gl ass
fibers, the stgoRfdricmaimfing ﬂ-brrﬁoplzsﬁi: nrthemnsbmhﬁ mattiz matarial 7160 Thenpri si ng a

I lit f d t
b1 gani ¢ rat cr {SAMBoH o s 8 U T el Ao fusBBi A e 2l < and
M xtures ther éefein, Mdlestnic supporttimeanss etngture that meclwlchﬂymlpaortmcmge

particle size 'e%ﬁfca.ﬂﬁn{cg A(gp& Ga?ésigérrﬁ{ SExaﬁ'?.)?Ls(nl}Hud@ msgaasu. ol Qtiv

particular, the plu ticles are.forne romma?erlals
-70 WO outﬁao%mwmngaawss@eeleew@ qompanenis Prietad ciesuaitegretedor gani ¢

materials, . rEAfi! &ﬁé&ﬁ?&éﬂ dévi@@é éﬂd Gthérhardiars %%na@é%ﬁ%‘ e 0S| t e

mat eri al s, m xtures o fore?om he components of the

coatings and ﬂ@%ﬂ@%b‘h@%ﬁﬂ'ﬂﬁ%&c@ﬁmfﬂs@ﬁ@ %é@ﬂ"‘PQlc"Pﬁl?@d gtsiteng

embodi ment's di r eCt prbiéd MbbdPichB ofURTReSEnt msemaﬂakamabeed@eéﬁféreea 5 the
coating conponents . d| scussed above, and add%é onal conponents can, al.so be

sel ect ed fromcPHBR%tecomprising afileastonepatkal Foat #irapd,camppising aplyaalityaf i t he
present i reEniibee diseGised i ddtéll&ibﬁ@@.eRéchfﬁ@:eH&btﬁﬁdsﬁé§m§d&fforﬁ%a¢HKﬂtlﬁms etting

polyesters, v idri]sy:losee; } beef' gfrandg ompns?ng 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 pariially coated fiber strand comprising a plurality of fibers, the coatiﬁg
25 comprising an organic component and lamellar particles having a thermal
conductivity of at least 1 Watt per meter K at a temperature of 300K.

Ancther preferred embodiment of the present invention is directed to a
reinforced composite comprising (a) an at least partially coated fiber strand
comprising a plurality of fibers, the coating comprising at least one lamellar particle,

30 and (b) a matrix material. '

Yet another preferred embodiment is directed to a reinforced composite

comprising (a) an at least partially coated fiber strand comprising a plurality of glass
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(containing at | east one epoxy or oxirane group in the nolecule, such as

pol yglycidyl _10 ethers of pol yhydric alcohols or thiols), phenolics,
am nopl ast s, wh{'é etting polyurethanes, derivatives of %W"%’P’z?ﬁ%

foregoi ng, and m xtures of any of the foregoing. Preferred matrix
materials for formng |amnates for printed circuit boards are FR-4 epoxy
resins, which are pol yfunctional epoxy resins such as difunctional
brom nat ed epoxy resins, polyimdes and |liquid crystalline polyners, the.15

composi ti ons 0f gy, ffd bfing loriking i rdsiae"t 3 ol Bmbdbithl Eoriprstng ¢y o U7 e
informati on regarding suﬁgh c@rrpo rtrons 1s needed, see SeLT oMK
Mat eri al s HandplerRiity/of digcaefe paricles famed fram nateriads selgctedAtposorganic @atrialshi ch i s

ifically i - i . NS ¢
Sui tabl & pol yrois Btk e int SBrposts ey AR 0B UEIGRL P
pol yami des, t heanedyhrigious majasialdifferent dromssaichplunality ofdiparete padiclegiaing diixatr s,
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pol yphenyl sul f onesStillgapthenpieferred embadimentiof the Praseatiavestionis diregirgd tpheny| ene
sul fides, poi Yéﬁ?&r@é&on%E%Véoﬂ?Hﬁsﬁe bOEasi Ofie AbLY sgawmrMMk Raterigb A

preferred matrix material formulation consists of EPON 1120- AB0O epoxy

resin (commer ciwherein fhereinfaseed coppasitsfuither eamprises @ residne-of @n aauagysist on,
Texas), di cyanginfdsiion compiidingYa) dploraitp bfdisdiste PEMAREIonHEd Bbni Grtiteriisher
(comerci al | aval | abl e frgm TPF% E)o.w Chem c'al Co. of M dl anq, M. chi gan) .
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30 and rei nf or cantgmirtitesitherbofl (b) btieast on@lubritieusi matéria diffeshifromsaid pluralitygnent s,
| ubricants or rocessin I, i | stabilizers,
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i norgani ¢ mat eri al s Another prefemed @mbiodimentef the présentin@dntiod Bdirested talal SO0/ 20459
pol ymeric matrix; ' . [ terd ' (iillukﬁd.ﬁ ram c

mat eri al s and %ﬂﬁ%ﬁ%ﬂ@&fl&lﬁgﬁg%ﬂgﬁgﬂgﬁle e p?éia@c gc#af rom 'Eaﬁ‘g I norgani c
mat eri al s d&8credmptising a plurality of glgse fibers.the coalipg cemprisingeaesites of antaguecusd

| pr egnat ed by ',,%g f,g}ﬁp [ ' ; f [¢C Matrix
material 716, fé(?r exgﬁnp. e, riggieglkés\a(t:%:sﬁag iv?}eu%'f_t p?_%&mﬁ}aoﬁg th?%(f.ﬂ ?A Beliieof

M cr oel ect r oni cdisqsgte pagiclas whish haveok Mohs damsiness valug yehichalges potexcegdiach ar e

specifical ly i naehdaadhest valie oP5BER0BRe Hr¥aRi dlass HBErS; SRNEY Ahhtix nfalipaped or
conti nuous fiber st :ﬁn rei nforcing material can be dispersed_in the matrix

| b
material by hand o r Bigferedem M%?QW#%Hwi"W%Bﬁgmawpce whi ch

di stri but es20hecomprising at least one fiber strand comprising a plurality of glass fibers and a matrix
material, wherein the reinforced composite further comprises a residue of an
aqueous composition comprising greater than 20 weight percent on a total solids
basis of discrete particles which have a Mohs' hardness value which does not
exceed a Mohs' hardness value of at least one of said glass fibers. '

25 An additional embodiment of the present invention is directed to a reinforced
composite comprising (a) at 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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10 reinforcing material generally evenly throughout the polymeric matrix
material. For exanple, the reinforcing material can be dispersed in the
pol ymeri c nWOMAM4t erial by dry blending all of the c orRSaAEAY2p459
concurrently or sequentially. The polynmeric matrix material 716 and strand
can be forned into a conposite -or lamnate 714 by a variety of nethods
whi ch are dependent upon such factors as 15 the type of polyneric matrix
material used. For exanple, for a thermosetting matrix material, the

conposi te can Qae&%ﬂa;ﬁpbx h&a@ mu%rgahc'nmt e merd;nﬁbgﬂenmgiewé' on,

filament w nding,
mol di ng f ol | owseh- hgatemﬁnﬂebls r:@mpqaﬂe m#}qs'etsi 'ﬁ%ﬂ“tﬂsrﬂj a"ﬂ'?féh?ﬁ?fmpmng

pol yer ¢ MRt T X MhigitiyohedBrhE Skl Gonblicpoblion RS ke <

in the matrix materi al he application of heat, for exanple.

Sui t abl e cr ossthefregaingembediments dE?%P reinforcad coRRaFites an beselerted framer | al
are discussed ﬂﬂ%&mgﬂaﬁpbﬁém@a@édeéa ol dhu raumuﬁal éingoRénts Ban A0S et ti ng

pol yneric matrix nmaterial depend S#Eon such factors such as, but not
limted to, theeleciesirom those yacited 8ba¥R: i x nmterial used, other additives in

the matrix system aﬁdfé&;uﬁ{amﬁateﬁalébafmwmeptewm@snﬁmnwdbhermopl astic
matrix naterial,. suitable thods {mgr f or. P?S the 0] S|te|?r¢‘ﬁlude

direct nol di ngth@rmesetting matgria cﬁ‘l‘ﬁ'&ﬂﬁ P Y] 8T RO i ng.
Met hods and apahsiniiy a‘lwasﬂ‘mrépbgyttrhmmmxpmmebyolem atmhnes polyglgcidd  ar e

di scussed i.n 1., Rubih ndbo ogy (1990)
at pages 9@5 §thers of ET T‘ggt?l;%ds rf@élgf &B@‘fh@\/\gﬂnﬁhg?%@%&g%}ya

i ncor por at ed bpolyli}&haﬁsedmmelsef anyof thedfdiegping.zand prixdres otahyafthedi rrent s of
the present mg)entl

el ectroni ¢ suppo ggnpérfgggdn&gginﬁgféf%ls f&%m"%'g@% %%?%3’8&%8 B@?Qg%ESLSSn

partial | y coat aw FRafh epexycesips; muchgr@molwanabmxymxsssﬁhemfuameajssed in
detai | above. bfgwejé‘dg?igsg,gg%ﬁ@mg@éﬂ IRHRARK2AIIE bo e @etronic support

made from each 0 rcs COTTBI‘I sing a east one fi ber

strand ar e 1Phef¥mrasiioppefiwhigh are wall kiow tofaosg sk ip theAft it fugher infymationy np e,

one preferred migarftigsabh c&ﬁpdshiané)aseﬁed&d See Elﬂmhicmwr&!ﬂérﬂbbdcd‘ ASMR
reinforced | a nate gatedfor an_ e B{‘uc sy rTPerISI arratrlx
material and a teaf'atwe {1989t pages 5%‘1‘1"’% wolst BFPPY '“E?J'H?IP diby nc§ east

one fiber stranekeint he coating conprising an organic corrponent and | anel | ar
Perperature- of | S0okNGrFing eyapins ot st Relyort REMoplaet S o Mol b
with the 1@Omainciude palyatefina) palyan’udas theimdpasticepblyusathanes anditlmptlamhsﬁ@r an
electronic su pgayésters, vinyl polymers, and mixtures of any of the foregoing. Further examples
of useful thermoplastic materials include polyimides, polyether sulfones, polyphenyl
sulfones, polyetherketones, polvphenylene oxides, polyphenylene sulfides,
poiyacetals, 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 deland, Michigan).
Other components which can be included with the polymeric matrix material
30 and reinforcing mateﬁal 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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An addi tional enbodi nent of the present invention is directed to a
reinforced |am nate adapted for an el ectronic support, the | am nate
conprising (WPY*Watrix material, and at |east one non- dRFTAEOMMERDY i C
conprising at |east one fiber strand, at |east a portion of the at |east
one fabric having a coating which is conpatible with 15 the matrix materi al
in said reinforced | am nate adapted for said electronic support. Another '
enbodi ment of the present invention is directed to a reinforced | am nate-

adapted for an gé éﬁcQﬁétﬁx matenar; Whewmoigaﬁhnﬁt@iamﬁamde&ﬁewué MatefaldRhd i X
material, and b'g ast onefabrlc c rlsbg,?a | eas gneflber strand
"ﬁ|’%‘? » apd.eq the norgan ﬁ??@% scabpddn at

and haV|ng a no
| east a porti ondethil aboves f ace of the fabrl c. 20 As used her ei n,

" -d d fabrig" is.a fab t t ti I
f1ber process. remvi f5 "B HI23A b8 shEa pBY etsopeiey NP BPPé"%faF'P% na
fabric. As disctathefitheipolymeritmatrixhatertl NS, fordxamplerasjdidcusseain RgTummala
ho-used her ei n. (- MigodlictoRiE PRGADT HaRBg. 170MET Bl b3R8 boo Ot W BB ERT  or
refers to the renaclicallymmrpcmted By refayenderngrairo fioreigenerally, diapped sed above t hat
are pot used | NoSRRNGRabaNGand Hiffbronk' sl Bdh I SERABET mb Harh ATRKA

n conpat |

nonflnlshlng resi . e coat ositron re e prinmary,
secondary and/ oby banddrany sejtablei am@mateqafssd on mixing deea whichidistibutes theut does

not refer tqgt YFE"g m% infteHial Meﬁdll? Qﬁmﬁuﬂﬁ&{k tr%’ﬁﬁmeﬁc mag-fx%t@na'f Féne

coupling agent an er "after degreasing. 30 The
present inventi sxﬁm%\mﬂ/@rﬂ”r@lﬁ%Q‘aiﬁﬁ'ﬁ't‘@ﬁﬁf-"é’tsee'&e%tﬂéh? PRivreesiainatax mgtedial esi n

conpati bl e coat}, PGry%ﬁfnﬂ'aﬂgfthQcbﬂﬁﬁoﬁnmnéuﬂeﬂt{)eéﬁde denthfy? @ finishing size
applied to the toating. -73 WD .01/09054 PCT/LTS00/ 20459 Anot her preferred

enbodi nent of the prEERAYmeicMmatvoRatedal {16 apd gtrang Gan be formed ints a pompasiey o -
| ami nate f or US Or lafinate ﬂh&s“ytarmew of thefhots whiph hreczﬁbemm GpoR SUEH fatlrs as

cl eetroni o dopBieesheelmBYe Ml mR L oee” Fot SERRo e TR BB ng. a
plurality of fi matesiatithé domposity cantbe farmed &g compressiredriijéction awldinyy on at
comri oi g & o B ABiner s Rnb lavye! B804 pre SR i
coating on at | ml;ingafollmed iby worppressien artinjeetias malding. \depmasetting pblymatic | east
ﬁg[ telr ?!’;1: yr ggﬂll H% ’?‘ @rfa?stacfl F(ﬁf}ltﬂé '(':‘E'pgo; Asgmwe{se%s ermétﬁ ei‘y coat ed
fabric to f@Om andlor by the apphcatlon of heat, fgr example Suﬂable crosslinkers useful to
crosslink the polymeric matrix material are discussed above. The temperature and
cu'ring time for the thermosetting polymeric matrix material depends upon such
factors such as, but not limited to, the type of polymeric matrix material used, other
additives in the matrix system and thickness of the composite. S
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 I. 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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prepreg layer; and (d) lamnating two or nore prepreg |ayers together to
forma lamnate adapted for use in the electronic support. 15 The
conponent s ¥P#MWS4oati ngs used in the foregoing enbodi mPETPSHAEIted to
reinforced | am nates can be selected fromthe coating conponents discussed
above, and additional conponents can also be selected fromthose recited
above. Additional preferred enbodi nents of the present invention are
directed to prepregs for an electronic support conprising an at |east.

part lally Co?aﬁglhﬁ_ﬁd’téffagﬁc Qr??igﬂpé 'apﬂaﬁton{a trQ&f"dlLélBgéd iﬁtdgég gb& Scussed

in detail repre roni c sup 0n1each
of the discl cBwa, mmwgammadgptng fogan |e@§t§onl@ﬁwpom m?de frgtnrmu o&the
therefore conf&ydabaidp geé)abn&aﬁgmgs@ﬁsafona fiét wamarem&aﬁer of the
present invention Is direct prepreg tor an el ectronlc suppor t he

prepreg conprthe pregentinventians For ﬁxaml% ©one prefegred embodigest ofshrpresent
non- degr eag eqn\fe"i’tﬁ&? is direded !o%l .era.fa?éed nsaﬁhtecaaspéa Rét'an %\eﬁﬁﬁiﬂa supporteast a

portion of the at |east one fabric having a coating I's conpatible
with the nat rdomprising aimatrix matgral gnd gp eﬂpa&g 0%93@%!&3!&0@96&!1%@@9@@” Yet

Zgoglhg(f:t ‘fgﬁf’géﬁaﬁ% ﬁergﬁﬁw{r@?wng doftipfishg 8 ofgainie bérﬁﬁénrgfltr :Isd)? idmigp P Ieg ; or
(b) at |east R?FF!S’ a@v'nea@mg?' %@&"&Wﬁéﬁ'&?ggﬁ’@# %ﬂé‘?etg"t'fétrﬂj 30 and having
o1 "o sur ace O B LA b e O A BCH LR IOBaEs e above, t he
of a surface of the above, the
corrponentil of Mitrpemategahi ?.B? 'ﬁ'g'g’&’e\/\% |Hélg]a§?§3§%§%n gﬁ%godympgn can be

sel ect ed from t he AnGaiditional embpdimenttas thei eseptioventibvisalirectedito saskihforcedhal
conponents cgn al so e articul ar
one 14§ g B afaRed Gy S5 KBS AebB Wi el Cooalig ) ndk® | Y

| ami nate 810 matemalmaatblasnooeamdegrpmgrfehrmompumnmatdeﬂwme ﬁ:ﬁees&mldrl X
matertal BLLa st 4 BREGHIHEL IKADSLIabRIhaliNGA diBHRAMEEE Lot set of .

nmetering rolls to [eave measur ed anoun trix materiral, an drledto

form an . edhe matrix matesisbintsaldrreinforced damingle adapted:for said alegtrania suppert.or

prepreg. An edfeer e&eb&.menmmweuﬁnmmaﬁ ns&a@ctém m:rﬁ?éé(ﬂblﬁlhﬁé al ong a
portion of a side 822 of t prepre to be di scussed bel ow

in the speci fadgpled &Y anmremsweﬁrfgg W%%F%EP’FB‘Q (?)d"r'ﬁ?‘gﬁ maferiab A8th ¢
support 818 wbfdt iskat enefabrid dbﬁiphsinglfaﬂém bhe/ fibdr rarid addrhaa.nghmeﬁ-fnieﬁh@dl ment

of the |nventhn an he, el ectronic ndustry,
two or nore 'QI‘T’DEF"E °H@Bs'b§'l heeast.ﬁ PRRIPEO'A %‘5%??5@{'? fAbEGnduct i ve
| ayers 20 As used herein, a “non-degreased fabric” is a fabric that has not undergone a

conventional fiber process removing non-resin compatible sizing materials from the
fabric. As discussed above, heat cleaning and water-jet washing, in addition to
scrubbing are examples of such conventional fiber processes. As used herein, a
“non-finishing” resin compatible coating composition refers to the resin compatible

25 coating compositions discussed above that are not used in conventional fiber
finishing processes. For example, a non-finishing resin pompatible 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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and. |l am nated together and cured in a manner well known to those skilled in
the art, 15 to forma nmultilayered el ectronic support. For exanple, but not
limting theWRUO¥ invention, the prepreg stack can be PEFUSMaRe4S9 by
pressing the stack, e.g. between polished steel plates, at el evated
tenperatures and pressures for a predetermined Ilength of time to cure the
polynmeric matrix and forma |am nate of a desired thickness. A portion of
one or nore of the prepregs can be provided with an 20 electrically :

conductive layer et Aggmndtirlombdebodthbitor id Erdiah iffenisils Eéddiftogich t hat
por I te at

the resulting electronic sup I's a lamn avi ng least one

el ectrical |y combdhsad of formingyadaminatefor usejoan eleetranic supperkarpieation, the method
(hereinafter refgLbRGndt &of Clad lamnate"). Crcuits can then be
formed fromthe cgfngct I‘él ggl g_gonduc_tive Iaéer_(s) of the 25 si ng}l e | ayer or
nul til ayered el ectrofflc seRi@oing afakricadarted o ranforce,an gleqtippigsupreridermediy o

construct an sl fdaliRg alQedst BREHN ydrhl comrisinga pi@hiitf offibert 1 halihg Hifitst Ragy d or
printed wring board (hereinafter collectively refer to as "electronic

| ed
circuit boards) .comagtible easting op akleast apodion stihaatipast gpe %‘H@"b?%%‘r‘ﬁasF PRRent i on
are directed to waph farh ORprisirREPIORaIY offisbreariiaving iaGetoridresin compatte

conprising an at |east partiall coated fabric conprising at |east one
fiber strand di 5"85@‘5&9%?’?38'&%?'%%%8%?&%8 e WAB¥#Poni ¢ supports and

el ectronic circuit bggrdsatiestepartially coatiry abfeastepatiicaidf trecfdbric-with aifatdit 109054
PCTI USOO 20415(2 f%briics. conprising at |east one fiber strand are therefore
cont enpl at ed' by THE@ HEsent i nvention. Another embodi ment of the present

i nvention is directed)to atleast partiallyrdudng the phleast psdiafyrdogteddalirig o formlacast one

non- degr eased f ' |sing at |east one 5 fiber strand, at |east a
portion of the zipé#r%%t%?gg#gsnon-degreased fabric having a coating which is

conpatible with a mafd)i x laminatingitwo ermepre prepeed layerstogether toformiadaminateer i al on

at "l east a porti S ric in the electronic support. An
addi ti onal errbocﬁa%%t%{”%rgg%i?&g%tagﬁht 0 ar_qa(g?ect,r oni ¢ support conprising (a)
at |east ont®fabric Therpmparients ofthe cogtings yised ipthaforegeing gembadiments diredied,

non-fini shing r qsidinfdlled Aiiidstian be@aletiad freMROEdatihg Borfipbnafits dRasdsed POrti on
of a surface of the fabric; and"pg?bg at | east one trix material on at
qogkgomppaents g7

| east a portion 29pve.ad agdy n flsq be selreteddrom thpsa ecited abo¥e-t . vet
anot her enbodi ment ofadtiiénapprefetiet eniboiffentsidf the préseRtihvmtibroare direitédwd of

g o g ot BE Sk epk oA e B B e o S !

20 comprising at least one fiber strand discussed in detail above. Thus, prepregs for an
electronic support made from each of the disclosed fabrics comprising at least one
fiber strand are therefore contemplated by the present invention.

Another embodiment of the present invention is directed a prepreg for an

electronic support, the prepreg comprising (a) a matrix material, and at least one

25 non-degreased fabric comprising at least one fiber strand, at least a portion of the at
least one fabric having a coating which is compatible with the matrix material in said
prepreg for said electronic support. Yet another embodiment of the present
invention is directed to a prepreg for an electronic support, the prepreg comprising
(a) a matrix material, and (b) at least one fabric comprising at least one fiber strand

30 and having a non-finishing resin compatible coating composition on at least a portion
of a surface of the fabric.
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weaving at |least one fill yamconprising a plurality of fibers and having a
first resin_ conpatible coating on at |east a portion of the at |east one
fill yam anyOd¢ r‘?é‘hst one warp yam conprising a plural i tRETOIS02048 s and
having a second resin conpatible coating on at |east a portion of the at
| east one warp yam 20 (b) at least partially coating at |east a portion of
the fabric with a matrix nmaterial resin; (c) at least partially curing the
coating into the at |least a portion of the fabric to forma prepreg |ayer,

and (d) |am nating o %a DL &E@%%ﬂh&%ﬂn @q{,%rfo one or nore 25

electrically conductiV rmthee ronic s pot In a further
preferred enboczmMmentsmmsqlmtfrooh@eMml@omn@nqnhedwssmvaraed mat ri x

forma first ¢ Bﬁéltcﬁmhgé(e s édh diddbeeRieiel MR inS4e G e -abbvk. aNOt her furt her

preferred errbo I ment ectronic support further conprises a second
conposite |ayer dilhadagisuiaraesimiting WWW%%B%W@"PB?@W" BEFigd. additional

preferred egboghnmpasite braarﬂha@cmthmeafabﬁé @ﬁ.t .h@rugﬁa@u WitN hfeohaamb m&ﬁsmr i sing
(a) an electronic suaggrgrt co R%’ gﬁn | east one non-d greased abric

conpri sing at Mageq f"‘é&??s&“i%?‘? Pefeen agetof at | cast
one non -76 M&&Wtﬁ%mﬁ&@%oudﬁgwaéﬂwara diisd ta¥@rmtas 0at i ng

whi ch tibl t { t t

mat er i &1 on ateieeEeic SypRRETio f5fou ol teriuiesBfrah oF pRbrepc An plephgal |

el gc% II:]OI’II c s Up&{haﬁcﬂvlélWel(m dan belpesiltion_ed aloag apotion dfia side 822 efithe prepieg Euppgr t
e ctive layer bein r oar

5"An aqdi ¢ {Bnan autanoar o seuspe PERa Bk ncalih, Bhd fislshhrf, & chrelsh,

conpri si ng (atbmaan eleeMMatippors atfwith arceleginidally candgétive deyet. da snotbere  f abr iC

conprising at dﬁféf the b iR Ehtion! 5&“‘“0@ '%gné&ﬂwn% é\e%ﬂlcfshgﬁo?hh@rges' n

conpati bl e coa "89 osrtion oh at t @ portion sur of the
fabric; and Umaamoreemregsnerermmblnkd with ene an m@m elgctrically-popdystiylayeren of t he

at | east one fé}hﬁérﬁﬂb!%dtté’%g{ré'r‘a’ﬁé 98] f SRR il Bk (P hhodd siBa®h B aron cal |y

conductive_ |l ayer e su e conductive lg% o bei n ont alned in
n

the el ectr bfi d°6‘?'f'b%i“t’“'l%%!’ﬁd electronic SUPPerh dfror SXaPRIp Aipvting thspresant o

el ectrically Gaushen, it prepé ﬂstdcﬁcarmﬂhﬁnrﬁ@ecbywsaiﬁ?me &sz:kae e%eméead pﬂ] ti 0{1
erre e oal e a

O e e OOl SRS e 1t sibcid e S o oo e SRASEARAL
| ayer. | n anotiesgth eftimeitonsans the pbigmericmbirio and fosm paminhate of & Iuen’redorrpr i ses -a
Second OmPos  Rckeld®h st & 6 or Wl e plebleyh of PBRBRIbEs Wil EH
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 fhe
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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el ectrically conductive layer is positioned adjacent to a selected portion
of the first and/or second conposite |ayers el ectronic support. Another
enbodi ment oWANE5# esent invention is directed to a net hoBCHESAMS? or i ng
a printed circuit board, the nmethod conprising the steps of (a) obtaining
an electronic support conprising one or nore electrically conductive

| ayers and at | east one fabric adapted to reinforce the el ectronic support
formed by weaving at |east one fill yamconprising a plurality of fibers.

and having a faprids cofphifing 1B 'bfaéﬁb&@aé.w}e%r&ue'&ﬁéhﬁatmdhken of the

at |l east one fill yam anc east one warp yamconprising a plurality
of glass and haRresRytiaventiopnd resin conpatibl e coating on at |east a portion

of the at |east one ApptHar émbodimBAChE tHY) présint MUEHEBH istdirebRA S arPBEctRInict he one
or nore electri cal‘lﬁ conductive agers of the electronic suploort to forma

|
printed circui tSYPBYF eMANsing(8hidenshene nan-degeeased fabrie,comprisingatleastoneor egoi ng

enbodi ment s i rfiver Sfand3&k lédst 8!pdAich NG ablAR Ghb hoRBEgrehsaltasHRiHaviRh ACUI t
boards can be sel gct eﬁlefromth r{gonents di scussed above, and

e coating,.. co

addi tional conp@RAME Whigh i %maf'%%"@é? xmateral and( (B3t Isastonedpatip ove. - 77
WO 01/ 090§34 Pdﬂusjghl/oauﬁasﬂé pakicri clifeﬁh atdgst dne fabricih tHE&Iétﬁrol(wlﬂkﬁﬁgd’n‘?fﬁﬁfr ed to
as "vias") can Jornmed ibn the .eleecironic,supports, to . g or
electrical inte? 5'r9ﬁﬂ(?f'?%8ﬁ' é‘P \fé’gﬁmﬁ‘ﬁ%ﬂﬂ ec'%wﬁﬂ'ggﬂﬁpm&ﬁﬁﬂﬂ%&gab'ﬁaﬁpposi ng
surfaces of t heonzlfalricrcamipeisiag ppleast oné fibaxstrarcbanddvaviag ta nondinishing kesinvn i n t he
art, includi Lt : ' AugR nd sgr .5 drilling.
Mor e specif illggl %ﬁpaﬁ@%gﬁtﬁﬁgg &88%'65%%%35% %pé‘&r"{ﬁé&ﬁ?{o&éﬁ? %ﬁﬁ% a[‘ﬂroughg
at | east one |(@yatledsdone matrixaaterial omatieast a partioh ofthe ahleestonp fabrit inlthé4 of
t he present i”éi@&rtohﬂ%up;ﬁ?{? fabric 1012 conprises coated fiber strands

g

conprising a plurality © lass fibers having a |layer that is conpatible
with a variety of pofejaesther emhodiment afithe present inyentioaig Hirectasite mmethad dfor i ng

the aperture 10@Rnin@hRekErSHCsUp %Qﬁémé@@&c&rﬁpﬂsﬁgﬁﬂéhﬁe%@@@d inregistry
with an apeigure forming a Para us, such as a drill brt 1064 or |aser tip.

The apertur 21060 i <@ or ning- & {ahre adaptedte rripfarge an stecirenic supper fosmed hy
llayer 1062 of fwduaving atf2hst die il yainl donprisiad 8 Blutdiiey ol fibérk an@R4viry a fir8G8&in | N a

000" hol es ¢ hr tEIPALbIE SOl 3 o4 a6 At e 4 1a76] e Tlem AP ogst el cs por
square 15 centwarpiyam dodipfsihg b piraliey of iere aAd hainy a Setdna résih &rﬂtﬂéﬁlﬂe of 0.001
than 36 i or omeCane o1 et a zoBP bChe AR 55F HERYE T e | aminat e hae a dr i1
tool % wear2@fter drb) |i atledgt@artiaty exmting at least a portion of the fabric with a matrix
material resin; | '
(c) at least partially curing the coating into the at least a portion of the
fabric to form a prepreg layer; and
(d) laminating one or more prépreg 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 eleotronié 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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through a stack of 3 lamnates at a hole density of 62 hol es per square
centineter 400 hol es per square inch) and a chip load of 0.001 with a
0.46 mm (0. WPIMHEh) 20 dianeter tungsten carbide drill JCTASIY43% er t han
32 percent. In further enbodinent, a fluid stream conprising an inorganic
| ubricant is dispensed proximate to the aperture form ng apparatus such
that the inorganic |lubricant contacts at |east a portion of an Interface
bet ween the aperture formng apparatus and the el ectronic support.

Pr ef bly, | : | |

bt cant desSirpaga SRS faitihh LoAg whizh Bcoipalie aip & Wil et U2 0

i nvention, is( lnatrleastenametnamamrhbm atdeast & portiomef thenatdeast ong @bﬂmmdh@h a | ayer
of fabric of él?ct&‘:hﬁ:% msnégbzaﬁpemwmaﬁauags} ﬂféé@ga&aﬁd{hsu't board

conpri si ng: positlon'n ctroni c sysfem support conprising a
portion of a ¢qm99¢tweiaye@mnmmeémrweemcngmac'tcy&bwdf| ber strand

conpri si ngsa resi m&aumﬁalfemoemm .aawe&emamleiec%.@ar&& pba&iaTbmpridigy ¢ | on of

a surface of the fabric, in which an aperture 1s to formed In registry
with an apert@)é“FGF@W“&B?I&?%%’"%‘M"99%001559&9%%@'“9@?&86’(0)520459 (2)

form ng an apgyet siréhd dﬁd%ﬁﬁn?ﬁ hb.h-ﬂﬁtsmﬁg feli doﬁwatibtecﬁoai'@édncpos.ﬁ&ﬁ Bf af Or mat i on

of the apertures, a | ayer ﬁ'ﬁr icall Qonfuctlve terial is deposited
on the walls 'S?Sttaf@"&ﬁé’ﬁ‘ﬁﬁ"@cﬁ éalﬂ'ﬁe? skqney Wﬁ"@fr?"é‘% ectrically
conducti ve nmyegdtiadortion of theist Iehﬁtdaelfébﬂcmemulereetﬂorﬁ |upport; @Rl (b)Ener connect i on

b 5 | | h Ln  Fi 10
B o8  SHSBrERl St B he SRR bt S e 10
Was can ext enidl tpsslédtmhicycircdittoandgh or entirely through the electronic
0 OheP i BTt bl BABbGmh e ool ColRATE hydlis O1° 7 POL

surfaces of the el &&fTom nted ccireur t board or t hey
can be conpl epasifiobed adjateotto e@nleaﬁed@gnmppﬁm elepteonis sypperb nin@angthestypherr t

and/orci [ Cul bref3f@l dmboditieht e\ét@aatonzmnebg&fnaiaf@hé%nsmmsr yer 820 .

shown in F|g can nown to those skilled in

orne
the art. BFor mesqteelamuin angther pm)?a/mgn% the elestrenicsupppr (MEHET eAMPriseRa

electrically $RBRYESMPLRId ﬁyérd.mth&nftﬁ&mowoémamt PRferably,lthe) sheet or
foil of nmetallic terlal onto at Héa@gé)rtmn of S|de of the

seni - cured ore®a%rically eepductive fayer ig P°?'%ﬁﬂe nAlo 8 splegt
el ectrically mlseeonueodnpuﬁé Iaiﬁfs diectrohiosuppbrtby deposi ti ng a I ayer of
cur od prepreg or (AT pEberERa of tBEreseBinertd R MRS LA BOSRE but not
i mted t20elfeminghyptinted pircuitiboard, the ewthadl nam:pnquhgathe stgpeof sputtering.
Metallic (a) obtaining an electronic support comprising one or more electrically
conductive layers and at least one fabric adapted to reinforce the electronic support
formed by weaving at least one fill yarn comprising a plurality of fibers and having a
first resin compatible coating on at'least a portion of the at least one fill yarn and at
25 least one warp yamn 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.

-77-



materials suitable for use as an electrically conductive layer include but
are not 20 I| ted to copper (which is preferred), silver, alum num gold,
tin, tin-Iedﬂ APV,  pal | adi um and conbi nati ons t her eof .POTATSANMS
non-limting enbodi nent of the present invention, the electronic support
can be in the formof a nultilayered electronic circuit board constructed
by lam nating together one or nore electronic circuit boards (described
above) with one 25 or nore clad | am nates (descri bed above) and/or one or

more prepregs (descrlfé%ﬂed f‘ageer(&ésoﬂﬂotéiqaussf'aene%qdhtwwcaﬁbe%rﬁqbaﬁttngor

conductive |layers can be | orated into the el ectronic_support

exanpl e al ong aelperonicoupRAtsai 3@%8&!’ electsicldnterconnestion hetween greyits andlok ot r oni ¢

circuit board. &wddnemtseh %ppdsfngrsﬁﬁb%ers%@the%&rbhn@&@dpoﬂ|ﬂyCdMTcamiéﬁiént be forned
fromthe electrically conductive ers in nner ove. It 30
¥n Wia roaneA o

shoul d be appr e®PBRSE ‘P"ﬁh‘f‘"lf‘e?ﬁm 9(5’!‘?"??‘@'“?‘ ?se!'he
llayers of thg adfiirigl IMure EstifitaliyCleferiigto Fig. G0, dn dbemﬁrd 10601mrtld'oﬁglflathave

both internal and ext rna ddi naI esudl & fo as
di scussed ear| | ast ops lavey qaﬁf??’ﬂ%@iﬁoﬁ/}a“e WME@%% 20459
conpl et el y t hr oiagéntiohe TheRbfic mzabtnpmssl coated Iﬁbérlstramuse:bmpnsmg:a plralityadfween
the layers at sel ect Iocatlon .t he
resulting str uc?ﬂ?%’ﬁ’@ @'ays%ﬁ{?t ﬁeﬁpgt?be'esw@hat% gﬁﬁ@grﬁ%{ﬂ%@ y through
the structure, materaBpas ltaughmeretmaln forming:the aperture HRE0; elattiopictsuppartyHiSdtie
structure, d SO er { | ture.
Pref erably, hep?srrin'%{:'%ﬂ adedl ébjétgs‘f 'h'h;h %P%Rﬁrat:fgﬁﬁ %d?érg?a'a)étush%%tag c? thr"g ﬁ?éﬁgj%gor

254 is great er lasérdip. The apertune qmoaformedmhzough@mst)on 1&6@“@?8'%@9& ably
ranges fromo0.1 faEQDUt 0.1 inches). For
an eight ply | a%yegagégrgué%@ég(&? drmﬁé]gﬁ'}r‘%&c‘gda'fte thickness is general ly

1. 32 mm (about 0. 052Injaprefersd erlmzs)/ iment, thedaminate has3 daviatign distapes after driling

l'am nate can vabyodrsiadnieng'a siaex st%sthmﬂteemhae%énm oféﬂ‘l%lésad'érgaﬁﬁe The

resin conte of the | am nat e can ef er abl 80 wei ght
percent, H% igiedar 4900 d10les per ¢ 3'795'“9@@51%? %@ﬂ%@rﬂf 0. o‘ﬂty'"étﬁﬁtfﬁtm'ﬂf fabric
inthe | am nat m@mnﬂ?efaﬁfe&bngétéﬁgﬁbfdéQlﬁll 8ﬂ1dgie£é‘rtm IPrhichomieters!t Inand nor e

DTl abl 1S AR Sren e e B P B v Sho AR o e
havi ng a m ni nuthredghsstackan S ldninated atrpieviadensity off62hbdle€ pet dyparewenfimeteed
e e LR S L A
the fill di28ct 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 selécted

25 from the inorganic lubricant described in detail above.

Another embodiment of the present invention, is directed to a method for
forming an aperture through a layer of fabric of an electronic system support for an
electronic circuit board comprising:

(1) positioning an electronic system support comprising a portion of a layer of

30 fabric comprising a coated fiber strand comprising a resin compatible coating
composition on at least a portion of a surface of the fabric, in which an aperture is to
be formed in registry with an aperture forming apparatus; and
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20 is greater than 3 x 10" kg/n2, nore preferably greater than 3.52 x 10
kg/ n2 (about 50 k SI) and even nore preferably greater than 4.9 x 10
kg/ n2 (abouWVOPHMOMi )" according to I PC-41 01 uSpemﬂcat"FW $070M458 55 e
Materials for Rigid and Multilayer Printed Boards" at page 29, a
publication of The Institute for Interconnecting and Packaging El ectronic
Circuits (Decenber 1997). I PC- 4101 is specifically 25 incorporated by
reference herein inits entirety. In the length direction, the desired -

m ni mum f | exur al s(z)wgﬁﬂganhﬁeherdaeﬂ@t;hnﬁbnroenbumrégam al | y parallel to

t he | ongi t udi nal s, of th t he direction
preferably greater%ﬁ'&fﬂ"‘?t')?“%ﬁ{h%% rg&'es aiﬂ’&'ﬁ’gﬁ’ &a‘é‘ﬁ‘gﬂ‘ftv MQF t han
4.23 x 10" kg/depositéd en tHecwalls af thetapertuge bor the aperhse isdilledwitloanlelegri¢aly ASTM D- 790
and | PC- TM 650 peonnect i ng
and Packagi ng CEFec ‘Feg{ﬁ%’tggg?be%%n%o thgh@ﬁ%’ f'\/\‘,%l H:ﬁa;ér&htng%dég |bFMc;§$

i ncor por at &l Mmﬁde@t@yhmdymvplwetﬁnhtihawnmlaadi%gnﬂvmprfaceedfyher enoved by
et ching accor the -80
WO 01/ 09054 P%%&Egg& %%?&gétlcggssﬂai’&bfﬁse% éﬂ | nventi on

i ncl ude hi gh ftmremwlenynelyéh@uahvﬁdmrpwmoﬂémmwmmr@tw and hi gh
modul us, - whi Ch, (88 elssssat aﬁf&rb%tduaaceefof&efaécﬁbm& suﬂiﬁﬁraﬂdlbpﬁrln?%r ng the

| am nate. El ectronic supports of the present invention in the m of

copper cl ad Frirguit QS’%&RD@'}W %hﬁé’@ﬁ?’eﬁ"eﬁ“é%m cpnigingd withinds electiopist  of
t her mal exf@”%hﬁébrfirﬁmréﬂ&n%ammdﬁaghe z-direction of the | am nat e

Z- CTE" .e., t.h th 55

g)ercent )anlj (ramreac?r‘%?géﬁ’tﬂ ?'y%‘?c'ﬂgp‘f?é ?ﬁg“’ﬂ’i"‘fg)g gﬁa"%’e{" %é‘ﬂ!gﬂt
ac]gor di ng th 0 In%oml %wnmhasedsmxéd(mmeei]} Farbes:pmplef bmanbtmnmngrm@r por ated by
ref erence herej Eac ra nt ai ns ayers
f | 7658 st y1 o FreRBP Eventon. s pipAaa bepaliin RyBroah e Rty iding 3 i
108, 1080, lelhéet o? foll of metallic Hiatarial brdo tibast a portian oba side ntthe serhiycubesl ars ed In -

dditi
201100, 141 TR i AR RO SR e
gener al | y I es§ormgd©epepdﬂtggtada\@xp§n§tﬁﬂlﬁmﬁdal Qﬂmtﬂeaﬁtiimﬂlqndmm nimze
board di st 0”' e urEB%r bﬂg&ﬁprrédBf?é?ﬁuhéi@H&hkf WOIPknoRAE R Réiudi iR

fabrication. m nat es an ectronic circuit boards which

ayer e
i nclude at | eé’yt "QSH@“%Q)%M’PU"F plgting, elpgtioless piatingrrisguitesing.n Metallisc hi ngs

herein and at phfé&wis msmemséb;anéleeztﬂéauyraaﬁuuﬂe@ayeman@ébalafément from
the conposite |ayer taught herein conyenti onal gl ass

n
fiber conpdi t"@'t?%@rﬁqemdthm%ef%% “?"V%'a?'\“?'“'el’ﬁdg%{g' tingtingepd alloys, i nown t o
t hose skil | ed paitadiddeaid dombiriatidhd thereaf.| y the filanments in continuous gl ass

Fiber in another non-limiting embodiment of the present invention, the electronic
support can be in the form of a muiltitayered electronic circuit board constructed by
laminating together one or mare 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 discusséd 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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strands used in weaving fabric are treated with a starch/oil sizing which

I ncl udes partlall or fully dextrinized starch or anyl ose, hydrogenated
veget abl e oi YO 040 %‘é‘fi onic wetting agent, enulsifying agenCHUNRMELr
including but not limted to those disclosed in Loewenstein at pages
237-244 (3d Ed. 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 pr %ﬂ’?ﬁiel?tlﬁou&%é’ﬁéﬁr@w aliWERiRRich! :ﬁlﬁrcgh&q:&lﬁﬁ‘éiwééh tHe fayersPat ent
No. 4,530, 876 at lum 3, line hrough colum 4, line 11, V\/mc i's

speci fical |y i retgelested fosations. Ftéf‘e‘l"EHEéPPfé?@eﬁ that e desuiing strueiire; can hayeron| v

referred to 30 &%éép’é&h&es%atIhend)eémﬁuutbmﬁroaémbedfdct@s suaid apdRuiel that
starch/ oi | S|ze are general not t|b| with the nmeric matrix
YémHggéP‘iﬁt

mat eri al used orggam 9 completely
PCT/ US00/ 20489 w&mhg@t}(m@rel s thus cI eaned to renpve essenti aI ly all

organic materi al fromthe surface h fib r or to

i npregnati ng the woJdgferably, the thi qlmegs efef M%@HB‘W&? Clropic SURRT 298 way s,
fﬁr fxgﬁpl el by greatePinan0.060 fni GlBbLLD. ouz,mms)eammmﬂryferdmy rb@gdsgroiﬁ@a.’sl ng i
the fabric In a na in t esu t he. ¢ ni ng
operation, ther®m @B‘?ﬂs og@h"ﬁg?%%ﬁts&?‘g%? E)é:t \Wﬁ%ﬁ‘% Egr %?'9@‘&” 'EmWﬁ{ rq

mat eri al used 7828 styhs fatrie the thicknesa i gemesallyl 1.82 ewne (abauti057 inches). i Ther

surface, ha | I

surface. Th| é é‘g?%ae? %Hrggfs%gn@br%%@%tgﬁgg bb%'% Jpgﬂgikgd%té?ﬁe% n t he
art as finishinthe lamiBateoupl i ng agents nost commnl y used in finishing

operations are Silanfyre élng%ﬂf%}tpgmwm.nab c%ﬁ geeg?sumng@ﬂsﬁ Husshasef " E

P. 10 Pl ueddenann, %t ages ichis
specifically iPRIBRNSANgeQre BSﬁfﬁrféﬂ"\éﬁ@ 5 weightparcent; §6°§§@Uﬂkf8\fﬁ9ﬁ'§i'bmﬁ at

pages 249-256 (lamrliée canlp‘iafsaabny%ﬁﬁrfr&n{ Q@Edwwe.?ﬂt pbrcbit@ndimaé prefdritly f abri c

S |rrpregnaigd with a co ati b wren o rix material, squeezed
between a sdP ofandes fEem dy "r?ﬂ‘ﬁ'%'gmrﬂ?"i? ted to forma senmicured prepreg as

di scussed above. It Edi@uérdmble f&ﬁ@ae@wwén ssifbrictand Using aAFRA epoxyent i on
TRETIX rosin uSEIMTAmalaM e 8 b RGP BRI FLHO 88 eps can
be elimnated. pleferet MmilimemfeRiraPsfenhiiGPiheidsk naghif® Bivwidth deetiong! ass fi ber
"ncor por ati ng T [ERPRLCRtperdicpEfa i netieial sl Y aBte, U5t B e AR
di scussed al20veis g2éhtexrtbian 31x paFrkgim? mre preferdbly dregtenthah 3. spixrial key/m? (abbuatct ronic
L7 ount ooy o, EmRRERo Bt R RPN i o
(1989) at pages a@gﬁrm@ |\PQR410711petificationl for Base Materials for Rigid and Multilayer
Printed Boards” at page 29, a publication of The Institute for Interconnecting and
Packaging Electronic Circuits (December 1897). IPC-4101 is specifically .
25 incorporated by reference herein in its entirety. In the length direction, the desired
minimum flexural strength in the length direction (generally paraliel to the longitudinal
axis of the fabric, i.e., in the warp direction) is preferably greater than 4 x 107 kg/m?,
and more preferably greater than 4.23 x 107 kg/m?. The flexural strength is
measured according to ASTM D-790 and IPC-TM-850 Test Methods Manual of the
30 Institute for Interconnecting and Packaging Electronics (December 1994) (which are
specifically incorporated by reference herein) with metal ciadding completely -
removed by etching according to section 3.8.2.4 of IPC-4101. Advantages of the
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M croel ectroni cs Packagi ng Handbook, (1989) at pages 858-861 and 895-909,

M W Jawitz, Printed Crcuit Board Handbook (1997) at pages 9.1-9.42, and
C. F. Coont¥O0W®OS. (£q ) Printed Gircuits Handbook, (BETESW204888) pages
6.1-6.7, which are specifically incorporated by reference herein. The
corrposites and | am nates formng the el ectronic supports of the instant

I nvention can be used to form packagi ng used in the electronics industry,
and nmore particularly first, second and/or third |evel packaging, such as

that di scl osedidcfioriOsuf ﬁh@breeaa%e%n%mm hekirafiRAgth (@Abile)and

i ncorporated by reference herein. In dition, esen I nvention can
al so be used FEMPIESHE strngibhanchijoh Q‘PE'I"%S WW%&? ationofgisepib 0459

The present i BYsRtindidingthe RRfhat®N-| i M ting enbodi nent, the flexural
strength of an unclad Iam nate, nmade in_accordance W|th thesg'resent

i nvention from g | Elpstranic g4pppits @@Wmfﬁ%wwmm%@mﬂgﬁ?@e 94 ER%523,
E-glass falyi ‘éBC anﬂﬁ\aﬁ? ﬂafé}%ly RéVe dcoeffRiehtofifarinBDexparisiondfoml8®*E tand t est ed

o1 or ence. hor BRG nithe piEclBItS BINHALLOTER. 1Soe MelhEknses BOPECquare

ref erence her

the tapri 6. aﬁé’ﬂ"’@??g‘%ﬁaﬁ?"’e”a‘*‘t g g W"%ggmwgﬁié’,"c&ei; ' Ohen
tested paral @(exg_hbpqrp@t,fq mﬂpf‘é@ﬁ JE]?%FMP&P% é&?’vﬁ@}‘ 9 ﬁ?eﬂ Yer

n;)n Iltmhtlpg mq{érdraml y referérice hpreir.cBhchl such faminate ptefuammhtaiﬂﬂight éLO shear
stren of. an_unc en

i nven'?l on 1 laYes qug%ééws?a%ﬂf’ aétga%% sykgasﬁlgﬁgg?pﬁa%k&& F@?ﬁﬁ% 7628,

E-gl ass fabri 0080)@143) 2 or7535Istyiecfabricscan Alterhatively e sisenl. loﬁdtiﬂmYJMnd t est ed

according to fugf §4t9c3§%éor§érate<e@ﬁ4bmu¢{§ of BRG} fauficbiids. DrfARAG ﬁ%\% 1B¥
reference herein) using a engt neSs ratio o
preferably gr sa@@leMthmmmafﬁéP"Qfaﬂydﬁﬁ quﬁ@qm-lelamaqud

megaPascal s) m&&ﬁ%ﬁ%@ ifihiz8'b gﬂam,gﬁarp directi.on of the fabric and

preferably greater oun S per square inch about 39 megaPascal S)
when test'® par al Fae insigntinyentien furthgr Pé%’ﬂ“&l?“ﬁf‘hq fabri ?f??fé"““!'?y t her

non-limting ﬁmﬂﬁem el&dtrohid irdUitdnarts whwhemudam Iebﬂ%n&b&hboé&éﬁ%r shear
strength of an unclad |am nce with the 5‘ esent

hventi on” 20 MAapaTEG BB InsonfaReral af SR St B By E 7628,
E- gl ass f abri enamiér differéitfrdmne yomyosite lager taudht hiersi, angadnfusthOC and tested

and after bei fEMERRPLUEeSTRepTReRL naRaIboyy Bt apeReal SN & vl oy oy
greater ti2h %O664h fodhoseskiled intlopiart, draditiorally thiediamedts in wgmmmss)ibﬂhen
tested parall %lrar‘cfg Jsgg inVWJaging iféb?ig ta}eqpea@cd \Mﬁea gt&%ﬁkﬁsﬁnﬁiwmﬁﬂn@ﬁﬁg y
partially or fully dextrinized starch or amylose, hydrogenated vegetable oil, a cationic
wetting agent, emulsifying agent and water, including but not limited to those
disclosed in Loewenstein at pages 237-244 (3d Ed. 1993), which is speciﬂcally.
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 asslashing. 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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25 greater than 4200 pounds per square inch (about 30 negaPascal s) when
tested parallel to the fill direction of the fabric. The present invention
al so incl udeWo"Mhod for reinforcing a matrix material RCF/GHPRN4E
conposite. The nethod conprises: (1) applying to a fiber strand

reinforcing material at |east one primary, secondary and/or tertiary
coating 30 conposition discussed in detail above conprising particles which
provide interstitial spaces between adjacent fibers of the strand, (2)

drying the c Oatthé‘ﬁbhé’lsftﬂiﬂlé’anﬁﬂ’?é feftidve e&%nmy%/oﬁb%ﬂ%é?éa&i 151R e upon

therelnforcmg materla (3) conbining the reinforcing material wth the

matrix materi Aft W(@?’%ﬁ"ﬂ'@d@?’%&?‘t"%’l‘q yoven fabyig. frHE AR P agcomplisheds| t o

provide a rei nf:ﬁa%detymya)ﬁﬁle&anplélwhawhn@me fhbrigior, rn&ebb@wmh@smeat
i nvention, the reinforci material can be combi ned Wluh.gﬁth neric

matri x nat eri altreafipg thefabg ina gianperayRll kapywp in the Fﬁ- pnares rial .

Prefe [ ﬁbl y, § Pﬁbdéﬁh'!l’bh Ber@lis mtaua mtérfucmmhwynwnhynm .ﬁaenal u%gdit in tg

upon the rein ore ri u odi ren

01P the present® ’H'?fgﬂ‘?ﬁ%ﬁ"e f%‘?ﬂ?"gg:ﬁf g@@ﬁﬁﬂ&s’éu’g & %"a@?{asz’cqﬁg"% en

per c?a_nt _ ?f t he musdt_bagpplbdnqri:melgassrﬁbmu&ate)twus operatida iémmeﬂmelrefeuautbtd?r
-limting enpodi nen e cle

i mensi on of atRreeARod inhe i BE ipnG SpiaocGph Baphid HRefectiAfHl ffauh

m cronet ers. | rfinishingraperationscare slames, imajudingnd nmslmngd tmomdlsclasledm ERve a

Moh har d I
fi ber ?La??gfeﬁg%%agnﬁ%'ﬁ#ﬁ@#g%l{ran p?ﬁ%sd{pﬁ@eh‘?ﬁl nvekfl onlgl 225

i ncl udes a et Hocbrparated iy rejerphquneélsoﬁegboemtelmjpammsﬁe(% Edf a ,
fiber strand, cqjggj 'ﬁﬁd?%géth%nﬁkﬁe%ane%%fé’d?ﬂlié’lhﬁﬁbghgteaw{thla%m]: dﬁé rand at

| east one pri mary, ~ Seco r tertiary coatin osition discussed
in detail abovePalymRaricanatix rpaﬁeﬂalc%@emwmefmﬁﬁmh angd drigd 4@ es

bet ween adj acenform hisbMichredlprégidy 84 disdidsed abovel K shdlid beagppédidtédithabiniig M a
coating upo fiber strand adhesi on between

the fibers of the h tha
adj acent fi E@r sprﬁ?e"?W@e’étPF‘é’ﬁﬁeng‘gl%'ﬁh%f‘?@@ of “Pr%ﬁ éﬁa"l"ﬁé’pE'@H?’P ng or
coati ngls f or m aarfideIembinR résih u@&u}immmcsmpbsutagthuaraauﬁ@mm finshing @tepk B8n
mat eri al upon N non-limtin esent )
ventson ¢ he ieiated GRS PProdsithoaia camer LRI e i 2i
_conposi tion ornmnoeltaiecwwgdsatbmen&e cbmbmad)MtEbne\armbrem'épreg; enbodi nent ,
the particles n of. at st 3
merometers. - anfeapapilp PR AGE ciBkh o oBefiEllBbo o Gedispef AR
particle, @@ eamhpbemcwlaea mikilayered laminaie)or ééctionicicireuitbodidrefios more wi | |
correspond to tj +m I '?_1?1 ?
particle, for eﬂgnq ﬁrd'ﬁné fabﬁtga%ggégérlgéégmcgﬁ} ?@tctfog%a%%lg&w'c er to
i Han boc:km ASM International (1989) at pages 113-115, R. Tummala (Ed.),
Microelectronics Packaging Handbook, (1989) at pages 858-861 and 895-909, M. W.
Jawitz, Printed Circuit Board Handbook (1997) at pages 9.1-9.42, and C. F. Cdombs,
"25  Jr. (Ed.), Printed Circuits Handbook, (3d Ed. 1988), pages 6.1-6.7, which are
specifically incorpora_ted by reference herein. '

The composites and laminates forming the electronic supports of the instant
invention can be used to form packaging used in the electronics industry, and more
particularly first, second and/or third level packaging, such as that disclosed in

30 Tummala at pages 25-43, which is specifically incorporated by reference herein. In
addition, the present invention can also be used for other packaging levels.
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the average length, width or height of the particle. In a further
non-limtin enbodi nent, the particles have a Mohs' hardness value that is
| ess than aWV9H8%054 har dness val ue of any glass fibers thRCTABEN2965%t ai ned i n
the fiber strand. 30 The present invention also includes a nethod for

i nhibiting hydrolysis of a matrix material of a fiber-reinforced

conposite. The nethod conprises: (1) applying to a fiber strand
reinforcing material at |east one prinmary, secondary and/or tertiary -84 WO

01/ 09054 PCTNS0012 %ﬁs%ﬁ&%WHﬁngﬁ$M% éﬁf#ﬁﬁ%ﬁ-‘é%f‘%@?gge ove

conprising greater per cent a SI°S of
di scret e part ptanunclaglamiate; made in@ceesdarics with thefpsesent invention from$dayersie
rei nforcing k&t s lecR [ | red L1 he
mat i ad or | O Pies 8 prodrsd g%*‘“?@é’??‘%%‘?‘??ﬁ?ﬁ‘ﬁ%ﬁh@”& PR i 10 o

provide a 5 r§SMWEGG%m?@¢tW@f%F9}°m A 550: gy 2644 dishiings form
a subst ant g3l E%eciﬁﬂé\lyfiﬁ'foi:ao?ﬁé& Y bfeteta Hemfn),rasme&m%a&a@hﬁmgb,mﬁnt drying.

As di scussed above, 'the reinforcing material can be conbine he
nmatrix materi Bounds ger ssuareineh (apgut 688 gsgaRasayskwhentested earallehte thewampi al i n
the matrix mageld ' il diré RS0l fi )
i nventi on, thgﬁcggé ?fcm?féﬁggand;ﬂ?géﬂ dr@?\g\} ﬁ?i ﬁ?o(.)ﬁgb%l?f F%h%g%&?ggl ¢ and
has an air peWh@h@PﬂeF’tP?’ag?“‘Pﬁ‘?@"tdﬁ%‘ﬁm%G t EFPBPE‘ feet per minute and nore
G andard Tast Vet hog e R o o feent Temenehe o ough

t andar. st t hod for r neability.of Textile  Fabrics. ough not
it ng MR« HeEalPERTGHyof an vaas Iainete. megk B eccRlighés fith B RiesSimiinbore
Cross- sect i onfron® lyesdoryliesofbrepgrey foermed frém alSiylea628, Faglassddbriclaad pn ERent 15
i nvention (di i n. detail Al Lhibjy of the
fabrics of th %glgﬁ'gg%ﬁfmi Vgﬂ?iﬁﬁ*‘g@%%ﬁ%*aéggga%%%r%@#{g%@n ronal fabrics
made usi ng sl @whickds spexificallydmcosporated Py refarence|hereih) sising asgan lengtbémvent i onal
weavi ng oper af} f I | qraskd? | i yans are .
typically coaﬁcgné\nsstrﬁﬁoa&ssre %W@Blgi Ze ﬁaﬁ)‘rﬂta Q“%E\Rgg%uﬁg&ﬁ%hvﬁfé‘% pr event
abrasi on df t Aitmeaafasalnpwhantested paraliehiodie warpsirectionof thetfabrisiaad hi ng si ze
composi tion i g@(ﬁ%&%&k&& mggtbﬁwp&ﬁds P& sHBdrB inéA (dloubao ﬂ@éél‘a'@éhlég henWar p

yans through an or contai ning the slashing size and then
through one testedpaealieide thedyl directiop SER LS. o renove any excess material .

Typi cal slashing RiaaStheiERAmifiigibodinibnt 6idhe/sresent MvetioR Ak Shorf bda f or M ng
materials, plasticizers and 25 |ubricants. materi al commonly

used in sl ashFhRIr srength.of ap4eriad lamingte, mads I'W%chayﬁm%ﬁf @iﬁ}%? _%regpqté'qvegqogs hi ng,
the warp Par Nfom8laydrd 6rchlias16f prepraglfonnedirem b@tyle 76282 Eglabs fabfiy ahean and
spacing of t hERﬂa gd?anear‘lEnreeE?ndﬁavgn%pa&P,do§ 12(51Ctarr]18 téssiéél a%cgr]:iintg Qg ASTM D 2344-84
using a span length to thickness ratio of 5 and after being immersed in boiling water
for 24 hours, is preferably greater than 5000 pounds per square inch (about 34
megaPascals) when tested paraliel to the warp direction of the fabric and preferably
25 greater than 4200 pounds per square inch (about 30 megaPascals) when tested
parallel to the filt 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 andloi’ 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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fabric to be woven. After drying,.the slashed warp yans will typically have
a loss on i n|t|on of greater than 2.0 percent due to the combination of
the primary YRMAWS| ashing sizes. Typically, the sl ashi ng?SYIMWEM5%s wel |
as the starch/oil size are generally not conpatible with the polyneric
resin material used by conposite manufacturers when -85 WO 01/09054

PCT/ USOQ' 20459 incorporating the fabric as reinforcenent for an electronic
support so that the fabric nust be cleaned to renpve essentially all

organi c materialpbd ﬁ@é.ﬁﬁbcw ﬁ\a@saqus) &Jiﬁo.mﬂd e %:ﬁmmfgsnaémmﬁ the matrix

i npr egnat i ng t he woven ric i s can. be acconpl | shed H\\ﬂé vari ety ways,
for exanpl e by mtermangﬁ)rvéleﬁa&ﬂqﬂ@"bwm&meeme'ﬂ% rrig! to jppovide 4 retforeedy; i g
the-fabric in a gpphste. \Aﬁhéudg%mmﬁg thB Preit invehtich, ﬂﬁ&uihfor@ig miteriallcamni ng
operation, there |s no suit

l e i nterface between f he (F]L marLclga&hr X
material used the cPmpbinedwith @‘etme&'ﬁf‘?aé“’%mﬁfe?%”c?x@%‘?? yg‘?{%gs'r\gl
surface, so tdaimaneasRkan qrréra%aty thﬂ&étmb or emhgﬁarrﬁ Q sumarﬁhmmufbmber
surface. This operation is sp

g t hose . tthe

art as finishi n§°awpﬂpeaﬁwe'"f%@"9 A egﬂl'ﬁ@" Bf '"{“ﬁ'@ “1

¥V| L h an LO | esgshd hagerﬁmlzeﬂﬁonmh@ankbgabm aNehét zohlendht persdmtlogthelsm,g t he
abric is inpregnated. wt t t

squeezed be{mwee%mg'pgﬂvmb‘?" %@%Fﬁ”g%ﬁ‘%ﬂ @aﬁa@g I%‘dé@ J"#Bérdinﬁfetg?éﬁem cured

prepreg as di scymiibsdac s mifhaummavemge pérticledinension obatdeast B midremetersaandn of
| ect [ t b M

o 800 gt G RO P S RARACHE s

Packagi ng Handbdmie aMdh8Hardrtesp vajue thebis less thanadViehsShaydress valug\of anyglgss 2|

Printed G rcwt ggéqatgwgmﬁeﬁé%@bep% goges 9.1-9.42; and C. F. Ooonbs

Jr. (Ed.), Printe rcul ook Ed. 19882 R %es 6.1-6.7, which
are specifically i ncdhpereseetdnyeptionalsg Bﬁﬁ@srﬂ-ﬁ'%‘h?ﬁ op jphibjting adhesiondelwaenn g

process puts a Tiiquhith ot itbkr aRd o 8 s b1 A Eppiihe aBers becone

rigid and infle e as conpared to un "Bﬁ[ﬁg% s] ashi
si ze tends t &2hott@nd H@e%ﬁ‘ﬂ? BHanetecp aéy @quq{tte gpaing Wﬂﬁ‘tﬁ’"é’ﬁﬁgﬁs& I y
circular cr os S- sa @btaf Bbove indNRiitg pantities rmmtprémdameisnml spates betwebragjacment
i nventi on, bel i eved t hat suckhoq?é rgg itructu 'ﬁ%’ I}t bundl es
and gener al I y C|ffb€[ﬁ of thegteqnd: (3hdrying the ? | ’Wl%%?@ ing 3@%@%’%? it
pol ymeric resin figet stfdnd| Suchtis? atilesiondefween adjabent dbers dithe sgamubmanpumt
processi ng step uch as pre-inpregnati | of the
sl ashi ng si ze. Z'f ?%5%&1% c??gﬁrla% ci°§ﬁw8{'°r§'re% ?‘ﬁ%#gﬁf YL'I%’HP Q&n? gg X?e
i nvention, sPR@shreimfprecinsg materiat upon drying. In one non-limiting embodiment of the present
invention, the particles comprise at least 20 weight percent of the sizing composition
on a total solids basis. in another non-limiting embodiment, the particles have a
minimum average particle dimension of at least 3 micrometers, and preferably at
least 5 micrometers. In a spherical particle, for example, the minimum average
25 particle dimension will correspond to the diameter of the particle. In a rectangularly
shaped particle, for example, the minimum average particle dimension will refer to
the average length, width or height of the particle. In a further non-limiting
embodiment, the particles have a Mohs' hardness value that is less than a Mohs’
hardness value of any glass fibers that are contained in the fiber strand.
30 The present invention also includes a method for inhibiting hydrolysis of a
matrix material of a fiber-reinforced composite. The method comprises: (1) applying
to a fiber strand reinforcing material at least one primary, secondary and/or tertiary
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preferred. Therefore, in a preferred enbodi ment of the present invention,
the warp 30 yarns are not subjected to a slashing step prior to weaving
and are sub?loé'ﬂ U1y free of slashing size residue. As URIAUSMYRWIN, the
term"substantially free" neans that the warp yans have | ess than 20
percent by weight, nore preferably I ess than 5 percent -86 WO 01/09054
PCT/ USOQ 24459 by wei ght of slashing size residue. In a nore preferred
enbodi ment of the present invention, the warp yans are not subjected to a

sl ashing stepgh ééinﬁrcoﬁpo o iR délbifaicne @Pﬁb&#ﬂ%gréﬁtéﬁhéﬂ 26 dighi 9 Si ze

resi due. As use the term "essenti al e nmeans t e warp

yams have | esgenceaton@ !stqlmﬂdehasvw mmpamm&)yqﬂgeﬂ\em#mp tofosm than 0.1
percent by V\ebg;}{nﬁ%{m%| Bha; @)Wmﬁﬂmbhmtmat&ﬁal%tﬁﬁfé due of

a sl ashing size sur aces thereof. Howeve p yans are

subj ected to Malrixsaatarat,and{4)at ingstpastially cuingthe @P‘"FG‘%&'WW“‘"%N erably,
the amoung OFenﬁfBa%eée&ﬁﬁ&%ﬁéypm&&mmaéch@drmﬁdaeom émméuyt he war p

yans prior to weaving | ess : ﬁer cent H‘é \”gﬁ Lhe si zed warp
yam 10 In oné'“'fﬂ"@fceﬁ'i'wpéﬂmm%w fefial uppr dryino. Agdisgusss ﬂa P¥eetheoss on

I gnition of Pélﬁo%bﬁnﬂ&iﬁcérﬁbﬂﬁbﬁfeﬂbhm thematn”xlmneral forpramplei byoy wei ght,
nore preferably |ess eLs g‘d‘}{t and nost preferably |ess
than 0.8 percéﬁ?e"a‘ﬂpﬂf‘?def"%éé'\'ﬂ'ﬂge"?ﬁ" § ??’b’ﬁ e fabric of the present

i nvention prefer ablmbrbaﬁoralmmﬂﬁddlmémgﬁhepresg:tnﬂvneoﬁonrmeg‘ébrglé orm0.1 to

L. 6 percegbabgoﬁg rEf Rg%é@%%ﬁ@fa% a%atn%trﬂ?inﬂea%n figaliner iy €ven

mor e pref percen n ano |mt|ng
enbodi ment of ctllhequt Beremnute and:motecpreferdiy lmtparyﬁmblq#etrmramwe %8s an

el ongat ed cf O%na8iiel bpASTIID P tanddrd et RARRABEAIr Pemiéatity oh?é)ﬁiré‘ the term

"el ongat ed cross-sections neans at the warp yam has egener fiat or
ovul ar cross- Eemsoﬂahm@h@pbhmmggnﬂzﬂnrmtwaﬁ%stgsbehey %‘ﬁb@eabove refers

20 to the c haéﬁﬁ%&édx é&:s&séchaﬁ aﬁcmgﬁ aﬁanwoéeﬁ{esa bfthé waR yarieof ti prégent t r and

are not tl her and en spaces exi st between one or nore of

the indivil rnVP'i‘twér(élscqsaiq 'P#F*at'PﬂgW B*iﬁsa'ﬂ@r yrpesmegbilipy of the fabgiesefithe i nt o

the bundle. Spasbstdnventidh 363ctipars to fofe tinvertiondidaisics gRGE usihg Slasivde a :
circular cross-section and |ow strand openness and thus do not facilitate

such penetrat W8P Y8 hough not liniting in the present 25 invention, it is
bel i eved that goodAs p&vbuwawusaéd imcdneéntiohdl svearing opexatidns fafletestrénice. ,  good

[ o541 L Ut Lyl RN i bURRARy PR b NL,  c
present [ ﬁ@enWeawng tnghel;r preient alirasion of therwarptyiarng duringthe wieaving prosesst or
ot ive. el oTPSBEMARSA Sl Sty bipied R vl i a0 have 3
warp varns 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
polyviny! alcohol. After slashing, the warp yarns are dried and wound _onto aloom
beam. The number and spacing of the warp yamn ends depends on the style of the
fabric to be woven. After drying, the slashed warp yamns 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

-85-




30 circuit boards made from such | am nates and el ectroni c supports to

exhi bi t elecg&?ﬁﬂ hort failures due to the formation of conductive
anodic fila mﬂen exposed, under bias, to hum d condi tRCFABS00/208® \\O
01/ 09054 PCT/ QS00/ 20459 The degree of strand openness can be neasured by
an F-index test. In the F-index test, the yamto be neasured is passed over
a series of vertically aligned rollers and is positioned adjacent to a
hori zontal |y disposed sensing device conprising a light enitting surface

and an opposi ng .| rfa 5 a ert

yamis |ﬁpgzlne?a‘f“lf‘§9/p ﬁ‘gqr? {;g'ésu WE‘?\T’B ’%PP'FH& F‘f‘m‘ﬁsv"@ﬂ? {?ﬁﬁgﬁgab"ﬁ ght

sensi ng sur f acesmustbe ceansi mgefdmel e:sseﬁtiallymwrgm&:l rlaateﬂaljﬁenﬂheahrfdcebghé Ej hﬂ]
it it abo et we v LG . ed r an e

Pori sontal  d o dsdoplsABYe indGGAlnb e Waikh R i A SecbietsBbd i, LG

by moving the rotdrielysvays,dorexdmple by\sasubbing thet faliricoe, msora gorimenigcby heat t he yam

passes over 1 eﬁ&% e tafticid ¥ Plafi IJVYeII ot Rhe 10 KPS filstine Bf ﬁem:
%ﬁ.‘ 0 qehe yam

dependi ng on The ope ness 0 one or nore por ons
can eclipse a poererafiandhereirnd suyable Ma&e bekween thenpolymerie matriximaterialusedc e

thereby tri09er | Bangobiiid gﬁ%@,ﬁc@na% dédah ﬁ@eﬂﬁaegsurﬂeafs%%at a c{ag ing 4BBR" Of

eclipses are then tab or a glven | ca

meters) and the Mest@rappligdtatheglass fiaer surfmg"mls(ﬁpe@@m ﬁ§é§‘e$§é? rthrqd to Bygt h)

i's considered Ilodelsiied fh e @k BE Aniffing: t TypRRdID BRTARAIRG siké piodidbineditd t hat
the tight warg yam structure of fabric woven from conventional, slashed

glass fiber J8newisankdllessdhani%ow openness of such yarns as di scussed

above, results in thmrﬁedimemtwmaéﬁmmgm thaabig iimpRighate@ it abi | i ty
that is higher than_ the air perneabil of the preferred fahrics of the
i etgingols. A

present i nvent i ofPMPSYIGAPIKKer: BAlNX Hlﬁtesf'a NARELP
Cross-secti on angrieditetoemh a\mmmuwmepregeﬂ dneeussed iboOéléFor more inforfhétiong

mbodi t of th th bility,
2e measured by ACTRBE Fbrel SR ARnL oL iR B ARl 0
stfmdard cubil® Iuﬂd_bpﬂ,mswmtermlonalqmat‘mes(‘eﬂsmﬁROTtﬁﬁmslaaEw)ard cubi c
meters per mnu r )

cubi c 22 f eet peﬁlm&Fe Sl el llla dBBoK’ @agggt ?gé%aga&sq@g Séﬁgé&ﬂ;vger

m nute per squar@WlmﬁmMJMMmeamggs%aM ‘athda@ B3 Coaimbs, f eet

t
Cquare metery. T Gy bl il HaRddaBk A5 ES 100, (ReS B LR TS Do’ oven

into a 7628 st yl &erifieally incamparategbysafergnce pereifeabi | i ty, as rreasured by ASTM D
737 Standar dzgest - NEtMth@éla%ggﬁrsﬁsgbuts%Qelta{\%@tﬂigké&aﬁﬁ&@ﬁﬁme%%rﬂ?et per

m nut e per squar(ﬁ foot, nore preferab greater
e yarns become rigid and mﬂexub e as cornpared to unsiashed warp yarns. 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 invantion, it is
believed that such a yarn structure (i.e., tight bundles and generally circular cfoss-
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 yarns are not subjected to a slashing step prior io weaving and are substantially free
of slashing size residue. As used herein, the term “substantially free” means that the
warp yamns have less than 20 percent by weight, more preferably less than 5 percent
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than 5 cubic feet per mnute per square foot, and nost preferably no
greater t han ﬁ,x‘fy‘c feet per mnute per square foot. -88 WO 01/09054
PCTI ' US00120459 t hough not neant to be bound or in any ®ewyusemissed by
any particular theory, it is postulated that warp yans having el ongated or

flat cross-sections can also lend to inproved drilling performance in
| am nates made from fabrics incorporating the warp yans. More
particularly, since the cross over points between 5 the warp and fill yans

in fabrics haviy ganwasva%nﬁg%%h?ﬁ%@nw&ﬁfaré:ﬁfefaﬁeasﬁ,maamwe We 2

| ower profile conventi rics incorporating warp yans having
circular cr osslfyéeftqno“@ wagp yarns areisiol subjectedito g slashing, siep prier te &'B?Y"& and |

contact fewer Ql‘@és%entfdli?ﬁééoﬂdﬁshﬁﬂ stk irddidued ABided RBIRDMe RAMIEkieRGdIgd t O

| ess abrasive wear. reviously discussed, in one embodi nent of the

present invent {8, "‘?ﬁ'l?f tihe warp ygms have lessthan 0,5 ReEGeRt by weigitmere) | yans have
a resin congat 'pFéf&aﬁl? ml%n@ﬁperaéht bpweamseridlmt a&r&ram;dobms&b? t N9

war by can bers R LA alsting e ah fheaiicet fareet Hoveteryf g Gepgms ° '
conposi L: on appkd ﬁiﬂ)jdc&tdttbﬁ sécdddawa:ﬁaﬁlft gdpbraﬁanpﬁwtd\;véé\mrgeﬂbfé‘dmlﬁ&e r35| n
conpati bl e prinmar i i on.a ) a use

he?gl n, 15 'I[D heamﬁﬁgﬁﬂ'ﬁeg?%&g\ﬁ ‘?%?Rpg'ﬁ{t%rdé%f ﬁ&ﬁ? .‘"SPeV‘ﬁ? |W8ff? coating
CO_WDOSi tion appleadflg istiesstthn 6.7 percpatidy weight efithe sivecbwarp yaine resin conpati bl e
DTy COo NG COT oo Btk S Brl Bl ich, IR0 ! oot

one conpone sttion a p yam
is present in dvewapyams |shréfafabéyrlessrthmﬁ§hallceﬂtch¥m%m0f¢ prefanablylessrar y

coat | g SOMPOSiyasHs BORUKEH welnt i hbdprodiBiplo 1 ¥ pekBiElurp) o1

conponent prese coating conmposition [led to the warp
yam is not proeaying.i hﬂdmﬂoqbrtﬂl bgcef@mwrﬁger%w'enprqﬁra%baﬁwwe@l& he fill

yam or that at iosggaﬁmm% ﬁ'ﬁ‘oﬁ 14 8 pertent, ﬂ\oimeﬁfdbly&aﬂguﬁmm 0% to
conp05|t|on appl.ied

0 th amis not rese |nthe prinmary coating
conposi ti on'Zpgtd ReJeand af‘ﬁ@"%'i“ﬂ eﬁg?fﬁrabl,y,pegcﬁe Psa’ﬂgt " hon-1initing
eﬂbo]gl gent of tge prrm'fbﬂ'terlﬁibmﬁﬁiiﬂnglémbbdiiﬁlegﬂdtm prféﬁnf hhamﬁn,aﬁe wgg yaat ns of
the fabric are S ensity o ss_than grans per -
cubi c centi net &F fgﬁﬁ i‘?? n) e'rg%qq?f}é ﬁpﬂﬂﬁdtrf(%gs,ﬂaﬁg?e@t"?%sd ésrﬂ?S i ment, the
E- gl ass fi ber ersn, thahemn wmngatedlotoss-aedﬁbm meam:!lﬁhtﬂwbnarpyarpmaslageneran)abrl c
having a tensig

than the stren °r(°vHIS'f ss- a&iﬁagé‘t T"@? %t%\?&@agﬂbéesﬁcﬁléﬁﬂﬁc{%\é%ﬁe @ ZZLZ&

and fini she2D f abthecharattetistic thairtha individual fi bewoﬂ the yare onsfrandiarg mot tightlyrtielstii ment
Chpoci T oncT HRF AP B pSL Yok 53 OGP Lk@uitib Y cont 10
facilitating penetratuon of a matrix material mto the bundle. Slashed warp yams (as
discussed above) generally have a circular cross-section and low strand openness
and thus do not facilitate such penetration. Although not limiting in the present
25 invention, it is believed that good resin penetration into the warp yarn bundies (i.e.,
good resin wet-out) during lamination can improve the overall hydrolytic stability of
laminates and electronic supports mad_e 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 cireuit boards made from such laminates and electronic supports to exhibit electrical
short failures due to the formation of conductive anodic filaments when exposed,

under bias, to humid conditions.
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materials, i.e., the primary coating conposition conprises preferably |ess
than 10 -89 WO 01109054 PCTI USOQ 20459 percent by weight on a tota
solids basi sSWOM"¥S eferably | ess than 5 percent by wei JHET/EW20461 a
solids basis. In a preferred enbodinent, the resin conpatible primary
coating conposition is essentially free of "tacky" filmformng materials,
l.e., the primary coating 5 conposition. conprises preferably less than 1
percent by weight on a total solids basis, nore preferably Iess than 0.5

percent by wei ght ovn@aég?é@bfmhaéaem@aéan masmtbymﬁ-ﬁ.aebdeyt igge than
0.1 percent by weight on a total solids basis of tacﬂ%ﬁ){”m orm ng

materials. Tac Ify'“%"l tasts the ¥amdo ke measured ispagsedovees F¢ yertically aligned

weavabi lity ofmlw%dt.epmioﬁadh&auermfoea RoMRbhtENY: dispeséd Sénsing de@Be/Ci ng the air
jet transportabilit jﬁ%ef“l 'gacau& g $q‘/ams to stick to each
ot her. A speci ffP@PH %‘2913!‘9 nAPPgSIp E&?@s RSN SUPRER. AeiRRter i al
is ﬁ \évat ]er f Bl uweﬂuoemxsyoff tiRSyamn fslnh QtrfeﬁlmpalﬁllellﬁﬂgmﬁemlwthmI@hﬁaﬁlﬂll Ag e

met hod of form a_fabri use i.n gn.el.ectronic, su I cation
mocordi ng to ¢ HEsReiEhfudare, THecnoinY ASvIRIF Toulpd ot S VG el “rhe” 15
met hod conpris epesmdms &bapﬂnalﬁ-way(bh)weduttm vertl:gllﬁalig-neamllersrandftlné horigerital
conprising a plurali ass fi coppati bl e
coating appli e sﬁ%“:ﬁ%’ ﬁwggg ey@"bﬁ?‘ﬁﬁgﬁeﬁb@r eo?éla E}%@Ep%&ﬁﬁoﬁ@g&? @gt one
war p yam conpr itevard onawdy framh theysepsingjtievice. Asitiheeyam passeh aventie mllerecond resin

e P {8 2 yBRRfHR sbdifl ab thefrs bEHuR), BBKAY on'thE bERhgsAfithd cbantl®?Y | 10

the at |eas yam an one aving a | oss
on ignition of dnessrmrﬁmor@fﬁ opepdemcawcm@sgmonm Ofmer'f'sht empanating fratabheed to

reintorce an elfifibg s wéh\rxntmgg%nn@smo.efe i feToRikefisihg Slfigb eTREIaPt ed for

use in an el ectroni di scusseée ggenera i{ The net hod

conprises a fi mmbskefpct easteéhenﬁsulateﬁémﬂlssvenﬂm oyt 19 east

one fill yarn GRéters) sidife ?esak;Hg adt;bf(sé GuntbePstechipsee bér @nder?g&)l‘wmexedfl rst
resin conp ble coating applied to at | east a portion thereof and at

| east one t?ﬁﬁ?é’lﬁ?ﬁ\‘?ﬁfﬁfﬁa“&%mﬁﬁ ty of glass fibers and having a

agcond reﬁi n Comaltllﬁb?emhhﬂﬁe ﬁmWaﬂﬂyMstﬂIctdreaﬁfhbthehlﬁeﬁl t her eof o
erein the war a a SsS gn ignitio ss than 2.5 percent by

wor gt dur s ng AT st Sasefber vaths o4 i 48 e B anetngie of Ruh e e

i nvention, pr efdiscagsey abbves résalts inthese oemmthnaaiachsfhasiag aa(hnrcpbméa@mty that si ze

d As I t th
Liﬁ'veﬁf. ong SN drtng Sk Be i) of W hre b S of elleRReER BRI e
(i.e., primfy vm:m m'gerably include an elongated warp yarn cross-section and higher warp yarn

openness. In one, non-limiting embodiment of the present invention, the fabric has
an air permeability, as measured by ASTM D 737 Standard Test Method, of no
greater than 10 standard cubic feet per minute per square foot (about 0.05 standard
cubic meters per minute per square meter), more preferably no greater than 5 cubic

25 feet per minute per square foot (1.52 standard cubic meters per minute per square '
meter), and most preferably no greater than 3 cubic feet per minute per square foot
(0.91 standard cubic meters per minute per square meter). In another embodiment
of the invention, the fabric is woven into a 7628 style fabric and has an air
permeability, as measured by ASTM D 737 Standard Test Method. of no greater

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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-90 WO 01/09054 PCTI USOQ' 20459 conpositions and sl ashing size _
conpositions) are not resin conpatible and therefore nust be renpoved from
the fabric WPPYPE4L i npregnating the fabric with pol yner PETAUSE4S
materials. As described above, this is nost commonly acconplished by heat
cleaning the fabric after weaving. However, heat cleaning degrades the
strength of 5 the glass fibers (and therefore the yans and fabrics forned
therefron) and causes the glass to densify. The resin conpatible coatings

of the present Invgmbug}ihotwaﬁhobarbamwwmaﬂymﬁnhedw&ayam&ﬂarflll yarns

prior to weaving, do not qw re renoval L np g‘atlon and t her eby

to
elimnate t he“‘ﬁ%'&o‘t ‘F(PPStHB!QE‘ hat wam yams hayi ‘Eﬂgéted Pﬁﬂ% °"1§ Speliong gan

non-1imting QEdRAY tEiMprdved ammugm@ﬁﬁmncewaﬂinaws médaerohahbncs is free from
10 thermal treatnent and thernal atl%s'g r to i E'Psaglon
9

Addi ti onal | y, NFA{PR/BIRAINE Wampams, 9rd PAdIFYR E§E°é§°
the sizing cpemaR andMyaiis :ﬁlﬁ&‘a‘csaiawglm yatné with amga:;dsaras-seaﬁdnshﬂl appl i ed
tothefabrlc r|or to nation b rove t'.he ibility between
the fabric antf °W?Icﬂf?fﬂfe%%g?’8'§1“f?"af§§ %%Mvrﬁ?& 09 ngpr% I8 bl e coati ng
to the warp agelaF cfbsé-kecﬂmsna diilbbipdriliing throughethe ifabric will cohtactfewergiassi nvent i on.
the need for ﬁﬂﬁb“ C. f| 0k Mhérégﬁégumﬂéﬂb%%ﬂras@ﬁgﬂ ore, in another

n

preferred enb res Inventi o ric is preferably
subst anti al | yAé pxemouély uumm-mmmmogmg@hqp@mimgntwndprefer@bly fi ni shing

size, i.e 'E&ﬁp&*@?génm efnn%mwﬁbm vesmbﬁpﬂfbféﬁ{nﬂ?# YodtiRgS than 10

per cent by werl g secondary coatin or a flnlshlng
size. In a 20cqmnosition aprlied mreémﬂdmrf@m'ﬂ%f“leﬂewb%@é%h lejpritnapt 5oaHng t he

fabric is essé‘d?ﬁﬂaiiuba(aéfmeét&f\ewéﬁsyaﬁv&ﬁﬂélﬁéﬁarﬁeﬁ%é@ééfn esdtip@ and/ or a

finishing size herel n He term_ essen P% ree" neans that the
fabric has | eRiman,spating ﬁ@;’PEQ?ﬁP"B?P'WQﬂ%HPﬁ"HB'F‘é’“’ﬁ?% fifferept frem the; han 0. 5
percent by WejegintcoMpalithSpritidly aor&ml&dawaeemmemﬂyamn%@semhérew shi ng

25 Th t Llustrated by the f
Speci fi c, 1Ron? %ﬁ»ﬁ?a??réf?evr%”zgh%ﬂe%“res RibRiia T iR FePestR PRI ot

set forth in tbaheé Ml ;ﬂah'wreﬁermc\aedtnaaeéiocmpaimeapqmat‘mgmm@smoue )
O St ons caPrlpE IRt P dalimhdts (i se Rk drB¥ERbbRR: Aol cbingTon"er * ©

that di scusse®f ercen ace
i ncl uded i n ecwhpositiopapplied tarthe wqua@ususfmmnhg ap amount dliffecant frommsetA- F wer e

-91 1 component in the primary coating composition applied to the fill yam or that at least
20 one component present in the primary coating composition applied to the warp yam
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
yamn is not present in the primary coating composition applied to the warp yarn.
in still another, non-limiting embodiment of the present invention, the glass
25 fibers of the yarns of the fabric are E-glass fibers having a density of less than 2.60
grams per cubic centimeter. in still another, non-limiting, preferred embodiment, the
E-glass fiber yarns, when woven into a Style 7628 fabric, produce a fabric having a
tensile strength parallel to the warp direction that is greater than the strength (in the
warp direction) of convéntionally 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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WO 01/ 09054 PCTI USOQO 20459 coated onto E-glass fiber strands. Each of the
formng size_compositions had 2.5 weight percent solids. Each coated glass
fiber st randw&zgg’g% sted to forma yamand wound onto bo TSV i i | ar
manner using conventional tw sting equipnent. Sanple BK was coated with
aqueous form ng size conposition B, but vacuumdried 5 at a tenperature of
190F for about 46 hours. Sanples A-F each had loss on ignition val ues of

| ess than | weight percent. Sanmples C,,, and D,,, had loss on ignition

val ues of 1. 59peed\tby@fengwbmbtomebltdsrb‘amsmeqequémblwessﬂ@ﬁh 5/feréent BP054

PCT/ USO0/ 20459 T } IV\l% GgT PERCENT OF COVPONENT ON TOTAL SOLIDS BASI S
SAMPLES ~ covPOel ?(‘%"(‘9 {@sPasifn 847A 28.6 29.1 31.58 50.71 0 0

DESMOPHEN 2000 43. 7In3préfefred eMbodiméit] thBFsirB Eqtapatible pridarty ddatiig @tmp@o;mom EPC]\I
826t00 0 0 0 0,16 12 63 54 . PVP.K30107 5. 7 5.18 A-187
102 2.3 2.3 8. i?zesée’i‘fﬁ free;of l;c 1 ']° '?3"936%""’ %‘%gﬁgé"é"é%% 1100'" 0 0
8.42 8.11 . 6 0corﬁnmm|can5m@$\refe:ebly 155 thah t)pemoemtby @Eightion@toBRenlide 0 4. 74
6.39 1.63 6.44 - 0 1.63
6 44 Kessco PREEMEBREHg ks fat o6 Sbrcbrt pylydgnt dy Sbfgpic Hagh, gnd O 0%
0 97 RD-847A pmoytaup&rahlsésmhamodmetosnthymm on hitetalsplids| hasisef tacknfil@or den
Chem cal s of N{g% flmﬁﬁm@m&eﬁ&ggam SGHBUMENS 1 tméa%em@' ol
aval I

whi ch i s commercl al’l from
Pennsyl vani a. 8f Emshl'-!mit?h)thMEW'GG SHe éﬁbvsedegnsrﬁparaﬂltsﬁnamabWWé from

Shel I Chemgal fffPam® bind Bi8ing Warp yaPAe® stick to each other. A specific, non-limiting
example of a tacky film-forming material is a water-soluble epoxy resin film-forming
material.

An alternative method of forming a fabric for use in an electronic support
application according to the present invention will now be discussed generally. The

15 method comprises the steps of: (1) obtaining at least one fill yarn comprising a
plurality of glass fibers and having a first resin compatible coating applied to at least
a portion thereof; (2) obtaining at least one warp yarn comprising a plurality of glass
fibers and having a second resin compatible coating applied to at least a portion
thereof; and (3) weaving the at least one fill yamn and the at least one warp yarn

20 having a loss on ignition of less than 2.5 percent by weight to form a fabric adapted
to reinforce an electronic support.

A method of forming a laminate adapted for use in an electronic support will
now be discussed generally. The method comprises a first step of obtaining a fabric
formed by weaving at least one fill yarn comprisiné a plurality of glass fibers and

25 having a first resin compatible coating applied to at least a portion thereof and at
~ least one warp yarn comprising a plurality of glass fibers and having a second resin
compatible coating applied to at least a portion thereof wherein the warp yarn had a
loss on ignition of less than 2.5 percent by weight during weaving. In one, non-
limiting embodiment of the present invention, preferably, the fabric is essentially free
30 of slashing size residue.
As previously discussed, in typical fabric forming operations, the conventional sizing
compositions applied to the glass fibers and/or yarns (i.e., primary sizing
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100 EPON 826 which is comercially available from Shell Chem cal of
Houston, Texas. 101 PVP K-30 pol yvinyl pyrrolidone which is comercially
avai | abl e fWOMPE chenicals of \ayne, New Jersey. 102 ACT@p0020459

gama- gl yci doxypropyl tri met hoxysil ane which is comercially avail able from
CK Wtco Corporation of Tarrytown, New York 103 A-174

gamma- et hacr yl oxypropyl tri met hoxysil ane which is commercially avail abl e
from CK Wtco Corporation of Tarrytown, New York. 104 A-1100

am no-funct i gy oemé}fsrshd%ldsaiﬁg sﬁ@ uahpm:oag@aé nmeswc.s:ﬁpamma ﬁ‘le?éfbﬂé
avai l able from gK 83 IOI’J b’r\/\ﬁ
PLURONI C'n"  FDYS58e 5oy §';9Fb’8 EP'B‘Eﬂ the "8 RB'V“W'ﬁ refin; s
commer ci al |y matsaals.ans aes‘cﬁmdﬁwE tﬁ@lspﬁdsﬁbmﬁlﬂoﬂi Ja&mmmamy hedfew Jer Isley
106 | GEPAL CA-630 ed oc enox t hano ich is co rcially
avai | abl o f r AR P FIEr weAIE. UGTIS" Reierang d9orsdes e BRRNEH & 540
pol yam de 8hithéglass fisereiand tmh-éfyreaimyalmm taricsfatmgd tirerédony) and tauses nci nnat i ,
Chio. 100 AL S 1 et ed ve bl L], lch I.s
comercial ly ﬁﬁ%ﬁﬁgl ?'g'o %e&%ﬁ%""ﬁ%‘h% atin %&ttﬁﬁgéf%k #5]‘:’\{\8;”{‘\!5’60‘”%8? yet hyl ene
gl ycol nonol aare apﬂaedsd he wargharad/orifil yarosrpmrm weavingada nblxequire rémoval ftiarpan
Conpany of hﬁg&gyﬂ ﬁ%ﬁngl tapt which is
comercially 3\/3??%?5‘1"8" ??%*n%@kégh aér\@leg 6%21%4 ﬁg;equg %Q
01/ 09054 PCTI psstefred® hobBmiting lembodimeqtcas the nugsemﬂnmﬂommm lﬂﬂemO\IEl\ﬂ' ON
TOTAL S D tich dRoftolin IBNERY 6717 "' 0000
0020 1. SoT0 pnnsinial veaninhf and serigf depheblaneh e o dnbranatigh =0 © 27 6 00 0 0 0
POLARTHERM PT 160 Additiomally. in cm@ntma'feb@ forming-grogsssesoafter rem@zgf the 0 0 1.05
1t 01 g 0 IOo PSRy éorfbosiBEnY By herl clE4NNEE s fihishind$iR MGt bebpplicans R 3abrie- 450
starch-ol prior to impregnation to improve the compatibility between the fabric and the
polymeric resin. By applying a resin compatible coating to the warp and/or fill yarns
15 prior to weaving in the present invention, the need for fabric finishing is also
eliminated. Therefore, in another preferred embodiment of the present invention, the
fabric is preferably substantially free of residue from a secondary coating and/or a
finishing size, i.e., less than 15 percent by weight, more preferably less than 10
percent by weight of residue from a secondary coating and/or a finishing size. Ina
20 more preferred embodiment of the present invention, the fabric is essentially free of
residue from a secondary coating and/or a finishing size. As used herein, the term
“essentially free” means that the fabric has less than 1 percent by 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 following specific, non-limiting
examples.

EXAMPLE 1
The components in the amounts set forth in Table 1A were mixed to form
30 aqueous forming size compositions A-F according to the present invention in a
similar manner to that discussed above. Less than 1 weight percent of acetic acid

was included in each composition. Aqueous forming size compositions A-F were
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coat.ed yanms; 690 and 695 starch-oil coated yans and 1383 G 75 yans which
are 5 comercially available fromPPG Industries, Inc. were also

eval uat ed. IW%@HF¥¥ three Conparative Sanples X1, X2 aReT/ISN/28458h
coated with the sanme aqueous form ng conposition X set forth in Table 1B
bel ow, were also tested. Conparative Sanple X1 had 2.5 wei ght percent
solids. Conparative Sanple X2 had 4.9 weight percent solids and was air
dried for about 8 hours at 25C. Conparative Sanple X3 10 had 4.6 weight .
percent solids codtddrbit I which
is comercially avarll gb ?%JﬁEeP&%gb@ é%'aor t%?é@ﬂ%&%/&g%%iﬂ%aﬁﬂféw 112
EVERY{(r) 6760 weight pereentaplidshEach mtﬁdfgiassébeqptrandiwaammemgmtma @ampandatl on

Comor ci al 1y ST Pt byt Sl arish BRg o lentrdl iy SGUHC L Cut

"4 POLARTHERM Spmpie B.gwvassoated with aquecus formisg sp:ammmst!@n Ealhuuacm dried

comercial l ¥ a Q ewood,
Chio. 15 G?)SAC\AEC}%%&%%%%V %gg%@;%%g%@@%%g&%l t dqéfel-%grtl cles in
aqueous di speignition vakes of less thamhweightnersent,\Samples Gy anddDs g losseatignitipn | nc.
of CGak Ridge, ﬁﬁﬁa@ 0120459 Table 1 B WEI GHT
PERCENT OF CO\/E%QI O\Ianldofi';‘;st% Q%%%ggpselsggigg@PO\Em SAVPLE X RD-847A*116
28.9 DESMOPHEN 2000 44.1 A-187' 8 2.3 A-174 "s 4.8 PLURONIC F-108 "10.9
VERSAM D W1 4.8 MACCL NP-6 3.6 POLYOX WBR-301 123 0.6 The yans of

Sanmpl es A-F and the Conparative Sanples were evaluated for |oss on
ignition (LAO) and air jet conpatibility (Air Drag) using the "Air Jet
Transport 5 Drag Force" Test Mt hod di scussed above in detail. Each yam
sanple was fed at a rate of 274 neters (300 yards) per mnute
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t hrough a Sul
whi ch had an
and a nozzWo

avai l able from Sul zer

zer Ruti needle air jet nozzl
internal air jet chanber
WA%4t ybe having a | ength of

Rut i

pressure of 310 kil oPascals (45 pounds per
tensi oneter was positioned in contact wwth the yamat a position prior to

the yam enter
of the gramf

RD- 847A pol yester

ing the air jet nozzle. The t
orce (drag force) exertedy
resin which is comme

of 10 Spartanburg,

#Q?AeaCh yam sanpl e by the

e unit Mddel No. 044 455 001

having a diameter of 2 millineters.

20 centi et er SCVEMASE  al | y
North Carolina) at an air
square inch) gauge. A

ensi onet er provided measuremants

v_available from.Borden

Cheni cal s of [ Col unbus, Ohio. "' DFORBIBHERERCENTIQF GOMRONENT QNiTQFAL [di ol
which is comfercially available frém Bayer Cor§OLIBS BASIS shur gh.
Pennsyl vani a.| 18 A- 187 ganma- gl yci loxypropyl tri nBAMPLES| | ane which i s
commer ci al | y [avai T 2DOMPONENTCK _ W { co Aor dor Bt ilonCof | T8r r iyt dan | Nef )‘ork. T
A-174 gamma- rmmwﬂoxypropyl trinmpt 286 si| 2t [ViS8h 867 cbmi@rcl all y
avai |l abl e frqmp g ea8* por at | pn 48.7 Tar 3%1 dwn® NewOYol k.0 17D . URONI CT"
F- 108 pol yoxyrg’Wyet hyl ened coplol §ngr21v@s £ hOi sf cadmel ci@l |jy
avail able frag poratton of |ParGl ppang, jNedv Jer feyt 1632 NVERSANI D 140
pol yam de whi Rag@ET Cral 1y avu [ apl e [Fodm[A6ge b182r b.1.8f | G.ikijnhnat i,
Chio. 122 MAGQES monyTphenol  Syr T adt ant 28i|c842s| 8dmmeraial | 124894 | abl e
from BASF of | any,” New Jer sgy. 45723 |PAsrPX §6H 301 polg(ef hyd e
oxi de) whi ch [EqFggmeTrciart y avail I apl egTr gm @nijog42CasAnde rpj o
Danbury, Con ICE T7 090G ETTIUSE/|2085. P oaif je&t hs 0 hg
respective y Ifto pNeE jal 0 J|ca.740LB[39. | Tede| viaddids are
set forth in 48 Saales [Nog YanmoType 6O | (% ag
Force Air Jetfgh adp Forceg (orem| . opef 163)| 644-]75
0.35 68.5 10°7KE§§?&EE'%L’606@W$ 12§, 278 - {5 0. 3p 85 P 098, 51

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.

8 DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer

Corp. of Pittsburgh, Pennsylvama

® EP|.REZ® 3522-W-86 which is commercially available from Shell Chemical Co. of Houston,

Texas.

10 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-glycidoxypropyltrimethoxysilane which is commercially available from CK

Witco Corporation of Tarrytown, New York.

13 A_174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from

CK Witco Corporation of Tarrytown, New York.

104 A-1100 amino-functional organo silane coupling agent which is commercially available from

CK Witco Corporation of Tarrytown, New York,

15 p| URONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially

available from BASF Corporation of Parsippany,
198 |{GEPAL CA-630 ethoxylated octylphenoxyeth
GAF Corporation of Wayne, New Jersey.

97 VERSAMID 140 polyamide which is commerc
Cincinnati, Ohio.

New Jersey.
anol which is commercially available from

ially available from Cognis Corp. of

108 Al KAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from

Rhone-Poulenc.

18 KESSCO PEG 600 polyethylene glycol monolaurate ester, which is commercially available

from Stepan Company of Chicago, llinois.

110 MACOL NP-6 nonylphenol surfactant which is commercially available from BASF of

Parsippany, New Jersey.
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C D-450 0.52 37.33 278,582 D D-450 0.40 47.1 351,493 E G 75 0.35 79.3

119,789 F G 75 .0.35 83.2 . 125,680 Conparative Sanples 631* D-450 1.6
21.45 160, 0MO®EM¥ b 450 1.3 38.1 284,328 690* G 75 1.0 PEBASHR4593 489
695* G 75 1.0 100.46 151,752 1383 G 75 0.75 14.47 21,858 X1 G 75 0.33
36.4 54,985 X2 G75 0.75 19.0 28,701 X3 D450 1.37 12.04 89,851 C,,
D-450 1.59 9.00 67,164 DmD-450 1.66 10.43 77,36 5 * Coated with
starch-oil sizing fornulations. As shown in Table 1 C. above, each of the
yarns A-F coated with polyneric matrix material conpatible sizing
conpositions according to the prese%biwbh'1 had Air Jet Transport Drag
Val ues greatep_than 100,000, Only tHe sSTarcn- sized 10 commerci al
strands, which are generally i nconWEIGH RERCENTOF, RONENT QN TOTAL
material s di shussed abaove. had Air |Jet Transpor 89, reater tthan
100, 000. Sanple vans C and D. . which had pd® ES nmatrix conpaffi bl e
coatings, hadlAlr_ _GOMPONENPort Drjag ¥al uesB ebsQ hdn B 00, 0B0 Hec&us¢ of

hi gh coating |EMERY 67 'he vans. il.e. 0 |o$sOon|idnitdi dh dr 6a0er] f158n]1. 5%
whi ch inhi bi t pEMEBY¥&760 '6n of the 15 fOber$, Oor| #4i21afehs at Oon,| oD tfle yam
by the air je]PODNYOXWSRA0t™ ani natle A.8engt 10, 7628 gty e[fabrids Ostyle
parameters df BOLARTHERM®PTeI60Er e flor medl f foh0shm@ e§ o 69M.78654nloe B and
Sanpl e B. - 9PREVEASECOAB-CONCI28)300 200859 | GO75] 0% | (H0sqduseed |above],
respectively. Eight pltes of each tabric sanple were lTamnated wih a FR-4

resin system of EP@bmgat@tiveSamplee vy contriertial(preduety 831aind 633 8v450! stdvtieoif r om

ana DOMNGL PP B ) B e B B it g B9 o i vagre N

Cheni cal Co5 otorihelciathydavalibtdd frgmiPPQ lodidistiies) inanvera alse evéloated.| laradditiol Was

eval uated for

10

Ihll'ge)@gn%argt% %%‘Es(ﬂ?ﬁ QHéTké,aéakH E&ated \Fvﬁ?& 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 256°C. Comparative Sample X3
had 4.6 weight percent solids.

" EMERY® 6717 partially amidated polyethylene imine which is commercially available from

Cognis Corporation of Cincinnati, Ohio.

:;fEMERYea 6760 lubricant which is commercially available Cognis Corporation of Cincinnati,
io.

'3 POLYOX WSR-301 poly(ethylene oxide) which is commercially available from Union

Carbide Corp. of Danbury, Connecticut.

" POLARTHERM® PT 160 boron nitride powder particles, which are commercially available

from Advanced Ceramics Corporation of Lakewood, Ohio.

'** ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride particles in aqueous

dispersion which is commercially avaitable from ZYP Coatings, Inc. of Qak Ridge, Tennessee.
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testing according to ASTM D-790 and | PC-TM 650 Test Methods Manual of the
Institute for Interconnecting and Packagi ng El ectronics (Decenber 1994)
(which are WHBOMStcal |y i ncorporated by reference herei nBCTAISOR20452 al

cl addi ng conpletely 10 renoved by etching according to section 3.8.2.4 of
| PC-4101 and for interlamnar shear strength (short beam shear strength)
using a 15.9 mllimeter (5/8th inch) span and crosshead speed of 1.27
mllimeters (0.05 inches) per mnute according to ASTM D-2344, which are

specifically incorporated by referenceqigltg): The results of these

eval uati ons areifwwwl
Strength Fl exurfal Mdul us Short Beam Sh¢MVEIGHT BERCENT RESCAMPONENTP3scal s
Psi Pascals psi| B 4.9 x 108 71534 2.4 x}1010 OM3O0A80 SOLIDSBASIS3742 [B. 5.0
X 108 72215 2.4 x 1010 GONIBONBENY. 5 x 101 3647 695SAMBLEX108 62959 2.3 x

1010 3360800 2.%&&%3‘264 As shown in Table I D, Lan2&8te Sanpl es Bjand B.

prepar ed accor df DESMOPHENE2000&5ent i nvefition had hi gt flexural stfength
and nodul us val 8 simlar 20 shor{ beam shear 2t ength when cénpared
to |l am nate sa q;4fepared rrom 695 starch-oil codt8d gl ass fi1befj yam
Sampl es A and HP@ g8 /e Sanples)1383 and X1 y®9e al so eval §at ed
for Friction FOFUERSH fo¥ng a tensioh of 30 granc4{8 each yam safple as
the sanple i s PXAREE grate or 274 ngters (300 yas@s) per mnutefthrough
a pair 25 of cofg TIAE enment devi cegghaving a statfjonary

chronme post of nches) di anet er nount ed
therebetween to di Sﬂle%ﬁ.stohsam %Afrmhwah@a&tﬁdmme@wérale@makum pat h

bet ween the tension neasurenen i f.ference,in ce in grams
i s set forth ilpssi@ibioaitien @Ol)eﬁne\ﬁif?eefﬁemﬁ?‘fbéﬁ &‘f CE‘%Q’&’@' 9 \ﬂé ﬁ‘fﬂiﬂ?&m
PCT/ US00/ 208 5%Draly Fotce® Fedt Mettivdfibchssediabovediheetalte frictional forces to which
the yamis subject urin avin a
Conpar ati ve Sanpl e?afgé’gmfgﬁ‘p}ge % ﬁo%ge &lezg g%&éﬁ%@% S?rd%} %‘ﬂgﬂ"ﬁ"% anent s
usi ng an abr asthmugh aSuizer Ritiweedleraiirjetchogzie upit Miodd Nocb4 455 G iwhichdmdiand t o
each test SaMb@rAFafRE hdnfel nAViHGY Gatter B2 hfitheldrs nd 2h6zN ext 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 yam 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 commerclally available from Borden Chemicals of
Columbus, Ohio.

"7 DESMOPHEN 2000 polyethylene adlpate diol which is commercially avaliable from Bayer
Corp. of Pittsburgh, Pennsylvania,

18 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.

18 A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporation of Tammytown, New York.

120 pL URONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

21 VERSAMID 140 polyamide which is commercially available from Cognis Corp. of
Cincinnati, Ohio.

12 MACOL NP-6 nonylphenol surfactant which is commercially available from BASF of
Parsippany, New Jersey.

1 pOLYOX WSR-301 poly(ethylene oxide) which Is commercially available from Union
Carbide Corp. of Danbury, Connecticut. _

-95-



0.46 nmeters (18 inches) per mnute for five mnutes through an abrasion
testing apparatus. Two test runs of each sanple and conparative sanple
were eval uat W@ M@M§4 t he average of the number of broken fiPGEHENNR045Y
reported in Table 1 E bel ow. The abrasion tester consisted of two parall el
rows of steel reeds, each row being 10 positioned 1 inch apart. Each test
yam sanpl e was threaded between two adjacent reeds of the first row of
reeds, then threaded between two adjacent reeds of the second row of

reeds, but disp e

reeds. The reea4 gm%%éﬁecigégé ace ackagr‘f%gfg'#étdr}&g\t/%r%%f%&el r-{fc‘% ngth in a
direction par aire eét forth in Tabldi1Cchealawon of yamtravel at a rate of 240 cycles
per mnute. 15 Table 1E Sanples A B Conparative Conparative Sanple No.
1383 Sanple No. X1 Friction force (granms) 24.7 18.3 23.9 38.1 Nunber of
broken filaments 2.0 1.0 3.8 1.0 per yialled€ yam As shown in Table | E,

Sanmpl es A and m T 0] |
boron nitrideaccord ng to the hven |)c n(m S W %IPMT%EPW
filaments and}l ow frictional forjce when fonpargd the Cf brrp@ VBar
Sanpl es. EXAM; 5 in the armunts $et gﬁﬁfh)l n Tabl e
2A vere m xed tx ; CONTEES L1 ONS G1954d7
according to t1"§: present—nventToT G50 f §agPT Al g oA e ‘128248‘ STTH | ar
manner to thatlsgi-setussed—above—reg 75 TR Bs W UiTtgg T CEt U|1431537| T-4cid
on a total wei%—b&s—i—s——m—i—nd-uﬂggi@gou =g 8 UNTPgy 3G 0N -9W 054
PCT/ USCQ 204594sFach—ef—the—eatteotup4ag 1 lla4bi 53 LqﬁppSl tiors3 1. f
Tabl e 1A in EX 'é“ﬂ Pa| abRET ooulp?gu‘i Y=ol Ta'L.|i1 e
coated onto G ' 3 "anag qf—t '8:32 or T llg alzsﬁaol
conpositions héi bet-weep—e—anet—2 wetr-ght—percent—sotrros: Fabre—2A
omparative Samplés

631* D-450 1.6 21.45 160,075

633* D-450 1.3 38.1 284,328

690* G-75 1.0 108.23 163,489

695* G-75 1.0 100.46 151,752

1383 G-75 0.75 14.47 21,858

X1 G-75 0.33 36.4 54,985

X2 G-75 0.76 19.0 28,701

X3 D-450 1.37 12.04 89,851

Cu D-450 1.69 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 Valties greater than 100,000. Only the starch-oil sized

10 commercial strands, which are generally incompatible with the polymeric matrix
materials discussed above, had Air Jet Transport Drag Values greater than 100,000.
Sample yarns C,, and D,;, which had polymeric matrix compatible coatings, had Air
Jet Transport Drag Values less than 100,000 because of high coating levels on the

'yamns, i.e., loss on ignition greater than 1.5%, which inhibited separation of the

15 fibers, or filamentization, of the yarn by the air jet.

To evaluate laminate strength, 7628 style fabrics (style parameters
discussed above) were formed from samples of 695, Sample B and Sample B,,,
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VEI GHT PERCENT OF COVPONENT ON TOTAL SOLIDS BASIS SAMPLES COVPONENT G H
Conp. Sanple Y EPON 826 110 16.12 63.54 60.98 PVP K-30' _1.31 5.18 4.97
ALKAMULS EWQQU934 1 63 6.44 6.18 | GEPAL CA-630' 27 1.63PETEINGMER  (ESSCO
PEG 600 26 0.79 3.11 2.98 A-187 129 3.17 12.51 12.00 EMERY 6717130 - 0.40
1.56 1.50 PROTOLUBE HD t91 0 0 4.61 POLARTHERM PT 160 0 0. 1 O
RELEASECOAT- CONC 25' 74.78 1.00 O Each coated gl ass fiber strand was
twisted to formyam and wound onto bobbins in a simlar manner using -
conventi onal S L ; ég%ﬁ ; : ehf=b ' '
comercially %%?Pg%ﬁg@#ﬂrégm g?)f EQCE%‘?‘?%%I e%?t r{h-logﬂg@c?n, nggiﬁblgglgi’e;VP K- 30

pol yvi nyl pyrlaminatedyithaFRA resin systamefGPON 120,80 epoxyresind{eemmaercielv i cal s of

Wayne, New Jegafable florh ShbilChdrhisal Compafly eiHausten STexas)adieghndRBRdeabl e oi | whi ch

is commercially available from Rhone-Poul enc. 127 | AL .CA- §30
et hoxyl at ed &%?WF@HE%?’PMWAMW PB(EQGFH%PBF‘QW?" \?&?‘12983@"? rom GAF

Corpf)ratigs Ofr}e\@d(rﬂ%erhﬁﬂtdﬁbﬁlﬂM!an&.?ﬁicllﬁEﬁﬁmoPEgnﬁm?@m yet hyl ene gl ycol f
monol aur ate ester, ich i s conmmerci avail able from Ste any o
Chi cago, II1i noi s.E%@mnﬂﬁmﬁgﬁ&iﬂﬁﬁ%@mbﬁ(ma?‘wph%{wg% rTa/hi >c/h i s
comerci al l'y @%'a&_@érﬂmﬁﬁ)ﬂsﬂﬁbamaéﬂ lWS(TTe:hMeﬁwoisaMamabmhe New Yor k.
130 EMERY(r) 6 artia m Q i m ' A

COMMET Ci aI(I i/ '&%‘i‘tPg‘Ul'%teT“PBﬁ/ﬁcg@) i%ac@%ﬁé?%gﬁgg?é%{ %fﬁﬂ'%rﬁr%. 131
PROTOLUBE HD ¢piegificaly Wicbipgrated byareferdnea bereiny with metahbiadding compisteer ci al | y
avai | abl e _from Sybron Chepmi I LRl

PO.lARTHE r)reppv{:g@ %W'%%@@Jggﬁ‘?&ﬁggggﬂgﬁgﬁ %ﬁﬁgﬁ“%}% gﬁca(gm"rer cially
avai | abl e f r smearstiempthe(shaBicbenn sheasrepathhusing @ $9.9 milliraelec//8thinel) spar
ORPACBORCN NI J@%sRE%E%T?%&é%WOWcﬁHS§ bdfindglabidrlifgtd N agueous

di sper si on -whi 'S CO r y avallable from ZYP Coati ng Inc. of Qak
Ri dge, TennesASEM D-2344, which are specifically incorporated by reference herein.” The results

of these evaluations are shown in Table 1D below.

15
Table 10
Sample Flexural Strength Flexural Modulus Short Beam Shear
: Strength
Pascals psi Pascals Psi Pascals psi

B 49x10° | 71534 | 2.4x 10" | 3465000 | 2.6x 10" | 3742
Buec 5.0x10° | 72215 | 24x 10" | 3450600 | 2.5x 10’ | 3647
695 43x10° | 62959 | 2.3x10" { 3360800 | 23x107 | 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 cdmpared 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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-99.1 WO 01, 09054 PCT/ US00/ 20459 Sanples F and H exhibited m ni mal sizing
sheddi ng during twi sting and the yans of Sanples E and G exhi bited severe
si zi ng shedd™@"@M*ng twi sting. The yans of Sanples E-H aPeI/eIMBeHsht i ve
Sample Y were evaluated for Alr Drag in a simlar manner to Exanple |
above, except that the Air Drag values were 5 determ ned for two bobbin
sanples at the pressures indicated in Table 2B. Each yam was eval uated for
average nunber of broken filanments per 1200 neters of yam at 200 neters -

per ninute usi Ngseis Miérded Yo dindte the frictidndd fblces tOWRIKE thefyahrfigRUbjecté® U@ HHgO! .

which is comercially avajlable from SDL I nternational Inc. of England.
These val ues r elyPRERGOPErRIONS er age of measurements conducted on four

bobbi ns OI &0 e-?ch ys&mples;l'heg@ggnﬂEof{iggﬁmSaMﬁgﬂz%Bﬁrﬂ)Eiﬂm&g%g7f2 rom
sections taken froma, fu i r.ang ou a gr ans
(6110 pound) of e‘fﬁj‘fﬁt%{%%fﬁtﬁ'\‘fﬁ “q"t H%"%ﬂ%ﬁ?’ﬂ?’”‘i‘&%‘ﬁ"y-ﬁm @H@'ﬁf argmaeh| uat ed
for Gate TenSi otention wertapplied t6 @ach test sam sledth des? Barhple was pillfedl at arriterof of
broken fil anent " asur m{!l C rd?n t tpbasGat? 5 ensior?.Met od is

et or i ned by uRAP TRRLST 1p 1SS e B i e es A Ehh S 2SR i e o,
t hreadi ng t he yappdratasUTivo testrans efeach sémplaaad barhparativa semplei wese avaluategdhssi ng
the yarn through Shi | s ve to
count the nunbe?n%&%@?%%é%gﬁpgéﬁéﬁ#ébJP%%%%@%&% 85%4?9%% 59 B 2B
Sanpl e NUVBER UThe &thabigimtesteFconSistéd@d by paraiiel rovsdt Seplreeds-e®i rewbeing Y OF
YARN full baglbi r r 3/ 10
pound) O. 85260. B‘i%ﬁ%rgéz‘a?"gr?'%é?'g'1%%3%?%39{5%5%@1@%29%8%%%%; i éng%ﬁéf)
0.676 0.030 gr etaeds ofthe first wwiafpeedsthian threadad betwepsivaadiasgniyepdsoef the

second row of reeds, but displaced a distance of one-half inch between the rows of
reeds. The reeds were displaced back and forth over a four inch length in a direction
parallel to the direction of yarn travel at a rate of 240 cycles per minute.

16
Table 1E
Samples
A B Comparative Comparative
Sample No. 1383 | Sample Na. X1
Friction force (grams) 24.7 | 18.3 23.9 38.1
Number of broken filaments { 2.0 1.0 3.8 10
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 -
Samples.

EXAMPLE 2
Each of the components in the amounts set forth in Table 2A were mixed to
25 form aqueous forming size compositions G and H according to the present invention
and a Comparative Sample Y in a similar manner to that discussed above. Less
than 1 weight percent of acetic acid on a total weight basis was included in each
composition.
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hairs per net 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. VM543 Gate 7 - 0.0695 - 0.31 1.0835 Cat PE/USKY20487 - 0, 557
1.81 AIR DRAG (grans) 25 psi Bobbin 1 - 10.420 - 10.860 11.610 Bobbin 2 -
10. 600 - 7.850 11.610 30 psi Bobbin | - 11.690 - 12.500 13. 680 Bobbin 2 -
12.200 - 8.540 13.850 35 psi Bobbin | - 13.490 - 14.030 15.880 Bobbin 2 -
13.530 - 9.570 15.630 40 psi Bobbin 1 - 14.740 - 14.110 17:560 Bobbin 2 -
14. 860 11. 010 17 atﬁlﬂou@ﬂﬁ‘h. be 7 . . . Bobbin 2 -
T6 680 . 12,700 16 aEnerie pS| Bobbiings%e-co shbostitls £ abd F31 3a8 1000 B0 bbi 0 2
- 17.730 - 14.Eramplegt and(S.d4angd;Comparalive Sample Y ofTable 24 werexgated ogta3-7Bohbi n 2
- 19.660 - 20.258:fbePsifand¥hiEhsh 6 foRting 528 bbrhSosiibRS K kwdeh Ead 75 2B
appear to indicate that Sanples E-H according to the present invention had
general |y hi giaighbpersentsalidsesi st ance than 5 the Conparative Sanple Y, it
I's believedgthat these results are not conclusive since it is believed
that a pol yet hyl ene emul si on conponent af tEe Conparative Sanple Y, which
was not present in Sanples E-H, contri ! t o abrasive properties of the

yam -101 WO 0¥ 09054 PCI7 USUUIZUZ59 EXNEIBHT PERCENTOF COMPONBNTIONtS in
the anounts setf forth in Table 3A were|m xedoNToOTAL/'SOMOS BABRS f Or Mg si ze
conpositions KfrhrougitNaccorading 1o §he present SAMPLESI I on. Each pgueous
form ng size cqMpUSTtT EBVMPENENTCPAT €0 {N_ags! M|l af Han]'Eomp. Sample Y -
EPON 826 % 16.12 63.54 60.98
PVP K-30 = 1.31 518 [ 4.97
| ALKAMULS EL-719 '® 1.63 6.44 6.18
IGEPAL CA-630 ¥ 1.63 6.44 6.18
KESSCO PEG 600 @ _ 0.79 3.11 2.98
A-187 & 3.17 12.51 12.00
EMERY 67172 - 0.40 1.56 1.50
PROTOLUBE HD ™ 0 0 4.61
| POLARTHERM PT 160 ™ 0 0 0
RELEASECOAT-CONC 25™ 74.78 1.00 0

Each coated glass fiber strand was twisted to form yam and wound onto
bobbins in a similar manner using conventional twisting equipment. The yamns of

124 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.

126 ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Paoulenc. :

127 {GEPAL CA-630 ethoxylated octylphenoxyethanol which is commercially available from
GAF Corporation of Wayne, New Jersey.

128 KESSCO PEG 600 polyethylene glycol monolaurate ester, which is commercially available
from Stepan Company of Chicago, lllinois. '

2 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.

1% EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Cognis Corporation of Cincinnati, Ohio.

31 PROTOLUBE HD high density polyethylene emulsion which is commercially available from
Sybron Chemicals of Birmingham, New Jersey.

*2 POLARTHERM® PT 160 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.

'3 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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5 to that. di scussed above. Less than | weight percent of acetic acid on a
total weight_basis was included in each conposition. Each of the agueous
forming si zeVOIMPM ti ons of Table 3A was coated onto 2GPETEAUSROSAS 1 per
strands. Each of the form ng size conpositions had 10 wei ght percent
solids. 10 Tabl e 3A WEI GAT PERCENT OF COVPONENT ON TOTAL SOLI DS BASI S
SAMPLES COVPONENT K L M N Conparative Sanple Z thernoplastic polyuret hane
film 34.4 34.2 33.4 31.35 34.5 fornming polyner"” thernoplast.ic

pol yur et hane fi bﬁinpiéé FSnEl-i &hﬁﬁeéﬁﬂrﬁﬁal&uzﬁb sheddiy diiring mhﬁﬁﬁfﬁndﬂn@ﬁm@fw k

I | | d d I t b t
e N R
Eri e: onySi : ane COUp‘lrhmrﬁgarsanqm H;ahegﬁmmlmd sanae?vﬁelrSe\?aI&tiufgrfﬁo .
rire oxysl | ane COU. | en no-r1.u I ona { R ne . . .

0 150 14" coupt P 1B asiiief ety Exsneis abave Sxpept t1at e Alr thatEvayies wee | g ¢
onI ignit ihon (5?/() détedmindd ﬁftvﬁz tiﬂbbih sathples hthe pistsirbe indicpied 4 Table2B.yEadher - biased
(0] ur et hane agueous e S,

e e hare ortyagvias el fhr MU i niimd Bf 6/SRn fidinerte per, 1280 filicks BRHL °\ ©
of 400 centi poiat200(rBetersider alirlite L4H)g aShlﬂQ(Motﬂel sow«mwmmr iament

pol yester-basedggpg% WA orft R eVt ot 3L Hakinaford (8! dr ERglRdll ent of

62 percent average particle size rangl ng m about 0.8
to about 2.5 m'rbes;rmwssueprgswt ORRxTagOPiMeasureRIents qrpdlyctetancingr tobkios o6 |

boron nitridg, p%ﬂ @fﬁﬁ&ﬁ@h@ﬁem %Iﬁékea{ré 'réii%n&é‘fr&h sk&tion EkeA f‘rbﬁ\'a' il

avail abl e from atin Tennessee. -10
bobbin, 136 grams (3/10 pound) and 272 grams '(6/10 pound) of yam unwound from
the bobbin.

Each yarn was also evaluated for Gate Tension testing are set forth in
Table 2B below. The numiber of broken filaments rneasured according to the Gate
15 Tension Method is determined by unwinding a sample of yarn from a bobbin at 200
meters/minute, threading the yarn through a series of 8 parallel ceramic pins and
passing the yarn through the Shirley broken filament detector discussed above to
count the number of broken filaments.
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WO 01/ 09054 PCT/ US00/ 20459 Conposite sanpl es of each of the above coated
gl ass fi ber sarrgl es and the Conparative Sanple Z were extrusion nol ded at

270C for 48WoM

at 7 MPa

mllimeters (10 x 10 x 0.125 inches) plaques.

for tensile strength,
ASTM Met hod D-638M f 1l exural

(975' psi) to produce 254 x BOIFAISH0/Y43975

Each speci nren was eval uat ed

nodul us

tensile elongation and tensile 5 nodul us according to

strength and fl exural according to

ASTM Met hod D-790; and notched and unnotched |zod inpact strength-

according to ASTM Met hod D- 256 at the
he results of test

3B presents

condu

Igbg% ggcontents specified bel ow TabI e

conposites forned usin

a

conventionallnylon 6.6 matrix resin. 10 TAIJL| E SaManples units K LI M N
Conp. Sanpl p NUMBRR OEBROKENgt h kfsi 7. 1F27.p 263 J7. 4H26. § Cnema. 1B6. 9
190. 34 188. 2fr FISYENTSIRER WBTERchsi | e Eljongatiop _ 3.33 3.37 3| SempleX?] 3. 32
Tensile Modulus m @AYARMg 1 o 47 1444 1 511 GPa 1012 10 7 10 1 9.9 10. 4
Fl exural Strength ifiidobbin 6 46. p 94887 45 “52444 D greater 3070865319, 9.1925 b
313.8 303.4 Elexural Mhdulus mbsi 1,52 g1 dham1 1.5 ba_10 5 0.7
10. 6 10.6 10} 6 13Geramp M1 poaupd)s ¢ | | B8P6, 1. 8%012 24%%1 68013 1 °+31%Bact
J/-Me 7.89 9LBQ 8.23.6.91.4.902 nnW@g.T@_‘ in 21 22 9 21
20.5 22.0 ||pata9rms [B510peund) o 46888 op g 'EE P39 ,oﬂﬂéﬁt L 32.9
32.6 32.4 32 4__As chmm - —Fablet3B—grapa I ot andh coated with
boron nitrid Gﬁ F%@?'Q%gg? S K-N) dccordinp to thg present inventjon
exhi bit inpr jé7: SHeRgF— o angy gt etz o gRas t PToeRg Tt es
and simlar fersiie zgatifj rrd _..Udri :g;ggg Hrexu 2t atg'ﬁﬂ,g“r Y DE;%TTlnﬁdul us
and unnot che peftes—wireg gisPpr et 0.068 0.4795
Gate 5 - 0.015 - 0.093 0.85
Gate 6 - 0.0265 - 0.118 0.993
Gate 7 - 0.0695 - 0.31 1.0835
Gate 8 - 0.117 - 0.557 1.81
AIR DRAG (grams)
25 psi " Bobbin 1 - 10.420 - 10.860 11.610
Bobbin 2 - 10.600 - 7.850 11.610
30 psi Bobbin 1 - 11.690 - 12.500 13.680
Bobbin 2 - 12.200 - 8.540 13.850
35 psi Bobbin 1 - 13.490 - 14.030 15.880
Bobbin 2 - 13.5630 - 9.570 16.630
40 psi Bobbin 1 - 14.740 - 14.110 17.560
Bobbin 2 - 14.860 - 11.010 17.610
45 psi Bobbin 1 - 16.180 - 16.390 19.830
Bobbin 2 - 16.680 - 12.700 18.950
50 psi Bobbin 1 - 17.510 - 19.280 22410
Bobbin 2 - 17.730 - 14000 | 20.310
56 psi Bobbin 1 - _.1.19570 - 23:350 29.350
Bobbin 2 - 19.660 - 20.250 26.580

While the test results presented in Table 2B appear to indicate that Samples

E-H according to the present invention had generally higher abrasion resistance than

the Comparative Sample Y, it is believed that these results are not conclusive since

it is believed that a polyethylene emulsion component of the Comparative Sample Y,

which was not present in Samples E-H, contributed to abrasive properties of the

yarn,
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to a conparative sanple having simlar conponents which did not contain
boron nitri W{h |l on 6,6 reinforcenment. When eval uated usi ng %I on 6
resin under SIMTAP-103 WO 01/ 09054 PCTI USOO 20459 condi PEHHSN 0458

I nprovenents in tensile strength and notched |zod inpact properties were
not observed. EXAMPLE 4 5 Each of the conponents in the anbunts set forth
in Table 4A were mxed to form aqueous formng size conpositions P through
S according to the present invention. Each aqueous forning size :
conposition was prepared in a simlar EXAMPLE30 that discussed above. Less
than | wei ght perceni of .acetic acid on a total i gh basi s was included
in each conpositi on. Ei‘g’% pepts H'Cfﬂ%Bﬂgu‘?tﬁF?ﬁ% 'gitrfﬁ'e%grﬁ%%f'l"feérﬁ% of
Tabl e 4A was cofsrmcaquedus forfRirtsize enRsitibnsic thraighanateordingab tiefprédeat f or mi ng

si ze comnpositions ado%g vve%%ht P@rcent solids. Table 4A.WEI GHT PERCENT OF
COVPONENT ON  TIHYRIOBFRREAqREYISorTEIRG Sizp €3 MF PSPPSR IR53 SITHEF MapNelst i ¢
pol yur et hane 5f i tothétdistusspd2ibods . LEss Han ASwaldght ppraentraf atetic atidanrtplabwéight

pol yur et hane film.form 34 45 43 34.45 polynmer'-'0O

pol yoxyal kyl enehﬂ%fv%f ‘“n‘gﬂ%q'i)ﬁg?“ %@%ﬁb'%? 0.27 0.22 epoxidized

pol yester-1ubricant Bach d thi dqueous fdrming sinecampasitipnsogfyllable. 33w, chateddnio 84
triethoxysil ane ' = | 2
triethoxysil ane%%ﬁ#ﬁgs @%gﬁ{'a'g%n%cﬁj%ﬁ%?%@p¥%? é%{anéosﬁiloﬁgﬂéd g‘?‘f"@‘ﬁz 0.12
0.1 coupling agementB@idsRTHERM PT 160139 33.3 16.7 0 O 137 Thernopl astic

pol yest er - baged pol yuret hane aqueous enul sion having 65 percent solids,
anionic particle charge, particle size of about 2 mcroneters, a pHof 7.5

and a viscosity of 400 Table 3A
WEIGHT PERCENT OF COMPONENT ON
TOTAL SOLIDS BASIS
SAMPLES
COMPONENT K L M N Comparative
Sample Z

thermoplastic polyurethane film- 344 34.2 334 | 31.35 345
forming polymer'* .
thermoplastic polyurethane film- 51.5 51.2 50.18 | 46.9 51.7
forming polymer'
polyoxyalkylene polyol copolymer 0.3 0.3 0.3 0.3 0.33
epoxidized polyester lubricant 7.2 71 7.0 6.55 7.22
gamma-aminopropyl 27 27 2.7 25 2.76
triethoxysilane 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-CONC25 % .. | 0.1 1.0 | 29 9.1 0
loss on ignition (%) 1.11 1.14 1.05 | 1.08 1.17

¥ Thermoplastic polyester-based polyurethane aqueous emulsion having 65 percent solids,
anionic particle charge, particle size of about 2 micrometers, apH of 7.5 and a viscosity of 400
centipoise (Brookfield LVF) at 25°C.

'35 Thermoplastic polyester-based polyurethane aqueous dispersion having a sofids content of
62 percent, pH of about 10 and average particle size ranging from about 0.8 to about 2.5
micrometers.

'3 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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centipol se (Brookfield LVF) at 25C. 78 Thernopl astic pol yester-based

b Sbout 10"

m cronet ers.

are comrercially avail abl e

Chi o.

s di spersion having a solids content of
rage particle size ranging from about BCHUY
"as POLARTHERM r) PT 160 boron nitride powder particles,

62

ercent,

Mpbut 2.5

pH
whi ch

from Advanced Cer-am cs Corporation of Lakewood,

-104 WO 01/ 09054 PCT/ U300/ 20459 Table 4A (Cont'd.) WElI GHT PERCENT OF

COMPONENT ON  TOTAL SOLI DS BASIS SAVPLES COMPONENT P Q R’ S VANTALC 2003
140 0 0 16.7 33.3 Cbmpesite3ampies'of @ach’dr tHe dbdvdcdiledYiske Bebhniphdiiiithe

sanpl es of ea
Conparative S
X

condi ti ons se;F

tensile stren

gl ass contents
conmposi tes ha®

o

forth in Ex
Gh spegimen was

he_abov

Vo PaTRs

a

i o

or .t

nofeh

Each._s

Bl 5 erelie .

gation anedansied
unnot ched 152 0¢hddile atcordifiPIRILSTM Methdd D-8EBM: flexural Btténgth andflarl Modiilug he

ted gl fib I dth
Zvers, exiisihe Mglded al 27 0SIPE 8 SREPRRRAL MBS oduce 400
5 400 x 2. %75 gel)itrpiodiice 4546 264568, 57 millitietérs (106610 00,925 AEhes) PRGudsh €
ﬁﬁ%‘ﬁ% was eval uated for

s el ol eert spoah

di anmet er of 7@cébrdihg tol ASTIM:Method D-266atthe glassogntantsispeaified betdwor | net er  Model

D25- PC2A. To evalu
wer e conducted on

i nch openi

recorded 15 for
The PD-104 test

on the bottom The funnel
20 pounds of sanple materi al
eval uates the resist

t teri ' r risti
Tofie PR bFps i 10LNs 3B AR i R
i nches | ong amdohwattionat bylem6,6 enatixresindi anet er opening at the top and a

was vi brated and the tinme was
to flow through the funnel.

bsite'érm'ﬁ'!ed ugn wtests

unnel was — erght een

t wo

the chopped gl ass fiber sanple

to filament agrom—Srxty—T ; D terial
(ground wal nyt—sthett—partigttggs - 1 o abl e
from Harmon Rroducts Conparly) andja conpentional Toamntype p@bLi, azt iIf c
dryer sheet \WerngiEiansil ™ ibsy || 271 | “276°1s 274 [ 974 2° :
vi brated usi g 1 TT860 [V190:54 | ‘-mliﬁ B8 DR | 18068 ©] The
vi brated nat ¢r3 Gg USG50 ] 5387 f“&.é&gfsﬁg?t arrtgEs—{ est i ng
si eves. The UlmbvaA- HSCT [ C4.5501]1 G470 04 44 T¢] >¢ .gl"“o as a
GPa 10.2 10.7 10.1 9.9 10.4
Flexural Strength kpsi 44.6 46.3 45.7 45.5 44.0
MPa 3076 | 3193 | 3152 | 313.8 303.4
Flexural Modulus mpsi 1.52 1.56 1.54 1.54 1.5
_ GPa 10.5 10.7 10.6 10.6 10.6
notched {ZOD ft Ibyfin 1.86 2.24 194 .| 163 1.16
Impact
kJ/im? 7.89 9.50 8.23 6.91 4.92
unnotched IZOD ft Ibdin 218 229 21.1 205 220
Impact
kd/m? 92.43 97.10 89.46 86.92 93.28
Glass content % 32.9 32.6 32.4 32.3 32.4

15

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
and notched 1zod impact properties and similar tensile elongation and modulus,

flexural strength and modulus and unnotched {zod 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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percentage of original sanple is reported bel ow. Table 4B presents the
results of tests conducted on conposites fornmed using 25 Sanples PS and
Conparative 89&;‘!!’%'5‘2 using nylon 6,6 matrix resin. 70 VA SPB2ASE al c
powder particles, which are comercially available fromR T. Vanderbilt
Company, Inc. of Norwal k, Connecticut. -105 WO 01/09054 PCT/ 1JS00/ 20459
TABLE 4B Sanple units P QR S Conp. Sanple Z Tensile Strength kpsi 29.5
28.6 28.7 27.7 29.6 Mpa 203.5 197.2 197.9 191.0 204.1 Tensile El ongati-on
% 3.03 3.05 2. 9@nditiéhs, &&égr&ﬁ%éht&ﬁt%'sﬁé C%ﬁﬁhd A&@%dki&o&mﬁ&%r&lp%ﬂes““ff G
pa 12.86 12.26 11. 86, 12 notched 1Z IWn 2.10 1.9 .94 1.78
2.26 | npact kJW§re8otRbserved. g 23 7. 55 9.58 unnotched | ZOD ft Ib/in 24.9
23.4 22.8 22.2 26.4 Inpact kJ/nR2 105 58 99.22 96.67 94.13 111.94 Actual
Loss on %0.81 0.52 0.80 0.64 1.17 E!QW’E Pa 104 %1.3 0.7 0.1 1.4 0.1
Funnel Fl ow seconds 13.8 15.2 15.4 23 Edp\hi t eness Index -15.1 -12.0

-17.6 -18.5 518. 2 \Eéchomaﬁmbml@ n40t£ar3&mfs g6 fopth48 Tableél 2A (erdnixe§ to- ont ent
% 33. 30 33 32. fg 31.70 3 ber strands

vt ed i thbor B AReOHE e aTee catbosihe EBiciah B aefordod 1 e Aipesty | he
present inventi mvenﬁuﬂm Badh aqupomenhmgmteemsmmdwaqptebmdnsa;sutmd mMmanter ar

tensile strengt n . | us,
and not ched an 3‘?&*‘138%?%385?‘ ‘% ?’rer%%@% g?’&%ﬁé‘# | esqv\}lg‘%i' g‘r%gp gg&f'w '&l‘!
Conpar at i ve Sanigsis wasiinahideg is eagh compesitiglonent s whi ch did not contain boron
nitride in %l on 6, %Jcﬁ o'f'IhQ ﬁﬁgg:ﬂ@tfonmng size compositions of Table 4A was coated onto

G-31 E-glass fiber strands. Each of the forming size compositions had 10 weight

" percent solids.
Table 4A
WEIGHT PERCENT OF COMPONENT ON
TOTAL SOLIDS BASIS
SAMPLES

COMPONENT P Q R S
thermoplastic polyurethane film-forming 23 28.75 2B.75 23
polymer'®’
thermoplastic polyurethane film-forming | 34.45 43.1 43.1 34.45
polymer'3®
polyoxyalkylene polyol copolymer 0.22 0.27 0.27 0.22
epoxidized polyester lubricant 4.8 6.0 6.0 4.8
gamma-aminopropyl 1.84 2.3 2.3 1.84
triethoxysilane coupling agent
gamma-ureidopropyl . 2.22 2,78 278 .2.22
triethoxysilane coupling agen agent
amino-functional organo silane 0.1 0.12 0.12 0.1
coupling agent
POLARTHERM PT 160 = _ 33.3 16.7 0 0

s Thermoplashc polyester-based polyurethane aqueous emulsion having 65 percent solids,
anionic particle charge, particle size of about 2 micrometers, a pH of 7.5 and a viscosity of 400
centipoise (Brookfield LVF) at 25°C.

'* Thermoplastic polyester-based polyurethane aqueous dispersion having a solids content of
62 percent, pH of about 10 and average particle size ranging from about 0.8 to about 2.5
micrometers.

'* POLARTHERM® PT 160 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Chio.
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10 EXAMPLES Each of the conponents in the anounts set forth in Table 5
were mxed to form aqueous formng size conpositions T and U according to
the present WP on.  Each aqueous forning size conposiPCTENONRESIpr epar ed
in a simlar manner to that 15 di scussed above. Less than about 1 weight
percent of acetic acid on a total weight basis was included in each
conposition. Table 5A presents the results of whiteness and yell owness
tests conducted on conposites formed using Sanples T, U and -106 WD

01/ 09054 PCT/ USO0I 20459 Conpar at i 1‘§’bl§ bg tZde as discussed in Table 3A of
Exanpl e 3 and repeated below usi %4 patrix resin,. The color
tests were ferformed on conposites haV| MEI%THEBQE@'EQF&OMPQNEWQM meters

(118 inch) dnd a diameter of 76.2 nmillilmeters W&%@nq a_Humt er

col ori meter [Model D25-PC2A. 5 Table 5 \_/&EI GHT PERCESA ENT TOTAL
SOLI DS BASI $__SAMPLEOMRONENTT T U . donpBratli ve Q San IeRZ tiherSmoplastic
pol yur et hang VANTmLCCQO%@ZS 75 34.5 farnmBg dol yrer"' |t Mol o333 c
pol yurethanq film 46.9 43.1 51.7 forning of |mer'42 ppl yoxyallkyl enejof of

copol yner 0.130s8.0nigriitiod %%ﬁegoxi di zed pol yies0.62 [jubr0.8tant] 6.008D 6.]0 0682
ganmma- am nopr opy . .3 2.7/6 triethoxysilane coupling agent
ganma- ur ei dopr opy|Comgosite séinples3af eath ofdhdiaboye icbatedglass fibler segnplescarid theri no
functional organo sil ane 0. | - CONC
2543 6.1 16, SoPerive BpEZ o b  dtbye SH yhlge TR Bprbdtcs 0t x
5 400 x 2.5 millimeters (16 x 16 x 0.100 inches) pfaques 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 3.176
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, funne!

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 were enclosed in a 4 liter stainless - - - - -
20 steel beaker and vibrated using a Red Devil paint shaker Model 5400E3 for six
minutes. The vibrated material was screened using No. § and No. 6 U.S. Standard
testing sieves. The weight percent of fuzz material collected on the screens as a
percentage of original sample is reported below.
Table 4B presents the results of tests conducted on composites formed using
25 Samples P-S and Comparative Sample Z using nylon 6,6 matrix resin.

140 VANTALC 2003 talc powder particles, which are commercially available from R.T.
Vanderbilt Company, inc. of Norwalk, Connecticut.
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Yel | owness I ndex 39.3 38.1 42.7 As is shown in Table 5, Sanples T and U,

each coated vm
accordi ng t oW

not include bo

th a sizing

I‘?é’"’f??‘bsent i nventi on,

ron nitride.

10 had | ower whit eneRET/HIRMEY | n
nylon 6,6 than a Conparative Sarrple Z of a simlar fornulation which did

aqueous enul si on havi ng 65 percent solids,

particle size of about 2 mcroneters,

centipoise (Brookfield LVF) at 25C.

conmposi tion containing boron nitride particles

141 Thernopl asti c pol yester-based pol yur et hane
anionic particle charge,
a pHof 7.5 and a viscosity of 400-
"Z Thernopl astic pol yester based

pol yur et hane aqueous di spersi on havi ng | ds content of 62 percent, pH
of about 10 and average particle size r]-g%g#from about 0.8 to about 2.5
m crometers. '"[3 ORPAC BORON NI TRI DE RELCEASECOAT- COGangle DOT ON T LT 10
particles in ggueous di SPerpi Qs ¢N pS CONMger g 7YP
Coatings, Inc.] of Cak Ri dge,| Tenness¢e -107 WO (1/0905¢ PCT/ BI QSJQ
EXAVMPLE 6 Fiv TRYH StreAbth’ O FoSiT MEEob 80 [CTHRE YT . ASE By Fe! 6 ™ ch
is comercial TBIES T $57.2 {1997 9VET 010 - orm
a mat havi ng [ FSE Ehaare] O b 3 385 [SB68 © ngwﬁ%S
ounces per sqUFEad @'gbkne:,esepf qFg! bqva'W12F MaGhs TEf er s
(about 1 i nch)f—totr—erght— MCEps AU 12,861 phzzew 11855 95 o"E 1 d to
a tenperature otﬁﬁaﬁoquuut r ")_ f2.1hc'WWW"ﬁ‘ } of53ge

si zi ng conpon romithe spnples. Two undoat ed |[sanpl ep were Jused as
conparative s ||p| ca - Cuupal Flt 'kﬁﬁﬂz 31”8!9‘35") '8.3-qht T iwsa ||p:g:& .

(" Sanple X") ; e R T ot E’W i ng
conposition ¢ st 50 n‘?’f'f. itzgjrgs 0 fCRFAngSJC]_RU\Fﬁ?%EJ )
EELEASECOA\;I'- NCZ5 vvcn ght—PenGRRE )gbgjsel RTRT ugbfyl ,igﬁ.‘sl YT queollc,ls
| spersion) a T Ses e TTtETS a gt T SISO or§ O
A- 187 ganma- gl M&%ypropyltri met hox siof\wgne. IEe t ot q P:Ggs of W
aqueous coati —vva's;rS—"r-Vﬁ'g‘l' TFTgeT; re—ggroygmt b’.'1 ron
nitride parti g'ﬁﬁlné*ldﬂ’w et rsgcmil 1%36 5 51 ‘9‘5@'5‘5‘ . ed
_ITB.t sanpl es thwnb%rm & arr—overn l_iJPS‘Jat a12t PTPei76 U] S-185 LZCM :,4 at ed
| R an f)ven S.t %\ﬂbwhals lr’dékcc Frot-s- ‘Lg g qcta7 i., 2!:5 R<E ,\4‘.’:1',.4“[6h ESBK
thermal condu (&% conteRl LT ||u|% lox 3 '-\ rl\\; 33 |32§° ] 'mHE.,' \..ua

(about 70F) ace&re%-ﬁg-@(-ewﬁs?k“% Aod = ek~ :f:jtﬁuu-_\,h

I ncorporated by ref @s SH5wn melragfeth -grgss i baelr gt?ésndfs%cr)atted w1thnBoron nitride particles

5

10

15

(Samples P-S) according to the present invention exhibit improved whiteness and
yellowness and similar tensile strength, elongation and modulus, flexural strength

and modulus, and notched and unnotched Izod impact properties when compared to

a Comparative Sample Z having similar components which did not contain boron

nitride in nvlon 6,6 reinforcement.

EXAMPLE §
Each of the components in the amounts set forth in Table 5 were mixed to

form aqueous forming size compositions T and U according to the present invention.

Each aqueous 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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conductivity and thermal resistance for each sanple are set forth in Table
6 below. Table 6 Samle X Conp. Sanple Thickness (inches) 1.09 1.0
(centinet er¥POINH > 54 Tenperature (F) 75.62 74.14 (C) PEAUSGVAEIL L
Thermal conductivity Btu inches per hour square feetF 0.373 0.282 Witts
per meter K 0.054 0.041 Thermal resistance Hour square feet OF per BTU
2.92 3.55 Meter 2K per Watts 0.515 0.626 -108 WO 01/09054 PCTI US00120459
Referring to Table 6, the thermal conductivity at a tenperature 300K of the

| mventon - vaGonparaile Shrfé 2 edikddsdetf Taie A B7 EOFRE £ Y ripRbl BaBl U

Sanpl e whi ch uﬁng mwnneamatre«tesmt Thérenlariests weregerforaredion| compositeB KAWRY E 7

Fi | ament woun [ @g@ ﬁ'ﬁ?ip of G75
yam coated w gﬁﬁ%%%g‘gsg% fﬁl %Qﬁén&ﬁéﬁ%ggﬁﬁﬁﬁég%gé?mﬂs |{§ <r§ yam t hat

is conmmerci ahb'}esauamabhetefmnmhﬂm&ﬁ-P&A I nc. The cylinders were
prepared by 10 drawi ng ei ght ends of yamfroma yam supply, coating the yam
with the matrix nateérials set forth below, and filament w nding the yam
into a cylindrical shape using a convEshle &5 filanment windi ng appar at us.
Each of the cyj . ' G TV .

I nternal dianefer of 14.6 centineters (p. oNYd
of 0.635 centi ' '

of 100 parts H ; ' “'y—a?]au Fabtee Strel |
Chenmical ), 80 parts AC nme hyI tetrphydro | phthalig¢ :?ng'ﬁa@ge
(comercially py b 3T UES e S, [TTC Nepar k, New
Jersey), and | I%ﬁﬁ%ﬁ%& bg??zl?ﬁj i nzg?ﬁyl am ngysacce er at or
(comercial |y prgy e b hanE e OY) - 48,865 | 1 43T [WoUMETFymler s

forming polymer'*?

polyoxyalkylene polyol copolymer 0.3 0.27 . 0.3

epoxidized polyester lubricant 6.55 6.0 7.22

gamma-aminopropyl 25 23 2.76

triethoxysilane coupling agent

gamma-ureidopropyl 3.0 2.78 3.34

triethoxysilane coupling agent

amino-functional organo silane 0.1 0.12 0.14

coupling agent

RELEASECOAT-CONC 25 '™ _ 9.1 16.7 0

Whiteness Index -16.3 -15.0 -20.7

Yellowness (ndex 39.3 38.1 42.7

As is shown in Table §, Samples T and U, each coated with a sizing
composition containing boron nitride particles according to the present invention,
70 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, apH of 7.6 and a vnscoslty of 400
centipoise (Brookfield LVF) at 25°C.

2 Thermoplastic polyester-based polyurethane aqueous dlspersmn havmg a solids content of
62 percent, pH of about 10 and average particle size ranging from about 0.8 to about 2.5
micrometers.

43 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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20 were cured for two hours at 100C and then for three hours at 150C. The
radial thermal diffusivity (thermal conductivity/(heat capacity x density))
of each testWOAHMO¥ i n air was deternined by exposing one RGTHES00459 ¢
cylinder wall of the sanple to a 6.4 kJ flash |Ianp and sensing the
tenperature change on the opposite side of the wall using a CCD array
infrared canera at a rate of up to 2000 25 franmes per second. Ther nal
diffusivity values were also determined along a length of the yam :
(circunferential) and along a | ength ogxAmpgEls Of - the cylinder (axial). The
test results are set_forth belowin Table 7. -109 WO 01/09054

PCT/ USOQ 20459  TablFivedayereefARFLY-EP naedied ghonpad glase fibar mat.avhichds |

ci rounf er ent | al conBarahiy afblelrci? PP uusRENRE AvbrétseREPIooth #haPhabin: 57

Referring to Table 7, the values of thermal diffusivity for the test sanple

(whi ch was coat®tHrigee weightohdfi4 gramsiper squapmeisr (Abpyt 1§edunggspar équare han t hose
of the 5 cogpapa). Vit thidkiss of SAbh@AmPpRWAIDS Mifitetrs ibbit ﬁﬁérg.nsad.rteriq'r{d-e- AT
voids in the filanent wound %I i nder anﬂ th% smal | sa I? area tested are
factors that ndfcSayare samplegsh thisimatwere heate ?W%te"E%&EE 8497 (ahout
coefficient of {Joerryid remoReesdenlialiyralliohthe $izigicOmbporihtsiron tHeawinipis e
("Z-CTE"), i.e., across the thickness of l;he | am nate, was eval-uated for

| ami nate sanpl es, SXOHNCeAledFANRIES wWergised as eampagitive samples (Lampargtive
prepared from sgarmpies). Ofhe dther tweSdrfisles/@Saniple X0 wesedippet dndayaiirated in 2Ath 695

starch-oil ated yans di.scussed ..n Exanpl e r ol T L hat e
was pr ep:ar e 8us‘?fﬁﬂyaﬁﬂ%"uﬁ&9%'"9%°5'|38§J{'P“r°€§f'§%8i°§ i@'ﬁ@m{e? mr}geéﬁ%gve and
clad with coppeNITRIGEHRELEASECOATRCONDEZE welghhpetcéht Sorbih nitkide warticles in an
ecifically incorporated.by r e r e fficient. of, t hermal
:g palnsi on i % th%qu?-g‘éﬁ (S?@ﬁ'%ﬁ aﬂi?@@@ﬁ'ﬁeﬁ] @C?e% ‘g‘r’ig%{g’g ﬁceﬁg%uﬁg\?se‘e‘o'@gﬂﬁf e at
288C accor di ng A48T ganmeglyciibxyipoapylimetrdxysilEhe Thestotal solids of the aqeacab uat i ons

are shown in Taﬁaﬁnéc&ﬁ?ﬂogfﬁ’on #ds 188 Lnﬁigﬁt mlleﬂ% dnlSunt & borei RiaE pgticles 14.10

15 applied to each mat sample was 120 grams. The coated mat samples were dried in
air overnight at a temperature of 25°C and heated in an oven at 150°C for three
hours.

Each set of samples was evaluated for thermal conductivity and thermal
resistance in air at temperatures of 300K (about 70°F) according to ASTM Method

20 C-177, which is specifically incorporated by reference herein. The values for thermal
conductivity and thermal resistance for each sample are set forth in Table 6 below.

Table 6
Sample
_ X Comp. Sample
Thickness (inches) 1.09 1.0
{centimeters) 2.77 2.54
Temperature (°F) 75.62 74.14
{°C) 2423 23.41
| Thermal conductivity
Biu inches per hour square feet’F 0.373 0.282
Watts per meter K 0.054 0.041
Thermal resistance_
Hour square feet °F per BTU 2.92 3.55
Meter® K per Watts 0.515 0.626
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Sanple B,,,,1 (retest) 4.41 Sanple B,,,,2 4.06 Sanple B"a,2 (retest) 4.28
Sample B,,,3 4.17 Sanple Byac3 (retest) 4.26 Control 1 5.0 Control 2
5.47771 - 1Y@ W¥B4 109054 PCT/ USD0/ 20459 As shown in TaRCIUSM0ME9 | ani nat e
Sanmpl es Al -A3 according to the present invention, the coefficients of
thermal expansion in the z-direction of the lam nates are |ess than those
of Control Sanples |I and 2, which were prepared from 695 starch- oil coated
yam 5 EXAVMPLE 9 Each of the conponents in the ambunts set forth in Table

9A vve;I e m xed th 0 ﬁééﬁh@m,ﬂ{ém&mél&dnaﬂmﬁb&%mrmoﬁtﬁ@d cC
according to the presen iavention. Each agueous primary sizin

composi tion WA sﬁﬁ'@%a?"@{fdi“ﬂtﬂé’“§"rﬂ"f'ﬁ? P%Q?Faﬁ(‘]ﬁ?e'ﬂ'%g#ﬁa?{e P%‘Eifé@g'?i above.
Lesls 1a hgn | WeasidreatBetham thie tﬂémﬁbﬁ;ﬁﬂ?ﬁﬂh&fﬂwcmbﬁ% Sariplediiicto@as RotWas f

i ncluded in each cappositi.an. E of the aqueous sizing conpositions o
Tabl e 9A was ?BL}FJH&B%?(%‘W‘Q%P?E@%% ng G 75 E-glass fiber strands. Each of
the coatedsgl ass fiber strands was dried, twisted to formyarn, and wound
onto bobbins in a simlar manner usi BRa@PLESt ional twi sting equipnent. The

15 yanms coated with the sizing conposrtrons exhibited mniml sizing
sheddi ng during tRitamentwpund Eflibdig®l ComPsteswareprapacd IRovVEenplebail Ge7HA VEI GHT

PP K30 144 S SoRlsp with g Gt B deble ang WhE gl gbeiieluc”, 0,50
1.8 1.6 commercially available from PPG Industries, Inc. The cylinders were prepared by

10 drawing eight ends of yamn from a yam supply, coating the 9am with the matrix

materials set forth below, and filament winding the yam into a cylindrical shape using

~ a conventional filament winding apparatus. Each of the cylinders was 12.7
centimeters (5 inches) high, had an internal diameter of 14.6 centimeters (5.75
inches) and a wall thickness of 0.635 centimeters (0.25 inches).

16 The matrix materials were a mixture of 100 parts EPON 880 epoxy resin
(odmmercially 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 iOOO

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 results are set forth below in Table 7.
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A-174 143.7 3.7 3.3 EMERY 6717'48 2.4 2.4 2.2 NACOL OP-10'"49 1.6 1.6 1.5
TMAZ-81 3.3 3,3 3.0 MAZU DF-136 " 0.2 0.2 0.2 RCPAQJEHP—10555204240
ROPAQUE OP- o%O0AY0%54) 33 5 RELEASECOAT-CONC 25'54 0 0 6. PCTAIPRRY PT
160'55 0 0 2.6 Yarns sized with the each of the sizing conpositions (AA
BB and CC) were used as fill yamin weaving a 7628 style fabric using a

Sul zer Rut! Model 5200 air-jet 144 PVP K-30 polyvinyl pyrrolidone which is
commercially available fromI|SP Chem cals of Wayne, New Jersey. '45
STEPANTEX 653 whi ch is conmerci aI |y aval'ltablﬂ'e from St epan Oorrpany of

Maywood, New Jgeeym—id8hm13 =¥eeses e which
IS commrmallyaua.J_Lab.Lefmmf‘K { 9 P\W
York. 147 A-1 74 _gammm-nethacrylo voredial 1 i

comercial ly avdiSamales from  ck wli coO&%: podat i n9}33nf Tarryt o9 New or k.

149 EMERY(r) 671Cqmparatie Samplei datled B8y et yl en®38 ni nd whi cBS7S

comercially availl abl e from Cognl S Corporat ion of Cncinnati, Chio. 149
MACOL OP- 10 et hoxy! &efatring wyTiablednthe:values of thesmal diffusivity farithe tegtsamplevacoL

oP-10 SP except(whfch%s %’até@wﬁf’a 5GP AMBEnt 3f BGtak mirfd@?ér@‘?é%% tﬁé?u tﬁé‘é%f?hé he
catal yst; MACCL 'S no er comercially available. 750 TMAZ-81

ethyl ene oxi%e Q?&PFKF&W Fample, "ﬁ“ inobpoatad with Qﬁ'i?'!:'ﬁmpg At veids inthe | y

avail abl e fromg I%E\A@Gﬁd)cyhﬁderaﬁd trie[SRR Sample \drebteSt6Y are ¥ackorinad nidy hboé
anti-foam ng agent vvh| ch I's ‘li mrerci ally avail able from BASF Corp. of
Al

Par si ppany, NewnfHepcedtheseyos QUE(r) HP-1055, 1.0 micron particle
di spersion which i s COhTTEI’CI ally available from Rohm and Haas Conpany of

Phi | adel phi a, Pennsyl vania. '58 RCPAQ,%@E%%, 0.55 mcron particle
di spersion which is comrercially avail m Rohm and Haas Conpany of

Phi | adel phi 80 Penns yiihe zoeffcierit SAth@RzASxHsOBIONiNha RidiDectiR bENBED@ - CONC 25

boron nitride n b2l i :

Coati ngs, Inc. d(o? B&ﬁ % &‘@msg Ehee r%ﬁ'g‘gé%%ﬁ?%ﬁ%g@%‘% E{f%@(gor on

nitri de powder smmipiss, ea;h@onhmmlemhl layers of 7628 stylé¢ fabris prepared from samples of
B.s coated yarn (discussed in Example 1) and 695 starch-oil coated yarns

(discussed in Example 1) (Control). The laminate was prepared using the FR-4

15 epoxy resin discussed in Example 1 above and clad with copper according to IPC
Test Method 2.4.41, which is specifically incorporated by reference herein. The
coefficient of therma!l 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 Bys1 4.10
Sample B,,.1 (retest) 4.41
Sample B,,:2 4.06
Sample B2 (retest) 4.28
Sample B,,.3 4.17
Sample B,,.3 (retest) 4,26
Control 1 . - 50
Control 2 5.4
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Advanced Ceram cs Corporation of Lakewood, Chio. -112 WD 01/09054 - -
PCT/ US00/ 20459 | oom The warp yamwas a tw sted-G 75 E-glass fiber strand
with fiber WO th a different resin conpatible si zZPAHUMIAMSEi tion' sB°
The fabrics were subsequently- prepregged with an FR-4 epoxy resin having a
Tg of 140C (designated 4000-2 resin by Nelco International Corporation of
Anaheim California). The sizing conpositions 5 were not renoved fromthe
fabric prior to prepregging. Lam nates were made by stacking 8-plies of

the prepregged nmaisgishsim ReabRY) ioMfanhiaate Simples A1A3MeoraMBREthe présdnt ani nat i ng
them together at a tenperature Of"&ﬂiSF a]gout 179}% _Bzﬁ&s?re cif 300
pounds per sdaxention, thercogtigignts obthe 6&‘&@ B fndhe z-gjrectia flANEAEI FRAl cycle
time). The thé%‘iﬁﬁitﬁoﬁ‘ of GoRtrblEanipiisetant 2, Which werngrepared iga®ss starchd. 043
inches - 10 (about 0.11 centineters) to 0.050 inches (about 0.13

centi net er s) .0l.coped¥dMs or ni ng, the | am nates (designated AA, BB and CC
according go the 1 - fiber strands fromwhich they were nade) were tested
as indicated below in Table 9B. Duri Lhg, lam nate BB tested at the
same tinme-as a first |am nate nmade -;—%ﬁmgl ass fiber yarn coated with
si zi ng conposi ti oEaSfsrthe cdvipdnentsdn thafamounts Setfordh inrablecdAewere mixesdoe Sanpl e

AAl). Ate later date, |am nate t 4 second
I am') nat e nmaddom BIHEqHSRIMATY RiE? o%?#ﬂ@ggféd@gmaﬁ]c%?%ozgn&d*lggﬁ%ggt?t i on '
Sanpl e CC ( hghaintien. t Bichdqasoys ptimdrysizingeempasitiorouassrepatedin a simiigre 9B |

Lam nate mpl e Test, Unjt ¥ ¥ edARan 1 t percAHEsfAgtticdbiddi e otal | NChes
62048 0. oG Oraner B thitdlidclssa sbald e SO'].d‘ng%lpgét seconds. 409 386 235 253
- Sol der Di p weightibdsis 8a9in2i0dedin @achicompasition; Bachsf the AgUROUSFZING 99 102 91 90

War Directi Pnéoi\-éao@ti%r@o?é‘%@bé%%ﬂw ol Fiber8 forfhing €375 E-glaséZibelMiahds. .
Directionls ased on sanples ** based O ?i 3%'%' es_'ss The warp
yam was PPG | ndustEach of the geated glassFher strands V’aﬁa%ﬁdl' &ﬂ?% m YYPAG \am

Pr gduct_ Tt jwdﬁﬁi&{ggﬁgéﬁdﬁi%%r@ﬁﬁsr gidg&[ogva:}hh/r:abmmmgdthm%me H of .
ndustries; inc.'s 3 binder. -- '67 Per - rength o
Lani nat es19 AtYaspasasted wf@ﬁ?ﬁeﬁ'ﬁﬂ%mpﬁs@'ﬁfﬁﬁmbm it 3iing'shEdHh durinb

twisting.
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Revi sion B. 158

was

snoot hi ng the cut

in a pressure cooker

| bi d.

the first

edges of the
12

blister

at 250F (about

del am nati on was

-113 WD 01/ 09054 PCTI USO0/ 20459 The sol der fl oat
test was conducted by floating an 4 inch by 4 inch square
centineters WPOU3E centineters) of the copper clad | am
| ead-tin solder bath at 550F (about 288C) until
observed. The time until
recorded in 5 seconds.
sanpl e of the | am nate,

rr&%ro. 16

A5002045% ut ect i ¢

blistering or delam nation

or

The solder dip test was conducted by cutting a
renoving the copper fromthe sanple by etching, -

sanpl e lubﬁcdg Shl ng and placing the sanple

t hen

i nch

(about 0.1 negaPascals) for 60 m nutes. 1WE'ﬁ1 PE N & cooker

test referred to in the follow ng table Art ONT g‘so ] &%pm're, t he

sanpl e was renove Mﬁ&eﬁm%ggnd. j linto a

eutectic | ead-tin[sol defCOMPANENTS50E (ShoutA®aac)l 1intBB ni d <t LG or

del ani nati on was pP¥RKB* The time unt{l tA&7firgt bidter Jor 1344] affi nati on

was then recor de[ISTEPANTRXE53 15 The flexuBBP tedtin@98as ¢ondléie

according to the |A@8&f*ndard indicated] THe8| anilnat es8AA, | BB fhd made

using fiber stranfa-134%%ed with sizing ¢onpdditions AB.7BB

respectively, had EMEB%GIM(‘-!‘ properties|{(shd# in| Tabd4 9B as

el ectroni ¢ suppor | MA QPN0t*ed circuitboart8. The fol.6ow wer e

al so perforned on[TMAR8ad®AA, BB and CC] and3.3re |20 s38 fodth 3.6 Tqble 9C

-114 WD 01/ 09054 PHAZUBFEAES0 Table $C Sahdl es | Tes®2Unitls AR BB|CC Tg

by DSC C 1411140/ [ROPAGUEHR-A086 $88114031139 00130/{60 @@ 1 PresOur e Cooker

% Moi st ure Upt ake [ROPAQUEGPO638 vat er [% Waeght Gain ©® 12 ¢. 0886. 09

Resi stance' " DVF RRELEASECOATICONGDRS *Cailn 0.8 0.2[7 0. 20 " 8.3
POLARTHERMPT 160 ™ | 0 0 26

Yarns sized with the each of the sizing compositions (AA, BB and CC) were
used as fill yam in weaving a 7628 style fabric using a Sulzer Ruti Model 5200 air-jet

144 pVP K-30 polyvinyl pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey.

5 STEPANTEX 653 which is commercially available from Stepan Company of Maywood,
New Jersey.

148 A-187 gamma-glycidoxypropyitrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.

7 A-174 gamma-methacryloxypropyitrimethoxysilane which is commercially available from
CK Witco Corporation of Tarrytown, New York.

14 EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Cognis Corporation of Cincinnati, Ohio.

19 MACOL OP-10 ethoxylated alkylphenol; this maierial 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.

150 TMAZ-81 ethylene oxide derivative of a sorbitol ester which is commercially available from
BASF Corp. of Parsippany, New Jersey.

151 MAZU DF-136 anti-foaming agent which is commercially available from BASF Corp. of
Parsippany, New Jersey.

152 ROPAQUE® HP-1055, 1.0 micron particie dispersion which is commercially available from
Rohm and Haas Company of Philadelphia, Pennsylvania.

% ROPAQUE® OP-96, 0.55 micron particle dispersion which is commercially available from
Rohm and Haas Company of Philadelphia, Pennsylvania.

% ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

155 pOLARTHERM® PT 160 boron nitride powder which is commercially available from
Advanced Ceramics Corporation of Lakewood, Ohio.
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MCl 2 % Wight Gain 0.77 0.82 0.68 Resistancel Copper Peel Pounds
11.8/11.0_12.1/11.1 11.2/11.4 _Strengthle' (Warp/Fill) Interiam nar Bond
Pounds. pe?"‘ﬂ"ﬂé!ﬂ"‘iz 8 14.2 15.4 Strengthl162 T EXAMPLE RETRBM204%9 t he
conponents in the anounts set forth in Table 10 were mxed to 5 form
aqueous size conposition Sanples DD, EE and FF according to the present

I nvention. Less than 0.5 wei ght percent of acetic acid on a total weight
basis was included in each conposition. Per |IPCTM 650, No. 2.6.2.1,

"Wt er ADSO[oBin Ihe m Waﬁ‘i tﬂséalé-% E Eﬁﬁé?%'t'ramﬂvﬂﬁﬁber EsePiigila A 16D

Per | PC-TM 650, No. , ."Chem cal sistance of Core Materials to
Met hyl ene ﬁ!FfF'GF'i rggin cogggf@le sizing eammpositien Ty, The fabrigg,werg subsequentige| St rengt h:
As Recei vedprepfelg maﬂkﬁm&s.nm‘ahﬁg aTBroﬂws (G&sghatedl4000-2 1P,

s ln Bond .Strength of

R B. 162 Per | PC- TM 650, ) -
Vol 11 ayer ?‘%'P%ﬁ‘*w@aﬁ RETRRRDT Anahgin, Calforla). e §Eng SEBRoMNE U/ 20459 |

Tabl e 10 5\V\Ewéidhobienidvid froin tmﬁl\ﬁiﬂf td Preprégdiny. (Mindtés WeékShiade BHVPLES
OOPONENT D8 ey s et e o S e bt 2 2
160167 2.4 gndlainatinghemn Yogettiet' ab8 tefnpierdtur® o 385°F Kdboat t78°C), fire8sle of 1 A- 187
170 1.5 1. 43&0’ gounds per square inch (about 2.1 megaPascals) for 150 minutes (total cycle
time). The thickness of the laminates without copper ranged from 0.043 inches —-
10 (abouit 0.11 centimeters) to 0.050 inches (about 0.13 centimeters). — -
. After forming, the laminates (designated AA, BB and CC according to the
fiber strands from which they were made) were tested as indicated below in Table
9B. During testing, laminate BB tested at the same time-as a first laminate made
- from glass fiber yarn coated with sizing composition Sample AA (hereinafter
15 designated as Laminate Sample AA1). At-alater 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). I

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 409 | 386 235 253 _
Solder Dip seconds 320 203 243 242
Flexural Strength kpsi ": 99 102 91 80
Warp Direction's’ --
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.
- 157 Par IPC-TM-850 “Flexural Strength of Lammates {At Ambient Temperature)”, 12/94,
Revision B, )
158 1bid.
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RELEASECQAT- CONC 151" 5.7 5.5 5.6 MAZU DF-136172 0.2 0.2.0.2 ROPAQUE
OP-96 175 33‘@ ‘?@ 35 3 FLEXOL LOE 17 7.3 10.5 0 FLEXOX 5&9@78 0 0 7.3
168 PVP K-3 8 nyl pyrrolidone which is comrercially CA{YSUA8S%  om | SP
Chemi cal s of Wayne, New Jersey. 164 STEPANTEX 653 cetyl palmtate which is
comercially available from Stepan Conpany of Chicago, Illinois. 165 TMAZ
81 ethyl ene oxide derivative of a sorbitol ester which is comrercially

avai | abl e BASF of Parsippany, New Jersey. 166 MACOL OP-1 0 ethoxylated -
al kyi phenol ; this rrahe@blaérﬂoatnkmasaronaméumoamarmﬁauaywnhsqm-at OP- 10

SP receives a p at men t at al i

| onger conmer é?@ﬁ? V}ﬁt‘frﬁh 281§§°f‘ 'ﬂ&eﬁgﬂt{ P}e dw%ﬁ'nﬁfr"bﬂ eH}eFﬁq

powder parti cl esad-tmfwlﬂbraath ‘at 5507E (aboat 288°C) wnitil bilstering br dstantidationowss Cer ani cs
Cor por ati on of Y( I e

pol yet hyl ene i M ﬁ%wéﬁoﬂﬁ’ tfrge %'3"1&’2?55%%% (°5)d5lgﬁ1§l§ '?‘f'%gotr%h J’é‘)’g gﬂi:or poration
of Cincinnath, seborms. ' " A-174 ganma- net hacryl oxypropyl tri nmet hoxysil ane
which is comerci al | i 0 rytomm
New York. 170 A- 187 %5%@%%%%@%%"8%%‘} m‘t%ysﬁéanfgﬁh\/\ﬁ i,

commer ci al | y aweinbveibg thefcopper @km thé saropl€by ptshm: smm!iﬁngﬂaelcyltm ONbev Yor k.
171 ORPAC BORON n which
ls di sper5| on 0 p@ﬁhw;g rcent Oroﬁ@%&é&(ﬁg@ﬁgﬁ?ﬁ?%&b@n wat er
comerci al |y avi1PGxand 15fpoundspersgissg inal (abopt 1 megaRaseal) fagG0 minutesessee.

171 MAZU DFqd36niid¥ekri %farégau@%aﬁer\fé& Fdferket tﬁmlf&lbﬁirl;::b?é/%ﬁe@me%d rom
BASF Conpany of Par sl ppan New Jersey. 772 55 m cron

particle di spergingle axpeFe: ¥'Se HRRYRS 'QNWG%W%{FF'??O‘P gs ‘Fﬁol’ﬁﬁegrﬁ’w s

Conpany of Phi | digildiitb a eulteticieyd-tinsdider bhthrat BECFQabdubR8s> oy wntil biistshingions eed
oil commerciall aval |able from U

Connect i cut. 17913mipslep was@epseysd. gllhggiﬂ‘%%@bggﬂgg&&eé gaﬂ%ﬁg‘r‘{“&%ﬂ abl e
f rrom Uni on Car hiegsrdédinsecerids. Danbury, Connecticut. -116 WO 01/ 09054
PCT/ USSO 20{1 ég 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 9B) for use as electronic supports for printed circuit boards.
The following tests were also performed on samples AA, BB and CC, and are

20 set forth in Table 9C.
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Tabl e 10 (Cont'd) WElI GHT PERCENT OF COMPONENT ON TOTAL SOLI DS BASI S _
SAMPLES COVPONENT DD EE FF Wi ght percent solids 3.4 3.5 .3 4 %O 0.42
0.39 0.30 F¥RMINS4 e aqueous size conpositions of Tabl ePEHINNEMReq to

coat gl ass
fi ber strand
a simlar nman

was dri ed,
ner using

conventi onal

fibers forming G75 E-glass fiber strands.
5 twisted to forma yam and wound onto bobbins in
tw sting equi pnent.

Each coated gl ass

The yam of Sanpl e

DD was eval uated by conparing the coated yamto yam coated with a sizing
conposition simlar to Sanple DD but w thopibisl@e epoxi di zed

(hereinafter 'Conparatjve Sanple 1)

| i nseed o

This comparisaon included visiigal 10

| nspection of

t he appeararce of a 7628 s

vle fahric

| oom The wdven faésti c_usled Sardnite DD ab theMill lyar BB 1w

E-gl ass fiber| TgbyD8C W t h | oG ber coat ed | %A/140/439 f|ct401¥111ds | 13BIAYAI | e
si zing conpodio/30l0minas tHe warp vam |1 was obserlved flhat fabric woyg¢n
with yam coat ssuteCaukep | [% DdisivreiUptaked| | es8.37) oode 1087 onlt heOBBbri¢ as
wel | as | ess |jonhfeect ed f uzlZeMVeighti@airct ppi nt 6.18n tf‘e | 809 1% esPB8ial |y at
t he-yam accuniesistance®®hen [conpared to fabric woven X 1 4h
Conpar ati ve JaDWMF Redistaiée f{clb Weight&3aimoveh usP 29 S
coated with S IES or [Pk Weight@ain of f{he RBi7Tgh iriti &82anoyint ©668f uz
observed on [Resistames®™ It |is believed thht this conditi 5 ullt of
an LO |evel [CopperPédian rjeRpunded to prefertl.@icksy 2 W 11.br fattilitl4n|t he
present invenfstength®® is 20 anticipated fhat an LO} of at |east 0.40 fgr
the sizing c p/Fillpns dijscussed above lis requirgd to reduge fuzz
formati on dur|in@ruemar Band [IPandspeniasth yarn W88 PPG | ndd2tri ¢s, M9é. ' s|
comercial ly pSteengthf e fibler gl ass vam product dedlignated as G 75 glads

fi ber yam coafed with PPG Industries, Inc.'s 1383 binder. -117 WO 01/ 09054

PCT/ US00/ 20459 EXAMPLE 11 The yans
Conpar ative Sanple 217

(yam coate

E%Fﬁﬁnﬁlies AA, BB and CC
a starch/oil sizing)

and a

wer e
eval uated for seveEath gfthesionmbnentaipdhe araaunts;set forthin Tabie 30 were mixed togn (

air jet cogpa}gr

shown i n Tabl

e

@if'qhéaos 6Rk cofp&SitonStingids (51, EXNardFFC&bcortitg t6 tHeqsisdent ar e

invention. Less than 0.5 weight percent of acetic acid on a total weight basis was

included in each composition.

15 per {PC-TM-650, No. 2.6.2.1, “Water Absorption, Metal Clad Plastic Laminates”, 5/86,

Revision A.

160 per |PC-TM-650, No. 2.3.4.3, “Chemical Resistance of Core Materiais to Methylene

Chloride”, 5/86.

181 per IPC-TM-650, No. 2.4.8, "Peel Strength: As Received, After Thermal Stress, After

Process Chemicals”, 1/86, Revision B.
162 per IPC-TM-650, No. 2.4.40, “Inner Layer Bond Strength of Multilayer Printed Circuit

Boards®, 10/87.
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The.loss on ignition (weight percent of solids of the form ng size
conmposi tion divided by the total weight of the glass and dried formng
si ze composi VP93 each Sanple is set forth in Tabl e 1PCTANSNM2M3% n was
eval uated for Air Drag Force or tension by feeding the yamat 10 a
controlled feed rate of 274 neters (300 yards) per mnute through a
checkline tension neter, which applied a tension to the yam and a Ruti

two millinmeter dianmeter air nozzle at an air pressure of 138 kPa (20
pounds per square inch). The Sanpl es andapjanggarative Sanple 2 were al so
eval uated for Friction Force by applyi Ng—a_i yam
sanmple as the sanple is pulled 15 at a |r aWVEIGHT BERCENT OF & ENTr@N) ber
m nute through a pair of conventional tdnasi I S I | a
stationary chrnrrp post of 5 centinpters i(abhout 2 | nSﬁME}-Eﬁi aneter nount ed
t her ebet ween EOMPONENTr n 5 centli nptBPs frlom aEEst r 4i ght AFine phth
bet ween the t ¢R¥PIB0RAsur enent devices | Thd2@itfarenddfin florcel23y grhns
is set forth i|RVEEL ﬁ53ma| ow The Eridtio®S®rcd te 3 ilnt pnzﬁzm to bo
simul ate the fllNNCSRD ' sl suby: i ng
oper at i ons. | - [ ed
at the sane P H iP 1160r1||:qn'r AV ni g bl ' Zi ng
conposition $ ' osilgn S ALY == R CcC
was tested at |2 ecdnd—gPrin of 28| agd 31 yam
coated with si|Z 110 *1a1078 on_sanpl-e—AALhateing :éf,-,- edVas _Sampl e
AA4) . Sanpl es | &Y SEQOAELLONRRS g 2 g lug o%f perlcent3a0l &4&9;&.&4;
was 3.1 wei ght] i U DF.136 '& g “onmpar-atilve _._?':! e o 21:. (S AVY=Y glq percent
solid " The [ROPAGHEORSS (qucy T oc (lne Bl BT 1 syt o
TFLES g ’ 73 10 ) ;
glass yam desi ? FakH—c-oai-ed—it-h—RRGCInaustr Hes,
Inc.'s 695 st arbREQEEPR Y 00004 potliusol 20480 T4 o 14l

Sanmpl e AA3 BB 2 AA4 CC LO (V\BI ght percent) 0.42 0.49 1.11 0.38 0.37 Air
Drag (granms) 56.2 51.2 52.9 58.8 53.2 Friction force (grans) 53.6 61.5
95.1 48.8 68.9 FF T can be seen t | es AA, BB and
CC have an ai rﬁgﬁ&ﬂ?&?ﬂﬂ'@"f"ﬂew ’?56??3 Véﬁﬁk’é‘ %{ﬁ%&g‘a"}’a{sﬁ arch/ oi |
bi nder) . 164 STEPANTEX 653 cetyl palmitate which is commercially available from Stepan Company of

Chicago, Hiinois.

165 TMAZ 81 ethylene oxide derivative of a sorbitol ester which is commercially available BASF

of Parsippany, New Jersey.

1 MACOL OP-10 ethoxylated alkyiphenol; this material is similar to MACOL OP-10 SP except

that OP-10 SP receives a post treatment to remove the catalyst, MACOL OP-10 is no longer

commercially available.

' POLARTHERM® PT 160 boron nitride powder particles, which are commercially available

from Advanced Ceramics Corporation of Lakewood, Ohio.

'* EMERY® 6717 partially amidated polyethylene imine which is commercially available from

Cognis Corporation of Cincinnati, Ohio.

1% A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from

CK Witco Corporation of Tarrytown, New York.

7% A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK

Witco Corporation of Tarrytown, New York.

" ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is

dispersion of about 25 weight percent boron nitride particles in water commercially available

from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

72 MAZU DF-1386 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.

"7* FLEXOL LOE epoxidized linseed oil commercially available from Union Carbide Corp. of

Danbury, Connecticut.

"% FLEXOL EPO epoxidized soybean oil commercially available from Union Carbide Corp. of
Danbury, Connecticut.

-116-



5 Furthernore, the lower friction force in Sanples AA, BB and CC indicates
that the yamis nore easily renoved fromthe | oom accumul ator during
weavi ng wheWOU@4red to Conparative Sanple 2. EXAVPLE 1BCTHUSMRMSY ans of
Sanmpl es AA, BB 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 yam al so was eval uated for average nunber of broken filanments per
15 1200 neters of yamat 200 meter Spaped 1g¥contd) Usi ng a Shirley Mdel No. 84
041 L broken filanment detector, whrch_LS_conpercially available from SDL
International Inc. of England (shown | nWRIBHEPERCENT OF ZOMBONBMEON! oken
filament values are reported from seciions ta@ONALSOMDS BASIS hohbin |the
sanme bobbin ‘ama%ﬂiﬁ grans 0 5 pounds) SAMRLE®e sane haobbih
after renovilng 4540 & NENT nounds) fof yBBPn  oh FaBB yarn wacfﬁurt_hfr
eval uat ed f diWeight percentselidst b oken fillanend4 at § ncrdfsingd | edd s of
tensi on and &M asion (shown in Table 10 2084t by 03 Tedt 2 080sapp) e of
yam was unwound from a bobbin at 200 neters/ninute, threaded in a
serpentine mannerEadwaf theaqueousisizesoppositionsof fiakle H0 was useddo geatialasan t ensi on
control devic i i Fd ' , and
ﬁbﬁm@ﬁe pld1Ps E%Jsg fib§dtrhfis? Eath B5dt6d GIBHNLRPEtRHddRY dR&d,

passed t hroug roken filament detector (discussed above) to

count the Buniwistedio fafmpyp¥am; andweund onto bpRRing I similar ManperlsiNgns on t he

t ensi oni ng dewbfi@ntihgl tWitihgequipmentl di fferent dial -119- . WO 01/09054
PCT/ US00/ 20459 Se‘il%el ngseft 0

royjpde var,ious, | evels of tensi,on i.n the yam
This particular te s&’"ﬁ%é IW%F@'Q%G)@W Qﬁ%ﬁ%ﬁ?hﬁ"&a@f’é@"‘&mr ciyal ly
avai | abl e fr ocodtédwith ieidig compositioh sintlattolSabpieodD bat withoet the epmddided! anent s

ted j f b f .l n . . 0f . The. | t
of theoe. t ot iMeBy SRarmhiael X SRaaly ESTAME 10 Es Kaihitrelh intlHba el . T S50 1 ©
forth in T&bl inspsttibe bithe appeasance of w7628 stile tabric wovenon agiairjetdenmi Thebove in .
Exanpl e 11, S ' | g .

anpl € %?méxﬁfgﬁﬁ «f‘s@g g&‘g@?@@% f;ﬁ% glf‘?ém 2Gwidted .95 E%ﬁés@ HnéistraR@witis 2 TE

time as a firs é ) _yam coated w th Sizing conposition
Sanpl e AA ( hefibsirsasted witt s siffgrent egingom WzipgmRositionl(” ag thewdreyamat e
Sanmpl e CC 10 Wés\f&sﬁr%h it ALHR WRERwith in 85atdd W SaHflplE BB binlbitediesd)| ass

fi ber yam coate st zing conposition Sanple AA (hereinafter designated
as Sanpl e AAgloose 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 yam 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, itis

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 available fiber glass yamn product
designated as G-75 glass fiber yarn coated with PPG Industries, Inc.'s 1383 binder.
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TABLE 12 Sanple AA5 BB 2 AA6 CC Al R DRAG (grans) 15 psi 46.10 42.50 42.23
47.47 42.33 20 psi 56.20 51.20 52.94 58.84 53.18 25 psi 67.33 60.30 64.13
69. 45 67.66 WOPWNS 77 34 70.84 75.74 75.29 77.63 35 psi HAUSMBYSHG g5 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
grans (0.5 pound) 0.160 0.648 0.041 0.904 0.075 4540 granms (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 o.4g%qu;gn1 Setting 4 0.713 3.753 0. 147

0.367 0.017 Setting_5 1.267 4.025 0.1 . . 061 Se\ggénr%f 4, 608 8.383
0.322 0.286 0.044 S&he yarmps of Samples A BEand GG andha bgmparativasSaniple 2\ {yam 4 472
ii- 833 0. 375(330 1-hc@até@@ﬁﬂg%%ﬁcﬂ&ls%ﬁ%r&%aﬁﬁ?ﬂf?ﬁe?&b#ﬂ%ﬁl%i‘ob%ﬂﬁsfagam leS ,

: an ave an air_dr cqonparable to.that o at i anmpl e
(starch/oil bi n@&19ss °!"192\‘3'°0\ﬂ-a®l/a69§5’3"9 '@S&‘]@B@@?d': °E°e1é?‘EI ectrical
grade | am natses régifts afe/ ShBwWR InETabROBL. 1 ncorporating fabrics with yans havi ng
different sizing co sjtions were tested to.evaluate their.drilli 5
broper t1es. and mor o 128085 P Baky Cyaight phicent f Boids pEthe fordingisidg compestfbe. o
drill holes t hrdivided biylhite totahweightas therglassianyt driédfotming size cerhpasitiony afegactof t he
holes drilled thyough t |, am . Control GG and Sanple HH were

| georsE 326

| am nat es i ncor R fabric as discussed earlier. The
fabric in Control GGEaelsyan ivasevailatedfodAinBagsirdreenar terfsioni bylfeetlifg-the yarn at

conmer ci al |y, avai | abl e 4l L&l f5¥a metiACRRb y&a9) derlRiHutd thRRigRS checkiine
tension meter, which applied a tension to the yarn, and a Ruti two millimeter
diameter air nozzle at an air pressure of 138 kPa (20 pounds per square inch).

The Samples and Comparative Sample 2 were also evaluated for Friction
Force by applying a tension of 20 grams to each yarn sample as the sample is pulled

15  at a rate of 274 meters (300 yards) per minute through a pair of conventional tension
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 Sample AA3) and Sample CC was tested at

25 the same time as a second quantity of glass fiber yarn coated with sizing
composition Sample AA (hereinafter designated as Sample AA4). Samples AA3,
AA4 and BB were 2.8 weight percent solids. Sample CC was 3.1 weight percent
solid. Comparative Sample 2 was 5.9 weight percent solid.

7 The yarn was PPG Industries, Inc.’s commercially available fiber glass yarn designated as
G-75 glass fiber yarn coated with PPG Industries, Inc.'s 695 starch/oil binder.
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10 7628-718. The fabric in Sanple HH was woven fromfill yam conprising
glass fibers coated with a resin conpatible sizing as taught herei'n and-
shown in TafYQMME4 | is believed that the fabric al so PERVSMAMSBanpl e HH
as the warp yam However, it is possible that the warp yam coul d have been
PPG I ndustries, Inc.'s 1383 commercially available fiber glass yam
product. The glass fibers woven into Sanple 15 HH had a | oss on ignition of
0.35 percent. Table 13A Wi ght Percent of Conponents on Total Solids Basis
for Sizing used In Sanpl e HH COVPONENT HH RD-847A 118 27.0
DESMOPHEN 200018 36.2 PVP K-30180 9.0 181 2.1 A-174182 4.4 18

RD- 847A pol yester resin, which is cofmerci aI |y aﬁamplgbl e from Bor(den
Chem cal s of Colunbus, Ohio. 179 DESI/OREEN Kk grpat e di ol ,
which is comercially avail able fromlBayer Ur gh,
Pennsyl vani a. 180 ?’lleluﬁfe@htpnrbgnt) nyI poHRo| i cd3krici al |y
avai | abl e from | SPFehem-eat-s—af—YayHe—pen =337

gama- gl yci doxypr op 5"'9’?9(1@ yS| | ang, %i nire P& 55'\'Pai | abl e from
CK W tco Corpor at [ Bictioh forée (gyansin, FM 8ot k61.5.d298117448.8 | 68.9
gamma- net hacr yl oxy prepyitrirethoxys-tane—mrech~-+s—eonreretatty—dvai | abl e
from CK Wtco Corporatlon of Tarrytown, New York. -121 wo 01/09054

PCT/ USO0I 20459 TabFemni Babld Chiittcan be SSNADBAEIZINGSSduids Ak BERaridflhayeran1 08185

9.0 VERSAM D 140104, 4. 4 opldAS et DY cGrt et Sanfaid 2 B BB e 50188 0.9

RELEASECOAT- cOfE
5 Furthermore, the lower fnctlon force in Samples AA, BB and CC indicates that the

yam is more easily removed from the loom accumulator during weaving when

compared to Comparative Sample 2.

EXAMPLE 12
10 The yarns of Samples AA, BB and CC and Comparative Sample 2 were
evaluated for Air Drag in a similar manner to Example 11 above, except that the Air
Drag values were determined for a bobbin sample at the pressures indicated in
Table 12. '
Each yarn also was evaluated for average number of broken filaments per
15 1200 meters of yarn at 200 meters per minute using a Shirley Model No: 84 041L
broken filament detector, which is commercially 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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Prepregs were prepared by a hand | ay-up procedure that involved applying
standard FR-4 e ox?\;s‘rem n (EPON 1120-A80 resin avail able from Shell

Chemical 5 ? the fabrics using a paintbrush. The re¥CHUSW2M53t ed
fabric was |mTed| ately "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 trimred to 46
cmby 46 cm (18 inch by 18 inch) sections and weighed to determ ne resin
content. Only p 4 nt vvere
used In the sub{segg'ag%fprwg%v;rﬁ% iévg'rgggégglén ﬂ\%ﬁ art Tﬁﬁpa@%arsttgzt%é%% hi g
and mol ded in ammxﬁﬁ-mawsfoomgﬂevim eareraercialiy a mmmel Heddle, Co3afs

newt ons/ 2 ( S08u? Ehrofifd. | THe ok TR Wil ofioriBa! i Rimba of BAMEn RIGRBAS 1 O! !

| ayers. The Iam nat es showed vari ou eve air entrapnent

bel i eved that tPREmeteriof yamyacuum a55| st and tenperature ranping during

|ami nati on 85 cont indyiifls Pl s ahipitd A4, BB A EE M Compdrada®

pol yoxypr opy yl ene copo COMMEr Ci a

ene- pol yoxy
Bvai L abl e 11 om Sape é@ﬁ)ﬁﬂ*é‘!ﬁ'UHTB'P‘eliaPQ‘Pwpélwmamsw!%whatﬂﬁf“%ﬂ%m D 140

pol yam de, whi Cghove ifiEHle 1 £ ISamphBB hﬁbtanmmsmé)zwefet&mmﬁatl,
Chio. t85 MACOL NP-6 nonyl henolﬁ tant ggﬂt{‘bs COMMET Ci, aIIy

avai | abl e from $9msHirpg as pf giassfibpL yarp coate SERRFPERAFID PT 160
bgr on n :j tride psavdﬁé ARThérelnbfér, de!fghf(tbd as gam&smpaw atya latten uhalsammé com

Advanced Cer tion Lakewoo B TRI DE
REL EASECOATJ %me%ste&m @ﬁ sr@ei'mr%ﬁegmﬂ%oﬁw P&%] '%P% 2‘%3% i ngs,
Inc. of Qak Ri dgging dempueition SampkXA (NerelifOOREignMET at/SEMPRIASE). Tool \ear
Anal ysis The first series of tests were conducted to eval uate the wear of

the drill tip. The tip wear was expressed in terns of "drill tip percent
wear" which was calculated using the fDABMEA2 5 . drill tip percent wear
=100 x (PrPl)/Pi where P, = initial prdtirof—the prs'amﬂqy —cutttnyg—edge Pf =
wi dth of the pri rrary CUt ting edge af perzihs a'B'BG‘f etryTor oAAgﬁ‘ﬂ c%cl H ed.
10 Referri ng t o 3ALKDBA:§| ‘ﬂ"ﬁ?‘h"ﬂ?u of t"::rc‘p'r et=y—C ==t rlg Cugc +472 of
the drill 1174 hbppecieasire 1913k we—berinhdrad T’gd-?%m&t“% e $ii
psi 46.10 |1 425 42.23 47‘.‘47‘ - 42.33
20 psi 56.20 | 51.20 | 52.94 | 5884 | 53.18
25 psi 67.33 | 60.30 | 64.13 | 6945 | 67.66
30 psi 77.34 | 7084 | 75.74 | 7529 | 77.63
35 psi 89.42 89.96 85.96 83.70 82.74
40 psi 104.97 | 101.21 | 98.48 | 87.23 | 92.18
45 psi 11341 | 107.74 | 110.34 | 99.91 102.91
TEST 1
full bobbin 0170 | 0.882 | 0.032 | 1.735 | 0.066
227 grams (0.5 pound) 0.160 | 0648 | 0.041 | 0.904 | 0.075
4540 grams (10 pounds) 0.088 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 0713 | 3.753 | 0.147 | 0.367 | 0.017
Setting 5 1.267 | 4.025 | 0.150 | 0.811 0.061
Setting 6 1608 | 8.383 | 0.322 | 0.286 | 0.044
Setting 7 4128 | 6517 | 0611 | 0.403 | 0.058
Setting 8 4472 | 14800 | 0.978 |. 0.406 0.128
15 As can be seen in Table 5, sizing Samples AA, BB and CC have an air drag

comparable to that of Comparative Sample 2 (starch/oil binder).
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The drilling was conducted using a single head drilling nmachine. The

drilling vvasnﬁqgrforrred on 3-high stacks of |am nates (d| scussed above)
with a 0.20%0 008 Inch) thick aluninumentry and 1PEBURM2M52074 inch)
t hi ck paper core 15 phenolic coated back-up. Drilling 3 |am nates at one
time is generally standard practice in the industry. The drill tip percent
wear was determned for two drill dianmeters: 0.35 nm (0.0138 inches) and
0.46 mm (0.018 inches). Bothdrills were a series 508 tungsten carbide-
drill available from Tulon Co., Gardenia, California. The <chip |oad during
drilling was held constant at 0.001 for _each tool. As used herein, 20 "chip
| oad” means the ratio of the drill iEXAMRLER3ate measured in inches per
mnute to the Splmﬂtﬁcas &d|mrﬁ£hdﬁbns § ineOrpoidihg fabhes Wiith(  Pm) . For

the 0.35 drill d] 1 t h t
b i e ok A

Sﬁ; ndl e SPBefbruméwaﬁUJﬁhtofqmﬁecmMy ihe dg|4lmnéarggdm|§tusemrﬂﬁolbﬂc hes (t203 g
C er mnu . r I m n nute an
o B2 1 (. B earairalsd And 1 Fre Kraoma adfusty Sink Bolg® ailitnriign o ho:

t gol ddi ?IrreE erlﬁmmsfesutmdtrhd dsmceau;d Sémple mmadhmmateﬁoormmgtdmzaémét anc_(la_ht hat
t he ri | WN (S e e
drill tip peIPngrl’ﬁ % ea&%r. mfgﬁgﬁ3 'ﬁ%@g{ aon agsjgaeﬁcfeg ﬁ#ﬂrqﬁ ﬁ'(:f)e pattern

shown in Fi g.finlshed#ebrib commbtsiallyl aGdiable from<Clark iSichwebel ancidentifebas m by 10. 16 cm

0.25 30 [

(0 oy 10 KQ g8 e e lnStlo s obdifiim nf Ph Bifipiding el gBles [0 2
pattern (sectmwdmresmwempﬁ!ﬂ%%zmgﬁséaﬁﬂh@%ﬂ49# sheweindablel 13A. 4kisa hol e
density of 6%&1@&%&% RBHC4E Elddd Sirftle H(-IAAQ%M? yBRL iy ls”Ch) The

pattern was repeate hree additional times or
PCTI USOQO! 2045@55'Pl§tﬂaafﬂaﬁwqeaewvwaverh??"d’rpﬁ |@Hﬂﬂ?§m‘"‘-‘r%§?%3 | and 2 was

done using a ddmdudraallﬂéwﬁhbléﬁu%gbﬁs&wpﬂamdtl Theglasitertwaved it 8adple! | | Ng
for Test iwaligone ?%ﬁi ??:Z‘ smle head drilling machine. Both

machi nes aPe RN ?‘I’ﬁfﬂs§°f' opof @3P parge Technol ogi es, Bellevue, Washington.

5 Table 13B shows the drill tip percent wear of the drill for Control GG
and Sanple HH for the O. 35 and 0. 46 Yablel3Areter drills after drilling 2000

A it LRSI

mmdia. drill Average dr|II tip

COMPONENT SAMPLE HH
RD-847A '™ 27.0
DESMOPHEN 2000 36.2
PVP K-30'% 9.0
A-187" ) 21
A-174"% 4.4

78 RD-847A polyester resin, which is commercially available from Borden Chemicals of
Columbus, Ohio.

7 DESMOPHEN 2000 polyethylene adipate diol, which is commercially available from Bayer
Corp. of Pittsburgh, Pennsylvania.

1% pVP K-30 polyviny! pyrrolidone, which is commercially available from ISP Chemicals of
Wayne, New Jersey.

18! A-187 gamma-glycidoxypropyltrimethoxysilane, which is commercially available from CK
Witco Corporation of Tarrytown, New York.

182 A-174 gamma-methacryloxypropyltrimethoxysilane, which is commercially available from
CK Witco Corporation of Tarrytown, New York.
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percent wear Test 2 Nunber of tools 20 20 0.46 mmdia. drill Average drill
tip 34.0 24.4 ercent wear Test 3 Nunmber of tools 10 10 Q.46 nm di a.
drill Averag®CdM%4 i 30.8 29.3 percent wear 10 As can PSE/ESMAMI, Tapl e
13B, Sanple HH in Tests | and 2, which includes glass fiber filanments
coated with a sizing as taught herein that is conpatible with |am nate
matrix resins, exhibited significantly less drill tip percent wear after
2000 holes than Control GG which includes glass fiber filanents that had
to be heat 15 cleaned prior to bei nrapfq3ad(cent’l) a si | ane containi ng
finishing sizing. Test 3 shaouwed.only a-narginalloprovementindrill tip
percent wear but it]is believed CQMPONENTi s due to tHSANRKE HHYt t he
CNC-7 drilling mach|pg Jﬂéﬂ‘tFﬂOémS test vas oI der and faffogged |l ess

o.0.0.0

control during t he jﬂ' tHram—tire—tnttHre—2660tdr+ g rfachi ne
used for Tests 1 a1§!"-2 Awiﬁ?“flanal Accuracy A comdn m:‘l'¢| cidsed to

assess the drilling] MACOLNRACE of a | ami nate is holell ocaidonal accuracy.
Thi/s tes'; nmeasur es ‘B@Lﬂﬁfngﬁmcp’”gwtwhe di stance of the -lgg WO 0%/ 09054
PCT/ USO0/ 20459 act ¢ o T ts—rtendedioc om—]The
measur enent was take (L)-Kéfgqg %Qﬂt#% 12 of the bottomllam nLi$ a 3

| am nate stack wher ¢atdlieadidi | | exited the |an nate stdck, <§41nce it is
expected that this nore Tocation would have the lTargest discrepancy from
the intended or "tr yReprBgd werk preparediby aldnd lay-ig srocsdore thatinveived apgiging i n

t f the "d t di st d |t
conter ot he SRKATAERAGPROTRSE (2P QY 2ol b AR Ao S SheRicel T 1o
true center Bf Chiptothé Mbricsiisingcepdintbrusin Thesresin saturetes! falritovasdunwediately t he 500
rote seauence d3SHIRAE-GRRLG a Yeled ARSHGEN for § 1938 minufos at 638 @BARN 10O

drilled a total devi at’i on I's asu for the
last drilled 108R586) untiithe desinad gil time oft1zésemdsaﬂﬂ1rfé@b9qt3§§cﬁ)|was 582. The

hol es were dril) ?gﬁiwﬁg 28 %ggglepgqng&%]@“ggﬁ,my%lmgg{ﬁhwqb%ﬁ.‘m 508 drill

from Tul on Co. 'scusse ove was use n"the tool wear

test, the spi ndsestiensand Weéﬂheﬂ tacdedermine rgpin comento @nygvepregiwithresin geeterts on

rate was 8010 of 44 percent + 2 percent were used in the subsequent laminating procedure.

Prepregs were stacked 8 high and molded in a Wabash Press for 70 minutes
at 177°C (350°F) and at 345 newtons/cm? (500 psi). 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 lamination

15 contributed to this condition.

'® PLURONIC™ 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.

18 MACOL NP-6 nonyl pheno! surfactant, which is commercially available from BASF of
Parsippany, New Jersey.

1% POLARTHERM® PT 160 boron nitride powder partlcles which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.

' ORPAC BORON NITRIDE RELEASECOAT-CONC 25, which is commercially available
from ZYP Coatings, Inc. of Oak Ridge, Tennessee.
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I nches per mnute for a chip load of 0.001. The test was repeated eight
tinmes for e‘gﬁgg' trol GG and Sanple HH with each test starting with a new
drill. 15 Tabre shows the result of the |ocations[ acPRGFHER20458¢ for
Control GG and Sanple HH after drilling 2000 holes. Table 13C Control GG
Sample HH nunbei of drills 8 8 average deviation distance (mcroneter) 38
28 20 As can be seen, Sanple HH exhibited a | ower deviation distance than
Control GG which is of particular significance when the lamnate is used

as an el ectrogl iicorporating a | arge nunber of hol es and
circuits. Thi ﬁo@ﬁ%%@{a@f%ﬂnt_ with the drill tip percent wear data shown in

Tabl e 13B above. Mihe firs sesigsiaf tests were condnoter do exaluatethe wear of the drilidipi nat es
that exhibit | ol ' u M Mal
devi ation di St?ﬁ%#g?ﬁﬁ?@’ﬁ%ﬁﬁ?ﬁfﬂgﬁﬁ‘ uld e@éﬁ“rv@é?w?%%m&gﬁ?%nger

nunber of dri |ysinggae formplg: WO 01/ 09054 PCT/ US00/ 20459 EXAMPLE 14 |In Exanpl e

14, additiogal drill toghyffpéredht wesPE 1@@,@%@,@” conducted. Electrical
grade | am nates Control JJ and Sanples AA, BB and KK incorporating a 7628

style fabric as di scussafieear P aintigbwidthof theprimapt cuttingiedse 501 per cent wear .

The 5 fabric in Control JJ wap,<Gith dftfe prithdry eutlingéBgelafteithSaiieBRbles | NC.
The fabrics in Sanples AA BB angerkldrivgdl € woven fromfill yam conpri sing

glass fibers coated wth a resin conpatible sizing as taught in.Table 9A
of Exanpl e18 apesterfinhkEFigAA, thealisth/l 17Eokiie prinary wuttingetdgect P2 yethe daii17g gl ass -
|

fibers coated with a different. | yer | i X material conpatible
coating conposi# BAgsur %?“ﬁf’é*“m&g' E{f"g?f’f,&g'g "Industries, Inc.'s
commerci al |y avai | aivedrifihgpwas cordactey asinga sigletheadidriliingmaachiie a Thexdrillingy| ass

PCT/ Usy 20450aketiobmed b b8 el Slamibles (dchels aBhiay i 3288 ) g 0900
Basis for Siz(0M0§8incbiithick aBmipineenty and|tG&mmERCEANNCch)ithick paper core
15 phenolic coated back-up. Drilling 3 laminates at one time is generaliy standard
practice in the industry. The drill tip percent wear was determined for two dirill
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 spindie speed measured in revolutions per minute (rpm). For the 0.35 mm drill,
the spindle speed was 100,000 rpm and the insertion rate was 100 inches (254 cm)
per minutes. For the 0.46 mm drill, the spindle speed was 80,000 rpms and the
insertion rate was 80 inches (203 cm) per minute. A retraction rate of 2.54 m (1000
25 inches) per minute and a 1.65 mm (0.065 inch) upper drill head limit was held '
constant for both tool diameters. As used herein, “drill head limit” means the
distance that the drill tip was withdrawn above the upper surface of the laminate.
The drill tip percent wear was determined based on a 500 hole drilling pattern
shown in Fig. 12 which included 391 holes drilled in a 0.635 ¢cm by 10.16 cm (0.25
30 inch by 4 inch) block (section 1280), followed by 100 holes in a 10 by 10 hole pattemn
(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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COVPONENT. ON TOTAL SCOLI DS BASI S SAMPLE COWPONENT KK PVP K-30'w 13.4
77787100 1.9 A-174 3.8 EMERY 6717 782 1.9 SAG 10 0.2 RELEASECOAT- CONC
25 3.8 POLAYEMMIRMPT 160 5.9 RD 847A° 23.0 DESMOPHEN 2868/US39459p URONI C
F-108198 8.4 ALKAMULS EL-719199 2.5 ICONOL NP-6 4.2 LO (9/0) 0.35 789
PVP K-30 pol yvinyl pyrrolidone which is commercially available fromISP
Chem cal s of Wayne. New Jersey. 190 A-11 87

gama- gl yci doxypropyl tri met hoxysii ane which is commercially avail able from

CK  Wtco Corngiapéfi2000 Rbled. ame/armm,fomMsYpade 2 iésldoheligihg a Uniline 2000

Prom. O W t coPhalR BRIBR maphing Abg ins g g, T A s LapRa NG T, ©
rom c

partially am c@ﬁ@dhaﬂdriﬂhbyﬁaehneaanmenadﬂnehamvehmm Ebteglinavai | abl e from

Cogni s Cor por 0 93 SAG 10 anti-foam ng material,

which is come a.% I?g)eé‘)ygﬁ?vgs.ﬁél#hl%%( Wtco Corporation o1ia$Gr eenw ch.

Connecticuts 194 CRI%@ BERbbwbItRERIriDiEip REICEASTERO{Tthednilfop Gontrl ana ri de

di sper si on whi IS val | (ﬁ&%ﬂ of QGak

Ri dge, Tenness%%“ple %ﬂ%ﬁ%ﬂ%%@q’%éﬁoar@%%}? P %ﬁd o 'ﬁﬂmch S

commercial ly Mehﬂﬁb@s&eﬂbovﬂdﬁmswﬁ&ﬁﬂedsvﬂ@@rwﬂhbﬁn of Lakewood,

Chio. 196 RD-847A polyester resin which is commercially avail able from

Borden Chemicals of Colunbus, Chio. 13p@FSROPHEN 2000 pol yet hyl ene
adi pate diol which is commercially avaiTable fram Sayer . Corp of

Pi ttsburgh, Pennsyl vani a. Control GG | Sample HH
Test 1 Number of tools 3 3
0.35 mm dia. dill Average drill tip 288 222
percent wear
Test2 Number of tools 20 20
0.46 mm dia. drill Average drill tip 34.0 24.4
percent wear
Test 3 Number of tools 10 10
0.46 mm dia. drill Average drill tip 30.8 293
percent wear
10

As can be seen in Table 13B, Sample HH in Tests 1 and 2, which includes
glass fiber filaments coated with a sizing as taught herein that is compatible with
laminate matrix resins, exhibited significantly less drill tip percent wear after 2000
holes than Control GG, which includes glass fiber filaments that had to be heat

15 cleaned prior to being coated with a silane containing finishing sizing. Test 3 showed
only a marginal improvement in drill tip percent wear but it is believed that this is due
to the fact that the CNC-7 drilling machine used in this test was older and afforded
less control during the drilling test than the Uniline 2000 drilling machine used for
Tests 1 and 2.

20
Locational Accuracy

A common metric used to assess the drilling performance of a faminate is
hole locational accuracy. This test measures the deviation in the distance of the
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' 98 PLURONI CTM F- 108 pol yoxypr opyl ene- pol yoxyet hyl ene copol yner which is
commerci al | %ﬁvaiéabl e from BASF Corporation of Parsippany, New Jersey. -

' 99 ALKAMUL 074 pol yoxyet hyl at ed vegetabl e oil whi ch PET/E8NM5eI al | v
avai |l abl e from Rhone-Poul enc. 10 | CONOCL NP-6 al koxyl ated nonyl phenol
which is comercially available from BASF Corporation of Parsippany, New
Jersey. -127 1':1 WD 01/09054 PCT/ US80/ 20459 The fabrics were subsequently
formed into prepregs with an FR-4 epoxy resin having a Tg of 140C

(desi gnat ed 400fqg nbie Hoddird e £ earBL 10BaiohO Tk meRdunGihaHt WA tdien B ANC! M |

California). I'ng conpositions were not renov ] abric
prior to preprlowstsuface efithebattom laminate,ef @3 ippinatestadkwher: hedalkexitedthee 5

prepreg materighy G EindeV BeRp&tiedithatinie Rolé ReBn widlitd RdVe\ife BiRfeqtY) and
| am nating themtogether at a tenperature of 355F (about 179C),” pressure of

300 pounds per disaieRageyfrom dhe intepded oritrye”holgdenation, Wys difgrenceovar assessed (¢ ot al

cycle tine)gs TiQernsitr tHer@éviatioh diskce a8, \Ré Bistalibd fforf fHaRlual Mi&Mer opM 0. 052
i nches (about 0.132 c to 0.065 inches (about 0.165 cm. In formng the

| A nat o el g APl ol the Firers o he RBEAtALS e KNSR YR b f fha s

rol | owi ng ar1 r amaedm/ 3 thF\i)él_rlt: di@t@ﬁca]wéivhtéésﬁrﬁfufﬁa ¥/m_e;5wﬁ6|e saythce aimteed)éuapé eg
ayers one 1 oz z reverse_trea | p ayer .prepreg

| ayers 15 one Wagepeated fimes, Lg,, after Wéfm" ?’ﬁP‘éé“’Bﬁé’B?@‘& *fdi‘ife r.lg'egﬁ\é‘gt!?"oz/ ff
shiny copper | gitahceass rhéasuriddor the hishdrilled 10Gehiote patiomytel, the labbdfledm by 50. 8
cm (16 inches by, 2 I nches J1] i a Uniline
2000 singl & SRRt %’12 ?’ﬁ‘a “ﬂ@gﬁgfhee‘;m?ﬂge'h# PF‘Fi"ﬁ@@m-‘E@]ﬁ%“?P%?'ﬁe@ sBifes gh
st acks of | ani 5o# dril frioch TutonsGae af thiedype) disdussed abowe. @sovasrused (NAhe Bl wedr t hi ck
al um num entry, ' Il lval B ' ; Lide@he board
back-up. The o ?{’]fkeggiéf’fe%ég%o(eé{é\%ear' ﬁ?%@ﬁ%@ﬁ‘ﬁ@ﬁf a%?brrm

(0. 0135 i nchesipcheasger sinutedfora chip lnadiof8.08h Thertest wan repeated eighlitimes foryai | abl e
from Tul on Co ' LERHY Wi ' wagndrilling was
hel d const ant gﬁc-hc%rn %@\?\?ﬁégﬁgmn@fheaggé%gétg?ihgg‘f‘%ggsr %’and i nsertion
rate of 951Pnches (ngpg 1@9)shows the result of the locational accuracy test for Control GG and

Sample HH after drilling 2000 holes.

Table 13C
Control GG Sample HH
number of drills 8 8
average deviation distance (micrometer) 38 28
20 As can be seen, Sample HH exhibited a lower deviation distance than

Control GG, which is of particular significance when the laminate is used as an
electronic support incorporating a farge 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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per minutes. The drill retraction rate was 90 inches (2.29 n) per mnute
and the uppg{oﬂg‘wg‘ head limt was 0.059 inches (1.5 nm upper drill head
limt. 30 The dri tip percent wear was exam ned based onPETUSM0Ad 2500

hole drilling pattern. The holes in each section were drilled at a hole
density of 28 holes per square centineter (about 178 hol e per .square
inch). Table 14B shows the drill tip percent wear of the Control JJ and

Sanpl es AA, BB and KK after drilling 1500 and 2500 hol es. Each set of
holes was started with a -128 WO 011gRAMPLEGR! USO0/ 20459 new drill bit
and each stack of |am nates, had._ ten 1500 . hol e groupi ngs and ten, 2500 hole
groupi ngs. Three st'B&xampe 14, W@@'J’@?%Wﬁgﬁﬂésﬁs%éewgctﬁﬁti |l ed so

t hat | the dr L: Elebiﬁaalmcflélemhinmc:oﬁm J.’Bgndisérhblss AR/BB lammwdrﬁoml ingacgo - |
sanple. 5 Ta 4 il Tip Pe ar__Sanp] e, AA BB Sa KK Contro
3371500 hol os 162 e ipbec 48 Roussed ather i fseied or 3R Foohpojoont Waks, g g can
be seen i n Babfabrid ik ontolql vass 7628-7EBfabricl fréid, ClarkiSchwebet, | Ingl €fhedabries in f | ber
filaments coatged wt i Zi as_taught h in that.is,co tible with

| aminate nmatr sim\fl’\f@ Fﬁg,eéé‘%flgi"feéﬁwg 19 @%"P?%J?g‘gﬁéarségﬁ?mﬁgﬁfd after
1500 hol es t hawitfamésirotonigatiblé sizingias tatightin Table S of Example SrantliTablettdAs t hat

had to be heat ¢l r i, Or j 1 i : ai ni ng
finishing siziH%qﬁigg%FRfﬁgBnﬁg?ggkn?ﬁ%ﬁggﬁﬁﬁﬁw%%Qgéfékhﬁ?gggﬂgércent wear
for Sanpl es AApolpRerigmiatkixmaterist qompatikie soating sompesitoolit.r ol JJ but |ess
pronounced.qglhis is to be expected since the mgjority of the tool wear will
occur during the earlier drilled holes rather than the |last holes drilled
in a grouping. 15 Based on the above, although not |limting in the present
invention, it is preferred that prepregs nade with glass fiber fabric
coated with a polymeric matrix conpatible 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 preferably no greater than 25
percent, as determ ned after drilling 2000 holes through a stack of 3 20

| am nat es, each |l am nate including eight prepregs, at a hole density of 400
hol es per square inch and a chip load of 0.001 with a 0.46 nm (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 with a polyneric

'*® The warp yarn was PPG Industries, Inc.'s commercially available fiber glass yam product
designated as G-75 glass fiber yarn coated with PPG Industries, Inc.'s 1383 binder.
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25 matrix conpatible sizing as taught herein have a deviation di stance of

no greater _than 36 mcronmeters, nore preferably not gre
i cr onet er YO ¥pst preferably not greater than 31 m
determ ned after drilling 2000 hol es
| am nat e including eight prepregs, at a hole -129 WO 01/ 09054

BBt

through a stack of 3 |am nat es

each

PCT/ US00120419 density of 400 hol es per square Inch and a chip | oad of

0.001 with a 0.46 mm (about

0.018 inch) dianmeter tungsten carbide drill.

Al t hough not neaning to be bound by amgblgasi cul ar theory, it is believed

that the presence of I|dIu ant I n the_glass..fkier. coatin

conposi tion discl osed qusw?té’eﬁce "89 opdotal Sefids BASS nent | gt he
presence of the boron nitride, fof, l"l“l P Pi"““"'"‘ e Illng
properties of the |am nates of the present c‘lt L 6% pa'ticul arly,
the solid lubricant contributes to the requ 15 aj and

i nprovenent in locati onal accuracy of the pe-Be B =.°' rpreyed drilling
properties in |amn . 3 ' R resin
conpati bl e sizing 3 = ----‘3‘-1 2 AN \VINLT: QM at-agast Fi I St |
Ionger drill life hFIT each drill Rit can r‘ir1'3F4 more hol es before
reshar peni ng or dis 81" 1 n addition_  be PQIIQE_LhELEQm_Qnal_ accuracy of
the holes drilled t|#d laminates of]l the pres®Bt inventibn is great er
than that for convd EMBERYB71HM nates it ils Pxnp(‘fm that nmorbk than three
| ani nates can be st[@A@A0f®r drilling gt 4 single t98 15 with the sanme
accuracy as that aCmEhEASEQOPd'-GONg%n'LLe stack of 38nventia | ami nat es.
Both of these advaniROLARTHERMPTi180%" nore fcost effe8five drilllng
operation. Further|RD847AN® | ocational adcuracy of23the holes frilled in
the laminates is i ESMOPHEN 2000{” t he qudlity of 1330 el ectraonjc support

i ncorporating the |ZRIURONIC F+10 oved. 24 EXAMPLE 89 The follpwi ng sanpl es
in Table 15 represgm S Bin219 Bhbodi nedt s of t he25i nventj on] Coati ng
sanpl e LL was produde®NDLINPe>t est ed. Codti ng_sanp#8s MW QQ have not been
produced. -130 WO (1709054 PCT/ U800120419 ] Table 15 WEI GHT PERCENT OF
COMPONENT ON TOTAL [GEN#DS BASI S SAMPLES |COVPONENTE3S | VM NN PO PP QQ

18 pV/P K-30 polyvinyl pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey.

1% A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.

191 A.174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporation of Tarrytown, New York.

12 EMERY® 6717 partially amidated polyethylene imine which is commercially available from

Cognis Corporation of Cincinnati, Ohio.
18 SAG 10 anti-foaming material, which is commercially available from CK Witco Corporatlon

of Greenwich, Connecticut.

184 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

18 pOLARTHERM® PT 160 boron nitride powder which is commercially available from
Advanced Ceramics Corporatlon of Lakewood, Ohio.

1% RD-847A polyester resin which is commercially available from Borden Chemicals of
Columbus, Chio.

197 DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer
Corp. of Pittsburgh, Pennsylvania.

198 B| URONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

199 Al KAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc.

20 {CONOL NP-8 alkoxylated nonyl phenol which is commerclally available from BASF
Corporation of Parsippany, New Jersey.
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POLYOX WSR 301 201 0.56 0.55 0.61 0.43 0.47 0.34 A-1 74 202 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 26WOMM05H 46 - 16.08 SERMUL EN 6682" 3.33 - - BCT/USH/RESNOPHEN
2000 208 40.58 39.93 43.92 30.75 34.14 24.15 SYNPERONIC F-1 0820' 9.98 - -
- - - POLARTHERM PT 160 208 5.46 5.45 - - 6.00 6.00 EUREDUR 140 T09 4.43 -
- - - - PLURONIC F-108210 - 9.83 10.81 7.56 8.40 5.94 MACOL NP-6 211 -
3.28 3.60 2.52 2.80 1.98 VERSAM D 140 212 - 4.36 4.80 3.36 3.73 2.64 20t

POLYOX WBR 301 pol y(fHiey difteq g,rp}g,; SWith arfFR4 from
Uni on Car bi de Corp. of Die;{?n.g‘S"répé(é nn“é&@?f&ﬂ?&’z@ rGgi 2 eﬂ%&?

ganmma- net hacryl fﬁ,smaemgpﬁmfréﬂ%&ygﬁlsw W?'g b!@ﬁﬁ@ﬂ@?@?"gﬁahval | abl e

from CK Wtco ggilratieh of Riahki) Galifoa). ‘fﬂéknzm&@é’mﬁositﬁﬂs were not removed
gama- egC|doxy pro Itrlrretho silane which 1I's co tho sﬂ? aﬁle from

CK W tco Corp. rem thefapeq Riigh o mERresgipg.. Lazwaamkmegvs P8h is
commer ci al | y sav pieprdd| ratéridp Bhdt6ar Mﬁﬁbﬁé&p&mown BelowaidManirating 68
et hoxyl at ed nonyi phenol Whl ch i S cog(‘fr}% %J *JC}/W%#}B abl e {%935@610\1
Benel ux. 206 DE B F&B 1 PLOSEY ‘I"@EAPE'
g\\/(GI\II:D:Egg\I ?Cf Ir:O r1n08 m@O dbout @Pﬁﬁgakﬁscﬂtﬁfbﬁﬁmﬁhuteﬂtﬂaﬂl}ybmea TRO 7

o e oxyet 0 # e
Eur opean count & 'Bﬁaﬁ ¥a’ﬂ@ Xb&i@%ﬁﬁbﬁ%ﬁ“&%@ B%Zf%??q
nitride powder \otoes hhchés @bmrmsdﬂ)ylrsfomnhgathbdanﬁmatas elgiiv prepeegs @ereani Cs
Cor poration of Lakewoad, Ohi 0! pol yam de resin, which
|'s commer ci &ﬁy%ﬁq\&‘ﬂ&‘:@pﬁ@ eé'ﬁﬁ%%%’ﬁﬁ% 210 PLURONI C F- 108
pol yoxypr opyl ene- pol yoxyet hyl ene enepbbz/ifshinyicopner layeconrmercial |y avail abl e
from BASF Corporation of Parsippany, theaprégreglayers211 MACOL NP- 6 nonyl phenol
surfactant which is comrer@naﬂlo;lﬂé F (cemerse treated fofisropper layasr si ppany, New

Jersey. 212 VERSAM D 140 pol yam de r dwp prepregdayers commercial ly avail abl e
from Cogni s W®rp. of G ncinnati, ot g2/t RTF copper layer

three prepreg layers
one 1 ozZ/ft* shiny copper layer
The finished laminates were trimmed to 40.6 cm by 50.8 cm (16 inches by

20 20inches).

The drilling was conducted using a Uniline 2000 single head drilling machine.
The drilling was performed on 3-high stacks of laminates (discussed above) with a
0.010 inch (0.254 mm) thick aluminum entry and 0.1 inch (2.54 mm) thick aluminum
clad particle board back-up. The drill tool percent wear wés determined for a 0.34

25 mm (0.0135 inches) tool diameters, series 80 tﬁngsten carbide drill available from
Tulen Co., Gardenia, California. The chip load during drilling was held constant at™
0.001, with a spindle speed of 95,000 rpm and insertion rate of 95 inches (241 cm)
per minutes. The drill retraction rate was 90 inches (2.28 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 a
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-131 wo 01/09054 PCT/ US00/ 20459 Table 15 (Contd.) WEI GAT PERCENT OF
COVPONENT ON TOTAL SOLI DS BASI S SAMPLES COVPONENTS LL MM NN 00 PP QQ
RELEASECOATW@ @035 213 3.64 3.63 - - 4.00 4.00 ROPAQUETERUSH/A4] _
29.23 30.00 35.00 35.00 est. %solids in coating 5.4 5.6 5.1 7.3 6.5 9.3
EXAMPLE 16 Uncl ad -l am nates were nmade fromthe materials and by the
processes as 5 described in Exanple 9, except that no copper was used
during lam nation. Each of the unclad |am nates were then cut into 52, 1

'nch x 172 ingh, Qﬁmgbngu?ﬁaéﬁgﬁsgpéﬁﬁﬁg&% Kad @A9880 Aol groBRgd 4FRltex 2500

rectangul ar pieces. > pieces were cut parallel to the warp
di rection andheldgmupings.f Three stacksiaf laminates of each fajris type weredgliad o that the
direction. 2@y gridam | R fiflls WerRh&Rbfed!féBallRédingld, 3 cut parallel to

t he warp direg?llr@r;l';and 1 rlfgl cut parallel to the fil I‘ﬂdirection) wer e then
placed in reflux apparatus with water and the water was brought to a boil.
The water was allowed to boil for 24 pamed4B After 24 hours, the piece were’

removed fromthe water. and : m each
| ami nate were not boil ed. n.LP_EHﬂE.g.ESEﬁEE‘ S i
conventional heat-cl eaned dncSample Afed $3ampie.BB, ;3 Jd 15
descri bed aboJasoohaesnpl e [9 f o21.8uki ng t ht28est |1 aniPt es] wB4-®al sjo
fabricated anqoggeted—aceqrdrmggo Tt 7 8. SB3I T [beam
shear strength 289“8?)'?% t he Iboi I%Bd and hinboiled pilece were 1ihen nedsured

according to ASTM D 2344-84. The result of the testing are gwen bel ow i n
Tabl e 9, where UncAsdargmssienin Teble 148, Samplee ARp BB aad Kikdwhich indides glass oo

made usi ng faﬁ%&‘h&g(éi’\ telStnialsi GghPherbin et i doiripatitse witiziachinats h si zi ng
conpositions , . , respective ){ As di scussed ﬁtgd)v? éhe cq&i}rol

sanpl e was mEAiXresing eahn@tfﬁﬁ&ﬁt“%‘&*ﬁ@&@%ﬁ“@éh@'ﬁ" ARP hgleq LGOS, i ¢ The
t hi ckness 1@f JB,%iétﬁﬁéludegg!a@élﬁﬁﬁfaHliﬁis&lﬁtﬁalmi bezsheAt'cleddi8d prict t&B}ing anged from
0. 050 i nches 213 ORPAC B

I | N TRI .RELEASE - it.rid
i ooy Sl Eaated with & s{Ane CoTIAMING NSHIY SENG £ coRes, the feRA ki ' O
Ri dge, Tennes saperdéntWelrfok BarhfleAA, BB 81 KK ratihlepsithan fdr Sodtrel débutiless whi ch
s cormer o al |y ayald bl i WexRRA0R A ASionty BPREYooPheds il Gils} P 2.

Pennsyl vani a. o
during the earlier drilled holes rather than the last holes drilled in a grouping.

15 Based on the above, although not limiting in the present invention, itis -
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 holgs 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 microme!e'rs. 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

-129-



-132 WD 01/ 09054 PCT/ USO0/ 20459 (about 0.127 centineters) to 0.063 inches

(about 0. 16 lL.opters). The ratio of the span Iength to

t hi ckness d%ﬁﬁ%ugti ng was 5. Table 16 Test Units AA BB "6&3@5(?‘%‘8? Shor t
Beam Pqunds per 7787 8477 7769 7382 Shear Strength, square inch (54) (56)

(54) (51) No Boll, Warp (nmegaPascals) Direction Sanple Inches 0.060 0.050
0.056 0.055 Thickness (centineters) (0.152) (0.127) (0.142) (0.140) N=13

Short Beam Pounds per 6626 7594 7118 5506 Shear Strength, square inch (46)
(52) (49) (38)derisity 800, holeis|per ¢quagsiRes ared & ¢hipiocad of 0.001 witiea D46 mm ¢dpat 0. 061

. 050 0.060 O. - Thi t i, qet 0. 155) (0.127) (0.152)
(()0.?40) Shortg’ai%'rrﬁ B“Eﬁ‘?g@&wﬁb@?@@%@q@og&%ggg ShZaar Strength, square
i ncE (38) OES ifS)0 ( 35)Altheugh n@mesdning tbé bqur(drhyga?pammla')thm ?t sl?’élmid tg)at Sanpl e
I :

(gclgg) (0. 145 Q?%e %ﬂ%sgfa% mg‘;geamﬁ‘é %i%?@g%iﬁg%’fﬁﬁ ”!%:%iﬁ PShealr )
Strength, s8uahereinqand i 268 pa ar(eBtio m;tmmmo e borohinit nmegaPascal s

. . 3
Ceonti moter o) TOCERBETE hempfbied afirh ooy Jr Hodompaled AR eladC’ o,
strengt hs of tineention: More particyiagy. thepelidubricantsoatdbytes to tissredadioniimddliot h t he
warp and fill gbdrembilif ve.ha&imb@étfaﬁﬁaaaﬂa@fafﬁ{emﬁo@" were observed

e hi hertantecontrol e in thi's testin
to b J Improved drilling proggrtles in laminate made with %Iass fibers coated with a

10 resin compatible sizing as taught herein provides several advantages. First, longer
drill life means that each drill bit can drill more holes before resharpening or disposal.
In addition, because the locational accuracy of the holes drilled through the
laminates of the present invention is éreater than that for conventional laminates, it is
expected that more than three laminates can be stacked for drilling at a single time

15 with the same accuracy as that achieved in a 3 laminate stack of conventional
laminates. Both of these advantages result is a more cost effective drilling operation.
Furthermore, the locational accuracy of the holes drilled in the laminates is improved

so that the quality of the electronic support incorporating the laminate in improved.

20 EXAMPLE 15
The following samples in Table 15 represent additional embodiments of the
invention. Coating sample LL was produced but not tested. Coating samples
MM-QQ have not been produced.
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10 EXAMPLE 17 Fill yarns made from E-gl ass fiber strands sized with sizing
conposition ven in Table 9A of f Exanple 9 and warp yanms nade PPG )

| ndustri es, “ﬁ?ﬂ"g’g 1383 commercially available fiber gl BSTUSFMFfYduct
were woven into 7628 style fabric -133 WO 01/09054 PCTIIJS00/ 20459 wusing
an air-jet loom The fabric was subsequently prepregged and am nated to
form copper dad | am nates as descri bed above in Exanple 9. Copper clad
l'ami nate CC (as described above In Exanple 9) was subsequently processed

(i.e., drilled, plated and patterned) st boards having a 5
lurality of [ e
Bart i cul grl y,{ each board included th Ség@é'ﬂ?EBP%é'E\%PQMWNW@NFQTM
patterns 1310 as shown in Fig 13 e _set of nm %ﬁs_o_u_e_n_t_e_d_a_ ong
the X-axis of| the board, another _al bng the Y-axi sSS¥PkBf% board, and al
third al ong o GOMPANENTS acr oss t he bpantl. [EMM |ciNNcu] t OPatlt R 1 30@

i ncl udgad 50 riomeLYox Weraodi® [ [ ed hol ¢sode31]2 0.58a¢ho6nv) rogez [10.491 angaer| of
13.5 m ., anthgz4d=@NTer-10- center SPHcs gg [DaiHe =n450—e53_32nl agleact “fe{
rangi ng from WA —T T 1"”4”'2,%’3 0555 | 180 {0478 | 58
SOOI 0 N AR M T M0 N AN K TR
by bus bar 1: 1§EFN$§5§1’%16 al ong iﬁurcf il s lrf'am: f the bhaoakd as
shown in Fi g.| DESMOFHEN 20084% were sol 4858 39931 & 4382n| BO:Z5 o34 Mp| 24.15

connection to WMRERQNIGGHDB@’ Each c|r®98 t| further-1ncluded a-1 K _ohn)
surface resi sfROLARTEERMPETEUPe t hat | i5.400r]e 5a5r ¢uis fhil-ed,| pooe}l &opply to

the remaini UREDUR 140 20Ul d be nal hta4ngd. -Eagh boay d maq soakgd 1n|76. 7C
(170F) dei ony _10 TEn MU ES. TJd BRBOYA0BY] FH8edq! sub UK S.&pr|due
and dried. T TN e—thempragedTT Wﬂ@gg—m—ﬁﬁf 1 85%
relative hum and_a—13-b5—ver—be—qu ‘S-h 40&@ ﬁﬂ!}' ug‘ﬁ' appH ed
across the p D&GQ\H/ 200 heourt—the-ls ﬂ@ WaS L SWA-Lt QJ

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 the Sanple CC boards but used
conventional heat-cleaned and finished fabrics. Each board included 21
circuit patter ps—H—6——thiee—sets of seven circuit patterns) for a total
of 42 circui'ts® BOLYOX WSR 3iiqioly(ethylend3ndde) whicE® cotvmerncidlly auaildblé fram dniomt 1 Ol
boards. The re%MSCPerfPGQPUNAfQ@"aWQJLlOOO hours are given below in Table
17 where the t%“m hACRYIOKYPES) oig(wstmwrned@tch HeAEmaiciply ayaigble from

tco Corp. 0 Tarrytown New Y
23 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.
25 SERMUL EN 668 ethoxylated nonylphenol which is commercially available from CON BEA,
Benelux.
206 DESMOPHEN 2000 polyester polyol which is commercially available from Bayer Corp.
Corp. of Pittsburgh, Pennsylvania. '
27 SYNPERONIC F-108 polyoxypropylene-polyoxyethylene copolymer; it is the European
counterpart to PLURONIC F-108.
2% POLARTHERM PT 160 boron nitride powder which is commercially available from
Advanced Ceramics Corporation of Lakewood, Ohio.
2% EUREDUR 140 is a polyamide resin, which is commercially available from Ciba Geigy,
Belgium.
219 PLURONIC F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.
21" MACOL NP-8 nonylphenoal surfactant which is commercially avallable from BASF of
Parsippany, New Jersey.
42 VERSAMID 140 polyamide resin which is commercially available from Cognis Corp of
Cincinnati, Ohio.
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30 specified resistance. -134 w0 01/09 0. 1% PCTI US00/ 20459 Table 17

I nsul ation i ce Sanple CC Control OHMS 200 Hrs. 1000 Hrs
400 Hi s. S% %?%%742101420 106 1110 1002 (5("%2

1003 2 1 0 21010 36 32 30 0O The Sanple 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

sanpl e, "short" refers to an insulation resistance value of less than 1
Gs ohns. EXAI\/PLE 18 Each of the corrp'pimahs(c.smtd]e armunt set forth in Tabl e
1 BA were mx=_d_.t_o__’LD_f_n.r_m_a.q.u.e.o.u$_£ alaaab-R M2 a2’ alple RR

accordi ng to he pr esent i nventi on. tli c
acid on a totpl weight basis was | ncl uded in the on Sanple BR

was applied tp glass fibers form-ng & 75 E- glas LESt r ands. The cdat ed
gl ass fiber s{COMPONENTS twi sted to florkh ajt MMt ledNNydmQehd | wiind| 0RQo

bobbi ns i n a FRELEASECBAMEONCS5RY corjvemshyl ¢nab3tw stirg 15 40P NE .00 Tihe
coated yarn hWW 200517368001 F8%09] asab'le 1
BA Wi ght Per 22yLry 4 coffpohert—omTot din . 55\1 IU’3 WI ng
COVPONENT SAMBEE: %SPHdRi e .0 o2 4 S ce®Bl salo 1503 oF 39 Lebdady 7
9.0

EXAMPLE 16
Unclad laminates were made from the materials and by the processes as
5 described in Example 9, except that no copper was used during lamination. Each of
the unclad laminates were then cut into 52, 1 inch x 1/2 inch (about 2.54 centimeter x
about 1.27 centimeter) rectangular pieces. About half of the pieces were cut parallel
to the 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 paralle! 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 9 for making the test laminates, was also fabricated and
tested according to the above procedure.
The short beam shear strength of both the boiled and unboiled piece were
~ then measured according to ASTM D 2344-84. -The resutt of the testing are given
- below in Table 9, where Unclad Samples AA, BB and CC correspond to laminates
20 made using fabrics (described in Example 9) having fibers sized with sizing
compositions AA, BB, CC, respectively. As discussed above, the control sample
was made using a conventional heat-cleaned and finished fabric. The thickness of
the test laminates (Unclad Samples AA, BB and CC) ranged from 0.050 inches

13 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

%14 ROPAQUE OP-96, 0.55 micron particle dispersion which is commercially available from
Rohm and Haas Company of Philadelphia, Pennsylvania.
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A-187 218 2.1 A-i
MACOL NP-6 222 5.4
acetic aci d"O8 Each of the conmponents in the anount
18B was mxed to
according to the present
formng G75 E-glass fiber strands
untwi sted yarn had an LA of 0.7%

coat ed,
which is co

216 DESIVL‘PHEN
available fro

pyrrot done,

New Jersey. 215 A-187 gamma-gl yci doxyp

rﬂgOOO BOla\[lj}Et r#ﬁggwﬁgwgate di.ol. V\:hl §h2"

WhICh is comrercially avallable fromISP Chem cal s of

74 219 4.4 PLURONIC F-108 220 9.0 VERSAM D 140 221 4.4
POLARTHERM PT 160 223 0.9 RELEASECOAT- CONC 25224 1.5
M85 n Tabl e

form aqueous resin conpatible primary size Sanple SS.

I nvention. Sanple SS was applied to glass fibers
and the strands were not tw sted. The
215 RD- 847A pol yester resin,
NMTE&IsIuRb 37 cemiivieterd)ao 01068 TrBRESIRBOEINCIBD Cahtimetérs). Qeuaider, Ohi .
Is comrercially

PVP K-30 pol yvi nyl
Wayne,
ri met hoxysil ane, which is

commercially available from OSi  Speci , Inc. of Tarrytown, New YorKk.
219 A-174 ga KYPpr ogpitst I 1 NHt hvysi|l arB8  Wni @@C | S| acymerdy qi al |y
avai |l abl e frofsShdiBeaReC! a| { | Psunds por (1 77@7T Y|t 08477 NeWr769r K| 2zstUHRC]\lI Cnd
F- 108 pol yoxyQdrsHaut oxg4uaReyihehne [cogsa) yrfer (séphijch(d4y commer)ci 4l |
avai | abl e fron A&, mi,por it (megaPaschig) §i ppany,| New Jgrsey. 2R1 VERSj M D 140
pol yam de, whi ' cially avail gble frgm Generfal M1 I Chem dal s,
Inc. zrt MA Sdthgie NONYT phenolinches T actjare.0e0wti d080s |c cAnoss cj a00g5 ayai | abl e
from BASF of [|Pevickhgieany, Neycehtimeters) 420.f82) ART-ERM |r J0.RR) L6q0H6D)01
nitride powderfNei3ti cl es, phich are connerciallly availl abl e [from AdJanced
Cer am cs Cor pdrsHort@Beam Lakevemshds pbn 0.] 6526 ORPASOB MBTHI DB506
REL EASECOAT- ed5Strengthc h{ | ssquererisshci d1 | (#6avdi | (B2 e | T (49 ZYP (8B)at ijngs,
Inc. of Cak Ri dyeBDi oilTENinesspdmegaPRacale) 01/ 09054 PCT/ UﬁﬁOO/ 20459 Tabl ¢ 18B
rection
Sample Inches 0.061 0.050 | 0.060 0.055
Thickness N=13 (centimeters) (0.155) | (0.127) | (0.152) | (0.140)
Short Beam Pounds per 5695 6522 5081 4929
Shear Strength, square inch (39) (45) (35) (34)
24 Hour Boil, (megaPascals)
Warp Direction
Sample Inches 0.061 0.051 0.057 0.057
Thickness N=13 | (centimeters) | (0.155) | (0.130) | (0.145) | (0.145)
Short Beam Pounds per 5266 5832 5179 4116
Shear Strength, square inch (36) (40) {(36) (28)
24 Hour Boil, Fill | (megaPascals)
Direction :
Sample inches 0.063 0.051 0.062 0.056
Thickness N=13 (centimeters) (0.160) | (0.130) | (0.157) | (0.142)
"B
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 maqe PPG Industries, Inc.'s 1383

commercially available fiber glass yarn product were woven into 7628 style fabric

-133-



Pounds of, Conponent per 100 Gallons of Sanple ngSi /zA\i 234C%/POII(I§I\I‘£ Sﬁwflés
SS MAPEG 6 s 9.24 ALUBRASPIN 226 226 - ' -

228 5. 45 0‘%8@,@05‘241 EPON 880 280 91.1 PLURONI C F- 108 F&TABMARAMULS
EL-719 2u 9.11 MACOL OP-10-SP 233 4.57 22 23~ EPIREZ 3522 20.9 acetic
acid 2.6 5 Yans sized with Sanples RR and SS were used as warp and fill (or
weft) yams and woven into 7628 style fabric. A control yam which was a
comercially available G75 E-glass twi sted yam having fibers coated wth
PPG 695 si zi ngusinglan aiv-jet loatn. el’rferfauncﬂ%shwbqeémiymprégyéd an®Piairdtad @h.

7625 atyl 6. {2 cofel B HiRatep 85 Hoseribed BoV BLBAST .01y oxy | at ed
di -tailate from BASEomper plad Ridinale Umwm%fneﬂahgrplapvég}:ego[
Dor Ly ne il kg RIS e i o 0 BRI A ane
which is co®re plurautylo}teat/mttemsl for ﬁesmmél‘ﬂ nigration gesfoproaracei beﬁ)ﬁafﬁmlliﬂﬁ own,
Cemmee ool e AR PRI G0 ek, o
224 A-1 100 anfigel3. /P $€6 n&pat@nm atiehted eloogtlpl X-ays affbe boauu.l arlothies
comer ci al | y ay@hg falvealis Qﬂhe %rw dnd thitd £16H, h@rhngfe a-EEc[sEY rdsl\?%gr\mr k.
e oD 850 CDEY pattar 1310 Rckided S0 rows ghive celledirs 1413 08ach having 2
Cheni cal OorrpaE'SF P %ng%'ﬂ m » ofifive|deilied\notes 131208 g
pol yoxyplrzopcgl eﬂﬂmtﬁféi‘ ymejshhy beda oGﬁt&QbééEﬁ%%r Sgﬁa b%%:f@ﬁfﬁi@m' a%Hci!nt r@M@' labl e
];)(r)?;qoscgt hyl 21![0 ga(rjgmé 8Pa‘{9| tg%ﬁis': 'H'\Aﬂf'(‘,’ﬂ"'"gst Eﬁﬁ@ﬁ%?‘%ﬂ baards ware éﬁF'éedf r om
Rhone- Poul enc. together so that both could be drilled in a single drilling operation. Alternating rows
of holes in each pattern were interconnected by bus bar 1314 and leads 1316 along
a first major surface of the board as shown in Fig. 13. Wire leads were soldered to
15 each bus bar for connection to a power source. Each circuit further included a 1K
ohm surface resistor 1322 to ensure that if one circuit failed, power supply to the
remaining circuits would be maintained. Elach board was soaked in 76.7°C (170°F)
deionized water for ten minutes to remove any solder flux residue and dried. The
boards were then placed in a chamber at 85°C (185°F) and 85% relative humidity,
20 and a 13.5 volt DC current was continuously applied across the patterns. Every 200
hours the chamber was shut down, the chamber door was opened to allow the
patterns to stabilize to ambient lab temperature, and the insulation resistance for
each pattern was measured.
There were two Sample CC boards and two control boards. The control
25 boards were made in the same way as the Sample CC boards but used conventional
heat-cleaned and finished fabrics. Each board included 21 circuit pattems (i.e., three
sets of seven circuit patterns) for a total of 42 circuits tested for both the Sample CC
boards and the control boards. The results for 200, 400 and 1000 hours are given
below in Table 17 where the tabled values are the number of patterns with the
30 specified resistance. '
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233 MACOL OP-10 SP et hoxyl ated al kyl phenol which is comrercially avail abl e
from BASF Corp, of Par si ppany, New Jersey. 234 Dispersion of a solid ‘

bi s- phenol od‘p yl ether epoxy resin from Shell Chenm BTN, of
Houst on Texas. -137 WO 01/09054 PCTI USOOn0459 control yans had an LA of 1
% Prior to weaving, the warp yamwas slashed with a polyvinyl alcohol
conposition that increased the LO of the warp yamto about 2 to about
2.5% The resulting fabric had an LO ranging from1l.6 to 1.9% Each fabric
was tested for air perneability accordiggelffe test procedures 5
established i n_ASTM D 737 Standard Tesf Method for Air Perneability of
Textile Fabr | desulatipeResisteasse| ai r per meSample CE for the fabriGOlWDl'ens i's

shown bel ow i W TE st auh?a'lpg;cu-b'r' c feet
per mnute p¢r _square foot) ntrol danp Z"ri'l ggorgn.i*rg BR 2 anpl 4 SS
1.6 10 As canlbe seeShortn Tabl ¢ 18@, tHe ail perrreab?llt for #Be wovgn
fabrics incorj ' 5 TS ngllllib 1ty .uwe-r—ﬁ-ha-n—t—zat of
the fabric woyen with the Control ~— Sanple. EXANPLE 19 14 Table 19 ingl udes
addi tional nomlimting® sizing|forful at]i onsTappljied 1o gliass f@bers tlhat
wer e subseque ef—+At-o—p—fagrretess—thgm 6VCI glt pet ot

acetic acid S mclj ed in ehch compdsition. Table 19 40 Wi ght Perg¢ent of
Conponent on & Total 18bli ds Bhsi sTCOVHONENT SANPLE TT SAMPLE W SAMPUE XX

SAMPLE YY PV-J—K—GG-E-%?%&? H—5—45-31H4—75—ST I"I'-\I\IEqE)\L 6595236 26’ 9—1346
A-187237 1.7 1.9 1.9°1.8 2-1b PvE K-30 polyvinyl pynrollidone which s
comercially fvai [ald10®f rom | BP (€eni dal s 38f \Wayn80 Ney Jersel .

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 insufation resistance
value of less than 10°ohms.

EXAMPLE 18 )
Each of the components in the amount set forth in Table 18A were mixed to

10 form aqueous resin compatible primary size Sample RR according to the present

invention. Less than 1 weight percent of acetic acid on a total weight basis was

included in the composition. Sample RR was applied to glass fibers forming G-75 E-

glass fiber strands. The coated glass fiber strands were twisted to form a twisted

yarn and wound onto bobbins in a similar manner using conventional twisting |
15 equipment. The coated yarn had an LOI of 0.35%.
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| STEPANTEX 653 which is commercially available from Stepan Conpany of
Maywood, New Jersey. 2" A-187 gamma- gl yci doxypropyltrimet hoxysilane which
|'s commerci ¥PPREHi | able from CK Wtco Corporation of TERETHSHMESINew
York. -138 W 01109054 PCTf USOQ 20459 Table 19 (cont'd) COVPONENT SAMPLE
TT SAMPLE UU SAMPLE W SAMPLE W A-174 239 3.4 3.8 3.8 3.7 EMERY 6717" 2.3
1.9 2.5 2.4 MACOL OP-10 1.5 1.7 1.6 TMAZ-81 ' 3.0 3.4 3.3 MAZU DF-1362'2
0.2 0.3 0.2 ROPAQUE OP-96 39.3 43.9 42.3 RELEASECOAT-CONC 25 4.2 6.4
POLARTHERM PT 1602°s 2.7 2.6 SAG 10 OygpnieRBa847A2" 23.2 DESMOPHEN 2000
31.2 PLURONIC F-108 8.5 2" A-1 74 gamma rret acryl oxypropyl trimet hoxysil ane
which is comercially a\%-sab'i'%rcw'm%\cmwt:wteﬁabsp s Basinf Tarrytown,
New York. -- E ch Is
comercially avaj |l able from CEQNMRONENForation of C nci SAMRLE RRi of 240
MACOL OP-10 et hokgb@;wﬂﬂal kyI pﬁenol thrs materral 1s Si m T 6f ol O
OP-10 SP except : quL.EI ves—a puaL treatnent 3$}Z”UVC he
cat al yst MACOL 0 comerciall \ availlahl e 1. INMNYV-81
et hyl ene oxi de db?y'3§r3%e of a sorbitol ester which ig comm®&ially
avail able from PBASB78brp. of Parsippany, New Jersey. [242 MEAU DF- 136

anti-foam ng agepa. W'_-h_—l'__—s comercrally availapl e I'"‘W‘BFSW —pf
Par si ppany, New PB j@ﬁ%&ﬁ—@—eﬁ—e—%—n e
di spersi on which : ’@?@Mﬁa‘? [lyv available from Bohmland Co ny of

Phi | adel phia, PehVERSAMI $40%14” ORPAC BORON NI TRI DE RHLEASE@@AT- CONC 25
boron nitride di FMACOLNP-BRCh is commercially avail qbl e T s ZYP

Coatings, Inc. ofp ' BT SSTT. 0.9
RELEASECOAT-CONC 25 15
acetic acid <0.1

5 Each of the components in the amount set forth in Table 18B was mixed to

form aqueous resin compatible primary size Sample SS according to the present
invention. Sample SS was applied to glass fibers forming G-75 E-glass fiber strands
and the strands were not twisted. The coated, untwisted yarn had an LOI of 0.7%.

18 RD-847A polyester resin, which is commercially available from Borden Chemicals of
Columbus, Ohio.

2168 DESMOPHEN 2000 polyethylene adipate diol, which is commercially available from Bayer
of Pittsburgh, Pennsylvania.

27 PVYP K-30 polyvinyl pyrrordone which is commercially available from ISP Chemmals of
Wayne, New Jersey.

%18 A-187 gamma-glycidoxypropyltrimethoxysilane, which is commercially available from OSi
Specialties, Inc. of Tarrytown, New York.

% A-174 gamma-methacryloxypropyltrimethoxysilane, which is commercially available from
OSi Specialties, Inc. of Tarrytown, New York.

29 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer, which is commercially
avaulable from BASF Corporation of Parstppany, New Jersey.

I 21 VERSAMID 140 polyamide, which is commercially available from General Mills Chemicals,
ne.

22 MACOL NP-6 nonylpheno! surfactant, which is commercially available from BASF of
Parsippany, New Jersey.

23 POLARTHERM® PT 160 boron nitride powder particles, which are commercially available

from Advanced Ceramics Corporation of Lakewood, Ohio.

24 ORPAC BORON NITRIDE RELEASECOAT-CONC 25, which is commercially available

from ZYP Coatings, Inc. of Oak Ridge, Tennessee.
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245 POLARTHERM r) PT 160 boron nitride powder which is commercially

avai l able from Advanced Ceram cs Corporation of Lakewood, Chio. 246 SAG 10
anti - f oam nYOMP®M® al . which is comercially avail abl e f rRSTRUSROANS9C o

Cor poration of G eenwi ch, Connecticut. 247 RD-847A pol yester resin which
Is comrercially avail able from Borden Chem cals of Col unbus, Chio. 246
DESMOPHEN 2000 pol yet hyl ene adi pate diol which is comercially avail able
from Bayer Corp. of Pittsburgh, Pennsylvania. 2A9 PLURONI CTM F-108

pol yoxypropyl ene- pol yoxyet hyl ene copolyggpd 18thi ch is commercially available
from BASF Cor poration of Par5| ppa New Jersey. -139 wo 01 /09054

PCT/ USOQ 20459 Table 19 (cdist MWMMEaW%AWLE UU SAMPLE W
SAMPLE YY ALKAMULS ELIJ_'I_CLL_LA_Lm B9 3 4 EIEXQ EP 13.6 30.0
From'the foregoing des¢ripti on, COMPRQNENE seen thaﬁAMﬁ‘bEﬁﬁ.Eent i nvention 5
provi des gl ass fiber s{MAPES 60DMIOD*ANn abr asi on-rlesi @20t cpati ng which
provide good thermal $AROBRASHIN 328\#*eCOrT 0ST ON arfd Teqel1vily in the
presence of high hum di 174 FEACT T VE aC] gs—armd Rat T5o ard conpatibility
with a variety of poly et Fatetrat-s—Hese "*‘: arep can be tw sted
or chopped, forned int -hoppec et—ortcont eus) strand mat or
woven or knitted Into @ ade 110 &4t et yv] of
applications, such as EPQN(ﬂSGé‘ﬁents for corm05|tes SIch asfprinted circuit
boards. It will be app ecuaombbyosﬁbse skilled i{n thetmart {hat changes
could be made to the <m.7qgs=erlbed abovq wigyput dpparting from

the broad i nventive cf qub‘gfzu T 15 Lrnue srnqp57 thejef ore, that
%ﬁiﬁ

this invention is not -EFE re—t5—par-ttettgr—et \in..ﬂt s di scl osed,
but it is intended to ¢3% I cati-ohe—that—aie L he spirit and
scope of the inventionlaicasfi ned by the append clﬁﬁms P50 ALKAMULS
EL- 719 pol yoxyet hyl at ed veget abl e oi | which is comrercial l y avail able from
Rhone- Poul éhc. 251 Ya@sisized with Samples RR andSH wergwsedasewarp apd fitt (or weft)

conmer Ci al |y 34fis! ahB wovér ﬂf@%%wue%&ow&dn&a yafn Which WaB aRémmdrcanger sey .

252 FLEXCL EPO epoxi di_ized soybean oil n?e cial 3/ avai l abl e Trom Union

Car bi de Cor p. @ypilable G-75 E-glasstwisted yamn havmg bers 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

225 is an ethyoxylated di-tallate from BASF Corp.

226 ALUBRASPIN 226 partially amidated polyethylene imine, which is commercially available
from BASF Corp. of Parsippany, New Jersey.

#7 A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporaticn of Tarrytown, New York.

22 A-187 gamma-glycidoxypropyltrimethoxysilane 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 available from Shell Chemical Company of
Houston, Texas.

21 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.

23 MACOL OP-10 SP ethoxylated alkylphenol which is commerclally available from BASF
Corp. of Parsippany, New Jersey.

24 Dispersion of a solid bis-phenol A glycidyl ether epoxy resin from Shell Chemical Company
of Houston Texas.
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Danbury, Connecticut. -140 WO 01/09054 PCTI USOQ' 20459 I!'1111J 111111
FrrrrrrtiHot L MS WHAT IS CLAIMED IS 1. An at least partially coated
fiber strancW?&H{ﬁ"?‘%i ng a plurality of fibers having a ré’&Tﬁls@Qf?f%ﬁ"tl bl e
coating conposition on at |least a portion of a surface of at 5 | east one
of the fibers, the resin conpatible coating conposition conprising: (a) a
plurality of discrete particles fornmed frommaterials selected from
non- heat expandabl e organic materials, inorganic polyneric nmaterials,

lamel | ar  part p&lyep al?ag/hagarﬁ.cbmﬁuwlmemtnylw“@fp Waasntasﬂea\mhta per
nmeter K at a terrperature of K, non- ?‘ﬂé' F‘g S|te rraterlals
and mi xtures oP°MRM E@WW’H@?‘GP@&SW\‘&“ S—QEP P@?W tPer age
particle size ﬁbﬁdtmehd@s@ildg(ﬁbnﬁaﬂ&hd.mﬁngmtfmn( B tat 9V£a$t o?e |

i cl es;

bricio mat eri al _different fro ar
azd I(cl) gf | east | on@a‘hfﬁm‘?Wﬂﬁg}?&?EPE@fea@J"éﬁ?’d'ﬂ%hﬁC‘eT g'ﬂ’&?t ially
coated fibeis sbmméhed:inmsimo 730 Stdndard Test Methoe fon AirtFleemeatsilityhofCTertilat | bl e

coating corrpos tion resi due o coatin sition. 20 3.
Ao at Teast ! paFeiEey Jhe Butade i pereetity R GGG 8 oPa BRv e o n
the resin conpaableh8Ccoating conposition is a powdered coating conposition:
4. An at least partially coated fiber ﬁ-&ﬂ%’}i accordl ng to claiml, wherein
the at least partially coated fiber strand conprises at | east one gl ass
fiber. 25 5. An at least partially copted fiAiePersteability accor{ling to claim
1, wherein the at leasft’ partially copt(etandardeubiefeetper raiouter | ses a
pI urality of glass fibers. 6. An_at | past paperpayargfoobat ed f{ber strand
according to claimsb5, ohSarBglet hef plurality 4f glass fibers are
sel ected from E-gl ass fliSewnple RR- gl assf{fibers, S-2Bass fiber$, Qglass
fibers, and E-gl ass der|Sample8Sfi bersf -141 rcTR.8on~o0as9 WP Ovn905a |
FEEerer reerer e rerer 1IN

: 10 As can be seen in Table 18C, the air permeability for the woven fabrics incorporating

Samples A and B is significantly lower than that of the fabric woven with the Control

Sample.

EXAMPLE 19
15 Table 19 includes additional nonlimiting sizing formulations applied to glass
fibers that were subsequently woven into a fabric. Less than 1 weight percent of |
acetic acid was included in each composition.

Table 19
20 Weight Percent of Component on a Total Solids Basis
COMPONENT SAMPLE TT | SAMPLE UU | SAMPLE XX | SAMPLE YY
PVP K-302" 13.7 135 15.3 14.7
STEPANTEX 6532 27.9 13.6
A-187%7 1.7 1.9 1.9 1.8

25 PYP K-30 polyvinyl pyrrolidone which is commercaally avaxlable from ISP Chemicals of
Wayne, New Jersey.

% STEPANTEX 653 which is commercially available from Stepan Company of Maywood,
New Jersey.

=7 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.
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CL 7. An at least partially coated fiber strand according to claim®6,
wherein the plurality of glass fibers are E-glass fibers. 8. An at | east
partially cglﬂo‘ﬂffgqsfber strand according to claim®6, wher ¥GTUSH0R0480
plurality of glass fibers are E-glass derivative fibers. 9. An at |east
partially coated fiber strand according to claim1l1l, wherein the non-heat
expandabl e organic materials are selected fromthernosetting materials,
thernoplastic materials, and m xtures thereof. 10 10. An at |east partially
coated fiber strand according to cl afle%9 (4BR¥d)i N the non-heat expandable
organic materials are thernosetting materials selected fromthernosetting

pol yest er s I CHBONENT ST S, EPUX T SAMPLE DLCT SAMPLEW T-SAMBLE YY
thermsettm%urefhmnﬂw-& Or—agg o fre !ﬁcgui..u. 3L =1 An
at | east P :EE 7 gﬁ Lundlgg t }a?% 1 7

non- heat eks 7 Fe—fretprasar-g—therroptastehaterial-s—Seleeted
from ther 2 -g:'1 o y-esters—potyaarbgreates pu:yel—e-%f—";ﬁ—-&tr“"l'ﬁ

pol ymers, p M ﬂm‘ﬁ gi.ﬂc' "rspl RS ey ‘dffcth’aﬁcs, WA .4 p:c. 'ma.{ss'gnd

m xtures o M 1. P r-egoap- 231:3 Ar—at—-east—pa Fs- a4 iﬁ%ﬁber
strand acc 2 : ' =t “csga“ © pc!}’!%*-i-e— ar e
sel ected f (BELE, : Fos———Pelys 'c;ea-ne—-p-;L-y-ge-r-e-nan-ds
pol ymeri c | ROLARTH & aa VA T of any of &he

heordina t
6 (al g

h—ati-—tleast|

f oregoi ng. | SAGHE '
claimil, WhBPB4A Ghe |apellar barticles
partially ¢ 0 Ccording—t 130 the |
| anel | ar quLuRoNK:EﬂEBQplprfpd from-bordn ni-t: . y n.disulfidd
graphite, nolybdenum di sel enide, tantal umdisul fide, tantalum disel enide,
tungsten disulfide, tungsten_diselenide and m xtures of any of the
foregoi ng. -142 WD 01/09054 rcTrusoOn0459 1L LILEETEETIEar 112110ililt * C
L )

nlehAgnn

23 aA-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.

20 MACOL OP-10 ethoxylated alkylphenol; this material is similar to MACOL OP-10 SP except
that OP-10 SP receives a post treatment to remove the catalyst; MACOL OP-10 is no longer
commercially available,

24 TMAZ-81 ethylene oxide derivative of a sorbitol ester which is commercially available from
BASF Corp. of Parsippany, New Jersey.

%2 MAZU DF-136 anti-foaming agent which is commercially available from BASF Corp, of
Parsippany, New Jersey. . .

23 ROPAQUE® OP-98, 0.55 micron particle dispersion which is commercially available from
Rohm and Haas Company of Philadelphia, Pennsylvania.

24 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.

245 SAG 10 anti-foaming material, which is commercially available from CK Witco Corporation
of Greenwich, Connecticut.

247 RD-847A polyester resin which is commercially available from Borden Chemicals of
Columbus, Ohio. '

243 DESMOPHEN 2000 pciyethylene adipate dio! which is commercially available from Bayer
Corp. of Pittsburgh, Pennsylvania.

29 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.
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15. An at. least partially coated fiber strand according to claiml1,

wherei n thﬂgpgﬂg@g'at expandabl e conposite materials are selected from
particles th a hardness at their surface that is AGEPUHES% r om t he
har dness of the internal portions of 5 the particle beneath its surface.
16. An at least partially coated fiber strand according. to claim15,
wherein the non-heat expandable conposite materials are selected from
particles formed froma primary naterial that is coated, clad or :
encapsul ated with at | east one 10 seTabled8ycomtidpri al. 17. An at | east
partially coated fiber strand according to claim15, wherein the non-heat

expandabl e |(COMBONENTat eri al s §ISAMPLETT BSAWEImﬁgtSAWIPEEWF MBU 3
primary natfeUKAMULSEL-TTo 2P0at €d,| cl ad or Encapgl atgd Wi tn & o[ T Tertmg 1

;
of 15 the MEONOUONPBEET 1 al . 18.] AN al | cpsSt g (1 aft y coated fToer—strand
accor di ng {{FLEXOLBRDZWNEr el M (e prural [ty Of Of SqTetgggr Tt esgppovide
an interstitral Space.pDerweenm at Teastone —fTher—ard—at—teast onre—ad nt
fiber. 20 19. An at_least partially coated fiber strand according to claim
1, wherein the pl uf®em thefosedainadesgirtiondt ¢anbesgsemthatthe preseatinvpatiomr t i cl e

si ze, measurged pasvides glabdfiber StrarndE PaviRg ah bbrakibNrdsRERDESHERS which PRivd@ dob@M 0. 1
to. 5 mcrons. | east 1.y, coated fiber, strand accordi ng

25 20. An at artiall . ne
to claiml, vvhé'?eé'?‘%' stabyity, 5’PF‘PQQB‘F ’e&Fté"é'y inthe presence ol BigB bumiditke from | to
80 wei ght per cegictiaf adidseant @lidakies azﬂrqamtphﬁﬂnw,wmhmwwgﬁieﬁbeﬁtr&nda tot al
rding to.

lids basis. 21. A I I al l d fi d
ol al m 20 wher Efpalo thees FR R 85 tyeter € Hhithec JAre G YRS PR om 20
to 60 wei ght peratencontifiucub strargighat or soMEracr Koitled intcha fabegjc torpein  wide on a
t ot al [ basi - 01/ / 111111111171111111111111
015, 1, VB R  M Hae  1

1, wherein théoads| east one |lubricious material is selected fromoils,

vaxes, and greases. ygbe/dBokialddty e diid Iind SREECHIhGS cold @iflagie cOr A N9

to claim1, wherein ] [ one ricious ne conmprises from
1 to 50 wei ght t9tepembedigents described pboveovipheutidepartinmirerh the kroarpiowsntiven on a
total solids bgshoept thereof. It is understood, therefore, that this invention is not limited to the

15 particular embodiments disclosed, but it is intended to cover modifications that are

within the spirit and scope of the invention, as defined by the appended claims.

m

20 ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc.

%' ICONOL NP-6 alkoxylated nonyl phenol which is commercially available from BASF
Corporation of Parsippany, New Jersey.

252 £l EXOL EPO epoxidized soybean cil commercially available from Union Carbide Corp. of
Danbury, Connecticut.
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24. An at least partially coated fiber strand according to claim 23,
wherein the at |east one lubricious material is selected fromconprises
from20 to Pt 10 percent of the-resi-n-conpatibl e RSHUIHG04S

conposition on a total solids basis partially coated fiber
strand according to claim1, wherei H!mmmmn“rlmﬂmne filmformng
material is selected fromorganic potyneriic materials, inorganic polyneric
materials, and natural polyneric materials. 15 26. An at |east partially
coated fiber s{yipdsanamaetbng: to claim 25, wherein the at |east one
filmformng naterral 1s selected fromthernoplastic materials and
thernosetting materjals., 20 27. An at |east partially, ,coatpg)d fiber strand

according to clai mbe, VMeatdeast partially coatpdfibarstiand ing 3 Plrality-offibpe. t o
fromt Iher {mset haviry PRsihBipatble M?%wmﬁdsﬁbgah%_t letdétwdonib?toeé%uﬁéf&tﬁjﬁai i cs,
am nopl ast s er.nosett i o) yur et hanes, .and . mi xtures of any o e

For egoi ng. B 98et o ok reHhely s sl cRalR Soald P BPSn SIAPRE or i mg 1 o

cl iai m 26, vvhherei n (e tdumlﬁm;?ewi'scigemfﬁelef &i@edfr&m&fétaw_lﬂiléctdamdﬁ ny: _
pol ymers, thernopp) astic | yesters ol efi ns api.des, thernopl astic
pol yur et hanes, "‘Hgé’iﬂ% F@?&F@ﬁéﬁ?m %ed%ﬁs{ %P{?Iaglg %P@ﬁ?*&g"?‘ﬁié'f‘s'f}‘égoi ng. 30
29. An at | easparticied havirigya themat doriduttivity ot at fgadt hWattpdir mgter Kataai m 1, wherein
the at |least ope filmf ' | | : '

por cent ot helbrpelaafeiof 368 K hfHeSt oBandsBlé el p e dhBhite it bl iy

basi s. - 1440Wofih¢ GeBingPe/pagicies hevigpan avertagepatticlelsize sufficientitoaliaw 1 | 111 * C

L M30. An at Qtrﬁﬁtwe?ﬂﬂt“ ally coated fiber strand according to claim 29,
wherein the at l'east oné filmforming nmaterial conprises from10 to 30

wei ght percent of thk ratigast engdyhiicions mategaldiffasent rpdhs plueity ohdiscretst o
solids basis. parfides;@Rdat |east partially coated fiber strand' according to
claim1, wherein the resin corrp'fti bl e coating conprises a resin reactive

diluent. 32. An at Chastatjestonglin-fmigdatenahber strand according to claim

31, whereins 10 the resin reactive diluent is a lubricant conprising one or
nore functional groyps ,capable of reacti i t h an Q resjn,system and
sel ected fromthe droup A"C%E%ﬂsgﬁ'{%‘d}"83%‘?#%&%’5%&5?%??%%@ glw&ﬁ 0
anhydri de gr ouths resitcampatibleeatingccomppsition isja oesidue of an aqueous coating

composition.

20 3. An at least partially coated fiber strand according to claim 1, wherein
the resin compatible coating composition is a powdered coating composition.

4, An at least partially coated fiber strand according to claim 1, wherein
the at least partially coated fiber strand comprises at least one glass fiber.
25
5. An at least partially coated fiber strand according to claim 1, wherein
the at least partially coated fiber strand comprises a plurality of glass fibers.

6. An at [east partially coated fiber strand according to claim 5, wherein

30 the plurality of glass fibers are selected from E-glass fibers, D-glass fibers, S-glass
fibers, Q-glass fibers, and E-glass derivative fibers.
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15 33. An at least partially coated fiber.strand- corrprisi ng a plurality of
fibers havi in conpatible coatin i on on at Ieast a portion
of a surfac a'gf"?’g’{"g‘sl east one o“m “I‘ ‘am’giﬁ resin coffatiBMat i ng
conposition conprising: (a) ap cles conprising; (i) at

| east one particle forned from at Ieast one organic naterial; 20 and (ii)

at |l east one particle fornmed fromat | east one inorganic materi al sel ected
fromboron nitride, graphite, and netal dichal cogeni des, wherein the

plurality of partlclres hnwat|a£stamawa&arrbeﬂ4t@naae@rdmg!bfdarmenwhéremal | ow
strand wet out; er%@ 7 st on Iub cious material different fromthe
plurality of péﬁec‘?' o 9'3??0&’6[53'3 2sdbeSne filmforming material. 34. An
at least partially coated fiber st rand according to claim 33, wherein 30
the at | east one organic erial nernic.o terjal.

. .... \\D 01/00. 198PCT/ ﬂ%@fd’%&%@fa@ ‘E’a%lgé%-‘i' stgnd a‘i{%"ﬁ'?g o Rl 6p‘£("?'PQ| ly
coat ed fi berd sitheapidrality obgldssfibetsoare [Exglams3ierivative fisers, t he pol yneric organic
material is a thernosetting material selected fromvinyl polyners,

t her nopl asti c pol yesters, polyolefins, polyam des, thernoplastic

pol yuret hanes, and &8cryl A atleast partiglly ®aieg fiberstrand hecosdingtarciaina i1l whereiat ed
fiber strand aghohdh fichs bbarnbsaHidbrdanic WafdRlshre LISt Hehfioddiipgn! ¢ Mater! al
is an acrylic copolyner ect rom copol ymers of styrene a d an acrylic
mononer. 10 37.materialy, theanenlagtiamaterialsy aphmixtities theyeef. st r and according to

claim33, wgrein the plurality of particles have an average part| cle
si ze, neasured according to |laser scattering techniques, rang fromO0.1
cW

to 5 microns. 38. AfiOat Apatleasigpattialy gonted ibersirand gesording tg,qlaim ey to

claim 33, wher QhdinonlRedt Eﬂ»aahm@baghwc m‘atémrstdrsh@ﬁn&eﬁag imfaferfals@8lebtedo 80
wei ght percent of the resin conpatible coat sition on a total

solids basis. Jfom Wﬁ"‘é&seﬂ'éﬁg?'ymn"éﬂy’ ?Ft%'ﬁ-aﬁpé’ F'F'i?@ s stha‘?l'&s'aﬁE‘?fB‘?R!ﬁ% to
clai m 34, wher ghémmobétfingdpdiurdtharies @hd Riditlires bEsnywd therforegoiig.om 20 to 60 wei ght

per cent of {ge resin
11.  An at least partially coated fiber strand according to claim 1, wherein
the non-heat expandable organic materials are thermoplastic materials selected from
thermoplastic polyesters, polycarbonates, polyolefins, acrylic polymers, polyamides,
thermoplastic polyurethanes, vinyl polymers and mixtures of any of the foregoing.

20
12.  An at least partially coated fiber strand according to claim 1, wherein
the inorganic polymeric materials are selected from polyphosphazenes, polysilanes,
polysiloxane, polygeremanes, polymeric sulfur, polymeric selenium, silicones and
_mixtures of any of the foregoing. '
25

13.  An at least partially coated fiber strand according to claim 1, wherein
the lamellar particles are inorganic.

14.  An at least partially coated fiber strand according to claim 13, wherein
30 the lamellar particles are selected from boron nitride, molybdenum disuifide,
graphite, molybdenum diselenide, tantalum disulfide, tantalum diselenide, tungsten
disulfide, tungsten diselenide and mixtures of any of the foregoing.
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20 conpatible coating conposition on a total solids basis. 40. An at |east
partially coated fiber strand according to-clai-m 33, wherein the at |east
one |ubrici NBMMEB4rial conprises from i ght perRSWSPRMEHe resin
conpati bl e coating conpositio E ‘cj‘ids basis. 25 41. An at | east
partially coated fiber strand I m40, wherein the at-|east
one lubricious material conprises from 20 to 40 weight percent of the
resin conpatible coating conposition on a total solids basis. 30 42. An-at
| east partially coated fiber strand according to claim 33, wherein the at
| east one filmform ng material conprises from5 to 50 wei ght percent of
the resin conpatibl% c&aatiegsiraialy ceatedfibensteand acegrding fq daimyl, wherein 146 WO
01/ ?90|5|4 PCT/ HSSQ?R—E&&Q?M&HE lcompésite rﬂdténaibjaléielédjf%d frérh phmbthélt&ﬁt mte%lt |e?St
partially coatge i ber. str or m rein e at | eas
one fil m form TRIIMRSE 8t their s W%ﬁ%é@ﬁﬂ’%ﬁ} %F‘ ePeldgtiops of he
resi n conpaéi bhe pagioleibegeativitesfface.on on a total solids basis. 5 44. An at

| east partially coated fiber strand conprising a plurality of fibers, the
coating conprising at |east one organic conmponent and | anellar parti cI es
havi ng a thernmal ci@ndudniatleast paftially cdateniftbet sthéht! tacepredingrtet ataim i 5 avherein

temer ature of 200 foatsipatanidofibodi FiberRlard Aldalod A BhalkbBmel 21

according to c _ east one or nponent and the
| anel | ar partifdnea pamrytmateu’ammtlszbeatemlaltorleemulp&dwtalal l;asmaeed fiber
strand accggdi 44, wherein the at |east one organic conmponent
and the Iaﬁr;él I%r%oé)%rrf Qﬁeé% are different. 15 47. An at |least partially
coated fiber strand according to claim45, wherein the lanellar particles

are inorganic. 48. 4n ah ﬁﬁéﬁ& d&ﬁfaW@Aa'téﬂfﬁ@?éﬂ%ﬂdEmeéior&’dﬂﬁ 18Gkm¥rélhNg to

claimd44, wherein 20t anel'l ar particles have a, thernal conduct|V|ty of
at least 5 watthe ng@hea%emandab'amaposetsmi&"alsar%sqh %:m'prkparﬁges fermed | east

partial ly coatdin hipRRaryThatanil tha€ BQbsted Liddwr ehctipsulétéd with @'diffefing fofR of amel | ar
particles }ﬂgve a thermal conductivity ranging from5 to 2000 Watts per 25

rreter K at t@ﬁﬁ'@'?‘ﬁ%ﬁ%e@f 300 K. 50. An at least partially coated fiber
strand according to claim44, wherein

18.  An at least partially coated fiber strand according to claim 1, wherein
the plurality of discrete particles provide an interstitial space between at least one
fiber and at least one adjacent fiber.

20 |

19.  An atleast partially coated fiber strand according to claim 1, wherein
the plurality of discrete particles have an average particle size, measured according
to laser scattering techniques, ranging from 0.1 to. 5 microns.

25 20. An at least partially coated fiber strand according to claim 1, wherein
the plurality of discrete particles comprise from 1 to 80 weight percent of the resin
compatible coating compaosition on a total solids basis.

21.  An at least partially coated fiber strand according to claim 20, wherein

30 the plurality of discrete particles comprise from 20 to 60 weight percent of the resin
compatible coating composition on a total solids basis.
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the lanel|ar particles are selected fromboron nitride, nolybdenum I
di sul fide, W i te, nol ybdenum di sel eni de; -tantal um disul fide, tantalum
6’?1"3@#"%‘2 3

di sel eni de, 0 disulfi dﬁmm ' eni de andPSHYYRMSS of any
of the foregoing. -147 :1 WD 01 ﬂm ” Hi 0&59 | el 111111
LELEE L 1 1 CL MS 51, Ah at lteawst parilally coat-ed fiber strand

conprising a plurality of glass fibers having a resin conpatible coating
conposition on at least a portion of a surface of at |east one of the

glass fibers, the regin mrmmhsﬁﬂauiaupeﬁététgmfwwsr:ﬁimingcwgaﬁiﬂ f].ivﬂ'g:re'in5 (a)
. a pluralit I | ar . i.norgani c_parti aving. a s' hardness

val ug \l/Jmi ch éoceige ﬁglgg%fﬁg@8“?'?1%@'%#%%@@@%%3%‘ ?'Pfggrﬁ?%fsss fibers;
and (b) at least one polymeric material. 52. An at | eas]tI parti a![ I yI coa’:]ed
fiber strand accordijag t i L. particles have
a Mohs' hardness valﬂt}é r%H;alk%Sggfprgg)ﬂr%{%eg?%ﬁ%r%&’{ﬂ%@ﬁsl‘%ggwpﬁﬂ@fﬂ’l‘I y
coat ed fi ber5sttheatieastooe tibrigousomatedal comprisestiome] to 5.ngl:i1pe¢ce?lsﬂ thene .
ol yneric materj ' materials, inorganic
poly Heé’i}m cbﬁgﬁﬁ:\eﬁ%&%ﬁ@{&n@dﬁs@ﬁﬂﬁﬂ h(iotgmo)ﬂggfdgfé.

polyneric materials, rirc materil 15 54. An at |east
partially coated fiber strand according to claim53, wherein the at |east

e polyneric materigl | \WeXat m,ﬁcrﬁd ' :
?Rer ﬁosgt ting mater i%f S. @%@?g&p}ﬂna‘ig Q%é%i]@ artially @gtgfgéﬂiﬁb?ﬁg?ﬂ and
accordi ng to clthe gt sast opg kbdcieus material mq'mcgfm eomp(ises fram204e 40 welght t ed

from t her no$@t t hepson 8f the Fdshiv dompRESIE Koatifig cBinpadition oniatulal Sskili€basis. Phenol i cs,
am nopl asts, thernosetting pol yurethanes and m xtures of any of the

foregoing. 25 56. An at least partially coated fiber strand according to
claim54, wherein tdse tAaratfeastgartially ooted fiter Strarideacserding teclaif R Whérehy |

Pol yur et hanes, B8 PUErt ops FTHERERS materafie tPefiet P RGN PSR ng. 30
- 148 inorganic polymeric materials, and natural polymeric materials.
15
26. An atleast partially coated fiber strand according to claim 25, wherein
the at least one film-forming material is selected from thermoplastic materials and
thermosetting materials.

20 27.  An at least partially coated fiber strand according to claim 26, wherein
the thermoplastic materials are selected from thermosetting polyesters, epoxy
materials, vinyl esters, phenolics, aminoplasts, thermosetting polyurethanes and
mixtures of any of the foregoing.

25 28.  An atleast partially coated fiber strand according to claim 26, wherein
the thermosetting materials are selected from vinyl polymers, thermoplastic

polyesters, polyolefins, polyamides, thermoplastic polyurethanes, acrylic polymers,
and mixtures of any of the foregoing.

30 29.  An at least partially coated fiber strand according to claim 1, wherein
the at least one film-forming material comprises from 5 to 50 weight percent of the
resin compatible coating compaosition on a total solids basis.
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30.  An at least partially coated fiber strand according to claim 29, wherein

the at least one film-forming material comprises from 10 o 30 weight percent of the
resin compatible coating composition on a total solids basis.

31.  Anatleast partially coated fiber strand according to claim 1, wherein
the resin compatible coating comprises a resin reactive diluent.

32.  An at least partially coated fiber strand aocording to claim 31, wherein
the resin reacti;le diluent is a lubricant comprising one or more functional groups
capable of reacting with an epoxy resin system and selected from the group
consisting of amine groups, alcohol groups, anhydride groups, acid groups and
epoxy groups.

33. An atleast parttially coated fiber strand comprising a plurality of fibers
having a resin compatible coating composition on at least a portion of a surface of at
least one of the fibers, the resin compatible coating composition comprising:

(a) a plurality of particles comprising;

(i at least one particle formed from at least one organic material;
and
(i) at least one particle formed from at least ons inorganic
material selected from boron nitride, graphite, and metal dichalcogenides,
wherein the plurality of particles have an average particle size
sufficient to allow strand wet out; oo

(b) at least one lubricious material different from the plurality of particles;
and

(c) at least one film-forming material.

34. An at least partially coated fiber strand according to claim 33, wherein
the at least one organic material is a polymeric organic material.
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35. Anat least partially coated fiber strand according to claim 34, wherein
the polymeric organic material is a thermosetting material selected from vinyl
polymers, thermoplastic polyesters, polyolefins, polyamides, thermoplastic
polyurethanes, and acrylic polymers.

36. An atleast partially coated fiber strand according to claim 35, wherein
the polymeric organic material is an acrylic copolymer selected from copolymers of
styrene and an acrylic monomer.

37. An atleast partially coated fiber strand according to claim 33, wherein
the plurality of particles have an average particle size, measured according to laser
scattering techniques, ranging from 0.1 to § microns.

38. An atleast partially coated fiber strand according to claim 33, wherein
the plurality of particles comprise from 1 to 80 weight percent of the resin compatible
coating composition on a total solids basis.

38.  An at least partially coated fiber strand according to claim 34, wherein
the plurality of particles comprise from 20 to 60 weight percent of the resin
compatible coating composition on a total solids basis.

40.  An at least partially coated fiber strand according to claim 33, wherein
the at least one lubricious material comprises from 1 to 50 weight percent of the

resin compatible coating composition on a totai solids basis.

41.  An atleast partially coated fiber strand according to claim 40, wherein
the at least one lubricious material comprises from 20 to 40 weight percent of the

resin compatible coating composition on a total solids basis.

42.  An at least partially coated fiber strand according to claim 33, wherein
the at least one film-forming material comprises from 5 to 50 weight percent of the
resin compatible coating composition on a total solids basis.
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43.  An at least partially coated fiber strand according to claim 42, wherein
the at least one film-forming material comprises from 10 to 30 weight percent of the
resin compatible coating composition on a total solids basis.

44.  An atleast partially coated fiber strand comprising a plurality of fibers,
the coating comprising at least one organic component and {amellar particles having
a thermal conductivity of at least 1 Watt per meter K at a temperature of 300 K.

45. An at least partially coated fiber strand according to claim 44, wherein
the at least one organic component and the lamellar particles are the same.

46.  An at least partially coated fiber strand according to claim 44, wherein
the at least one organic component and the lamellar particles are different.

47.  An atleast partially coated fiber strand according to claim 45, wherein
the lamellar particles are inorganic.

48. An at least partially coated fiber strand according to claim 44, wherein
the lamellar particles have a thermal conductivity of at least 5 Watts per meter K ata
temperature of 300 K.

49,  An at least partially coated fiber strand according to claim 44, wherein
the lamellar particles have a thermal conductivity ranging from 5 to 2000 Watts per
meter K at a temperature of 300 K.

50. An at least partially coated fiber strand according to claim 44, wherein
the lamellar particles are selected from boron nitride, molybdenum disulfide,
graphite, molybdenum diselenide, tantalum disulfide, tantalum diselenide, tungsten
disulfide, tungsten diselenide and mixtures of any of the foregoing.
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51.  An at least partially coated fiber strand comprising a plurality of glass
fibers having a resin compatible coating composition on at least a portion of a
surface of at least one of the glass fibers, the resin compatible coating composition
comprising :
(a) . a plurality of lamellar, inorganic particles having a Mohs' hardness

value which does not exceed the Mohs' hardness value of the glass fibers; and
(b) at least one polymeric material.

52. An at least partially coated fiber strand according to claim 51, wherein
the lamellar particles have a Mohs’ hardness value ranging from 0.5 to 6.

53. An at least partially coated fiber strand according to claim 51, wherein
the at least one polymeric material is selected from organic polymeric materials,
inorganic polymeric materials, and natural polymeric materials.

54.  An at least partially coated fiber strand according to claim 53, wherein

the at least one polymeric material is selected from thermoplastic materials and
thermosetting materials.

55. An at least partially coated fiber strand according to claim 54, wherein

" the thermoplastic materials are selected from thermosetting polyesters, epoxy

materials, vinyl esters, phenolics, aminoplasts, thermosetting 'polyurethanes and
mixtures of any of the foregoing.

56.  An at least partially coated fiber strand according to claim 54, wherein
the thermosetting materials are selected from vinyl polymers, thermoplastic
polyesters, polyolefins, polyamides, thermoplastic polyurethanes, acrylic polymers,
and mixtures of any of the foregoing.
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