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(54) Title: IMPREGNATED GLASS FIBER STRANDS AND PRODUCTS INCLUDING THE SAME

o strand has an Air Jet Transport Drag Force value of greater than 100,000 gram

{57) Abstract: The present invention provides a
fabtic comprising at least one fiber strand compris-
ing a plumality of fibers and having aresin compati-
ble coating composition on at least a surface of the
at least one fiber strand, wherein the at least one
fiber strand has an Air Jet Transport Drag Force
value of greater than 100,000 gram force per gram
mass of strand as determined by a needle air jet
nozzle unit having an internal air jet chamber hav- -
ing a diameter of 2 millimeters and a nozzle exit
tube having a length of 20 centimeters at a strand
feed rate of 274 meters per minute and an air pres-
sure of 310 kiloPascals. The present invetion also
provides a reinforced laminate comprising: (a) at
least one matrix material; and (b) at least one fab-
ric comprising at least one fiber strand comprising
a plurality of fibers and having a resin compatible
coating composition on at least a surface of the at
least one fiber strand, wherein the at least one fber
force per gram mass of strand as determined by a

needle air jet nozzle unit having an internal airjet chamber having a diameter of 2 millimeters and a nozzle exit tube having a length
of 20 centimeters at a strand feed rate of 274 meters per minute and ar air pressure of 310 kiloPascals.



[err] Abstract: The present invention provides a fabric conprising at
| east one fiber strand conpris- ing a plurality of fibetéSenemhandoogd a
resin conpati- ble coating conposition on at |east a surface of the at

| east one fwbefsssdar and, wherein the at | east one fi berpEidsiiifdsddas an Air
Jet Transport Drag Force value of greater than 100,000 gram force per gram
mass of strand as determned by a needle air jet nozzle unit -having an
internal air jet chanber hav- ing a dianeter of 2 nillineters and.a nozzle
exit tube having a length of 20 centineters at a strand feed rate of 274
neters per mnute and an air pres-_ sure of 310 kil oPascals. The present .

I nvention also provides mPREGNATEDGLAST RIBER STRARDS! Si ng: (a) at | east

one matrix material; and ANDFRODUCTSINODEDINGOFHE $AMEONDPri sing at | east vne
fiber strand conprising a plurality of fibers an aving a resin '
conpatible coating composition on at |east a surface of the at least one
fiber strdnd wherein the at | eadRelatedApplisations strand has an Air |et

. Transport Drag Fofrﬁseap\s% §n lgfa cgﬁtﬁaiﬁgﬁpﬁllgﬁign &R% LQQOPaQérﬁmpEI%aﬁo% Per gram mass
of strand as Sgr?gl %L nag?sezo 523/ of B. Novich et al. entitled “Inorganic Particle-Coated Glass
* Fiber Strands and Products Including the Same" filed July 20, 2000; (b} U.S. Patent
_ Application Serial No. 09/620,524 of B. Novich et al. entitled “Inorganic Particie-
10 Coated Glass Fiber Strands and Products Includmg the Same” filed July 20, 2000
(c) U.S. Patent Application Serial No. 09/620,525 of B. Novich et al. entitled -
“Inorganic Particle-Coated G!assflber Strands and Products Including the Same”
filed July 20, 2000; and (d) U.S. Patent Application Serial No. 691620.526 of
B. Novich et al. enfitled *inorganic Particle—anited Glass Fiber Strands and Products
15 Including the Same” filed July 20, 2000, which are continuing applications of U.S.
Patent Application Serial No. 09/668,916 of Novich et al. entitled “Impregnated Glass
Fiber Strands and Products Including the Same”, filed May 11, 2000, which is a
continuing appli‘cation of U.S. Patent'AppIication Serial Mo, 09/548,379 of B. Novif:h
ef al. entitled "Impregnated Glass Fiber Strands and Products Including the Same
20 filed Apnl 12, 2000, which is a continuing application of U.S. Patent Appllcatlon
Serial No. 09/527,034 of Novich et al. entitled "Impregnated Glass Fiber Strands and
Products Including the Same”, filed March 16, 2000. which is (a) a continuation-in-
part of International Application PCT/AUS99/21443 of B. Novich et al. entitled “Glass
Fiber-Reinforced Prepregs, Laminates, Electronic Circuit Boards and Methodé for
25 Assembling Fabric®, with an international filing date of October 8, 1998, which is a
¢ontinuation-inwpart of U.S. Patent Application Serial No. 09/1 ‘?G,S?B_of B. Novich et
'a!. entitled “Glass Fiber-Reinforced Laminates, Electronic Circuit Bbards and
Methods for Assembling a Fabric”, filed October 13, 1998, which is a continuation—in-
part of U.S. Patent Application Serial No. 09/130,270 of B. Novich et al. entitled -
.30 “Glass Fxber—Reinforcet_! Lamiﬁates. Electronic Circuit Boards and Methods for
Assembling a Fabric”, filed Augu’st 6, 1998, now abandoned, which is a continuation-
in-part application of U.S. Serial No. 09/034,525 of B. Novich et al. entitled
“Inorganic Lubricant-Coated Glass Fiber Strands and Products Including the Same™
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~needle air jet nozzle unit having an internal air jet chanber having a
diameter of 2 millineters and a nozzle exit tube havi ngieSémembér 2004 20
centineters at a strand feed rate of 274 neters per mnute and an air

pressure ofwgdfkshs| oPascal s. 16 Sept enber 2004 W&
PCT/ 11 S011086844 | MPREGNATED GLASS FI BER STRANDS AND ' NCLUDI NG

THE SAME 5 Rel ated Applications This application is a continuing
application of (a) U S. Patent .Application Serial No. 09/620,523 of B.
Novich et at entitled "Inorganic Particle-Coated A ass Fiber Strands and
Products I ncludi ng the Same" filed July 20, 2000; (b) U S. Patent

pop} 1 catl o GRANRtcN) 1980 dbanihed o Biso MUHIaRh. i Bhart ST1 G ity | nor gani ¢

Particle 10 a‘t Cé‘l ss Fi ber ucts he Sang"-«
Cfiled July 20PPigHRg.SeriglNo. §9/170,7Bp ot s Nopghnetiab gniitied “IBesgani¢ Lukgicar®9/ 620, 525 of -
B. Novich et Caateemass Fedsﬁhhawrg@mdac@ﬁfctuwﬁbere@aﬁfeeﬁleﬁ assfiber Strands and

Products | nc D0 5t 2000; and (d) U. S. Patent
Application Seri aI s %Bégﬁéﬁa%"ﬁm@" ﬁﬁﬁ\?PU‘ﬁa@P ob{).S. Bafentt | ed. i nor gani ¢
Part i cl e- GoafselicationSerigtNoclo/i31/5a5 k. dodctPetatl entited “IAdrgdiicLuptieang t he Sanme”
filed July 2 | catj Pat ent -
Appl | cat | o Soate iees Pt Eafls ol BRAERLORARE B SR BT MBIl Boor cgnat cd
G ass Fi ber "@¥ pbagdenesi{g) sisosrientinualiondn-pait oif). Ratbd AplicationISedalMay 11, 2000,

which is a NOyUHTTO[7Bom Rbiligadtiap R tméd‘éa% AR on Serial No.
091548, 379 o iy c! F Eg%géggg%gg@é Fi ber Strands

_entit
and Product s%’h?{TFW"r‘i‘a“?‘}‘%’"S’&ﬁ%@ Solig af“F'P%E" P‘i’lleSl'QC'UGBMUB Sahé'ch is a
conti nui 1§ afipd Octaberds, 1988, WhGh ldqﬁﬁtﬂ(ﬂuaﬁ@ﬁhipﬁﬂhzbﬁﬁﬂahoﬁ%f wal A }amcatigﬁl 527,034 Of

Novich et alg b.lda ass |ber ands an Pr oducts

| ncl udi ng theer%gﬁre" %FW ﬁ‘igg%ﬂ%a Prag d5§'5? gfondingalieni nuati on-in- -
part of int elrpattiohH S PatpniApplisaiicorseRd NoUBB HI0BYE 688 Novigh ef@\vdntiflecet al .
“entitled "d madEfobﬁ{hmﬁﬁgﬂwM@ﬂeﬁ- o?éfaggﬁbﬁrlﬁ%tﬁa]]iﬁa Electronic Greuit

Boar ds and I\/§t hgdﬁ @ 25 Asse an international filing
date of Oct op&PPes 1311689 WWﬁHl’%cq"B““& lorcigingit ARRication of tSpBatentof U S. Patent
.Appl i cat 18n " Aeplicaibn Serial ﬂ&'obm 5'7Ef3flé2f M&Bch BlogbE rPn:nﬁ“abarg‘v:-neoegat) a "G ass

S

Fi ber-Rei nfo rg.la grgﬂn_rilja ef's] o (FJ Q} c :9 rcu‘l_’é Boar an thods for
~ Assembl i ng. a lafidhiin-pert GE1 PPYcation gHUSIRR14A2 toB. Navigh et aluat i on-in-
: entitled "Impregnated Glass Fiber Strands and Products Including the Same®, with
an international fifing date of October 8, 1999, which is a continuation-in-part of U.S.
Patent Application Serial No. 09/170,566 of B. Novich et al. entitled “Impregnated
20  Glass Fiber Strands and Products Including the Same” fited October 13, 1998 which
is a continuation-in-part apptrcatlon of U.S. Patent Application Serial No. 09!034 o077
filed March 3, 1998, now abandoned; and (halsoa contmuatlan-m-part of U. S
Patent Application Serial No. 09/1 70,565 of B. Novich et al. entitled “Inorganic
Particle-Coated Glass Fiber Strands and Products Including the Same” filed
25 October 13, 1998, which is a contmuahon—ln—part application of U.S. Patent
Appllcation Serial No. 09/034,056 filed March 3, 1998, now abandoned.
This application claims the benefit of U.S. Provisional Apphcatlon
Nos. 60/133,075 filed May 7, 1999; 60/133,076 filed May 7, 1999; 60/136,110 fi Ied
- May 28, 1998; 601146 337 filed July 30, 1998; 60/146,605 filed July 30, 1999
30 607146862 filed August 3, 1988; and 60/183,562 filed February 18, 2000. '




part of U S. Patent Application Serial No. 09/130,270 of B. Novich et al.
entitled 30 "d ass Fi ber-Reinforced Lam nates, El ectronéSéptembért208aar ds
and Methods for Assenbling a Fabric", filed August 6, 1998, now abandoned,
‘Wwhich is awgfilsBpati on- in-part application of U 'S. Spgigdoseddes 091034, 525
of B. Novich et al. entitled "Inorganic Lubricant-Coated d ass Fiber
Strands and Products Including the Sane" -1 1 6 Septenber 2004 WO 01/ 68752
PCTI US01/ 08684 filed March 3, 1998, now abandoned; (b) also a
continuation-in-part of U S. Patent Application Serial No. 09/ 170, 780 of
.B. Novich et al..entitled "lInorganic Lubricant Coated d ass Fi ber Strands

and Products Incl'miu.ﬁganmﬁe:&@ﬁgeneﬂéub%%%t?@rrsuéﬁas f&?&ﬁforcw{al chis a
continuation-i nﬂgﬁ{%ﬂ gﬂ_ﬁg?cat i on of S. Patent 5 Application Serial No

.491034, 525 of ¥ S%ﬁc'fcaé'mfPPPaé%ﬁ ﬁbl"-‘h%ffa@%‘ihet a_wmnaaﬂ@ withdat ed Q ass
~Fi ber St r andsabirchalriatthattis: straadstelé tmgorbdirﬁte$&me" filed March 3, 1998, now

bandoned:; |
Serral N, | 0ba 170 oS Bhe My BBereflyR Aoba Bieryolgh Bedeleusn i ber st r ands
Coat ed W th pmmatryc Gaerilibraugle thermat gefabric) Sul wet-dur(peretrationaiid- Pr oduct s
I ncl udi ng t hgoadHR| a%@uﬁét&r%ﬂthgﬁbﬁ’b\% davéiualjb%ﬁ@es Mekritlis'o gﬁb%rst

.continuation-in-part application I cation ttﬁo 091034, 663
fled March 3'"at1‘§§@"°)rmweal?aﬁffcﬁ¢é!ﬂab'e( dy C%ﬂfrg%i @Oédﬁpwgraprpwaa (re.part of U.S.

Pat ent Appl i gﬁidldiwmﬁﬁcid ;ﬁbpehﬁs oﬂﬁ:bﬂsmmﬁﬁgthéﬁnoaastﬂ%éﬁal Glectl - entitled
" Met hods for Irm "é "%ﬁ |§}? ar G‘gass Fi ber Strands" filed Cctober
13, 1998, whPEHOTIEaN o '["l"h B‘P‘i‘ "P?HEJ#‘E‘“H P opeiatasH of U. S. Patent 15
' Appl i catti®on Ser ilatheNase @ @t0EstitE/@ Idmihates vnictiiromh fibdOQBndweabdndoned; (e)

also a cont t | i,cation PCT[1)S99121442 to
3 “Novi ch_ot Fapta: in28aidh Belipflh abh B4 MR IBG oG SR At B b ociuct <

| ncl udi ng thétrasawls dwr@hﬁe thalrthe enabingen the siarfaces ¢frthegibduatserarurspcmomber 8 1999,
which is a. cmemhéwﬁaxh% 5 oARR :
09/ 170, 566 of uow ch © :Bn@@fnbgﬁfc?éém@ pr'O‘Fa)t"ifr%géonat eé‘}ag@{yd%t ber St rands
and Product s°1 "Hb’le gPRgARdRe campalivleryiindbe M’%’él’“aiﬂ’g maieJBB"tO\Mf'Piwae is a

cont i nuatibo nﬁhen styzmudé azamﬂorpe&tddo Mo@evds, anyRaimgtbmpRizhis @l hgn Serial No.
ndone al so. a

091034, 077 1998, .now ab

cont i nuat i‘on- ﬁ%gblg@rtﬂﬂ © PIYNErCEhRtR at 33? ?r@aclapgﬂve%}ylag%ctﬂghew/ 170, 565 of
B. Novich et bﬁ\r'ee"éhﬁ 9'§$5étbel'slanfd)ﬂga=nwmend'-laamx whteridlo Bbratadbla sstarh, ber St r ands
and, POt i b SocS ¥Ry g R K d e v 1 15 2

conti nuation-in- E)%I’t agogy i cation ion Serial No.
091034, 056 f TR FEh meI'QQ'@t“Xrﬁ'@ﬂR?f@ba‘rﬁcﬁfﬁé'dﬁ thesmn@nmamie malerign cl ai ns t he
benefit @b Unst bPremdve RO khe/aitciprarth fhb é\b?ﬁt:orﬁ@ﬂa%@p%nf:hﬁ%wﬁy 7, 1999;
601133, 076 f|ed.Vay 7, 1999; 60/136, 110 f

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

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

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

30  incompatible materials and can further contaminate the fabric with sizing

decomposition products. Other methods df removing sizing materials have been
. fried, such as water washing and/or chemical removal. However, such metﬁods
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May 26, 1999; 60/ 146,337 filed July 30, 1999; 601146, 605 fled July 30,
1999; 30 60/146862 fil ed August 3, 1999; and 60/ 183, 56216 Sémembetropary 18,
2000. -2 16 Septenber 2004 WO 01/68752 PCT/11SO /08684 This invention

rel ates gemnwoaindsyszt o coated fiber strands for reinforcipggusaepResi t es and,
nore specifically, to coated fiber strands that are conpatible with a _
matrix mateérial that the strands are incorporated into. In thernosetting
mol di ng operations, good "wet through" (penetration of a. 5 polyneric
matrix material through the mat or fabric) and wet-out" (penetration of a
polymeric matrix material through the individual bundles or strands of .
fibers in thegengmatly requireatynificnt @f@ﬂﬁﬁgﬁdn&ﬁtbﬁ%&in@@&hﬁ&ﬁbl%forld&nﬁ?ﬁb?myﬁst, gooﬂ
di-spersi on prameLd (e od di stribut4on properties o I'bers within
"a thernopl astic rrtgt ‘g%?'g\HSﬁlg? 8“‘%?0“‘%‘?’8' ﬁ?“ﬁ%’ﬁ{""&‘@ﬂ‘g@ﬁﬁg?w SepRsplly Aot

t her nopl ast | @SEHPEVAas bysbriganingig renkeing all thkéncompatiblefsizing Maesialses or | ani nat es
formed from fi ber ysddi i | [ -GS, el IL.tipn_to providing
good wet -through and ﬂggﬁmﬁttﬁ-ggﬁth%g?%%éeerg%)?égg@o?h?%@%w&t?g‘ﬁgé?rgﬁssi S
desirabl e hé’f”ﬁﬁ@“s@d'gf‘\sﬁ@e"o?? Waie Yarng 3rg bipisallytsubjesied tolasresongdary avading pr ot ect
the fibers f rsteppaibe tasieaiing ummehlpPreReRs & élgslaﬁﬁr@*(itéﬂ&améﬁ% dngeavability,
particul arl ywﬁﬂ%n%hfa ihe; Jgoms apnd be conpatibl'e wth the S'OT"ymar FCc matrix
material into Wil Ch oD he coT8neq afnadeominenty rseped inaspdashinggizeBitmever, many
si zi ng conpoelptriniaize ahrasive wearaf ihbglsshiters. TG sRSHING BkieiEgdMBlally X Material s
and can adver, ftﬁecﬁr' QEQ&I vween th | ass fibers ‘and the

pol ymeri ¢ nata?fﬂi?“r?g%eri aﬁ"% "For tgﬁgﬁgﬁee,"mgﬁqﬁ?p@ﬁ?‘ﬂc’a}‘?iglarﬁs%l%e’%‘?‘ﬁ'ﬂ%mnI y used
si zi ng cotfhotfiiber fgmingoperatian.f Hawaver, sihee tgricabsiashing sizet arecizomat | bl e wi t h

pol yneri c nmaigehetalyRbmpatible withsh atri | ke material's 20
nust be rerm}(red tﬁm f?ag f abr |ea(;p°:)yﬁ1|%glr= F"t'_‘é‘;‘?}%%?%'éﬁﬁ%%}"ﬁqtbﬁ RS0l yreri ¢
matrix mat el Pale YHED FAEABHIAN Wl ingomerafemintodas fesisonpat i bl e sizing .
materials, . i.e., Bethegrmess toimiprove aditssih bbtdged 1he db-3Rhi&s or 88BIRRRCONMP! | shed
t hrough a Va%ﬁﬁl‘fp&&mérﬁc‘r@ﬁ& QUes. . The .renpval of these non-resin conpatible
. sizing materials IS’ nost cdrrrmﬁp'i)s%e'—éy&cgﬁ&ﬁ?'IE%W”B'VQéﬁ%§E*q1‘Qat?Hne woven
fabric tdBel Barpied to mfririataressatitior glasstiioerd ihet prittieppraceibing kg t o thermal |y

deconpose th@oﬁh@hggggéhaﬁmmgqnl y referred to as heat «cleaning): -A
- conventional heat-cl Fhani ng process involves heating the fabric at 380C for

60- 80 hours. HoweVet thesg,pan-yaligaddedpiacessng stenss slashingcdet greasingtontie 0 t he

strength  of oiligea tshing ingésse rabie pioictibh BRLTRUAR B Chaadgfes ST Ul i

renovi ng thethgg éd%?a‘ﬂ{}rpea&'rbl'e‘mte“ al s and can further contam nate the

fabric with DEYES § quire significant investment in capital equipment and labor. :
20 Moreover, the added handling of the fabric associated with these processing steps

can lead to fabric damage and decreased quality. .

Efforts have been directed toward improving the efficiency or effectiveness of |
some of these processing steps. There nevertheless remains a need for coatings
that can accomplish one or more of the following: inhibit abrasion and breakage of
25  glass fibers; be compatible with a wide variety of matrix materials; and provide for
good wet-out and wet-through by the matrix material. [n addition, it would be

particularly édvantageous_ if the coatings were compatible with modemn air<jet
weaving equipment to increase productivity. Furthermore. it would be advantagebus
| - 1o eliminate the non-value a_dded processing steps in a fabric forming oberation while -
30  maintaining the fabric quality required for electronic support applications and -
providing for good laminate properties.




deconposition products. O her nmethods of renoving sizing materials have
been tried, such as water washing and/or chem cal reno\éabeptédaense04 such
nmet hods -3 16 Septenber 2004 WO 01/68752 PCTI (JS01/ 08684 generally require
significant reformul ati on of the sizing conpositions for conpatibility

W th such water washi ng and/ or chem cal renoval operations and are
generally not as effective as heat-cleaning in renoving all the

inconpat i blle osd spergofithe predent igvention, kit j;rovidecbd faoré: doh'@nmatilﬂg: gne AB#SS can

b b
oy e AREBALNE L bl Ao FbASindhatRgs 1B o BR X Bes o BT P V2

comorsusfaceef the aBldast oneder'strhads hi ng” to coat the warp yans W th an abrasi on

resi stance i (¢ ef rred t " o, hel p
i ni m ze ab‘?hggell vtglg\a}\t/ehfalaStmmI%hD %resgr giedey iy anﬁ%t%rf’l%g?ﬁ ‘6‘?'45 o‘gél)ef‘tgr Bheral Iy
appl i @060k gramiercppdr grnymass zﬁtﬂah:hﬁs mﬁmpsrcﬁa_m msdlg/alappﬂmzeld uhiohdvitg agl ass

fibers e, flber. form eratio nce .t ypi

sl as hﬁ?f%‘%é% a% gt]cg?ntébt%apgvmg aCPameter 0?951% ﬁrﬁmgré g n%ﬁzmvﬁ?hh ﬁ%@gﬁéfﬁ%@b mat ri x
nat er icahtgneterh@y straral fordabte bé27r4enmrepler nfimonariihe amprcesmra‘ca“_bm kilgPaseals. to its

i ncor porati Fur her nor e e esion bet ween the
de- gr eased I%Fmo eeg gsip%ggf{hg rrelseélt 43t thcre S ror‘f%? ‘lh aggrmg%ﬁch‘ﬁa%mﬁcﬁ?@?ﬁ H’& si ze,
typically ai)sﬁlbaarmemcrpdmatglaagemt and vvater 15 is applied to the fabric
to re-coat { .ano ocessing step (comonly
called "fi n Qﬁ %%%abﬂic:gg]{fmf“% %%asrﬁg?\e \I/baef %%Ra&)dné’élsgﬁ cessing steps:

sl ashiphgalityef @emd hayimgra rder canatiblg coatinglcdnmposisitn orggt ldastarsedse of thbpdleast
produGhL QR SHGqe time and cost. Additionally, they generally require
signif f1Cant I nvest ment in capi tal equi pnent and | abor. 20 Mreover, the
added handIvwhepirothe etHenstf caub fiber saasides ait £id JatiTtanspontd¥eg pr ocessi ng steps can

| ead t e | r have .been rected

t owar d T hay B AR 48, A0S R el Bl of Sk s Be R B LR S0

pr oc eswiggusthapigg am mml nieiebshambérdewing edminetsr of 2nm§nlnetemsr and(aa:bmltgmt tideat can
acco nd e of
25" g1 Baces RAP R o R Enles bl R 2B bR A L BRSNS, “ane
provi déloPaseals.good wet -out and wet through by the matrix material. In
addition, i - r | h |n S were
conpat i bI e %ﬁ b%‘?gggrgn a| és et a@ﬁﬂgﬁ?ln%&eﬁ%&’&’eﬁcq&oﬁ tethggse p‘?oductl vity.
Furth mlments,mlﬂbmb@m@dmmaﬁwhmn taywiction wigh the tipended dravargadn ggded
proce%gdvgg%steps in a fabric formng operation while 30 nmaintaining the
fabric quality required for el ectronic support applications and providing
for good | dﬁmteamp@pﬁghquof a coated fiber strand at least partially coated with a coating

composition according to the present invention;

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

Figure 3 is a perspective view of a coated fiber strand at least partially coated with a sizing

- composition, a secondary coating composition on at least a portion of the sizing composition, and a
tertiary coating com?noéition according to the present invention on af least a portion of the secondary
coating composition; ' |

. Figure 4 is a top plan view of a composite product according to the present invention;
Figure 5 is a top plan view of a fabric according to the present invention;

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

* according to the present invention;




-4 16 Septenber 2004 In one aspect of the present invention, there is
provided a fabric conprising at |east one fiber strandié Sapganb&i 20p4a
plurality of fibers and having a resin conpatible coating conposition on at
| east a surface of the at |east one fiber strand, wherein the at |east one
fiber strand has an Air Jet Transport Drag Force value of greater than

100, 000 gram force per gram mass of strand as determ ned by a needle air
jet nozzle Ejgnirc'f’limnwsg-sanonal miee rofi vt elajtrpnijcemppoﬂnaa:doﬂ]dnghaﬂielpgzsem thvermieher of 2
m | I'i met er s, h lengt h o centineters at a
strand f'eeZFI?Ja} Saa.n?@%%! Ko R ectruo}jalllgl%an S‘% a& lglatg ﬁglg%(%meax}tsr of ap §§’§tt°ﬁlé° SUpP ogt .
kil oPa@MﬂisgtdthemmheYena@pect of the present invention, there is pr OVI ded
a reinforc ‘g ' east one ,_and- )
at | east oﬁlﬂgﬁkI gg@ {a%ts%gﬁrr%{r%l)@% g{a gaé% orte T napegyreélh%lﬁggn%&i%gf Bifa

pl ur al dlecyrow s¥pprer s and having a resin corrpatl bl e coating conposition on at
| east a sur Qne fi er stra erein the at |east one
fiber stranI]j gépéﬁﬁ%?dﬁgw%teﬁﬁum tra?ngﬁr%\%nmaryﬁl% Wnal ue of greater than
100, 000 gr aﬁmﬁ@itmapémngmcamﬁarmﬂs}mbfpaMandi as determined by a needle air
jet nozzl interpal air jet chanber having a dianmeter of 2
mllimnmeter ?Iéﬂéﬁgég%\gz emaégflir?&ﬁtpﬁggms'havi ng a length of 20 centineters at a
strand f eedlhediber strhind2 pé thrptesans ingentiomhavg aemnanelcaatingthat npr cmﬂ;}smekrablfy ndllBts

kil oP A a he. f ol tailed
descr ?%?a?}gﬁ a% 'Hg%kf‘l&%gg‘%eﬂr%rg‘"é?%% %%rﬁwmo r?‘fl&%g gt ]lgaSt neo éq Jt8od when
read ipvorettiepaocd wWorrthalighy wehent aphdispdstbn grapeiting. formatiorhe COIdp(EW:SngSﬁﬂlEI gure 1
| S 8 RRERRARIW Suth ofhridls ¢ HREAT tfhﬁ%du%{tﬁ]b%&d &lat o883k AL W8, ghgr%%t ed
with a coating’ conposition acco di e presen I nvent |on ure 2 is
a per sgewpdsie’ mdapsthe fombimdan etthd ¢dated ﬁbtrrsaamﬂ clthelpeastt partially coat ed with
a sizing conposition and a secondary coating conposition according to the
present invention on at |east a portion . of the sizing conposition; Figure
3 is a perspective view of a coated fiber strand at |east partially coated
with a sizing conposition, a secondary coating conposition on at |east a
portion of the sizing conposition, and a tertiary coating conposition
according to the present invention on at |east a portion of the secondary
coating conposition; Figure 4 is a top plan view of a conposite product
according to the present invention; Figure 5is a top plan view of a
fabric according to the present invention; Figure 6 is a schematic diagram
of a nethod for assenbling a fabric and forming a |amnate according to
the present invention; 5 -

5a




- 16- Septenber 2004 Figure 7 is a cross-sectional view of an electronic
support according to the present invention; Figures 8 f8eftember 2004
cross-sectional views of alternate enbodi nents of an el ectroni c support

accordi ng twoldgs7er esent invention; Figure 10 is a scheghktiodisadr am of a
met hod for form ng -an aperture in a |layer of fabric of an e(ectronic

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

cutting edge; Figure 12 is a schematic of a drill hole pattern; and Figure
13 i's a diagramof circuit patterns. The fiber strands of the present

I nventi on have a unique coating that not only preferably inhibits abrasion .

and, br eakag a3 RordHr O, 8553 B8 Himi@h B0 oRI giles at | east one
ng oper

of- the foll ow di spersion «
properties Nﬁver%ﬁfraef@br@mcgm@tmdb%cqa@g fbmtrmﬂ qombma@wimmmqr@w "strand"

conprises a itk Abletidl tdforrh B Hiatt Aok |ahﬁ'fa§ast:bng¥h goaathb.%?aﬁtaﬁu fibers. As
used herein, ans. t he conbi nat the coated fiber strand
o Babigt gty

of the preseQPP bRy Esistepersto Wgraien g1 ?WF*}G\J SO1/ 08684 i nventi on
wi th an agdifibetpaiimenia tiatixaateriintesaca))olveorrdith andteaktivity inakk jrésenee or nore

[ayers of a Jabhhfinldhf QLBRLALLDGd HEiGoRb et LIBR ik A gl cqTbl ned with a

pol yneric or T4 na e strength, good
ther mal st abiolyimeyic matyis ovtenigldrwiightoa elimingté the nged(for. removingsthe ¢eating to i grati on

of water al opgid sﬁ.c@saih&(esm@ésmﬁa WatePBLdntng mﬁﬁanahanb@ta%&ﬁ&e) | ow

corrosion and reactivity in presence %3 ity, reactive acids
and al kal i estesfRP&BRFSterHict \""P'ﬁh ﬁ“tbﬁ exhikitgd P\él”? ed fileT straees of theat ri x :

mat eri al $0 vheseht inantied. | M nate the need for renoving the coating, and in
parti cul ar heat 59 urlz wat er n|n r to ation, are

ot her desirabl e%ﬁ@?@é fggger\fﬁ?r@ prﬁ%"&ﬁ "ﬁ?’l@ﬂ‘"WQP e coated fiber
st rands. of- tme;:essablﬁtypmwsmt;angmmg d.mwf@!z_ehéhmsl lpw trdken Glemets| Idw ber st rands
of the presaiinh BHEEH, high BERY bitFlol Rl o r"%c??égr.gﬂhlaaa?/ﬁv&b gRayi ng and

knitting. Low fuzz an nt s and tension,

high fliabi |mql\9duﬂ‘.\b°ﬂ"bwmh'f@§% PES’H'd?q %hﬁﬁ@feﬂﬁbﬁ%ﬂh%ar@ﬁapfém eristics,
i ndi vi duggl )bré&enllﬂveﬁ@dﬁlhﬁ%t'df&ﬂa!y ﬁ&.mutb%dwr@/analnﬁmﬁ aﬁ@&nahaﬁﬁ fiber strands

e O R bl bR o S A2, 0 ()
printed cir Gdidition) coated Eppbtrands ofalnrspredent in@dttintdan he sdiabit ¢t u§e ibeh strands of
the pres ent éu?é’ti&b%hﬂ_@?l%@é# bﬁs §§é'dth§|%} ﬁeﬁ wgéﬁ'\g' P:eér@: a tgker of WeaV| ng
process. abr
weaving in which the fill yam aweft) is lnserted |nto the warp shed by a blast of '
20 compressed air from one or more air jet nozzles.
The coated fiber strands 6f_the present invention preferably have a unique -
coating that can facilitate thermal conduction along coated surfaces of the fibers.
When used as a continuous reinforcement for an electronic circuit board, such
coated glass fibers of the present invention can provide a mechanism to promote
25 heat dissipation from a heat source {such as a chip or circuit) along the reinforce-
ment fo conduct heat away from the electronic components and thereby inhibit
thermal dégradation andfor deterioration of the circuit components, glass fibers and
polymeric matrix material. The coated glaés fibers of the present invention
‘ - preferably provide a higher thermal conductivity phase than the matrix rhaten‘a{, ie.,
30 apreferential bath for heat dissipation and distribution, thereby reducing differential
thermal expansion and warpage of the electranic circuit board and improving solder
- joint reliability.

-6-




. circuit boar

weaving in which the fill yam (weft) is inserted into the warp shed by a

bl ast of . 20 conpressed air fromone or nore air jet nézdppembditrpogoat ed
fiber strands of. the present invention preferably have a unique coating

t hat can f awblow/tsas2e t hermal conduction al-ong coat ed surtawssaedsst he fibers.
When used as a continuous reinforcenent for an electronic circuit board,
such coated glass fibers of the present invention can provide a nechani sm
to pronote 25 heat dissipation froma heat source (such as a chip or
circuit) along the -reinforce- nent to conduct heat away fromthe

el ectranic conponents and thereby inhibit thernal degradation and/or

deteri olr at IT ﬁn of THe&osted glugstﬁbgﬁmmth‘é,pr@bﬁsrﬁeﬁﬂohere&rﬂihﬂiesseﬁbvperI g | mat ri x
‘materia CuS0g er.s esent | nven preferably *
T b A i SR R e R ptmneie Moy alh USRS el b Parbes er i e
. 30 a pr ef er erasinawhighaitriprdves laminate ntiingfsitpingi operationd add biversizastly omatrixt hereby

reduci ng dif {eﬁﬁtshﬁé%fawﬁmm%?w& af% and war page of the el ectronic

oving s joint reliability. -6 16 Septenber 2004
WD 01/ 68752 PCTI Udereaedtber strandy efdhacnresgntinveniionnseferably apssesdfight he present

i nvention pregMaap é%e&@%ﬁl@e@ﬁemﬁ|thé@efﬁ@%htshé‘ndkﬁ>@ﬁhe§9rméaﬂ§%ﬂ% ating
- thermal |y conduc:hl ve materjals in the matrix resin, whi | nproves

| ani nat e~ mandfandigs F%Ef“?f%"é’rcé?ﬁséﬁg'%ﬂamla@ﬂﬁﬂ‘ét tE%E'P‘I“?"t?rﬁfttP? %fa“ﬁﬁ’feerl al supply
tank pur gi ngneétiightiytiodidto dne anotter, THe tegdatrasl dpelresss 64 faciNlste péndtronpr esent

invent'i on pr?lf\%t%m&fﬁ%i%?e%agéﬂ%meﬁg?n%%ﬁaﬂ enness. As uséd herein, -the

term"high stran openness strand has an enl arged
cross-secid onal e@amposited, arddn parfinslaf amietes,taf thefpreshet inentiongdmadesromot  ti ght |y

bound to 0net?@'ﬁﬁ&#&ﬁénds@ﬁnetﬁéﬁl@nt%@ﬁﬂqrff?&@lgﬂgﬁ% %@srhéfeggti(}n. Bﬁ g penetration

or wet out of matri x nater s intot rrp05|tes and
i n parti-cul afolpwing prapestics: lgw cpefiiciant efdanalienpaspipn:@nod fiaxual stieasth: t he fi ber

fst lri':mds of . tb@dﬁ?t&%ﬂﬁa}rb adi&an@b?ﬁdﬂf ir)]rﬁcé’l‘éb‘ﬂﬁi;é #E rdsRbnte fagef f)f thel
ol | owi ng propertie i ent. 0 ansi on; goo exur a
strength; E‘%Gat’ic’ﬂf’é‘i”?t ‘Wﬁ?" i’f"f 'Btﬁﬁ"l"f?r %Qﬁg"”@ﬁ"og'eﬁiﬂﬂlcﬂ”%qnﬁ stability,
i.e., t hasr eamcspmtede:uruﬂt boaridg bithé prasent invantien madecfrogn the @bdristarids Mt r i X

erface.  ~9loldaR8Aine GLEGH HMAG: RUBRBYK S 1 B0MR L L Raghd Cul L DoAY ds

of the present |nvention ran YorYance with
the present PRR&HS gepdsirligbiityamdresistonce ia metakmigration:(alse reféredtoRs owi ng

properties: gamsbichniobit ﬁiainkhttf&maﬁ’dh%rbﬂﬁj dedTufinlaf (EES &lamgration (also
referred to R at hodi c-anodic filanent formation or CAF).. See Tumul a
(Ed.) et at. mw%é 999 2apeRs GORBY aHES-TR476Bges 896- 897
and | PC- PR 4% d3troch2fica Ehlgramsrecﬁnﬁ&baﬁhuo%ygﬁ@.tcwﬂauuﬂsw;irmam@ all'y .I'nduced
Fai | ur es in an{rgs an ssemtﬂ%s {1 997) which are specifically incorporated by reference
herein. Fiber strands in accordance with the present invention with ggod driltability
have at least one of low tool wear during drilling and good locational accuracy of
drilled holes. .
25 As destribed above, typical fabric forming operations involve subjecting fiber
glass yarns and fabric made therefrom to several non-value added processing steps,
such as sfashing, heat-cleaning and finishing. The present invention preferably
provides methods of forming fabrics, laminates, electronic supports and printed '
A circuit boards that eliminate non-value added processing steps from the fabric '7
30 forming process while providing fabrics having quality, suitable for use in electronic
packaging applications. Other advantages of preferred embodiments 6f the present
: rmvention 1nclude reduced production cycle time, elimination of capital equipment,
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. Boards and Assenblies, (1997) which are specifically incorporated by
reference herein. Fiber strands in accordance w th thelgssaanberapgant i on

wi th good dri I |l ability have at | east one of |ow tool wear duri ng drilling
and good | ogg ,@:}y accuracy of .drilled holes; 25 As de. GP& above,
typi cal fabr| c form ng operations involve subjecting fi ber ass yarns and

fabric made therefromto several non-val ue added processing steps such as
stashi ng, heat-cleaning and finishing. The present invention preferably
provi des nethods of forming fabrics, lanminates, electronic supports and
printed ~circuit boards that elim nate non-val ue added proce55| ng steps .

fromthe f abrrb&i.rcé@fagﬁ’{ mngﬂgghg féﬁ%’%o%'d 3o§d an?cv tg?ndc o‘%’%d \‘i%% Plrogw ng quality:

sui table for ect ' Ng ap dvant ages of
preferred entiseferight s of the present |nven_t|on i ncl ude reduced production

cycle time, elim fad b ShdH ek mad04 WO
01/ 68752 ) PCT/ USD /0%684%‘éduce%@f éﬁﬁég 'EE”!HT“”%'Q{ LR Rt cogt?eg good

fabric quali tSy2nds ’°§'(ﬁ5’8taf’t|“ﬁt§|°thﬁ'?%‘ﬂuﬁ‘ﬂec%ﬁ'ﬂﬁ?@st@ gns oP‘I"lé"”ffﬂ"’@s‘é‘?‘ﬁ"""iEJnvent i on
al so provislesr Rﬁﬁth@dﬁnoﬁaporlbﬂ Iitdafildmeib At SdidEby R REM béd shBkds Hatirgads from

cont act W|th h r | i uch as portions of a winding, weaving 5
or knitting d‘e |§3°a§§$ rg ﬁeé'{”f"f gﬁﬁé‘ht abrasion by selecting fiber strands

having a unique teodhe m.gpqses tftids gnecifation, iotieethta inthe dparatindiexapipleposes of this
speci fi cat i ony wAtB8ihehi@IndidhtdS) | RABLA O AR S of iRfedlfRT © OLher W se

i ndi cated, all nunbers expressing quant ngr edi reaction :
condi ti ons, d?ﬁft'%mé’ﬁ'?ﬂﬁv%r@éﬂfqrﬁL@?Fb'"é‘l?é@?ﬂﬁ@bﬂﬂﬁmﬁclﬁmaﬁmhcs are to be 10

under st 0ot asunBeEoeH Mrblnﬂﬁlf Bdinadd| ins!aﬂﬁsﬁ)?merlﬁy ab&lR " AR5 Q}FOUt

Accordi ngly, ﬁnl.e@. ¢ di cat ed t%?the co rarg he nuperical paraneters’
set forth in"YFEsH ﬁ% P contary the numefical PAAR t&fstsﬁﬁfﬂ@’a'"é'l‘eaff’\'?&“@re :
appr oxi mat i orspedifivationrany attachyd dﬂm&aﬂiapgroumfmnsltﬁwnﬂﬁﬁary eebeﬁmﬁgowohl es sought

bttt or | d8birtd oltides SRl § € BbfiRe o the bSerk Mignuon SRGAS v < 1o 18° ¢ he
scope of theleashpn%noteaemattemmomwkhmpmwthsermmnle eftequimstobe construed
in lightyef tﬁé&oaéw ctéths res&m&a%ﬁca‘ih%}nfeﬂgPé{&hld% Bb&ﬁe@&%wé’d i#Ppl yi ng

ordi nary roundlng t echni ques stan nunerical ranges
- and par amet efightg i"FPH‘Bb‘?rGF ’FH°’feHé'9“'ﬁ?"<5‘h‘é}9'§@6‘BéY applyingordinans raunding ar e
appr oxi mat i onechnigiss. nuner i cal val ues set forth in 20 the specific exanples

hher ont |y cont af NOWREnE TP RS BlBalsalibe B Fualfier 1500 BRA PRe. ot andar d
devi ati on f obrrddiseepelobihe invertior etei awproklesuomg.hanmmelmmeSset forth in
20 the specific examples are reported as precisely as possible. Any numerical value,
however, inherently contain certain errors necessari!y resulting from the éféndard
deviation found in their respecfive testing measurements.
Referring now to Fig. 1, wherein like numeraIs indicate like elements
throughout, there is shown in Fig. 1 a coated fiber strand 10 comprising a plurality of
25  fibers 12, aecdrding to the preeent invention. As used herein, "strand" means a
plurality of individual fibers, i.e., at least two fibers, and the strand can compiise
fibers made of different fiberizable materials. (The bundle of fibers can also be
referred to as “yam".) The term “fiber” means an individual filament. Although not
" limiting the prese_nt invention, the fibers 12 preferably 'have an average nominal fiber
30 diameter ranging from 3 fo 35 micrometers. Preferably, the average nominal fiber
- diameter of the present invention is 5 micrometers and greater. For “fine yam"




- anmounts of . fl

Referring nowto Fig. 1, wherein |ike nunerals indicate |ike elenments
throughout,' there is shown in Fig. 1 a coated fiber sti6aduptdiber@mpsi sing a
plurality of 25 fibers 12, according to the present invention. As used

herei n, "stwapflssreaeans a- plurality of individual fibepgrgkoiRsesat | east

two fibers, and the strand can conprise fibers nmade of different
fiberizable materials. (The bundle of fibers can also be referred to as
“"yam) The term'fiber' nmeans an individual filanment. Although not

limting the present invention, the fibers 12 preferably have an average
nom nal fiber 30 dianeter ranging from3 to 35 microneters. Preferably, .the .

and. o eat or, kel i ingt gt BB GOREHY NES KRRYE, ™ OO TS

1 CTl(SOl/ OSBBIPMERSP-i cati ons, the average nonminal fiber dianeter prefer any

‘ranges from 5 to Theffib&is W?dnﬂfe&emeﬁﬂ&n%h@(zpéofﬁger&aﬂe RetelifkABsh tof OM any type
of fiberizab)e e.art including

i bori sabl o tnfes Sied f e ofTiReiing b R0k fnemBiie Mglells Berzae AIEBBF |l & and
" m xtures &f matysnﬂi aﬁdmaxmmsegmymgtheﬂwgomgorrgainorgamdad oogapimateriit eri al s can

be either ma at u aII Curri. ' ki,l Led in the art
Wil appreC| at e 'r}]a e%‘i'i"zg@ch‘éur?wq" g%?sc (%ﬁ(sik' e%ﬁﬂ’%@n% erials can .
al so be pol ysmprdcinte fhattthﬁrfmh@bieﬁmmmmnﬂengémmmaten%s camvaigo'begolymeri¢ ¢ materi al "
means a- mat e chai ns of
ﬁg@halé As”%@d néreRMhERRh Wﬁﬁhﬁécan S haftdrial fﬂﬂn‘&id

atons that ar t oget her an ecorre ent ed in
sol ution or from m‘l‘émg"BPF‘Hesﬁ‘-‘ﬁlPBsed opjgng chains ghaternsthat argslinked Wﬂethﬁﬂﬁérl zabl e"

][reians a et embedancbammd@mblebmlsamn&ﬂrmﬂT bolt etak", ?@%ﬁ)weahbrgmcmminlﬂuouz f
i | ament, and or the fibers 12 are forne rom
an | nor gani ¢ TEvizaBY | DEe 8 matateaptils & bRy %“ﬁ?@a?.afga?fa"vgcﬁm%t eri al s
useful in th@aperedibet, sktandenyaren i ncl ude but are .15 not limted to those

pr epar ed fromfi tﬁéfb%ﬁl%l tﬁ? ﬁﬂe??ﬁ "ﬁ%mﬁa ﬁ‘dﬁpgl‘ﬁﬂﬁﬂﬁn' é ass", "A glbgss" .

"C-glass", D-glass SS I'vatives.
used her ei n, materig) E@gnzeblﬁglﬁa% moterials Wé&lh@ this M%nfdmmﬂmqlt@ﬁ@uitawat i nicl ude

mnor aqgu Nbt iked th ke p.%pafaaifr&ﬁ ﬁmﬁézﬁe ﬁéb@ chﬂﬁJsmBﬁ@J(ﬁﬁ a@*azgfasrse
quorlnefreﬁﬁnd & %é on- free fnmore, as used herein, "mnor
¥ne™-9

And-giesse '?'ﬁ'é??"d'sﬁ'aiﬁ 3l ErplEsS Aervalies- ASuor i ne,

Br ef er abl y | essd helemn“Dgldsswieigiitespmearattass tampostiens tlfeaamc!g]ﬂe m:w‘or arrﬁunt s of
oron! means ' R t rqn er ss than 2

wei ght percenljf]&g'gsr%fﬁ%asé\@fr%ghoa arﬁngI ﬁ’graﬁr&\%%@’( argﬁlégn g%ﬁﬁé 9r " her

fiberizabl e fref. fygheraow: anlised hereuiminan ambuntpoefdyering” means tess than 0B ef er r ed

gl ass filgr syggs pafeemqonntar&e?eébﬂh£§ thafl6.15 h?ﬁe?ce“?ﬁdﬁ)ﬁﬁé wﬁmn uch.

conposi tions are well known ose 25 skilled in the art further
di scussi:on t ABPYEEYof Paropgpeans fase tap 5 wgioRiarerrepidwseny preferpbly less than 2

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

T S e Ve~ clets ek TR s e 20t eVl art  ar e ' = e um e




. view of the present disclosure. The glass fibers of the present invention
can be fornmed in any suitable method known in the art, fe@eptéthar2@o8! ass
fibers. For exanple glass fibers can be formed in a direct-nelt fiber

form ng opglahls in an indirect, or marble-nelt, filefse sl Orm ng
- operation. In a |rect melt fiber form ng operation, raw materials are -g_

16 Sept enber 2004 WO 01/68752 PCTI USOV08684 conbi ned, nelted and

‘honogeni zed in a glass nelting furnace. The nolten gI ass noves fromthe
furnace to a forehearth and into fiber form ng apparatuses where the
nolten glass is attenuated into continuous glass fibers. In a nmarble-nelt

gl ass  fornm pRemsR&y, ﬂieltéahndmbﬁeg‘éﬁzea %&ja*%éﬁémg& ?ﬂgeésp{)&géng 5%959 final

desired gl ass ‘5 corlr_gom tion are orne I'ng where < hey .

are melted ampresiuaihgdiesseteg @r%beaﬂh%dmfhgr fogming ppparatuses where heenel ter is

used, the mamntditersglassas tRbluatéd |ﬁt8boﬂtiﬂﬂ&stgﬁ§s ﬁﬂeﬂfmﬁhﬂfarblérﬁlleﬁﬁlgss and then the

rrelted glass |r$"n%deiatoaf|ber {n g W%p g_@gs where the glass is

attenuated t o PO PPEENYY RichsE 8" PriBiEs of dlash he 'S'T’ fRsired gl3%8nt i on, the gl ass

fibers aré ppgﬁmsalbhyrefpmfwmddbgdfedhmtoch ushing whdré tHey BRrméleg ahmg 10 operation.

For addition [ t t hods of
SherluBief ool Ehk'shlls ! o AR TORANHL k%20t ge

formng the 8| ass fibers, see Technol ogy
of  Conti nuofiStitosae;premelies nelted; @ndtiven the gsitediglassdgyed idoa flkkr fotifiing 03, and

115-165; U. Sapﬁ%ﬁétﬁd’h’ﬁrhd?@ﬁ\e sﬁé%&ﬂﬁe@ﬂﬁmﬁn c?o%@r\u%g@ﬁbe?éqqn the p sent,
| PC- EG 140' SE'ECI.fI ti.on Fi nls ed Fabric Wven from E ass for

Printed Boar tgg gass i rﬁa'ﬁ%‘f ferably fognedpy the\diregmetfher foprviag f or
I nt er conriéct bpagationd Fammmamgfo&mm rePiihgtoGlds€ birbsoshidnt hd hRBHYs ofthi ch  are

speci fically; renc hE!r §|’ E&n-l mti ng exanpl es of
sui t abl e non- ASPE'Q C@%Lérl za 8‘1"%{5 T eram c
meterial-s suﬁh_&mﬁ;ﬁﬁﬁmtﬂdlﬁdmg%mm ngapﬂl-ﬂe amd A 15¢168;,U.sal uni num
oxide and pi PaEAlIRALL 50, RBLATE SedMibckinibe: d%‘“éb%lﬁ&étﬂg fofefﬁgﬁ%ogs of 20

sui tabl e fIbEI‘IZ e ‘organic naterials |nc ude cotton nat ur al
rubber, f | ax;2PTeAYRVEN PR i) Glags fok Prinet Baneis! at rmem 114 prblidation ofThepl es of

‘sui tabl e 18 bmmtalﬁrmtatmamgaﬁu m&ég m@&@ﬁzb@tr&nwﬁhww? g formed from
pol yam des (grlé% t her nopl astic pol'yesters (such as

pol yet hyl ene teae&ﬁc?!iﬁﬁmgfp@mg%d’yrﬁﬁﬂ} Rine terephthal ate), acrylics (such
as pol yacryl oni t rifdndigiiting prdnyddsef suitable B&-gaésybe:&rahan&sgam%avm'aw pol yner s

(such a5, pol sy derdhE PlRle D% GhO S blRoLIRRRL CrryBh gl 3 3 UseTul Tn the

pr esent |nvent|on an preparing a such fibers are
- di scussed. at 2ERYTPXidR and-Riezopestrs @p%@lﬂ? ﬂlatsﬂalPoqulmnmr@mxemp!&s aind Technol ogy,

Vol . 6 ( 28673uitable ASgiREIER Faniclriate N ifthideToftdte CdilifoS hhivirat RS AL AL €d- by
ramie, hemp, sisal and wool. Ndn-limiting examples of suitable fiberizable 'organic
polymeric materials include those formed from pdlyémid_es {(such as nylon and
A aramids), thermoplastic polyesters (such as polyethylene terephthalate and

polybutylene terephthalate), acrylics (such as polyacrylonitriles), polyolefins,

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

Technology, Vol. & (1967) at pages 505-712 ‘which is specifically incorporated by
- reference herem

' James Mark et al. Inoraanic Polymers, Prentice Hall Pol
£Q y 3 ymer Science and Engineerin
. Series, (1992) at page 1 which is hereby incorporated by reference. ) s
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reference herein. 1 James Market at. Inorganic Polynmers, Prentice Hall
Pol ymer Science and Engineering Series, (1992) at pagetslSsieraber Zoher eby
i ncorporated by reference. -10 16 Septenber 2004 WO 01/ 68752
PCTI CFS01108681ssi742 i s understood t hat bl ends or copol ygesssffesaapy of the
above materials and conbinations of fibers formed fromany of the above
materials can be used in the present invention, if desired. Moreover, the
term strand enconpasses at |least two different fibers nade fromdiffering
fiberizable materials. In a preferred enbodinent, 5 the fiber strands of
~the present invention contain at |east one glass fiber, although they may
contai n ot her typﬂss widefstobe: that bi&fd@opzﬁo@&lﬁﬁbrsb %Hh@@béﬁﬁe'nllaté?ﬁ}é’ afi§ di scussed
generally in %gﬁ%{; l?ﬁ b@ae Fan hough one skilled «n
. the art woul ers 8m§f'¥3 ""cgﬂte"@%ﬁ‘rqeé@eq'm#@rs 12 formed
~fromany fi b@?sga%m@nm é#esaed Kicremver, thetteren stiahd a&oﬂaﬁasib§5tu§a%ﬂdroab0Ve Thus,
t he di scussi Cﬁ'ffe'i-é'hﬁﬁb a neral I y to
efréjrhédé"fﬁ)rﬂ cﬂfférﬁ{]fﬁe ggbleglké'}éﬁhlsf dﬁ) & glfe&npgﬁ E?%m%ﬁ

~ the other %n‘g di scussed above contnue in a
preferred ﬁfa" $.9f thepresentjpentien reniginet leastiong olas fiber, aithoagH i bers 12 of
fiber strand tidy nedy cohrinpieEgpds df i@t i on have a layer 14 of a coating
554

_ conposition, pref of a_coating conposition, on 15 at | east
a portion 17 of tﬁﬁeﬂﬁp’ﬁﬁv@g&"@é‘?%”'@?°w brdigqupsed genesally in the sentext ofidirss f | ber
surfaces 16 fiberolrardsy aithpagh crleskilfeg irpthe e 96018 endbidlaridthit lﬁietstrfahcpﬁf car eakage.
FF)’; ?T SL er)lyy . tc?ﬁ‘lgljis@f’ﬁérs 1%@5&1@«1'}&{:1?3@%3%&8 Sf?&g'g'it‘i'"g"gfh@‘fﬁﬁe T " %r :‘D ac geﬁ? or
i nvent i on! G &ispyssedabone- y“wadb%ﬁlscusslmamatﬁgjlowsmnemstdfglasas e appiies Preferably
pBl

aqueous, r es|ggnagmxaﬁ,éa{hgrﬁbggws@gssggagdggpos| tions. Al though not preferred
can contain volatile organic

for safety reasor@, fﬂﬁ'ﬁ gatl ngqe nposi tions

sol vent s such as QUtBiEnuegefereaqesp Eiggt imparglerred pmbodimensfatleadtiope ar e. free of

such sol vent end gei@rdblyctiaf thy fiberdhe2 tﬁf(ﬁa&rlsn&cpmm%@résgmmggvgnmgv e Present

i nvention cag osi tions and/or secondary

si zi ng or coae’aemlbzggr%%@? ?J i 'X'Egre%%'a 5% nﬁ\é‘?@l"“d’"a‘i"}ﬂ cgmpgsitioa,ane d

enbodi merk® t Rleaskp Rertions 1 Zaf the sugiacee db ofthe fibess gt téoe{hermerts&f@ey coating

corrp05| tion a@pbraskak [ ) "primry
i6n HdiRg Ho@@srsﬁl I&lﬁhll)'?f I%Fbr&glfage Eéfqr?stﬁ"eﬁ'@ 'ayie

sizing" refep to a coating onpos tion ap fredi at el y
after forrratl‘é)ﬁpfﬁse‘ﬂtr?éﬂﬁ%@'&O Wﬁ@%ﬂwpesmmmefbsnsm" "secondary

si zi ng" or sec0r‘mharcyaﬂag%mm:itoﬁm&e%hﬂ&eﬁw&b#%%@ AbRled to the

flbers after cation of rimary size erns “tertiary
size", "“tert I%?yé &%f%ggmsg pd mpte pre 3r|a9l aqueous resin compatible coating '

20 composmons Although not preferred for safety reasons, the coating compositions
can contain volatﬂe organic solvents such as alcohol or acelone as needed. but
preferably are free of such solvents. Additionally, the coating compositions of the
present invention can be used as primary sizing compositions and/or seco'ndan;r )

_ suzmg or coating cumposmons
25 As used herein, in a preferred embodlment the terms "size", “sized” or
"sizing"” refers to any coating composition applied to the fibers. The terms * primary
size" or “primary sizing” refer to a coating composition applied to the fibers
immediately after formation of the fibers. The terms *secondary size”, “secondary
~ sizing" or “secondary coatlng mean coating compositions applied to the fibers after

30 the application of a primary size, The terms "tertlary size”, “tertiary sizing” or “tertiary

coating” mean coatmg compositions applied to the fibers after the application ofa -
_ secondary size. These coatlngs can be applied'to the fiber before the fiber is
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- coating" nean coating conpositions applied to the fibers after the
application of a secondary size. These coatings can beicagypterabertanoshe
fi ber before the fiber is -11 16 Septenber 2004 WO 01/ 68752 PCTI US01108684

i ncor por at eglobiMsgsza fabric or it can be applied to theptikgfogdier the
fiber is - incorporated into a fabrlc e.g. by coatlng the fabrlc In an

alternative enbodinent, the terns "size", "sized" and "sizing"
additionally refer to a coating conposition (al so known as a "finishing
size") applied to the fibers after at |l east a portion, and 5 preferably al
of a conventional, 'non-resin conpatible sizing conposition has been

renoved by haatorwratemmaqatnctomam% pic 1§ e sbdISnLdl B0 i ze [s appl i ed

to bare gl aS.S“flbqYﬂS {%orate rm AS used herein, ¢he
“term "resin COMIETHt B <£-§ t'l’éc%'&ﬁ thedabiis nipesislterostive appodimentt o t he gl ass
]t:| gers |s| ?:ortbaterrbé aizel, féimtld"r!&ldﬂihﬁuﬁg")éddm:Tnﬁlly'ré\‘Ertb'&%@at\ﬁﬁ'c@rh c{shﬁn Q{ 2SS |10 e
i bers wi ed. suc conposition (or selecte
coating conpgﬁle‘?t'{gg 5%{1% SIZE)qpplegggEheJHgsagerlaHg F8IPPERR 89 pr oper ti es: does
not requir® RrefpEbiy Iallpfrattonvetnbonahom—msanabmmtbtamtzmgtchﬁpdm’bﬁ hac pE@heri al (such
as by de- greaféﬂn&ged%heéi%ratehﬁd%&}eatrﬁéh?.e th%%%%wﬁ%%deé%/\et ttab%nd wet - t hrough -

of the matrix materi al ng conventron Esults in final
conposi te prc%ﬂféf%e’?t'&wmatﬂég'ﬁ%febmfgﬂphym cal propert i es and hydrolytic

stabilit The coas ust@he [ f ¥ t ri ses one
y. $4d HeRID B8 itdrinChesi cor‘hpﬁlbﬂ &8 élc%\éﬁr% étogl\%ﬂséth rrgppl od Lo

or nore, and & fe ab%%/fbﬁlurallt @artlc

at least one % 53 IS pAmpat ‘?F‘Sﬂ" P“!aFfB@F%eﬂfﬁntamh@h&etg!asshe out er
surface 180 ofﬁbel‘ﬁwﬂiette incogetatadirsact thbhe &%tn@%mp@érﬁﬁﬁl 6tseRBRd Léati

L L SRR A B G e g Lo

- -general |y to™mneval Biorle "PQTPGl‘afIQrIrmtoplaﬁrmatU* matedd (yuols hd bynwie&ﬁfg\wen t he

adj acent fi beesiinghBciRtaks Q&Jd%t-&& aﬂ& wgﬂﬁrogérﬁocf% dnétﬁé’r%%%}.‘?ﬂ.éar e preferably

di screte part i cles. rAs used herein I'Scre M¥s that the
particles do SREEMOBRAPqcEssingAnd ssuitin final sernposite productsiaviopddsiredious f i | ms
under con‘lﬁanphysimlprmeweesﬁd m@rmediablmyns but 25 instead substantially
retain their i nd|.yH q:lost ﬁtﬁ and, generally retain their _

i ndi vi dual . shape or H\ '?Pn%s %P’& Pu inPertipr comyirises pae 9r mstenend nvent i on
may _ under g@refgiakiy a plgmhtv ptpamctehea thatwivel applied o étaw%for@f‘ﬁbérft%%{fth@f atons in a

particl e, nephiagof iloreta st B GF dRRaPR Fl RS 1 B DSt upen at | east

two particles and pa coal escence
- processi ng, Biryideprg or “EPée @Eﬁ'ﬁ'ﬂﬁiépaﬁés 2bbéiwecdadiader glast fsers @ 25 &rltes. The

parti cl e20l8skindtibas Bﬁcﬁtﬁﬁﬁ\hgl ﬂVﬁﬁEé Rterstitif sﬂefc@é ral @oWeXpo% ngne?ally ?oal ly-stable.
the'size 19 of the particles 18 pos:tfoned between the adjacent fibers.
The particles 18 of the present invention are preferably discrete particles. As used
_herein, the term “discrete” means that the particles do not tend to coalesce or
combine to form continuous films under conventional processing conditions, but
25 instead substantially retain their individual distinctness, and generally retain their
- individual shape or form. The discrete particles of the present invention may
- undergo shearing, i.e., the renioval of a layer or sheet of atoms in a particle, necking,
i.e., a second order phase transition between at least two particles, and partial
. coalescence dunng conventional f ber processing, and still be considered to be
30 “discrete” parttcles
The particles 18 of the present invention are preferably dimensionally stable,
. As used he_rein. the term “dimensionally'stabte particles” means that the particles will
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As used herein, the term"dinensionally stable particles"” nmeans that the

particles will -12 16 Septenber 2004 WD 01/ 68752 PCT/ US®@ $dp2afiderooar al | y
mai ntain their average particle size and shape under conventional fiber
processing wohdksishons, such as the forces generated be Agdiacent 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, dinensionally 5 stable particles preferably will not crunble,
di ssol ve or substantially deformin the coating conposition to form
a-particle having a maxi nrum di nension less than its selected average .
particle sizg,dpg ol # Si.ng _con LQRs, such as
exposure to §e fé?%%‘e”stﬁég'{‘avg}aa?é r@é%?{e gﬁarpguf'dgﬁ?)m’%mfﬂgige and nore -«

. preferably uHO’c’Q?S'!lgl%dmm‘ﬁdﬁl{d‘l@ﬁﬁlelfgrceﬂgeeerp'ad bétgearsadi@enttibars duringt
~substanti al Iweawb%qegé@d&{erﬁﬁaeéseﬂgbﬁbr&toﬁ@sua% rdhtdf heldelRly Processing

under onposi te processin condi tions

condi ti ons and cgart icu
where the pr'Bt‘?@é’Qgi % @%ﬁﬂ@é@cﬂfﬁﬁpe%@c%@dne@emﬁ dipgagiordlly ei n, t he
" phrase "SBouétablélﬁdrtlcﬁasbﬁéfa’éblyﬁiilhh‘t GRUhEN, etasdnré oF sdiRtantidiP déBiEh@Rce to the

articles nme rticl ho not expand or |ncrease In size
_ !to 0 nore than&ggﬁt’%m ﬁ%"? tggfrﬁfgé'%sl? ﬁ%"é"%%@?ﬂf%?*ﬁ\egﬁ"’fg‘ﬁ% hantsi ng
processing. seleSteRarerags padtiole, sizasinder dybichkyiasi Aiber plveedsing Boriditiong REdtonal | y st abl e
particl.es"” c&v&b&u%qem&%g@&fl P@Oezsaedpr%\,ﬁgb@{%senbjd %\e/%ﬁart i cles.

Preferably, the coatin nR osi tfons of on are
substanti al | Beferably ugfto 1408Gt Additignalthe perfirlestiBohamdd nobsubsatilitenlaiga, the term
"heat expendgksarBd ditlhRSr o ontaining a
material, whi chpa when ex orsgéasgﬁﬁé?gmgégs%%g%@ﬁ{ﬁe@dgﬁ? %"p%ﬁ:g@]{myg o volatilize

the materi al UNdgigpaiRgsitspracgssinasapditions yhess therpseessing tempssaturehieare heat

expandabl e paf;éecbisem tAxaused ﬁérﬁn&ﬁ@ﬂﬂﬁkedﬁﬁmh@noﬁsuaﬁﬁtﬁﬁ ﬁfﬁr&ﬁn Qber the
er normal processing

material int art un

condi ti ons. E;B%é'g ﬁ\e ﬁ'F'ﬁ%'%FﬂP%‘atWSﬁan'ﬁi 'H&H’C%B?‘E’ ghieraase e” refers to
a particlein hzaetodmre thantapm:ﬂraatdlydm t&nqshtmenménﬁﬂgﬁmﬁé prbbé&sii*@t erial in the
par {1 ¢1 €125 HIGoLUBledl yRISH BRI RA s ANy 0ne

enbodi ment of t esent nvent I on, Tk conpri se at
| east one nﬂ%@?aé&wﬁ%"@epaﬁww e. Gener ally, the heat expandabl e

particl es arﬁeﬁ%'vq“é Béihg %n%%sﬁérfsréfﬁeﬁﬁe@ér{t%enh‘ﬁﬁ‘%‘u‘etsﬁbstér{?i&gyg%f@ek" mting

enbodi nent 9}; {]he %Esen@gl nvention e cavity can ast parti al
filled with andgple fatliples rAsdised brein. dbe ’&"@é@aquPﬁmﬁﬂe pPetiesOr a gel -13
16 Sept enberm&De partielidG BTG cBEidihiblpa HERBBCHhich, when exposed to

20 temperatures sufficient to volatilize the material, expand or substantlally enlarge in

size. These heat expandable particles therefore expand due to a phase change of
the material in the particles, e.g., a blowing agent, under normal processing
conditions. Consequently, the term “non-heat expandable pariicle” refers to a
particle that does not expand due a phase change of the material in the particle
25  under normal fiber processing conditions, and, in one embodiment of the present
invention, the coating compositions comprise at Ieast one non-heat expandable
particle.
Generally, the heat expandable particles are hollow particles with a central
_ cavity. In a non-limiting embodiment of the present invention, the cavity can be at
. 30 least partial filled with a non-sohd material such as a gas, liquid, and/or a gel,
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. As used herein, the term"substantially free of heat expandable particles”
means | ess than 50 wei ght percent of heat expandabl e paet$apt@sb&r2oa4t ot al
solids basis, nore preferably I ess than 35 wei ght percent. Mre

preferably.. t ating conpositions of the present if%‘ﬁﬁgu' are

essential | ;qurqgseﬁ%f heat expandable 5 particles. As use e?lﬁe)%aﬁ, the term
"essentially free of heat expandable particles” neans the sizing
‘conposition conprises |ess than 20 wei ght percent of heat expandable
particles on a total solids basis, nore preferably | ess than 5 wei ght
percent, and nost preferably |less than 0.001 wei ght percent. The particles .

18 are preferably non-wax he .term.. - ! 10«materials from

whi ch the 'part-i£¥‘§§s%rh§rq’%mlﬁm'?@S{%]Btfaﬂmaevﬁ?%aet.e%agbs[ée %%ei n, the. term

“"wax- | i ke"  neeuns lesathan basigitprpetotihgat expandable patticlaneme tat sellds hy dr ocar bons

chai ns havi g @i, Y BFAde L0 Btidh b Mé3paldiblj, BBoding! 0 100 car bon

atoms. In one prefefred empod| nent of the present inventjion, the particles

18 in the I1®mppsitoanef thepesnt Brertiprara peepialisiree; PeplExBHNIERS st abl e,

g_on_- vvaéy ﬁlar,;h-‘jnﬁ;heﬁ.SAs Ié&llﬁﬁé_iri, the ke “és%ﬁﬂaﬂy fha2\0f hea pxpranaghle tican | : gur a]E i on

esired. t'hou not imting in the present .i.nventi xanpl es of -

sui tabl e par®¢ éhesﬁ'ﬂ}?é’@mP?ﬁ?PUg@“p@ﬁﬁlgﬁ%aonfo?‘gmpgge%g%gf nm cr obeads or

hol | ow spher@gindablelpadiclesbred iptabsolidechasis) raore plefdraiylassditian? weightr ous) .

Addi tional ly, th rti.cl AT al structure 20 that is
g, b e le SR A et G

hol | ow, por | or C ereof, e.g. a hollow center
with porous or Jbeé pattisies 18sre preferadymenivanio rivatsr@nenwvady] redisdndarticl e

charact erlett‘nSériag%erhiﬁ?{hé p&tticléd are fdRfled are HBWARGRE A udeli héeinsthand Pl astics
(1987) " at pages_9-10, which are ' specifically mcorgocfat ed ‘?‘é ref erence
herein. The &M twaxlikal megngpaterals ¢ PGy REneptang'ed RYGFGAPRTE f r om
pol yneric anghaing havk arikvki§e tdrbon dR@in GshbinGangmigdomadsso 1pméasser i ¢ and
non-pol ymeric organic materials, conposite materials, and m xtures of any
of the foregdPHy.* As used herein, the term "polyneric inorganic material”
means a pol ymeri dn ot mrefeadd disboiingntof Hegikésentdnventinnathe paticles faiode on an
elenent qp cLemBRhoRLISE JkDAR, SAEARRal Mg Rk pafdRE] on see 2 L. H

nt ¥ oduc o

Sperling Ion o ysi ca yner. Sci ence, John Wl ey and Sons,

| A
_Inc. (1986) at phgeatices18 eanihare anw shapser Fanfigyptiop desitedy HBWERAYY ref erence
herein. - 14 JfigARiRPRASENIRRAINREHHES shcditddieiiarifikishasesircuie E. Market ai .
at page 5, which |l ecificall 'I%C%S'E’ratﬁd l?y gefqrence.l&r&rei n. As used
herein, the ?@eﬁ‘fa-éﬁ‘l’ pgs, B’rlcb‘é)ﬁ? oo sEheesh RGP REFRSRE pol ymeri ¢
“material s, sg@iingytad brlbrous)p Gldditimraliy; thegtadicles 18 canridivean intfeaial golciuer i.c

mat er| al §0h aiﬁ'aﬁg hollow, porous or void free, or a combination thereof, e.g. a hollow center with

porbus or solid walls. For more information on suitable particle characteristics see
H. Katz et al. (Ed.), Handbook of Fillers and Plastics (1987) at pages 8-10, ‘which are
. specifically incorporated by reference herein.

The particles 18 can be formed from materials selected from polymeric and
25 - non-polymeﬁc }norganic materials, polymeric and non-polymeric organic materials,
composite 'materials, and mixtures of any of the foregoing. As used herein, the term
“polymeziE iﬁorganlc material” means a polymeric material having a backbone repeat
unit based on an element or elements other than carbon. For more information see

2. H. Speriing Introduction of Phgsical Polymer Science, John Wiley and Sans, Inc. (19286) at
. pages 2-5, which are specifically incorporated by reference herein. '
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a backbone repeat unit based on carbon. An "organic material", as used

herei n, means carbon contai ni ng conpounds wherein the ct$aemberitaggycal |y
bonded to itself and to hydrogen, and often to other elenments as well, and
excl udes by ksempounds such as the carbon oxides, tBepysAkksfes, carbon
disulfide, etc.; such ternary conpounds as the netallic cyanides, netallic
carbonyl s, phosgene, carbonyl sulfide, etc.; and carbon-containing ionic 10
‘conpounds such as the netallic carbonates, such as cal cium carbonate and
sodirum carbonate. See R Lewis, Sr., Hawl ey's Condensed Chem cal

Dictionary, (12th Ed. 1993) at pages 761-762, and M Sil berberg, Chem stry .

The Mol ecul t ur e of ter. and , ich are
speci ficall @E&%‘Eﬁ%‘-‘a‘#@ﬁg%wﬁrcg e %‘%&%ﬂﬁicfﬁ%?&)l%&%%ﬁg%@ﬁ@rﬁmn, the term
~"inorgani ¢ rnmedhéreihgdhe tepa frolyenegic ongenis malerialsi meansssyathetic palymaigani ¢ material .-

As used Ner Gl figdGeriGinfHeli CURRRSL Bl 8hd duraBgenemaRAd Riidgon of two or
al s. e

more differing nater. ) particles formed fromconposite materials
general |y reheskhenpspepldil bagedoREpPOBur f ace that is different fromthe

har'dness-g; thlel hﬂ“&%ﬁﬁdm&?ﬁ&?ﬁé%ﬁﬂﬁer@iﬁ, ﬁé@sﬁf\bbﬁwr&gﬁm?uﬂdgs sur f ace.
More specifically, the surface of the. part] can ified in any
“manner wel | Wmthﬁﬁa@%'smc?‘%ibﬁw%? H?f%aﬂ {°er¥§'£°9?'}' Wf%@ong%?EErhem cally or
physi cal | y cédiémhgntsds vielisartiekéladee bihagrcampaumds such as trei cadbon pridésnthgues known in
the art., such that the surface. : ' . al to .or

1 ess than t HEYIP Rl dgsf’ﬁ-'%g cggggshgglﬁ?@e':%p ‘IJ&H?T %a‘f' %Q%t?a_'?_ é‘ggg'of t he
particle 25 metalictanbanpie, rhosdene satbony pulitecete.: anghrarge-chipiiRg 98icof t he gl ass

fibers. 5 oF%gW[fml fich & thPRBLENC bibdaRs MacH &Y ERilint EBBrateRtink 8Bdivm Tat er i al
that. i s coated, cl aé or enca ry materials

C gsul ated wth one or nore seho? dg

to forma comAnPsRiee SpaR: kevise St rHawleysCondensed Ghemical Dictionary, %} ¢ anot her

al ternati ve s ipa®iRt7614782, ahé Me sildefterg Ghérmistry Tipoledulze Nawmetafr i al s can be
formed from ri A l.al that.is.coated,. sul ated W
Pushaw, et a@é@%ﬁ@i&é@i%@@%%@" Ao %%ﬁ'ﬁ%‘-@g‘é’%?%%@% n Wt er bor ne
.Systens"” Podeferercs hertlai nt . Col ours Journal, V.189, No. 4412 January. 1999 at
pages 18-21 whic | fi.cal | sk eshsy HelsLaRGS Rerein.  -15
16 Septe"I er 200%‘5%&53?%@%&%&&&8%%%@2 W t 3 ay(waf.ferent formof the

pri mary nmt e eaniqgateddbr e i nf ormation on particles useful in the present
i nvention, see Gas\M&Ysdiein, HiER WsmpPbsiteivalefbis medith dotbiralSiPdwasr pages

B PRt R PR G SRR FREB g ¢ e

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

20 portions 6f the particle beneath its surface. More specifically, the surface of the
pariicle ¢an be modified in any manner well known in the art, including, blii not
limited to, chemically or physically changing its surface characteristics using
techniques known in the ari, such that the surface hardnesé of the patticle is equat ta
.or less than the hardness of the glass fibers while the hardness of the particle

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

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

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

IW. Pushaw, et al. “Use of Micronised VWaxes and Wax Dispersions in Waterborne Systems”
Polymers, Paint. Colours Journal, V.189, No. 4412 January 1999 at pages 18-21 which are
* -specifically incorporated by referenr_;e herein. .
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-5 particles 18 of the present invention include inorganic materials
selected from graphite, netals, oxides, carbides, nitriedSstetateridog, sul

i des, silicates, carbonates, sulfates and hydroxides. A non-limting
exarrpl e of ﬁo%i&kzﬁ@b' e inorganic nitride from which thedaihigkas 18 are
formed is boron nitride, a preferred enbodiment of the present invention.
Boron nitride particles having a hexagonal crystal structure are 10
particularly-preferred. A non-limting exanple of a useful inorganic oxide
I's zinc. oxide. Suitable inorganic sulfides include nol ybdenum disulfide,
tantal umdisul fide, tungsten disulfide and zinc sulfide. Useful inorganic

oLy poates | NOWERSRITGNE 08 bl g skl ol MG SR d RLBS ot O 2°

‘verm culite table-nmetals 1 nclu at 1 adi um -
“ni ckel , al um'ﬂgrﬁpr%sﬁbtd%‘{e"“@o?eﬁe iWigwch. mwd Ed199&$)@f m xtures of -

any of the fqaagoihen, mcmﬁ\espwﬁcéuymcbﬂpagteemb%#éreﬁﬁtheﬁa‘nnthe invention, the
particles 18 are fR% s. As used here| n,

rom s
the term"sol .id Iuégg%néartffen%eo ﬁ@"eﬁﬁ))"Qr%aﬂicln?ftt'ﬁr'éGd's?fB'tW\E’éﬂ“WW@ surfaces to
provi de prot enarticiss 18 pbiie Hresand inveition ingudssharganicemateniaiecsateddny or to reduce

Friction and wede, @R BALLOE el 3518 s, SedulELERIS, 2 °

i norganic sol1d |ubricants I nor “Fubr i cant "
neans t hat trFé' fates el hydigridesaf nen-fipalieg %a@nlmo&esuenablsinorgamcyssrﬁcalftonne habi t

whi ch causes wtidnane ﬁ@u&dsaararé Bintedidbdien ditidd, aFHnl‘:f&rEe% é%oﬁﬂeﬁﬁ? e y slide over
U _

one anot her and tg %%‘) an antjfriction ricatin ect between
the fiber surfaeRynvep E?BI’V”QW“‘CGF 5%‘%"3"‘!'1?%‘?9%8#‘1‘3&3%“%% adj acent
solid suri@cemartatlatmsferanay nn‘n-limﬁting hxamteﬁdﬂ%&hﬂﬁorgaﬁcﬁﬁiﬁi&ind—ew s, Sr.
Hawl.ey' s Con e th E 9 e 712 WhICh
i's specifi Cafbﬁ@ﬁl %glgtaﬁgﬁoa@nﬁggﬁ& 1er eﬁ"ci:y%ﬁ s“"ﬁ%—l? %E'%t?lﬂ'ﬁ dISBﬁJ

resi st ance t dungstenidis ‘éﬁ]@dgmpﬁdﬁdﬁ«&se&hmrbme s:iféateﬁrahdsalu:ﬁinhmd Lubr| cants
and Sel f LUQﬂlbéléﬁ ér’f@lgm%ﬁbéuﬂﬁmﬁ&ﬂ%zguc Tas p@lguﬁ:ulﬁe EIQn{e?alsSIR&:@Df i cal |y

i ncor-porat ed ref erence herein. ne non- Sodi nent of the
i nventi on, ﬁ'é‘}{ Q?Q%PEE“UEBPP\'W@'“&“‘C‘@! &h’ﬁ'ﬂ"ﬁ\s C@Pﬁﬁu@@'ﬂsﬂ@ﬂ, givgridlioyses having a
lanel | ar. 15t mammmemfanﬁmﬁ@@mﬁ@ sheets or plates of atons in hexagonal
array, with stron é&gndl tnﬂlg t he eet and weak -16 16 Septenber 2004
VD 01/ 68752 PCTI LB BREHTGNG mbedimpggter h %BWH%'%‘“SQ?Q!@'@%‘%H@&@M provi di ng
| ow shear st fremolid bericaptanaterlse &6 sisedhensm) thd taint ‘Isd@i lebtiasm! Medis aply | anel | ar

structure isgg '%'E,a%b ema, . Eric n Wear
_Lubrication g&g&%éég%@éﬂ t%g $t{)I%}c(ryhh(‘;"tlf’u rcit'?:A;fﬁ gﬂ CLlfips 7R cat i ng

Solids at pad¥yen *de’wtaras'ncefmsttowndw@arsin orszembgawsntm@ solitf1 3- 120 and 128;
and W CarpbeibkicanitsSob indrgetib Eblia AlkkiSants. B@%Q@ﬁéfelhu#%ﬂgsﬁE L&y Wpr ai sal of
Wrld Literature, Aﬁh/E Rgf%arcp Comm ttee on Lubrication gh

miears thatthe solid Tubricants have a characteristic crystalline habit which causes

them to shear into thin, flat plates which readtly slide over one another and thus
~ produce an antifriction lubricating effect between the fiber surfaces, preferably the
glass fiber surface, and an adjacent solid surface, at least one of which is in motion,
2b See_R. Lewis, 'Sr., Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at
' page 712, which is specifically incorporated by reference herein. Friction is the
resistance {o sliding one solid over another. F. Clauss, Solid Lubricants and Self-

Lubricating Solids (1 9?2) at page 1, which is specifically incorporated by reference
herein. ' |

30 Inone non-imiting embodiment of the invention, the particles 18 have a.
~ lamellar structure. Particles having a lamellar structure are composed of sheets or
~ plates of aFoms in hexagonal array, with strong bonding within the sheet and weak
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at- pages 202-203, which are specifically incorporated by reference herein.
I norganic solid particles having a lanellar fullerene 1pSugiathipdér 2004
structure are also useful In the present invention. 10 ' Non-limting
exanmpl es ofywgyjdsadl € materials having a lanellar structgyy t}gg are useful
in formng the particles 18 of the present Invention incl uge oron nitride,
graphite, netal dichal cogenides, mca, talc, gypsum Kkaolinite, calcite,
cadm um iodide, silver sulfide, and m xtures of any of the f-oregoing.
Preferred materials include boron nitride, graphite, netal

di chal cogeni des, and m xtures of any of the .15. foregoing. Suitable netal
di chal cogeni lvhden di sel eni de,
‘tantal um di-s‘%ﬁ%e é@@gl!fjanrfd% bg& Fse 38%1 &'J"Jt’q.xqgw s?eregﬁg%e%gﬁ%f%m tungsten

. -di sel eni de,sheeld. Aingn-limiting é)@fnpbrwa lafnelianetrtiql}neg@m@gagonal comtel enbodi ment, . the
particles 18uaefrd @{mnfar% We?ﬁéﬁgfggt%n?@%}jat gggwsc@aid materi al having

a lanellar structure. non- n i nor&anl ¢ 20 solid

| ubri cant n&@ﬂi@ﬁﬂﬁ&ﬁ%%ﬁ%@t BQQPE(‘EQ&? 8208175 de8¢-81.8R5Cc 0at i ng
 conposi tign 2, 1131201288 828; ahdWeOhrhsball,i*SolldQuBtams™ BhwdaryPisHcaticab! y boron

nitride havi a_he ruct.u articles fo from boron
‘nitride, Mﬂ?@@%&ghﬁﬁeﬁﬁrﬁb&g\"ﬂ'ﬁeﬁﬁ%’ﬂbﬂ?“@%E}ggaln| teness in
conposi tes vatipbhgesd02+283, iwhichmte specifiaatit iscoraratedshyobfeencadrein. BipGani2 5
o1 M BB BB B HLGIRY AR B oo
120 PT 140, pregentimgmtiohd : PT 180); 300 Series (PT 350) and 600 Series (PT

620, PT 680, PT G@R-imfA ePRp@ZQ) sd&%l@ﬂxa@hélé hmgmmgrar RAlchutethas
commercially avail abl e .from Advanced Cor poration of Lakewood,

Chi 0. " Pol ar¥FRYPTHIM °FFH%9%P?'§}°‘Q§0W&JEFP{F§°@@WPWI°P e BeroppitrigRer |

NHL eri aljs agraﬁmbmaalldmhmbdgﬁmués ﬁicaAdl;t,agWﬁm'l Gadlinig, eﬂclteCGsfdﬁmInﬁt |1 gnlgf
Lakewoo LS _SPecCi inc te

T o BB s Bk SreS R bhfleho R CPIEREA RN T oo

particl es haogude hormrrmtﬂe gapbitecmetal dighalodgeniges, :aﬁmmmessufpwoftlmt er K at 25C,
a diel ecibl crofeahing liabit n%ta?d.a% eenvéakwﬂﬁ dé Riydehifh Wkbufide, 1015 oni -

centineters Seri es rg ave an average article size
ranging fr dﬁ?'ﬁbf{eﬁurﬂﬂ'sﬂ’%‘i‘%m%dmﬂﬁ% tsm}eiu'sérsm@gidwmeien figvifidee| es have an
aver age par tfufdstenTissienle =08 givd@ged 6rony AR foﬂeg&nﬁ@ mcronmeters and the 600

Seri es powder partlcl ave an aver art& ze ran |ng froml1l6 to
greater than 200 '?'r?'}?ré%’é' 'eat. the ha ﬁﬁ?ﬁ%fﬁ? é@“ PRIPEIEAURSEY ts supplier,
POLARTHERM -lt@apianstérial lewing avendiar strueloragd nopmmmng;bmnmlezcé amfno@;atua 12

M Cr OMet 9§, sofid Ri¥idahfth&terk ﬂﬁnr{g%rlgrﬁeiﬁ)f strthOfD 61 REFHEE cddtind Qomposmon

of the present invention is boron nitride, preferably boron nitride having a hexagonal

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

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

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

- Corporation of Lakewood, Ohio (1996), which is specifically incorporated by
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m-cronmeters, and a particle size distribution as follows: .10 10 50 90
Size (pn) 18.4 7.4 0.6 According to this distribution, fteeSemensazooaf the
POLARTHERM r) 160 boron nitride particles that were nmeasured had an average
particle siwgoggseﬁt er than 18.4 mcroneters. As used '}%rrﬁl's@os% he "average
particle size" refers to the nean particle .size of the partic ¢s. 15 The
average particle size of the particles according to the present invention
‘can be neasured according to known | aser scattering techniques. In one non-
linmting embodi ment of the present invention, -the particles size'is
measured using a Heckman Coulter LS 230 | aser diffraction particle size

| nstrument, %fb:‘éﬁc ﬁﬁ'lealﬂegfgrﬁmlegﬂg\t@ %%%a?co%X&l hozgétp ?(ﬁ)fvg? Opﬁgrsn ;O ' |

measure the si 26 O cles an assunes
- spheri cal sh%‘“'ﬁag5°c-tw|eq§$rq0m$@°fs?rQeﬂd 7 wiumesresistivithef 108 ol est  sphere

that will cogphipieed s of
PO.ARTHERIV(r%_gltGO ﬁ)rgﬁc‘ﬁﬁf rgﬂ'és;fp%g%t %ﬁ'ﬁ%fhaﬁggéﬁrs Ee‘?,dg.Fé‘?ﬁ'ge@?EH@’" Knan

Coul ter @ 332 7¢ migremeters.dhey3(0 Spries paydeipartisles bavernayemgaparticder age:

particle. 5i zievaging kol 1omrtoclrson‘ﬁctr@ﬁéter‘éﬂaﬁdkh930t§ Séﬂe’é?oﬁéﬁ?%rﬂ&leg RREN
submi croneter._ to. .35 m c%orret ers al | ow n?erl stributi i on of

particl es: >f6§ge’©°6’ Rafy stzﬁﬁi’ﬁtﬂg é?%graaterl‘ga%’%%ﬁ?@ﬁ'ﬁ@r 004 WD 01168752
PCTI US01 1086 84rtigutar casctiprgtet by #shsupple, SIOLARTHERI 160 artickar 1266 n @ferdﬁﬁg

PQJ. ARTHER e.Jeasured. had an

aver age pa?/g Pé&éQSt?ggﬁ}?ggb{dr&iﬁerQ%ﬁ@le%%etéi,r}? f\%" ipoicrome %H%?%

non-limti ng"%&%i?rﬁéﬁﬂ agprticl sizp fiskibviion amfoliows: on, the particles 18 ,5 are

forned frominorgani FmaLerTafs Lwli are T hygratgbte— As used herein,
"non- hydrat abl e" neprs £ hat—the -nnr"E-m_:;_Qaarf cleS do not react with
mol ecul es of water th SEOWM hidr 484s ahd- db*not | con®Bi n ymter of hydration

or wat er 1& crystal lization.. A "hydrate" is produced by the reaction of
nol ecul es of ARERrdng tﬂnﬂl‘?nd'%{"%%t‘%‘rR?écePfrPfthﬁfﬁQmRtTHERMJ@dﬁobomd nitidenot  split.
See R Lew Spar@éles,mﬁ%@ﬁﬁe&u@@'ﬁg@ﬂﬁﬁﬁrﬁ‘ﬁﬁkﬂ@slé re hl?'i]@ﬁy’ (12th Ed.
1993) at pages 6098 618 g .. Perros, chem st -, pages 186-187,
whi ch are spBE LR &?'ﬁ@r@?e‘ﬂ’eﬁ'ﬁeP@f‘@?%&@fﬂ@F ﬁmeﬁlhmfm;e f or nul as
of hydrates, s&@efthajphrldetsn of the water nolecules.is conventionally

'( Eglof ?;?ﬁ 65) b y*a %Qta%rgge ;Sja?t cle s;ze%f the pa'vl%%s accoo%mg (f)o t{hg %ll'e%gnt I!’I'\Al\lel'lztlgr? 28 02 2H20

can be measured according to known laser scattering techniques. In one non-

limiting embodiment of the bresent invention, ;the particles size is measured using a

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

beam with a wave length of 750 nm fo measure the size of the pamcies and

20 assumes the particle has a spherical shape, i.e., the “particle size” refers to the
smallest sphere that wil! completely enclose the particle. For example, paﬁibles of |

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

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

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

% > 10 50 )
Size (um) 20,6 11.3 40
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Structurally, hydratable inorganic- materials include at |east one hydroxyl
group within -15 a layer of a crystal lattice - (but not in8épieinbg doodr oxyl
groups in the surface planes of a unit structure. or nmaterials which
absorb wat eir surface planes or by -capillary or exanpl e
as shown |§&?h£6'%ructure of kaolinite given in Fig. S%EEMQ@hmgée 34 of J.
Mtchell, Fundamentals of Soil Behavior (1976) and as shown in the
structure of 1:1 and 2:1 layer mnerals shown in Figs. 18 and 19,
respectively, of H 20 van d phen, Cay Colloid Chem stry, (2d Ed. 1977) at
page. 62,  which are specifically |ncorporated by reference herein.

“"layer" of a,ryst attj a e whj, ¢ |sa
conbi nati on @Fc%‘%%aééﬁ%fmﬂﬁ@ﬁﬂ%? fﬂﬁ%ﬁgﬁq—ﬁEgﬁﬁ %B%HWP r"[’ﬂ'i;r%ent s, Soi l

. Sci ence Soci ghyicled thAtmasre aaaduiddihai aabvqamq:arm:@@eé@&atemthmmes speci fical | y
I ncor por ate”g?ér rr,‘gtFr@)rence herein). The assenbl age of .a | ayer and 25

interl ayer eriral (such as cations) is referred to as a unit structure.
Hydr at es cont ai n beoetienendaitngemsbqdirodnt ofthepresedt inesntion, thegadides ®hs i n t he

~hydrated rgt gfd ﬁ.@%ﬂﬁ ger .heerarsrmar emnzrgeurabrehﬁsneaam off the .

structure, structural water, ccupi es Int erstlces in the
“structure tohmaP'B MeaRNS ﬂ@F@eﬂm@ﬂlﬁpﬁ'@dé‘h@rf{?}ﬁﬂfﬁt“ﬁfbl!l't°‘€l9}5'§%?ft“‘1¥@tCt he bal ance

<2)f7 60 h\% geh :?forﬁ\h@&%:ceséﬁd -38ndt BbritaA wafel emya@t.daroyeber o@ﬁ@ﬁlllﬁéﬂb?{ Aé248) ﬁt page
ich ls GLfi ncor por ref erence ei n. nerally,

the coat i ng. SRR R roesd brbaTaelRg of nqus sk R Eh iRt SB6AH 01165752

PCTI USGLI 086 8Aichthedd-Ohidiond 8 natspiith iSep & bawis, Shyidavdé\edCandpresed Cheérsisal | n one

non- | i mt g f conmposi tion

is prefer a ﬁ@%@h% 'IE&) 119 Q%Q?pﬁggﬁﬁ%r‘igtag wﬁér&g‘t@@&%ﬁﬁ% 7zgted her ei n,

the term eseeaﬁsﬂﬁﬁ-ﬁ??mheéacesmsﬁﬁna&tlamr@ratehbm@reese hereianio thene coating

conposi ti on @@mes §ﬁ§rd|1a?e§sihé Qmoagfwewam mB@étﬁé‘%ﬂé c&lﬁerﬁoﬁanwne’e&tm e particles
on a total soli m)re@(gre er ab ht percent, and

nost prefer aBY?cP‘gg@gf’Pfaﬁg@”d *4REHO ( %‘5‘? @@91@'23%'251!%“‘@%6% ment of the

present i nveeltrugm]anytg hgdratatié inblgsic ﬂqateaérennammqhatr@.mhﬁdra@t NgrBupighirA b 3 t

i norgani ¢, solid |ubri osjtiqns according to
t he gr esert PrRYERTT@ cﬁsgagﬁh%n&”g %'"d”_dﬁ %@s fﬁﬁ%}a ‘g?ﬁeﬁﬂcjr at abl g or
hydrated i noragrarhsmlctme enmhatennls whidhi absiorb ivater on the:r suriadglplaneserby t he -

non- hydrat abggpgh%@ﬁgrﬁrmhﬁfe a@lsﬁorﬂ'i iﬁﬁ'}é%ﬁ'ﬁ&lrr@laWa%hm@gﬂe h;ﬁqt bRy exanples

of such hydr ani c terials are clay mner osi licates,
.i ncludi ng nitregeBgth ?i‘u%@dﬁr"l&'ﬁgﬁﬂﬁﬁﬂﬁﬂéﬂf%@)ﬁnﬂaﬁﬁhwﬂ indael i nite and

gypsum As  epinié Bed1 aMﬁaPréﬁﬁ:ﬁérﬁlls@ﬁo\nanﬁP?E&i 1§raﬁewew&$eésvar afRbl e or
hydrated ateri ’ 15, geper const |é ute _no re than 50 wel ght percent
of the p i_(‘,’f"bé PFW.MQH%EJ (2d Ed. 1977) at page 62, whrch are specrf cally

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

sheets, which is a combination of planes of atoms. (See Minerals in Soil )
Environments, Soil Science Society of Ametica (1977) at pages‘1'96-199, which is
specifically _i‘n‘eorporated by reference herein). The assemblage of a layer and
25 ' interlayer material (such as cations) is referred to as a unit structure.
' Hydrates contain coordinated water, which coordinates the catrons in the
hydrated matenal and cannot be removed without the breakdown of the structure,
- and/or structural water, which occupies interstices in the structure to add to the
electrostatic energy without upsetting the balance of charge. R. Evans, An '
30 Introduction ta Crystal Chemistry (1948) at page 276, which is specifically
g incorporated by reference herein. Generally, the coating compositions contain no
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- conposition. In another enbodi ment of the present invention, the particles
18 can be " fornmed from non-pol yneric, organic materi al sl6 Sepampba2008
non- pol ynmeric, organic materials useful in the present invention |Include

but are no d to stearates (such 20 as zinc stea glegtl UM num
Stearate), R"(’:da¢ rQ(':;)‘}r?"?bl ack and stearami de. In yet anot herg’g&n@o@@rrent of the

~ present invention, the particles 18 can be fornmed frominorganic polyneric
materials. Non-limting exanples of useful inorganic polynmeric materials

i ncl-ude pol yphosphazenes, polysilanes, polysiloxane, polygerenanes,

pol ymeric sul fur, polyneric sel enium silicones, and m xtures of any 25 .of

he f | e of formed f .
e o o0 e BREE b pRRS AR BT S or Bl LB onis
- TOSPEARL4,  tieipe¢sentinventicar e coading mmmdmdrrlameﬁaraimsssbenthlbdr&slof oxanes and is :
commer ci al | yh?déﬁtgblépérﬂclesf rpgfﬂs%d)ﬁé? il FreTbind ‘éQé“eﬁﬁaugﬂHP@ﬂédralaB@ of Japan. In

still  anot her resent 1 nvent icles 18 can be
30 formed frBﬁﬁ'@%t’ﬂ?@ﬂfrf@eC@*'QQWWOWWF@SMF&&PQPSJEI eregbt f or gani c

pol ymeric 5l tyflathble M&imto%%s%sﬂ Thé8 Bé?era%@T L4 HR6GE materials

include, but are not |im material s and thernoplastic
mat erial s. SHPEEH A past ?fsfs@w?%%a tfﬁapgﬁf APPSR 1 SrRcRGd Tt %g
pol yesters, therprésentisieaticn, the parisled Tt ar¢ forrhe frqah® ReN-hy@itatatid]indfgahiast s,

t her noset ti ngol@q&%kgnqm?e%s and nmixtures of any of the foregoing: A
specific,” non-Timting example of a preferred 5 synthetic polyneric

particle formed fThermoatingsponrysitioas anchring testhepreeqnd jnyentipn cargmhtainpar ti cl e.
Sui tabl e 1@%9?98&%&1‘1{%&%@%%% drﬂg;drétéfngr@sﬁmaée éinq%@eﬂu\‘ ters,

pol y.car bonat e ?/ acr er m)pl astic
pol yur et hane§d&"!ﬂnﬁ9 he sign-pydsstable ﬁﬂ@aﬁ*ﬁ’ %ﬁ@ﬂ@%dlﬂusw aYe. (Nps-imifing goi ng.

Pr Ff e [ L efl 10 e{dhﬂ:ﬂéﬁﬁ:? E@?xﬁ?&aﬁﬂb%ﬁ%ﬁ‘&%ﬂdﬁﬁlk ?%Iaybﬂherﬂr@ylﬁ%cgiésn} t e?ht f’
Paphthal at o MERERERER (HEF SmBRPNE. W Tt Ionle. TR A P o)
pol Iyefjhyl ene explaedaboysy partidessfched Sloyn stictbivyidentable orRydrbied n&cénalerél | cI poI ymers
-i ncl ude | NoNoO ol ynmers
cont ai ni ﬁlgioné%(lf]ggﬂﬁ ?Jsm?u eynho%'?o(?'? ?'%19 P@@ei@ﬁl llce o?ﬁ'n g:artucle§ ﬁgl?e coa[i] POty

I ng-exanpl es of syn " pol yneric
particles fomsﬁlpﬁbm an acrylic copolymer are RHOPLEX(r) B-856, which is

an opague, non- Crlﬁ%ﬁbth&'@hﬂgdlﬁn%t'o@‘th@%Fe‘éleﬁt?anﬁfoB'tﬁé BarfiiRd 18 Qe ROPAQUE(T)  HP-

10556, which_is-an opaque, non-filmform P yrene acrylic polyneric
synthetic plogREHTOR A PRYmErE, %Qafﬁcd?%ﬂ’é‘lse xﬁ'&?‘?ﬁ ¢fingn-gplymericaorganié ds cont ent
of 26.5 per caterihg useful in the present invention include but are not limited to stearates (such

20 as zinc stearate and aluminum stearate), carbon black and stearamide. ‘ -
n yet another embodiment of the present invention, the particles 18 can be
formed from inorganic polymeric materials. Non-limiting examples of useful
- inorganic polymeric materials include polyphosphazenes, polysilanes, polysiloxane,
polygerema‘ne‘s. polymeric sulfur, polymeric selenium, silicones, and mixtures of any
25 ofthe foregoing. A specific non-limiting example of a particle formed from an
inofganicf_ pqumen‘c material suitable for use in the present invention is TOSPEARL®,
which is a bértic!e formed from cross-linked siloxanes and is commercially available
from Toshiba Silicones Company, Ltd. of Japan. ,
In still ancther embodiment of the present invention, the particles 18 can be
. 30 formed from synthet:c organlc po!ymenc materials. Suitable organic polymenc
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wei ght and a 55 percent void vol une, ROPAQUE(r) OP-967 and ROPAQUE(r) 20
HP- 543P8, which are identical, each being an opaque, nog-Sdptembsramong,
styrene acrylic polyneric synthetic pignment dispersion having a particle
size of 0.5Wodlegspneters and a solids content of 30.5 waiEgiissdy Wei ght,
and ROPAQUE(r) " See R J. Perry " Applications for Cross-Linked Siloxane
Particles' Che ntech, February 1999 at pages 39-44. 6 See "Chem cals for
the Textile Industry' Septenber 1987, avail able from Rohm.and Haas
Conmpany, . APhi | adel phi a, Pennsylvania. 6 See product property sheet
~entitled: 'ROPAQUE(r) HP-1055, Hollow Sphere Pigment for Paper and :
Paper board t V, f Q Conpany,
Phi I' adel phi %%%%3’} ”\%h?'g%t"&%ﬂed@ ﬂ%ﬁ%ﬁ"g ’ﬁ%éﬁaegbam}“ﬁeﬁ?pﬁﬁgt ed by -
-reference. 7 r@ierial: Stlitable th@mhmﬁmalmatﬁmhlls #clude hamioseting pdlyastetsi viewtt ur al

Coat i ngs- mﬁ%@ﬁ%?ﬁeﬂ@ls pﬁ%ﬁ)h lngﬁﬁﬁoﬁﬁnﬁs%ﬁﬁlﬁéiyuréﬁw’nbé ahd 9/ avail abl e

from Rohm and _Haas a, _Pennsylvani a page 1 which Is

~ her eby mcorﬁ@?‘tﬁﬁeéafW"F'éF@F@ﬁ@@ AGPWMWFQWWaQFRFWAQJE(r) OP- 96
are the sage symhéticipalymeridRritRifamediroth Sn epdk@ RiateriblaglarpgpolREiivkdghl( r) HP-543P in
t he paint mdua'@{y and as ROPAQUE(r) OP-96 in the coatings industry. -21
16 Septenber % WD 01/ 68752 PCTI USO1/ 08684 OP-621.09 which is also an
opaque, non-fil m Sutabletiprmsiiastiemetedals mtlude Yoingplastic polyesgens,het | ¢ pi gnent

‘di sper si on hg,\sgggb&aggr&ok% %@gp@m% 3’9’3'5";1 E@%}rﬁ@?ﬁsﬁ@d a solids

content of 3 er cent se spe I'C particles is
comercial ly POB(V'EEF}PBF& wnyl P'éi!ﬁ'%ﬁ'ﬁd MFMWWMQVQ@W Firefedert| phi a,

Pennsyl vamame'imm@sueaélyésfemﬁcude% ﬁﬁﬁférdét lﬁﬂteBQ: F&l?ethie@:%?&EthH&Ya@é‘t lon can
al sa be fornmed from senis ént het c, yneric materials and natural

pol yneri ¢ matPalyPuylene taiep ea'l'i’e?"@’lewyfe "a!?E E';‘?nf FrégrTed PRYSIEHSal " is a
chem cal-ly nubiudesls areabilivitbd 1, funRthylehs) olyprepyieneahd pdiyisdbaieh& seni synt heti c,

Pnonnue. Pout Esrafed TR bltiderd 30 B Gl ndel o1 soPEHela 8 8o S4Bl o1 cel | ul ose
and cel | ul os@anomesand:polimers wortaifing ethacrylathe Non-lrnitilg exemples pidynthetiet at e and

starch hysi oxy muépﬁc%e&émeéﬁyﬂﬁ?ﬁéﬁﬁg%wﬁ.lermlwmg e dmérﬁ from which

the particles 18 can fornme but are
pol ysacchari d&@ °F§‘B‘<‘ﬁﬂ"%Cm%sl"aﬁ“'tSW“%W?)BﬁS’ﬁ'W's'%BF?P&@UEQSHB' :and nat ur al

hydr ocar bons,1055fcHhi¢tsis BRbpagaé, nof- ﬂhﬁeﬁmﬁ\&yl@tﬁ haylepbNharic sljﬁthétib one
non-limting _enbo

18 are formed 'QF‘}eSﬁﬁ'Wa ?331‘[8'8”8“ BP ?'%?n%‘/rg? I‘gl? (f?é]ﬁt?rt 6%8{ B | Pﬁ{ : eles
weight and a 55 percent void volume, ROPAQUE® OP-96" and ROPAQUE®
20 HP-543P% which are identical, t_each being an opaque, non-film-forming, styrene
acrylic polymeric synthetic pigment dispersion having a particle size of 0.55
micrometers and a solids content of 30.5 percent by ;:i.reight, and ROPAQUE®

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

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

-, coatings industry.
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noi sture absorption by the coated strand. Non-limting exanpl es of such
hydr ophobi ¢ polynmeric materials include bait are not |i1gigepterhier 2004

pol yet hyl ene, pol ypropyl ene, polystyrene and pol ynet hyl methacryl ate.

Non- i m ti ngogyaRl es of 20 pol ystyrene copol yners i nclpgeqdaisRBARIE(T)

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

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

poi nt greater than 25C and preferably greater than 50C. In still another

limti 18 b
ol ow par ¢ O 22 % W s Blg B SR M QARG oo b *@We‘ﬁ‘risand nome
polyneric i namgmm pigment dispession hqyirjgyrpgﬁlplgs ﬁ#@fﬁdﬁﬂﬁﬁp'}}ﬁ*ﬁsra@ aegigki c .

materials, - COURABbAR. %}&ﬁﬂtﬁ'lvﬁlghﬁ%cﬁbﬁﬁé%%ﬁedﬁfc pafiledls chRfefcEJ0i Ng.
Non I|mt| ng exanpl es _of "Sée pro uct t%mﬂg@p}m bul | Etr N entitled:
|

"Architect ura‘!a"il?éeaff‘?"r‘r&ghmﬂﬁﬂ#@ Pengsyvaide pi gnent April
1997 avai Isabl e frmmpa@raes mcbﬂaﬁgt&maﬁaﬁwrn%ntrbmmlqmmfomeermmyl vani a at

1, which S 2004 WO
1766752 PorrpTHkG aipeuh POt Heloteltenp B FTR R e Aol s AP par 1l os
cgn be f or metereinga Semisynitietid mateiatie a chignically nodified nébd@ﬂm@gmom a hol | ow

ol ymeric pa e HP- 1055,
RePAGLE 1) | cistiel il ‘S?"tﬁéﬁs‘*@%"’ PoNERe EaRid @L RERE b bl gnents
(each di scuspaticless$sy be hﬂ?‘e‘b*t"ﬂ'é#e, Aregnof 1“'H"F°F|t9\§e PISHN . hol | ow

-Egjt l) C'( ig g7 ;lﬁretrﬁreélrulaee lariotuermrésetabaaterm%ﬁdfemy@ﬁhw Buoﬁ%e stafdh déatbe et al .

f | db
reference hef@ ‘ﬂgra%wr%?twﬂh@@ 13.3' are Bﬁcrlf'?ﬁé’cr%% Incor'ﬁ%b‘géfr ony

present i nvepirtrc)és 180an Ibe forpedinginde, but aaartht&rp&ad&o olysaoisanidess sath asr  enul si on

in water. e{ch?&%llyégél ?1??&043%? in: 3% trﬂr Ihghro&ir%%ngr é‘aé GORQlraf Pref erably

| ess than 5 can pbe |n ersron, suspension
or enul si on, ribberdadignitaiperghaon- | i miti ng exarrpl e of a preferred di spersion

-of parti gl s forl B ?é‘b,ﬁ| bt iphéReN NI TRI DE
RELEASECCOAT- Cmcﬁﬁ%ﬁg&%ﬁih en‘?g&tzi?gt?(f)n rp °35 W éi:iﬁgor cent _boron nitride

. particles i nPﬂﬁ‘f’%‘"’ﬂ%ﬂf%e%@WHPQP?‘?P%"F%F%‘a 9o 8Bt i ngs, Inc. of

15 Gak Ri dgemoike#festsse6tion W&éaa@a@hd\lmmlhmnﬁzmchcmc a
tin .of ZYP. | ncor.porated by

ﬁ 21(‘: 2 Ple(r:lgle ° E b@?ﬁ%“’b'ﬂe 8’5‘?%”‘:% ?ngpsq?]dug © ?’ @ﬁﬁ%f‘&é'i“ pr81§ aLnJ Ié’r{eh e boron nitride
particles i npoipprepyfenecholystyreheens polymethyimefmcrylate. | Ndndimitingexampléseafs t han 3
m cronmet & ARGt iiSyred HehEEROPAQUE® HP-1055, ROPAQUE® OP-95,

ROPAQUE® HP-543P, and RO‘PAQUE® OP-62 LO pigments (each discussed

above). :

. In another non-limiting embodiment of the present invention, polymeric pérticles 18
are formed from polymeric materials having a glass transition temperature (T;)
25 - and/or melting point greater than 25°C and preferably greater than 50°C.
In still another nondimiting embodiment of the present invention, the particles
18 can bé hollow particles formed from materials selected from polymeric and non-
polymeric inorganic materials, polymeric and non-polymeric organic materials,

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

? See product technical bulletin entitled: “Architectural Coatings- ROPAQUE® OP-96, The All
Purpose Pigment”, April 1997 available from Rohm and Haas Company, Philadelphla
- - Pennsylvania at page 1, whlch is hereby Incorporated by reference.
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magnesi umal um num silicate to bind the boron nitride particles to the
substrate to 20 which the dispersion is applied. |ndepettdssterhiesationg of the
ORPAC BORON NI TRI DE RELEASECOAT CONC 25 boron nitride using the Becknan
Coulter LSyweahsparticle size analyzer found an aver agg. 05)0&5@ si ze of
6.2 mcronmeters, with particles ranging fromsubm croneter to 35

m cronmeters and having the followng distribution of particles: 25 %
>105090 Size (pm 10.26.52.4 According to this distribution, ten percent of
t he 'ORPAC: BORON NI TRI DE RELEASECOAT- CONC 25 boron nitride particles that
wer e neasured had an average particle size greater than 10.2 m croneters.

O her usef ul ucts. Whi ch are, co rcial l vai |l apl e from ZYP Coati ngs . |

30 i ncl ude-BEﬁ@%ﬁlﬁf#ﬁa‘g@°ﬂmh&‘ﬁ'ﬁpﬁp ‘?‘?ﬁ%“gﬁﬁ"ﬁ%ﬁd%ﬁ?@dand VELD - 23 16

. Sept ember  20@HoVADNDG-iGEiITS ExaRPIES O NTIIOE B EvimeRiclpBfiSE ugsfig dugésent Speci fi c, :
non-1imting; b ' Sd  hetic polyneric

barti ol es. { orEEABRaRTROARE ALt ROEACL s ROPROUERHE:HBP. oL Bx( 1)

B- 85 acryl i c 2BhBPEAGHEP QIFsEA I3 pigmenie (eegh disrisRt Bbqve) Farob@3bnwhi ch is an

all acrylis i SR ! Rk BhBEc i icBbuSR h 45 pr& AR sedS Per cent by
i) SRS of RIN barbtled 1At BiIbCusS in 1 or BN iR oo D21 CCTL - O

s E“La?d?‘“dn&%%?% oS CBBhReres Ror SPoNrnae rrrolclbioroGABENT of 45
percent by wedferbiticedieckin.a gl ass transition tenperature of 105C
' Sﬁgﬁg fjr';s O; 3?5@%&3 ﬁ@gé%dﬁe% i"awep%?%ﬁr'?ggf" %Igﬁs'tg’ﬁ %%l%g"t%'?’gé'% oan I CP e?; eand a
sol i ds cont eRteset iG0digpepian susperisionweerglision IRGRIEUEHe)sollentButivad O (di scussed
i or oot s gl ShBICOR6] (3SreRef xR Bigh sglupnebkiiain Lo B Ml “E pacl(r)
HP- 1055. (di SERRISRY SUIRSVEIN orgrlsion; idesiiash A wn-Tmking examplecaf ginetertedvi ng a
VAl 1 2bl o 1 oh Ao L e B BN oyl vani a. 15 11
2 Bar i cul ar ) PRERErE TGO oNE e £ Heperert e WPRRREBE e coat i ng
conposi ti on oibidepasidss ia water bnd is cahmarcialiyevailablekem ZYPrGlings, Paldii cl e,
Dvai 1 abl a Sungar R Tehhisked - oRP R BRI el e e CoRRORRI dhen 1 TR D
REL EASECOAT- techwical Biligtingef ZYP&Gostingsriac.t i epasipdimincorporatad by iefdrencparticul arly a
Copol ey SyREAM Aot Qo sl ROGHR BB Ao o1 2
. ﬁave an average particrle size of less than 3 micrometers and include 1 percent of
magnesium—aluminum silicate to bind the boron nitride particles to the substrate to
20 which the dispersion is appliéd. _Independent testing of the ORPAC BORON
NITRIDE RELEASECOAT-CONC 25 boron nitride using the Beckman Coulter LS

230 particle size analyzer found an average particle size of 6.2 micrometers, with

particles ranging from submicrometer to 35 micrometers and haVin'g the following

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

According to this distribution, ten percent of the 6RPAC BORON NITRIDE -
RELEASECOAT-CONC 25 boron nitride particles that were measured had an
average particle size greatér than 10.2 micrometers.
_ - Other useful products which are cdmmércially‘availab!e from ZYP Coatings .
30 'inc[ude BORON NITRIDE LUBRICOAT® pain:t, and BRAZE STOP and WELD
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ROPAQUE(r). The particles 18 are selected to achieve an average particle

size 19 sufficient to effect the desired spaci ng betwekrSepigmben008i ber s.

For exanple, the average size 19 of the particles 18 incorporated into a

si zi ng corrggﬁio{,gsq applied to fibers 12 25 to be procesggplsfisadir et |oons

is. preferably selected to provide sufficient spacing between at |east two

adjacent fibers to permt airjet transport of the fiber strand 10 across

the loom As used herein, "air jet |oont neans a type of loomin which the

fill 10 See product property sheet entitled: 'Rhoplex(r) G-623, '

Sel f-Crosslinking Acrylic Binder of Industrial Nonwovens", March 1997 - -

avail able fr . Phi | adel phi Pennsyl.vani a, which is

her eby Incorg%%rl'gﬁgg] Yy ?téf reé:ﬁgreﬂggﬁ%l egeexﬁwgl u%fﬁamﬁ%!)oﬂgﬂ' d s ﬁtitled’:

' Bui | di ng Pr ouoibets polychadt partides Gomed s acrffiopblyners afid c@8lpters k@6, avai | abl e
f rom Rohm andrylismisexeismea ; ' L nhi n ' VY STRT 4 her eby

| ncor por at edq_:tf)y r ef er_encgéfy"-c g@hlﬁﬂﬁf%&%gg% %ér?g@'r ﬁ%%giﬁkvé\beb\f?%ﬁgy _

'PCTI U50110868%3% 8 3fniigim polymer erween kaying A sefide rentent piASHseenHYY weidht ast  of

C'(r)\ npr es i _e|d|5 aijarn_dfargm% ORitioR }eni’;ﬁﬁfa&:rﬁéfr%?(ﬁEMﬂlleld\ﬂéizﬁﬂ “HIBAE Eharde | |19 k n]QWH ht 0

t hose skilled in t art. I'n another e p| e average .si.ze of the
particles 18 ’P‘r‘%@%ﬁ”@i‘g“r‘ B?I%T&erfﬁ'f‘%'c’%}‘%"i' i%s@ﬁ%g‘]%ﬁgi#%%’?ﬁ%ﬁ%s’?‘@ﬂg 184 pers 12 to
be i npr egnat exgledstttansitigpddnypeeatire ohHISPG; ROPADYERIDP-9HandRARAGUE@HPE 0 provi de
sufficient " i . : s Qo it good
wet - out and %%?ﬁ(ﬁﬂ%s%gh%@% s T

t he present iRARicioggiers e asglidsicontent of 3. Hpastest wsigh RRPAQUE®ver age si ze,

measur ed y§i nNOP-bABO(distisich 8hhvRf) whitk REuSIIESas LlisdRidH 1R%hG b phi@ss . 1000 -
m croneters, r_mroi pref_erabl% 0,001 to 100 m croneters, and nost preferably
10 an aver ageZ5i% B4R Miqronsisrs and 3 gplidacopiept o A8.P apreent by weighthand £ ¢, T

non-1imt } ng Ryt m:lqp-1o$5,mismsmmleaetret), WHIBhES ¥uippiied a&h@lisﬁb’r@kﬁﬁ&ring&g{t icle
size 19 of-the, ' is,at l.east 0.1 mcrometer ] rably at
et 0.5 i B bRbeRe g Rerbdt Bludigfl oo s PNEERY 2BlaBleoR ot or <
and pr ef er ablRehfivasdhHags Sompany ohRtilededphiaoPennaylaniaret ers. . 1 n an enbodi nent  of
the presefs invenid HflicBy drereR@d drhifibndd HREAMNRKELHE BART ©! © Size 19

that is generally smaller than tF average di aneter ; ers 12 to
- whi ch t he codPMAESHOBSHBRISEE B ixUe aiRblepe @ne inproprie Pariile Ragprdartvbetent hat
twi sted yans nfadie ahd ofephiieiary raRfsitddd HaEkbie nder bd)Rderkeof a

) POLARTHERM® and/or ORPAC BORON NITRIDE RELEASECOAT-CONC, and at

least one thermoplastic material, paﬂiculaﬂy a copolymer of styrene and an acrylic

20 monomer, and more particularly a copolymer available under the tradename
ROPAQUE®, '
The particles\18 are selected to achieve én average particle size 19 sufficient
- to effect the desired spacing between adjacent fibers, For example, the average
size 19 of ti_i'e Particles 18 incorporated into a sizing cbmposition applied to fibers 12
25 to be processed on air-jet looms is preferably selected to provide sufficient spacing
betWeenéa‘t___least two adjacent fibers to permit air-jet transport of the fiber strand 10

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

Y See product property sheet entitled: “Rhoplex® GL-623, Self-Crosslinking Acrylic Binder of
Industrial Nonwovens®, March 1997 available from Rohm and Haas Company, Phitadelphia,
Pennsylvanla, which is hereby Incorporated by reference.
™! See product property sheet entifled: *Building Praducts Industrial Coatings- Emulsion E-
2321°, 1990, available from Rohm and Haas Company, Philadelphia, Pennsylvania, which is

" hereby Incorporated by reference. ‘ C
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residue of a primary sizing. conposition conprising particles 18 having
aver age particles sizes 19 discussed above can advant a‘@e‘&m&smb@rmnde
sufficient spacing 20 between adjacent fibers 23, 25 to permt air jet .
weavabilitywgoRszsz @i r jet transport across the | oom phidseydsRisNt @i ni ng
the integrity of the fiber strand 10 and providing acceptable wet-through
and wet-out characteristics when inpregnated with a polyneric matrix
material. In another specific, non-linmiting enbodi nent of the present

i nvention, the 25 average particles size 19 of particles 18 is at |least 3
m croneters, preferably at least 5 mcronmeters, and ranges from3 to 1000
m croneters, wmtmm&luﬁeﬁed:ﬁtommmeQ%QH%Ia@tro‘icorﬁ,B}QSs'a%ﬁfraﬁ%[,g{;,abl y 10 to

25 mcroneters;” It ef erred his enbod he aver age
particle size"t§ aérﬂe&rﬁglﬁd'?g M@PREE welbknowp fodkosg siilled in dheartalin gnather t he aver age

‘noni nal . di aneexampis; tl'tehserggeasze 1f9|dbthé$arh&:lés ’raaﬁcohﬁ&:ﬂeﬁh@@rm@ 30 that fabrics
made with str n the sizes di scussed

@&'ﬁp% Lcles
~above exhibit oog wet - #%rougbﬁ? ébe mt]pr%ﬁT? eEH’ﬂEﬁ@P‘WF'&W&X RAEPRli npr egnat ed
with a pof®y rrt?ﬁF'&dﬁ%lOrﬂf%"d?ﬁﬂféwwabpacmEet\u&@ é;ﬁasﬁwbadja%mbeb@oOl/ 68752.

PCTI US01/ 0868.49rmubbod/wétlomba%m&m&ugrz%] ﬁ' led in the art that
m xtures of one or articles 18 havi ng 3 erent average partlcle

sizes 19 can be |rft!‘go"l%r"att'\ﬁﬂ'"ﬂmtbeP’ﬁ@“t'@t‘ﬁé‘!"i’fhﬁ‘edi@riﬁbsi‘iﬁ preferably lmwe or dance

Wi th the presamiveraqeeizt,ineasired isFsder édﬁﬂerﬁig%cﬁﬂtguhespéﬁggl:éage‘?ﬁ?ﬁndbpr oces f: ng
0 e ucts subsequently

characteristi fi nd

made t her ef ro'Frg% kygrré'ngtﬁresb'??regﬁ %" @Q%Q‘é?@d{"c?f‘?@ﬁs #8¢ mpstipeaferallys be

conbi ned 1R a@pAverage aize oifroout ® 25migomstede st rands havi ng good air jet

transport proper fabric exh ood wet - out
trh £Spfic Wk hmﬁu‘?g Qlﬁ_b%éfn%ﬁtc% he'pre sgptéaawfen o, Q‘ﬁ Iag%’g

and wet through characterls tics. ers a ¥ wear by -
contact with RaSslesae 189f the partiplesctiis at leas0.1 rincorseters direferably labieast 0lsi d obj ect s

or et er al s miblometcd)andlaAgss fohitEl BickABIALH SHiEroRGierd BB floi1 0o Cnent

processing, syieh.as vea ﬁ’ 'ﬂ [ ovi n Abrasi ve wear
means scrapi ng- or cuttr gi] 'FT""‘SF'SDI"E b gpbadineent oitias Presant ipvention, ther eakage of
fibers byl r|R§1mct3ﬁa8hMaueragupdmc&aiz‘eneIﬂ%&sgeﬁlgggsg{au@mdntth@s of materials

whi ch h h . Lud
age 130, v Apepoaabiel 8 B RLNSR BN, L oriBlrhpeien. biw -

Abr asi vé wearbegp O‘?ﬁeb’éﬁ' ﬂ?ﬁi‘ﬂaﬁfﬂﬂ@amau@dgfrordébensmab hefifies lagert1a of fie i ber
st rands, such ek b 3fHd surface defects in
edfuetk b P aj)ee.agea@aoqﬂsd ebqlpnglﬁgﬁamal G 1Al Siatagace  def ect <

products such g5, woven, C
manuf act urin d)a 818§ $izes 19 discussed above can advantageously prowde sufficient spacing

20 between adjacent fibers 23, 25 _to permit air-jet weavability (i.e., air-jet transport
across the loom) while maintaining the integrity of the fiber strand 10 and providing
acceptable wet-through and wet-out characteristics when impregnated with a
polymenc matrix material.

In another specific, non-limiti'ng embodiment of the present invention, the

25 . average particles size 19 of particles 18 is at least 3 micrometers, preferébly at least
§ micrometers, and ranges from 3 to 1000 micrometers, preferably Sio 1000
micromefers, and more preferably 10 to 25 micrometers, It is also preferred-in this

.embodiment that the average particle size 19 of the particles 18 corresponds |
A generally to the average nominal diameter of the glass fibers. It has been observed
30 that fabrics made with strands coated with particles falling within the sizes discussed

above. exhibit good wet-through and wet-out characteristics when impregnated with a
. polymeric matrix material, |
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- In the formng step, for exanple, fibers, particularly glass fibers,
contact solid .20 objects such as a netallic gatheri nglésBepemher 2004r aver se
or spiral before being wound into a form ng package. In fabric assenbly

operati ons, woQgdisAs knitting or weaving, the glass fihgmssidspad contacts
solid objects such as portions of the fiber _assenbly apparatus (e.g. a

| oom or knitting device) which can abrade the surfaces 16 of the
contacting glass fibers 12. Exanples of portions of a | oomwhich contact 25
the ‘glass .fibers include air jets and shuttles. Surface asperities of -these
solid objects - that have a hardness val ue greater than that of the gl ass

[ibers can cause PSS G MRH) ol sl indh G Blds of Slor ML o, TNy

portions of the tw st evice are tformed from=*
“metallic mat é?'ﬁlﬁﬁ%%hﬁmgd@fe@ﬂfeﬂypfagquf%18%%'“°°W?*§¢1@§J§h®p to 8.512.:

f\ﬁr asi Vel Wgalb%e%g tﬂérﬁ;&)%m&h iﬂ%ct:oﬁdngé\gﬁa thi a@k&fgm&ﬁibn w:ﬂhbarﬁﬂe aéé?:%&:jt ' i‘; of
ese Soll (0] e S causes stran rea e uril n I’OCGSSI an
Handbook of iBRTIEs 7 Bioksy, R pastedatio g i fhersirands, 1D e (@ ibePEES 2004 WO
01/ 68752 I?I:Tbillﬁ@;de@n%ﬂddesthérém Merk epscifically, qifedeht eized pemdmsaﬁnwven cloth anq
conposi tes, nu uring cast. To.mnimze.

i BBihfifld R b ENER antBii fo Sl TMAHEHE bl S8landi ) DU 7O

abrasi ve wear> "I'h 0ne
t he particl e ropertiemasswel thamﬂdeeabmm@ﬁmgwﬁd vetbout andwebthoogid, i .e., is | ess
5 than or equgdadiGisti@. hardness value of the glass fiber(s). The hardness

val ues of the partiicles and glass fibers can be deternined by any
convent i onal har dfffeess arepubjec fahsasive WepHeyFontaelwith aspedities«f adjaegnt Br i nel |

har dness, 10 utibérs afs& ofea b Objdﬁ§ 6 TRMERE \ARAIRSYIAS fibérs chRtad®Blgignal Mohs'
har dness sca%e whi ch i.ndi ca@gs t he s’ﬁﬁl ative scratch,resi stance of the

surface of a WEPNEANYpubsEAUgh BS Wgaving oL Fovingy, ADFRSINRIYRET, % r dness
val ue of " gl assedhelps, megems:raaildgyor bmhgeﬁfdfbitn”nfmeﬁ'bbltsuﬁa& orbdredkage of general |y

B o5t i by ERAGOA Y FRALS LAes B Gl ieral iR B (1775) 2

page F-22, Nncor erence herein. In this
embodi ment , ngmwf’dmﬂafnwomlfbgso Q!Sﬁl-_mmcnaesﬁ%wblcbﬁerabl y ranges

from 0.5 Osﬁecﬂfﬁl |M$§ratéﬂ%q§9§ﬁce\f@}éﬁ§\ﬂsw§%ﬁf &lﬁbél'%ﬂ'allldsrgaﬁéegg exanpl es

of particles mora e terlals sui.table for use in the
present | nveARTBAMEIRERGS uhe Phor Srad. Suck 58BN broskege BB EGEIE004 VIO
01/ 68752 PCTahiSiifab88ddctsTialptatiuds Slach tas ebeenroiitiesndadoMpbsites,iiciness (ori gi nal

scal e) increases waste and manufacturing cost.
In the forming step, for example, fibers, particularly glass fibers, contact solid
.20 objects such as a metallic gathering shoe and a traverse or spiral before being
wound into a forming package. In fabric assembly operations, such as kﬁftting or
weaving, the glass fiber strand contacts solid objects such as portions of the fiber
. assembly apparatus (e.g. a loom or knitting device) which can abrade the surfaces
16 of the contacting glass fibers 12. Examples of portions of a loom which contact
25 the glass fibers include air jets' and shuttles. Surface asperities of these solid objects
that have a hardness value greater than that of the glass fibers can cause abrasive ~
wear of the glass fibers. . For example, wany portions of the twist frame, loom and
knitting device are formed from metafiic materials such as steel, which has a Mohs'
hardness up to 8.5%, ‘Abrasive wear of glass fiber strands from contact with

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

* +12 Handbook of Chemistry and Physics at page F-22.
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boron nitride213 graphite0.5-1 14 nol ybdenum di sul fi dell1l5 tal cl-1.516 _

m ca. 2. 8-3.211 kaolinite2.0-2.578 gypsunl. 6-2'9 cal ci t e16(Segitanben2004
carbonate) 3 cal cium fluorided471 zinc oxi de4.522 al um nunR. 523 copper 2. 5- 324
i rond4-5 gol 8 nickel 5Z7 pal | adi umd. 82 pl ati numd. 2.5-4 PO

zi nc Su|flg{’i§ ’%,83?5,%431 13 K. Ludemm, Friction, \ear, g&/ggdlo%ﬁf (1996) at
page 27, which is hereby incorporated by reference 14 R Wast (Ed.).
‘Handbook of Chemi stry and Physics, CRC Press (1975) at page F-22. is R
Lew's, Sr., Hawl ey's Condensed Chemical Dictionary, (12th Ed. 1993) at page
793, which is hereby incorporated by reference 18 Hawl ey’ s Condensed

Ch | Di 993 her eb

e echgaR et plohl e 3P el 6 it st DR BB S0 (131,

. Ed. 1993) atwﬁﬁi@&dmufamtrmdms her eby i ncorporated by reference. 18 '
- Handbook of memﬁ%r%nn&%@bggr‘/@&? I@Bneo,%mﬁmggm o&.ﬁemﬂﬂQgr%Ee&f Chem stry

and Physr cs at ? r| cation page 27. _ 21
Friction. eayentieneRagicies e have gdguingss vale which degsaiet exseed. Leibislesat i on at

page V. 28 Hhbkgbd éﬁﬂal%%rhardn%rvbﬁébftﬁé‘ iBds 1BRAE. Fe harddbsbRdsaQRine0f Chemistry
ndbooﬁ f Chem St&é\ Eﬁn%yPhysr cs at page

d Ph t
E22. yzgciraf?ﬁﬁ%%%iiﬂ’a&%{sﬁ? e defefmisied by aay convenlj

measurement method, such as Vickers or Brinell hardness, but is preferably
determined according to the original Mohs' hardness scale which indicates the
relative scratch resistance of the surface of a materia! on a scale of one fo ten.. The
10 Mohs' hardness value of Qlass fibers generally ranges from 4.5 to 6.5, and is-'
generally 6. R. Weast (Ed.), Handbook of Chemistry and Physics, CRC Press

(1975) at page F-22, which is specifically incorporated by reference herein. In this
embodiment, the Mohs' hardness value of the particles 18 preferably ranges from
0.5 to 6. The Mohs’ hardness values of several non-limiting examples of particles
.15 formed from inorganic materials suitable for use in the present invention are glven in
Table A below. . S '
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. 27 Handbook of Chem stry and Physics at page F-22. 21 Handbook of
Chernistry and Ph sits at page F-22. 28 Handbook of Chtd Hemtember2004Physics
at page F-22. 30 Handbook of Chem stry and Physics at page F-22. 31 R
Weast (Ed.) wd@psgepok of Chem stry and Physics. CRC Pregguboibdssdd. 1990) at
-page 4- 158. -28 16 Septenber 2004 WO 01/ 68752 PCT/US01108684 As nenti oned
above, the Mohs' hardness scale relates to the resistance of a material to
scratching. The instant invention therefore further contenplates particles
that have.a hardness at their surface that is different fromthe hardness
of the internal portions of the particle beneath its surface. Mire
specifically, and as discussed above, fhfjgasurface of the particle can be
modi fied in agy, nmanner well _known jin the art. including, but not limted
to, chemical |y _changifeicemetesiab tj cl o' ¢ < Mohs bardaasa (esiginalscale)i cs usi ng '
t echni ques knpwn | n t thereamitideuch t hat |t he surface 2hardness of tlhe particle
is less than pr_equal t@aphite¢ hardnessliof the gl as@54il*bers while
t he: har dness |of _t hemeigrdenum disulfidecat h tlhe surface i $°areater than the

har dness of the _10 glas#ldibers. As ﬂnother_alle?ﬂég've. a partficl'e can be
formed fromalprinary namisfial that ig coated. cP&BBF encapsuldted with
one or nore slecondary n¥aoliniteals  to fdorma conpoli®@5hmterial tHat has a

softer surface._Alternadypd¥dy, a partilcle can-_bel. m_a !pri mary

mat eri al t hat} is eeleitedepiciym eatbasptebnca d with3 ' ing fformof the
primary nmaterj u ' ' 4 r.y 15
surface. In e exanpl NCEAYE without Iliniting the 4f"esent jnvent}i on, an
inorganic. pacticle f EIURIMIME r o an fjorgani c. At &% al__such as dilicon
carbide or allumnpnum niCPAPEE can he piovided wit h2-58*silica__carlbonate or
nari ocl ay cogti I | er

enbodi nent -, t Oldarticles cdn he reacted38 with a codpling agent

havi ng functijonality caj ! _alp of coval ently hondi ngsgr;s i ani c
particles and j ppe Lnki def m f or m ng
material or ~are descrilbed in U S.
‘Patent. No. ) , e 43, which
i s incorporatlk 3 llseful sjl n%-ﬁ'q‘cnllrﬂ Lng. agdant s i ncl ude
gl ycidyl, isocyanato, ‘25 am no or carbanyl functional silane coupling

agents. In another non limting exanple, a silane coupling agent with

al kyl side chak Dgerakiden Wﬂuﬁl%a%.gﬁg&eﬁ?pagéﬂ nGs I%]febﬂn?u@lf:g@ﬁ ?m c
partlcle-forﬁgéeﬁﬁpn1an I nor gan | to provide a use conposite
particl e havi'tey weastssmif)! ahdbosiutf CiRaBtry 406 FiBysic€ XROPresS(1978): pdge Feb.addi ng,
¥ R. Lewis, Sr., Hawley's Condensed Chermical Dictionary, (12th Ed. 1993) at page 793, -
) which is hereby incorporated by reference. R
'® Hawley's Condensed Chemical Dictionary, (12th Ed, 1993) at page 1113, which is hereby
incorporated by reference. .
. ' Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 784, which is hereby
incarporated by reference. '
* *® Handbook of Chemistry and Physics at page F-22.
% Handbook of Chemistry and Physics at page F-22.
- Friction, Wear, Lubrication at page 27.
# Eriction, Wear, Lubrication at page 27.
2 Friction, Wear, Lubrication at page 27.
& Friction, Wear, Lubrication at page 27. .

4 Handbook of Chemistry and Physics at page F-22.
2 Handbook of Chemistry and Physics at page F-22.
% Handhook of Cheristry and Physics at page F-22.
# Handbook of Chemistry and Physics at page F-22.
% Handhook of Chemistry and Physics at page F-22.

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

¥ R. Weast (Ed.), Handbook of Chemistry and Physics, CRC Press (71% Ed. 1990) at page 4-
1568, ) .
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encapsul ating or coating particles fornmed from non-polyneric or polyneric
materials 30 with differing non-polyneric or polyneric tebentéraber. 2004
specific non-limting exanple of such conposite particles is DUALITE,
which is aviysldsbi c polyneric particle -29 4 16 Septgrhgsordiid WO

01/ 68752 PCTNSO1/ 08684 coated with cal cium carbonate that is comercially
avai lable from Pierce and Stevens Corporation of Buffalo, NY. In one
enbodi nent of the present invention, the particles 18 are thermally
conductive, i.e., preferably have a thermal conductivity of at Ieast 0.2
Watts per 5 nmeter K, nore preferably at least 0.5 Watts per rreter K,

el o o o Ao afe SHtel ol il e RORERIREL - (he
.nor e. pr ef er abitgriahto sceatobing.. Thelastant lmgﬂlom@fOFﬁUﬁmﬁmﬂe%mar@mSerrper ature -
of .300K. In tﬁat%fé@ﬁgrmss&hﬁa@aﬁwemét&ed.ﬁe%tmtua@.aﬂuggslovthby of the

'partlcles Is at | east er neter nore preferably at least 10 30
Watts per ne't“éﬁ“ak’°”!5’ﬂﬁ°fé%ﬁf‘”f?@r@"?ﬁﬂé4ﬁ”§6‘ﬁ/ W?‘E’&'ﬁ‘t‘a %@ %Rt ts per neter K,
“measured gt daschedaaebw‘emes@facé%w(e pariftiexan b eicdifédih any @shnarieidi nent, t he

th | t t f.th . C. f t WAt t

Tmrer K, pr aPEvRGe T BER bitsia.REMEDy s R PAEES rer or hbl y
from 30 to mace\,uuatastemps usngtteshnisyesdndwmioiie 3t ssicethating sirfacen 100 to 2000
Vatts per meleicK of'?ﬁeapsamcﬁ% I@gsntﬁarilgf Eﬁﬂﬂh@paﬁ sQbf tﬁ@@&sfﬁém%ﬁg herein,

“t her nal concfuct IvIity B | e that descri bes
its ability ﬁ'@hﬁfﬂ%ﬁ’-iﬁf’@he Pﬁ,fﬁﬁle baneet Q??Sp{f%(‘él'?r QFB%@'éhER the prpness gfthe  Hawl ey’ s

CondenseqoChgadsGigdrs. DAQ&do%amema&Je?ta patble cAhPREIbritd FBAGEHHARES whi ch is

specifically i ncorl_gor at ed reference herein. The thermal conductivity of
a material cHAerALt E‘F@??}Wqﬂ@' d grengagsulaied milky oney W%W‘E%Wdﬂge% lled in the
art. For exartmirmaaofnpbélenthTanﬁétheoadmﬂetsuﬂat:g( Aterriathvely, apartidié edn t 0 be tested

ranges 1rom 0 Qi MM S REr MELEA b 8o d 0B SeRBLR LA (D ther ma

conducti vi t ar ean ermned UsIn ref erred guarded
‘hot pl at e nediffesidg foerw of e ngmrmmenmtﬁomac%pq%n@hﬂw@asb@cﬂ sdfteml | y
| ncorporqt‘;eds faYe r ef erence herein) at a tenperature of 300K If the thernal

25 conductivity of the material to be tested ranges from 20 Watts per neter
K to 1200 - \Watt s hete-exapele: ard without fryifipathe Pregsd iRvention. @) ingfgapiie material can

~ be_det erm neghricrl f&l@'ledtfrbﬁl aﬂw@at& mdiéHal duchi¥s SRDAH easrb[ﬂebrmmnmﬁor di ng to ASTM
o oL (e e SR L, SREBR B RS B3G LBAE T o0
conductivit ycanmagb@aﬂnbmrmrﬁm@r altadisnepk therimdrganic particles can be reacted
20 with a coupling agent having functionality capable of covélentiy bonding to the
: inofganic particles and functianality capable of crosslinking into the film-forming
material or crosslinkable resin. Such coupling agents are described in U.S. Patent
No. 5,853,809 at column 7, line 20 fhrough column 8, line 43, which is incorporated
herein by reference. Useful silane coupling agents include glycidyl, isocyanato,
25 amino or carba;myl functional silane cbupling agents. In another non-limiting
example, a sﬂane coupling agent with alkyl side chams can be reacted with the
~ surface of an inorganic particle formed from an inorganlc ‘oxide to provide a useful
composite particle having a "softer” surface. Other examples include cladding,
encapsulaﬁng or coating particles formed from non-polymeric or polymeric materials
30  with differing non-polymeric or polymeric materials. A specific non—lirﬁiﬁng examble
~ of such composite particles is DUALITE, wﬁich is a synthefic polymeric Vparticle
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- 30 Kto 20 Watts per neter K If the thermal conductivity is over 100 Watts
per neter K, the guarded hot flux sensor nmethod is to teSepiesdberra®04r anges
from?20 to 100 Watts, per neter K, either nethod can be used. -30'L 16
Sept enber MIOUW/6RHE? 01/ 68752 PCTI JSOL/ 08684 I n the guar REI/EHHH08684at e et hod,
-a guarded hot plate apparatus containing a guarded heating unit, two
auxiliary heating plates, two cooling units, edge insulation, a
tenperature controlled secondary guard, and a tenperature sensor read-out
systemis.used to test two essentially identical sanples. The sanples are
placed on 5 either side of the guarded heating unit with the opposite
faces of t hecosisdwithezigum parberate thattis comnierdidlie availatile frem Pielreandng units. The

~appar at us |53tg\tjﬁ,gcg,%a;a sh dr Bt f@hﬂem red test tenperature and held for ‘a
peri od of tlrre reqwre to achi'eve thermal Stea;%q state. Once the steady .
8

state condi t'NGRe prabogdimankofdie presest investions theRarticlps thegnaliyhr ough t he sanpl es
and the temnmwvee.@u 5réfe:ras|9a@ve(aécmrnﬂpcroa&ﬁ;w.@@fmé‘a'aioaz:vﬁ&epéro recorded. The

aver age t on uct e sa t hen cal cul ated using
the follo Hﬂﬂ'%Pfeﬁe Vﬁ&& Yﬁ&ﬁawﬁf m%ﬁﬁ‘?éﬂ%ﬂf&ﬁ' saiRErepige
_ thickness ofofBﬂ@K slaamb&hmnﬂmmlemhudmmhmemamclagw ive tiitilermeieoidueivity ar ea of 't he

sanmpl es. 15 gl ||e§stb?%\'.rduep\éﬁﬂetk l,tmcé‘g'gembgra'tﬁﬁ ‘%%t{% tﬂg%r t her mal

conductivity nor e a't('ed during a
drilling. opéﬁ%ﬁsp@ﬁ atmmpelﬁ@rqmﬁé%rlea PFEfel@ﬁ@hlbpmgemtrihpﬂwhmlged drill tip

life. The t r&h&ﬁ:&ml‘}%ﬂfﬂlﬂ?érhdéstl&’ aﬂéas?ﬁ\ﬁ!ﬁﬁse&r H:Bfe?ﬁbr%d'l ﬁébferqlﬂgaﬁeﬁg‘t' s included

in Table& Al-t hough no uired, 1 n another eful in the

present .1 ’Q‘Btef Kl g¥an 'Ewrégreéﬁr@lvat@eﬁtﬁpemﬂy peregierdti ve or have.
hi gh el ectr meﬂw@eatstemwerhmm df 360K, |hauaharpref@}ee@tnbbaiaéntrtﬂ§trﬁ-hhé{I ty greater

th 1000 | ect | t t
i sagr eferr ecf%g'&%?@%%ﬁf’?rgﬂﬁ ra eéirf’?‘éﬁ? 8&@%&%%&” %Sfﬁf pi%ﬁ"l%'ggt i (r)ﬁzl > I vty
i nhi bit | osdTooT 2% 2680 Wettd pes ingtea Ksmefe prefesalitydinpiuad io@00mWated pert r ons t hr ough

e e OfiREland it pRAGEMY Y 1GPBOOANEAIRr mBHER ASaclileliah ! PO2T 15 T Of

m crowave, 25 radio uency | nt-erference omagnet1c interference
“appl i cat?%ns‘emﬁ?ﬁ{?‘!’ﬁecﬂf é%o W&WP%“%?'@H‘“E@%WF‘WMW meansdihe nrpmqrtya;fe not

required. Thie predd thiiGRbcribeSitsHbRGAS tritisfer At BFIRH itsad kb & Beviif sTable A is
I ncl uded in J%vl?ely ] C%ndensed Chemical Dictionary, {12th Ed. 1993) at page 305, which is '
specifically incorporated by reference herein.
The thermal conductivity of a material can be determined by any method
20 known to one skilled in the art. For éxample. if the thermal conductivity of the
material to be tested ranges from 0.001 Watts per meter K to 100 Watts per meter K,
the thermal conductivity of the material can be determined using the preferred
‘guarded hot plate method according to ASTM C-177-85 (which is specifically
incorporated by reference herein) at a temperature of 300K . If the thermal
25 _cond_uctivity of the material to be tested ranges from .20 Watts per meter K to 1200
Watts per meter K, the thermal conductivity of the material can be détennined using
the guarded hot flux sensor method according fo ASTM C-518-91 (which is
specifically incorporated by reference herein). In other words, the guarded hot plate
method is to be used if the thermal conductivity ranges from 0.001 Watts per meter
30 Kio 20 Watts per meter K. If the thermal conductivity is over 100 Watts per meter K,
" the g'uarded hot flux sensor method is to be used. Forranges from 20 to 100 Watis .
. per meter K, either method can be used.
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16 Septenber 2004 WO 01/ 68752 Table B PCTI USO1/ 08684 | norgani c Solid
Thernmal conductivity Electrical Resistance Mhs' har dnetsSamembers?q0d m K at
300K) (micro ohm  (original scale) centineters) boron nitride200321.7, x
10191 84 bdvi/spirdsphi de35035- 9. 536 al um.num phosphi det@0O85h1868d UM NnuM

ni tride20038greater than 101839940 gal liumnitridel7041-- gallium
_phosphlde10042 silicon carbide270434 x 105 to 1 x 106 44greater than $45
silicon nitride30461078 to 102 47948 beryl|ium oxi de24048-950 82 G Sl ack,
"Nonnetallic Crystals with Hi gh Thermal Conductivity, J. Phys. Chem Soli ds
(1973) Vol . 34, p. 322, which is hereby incorporated by reference. i A -
Wi nmer (Ed.), Carlintiﬂguarﬂbdtﬁdt flateanithoB0d glﬁa:{emﬁbmatabﬁpa&tmém&tnm and

Pr ocessi ng, 654 4 Fric Lubricati on at page' 27.
35 G Sl ack, é&ai%@he Ing i ?}?P%WEEW?H'a{ﬁFgﬂ°ﬁ?\$ﬁPW“SGS‘§BHEPFﬂﬂ“ty, J. Phys.
~'Chem Soli dsate(@gmt})'e wtrOlleS4¢copdar$3Q&rd wahd g lemipsrahee sdngon maboyior at ed by

reference. 3@5@mu§ﬁé’!d~°tmte\s§‘>ntwoﬁ sytd @@gﬁﬂgsedrhg%@b%ggmgga%dgnary (12th

- BEd. 1993) at {l)_lage ere y I ncor-por at erence. 37 G
Sl ack, "NSnn# §T§'4%°f@WP@P%hW'BEhUﬂWN@h thernepenite facenefie $n¢|ctmpnsml Phys. - Chem

Sol i ds  ( 197ntadokith tﬁé’rauxﬂia %Eﬁmgﬂﬁﬂsc hé §pﬂ3%&b¥thbﬁ‘ﬁé§t%%ee&sﬂﬂ reference.
.38 G Slack %r hermal Conductivity, -J. Phys.

Chem Sol i dsteSt[}IO 3'tu'\?@f‘gh ﬁ}grﬁpe@gs?f h%qeeﬁrepéo #Evexp el §tegdr at ed by
ref erence. 3§atA Vécathe stekdy. sjate caadibiortie acHiivid, lmba:eambvﬂm) pasinyht eri al s

Synthesi s angrBiRBERThL afy iR hadhuc RS o fin dbL i Liflyeban Lubri cati on

at page 27.
Conduct i VPt yrecqrdeqaﬁyng aveghgerther@el dotidctivity (Km} of the samples is then calculated

using the followmg formula (I}

Ko =QLJAAT o ” )
wherein L is the average thickness of the samples and A is the average of the
combined area of the samples.

15 [t is believed that the materials with higher thermal conductivity will more
quickly dissipate the heat generated duﬁng a drilling operation from the hole area,
‘resulting in prolonged drill tip life. The thermal conductivity of selected material in
Table A is included in Table B. |

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

20 the particles are electrically insulative or have high electrical resistivity, i.e., have an

electrical resistivity greater than 1000 microohm-cm. Use of particles haviﬁg high

- electrical resistivity is preferred for conventional electronic circuit board applications
to inhibit loss of electrical signals due to conduction of electrons through the
reinforcement. For specialty applications, such as circuit boards for microwave,

25 radio frequehcj; interference and electromagnetic interferencé applications, particles
having high electrical resistivity are not required. The electrical resistance of
selected materials in Table A is included in Table B.
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- (21973) Vol. 34, p. 333 42 G Slack, "Nonnetallic Crystals Wth H gh Ther mal
Conductivity, J. Ph s. Chem Solids (1973) Vol. 34, p.16%ptemhénc?00ds
hereby incorporated by reference. 43 M croel ectronics Packagi ng Handbook at
page 36, hereby incorporated by reference. (Ed.),

Car bi de, Nltrall?’adégzand Boride Materials Synthesis and P%%éééﬂségl ng, (1997) at
page 653, which is hereby Incorporated by reference. 45 Friction. War,
Lubrication at page 27. 46 M croel ectroni cs Packagi ng Handbook at page 36,
which is hereby incorporated by reference. 47 A Winer (Ed.), Carbide,
Nitri de and Sonde Materials Synthesis and Processing, (1997) at page 654.

- 48 Friction, Wear. Lubrication at p § 7. 49 M croel ectroni cs Packagi ng
Handbook at pagdge 905, which Is here orporated by reference. Haw ey's
. Condensed [Chawbrézalc Salic T | PTtaimytal coddiiclivitiEd . EI2&853) Rexistanag €] MEHs' hartinesh || s her eby

"incorporgted hyateraf er enge (WmndR at 300Kp $ept dmizer ohiz304 (@ginGBsesid) fabl e B
(coned) PQT/US01/ 08684 | horgani c Sol i d]Thercemtimetasiduct|fi vity El ectrfi cal
Resi'st ancqd Mbberon hiiddnesk Mat e2008 (W mi{K at1.3808IF¥ i crlo_ohm2*(ori di nal

scal e) cerft | mbdrephedphdenc| oxi de@®*4. 551 ]zi nc _sut fi de255R2. 7 %5405 tlo 1,2 x
10' 2 OB5- 4untinanpiod@a@0P. 7 x 138 561037 silicen845810. 059760 graghiteup to.
20006110082 0albmibi@ nitidey bHe nunil2®845. 25 .{5GPeater than 10°* g%

gallium nitride 170*" - -
gallium phosphide 100% - - ]
sificon carbide ' 270% 4x10°to1 x 10°4 greater than 8%
sllicon nitride 30" 1010 10247 g
beryllium oxide . 240% - g%

® G, Slack, "Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids
{1973) Vol. 34, p. 322, which is hereby incorporated by reference. _
= A. Weimer (Ed.), Carbide, Nitride and Boride Materials Synthesis and Processmg. (1997) at
page 554.

" 4 Friction, Wear, | ubrication at page 27
3 (3. Slack, "Nonmetallic Crystals with High Themmal Conductwity, . Phys Chem. Solids
{1973} Vol. 34, p. 325, which is hereby incorporated by reference.
% R. Lewis, Sr., Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 164,
which is hereby incorporated by reference.
¥ . Slack, “Nonmetallic Crystals with High Thermat Conductivity, J. Piiys. Chem. Solids
(1973) Vol. 34, p. 333, which is hereby incorporated by reference.
3 G. Slack, "Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids
(1973) Val. 34, p. 329, which is hereby incorporated by reference.
3 A, Welmer (EQ.), Carbide, Nitride and Beride Materials Synthesis and Processmg (1997) at
page 654.
“0 Friction, Wear, Lubrication at page 27.
41 G, Slack, “Nonmetallic Crystals with High Thermal Conductwlty Phgs Chem. Solids
(1973) Vol, 34, p. 333

- G. Slack, "Nonmetallic Crystals with High Thermal Conductivity, J. Phys. Chem. Solids
{1973} Vol. 34, p. 321, which is hereby incorparated by reference.
“ Microelectronics Packaging Handbook at page 36, which is hereby mcorporated by

- reference.
“ A, Weimer {Ed.), Carbide, Nitride and Boride Materials Synthesis and Processing, (1997) at
page 653, which is hereby incorporated by reference.
“ Friction, Wear, Lubrication at page 27.
* Microglectronics Packaqlnq Handbcok at page 36, which is hereby incarporated by
reference.
T A, Weimer (Ed.), Carbide Nitride and Boﬁde Materials Synthesis and Processing, {1997) at
page 654,
4@ Friction, Wear, Lubncanon at page 27.
“ Microelectronics Packagmg Handbook at page 905, which is hereby Incorporated by
reference.

- P Hawley's Condensed Chemical Dictionary, (12th Ed. 1993) at page 141, whlch is hereby
"incorporated by reference. ‘
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- * Microelectronics Packaging Handbook at page 36, .
% Handbook of Chemistry and Physics, CRC Press (71st Ed. 1950) at pages 1263, which is
hereby incorporated by reference. , :
*7 Handhook of Chemistry and Physics at page F-22.
5 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. éo]ids
{1973) Vol. 34, p. 322, which is hereby incorporated by reference.

& See W Qallister, Matedials Science and Engineering An Introduction, (2d ed. 1991) at page
637, which is hereby incorporated by reference. ‘

 Handbook of Chemistry and Physics at page F-22,

© Microefectronics Packaging Handbook at page 174.

 Microelectronics Packaging Handbook at page 37. -
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&7 Microelectronics Packaqing Handbook at page 174. -

 Microslectronics Packaging Handbook at page 37.

Handbook of Chemistry and Physics at page F-22.

- ™ Microelectronjes Packaqing Handbook at page 37.
74

Microglectronics Packaging Handbook at page 37,
72 Handhook of Chemistry and Physics at page F-22.
™ Microelectronics Packaging Handbook at page 37.
* Microelectronics Packaging Handbgok at page 37
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- 16 Septenber 2004 WO 01/ 68752 Table B contd PCTI U501/ 08684 | norganic Solid
Thermal conductivity El ectrical Resistance Mhs' har dnéésSemigrabersd00gy m ' K
at 300K)(m cro ohm (original scale)- centineters) nickel 92766. 81' 5%

al um nun205%R%e1A8fH2. 581 chrom um 6682 2083 908' ' copper 38R8SLogkeH2. 5- 3117
gol d297882. 2892. 5-390 iron74.59' 9924 5s~ silver418941.ti9S2.5-498 It wll
be appreciated by one skilled inthe art that particles 18 of the coating
conposition of the present invention can include any conbination or mxture
of -5 particles 18 di scussed above. Mre specifically, and without liniting
the present invention, the particles 18 can include any conbination of -
additional particles made fromany of the materials described above.. -
Thus, all particles 18 do not haveTalle Bécoritldp. sane; they can be chenically

different apf trepsathys=thesare bt —different—in configuration or
properties. Th@bﬁaﬂﬁﬁ?'gnal *E)hbhﬁ-',gi{'%%g%@n SRl Repistanmp E@%ﬂgﬁfﬁ'@s?‘ 0 hal f
of the partfcles 18, prefdrably up to " 15{ per !fo “the piongissaleny 7s
M croel ect r pni TS ff@eKagr g Hemdb 7 I£s
Packagi ng HANOOGRkiftm PAUY 57 32h S+ m; at
page F-22. I'TIT MR EC{TOmT CSgges — ) _ g-e—-;lﬁu—-ﬁﬂ- :

M croel ect r pNi TS fpHegagr My Harmdt :
T .dboz'agﬁ.t_p.ige 37.

P
«p
P

Lubri cati onfat paggq 27, €4 T ' : =
iron 74.5% g% 4-5%
silver 418% 3 1.6% 2.54%

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

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

7 Microelectronics Packaging Handbook at page 174.
::’ Microelectranics Packaging Handbook at page 37 °

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

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

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

Microelectronics Packaaing Handbook at page 174.
* Microelectronics Packaging Handbook at page 37.
% Handbook of Chemistry and Physics at page F-22.
;_:\_lilgrgslectronics Packaaing Handbaok at page 174. :

andbook of Chemistry and Physics, CRC Press (1975 ichi

W e referenﬂce. Y . (1975) at page D-171, which is hereby
* 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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93 M croel ectroni cs Packagi ng Handbook at page 37. 114 Handbook of
Chenmistry and Physics at page F-22. 98 M croel ectroni d§ Semtdwalsr2§0Handbook
at page 174. se Mcroel ectroni cs Packagi ng Handbook at page 37. 87
Handbook ofyqg i, and Physics, at page F-22. 88 M crigqhReioseri CS

‘Packagi ng Handbook at page 174. 89 M croel ectroni cs Packagi ng Handbook at
page 37. 90 Handbook of Chem st and Physics at page F-22. 091

‘M croel ectroni cs Packagi ng Handbook at page 174. 92 Handbook of Chemi s and
Physics, CRC Press (1975) at page D-171, which is hereby incorporated by
reference. 99 Handbook of ChernlLt!y and Physics at page F-22. 9a :
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coat i ng Cog%?énr%ardcew%tgg? Rl Bt 55Nt SRS F ookl BBk Brbic?9 el oht

percent, era er cent I's enbodi nent,

" particul &I yommr@n*eaﬂdéﬂnqﬂ@razanﬁeg h?\maqm%rma d%h\etmb@t leashi Walipeo: i)
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~ther mal condu tivi east terrperature of
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| arel | ar pafieé Ghedisr paiticle havag 2 thgsnat condadtigityrod) atdleast ¢ Mt pereetboi etia  f r ee

Tanellar particl . her - .. Vatt per
meter K at femg éaﬁ}%rg oyédl}?(éﬁ)o% re%'ﬂ@%faﬁggg‘%ﬁ% léo\sfﬁﬁﬁngﬁg?oﬂgﬂls@%%}ggltag conposi tion
conpri sity Iparieles bavingG thermal cohdurtivitywf afdeaat t Welt perlmadernicatat i vity of at | east

L waLt Per Wihshs e B 300K, . E BRI} fclon §R0er Py LATRIS 8 particles on

t he fi ber, aresid aqueous conposi t4 ogn conpri sing al um na
free, non- hyav%auamrepqﬁap@ m@gmaawwg-fr&e 'PH"@M&‘P”EB%‘H‘&IE%'?%YWE? of at least 1

Watt per neleimi caﬁd@tmt?mus%&urw-amﬁer&w,x 4t a®emaperaliid 5 K[ ie2e,
non- hydr at abl Egrtlcl es on he f ber I n anot her enbodi nent, the
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particles 18 & B°'bhy65’ia aﬁlfre\‘v‘\/@{‘ﬁﬁt Hercent  of the coating
conposi t1®n on alntanbmbranﬂoumnb&mmmclpsdz&snmainbglonotb 99@veigbt gindenper cent, and

embod - mond et iR B a RRUSERE sl RSk CB o0k YerdiBl | BC1 &
particles, tandmos prefetably 1 to 40 weight percent. In addition, in the partlcular embodi-

ment wherein the particles 18 are non-hydratable inorganic particles, the particles

preferably comprise 1 to 50 weight percent of the coating composition on a total

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

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

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

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

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

- one embod_irhenti the coating composition contains 20 to 60 weight percent of _
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_preferably conmprise 1 to 50 wei ght percent of the coating conposition on a
total 20 solids basis, and nore preferably up to 25 weilfhtentemben004f t he
coating conposition. In yet another enbodinent, the particles 18 conprise
greater than' 20 weight percent of the coating conposition on a total
sol i ds basW@o1487¥f erably ranging from20 to 99 wei ghtCHEPBEHBY nore
preferably ranging from25 to 80 wei ght percent; and nost preferably
ranging from50 to 60 wei ght percent. In this enbodinent, 25 particularly
preferred.coatings include resin conpatible coating conpositions conprising
greater than 20 wei ght percent on a total solids basis of at |east one
~particle sel ected fron1|norq?n|c particle c hollo articles and

an
conposi te paricies 1&en totahsolids basisand Pfﬁ’{%a%ﬁtf?éﬁg‘eﬁ AR L2 HRY® har dness
- val ue whi ch Haaspiped to pbe*r&éat Vobreired vakiihae Aftherdb this exfbodimehteast one gl ass

fiber. 30 In ot her. enbo articles. to 80 weight °
percent of RHHEERASEHR FYP "E?EHQGSWP nga(a %?I'érfm%%dfsg;m{%?l%se% preferably 1

to 60 wei ghtforpet dremtmatdrials selaetedindyo doriemat expaiable omgahin ratagalposi ti on cont ai ns
20 to 60 8752 :

PCTI USOII%Bé%’Eé R ffdic Mg b éﬁﬁe@%wﬁwggﬁgﬁgﬁlg%ﬁerabl y 35 to 55
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sel ected f rtﬂ'f?efﬁi‘hgﬂ'gré%d IB&%HMBE%C@%P% aé'ﬁlé? eﬁ?ﬁ’ﬁ??"eg%ﬂrg}"bqam c pol ymeric

mat eri al s, nedtekat expandabl e conposite material s and m xtures thereof,

t he part | es ha!{'b?#ltg'g{" ver %Sqﬁée‘?% gewi‘{g%ﬁ""?ﬂ{fgfé’?“? Qe?rgrl ow strand

wet -out thout t one Iubr| ci ous
mat eri al - dldrhmreeﬁlm-fﬁmmmmlsmmh a$ Prggni fnortianic ped @ettp"alrnolymp% and (c) at

l'east one filmtas rﬂéaﬁl %ét@ﬁaﬂs ujréﬂjde@:ulaé}lgh&t'h@aﬁed tB@olthé’teﬁﬁétérla@ es, the

coating composition ri ses. qne filmformng

materials, siestedd O'Brsg'éth?"éPDW'ﬁ%’th%ﬁ”@'sa?ﬁ!F“WQ?'ﬁ?%H“wﬂﬁF‘f/Wéﬁef"ﬂs material s.
Useful . or garﬂaﬁxrﬂ%b FkRd Ratbri2fs, tétEmiRidfes df snylobihe lfdregoirgd Sisthgtiel yneri c material s

l'ect ed I
matorial 45 r'ama%a%ﬁg#ec ik P et B e R PR OB o800 T e
. foregoing. - _-tE?gmtoMﬁngonaEnapsoleefwabm tireegtofyniedit Bmiforofingdeatérials femea not |inmited to
ther mopt ast! GenBieid ﬁAu%usam.qwhgﬁsﬁag@&snﬁé&aamfwg%ss%ﬂ erably, the

polymeric fi g(maerla orma er al conti nuous fil m when
applied to the sf@enee gt@ag;apuqtﬁéﬂr@ffgwgfm%@}ag m'@éﬁ@?'ﬁl"l‘? Iveightanount of

film:form ng gt sritheddoingaBAPssitioh @MalothiQolH bu&s. AR bne enibodiment, the
20 amount of film-forming materials. preferably ranges from 1 to 50 weight percent, and
more preferably from 1 4o 25 weight percent. In another embodiment, the amount of
film-forming materials ranges from 20 to 89 weight percent, and more preferably .
-ranges from 60 to 80 weight percent. .
In aﬁdtber embodiment, the amount of film-forming materials preferably
25 ranges from 20 to 75 weight pe-rcen_t of the coating composition on a total solids
basis, and h__'_gore preferably 40 to 50 weight percent. . In this embodiment, particularly
preferred coatings comprise a film-forming material and greatér than 20 weight
percent on a total solids basis of at least one particle selected from inorganic
particles, organic-hollow pariicles and composite partiéles. the at least one particle
30 having a Mohs' hardness value’which does not exceed the Mohs’ hardness value of
o at the least one glass .ﬁber. '
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. percent of the coating conposition on a total solids basis. In one

enbodi nent, the 20 anount of filmformng materials. ptéePepterbbgr 30Mges
froml to 50 weight percent, and nore preferably from1l to 25 wei ght

percent. | wewasfar enbodi nent, the anmount of filmforpaPgseimdss i @l s ranges
from20 to 99 wei ght percent, and nore preferably ranges from60 to 80

wei ght percent. |In another enbodinent, the amount of filmformng materials
preferably .25 ranges from 20 to 75 wei ght percent of the coating
conposition on a total solids basis, and nore preferably 40 to 50 wei ght
‘percent... In this enbodi nent, parti cuI arly preferred coatings conprise a :
filmform ng mat dniyetlanather egltﬁaztneﬁt ﬂwéamo&@oﬂmmhcﬁlm%rﬁﬁ@m&&la% total solids
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~present i nvefot iserin th‘eheﬁtimgsaﬁ;ﬁdsmgn fopﬁiaﬁlﬁﬁaélés% fBér'sﬂ‘hﬁd&r BLmaBifd 48l s are the

preferred po ng_nat er n the, coating

‘conposi tion +&fr&>‘3é%% " éher °Se 5 rg%%mgtFrﬂai%ﬁgd aﬁ{?wwa}?a{wr'ﬁ?%m&% conpati bl e
witht heﬂﬁos'@lafdsnﬁlcf‘rﬁﬁ FR)G Ermaxmrewm whicis ard pelgfuhdiohat apeg rdéstns apd indned circui t
15 boards, spifty ﬁ?erﬁﬁédﬂnéf@%ﬁe |F1§]‘et%h5}fis a%nﬁﬂnﬁf n‘?ﬂ!ﬂc\ﬂ 9(%* pal epoxy resins

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

I nternati 0nahhuﬂ-ﬂa%Qbecaiballpaﬂ%oréﬁﬂbgp?e?erenc\eﬁﬁb@h are specifically -

" ncor por at ed by U eff frence her ei
seful thermosetling matenals include thermosetting polyesters, epoxy

20 - materials, vinyl esters, phenolics, aminoplasts, thermosetting polyurethanes,
carbamate-functional polymers énd mixiures of any of the foregoing. Suit'able
thermosetting polyesters include STYPOL polyesters that are oommerclal[y available
from Cook Composites and Polymers of Kansas City, Missouri, and NEOXIL
polyesters that are commercially available from DSM B.V. of Como, italy.

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

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

30 Useful carbamate-functional polymers include carbamate-functional acfylib

poiymt_ars in.which pendent and/or terminal carbamate functional groups can be
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“Useful thernosetting materials include thernosetting pol yesters, epoxy 20.
materials, vinyl esters, phenolics, aninoplasts, thernoedentergber 2004
pol yur et hanes, carbamate-functional polynmers and m xtures of any of the

f oregoi ng. %619@;5% thernosetting pol yesters include S}'e(lp,%ﬂl,mgyesters
by

that are commercia avai l abl e from Cook Conposites and Polyners of Kansas
City, Mssouri, and NEOXIL polyesters that are commercially available from
DSM B. V. of Conpb, Italy. 25 A non-linmting exanple of a thernosetting
polyneric.material is an epoxy material. Useful epoxy materials contain at
| east one epoxy or oxirane group in the nolecule,-such as polyglycidyl :
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t her nopl ast i ¢ yRahoRatiesdhestR] poplorfind) polysmitiesdeipdatiphatie pgyareitiésshat i c
pol.yam des or _arqgmatic_.pol yam des .su 1288 BlyHreshahte bR B Inbs
pol yur et hanes F'mg@ﬁ'il?‘?[@"b‘%ﬁ? (& a%?‘l'@cﬁg’é@%éof ?glgr yr I C ac(igg) PINd i xt ur es
of any of t he (§uah egpdlyagrylic acid), and mixtures of any of the foregoing. .
| 20 In another non-limiting embodiment of the present invention, the preferred
_ pﬁlymeric fiilm-forming material is a vinyl polﬁfmer. Useful vinyi polymersinthe
present invention include, but are not limited to, poiyvinyl pyrrolidones such as PVP
_ K-15, PVP K-30, PVP K-60 and PVP K-90, each of which is commercially available
from International Specialty Products Chemicals of Wayne, New Jersey. Other
25 suitable vinyl polymers include RESYN 2828 and RESYN 1037 vinyl acetate
copolymef emulsions which are commerciall_y available from National Starch and
Chemi::af of Bridgewater, New Jersey, other polyvinyl acetatés such as are
commercially dvailable from H. B. Fuller and Air Products and Chemicals Company
of Allentown, Pennsylvania, and polyvinyl alcohols which are also available from Air
30 Products and Chemicals Company. '
o Thermoplastic polyesters useful in the present Invention include
DESMOPHEN 2000 and DESMOPHEN 2001KS, both of which are commercially
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20 I n another non-limting_enbodi nent of the present invention, the
preferred polyneric filmforming material is a vinyl (6 SeptembeésaoDdl vinyl
polymers In the present invention include, but. are not limted to,

pol yvi nyl (%61%% sjones such as PVP K-15, PVP K-30, PV CllftJfFl d PVP K-90,
--each of whi I's commercially available fromlnternational Specialty
Products Chemicals of Wayne, New Jersey. Qther 25 suitable vinyl polyners

i ncl ude RESYN 2828 and RESYN 1037 vinyl acetate copol yner emrul sions which
are comercially available from National Starch and Chem cal of

Bri dgewater, New Jersey, other polyvinyl acetates such as are comercially -

avai l abl e fr gyatidie fom Eavekeérp&iﬁﬁméwrgrPP%%a‘hiairﬁef%B fyders fepany  of -

Al 'l ent own, ﬁﬁ;g#u e}nl a, a%h‘lé'ﬁﬁ %w n al coliol s _whi ch are al so avail able

fromAiT peliesieh s hd ﬂﬂ%(ﬁ;‘fa"a'?*ﬁgi"ﬁtﬁﬂdégpf‘%‘“iﬁ%‘f dfesters

~useful in thempmmmeomolamummomsmloudﬁemucaupliswm-dﬁﬁih 2R isand DESMOPHEN

2001 KS, bot Qnqre aII 8 46 enber 2004 WD 01/ 68752
PCT/ 1JS011 %MQ%DT'%%Eﬁ&Fr om anfl"é \g’eﬁ %%F'&?s "ﬁlé’ﬂﬁsyl vani a.

Pr ef er r ed Spothp ¥EREAMID profugis dhat RIB-@mmArcEY y@ﬂalmfmmagogmis Gamp.oh i s

| Chi d
YKL 51 TOBTAEONG. o SURCBOR By Bl e £ EB83M8I0 1 0 ool

from Eka CheBigiums Usgtul thsfaepiastic pRlwrefiangsincludn \WHS QBQNDEIN-298H he VERSA1JD
pOlr1 od's tgatE Uan@ i6 @EFMECiaR dv?”lﬁﬁfté%bln@{ Witdd @P?F&eﬁwwl%ﬁr&cﬁéut, ahti EC: nnati,
io, an at_are avai e fromGCi ay, el gi um
Usef ul therngﬁmgggﬁvgpgi’wm W\’&P“’HGE PERSEsalheyaflabl ToBhoH, which i s
cormer ci 40l yRenodtdyater Sorbr ai HickiGilldy NewoYdder p. of G eenwi ch, Connecticut, and
RUCOTHANE(T) 201 b iy M ADRIS of 86 B ihalioh Son SHIE St ™= | ' ©
conposi ti onSOWOFM@tb?mﬂglmlv@nm ratetaiswithomp of meredhamingglastie of one or
nore ther mosgdyinenie nﬁ&.‘nmg%'oﬁeH@ﬁﬁﬁ@'%ﬁ%nﬁﬂnﬁ?%ﬁ%s@ﬂg&eﬁﬂﬁr mopl asti ¢

pol yneric materials. In one non-limting e resent

i nvention - peariquiaty usefu fop emingles fos printagheiruit krargsgine ﬁP’V‘ﬁ?f@dﬂaéﬁrﬂﬂb@f t boards,
the pol ynsr i the agdeous sitisg @fnp&ﬁmntcbﬁpmlaﬂﬁiﬁﬁrefdf Rommwgﬁr FésfthWWpr i se a

BeShErren 20530 BOfRDbESReR, coRchen Sogpoveria st YER) [ o, o

| ternative
non-limti ngpdmﬂnﬂ#t ireart alismativirion-limiting érabddinseng suitbide for[amirrateedorm rcuit boards,

the pol yneri &nrsatcﬁwnmrdgfmet&g@gg@g@ﬁauggﬁg@%mw Ao ™! | se PV

K- 30 pol yvinyl pyrraolidone epoxy 20
resin. comprise PVP K-30 polyvmy pyrrolldone optlonally combined with EPON 826 epoxy

20 resin. _

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

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

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

_ It should be apprec‘iated that depénding on the nature of the starch, the
30 starch can function as both a particle 18 and/or a film-forming material. More
o spec;f cally, some starches will dissolve completely in a solvent, and in particular
- water, and function as a film forming material while others wilf not completely
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Sem synthetic polyneric materials suitable for use as polyneric
filmforming materials include but are not linmited to chepieroberc0duch as
hydr oxypr opyl cel | ul ose and nodi fi ed starches such as KC]_LOTEX 1250 (a | ow
Vi scosity, | ose potato-based starch etherifie yI ene oxi de)
which is c#ﬁr%ﬁ%l |y avail abl e 25 from AVEBE of The %e&d (ﬁ% - Natural
polyneric materials suitable for use as polyneric fllmform ng materlals

i nclude but are not limted to starches prepared from potatoes, corn,
wheat, waxy maize, sago, rice, mle, and m xtures of any of the foregoing.
It should be appreciated that depending on the nature of the starch, the

130 starch Caﬂisé&l@%ﬂmrﬁaﬁtﬁﬁﬁaarﬁcﬁbﬂr@lﬁ aﬂl@ftﬁa%@§a§arftlblé%form ng
material . More ggem i cal. some starches™w | | dissolve conpletely in a

_sol vent, andAfhougihstarches (E‘Pﬂ" "Wé.'?b?"d SQ‘HGY'\"I?HWF“(‘JH" used in ?qc?fﬁf"icﬁr‘“ﬂﬁ‘ng material-
whi | e ot her Sthelipi'dserﬁtﬁﬁveﬂﬂhﬁ]lheb@hlyg coafpositldn BB pRzaR Inveiod is\WrfkbI§ 8752

PCT/ US01/ 0868 - al | d
B N e

* semi synt hét i etpreb aateialsnsenuts that the contida camposiioricomplises rse denB0iweigbnt i on, - t he
coating CO”pBﬁbérh B2 fhal LIRS Béﬁé&gfe#g&}ﬁs%h?ﬁmbé PRAGLAY RO o 33105t ANt ally

free of starch materi al stantrally free of 5
starch naterW&'BE‘Df'ﬁté’&h@afeﬁﬂF M recierehiv, diecconing spmpesitiop ghipe Peesant| ess t han 50

wei ght - per cmu&nuan.s@séenmy ﬂ'é@bﬂs%?cl'hﬁétél’i‘alsOfAshb&m‘e%ﬁ wemmhéu on,

preferably I 3 sta mat er e erably, the -
coating conp ??f E‘ﬁcri'd?aﬁ?rf"i'geﬂ’g tth%"r‘? tcP'BPPSF'Q" 'é‘g%'ﬁ?ﬁ '5?-“1‘53&%% of starch
mat eri al 10 Aweightgercamtioniartotalisoliistbesisrof the aatiig ainpysitiohy weferiblysdsatah materi al s”

means t hat tgﬁﬂ fgﬁﬁ%}&gtaq‘g%ﬁ&gepagw Jf?ﬁ%hh%?eﬁal&han 20 10 wei ght percent

on a total asli's o e coati ng conpositron,: preferably | ess than 5
vei ght percent aridpigPEmp sizing abpositions qoplaining stirchecthatrase eprilied . Ty pi cal

primary sizifigy sﬂmewﬁés%&ofa@émﬁb mnmme%tf@rrpﬁ&eé cifdlfbofdsar@ Rl G to fiber
strands to be Incorporated into |amnates for printed circuit boards are

" not resin cERFRSPIEPRA MK DRTRIOVELPHOE fRRRORPOratPR Bl tepaiymesE BEEt i on into t he
pol yner i d5maiateXallBs ﬁ&bﬁﬂd!ﬁdllscuéﬁdm@lwaﬁlyﬂie)boﬁtlngwﬁﬁd%ﬁonﬁfﬂ‘f@r ably the

coating co t he res N lon_ar atible and do
not r egw r reTp %%r%it/g'Pé'}h il r??é"‘? &b?e %"[d&zé é’e%lf’ref?rﬁwlaﬁ%ﬂﬂ% o fabric
processing. #mnds pribemipstrity fabtihprocassing. rfgorevqum thegnatingf the present

I nvention ar g,faadnéds dite gY\ésE-Ht |ﬁ€@ﬁtfoh§ré%h1?5ﬁ &n&enéﬂ?&‘s% g inted

circuit boards (discusse are epoxy resin 20
conpati bl e: THE R Fspyitdopids ﬁﬁ'ﬂ%‘?‘sﬁi’ h@ovweané moaﬂ Pgef%'a Y Bie eRaYEESiB ol ubl e,

errul si fi @0 ecompatible.

The polymeric fi Im-form:ng materials can be water soluble, emulsﬁ‘ able,
dispersible and/or curable. As used herein, “water soluble” means that the
polymeric mat?aria!s are capabl'e of being essentially uniformly blended and/or
mofecularly or ionically dispersed in water to form a true solution, See Hawley's at

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

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

~ -Hawley's at page 435, which is specifically incorporated by reference herein. The
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di'spersible and/or curable. As used herein, "water soluble" neans that the
polymeric materials are capable of being essentially urfi6iSspidmbds208ded
and/or nolecularly or ionically dispersed in water to forma true

sol ution. SegoldamMe Ys a 25 page 1075, which is SpeCif;pE%écbi/oﬁs@?Of por at ed
by reference herein. "Enulsifiable" neans that the polyneric materials are
- capabl e of formng an essentially stable mxture or being suspended in
water in the presence of an emulsifying agent.. See Hawl ey's at page 461,
which is specifically incorporated by reference herein. Non- limting
exanpl es of suitable emulsifying agents are set forth bel ow. "Dispersible"
30 neans t haunifonyityaff thehlispersinm cancrtiscradised byethp 8ddnsh of Wetifly, Sispeidiy ' € capabl e

of. bei ng di stkiRk ' @eﬂﬂfﬂ ' r_as 'fi'rnely djivided particles, such as
a latex: Seeghklgﬁvgi@%“gé'nggupage{szt%Fc;ﬁ\mel é??u?séeggﬁlé‘ﬁ'i fquEadle Qgﬁ?ﬁ:tﬂ?tpor ated by
ref erence hefSinglymetipmataripls ang othepeastriorent LG tie SHBg:bmPEMDA aREEPLISY1/ 08684
uni f Or i ty - Obf ek cbedeed hicii BForbiiag Eoe@a%ﬁgthgr%ov%%gﬁﬂg' by Of wett' ng.

di spersi ng. or erpuﬁ;o(sfl fyi n% agents (surfactantsy, cussed bel ow.
" Cur abl e" “neB1ET! theipqlympdn paigials: SegHawieys ot rage 33t Mbich sonponent s of - the
'si zi ng. conposgpetiically meapera@a by RferéHce Réreing Coa! esced into a fl | m or :

ol yrer o mat o | 4 S0RGRE onifhel P s 5o WaleTan gisccheongooispee: 11 cal | y

| ncor por at edcd®ing esimposiinne oftbe piesent invertidolprefeeublytcomprisel Bné braor@f the film

| vent on. pr Saa el KoRfi AR B orbal® iRl e SSRE BerebiBRBeRhg agent e
such as dPgaffyPiIgiagprts, eBeRshenste ceypiing egents. alvminuinaupting agensQaminupl i ng agent s,

phosphonat e conteling Werd@a0lisling a4ty m&@;églo}é}gogﬁg%é oing.”.‘rﬂ&b cont ai ni ng
Verner coupl | ngra ent.s .aqd m xtures of -any of the.foredoing. These :
coupl i ng ageft '@%ﬂ?@%‘y??lﬁ%‘@ dyalfunctionalily; Brch metsl or silicen atemthds or si | i con

at om has at attachweido it oneé ¢r numegrotpsWHidh ogh @RS réabtivith of ddinpalibilzelnd €act with or
conpati bili ' ; nd/or the conmponents of the resin matrix.
As -used heréﬁf%ﬁ?%@“@# J_nﬁ%n%p%gf {hﬁﬁsf%at"’f‘rg%rf'?e‘? begeingthRtegRoups are -
chemi cal ly acereatibiize’ means thas thetameupe dre chemicllyaattfcledy bus notbamizdaed/ or t he
conponent s ohe filht® stk bitor® ik el . Lar., wetting or

iy B g e B

- solvatlon -foriaﬁs. [N one non-limtin boC ~each silicon
at om has . at tRe@PH"g oF solvaHen fgicesydn enpiyenlisitngembedigentugach metd oml | ow t he

](c:oupl ing iageemmora atom(hasrattamécj'tr'ithﬁeﬁhﬂ&&hfn}r;ﬂ?[ab@éfdcu fhat 416 uR"e 'h com
uncti ona al.l Ow e.couplin ent to react wth conponents
of the resi ﬁ&%{nggg&d@%%lﬂb@eg%s%WF BLF'{?E%%P@S"&%HW foRdipiale: w

20  groups that allow the coupling agent to react with components of the resin matrix.

- Examples of hydrolyzable groups include:
0O H O R
| P I | ‘
- " -th -0-C-R?, -N—C-R?, -O-N=C-R¢, -O-N=CR®, and
' .the monohydroxy andfor cyclic C,-C, residue of a 1,2- or 1,3 glycol, wherein R'is C,-
C, a[kyl; R?is H or C,-C, alkyl; R® and R* are independéntly selected from H, C,C.
alkyl or C¢-C, aryl; and R-" is C,-C; atkylene. Examples of suitable compatibilizing or
functional groups include epoxy, glycidoxy, mercapto, cyano, allyl, alkyl, urethano,
30  carbamate, halo, isocya_nato, ureido, imidazolinyl, vinyl, écrylato. methacrylato,
' amino or polyamino groups, '
- Functional organo-silane coupling agents are preferred for use in thé present
| fnve_ntion. Examples of useful functional organb silane coupﬁng agents include |
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OHOR3 Il 1 Il -OR, -OCGR2, -NGR2, -ON=C R4, -ON=CRG and 25 the
m)nohydroxy and/ or cyclic C2-C3 residue of a 1,2- or 1,1® Sgpjerober 200drei n R
is Cl- C3 alkyl; R is Hor C-C4 alkyl; R3 and R4 are independently

sel ected fmm’svsﬁs. C4 alkyl or C8-C8 aryl; and R5 i spdfusifosadaky! ene.
‘Exanpl es of suitable conpatiblizing or functional groups include epoxy,
~glycidoxy, nercapto, cyano, allyl, alkyl, urethano, 30 carbamate, halo,

i socyanat o, ureido, imdazolinyl, vinyl, acrylato, nethacrylato, amno or
pol yarni no groups. Functional organo-silane, coupling agents are preferred
for use in the present Invention. Exanples of useful functional organo -
si | ane couplgan@mmpsowlﬂafkumdand& gimma-i’sod;ﬁnéie;p'bmﬁtﬁa&hoaaﬂﬁde wiyio1/ 68752

PCT/ US01108 G4l o %gglkrfa kb)ﬁgllﬁgé@' Sl ﬂ{{ﬁﬁmfawtnalkoxyisllanes
q

- gamma- i socyanat opr opy1 ret anes,
gl yci doxypr dp§EFed ndtiena) sigp neeuplne eses@pnwﬂﬁr‘r&?aqamay@ycidams
Preferr fed f ltmmhoxwua@m-ﬁu bﬁﬁﬁa&@tﬁﬁéryxeﬁ %gﬁmh%wosa}éhéiﬂe.q Ando 87
A, et P R EATIR R bR ﬂﬁf‘ggﬁ@*'"%ﬂﬁmio‘b@f‘ amino siane
gamra- am nopooying bgenéidm%molgamma&irélwp&wpﬂtﬁﬂmb)ty@iﬁmam sf,wrﬁmls108l am n? .
. silane " cou [ el op oxysl | ane (eacC
of which i sp&@g%n{'?ga? E\F l edfr@é&%gg?gef'ﬁpg f&?’?’é X‘e’ﬁlﬁ% of Tarrytown,
New York). Tigano giagan@.lpgmg ageat a0 be bi least payiiaty hxﬂmiyzbéwm whteggglorpartial | y
hydrol yzed WphiRatihiéihe b8 orditanig B 1 GbikAlndif lhiso ﬁa&réﬁygglﬁpﬂ ably at a

1lst0|ch|orre=tr|c ratio or, It desired, app In un yzed form

The pH ot© tH%“W@rQW@efW"bé“ﬁtﬂﬂlqméd’aﬁycﬁmeﬁ bythesfdiign ofaei d or a base

to |mtuateaardosaes@bﬂ:h.a.atéwae.gaeweauygﬁlymeftﬁ@mhun@&g@.%msvﬁa’ﬂ is well known
in the art.  Sui ta% eﬁ]ranm tion metal coupling agents include titanium

zi rconi um ﬂ’? ™ d chrom um coupling agents. Suitable titanate

coupl i ng agents ambizm'ausumammtalﬁoupﬂngmgbmtginalgmmmm exircaninge ytduad | y avai |l abl e

fromKenric exes are
- conmmer ci aI I %“E%F@QE\%W%@@@% ai %hﬁfeﬁgé&@ éj"fdz&%r% ngt on,
Del awar el® Tif8URIAY ARSNISHHE @mmﬁgaiwmehle frgip Kewvish FlefreahemicglGampany. e conpl ex
conpounds i rsm&me:&hr@marh icympIeRs aftohfmiciay %I@dr&#?oﬁﬁ L PURRIdeM 1S

coor di nat ed ani c i d havi ng am no_functi onal |t Q her net al
chel ate 20 MH‘%’B&?MW&?@%?@’@”&%U@& H'gwaﬁj%‘ﬁ'f‘@g KYroR P8 cPYRie® skil led in
the art can agentsigregompiex einthounds in which a trivalent nuclear atom such as chromium
is coordinated with an organic acid having amino functionality. Other metal chelate
20 and coordinate type coupling agents known to those skilled in the art can be used
herein. '
The amount of coupling agent generally ranges from 1 to 99 weight percent
of the coating composition onxa total solids basis. In one embodiment, the amount of
_ qoupling agent ranges from 1 to 30 weight percent of the coating composition on a
25 total solids basis, preferably 1 to 10 weight pércenl, and more preferably 2to 8
weight percent. | ‘
The coating compositions of the present invention can further comprise one
. or more softening agents or surfactants that impart a uniform 'charge to the surface
_ - of the fibers causing the fibers to repel from each other and reducing the friction
30  between the fibers, so as to function as a Iubrié;nt. Although not required,
preferably the softening agents are chemically different from other components of
the coéting;composition. Such softening agents include cationic, non-ionic or
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- The amount of coupling agent generally ranges from1l to 99 wei ght percent
of the coating conposition on a total solids basis. |n 16r@epderbbeli20ddt, the
anount of coupling agent ranges from1l to 30 weight percent of the coating
conposi ti ofygiedys2S total. solids basis, preferably 1 §&.d@:4¥gdoht percent,
and nore preferably 2 to 8 weight percent. The coating conpositions of the
present invention can further conprise one or nore softening agents or
surfactants that inpart a uniformcharge to the surface of the fibers
causing -the fibers to repel fromeach other and reducing the friction 30

- between the fibers, so as to function as a lubricant. Al though not
required, [?ﬂ'eﬂleﬁeﬂﬂnyigtawt%a!ﬁtlmﬁurﬁgﬂla@em@has emineeaksod fdtty adité,f erent from
ot-her conpo | agents inci{ude
attont o, noninidzoind Ay gRes R of CAROR LB R ReR et B0l TOSh: Tocea
ani oni ¢ sof @M W"ﬁﬁ@ﬂ?@"’é‘ﬁﬁaﬁf%“ﬁ?t@s Newdeisey, acid gelubilized falfy aeid sal ts of fatty
acids, al kymides) cdbadepsatBSordait Idla\ﬁeﬁol n@ﬁm@aﬂoq}hla% subbtiG

comer ci g | )é @Vlglil ahl e fr%‘m encl of Princet on New Jersey,
- aci d sol ubi PPYERFS'TVCxSIE 28 f‘gif%@'dﬁf" B°¥eé"1'yﬂe3'i'eam d and
pol yet hyl eneniherbmnanidumnmelesmbmdghuuCed;oﬁumfmtchmb@mﬁ.ol WWHiethe such as

EMERY(r) 671l ' t | vet hyl ene_imne co rcially -
avai | <(51bl) e f%%n&%%h@g%ocr%émp ﬁ%nl%g? E%v%; tﬁﬁ'gf'? ,of Pgng Wﬁrrg: the coating
conposi t i on pederatdying coaieg apnpositigocomprisgstiess drap@fweight fspdentaridgoragent s,
preferably tpmersa@&mawmgg lsffl o?mapsﬂeaﬁQ ahéifs PP RBreAflolfliGR Der cent

and nDre pr efera | ess per A tenrng agents.

For nor€lQ nPBFﬂ%ﬁ"l"ﬂﬁgi'ﬁs &8P Aok Hé'hl—ﬁﬁ'—%@&‘iﬁﬂ 2rgickd. ({957) at ppges 108exti | e

Fi ni-shi ngE glﬂﬁmﬁibhfafé&%&ﬁcaﬁﬁmé&ﬂﬂﬁg%%feﬂeﬁ&héﬁ@hCh ar te SpeCI;ItCﬁIIy t
i ncor por at e erence here e ng conpositiaons o e presen
i nvenlto i on can ?uh%@?“@r?@i“ﬁ%‘“ﬂ?@fﬂﬁp’e% igven %hgr inglyderqng og thgt are

chem cal | y. diord lebrizivius fatenals that e kiysmticallg differestifion (Be palymterig @idte®Bisng agent s

di j d t h terl ' 15 to th

{1 ber st andad refing BRI wetESel BN (i B5E G e BRRLERY BAFAEEr b el oct ed
from-oi ' @mﬂaeﬁbergtr@mlsdgnngmwm »uitalee fubriciaun ynatsirials lsen beselgptridng . .
Non-1imti n&om%@%&@g@&s%d%ﬁ%&@ﬂaﬁﬁ él’blredoﬂgbpgn %ﬁﬁﬁat el nvention

. include aqueous solubl &, emulsifiable or | Sper si bl e wax rials such as
veget abl e, S¥TRLS of W\"‘ﬁgﬁaﬁﬂa's usefifh inibe presest '"W‘?MF@WW&% solgble. paraffin.
O-1's usef ul einbisifisitte prrdispersible wakemidman sdéh asnebaatﬂe lamﬂ”al R al o :CS

sem synt het nt.hetic oil unt -of wax or
" ot her Iubr| %ﬁ\é’ﬁégl’ﬁa@%gleg e ?gnpgaéafﬁ oc%eb‘s?@ "'B%é\ﬁﬁsﬁmf""g&"eent of

include both natural cils, semlsynthetlc oils and synthetic oils. Generally, the

- amount of wax or other lubricious material can range from O fo 80 weight percent of
the sizing composition on a total solids basis, preferably from 1 to 50 weight percent,
more preferably from 20 to 40 weight percent, and most breferably from 2510 35
Weight percent.

25 Preferred lubricious materials include waxes and oils having polar
characteristics, and more preferably include highly crystalline waxes having polar
characteristics and melting points above 35°C and more preferably above 45°C.
Such materials are believed to improve the wet-out and wet-through of polar resins

~-on fiber strands coated with ,sizing compositions containing such polar materials as

30 compared to fiber strands coated with sizing compositions containing waxes and oils
that do not have polar characteristics. Preferred lubricious materials having polar

: gharacterist_ics include esters formed from reacting (1) a monocarboxlyic acid and
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-the sizing conposition on a total solids basis, preferably from1l to 50

wei ght percent, nore preferably from20 to 40 wei ght pé SeniembenR00dost
preferably from25 to 35 weight percent. 25 Preferred |ubricious-naterials
i ncl ude waxggomgash,0i | s having polar characteristics, apgdubRigspr ef erably
include highly crystalline waxes having polar characteristics and nelting
points above 35C and nore preferably above 45C. Such materials are
believed to inprove the wet-out and wet-through of polar resins on fiber
strands coated with sizing conpositions containing such polar naterials as
30 conpared to fiber strands coated with sizing conpositions containing:

- waxes and oi (& a ridhehydrOalBsol. NRKSmBRY ﬁianfbl&é"o?&fcﬁféu?fai;i&éftﬁugruﬁéﬁriﬁ ed

| ubri ci ous terials having polar characteristicS |nclude esters forned

‘from reacti 28“3("1‘333%‘ '%WJ&B’S&P?Y' palmitate, iy is preferegd (sugpasdppwailabio 04 WO

01/ ﬁ8f752 PCT#rbi5@16pa 68Mp4rd of lflaymaa;m&dﬁh rsy GORBESCANGSE brl STEPARTER X anpl Fs of

such fatty a seful i e.presgnt inve i e cety

pal mtate, mﬁ#:ﬁhc%?yﬁs%ﬁsé#%@sgavatllgﬂ%{gorggapgn VE RS gt’éﬁ&%&ﬂ%%‘%bn Conpany of

Maywood, @M@ﬂﬂ%@e.@stammtamadecyﬁﬂ’mw BetadeBP Palmitatetaptt nmyri st ate. (al so

avai | abl e f rQéfé@cﬁgégra@'mﬁ%wat@%ci@z&a‘. bridilns g%@riﬁls u§?f8ﬁr§ WF gl‘e%grgfat €
ec ecyl palmtate an

oct adecyl laurate, octad Ga_/' nyristate, octa 1 oct adec-yl
stearate. O Reentipainelydetrimgthylaiprepane tinglargoazte.natuiglseermaesti andef ul in t he

present i nveiglytide ol bkt Qs bitingBiniRud @ BYIRBABE likdde ), RpSaRAaIe, natural
spermaceti and, tri

glyceride oils, such as but not limted to soybean oil, -
linseed oi |, S¥Be¥ % p°’§‘ﬂ?6’3’5§?°8f’$, and epoxi di zed linseed oil. 10 The
| ubri ci ou® nat er i Hedubtdousahdaisisvah Hiéeinvadekatarlolible ol MelidiatefalgTat eri al s. .
Non-1im tingygx, i.al s include po] yal kyl ene pol yols and -
pol yoxyal kyl gﬁ%%@@%ﬁag‘?bggc sgﬁ%%@%@ﬁﬁ?gﬁ?@ﬁ.Pf’-aé'&éa?#/rer cially '
avai | abl'e  f peyaxBiiglRnEpelyas. stdhers MACORE-3000phichis cdtemerdiellysyilabind  CARBOWAX
300 and  CARBGMBASABrmdktis s FarsipSRyE NG Qé&%,egﬁoad»{ Wiaka8dkgd! on Car bi de

Cor poration, 15 Danbury, Connecticut. Anot non-lirmting exanple of a
useful [ubri CABROVARADD iuafon s cammecialisevplaRleom Ui Rarbide Loperajignt hyl ene
‘oxi de) - casmeDaitaty, Zommeaiicut Anethbir itimiing exaniphs driadeertinitieioad m@@ral Danbury,

- addi t1 onal | yoFOERHSE AR biERubn o) BT R SO o as
non- pol ar pebnion _§a|mdw§pm9;ati¢m Dintaxy, Cbnnezatubr in addition'to of those
pet o oo v 11e o9ES HEREH Sl SHOTR B P
POLYNEKON( 1 ) OS5 MArotgrdbrigiatsamaterials, sk aanen-patar pelrolqum waxes, in fieu of
20 orin addition to of those lubricious materials discussed above. Non-limiting
examples of non-polar petroleum waxes include MICHEM® LUBE 296 |
microcrystalline wax, POLYMEKON® SPP-W microcrystailine wax and PETROLITE
75 microcrystalline wax which are commercially avallable from Michelman Inc, of
Cincinnati, Ohio and Baker Petrolite, Polymer Division, of Cumming, Georgia,
25 - respectively. Generally, the amount of this type of wax can be up to 10 weight
percent of t'he_ total solids of the siziﬁg composition. '
The coating compositions of the present invention can also include a resin
reactive diluent to further improve lubrication of the coated fiber strands of the
.~ present invention and provide good processability in weaving and knittiﬁg by
30 reducing the potentia'l for fuzz, halos and broken filaments during such
o manufacturing operations, while maintaining resin compatibility. As used herein,
- .“resin reactive diluent” means that the diluent includes functional groups that are

-44-




75 mcrocrystalline wax which are commercially avail able from M chel man
Inc. of Cincinnati, Chio and Baker Petrolite, Polyner 16 Sépt¢rober 2004

Cumm ng, Georgia, 25 respectively. Generally, the anbunt of this type of
wax can be wipelegrsa0 wei ght percent of the total soli dﬁcm%suy@ﬁfi zing
conposition. Tile coating conpositions of the present Thvention can al so
include a resin reactive diluent to further inprove |ubrication of the
coated fiber strands of the present Invention and provi de good
processabilify in weaving and knitting by 30 reducing the potential for
fuzz, hal os and broken filanments during such manufacturing qperations; -
whi | e mai nt aiji ' gqgm' bl S ' ‘resin reactive

di luent” mﬁmds@'h?ﬂ%ﬁ?“ﬁ@a‘&gu uedn‘f:mhiulh%:. it leal’és#%ﬁgﬂn%{ltg%@%arﬂ g%ps that are. .*-44
.16 Sept enber coppoditionds crmpgtiie JThedivauten e s wbicaptuithongfor whweni cal | y reacti ng

Wi th the san@ndtosd Qro\l%éthat%ﬁc@ﬁ_tﬁﬂ%siﬁQﬂénﬂ%ref&%?ﬂﬁ&foh&@rduﬁs fapati bl e. The
di luent can be aq | ubricant with one or nore unctlonalrupgroups t hat react
with a resi nfe8S &t a0 epaxyresinsysiomsand morepigieragl dunstonalgpupsthakpaackyi t h an epoxy
" r-esin sysbBemyitheand- R emxp reahayadh y Ndrimitiigaxamplgs 6fsplabidabricerg@ct with an
FR-4 epoxy r£si A Non-1imiti xanpl es, of. suitabl e |ubricants
“include | ubriﬁ'iji?f'r%t"gaﬁ\?mé rﬁ%%gl%%e %?%p%%hgllg&%ﬁﬁ‘la"w%'ﬂ%g@u%ﬂ?‘EiF'PHE‘ gr oups,
aci d groups orepoRyEMUps.gh buplmiting examele bia lubrivgnieithiap laminefgrauplisdor i cant -wi th an
am ne group wmédifed papEthfibreCbfin ¥ §1ENERPEr BAlEY is & plivial ey 17, Which i1 a
Ty availa -

partially am dated ol yethyl ené 1 m ne commercla | e from Cogni s
Cor por at i on Refvethyipes semmigrpiatyvgilable frRgnCognin Garpriation shinenmsti, a | ubri cant
with an abcobigb. gnaumiiing exampie biyilisiant vith 46 @lcohdbaiBup SABKERMAS 300, which is
a pol yet hyl el cop‘legtc%A é&@%g@o Cﬁ‘nﬁer Ci ?H“g‘ avlai Z bl.e from Uni on Carbide
Corp.  of ~Dartiry > S RRLVE 300, Which 5,7 Rolvsinyteprolysolthatiscomyperdally by i cant wi t h
an aci d ‘gr owgyaiablefiegnt YniercGatkide Carp.opf Detitemy, Conraectiait. ok dorsiinhitirg exbmgieear i c

i ds.  Non- | de Bidehi iy LGANLS With . | ude,
poxi di 20 15 ALHpR GHESPacEiyflp c U ABLCP, Mkl g0 PO MR, 1)

) an etpox_l di zed Tinsee ] QL LCE,
whi ch is an ¥j8xNen-iaiting expmpleeef idricantsith an epxoLgreyrdnclydeiepbxidizedan epoxi di zed

SDgyEeah ‘(D!';CE:L ,sobhk{ah oﬂ:@rlit Bﬁﬁoxid%écﬁingéég%ﬂﬁé.dﬁpglﬁol‘: L@E?_wl'ﬁ@ll i 198n gfﬁa&ilgizg@ CO\"NE; ﬁf_
nbury. necti cu - _epoxi di.zed sjlicone enul sion, ichis
commer ci al | 3'_"5'a\?gi°ﬁ‘aaﬂpgﬁf%?%lrrgpci "8\‘/"3"&% n Wﬂﬂ‘ﬁ?‘g?qyb‘??“cﬁ'- bRdf} SR, New Yor k.

Al t hough notcidlly availatieyfrarm Unibe Canbide otp. off Bapbiiry, dbonn@dicithendliEzizog conposi ti on
can incl ude @sd ki 1 A S C 0 LN an amount up to
15 wei ght pe%ggﬁ%dg’#ﬁﬁﬁeq"{s%%nﬁgﬁ%ggE%@lﬁ?r?%'@ %%ﬂsaggtﬁ%% a‘?’(fgdgf? ds basis. In
anot her embeARRERHON of TRIytowat NavgYars rdthonah ot miting in the poesestimientiany ent i on

20 the sizing composition can include a resin reactive diluent as discussed above in an

amount up to 15 weight percent of the sizing composition on a total solids Basis.
tn another embadiment, the coating compositions of the present invention

can comprise at least one aniohic, nonionic or cationic surface active agént. As
used herein, “surface active agent” means any material which tends fo lower the

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

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

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

or watér-dis_persible amphiphific materials, the term “amphiphilic" means a polymer
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. can conprise at |east one anionic, nonionic or cationic surface active
agent .. As used herein, 'surface active agent" neans arif yaptember20@4i ch
tends to lower the 25 solid surface tension or surface energy of the cured
conpositio ating. For purposes of the present | ' solid
surface teﬁgﬁgﬁgggn be nmeasured according to the CMengeygn ?ﬁﬁﬁthod usi ng
a Rane’ -Hart Contact Angle CGonioneter with distilled water and net hyl ene
iodide as reagents. The at |east one surface active agent can be sel ected
fromanphiphilic, 30 reactive.functional group-containing polysiloxanes,
anphi philic fluoropolyners, polyacrylates and m xtures of any of the

. foregoing. W . - I I r - dissper.si bl.e o
amphi phi 1 ¢ g P bt RbaE eain dfretoolfh GlicP ARt anabE, 1 -

" Sept enber 2009 Wenlmiling@r@opliesar suisble/aopbghilidfiveiongymerg insledal | y hydrophilic
pol ar end_arthorbeilefi-£lkjl A biNG! eHRAY BbbiméH HIBPLARL detfle ON! 1M LING
exanpl es of igl%g I& a m&ﬂnllp fl uoropol yners include
f1 uor oet hyl erra: EH&} °v% 58} 3vaiiable frogt Asahi GlgssCmmrpnendsr hauch as those
descri bedsi rradehdme IRBIBDON; Moorosurfadiantd Fidproaiphaticplymefid eterdsahi G ass Conpany

d the 5 traden LON, f r rfactants, fluoroaliphatic .
l;(r)ll ;:reri c es@@%e?°'@g§m5?%§?'%‘“é\§§ffﬁa@1 inpegsgls, uggler dhe tﬁ%.e"%: p M Innes-ot a
under the t rldiidvie funfticodiRed perfusrivatedmatisiiale dughastHtokpenfiorchonexictr i al s, such
S ot Doty QRARND ko CRBREAG Bkt BBl aMaE R © Them U5,

and perttuorinate h)acrylate resins. onl* g exanpl es of :
sui t abl e ani'8HR% Qbermaplisitiigexyaples e suitablermplopid surfate adive poantesndudes ul f onat es.
Nonl i m t i0g seKaePdrasiferhtes Ui t abl e nonionic surface active agents include
those containing ether lin aﬁgﬁs %rtl)% which are reigr esent ed b¥ the foll ow ng
general fornula:® 98ramples i stilgble nERanie siftecs ks rosglsiRRkdRtoEdr esent s a
hydr ocarbon cogwining ethenlirkagess rgd whitioagGepreschiat bathe tdllowing gerddst i t uent group

| T represent . 0 ai ni 2 or._3.carbgn atons, and
| il FORDALLENE He BN ol A ftofesdltn 2 it

m xtures of any of tnhe T oregoing, “Ag from2 to
100, i ncl usigrupsPrigining Bde $Q eabonctanss thesubstituent CBWRIRY NPkeseats aNi C

-pol yoxyeti | BHRns Hiol5.66h ' 0 t Lcals, Inc.;
PLURON G ot SHtue KiouP sehisbig 2 X ucriel Mtk OFgt o ne WOBRAGE) 2. 11

. and SURFONI G RdsHNe Fginedepi a1 PR inclusive af the cesiigst valyepsnches sui tabl e

noni oni ¢ surSURRYNSttrionionie pelyxfethylste sdEadlaoni agenokoti Rl Pradlictst hy! ene oxi de

and propyl e L.[e : a uc t hyl ene ol or propyl ene
gl ycol inc IQ%'(? ﬁ%gt Hgggﬁg%/c%}‘?]?§5%¥$$%%%§K&E%o¢%¥3@?§w%ﬁé¥ t he general

" trade desi grieeni Yion CarbikehSURFONIC from Huntsman Carporation, Other examples

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

and‘propylene oxide based on a glycol such as ethylene glycol or propylehe glycol
including those available from BASF Cbrporation under the general trade designation
PLURONIC.
Nonlifniting examples of suitable cationic surface active agents include acid
25 ‘salis of alkyi arﬁines; imidazoline derivatives; ethoxylated amines or amiides, a
cocoaming 'ethoxylate; ethoxylated fatty amines; and glycery! esters,
Otﬁeli'examples of suitable surface active égents include homopoelymers and
~ copolymers of acrylate monomers, for example polybutylacrylate and copolymers
. derived fram acrylate monomers (such as ethyl (meth)acrylate, 2-ethylhexylacrylate,
30  buty! {(meth)acrylate and isobutyl ai:rylate), and hydroxy ethyl(meth)acrylate and
© (meth)acrylic acid monomers. -
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Nonlimting exanples of suitable cationic surface active agents include
acid 25 salts .of alkyl am nes; imnmidazoline derivati ves$,Septdmber 200¢d

am nes or am des, a cocoam ne ethoxylate; ethoxylated fatty am nes; and

gl yceryl egh%issst her exanpl es of suitable surface agldpRed@get s i ncl ude
honopol yners and copol yners of acryl ate nononers, for exanple -

pol ybutyl acryl ate and copol yners derived frgm acryl ate nononers (-such as
‘ethyl (nmeth)acrylate, 2-ethyl hexylacrylate, 30 butyl (nmeth)acrylate and

i sobutyl acrylate), and hydroxy ethyl (nmeth)acrylate and (neth)acrylic acid
~nmononers. -46 16 Septenber 2004 WO 01/68752 PCT/US01108684 The anopunt .of
surface active aghddmRtlorsaRae awvg%ént%ré%e%hgﬁb Sﬁ%féﬁ'ﬂ’ﬁer&ﬁt oft he coating

conposition on-a total solids basis. The coating conpositions can
“addi ti onal | yhe eefingremprEtioonietal seldsbatit.yi ng agents for enulsifying or
di sper si ng conpongyécatigf colpsitina tan @idticiEppiaciidecons or morelemuBtyiigie particl es

18 andl or Iubric%ous | e

htériagls. .Non-lim¢i ex . sultable
enul si fyi ng 246%A %G@Plg@mgfoéglf%eﬁi@ CHEPIEE °E§’ﬁ>?8§*{/’r‘§ﬁ{§ gi‘l‘%%b#%ﬁk copol yners
" (such as 5 Plas@\istitles 15-addér igoikipasayaeratsy INendimitiod saamples jofsualkle copol yner
which IS ~comeLel ' . | ippany, New
Sersey, (OIS el HtBahe rhBTbAENRAIBH e BRI PNCY
tradename 1PLERQDEGRIEHO8polyogpropisnedelyPaetayiens GopplyTRe $ (such as | GEPAL
CA- 630 - et hqyhatesly alinthiPh6H BXYE EhRBlorVdr PaliphsyCReWRireeyal | y avai | abl e
from GAF - Corporation of Wayne, New Jerse %% ,PO%%OX%%W | ene octyi phenyl :
gl ycol et herBLURGRIGA-10frcopqlymel ispwalaplain GWopndetthg riedsPaBet oy s (such as TMAZ
81| whi Ch1¢ﬁs|m’ |cFaEFyemy>?iah?lm@| ;ﬁiéa&lx‘sh @ﬁct{é%mlemamME 30\18w \iﬁ_rSﬁy_),
pol yoxyet hyl at ed veget e ojls 15 (such as. . : ichis
commer ci al | f%ﬁf’?ggﬁﬂsﬁniﬁeﬁﬁ%g— ‘°§8&P'Bﬁ'8?°ﬁﬁ%%@%ﬂ?§’éﬁ%é§| at ed
al kyl phenol Cdrsaration at W@ NevOReridy), pRlymlyethilenesochirbenyt gynehadhers.al | y avai | abl e
from BASF). . oy +-NP= nd | CONOL NP-6
whi ch ar ) ar e NL SRS U s Q%P‘{S%f(é‘%ﬁn%%@%?%g%h '%E’Fz@ﬁf EN 668 whi ch
i s comer ci adially avgilable BAPRofRasTiaramnNerAersed Rofygppthylotsd wegedabla 9l t he anount
of emul tsﬂf)yi(@ﬂ:h%@.ﬁlr}\ll‘?lgnsF@g@@.gfhﬁcﬂﬁgdonﬁ&;My‘dﬂﬂﬂiﬁﬁmRﬁ@@ gf‘ _thﬁtcoating
conposition on a Lo sol i si s, prefer ig
percent. Cr d’%‘f@?&h?fga)rfé‘f‘wlﬁép §,ﬁ"'§'l?5'ﬂ‘gé%'°%ﬁa@h¥ﬂéqg 'g']P #ﬁ"ﬁ%‘%\)ﬁé@c’ and
pl asti ci zer scomnscdily agailablé frath BASE) artdmongiphlend! atréstants dsuslap®AEOL can al so be
ol uded | 0§08 AR 56 GAIR AR didoWmerdily AU BREOSRY | nker o

roml to wel g

pl astici zer Can range
SERMUL EN 668 which is commercially available from CON BEA, Benelux).

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

the coating composition on a total solids basis, preferably from 1 to 15 weight
percent. . .
Crosslinking materials, such as melamine formaldehyds, and piésticizers,
such as phthalates, trimellitates and adipates, can also be included in the coating
25 compositioné. The amount of crosslinker or plasticizer can range from 1 to 5 weight
percent of the coating composition on a fotal solids basis. '
Other additives can be included in the coating compositions, such as
sflicones, fungicides, bactericides and anti-foaming materials, generally in an amount
~ ofless than 5 weight percent. Organic and/or inorganic acids or bases in an amount
30 sufficient to provide the coating composition with apH of 2to 10 can alsobe
| included in the coating composition. A non-limiting example of a suitable silicone -
. .emulsion is LE-9300 epoxidized silicone emuision, which is commercially available
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- percent of the coating conposition on a total solids basis. Oher additives
can be included in the coating conpositions, such as, 16iSdéptemie=,2004
fungi ci des, bactericides and anti-foam ng materials, generally In an anount

of | ess thgpopetgy ght percent. O ganic andl or inorganigerafbdhiss®r bases in
an anmount 30 sufficient to provide the coating conposition wwth a pH of 2

to 10 can also be included in the coating conposition. A non-limting
‘exanpl e of asuitable silicone ,enulsion is LE-9300 epoxidized silicone
emul'sion, which is commercially available -47 16 Septenber 2004 WD 01168752
PCT/ USOL108684 from CK Wtco Corporation of Tarrytown, New York. An exanple

of a SUItab|ft%m@@Wit&SCGf‘p&§tldn?ofBé Fﬁéumklmemmeadfa&emwnd which is

comerci al | y avai, eni c rsey. .
- Sui t able antqaCtF'acé‘%ﬁ 'ﬁbWeq% "’é‘F"?‘cfi‘;@' WB”’%A@'%E? S?T'Ef'é!a"x/ﬁ\’%ai??ar e :
comer ci al | yiroavisl Txbheniclis dNRaeayNew dersayi Snitable hti@aednunhatirjalsGoanect i cut and

MAZU DF- 136’&hé"§A@ Ena cFr iafe |Jhaa%g nirﬁeq d@?%ﬁaﬁ?ﬁg%%o CB{?OB%BI’?Mppany New

Jersey. Ammon ox%1'de Can b coat corrp05|t|on for
coating s% atﬁrBermth 6mneptfcubasn§m#ﬂé’w DH’!Q@E whighhis pvailaie Eem B BQ?W@'W preferably

dei oni zed was Bhrip b&y’i &k Yaes. hﬂmﬂohﬁnﬁ@%ku&&c&n%%&é&tb% dolitirig" anount

sufficient to facili'tate applicatign of general | y uniform-coating upon
t he strand. cpmeosition forepafing ng'f'%f‘é?ﬁ Kgesirsg- E'@feﬁ!’y watet ARI ®8%t i ng conposi ti on

general Ly r gigeabll aeibhidedivterds inciededhi thaeaam@bom;ioamma af@hedtnent , fthe f
coating conpositiqn [eSe i nvent.l on _ar.e nt i ree o

gl ass mater |5§ﬁ- e"tz%?ﬂﬁ@‘é‘%? q’?glfcg 9% ° agﬂ}?ﬁ\ﬁgﬁ?'f"ﬁ? F?P“f‘%‘apé’ gﬁe 53133 aﬁ%ﬁt erials"
means- t had thltpatentayecobsqhmfuhmaur@@nmpmmn geresally rengesiow dkaldfe 15.

per cent of nrtl x materials for form ng glass conposites, preferably
| ess than oPune percent. In a nore preferred enbodi nent, the coating
conposi tii ons of Inene snbedimant. e geating ermpesiions oA presentjnvention ats gl ass

{rﬁt ter It ﬁ' S. &fxbymﬂuﬁ%@f t@xass mﬁérﬁa%nWs%kéd’lrérélﬁes&fataﬂlaﬂﬁﬁedﬁih&&é al s" {rea]ps

a e coatin ions conprise. |ess percent o

gl ass matrix" nggs ihe goptiRe Fgmgpsiticns 8?5?&5‘8%@?%@3"%8 %’F‘éef erably |ess

t han 5 vobunmerqeet of glaks malrizl materisls for tokmingulbss dompbsites, podfergblpkess than er i al s.
Exampl es of e3R8 e TG delboliEh 1 MRS KorhhdfiSnaiir am ¢ matri X

- materials - or a‘aum nosH 'S suc known to
t hose ski | | éhie prasantiavertion amwsmbailﬁmmglﬁéﬁma@halﬁhéwﬁed#ewtn.| nvent ion, a

fiber st rand‘e&‘éﬂ%l& R4S giss Rbfdfift  lean@ihaf thd8deling &nﬂiosih:ﬁﬁ%m?@s@t ially coated
with a coati ng C wﬂgan organi ¢ 25 conponent and | anel particles
'%ﬁ? i

havi ng a t hepsedh foet oh glagy matipragterials igf formjeg glassepmpostest o
t enper at goe wéfeROP less lﬂanarwemeqaeue@mcuﬂuum preﬁrabiybﬂeeﬁf@aa@knﬁteml sing a

Pl ural Y OTe/oheb Brduéh Bhed 8% mBiBhdd Ablde SRRLE% Wldle ndufRd Al comPri S ng
' or alymmosmcate matrix materials such as are well known to those skilled in the art. ,
_ In one embodiment of the present invention, a fiber strand comprising a |
plurality of fibers is at least partially coated with a coating comprising an organic
25 . component and lamellar particles having a thermal conductivity of at least 1 Watt per
meter K at a temperature of 300K. In another embodiment, a fiber strand comprising
a plurality“of fibers is at least partially coated with a coating comprising an organic
component and non-hydratable, lamellar particles. In each of these embodiments,
~ the organic component and the lameliar particles can be selected from the coating
. 30 components discl.issed above. The organic component and the lamellar particles
" ¢an be the same or different, and the coating ¢an be a residue of an aqueous

. coating composition or a powdered coating compaosition.
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conponent and non-hydratable, lanellar particles. In each of these
enbodi ments, the organic conponent and the | anell ar pdétSeptasba00be
selected fromthe coating 30 conponents di scussed above. The organic

conponent gnsotee@z! anel l ar particles can be the sane geprslelfent, and the
coating can be a residue of an agueous coating conposition or a powdered . .

coating conposition. -48 16 Septenber 2004 WD 01168752 PCTI USO JCB684 I n
'yet- anot her enbodi'nent, a fiber strand conprising a plurality of fibers is
at l'east partially coated with a coating conprising at | east one boron-free
| anellar” particle having a thermal conductivity of at least | Watt per .

meter Kat a te”?gfe?&hﬁtﬁe{eﬂfmd%ﬂ% ey 204 aﬂpnampmfgﬁ«pfofﬁb%rsf s her strand

conprising a plu fibers is at écoate with a-r
B

_residue of dﬁas&aﬂ%&i@%‘?ﬂm&q ¢oRting ‘@Bﬁﬁfr’flgsﬂtf?@?’tlfiaﬁé‘?w'&f’ee elarcl es having a -

~thermal conobaeadewawg athephal Icmt:tw&y oat lteada&deJeEﬁxetlér Rt #tembEialfd alt ur el of
tra plurality

300K, | h

of fi bepssf Is féipaﬁ tggﬁglg%{re{q%gﬁilqngﬁc%@?ﬁgﬁﬁmﬁf?zm%{lswggpW@nR&f 'Si%ﬁ’ngé&heous‘
" conposi ti Bn leash patialy camedaliting nesidderaf an amuummpasrﬂdaloempﬁsirtgi laheéliar havi ng. a

t her mal Condﬁé(r\ﬁde\é Qicheﬁ“al éu%d@@i@tof;u%%“w‘%ﬁ el!’pﬁé %ﬁ at_a tenperature of

- 300K. The conp onents can e se &d fromthe. coati ng
companent s- dP@E@IQ@@(Pfé%Vd" stdrpgotherdimbodimant, %ﬁmp@tmﬂdtcgmmmngal so be sel ected

from those g ioaRRdtieskihaABldeied HHPE NS Mlackdifs BEARRN [ nvent { on.

a fiber trand conprising a 15 uralit er5|s at

coat ed-wi t h RTPELY AR Hes: BP%“%E%(?Q'?\E“’%NBB@ 7 thgnabpenguctivipiet a portion
of a. surﬁace!easi1Watt|peam§teﬂnata)émﬁa'bﬂrédfbm the resin conpatible coating
conposition conp I Scr icles formed from
material s sel ect ghéw'g’r%n%\"ggnmﬁéeg? E}od 'H%‘a\%?ag ‘ﬁ?{ﬁ%é{h&”i’aaq g inorganic
pol yneri-c nmomppreﬁnbdiﬂWEﬂemveeefpaddmhzowmmtﬂcaeaMbeseleﬂted feontl 20

m xtures theheQfecittdgop@rti cl es having an average particle size sufficient

to allow strand wet out, (b) at |east one |ubricious material different
from-sai d pl ural inanother embagicient of tnnresent iawentionna fikes ptrand comigrsingsh e

fi | m for mbngpluraitestiivérs ismﬂaﬁgﬁﬂﬁﬂmhﬁdW%aPéaﬂ%ﬁmm]@%t B afgt s ﬁgndbe Sf' eﬂ]ed
ur er e odal nen e

fromthe coatin opent. s S se a%

plurality ofc_"ﬁ'i"g% {TB Bg?ﬁtf"é’l"@g" ao%ﬁla@ ‘gﬁ“?arf‘f%'?%‘l seif fperg etesins pet ween
t he at Ieastcoometibtﬁfcosmgjbohmbﬂttaa camnprishig: (=) apluralityeof aldq:raa@aaﬁnclfas; ber., In"
anot her enb bt erset 106 SR LRLARER Bl ddeo” 1! bers is at

| east partia coate resin co osition on at
| east a por'lﬂqr@ww@aﬁe%mﬁtsa@s @&pn b@atlemﬂabdﬁmmﬂst@madbrialslaﬁds the resin

conpat i bbe GRiRfuieB therdo® WROSHHicleq naﬁﬁqmrdvaﬂagaparﬁc?a sif Sfridfer tb B%qu particles
conpri si ng (sltr)anqa wetI eaab a?lggst or?é |EIII)I'I%IOUS material different from said plurallty of
discrete particles; and (c) at least one film-forming material. The components in
these embodiments can be selected from the coating components discdssed above.
In a further embodiment, the plurality of discrete parficles pfovide an interstitial space
25 between the at least one of said fibers and at loast one adjacent fiber. =
In another embodiment, a fiber. strand comprising a plurality of fibers is at
least partially coated with a resin compatible coating composition on at feast a
| portion of a surface of at least one of said fibers, the resin compatible coating
~ composition @mpﬁsing: (a) a plurality of particles comprising (i) at least one particle
30 formed from an organic material; and {ii) at Ieést one particle formed from an
inorganic material selected from boron nitride, graphite and metal dichalcogenides, -
- wherein the plurality of particles have an average pafticle size sufficient to allow
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. 30 fornmed froman organic material; and (ii) at |east one particle forned
froman inorganic nmaterial selected from boron nitridel6 Sgmahbérc20ddd net al
di chal cogeni des, wherein the plurality of particles have an average
particle size sufficient.to allow -49 16 Septenber 20 8752

PCT/ US01/ §488#4375¢t r and wet out; (b) at |east one Iubr%ygg%%%‘?eri al
different fromsaid plurality of  discrete particles; and (c) at |east one
filmformng material. In yet another enbodinment, a fiber strand conprising
a plurality of fibers is at least partially coated with a resin conpatible
coating conposition on at least a 5 portion of a surface of at |east one of .
said fibers, the resin ¢ atible . coating, .co0 sitiqn c Lising: (a) a
plurality oF“‘ﬁ'ﬁgé‘P?F %"ﬁe(gb%ﬁ%grtﬂng bf'ﬂ?‘ﬁé'&?@'%bﬁﬁ‘r%?ﬁ?’f‘ﬁf’@ pluga@grgo& ed from
-organi ¢ nat distrafegparticles rand (d) at Igest gredfim-forming ewtedibls, conposite materials and
m xt ures ther eof ' ' | Gl izg, measured
according to |as'gy&}s@g{ﬂ?{a%bﬁgﬁ?g@ﬁﬁ%ggﬁ Hcé“é 5’?’%3" @%M g.ﬁﬁertéii)sz%

m cronet er sleagiipprtigly cpated wilk a resinccompgfiblecdoating cpmpesitionn gt \easdrent from sai d

plural ity ohofbéiatiuadea i 16dsEsrie dRBAId fitlefs, R redifdbMipafile cdatihg™ f or m ng
material. In a further enbodinent., the resi ncﬁ%%tl l e coatin

! [ > . g .
conposi t i ongonaRasitipn,camprising;(aha plrlity ot digcegte patt PO RIScent of. t he
pl.ur ﬁl ity Ofseléﬁté‘tﬁﬂ":ghﬁ ergasic mhﬁ?‘m irﬁrgahiggdymer&ghétdﬁlsﬁﬁﬁﬁmsitq}ﬁﬂéﬁtsabI(%) 33 to gg
wei ght percent..an r referably. to 50 i,ght 15 perc¢ent, to
wot ght per o8 s Betegt (8 BefddhaVingimn tredt e P Bre e8P ot al - sol f ds
-basis, prehemwaliigto lasemschtteriog ©Chnivpieg) inanging fromitt 1 todrrdicnometersp @ der abl y from 20
to 40 i g : : MR . at | east one
1 fory et EBAkipusillerf e ol BBl oPALLA0Ealey 36y 2 25 BN
percent, anéF)rbleest prefimrferming mafgia.o 30 wei ght percent. 20 In anot her

embodi ment- of , tj4@ RS BbodiniAL Me redin cotnfatifl@ boatihd dnthoSREMRsehbiy @ plurality
of fibers is at |east partiall

} y.coated with resin _conpatible coating
composi t  on 3BRYegPRFBARNZ0L0 R righy Rergent e prally ot fecagte patides lebf sai d

fibers, thesétiasbasis; praraibibisio 66 atighigerentpai hore prefuvahty 30to 5 welgh) a
plural.ity of disc , o100 WAX rticles for fr teritals selected
from or gani £eal 'eé’f%. 058,0 véebgr%@eé%[ng&%e[aé%ag oge E‘E@%"& mr#% aﬂ?n eag{‘)%arier eof, the
. particl es hasiidsbasis peeferatipieon b fa 50oveight peregnt, apdmareceferably frni2dde to | aser
scattering hs%@h%?&q, GAT 16 e Ppeloehpoé%erat fa Bk %rnfffonang (b) at |east
one lubricious material different fromsaid plurality of disCrete
particles. Matesiolqntotglsslidpdiasiapreiermbhs Ato rwaight PeFr g morR@ipierabl, a fi ber
- strand conpArbed Moweightpbrcémt! ity of fibers is at least partially coated with
~a resin gconpatibl e coati 30 C ositign on at_|east .a portion of -a
surface %Cﬂ at |¢e gpo@ﬁreeng%dlggpt@?%@éqsggt nvepfion, 3 ke strang ﬁﬁ'ﬁf’-’fsﬂﬁgé coati ng
conposi ti on pealifyraf Sbeng)is et least partidlip avat@Dwitked kit corapatiblatcoatinga t ot al
composition on at Ieaft a portion of a surface of at least one of said fibers, the resin -
compatible coating composition comprising: (a) a plurality of discrete, non-waxy
particles fom’_iéc_i from materials selected from organic materials, composite materials
25 and mixtures thereof, the particles having an average particle size, measured
according to laser scattering techniques, ranging from 0.1 to 5 micrometers; and
{b) at least one lubricious material different from said plurality of discrete particies.
In still another embodiment of the present invention, a fiber strand comprising
~ a plurality of fibers is at ieast partially coated with a resin compatible coating 7
30 compasition on at least a portion of a surface of at least one of said fibers, the resin
" compatible coating composition comprising greater than 20 weight percent on a {otal
' Solids _basis of at least one particle selected from inorganic particles, organic hoflow -
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solids basis of at |east one particle selected frominorganic particles,
organi c hollow -50 16 Septenber 2004 WO 01/ 68752 PCT/ US613<pBtBder2804i cl es
and conposite. particles, the at | east one panicle having a Mhs' hardness
val ue which d not exceed the Mohs' hardness val ue t one of

.sai d fi ber%2? 'ﬁ%%nother embodi nent of the present invgéyg§ﬂoggffiber strand
conprising a plurality of fibers is at least partially coated with a resin
‘conpati ble coating 5 conposition on at |east a portion of a surface of at

| east one of said fibers, the resin - conpatible coating conposition
conprising (a) at |east one Ianellar, inorganic particles having a Mhs'

" hardness -val ue mhlch does not, e

d e of at |east |
one of sai dPatiqrsaad copppsigpartigles;t %1 ?eaat “’&Q%av,@mgﬁéhar}{ﬁésg an °
. additional gadEoghichRitis @citexdeedmemstmandmsswaluemfat&.-astuobepf spid flbats. 10 :

comprising a pl Li{l %lla’dtttl%ﬁ%LDJuJPQ\?Bﬁhé ﬁe%} |l1@e§\§$n Q%Bér s%r{cb’coﬁﬁﬁéuﬁdjaw th aresin

conpati bl e coat tion of a surface of at
| east one oplusiity df ﬂbﬁtsesstleastmaﬂle@aﬁde‘é‘hﬁﬁsl“tﬂ%‘pé%‘i"ﬁﬂ‘gconpos| tion

- conpri si Rg F@% oRftion &?f{ﬁeagﬂqﬁpmwo%u@% abeadt o%ﬁ&ﬁﬁﬂib&r@ thé @aii c particle;
and (b) at east one |ubriciqus materlg i ffer fromthe at | east one

“hol | ow or gaftraraiele £pating comegsiencopy ?W"E u%"f PR or egoi ng
enbodi ment s pgridlediRving b 8Mhe taidresgivalldi@hictoddes ngt etxoeepcbhaatmts' irgwsssed above,

and a0dit ol e TR e 1550 Bt P M L 5 brlio e, Lo tert above:
conposi ti on conpnias addficaal embgdiment otthnp@nmhtnv%mldﬂ.laéibéllﬁﬂaﬂd particles having a
20 ther ngj g?ﬂ%&%@nﬁ@@?% Js%ﬁ%ést barlf¥hy Eod?&fwdﬁeatr%&n KortatiBlet enper at ure of

300K. In"an is coated with a corrpfgleon
conpri sing awatiog gemnasitionemas dasel Posfion of RsirRGRPTAt epstane PESRE PSS particles. In
yet another gorhgdmtible eoatuﬁg &ﬁﬁpoélﬁonf‘oembm\g\/(b)tél|eastctmgpamm h@m conprising at

o eater ¢ haed SyeniiieoriR eride and @ Fsmaie el dRLigee ot L1 Y
Flnot her enbmdm{f[iﬂfﬁtleaatdmmeltowaga:imqiaadew th a conposition conprisi nghat I
east o amel | ar r i er than
ooy e fabhshisTn BEbN of e foragdfi EbodifBAY Eir 0l it

Watt pe enperatu et anot her enbodi ment, a
fiber is cosecmativigtdompencotsidissuised grove e additionyy caﬁp?'@afét“'bﬁ'é"ﬁ? umi na- f r ee,

non- hydr at. agg@mb@%rg%g@re%dtabg,}ee having a thermal conductivity greater
than | Watt per neter erat ure of \”EO 300|[<. l.n _anot her enbodi nent
o P il

of the present i ‘f‘i‘\Pé‘ﬂﬁ“B?p‘mﬂ“PftB% resent {yenfion a 8sition conpri si ng
(a) a pl ur alchingosition Gbrfisrstiy @n PRk Corsbném antEmblilap panticleshiavinb 2.

20 thermal conductivity of at least 1 Watt per meter K at a temperature of 300K. In
another embodiment, a fiber is coated with a composition comprising an organic
component and non-hydratable, tamellar particles. in yet another embodiment, a
fiber is coated with a composition comprising at least one boron-free lamellar particle -
having a thefmal conductivity greater than 1 Watt per meter K at a temperature of

25 300K. Instil aﬁother embodiment, a fiber is coated with a composition comprising at
least one lamellar particle having a thermal conductivity greater than 1 Watt per
meter K atb a:'temperature of 300K. In yet another émbodi'ment, a fiber is coated with
a composition comprising at least one alumina-free, non-hydratable inorganic particle
having a thermal conductivity greater than 1 Watt per meter K at a temperature of

30 300K.

g In another embodiment of the present invention, a fiber is coated with a
" ‘composition comprising (a) a plurality of discrete partlcles formed from materials
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. -51 16 Septenber 2004 WO 01/ 68752 PCTI USOL/ 08684 sel ected from non- heat
expandabl e organic materials, inorganic polyneric nateriéabeptemiodr-2004t
expandabl e conposite materials and m xtures thereof, the particles having
an aver ag LGl e size sufficient to allow strand wg ) at | east
one | ubri gf'ggggsl’#at erial different fromsaid plurality O’?H’él sGé{)et e
particles, and (c) at *least one film5 formng material. In yet another
enbodi nent, a fiber is coated with a conposition conprising (a) a
plurality of particles conprising (i) at |east one particle forned from an
organic material, and (ii) at |east one particle formed. froman inorganic

material s @Llﬁ%&ﬁfwﬁ E&We?%{aandau& Hgfaﬁic nidfeRRY) ifigablicholyRtient meliefidlsll cogeni des,

wherein the p articl es have an‘averg&thgartlcle Size
L

“sufficient nenheat ewa@#ab@mmneﬁ'fe ipterials gid gpdures ther Rtiglesdiavee ous nateri al

di fferent f%ﬁ%\:&&géﬂpaﬁlclérs&blshfﬁcm tochiliNg i8ing wWeaut, (BY &t feasteond [Ubeigiousat | east one
filmformn mate flber is coated wth

a conposi ti "’§1t ﬁg{" g é?lu'ﬁl%Pﬁ*’%ﬂ?‘? E'laqg':?esd?@?)e%t eaSt BOPE W es formed from
materi al scadrmwgemhténabrm petgmﬂneremmdmnt.adfsaensnmtgmrﬂm mnpyasmﬂ c materials,

conposi te mat b ﬁlgs(a &ur@%éfﬁ%@&eg &ﬁ{pﬁgﬁ (l) at IL? fole pﬂﬁélé foﬁl‘n&ﬁr&?ﬁ"v' ng an.

average par PCPE acco aser scattering = techniques,
rangi ng f r omn@rgBnic material, it least one (’MC‘%@W@JW Fhsorpanis Maedls nateri al

di f f erent frageté@fr&n B{wﬁ ﬁkﬁdwéﬁm&amaémcaaesgemh@swhaaral u{ecamratty | east one

filmformn eria n anot her nvention, a
f: ber is cog’féﬁiﬂ‘i}&st";ﬁ“’%a" MragB RYHLS ‘f'?%‘ﬂ' FﬁﬁPF@%ﬂraF‘in@”E?@raé: i ;/y o:‘

discretejo nq&asmyuuﬁaamg Raterl fifdrem thofrsaidplunaiityaf diatrete pattieles, @dd {d) om or gani ¢
mat eri al s, {‘TEF terlals ?nd m xtures thereof, the particles having
an aver age ﬁ‘g ?(9[‘% '@"m M ed according to Iaser scattering :

t echni ques, rangnsjli émothver @nﬂcdimﬂnﬁ arfibenio paatasivith acpgmppsitiongpmprEingt one

| ubri ci ous. @B&&%ﬂ} oﬁﬁsfcifefer,%@fcu mrﬁnﬂ{eua@kélwemn%@&ﬁ@t e particles.

in yet anot nent er I's coated wth a coglﬁosmlon
- conpri sing ana’c@@hnm@rem@qlm@cw&na‘&gomeeﬁﬁtﬁaﬁ%"ﬁlﬁﬁ"%mﬁw #g%at | east one
coating f@”ﬁﬁé ﬁdrﬂ&s%ﬁﬁé & a&ﬂ@@p&@cid@t@h{eas@&f é‘d&&Hkabl&sdr@&albn@Ol i ds basis

of a pIurall of part] S cted fro arti organic
. hol | ow part it B@”%FHE?"E'B%% Pf‘g gaw‘?’ﬁﬁf‘%é%’s%gfe&g@é‘ﬁ‘fbﬁ%‘és ag g a Mhs'
hardness valdifferanhirarh sald pisralitg bf discostepartidies, doh(s) at leastdme $n-fomhioge of said 30
gl.ass fi ber. thh iinOt her embodi ment. of the present invention, a fiber is

coated with & onposition conprising (a) a plurality of | anel | ar,
“Inorganic parti cIreaswthamjnl(oldyneatofltr@a:sqsenlswenhon.aﬁber is coated with a

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

25 -afiberis coated with a composition comprising a resin compatible coating
composition comprising at least one coating comprising greater than 20 weight
percent on a total solids basis of a plurality of particles selected from inorganic
_particles, organic holiow particles and composite particles, said particles having a

_ Mohs' hardness value which does not exceed the Mohs' hardness value of said
30 glass fiber. ' '
' in another embodiment of the present invention, a fiber is coated with a
- .composition comprising (a) a plurality of lameltar, inorganic particles, and (b} at I’east,
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16 Septenmber 2004 WO 01/68752 PCTI USO /08684 one polyneric material. In
still another enbodinent, a fiber is coated with a conp&aptensrer@00pri si ng
(a) a plurality of hollow, non-heat expandable organic particles, and (b)
at |least onewpalwsm® i c material different. fromthe at | eaglystisss NO! | oW
organi c particle. tn an additional enbodi nent, the present invention, a
fiber is 5 coated wwth a resin conpatible coating conposition having a
pri-mary coating of a sizing conposition on at. | east a portion of a surface
of said fibers and a secondary coating conprising a residue of an agueous
_coating ‘conposition conprising a plurality of discrete particles applied

~over. at |east ofie p&frﬁér@nnﬁnat hﬁstmrah&ﬁér)énﬁ%ﬁméﬁlgaﬂfer islcBRedhili 19 COMposi ti on.
'10 The corrponents j n-each E{fg é’gﬁ ng~enbodi nents can be sel ected
AR Nlg

from the coafPRBS éﬁﬁﬁﬂﬂ@ﬁwg (%I B\)l?"‘h&ﬁthxBﬂUP‘P'? 8%9amic conponent s can
~al so be sel ephsides, mod(l) hidsst sregiolye@driainateda! differesti@nithdat léast érieng enbodi ment

of the presen i t St at_least.one_of.said
~fibers of t heth ﬁ Q.ro‘?ﬁgnic%m A%ﬁaddm&aggn Od?';r%‘\?gﬁl elp(g%seﬂtd%vegtbo& T 5 thereto
an aqueous Fcoaﬂﬁfﬁiyw@bﬁrmlslcpmmbeIng wmsmmﬁalﬁmnmawmﬂmbofmn nitride

powder and/ or sBEESHPIstR: Biratids Qbr?a‘&@&fﬁ fagbe.lépﬁg %@ OXy

filmformng material, PVP K- 30 oyV|ny pyrr one
functional  oCERIAG cATHrisiE ad@ﬁﬂﬁ‘?l" 1 3eyeeiS, Wﬂ@m%“'ﬂcms'pﬂ)ﬁyoxyet hyl at ed

veget abl e oi l plurdlnﬁ}liPﬁbcr&ép&ﬁaeﬁﬁpm%vaﬁéﬂbaﬁt@iﬂbh@haﬂtﬁwmﬁé’@aﬂiﬂng HESSCO PEG
600 pol yet hyl ﬁ'{ e.20 cgn%g nonol aurate ester which is comrercially
available fro e§ ?‘&? hy of Chicago, Illinois and EMERY(r) 6717
partially Hh dat edﬁpdowomrsemeadxmfmeforégmingrembMems)mdﬂeréetebtegfraﬁbodi ment

e bf D S e el Bl ARorlsls ANBAEL Bhovg ol el ERBIncPisREF Lk O 21 | oast

one of said glass stran résent 1 fvention has
appl i ed 't her efglededFone Hoperepited@bede. an aqueous si zi ng conposi 25 tion

.conpri si ng. POLARTHRIgé ﬁ&rﬂ-lﬁﬂtl rr%dth'eﬁtrdf #e p%&ﬂﬁ{veﬁfbﬂ/ é?ieaﬁ%oh"o? RI DE
RELEASECOAT di ager Si o g%%est er, PVP K-3 K%FI nyl pyrrolidone,

DESMCPHEN 2006 535t 92 é"f‘“d fﬁ@’i‘?fth th"lf'dPﬁ‘H‘éP"eé‘T‘fﬁf""ﬂP"% appiedne coupl i ng
agents and 5A- igeteaoaguebusnobiimaitahpasityn Bem@ising POLARVBERME 189Bsths, PLURONI C-

Cr Tact e SRR A RS MU B R S et B o) o o5
16 Sept enber 2004 figooninG8aEHalFRYF KISOLAPBGBRyrolidone, ARt epoxyromvtibriali t i ng
Tnvention, at Cheaetin pePiosREn Al “f‘ﬁﬁa‘;%i”’gﬁ@9'55‘?*9&“#'?#@?%%%&?%; g° Present
ethoxylated octylphenoxyethanol KESSCO PEG 600 polyethylene
20 glycol monolaurate ester which is commercially available from Stepan Company of
+ Chicago, Hlinois and EMERY® 6717 partially amidated polyethylene imine.
In another non-limiting embodiment of the present invention for weaving
cloth, at least a portion of at feast one of said glass fibers of the fiber strand of the
_ present invention has applied thereto a dried residue of an aqueous sizing composi-
25  tion comprising POLARTHERM® 160 boron nitride powder andfor BORON NITRIDE
RELEASECOAT dispersion, RD-847A polyester, PVP K-30 polyvinyl pyrrolidone,
.DESMGPHEN 2000 polyester, A-174 acrylic-fuhctional organo silane coupling
agents and A-187 epoxy-functional organo silane coupling agents, PLURONIC F-108
po|yoxypropylene~polyoxyethylene copolymer, MACOL NP-6 nonylphenol surfactant
30 VERSAMID 140 and LE-9300 epoxldlzed silicone emulsion.
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. of the fiber strand of the present invention has applied thereto an aqueous
coating conposition conprising POLARTHERMr) PT 160 bottosepiernbéerdd®0dowder
and/or 5 ORPAC BORON NI TRI DE RELEASECOAT- CONC 25 di spersion, PVR K-30
ponV|nyI‘Q§ [ done, A-174 acrylic functional organgcsivkfiRgsssOUP! i Ng
agent 9 epoxy-functional organo silane coupling agent, ALKAMILS
EL-719 pol yoxyethyl ated vegetable oil, EMERY(r) 6717 partially am dated
polyet hyl ene i m ne, RD 847A polyester, DESMOPHEN 2000 pol yester, PLURON C
F- 108 pol yoxypropyl ene 10 pol yoxyet hyl ene copol ynmer, | CONOL NP-6

al koxyl ated nonyl phenol and SAG 10 anti foamng material. |If desired,

e oF P RopaeUat 1 ERit R BBl o el Hiiee il dfcile ol QUELT) HP- 1055

and/ or ROPAQUE(r ne-acr ow spheres. In -

o anot her nonbdardsiaf the@r@nmwﬁm@n.tatbﬁsﬁaal@ﬂioﬂDF%FE'?I%@@G preald RS figfFc circuit 15

boards of tbﬁh@ﬁtﬁ%amnd bﬂH@ﬂ{eéé?nf‘mvé‘ifttoﬂlﬁi%%bpl@d D@Feftd &Taqabotcoht@st one of said
gl ass-fibers

ber_ st ran gf | nv nt | 8}1 has appli ed
thereto a r@‘!ﬁ‘%‘é"'b‘f‘m!i’ﬁs'“%': ng\“ﬂ 6(93‘(?{? ?5i ng
POLARTHEBM bRrPRE B@@WRIIDEIRELEV\SECOHDWC mm&bmiom BORON NI TRI DE.

RELEASECOAT- C 25 d I.on RD-.84 t P poI yvi nyl -
pyrroli doneP? %WPE@%%O@“SB’?&%ET%?" @rgg sﬁaf% cg‘(’:""" X{é“rﬂ"ﬁ@t I onal organo
si | ane coupkpoxgfungimts organd Siline paupling agantt AdAMULS Ela119 pglv¢>qﬁhyletgdupl i ng agent,
PLURONI C F-10 awgqgay t VERSAM D 140
pol yam de, ﬁgtaﬁﬁwy?#ﬁ%ﬁm&ﬁeno &@M%g@&reé@ﬂgﬁmgf particul ar
‘enbodi nent pdwsmptnﬁﬁmpﬂﬁﬂaqﬁépowmmem pOORFRraylsse-and/ or -
ROPAQUE(jip) Eﬁo%ﬁtﬁ}léﬂe%ﬂﬁdﬁ%%bﬂomw éf%ﬁf:até@ﬁdn%hﬁmﬁﬁme 2@ In still

anot-her non- ment for weavi ng fabri %ﬁg | am nat ed
printed ci rem-fpara@amgenafaifdﬁ@r&étth!apﬂﬂﬂars'ﬁ Qshimeqt °"'I"é°£§‘? hFr'5f said glass
fibers "of tnhmé ROBAQBE® @R 065 aidhe ROPASUED OMmeEstrennadnyis coppirieed thereto a
resi due o ﬁir’] eous primary coating conposition conprising ROPAQUE(r)
HP- 1055 and fow's E(r) OP-96 styrene-acrylic copolyner hollow spheres,
PVP K- 30 pol yvi riylan@Bermgn-liroitingmedimentof fabrcioyisedn elggionicoidit or gano si | ane

l [in t
CouD MR8 Al RN i b AT ittt | 13 05

. 01/ 68752 PCOfthf-t@mﬂ@ﬁ@@&eﬁtﬂswmwt@néaaWW“@EPMR%@B cetyl
pal mtate, us%azl éaﬁ{ SifonsingRsingRILARTHER®® Faf 169Gbkninilideest er s, MACOL

B o et S 2
i ncl udes PORBEWEMthermvmmo palyviriyl pyirolidode; DESWMDRHENRH00 polyester,
20 A-174 acrylic-functional organo silane coupling agent, A-187 epoxy-functional organe
' silaﬁe coupling agent, PLURONIC F-108 pcIyqupropylene-poiyoxyethylené
copolymer, VERSAMID 140 polyamide, and MACCL NP-6 nonyl phenol. if desired,
this particular embodiment can optional further inciude ROPAQUE® HP-1055 and/or
ROPAQUE® OP-96 styrene-acrylic copolymer hollow spheres.
25 o In still another non—limitiﬁg embodiment for weaving fabric for use in
laminated printed cireuit boards, at least a portion of at least one of said glass fibers
of the fiber strand of the present invention has applled thereto a residue of an
~ aqueous primary coating composition comprising ROPAQUE® HP-1055 and/or
' ROPAQUE® OP-96 styrene-acrylic copolymer hollow spheres, PVP K-30 polyvinyl
30 pyrrolidone, A-174 aéry!ic—functionét organo silane coupling agents and A-187 epoxy-
" functional ofgano silane coupliné agents, EMERY® 6717 partially amidated
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5 ‘ORPACSORON NI TRI DE RELEASECOAT- CONC 25 di spersion. In yet another
non-limting enbodi ment of fabric for use in el ectroni cl6ceptember 200dr ds of
the present invention, at |east a portion of at-l|east one of said glass

fibers of whgudkiseer strand of the present invention hDEg% EQ thereto a
residue of an aqueous coating conposition conpr|5|ng N 2000

pol yester, A-174 10 acrylic functional organo silane coupling agent, A-187
‘epoxy functional organo silane coupling agent, PLURONI C F-108

pol yoxypr opyl ene- pol yoxyet hyl ene copol yner, VERSAM D 140 pol yam de, MACCL
NP- 6. nonyl phenol, POLYOX WSR 301 poly(ethytene oxide) and DYNAKCLL Si 100

‘rosin. In adgifd R%ehﬁlgﬁiﬁéﬂwféﬂﬁace?m%ﬁﬂ{a@‘?mi'ﬁ bfiend 8igdaides ROPAQUE(r)

HP- 1055 and/ or ene=acrylic copo hollow *

Epheres. nafsiaes ARPEeres. BACOE GFHR Gt alrﬂ@eaejme?mgwa%r ORPAC
BORON NI TRI DirzeRinkifdsnintgMdtediNGithdbgh bt REifed] B8 paftibulstiRaibbaimenton- 1 i mi ti ng

~enbodi nent of fabric.for u Lrcul boar ds t he present
i nventi on, aPrefeéag:iw[ﬁJrgl b'BFIP‘?earEJ d;pﬁkﬁﬁ&%g@? Tc1gﬁ8°r8f‘ "@réﬂec?"ﬂfi%[?é'%f bers 20 of
~ the fiber Bst ORRAC GIORUNNITREMERE!L BASECOAT-@ONC25 digpetsiond t.hereto a residue of
an_aqueous coati HEN 2000 pol.yester, A-174
‘acrylic functi ongﬁy‘%%gaﬁer“Es’?f%ﬁﬁgoﬁ%ﬂl?“eﬁg°f§‘%§wijp”% it C%Od‘g%&'x‘l" ncti onal
organo si | ankoardson fiei preseatdgrrtion SN MRERQMIDNFRf 4iddast one of said glass fibers
pol yoxypr opylg lﬁléé?ﬁ yam de, MACOL
NP- 6 nonyl eno"ﬂ%?‘st}’a‘ﬂmﬂﬁh@ﬁeg%gmg%ﬁg% ?%)?ppgetde onylérﬁ'gno POLYOX WSR 301
pol y( et hyl enem@sa%@?ﬂmmmmernpnsgﬂ QRFEN00D H°'¥ﬂﬂﬂ"-tﬁ-'6?ﬂ this

|oRaO|rD 5\ IQtCJ lé I( a;o eog@ﬂﬂlfmmnaf dt@édaenade%eupud@ﬁgmé@l%é@-fuddﬁ’onw&éa@mﬂ@%r

r ow eres, and/or
POLARTHERM r {° b@f%?ﬂ{?f 1%8@°'S%xﬁfgpv'%&ﬂl¥f*ve%%ﬂ@ BERMNET NI TRI DE
REL EASECOAT- V,ERMB ﬂosppleamldmmmczm. Mhﬁhanynpﬂenplr ROEYOXW SR 3dMer strands
having a res descri bed above
that are fr eg&gg‘hﬁé'}etaoxc I}Hd?%{ can %i {d S-E'sm lh%@%@ %'8 tan@@lgr‘ber 2004 WO
01/ 68752 PCTemb®imgroR@Ber inghides B@HAQUE@HIH' wﬁéalpﬂi@d:ﬁ?ﬂAQUEMPwﬁn In
particul g, bt&rehé—a&ﬂf&tcgﬁﬂi})nﬁ? ﬁaloﬁlr},ﬁﬁeréseﬁhd?or WHERMQ PRl Hggjgcor’rpOSI tions

i ncl udi ng one or nore orm ng nateri al such as PVP K-30 pol yV| nyl
pyr rol i done; NiBide PeydeRapdior QREACBEQ! NFTrﬁjD%%hE&SE%Q&ThC@@C 28174

acrylic-funciisgygén. or gano sil ane coupli ng agent s and A-187 epoxy-functi onal

gl glrggno silane (ina cltﬁer} on-ﬂﬁp %gsémbogimegg offa%n ¥or use i ctrorrlztt;cc? IV\BI ght of the

boards of the present invention, at least a portion of at least one of said glass fibers

20 of the fiber strand of the present invention has applied thereto a residue of an
aqueous coating composition comprising DESMOPHEN 2000 polyester, A-174
acrylic-functional organo silane coupling agent, A-187 epoxy-functional organo silane
coupling agent, SYNPERONIC F-108 polyoxypropylene-poiyoxyethylene copolymer,
EUREDUR }40 polyamide, MACOL NP-6 nonyl phenol, SERMUL EN 668

25 ethoxylated nc;nylphenol POLYOX WSR 301 poly(ethylene oxide) and DYNAKOLL
Si 100 rosm In addition, this particular embodiment further includes ROPAQUE®
HP-1055 . andfor ROPAQUE® OP-986 styrene-acrylic copolymer hollow spheres,
‘and/or POLARTHERM® PT 160 boron nitride powder and/or ORPAC BORON
NITRIDE RELEASECOAT-CONC 25 dispersion.

30 While not preferred, fiber strands having a residue of a coating compbsttion

" similar to those described above that are free of particles 18 can be made in
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.conposition on a total solids basis of a |ubricious material having polar
characteristics, such as STEPANTEX 653 cetyl pal nmitat e, 16cGaptérabarsd®04i n
accordance with the present invention. It will be further appreciated by
those skil.lwgleydsms2t he art that fiber strands having a i,@fmgblﬁggpatl bl e
-coating conposition that is 10 essentially free of particles '18 can be
woven into fabrics and nade into electronic supports and electronic
circuit boards (as described below) in accordance with the present
| nvention. The coating conmpositions of the present invention can be
prepared by any suitable nmethod such as conventional m xing well known-to
those ski | | ededorianteewitirthe presdit inveitiar, dn ﬁb‘hallartlﬂiﬁcdhwiﬂmm&rth& redipcussed above
are diluted y e i red vei erce t .solids and mi*ed
toget her . The artt}s\@tgﬁéhnggﬂ%éﬁwﬁg&hu% °""-‘8‘“‘?Xﬁ-‘ﬁ m& §Y ed or '
ot herwi se adGEEVPS'QS‘rPéW’dW' rysTolidane e e Mot suﬂnetchupllumagantsgsuch@spom tion prior
to. mxing Wal474bBQicreAmRoia &ﬁarﬁ%ﬁl%%ﬂéhﬁ%Q entsdhd ﬁ%%'e@&g—f&?ﬂ&%?

COI’TDOSI ti s accordi ng to t he present t1-on can

ways, for bx&igpnesigye %H't"aeswfg apdyat l9ast 2fRerreat hyjweighbofitn $:rezng or- beI t
gppl ijca: or, caﬂgo%mbmm DiotaDédRes bdﬁﬁ%ﬂ&lubﬂ&ﬁs@ﬁ@éﬂﬁma?lh@ BéIdr ?_Le gr eferably .
rne a roo rat u era res. e ryer renoves
excess noi st l%aeraﬁ?%ﬁﬁ 5';?7 %E%%%gsfggPé' L cApBeE@dg iy curabl e sizing
conposi ti on eceepaneEwith thefpresent inveptiona titwiltbe mnmrhpm.éta:bmysmnwe gl ass
fibers wtl ﬁﬁﬂ@%h%ﬁ&rs’iﬂéﬁ&‘s h\ééiﬁ%gpésﬁasco a&%&?ﬁa%ﬁﬁosﬁgﬁ&ﬁtm solids in

t he coating conposition, one e-coa fon and type of
fiber. AsUs&treptiafieiee ofpﬁaci%‘r&ﬁan@awevera@otabe@ann meda intcelecmoniai t h a

conposi ti on, suppols and eRecGoHiES cHBTRRE IS d¥Beribed Bt uﬁ@&ﬂrd%@twst?u%
crossl i nkabl e CO”E. ngfnts of .the corrp05|t|on are at- least partially

crossl i nked. PEREEVEUPY enbodi nents of the present 30 invention, the
crosslink densi tyThefcodthgcmmiﬁbnsr&{ﬁialpeeseﬁtﬁmmﬁtcsn bd pr@g:srzl [s;_'eargegree of

crossl i nki ngsuttﬁ@l&%@&o&%@éﬁ‘é ﬁvgr%ongl%éﬁé%cgw §g'a,os ki n I n ot her

enmbodi nent I nK ul |
crossl i nkiBngPreferablsthe compaBents distiussedadle mdmnémmw&ﬂhﬂeW/ 08684 ot her

embodi ment s, dddied ﬁén%&?bﬂc@rhs&ﬂ@%h& Kk eruﬁ'g%éﬁ) d@tcgﬁga g{] AT

. crosslinking.. One s in the art w rr"mf’esence and
degree of cWitfuwgier W'\’fﬂfed or gtherwisgaddedis one Pﬂéﬂ%ﬁ@nnoyenteaﬁhbeoaﬁeg erm ned by

a variety of comglolitiateprior ﬁm*lng%ﬁttﬂwn%maﬁudﬁ%xhﬁﬂeﬁﬁ'of fhbesamp. anal ysis (DMIA)
usi ng a Pol yner Iq%%@r[aca & od ) qrgﬁzer conduct ed under
nitrogen. This nethod determ ?13? t H‘@ ‘b,]: 5 deesentinyRatiop cabs agpfied Bt ure and
cr ossl i nkOdemamtwayssfforfexemple by eantasfingtha filmesis ith ailstnee belt applicator,

spraying or other means. The g:oated fibers are preferably dried at room

temperature or at elevated temperatures, Th'e dryer removes excess moisture from

the fibers and, if present, cures any curable sizing compbsition components.- The

temperature-and time for drying the glass fibers will depend upon such variables as

25  the percentage of solids in the coating composition, components of the coating
composition and fype of fiber.

20 many

As-used herein, th§ term “cure” as used in connection with a composition,
e.g., “a cured composit_ion," shall mean that any crosslinkable components of the
E composition are at least parfially crosstinked. In certain embodiments of the present
30 invention, the crosslink density of the crosslinkable components, i.e., the degree of
crosslinking, ranges from 5% to-100% of complete crosslinking. In other
_ ,émbodimer_utS. the crosslink density ranges from 35% to 85% of full crosslinking. In
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These physical properties of a cured material are related to the structure
of the crosslinked network. According to this nethod, 16ieptemiggri?004i dt h,
and thickness of a sanple to be 10 analyzed are first. neasured, the
sanpl e is tww@htekisznounted to the Pol ymer Labor at ori espdMégdoihssgopar at us,
-and the di nensional nmeasurenments are entered Into the-apparatus. A thernal
scan is run at a heating rate of 3C mn, a frequency of 1 Hz, a strain of
'120% and a static force of 0.01 N, and sanpl e neasurenent's occur every
two seconds. The node of deformation, glass transition tenperature, and 15
crosslink density of the sanple can be determ ned according to this nethod.

H gher cr OS&hér%bgﬁﬂéhtEMhé/&bééﬁr& deﬂQt'y‘FéHg@s ﬁon‘i‘stﬂ‘bﬁf 85‘?@6&‘&@? of crosslinking
in the coatin e anount esent on the fi‘ber

O
trang (92 dsunig One aGledin i 28 wiBieERd (Y GEREIGe SABOEST o aby y | oo
~than 10 percaaéslubmg,meut@éﬁroam denstly, ¢ah &6 actaininedibg tanasety 6f ethals> per cent by

el Ot &S QRN St RS0 Dkl Bl o ukne TR AR RIPOS 0N 0

~the fiber st ous¥coa 5Ttion or a
powder ed 5oaMKrﬂgDMiﬁﬁrpo@yzer enndudted under niteogero dibisemethasf detdmyinesthe gtason, t he LO

is less t hanfrénsﬂtﬁrﬁlf‘eﬁn‘ﬂéra eéﬁﬁ'og&&hnk%?sﬂfa’qree Rffs%r Qoahﬁ&eorkgg rs| 0SS on

_|gn|t|on nmeans e wel er cent dried coatin S|t|0n present on

the surface Hese n@w‘mpegﬁafrmc%d 'ﬁ?@??ﬁﬂﬂe%‘?“ﬁﬁﬂﬁm@ﬁfﬁ‘e 25 LO =100 x
[ (Mary Wb, , . &r&éwnméhnétﬁem 1) wherein WI,, is the weight of the fiber strand

520F (about Soacperaing it s B il sfbElnesat anitoBe bar e 1 ber
fSE) : agg ?nﬂlrEIJE{ ar’radyaéd ang fitshmedsutedr the tarapielis tightlg moanteditoethe PAlgrbéF ( abotj'z) " 62 _1552) 6
Sept enber 2083} &%%nghig% B‘%‘ﬁ %ﬁ?%@@g%% Sh'la["%etsgge %?&&i iﬁ%n of a

pri mary ‘si zethegpraratus. fethermal $aah isghn at adisplinogete &f 3°€fmin, dfegquercyiofihit i on, t he

fibers are ggj @%&@ﬂorm.aﬁaamﬁcfb@%mm hméeﬁapﬁorﬂeafsu#aﬁfeﬁts%e&urstrand and
preferably 100 to 1600 fibers per strand. A second a coat'l ng conposition

can be appl |@’&%%°F?FQ“%|WEP§P“§P§‘?W"H3‘5’H glags drpiifon tekresdite\Ai% o coat or
i mpr egnatig t&rssmdmﬂw wmersbmplsbﬁra&ﬁwk&:erﬁ-.méd socartirig@o e melhdap iHighet he coat ed

The- secondar YRR B B Brolos A RERE Bk SRR RRnI BRI, contact i 1

t he se %gre- by contacting
t he coated strandhwmnl!lanftapmatlumcmpoamwr@@nmueﬁhﬁos@andTme coated strand

g ?paﬁg aﬁglssﬁfgfek%{y@éé@ It 3dipBrebit by WRRNEmER GRstSraliP R4 fdn $@PRESH by on from the

weight and most preferably between 0.1 {o § percent by weight as measured by loss’

20 onignition (LOI). The coating composition on the fiber strand ¢an be a residue of an
aqueous coating composition or. a powdered coating composition. In one”
embodiment of the invention, the LOI is fess than 1 percent by weight. As used
herein, the term “loss on ignition” means the weight percent of dried coating
composition present on the surface of the fiber strand as determined by Equation 1:

25 o LOI= 100 X [(Wi,- Woare)Woy] Eq.1) -
whereln Wy, is the weight of the fiber strand plus the weight of the coatfing
composition after drying in an oven at 220°F {about 104°C) for 60 minutes and Whsr
is the weight of the bare fiber strand after heating the fiber strand in an oven at
~ 1150°F (about 621°C) for 20 minutes and cooling to room temperature ina
.30 dessicator.
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10 dried as discussed above for a tinme sufficient to at |east partially dry
or cure the secondary coating conposition. The net hod 1&riSepdgpbers200d f or
applying the secondary coating conposition to the strand is determned in
part by theyogiR@fshguration of the strand material. The ﬁﬁ‘ﬁ]@tﬂﬂsd? preferably
dried after application of the secondary coating corrp05|t|on I'h a manner
well known in the art. 15 Suitable secondary coating conpositions can
include one or nore film forming materials, l|ubricants and other additives
such as are discussed above. The secondary coating is preferably different

fromthe primary sizing conposition, i.e., it (1) contains at |east one
conponent whi ch ispeFRET] n [, the sizing
conposi tion; _or (2 )e ConBﬁ:@é&ﬂgNoP&h} ng'fﬁeheé ggéh-@%{es%%ﬁl%% a]ﬁer famount Wi ch

‘i s di ff er ent forlinithrlibersnie gategreq hio sirands hequ)%t%mﬂﬂacﬁmrapmnd; the sizing

' conposi.tion. ad}snji\efbﬂaﬂlytmm@ 1806} S5er SFand Ul tabl e secondary coating
conposi tions includi nr%g% éﬂf'ﬂet hane are disclosed in U S. Patent Nos.

4,762,750 and 4°7%5 EAmBgsition ganbe appliad tg thepuimapsizatinan by ref er ence
herein. R8f eaméungeffestivettocdzt gr impreghdle i paltibieoMmd stmad@ma@%rﬁmélb according to

the 25 pres h ass fibers 21 t he coat fiber strand
210 canh hawﬁ@s zgptﬂ%{ I&g?%' %bg hgpigining the, aﬁ?g‘?n%iqlim?}i“g&mﬁ"‘? Py si zing

conposi ti on SR th%wcpmmm%ngammpoﬁitwn lsporsthe cortedostapdordbyicantadtinghe anount s
di scussed abg @@,@p s are set forth in
Loewenst ein a%(eoatg 2%@&2%{1“?593&%%&8}%%%% \gcoﬁ@%ﬁ&éﬂ %HFC?\'E)E 4,390, 647
and 4, 795, 67%“55%%3 Rught a gip ¢ Q:fﬁmpge%lep?t@alcmymsﬂ@ofrpmmmwmm ref erence

her ei n. AOsedie8datigcusastbibodslior @ﬁm@sm&m%ﬁ héa&%ﬂ:hﬂﬂ:hrf%&slhé' on is
appl-ied to at | east %ﬁ_‘%ortlon and I]Eglre erably over e entire outer

surface, of Yh& R CRYEFOMESAoN, {he methed %’E’@@Hﬂ'&ﬁ“ﬁf%éaﬂ’)ﬂwh%omom tion
conpri ses or@cmdarymoatmy:pmaosrtﬁﬁto tﬂ:@smﬂﬁsed&whma@%a\&@yw 68752

PCTI USO JC8 : b
parti ol es. 160N gureuRbHhe o pitrat e ABerdlihrtl Bl Y 5" PPieloRs due of an
agueous seccﬂiéhfrsy%@among\mg@mmpn inGrmarseciveti knommtthe:art ar, a residue of an

agueous $5condar SuRb deBéhdafy UERRG chPREATRARIRE o hé‘Uﬁh&rgtha”'C' es on at
| east a por'éJgon of the E'BI mary coatin 'ment, the

~ secondary cd%Plngnaterials W@?Sé’ﬁd 86‘8%44%@"’35(&9%6%@’?ﬂ@wssechmve|'ﬁ1qoart i cul ar,
a powder ed ceadridary wm@aspréfe@aly@meﬁm forii@le bﬂrﬂ&&'sﬁrngle@uﬁﬁdsﬁxhﬁ% eOff at least a

07"t hesecortiEeee B Kot AL bibour Bl Bhir el KR e | nor ot S0l 6
particl es t rampenestsrds thersitingebmpasition; or (2) contains at least one component in an
20 amount which is different from the amount of the same component contalned in the
' smng composition. Non-limiting examples of suutable secondary coating
compositions including polyurethane are dlsclosed in U.S, Patent Nos. 4,762,750
and 4,762,751, which are specifically incorporated by referénce herein.
Refefriqg now to Fig. 2, in an altemative embodiment according to the
25 present invention, the glass fi bers 212 of the coated fiber strand 210 can having
applied thereto a pnmary layer 214 of a primary suzmg composition which can include
any of the s stzlng compenents 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 pqrtaon, and preferably over the entire outer surface, of the

© primary fayer 214, The secondary coating composition comprises one or more types
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10 water in the interstices of the hydrophilic particles. The hydrophilic
inorganic solid particles can absorb water or swell wiéSepterobst2d0d with
water or participate in a chemcal reaction with the water to form for
exanpl e, awo®goes gel-1ike solution which blocks or pedpdaissass Urt her
ingress of water into the interstices of a tel ecomunications cable which
the coated glass fiber strand is used to. reinforce. 15 As used herein,
"absorb" means that the water penetrates the inner structureor

i nteérstices of the hydro.phi lic material and is substantially retained
‘therein.” See Haw ey's Condensed Chemical Dictionary at page 3, which is

speci ficall y a&ﬁbfé@@@@é&h%ga@ﬂ[sﬁﬁgs‘é&ﬁl%ﬁll Eﬁdﬁlagpaﬂt%d In BRANS that t-he
hydrophilic partlc es’ expand in size or volune. Seeo\gl‘gebster S ‘

. Col | egi at e BnERqiBeHtle ’Eef%d?}'y apptingdgresigua a8 3aHFAUE ReqeacayEratng caI I y
I nclolr DO][ at edorhpbsmerﬁ eﬁ@mparrwraﬂlarresnd?reefawdmbyus stebﬁhdanl'y}cdatmphl lic particles
swe after cont

t one ipes their
ori gi nal dr?%sgiﬂ‘? conmqam%pgﬁaglpgq@?% %e[ 5 RS §'°f :E'H@srytcﬁel " original
~ wei ght.  SNoindriothiet emlg)dmmtrﬁi’leeeecmﬁadyy‘.datmpi‘sm pogvdered coaling coramisition, | ubr i cant
particles t ) d
~nmontnorill o%ﬁé i Chlalrz' g@%\%:ﬁ%g% It €S gﬁ?is'% éﬁaéﬁérgélggéd(ﬁcgegﬁﬁ gel s.
Preferably, atlh@ééphﬁ}lm@fﬂ‘m primaryeoetings| es are- appl ied in powder form over

tacky sizing or glaf@lierhAvk¥mBRRH ae/p m%bﬂmeae&oaaa@h@tmq n one embodi ment
‘of the present |nvent|on,

st it f fib
’S at ) bact CERISEY PTG BRI HoREPE ST PRORE PR R sl BT Composi i on
on at | erst watepinrthe interstiéesaf thehfdroghilisfpaititles. fhelhydsphilarimrdaninesolid t he- resin 30
conpatible %Ql%éle{'%n a%.«’l}?@’ ttel' L sm)gﬁlwﬁe[}g Borltdct Matgpoq%hl%gg%é |naa s zing
on . 0

conposition portion a sur east one fi ber,
and a secondbgmyical rraciangvith @mvgﬁi¢l'§¢ wgn.atorre@smela@ \dfcousgaklfeesgliytiorcoat i ng

conposi ti on WhRABfokE! o fihlts ﬂuﬁﬁe?ﬁng%@ofvﬁa‘ierﬂt@th%%ér@ﬁ&%f¥004 WO 01/ 68752
PCT/ US01108684 discrete particle ver at | east a ortlon of the
primary coat’@"r?@%\““'f‘ﬁ@"%F@?W'cww&dtqaéﬁfw ﬁ"%{'d;ﬁ sed 19 fetfas®hodi nent , t he

at | east1®N@s dsSdHepdi; “gbRbib! ﬁibﬁ\sltﬁat tea ot fpenbtrates thedinrty diaiind bd ¢ parti cle

whi ch ab b d h hi |

particle. 5 a*i‘ rf‘?'%?hw’& %rsaaﬁwﬂaﬁéﬂs‘a"ﬁ%men#tn%e-%%??cI es in the
secondary al oy raf pagerdowhich sep@dficallyi ght percent on a
total soli d?hc@@ﬁu‘afed bHPéerEﬁJe%FeYn f“éﬁm %P&Q? e Afdtdpnié Eérg%&b' y from25 to

80 wei ght perc d even nore rom50 to ght percent.
I'n an al t er G&RENGE ARG NPIHERT SesWabst 2 Dictione 977065,4@99320 of a

tﬁrtlar ]yzo 1120 dhich & sﬁ@éﬁ%@@'tﬁdo%r&é&'byb@fe%ﬁ@éh@étntPreﬁraﬂlﬁﬁ\%t a portion of
the surface,

hycﬁ’o;%llic particles swell after contact with water to at least one and one-half times
their original dry weight, and more preferably two to six times their original weight.
Non-limiting examples of hydrophilic inorganic solid lubricant particles that swell
include smectites such as vermiculite and montmorillonite, absorbent zeolites and
25 inorganic absorbent gels. Preferably, these hydrophilic particles are applied in
powder form over tacky sizing or other tacky secondary coating materials.
In Gne embodiment of the present invention, a fiber strand comprising a -
plurality of fibers is at least partially coated with a resin compatible coating
_ | composition on at least a portion of a surface of the at least one fiber, the resin
30 compatible coating composition having a primary coating of a sizing composition on
at least a portion of a surface of the at least one fiber, and a secondary coating
-comprising a residue of an aqueous coating composition comprising at least one

-59-




- preferably over the entire surface, of a secondary layer 315, i.e., such a
fiber strand 312 would have a prinmary |ayer 314 of a pi6 SeptgmberziQdd, a
secondary | ayer 315 of a secondary coating conposition and a tertiary,

outer |ay f the tertiary coating. The tertiar dig40f the
coat ed flggr%%%'i%nd 310 I's preferably different from %i)heﬂj%gvprlrrary Si zi ng

conposition and the secondary coating conposition, i.e., the tertiary.
coating conmposition (1) contains at |east one conponent which is chenmically
different fromthe conmponents of the primary sizing and secondary coating
conposition; or (2) contains. at |east one conponent in an anount which is

different foﬁsefaémcmwﬁgd oQ@raﬂéﬁst%%ﬁnoﬁ@ﬂﬁ@?ﬁﬁﬁ%éﬁﬂﬁ@éﬂﬁﬂsdﬂg the primry

si.zing or 20 secondary coating composition I s enbodi nent, the
- secondary c&&ﬂ‘P?ﬁ}WoFﬁﬂﬁP‘FF‘?ﬂﬁWﬁ‘Wﬁ"&@? abfrastope figsrele gatliaisr i ¢ naterial s

di scussed akeneted fiohha hgsroplicyartiels RARR abstits shb etdiey vdteriyintersicaster ed coat i ng
conposi tion co s splid particles, such as the PO ARTHERM ) boron
nitride partﬁ‘%% E‘?‘l@?rﬁﬁ"!ﬁ | ow particles, such as ROPAQUE(r) 25 pignents,
whi ch arebdi scus‘s‘mmeato(iMe efbedimernts Ithg amdmatqioautldesaidﬂmcdndgyi s applied by

Passi gt he BhhdinpAioR aftahddtt! ffer GG £ QBOBAJS 0N appl i ed

thereto throu pray device to ad he powder
particles tcPfoPréblf fremy0 t%%bb‘ﬁf?ef’rfﬁfe'@@alfff"ﬁ& sofvright perrent, Ang 8¥eat i vel y, the

strands can fife %5m@gmefgamér@n912 before the. |ayer of tertiary
coating 920 is a S 0 am nate 910,
whi ch conbi nes- fﬁ%ﬁ@e@i@eﬁppﬂg@e?tég?‘ﬂggf% 35‘\%‘335"%?51#@ f%f? Mectrically
conduct i v@ |coyting cBRResiten a iseapplied th @t leash & portier ofthe siifasepandn . Fi gure 8 whi ch
will be discy e[ f -60 16
Sept enber 2(% g%ﬁg?mgm%%af%%gima&ﬁ;eﬁgfg rs;[c')'f’.P 1h]%('egktalngl es adhered
to the coat G%ZMDUQmamamn@m?r@émofrm@@mm esa_con@asylassermgm percent of
the total wejgliiagicohihg cs'.wx%fioﬁ&ﬁ@mmaandut&r:akﬁézwme%r&ary Goaifly. VWi ght

percent The tertlary wder ed coat I ng can al’so i nclude one or nore
polyneric naedsriay @%‘%W%"C‘&Pﬂ ﬁﬁ?’ssé’ﬁ%ds%'@ isprefpebly diffesentfomtbey | i ¢ pol ymers,
-epoxi es, 191 prmiaysqdn@fgda&moﬁ@n\gﬁmﬁecseadndswwauhgzaﬁ;ﬁ:siam;h@tthetertmdl fiers known

th t of h f bl fo |
 embod: mont, e ssamPERRl (4G AL e v IRE S | ¢ "o T east
partial ly cadiffeseht iorh theecopwonentsyof theagprimary sainganésqmn@r;cmaﬂmsi tion applied to
at least a b BGfdn! m%z;}%nsmé o l&%@gné)éonﬁo feritin anGft Pnt% nt@ secondary

coating CoerOS|t|on co IC materia to at | east a
portion of tfpo fﬁg ARy of the same component contained in the pnmarys ng or

20 secondary coating composition.

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

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

-~ fabric 912 before the layer of tertiary coating 920 is applied, as shown in Fig. 9.
30 Composite or laminate 910, which combines fabric 812 with a resin 914, also
~ includes an electrically conductive layer 922, similar to the construction shown in
- Figure 8 which will be discussed later in greater detail. The weight percent of
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. as wovens, nonwovens |nc u

conposition, and a tertiary coating conposition conprising discrete
particles applied to at least a portion of the seconddfySepternberg?004n

anot her enbodi nent, a fiber strand conprising a plurality of fibers is at
| east partlahkynmﬁaied with a primary coating of a .15 qkﬁhﬂ?mﬁggp05|tlon
applied to at |l east a portion of a surface of at Ieast one of saird fibers,
a secondary coating conposition conprising a polymeric material applied to
at - least a portion of the primary conposition, and a tertiary coating
conposition conprising lanellar particles applied to at |east a portion of
the secondary coating. In one preferred enbodiment, at |east one of the.

coatings in egsiichia gompmaéqamt%e%ae@m@e&mIa%oslan rhffeddino N anot her

preferred enbodj nent l'east he_ coat1ngs 1 n each
-foregoing embBd® ri"t‘;ﬁ'ﬂ@’%{?"é“ ?fﬁlée @‘éh‘%ﬁ'ghbﬂfdﬁ“t frigH sirang, aftdrﬂéEfeﬁaB'V 9115990 coat| ng can

be a residue wéightpergnteous enul sion or a powdered coating conposition. The

coating conpositi ne_or nore ents di scussed'
~above. 25 The var ?@ﬁ%st e%gﬁvrﬁﬁeﬁt"gahﬁc?%%“d%‘%@é&"??b@@??'?ﬂﬂﬁs di scussed
above can IBe ms@dalasuqbcmtarermmuseéabcuﬂ.c‘sudras‘as:mlidnmiymﬂrs)@pmdon nto diverse
product s SUCh &foleﬁﬁ@%@%%a%lﬁﬁ*z%ut ot rnl%mte Juﬂ‘f“ﬂggﬁ'apéu% fabric, such

to unirdirectional, b| axi al
and triaxial FeaPgseBEferablyin QWPP('HGSfO“('bot h chopped and continuous. strand

mats) and nul til aygoRslethbdainese a@ber%trarsa\eeﬁqbﬁadgrwp:@% &0iBers sk 1ehator i ¢ hel d

t oget her by sti h| n r.song ot hey tersal orm a three di nensional
fabric structﬁﬁ'ﬁ lyco El‘q?FP MEW"@H%H@”?B&F@WW@W%% E?Pdeat}%%&aas war p and

weft (i. e10r|bdr;iorsdfaandme@fthaaﬂedmtmﬂbmab@conmym.sg@ﬁupbaiwo referred to
. as untw sted t 168752 .. PCTI US01108684 zero
twst) or tw QJ é’é@’? é’glyrtﬁgl%\/\rg%%"%!\a dg‘ Vﬁ%a%[ rrz%mgg' TR Yude vari ous
conbi nat’i ons WW*W-FM gtegt@mahng@nmpwtm eempuging dacrdtemﬂiblesamﬁerﬂs.

Preferred enbgdi fseataaao&fonmﬁe BEcBRER coamgew‘. Lehel &ﬁﬂ)&&gﬁe ﬁgé At
east one of er strands

partially coated fabrjc conErelsm

conpri si ng a PAMAENY & plUgAityof fhefds. th%ﬂsé%’%aﬂ!é@aﬁﬁ’ “ﬂ'@@dﬁ“f"a@lb@%‘&q offius, an at

| east partibal sising amipesitidredppiicd tasratdeasfammoraﬂehunﬁcebm léésmb@ﬁ@m fiber
st rands conpr{,%}sn ber s ref.ore lated in

al .ty of f
t he present II’IVEI’I? fg%o%%gfc’aé'g%qp@s %hoé""BP%'i‘ge? eé'ﬁﬁ‘@tﬁ"ﬂ@ﬁ 31@ & he
present i nventersA pegicniofthe priraary congpositian, brebestertiparcpatinglcympasiibed f abri c

conpri sing at con#GiRG IaRTRfar PhrtiABadpRRb hﬁ%&ga %M&rﬁ&f&ﬂeysegéndgﬂy%étﬁﬂ the coating

conprising an organl c 10 conponel artic hav a thermal
conductivity of at"P’éPa%'?feFeWti°d15“@Pt Atdeast one cétheéoat@s@@reasmf&mf 300K. In

one enbod@genforegbing BmbediMsHE difelAI 1A Sdthet PréfeOREMBEItARTRPRAd WA
- the coatings in each of the foregoing embodiments are the same. Additi'dnally, the
tertiary coating can be a residue of an aqueous emulsion or a powdered coating

composition. The coating compositions comprise one or more coating components
. discussed above. ,
25 The various embodiments of the coated fiber sirands discussed above can be
‘used as continuous strand or further processed into diverse products such as
chopped strand, twisted strand, roving and/or fabric, such as wavens, nonwovens
. (mc!udnng but not limited to unidirectional, biaxial and triaxial fabrics), knits, mats
~ - (both chopped and continuous strand mats) and multilayered fabrics (i.e. overlaying
30 layers of fabric held together by stitching or some other material to form a threé—
: dimensional fabric sfructure). “In addition, the coated fiber strands used as warp and
, weft (i.e. fill) strands of a fabric can be non-twisted (also referred to as untwisted or
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~according to the present invention are applied to an individual fiber. In
anot her enbodi nent, the coating is applied to at | eastlésieptdmips2084r and.

I n anot her 15 enbodi ment, the coating conposition according to the present
i nvention i g@ﬁ% ed to the fabric. These alternative nbodlnents are
fully dlscdig 21 ow. Al t hough the prior discussion i & BE%%@%P?y directed
toward applying the coating conposition of the present invention directly
on glass fibers after fiber fornmng and subsequently incorporating the
fibérs into a fabric, the present 20 invention also includes enbodi ments
wherein the coating conposition of the present inventionis applied to:-a

fabri Th J . f b f |
by appi yi ng ?ﬁ%ﬁ%@?@i‘%"“*ﬁ“ﬁ TRk ndedagdg 0 (3 LS

- manuf act ur ed coBpingfipng M’gteﬂﬁedmﬂéwlﬁﬁgwawﬂtﬂﬂweﬂaﬂumd@ after it has been

TRNUF act ur ed_USi NBrokfeh EMBodRéHky Ut héFestRidveHiiR b an iGacPbdrquiPependi ng. on
the 25 proces%%&%gof the fabric, the coating conposition 0 e present

i nvention carf® WBS"H ﬁtll?éﬁt"&f-‘ pHbe f%ﬁ"?‘@"f‘ﬁ@'@"&@%aﬂuﬁéﬁx@fl n the fabric
or to anotmerfbmalscusgeﬁh Hetaribons) THas, aﬁhﬁﬁﬁstbérbﬁl&%oﬁé\ﬁa@ﬁc maRiof FOr

exanpl e, the fib an be, coated wit nventional starch-oil
si zrﬁg af ter ? J(:)ﬁrad'rif?'H:’gd‘sa 1/@ ’ﬁ‘i’aP‘?ﬁ%ma"?%ﬁ"wamy forcﬁge"ﬁﬁbﬂ"‘ﬁ@ f¥&n then be
treated to renmempigidindie wedenientim. [For eamble, apreférry cribedidentapat i ng
comost 1 on ol oSl SRLEAL el sl ol ST BT

acconplished using te
treat nent or GRE<QRRS gawfcomn@-rfgml@ of fibers, Iﬂlescoﬁmtcammsmgtﬂn@rgmat i ng

_Conposi ti1n eorphetiang GirleVarphriicles halbfhg SURNAMREAdUERAF of M1eQdt/16F:
PCTNSO01/ 08684 surfacfe thg fibers of theofagrl C. %lfgeany pw i on

f
of the sizi n{:]"e ?ﬁﬁﬂgﬁqﬁewr‘?ﬁ K11y applied to the glass fibers after
formng i s not relnmnedmbadhmntafcmlhra@nnwmm theepdating cﬁd%ﬁ:siﬁ&:@ﬁent i nvention

Father than Srag 5 heRhesbnr ity SIS0 BP bl fer A Snib&T rene of the
present i nveﬁt"P@ﬁ'P"e'g-éh%@taéfw ig appfierhiorat least one ftispsteandlt Inregotbemposi tion of ‘'t he
pr esent |1Weﬁhbéﬂh&ﬂﬁh@&)a&mohﬁgsiﬁoﬁ a%lf’d 541 e prééenﬁﬁv%nﬁm@%ﬂ flfy after

- form ng and hﬁ% enl n co onent s of e coatl n%e COMposi tron can be
applied to tfETkeEs 5519 embodiraents are fllydiseypsedbelowni I'ar- to 10 t hat
di scussed above, Aithnmghmie ot disdusdidieis §erlenmy Gitbctaamtinespling Mk be renoved
rermi ni g oSouuih iRl inelsfestRieltba et oRBRE: BERANINES i || i her
directly coaforping andsubseguentlyincoiperafiigtae fivect intb Iaefah‘mhhe presunt coat t hose
sel ect ed 200MPGEHEBH Sisd Mtided@MBodiments wherein the coating composition of the
present invention is appliedto a fal?nc. The coating composition ¢an be applled :
_ to a fabric, for example, by applying the coatiﬁg toa fiber strand before the fabrig
_is manufactured, or by applying the coating to the fabric after it has béen
manufacturéd using various techniques well known in the art. ‘Depending on the
25 procgssing of the fabric, the coating composition of the present invention can be
applied either directly to the glass ﬁbers in the fabric or to another coating
already on the glass fibers and/or fabric. For example, the glass fibers can be
. coated with a conventional starch-oil sizing after forming and woven into a fabric.
The fabric can then be treated to remove starch-oil siiing prior to applﬁng the
30 coating composition of the present invention. This sizing removal.can be
~ accomplished using techniques well known in the art, such as thermal treatment
- .or washing of the fabric. In_this _instant:e, the coating composition would directly
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not renmoved fromthe fiber surface. 15 In another preferred enbodi nent
according to the present invention, a fabric conprisi g Septdnatast200he
strand conprising a plurality of fibers Is at least partially coated with
a primary coati ng and a secondary coating on at |east agFortlon of the
primary coaVPRY®™he secondary coating conprising partPEFEEIEIEEN i nor gani c
material having a thermal conductivity greater than 1 Watts per neter K at
‘a tenperature of 2U 300K. In another enbodinent, a fabric conprising at

| east one.strand conprising a plurality of fibers is at |east partially
coated with coati ng corrpri sing (a) lanellar, inorganic particles having-a -
"Mohs' hardness es xceed t hs har dness val ue of the
at l-east one"’gﬂt ﬂ"d‘t’fég %b'fcr ﬁ%“¥8?ﬁ?’h%[ﬂng}gl al. 25 In yet *
_anot her errbodommsmpn mmﬁllytapp!redMh@giasafmgrsaﬁerlfemmg iome resbovedidhe conpri sing a

plural ity of cgétﬂggdﬁvdogltt ofklﬁgﬁésemﬁ\}eh ﬁ%ﬁ’l%g }Qﬁlfegwﬁe ating conprising

(a) netallic par dhese Va does not exceed
the Mbhs' hsenehinisasporiion gtthe sizing mmswcrrera@ertbmdlrgptb@@thmfb@'r the metallic

" particl es gpeigpghcesel ected fromindium thallium On, copper, zinc, gold and
silver, and (b) a film 30 formng material. In anot her enbodi ment, a
fabric conprisi ngnanothersmbodiment of QHES%WWW“Q“ fefected eAmpoasnts §f of fibers is
“at | east par ticadohngeomp&ilionbithe frefint nyiorCeintbe Agpliad tb theglagcondary - 63 16

S m 2004 WO 0 7 CTl USO 08684. f
Che pr ary OST IPHaL e B G AP0 O e APt o o) or O

hydr ophilic panpqsmble&amﬁelapmedmsﬁ)e fabdeafter & isamadewdrt aemanner simiar té nt er sti ces of

the hydr opji ltl#agg%rsééd(\alb% sdrﬁbo‘ffahbﬂ @flé?{ad;a% gmtésrasme%owhe present

II’]VEI’]'[IOI’] r-c conprising rand corrprlsmga

plurality of frpmﬁ*@r@aﬁaberapméq wawrfmﬁhem@d&mwrﬁfgthem tion on at |east
a portion of camperehtachs Bfesbil) efrarhsining c&mnémnemmaécﬂmt meoat i ng

conposi tion-co | urali rete | es fornmed from
material s selsﬁ'%ﬁaﬁh? %?‘F&%‘%f&?rfg%"cr?éf‘ﬁa f"a?%se?ﬁcﬁaﬁa%‘rf@a‘ﬁ@?f\g?f@ﬁ c materials,
conposi te mabtaemaled framdhenfibet sirfees. t her eof ,. the particles having an average.
particle ze, 1 g from0.1
to 5 m crf)émat er sqngﬁéﬁ&tp ?eq?r%ﬁ(é& lbg&'mg'rttagmlr@%géé ﬁ%steﬁ{'h\fégtgmf %%rg g%t fromsaid
"~ plurality of cempisingmatleas pnd sitand corapiiging a pluralily of fhess is erleast pariialf or mi ng
material.. | RoREPkilted prifERPhifR tind adebdnbir SoftiREBA hidddifa P«Sm&.ﬁé% one strand

corrprlsmg a pl urallt of fibers has a resin conpatib coatin

conposi ti on SAMAY °1’3é'8%-tt %seﬁg}d@{y(ﬁqat@p “TB‘SE'Q%F‘F’S%@ gpfinargraicimgienial t he resin
conpati bl e ceatingwthearpasiiioticty geap tHah i 'Watldkr @eter K at a temperature of
20 300K ) _ ,
" In another embodiment, a fabric comprising at least one strand cdmprising a
plurality of fibers is at least partially cogted with coating comprising (a) lamellar,
_inorganic particles having a Mohs' hardness value which does not exceed the Mohs'
hardness value of the at least ane glass fiber, and (b} a film-forming material.
25 In yet another embodiment, a fabric comprising at least one strand
~ comprising a plurality of fibers is at least partially coated with a coating cbmprising
(a) metai’l’ic‘inar_ti‘cles héving a Mohs' hardness value which does not exceed the
: M,dhs"hardness value.of the at least one glass fiber, the metallic pariicles being
selected from indium, thallium, tin, copper, zinc, gold and sliver, and (b) a film-
30 forming material. . '

In another embodiment, a fabric compnsmg at least one sirand comprising a -
‘ pluratrty of fibers is at least partially coated with a pnmary ooatlng and a secondary
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~plurality of discrete, non-waxy particles formed frommaterials sel ected
fromorganic materials, conposite naterials and m xt urésSeftenesf200dnd at

| east one lubricious material different fromsaid. plurality of discrete
particl es. Wik her enbodi nent of the present inventp@pusedodegdri C
conprising at |east 20 one strand conprising a plurality of fibers has a
resin conpatible coating conposition on 'at |east a portion of a surface of
the fabric, the resin conpatible coating conposition conprising (a) a
plurality.of hollow organic particles, and (b) at |east one polyneric
material different fromthe holl ow organic particles. Another .enbodi nent of .

presegt inveaéaitiﬁ@ori.alébiswafr@ﬁam]g@?ﬁa@rcbaing,qchsﬁda@olataﬁnQZS | east one o
strand conprising. ,a [ aljt . fipers. . rein at. |east . ortion of*the
Phbre haaP s chuating Bl histoei paides ik dbrat ek e or ronging
fromO0.1 to infer§iicessofthechydroplaicrpatielesreabi | ity, neasured according to ASTM D

737, of no great Sk sﬁlmlathec]Ban% %ﬁe&@hﬁ iﬁv@ﬁt‘onp@fabrrig& i ilpgeét squar e

‘foot. As used herein, "air pg' nmeans how per neable the fabric is
to flow off aleast ope sranscempisiggtpluralityof Flegrarhaps nesip porapaible scaiBasur ed by ASTM D

737 St andar d cdfsdsitioBr ks Dortinof FStirfERa N the fabiric?fhe T&dii ddnfpafitdr i s, which is.
specifically incorporated by  reference herein. 64} [ é_g Sept enber 2004
WO 01/ 68752 PRetresisesbaosmbina) ¢ BBk efdicrai edtidies fomed 550 | ous

enbodi nent s amterible ssledtetoatlorhanitmateridls) ihoraait polgmerienyteials congositeussed above,
and addi t'i ongl , c n n_al.so | ed fr ; recited above.
In a preferr &@teg%gggé"ﬁemhfesg _er? ?éﬁ%‘fag@aeﬁ?' g‘l"rﬁﬂcléenn%e%ﬂ?%&gg ‘%'-e adapted to

1 ei nf or celGan meBsupdcasrording to 1asepsrattering sranginpeirdoy 0.4 e icounetessiibliati ng t he steps

of . -(a) obt aie%%ﬁbﬂeﬁﬁ:ﬁéi&é%até?ﬂﬁdiﬁérﬁfré(rﬁ@?ai&%&'iiig%hﬁi&r e phtitlahl Yy of fibers

and having a tirst resin conpatible coating on at feast a portion of the
at | east" one atlpast ong/fiformisig msarial ni ng at | east one warp yam conprising a
plurality of fi benanéahétembOdifant] @bt erBANLY dt &Rkitne @~ doRbfsigeat i ng on at
oot PO o B LS e Py S A, 2 o2t
-1 ess tham®. & speace efthe privthegisin tondabiblecaeatiigiompositicheginpdsing (a) a
plurality of discrete, non-waxy particles fdrmed from materials selected from organic '
materials, composite materials and mixtures thereof, and at least one lubricious
material different from said plurality of discrete particles.
in another embodiment of thé present invention, a fabric comprising at least
20 one strand comprising a piurality of fibers has a resin compatible coating compasition
onatleasta portion of a surfacé of the fabric, the resin compatible coating
composition comprising (a) a plurality of hollow organic particles, and (b) at least one
~ polymeric material different from the hollow organic particies, '
Another embodiment of present inventioh is directed to a fabric comprising at
25 - least one strand comprising a plurality of fibers, wherein at least a portion of the
fabﬁc has a resin conipatible coating with a loss on ignition of ranging from 0.1 to
1.6, and an air penneabiiity. measured according to ASTM D 737, of no greater than
10 standard cubic feet per minute per SqLiare foot.
- Asused herein, “air permeability* means how permeable the fabric is to flow of air
30 therethrough. Air permeability can be measured by ASTM D 737 Standard Test
© Method for Alr Permeability of Textile Fabrics, which is specifically incorporated by
, reference herein,
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) COI’TpI’I sin

to reinforce an el ectronic support. 15 In an additional enbodi nent of the
present invention, a fabric is assenbled by (a) slidii§lSeptanbar@0Dag at
| east a portion of a first glass fiber strand conprising a plurality of

gl ass fibewpoligysing on at least a portion of surfaces ddrrisemisssa coating
-according to any of the previous enbodi nents, either individually or in

conbi nation, which inhibit abrasive wear of the surfaces of the plurality
of glass fibers, i'n sliding 20 contact with surface asperities of a portion
of a fabric assenbly device, the surface asperities having a Mhs'

. hardness val ue which is greater than a Mohs' hardness value of gl ass

fibers of the fi rraéseg:loﬂﬁsnéﬂsheéd if tHea@ehrioas émtddimentatcan beesléon fidhe f i r st
glass fiber,str to formaf%brlc Furt.her

Sbodi ment o 5F crRS ¥l RIS b Cind iRt dhep S nsibr ;D
i nhibiting atrlestediromthese resitedatiovber strand conprising at | east one gl ass

fiber by sl irz:l apprﬁtfodawehtj”bfﬁ{é tpfé%@rﬁ irYSioh, | it ABhptd tg‘?éahiﬂchQheCt

coa g nposi t1on according to any of the
pr evi ous enﬂWW‘éﬁ‘!@"”éﬁm%PV? mmsyrgmeqtqpsebnbu nation, to at least a

ggrtlb?n ?f | a s?rf(@ce o&éumﬁgatll@aﬁanefﬂm?ar@bmsﬁmg E@Turéﬂfyoﬂﬁtﬂl's?éﬂ flgerl strand;
. at least p n Si rma sjzed gl ass

fiber stran®" Wg\?%ﬁé}reé'"r‘%@f’ﬂi% 3?“"9%%’%68? ‘?rb‘?ft“l?paéf?aéttmlaglést a portion
of the surfagen;of ,the at l.east one glass fiber, and -135 T 16 Sept enber

2004 WO 01/ 68752I@CT/ gg[ggﬂédgqeggﬁo %g‘%‘@“ yaﬁ_l éoq{pﬁﬂré{‘é B'Pf%ﬁ?&ﬁ%. ggh%l on of the

glass fiber stra to contact sur asper ject, the
surface A8pehaving @seenndiresin @rrmatrdm@sw\palaubasmpemm gfthfgatéastacmet han a
har dness vaI 9imidi@ at least one glass fiber, such "that abrasive wear

of the at |east gne glass fiber of the glass fi ber -strand by contact with
the surface 5 asf@ri t‘f""e%""éfhet%@a‘ét(?ﬂ?ﬂ'S@B}thhQ%t"?aﬁ!“ﬂnﬁl"‘{aé’cﬂaﬂ}/ the coating

conposi ti on. habing aleeen ugntuen 610688 A 12 Spefdent Hyaveimbfoifiiihca fdbRGidafted hese

enbodi nment s cted frgmthe coating conponents di scussed above,
and additi ontgf'lemfor%g 'iglsgfog'cég'??o% so be selected fromthose recited above.

The coat @8 fi ber lrsarr%dd!ﬁgnalemballr@nteﬂz@em&bnﬁn@ﬂ%sﬁ@ch@s@ﬂdﬁﬁef rom such
10 as the CO@}(QfEn&ﬂQ{rb&ﬁac{: t’ie%?téaﬂbﬂ% ’ofé;ﬁ’r@tg@fs?ﬁ’lﬁ&qvﬁr{a ﬁmﬁﬁ%ﬁféla“ ety of

applications, but ar pre used as relrntorcenents
rei nf or ci ng WﬁMraiaésmmwnﬂﬂﬂéﬂ%ﬁtgPM&W@M?W@U&W te 414, such

as is shown. adcﬁ’rdﬁg t]: an9 of 1 pféomw édabd&&eﬂlssﬁ!ﬂﬁﬁﬁtﬁ\ndldélly &1 @nbirgéroW. such
appl i cations

e 657 o OB ber Bt St S Ao o o o her
20 contact WIth surface asperities of a portion of a fabric assembly device, the surface
asperities having a Mohs’ hardness value which is greater than a Mohs' hardness
value of glass fibers of the first glass fiber strand; and (b) interweaving the first glass
fiber strand with a second fiber strand to form a fabric.
Further embodiments of the present invention are directed to methods for
25 mhibmng abrasive wear of a fiber strand comprising at least one glass fiber by sliding
contact with surface asperities of a solid object comprising:
" {ay ~ applying a coating compesition according to any of the previous
embodiments, either individually or in combination, to at least a portion of a surface
 of atleast one glass fiber of a glass fiber strand;
30 (b) at least partially drying the compasition to form a sized glass fiber
* strand having a residue of the compositiori upon at least a portion of the surface of -
_ the at least one glass fiber; and ‘
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- handl i ng characterlstlcs

- 1.5 conposites. The coated strands and fabrics of the present invention are
preferably conpatible with typical polyneric matrix r€liFaptenieat 2004make

el ectronic supports and printed circuit boards. In addition, the coated
fiber stra suitable for use on air jet |oons, WyGh comonl y
used to rraggﬁ]tﬁgeﬁrel nforcing fabrics for such 20 appl i catl gﬁ{g‘.ﬁ“@nvent I onal
si zing conpositions applied to fibers to be woven using air-jet |oons

i ncl ude conponents such as starches and oils that are generally not
conpatible with such resin systens. It has been observed that weaving
characteristics of fiber strands coated with a coating conposition
conprising parti@l essiilifig aileREL BorlaH ¢ theWfids fitied Stranti &S Eutact SUv8&H | On '
approxi mat e the.we ﬁ\/ qugg%cgg_lracterl stics, Of fiber strands coated with
“convent i onal “PFEFE AT BT esﬁ”??‘??g“%’ﬁ'%?ﬁ’f"@@&ﬁ@“ﬁ??d’ay?é’hl‘,‘Bf?pat ible with
FR-4 epoxy rgreaterthan/d handnegdvahetof tiﬁanhastOnebgassbibernd.lcbmaﬁﬁbtasn&r\&daﬁU| ar
theory, it t an

i nvention- fu%é'%eétlle%&eoqe bﬁgstrbgp&ﬂ%ﬁlésg%%%“ rét?cgﬁ"t@@ l'hs'e?ﬁt of

convent i oRal asperities afrtbthmbﬂijsqtmlm@lte@hx)fbsmaﬁumsomsmmrg processing and air

j et weaving by pigwbslielile EtibonSiS SHALhtildsREEd RERE Shb AL T drag T or
the . air jet vveaw ng operatjon but function 1n a manner diftferent fromthe

convent i onal frP‘?’(S'F‘F‘s°°B§F9r9P@9?'l?Pﬁg’ seEphetione.and 9dd'twn@lh the epoxy resin
ZyStenmb Forzoamﬁnﬂm ntslcahheogagéé@rdtéoﬁ‘gmﬂx&o@giéﬂ%ﬁMS a dry, p?WdtGL - 66 36

ept ember C cieri 0 the coating
simlar to the \cll% F{Fg fg’%nstt '&4#? %( &sﬁ"fj@ %B‘% & @F‘ﬂ'ﬁf’ oMSU ng. In the
coat ed sflParsdhetoatdddapiceseited abovecern berused i@ widervariety efappivatiora dbiant ageously
Pl ow of t he SEpRAEDABRISE Briderlnl 30 b feridiBnd b AMC MG RG] L0505
wet - out ‘and 4Aetto forp a8 Gampasie4 14 piches rshewrindia: an@ichﬂdmetdl@n%ﬁwm t he strands
preferably hives beiawg BusH dpamau&m%me& Sut(aéd it liRdeado ARMARS roMplisBy 2l so
facilitates fla the ma ﬁ into the bundles. Surprisingly, in
certain enbddf W&?ngs rfﬁ@”ﬁﬁ’ﬁﬁtﬁfm ec"‘ﬂﬁ't”?'f’%‘\%%“@!?ﬁ god variays odeei ght per cent
of the t @b alcopwpbsilds. of the coating conposition 10 applied to the fi bers,
Bandli ng char act o o SHERERAS ebfcs st e loEl SnBRE BRI G o the
particle cogRmpaliple ‘R@ftﬁfﬂqﬂl Pﬂyﬂmwmxmws uged tomeka diectroningeppoits ik coat ed
strands of {{iteB GRER Bbarad. K SIHOATInb Sodtdifioet 5@4@&.@@9 &L[e of FOM fabrics

cou

812 |ncorpor<31t|trel(F he coated 15, strands ca ave I'ng at the

i nterface beliidePmsnWhic,aP comgaRly used 1q make the renforcing fabrics for such

20 applications, Conventlonal snzung compositions applied to fibers to be woven using

air-jet looms include components such as starches and oils that are generally not
compatible Wlﬂ'l such resin systems. It has been observed that weaving _
_charactenstm of fiber strands coated with a coating composition compnsmg
particles 18 in accordance with the present invention approximate the weaving

25 rchar_acteristiés of fiber strands coated with conventionat starch/oil based sizing
compositions and are compatible with FR-4 epoxy resins. Although not meant to be
bound by any particular theory, it is believed that the pariicles 18 of the instant
invention-function in a manner similar to the starch component of conventional

- starchfoll sizing cqmpositions during processing and air—jet weaving by providing the

30 necessary fiber separation and air drag for the air jet weaving operation but function
in a manner different from the conventional compositions by providing compatibility
wlth the epoxy resin system For example, the particles 18 contribute a dry, powder
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. polymeric matrix material 814. Good interfacial coupling can provide for
good hydrolytic stability and resistance to nmetal mni gri@tSepteniiger@oDdusly

di scussed) in electronic supports 818 made from | am nates 810. |n anot her
non-limtigg £ppedi ment shown in Fig. 5 coated fiber ?é’f:@%‘b e2l0 20. nade
according to the present invention can be used as warp and/or weft strands
514, and 516 in a knit or woven fabric 512 reinforcenent, preferably to
forma lanmnate for a printed circuit board (shown in Figs. 7-9). Although
not required, the warp strands 514 can be twisted prior to use by any
conventional tw sting technique known to those skilled in the art. One-

such t echni qu@rdéeSndiriloodnd SRilatt teWANCER chibabridis &gyt and at (0.5 to |

- 3 turns per inch. The reinforcing fabri'c-512 can preferably include 5o
"100 warp st reaatied. 514 per centineter (about 13 to 254 warp strand per inch)

«'itgt;l prﬂer?bl y haﬁﬂ@cbﬁze<5£traﬁe§dsftﬁé;&a&elﬂn\rziriwonc{hlatptamelbet&arf3 about 15I to ?bout

we stra uctj.on can a_.regular plain

weave or J}(xgtﬁgquly Hml'ﬂll‘l%'."tef)%?'?e%(? %-'gﬁ‘? ﬁ"ﬂéﬁ’aﬁé’ﬂlﬂ?‘ﬁ g3t | o wel |

known to 50 ﬂdmwesrham:k mdtenalsmbm'baweentsumre quickiy ahdbtdumfmﬁwuetmutsatl n weave,

can be used t fabric 512 of
| | nven -.ggﬁ'?@e g%%’*h %trérg! A%Bh&a}rfp"{h%%tr!aﬁdsmr&ér%b@ 2

t he present ventl| €1 oom wel |
known t o t hokigh si@ng pe@newdlsmsedzabw)mph ehmcahtatmmow@mmm%z

PCTYUS011086@4tefis) ﬂt&ﬁ.e%&ﬁdtess %ﬁﬁmﬁﬁgl@ w%é%th'eﬁnbb&m%s Wd adlézﬂn% $f00m or rapi er
| oom but’ preferab formed  usi oom_Preferred air jet

| oons are coﬁ?&'ﬁ?l‘ﬁ%‘/ F’V’E’SR’/%H Y"%!%'Ft@e'f"’?'&fﬁf ‘Wé‘lﬁiﬁ?’@ﬁﬁf the corting serzposiigtiel  Nos.
103, 1031010&plied toBfibeSLyek el bBlaHeqdutui@ldheﬂesto thé-fikeRd4hd droviibQttafdds L- 5200

whi ch are commercially avaj I. | e, from Sul ot LTD. of Zurich,
Swi t zer | and; hao’(WH%?'é‘i"B%ﬁhﬁWteé' “eﬂsg\‘f%‘i razbkt%&? $M@W§*% RBHEe | gures, air
jet weaving coafieg.s to a type of fabric weaving using an air jet Ioom 626

oo et by s CIRciidtfHoilo F% bt bakRhd Yihd ool FRETHEEY | 71 © LD

war p shed by a bl ast esse om one  or arr jet nozzles
618 (shown ‘i ipventigris thgt Bﬁ'ﬁ'ﬂ@ﬁﬁw E@d%lif%tﬁi?s@cﬁ’aml@mam@h# Watecyam 610 is

pr opel lefﬂslost@ﬁa@&%rfat?@gwcj@blbbuﬁgénﬁﬁmfehscefb%meleﬁtr@%&rk%b Hﬁ% byto about 60

i nches), and EP q/ matersrﬁ(y'a out | nches t he
. conpr essed- af mef'ﬁ aglxrmﬁtﬂa' T4 ﬁ°ﬁﬂ|'"€e§f§?'@ Wpiing FPé\FE°"éde§P*'rﬂj’P mai n nozzl e
616, but pr efiyeirahit ytabisty 36d fesistaficatb ket inigyatioh (FFeviakig dRBissEd)in rel ay nozzles

?(Z)Ot ﬁleOP?I ][ hae&@&%'?éb%qs@ﬂ%p;%{m rg%'g@%?ﬁ?db' asts of supplenentary air 622

In another non-limiting embodiment shown in Fig. 5, coated fiber strands 510
20. made according to the present invention can be used as warp and/or weft strands -
514, and 516 in a knit or woven fabric 512 reinforcement, preferably to form a
laminate for a printed circuit board (shown in Figs; 7-9). Although not required, the
warp strands 514 can be twisted prior to use by any conventional twiéting technique
known fo those skilled in the art. One such technique uses twist frames to impart
25 twistto the strand at0.5t3 tums per inch. The reinforcing fabric-512 can
preferably mclude 5 to 100 warp strands 514 per centimeter (ahout 13 to 254 warp
strand per mch) and preferably has 6 to 50 weft strands per centimeter (about 15 to
about 127 weft strands per inch). The weave construction can be a regular plain
. Weave or mesh (shown in Fig. 5), although any other weaving style well known to
30 those skilled in the art, suchas a twill weave or satin weave, can be used.
; In one embadiment, a suitable woven reinforcing fabric 512 of the present
" Invention can be formed by using any conventional loom well known to those skilled
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15 air pressure as the yam 610 traverses the width 624 of the fabric 628.
The air pressure (gauge) supplied to the main air nozzli6 $ptembarf2004bl y
ranges from 103 to 413 kiioPascals (kPa) (about 15 to about 60 pounds per
square i nchwépgdsyse, and nore preferably is 310 kPa (abpgtssfipsds! ). The
preferred style of main air nozzle 616 is a Sulzer Ruti needle air jet
nozzl e unit Mdel No. 044 455 001 which has an interndl 20 air jet chanber

‘having a dianeter ‘617 of 2 millineters and a nozzle exit -tube 619 having a
l ength 621 of 20 centineters (commercially available from Sulzer Ruti of
.Spartanburg, North Carolina). Preferably, the air jet filling systemhas 15 .

to 20 suppl éntbawersuchas a sodtieliesn, Gﬁﬁtlohhﬁhraﬁieﬂﬁdam bwmfetéblyMsﬂrﬁéi s of air

the d |1 th
yam 610" acr oB Al s ebfoBH proflyeh U ct s YBTRRHBfh AR il | 06t 0 oach
suppl ement ar ysedakoma siapareaovigsielias: 403 $03I ﬂ@?pg!eé'AXrMeBRumﬁddwbs The fill
yarn 610 is drsuon, L8100} e2dHiRthre QA & é/ﬁ&n%ﬁﬁgié}&hg.%“em 632 at

~a feed rat 3& t.o 550 meters_lp - nut preferab 4 neters
(about 30C°y Bs?f%ﬂﬁ"?h RYVitRgtiand; andd W?qqmgﬁawm@me fed into the main nozzle
618 30(through a A*mmmmbagrresparptu&eao@gmé@maa ﬁ@@k@é@egﬂeaﬁ?bltﬁngthhozh'
'yarn (approx a re e fabric roug e
confusor gui é'é'ng;lg%'yjfgﬂég ?ée%ﬂ %ﬁg @%@%EW"P&?FM?GWH When t he
insertion is lfé@thpl“@ﬂ-‘e&!ledbhebbsmbf t;fmnré'sseq/mmwmsmainetoﬂmbmwrjalnamzzI e 618 is
cut by a ot g6 s n A, CSHRR) sl blokecith o 0 Y efo RERRSIAH ©° !

different, yanss with the air rocess tan b Ei’f‘lned bythe
fol | owi ng!hePAES thﬁ\mdé"lﬁ%q”heé@ﬂéﬁ%ﬁ (P?Olbéﬂfoﬁib@léﬁ@ﬂﬂcb@),tamdhmrel n as the '

Jet, Tr ansporpteféaatagoEome@mT@&mwihaﬁé)byTﬁ@ooﬁipFeséé‘& il ransport Drag Force
pul ?orce "drag force")

Test is used to asur.e the attractive qr

exerted ‘upon the%ﬁqzﬁtﬁh'%sﬁfm‘?aﬁ hgYq 3 slegls, W@@Wéeﬁﬁi b?té’Ee“?fé ¥l e by the
force of thelsahas § piuality of supplementinaelay Raglbs mnﬁ@md\ﬁarpbﬁed‘@ld feH SI rate of
274 neters rou needle air
jet nozzle fjﬁﬁ%%gﬁ?&%&fp g’%ﬁ' @%yﬂg]gg%'@ihe\/dq VE’H%HQZ ﬂﬂ"éﬂtﬂﬁ%lm%l r jet
chanber H&vi AlPESHIraaRthe yas 610 bive@esine Midieé2draf thedatsic 828 0= #ir exi t t ube 619
. having a | engfeas@g@gagée)ggppq@d%mgqﬁﬂ Sr l(&ﬂmﬁrb@ébé ra@\églﬁ,#ﬁghgtf rom Sul zer

Ruti of Spart ﬁ%@‘ %ﬁm rolina) at an air ki | oPascal s
(about 45 pott °E ’gﬁfﬁi‘?@bi"ﬁéﬁ}" H@QWW"F@ﬁ@%ﬂ@ﬂ@h(ﬁw) @od moteoned i n.
contact wit hptefezabjyeia B0 kia (aa 45 ). Thé ﬁ*éfe?r@déth@ol&’nﬂéﬁh%ﬁh@z’zleraﬁtlé"@ air jet
nozzle. The %@zérm'n%@é gFJetono%é grﬁtsModePﬁ %ﬂ%?&) w?‘uchthgse a {n?errrr]\arlorce (drag

force) exerte
20 airjet chamber having a diameter 617 of 2 millimeters and a nozzle exit tube 619

having a length 621 of 20 centimeters (commercially available from Sulzer Ruti of
Spartanburg, North Carolina), Preferably, the air jet filling system has 15 to 20
supplementary air nozzles 620 which supply auxiliary blasts of air in thé direction of
travel of the fill yam 610 to assist in propelling the yam 610 across the loom 626.

25 . The air pressure {(gauge) supplied to each supplementary air nozzle 620 preferably
ranges from 3 to 6 bars.

The fill yarn 610 is drawn from the supply package 630 by a feeding system
632 at a feed rate of 180 to 550 meters per minute, and preferably 274 meters
- {about 300 yards) per minute. The fill yam 610 is fed into the main nozzle 618
30 through a clamp. A blast of air propels a predetermined length of yarn
(apprqximately equal to the desired width of the fabric) through the confusor guide.
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.the yamby the air jet as the yamis pulled into the air jet nozzle. The
drag force per unit nmass can be used as a basis for rel@tJaptercom2itson of
yam'sanpl es. For relative conparison, the drag force neasurenents are

nor mal i zedyw@ygifsz one centinmeter length of yam The G pépdasassgd a one 20
centinmeter length of yam can be determ ned according to Equation 2: G am
Mass = (7t (d12)2} (N (p$=) (1 centinmeter length of yan) . (Eq. 2) where
d is the dianeter of a single fiber of the yambundle, N is the nunber of
fibers in the yambundle and p is the density of the glass at a
tenperature of 25C (about 2.6 grams per cubic centineter). Table Clists
‘the di amet er $Vasndheniasdriion isudompefed thé efbofshe yanpdistaltothk elairtiieae 848 kY pi cal
gl.ass fi ber ycg{’%ép a@ ) Tabl e C Yam™t ypeFi ber Di anmeter Nunber of
Fibers In Bun { Nt rrbt er s) G759 x 10-4400 G1509 x 10-4200 E2257 X

10- 200 D4505. 72 x The)aoppatibiligond eerSdyramitincopertns of Giforat y&85&ih REF jof SO 108684

For exanpl Gueals ip&&@meﬁmee@ng}ﬂhsemmmehoa am%&mn@%&zn@teéam I's (aa

(9 x 10r/2 ) (40 grams_per I ¢ centl-net | engt h of
yam - 2 T5ferq Er2iM aihes Alr fes Tranapmt grforseéfeérmqshgbeﬁyde_t 34 x 10-4

gram rras_s 'ﬁMsb@{EfabF&ch@ﬂlsfu@é&lﬁnﬁﬁéurHﬂietaﬁ%ﬁéoﬁ' plilig fdreb (-dignsport Drag
Force") is c u,L g %’H&IIVI ding the drgl%j asurement (gram force)
det er mi ned by“FPhLSXEERE CIAM 35yne YAE &P I{?é% ePBietf‘?@'eth)’rS‘EﬁfB'Feyamtested
For exanpl e, of the ait jes.aimthiemethod>é5ch yaarsamipfe |§feﬁat£l‘atddflm'4ﬁfetei’63@5¢lﬂermnt of
the drag for 1L [ ce AsS equal to
68.5 divi ded%gob%dgge'smlfwﬁﬁ%éngﬁh&r%% Sc-rr?:gn]% Pﬁ’oz%i uﬁﬁﬁ'ﬁ%@é’ yam 10 The
Air Jet THndoePe1 whighyhas an interesl air hecfymmugedgadlah'@tal‘rﬁb? mmmmémtm c for a
| ami-nat e aCC%dh'ﬂGzziélax&hﬁeB'i@ﬁa%ﬂha'léh\éﬁnrﬁzh‘af‘ao&%ﬁuﬁég}s'lﬁcﬂn d' ng to the

Air Jet Trans ce Test Meth di scusse {)referabl y

greater than? 565'66‘8@2'3%%%%9 htapbusg. Nerth Sacetion) afanmair Wéfemfé %rabl y
ranges from kidPa6€d (hbout 4@@&%@5@@6 lﬁmgamr Agé:%i&ﬂ%% pgakitivredin and even

. g?r garr)nr efer a%?(taét%lg ﬁx% Ainat'h pos‘l;_ilon pndr%) t?le yam entehng tge gil;' %Enngzg eC %’hg er grammass

15 * tensiometer provides @ measurement of the gram force (drag force) exerted upon
the yam by the air jet as the yam is pulled into the air jet nozzle.
The drag force per unit mass can be used as a basis for relative comparison
of yarn samples. For relative comparison, the drag force measurements are
normalized over a one centimeter Iength of yamn. The Gram Mass of a one
20 - centimeter length of yarn can be determined according to Equation 2:
© Gram Mass = (z (d/2)%) (N} (pguss) (1 centimeter length of yam) . ~~ (Eq.2)
where d is the diameter of a single fiber of the yar bundle, N is the number of fibers
_ in the yamn bundle and p., is the density of the glass af a temperature ef 25°C
(about 2.6 grams per cubic centimeter). Table C lists the diameters and number of
25 . fibers in a yam for several typical glass fiber yarn products.

. . TableC \
Yamn type Fiber Diameter Number of Fibers in Bundle
‘ ‘ (centimeters) ' ‘
G75 - ex10° : 400
G150 - 9x10% 200
E225 __ 7x10* 200
D450 - 5.72x 10" - 200
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The fabric of the present invention is preferably woven in a style which is
suitable for use in a lanmnate for an el ectroni c suppori6 Sgptembert20@4ci rcui t
board, such as are disclosed in "Fabrics Around the Wrld", a technical

bul l eti n olyoQuadkr Schwebel, Inc. of Anderson, South Gag@didofigeegsl 995), Which
1s specifically incorporated 20 by reference herein. The |am nates can be a
unidirectional |amnate-wherein nost of the fibers, yans or strands in
each | ayer of fabric are ori ented in the same direction. For exanple, a
non-limting fabric style using E225 E-glass fiber yans is Style 2116,
which has 118 warp yans and 114 fill (or weft) yams per 5 centineters ' (60

warp yans and 5q=of'éiémp\@mé@%Ma@@&)&odé%@t&m?et&?ehéﬁo@éiﬁ@arﬁ!so) warp and fill
fab

25 yans; has a™nom nal ric thickness of E ers (about 0.037

_inches); anﬂf(95198@3@”%@&?”@6?’%5@%“%?% )°e'3'f“e ?"ﬁ ST Der square

][r:L frc(gggrgsgg%@ﬁmmspsgrgm rﬁtb{@Gda}nmﬁst:IBtmggégnmapL ehgfs 27 warp

* yams and 611 \“?'leat'g%\ fﬁgqe%g %’msﬁﬁ%ﬂ%ﬁﬁsﬁ ﬁém% 5 n.S dalgmgifgfl |l yanms per

: ,Rch%( u%sgi%ﬁ?g&e(d%&&r&@meuﬂz%ng?g(rgoegﬂetqrmml? &;)bhmészmgl fabri Cht

t hi ckness' o th pg iikte athBIé, sanf fasfabric weig
a5 Bl JolBie Tipg of gt

~of 203:4 gr er ‘square yard). A
non- | i mi t i ngareytthpieasiometar medsurementaf the drag fatge B85, E‘Bgﬂlﬁs‘!ﬂl"-feﬁber yams is -70

16 Sept ember 200 ) PO L5 REBIS LY Bt S0y ciod Paratored has 118 var p

yans and 93 er 5 centineters (60 warp yarns and 47 fill yans
per inch); B@féga%"@isﬁﬁﬁ"‘( D450 110) warp and fill yans; has. a nom nal

fabric t4g cknesstHefAiQeD Pandpoht Draffotdesof (Halyattused Gan 4 weleasibricdord a fabric

wei ght of 46.8 grans per .sguare ter ut. 1. uare yard

A ngn 5 1i n?t""f"?igat%i%‘?%f'@ 19 e presei) Vgnt?f'yci) Sleried éﬂ@#@('tﬁ&gﬁrgdg?? i ber zams) is
Style 106, Whinsport DragFdrié Tewh Methpd discussel abb@e, fs nrefewmrqs&;afﬂﬁncentl meters (56 -
warp yans angy 5 &b o S{rgﬁanﬂﬁésstoﬁﬁé}ﬁ mdllés e'?ab‘i;r‘éﬂg&%fkl?ﬁ%obbm warp and . .-

fill yanms; has a omn ness 0.033 millimeters (about
0. 013" i nchedys, O@rmarafqremmrerammwtofmm.md&vergnaﬁﬁrelﬂ?b'%eﬂawf%ter (about

0.72 ounges 19@ﬁ0€ﬁt€'9@ﬂ§00’&5lﬂ)force%€?bﬂﬁfm%rbf érmtl ng 10 exarrpl e of a fabric

styl e using DJ00 l'ass fiber yarns |s%‘t |b h’% ha] 118 warp yans

and 93 fill yams Fb@%@ﬁtpf"??ﬁ'ﬂté'}‘@m(%dﬁ F%‘ VMB’&‘H& Vi Syans per _

.inch); uses shitableGdrtde (PR MaR)orsmrefechtrik: $upbbrt yramiated biacuttdoardpsudial  f abri c

- t'hi.ckness of 0. te a fabric weight
Scﬁbg%}gr aI'EE él’?l}li(ﬂﬁg Woﬂ% %%%ﬁl 1$apﬁlnlgﬁr) dig}g

of 47.5 graffs 3§ ounces er square yard). A
non- | i mi ti n@chwetehlre. offAndersén, Satih Cerofina {1899 ovhiy lbmequ@limcaﬁﬂ'aMSO E- gl ass

tenti nﬁf%@ < 5 s RIS T b b bR ol Bk n ok oy 25 per 9
the fibers, yams or strands in each layer of fabrlc are oriented in the same direction.

For example, a non-limiting fabric style using E225 E-glass ﬁber yams is
Style 2116, which has 118 warp yarns and 114 fill (or weft)'yarns per & centimeters
(60 warp yar'ns and 58 fill yams per inch); uses 7 22 1x0 (E225 1/0) warp and fill
25 vyams;hasa nc;minal fabric thickness of 0.094 millimeters (about 0.037 inches); and
. a fabric welght {or basis weight) of 103.8 grams per square meter (about 3.06

ounces per square yard), A non-limiting exampie of a fabric style using G75 E-glass
fiber yarns i5. Style 7628, which has 87 warp yarns and 61 fill yams per & centimeters
(44 warp yamns and 31 fill yarns per inch); uses 9 68 1x0 (G75 1/0) warp and fill
30 vyams; has a nominal fabric thickness of 0.173 millimeters (about 0.0068 inches); and -
" a fabric weight of 203.4 grams ber 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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per inch); uses 7 221x0 (E225 1/0) warp yamand 5 11 1x0 (04501/0) fill
yam has a nominal fabric thickness of 0.079 mlli net d6sSdptdmibdr 2009031
i nches); and a fabric weight of 78.0 grans per square neter (about 2.30

~ounces perwapdasszyard). A non 20 limting exanple of actadipgssstyl € using
‘both G50 and G75 E-glass fiber yans is Style 7535 which has 87 warp yans

and 57 fill yams per 5 centineters (44 warp yanms and 29 fill yanms per

‘inch); uses 9 681x0. (Gr5 1/0) warp yamand 9 991x0 (G0 1/0) fill yam has
a nomnal fabric thickness of 0.201 nillineters (about 0.0079 inches); and
-a fabric wei ght of 232.3 grans per square nmeter (about 6.85 ounces per .25

square yar d)Ster 1080; whick gt T8RRI yafifdal o8 AlDyarts e §lcentimiaesd EbeRfd on are gi ven

in | PC-EG 140 i cation for Fi fro E d ass for
“Printed Board® a"g%ﬂﬁﬁfﬁ RSB "G s ?Hé%f(ﬁ&"gﬁg{obew?gra" ¢tting and
Packagi ng El lwurlabfabuciﬁit:krtaas 0f0.056 hillirset @ Fatout mmzihnuhes)sqaﬂcafﬁbrinal |y

I ncor por at eqmé?éﬁt 5‘8‘{565?{@'%#%?‘%9“9 %ngggtﬁﬁcﬁg%eﬁ;@gﬁgg%t Rﬂed fabric

styl es use tw sted S con fabric
styles usP ndwtm@x@wleﬁf a/fabris stifle ysing DAG8 Erglase dbgryams n&ﬁtylmmmwmchl n lieu of

twisted yarfasa3owh® yardand mmq%@ acaece%rh&e&fe&ﬂéﬁs}ﬂéaﬁﬁ@nt'on -7'.1 16
Sept enber 2004 WO 0O /6875 kgSOl 08684 I'n_an enbodi nent of the present

i nventi on, oGS PsFngR “58? POVDvem A 8l varas hree pamndl fabEct i ber s
coated w t h tmcmessoftmasummmaarpwobl ®OT3 iAdhes); MﬁoﬁﬁﬁdWéﬁhtM4 sone or all of

the fill d th bl t
it er ng. 1 AT pl Sifare (R fapB 8 2iouites bePbat R SRte) Auter BoiolRing on (1)
cont ai ns18 axamplgof a fabdc Mﬂp&immow&}gle*s fibsr yahesis Siylel 198 ditichdwaemi8 or differs
In f.orm T r omded amé SRR Eér gégﬁmﬁét&égmﬁurb gﬂnsﬁ{?&ijwe ©r (2)

contains at | eaSt one co ent fromthe
amount of t Hechsaises E8/Tsh OéBhW@fPr@é@Iﬁ" yems{ has & naminal fbgi¢ thigknssaposi t i on.

“Referring nawgloet Eﬁlﬂnetc?rs(ébh&dm&i&h&}%n&%%dﬁew@ﬁﬁfhﬁsfgi%?p%r conposite or
1.0 lam nate 714 cli *ﬂ%nqand/or r@@%natlglg a matrix material,
preferably 5“”?”&"&%"‘5 fi‘(?“tf YeThehsd Fipf E‘F'@"‘BQ exapiafidet ting matrix
mat er i al 19 16@abritistyle ustnbothi 225 and Desumgshssfméﬁym.satyteamsvmhhu§e as an

el ectronic re|n el.ec c_su ns a structure
That rechant ENRlR venolfd 10 asPers bl B e BB At ARG crent o
Exanpl es i nderigens mﬁ732éxﬁ1€ﬁ22$ e} werd yam anasﬂn\mo (@85 1l S firyami; baconponent s,
passive el ef&ﬂdﬂﬁé?faﬁ%ﬁﬂ?e@& §ﬁ0 Wg'nﬁlfgﬁ:gte&'(ﬁﬁdﬁbﬁﬂﬁ' ﬁéh%%fﬁﬁ fi¥ab ;% rcuits,

sen conduct or devg ces and ot her war e associ at e el enent s
i ncl udi ng. buYelabef 18,0 greraripar §avasn meter (Abaut 2519 auBess pef sauareryian®y 8npps and heat

si nks. P2@f dimiting eﬁﬂnﬂdoﬂmamrﬁ: sBie disiR RIS Endi GYEEGhRiver ﬁrrf!':é ggied-to a
reinforced 7535 which has 87 warp yams and 57 fill yams per 5 centimeters (44 warp yams
and 29 fill yamns per inch); uses 9 68 1x0 (G75 1/0) warp yam and 9 99 1x0 (G50
1!0) fill yarn; has a nominal fabric thickness of 0.201 miltimeters (about 0.0079
inches); and-a fabric weight of 232.3 grams per square meter (about 6.85 ounces per
25 square yard). _
These and other useful fabric style specification are given in IPC-EG-140
“Specification for Finished Fabric Woven from ‘E’ Glass for Printed Boards®, a
publication of The Institute for Interconnecting and Packaging Electronic Circuits
~ (June 1827), which is specifically incorporated by reference herein. Attﬁough the
30 aforementioned fabric styles use twisted yarns, it is contempiated that these or other
fabric styles using zero-twist yars or rovings in conjunction with or in lieu of twisted
. Yams can be made in accordance with the present invention.
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. fiber strand 15 conprising ura It

- conposite conprising at | east one partial coated fi ber strahd conprising a
plurality of 20 fibers discussed in detail above. Rei rifSdeptenbengdfdit es
made from each of the disclosed fiber strands conprising a plurality of

fibers arevig@jeeiser € contenplated by the present invephiféodegd €xanmple,
-one preferred enbodi nent of the present invention is direct ec? to a

reinforced conposite conprising a matrix material and at |east one
partially coated fiber strand conprising a plurality of fibers, the coating
25 conprising an 'organic conponent and | anellar particles having a thernal
conductivity of at least 1 Watt per neter K at a tenperature of 300K

Mot her preferred laahesbodmnént 6fthé presqk iRGetiibn, sOe bit dli@hth warp yaRGh @@ t0 a

rei nforced c t.e ¢ rls n _.at artially coated fiber 7
- strand corrp%g}s?ﬂ?%é‘hg %ﬁbn%aﬁoaeg%tg bmﬁg;gcorp@ﬁlgggwﬁan%g % ng at |east
one | anel | ar sqae eraljotthe filgarmert haly) fikersmeted witira senonditesin Yempatibiet her .

preferred en@e@th@aﬂevb?gglt@ete@gmr@m,e' HeQLEHH LAPIRASH 1 corfiP" ! =1 N ()

an at least partiall r strand conprisin go ty of glass

-72 16 S@pt eigRst oneoiempoRgnbwhiedy shemiety difierentondifiers in forar. mthﬁe coati ng.
conpri si ng acdrﬁ;ﬁndm@oﬂfxeﬁ&sﬁﬁiﬂ%@MﬁosﬁBﬁW%ﬂ)bbrﬂﬂn&ﬂm&l dneRBrapdnentdn Pl urality

of discrete partic mat eria selected from ani c

materi al s, rﬁ%?’ﬂ)'ﬁ'k?’ﬁ'clbﬁld&eﬁrgp fgwpgﬂtg}tﬁ%mgqn{pgn ?'?ﬁ%é“ and m xtures
t her eof ; (i | $heditst biging tompositiorl. ubricious material different fromsaid
plurality of dis t ne-filmformng :
material ; and- (bcﬁ&éﬁnﬁmb%’?zﬁheﬁ% glﬂHn %n"bs é’ﬁgﬁ%&& °<§,t? €nbodi ment of -
t he preséﬁt Iﬂﬁ‘l}‘@mﬁéﬁ’)‘@aﬂdﬂ ardiqr drapregnating withi aharic wetedalrprefeiablg aconpr i si ng at

| east one fip& é’kﬁiﬁrﬂﬂmﬁrﬁﬁ%@nﬁk&ﬁ%r%ﬁﬁ@eﬁihg mamﬁ{aféngl ﬂEeTﬁee' nforced =

conp05|te further, co resi due of an aqueaqus Ig%SItIOﬂ conpri sing

(a) a plural fagpogie ¢l ‘Hn%@?% E’%%{F’i@@?&”?ﬁ%ﬂéﬁ%’%?@?@? used0 sel ected
from or gani chereihSelketronic shmﬂgm&r& At et meBHaRlchil stppoReERdst t € material s

o e Rl AR Falots i, S L Eledin, S 01 ot g
mat eri al 15An€i§¢1@nl°ppmbmenfa¢aemmm cafiponbrds, pristse citcuits)intgtataan i s di rect ed
to a reinfogeass, mh&&o@ﬁ rdnd bﬁ'lgr I(é?%weﬁ?a@s&r%t@@er SQE{\ %I'eﬁ Liy coated

ass coatl ng

conpri si ng a'“ﬂ%@?%“@f"“‘ﬁ?ﬁ ‘8&8@'@6’9’5 E‘Iﬁhﬁﬁ)#fﬁlﬂbﬂcww hestt sigksgr eat er than 20

wei ght per cent Omr&eﬁﬁ@hboﬂiﬂiehﬂ%f 183 piese investioh efediBctBdiold EinfceWhi Ch have a
Mohs' hardness vVa excee rdness val ue of at

| east one of “6H °a'le ﬁ°3’§55*?q Eﬁgﬁagt °"5H6”'?'t9)’atﬁgﬂ%?{ F‘F‘il‘gr?ﬁ'ﬂ‘@'?ﬁ"ﬁla Plucglit 9fer
pr ef er r e@Oenithedk di@ﬂﬁsedm dtailaboved Retnfacadeompasiteetadofgroeichef the

disclosed fiber strands comprising a plurality of fibers are therefore contermplated by
- the present invention. For example, one preferred embodlment of the present
invention is directed to a reinforced composite compnsrng a matrix material and at |
feast one partially coated fiber strand comprising a plurality of fibers, the coating
25  comprising an ‘organic component and lametiar particles having a thermal
conductivity of at least 1 Watt per meter K at a temperature of 300K,
Arsother preferred‘embodiment of the present invention is directed to a
reinforced compasite comprising (a) an at least partially coated fiber strand
, comprising a plurality of fibers, the coating comprising at least one lamellar particle,
30 and (b) a matrix material.
Yet another preferred embodiment is directed to a reinforced composite
. fcamprising_ (a) an at least partially coated fiber strand comprising a plurality of glass
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20 conprising at |east one fiber strand conprising a plurality of glass
fibers and'a matrix material, wherein the reinforced dérpapérnerfa®0dher
conprises a residue of an aqueous conposition conprising greater than 20

wei ght per gent on,a total solids basis of discrete papéigdogsssihi ch have a
‘Mohs' hardness vafue whi ch does not exceed a Mohs' hardness val ue of at

| east one of said glass fibers. 25 An additional enbodi mnent of the present
invention is directed to a reinforced conposite conprising (a) at |-east
one fiber strand conprising a plurality of glass fibers, the strand coated
with a resin conpatible conposition conprising a plurality of discrete:

particles fopggd tﬁerdaﬁﬁnﬁ%ﬁﬁﬁs'fﬁg% ré§h Rk s:daéueamoeﬁ@@d&ioﬁ c&ﬂﬁr%fnb%bé i nor gani ¢

polyneric materials nmposite materials and m xtures thereof vvhereln‘the
discrete. 30 Blﬁ'fa{'tyef@%c“ﬁ%ﬁ)@'% forned fig@ "ﬁé%ﬂﬁFé?lgd%qu@'l?fgglchﬁngﬁl?,
n cronet er s; indyEnié polyreritiiatdrisls, coffpbsiteintdterialsand pixturdsthidradt, (iXdteag ural ity of

O1i6s75o prpicuFbblt Baetd AR S ARt deRe s E RS IR o
" materi al s 5 | kestgaefin-fpomiygeateral;aad ¢) aalabix nmeteriaheat expandabl e conposite
LS, nand il dh ffer MesdHid ftbodnt e BRLIIner s GpERANEA! S Of e

‘coatings and resih co NPOSI T 0Ns or egoi ng
enmbodi nent s tﬁirrf@eqde@wes-tp@mnpr@m@aleeﬁ SR fier geand apd pmatsis F@@Fé‘d from 5 the

coating: cowpwﬂgr%%e%ﬁfak&ae@lnﬁ&a@mnn@@anmeﬁ+e@*aaéofc‘aﬁr§aauwats can al so be
sel ected fromthose remtedaﬁbove $fer edrgcﬁra rix ga erlaJE useful in the
present i nveRYTRAFHUPHEAMRGEING ()2 pliplity of fisgietpypartiqies formed fTem matenalser npset ti ng
poI yester vélerydd femt @panic mﬂeﬁa{sjmrgam(zpaméﬁcmmahxcohmasb mnmualspoxy or

Oxirane o uged Al LG 8 ea8S0 BOAR NG fik ShlBLAG! POl Yhyric

al cohol s or ant nop TS ernose poryur et hanes,
derivatives ofdisgreje mmdwwc)@gbaﬁQHEQHdomlwmtwl of any of the foregoing.

Preferred matrix Amingr b;a%eﬁeé Qrﬁbcfdﬁﬁéﬁ't arghé ﬁ&eﬂﬁa@ati&ﬂéd@cteewé circuit boards .-
are FR- 4 epoxy resins, which are functigonal epoxy resins such as

di f uncti onal ’e"lﬁ‘?’ﬁ‘?ﬂWﬁlpeﬂteéB'BRﬂﬁ'ﬂgé@laﬁ@t‘eﬁﬁlp?'i"ﬂiy&%%t ’F‘H!fﬂl d crystalline

|tocﬁl yrre[ S_1|5tf hfeorﬂ;?urs]mgammf lityldD?lSssﬁfbeh&hih@hoélih@cdhﬁinlsmdﬁﬁfé&dh@oiém&ec&kl |1 gddl n

e art. ur I Nt or.nati on ONSsS .1 S neede see

H ety oni 6 vt AR ey AT W iR okt P R B3 bR pages |

534- 537, whi diacrete patiicles Whictahdvg aummxernacdnassewubylhlcbﬂmmwcem ei n. :

Non-limti ngwﬁﬁéﬂﬁﬂdﬁés%wé&f‘atti’egétgmgg#ééﬂdsgﬁl}é?@aﬂi? g dal. X materials
yO I NS es ur et

20" include po po anes and
t her mopl asti ¢ pol Anetheepreferred WW%WW@F@“‘E"&HG rgaf @@P@?‘teany of the

f or €goi nGo FubhiiRing akieaR biSfiber strand comprising a plurality of giass fibers and a matrix
material, wherein the remforced composite further oomprtses a residue of an
aqueous composition comprasmg greater than 20 weight percent on a total solids
basis of discrete particles which have a Mohs' hardness value which does not
exceed a Mohs’ hardness value of at least one of said glass fibers.

25 - An additional embodiment of the present invention is directed to a reinforced
composite comprising (a) at {east one fiber strand comprising a plurality of glass
fibers, the strand coated with a resin compatible composition comprising a plurality of
discrete particles formed from materials selected from organic materials, inorganic
polymeric materials, composite materials and mixtures thereof, wherein the discrete

30 particles have an average particle size less than § micrometers; and (b) a matrix .
material. In particular, the plurality of discrete particles are formed from materials -
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- of useful thernoplastic materials include polyimdes, polyether sulfones,
pol yphenyl sulfones, polyetherketones, polyphenyl ene dgiShpdemipai2pptienyl ene
sul fi des, polyacetals, polyvinyl chlorides and pol ycarbonates. 25, A

pref erred matrix material fornulation consists of EPON, Q]f,(ﬁgsq epoxy
resin (conthH%8Pty available from Shell Chenical Corrpany of Houst on,
Texas), dicyandi am de, 2-nethyU m dazole and. DOMNO L PM gl ycol ether
‘(com‘rerci ally available from The Dow Chem cal Co. of Mdland, M chigan).

O her conponents which can be included with the polynmeric matrix materi al
30 . and rei nforcing material in the conposite include colorants or

pi gment s, Q%écfe%'}ntoﬁ\ d;%-he&tr &?ﬁ@ﬁﬁl?&ﬁ?ﬂlgﬁﬂefﬁlé irdMafic pblyérit thatéridW)

stablllzers 1" OoXI ers and extenders. In apreferred'
“enbodi ment , nonseghenpandabiesempgsiie materialh and mbdures of Any ¢fdhe forpgoing Sept enber

2004 WO 01/ 68752 ﬁ%b%ﬂ@%ﬁﬁécﬁﬁhwﬂ r&immbaub!mhﬁbslwns udddse i norganic
mat eri al s i ncl ude ceramﬁf ‘ﬁa??eldi anrg‘g net al | 'tC mat @L_tg f”tﬁlnd can be

sel ected f r offeforeIqNgAMpPeAments gy P& CORRYPLFS CaRESEREIEYE " The fabric
712 can bg coricestingompdmphie gisatsest dwyvejapmaddgomaheommoemtecanﬂsqhe a 5 bath of

the pol ymeric terl for exanple, as discussed in R Tumml a .
(Ed.), M croﬁ'%#@ﬂ]@g ‘%%a'ﬁ’g Handbook, (1989) at pages 895-896, which

~are speci fical | yPrefeued pairiameteérialyusedd inrtiearesentinvention inglide gener al | y, chopped
or conti nuoﬂérﬁésgﬁiﬁg Efe QchﬁthrﬂﬁﬁdsBﬂng'rﬁély@Etb@ v:ﬁﬁ@sté}ﬁ éi:bﬁ&&r sed in the .

matrix materi a or any wtableato ﬁ@ &(n |ng devi ce
which distri lﬂ?t"é@mﬂﬁé'eiﬂ°F%?Wb?’cqxﬁ%j‘er%qt@ljrf £ g ?zi’f"gyase‘?? glvgiay hr oughout
L hedpol y Ry Id SthERloF patyHyBkiceidoRbls or thiglks), plenalios] mindplmtsrmemfoaemngng malt Ier| ?I ﬁan
e dispersed in t r i mat rix r ing all of the
conponent s cBﬂE‘H?lP'@??gié%g%vgse?sﬁ%?m%ﬁ%gg%%mmpmn%r%fcmrmtﬁ% x material 716
and strand céomedoingf Sreferckdintetix sateralsfodorming Immatmfphmn&ed'p!wwa@svan ety of
met hods whi cly 9&&49@&9@& twﬂi'@n eﬁ&ﬁ%&:&ﬁfﬂ%@é&mé@h%@ﬁ&%aﬁ pol ymeric

matrix materisl Use or a thernosetting matrix material,
t he conposi t@rowmtes!eepmrrﬁﬁeﬁ- B?'Y'N@Gﬁﬁ'i‘@%'ﬁ(ﬁws@“‘"q Pﬂ’l@&’? &8 ol di ng,
pul trusiof " Thhadureh wvihiihra&wmasw{oauasu@hn@mmaupufwmxbynfshmn nol di ng or

bul k nol di ng foIIovved by conpressi,on or ec T nosetting
pol yneric nﬁ%ﬂ(”%ﬁéﬁ?’é?%ﬁﬁ@“&g d@[} o sslinkers

i n the matri intefitRhbldlosdPatpagds®@34.537, Mh&h&mpbmﬁnal!yl |mrpn’ratérblatr¢fefemce exanpl e.
Sui tabl e crossfinkers useful to crosslink the.polymeric matrix materi al
are di scussed®%ove. The tenperature and curing tine for the thernosetting
pol yneric matrix Nen-imiting examplemgfgumpqu@nc thermoplastic matrix materials -

20" include polyolefins, polyamldes, thermoplastic polyurethanes and thermoplastic
puiyesters. Viny! polymers, and mixtures of any of the foregoing. Further éxamples
of useful thermoplastic materials include poiyimideé, polyether sutfones, polyphenyl

_ sulfones, polyetherketonies, polyphenylene oxides, polyphenylene sulfides,
'polyaceta!s',‘ polyvinyl chlorides and polycarbonates.

25" A pfeferred matrix material formulation consists of EPON 1120-A80 epoxy
resin (commercially available from Shell Chemiica! Company of Houston, Texas),
dicyandign;'ide. 2-methyiimidazole and DOWANOL PM glycol ether (commercially
available from The Dow Chemical Co. of Midland, Michigan).

~ Other co_rnpohents which can be Included with the polymeric matrix material
'30 . and reinforcing material in the composite include colorants or pigments, lubricants or
" processing aids, ultraviolet light (V) stabilizers, antioxidants, other fillers and
g éxtenders. Ina preférred embodiment, inorganic materials are included with the
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factors such as, but not linmted to, the type of polyneric matrix materi al
used, other additives in the matrix system and thi ckndés3eptdmbitdr004
conposite. 25 For a thernoplastic matrix material, suitable nethods for
form ng t hewowesepsi te include direct nolding or extruscmousogaspmoundi ng
followed by injection nolding. Methods and apparatus for formng the
conposite by the above nethods are discussed in 1. Rubin, Handbook of
Plastic Materials and Technol ogy (1990) at pages 955-1062, 1179-1215 and
1225-1271, which are specifically incorporated by 30 reference herein.
Addi tional preferred enbodi nents of the present invention are directed to
reinforced |pplymedt matriadarield These imorgasicactarialsirclude pgremic makerjalsiandng an at

| east -75 16 : P i al |y coated
-fabric 'corrp;lnﬁ3 eégﬁﬁ*gtgpﬁ? ‘J'égéc?gag'r?\eég? '?ééc?ﬁ%?&‘glﬁ"? dg@?ﬁ%@%ﬁﬁﬁg@t f'a.l'i | above.
~Thus, rei nf cietal@boveni nat e adapted for an el ectronic support nade from each

of the discloseqnd abrd £12 &R PPEdRdHAd Rhiprédhasll bP Bifpihd M8 Fabht 790R 22T €
therefore_contenplated b esent i nvention, FO

) )y the pr. : r exanpl e, one .
pref er r ed® erR38HRF aRolYGTErE Wét"ﬁl"@%@ﬂtﬂ@ fore¥ampie. 3 dissusged BH- g:ﬁmf"ﬁ’aa rei nf or ced
I a(rjn' nat e aFEKEH.?.dniélﬁélecﬂmm_ei P&dkb gy Harﬁb?ﬂ,g(ﬂ_%e) eliagesd sémﬁawm&} dréx nat er :c alb
.and an at |east_ope partia oat ed f.abric conprising at east one fiber .
strand, the s@Sﬁ?@@g‘"@’W@é*’%@géﬁ?c%gﬂ%m'i Qo@gﬁﬂ%ﬁ&h%c’ﬁﬁed‘a Yanel lar particles
havi ng a t heontidubusciivedstend veinfyrciog materidl earste dispagsed inthe matik eratddant a
tenperat ur & (fod0QKmy Ll ol s8R0 AR Hovied PicsF GQlAG the conpati bl e

with the 10 netri teria e relnfdrced I'am nate adapted for an
el ect roni@ dJeipiering materiahgrnietdlpeienty dresheytihetpolymetip@matsx mstanal. FeUent i on i s

directed t 0 GamBleNthe eifiétcing AllcRA 't BORSYeREd indhe BilyrRarR iR thfediPPOr t, the
| am nate conprising. ( trix materi al | east one non-degreased

g, ‘6% a na ., and at
fabric conpriy€innplendingall skthe gompaneps poncyFentiyior seqenfi@dlic s 5 portion of the at

| east Olne' fabri g Thepolyrger mm'd | rha_ﬂ&iaVWB@Sdbféa:ﬁ@fﬁ@Béfohhﬁj Mliotah:oi@o#ii&e mat ri x
material 1 n sal 1re or ce a t pte 0 al el.ectronic SuppOI‘t.
Aot her enbthamings 514 B vaety ARG yff s fopblent ol sferigedrS A FoF bou

| ami nat e15 adbetypeloff pplynenc matiz matenialused, fivo example for b divrmesetiing ovabix sing (a) a
matri x .mat erj.al.: i+ C - L ising..at | east one fiber
strand and hﬂé%%'}laé a nog@%ﬁeﬁﬁagh?f%&ergy Lna%(%)éf'rgnati gi eb'?:?gtﬁu'"ﬁg conposition on .
at |east a poteupigh fiamest winding bandipy-vm EPreyHP Py sheet ROIRGRTbHKr ei n, a

" non- degr easféldihgidvwed byTompleddiin ot infdefidn rdding) OfheHsteriBE PSymericconvent i onal
Fber P R marealg ol a5 Riton Bf Gosihtefi IR ridtbdtnstefidl O™ 1 @

20 and/or by the application of heat, for example. Suitable crosslinkers useful fo

crosslink the polymeric matrix material are discqssed above. The temperature and
curing time for the thermosetting polymeric matrix material depends upon such
factors such as, but\not limited to, the type of polymeric matrix material used, other
additives in the matrix system and thickness of the composite.
25 . For a thermoplastic matrix material, suitable methods for forming the
 composite include direct molding or extrusion compounding followed by injection
tmolding. Methods and apparatus for forming the compasite by the above methods
.are discussed in 1. Rubin, Handbook of Plastic Materials and Technology (1990} at
~ pages 955-1062, 1179-1215 and 1225-1271, which are specifically incorporated by
30 reference herein. |
| Additional preferred embodimerts of the present invention are directed to
- reinforced laminates adapted for an electronic suppdrt comprising an at least
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.fabric. As discussed above, heat cleaning and water-Jet washing, in
addition to scrubbing are exanples of such conventi ondl6é Sepbanbarr200ésses.

- As used herein, a non-finishing' resin conpatible coating conposition
refers to tWweol/&ss2n conpati bl e, 25 coating conpositiongcgipssikgsed above

that are not used in conventional fiber finishing processes. For exanple,

- a non-finishing resin conpatible coating conposition refers to the

pri-mary, secondary and for tertiary coating conposition discussed above,
but does not refer to typical finishing sizes made, for exanple, froma

sil ane coupling agent and water, and applied to the fiber after degreasing. -
30 The presepartlhlly\oaat&dmbncm;pﬁsmyatIﬁa&aeﬂmsmld&hessad m(mta'ilamaveprrpri sing a

resin conpatd, e W|th a °*
~finishing size apprﬁ‘%%h%matgﬁg%ieg‘a@%ﬁB%C&%SQ'E%%@Q%{ cég WD 01/ 68752

PCTI US0110868iscipgedifabeics pamprising ddeasimive Ebersiiandaire thinesfqre ecwmplateﬂMnt ionis
directed 0 e glehifbeRion! PorURpE, dnBlefifled efiBEcitia of fie éi'{teCt ronic

support application, the nethod nprisin e step obtaining a

fabric adabt.byentgn jslimsted toa ’ﬁ!ﬂf"@P‘é@F‘F‘GW@@agﬁﬁ)ﬁbﬂe'?%‘PH‘EG“H?? 5 weavi ng at
| east one fi kbbmprRigammghid .ﬁatérﬁu @ndﬂinlatﬁbettbue ﬁﬁmﬁlybﬁt&lfaﬁrﬁcbﬂr!ﬁd‘l@aﬁ first.

resin corrpa I bl e ﬁg east. .a portion of ! one fill
o and st leasions e sk, P8 sfiion el B aoute rRtrob gt af ERF s and hawi ng
a second respa’ucleaimhglalﬂmrmaimmdumgntmfaalbadtemmrp\etetkcanaof the at | east

one warp yan\err(r@}auﬂé oil é})git ln%af[nttﬂ fl%yodﬁ'l?e% {I{%qcogéngl I?@tﬁrﬁpaﬁbl?@ﬁﬁ 1hfa)y of the

fabric with resin, par curing the
at | east Yar maubrlr'gat%anwrwmm#ama\e@ﬂmt@ﬂ fopancgleatrgnic syppert. and (d)

laninating two orad@fdfioRd eﬁsmné@uﬁﬁe?r&&aﬁhmﬁoﬁ.Qdi&wt@alréarm,reéée adapt ed
" for use in the elee#grom CcC Ssu The con“%?nents of the coatings used

in the foreglAMF3EBEAMEAR E'E&W@ét'@ﬂ“ the laminaler9rpEsing @h? MakiEs can be
sel ect ed fromatdrial, ammlaag; oﬁeﬂmmmeﬁamle&mpﬁhmgahwﬁ,onaﬂﬁbradﬁdt i onal

component s < Bl aRoll 3510 L0 AN RORE SR SNAT LFwaliih 072
-for an ell&ct thermatrioaeral in seid mgmfomdﬂgmunteaﬂantedabt sqn!aeleqtramc yuppom ed fabric 20
| (,S 0 rerg: Ie; 's n]go?hgé]tﬁ&%hbg&iﬁneﬁt'o?@xé prkErit iferftion RURSQLY fod Eiffortel 1RfIRNES-  Thus,

adapted for an electronic support, the laminate comprising (a) a matrix material, and
(b) at least one fabric comprising at least one fiber strand and having a non-finishing
resin compatible coating 'compositioh on at least a portion of a surface of the fabric.
20 As used herein, a "non-degreased fabn'c"' is a fabric that has not undergone a
- conventional fiber process remdving non-resin compatible sizing materials from the
fabric. As discussed above, heat cleaning and water-jet washing, in addition to
scrubbing are examples of such convgntional fiber procésses. As used heréin, a
. "non-finishing™ resin compatible coating composition refers to the resin compatible |
25 . coating compositions discussed above that are not used in conventional fiber
ﬁnishing processes. For example, a non-finishing resin compatible coating
composition refers to the; primary, secondary andfor tertiary coating composition
discussed above, but does not refer to typical finishing sizes made, for example,

_ from a silane coupling agenf and water, and applied to the fiber after degreasing.

30 The present invehtion. however, does contemplate a coating comprising a resin
compatible coating according to the present invention with a finishing size applied to
-, the coating.

-76-




el'ectroni c support made from each of the disclosed fabrics conprising at
| east one fiber strand are therefore contenpl ated by tHé Sapbsalrer 2004 ent i on.
Anot her enbodi ment of the present invention is directed a prepreg for an

el ectroni c wopixatdz, the prepreg conprising (a) a matri ¥civet@pssdd , and at

-l east one 25 non-degreased fabric conprising at |east one fiber strand, at
least a portion of the at |east one fabric having a coating which is
conpatible with the matrix material in said prepreg for said electronic
support. Yet another embodi nent of the present invention is directed to a
prepreg for an electronic support, the prepreg conprising (a) a matrix:

" material, and (b)Anaiheﬂ;ﬁﬁsﬁed@mﬂaoﬂlmbﬁtlotthemrqsentmvalgioals directed toane fi ber strand

and h h I
Teast a por tefed Bomig ipse k7 Sidln 57 ABHonl seS0 SbbigehEHR ARk D 07 (o
01/ 68752 PCTedogisingBeé8tepsisl: above, the conponents of the coatings used in
the foregoing - ’@Od'Sﬁﬂ@ﬁ%ﬁﬁﬂmlbﬁiaﬁﬁb%Eﬁférc%%ﬂ@le&ﬁ’&uc“é&ﬁﬁdrﬁ%&@@onemS

~di scussed_above, | ona onents can al so be selected fromthose
recited aBovweaving ahlepst opg Bl yREYCONRSING %ﬁ“ﬂ"?‘mgdéihﬂ‘éaFWt"g@f SN nvent i on

shown i n Fi Qegnthatitle GRS 4t foadt'a foibh BRthS afldddt brw:ﬂmydm%na abiedst ofel 2
,|rrpregnated with a conpatibl e pat &Sgnatedfabrlc

a
can then be YHRIEFR&LHM @EW'@%@#’WG%@?Fﬁ grqsglcpglp% e a neasur ed
amount of maédatwtgdmétWasEdponmndfﬁeaﬂdastme‘mmm el ectronic support in the

590 con be”posi  BneairBl AR aBl i o A PRl el angELOL G | Ve

manner t d0bemdes@desired bel ow in the specification, and the prepreg Is cured

to -forman el ec(tsgonl St 1$34PP Py &Rg WHelabieadt pﬁﬂuaﬁtc&étéﬁ#abﬁcﬁm@t ive layer.
I n another enbodinment of the 1nvention, and nore typically in the

el ectronic se/pPEoEYERHYEStry, two or nore prepregs are combined with one or

nore el ectri cal | Yd)C ONEitirdatingwb alymibre prepred thyars togetied td fogea ednatnd cured in a
manner wel | tOthcﬁi |Ilel§] in the art, 15 to forma multilayered
el ectronic sﬁ forysgn %(%l?é PP™not Iimiting the present invention,
the prepnég st ackiheaampmentanf thetetingsuspd ndks farpgeihgenboginentsdigelehet ween

~ polished steg| ﬁioPcESﬁa @Ees%x‘?ﬁé‘& écﬁ:%ﬂﬁﬁ Edﬁﬁﬁ‘ggcﬁﬂﬂnéi{tse&iﬁdéééﬁ for a

predet erm ne time to cure the nmeric matri x and forma
|-ani nat e of abayedAndadditignplgempsnsntsgap glse P%??‘?S’Fe"éfﬁ’é‘ Besedeiled 89vehe prepregs

can be provided viddiiortl préfertd Efbddinietd dftr@cb?@béﬁmoeﬁudnaf@auee:ealt@r prior to or
after lanmination and ¢ Ll,ng such that, t he [ n eltgft pni ¢ support is
2| o nat e nEPPGS B a0 HerGAPRER CuPpisa R ot on UL o BDBT ol ong. a
portion @0 acomsptising etleastvieiiber {ifaad disamédddn detaif ahoves dTiwe, reprepsYaland -
electronic support made from each of the disclosed fabribs comprising at least one
fiber strand are therefore contemplated by the present invention.
- Another embodiment of the present invention is directed a prepreg for an
electronic support, the prepreg comprising (a) a matrix material, and at least cne
25 . non-degreased fabric comprising at least one fiber strand, at feast a portion of the at
least one fabric having a coating which is compatible with the matrix material in said
prepreg for'said electronic support. Yet another embodiment of the present
“invention is directed to a prepreg for an electronic support, the prepreg comprising
_ {a) a matrix materiaf, and (b} at least one fabric comprising at least one fiber strand
30 and having a noh-ﬁnishing resin compatible cbating composition on at least a portion
of a surface of the fabric.
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lamnate"). CGrcuits can then be forned fromthe electrically conductive

| ayer(s) of the 25 single layer or nultilayered el ect ri§idepternbgrdd004usi ng
techni ques well known in the art to construct an el ectronic support in the
formof a proeweed2ci rcuit board or printed wring boardrufhesas nafter

col lectively referred to as "electronic circuit boards"). Additional
preferred enbodi nents of the present invention are directed to electronic
supports and el ectronic circuit boards conprising an at least partially 30
coated fabric conprising at |east one fiber strand discussed in det ai
~above. Thus, electronlc supports and el ectronic circuit boards made from
~each of the di scl/¥saave the compenepisohibe coatipgmuspginghe Beepeipg PCT/ US01108684

fabrics co rrpémﬁd:dmerﬂ?é cdnfb%%ble&&ﬁfrcfm @n@ "coa&?hb a&ﬂpdhéﬁs bik&Us8éPiHRvE ARG enpl at ed” by
~the -present Ot.ion the present iInvention i's

directed to 5% E’I" ccf"PqB?ﬂeEs"g'hgﬁ%*?else P'§'| e(%?jte fb¥Rast one .
non- degr eased f abnikpationgmoslimtngémboingnt il infenfiolshbws iRy, at |east a

. portion ofg Wﬁﬂﬁgﬁéﬁm‘"ﬁﬁld}%‘@g%ﬁ ,f(ig L%gfqéitc h VI ng‘pg}éb[c[é)au ng which is

conpati bl e X mterial on
at |least a p@ﬁﬁ‘@m%fT'I%@P@Qﬂﬂt%bfshﬁcwﬁeﬂ‘ﬁabe squeeredttiebreeh asetralni ¢ support. An

- addi tional epRedhdRIN toildave h kR{RSS atnﬁbuﬁlrbf‘ﬁ{aﬁ'&tn?a@%ﬁap and iR Frg rising (a)

at | east Oné fabric conpri’si ng | east- one er stran avi ng a

non-f i ni shi nfeFPCIURRITILHE ¢dRybetEiR IIFeRredn Avplastrichlyast a porti on
of a surfac ecmﬁuﬁtinelafralmo can Iﬁpibsmérbh alhg b @arkibn mlm loKth8BlePFgal on at

| t t { f ab t t. Yet
oot her kol tudtnet 19 Be RlousS @RS 1 3RFoateh, anifipe BpEe ssudiRe hod of
form ng an efogaen elntt@nwpwntawwmeamedwmumnmm lagprt inaanstheps of 15 (a)
obtai i NG, 3 &AbEdherfOR Hiboidh 5 ALY ifoaln 8o SBlch B9 S BbPRGLry O o0 DY

weavi ng ‘at | east one yam conpri stn and having a
first resin “"Bcﬁ’ﬁﬂ‘&quﬁ?@em samping with Om%%rsworaelseimﬂlbwndﬁcﬁwltay@rs | east one

fill. yam andarflarhingtsd togBtRer A Lied VB rﬁaﬁamaumgw@to&h&@%huédxn fHe of Ders and
havi ng a.l%eclg d resllI coat g on at |east a Eortl on of the at
| east one“wa Brg'aarﬁ" %)e °rl"‘é%@!°°rb 'Y EATMRYE: bEtit gtng the eigsanta portion of

the fabric wnyamtien, ﬂatnrep(eg stackean bd lamidaied by pepsing thb e@ask, e,@aﬁéﬂv@éd y curing the

coating int Ole Q‘f‘ed%{eei ﬁﬁéé a?e!&%{eh t&\qbe?gturgp %ncf al'essureggoéf dn%ﬁf"'['ﬁ cgpr eg layer;

~and (d) - Iamnaln erst ne or nore
length of tlme to cure the po!ymenc matnx and form a laminate ofa de5|red

thickness. A portion of one or more of the prepregs can be provided with an 7 |
20 electrically conductive fayer either prior to or after lamination and curing such that the
resulting electronic support is a laminate having at least one electrically cohductive
layer along a portion of an exposed surface (hereinafter referred to as a c!ad
laminate”).
Circuits can then be formed from the electncally conductive layer(s) of the
25 ":single layer or mu.ltllayered electronic support using techniques well known in the art
to construct an electronic support in the form of a printed circuit hoérd or printed
wiring board: (hereinaﬁer collectively referred to as “electronic circuit boards").
Additional preferred embodiments of the present invention are directed to
electronic supports and_elec_:tronic circuit boards comprising an at least partially
30 coated fabric comprising at least one fiber strand discussed in detail above. Thus,
electronic supports and electronic circuit boarc!é made from each of the disclosed
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- 25 electrically conductive layers to formthe electronic support. In a
further preferred enbodi nent, the at |east one fabric dfdaptamber 208d4st one
matrix forma first conposite layer in the el ectronic support. |In another
further prvedendsesd enbodi ment, the el ectronic support fedifuBAfs@Pnpri ses a
-second conposite layer different fromthe first conposite layer. 30 An
additional preferred enbodinent is directed to an electronic circuit board
conprising (a) an electronic support conprising (1) at |east one

non- degreased fabric conprising at |east one fiber strand, at |east a
portion of the at |east one non -79 16 Septenber 2004 WO 01168752 :
PCTI US01/ 086dabriss geraprisiad af lasst pus fiverstragd aredivuefone gontbmplhtei by theonpat i bl e wi th
a -matrix mat efrbgdt indiition. L (11) at | east one”matrix naterial on at |east® a
"portion of the at |east one fabric in the electronic support; and (b) an-

el ectronical |y cofeiBerembodingetof the peesent isyention ietlireetedto apsirstienid ve | ayer

bei ng cont ai regpdrtconiphisify @FatNE281 dhe Gbfi-G6réasb® fibfle compibingSdédst saal enbodi ment
is di recteg tﬁ%e;a%rae e f:r Ol aCl I ui t boerd conprising, (a).an electronic
support conprisi. g"‘%‘ia? ey alp8'3§?°g'r‘?eat1'eéﬁ e “861&%’?%*?‘18"'?5? hinga one fi ber
strand and hapatng vwhiohdneohipaiibldwithce matex maiedatpaki(l)l at leastahe AGtrigRONMPOSi ti on .on
at least a | f L G 1i.)_at |least one

matri x mater f}g{%ﬁ)aﬁ&‘a% l?%aiﬁriﬁ%gtrhg %B’%g%p ﬂ?@éﬁce{{' ﬁ%%gsﬁmrg%%upp%{t“ in the

el ectroni ¢ s RIpEPR2l efRepdiment is direcipdde ar eleeiohicslbppricomprinigi (a)et leaster , t he

support and tone fAb Beniirishe al 1836E6neIBE rah @ M PHIRE a nbilhli tronic circuit
board. | n.](g fu-rtgj%i?ér ef le?red__en%odi ment, the e ggtr?@ﬂﬁgﬁgﬁlgnduct I ve | ayer
n C

is posit!dn&dTR Aling;,campostien ap pileasha periehof grsuffere of thedabrisiand support. I n

anot-her f urt Heyat leastaie nratit nestdiaicinigt Rhst ot doftion of the aBibast Bise B IH heand the at
| east one rrateqécﬁorf-gg%fi rst 15 conposite |l ayer. i-n another enbodi nent, -
po

. it : .
the electronic su urther conprises.a second conposite |ayer

di fferent from t h¥etignpiber embogioeiticf theapasent iMestfonisdileyted tdwemethbgett ri cal | y
conduct i ve Iwngiaaaaaﬁm&as&agimwatmhgﬁ%ﬁﬁéasss% portion of ‘the first
' port.

and/ or se}c#)npl con‘&gsite | ayers el-ectronic su Anot her  embodi ment  of

the presel? i nvent® on 9okinigadakric aderiediofeltfrisa an plectmpictsuppartfermed by i nt ed

Gl ot TN o SupRgETcamr e e opcera e s MARE Bhéhs and g Bl R 2 oy er

: ics wrisi i uctiv S
and at Ieast%gﬁg%%:(ra%gé’ﬁgg'g%sga%'%?%ﬁl?%?tie@st‘H‘@ﬁ@V@E%P‘gﬁ’i'iasé?ﬂ?port yform&*d

by weavi ng atWarreyasn campeising & plusalinotfibersrandihagnga sdconddesinyompatibieber s and

having a fi rcﬁéﬁﬂbgﬁiaﬁggsg?B@ﬁi&r%f%ecé?%We%rpaﬁarA;eaSt a portion of the at

| east one fill yam an )
20 {b) at least partially coating at least a portion of the fabric with a matrix

material resin;

{c) at least partially curing the coating into the at least a portion of the
Tabric to form a prepreg fayer; and | '

' {d) . laminating one or more prepreg layers together with one or more
25 electrically conductive layers to form the electronic support.

In a further preferred embodiment, the at least one fabric énd the at least one
matrix form:a first composite layer in the electronic support. In another further
preferred embodiment, the electronic support further comprises a second composite
layer different from the first composite tayer. '

30 An additional preferred embodiment is directed to an electronic circuit board
comprising (a) an glectronic support comprising (i) at least one non-degreased fabric
_comprising at least one fiber strand, at least a portion of the at least one non-
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25 | east one warp yarn conprising a plurality of glass and having 'a second
resin conpatible coating on at |east a portion of the d6 Saptgrobes280dhar p
yam and (b) - patterning at |east one of the one or nore electrically
conducti ve whayghs of the electronic support to form apphju8ffekssi 7 CUi t
‘board. The conponents of the coatings used In the foregol ng enbodi nents
directed- 30 to el ectronic supports and electronic circuit boards can be
selected fromthe coating conponents di scussed above, -and additi onal
conponents can al so be selected from those recited above. -80 16 Septenber
2004 WO 01/ 6&752 PCTI USOL/ 08684 |f desired, apertures or holes (also
referred to aegreases Tibric havirpe doatingachichris.tdnepatitidd with & matrie matefglodad s, to al | ow
for electricak i r t / Q ents on °
.opposi ng sur ?@gg@&%? &?ﬁgﬁgb ?l%ﬁla\é\ﬁgﬁag’o'rt'ﬁ'%fttﬁeéatrlue%sporn facb {;TP‘% manner
known in t he elctronig prﬁm(bbmelmnlwllmrwmg1€'urﬁ'cﬂlanumﬁ agdt ikl i ng and

laser 5.dril |¢%M§y€r§éﬂ%aﬁﬂaﬁ§éinXheél@tfh%ﬁbelFbgitE&rf' 9. 10, an aperture 1060
extends through at |'east one | 1062 of fabric 1012 of an electronic

" support 1054 of tﬁ’éa?ﬂ'l@E@ﬁf"b°‘i'"ﬁ9@r'ﬁq'@Fﬁed‘Pr?é‘q%?ﬂ'%”’f'@‘l‘i"awn@% coat ed
fiber st raB?S(a)CanrHHctrmld@pﬁorpéddffpﬁémglU)é@feast@h@ﬁbncfdohﬁﬁﬁndﬁt‘féa@&m@ | aye[] that -
is conpati ri.ety o neri c _matr nat er s as, t aught
herein. In f%P?ﬁ &@ ‘{aﬂ‘g 3}689%’[]?@’%@6%,’35& %’E’tpn%iﬂlﬂ watngsompes %‘fﬁgﬁ*# s 10

posi ti oned i feasbtypalianyof aistfacenf the abtie) mad (iipatieastpnapahixatakaial aiath as a dril |

bit 1064 or ’éﬁﬁ"'ﬁd"g’g‘g?ﬁfgﬁgﬁé%E’%aﬁ%%'éfﬁﬁ‘?{?%‘g&ﬁ@ﬂm a portion 1066

of the at |east one g using the drill
1064 or ‘| B3 e electronically conductivefayaniiorisuppert and thecandudtivelayer being eonthingdat i on

di st-ance aftﬁmdgb&}-dn&gmmgrdhol es through a stack of 3 lam nates at a
hol e density of 6 @I{}QI es rgg re 15 centineter -(400 hol es per square

i nch) and a chip yihss p .eUGieWP?q‘l“%{'t'dh‘?lﬁe‘ﬁ'?ﬁa‘V(FC’G‘i‘Qt"feHEWI isdi amet er

t ungst en car Iposiitned adjhcenf to n@egcteehpmiortdim e%trmlﬁtmﬁm dh anothed fther addi ti onal

enbodi nment i LI %% ME ter il L 2000 hol es
t hrough a St%@e&e@’%ﬂﬁé{ﬁeﬁa 85 %Ston }aﬁ'%aﬁ'gmeaf?ea% n%@aﬁ% square-
centi net etd (capposielayer. ﬁb@noﬂwuanbod!mﬁ)th%m@ﬁraniemppom blauer@ﬁmﬁl£@a with a
-0.46 (0. O LBl elihposROrafl RICR fednh BRI EoriRER) R doiblebanf g0 oreater than

32 percent. In further enpbodi ment, a ui d stream conprising an inorganic
lubricant is e&"%éﬁ%@ﬂ“ﬁ?@?ﬂﬁ?@@ﬁﬂ%ﬁﬁéﬁW‘@Wﬁﬁ"ﬁ@”ﬁ@ﬁ'ﬁ’r atus such
that the |noragd!anSEcd)nmhforrmﬁélte!@&E@M&&:ﬁupbtﬁﬁs'[ a portion of an interface

bet ween the apert ar atu tronic support.
Preferably, the |%‘5) 5§mg&ﬁﬂ?ﬂtl ¢ ﬁPre"‘%" g‘é’l’ P9 gd"r%ecf 1 g/iied ¢ lijnor gam c
I ubr i Cantzme@mnﬂb@dmnhd dietudi bbard dbsymethod comprising the steps of:

{(a) obtaining an electronic support comprising one or more electncal!y

conductive layers and at least one fabric adapted to reinforce the electronic support
formed by weaving at least one fill yam comprising a plurality of fibers and having a
first resin compatible coating on at least a portion of the at least one filf yarn and at
25 _ least one warp yarn comprising a plurality df glass and having a second resin
compatible coating on at least a portion of the at least one warp yam; énd
() ~ patterning at least one of the one ‘or more electricatly conductive
| layers of the elet:tronic; support to form a printed circuit board. |
' The components of the coatings used in the foregoing embodiments directed
30 to electronic supports and electronic circuit boards can be selected from the coating
components discussed above, and additional components can also be selected from
, those recited above.
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. Anot her enbodi rent of the present invention, is directed to a nmethod for
forming an aperture through a |ayer of fabric of an el elétPentenaben2004m
support for an electronic circuit board conprising: (1) positioning an

el ectroni c wpsi/@gsisupport conprising a portion of a | apefrmediess® fabric
conprising a coated fiber strand conprising a resin conpatible coating
conposition on at least a portion of a surface of the fabric, in which an
aperture is to be forned in registry with an aperture form ng appar at us;
and -81- 16 Septenber 2004 WO 01168752 PCT/ US01/ 08684 (2) form ng an
aperture in the portion of the |layer of fabric. After formation of the -
apertures, a | ayelfdesired agerturescarihplgs talsa drfertedieanias’) fan befemedéptbsi t ed on t he

wal | s of the eRB@FridSUBpEHs, tbARVPREEIEUAI ihtSrcbrirebtRA bbiwkbh éh%ufé ntilof 1 Cal 1y

“conductive material, to famlr{r%te the required electrical 1nterconnection '

bet ween one S5°BPFBE &N PROERY irkaces of ths RiRskenic upparl By anyGeBvenigRbwn in Fig. 10)
on the surf acenoér knbwen inéeast; inclnding Ul PG dmitedltd TreciprarliRGatd 188epSi pati on. The
vial can t Lally through, Qr tirely t ugh el ectronic
suppor t aﬁ%/ gﬁﬂnd#) ?\ﬁérée%le&h‘: el fg%'g%foaf'g‘-tq&fe%? ap e%(a@gtﬁﬂésgﬁ"!ﬂh%ne or both
surfaces of {aast anedayer 62 of falujsd12 ofanaleotroniysupgast 05¢ birtheipresdmoar d or t hey
can .be conpl gfeskioR Ut} I I A i uppor-t
and/or circuit bgarzhe(el_g%@ﬂiog%%n?ﬂag. E‘ee&gﬁé r?ggrﬁ@&@g% &'(r:%igv% | ayer 820
shown in Fi g9ia8s B hiking g laypithal s eompatibigaviticeivariety of nobvoweric metrixhose skil 1 ed in
the art. For nedeaiEsae taubitthereMOlin foirflihg the Spdritfy 1080,2%RBbnié SR 1@ 4s t he

el ectri ca‘lcly CPrt?o%%é\' ye I %ﬁﬁr car}t be fqrned b{l | am nat i n%aa--t hin sheet or -
foil of netaPPTMONRLYEFYStly Wi AR apsrtufefoming APRRTAILS, SHCR,3S adrillibl 406k ort he

seni'- cur ed ofaseFipc The dpepiurepi08qisdormied thirough @ porfisn $066af the ahigsstuke t he '
electrically fages | J epositing a |layer of

metal lic mat (laa? ?H;ﬁﬁg%tt%ﬁgtﬁ?%@sﬁgg E%rrlg[?ﬁgﬁﬂﬁ@sggrsl%gg of the sem -cured or
cured prepreg or IPamrefered embrdigenieth larrnaiehas aclkvistipnalistinae afted driling but  not

limted to ebewofsYirbiighR stck BE3 laRfrRfes 5PA RsiSddnsiRidr8g ﬁésée‘?ﬁ &4 1 N9
Met al | i cgli’rater.l a s(@ght able for ‘use as an electrically conductive |ayer

“i ncl ude Spimg PIFTRE" S ine GRS cipapd of 0.001 with pl46aum . si'l ver ,
al um num gola18tinch) disheter teratenlchibide drill FFab hadierhar e mediitdat IngRs t her eof .

support can Bk ebBRmER R Ry Pt B R SRR B0 Bl board
construct ed #yough astasiaef Hgminatge atecholexdepsityrof haesqiee squanaientimatércui t  boar ds
(descr i bed 2oy Sbiobbd a@REnaR 5 o R oB LAl NG ik GBI G 200V°)
and/ or OTD Oaiagle)trere tuﬁgrs?e%rcg ?de driﬁgfc nrdl greGater 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 Betwéen the aperture fonhihg
~ apparatus and the electronic support. Preferably, the inorganic lubricant is selected
25 from the inorganic lubricant described in detai above.
Another embodiment of the present invention, is directed to.a method for
forming an aperture through a layer of fabric of an electronic system support foran
electronic circuit board odmpn‘_sing: 7
' (1) positioning an electronic system support comprising a portion of a tayer of
30 fabric comprising a coated fiber éhapd comprising a resin compatible coating
compaosition 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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above). If desired, additional electrically conductive |ayers can be

i ncorporated into the electronic support, for exanpl e 14 3gpierabgp@00idon of
an. exposed side of the nultilayered electronic circuit board.

Fur t her nor egglgfegr©qui red, additional circuiits can be fpefgaRsobdspm t he

el ectrically conductive |ayers in a manner discussed above. It 30 should be
appreciated that depending on the relative positions of the [ayers of the
mul tilayered el ectronic circuit board, the board can have both internal and
external .circuits. Additional apertures are.forned, as discussed earlier,
partially through or -82 WD-01/68752 16 Septenber 2004 PCTI USO /08684 -
conpl etel y t hr oug® forreingamanrives inthe potien o therlayend! fabmicer connect i on bet ween

the layers at "sehfsidrtlatodofihk @psitures! afé?@?m‘ Qe&ﬁa@%ﬁ@tﬂ@rﬁ&eﬁ*@t the

-resulting structure can have sone apertures at” exte etely through

the struct ur899§W%W§'E%@B?H%U7Wﬁwemﬁfﬁ%ﬁ’rwhaqnl%lect rTEugh t he
SUTUCLUT o, - aRGhRGIVS Rl eRald b redliRIGRORLR o bt i s1 1 uct ur e.

_ Preferably, the thic te t he el ectronic support
254 is gr eat é’me"ﬁae:l‘?%'c%@ 'H{‘r‘f’t("ﬁ%ﬁ T’ﬁf’tglﬁf’}’" "h%'ﬁe@?"“tgﬁaurfﬁ?@“ﬂ?ef erably
ranges from @letBriosuppdioldss endlé}&eatrtﬂﬁsnpst)oni Bhevids cametafubpirtidly 1 i nches) . For
~an eight ply | | enerally
1.32 mm (aboa'{tra%‘.'%% |ér¥: g}s@gﬁ?%ﬁgx%(gﬂc sﬁ %%n{egrcgggi %érgbtf'lxg

l ami nat e can c¥ubaexpasss@t o bolsudacss Pfébe @lﬁﬂlfekiﬁélwméﬁ"df@ﬂwnﬂeém nat e The
resin Contemcmﬁﬁt bbéneomasy SR o@ﬁ\aneteab@fearoaedma.ﬁeamﬂntﬁecmecﬁéué0 80 wei ght

per.cent, @1 S 5‘5{ @}% to 75 wei ght percent. The ampunt of fabric
in the | ﬁ'éﬁp@ & °r[ﬁ"8‘I" P GPUBSEhiRS)- £ v om 20 to 65 wei ght percent and nore
' Pr ef-erably E15 raﬁg@ecﬁrbﬁilﬂcﬁﬁdmbﬂe@@emoghbwrﬁﬁﬂyeﬂbanEﬁbm&.db?lﬁhflat etfor rr:sd
rom woven esi rix materia
having @ m m"%h%ﬁg ass ﬁ%ﬁ@g‘?#@ﬁgﬁéﬁ%ﬂ% LPE 819/3"5 @"ﬂﬁ'g?hepreferred

i ni mum f | ex greaent invensionthe ¢lectiidally candintiventayeh cancbedormen &y leriatiog-d thim

(general l'y p%ﬁé&ﬂ@brpéfln@iaﬂk‘?nété}%l $r%‘£1'léa§fjé ﬁ@l‘ion%\‘b §td§’f)f tﬁ@&r&i@feh% in
the-fill rection %Eeater X nore pre era y

greater titancyedpre ’928'7'312"@3 Aﬁé’ﬂ@lﬁ‘%ma‘B@ “P&ﬂ?c}"caiblr%"@m IaMsF eanheef er abl vy

gr eat er t han fofmed by dspoimigw 1ayer 6ﬁbélh|lic niéleddpEnto at IQBES b&l‘lté}gaffa(%rdle Be- 4101
e Materials Mul til aye Pri nted Boards"

"S f t
b page 20,  SRAHRFRRLT St Popito o oGl o Bl ket b oo
Packagi ng El bmtnot)lmifcd@elecinowhc Klding sdviroledsGdaling od sP@itetitig. IMetalis peci f i cal |y 25

| ncor por alt ed nerhg b AaBRIE BEREhelbdbidahyooRlokVelkykr inkillad B1F afeiopt N di recti on,

t he desired
20 limited to copper (which Is preferred), silver, aluminum, gold, tin, tin-lead alloys,

palladium and combinations thereof.

In another non-limiting embodiment of the p_reserit invention, the electronic
support can be in the form of a multilayered electronic circuit board constructed by
laminating together one or more electronic circuit boards (described above) with one

25 ormore clad laminates (described above) andlor one or more prepregs (described
above). [f desired, additional electricélly conductive layers can be .incorporated into .
the electronic suppoart, for example along a portion of an exposed side of the
muitilayered electronic circuit board, Furthermore, if required. additional circuits can
be formed from the e!é_ctﬁn_:ally conductive layers in a manner discussed above. It

530 should be appreciated that depénding on the relative positions of the layers of the
multilayered electronic circuit board, the board can have both internal and external

N circuits. Additienal apertures are formed, as discussed earlier, partially through or
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mnimum flexural strength in the length direction (generally parallel to
the longitudinal axis of the fabri c, i.e., in the warlp Septeober0p4i s

pref er ablyp gdfegRer than 4 x 107 kg/n2, and nore pref er aidpusiifgiar than
4.23 x 107 kg/ m2. The flexural strength.is neasured according to ASTM D 790

and | PC-TM 650 Test Methods Manual of the 30 Institute for Interconnecting
and Packagi ng El ectronics (Decenber 1994) (which are specifically

i ncorporated by reference herein) with nmetal cladding conpletely renoved by
etching according to section 3.8.2.4 of IPC—4101 Advant ages of the -83 16

Sept enb 1 684 t f the - .
A_p(ragsgnt °r n‘%’%ﬁﬁl o%%ypﬁﬂ% 5&%@ LF}%FI%" %frﬁlr %&Qﬁﬁm&%ﬁtﬁﬁa : I’gSSI ve

st rengt h) ataetbctédibcatives! lishouldilbé bppmmateaaﬁﬁﬂha@‘somﬁgbtr@au@fcaﬁ HavgCcui t °
" board |nclud|ng %ctronlc supports of the present 1nvention
e he 1 orimd fntrifes Pk BRet campiciely hsean paTHciEs, sPEPEPRBESHARte 5

coef fi ci eréxtérid 6rh¢banibllﬁﬂ§¥b%§ﬁ R sthicRie, 2INd dofhe afRRirdsthdt e E?rﬂh{ ?ey I on Of

~the laminate (!Z-CTE")., e., across the thickness of the
less t n‘ﬁ‘“!!"ﬁ@r%@ﬁ“"eand nmore preferably ranging fromo0.01 to 5. 0 vvel ght

|t
Pheorbor at ed by by, BEuinked G0 Buinde fomidting BecaSREGIT 34K, i ns
ei ght 10. ngeatefti&aér%qiiifmmabwﬂ@ma@esh andlmdnepgiierabtylrmgesdtdm 053 but not
limted tq, r. 153 CS. can
al ternati vew]tggemtjfgéo m%i%igg;df %}'Hﬂ(gtﬁ‘i'goq inAeR t%’@&r?‘gtﬁé’[%'ﬁ@%'ﬂ%d
conbi nat i d?ﬁﬁ&cdtylefséme thalthicimess islgeneralip Ti32ahm{absut 00G2ligNes); Ofid | ci ents of
ther ex U QLE 35 erally |l ess susceptible to expansion--and
cont: racq dﬁ‘"ﬂ??& ? ‘ﬂ "ﬂ‘l"fé“ B%"A‘P‘Bat&l‘@f' i Raged vponrthe desisedithicknesseeft | on -
further cahéenwhatees the fabrication of nultilayered |am nates and
el ectronic cirgyit boards which include at |east one conposite |ayer nmade

according to t hEN&TEaBICRgst edhelamingte can preferably sangedtom 86ite 80 eight nmade in
o TP e B GRS ARt S R0 U1 0

convent i onal glass fiber conposite tec re specl yand as is
wel | 20 kreminatecanprsteralily range fiom 2(hte Gﬁrwetgintmmant anchivioye preteribly anent s i n

contlnll!;)usml m'ﬁmﬁ%ﬁo gﬁp céﬁ_ed in weaving fabric are treated with a

starchloil - sTzing es partially or fully dextrinized starch or
amyl ose, hydr odwnatlaninateyfetradd fromivioven E;giasstlﬁabﬁc anebgingan EB&Dépo:@Wm sifying

ooy B ot L A it Gk sl FREC 4 o
i ncor por atpeefetrgd nmﬁ:muanﬂaul‘n@s@eﬁgth iftthe cytﬁgﬁndﬁhmﬂﬂdtﬁrdﬂ’@bﬁdﬁese strands are
thereaft er(gttarqe?'a y perpencp cufarto %hlétlézr?gr:tudlrnlaloeixust gf t&ee ?avblnggi et C)m ﬂ:eoélleﬁech g Strands
agai nst ton)
20" is greater than 3 x 107 kg/m?, more preferably greater than 3.52 x 107 kg/m? (about
50 kpsn and even more preferably greater than 4.9 x 107 kg/m? (about 70 kpsi)
accordi ng to IPC-4101 “Specification for Base Materials for Rigid and Multilayer
Printed Boards” at page 29, a publication of The Institute for Interconnecting and
Packaging Electronic Circuits (December 1997). 1PG-4101 is specifically
25 incorporated by reference herein in its entirety. In the length direction, the desired
minimum ﬂexural strength in the length direction (generally parallél to the lonéitudinal
axis of the fabric, i.e., in the warp direction) is preferably greater than 4 x 107 kg/m?,
and more preferably greater than 4.23x 107 kg/m®. The flexural stfength |s
N “measured according to ASTM D-790 and IPC-TM-650 Test Methods Manual of the
30 Institute for Interconnecting and Packaging Electronics (December 1994) (which are
spemﬁcally incorporated by reference herein) with metal cladding completely

removed by etch:ng according to section 3.8.2.4 of IPC-4101. Advantages of tﬁe
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. abrasion during the weaving process, e.g..poly(vinyl alcohol) as disclosed
In U.S. Patent No. 4,530,876 at colum 3, line 67 thro@gPeréemben?0®4 |ine
11, whi ahoowes?speci fically incorporated by reference hermrusoigsgsoper ati on
is. coomonly referred to 3D as slashing. The poly(vinyl alcohol) as well as
the starch/oil size are generally not conpatible with the polymeric matrix
material used by conposite manufacturers and -84 16 Septenber 2004 WO
01/68752 PCTI US01/ 08684 the-fabric is thus cleaned to renmove essentially
all organic material fromthe surface of the glass fibers "prior to

i mpregnati a_variety ways,

for exanple by scruégﬁﬁéﬁ%g%s gﬁh%@?ﬂ:&ﬁ%ﬂ@%kﬁfﬁmgﬁ leand, i ng

“the fabri compressikensteangtis)iahd highunodulus; iwhich cén ledsermdefosmationa aldireuie! eaning 5
operati on,.J O;{ngludﬁ#;}g%m?%bl e interface between the polyneric matrix K

mat er i al us ®the fabric and the cleaned gl ass fi ber

surface, so thailearmmlﬂlppaas obms red@ﬁﬁhvé?ﬁoﬁﬁﬂhé@&rﬁ@f ber
surfac Thi s er tion is somatfpma referred to by th %@geﬁé‘frﬁa‘im the ~*

art as %i mPOKY @pﬂ%‘ﬁfﬁplﬁ’ﬁ'@"%@é’ﬁ?@mﬁ%@f thegmabmippansise fromE0°Citoni shi ng
operatlon@sebemhbmmbﬁsm@ aggems .ggﬁ%%s{s%éhﬁaaﬁg%%ﬁh sed In E

P. 10 Pl ueddemann, | ane Coup I ng pages whi ch
j & speci f ilaminate, of mallmrfa!li peircbpt, and uwmprefehm;erangmglfm Gﬂﬁ tbg&'.wenst ein at

pages 249, t h the Iane the fabric

S |mregrﬁ®é$§%ﬁgam%@%§iﬁp e§ tb?@# 4qn(ﬁ’m°}' squeezed

bet ween a uamrpmﬁtedd:tyaefeng\cediehan)arﬁiacd suélfllabinaté 9fé7é|§bl§%h&iﬂs Htr €Preg as

di scussed, above 74%%;]0(# b aggrec ated that 1n the 15 sent invention

depenaﬁgj%‘??"fﬂfe & Thric, fjthough sty sp%a%lb@hﬂ‘i’trl@“@ﬂé%a ‘rhUB.and/ or the

matrix regiogouBEd, 2116 bE75BEAS tbRics Eé]?ai@n?ﬁ;bélp%e 2H0%n £&J&'ia?{‘h{§g steps can
a

be elim nat ed. One or nore prepregs incorporat conventi on ss fi ber

conposi te lanapgie ARy cermerate rambinations bf these fabte . daminates hmﬂnglegs
i ncor por atchpfickhe df@ﬁérﬁﬁ] eXgalsdh h@%%@ééiﬁu%%ﬂg%ﬁﬂ t?%ms %P%rrl; e?: ctronic

di scussed above, 20 and 1 n particu
circuit beanactionangwan minimize board distortigar di ng fabrication of electronic

circu boar ds gy ndboak, . AS er nat i onal
(1989;1%at pages %q@%ﬁmﬁrﬂ%ﬁﬁrﬁg ‘g&f%aa?te% %Bﬁ‘é?t@&ql}ﬂmﬂr}h kagi ng
CHJandbookBla(mlam‘; aad qlmgyoalc&&&anﬂﬁdamhiagmcﬂjge 25 Iéasze d@-ﬁpd%g Iﬁnﬁk nt (Zag |
rcuit S . F. onbs, r.
(Ed_), %ﬁ%&oa%g% ést"?—i%?&%’l}gihgrfgbar@cﬁt epghane ngteéawrsnape DA ch. are
speci fi cahianmnd:ﬁem &bmdh@;torh phstedaer talhehdein] BY. AIIEQRINGES and | ami nates
formng the el ctro f@ﬁﬁ&;ﬁts of the instant invention Can be used to

f orm pac k&@?‘(ﬁ? Rasite tachpalogy, dMeter specifisaliynandaas igavelli cul ar | y
first 205eadn amlnbeé skilked i the 4t reRffoham e filahtiills AeohBod ids e ' N

strands used in weaving fabric are treated with a starch/oil sizing which includes
partially or fully dextrinized starch or amylose, hydrogenated vegetable oil, a cationic
wetting agent, emulsifying agent and wafer including but not limited to those
disclosed in Loewenstein at pages 237-244 (3d Ed. 1993), which is specnﬁca!ly

25 . incorporated by reference herein. Warp yams 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

| | 'speclﬁcally mcorporated by reference herem “This operation is. commonly referred to

30 as slashing. The poly{vinyl alcohol) as well as the starch/oil size are generally nat

compat_lble with the polymeric matrix material used by composite manuf_acturer_s and
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30 Tunmal a at pages 25-43, which is specifically incorporated by reference
herein. In addition, the present invention can al so bd6fSapterhker 260kher
packagi RgologNgiss. -85 16 Septenber 2004 WO 01/ 68752 PG¢taiSiasbac$4 The
present invention, in one non-limting enbodinent, the flexural strength

-of an unclad | am nate, made in accordance with the present invention from$8
layers or plies of prepreg formed froma Style 7628, E-glass fabric and an
FR-4 polyneric resin having a T. of 140C and tested according to

| PC-TM 650, No. 2.4.4 (which is 5 specifically incorporated by reference

850" moparlBdBPR SRR HedeATh mbli ety B B I b R Brfe e {201
and ' pr ef ecfthk ylkesdbbasr prioh o iniplediafing thevdveh Tebrick ThiRasndlesdccophshedest ed
.parallel to the fill glrectl n of the fabric. In another non-limting

“enbodi ment? dYarEhewEy ‘é’rﬁ"aMOFetM*‘r‘iﬁlr‘Pb"'_t e Ssic orgeenh el bYdeRbngt h of an
uncl ad | agapigine MR ih B nidtner AaNicfoil hihd &1E. RE 8386l diteabaring 1 om 8

* layers _or plies of prepreg fornmed froma Style 7628, E-glass fabric and an
" FR 4 Pol gperatien, thereis nasitaglednterfaeg between thedolywmarisanatoy svateriajused ASTM D
2344-84 {whi | £ ' e ' sing a
apan I engiFEcbriste BEabic i oopigl BRESHET s Mads LA SFoalPlE ek
pounds pemustieapplieddd thegianstfibebsEfacee Jhaperitioh iswametines teferreabiodiy el t o

t he war i rect.ion. t he fabric d r.ef erabl reater than 5600 pounds
nor sau, Hiokg Skiiedinthe bHGs RhinG. 6 ol Fls ok SRnManh RS TR e L1

di rect i onfinighitig eﬂéxaﬂm‘:)s:are Isﬂa:;]ﬁ?.ptnblading(bnt draldtm}rrﬁtbdgo megismal &d ME.tPe Sr esent

i nvengjon,, t short_.bea shear str of an .ani nate, made in
accor&i ncE'%B&?m?%ﬁﬁéeﬁgﬁwmmg%@tPﬁ%?ﬁ @‘&’P%ﬁﬁ@' specllically br epreg

formed fr pbboRityd By féiencEhaieits Ak e LocWtfsidth ﬁgt:a@e@.o_hg%s (3d EQSi n having
a T. of '140C and tested according to ASTM D 2344-84  .using a span |length

to thi cknd2¥)r Afteptreatmentith Hersiang dheipbrisdrdmperanaiediith 2 fempatile  for. 24
hours, 'spgyﬁ.éﬁé Ak 9ia ﬁa@&,%qel@ggd meng@aﬂaf@Sfeﬁﬁgb@&eanpfaﬁggﬁc?bout 34

megaPasca when tested parallel- to the warp direction o abric and
pr ef er abl {prza gpreigured prépreg as Oiscyssed dboyssr It shoiid be appieciatasithat ig the '

Pas _ _ |t oL . Con tabric. The
or caont | REstdIEveriE befendifl A gkl bl sidng, Mg 8BRS oBSealdf "M or ol
~to form aandfupiheinbarix fdsin usdin theconmpdsite, dhe §lbshing phitfonfnishingistepbean st r and

coati g 3B° SHMBBE I e BT aai ek ngBPaTHing S0 BB BF thehar | ol o5 whi ch
provi de i sbmpsditettectnoloyyaan shdvetie\esbinel witlebhe bf Mefeprepiegshe strand, (2)
dr ying t h%cgr%%trziﬂirr]xg tttwg in];tC)aE'ntr?neer?ticc))%ttL rf]c%]rm an electronic support as discussed above;
- 20 and in particular a multilayered laminate or electronic circuit board. For more
information regarding fabrication of electronic circuit boards, see Electronic Materials
Handbook™, ASM Intemational (1989) at pages 113-115, R, Tummala (Ed.),
Microelectronics Packaging Handbook, (1989) at pages 858-861 and 895-908, M. W.
. Jawitz, Printed Circuit Board Handbook (1997) at pages 9.1-9.42, ahd C.F. Coombs, .
25 Jr. (Ed.), Printed Circuits Handbook, (3d Ed. 1988), pages 6.1-6.7, which are

specifically incorporated by reference herein.

The composites and laminates forming the electronic supports of the instant
invention can be used to form packaging used in the electronics industry, -and more

o 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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- -86 16 Septenber 2004 WO 01/68752 PCTI USO1/ 08684 upon the reinforcing
materi-al; (3) conbining the reinforcing material with t16eSemember 2064t eri al ;

and (4) vadol/&a8s partially curing the matrix material t@edirEeodsssa
‘reinforced conposite. Although not |limting the present invention, the

reinforcing material can be conbined with the polymeric, matrix material,
for exanple by dispersing it inthe 5 matrix material. Preferably, the

" coating or coatings forma substantially uniform coating upon the
reinforcing material upon dryi ng. In one non-limting enbodi ment of the

present invent * rgent of -the
G 2ing  conpost et fibdof, s HeRisithoPémbdiiibng he Yokl eBGEF T '
- enbodi nentof ah hacladﬂmnmatej maddinatcardanee witivtrévresent inventiondram Gilagensi on of at
least 3 mcronet r ef b at_ |.e er ln a further
non-1limt PF\B‘O%‘PTE ?ﬁ?ﬂ? aé‘% SWiﬁf 1&28 L:aq’% a%@"é: E@"‘ﬁ Y&F%e that is
| ess t han rgsifvhiving BT, @nmc%hq&:ea aécﬂ:h‘d:ﬁ? e&wo’mbms Nbha, mmncmqgt ained In
the fiber strand. The present invention so i ncl udes a net hod

i nhi bi 8 ngpeeifically ncomorated by referieneeherein).is preferpbly greatenthan ﬁ%ﬂﬂo corrprl si ng
t he steps Is )EWI% :
seconda?ypBLdésl% ﬁq@tgeééﬁg‘ %o ég'ol?ﬁ’é ai;%gé%l%on é‘ﬂ%ﬁt‘gé?ﬁ%ﬂ “gée*vgﬁ{ yabove

i ncl udi ngdpectiancdfdke fmricanq)pmferdhiy gr&amféhan Baﬂﬂ&mtﬁmmm#hcent
fibers of the.s X dr i the to forma coating upon the
fibers of t:%t%@ggraéélﬁ ﬁt'cf"h%tt %fﬂ?ggl on. bet ween adj acent fibers of
t hg strand s -in h?bﬁnhﬂﬁbn-llnﬂﬁﬁ ahabdlmﬁnt dsfﬁhepms?ngnmtlomahe Bbﬁrit bedm ad
subst ni coat i upon t 20 reinforci mat eri.a on drying.
. ond ChoahpdAHAnE: &7 Al A BRte, RS LS GRrOEnoR RO ESRaSRn | o2
conpri se &bnl 8fifers’ér e 8 preprRgF6itediforh RSt 7628, E—ﬁlﬁl@@fdﬁnb%d aAFr total

solids basis. In_another non-lrmting enbodl nent

e rtlcles have a
i i mum & AGARETSHeEnANG B o 00T CoMCLIESIagAPeoing (ST BrZpad
and-prefe t )qyggﬁ e, for
exarr-BI e, F‘ﬁ@%‘%ﬁ?ﬁm a eragrﬁglg{f(ap rrtEfI"eE noleg-'e?rr%ﬁm or1d §+?,P éthgépond to the
~di anet er  dhickriess patio of S, &. préferably grestenthwinaf400 poshdspper souate inthe(abbot  exanpl e,

e 3 " REHERE R e el PRSI Qe atn (i b HHE UL 00 rent - Che
parti cl es phefermbly Qﬂausr triaalseoepsundsl pee stjbavie inch {abeut :imaegan’dbhls) whéar dness
val ve o Aed batal B R B TR o0 [0 he, 1 ber strand, 30 The
matrix mat eri alin@hotaef hdmlimitind BMBOGRENEGNAB Frésent iRbantion! thedheAmRESes: (1)
applying to a fiber strand reinforcing material at_|I east one primary,
secondar y SBR® %yengﬁ} ¢fjagupclad laminate, made in accordance with the present invention
20 from 8 layers or plies of prepreg formed from a Style 7628, E-glass fabric and an
| FR-4 polymeric resin having a T of 140°C and tested according to ASTM D 2344-84
.using a span length to thickness ratio bf5 and after being immersed in boiling water
for. 24 hours, is preferably greater than 5000 pounds per square inch (about 34
megaPéscaIs) when tested parallel to the warp direction of the fabric and preferably .
25  greater than 4200 pounds per square inch (about 30 megaPascals) when tested
parallel to the fill direction of the fabric.
‘ The present invention also mcludes a method for remfarcmg a matrix material
1o form a composite. The method comprises: (1) applying to a fiber strand .
_ ‘ reinforcing material at least one primary, secondary and/or tertiary coating
30 ‘cc‘n'nposition discussed in detail above‘comprisi‘ng particles which provide interstitial : )
spaces between adjacent fibers of the strand, (2) drying the coating to form a coating
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' bel ow) ' r eGoRUNG YRYS

-87 WD 01/68752 16 Septenber 2004 PCT/ USOL/ 08684 coating conposition
di scussed in detail above conprising greater than 20 weibgbepterpeerc®id on a

total solids basis of discrete particles; (2) drying th to form
coati ngW™ ‘b‘?f‘sﬁ?e reinforcing material; (3) conbining thgc‘?@?ﬁffl@?%ﬁ ng

material wwth the matrix material; and (4) at least partially curing the
matrix material to provide a 5 reinforced conposite. Preferably, the
coating or coatings forma substantially wuniformcoating upon the
reinforcing material upon drying. As discussed above, the reinforcing
material can be conbined with the matrix material, for exanple, by

di sper si ngpomtherreinfidrcing magerialit(3) ¢amhbining thedgeinfarsingmatarial with the imatane,

non T o I R badi mont. of 1 o o e 10 .
pret er abl JHEHR AT (FER oSt phaBuELEREThe il T d oves ¥refcdan P, o
:c ess t hencdfpositebi Althbagh nmeiméﬂn?hé prazent invendion thé asi:gbtc;ngl rmeria*:: Icgnf 5 cubic
eet per mnute, as. asuy ed ASTM D .737 St anda Test . Met. or Air

Permonti | PeFompIne i T6E PEYEENE MetTR B ok B TRIarY ARGSisiedHE U coent
i nvent 50N matfix nteiidl. | FreRsalil ke Eding@r eAERBS torfy SubsERGaliyamifamsd hi gh strand

openness of the wartg?yams of the present 15 invention (discussed in. detail
feinfarcingdpaterial\upgh diving. la Spe Ben-imiting embedisant of

i nvention : . ; | ' ' Lashed warp

yans, s SRR HRANE IEEAARSUATRL A R lecsl RS WERHIBACME . B oy

el ect r oni compagifien en apetal solids basis. nranother poylimiting embodipientithey coated with a

sl ashing 3LARAHAOL ofhninfh UEAULE Barkile MihehoRlr ot SPlead0s AR SReR:, LS, V2 P
yans duri RS e weavi ng processs e slashing size conpositian’is typically
appli 40. t-grefbmblyat feaghfmidipmptessi Inga further naxlimithay ersbodimeniy thezpattigespan of
bat h containin he,  sl.ashi n | ze and .t hen_t hr,ough -one or re sets of
oniteyer Bere BtasnitnsuRses il inats RS tiah dMohS Parthetd Gl of iy 18R, o
conposi-t i ¢BersGRt drd eontdifed iMhe @aingthgmd. fil mformng materials, plasticizers
and 25 lubricants. Afilmformng material conmon| ﬁiﬁused in slashing size

conpositions idhe | iygntion algedncludgs amethod d¢y inbjbiting adhesion Belweemre dri ed
and wound 4 t3ibeRSNa ftRABrand) SoMBASIRG m%mkg&@fyi@pg_a%ep yam ends

~ depends on the style of the fabric to be woven. After drying, the slashed
war p s sicand atlgastearipimaay seeondgasanior tegiant ogling rompesitiaadisaissed. 0

ercent d : Yauct AT ' ey : {’%‘Qﬁ @,ﬁ;}g' hZQS .
' 'Fl)'ypi cal | y?*??‘}%utgd é agﬁﬁﬂg&g@%'ﬂgegg@ g%rwgés’%’ﬁ%tﬁ@ Es rc ?%I tse‘ﬁ] ggﬁg%fg
gener al | y fibets of dengteandb(2} duiingthelcealing terfern 8 coatingrupenttes fikdrs oblbe by
conposi t & IBNYL AR UL & tRat YiRBsion between adjacent fibers of the strand is inhibited.

Preferably, the coating or coatings form a substantially uniform coating upon the
20 reinforcing material upon drying. In one non-limiting embodiment of the present
invention, the particles comprise at least 20 weight percent of the sizing composition
on a total solids basis. In another non-limiting embodiment, the pafticles have a
minimum average particle dimension of at least 3 micrometers, and-preferably a;
least 5 micrometers. In a spherical particle, for example, the minimum average
25 particlg_ dimension will correspond to the diameter of the particle. In a rectangularly
shaped particle, for example, the minimum average particle dimension will refer to
‘the average length, width or height of the particle. In a further non-limiting
. embodiment, the particles have a Mohs’ hardness value that is less than a Mohs'
~ Thardness value of any glass fibers that are contained in the fiber strand.
| 30 J The present invention also includes a method for inhibiting Hydrolysis ofa
' matl'ixmateriél of a fiber-reinforced composite. The method comprises: (1) applying

to a fiber strand reinforcing material at least one primary, secondary and/or tertiary
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. -88 WD 01/68752 16 Septenber 2004 PCTIUS(c) 1108684 incorporating the
fabric as reinforcenent for an el ectronic support so th‘tﬁSngnb&b?GOé nmust

be cl eapgs gnove essentially all organic material Lface of
the gl ass ?&bers prior ‘to inpregnating the woven fabr| c ﬁ%ﬁ?ﬂ%&aﬁn be

acconplished in a variety ways, for exanple by scrubbing the fabric or,
nmore commonly, by heat 5 treating the fabric in a manner well ka awn in the
a As a result of the cleaning operation, there is no suitable interface
bet ween .t he polymeric matrix nmaterial used to i npregnate the fabric and

t he .cl eane urfac hat a couplin ent __nust be applied
to the gl ag)?g#'g %g'lnbéﬁﬁ?na@ Wﬁ@%&é’ rERPYS FoMRrisig Ar g?tﬁg thag 2@weightt o by -
those ski | perceritontaetansslids basis oF Gitiate paRighs ) 5 S1 28

. provides tﬁhe fabric 10 vvllthaa'n LOl| es'?saw égwlndmgébmﬁ?t@?ntreat ment .

with the f9ORIRGHRY e seiniorciag matarial ($)§ombpvresjhaf@ﬂfowng1natenebmamebl e
pol ynmeric rﬁﬁthfth’\?at&?élfﬁﬂda(h) aﬁé’é&% fﬁj&@l f usseaﬁﬁﬁ%é@%“@ &ol#l@g rolls and

dried to forma sem cured rer @lnformatlon-
't egar dithg reiafreedeorappsie. E'rewabhmtm coatingortcobtingsderm a sabsthamtizlly oni ¢

Turmel & ( L9/ ERRBS non v MR RERRHE T Riof Anieh 4F b iaes) e e,
858- 861 aneﬁnﬁﬁan@maa;teﬂalcwbedmbhedwmstﬂumdtnmateﬂdl f&sxathpiapgbook (1997)
at pages 9.1-9.42. and , Pr'i nt ed rcui ts Handbook,

F
(3d Ed. 16EPpE 5‘8&'8”?"@ 'T‘a%.mriﬁ)’ﬁh%f’@"?‘ﬂéﬁtﬂ lcal 'y |ncorporat ed by

ref erence herellnonémoﬁ-lmmgétﬂb&@&hlﬁ%@bl@@@ﬁi%\ﬁ\’lﬁ@ fﬁi LJVel y thick g
i nf 'exi bl.e as conpare

t t
£ o un R, crhut RSt  StyiecToE s arkhhes o aiperpeatik ot tees frem Abgat het
in a t'ghfcubiérféét%hwmﬂsaﬁd awg@férxblgllés‘é%él{ 5 &ﬁ?&%&&%ﬁﬂ[}:\%%t hough not

meant to be limti ng g ent venti on, #that such a
yam st r ucfgasu[gd by A STMé:h?:ﬂo tandard '&SthgﬁwdrfwAlyPemmwﬂltyrofd'mﬁle 25

varp yam Fg%ﬁ%%l‘é‘“ﬁ’“?ﬁ“& R fi3he sl ROHAR i pRfiel gt ' © ' MO 1N
-pre-i npr eglAngeted, Cl'@ﬁﬁeﬂecmﬂn and hluhetrandmpaineeé otthe\nﬂhaﬁé”rh@gfmb%ﬁeseﬁt hough
sl ashi k |nvent| ashjng i s not
. pref elr‘l;!'gd ﬁ’?ﬁgénegﬁg %h%staﬂ%gkﬁfgé’ g'%wi“ﬁféemo fith& ent i on,
the warp @ﬂespamvaﬂmnmtmmpbrwbeﬁorb@oﬁv@ﬁ:aﬁélIfélﬁacswae%ir@rslééhe&'eavl ng and
are substantlal lé free of slashing size residue. As used herein, the term
‘e

su_bstantt means that the war p yans have | ess than 20 percent by
weight, nore pmef;ﬁ‘é\ﬂmgty diSiRsed an cOnRALiSRIN veaving operations for electronic

support applications, the warp yams are typically coated with a slashing size prior tov

20 weaving to help prevent abrasion of the warp yams during the weavfng process.

' - The slashing size composition is typically applied to the warp yams 5y passing the
warp yarns through a dip pan or bath éontaining the slashing size and then through
one or more sets’of squeeze rolls to remove any excess material. - Typical slashing
size compositions can include, for example, film forming materials, plasticizers and -

25 lubricants. _A' film-forming fnateﬁal commonly used in slashing size compositions is
polyvinyl alcohol. After slashing, the warp yams are dried and wound onto a loom
. beam. The number and spacing of the warp yam ends depends on the style of the
fabric to be woven. After drying, tﬁe slashed warp yams will typically have a loss on s
| _ ignition of greater than 2.0 percent due to the combination of the pnmary and
30 slashmg sizes.
Typically, the slashing sizing, as well as the starch/oil size are generally_ﬁot
: compaiib!e with the polyme_riclresin material used by composite manufacturers when
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. durtng weavi ng. | n addition

-89 WO 01/68752 16 Septenber 2004 PCTIUSO01/08684 by wei ght of sl ashing
size residue. In a nore preferred enbodi nent of the prdéddapternbaréd®don, the
warp yargodigs7d®t subjected to a slashing step prior to peRyddisasd are
essenti al ?y free of slashing size residue. As used herein, the term
"essentially. free" neans that the warp yans have |l ess than 0.5 percent by
weight, nore 5 preferably less than 0.1 percent by wei ght and nost
preferably O-percent by weight of a residue of a slashing size on the
surfaces thereof. However, if the warp yams are subjected to a secondary

COn . A e 6 o bt e S e veaving

is | ess tmaust B Elgzmed tienire\WebaiamPAll 6r8nis hztsia oM S ShrfakR of(lien one *
‘preferred present invention, the loss on ignition of the

t of.th
warp yans q?3§5%E‘IE%E‘?%?@'W%&"@H&H‘W@eﬁé@lﬁ@nﬂhwegﬁmodem af erabl y
| ess 't hanadeth vﬁ?&cﬁﬁéx&ﬂpl%yQﬁgﬁpgéﬂﬁﬁnféreﬁﬁféa@érﬂmbﬁﬁsba{/tge%? 0.8 percent

ric o e presen
pr ef er & yreatng e fabric i a mannss web knpwmintthearitr As gi resulf afithe 6Ieén|hg 1 6

per cent, cent ven nore
preferably E@,{ti\%?ﬁ@%ﬁ%h%‘ er%@%‘?g%ﬁv&éﬁg %éymﬂbﬁfgﬁ{%"ﬁ é’ di ment of
t he presef® :mmemate e, fablh:emahhp clemned glae§ ﬁ!ﬁéttsbpfadfaso it Ipficihent
cross secgﬂlgp g h strland ess. herein, the term .

' el ongat e ng gect P & ol r'ﬁﬁp '3 &% ﬂg“sv\%ﬂeﬁatﬂ%rﬁ ﬁ%e‘ﬁnﬁéﬂf@‘if%ﬂ“wby flat or
ovul ar crdimeskdibdmméaﬂfmﬁ&ushiﬂ hrypicaiy) theORMI RS refers
20 to {[ﬁ C(?’ |c that tr?g |)‘r?d|5/¥qdual fi berée%§?ﬁiﬁ%r%e@€ st rand
are - na tl“éﬁﬁ"j' 2 ?'?JBé't er ‘and-open spaces exi st between one or nore of
t he i ndi vi dual Aﬁebﬁéﬁmehﬂﬁﬁﬂtﬁe% ReAe terial into

i ovggl l%(calneral

the bundl e. Sl ashed warp (as d| Scuss ave a
circul ar EP‘BE%“@%EP'VG‘R"%HE’WW@F%W%%M@ED ar$6t @frmstedng rodls ahdci | i tate

such_pene il o & et Prdd 48 BLORSLIGBIE PLEREALERcbvent on, 1t T

bel i eved that good resin pehe on I n e war (i.e., good
resi n wet regarging tatvipgfionzofietestronia creuit haapds) see haetroniel\ﬂtén@dr ol ytic.

st abi higty i.C _su i n accordance with the
present Y HBhdddkin N il el CoB R RPE To H main (6052 F o
noi st ure Mnroelettmmmmta iB madd@dce@urgse)@tpagu@ass-w ahd1885.998; l@ @@ have a
positive s C r dugl endency of printed 30 circuit boards-nmade
from such r4H E&P@Q—@T&H—iﬁ@@ﬁb&&& ) 8Lpaass SxhP YRt and €ckrCeethbs,shor t
failures dueEd), Ftrimeecmwm&mmséol&mmw%e) PGS 6.11d.7, MG Srewhen exposed,

under bi as ,fo P condi ti ons.
cally mcorporated by reference herein.

20 Since the slashing process puts a relatively thick coating on the warp yams,

' the yams become rigid and inflexible as compared to unslashed warp yams. The
slashing size tends to hold the yam together in a tight bundle having a generally
circular cross-section. Although not meant to be limiting in the present invention, it is
believed that such a yarn structure (i.e., tight bundles and generally circular cross-

25  sections) cari hinder the penetration of polymeric resin materials into the‘w;rp yam
“bundle during subsequent processing steps, such s pre-impregnation, even after
the removal of the slashing size. -
Although slashing is not detnmental to the present invention, slashing is not
_ 'prefen'ed Therefore, in a preferred embodlment of the present invention, the warp
‘ 30 yams are not subjected to a slashing step prior ;o weaving and are substantxally free
of slash_ing size residue. As used herein, the term *substantially free” means that the

. _ugarp yams havs less than 20 percent by weight, more preferably less than 5 percent
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-90- 16 Septenber 2004 WO 01/68752 PCTIUSO1/ 08684 The degree of strand
openness can be neasured by an F -index test. In the F& Sefdambers¥i04 t he

yamto Rgoghagesed i s passed over a series of verticall yp@dghRgsss Ol 1 ers
and is positioned adjacent to a horizontally di sposed sensing device

conprising a l.ight emtting surface and an opposing |ight sensing surface,
such that 5 a vertical axis of the yamis in generally parallel- alignnment

with the light emitting and I|ight sensing surfaces. The sensing device is
nmounted at a vertical height that positions it about half way between the

) ticall [ d,the hori tal . dist b th and -
Uhe. sonsi Ry WHGRCE <feghing e 3ude. iy HibofriieBired Pbpdment 6k Besentuay 1 om
‘the sensi rgyentivhhe whsp Ydifs YRMdR2EES@ YE4 siabNing SlebPidr tohedingire! | Y at
one or

-about 30 neters rR'ehétm n# . dependi ng on the openn of- the-strand,

nore port iBHESTHRIBRETERy %ﬁ"@cﬁﬁeﬁﬁ‘dﬂe-pﬁﬁﬂﬁ%h‘ﬁﬁlmW@tﬁ'ﬂ'@;FﬂSS@#ﬁHnti ng from
‘the em t a8 nfesht 46 thd\a 31 ' 1 B Lght sensing
surface. The nunber of ec ?ﬁgﬁessﬂﬁrggés;sﬁg%@?g%r%@ggy*vg}ghg%c!r%en | engt h of

" yam (t i daeferabibless thap 0.heereent )by aveight ead mastiprefargbly Stpieocent beweightimber  of
ecli pses Lo . ' ure of strand

. openness. %?t% I-?&Esu-j %{Df%%%%ﬂug%%i%gg ﬁg{et [ ﬁ[%%g’?ﬁéog'a%&gﬁ%g?meew%? YO i ¢ woven

from conweensikjected tah astondaryl casting ofsratioreprior isweslihg, psefefubly, the openness of

such yans ' ove . results i,n these nventional fabrics having

an air pelaﬁioé'ﬂ'? Ffﬁ;g%?%@ﬂo% &“"’HP%HB’#"W@%&P%%%&? Pﬁg’@rmﬂﬁmsﬂﬂ%ﬁo t he

pr ef er r ed vieahingds les$ thane0. P percent by vieight df e sizZéd wapafarRr ef erably incl ude an

el onggted warp yam crqQss-sectigon and higher warp yam openness. |In one,
non-| ﬁk"l ting erlr%BB? il e'FP@"ﬂP@‘égme Presertinvsation.tae foss on dgritien ofan ai r
per meabi | ey dRSBWHred ar | : no greater
“than 10 ‘st an‘gg?ﬁdy cubi (L:Hrf egswp[gfé %ﬁ&@%@ﬁ%%ﬁﬂﬁggﬁ 'E a%g%tly %EBS st andard
cubi ¢ et &hap hePerrantbyweight andmest prefiesably leapthanfk & percend during gr eat er t han
5 cubic 2 i M= cubic nmeters per
m nut e pe?v_efggﬁlg'r 2‘? ém‘%;@ fg?\ﬁg cr’rﬁg%l%r gbg@g I‘f(léﬁ%ﬁef%lﬁa%&ﬂﬁsdinho'é/%r@ cubic feet
per m nut éosgan igition eengingtfom( 0,130 14 perdentdmorebprefenalihe rangirgr from Ot t© per

Thto 37638 Lropf ARPLI mBRRERRY boregh BRI HRGR s measur ed by ASTM D
737 Standard Tésandtbes adn-limiting @ntrodiment of 812 fresunt kVertich) day Warpying f eet per
i nute poPr Qs ot Bete Hedpn o A opH erebresende dcubi ¢ 1 oot
per m nut &eren, thetemncelongdted cross-section” means that the warp yamn has a generally
- flat or ovular cross-sectional shape. High strand openness, discussed above, referé.
20 to the characteristic that the individual fibers of the yam or strand are not tightly held
together and open spaces exist between one or more of the individual fibers
facilitating penetration of a matrix material into the bundle. Slashed warp yams (as
discussed above) generally have a circular cross-secIicin and low strand openness
and thus do not facilitate such penetration. Although not limiting in the present
25 invention, it i believed that good resin penetration into the warp yam bundles (i.e.,
good resin wetfout) cfun‘ng lamination can improve the overall hydrolytic stability of
laminates and electronic supports made in accordance with the present invention, by -
;educing or eliminating paths of ingress for moisture into the laminates and electronic «
_ ‘supports. This can also have a positive effect in reducing the tendency of printed
h 30 circuit boards-made from such laminatzés and electronic supports to exhibit electrical

short fa_ilures due to the formation of conductive anodic filaments when exposed,
under bias, to humid conditions. |
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+-91 - -7w 16 Septenber 2004 WD 01/68752 PCT/ USOL/ 08684 Al t hough not neant
to be bound or in any way limted by any particul ar tHéd3eptember 2084

~post ul at W@ Q1fgiS2war p yans having el ongated or flat crosspeewsomesescan al so
lend to inproved drilling performance in |amnates nade from fabrics
incorporating the warp yans. Mre particularly, since the cross over points
between 5 the warp and fill yams in fabrics having warp yans with el ongat ed
cross-sections will have a |lower profile than conventional fabrics

i ncorporating warp yams having circular cross-sections, a drill bit

drilling througihd d!@ré@@Fdh%nWoFérgﬁ‘é%@%@ﬁbeH%@aSI Vg%%-lnﬁb&gésg rg’t}f'%usl y - -

~drilling and thereby be subjec l'ess wear
di'scussed, "F"}‘i""-‘*@ﬁﬁé- friseaiteba Mmeassutddds passed ovel avsariesiobmertipalyfatigndd y 10 bot h

— *the war | mary coatin
conpoql L1 iaters B i ptiichtl 2 84 ol drkly SR SR G RN, b e pr | nary
_coat | Pg I mmlslmlaimhap?ltmrmwme bad eaoppysimg Itggnsémtirrgmnfr&lalgasu@ﬁ tidie :e5| n
conpat il e in 05| |on ed {o. | amor it can
bengl ff%r en¥8fw%1&t¥’ﬁg&% yggr? TRY %ff‘ '%F%f?é‘ﬂ?“&‘ﬂﬁm ‘Q‘E‘Bﬁ'ﬁ%@"ﬁ&fr‘% appl i ed
to the fillighysensingssudaess. Hﬂfeesdﬁsméilehbénsnhétﬁﬁ@d algh frétrﬁéeﬂ]'ﬁbll li'n{ f?l%’cmt he resin
o the fi yam' in -

tibl t li ed
ot br ence RABoRS tAbStHarbfhyeNiren theRgicaaianediglemasghe hoteortahp! | ed t o
the warp \eistaRRARwedRhedarr aﬁﬁﬂme%aﬁsuﬁgmﬁ&eefcoﬁéotw%gﬁrﬁoﬁiﬁd e "rﬁlf’e&%m from

conposition applied to the warp yamis present in an
t hat conﬂBWéWﬁ'torlarWaNﬁ@"bﬁhPﬁﬁﬂ?ﬂgdachmgA%ﬁlmm passes amﬂthedollem the fill .yam-

or th aty )

SonpoayD § diYeRan) stchaiiSn e BErrkichs debenti b e brdeds, 6B AR coat i ng

conposi t i cmensprare gortions hithe wlatn gatmcmps& apbman of fhedight emanAtingmRetMe Present

in the pri ition a am i_s not present

in the pr |én@¥ﬁ§/l' %@Q%%%@@@FFP%H rﬁ%’%ﬂ?@ﬁ‘ ti‘B "9@@%?% 9% i st |

anot her, mmumbler of edlipsesearb diermabilateid fbf@glvéﬁ ?ﬂlbdf%ﬁﬁftﬂ'ﬂéhllybbgulgioafs f25
ers _having a density o

fibers of ¢ ang.of t fahric -are E— | ass

‘| ess than rﬂggﬁyaégg}?sreﬁgfn%rﬁg?@ ei:-e'?ﬂ'ﬁ“?% b RClipsps Ber ynit lepgth)is considered ni ti ng,
pr ef eryfed temb@dnmteoﬁmnd bpehmss. fi ber yans, when woven into a Style 7628
- fabric, produc ﬁlbl‘l tensile strength parallel to the warp
“direction that §b§ eé’ﬁfji'?at%‘f'ﬂq'ﬂﬁ@r%ﬁ“@rﬁﬂvﬁm@ of fabric wokandratnr ect i on) of
convent i ORahbehtioaal slﬁé@a%s%@r #rh@ Ls el by |bﬁ:sop%fmé§§eof%%@ﬁ Bﬁ{/r% t 30 In

one non-limting enmbodi ment resent invention, efera e resin
- conpati bl é’*ﬁﬁ“??ﬁé’r%}"’(\!@dﬁlﬂ@ in meg@mvemonel femrimmngama)r garmeabifity thatc ky "

filmfor midgghdBhss ih%'aarpé@@abuhﬁr%?tﬁ%rﬁr%@éd?%cs %gth%opngser{ttlnv%p\ugnonp“ Ses

preferably Iess t han
20 which preferably include an elongated warp yam cross-section and higher warp yamn

openness. In one, non-limiting embodiment of the present mventlon the fabric has
gn air penneat_nlxty. as measured by ASTM D 737 Standard Test Method, of no
greater than 10 standard cubic feet per minute per square foot (about 0.05 standard
| cubic meters per minute per square meter), more preferably no greater than 5 cubic
‘ 25  feet per minute per square‘ foot (1,52 standard cubic meters per minute per square |
meter), and most preferably no greater than 3 cubic feet per minute per square foot
.(O 91 standard cubic meters per minute per square meter). In another embodiment
of the mventlon, the fabric is woven into a 7628 style fabric and has an air
“permeability, as measured by ASTM D 737 Standard Test Method. of no greater
- 30 than 10 standard cubic feet per minute per square foot, more preferably no greater

‘than 5 cubic feet per minute per square foot, and most preferably no greater than 3
_ cublc feet per rmnute per square foot.
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16 Sept ember 2004 WO 01/68752 PCTI USO / 08684 percent by wei ght on a total
solids basis, nore preferably less than 5 percent by Vii Septerolber 2804 ot al

sol i ds Wbﬁﬁs—lgj’l a preferred embodi ment, the resin conpgliddiiipbdsi®r Y
coating conposition .is essentially free of "tacky" filmtormng materials,

i.e., the primary coating 5 conposition conprises preferably less than 1
percent by weight on a total solids basis, nore preferably less than 0.5
percent by weight on a total solids basis, and nost preferably |ess than
0.1 percent by weight on a total solids basis of tacky film forning

“materials. Tac fi orm teriials can be. detrinmental, to th

weavabi l ity d&ﬁ%ﬁ’b n[og Qﬁ%"ﬁ%‘"@?ﬁﬁl"‘f@ 'm'f&ElcPM any pﬁ?“’i“'@ﬁum ng t he
air-jet tthaa@pmé pthdtl!llafehl it whipp {rarh hﬂﬁﬁ@éloﬁ?éieé%ﬂﬁét%éﬁeﬂh&%r@ant o stick to
. each other A specifi non-limting exa a tacky filmformng

material {lg° lfnvl/é? @PTQB?‘?JG'I"@TW"?@& iR Iammat&emﬂerfg:m i6%ial . An
al ternat gy Ag e wfal‘i)r){[%hﬁgpr es?%ﬁlc Blang! sitteSthb '&H@Q o%lexgélﬁtg BbfvediPPOr t

_application according to I nvent i on Now I'scussed
gener &6 | ythe wasp and filkyames in tabrigs having warp yemspaittoélongated ciossrsentiogs all | east

one fill rs andhwn a first
Paein coriE £BRRL bikangn BuleRlina) ificfni8oring ianf fams RevES © ()

obt ai ni ngcimtlar epss- senmnaaaﬂnyamuﬂlm:gnhrmghghafatinuml cdr&acti‘ewﬁrms fibers and
havi ng a second. A nco ﬁtlgg?coatln !%gﬁl‘l dlo at |east a portion -

't her eof , 1i’r‘? Ung-Aydtheredy éH@?"’tﬁ PORSHP Tt he at | east one
warp yam Aeﬁrelvmslygmubsmﬁ ifPdhel dibddiRBntaT thepreséitamvedtion, Fb?éf&l%m by wei ght
to forma fabric adapted to reinforce an electronic _support. nmet hod of

formty 2bothihewam amseichthe Gt vame here afesin sempatible PHMBRoRtING | | .  now be
di scuss edcd?ﬁﬁ&ftﬁh' applidd'PerBb H%dﬁ%ﬂﬁiﬁgs ?ﬁ? fedit EShpatithd l’%a@%ﬁ?r@r ng a

fabric ‘forned by weaving at |east on yam corrprl SI ng-a ality of
gl ass fi beanapasiignapplied orthe warm yam ces ba thosge abithe Eﬁé&tqon‘g?aalmpl ied to at

| east a [ aplurallty
of ¢l assp@{r@) r?s% %@ﬁd}ﬁ\ﬁ{%ﬂﬁn%@ghé fr’%gllpﬁa'wgocr)ﬁp%ﬁ rﬁﬁ%’it%o gppl led to at
| east a pwesini mmﬂahbleami'rnamemamg compositiom appliedita theefill yauasAsnsecgml’eirpn of

| ess ht .durin avi n one, ngn- lipmting
ermpodt rore s SRR erk oMb Bt P B postadEapdibn applid ent ai 1
free 30 fofthe ﬁlagdnnmy referenceds tith iR sinAdnipativlepiimnary dbétﬁlgiﬁﬁtimsm&ﬂ ypi cal
fabric formrgg%&gr ations, the conventional sizlng npositions applied to

the gl ass2RAN WATB YaLpeans thatat least ORe comBpaeniaf thegimary coating

compositidn applied to the warp yam is present in an amount different from that
component in the primary coating composition applied to the fill yam or that at least |
20 one eomponent present in the primary coating composition applied to the warp yarn
is not present in the primary coating composition _a-pplied to the fill yam or that at
least one componeni present in the primary coating composition applied to the fill
yarn is not preserit in the primary coating cemposition applied to the warp yam.
, -In still another, non-limiting embodiment of the present invehtion. the glass
25 fibers of the yams of the fabric are E-glass fibers having a density of less than 2.60
grams ber cubic centimeter. In stilf another, non-limiti'ng, preferred embodiment, the
E-glass fiber yarns, when woven info a Style 7628 fabric, produce a fabric having a
tensile strength paralle! to the warp direction that is greater than the strength (in the : *
_ 'warp direction) of conventionally heat-cleaned and finished fabrics of the same style.
' 30 In one non-limiting embodiment of the present invention, preferably the resin
compatible primary coating composition is substantially free of “tacky” film-forming
' maten'éls. i.e., the primary coating composition comprises preferably less than .10 |
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- 16 Septenber 2004 WD 01/68752 PCT/ USOL/ 08684 conpositions and sl ashing

si ze conpositions) are not resin conpatible and theref ct6eSepiesber200denoved
fromtheof@msiz prior to inpregnating the fabric w th palcimpgseaesi n
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 fabri-cs forned
therefron) and causes the glass to densify. The resin conpati bl e coatings
of the present invention, which are applied to the warp and/or fill yans

prior to ; =ToloI™ ' j TR, ' and thereby -
E1 1 i nat oTert B welth B OGRAILE pEOETHdle dfEioBibl oy R SRIG BO " 1
non- | i m weightexieokbtaleolidsdfasishe present inverition, the fabric is free from
“10 thermal treatnment and thernmal degradation.prior to ippregnatjon-.- - '
Addi tionally, q!‘f’i‘PJS#?VE&FF&’RE\“‘%&H?E"%F‘?H‘ b5t ey geating aPdsligByal  of
the siziigigssuntipifcirdd sMiacky” fitAFomsihg Aditéiials, fef, tHY Sivhaty céatky Nust be applied
to the fabric itiB“or to inpregnation to inprove the conpatibility between

‘the fabr iCOMBCRTPR gomBSAtRrelerailsiens thap bRprsnthy weight ona tetahpelidsbl e coating
to the V‘@fa@is?ﬁﬁfé’brefférﬁﬁiyYégﬁharféé.syeh%rnt Bfw\%:gﬂi’ bﬁ‘gté §cﬁ\ﬂ? Ba&s &g ! nvention,

the need for fabric finishing so elimate erefore,” I n anot her
pr ef er r ednestipseferabltless than 8. oparcenttbyiwaight onartotal Belidsthasisiof tacky filnef er abl y

Si'oe, i dombify ek, TR MR RRRRRISATS dbatl BU bbbl 0, )"

per cent |of yagisghwhidh theysarappliedrsueh ae by nethicingdthe tire taandpartabilitf ofni shi ng

'Si Z€.ad N 4 ferred enmbodj.nent _of the presept invention, the

? a0 Bl el R St 3o 1R SR sl T < BRI oBIENNG i or & - —
fini shi n@xainmple offstackefimermaing matehaliea Waterabii épixy Yedinh Gfn-fofimgs that the
fabric has Ies|s than 1 percent by weight, nore preferably less than 0.5

per cent HPaR8 g ht  of residue froma secondary coating and/or a finishing
size. 25 The M siétndtiveVatAbd ef‘fo%ilggAdEBﬁ@f%r uké Hﬁéﬂé&&%ﬁ?&sﬁd&%ﬂf ol | owi ng
specific, non- limting exanples.: MPLE 1 The conponents in the anmounts

set f ort RRPHcatigpiascardingde thewpresentinventiemwilapvebr discussed geherglls | The

conpogt t i 7 ' t ' ik Pra[AN Ll ar manner to
har 0 cfobodebmpAses il Stesdr, U RINRT koA IRk MJal e ™ 12

i ncl uded Rlyralityoh glassfilbers end having adostaesio compatilsle reatigrapplied taatdeast F wer e

-94 16 _SéaBBr‘ﬁUp Heréft0@) oty S84 oﬁgwa%g%ﬁ'uoc%ﬁ%}ising a plurality of glass

fibers and having a second resin compatibie coating applied to at least a portion

thereof; and (3) weaving the at least one fill yam and the at least one warp yam
‘20 having a loss on ignition of less than 2.5 percent by weight to form a faﬁric adapted
to reinforce an electronic support.

A method of forming a laminate adapted for use in an electronic support will |
now be discussed generally. The method comprises a first step of obtaining a fabric
formed by weaving at feast one fill yam comprising a plurality of Qlass fibers and

25 having a first resin compatible coating applied to at least a portion thereof and at
' |gast one warp yam comprising-a plurality of glass fibers and having a second resin
compatible coaﬁng applied to at least a jaortion thereof wherein the Warp yam had a
lpss on ignition of less than 2.5 percent by weight during weaving. In one, non-
| limiting embodiment of the presént invention, 'prgferably. the fabric is essentially free
~ ‘30 of slashing size residue. '
| As previously discussed, in typical fabric forming operations, the conventional
- sizing éompositions applied to the glass fibers and/oryams (j.e., primary' sizing-
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coated onto E-glass fiber strands. Each of the form ng size conpositions
had 2.5 weight percent solids. Each coated gl ass fi berlé$epenber2004wi st ed

o ' for mwo gaagysand wound onto bobbins in a simlar ”a““%WHﬁbﬂﬂssu
conventional tw sting equipnent. -Sanple B',, was coated aqueous

foorm ng size conposition B, but vacuumdried 5.at a tenperature of 190CF

for about 46 hours. Sanples A -F each had loss on igniti on values of |ess
than | a nmight percent. Sanples C~,; and Dw had | oss on i-gnition val ues of
1.59 and 1.66 weight percent, respectively.. -95 WD 01/68752 Table I A 16

Sept-enber 8684 \WEI GHT..PERCENT OF COVPONENT ON TOTAL SOLI-DS

BAgI S smﬁ%%%"i?&%%ﬂéﬁfké EZR§ompositions) afeaot7esin sompatibleyandiherafeEN 2000

9843. 739. mﬁﬂ(beﬁlemdieafr&ﬁaﬁ Yo 63. 54
At RSOOSR e

. PVP- K3010109, 7.1 91% 1111 315.18 A-1871 i
A- 174" 434791860 A descHbrsiAbpredhis i mostcorpmonly erampiiskedinghez0510. 75. 60000

EC Ao e et e, Ay 0N 0 M RO S
7103. 6P 64he plpssdibersdanihesefpr the yamstand falwiss formiedthercfompandcaisas | y -
e L) A9 Bl s o BBl N cor
of * Pi t t shiarglappieshiedhe warg and/aHill- yEEE(prDor aﬂaaamgﬁ alo\mt fAUIrS repfBVERHGerR! | Y
avai | abl e 4fr &H}eﬁhshén Qcﬁﬁ‘ere%y el ma?e the Naas Far heat—cleamng Therefore, in a
preferred, non-limiting embodiment of the present invention, the fabric is free from
. 10 thermal freatment and thermal degradatlon prior to |mpregnatton““- e
Additionally, in conventional fabric forming processes.' after removal of the
sizing compositions by heat cieaning; a ﬁnishing size must be applied to the fabric
prior to impregnation to improve the compatibility between the fabric and the
. polymeric resin. By applying a resin compatible coating to the warp and/or fill yams
15  prior to weaving in the present invention, the need for fabric finishing is also *
eliminated. Therefore, in another preferred embodiment of the present invention, the
fabric is preferably substantially free of residue from a secondary coating and/or e
finishing size, i.e., less than 15 percent by weight, more preferably less than 10
percent by weight of residue from a secondary coating and/for a finishing size. Ina |
20 more preferred embodiment of the present invention, the fabric is essentially free of
residue from a secondary coating and/or a 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-
l‘mltlng examples.
EXAMPLE 1

. The components in the amounts set forth in Table 1A were mixed to form
'30 aguieous 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 indluded in each composmon Adqueous forming size compositions A-F were




700 EPON 826 which is commercially available from Shell Chem cal of

Houst on, Texas. 101 PVP K-30 pol yvinyl pyrrolidone whi clé $epteanbereocdal |y -
avai | abmao 01/¢8134 SP Chemical s of Wayne, New Jersey. 102 P&TNIS87/03684

ganmma- gl yci doxypropyttrinmet hoxysilane which is comercially available from
CK Wtco Corporation of Tarrytown, New York. 709 A-174

gamma- et hacr yl oxypr opyl b i met hoxysil ane which is commercially avail abl e
from CK Wtco Corporation of Tarrytown, New York 104 A-1 100

am no-functional organo silane coupling agent which is commercially

.~ avai 1 abl ‘e char@orftdEM el | ,.fny,??gg% ﬂj}ﬁ%&s PLURONI-CTm .
F- 108 pol yoxypropyl geﬁﬁ%xyet 'hElgagﬁggg% yrer I F@ﬁ%ga&mrg'r%ci al'ly

avai | abl e Weightperesnt selidsoFath evateg dipss fhesptiand wagtwisted tefiprm BlyanCERAL CA- 630

+. et hoxyl at g&mﬁ; %ﬁ'ﬂﬂr j i ial lLy.-available from -GAF
Cor porat i 3%”@?%‘5%, ‘ﬁvta er seﬂ%ﬁ“@m{‘%ﬁ%g‘“ﬁ%@&ﬁm@e ichis .

commer ci alSapple Bi.. wBs codted wititagnesrs@omming sife c@npositions, ibut @tuam drftdl ALKAMULS
EL-71 p et abl il which.is commercially available from .
Rhone- ou%Lé gé%ﬁ é%@lgkg%%ﬁé%&é)bﬁfrﬁe%ﬂWP@ﬁ é\"g Fﬁﬁ'b!?aq%?%i’%u rate ester,
whi ch i s qmitisaneilis of lepsahdraDigight parant! SRARISTPAYD ' itibh! | noi's.
. 110 MACOL I\E-G g | phenot -s_urfzgctgnt whi Qﬁm’i S commr@iﬁaﬁ%%@mhgbl e from
BASF of M8 §§Bg %,anﬂé\r@ﬁ]‘é@s&nﬂ% regpeslivels 752 Tabl e 1A (contt'd) 16

Sept enber 2004 PCTI US01108684 WEI GHT PERCENT OF COVPONENT ON TOTAL SOLI DS
'BASI S SANMPLES COVPONENTABCDEF EMERY 6717...0000' 0. 401.56 EMERY 6760.

72004. 214. 0600- POLYOX WBR- 301 i 130. 600000 POLARTHERM PT 160 -

1141.01. 00074. 781. 00 RELEASECOAT- CONC 25 75001. 051. 0100 Conparative sanpl es
of commercial products 631 and 633 D-450 starch-o0il coated yans; 690 and
695 starch-oil coated yanms and 1383 G 75 yans whi ch. are ‘
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5 comercially available from PPG I ndustries, Inc. were also evaluated. In
addition, three Conparative Sanples X1, X2 and X3, eaclf Sepherobend00i t he
sane aq rmng conposition X set forth in Table. were al so
t est ed. @#%’gsr%t?i ve Sanple X1 had 2.5 wei ght percent séﬂ@é@@h%&%ar ative
Sanpl e X2 had 4.9 weight percent solids and was air dried for about 8
hours at 25C. Conparative Sanple X3 10 had 4.6 wei ght percent -solids. . "
EMERYO 6717 partially am dated pol yethylene inmne which is commercially
avai‘'l abl e.from -Cognis Corporation of Cincinnati, GChio. 112 EMERY(r) 6760
| ubricant which is comrercially avail ablg Cognis Corporation of C ncinnati,
.Ohio. 13 POLYOX WER- 301 pol yet hyl e e) which is comercially

avai | abl g Trom™Uni on "Carbi de” CPRUEIGHT PEREENT O COMPONENT ONJFOTAL]
"POLARTHERMr) PT 160 boron nitride powder paigdighgpacydi ch are commgrcially
avai | abl fromAdvanced Ceram ¢S Corporation gmwgqvm'd,—ﬂﬂ-o-.—}& ORPAC

BORON NI - CONE—25—bpr-ommigHrae~ Py thehpSs—=R—gaueods

di sper si gigpat-Shets w...r;ciall - ""A‘.La)! f ".ﬁ"?7. Roa inl_s, 'l af QGak
Ridge, T4 — 97 __up 01/63Y52288, £ 20. 51 3458 r 8ond O |
PCTI USO1/ - NT_oF _cfPonEND- Tl 16rA 80| DSORASI SO
COVPONENT ESVMOPHENT 20004 21054 1872] 3 8174 94.8

PLURONI C.{EP@N'8260°9 VERSAM D _1h0' 204. 8| MACOL- NP- 6f 203. b 16.120] VeG4 GR- 301
7230. 6 THPVRRKS0Y Sanpl es A-F find 0he {oBfpal 4670 Bl es.34ere sepgalfuat ed
for losqsam8T8hition (LA) and|aiR.3et |cRapigh2l] BM1(N 8.1 4012 5%/|ng the-
"Alr Jet fi-apgpPFOrt 5 Drag Forcg™ kest m_@gd@scoe apovg T dgarl .

{A-1100 ™ - 0 0 | 842 | 8.11

-0 0

"] PLURONIC F-108 ™ 10.7 5.6 0 0 0 0
. LIGEPAL CA-630 '* 0 0 474 1639 | 1.63 6.44

VERSAMID 140 % 4.8 4.8 o 0 0 0
ALKAMULS EL-719 ' Y 0 0 0 1.63 6.44
KESSCO PEG 600 ** : . 0 0 0 0 0.79 3.11

MACOL NP-6 "° 3.6 36 | 474 | 6.39 0 0

® RD-847A polyester resin which is commercially available from Borden Chermicals of
Columbus, Ohio. ' _ ‘ :

+ % DESMOPHEN 2000 polyethiylene adipate diol which is commercially available from Bayer
Corp. of Pittsburgh, Pennsyivania.
* EPI-REZ® 3522-W-66 which is commercially available from Shell Chemical Co. of Houstor,
Texas. - ' a
1% EPON 826 which is commercially available from Shell Chemical of Houston, Texas.
0 PVP K-30 polyvinyl pyrrofidone which is commercially available from ISP Chemicals of
Wayne, New Jersey. '
2 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tammytown, New York. ‘ - -
' A-174 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporation of Tarrytown, New York. '
1% A-1100 amino-functional organo silane coupling agent which is commercially available from -
CK Witco Corporation of Tamytown, New York. : :
5 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.
% IGEPAL CA-630 ethoxylated octylphenoxyethanol which is commercially available from
‘GAF Corporation of Wayne, New Jersey. '
% VERSAMID 140 polyamide which is commercially available from Cognis Corp. of

_Cincinnati, Ohio. :
1% ALKAMULS EL-719 polyoxyethylated vegetable ol which is commercially available from
Rhone-Poulenc. oo : ) .
% KESSCO PEG 600 polyethylene glycol monolaurate ester, which is commercially available
from Stepan Company of Chicago, llinois.

" MACOL NP-6 nonylphenol surfactant which is commercially available from BASF of -
- Parsippany, New Jersey.
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Each yam sanple was fed at a rate of 274 neters (300 yards) per mnute
through a Sulzer Ruti needle air jet nozzle unit Model TRdSepdember590801
whi'ch hagodissispt ernal air jet chanber having a di anet erp@fnghif¥bdsyi et ers
and a nozzle exit tube ..having a length of 20 centineters (comercially
-avai | abl e from Sul zer Ruti of 10 Spartanburg, North Carolina) at an air
pressure of 310 kil oPascals (45 pounds per square inch) gauge. A.
tensioneter was positioned in contact with the yamat a position prior to
the yamentering the air jet nozzle. The tensioneter provided neasurenments
of the gramforce (drag force) exerted upon each yam sanple by the "s

"RD-847A pol yester resin which is éag@rgl al lI% avai |l abl e from Borden-
- Chem cal s of "Colunbus, Chio. "' 00 pol yet hyl ene adi pate dl‘ol
+ . Which i S;lcommr cralTy avarTabl e WEGHPPERCERP OF- C@MP@NEN’I‘T)QI\IWOTAL

~Pennsylvgnia "B A-187 gamma- gl y[i doxypropyl t sOIMBAER | ane which i 4
commer ci gty d.Vd.I Tabt e fTomCK WL(,U Corpor dtsmPL)Es TanytowT,— New fork. "s
A-1 74 ggmme=ne Pt upyl |||| tho Y& T RISVt s rpt-cpal Yy

i | o e CEEGNERT Y Pt A A A V-l

F 108 | t-€o—cotPetrpttof—or gt ] 0.4 212 | IC m
o] : %ﬁ@&p@l—v—@w@ ;e%a\- Z /
~avai | aBI q % Corporation.of Parsl piany l\‘In\ 406 < Vi 0 vERsAM D 120
pol yani dd RLYOX WSRAMEY ci al | vl av8i€ able O rbm@odni@ dorp® of 8 ndi nnati,
" Chio. 123 POAABTHERM RiotEE Bhenol sd acl ah® iwhikh Ji sOcom?di7éi &l MBOaj'ai | abl e
f r om BASH RELEASKCOADEONC BRI Jbrse§. ' P3 0POLYIDS 030[L pdl y¢t hol efe
oxi de) which 1's commercially avallable from Union Carbide Corp. o

Danbury, Connegdnestratv@BaipleSar cambrirciARddR 63 SRS DAE YRdHEB684 air

j et :as-the respective yam sanpl e was {)ulled into the air-jet nozzle. These

val ues arceatedyamsy 680 and 9 $tarch-ail goated yamsMd1368 Gu7p yaus whighatgort Sanpl e

No. Y T
No. 720 SgGShg.leé%ﬁﬁ@aaﬁ@ﬁsﬁ. PG Indiiaires, Ine! WérklalddXvallated. 1RSARbA™

three Comparatlve Samples X1, X2 and X3, each coated with the same agueous

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 aboutf 8 hours at 25°C. Comparative Sample X3
10 had 4.6 weight percent solids. | |

" EMERY® 6717 partially amidated polyethylene imine which is commercially available from
-Cognis Corporation of Cincinnati, Ohio.

112 EMERY® 6760 lubricant which is oommerc:a!ly available Cognis Corporation of Cmcunnah
.Ohio,

3 POLYOX WSR-301 poly(emylene oxide) which is commercially available from Union
Carbide Corp. of Danbury, Connecticut. ‘

% POLARTHERM® PT 160 boron nitride powder particles, which are commerclally avaiiable
from.Advanced Ceramics Corporation of Lakewoad, Ohio.

18 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron riitride particles in aqueous
dtspersmn which is commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.
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. BG 750. 3084. 9128, 248 B. G 750. 3595. 0143, 587 CD- 4500. 5237. 33278, 582
DD- 4500. 4047. 1351, 493 E. G 750. 3579. 3119, 789 FG 750. 3583 68ter6i®d 2004
Conpar a | es 631*D-4501. 621. 45160, 075 633*D- 4501.
69 0*67?1&@]{@3?%3163 489 695*G 751. 0100. 46151, 752, 13836—%@@%721 858
-XlG 750. 3336. 454, 985 X2G- 750. 7519. 028, 701 X3D- 4501. 3712. 0489, 851 _
CMD- 4501. 599. 0067, 164 phi D-4501. 66' 10. 4377,836 .5 * Coated with starch-oil
sizing forrmutations. As shown in Table |IC above, each of the yans A -F
coated with polynmeric matrix material conpatible sizing conpositions
according to the present invention had Air Jet Transport Drag Val ues
greater than 100,000. Only ‘the starl&b!&tll_m zed 10 COhTTEI’CI al strands,

whi ch are g t-h—t-Re—pe Fatafhal s
~di scussed qbove, had Air Jet Transpo tWB NTl(O_, 000.

Q (s 1

Sanpl e yand : at winu8 i at i ngs,
had Air~ Jdt_TranspiOMAGNIENTA) es | pss han 10§Am5b’écause of hi gh
coating | eldt3-84dAthe vans. . | bss on igniti @@-Yreater than 1. 5%

whi ch i nhi {iRESMORHEN2008 01 the 15| fibers, or fl4ahentization, d¢f the yam
by the air |jAt48718 eval uate | am nate[strength, 76283style fabrics|(style
paraneters | Ap48sed above) were tofned from sanphgs of 695, Sanjl e B and
Sanpl e B. -‘ﬁm@z 16 beptemer 2007~ I-’L,I»ilolgb(C)‘_LIUS'GSﬂ_G: 75 yans
(di scussed T—ptTes of % fabrTc—samptq were

.l am nat ed ERPEN-1120 AsaschAy f
(commer ci al Chetr-eat—Corpaii :

di cyandi am

avai-l abl e from

)]

T+ (47

]
on
Ty

$ P

exas),
ercially

The yamns of Samples A—F and the Comparatlve Samples were evaluated for
loss on ignition (LOI) and air jet compatlbilrty (Alr Drag) using the *Air Jet Transport
I Drag Force” Test Method distussed above & in detail. _
Each yam sample was fed at a rate of 274 meters (300 yards) pér minute
-ihrough a Sulzer Ruti needle air jet nozzle unit Model No. 044 455 001 which had an
internal air jet chamber having a diameter of 2 millimeters and a nozzle exit tube
.-having a length of 20 centimeters (corhmercially available from Sulzer Rufi of
10 Spartanburg, North Carolina) at an éir pressure of 310 kiloPascals (45 pounds per
' square inch) gauge. A tensiome;er was positioned in contact with the yam at a
position prior to the yam entering the air jet nozzle. The tensiometer ﬁfdvided
measurements of the graﬁl force (drag force) eierted upon each yarn sample by the

16 RD-B47A polyester resin which is cornmerc:ally available from Borden Chemicals of
Columbus, Ohio.
117 DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer
Corp. of Pittsburgh, Pennsylvania.
Y18 A-187 gamma-glycidoxypropylirimethoxysilane which is commerciauy avallable from CK
‘Witco Corporation of Tarmytown, New York.
™9 A-174 gamma-methacryloxypropyltrimethoxysilane which is commercrally available from
CK Witco Corporation of Tamrytown, New York.
2 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
-~ available from BASF Corporation of Parsmpany, New Jersey.

121 VERSAMID 140 polyamide which is commercially available from Cogms Corp. of
Cinginnati, Ohio.
2 MACOL NP-6 nonylphenot surfactant which is commercially available from BASF of
Parsippany, New Jersey.

' 13 pOLYOX WSR-301 poly(emylene oxide) which is commercially avallabie from Union
Carbide Comp. of Danbury, Connect(cut.
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5 ‘The Dow Chem cal Co. of Mdland, Mchigan) to forml|am nates. - = Each
| am nate was eval uated for flexural strength (maxi mum fi6 $Septembenr209d)

testing according to ASTM D-790 and | PC-TM 650 Test thp ﬁé’@ﬁ@%@’ of the
| nst it ufY® BEE7¥nt er connect i ng and Packagi ng El ectronics € g 1994)
(which are specifically incorporated by reference herein) with netal

cl addi ng conpletely 10 renoved by etching according to section 3.8.2.4 of
1 PC-4101 and for interlam nar shear strength (short beam shear strength)
using a 15.9 millineter (518th inch) span and crosshead speed of 1.27
mllimeters (0.05 inches) per mnute according to ASTM D 2344, which are

speC|f|caII I se
eval uat i o?‘Fs 5?%%%&,\#'@&89%' ﬁfﬁ%@ﬁ;ﬁ.ﬂ@&frﬁ%ﬁ% TIJ]St ﬁﬁ%abnlglﬁg%tlael%?al *
. St r engt hRyerset forthh TublesiShisslow.Beam Shear St rengt h _
Pascal spsi Pascal sPsi Pascal spsi B4.9 x 106715342. 4 x 101034650002. 6 Xx
© 1073742 B"~5.0 x 106722152.4 x 101034506002.5 x 1013647 6954.3 X
106629592. 3 x 101033608002. 3 x.i O07AIBEMEGs shown in Table 1 D, Lani nate
" Sanples B and B. prepared according o the nresent inven:
f I exur al[ st r eragmplae. nodul Li¥amalvoed LaN %3 | nPrag Forge st
strengtH when conpared to | hni nate danpl es|pr@fived) f n
~coated (¢l ass fiber yam Sanples A ard B an{l Conparati
were al.qo evaluated for Fr{iction Fdrce bylapplving a tensQr%!nmzesﬂ 30{grans
to each [ymm sanpl e as the banBl® i § puBsed at €8.5 at e |of 2708474 er s | (300
yar ds) mmute Through aj page7s2S [ofo.senyent ignal t gnsi of28i24&ur enyent
devi cesﬁvu Mg a St atlonary CNEOfE. 056397 | ab@g.o> cqntl meaxE87 (2 ifnches)
m a

di anet er trted—tieT cucLV\E*HMs@I SPTEEE (e % 5 CGI’IIIW@ T
strai ghtt : ference
€ —F o Forde -100

“betveenhe GRFSTE ggy

i n for cdEr—grams—s—set .Gt.Gg et :

16 Sept er- HOH-USO-D8¢€ qi mul ate
the frickfonal forces to wh thF Vi nq-?’ d .
operatic ompastiyesamplesd $|and Cnrm rative Sanples 1383 a,nd—-xg—w-a al so
eval uat ej631¥8r_broken fi | ameht Pd8ngl ad-Gbrasi &l4%stef  TIBORIAGr od grans
of 5 tenk638T were applied td) dadhot elst Ishngl e a8B.dach kest 284888e wgs

+ 3+

g

-pul l ed péogx rate of - . 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
1%z G-75 0.75 19.0 28,701
X3 D-450 1.37 12.04 89,851
1Cu D-450 1.59 9.00 - 67,164
- | Dy I D-450 1.66 10.43 : 77,836
‘B * Coated with starch-oil sizing formulations. :

As shown in Table 1C above, each of the yamns A-F coated with polymeric
‘matrix material cbmpatible sizing compositions a;cording to the present invention
| had Air Jet Transport Drag Values greater than 100 000. Only the starch-oil sized
10 commercial strands which are generally mcompatlble with the polymeric matrix
materials discussed above, had Air Jet Transport Drag Values greater than 100,000.
" Sample yams C;; and Dy, which had polymeric matrix compatible coatings, had Air
- Jet Transport Drag Values less than 100,000 because of high coating levels on the
- - yams,ie,losson |gn|’aon greater than 1 5%, which inhibited separatlon of the
15 fibers, or flamentization, of the yam by the air jet.
. To evaluate laminate strength, 7628 style fabrics (style parameters
discussed above) were formed from samples of 695, Sample B and Sample B,,,
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- 0.46 meters {18 inches) per mnute for five mnutes through an abrasion
testing apparatus. Two test runs of each sanple and coifplepi¢mber 208pl e

were ev and the average of the nunber of broken fi S
3*'. n @g’bf [ ' s%%*é%@ s

reporte e 1 E below. The abrasion tester consi two parallel
rows of steel reeds, each row being 10 positioned 1 inch apart Each test
yam sanpl e was threaded between two adj acent reeds of the first row of
reeds, then threaded between two adjacent reeds of the second row of
reeds, but displaced a distance of one-half inch between the rows.of .
reeds. The_reeds were displaced back and forth over a four inch length in a.
di r ect i on Gayams{discyssed abave)ctespertively. Fight pias.afieadh fabric shmplefwété0 cycl es

per m nut aratjve Sa |.e No. San'ple
Ror Tasa. ppaettiea Frcs Ay Rn( VAP0 1 TR ARHTIRY ReiniGpmmercialy .
t msm2..01.2yailable Gomi Sheitéiemicat Copnpady of HustordTesds)Vicyandbnide 1 E. Sanpl es
A and B, boron

nitride accorg‘?ﬁ'@ﬁ%a?%ﬁgﬁ’mgﬁfﬂagwﬁ?’cﬁt &f{é&k%g%[ailg%gl bl ®m| anent s and

| ow fri&t itheddow ChemicahCo. st MBIAAE MicRighh)do fHPRIfEtME --Sanpl es. EXAMPLE 2
Each of the co?chﬁnt.s in the ampunts set forth In TabI e 2A were m xed .to

25 f orm aqueou Fingtedyasevaliatasipr flexyeal strangth Kmasiowmifailgretstressie pr esent
i nvent i on teA® a6 ABTNED79 I '@%ﬁ' hat di scussed
above. Less ?01 V\DH%U 68752 166%@&'%/%@%%8%&' %%éﬁ%g’g&‘et han 1
wei ght pelRsifijte &or latermonpecting @nd iragkaging:Eleoieonjte (easinbernt@nd) (whiddae i n each
conposi t i QPecifidafbh @?H SItIO and F of -
Table 1A i E Exanp y cBFpoHtgd@] ﬁﬁé E%ﬂr@?gtﬁ ega@%%f et?&bl e 2A were
coat-ed Oontfem@lerﬁw giching becoeding besection 3%4 oFIR-4001 biliwfo‘i- fHiéHanSingl 2€ '
coMPos! | QASar WHlnlf! AAsHbdart Bedt LrehithPliing S 16 ritfveter Bt e span

and crosshead speed of 1.27 millimeters (0.05 inches) per minute according to

’ASTM D-2344, which are specifically incorporated by reference herein. The results

of these evaluations are shown in Table 1D below.

15 ,
Table 1D
Sample Flexural Strength Fiexural Modulus Short Beam Shear
: : Strength
Pascals psi Pascals Psi Pascals | psi

B 4.9x 10° 71534 | 2.4x10" | 3465000 | 2.6 x 107 3742
Brac 5.0x10° 72215 | 24x10" | 3450600 | 2.5 x 10° 3647
695 4.3x 10° 62959 | 2.3x 10" | 3360800 | 2.3x 107 3264

As shown in Table 1D, Lammate Samples B and B,,. prepared according to
' the present invention had higher flexural strength and modulus values and similar
20 short beam shear strength when compared to |aminate samples prepared from 695
starch-oil coated glass fiber yam.
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 yam sample
as the sample is pulled at a rate of 274 meters (300 yards) per minute through a pair
A 25 of conventional tension measurement dev:ces having a stationary chrome post of
| ‘ about 5 centimeters (2 inches) diameter mounted therebetween to d:splace the yam
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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- VEEI GHT PERCENT OF COMPONENT ON TOTAL SOLIDS BASI S SAMPLES COVPONENTG

. HConp. Sanple Y EPON 826 12416. 1263. 5460. 98 PVP K- 30 1®B1S&iémbéodd
ALKAMUL - , 21. 636. 446. 18 | GEPAL CA-630' x' 1. 636. 446 PEG

6000. 79?‘%&” A-187 1293.1712.5112. 00 EMERY 6717130. ﬁ,@émPRﬁraUBE
HD 131 -004.61. POLARTHERM PT 160" 32000 RELEASECOAT- GONG 2513374. 781, 000
124 EPON 826 which is commercially available from Shell Chem cal of

‘Houston, Texas. 125 PVP K-30 pol yvinyl pyrmidone which is comrercially
avai'l abl e from | SP Chenical s of Wayne, New Jersey. '26 ALKAMULS EL 719

pol yoxyet hyl at ed vegetable oil which is commercially available from

Rhone- Poukeéstis mtmé\ltothtmamhmmsmmkpmmﬁmewumg is
comercially available from GAF Corporation of Wayne, New Jersey. 128 *
.- KESSCO PEMSRYBIRASAONH ene gl ycol nonol aurate ester, which is commerciall y

~available fromahg @@R&EWC%F%W@SQT:E% HBE®hiRd X1 RrehaldS 7
gamma- gi yci dox pr o é!tl’l met hoxysi |l ane which is commercially available from

CK - Wtco e@a ipken ﬂa@feﬁtptt@ws anghasien tester.sdwehundred grama of partial Iy
‘am dat éﬁ?ﬂ%?}w Ll gni s
Cor por g‘fl on o‘?ﬁ @’é natl f@]%ﬁBE sl—l%pﬁv‘ﬁ# @'gllﬁglag é%%lo)?gt hyl ene
enul si on i4& mekars é‘lﬁmdnaﬂ pet nwrumr fivsl mintstesrthrougiy bn @hrasimr‘lesims of .
Bi r mi ngha er
par 1 oF oq SRATEHE a5 st i of el il bid pirto By S le Wl bl
Cor por at i’ cathtﬁe babmgaoﬂmeﬁuhmer MOmﬁnmdﬁbfféﬂ D diid HABRIGWAT- CONC 25 -
boron nitrjde :parti S ers n, whi o] cially
avai | abl e. ??e(ﬁﬁj %iﬁl’ atg‘y Hg °d?a' ste e"@r‘ﬁﬁ@s%aég mT?’G'E 16
Sept-enfger p%@.%net‘!\@uﬁbﬂ £R345 Ea@ﬁﬁs@%s@ﬁ@%was threaded between two adjacent
reeds of the first row of reeds, then threaded between two adjacent reeds of the
second row of reeds, but displaced a distance of one-half inch between the rows of .
“reeds. The reeds were displaced back and forth over a four inch length in a direction
parallel to the direction of yam travel at a rate of 240 cycles per minute.

15
Table 1E
Samples
A B Comparative Comparative
Sample No. Sample No.
' 1383 - X1
Friction force {grams) 24,7 | 18.3 239 38.1
Number of troken 20 | 1.0 3.8 1.0
filaments per yard of yam

 As shownir Table 1E, Samples A and B, which are coated with sizing
compositions containing boron nitride according to the present fnvention, had few
20 broken filantents and fow frictional force when compared to the Comparative
Samples. _' |

EXAMPLE 2
Each of the components in the amounts set forth in Table 2A were mixed to
- 25 . fofm aqueous forming size compositions G and H according to the present invention

and a Comparative Sample Y in_ a simifar manner to that discussed above. Less
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Each coated glass fiber strand was twisted to formyam and wound onto
bobbins in a simlar manner using conventional tw stingl6eBgptgmbert200Zhe yans
of Sa ' nd H exhi bited mnimal sizing sheddi ng dp§d g4 1| Ng and

t he ya@bglﬁmgﬂggrrpl es E and G exhi bited severe sizing shgg%gﬂ%ﬁ ng
twsting. 5 The yans of Sanples E-H and Conparative Sanple Y were eval uated
for Alr Drag in a simlar manner to Exanple 1 above, except that the Air
Drag values were determned for two bobbin sanples at the pressures '
indicated.in Table 2B.. Each .yam was eval uated for average nunber of
broken filaments per 1200 neters of yam at 200-neters per minute usinga
“Shirley {Hagel whight SercOiftbf hedtitakidion a fotatmeight Dasiswae insludediii eaeh; s
commerciall'y available from SDL International Inc. of England. These *

- val ues repmPeElRN-t he average of neasurenments conducted on four bobbins of

each yam The gcRlppthel dduBBBfomiinh €RE caimpositgerl entd FobTalsledfiions taken from
a full bobbin, 136 grans (3/10 pound) %gd ijél %rr% &6/%@(1?@%3% of yam
unwound Exampie 1 ed Go bland Caraparaiive Sample of 1Al5 BFaE i e Tension
- testipg e ' . SticHe TR bebledt ®la®I 261 | anent s
measu ed%ﬁ%ﬁ@%&%ﬁd%hﬁac@g&@éﬁglegirz\e\sg?‘ gd I's determ ned by unwi nding a
. sanpl e’ oiwejghnperoent solidebbi n at 200 neters/m nute, threading the yam

t hrough a series of 8 parallel ceramc pins and passing the yam through
the Shirley broken filanment detector discussed above to 20 count the
nunber of broken filanments. 4 -103TamM®2Al/ 68752 TABLE 2B 16 Septenber 2004

PCTI USOI / Q86 CORP AN NG DR NERER-EFGHSan| e
e VEIGISE DERGENT OF COMPORENT,

OF YARNY flul | bobbi n0. 8870. 241gr eat s (3110
- pound) 0. 8460. 017gr eat er B
. SAMPLES
COMPONENT G . H Comp. Sample Y

EPON 826 16.12 63.54 60.98
PVP K-30 & 1.31 518 497
ALKAMULS EL-719'® ' 163 6.44 ~ 6.18
IGEPAL CA-630 7 1.63 644 6.18
KESSCO PEG 600 0.79 3.11 2.98

TA87 & 3.7 12.51 12.00
EMERY 6717 0.40 1.56 ~ 150
PROTOLUBEHD ™ . 0 0 4.61.
POLARTHERM PT 160 ** 0 0 0
RELEASECOAT-CONC 25™ 7478 1.00 0

12¢ EpON 826 which is commercially available from Shell Chemical of Houston, Tegtas.
125 py/P K-30 polyvinyl pyrrolidone which is commercially availeble from ISP Chemicals of
Wayne, New Jersey.  ~ o ] _ i
126 o] KAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc. . -
127 {GEPAL CA-630 ethoxylated octylphenoxyethanol which is commercially available from
GAF Corporation of Wayne, New Jersey. o . .
128 KESSCO PEG 600 polyethylene glycol monolaurate ester, which is commercially available
from Stepan Company of Chicago, lllinois. ] )
129 p_187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
"Witco Corporation of Tamrytown, New York. ) )
1% EMERY® 6717 partially amidated polyethylene imine which is commercially available from
" Cognis Corporation of Cincinnati, Ohio. . _ ]
131 PROTOLUBE HD high density polyethylene emulsion which is commercially available from
~Sybron Chemicals of Birmingham, New Jersey. - .
12 pOLARTHERM® PT 160 boron nitride powder particles, which are commercially avallable
from Advanced Ceramics Corporation of Lakewood, Ohio. ]
13 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride particles in aqueous
dispersion which is commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.
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- 0.-0130. 320 .than 10 272 granms (611D pound) 0. 6760. 030greater 0.1010.192 than
10 GATE- TENSI ON (number of hairs per neter) Gate 2-0. 08SpthHABFROV21 Gat e
3-0.025%00 02805571 Gate 4- .0.0125-0.0680.4795 Gate 5-0.MIEDH1L0839. 85 Gate
6- 0. 0265-0. 1180. 993 Gate 7-0.0695-0.311.0835 Gate 8-0.117-0.5571.81 AIR
‘DRAG (grans) 25 psi Bobbin |-10.420-10.86011. 610 Bobbin 2-10.600-7.85011.610
30 psiBobbin I-11.690-12.50013. 680 Bobbin 2-12.200-8.54013, 850 35 psi Bobbin
'1-13. 490- 14. 03015./880 Bobbi n 213.530-9.57015. 630 40 psi Bobbin
1-14.740-14.11017. 560 Bobbin 2-14.860-11.01017.610 45 psi Bobbin

1- 16. 180- 16. 39019, 830 Babbin 2 16. £80- 12 7 950 50
1-17.510- . 19. 2%6‘%’2 %?%FBQB bt st “f%?)““is&e%%gﬁnﬁ'ﬁ‘%pSI né&gtcrn
1-19. 570- B&bﬁmﬁ%%@am{hbﬂugné&rﬁ@ﬁhﬁﬁlm&g e‘é&@rﬂélhtl'ﬁnémm eft results

“presented_in Table 2B appear to indicate that Sanples E-H according to the
present .ﬁaremes&rawa!aegl@ dﬂlﬂsmiﬂﬁ&ﬁ‘@rShﬁﬁq"ﬁ%f’B'Fﬂg'@Eﬁ*@Béﬁééhﬁt!‘f’ﬁﬂsB t he

Simee i tSrmPBSIE Sl exhihé el SARY bRl R MR ment of the
ConparBtive Saifi garis Df Sanplas Feld and Compaerative SampBaXiwess evalpated fortAit but ed to
abrasi ve B a%nﬁ ’ téllﬁﬁar%ar}ng?to %?amp!e Jr%ﬁove except that the Air Drag values were |
determined for two bobbin samples at the pressures indicated in Table 2B.. Each:
.yam was evaluated for average number of broken ﬁlament; per 1200 meters of yam '
at 200 meters per minute using a Shirley Model No. 84 041L. broken filament
.10 detector, which is commercia'lly available from SDL International Inc. of Englénd.
. These values represent the average of measurements conducted on four bobbins of
each yam. The broken filament vaiues are reported from sections taken from a full
bobbin, 136 grams (3/10 pound) and 272 grams (6/10 pound) of yarn unwound from
the bobbin.
15 Each yam was also evaluated for Gate Tension testing are set forth in
Table 2B below. The number of broken filaments measured according to the Gate
Tension Method is determined by unwinding a samiple of yam from a bobbin at 200
meters/minute, threading the yam thrbugh a series of 8 paralle! ceramic pins and
passing the yam through the Shirley broken filament detector discussed above to
20 count the number of broken filaments.
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WO 01! 68752 16 Septenber 2004 PCTIUSO01/ 08684 EXAMPLE 3 Each of the
conmponents in the anounts set forth in Table 3A were n1esdkptambdr@0Maqueous
f or m ng woaesgmpposi tions K through N according to the ppeseRbi/degsventi on.
Each aqueous form ng size conposition was prepared in a simlar manner to
that discussed above. Less than | weight percent of 'acetic acid on a total
wei ght basis was included in each conposition. Each of the aqueous form ng
size conpositions of Table 3A was coated onto 2G 19"E-gl ass fiber strands.
Each of the form ng size conpositions had 10 weight i 0 percent solids.

“Tabl e 3A FWEI GHT PERCENT OF COVPON OTAL SCLI DS BASI S SAMPLES
COVPO\IEI\FI’KLI\/NCorrpar ative Sanple Z astic pol yurethane film.
34. 434. A33. . ' - pbl yrrerl TNeT TTO[ga4gla C POl yar ernane 1 N m:
.51. 551. Ao!;f" 3 ' 0 35 pUIlywt?' Ryt e ' .
copol ymey Ry 3eaEi ek oOX|d|zed pol yesf er Tubrf cant 7. 2f7. .qg.357.22
ganma- an nopropés 0. 72724 52.76 tki et hoxysi | ane cloupl i ng P
. gamma- ureeepraaypt T 993328 A g4 r‘b"{ HEXy-SH . . " Ye—eodplh :
am no-functi on;ﬂ:I BP o sil ape 3’810 10. ?d 10} ? pli. 5’6§gept :
RELEASECQAI-CQNG—Z%%%@O—LL. 2. 99,10
' 136 grams (3/10 pound) 0.856 0.017 greater 0.013 0.320
' than 10 B
272 grams (6/10 pound) 0.676 0.030 greater 0.101 0.192
: : than 10
GATE TENSION (number )
of hairs per meter) ' - _
Gatez | —- 0.039 - 0.0235 0.721
Gate 3 : - 0.025 - | 0.028 0.571
Gate 4 - 0.0125 - | 0.068 0.4785
Gate 5 - 0.015 - 0.093 0.85
Gate 6 - 0.0265 - 0.118 0.993
Gate 7 - 0.0695 - 0.31 1.0835
Gate 8 - 0,117 - 0.557 1.81
. AIR DRAG (grams) - '
25 psi Bobbin 1 - 10.420 - 10.860 11.610
Bobbin 2 - 10.600 - 7.850 11.610
30 psi Bobbin 1 - 11.690 - 12.500 13.680
Bobbin 2 - 12.200 - 8.540 | 13.850
35 psi Bobbin 1 - 13.490 - 14.030 15.880
! Bobbin 2 - 13.530 - 9.570 15.630
40 psi Bobbin 1 - 14.740 - 14.110 17.560
Bobbin 2 - 14.860 - 11.010 17.610
45 psi Bobbin 1 - 16.180 - - 16.390 19.830
- Bobbin 2 - 16.680 - 12.700 18.950
50 pst - Bobbin 1 - 17.510 - 19.280 22.410
Bobbin 2 - 17.730 - ~14.000 20.310
55 psi Bobbin 1 - 19.570 - 23.350 29.350
{ "Bobbin 2 - 19.660 - 20.250 | 26.580

While the test results presented in Table 2B appear to indicate that Samples
E-H according to the prx_esenf invention had generally higher abrasion resistance than

5 _the Comparative Sample Y, it is believed that these results are not conclusive since
it is believed that a polyethylene emulsion component of the Comparative Sample Y,

which was not present in Samples E-H, contributed to abrasive properties of the
yam. |
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loss on ignition (% 1.111. 141. 051. 081. 17 134 Thernopl asti c pol yester-based
pol yur et hane aqueous emul si on having 65 percent solids, 16 Soptaynbier 2064t i cl e
charge,w§%ﬁ]}6§%5e size of about 2 microneters, a pH of 7p§r,@§ﬂmg634| scosity
of 400 U1 poOi se (Brookfield LVF) at 25C. 135 Ther nmopl asti c
-pol yest er - based pol yur et hane aqueous di spersion having a solids content of
62 percent, pH of about 10 and average particle size ranging from-about 0.8
to about 2.5 mcrometers. 135 ORPAC BORON NI TRI DE RELEASECCAT- CONC 25
boron nitride particles in agueous dispersion which is comrercially
avai |l abl'e from ZYP Coatings, Inc. of Oak Ri dge, Tennessee. -105 WO 01/68752 .
16 Septenber 2004 PCT/US01/ 08684 -Conposite sanples of each of the above
coat ed gl ass fiber sanples and th%g_ggg{;t‘i ve Sanple Z were extrusion
- nmol ded at 270C for 48 seconds at 5 ps) to produce 254 x 254 x
3. 175 mi | | i met Each phthexcotponerds iriXhe iamcivats) sep fosityie 3 able SRawdresnired foen was
eval uated_f or tens e strength el ongat i on. and .t ensi | nmodul us
~accor di ng™ 3P i/ﬁt'w e%ﬁi&osﬁpgﬂﬁgouglg ’H"E!ﬁa“?? %5‘?8?@ nodul us
accor dgngirventvnl NEddht dipeoks foRRing 3B daatp@biﬁdn wad pwwaeécnh edsnmmdnarmeact
strength according to ASTM Met hod DB?' at ”c‘;i gﬁ}ass contents ecified
bel ow. Taln thabgiseyssed sbave. Hese dan 1 we tﬁ’%'g%fé arrticacidens iatd tt es
f or nmed USbQQs%sméﬁJd“e‘ariﬂéﬂéH%osmbhon 6,6 matrix resin. TABLE 3B Sanpl es
uni t SKLMNConp. Sanple Z Tensile Strengthkpsi 27.127.627. 327. 426. 2
‘MPal186. 9190. 34Eggh efthemageasfoneing sizeicompuritionsef TarAwas gogedentas23. 32

ST ongt kB I GRS JREr s, £l 6 Homfotady ool L e

Modul G8nppefcehtsaliisl. 541. 541. 5 GPal0.5' 10. 7. 10. 610. 610. 6 notched 1ZCD -

‘Table 3A
WEIGHT PERCENT OF COMPONENT. ON
TOTAL SOLIDS BASIS
_ ' SAMPLES .
COMPONENT - K L M N Comparative
Sample Z

thermoplastic polyurethane film- | 344 34.2 334 | 31.35 - 345
forming polymer* .
thermoplastic polyurethane film- 515 512 50.18 | 46.9 51.7
forming polymer'™ '
polyoxyalkylene polyol copolymer 0.3 0.3 0.3 03 0.33
epoxidized polyester lubricant 7.2 71 § 7.0 6.55 7.22
gamma-aminopropyl 2.7 2.7 2.7 2.5 2.76
triethoxysilane coupling agent ' ‘ ‘
gamma-ureidopropyl 33 3.3 3.2 3.0 3.34
triethoxysilane coupling agent , K
amino-functional organo silane 0.1 0.1 0.1 0.1 0.14
coupling agent )
RELEASECOAT-CONC 25 1 0.1 1.0 2.9 9.1 | 0

.| loss on ignition (%) ‘ 1.11 1.14 105 | 1.08 1.17

134 Thermoplastic polyester-based polyurethane aqueous emulsion having 65 percent solids,

- anionic particle charge, particle size of about 2 micrometers, a pH of 7.5 and a viscosity of 400
cenfipoise (Brookfield LVF) at 25°C,

¥ Thermoplastic polyester-based polyurethane aqueous dispersion having a solids content of
62 percent, pH of about 10 and average particle size ranging from about 0.8 to aboutz 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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ft |bdinl.862.241.941.631.16 Inpact .. kJ/nR7.899.508. 236. 914. 92 unnot ched
| ZOD ft | bdin21.822.921. 1-20.522. 0 | npact kJ/nQ92.43971§GE@kﬂﬂ88299$3.28
dass ¢ §iMgdse 932. 632.432. 332. 4 As shown in Table 313,
strandsag%atedgaﬁth boron nitride particles 15 (Sanplepq? P§ accordlng to
-the present invention exhibit inproved tensile strength and notched |zod

| npact properties and simlar tensile elongation and nodul us, flexural
‘strength and- nodul'us and unnotched |zod inpact properties when conpared to
a conparative sanple having sim |l ar conponents which did not contain boron
nitride in nylon 6,6 reinforcenment. Wen evaluated using nylon 6 resin .
under simlar. -106 -1-1-n-.. WD 01/68752 16 Septenber 2004 PCT/ USOL/ 08684
conditions, t h@qmﬁﬂsﬁqéﬁnnesofeaqhmma abayecoalgtiglasa dibersaniplas aneddtlei npact

" propertie t ts in the .
roint s <GoMHaratiRlsAaEY el efuuie Wbinkn & ARG 5 48 Rof@RIRRS ol se
conposi t i %6 ﬁé’ltbrpm@!ce&S&&Qﬁﬁdd NYs mumd‘aaew(eemoxo NTidched) plagaed) aqueous
formn Sé 0si tion are in a sikmlar manner to that di scussed

above. BRUTENE5 Fv2lY %‘P@ é@?"ﬂfh JEngHe Slpngation and tﬁ/B$'Ght basi s
was i ncl uelrﬁsauue HRO6IINAEASTIM M@fhod tﬂem%%rai Q@er@wsﬁulﬁebiu% Fie i ze.

conposi ti ons of Table 4A was coated onto G 31 "ass f s.- Each

of the forReeTdiIngte ASIMhMetpd Du7R0; aad nsntsvheséagdwnnqme@ldmd impactiitengtibl e 4A |
VEI GHT PEBCENE; Qg‘,ﬁ@,lgmg S‘Eg %%@Eﬁﬁ COVPO\IENT PQRS
t her nopl asti c pg% ur et hane ?g\b ﬁg%g‘?g%%g
e 3B presents the results of tests conducted on composites formed using
1 0 a conventional nylon 6,6 matrix resin.

———

TABLE 38
Samples
units K L M N Comp.
_ Sample Z
Tensile Strength | kpsi 27.1 276 27.3 27.4 - 26.2
MPa 186.9 | 190.34 | 188.27 | 188.96 180.68
Tensile Elongation- | . % - | 3.32 3.37 3.36 3.42 3.32
Tensile Modulus mpsi 1.48 1.55 1.47 1.44 1.51
GPa 10.2 | 107 10.1 99 - 104
Flexural Strength kpsi 446 46.3 45.7 45.5 440
e MPa 1§ 307.6 319.3 315.2 313.8° 303.4
Flexural Modulus mpsi 1.52 1.56 1.54 1.54 1.5
' GPa 10.5° 10.7 10.6 10.6 10.6
notched 1ZOD it Ibfin 1.86 224 1.94 1.63 1.16
Impact . .
o kiim* | 7.89 9.50 8.23 6.91 492
unnotched [ZOD ft Ibdin 21.8 229 211 - 20.5 22.0
Impact .
- kJ/m?* 92.43 97.10 89.46 86.92 93.28
Glass content % 329 326 324 323 324

As shown in Table 3B, glass fiber strands coated with boron nitride particles
1 5 (Samples K-N) accordlng to the present invention exhibit improved tensile strength
“and notched lzod impact properues and similar tensile elongation and modulus,
flexural strength and modulus and unnotched Izod impact properties when compared
1o a comparative sampie having similar components which did not contain boron

nitride in nylon 6,6 reinforcement. When evaluated using nylon 6 resin under similar _
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pol ymer' 3' - thernoplastic polyurethane filmform ng 34.4543. 143134. 45

- pol yner' s pol yoxyal kyl ene pol yol copol yner 0. 220. 270. 2706Xepigrolérd209d d
pol yest o bkrsgant 4. 86. 06. 04. 8 ganmma- am nopropyl 1. 84. cidusdiosds

tri ethoxysilane coppling agent gamma-urei dopropyl 2.222.782.782.22

triethoxysilane coupling agent am no-functional organo silane

. 0.10.120.120.1 coupling agent POLARTHERM PT 1601333. 3. 16.700 "7

Ther nopl astic pol yest er-based pol yuret hane aqueous enul si on havi ng 65
percent solids, anionic particle charge, particle size of about 2

m croneters H,of . 7.5 and a, vi scosi t f 400  ceptipoise (Brookfield:
LVF) at 25°€?‘d%°‘5)§1é$%{5'b9r8%‘%'11%‘“%’| ‘9%%"?@?9%@8@83%@%‘? @PH&H@%&[@@G@S \

di sper si onydravongbsengsd. i ds content of 62 pércent, pH of about 10 *
.and-average particle size ranging fromabout 0.8 to about 2.5 microneters.
139 POLARTHERM r) PT 160 boron nitride powder particles, which are

~comercially available from Advan I cs Corporation of Lakewood,

+ Chio. -107 WO 01/68752 16 Sept enbe CTI US01108684 WEI GHT PERCENT OF
" COVPONENT ON TdEesh cbihe @snBABnS iSHidrimanRaEMENTAREE 4AMERUfixed to

200314000 733, | L gni ti % 0.520.810.800. 64, Co it l |
~of each 01ilf gw%g&%%g\%g%@gé}g'ﬁé g?@e@§€9%ﬁfg%93|€§°°arf@‘qﬁ?ﬁh%ﬂ'%gg';t.ievzagngfe
Z of Tabl am@htiatoEacinaqueons fortigsizetdnissdition waispiésred s dmilar manner

- to that discussed above. Less than 1 weight percent of acetic acid on a total wéight .
basis was included in each composition. '

10 Each of the aqueous ferming size compositions of Table 4A was cdaied onto
G-31 E-glass ﬁber_strands. Each of the forming size compositions had 10 weight
percent solids. ‘ | '

Table 4A _
WEIGHT PERCENT OF GOMPONENT ON
TOTAL SOLIDS BASIS '
. _ . SAMPLES
COMPONENT P Q R S
thermoplastic polyurethane film-forming 23 28.76 28.75 23
polymer™ :
{ thermoplastic polyurethane film-forming { 34.45 431 43.1 34.45
-1 polymer'™® :
polyoxyalkylene polyol copolymer 0,22 0.27 0.27 0.22
epoxidized polyester lubricant . 48 6.0 - - 6.0 4.8
gamma-aminopropyl 1.84 2.3 23 -| 184
triethoxysilane coupling agent ' :
gamma-ureidopropyl ' 2.22 278 | 278 222
triethoxysilane coupling agent ’ ' -
amino-functienal organo silane 0.1 -0.12 0.12 0.1
coupling agent , : o
POLARTHERM PT 160 ** ' 33.3. 16.7 0 0

‘”_Thfannnp]asﬁc polyester—!:ased polyurethane aqueocus emulsion having. 65 percent solids,
-anionic particle charge, particle size of about 2 micrometers, apHof 7.5 and a viscosity of 400
centipoise (Brookfield LVF) at 25°C. '

“3“ Thennoplasﬁq polyester-based polyurethane aqueous dispersion having a solids content of
62 percent, pH of about 10 and average particle size ranging from about 0.8 to about 2.5 -
micrometers, o

¥ POLARTHERM® PT 160 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.
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5400 x 2.5 mllineters (16 x 16 x 0.100 inches) plaques under the

- conditions set forth in Exanple 3 above. Each speci men WaSepieraber206d f or
tensil e wblhgsgiish, tensile elongation, tensile nodul us, petebathsedad
unnot ched | zod inpact strength as discussed in Exanple 3 above at the
gl ass contents specified below The color tests were performed on

conposites having a thickness of 3.175 10 mllinmeters (1/8 inch)- and a
~diameter of 76.2 mllinmeters (3 inches) using a Hunter colorineter Mbdel
D25-PC2A. . To evaluate material handli ng characteristics, funnel flow tests
wer e conducted on sanples of cho ss_fiber. The funnel was ei ghteen .
i nches | ong and had a seventeen ﬂ@ﬁ—&éﬂ!‘p@r opening at the top and a two
inch opefing on the bottom The Tunne I?HT *
--recorded}15. for 20 pounds of sanple pat erllal‘i% nel .
The PD-| {0z~ test evatuates tiereststance- uthﬁélébbfLé‘“Baé. ass—i-b
sanpl e t'J-f—H—a-nem-é ' Sty--—g-airs-of—sahpi-e; % sive
mat eri al Hg ""?&%ﬁw i s Mo e/ 1@ uwhikh Re comme ci hl |y
avai | abl § N:] LPn Product.s.— Conpahy) Sndla  @nvehti Al {0833 ype

anti st at f.c—dryer th::,f were enclosed fn a 4 lliter stalnless 2p steel | beaker
~and vi br| ;jseﬂ_usgmaorh(ﬁed Devi |l paint bh&&* Hodé.8640DE30.80r &i)0.641 fut es.
. The vibrated material.was screened using No. 5 and No. 6 US™ Standard

f esting si eves.Cdrhpositeisghiplasaf eadt ofthe iaba\re CORt@ glass i%bé'{i %gﬁ;fﬂé@ aﬂQ tﬁ%‘ 4B
screens a e e e is. reported below. Table
presents %ﬁgqﬁgﬁq géﬁgletzggtﬁgb%*m%&q‘@d" ﬁemﬁ‘?@@dﬁ%Pmﬁc%é@%y 25

Sanpl e$ P@oa«msﬁameﬁ 16x 8Pl B04ndkes :
VANTALC 200% tal c:£o ( art i cles, whi cﬂﬂg%és%hr%%{a&cel af‘f’@%{/@?ﬁf&%’? e from

RT. VandeFrample ach specimenyiasevaluated fore tensit strengli derBile | e 4A
Cont ' d. 108684 Sanpl
(Con ) eldfgafidnt, Q&?S‘ﬁa Jﬂﬁhﬁ AGRCH& m%{eg %g]pg%#ﬁ% 30 6 anpi e

uni t sPQRSConp. Sarrpl e Z Tensile Strengt
Mpa203. 51911‘602&%?1!’ in Exampieod aboveat die glags condenits spedificdidldva2. 982. 973. 01

Tensil e Mdul usiaelsidi9ody dak/gliibrmied 6 Lomposites having a thickness of 3.175
10 ‘millimeters (1/8 inch) and a diameter of 76.2 millimeters (3 inches) using a Hunter
colorimeter Model D25-PC2A. To evaluate material handling characteristics, funnel
flow tests were conducted on samples of chopped glass fiber. The funnel was
- eighteen inches long and had a sevénteen inch diameter opening at the top and a
. two inch opening on the bottom. .Thé funnel was vibrated and the time was recorded
15 for 20 pounds of sample material to flow through the funnel. The PD-‘Ib4 test
evaluates the re5|stance of the chopped glass fi ber sample to filamentation. Sixty

grams of sample, 140 grams of an abrasive material (ground walnut shell particles
No. 6/10 which are commercially available from Hamhon Products Company) and a
_ conventional foam type antistatic dryer sheet were enclosed in a 4 liter stainless
20 steel beaker.and vibrated using a Red Devil paint shaker Model 5400E3 for six

' minutes. The vibrated matenal was screened using No. 5 and No. 6 U.S. Standard

testlng sieves. The welght percent of fuzz material collected on the screens asa
: percentage of onglnal sample is reported below.
| Table 4B presents the results of tests conducted on composites formed using
25 Samples P-S and Comparative Sample Z using nylon 6,6 matrix resin.

9 VANTALC 2003 talc powder particles, which are commercially available from R.T.
: Vanderblit Company, Inc. of Nomalk, Connecticut.
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Gpal2. 8612. 2611. 8612. 012. 05 notched | ZOD ft
- I npact kJ/ nR8.908. 318. 237. 559. 58 unnotched |1 ZOD ft
I t/1 n24nwRPeuésdsa 8. 22. 226. 4 | npact kJI nR105. 5899. 2296. 67 9é1iidbi/dssd¢ Act ual

Loss on 9%9. 810. 520.800.64' 1. 17 Ignition PD 104%. 30. 70. 11. 40. 1 Funnel
-Fl owseconds13. 815. 215. 423. 513. 0 Wi teness | ndex-15.1-12.0-17.6

It/in2.101. 961. 941. 782. 26
16 September 2004

.-18.

5-18. 2

~ Yel | owness | ndex40. 037.542.5.43.443.6 G ass cont ent %33. 303332. 9031. 7033. 80
‘As shown in Table 4B, glass fiber strands coated with boron nitride

particle

and nodu

.. conponen

~reinforc
in Tabl e
~accordin

was prep

about 1

i n each

yel | owne
- 109

5

10

15

S.

| us, fl exural st

s. which did not

rength

cont ain.

and nodul us,

5 (Sanmples P--S) according to the present
I nproved whi teness and yell owness and simlar tensile strength,

i nvention exhibit
el ongati-on

7 and not ched and unnot ched Izod
inpact properties when conpared toyagiEy@arati ve Sanple Z having si m | ‘ar
b‘GT"U‘n'—"nltrldeln nyl on 6, 6 ‘

bnent . 10 EXAMPIES Each| of the conpone8amplen t he anounts spt forth
5 were m xed tﬁ _fonitg agueops flormm ngl sire corrrsmtlo&gmﬁ[ and U
to the preseny inventipn. Egch aqueous fdrni ng diggnge@psition
TeAsileBtrergthn | 41 RpeNeT | [ 9o EMYT ogkp- | UpEFUIS OBy PDJVE 2g&SS| t han
O PerCent 9T Mgd o Baab Mgy 5 Her @ |IHb1 ey Sogey _ic! uded
" \y aPr e g Pt th f eSS
5?"‘_ Jetsie, Elb;@ﬁlgﬂu et—Hh—eohp; DBL 3:% Apaz38; Ag p! es S0l bng L
'f"%!@l QOUYS oot o8 2h0 BB dT] nm@A 17417 | 1748
MRk ) “G‘ a 12.86 12 26 | 1186 | 12.0 12.05
notched 1ZOD ft Ibdin 2.10 1.96 1.84 1.78 2.26
Impact : ) '
kJ/m? 8.90 8.31 8.23 7.556 9.58
‘| unnotched 1ZOD ft Ibfin 249 234 228 | 222 264
1 impact o .
- kifm* | 10658 | 99.22 | 96.67 | 94.13 111.94
Actual Loss on % 0.81 0.52 0.80 0.64 1.17
. { Ignition : ' '
] PD 104 % 1.3 0.7 0.1 1.4 0.1
Funnel Flow seconds 13.8. 15.2 15.4 23.5 13.0 -
Whiteness Index -15.1 -120 { 176 | -185 -18.2
Yellowness Index 40.0 37.5 425. | 434 436
Glass conient %’ 33.30 33 32.90 | 31.70 33.80

As shown in Table 4B, glass fiber strands coated with boron nitride particles

_ (Samples P-S) according to the lﬁresent invention exhibit improved whiteness and

yellowness and similar tensile strength, elongation and modulus, ﬂéxural strength
and modulus, and notched and unnotched Izod impact pfoperties when compared to
a Comparative Sample Z having similar components which did not contam boron
mtnde in nylon 6,6 reinforcement.

EXAMPLE § |
Each of the components in the amounts set forth in Table 5 were mixed to
form aqueous forming size compositions T and U according to the present invention.
Each aqueous formlng size composition was prepared in a sitnilar manner to that
_-d' scussed above. Less than about 1 weight percent of acetic acid on a total welght
' basis was included in each composition. Table 5A presents the results of whiteness
and ye!_!owness tests conducted on composites formed using Samples T, U and
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Conparative Sanple Z (as discussed in Table 3A of Exanple 3 and repeated
- below) using nylon 6,6 matrix resin. The col or tests WerSeppantierr266d on
conposi masohiesrsng a thickness of 3.175 millinmeters (1/8 pgwtgoi1asstsa
dianeter of 76.2 mllimeters (3 inches) using a Hunter col orinmeter Model
-D25- PC2A. 5 Table 5 WEI GHT PERCENT OF COVMPONENT ON TOTAL SOLI DS BASI S
SAMPLES' COVPONENTTUConparative Sanple Z thernopl astic pol yurethane film
31.3528.7534.5 form ng po thernoplastic pol yurethane film 46.943.151.7
form ng polynmer' "™ pol yoxyal kyl ene pol yol copol yner 0. 30. 270. 3 epoxi di zed

_pol yester | ubricantf.556_07. 22 ganmma-.ani hoor | 2.82.32.76
DTl Lt hoxy SOMBRESRR RS 2 g TEoBarmE ol o bl Examea 3ol Feated beiow)

t ri et hoxy gsihg #§ioh® @i rRSiAN Tha ebibPebidvdrd geﬂbmﬁdg@r&nspdsaé@hﬁm@- 120.714
-coupl i ng agent RELEASECOAT- CONC 251439. 116. /0 Wi t eness_ ' ' B
_I ndex- 16. 8hisknessef 3. Yo mitimsiess (V& nehsandssdiametes of 76 millmetsei3 i n Tabl e 5,

Sanmpl es TiRAds Lbsiﬁgaéﬁuﬁ%%&gﬁr%tb MBdeliBgs08c240NPosi tion cont ai ni ng boron
~hnitride particles Taccording to the present 1 nvention, 10 had | ower
whi ten®ss indices in nylon 6,6 than a Conparative Sample,Z of a sinilar
formul ati on which did not include bqraBila#i tride. 141 Thernopl astic
. pol yest er - based pol yur et hane aqueou si on having 65 percent solids,

ani oni c pafticle charge, particle s 1eNVgIGRDPERGENT OFTCOMPONENT ;PH of 7.5
~and a viscpsity of 400 - ON TOTAL SOLIDS BASIS
: SAMPLES
COMPONENT T U Comparative
: ' e : Sample Z

thermoplastic polyurethane film- 31.35 28.75 34.5
forming polymer'! B .

| thermoplastit polyurethane film- - 46.9 431 51.7
forming polymer™® '
polyoxyalkylene polyol copolymer 0.3 0.27 - 0.3
epoxidized polyester lubricant 6.55 6.0 7.22
gamma-aminopropyl 1 25 23 - 276

1 triethoxysilane coupling agent _ ’
gamma-ureidopropyl 3.0 278 . 334
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 -156.0 - =20.7

| Yellowness Index 393 | 38.1. 42.7

As is shown in Table 5, Samples T and U, each coated with a sizing
composition céhtaining boron nitride particles according to the present invention,
10 had lower whiteness indices in nylon 6,6 than a Comparative Sarﬁﬁle Z of a similar
| formulation which did not include boron nitride. .

! Thermoplastic polyester-based polyurethane aqueous emulsion having 65 percent solids,

- anionic particle charge, particle size of about 2 micrometers, a pH of 7.5 and a viscosity of 400
centipoise (Brookfield LVF) at 25°C. ' :
2 Thermoplastic polyester-based polyurethane aqueous dispersion having a solids content of
62 percent, pH of about 10 and average particle size ranging from about 0.8 to about 2.5
micrometers. , e
2 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride particles in agueous
dispersion which is commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.
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~.centipoise (Brookfield LVF) at 25C. 142 ' Thernopl astic pol yester based
. pol yur et hane aqueous di spersion having a solids cont entté@eptsabay004nt , pH

of about average particle size ranging from about out 2.
mi cr on‘et‘gg}gu%g%g RPAL BORON N TR DE RELEASECORT- (e 25P oy Pshitad™!|

particles in aqueous dispersion which is commercially available from ZYP
Coatings, Inc. of Cak Ridge, Tennessee. -1 1 0 16 Septenber 2004 WO

01/ 68752 PCTI US011'08684 EXAMPLE 6 Five | ayers of ADFLO C'= needl ed chopped
gl ass fiber mat, which is comrercially available from PPG I ndustries, Inc.,
were stacked to forma mat having a surface wei ght of 4614 grans per
square meter (about 15 ounces per EggMN.E‘ﬁfoot) The thickness of each

sanple was 25 nillineters_ (about ch Four, ei uare sanpl es of
.this mat were hig¥elayemspf é"DS:J,-PpQr aﬂq}"ld d’i""%‘@ﬁ'@'?s&f&&[ ag?'gb‘fi} Sto renove :
essenti.al 'é/orﬁthlarcgil!gfabﬁlaﬁiezﬂdﬁgPP@"!H@&L%‘TESS irfol, Weré BRcRAR!6i%n a RV hERGat ed

sanpl es were use S conparative sanpl es Conparative Sanples"). The
. ot her two aaumBeewIgiSoifb R grains\per equlrg rdaleput 16 QuaessParsqUdBat h 10 of an

agqueousg coatj.n L i I <L QIS C BORON

2O g0y BB L U Ao il b 4 il SFRAC B0
Sol ut Fifndé‘?mi?‘“fg’?mﬁﬁé"ﬁ‘“"mﬁ" Svpr opyL LT .“‘ﬁ%’?’ﬁ?‘”’“‘” We%‘ﬂ'?‘?ﬁ?if’“iol  ds
of the aqutRsF)odg eﬁgﬁﬁgaﬁ%ﬁ‘e\/ﬁ ng, omBpQfE Sthe anpunt of
boron nitride m&uﬁhfhie:ﬂéarﬁﬂ& Wef ds@d%%bmﬁaiatﬁemslewcmrﬁvem The

coated mat sa I‘?s were dried in air overnight at a tenperature of 25C and
heat ed i n. Samples?. Ahe oiectwasanepleeESamplers) WE%‘FiPB%QaQﬁsat%’&WHI'%é

Cermer b ur SEin pBRR ool T b ARt g Bf 1P I P RORPAS BN i ch
i s specif i NERIDE RIAEARECOATCONG aseweglm@ermnebpronwmdwamm froan t hermal
conduct V! SR SR 56 15 lie 5P A PRRRRE i Shpiaer " T
(cent i et eAs)87.ganinddlydidonerapyiimethbXysiate 7theltbtal solids of the aqueous
- coating composition was 18.5 weight percent. The amount of boron nitride particles
15 applied to each mat sample was 120 grams. The coated mat samples were dried in
air overnight at a temperature of 25°C and heated in an oven at 150°C for three |
 hours. | _
Each set of samples was evaluated for thermal conductivity and thermai
resistance in air at temperatures of 300K (about 70°F) according fo ASTM Method
. 20 C-177, which is specifically incorporated by 'reference‘herein. The values for thermal
conductivity and thermal resisiance for each sample are set forth in Table 6 below.

Table 6 _
Sample
ST X Comp. Sample
Thickness (inches) ‘ 1.09 1.0
(centimeters) - 277 2.54
Temperature (°F) = . 75.62 74.14
(°C) 24.23 23.41
Thermal conductivity - -
Btu inches per hour square feet°F 0.373 0.282
Watis permeterK = 0.054 '0.041
Thermal resistance
.| Hour square feet °F per BTU 2.92 3.55
Meter® K per Watts . 0.515 0.626
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(C) 24.2323.41 Thermal conductivity Btu inches per hour square

~feet FO. 3730. 282 Watts per neter K ,0.054'0.041 Thernmal 16e3dperalmar@0bdur
squar e fgglhiklrsper BTU2. 923.55 Meter2 K per Watts0. 5150. $684\O

01/ 68752 16 Septenmber 2004 PCTIUS01/08684 Referring to Table 6, the
thermal. conductivity at a tenperature 300K of the test sanple coated with
boron nitride particles according to the present invention was greater
than the thermal conductivity of the Conparative Sanple which was not 5
coated with boron nitride particles.” EXAMPLE 7 Filament wound cyl i ndri cal
conposites were prepared fromsanples of G75 yamcoated with sizing G.of
Exanpl e 2 above_and 1062 bgll ass fiber yamthat is 10 cormercially avail able

from PPG | ndusttgiegingte,da ¢ﬁeﬂv@>tln¢m@b¢@du@tr\@ty Bt 2 frampatatvge SQQKaoﬁthg ei ght -
-end f t ls .
ggt Sf grtﬁq‘%gél ow, and f |?H-prrgé1r¥"vr\'n&ﬁ%tbé}ﬁ?%$§c am | tme b'té%?ﬁﬁé ?35‘ rrghglroga >

usi ng a vas\gseatentnan the thgrmaitcomiuutiwt}gofeihmGnnpamtweESallnptefwmﬂewas( hothders was
12,7 cgn ﬁ%@"%‘(é’ﬁﬂ %'1‘ h, had an internal diameter of 14.6

centi nmeter I'nc d a wall thickness of 0.635 centineters
(0.25 inches). The matrix materials were a mxture of 100 parts EPON 880

.epoxy resin (comercially availab Shel | Chenmical), 80 parts
AC-220J nethyl tetrahydro phthal |&i’k§g}r—¢7 de- (comrercially available from

Anhydri des andFﬂhﬁﬁhmblmd ﬂﬁdnc@fcon%éﬂ&( RigHe
ARALDI TEO DY 062 é dldr¥et hyl am ne Owgccel%?g?gy% saﬂﬁ%”ﬂ%@?

avai | abl e YPgrRate & Oﬁiﬁ@"mf? &ﬁbﬂYe mmﬁwassﬁ@sr yarmtatds cur ed f or
two hegy s c%n@&glﬁ%:lélﬂ@ FrohBPG rﬁﬁc{iﬁtﬁé@ Ung, &he g:apn(&exgyés}e lp?% ?é%#; her mal

di f frusi vi ty (thermal conductivity! (heat capaci ¥ each test
sample in ﬁwln&ﬁtﬂhﬂé'ﬂ@rfrﬁyﬁwrw agraposipply, onmlnglttleyarh withethe ydatibder wal | of

55 oppou 1t Setfolf bk hd A AN S8R it o b ETRGHERILRRE LERE, o1 of
up. to 200@ coﬁvm:;a! filament exindiog aﬂiintatual Felch dlthe ¢ylindersalvass2.7er e al so
o hel ght CERrRero Rl hiaf e et Sebten AT UEtSFR (5791 L h bel ow i n
~ Tabl e15. :nches) and a wall thlckness of 0.635 centimeters (0.25 inches).
The matrix materials were a mixture of 100 parts EPON 880 epoxy resin
{(commercially available from Shell Chemlcal), 80 parts AC-220J methyl tetrahydro
phthalic anhydride (commercially available from Anhydrides and Chemicals, Inc. of
Newark, New Jersey), and 1 part ARALDITE® DY 062 benzyl dlmethyl amine
20 accelerator {(commercially available from Clba-Ge[gy) The filament wound cylinders
were cured for two hours at 100°C and then for three hours at 150°C.
The mdial thermal diffusivity (thenﬁal conductivity/(heat cépacity X density))
of each test sample in air was determined by exposing one S_ide of the cylinder wall
‘ of the sample to a 6.4 kJ flash famp and sensing the ternperaturé change on the
25 opposite side of the wall using a CCD array infrared camera at a rate of up to 2000
frames per second. . Themmal diffusivity values were also dete:mined along a length

of the yam (clrcumferentual) and along a length or height of the cylmder (axlal) The
test results are set forth below in Table 7.
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. -112 77 WO 01/68752 16 Septenber 2004 PCT/US01108684 Table 7 Ther mal
. Diffusivity (m®/sec) radial axi al ci rcunferenti al Sanpl ef® Seiflerdtél. 2004
Conpar agj,.V, | e0. 380. 380. 57 Referring to Table 7, th f thernal
di ffusi viotd}r or the test sanple (which was coated wthﬁgi(@lswﬁgmunt of
boron nitride) are |l ess than those of the 5 conparative sanple, which was
not- coated with boron nitride. Air voids in the filanent wound cylinder
‘and. the small sanple area-tested are factors that may have influenced
these results. EXAMPLE 8 10 he coefficient of thermal expansion in the

e-z-.dire'ction of alamnate - (Z-CTE" ), i.e., across the thickness of the .
| am nat e, eval uated for |am nat}a_bl_e_irrpl es each containi-ng eight |ayers

of 7628 sty C"*""“HC PP e --Fr-Sapes e goat-edyar-Gdi scussed
“in Exanpl el.l)—and BQRPcf;r ch-loil coaté ot A nffusl}qlny mﬂﬂ?ﬁ in- ljzva.n:pl e 1) :
(Control).{ The |anminate was rpmﬁﬁdﬁl uslng taAFR 1k Qmefﬁﬂﬂ@‘n di scussed
i n Exanpl ] $ambleve and clad with &3bper |acch-8Bng th [ PCOAst Mt hod

2. 4. 41, wh| Comparalive Safripieal Iyl i ndb8®or al ed b.38ef erpnce HWEB%in. The
coefficient of thermal expansion in the z-direction was eval uated for. each

I am nate sanpRefealingA8AebRCEK Weldlges of therfall ifbsiilytibatle fest sdhpleThe results
of the evaluations are_shown in Table 8 below 20 Table 8 Sarrlzl)_@ez CTE (h)

Sanpl e B {which was epaipd witia small @moust efjberon nittighare lessthan thosg B'~
| (fet t ©b) decifiparatii Sankpie rich waIRbtoBted with Bobbre lricé: a\@rmt.ﬁme 15.0 Cont ro

filament wound cylinder and the small sample area tested are factors that may have
- influenced these results.

| 'EXAMPLE 8
1 0 “The coefficient of thermal expansion in the z-direction of a laminate
| ("Z-CTE"), i.e., across the thickness of the laminate, was evaluated for laminate

sémples; each containing eight layers of 7628 style fabric prepared from samples of
B, coated yam (discussed in Example 1) and 695 starch-oil coated yams '
(discussed in Example 1) (Control). The laminate was prepared using the FR4

15 epoxy resin discussed in Example 1 above and clad with copper according to IPC
Test Method 2.4.41, which is specifically incorporated by reference herein. The
coefficient of thermal expansion in the z-direction was evaluated for ea&t laminate
sample at 288°C according fo 1PC Test Method 2.4.41. The results of the
evaluations are shown in Table 8 below.

20
"~ Table 8

5 Sample ' Z-CTE (%)
Sample B,,.1 _ 4.10
Sample Byl Bl (retest) - 4.41
Sample B2 - 4.06
Sample B2 (retest) 4.28
Sample B,..3 . ‘ 4.17
Sample B,,.3 (retest) ' 4.26

{.Control 1 ' 5.0
Control 2 ' - 54
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-113 WD 01/68752. 16 Septenber 2004 PCTIUS01108684 As shown in Table 8,

- for lam nate Sanpl es A7 A3 according to the present i rnéddptanbertdond

coef fi civandigesed2 t hermal expansion in the z-direction of sdreudoaniesat es are

| ess than those of Control Sanples 1 and 2, which were prepared from 695
starch- oil coated-yam 5 EXAMPLE 9 Each of the conponents in the anmounts
set forth in Table 9A were m xed to form aqueous primry size conpositions
‘AA, BB and CC according to the present invention. Each aqueous prinary

st zi'ng conposition was prepared in a simlar 10 manner to that discussed

above. Less th ' Is r t .of acetic L4 _on total weight basi.s
was incl uded i %%eéa.'gﬁﬁélg%gggt fogﬁa'm:%ao{ﬁ ?Whﬁsréﬁégﬂ%@"g?%ﬁﬁd’reﬁﬁposi tions
of Tabl e Bwention, teteafficderitsof thbmia eksngiondn the PdifectbeBthe idifihaet'zpgds. Each
.of the co fe%ﬁs f}ger cﬁn%ranfls was dried, twisted to formyam and .
wound ont 5B ¢ g GortralSeaplesd ang 2, wdighgvers praparecbinem 68%istarch g

equi pnent gjt déted yasans coated with the sizing conpositions exhibited

m ni mal. si zing shedding during- twisting. WD.01/ 68752 Tabl e 9A 16 Sept emnber
' 2004 PCT/ US01/ 08654 WEI GHT PERCENT OF COVPONENT ON TOTAL SOLI DS BASI S
SAVPLES COVPONENTAABBCC PVP K- 30 %4. 713. 4 STEPANTEX 653

- 14530. 029. 927. 3 A-187 '461. 81. 81. 3.73.73.3 EMERY 6717
1482. 42. 42. 2 NEach oUherompoderts &1 the @mbufts set forth in Table 9A were mixed to

form aqueous primary size compositions AA, BB and CC according to the present
invention. Each aqueous primary sizing composition was prepared in a similar
- 10 manner to that discussed above. Less than 1 weight percent of acetic acid or-1. a total
' weight basis was included in each composition. Each of the aqueous sizing

compositions of Table 8A was coated onto fibers forming G-75 E-glass fiber strands.

Each of the coated glass fiber strands was dried, twisted to form yam, and
' _ wound onto bobbins in a similar ménner using conventional twisting equipment. The

15 yamns coated with the sizing composi_tiohs exhibited minimal sizing shedding during
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- TMAZ- 81 7503. 3.3.33.0 MAZU DF-138 "0.2.0.20.2 ROPAQUE HP 1055152042. 40
- ROPAQUE OP-96' S342. 3' 038. 6 RELEASECQOAT- GONG 25' 540. 06. 3IoREapiembErfAA0RT 160
15500. 2.¥§0Y¥aw8753i zed with the each of the sizing conposikinoseifedds BB and
CC) were wused as fill yamin weaving a 7628 style fabric using a Sul zer
Ruti Model 5200 air-jet 74 PVP K-30 polyvinyl pyrrolidone which is
comercially available from|SP Chem cals of Wwyne, New Jersey. 145
STEPANTEX 653 which is comrercially avail able from Stepan Conpany of
Maywood, New Jersey. 146 A-1 87 ganmma-gl yci doxypropyl trirnethoxysil ane
which is comercially available fro Wtco Corporation of Tarrytown,.
New York 147 A-174 gammaanet hacryl o ; | trimethoxysilane which is
PERCENT'OF EONPONENT 1
TOTAISS 118 5

. _ : eIcHY
 EMERY(r) 6717 partially am dated pof yet hyjg

avai | abl e from Cogni s Corporati.on.pf—Crrci SR i OP-10
et hoxyl at ed [@arkvyl pmmboNE‘N-,b materfat imoi AH-a—Ea—MAGO 0{SP except -
- . + tox ot .‘.:".{ ¢ (d=¥a r alVWZ=Y B._Q C. (:(l CP- 10

t hat CP- 10 = @ A PU‘)L it
s no | ongerl e iak30 &1

tlie derivative

of a sorbitd 43 i al $§0ayaj . rp. of
Par si ppany, lersey 18 MAZU DH 136 fehti - floani hg_agent Wi chlis
comer ci al | rom BASF Cdrp. &7 Par|si ppaifiy, New 3& Sey. 752
ROPAQUE(r) HIEMBBY 6717 8 ni cron_par tf cl e 20§ Sper|si orgwhi ¢ T sa@ommérci al |y
avai | abl e f {MACBLIOR-408° Haas Conpdny of.6°Ni T gdel pliga, ia. 153

- ROPAQUE(r) QRWAZ-80'85 micron partijcle @gigpergron 3\/3| chs—ggmredcial ly
avai | abl e f [WAZEBF i L R G il 3 fc..nﬁémi a. 151
QRPAC BORON [TROPAGBERIPAGS =R T - CoE—25—goron -t isge—e spc.o,: eA{whi ch I's
commerci al | y ' P GR#RT 2 YP—Cogt+nes e+ RHdge —Tennessee. 755
- POLARTHERM 1 '?A“"'_E,gpmd pnitrpde tooweiaSwhidh s ci386y Avail able
from  AdvandeeaotbOn 31 od-of 1%keundd. ﬂg 0 -1152%1) 01/ 68752 16

Se'pterrber 2004 ’H.E £ 34 0

Yams sized with the each of the_si'zing compositions (AA, BB and CC) were
used as fill yam in.weaving a 7628 style fabric using a Sulzer Ruti Model 5200 air-jet

1% PVP K-30 polyvinyi pyn‘olidorie which is commercially available from ISP Chemicals of .
Wayne, New Jersey. - ' ' '
"*'j STEPANTEX 663 which is commercially avatiable from Stepan Company of Maywood
New Jersey. ' - ’
* A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from
V\ﬁtoom Corporation of Tarrytown, New York. . _ yavelene .m oK
¥ A-174 gamma-methacryloxypropyltrimethoxysilane which is commercial ava;l bl

: SsK Witco Corporation of Tarrytown, New York. Y aveiable from ‘

EMERY® 6717 partially amidated polyethylene imine which is commercially available fro
- - o - m

E’pgnts Corporation.of Cincinnati, Ohio. _ ) !

MACOL OP-10 e_moxyiated alkylphenol; this material is similar to MACOL OP-10 Sp except
that OP-1_0 SP receives a post treatment to remove the catalyst; MACOL OP-10 is no longer
?sgmmerc:ally available, : : ‘

TMAZ-81 ethylene oxide derivative of a sorbitol ester which is commercial availab}

- ,BsfSF Corp. of Parsip_pany. New Jersey. : Y © fom
=t WU DF-136 anti-foaming agent which is commercially available from BASF Corp. of
!:grsuppany, New Jersey. =~ . ' .
ROPAQUE® HP-1055, 1.0 micron particle dispersion which is commercially avail
s able fro
%hm and Haas Company of Philadelphia, Pennsylvania. Y " ;

ROPAQUE® OP-6, 0.55 micron particie dispersion which is commercially avaiiable from
E?hm and Haas Company of Philadelphia, Pennsylvania. :

ORPAC BORC?N NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
::sgmmerclaﬂy available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

POLARTHERM® PT 160 boron nitride powder which is commercially available from -

- Advanced Ceramics Corporation of Lakewood, Ohio.
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| oom The warp yamwas a twi sted G 75 E-glass fiber strand with fiber
. coated with a different resin conpatible sizing conpodbtSepteriter 2004
fabrics ' sequently prepregged with an FR-4 epox ' ing a Tg
of 140Cw\(/(\5cei'{e1§6|szénigt ed 4000-2 resin by Nelco Internati ona*C@EJr%BQ?a ‘I on of
-Anaheim California). The sizing conpositions 5 were not renoved fromthe
fabric prior to prepregging. Lam nates-were nade by stacking 8-plies of
the prepregged material between two | ayers of 1 ounce copper and
| amnating themtogether at a tenperature of 355F (about 179C), pressure of
- 300 pounds per square inch (about 2.1 negaPascals) for 150 minutes (total
cycle tilpem. Thewam ydmwas adWwistddeG{78B-glassefibenstramd witle fipsraoateangitha f r om
0. 043 inc «11 .centineters)pl 0060 .i nches (about 0.13
. centi net e?@%réng{ é%‘?%%?%b gs,’z'{’%"mﬁ?ﬁe'\*f?&t ESﬂz%ggpbsnﬁ?r&f“ tnd cc

accor di ngpteprégued Witthar FRraostp résimitaviMy 2Ty biRI0°DRASSRER) 4002 st ed as

I ndi cat ed bg g:wll {égél'%\gl e  9B. During testi nﬂfg I_am nate BB tested at t_hga .

sane ti mab& e O (Pfelpa HﬂHQPJP@'a | 'Fhﬁ‘m-_&la gig). ke sjzing eapesitionst h 'si zi ng
conpospt i RreRciTemoddd frof the Rkt priorks p%?é@?%%nﬁﬁat&@ﬁ?ef@hﬁdéﬁggl e AAL).

At a later date, |amnate CC was tested at 1t ‘e sane tinme as a Second
| ami nat e FRgking Sorliegchthe prepresgsdimatedalibstvegnitwodayersiof 1 cwnneacppenn Sanpl e

oo H o o R IRl
Fl ot SecopUa0Tpergeass ol oy by poacon o s0b 03000 D4R oL e Al St rengt h
koo 001055180 T8 HGARESRrafe Ringtel HEIL Sonnen FHoed bR RIS FoNes. ver {

' Di r-e30i o(dbolib8. 1Tiventimetersy26T0.080 irichés {abdusd.13 esntinkéters).s conmercial |y

avail abl e. fi betrQ?tIFagos ?/angl_lprod_uct designated as G 75 glass fiber yam coated
wi th PPG | ndusf¥ieEorming the damiggtes (degianatediAfy, Bip and B agepwiing tothe x ur al

St rengt ngﬁeﬂawhagﬁéﬁz vitfiéh theuRRE mEBEGErR te4t&d as inkithRé beldiFIH Fyid B 155
' 8B. During testing, laminate BB tested at the same time as a first laminate made
. from glass fiber yam coated with sizing composition Sample AA (hereinafter
15 designated as Laminate Sample AA1). Ata later date, laminate CC Was tested at
| the same time as a second laminate made from glass fiber yarn coated with sizing

. composition Sample CC (her'einaﬁer designated as Laminate Sample AA2).

Table 9B
_ . Laminate Sample _
Test Units AA1* | BB* | AA2™ cCc*

Average Thickness inches 0.048 | 0.048 | 0.053-0.055 | 0.053-0.055
 Solder Float ‘| seconds 409 386 - 235 253

| SolderDip = seconds 320 203 243 - - 242
Flexural Strength kpsi 99 102 91 90
Warp Direction™’ ' A
Flexural Strength  kpsi 86 81 73 -T2
Weft Direction® : '

20 * based on 2 samples
: ~** based on 3 samples

¥ The warp yam was PPG Industries, Inc.’s commercially available fiber glass yam product : -
designated as G-75 glass fiber yamn coated with PPG Industries, Inc.'s 1383 binder.

5 Per IPC-TM-650 “Flexural Strength of Laminates (At Ambient Temperature)®, 12/94,

Revision B. '

58 Ibid.
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. 16 Septenber 2004 WD 01/68752 PCTIUSO /08684 The sol der float test was

. conducted by floating an .4 inch by 4 inch square (10.16 Septanieér®@04rs by
10. 16 c g s) of the copper clad lamnate in a eut ' 011 stin

" sol der bath at 550F (about 288C) until blistering or del'am natlon was
-observed. The tine until the first blister or delam nation was then
recorded in 5. seconds. .. The solder dip test was conducted by cutting a
‘sanple of the lam'nate, renoving the copper fromthe sanple by etching,
snoot hing. the cut edges of the sanple by polishing and placing the sanple
in a pressure caoker.at 250F (about 121 C)° and 15 pounds per square inch
(about 0.1 rregibﬁ%@?"sﬂoﬂttﬁﬁwsmmbyﬂpamgrm41n0h§1y4 inch bguape essur e -

cooker te i'rf'e‘ie | t he 60 ut e ° -
. exposure, f“tqh{e@g%{t r&%g 19&?&%@@% m"f'ﬁ‘& (%ng %?Jeltawmi dry and -
di pped i nleadd:meaﬂdﬁtba&l 4t &880°R (abouti88eE) it Ilihstﬁnnlj%Eel(aﬁmﬁbn B.&SC) unti |l
blisterin b erv ti rreuntll the first blister
..or del am ﬁa# o%dj\i\.g@%rﬁgﬁnﬁ?%ec P@ﬁfﬁfﬂfﬁ%m@m Was #1560 rerrded ) testing was
conducbedsesndsdi ng to the | PC standard indicated. The |am nates AA . BB

and CC nade usi g fllaber trands sized wth sizing coansmlons AA, BB and
CC respecti vel bﬂ 9 e%q,'ez‘iﬁ%ﬁé" RRustad Y @ilinashsAAple of thedamivated) for use as

el ect T on! forfiARPhb Sobér i Beafiniild by bithing HritomiAf el O E@&\%&;&&@St s_were

al so perforned on sanples AA in Tabl e
9C. WO oﬁ%n‘ﬁﬂ&ﬁﬂ&n@@mase ﬂ@rﬂmplezmcmpresvsure WQBMF

Prossure. (obRaTnarer e éé’ ABheH O Skl it o adio0/50 B
- Gai n0¥@20Thistesd & ihes:r@sarec@okemﬁ rfesied talircthe f&bmghbleGﬂﬂﬁﬂﬂﬁfﬁﬁ 27. 0. 29 ===
_'Vt G 2% V\éhﬁm{e g?ﬂdggre? Zl'Pe 583%1(1)ple6 \%as'? ?ésrhg&e%r} rom &e pressure cooker patted dry and |
dipped into a eutectic lead-tin solder bath at 550°F (about 288°C) until blistering or
delamination was observed. The time until the first blister or delamination was then
recorded in seconds.
15 , The flexural testing was conducted according to the IPC standard indicated.
The laminates AA, BB and CC made using fiber strands sized with sizing
_ composttlons AA BB and CcC respectwely, had acceptable propertles (shown in
Table 9B) for use as electronic supports for printed circuit boards,

The following tests were also performed on samples AA BB and CC and are
: _20, set forth in Table 9C.
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form aqueous size conposition Sanples DD, EE and FF accor

i nvention:
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11.8M11.0

121111

.

112014

Interlaminar Bond
Strength'®
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128

TV

164

"EXAMPLE 10
Each of the components in the amounts set forth in Table 10 were mixed to
form aqueous size composmon Samples DD EE and FF accordmg to the present

mvent!on Less than 0.5 wenght percent of acettc acid on a total weight basis was |

included in each composutlon

19 Per [PC-TM-650, No. 2.6.2.1, 'Water Absorpt:on Metal Clad Plastic Laminates”, 5.'86
“Revision A.

1% per [PC-TM-650, No. 2.3.4.3, “Chemical Remstanoe of Core Materials to Methylene

Chloride”, 5/86.

¥ per !PC-TM-BSO No. 2.4.8, “Peel Strength: As Received, After Therma! Stress, After
Process Chemicals”, 1/86, Revision B.

122 Per IPC-TM-650, 'No.2.4 40, “Inner Layer Bond Strength of Multllayer Printed Circuit

Boards", 1 0187
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| ‘PVP K-30 pol yvinyl pyrrolidone which is commercially available from!|SP
- Chemical s of Wayne, New Jersey. 164 STEPANTEX 653 cet y16 $egtembat2004hi ch i s
commer oydlgi¢smeai | abl e from Stepan Conpany of Chi cago, pCTiosomissss 165 TVAZ

81 et hyl ene oxi de derivative of a sorbitol ester which is commercially

avai | abl e BASF of Par si ppany,
al kyi phenol ; this material is simlar to MACOL OP-10 SP except-
SP receives a post treatnment to renove the catal yst;
| onger commercially available. '67 POLARTHERMO PT 160 boron nitride
~particles, which are commercially a&jlﬁa@l e from Advanced Ceram cs
Cor poration of Lakewood, Chio. 158 r)y 6717 partially am dated -

t hat

New Jersey. 766 MACOL OP-90 et hoxyl ated

OP-10

MACOL OP-10 is no

powder -

pol yet hyl ene i'm ne whiich i's comrerc
. Corporation-of Cncinnati, Chio. 16
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183 pyP K-30 polyvinyl pyrrolidone which is corhmercially available from ISP Chemicais of
Wayne, New Jersey.

154 STEPANTEX 653 cetyl palmitate which is commercially available from Stepan Compahy of

Chicago, llfinois. )

%5 TMAZ 81 ethylene oxide derivative of a sorbitol ester which is commercially available BASF
of Parsippany, New Jersey, )
% MACOL OP-10 ethoxytated aikylphenof; this material is similar to MACOL OP-10 SP except

. that OP-10 SP receives a post treatment to remove the catalyst MACOL OP-10 is no longer
commercially available. Co

7 POLARTHERM® PT 160 boron nitride powder particles, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio. ' o

1 EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Cognis Corporation.of Cincinnati, Ohio. L

%9 A-1 74 gamma-methacryloxypropyltrimethoxysilane which is commercially available from
CK Witco Corporation of Tarrytown, New York. ' '
7 A-187 gamma-glycidoxypropylirimethoxysilane which is commercially available from CK
Witco Corporation of Tarytown, New York. . ‘ ’

71 ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is

- dispersion of about 25 weight percent boron nifride particles in water commerciafly available
from ZYP Coatings, Inc. of Oak Ridge, Tennessee. Y avetd

2 MAZU DF-136 anti-foaming agent which is commercially
Parsippany, New Jersey. , ' ' S
1 ROPAQUE® OP-96, 0.55 micron particle dispersion which is commercially available from
thm and Haas Company of Phifadelphia, Pennsylvania. .

' FLEXOL LOE epoxidized finseed oil commercially available from Union Carbide Corp. of

available from BASF Company of

Danbury, Conneclicut.

5 FLEXOL EPO epoxidized soybean oil commercially available from Union Carbi ' ‘
el i .
Danbury, Connecticut. Y , e Corp.of
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16 September 2004 PCT/US01/ 08684 WEI GHT PERCENT OF COVPONENT ON TOTAL
"SOLI DS BASI S SAMPLES COVPONENTDDEEFF Wi ght per cent soll6d3eptelBbdr2004

LA 0. 42Q:P§%s3%: Each of the aqueous size conpositions ofpctaRbHoskss Was used
to coat glass fibers formng G75 E-glass fiber strands. Each coated gl ass
fiber strand was dried, 5 twisted to forma yam and wound onto bobbins in
. a simlar manner using conventional tw sting equipnment. The yam of Sanple
'DD-was eval uated by conparing the coated yamto yam coated with a sizing
conposition si mlar to Sanple DD but wi thout the epoxidized [|inseed oil
(hereinafter “Conparative Sanple 1'). This . c¢onparison included visual 10

i nspection of the appearance of m&qqﬂtﬁ fabric woven on an air jet

| oom The woven fabric used. Sanpl I 4 75
"E-glass fiber strand with fiber copt -lr T g chtlbIe—
si zing conposition's as the warp yam—t—wa i fabric ven

with yapcoated with Sanple DD exhjbited |l ess | BAMBLESZZ7 on the falfric as
wel | asiless col IGOMBENENT, at conthct @B ntslon tBE | odm 15FEspecilal Iy at
t he yamny deightypestant solighen conpared Lo fa#ic overB.Hi th lyam chdted jwith
Conpar af L@ Sanple 1. No fabric wasf.wovosd2usi g y@mBa ncqr por &t3ong filbers
coated Wwth Sanples EE or FF becauS€ of the high Initral anount of tuzz

observed on tgget ora a&usedus s&%ldomb%dmbhs’v\bfﬁuéwﬂa@uéém cdafglhge result of

an LA level |ower han required to prevent excess fuzz fornmation. In the

present mmmwg (5175|'%9f§§)'5 ﬁbﬁflséﬁapé‘t cbachepatedglasy fibgr stsand wassdriesl, 40 f or
t he SI Rk 2 ce fuzz
‘formatlon uring V\hga\c}{%%ha @ﬁe war p ;ﬂgﬁi}n%ﬁ%@ﬂﬁg@%nﬁ% %’ | nc.
"~ conmer ci atﬂlywea&malmtmgfaqbemegmass yam product desi gnat ed as G 75 gI assT- -
fi ber yam coat ] : WY SELT es 138 -120 WO 01/68752
EXAVPLE ‘11 16 g@%ﬁ’h@’éﬁ%ﬂ?ﬁﬂéﬁ%@b’f%@% ﬁ?lg}?s ?%%a'"ﬂA BB and
CC and a éuxtgdbwith asizirffoomposiioa siyitarto Sample Dbt withoat ﬁlb(di:bﬁtﬂzedl zing) were

o gk B o oS Sarel T, TS b e " ()

10 inspection of the appearance of a 7628 style fabric woven on an air jet loom. The
woven fabric used Sample DD as the fill yam a twisted G-75 E-glass fiber strand with
fiber coated with a different resin compatible sizing composition'”® as the warp yam. |

“Ttwas observed that fabric woven with yam coated with Sample DD exhibited less
loose fuzz on the fabric as well as less collected fuzz at contact points on the Ioorﬁ',
15 especially at the yam accumulator, when compared to fabric woven with yarn coated
with Comparative Sample 1. No fabric was woven uéing yam incorporating fibers
coated with Samples EE or FF because of the high initial amount of fuzz observed
on the loom. It-is believed that this condition was the result of an LOI level lower
7 than required to p‘revent excess fuzz formation. In the present invention, it is
20 anficipated that an LOI of at least 0.40 for the s:zmg composduons dlscussed above
- is required to reduce fuzz formation during weaving.

. 6 The warp yam was PPG Industnes Inc.’s commercially available fiber glass yam product
designated as G-75 glass fiber yarn coated with PPG Industries, Inc.'s 1383 binder.

-120-




5 results are shown in Table 11. The loss on ignition (weight percent of
- solids of the fornming size Conposition divided by the t6d&3aptemeerd@®4of the

gl ass aq&l] b form ng size conposition) of each Sanp gorth in
Table 1 (Eadg yam was eval uated for Air Drag Force or %gysu?’%l?l&% f eedi ng

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 mllimeter dianmeter air nozzle at an air pressure of 138 kPa

(20 pounds per square inch). The Sanpl es and Conparative Sanple 2 were also
~evaluated for Friction Force by applying a tension of 20 granms to each yam.
“sanple as the sanple is pulled 1@&@%“2& e of 274 meters (300 yards) per

- m nut e t hrough f con n5|0 neasu nt dew,ces having a

.. stationary chr 5‘%@%8&& éﬂ% ﬁ?"&é& oeraratﬁvIer%ggi i a r nount ed
t her ebet weestetiawith sﬂbmmsmgym &akﬂréd msefesal Tph?éi&diprcﬁieﬂi%b%ﬁch' ine path
bet ween the tension. mew{)ement devi_ces e difference.in force 1in grans

is set foPEAPYSPNgRien é‘lrd)%%mﬂ?ét'w&'fgﬁgié?‘éﬁnft@gt Faree. i heended to 20

~ sinul atge yg@ngwghmahﬁagreeﬁs 'to which the yamis subjected during weaving
operations. Duri ng testi nlg mpl e BB and Conparative Sanple 2 were tested
@S PRigen:

~at the sanme ti rdeIQSSPrF Wﬂtlpﬁvebﬂ‘Of@Pb@sﬂfﬂh&)@ﬁnmmmn‘WSMMh si‘zi ng
conpositi eﬁq?}h agﬁl Sanpl e
was testegﬂ’at_ 2 tﬁe&?a“r'rég@{t%lr aiggaség@c%gﬁ qua eS oeﬁ't@ﬁi% r yam
coat ed W'tﬂaﬂmlaismgtfcr:ﬂmpd'ablendn Sarrpl e AN (herei nafter de5| gnat ed as Sanpl e
AV . Sanpl es, 4 B 8vei olj ds rrpl e CC
was 3.1 wei ght percygﬁﬁﬁhs ﬂﬁ’%ct%e $58r°§§ﬁiﬁ"§'°§%§e@ nGthGyeEHe percent
slol id10" agmmmzsmeazymefm m}p yiards) pér mmmﬁhgiughla%thgggh}aagl e fiber
gl ass yam esi e ass oated wit ndustri es,
Ino.'s 693° g@%ie&ﬁvh@r ?Ri%'?g’a%erfﬂ' ?)!?%875’2‘3 %HBNEP milimeles Sept enber
2004 PUHMMW@[WN(Z 64y per square inch).
percent)0.420.491. 110. 380.37 Air Drag (grans) 6 251. 257. 958. 853. 2 Friction

force (grams)5 FhgSamples andCoppargtive Sample 2 wére also evaluated for Friction’
Force by applying a fension of 20 grams to each yarn _sample as the sample is pulled

15 - ata rate of 274 meters (300 yards) per minute through a pair of con\fenﬁonal tension
 measurement devices having a stationary chrome post of 5 centimeters (about 2.
inches) diameter mounted therebetween to displace the yamn 5 centimeters from a
straight line path between the tension measurement devices. The difference in force
in grams is set forth in Table 11 below. The Friction Force fest is intended to
20- simulate the fnct:onal forces to which the yam is sub]ected dunng weavmg
operatlons .

_ During testing, Sample BB and Comparative Sample 2 were tested at the
same fime as a first quantity of glass fiber yamn coated with sizing composiﬁon
Sample AA (heremafter designated as Sample AA3) and Sample CC was tested at

25 the same fime as a second quantlty of glass fiber yam coated with sizing
composition Sample AA (hereinafter designated as Sample AA4). Samples AA3,
AA4 and BB were 2.8 wé?ght percent solids. Sample CC was 3.1 weight percent
_ solid. Comparative Samble 2 was 5.9 weight percent solid.- '

t

T The yam was PPG Industries, Inc’s commercially available ff ber glass yam desngnated as
G-75 glass fiber yam coated Wlth PPG lndustnes Inc.'s 695 starch/oi! binder.
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. From Table 11, it can be seen that sizing Sanples AA, BB and CC have an

air drag c'orrpar able to that of Conparative Sanple 2 (st1@r&dﬂt@hﬂ>erlﬁonder). 5
Furt'herg%w1 lower friction force in Sanples AA BByphflishindsgei cat es
that th a’lmls nore easily renoved fromthe | oom accurrul ator gurlng ,
weavi ng when conpared to Conparative Sanple 2. EXAMPLE 12 10 The yans of
Sanpl es AA, BB and CC and Conparative Sanple 2 were evaluated-for Air Drag
in a simlar nmanner to Exanple 11 above, except that the Air Drag val ues
wer e det.erm ned for a bobbin sanple at .the pressures indicated in Table 12
Each yam al so was eval uated for average nunber of broken filaments per .15
1200 neters of yamat 200 neters pelabfeddte using a Shirley Mdel No. 84
041L broken fil-ament detector, W from SDL*
‘International Inc. of England (4hown in Tabl®¥MPeas Test 1). [he broken
filament values are reported frﬂ'ﬁma'ﬁy@ akEn [rTRRg a1 gg pobbin, the
same- bobbin after renpving 227 gians 0.5 pounds Bad the sanel bobbin after
renovi ng 4540 goa(weigﬁt(bemmt)ds) ¢f Op@m Q.GQEac'hﬂ/a“nChaS LﬂS‘he eval uated .
for the nurrbe hrerolkan £ 1 ahcnnf lneraoanb i oo oyl o

S—at—#h 5+ 5 efisi on and
abrasi on (sho wrl'?raﬂifﬁg'shz as T4sPo3) | PheThs2S. ;g%%'m @%f yam was -
unwound from &F rcal(grais) TET 4T 5581 UG5 | 95 R0F48H f eggpgntine -
manner .through_a series Of 8.cerdmc pilns onla unitormiensionlicontrol
device ' (sonetines referred to as a gate tensioning device), and passed
t hr ough the Sh r . to count -
t he nunber EérﬁWag@ ﬁar@eléﬁ'?gé SL%E&Q{S'QE#‘%SEB’FS% I NS onq{%h ensioning
devi ce vvaaurmg csmperablg talthiat eﬂemhpatame salrﬁﬁle 21&ae¢m1dnm) 2004 WD 01/ 68752

T o8 PoRamePbu e o e e ah S i e a6 B g e, 17T 1

avai | abl-e £ﬁﬂ§hﬁr@ehsrmdmbee@omqﬁelo&@lﬁobunﬁa:ewrunﬂng Wwhavikg aken fil anent's
vvas'repor%(ed i n nunber of, broken filanents per neter of yam 5 The results
of these F@%‘PEWJP&WF’@Q and CC. and Conparative Sanple 2 are set
forth in Table 12 below. In a nmanner sinlar to that discussed above in
-Exanpl-e 11, Sanple BB and Conparative Sanple 2 were tested at the sone.
time as a first quantity of gl ass EXAMPLEAZ, coated with sizing.

: corrpoibtlon %w&@aﬁgﬂ@é@gn&ié&lmm ﬂe%@ and at” a

| atter date Sarrp tested at the sane tine as a second gquantity
of gl ass eivdleatesdon AvBragdn aisirhilar manner to Example 11 above, except that the Air '

' Drag values were determined for a bDbblﬂ sample at the pressures indicated in
Table 12 ,
‘Each yamn aiso was evaluated for average number of broken filaments per
‘15 1200 meters of yam at 200 meters per minute using a Shirley Mode! No. 84 041L
- broken filament detector, which is commercially available from SDL Intemationel Inc.

of Ehg!and (shb'wn in Table 12 as Test 1). The broken filament values are repbrted'
from sections taken from a full bobbin, the same-bobbin after removing 227 grams
(0.5 pohnds) and the same bobbin after removing 4540 grams (10 pounds) of yam‘ '
- 20 Each yarn was further evaluated for the number of broken filaments at increasing
levels of tension and abrasnon (shown in Table 12 as Test 2) inTest2, a sample of
"yam was unwound from a bobbin at 200 meters/minute, threaded in a serpentine
-manner through a series of 8 ceramic pins on a uniform tension control device .
(sometimes referred to as a gate tensioning device), and passed through the Shirley
25 -bi'oken filament detector (diecuseed above) to count the number of broken filaments.
- ~ The spacing of the pins on the 'tensioning device was varied using different dial
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si'zing conposition Sanple AA (hereinafter designated as Sanple AA6). .

- TABLE 12 AA5. BB2AA6CC Al R DRAG (grans) 15 psi 46. 1042. 50465e3btwbet 20D433 20
psi 56. 2051. 2052. 9458. 8453. 18 25 psi 67. 3360. 3064. 1369. 4

psi 77. W1 B85 Jave. 5975 69 22 psi 89. 4289, 9685. 9683. opGrSoriess

psi 104. 97101. 2198. 4887. 2392. 18 45 psi 113. 41107. 74110. 3499. 91102: 91 TEST 1
full bobbi n0.1700. 8820. 0321. 7350. 066 227 grans (0.5,

‘pound) 0. 1600. 6480.0410. 9040. 075 4540 grans (10

pounds) 0. 0981. 3480. 0080. 5180. 022 TEST 2 Setting 20.6835. 0170. 1190. 3720. 011

~Setting 3. 0.7534.7720.0830.4500. 017 Setting 40.7133. 7530. 1470. 3670. 017 .
Setting Sekttigé4o pRIVelEROUS EVOIs@btension i thg y8m. 6lEBpatiadardestoised@0. 044.

Setting 74.12 6110.4030. 058 Setti Q 4060. 128 *15

he can boeda G 24Tepsiening deying capl Al ajenail i S RIS G R T g

conpar abl §uitR Cabdiha0 ThedislahdldnehtSaaPepored Bitranitier of brokénflamentsSanpl e - 123
16 September 2004 WO 01/68752 PCTI USO1108684 EXAMPLE 13 . E ectrical grade

~ I am nat esparaerier off@M.pr epr egs i ncorporating fabrics with - yans having
differgnt sizi Fé%ﬁﬁé’éfthé?é‘t% 6 érﬁﬂé@ﬂAtB’BQM@U@érﬂic&ﬂbﬁaﬂﬁél ling 5
| ca

properties, and nore specl drill tip wear of drills used to
drill hol 8amplet® areget fonb ma'ablnaﬂd@Qsmdn@lryarm&éswgatqtba%mswé%ﬁ acy of the

o nat eco e BB ) Sarldhba A on pRRE Saffics oRARRER oI .
fabric i nsﬁﬁ@tnmelas&?mﬁmamﬂtyaﬁtglask diberommenhtad Wilinsizingjcomplosition.abri ¢ .
commer cl agl %pl%vﬁ th%?elga er es%lnaat% ag(‘sig\vn\%li)eeﬁﬁ%%diaq %%ﬁefrid%ge §§_m_ple CC
10 was tested at the same time as a second quantity of glass ﬁber yam coated with
. sizing composition Sample AA (hereinafter designated as Samiple AAB).

. JABLE12

Sample
AAS5 BB 2 AAS CcC
' AIR DRAG (grams) ' , -
15 psi 46.10 42.50 4223 47 47 42.33
20 psi ' 5620 | 51.20 | 5294 | 5884 | 53.18
25 psi : 67.33 60.30 64.13 69.45 67.66
30 psi 7734 | 7084 | 75.74 | 7529 | 77.63
135psi 8942 | 89.96 | 8596 | 83.70 | 82.74
40 psi 104,97 | 101.21 98.48 87.23 92.18
45 psi ' 113.41 | 107.74 | 110.34 | 99.91 | 102.91
TEST 1 : ' :
. | full bobbin - - 0170 | 0882 | 0.032 | 1.735 | 0.066
| 227 grams (0.5 pound) ' 0.160 0648 | 0.041 0.904 0.075 ~
4540 grams (10 pounds) 0098 | 1348 | 0008 | 0.518 | 0.022
~ TEST 2. ' - |
Setting2 ~ 0683 | 5017 | 0.119 | 0.372 | 0.011
Setfing 3 0.753 | 4.772 | 0.083 | 0450 | 0.017
Settingd ' 0713 | 3.7563 | 0.147 | 0.367 | 0.017
| Setting 5 | 1267 | 4025 | 0.150 | 0.811 | 0.061
Setting 6 1608 | 8.383 | 0322 | 0.286 | 0.044
1 Setting7 -} 4128 § 6.517. | 0.611 0.403 | 0.058
Setting 8 T 4472 | 14.800 | 0978 | 0406 | 0.128
15 As can be seen in Table 5, sizing Samples AA, BB and CC have an air drag

comparable to that of Comparative Sample 2 (starch/oil binder).
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. 7.0 7628-718. The fabric in Sanple HH was woven from fill yam conpri sing

. glass fibers coated with a resin conpatible sizing as wa&ﬁjitﬂmbmmm and
‘shown | 13A. It is believed that the fabric als Sampl e HH
as the M&@P{?g% However it is possible that the war pgyam cg&% have been
PPG I ndustries, Inc.'s 1383 comercially available fiber glass yam
product. The gI ass fibers woven into Sanple 15 HH had "a |l oss on ignition
of 0.35 percent. Table 13A Wi ght Percent of Conponents on Total Solids
Basis for Sizing used in Sanple HH COVPONENTSANPLE HH RD- 847A 17627.0
DESMOPHEN 2000 17936.2 PVP K-30184 -.. 9.0 A-! 87181-2.1 A-174784.4 178
RD- 847A pol yester resin, which is commercially avail abl e from Borden

Cheni cal s of "Col unbus., Chlo_ . .MHEN 2000 pol yet hyl ene adi pat e
~diol, which is conrercially avail Bayer ,Corp. of Pittsburgh, .

Pennsyl vani a. gipétrieMRridedamikes thade frwrpféﬂregmeorpmhﬁ@fdbﬁwﬂmer cially
avail able from ISP Chem cals of Wy

ganma- gl yarahaying giferent %E‘QWBWW W%FQ?F?‘“@ e(‘!BWﬁ@rtBP‘éﬂT"ll"Qaval | abl e from
CK Wgc 0%9@ #85 UrldHHord's Pg %g c1Hﬁ \%\uﬁof drfitg uSad tfdril holes
t ri met NOXysi | ane,

ganmma- fre oxypropyl Ich s commerciall avallable
from CK ﬂm‘augh tigs laminates and (i) thede mlmccwnaw ofghg holes plrlledBhoouobdirs2 - Tabl e

£ o6 Bhgeinlee EARTBEY @%ﬁ”%«}%%“%?%@@%%”ﬁﬁ%%ﬁ@%% D 1560.0
REL EASECabri€ad\dis2askad baflien CHid fabac ind3dhtrbl GG was a heat cleaned and silane :
ﬂ_nishe‘c'ifabric commercially available from Clark SéhWebel and identified as

- 10 7628-718. The fabric in Sample HH was woven from fili yarn comprising glas-;s fibers
-. coated with a resin compatible sizing as taught herein and éh'd'Wn in Table 13A. Ris
believed that the fabric also included Sample HH as the warp yam. However, itis
~ possible that the warp yam could have been PPG industries, Inc.'s 1383
corhmercia!ly available fiber glass yam product. The glass fibers woven into Sample
- 15 "HH had a loss on ignition of 0.35 percent '

Table 13A

Welght Percent of Components on Total Solids Basis
for Sizing used in Sample HH

COMPONENT -| SAMPLE HH
RD-847A™ ' ~ . 270
DESMOPHEN 2000 " - | 362 -
PVP K-30" - 9.0
A-187™ I 24
A174® , B Y

8 RD-847A polyester resin, which is oomrnerclally available from Borden Chem:cals of
Columbis, Ohio. ~
% DESMOPHEN 2000 polyethylene adlpate diol, whlch is commercially available from Bayer
‘Corp. of Pittsburgh, Pennsylvania. -
16 PYP K-30 polyvinyl pyrrolidone, which is commerclauy available from ISP Chemlcals of
Wayne, New Jersey.

- BTA87 gamma—glycldoxypropyltnmethoxysﬂane which is commercially available from CK
Witco Corporation of Tarrytown, New York. . '

. 182 A-174 gamma-methacryloxypropyltrimethoxysilane, which is commercually available from
CK Witco Corporation of Tanrytown, New York. _
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Prepregs were prepared by a hand | ay-up procedure that involved. applying
standard. FR-4 epoxy resin (EPON 1120- ABO resi n avai |l abl% SepemSéreddos

Chemi cal . o0 the fabrics using a paintbrush. The re

fabric vva?qcﬁ‘l‘?%@ézately "dried and B-staged in a vent ed.h%ﬁ@%ﬁ’@\?g for
10 3.25 mnutes at 163C (about. 325F) until the desired gel tine of 124
seconds at 171 C (about 340F) was 'reached. The prepregs were trimed to 46
cmby 46 cm (18 inch by 18 inch) sections and weighed to deternmine resin
content Only prepregs with resin contents 10 of 44 percent 2 percent were
used.in the subsequent |am nating procedure. Prepregs were stacked 8 hi.gh
and nolded in a V\abash Press for TéblaitdAi(€ont'dy 177C (350F) and at 345

newt ons/ cnx (500 pper foi I‘
| ayers.  The 1 anihates showed \GOMBONENK el s of air ent$SaMPEEHH rt is-

~ believed that thepl GeRENIE FiqtigUEM assi st and Tenper at jre I’ERI ngl duri ng

|am nati.on 15 [o sVt A L nnl o fhl S tlnnrhilnn ’IQQ DI | )08
pol yoxypr opyl en  VERGAMMRAAQ ™2ne copol yner, whi ch is komdrki al [y
avai l abl e from CON! NPt on of Par Si | ppany, New Jey sey54184 ERSAM D 140

pol yam de. whi chi aIWUI e—Cognt—s—Cot e nnat i, :
Chio. . MACOL N '85% J'EWL I1égurfact ant. which jis comn?&tal y avail abl e
from BASF of P REDBASECOWGNC%W : PC]_ARTHERI\/(r) PT 10 bojon nitride -

powder particles ClL T € CONMET T at ty=aval T abt & m Adyarcgd Cer.anmi cs
Cor por ati-on of LM.QN.QMEAC.BCRQNMLDE_BE&MT- CONC 25,

which is commercially available from ZYP Coatings, | nc. of .Cak Ridge,
Tennessee. -125 Pwibregy eeriemredbise pandiayrup@ocedursinat isgolvedaeplyinmol \W\ear
Anal.ysis Th d wear of
the drill ti n{'j"g‘@he t Sg%'e sm@?b@l%‘ﬁ&%ﬁéd&%?ﬁ%@?a&@g&%ﬁ tq?' {"h%l per cent
~wear whi-§h Gay to #hiclabrtseuking s paigtbrdsh. fihenesia saitratéd fabiip wasirametiatehar = 100

x (PrP() 1P, nj.tial of th cutti P, = width
of t he pri Aok aed Priteasin =deriéi hehaP aysr B 3ae FabduRiiGh oL Yo Eipacit ~
S 325°F) until the desnred gel time of 124 seconds at 171°C (about 340°F) was
' reached: The prepregs were trimmed to 46 cm by 46 cm (18 inch by 18 lnch)
~ sections and weighed to determine resin content. Only prepregs with resin contents

10 ofd44 percent+2 percent were used in the subsequent laminating procedure.
Prepregs were stacked 8 high and molded in 2 Wabash Press for 70 minutes
at 177°C (350°F) and at 345 newtonslcm (500 psi). All the laminates were molded
without copper foil lay_ers. The laminates showed various levels of air entrapment. It
is believed that the lack of vacuum assist and ter'nperature ramping during famination
15 contributed to this condition. '

& PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer, which is commercially
avallable from BASF Corporation of Parsippany, New Jersey.
~ ™VERSAMID 140 polyamide, which is commercially available Cognis Corp of Cincinnati,
" Ohio. .
85 MACOL NP6 nonyl phenol surfactzint, whlch is commercially ava’lable from BASF of
. Parsippany; New Jersey.
15 pOL ARTHERM® PT 160 boron nitride powder particies, which are commercially available
from Advanced Ceramics Corporation of Lakewood, Ohio.
. 1% ORPAC BORON NITRIDE RELEASECOAT-CONC 25, which is commemlly available -
' ;fmm ZYP Coatings, Inc. of Oak Ridge, Tennessee.
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. -10 Referring to Fig. 11, the wdth 1170 of the primary cutting edge 1172
- of the drill 1174 was neasured at the peripheral edge 16fSaptamibkrid004t i p.

The dri k{gpeg¥@s conducted using a single head drilling pEgidoiRsesdne
‘drilling was perforned on 3-hjgh stacks of |am nates (di scussed above)

with a 0.203 mm (0.008 inch) thick alumnumentry and 1.88 nm (0. 074

i nch) thick paper core 15 phenolic coated back-up. Drilling 3 | am nates at
one tinme is generally standard practice in the industry. The drill tip
percent wear was determned for-two drily dianmeters: 0.35 nmm (0.0138

I nches) a 6 n 0..018 inches). Both drills were a series 508 tungsten .
car bi de dﬁ%qugﬁwﬁéwﬂsf rom Tul on Co., Gardenia, California. The chip
| oad during driffe it ses Bﬁﬂegts%?éi:@ﬁﬁm?édtQéQQé?tBﬁT:e@@E%f&ﬁé)hﬁlllﬁf. used °

]

~herein, 20 "chip |oad" neans the ratio of the Insertion rdte neasured
i n i nches ThertinWwesdnwas exprassed indermas of "dpktiripercertovast” which wastalculated per
mnute (rRBng theorfntlfa:0- 3 M drill, the spindle speed was 100, 000 rpm and
the insertioff rate was 100 i nches (254 cm) per ninutes. For the 0.46 mm
drill, &he spindl e sgrildip peecenB@edCO10pREPHYP,t he insertion rate was 80

inches (203 c¢ er mnute, A retragction rate.of 2.54 m (1000 .25 inches
Iper i r'u(Jte ang) a1 6‘5‘“?#1(6.?8@4 ?ﬁvéfﬁfbepavmﬂwiwmﬁ@ﬁaw i(m't was hel d :

constant for both tool di apetwiith ofARe pAfRE igiedge Gtef the 2fattbd Adikd " means
the distance that the drill fjdtedrflegM t hdrawm above the upper surface of

the lam nate. The drill tip percent wear was determ ned based on a 500 hol e

drillj : TAPT | LALC . | b Lol in a
0. 635 oo BTG fo T, g wicif 170 oM ERmafFcdiiRiaie 1172 offheit 1326
f ol l.owed M{AsIOEasHsedat the pariphera)edge ofithiecdriidipt er n (section 1282), fol | owed

- 2 gc'? i ggl '\ﬁZr landr | Iﬂinétwgagl cﬁgﬁ@&%@%@ré )§/ %ﬁ%’%ﬁi@d@&&?ﬂ g‘h‘?@ﬁ??ﬁ%? er |
(400 hol e wasrperfogmiad oni3digh staditseof partinates (dasussedahove) withacd:2681%int | onal
035 0 o B 60 S AR | ")
si ngl q Bheptierolid daakeyl ackhipn ©ritiing 3 larirdited &tiame i is TeRérally ¥BAd4ANe using a
CNC-7 single head drilling machjine.: Both nmachi pes are availaple from
- Esterl i ne PIEHRY uaéqs‘tr&ﬁh%@u@m BGISRI e Wasielerpnedfotimarsills t ne dri | |
ARl oo b A e
Control  GehpTBhd® diifihg'§filing WAL RS cot{stdrR 3t 8381 Tor each tool. As used herein,
20 “chip load” means the ratio of the diill insertion rate rﬁeasured in inches per minute fo
- the spindle speed measured in revolutions per minute (rpm). For the 0.35 mm drill,
‘the spindie speed was 100,000 rpm and the insertion rate was 100 inches (254 cm)
per minutes. For the 0.46 mm drill, the spindle speed was 80,000 rpms and the
insertion rate was 80 inches (203 cm) per minute. A retraction rate.of 2.54 m (1000
25 inches) per minute and a 1.65 mm (0.065 inch) upper drill head limit was held
' constant for both tool diameters. As used herein, “drill head limit* means the
distance that the drill tip was withdrawn above the upper surface of the laminate.
The drill tip percent wear was determined based on a 500 hole driliing pattern
| shown in Fig. 12 which included 391 holes drilled in a 0.635 em by 10.16 om (0.25
30 inch by 4 inch) block (section 1280), followed by 100 holes in a 10 by 10 hole pattem
 (section 1282), followed by 9 holes in a 3 by 3 hole pattem (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 fdr a
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0.35 mmdia. drillAverage drill tip 28.822.2- percent wear Test 2Nunber of
- tool s2020 0.46 mmdia. drillAverage drill tip 34.024. 4 i6s3apterhbeve04 Test
3Nunmber voh of/@k51010 0-46 mmdia. drill Average drill ti pctasshe@sess per cent
wear 10 As can be seen in Table 13B, Sanple HHin Tests 1 and 2, which
includes glass fiber filanments coated with a sizing as taught herein that
is conpatible with laninate matrix resins, exhibited significantly |ess
drill tip percent wear after 2000 holes t han Control GG whi ch includes
glass fiber filanments that had to be heat 15 cleaned prior to being coated

with a sil i | Test. 3 showe nl mar gi nal

i mpr ovemﬁ&arﬁﬁb% 31" gn k’@ﬂ °’%§fﬁz‘bﬁfﬁ'%’aﬁ éorl?etf"‘l‘r!ﬂ/% "P‘H%lzx?[ﬂl S i g due
"to the fa@nglémaddmr@\lﬁa&nﬁaddthe@nmfﬁrrrestwab ddheltirig 4 EMC-nas ol der+ and
. afforded | ess coptrol durlngthe drilling test than the Uniline 2000 -

dri | ling g hrad didipgmachings fath maghigeparzpvalibia frem &stetiraur acy 1A comon
‘nmetric usq@chﬁmg@g@sge“gm Wdshirigity, per formance of a lamnate is hole

* locational accuracy. This test .ffeasures the deviation in the .distance of

" the -1%7 16 SephablietIB shyges the\dribtip pezent wearpiibe dith &g Controt @&landol e | ocati on
fromits i t urface of
e ot ¢ oS Pl foP 82'd 8 and Biie 1A B Wl B G 8P nbiBE T 121

| ami nat e giaitetn distussed aboves Each dest aas staied withe rewl drillliicat i on woul d- have the
| argest. discrepancy fromthe intended or "true" hole location: This

di fference was assessed 5 in terns 0of tfl\ "devi ation di stance", i.e., the
di stance from-t he actual true cent he drilled hole on .the surface of

the lanminate to the intended true center of Bﬂ gjépéa& Mat i on
di st.ance was neasured after the 500 hole sedue slgﬁé@&@ﬁd\/e was
repeated 4 ti IIIES, I Temt 1 aft o aanhbdredtooly i I|l ed 3 totla of3 2000 hol es. The
devi ation di $t e Sjoreg—for——the—t+agqt—rch i e 130 frot-e—Jpat t er n,
e ihe las] GaBmmagia. dnll | Average anil ti g8 | 222 |
. ' ' percent wear
Test 2 Number of tools - 20 20
| 0.46 mm dia. drill Average drill tip 340 244
: .|~ percentwear | '
Test3 Number of tools 0 | - 10
046mmdia.dill | Average dirill tip 30.8 29.3
o percent wear ‘

- 10 : . .
'As can be seen in Table 13B, Sample HH in Tests 1 and 2, which includes

glass fiber ﬁlaments coated with a sizing as taught herein that is compatible with
laminate matrix resms exhibited significantly less drill tip percent wear after 2000
holes than contrpl GG, which includes glass fiber filaments that had to be heat
15 c!eaned prior to being coated with a silane containing finishing sizi_nQ. Test 3 showed
' only a marginal improvement in drill tip percent wear but it is believed that this is due
to the fact that the 'CNC-T drilling machine used in this test was older aﬁd afforded

less control during the dnllmg test than the Uniline 2000 dnllmg machine used for
“Tests1and2.
20 .
- Lomhonal Accuracy
.A common metric used fo assess the drilling performance of a laminate is

hole lccatlonal accuracy. This test measures the deviation in the distance of the
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- 10 sectlon 582. The bal es-were drilled using a 0.46 nm (0. 018 i nch)

di aneter series .508 drill from Tulon Co. of the type ‘@ Senlersesr 200dve. As
was' usemoiovesise tooI wear test, the spindle speed for pdwgussirosézsanas
80,000 rpns and. the insertion rate was 80 inches,per mnute for a chip

1 oad of 0.001: The test was repeated eight tines for each Control GG and
Sanple HH with each test starting with a newdrill. 15 Table 13C. shows the
result of the locational ‘accuracy test for Control GG and Sanple HH after
drilling 2000 hol es. TabI e 13C Control GGSanpl e HH nunber of dri |1 s88

aver age devj at,qn d| 828 20 As can. be Sanpl e HH
ovhl Bt o SHUBLARR 1deateraeea it HSHoRA ool The SRR EGR: W (REe PR o« |

particul aioviér%ﬁfféb&éﬂﬁ@b&ﬂ&ﬁﬂ Iatnli]ﬁ‘etle%ﬂh R3hMinate $8@CWRSTe Mk dfli SRES B ¢ support
“incorporating a | arge nunber .of holes and circuits. This is consistent -

with the dmipgterstack, piaseibistexpeeied that this helaspcationrweyld heesthedargest Mor e
f drill
speci 'Caldts\é\r,e\ggrc mu%’@te‘?@eﬁsmﬂx ‘H&é 183HbNATAS diféfin %%&e&oéﬁs ri

ti p percen al'so ex I'ess deV|at|on nce because the -
“drill & pintegos of the dendatimerdiaimceé.lleorﬂg@dxstaun@ﬁ'omdhe acmalltruumentétaaf Sept enber

2004‘V\D 11 01108 L. .1.N |l e 14, .addi tional .

Grinl 1 oofhediieaole o hé Sadde(ii6e Bl hé nepfeliii Gnteror Risthdiar o o
CCiIont r ol é J‘herdldvisﬂapﬂsmnéé\waeame?meg&ftemeramlortmte' muenoeMiQ&SSid’bl@ov;eagrl c as

| scussed earlier re teste or dri ool r ar_ The 5 fabric in
Comtr or S yaaepsiod T s i atier Sresiioed drtkd 3 aBEHAR0 noRe! e HeuBrons (4 |
Sanpl es AfjistRBeaitd iéasipsPiorMmeasst driied 100 hold pERSAIIY. | thi Rst GRS i bers ‘
coated with a resiin conpati-ble sizing as taught In Tabl e 9A of Exarrple 9

‘and ‘TAM8 ‘e sedtipy 582, kg holgsangse driledysing %Hd%mpm@ammﬂﬁglaseréesea i bers
coated W 53y nﬁirf)ﬁ'lef Lﬁ&'}rﬁo et é@&gﬁqlls‘%;isregéa%eﬁé Was%gg@ﬁlthglt@ol weating

'~corrp05| t'i on e warp dustries s conmercially
avai | abl etéstdbe sghdbsspeadﬁqmtmdmkwammt@pwmrutth@rwngﬂnagte wasBd yam

gg gt g?rb\emr %%85 %b@&%&?%@@é@d ofSO d@ﬁ 3!1951 @gﬁﬁras re%gtedv%hq Hngg ?52 16 |

~each Control GG and Sample HH with each test starting with a new drill
15 - . Table 13C shows the result of the locational accuracy test for Control GG and
. Sample HH after drilling 2000 holes i

Table 13¢

_ Control GG | Sample HH
number of drills ¥ 8 8
average deviation distance (micrometer) 38 28
20 . Ascan be seen, Sample HH exhibited a lower devnaﬂon distance than

Control GG, which is of particular significance when the Iammate is used as an
elec_tromc support mcorporatmg a large number of holes and circuits. This is
consistent with the drill tip percent wear data shown in Table 13B above. More
specifically, it would be expected that laminates tﬁat exhibit less drill tip percent wear
25  would also exhibit less deviation distance because the il tips would be sharper for
- alonger number of drillings.
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Table 14A for Sizing used in Sanple KK WEI GHT PERCENT OF COVPONENT ON TOTAL
- SOLI DS BASI S SAMPLE COVPONENTKK PVP K-301813. 4 A- 1871906 Septeraber 20943, 8
EMERY % %g%} 9 SAG 10180. 2 RELEASECOAT- CONC 25 1943. SchgkéYRkERM PT 160
7955.9 19623 0 DESMOPHEN 200018731.0 PLURONIC F-108 1B -8.4
‘ALKAMULS EL-71978 "2.5 | CONOL NP-6204.2 LA (%0.35 1119 PVP K- 30
pol yvinyl pyrrolidone which is comercially available from|SP Chem cals of
Wayne, New Jersey. . 790 A-187 gama- gl yci doxypropyl tri met hoxysil ane which
is commercially available from CK Wtco Cor poration of Tarrytown, New
~York. 191 A -i 74 gamma- net hacryl ox | trimet hoxysilane which is
comercially available from CK oration of Tarrytown, New YorKk.
192 EMERY(r) t is * :
~.commercially 265‘?9'@ e{f%g%}h@y{%ﬁ]ﬂ%ﬂ] @%&E?#%ﬁgéﬁé}%@ﬁ%%%l , Chio. 193 -
- SAG 10 argigctfics graug Iaahetesalqntmhﬂ.l:énd S@mmlesmAcBBIahq Kvin¢drponabing _Rom CK Wt co

Cor porati_on ch ticut, 79
RELEASEC@&?%&%@%EC BBF’@H“?ﬁ%B et weste ?*sﬁiRP ‘@ﬁm%%e ‘g%nsr Fally
‘ '-ggkk%ég&;ﬁﬁm%@gmo A m&'{‘r&fgbﬁé fr%lclﬂkmmeﬂanﬂe.sshefabﬁlﬁf in b
r oron nitri ae _powger ich Icla avail a e
; singglgss fises spatdd 7n

from AdvSaverles &8y BRiard KKoverswaves fropt fill arm Grsperi

gg: yﬁ;t erwn@iﬁ {dinUnmpiltibfe SARGTES ught i TaMRIJAERambRD Bed ttable GAA! caI s of
unbus

‘ ‘below, respectwely, and warp yarn having glass fibers coated with a dxfferent

polymenc matnx material compatible coatlng composmon

‘10 . '_ . - . L i ——m - —

8 The warp yarn was PPG Industries, Inc.’s commercially available fiber glass yamn product
designated as G—75 glass fiber yam coated with PPG Industries, Inc.'s 1383 binder.
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- 197 DESMOPHEN 2000 pol yet hyl ene adi pate diol which is commercially

- avail able from Bayer Corp. of Pittsburgh, Pennsyl vani &6 Sergerpbesr0OMCTM

F- 108 PRlO/AERE0PY | ene- pol yoxyet hyl ene copol yner whi ch, pcgaigiagss! 2l |y

avai |l abl e from BASF Cor poration of Parsippany, New Jersey. 199 ALKAMILS

‘EL- 719 pol yoxyet hyl ated vegetable oil which is commercially avail able from
‘Rhone- Poul enc. 200 | CONCL NP-6 al koxyl at ed nonyl phenol which is

comerci al l'y- avai l'abl e from BASF'  Corporati on of Parsippany, New Jersey
-130 Weight Percent of Conponents on Total Solids Basis 16 Septenber 2004
WO 01168752 PCTI USO1108684 The fabr| CS were subsequently formed into :
prepregs with an FR-4 epoxy resiniableitdd a Tg ' of 140C (desi gnat ed 4000-2

resin by Nelco’lnt %\%%H ﬁ@n%lentgf)ég #R&gﬂ &Qg %y fornia). The *

" si zing conpositions i&eg Ji ric prror to prepregging.
Lam nates were nade by stac |ng SO RECRARS gateri-al- and four
| ayers of 1 ounce copper (as shown bel ‘gﬁggﬁé IN qo hem t oget her at
a tenperature of 355F (about- 179C); presg gb@ g‘ per square -
i nch (about 2.1 negaPascals) for 150 mjautes SQUD BASIBI o 1 ). The .

t hi ckness of the laminates with copper fanged fSAMPBEQS2 i ncijes (about. .

0.132 cm to ( 065 mGﬁitw’QLdlEN'ﬁt 0.169 cm . In f®nming the ljanm nates,
ei ght prepregs VIPVP Ki3D 81 acked Wi th copper -1 ayer 43i4n the fol ljow ng

arrangenment: dng1B70®@7 112 shiny copper| I ayer thr139 prepreg Tlayers: one | "
oz/ft2 RTF (reV 4 yer— Ta 1layers 15 one 1+~
- *0z/ 112 RTF.cop ERYGF17 ™= LT €e PreprEg IdyEIb gt T—ozfft4 shiny copper
| ayer . The fi F%&‘drﬁlml et mred—to—4 .26 <m 'uy—S(r...-8 cm (16
i nches by 20 ZIGI?F—H = ves—eonttergd—ust-ag—a—Uni | i ne 2000
singl e head dri "'b- AlLO @-d:-i-L—i—ng—ua—s—p%Ef—eLn%d—en—S:hi gh stacks
010 i.nch

of Taminates (difst M ENEG T h 4 B0. 254 mmy |t hi ck al uni num
entry and 0.1 i A ' num cla@3Briicle hdard backup.
The drill tool |JRESMEPHENZOGEY deternihed for a3.®4 L
- PLURONIC F-108 ™ - 8.4
ALKAMULS EL-719 ' 2.5
| \CONOL NP-g 2® o 472
LOT (%) ' 0.35

18 pVP K-30 polyviny! pymolidone which is commermally avallable from ISP Chemicals of
Wayne, New Jersey. .
10 A-187 gamma—glymdoxypropylmmeﬂzoxysﬂane which is commercially available from CK
Witco Corporation of Tarrytown, New York.
91 A-174 gamma—methacryloxypropyltnmethoxymlane which is commercially available from
CK Witco Corporation of Tarrytown, New York.
22 EMERY® 6717 partially amidated polyethylene imine which is commercially avaifable from
Cognis Corporation of Cincinnati, Ohio.
18 SAG 10 anti-foaming material, which is commercially available from CK Witco Corporahon
of Greenwich, Connecticut.
133 ORPAC BORON NITRIDE RELEASECOAT—CONC 25 boron nitride dispersion whichis
commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee,
1% POLARTHERM® PT 160 boron nitride powder which is commercially available from
Advanced Ceramics Corporation of Lakewoocd, Ohio.
% RD-847A polyester resin which is commercially available from Borden Chemicals of
Columbus, Ohio.
157 DESMOPHEN 2000 polyethyiene adlpate diof which is commercially available from Bayer ' -
- Corp. of Pitisburgh, Pennsylvania.
128 PLURONIC™ F-108 polyoxypropylen&polyoxyethylene copolymer which is commercially :
available from BASF Corporation of Parsippany, New Jersey. -
19 ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc.
2% [CONOL NP-6 alkoxylated nonyl phenol which is commerclaily avallable from BASF
- Corporation of Palslppany. New Jersey.
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25 mm (0. 0135 inches) tool dianeters, series 80 tungsten carbide drill

- available from Tulon Co., Gardenia, California. The cHifSepterdbetir00dg
drill'i ngveesedmwstd constant at 0.001, with a spindl e spaacko$o1®868900 rpm
and insertion rate of 95 inches (241 'cm). per minutes. The drill

Tetraction rate was 90 inches (2.29 m per mnute and the upper-drill head
limt was 0.059 inches (1.5 mm upper drill head. imt. 30 The drill tip
percent wear was e€xan ned based on a 1500 and 2500 hole drilling pattern.

The hol es.in each section were drilled at a . hole density of 28 holes per

_square centineter ' . 4 hows t he -
drill tip percé’ﬁf m@%ﬁ%’%ﬁ%@ﬁ?%@%ﬁ”@% S’E@Qﬁ‘% d KK-after

8 r1 ; I6I8|7 gg 11:&3:06 Shavidg aa@hfhggﬂs gieEtynl Ugmwggggfah bdeml llﬁtgmdtnedﬂvm t hha 13&' ]\c/\o

: e new dri it and each stack o
an nat o5 CRRPTUT GEMEPRER SR e SRS FETPOSGS et BOPOGNShGs  Thr o
stacks of fopfHha3hktRc morwstépteygmgc Ltameatmaecdﬁadé ts;ﬁstﬁmﬁdelbném th&” i1l tip

* percent wear for 30 s were neasured for -each n?m”)ﬁ'ddﬂa bl'e 14B Drill

 Tip Pefemrerieamateiigh P@d mgbavﬁt@ B@W@ek(@ostwl minating’

hol es21. 5 Wﬁ §(g_~{b
. Tabl e 14B, es gt%'éﬂ&agu- %*Qﬁﬁé% nﬁ@?&?ﬁé?%gégﬁg &'?'#gsrren

coat ed w tshuarednch (@houts2.1 mﬂylaPah@isaﬁmr 150 aninites (:totﬂbayaldotlme)m’l‘ﬁe | am nat e
matri x regi.ns. .exhi ited icantly | ess nt 0 hol es
Than Cont Mg Hobed 8 frati<i Bot e o Bbe Renal TBko ol 16, b
heat cl ei;mmsajnc!ms (ﬁbtlath@.‘l@hcrﬁ)oabmgfthg@ar?irémaeli@mrﬁ@régmeﬁel ni fshl ng

si zin ol eg, the nt. o ri t ool percent wear for

Sl 40 ARlackeT R RRPTer R BGWING AHANBFMERnc 01 99 but | eos
pronounced. This is to be expREHEHB ISR chpperBepr i1y of the-tool wear will
occur during the earlier drill q]qregcﬂréﬁ.eggg,ggr than the last “holes drilled

.in a grouping. 15 BasgfeqbARRADEYGRrséiréAoY l)&?ﬁpetl Lting in the present
invention, it is preferred that ass fiber fabric . = .
coat qu/vlth a polyneric matrigg p@%%f%q g gglg as taught herei n have a .
drilling tip percent wear of no tﬂfe%%tr re percent, nore preferably

no greater than 30 percent, 1 F%?I%,p greater than 25 .
percent’, as’ deterni ned after r|I § t hrough a stack of 3

The finished laminates were tnmmed to 40.6 cm by 50.8 ¢m (16 inches by
20 20 inches). ' . "
The drilling was conducted using a Unifine 2000 single head dﬁlling machine.
The drilling was performed on 3-high stacks of laminates (discussed above) with a
0.010 inch (0.254 mm} thick aluminum entry and 0.1 inch (2.54 mm) thick aluminum
clad particle board back-up. The drill tool percent wear was determined for a 0.34

- 25 mm (0.0135 inches) tool diameters, series 80 tungsten carbide drill available from
Tulon Co., Gatdénia, 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 o) -
per minutes. The drill retraction rate was 90 inches (2;29 m) pér'minutefand the |
- upper dril head limit was 0.059 inches (1.5 mm) upper drill head fimit
30 The diill 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). - '
Tabte 148 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 statedwitha
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. 20 lam nates, each |am nate including eight prepregs, at a hole density of
400 hol es per square inch and a chip |oad of 0.001 wi t¢ Septemigena@gabout
0. 018 i Qeddisglizagret er tungsten carbide drill. In additiompcrigmedsdsy the
above, although not limting in the present invention, it Is preferred
that prepregs nmade with glass fiber fabric coated W|th a polyneric 25
mattix conpatible sizing as taught herein have a deviation distance of no
greater than 38 microneters, nore preferably not greater than 33

m croneters, and-nost preferably not greater than 31 nmicroneters, as

det er m ned af hql es . through a stack of 3 | am nates, each
| ani nat e ‘i]ﬁ']’?lga'ﬁ %ﬁ??'%ﬁ“gﬁ?l?&"atﬁﬁ had WGF 00 hgle areyringscewisen 28005ept enber -
2004 PCT/hbﬁ(ErEQBfﬁgé Vnes istackobf 4Rk &%aeﬁfabﬁe W ydrl BRI LD | 02d

~of 0.001- mnth a 0.46 nm (about 0.018 inch) diane tungsten car e dri
Al t hough fgkt H%%Wﬁ%rfse’i%éﬁuhdw?nmyuredrf@reasphaampleeory, it is belleved
that the presence of a solid lubricant in the glass fiber coating
conposition disclosed 5 herein, and in one particul ar enbodi nent, the
presen®e of the boron nitride, corkahled4Bs to the inproved dr|II|ng
properties of the | am ng arly,

the solid |ubricant cont{—i—gm-es—t-g—ﬁ FereentWear, i ||  vear anfl-
i npr ovenen—in—l-ocat.i-on amnlpMI f WIQBBI | e@aﬁ!ﬂ% Iﬁﬂntmb-w orill Lng

propertieq 1990/ha8shat e ade @&h gl 4ss f1%%r s doatetﬂ&vith a 24 repin
conpati bl | St ' et-a-—afvah a-gﬁg—aq Lfst,
| onger dﬁi%5 IH| esdmean t hat "€ach dril ITDBYt cgn dr%q? nof e- K8i%es pefore

r
-resharpening or disposal. 1In addition, because tThe TOCATIONar—ac uracy. of
the 'hol es dri | lAecbanibeciegh .ﬁm@biéanereé.ﬁple@m, Bedha%e%:dmxaﬁﬁéy? gr eat er
than that for_conventio | am nates, It is expected that nor an three

| ami nat es eeffilgne %‘F&Bﬁt@ﬂ with,a gzing ps Fﬁj’gai hereig;thaf|ie compatiblelgitiviainatée sane
accuracy afatiXdsinacoxiaied ssi,cji'nf@aﬁtlyJ 1888 PErcent i it ?lj 1500/ hofes OH-.&P@Lmtoeim nat es.
fective on

Bot h ﬁf these advantages result I's.a nore cost e
oper-at Pondd, whish jeludes glass ﬁ@flf%mﬂf%ﬂﬁl had toubeabgat sleanedptiarite beidgi | | ed in

the amn I Lectro upport
i ncor por ﬁﬁé"k’*ﬁ%‘ Sl Sontaiig ihirly iy Shidroatb oS, S 8RRl ol S amp e
in Tabl e oI pefseakwenr fafBarmples)AR, BBandikiCiststill s tham for mmaﬂii UoBut I6gEt | Ng
sanpl e LLp?’@lﬁﬁ%&p“ﬁﬁﬂs%&a @%eéteetfélﬁge thcezon%jlo of LS wearw: have not been

produced
during the earfier 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 faught herein have a drilling tip perceht ‘wear of no greater than
32 percent, more preferably no greater than 30 peroenf and most preferebly no
greater than 25 percent, as determined after drilling 2000 holes through a stack of 3
20  laminates, each laminate including eight prepregs, at a hole density of 400 holes per
square inch ::mfi a chip load of 0.001 with a 0.46 mm (about 0.018 inch) diameter h
tungsten carbide dirifl.
In addition, based in the above, although not limifing.in the present mvention,
itis preferred that prepregs made with glass fiber fabric coated with a polymeric
25 matrix compatible s:zmg as taught herein have a deviation distance of no greater
than 36 micrometers, more preferably not greater than 33 micrometers, and’ most
preferably not greater than 31 micrometers, as determined after drilling 2000 holes
_ througl:n a stack of 3 laminates, each laminate including eight prepregs, at a hole
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WO 01/ 68752 Table 15 3 16 Sept enber 2004 PCT/ US01/ 08684 WEI GHT PERCENT OF
- COVPONENT ON - TOTAL SOLI DS BASI S SAMPLES COVPONENTSLL MVINSERerQuer200¥0X WER

301 201 %@@1% ? 0.61 0.43 0.47 0.34 A-174 2111 3.68 4. 3¢rfisdfosiss2 3- 68
2.61. A- é % 742.08. - 2.291.60-1.781. 26 DYNAKCLL Si 100

20426. 6026. 58- 20. 46 SERMUL EN 668 2"53.33- DESMOPHEN 2000 206 40.58 39.93
43.9230. 7534. 14 24:15 SYNPERONI C-F- 108 2"9.98--_ POLARTHERM PT 160
2065. 466. 45-- 6. 006. 00 EUREDUR 140 2094.43----- PLURONI C F-108 210 - -9.83

dens:ty of 400 holes per square inch and a chip load of 0.001-with a 0.46 mm (about
0.018 inch) diameter tungsten carbide dnll | T
Although not meaning to be bound by any particular theory, it is believed that
the pfesence of a solid lubricant in ihe glass fiber ccating composition disclosed
5 herein, and in one particular e}nbodiment, the presence of the boron nitride,
contributes to the improved drilling properties of the laminates of the present
invention.- More particularly, the solid lubricant contributes to the reduction in dﬁll L
- wear and improvement in locational accuracy of the dritled holes _
* Improved drilling properties in laminate made with glass fibers coated wnth a
1 0 resin compatible sizing as taught herein provides-several advantages. F'rst lcnger
il life means that each drill bit can drili more holes before resharpemng or disposal.
In addition, because the locational accuracy. of the holes drilled through the
laminates of the present invention is greater than that for conventional laminates, it is
expected that more than three laminates can be stacked for dnlhng at a single time
| 1 5 with the same accuracy as that achleved in a 3 laminate stack of conventional
laminates. Both of these advantages result is a more cost effective drilling operatlon '
'Furthermore the locational accuracy of the holes drilled in the laminates is lmproved

so that the quality of the electronic support incorporating the laminate in improved.

20 EXAMPLE15S ' .
The fo!lownng samples in Table 15 represent addltlonal embod:ments of the

invention. Coating sample LL was produced but not tested Coatmg samples
MM-QQ have not been produced.

-133-




- 10.81 7.56 8.40 5.94 MACOL NP-6 2"-3.283.602.522. 801. 98 VERSAM D 140

- 212-4.364. 80. 3. 36T3. 732. 64 20" POLYOX WSR 301 pol y( et hylbsPapterpbete2004hi ch is
conmer Ciyih bisegyai | able from Union Carbide Corp. of Danlgpygsetesgggcti cut.
202 A-174 gamra- net hacryl oxypropyl bi net hoxysil ane which is commercially
available from CK Wtco Corp. of Tarrytown, New York. 200 A-187

ganma- gl yci doxy- propyl tri met hoxysilane which is commercially avail able
fromCK Wtco Corp. of Tarrytown, New York. 204 DYNAKOLL Si 100 rosin
whi-ch is commercially avail able from Eka Chemicals AS, Sweden. cos SERMJL
EN 668 et hoxyl ated nonyi phenol which is commercially available from CON-
BEA, Benel ux. 201 DESMOPHEN 2000 p&%r pol yol which is .commercially

avail able TromBayer. "Corp. of  HITi& e ' T A ax |C
~F-108 po yoxypropyl ene- pol yoxyet hyl eﬂ@%ggopﬁm Eigrl % Qﬁt?r?(g\‘ .
counter. _ - ' whi ch
i s cor i ilable from Advanced Cerani BAMEBLESor ati on of Lak4gwood,
Chi 0. 208 90 is a poiyark delrdsid fhiNt s @@MeRp alll a@vai | abl e
from C bapoevox wsRedogi#tim XT0 PIORGE T b5 Y3061 | 043 | 047 1 0 .
pol yoxypf e it —q—E ! ,.)Lﬁuai.l_abl e
from BA : WA Bl 4e§-74 B6 | nd®li phenol

surfact 3 TRA ch 1 s comercial | v]addAl dbR&8F | oR2BASF180 |PATSI hpa2s, |New

Jersey. [PDDYNAMEREANIHOAHD pol yam Je26.63ijreed8 ¢h s Jozomg ¢i aLly 208 40! e
from CogrisERMUR-ENG68 & nci nnat 1, [Chiga. |- 134 |WO_UIRG8752T6 " Sepptenver] 2004
PCT! USO /BB PIENPRBo SoENT—oF |GG P SR S Bast s S s
| _ . 9371 43. 30.75 | 34.14 | 2415 |
N SYNPEROMICF-108 27 ] 9.9 -} - - - - .
. { POLARTHERM PT 160 ® 546 | 545 i 6.00 | 6.00
' EUREDUR 140 ** ' { 4.43 - - - | - -
PLURONIC F-108 2" _ - | 983 [ 1081 | 756 | 8.40 | 5.04
MACOL NP-6 2 |- 1328 | 360 | 252 | 280 | 1.98
VIAERSAMVID 140 22 .- 436 | 480 | 336 | 3.73 | 264

S"?ﬁ:‘i!c;&ggsgﬁg&%x;:?ommemoxysﬁane which is com'merbially évailable from
gﬂ?gﬁ%&iﬁ?xﬂrﬁﬁ%ﬂﬁm sﬁané which is commerdially available from CK
gﬁ&?ﬁﬂﬁ%ﬂiﬂ%ﬁ% ercially avai Cheni .
25 SERMUL EN 668 ethoxylated non‘:r?;:gl:c;}:' :hgglgrﬁmﬂ:gamsggwﬁif (':g:l’ el?:igx:
gsnelux-. - - . '
. iﬁgf:gfﬁl;ﬂ&;fm 20!yes_ter polyol which is commercially available from Bayer. Corp. of
'ﬁéﬁ%ﬁaﬁﬁigrgg:r:?:::el;?:exhﬂodg'isog?ﬁmmiaﬂy av;ila:le from Cibé :ei
g"e'gliir}rllior\llc F-108 polyqupmpyle;ne-po!yoxyéﬁiylene copolymer whioh is - jmlll’

e A A
ks ﬁ%%%eﬂﬁﬁﬁm resin'Which. isc i i a : e m i -
G, OHl commercially available from Cognis Corp. of

201 POLYOX WSR 301 poly(ethylene oxide) which is cammerciaily available from Union
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-boirl . The water was allowed to bojl. for 24 heywat soAbEHASI$ hours, th

COVPO\IENTSLLIVNNI\IOOPPQ) RELEASECOAT- CONC 25 2133. 643. 63---4. 004. 00 ROPAQUE

- OP-96 214--29.23.30.0035.00"35.00 est. %solids in 16 September 2004

coat i ngSwébotfigezsk/. 36. 59. 3 EXAMPLE 16 Uncl ad | am nat es wepersaeostssom t he
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 inch x 112 inch (about 2.54 centineter x about 1.27

centinmeter) rectangul ar pieces. About half of the pieces were cut parallel
to the warp direction and about half of the piece were cut parallel to the

fill -direction. 26 rectangul ar pj ch lam nate (13 cut parallel
to the' warp direction and 10 13m3é$@'f?to the fill direction) were

then pladed in Teflux apparatus Wth wWeiGHT PRREENTOPEONPORENT ONO to a

D

-pi ece wergeT eIIDVEd fFromrthe—water d.llu towet—ch WF}‘-& rcum i rg—26- | ece
f r om eac ht4-amrat-e—were—ot—boitleg-—An -nﬂlaﬂ fa¥a) Isi ng
a convent|i GAMPONENTS | eaned and f ni'-sl-hej M { c NNy | hOOs ahePRanhe@Qas| 15
descri bed REKEASEQOETLCMING 28 2For hed.eag| thesat =st-| aji nat ep,4.08s| o.s0

f abri cat REPAQUECOPEE 2@CTOT dTNg 10 LT NE[anove] | léb% THE oo BE dgEpm
.Shear strengtdhr—o t-h—the—bot+tetand—ohbairte ' ert-Feasy ed
accordi n ﬁsid/ k#% atﬂ"gRA ﬂ‘lp I‘41‘ Q Mj ﬁ'l gE$P| win

Tabl e 9; where Uncl ad Sanpl es AA, BB and CC correspond to | ani nat es 20
made, using fabrics (described in ipyagpeeE 9§ having fibers sized with
si zing conpositions AA, BB, CC, reSpéectively. As discussed above, "the
control sanple Unsiadieminatesiwese madefonthednaterisleand by thermsocesses &5 ni shed

Fanged B ogeb e Eanfte 2 B b bR fon i Bl ARl CERBT o o

nitride ‘di ;ﬂpﬂaumlmlammms ware themoadiindo 52] 1 inshad 1/2nck (dboub2 B¥iCefiiattengs, | nc.

5 i 15 A .l i ™

Phi | adel phiteitheRedrpfrbotion ahd-abdbt Haawmelﬁeé&aam pammbﬁs&imre&@orﬁept enber .

2004 PCT/ 01%%86(?44)%%0 t O. qé? centi meters% 063 inches (about 0.160
~centinmeter RgLiar chsgr]omg lapingte @& sukp rﬁ“@ﬁﬁrﬁ'ﬁé‘"ﬁ"ﬂﬂﬁ'ﬁ@é‘gsanéurl ng

testi ngorag3%ut parallel to the fill direction) were then placed in refiux apparatus with water
and the water was bi'ought to a boil. The water was allowed to boil for 24 hours.
After 24 hours, the piece were removed from the water and towel dried. The
remaining 26 piece from each laminate were not boiled. An unclad control laminate
made using a conventional heat-cleaned and finished fabric in the same manner as
15 descnbed above in Example 9 for making the test lamlnates was also fabricated and
| tested according to the above procedure.
The short beam shear strength of both the boiled and unboiled piece were
‘then measured according to ASTM D 2344-84. The result of the tésting are given
below in Table 9, where Unclad Samples AA, BB and CC correspond to lammates
20 made using fabrics (descnbed in Example 9) having ﬂbers sized with sizing-
‘composmqns AA, BB, CC, (espechvely. As discussed above, the control sample
- 'was made using a convention.al‘ heat-cleaned and finished fabric. The thickness of
- the test laminates (Unclad_ Samples AA, BB and CC) ranged from 0.050 inches

2‘3 ORPAC BORON NITRIDE RELEASECOAT—CONC 25 boron nitride dlspersmn which is -
commercnaily available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.

24 ROPAQUE OP-986, 0.55 micron particle dispersion which is commercially available from
.Rohm and Haas Company of Ph1adelph|a Pennsylvania.
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- Thi ckness

" Boi l,

- Tabl e 16 Test Units' AABBCCControl Short BeanPounds per7787847777697382 Shear
- Strength, square inch(54)(56)(54)(51) No Boil, Warp(negd@aSpiembera00dct i on

Sanpl el modres6878600. 0500. 0560. 055
Thi ckness(centineters) (0.152)-(0.127)(0.142)(0.140) N=13 Short BeanPounds

‘per 662675947118 -' 5506 Shear  Strength, square -inch(46)(52)(49)
Fill (megaPascal s) Direction.

Boi il ,

PCT/GS01/08684

.(.38) No
Sanpl el nches . 0. 061- 0. 0500. 0600. 055

‘Thi ckness N=13(centimeters) (0. 155)(0.127)(0.152)' (0.140) Short BeanPounds

per 5695652250814929 Shear Strength, square i nchJ39) (45)(35)(34).

TRBAGRY. 127 Shifheld i o B8 RAIR B8 B3R Bl ot

Boi |, (neg

per 526658386 Spar lengttiosampli thichudss durngtestingtwhs 86) ( 40) ( 36)

Fill (megaPascal s) Direction.

24
0.0570.

Hour
057

fatg: 'rTPoundé

.-(28) 24 Hour

Sanpl el nches0. 063D. 0510. 0620. 056

" Thi ckness W 13(centineters)(0.160) (0. 130)(0.15!')¢0. 142) The short beam

Fill yarns made from E-glass fiber strands sized with sizing compaosition CC
given in Tab!_e 9A of Example 9 and warp yams made PPG Industries, inc.'s 1383
-commercially available fiber glass yam product were woven into 7628 style fabric
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Shear strengths of the test |am nat qabfddg! ad Sanpl es -AA, BB, CC) in both
the warp apd fill directions hoth Pefore and after fer il _were :
observed th be fiegher than tbsiteontrbl &&mlle iBBthis €6stiinGontdl || -
EXAVPLE 17| Shodt Beams nafle Poundsipegl aps 778ber| s847andp Fveed [wi ¥382i 4i ng -
conposi t i ohStiear Yrength,i  Tsduaee Msh of | EXS4pP! 4 9(8B)d. har(payans wije RPG
I ndust ri es} NbrBoil, Wai383| (amyaPasdal)| y -avai-l.gbl e fibpr gl asg yam prqduct
wer e woven| Direttion7628 sfyle fabric -136 .57 |WO 01/ 6B752 '
Sample Inches 0.060 | 0.050 0.056 0.055
Thickness (centimeters) (0.152) | (0.127) | (0.142) | (0.140)
N=13 B N N
Short Beam Pounds per 6626 7594 |- 7118 .| 5506
Shear Strength, square inch - (46) (52) ' (49) (38)
| No Boll, Filt (megaPascals) ' . i,
Direction B :
Sample Inches . - 0.061- | 0.050 0.060 | 0.055 .
Thickness N=13 | (centimeters) (0.155) | (0.127) | (0.152) | (0.140)
Short Beam Pounds per 5695 6522 | 5081 - | 4929
Shear Strength, square inch (39) | . (45) (35) (34).
24 Hour Boil, {(megaPascals) '
Warp Direction , , .
Sample _ inches | 0061 0.051 | 0.057 0.057
Thickness N=13 (centimeters) (0.155) | (0.130) j (0.145) | (0.145)
Short Beam | Pounds per 5266 5832 5179 4116 -
Shear Strength, square inch (36) | (40) (36) (28)
24 Hour Boil, Fill | {megaPascals) o
Direction ' - : . .
Sa_mple Inches | 0.063 0.051 0.062 0.056
: Thickness N=13 {centimeters) (0.160) | (0.130) | (0.157) | (0.142)
. 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




16 Septenber 2004 PCT/iUSOL/ 08684 using an air jet loom The fabric was
subsequent|ly prepregged and | am nated to form copper d1ﬁj3¢mtﬁmhat2£!§)4as
descri bggh Gfi@y& i n exanple 9. Copper clad |am nate CC (gg 3 éik@-@d above
in Exanpl e 9) was subsequently processed (i.e., drill ed pI ated and,
patterned) into test boards having a 5 plurality of test patterns for
testing nmetal migration performance. More particularly, each board included
three sets of seven simlar circuit patterns 1310 as 'shown in Fig. 13. One
set of patterns was oriented along the X axis of the board, another along

t he Y- axi a third along,a 450 angle-across, the board.:

Ench ot et o AR 788 farie Wk rntr Rty P reedEPand Brumistions 1312

~ each havi fogmaccpPeridiadiahfiiatéd asldeferibéd above ERarigiBiger - t 0- cent er spacing *

- between hol es iﬁgggjﬁcent rows ranging from40 to 54.7 ml:-In drilling
t

t hese hol es, e ggéﬁﬂﬁc grabgvern Examplg9) Mesh coul d be
dri-lled i in each
pat t o1 ﬁ%@%ﬁ"?!@’éﬁ%&%ﬁﬁ%&“ﬁéﬁﬁd it prRtelith P (8o UL’ 1 PP00
" maj or Bur PiEitkef testpaliems fordesting svetal migritign pefamante. eMoamplammﬂaw,sol der ed
to 15 eac ircuit further
“incl uded gai Emﬁmﬁi@éﬁ cegétég?g gs%%%gu@%ﬁﬁ?@ﬁg OWAS circuit
L ai l Sd, pbiget3. s@p_p|s9t7 qu:Yattbmf mggrmenteuglmgrtnemnsfmhdbwmidmﬂ ned. Each
oard was i 0 ( ei.o or ten m nutes to renove
any sol de?ﬁﬁs ktfed‘(-gglsdmgpegﬂ:&r% Ir&“%@ﬁd?“&%ﬁ&"’ﬁﬁgﬁ’ bad.clach,
chanber aunﬁﬁqsa(témomwmnemum At ole 1395 ciad hividg a0 vol t DC
curre b mgsn_gefﬂt |fgg§ﬁ's‘kyﬁgogl i ed across the patterns Every- 200 hours the
c harrbE [BMEHRT Feiierde-cepisr spraind briween helesin a jpcentrowsat t er ns
to stabil t@ingdronian &4 ai. tlﬁ@ﬁﬁﬁ@iﬂé%@hoeg%fb%lam}é#cﬂrgoar g €si stance for

each pattern was measured. . There were two Sa s -and two
control bigether sethat beticoyld besdrifed ine Smlﬁéiﬂﬂlﬂﬂ openatiom cAernatingargwas t he

Sampl e CottRidih cath phidil wend HEdboMRRled I:{}%E"b%" PENEehAREg 1e 50, a0 oS-

Each board included 21 circurt patterns
pat t er ns) & figit mejarsueaceef the boandasishewndrs Figd13.0Wirkdédustvrare Seldpred t6C  boar ds

ot on S, Qe 159 M Lonndtin 18 Hobr iled Laen GRuT REBERSUSERAIC! ool £
~the 30 spelunisueace fesistdr 482210 erisaire thOf 6a¢ Gi&i.ﬁ?al'éﬂbb@wéréuﬁﬁly%?ﬂiee nber 2004
- yemaining circuits would be maintained. Each board was soaked in 76.7°C (170°F)
deionized water for ten minutes fo remove any solder flux residue and dried. The
boards were then placed in a chamber at 85°C (185°F) and 85% relative humidity,
20 and a 13.5 volt DC current was continuously applied across the pattems. Every 200
hours the chamber was shut down, the chamber door was opened to aliow the
pattemns 1o staleze to ambient lab temperature and the insulation resistance for
each pattern was measured .
There were two Sample CC boards and two control boards The control
25 boards were made in the same way as the Sample CC boards but used conventional
heat—cleaned and ﬁrushed fabrics. Each board included 21 circuit patterns (i.e., three
sets of seven circuit patterns) for a total of 42 circuits tested for both the Sample CC
boards and the control boards. The results for 200, 400 and 1000 hours are given

. 'below in Table 17 where the tabled values are the number of pattems with the
30 spec:ﬁed resistance. |
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- PCT/ USOL/ 08684 | nsul ati on Resi stanceSanple CC- Control OHVS200 Hrs. 400
- Hrs. 1000 Hrs.400 Hrs. Short01742 105 1 4 2 - 0 1061110 1EOFQREBbAARIN4010
1093210 WQ01/689632300 The Sanpl e CC boards had fewer shorgcrgdeamnsdspe contr ol
boards after 200 hours of exposure. After 400. hours of -exposure, all the
-control board patterns' had 5 failed. For purposes of this test sanple, a
"short" refers to an insulation resistance value of |ess than 10$ ohns. .
EXAMPLE 18 Each of the conponents in the anount set forth in Table 18A were
m xed to .10 form aqueous resin conpatible primary size Sanple RR according
to the present i nvention. Less tha ght percent of acetic acid on -a
za‘h'e—w@onpom tion. Sanple RR was applied

t ot al V\BIEJ:IL_b.aS.I_S_MEi jncluded in '
. to glass ﬂrmﬁmondiesmgzce 75 E- gl asSampla@Cstrands. The CQaghtral 91 aps f1ber
“strands W;&dﬁmﬂand woundlonto bobbins In a -
simlar npnner U5rH3 convent?®8EP tjwi4d0 s 15 H00iHmet . 798 Hreat ed] yam had
an LO off 0. 35X. ghdfBES VO |UL/ B§752 |16 Sgptemper—2004—PEFHU5EH-68681 Tabl e
18A Wi g Percent of Copngonent oh |Total Sol |.ds Basi s [COVP SAMALE RR
RD- 847A 2§1527. 0 D¥EMOPHEN [2000121636. 2 #VP K| 30 2.79. Q.. 0 .
10° 1 1 1 0
107 0 2 | 0 R
: 10° T3 Tz T 0.,
2107 36 32 30 VR

| The Sample CC boards had fewer shoﬂs than the contro! boards after 206
hours of exposure. After 400 hours of exposure, all the control board patterns had

5 failed. For purposes of this test sample, a short” refers to an insulation resistance -
value of less than 10°ohms. : =

- EXAMPLE 18
Each of the components in the amount set forth in Table 18A were mixedto
10 form aqueous resin compatible primary size Sample RR according to the present -
invention. Less than 1 weight percent of acetic acid on a total weight basis wés
included in the compqsiti'on. Sample RR was applied to glass fibers forming G-75 E-
glass fiber strands. The coated glass fiber strands were twisted to form a twisted
yamn and wound onto bobbins in'a similar manner using conventional twisting
15 equipment. The coated yam had an LOI of 0.35%.

-
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A-1 87 2182.1 A-1744.4 PLURONI C F-108 229.0 VERSAM D 140 2214.4 - NMACOL

- NP-6 2225.4 POLARTHERM PT 160 2230.9 RELEASECOAT- CONC 2BX3epterberc2004c

aci d<0. wdordgash of the conponents in the anobunt set fopchaisédaile 18B was
m xed to formaqueous resin conpatible primary size Sanple SS according to
the present invention. Sanple SS was applied to glass fibers formng G 75
E-glass fiber strands and the strands were not tw sted. The coated,

untwi sted yam had ‘an LO of 0.7% 2i5 RD-847A polyester resin, which is
comerci al-ly avail abl e from Borden Chem cal s of Col unbus, Chio. 215
DESMOPHEN 2000 pol yet hyl ene adi pat 84 %eOJIB which is comercially avail abl-e
from Bayer of Pittsburgh, Pennsylvani-a ‘517 PVP K- 30 pol yvi nyl :
pyrrolidone, Vvifti ch |We|ghhﬂimcenad>ﬂ@ompanémthilﬂ'dtambliﬁmﬁiem cals of Waynhe,
.- New Jersey. 216 A-187 ganma- gl or SamplsRR Bidiig et hoxysi | ane, “which is '

commer ci al | } aval | abl'e Troadfro Tartres, Tnc. jof ghaldpE g, |New Yor k.
219 A-174 ¢ Wﬁ%ﬁ%@— rcially
+ avai |l able f ﬁn"% Specialties, Inc. of Tarrytown| New ¥8ik. . P&URC]\II C
F- 108 pol yo; WPHE&mbytﬁxyet hyI ene copol yrrer _| ch eszcomTe cially
avail able f [ —~V#RSAM D 140

. pol yam de, S—OG 2 m cal s,
.Inc. 222 Mg P- 6 nonyl phenol surfact ant which b s corﬂn‘érm aI y -
avail abl e f amﬁﬁ&: of Parsi ppany, New Jersey. 223 POLARJH PT 160
boron nitri 58&6&'&:#} gmlca, whci—are—cormerct ' from
Advanced Cefad orn tion of |akewood, Ohio. 224 ORP BORON|INI TRI DE

REL EASECOAT{ MERSAMID 140%h' i s comercial |y avail ablle frofmzYP Cdati ngs,
I nc.- of Cak|RAlteL NPeg®ESSee. - 139 T1or Sanpl € RR STETNg 752 16

Sept enber ZITJDWLARTHERM PT1602 - 09
RELEASECOAT-CONC 2567 - S 1 18
acetic acid . - <01

- & Each of the components in the amount set forth in Table 18B was mixed to

form aqueous resin compatible primary size Sample'SS according to the present
invention. Sample SS was appl_ie_d to glass fibers forming G-75 E-glass fiber sirands
and the strands were not twisted. The coated, untwisted yarm had an LOI of 0.7%.

15 RD-847A polyester resin, which is commercially available from Borden Chermcals of
Columbus, Ohio.

. 218 DESMOPHEN 2000 polyethylene adipate diol, which is commeraaliy available from Bayer
of Pittsburgh, Pennsylvania.
#17 pyp K-30 polyvinyl pyrrolidone, which is commercially available from ISP Chemicals of
Wayne, New Jersey. -
28 A:187 gamma-glycidoxypropyitimethoxysilane, whichis commercially available from OSi
Specialties, Inc. of Tarmytown, New York.
2 A-174 gamma—methacryloxypropyltnmethoxysuane whlch is commercially avaitable from
0Si Speciatties, Inc. of Tarrytown, New York.
20 PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer, which is commercially
available from BASF Corporation of Parmppany, New Jersey. .
:z‘ VERSAMID 140 polyamide, which is commercaaﬂy available from General Mills Chem:mls

nc.

22 MACOL NP-6 nonylphenol surfactant, whlch is commercially available from BASF of

Parsippany, New Jersey.
~ “ POLARTHERM® PT 160 boron nitride powder particles, which are commermal!y available

. from Advanced Ceramics Corporation of Lakewood, Ohio.

_ 24 ORPAC BORON NITRIDE RELEASECOAT-CONC 25, which'is commerclalty avallable
from 2YP Coat!ngs. Inc. of Oak Ridge, Tennessee.
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- PCT/ USOL/ 08684 COVPONENTSAMPLE SS MAPEG 600 DOT r259. 24 ALUBRASPI N 226

- xal.9 A-174 21710.9 A-1875.45 A-1100 rM2. 41 EPON 880 236.SeplamipiriQOM C
F-108 23O 014878 KAMULS EL- 719 29. 11 MACOL OP- 10- SP4.57 BRITRESD188632 nv120. 9
acetic acid2.6 Yans sized with Sanples RR and SS were used as warp and fill
(or weft) yans and woven into 7628 style fabric. A control yam  which was a
comercially available G 75 E-glass tw sted yam having fibers coated with
PPG 695 sizing and, available fromPPG Industries, Inc., Pittsburgh,
Pennsyl vani a (hereinafter the Control Sanple'), was also woven into a 7628
style fabric. The sized warp and fikhle%gh i S an ethyoxyfated di-tallate-
from BASF Corp. 226- ALUBRASPIN 226 partially am dated pol yet hyl ene i m ne,
whi ch is conmercial | y a/eunds of Camponentper 10 Gallons Par si ppany, New Jer'sey.

rr~ A-174 gamma-rriet hacr vl oxyof Semipde SB@izingysi f ane which is commercial ly-

avail abl e from CK‘Vtco Cor (COMPONENTT Tarryt qwsAMieE STk A- 187
ro

gamma- gl yci doxyp MPFF’ G’r&g Wlane W T T3 con crafly avail able from
CK  Wtco Corporat H”‘SFL“{;?S” New—Yort—tA—dt gg% ao-f unct i onal !

organo silane coup rh is commercilally 3Railaple from CK Wtco
Corporation of Tar{$ebf New York 23 EPON(r) |880 &@@xy rfsin, which is
commerci al l'y avai |l fpls7t#om Shel [ Chem cal Conpanysgs Hojston, Texas.
PLURONIC F-1 08 pPlhyDiggEopyt eme-potyoxyethyl eneDégwm yer which is
comercially avai e~H-o-BASF--Corporat+on Hie-ppany, New Jersey.
-212 ALKAMULS EL-7 E’F—"p;g\[ yoxyet hyl ated veget ablle oi Pldhichl i s comrerciall y
avai | abl e from RhpREURONICHe108% MACOL OP-' 10 SP @ffioxyl ht ed al kyl phenol
‘which is comercia Mmmbegu.ﬁgm)m BASF Cor|p. o {far sippany, New Jersey.
Bi spersion of” a so A grycrdyt—etjer xy—TEksi n from Shel |
Chem cal Conpany W\_@ Wv“ 457 - E

A~

EPIREY 35"55 BT 209
acetic acid , . 2.6
5 . Yams sized with Samples RR and SS were used as warp and fill (or weft)

yams and woven into 7628 style fabric. ‘A control yam, which was a commercially
available G-75 E-glass twisted yam having fibers coated with PPG 695 sizing and .
available from PPG Industries, Inc., Pittsburgh, Pennsylvania (hereinafter the

" “Control Sample”), was also wbven into a 7628 style fabric. The sized warp and fill

%% is an ethyoxylated di-tallate from BASF Corp. '

%5 ALUBRASPIN 226 partially amidated polyethylene imine, which is commerctaﬂy available
from BASF Corp. of Parsippany, New Jersey,

- A1T4 gamma-memaory!oxypmpylmmethoxysﬁane which is commerc:lally available from
CK Witco Corporation of Tarrytown, New York.
8 A-187 gamma-glycndoxypropyhmemoxys'lane which i is commercually available from CK -
Witco Corporation of Tarrytown, New York.

- 22 A-1100 amino-functional organo silane coupling agent which is commercially available from
CK Witco Corporaticn of Tarrytown, New York.
20 EPON® 880 epoxy resm. which is commercially available from Shell Chemical Company of
Houston, Texas.
241 pj URONIC™ F-108 polyoxypmpylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

22 Al KAMULS EL-719 polyoxyeﬂ'ly!ated vegetable oil which is commercially available from
Rhone-Poulenc.
3 MACOL OP-10 SP ethoxylated alkylphenol wh:ch is commercially available from BASF
Corp. of Parsippany, New Jersey.

- 2 Dispersion of a solid bis-phenol A glycldyl ether epoxy resin from Shell Chemical Company
. ofHouston Texas.
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-140 Tabl e 18B Pounds of Conponent per 100 Gallons of Sanple 5S Sizing 16
- Sept enber 2004 WD 01/68752 .PCTI USO1/ 08684 control yans!6iéaptembder@004f 1%
Prior towyoaaésng, the warp yam was sl ashed with a pol ywairtisalegedao!
conposition that increased the LA of the warp yamto about 2 to about
2.5% The resulting fabric had an LO ranging from1.6 to 1.9% -Each fabric
was tested for air permeability according the test procedures 5 --
established in ASTM D 737 Standard Test Method for Air Perneability of
Textile Fabrics. The average air per rreabi lity for the fabric wovens is

~shown bel Per st andard.cubi c feet
per ni nut %W'Bdgl[‘] ygﬁ%lﬂagj q’]ho%g?')&yﬁﬁ? r %&'ﬁﬁ ingh { H%ﬂ%ﬂ )éanﬁﬁé %ggﬁfé,]”éﬁg& 6 10

As- can befs@ehylmcdfmbb@gﬁm;ntému&iréas@ﬂ;tlﬁ@&lb![Jl)ﬂths’whﬁfyeirhﬁo Mth ?tﬁ?b{ IhCS

= incorpora es an is significan y n that o e
fabric Wo@bﬂ&&é% e regiiinadpbriciad AL OERAMPE fromy §5°T§fﬁe 19 i ncl udes
addi ti onal nonlaa@hwémuﬁs%aadmramﬂeﬁ%m&yaamra.ﬁ tﬁeqeaﬂh.ﬂaéedu aders that

* were subsequently woven into a fabric. LesS t percent -of

acet i c baciegtahlishedin w0|737§é@1da&bﬁﬁtéﬂqth%f0r AEPEMV@IMDBMILE 16

B T L

PVP K- 30=TableI®C15. 314. 714.°2

Table 18C
Air Permeability
(standard cubic feet per minute _
per square foot)
Control Sample - 41 '
Sample RR 1 ‘ 28
Sample SS ' 1.6

1 0 As can be seen in Table 1 8C, the air permeab:hty for the woven fabncs incorporating
Samples Aand B is 5|gmf cantly lower than that of the fabiic woven wrth the Control
-Sample

EXAMPLE 18 - 7 7
15 . Table 18 includes additional nonlimiting sizing formulations applied to glass -
fibers that were subsequently wdven into a fabric. Less than 1 weight percent of
acetic acid was included in each composition. '
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- STEPANTEX 6532W27.913.612. 6. A 1872371.71.91.91.81.7 A 174233.43.83. 8=
3.73.5 EMERY 6717n2. 31. 92.52. 42. 4 MACOL OP-102401. 51. 711663epdember 2004
TVAZ- 81 (%35243._33. 1 MAZU DF-1362420. 20. 30. 20. 2 ROPAQYET/US01/08684
OP- 9624 3 942. 340. 7 RELEASECOAT- CONC 252444.26.4 4.5 POLARTHERM PT
160242, 72. 62.8 SAG 102as0. 2 RD- 847A24723. 2 DESMOPHEN 2000 24931.2 235 PVP
K-30 pol yvinyl pyrrolidone which is commercially available from|SP
Chenicals of Wayne, New Jersey. 236 STEPANTEX 653 whi ch is comrercially
avail abl e.from Stepan Conpany of Maywood, New Jersey.' 237 A-187
gamma- gl yci doxypropyl tri met hoxysi | ?’nﬁgngh is commercially avail abl e from

"CK W Co T ’
& t.co rporat$@b®ﬁ: Mﬂg&ﬁﬂ%ﬂ“ﬁ%ﬂﬁ'“ml Haéii. all \1 available

fr (@WWNI(L Corpora g T, Elﬂﬁnl_]u g WV olBample WV, ) Semple XX g
pay PYRIK-80%ni dat ed pol et mA-€ne | m mM8.&hi ch_i s1Shmey ci A48 ava| | .2 frbm
ColBTEPANTEXIE880n of D nd®@hati| Ohio. 24D MNAE OF 10 et hoxy| at ei@.6
al kastgirehol ; this matefial 1i7s simlaf.9to MACOL1@OP- 10| SP ¢gcept| thefy OP-10-
SH Af78Rves a post treptneglq to {enog® the[ catglgyst 'IVACLQ-;U-’- 'S3®”0- |
I ER Wﬁmwmmy ene[oxt gg derfvathye ofa

ISJ @BCQL“QP aaWT Ch—TF (,Ui.lsb'lT_..’: et ydde Ld ie1|7| o BAS G

'L.)

1_!“ NC VV \JCI DCy Lq: 0 T Lou At ) H(alll IIU A .
‘AR 3 Al okl A £ ~ RASEl Caorn.—aof D_':r o
C 1 AT C T 1 O 2|_Jl wIT P T D Vva'n‘ T
RG - 0551 micP8n pakticle dispersPdh uh confrercPA 1y |
- avpR B PR95"Bohm a Cohmpany of Phi | A89nhih F!Qa%svl yani4f.7 ORPAC™

hd
- BORELEASEQOAT-GONEASF CHAT- 48NC 2F hoPdn niltride dispkrsion whith | 4.5 ,
copROLARIHERMERI1681T e| f r oB7ZYP_[Coat 2iwgs, Tnc. of Oak Ridge, Tenne2dee. P45
PO_SAGHERR r) PT 160 bpron nitrife pOier phich is cpmercially availabl'¢
- r pRD-8Eced Ceram cp Corporation zg.2Lakpwood, Onip. m SAG T
an Dsgmpmmmoﬂaf Whi ch 1S fonmmeyglal|y available 1rom CR{WTtco -
Oorporatlon ‘ - - g T

174

235 pPVP K-30 polyvinyl pyrrohdone whichis commerc:ally available from ISP Chemicals of
Wayne, New Jersey.
%% STEPANTEX 653 which is oommerclally available from Stepan Company of Maywood,
~ New Jersey.
27 A-187 gamma-glymdoxypropylmmemoxys|Iane which is commercially available from CK
Witco Corporation of Tarrytown, New York.
, 28 A-174 gamma-methacryloxypropylirimethoxysilane which is commercially available from -
" CK Witeo Corporation of Tarrytown, New York.
29 EMERY® 6717 partially amidated polyethylene imine which is commerclally available from
Cognis Corporation of Cincinnati, Ohio.
2% MACOL OP-10 ethoxylated alkylphenol; this material is similar to MACOL 0P-10 SP except
that OP-10 SP receives a post treatment to remove the catalyst; MACOL OP-10 is no longer
commercially available.
211 TMAZ-81 ethylene oxide derivative of a sorbitol ester which is comrnerclally avallable from
BASF Corp. of Parsippany, New Jersey,
22 MAZU DF-136 anti-foaming agent which is commercnaﬂy available from BASF Corp. of
Parsippany, New Jersey.
- 2% ROPAQUE® OP-96, 0.55 micron particle dispersion whnch is commercially available from
Rohm and Haas Company of Philadelphia, Pennsylvania. ~
2% ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
commercially available from ZYP Coatings, inc. of Oak Rldge, Tennessee.
2% POLARTHERM® PT 160 boron nitride powder which is commercially available from
-Advanced Ceramics Corporation of Lakewood, Ohio.
%6 SAG 10 anti-foaming material, which is commerclally available from CK Witco Corporation
of Greenwich, Connecticut,
#7 RD-847A polyester resin which is commercially available from Borden Chemm[s of
Columbus, Ohio.

248 DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer
' Corp of Pittsburgh, Pennsylvama.
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l_t_ \_.uill be appreciated by those skilled in the art that changes could be made
to the embc_:diments described above without departing from the broad inventive
concept thereof. 1t is understood, therefore, that this invention is not limited to the -

15

particular embodiments disclosed, but it is infended to cover modifications that are

within the spirit and scope of the invention, as defined by the appended claims.

24 PLURONIC™ F-108 polyoxypropylene-polyoxyethyiene copolymer which is co:lljrij\.ércially,

available from BASF Corporation of Parsippany, New Jersey.

20 AL KAMULS EL-719 polyoxyethylated vegetable ol which is commercially available from

Rhone-Poulenc.

251 ICONOL NP-6 alkoxylated nonyl phenol which is commercially avaiiable from BASF

_ ‘Corporation of Parsippany, New Jersey.

232 FLEXOL EPO epoxidized soybean oil commerciaily
Danbur;h Connecticut,
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. -143 16 Septenber 2004 WO 01/68752 PCT/USQO /08684 WHAT IS CLAIMED | S: 1.
A fabric conprising at |east one fiber strand conpri si n§ Septeraber200¢ of

. fibers wwbikgvs2ng a resin conpatible coating conpositiopcayuseiidceast a
surface of the .5 at |east one fiber strand, wherein the at |east one fiber
strand has an Air Jet Transport Drag Force value of greater than 900, 000
gram force per gram nmass of strand as determned by a needle air jet
nozzle unit having an internal air jet chanber having a dianeter of 2
mllimeters and a nozzle exit tube having a length of 20 centineters at a .
strand f eagHATAS CLAIMEDIS: 274 neters per minute and an air pressure of 310
kil oPascals. 2. A fabric accordi ng to claim1, wherein the resin conpatible
coating conposition i's a residue 'of at |edst one agueous coati ng- -

" conposition. 1p 3. Afgbﬁgrcbﬁ]{)ﬁ%iﬁg;égleg& %rfé mﬁe?gﬁ%%daﬂ%}ﬁfsﬁigna é!n%l yocﬁl n 4. A |

conpati bl e coating conposi
fabric adihsrsiangdhainga ssin GOInpahhbr@ahng bemposifiaramt atdmthl duefacs bftaed

‘conpriges ass fiber. 20 5. A fabric according to clalmi,
wher e|é t"feaslt?)ﬁ%gg% agh‘fl ber strand - conprises a plurality of glass.

fibers. 6 A fwberein theabledstmgetﬁbecétwrmiﬁs anhir eetl‘l’rhlli@owméngfdé of gl ass
fibers are %setec 1&& H@gagnggs fibers, D glass fibers, | ass

{1 bers, AHEDSFrBErEn 190 3FD gesn fiSe nergro msspSrand s deleimined by any of
the for egohegile aff jAnbeAd ufit RAARY S Perhal i 18 Eefribephaiing B didifiett of 2! 1 1Y of
gl ass fi bers are selected from &gl ass fibers bric according:

to clai m@i Wﬂ%‘fsé‘%"ﬂ & nRzzls exit yke '93\679 3 length ofi 28gentipeters gta stanstfeedom
E-glags daid o mmetefsq?ér%mat%ﬂd Hh nagie;{?% § bt SHPRIoplEEdl. 195 752

PCTI-US01108684 9: A fabric accor alm er ern the resin
conpati ble coating conposition conprises a pl ural -ty of particles. 5 10. A

.'fab” c aCCOI’dIé]g t Op Elitc BeCoraiWg §6 Elalln 4N hgre: Bl noomgaﬁtglegéas are

compossition is a residue of at [east one aqueous coating composition.

16 3. A fabric according to claim 1, wherein.the resin compatible coating
composition is a powdered coating composition.

4. A fabric according to claim 1, wherein the at least one fiber strand - -
comprises at least one glass fiber, -
20 | |
5.  Afabric according to claim 1, wherein the at least one fiber strand .
comprises a plurality of glass fibers.

R 6. A fabric according to claim 5, wherein the plurality' of glass fibers are.
7 25 selected from-E-glass fibers, D-glass fibers, S-glase fibers, Q-glass fibers, E-glass
derivative fibers, and mixtures of any of the foregoing.

7 A fabric accordlng to claim 6, whereln the plurality of glass ﬁbers are . .
selected from E-glass fibers.

30 : ’ 0 | B o
' 8. A fabnc accordmg to claim 6, wherein the pluraltty of glass fibers are
‘ selected from E-glass derivative fibers.
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formed frommaterials selected frompolyneric inorganic material s,
- non-polyneric inorganic materials, polyneric organi c net6e3eépérsber 2004

non- pol yw@oi/s79t gani c materials, .conposite materials, ymgusvsgesi es of any
of the foregoing. 10 11. ' A fabric according to claimiO wherein the

polyneric inorganic materials are selected from pol yphosphazenes,

pol ysi | anes, polysil oxane, polygeremanes, polyneric sulfur, polyneric

~sel-enium silicones, and m xtures of any of the foregoing. 15 12. A fabric

according:to claim 10, wherein the non-polymeric inorganic nmaterials are

~selected fromgraphite, nmetals, oxides, carbides, nitrides, borides,

sul fides, silicates, carbonates, sulfates, hydroxides, and m xtures of any

of the foregoging. A féfliclatcoridgatorclaimaswhedimthetresio campatile codliagei n t he'

- polymeric organic nateri al re.selected fromthernosetting materials,

~ t her nopl a%‘t‘?‘goﬁ'?ﬁ’f‘éiof‘m@?s ﬁﬂﬁ‘rgWQ Rﬁ'@eﬁ' hereof. 14: A fabric according to

claim 13, wherein the polyneric organic 25 materials.are thernosetting

* materials selected fromthernosetting pol yesters, vinyl esters, epoxy
materiBls,. ph¥hol i fabrigacsapsingtoslaimite whserin therrplly pfpativlesia®  carbamate
function ' g [ A.fabric

. accordi ﬁ*ﬁ’ﬁ%’:@ﬁ%ﬁ ?Ltgﬁgt\g/«ﬁg] regl&’lrc]‘l t eB%‘S@gﬁ%?{ogéggfcgéﬁ%ﬁggﬁ%n%%éﬁ S.

ar e' t her ninpigasici roatedale; palyrserirdrganie thateriats, noapolypiesic organicohgtedalsr s,

pol ycarbonat es.. _pol.yvol.ef i .acrylic p rs..polyam des, thernoplastic
‘pol yur et h%?sr'tsi"ﬁ%%"%%lﬁp' ur %@Wﬁhﬁ%m@m@hy of the foregoing. -145 i
16 Septenber 2004 WO 01/68752 PCTI QSal/ 08684 16. A fabric according to
claim 10, wherein the conposite naterials, are . selected.fromparticles that
have_?a har dnes ‘\°a_t ﬁﬁg@qcn%fpfc@&to.t - %F‘@rﬂ"?m%ﬁ"ﬂ%am ardness of
the inter paterAf dre @BRecRid tdie pBgplhidsphazdtRB Spdifkilahés, pUlsifkane,> 17. A fabric

accordirng to claim 16, wherein the conposite nmaterials are selected from
parti cl esPelyasremRanes molymaricalyr, palymeria seleRiym, silicones: ard mixiygs efany
encapsul abﬂﬂe‘férﬁﬁoi -l east one secondary material. 10. .18.. - A fabric
according to clarm16, wherein the conposite materials are selected from
particles fornmed froma primary material that is .coated, clad or

encapz Bl at ed Wllﬁh aAqglgﬁceé&c%gﬂiﬁé)fo@lﬁﬁl ‘kb %ﬁféiﬁm&nm%ﬁ@ﬁc inorganic -
materiais are selected from graphite, metals, oxides, carbides, nitrides, borides,
sulfides, silicates, carbonates, sulfates, hydroxides, and mixthres of any of the |

- foregoing.

20 | 13.  Afabric according to claim 10, wherein the polymeric organic
materials are selected from thermosetting materials, thermoplastic materials, and
mixtures thereof.

14. A fabric according to claim 13, wherein the polymeric organic
25 materials aré thermosetting materials selected from thermosetting polyesters, vinyl
esters; epoxy materials, phenolics, aminoplasts, thermosetting polyurethanés,

carbamate functional polymers, and mixtures of any of the foregoing.

| 15 A fabric acc'ordiné fo claim 13, wherein the polymeric organic
30 materials are thermoplastic materials selected from thermoplastic polyesters,
po!ycaljbonates, polyolefins, acrylic pofymers, polyamides, thermoplastic
polyuréthanes. vinyl polymers, and mixtures of any of the foregoing.
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- 19 A fabric according to claim9, wherein the plurality of particles have a
15 thermal conductivity of at least 1 Watt per neter K 1&tSepiersbgye0fture of

300 K. . weByeghsi abric according to claim 19, wherein thediwsodbidsy Of
particles have a thermal conductivity ranging from5 to 2000 Watts per

meter K at a tenperature of 300 K 20 21. A fabric according to claim9,
wherein the at |east one fiber strand conprises a plurality of glass
fibers. . ..22. Afabric according to claim21, wherein the plurality of
particles.have a : 25 Mbhs' hardness val ue whi ch does not exceed the Mhs'
hardness val ue of any- glass fiber in the at |east one fiber strand. .

23. A fabric according to claim9, wherein the plurality of particles have
a. Mohs' har dnd8s vaﬂ%bﬂ@amdt@qummmmemmsﬁmmalscareccordl'ng

sz qutt PeERR TR prEP il Rald d nBlogBY de e Bt b B BRCRIR R0, Vo
01/ 68752 R&FBNGSE 8! DBGEEmABpororisaiithe partice béhewh s safadem 24, wher ei n ¢ he

pl ur al gty of particles have an average parti.cle size, neasured according -
to |as&r scattering techniques, ranging fromO.1 to 5.mcrons. 26. A

fabric accordiAg. t 0 Afabtieaébordiie fedidim 162 wheFdintheQiBRPoske Matils' e
conmposi tion further conprises at |east one |lubricious material di fferent

from the sgiedtedfrany pariclsa farmeddrom 3 pripary. materialdhatds seated.dlastPrt o claim 9,
wher ei n tBﬁcé ld?e&ﬂ[@éflb%ét%n%\%?&% Fafxgpi tion conprises at |east one
a

filmformng materi accordlngto claim11, wherein the
resin corrpatl bl e coating conposition conprises a resin reac’tlve di | uent.

15 29 A fabri ctive diluent
'e 2 1Pl candBeomg Lok Betdng e BRI SlfesiE B HeL; ¢
reacting useltebtedrfroappamcles rmed $pet @ pri;any malesalthat i§ coated hdadyoroup consi sting
-~of am ne ou hol ups nhydr.i de ups, acid-groups and epoxy
gr oups. 28085&%? ecfy g@@ﬁ%?%ﬁ%@@%"%ﬁ%ﬂ’i erein the at |east one
fi ber strand has ' : : :

-~ 19  Afabric according to claim 9, wherein the plurality of pariicles havea
15  thermal conductivity of at least 1 Wait per meter °K at a temperature of 300 K. - - -

A 20.  Afabric according to claim 19, wherein the plurality of patticles have a
thermal conductivity ranging from 5 to 2000 Watts per meter °K at a temperature of
300 °K. '
20 ' . _
21.  Afabric according to claim 9, wherein the at least one fiber strand
comprises a plurality of glass fibers.
.22, Afabric according to claim 21, wherein the pluralrty of particles have a -
25 Mohs' hardn‘ess value Whuch does not exceed the Mohs' hardness value of any glass
fiber in the at least one fiber strand.

23. A fabnc accordmg to claim 9, wherein the plurality of particles havea .
. ‘-Mohs hardness value ranging from 0. 5 t06.
30 o |
24,  Afabric according to claim 8, wherein the plurality of parhc!es have an
: average particle size sufficient to allow strand wet out. -
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an Air Jet Transport Drag Force val ue ranging from 100,000 to 400,000 gram
- force per grammass of strand. 25 31. -- A fabric accotadbemernberc20®4m 30,
wher €i nwderedrsi east one fiber strand - has an Air Jet Pcansmonodesdr ag Force
val ue ranging from 120,000 to 300,000 gram force per gram nmass of strand.
32. -A fabric according to claim1, wherein the resin conpatible coating
30 conposition has a loss on-ignition value ranging fromO0.1 to 1.6. 33. A
reinforced | am nate conprising: -147- 16 Septenber 2004 WO 01/68752
PCTI'US01/ 08684 5 10 15 a) at least one matrix material; and b) at |east one
~fabric conprisi ng at | east one fiber strand conprising a plurality of

Surf ace of {neZhe | AJSRICAGORELp e AdvheiAe 6F RUL SPFIE vk 1| bor

- strand hagp averégé péﬂfcleTé‘tﬁ“ﬁ%&ﬁre@faé&)rdﬁ@f&lﬁsé’ﬁdcuﬁemfg lﬁ&ﬁﬂ&ﬁs Fdi@ihg1 00, 000
gramfarce p ram mass of strand as determ ned by a needle alr Jet

nozzl e unfl’OmrQﬂ/ G MHONHt ernal air jet chanber having a dianmeter of 2
mllingters and a nozzle exit tube having a l-ength of 20 centineters at a
" strand feed rate of 274 neters per nminute and an air. pressure of 310.
kil oPascal s. 326. A ﬁe‘ahlﬁm@ecdmgatmdm@ whettenwagesmcmhaatmleeoamger ein the

f d £l I h f th
oo o e bR el el R 86 BPSbl e bR 00 O L1
| ami nat-e plaetitydofygrtictesc| ai m 34, wherein the reinforced |amnate has a

flexural strength in the fill direction of the fabric greater than 4.9
x.90" kil ograms per square meter. 20 36. A'reinforced | am nate according

to cl apm 33, wbprei A fabfe adcoldi@tplo iR 9, WhBRin the'radiA cBpatitle Gbatinget
Transport Drag Force val ue rangl n%";r om 100, 000 to. .400,000 gramforce

per gr am BRBRONCNEqBpIises avleast aneifimderaing materakt e according to cl ai m 36,
wherein'the at |east one 25 fiber strand liar an Air Jet - Transport Drag
Force val ue ranging from 120,000 to ' 300, 000 gram force per gram mass of
st rand. 28.  Afabric according to claim 1, wherein the resin compatible coating

composition comprises a resin reactive diluent.
15 ' |
29. : Afabric aécording to claim 28, wherein the resin reactive diluent is a
lubricant éompn‘sing one or more functional groubs capable of reacting with.ah epoxy
resin system and selected from the group consisting.of amine groups, alcoho!
groups, anhydride groups, acid groups and epoxy groups.
20 |
30. A fabric according to claim 1, wherein the at least one fiber strand has
an Air Jet Transport Drag Force value ranglng from 100, 000 to 400,000 gram force
per gram mass of strand.

25 31. - Afabric according to claim 30, wherein the at least one fiber strar_id . |
has an Air Jet Trarisport_'Drag Force value ranging from 120,000 to 300,000 gram

* force per gram mass of strand.

32. A fabric according to claim ;l, wherein the reéin compatible coating
30 composition has a loss on ignition value ranging from 0.1 to 1.6.

'33.  Aveinforced laminate comprising:
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- 38. Areinforced | anminate according to claim 33, wherein the resin
conpati bl e coating conposition has a |oss on ignition Vi 9epterabesi2094

fromO0.&vd ks - 148 . PCT/US01/08684

a) at least one matrix material; and
T b) at least one fabn'c comprising at [€ast one fiber strand comprising a
pluraiity of fibers.and having a resin compatible coating composiﬁon onhat
least a surface of the at least one fiber strand,
5 wherein the at [east one fiber strand has an Air Jet Transport Drag
| Force value of greater than 100,000 gram force per gram mass of strand as -
detennined by a needle air jet nozzle unit having an internal air jet chamber - -
having a diameter of 2 millimeters and a nozzle exit tube having a length of
<20 centimeters at a strand feed rafe of 274 ‘metefs per minute and an air

.10 o pressure of 310 kiloPascals.

, 34. Areinforced Iaminaité according to claim 33, wherein therreinfcl:rced
' 'laminate has a flexural strength in the fill direction of the fabric greater than 3 x 107
kilograms per square meter. ' -

156 _
35.  Areinforced laminate according to claim 34, wherein the reinforced
{aminate has a flexural strength in the fill direcfion of the fabric greater than 4.9 x.107
| kilograms per square meter. B
20 36.  Areinforced laminate according to claim 33, wherein the at least one

fiber strand has an Air Jet Transport Drag Force value ranging from 100,000 to
400,000 gram force per gram mass of strand. |

) - 37.  Areinforced laminate according to claim 36, wherein the at least one
25 fiber strand has an Air Jet Transport Drag Force value ranging from 120,000 to
'300,000 gram force per gram mass of strand.

38 A remforced laminate according to claim 33, wherein the resin
‘compatlble coating composition has a Ioss on |gnlt|on value rangmg from'0.1 to 1.6. -
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